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There are currently a variety of systems for searching XML. However, they are typically research
tools or specialized commercial products that have limited usability in the classroom. The SQL-
Generator is a complete implementation of the XML-QL query language that translates queries
to SQL for execution by an underlying relational database. It is unique in that it is a scalable,
portable implementation of a semi-structured query language, that is also open source and ex-
tremely well-documented by a 140-page user’s and devloper’s manual. It allows students to see
the logic of their semi-structured queries represented in the familiar relational language of SQL.
In contrast to many of the relational mapping tools for XML, the SQLGenerator operates on a
fixed relational schema that conceptually represents the hierarchical nature of XML data of any
schema without requiring XSchemas or DTD’s. A case study of using the SQLGenerator to teach
the concepts of semi-structured search to a graduate level database class is presented. The SQL-
Generator source code, along with all of its documentation and a demo interface, can be found at
http://ir.iit.edu/sqlgen.

Categories and Subject Descriptors: D.2.7 [Education]: Education
General Terms: XML, SQL, Education
Additional Key Words and Phrases: XML, SQL, query languages

Introduction

The eXtensible Markup Language (XML) has become the standard or plat orm
independent data e change ts semi structured nature pro ides the basis or man
e isting data integration solutions espite its e tensi e practical applica
tions the concepts o semi structured data and search are o ten brie noted in
e isting omputer cience curricula at best ourses dealing ith ho to actuall
implement semi structured search s stems much less scalable ones are rare ne
reason or this ma be the lack o XML retrie al s stems and suitable course ma
terial a ailable or use in the classroom Most s stems that are publicl a ailable
are research s stems that are insu cientl documented or speciali ed commercial
products (such as relational database mapping tools) that do not address the gen
eral problem o XML search ith a semistructured uer language either o these
approaches are suited or presenting the undamentals o semi structured search in
a classroom setting The L enerator is implemented as a plat orm indepedent
(tested on olaris Linu and indo s ith M L) s stem using onl a a and
L ithits ull inde ing and uer translating source code a ailable under
the Lesser eneral ublic License (L L) regression test suite o
ueries is pro ided to ensure unctionalit and pro ide a large number o e ample
ueries and their kno n results Most importantl it ise tremel ell documented
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both in the sense o its uer language (documented in its 0 n manual and b the
standards and tutorials publicl a ailable) and its internal operation making it
suitable or use as both a s stem or students to e ecute XML L wueries and as
a s stem that can be modi ed in class pro ects
The uer languages that are implemented b man o the a ailable s stems are
either lacking man o the eatures desirable or semistructured uer languages
(such as X ath) or nonstandard o ten unintuiti e proprietar languages There
are a large number o proposed uer languages or XML data
The L enerator s stem implements XML L a wuer language de eloped b
T T XML L asdesigned to meet the re uirements o a ull eatured XML
uer language set out b the orld ide eb onsortium n addition to
its range o capabilities it pro ides an intuiti e means o riting semi structured
ueries resembling L that uses XML data bindings in a ormat er similar to the
XML documents being searched XML L has been used to teach graduate stu
dents about searching XML at se eral uni ersities including oncordia ni ersit
ni ersit o enns | ania and ni ersit o outhern ali ornia all using the
T T re erence implementation that parses XML data at uer time and translates
XML L wueriesto tru L wueries or e ecution b their trudel semi structured
uer engine hile this engine is the re erence point or the XML L standard
it is not designed to be a teaching s stem The error reporting it pro ides is most
o ten too comple or students to understand and it is lacking in documentation
especiall that hich ould be needed or use in class pro ects contrast our
s stem ith its open source code and e tensi e documentation is ell suited or
use in the classroom especiall b undergraduates
There ha e been a ariet o methods proposed or storing XML data and
accessing it e cientl ne approach is a customi ed tree le structure
but this lacks portabilit and doesn t le erage e isting database technolog
ther approaches include building a database s stem speci call tailored to storing
semistructured data rom the ground up or utili ing common in ormation
retrie al structures unsuited or ull eatured semistructured search The
L enerator ull implements XML L b translating its semistructured ueries
to L wueries or e ecution on a static relational schema  lthough ork has
been done on de ning static schemas or XML storage e are una are o an algo
rithm or translating all ueriesin a ull eatured semi structured uer language to
L that retrie es the correct results rom those schemas storing XML docu
ments in a  ed schema relational database e are able to utili e the per ormance
ad antageso o er ears o research in the database communit  hile ull sup
porting the rich semistructured eatures o the XML L wuer language
This makes it scalable not onl in terms o collection si e based almost solel
on database per ormance but b using a parallel database e are implicitl able
to scale the number o nodes or wuer processing based on the database s scala
bilit The impact o this in the classroom is that it pro ides a realistic solution to
searching large collections o XML that maintains an intuiti e amiliar ie o the
logic behind semistructured ueries ts static schema design accommodates data o
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an XML schema ithout the need or document t pe de nitions or X chemas
allo ing students to dra t their o n XML and e periment ith searching it
implementing XML L it uses a standard intuiti e uer language n section
e present a case stud o our e periences ith L enerator in the classroom
ection presents a brie o er ie o the properties o XML and ho to rite alid
XML documents ection describes in detail the s nta XML L and demon
strates ho to use its eatures to uer sample XML documents inall section
is dedicated to L enerator The storage schema is e plained as ell as the
uer translation process

