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Abstract. Wepresert algebraic equivalencesthat allow to unnest nested
algebraic expressionsfor order-preserving algebraic operators. We illus-
trate how these equivalencescan be applied successfullyto unnest nested
queries given in the XQuery language. Measuremerts illustrate the per-
formance gains possible our approach.

1 Intro duction

With his seminal paper Kim openedthe area of unnesting nested queriesin the
relational context [19]. Very quickly it becameclear that enormousperformance
gainsare possibleby avoiding nested-lcopsevaluation of nestedquery blocks (as
proposedin [1]) by unnesting them. Almost asquickly, the subtleties of unnesting
becameapparert. The rst bugsin the original approach weredetected| among
them the famouscount bug [20]. Retrospectively, we can summarizethe problem
areasas follows:

{ Special caseslike empty results lead easily to bugs like the court bug [20].
They have beencorrected by di erent approadches[7,14,18,20,23,24].

{ If the nested query contains grouping, special rules are neededto pull up
grouping operators [4].

{ Special carehasto be taken for a correct duplicate treatment [16,21,26,28].

The main reasonfor the problems was that SQL lacked expressivnessand
unnesting took place at the query languagelevel. The most important construct
neededfor correctly unnesting queriesare outer joins [7,14,18,23]. After their
intro duction into SQL and their usagefor unnesting, reordering of outer joins be-
camean important topic [3,13,27]. A unifying framework for di erent unnesting
strategiesfor SQL can be found in [24].

With the advent of object-oriented databasesand their query languages,
unnesting once again attracted some attention [5,6,10,29{31]. In contrast to
the relational unnesting strategies,which performed unnesting at the (extended)
SQL source level, most researders from the object-oriented area preferred to
describe unnesting techniques at the algebraic level. They used algebras that
allow nesting. Thus, algebraic expressionscan be found in subscripts of alge-
braic operators. For example, a predicate of a selectionor join operator could



again cortain algebraic operators. Thesealgebrasallow a straightforward repre-
sertation of nested queries,and unnesting can then take place at the algebraic
level. The main advantage of this approad is that unnesting rewrites can be
described by algebraic equivalencesfor which rigorous correctnessproofs could
be delivered. Further, theseequivalence-basedinnestingtechniquesremain valid
independertly of the query languageaslong as queriesremain expressiblein the
underlying algebra. For example, they can also be applied successfullyto SQL.
However, the algebrasusedfor unnesting do not maintain order. Hence,they are
only applicable to queriesthat do not have to retain order. Fegarasand Maier
describe an alternativ e approad in which queriesare translated into a monoid
comprehensioncalculus represeration [10]. The actual unnesting of the queries
is donein terms of this calculus. A disadvantage of this approad is the needfor
another level of represernation (in addition to the algebraic represertation).

XQuery! is a query language that allows the user to specify whether to
retain the order of input documerts or not. If the result's order is relevant, the
unnesting techniquesfrom the object-oriented context cannot be applied.

Consequettly, the areaof unnesting nestedquerieswas reopenedfor XQuery
by Fegaraset al. [9] and Paparizoset al. [25]. Fegaraset al. focus on unnesting
queries operating on streams. It is unclear to which extent order presenation
is considered(e.g. on the algebraic level hash joins are used, whoseimplemen-
tation usually doesnot presere order). Another publication by Fegaraset al.
[8] describesthe translation of XML-OQL into OQL, but is not concernedwith
unnesting. The approac by Paparizos et al. describes the introduction of a
grouping operator for a nested query. However, their verbal description of this
transformation is not rigorous and indeed not complete: one important restric-
tion that guaranteescorrectnessis missing. We will comebadk to this point when
discussingour counterpart of their technique. To the best of our knowledge, no
other paper discusseaunnesting in the ordered context.

Within this paper we intro duce seweral di erent unnesting strategiesand dis-
cusstheir application to di erent query types.All thesetechniquesare described
by meansof algebraic equivalenceswhich we proved to be correct in our tech-
nical report [22]. We also provide performance gures for every query execution
plan demonstrating the signi cant speed-upgained by unnesting.

Our Unnesting Approac h consistsof three steps(in this paper, we focus
on the third step, details on the rst two stepscan be found in [22]):

1. Normalization introducesadditional let clausesfor nested queries

2. let clausesare translated into map operations ( ) (seeSec.2) with nested
algebraic expressionsrepreserting the nested query

3. Unnesting equivalencespull up expressionsnestedin a operator.

The remainder of the paper is organized as follows. Section 2 briey moti-
vates and de nes our algebra. In Section 3, we intro duce equivalencesused for
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unnesting queriesvia exemplary XQuery queriestakenfrom the XQuery use-case
documert?. Section 4 concludesthe paper.

