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Abstract

This paper describes the internal features of the Saxon ¥Quecessor that make the most significant
contribution to its speed of execution. For each of the festuan attempt is made to quantify the
contribution, in most cases by comparing performance agtavhen the feature is enabled or disabled.

1 Introduction

Saxon [1, 2] is an implementation of XQuery written in Javainiplements the XQuery 1.0 specification [3]
in full, with the exception of the static typing feature (§8§ section 5.2.3), but including support for schema-
aware processing. It also implements the XQuery Updatdfsgeimon [4], which is currently a W3C Candidate
Recommendation.

Saxon also implements XSLT 2.0 [5], XPath 2.0 [6], XML Scheit@ [7], and a significant subset of the
new features in the draft XML Schema 1.1 specification [8]fdet Saxon started life as an XSLT processor,
and was later adapted to handle XQuery as well. The two lageguare implemented as different syntax front-
ends to the same run-time engine; both compilers genemtgatne code and at run-time there is essentially no
knowledge of whether the code originated as XSLT or XQuery.

Saxon is available in several versions. The open-sourcguptpSaxon-B, implements all the mandatory
features of the W3C specifications. The commercial versidheproduct, Saxon-SA, provides additional op-
tional features, including schema processing, schemaea¥@L T and XQuery processing, and XQuery Update,
as well as a number of performance-oriented features imgjual more advanced query optimizer, support for
streamed query execution, document projection [9], and Jade generation.

Saxon is released on both the Java and .NET platforms. Theisadritten in 100% pure Java. The .NET
version is created by cross-compiling the Java bytecode.MET IL code, using the open-source IKVMC
cross-compiler [10]. The version described in this pap&aison-SA 9.1 on the Java platform, unless otherwise
specified.

Saxon has been under development for over ten years, aniz¢hefshe code base is now some 180,000
non-comment lines, excluding test material and toolinge @avelopment objectives for Saxon are, in order of
priority: (1) Rigorous standards conformand@) Reliability; (3) Usability (primarily of interfaces and error
messages); and) Performance.
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While this paper is concerned with performance, it is im@atrto note at the outset that performance goals
are never achieved by sacrificing the higher-priority otiyes. In practice, while the objectives are sometimes
in conflict, it has in nearly all cases proved possible to@ahihe required performance without compromising
other goals. For an example see [11].

It is not the intention of this paper to compare the perforogaaf Saxon with other XQuery processors.
It is impossible to do this objectively when one knows onedpict much better than the others. A number of
papers have been published describing comparative bemkimgaf different XQuery processors [12, 13, 14].
Independent benchmarks can be frustrating for a vendoubedaey exhibit a lack of specialized knowledge on
how to get the best possible results from one’s own prodis; ia the case of Saxon, they often use the open-
source version rather than the higher-performance conmahesmersion. Nevertheless, the overall conclusion
from these independent studies is that Saxon performaniiée not always in pole position, is comfortably
near the front of the field.

Another problem with benchmarks is that performance is mmexdimensional objective. Some users are
interested in the throughput of a transaction processingilaad that handles thousands of small messages per
second using the same queries. Others are interested itaffsed time for processing very large documents.
Some users generate queries on-the-fly, in which case gompile time can be as important as execution time.
Some workloads are dominated by the cost of parsing soumatents, some by serialization of results, others
by the computational cost of the query itself. A well-rouddegoduct needs to satisfy all its users, not just to
optimize its score in a synthetic benchmark.

2 The Architecture of Saxon

There is no space in this paper to give a detailed accounieahtlrnal architecture of the Saxon product. An
article [15] was published some years ago, and althoughsitriees the product from an XSLT rather than
XQuery perspective, the broad picture remains valid today.

It should be noted that Saxon is not a database product. vitsnaterial is XML held in unparsed form
in filestore, or sent over the wire. This means that Saxon doe$ave the luxury of maintaining persistent
indexes or collecting statistical data for use by its optienj it has to take the data as it comes. When a query is
schema-aware, Saxon is able to take schema informatiomatimunt when compiling a query, but the general
rule is that queries are compiled with no knowledge of whditlvei found in instance documents.

