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ABSTRACT
< Envelope xmlns="http://www.w3.0rg/2003/05/soap-envepe” >
We discuss query evaluation for XML-based server systeneavh <Header> _
the same query is evaluated on every incoming XML message. In <d:statusupdate xmins:d="http://deliver.com”>
. . . . . e <d:packagelD>176176 </d:packagelD>
a typical scenario, many of the incoming messages will balyig </d:statusupdate>
similar to each other. Current XML query evaluators reestdithe </Header>
query from scratch on every message. <BO<ddy'> ackagei nfo xm ns:d="http://deliver.cont >
We call substructures that occur in many input documéesits .<de hangd| er comment > . '
plate fragmentsand introduce a novéeémplate foldingnethod that Package was accidental |y dropped.
allows to move the work of evaluating the query on recurriogud </ d: handl er corment >

! L / d: packagei nf
ment substructures from the query execution engine intojtieey </B§dy>pac ageinto>

compiler. Similar toconstant foldingour method avoids run-time  </Envelope>
evaluation of intermediate results whose value only dependn-
formation that is already available at compile time. For ¥Pa-

cation paths, we propose a representation for such invariter- <Envelope xmins="http:/Aww.w3.0rg/2003/05/soap-envepe”>
mediate results, and show how it can be incorporated intoyque <Header> ., i )

. . . <d:statusupdate xmins:d="http://deliver.com” >
execution plans. Such augmented execution plans improsey qu <d:packagelD>671176 </d:packagelD>
performance when evaluating the same query on subsequeerit in </d:statusupdate>
documents. </Header>

<Body>
<d: packagei nfo xm ns:d="http://deliver.cont >
</ d:deliverystatus val ue="oK" />
1. INTRODUCTION </ & packagei nf o>
i i </Body>
1.1 Motivation </Envelope>

The Web is currently developing from a one-way medium into
an active distributed system. Many of the associated potgcre
based on the exchange of XML documents, for example for auto- Figure 1: Two similar invocations of a web service
matic notification about events of interest [11], more fléxitppli-
cation architectures [7], and Web Services [8]. Hence, ntiena ] )
which platform is used for the implementation of the papating ~ the traffic. For example, in a stock exchange or a marketpgaee
nodes, one typical ingredient is an XQuery/XPath query gssor vironment, most of the traffic will consist of price quotedjaveas
[1, 5, 6] that processes the incoming XML documents, pogsibl 2 logistics system will mostly see tracking messages asagsk
generating result documents that are being sent as repfgror ~ Move through distribution centers. Another reason for Isirity

warded to other participants. Typically, there are onlynaitted of XML messages is that they are generated by a small number of

number of previously known queries, which are evaluatedvenye applications and tools that have a large market share inteipar

incoming document. lar domain. This makes the messages similar down to the tével
Many of the messages exchanged in such communication areWhitespace and other formatting details.

highly similar, even if the underlying protocol, or scherallpws Our work |nv§st|gates how to exploit Fhe high similarity oém .

for a flexible message structure. One of the reasons is timaaity sages for boosting XML query processing performance. Assa fir

application domains certain kinds of messages make up niost o result, thi.s paper discusses the evaluation of XPath lmeataths
on recurring document substructures.

Example 1 Fig. 1 shows two examples taken from a large num-
Permission to make digital or hard copies of all or part o tvork for ber of similar XML messages sent to a package tracking server
personal or classroom use is granted without fee providatidbpies are Assume the server evaluates the query
not made or distributed for profit or commercial advantage that copies / Envel ope/ Header // d: packagel D/ t ext ()
bear this notice and the full citation on the first page. Toyooiherwise, to on every incoming message.
republish, to post on servers or to redistribute to listgunies prior specific An analysis of a large collection of sample input messagas ca
permission and/or a fee. easily detect that a large fraction of the incoming messagetin
XIME-P 2006, 3rd International Workshop on XQuery Implementation a common fragment, shown in boldface in Fig. 1. Note that this

Experiences and Perspectives, June 30, Chicago, lllinois o . .
Copyright 2006 ACM 1-59593-465-0/06/0006$5.00. rigid message structure is not enforced by the schema, wich



assumed to also allow more flexible content in both header and

body.

