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ABSTRACTWe present in this paper an approach for XQuery optimization that exploits minimiza-
tion opportunities raised in composition-style nesting of queries. More precisely, we consider
the simplification of XQuery queries in which the intermediate result constructed by a subex-
pression is queried by another subexpression. Based on a large subset of XQuery, we describe
a rule-based algorithm that recursively prunes query expressions, eliminating useless interme-
diate results. Our algorithm takes as input an XQuery expression that may have navigation
within its subexpressions and outputs a simplified, equivalent XQuery expression, and is thus
readily usable as an optimization module in any existing XQuery processor. We demonstrate
by experiments the impact of our rewriting approach on query evaluation costs and we prove
formally its correctness.
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1 Introduction

XML is by now the de facto standard format for data exchange on the Web. It is
also used as a data model for native XML databases and as a common language in sys-
tems that integrate data coming from heterogenous sources. It is thus essential to have
effective and efficient tools for querying and manipulating XML data. Consequently,
query languages such as XPath and XQuery have been receiving a great deal of at-
tention from the research community lately. And, unsurprisingly, query optimization,
one of the most important (and most studied) topics in relational databases, has seen
a revival in the semi-structured context.

The XQuery language plays a key role in XML data management and has many po-
werful features such as nesting and compositidioefet-where-return (FLWRQuery
blocks, the construction of hierarchical XML results and the navigation in documents
by means of XPath expressions. Unfortunately, its expressive power and operational
semantics make the reasoning about query optimization quite difficult and have been
the main obstacles in establishing a comprehensive framework for query optimization,
although significant progress has been made in this direction.

We study in this paper a novel aspect of XQuery optimization that exploits mini-
mization opportunities raised in a composition-style nesting of XQuery queries. More
precisely, we consider the simplification of XQuery expressions in which the inter-
mediate result constructed by a subexpression is queried by another subexpression.
In other words, given an XQuery expression with navigation over some documents,
we consider a setting in which some of these documents may in fdotdrgional
defined as the result of other XQuery subexpressions. Our approach is similar in spirit
to the one of Simeon et al. [MAR 03], of projecting XML documents w.r.t. a given
XQuery query. Instead of XML documents, we project XQuery subexpressions with
respect to other subexpressions querying them.

This kind of composition is common in many scenarios of data exchange, media-
tion or integration, or in view-based security. Before discussing in more detail these
scenarios, and several others, let us first illustrate the problem we study and the main
challenges by a data integration example. The example deals with the reformulation
of queries over heterogenous, interconnected sources.

Example 1.1 Our example is based on the XMark benchmark data [SCH 02]. Let us
consider three interconnected XML sourcgs S, and.S3. Assuming thab; is some-
how complemented by the other two sources, mappings between the scltgraacf

the ones of5; and S5 are defined, by means of some transformation XQuery queries
Q- andQs, as follows :

Qz:
<site>

1. We usedoc@S; as short notation for a document URL%t
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{for $iin (docAQS, /site)

where $i/people/person/Qid = “X”
return ($i/open_auctions/open_auction,
$i/closed_auctions/closed_auction,
$i/people/person)

}

</site>

Qs :

<site>

{let 8l := for $i in docBQSs/site/closed_auctions/closed_auction
where ($i/itemref /Qitem = “car” or

$i/buyer/Qid = “X”) and

$i/seller /Qid = “Y”

return $i

return $l

}

</site>

The queryQs returns all open_auction, closed_auction and person data from
the sites containing a person identified h¥”. The queryQs; computes the sequence
of the closed_auction elements having either a buyer identified ‘o¥” or an item
car, and a seller identified byY™”. In the two queries, the result is wrapped iBide
element.

In this data integration scenario, the role @6 and Qs is to define the relationship
betweenS;, on one hand, and, and.Ss, on the other hand. Note that this transfer is
only virtual, and the data remains at the sourcgsand S3. Moreover, the sourcé;
may have its own data, which is complemented by the one producggdyd Q3. In-
tuitively, S; could be defined by a virtual documenburce; := docCQS;UQ2UQ3"
having an extensional component (f8y's own data) and two intentional ones (for
Sy's and S3’s data) . Let us consider now the following quedy, specified over
sourcey, wWhich returns thepen_auction elements that have somerson data in
common with another documenrdtcD@QS; :

Qi1:

for $j in sourcey

return

for 8k in docD@S, /site

where $j /person = $k/people/person

return

<common-auction>{$j /open_auction}</common-auction>

S1’s wrapper module would have no difficulty in executipigover the extensional
part of source;. For the intentional ones, there are two possible approaches Q)
and Q3 are executed ab, and Ss, their results are transferred t6; and thenQ,
is evaluated over them, or (l8), is “pushed” to bothSy; and S3, which evaluate it
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locally over their respective transformation queries and send back tthe result.
Unsurprisingly, the latter approach can have significant advantages, especially when
@1 uses only a small portion from the output of the transformation queries.

Now, by the second approach;’s wrapper module has to execuiy overQs.
This could be done by first evaluatiidgy, then evaluating); over the intermediate
result. But since XQuery is compositional, it is more preferable to interpret this step
as a single XQuery expressiapy » = Q1 o Q2, by simply substituting the virtual
variable by its XQuery definition. Importantly, this would allow the query optimizer
module to chose the best execution strategy. For instapgce,could be the following
XQuery expression :

Qi2:

for $j in (the definition of Q2)
return

for $k in docD@QS, /site

where $j /person = $k /people/person
return

<common-auction>{$j/open_auction}</common-auction>

At this point, instead of the straightforward execution plan, an efficient query
optimizer module should detect th@t, is only partially useful inQ; 2, since only
open_auction and person elements are queried. Hence the following equivalent yet
less expensive query can be executed instegll of

Qi

for 87 in (<site>

{for $iin (doc2@Ss/site)

where $i/people/person/Qid = “X”

return

($i/open_auctions/open_auction, $i/people/person)
}</site>)

return

for 8k in doc1 @S, /site

where $j/person = $k/people /person

return

<common-auction>{$j /open_auction}</common-auction>

In the case of5;, the efficient optimizer would have even greater impact, since
the equivalent yet simplified query should in fact replace the content @§4isesite
element by the empty sequence, becausedidyd_auction elements are outputted
in theQ3’s site element :

Qll.s :

for 85 in <site>{()}</site>
return

for 8k in doc1@S, /site
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where $5/person = $k/people /person
return
<common-auction>{$j /open_auction}</common-auction>

Our contribution. We study in this paper the simplification of queries that have a
composition-style nesting as the one illustrated in Example 1.1. We adopt a static-
analysis approach, based on detecting and projecting out the useless parts in subex-
pressions, keeping only what is needed in order to compute the end result. This task is
made difficult by potentially complex relationships between the query blocks. We des-
cribe a set of rewrite rules that apply such pruning steps recursively over the blocks
of an XQuery query, not only at the uppermost level but at any nesting level in the
query. Each rule application will output a strictly simpler (i.e., with less navigation
steps) yet equivalent XQuery expression. Our rule-based algorithm applies to a large
subset of XQuery and we formally prove its correctness. Importantly, the algorithm
takes as input an XQuery that may have navigation within subexpressions and outputs
a simplified, equivalent XQuery expression. It can be thus easily plugged as an opti-
mization module in any existing XQuery processor. We demonstrate by experiments
the impact of our rewriting approach on evaluation costs in the Galax engine.

In the remaining of this section we further motivate our work and we discuss rela-
ted research. Queries with this composition-style of nesting are very useful in practice.
Transformation XQuery queries for mapping between heterogenous XML sources in
integration and mediation scenarios are quite common [HAA 05, TAT 04, ABI 04].
The Clio project [HAA 05] provides a graphical editor for defining schema mapping
definition, generating complex XSLT or XQuery transformations. In peer-to-peer set-
tings, such as the Piazza PDMS [TAT 04], a peer can refer to data hold by another peer
by means of an XQuery mapping. In this setting, it is crucial to minimize the amount
of actual data that is transferred between peers. The Active XML system [ABI 04] in-
troduces a flexible framework for peer-to-peer XML integration, by combining in one
activedocument materialized (extensional) XML parts with intentional parts defined
by calls to Web services. Importantly these services can be defined by XQuery ex-
pressions and evaluating a query over an active document amounts precisely to query
pushing and composition.

Another important use is in queries posed on security views. In many applications
that rely on sensitive data, like medical or juridic applications, access to XML docu-
ments may be granted only by querying views over these documents. The views define
what data the user can access, and the system may accept only queries formulated over
these views. It can either evaluate the global query (i.e., the composition of user query
and the views) or can first materialize the views and then evaluate the user query. Ob-
viously, in the case of a large number of views, materializing and maintaining these
views can be too costly.

It is also common to cache and reuse dedinitionsof queries but not necessarily
their results. This can for instance guide inexperienced users, allowing them to query
XQuery expressions that are already available and well-understood. Finally, our sim-



Pruning Nested XQuery Queries 7

plification technique can be used to optimize automatically generated queries (e.g., for
graphical editors in the style of query-by-example).

Related work. Several works on XQuery processing and optimization adopt an
approach based on rewrite rules. In [MAN 01, MIC 07, MIC 03, GRI 04, RAM 02,
SHA 01], the authors discuss various rules for XQuery normalization or for transfor-
mation tasks such as XML-to-SQL translation, elimination of unnecessary ordering
operations or introduction of a tree-pattern operator in query plans. These approaches
are orthogonal to the query simplification technique presented here. [BRA 07] intro-
duces rewrite rules for nesting minimization but does not consider the elimination of
useless navigation and result construction. In [DEU 04], the authors introduce a logi-
cal framework for optimization in the OptXQuery subset of XQuery, the Nested XML
Tableaux. They present a set of rewrite rules for normalization and the elimination of
repeated navigation steps by means of a group-by operator. The XQuery fragment we
consider in this study is strictly more expressive than the one of [DEU 04].

More germane to this work is [MAR 03], which introduces XML document pro-
jection for query optimization. They give a set of rewrite rules for the following task :
starting from an XQuery expressighover a documenb, identify and project out the
parts of D that are not useful for the evaluation @f This is very effective to reduce
in-memory computations such as node construction. The technique was later refined
and extended to take into account the schema of the document in [BEN 06]. Although
very close in spirit, our approach subsumes the idea of projecting XML documents
since we consider the projection-based simplification of arbitrary XQuery blocks, and
not only plain XML documents.

In [TAT 04, DON 04], the authors consider the minimization of queries obtained
by following semantic paths (mappings) in the Piazza system. To this end, they study
the complexity of query containment for a restricted XQuery flavor, that of conjunctive
XML queries (c-XQueries). The role of composition in XQuery evaluation was consi-
dered in [KOC 05]. For an XQuery fragment strictly smaller than the one we consider
here, a formal study of the computational complexity of XQuery without composition
is provided. Moreover, [KOC 05] shows that, under restrictions, composition can be
eliminated and describes a set of rewrite rules to this end.

A problem similar to ours was also studied in the context of publishing relation
data in XML format, in projects such as XPeranto [CAR 00] and SilkRoute [FER 02].
In Silkroute, the composition of XQuery expressions represented by so widied
forestsover relational sources was considered, where a view forest is a mix of XML
structure and SQL expressions representing XQuery-to-SQL translations. These tech-
nigues are specific to the XML-over-relational setting and do not transfer to XQuery
minimization.