Like every other implementation, the Saxon XQuery procebss compile-time and run-time processing
phases. Broadly, the compiler works by creating an expradsee as the output of the parsing phase. It then
performs type checking, which labels nodes in the tree withresults of static type inferencing, and adds
additional operators to the tree to perform run-time typecking or conversion where required. Saxon works
on the principle ofoptimistic static type checkingvhich means that a compile-time error is reported only if
the inferred static type of an expression is disjoint witk thquired type; if the static type overlaps but is not
subsumed by the required type, then additional code is gtrteto perform run-time type checking. Following
type-checking, the next phase is optimization; this exasitne tree for constructs that can be rewritten and
replaced by alternative, hopefully more efficient equiséde The optimization phase is optional, and where
compile-time performance is critical it can safely be oedtbr performed less aggressively.

The final optimized expression tree can then be used in tweswiycan be interpreted by the run-time
execution engine, or it can be used as input to the Java celergtor. This generates Java byte code to execute
the query directly (currently via Java source code as amnrgdiate form), and the byte code is then executed
by the Java VM in the normal way. The byte code, of coursd,ratikes many calls on a precompiled Saxon
run-time library.

Saxon does not include its own XML parser; it can work with Aetg of third-party parsers (both push and
pull). It does however include its own schema processor afidator: close integration between the schema



processor and the XQuery engine was considered essemtfagfoperformance.

3 Performance Features

In this central section of the paper we examine a number d¢fifes implemented in Saxon whose aim is to
improve query performance, and we attempt to quantify th@aithof each feature.

3.1 TheTinyTree and the NamePool

The XML document used as input to a query may be stored in atyasf ways; what these have in common is
that they all implement the abstract Java interfidodel nf 0. Nodel nf o is essentially at the same level as the
abstract XDM model described by W3C [16]; it differs howeurethat it offers direct support for the thirteen
XPath axes (child, descendant, ancestor, following+sifletc). This allows eacNodel nf o implementation

to optimize the way it navigates each axis; and in the caseoolets that create node objects on demand, it also
means that nodes are created only where the caller actegllyres them, and not for intermediate nodes that
end up being skipped.

There are two native implementations of thkedel nf o interface in Saxon: the linked tree, which is a con-
ventional “object-per-node” tree structure in which pamedes contain a list of their children, and the TinyTree,
which we will describe in this section. There are also a nunafémplementations oNodel nf o that wrap
external object models including DOM [17] (both Java and lgéoft versions), JDOM [18], DOM4J[19], and
XOM [20]. A number of vendors integrating Saxon into otheplagations have writteftNodel nf o implemen-
tations to access other data sources.

The TinyTree structure is unashamedly inspired by the DTMeha Xalan [21], though it does not mimic
the design at a detailed level. There are also some sirekasitith Intel's “record representation” [22], though
a significant difference is that Saxon’s structure reprisseodes in the tree, whereas Intel’'s represents events in
the parse stream.

The TinyTree represents a document using six principalarof integers. These arrays contain one entry
for each node (other than attribute and namespace nodeljgranindexed by node number. They contain
respectively: the node kind (for example element, text, romt), thename coddsee below), the depth in the
hierarchy, a next sibling pointer (which for the last siblipoints back to the parent node), and two overlaid
values which in the case of elements point to the first atigiland the first namespace node, and for other
kinds of nodes are pointers to the textual content in a teftéb(or in the case of a whitespace-only text node,
a representation of the actual whitespace compressed usiAgngth encoding). The total size of these six
integers is 19 bytes per node. Attributes and namespacesmesented in separate but similar sets of arrays.

Additional arrays are allocated when needed. The first timevarse axis such as preceding-sibling is used
on a particular document, an array containing prior sibfgters is created and populated. If the document
is schema validated, an additional array is allocated td bz type annotations produced as a result of the
validation process (again as integers, using the name ddte type name).

The TinyTree is designed to be compact without sacrificingedpof access. In particular, it avoids the
heavy overhead of using one Java object for each node indbgitisteadNodel nf o instances are allocated
as transient objects on demand, and are garbage collecte mehlonger needed. Modern Java VMs make
garbage collection of short-lived objects a highly effitieperation. The TinyTree is also optimized for read-
only access. It makes it very efficient to compare nodes founent order, a common operation in XPath. This
structure does not support XQuery Update; for that, a metidked tree must be used.