2 Notation and Algebra

Our NAL-algebra extendsthe SAL-Algebra [2] developed by Beeri and Tzaban.
SAL is the order-preservingcounterpart of the algebrausedin [5, 6] extendedto
handle semistructured data. Other algebrashave been proposed(see[22]), but
we omit this discussionbecausethis paper focuseson unnesting.

Our algebraworks on sequence®f setsof variable bindings, i.e. sequence®f
tuples where every attribute correspondsto a variable. We allow nestedtuples,
i.e. the value of an attribute may be a sequenceof tuples. Single tuples are
constructed using the standard [] brackets. The concatenation of tuples and
functions is denoted by . The set of attributes de ned for an expressione is
de ned asA(e). The set of free variables of an expressione is de ned asF (e).

The projection of a tuple on a set of attributes A is denoted by ja. For an
expressione; possibly containing free variables, and a tuple e, we denote by
e1(e2) the result of evaluating e; where bindings of free variables are taken from
variable bindings provided by e,. Of coursethis requiresA(e;) F(e1). For a
set of attributes A we de ne the tuple constructor ? o such that it returns a
tuple with attributes in A initialized to NULL.

For sequences we use (e) to denotethe rst elemen of a sequence We
equate elemens with single elemen sequencesThe function retrievesthe tail
of asequenceand concatenatestwo sequencesWe denotethe empty sequence
by . As a rst application, we construct from a sequenceof non-tuple valuese
a sequenceof tuples denoted by e[a] in which the non-tuple valuesare bound to
a new attribute a. It is empty if e is empty. Otherwisee[a] = [a: (€)] (e)[a].

By id we denotethe identit y function. In order to avoid special casesduring
the translation of XQuery into the algebra, we usethe special algebraic operator
() that returns a singleton sequenceconsisting of the empty tuple, i.e. a tuple
with no attributes.

We will only de ne order-preservingalgebraic operators. For the unordered
courterparts see[6]. Typically, whentranslating a more complexXQuery into our
algebra, a mixture of order-preserving and not order-preserving operators will
occur. In order to keepthe paper readable,we only employ the order-preserving
operators and use the samenotation for them that has beenusedin [5,6] and
SAL [2].

Our algebrawill allow nesting of algebraicexpressionsFor example,within a
selectionpredicate of a selectoperator we allow the occurrenceof further nested
algebraic expressions.Hence, a join within a selection predicate containing a
nestedalgebraic expressionis possible.This simpli es the translation procedure
of nestedXQuery expressiondnto the algebra. However, nestedalgebraicexpres-
sions force a nested-loop evaluation strategy. Thus, the goal of the paper will

2 http://www.w3.0org/TR/xmlguery-use-cases



be to remove nestedalgebraic expressionsAs a result, we perform unnesting of
nested queriesnot at the sourcelevel but at the algebraic level. This approach
is more versatile and lesserror-prone.

We de ne the algebraic operators recursively on their input sequencesFor
unary operators, if the input sequenceis empty, the output sequenceis also
empty. For binary operators, the output sequenceis empty whenewer the left
operand represerts an empty sequence.

The order-preservingselection operator with predicate p is de ned as

(® o((e)if p( (€)

o= (@) else
For a list of attribute namesA we de ne the pro jection operator as
a(e) = (€)ja a( (e)

We also de ne a duplicate-eliminating projection 2. Besidesthe projection,
it has similar semartics as the distinct-values function of XQuery: it does
not presene order. However, we require it to be deterministic and idempotent.
Sometimeswe just want to eliminate someattributes. When we want to eliminate
the set of attributes A, we denotethis by 4. Weuse for renaming attributes
using the notation  ao.s. Here, the attributes in A are renamedto thosein A°,
Attributes other than thosein A remain untouched.
The map operator is de ned as follows:

ae(€1) = (&) [are( (8))]  ae( (81))

It extends a given input tuple t; 2 e; by a new attribute a whose value is
computed by evaluating e(t;). For an example seeFigure 1.

