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Abstract

XQuery is a flexible, functional language for querying atidts of XML data. As a W3C candidate recommen-
dationitis likely to see widespread use and implementeéveiml commercial and open-source applications.

Xcerptis a versatile, rule based query language for semcistred graph data in general and can be used to
transform XML and RDF. In contrast to the navigational agmtotaken by XQuery, it uses patterns augmented
by variables to extract information from documents.

This thesis investigates automatic translation poss#sliamong both languages and is organized in two
parts. In the first part, it is shown how to translate sublaggs of Xcerpt query terms including multiple
variables, negated and optional subterms, and entireeguriXQuery. Equally expressive sublanguages of
XQuery are defined and automatic translation algorithméétin directions are specified and discussed.

The second part of this thesis discusses translation pitiesilfor expressions including construct parts. A
translation algorithm for Xcerpt construct terms incluglgrouping constructs and rules is provided. Further-
more, it is shown how to translate intertwined XQuery expi@ss to construct query rules. As an extension,
it is demonstrated that XQuery expressions constructitegrimediate results are translatable by either simu-
lating dynamic environments in Xcerpt or by eliminatingaimhediate results before the translation algorithm
is applied.

Zusammenfassung

XQuery ist eine flexible funktionale Anfragesprache fur XMEs steht kurz vor der Annahme als W3C
Empfehlung, wird schon vielerorts eingesetzt und ist ingen kommerziellen und quelloffenen Anwen-
dungen implementiert.

Xcerpt ist eine vielseitige, regelbasierte Anfragespeafthi semistrukturierte Graphdaten und kann zur
Transformation von XML und RDF verwendet werden. Im Gegéengam navigationsbasierten Ansatz von
XQuery verwendet Xcerpt mit Variablen angereicherte Myste Daten aus Dokumenten zu extrahieren.

Diese Diplomarbeit untersucht die Moglichkeiten der aatischerUbersetzung zwischen beiden Spra-
chen und gliedert sich in zwei Teile. Im ersten Teil wird ggzewie Teilmengen von Xcerpts Anfrageter-
men mit mehreren Variablenvorkommen, negierten und opt@mSubtermen und schliel3lich Queries nach
XQuery tibersetzt werden kdnnen. In der Ausdrucksstablezeinstimmende Teilsprachen von XQuery wer-
den definiert und Algorithmen fiir beidgbersetzungsrichtungen werden angegeben und diskutiert.

Der zweite Teil der Arbeit beschaftigt sich mit der autoisetienUbersetzung von Ausdriicken, die nicht
nur Daten anfragen, sondern auch Ergebnisse konstruldbamsetzungsregeln fiir Xcerpts Gruppierungskon-
strukte und ganze Regeln werden angegeben. Darliber hirmden solche XQuery Ausdriicke Uibersetzt, in
denen Elementkonstruktion und Datenanfrage verflochteh gils Erweiterung werden zwei Moglichkeiten
zur Ubersetzung von Ausdriicken, die Zwischenergebnissearaten, aufgezeigt.
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Chapter 1

Introduction

With the rise of XML[3] as a universal format for the interctgge of information, the need to query and trans-
form semistructured data has become increasingly impoiriethe last years. Languages such as XSLT[9],
XQuery[2] and Xcerpt[17, 6, 4] have been invented to sinydlifese tasks.

Studying the possiblities of automatically translatingwesen XQuery and Xcerpt yields a couple of bene-
fits. One of these benefits is that the differences and comiitier®etween both languages become apparent.
Expressions that are straightforwardly translatable &irpparallelisms in the employed constructs, whereas
expressions that are hard to translate indicate that thieadsfor solving a problem in both languages severly
diverge. This leads to a better understanding of both lagesiaStudying the term complexity of the transla-
tion functions with respect to the length of the input givedtier insight whether queries can be phrased as
briefly as in the source language.

Another very important goal of automatically translatirejleeen XQuery and Xcerpt is to ease code mi-
gration. Translation schemes have been given for autoatigtitanslating between XQuery and XSLT for
exactly this purpose. Code migration may not only be of ggeto programmers switching from one lan-
guage to the other, but also for having Xcerpt programs et@ilby an XQuery processor. Xcerpt being an
academic research language, only prototypical implenientare available until today. Automatic transla-
tion of Xcerpt to XQuery instead of directly executing Xcecpde bears the advantage that many of the needs
common to all XML query languages (such as parsing and ualigaML-documents, adressing specific
nodes within a document fragment, filtering results basepredicates) do not need to be realized by Xcerpt
itself.

Finally, insight on optimization possiblities may be galri®y comparing the performance of queries and
their translations. On the one hand, a lot of research hasdmrelucted in the area of optimization of XQuery
code[15, 16], and therefore, XQuery expressions shouldkpeated to evaluate faster. On the other hand,
Xcerptis the more declarative language, which means thatrilgrammer’s intent is specified very explicitely,
such that additional optimizations (e.g. the matrix metfH@&]) may be applied.

1.1 A Comparison of the XQuery and Xcerpt Data Models

The formal semantics of XQuery [11] is neither directly defion XML files, nor on the XML Information Set
[10], but on the XQuery and XPath data model [12], which candirestructed from the former two. Likewise,
the semantics of Xcerpt [17, chapter 8] is not defined on XMeésfilbut on so called data terms, which are
the input and output of Xcerpt programs. The advantage efahstraction in both languages is that the data
does not necessarily need to originate from XML-files, buit lba generated from relational databases, or be
the output of other queries. In order to be able to compardrandlate between both languages it is necessary
to first compare both data models, and define when the date iditfierent data models is considered to be
equal.

1.1.1 Ouitline of this Thesis

This thesis is structured in six chapters. In this first ceapbth Xcerpt and XQuery and their respective
data models are briefly described. In the following thregptis, three sublanguages of XceM€';, X Cs
and X Cs; as well as three corresponding sublanguayés, X Q> and X Q5 are defined, and and automatic
translation between these sublanguages is discussedublamguages are defined such that’, comprises
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Xy and X C5 comprisesX C, (the same holds foX @1, XQ2 and X @3). All of these sublanguages are
restricted to querying XML data. Chapter 5 is concerned tightranslation of expressions that also construct
results. Entire Xcerpt rules are translated to XQuery andi&{§ expressions that intertwine construction
and query parts are translated to Xcerpt. Chapter 6 presents ideas for future research in this field, and
summarizes the results.

1.1.2 The Xcerpt Data Model

Xcerpt distinguishes between three types of terms: Datagequery terms and construct terms. Data terms
represent data to be queried and are always completelyfigokaihereas query terms are matched against data
terms (and also construct terms) and may therefore featpattarn-like, incomplete structure. The various
kinds of incompleteness within Xcerpt query terms as welt@sstruct terms are introduced later on in this
introduction. Since the focus of this section lies on thengtdata model, only data terms are introduced here.
The syntax of Xcerpt data terms is given in [17, section 4] is reproduced in Table 1.1.

Table 1.1: The syntax of Xcerpt data terms given in BackuarNarm

<data-term > n= (oid '@ )? <ns-label > <list > .

<ns-label > = ( <ns-prefix > "")? label .

<ns-prefix > = label | ™ i ™

<list > = <ordered-list > | <unordered-list > .

<ordered-list > =T <attributes >? <data-subterms >? 7
<unordered-list >u=" { <attributes >? <data-subterms >? '}’ .
<data-subterms > 1= <data-subterm > ( '/ <data-subterm > )=*
<data-subterm > = <data-term > | ™ string ™ | number | * “oid .
<attributes > = ’attributes’ ’ {’ <attribute > (7 <attribute ~ >)* '}
<attribute > =  <ns-label > { ™ string "’ .

There are two features of Xcerpt data terms that cannot leettlirrepresented in XML: unordered lists
(line six in Table 1.1), and Xcerpt references (line one agttg Both of these issues are briefly discussed in
the sequel.

While the order of elements in an XML document is always gibgnthe document order, siblings in
the Xcerpt data model can be unordered, which is indicateclbly braces. The idea behind differentiating
between ordered and unordered data becomes apparent wdrgimguhis data. An ordered Xcerpt query term
can never match an unordered Xcerpt data term, becausedhe@r semantics of an unordered data term is
to give no guarantee about the order of its children, whigeititended semantics of an ordered query term is
to retrieve only data for which the order is guaranteed byasgbrackets. A possible approach of carrying
over this semantics would be to introduce a special at&ilatgxc:ordered 1) which may be set to false
to indicate that the order of the children of the node is nauead. In order to translate Xcerpt programs
that also operate on unordered data terms, the data terfslmtranslated to XML as usual, including the
additionalxc:ordered="false’ attribute-value pair for the translations of curly bracespecified by
the rule below. Due to more interesting aspects in tramgjaietween Xcerpt and XQuery, this approach is
not further investigated in this thesis.

[al b{fc d}] ltoxnr ==2
<a xmlns:xc="http://www.pms.ifi.Imu.de/xcerpt2xquery >
<b xc:ordered="false’><c/><d/></b>
</a>

The second outstanding difference between the Xcerpt anceXata model is that Xcerpt terms may
not only be trees, but also graphs. This means that beyortdational XML reference mechanism through
id andidref attributes, Xcerpt provides a different referencing med$ra that is used to represent true

1The namespace prefisc is associated withttp://www.pms.ifi.Imu.de/xcerpt2xquery and distinguishes metadata
used for the translation of Xcerpt to XQuery (and for the regalirection) throughout this thesis.

2The notation]. . .J:ox psz == denotes the translation of Xcerpt data terms to an XML reprdion that may be queried by the
XQuery translations of Xcerpt expressions.



graph structures. In the data term below, the referéoicd  within the elemenb results inb having two
child nodes — one nameziand the other one being the only child element of elensenlt is important to
note that there is no semantic difference between pareltrettationships represented by references and by
nesting of subterms in Xcerpt.

a[ b[ c[ oidl@ d[ ], "oidl ] ]

A fully-fledged translation of Xcerpt to XQuery would reqeian XML representation for Xcerpt refer-
ences. In XML, the data term above might be represented lasvil

<a xmins:xc="http://www.pms.ifi.Imu.de/xcerpt2xquery >
<b><c><d xc:oid="oid1></c><xc:reference xc:oid='0id1l ' [></b>
</a>

Prescinding from Xcerpt references and unordered sihliathsXcerpt data terms have canonical XML
representations. This holds true also for attributes, iteefipe syntactical differences. As exhibited in Table
1.1, attributes are enclosed in an extaibutes -element within the element they belong to. To reflect
the absence of order among attributes curly braces are ndie@ inine of the grammar productions. Also in
the XQuery data model, the order of attributes is not impurtaa fact that is of interest when comparing the
fn:deep-equal  -function with the Xcerpt way of establishing value basedadity in Section 3.4.2.

Representing attributes as flat elements within the spattidbutes -element recently has been given
up in favor of a syntax closer to the XML representation. Tesv Xcerpt syntax (specified in [6]) encloses
attributes in either double (query terms only) or singleepdéineses. Each attribute is represented by a key
value pair as in Table 1.2.

Table 1.2: An example Xcerpt data term using the new Xcenptasy

books:book ( language='english’, price="215.39 Euros’ ) |
books:title [ 'Automatic translation between XQuery and Xc erpt’ ]
books:year [ 2006’ ]

]

1.1.3 The XQuery Data Model
This section answers the following questions:
1. What is the XQuery data model, and why is it important fas thesis?
2. How are XQuery values accessed in the XQuery formal séos@nt
3. Which parts of the XQuery data model are relevant for thésis, and which can be left out?
4

. The XQuery data model includes type annotations. Xceztst gy without type annotations. Is it still
possible to translate between both data models?

5. How are data terms in the Xcerpt data model — e.g. the dateftem the last section — translated into
the XQuery data model?

While the XML Information Set [10] represents solely XML douents, the XQuery and XPath data
model represents “all permissible values of expressiorte@nXSLT, XQuery, and XPath languages” [12].
The importance of the data model for this thesis stems franfabt that in the XQuery formal semantics the
semantics of many constructs is defined in terms of the dattemd\s an example consider the rule which
specifies the semantics of the application of¢hid:: axis to a node value.

dynEnv I axis child:: of element ElementName {AttributeValue, ElementValue}
= ElementValue



Rule 1.1 simply states, that applying tttald:: axis on an arbitrary element —representedlgynent
ElementName {AttributeValue, ElementValue } in the XQuery data model — yields the value
ElementValue . No premises need to be fulfilled for this rule to be appliealfittributeValue and
ElementValue are so-called properties of the element with naadementName . The syntax of for-
mal values likeelement ElementName  {AttributeValue, ElementValue } is specified in the
XQuery formal semantics [11, Section 2.3.1] and reproducd@dble 1.3. These formal values are the means
for accessing the XQuery data model in the formal semantics.

Table 1.3: XQuery formal values productions

Value = ltem | (Value ') Value) [ cC)) .
Item := NodeValue | AtomicValue .
AtomicValue .= AtomicValueContent TypeAnnotation?
AtomicValueContent ::=  String | Boolean | Decimal | Float | Double | Duration |
DateTime | Time | Date | GYearMonth | GYear |
GMonthDay | GDay | GMonth | HexBinary | Base64Binary |
AnyURI | expanded-QName | NOTATION .
TypeAnnotation = 'of type’ TypeName .
ElementValue = ’element’ ElementName ’nilled’?
TypeAnnotation? '  {" Value ' }' ' {" NamespaceBindings '}’ .
. AttributeValue ;= ‘attribute’ AttributeName TypeAnnota tion? ' {'Simplevalue’ }’
SimpleValue == AtomicValue | (SimpleValue ’,’ SimpleValue) [ CCY) .
DocumentValue = ’document’ ’ {" value ' } .
CommentValue n= ‘comment’ ’ {" String * }' .
ProcinstValue ;.= ’'processing-instruction’ NCName ’ {" String © }'
: TextValue D= text’ {" String * } .
NodeValue ;= ElementValue | AttributeValue | DocumentValue | TextValue |
CommentValue | ProcinstValue .
ElementName ;= QName .
. AttributeName = QName .
. TypeName = QName .
NamespaceBindings ::= NamespaceBinding (',/) NamespaceBi nding) * .
NamespacBinding = 'namespace’ NCName '’ {" String * }

As can be seen in the first line of Table 1.3, all XQuery valuesaasequence of Items. This is a funda-
mental difference to Xcerpt, where sequences exist onlystsdf subterms of a term. Therefore, it is not
entirely possible to translate an XQuery expression (ik@,3) to Xcerpt. As soon as this expression is
wrapped by an element construcedement result { (1,2,3) } , the value can also be represented
in the Xcerpt data model and would regeult] 1, 2, 3 ]

Another striking difference between both data models i$ wtile XQuery supports the concept of an
explicit document nodésee line 13), Xcerpt only provides the possibilty of regdamd writing documents

with the constructsn andout . Therefore, the simple quefiy:doc('tags.xml’) 3which returns a doc-
ument node is not translatable to Xcerpt, whereas the duedpc('tags.xml’)/child:: * IS very
well translatable toin { resource [ ‘fileitags.xml’ ], var X } . An additional document

node could be easily introduced either in Xcerpt itself (amnlikely to be included in the near future), or for
the purpose of translation between XQuery and Xcerpt, axteslocument element could be employed to
reflect the usage of document nodes in the XQuery data modele 8ocument nodes are of no importance
in this thesis, these methods are not further investigatedsed.

XQuery supports static typing and distinguishes betweernda wange of data types. Therefore Atom-
icValueContent (line 4), which denotes the value spaceahsgtattribute or content of a an element of type
xsd:simpleType may ever adopt, draws from a long list of XML-Schema typesr the purposes of
this thesis, it is sufficient to restriéttomicValueContent to Strings. While XQuery supports static type
checking, it can also operate on untyped data. Althoughagyptem for Xcerpt is under development, Xcerpt
still operates on untyped data. This leads to the most iraposimplification of the above production rules
that still allows to represent any untyped value in the XQukata model and answers question 4 above: Type

3The namespace prefin is mapped to http://www.w3.0rg/2005/xpath-functions amdised for predefined XQuery functions as
specified in [14]



annotations (line 8) are not taken into account. To be mageige, it is assumed that the expressions that are
translated in this thesis operate on non-validated XML.

In the XQuery data model, elements have an optional ‘nilledrker (line 9). “This marker can only be
present if the element has been validated against an eldgpanin the schema which is ‘nillable’, and the
element has no content and an attrilbxgenil set to ‘true’.” [11, 2.3.1 Formal values] In other words, the
usage of the attributesi:nil in an XML instance document in combination with the attréonilled  in
the corresponding schema, is just a way to say that somematton has been deliberately left away. Since
schema validation is not of interest in this thesis, xkenil attribute must be handled just as any other
attribute when querying data with Xcerpt and XQuery.

Similarly, comments and processing instructions (linesuid 15) are not of any particular interest to this
thesis. Consequently, the constructs to be translatedtdupeoate on these items, though they could be easily
added to the translation if required. Namespace bindirige @3) are only used to distinguish meta-data
introduced during the translation process. The expresditemselves do not query or construct namespace
bindings. They do, however, query and return data includiagespace prefixes. As a simplification to
the translation process, the assumption is made that dgoivaamespace prefixes are bound to the same
namespaces in the context of an expression in Xcerpt an@itslation in XQuery, or vice versa.

A final important characteristic of the XQuery data modeljchtcannot be derived from Table 1.3, is that
every single node that is read from an input resource or nactsd during the evaluation of an expression is
assigned a unique node identifier. While this is certainkfuis(e.g. to find out whether two variables are
bound to the same node — see Section 3.4.3 for details) oitcalsses problems for referential transparency
as exposed in Section 5.4.3. Since Xcerpt does not assignidedtifiers and therefore cannot distinguish
between structurally identical (value-equal) data terhad have been extracted from different nodes of the
input document, certain XQuery expressions are hard tehxnto Xcerpt. An obvious (partial) solution to
this problem is to preprocess all XML documents to be queaied assign unique node identifiers to each
element node. In this manner, the XML value

<a><b><c/></b></a>
is preprocessed to read:
a(xc:id="1")[ b(xc:id="2")[ c(xc:id="3")[] ] ]

Obviously, this method cannot be applied for attribute rsodehe Xcerpt translations of XQuery expres-
sions considered in this thesis get by without comparingtigin of values. Thus, methods for augmenting
XML with node identifiers are not further investigated.

In the XQuery data model, the example Xcerpt data term degict Table 1.2 would be formulated as
follows.

Table 1.4: An example for a node value in the XQuery data model

element books:book {
attribute language { ’'english’ },
attribute price { '215.39 Euros’ },
element books:title { 'Automatic translation between XQue ry and Xcerpt' }
element books:year { 2006’ }

The conclusion of this section is that both data models ang sienilar and that despite the obvious syn-
tactic differences in representation, it is easy to see whemesults of an XQuery and an Xcerpt expression
coincide. By enforcing the mentioned restrictions (ongetilike, ordered Xcerpt data terms and only untyped
XQuery formal values) it is possible to ensure that the tesflthe translations are comparable.

1.2 Fundamentals of XPath and XQuery

XQuery [2] is a functional XML query language developed bg KML Working group of the W3C. Its
development s closely coordinated with that of XSLT 2.048H with that of XPath 2.0 [1], which is a subset



of both XSLT and XQuery 1.0 and is used also in XPointer and X8hema. XPath allows to navigate to
specific nodes within an XML document by specifying theitzafrom the root node or any other previously
determined node, and by stating conditions (so-calledipaésk) about the node itself, or any related node.

Navigation is possible over a set of axes, the most impoeamng them being thehild axisto be used
for selecting child nodes, thearent axisfor selecting the parent node, and t#ribute axisfor selecting
attributes of the current context node. An example XPathesgion selecting all nebook elements (that is
only thosebook -elements with an attribute-value-pagw="true’ ) within alibrary  element, for which
anauthor subelementis given, would bé/library/book[author][@new="true’]

Three different kinds of axes are used within this examplechild axisis always assumed when no other

axis has been specified — such avaok , which could also be writtenhild::book —, theattribute axis
is abbreviated by the symbo@ (therefore@newcould also be writterattribute::new )and// is a
shorthand fofdescendant-or-self::node()/ axis.

Subexpressions within square brackets (sucfaaghor] ) are called predicates and serve to filter the
result of the expression they are appended to. Multipleipadels may be appended to each other.

The example demonstrates that XPath provides a concisesagdwvay to extract sequences of nodes from
an XML document. On the other hand, using XPath alone, it toessible to transform one document into
another document, iterate over the values of a sequencstraonnew element nodes that were not present
in the input document, or bind the result of path expressionsriables in order to perform further compu-
tations. This functionality is provided by the 'enclosinghguages XQuery and XSETXQuery being an
offspring of the database community, one of its main comss;uheFLWORexpressions resembles closely
Select-From-Where  clauses in SQL, and provides all of the above stated featukasexample taken
from [2, 3.8 FLWOR Expressions] is depicted in Table 1.5.

Table 1.5: An example FLWOR expressions

for $d in fn:doc('depts.xml’)/depts/deptno
let $e = fn:doc(’emps.xml’)/emps/emp[deptno = $d]
where fn:count($e) >= 10
order by fn:avg($e/salary) descending
return
<big-dept> {
$d,
<headcount>{fn:count($e)}</headcount>,
<avgsal>{fn:avg($e/salary)}</avgsal> }
</big-dept>

New element nodes such<lig-dept>  are constructed in the example expressions using XML -iootat
The results of XPath expressions are bound to varigkdeand$e for being processed later on. Calls to the
functionsfn:count andfn:avg aggregate the sequences their arguments evaluate to,efud thclause
iterates over all department numbers addressed by the yatissiorldepts/deptno . Note that querying
data and constructing results in XQuery is not required tedparate as one could believe when looking at
Table 1.5. Sometimes it may be beneficial to intertwine coicibn and query parts, e.g. to wrap all results
computed by the example expression in one singgallt  element.

1.3 Fundamentals of Xcerpt

Xcerpt is a versatile, declarative language for queryiidisds of semistructured data. Contrasting the
navigational approach of XPath and XQuery where each paifessgions yields at most one variable, Xcerpt
takes a positional one, returning multiple variable bigdifor patterns representing trees (and sometimes even
graphs). These patterns, which are used to extract vabaidéngs from semistructured data are called query
terms and are discussed in Section 1.3.1.

A further difference between Xcerpt and XQuery is the clegrasation of construct and query parts in
Xcerpt programs. This is achieved by the introduction ofssitlition sets, which may be considered as an

4An interesting discussion about whether XQuery is a reitivanof XSLT can be found on http://lists.xml.org/archiesl-
dev/200102/threads.html#00483, but XSLT is of no majcenest in this thesis
SFLWOR is an acronym fofor ,let ,where ,order by andreturn



interface between the querying and construction of datdstBution sets are generated by matching query
terms with semistructured data and consumed by their ajait to so-callecconstruct termgwhich are
treated in Section 1.3.2). Construct and query terms areexiad via Xcerptonstruct-query-rulegsee
Section 1.3.4). Several construct query rules make up arpXpeogram and are evaluated using forward or —
similar to Prolog programs — backward chaining (Section4).3

1.3.1 Xcerpt Query Terms

Xcerpt query terms are patterns that are to be unified withytiegied data. In the context of querying the Web,
query terms must be able to handle incompleteness of patiath respect to the actual input documents in
various ways. Queries may either be complete or incompléte r@spect to order, in depth, and also in
breadth. In many cases it is even beneficial to extract dagamexrer it is present, without causing the query to
fail if it is missing. This last requirement is realized byingoptional query terms

1.3.1.1 Incompleteness with Respect to Order

Semistructured data may either be explicitly ordered ordad. In the data model of Xcerpt this is specified
by either curly braces denoting incompleteness with radpearder or by square brackets for completeness
with respect to order. Since XML does not differentiate w ordered and unordered data, the example
data term in Table 1.2 is specified with square brackets cteftpthe implicitly given document order of the
corresponding XML data. Also query terms may be completaooiinplete with respect to order, which is
expressed by the same syntax. Query terms that are incampist respect to order may match data that
is inherently ordered, but query terms that are completk véspect to order cannot be matched with data
terms that are incomplete with respect to order. Naturilhgth the data and the query term feature the same
order specification, they may match. Some canonical quenystethat would match with the example data
in Table 1.2 are the data term itself (interpreted as a querg)t or any query term that can be derived from
it by substituting pairs of square brackets by pairs of cbrices. Neglecting incompleteness in breadth and
in depth, optional query terms and variables, these aretladsonly query terms we can formulate so far that
would match with the data.

1.3.1.2 Incompleteness in Breadth and in Depth

Usually, the exact structure of data on the Web is unknowin¢oquery author. Nevertheless, it should be
possible to issue queries that require the existence ofaartain subterms. While data terms are not allowed
to be incomplete in breadth, query terms are, which is dehwtelouble braces or brackets. An example query
term that would match with the data in Table 1.2 wouldber{ 5 ; ,. It would also match anlpooks:book
elements that include additiorelithor -elements, or ones witfitle  -elements that include child elements
for translations to foreign languages.

Expr{ 4, 5 := books:book [[ books:title [[ ]] ]]

Not only the siblings of certain subterms of a query term magfno particular significance, also its ances-
tors may be unknown or irrelevant to the query. In XPath swerigs are formulated using tdescendant -
axis, and there exists a very similar construct in Xcerpticviis calleddesc and may precede query terms,
indicating that they need not be a child of their enclosingrguerm, but may occur at arbitrary depth. This
could be used to select all titles of a bookstore in XML repréation:

Expr} 5, = desc books:title [[ ]]

1.3.1.3 Xcerpt Variables and Substitution Sets

Up to now, the only information gained by the evaluation ofieery term was whether it matches with the
data or not. In other words, with the language constructedhiced thus far, only boolean queries on the
structure and content of data terms are feasible. Xcerpahlas may be included in query terms to extract
more information, i.e. arbitrary parts of the data. Expi@s#&'zpr1.3.1.3 queries the title and the entire nodes
representing the year ofteooks:book element.



FExpry 313 := books:book [[
books:title [[ var Title ]],
var Year as books:year [[ ]]

1]

To be exact, two different kinds of variables are use@irpr, 3.1.3. Bindings for variablerear having
to fulfill the patternbooks:year [[ 1] , Year is called a variable witlpattern restriction In contrast,
the bindings for variabl&@itle  only need to appear at the right position within the data.

The answer to such queries is given in form cfudstitution setwhich are — as the name suggests — sets
of substitutions. A substitution is a mapping from the sealbXcerpt variables to all data terms (to be more
precise, variables may also be mapped to construct terrhibis not important for the moment). By default,
all variables are mapped to themselves, only those vasagpearing in the query term are mapped to data
terms. Of course, the written representation of subsbitistis restricted to variables which are not mapped to
themselves. The substitution set generated by the evatuaitexpressiozzpr; 3.1.3 with respect to the data
in Table 1.2 consists of only one single substitution:

{ { Title -> title [ 'Automatic translation between Xcerpt an d XQuery' 1],
Year -> 2006’ } }

In general, substitution sets consist of more than one isutish, but the same substitution may not appear
twice within a substitution set. Two substitutions are édered equal, if their variables are mapped to the
same data term values. By introducing node identity, alberodefinitions of substitution equality and for
substitution sets are conceivable, paving the way for @estation of certain XQuery expressions to Xcerpt,
which would be harder to translate otherwise (see Sectibn 5.

1.3.1.4 Negated and optional Query Terms

In the same way as predicates within XPath may preclude pha#tscontain a certain element or attribute
value (such as irbooks:book[fn:not(title)]/author ), Xcerpt provides the keywondithout
for ensuring the absence of certain subterms.

books:book {{ var Author as author {{ }}, without title {{ }} } }

Subterm negation is not the only necessity that arises fhaheterogeneous nature of data on the web.
Retrieving certain data fragments in the case that theywaiéahle, while not requiring them to be present is
another issue. Although it would certainly be possible saésmultiple queries covering all possible structures,
a more elegant solution is provided by Xcermjstional  keyword. Given a series dfooks:book data
terms, some of which include author subelements, the fahllgwuery could be used to extract author names
whenever possible.

books:book {{
var Title as books:title {{ }},
optional var Author as books:author {{ }}

B

Applied to the data in Table 1.2, the optiortaoks:author ~ subterm would not match, but the en-
tire query term would neither fail. The single generatedssitdtion would be{ Title -> title [
'Automatic ..." ] }.

The expressiveness of Xcerpt query terms exceeds the pitiesilpresented here by far. Just to name
some extensions, it is possible to match regular expressiaolude position specifications for subterms,
make use of label and namespace variables, and even giviplmaliguments to the keyworegthout and
optional . Furthermore, query terms may be connected by the booleznatmpsand, or andnot to form
so-calledqueries which may be associated with resources (e.g XML-docunmefts a complete description
of the language see [17] and [6].

1.3.2 Xcerpt Construct Terms

Having introduced query terms and the substitution setsatteacalculated by their application to data terms,
the foundations are laid for the introduction of constrechis. As mentioned above, substitution sets may be
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considered as an interface between query and construd,tand they are consumed by their application to
construct terms. As one might guess, variable occurrenibsveonstruct terms are replaced by the values
to which they are mapped in a substitution.

When a substitution set is applied to a construct term, theltres a set of data terms (the result might as
well be a set of construct terms, but this case is neglectaltkés thesis). The application of the substitution
set of Section 1.3.1.3 to the construct tefmpr¢ ; , yields the data ternzpr? 5 5.

Expr{ s, := publication [ var Year, var Title ]
Exprt ,, := publication [ '2006’, title [ 'Automatic ..." ] ]

Of course, there is much more one can achieve by using cehgtrins than simple renaming of tags and
changing the order of siblings, as it was the case in the puswexample.

1.3.3 Xcerpt Grouping Constructs

A salient aspect of construct terms are the powerful grapponstructs that may be employed. To see their
full power, consider a more extensive substitution set:

{ { Sport -> 'Soccer’, C -> country ['Germany’], Skills -> 'Go od },
{ Sport -> 'Soccer’, C -> country [France’], Skills -> 'Good "}
{ Sport -> 'Soccer’, C -> country ['US’], Skills -> 'Suboptim al’ },
{ Sport -> 'Soccer’, C -> country ['England’], Skills -> 'Goo d },
{ Sport -> 'Cricket’, C -> country ['England’], Skills -> 'Pe rfect’},
{ Sport -> 'Football’, C -> country ['US’], Skills -> 'Perfec t} }

In order to get a listing of countries that exercise a paladictype of sport, one could apply the above
substitution set to the construct term below. It encloskspalrts together with a list of countries practicing
that sport in a view calledports _and _countries . The result of this operation is given Bywpr{ 5 ;.

sports_and_countries [ all sport [ var Sport, all var C ] ]

a JRp—
Expri 4 5 1=

sports_and_countries [
sport [ 'Soccer’, country [ 'Germany’ ], country [ 'France’ ] ,
country [ 'US’ ], country [ 'England’ ] ],
sport [ 'Cricket’, country [ 'England’ ] ],
sport [ 'Football’, country [ 'US’ ] ]

]

Of course, this is not the only possiblity to process the suibi®n set. One might just as well be interested
in the types of sports that are popular in particular coestrAn appropriate construct term to materialize this
view upon the data would be the construct term below thatgeeethe data ifzpr? .

countries_and_sports [ all sportlist [ var C, all var Sport] ]

Expri 35 :=
countries_and_sports [
sportlist [ country [ 'Germany’ ], 'Soccer’ |
sportlist [ country [ 'France’ ], 'Soccer’ ]
sportlist [ country [ 'England’ ], 'Soccer’, 'Cricket’ ]
sportlist [ country [ 'US’ ], 'Soccer’, 'Football’ ]

Apart from the construct terms presented above, it migltlaésbeneficial to find out the skills of a country
in all sports it practices, rank all soccer-playing natiaesording to their skills, etc. All this is possible by
using Xcerpt's grouping construcal , some and the additional clausgsoup by andorder by . Fora
complete description of these language elements see Eciif® 4.6.2].
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1.3.4 Xcerpt Rules and Programs

Rules connect query and construct terms with each otheghii@etermining to which data terms substitution
sets are to be applied. They are of the following generic form

CONSTRUCT
<CONSTRUCT TERM>
FROM
<QUERY>
END

As mentioned above, queries are possibly nested conjunsstitisjunctions and negations of query terms
which may also be associated with a specific resource to bhiéegu®ueries not associated with any resource
are evaluated on the results of other rules.

Xcerpt programs are sets of construct-query-rules andvataaed by rule chaining. Besides the structure
given above, rules may also start out with the keyw@fALinstead ofCONSTRUCT he difference between
these two forms is that data terms produced by rules with dysvird GOALare considered results of the
program they belong to, whereas data terms resulting frerevhluation of rules beginning wibtONSTRUCT
are only intermediate results.

The wording in the last paragraph assumes a forward chaewatpation of Xcerpt programs. As in
Prolog, Xcerpt programs may also be evaluated using backulaining, and this is the method that was
chosen for the current prototype of the language.
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Chapter 2

Translating simple XPath Expressions

In this section a first mapping between the limited sublaggesX @, and X C; of XQuery and Xcerpt re-
spectively is given. First an example expression is comsiti€Section 2.1). Then the syntaxes and semantics
of both sublanguages is introduced (Sections 2.2 and 2.8¢tid® 2.4 concludes the discussion ¥f),

and X C; by providing translation rules between both languages afaitraal proof of equivalence for the
examined expressions.

2.1 An Example XPath Expression and its Xcerpt Equivalent

XPath being a part of XQuery, the formal semantics of botlyleges are treated together in the W3C doc-
ument “XQuery 1.0 and XPath 2.0 Formal Semantics” [11]. Baoit every XPath or XQuery expression is
directly associated with its semantics. The predominaritqgidoth languages is normalized to the so-called
XQuery core. Not even the familiar path expressions belorthe¢ XQuery core, but are normalizedfts -
clauses and step-expressions. As an example considenthéesjuery/tagl/tag2/tag3 . Itis called a
compositgpath expression, because it contains an intermediatedffidsite path expressions are normalized
by the following normalization rule (among others).

