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Abstract. We describe a visualization tool for XPath expressionscalled
XViz. Starting from a workload of XQueries, the tool extracts the set
of all XPath expressions, and displays them together with some rela-
tionships. XViz is intended to be used by an XML database administra-
tor in order to assist her in performing routine tasks such as database
tuning, performance debugging, comparison between versions, etc. Two
kinds of semantic relationships are computed and displayed by XViz, an-
cestor/descendant and containment. We describe an e�cien t, optimized
algorithm to compute them.

1 In tro duction

This paper describes a visualization tool for XPath expressions,called XViz.
The tool starts from a workload of XQuery expressions,extracts all XPath ex-
pressions in the queries, then represents them graphically, indicating certain
structural relationships betweenthem. The goal is to show a global picture of all
XPath expressionsin the workload, indicating which queriesuse them, in what
context, and how they relate to each other. The tool hasbeendesignedto scaleto
relatively large XQuery workloads, allowing a user to examineglobal structural
properties, such as interesting clusters of related XPath expressions,outliers, or
subtle di�erences between XPath expressionsin two di�eren t workloads. XViz
is not a graphical editor, i.e. it is not intended to create and modify queries.

The intended user of XViz is an XML database administrator, who could
use it in order to perform various tasks neededto support applications with
large XQuery workloads. We mention here somepossibleusagesof XViz, with-
out being exhaustive. One is to identify frequent commonsubexpressionsusedin
the workload; such XPath expressionswill be easily visible in the diagram pro-
duced by XViz becausethey have a long list of associated XQuery identi�ers.
Knowledgeof the set of most frequent XPath expressionscan be further usedto
manually select indexes,or to select e�cien t mappings to a relational schema.
Clusters of almost identical XPath expressionscan also be visually identi�ed,
giving the administrator more guidance in selecting indexes.A similar applica-
tion consistsof designingan e�cien t relational schema to store the XML data:
a visual inspection of the graph produced by XViz can be used for that. An-
other application is to �nd performance bugs in the workload, e.g. redundant
=='s or � 's. For exampleif both /a/b/c and /a/b//c occur in the workload then
XViz will draw a line between them, showing the structural connection, and



the administrator can then examine whether the // in the secondexpressionis
indeed necessaryor is a typo. Finally, XViz can be used to study the relation-
ship betweentwo versionsof the sameworkload, for exampleresulting from two
di�eren t versionsof an application. The administrator can either compare the
graphs produced by XViz for the two di�eren t applications, or create a single
graph with XPath expressionsfrom both workloads, and seehow the XPath
expressionsfrom the two versionsrelate.

In some casesthere exist techniques that automatize some of these tasks:
for example an approach for index selection is discussedin [1], and e�cien t
mappings to relational storage are described in [3]. However, these techniques
are quite complex, and by no means universally available. A lightweight tool
like XViz, in the hands of a savvy administrator, can be quite e�ectiv e. More
importantly , like any visualization tool, XViz allows an administrator to see
interesting facts even without requiring her to describe what she is looking for.

XViz starts from a text �le containing a collection of XQueries,and extracts
all XPath expressionsoccurring in the workload. This set may contain XPath
expressionsthat are only implicitly , not explicitly used in the workload. For
example,given the query:

for $x in /a/b[@c=3],
$y in $x/d

. . .

XViz will display two XPath expressions:both /a/b[@c=3] (for $x) and a/b[@c=3]/d
(for $y).

Next, XViz establishestwo kinds of interesting relationships between the
XPath expressions.The �rst is the ancestor relationship, checking whether the
nodesreturned by the �rst expressionare ancestorsof nodesreturned by the sec-
ond expression.The secondis the containment relationship: this checks whether
the answer setof oneexpressioncontains that for the other expression.Both rela-
tionships arede�ned semantically , not syntactically; for exampleXViz will deter-
mine that /a//b[c//@d=3][@e=5] is an ancestorof1 a/b[@e=5][@f=7][c/@d=3]/g/h ,
even though they are syntactically rather di�eren t.

Finally, the graph thus computed is output in a dot �le then passedto
GraphViz, the graph visualization tool2. When the resulting graphs are large,
they can easily clutter the screen.To avoid this, XViz provides a number of
options for the user to specify what amount of detail to include.

