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Abstract
We present an overview of requirements for XML query languages, gathered from three
aoplication areds the database community, the traditional SGML/XML community, and the
Information Retrieva community. Differences and smilarities of these requirements are
discussed, and we show to what extent XQuery and XSLT conform to these requirements.



1. Introduction

One of the promises of XML isto enhaence the retrieva of information, or, as stated on the
Wa3C webdgte “XML will (...) makeit easier to provide metadata -- data about informetion -
that will help people find information and help information producers and consumersfind

each other. [W3C-AY]”

A query language for XML isneeded in order to find information in XML documents. A large
number of ad hoc query languages are proposed, for example XML-QL, XQL, and Lorel. The
W3C has formed aworking group to develop a query language for XML. The god of this
working group is. “to provide flexible query fadilities to extract data from red and virtud
documents on the Web. [W3C-AS]”

This report gives an overview of the requirements for XML query languages. With XML
query language is meant an independent language with which one can query XML

documents. Examples are Quilt, XQuery and XSLT. DOM gpplications are not considered as
query languages. The requirements for XML query languages originate from three different
communities: the database community, the traditional SGML/XML community, and the
information retrieva community. In the next three sections a short description of each
community isgiven.

1.1. Thedatabase community

The mogt well-known query languageis SQL, the Structured Query language. This language
works on the rdaiona data modd and was developed and standardized between 1972 and
1989. SQL isbasad on the reaiona agebra and adds functiondity like update, arithmetic

and aggregate operators. The most recent extension of the SQL standard, in 2000, conssted of
support for full -text and images. The reaiond modd is not aways the best model to describe
and presarve information. Other modds used in the database community, are the object
oriented modd, and, more important for the development of XML query languages, the
models for semi-structured data. Semi-structured detais. “often irregular: some datais
missing, Smilar concepts are represented using different types, heterogeneous sats are

present, or object structure is not fully known. [AQM97]” Webpages and XML documents are
usudly congdered as semi-gructured datain the databases community. A number of query
languages for XML have emerged from the semi-structured data community, for example,
Lord, Yal, and XML-QL. W3C's XQuery is based on this kind of languages. The database
world is concerned with dataretrievd. Thisis, according to Baeza Y ates and Ribeiro-Neto
“theretrieval of items (tuples, objects, Web pages, documents) whose contents satisfy the
conditions specified in a (regular expresson like) user query.”[BR99]

1.2. TheSGML/XML community

A query language for SGML has aready been developed. Thislanguage, the Standard
Document Query Language (SDQL), isapart of DSSSL, Document Style Semantics and
Specification Language. DSSSL is alanguage that was meant to generate specific output from
SGML documents. Another subset of DSSSL, DSSSL Lite, deds with the transformation of
SGML documents, for example to merge documents, to generate an index or content, to

perform data extraction, and so on. XML and XSLT are the smplified and broadly accepted
successors of SGML and the transformation part of DSSSL. Although XSLT was never meant
to be an XML query language, alarge number of representative XML queries can be solved
using XSLT [Lenz01-2]. Both the sdlect part of XSLT and XQuery uses Xpath.



1.3. Thelnformation Retrieval community

Information retrievd is. “The part of computer science which sudiestheretrievd of
information (not data) from a collection of written documents. The retrieved documents am
at satisfying a user information need. usudly expressed in natura language.” [BR99]
Informeation retrieva triesto find an answer to acertain user information need. This user need
is expressed by aquery. Thisis opposed to dataretrieva. The centrd issue in dataretrievd is
to give the correct result of a query, the user information need is not consdered. Relevance
ranking, precison and recd| are centra issues of information retrievd, but are no issuesin
data retrievd.

2. Overview

Thisreport gives an overview of dl the XML Query requirements until February 2002. This
overview of requirements can be used as a checklist for comparing query languages. Also,
gaps, perplexities, and inconsgstencies can be noticed. The dructure of this report is as
follows. First anumber of genera or common requirements are given. Secondly, the different
points of view on XML and XML querying are discussed. What does one actudly mean by
XML and what are the targeted applications? Thirdly, an enumeration of the requirements of
XML gquery languagesis given. The later isdivided in Sx categories, namdly:

Data collection: input. What isvaid input for an XML query?
Functiondity: What must the query language be capable of ?

Data collection: output. Whet is the result or the report of an XML query?
Semantics: What isthe meaning of aquery?

Syntax: What is the form of an query?

Use of the query language: For whom is the query language intended?

Findly, the requirements are summarized in atable and it isindicated whether XSLT and
XQuery conform to these requirements. Certain requirements are left out because they do not

fdl in the scope of a query languege, for example:

Transaction management;

Security / authorization;

XML Schema cregtion from non-XML data sources [Cot9]];
Conversion between XML deta, relational databases and OO databases.