(Rule 2.1) [ StepExpr / RelativePathEXpr 1g,pr ==
fs:apply-ordering-mode(fs:distinct-doc-order-or-atomic-sequence(
let $fs:sequence as node()* := [ StepEXpr | gapr return
let $fs:last := fn:count($fs:sequence) return
for $fs:dot at $fs:position in $fs:sequence return
[ RelativePathEXpr |gapr

)

Since this rule is not quite self-explanatory, a brief ithasion follows:

e A step expressiofabbreviatedStepExpr in the formula above) e.gchild::tagl is made up of
anaxis specification such ashild:: and anode test In the examplehild::tagl the node test
checks the label of the context node. The child axis is asdwan¢he default axis, and hence it may also
be omitted. Step expressions are treated more thoroudbhyitethis chapter.

e A relative path expressiois a sequence of step expressions concatenated by '/’ orApplying the
above rule tdagl/tag2/tag3 , the step expressiddtepExpr would betagl and the relative path
expressiorRelativePathExpr would betag2/tag3

e The subscriptFzpr indicates that this normalization rule is used to map togllexpressions to the
XQuery core, differentiating it from other families of noatization rules such as normalization rules
for function calls, for sequence types, and for axes.

e The behavior of the functiofs:apply-ordering-mode() depends on the value of the global ordering
mode. The ordering mode can be set to 'ordered’ or 'unorddrgén XQuery programmer. If it
is set to 'ordered’, the function is equivalent to the idgnfunction, because its input sequence is
already given in document order. Otherwise, the order ofréisellt offs:apply-ordering-mode() is
implementation dependent, meaning that no guaranteees @or the order of the results. The default
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behaviour of Xcerpt being not to give a guarantee about tderoof results, it is easier to translate
XQuery expressions with the ordering mode set to unordéreid.is assumed in the rest of this chapter,
and translations are considered correct if they producedhee set of results — no matter if the order
coincides.

e Thefs:distinct-doc-order-or-atomic-sequence() function takes either a sequence of
only nodes, sorts them by document order and removes dtggibased on node identity, or it takes a
sequence of atomic values and returns it unchanged. Siaagdler of the results is insgnificant in this
chapter, neither of the last two functions are made use dfaXiQuery expressions to be translated to
Xcerpt.

e Within XQuery step expressions the size of the current camay be retrieved by a call to the function
fn:last() , and the context position biy:position() . These functions rely upon the formal
variablesbfs:last and$fs:position being added to thdynamic environmermaf XQuery, which
is illustrated by the rule above. Since neither of the twocfions are important in this chapter, the
binding of both variables is insignificant for the moment.

e Finally, the formal variabléfs:dot  denotes the current context item. Justhésposition and
$fs:ilast , $fs:dot is not an ordinary XQuery variable, and therefore does Wsnat occur within
XQuery programs. It rather serves to specifiy the formal sgitsof XQuery and is used internally to
remember the context item. In order to stay close to the fbsgraantics of XQuengfs:dot is used
in this chapter. Later in this thesis, this approach is abagd in favor of including more constructs not
part of the XQuery core, which results in more concise andabke XQuery expressions.

Rule 2.1 is not the only normalization rule that needs to @ieg to transfornmitagl/tag2/tag3 to
the XQuery core, but it is the most important one. Other ndizaton rules are necessary to treat the leading
‘I and the step expressions, and they are formally defindd 1. An XQuery core expression equivalent
(except for the order of the results)ftagl/tag2/tag3 is depicted in Table 2.1.

Table 2.1:Expr 2:An example expression il Q,

for $fs:dot in
for $fs:dot in
let $fs:dot := fn:doc(’bib.xml’)
return child::tagl
return child::tag2
return child::tag3

What would be the Xcerpt equivalent to the query in Table DU@ to the fact thaE:z:prle both queries
XML data and returns a result, the Xcerpt equivalent carheeibe a pure query term nor a pure data term. It
must be a construct-query rule (see [17, Section 4.7]). Hhees thatExprfo returns in its finaketurn -
clausechild::tag3 must be bound to a variable - sagr X - in the query part of the rule, and included
in the construct part. Since all bindingsX&hall be returned, a grouping construct is used in the t@tinsl
to collect them. Unlike its traditional semantics, in thigsis it is assumed thall does not perform value-
based duplicate elimination. In Chapter 5 grouping cossrare discussed in more detail, and a new grouping
construct namedll-distinct is introduced to take over the original rolealf . Grouping constructs in
Xcerpt must always be enclosed by some kind of term, andfitreréhe special labelc:result is used to
enclose the terrall var X inthe translation. The namespace prafixserves to distinguish this meta-data
from the actual result.

Figuring out the query part of the rule is more interestindne Bteps inExpr§1Q are translated to the
labels of the query term. Double parenthesis rather thaglesiones are the right choice to construct the
Xcerpt translation, becauﬁrprﬁ does not constrain the number of children within the nodethempath.
Since query terms with single subterms are sufficient forttheslation ofE:z:prgle, the completeness with
respect to order is not important in this context. For thagdlation in Table 2.2 curly braces were chosen, but
square brackets would also be correct.
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Table 2.2:Expr{C: The translation ofzpr; °

GOAL xc:result { all var X }
FROM {
in resource [bib.xml],

tagl {{ tag2 {{ var X as tag3 {{ }} }} }

END

2.2 The XQuery SublanguageX ),

In this section the grammar productions 66, a sublanguage comprising queries like the example query in
Table 2.1, are given. In terms of the XQuery cak&); is a small subset of nested FLWOR-expressions that
fulfills the following constraints:

e The only variable allowed is the built-in variat$és:dot

e Theinnermost constructislet -clause binding theontext variablebfs:dot  to a document node by
calling thefn:doc()  -function on a URI. Itgeturn -clause is given by a step expression.

e Thislet -clause constitutes the binding sequence of an encldsingclause, which may itsself be
the binding sequence of yet anotlier -clause. Just as witlet -clauses, theeturn -clauses of the
for -clauses are given by step expressions.

Table 2.3 gives the grammar productions #f); in EBNF. <QNAMEX=lenotes an arbitrary qualified name as
defined in [2].

Table 2.3: Grammar productions farQ,

<EXPR> := for $fs:dot in (<KEXPR> | <LET>) return <STEP>
<LET> := let $fs:dot := fn:doc('<URI>") return <STEP>
<STEP> := child::<QNAME>

In the rest of this section, the semanticsof); is thoroughly studied based upon the XQuery formal se-
mantics. The following constructs are examinked: -clausesfor -clauses with empty or non-empty binding
sequences, thfim:doc  function, and step expressions consisting of a child axisrentle tests.

2.2.1 The Formal Semantics of et -Clauses inX (),

The semantics of XQuery expressions is given with respegstatic environmenstatEnv  and adynamic
environmentdynEnv . The static environments primarily used to perform static type checking in case of
schema validation of the XML input data. Not consideringdatied XML, most rules that only use or alter
the static environmentan be safely ignored for the purposes of this thesis. In soases though, rules
concerning the static environment can be give further htsi§ince types of expressions restrict their values,
conclusions affecting the dynamic environment — and thaseisults of expressions i@, — can be drawn
also from rules concerning only the static environment.

As in other functional programming languages, XQuiety -clauses are processed by extending the dy-
namic environment by a variable binding and evaluating ¢herned expression in this updated environment.
This procedure is formalized by Rule 2.2. Variable refeesnsuch a¥arRef must be expanded before being
registered in the dynamic environmdénEnv, because they may contain namespace-prefixes.

dynEnv F Expr; = Value,
statEnv - VarRef of var expands toVariable
(Rule 2.2) dynEnv + varValue(Variable = Value;) - Expry = Value,

dynEnv F let VarRef := Expr; return Expry = Value,
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The example expressioﬁa:prff from the last section useslat -clause to bind the special variable
$fs:dot  tothe documentnode dfib.xml’ . Inthis extended environment, the step expressioid::tagl
is evaluated.

2.2.2 The Formal Semantics of or -Clauses inX @,

Thefor -clause being the central constructof); its dynamic semantics are treated next. The following rule
states that if the binding sequence dba -clause is empty, then tifer -clause itself evaluates to the empty
sequence.

(Rule 2.3) dynEnv - Expri = ()

dynEnv I for VarRef TypeDeclaration? in Expr; return Expra = ()
GenerallyExpr; is not empty. The semantics of this case is specified by Rdlenhich is read as follows:

e "Let (Itemy, ..., Item,,) be the sequence whidBxpr; evaluates to.” (InX (@i, Expr; is afor or
let -clause and evaluates to a sequence of nodes. In the inndonoslause OfE:CpT§2Q the binding
sequencé&xpry is the list consisting only of the root node lmb.xml )

e "Let Variable be the expande@Name of VarRef”. (The expande@Name is needed to add a correct
variable binding to the dynamic environment in the next 3tep

e “Let Value; (1 < i < n) be the value oExpr, in the current environment complemented by the binding
of the variableVariable to the valudtem,.”

e “Then the given for-clause evaluates to the sequence oésé@Ualue; ,..., Value,,).

dynEnv - Expr; = Itemy, ..., Item,
statEnv + VarRef of var expands to Variable
dynEnv + varValue(Variable = Item;) - Expr. = Value;
(Rule 2.4)

dynEnv + varValue(Variable = Item,,) - Expr, = Value,,

dynEnv + for VarRef in Expr; return Expr. = Value;, ..., Value,

2.2.3 The Formal Semantics of Step Expressions ik (),

While the semantics dbr -clausesis certainly helpful in demonstrating the eqeinaé of certain expressions
in X@, andX (1, itis still necesarry to examine how thénding sequencd&xpr ; in Rule 2.4) of thdor -
clauses, which can either bermdoc function or a step expression (e.ghild::tagl ), are evaluated.
Otherwise Rule 2.4 is not particular useful.

The dynamic semantics of tlie:doc  function is not specified in [11], but can be described asrntpt
to-document-node mapping” [14, section 15.5.4]. As a wayibis assumed that the document nodes returned
by the XQueryfn:doc function and by the Xcerph resource  constructare equal (except for differences
in the data model), provided they are applied to the same URL.

The other type of expression a binding sequenc& i{@; can be made up of, is step expressianin
order to clarify the vocabulary used in formal semanticstepsxpressions, some of the terminology of
XPath step expressions (see Table 2.2.3) is recapitulatstep expressiois either amaxis stepor aprimary
expressionin X @1, only axis steps are allowed at the place of step expressiadsherefore the productions
for PrimaryExpr  are not given in Table 2.2.3. Aaxis steps either aforward stepor areverse stepAgain,
reverse steps are not included¥i); and no grammar productions are provided in table 2.2 farard step
is specified by an axis such as ttigld axisor theattribute axisand anode testvhich shall not be confused
with predicateswhich are denoted by square brackets in XPath and excludedX ;. Node testsire either
kind testsselecting only nodes of a special kind (not partof);) or name testselecting nodes of a given
name. InX @1, only forward steps on the child axis with name tests withaildcards are used.

The formal semantics of XQuery defines the evaluation of sxgpessions by Rule 2.5, which builds upon
a set of other rules that must also be considered to fully rataled the evaluation. In the rest of this section,
the term ’judgement’ is often used. A judgement is simplyaesnent which expresses whether a property
holds or not. The two most important judgements in the XQdiermnal semantics are the judgemeBtgr
=> Value andExpr : Type . The former states that the expressiompr evaluates to the valuéalue |,
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Table 2.4: The core syntax of step expressions as defined jis§ttion 4.2.1]

StepExpr = AxisStep | PrimaryExpr .

AxisStep = ForwardStep | ReverseStep .

ForwardStep ::= ForwardAxis NodeTest .

ForwardAxis = (child’ ) | (descendant’ ) | (attribute’ ")
('self "2 | ('descendant-or-self’ ":’) |
(‘following-sibling’ '::") | (following’ ") |
(‘namespace’ ')

NodeTest = KindTest | NameTest .

NameTest = QName | Wildcard .

Wildcard = * | (NCName " ' ' | "' "’NCName) .

and the latter judgement holdsHxpr is of type Type. Judgements are used in the premises of rules to
constrain the rule’s applicability.

dynEnv.varValue($fs:dot) = Value;
Value; matches node
dynEnv  axis Axis of Value; = Value,
(Rule 2.5) Axis principal PrincipalNodeKind
dynEnv  test NodeTest with PrincipalNodeKind of Values, = Values

dynEnv - Axis NodeTest = fs:distinct-doc-order(Values)

In Rule 2.5 the dynamic environment is used to look up the exdntariable$fs:dot . The second
premise makes use of timeatches judgement in order to assure that the rule is only applicéthe value
of the context variable is a node value. While there is no dafmof the matches judgement for nodes in
the XQuery formal semantics [11], there are definitions f@rrhatches judgement for each kind of node,
i.e. element nodes, attribute nodes, document nodes, debetsn comment nodes and processing instruction
nodes (see Table 1.3 for the productions of node values)n&asample consider theatches judgement for
text nodes in Rule 2.6. Although not specifically stated ih][1t is assumed in this thesis that thmtches
judgement used in Rule 2.5 holds true for general nodesisititie for one of the node types.

(Rule 2.6) statEnv - text { String } matches text

The third premise of Rule 2.5 asserts that the applicatidghe&xisAxis to the value of the context node
Value ; yields the valué/alue ». In the case ofX (); the specified axis must be the child axis. Application
of the child axis to an element (see Rule 2.7) simply retumslament value — that is all the children, but
none of the attributes of that element:

(Rule 2.7) dynEnv + axis child:: of element ElementName {AttributeValue,ElementValue}
= ElementValue

Although there are several other rules specifying the s¢iosaaf the application of the child axis to a
node other than an element node, the most interesting caeéngthe one of element nodes. Application of
the child axis to an attribute node, text node, processisguntion node or comment node yields the empty
sequencé) . In[11] this is specified by rules similar to the following.

(Rule 2.8) statEnv F axis child:: of text: empty

Note that Rule 2.8 is a statement about #tatic semantics of XQuery that is always applicable (no
premises need to be fulfilled). To be exact, it does not diressty anything about the value that is com-
puted by the application of the child axis, but only aboutyjse. Even though type checking — and with it
a great part of the information available in the static emwinent — is ignored when translating from XQuery
to Xcerpt, this rule is still significant, since the only valthat is of typeempty is the empty sequence [11,
section 2.4.3]. Up to now the semantics of applyinge¢héd axis to all kinds of nodes but the document
node have been treated. The dynamic semantics of this tagimang part being left unspecified in [11], Rule
2.9 specifies its static semantics.
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(Rule 2.9) statEnv + axis child:: of document { Type }: Type & processing-instructions* & comment*

It is obvious that the value of the documents only child elet{possibly interleaved by processing in-
structions and comment nodes) is returned when applyinghihdaxis to the document node, however, being
a static typing rule, Equation 2.9 does not assert that. d@yiamic semantics is assumed when calculating
the value of expressions KQ;.

The fourth premise in Rule 2.5 is simple. Tpencipal judgement for the child axis is true whenever
PrincipalNodeKind is element . Hence this premise determines the principal node kind ®fttis -
which in X @; must always be thehild axis The result is bound to PrincipalNodeKind to be used in ttik fif
and last premise.

The last judgement that needs to be examined to be certairt #it'sosemantics ok ), is thetest judge-
ment which is used in the fifth and last premise of Rule 2.5. As o@etd earlier, the only type of node tests
allowed in X @, are name tests without wild cards. Considering only steptherchild axis, the principle
node kind iselement . Thus the judgements appearing in Rule 2.5 is of the follgwype:

dynEnv - test Prefix:LocalPart with element of NodeValue
This judgement is true, when the premises in Rule 2.10 afiddl

e The node that is to be matched must be an element node. Nauégtriodes, comment nodes, etc shall
be matched.

e Prefix must be bound to the namespace URI of the expanded QNanedsf\Value . This simply
means that only those elements are matched that belonggartienamespace as specifiedPbgfix

e LocalPart must match the local name of the expanded QNanioafeValue . In other words, only
elements with tag nameocalPart  fulfill this condition.

dm:node-kind(NodeValue) = PrincipalNodeKind
fn:node-name(NodeValue) = expanded-QName
(Rule 2.10) fn:namespace-uri-from-QName(expanded-QName) = statEnv.namespace(Prefix)
fn:local-name-from-QName(expanded-QName) = LocalPart

dynEnv I test Prefix:LocalPart with PrincipalNodeKind of NodeValue = NodeValue

Summing up the evaluation of step expression¥ig;, the following steps are carried out: The context
variable$fs:dot is looked up in the dynamic environment, and it is checkedthérat is bound to a node.
After that, the child axis is applied to the node, and it isade&l whether the namespace prefixes and the local
names of the labels in the step expression and the ones ofiifdenodes correspond. Only those nodes for
which these tests succeed are returned.

With rules 2.2 to 2.10 the entire formal semantics)of); is given. Looking back, one may say that
for - andlet -clauses generate bindings for the context variable, vasaitee step expressions are evaluated
depending on exactly these bindings.

2.3 The Xcerpt SublanguageX C

This section introduces the formal semanticskaf, . First the grammar productions for expressionXi@',
are given, then its formal semantics as specified in [17, @n&p is studied.

Table 2.5: Grammar productions farCy

<XC1lEXPR> = 'GOAL xc:result [ all var X ] FROM’ <DOCQUERY> "’ END’
<DOCQUERY> == "'in { resource[ ™ uri "], <QUERYTERM> '}
<QUERYTERM> := <NSLABEL> '{{’ <QUERYTERM> '}’
| 'var X as’ <NSLABEL> '{{ }}'
<NSLABEL> = (label ")? label
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As can be seen in Table 2.XC contains simple construct-query rules. All of these ruleapamheir
results in a special element nameciresult . The query parts of the rules are of arbitrary depth, but
include only one single variabl¥, which is always constrained by a childless, unordered andmplete
query term pattern.

X (4 is supposed to include translations for all expressionsdpy, and examining its formal semantics is
a fundamental prerequisite to see the correctness of thgldtan rules in Section 2.4. It is assumed that the
reader has a basic understanding of the operational sermaniKcerpt as given in [17, Chapter 8].

The rest of this section is structured by the constructsrtbatl to be examined: Xcerpt programs as a set
of construct-query-rules, resource specifications, lartiordered query term specifications, Xcerpt construct
terms, and the Xcer@ts construct.

An Xcerpt progranmP generally consists of a set of Xcerpt rulRs, ..., Ry. For each rule in an Xcerpt
program the query part is inserted as a constraint into a m@straint store, the store is solved by the applica-
tion of simplification rules, and transformed into a sulosiiin set. Application of this substitution set to the
construct part of the Xcerpt rule being processed yieldsdhelt. In the case ok C; we only consider single
rules, so we do not have to bother with rule chaining.

Initially the constraint store corresponding to a queryit; has the following form:

(in{RSpec,Q})o

The resource specificatiddSpec is a URL identifying an XML document or some other source oéfxt
data terms such as another Xcerpt progr&ms the query part of th&(C, expression. Application of the
query unfolding rule for resource specifications [17, Set8.3.2] changes the constraint store(@) r with
R being the set of data terms obtained by parsing the resdt$gec. This single query ternd) with the
associated resourde = {t1,...,t,} is transformed in a disjunct of simulation constraints:

<tq>{t17~~~;tn}
Q=i V... VQ 2ty

At this point, the constraint store is a disjunction of coastts, composed of single query terms consist-
ing of two constructs: labels with double curly braces (ffdggogether with namespace prefixes) denoting
incomplete unordered query term specifications, and Vierisibdings (theas construct). For both of these
constructs so-calledecomposition ruleare provided by the formal semantics of Xcerpt [17, Secti@2].

(2.1)

2.3.1 The Formal Semantics of Incomplete Query Term Specifations in X

Xcerpt query terms whose outermost construct is a label ecerdposed byoot elimination Xcerpt per-
mitting a wide range of incompleteness specifications,gtodhposition rules are numerous. In selecting the
appropriate decomposition rule the following scenariosthi® be consideredabel mismatchbrace incom-
patibility, left term without subtermsLabel mismatchesorrespond to XQuery name tests on nodes. If the
label of the query term does not equal the label of the daia, thre constraint resolves false , otherwise
Rule 2.2 eliminates the root of the current query teBrace incompatibilityis not a problem with unordered
query term specifications as they are used ifi;. Even ordered query terms would not result in brace incom-
patibility, given that XQuery (and hence al$b@); and X 1) is restricted to ordered data terms. The third
scenarioeft term without subtermarises exactly once for each expressioXi6'; and evaluates always to
true with X C1’s double curly braces. To be more specific, only the innetriael in the query term does
not have any child terms, all other labels have exactly oiild tdrm in X . In the case that the label of the
query and data term match, these considerations resteicethof applicable decomposition rules for all but
the innermost label to the following single rule:

H{t1, . ) =1t 1]
Vﬁenpr Algign tll =u W(t?)

Equation 2.2, which is part of the formal semantics of Xcexptdefined in [17, Section 8.2] has the
following meaning: A constraint that unifies an unordereattipl query termi{{t1,...,¢.}} with an ordered
data termi[t3,...,¢2,] can be decomposed into the conjunction of constrafpts, ., t! <, =(t}), if the
following condition is satisfied: o

2.2)
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e 7 is a partial,index injectiveand position respectindunction that maps subterms of the query term
on the left hand side to subterms of the data term on the rigihd Iside. This function is furthermore
demanded to be total on the set of non-optional and non-eégatbterms}. With XC; excluding
optional and negated subterms, this postulation can bditubd by considering only total functions
on all query subtermsindex injectivityrequires that no two different ternts andt; are mapped to
the same ternt?. The conditionposition respectings of no relevance, because it lays an additional
restriction only on those subterms that feature an Xcergitipo specification, which are not present in
XCh.

As we are interested iall data terms that match with the specified query term, the sition constraint
is not replaced byne singlesimulation constraint obtained by choosingiaglefunctionr that satisfies the
above condition, but it is replaced by the disjunctiomlbpossiblesimulation constraints that can be produced
considering all potential functionsthat satisfy the above condition.

Carrying over the semantics of this rule %C1, the first thing to note is that the number of subterms is
syntactically limited to one. With the further insight fraabove that each needs to be total, we can infer that
the number of functions to be considered equals the number of subterms of the datawérich the query
term is to be matched with. These thoughts are summed up Hpltbeing alternative decomposition rule
for XCy:

H{t1}} = i1, .. 1,
23) HHH) =010, )
v1§k§m t Sty

Note the resemblance of Equation 2.3 with the formal seroamf XQueryfor -clauses (Rule 2.4).
Whereas the XQuery evaluation rule fimr -clauses produces a sequence of values (which in general is a
sequence of sequences) from a single binding sequencegdhelimination rule forX C; 2.3 transforms a
single constraint into a disjunction of multiple consttainin the case that th&¥ ), for -clause is combined
with a step expression on the child axis as its binding secpighe parallelism goes even further. The step
expression evaluates to all those child elements (in the Xldlla) that match the specified tag name. Simi-
larly, Rule 2.3 can only be applied if the labels match; othee the constraint evaluates to false. X))+,
the inner expression of tHer -clause is evaluated in the context of each element in theifgnsequence.
Accordingly, Rule 2.3 tries to unify the only child elemeritam X C, query term with each subterm of the
data term. These analogies give rise to the assumptiondbaeliminating decomposition rules XiC; take
on the same role a®r -clauses with step expressions as binding sequenc&gJ)n However, due to the
different evaluation paradigms, these constructs carmobinpared isolated from other constructs such as the
Xcerptas construct and the XQuery context variable.

2.3.2 The Formal Semantics of the Xcerpas Construct in X}

In most cases, subterms M} are of the formabel {{<SUBTERM>}} . Thisis the recursive case in the
grammar productions (see Table 2.5) for termi@’;. In order to return some kind of result, however, one
needs to make use of tlas construct, which is the finalizing case in buildidgC; terms. In this section, a
simplified version of Xcerpt'sss elimination rule that is sufficient faK C is derived to better understand the
formal semantics ok C}.

As a result of the decomposition Rule 2.3 or also the quergldinfg Rule 2.1, the constraint store may
contain a constraint of the foriar X — [ {{ }} <., d for some data ternd at some point during the
evaluation of anX C; expression. This constraint does not appear for all contibinsiof X C; queries and
associated data resources, because the evaluation of ¢éng may fail due to label mismatches before a
variable binding is reached. Such constraints are decoadplog theas elimination rule from the formal
semantics [17, Section 8.2.2]:

X -t <, 2
=<, 2Nt <, XANX <, 12

(2.4)

Only simple constraints for variables being included in €', grammar productions, the term is
syntactically limited tol {{ }}. Hence, the first resulting constraint in 2.4 becornd$ }} <. t? which
- in the absence of node mismatches - evaluatésrtae by application of the decomposition rule for “left
term without subterms” defined in [17, Section 8.2.2]. Ttaasitivity Rule [17, section 8.1.4] can be used to
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further simplify the resultte! <, t> A X =< ¢2. In fact, adding the lower bound for the variable X in Xcerpt

is necessary to check whether there exist any incompatigenbounds for X. The number of constraints for
the variable X being limited to one single constraintir';, an incompatible upper bound cannot exist, and
theas elimination rule may be simplified to read:

Xol{{}} =t

(2:5) ()] = BAX 20 2

In the following sections both of the derived rules from théction together with the formal semantics
of QX are taken advantage of to show that the translation rulem&gping expressions between the two
sublanguages are correct.

2.4 Translating BetweenX (' and X

In this section the discussion &fC; and X ), is concluded by giving translation rules between both subla
guages and give proof of the equivalence of two generic sses that represent the entire sublanguages.

The translation rules are denoted py.[tozc1 for the translation fromX @, to XC; and[.. .Jtozq1 fOr
the other direction. In tables 2.6 and 2.7 names enclosedgte drackets are non-terminal symbadéhel
anduri are variables that represent qualified names with namegpafiges and uniform resource locators,
respectivelyfozcl takes a list of labels as its parameter, anely1 an additional uri.

Unfortunately, it is necessary to entirely parse and cotlexlabel names of the expressions to be translated
before any output can be written. This disutility stems fribra definitions of the sublanguages that demand
that the innermost labels i C; correspond to the outermost labelsXr);. The grammar productions for
X @, could be changed to allow translation rules without paranseas follows:for -clauses contain step
expressions in their binding sequences rather than in thiirn -clauses, and the nestéat -clauses are
moved in the reverse way: from the binding sequence tagéh@an -clause. In this way, the outermost
labels inX @, would correspond to the outermost labels¥id';, and could be translated as soon as they are
discovered. On the other hand this approach would make td# pf equivalence below less readable and has
therefore not been adapted.

Three translation rules, one for each of the constriats, let andfn:doc(...) , represent the func-
tion toxcl. for -clauses are translated by simply collecting the label @rtteturn  -clause and recursively
calling the tranlsation function on the expression in tihéiding sequence. Labels are added to the beginning
of the parameter list, which means that the labels used imtfemosfor -clauses appear at the beginning of
the list when alfor -clauses are processdét -clauses are handled in the same way,@nd1 is recursively
called on theén:doc()  -function. At this point, all labels are collected, and thenslation is constructed. It
is apparent that the length of the translation grows limgarith the number of labels in the original expres-
sion. Since exactly one label occurs withitea - or for -clause, the number of labels is also a measure for
the length of anX ), expression. Therefore the length of the”; translation is linear in the original 4
expression.

Table 2.6: Tranlsation rule¥ ), to X,

[ for $fs:dot in <EXPR> return child:: label [<ht> == [<EXPRASIDeh - lk>
[ let $fs:dot := fn:doc(’ uri *) return child: label <l

== [ fn:doc( uri ) labelbti>
[ fn:doc(’ uri 7y ks>

== GOAL xc:result [ all var X ]
FROM in { resource [ urt |,

Ll . ey ffvarXas L {B}H ... 3}
END

The translation rules frolX C, to X @), (Table 2.7) are similar to those tifzcl in that they also consume
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the outermost constructs first. This allows a straightfedimplementation based on the abstract syntax of
X (1. Onthe other hand, it requires that an additional paranhbeteeserved for the uri reference.

In the same manner as with the reverse direction, the ligth#ls is empty at the beginning. The first rule
in Table 2.7 takes care of the entire construct-query-gauid,calls the translation function on the query term,
thereby handing over the uri reference. The second ruleaslthe labels appearing in the query term one by
one, appending them to the end of the list. The third rule leanithe only variable together with its pattern
restriction and collects the last label. The last rule getesrthe XQuery translation, using the first label in the
list in the innermost construct, because it is the outertabs of the query term.

With the same reasoning as farrcl, it can be shown that the results tefrq1 scale linearily with the
verbosity of theX C, input expression.

Table 2.7: Translation rule¥ C; to X Q4

[ GOAL xc:result [ all var X ]
FROM in { resource [ uri '], <QUERYTERM> }
END  Jiowqn == [ <QUERYTERMF "<~

toxql

[ label {{ <QUERYTERM> }} [Urirstienli> == [ <QUERYTERMZ % sltllabel>

toxql toxql
[ var Xas dabel {{ b Tigpi" "7 == [ Lo

== for $fs:dot in

for $fs:dot in

let $fs:dot := fn:doc(’ uri ') return child: Iy
return child:: Iy
return child:: U1

Equivalence of expressions inXC; and X @1 In the remainder of this section it is shown that the two
generic expressionsrprs 4, andExprs 4, below —which cover the entire sublanguages — are equivalent

Exproayg =

element xc:result { {
for $fs:dot in

for $fs:dot in
let $fs:dot := fn:doc(’ uri ’) return child::itagl
return child::tag2

return child::tagn

}}
Exproa. =

GOAL

xcirresult [ all var X ]
FROM

in { resource [ uri 7,

tagl {{ ... {var Xastagn { } }} ... }}

END

In order to show the equivalence Bfrprs 4., andExpra 4, the following assumptions are made:
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1. Thefn:doc function does not raise an error and returns a document ind#4] fn:doc may also
return an empty sequence, but this case is not considered.

2. Letd, be the data term returned by tlesource  construct and let, be the document node returned
by thefn:doc  function. By definition (see Rule 2.9), posesses exactly one element child node. It
may contain other child nodes, such as processing inghngticomments, etc, but no other element
child nodes. It is assumed that this only element child nasteesponds ta...

3. If an arbitrary label contains a namespace prefix, and the static environment afeQmaps this
namespace prefix to the namespasgthen also in Xcerpt, the prefix is boundie.

4. If [ does not contain a namespace prefix, but the default nanespAQuery is bound taus, then also
the default namespace in Xcerpt is bouna.to

5. The sequence returned Wyrprs 4., does not contain any two nodes that are deep-equal, because
duplicate nodes are automatically eliminated in Xcerpt.aiarnative to guarantee both expressions to
be equal would be to wrapzprs 4, in a call to thedistinct-elements function (see Table 5.2).

The equivalence of both expressions is shown by a seriesan$formations, starting with the query part
of Expra.4y. and finishing with a variation oEzprs 4, Which returns constraints instead of the context
variable. Apart from allowing expressions ¥, to return constraints, the proof is eased by the introdactio
of the context variable in the constraint store. The semaiti both of these extensions is straightforward:

e The value of an XQuery expression returning a series of cainss is defined by the application of the
solution of the constraint store to the construct ternkeprs 4, .. If the expression returns more than
one constraint, the constraint store is given by the digjonof these constraints.

e A constraint containing a context variable resolves to thestraint obtained by substituting the context
variable by the node to which it is bound in the XQuery parthef éxpression.

After the final transformation, it is easy to see that for eactien. which would be returned b¥zpra 4y,
the constraint store dfzprs 4 ., contains the constraidt <,, n. The transformations! to =° are justified
as follows:

e In the first step, substituting the root node of the Xcerpadetmd,. by the context variablgfs:dot
which is bound to the only element child node of the XQueryuinent node, the second assumption
above is used. Note that the step expression irrehn -clause of the innelet -clause must be

child::element() rather tharchild::  *, because the latter expression would also return pro-
cessing instructions and other non-element child nodesuginthe formal semantics of kind tests, such
aschild::element() has not yet been examined, the meaning of this specific sigggsion is

evident: It returns all those children of the context nods Hre element nodes. Usingild::tag0
instead would bring forward the selection of nodes by tagemmwhich in Xcerpt is represented by the
constraintag0 {{ ... }} < $fs:dot  that remains to be resolved in the following step.

e The second transformation is justified by the root elimwatiule of X C; (Equation 2.3). There are
two cases to be considered: Either the data térns of the formtag0 {{ ... }} , in which case
the result depends on the descendantk pbr, in the other case, a node mismatch occurs. In the second
case, the node tesaig0 guarantees that the evaluation fails (the context variafleld be bound to
the empty sequendg in the outedet -clause, and therefore no valid constraints are in the cainst
store). In the first case, however, the remaining consgamthereturn -clause control the further
evaluation ofEzprs 4. The number of disjunctionsis determined by the number of child elements
of the context variable. Again, processing instructiond ather non-element nodes are of no interest,
so the kind testlement()  is used.

e The disjunction of constraints produced by the root elifiorarule is transformed to #or -clause in
the third step, shifting the context variable one level Ioimghe data term. While there is one constraint
for each child element of the context node before the tramsition, now there is one constraint for the
shifted context node, which adds up to the same result cerisglthat the context variable is bound
once to every child element in tiier -clause. The innermotdt -clause returning only a single node,
it would not matter whether it is surrounded byax - or let -clause. The grammar productions of
X @, demand dor -clause and therefore this change is also applied in this ste
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e Steps two and three are repeated until the variable constsareached, producing the nestied -
clauses that are characteristic f6). The rationale is the same as in the steps above.

e As discussed in Section 2.3.2 and summarized in Equatioe&Hlas constraints is resolved to two
constraints: The first one assuring that the data term satigfe structure of the query term, the second

establishing the variable binding.