The core of XViz is the module computing the relationships betweenXPath
expressions,and we have put a lot of e�ort into making it as complete and e�-
cient aspossible.Recent theoretical work hasestablishedthat checking contain-
ment of XPath expressionis computationally hard, even for relatively simple
fragments. As we show here, these hardnessresults also extend to the ances-
tor/descendant relationship. For example, checking for containment is co-NP

1 We will de�ne the ancestor/descendant relationship formally in Sec.4.
2 GraphViz is a free tool from AT&T labs, available at

http://www.research.att.com/sw/tools/graphviz/ .



complete,when the expressionsare using // , * , and [ ] (predicates) [10]. When
disjunctions or DTDs are added then the complexity becomesPSPACE com-
plete, as shown in [11]; and it is even higher when joins are consideredtoo [9].
For XViz we settled on an algorithm for checking the ancestor/descendant and
the containment relationships that is quite e�cien t (it runs in time O(mn) where
m and n are the sizesof the two XPath expressions)yet ascompleteaspossible,
given the theoretical limitations; the algorithm is adapted from the homomor-
phism test described in [10].

Related work Hy+ is a query and data visualization tool [8,7], used for
object-oriented data. It is also a graphical editor. For XML languages,several
graphical editors have beendescribed. The earliest is for a graphical query lan-
guage,XML-GL [5]. More recently , a few graphical editors for XQuery have been
described. QURSED is a systemthat includesa graphical editor for XQuery [13],
and XQBE is graphical editor designedspeci�cally for XQuery [2].

What sets XViz aside from previous query visualization tools and query
editors is its emphasison �nding and illustrating the semantics relationships be-
tweenXPath expressions.For XML, this has beenmade possibleonly recently ,
through theoretical work that studied the containment problem for XPath ex-
pressions,in [9{11].

2 A Simple Example

To illustrate our tool and motivate the work, we show it here in action on a
simple example.Consider a �le f.xquery with the following workload:

Q1:

FOR$x in /a/b
WHEREsum($x/c) > 5
RETURN<result> $x/d </result>

Q2:

FOR$u in /a/b[c=6],
$v in /a/b

WHERE$u/d > $v/c
RETURN$v/d

The tool is invoked like this:

xviz -i f.xquery -o f.eps -p -q

This generatesthe output �le f.eps , which is shown in in Fig. 1 (a). No-
tice that there is one node for each XPath expressionin each query, and for



/a/b
XQueries: 1, 2

/a/b/c
XQueries: 1, 2

/a/b/d
XQueries: 1, 2

/a/b[c=6]
XQueries: 2

/a/b[c=6]/d
XQueries: 2

/a
XQueries: 1, 2 /a/b

/a/b/c /a/b/d /a/b[c=6]

/a/b[c=6]/d

/a

(a) (b)

Fig. 1. Example: with XQuery IDs (a) and without (b).

Flag Meaning Sample output
-p displays the XPath /a/b[c=6]/d

expression
-q displays the query XQuery: 2, 5, 9

where the expressions
occurs

-f displays for each query XQuery: 2(F), 5(W), 9(W)
the FLWR statement where

it occurs
-v displays the variable name XQuery: 2($x), 5(-), 9($y,-)

that is bound to it
-b brief: do not include pre�xes

of the XPath expressions
-l display left-to-righ t

(rather than top-to-b ottom)

Fig. 2. Flags used in conjunction with the xviz command.

each pre�x of such an expression,with two kinds of edges:solid edgesdenote
ancestor/descendant relationships and dashed edgesdenote containment rela-
tionships.

There are several 
ags for the command line that control what piecesof
information is displayed. The 
ags are shown in Figure 2. For example, the �rst
one, -p , determines only the XPath expressionto be displayed, i.e. drops the
XQuery identi�ers. When used this way on our example, XViz produces the
graph in Fig. 1 (b).
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Fig. 3. The System's Architecture

3 Arc hitecture

The overall systemarchitecture is shown in Fig. 3. The input consistsof a text �le
containing a workload of XQuery expressions.The �le doesnot needto contain
pure XQuery code, but may contain free text or code in a di�eren t programming
language,interleavedwith XQuery expressions:this is useful for examplein cases
where the workload is extracted from a document or from an application. The
XQuery workload is input to an XPath extractor that identi�es and extracts
all XPath expressionsin the workload. The extractor usesa set of heuristics
to identify the XQuery expressions,and, inside them the XPath expressions.
Next, the set of XPath expressionsare fed into the graph constructor. This
makes several calls to the XPath containment algorithm (described in Sec.4)
in order to construct the graph to be displayed. Finally, the graph is displayed
using GraphViz. A variety of output formats can be generated by GraphViz:
postscript, gif, pdf, etc.