In our case, the common fragment includeldemader tag that
contains &t at usupdat e with a single nestegackagel Dtag.
Only the actual text node containing the packagelD is alvd#ffes-
ent, hence not part of the repetitive pattern. To returntéhisnode,
evaluation of our example query will, for each document,igzie
through the invariant initial fragment of the document atd@ag the

packagel Dnode. The required steps are the same for each doc-

ument, but are, nevertheless, reexecuted every filme.

Our goal is to amortize the evaluation cost of a query on ident
cal, recurring substructures across a large collectionpmiti docu-
ments, significantly improving query performance.

1.2 Approach

We call recurring substructures that are part of many inpeg-m
sagegemplate fragmentsOur approach assumes that an analysis
or training phase has discovered such template fragmeattyjpi-
cal input collection.

Our main contribution is a method to generate, given a partic
lar XPath query, query execution plans that contain allrimfation
from the template fragments which is relevant with respedhe
query. In other words, our method allows to move the work af-ev
uating the query on the template fragments from the quergexe
tion engine into the query compiler. We call our technitpraplate
folding, in allusion toconstant folding Constant folding avoids
run-time evaluation of expressions whose value only dep@&md
information that is already available at compile time. A quler
folds such constant expressions by evaluating them at detipie
and emitting the result as a constant in the compiler’s dutpu

Our situation is similar: We want to avoid a costly run-tinvale
uation of our query on document fragments that are alreadwhn
at compile time, the template fragments. However, while wavk
at compile time which template fragments may occur, theyao n
represent true constants: We can only find out at run time hew t
template fragments are combined with variable fragmentsyice-
sent a particular input document.

We propose to generate template-aware query executios jplan
a three-stage process. First, the compiler produces aitenéx-
ecution plan. Second, it runs this plan on the template feagm
using the execution engine. When all of the template fragsnen
have been fed into the tentative plan, the state of the execah-
gine is "frozen” and captured. This state contains the kedgé
about the template fragments in a form that is ideally suiveéur-
ther query processing. In the third and final step, we augmient
tentative execution plan with the captured information.

The augmented execution plan can now be used to evaluaiegjuer
on fragmented documents by using only the variable fragsneht
the document, since all relevant information about the tatep
fragments is already contained in the execution plan.

1.3 Roadmap

We specify our fragmented document model in Sec. 2. In Sec. 3,
we explain how to efficiently create a fragmented represiemaf
incoming documents. An important ingredient for our methoel
some techniques for out-of-order evaluation of XPath esgioms,
which we recapitulate in Sec. 4. Sec. 5 elaborates oniesuplate
folding method. In Sec. 6, we discuss related work, and Sec. 7
concludes the paper.

2. DATA MODEL

In the environment under consideration in this paper, denm
are delivered as streams of characters over some commionicat
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Figure 2: A logical tree and its fragmented representation

channel. XML query evaluation, however, is based on a tré da
model. This section briefly sketches our logical model of XML
documents. To represent the fact that documents are baoitt fr
template and variable fragments, we also introduce a fratgde
tree representation. This representation forms the fdiomdéor
the evaluation techniques in the remainder of the paper.

2.1 Logical Tree Model

We describe XML documents using a labeled, ordered tree inode
where nodes are labeled with tags taken from a tag alptabeor
brevity reasons, we do not discuss XML node types such as text
nodes, attributes, namespace nodes, and entities. Theyecan
corporated into our path evaluation method without diffizul

2.2 Fragmented Tree Representation

We assume that an input document consists of a number of frag-
ments, which correspond to connected subtrees of the dotume
tree. Some of these fragments are already known at query com-
pilation time, and some are only known at query executioretim
We call the formetemplate fragmentand the lattewariable frag-
ments

Essentially, fragments are represented as logical treegéasined
above. In addition to theore nodesepresenting logical document
nodes, fragments may also contarder nodesBorder nodes are
used to represent the inter-fragment edges that connegatm
and variable fragments to form a complete document. Boroiges
must be either root nodes or leaf nodes in a fragment. Onatehf
one root border node form a pair that represents an intgrfeat
edge.