¢ In the last transformation, the duty of sorting out non-rhatg child elements is transferred from the
constraintdagn {{ }} < $fsidot tothe name tegtign , leaving only variable constraints in the
return -clauses. Remember that a sequence of constraints retoyreedX (), fragment is understood

as a disjunction of these constraints.

{tag0 {{ ... {{ var X as tagn { }} }} ... }} <ude }
_1
let $fs:dot :=
let $fs:dot := fn:doc(’ uri ’) return child::element()
return  { tag0 {{ ... { var X astagn { } }} ... }} =<, $fs:dot
_2
let $fs:dot :=
let $fs:dot := fn:doc(’ uri *) return child::tag0
return
{ Vicrs {
tagl {{ ... var X as tagn {{ }} ... }} <. (child::element())[i]
b}

for $fs:dot in
for $fs:dot in
let $fs:dot := fn:doc( uri ’) return child::tagO
return child::element()
return  { tagl {{ ... var X as tagn { }} ... }} =, $fsidot }

for $fs:dot in

for $fs:dot in
let $fs:dot := fn:doc( uri ') return child::tag0
return child::tagl
. return child::element()
return
{ var X as tagn {{ }} =, S$fsidot }

for $fs:dot in

for $fs:dot in
let $fs:dot := fn:doc(’ uri ') return child::tag0
return child::tagl
. return child::element()
return
{ tagn {{ B} <, $fsiddot A X =<, $fsidot  }

_6

24

}



for $fs:dot in

for $fs:dot in
let $fs:dot := fn:doc( uri ') return child::tag0
return child::tagl
. return child::tagn
return
{ X =, $fs:dot }

The resulting substitution s&tis the set consisting of mappings frotio the nodes specified by the con-
text node. Applying this substitution set to the constraoti<xc:result>all var X</xc:result>
returns a newxc:result node filled with all possible substitutions for X. Note thaither XQuery nor
Xcerpt specify the order of the child elements in the owteresult node. Therefordxpry 4, and
Exprs 44, are only equal abstaining from the order of child elementwsT curly instead of square brackets
could have been used in tBéC; construct term.

With the above proof of equivalence, the treatment of thé fiiagr of sublanguages is finished. The major
discoveries of this first chapter are recapitulated below.

e Simple XPath expressions which are normalized to nefstedclauses witmame testss binding se-
qguences, can be translated to Xcerpt query terms with sainilleé elements.

e Special attention has to be laid on the treatment of duglgcand element order.
e Xcerpt root elimination rules adopt the roles of two XQueoystructsname testandfor -clauses.

e The complexity of the translation rules between both sullages is linear in the number of constructs
employed.

e Translating betweeX C; and X @), is a structure conserving process: Translatingkar, expression
to X @, and back taX ', yields the original expression. The same property holdsufioexpression in
X Q1 which is translated t& C; and back.

In the following chapterX C; and X @), are expanded to include multiple child nodes in query teans,
arbitrary number of variables, and variable constraingecl care is taken to retain the beneficial complex-
ity and stability properties discovered in the first pair abnguages, despite the partial alleviation of the
extensive syntactical constraints.
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Chapter 3

Translating Simple Xcerpt Query Terms

This Chapter introduces the sublanguag@s, and X @, of Xcerpt and XQuery, respectively. In contrast to
the last chapter, the starting point in this Chapter is natigrhient of XQuery, but a subset of Xcerpt query
terms. Another important change with respect to the lasti@eds given by a different notion of equality
amongX Cy and X ), expressions (see Section 3.2).

This Chapter is organized as follows: In Section 3.1 the gnanproductions foX C, are introduced, and
the enhancements ova&rC, are discussed. Subsequently, example expressions withinare translated to
XQuery in Section 3.2. Grammar productions for an equalyressive sublanguage of XQuery are presented
in Section 3.3. The formal semantics of the constructs &f tiew sublanguag& ), are studied in Section
3.4. Automatic translation fromX C to X ), is discussed in Section 3.5, and the reverse directionasetie
in Section 3.6.

3.1 The SublanguageX C5

X C, differs from X C1 in the following ways:

e For each query term an arbitrary number of child subternstead of only one as iX C; is allowed.

Itis also possible to specify an arbitrary number of vaeabh X C;. Moreover, the same variable may
occur any number of times anywhere in the expression.

The pattern restrictions for variables are no more limitedimple labels, but may be themselves any
type of query term inX Cs.

As a consequence, also nested pattern restrictions ameeallmeaning that restricted variables might
appear within the pattern restrictions of other variables.

The grammar productions fof C are given in Table 3.1<LABEL>denotes any qualified name as defined in
[2], and<XCVAR>may be any Xcerpt variable name. Although this grammar ig skort, the corresponding
language is much more expressive thaa’ .

Table 3.1: Grammar productions farCy

<QTERM>
<QTERMS> ::

<LABEL> {{ <QTERMS>? }} | var <XCVAR> as <QTERM> .
<QTERM> ( , <QTERM> ¥ .

3.2 ExampleXC; Expressions and Translations
In order to introduce the challenges that have to be facedhwitaaslatingX C,, and to get an idea of the

required constructs that need to be includeXi€),, several translation possibilities for Xcerpt example ex-
pressions are discussed in this section. Among these ngalieare all the extensions listed above. Since the
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separation of query and construct terms is a characteoistjcof Xcerpt, there is no equivalent to an Xcerpt
query term in XQuery. Therefore, it needs to be defined wheXicamnpt query term is considered equal to an
XQuery expression.

When evaluated, Xcerpt query terms merely produce subetitsets, whereas XQuery expressions always
produce some data. To mak&))- expressions comparable to Xcerpt query terms, only exioresseturning
an XML representation of substitution sets are be includdm xact grammar productions are given in Sec-
tion 3.3). A query termyt in X C5 is considered to be equal to a queryin X Q-, if the XML-representation
of the substitution set produced by is equivalent to the substitution set produced/hyTo be more precise,
the substitution sets returned by XQuery expressions weed to be multi-sets, thus possibly including the
same substitution more than once. The transformation ofi+setls of substitutions to real substitution sets
can be easily achieved by applying ttlistinct-elements function introduced in listing 5.2.

An example for a substitution set in XML-representationiigeg in Table 3.2. The substitutions contain
bindings for the variableX andY, computed element constructors are used to represent ttaelae, and
direct element constructors for the bindings.

Table 3.2: An XML representation of a substitution set

element xc:substitution_set {
element xc:substitution {
element xc:X { <a><b/></a> }, element xc:Y { <c/> } },
element xc:substitution {
element xc:X { <a><c/></a> }, element xc:Y { <b/> } },
element xc:substitution {
element xc:X { <a><c/></a> }, element xc:Y { <d/> } }

Another important aspect of defining the equivalence of gtand XQuery expressions is the data the
expressions are evaluated on. In Xcerpt, query terms drereassociated with input resources, or they par-
ticipate in rule chaining. This chapter does not make anyrapsion about the origin of the data. Instead it
is assumed that the same data - wherever it comes from - iergras child elements in the XQuery variable
$data . In other words, the resource of the data of query termstsitefpecified, but it is demanded that this
data is equivalent to the XML-value $data . Although sequences are the primary data structures in KQue
it is assumed thedata contains only a single rooted tree. In the case of a resowicg lassociated with a
query term$data may be thought of as the document node of this resource.

3.2.1 Multiple Child Subterms

The most important enhancementot’s with respect taX C is the possibility to specify more than one child
subterm. Of course, this makes the semanticy 6% more complex. As a consequence, the root elimination
Rule 2.2 can not be simplified to 2.3 as it was possibl& ;.

When translating expressidiuprs 2.1 ., it needs to be ensured that the nodes that are bound to the var
ableX have siblings with tag naméag2 andtag3 . In XQuery, this is achieved by simpifethen-else
clausesif-then-else clauses were not included XiQ; and therefore their semantics will be briefly dis-
cussed in Section 3.4. The conditional expression irifthelauses arén:boolean  functions that take a
step expression as the only argument. If the argument eealta the empty sequence, tmeboolean
function returns false, otherwise it returns true. Its detbsemantics will also be discussed in Section 3.4.

Expr3siy. = tag0 {{ var X as tagl {{ }}, tag2 {{ }}, tag3 {{ }} }}
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Exprsoixe =

element xc:substitution_set {
for $v0 in $data/child::tag0 return
for $v1 in vO/child::itagl return
if fn:boolean($vO/child::tag2) then
if fn:boolean($v0/child::tag3) then
element xc:substitution { element xc:X {$v1} } else ()
else () }

Thefor -clausesinFzprs .1, differ fromthose in the last Chapter in that their bindingsences consist of
variable references together with axis steps, and the ntonglex subexpressions are found in teaurn -
clauses. This is almost exactly the opposite way as beforéack, both represenations may be transformed
into each other (see Section 5.4.3 for details). Anotheoitgmt point to note is that with all child subterms
of tag0 having different labels, ensuring Xcerpt injectivity istram issue.

3.2.2 Dealing with Xcerpt Injectivity: Multiple Subterms w ith Overlapping Labels

WhereasX C; allows at most one child subterm in a query term, this resrias not present itk C. There-
fore it may happen that an Xcerpt query term has multipledceil with the same label. Hence, a way has
to be found to guarantee that the nodes we finKi), are distinct if they are to be matched with siblings
of the same parent node. This is not only necessary for thee afaislentical labels, but also for the case of
overlappingones.

Overlappingof labels is defined as follows: Leét := p;:l; andts := po:ls be qualified namest; and
to overlap, if and only if their prefixeg,, po and their local namek, I overlap. To simplify the problem,
regular expressions for local names and namespace prefexeg@uded. Thus, the values that p, [; and
Il can assume, are only strings or the character ™" denotirygn@me. Two namespace prefixes or two local
namess; andss overlap iff: s; =™, so ="* 0or s; = ss.

Consider theX C; example expression in Table 3.3. For each of the three subtefithe root nodéagO0 ,
there must exist a matching subterm in the root node of the ®@am. How is it possible to ensure that all
three of these subterms are distinct?

In the data model of XQuery and XPath, every node has a unérifier. The functiomp:is-same-
-node($x,$y) can be used to compare the node identifiers of the npdend$y . Its formal semantics
is discussed in Section 3.4.3 together with the formal se¢icegaof thefn:not  function which is also used in
the example expression below. An alternative way to cheeletfuality of nodes would be to remember the
position of each node within its parent node and to compa@dtsition variables. This could be achieved by
usingfor -clauses with an additional -construct. This method is further discussed in Chaptertrardsate
ordered Xcerpt query terms, but in this sectiondipas-same-node  function is preferred.

In the tables below three possibilities for translatingprs - o are presented. They differ in their efficiency,
phrase complexity and use of XQuery constructs. The firsti@sgraightforward in that it consists only of
for andif -clauses, but is expected to be less efficient than the seamhthird one, which depend on the
more complexsome-satisfies construct. The third translation takes advantage of thatgst variety of
constructs, making its semantics more intricate than tles of the other two, but at the same time reducing
its phrase complexity to a linear level.

Table 3.3:Exprs.o.2: An X C5 expression with overlapping tag names within the same paren

tag0 {{ var X as tagl {{ }}, tagl {{ }}, tagl {{ }} }}

While this first translation does find all solutions to thegamal query, in many cases it returns duplicates.
To see this take a look at the following data term:

d=tag0 {{ tagl {{ tag2 {{ }} }}, tagl {{ }}, tagl {{ }}, tagl {{ }} }}

In the first cycle of the outermost for clauskx1 will be bound to the first child subterm af and there are
six alternative ways to assign distinct child subterms ®\thriablesbx2 and $x3, without infringing the
injectivity constraints. Thus the expression will returifish of 24 nodes, containing each subtermdodix
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Table 3.4:Exprs o 5 translated witHor , if andlet -clauses

element xc:subtitution_set {
for $v0 in $data/child::tag0 return
for $v1 in $v0/child::tagl return
for $v2 in $v0/child::tagl return
for $v3 in $v0/child::tagl return
if (fn:not(op:is-same-node($vl, $v2))) then
if (fn:not(op:is-same-node($vl, $v3))) then
if (fn:not(op:is-same-node($v2, $v3))) then
element xc:subtitution { element xc:X { $v1 } }
else ()
else ()
else () }

times. It would be possible to eliminate the duplicates witlistinct-elements -function 5.2, but this
doesn’t prevent the XQuery compiler from doing extra workefiefore, the expression is better translated by
using thesome-satisfies construct as in Table 3.5, checking only for the existencanoéxpression that
satisfies the given condition:

Table 3.5:Fxprs o o translated with the additionabme-satisfies construct

element xc:substitution_set {
for $v0 in $data/child::tag0 return
for $v1 in $v0O/child::tagl return
if (some $v2 in $vO/child::tagl satisfies (
fn:not(op:is-same-node($vl, $v2)) and
(some $x3 in child::tagl satisfies (
fn:not(op:is-same-node($v1, $v3) and
fn:not(op:is-same-node($v2, $v3)))
)
then element xc:substitution {
element xc:X { $vl } } else ()

In this translation, no futile work is carried out, but a cii@sable number of injectivity preserving node
comparisons: Let be the number of child nodes of a parent node inXh&, query term. Theﬁ@ is
an upper bound for the number of necessary node comparis@ssuming that all tag names overlap, it is
not even possible to do any better. Generally, howeverdghefshild node€’ may be transformed in a set of
subsets’, ..., Cy, of C such that for each;, ¢; € C,, the labels ok; andc; overlap, and such that for each
¢ € Cy, ande; € C,, with n # m the labels do not overlap. The subse€ts ..., C;, can be computed easily,
if reqular expressions are excluded. If one of the labeils the corresponding child node must be included
in every subset. Note that if we disallowed th& tag names, the subsets would be equal to the equivalence
classes ofU with respect to the equivalence relatiery,,i», testing the equality of strings. By including
*, however, the equivalence relation does not satisfy theireaenttransitivity. From * =g,.;,4 tagl and
* =gyring tag2 does notfollowtagl =g¢ing tag2. Having computed the subsefts, ..., Cj, the total number

of comparisons required for the given parent node eoﬁ]@ls___kw.

Decreasing the phrase complexity. In the case that the number of subgéts..., Cj is small, the complexity

of the resulting XQuery expression in terms of the numbeioofstructs of the translated Xcerpt query term is
unsatisfactory. As shown above, in the worst case, the nuaibequired node comparisons is quadratic in the
number of child subterms. Luckily, there exists an easy wayob this unlovely situation that restores linear

1%71 - (n — 1) is the number of possiblities to pick two arbitrary elememis of a set ofn elements. For any two of the siblings,
injectivity has to be ensured in the worst case
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complexity: It makes use of thep:except function and ensures from the start that no two variables are
bound to the same data subterm. This solution is presenteabie 3.6 as the third translation of expression
Exprs.o.o

Table 3.6:Fxprs oo translated with thep:except  function

element xc:substitution_set {
for $v0 in $data/child::tag0 return
let $seql := $vO/child::tagl * return
for $v1 in $seql return
let $seq2 := op:except($seql, $x1) return
if (some $v2 in $seq2 satisfies (
let $seq3 := op:except($seq2, $x2) return
some $x3 in $seql3 satisfies true
) then element xc:substitution
element xc:X { $vl } else ()

It remains to be shown that the semantics of the root elindnaule (Equation 2.2) can be imitated as
described above. The following reasoning builds upon tleesponding argumentation f&fC'; from Section
2.3.1.

The root elimination rule transforms a simulation consirbietween a query terpnand a data terrd into
a disjunction of conjunction of simulation constraintsvaeén the children of andd. The conjunctions are
reflected in the XQuery translations by the fact that all egpions are nested. Only if bindings &l XQuery
variables (that represent the Xcerpt subterms) can be fausdbstitution set is returned. Disjunctions are
mirrored byfor -clauses. Evaluating an expressioimcluding a variable once for every binding of to the
data subterms;, (1 < i < k) is the same as evaluatimdogether with the disjunctioly, ., v = d;.

One disjunction is produced by the root elimination rule égery total and injective function mapping
the subterms of to the subterms of (for the exact definition scroll back to Section 2.3.1). Tipteof the
functions is ensured in the translationsVferysubterm of a query term is associated with an XQuery variable
bound in a nestefbr -clause. Injecitvity of the functions is guaranteed by thjedtivity constraints between
these variables in the XQuery translation.

3.2.3 Multiple Variables

Another relaxation of the strict syntactic constraintsxaf’ lies in the possibility to specify multiple variables
in XC5 query terms like inExprs 2 3,.. lgnoring construct terms and focusing only on the proauncti
of correct substitution sets in this part of the thesis, tieattment of multiple variables is straightforward:
The substitutions must contain one sub-element for eachpXemriable occurring in the query term. As
before, subterms containing variables must be translasetfior -clauses. Those without variables are
better translated witiome-satisfies clauses.

Exprzaszye =

tag0 {{ var X as tagl {{ }}, tag2 {{ var Y as tag2 {{ }} }} }}
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Exprosy, =

element xc:substitution_set {
for $v0 in $data/child::tag0 return
for $v1 in $vO/child::tagl return
for $v2 in $vl/child::tag2 return
for $v3 in $v2/child::tag2 return
element xc:substitution {
element xc:X { $v1 },
element xc:Y { $v2 },
}
}

3.2.4 Dealing with Xcerpt Injectivity: Multiple Variables with Overlapping Labels

Combining the major issues of the last two sections — meltigriables and overlapping tag names — is
straightforward: Xcerpt injectivity is guaranteed by thede comparison with the negateg:is-same-
-node -function and for all variables occurring within the quegyrh, an element must be constructed within
the substitutions.

For a changeFxprs 2.4, presents yet another way to ensure Xcerpt injectivity: lints the number
of distinct nodes among the variable bindings for all sigdin On the one hand, this method allows to check
the adherence to the injectivity constraints with one grginstruct. On the other hand, this check needs to
be delayed until the last one of the variables is bound,rigfrig on the principle of carrying out selections
(elimination of tuples of XQuery variables by node-companis) before joins (nestéodr -clauses).

Exprssa,. = tago {{ var X as tagl {{ }}, var Y as tagl {{ }} }}

Exprssaxe =

element xc:substitution_set {
for $v0 in $data/child::tagO return
for $v1 in $v0/child::tagl return
for $v2 in $vO/child::tagl return
if (fn:count(distinct-nodes-stable($vl, $v2)) = 2) then
element xc:substitution {
element xc:X { $v1 },
element xc:Y { $v2 }
}
}

3.2.5 Deep Pattern Restrictions

Another lifted restriction inX Cs with respect toX C'; concerns pattern restrictions for variables. To be precise
pattern restrictions that adeepin the sense that they do not only specify the label of theatdeito be bound,
but also its structure including its descendants, are noludted inX C>. When querying XML data, selecting
nodes with a certain structure is a very important aspedtttamexpressivity ok Cs allows to formulate such
queries, which is demonstrated Bytprs 2.5 -

Expr3sse. = tag0 {{ var X as tagl {{ tag2 {{ tag3 {{ }} }} }} }

Exprso5.. €an be translated in a similar fashion Exprs 2.2, Since in a way, the required siblings for
variableXin Exprs.o.o can be seen as a pattern restrictionXor
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Exprsosy, =

element xc:substitution_set {
for $v0 in $data/child::tag0 return
for $v1 in $vO/child::tagl return
if some $v2 in $vi/child::tag2 satisfies ($v2/child::tag3 )
then element xc:substitution { element xc:X { $v1 } }

}

3.2.6 Multiple Constraints for one Variable

An interesting situation that may arise \iC are multiple constraints for the same variable. In thisieact
it is argued that it is necessary to introduce a new functioafn:deep-equal function, in order to be
able to translate expressions of this kind. To substantiaseinsight, the transformations within the Xcerpt
constraint store are observed during the evaluation ofstample expressioBzprs 2.6 -

Expr3sey. = tag0 {{ var X as tagl {{ tag2 }}, var X as tagl { }} }}

In the representations of the constraint store below, te:si denotes a simulation constraint. Initially,
the constraint store contains a single simulation comdtigicprs 2 ¢, = d for some data terml.The first
transformation is achieved by applying the root eliminatiale (Equation 2.2). To take away some of the
complexity of the transformations, only a single disjunttte disjunction resulting from Equation 2.2 is
considered (it is assumed that the disjunction is not emptg) = be the function that is used to map query
subterms to data subterms in this disjunct, andifleandd2 be the distinct data terms that the first and the
second subterm dfzprs 2.6, are mapped to by. Note thatd1l andd2 are distinct, becauseis injective.
Then the constraint store contains the following conjwrctfter this first transformation.

CS ={var Xas tagl {{tag2 { }} }} i< dl, var X as tagl {{ }} :< d2 }

These constraints are further decomposed byathelimination rule (Equation 2.4), which also adds the
necessary lower and upper bounds for both occurrencesiableX:

CS = {
tagl {{ tag2 {{ }} }} < dl, tagl {{ tag2 {{ }} }} < X, X < d1,
tagl {{ }} < d2, tagl {{ }} < X, X < d2

This is where the consistency rule ([17, Section 8.1.4]) esinto play. It guarantees that multiple upper
bounds for the same variable are consistent. Two upper lsayhdi- for the same variable are replaced by
the bisumlation constraiy =<, t2 A t; =<, t2. Besides, one of the upper bounds remains in the constraint
store. In the constraint store above, variakleas the two upper boundd andd2. In the transformation
the upper boundll is kept, and the bisumulation constraint is added. The ne@imgiconstraints remain
untouched.

CS = {
tagl {{ tag2 {{ }} }} < dl, tagl {{ tag2 {{ }} }} < X, X < d1,
tagl {{ }} < d2, tagl {{ }} < X,
dl < d2, d2 < d1l

Luckily, both data termd1 andd2 are accessible in the XQuery translations by the variablesgich they
are bound irior - orsome-clauses. Therefore they can be easily compared by a chfo:tleep-equal -
function. The exact conditions under which Xcerpt bisintiolaand thén:deep-equal  -functionyield the
same results are elaborated in Section 3.4.2.

In the next step, the transitivity rule is used to replacaalde occurrences within upper bounds of a
simulation constraint by their own upper bounds. The uppemil forX beingdl, d1 is substituted for all
occurrences oX on the right hand side of simulation constraints.

CS = {
tagl {{ tag2 {{ }} }} i< di, tagl {{ tag2 {{ }} }} < d1, X :< di,
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tagl {{ }} :< d2, tagl {{ }} < di,
dl < d2, d2 < dl

This results in some redundancy in the constraint store fif$téwo constraints being exactly equivalent,
one of them can be omitted. Furthermore the constréagts {{ }} < d2 andtagl {{ }} < d1
are equivalent, because their upper bounds bisimulatecdj@me of them can be omitted.

CS = {
tagl {{ tag2 {{ }} }} < dl, X < di,
tagl {{ }} < di,
dl < d2, d2 < dl

As mentioned before, the bisimulation constraints arertalege of by thén:deep-equal  -functionin
the XQuery translation. The remaining constraints arestedead in just the same way as before.

Exprssexo =

element xc:substitution_set {
for $v0 in $data/child::tag0 return
for $v1 in $vO/child::tagl return
if (some $v2 in $vl/child::tag2 satisfies true
and some $v3 in $v0O/child::itagl satisfies
(fn:not(op:is-same-node($v3, $vi))
and fn:deep-equal($vl, $v3))
then element xc:substitution {
element xc:X { $v1 } }

Producing asome-satisfies clause for the second subterizprs 2.6, breaks with the principle
of translating all subterms containing variables with -clauses. The reason for this is that a binding for
variableX is already generated by the translation of the first subt@rme. fact thatX occurs more than once
in the expression is a constraint on the structure of thetdatas, but does not induce additional substitutions.
Translating the second subterm by meansfofra clause would result in duplicates in the substitution set.

In the case that the query shall distinguish between nodéseiiinput documents that are deep-equal,
adding value-based duplicates to the constraint store mayxactly the right thing to do. As a matter of fact,
in the second part of this thesis, it is argued that a comgtstdre containing duplicates is a prerequisite for
translating certain XQuery expressions to Xcerpt. Butesithe focus of this section lies on translating query
terms from Xcerpt to XQuery, the substitution sets gendrsltall equate those that are produced according to
the formal semantics of Xcerpt.

Ezxprs.aex, pinpoints the difference betweenlue based node equaligndidentity based node equality
While the nodes bound to the variables and$b need to have distinct node identifiers, their values must
equal.

3.2.7 Nested Pattern Restrictions for Different Variables

An obvious enhancement containedXrC,; over simple pattern restrictions are nested pattern ctisins as
showcased iFzprs 2.7, . If VariableY were left out, the expression would be an exampledi&ep pattern
restrictionsas treated in Section 3.2.5. Variabfeincluded, however, all bindings for variab¥must be
collected. Simply checking for the existence of a node théillg the constraint for Y would not suffice.
Hence, Exprs 2.7, cannot be translated by using tkeme-satisfies construct, but is translated by
means of ordinarjor -clauses.

Exprsory. = tag0 {{ var X as tagl {{ var Y as tag2 {{ } }} }}
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Exprgory, =

element xc:subtitution_set {
for $v0 in $data/child::tag0
for $v1 in $vO/child::tagl return
for $v2 in $vl/child::tag2 return
element xc:substitution {
element xc:X { $v1 }, element xc:Y { $v2 } } }

3.2.8 Nested Constraints for the Same Variable

A sophistication of nested pattern restrictions is presgimt Exprs 2.5, .. A constraint for variablX appears
within a constraint foiX itself. It is easy to see that this query only matches withlicygraph data terms
built with Xcerpt references (which are considered as tarept child relationships). XML references via
andidref  attributes are in general not regarded as true parent eéidtionships, and therefoférprs 2. s .
yields no results. An equivalent expression in XQuery wdaddhe empty sequené€k , however, restituting
this result postulates that the compiler has found out thebtiginal query contained nested constraints for
the same variable. Another feasible approach would be testage expression 3.2.8 in the same way as
Exprso7y. and Exprs o6, demanding that both nodes bound to the Xcerpt variblie XQuery two
variables would be introduced fii) be deep-equal.

Exprsos,. :=tag0 {{ var X as tagl {{ var X as tag2 {{ }} }} }}

3.2.9 Optimization: Execute Selections Before Joins

Looking closely at the translations of the example expogssione identifies a considerable numbeioof -
andif -clauses. In general thier -clauses are used to bind variables anditheclauses sort out those
variable bindings that are not desirable. As in logical SQiery optimization it is possible to safe spare
computations by executing the “selectiond” ¢clauses) before the “joinsfd@r -clauses). Naturally, this is
only possible as long as all variables appearing infthelauses remain bound.

3.2.10 A Complex Example

To see that arbitrary compleX Cs expressions can be translated in just the same way as thekxeaxpres-
sions above, and to sum up the main ideas in one translatiarg@query term is translated to XQuery in this
section:

EIpT3.2_10XC' =

tagd {{
var X as tagl {{
var Y as tag2 {{ tag3 {{ tagd {{ }} }} }}
var Z as tag0 {{ tag2 {{ tagl {{ }} }} }}
H
var Z as tag0 {{ var X as tagl {{ tag2 }} }}

H

There are four subterms withiBzprs 5 10xc that need to be bound to XQuery variables usiog -
clauses. These include all subterms that bind variablesrerse that have children that bind a variable. They
are marked red ibapr; 5 1gxc. Since there are multiple occurrences of variatesnd Z, one binding
occurence for each of these variables has to be picked amglatad by dor -clause. The other occurrences
of X andY are considered consuming occurrences and are therefostatied bysome-clauses. Subterms to
be translated bgome-clauses are marked blue Bwpr; 5 gxc.

In the XQuery translation the variat#e0 is associated with the root of the query term, the variablds
and$v2 with its children.$v3 represents the subterm binding varia¥lend is therefore also translated by a
some-clause. Th& -clause beginningin line 6 forms the deep pattern congti@iry. As the second XQuery
variable associated with a subterm containi@v2 was the first such variable$y6 is translated with an
existential quantification (line 10). The same holds$u® as the second representativeYofline 17). As
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soon as both representatives for an Xcerpt variable aredyoli@ deep-equality constraint is emitted. Finally
the substitution set is returned in line 21 if all checks arexessfull. Note that the thréfe -clauses could also
be combined to a singlié¢ -clause byand-connecting the conditions to form a single larger conditidhis

is treated in more detail when translatixg”’s.

element xc:substitution_set {
for $v0 in $data/child::tag0 return
for $v1 in $vO/child::itagl return (: var X is bound here :)
for $v2 in $vO/child::tag0 return (: var Z is bound here :)
for $v3 in $vl/child::tag2 return (: var Y is bound here :)
if ( (: deep pattern restriction for Y :)

some $v4 in $v3/child::itag3 satisfies
(some $v5 in $v4/child::tagd satisfies true))
then
if ( some $v6 in $vl/child:tag0 satisfies
(: all representatives of Z must be equal :)
(fn:deep-equal($v6, $v2) and
(: deep pattern restriction for $v6 :)
(some $v7 in $v6/child::tag2 satisfies ($v7/child::tagl)
)
then
if ( some $v9 in $v2/child::itagl satisfies
(: all representatives for Y must be deep-equal:)
(fn:deep-equal($v9, $v1) and ($v9/child::tag2)))
then (: deep pattern restriction for $v9 :)
element xc:substitution {
element xc:X  {$vl}, element xc:Y {$v3},
element xc:Z2  {$v2} }
else ()
else ()
else ()

The findings of this section are used in the following Sectmlevelop an equally expressive XQuery
sublanguage namexdQs.

3.3 X(@, Grammar Productions

An expression inX 0, always starts with an element constructor for the subgiitiget to be returned. From
then on, nestedome andfor clauses, injectivity and deep equality constraints maydmsgucted finalizing
in anxc:substitution element containing all variable bindings calculated soXgyuery variable names
are denoted bgyXQVAR>and must be preceded by a dollar sign.

Table 3.7: Grammar productions farQ»

<XQ 2> = element xc:substitution_set { <EXPR> } .
<EXPR> ;= <FOR> | <IFCLAUSE> | <SUBST> .
<IFCLAUSE> := if <COND> then <EXPR> else () .

<COND> = fn:deep-equal(<XQVAR>, <XQVAR>) | <SOME> | <AND > .
fn:not(op:is-same-node(<XQVAR>, <XQVAR>)) .

<SOME> = some <XQVAR> in <STEP> satisfies <SOMEEXPR> .

<FOR> = for <XQVAR> in <STEP> return <EXPR> .

<SUBST> ;== element xc:substitution{ (element xc:<XCVAR> {<XQVAR>}) * } .

<STEP> = <XQVAR>/child::<QNAME> .

35



In order to retain the exact expressivenesXdf, and to exclude redundant or unreasonable expressions,
several limitations are placed on the above grammar pramhsct

e Naturally, references to XQuery variables may only appettimthe scope of these variables. This
restricts the usage of deep-equality and injectivity caists.

e The outermost bound variab®0 must be child of the special variabffglata . All other variables
must be descendants$¥0 .

e For any two variables that are boundfor or some clauses with the same parent variable and over-
lapping labels, there must be &n clause that assures the injectivity constraint for the tibtirgs.
Otherwise it is impossible to find an equivalént; expression. The translation of such expressions in
X (5 is discussed in Section 4.2.2.

e The inversion of the above requirement — that for every tnjég constraint the compared variables
must be siblings — is not a prerequisite f8I)2 expressions to be translatableXa”;, however, ex-
pressions not satisfying this condition are redundantyat thild nodes of different parents are always
distinct nodes (this would not be true for a graph data mod&herefore such expressions are not
considered part oK Q-.

e For all variables$a appearing in a deep-equality constraint, there must existriable$b (possibly
with $a = $b) that appears in theesult  element and is transitively linked ®a by deep-equality
constraints. The reverse requirement is not necessary Xcarpt variable only appears once in the
translated query term, its XQuery translation does notuithelany deep-equality constraints for this
variable, but must nevertheless appear within the sulistitset.

3.4 Building Blocks of X )y

As can be seen when reconsidering the translations in €&t the following constructs are necessary for
translating simple, breadth-incomplete Xcerpt query g&erm

e for clauses

e step expressions on the child axis with name tests
e let clauses

e thefn:doc function

e if-then-else clauses

e theop:is-same-node() function

e thedeep-equal function

e indirect element constructors

e thesome-satisfies clauses

The first four of are also part oK@, and their semantics are discussed in detail in Section 8.%) s

this section special emphasize will be laid upbthen-else clauses in combination with the two node
comparison functions, indirect element constructors,somde-satisfies clauses for existential quantifi-

cation in XQuery. The most basic of the four being probabthen-else clauses, they will be treated

first.

3.4.1 if-Clauses

The formal semantics af Exprl then Expr2 else Expr3 clauses is the same as in other func-
tional programming languages. Some interesting XQuergipaspects are: Static type checking makes sure
that the type of the conditioBxprl is booleanif-then-else is a non-strict function, because evaluating

one of its arguments may throw an error, whereas the whole=sgimn may still be evaluated without errors.
The conditional ofif clauses INX Qs is either thedeep-equal() function or theis-same-node()
function, which will be discussed next.
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3.4.2 Thef n: deep- equal Function

The examples above make use of tleep-equal  function to test whether two nodes have the same value.
In Xcerpt, the value-based equality is monitored by the traig store. In this section the conditions under
which both of these methods of establishing value-based rqgdality semantically comply with each other,
are derived.

The deep-equal function is defined in [14] as a function that operates on tequences of nodes.
Whenever the function is used in the translationsXaf, expressions, only a pair of nodes is compared.
Nevertheless the function must also be discussed wherdagtien arguments that are sequences, because
deep-equal calls itself recursively on the lists of child nodes of thegoral arguments. But the discussion
starts out by examining the semantics of tleep-equal function in the case that both of its arguments are
single nodes.

While deep-equal is defined to operate on all kinds of nodes — including documedes, comment
nodes, and processing instructions — the focus in thisghefiid upon elements, attributes and text nodes, as
they are the only ones included in Xcerpt data terms.al&bdb be the two arguments to the function. If the
node types ofi andb differ, then the function returns false. In the followinglpnomparisons of nodes of the
same type are considered.

