Recent Advances and
Challenges in XML Document
Routing

Mirella M. Moro
Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, RS, Brazil

Zografoula Vagena
Microsoft Research, Cambridge, UK

Vassilis . Tsotras
University of California, Riverside, USA

ABSTRACT

Content-based routing is a form of data delivery that differs signifigaintim
traditional unicast, multicast and anycast communications, because the floessages
is driven by their content rather than the IP address of theitirtgon. With the
recognition of XML as the standard for data exchange, specialized, XML routuicese
become necessary. In this chapter, we first demonstrate the redeghisuch systems by
presenting different world application scenarios where XML routingesystare needed
and/or are employed. Then, we present a survey on the current stheat: Last, we
attempt to identify issues and problems that have yet to be invedtigate discussion
will help identify open problems and issues and suggest directiongtioerf research in
the context of such systems.



INTRODUCTION

Content-based routings a form of data delivery that differs significantly from
traditional unicast, multicast and anycast communications, bet¢hedlow of messages
is driven by their content rather than the IP address of thdinagsn. Specifically, in
XML Routing there is a continuous stream of XML messages (usually, onegeesas
one XML document) from data producers to consumers, without any of the parties having
knowledge of the other (Snoeren 2001). Message transmission is performad by
sophisticated overlay network of application-level, content-baseadrso(callednessage
brokersor XML routerg that match data messages against registered client subseript
and forward those messages (based on such matching) to output linkeer.eooters or
clients. The task of matching incoming messages to the seteot subscriptions is
calledmessage filtering

This form of communication is widely employed by content-based infawmat
dissemination services, which are usually instantiatedpudsish/subscribe systems
(pub/sub for short). For example, pub/sub systems have created opportnitnesvf
applications such as a plethora of alert and notification cegvthat notify users
interested in new products in the market, stock price changesnounrariation, better
offer deals and so on. Furthermore, with the expansion of web semegspub/sub
systems are released every week. For instance, online trgeelcias such as
Priceline.comand Hotwire.com inform their clients of price changes and hot deals
considering the subscriber’s interests. LikewiSeketmaster.consends to its users
email alerts of upcoming events and pre-sale information accamlitige user’s signed
up artists and locations.

With the recognition of XML as the standard for data exchange, $pedi&XML-
aware information dissemination servidescome necessary (Diao 2004). Those services
can be implemented as publish/subscribe systems in which the infomrt@be routed is
encoded using XML, and the user subscriptions (or profiles) are sgpresing XML
guery languages. Figure 1 illustrates the general architecture of an XML Rowdiems

Recent research on XML-aware information dissemination has igatst issues
related to different parts of the routing system architecture.mb& relevant aspects
include: the discovery of semantic communities of users with airmterests (Chand
2007), the construction of the overlay dissemination network structure (F2008,
Diao 2004, Snoeren 2001), the indexing and aggregation of the profiles witle@asage
broker (Chan 2002, Diao 2003, Gong 2005, Kwon 2005, Li 2007, Moro 2007a, Raj
2007), the distribution of consumer profiles (Diao 2004, Li 2007, Papaemmanouil 2005,
Yoo 2006), the encoding of the routed messages (Vagena 2007a, Vagena 2007b), the
message filtering task (Altinel 2000, Chan 2002, Diao 2003, Gong 2005, He 2006, Li
2007, Kwon 2005, Moro 2007a, Raj 2007, Tian 2004, Vagena 2007a, Vagena 2007b), in-
situ transformation of the original information (Diao 2004), and contiputasharing
among message brokers (Chan 2007).



Figure 1 - General architecture of XML Routing ®yst
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Producers inject XML messages into the system. @boeis subscribe to the system with XML
guery statements. Each XML router evaluates the o$esubscriptions over the incoming
messages. Specifically, the router receives thesages and process them (such processing may
include parsing operations and indexing). A rouddso processes the subscriptions, usually by
storing and indexing them into a routing table.then filters the messages and forwards the
results to the consumers. Finally, each Router atgeracts with the overlay network, by
forwarding (receiving) queries and results to (froother routers.