Case Study

ecentl ee tended the undergraduate curriculum at T to include in ormation
retrie al and data mining n all e began teaching XML retrie al as a
topic in the graduate ad anced database course at T

Lesson Plan

The lessons consist o an introduction to semistructured data in the orm o XML
and to semistructured search using XML L nitiall e re resh the students on
the nature o searching structured and unstructured data  lthough the ork
all semester ith structured data e ha e ound that man did not make the
distinction bet een this and other data t pes e e empli these di erences b
a comparison to unstructured data in the orm o plain te t e brie sho
that it can be modeled as a bag o ords or hich a similarit score to a bag o
uer ords can be ound tudents easil understand the simplest e ample o an
unstructured data uer assomething the might t pe into a popular search engine
such as oogle The ke steps in the lesson plan are to introduce students to the
basics 0 XML ha e them author their o n simple XML documents and nall

uer their documents using XML L

XML is presented as a t pe o semistructured data that posseses structured at

tributes such as data ithin a document con orming to a speci ¢ T  but also
e hibits unstructured properties because the contents o an element can be other
unspeci ed (possibl recursi e) elements or te tual data The e ample XML doc
ument presented to the students describes the members o a amil  here each
member is described as a element This simple XML document is used to
e amine issues di erentiating semistructured data rom the structured (relational
and ob ect oriented) databases the had pre iousl learned about our important
terms that e emphasi e are and These de
ned terms are used to e plain the XML standard and h standards are important
or data interchange To gi e students a amiliar e ample e point to a number o
real orld applications (e g e commerce le sharing programs etc )

e t students gi en an assignment to create their o n XML documents  loose
standard ormat or each o the student documents is discussed in class de ning the
names o some e ample elements and hat the might contain The assignment is
based on the autobiograph e amples supplied in class each student creates their
o n XML autobiograph including some additional elements such as education
amil and date o birth  nce a student has composed their XML le the use
the inde ing eature o L enerator so that it that can be ueried using XML L



through a eb inter ace

n authoring their o n XML the students achie e an understanding o the struc
ture o an XML le and are amiliar ith XML terminolog The are then in
troduced to the basics 0 XML L tudents are taught that XML L consists o

t o basic clauses and T T clause allo s them to
bind ariables and pose constraints on those ariables T T clause
creates XML results rom the ariables obtained in a clause n impor

tant concept is the idea o XML ha ing paths ithin the document rom the root
element to some nal alue aths represent the structured properties o an XML
document because the allo a user to take ad antage o the kno n structure o
a document to obtain alues that occur at the end o a gi en path single path
ma occur multiple times ithin a document ith di erent alues ound at the
end o each path occurrence e present the concept o a

hich presents a pattern or matching to a set o paths or e ample a single path
e pression represents a set o actual paths ithin the XML document n XML L
ariables can be bound to the alues o paths e e plain that it is undamental to
use this eature o XML L hen constructing ueries onsider the small XML
ragment sho nin igure

e see the path person name has a alueo ohn mith at the end
ariable bound to a path can take on multiple alues and that a uer must be
thought o as an iteration o er matching paths o the XML document The students
can see that it is desirable to be able to bind a ariable to the alue at the end o
the path so that the alue can be used to construct XML later in the uer
e then present some e ample ueries hich operate on the autobiograph XML

presented The results o the wueries are e plained so that the student clear] sees
ho XML L operates on the data it is uer ing and ho the ariables are used
to create resultant XML inall students are read to construct their o n ueries
and are assigned e wuer concepts to ritein XML L and e ecute to obtain
results The student creates the uer based on a uestion posed in nglish that
can be ans ered rom the set 0 XML documents ritten pre iousl b the students
themsel es