3.4.2.1 Comparing Element Nodes

Since all variables itk (Q; expressions are bound to element nodes, the non-recuaiséxcthefn:deep-equal -
function take element nodes as their actual parametersreTdre three conditions to be fulfilled for two
element nodes to be equal.

Expanded QName equality: Both nodes need to have the same name. To be more preciseptmeded
QNames are compared. In XQuery expanded QNames are confpoiiedocal names by looking up the
namespace prefix in tretatEnv.namespace environmentXcerpt, these node comparisons are performed by
the root elimination rules. For a translation betweé@’; and X (); it is easiest to assume that the namespace
prefixes are already expanded, such that the namespacepiteimselves do not need to be translated.

Matching attributes: Itis apparentthat for two nodes to be deep-equal, theibates must coincide. In the
description of thén:deep-equal function [14] this is formulated as follows. andb must have the same
numbern of attributes, and for each attributedrthere must exist an attribute in such that those attributes
are deep-equal.

An obvious implication of this definition is that there musgist a total function mapping the attributes
{a1,...a,} of a to those ofb. But there’s more than that: One could assume that two até#ta, anda; of
a might be mapped to the same attribbfeof b with 1 < i, 5,k < n, i # j, however, since; anda; must
be deep-equal tb, they must also carry the same name, which is forbidden in Xddtuments. Thus, it can
be concluded that not not only a total function frdmn, . ..a,} to {b1,...b,} exists, but a total, injective
function. With the number of attributes inandb being equal, this function is also bijective.

While it would be syntactically possible to formulate qesrinX C; selecting nodes based on the existence
of attributes (using the old syntax for attributes), theserggs are not considered for the moment. Nevertheless
it is necessary to discuss the resolution of Xcerpt conggawhich involve attribute nodes, because such
constraints may be the byproduct of ordinary node simulatidlote that in this case data terms are compared
rather than a query term and a data term as in Equation 2.2.

Attributes in Xcerpt are denoted like ordinary elementsaredsurrounded by an additioratributes
element with curly braces indicating incompleteness wétspect to order. As a further natural restriction,
attributes may not have any child elements. The rest of XMtutleents being represented as ordered
Xcerpt data terms, the root elimination rules for attriboteles has not yet been examined. To show that
thedeep-equal function and establishing node equality through simutatioXcerpt yield the same result,
it is necessary to catch up on this issue now.

The corresponding root elimination rule is the one with Engurly braces on both sides, which means
incompleteness with respect to order, but completenes®amth, and is taken from [17, Section 8.2].

Vwenbijmnpp Algign t Zum(t)

(3.1)
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It only differs from Rule 2.2 in that instead of the set of gimsi respecting functions, the set of bijective
position preserving functions is considered. The regbricposition preserving is always fulfilled if two data
terms are simulated. Thus the only remaining constralnféstivity, which is also the only demand laid down
by the definition of thenatching attributesequirement of thén:deep-equal functions, as shown above.

Matching child nodes Finally, the children ofi andb must match. This intuitive understanding is formalized
in [14, 15.3.1 fn:deep-equal] as follows: the sequedmte- [text()) must be deep-equal to the sequence
bl = |text()) . Note that all child nodes returned by this expression mitis¢efulfill the name test or the
kind testtext() . Both tests do not overlap, becausexpands tehild::  *, and returns only element child
nodes of the context node [1, Section 3.2.3]. To cut a longystbort,a{ * [text()) returns all children

of a that are either element nodes or text nodes in document. oirtterestingly, comments and processing
instructions have no influence on the value based equalitpdés as given by theeep-equals  function.

For two sequencefparameterl and$parameter2 to be deep-equal, they must be of the same length,
and “every item in the sequen@parameterl " must be “deep-equal to the item at the same position in the
sequenc&parameter2 " [14][Section 15.3.1 fn:deep-equal].

In order to show that the ways tlikeep-equal  function and Xcerpt ensure the equality of child nodes
comply, another variant of the root elimination rule musirfteoduced: the one with ordered complete terms
on both sides as presented in Equation 32dered because elements rather than attributes are compared,
andcompletebecause data terms rather than query terms are the subjistwssion.

It o th] < U3, ... 2]
Vet ity Ni<icn ti Su 7(t7)

The set of index monotonic functioik,,,,, is defined in [17, Definition 4.6] and has the expected meaning
It is easy to see that there exists only one monotonic, ingegtlve function which is given by (t}) = ¢ for
all left subtermg} and all right subtermg’. Thus, the result of Rule 3.2 will be the conjunction of coaistts
Ai<icntt =4 t2. According to the definition in XQuery, each subterm of tHetend side is simulated with
the subterm at the same position of the right hand side.

(3.2)

3.4.2.2 Comparing Attribute and Text Nodes

As discussed in the last section, for two element nodes taebp-@qual, their attributes must also be deep-
equal. For two attribute nodes to be deep-equal, their figdihames must match, and their “typed values”
must equal. Only under the assumption that all attributesiatyped, and that the equality of atomic values is
the same as the equality of Strings in Xcerpt, it can be gueeathat the comparison of two attribute nodes
in Xcerpt and XQuery yields the same result.

Equality of text nodes is established even easier: Two tedéen “are deep-equal if and only if their string-
values are equal” [14][Section 15.3.1 fn:deep-equal]. beipt, text nodes are “represented as compound
terms with the string or regular expression as label, noesuis, and a total term specification” [17, Section
4.4]. As aresult, the root elimination rule for “left termtivdut subterms”, single curly braces, and right term
without subterms covers the role of theep-equal function in case of text nodes as parameters.

3.4.2.3 Conditions for Compliance of Value Based Node Equ#} in Xcerpt and XQuery

Summing up the comparison between the ways one can cheakbhased equality in Xcerpt and XQuery, the
conditions under which thim:deep-equal function with parameters andb and a constraint store of the
form C'S{a < b A b = a} yield the same result, are recapitulated:

e The parameters andb of thedeep-equal function are two single element nodes.

e Namespace prefixes are expanded both inXlig and X (); expressions.

In XQuery all elements are typedit:untyped  and all attribute nodes are typ&dt:untyped-
Atomic .

Atomic value equality and Xcerpt string equality coincide.

Label comparisons in Xcerpt root elimination rules complthvXQuery string comparisons.

Although these conditions are quite natural, they have thept in mind when relying on the translation
mechanisms in this thesis.
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3.4.3 Theop: i s-sanme- node Function

As mentioned in the introduction, the XQuery data modeludek unique node identifiers for every single
node read from an input resource or constructed during thie&tion of an expression. These node identifiers
are used by thep:is-same-node  -function to find out whether two variables have been bourndésame
nodes. Unfortunately, XQuery node identifiers get lost whedes are inlcuded in element constructors. This
problemis further discussed in Section 5.2.3, becausevints finding out if two bindings in the substitution
set returned by the translation of an Xcerpt query term sterm fthe same node of the processed in put
resource. In this section, the arguments todpds-same-node  function are variables, that are directly
queried from the input resources, and therefore their ndeietifiers do not change.

3.4.4 Thesone-sati sfi es Construct

During the translation of deep Xcerpt pattern restrictj@sstential quantification was preferred over casting
the value of a step expression to a boolean value (Seg Ex@nd its translations), because it may prevent the
compiler from executing dispensable work. The formal uetydynamic semantics sbme-satisfies is
defined in [11, 4.11 Quantified Expressions] by rules 3.1 aRdIf this section it is shown that the translation
of deep pattern restrictions by means of existential gtieation is indeed correct.

dynEnv F Exprl = Itemy, ..., Item,,
dynEnv F VarRef; of var expands toVariable,
(Rule 3.1) dynEnv + varValue(Variable; = Item;)) - Expry = true, 1 <i<n

dynEnv - some VarRef; in Expr; satisfies Expr, = true

Rule 3.1 is read as follows: Létem {1, ..., ltem » be the sequence thBxpr ; evaluates to. If there
exists oneltem ; in this sequence such thBxpr o evaluates tdrue in the initial dynamic environment
augmented by the variable bindidMariable ; = Item ;, then the existential quantification with variable
Variable 1, binding sequenc&xpr ; and conditionExpr » yields true. To allow the use of namespace
prefixes in variable name¥arRef ; is used instead dfariable  in the conclusion of Rule 3.1.

Rule 3.2 specifies the contrary situation. If for B#m ; in Expr ; the conditionExpr 5 evaluates to
false in the respective extended environment, also the existeqtiantification in the conclusion yields
false.

dynEnv F Exprl = Itemy, ..., Item,,
dynEnv F VarRef; of var expands toVariable;
dynEnv + varValue(Variable; = Item;)) - Expr, = false
(Rule 3.2)

dynEnv + varValue(Variable; = ltem,,)) - Expr, = false

dynEnv - some VarRef; in Expr; satisfies Expr, = false

To show the equality of deep pattern restrictionsXid’, and its translations above, consider the following
constraint store:

CS ={ var X as tag0 {{ tagl {{ }} }} = d }

whered is a data term. The constraint store is simplified by the rbtieation rule for incomplete unordered
query term specifications 2.2. Let, ..., ¢, be the children ofi. Under the assumption that the outermost
label ofd matches witrtagO , the application of thas elimination rule followed by the root elimination rule
transforms the constraint store to:

CS ={{tgl {{}} Zuc,tagd {{tagl {{ }} }} =u X, X =ud };

{tagl {{ }} <u o tag0 {{ tagl {{ }} }} =u X X =<, d } }

This constraint store yields the substitution X =d if at teasec;, 1 <1 < k hastagl as its outermost label.
On the contrary, if alk; are incompatible with the lab&gl , the constraint store yields false, and no binding
for X is returned. This is exactly the semantics as specifiedites 3.1 and 3.2.
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3.5 Translating From X5 to X Q-

In this section, an automatic translation algorithm 6€'; expressions is given in form of translation rules.
The algorithm builds upon the following principles and nath, some of which are results from the previous
sections.

e Itis possible to translate a query term recursively by figdirst a translation for the parent, and taking
care of its children later.

e A query term and all of its subterms need to be associatedfveish XQuery variables. These variables
may either be bound infar -clause or ssome-satisfies construct. In order to not return dupli-
cates in the substitution sets to be produced, existenightifications are preferred when there is no
new Xcerpt variable at any level in the query term to be traesl.

e In order to decide which variables are new in the sense thsticlo variable has yet been translated, it is
necessary to keep track of a list of Xcerpt variables thatlaready been translated. This list is named
XCVsin the translation rules below.

e XQuery variables that are associated with subterms of tmevar varname as label {{- }}
need to be remembered and returned as subterms in the stiissitproduced. The associations be-
tween XQuery variables and Xcerpt variables are storedist A$ such as [(XCVarl, XQVarl),

..., (XCVvark, XQVark)] 2,

e Subterms including new Xcerpt variables (variables notcgettained inXCVs) must be translated be-
fore siblings that do not include new variables. This is hesterstood by reconsidering the XQuery
expression in Section 3.2.10. The red subterms in this egfme include new Xcerpt variables and are
therefore translated bipr -clauses. The ones without new variables are marked blueranslated by
some-clauses. Emitting aome-clause before &or -clause would give rise to the following problem.
Thefor -clause would have to be included in tten -clause of the surroundinfy -clause. For good
reasons, however, the variable bound bysbme-clause is not available in its surroundiiig-clause,
and injectivity or deep-equality constraints between thgables of thdor - andsome-clause could
not be emitted in the scope of both variables.

e Injectivity constraints need to be produced for each pasgiloifngs whose tag names overlap. Naturally,
these injectivity constraints may only appear within tbe - or some-clauses binding both variables.
Injectivity constraints such gésvl, $v2), ($v1, $v3), ($v2, $v3)] are stored in a list
namednjs

Two kinds of translation rules are used: The first type is deshoy[. . .35 5" "™ and transforms
a list of triples into ordinary XQuery expressions, takingpi account the variable associatiag, the list of
already translated Xcerpt variabl¥€Vs the list of bound XQuery variable§QVsand the list of injectivity
constraintdnjs . The triples consist of a query term, an XQuery variable @iased with the query term
itself, and an XQuery variable associated with the parederad the query term. In the initial call to translate
a query termqt , this list consists only of the single triplgit, $v0, $data) . The four parameters
are all initialized with the empty lisf] . The second type of rules is writtdn. .];, x o Boor @nd covers the
transformation of tuples of variables to boolean XQueryregpions enforcing injectivity constraints. The
following functions are used to reduce the verbosity of taeglation rules:

e label(qt) returns the label of a query terdabel(HTML {{ }}) = HTML

e subterms(qt) : A function returning the list of subterms of a query term:
subterms( HTML {{ body {{ }}, head {{ }} }} ) =[body {{ }}, HTML {{ }}].

e fresh _vars(n) returnsn XQuery variables that have not been used before:
fresh _vars(3) = [$v7, $v8, $vI]

e make_injs(vars) = [($v1, $v2) | $v1, $v2 <- vars, $vl < $v2 | (Haskell no-
tation) returns all pairs of variables out of a list of silgiga From the resulting list, injectivity constraints

2Haskell notation is chosen to syntactically representsd.liThe list items are separated by commas and square tsrackaused as
list delimiters
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are produced. An enhanced version of this function mightkhehether an injectivity constraint needs
to be produced at all for a pair of variables. Obviously, thesy be omitted whensoever the labels of the
subterms associated with the variables do not overlap.

e vars(qt) computes a list containing all variables of a query tegm

e ripe_injs(injs, vars) takes a list of injectivity constraintajs and a list of variablesars |,
and deletes all but those injectivity constraints, whog@atdes are included in the list. The variables
handed over to the function is the list of already bound VdeeXQVs Thus it is safe to emit the
injectivity constraints returned hype_injs

e insert_assoc((XCVar, XQVar), Assocs) inserts a new association between an XQuery vari-
able and an Xcerpt variable into the list of associatidssocs . If the Xcerpt variable is already
comprised withinAssocs , the list remains unchanged.

e getXQVar(XCVar, assocs) returns the XQuery variable associated with X@Var in the list of
associationassocs .

e binding_siblings(qt) returns the list of variable-binding siblings of the tegin that have not
yet been translated. The function is used to ensure thastbinaing variables are translated before
siblings that do not bind any variables.

e bindsvar(qt) takes a query term as its argument and returns true if it bdndsriable at the top
level. In the translation rules it is used to find out whetheleap-equality constraint must be emitted
and whether the lisAs of associations must be updated.
bindsvar(var X as html{{}}) = true andbindsvar(html{{}}) = false

e The functionst+ (concatenation of lists)\ (difference of lists)ength , elem, replicate , not
andzip3 assume their respective Haskell meaning.

As defined by Rule 3.1, the application of a translation rala tjuery terngtl with associated XQuery
variable$vl results in the subterms being added to the list of tripled,tha necessary injectivity constraints
new_injs being added tdnjs . A fresh variable is associated with each of the subternt tlae current
variable$vl is stored as the parent variable of the subterms in the newwhted triples. Moreove$vl is
added to the list of bound variables, and “ripe” injectivignstraints are removed fromjs and emitted as
a boolean XQuery expression within the condition offanclause.

vars(subterms(qtl)) \\ XCVs != [], (Rule 3.1)
XQVs' = XQVs ++ [$vl],
not(bindsvar(qtl)),
fvars = fresh  _vars(length(subterms(qtl))),
new_injs = make_injs(fvars),
ripe_injs = ripe_injs(Injs, XQVs’),

Injs’ = Injs ++ new_injs \\ ripe_injs
triples = zip3 (subterms(qtl), fvars, replicate (length(f vars)) $v1)
[ [(qtl,$v1,$pl), ... (gtk,$vk,$pk)] ﬂjj)?g’sv XQVs, Inis - —

for $v1 in $pl/child::label(qtl) return

if ([ ripe _njs  JioxqQBoor) then
| 0[[ triples ++ [(Qt2,$v2,$p2), ..., (qtk,$vk,$pk)] agg™ v ™
else

The first premise of Rule 3.1 guarantees that the query tgtmcontains a new Xcerpt variable. dt1l
does not contain any new Xcerpt variable, it is translatet am existential quantification instead (Translation
Rule 3.2). In the same way as above, new triples, new injgctionstraints, the set of “ripe” and the set
of remaining injectivity constraintinjs’  are calculated, anfivl is added to the list of bound XQuery
variables. The difference to Rule 3.1 is that insteadfof a-clause together with a nestié#d-clause, aome-
clausewithin anif -clause is produced. The transformation of the injectig@nstraints to a boolean XQuery
expression takes place in thatisfies  -clause, rather than in the condition of tiie-clause. A premise
for this rule (the second one) is that no siblingsgtf contain defining variable occurrences. If there are
siblings of this kind, the triples in which they are contalmeust be brought to the front of the list of triples to
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vars(subterms(qtl)) \\ XCVs == [], (Rule 3.2)
binding_siblings(qtl) == [],
not(bindsvar(qtl)),
XQVs' = XQVs ++ [$v1],
fvars = fresh  _vars(length(subterms(qtl))),
new_injs = make_injs(fvars),
ripe_injs = ripe_injs(Injs, XQVs’),
Injs’ = Injs ++ new_injs \\ ripe_injs,

triples = zip3 (subterms(qtl), fvars, replicate (length(f vars)) $v1)
[ [(qtl,$v1,$pl), ... (gtk,$vk,$pk)] ﬂjj)?g’sv XQVs, Inis - —
if (some $v1 in $pl/label(qtl) satisfies ( [ ripe _injs  JioxqQBoot))
then
[ triples ++ [(qt2, $v2, $p2), ..., (gtk, $vk, $pK)] [hoxg™ X
else ()

be translated first. A rule that formally specifies this rewilg is presented during the translation’6€’; in
Section 4.3.

Note that in rules 3.1 and 3.2, the set of translated XcengabkesXCVsand the set of associatioAs
remain untouched. As a matter of fact these data structuuss omly be adjusted, ifjt1 binds a variable
at the top level, and this case was precluded by the third igesnin the rules above. If these premises are
inverted to readbindsvar(qtl) as inrules 3.3 and 3.4, these parameters come into playtidualiy, the
query termqtl is marked with the superscriptin these rules to denote thAtis the variable bound by the
query term.

The whole sense of keeping track of variable associations issue the right value comparisons (two
XQuery variables associated with the same Xcerpt variabéelio be deep-equal), and to know which vari-
ables to return within the substitution set. In fact, onlygd XQuery variables that are associated with a query
term featuring an Xcerpt variable must be returned. If anrceariable appears multiple times in the entire
query term, it is sufficient to remember only one of its XQueapresentatives. The functiorsert_assoc
takes care of this.

Note that it must be differentiated between the case of aeegl bariable not being contained in the list
XCVs, because it is treated for the first time, and the case thleady occurred elsewhere in the query term.
In the first case (Rule 3.3), the new association is addedettighof associationés and in the subsequent
recursive call to the translation function, the updatedeission list is given as an argument. In the second
case, however, the list remains unchanged, and a deepitgquaalstraint is emitted to ensure value-based
equality among the nodes bound to both XQuery variablese(Rul). Similarly, the list of known Xcerpt
variables only needs to be updated in the first case.

bindsvar(qtl), (Rule 3.3)
not(elem(X, XCVs)),

XQVs' = XQVs ++ [$v1], XCVs' = XCVs ++ [X],
As’' = insert_assocs(X, $v1), As),
fvars = fresh_vars(length(subterms(qtl))),
new_injs = make_injs(fvars),
ripe_injs = ripe_injs(Injs, XQVs’),

Injs’ = Injs ++ new_injs \\ ripe_injs,
triples = zip3 (subterms(qtl), fvars, replicate (length(f vars)) $vi)
[ [(gt1 X,$v1,$p1), ... (gtk,$vk,$pk)] [8520™ ms =

for $v1 in $pl/child::label(qtl) return
if ([ ripe -injs  JtoxoBoo) then
[ triples ++ [(qt2,$v2,$p2), ..., (qtk,$vK,$pK)] lhoxe’™ X Injs’
else ()

Rules 3.1 to 3.4 producr -and some-clauses, and deep equality constraints. The construofion
the substitutions is taken care of by another ruletfoX , whereas injectivity constraints are emitted by

toXQBool.
Processing injectivity constraints is simple comparechshandling of query terms. Each of the tuples
of XQuery variables is enclosed in a negatgdis-same-value function, and all these constraints are

connected bynd (Rule 3.6). There is not even a premise for this rule.
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(Rule 3.4)
bindsvar(qtl),

elem(X, XCVs),

XQVs' = XQVs ++ [$v1],
fvars = fresh  _vars(length(subterms(qtl))),
new_injs = make_injs(fvars),

ripe_injs = ripe_injs(Injs, XQVs’),

Injs’ = Injs ++ new_injs \\ ripe_injs,
triples = zip3 (subterms(qtl), fvars, replicate (length(f vars)) $vi)
[ [(gt1 X,$Vl,$pl), ... (qtk,$vk,$pk)] ]]?Z'XX%V& XQus, Injs - —

for $v1 in $pl/child::label(qtl) return
if ([ ripe dnjs  Jux@pon) and
fn:deep-equal(X, getXQVar(X,assocs)))
then [ triples ++ [(qt2,$v2,$p2), ..., (qtk,Bvk,$pk)] lhoxg™ X ™
else ()

After all of the triples have been processed by one of thesralwove, the element constructors for the
substitution sets are returned (Rule 3.5). A premise fartthlie is that both the query terms to be translated,
and the injectivity constraints are empty. The case thatijity constraints are left, but no more query terms
are to be processed can never occur: When the last XQueaplatogether with the last subterm is processed
by one of the rules 3.1 - 3.4, all XQuery variables that havaer &een assigned to a subterm are included in
the listXQVs At this point, the functiomipe_injs returns all of the remaining constraints, dngs’  is
the empty lis{] .

triples = [I, Injs = ], (Rule 3.5)
As = [(XCV1, XQV1), ..., (XCVK, XQVK)]
[ triples [axor @™ = element xc:substitution_set {

element xc:XCV1 { XQV1 }, ..., element xc:XCVk { XQVk } }

II [($a1, $b1), veny ($ai, $b|)] ]]toXQBool = (Rule 36)
(fn:not(op:is-same-node($al,$bl)) and ...
fn:not(op:is-same-node($ai, $bi)))

Concluding the automatic translation frafiCs to X ()5 two obvious questions about the translation al-
gorithm are discussed: At an arbitrary point in the tranafatis it always possible to find a rule that may be
applied? Does the application of rules terminate?

To answer the first question, two types of premises in thesrave must be distinguished. Ones that
may prevent the rule from being applicable (they are catladi premises in this thesis), and ones that are
only used to assign values to data structures that are passiedrecursive calls to the translation function
(softpremises). Soft premises are irrelevant for this first qaestThe following hard premises occur in the
rules forto X Q:

e vars(subterms(qtl)) \\ XCVs == []
andvars(subterms(qtl)) \ XCVs != [] ,

bindsvar(qtl) andnot(bindsvar(qtl)) ,

binding_siblings(qtl) == andbinding_siblings(qtl) != ] ,

bindsvar(qtl) andnot(bindsvar(qtl))

The list of triples is emptyt(iples = [] ) or not.

These premises can be used to build the decision tree déjpictable 3.8, which is complete in the sense
that for each leaf node a rule is specified. Therefore one lveaya find a rule that is applicable. For the
application of the only rule foto X @ Bool, no premises have to be fulfilled.

Table 3.8 is also helpful in answering the second questicachf the rules 3.1 to 3.4 consumes one
query subterm and adds its children to the list of query tetanise processed. Each subterm is therefore
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Table 3.8: Decision tree for the automatic translation atgm

1 not(triples = [])
1.1 not(bindsvar(qtl))

1.1.1 vars(subterms(qtl)) \\ XCVs != ] Rule 3.1

1.1.2 vars(subterms(qtl)) \\ XCVs ==

1.1.2.1 binding_siblings(qtl) == ] Rule 3.2

1.1.2.2 binding_siblings(qtl) == ] Reorder list of triples
1.2 bindsvar(qtl)

1.2.1 not(elem(X,XCVs)) Rule 3.3

1.2.2 elem(X,XCVs) Rule 3.4

2 triples = ] Rule 3.5

processed exactly once, and the list of triples is empty vatlesubterms have been treated, which leads to the
non-recursive cas2. The only questionable leaf node of the decision trek1s2.2 . It can only occur if

gtl does not bind any variables and results in the siblinggdf that do bind variables to be processed first.
Obviously, this case can occur at most once for each subterm.

3.6 Translating From X, to X5

The translation procedure froii Q> to X C5 is straightforward becausg Q- was trimmed to include only

a tight superset of the expressions produced by translftng X C>. Note that not all expressions X Q-
may be the result of the translation of a query ternXi6's: While the translation algorithm fak C, emits
constraints always as early as possible to generate rdagafficient translations, these constraints are not
required to appear as early as possible in all v&li@, expressions. As an unpleasant consequence for the
translation fromX @, to X Cs, the XQuery expression needs to be examined in its entirefiyré one can
decide whether all required injectivity constraints aregant for a particular set of siblings. This suggests
splitting the translation process into analysis phaseand aconstruction phaseThe analysis phaséuilds
appropriate data structures dedicated to hold all pareifd-celationships between XQuery variables, injec-
tivity and deep-equality constraints. Thenstruction phaseonstructs the resulting query term by consulting
these data structures. While this approach would certdialynore efficient, the algorithm described in the
following queries the original XQuery expression as theyatdta structure, omitting thenalysis phasand
abbreviating the exposition of the translation process.

1. Find the root query termp and remember its XQuery variable name and labeThere is exactly one
root query term which can be identified by searching for a stqgession wittbdata as the parent.
The variable bound in the correspondfiog or some-clause is the one of the root query term.

2. Associate a fresh Xcerpt variabtewith ¢ only in the case that the XQuery variablegodippears within
the returned substitution set, or that it appears withinepeequality constraint. Store the association
of both variables in a lisAssocs . Depending on whether a variable has been assoiciated twittei
query term to be produced is either of the fdffn subts}} orvar X as {{ subts}} , with the list
subts of subterms to be determined in the following step.

3. Find all childrensubts = ¢1,...,c; of g, their respective XQuery variable nam®gl,...,$vj
and their respective labels,...,lj . The children are found in the same way, as the root query
term above, only that this time step expressions includigvariable forq are searched for instead
of $data . Check that for each pair of variabl&si , $vk with overlapping labels, there exists an
injectivity constrainfn:not( op:is-same-node($vi, $vk) ) . If one of these constraints is
missing, the translation procedure fails.

4. For each child; of ¢ determine whether to associate an Xcerpt variable withstaBove, the condition
for the association is that the variable appears eithermitte returnedubstitution element, or
within a deep-equality constraint. If this holds true, detehether the list of associatiodssocs
already contains an XQuery variahlé¢ransitively connected to the varialiei of ¢; by deep-equality
constraints. If this check is positive, associate the Xceapiable ofv with the query terme;. Oth-
erwise use a fresh Xcerpt variable. Now one of the two paiteam X as li{{  subts.}} and
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li{{ subts.}} withli beingthe label of; has been determined for. The list of subtermsubts, of
¢; can be calculated by executing steps 3 and 4, substitatoyy:; andsubts by subts..

Obviously, the translation algorithm described above iteates, because as with the reverse direction,
each XQuery variable (each subterm for the direcfiof, to X Q)-) is processed exactly once.

A further interesting question is whether the translatiaresstable. Naming the translation function of the
algorithm aboveo X C, this amounts to the question if for an arbitra¥y”’s query termg and for an arbitrary
X Q- expressiore the equations 3.3 and 3.4 are satisfied.

(3.3) toX C(toXQ(q))
(3.4) toXQ(toXC(e)) =

q
e

To answer this question it first needs to be defined when twoygeems and twaX Q> expressions are
considered to be equal. Syntactical equivalence shoul@h&daken as a measure for query terms, because
X Q- query terms which are identical except for subterm ordesirggsemantically equivalent. As a matter
of facttoX ) does not define the order in which subterms are to be consttlicim anX Q> expressiore.
Ignoring the order of subterms withikiC'; query terms, Equation 3.3 is in fact fulfilled. A formal prasinot
given in this thesis.

Equation 3.4 does not hold true for arbitrary expressian3o see this consider an expression with an
injectivity constraint between two XQuery variables thepresent sibling subterms of @8Cs query term.
Such an injectivity constraint is superfluous, becauseavigsys satisfied. Nevertheless the grammar produc-
tions allow such constraints, and the translation fidi§» to X C5 simply ignores them. When the resulting
query term is translated back to XQuery, only necessaryfiinjéy constraints are produced. Therefore, the
Equation 3.4 is not satisfied for this example. But the lesstsequirements of equations 3.5 and 3.6 are
fulfilled, which is a direct consequence of Equation 3.3.

(3.5) toXQ(toXC(toXQ(q))) = toXQ(q)
(3.6) toXC(toXQ(toXC(e))) = toXC(e)
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Chapter 4

Translating Complex Xcerpt Query
Terms

The sublanguages treated in this Chapter are calleéd and X Q)3 and are proper supersets®¥t’s and X Q)2
respectively. With the treatment of these two sublangutigeXcpert constructewithout  andoptional
descendants as well as all kind of subterm specificatiorde(ed, unordered, complete and incomplete),
query conjunctions, disjunctions and negations are taé@dlto XQuery and back. As in the last chapter, the
translation functions are called X Q andtoX C, respectively. The sublanguag&)s; of XQuery is chosen
such thatoXQ(q) € XQ3 andtoXC(e) € XC5 holds for all queriegy in XC'3 and all expressions in
X @s. The length of the translations scales linearly with the henof constructs in the original expressions.
This Chapter is divided in four sections. In Section 415 is introduced and some example expressions
are translated to XQuery. An analysis &3 follows in 4.2. In sections 4.3 and 4.4, automatic transtati
algorithms between both sublanguages are presented.

4.1 The SublanguageX C;

There are several aspects’ot’; that are unsatisfactory, because they limit admissibleigsito a rather small
part of Xcerpt query terms. That is why an extensioXa@f; is considered in this section. Enhancements over
XCsy are:

e Ordered and complete query terms are included. Recall¥ldat only includes curly braces denoting
incompleteness in breadth and with respect to order. Irctmapter, all kinds of braces may be used.

e Subterm negation is allowed. It is shown how to translatdhout constructs, including nested
without and ones that contain variable bindings.

o A further extension is the inclusion of tlikesc construct which allows to refer to arbitrary descendants
of a query term.

e Besidesthese enhancements of query terms, also conjus@ia (...) ), disjunctionsér (...) )
and negationsot (...) ) of queries are translated.

Although this is a considerable increase in expressivigydltare still many Xcerpt features, which are not
included:

e namespace variables and label variables

e While optional subtermsre discussed in this section, they are not included in thesublanguage,
because their translation to XQuery would mean that theatimemplexity of the translation is lost.
Nevertheless the transformation of query terms includptgpoal subterms to optional-free query terms
is presented in detail. Applying this transformation, ipisssible to translate an extended version of
X Cj5 including optional subterms t& Q.

e Construct termsare not discussed until Chapter 5, where the emphasis isofaittanslating entire
construct-query-rules.
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e The translation of Xcerpt regular expressions is not exanhin this thesis, but with the possibility to
use regular expressions also in XQuery [14, Section 7.6d4ems likely that a canonical translation is
achievable.

e The translation of position specifications and positioraiables is elaborated, but also they are not
included inX Cj.

e While their tranlsation does not seem to be complicatedditionsto Xcerpt rules are excluded for the
sake of brevity.

e The filtering constructexcept (als referred to asinus in [17][Section 9.1.3]), anglus are neither
included inX C5 nor even discussed.

e In contrast to the boolean connectives of quesdied, or andnot , the homonymous connectives for
query terms, though discussed in this chapter, are notdediin X C's.
4.1.1 Grammar Productions

The following grammar productions comprise all of the gesgxpressible iX C;, but not all queries deriv-
able by this grammar are valid Xcerpt expressions. Althatiglould be possible to exclude such queries by
a finer grained grammar, this grammar is preferred for the sékrevity.

Table 4.1: Grammar productions f&rCs

<QUERY> = and ( <QUERY> ) | or ( <QUERY> % ) | not ( <QUERY> ) |
<QUERYTERM>

<QUERYTERM> = <QNAME> {{ <QUERYTERM}} | <QNAME> { <QUERYTERM> } |
<QNAME> [[ <QUERYTERM>]] | <ONAME> [ <QUERYTERM> ] |
var varname | var varname as <QUERYTERM> |
without <QUERYTERM> | desc <QUERYTERM>

In order to exclude illegal Xcerpt expressions, severalr@isyntactical restrictions are placed upon the
above grammar productions.

e Thewithout keyword may not appear twice in a row. A term of the fowithout without
html  {{ var X }}isillegal. However, it is often desirable to usestedwithout , and these are
included inX Cj.

e Similarly, there must not be more than otesc -construct within the same level of a query term, and
only one variable may be bound to the same query term.

e In the case that a query term uses more than one of the cotsdiesc , without , var , the correct
order of these constructsugthout var varname as desc <QUERYTERM>

In the following sections, each of the enhancements is dgamliby introducing example Xcerpt expres-
sions, and by giving possible translations to XQuery, higfiing advantages and disadvantages of the trans-
lation possibilities. Emphasis is laid upon retaining ineomplexity of the length of XQuery expressions in
terms of the number of constructs employed in the originangtquery. As in the last chapter, the XQuery
results will be included in element constructors that repn¢ the substitution sets of the corresponding Xcerpt
queries. This methode eases the translation of entirercmbsfuery terms in Chapter 5. The XML represen-
tation of these substitution sets is the same as in the lagtteh

It is assumed that the data for the Xcerpt query terms isnatezed, and that the same data is contained
within an XQuery variable nameftata .