The paper is organized as follows. In Section 2, we present some preliminary no-
tions. Section 3 details our rule-based algorithm and extensions of the algorithm are
presented in Section 4. In Section 5 we describe the experiments we conducted. We
conclude in Section 6.
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2 Preliminaries

We describe in this section the data model and XQuery expressions we consider,
as well as additional assumptions.

Data model.For the sake of simplicity we present our techniques using a slightly
simplified version of the XQuery data model. We consider an XML document as
an unranked rooted treemodeled by a set of edges EDGES a set of nodes
NODES(t), a distinguished root node ROQTJ, a labeling function over nodes
assigning to each node a label (or text value) from an infinite alphafetid a typing
function 7, assigning to each node one of the following kinddocument, element,
text}. Thedocumentype can only be given to the root of the XML document &ext
nodes can only appear as leaves. This simplified model can be extended in straightfor-
ward manner to other components of the XQuery data model such as attributes.

XQuery fragment. We focus our study on a significant subset of XQuery, descri-
bed by the grammar of Figure 1.

exp =0

| literal

| exp, exp

| exp Op exp

| Path

| (forClause | letClause)+
(where exp)? return exp

| (some | every) $Q Name in exp return exp

| if (exp) then exp else exp

| <QName>{exp}</QName>

| element{QName}{exp}

forClause =  for $QName in exp

letClause = let $QName := exp

Path = (doc(uri) | $QName)(/Step) x | exp/Step
Op =L >l =4 ] << >> | 48
Step =  NodeTest(/Step)? | text()

NodeTest = QName|” %7

Figure 1. XQuery fragment

This grammar captures the main XQuery constructs used in practice, such as lite-
ral values, sequence construction, variables, FLWR blocks, conditionals, quantifiers,
comparisons operators, logical or arithmetic operations, element constructions. For
clarity and space reasons, we consider in this paper XPath navigation only along the
child axis (/). Extensions to other navigation axis such as attrib(@ énd des-
cendant (/) are presented in the Section 4. We also ignore path qualifiers, which can
always be reformulated away usingnereclauses.

XQuery normalization. Before applying our technique for query simplification,
we assume that some of the standard normalization steps, usually employed to re-
duce XQuery expressions to equivalent expressions in the simpler language XQuery



Pruning Nested XQuery Queries 9

Core [DRA 07], are first applied. This normalization phase will allow us to present our

inference algorithm based on a uniform syntactic formulation. We give in Figure 2 the
set of normalization rules we consider, each of them being self-explanatory. In short,
they either facilitate the extraction of XPath expressions referencing a variable or re-
formulate nested expressions in order to have one variable per clause.

e/stepi/ ... /step, = let $v = ereturn $v/step1/ ... /stepn

for $viin e, ..., v, in e, return e =
for $vy in ey return for... for $v, in e, return e

let $v1 = e1,...,%v, := e, returne =
let $v1 = ej returnlet... let $v, = e, returne
some $v1 ine1, ..., 8, in e, satisfies e =

some $v;1 in ey satisfies some. .. some $v, in e, satisfies e

every $v1 in e, ..., %v, in e, satisfies e =
every $v1 in e1 satisfies every ... every $v, in e, satisfies e

<QName>{e}</QName>=> element{QName}{e}
Figure 2. Normalization Rules

Inference rules notation and environment.We present our algorithm via a set
of inference rules, and we adopt standard programming languages notation similar to
the one used in [MAR 03]. Inference rules are basedualyementswhich denote
statements of the form :

Envt f(p1,...,pn) = res.
Such a statement reads as followise judgement holds iff in the environmétv,
by calling the functiory with parameterg, ..., p, we obtain the resultes.

Inference rules are represented as follows :

premisey ...premisey
Envt f(p1,...,pn) = res

where each premise is a judgement. Such a rule reads as folltvesjudgement
(Env b f(p1,...,pn) = res) holds if the premisegremise; ... premise, hold.
The functions we consider in our inference rules will be defined in Section 3.

In XQuery, a variable is always associated (by eithein exp or $v := exp) to
a subexpression, in this way being bound to the intermediate XML values returned by
the subexpression.

Example 2.1 For instance, in the query), of the running example, variabl®i is
bound to elements produced by the XRéhAQS2/site. Similarly, in the queryys,
variable $! is bound to some elements produced by varidbleThis is because the
FLWR block to whicl$! is bound returns some elements over wiiickterates, those
that satisfy certain conditions. I », the variable$; is bound to a constructegite
element wrapping some content returnedys FLWR expression.
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For a variablebv, by thebound expressioassociated wit§v (in short,exp, ($v))
we denote the expressienp appearing in either thgor $v in exp, let $v := exp
or some $v in exp statement declarinfv. By thereturn expressiomf $v (in short,
exp,($v)) we denote the associatedere, return or satis fies parts.

In the presentation of our rule-based algorithm, we will rely on a memory space
(denotedenvironment that records for each variable the kind of intermediary results
to which it is bound. The environment will contain a set of variable/value mappings,
where each mapping binds a variaBleto a set of objects. Formally, this is written
$v = {o1,...,0m}. We distinguish three possible kinds of such objects : (i) results of
an XPath expression (represented in the environment by the XPath expression itself),
(ii) element constructors with some element content (can be any XQuery subexpres-
sion), (iii) text values (denoted simp#text ).

Going back to the example, we wrge= {docA@ S2/site} for Q2, $i = {docBQS3-
/site/closed_auctions/closed _auction}, $1 = {$i} for Qs, or$j = {<site>...</site>}
for Q1.2-

For the construction of the environment, we determine by a static analysis for each
variable the objects returned as intermediate XML values by its bound expression.
This is done using the functionur Res(), which infers the output kind of a subex-
pression by the following exhaustive and straightforward case analysis :

for $vin ex (where e2)? return e3) = varRes(es)
let $v := e1 (where e2)? return es) = varRes(es)
if(e1) then ez else e3) = varRes(ez) U varRes(es)
€1,...,6n) = varRes(e1) U...UvarRes(e,)
step1/ ... /steps) = {stepi/.../step2}
element{QName}{e}) = {element{QName}{e}}
$v) = {$v}

literal) = {#text}

some $v in e1 satisfies ea) = {#text}

every $v in ey satisfies ex) = {#text}

var Res
varRes
var Res
varRes
varRes
var Res
varRes
varRes
var Res
varRes

PP -y

Since an XPath expression can be relative to a named variable (i.e., starting with
a variable name), the environment will also allow us to keep track of the relationship
between variables within a query (e.g., the fact #fias bound tdb:). For convenience,
for the manipulation of the environment we also define a function caltedrate(),
which refines the bindings by making explicit all the XPath navigation.

Example 2.2 After obtaining byvar Res that $! = $i and$i = {docBQ@S3/site/clo-
sed_auctions/ closed_auction}, we can refine the information on variab, using
the saturate function, assl = {$i, docB@S3/site/closed_auctions/closed_auction}.

Finally, for a variablebv and its bound expressian:p, ($v), the addition ofv to
the environment is achieved by the following statement :

Env = +($v = (Env.saturate(var Res(expy ($v)))).
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The following additional functions will be used in the algorithm to access the pre-
computed environment :

— getBind($v) : retrieves from the environment the set of objects associated to the
input variable$v.

— get X PathBind($v) : among the objects to which the variat$te is bound, it
retrieves those corresponding to XPath expressions (if any exist).
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3 The rewriting algorithm

Algorithm overview. We give first an overview of our rule-based algorithm, which
takes as input an XQuery expressigrand outputs an equivalent simplified XQuery
expressiorn’.

As the various bound expressiongrcompute intermediate results that may only
be partially useful ta’s end result, our algorithm identifies and prunes the irrelevant
parts in bound expressions. The output is an equivalent gleoptained fromQ by
substituting each subexpressiatp, ($v) by a subexpressioawp; ($v) that has the
advantage of computing only the needed intermediate results.

For a given variablév, the algorithm retrieves froracp, ($v) all the XPath ex-
pressions that access the resultenp,($v). This task is performed by thextract-
Pathsfunction. These paths are then used to retrieve and project out the useless parts
in expy,($v). This is the role of theprojectPathsfunction. A simpler subexpression
expy,($v) is obtained in this way.

This process is applied recursively, in bottom-up manner, byPiluae function
over(@. More precisely, for a given variab$ in @, the pruning is first applied recur-
sively within its bound and return expressions, ther$foitself, as described above.

We continue the presentation of the algorithm, starting with the rule-based func-
tions for path analysisktractPathyand query projectiorpfojectPath$. We wrap-up
the presentation with th@runefunction, that applies in bottom-up manner the steps
for path extraction and projection.

3.1 Path analysis

The extract Paths function takes as input a variab#e and its return expression
expr($v), analysegxp, ($v) and extracts the paths that navigate through the variable
$v. These paths start withw (either explicitly, or via other declared variables), and
are denoted thprojection pathf $v.

Similar to [MAR 03], in our analysis we will distinguish between two kinds of
projection paths : (iused pathsaind (ii) returned pathsThe former kind denotes paths
for which the descendants of the returned nodes are not necessarily relevant for the end
result and no navigation in the subtrees of these nodes is required. These are the paths
that simply bind a variabl&v, appearing only in its bound expressierp, ($v).

The latter kind denotes paths for which descendants of the nodes reached by the
path must be kept in the end result. Paths are by default considered retuheed
kind, unless some conditions for theedkind are verified.

We now present the inference rules fattract Paths function. The result of a
rule application will be two sets of pathB,andP#, for theusedandreturned paths
respectively.
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Literal, empty sequence When the input expressianzp,.($v) is a literal (ruleepl)
or ant emrtJty sequence (rulg2), no paths can be extracted and the output result is two
empty sets.

Env b extractPaths($v, literal) = 0,0 (ept)

Env - extractPaths($v, () = 0,0 (er?)

Sequence, conditional, comparison, element constructiom this case (rulesp3

to ep6), the static analysis of the input expression yields to the static analysis of its
subexpressions, and the output $eiendP# are obtained from the union of thised
andreturned pathextracted from the subexpressions.

Env b extractPaths($v,e1) = P1, P¥
Env - extractPaths($v, e2) = P2, P¥

(ep3)
Env + extractPaths($v, (e1,e2)) = P1 U P2, P UPY v

Env - extractPaths($v,e1) = P1, P¥
Env + extractPaths($v, ez) = Pa, 'Pf
Env + extractPaths($v, e3) = Ps, ’Pf

Env b extractPaths($v,if(e1) then es else ez) = P1 U P2 U P3, ’Pf# U Pf U P

% (epd)
3

Env + extractPaths($v,e1) = P1, ’Pf&
Env + extractPaths($v, es) = Pa, 73';%

73 % (ep5)
Env F extractPaths($v, (e1 (Op) e2)) = P1 U P2, P{ U PJ

Env & extractPaths($v, exp) = P, P#*
Env - extractPaths($v, element{QName}{exp}) = P, P# (er6)

Variable reference.When the input expressianp,. ($v) is a variable reference, we
have two alternative cases.dfp,($v) = $v (rule ep7), then the output result is a
returned path$v (a one step path). Kxzp,($v) = $v’ (3v" # $v), then we extract
from the XPath expressions bound$@ those who are relative ®w (i.e., $v is their
first step). These paths constitute the output se¢tfrned pathsP# (see ruleeps).
The output set ofised path$? is empty in both cases.