Among those works, the message filtering task has received theattgygion for
two reasons. First, it is the magitical task for the performance of the routing system.
At the same time, it is the mosbmplextask due to the tree structure of the XML data.
For that task, automata-based algorithms are among the most popidagenemtching
solutions (Altinel 2000, Diao 2003, He 2006, Vagena 2007a, Vagena 2007b). Several
alternative matching techniques, such as relational joins (Tian 300@fi)e aggregation
(Chan 2002), bloom filters (Fischer 2005) and subsequence matching (Raj 2007, Kwon
2005, Moro 2007a) have also been proposed. The goal of these works is scalihili
respect to the number of profiles, which is achieved by emplogirii-query processing
methods (Diao 2003, Diao 2004, Vagena 2007a, Vagena 2007b) as well as eanlg pru
(Moro 2007a) of irrelevant profiles. Additionally, the proposals ingffreés 2005, Vagena
2007a, Vagena 2007b) advertise scalability on the number of messages igmd des
matching techniques which create and operate leateheof messages.

In this chapter, we first review the existing work in the fieldXdéiL document
routing in the context of XML-enabled publish/subscribe systems. Thedisagss open
issues and problems pertaining to the successful deployment offhisft systems. In
particular, we intent to (a) present different world applaratscenarios where XML-
enabled pub/sub systems are needed and/or are employed, in order to damibrestra
importance of such systems; (b) survey the proposals that have appeai@dand
examine many aspects of pub/sub system deployment, and (c) attenhgtify issues
and problems that have yet to be investigated. Our discussionelgllidentify open
problems, relevant issues, and suggest directions for further research on sueh. syste



BACKGROUND

A XML Routing system provides a content-based dissemination sarvislich
information is distributed according to its content. Its main players are:

* Theproducerghat inject messages (with XML documents) to the system.

» Theconsumerghat receive some of those messages according to their iateres

(expressed as XML queries).

* The routing infrastructurethat forwards messages from the producers to the

interested consumers, using specialized content-based routerskers.

This kind of routing system is usually instantiated as a publistgsbbssystem,
where producerpublishtheir content and consumessbscribefor their interests using
profiles. The infrastructure and flow of messages of a pub/subnsyste be centralized
or distributed. Figure 2a illustrates the architecture for a alerted pub/sub system, and
Figure 2b shows an example of a distributed one. In both cases, each broker perorms tw
main functions:message filteringthrough profile/subscription matching), antessage
routing (aka. message delivery) according to the message filteringstelSldreover, in
the distributed case, each broker is responsible for local <ligath producers and
consumers) and is connected to other brokers througheaatay network

Figure 2 - General architecture for centralized adlidtributed pub/sub systems.
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A routing system has many design issues, and most decisions depend on the
application requirements, such as: type of message content (elgutetialue pairs,
fixed-fields, XML messages), profile format (e.g. comparison ipadels, XML query),
profile storage and distribution, profile matching throughput, overlay netdesign and
construction, latency-related metrics, bandwidth consumption constrants data
quality. Usually, those systems are optimized for a subset of thgpgeerments. In this
chapter, the focus is a system where producers inject mesadgedvL documents and
consumers specify their profiles using XML query languages.



SCENARIOS AND APPLICATIONS

There are many scenarios and applications for content-based routelgsyshis
section summarizes some of the most interesting and recent ones.

Insurance industry. Insurance companies usually have many branch offices
distributed over the country (or even the world). All offices mayjirded by an overlay
network of content-based XML routers (Li 2007). The data messaggsihlished into
the network by (for example) third party insurance brokers and onlieatli Their
contents comprise insurance claims, insurance bids, and requgstsposal. Those data
messages are routed toward a currently online, specific expplbyee whose interests
have been expressed by XML queries. After receiving the messhgemmployee will
then contact the clients and negotiate the insurance deals.

RSS feeds (Liu 2005) characterizes how publish-subscribe systems are used in
practice by presenting an analysis of RSS as the first widelpy publish-subscribe
system. The architecture of RSS follows the basic idea of Xdditing systems: clients
subscribe to a feed that they are interested in and poll tdepfreodically to receive
updates. RSS content is encoded in XML and displayed by a feed-reaalerR8S-
integrated Web browser on the client host. Many news websites supRp6Srtfeeds.
Moreover, announcements on Web sites and updates to weblogs are typically
disseminated through RSS. The paper concludes with some insights fdesige of
publish-subscribe systems.

Security alerts Recent work on automatic containment of worm spread has
explored network-level approaches. Such techniques analyze networkanaffierive a
packet classifier that blocks or rate-limits forwarding of wgrackets (Costa 2005). In
this scenario, the messages being forwarded are the network pauketighe
subscriptions are the presence of identifiable worms. Ovaefradlorks like a routing
system in reverse, where the messages (packets) thay sh&ssubscriptions (worm
features) araot forwarded ahead. Instead, those messages are put on quarantine and an
alert is created and forwarded in the network.