R
R, _2_ a: A1=A2(R2)(Rl) =
— A2 B
Ar T2 A a
1 113 1 h1; 2]; [1; 3li
2 5 2 h2; 4]; [2; 5]i
3 4 3 hi
2|5

Fig. 1. Example for Map Operator

We de ne the cross pro duct of two tuple sequencess
e &= ( (&) &) ((e1) &)

where
if &=

& & (o (&) (e (e) else



We are now preparedto de ne the join operation on ordered sequences:
e p& = pler &)

The left outer join , which will play an essetial role in unnesting, is de ned
as

o g = ( (&) pe&) ( (&) p° e2) _ if( (e1) pe2)6

p ( (el) ?A(ez)nf g9 [g : e]) ( (el) %'e ez) else
where g 2 A(ez). Our de nition deviates slightly from the standard left outer
join operator, aswe want to useit in conjunction with grouping and (aggregate)
functions. Consider the relations R; and Ry in Figure 2. If we want to join R;
(via left outer join) to RSP that is grouped by A, with counted valuesfor B,
we needto be able to handle empty groups (for A; = 3). e de nes the value
givento attribute g for valuesin e; that do not nd ajoin partner in e, (in this
case0).

For the rest of the paperlet 2 f=; ; ;<;>; 6gbe a simple comparison
operator. Our grouping operators produce a new sequence-glued attribute g
containing \the group"”. We de ne the unary grouping operator in terms of
the binary grouping operator.

o A (8) = Ao ADO:A( A(€) gao aif€)

where the binary grouping operator (sometimes called nest-join [29]) is
de ned as

€1 gA; Apf €2 = (e1) [9:G( (e)] ( (e1) g:A1 Agif €2)

Here, G(x) = f( xj., a.(€2)) and function f assignsa meaningful value to
empty groups. Seealso Figure 2 for an example. The unary grouping operator
processesa single relation and obviously groups only on those valuesthat are
presernt. The binary grouping operator works on two relations and usesthe left
hand oneto determinethe groups. This will becomeimportant for the correctness
of the unnesting procedure.

Given a tuple with a sequence-glued attribute, we can unnestit by using
the unnest operator de ned as

o8 = ( Olgg  (©:9)  o( (8)

where e:g retrievesthe sequenceof tuples of attribute g. In casethat g is empty,
it returns the tuple ? A (e.q). (In our examplein Figure 2, ¢(RY) = R2.)
We de ne the unnest map operator as follows:

ae, (€1) = g( g:ez[a](el))

This operator is mainly used for evaluating XPath expressions.Since this is a
very complex issue[15,17], we do not delve into optimizing XPath evaluation
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Fig. 2. Examples for Unary and Binary

but instead take an XPath expressionoccurring in a query asit is and useit in
place of e,. An optimized translation is well beyond the scope of the paper.

For result construction , we employ a simplied operator that combines
a pair of Groupify-GroupApply operators[12].1t executesa semicolonseparated
list of commandsand, asa sidee ect, constructsthe queryresult. The operator
occursin two di erent forms. In its simple form, besidesside-e ects, is the
identit y function, i.e. it returns its input sequenceFor simplicity, we assumethat
the result is constructed as a string on someoutput stream. Then the simplest
commandis a string copiedto the output stream. If the commandis a variable,
its string value is copied to the output stream. For more complex expressions
the procedureis similar. If e is an expressionthat evaluates to a sequenceof
tuples containing a string-valued attribute a that is successiely bound to author
namesfrom somebibliography documert, - author > a<=author >~ (€) embeds
every author nameinto an author elemert.

In its group-detecting form, st 2% usesa list of grouping attributes (A) and

A;s
three sequence®f commands.We de ne

> 23;32(6) = (s 52;53)( 0= A; goe)

Like grouping in general, canbeimplemented very e cien tly on condition
that a group spansconsecutivetuplesin the input sequencend group boundaries
are detectedby a changeof any of the attribute valuesin g. Then for every group,
the rst sequenceof statemerts (s;) is executedusing the rst tuple of a group,
the secondone (s;) executedfor every tuple within a group, and the third one
(s3) is executedusing the last tuple of a group. This condition can be met by
a stable sort on A. Introducing the complex savesa grouping operation that
would have to construct a sequence-alued attribute.

Let usillustrate st 23;52 (e) by a simple example.Assumethat the expression
e producesthe following sequenceof four tuples:

[a: "authorl", t: "title1l"]
[a: "authorl", t. "title2"]



[a: "author2", t. "titlel"]
[a: "author2", t. "title3"]

Then 5t %5 (e) with

sl = "<author>";"<name >";a;"< /name"
s2 = "<title>";t;"</ti tl e>"
s3 = "</author>"}
produces
<author>
<name>authorl</name>
<title>titlel</ tit le>
<title>title2</ tit le>
</author>
<author>
<name>author2</name>
<title>titlel</ tit le>
<title>title3</ tit le>
</author>

For implementation issuesconcerningthe operators of NAL, pleaseconsult
our technical report [22].