4 Relationships Bet ween XP ath Expressions

XViz computes the following two relationships betweenXPath expressions:an-
cestor/descendant, and containment. We de�ne them formally below. Notice
that both de�nitions are semantic, i.e. independent of the particular syntactic
representation of the XPath expression.This is important for XViz applications,
since it is precisely thesehard to seesemantic relationships that are important
to show to the user.

We denote with p someXPath expression,and with t someXML tree. Then
p(t) denotesthe set of nodes obtained by evaluating p on the XML tree t. We
shall always assumethat the evaluation starts at the root of the XML tree, i.e.
all our XPath expressionsstart with =.

We denotenodesin t with symbols x; y; : : : If x is a proper ancestorof y then
we write x � y: that is x can be y's parent, or its parent's parent, etc.

Ancestor/Descendan t Wesay that p0 and p are in the ancestor/descendant
relationship, denoted p0 � p, if for every tree t and for any node y 2 p(t) there
existssomenodex 2 p0(t) such that x � y. Notice that the de�nition is semantic,



i.e. in order to apply it directly one would needto check all possibleXML trees
t. We will give below a practical algorithm for checking � .

Example 1. The following areexamplesand counterexamplesof ancestor/descendant
relationships:

/a/b[c=6] � /a/b[c=6]/d

/a/b[c=6] � /a/b[c=6]/d[e=9]/f

/a/b 6� /a/b

/a//b � /a/b[c=6]/d (1)

/a/b[c=6] 6� /a/b/d

/a//b[c//@d=3][@e=5] � a/b[@e=5][@f=7][c/@d=3]/g/h

The �rst two examplesshould be clear. The third illustrates that the an-
cestor/descendant relationship is strict (i.e. anti-re
exiv e: p 6� p). The next
example, (1), shows a particular choice we made in the de�nition of � . A node
y returned by /a/b[c=6]/d always has an ancestorx (namely the b node) that
is also returned by /a//b ; but /a//b can return nodes that are not ancestors
of any node satisfying /a/b[c=6]/d . The next two examplesfurther illustrates
this point. There are sometheoretical arguments in favor of our choice of the
de�nition (the elegant interaction between � and � de�ned below), but other
choicesare also possible.

Con tainmen t We say that p0 contains p, in notation p0 � p, if for every
XML tree t, the following inclusion holds: p0(t) � p(t). That is, the set of nodes
returned by p0 includes all nodesreturned by p. Notice that we place the larger
expressionon the left, writing p0 � p rather than p � p0 as done in previous
work on query containment [9{11], becausewe want in the graph an arrow to go
from the larger to the smaller expression.

Example 2. The following illustrate some examples of containment and non-
containment:

/a/b � /a/b[c=6]

/a//e � /a/b[c=6][d=9]/e

/a//*/e � /a/*//e

/a/b[c=6] � /a/b[c=6][d=9]

/a/b 6� /a/b/c

Here too, the de�nition is semantic: we will show below how to check this
e�cien tly . Notice that it is easyto check equivalencebetweenXPath expressions
by using containment: p � p0 i� p � p0 and p0 � p.

4.1 Reducing Ancestor/Descendan t to Con tainmen t

The two relationships can be reducedto each other as follows:



p0 � p ( ) p0==� � p

p0 � p ( ) p0=a � p=a=�

Here a is any tag name that doesnot occur in p0. We use the �rst reduction in
order to compute � using an algorithm for � . We usesecondreduction only for
theoretical purposes,to arguethat all hardnessresults for � alsoapply to � . For
example, for the fragment of XPath described in [10], checking the relationship
� is co-NP complete.

4.2 Computing the Graph

XViz uses the relationships � and � to compute and display the graph. A
relationship p0 � p will be displayed with a solid edge,while p0 � p is displayed
with a dashededge.

Two stepsareneededin order to computethe graph. First, identify equivalent
expressionsand collapsethem into a single graph node. Two XPath expressions
are equivalent, p � p0 if both p � p0 and p0 � p hold. Once equivalent expres-
sions are identi�ed and removed, only � relationships remain between XPath
expressions.

Second,decidewhich edgesto represent. In order to reduceclutter, redundant
edgesneed not be represented. An edgeis redundant if it can be inferred from
other edgesusing one of the four implications below:

p1 � p2 ^ p2 � p3 =) p1 � p3

p1 � p2 ^ p2 � p3 =) p1 � p3

p1 � p2 ^ p2 � p3 =) p1 � p3

p1 � p2 ^ p2 � p3 =) p1 � p3

The �rst two implications state that both � and � are transitiv e. The last two
capture the interactions betweenthem.