Names of elements and other nodes are represented usintggariname code, which can be translated
into a fully qualified name by reference to tNarmePool holding all the names, which is used to allocated new
codes. The name code contains a unique identifier for theldfalfname pair in 20 bits, with a further 10 bits



used to represent the prefix; this imposes a limit of a milboso URI/local-name pairs, which as far as | know
has never caused a problem, and a limit of 1024 distinct mefier each URI, which does occasionally cause
problems for pathological applications; but we can livetviliat. The essence of the approach is that the same
NanmePool is used at compile time and at document parsing time, whiclinséhat the compiler can generate
code that searches for named nodes using an integer compeaibier than a string comparison.

The primary motivation for the TinyTree is to reduce memotgupancy and building time for large docu-
ments without sacrificing access speed, while the main ditvéhe use of integer name codes is to improve the
speed of matching nodes by name. We can evaluate both dffectanparing the TinyTree with both the Saxon
linked tree (which uses an object per node, but with integenacodes) and with the DOM (which uses an ob-
ject per node, and string comparison for names.) To do tlisk the 100Mb version of the XMark dataset [23],
modified to use a namespace to make it more typical, and ragubeg/count (/ ns: site// ns: from
against it. This gave the results shown in Table 1:

Table 1: TinyTree performance

| | TinyTree| Linked Tree]  DOM |
Build time 5136ms 7933ms| 8332ms
Memory used| 327Mb 370Mb | 796Mb
Query time 35ms 226ms| 10603ms

This was run with whitespace stripped from the tree, whickeaa significant difference to the figures. The
DOM used was the Xerces implementation bundled in JDK 1.&artbe seen that although the TinyTree beats
the linked tree on both time and space, the most noticealdgi search speed.

3.2 Pull/Push Pipelining

Pipelining is well established as an execution strategfuiactional languages as well as for relational databases.
The essence of the approach is that an operator that noyniiakdls a sequence as input and produces a sequence
as output (for example the filter operator represented intiXBg the syntax A[B]), should read its input one
item at a time and deliver its output to the parent operateritem at a time. This is a description of a pull
pipeline: it is driven by read operations issued by the wdtenconsumer of the data. Equally valid is a push
pipeline, controlled using write operations issued by tlygpdier of the data.

Saxon uses a combination of pull and push pipelines, andsafgdhe right kind of pipeline at each stage
appears to make a significant difference to performance.

Pull pipelines are used primarily for evaluating XPath eggions, that is, when reading from the source
document. Push pipelines are used primarily when congigudocuments (both the initial source document
and the result document), and also when serializing. Saxamtiema validator is a complex push pipeline, as is
the XML serializer. This split between pull and push was veaural in an XSLT 1.0 processor, where there is
a clean split in which XPath expressions read the input andl{iSstructions write the output. In XQuery (and
for that matter in XSLT 2.0), the two kinds of operation canchenposed in arbitrary ways. Nevertheless there
are two very different kinds of operation; and it remaingtthat many queries are “single-phase” in the sense
that they only read nodes from the initial query input and/amtite nodes to its final output.

Feeding data from a pull to a push pipeline is easy: a prograning the control loop reads from the first
pipeline and writes to the second. Doing the opposite is robadlenging. In the absence of a language with
intrinsic coroutine support, there can only be one contvopl Two solutions are available: either break the
pipeline by building the intermediate sequence in memoryse multiple threads. Both involve overheads.
Saxon uses both techniques, though multiple threads aceardg in one very specific situation, to support
streamed processing where the source document is notritoilan in-memory tree. So one of the main design
aims is to use pull and push where appropriate, but whilemikiing the need to switch from one to the other.
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for $i in distinct-values(
/ sitel/ peopl e/ person/profilelinterest/ @ategory)
let $p : = for $t in /site/people/person
where S$t/profile/interest/ @ategory = $i
return <personne>

</ per sonne>
return <categorie><i d>{$p}</id></categorie>

Figure 1: The XMark query10

To achieve this, Saxon divides query operators into thrésgosaes:

e Simple read expressions are always executed in pull modeeseTnclude path expressions and fil-
ter expressions, sequence concatenation, union/intenseand function calls such asubsequence,
i nsert,ori ndex-of .

e Node constructors are generally executed in push mode: viniéy events to an output pipeline. This
works especially well when the output is sent straight toréakeer; in this situation there is no need
to materialize the constructed tree in memory. These icstns are also able to operate in pull mode
(to deliver events on demand to a client), but this is onlyedifrthe application that fires off the query
explicitly asks for the query result in this form.

e Other expressions, notably FLWOR expressions, conditiexressions, and function calls can operate
in either push or pull mode. In general they operate in theesaumde as their caller, so if they are invoked
during tree construction they will push, and if invoked i thmiddle of a path expression they will pull.
This means that a function body may execute in either moderafpg on the context of the caller.