3 Three Cases for Unnesting

In this section, we presert seweral examples of nested queries (based on the
XQuery use-casalocumert) for which unnesting techniquesresult in major per-
formance gains. For spacereasonswe omit the details of the normalization and
translation (see[22] for details). We concertrate on the equivalencesused for
unnesting our example queries. The proofs of the equivalencescan also be found
in [22].

We veri ed the e ectiv enessof the unnesting techniquesexperimentally. The
experiments were carried out on a simple PC with a 2.4 Ghz Pentium using
the Natix query ewvaluation engine[11]. The databasecace wascon gured such
that it could hold the queried documerts. The XML les were generatedwith
the help of ToXgeneusing the DTDs from the XQuery use-caselocument which
are shown in Fig. 3. We executedthe various evaluation plans on di erent sizes
of input documerts (varying the number of elemens).

3.1 Grouping

The rst query is a typical example where the nested query is usedto express
grouping. Frequertly, (after normalization) an expressionbound in the let clause
originally occurredin the return clause,which is an equivalent way of expressing
grouping in XQuery. The normalization step takescare of the uniform treatment
of thesedi erent formulations.



<IDOCTYPBib [ <IDOCTYPHrices [

<I[ELEMENTbib (book*)> <IELEMENTprices (book*)>
<IELEMENTbook (title, (author+ | <I[ELEMENTbook (title, source,

editor+),  publisher, price)>

price )> <IELEMENTitle  (#PCDATA)>
<IATTLIST book year CDATA #REQUIRED> <!ELEMENTource (#PCDATA)>
<IELEMENTauthor (last, first)> <I[ELEMENTprice  (#PCDATA)>
<IELEMENTeditor (last, first, 1>

affiliation)>
<IELEMENTitle (#PCDATA)> <IDOCTYPids [
<IELEMENTast (#PCDATA)> <IELEMENTbids (bidtuple*)>
<IELEMENTirst (#PCDATA)> <I[ELEMENTbid tuple (userid, itemno,
<IELEMENTaffiliation (#PCDATA)> bid, biddate)>
<IELEMENTpublisher (#PCDATA)> <IELEMENTuserid (#PCDATA)>
<IELEMENTprice (#PCDATA)> <IELEMENTtemno (#PCDATA)>

1> <IELEMENTid (#PCDATA)>

<IELEMENTbiddate (#PCDATA)>
1>

Fig. 3. DTDs for the example queries

let $d1 := doc("bib.xml")
for $al in distinct-values($  d1//author)
let $t1 := let $d2 := doc("bib.xml")
for $b2 in $d2/book
let $a2 := $b2/author,
$t2 = $b2fiitle
where $al = $a2

return  $t2
return
<author>
<name>{ $al } </name>
{ $t1 }
</author>

The translation algorithm maps the for clauseto the operator and the
let clauseto the operator. The subscript of these operators is de ned by the
binding expressionof both clauses(Frequertly, thesebinding expressionsontain
XPath expressions.However, since we concerrate on unnesting techniques in
XQuery in this paper, we rely on e cien t translation and evaluation techniques
[15,17]. These technigues can be used orthogonally to the methods preseried
in this paper.) The where clauseis translated into a operator, and the
operator constructs the query result asde ned in the return clause.We greatly
simplify the translation of the return clauseand referto [12]for a more advanced
treatment of result construction in XQuery. The function distinct-values is
mapped to the P operator.

For the example query we get the following algebraic expression:

stan;s2it1;s3( 1 t2( a12a2(€2)) (1))

where



& al: D (dl==author )( di:doc( ) and doc = doc("bib.xml")
€ = t2:pe=tite ( a2:be=author [a20(€3)) sl = "<author><name>"
€3 = p2do=pook( d2:doc( )) s2 = "</name>"

s3 = "</author>"

During translation, we have to ensurethe existertial semartics of the general
comparisonin XQuery. In our case,$alis bound to a single value and $a2to a
sequenceConsequetly, we have to translate $al= $a2into al 2 a2. From the
DTD we know that every book elemer contains only a singletitle  elemer.
Hence, we can save the introduction of an attribute t2° and the invocation of
a concatenation operation that is implicitly invoked in XQuery.® Therefore, we
can apply a simple projection on t2 to model the return clause of the inner
query block.