Location-based servicesThe advance in wireless Internet and mobile computing
increased the appearance of intelligent Location-Based Setvi889,Chen 2003). Such
services actively push location-dependent information to mobile aseosding to their
predefined interest. The successful development of push-based LB&tppdiclepends
on a publish/subscribe middleware that can handle spatial relatior&ggifically,
(Chen 2003) gives two interesting examples of such services: @)@, in which a
shopping mall sends a promotion message to nearby mobile users, and (b) Mobile Buddy-
List, in which a user is notified when a friend in his buddy list iarlone In such
scenarios, the messages are the stream of location of mobike arsdevices, and the
subscriptions are spatial predicates on location messages.

Air traffic control . (Snoeren 2001) characterizes a routing system for air traffic
control data. A traffic control system receives the aitcsafiation feed that provides
detailed information about the state of airspace. The messadede information on
flight plans, departures, flight location, and landings. A position updatedeived
approximately once a minute for all enroute aircraft.

Stock quotes Probably one of the most known applications of pub/sub systems is
the stock market. A stock market system enables trading of cymgtacks, other
securities, and derivatives. In such system, the messages contamaiidn on stock



values and derivatives, and the subscriptions constraints the fahatrédge investors are
interesting in dealing with. For example, (Wang 2002) collects angizasareal-world
subscriptions from a major stockquote alert service provider. ddta contains
approximately 1.48 million subscriptions with 0.29 million unique subscriptions
involving 21,741 stock symbols, which characterize the complexity of a real stock trading
pub/sub system.

News dissemination Another famous application for pub/sub systems is news
broadcasting (Fenner 2005). The internet has thousands of newspapers published
electronically every day. They include information of a myriad of topr places to a
variety of readers (local, national and international). Each readesually interested in
one topic (e.g. entertainment) or a set of topics (e.g. entertainfimancial market and
sports). Moreover, each reader wants to be informed of any newsstipailished
according to her interests, no matter where or how the newspaper has beendublishe

STATE OF THE ART REVIEW

XML Routing systems provide a content-based dissemination service oh whi
information is distributed according to its content. Two impla&siis of XML routing are
XML filtering and XML stream processing. The XML Routing problesralso related to
Pub/sub systems, which have received considerable attention from botwoek and
the data/information management communities. Hence, a plethora &f omotheir
efficient deployment has already appeared.

In this section, we overview some of the most relevant reseafoltsethat
surround the XML routing area. Specifically, we start by presgnXiML routing
systems and approaches, and follow by summarizing routing on peer-togteerks.
Then, we overview some important works on pub/sub systems, divided &h siygtems
(whose content was not XML), and distributed systems (which focusexptonizing
message routing).

XML Routing Systems

XML Switch (Snoeren 2001) is recognized as the first XML routing system. It
provided the initial definitions of an XML routing system, i.e..>X@iL packets a single
independent XML document; &ML streamis a sequence of XML packets, where each
XML packet in a stream can have a different document type definibdD); clients
join the overlay network by specifying an XML query that describes & Kackets
they would like to receive; theverlay networkis able to configure itself to deliver the
desired XML stream to a client at reasonable cost giverbiliéljagoals. This approach
builds a content distribution acyclic mesh in which every brokecoisnected ton
parents, receiving duplicate packet streams from eachpmdrésts. It focuses on inorder-
delivery and network resilience, rather than efficient XML guerocessing (which is
done using a general-purpose XML toolkit that processes one query at a time).

ONYX(Diao 2004) establishes an overlay network of brokers that are rigecb
routing XML messages sequentially (i.e. with no batching prougsdt focuses on the
optimization of the network by building a broadcast tree of brokerssyigtem performs
three basic operations. The first operation isdbetent-driven routingwhich builds a
broadcast tree of brokers in order to avoid flooding of messages took#irérin the



network. The second operation is mmxremental transformatignwhich modifies the
messages (through early projection and early restructuring) accoodgrgups of user
interests. The last operation is teer query processingvhich uses/Filter (Diao 2003)
to match and transform messages against individual user profilesrditasiebrokers.