How can we evaluate the effectiveness of this strategy? Albuatration, XMark queryg10 (see Figure 1),
after rewriting by the Saxon optimizer to inline the unneeeg variablebp, is a classic one-phase query; run
with default options it takes 1926ms, but if we force it to farpull mode it takes 3456ms, largely because the
result document is materialized in memory before beingaliezed. This query contains a FLWOR expression
(for $t ) that is logically inside an element constructor, and isdfege evaluated in push mode. If we atrtificially
force the FLWOR expression into pull mode (by a tweak to thgo8acode), the execution time becomes
2720ms. Forcing the variablp to be materialized rather than being pipelined also affdwsperformance
adversely, this time to 2398ms. These figures should be isuifito illustrate that the impact of pipelining
decisions can be significant, though they do not prove, ofssguhat Saxon always gets it right.

3.3 Path Expressions

Path expressions in Saxon are evaluated using a nesteditatgyy. A path expression suchxdsy/ z finds all
thex children of the context node; for each of these it finds alltrehildren, and for each of these it finds all
thez children. In case this seems obvious, it is not the stratleglyall products use, and some researchers have
expressed surprise that it should perform so well.

Because of pull pipelining, it is actually an inverted ndskaop: the client requests the nextelement,
which might cause the next to be found, and so on. Neither the final node sequence dediviey the path
expression nor any intermediate results are materializegemory.

The main optimization carried out by Saxon is to eliminateisg wherever possible. The semantics require
that the results of each “/” operator, and indeed the resfikaich axis step, are sorted into document order with



duplicates eliminated. In practice such sorting is verglsaneeded because the nested-loop evaluation in many
cases delivers results already sorted and deduplicatedn$m@es to considerable trouble to avoid unnecessary
sorting. Furthermore, even when the evaluation strateliyetie nodes in the wrong order, the consumer of the
results might not care: for example given the expressionst s(x//y/ / z) , sorting the node sequence will
not affect the outcome.

The main aspect of the analysis is determining combinatibasis steps that are “naturally sorted”. This is
the case for any sequence of child axis steps. It is also druanfexpression such as b/ / ¢, but not (perhaps
surprisingly) fora/ / b/ c. There is no space here to give the rules in detail.

One case that often causes difficulty is a path su@xas/ b/ c that starts with a variable reference. Here,
if $x is a singleton node sequence, or any sequence that is sootgdins no duplicates, and contains no node
that is an ancestor of any other, then the entire path willHagurally sorted”, making sorting unnecessary. This
can sometimes be determined by static analysis, but failiry Saxon generates conditional code to test at
run-time whethefx is a singleton, and thus avoids the sort in this common case.

For the query si t e/ / keywor d, which returns around 70,000 nodes on the XMark 100Mb datgba
eliminating the sort reduces the TinyTree execution tinoenfll07ms to 60ms. When running against a DOM,
where sorting into document order is more expensive, thegas more dramatic: against the 10Mb database,
run time reduces from 1300ms to 290ms; for 100Mb, the queeg dot even complete without this optimization.

3.4 Join Optimization

Saxon-SA optimizes joins by constructing hash indexes bed tising them to support fast filtering of indexed
sequences. The optimizer does not actually recognize theepd of a join. What it does is firstly, to break up
the condition in thesvher e clause of a FLWOR expression and distribute it among thetispguences read by
the expression, thereby turning them into XPath filter esgians; and then (independently) it identifies filter
expressions that are likely to benefit from indexing.

Two kinds of index are used: indexed documents, and indegeidbles. Wherever possible, an index
is attached to a document node, which allows it to be reusezhexter that document is searched, even in a
different query. Where this is not possible, the contenta wériable can be indexed: such an index dies when
the variable goes out of scope.

Join optimization is widely discussed in the databasedlitee. A significant difference for Saxon is that
there are no pre-existing indexes: any index that is reduinest be created within the query. Nevertheless,
impressive savings are possible in the right circumstané&s example, Table 2 shows the performance of
XMark queryq9 against databases of different sizes using Saxon-B (wifleguoptimization) and Saxon-SA
(with).