Redundant edgescan be naively identi�ed with three nested loops, iterat-
ing over all triples (p1; p2; p3) and marking the edgeon the right hand side as
redundant whenever the conditions on the left is satis�ed. This method takes
O(n3) steps,wheren is the number of XPath expressions.We will discussa more
e�cien t way in Sec.6.

5 An Application

We have experimented with XViz applied to three di�eren t workloads: the
XMark benchmark [12], the XQuery Use Cases [6], and the XMach bench-
mark [4]. We describe here XMark only, which is shown in Fig. 4. The other
two are similar: we show a fragment of the XQuery Usecasesin Fig. 5, but omit
XMach for lack of space.



The result of applying XViz to the entire XMark benchmark3 is shown in
Fig. 4. It is too big to be readable in the printed version of this paper, but can
be magni�ed when read online.

Most of the relationships are ancestor/descendant relationships. The root
node / has one child, /site , which in turn has the following �v e children:

/site/people

/site//item

/site/regions

/site/open auctions

/site/closed auctions

Four of them correspond to the four children of site in the XML schema, but
/site//item doesnot have a correspondencein the schema.We emphasizethat,
while the graph is somewhatrelated to the XML schema, it is di�eren t from the
schema, and precisely thesedi�erences are interesting to seeand analyze.

For example, consider the following chain in the graph:

/site � /site//item

� /site/regions//item

� /site/regions/europe/item

� /site/regions/europe/item/name

Or considerthe following two chains at the top of the �gure, that start and end
at the samenode (showing that the graph is a DAG, not a tree):

/site/people/person � /site/people/person[@id='person0']

� /site/people/person[@id='person0']/name

/site/people/person � /site/people/person/name

� /site/people/person[@id='person0']/name

They both indicate relationships betweenXPath expressionsthat can be of great
interest to an administrator, depending on her particular needs.

For a more concreteapplication, consider the expressions:

/site/people/person/name

/site/people/person[@id='person0']/name

The �rst occurs in XQueries 8, 9, 10, 11, 12, 17 is connectedby a dotted edge
(i.e. � ) to the secondone, which also occurs in XQuery 1. Since they occur in
relatively many queries,are good candidatesfor building an index. Another such
candidateconsistsof p = /site/closed auctions/closed auction , which oc-
curs in queries5, 8, 9, 15, 16, together with several descendants, like p/seller ,
p/price , p/buyer , p/itemref , p/annotation .

3 We omitted query 7 since it clutters the picture too much.



6 Implemen tation

We describe here the implementation of XViz, referring to the Architecture in
Fig. 3.

6.1 The XP ath Extractor

The XPath extractor identi�es XQuery expressionsin a text and extracts as
many XPath expressionsfrom these queries as possible. It starts by searching
for the keywords FORor LET. The following text is then examined to seeif a
valid XQuery expressionfollows. We currently parseonly a fragment of XQuery,
without nestedqueriesor functions. The grammar that we support is described
in Fig. 6.

In this grammar, each Variable is assumedto start with a $ symbol and each
XPathExpr is assumedto be a valid XPath expression.XPathText is a body
of text, usually a combination of XML and expressionsusing XPaths, that we
can extract any number of XPath expressionsfrom. After an entire XQuery has
beenparsed,each XPath Expressionis expandedby replacing all variables with
their declaredexpressions.Onceall XPath expressionshave beenextracted from
a query, the Extractor continues to step through the text stream in search of
XQuery expressions.

6.2 The XP ath Con tainmen t Algorithm

The core of XViz is the XPath containment algorithm, checking whether p0 � p
(recall that this is also usedto check p0 � p, seeSec.4.1). If the XQuery work-
load hasn XPath expressions,then the containment algorithm may be called up
to O(n2) times (some optimizations may reduce this number however, seebe-
low), hencewe put a lot of e�ort in optimizing the containment test. Namely, we
checked containment using homomorphisms,by adapting the techniques in [10].
For presentation purposeswe will restrict our discussionto the the XPath frag-
ment consistingof tags, wildcards � , =, ==, and predicates[ ], and mention below
how we extended the basic techniques to other constructs.

Each XPath expressionp is represented as a tree. A node, x, carries a label
label (x), which can be either a tag or � ; nodes (p) denotes the set of nodes.
Edgesare of two kinds, corresponding to = and to ==respectively, and we denote
edges = edges= [ edges==.