Figure 3 - Top-down and Bottom-up Finite State Maefbased approaches. An XML document,
a set of queries and the respective regular simepliFSM, and reverse FSM employed by BUFF
(states as circles, final states as gray circlegimiransitions as arrows).
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For the query processing, the query is decomposed into its constituenapdths
each path is processed through a Finite State Machine - FSMn¢taoim an initial
state, each element in the query and each axis defines the drafigith one state to
another. The queries may be inserted in their original ordertopedown as done by
YFilter, or in their reverse order, i.e. bottom-up as donBWUiF — Bottom-Up Filtering
FSM (Moro 2007a). For example, Figure 3b illustrates a set of path quAsssme
that, for simplicity, all queries consider only ancestor/descendasit Bhe respective
simplified FSM for that set of queries is illustrated in FigBceand the reverse machine
employed byBUFF is in Figure 3d. Both state machines have the same numberesf, stat
transitions and final states (note that only the main transitiendlastrated for clarity
reasons). Note also that while the regular FSM groups the quedesdimg to their
common prefixesBUFF groups them according to their common suffixes.

The FSM stores partial results as the document is parsed seliy€imt document
order). At each point, partial or total pattern matching isopeed, depending on the
existing partial matches and the current node. Specifically, docursrenfmrsed one tag
at a time. The start-tags (reading <element>) trigger ttemte in the FSM, which
chooses the next state according to the element read. When an enfibtsugl ifeading
</element>), the execution backtracks to the state it was in thleecorresponding start-



tag was processed. A run-time stack keeps the states reachedloavel such state
backtracking. The intuition for thBUFF processing is that a bottom-up evaluation of a
document should trigger less states than the traditional top-dowoaappior example,
considering the input document from Figure 3a, the top-down FSM (Figuex8cutes
transitions to states 1, 2 and 3 (after reading elensemtsndc) eleven times (once for
each patha-b-¢ before achieving the final state 4 for query Q1 (f&/b//c//d. On the

other handBUFF executes transitions to states 1, 2 and 3 only once (when reading the
last path of the document tre@-b-c-d, then achieves the final state 4 for the same
guery. Similar situation happens for query Q2.

Likewise, XTreeNet(Fenner 2005) focuses on the overlay network by proposing a
protocol in charge of building trees of publishers and subscrik&reeNetalsoenables
such duplicate elimination, relevance-score based filtering, anéss control to be
performed in the network. However, the authors do not give any details oiXkiaw
gueries are processed (message filtering task).

POX (Yoo 2006) takes a different direction and proposesitascriptionrouting
mechanism as a part of efforts to achieve scalability. fiopas the XML document
routing as usual, but it also routes the XML queries (subscriptid¥dsen a query is
registered in a broker, that broker determines which adjacent brefkeuld receive such
information and transmits it to the selected brokers. Such decésinade by comparing
relationship among new and existing queries. The focus of the papertie query
distribution, and there is no detail on how those queries are evalgmiedtahe XML
data.

Likewise, (Li 2007) aims at speeding up the routing computation by redudwng t
routing table size (where the queries or subscriptions #medd. They introduce
advertisement-based routing algorithms and propose a novel datarstriac maintain
the queries by identifying the covering relations between them. The qaeriesaluated
over the advertisements.

Figure 4 - Four documents aggregated within one RaX data structure.
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RoXSun(Vagena 2007a) and its counterpd&-RoXSunf{Vagena 2007b) propose
a data structure that aggregates the content of multiples mgsaagealgorithms that
evaluate all queries over such aggregated content. The data stischased on the
concept of structural summary, where each node in the structueseats a set of
bisimilar nodes xtenj from the original documents. For example, Figure 4a illustrates
four document trees (D1 to D4) representing the structure content ffefedt
bibliographic entries. Figure 4b illustrates tReXSumstructure for those documents.
Note that the path instand@b-book-title (which appears twice within XML document
D1 and once within D2) is stored only once in fReXSumstructure. Moreover, the
extent that is associated with thige node in theRoXSuntree contains the identifiers D1
and D2. While thdRoXSumaggregates the structural information of many documents, its
counterpariVA-RoXSunalso aggregates the element values of many documents.

In both RoXSumand VA-RoXSumthe evaluation algorithms are automata-based
(similar to ONYX. Specifically, identifying documents (when evaluating a query) from
the RoXSuntree is done in one in-order traversal of the tree. Fracth eade on the
RoXSuntree that satisfies a query, its extent and the extent de#sendants contains
those, and only those, documents that satisfy the query as well. For exaomsider the
qguery /bib/book/title on the documents of Figure 4b. There is only one path in the
RoXSunthat satisfies this query. All documents within the extent ofRb¥Suntree
nodetitle (under elementbib andboolk), and within its descendant nodebtitle satisfy
the query, i.e. documents D1 and D2. Given the results of the matching thieasext
steps are: to gather the content of each document, to aggregatetémescohdocuments
that are sent to the same broker into a R@XSunstructure, and to build the messages
to be handed on the underlying network infrastructure. Therefore, théedeteessages
(i.e. those that satisfy the set of queries) are forwarded @onétwork within an
aggregated structure as well.