Example 2Fig. 2 shows a logical tree and a corresponding frag-
mented tree. The fragmenés-d are represented by the dashed
lines. Each node contains a node ID above the dashed line. The
core nodes have their tag name below the dashed line, wiile th
border nodes at the ends of inter-fragment edges have thwir c
panion border node’s NodelD below the dashed line.

In our example, fragmert is a template fragment, correspond-
ing to the invariant envelope structure from Example 1, redri
boldface in Fig. 2. Fragments— are variable fragments that are
different for every new message.

A fragmented treés a set of fragment subtrees. We designate
with C the set of all core nodes and wifB the set of all border
nodes. One of the nodes frofiis the designatecbot noder of
the fragmented tree (in our exampte=d1). Further, we have a
functiontarget(z), which returns for all border nodes€ B the



node ID of a companion border node.

evaluation algorithm, as a fragmented document with jushgies

A fragmented tree may be mapped to a logical tree by simply variable fragment referencing no template fragments.

replacing border node pairs by a simple edge. Note that iresom
cases, some of the available template fragments are nobpart
concrete input document. In these cases, there may be bmrdes
without a companion border node, i.e. the-get() function refers

to a nonexistent node ID. The nodes of fragments containigh s
border nodes do not belong to the corresponding logicalarek
can be ignored.

3. TEMPLATE PARSING

Our method relies on ragmentedrepresentation of the input
documents, i.e. the input documents must be partitionexthe
template fragments that are known at compile time, and oiccur
many documents, and the variable fragments that are difféoe
every document. The challenge is to efficiently detect thgptate
fragments in the incoming message, and to create a fragthesyie
resentation.

A correct, but inefficient method would be to parse the inpng-d
ument into a logical tree (as defined in Sec. 2.1), and theclséae
tree for occurences of any template fragments using patiatoh-
ing. If template subtrees are found, appropriate bordeesade
inserted. Unfortunately, this method would be so expentiagit
outweighed the performance gains of our template foldinthote

We claim that it is much more efficient to generate the frag-
mented representation using the parser. Instead of usiegugar,
generic XML parser, we propose to specify a grammar thatrinco
porates the template fragments in its productions. Usirayepder
construction tool, we can generate a custom parser to fingtthe
plate fragments.

Example 3In our example from Fig. 1, there are some charac-
ter sequences that occur in both documents. Only the centént
s: packagel Dand thes: packagei nf o tag vary. This corre-
sponds to a single template fragment which looks like théchdg
tree of any of the documents, with the variable subtreesacepl
with border nodes.

4. PARTIAL PATH PROCESSING

Before we elaborate on our template folding technique, we gi
a short introduction intgartial path processinga technique orig-
inally introduced in the native XML data store Natix [9] tocas
random access and allow efficient physical access pattermsay-
igational queries without sacrificing an algebraic apphoadhe
original technique is a good starting point to implement tam-
plate folding method, because in Natix, persistent XML doents
are stored in a fragmented way similar to our representditam
Sec. 2.2. In Natix, a fragment represents a physical staragef
limited capacity, whereas our fragments are derived frottepas
in the input documents.

In Sec. 4.1, we discuss the notionprtial path instanceshat
describe partially evaluated paths. In Sec. 4.2, we preseatge-
bra capable of expressing execution plans that allow toratgig
evaluate a query on the different fragments of a document.

4.1 Path Instances

Query evaluation on the fragments produced by our approach

from Sec. 3 require a representation of a path evaluatiarmtaa
interrupted after a few steps because a fragment border mas e
countered, and the target fragment is not yet available. ¥ée u

partial path instancedo represent such intermediate results. They
are needed (1) for evaluating the queries on the templajenteats
during query compilation, (2) for evaluating the queriestmvari-
able fragments during query execution, and (3) to transiepte-
processed results from the compilation to the executiorsely
means of the query execution plan.