Table 2: Join optimization
| | 1Mb| 10Mb | 100Mb |
Saxon-B | 41ms| 3612ms| 381543ms
Saxon-SA| 3ms 26ms 246ms

It is plain here that Saxon-SA performance is linear whilgdaB is quadratic.

3.5 Miscellaneous Rewrites
Further compile-time expression rewrites done by the S&&@rmptimizer include the following:

e Replacecount ( X) =0 by enpt y( X) . This takes advantage of the fact that whérs pipelined, the
latter expression can exit as soon as it sees the first iteheisdquence; there is no need to compute the
count.



e Constant folding: constant subexpressions are evaluatahgile time.

¢ Variable inlining: when a variable is only referenced orexed not in a loop, the reference is replaced by
the initializing expression

¢ Function inlining: calls to non-recursive functions of nestisize are replaced by the function body. This
often enables further optimization of the new expression.

e Loop lifting: expressions within a repeatedly-evaluatebexpression (for example a filter predicate, or
the return clause of a FLWOR expression) that do not deperldeoloop variables are moved outside the
loop, but taking care to ensure that they are not executée ifoop is iterated zero times.

e Global variable extraction: expressions within a functimdy that do not depend on the function argu-
ments are promoted to global variables.

e Compound if/then/else expressions acting as switch statttesting the value of one expression against
a range of constant values, are recognized and supporteashyniy.

The benefits achieved by these rewrites are highly varidhleach case it is easy to find example queries
where the rewrite gives an order-of-magnitude improvemieid less easy to quantify how many queries benefit
from each rewrite. Very often these rewrites are most affeéh combination: one apparently minor rewrite
simplifies the expression sufficiently to enable anotherenpmwerful one, in particular, the join optimizations
discussed in the previous section.

3.6 Schema-Aware Processing

Schema-aware processing allows a query to be compiled watvledge of the schema that a source document
will conform to.

The major benefits of schema-aware processing are usadnilityreliability: it enables easier debugging of
gueries, and increases the likelihood that a query thattisnpo production with inadequate testing (as many
are) will turn out to be bug-free.

The effect of schema-aware processing on performanceasimfixed. For some applications, the overhead
of performing schema validation on the input outweighs awrgys achieved through greater intelligence in the
query execution plan. There are also cases where manipuldiie document as raw text turns out to be faster

than processing it as typed content.
An example where schema-aware processing has a negatet @ff performance is in XMark querp 1,
which is dominated by the predicate

where $p/profil e/ @ncome > (5000 * $i)

If the attribute@ ncone is typed axs: deci mal , and if$i is alsoxs: deci mal , which will happen if
the schema for the XMark database is written to xisedeci mal for money amounts, then this will involve
a decimal comparison; whereas without schema-awareresspmparison will use double-precision floating
point. In Java, on a typical platform, double arithmetic igal faster than decimal, because it is supported in
the hardware. A user who is aware of this problem can workratat) but by default, the query will run more
slowly.

O)r/1 the other hand, knowledge of the paths that exist in thecealata can sometimes be exploited to great
advantage. The XMark benchmark queries tend to be writtémfwil paths, such as

let $ei := $site/peoplelperson/creditcard

but real users are often less patient, and write



let $ei := $site//creditcard

Given sufficient type information, Saxon-SA will rewriteetlabbreviated path to use the step-by-step form,
which can greatly reduce the number of nodes that need todnehssl.

With schema-aware processing, the second query takesdaBma on the 100Mb XMark dataset; with-
out schema-awareness, it takes 51ms. However, schemati@iidncreases the parsing time for the source
document from 5s to 15s.

3.7 Streaming

Saxon-SA provides the ability to execute certain queriesti@aming mode. This is not done as an automatic
optimization, but must be explicitly requested using a pragln this mode, simple expressions can be evaluated
without first building a tree in memory.

This does not make the query itself run faster, but it savesctist of building the tree, and of course it
enables source documents to be processed that are toodditjgtmemory (transforming a 20Gb document
has been timed at 50min [24]).

Streaming is a natural extension of pipelining: it pipedirtegether the operations of parsing and query
evaluation, removing the need to materialize the interatediata, that is, the tree representation of the source
document.