Interface

a ing a eb inter ace to sho the e ecution o an XML L wuer also aids in
the teaching process The eb inter ace pro ided is simple to use and uses a a a
ser let to pro ide the results t consists o an input bo that accepts the uer and
a button that initiates the e ecution o the wuer nce the student pro ides their
XML le and it is inde ed into the database the can use the ser let inter ace to

uer their XML document The ser let asespeciall use ul as it allo ed students
to learn XML L b trial and error The source code or the ser let is included

ith the rest o the L enerator package screenshot o the ser let inter ace
can be seen in igure

The wuer is e ecuted hen the button is clicked and user is redirected to a
page ( igure ) that displa sthe resultsi the XML L wuer as ell ormed n
the case 0 s nta errors a detailed error message is pro ided in order to aid the
student in correcting the error and there ore urther learning XML L s nta



ig. 1. XML ragment

Findings

The largest amount o teaching e ort re uired as or introducting the students
to the basic concepts and moti ations behind semi structured data and uer lan
guages nce these basics ereco ered then a sample XML document and XML L

uer ans ered most o the uestions students had

ter the completed the basics o the assignment man o the students e

plored the XML their ello students had rittenb e ploiting the arious eatures
o XML L The ere curious to see the additions other students had made to
the basic autobiograph schema or e ample se eral students added elements

hich indicated here the ere rom or included recursi e tags gi ing
in ormation about parents or siblings n e ploring the also reali ed the chal
lenges that d namic schemas can pose and the increasing comple it necessar in
semistructured ueries to accomodate them



ig. 2. The XML-QL Interface

ig. . The results



ig. 4.

ML
A Brief Primer

igure is an e ample o an XML le This le describes instruments string
instruments in particular although there is no reason h the document could
not be e tended to include ind percussion or an other t pe o instrument
Man XML search s stems model XML as a tree e can represent the XML in

igure as a tree such as the one in igure ere the alues denote ob ect
identi ers ( s) These alues are assigned using a depth rst tra ersal o the
XML document e see that assigning the s in this manner does denote some

t pe o order ho e er there is no reason h the tag or iolin
should come be ore the tag or iola The tags (starting itha and ending ith a
like ) rap around human readable te t that the markup around

it describes  ote that each tag is paired ith a closing tag o the same name
ith a beoreit XML re uires all opening tags to be matched ith closing tags
n is the entire ragment o the le rom an opening to a closing tag
in its entiret can be re erred to as an element XML

elements are ordered unlike relations it does matter hich elements come be ore
others That means that e can sa that the tag talking about
iolas is the second element o the element here
child elements are elements that are beneath so called elements and root
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ig. . The XML Data Model

elements are the top most elements o the document 11 XML documents ha e

one and onl one root element ome tags also contain optional hich

are ke alue pairs unlike elements hich are ordered n other ords
riting is the same thing as additionall

attribute o tag hasa alueo hile attribute hasa alueo ecause the

are unordered neither is the rst or second attribute as ar as computers
are concerned

XML is a markup language standard but the tag names themsel es are not
part o the standard o e er through the use o ocument T pe e nitions
( T s)or XML chemas these tags and their ordering can be restricted T s
de ne rules or ho elements and attributes o an XML le are supposed to be

enclosed in one another or e ample a T or might stipulate

nor

that the element ma onl appear as children o the
element
Overvie of E isting uery Languages

There are se eral popular XML uer languages in use toda XML L the
semistructured language o our particular s stem as de eloped b a team o

T T researchers in n ugust initial ork on X ath likel the most
basic path based uer language assubmitted to the The speci cation
describing X ath as it is kno n toda  as released on ul n ecember

X ath as released  ne o the ne est semistructured uer languages

1



X wuer is also among the most po er ul t borro s man ideas rom prior ork
on other semistructured uer languages such as XML L and X ath as ell as
rom relational uer languageslike L The rst public drat o the X uer
spec as released in une