4.1.1 Location Paths

Let = be a location path expression in XPath. We denote with
|| the number of location steps i m; is theith location step
1 < i < |m]), awisg, is the step’s axis, andt,, is its node

To generate a fragmented representation with such a tesnplat test. In our model, node tests are specified as a subset adghe t

fragment, we can use a parser based on a grammar containing alphabet:, describing the node tags that are allowed at this step.

production like
packagestatus ::= A packagei d B packageinfo C

where A, B and C are terminal symbols that correspond to the
strings that represent our template fragment, i.e.

A = <Envel ope xm ns="....coni'>\n <d: packagel D>
B = </d:packagel D>\n ...</ Header >\n <Body>
C = </Body>\n </Envel ope>

The nonterminalpackagei d andpackagei nf o correspond
to rules that match the content of those tags, for the fornséireg,
and for the latter some kind of (possibly recursive) XML stize

Attributing the grammar with proper tree construction @i re-
sults in a fragmented representation of the document. Todupr
tion packagest at us would correspond to one template frag-
ment, whereas the productions for packageid and packagein$t
create variable fragments, consisting of a logical treettiercon-
tents with an additional border node at the top that referernie
border nodes in the template fragment.

This limits our method to a subset of XPath predicate typesab
we will see later, our physical algebra expressions are etityip
with a a more expressive algebra that provides full XPatlpsttp
although more advanced language constructs cannot bemefit f
our template folding technique yet.

4.1.2 Full Path Instances

A full path instances a mapp from the step9), 1, ..., |r| of a
location pathr to the setC' of core nodes, mapping each stap a
core nodep; € C. The Oth location step, represents the context
nodes on which to evaluate so thatp is the context node where
the path instance originates.

Of course, we require for ea¢h< i < |r| thatp; is reachable
from p;_1 using stepr;.

Let = be a location path; a context node, and a result node
reached byr starting frome. Then a full path instance with
po = candp,; = r can be considered a certificate for the fact
thatr is indeed a result node of describing how- can be reached

If the input document cannot be parsed by the custom parser,from c.

it is parsed from scratch using a generic XML parser, as usual
Note that this means that we are processing an "uncommom’ typ
of message, and hence the overhead of a failed parsing attamp
be tolerated. In addition, in a typical case the lexer will aeen
recognzie the inital token, and the custom parser will stop quite
early. The result of the regular parser can be fed to our feaged

4.1.3 Partial Path Instances

A partial path instancds a mapp representing a fragment of a
path instance.

Given the set of border nodés (see definition in Sec. 2.2), and
e as a null valuep is a mapp : {0,1,...,|7|} — CUBU



™ T T
No || Context| /A |//B|l |r|F|L|R|C

1 di € € ojo|-|+[+]+

2 di a2 € O] -|+|+]+

3 di c2 € O|2|-|+|+]+

4 di c2 cd |0 2|+ |+ |+]|+

5 di a2 | a3 |0 | 2|+ |+ |+ ]|+

6 di d2 € o1 |- |+]|-]-

7 dl d3 € o1 -1+ - -

8 cl c2 cd |0 2|-|-]+

9 al a2 a3 |02 |-|-1]+] -

F=full, L=left-complete, R=right-complete, C=complete

Table 1: Path instances for/ A/ / Bin the tree from Fig. 2

{e} which maps each step numbgto p;, and which satisfies the
condition

3l,r: 0 <! <r <|x|suchthat

i<l = pi=c¢

i=1l = p;eCUB
Vi:allof{ I<i<r = p,eC hold

i=r = p,eCUB

iI>r = pi = €

Informally, a partial path instance maps only a consecigivese-
quence of location steps to document nodes, where the tw® end
of the subsequence may be incomplete navigations repessast
border nodes.

p is said to bdeft-incompletdff p, € B andleft-completeother-
wise. Right-completandright-incompleteare the equivalents for
the right path end. A path instance that is left- and rightiplete
is calledcomplete Full path instances are a special case of par-
tial path instances: A path instanges full iff it is complete, and
Il=0AT=]m|

a fragmented documewut-of-order i.e. to access the fragments
in any order that is beneficial from a performance point ofwie
In the original article on partial path evaluation [9], theler was
determined by efficient physical access patterns.