3. General Requirements

This part consgts of requirements which are generdly consdered important. Thereislittle
discussion about the usefulness of the following reguirements:

The query language is non-procedura (declarative), which means that you ask what
you want to have ingtead of how you want to gather the information;

The query language is pratocol independent [W3C-QR];

The query language is as Smple as possible and easy to implement. E.g.

[Erw00][ Rob98][ CRFOQ;

The query language supports nesting of queries,



'Hind things in the Structure, content, and linkage of hierarchicd, linked document
data’' [DSB9S];

The query language can be optimized.
4. Points of view

What is meant by 'XML"? Wheat is the perspective on XML and for what purpose is XML
used?

4.1. Database per spective

Deutsch consders XML mainly as alanguage to exchange electronic messages, for example
for EDI applications. A XML document is comparable to adatabase, the DTD as a database
schema [ DFF99], and: “From the database viewpoint , the enticing role of an XML query
language is as atool for structurd and content-based query that alows an gpplication to
extract precisaly the information it needs from one or severa XML data sources” [ DFF99-2].
The query languege is rdlationa complete and smple enough to be optimized [DFF99).
Rdationd complete means: the sdection mechaniam of the query language can produce dl
relationships that can be computed using reaiona dgebra Ives and Lu argue for SQL -like
operators because XML can serve as a container of relaiond data [IL0Q]. According to
Goldmann et d XML can be consdered as aform of semi-gructured data. Concerning the
Sructure: “isnot asrigid, regular, or complete as the structure required by treditiond database
management systems (...)' Furthermore, even if the dataisfairly well structured, the structure

may evolve rgpidly "[AQM97].
4.2. Document per spective

Document perspective is the umbrelaterm of the database community for al non-database
related applications of XML. Two gpplication areas are denoted with this

1. The'traditiond' SGML/XML community. The idea of SGML, the Standard
Generdized Markup Language, isthat the structure of documents can be encoded
independent of platform or gpplication. Documents can be processed by machines and
treated uniformly. An example of an SGML application is TEl, the Text Encoding
Initigtive. Thisinternational project ams at the encoding of literary and higtorical texts
for goring and publishing purposes [TEI]. The focus of the SGML community ison
moddling, exchanging, and publishing of textua documents. Examples of thiskind of
materid include technica manuals, legd documents and higtorica texts.

2. Thelnformation Retrievad community. As Stated above, IR dedswith information
extraction from, mainly, text collections. Production and structuring of the source
documentsis not an issuein IR, Since the documents are given. Important issuesin
this community are: effective searching in very large text corpora, finding dl relevant
documents that fit a certain user need and ranking the results. Performance issues are
very important in IR, the search processin large collectives must be quick and
efficient.



4.3. Database vs. document community

Fernandez says the following about the differences between the database community and the
document community: “The two communities address different application aress. The
database community is concerned with large repositories of data, integrating data from
heterogeneous sources, exporting new views of legecy data, and transforming data into
common data-exchange formats. The document community is concerned with full -text and
queries of structured documents, integrating full -text and structured queries, and deriving
multiple presentations from a single underlying document” [ FSW99].

The impresson gven of the ‘document community’ is rather over-smplified. Study of full-
text searching and combined full-text and Structured text is being done in the Information
Retrievad community. The traditiond SGML/XML community is not only concerned with
generating multiple presentations from one source document, but aso with modding and
goring textud data. Dedling with very large data collections is not only an important topicin
the database community. Also in the document community, particularly in IR, verylarge
amounts of data need to be processed. Performance issues are very important in this field.
Quilt, XQuery's predecessor, is designed to work with materid from both the document and
database community: “We adso want a language thet is flexible enough to query abroad
spectrum of XML Information sources, and we have used examples from the database and
document communities as representative of these requirements.” [CRFOQ].

The communities differ in another agpect than the way datais structured. Thereisaso a
difference in the way structure and content is being used: “In many structured models, the text
content is merely seen as a secondary source of information which is used only to redtrict the
matches of sructurd dements. In dassc IR modds, on the other Sde, information on the
sructure is the secondary eement which is used only to redtrict text matches. For an effective
integration of queries on text content with queries on text sructre, the query language must
provide for full expressiveness of both types of queries and for effective means of combining
them.”[BRO9|

The god of XQuery [W3C-QR] isto query documents, independently of gpplication area. To
illudrate this, a number of usage scenarios for XQuery are listed:

Human-readable documents like technica manuds;

Data-oriented documents, like database deta, object data, or other traditiond data
SOUrCES,

Filtering streams, perform queries on streams of XML datato processthe datain a
manner analogous to UNIX filters.

5. Data collection - input

This section describes the requirements related to the input of an XML Query language. The
centrd issue is wha is acceptable input for an XML Query? An XML Query should at least
be able to work on one or multiple XML documents. Multiple documents are generdly
regarded as a collection of XML documents. [Ma98][Cot98][ CCD99]. Besides this rather
trite requirement there are alot of supplementary requirementsfor the possibleinput for an
XML Query. One of the proposdsisto make it possible to query smdler partsthan an XML
document, namely fragments of XML [CRF00]. The W3C adopted the above ideas and made
them some more abstract. The W3C Query Group requires that both the input and the output
are defined in terms of the XML Query DataModd. Thisis caled closure. [W3C-QR]. This
can bered, physcad XML files, but aso virtua representations or XML views, seedso
[BMR99].