E isting ML Retrieval Systems

The ma orit o s stems reel a ailable are unrealistic solutions to the problems
o searching large olumes o XML ith ar ing schemas These are s stems that
use in memor inde es Man o them re uire XML that adheres to speci ed
X chemas or document t pe de nitions ( T ) hich pro ides an
obstacle to teaching students because the do not learn an XML uer language
n contrast the L enerator accomodates XML o an XML schema ith a
single  ed relational schema  nlike in memor s stems suchas T T s XML

L implementation the L enerator uses a relational database or persistent
storage parsing and inde ing o XML data is per ormed be ore uer time This
allo s us to scale to collection si es much larger than the ph sical memor o
the s stem a ailable nlike the relational mapping tools pro ided b man o
the ma or database endors changes in the schema o XML data being stored
do not re uire changes in the underl ing relational schema and a ull unctional
semistructured uer language is pro ided

ML L
Data Model

lthough elements in XML are ordered the de ault data model or XML L does
not retain order s most relational databases also use unordered tuples that can
be e plicitl sorted or grouped as needed at uer time this propert allo s the
L enerator to make assumptions that are er wuse ul or translating XML L
ueriesto L

Basics
I XML L wueries return a block o XML as their results er uer must
contain a clause  hich speci es a template or building XML uer

results The tri ial XML L wuer in igure doesnt actuall wuer o er XML
it merel speci es XML to build  ecause ell ormed XML documents ha e a
single root element XML L raps the result tags inside o an arti cial

root element hen no root element is de ned

ariables and the Clause
clauses onl ormat retrie ed data The real po er o XML L lies in
the clause clause cannot e ist ithout a clause as
onl speci es hat data to look or and not ho to ormat uer results
clause contains a comma separated set o that can be im

posed on the uer to limit results onditions appear int o orms tag patterns
here results that t a speci ¢ XML orm are retrie ed and predicate conditions
here mathematical comparisons or string comparisons can be per ormed on
ariables Most use ul ueries such as the one in igure use clauses ith



ig. . and its output.

tag patterns and ariables n this e ample the ariable matches on all char
acter data that occurs in a tag that is a child o the element that
is a child o the root element imilarl the ariable is bound to the
character data or the tag inall a predicate condition is imposed that
re uires result books to ha e a price greater than units (in this case ol
lars) le that this uer might be applied to and its corresponding
results are also sho n in igure n XML tag can either contain more XML
tags or character data The contents o an XML tag are said to be comple  hen
the contain more XML tags omple tags cannot be compared to one another
like character data can To e plicitl re uest the character contents o an XML

tag instead o its comple contents one must append T to the tag name
in the XML L path e pression shorthand or closing tags in path e pressions
is Man strings that substitute or tag names in XML L (such as regular
path e pressions) are not true tag names and actuall re uire this t pe o closing
tag The tag pattern in the clause o (taken rom igure )
speci es that or all XML character data that e ist in onl under

onl under ill represent this alue and the template ill

be repeated as man times as necessar to displa all the possible bindings o

The XML L processor needs to kno  here to look or these tags This is ac
complished b speci ing a le name The ke ord is used to
speci the data source or the gi en tag pattern igure sho se ampleso
clause data sources e ternal source ( les hich can belocal les or absolute or rela
ti e Ls) a ariable bound to XML or a ariable bound toa lelocation n those
e amples isthenameo a le
is a L here a le can be ound is bound to some XML ragment and

is bound to the L or local re erence 0 a le b iousl as ere

inde ing the XML data ahead o time and storing it persistentl in a relational
database one can also choose to uer o er all inde ed XML

Advanced clauses

The clause (or an element that appears in a clause) ma
contain e pressions elements or uer blocks pressions are simpl mathemati



ig. 7. , , and the output of the query.

ig. . Examples of clause data sources.



ig.

cal ormulas here numbers bound ariables or alues o unction calls are added
subtracted multiplied or di ided The wuer o igure computes

ta on the prices o the books in or e er name price pair encoun
tered the name is returned unchanged and the price is multiplied b The

e pression is absolutel essential here  ithout it the processor ould at

tempt to take o acomple tag henin act e er speci call ant the
character data ithin the tag

igure sho stheusageo a ariable as a tag name and an XML attribute e
call that the closing tag o an element can be e pressed as n this
clause is actuall necessar because  can potentiall be bound to an thing
The XML result contains the closing tag appropriate to the matching tag name
The inner tag has a name speci ed b The alue o this bound ariable can be
stored and later used in a statement as contents o a tag or the name
o atag The attribute eats eggies 1ill be constructed ith all alues o