Figure 5 - Profile matching on previous approachesl on RoXSum.
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In previous approaches, the profile matching on the filtering taskpedormed in
each incoming message individually, as presented in Figure 5a. Thangfisages that
satisfy the profile matching are individually routed to the respgeconsumers. In this
example, messages number 1 and 3 are rout&bXiSumthe input messages still come
individually, but they are processed all together within B@XSumstructure, as
illustrated in Figure 5b. Hence, the profile matching is done oR&Sunstructure that
aggregates the content of the incoming messages (documents 0 to 3y, Fnaall
documents that satisfy the profiles are also aggregated iIRmX&umstructure that is
routed to the respective consumers. In sumnRoykSunspeeds up the profile matching
process because it is performed on the aggregated content of thenegsatges, and it
also improves the transmission task because it sends the aggstgatare to the
respective consumers.

Both approaches RoXSum and VA-RoXSuin are complementary to the
aforementioned works, as they target the design of a compact becilydoaeryable
message format and can be integrated with and benefit any ofetieys frameworks.
For example, the system could assume that the overlay netwauktustr is defined
according to the principles proposed in (Fenner 2005) and that thegiaid distributed
over that network following the principles from (Diao 2004). THeoXSungroups those
profiles in the state machine within each broker and can gtagessing incoming
messages.

XML (Query) Routing on P2P Networks

An alternative direction is to implement XML routing over PeeReer (P2P)
networks. In this case, the architecture is different fromotine employed by pub/sub
systems. Specifically, the XML data are stored (and most prpbatdxed) over the P2P
network, and the XML queries are routed through the network, looking fatede
content within the peers. The challenges in this type of system inohadxing
(summarizing) the XML data locally in the peers, locating peedth related data,
processing and routing the XML queries, routing the results, and handlingrketw
updates (Koudas 2004, Fegaras 2006).

Early Pub/Sub Systems

As previously mentioned, the requirements for pub/sub systems include thef type
messages exchanged and the type of profiles evaluated. In suchystipss events
(messages) are usually described as conjunctions of {attribltie} yeirs, and profiles
are expressed as selection predicates over the content of evenisle@ungrofiles
formed by simple predicates (e.g. value comparisBiyT (Yan 1999) provided support
for matching keyword search queries over large collections of massagenployed the
Event-Condition-Action paradigm to perform profile matching and sekecti
dissemination of information, and most systems follow this basinigee since then.
Other early systems with such features inclu@eyphon (Aguilera 1999), Siena
(Carzaniga 2001), anddeSubscribgFabret 2001). All those systems are related to this
chapter because they proposed the initial functionalities and opimnzdor pub/sub
systems. Compared with the XML-based pub/sub systems, the type ségessand
gueries supported on those systems are very simple and not as expressive.



Distributed Pub/Sub Systems

While early systems were centralized (e.g. Fabret 2001), sdglat@htures
required the design dfistributed architecturesSIFT (Yan 1999) was one of the first
systems to provide solutions for distributed message filtering andgpbeing followed
by systems lik&sryphon(Aguilera 1999) an&iena(Carzaniga 2001). The main focus of
those initial works was how to optimize the routing information, by mgrgimilar
profiles or indexing them. The systems have become more complex (e.g. bXMHing
messages) and the focus of the recent research has changed to:

* Overlay network structure (Fenner 2005, Papaemmanouil 2006, Snoeren 2001).

* Profile aggregation (Aekaterinidis 2005, Shen 2005, Triantafillou 2004, Yoo

2006, Li 2007).

» Distribution of consumer profiles (Diao 2004).

* Message routing policies (Papaemmanouil 2005, Shah 2004).

Among those, only (Diao 2004, Fenner 2005, Snoeren 2001, Yoo 2006) use XML
as the encoding format for messages (they have been alreadydcovtrm XML
Routing Systensubsection).