Most other requirements are related to the possibility to query something different than one or
more XML documents. Maier [Ma9g for example wants to query streams of XML data
Ancther proposd isto incorporate locd variables, like time, date, place, and user in the query
[Cot98]. These requirements are aso adopted by the W3C XML Query Group.

An important issue is the support for other XML related standards. There are severa
requirements to use Schemas or DTDsfor querying purposes. An often returning requirement
isthat it must be possible to query both well-formed and vaid XML. [CCD99][Ma98][W3C-
QR][Cot9g]. Querying without schema means that XML queries must be usable without
knowing the exact structure of the data [DFF99]. Thisis cdled untyped querying. One must
be able to use the document schema to formulate [BCOQ], vadidate [Cot98|[Ma9g], or
optimize[ ErwO0] a query. Thisis cdled typed querying.

Other standards which are often mentioned are Xlink and Xpointer
[Cot98][ILOO][Ma98][BCOO][ILOJ]. Maer states that queries must be able to follow
Xpointers and Xlinks and thet the query language must be Xpointer and Xlink cognizant.
Fernandez proposes specid operators to make it easier to ded with references[FSW99. Itis
remarkable that the W3C XML Query group does not mention Xlink or Xpointer: “The deta
mode must include support for references’[W3C-QR]. The way this is done and whether
Xlink and Xpointer will be supported is not discussed. Not every information item in an XML
document is important for every gpplication. For most database gpplications, for example the
order of eements, does not really matter. The possibility to query an XML document both
ordered (that is, the document order isimportant) and unordered (that is, the document order
isleft asde) is arequirement from the database community [ CCD99|[DFF99]. Optimizetion
may be aso easier when order isignored.

6. Functionality

Mosgt XML Query requirements are related to the functiondity of the language. The
requirements are roughly divided in the same way Maier did in[Ma 98], namdly:

sdection and extraction,
restructuring or transformation,
combination,

updates.

~AOWNE

6.1. Selection and Extraction

Sdecting adocument or document part, based on certain properties, is the most important task
for aquery language. In IR the focusis on relevant documents within a certain collection,
whilein the database community the focus is on finding data within a database. This
didinction isless obvious when one queries XML documents, for examples because of the
possihilities of linking, the use of different schemas in a document collection and the textud
nature of XML. Sdection is described in the following way: “Choosing a document or
document element based on content, structure or atributes’ [Ma98]. Descriptions of the same
kind can to be found in [DFF99][BM R99| [ DFF99-2] [BCOQ][FSW99]. In the next sedion a
discussion follows on what an XML Query language must be able to select based on content
and dtructure.



6.1.1. Content

Content is not defined in the papers mentioned above and the concept is used ambiguoudy.
The XML 1.0 recommendation gives the following definition:

“Content: The text between the Sart-tag and end-tag is cdled the element's content.”
“Text: A parsed entity contains text, a sequence of characters, which may represent
markup or character data. ”

[W3C-XML] Content, text and data are often used as synonyms and most of the time these
terms denote something like: the XML document without the markup. However, according to
the definition of content in the XML 1.0 specification, is markup a part of content. 'Find
information based on content and structure is a requirement often stated in papers about XML
Query languages. The concepts ‘content’ and 'structure’ are used in a different way than in the
XML 1.0 recommendation. The Web Content Accessibility Guidelines 1.0 explains the
digtinction between content, structure and presentation in the following manner: “The content
of a document refersto what it says to the user through natura language, images, sounds,
movies animaions, etc. The structure of adocument is how it is organized logicdly (eg., by
chapter, with an introduction and table of contents, etc.). An dement (eg., P, STRONG,
BLOCKQUOQOTE in HTML) that specifies document structureis caled a structura element.
The presentation of a document is how the document is rendered (e.g., as print, asatwo-
dimensond graphica presentation, as an text-only presentation, as synthesized speech, as
Bralllg, etc.) An dement that specifies document presentation (e.g., B, FONT, CENTER) is
cdled a presentation dement.” [ W3C-WAC]

An example

<h1>Salboat</h1>

Here"Sallboat” is the content and the hl-tag the structurd element.

In Information Retrieva the text is the primary source of information and this community
raised the most requirements for text operations. The most basic manner to search in atext or
acollection of textsis by means of full-text keyword search [ FKMOO][CFPOQOQ]. Full-text
meansthat al words in the document are accessible, and stopword eimination is not
performed. The use of wildcards are additiond requirements in strings and praximity search.
An example of proximity search combined with wildcards based on words. “[Find] dements
inwhich "rosg*" and "sweet*" occur within 10 words of each other”[ MR98]. Proximity
search is dsomentioned in [ Cot98], [Erw00] and [DSB98]. The latter distinguishes between
proximity between words, sentences and elements. [ CFPOQ] wants to be able to proximity
search based on semantics and based on Structure.