Advanced ERE clauses

n addition to basic tag patterns regular tag path e pressions allo or searching

across multiple tag names a ore ample e antedtoe tract onl pamphlets
and maga ines rom e could either ritet o separate ueries since
our sought a ter results are in t o di erent tag paths or rite one wuer that
encapsulates both t pes o tags as seen in igure one ants to retain the
name o the tag that matched the tag name ariables and predicate conditions
are used s seen in igure egular path e pressions are composed o three
operators listed in order o precedence lo est rst

() lternation ( ) Matches an occurrence o an o the e pressions sepa

rated b the ertical bar matches but
not
() oncatenation ( ) Matches the concatenation o the e pressions separated
b periods matches i and
() leene operators ( ) Matches one or more ero or one or ero
or more occurrences respecti el matches
matches or but not matches

not



ig. 10. A query that captures both inds of tags.

ig. 11. se of tag name variables and predicate conditions

ig. 12.  inding Tag Contents to a ariable

Tag patterns can also bind their contents or their entire elements to ariables The
uer in igure e see that and  are both bound to the matching
tag illustrating _ and _ in action



ig. 1. sing an Aggregate Predicate in the C ST CT

Aggregate Predicates

ggregate predicates are special unctions that appear in the contents o an element
in a clause ith the e ception o the aggregate predicates
aggregate o er all the alues that a particular bound ariable can ha e The uer
in igure  produces the cheapest price in ollo ed b the matches
The e pression is re uired here aggregations o comple tag patterns are
not supported otice that is not sho n There is no in
and there ore does not match the speci ed tag pattern
The numeric aggregate predicates supported b XML L are er similar to their
L counterparts M M X and M is a special aggregate
predicate that returns the number o tags that are at the same le el as its enclosing
tag not counting its o n enclosing tag



The S LGenerator

The L enerator is a scalable XML retrie al engine that ull implements the
XML L wuer languageb translatingitto L tincorporates XML documents
o an schema ithout re uiring modi cations to the ed underl ing relational
schema the are stored in XML need not speci a schema or T  but rather
incoming XML ith d namicall changing schemas is immediatel searchable ia
a ull eatured semi structured uer language

The Relational Database Schema

ur storage schema stores each uni ue XML path and its alue rom each document
as a seperate ro in a relational table This is similar to the edge table described
b lorescu and ossman named or the act that each ro corresponds to an
edge in the XML graph representation ur edge table has the alues inlined
(in the same table) This is a static schema that is capable o storing an XML
document ithout modi cation The hierarch o XML documents is kept in tact
such that an document inde ed into the database can be reconstructed using onl
the in ormation in the tables e also support the partitioning o this edge table
b selected paths producing a schema similar to a partiall decomposed ariant
o lorescu s binar scheme This allo s or the seperation o ke paths into their
o n tables o ten enabling the database to build more e ecti e inde es due to the
increased homogeneit o the data in those paths and the ob ious data partitioning
ad antages nlike the pure binar scheme ho e er it does not re uire a table or
e er uni ue path in e er XML document inde ed e shall use (see

igure ) as an e ample le to sho our storage scheme and the L enerator s
translation o er it 1l o the database tables sho n in e amples ill re ect the
data o this le

These tables store the metadata

(data about the data) o the XML les ( igure ) and

( igure ) together store the in ormation about tags and paths ithin the XML

le stores the name o each uni ue tag in the XML collection
stores the uni ue paths ound in the XML documents

( igure ) stores the names o all the attributes n each o these tables is

an integer assigned b the s stem and is the primar ke o the table These tables
are populated each time ane XML leisinde ed This process consists o parsing
the XML le and e tracting all o this in ormation and storing it into these tables

v ey | value
1 | boo s
2 | boo
name
4 | author
price
pamphlet

ig. 14. The Table



[boo s]

[boo s, boo |
[boo s, boo , name]