A homomorphismfrom p0 to p is a function from nodes (p0) to nodes (p) that
maps each node in p0 to a matching node in p (i.e. it either has the samelabel,
or the node in p0 is � ), maps an =-edgeto an =-edge,and maps a ==-edgeto a
path, and maps the return node in p0 to the return node in p. Fig. 7 illustrates a
homomorphism from p0 = =a=a[:==b]=� [c]==a=bto p = =a=a=[:==c]=d[c]==a[a]=b.
Notice that the edgea==bis mapped to the path a=d==a=b.

If there exists a homomorphism from p0 to p then p0 � p. This allows us
to check containment by checking whether there exists homomorphism. This
is done bottom-up, using dynamic programming. Construct a boolean table C



whereeach entry C(x; y) for x 2 nodes (p); y 2 nodes (p0) contains 'true' i� there
exists a homomorphism mapping y to x. The table C can be computed bottom
up since C(x; y) depends only on the entries C(x0; y0) for y0 a child of y and x0

a child or a descendant of x. More precisely, C(x; y) is true i� label (y) = � or
label (y) = label (x) and, for every child y0 of y the following conditions holds.
If (y; y0) 2 edges=(p0) then C(x0; y0) is true for some=-child of x:

_

(x;x 0)2 edges = (p)

C(x0; y0)

If (y; y0) 2 edges=(p0) then C(x0; y0) is true for somedescendant x0 of x:

_

(x;x 0)2 edges + (p)

C(x0; y0) (2)

Here edges+ (p) denotesthe transitiv e closureof edges(p). This can be directly
translated into an algorithm of running time O(jpj2jp0j).

Optimizations We consideredthe following two optimizations.
The �rst addressesthe fact that there are some simple casesof contain-

ment that have no homomorphism. For example there is no homomorphism
from =a==� =b to =a=� ==b (see Figure 8 (a)) although the two expressionsare
equivalent. For that we remove in p0 any sequenceof � nodes connectedby =
or == edgesand replace them with a single edge,carrying an additional integer
label that represents the number of � nodesremoved. This is shown in Figure 8
(b). The label thus associated to an edge(y; y0) is denotedk(y; y0). For example
k(y; y0) = 1 in Fig. 8 (b).

The secondoptimization reducesthe running time to O(jpjjp0j). For that,
we compute a second table, D(x; y0), which records whenever there exists a
descendant x0 of x s.t. C(x0; y0) is true. Moreover, D(x; y0) contains the actual
distance from x to x0. Then, we can avoid a search for all descendants x0 and
replace Eq.(2) with the test 0D(x; y0) � 1 + k(y; y0). Both C(x; y) and D(x; y)
can now be computed bottom up, in time O(jpjjp0j), as shown in Algorithm 1.

Other XP ath Constructs Other constructs, like predicateson atomic val-
ues, first() , last() etc, are handled by XViz by extending the notion of ho-
momorphism in a straightforward way. For example a node labeled last() has
to be mapped into a node that is also labeled last() . Additional axescan be
handled similarly. The existenceof a homomorphismcontinuesto be a su�cien t,
but not necessarycondition for containment.

6.3 The Graph Constructor

The Graph Constructor takesa set of n XPath expressions,p1; : : : ; pn , computes
all relationships � and � , eliminates equivalent expressions,then computes a
minimal set of solid edges(corresponding to � ) and dashededges(correspond-
ing to � ) needed to represent all � and � relationships, by using the four
implications in Sec.4.2.



Algorithm 1 Find homomorphism p0 ! p
1: for x in nodes (p) do f The iteration proceedsbottom up on nodes of pg
2: for y in nodes (p0) do f The iteration proceedsbottom up on nodes of p0g
3: compute C(x; y) = (label (y) = \ � 00_ label (x) = label (y)) ^
4:

V
( y ;y 0) 2 edges = ( p0) (

W
( x;x 0) 2 edges = ( p) C(x0; y0)) ^

5:
V

( y ;y 0) 2 edges == ( p0) (D(x; y0) � 1 + k(y; y0))

6: if C(x; y) then
7: d = 0;
8: else
9: d = �1

10: compute D(x; y) = max(d; 1 + max( x;x 0) 2 edges = ( p) D(x0; y);
11: 1 + max( x;x 0) 2 edges == ( p) (k(x; x0) + D(x0; y)))
12: return C(r oot (p); r oot (p0))

A naive approach would be to call the containment test O(n2) times, in order
to compute all relationships4 pi � pj and pi � pj , then to perform three nested
loops to remove redundant relationships (as explained in Sec.4.2), for an extra
O(n3) running time.