Env  extractPaths($v, $v) = 0, {$v} (ep?)

$v’ # $v, Env.getX PathBind($v') = B
P#* ={pcB,p=9%v/...}
Env + extractPaths($v, $v’) = 0, P

7 (ep8)

XPath expression Here, due to the normalization process described in section 2, we
have only three alternative cases (rug8 to ep11). If the input expressionzp,.($v)
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is a path relative t@v, then this path composes the output setedfirned pathsP#
(rule ep9). If exp,.($v) = $0'/... /s, ($v' # $v), then we extract from the XPath
expressions bound tdy’ those who are relative tBv (if any). These are used to
substitute$v’ and create the output set fturned pathsP# (rule ep10). Otherwise
(Rule ep11), no paths relative dév can be extracted from the input expression and
the output set ofeturned pathss empty. The output set afsed paths” is empty in
the three cases.

Env - extractPaths($v,$v/ ... /sn) = 0,{Sv/ ... /sn} (er9)

Env.getX PathBind($v') = B
# (o —
P¥ ={p'=p/s1/.../snpEBAPp=8v/...}
Env - extractPaths($v,$v" /s1/ ... [/sn) = 0, P#

Env t extractPaths($v, doc(uri)/ ... [sn) = 0,0 (epth)

FLWR expression, quantifier. Here, the input expressiomp, ($v) is a FLWR or
quantifier expression : for instancgyr $v’ in e; where es return es.

The first three premises (or the first two, in the case of the quantifier expression)
in the inference rulespl2 to ep14 will simply apply recursively the path analysis
process to the subexpressiense, andes.

The role of the remaining premises is to transform some of the returned paths
from el (Pf) into used paths foBv. (This would obviously allow for more dras-
tic query simplifications in the later stages.) The transformation happens when cer-
tain conditions are verified for the projection patﬁﬁ‘, more precisely when (1)
the paths are bound to varialfe’ (this can be checked by testing if they appear
in Env.getX PathBind($v')), and (2) the paths are relative$o (i.e., $v is their first
step). The paths verifying these two conditions are moved from the setwhed
pathsto the one oflused paths

Consider the following example :

Example 3.1 Given the query :

forSvin ...
return for $v" in ($v/A/B, ...)
return ...

the path$v/A/ B is bound to variablév’. Although$v/A/ B is initially a returned
path, the fact that it is relative tbv suggests that it can be safely considered ased
path In this case, the descendants®felements are not considered to be useful to
compute the end result (unless some other path overwrites this fact).

Env b extractPaths($v,e1) = P1, P¥
Env - extractPaths($v, e2) = P2, P¥
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Env + extractPaths($v, es) = Ps, 77;&
Env.getX PathBind($v') = P

Prvis={p€P,p=5v/.. }, P{f — Prpis = Pﬁbis
Env F extractPaths($v, for $v’ in e; where ex return ez)
= P1UP2UP3UPy s, P, UPF UPY

(ep12)

Env & extractPaths($v,e1) = P17’Pi¢
Env + extractPaths($v, ea) = Pa, 'Pf

Env + extractPaths($v, e3) = Ps, 77?&
Env.getX PathBind($v') = P

Prois ={p € P,p=$v/ ...}, P} — Prois = P,
Env - extractPaths($v, let $v’ := ey where e return es)
= P1UP2UP3UPy s, P, UPT UPY

(ep13)

Env - extractPaths($v,e1) = P1, P¥
Env - extractPaths($v, e2) = P, P¥
Env.getX PathBind($v’) = P
Prvis ={p € P,p=8%v/..}, P¥ — Pryis = PJy,,
) (epld)

Env b extractPaths($v, some $v’ in e satisfies ea

= P1UP2U Py s, PY,, UPY

Example 3.2 We give below the outcome of thetract Paths function on the va-
riable $; and its return expression i), ». The prefix indicates the rules that were
applied.

(epll) Env +  extractPaths($j, docDQSy /site) = 0,0
(ep5, ep9, epl0) Env +  extractPaths($j,$j/person = $k...) = 0, {$j/person}
(ep6,ep9) Env +  extractPaths($j, <common-auction>{8$j/open_auction}
< /common-auction>) = 0, {$j/open_auction}

(epl2) Env +  extractPaths($j, for $k ...) = 0,{$j/open_auction, $j/person}

3.2 Path projection

In this section, we present the functipnoject Paths that, for each variablév,
projects out the useless partseafp, ($v) (the bound expression féw) based on the
sets of pathg> andP# extracted fromexp, ($v) (the return expression fdw). This
function takes as input a set abed pathsa set ofreturned pathsand an XQuery
expression, and returns a new XQuery expression. Intuitively, the output expression is
obtained by projecting out any subexpression producing an intermediary result that
is not in the scope of these paths. For a given patind a given expressios,
projectPaths analyzesp and e and determines if a matching is possible between
p and the expected result ef(i.e., we expect a possibly non empty result for the
evaluation ofp on the result ot).

Next, we detail the inference rules.
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Literal, comparison, quantifier. When matching an input paghwith a literal value,
the only cases that yield to a non empty result are whentext() (a final step of a
projection path or p = $v (see ruleppl). Otherwise (rulevp2), the output expression
is empty.

We use the same reasoning when the input query is a compatisGrp(e2) or a
quantifier expressiors¢me $v in ey satisfies es), as the result of their evaluation

is necessarily a numeric or a boolean literal. The corresponding pgsd pp6) are
similar topp1 andpp?2.

Ip € (PUPH),p= ($v | text())
Env + projectPaths(P, P#,literal) = literal

(pp1)

Vp € (PUPH), p# (Sv| text())
Env + projectPaths(P, P#, literal) = ()

(pp2)

Jp € (PUPH#),p=($v] text())
Env + projectPaths(P, P#, ey Op?® e2) = e1 Opea

(pp3)

Ve (PUPH), p# (Sv] teat()
Env + projectPaths(P,P#,e; Opes) = ()

(pp4)

Ip € (PUPH),p=($v ] text())

Env & projectPaths(P, P#, some $v in ey satisfies ez)
= some $v in e; satisfies es

(pp5)

Vp € (PUPH#),p # ($v | text())

Env & projectPaths(P, P#, some $v in ey satisfies ez)
=0

(pp6)

Sequence.The matching of an input path with a sequencee(, e3) yields to the
matching ofp with the subexpressionsyandes) composing the sequence. Then, the
output expression is a sequence composed from the obtained elementary results (see
rule pp7).

Env k- projectPaths(P, P¥ e1) = €}
Env + projectPaths(P, P#, e2) = eh
7
Env F projectPaths(P, P#, (e1,e2)) = €}, €} (pPT7)

Variable reference.The evaluation of a pathon a variablev yields to the evaluation

of this path on the objects bound $@. Then, the output expression is equal$to
(equal to the input expression), if a matching is possible between at least an input
pathp and one of the objects bound$o (rule pp8). Otherwise (ruleop9), the output
expression is empty.
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(Env.getBind($v) = {o1,...,0n})

Ji,1 <1 < n,projectPaths(P,P#, 0i) = o} s.t. o # () (op8)
pp

Env + projectPaths(P, P#,$v) = $v

(Env.getBind($v) = {o1,..., on})
Vi, 1 < i < n,projectPaths(P,P#,0:) = ()

Env b projectPaths(P, P#, $v) = ()

(pp9)

XPath expression.Here, the input expressianis an XPath¢ = s1/.../s,). The
matching (or not) of an input paghwith e depends on the nature pfind the expected
result ofe. Many useful information on this expected result can be deduced from the
last steps,, of e (rule pp10).

If s,, = text(), the result will be composed of literal values. So, the only case
where a matching is possible is whenr= text() (a final step of grojection path or
p=$v.

If s, # text() ands, # x, hence the nodes returned by= s,/.../s, are
element nodes, it is sufficient to have one input pat®io P# that starts withv ,

x (which corresponds to any element test)sgr(i.e., the first step op corresponds

to the element returned ky). Since we do not have enough information about the
eventual descendants ©f, we only check if a matching is possible betwesand the
first step ofp.

If s,, = x, hence the name of the returned element nodes is unknown, the only case
where there is no possible matching is whes text().

Otherwise (ruleop11), no matching is possible and the output expression is empty.

Ip € (PUPH), ((sn = text()) A (p = text()|$v)) V
(s # et() A (n 7 %) A head'(p) = (slsa[$)) V (50 =" ") A (p # teatQ)

Env + projectPaths(P, P#, s1/.../S$n) = s1/.../Sn

otherwise (pp11)
Env F projectPaths(P,P#,s1/.../sn) = ()

FLWR expression.According to the XQuery semantics, the result 6lAVRexpres-
sion is computed by itseturn subexpression. So, the matching of an input path
with aFLWRexpressiore yields to the matching g with thereturn subexpression
of e (e3 in pp12). If, for at least one pathp € P U P# the result expressiod, is
not empty, the composed output is a nB\&TV R expression obtained by substituting
the initial return expression by’3 in the inputF’ LW R (rule pp12). Otherwise (rule
pp13), the output expression is empty. The specific rules of let expresgipihg &nd
pplb) are similar to those of thgor expressions.

Env +- projectPaths(P, P#, es) = ej

Env + projectPaths(P, P#, for $vin e1 where es returnes) = for $vin e; where es return e

7 (pp12)
3
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Enwv + projectPaths(P, P#,e3) = ()
Env + projectPaths(P, P#, for $v in e; where ex return eg) =

0 (pp13)

Env  projectPaths(P, P#,e3) = el

14
Env & projectPaths(P, P#,let $v := ey where ez returnes) = let $v := e1 where ex return e} (pp14)

Env - projectPaths(P, P#, e3) = ()
Env b projectPaths(P, P#,let $v := e; where ez returnez) = ()

(pp15)

Conditional. The matching of an input pathwith a conditional expressiorif (e;)

then es else e3) yields to the matching gb with the subexpressions composing the
true and the false branches. The output expression is then a new conditional ex-
pression obtained by substituting in the input expression the initial and false
branches by two potentially simplified subexpressions (seepjule).

Env + projectPaths(P, P#, e2) = en
Env F projectPaths(P, P# e3) = e
Env + projectPaths(P, P#,if (e1) then ez else e3) = if (e1) then e}, else e (pp16)

Element construction.Here, the input expression is an element construction expres-
sion expr = element{QName}{e}. The matching (or not) of an input pathwith

expr depends on the nature pf In order to simplify the presentation, we assume
that the application of the rules is attempted according to the order in which they are
presented below :

Rule ppl7 : if the input setP# contains a patlp such ap = $v or p = QName,
then a matching is possible betwearpr and at least ongeturned pathn this case,
nothing can be projected out and the returned expression is identical to the input one.

Rule pp18 : if there is no input pathh = s;/ ... with a first steps; = $v ors; =
QName, then no matching is possible betweetyr and the input paths. In this case,
the output expression is empty (i.e., the input expression is projected out).

Rule pp19 : if, for all the input pathg = s1/s2/ ... with a first steps; = $v or

s1 = QName, there is no matching possible between their remaining payts. .

and the subexpressian then no matching is possible betweerpr and the input
paths. The output expression is also empty in this case.