4.1.2 Translating Ordered and Complete Query Term Specifictons

The discussion of the enhancementsif’; starts out by introducing other types of brackets for quersns
than just those with unordered incomplete query term spatifins ofX C5. The first objects of interest are
single square brackets, and two translation possibilitieccompared. Consider expressionprs 1.2 -
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Expryio,. := tag0 [ var X as tagl [ tag2 {{ }}, tag3 {{ }}, tagl {{ }} ]I

Ezxpryq2,. selects all thostagl subterms of a root term labeléagO that do not have any siblings, and
that include exactly three subterms labelag? ,tag3 andtagl in the given order. No further restrictions
are placed on these innermost subterms. The first tramsEtipm,l_gg( checks that the number of subterms
of the root node is exactly one, and that the number of chéddhehts on the second level equals three. Fur-
thermore it checks that the node names of the elements oretioad level equatag? , tag3 andtagl
respectively.

ECUPT4.1.2§(Q =

element xc:substitution_set {
for $v1 in $data/child::tag0 return
for $v2 in $vl/child::tagl return

let $sequence = fs:distinct-document-order($v2/child:: *) return
if ((fn:count($sequence) == 3) and
(fn:node-name($sequence[l]) == tag2) and

(fn:node-name($sequence[2]) == tag3) and
(fn:node-name($sequence[3]) == tagl))
then element xc:substitution { element xc:X { $v2 } } else ()

In E:cpr4_1.2gm, the distinct-document-order function is used to ensure that the children$oP
appear in document order Bsequence . In a second and third step, the number of children is checked
using thefn:count  function and the labels are tested for equality. Note thamemnic predicates on lists
(e.g.$sequence[2] ) are not part of the XQuery core, but are normalized at thefilde subsequence

function tofn:subsequence($sequence,2,1)
While this is tranlsation is very straightforward, theraisother interesting translation that is also easily

adaptable to translating incomplete ordered query terntsttaat can do without predicates. It is represented
by EIpT4.1.2§(Q'

Expr =
Praa2s,

element xc:substitution_set {
for $v0 in $data/child::tag0 return

if (fn:count($vO/child:: *) == 1) then
for $v1 in $v0/child::tagl return
if (fn:count($vl/child:: *) == 3) then

if (some $v2 in $vl/child::tag2 satisfies (
some $v3 in $vl/child::tag3 satisfies (
($v2 << $v3) and
(some $v4 in $vl/child:itagl satisfies ($v3 << $v4)))))
then element xc:substitution { element xc:X { $vl1 } }
else ()
else ()

Instead of specifying the exact position of child subterthsy are compared with the< operator, which
is also not part of the XQuery core, but normalized to the fionds:node-before . Obviously, restricting
the number of subterms to one single value and demandinthira exist the same amount of label-matching
totally ordered subterms, equates to restricting the nuofbehildren and checking the labels for the subterms
at each position.

A disadvantage of this method is that dispensable computatre carried out, because foe loops
generate a great number of tuples of which the major partéséill out. On the other hand, the close resem-
blance of this translation method to not only the transtatid incomplete ordered query terms, but also to
that of unordered query terms gives rise to a homogenousrtegd of all term specifications in the automatic
translation process (4.3).

In fact the only difference in translating ordered and ueoed query terms is that for the former ones
order constraints are generated and for the later injégiianstraints. In general more injectivity constraints
need to be generated for the same amount of label overlappbtgrms, which is due to the transitivity of the
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<< operator: Fron$a << $b and$b << $c one candeducka << $c whileitis not possible to deduce
$a = $¢c from$a != $b and$b != $c . As discussed during the treatment®{’s, it is necessary
to producen(n — 1)/2 injectivity constraints for ensuring injectivity amonglabel-overlapping subterms,
however,n — 1 order constraints suffice to ensure a total ordering — ansl itijactivity — among. ordered
label-overlapping subterms.

As mentioned above, translating ordered incomplete quenmg is very similar to this second translation
method for ordered complete query terms. For ordered intetmpuery terms thén:count  constraint on
the number of children is simply omitted.

An efficiency improvement for translations of both completel incomplete ordered query terms would
be to check after each variable assignment in a for-clausether the number of following siblings of the as-
signed element nodes suffices for the rest of the query subterbe matched. A more advanced optimization
would be to not generate bindings to such nodes in the firse@a exemplified iIExpT‘;L_l,QS(Q. Note that the
fn:subsequence  function may have two or three arguments. The first argunsethiel input sequence, the
second one the starting position, and the optional thirdigtige length of the result sequence. In absence of
the third argument, all nodes until the end of the input seqaeare returned.

EIPT4.1.2§(Q =
element xc:substitution_set {
for $v0 in $data/child::tagO return

if (fn:count($vO/child:: *) == 1) then
for $v1 in $vO/child::tagl return
let $seq := fs:distinct-document-order($v2/child:: *) return
if (fn:count($vl/child:: *) == 3) then

if (some $v2 in $vl/child::tag2 satisfies (
some $v3 in fn:subsequence($seq, 2)/self::tag3
satisfies (($v2 << $v3) and
(some $v4 in fn:subsequence($seq,3)/self::tagl
satisfies ($v3 << $v4)))))
then element xc:substitution { element xc:X { $vl1 } }
else ()
else () }

Single curly braces are the final type of brackets to be désmlisn this section. The difference between
translating single curly braces and double curly bracgsasame as the difference in the translation of single
square brackets and double ones: One just needs to chethahmatmber of subterms of the data node equals
the number of subterms of the query term. This is achievethagth thefn:count  function.

4.1.3 Translatingw t hout

Another important Xcerpt constructvygithout and therefore it is included iX C's. Recall thatwithout

only makes sense with double square or curly braces. Aliesats not mentioned within a breadth-complete
parent term may not occur within simulating data terms aryywae translation ovithout  follows exactly

the definition of the decomposition rules for query termswiggated subterms. After successfully searching
for simulating data terms for all the positive subterms efguery term, it is checked whether any simulating
nodes for the negated subterms that fulfill the order, depjaléy constraints and injectivity constraints exist.
Only if this check fails, the simulation succeeds and a suiisin is returned. As a first example consider
Expraisye-

Expryisy. = var X as tag0{{ tagl{{ }}, without tag2{{ }}, tag2{{ }} }}

It matches with all those nodes in the data that are naam@l , have a child node namedgl , exactly one
namedag?2 and arbitrary siblings. A straightforward translation leistquery would beZzpry 1.3, In the

first and second some clause, the positive childrepvof are simulated. If this succeeds, the negated subterm
without tag2 {{ }} is tried to be simulated, taking the necessary injectivagstraints into account.
Injectivity constraints for the pairs of sibling$vl, $v2) and($vl, $v3) are notnecessary, since their
node names do not coincide. Only if this simulation$oB8 fails, the entire simulation succeeds.
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ECUPT4.1.3§(Q =

element xc:substitution_set {
for $v0 in $data/child::tag0 return
if some $v1 in $vO/child::itagl satisfies true then
if some $v2 in $v0/child::tag2 satisfies true then
if (fn:not(some $v3 in $vO/child::tag2 satisfies
fn:not(op:is-same-node($v3, $v2)))) then
element xc:substitution { element xc:X { $v0 } }
else ()
else ()
else ()

If there were more than one negated query subterm, the ataorslwould have to assure that the simulations
for these other subterms fail as well. To see this, imagia¢ @hso the first subterm dfzpry 1.3, Were
negated. For the resulting expressiﬁ?&;pu_lvggm would be a correct translation.

Expr =
Praasy,

element xc:substitution_set {
for $v0 in $data/child::tag0 return

if (some $v1 in $vO/child::tag2 satisfies (
fn:not(some $v2 in $v0/child::tagl satisfies true) and
fn:not(some $v3 in $vO/child::tag2 satisfies

fn:not(op:is-same-node($v3, $v2)))))
then element xc:substitution { element xc:X { $v0 } }
else () }

E:Upr4.1_3z3(Q differs from E:Upr4,1_3§(Q in several ways: The first subterm of the original Xcerpt esgion

is simulated later than the third one. This is due to the reftyesf first searching for a valid mapping for all
the positive subterms (the third subterm is the only pasitme) and then checking the absence of negated
subterms. In contrast t&zpr, 1.3, the absence (rather than the existence) of the first subterst be
checked by encapsulating its simulation ifinanot ~ function. The third and final deviation is that there
are not as manyf -clauses. Note that also expressibmpry.1.3,, could get by with lessf -clauses by
transforming code of the form

if some <BINDING1> satisfies true then
if some <BINDING2> satisfies true then <CONSEQUENCE> else ( )
else ()

into

if some <BINDING1> satisfies (some <BINDING2> satisfies tr ue)
then <CONSEQUENCE>
else ().

The satisfies conditions in general being some other boolean expressamjtsttrue , it is desirable
to also simplify these expressions. This can be achievednyconnecting the outermosatisfies -
condition and the condition of the secaifd-clause to form the new condition of the outermseisfies -
clause. In this manner, the secdhd-clause can be eliminated. In the automatic translationgs®described
later in this chapter, these abbreviations are used wheappdicable.

Two other potentially interesting cases of Xcerpt expa@ssincluding negated subterms, namely the ones
of ordered query terms together withithout and the one of nestaslithout  turn out to be translatable
straightforwardly: The only difference in translating sge brackets is to use order constraints instead of
injectivity constraints. Similarly, nestedthout is translated with nested negated existential quantiinafi
as demonstrated by the following two expressions.

var X as tag0 {{ without tagl {{ without tag2 }} }}
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element xc:substitution_set {
for $v0 in $data/child::tag0 return
if fn:not(some $v1 in $vO/child:itagl satisfies (
fn:not(some $v2 in $vl/child::tag2 satisfies true)))
then element xc:substitution { element xc:X { $v0 } }
else ()

}

In this last expression, the second some clause is triviaildisense that its satisifes clause consists only of the
boolean constaritue . As a matter of fact, any clause of the fosmme $var in <STEP> satisfies

true may be substituted bySTEP>. This is because the node-sequence which the step expressioiates

to, is automatically transformed into a boolean value in al&éan context. If it is the empty sequence, the
resultisfalse ,in case its first elementis a node, the resuitie . This transformation is called findirtbe
effective boolean valuaf an expression [2, Section 2.4.3].

4.1.4 w t hout and Variables

As described in [17], variables occurring within the scopa without never yield variable bindings, but
must be considered as mere constraints of its siblings aiitd ehclosing term. Two consequences can be
drawn from this fact: First, each variable withirmathout must be bound elsewhere in the query term.
Second, expressions of this kind cannot be translatedktfarwardly as in the examples above. To see this,
consider expressiofvzprs1.4,.. Before translating the negated subtewithout var X as tag2 ,
one has to make sure that all defining occurrences of variliiave already been treated. Hence, the us-
age ofwithout in conjunction with variables imposes a restriction on theéeo of translating subterms to
XQuery. The correct translatioBzpry 1.4, first associates the XQuery varial#ie2 with the Xcerpt sub-
termvar X as tag2 before checking for the existence of a child data term wighvih that simulates with

X. Range restrictedness of Xcerpt query terms guarantegsitére is always a positive occurrence for each
variable.

Expraiay. = tag0 {{ tagl {{ without var X as tag2 }}, var X as tag2 }}

Expriiaxg =

element xc:substitution_set {
for $v0 in $data/child::tagl return
for $v1 in $vO/child::tag2 return
if (some $v2 in $vO/child::tagl satisfies (
fn:not(some $v3 in $v2/child::tag2 satisfies
fn:deep-equal($v3,$v1))))
then element xc:substitution { element xc:X { $v1 } }
else ()

4.1.5 Order and Injectivity Constraints Among Multiple Negated Subterms

Injectivity constraints were thouroughly discussed dugitime treatment oX C, and order constraints in Sec-
tion 4.1.2. The introduction of thevithout  construct complicates the question about whether to peduc
constraints for a given pair of siblings. Considétpr, 5... Let$v0 be the XQuery variable represent-
ing the root query term, anfivl, $v2 and $v3 the variables for the three subterms. In the absence of
negations, order constraints would be produced for thesgdiivariable{$vl, $v2) and($v2, $v3)

An order constraint between the last two subterm&irpr, 1 5, does not make sense, however, because
the successfull simulation of only one of the two terms caubke entire simulation to fail. Nevertheless
it is important to ensure the order among the first and lastesoh) such that the pair of order constraints
(v1, $v2) ,($v1, $v3) must be generated to enforce Xcerpts intended semantiexcdrhect transla-
tion of Expra.1 .54 is therfore given byapry 1.5, -

Exprygsye =

tag0 [[ var X as tagl {{ }}, without tag2 {{ var X }},
without tag2 {{ }} 1]
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Expraisyg =

element xc:substitution_set {
for $v0 in $data/child::f return
for $v1 in $vO/child::a return

if (fn:not(some $v2 in $vO/child::b satisfies ($v1 << $v2)) )
then
if (fn:not(some $v3 in $vO/child::ic satisfies ($v1 << $v3)) )
then
element xc:substitution { element xc:X { $v1 } }
else ()
else ()

4.1.6 Translatingopti onal

Regarding the importance of querying possibly incomplatkleeterogenous data on the web, dpéonal
construct deserves to be discussed here. Declaring a subtmptional means that it shall be tried to
simulate the subterm with a subterm of the data term, buthiesgimulation need not fail if no simulating data
term can be found. Using theptional ~ keyword in an Xcerpt query term demands that the same variabl
be markedptional also in the construct part of a construct query rule. Furtioee, optional query terms
must always include a variable binding.

4.1.6.1 Optional Terms without Interrelations between Vaiables

A single optional term is translated by means dba -clause just in the same way as it would be without
theoptional  marker. In the case that there is no data term that the quenydienulates with, nothing will

be returned. This simple translation is feasible, becauwseptional s rather insignificant in expressions
with a single variable occurrence suchBspr,. 1 6.1, — it would have almost the same meaning without
theoptional . The only difference between including and omitting tpgional  is that in the case of no
subterm matchingar X as tagl {{ }} , the usage obptional  would prevent the query term from
failing, returning the empty subtitution set instead. |hestwords, the usage of optional subterms is more
beneficial in the case of multiple variables within a queryte

Expriisiy. = tag0 {{ optional var X as tagl {{ }} }}

Expryi61xo =

element xc:substitution_set {
for $v1 in $data/child::tag0 return
for $v2 in $vl/child::tagl return
element xc:substitution { element xc:X { $v1 } }

4.1.6.2 Optional Terms with Related but Distinct Variables

In contrast to the example above, the construct query Rulgr, 1 6.2, May actually produce heteroge-
neous substitutions. They may either include bindings licheee variables, only for variablg andY, only
for variablesX and Z, or only for variableX. Therefore the translation is not as trivial as above. A poss
ble translation checks for each binding of variaklé there exist siblings with tag nantag2 andtag3 .
Depending on the result of these tests, different subistitstare returned. Bindings for variabYeare only
included if the test fotag2 succeeds, those f@ronly if the test fotag3 succeeds.

Expraie2xe ==

tag0 {{ var X as tagl,
optional var Y as tag2,
optional var Z as tag3

1
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Expryi6.2xo =

element xc:substitution set {
for $v0 in $data/child::tag0 return
for $v1 in $vO/child::tagl return
if ($vO/child::tag2) then
for $v2 in $v0/child::tag2 return
if ($vO/child::tag3) then
for $v3 in $vO/child::itag3 return
element xc:substitution {
element xc:X { $v1 },
element xc:Y { $v2 },
element xc:Z { $v3 } }
else element xc:substitution {
element xc:X { $v1 },
element xc:Y { $v2 } }
else if ($v0/child::tag3) then
for $v4 in $v0/child::tag3 return
element xc:substitution {
element xc:X { $v1 },
element xc:Z { $v4 } }
else element xc:substitution { element xc:X { $v1 } }

}

Expry.1.6.2x, €xposesthat the length of an XQuery translation of of a qtegny includingoptional  grows
exponentially with the number afptional  in the original Xcerpt expression. The formal justificatitmn
this is that for each optional variable, two substitutionssirbe returned — one including the optional variable
and one without. Hence the number of different possibletsubiens is2° whereo is the number of optional
subterms.

4.1.6.3 Transformingopt i onal into wi t hout

A different, elegant approach to translatiigprs 1.6.2. IS to first convert query terms featuring optional
subterms into a disjunction of query terms with negatedesufg, as exemplified in [17Expra1.6.5. IS the
result of transformingzzpry 1 6.2 IN this manner. Having already examined the possibilitegrnslating
without, the translation oEzpr4.1 6.3, IS rather straightforward. The only remaining questionuthmw to
translate disjunctions of query terms will be treated int®ect.1.7.1.

Expryi63xe =

or ( tag0 {{ var X as tagl, var Y as tag2, var Z as tag3 }},
tag0 {{ var X as tagl, without tag2, var Z as tag3 }},
tag0 {{ var X as tagl, var Y as tag2, without tag3 }},
tag0 {{ var X as tagl, without tag2, without tag3 }} )

Note that the variables Y and Z must be left away in the negaibterms, because they do not occur unnegat-
edly elsewhere in the expression. If they were bound in saitmer @art of the query term, we would need to
include them in the negated subterm. This issue is deeparikd following section.

At first glance, the fact that one may usptional  but notwithout  within breadth-complete query
terms causes a problem. Is it still possible to transforraditecomplete query terms containiogtional  ?
The solution is quite simple: The query term is transformest ps if it were breadth incomplete, but the
negated subterms are omitted.

4.1.6.4 Variables within Multiple opt i onal s

This section lifts the restriction from the last Sectiontthaariable appears within at most one optional sub-
term. In the case that a variable occurs within more than ptiermal subterm, the order of simulating optional
subterms with data terms affects the resulting substitig@is. To see this consider expressimra 1.6.4 ¢ -
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Expryieas, = tag0 {{ optional var X as tagl, optional var X as tag2 }}

Querying the datéag0 [ tagl [], tag2 [] ] with Ezpry.1 6.4, We would expect the substitution
set{ {X ~— tagl[]},{X —tag2[]}} . Anintuitive translation |ikeExpr4_1,6_4§(Q, however, yields only
the first one of the substitutions. This problem originatesischeduling a stiff simulation order. The query
subterms are simulated in the order they appear in the geery. tThus the subterwar X as tagl is
simulated first, succeeding with the example data. Now thaechance for the second subterm to succeed,
because the variable constraints Xoare incompatible.

Expryi64xo =

element xc:substitution_set {
for $v0 in $data/child::tag0O return
if ($vO/child::tagl) then
for $v1 in $vO/child::tagl return
if (some $v2 in $vO/child::tag2 satisfies
fn:not(op:is-same-node($v2, $v1)) and
fn:deep-equal($v2, $v1))
then for $v2 in $vO/child::tag2 return
element xc:substitution { element xc:X { $v2 } }
else
element xc:substitution { element xc:X { $v1 } }
else if ($v0/child::tag2) then
for $v3 in $vO/child::tag2 return
element xc:substitution { element xc:X { $v3 } }
else ()

}

Interestingly, this problemis solved by transformingdiptional  intowithout as exhibited irEa:pr4.1_6.4g(c.
Itis obvious that the first disjunct afzpr, ; ¢ 4,  cannot simulate with any data term. The expected sub-
stitution set is generated by the second and third disjeacth of which contribute one substitution. The last
disjunct does not simulate with the data. A final noteworisue is thavar X should be left out in the last
disjunctif Expra 1 .49, , IS not part of a larger query or query term. Otherwise it migdygpen, that a defining
occurrence oK appears elsewhere in the query term.

EIPT4.1.6.41;(C =

or ( tag0 {{ var X as tagl, var X as tag2 }},
tag0 {{ without var X as tagl, var X as tag2 }},
tag0 {{ var X as tagl, without var X as tag2 }},
tag0 {{ without var X as tagl, without var X as tag2 }} )

4.1.6.5 Nestedpti onal Terms

A further interesting case is the one of nested optionalseasin eXpreSSiOECI?pT4,1_6,5§(C.

Expryaese, =

tag0 [[ var X as tagl [[]],
optional var Y as tag2 [[
optional var Z as tag3 [[]]

1]

/l]pparently, it may not occur that a substitution resultingn this query term contains a binding for vari-
ableZ and at the same time no binding f6rTo reflect this the translation &zpr,.1 6.5 does nottry to find
a simulating node for the subterm including variablevhen the simulation forar Y as tag2 [[ ... ]]
fails. Theelse -clause in question simply returns a substitution withas the only included variable. Note
that there is no need to ponder about the simulation ordéiwizpry.1.6.5«,, because there is no variable
that occurs within multiple optionals.
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Exprii6sxo =

element xc:substitution_set {
for $v0 in $data/child::tag0 return
for $v1 in $vO/child::tagl return
if ($vO/child::itag2) then
for $v2 in $v0/child::tag2 return
if ($v2/child::tag3) then
for $v3 in $v2/child::itag3 return
element xc:substitution {
element xc:X { $v1 }
element xc:Y { $v2 }
element xc:Z { $v3 } }
else element xc:substitution {
element xc:X { $v1 }
element xc:Y { $v2 } }
else element xc:substitution { element xc:X { $vl1 } } }

An alternative approach to translatitigz:pm,l_@g;g(c is to first transform the optionals into without as has
been shown above. With nestegtional  terms this is not as canonical as before. Similarly to theadir
translation, the disjunct that binds variable Z and negie$erm that would be bound ¥must be omitted,
otherwise the translation would not even be range restiiatéth variableZ only occurring in a negated
subterm.

Eaxpr =
Praae.s,

or (
tag0 [[ var X as tagl [[]], var Y as tag2 [[ var Z as tag3 [[I] 1l
tag0 [[ var X as tagl [[]], var Y as tag2 [[ without tag3 [[]] ]I,
tag0 [[ var X as tagl [[]], without tag2 [[ 1] )

Summing up the translation possibilitiesagtional , it needs to be emphasized that there is no way of
translating Xcerpt expressions includiagtionals  to XQuery such that the length of the translation scales
linearly with the length of the archetype. The revealedsfarmation method does not solve this complexity
problem, but presents a viable alternative for directinstating optional subterms.

4.1.7 From Query Terms to Queries: Translatingand, or and not

As exemplified by the transformation optional  to without in the previous section, disjunctions — and
also conjunctions and negations — are important extenstwsesnple query terms. Furthermore translating
certain XQuery expressions that lack injectivity consttgiis outright impossible without conjunctions and
disjunctions. Thus it is important to discuss these cogsiru

4.1.7.1 Translatingor

ReCOHSidEIE:CpQ_l.G_()g(C, which is the result of the elimination of the optional subte ofE:cpr4_1,6_5g(c.
How is this disjunction of query terms translated to XQuekg? Q := or{Q1, ..., 9, } be a disjunction of
query terms. As Schaffert states in his thesis,"merely merges the resulting sets of substitutions resgilti
from the querie®,, ..., Q," [17, Section 4.5.2]. As an XML representation of the suioion set, it is thus
sufficient to append the translations of g within the same enclosimg:substitution_set element
as shown inopra1.7.1x4-

Expryiriyg =

element xc:substitution_set {
for $v0 in $data/child::tag0 return
for $v1 in $v0/child::tagl return
for $v2 in $v0/child::tag2 return
for $v3 in $v2/child::itag3 return
element xc:substitution {
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element xc:X { $v1 },
element xc:Y { $v2 },
element xc:Z { $v3 } },
for $v0 in $data/child::tag0O return
for $v1 in $v0/child::tagl return
for $v2 in $v0/child::tag2 return
if fn:not($v2/child::tag3) then
element xc:substitution {
element xc:X { $v1 },
element xc:Y { $v2 } }
else (),
for $v0 in $data/child::tag0 return
for $v1 in $vO/child::tagl return
if fn:not($vl/child::tag2) then
element xc:substitution {
element xc:X { $v1 } }
else ()

}

Note that the injectivity of node$vl and$v2 is not an issue, because their labels differ. Repeatedly
binding the same variable nan®g0 , $v1, and$v2 is not a problem inzpry.1.7.1 ., because their scopes
do not overlap. Prescinding fromxpm_lﬁﬁgm and taking into account also those disjunctions that magyie
equal substitutions for different disjuncts, it may be @djthat just appending the substitutions from different
disjuncts will result in duplicates in the substitution.s€hough this is certainly true, duplicates may also be
returned by single query terms, and this is accepted. In roasgs it is not satisfactory to eliminate duplicates.
This is why duplicates in this thesis are not eliminatedmigiquery translation, but only when explicitly asked
for in construct terms — for example by using the duplicatmielatingall -construct. As a consequence,
substitution sets in this thesis are not sets in the mattieahabeaning of the word, but rather multisets or
bags of substitutions.

As a final observation, the presented treatment of disjanstivorks fine also for the special cases that the
number of disjuncts is zero or one. For= 0 the empty substitution set is returned, andsfo& 1 the result
coincides with the isolated translation @f;.

4.1.7.2 Translatingand

Connecting query terms withnd is especially useful when querying different XML sourcestwthere-
source construct. Apart from thaand is needed to translate certain XQuery expressions thatdacie
order or injectivity constraints for pairs of siblings to etpt. As a trivial example for aand -connected
query, consideFxprs 1.7.2, ., Which queries all thosegl subterms of a root node namtjO that also
occur within a root node namedgl and include a subterm nam&ay2 .

Erpryi7axe =

and (
tag0 {{ var X as tagl }},
tagl {{ var X }}

)

Expryirox, =

element xc:substitution_set {
for $v0 in $data/child::tag0 return
for $v1 in $v0/child::tagl return
for $v2 in $data/child::tagl return
for $v3 in $data/child:: * return
if (fn:deep-equal($vl, $v3))
then element xc:substitution {
element xc:X { $v1 } }
else () }
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The translationyzpry.1.7.2, differs from translations of disjunctions of queries intthaxc:substitu-
tion elementappearsinonly oneturn clause, whereas ilizpry 1.7.1,, the number ofeturn  -clauses
with xc:substitution -elements equals the number of disjuncts in the correspgrXtierpt query.

The translation procedure can be described as follows: Wiatg to aselection strategpne of the con-
juncts is chosen. This conjunct is translated almost in éineesway as if it were a single query term. The case
in which it is not a query term but a query, is precluded forith@ment. The only difference in translating
this first conjunct from translating a single query term iattthe final return clause does not return the XML
representation of a substitution set, but the translatfdhe conjunct which is chosen next according to the
selection strategy. Only after translating the final conjuhe substitution, including bindings for the union of
all variables of all conjuncts, is returned. But what hapgiéthe conjunctis a query? The case that it contains
a negated query term is treated in the following section]enihis easy to take measures to circumvent the
case of disjunctions in the conjunct.

The selection strategy mentioned above needs to ensurenthjaincts including defining occurrences of a
variable are translated before conjuncts with consumirgences of the same variable.

Itis easy to adapt the translation algorithm presenteddulie treatment ok C; to include also conjunc-
tions of query terms. Usually, the translation algorithartgd out with one single step represented by a triple
including the special variabledata , a fresh variable nant®v0, and the query term to be translated. When
translating a conjunction of queries the list of triples @ mtitialized with a single element but one for each
conjunct. The parent variable for each query ter®data and a fresh variable name for each of the conjunct
guery terms is reserved. This is also exactly the way theskation of conjunctions is handled in Section 4.3.

The final question which remains to be answered in this saistltow to guarantee that a conjunct which is
to be translated, does not contain a disjunction of querggeihe answer is to bring the query in disjunctive
normal form by applying the distributive law:

and(or(Q1,. .., 9n), Qnitls -y Qnim) =
or(and(Q1, Qni1y -5 Qntm)y -, and(Qn, Qng1y- -y Qntm))

4.1.7.3 Translatingnot

Semanticallynot is very similar towithout . The only difference is thatvithout may only occur within
query terms, whileot serves to negate queries, usually within a conjunction efigs. Assuming that all
not is free of conjunctions and disjunctions, the translatimtpdure — which is treated in Section 4.3 — does
not differentiate between query term negation and querati@y De Morgan’s laws can be used to transform
queries such that query negations only appear as the inseomestructs odnd, or andnot .

not(and(Q1, Q2)) = or(not(Qy),not(Qsz))
not(or(Q1, Q2))) = and(not(Q1), not(Qs))

As an example of a conjunction that includes a negated gaary, tonsider a slight variation &fzprs 1 7.2

Exprairsxe ==

and (

not(tagl {{ var X as tagl {{ tag2 {{ }} }} 1},
tag0 {{ var X as tagl }}

)

Similarly to negated and positive subterms with commonaldes within ordinary query terms, a correct
translation must first translate the second query term Useciayields a variable binding fo¢, whereas in the
first query term there is only a consuming occurrenc¥.drhis is reflected in the following translation.

Expryirsy, =

element xc:substitution_set {
for $v0 in $data/child::tag0O return
for $v1 in $vO/child::tagl return
if fn:not(some $v2 in $data/child::tagl satisfies(
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Table 4.2: Grammar productions farQs

<XQ_3> := element xc:substitution_set { <EXPR> (, <EXPR>) * }
<EXPR> := <FOR> | <IF> | <SUBST>
<FOR> .= for <VARIABLE> in (<CHILD>|<DESC>) return <EXPR>
<IF> = if (<BEXPR>) then <EXPR> else ()
<BEXPR> := <INJ> | <DEQ> | <BEF> | <COUNT> |
<SOME> | <AND> | <NOT> | true
<SUBST> ::= element xc:substitution { <BINDG> }

<BINDG> := element xc:<XCVAR> { <VARIABLE> }

<CHILD> := <VARIABLE>/child::<QNAME>

<DESC> := <VARIABLE>/descendant::<QNAME>

<INJ> = fn:not(op:is-same-node(<VARIABLE>, <VARIABLE >))

<DEQ> = fn:deep-equal(<VARIABLE>, <VARIABLE>)

<BEF> .= fn:node-before(<VARIABLE>, <VARIABLE>)

<SOME> := some <VARIABLE> in (<Child> | <DESC>) satisfies < BEXPR>
<AND> = <BEXPR> and <BEXPR>

<NOT> = fn:not(<SOME>)

<COUNT> := fn:count(<VARIABLE>/child:: *) == <INTEGER>

some $v3 in $v2/child::itagl satisfies ($v3/child::tag2)
and fn:deep-equal($vl, $v3)))
then element xc:substitution {
element xc:X { $v1 } }
else () }

4.2 The SublanguageX (3

As mentioned in the introduction of this chaptéf()s is a proper superlanguage &fQ),. The following
constructs are included i @3, but notinX Qs:

e Thedescendant axis is necessary to translate thesc -construct of Xcerpt.

e In addition to injectivity constraints, order constraistech agn:node-before($vl, $v2) are
allowed to enforce Xcerpt order constraints in XQuery.

e Constraints on the number of children are put into effecti@fi:count() function. Arguments to
this function inX C3 must be of the formxVARNAME>/child::  *.

e Theand connective is a shorthand for nesiéd-clauses as has been shown in Section in 4.1.3. There-
fore it is not strictly necessary to included in X @3, but it improves the readability of the translations.
The other newly added boolean operdtonot  serves to translate query negationt() ) and query
term negationwWithout ). Note that whilenot() was already used in injectivity constraintsXiC’,
it may be used to negate any boolean expression produceBB}PR>in the grammar productions for
X5 (Table 4.1).

e The outermost XQuery element constructor, namelythsubstitution_set element construc-
tor, may contain &equencef expressions, which allows the translation of Xcerpt guisjunctions.

All other constructs are already part &fQ)-. All expressions withinX Q3 can be derived by the grammar

in Table 4.2, but some additional restrictions are placezshyalid X Q3 expressions.

4.2.1 Grammar Productions

In Table 4.2<QNAME3s a qualified name as defined in [RYARIABLE> is a valid XQuery variable name,
<XCVAR>is an Xcerpt variable name. An expressiéhin X 5 must additionally satisfy the following
restrictions:
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e XQuery variables are unique, meaning the same XQuery \larizgdme is bound only once within a
valid X Q3 expression. This constitutes only a syntactical restnigtsince expressions infringing this
constraint can be easily transformed into a valid) 3 expression by renaming variables.

e Order constraints are only allowed for variables refertmgiblings. It would be possible to translate
unrestricted order constraints 3C'; but this is not considered in this thesis. For injectivitystraints
this restriction is lifted, since children of different reglin tree structure are always distinct.

e Arestriction inherited fromX (5 is that theelse clause of conditionals is always the empty sequence.
It would be interesting to examine a sublanguage freed flase last two restrictions and check whether
X C5 may be used to express its translations, but this is noetlaatthis thesis.

e For each XQuery variable, there must be at most one countredmts It would also be possible to lift
this restriction, ignoring all but one of tHa:count  functions in the translation, if they coincide, and
restitutingFalse if there are contradicting constraints on the number ofdchit of a variable.

4.2.2 Translating Partial Injectivity Constraints

When translating Xcerpt query terms to XQuery, injectiviiypreserved either by generating injectivity or
order constraints depending on the type of brackets usdd.eHsy to reverse this translation process if all
required injectivity constraints are preseiffartial or even absent injectivity constraints asflvpry.2.ay,
complicate this reversal.