To optimize this, we compute the graph G incrementally , by inserting the
XPath expressionsp1; : : : ; pn , oneat a time. At each step the graph G is a DAG,
whoseedgesare either of the form pi � pj or pi � pj . Supposethat we have
computed the graph G for p1; : : : ; pk � 1, and now we want to add pk . We search
for the right place to insert pk in G, starting at G's roots. Let G0 be the roots of
G, i.e. the XPath expressionsthat have no incoming edges.First determine if pk

is equivalent to any of theseroots: if so, then mergepk with that root, and stop.
Otherwise determine whether there exists any edge(s) from pk to someXPath
expression(s)in G0. If so,add all theseedgesto G and stop: pk will be a new root
in G. Otherwise, remove the root nodesG0 from G, and proceedrecursively, i.e.
comparepk with the new of roots in G� G0, etc. When we stop, by �nding edges
from pk to somepi , then we alsoneedto look onestep \backwards" and look for
edgesfrom any parent of pi to pk . While the worst caserunning time remains
O(n3), with O(n2) calls to the containment test, in practice this performs much
better.

7 Conclusions

We have described a tool, XViz, to visualize setsof XPath expressions,together
with their relationships. The intended use for XViz is by an XML database
administrator, in order to assist her in performing various tasks, such as index
selection,debugging,version management, etc. We put a lot of e�ort in making
the tool scalable(processlargenumbersof XPath expressions)and usable(accept

exible input).

4 Recall that pi � pj is tested by checking the containment pi ==� � pj .



We believe that a powerful visualization tool hasgreat potential for the man-
agement of large query workloads. Our initial experiencewith standard work-
loads, like the XMark Benchmark, gave us a lot of insight about the structure
of the queries.This kind of insight will be even more valuable when applied to
workloads that are lesswell designedthan the publicly available benchmarks.
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/site/people/person/[@id='person0']
XQueries: 1

/site/people/person[@id='person0']/name
XQueries: 1

/site/people/person/[@id='person0']/name/text()
XQueries: 1

/site/open_auctions/open_auction
XQueries: 2, 3, 4, 18, 11, 12

/site/open_auctions/open_auction/initial
XQueries: 11, 12

/site/open_auctions/open_auction/bidder
XQueries: 2, 3, 4

/site/open_auctions/open_auction//reserve
XQueries: 18

/site/open_auctions/open_auction/bidder/personref[@person='person18829']
XQueries: 4

/site/open_auctions/open_auction/bidder/personref[@person='person10487']
XQueries: 4