Rule pp20 : if there is at least onased pathp such ap = $v or p = QName, and

no other input path has a first step equabtoor Q Name, then we deduce that the
descendent nodes of the expected eler@e¥itume are useless. In this case, the subex-
pressiore is projected out and the output expression is then a new element construc-
tion Q Name with an empty content.
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Rule pp21 : if there is at least one input path= s1/s2/ . .. with a first steps; = $v
or s; = @Name, and a matching is possible between the remaining fdrt. . of
p and the subexpressian then we deduce that a matching is possible withr.
In this case the output is a new element construction expressiap/farme with a
new subexpressiari obtained by the recursive applicationofoject Paths for these
s2/ ... paths ovek.

Ip € P#, p = (QName | $v)

Env + projectPaths(P, P#, element{QName}{e}) =
element{QName}{e}

(pplT)

Vp € P UP# head(p) # (QName | $v)
Env t projectPaths(P, P#, element{QName}{e}) = () (pp18)

Ap € P, p=(QName | $v)
P ={p',[QName | $v]/p" € P}
P'# = {p,[QName | $v]/p’ € P#}
Env - projectPaths(P’,P'# e) = ()
Env + projectPaths(P, P#, element{QName}{e}) = (

) (pp19)

(3p € P, p=(QName|$v))A
(vp € (P UP#) — {p}, head(p) # (QName | $v))

Env + projectPaths(P, P#, element{QName}{e}) =
element{QName}{}

(pp20)

Ip € PUP#, head(p) = (QName | $v)
P = {0/, [@Name | 805’ € P}
P'# = {p',[QName| $v]/p’ € P#}
Env F projectPaths(P',P'# e) = ¢’
Env +- projectPaths(P, P#, element{QName}{e}) =
element{QName}{e'}

(pp21)

Emptty sequencelf the input expression is empty, then the output expression is also
empty.

Env  projectPaths(P, P#,()) = () (Pp22)

3.3 Pruning process

The pruning process is applied recursively, in a bottom-up manner, byithee
function. This function takes in the input a qué&pyand returns a pruned quegy/ . It
is defined by the following inference rules.

Literal, variable reference, XPath expression and empty sequenc&/hen the in-
put expressiorf) is a literal, a variable reference, an XPath expression or an empty

sequence, the pruning have no effect and the output expression is the same as the input
one.

Env = Prune(literal) = Literal )
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Env = Prune($v) = $v (»2)

Env b Prune(si/.../sp) = s1/.../$n (P3)

Env = Prune(()) = () (P4

Sequence, comparison, element constructioithe pruning of a sequence of subex-
pressions returns as a result the sequence of the pruned subexpressigrs).(kike

use the same reasoning to prune comparison expressions and element construction
expressions (rulest andp7).

Env + Prune(e1) = e} Env + Prune(ez) = e (55)

Env F Prune(ey, e2) = e}, eh

Env  Prune(e1) = €] Envk Prune(ez) = e} (96)

Env F Prune(e; Opez) = 6/1 Op 5'2

Env  Prune(e) = ¢’
Env F Prune(element{QName}{e}) = element{QName}{e’'}

(»7)

Conditional. In this case, the pruning operation is propagated to the condition subex-
pression, and to therue and false branches. The output expression is obtained by
substituting the subexpressions by their pruning result.

Env F Prune(er) = e}
Env + Prune(ez) = ej Envk Prune(es) = e}

Env - Prune(if(e1) then ez else e3) = if(e]) then e}, else el (%)

FLWR expressions, quantifierWhen the input is a FLWR expressionfor $v in e;
return es), the pruning operation is first applied to the bound expressionhe result
is a pruned expressiar). Next, the variabl&v is added to the environmeftnv with
its bound objects computed hyir Res. The saturate function refines the bindings
stored in the environment (see Section 2).

Env F Prune(er) = e}

Env = +($v = (Env.saturate(varRes(e})))
Env + Prune(ez) = eh

Env & extractPaths($v, eh) = P, P#
Env - projectPaths(P U {$v}, P#,e}) = e

Env F Prune(for $vin e return ez) = for $vin el returne

7 (p9)
2

Then, the pruning operation is applied to the return subexpressiofhe result is

a pruned expressiod,, from which theexztract Paths function extracts the paths
relative to$v. Finally, extracted pathsR U {$v}, P#) are applied ore} in order

to remove its useless parts. Hebe, is added to ensure that the number iterations
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remains the same. The resulting expressipande, replacee; andes, respectively,
in the FLWR expression.

The pruning offor expression can lead to the following interesting special cases
(p10 andpll):

Env + Prune(e1) = ()

Env = Prune(for $vin ey returnez) = () P10

Here, the pruning of the bound expression generates an empty result, which means
that the number of iterations is equal to 0. So, the pruning result of the whole FLWR
expression is empty.

Env + Prune(ey) = e}
RootPath(e}) = PathB,
Env = Env + ($v = PathB;) Env = Env.saturate($v)
Env = Prune(ez) = ()

Env - Prune(for $vin e returnez) = ()

(p11)

This case corresponds to the situation in which the pruning of the return expression
eo leads to the empty result. This means that whatever the number of iterations is, the
result is always empty. In such case, the pruning of the wlfofeexpression gives
empty result.

When the inputfor expression containsw@ahere clause, we follow the same rea-
soning and treat th@here clause as we treat theturn subexpression (see rulgs2
to pl14).

Env F Prune(er) = e}

Env = +($v = (Env.saturate(varRes(e})))
Env F Prune(ez) = e}
Env - Prune(es) = ej

Env b extractPaths($v, eb) = Pa, P
Env F extractPaths($v, ef) = P, P#3
Env + projectPaths(Ps U P3 U {$v}, P¥ U 'Pf, e) = e
7 (p12)
3

Env = Prune(for $vin ey where es return ez) = for $vin e} where e}, return e/,
1 2

Env F Prune(e1) = ()

Env = Prune(for $vin e; where ez return es) = ()

(p13)

Env + Prune(e) = e}

Env = +($v = (Env.saturate(varRes(e})))
Env F Prune(es) = e
Env + Prune(es) = ()

Env F Prune(for $vin ey where ex return ez) =

0 (p14)
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When thefor expression containsw@ahere clause, an additional rule is used each
time the pruning of thevhere gives an empty result (rulelp). In this case, the condi-
tion is definitively false (empty sequence) and the pruning of the whide expres-
sion yields to an empty result.

Env + Prune(e) = e}
Env = +($v = (Env.saturate(varRes(e})))
Env = Prune(ez) = ()

Env F Prune(for $vin ey where ez return ez) =

0 (p15)

The pruning process @&t expressions is similar to the pruning fér expressions
(see rulep16 to p22). The only difference is that we do not have to add$heo the
set of used path®.

Env F Prune(er) = €}
Env = +($v = (Env.saturate(varRes(e})))
Env + Prune(ez) = eh

Env & extractPaths($v, e}) = P, P#
Env b projectPaths(P, P# e}) = e

Env - Prune(let $v := e; return ez) = let $v := el returne

7 (p16)
2

Env = Prune(er) = ()
Env = Prune(let $v := ey returnez) = ()

(p17)

Env F Prune(er) = €}
RootPath(e}) = PathB;
Env = Env + ($v = PathB;) Env = Env.saturate($v)
Env = Prune(ez) = ()

Env = Prune(let $v := ey returnez) = ()

(p18)

Env + Prune(e) = e}

Env = +($v = (Env.saturate(varRes(e})))
Env F Prune(es) = e,
Env + Prune(es) = ej

Env b extractPaths($v, eb) = P, P
Env b extractPaths($v, eé) = Ps, Py
Env + projectPaths(P2 U Ps, Pf U 'Pf7 ey) = ef
7 (p19)

Env - Prune(let $v := e; where ea return eg) = let $v := e{ where e}, return e

Env + Prune(e1) = ()

Env F Prune(let $v := e where es return ez) =

0 (p20)

Env + Prune(ey) = e}

Env = +($v = (Env.saturate(varRes(e})))
Env F Prune(es) = e
Env + Prune(es) = ()

Env b Prune(let $v := e where es return ez) =

0 (p21)

Env F Prune(er) = e}
Env = +($v = (Env.saturate(varRes(e})))
Env + Prune(ez) = ()

Env F Prune(let $v := e where es return ez) =

0 (p22)



Pruning Nested XQuery Queries 23

For the quantifier expressions, we use the same reasoning. But, for the special
cases, instead of returning an empty result we returry ttiee() boolean value, as a
quantifier returns necessarily a logical value.

Env + Prune(ey) = e}
Env = +($v = (Env.saturate(varRes(e})))
Env F Prune(ez) = e,
Env + extractPaths($v, eh) = P, P#
Env F projectPaths(P U {$'u},73'#7 eh) = ef

Env  Prune(some $v in e1 satisfies ez) = some $v in e satisfiese

7 (p23)
2

Env F Prune(e1) = ()

Env = Prune(some $v in ey satisfies ea) = false()

(p24)

Env + Prune(ey) = e}
RootPath(e}) = PathB;
Env = Env + ($v = PathB:) Env = Env.saturate($v)
Env + Prune(ez) = ()

Env = Prune(some $v in ey satisfies ez) = false()

(p25)

3.4 Correctness

We prove in this section that our rule-based algorithm is correct, i.e., its input and
output queries arequivalenithe evaluation of the output query yields the same result
as the evaluation of the initial query). The algorithm described in Section 3.3 verifies
the following theorem.

Theorem 3.1 [Equivalence] Lety be an XQuery expression, |&t= {d;, ..., di}

be the set of XML documents used et Env be the evaluation environment, and let
¢’ be the XQuery expression obtained from the pruning(@€é., Env b Prune(q) =
q'). Then, the results af and ¢’ over I are equal :qpn.) (1) = qum] (I), where "="
denotes the deep equality defined for XML values in [MAL 07].

A proof for this theorem can be constructed by induction on the inference rule for
each expression.

Proof details

As it is shown in Section 3.3, when the input queris a literal value, a variable
name, an XPath expression or an empty sequence (futes4), the pruning process
will produce an output query’ identical to its inputg. So,YI,YEnv, qign. (1) =

When the input query; is a conditional expression, a non empty sequence, a
comparison expression, an arithmetic or a logical expression (pruning pbilé&s
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p8 in Section 3.3), then the pruning process is simply applied recursively to the su-
bexpressions of before substituting them by the obtained pruned expressions. As-
sume that the pruned subexpressions are equivalent to the initial ones, then accor-
ding to the semantics of XQuery[DRA 07] the output quegrys equivalent ta; (i.e.,
VI,VEnv, q[Env] (I) = qun'L;] (I))D

For instance, consider a conditional expressjos if(e1) then es else es, the
pruning process produces=if(e}) then e} else e}, whereEnv - Prune(e;) =
e}, Env b Prune(es) = e, and Env - Prune(es) = e5. Assume thae; is
equivalent toe), es is equivalent toe, andes is equivalent teef (i.e.,V I, V Enwv,
€1[En] (I) = e/l[Env](I)‘ €2[Env] (I) = 6/2[E'7w} (I) and €3[Ena] (I) = eg[Env](I))
Then, the expressionig(e1) then es else e3 andif(e}) then e, else e} are equiva-
lent,i.e.V I, V Env qpnu) (1) = ¢(g,, (1)

FLW R expressions. When the input query is a FLWR expression (pruning rules
p9 to p22 in Section 3.3), the pruning process can be summarized in three main steps :
(1) the pruning is applied recursively to the subexpressiong li#fore substituting
them by the obtained pruned expressiatis ¢, ande}), (2) extractPaths() is cal-

led to extract from theeturn and where subexpressionsf and e}) the usedand
return paths(P and P#), and (3)projectPaths() is called to apply the extracted
paths on the bound subexpressieh)(in order to minimize it. The first step pre-
serves the equivalence : Assume thatis equivalent toe}, e, is equivalent toe),
andes is equivalent toej, then for $var in e; [where es] return ez is equiva-
lent to for $var in €} [where e5] return e5 and it is the same for let expressions
let Svar = ey [where e3] return es andlet $var = ¢} [where e5] return ej.
Then, to prove the equivalence between the inpabd the output query’ we need
the following result : the projected subexpressign obtained by applying thased
andreturn pathson the bound subexpressiefy generates all the nodes that are part
of the evaluation o/, andej (this is similar to theReturn Paths lemmaf Simeon et

al. [MAR 03]). More precisely, we need to prove the following two properties.