Exprisayg, =

element xc:substitution_set {
for $v0 in $data/child::tagO return
for $v1 in $vO/child: * return
for $v2 in $vO/child:: * return
element xc:substitution {
element xc:X { $v1 }, element xc:Y { $v2 } } }

Exprysaq = tago {{ var X, var Y }}

If this query were translated usingzpry 2 29, Substitutions mappingvl and$v2 to the same node
would be mistakenly eliminated. Note that this problem dowt occur if the tag names of both siblings were
different. The correct translation needs to take into anttwoth cases: Eithebvl and$v2 are bound to
distinct nodes, or to the same nodes. Both of these caseerameated via a disjunction:

Eapry g = oF (tag0 {{ var X, var Y }}, tag0 {{ var X }})

The problem withExpr, , 5»  is that there are substitutions which do not include binglifog variable
Y. In all these substitutions should be mapped to the same valu&XaRange restrictedness requires all non-
optional variables which appear in the construct part of@taube mandatory (non-optional) in all disjuncts of
the query part of the rule. This means it would not be alloveagseY in the construct part of a rule with query
part Expry oo - A solution to this problem is to markK optional both in the query part and the construct
part. Occurrences of in the construct part may further be extended by a defaulteszhr X , which is
exemplified by the following rule:

Exprygog =

CONSTRUCT
Xc:substitution_set [
all xc:substitution [ xc:X [ var X ],
xc:Y [ optional var Y with default var X] ] ]
FROM
or (tag0 {{ var X, var Y }},
tag0 {{ var X, optional var Y as xyz:abc {{ }})
END
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A singularity of Ezpry o 25 . is the namespace prefiyz beforetagl . The namespace boundxyz
must be uniquely chosen in order to make sure that this sesobtérm cannot accidentally match. It is
only included to make zpry 2 25 . range restricted. Range restrictedness demands thattahapterms
in the construct part appear also negatively (defining) ehefisjunct of the query part. Alternatively, range
restrictedness could be ignored and this subterm couldfiveue

An obvious disadvantage of this kind of translation is thagiuses interdependencies between the trans-
lation of construct and query parts. Furthermore it ben&fis optional , which is actually not part of the
languageX C3. This is why other translations have to be found. Last butleast it is not extensible to the
case of a variable lacking more than one injectivity coristra

An obvious alternative is to put aside injectivity by usihgand connective of queries:

Eapry g0 = and (tag0 {{ var X }}, tag0 {{ var Y }})

This translation works fine as long as there is only one rowé&s] e.g. an XML document, associated with
the query. If the query term is part of a rule which particgsain rule chaining, however, it may occur that the
disjuncts simulate with different rooted trees. This meaese is no way of knowing that the terms referred to
by XandY belong to the same parent node, which was clearly the secsanitihe XQuery archetype. Luckily,
the translation is rescued by the possibility of usamgl to connect not only multiple queries, but also query
terms.

While it is being discussed to alloand to connect query terms, this has not officially been addetgo t
Xcerpt standard.

4.2.2.1 Making use of theand Connective for Query Terms

Keep in mind that the semantics of thed connective for query terms differs significantly from thensatics

of theand connective for queries. In the case of queries, both cottgumeed to simulate with arbitrary data
terms and the substitution sets are joined. The differemdhat in the case of the conjuncts being query
terms, the same data term must simulate with both of the aetgu Thus ifExzpr, , 54  is considered as a
conjunction of query terms, the translation is correct. Wifteand connective for query terms, also more
complex queries can be translated:

Expryssiy, =

element xc:substitution_set {
for $v0 in $data/child::tagO return

for $v1 in $vO/child:: * return
for $v2 in $vO/child:: * return
for $v3 in $vO/child:: * return

if (fn:not(op:is-same-node($vl, $v3)) and
fn:not(op:is-same-node($v2,$v3))) then
element xc:substitution {
element xc:X { $v1 },
element xc:Y { $v2 },
element xc:Z { $v3 } } }

In Exprasa.ix, Only the nodes bound to the variabisl and$v2 may coincide, all other pairs are
guaranteed to be distinct. Using the same method as abeveotrect translation iEzprs 2.2.1 .-

Exprasaiy, == and (tag0 {{var X, var Z}}, tag0 {{var Y, var Z}})a

Prescinding fromE'zpry.2.2.1 «,, cOnsider a query term with children withoverlappingtag names, and
k injectivity constraints among these children. It is easgde that: + & is an upper bound for the number
of conjuncts needed: Since the number of variables @ne conjunct can be reserved for each variable, and
as well one conjunct for each of theinjectivity constraints. At the same time, the approximatcannot
be much better. Obviously, is not an upper bound for the number of conjuncts, becauserathe case of
no injectivity constraints, each variable must appear ile@ast one conjunct. Furthermorejs not an upper
bound for the number of conjuncts far> 5. To see this, consider the variablds V, W, X, Y, Z and
injectivity constraints among the paifd,Vv), (V,W), (W,X), (X,Y), (Y,2), (Z,W), (U,X)
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Note that there is no triple of variables that is required ¢oblmund to mutually distinct nodes and could
therefore be contained in one single conjunct. As a restdryesingle constraint has to be realized by its own
conjunct, which yields a total number of seven constraiotsix variables.
There is, however, another upper bound for the number ofiredjgonjuncts in terms of the number of

missing injectivity constraint@'(’;—’l) —k. Only one conjunct, namely the one including all variabileageded
to express the presence of all injectivity constraints. sThievident, because this conjunct is the preimage of
the translation of an unordered partial query term to XQuéspon deleting the injectivity constraint that
distinguishes the variable§l and X2, the conjunct is split up into two conjuncts, one excluding variable
X1 and the other excluding the variatd@. Taking away another injectivity constraint among varéesistinct
from X1 andX2 causes again the number of conjuncts to double. Taking aajectivity constraint among
variables that are not “fresh”, causes only those conjuwttich contain both variables to divide. Thus,

==~k is another upper bound for the number of required conjurfatsoptimized upper bound is given
by the minimum of the first two:

n-(n—1)

(4.1) min(n +k, 2= 2 %)

The discussion of the upper bounds for the number of corgugige rise for an algorithm to construct
them. For a given number of subtermand a given number of present injectivity constrainiiss determined
which of the upper bounds is lower. In the case of few injéfstivonstraintsn + k is less thar@ — k,
and the conjuncts are constructed by creating one conjon@&gdch injectivity constraint and adding single
variable conjuncts for all those variables that do not oacitinin any injectivity constraint. In the case of
almost complete injectivity constraints, one single cojus created including all variables, and for each
missing injectivity constraint, the conjuncts are split@scribed above.

So far, the assumption has been made that the labels of llstiiterms overlap, which is the worst case
scenario. In general, there are only few overlapping lala#ld most of the injectivity constraints — although
not explicitly stated — are enforced by distinct tag namesfoRe translating{ 3 queries with partial explicit
injectivity constraints, it needs to be verified if there isyachance that injectivity may be violated. In the
major part of every day queries, this is certainly not thesc&3therwise, the sets,, ..., C,, of overlapping
tag names as defined in 3.2.2 need to be calculated. An uppedlior the number of indispensable conjuncts
is the sum of the application of Equation 4.1 to each ofithe

4.2.2.2 Making use of theor Connective for Query Terms

Similar to theand connective for query terms, the correspondinghas not been added to the official Xcerpt
standard yet. Nevertheless, this sectionexamines whittinery be helpful for translating partial injectivity
constraints. The idea is to distinguish for each missinggiiyity constraint the cases that both variables refer
to the same node and the case in which they refer to distimgsidNVhile the first case is realized byamd
connective, the second case can be represented by an griicenpt query subterm. The following Xcerpt
query is a correct translation é&fzprs.2.2 ., . Note that in this case it is insignificant whether treoperator

is a connective for query terms or entire queries.

Exprasaa,. := or (tag0 {{ and (var X, var Y) }}, tag0 {{ var X, var Y }})

Although Ezpry 222, is adequately short, this translation method scales veoylypoAs mentioned
above, for each missing injectivity constraint it must b&tidiguished between the case that it would be violated
(if it were present) and the case that the variables arerassig distinct nodes. Thus, the number of required
disjuncts rises exponentially with the number of missirjgétivity constraints. As has been shown above, one
can do better by only using tl@d connective.

4.2.3 Translating Partial Order Constraints

A very similar problem that may occur when translating fr&r; to X Cs5 is that some of the order constraints
are absent:
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Exprissoxe =

element xc:substitution_set {
for $v0 in $data/tag0 return
for $v1 in $v0/  * return
for $v2 in $v0/ = return
for $v3 in $v0/  * return
if ($v2 << $v3) then
element xc:substitution {

element xc:X { $v1 }, element xc:Y { $v2 },
element xc:Z { $v3 } }

else () }

It turns out that also for these kinds of expressions the tsasslation method is the use of thad
connective for query terms:

Exprassoc. :=and (tag0 [[ var Y, var Z ]], tag0 [[ var X 1)

Thanks to the transitivity of order constraints, the maximoumber of conjuncts in the translations of
partial order constraints is less than the number of reduiectivity constraints above: In the case of no
order constraints, one conjunctis reserved for each ariathis is the same case as the one without injectivity
constraints. To enforce a total ordering amaenigbel-overlapping subterms,— 1 order constraints suffice.

4.3 Automatic Translation of X (C5to X Q3

In this and the following part of this Chapter automatic slation algorithms are introduced that generalize
the translation of the example expressions from the lagiosec This section discusses the functioX
that mapsX C53 queries taX @03, and is divided into two parts covering the translation adigiterms and entire
queries.

4.3.1 Translating X5 Query Terms

Translating query terms iX C5 is achieved in a very similar fashion to the translation afiyuterms inX Cs,

as presented in 3.5: Two kinds of rules are employed. Thetiumto X is the main translation function. It
recursively calls itself multiple times during a transteitj and each call produces a fragment of the result such
as element nodes arfdr -clauses. In contrastpX Q) Bool produces boolean XQuery expressions such as
some-clauses, before constraints, injectivity constrainégmequality constraints, negations and conjunctions
of boolean expressions. Both of these recursive functiomsxended versions of the ones introduced during
the treatment o Cs and X Q». to X Q is equipped with an extra argumédefs (abbreviation for “befores”)
holding the order constraints.

With respect to the translation procedure }6€5, there is only a slight difference in translating unordered
breadth-incomplete subterms without negations and ddscgisonstructs: Besides checking for ripe injectiv-
ity constraints, it must also be checked for ripe order aairstis as can be seen in Rule 4.1. In this sectionrules
are only provided for ordered query terms, breadth completeifications, negated subterms and descendant
constructs. Negated query terms are identified by the scipetrs-", positive ones by a superscript “+”, or-
dered ones by superscript square brackets, breadth-inetgnes by double square or curly braces, query
terms binding a variable are marked with the name of the bljajuery terms that are descendant of their
enclosing query term are flagged bgsc. To give an exampleyithout desc var X as tagl [[

1l is denoteayt1 [0]-X.Desc :
The rules rely on the functions described in 3.5 and theatig additional ones.

e make_befs(vars)  transforms a list of XQuery variablesrs = [$v1, ..., $vK] into a list
of tuples[($vl, $v2), ..., ($v(k-1), $vk)] which represent order-constraints among the
siblings of a parent term with ordered query term specificati

e ripe_befs(befs, vars) operates in the same way@ge_injs  , only that its first argument is
a list of order constraints.
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e The functionvars from Section 3.5 needs to adjusted to also operate on neqgatg terms con-
taining variables. In the translation rules f&IC5, vars was used to decide whether a query term is
to be translated with for or asome-clause. Only query terms yielding new variable bindingseve
translated witlfor . Variables in negated subterms never yield any bindings véh therefore not be
returned by the function. If the argumenttars is a list of query termsyars is applied to each of the
items in the list, and the union of the results is returned.

e all_vars(qts) determines the list of all consuming and defining variableuoences of the list of
termsqts .

Rule 4.1 takes care of query terms which are at the same tirsiéiveo ordered and breadth-complete.
Instead of injectivity constraints, new order constraimtsv_befs are produced and added Befs . It is
checked whether any injectivity or order constraints aip€'tin the sense that both variables are bound.
Naturally, only constraints including the variatflel might be “ripe” — sincebvl is the only new variable in
the set of bound XQuery variablé®Vars, and constraints consisting of two other bound XQuery e
have already been sorted out in the previous applicatiotran$lation rules. Ripe constraints are handed over
to thetoX Q) Bool function. toX Q Bool takes as its first argument a list of triples to be translatesbane-
clauses. This is only necessary in the case of negated ereng {4.2). Rule 4.1 differs in one more way from
Rule 3.1. The number of subterms of the data term to be bousidltas checked by an additional condition
in theif -clause.

vars(subterms(qtl)) \\ XCVs != [], (Rule 4.1)
XQVs' = XQVs ++ [$vl],
fvars = fresh  _vars(length(subterms(qtl))),

new_befs = make_befs(fvars),
ripe_injs = ripe_injs(Injs, XQVs’),
Injs’ = Injs ++ new_injs \\ ripe_injs
ripe_befs = ripe_befs(Befs, XQVs’),

Befs’ = Befs ++ befores \\ ripe_befs

triples = zip3 (subterms(qtl), fvars, replicate (length(f vars)) $vi)
[ (@t 0+ $vi$pl), ... (qtk$vk,$pK)] Jfoxg ™ Yo e B =
for $v1 in $pl/child::(label(gtl)) return
if ((fn:length($v1/child:: *) == length(subterms(qtl))) and
[ [0, ripe s, ripe  befs [ASon.0) then
| 0[[ triples ++ [(qt2,$v2,$p2), ..., (qtk,$vk,$pk)] liaxa™ ™ Injs', Befs'
else

Translating unordered complete query tergts 1+ and ordered incomplete query termd [+ is
very similar to the translation Rule 4.1. In the first cas@ativity constraints are produced instead of order
constraints, and in the latter case the constraint on théeruof children offv1l is omitted.

Query terms that bind variables at the top leged "X are translated in the same way asAiCs:
The list of associations must be updated, and in the casedhat other XQuery variable has already been
associated wittx, both nodes must be checked for deep-equality. The defimiioules for combinations of
variables at the top level and different kinds of bracketsraces is straightforward.

Section 3.5 differentiates between terms containing béegnot known before the translation of a query
term, and subterms without such variables. Needless tdtgaydistinction cannot be given up IKC3. As
a result, translation rules producisgme-clauses with the premise that no new variables occur in tieeyq
term, must be formulated. Luckily, the rules discussed albman be adapted canonically to this situation:
Besides substituting thfier -clauses bysome-constructs, the conditions of the enclosedclause must be
moved to thesatisfies  -clause.

Translating negated query terigl. — is more challenging. Only in one respect it is easier thamsteding
positive subterms: A negated subterm is always translateddans of asome clause, since by definition it
does not contain any defining variable occurrences. Thidigthe first premise is missing in Rule 4.2. On
the other hand, translatirggl ~ is more difficult, because all the triples generated by th#esms ofqtl
must be understood as mere constraint$ub, and are therefore included in tatisfies  -clause. For
toX @ Bool this means that it must be able to handle entire subtermddsesijectivity and order constraints.

Moreover, all defining variable occurrences must be traedlaefore consuming ones (as demonstrated
in Section 4.1.4). Hence, for each variabl@ppearing in the negated query tegii it has to be checked
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whether there exists a query term in the list of triples tmaiudes a defining occurrence %f All such
query terms (which are returned by the functioinding _triples(vars(qtl)) ) must be translated
first together with the siblings @ftl thatinclude defining variable bindingsiGding _siblings(qt1) ).
Consequently, Rule 4.2 is only applicable if there are nayjtesms to be translated first. Rule 4.3 covers the
reverse case and draws all necessary subterms to the front.

binding_triples(vars(qtl)) == [],
binding_siblings(qtl) == []

XQVS' = XQVs ++ [$vi], (Rule 4.2)
fvars = fresh  _vars(length(subterms(qtl))),
new_injs = make_injs(fvars),
ripe_injs = ripe_injs(Injs, XQVs’),
Injs’ = Injs ++ new_injs \\ ripe_injs
ripe_befs = ripe_befs(Befs, XQVs’),
Befs’ = Befs ++ new_befs \\ ripe_befs
triples = zip3 (subterms(qtl), fvars, replicate (length(f vars)) $vi)
[ (gt (87=,$v1,$p1), (qt2,$v2,$p2), ... (qtk,$vk,$pk)] o
if (fn:not(some $v1 in $pl/child::(label(qtl)) satisfies
[ triples, ripe -injs, ripe  _befs ]]ﬁ*}QBool)) then
[ [(at2,$v2,$p2), ..., (qtk,$vk,$pK)] [
else ()
(Rule 4.3)
binding_triples(vars(qtl)) ++ binding_siblings(qtl) != 1,
predraw_triples = binding_triples(vars(gtl)) ++ binding _siblings(qt1),
other_triples = [(qtl, $v1, $pl), ..., (qtk, $vk, $pk)] \ pr edraw_triples
[ [(at1 h= $vl,$pl), (qt2,$v2,$p2), ... (qtk,$vk,$pk)] [axg: o= e =
[ predraw_triples ++ other_triples e

4.3.2 Translating X 5 Queries

Xcerpt queries differ from query terms in that they may als@bnjunctions, disjunctions, negations of queries
or query terms, and are potentially wrapped in resourcetngets. It is quite easy to extend the translation
of Xcerpt query terms to handle entire queries as well. Rideshese extensions are given in this section.
Associating an XQuery variable with an entire Xcerpt queould be premature, in that queries may contain
multiple query terms requiring one variable each. Assoujed parent variable with an Xcerpt query, however,
does make sense and is used amongst other things to traleslatece specifications as in 4.4.

For each translation of a resource declaration a freshhiaria bound to the document node of the entity
referenced bwuri . By default, queries are always associated with the resdatata , which means that they
participate in rule chaining. Resource declarations dwatew this default. The significance of the special
variable$data is further discussed in Chapter 6.1.1.

[ (in { resource [ uri ], query }, $data), g2, ..., gk %800 = (Rule 4.4)
let $doc := fn:document(uri) return
[ [(query, $doc), g2, ..., qK] %5 "

For the automatic translation of conjunctions of queriesnsider the example in 4.1.7.2. It shows that the
only correct way to translate conjunctions is by nestingttheslations of each conjunct. Query conjuncts are
in fact very similar to siblings within query terms. The onlifference is that the conjuncts are not required
to match with distinct nodes. Remember that siblings anesteded by adding each of them together with
the same parent variable to the list of terms to be processside from the fact that no fresh variables are
associated with the conjuncts of a query, and that no injéctconstraints are created, the proceeding in
translation Rule 4.5 is the same.
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[ [(and(sgl, ..., sqj), $parent), g2, ... gk] 1% 5" = (Rule 4.5)
[ [(sql, parent), ..., (sqj, parent), g2, ... gk] ]][t]b%(g‘?ﬂvﬂ

Xcerpt variables always being associated with query tebmtspever with entire queries, the list of asso-
ciations is always empty for the translation of queries. iBinteasoning applies for the list of injectivity and
order constraints, and the lists of variables.

The ability to translate disjunctions is of elevated impare in this thesis, because they were used during
the compilation ofoptional  into without . Also for disjunctions of queries, an example expressia ha
been treated in Section 4.1.7.1. Since the evaluation pfrdits in Xcerpt may be thought of as merging the
substitution sets obtained by evaluating each disjunctrsggly, the best way for us to translate-connected
queries is to include the substitutions produced by eaghrdisin the samec:substitution set ele-
ment. This is formally realized by Rule 4.6.

[ [or(sal, ..., sqj), $parent), g2, ... qK] 18,5500 - RUG40)
[ [(sql, $parent), g2, ... qkK] Itk %00 ,
[ [(sqj, $parent), g2, ... gk] ]]ltlbg.(lén,n

Translating negated queries is even simpler. Assumingthigagueries to be translated are in disjunctive
normal form, only query terms appear within query negatioAsnegated queryot(query _term) is
therefore equivalent to its enclosed negated query without query  _term (Rule 4.7).

[ [(not(query  _term), $parent), g2, ... k] ]][t]'ol}'(%g“' u = (Rule 4.7)
[ [(without(query term), $parent), g2, ... qk] I3 %500

Finally, the gap between translating queries and querygamuast be closed. In the above translation
rules, queries are represented as tuples of queries toggtheheir associated resource in form of an XQuery
variable. In constrast, query terms are shown as triplesiditog an additional variable for identification
purposes. When the translation function comes across & goesisting of a single query term, it simply
associates a fresh variable with the query term (Rule 4.8):

[$fvar] = fresh_vars(1)

[ [(query _term, $parent), g2, ... K] I3 5500 = (Rule 4.8)
[ [(Query _term, S$fvar, $parent), g2, ... 0k] BB "

4.4 Automatic Translation from X Q3 to X4

As discussed in the last section, equivalent expressiorestioX C's query can be formulated iN Q3. At the
same time X Q5 is designed to not include any expressions that cannot bslatad back to{ C's. Moreover,

the equivalence of Xcerpt and XQuery expressions is defind¢ideaequivalence over the substitution sets they
produce. Therefore, every expression¥i)s; returns substitution sets that preferably contain binslfiog the
same set of variables. Both these design guidelines resilt); being a rather synthetical sublanguage of
XQuery, but in this way the expressiveness of both sublagesiaoincides, and a sensible notion of equiva-
lence over expressions KiQ); and X Cs is available. Enforcing the additional constraints on trengmar of

X Qs described in Section 4.2.1, it is in fact possible to tratesi)s back to Xcerpt.

Resulting from the design principles, a great parkap; is part of the rangé¢ Ex ¢, | 3Exc, € XCs :
toXQ(Exc,) = Exq,} of the translation functionoX @ : XC5 — X Q3. For these expressions it may
seem reasonable to define their translations in Xcerpt as gh&image undetoX Q. Remembering that
preimages are generally sets of arbitrary cardinality trgfinition oftoX C' would either need to have the
powerset ofX C; as its codomain, or an arbitrary element of the preimage dvbale to be picked instead.
Both solutions are unsatisfactory in that they do not prexaddeterministic way of calculating the results of
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toX C. Nevertheless, the consideration above shows that theinteresting aspects ¢6.X C'is the treatment
of expressions not in the range ©@fX (). The deterministic translation rules presented in theofalhg are
designed to fulfill the conditiono X C(Eg) € toXQ ™1 (Eg).

4.4.1 Identifying Xcerpt Disjunctions and Conjunctions

As has been mentioned in Section 4.3, an Xcerpt query isfolamed into disjunctive normal form before it is
handed over to the translation functianX Q. The grammar productions of ()3 ensure that it is straightfor-
ward to translate every thereby derivable XQuery expressip back to an Xcerpt query in disjunctive normal
form. In this section, it is demostrated how to determineahi&rmost disjunction and enclosed conjunctions
of the Xcerpt queryoXC(Eg).

Remember that the element constructors of substitutienesetallowed to contain more than one XQuery
expression (see Table 4.2) so that it is possible to trandiagjunctions of Xcerpt queries to XQuery. Each of
these expressions returned substitutions in XML-repitasien. Needless to say, multiple expressions within
the samexc:substitution _set element constructor are translated back to Xcerpt dispunicherefore,
each expression within thec:substitution _set element constructor can be translated separately, and
the results are appended to form an Xcerpt disjunction @lation Rule 4.9). If the substitution set contains
only one XQuery expression, the outermostmay be left away.

[ element xc:substitution set { el, .., ek } loxc = (Rule 4.9)
or ( [[ el ]]toXCa weey [[ ek ]]toXC )

Identifying conjunctions to be constructed from XQuery gsions is harder, because they do not appear
as clearly separated iN Q3 as the expressions representing the disjuncts. The diffieut is to construct
trees from parent-child and ancestor-descendant refdtips, and finding out how many trees to construct.

For eachX (s subexpressiog, within the xc:substitution _set , at most one conjunction is
formed. £, is derivable from the non-terminal symboEXPR>of the grammar productions in Table 4.2,
and therefore its translation builds upon the translatibaentire X Qo expressions. This time, however, the
translation procedure is split into the two phaasalysis ofE, andconstruction of the Xcerpt Conjunction
K. The first phase, which builds up data structures for usedrséitond phase, is very straightforward, and is
given by Rule 4.10. The following data structures are assiutmée constructed in the analysis phase and are
used in the rules of the construction phase:

o V is the set of XQuery variables usediy,, excluding the special variabfdata .

e X isthe set of Xcerpt variables used as labels in the elemeastiaactors within the XML representation
of the substitution sets. In other words, for an elementtoo®relement xc:X1 { $v1 } , X1
is added taX.

o I C @ x Qs the set of pairs of variables for which there exist injeitit constraints inEg. .

e Analogously,B C @ x ) denotes the set of pairs of variables for which order comggare found in
Eqs.

e S CQ xQ xQNameis the set of parent-child and ancestor-descendant retdtips among XQuery
variables, saved together with their labels. The sourchisfdata structure asome andfor -clauses:
A for - or some-clause binding the variablkv to the binding sequencgv/child::html is trans-
formed into the tripl€$v, $w, html) and added t& during the analysis phase.

e A C V x X is the set of associations between XQuery and Xcerpt vasabFor eaclelement
XCVAR{ $XQVar }, the tuple(XCVar, $XQVar) is added toA. Furthermore, two variables
appearing within a deep-equality constrdmteep-equal($vl, $v2) , must be associated with
the same Xcerpt variable id. There may be multiple associations for the same Xcerptkibaj but
only one for each XQuery variable.

e C' C V x Nis the set of XQuery variables for which constraints on theber of children are found in
Eq, together with the required number of children. Query terorsstructed from variables i@ must
naturally be breadth-complete.

66



e N C Visthe setof XQuery variables that are boundame-clauses directly surrounded byranot -
function. Query terms constructed from these variablelsaxfibit thewithout -marker.

e D C V is the of XQuery variables whose step expressions usedgbeendant axis. V' \ D is the
set of XQuery variables that are direct children of theirgpavariables.

[ Egs lioxe =[ $data [xA5540ND (Rule 4.10)

Building upon the analysis phase, which is summarized by RulOconjunctions must be extracted from
X @3-subexpressiongy, inside of thesubstitution _set element constructor. For this purpose, it is
useful to remember how these conjuncts are produced dunmgeverse translation procedure. For each
conjunct, one fresh XQuery variable is introducedtby Q, and the parent of these fresh XQuery variables
is always the special variabfglata . Hence, to identify the conjuncts to be producedh¥ C(Eq,), it is
necessary to search for the variablgs. .. ¢, € V that are descendants (including childrenfbdata . If
there exists only one childy of $data , it is not necessary to produce a conjunction with one sialglment,
but the translation is better given by a simple query termteNlat it is necessary that each variable V is
either within{cy, ..., ¢, } or descendant of exactly one of the As soon as a single XQuery variahlec V'
occurs as a descendantfandc; (1 < i < j < k), the XQuery expression is not translatable. The situation
thatv does not have an ancestor witHiay, . . ., ¢, } is forbidden, because therwould be free withinEq,,
and only$data is allowed to be free withibk Q.

Besides the procedure described above, there exists aragipeoach to answer the question whether
toXC(Eq,) is a simple, possibly negated query term or a conjunctiorossibly negated query terms: First
the equivalence relatioas € V x V is introduced. It is defined as the smallest reflexiv symroetnid
transitive set such that for all, vo € V, (v1, v2) is within =g, if there exists dor - or some-clause withinS
in which v, is bound to child nodes or descendantsqflf the set of equivalence classeslof— . under this
equivalence relation contains only a single element, ibisyecessary to produce a conjunction of query terms,
otherwise one (possibly negated) query term is computeekfoln equivalence class to form a conjunction. An
interesting characteristic of the equivalence claggas that in each of them, there exists one “top” variable
top(V;). This is easy to see remembering thatalE V; must be transitively connected, and that for each
there exists at most one parent. These top variables of thesdence classeg/_, are the:; identified above.
Using the notatiof;] for the equivalence class of, this may also be writtefv/—, = {[c1], - - -, [ck]}-

The construction of the conjuncts starts out with these taables (See Rule 4.11). For the rule to
be applicable, it is necessary to ensure that there are poitimjty constraints among the top variables
top(V1), ..., top(Vy), because Xcerpt allows conjuncts withemd to simulate with the same data terms.
It is computationally reasonable to split the data striegwwollected in the analysis phase into smaller disjunct
subsets and pass these over to the recursive calls, as éfiednplth the set of XQuery variablds and the
injectivity constraintd. This would also make sense for the sBtsA, C, N andD, but was omitted in Rule
4.11 for the sake of brevity.

Vo ={Vi,..., i}
V1<i<k: S ={($v, $p, label )|$v € V;,$p € V;} (Rule 4.11)
V1<i<k: I, ={($i1, $i2 )|%$i1 $i2 €V;}
BV, Vi € V/—g : (top(Vi), top(V;)) €

[ $data [VX1BSACND -

toXC
Vi,X,11,B,51,A,C,N,D Vi, X, I, B,Sk,A,C,N, D
and {[top(V1);pxc 7 SRR [top(Vi)leoxcc™ ™" }

4.4.2 Automatic Construction of Query Terms From X ()3

Within Xcerpt queries in disjunctive normal form, query aéigns appear as the innermost construct of the
three query connectives , and andnot . At this position,not is semantically equivalent to the negation of
query terms usingvithout . As mentioned above, the translation ruteX C' produce only Xcerpt queries
in DNF, and therefore they always use query term negatidaawisofnot .

The construction of a query tergn from an XQuery expression always starts out with one singteable
$parent that represents the root gf. With X Cj5 including all kinds of brackets, descendants, query term
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negations and Xcerpt variables, 32 alternative rules wbale to be given. Since they are very similar to each
other, this sectiononly presents two of them and describastb derive the other 30. The premises of the
rules differ in that they either require order constraimtm@ctivity constraints and the presence or absence of
a constraint on the number of children$garent . Furthermore the premises either require the existence or
lack of an association with an Xcerpt variable, and demaatijparent is included in or excluded from the
set of negated variable¥ and from the set of descendar®s Altogether this sums up t° = 32 different
rules.

Rule 4.12 transforms the single XQuery variabparent into a negated, unordered and breadth-incom-
plete query term taking into account the data structuresmgeéed during the analysis phase of the translation.
For the rule to be applicabl@parent must not be associated with an Xcerpt variable, must be mvithi
but neither withinD nor C, and for each pair of label-overlapping children (for thémigon of overlapping
tag namesee Section 3.2.2), there must exist an injectivity condtrethin 7. The children offparent are
determined by searching for triples$hwhich have$parent as their parent variable. If all requirements are
fulfilled, the subterms are constructed by recursive calis X C.

$parent € N, $parent ¢ D, PncN: ($parent ,n) € C, fve X : ($parent ,v) € A,

($parent _parent, $parent, parent Jlabel )e S,
C={%$cl,....$ck } = {$child | ($child, $par, label ) €S, $par =$parent  },
Ve, co € C: (e1 # c2) A (label(cy) ~ label(cz)) = (c1,c2) € 1
[[ $parent ]]X)’})((’C{’B’S’A’C’N’D = (Rule 4.12)
without parent_label {{ [$c1]l 5 lBsaoND [$ck x5 BsaCND

Rule 4.12 can be easily adapted to produce several simigayderms: If the step expressionggarent
uses thelescendant axis instead of thehild axis, then$parent would be included inD and trans-
lated by a rule with the premisgparent < D and the additionatlesc construct in the translation. If
($parent ,n) € C were true for some € N, the translation would use single curly braces instead obto
ones, and iffparent ¢ N were true, the translation would omit théthout  construct. Finally, if an asso-
ciated Xcerpt variable € X could be found within the set of associatioAs the translation would read
without var v as parent _label {{ ... }} . All possible combinations of these adjustments
yield 15 more rules and generate all kinds of unordered qieenys.

Generating ordered query terms is a bit different and cavieyerules like 4.13. A premise for generating
an ordered query term is of course the existence of apptemider constraints. Therefore it is demanded that
there exists an ordering of the element&hfsuch that for each subsequent pair of variables in thiseseogy
an order constraint can be found withih The query term produced by Rule 4.13 is not only ordered, but
also breadth complete, becagmrent is within the setC. As a consequence, it must be ensured that the
number of childrerk coincides with the number of required children This rule can be adjusted in a very
similar way as above to cover the generation of all kinds deoed query terms.

$parent ¢ N, $parent € D, ($parent ,n)e C, Tve X : ($parent ,v) € A,

($parent _parent, $parent, parent Jlabel )e S,
C={%$cl,....$ck } = {$child | ($child, $par, label ) €S, $par =$parent }, n==~k
3f . C — {1...k},fis bijective: Ve, ¢; € C: f(e;) +1 = f(¢j) = (¢i,cj) € B
[ $parent [ 554 = (Rule 4.13)
desc var v as parent_label [ VRS A Al () O

Given the above rules and their derivatives, it is obviows for each call to the tranlsation function,
a corresponding rule can be found. Termination of the tediwgl algorithm is also evident, because the
expressions inX (93 are not allowed to include cyclic parent child relationshijgtween variables (this is a
direct consequence 8Hata being the only free variable in & Qs expression).

The translation rules fao X C' are devised with the original query term in mind. Except fdsterm order-
ing within unordered query terms and the order of conjunetsdisjuncts, the equatidn X C(to X Q(q)) = ¢
holds for an abritrary query within XC3. The same example as in Section 3.6 can be shown that Equation
3.4 does not hold for the third pair of sublanguages.
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Chapter 5

Translation of Construct Parts

This chapter examines an entirely different challenge @ftlitomatic translation between Xcerpt and XQuery.
In contrast to the last chapter, the central topic is not yjtemms and the extraction of substitution sets, but
the construction of results.

This chapter is structured as follows: In Section 5.1 a newrjcgrouping construct is introduced that is
necessary to translate certain XQuery expressions. Ino8es2 Xcerpt grouping constructs are translated
in close correspondency with their formal semantics. Th#ice builds upon the translation of query terms
to XQuery expressions returning substitution sets and shmw both methods can be combined to tranlsate
entire construct-query-rules. The remaining two sectmmer the reverse direction: Section 5.3 shows how
to disentangle intertwined XQuery expressions to traadla¢m to Xcerpt rules. Section 5.4 goes one step
further by also considering the construction of intermeliasults within XQuery expressions.

5.1 Proposal of a Duplicate-preserving Grouping Construcfor Xcerpt

As a preliminary to the translation of construct terms, itégessary to point out that not all expressions can be
easily translated from XQuery to Xcerpt. This is due to tha fhat Xcerpt is designed to perform duplicate
elimination in two ways: First, Xcerpt query terms returistitution sets, although in some cases it may be
preferable to work with multi-sets of substitutions:

“Note that in practice, it would be desirable to define substn sets as multi-sets that may contain
duplicate elements: if an XML document contains two persoasied 'Donald Duck’, then it should be
assumed that these are different persons with the same’fameSection 7.3.1]

Second, the grouping constrdt performs duplicate elimination. For the objective of thiedis, these
inherent characteristics of Xcerpt pose a challenge, wisieixemplified byExprs 1, and its Xcerpt coun-
terpartEzprs 1 .. When applied tdDatas 1, the XQuery expression returngesult  element containing
two persons named 'Donald Duck’, while the translation wdo@turn only one such subterm.