4 | [boo s, boo , author]
[boo s, boo , price]
[boo s, pamphlet]
[boo s, pamphlet, name]
[boo s, pamphlet, author]

ig. 1 . The Table

v ey | value
1| -
2 | currency

ig. 1 . The Table

ince XML Lallo suserstospeci  hat le(s) the ishto uer
re uentl e donot ant tolook at each record in the database but onl a subset
o records that correspond to that le ach time ane leis inde ed it recei es

a uni ue identi er that is kno n as the alue This alue corresponds to a

single XML le The table creates a link rom the alue to the name

o the XML document hen a user speci es an XML document hose alue

happens to be  the L generated needs to ha e a condition that onl entries
ith this should be e amined n e ample entr in this table is sho n in
igure

v ey | value
1 | boo s.xml
2 | iit-ir.xml

ig. 17. The Table

The table ( igure ) stores the actual contents o all o the XML les that
ha e been inde ed The column is a uni ue integer assigned to each
element and attribute in a document The column indicates the

alue o the tag that is the parent o the current tag The entr is the alue
corresponding to the primar ke alue in the The column
indicates hether the path terminates ith an element or attribute The
and alues correspond to the primar ke alues in the and

tables respecti el The column indicates the XML document

thisro correspondsto The column is used or wueries that use the inde

e pression eature o XML L and indicates the position o this element relati e
to others under the same parent (starting at ero) This column stores the original
ordering o the input XML or e plicit usage in users ueries



pinndxnum | parent | tag- tag- tag- atr- pin- index- | value
path type name name num pos
1 0 1 E 1 1 1 0
2 1 2 E 2 1 1 0
2 E 1 1 0 The Great Gatsby
4 2 4 E 4 1 1 0 . Scott itzgerald
2 E 1 1 0 .
A 2 1 0 SD
7 1 2 E 2 1 1 0
7 E 1 1 0 Cat in the Hat
7 4 E 4 1 1 0 Dr. Seuss
10 7 E 1 1 0 14.
11 10 A 2 1 0 SD
12 1 E 1 1 0
1 12 7 E 1 1 0 Common Sense
14 12 E 4 1 1 0 Thomas Paine
ig. 1 . The Table

The Translation Process

hile prior ork has de ned methods or storing XML in relational databases it
has not sho n that all eatures o a rich semistructured uer language such as
XML L can be translated into e ui alent L or the gi en schemas sing the
relations described abo e e can translatean XML L uer into the appropriate
L that ill return all o the in ormation re uested b the user ata returned b
the translated L uer isused tocreatea M document ob ect or representing
the XML results The general algorithm or processing a uer block is sho n in
igure This represents a high le el ie o theinner orkingso L enerator
and does not go into detail on the translation o man o the ad anced eatures o
XML L The algorithm processes a uer block hich is a part o the XML L
uer that contains a T T clause and optional clause nitiall
the T T clause is processed b e amining each element in the clause
lements or the contents o the clause are usuall an XML element or ariable that
is used to create a ne XML document These elements are put into a template
that is used later in the XML construction process The optional clause is
processed ne t  the element o the clause is a tag pattern this is stored
in a special data structure the element is a predicate condition this is stored
as a string that can be appended to the generated L nce each tag pattern
has been stored path creation and resolution is the ne t step tag pattern can
represent multiple paths nding these paths is the path creation process path
can contain an e pression to represent a real path such as a leene star nding
all possible paths is path resolution  nce the paths and predicates are kno n the
L can be generated The results obtained b the L are used in con unction

ith the template created rom the T T clause to create the ne XML
onsider a uer sho nin igure
n the uer eseea T T clause enclosing a nested block  hen the
L enerator encounters a T T clause it begins to process its contents

n this e ample the contents consist o another uer block hich ill be stored
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or e ecution until a ter the outer uer block has been processed ince the outer

block is a single T T clause L enerator e ecutes its algorithm again
on the nested uer block The e ample uer speci es a single tag as
the root o the XML results and underit ill bea ariable number o tags

depending on the number o authors ound in books ml  hen the the resulting
authors are obtained rom the translated L uer the template or each author

speci ed b the T T is lled in s stated abo e a clause
consists 0 a number o conditions n thise ample uer the sole condition is a tag
pattern that binds the authors in the document to the ariable This tag

pattern resol es to a single path (some tag patterns can represent multiple paths)
The goal o this uer isto nd each instance o this path in the data source being
searched and bind the alue associated ith it to the speci ed ariable Ilthough
L enerator translates each nested XML L wuer intoe actl one L wuer

a small number o simple L ueries are e ecuted be orehand in order to obtain
metadata necessar or the main translation process or ueries containing regular
path e pressions (this e ample does not) the e pressionisresol edto a set o paths
This is accomplished b doing string comparisons o the alues in the