4.2.1 In-Order Evaluation

The straightforward approach to evaluate location patbs nested
loops, one for each location step, navigating through e $truc-
ture to enumerate the intermediate results for each stegidition,
final duplicate elimination and sorting may be required.slitieas-
ily expressed as a chain of UnnestMap [3] operators (onedch e
location step), where each operator reads a context nodeifso
producer and then enumerates all result nodes for a stepcorhe
text nodes are fed into the chain by a producer expressiameat t
bottom.

In our terminology, such an approach passes non-full, ben-co
plete path instances from operator to operator. The contmkts
on which the location path is supposed to be evaluated arated
the step chain by a producer expression. For each inputxdonte
nodez, a path instancg with po = x andp; = e (for 0 < ¢ < |r|)
is delivered as input to the bottommost UnnestMap operator.

Each UnnestMap operator is then responsible for extentlieg t
path instance by one step. The final UnnestMap operator Hflas fu
path instances as a result, whose right ends correspond testlt
node set. Our focus is not on completeness, but on the templat
folding technique, so we do not specify a complete trarmidtinc-
tion and omit discussion of duplicate elimination and oridsues,
referring the reader to [3] for details.

Example 5 The location pattchi | d: : A/ descendant: : B
is translated into the algebraic expression

UnneStMagg:p]/ descendant : : B(UnneStMaBlpo/ child::Aale))

wheree is an algebraic expression returning the input context as

Example 4 Tab. 1 shows some path instances based on the sam-explained above. The inner UnnestMap operator navigateagh

ple tree (Fig. 2), and the location pathV / B with context node
d1. Note that a path instance can be non-full, but complete.

The path instances represent knowledge about the docuraent t
with respect to the query. This information is used in ourafs.
For example, path instance 3 can be interpreted as "If d1ostext

node, we can reach a2 after step 1". Path instance 7 says "if we
have d1 as a context node, we can reach d3 while processing ste

1". Path instance 9 implies "if we can reach al while progessi
step 1, we have a3 as a result nods”.

4.2 Algebra

Our approach to evaluate XPath queries on fragmented docu-

ments is based on a translation of XPath location paths igt a
braic expressions. These algebraic expressions repthseguiery
execution plans that are executed by the query executianeng

The operators in these expressions operate on and returerssss
of partial path instances. Note that a result node set of @it
path can be represented as a sequence of full path instahoss w
right ends correspond to the nodes that can be reached hycthe |
tion path.

As an introduction, we briefly describe how to evaluate lmrat
paths with just one kind of operator, provided that therenarbor-
der nodes, i.e. the whole document is in a single fragments Th
corresponds to a nested-loop evaluation strategy on unéated
documents, as employed by many XPath processors. We call thi

the document tree to enumerateallescendants of evegy con-
text node, producing a sequence of partial path instanaeh,@n-
taining one descendant nodegas The outer UnnestMap then pro-
duces the final result by similarly enumerating&khildren of the
p1 nodes inp2. O

4.2.2 Out-of-Order Evaluation

The in-order method requires that fragments can be visitéuki
order resulting from step traversal. To allow separateuatain on
template and variable fragments, we want to determine tteror
in which the fragments are accessed. Such an out-of-ordey qu
execution plan must produce a complete query result, andtis n
allowed to randomly access fragments. Hence, when visitaw
fragment, it must extract all data that may be relevant fafuation
of the query. This includes partially evaluated paths thanot be
completely evaluated because a border node occurs on theapat
the fragment with the target border node is not available yet

The partial path instances introduced in Sec. 4.1 providayato
represent such partial results. We will now explain whictional
operators are needed to process partial path instancesoint-arf-
order execution plan.