In XML Query Use Cases fromthe Library of Congress[A01] alot of practicd requirements
related to text searching for XML are mentioned. Besides proximity, thereisaso thewish to
find words in a certain order. Furthermore, the need for wildcards are further specified.
Wildcards should not only be alowed as a suffix, but also as a prefix and within strings. It
should be possible to redtrict the number of characters that can be replaced by awildcard. For
example" sweet*<3" meansthat * can be replaced by a most three characters. Another
required text operation is semming. The following exampleis given: “Find dl bills

containing words semmed from revoke’[ AO1] The "stem" operator must have accessto
specidized indexes. Both [DSB98] and [A01] propose the posshility to ignore certain
information, which is about the possibility to perform case-insensitive search, and ignoring
punctuation marks. Most of these requirements can dso be found in [FGO1]. In [AQ]] the
requirements mentioned above are regarded as data retrieva, while others might want to use
the term text retrievd. The requirements formulated by the W3C XML Query Group rdlated



to text search are very generd and less ambitious: “ Queries must be able to expresssmple
conditions on text. Induding conditions on text that spans dement boundaries” [W3C-QR].

6.1.2. Structure

An XML document is structured as alabeled tree. Support for regular path expressonsis very
useful for searching in unknown structures [DFF99][ CCD99][AQM 97][ILOO][Rob9]. The
advantage of using regular path expressonsisthat it is not redly necessary to know the whole
structure of the document in advance. Fernandez et d. provides the following example
[FSW99]: “[Sdect] dl section or chapter titles containing the word " XML", regardless of the
nesting level a which it occurs”

Bonifati and Ceri want to use wildcards in path expressons[ BCO0], and severd people argue
for pattern matching to find data[ CCD99][ Erw(0][Ste0(]. Other useful required operators are
universd and exigentid quantifiers. In addition, Fernandez et d. pleafor externa defined
functions [FSW99]. The fallowing structurd categories are distinguished: hierarchy, sequence
and position, links, names, and datatypes.

6.1.2.1. Hierarchy

An XML query language needs to be able to express both parent/child and
ancestor/descendant relationships, for example found in [Rob99 and [DSB98]. The latter
givesthe fallowing example: “Get last-shling-ar-self”.

6.1.2.2. Sequence and pasition

An XML Query language should be able to use "before” and "after” conditions. Thet is, an
XML gquery language should be able to express conditions on the relative document order of
nodes. [Rob99 [BCOQ]. These nodes can be shlings as well as nodes that precedein
document order. Combined before and after conditions can be shortened to range qudifiers
[GMW9]. An example of a condition on pogtion is“Get nth-gbling”. Where n is a pogtive
integer [DSB98].

6.1.2.3. Links
Linksin XML documents can be redized in different ways

1. Within adocument using the attribute typesid, idref and idrefs.

2. Between documents using DTD specific links. For example by means of an dement
<Ink>

3. By means of the Xlink standard.

The W3C XML Query Requirements says the following about linking: “Queries must be able
to traverseintra- and inter-document references’[ W3C-QR]. The W3C does not state the
Query language should support the Xlink standard, as one would expect. The support for
linkingis often raised, for example in [ILOO0] and [Rob99]

6.1.24. Names

An XML document is structured like alabeled tree. Therefore, people want to perform
operations on the labels. The W3C date: “tests for equdity in element names, attribute names,



and processing indruction targets, and to perform smple operations on combinations of
names and data. Queries may perform more powerful operations on names”[W3C-QR].
Using wildcards in tagnames is one example of a condition on the labels. Smilar
requirements can be found in [Erw00][ DFF99][Rob99 and [CRFOC].

6.1.25. Datatypes

The nodes of an XML tree are not only named, they can aso be typed. The number of
datatypes that can be used with DTDsiis limited, but the W3C XML Schema standard
provides alarge number of datatypes. A requirement from the W3C XML Query Group is
that the query language: * Support operations on dl datatypes represented by the XML Query
DataModd”[W3C-QR]. XSLT 2.0, XPath 2.0 and XQuery 1.0 share the same data modd.
The data mode serves two purposes.

“Hirg, it defines precisdy the information contained in theinput to an XSLT or XQuery
processor. Second, it defines dl permissible vaues of expressonsinthe XSLT, XQuery, and
XPath languages. A language is closed with repect to adatamodd if the value of every
expresson in alanguage is guaranteed to be in the datamode. XSLT 2.0, XQuery 1.0, and
XPeth 2.0 are dl closed with respect to the datamode. ” The W3C XML Query Group states
explicitly that null values should be supported. According to Ives and Lu, and Fernandez et d.
problems can arise when relationa tableswith NULL values are mapped to XML
[FSW99[ILOOQ]. Another requirement is the possihility to extend the fixed set of datatypes
“XQuery should have an extenson mechanism for conditions and operations specificto a
particular datatypes. | am thinking mainly of specidized operations for sdecting different
kinds of multimedia content.”[Ma 98| [DFF99-2][BCOQ].