ith the path e pression in the wuer nce all paths in the uer ha e been
resol ed to kno n paths the integer ke s corresponding to these paths are stored
or later use n this e ample the integer ke associated ith the path is  The
data source or each tag pattern must also be resol ed into numbersb uer ing
the table n our e ample uer the data source is books ml and the
corresponding alue is

ter obtaining the integer ke s o the data source and all o the paths L

enerator has enough in ormation to begin construction o the L wuer that ill
retrie e the desired results in this case all authors restricted to the path gi en in
the wuer located in the le books ml n alias to ane sel oin on the
table is generated or each path This allo s the L enerator to per orm the
con unctions o paths necessar to translate an XML L wuer into a single L

uer The L generated or this uer issho nin igure

liases created or the are labeled as here is an integer

that depends on the number o necessar aliases e see that the conditions e
put on our results as e pressed in the generated L wuer are that the path must
ha ean o and it must be o t pe (an XML lement) Iso alid results
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must ha e a o ensuring that that e onl get results rom the books ml
document t is eas to see that this simple uer ill return all desired author
names  nce the results are returned rom the database L enerator iterates
through the result set and replaces the kno n author names into the template
obtained rom the T T clause The template accepts the current result
and returns a M document ragment  list o these ragments is compiled and
appended to our root document The document is then ormatted and the resulting
XML te t is output to the user

Performance

The L enerator is uni ue in its capacit or scalabilit as it is bound sole
b the scalabilit o the underl ing database er ormance o inde ing the XML
documents is solel a unction o the XML parser used and time re uired to insert a
ro into the database or each path in each document Thist picall takesrelati el
little time being bounded b the capabilit o the relational database engine

uer translation is inconse uential compared to uer e ecution time side rom
some metadata lookup wueries the L enerator makes e er e ort to combine
the ke processing into a single L statement allo ing the database to per orm
an possible optimi ations The onl XML L eature hich re uire more than
one L wuer isnested ueries re uiring one L wuer per nested uer

einde ed a collection o roughl o XML documents hich corresponds
to a tableo o er millionro s igure contains a subset o the ueries
rom our regression test suite ha ing arious eatures discussed in this paper and
their e ecution time (in seconds) These ueries eree ecuted using a M L
database running on a un ith o M and M ltrasparc
s using a single dri e The rst uer binds one ariable to a path and

uses this ariable in the T T to create XML results ith one element
each The second uer binds the alue o an attribute as ell as binds the alue o
t o paths The attribute and t o element alues are used in the T T to
produce results ith three elements all at the same depth The rst predicate uer
binds one ariable to a path and places one relational condition on that ariable
The ariable is used in the T T to create results ith one element The
second predicate condition is similar to the rst butt o conditions are placed on the
ariable to that it must all ithin a certain range The th wuer binds ariables
to paths using T binding meaning that the contents o the path are not
reconstructed manuall but simpl looked up using a column in the table
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oc du

o a elements in the C ST CT do

10: i Contents is a nested Query loc t n
Query loc
element
nd i
nd o

i This Query loc contains a WHE E clauset n

o a Conditions in the WHE E clause do
i The condition is a TagPattern t n
this TagPattern
20:
this predicate
nd i
nd o
o a Elements in do
uild a from this TagPattern
all resolved paths from
Assign aliases to the table for each element in
o a in do
has a variable or literal bound within it t
a value column for the alias

i n

nd i
predicate to enforce the data source

predicate to require presence of this path

nd o
nd o
o a Itemsin do
ind table alias for variable in predicate
translated predicate

nd o
40:  construct SQL from and
execution of SQL
nd i
o a in do
se to replace all non-static items in

nd o

o a nested Query loc s do
eplace into

0: nd o
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eature Execution Time s
1: asic functionality 0
1 path, 7 42 results
2: Attribute binding 1170
2 paths, 1 result
: Predicate conditions 14
1 path, 17 00 results
4: Predicate conditions 7
1 path, 1147  results
: PCDATA binding 72
2 paths, 10 4 results
: Kleene star expression 0
1 path, 1 7 results
7: C ST CT formatting | 2
2 paths, results

The leene star uer usesa leene star as the contents o an element to represent
an element or number o elements hose parent element and child element match

the other t o elements in the uer ariable is bound to the resulting paths
and used in the T T inall the T T ormatting uer binds
t o ariables to paths and uses them in the T T o eer thereisa
ormatting string located ithin the T T that separates thet o ariables

This ormatting string causes a ne line and tab character to be placed in bet een
the alues o the ariables
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