Considering the matching task (or query evaluation process), autbassd
profile algorithms are among the most popular solutions (Altinel 20&@® 2003, Gong
2005, Green 2003, He 2006, Peng 2003). Several alternative matching techniges, s
as relational joins (Tian 2004), profile aggregation (Chan 2002), bloetensfiGong
2005) and subsequence matching (Kwon 2005) have also been proposed. The goal of
these works is scalability with respect to the number of pfivhich is achieved by
employing multi-query processingnethods. Additionally, the work in (Fischer 2005)
targets scalability on the number of messages and designs maetimigties which
handle messadmtches

XML compression techniqueare also related to XML filtering scenarios.
Traditional schemes usually compress each message before diogvat, and
decompress it either completely e.g. XMILL (Liefke 2000) or phytia.g. XGRIND
(Tolani 2002) before performing the profile matching at each brokedifferent
approach is provided bjroXSum(Vagena 2007a) and its counterpafA-RoXSum
(Vagena 2007b). Those approaches aggregate the content of multiple megsages
summarizing structure, process the set of queries over thegatggecontent, and
forward the results within the aggregating structure (instead wfafding individual
messages).

REVIEW AND OPEN PROBLEMS

More and more applications are creating, manipulating and exchangingdgiL
XML document routing is a very recent problem that has becomevatugble due to
the wide acceptance of XML as the standard for file exchangeinigwtance of XML
routing systems has been established by the increasing numbeerafriss and
applications that require disseminating XML content. Among those, pigaisscribe
services are among the most relevant. Moreover, considering the thact
publish/subscribe applications with complex data representation atrcevake
requirements emerge more and more frequently over the Intensetatural that XML-
aware publish/subscribe systems will soon become indispensable.



Table 1- Overview of main approaches on XML Rougind pub/sub systems. The rows present
the different approaches and the columns preseighadspects of the system they tackle: overlay
network construction, indexing or aggregation abstriptions, distribution of subscriptions over
the network, optimizations on the message encodiig, transformations, computation sharing
over the network, optimizations on the messageetgli optimizations on (and the type of) the
message filtering processing, and some keywordkeanovelty of each approach.
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Reference Olaja|=|0|0|=2 Message filtering Novelty
Altinel 2000 X Automata First XML filtering system
Chan 2002 X Selective-based algorithms Selective estimation oftgesul
Chan 2007 X X Piggybacking annotations
Diao 2003 X Automata Prefix-sharing automata
Diao 2004 X X X Automata (Diao 2003) Overlay network services
Fenner 2005 X Network building protocol Score functions on results
Fisher 2005 X X Batching, indexing, post-processing Batch processing
Gong 2005 X Bloom-filter on queries Bloom-filter approximate matchjing
He 2006 Automata Cache-conscious automata
Kwon 2005 X X Subsequence matching Sequencing twig patterns
Li 2007 XX Matching rules: advertisement, qugAdvertisement-based routing
Moro 2007a X X Subsequence matching Profile early-pruning
Papaemmanouil’05 X Semantic communities
Raj 2007 X X Subseguence matching Results are document sub-trees
Snoeren 2001 | X General purpose XML toolkit First XML routing system
Tian 2004 Relational engine Relational matching
Vagena 2007a X XX X | Automata over aggregated messages Message aggregation
Vagena 2007b X X|X X Automata + bloom filters Message aggregation
Yoo 2006 X Subscription partitioning

This chapter presented different scenarios for those serincés]ing diverse and
complex applications from the very popular RSS feeds to the veratilerstock
industry. It also discussed an extensive state of the art on XMing systems, which
also included early pub/sub systems as well as distributed atahetecTable 1 connects
all the challenges discussed and overviews the main approachdgloiRéuting and
pub/sub systems.

As for the open challenges, methods to better incorporate textual ationnare
necessary. Most of the approaches focus on structural matching or prallieate
evaluations. However, full-text search is needed to query large proodidext, but it
must consider the structural information of the data as well.nAsali study on how to
evaluate full-text queries with structural features on XML astre is presented in
(Vagena 2008). Nonetheless, a more complete solution is still an open issue.



It is no longer a conjecture that XML data and relational dafaaiways co-exist
and complement each other in enterprise data management (Moro 200¢h)ciitical,
legacy data are still in relational format. However, users has@asingly turned to
XML for storing data that do not fit into the relational model. Thisr@n increasing
attention in how to handle relational and XML data uniformly. In sumtext, it is
natural that internet systems will evolve for evaluating bothioslal and XML data at
the same time. As publish/subscribe systems have grown frombaged systems to
XML-enable systems, we believe that the next step is for thefollmv the data
technology and support both relational and XML data uniformly as well. ddngplex
scenario brings new and exciting issues to be handled by the datadadestebuted
systems communities.
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