As already mertioned, the rst examplequery performsa grouping operation,
and our unnesting equivalencesrecognizethesesemariics. Potentially, this yields
more e cien t execution plans. We have to be careful, however, becausethe
range of values of the grouping attributes of the inner and outer query block
might di er. Therefore, we advocate the useof a left outer join. We proposethe
following new unnesting equivalence:

G nayey (@)= @ S1E) gmani (2 (e2) (1)
which holds if

Ai  A(e), F(e)\ A(er) =;,962A(e1) [ A(er), Ar\ Az =5,
az 2 A(e2), A2 = A(ap), (this implies that A1 = A(ey1)).

Note that ead book can be written by serveral authors. Thus, for the right
hand side of the equivalenceto be correct, we haveto unnesttheseattributes be-
fore grouping them by the correlating attributes. This way, we explicitly handle
the existertial semartics of the general comparison. Applying this equivalence
to the example query we get:

st:a1;s2;t1;53( @(é\l ;11: a20 ( t1;=a20; 5 ( gz(éﬁ)))))

where &, &, s1,s2,and s3are de ned as above.

There exist alternatives. In our example, we know from the DTD that no
author elemers other than those directly beneath book elemerts can be found
in the queried documert. Furthermore, if we also know from the documert that
all authors have written at least one book, we becomeaware of the fact that
the outer and the nestedquery block actually retrieve their data from the same
documert. In this case,we can apply the following equivalence (in fact, this
condition escaped the authors of [25]):

01 ( arzay(e)) (81) = aya,( g=anr (5 (€2)) 2)

3 XQuery species that the result sequencesthe return clause generates for every
tuple binding are concatenated.



(Formally speaking, in addition to the preconditions of (1) we have to satisfy
e = Elez( A,( a,(€2))) to beableto apply this equivalence.)

Sincefor the examplequery this is the casewhenwede ne €2 = 4, (&) and
eg = az;tz (ég), we get:

stans2it1;s3( at:a20( t1:= a2o; tZ( 22(88))))

where €9, €3, s1,s2,and s3 are de ned as above.

Note that although the order is destroyed on authors, both expressionspro-
duce the titles of ead author in documert order, asis required by the XQuery
sematrtics for this query. While the unnesting algorithm published in [9,10] is
able to unnest many more nestedexpressionsthe resulting query doesnot pre-
serne order (a hash join operator is used). In [25] unnesting is described rather
informally, making it di cult to apply the technique in a generalcontext. In our
approach both the implementation of the algebraic operators and the transfor-
mations via equivalencespresene the documert order (for proofs see[22]).

After renaming al to a2 the expressioncan be enhancedfurther by using
the group detecting  operator asde ned in Section 2:

1;a2%s2  s3 D (0
Shachs §2°;t2( a2(€3))

After applying all our rewrites, we needto scanthe documen just once.
A naive nested-loop ewaluation leads to jauthorj + 1 scansof the documert
where jauthorj is the number of author elemerts in the documert. In the table
below, we summarize the evaluation times for the rst query. The document
bib.xml contained either 100, 1000, or 10000books and 10 authors per book.
This demonstratesthe massiwe performanceimprovemerts that are possibleby
unnesting queries.

Evaluation Time
Plan 100 | 1000 |10000
nested ||0.40s|31.655|3195s
outerjoin||0.09s/ 0.25s|2.45s
grouping||0.10s| 0.27s|2.07 s
group ||0.08s/0.17s|1.37s

3.2 Grouping and Aggregation

Aggregation is often usedin conjunction with grouping. We illustrate further
unnesting equivalencesby using the secondexample query, which introducesan
aggregationin addition to grouping.

let $d1 := doc("prices.xml")
for $t1 in distinct-values($  d1//book/t it le)
let $ml:= min(let $d2 := doc("prices.xml")
for $b2 in $d2//book
let $t2 = $b2ftitle



let $p2 := $b2/price
let $c2 := decimal($p2)
where $t1 = $t2

return $c2)

return
<minprice title="{  $t1 }">
<price> { $ml} </price>
</minprice>

Knowing from the DTD that every book elemern hasexactly onetitle  child
element*, the translation yields

sl;tl;sz;ml;s3( mlmin ( c2( t1=t2(€2))) (el))

where
€1 = (1 o (di==book=tie )( dudoc( )) and doc = doc("prices.xml" )
€2 = c2:decimal (p2)( p2:b2=pr ice (€3)) sl = "<minprice title=\""
€ = t2p2=tie ( b2:d2==book ( d2:doc( ))) s2 = "\"><price>"

s3 = "</price></minpri  ce>
To unnest this expression,we proposethe following new equivalence:

gf ( ay ap(e)) (1) = AA (g Azt (€2)) 3)
which holds if

A A(e), F(e)\ A(er) = ;,962A(er) [ A(er), A1\ A=,
€ = El;Az( Az(ez))