/site/open_auctions/open_auction/reserve/text()
XQueries: 4

/site/closed_auctions/closed_auction
XQueries: 5, 8, 9, 16, 15

/site/closed_auctions/closed_auction/price
XQueries: 5

/site/closed_auctions/closed_auction/buyer
XQueries: 8, 9

/site/closed_auctions/closed_auction/itemref
XQueries: 9

/site/closed_auctions/closed_auction/annotation
XQueries: 15, 16

/site/closed_auctions/closed_auction/seller
XQueries: 16

/site/closed_auctions/closed_auction/price/text()
XQueries: 5

/site/regions
XQueries: 6, 9, 13, 19

/site/regions//item
XQueries: 6, 19

/site/regions/europe
XQueries: 9

/site/regions/australia
XQueries: 13

/site/regions/europe/item
XQueries: 9

/site/regions/australia/item
XQueries: 13

/site/regions//item/name
XQueries: 19

/site/regions//item/location
XQueries: 19

/site/people/person
XQueries: 8, 9, 10, 11, 12, 17, 20, 1

/site/people/person/@id
XQueries: 8

/site/people/person/@income
XQueries: 20

/site/people/person/name
XQueries: 8, 9, 10, 11, 12, 17

/site/people/person/profile
XQueries: 10, 11, 12

/site/people/person/gender
XQueries: 10

/site/people/person/age
XQueries: 10

/site/people/person/education
XQueries: 10

/site/people/person/income
XQueries: 10

/site/people/person/street
XQueries: 10

/site/people/person/city
XQueries: 10

/site/people/person/country
XQueries: 10

/site/people/person/email
XQueries: 10

/site/people/person/homepage
XQueries: 10, 17

/site/people/person/creditcard
XQueries: 10

/site/closed_auctions/closed_auction/buyer/@person
XQueries: 8, 9

/site/people/person/name/text()
XQueries: 8, 9, 10, 11, 12, 17

/site/regions/europe/item/@id
XQueries: 9

/site/regions/europe/item/name
XQueries: 9

/site/regions/europe/item/name/text()
XQueries: 9

/site/closed_auctions/closed_auction/itemref/@item
XQueries: 9

/site/people/person/profile/interest/@category
XQueries: 10

/site/people/person/gender/text()
XQueries: 10

/site/people/person/age/text()
XQueries: 10

/site/people/person/education/text()
XQueries: 10

/site/people/person/income/text()
XQueries: 10

/site/people/person/street/text()
XQueries: 10

/site/people/person/city/text()
XQueries: 10

/site/people/person/country/text()
XQueries: 10

/site/people/person/email/text()
XQueries: 10

/site/people/person/homepage/text()
XQueries: 10, 17

/site/people/person/creditcard/text()
XQueries: 10

/site/open_auctions/open_auction/initial/text()
XQueries: 11, 12

/site/people/person/profile/@income
XQueries: 11, 12

/site/regions/australia/item/description
XQueries: 13

/site/regions/australia/item/name
XQueries: 13

/site/regions/australia/item/name/text()
XQueries: 13

/site//item
XQueries: 14

/site//item/description,
XQueries: 14

/site//item/name
XQueries: 14

/site//item/name/text()
XQueries: 14

/site/regions//item/name/text()
XQueries: 19

/site/closed_auctions/closed_auction/seller/@person
XQueries: 16

/site/open_auctions/open_auction//reserve/text()
XQueries: 18

/site/regions//item/location/text()
XQueries: 19

/site
XQueries: 1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 

12, 13, 14, 15, 16, 17, 18, 19, 20

/site/people
XQueries: 1, 8, 9, 10, 11, 12, 17, 20

/site/open_auctions
XQueries: 2, 3, 4, 11, 12, 18

/site/closed_auctions
XQueries: 5, 8, 9, 15, 16

/site/open_auctions/open_auction/bidder[1]
XQueries: 2, 3

/site/open_auctions/open_auction/bidder[last()]
XQueries: 3

/site/open_auctions/open_auction/bidder/personref
XQueries: 4

/site/open_auctions/open_auction/bidder[1]/increase
XQueries: 2, 3

/site/open_auctions/open_auction/bidder[last()]/increase
XQueries: 3

/site/open_auctions/open_auction/reserve
XQueries: 4

/site/people/person/profile/interest
XQueries: 10

/site/closed_auctions/closed_auction/annotation/description
XQueries: 15, 16

/site/closed_auctions/closed_auction/annotation/description/parlist
XQueries: 15, 16
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doc('items.xml')//item_tuple
XQueries: 1, 2, 3, 4, 5, 6, 7, 12, 8, 10

doc('items.xml')//item_tuple/start_date
XQueries: 1

doc('items.xml')//item_tuple/end_date
XQueries: 1, 10

doc('items.xml')//item_tuple/[description ='Bicycle']
XQueries: 1, 2, 5, 6

doc('items.xml')//item_tuple/itemno
XQueries: 1, 2, 4, 5, 6, 7, 12

doc('items.xml')//item_tuple/description
XQueries: 1, 2, 3, 4, 5, 6, 7, 12

doc('items.xml')//item_tuple/reserve_price
XQueries: 3, 7

doc('items.xml')//item_tuple/offered_by
XQueries: 3, 5, 6

doc('items.xml')//item_tuple[description ='Bicycle')]
XQueries: 8

doc('items.xml')//item_tuple[get-year-from-date(end_date)=1999]
XQueries: 10

doc('bids.xml')//bid_tuple[itemno =doc('items.xml')//item_tuple/itemno]
XQueries: 2, 7, 12

doc('bids.xml')//bid_tuple[itemno =doc('items.xml')//item_tuple/itemno]/bid
XQueries: 2, 7, 12

doc('bids.xml')//bid_tuple[itemno =doc('items.xml')//item_tuple
[description ='Bicycle')]/itemno]

XQueries: 8 doc('bids.xml')//bid_tuple[itemno =doc('items.xml')//item_tuple
[description ='Bicycle')]/itemno]/bid