There are three operators out of which we build our plans. The
first operator is a descendant of the UnnestMap operatdedcal
XStep. It can interrupt navigation when it encounters a éord
node, hence representing incomplete computations. Thep<st-

method then-order method because the fragments are accessed inerators form a chain as in the simple in-order approach. @t th

the order they are needed for nested step evaluation.
We show how to extend this strategy to documents with meltipl
fragments. Only a few operators are sufficient to allow pssiey

bottom of each chain, we have the XScan operator, which pesiu
the initial path instances on which to operate. In additiorthie
input context nodes, these initial instances also inclede and



If p;—1 € C, XStep produces all core nodes from the current
fragment reachable by the specified location step. In anfgiit
also returns all border nodes which are reached by the agSfsp
cation as they may lead to further result nodes.

Example 7 In Tab. 1, given path instance 1 as single input in-
stance, the operator XStgp,./ chi I d: : A Would return the right-
incomplete path instances 6 and 7 as output. The child aais-ev
ated on d1 returns the nodes d2, d3 and d4. However, d4 fails th
node test as it is not ahnode. d2 and d3 are notimmediate results,
but may lead to further results in their target fragments|, lzence
are returneddd

Figure 3: Out-of-Order Path processing 4.2.2.2 XScan.
The objective of the XScan operator is to provide potentaatts
ing points for partial path instances. It is parameterizéith the
right-incomplete partial path instances for every bordetenat ev-  location path lengthrr| and a collection of fragments to scan.
ery step, to guarantee that all partial paths that may beaelare XStep returns a partial path instance for each location atep
generated by the XStep chain. The outermost operator fdr eac for every border node that occurs in the specified fragméfesce,
location path execution plan is the XAssembly operator,civhi  in generates all path instances of the faumi) with z € B,0 <

merges incomplete path instances, creating longer, ardigadly, i < |ml.
full path instances. We now briefly sketch the execution chsan These initial path instances are extended by the XStep tapsra
out-of order plan using an example, before going into moteide ~ to generate all partial path instances that may be part ofeayqu
about the operators’ semantics. result. In addition, the XScan operator receives all inprtext
Example 6 The querychi | d: : A/ descendant : : B can be nodes for the path evaluation as input and copies them ugedan
evaluated with the out-of-order plan represented by thessgion into its output.
XAssembly(
Xsteg,2;p1/ descendant: : B(XStngI:pO/ child:: A(XSCal'(e))) 4223 XASSGmbly
) The XAssembly operator merges partial path instances peztu
We show how this plan is executed on the document from Fig. 2 by the XStep operator chain and returns the final query result
with d1 as input context node. We can determine an arbitratgro The algorithm implemented by XAssembly consumes input path

in which XScan should access the fragments, and chooseatpe fr  instances and tries to merge them with previously seenriostto

ment sequenca, b, c, d.Hence, the plan proceeds as shown produce new, longer instances. Any full path instance prediby

in Fig. 3, with the shaded area representing those partsedfde the algorithm is returned as a result.

that have already been processed. The operator maintains two major data structures in itestat
(1) First, fragmenta is examined. a3 is identified as a candidate calledS andR. R is thereachable sebf pairs(z, ), which de-

result node for the path, on condition that the parent fragrde scribe that node: can be reached after stepf the path. S is a

contains a proper input context node. Hence, a left-incetegdath set of yet-unprocessed left-incomplete partial path icta, and is

instance is created and stored (indicated by bold linesi;wiuill maintained using an associative data structure with thetef of
be processed in step IV (see below). (Il) Fragnteit visited dur- the path as key. Hence, itis efficient to find all partial pagtances
ing the scan. However, the XStep operators do not find anysnode in .S given a paif(z, ¢) that represents a border nadand a step.

in b matching the node tests of our path, so no action is takd. (Il For an input instance, XAssembly proceeds according to one