Unlike the equivalence for the rst example query no unnesting needsto
be applied before grouping becauseattribute A, is an atomic value. We have
equivalencesfor more general caseswhere the last restriction is not ful lled or
where the correlation doesnot needbe equality [22].

Let us again project unneededattributes away and de ne €) := ;(&;) and
€)=  2.c2(&2). Sinceonly title  elemens under book elemerts are considered,
the restriction €) = D..,( 2(€3)) holds and Eqv. 3 can be applied, resulting
in

stttszmisa( tre2( mizzmin o (€)

Below, we comparethe evaluation times for the two plans with varying hum-
bers of books.

Evaluation Time
Plan 100 | 1000| 10000
nested [|0.095s|1.81s|173.51s

grouping||0.07 s0.08s| 0.19s

4 Otherwise, translation must use 2" instead of =",



Again, we obsene massiwely improved execution times after unnesting the
query becausethe unnested query plan needsto scanthe sourcedocumert only
once. Assuming a naive execution strategy, the nested query plan scansthe
documert jtitl g + 1 times. Thus, the benet of unnesting increaseswith the
number of title elemens in the documen.

3.3 Aggregation in the Where Clause

In our last example query, nesting occurs in a predicate in the where clause
that dependson an aggregatefunction, in this casecount. Our normalization
heuristics movesthe nestedquery into a let clauseand the result of the nested
query is applied in the where clause.Thus, the normalized query is:

let $d1 := doc("bids.xml")
for $il in distinct-values($  di1//i temno)
let $cl := count(let $d2 := doc("bids.xml")
for $i2 = $d2//bidtuple/it  emmo
where $il = $i2
return  $i2)
where $cl1 >= 3
return
<popular_item>
{ i1 }
</popular_item>

We do not usea result construction operator on the inner query block because
we do not return XML fragments but merely tuples containing a court. Hence,
a projection is su cien t.

sti1s2( c1>=3 ( ciicount (1= 12(&2)) (€1)))

where
&= i1 o (d1==itemno )( di:doc( )) and doc = doc("bids.xml")
€ = i2:d2==bidtuple=itemno ( d2:doc( )) sl = "<popU|ar_item> )
s2 = "</popular_item >"
Projecting away unnecessaryattributes, we de ne € := 1(&;) and €J :=
i2(&2). Looking at the DTD of bids.xml, we seethat itemno elemens appear
only directly beneathbidtuple elemens. Thus,the conditione€? = 5..,( i2(€2))

holds and we can apply Eqv. 3:

stits2( c1>=3 ( ini2( c1=i2:count (320))))

The evaluation times for ead plan are givenin the table below. The number
of bids and items is varied between 100 and 10000.The number of items equals
0.2 times the number of bids. Again we obsene that the unnested evaluation
plan scalesbetter than the nestedplan.



Evaluation Time
Plan 100 | lOOO|1000C

nested (|0.06s0.535/48.1s
grouping||0.06 s/0.07 50.10 s

4 Conclusion

In the core of the paper we preseried equivalencesthat allow to unnest nested
algebraic expressions.Eqvs. (1) and (2) are new in both the ordered and the
unordered context. An equivalent of Eqv. (2) in the ordered context appeared
in [25], but without giving the important condition e; = ADl:AZ( A,(€2)). The
proofs of the equivalencesare more complexin the ordered corntext and can be
found in [22].

We demonstrated ead of the equivalencesby meansof an example. Thereby,
we showed their applicability to querieswith and without aggregatefunctions.
The experiments conductedin this paper include the rst extensive performance
numbers on the e ectiv enessof unnesting techniques for XML queries. We ob-
serned enormous performance improvemerts verifying the bene ts of applying
the rewrites. Besidesour measuremets, only the authors of reference[25] hint
on someperformance numbers for their unnesting algorithm.

The equivalencesassumethat the nestedqueriesdo not construct XML frag-
ments. In many caseshis restriction can be lifted by using rewrite beforeapply-
ing the unnesting equivalencespreseried here. However, including theserewrites
is beyond the scope of this paper.
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