XQueries: 8

doc('users.xml')//user_tuple
XQueries: 3, 5, 6, 11, 15, 16, 13

doc('users.xml')//user_tuple/rating
XQueries: 3

doc('users.xml')//user_tuple/userid
XQueries: 3, 5, 6, 11, 16

doc('users.xml')//user_tuple/name
XQueries: 3, 5, 6, 16, 11, 15

doc('users.xml')//user_tuple[userid =doc('bids.xml')]
XQueries: 13

doc('users.xml')//user_tuple[userid =doc('bids.xml')//userid]/userid
XQueries: 13

doc('users.xml')//user_tuple/name/text()
XQueries: 11, 15

doc('users.xml')//user_tuple[userid =doc('bids.xml')//userid]/name
XQueries: 13

doc('bids.xml')//bid_tuple
XQueries: 5, 6, 11, 2, 7, 8, 12, 13, 14, 15, 16

doc('bids.xml')//bid_tuple/itemno
XQueries: 5, 6, 11

doc('bids.xml')//bid_tuple/userid
XQueries: 5, 6, 11

doc('bids.xml')//bid_tuple/bid
XQueries: 5, 6, 11

doc('bids.xml')//bid_tuple[itemno =doc('items.xml')]
XQueries: 2, 7, 8, 12

doc('bids.xml')//bid_tuple[userid =doc('bids.xml')]
XQueries: 13

doc('bids.xml')//bid_tuple[itemno =doc('bids.xml')]
XQueries: 14

doc('bids.xml')//bid_tuple[userid=doc('users.xml')]
XQueries: 15

doc('bids.xml')//bid_tuple[userid =doc('users.xml')]
XQueries: 16

doc('bids.xml')//bid_tuple[userid =doc('bids.xml')//userid]/bid
XQueries: 13

doc('bids.xml')//bid_tuple[itemno =doc('bids.xml')//itemno]/bid
XQueries: 14

doc('items.xml')//item_tuple [end_date >=date('1999-03-01')]
[end_date <=date('1999-03-31')]

XQueries: 9

doc('items.xml')//item_tuple[get-year-from-date(end_date)=1999]
[get-month-from-date(end_date)=doc('items.xml')//item_tuple/end_date]

XQueries: 10

doc('bids.xml')//userid
XQueries: 13

doc('users.xml')//user_tuple[userid =doc('bids.xml')//userid]
XQueries: 13

doc('bids.xml')//bid_tuple[userid =doc('bids.xml')//userid]
XQueries: 13

doc('bids.xml')//itemno
XQueries: 14

doc('bids.xml')//bid_tuple[itemno =doc('bids.xml')//itemno]
XQueries: 14

doc('bids.xml')//bid_tuple[userid=doc('users.xml')//user_tuple/userid][bid>=100]
XQueries: 15

doc('bids.xml')//bid_tuple[userid =doc('users.xml')//user_tuple/userid]
XQueries: 16

doc('items.xml')
XQueries: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12

doc('items.xml')//item_tuple
XQueries: 9

doc('bids.xml')
XQueries: 2, 5, 6, 7, 8, 11, 12, 13, 14, 15, 16

doc('bids.xml')//bid_tuple[itemno =doc('items.xml')//item_tuple]
XQueries: 2, 7, 8, 12

doc('bids.xml')//bid_tuple[itemno =doc('items.xml')//item_tuple[description ='Bicycle')]]
XQueries: 8

doc('users.xml')
XQueries: 3, 5, 6, 11, 13, 15, 16

doc('items.xml')//item_tuple [end_date >=date('1999-03-01')]
XQueries: 9

doc('items.xml')//item_tuple[get-year-from-date(end_date)=1999]
[get-month-from-date(end_date)=doc('items.xml')]

XQueries: 10

doc('items.xml')//item_tuple[get-year-from-date(end_date)=1999]
[get-month-from-date(end_date)=doc('items.xml')//item_tuple]

XQueries: 10

doc('bids.xml')//bid_tuple[userid=doc('users.xml')//user_tuple]
XQueries: 15

doc('bids.xml')//bid_tuple[userid=doc('users.xml')//user_tuple/userid]
XQueries: 15

doc('bids.xml')//bid_tuple[userid =doc('users.xml')//user_tuple]
XQueries: 16
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FlwrExpr ::= (ForClause j letClause)+ whereClause?returnClause
ForClause ::= 'FOR' Variable 'IN' Expr (',' Variable IN Expr)*
LetClause ::= 'LET' Variable ':=' Expr (',' Variable := Expr)*
WhereClause ::= 'WHERE' XPathText
ReturnClause ::= 'RETURN' XPathText
Expr ::= XPathExpr j FlwrExpr

Fig. 6. Simpli�ed XQuery Grammar
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Fig. 8. (a) Two equivalent queries p;p0 with no homomorphism from p0 to p; (b) same
queries represented di�eren tly , and a homomorphism between them.