When a query language supports an extension mechanism for datatypes, it is necessary to find
out what datatypes can be compared with each other. The conversion from one datatype to
another is caled type casting. Explicit type cagting is useful, but: “Implicit casts can, if
carefully designed, make alanguage far eesier to use, though they risk encouraging
imprecison and uncertainty about the precise meaning of expressions. "[DSB98].

Lord implements type coercion (that is some form of implicit type casting) to relieve the user
from the'strict typing' in OQL [AQM97] This can dso be found in [BCO0]. Fuhr and
Grosgohann in their paper about XIRQL, XML Query language far Information Retrievd,
take the implicit type casting one step further: “There should be away to express vegue
searches for these detatypes’. Examples of thiskind of predicates are: “smilarity with respect
to sounding, dlassfication (vague equdity), additiona comparison operators should be
provided: near, broader, narrower and related for terms from a classification or
thesaurus.” [ FGOL]. In short, thereis il alot of discusson about the advantages and
disadvantages of implicit and explicit type casting. Furthermore, there is awish that a query
language should be able to ded with new datatypes.

6.2. Transfor mation

Restructuring of detais both in the database community as well asin the traditiond
SGML/XML community of great importance. The result of a database query isanew ingtance
of the datamodd. This instance can be seridized in many different ways, for example asa
new table, as a new document or as an update of the existing data. In the traditional
SGML/XML world transformation is necessary to produce one or more representations of one
source document. In IR restructuring is not an important issue, Snce the result of aquery is
very often a pointer to the information source. Transformation is described as follows:

“Queries must be able to transform XML structures and must be able to create new



structures’[W3C-QR]. Thisis an often sated claim, see for example

[M&a98][CCD99|[ GMW99| [ DFF99][CS00Q] [ Erw00].

Besides the congtruction of structures mentioned in the preceding paragraph, the following
operations should be possble

Sorting: sort the result in dphabetica order, mentioned in [BMR99][W3C-
QR][BCOQ|[FSW99]. The concept of relevance ranking from the IR can be understood
asaform of sorting.

Unorder : transform a sequence to a non-ordered collection [BMR99].

Flattening: cregte a callection of sngletons from a collection of collections
[BMR99][Rob99 [Erw00].

Grouping: it should be possble to group information items together
[BMR99|[BCOQ|[FSW99]. Deutsch et d. and Ives and Lu propose to achieve this by
means of skolem functions[ DFF99|[1L00].

Aggregate functions: Thereisaneed for typica SQL aggregate functions like min,
max, sum, count, and avg [DFF99][CCD99[BCO(]. Erwig observes that such
functions are hard to define in XML, because of the lack of numeric datatypesin
DTDs [Erw00]. Thisisno longer an issue when aquery language supports atype
system like W3C XML Schema Part 2: Datatypes.

Preserve order and association: the result of a query should not aways be
transformed. It is dso of importance that the result of a query can be anon-
transformed document or document fragment [ Ma98][ Rob99][ Rob99-2] [DFF99-
2[BCOQ[W3C-QR][FSW99].

Reduction: By thisis meant the remova of sdlected sub-elements of an dement
[Ma98][BCO00]. Other terms that denote the same concept arefiltering and pruning.
Something Smilar isthe DISTINCT operator, named in among others[BMR99]. This
operator removes duplicatesin a collection. Pruning is mentioned in [CS00] and

[ILOG].
6.3. Combination

A XML Query language must: “Combine related information from different parts of agiven
document or from multiple documents’[W3C-QR] Similar requirements are stated in among
others [Ma9g and [BC00]. Thisisatypica database requirement. Querying different sources
isaso important in IR, but combining information from multiple sources to one result is not
anissuein IR. Thiskind of operaion can be understood as aform of transformation or
restructuring. Deutsch et d. state that an XML query language should be relational complete
[DFF99]. Therefore the language must, anong others, be able to express relationd joins. Joins
are demanded by [Cot98|[ Robod [ ErwO0] [ ILOO][FSW99]. More specific are the fallowing
requirements. outer joins by [DFF99], inner join and Ieft outer join by [1L00], the equi-join by
[BCOO] and by [BMR99] one-to-one, one-to-many, many-to-many.

6.4. Update

The possihility to update data is a database requirement. An update can be interpreted asa
specific form of seridization of a query result. Instead of making anew XML document (or
view, or whatever kind of ingtance), the source document is adjusted. Commonly required
operations are delete and insart [Cat98] [ CCD99][AQM97][BCO0][CFPOQ]. The W3C does
not exclude an update operator, but it will not be added to XQuery 1.0. At this moment



seridization of the result isatask of the software system, not of the query language. Tatarinov
et d. propose to extend X Query with the following operators.