Foraquery such asount (// per son) on 100Mb of input, the execution time including parsing @uard
5s with streaming, 5.6s without. The big difference is thahwtreaming, memory is reduced from 450Mb to
1.7Mb. So the effect is not so much on the speed of the quenn &s scalability. This illustrates the message
that performance cannot be considered a one-dimensioopéy.

Speed improves greatly when the file is not read to complefidre queryexi st s(// afri ca) on the
same data takes just 180ms with streaming, 5.6s without.

3.8 Document projection

Document projection (see [9]) is a technique for buildingesetcontaining only that subset of the source doc-
ument that is needed to execute a query, as determined yatatysis of the query. As with streaming, the
technique is only suitable where the document is being garserder to execute one query that is known in
advance, but unlike streaming, it works with any query.

At present Saxon never does document projection autortigtioaly on request. The main reason for this
is that the risk of bugs is considered high, since it reliesndarencing about the access paths used by every
single construct in the language.

Document projection, like streaming, has more effect on orgmsage than on execution time: with XMark,
it reduces the tree size by 90% or more for 15 out of 20 qudbigspnly two are speeded up by more than 25%
(¢6 by 75%, and;7 by 95%).

3.9 Javacode generation

Saxon-SA offers the option to generate Java bytecode ipiieg the logic of the query, as an alternative to
interpreting the query execution plan. (This is currenthne indirectly, via generation of Java source.) The
generated code may be executed from the command line, vidPhroAas a Java servlet. Many operations, of
course, are still handled by calls to the run-time librang $ame library that the interpreter uses.

The speed-up obtained by compilation is not as great as ogbtrakpect: 25% is typical. For XMark
(10Mb), the biggest improvement (54%) is to the slowest yugll, from 3344ms to 1541ms. The saving
appears to be greatest for queries dominated by arithmestriog manipulation — simple path expressions



show very little improvement over the interpreter. Thisgests that an equally effective (and more convenient)
strategy might be to do just-in-time compilation of a fewestéd subexpressions.

| experimented at one time [25] with generating code for gaitressions that was committed to a particular
tree model such as the TinyTree, rather than working gesifrion any tree model. The results were not
encouraging, so the experiment was abandoned. Part ofdkerrés that evaluating path expressions is already
very fast.

3.10 Methodology

| said | would give ten reasons why Saxon is fast, and the fire have been technical characteristics of the
delivered product. The final reason is deeper, and relatéset@ngineering discipline used to develop the
software. Here are a few lessons learnt from the experieihdgeveloping Saxon over a period of ten years:

e Investigate every user-supplied performance problem hder here is no better raw material for under-
standing how the code behaves, and without such understatitkre can be no improvement.

e Optimize the code that typical users write, whether it islwegltten code or not. Try to educate users
on how to write code that works well on your product, but ratpg that you will only reach a small
minority.

e Never make performance improvements to the code withousuniggy the impact. If you cannot measure
a positive impact, revert the change (easily said, but pdggically very difficult when you've put a lot
of effort in). Keep records of what you learnt in the process.

e Avoid performance improvements that rely on user-cordgtbiwitches. Most users (including people who
publish comparative benchmarks) will never discover thictwexists; of the remainder, a good number
will set the switch sub-optimally.

e Remember that every optimization you make to your code @yliko require a substantial investment in
new test material, and even then, is likely to result in ssveew bugs escaping into the field. Do not do
it unless the gain is worth it.

¢ Maintain a set of performance regression tests to ensut@énrmance gains made in one release are
not lost in the next.

e Separately, maintain tests to show that query optimizatane taking place as intended. In Saxon this
is done by outputting an XML representation of the query akien plan for test queries, and checking
assertions about these plans expressed as auxiliary guerie

For the other nine ways of achieving good performance in Sakbave tried to quantify the benefit. For
this tenth cause, | am afraid | cannot do so — | do not have angyth compare with.

4 Conclusions

In this paper | have presented ten characteristics of therBXQuery implementation that contribute to its
performance, and for most of these, | have attempted to fydme size of that contribution for some selected
queries.

Few of these mechanisms are unigue to Saxon; what makes 8iakiantive is the deployment of a balanced
portfolio of techniques to deliver efficient query executiover a variety of user workloads, coupled with a
determination to place other qualities of the product @ads conformance, reliability, usability) ahead of raw
performance. In a crowded marketplace with over 50 XQuelementations competing for user attention, |
believe it is this balanced approach that has led many usenske Saxon their preferred choice.
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