As a workaround to this problem, in this chapter it is assuthatl Xcerpt query terms in fact do return
multi-sets of substitutions. Note that also the transkegiof Xcerpt queries return XML-representations of
multi-sets of substitutions. Furthermore, the usual dapé eliminating grouping construait is renamed to
readall-distinct , and a semantically new grouping construct naraked is introduced, the application
of which retains duplicates.

Exprs.iy, := element result { for $p in $data/child::person return $p }
Ezprsi,. := CONSTRUCT result [all var X] FROM var X as person {{ }} END
Datas; := data [ person [ 'Donald Duck’ ],

person [ 'Daisy Duck’ ],

person [ 'Donald Duck’ ] ]

The duplicate elimination by thall-distinct keyword is formally defined in [17, Section 7.3.3] by
the following equation:
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(5.1)  [o](all-distinct t ) = [m](t) o - 0[] (1) where{[ri], ..., [e]} = [0]/~ v o

Since this grouping construct performs value based dupliekmination, it is renamed tall-dis-
tinct . The equivalence classes are calculated according torthéation unification relation among query
terms. Defining the equivalence classes based on nodetideriti, it would be possible to specify aal
construct that preserves duplicates as in Equation 5.2.

(5.2) [ol(all t) = [m1](t) o - - - o [m%](t) where{[r], . .., 7]} = [o]/

The equivalence classes in 5.2 are not calculated accotdlithge values of the bindings of the free vari-
ables, but with respect to their node identitities. Obviguhkis would demand from an Xcerpt implementation
to assign identitifiers to each node acquired from an inpduece, and remember them during the evaluation
of rules. Furthermore, unique node identifiers would alseehta be assigned to the elements constructed by
Xcerpt rules, so that they can participate in rule chaining.

With this definition for the grouping construafl , Exprs 1, Would be a correcttranslation éfxprs i ..

In the rest of this chapter, it is assumed that this aw construct may be used along with the ordinary group-
ing constructsll-distinct in Xcerpt construct terms.

_id
ZFV(t)

5.2 From Xcerpt Construct Terms to XQuery

Not giving up the separation of querying and constructintadehen translating from Xcerpt to XQuery
eases the translation process notably, and allows to sethth&ranslation is indeed correct. Therefore, the
translations of query terms to XQuery return an XML représton of the Xcerpt notion of substitution sets,
and the translations of construct terms query these sutistitsets in order to construct the results. In this
way, entire construct query rules can be translated to X@Q({Rule 5.1). Both kinds of rules, the ones treating
Xcerpt query terms, and the ones converting Xcerpt consteams to XQuery, carry the same name. In some
cases this may result in syntactically equivalent consiad query terms being treated in diverse ways, but
from the context it is always evident which translation ftioe is to be applied.

[ CONSTRUCT ct FROM gt ENoxo = (Rule 5.1)
let $ss == ([ qt Jiwxg) * return (if $ss then ( [ ct ]]fj}Q) else () )

So as to cover the case of empty substitution sets, the alamaddtion rule checks $ss actually contains
any elements. Only if this check succeeds, the translatioogeds, otherwise the empty sequence is returned.

In the following, it is assumed that the query part of an Xtegnstruct query rule has already been
translated and evaluated and that the sequence of sulostitirt XML-representation is bound to the XQuery
variable name®ss . An example assignment f@ss would be:

$ss = (
element xc:substitution {
element xc:X { <a><b/></a> }, element xc:Y { <c/> } },
element xc:substitution {
element xc:X { <a><c/></a> }, element xc:Y { <b/> } },
element xc:substitution {
element xc:X { <a><c/></a> }, element xc:Y { <d/> } } )

For the sake of clarity, direct element constructors ard émethe data and computed element constructors
for the meta-data in the substitution set above. Althoughetfare no duplicate substitutions, they would be
allowed.

Construct terms including only breadth-complete termd Y@L Data always being ordered, it suffices to
focus on the case of single square brackets. In the nexbssakample Xcerpt construct terms are translated
to XQuery. The formal justification for these translations taken from [17, Section 7.3.3].

Just as with query terms, only a subset of the construct tefiXserpt is translated. Not included in
this subset are, e.g., positional variablesme-constructsprder by -constructs and aggregations. Nested
grouping constructs are taken care of, as can be seen byahergr productions for the subset of construct
terms considered (Table 5.1).
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Table 5.1: Grammar productions for a subset of Xcerpt cansterms

<CTERM> = var X | <QNAME> [ <CTERM>* ] | all <CTERM> <GROUP-BY>? |
all-distinct <CTERM> <GROUP-BY>?
<GROUP-BY> ::= group by { <XCVAR>+ }

5.2.1 Minimal Construct Terms: Single Terms and Variables

In this section, translations for single variables and troies terms without children are given. The formal
semantics of Xcerpt with respect to the application of Suli&in sets to construct terms are studied to argue
that the translation is indeed correct.

The construct term to be first discussed term is a simple hatibbut children such atagO[] . Two
cases are distinguished when applying a substitutiodgeta construct termt in Xcerpt. The first case is
the one in which all substitutions; € ¥ have the same bindings with respect to the free variablé$ct)
of the construct term. In other words, the substitution setqual to the single equivalence clgs$ with
respect to the equivalence relatiof: (., for an arbitraryo € ¥ (For the formal definition of-ry () see
[17, Definition 7.3]). The second case is that there is maae tine element ix /.., ., . Different formulas
are applied for each of these cases.

Since the simple construct tettmgO[]  does not include any variable, the rule for the first case ieist
applied in its translation:

(5.3) [ol(fTtrs - - ta]) = [ol(A) [ To](tr) o - - o [o](tn) ])

In formula 5.30 is a representative for all substitutions to be applied.iktpneglected label variables in
the treatment of Xcerpt query terms, the lalfas mapped to itself. Therefore, the result of the applicatio
of an arbitrary non-empty substitution settémO[]  is simply the construct term itself. In the case that the
substitution sebss is empty, its application to the construct term yields naghiHence, the correct translation
isif ($ss) then element tagO {} else ()

The translation of a construct term consisting of a singleatéde, sayvar X , is just as simple. In contrast
to the first example, the set of free variablesaf X is not the empty set, but the set contain¥as its single
member. Generall)X does not have the same assignment in all substitutions steprfrom the evaluation of
the query part. For this case the following equation is founr{d 7]:

(5.4) 2(t°) = {t¢ | [0] € £/arvie) A ) = [a](t°)}

As mentioned before;/ . py(+ is the set of equivalence classes of the substitutiod:seith respect to
the simulation equivalence over the bindings of the freéaldes of the construct termi. Only considering
substitutions containing data terms/. v () is also the set of equivalence classe&okith respect to the
deep-equalitjunction over the bindings of the free variableg@fFrom this formula it can be derived that the
number of results equals the number of different assignerfenX in the substitution set. To be more precise,
in the case of¢ being a single variable, the results are the set of diffdvamdings for this variable. Thus the
correct translation ofar X to XQuery isExprs 2.1, -

Exprsaiy, = distinct-elements($ss/child::xc:X)

Thedistinct-elements() -function (see Table 5.2) eliminates duplicates in the inigs for X and
must be employed to reflect the fact that for each equivalelass, which may contain any positive number of
substitutions, only one result term is produced. Its dédinits derived from the definition of thdistinct-
-nodes-stable function from [14, E.5 eg:distinct-nodes-stable]. Thalistinct-values -function
eliminates duplicates based on the equality of string \®bfenodes rather than checking if they are deep-
equal, and thus cannot be used for translating variablercaees in construct terms.

The equivalence classes are calculated according to thefgmofX, which is the only free variable in the
construct term. Note that although the formula above sadifiat the result of the application of a substitution
set to a construct term is a set, withoutah -construct, the Xcerpt interpreter would only return orreglg
result term. In the translation this may be reflected by tglanly the first element of the list returned by the
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Table 5.2: Thalistinct-elements function

declare function distinct-elements($arg as node() *) as node() =

{

for $a at $apos in S$arg
let $before_a := fn:subsequence($arg, 1, $apos - 1)

where every $ba in $before_a satisfies not(fn:deep-equal( $a,$ba))
return $a
h
distinct-elements function. In the rest of this section, variables always a@ppéthin the scope of an

all -construct to avoid this issue.

5.2.2 Grouping with Respect to a Single Variable

In the case of more than one variable occurring within a cansterm, the translation method depends upon
whether the variables appear within the scope of the samgag constructs or not. The easiest case is the
one with all variables appearing within their own privategping construct as izprs 2.2 .-

Exprsso,. := tag0 [ all-distinct var X, all-distinct var Y, all var Z]

Applying a substitution set to the outermost terntinprs 2.2, is handled by Equation 5.3, because the
set of free variables abzprs 2.2 IS empty. As mentioned above, only expressions whose oostriarms
do not contain any free variables are considered, and thsiseasoning applies to all example expressions
treated in this section. The application of Equation 5.%Fteprs 22, Yields exactly one result element
namedag0 - if the substitution set is not empty. To reflect this, the X@uelement constructor féag0 in
Exprs.2.2., Mustnotappear withinfar clause and all further output must be generated within teisent.
Upon translating the outermost construct term, the tréiosi@f its subterms follows: The application of the
substitution set to terms of the forafi-distinct var X is handled by equations 5.1 and 5.5 taken from
[17, Section 7.3.3]. Likewise, the application of a sulogiin set to terms of the fromll var X  is handled
by equations 5.2 and 5.5. Remember that although set noiaticsed in all of these equatiorfs] may be a
multi-set of substitutions.

(5.5) [e]l(Var V) = (a(V))

Apparently, the set of free variabldsl/(¢) for a simple variable occurrence is the set consisting of the
variable itself. Consequently, duplicates must be elitgiddased on the values or identities of these single

variables. Thealistinct-elements -function must be used to eliminate duplicates based oreyahud the
distinct-nodes-stable -function to eliminate duplicates based on node identitye @efinition of the
distinct-nodes-stable function differs from thedistinct-elements -function (Table 5.2) only

in that the nodes are not compared with respect to deep gguali with respect to node identity.

Exprs ooy, =

if ($ss) then element tag0 {
(distinct-elements($ss/child::xc:X),
distinct-elements($ss/child::xc:Y),
distinct-nodes-stable($ss/child::xc:Z)) }
else ()

A final important observation is that without tife -clause EFxprs 2 2, would always return an element,
while the original Xcerpt construct term does not producgttaing in the case of an empty substitution set.
To fix this, an XQuery translation of a construct query rulesimtheck whether the substitution set returned
by the translation of the query part contains any substitisti and only in this case, the construct part must
be evaluated on the returned substitution set (as in Ru)e Bils additional check needs only be carried out
once, and is unnecessary in the recursive calls to the atzsifunctions, because empty substitution sets
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are not generated by recursive calls. Thereforejfthelause could be left away, Kxprs 2.2, were to be
translated as a subterm of an enclosing construct term.

To give a first taste of automatic translation of construchte a translation rule for simple construct terms
without grouping constructs is introduced. Translatiolesiforall andall-distinct are presented in
the following section, after the discussion of two otherrapée expressions. The translation function takes
one argumerttss, which is an XQuery variable representing the substitusieirto be applied to the construct
term. The initial assignment fdkss is generated by the translation of the query part of a rulee fles
discussed in this section either pass over the same stilostiet to a recursive call of the translation function,
or they compute a set of equivalence classes and hand ower éisdhe substitution set. If the construct term
is a variable, or a term without subterms, the translatiomitgates.

[ label [ctl, ..., ctn] B = (Rule 5.2)
element label { [ ctl ]]fjf(Q, [ ctn ]]fj;Q } else ()

A more complex example thalizprs 2.2 . IS 0ne in which variables are grouped according to the values
of other variables. Xcerpt distinguishes between expjoituping with thegroup by -clause and implicit
grouping which takes place (not only) if a construct termludes both free and bound variables, such as
tagl [all-distinct var X, var Y] in Exprs 5 v . Y does not occur within an all construct in

. . . X O
this subterm, whileX does. Henc& is grouped according to the values)of

Eaprs g9y = tag0 [ all-distinct tagl [all-distinct var X, var Y] ]

The translationExpr5_2.23(Q, calculates the set of distinct values fgrand for each of these values, the

corresponding equivalence cldsd € ¥/~ is assigned t&class_y . SinceX shall be grouped by, all
of its distinct bindings within the same equivalence classemitted within the samimgl -element.

ECUP7°5.2.2§(Q =

element tag0 {
for $y in distinct-elements($ss/child::xc:Y) return
let $class_y = (
for $s in $ss return
if fn:deep-equal($s/child::xc:Y, $y)
then $s else () )

return
element tagl { distinct-elements($class_y/child::xc:X) , By }
As a slight variation, the correct translation Bfcprs 2 22, which differs fromExzprs 4 v only in
. .. . . xc . )-LLx o
that the innermosall-distinct is substituted by amll , can be obtained by substituting the second
distinct-elements -function inE:cpr5,2_2z3(Q by thedistinct-nodes-stable -function.

Exprsooq, = tag0 [ all-distinct tagl [all var X, var Y] ]

5.2.3 Explicit and Implicit Grouping with Respect to more than one Variable

Grouping with respect to multiple variables means that ssuition set shall be applied to a construct term
all t with |[FV (t)| > 1. In XQuery, the computation of equivalence classes of #ulisin sets according to
not only one single variable, but a set of variables, is mdfedit.

The subterntagl [all var X, var Y, var Z] of Exprs 2.3, exemplifies this situation.

Exprsos,. = tag0 [ all tagl [all var X, var Y, var Z] ]

In its translation Ezprs.2 3., ), the substitution set given by the varialiigs is tested for emptiness as
usual. Subsequently, the set of representagiess of all equivalence classes is computed making use of the

distinct-elements() function. Note that it is necessary to create a new elemes¢tose the values
of $s/child::xc:Y and$s/child::xc:Z . Simply returning both values as a tuple would result in the
argument of thalistinct-elements() -function being a nested list of elements, which in XQuery is
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immediately flattened to an ordinary list. Upon calculatihg representatives of the equivalence classes, it
is easy to identify the equivalence classes themselvesebstiitg over the set of all substitutions for each
representative and comparing the binding for the variablesdZ.

Let vars be the number of variables to be groupedbyhe number of substitutiong;st(k) the com-
plexity of the distinct elements function called upon a sage ofk values andleq the complexity of the
deep-equal -function called upon two elements. Then the time compjeaftthis algorithm amounts to
O(n - (dist(n) + n - deq - vars)), which can be seen as follows: In lines 10 and 11 fthdeep-equal
function is used once for each variable. These comparisensreclosed in éor -clause, which is executed
n times. Thedistinct-elements -function is applied on the results, and the whole proceturepeated
once for each representative (which equals the numloéisubstitution sets in the worst case). The computa-
tion of the representatives in lines three to five does no¢ laaveffect on the overall complexity.

Already thefn:deep-equal function is computationally expensive and depends on the af the
input data. Thelistinct-values function compares each possible combination of two nod#ssahput
sequencef(% combinations) and therefore its complexity amountgitd(n) = O(n? - deq). As a result,
the overall complexity of calculating a substitution set@dling to the above method@(n? - deq - vars). In
Section 5.2.4, the complexity is reduced6n? - deq - vars).

Exprsosyg =

if ($ss) then
element tag0 {
let $yzs := distinct-elements(
for $s in $ss return
element xc:value { $s/child::xc:Y, $s/child::xc:Z })
return
for $yz in $yzs return
let $subs_yz := distinct-elements(
for $s in $ss return
if (fn:deep-equal($s/child::Y, $yz/child::Y) and
fn:deep-equal($s/child::z, $yz/child::Z))
then $s else ()
return
element tagl {
$subs_yz/child::xc:X,
$yz/child::xc:Y,
$yz/child::xc:Y } }
else ()

Explicit grouping being no harder to translate than implgriouping, no special example expression is
treated here. Instead, imagine that variabfeendZ in Exprs; 2.3, appeared within group by -clause
following all tagl [var X] instead of within the subterm. The rule handling the apfibeeof substi-
tution sets to explicit grouping constructs reads:

(5.6)  lol(all t group by V) = [n](t) o--- o [m](¢) where{[n1], ..., [7]} = [o]/~ v yov

For the altered example expression this means that theagnoe classes are again calculated according
to the same variableéandZ - just as before. The semantics of the resulting expressardionly differ in
that the bindings fol¥ andZ would not show up in the result.

Automatic translation of the grouping constradit-distinct is achieved by Rule 5.3, in whiatt
denotes a construct terl, ..., Xn are its free variables, arbs is the substitution set to be applieddb.
The translation function calls itself recursively, theyebplacing the substitution séés given as a parameter
by the equivalence clagglass r which is calculated with respect to the free variablestof

There are two related rules that can be derived from RuleMh8first one is concerned with the translation
of the duplicate-preservingl , and the second one treats an additigralip-by -clause. Since these two
extensions are orthogonal to each other, a third derivatdaging both extensions is obtained by applying both
adjustments to Rule 5.3.
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[ all-distinct ct .]]fg;Q = (Rule 5.3)
let $reps := distinct-elements (
for $s in $ss return
element xc:value { $s/child::xc:X1, ..., $s/child::xc:Xn 1)
return for $r in $reps return
let $class r := distinct-elements(
for $s in $ss return
if (fn:deep-equal($s/child::xc:X1, $r/child::xc:X1)
.and ...
fn:deep-equal($s/child::xc:Xn, $r/child::xc:Xn))
then $s else ()
return [ ct [ickesr

If duplicates are to be preserved by the grouping constituet,epresentatives of the substitution sets must
be calculated according to the node identities of the végiamdings forX1, ..., Xn . Unfortunately,
the distinct-nodes-stable -function does not achieve this aim, because all of the newhstructed
xc:value -elements are assigned unique and different node idestifieKQuery. Neither can the compari-
son operate on the children of these elements instead, $etaeiidentities of the nodes within the originally
queried data get lost as soonxassubstitution -elements are generated to surround them. To give
an example, the expressiap:is-same-node(<a>$vl</a>/ *, <a>$vi</a>/ =*) returns false in
XQuery, while comparing the variable references direcityid return true. A way out to this problem would
be to extend the representation of substitution sets tadiechdditional artificially created node identifiers for
all variable values. Since the duplicate presenatg has not yet found its way into the Xcerpt language, no
alternative translation methods are explored.

The attempt to adapt Rule 5.3 to explicit grouping consgrigimore successful. It is sufficient to unify
the set of free variables and the set of variables ingttoeip by clause, calculate the representatives of the
equivalence classes based upon this union of variablegahtiedeep-equal on all of them.

There is one other important part of Xcerpt construct ternag tan neither be translated by Rule 5.2
nor by 5.3: Variable occurrences. In the example expresssoch asEzprs.2 3., they are translated by
simply returning the value (e.gbss/child::xc:X ) of their bindings in the XML-representation of the
substitution set.

[ var X [55%o = $ss/child:xe:X (Rule 5.4)

Theoretically, such a step expression may return a sequeEnedues of arbitrary length, but since there
do not occur any free variables in the construct terms exaghimthis section, the equivalence classes applied
to a variable occurrence always contain exactly one binétinggach variable. There is, however, also the
opportunity to return all values of a variable next to eadheotwithin the same parent node, such as in
tagl [ all var X] . This case is covered collaboratively by rules 5.3 and 5.4.

5.2.4 Easing the Translation of Construct Terms with XQueryFunctions

The translations presented in the last section are rathrbose, and applying Rule 5.3 and its derivatives
more than once when translating complex construct termasisléo great redundancy of code. As in other
programming languages, XQuery functions are used to faxtbocommon code, and the required functions
are presented in this section.

The ultimate goal of using functions to translate groupingstructs is the following: Given a list of
substitutions in XML-representation accessible by thealde $ss and a list of variable name®ars (e.g
("X", "Y") ), the equivalence classes with respect to the bindingsofdhiables iffvars shall be calcu-
lated by a single function cakic:equivalence-classes($ss, $vars) . This allows a much briefer
translation of construct terms.

The most fundamental function needed for this purpose igtmtechecks whether two substitutidbsl
and$s2 belong to the same equivalence class with respect to thengimaf the variables ivar . The
recursive function in Table 5.3 achieves this end.
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Table 5.3: XQuery function xc:has-same-bindings

declare function xc:has-same-bindings($s1, $s2, $vars) {

if ($vars) then (: recursive case: still variables to compar e )
if (fn:deep-equal($s1/ *[fn:local-name(.) = $vars[1]],
$s2/ [fn:local-name(.) = S$vars[1]]))
then xc:has-same-bindings($sl, $s2, fn:subsequence($va rs,2))
else false()
else true() (: base case: no more variables to compare:)

k

Based on this function, computing a list of representatféise set of equivalence classes could be realized
in a very similar way as in the last section. But time complegan be improved by calculating the classes
in one single sweep over the list of substitutions witholirtg the indirection over representatives. With
XQuery functions at hand this enhancement is implementéallasvs:

Table 5.4: XQuery functions xc:eq-classes and xc:inagss

declare function xc:eg-classes($ss, $classes, $vars) as n ode() * {
if ($ss) then (: recursive case :)
let $newclasses := xc:insert-subst($ss[1], $classes, $va rs) return
xc:eqg-classes(fn:subsequence($ss, 2), $newclasses, $va rs)
else $classes (: base case: all substitutions processed :)
h
declare function xc:insert-subst($s, $classes, $vars) as node() * {
if ($classes) then (: try to find an equivalence class for $s : )
if (xc:has-same-bindings($classes[1]/ *[1], $s, $vars)) then
(element class { $classes[1]/ *, $s }, fn:subsequence($classes, 2))
else ($classes[1],
xc:insert-subst($s, fn:subsequence($classes, 2), $vars )
else ($classes, element class { $s }) (: a new class is added :)
h
In Table 5.4, the functiorc:eq-classes iterates over the list of substitutions, inserting one subs

tion at a time in the list of equivalence classes. In theahitall to the function, the list of equivalence classes
is always empty, and therefore a wrapper function taking @8k and$vars as its only arguments would
be helpful.

The functionxc:insert-subst is used to iterate over the equivalence classes which huittoufar.
For each equivalence class, it is checked whether the dugubstitution$s should be part of it. If all these
checks fail, a new equivalence class is added $dlas its only element.

The realization okc:insert-subst is not as brief as one might expect. This is due to the absence o
a built-in function to append a child to a given node, suchhasappendChild -function in the document
object model [8]. Certainly, such a function could be impésnied as a user-module, and as a matter of fact,
such updates of node values will be natively supported mréutersions of XQuery, which would make the
above code more concise [7].

Making use of these functions, the translation of the coicstermEzprs 2 3, becomes less verbose:

if ($ss) then {
element tag0 {
for $class in xc:eq-classes($ss, (), ("Y", "Z")) return
element tagl {

distinct-elements($class/ * [XC:X),
distinct-elements($class/ * /xc:Y),
distinct-elements($class/ * [xC:Z)
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}

else ()

5.2.5 Grouping Constructs enclosing Sequences of Constiuterms

A recent development within the language Xcerpt is the asiiomsof multiple construct terms within grouping
constructs, such as iBzprs.25,.. For each unique pair of values férandY, one instance of the tuple
enclosed byall-distinct is generated. This means that the same valu¥ foay appear multiple times
within the enclosingag0 -element, interleaved by instancesal [ var X ]

Exprsosye =

CONSTRUCT tag0 [ all-distinct (tagl [ var X ], var Y) ]
FROM var X as a {{ var Y as b {{ }} }} END

This type of grouping can be formally defined by Equation &/7ich specifies that the equivalence classes
of the substitution sefo] are calculated according to the union of the sets of freeales of thet;, plus
the explicit variabled” — if present. The free variables within the grouping corwtall-distinct in
Exprs.o5.. areXandY, and therefore the equivalence classes in the XQuery 8@oslEzprs 2 5., are
calculated according to these two variables. As beforeXQeery variable$ss in Exprs.o5., contains
the substitution set in XML-representation returned byekeluation fo the translation of the query part of
Exprsosye-

(5.7) [o]@l (t1,...,t;) group by V) =[rn](t1)o---o[r]t) o - or](tr)o---ofr](t:)
where{[[.. .. [7]} = 01/~ _._, rvicon

Exprsosy, =

element tag0 {
let $reps := distinct-elements(
for $s in $ss return
element xc:restricted_substitution {
$ss/child::xc:X, $ss/child::xc:Y })
return for $r in $reps
let $class_r := distinct-elements(
for $s in $ss return
if (fn:deep-equal($r/child::xc:X, $s/child::xc:X) and
fn:deep-equal($r/child::xc:y, $s/child::xc:Y))
then $s else ()
return
(element tagl { $class_r/child::xc:X }, $class_r/chidl:: xcY) }

Automatic translation ofi-ary all -constructs is achieved by adapting rule 5.3 to treat a semuef

construct termsty, ..., ct) rather than a single construct tert within the all-distinct -construct.
Apart from that, Rule 5.5 differs from Rule 5.3 in that it makese of the helper functions from last section.
The variablexX1, ..., Xn in Rule 5.5 are the union of the free variables of ¢the
[ all-distinct (ctr, ... cte) [53%o = (Rule 5.5)
for $class in xc:eq-classes($ss, (), ("X1", ..., "Xn")) ret urn
( IICt ]]$class [[ ]]$class )
itox Qs == toXQ

To conclude the translation of construct terms, the foltayypoints are emphasized. Grouping constructs
are best translated by staying close to the their formal s&oga This requires that some kind of data structure
to represent subsitution sets is available, which must beiged by the translations of the query terms. In this
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way entire Xcerpt rules are translated seamlessly to XQUéry use of XQuery functions eases the translation
notably. The construc@rder by , some and aggregations remain unadressed in this thesis, butiabpe
the handling obome is straightforward.

5.3 XQuery Expressions with Mixed Construction and Query Pats

As exemplified by the translations of Xcerpt construct terkfuery expressions often intertwine query and
construction parts, such that they are incompatible wighgitammar productions o€ Q3. As a consequence,
they cannot be translated with the methods introduced soTfais section shows how to translate XQuery
expressions consisting &r -clauses, variables, indirect element constructors aqdesees of these con-
structs.

The grammar productions for this sublanguage are given lnteTa.5, with<QNAME>and <XQVAR>
denoting qualified names and XQuery variables, respegtiigite that a lot of grammar productions that are
included inX Qs, e.g. those for injectivity, order, and deep-equality ¢aists, are excluded frod¥ Q4. Their
inclusion would not add any interesting aspect to the foduhis section, but since they are only relevant to
the calculation of query terms, they would neither compéche rules presented here. An important constraint
on the grammar productions in Table 5.5 is that XQuery végmimay be bound at most once.

Table 5.5: XQuery expressions with mixed construction amelyg parts:X 4

<ELEMENT> = 'element’ <QNAME> '{' <SUBEXPR> (') <SUBEXP R> )+ '}
<SUBEXPR> = <ELEMENT> | <FORCLAUSE> | <XQVAR>
<FORCLAUSE> := 'for <XQVAR> 'in’ <STEP> ’'return’
' <SUBEXPR> (' <SUBEXPR> ) « )
<STEP> = <XQVAR>'/child:’<QNAME>

A translation of an intertwined XQuery expression resultan entire Xcerpt construct-query-rule. There-
fore, the translation procedure is split into two parts. Gaery components are translated by rules flagged
toX Cqt in a very similar way expressions i Qs are translated, only that it is not necessary to account for
the substitution sets in XML-representation, and that Xi@@ement constructors are disregarded. The con-
struction components, in other words the element constrsieind variable references, are translated by rules
namedtoX Cct. The interaction between both functions is formalized byeFau6.

As in the previous chapted denotes a sequence of associations between XQuery an Xeegiiles, and
may be calculated together with the query qﬂ;mmmedugxcqt. Within A, multiple XQuery variables
may be associated with the same Xcerpt variable, but notvécsa. At least one association for each XQuery
variable returned b¥r,,ierwined Must be included iM. It would be possible to calculate both the construct
part and the query partin one single sweep QVgf;c.1wined, Ut this would require to hold more intermediate
data-structures in memory.

The second parametertoX Cct is a sequence containing XQuery variables, which the rieguXcerpt
construct term must be grouped by. It is initialized with #mpty sequenc and is discussed in detail later
in this section.

A = associations(Erptertwined) (Rule 5.6)

[[Elntertwined]]toXC = CONSTRUCTﬂElnteTtwined]]ﬁ)g](cct FROM[[EIntertwined]]ﬁ;Xth END

In this section, the focus lies upon the construction patheftranslation, since the handling of the query
part is in fact very similar to the automatic translationnfr& Q3 to X C3. The discussion is split into two
episodes. The first one gives a first idea on how to handletivitesd XQuery expressions, while the second
one extends the discussion to include sequences of expnessithinfor -clauses.

5.3.1 Translation of Element Constructors and or -Clauses

In this section, a slightly restricted version of the langedefined by the grammar in Table 5.5 is translated to
Xcerpt. The restriction is given by not allowiigr -clauses to return sequences of subexpressions. Sequences
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within for -clauses are discussed separately in Section 5.3.2, leetteysrequirer-ary grouping constructs.
As an introduction, consider the intertwined expressiamnrs 3, , in which the construction and query

part are colored red and blue, respectively. For each eleim&data/child::html one new node named
b is constructed, thus the element construttof ... ] must be grouped with respect$x. Since$x
does not belong to the free variables of the expression sedloyb[ ... ] , explicit grouping must be

used to specify the translation. A similar reasoning agdiee the innermost element constructor with label
c. For each subterm &x namedbody , one such node is constructed. Consequently, the elemesitraotor
cl...] in the translation must be grouped By Y occurs within the element constructor foy and thus
no explicit grouping is necessary. In both step expressbiseprs 3, duplicates are preserved, hence the
duplicate preservingll construct is the right choice as the grouping construct.

An interesting characteristic dfxprs 3., iS that an element labellealis produced no matter Bx and
$y can be succesfully bound to a node. Similarly, for each bigdif variable$x, one element namell
is constructed, irrespectively of the potential bindings$y . To reflect this situation, all Xcerpt labels that
represent an XQuery element constructor withfora -clause must be declared optional.

Exprssy, = element a {
for $x in $data/child::html return
element b {
for $y in $x/child::body return
elementc { $y } } }

Ezxprs s =

CONSTRUCT

a [ optional all b [ optional all ¢ [ var Y ] ] group by X]
FROM

optional var X as html {{ optional var Y as body { BB
END

If element b were not enclosed byfar -clause, the first grouping construct in the translationabe
left away. In contrast, if there were more than doe -clause enclosinglement b , it would be necessary
to group by more than one variable. When translating an ele@nstructor: to Xcerpt, the sequence of
variablesV;,, (c), that are bound ifior -clauses surrounding it, must be known.

Keeping track of these variables in a recursive transldtioction is most easily achieved by starting out
with the empty sequence and appending a variable for &achclause consumed. Note that it would not
suffice to storé/y,,-(¢) within a set, because the Xcerpt translation must returtesois in the same order as
the XQuery archetype. In the following, the subset relaisooccasionally used when referring to sequences,
meaning that all elements in the first sequence must be o@utai the second sequence in an arbitrary order.
In Rule 5.7 *++" denotes the function concatenating two lists, §&hr]  denotes the list consisting of the
single elemen$var .

[ for $var in step return e hYars = [ehyarsdval (Rule 5.7)

It does not make sense, however, to group an expressionliwitee same variable. Therefof,..., (c)
denotes the sequence obtained by eliminating all thosahlas fromV;,,,.(¢) which also participate in a
grouping produced by the translation of an element constristirrounding:. V..., (c) is the sequence of
variables that needs to be grouped by, and is given as a superscript to the Huis easiest to specify a
translation rule for an element constructor that does ned e be grouped:

[ element label {  er,...,en } [0, = tabel [ eV, lenltle., (Rule 5.8)

In the case thaV/,,,.,(c) is not empty, grouping constructs are used in the translatieet F'V'(c¢) C
Vsur (¢) be the set of free variables (excludiddata ) of the construct term to be translatddV/ (c) is a subset
of Vi (c), because expressions that contain unbound variablespfefarebdata ) are not translated. Free
variables of a subexpression must therefore be bound by sonstruct within the surrounding expressions.
Note that, with implicit and explicit grouping giving no guaantees about the order of the resulting subelements,

79



these grouping constructs are not an option, evéiifc) = V,,.up(c) holds. Instead therder by -clause
must be used to establish an order according to the bindardgké variables in the sequenig o, (c).

Rule 5.9 recursively calls the translation functieX C'ct on the subexpressioas, . . . , e, of ¢, substitut-
ing Vyroup(c) by the empty list in order to prevent multiple groupings wigspect to the same variable. The
notationA(Vy,..p) refers to the Xcerpt variables associated with the XQueriakites in the list/;,..,,.

¢ = element label { €1,-.-,6n }

AV, : AT T (Rule 5.9)
[l xtos? = optional all label [ lerli xcers oo lenliox cet
order by {  A(Vyroup) }

The last construct from the grammar to be automaticallyslegad is also the simplest one: XQuery
variable occurrences of a variable In the same way as with element constructors, two cases tocleel
distinguished: Either the list,,,..,,(v) of variables that must be grouped by, is empty - which is the case if
v is directly surrounded by an element constructor » onust in fact be grouped by other variables, because
it is directly surrounded by possibly multiple nesfed -clauses. In the first case the translation @ given
by A(v) and in the second case, Rule 5.10 applies.

[ v IS\ = all A(v) order by  { A(Viyouwp) } (Rule 5.10)

As before, A(v) denotes the Xcerpt variable associated witturing the translation of the query term, and
A(Vyroup) the representatives of the variables, thi to be grouped by.