Lemma 3.1 [Paths Extraction] Lete be an XQuery expression artbar be a
variable name. Then, the sets of patRsand P# extracted frome (Env +
extract Paths($var, e) = P, P#) satisfy the following properties :
—P and P# contain all the paths ir that referencévar, and nothing else.
—only used pathsre contained irP.

Lemma 3.2 [Paths Projection] Let; be an XQuery expression, [Btbe a set ofused
pathsand P# a set ofreturn pathsThen, the XQuery expressieg, obtained by the
application of ? and P# paths one; (Env &+ ProjectPaths(P, P, e1) = e2),
satisfies the following properties :

—Vp € P : root(eval(p, e2)) = root(eval(p, e1))
—Vp € P# : eval(p, e2) = eval(p, e1)
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whereroot function retrieves the root nodes of its input XML data, and functios
is defined as follows :

Definition 3.1 (eval) Let ¢ be an XQuery expression, andan XPath expression.
Then,eval(p, ¢) denotes the following XQuery expression :

—q/p1, if p=3%v/p:1 (i.e.,p starts with a variable reference) ;

—q/self :: p, otherwise.

The following properties of functioaval are useful in the rest of this section.

1) eval(p, (e1, e2)) = eval(p, e1), eval(p, e2)
2) eval([Q Name|$var]/p,<QName>{exrp}</QName>= eval(p, exp).

The two lemmas presented above can be proven by induction over each expression
and their proofs are given in the following sections.

3.4.1 Proofoflemma3.1

—This proof is under reviewing by its authors. A final version will be available soon.—
We construct an induction on the inference rule ofdheract Paths function.

Literal, empty sequenceln this casextract Paths returns empty sets whatever the
variable, (ruleepl andep2 in Section 3.1). This is evident because a literal value or
an empty sequence does not contain an XPath expression.

Sequence, conditional, comparison, element constructioRor instance we take the

rule ep3 : sequences return the union of the sets of their sub-sequences. Assuming the
subsequences return all the paths referencing a varfahléhen the union of these

sets will contain obviously all the paths that refereficen the whole sequence. We

use the same logic for the ruleg4, ep5 andep6.

Variable reference.For the ruleep? it is obvious that a variable reference references
itself. For the ruleep8 we have the following properties :

Property 3.1 [Path extension] If a variableébv is bound to an XPath expressign
then all the nodes that are returned by paths of the &ty p’)? are the same nodes
returned by the paths of the formé/p’)?.

Property 3.2 [saturate environment function] For a given variab$e, thesaturate
environment function ensures that in the environment we keep track of all the links
between variables.

Property 3.3 [var Res function] Thevar Res computes all the XPath expression bound
to a given variable.
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According to these properties, to extract paths referencing a given vafiafstam
a variable referencin§uar, it is sufficient to extract from the environment the paths
referencingbv and that are bound ®war, because :

1) The property 3.1 ensures that the nodes returned by evalueting and which
come from a patlp referencingbv, are the same nodes returnedghy

2) The properties 3.2 and 3.3 guaranties that in the environment we find all the
paths referencin§v and that are bound thvar.

To keep all the nodes returned by these paths we have to consider thetorapaths.
This is exactly what does the rutg8. O

XPath expression.For the rulesp9 andep10 we use the same logic as for the rules
ep7 and ep8 respectively. For the rulepll, it is obvious that a path starting with
doc(“uri”) is not a path referencing a variable, and so the two sets to return are empty.
]

FLWR expression.The prove is the same for the rulgsl 2, ep13 andepl4. For the

rule ep12, despite the last premise where we transit some paths from return to used
set, the proof is similar to that of the ruleg3 to ep6. So, what we have to prove in
addition is that the descendants of the nodes we migrate from return to used path set
are useless. To demonstrate this, we use the following property :

Property 3.4 [Useless descendants] If a paghis directly bound to a variable, then
the descendants of the resultyodire useless.

We remarque that in the rule12 that the paths that transit from return path set to
used one are those directly bound to the varighidecause they are computed by

the get X PathBind environment function, and according to the property 3.4 their
descendants are usel€ss.

3.4.2 Proof of lemma 3.2

First, for the inference rules who state that the outputrefject Paths is equal
to its input (rulesppl, pp3, pp5, pp8, ppl0, ppl7 and pp22 in Section 3.2), the
proof is evident ¢ = e; in this case). For the rules where the output expression of
project Paths is different from its input, the proof details are given in the following.

For literal values, quantifiers, arithmetic expressions, logical and comparison ex-
pressions (rulegp2, pp4 andpp6), when the output expression is different from the
input one, it is an empty sequencBi(v - projectPaths(P,P#, e) = (), where
e = litteral, e = ey Op ey Or e = some $var in ey satisfies e3). To prove the
lemma in this case, we have to prove the following properties :

—Vp € P#, eval(p, () = eval(p,e)
—Vp € P, root(eval(p, ())) = root(eval(p, e))
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wheree = litteral, e = some $var in e; satisfies ea Ore = e Op ea.

For the considered rules, the judgement holds when the input paths are all dif-
ferent from a simple variable nanSear or a text-test kindext()(see the premise of
the rules). In this case, and according to the semantics of XQuery[DRA®]p, )
will return an empty sequence. Sineeul(p,e) = () andeval(p, ()) = (), the pro-
perties are satisfied.

Variable reference (rule pp9). Here, we have to prove the following properties :

—Vp € P¥ eval(p, () = eval(p, $var)
—Vp € P,root(eval(p, ())) = root(eval(p, $var))

For the considered rule, the judgement holds when the nodes generated by the
subexpression bound ®war are not part of the evaluation of the input paths. In
other words (see the premise), the judgement holds vi#flaen is bound to a se-
quence of objectgoy, ..., 0,} in the considered environment, and when the appli-
cation of the input paths on these objects returns an empty sequénte<( i <
n, projectPaths(P,P# . 0;) = ().

According to the XQuery semantics, the evaluation of a path on a vafialyields
to the union of the evaluations of this path on each object boufid.ttm our case, all
the evaluations lead to an empty sequence. So their union is an empty sequence too.
Sinceeval (p, $var) = () andeval(p, ()) = (), the properties are satisfied.

XPath expression(rule pp11). Here, we have to prove the following properties :

—Vp € P# eval(p, () = eval(p,s1/ ... /sn)
—Vp € P,root(eval(p,())) = root(eval(p,si/.../sn))

According to the semantics of XQuery, the last stgpf a paths = s1/... /s,
determines the nodes result af In the case of paths composition, between=
p1/.../pm @ands = s1/.../sm (s/p in short), the result is an empty sequence if
no matching is possible between the first step of pathd the last step of path For
instance, a matching is possible betweghandb/c/d or betweern /b and«/c/d and
it is not possible betweetyb andc/d or between/tex() andb/c/d. The cases where
a matching is possible are given in the premise of pplH), otherwise (ruleop11) no
matching is possible. Since no matching is possible](p, s1/ ... /s,) returns an
empty sequence and the properties are satisfied.

Sequencgrule pp7). we have to prove the following properties :

—Vp € P# eval(p, (e}, €h)) = eval(p, (e1, e2))
—Vp € P, root(eval(p, (€1, €5))) = root(eval(p, (e1,€2)))

In the premise of the considered rule, we assume that :

—Vp € P* : eval(p, ¢}) = eval(p, e1) andeval (p, e5) = eval(p, e2)



28 Technical Report.

-Vp € P : root(eval(p,el)) = root(eval(p,e1)) and root(eval(p,es)) =
root(eval(p, e2))

Then, we can infer from the following that the properties are satisfied :

—Vp e P*
eval(p, (e1,e5)) = (eval(p,e}),eval(p,es)) - - Property 1 ofeval
= (eval(p, e1), eval(p,e2)) - - Inference Hypothesis (I. H.)
= eval(p, (e1,e2)) - - Prop. leval
—-VpeP

root(eval(p, (e1,¢e5))) = root(eval(p,e}),eval(p,es)) - - Prop. leval
= (root(eval(p, e})), root(eval(p,ey)) - - Prop.root
= (root(eval(p, e1)), root(eval(p,e2)) --1. H.
= root(eval(p, e1), eval(p,ez2)) - - Prop.root
= root(eval(p, (e1,e2))) --Prop. leval O

Conditional (rule pp16). Here, we have to prove the following properties :

—Vp € P#,eval(p, (if (e1) then €, else e3)) = eval(p, (if(e1) then ez else e3))

—Vp € P,root(eval(p, (if(ex) then e5 else e3)))
root(eval(p, (if(e1) then ez else e3)))

In the premise of the considered rule, we assume that :

—Vp € P# : eval(p, eb) = eval(p, e2) andeval(p, €) = eval(p, e3)

—Vp € P : root(eval(p,e3)) = root(eval(p,e2)) and root(eval(p,es))
root(eval(p, es))

The XQuery semantics defines the evaluation of a path on a conditional expression
as the evaluation of that path on the result of then or else subexpression. So, we
can infer from the following that the properties of the lemma are satisfied :

-Vp € P#
eval(p, (if(e1) then e else e3)) = if(e1) then eval(p, e3) else eval(p, e3) - - XQuery
=1if(e1) then eval(p, e2) else eval(p,es) -- 1. H.
= eval(p, (if(e1) then ez else e3)) -- XQuery
—-VpeP

root(eval(p, (if(e1) then €5 else e3)))

= root(if(e1) then eval(p, €5) else eval(p,es)) - - XQuery

= if(e1) then root(eval(p, €3)) else root(eval(p,e3)) - - Prop.root
= if(e1) then root(eval(p, e2)) else root(eval(p,es)) -- 1. H.

= root(if(e1) then eval(p, e2) else eval(p, es)) - - Prop.root

= root(eval(p, (if(e1) then ez else e3))) - - XQuery

O

FLWR expressions(rulesppl2 to ppl5). We give here the proof details fgior ex-
pressions (rulegp12 andpp13). The proof details fotet expressions (rulegp14 and
pplb) can be easily deduced using the same reasoning.