Ddete (child);

Rename (child, name);

I nsert(content), InsertBefore(ref, content) /InsertAfter. Also mentioned in [AQM97;
Replace(child, content);

Sub-Update (patternMatch, predicates, updateOp) [TIHO1].

7. Data collection - output

The mogt often, and most obvious, stated requirement is that the result of aquery must be an
XML document [ Ma98][ DFF99-2[BCOQ]. The W3C gives amore forma definition, namely
the result of an XQuery must be an "ingtance of the XML Query DataModd". Deutsch and
Ceri want to compute the DTD of the result [CCD99]. DeRose is more detailed about the
report: “In interactive query languages, a query againgt a document database must locate the
st of locations satisfying the query and may return a document, a set of documents, alist of
documents, aligt of locations within documents, aset of document fragments, or perhaps even
an <XLink> dement with alist of Xpointers to the locations stisfying the

predicate.” [DSB98]

Robie states that (XQL.) queries “may return any number of results, including 0.”[Rob98]. As
appears fran most examples of XML queries and from the W3C's XML Query Use Cases, the
result of aquery ismainly consdered as one wdl-formed XML document. There are very
little examples of queries where the result conssts of multiple documents or list of

documents. The IR community offers afew additions to the requirements mentioned above.
These requirements are related to relevance ranking, precison and recall. Schlieder says “An
XML gquery engine should retrieve the best results possible. If no exact matching documents
are found, results smilar to the query should be retrieved and ranked according to their
smilarity.”[Sch01] Similar requirements are expressed by [CCD99][ CFPOQ] [FGO1].

8. Semantics

A query language should have precise, formalized semantics. This can be achieved by
mapping the language to an exigting, well-defined programming language, like ML [Ma9g].
The XML Query Group defines the semantics of XQuery inthe XML Query DataModd.
Thismodd is basad on the XML Information Set and is namespace aware [W3C-QR].

9. Syntax

A lot of different query languages are proposed, and alot of variation exists between these
proposals. The choice for a certain syntax seemsto be based on the persond preferences and
background of the designers. In this section the most important proposals are discussed.

9.1. SQL/OQL -like syntax

XML-QL usesasyntax that combines characteristics from traditiona query languageslike
SQL and OQL, and XML syntax. Thisform is adopted by Quilt [ CRFOQ] and via Quilt by



XQuery. An SQL/OQL like syntax is handy, because it is well-known: “(...) Lord, hasa
familiar sdlectfrom-where syntax and is based on OQL”[ GMW99]
Fernandez describesin [FSW99] the common structure of a database query as follows.

The query conssts of three parts:

1. apattern dause;
2. afilter dause
3. aconstructor clause.

The information between these three clauses can be modded as ardation with aflat and
unordered structure.

9.2. XML syntax

Thereislittle discusson about the usefulness of an XML syntax for an XML query language.
An advantage of using XML syntax isthat the query language and XML will be mutualy
embeddable [DFF99-2][Mai98]. Another advantage is that queries can be processed by XML
processors. The XML Recommendation states as 6" design godl: “XML documents should be
humart|egible and reasonably clear.” [W3C-XML]

The argument that XML syntax enhances the readability of queries does not hold. XML
representations of typica programming language condructions, like "if then dsg’, tend to be
very verbose and laborious. There are anumber of proposals to creste multiple syntaxes of a
guery language. One syntax that can be easily read and written by human users and one XML
representation of this syntax to be processed by machine users. See dso

[Ma98][DFF99][ CRFOQ|[W3C-QR]. A number of proposas were made to base the query
syntax on an XML related syntax. DeRose proposes to base the syntax on Xpointer [DSB9§].
Reasonsfor thisis that this syntax is wel-known and stable. Furthermore dedls Xpointer very
well with ordered trees and a number of implementations aready exist. Another exampleis
XSL. XSL ismentioned in [ Cot98]. Lenz takes this one step further: not only the syntax of
XSL should be used, XSLT initself can be used as aquery language. He claimsthat XSLT is
an excellent query language for certain applications. Another advantage isthat XSLT isa
proved and stable standard which is used very much in practice. See dso [Lenz01-2] and
[Lenz01]. Van der Steen proposes to use a pattern grammar of which the syntax isan
extendgon of XML [Se00]. For the sdection part of aquery language Xpath is an important
candidate. XQL isan extenson of Xpath [Rob9g]. Quilt [CRFOQ] and XQuery are using the
syntax Xpath for the sdlection part.