5.3.2 Returning Sequences Withiri or -Clauses

The translation rules above precluded the case of sequegtaesed by for-clauses. This section answers the
guestion what to do i€ in Rule 5.7 is anything else but a single element constryatsinglefor -clause or a
single variable. ExamplExprs 3.2, iterates over thbody child nodes of théitml elements o$data and
returns both théatml element and thbody element wheneveBv2 is successfully bound to a node. While
each node bound ®v2 is returned exactly one time, the number of times the sanirigrfor$vl is returned
remains unassured. Additionallytml| - andbody nodes appear alternately within the result sequence, and
they must be grouped with respect to both variaBles and$v2 .

Exprszay, =

element a {
for $v1 in $data/child::html return
for $v2 in $vi/child::body return ($v1, $v2) }

The translation of the query part éfzprs 3.2, is evidently given by
optional var V1 as html {{ optional var V2 as body {{ }} }}

The construct part of the translation is more difficult to figout. Applying the substitution set generated
by the query partto the teren [ all var V1, all var V2] would result in a sequence that includes
all of the data terms that are returned by expresdionrs 3.2, but neither the correct number of these
nodes, nor in the correct order. Moreover, it is impossiblsgecify a translation oEzprs 3.2, With the
initial language constructs suggested in [17].

A recent extension to Xcerpt areary variants of the constructgptional , without andall . Infact,

a grouping construct that takes a sequence of construcs tsrmecessary to phrase the correct translation
(Exprs.s.2x.)- To see that this is a correct translationfofprs 3 2 ., , reconsider the formal semantics of this
n-ary grouping construct as suggested in Section 5.2.5.

Exprssoye =

CONSTRUCT

element a [ all (var V1, var V2) order by V1]
FROM

optional var V1 as html {{ optional var V2 as body {{ }} }}
END
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In Exprs.s.2,., One pair of variable assignments Mt andV2 is returned for each of the equivalence
classed[r]...[m] = ¥/~,,, ,, Of the substitution sef. As before, this translation is only correct under
the assumption that the substitution sets are in fact netstisf substitutions and that the grouping construct
all preserves duplicates.

Mixed sequences returned byf or -clauses According to the grammar in Table 5.5, not only multiple vari
ables may occur within theeturn -clause of aor -clause. Multiple othefor -clauses or element con-
structors are translated in the same way. As an exampledmmnaskpressioxprs 3.2, Which returns a
heterogeneous sequence withifoa -clause.

Exprszay, =

element a {
for $v1 in $data/child::html return (

$vi,
element b { $vl/child: * )
for $v2 in $vi/child: * return $v2/child:: * )

Again, the sequence is echoed in the Xcerpt translationmwithall -construct. The variable reference
$v1 and the element constructelement b are translated in the same manner as in the last subsection.

The advertent reader may have noticed thatrs 3.2, is under strict considerations not part of the
languageX @4, because it is not derivable by the grammar productions bieT8.5. To be more precise,
the deviance lies in the usage of step expressions withiel#maent constructor fdv in line four and in the
return -clause of line five. Both of these step expressions may bsfwaned into dor -clause explicitely
binding new variable$v3 and$v4 . In this way, the translation rules given in the previougises suffice to
derive the correct translatiafizprs 3 .., -

Ezprs s, =

CONSTRUCT
a [ optional all (
var V1, b [ all var V2 ], all var V3 order by {V2}
) ]

FROM
optional var V1 as html {{ var V2 as /. */ {{ var V3 }} }}
END
A further difficulty for the translation procedure is to rggoze that the stefvl/child:: * appears

twice in Exprs 3., and thus it is convenient to use the same Xcerpt variablepiesent both XQuery vari-
ables$v2 and$v3 of the expanded version of the expression.

5.4 XQuery Expressions with Construction of Intermediate Results

Although X @, includes expressions that both query data and construdtsei$ is restricted in an important

way. OnceX @, expressions construct results, the constructed data & meused later on in the XQuery
expressions. In other words, the querying is restrictechéoviariable$data and its descendants. In this
section this confinement is lifted by the introduction of diddal let -clauses. The grammar production for
this new sublanguage called@s is given in Table 5.6.

The newly introducedet -clauses may bind their variables to an arbitrary XQueryesgion deducable
by <SUBEXPR?> In this respect, they are privileged in comparisorido -clauses, the binding sequences
of which are still limited to step expressions. The questidrether this kind of extension of Q4 is sheer
arbitrariness, immediately comes to one’s mind. In faspfdr -clauses with binding sequences more com-
plex than step expressions are indirectly expressible &yatiove grammar productions, since such binding
sequences may be substituted by a variable boundeh aclause as exemplified by the following transfor-
mation:
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Table 5.6: Grammar productions farQs

<ELEMENT> = element <QNAME> { <SUBEXPR>+ }

<SUBEXPR> = <ELEMENT> | <FORCLAUSE> | <XQVAR> | <LETCLAUS>
<FORCLAUSE> := for <XQVAR> in <STEP> return (<SUBEXPR> *)
<LETCLAUSE> := let <XQVAR> := <SUBEXPR> return <SUBEXPR>

<STEP> = <XQVAR>/child::<QNAME>

for $v1 in <SUBEXPR1> return <SUBEXPR2> ==
let $myvar := <SUBEXPR1> return for $v1 in $myvar return <SUB EXPR2>

This example shows that it is often convenient to transfoi@uiry expressions before they are translated
to Xcerpt. The rich equality preserving transformationgioiities of XQuery expressions are of intense in-
terest in later parts of this section. As a matter of factafaee two possibilities of translating the sublanguage
X Qs to Xcerpt: The first one is direct translation let -clauses to Xcerpt construct-query-rules, and the
second one using a mapping of expression& @f; into X Q4. Consequently, the discussion &i)5 is split
into these two parts. But before both methods are presecdedider a short example expression.

Exprs 4, highlights the difficulty of translating XQuery expresssomith intermediately constructed and
queried results.

Exprsayg =

let $var :=
element b { for $v0 in $data/tag0 return element a { $v0 }}
return element a {
for $v1 in $var/child::a return
for $v2 in $data/child::b return
element ¢ { $v1, $v2 } }

The variablébvar is bound to an expression including element constructaidtzese element construc-
tors are deconstructed later on. In the following sectidfisrént ways are shown to translaerprs 4, -

5.4.1 Intermediate Results Translated by Rule Chaining

During a forward chaining evaluation of Xcerpt programseimediate results are constructed in a similar
fashion to the computation of the binding févar in Exprs.,,. This suggests the translation of each
let -clause by its own appropriate Xcerpt rule.

Whenever the variable bound in thet -clause is referenced within the XQuery expression, thepce
translation must query the data constructed by the rulecasd with thelet -clause. For these queries to
succeed only on the desired data, the construct parts otteragted rules must be uniquely identifiable. This
is most easily achieved by using a special namespace, anditlabdle name of the variable bound in the
let -clause as an enclosing label for the construct term. Ofseptlnis is only true under the easily enforcable
assumption that each variable has a unique namd&jy expressions.

In this mannerExprs 4 ., translates tdvzprs 4.1.. As in the last section, all Xcerpt variables must be
optional, because results are generate@lbyrs 4, no matter if any bindings for the variabl$gl and$v2
exist.

Exprsaiye =

CONSTRUCT

xc:ivar { b [ optional all a [ var VO ] ] }
FROM

optional var VO as tag0 {{ }}
END

CONSTRUCT
a [ optional all ¢ [ var V1, var V2 ] ]
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FROM
and ( xc:var {{ /. [ {{ optional var V1 as a {{ }} }} }}

optional var V2 as b {{ }} )
END

Unfortunately, this kind of translation only works ftat -clauses appearing on a global level and fails
for certain kinds of nestelt -clauses or ones appearing witlior -clauses. The problem arises from the
fact thatlet -clauses that are not the outermost construct oX &}y expression are evaluated in a customized
dynamic environment (see sections 2.2.1 and 2.2.2). Nesleds, some of these wrapped let-clauses are still
translatable by the above procedure as the following exastpdws.

Exprsaiy, ==

for $v0 in $data/tag0 return
for $v1 in $v0/tagl return
let $v2 := intermediate_result { $v1 } return
for $v3 in $v2/child::tag0 return
for $v4 in $v3/child::tagl return
element result { $v4 }

Thelet -clause and both of its surroundifey -clauses inEzprs 4.1, may be translated almost as if
they were an autonomous XQuery expression into the firstinulecpr; , 1 . The remainindor -clauses
and the element constructor may then be translated to fagregbond rule I[Expr5 4%, , which queries the
construct parts of the first rule.

Exprs4iye =

CONSTRUCT
xc:v2 [ optional all intermediate_result [ var VO, var V1 ] ]
FROM
optional var VO as tag0 {{ optional var V1 as tagl {{ }} }}
END
GOAL
xc:result [ optional all result [ var V4 ] ]
FROM
xc:v2 {{
intermediate_result {{ tag0 {{ optional var V4 as tagl {{ }} } B
1}
END
Note that it is not strictly necessary to group iallermediate_result -elements within the same

xc:v2 -element. The program would yield the same results ifahe-keyword were left away.

As mentioned above, slight variations bfrprs 4.1, May cause this translation procedure to miscarry.
One such variation would be to not only retuu4 in the innermost element constructor, but also one of
the variable$vO and$vl. Bindings for their Xcerpt equivalent&ar VO andvar V1 are only generated
during the evaluation of the query part of the first rule, aredreot present for the construct part of the second
one. In order to produce fresh bindings for both of theseatdeis, one could adapt the query part of the second
rule to read as follows:

and (
xc:v2 {{ intermediate_result {{
tag0 {{ optional var V4 as tagl {{ }} }}

1
optional var VO as tag0 {{ optional var V1 as tagl {{ }} }}

)

While bindings forvV0 andV1 can now be consumed in the construct part of the second hdee ts no
guarantee that the bindings fo# are brought together with the correct bindings ¥ andV1. To make
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things worse, all possible combinations of bindings foistheariables are used, producing a large amount of
false results. In the following section, a method for surmtog these shortcomings is presented by simulating
XQuery dynamic environments within Xcerpt.

5.4.2 Simulation of XQuery Dynamic Environments Within Xcerpt

As demonstrated in sections 5.2, construct terms are #i@usmost easily by carrying over the notion of
substitution sets, which play a crucial role in the evahratof Xcerpt rules, to XQuery. In this section,
dynamic environments as a data structure that plays an tamtanle in the evaluation of XQuery expressions,
are emulated in Xcerpt to translate arbitrary expressiods®s.

The example expression to be considered in this section isra complex version aEzprs 4.1 ¢:

Exprs oy, =

for $v0 in $data/tag0 return
for $v1 in $vO/tagl return
let $v2 := intermediate_result { $v0, $v1 } return
for $v3 in $v2/child::tag0 return
for $v4 in $v3/child::tagl return
element result { $v4, $v0 }

It does not only return variables bound in immediately esicigfor -clauses, but also the outermost vari-
able $v0 in the innermost element constructor. In the last sectidrag been shown that when translating
let -clauses with appropriate construct-query-rules, it mayibknown which variable bindings belong to-
gether in the sense that they are appear within the same dyeamronment during an XQuery evaluation.
In the translation ofsxprs 4.2, this problem is solved by making dynamic environments expli

Exprsgoye =

CONSTRUCT

xc:env0 [ xc:vO [ var VO ] ]
FROM

var VO as tag0 {{ }}
END

CONSTRUCT
xcienvl [ xc:vO [ var VO ], xcivl [ var V1 ] ]
FROM

xc:env0 [ xc:vO [ var VO as /. */ {{var V1 as tagl {{ } } 11
END

CONSTRUCT
xc:env2 [ xc:iv0 [ var VO ], xcivl [ var V1 ],

xc:v2 [ intermediate_result [ var VO, var V1 ] ] ]
FROM

xc:envl [ xc:vO [ var VO ], xcivl [ var V1 ] ]
END

CONSTRUCT
xc:env3d [ xc:vO [ var VO ], xcivl [ var V1 ],
xc:v2 [ var V2 ], xcv3 [ var V3 ] ]
FROM
xc:env2 [ xc:iv0 [ var VO ], xcivl [ var V1 ],
xc:v2 [ var V2 as /. */ {{ var V3 as tag0 {{ }} }} 11
END

CONSTRUCT
xcienvd [ xc:ivO [ var VO ], xc:ivl [ var V1 ], xc:v2 [ var V2 ],
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xc:v3 [ var V3 ], xcv4 [ var V4 ] ]
FROM
xcienvd [ xc:v0 [ var VO ], xc:ivl [ var V1 ], xc:v2 [ var V2 ],
xc:v3 [ var V3 as /. */ {{ var V4 as tagl {{ }} }} 1.

END
CONSTRUCT
xciresult [ all result [ var V4, var VO ] ]
FROM
xc:envd [[ xc:vO [ var VO ], xcivd [ var V4 ] 1]
END
The dynamic environment for the final return clausdement result { $v4, $v0 }is built up

step by step in the Xcerpt translation. Bindings for the alales$v0 ... $v4 are added one after another,
yielding the intermediate environments:envO ... xc:env4d . Regrettably, the length of the translation
does not scale linearily with the number of constructs inX@iery preimage. The number of rules is given
by the number ofor - andlet -clausesc, and the length of these rules also increases linearily thi¢h
number of variables in the environment, which is equal tontmaber of clauses Thus, the total complexity
is O(c?).

There is, however, some room for improvement. No intermtediasults being constructed between the
application of the rules one, two and three, these rules neagnérged to form one single rule. With the
same reasoning in mind, one may also combine rules four, fidesix to obtain the following program as an
abbreviated alternative Bzprs 4.2 -

CONSTRUCT

xc:env2 [ xc:vO [ var VO ], xcivl [ var V1 ],

xc:v2 [ intermediate_result [ var VO, var V1 ] ] ]

FROM

var VO as tag0 {{ var V1 as tagl {{ }} }}
END
CONSTRUCT

xc:result [ all result [ var V4, var VO ] ]
FROM

xcenv2 [ xc:iv0 [ var VO ], xcivl [ var V1 ],
xc:v2 [ var V2 as /. *[ {{
var V3 as tag0 {{ var V4 as tagl {{ }} }}

Bl
END

Let ¢ be the entire number of clauses within ArQ; expression as before, ahdhe number ofet -
clauses. The length of the result of this translation praceds still not linear inc, but the complexity is
O(c-1).

In contrast to the translation in the last section, this méthllows to translate all expressions wittiQ);
to Xcerpt. Furthermore, it may be easily implemented to iobda automatic translation algorithm. Aligned
with the formal semantics of XQuery, it is extensible to hlaralso function calls or other XQuery constructs
that manipulate the dynamic environment.

5.4.3 Elimination of | et -Clauses

As shown in the last section, rule-chaining in conjunctiagthvihe emulation of dynamic environments allow
to translate all expressions ()5 to Xcerpt. Nevertheless, this section explores a diffeapptoach by trying
to convert all expressions withilf 5 to semantically equivalent expressionsi) 4.

The basic idea is to eliminatet -clauses by substituting variable references in the bodetof-clauses
by their definition. Subsequently, the resulting exprassosimplified to comply with the grammar produc-
tions of X Q4. Since all expressions in XC4 have been shown to be strégiardly translatable to Xcerpt,
this is an effective way to circumvent the direct translaid X Q.

Note thatet -elimination in XQuery unlike in most functional progranmgilanguages may cause trouble
in certain cases. Due to node-identity it is not always fdedib guarantee that the result of the evaluation
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of an expression stays the same when substituting variléseir bindings. As an example consider the
following queries:

let $a = element a { } return ($a is $a)

element a { } is element a { }

The second query is the result of eliminating ke -clause in the first query. Nevertheless, the first query
evaluates to true, whereas the second one evaluates td fal$es infringement of referential transparency
in XQuery extends to functions that make use of the comparigmerator for node identitieis such as
fn:count  andfn:distinct-nodes , but since none of these constructs are included @s, let -
elimination is a correct transformation in this scope.

This section is structured as follows: At first, an examplperession is transformed according to the ideas
above. In the second subsection, it is shown that all exjpressesulting from the elimination of let-clauses
may be transformed to comply with the grammarod),.

5.4.3.1 An Introductory Example

To geta basic idea of the transformations discussed ingbt&s, consider the example expresstorrs 4.3, -
It is not part of the sublanguag€@, because it includeslat -clause.

Exprs a3y, =

let $a = element a {

for $v0 in $data/child::tag0 return element b { $vO }
} return

for $v1 in $a/child::b return element ¢ { $v1 }

Getting rid of thislet -clause is easily achieved by substituting all referenoestiablesy which are
bound inlet -clauses by the body of the respectleé -clauseb. In the following generic transformation
formula this substitution is denoted by a subscfipt— b}.

let v = breturn e == eg, )

Applying this formula toEzprs.4.3,, Yields the following equivalent expression, which unfowtely
neither complies with the grammar productions #6€), nor X Q5. While this might seem like a step in the
wrong direction at first glance, the result of fle¢ -elimination may be transformed to fit inf6 Q4.

for $vl in (element a {
for $v0 in $data/child::tag0 return element b { $vO }
}Mchild::b)
return element ¢ { $vi1 }

To the advertant reader it may be obvious thaprs 4.3, performs superflous computations. Tae -
elimination sets the stage for removing this redundancyadh the intermediate transformation result above
constructs an elemeat and immediately applies the child axis on it. Therefore, onight just as well not
construct the new node and apply the self axis on the confeéhecelement, as in the following equivalent
expression:

for $v1 in (
(for $v0 in $data/child::tag0 return element b { $v0 })/self b
) return element ¢ { $v1 }

The general form of this transformation is given by
(element  label; { e })/child: labely, == elself:; label,

The name tesself::b is applied to the sequence resulting from the evaluationfof a-clause. The
same result is obtained by applying the name test to the ssiprein the body of théor -clause.

1This problem has been pointed out by Daniela Florescu on/lihis.xml.org/archives/xml-dev/200412/msg0022&ihand in [5]
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for $v1 in (
for $v0 in $data/child::tag0 return (element b { $vO }/self: :b)
) return element ¢ { $v1 }

This transformation uncovers another redundant computatiamely the name test itself, which always
holds true and might just as well be omitted:

for $v1 in (
for $v0 in $data/child::tagO return element b { $vO }
) return element ¢ { $vl }

In the case that the label names do not comply, the body dbtheclause may be simplified to the empty
sequence. The general form of this transformation is given b

element labeli{e} if label; = labels,

5.8 element label self::  labely ==
.8) abeh{e}/ e {() otherwise.

The following transformation is the least obvious, but thestimportant one. It serves to rearrange the
query part of the XQuery expression, such that it is easiénattslate to Xcerpt. While the first query action
in the query above is given by the binding sequence of theféiratlause, this it not obvious. To bring the
syntactical order in accordance with the evaluation orttexfor -clause in the binding sequence may be
brought outside of its surroundirigr -clause:

for $v0 in $data/child::tag0 return
for $v1 in element b { $v0 } return
element ¢ { $v1 }

Note that this transformation works for any expression atglace ofelement b { $v0 } . Inthis
example, the transformation spawnf®a -clause with a binding sequence containing only one singlaent.
Suchfor -clauses do not actually iterate over anything, but are¢hd#ernative notations fdet -clauses,
which themselves may be eliminated.

for $v0 in $data/child::tag0 return
element c { element b { $v0 } }

In [13, Section 3.3] this transformation of iterations ouait forestsfor v in e do ez = eapye,y)
is called thdeft unit lawand may only be applied i is not a sequence.
Finally brought in conformance with the grammarXé),, the expression is translated to Xcerpt as usual:

CONSTRUCT

xciresult [ optional all ¢ [ b [ var V1 ] ] ]
FROM

var V1 as tag0 {{ }}
END

The introductory example in this section shows that it issflle to transform some of the expressions
obtained bylet -elimination to X Q4. In the following section it is demonstrated that thanksh® monadic
nature of XQueryor -clauses [13] all such expressions are transformable.

5.4.3.2 Systematic Transformation of Complex Binding Secgences

By means of théet -elimination, variable occurences may be substituted bitrary X Q)5 subexpressions.
The grammar productions fot Q)5 (Table 5.6) allow variable references to appear eitheriwitie body of

for -andlet -clauses, within element constructors or within step esgions. Variable references within the
body oflet -clauses are of no interest to us, becdase-elimination takes care of them. In case the replaced
variables appear within element constructors, or withi tibdies offor -clauses, the resulting expression
is still within X@Q4, and can be translated to Xcerpt. More difficult cases afisieei variable is part of a
binding sequence. In this section, all possible expressiesulting from the replacement of XQuery variables
in binding sequences are converted to such expressionsaimgly with the grammar foX Q4.
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For this end, it must be distinguished between element nactsts,for -clauses and lists of expressions
at the place of variable references in binding sequencestrahsformations are given in a general form that
is easily implementable in a programming language. As irptiegious sections, the meta-variables;, and
l1,7 € N represent XQuery variables, subexpressions (derivableShyBEXPR>n Table 5.6) and labels ,
respectively.

Element constructors within binding sequences The first case to be considered is the one of element
constructors. As has been seen during the treatment of #ap® expression, this case often eliminates
redundancies within the originaf Q5 expression. In fact the application of the child-axis to &ment
constructor yields the same result irrespectively of the@af the element constructed.

for v in (element Iy { e1 } 1) return ey ==
for vy in  eq/self: lo return  eg

After eliminating the element constructor, the name tesstnstill be carried out on the subexpression
itself. Since also theelf -axis is excluded fromX @4, the resulting expression must be further simplified.
Again, it must be distinguished between element constragclet-clauses, variable references, for-clauses and
binding sequences.

e As discussed in the last section, the application of a nast@tean element constructor can be handled
according to Equation 5.8. In the case of matching label sathe resultindgor -clause together with
its undesirably complex binding sequence is disposed byefheinit law [13, Section 3.3] (given in
Section 5.4.3.1) just as in the example expression.

e Let -clauses are not much harder to handle. They are simplyredid as already described, and the
self axis is taken care of by one of the other transformatiteseribed in this paragraph:

for v in (let vg = ey return  ep)/self: l1 return ez ==
for w1 N eagy,.e,y/s€lf l1 return  e3

e Applying a name test to a variable reference can be resolydidding out the binding sequence of the
variable. InX @5, these binding sequences are always short path expressinsisting of a reference
to another variable, a step on tbleild -axis, and a name test. If the name test in this binding sexuen
and the name-test to be eliminated overlap, the later onesingyly be omitted. Otherwise, the whole
expression evaluates to the empty sequence. Of courseethises global knowledge about all bound
variables during the transformation process. In a recersanslation function this may be achieved by
keeping a list of bound variables together with their lakshes in memory. Name test on variables are
formally eliminated by Equation 5.9.

. gy T label(ve) =14,
(5.9) for vy in wy/self::  Ilireturn e == Closray 1 0C ,(UQ) '
0 otherwise.

As a matter of fact, the case of overlapping label names maplitan two parts: Having disposed the
name-test, a simplistior -clause is leftoverfor v, in vy return  e. According to thdeft unit
law ([13, Section 3.3]) for iterations in the XQuery algebras tiimplifies toe ., ., -

e Name tests offior -clauses may be the most interesting case, although justtdet -clauses, the

name-test on theelf::  axis is not eliminated but rathermore postponed.
for v in (for ve IN ey return  ep)/self: l1 return ez ==
for vy in ey return (for v1 IN ep return  es/self: l1)

In [13, Section 3.3], this transformation is called #ssociative lanvamong the three monad laws.

The transformation above is also used in order to get ridof-clauses directly substituted for variable
references in binding sequences later on in this section.
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e The final subexpressions that a node-test might be applieddésequences of Q5 values. Again, this
is not a final case of the transformation, but the expressiast tve further simplified in order to get rid
of the name tests on the sequence itéms. . , ix.

for vy in ( dq,...0;)/self: Iy return  e; ==
for vy in ( iy/self: Iy, ..., iglself: 1) return e1
Having shown that all name tests on telf::  -axis can be eliminated to expressions witid) 4, it

is also apparent that element constructors as binding segaean be transformed to fit inf6Q,. The
remaining subexpressions within binding sequencesoareclauses and sequences. Both of these cases are
similar to the corresponding sub-cases above.

For-clauses within binding sequences As the second type of subexpressions of binding sequenatddh
not comply with the grammar o @4, for -clauses are considered. Unsurprisingly, it is agairagsociative
law from [13] that can be applied:

for vy in (for vg N ey return  eg)/child: l1 return ez ==
for vy in ey return (for v1 In es/child:: [y return  e3)

It is easy to see that in the special case that v, or thates = v; the simplification can be carried even
further. In [13, Section 3.3] a simplification of the fofiar v in e return v = e is called theright
unit law.

In contrast to element constructors, the single formulavalsaiffices to get rid of allor -clauses within
binding sequences. The final complex expressions withidibgnsequences dér -clauses are sequences of
subexpressions at the place of variable references.

Sequences within binding sequencesThe binding sequences to be transformed in this paragrapdf éine
form(eq, ..., ex)child:: [, and are generated by substituting the sequence of vatyes..., ex)
for an XQuery variable reference in a valld@, binding sequence duringt -elimination. By generating
one appropriatéor -clause for each element in the sequence, the expressignserteansformed to fit into

XQu.

for vy in ( ey, ..., ex)lchild:: [l return e ==
(for vy in  eq/child:; [ return e,
for wv; in  eg/child:: [ return  e)

Therefore any expression K5 may be translated to Xcerpt by taking the indirection o¥&p,, if one
is prepared to put up with the elongation of the expressiansed byet -elimination.

Concluding the treatment of @5, it can be recorded that there exist viable translationipiisies for
XQuery expressions with intermediately constructed tssWnfortunately neither the emulation of XQuery
dynamic environments in Xcerpt négt -elimination yield linear complexity of the length of the &ipt
translations, although the former method comes close.
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Chapter 6

Future Work and Conclusion

Although large parts of XQuery and Xcerpt are shown to bestedable, research in this area is far from
finished. Many aspects of the translation could not be censitlin their entirety during. The first Section of
this Chapter serves to point out some possible directiarfsifore work, presenting ideas that may be extended
to form autonomous topics of interest. The second Sectiorlades this thesis by summing up insights and
contributions.

6.1 Future Work

Future work may be classified into three categories:

e Research that builds upon the methods introduced in thisgfike the translation of entire Xcerpt pro-
grams, translation of query terms including aggregatipasitional and label variables, and translation
of XQuery function calls to Xcerpt.

e Entirely different approaches. One of these alternatiyg@gches is the implementation of simulation
unification in XQuery, and may be used as the foundation fackWward chaining evaluation of Xcerpt
programs in XQuery. Another alternative approach woulddbgite up the translation of Xcerpt to the
XQuery core, but to use XPath expressions instead whenegsitge. This may be more efficient for a
large number of XQuery implementations.

e As shown in this thesis, there are some language consthattatte hard to translate and some unique
features of both languages that complicate the entire lams process. There are three approaches
for explaining these differences. Either the expressibasdre not easily expressible in one language
are of subordinate importance so that they could slip by tioeéd, one or both of the languages miss
some features that might be added in the future, or the diifes in expressibility simply stem from
the fact that the languages are not designed for the samegrgpUnanswered questions in this area
are the following: Is it possible to integrate the conceptadie identity in Xcerpt without giving up on
referential transparency, answer closedness and deédityfatls it beneficial to includend andor -
connectives for query terms? Would it be possible to comoigdules for XQuery that deliver some of
Xcerpts reasoning capabilities or integrate query andtcaectterms into XQuery?

In the following Sections, some of the above named ideaseseribed in more detail.

6.1.1 Translation of Xcerpt Programs

The first Chapters of this thesis show how to translate Xcguery terms to XQuery. Making use of the
substitution sets in XML-representation returned by tla@stations of query terms, and staying close to the
formal semantics of Xcerpt with respect to the applicatibsubstitution sets to construct terms, Chapter 5
presents a method for translating entire construct-quéies. The next step would be to translate entire Xcerpt
programs to XQuery.

Xcerpt programs consisting of Xcerpt rules, a counterplantles must be found to take over their role in
XQuery. XQuery functions operating on the global varighdata , which is already used by the translation
of query terms, lend themselves for this purpose. The faligwule and its translation, which makes use of
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the functionxc:eq-classes from Section 5.2.4 for the sake of brevity, exemplify thisad The query term

is translated in the same way as discussed in Chapter 4, lmatlglightly longer path expressions are used. In
X Q3 a binding sequence of the forivO/exercised_hy/ * would have to be expanded to an additional
for -clause.

CONSTRUCT
countries_and_sports |
all countries [ var Country, all var Sport ]
]
FROM
sports [[
type [[ var Sport ]],
exercised_by [[ var Country ]]

1l
END

declare xc:functionl () as node() {
let $ss :=
for $v0 in $data/sports return
for $v1 in $vO/type/ * return
for $v2 in $v0/exercised_by/ * return
element xc:substitution {
element xc:Sport { $v1 }, element xc:Country { $v2 },

}
return
if ($ss) then
element countries_and_sports {
for $class in xc:eg-classes($ss, (), ("Country")) return
element countries {
xc:distinct-elements($class/ * [xc:Country),
xc:distinct-elements($class/ * [xc:Sport) }

}

else ()

Rules that are associated with input resources, may bdatadgo a function that features an additional
let -clause to bind a special varial#idoc to the documentresource. Subsequepdgc must be used at the
place of$data in the function body. A similar procedure may be applied faitiple resource specifications.

Supposed that all rules of an Xcerpt progréhare translated to XQuery functioms:functionl,

., xc:functionk , running the program in XQuery can be achieved as follows:

e Compute the full stratificatio®® = P, & ... W P, of P according to [17, Definition 6.8]. If the
program is not stratifiable, it is not translatable to XQuesing this forward chaining approach.

e Compute the fixpoint interpretatiai » [17, Definitions 7.8 and 7.9] of the program. Corresponding t
the formal semantics, at first the rules classified in the &hwt&atumpP; are evaluated until a fix point
is reached, followed by those iR, and so forth.

e XQuery being a functional programming language, there isquivalent to the facts of a logical pro-
gram known at a particular point in the evaluation of a pragrAs one might guess, the most straight-
forward way to simulate the growing set of facts during the ofithe program is to append the results
of the evaluation of a function to the list of children of theesial variablebdata .

While this approach builds heavily upon the results of thissts, implementing backward chaining must
be considered an alternative approach to this suggestiorce $ackward chaining relies on rooted graph
simulation, a taste for both of these methods is given in the Section.

91



6.1.2 An XQuery Reasoning Module

One of the strengths of the language Xcerpt are its advameestning capabilities. With XQuery becoming a
widely supported standard for XML querying, reasoning téliges for XQuery could help to transfer some

of the benefits from Xcerpt. This aim can either be achievetbbyard chaining or by backward chaining.

The foundations for the first method are provided by thisithemnd forward chaining evaluation of Xcerpt
programs is sketched in the previous Section.

Another promising approach is the implementation of sifioitaunification in XQuery to allow reasoning
by backward chaining. The difference between translatiodaerpt to XQuery and a reasoning module is
that the latter would operate on Xcerpt rules and the dataeasame time. This means that some kind of
representation of Xcerpt terms as XML data is needed. The Xytax of Xcerpt can be used for this
purpose. In a similar way to this thesis, the implementatibsuch a reasoning module could be structured
into two parts: One to cover the calculation of substituseis by simulation unification, and the second part
to support rule chaining. Since XQuery allows to operatedrema validated data, optimizations based on
this schema information could be additionally applied.

6.1.3 Efficient Evaluation ofn-ary Queries in XQuery

XPath allows the formulation of tree queries, but it doesallmw to simultaneously locate more than one
node of an input tree. In other words, XPath only allows urtargries. To formulate-ary queries, XQuery
has to be used. The sublanguag&s, and X Q3 comprehend the translationsiofary Xcerpt queries in form

of iterations, existential quantifications, several kinflsonstraints and parent-child relationships. There are,
however, many different alternatives to formulat@ry queries. Since the emphasis of this thesis lies upon
finding translation possiblities and algorithms, the parfance is not a primary issue. Interesting research
in this area would be to empirically compare the efficiencgifferent XQuery realizations af-ary queries
and the evaluation ofi-ary queries in Xcerpt. Since the performance is expectagip among XQuery
implementations, multiple XQuery engines should be inocaped in the analysis.

6.2 Conclusion

The contributions of this thesis are the following: Thregpaf equally expressive sublanguages of Xcerptand
XQuery are identified and automatic translation algoritfiongranslating in both directions between each pair
of sublanguages are discussed. The formal semantics oX§atlery and Xcerpt are thoroughly compared to
underline the correctness of the translation rules. Inmt@@roperly convey the semantics of Xcerpt query
terms, the translation algorithms fafCs and X C3 must distinguish between two kind of nodes. The first
type of nodes constitutes bindings for Xcerpt variablesstodturned in substitution sets, and must therefore be
translated by for-clauses. The second type of nodes reyregest as predicates in XPath — mere constraints
for the data to be retrieved and must therefore be transkatexkistential quantifications (some-clauses). A
recursive translation algorithm has been presented thaslatesX Cs> query terms in one single sweep over
the term structureX Cs5 including negated subterms and multiple variable occeesythe order of translating
the subterms to XQuery is non-trivial. Translation rules %6C'3 specify how to recursively translate entire
queries in a single sweep and how to ensure the correctatarsbrder of the subterms. Translation rules for
the reverse direction identify tree patterns within XQuiergrder to translate them to Xcerpt query terms.

Building upon the translation of Xcerpt queries, it has bgeown how to translate Xcerpt construct terms
directly and with XQuery functions. Automatic translatialgorithms for construct terms and entire construct-
query-rules are given. It has been demonstrated thatwitesti XQuery construction and Xcerpt grouping
constructs serve similar purposes in both languages tiiterd XQuery expressions are automatically trans-
lated to Xcerptrules. As a final enhancement, XQuery expmesgonstructing intermediate results are trans-
lated by the simulation of dynamic environments througk aiaining and by the elimination of let-clauses.

Although only parts of both languages are considered, itbmseen that translation in both directions
is feasible under moderate expenses. Difficulties are amieoed when confronted with the distinguishing
characteristics of both languages, such as node-identi§Query, injectivity among siblings and optional
subterms in Xcerpt.
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