Rulespp12 and ppl4 : we have to prove the following properties :



Pruning Nested XQuery Queries 29

—Vp € P# eval(p, (for $v in e where ey return ej)) =
eval(p, (for $v in e1 where ez return es))

-Vp € P,root(eval(p,(for $v in e1 where ex return e}))) =
root(eval(p, (for $v in e; where ez return es)))

In the premise of the considered rule, we assume that :

—Vp € P# : eval(p, e}) = eval(p, e3)
—Vp € P : root(eval(p, e5)) = root(eval(p, es))
The XQuery semantics defines the evaluation of a path on a FLWR expression as

the evaluation of that path on the result ofiitgurn subexpression. So, we can infer
from the following that the properties of the lemma are satisfied :

—-Vp e P#
eval(p, (for $v in e1 where ez return ey))
= for $v in e1 where ez return eval(p,e3) - - XQuery
= for $v in e1 where ez return eval(p,es) --1. H.
= eval(p, (for $v in e; where ez return es)) - - XQuery
-VpeP

root(eval(p, (for $v in e1 where ez return ej))

= root(for $v in e; where ez return eval(p, 5
/
3

)
)
)
)

)
= for $v in e1 where ez return root(eval(p, e3)) - - Prop.root
= for $v in e; where ez return root(eval(p,es)) --1. H.
= root(for $v in e; where ez return eval(p, e3)) - - Prop.root

= root(eval(p, (for $v in e; where ez return es))) O
Rulespp13 and pp15 : we have to prove the following properties :

—Vp € P# eval(p, () = eval(p, (for $v in e; where ez return ez))
—Vp € P, root(eval(p, ())) = root(eval(p, (for $v in e1 where ez return esz)))

In the premise, we assume that :

—Vp € P* : eval(p, () = eval(p, e3)
—Vp € P : root(eval(p, ())) = root(eval(p, e3))

The following shows that the properties of the lemma are satisfied :

—-Vp e P#
eval(p,()) = () = for $vin e1 where ez return () - -XQuery
= for $v in ey where ez return eval(p, ()) - -XQuery
= for $v in e1 where ez return eval(p,es) --1. H.
= eval(p, (for $v in ey where ez return ez)) --XQuery
-VpeP
root(eval(p, ())) = root(for $vin e; where ez return eval(p, ()))
= for $v in e; where ez return root(eval(p, ())) - - Prop.root
= for $v in ey where ez return root(eval(p, es)) --1. H.
= root(for $v in e; where ez return eval(p, es)) - - Pro.root
= root(eval(p, (for $v in ey where ez return esz))) -- XQuery O
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Constructors (rulespp18 to pp20).

Rulepp18.
In this case, we have to prove the following properties :

—Vp € P#, eval(p, () = eval(p, element {QName}{e})
—Vp € P,root(eval(p, ())) = root(eval(p, element {QName}{e}))

In XQuery, the evaluation of a path= p1/.../p, On an elemenkQName>. . .<
/QName> (element {QName}{e}) yields to an empty sequence when the first step
py of the path does not matadi Name. In the premise of this rule, we assume that
p1 # QName andp; is not a variable nam&var. So, according to the definition of
eval function,eval(p, element {QName}{e}) will return an empty sequence in this
case. Sinceval(p, element {QName}{e}) = () andeval(p,()) = (), the lemma
properties are satisfied.

Rule pp19.
In this case we have to prove the following properties :
—~Vp € P# eval(p, () = eval(p, element {QName}{e})
—Vp € P,root(eval(p,())) = root(eval(p, element {QName}{e}))

In the premise of the considered rule, we assume that :

—Vp' € P'# :eval(p, () = eval(p', e)

—Vp' € P : root(eval(p', ())) = root(eval(p’, €))
whereP’ = {p’, [QName | $var]/p’ € P}andP'# = {p’,[QName | $var]/p’ € P#}.
Then, we infer from the following :

-Vp € P#

If p=[QName | $var]/p’ then
eval(p, () = () = eval(p/,()) --XQuery
= eval(p’, €) --1L.H.
= eval(p, (element{QName}{e})) --Prop. 2 ofeval
If p=step1/p’, stepr # [QName|$var] then

eval(p,()) = ()
= eval(p, (element{QName}{e})) --XQuery

If p = [@Name | $var] thenNo path corresponds to the pattepnl7 is checked before.
-VpeP
If p=[QName | $var]/p’ then

root(eval(p,())) = root(()) = root(eval(p’,())) - - XQuery
= root(eval(p’,e)) --1.H.
= root(eval(p, (element{QName}{e}))) --Prop. 2eval

If p = step1/p’, step1 # [QName|$var] then

root(eval(p, ())) =root(()) --XQuery
= root(eval(p, (element{QName}{e}))) --Prop. 2eval
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If p = [QName | $var] thenNo path corresponds to the pattern- I. H.

So, we conclude that the lemma properties are satisfied.

Rule pp20.
In this case, we have to prove the following properties :
- Vp € P#, eval(p, (element{QName}{})) = eval(p, (element{QName}{e}))

- Vp € P, root(eval(p, (element{QName}{}))) =
root(eval(p, (element{QName}{e})))

In the premise of the considered rule, we assume that there is only one path

[QName|$var] in P, and there is no other pathfmandP# that starts withQ N ame
or $var.

We conclude, from the following that the lemma properties are satisfied :

-Vp € P#
If p=[QName | $var]/p’ then No path corresponds- - I. H.
If p= step1/p’, step1 # [@Name|$var] then

eval(p, element{QName}{}) =() --XQuery

= eval(p, (element{@QName}{e})) --XQuery

If p=[QName | $var] then No path corresponds- - 1. H.
-VpeP
If p=[QName | $var]/p’ then No path corresponds- - I. H.
If p= step1/p’, step1 # [@QName|$var] then

root(eval(p, element{QName}{})) = root(()) -- XQuery

= root(eval(p, (element{QName}{e})))

If p=[QName | $var] then - - one path corresponds, I. H.

root(eval(p, element{QName}{})) = root(element{QName}{})) --XQuery
= element{Q@Name}{}) --Prop.root

- - XQuery

= root(element{@QName}{e})) - - Prop.root

= root(eval(p, (element{QName}{e})))

Rule pp21.
In this case, we have to prove the following properties :
—-Vp € P# eval(p, (element{QName}{e’})) = eval(p, (element{QName}{e}))

—-Vp € P, root(eval(p, (element{QName}{e'})))
root(eval(p, (element{QName}{e})))

In the premise of the considered rule, we assume that :
-Vp' € P# :eval(p',e') = eval(p, e)
—Vp' € P : root(eval(p',e’)) = root(eval(p', €))
whereP’ = {p', [QName | $var]/p’ € P}andP'# = {p’,[QName | $var]/p’ € P#}.

So, we conclude from the following that the lemma properties are satisfied :

- - XQuery
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-Vp € P#
If p=[QName | $var]/p’ then
eval(p, element{@QName}{e'}) = eval(p’,e’) --XQuery
=eval(p’,e) --1.H.
= eval(p, (element{QName}{e})) --Prop. 2 ofeval
If p=step1/p’, stepr # [QName|$var] then
eval(p, element{@QName}{e'}) = () --XQuery
= eval(p, (element{@QName}{e})) --XQuery

If p = [@Name | $var] then No path correspond®pl7 checked before
-VpeP
If p=[Q@Name | $var]/p’ then

root(eval(p, element{QName}{e’'})) = root(eval(p’,e’)) --XQuery

= root(eval(p’,e)) --1.H.
= root(eval(p, (element{QName}{e}))) - - Prop. 2eval

If p = step1/p’, step1 # [@Name|$var] then
root(eval(p, element{QName}{e'})) =root(()) --XQuery
= root(eval(p, (element{QName}{e}))) - - Prop. 2eval

If p=[QName | $var] then
root(eval(p, element{QName}{e’'})) = root(element{QName}{e’'}) --XQuery
= element{QName}{} -- Prop. root
= root(element{@QName}{e}) -- Prop.root
root(eval(p, (element{@Name}{e}))) --XQuery
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4  Optimized pruning

We present in this section extensions on the inference rules detailed in Section 3.3
that may further simplify the queries.

Path refinements.Let us illustrate a first optimization by the following example.
Let ¢ be the following XQuery expression :

for $jin (for $iin <A><B/><C/></A> return $i)
return $;5/B

Applying the pruning rule ory, no simplifications would apply and the query
remains unchanged. However, one can easily notice that' takements constructed
by the innerfor are not necessary for the end result and can thus be projected out.

This kind of pruning is not possible using the bottom-up inference rules of Section
3.3. This is mainly due to the fact that when we prune some inner subexpression, we
have no information about the outer subexpressions, that may lead to further refine-
ments. For instance, in the querywhen we prune the innefor subexpression, the
projection patt$i suggests to keep all the bound expressiofi ¢by rulepp1). Then,
when we apply the paty /B on the innerfor, we apply it in fact only on the variable
$: (by rule pp12), and we conclude that we must keep the varidhléby rule ppg).

In this way, we fail to refine the pat$i to $i/b and to detect that only3 elements,
children of As, are needed fro$i’s content.

In order to detect this kind of pruning opportunity, we have to use information of
the entire query during the pruning process.

We are currently extending our rule-based algorithm to take into account such
simplification opportunities, using a two-step pruning. In the first step, we apply the
pruning as described previously, starting with empty sets of used and returned paths
for each variable. In addition, when we have situations in which we apply gppath
a variable referenc&v or on a pathp’ starting by a variable nante, we keep in a
separate structure a mapping from the variable to the projection path that is applied,
i.e. (v = p) or ($v = p'/p), along with its kind (used or returned). Then, these
mappings are used to initialize tfieandP# sets for a second pruning pass.

Going back to the example, in the first stgpemains unchanged but we extract a
mapping$: = {$i/B} (as returned path). In the second step, when pruning the inner
for, this path allows us to prune ttie elements.

Elimination of useless XPath expressionsThe queryQ’ ; presented in Section
1 contains a path§;j/open_auction, whose evaluation is not necessary for the end
result. This is because it always returns the empty sequgnéesecond optimization
addresses this issue, eliminating irrelevant navigation by directly substituting such
paths by the empty sequenge
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The simplified quen’ ; would be the following :

for 85 in <site>{()}</site>

return

for 8k in doc, @Sy /site

where $j /person = $k/people/person
return

<common-auction>{() }</common-auction>

Intuitively, we can find these paths during theoject Paths process, when ap-
plying paths over expressions. In the same way we retrieve the expressions parts that
do match some path, we can also retrieve the paths that do not match anything in these
expressions. In the remaining of this section we give the algorithm changes in order
to take into account all the optimizations described above. These changes concern the
environment, theroject Paths andprune functions.

4.1 Environment changes

The optimizations we discuss above require some changes on the handling of the
environment. Recall that the environment contains a set of mappings between va-
riables and objects to which they are bound in the query. We add a new set of map-
pings that map variables to two sets of patRsand P#, where these paths are the
ones extracted by thertract Paths function. Formally, these mappings are added
with an environment functioaddV ar Re f and retrieved by the functiofetVarRef.

The mappings can be enriched by additional paths detected duripgdje:t Paths

steps, using thedd N ewV ar Re f function. Theadd N ewV ar Re f adds first theised

paths then theeturn ones. When adding thesed paths,addNewVar Ref checks

for eachused path to add if there is already an occurrence of this path in the existing
return paths set. If one such path exists, it is removed from the set. We remove these
redundant paths from the previousgturn path set because the paths we add are more
global.

4.2 Path Projection extensions

The extendedbroject Paths function takes as input two sets of paths and an
XQuery expression; and returns a new expression and a set of paths representing
useless paths that can be replaced)oye present the extended rules.