9.3. Graphical syntax

A number of people advocate agraphica query language for XML. An exampleis XML-GL
[CCD99]. Ancther representative can be found in [Erw00]. In his paper Erwig pleads for a
form-based representation of XML. He clams such a syntax to be the most user friendly and
intuitive,

9.4. Other proposals

The requirement to embed queriesin URL's can be found in [Cot98][Rob9g. Strangdly
enough, this requirement can aso be found in the W3C Query requirements. It isimpossble



to embed and XQuery in an URL, and there no indications that this will become possiblein

the future. James Clark proposes to use the same eement congructors for both XSLT 2.0 and
XQuery 1.0. The very few differences that exists between both syntax variants can be very
confusing for users of both languages. [ ClaD1]

9.5. Remarks

All design decisions about syntax seem to be made for ‘the best interest of the user'. In
[FSW99] for ingtance ten essentia queries are being solved with four different query
languages. An indication is given of the mogt natural and Smple solutions. The criteriafor
these indications remain implicit. In seven of the ten cases the most natura solution is made
by XML-QL and thisis the language developed by the authors of the paper. The best interest
for the user seemsto be in most cases rather the best interest for the devel oper. Research of
the usability of query syntaxes could solve this matter.

10. Use of the query language

In this section the requirements which refer to the future users of an XML Query Language
are dated. There are two main points of view concerning the future users of XML Query

languages

1. Usersare endtusars, tha is, the query language will be directly used by people
2. Peoplewill use the query language by means of an GUI or gpplication.

Within severd query language proposas it is not dways clear which point of view istaken or
that both kind of usage is possible. Robie statesin the design gods of XQL that “XQL shdll

be easy to type and read’[ Rob98]. Something comparable can be found in the requirements of
the W3C XML Query Group: “the XML Query syntax must be convenient for humansto reed
and write’ [W3C-QR]. These requirements are very vague. It is unclear what is meant by
‘easy’ and ‘convenient’ and furthermoreit is not clear what kind of users those 'humans are.
Are these information experts, programmers, database experts, librarians, or naive users?
More explicit points of view can be found in [CCD99][Erw00][A0]]. They dtate that aquery
language dso isintended for end-users, and that both novices and experts should be ableto

use the language. The opposed point of view is taken by Maier and Deutsch. They think that a
query language is not suitable for end users, and that an intermediate layer is necessary to use
the language: “ X Queries should be amenable to creation and manipulation by programs. Most
queries will not be written directly by users or programmers. Rather, they will be congtructed
through user-interfaces or tools in gpplication development environments’ [Ma 98] [DFF99-2].
The same view about the interface can be found by ??7?. Another option isto create different
query languages for different user groups. Thisis mentioned in [ Cot98]. Robie saysiit is not
desirable to develop two or more different query languages, for example one for dataand one
for documents. “In avery red sense, traditional documents are data found in aformat that
users can use, but which is difficult for programs to processin any meaningful way; smilarly,
traditiondl datais data found in aformat convenient for computers, but less convenient for
human beings. When human-readable documents are marked up using XML, the datain those
documentsis made available for processng by both programs and query languages’ [Rob99-

2. Thisis partly true, but the question remainsif people who are interested in "human
readable documents benefit from an database-like type system, syntax and database-oriented
optimization. Fuhr and Grosgohann for example note: “Mogt datatypes defined in XML
Schema are useless for the document-oriented view. In order to support IR in XML
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documents, there should be a core set of apprapriate datatypes (text, classification schemes,
thesauri and person names)” ?7?? The idea to derive a domain specific query language from a
more universa query language might be very useful.

11. Comparing XQuery and XSLT

In the introduction of this report it was stated that the collection of requirements gathered here
could serve as an checklist to compare different query languages. In thefallowing table a
short sart is made by comparing XQuery and XSLT. The requirements are sorted in the order

of this report.legend:

Y =Yes

N =No

U = Undecided

P = Partly
Table 1. Comparing XQuery and XSLT
XML query requirements |XQuery |XSLT
General Requirements
non-procedurd, declaretive Y Y
query abroad spectrum of XML Information U U
S0Urces
protocol independent Y Y
suitable for server-gde processng Y Y
smdl, implementable, as smple as possble U U
nested queries Y Y
fi_nd thin_gs in.strudure content, and linkage of v v
hierarchicdl, linked document data
Optimizability U U
Database per spective
SQL -like operators Y N
Rdationd complete Y Y
IR perspective
Rdevanceranking N N
Full-text searching P P
Searching in very large corpora U U
Input
Callection of XML documents Y Y

N, only via N, orly via
Access to document fragment document dowr?\/em oot
root

Stream N N
Locd variadles, like time, user, etc. N N
Wel-formed XML Y Y
Vaid XML Y Y




XML query requirements IXQuery IXSLT
Input - support XML standards
Xlink N N
Xpointer N N
References PSS o id and e
Input - data specific
Ordered and unordered XML input Y Y
Output

Y, other
XML document Y formats

possble
Cdculate DTD/ Schema of result N N
Set or lig of documents N N
Set of document fragments Y Y
Ligt of locations Y Y

Y, if dement |Y, if dement
Xlink dement plus Xpointers isexplicitly isexplicitly
condructed  |congtructed