Fragment is visited, and a left-incomplete path instance is gener- of three cases:
ated for node c4, as above. (1V) Finally, the scan arrivesagiient
d. The XStep operators produce right-incomplete paths thegidi
the border nodes d2 and d3, pointinga@ndc. XAssembly de-

1. If pis afull path instance, it is returned as part of the result.

2. If p is left-incomplete, we check whether its left efid, ¢)

tect; that these right-incomplete p_aths can be merged kdthnto has a companion border node i If no, we storep in S.

left-incomplete paths created earlier, so the result na@eand c4 If yes, we reprocess it as if it were a left-complete input in-

can be returned3 stance.

4.2.2.1 XStep. 3. Ifpisleft-complete and the right erfa, i) of p is not already
The XStep operator evaluates single location steps, arasisd in R, (z,i) is added toR. In addition, all instances iy

on the UnnestMap operator. As the UnnestMap operator, #dis p that have the matching border node fat i) as left end are

rameterized with the axis and node test of the associatpd atel processed as if they were input instances to XAssembly.

with the step number, i.e. the position of the location stéghiw
the location path.

The difference between UnnestMap and XStep is that XStep can
also operate on and return incomplete path instances, lasvéol
The XStep operator for a given stépchecks for each input in-
stancep whetherp;,_1 € C A p; = ¢, i.e. whether the input path
is right-complete and ends at stép- 1. If not, the path is for-
warded unchanged to the next XStep because it does noteepres
a proper context node for this step, but is some kind of inéeliate
information that is processed by another operator (seavelo

Example 8 Assume that XAssembly has already consumed the
left-complete path instance 6 from Tab. 1, herfd@, 1) € R.
Now, XAssembly consumes path instance 8, capedp is left-
incomplete, and its left end i&1,0). The reachable right end
(d2, 1) isin R, which means that can be treated as a left-complete
instance. As a left-complete instangeijs equivalent to path in-
stance 4, and node c4 can be returned as a résult.



5. TEMPLATE FOLDING [4] correspond to ourS and R sets in the XAssembly operator.
Our goal is to generate execution plans for queries that tave ~However, we are able to prune these auxiliary informatiosyisc-

be evaluated against a large number of similar messagesrhat  ifying a limited class of updates using our border nodes. dtkgsl

available in a fragmented representation created by amysaoser ~ Of the original tree may only happen at border nodes, and we ca

as explained in Sec. 3. discard information that refers to updates at other placései tree.
Partial path instances and the out-of-order method for @aah Creating custom parsers for particular XML schemas instead
uation are ideally suited as tools to implement our temgtztting of using general-purpose XML parsers has been studied i [10

approach. In fact, the abstract components from our overine ~ Whose results let us expect the template-aware custonrpérsen
Sec. 1.2 can be easily mapped to the components of the out-of-Sec. 3 to be faster than generic XML parsers.
order approach explained in Sec. 4.2.2. The intuition tzbloiar

approach is simple: For a complete answer to the query, it mus 7. CONCLUSION AND FUTURE WORK

be evaluated on all fragments. The out-of-order approalcivsl For query processors that have to evaluate the same quarg ove
us to evaluate the fragments in any order we choose. In pitic  |large number of incoming XML messages, we have shown how to
we can choose an order which first accesses all template ératgm avoid repeated evaluation of intermediate results formauy in-

and then the variable fragments. Further, we can "freezetite- put substructures. We aim to increase query performancéfath
cution state after the template fragments have been pedessd evaluation by moving repeated evaluation work into the yjaem-
resume later when the variable fragments are known. To aeeid  pilation phase, such that query execution only needs taiai@the
construction of the execution state for every new input doeut, guery on those parts of input messages that vary from message
we provide a way to fold the state reached after processmtgth- message.

plates into the execution plan. In the future, we plan to extend our technique to language con

To do this, we only need to extend the XAssembly operator by structs that go beyond simple location paths.
parameterizing it with initial values for the sefsand R. In the
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