Literal, comparison, quantifier. For literals, if there is at least one patiRuP#
that matches witl§v or text() (rule pp’1) the set of useless paths is formed by all the
paths in? U P# minus these two paths. Otherwise (rpj&?2), it is obvious that no
path in? U P# matches with the literal, and so all these paths are useless. In the
same way, we process quantifier, logical and comparison expressions, and arithmetic
expressions.
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Ip € (PUPH),p=($v | text())
Env - projectPaths(P, P#, literal) = literal, P U P# — {$v, text()}

(pp’1)

Ve (PUPH), p# (Sv] teat()
Env F projectPaths(P, P#, literal) = (), P UP

Z (rr'2)

Ip € (PUPH),p=($v | text())
’
Env - projectPaths(P,P#,e1 Opez) = e1 Op ez, P U P# — {$v, text()} (pr'3)

Vp € (PUP#), p# ($v | tewt())
Env - projectPaths(P,P#,e1 Opez) = (), PUP

Z (pp'4)

Ip € (PUPH),p=($v|text())

Env  projectPaths(P, P#, some $var in ey satisfies es) =
some $var in e; satisfies ea, P U PH — {$v, text()}

(pp’5)

Vp € (PUP#), p# (Sv] text())
Env + projectPaths(P, P#, some $var in e1 satisfiesez) = (),PUP

Z (p0'6)

Sequenceln the case of a sequence, a path is useless for a sequence expgession
if it is useless for all subsequences So, the useless path set of a sequence is the
intersectionof the useless path sets of its subsequences.

Env - projectPaths(P,’P#, e1) = e}, Upy
Env projectPaths(P,’P#, es) = e5, Ups

- '7
Env + projectPaths(P, P#, (e1,e2)) = (e}, e}),Up1 N Up2 (pp'7)

Variable reference. The useless paths to return are those that are common to the
useless paths returned byoject Paths when applied to the objects bound to the
variable reference. In the case where no path matghegect Paths returns the set

P U P#. In addition, the environment functianld N ewV ar Re f adds new paths to

the mappings ofvar. We add only the useful paths obtained by subtracting ffom
andP# the set of useless paths.

(Env.getBind($var) = {o1,...,0n})
3i,1 < i < n, projectPaths(P, P#,0;) = o}, Up; s.t. o # ()
Env.addNewVarRef($var, [P — N7, Up;], [P* — N7, Up;))

Env + projectPaths(P, P#, $var) = $var, N, Ups

(pp’8)

(Env.getBind($var) = {o1,...,0n})
Vi, 1 < i < n,projectPaths(P,P*,0;) = ()

’
Env + projectPaths(P, P#,$var) = (), P U P# (Pp"9)

XPath expression.The set of useless paths represent in this case the set of the paths
that do not match with the premises.

The functionaddNewV ar X PathRef is a variant ofaddNewVarRef, with
the difference that before adding the paths, it checks if the path.. /s, starts
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by a variable$var. If this is the case, it takes each path of the sets to add, removes
its first step (because it matches with) and concatenates it te /... /s,. After
changing the pathsddNewVar X PathRe f adds them to the mapping 86ar a la
addNewVarRef.

Ip € (PUPH), ((sn = text()) A (p = text()|$v)) V
((sn # text()) A (sn # *) A head(p) = (x|sn|$v)) V ((sn =7 x7) A (p # text()))
Up =p e PUPH, pdoes not satisfy the condition above
Env.addNewVarX PathRef([P — Up), [P* — Up])

Env + projectPaths(P,P#,s1/.../sn) = s1/.../sn,Up

(pp’10)

otherwise ,
Env + projectPaths(P,P#,s1/.../sn) = (), PUP# (pp71L)

FLWR expression.As with sequences, the set of useless path is returned by applying
project Paths on the return expression.

Env + projectPaths(P, PH, e3) = e5, Up

"12
Env - projectPaths(P, P#, for $var in e; where e return es) = (pp712)

for $var in e; where es return eé, Up

Env F projectPaths(P, P, e3) = (), P U P#
Env - projectPaths(P, P#, for $var in e; where e returnes) = (), P U P

Z (0p'13)

Env + projectPaths(P, P, e3) = e5,Up

’
Env t projectPaths(P, P#,let $var := e; where ex return ez) = (pp14)

let Svar := e; where es return eg, Up

Env - projectPaths(P, P# e3) = (), P U P#
15
Env b projectPaths(P, P#,let $var := e; where ez returnes) = (), P U P# (pr715)

Conditional. In the case of conditional expressions, a path is useless if it is useless for
both thethen andelse expressions.

FEnv F projectPaths(P,’P#, e2) = 6’2, Ups
Env & projectPaths(P, P, e3) = es, Ups

’
Env F projectPaths(P, P#,if (e1) then ez else e3) = if (e1) then e} else e}, Upa N Ups (pp716)

Element construction. For the rulepp’17 andpp’20 (pp’ 18 andpp’19), we proceed
in the same manner as in ryip’1 (pp’2). In the case of rulep’21, the set of useless
paths is computed as following :

1) We compute the set of the paths that do not match with the constructor element.
This set represents the elementsPof) P# that not starts withQ Name or $v. We
obtain these paths by doing a set substraction betieerP# and the set obtained
from extending (using thextend function) the paths o’ U P'# with Q Name and
$u.
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2) We extend the set of useless paths with Q Name and$v.
3) We do the union of the two sets obtained in steps 1 and 2.
4) Extending paths witl{) Name and$v can lead sometimes to paths that are not

in PUP#. To ensure that the useless path set we return contains only pahsat
we do intersection with this set.

JIp € P#, p= (QName | $v)

Env - projectPaths(P, P#, element{ QName}{e}) =
element{QName}{e}, P UP# — {$v, QName}

(pp'17)

Vp € PUP#, head(p) # (QName | $v)
o
Env + projectPaths(P, P#, element{QName}{e}) = (), P U P# (pr718)

Ap € P, p = (QName | $v)
P' = {p',[@Name | $v]/p" € P}
P'# = {p,[QName | $v]/p’ € P#}
Env + projectPaths(P',P'# e) = (), Up

’
Env + projectPaths(P, P#, element{QName}{e}) = (), P U P# (pr"19)

(3p € P, p= (QName | $v))A
(VP € (PUPY) — {p}, head(p) # (QName | $v))
Env + projectPaths(P, P#, element{QName}{e}) =
element{QName}{}, P U P# — {$v, QName}

(pp'20)

Ip € PUP# head(p) = (QName | $v)
P ={p", [(/)?QName | $0]/p" € P}
P'# = {p,[(/)?QName| $0]/p € P#}
Env - projectPaths(P’, P#, e) = e, Up’
Up = [((PUP#) — (extend((QName | $v), P’ UP'#))) U (eztend(QName | $v), Up')] N (P U P#)

Env F projectPaths(P, P¥#, element{QName}{e}) = element{QName}{e'}, Up

(pp’21)

Empty sequenceThis rule is self explanatory.

’
Env t projectPaths(P,P#,()) = (), P U P# (pp'22)

4.3 Extended algorithm

To take into account the path refinements extension we need a two steps algorithm
described by the following rule :

Env  prune(exp) = exp’
Env + prune’ (exp’) = exp”’

Env + twoStepsPrune(exp) = exp’’

By this rule, the algorithm will first simplify the query according to the optimized
prune function rules, then it applies a second simplification usingthewe’ function
which is a slightly modified version of the-une function.

The rest of the rules are similar to theune function rules described in the Section
3.
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4.3.1 prune function.

We change only the rules of tHeL W R and quantifier expressions, the rest of the
rules are similar to thgrune function rules described in the Section 3.

FLWR and Quantifier expressions. The main changes in the pruning function are
done in theF LW R expression rules. For instance, in the rpl€, we add two judg-
ments that replace in thehere andreturn expressions, ande, respectively, each
occurrence of each path in the detected useless paths set by the empty séfuence
We note that the functio®Replace uses the environment to infer if a path expression
is relative to a given useless path or not.

For instance, ifv/A/B is a useless path and if in the expression we have a path
$0’/B such as$v’ is bound in the environment %v/A, so the functionReplace in-
fers that$v’ /B is a useless path. We also add a judgment to keep.dbé and the
return paths of a given variable in the environment. We use in this judgment the func-
tion addV ar Re f. We give in the following the new optimized rutél2 :

Env + Prune(ey) = e}
Env = +($v = (Env.saturate(varRes(e})))
Env + Prune(ez) = e5  Env b Prune(es) = e}
Env F extractPaths($v, 6'2) = Py, P#, Envh extractPaths($v, e/3) = P3, P#4
Env.addVarRef($v, P2 UP3 U {$v}, Pf U Pf)
Env + projectPaths(P2 U Ps U {$v}, 73;& U] 73;#, el) = e, Up
Replace(ey, Up) = e5  Replace(el, Up) = ey

. - (»'12)
Env = Prune(for $vin e; where ez return ez) = for $v in e} where e return el

In the following, we give the remaining of the optimizgchine rules :

Env F Prune(er) = e}
Env = +($v = (Env.saturate(varRes(e})))
Env + Prune(ez) = e}
Env b extractPaths($v, eb) = Pa, P
Env.addVarRef($v, P2 U {$v}773f)
Enwv - projectPaths(Ps U {$v}, P¥,e}) = €/, Up
Replace(ey, Up) = ey

’
- - P9
Env F Prune(for $vin ey return ez) = for $v in e return el ®9)

Env F Prune(er) = e}
Env = +($v = (Env.saturate(varRes(e})))
Env F Prune(ez) = ej  Env bk Prune(es) = ej
Env F extractPaths($v, 6/2) = Py, P#, Envt extractPaths($v, 6/3) = P3, P#3
Env.addVarRef($v, P2 U Ps, 73;# U 73;’#)
Env + projectPaths(P2 U Ps, 'Pf uP¥, e)) = e/, Up
Replace(ey, Up) = ey Replace(ey, Up) = ey

’
p’16
Env F Prune(let $v := e; where ez return ez) = let $v := e} where e} return el ( )

Env F Prune(er) = €]
Env = +($v = (Env.saturate(varRes(e})))
Env F Prune(es) = e
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Env b extractPaths($v, eb) = Pa, P
Env.addVarRef($v, P2, 77;#)
Env + projectPaths(P2, 'Pf, e) = e, Up
Replace(ey, Up) = ey

19
Env + Prune(let $v := ey return ez) = let $v := el return el 719

Env + Prune(er) = €]
Env = +($v = (Env.saturate(varRes(e})))
Env F Prune(es) = e
Env b extractPaths($v, eb) = Pa, P75
Env.addVarRef($v, P2, 7);#)
Env F projectPaths(P2, Pf, 611) = 6,1', Up
Replace(ey, Up) = ey

’
n n n - - - p’23)
Env + Prune(some $v in e1 satisfies ez) = some $v in e satisfies el (

4.3.2 prune’ function.