Retrieve the best possible results N N
Smilar results N N
Reevanceranking N N
Functionality - selection
Choosing a document (or part) based on content vy v
and/or Sructure
Regular path expressons N N
Wildcards in path expressons Y Y
Universd and exigentid universal v N
quantification
Support for externally defined functions N ’;‘O()req- XSLT
pettern matching Y Y
Functionality - selection - content
Keyword search Y Y
Wildcards in strings (prefix, suffix, restricted N N
number of characters)
Semming N N
Proximity search N N
Word order N N
Caseinsengtive search N N
Ignoring punctugtion marks N N
Ignoring accent marks N N
Find text that spans eement boundaries Y Y




XML query requirements IXQuery IXSLT

Functionality - selection - structure

Hierarchy: parent-child rdaionships Y Y

Hierarchy: ancestor - descendant rdaionships Z,(icsj@cendmt Y

Sequence and pogition: before - after on nodes Y Y

Sequence and pogtion: range qudifiers Y N, not explicit

Links: intra document, id, idref, and idrefs Y (idrefs: N) |Y (idrefs: N)

Links DTD / Schema specific Y Y

Links Xlink N N

Names: test equdity in dement names, attribute

names and Pl targets Y Y

Perform smple operations on combinations of U

names and data

Tag variables Y Y

. N,

[S);:ynp:ﬁ al datatypes defined in XML v recpirement
for XSLT 2.0
N,

NULL values N requirement
for XSLT 2.0

Extension mechaniams for operations specific N N

to particular detatypes

Explicit type cagting Y N

Implicit type cading N N

Vague search on datatypes N N

Support for new datatypes N N

Functionality - transfor mation

transform XML structures Y Y

create new XML structures Y Y

Sorting Y Y

Unorder Y Y

Hattening Y Y
N,

Grouping Y requirement
XSLT 2.0
N, justa

Aggregate functions Y count()
function

Preserving order and association Y Y

Reduction Y Y
N,

Didtinct operator Y requirement
XSLT 2.0
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XML query requirements IXQuery IXSLT
Functionality: combination

Combine information from different parts of the vy v
document or from multiple documents

Jons Y Y
Functiondity: updates N N
Formd semantics Y Y
Basad on ancther language N N
Based on the XML Information set Y Y
Support for namespaces Y Y
Syntax

SQL/OQL like syntax Y N
XML syntax Y Y
Based on XML rdlated standard E/;gﬁnpgg) P on Xpath
Graphica syntax N N
Embeddable in URL N N
Syntax is easy to write and read by humans U U

Use of the language

Support for both novice and expert users U U
Accessble via GUI or other program Y Y

12. Conclusions

A number of separated communities have become more closdy related thanksto the
development of XML. Because of this, the differences aswell asthe smilarities of the
database community, the information retrieval community, and the traditiond SGML/XML
community have become more explicit. Every gpplication community states different and
sometimes opposite requirements to XML Query languages. Also, every community usesits
own terminology and someimes this causes confusion of tongues when the same terms are
used for different concepts. The terms content, data and text are often used as synonyms, but
these terms denote not aways the same meaning. Baeza- Y ates differs between data and
information retrieva [BR99], while Deutsch uses these terms for the same concept [ DFF99-
2.

The traditiond SGML/XML community, as well as the database canmunity, as wel asthe
IR, may profit from an universd XML Query language. The W3C assigned itself to develop
an universd goplicable XML query language. Based on this report the following conclusons
can be drawn about the XQuery proposd of the W3C.

1. The XML query requirements originating from the Information Retrievad community
can nat, or can hardly, be found in XQuery. There is no possibility for relevance
ranking and approximately seerch. Support for full-text searching are very feeble. The
cdamthat XQuery is suitable for IR gpplications of XML documentsis therefore
futile.

2. XQuery does not provide full support for XML relaed sandards like Xlink and
Xpointer. In particular, XQuery doesn't have operators to follow Xpointers and Xlinks



3. Itishard to decide whether XQuery is suitable to query a 'broad spectrum of XML

Information resources, because of the following reasons.
Thereis not an exact definition given what 'different XML information
SOurces are.
The W3C XML Query Use Cases are examples to demonstrate XQuery. Not
al of these examples are representative of practica, red life search problems.
Thefact that every signd XML Query Use Case is solvable with XQuery
reveding enough.

4. Thesyntax of XQuery isbased on typicd database query languages. Thisis motivated
by the dlaim that this syntax isthe easest for users. Interesting enough, exactly the
same argument is given by developers of other query languages: this syntax is chosen
because it isin the best interest for the user. Shortly: thiskind of desgn decisonsare
very poorly motivated and it isinteresting to investigate if preferencesfor acertain
gyntax exigsin certain user groups.

5. Itisoften unclear what is meant by users. Are end-users or expert users meant?

6. XQuery ad XSLT share bascdly the same functiondity.
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