This function has the same rules for all the considered expressions, except for the
F LW R and quantifier expression. The difference is that all the paths to be applied are
kept in the environment, so instead of calling theéract Paths function for a given
variable, we use only the environment functigetV ar Ref. Then, we call as usual
theproject Paths function. The rules are the following :

Env + Prune(er) = €}

Env = +($v = (Env.saturate(varRes(e})))
Env F Prune(ez) = e5  Env b Prune(es) = ej
Env F getVarRef($v) = P, P#

Env + projectPaths(P, P# e)) = ¢/, Up
Replace(ey, Up) = ey Replace(ey, Up) = ey

1
- - 12
Env = Prune(for $vin e; where es return ez) = for $v in e’ where e’/ return e’ (@ )
3 1 2 3

Env + Prune(ey) = e}
Env = +($v = (Env.saturate(varRes(e})))
Env F Prune(ez) = e,
Env F getVarRef($v) = P, P*
Env b projectPaths(P, P# e|) = e/, Up
Replace(ey, Up) = el

"
- - 9
Env - Prune(for $vin e return ez) = for $vin e return el »79)

Env F Prune(er) = €}

Env = +($v = (Env.saturate(varRes(e})))
Env b Prune(ez) = e, Envt Prune(es) = ej
Env - getVarRef($v) = P, P#

Env F projectPaths(P, P#, e}) = e/, Up
Replace(ey, Up) = ey Replace(ely, Up) = ey

//16
Env b Prune(let $v := e; where ez return ez) = let $v := e} where e} return eff (@ )

Env F Prune(er) = €}
Env = +($v = (Env.saturate(varRes(e})))
Env + Prune(ez) = eh
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Env - getVarRef($v) = P, P#
Env + projectPaths(P, P# e)) = ¢/, Up
Replace(ey, Up) = el

19
Env F Prune(let $v := e return ez) = let $v := el return el (p719)

Env + Prune(e) = e}
Env = +($v = (Env.saturate(varRes(e})))
Env F Prune(es) = e
Env F getVarRef($v) = P, P#
Env b projectPaths(P, P# e)) = e/, Up
Replace(ey, Up) = el

. — . — (p''23)
Env F Prune(some $v in e satisfies ex) = some $v in e satisfies el

5 Handling Descendent and Attribute axis

We present in this section how do we handle descendent and attribute axis in our
algorithm, considering the following extensions on the XQuery fragment :

exp = | <QName (Attegp)x>{exp}</QName>
Atteap = QName “ =" exp

Path = (doc(uri) | $QName | exp)(/ | //)Step | doc(uri)
Step = NodeTest((/|//)Step)? | text() | @QNodeTest

We add the following normalization rule :

<QName att; = v;>{e}</QName>=> element{QName}{attribute{att; }{v;}, e}

This rule transforms all direct attribute constructions to compute ones, in order to
facilitate their processing.

To process descendant and attribute axis we need to enriphdfet Paths rules
with some conditions, and add an additiopaline rule for attribute construction.

5.1 Path projection

In this section we present only the modified rules for descendent and attribute axis
handling.

Literal, comparison, quantifier. For literals, if there is at least one pathfnP#
that matches witl$v or (/)?text()* (rule pp”’1) the set of useless paths is formed by
all the paths ifP UP# minus these two paths. Otherwise (ru}¢'2), it is obvious that
no path in? U P# matches with the literal, and hence these paths are useless. In the
same way, we process quantifier, logical or comparison expressions, and arithmetic
expressions.

3p € (PUPH),p=($v] (/)7teat()
1
Env + projectPaths(P, P# literal) = literal, P U P# — {$v, text()} (pp71)

4. Here(/)? means that the text() test can follow a descendent axis.
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Vp € (PUPH), p# (v (/)text()
Env + projectPaths(P, P#, literal) = (), P U P# (pp"'2)

3p € (PUPH),p = ($v ]| (/)?text())
Env + projectPaths(P,P#,e1 Opez) = e1 Op ez, P U P# — {$v, text()}

(pp''3)

Vp € (PUPH), p# (Sv|(/)text())
1"
Env + projectPaths(P,P#,e1 Opez) = (), P U P# (ep7a)

Ip € (PUPH),p=($v](/))7text()

Env t- projectPaths(P, P#, some $var in ey satisfies es) =
some $var in ey satisfies ex, P U P# — {$v, text()}

(pp'’5)

Yp € (PUPH), p# (v (/)teat()
1"
Env b projectPaths(P, P#, some $var in ey satisfies ex) = (), P U P# (pp776)

XPath expression.To process the attribute and descendent axis we verify first some
conditions : we check if the path to project on does not return an attributes,, #

@...) then we apply the conditions we have seen in (glel0), to which we add a

new condition that process descendent axis. This additional condition checks if there
is a path following a descendent axigad(p) = /.. .. In this case we return the path

s1/ ... /s, because at this level we have not enough information about the elements
returned bys,/ ... /s,. In the case when,, starts by@, the only way to return an
attribute is to have paths of the forff))?7@(s,,|*).

Ip € (PUPH),[(sn # @...) A [(head(p) = (|sn|Svar) A s, # text())
V(spn =7 %" Ap # text()) V (p = text()|$var A s, = text()) V (head(p) = /...)]]V
[[(sn =@s) Ap=(/7)(@s]@5)] V [(sn = @) A (p = (/7)@...)]]
Up = p € PUP#, pdoes not satisfy the condition above
Env.addNewVarX PathRef([P — Up), [P# — Up])

Env t projectPaths(P,P#,s1/.../s$n) = s1/.../s$n,Up

(pp''10)

otherwise .
Env  projectPaths(P,P#,s1/.../sn) = (), PUP# (pp7AD

Element construction.To process the descendent axis, when we build the/Seaad
P'# . if the path starts with/, which means that it is a descendent axis, we add this
path toP’ or p'# (according to its kind) in addition to the path we obtained by taking

out ts first step. If the path has the forn//s,, we add/ s, in order to record that the
stepss follows a descendent axis.

3p € P#, p= ((/)?QName | $v)

Env - projectPaths(P, P#, element{QName}{e}) =
element{QName}{e}, P U P# — {$v, (/)?QName}

(pp""17)

Vp € PUPH#, head(p) # ((/)?QName | $v)
Env t projectPaths(P, P#, element{QName}{e}) = (), P UP

Z (#p"'18)
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Ap € P, p=((/)?QName | $v)
P ={p,[(/)?QName|$v]/p’ € PVp = /QName... € P}
P'# = {0, [(/)?QName | $0]/p’ € P# V' = /QName... € P#}
Env F projectPaths(P’,P'# e) = (),Up

Env + projectPaths(P, P#, element{QName}{e}) = (), P U P#

(pp''19)

(Bp e P, p=((/)?7QName | $v))A
(VP € (PUP#) — {p}, head(p) # ((/)?QName | $v)) .
Env + projectPaths(P, P#, element{QName}{e}) = (pp720)
element{QName}{}, P UP# — {$v, QName}

3Ip € PUP#, head(p) = ((/)?QName | $v)
P ={p", [(/)?7QName | $v]/p" € PVp' = /QName... € P}
P'#* = {p',[(/)?QName | $v]/p’ € P#*Vp = /QName...c P#}
Env - projectPaths(P',P'# e) = €', Up’
Up = [((P U P#) — (extend®((QName | $v), P’ UP'#))) U (extend(QName | $v), Up')] N (P U P*)

Env F projectPaths(P, P#, element{QName}{e}) = element{QName}{e'}, Up

(pp''21)

Attribute construction. The only way to return an attribute is to have a path of the
forme ((/)?Q(QNamel*) | $v), and the useless paths in this case are those that do
not obey condition. Otherwise we retufn

Ip € PUP#, p=((/)?7Q(QName|*) | $v)

Env + projectPaths(P, P#, attribute{ QName}{e}) =
attribute{QName}{e}, P UP# — {(/)?Q(QNamel*) | $v}

(pp''23)

Vb€ PUPH, p £ ((/)76(@Namels) | $0)
Env + projectPaths(P, P#, attribute{QName}{e}) = (), P U P# (pp24)

5.2 Pruning

Attribute construction. We proceed in the same manner as in the element construc-
tion pruning rule.

Env F Prune(e) = €’
Env  Prune(attribute{ QName}{e}) = attribute{QName}{e’}

(p26)
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6 Experiments

In this section, we analyze the impact of our approach by comparing the difference
between the evaluation time for the input quergnd the one for the output quegy;
measuring the gain obtained by eliminating the computation of irrelevant intermediate
results. In our experiments, we varied the nature and complexity of the pruned subex-
pressions. More precisely, we considered three kinds of subexpressions widely used in
practice : FLWR blocks, XPath expressions relative to a given document or XPath ex-
pressions relative to a variable. For each kind of subexpression, we varied the amount
of intermediate results produced by the pruned subexpression : 25%, 50%, 75% or
100% of the total intermediate results. We used in our experiments the following tem-
plate for test queries :

let $q := <personlnf>
{for $i in doc(” xmark.zml”)/site/people /person
return
(< name > {test_exp} < /name >,
< age > {test_exp} < /age >,
< gender > {test_exp} < /gender >,
< email > {test_exp} < /email >)}
</personInf>
for 85 in $q
return($j/names?, $j/age?, $5/gender?, $j/email?)

where the question mark indicates optional parts that could be missing from one test
query to another.

By the firstlet clause in the template we create a set of intermediate results. The
let binds the variabléq to apersonInf element that contains four child elements
name, age, gender andemail. The four elements have the same content, produced
by atest_exp expression (to be defined for each test query).

The number of children nodes pérsoninf depends on the size of the sequence
to which the variable$: is bound person elements) and varies with the size of the
document on which the test is performed. The percentage of useless intermediate
results is simply tuned by deciding which XPath expressions appear in the query,
among the four expressions given in théurn of the outerfor clause. For example,
when testing the gain for 100% of irrelevant intermediate results, we can use the path
$j/names, because it does not follow any child element of thesoninf element.
When testing the gain for 50% of irrelevant intermediate results, we can use two paths,
such as$j/age and$;/gender.

Finally, the kind of expression that is pruned along with its wrapping element was
also varied {est_exp).
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We show in Figures 3, 4 and 5 the gain in evaluation time when exp is a
FLWR block, an XPath expressions relative to a given document or an XPath expres-
sion relative to a variable.

These measures were obtained on the query processor Galax[FER 07] (version
0.7.2). Our choice was motivated by the robustness of this processor and its confor-
mance with the W3C XQuery specifications. The measures were conducted on a Pen-
tium D 3.2 GHz Linux PC with 2Gb of memory.

Results & Discussion.The experiments show that our approach ensures a gain
of time whatever is the nature of the pruned subexpressions. The gain varies accor-
ding to the amount of pruned intermediate results and the complexity of the irrelevant
subexpression.

In Figure 3, where the pruned subexpressions correspond to FLWR blocks, the
savings in evaluation time seams to be linked to the amount of pruned intermediate
results. These savings increase slightly when the document size increases. It increases
significantly when the pruned subexpressions correspond to XPath expressions rela-
tive to a document (Figure 4). We believe that this is mainly due to the specificity of
the XQuery processor we used. In Figure 5, the pruned subexpressions correspond to
XPath expressions relative to a variable. In this case, we measured savings of time
less important than in the two previous cases. It seems that in this kind of scenarios
we save only the time needed to retrieve the element followed by the path, which is
normally done in main memory.
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Figure 3. Test results for queries pruning FLWR blocks
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Figure 4. Test results for queries pruning variable XPaths
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Figure 5. Test results for queries pruning document XPaths
7 Conclusion

We present in this paper a rewriting algorithm for XQuery queries which prunes
from subexpressions the computations that are irrelevant for the overall query result.
Our algorithm generates for each input query an equivalent output query. We show by
extensive experiments the important savings in evaluation time, and we prove formally
the correctness of our algorithm.
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