CSE544
XML, XQuery

Monday+Wednesday,
April 11+13, 2004

Announcements

Readings:

Simeon, Wadler: The essence of XML. POPL 2003. Review due
Wednesday

¢ J. Shanmugasundaram, K. Tufte, C. Zhang, G. He, D. J. DeWwitt, J. F.

Naughton. Relationa Databases for Querying XML Documents: Limitations
and Opportunities VLDB 1999. Review due on Monday

« Other suggested readings:

— http://www.xml.com/pub/a/98/10/guide0.html
— http://www.w3.0rg/TR/2003/WD-xquery-use-cases-20030502/

* Guest Lecturer: Alan Fekete, Transactions, Monday, Wednesday

Outline

¢ XML: syntax, semantics, data, DTDs
* XPath

* Xquery

XML Syntax

« tags: book, title, author, ...

* start tag: <book>, end tag: </book>

* elements: <book>...<book>,<author>...</author>
 elementsare nested

» empty element: <red></red> abbrv. <red/>

» an XML document: single root element

well formed XML document: if it has matching tags

XML Syntax

<book price =“55" currency = “USD" >
<title> Foundations of Databases </title>
<author> Abiteboul </author>

<year> 1995 </year>
</book>

attributes are alternative ways to represent data
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XML Syntax

<person id="0555"> <name> Jane </name> </person>
<person id="0456"> <name> Mary </name>
<children idref="0123 0555"/>

</person>

<person id="0123" mother="0456"><name>John</name>

</person>

oids and references in XML are just syntax




XML Semantics. aTree!

Attribute node

<data>

<personid="0555" >
<name> Mary </name>

<address>

<street> Maple </street>
<no> 345 </no>
<dity> Seattle </city>

<laddress>
</person>
<person>

<name> John </name>
<arddress> Thailand </address>
<phone> 23456 </phone>

</person>
</data>

Order matters !!! 7

XML Data

XML is self-describing

¢ Schema elements become part of the data
— Reational schema: persons(name,phone)

—In XML <persons>, <name>, <phone> are part
of the data, and are repeated many times

¢ Consequence: XML is much more flexible

¢ XML = semistructured data

Relational Dataas XML

XML:
person
T ’ I
name |phone / \ /\
John 3634 namé  phone' name phdne ¥ hame  Phone
“John” 3634 “Sue” 6343 “Dick" 6363
Sue 6343
Dick 6363 <person>
<row> <name>John</name>
<phone> 3634</phone></row>
<row> <name>Sue</name>
<phone> 6343</phone>
<row> <name>Dick</name>
<phone> 6363</phone></row>
</person>

XML is Semi-structured Data

» Missing attributes:

<person> <name> John</name>
</person>

<person> <name>Joe</name>
</person>

<phone>1234</phone>

no phone!

» Could represent in

atablewith nulls

name | phone

John 1234
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XML is Semi-structured Data

* Repested attributes

<person> <name> Mary</name>
<phone>2345</phone>
<phone>3456</phone> two phones!
</person>

* Impossiblein tables:

name | phone
May | 2345 | 3456 ”?

XML is Semi-structured Data

« Attributes with different types in different objects

<person> <name> <first> John </first>

</name>
<phone>1234</phone>
</person>

<last> Smith </last>

structured name !

* Nested collections (non INF)
« Heterogeneous collections:

— <db> contains both <book>s and <publisher>s

12




Document Type Definitions

DTD

« Part of the original XML specification
To be replaced by XML Schema
— Much more complex
An XML document may have aDTD
¢ XML document:
well-formed = if tags are correctly closed
Valid = if ithasaDTD and conformsto it
Validation is useful in data exchange

Very Simple DTD

<IDOCTYPE company [

<IELEMENT company ((person|product)*)>
<IELEMENT person (ssn, name, office, phone?)>
<IELEMENT ssn (#PCDATA)>
<I[ELEMENT name (#PCDATA)>
<IELEMENT office  (#PCDATA)>
<IELEMENT phone (#PCDATA)>
<IELEMENT product (pid, name, description?)>
<IELEMENT pid (#PCDATA)>

<IELEMENT description (#PCDATA)>

>
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Very Simple DTD

Example of valid XML document:

<company>

<person> <ssn> 123456789 </ssn>
<name> John </name>
<office> B432 </office>
<phone> 1234 </phone>

</person>

<person> <ssn> 987654321 </ssn>
<name> Jim </name>
<office> B123 </office>

</person>

<product> ... </product>

</company>

DTD: The Content Model

| <IELEMENT tag (CONTENT)> |

content
« Content model: model

— Complex = aregular expression over other elements
— Text-only = #PCDATA

— Empty = EMPTY

— Any = ANY

— Mixed content = (#PCDATA |A | B | C)*
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DTD: Regular Expressions

— s

<IELEMENT name I <neme> "V N
) <firstName> ... <ffirstName>
(irstname, astame) | ) S Haaames
</name>
optional
‘ <IELEMENT name (firstName?, lastName)) I
<person>
<name> </name>
Kleene star <phone> <Iphone>
<phone> </phone>
‘ <IELEMENT person (name, phone*)) I |::> <phone> ... <Iphone>

alternation <lperson>
‘ <IELEMENT person (name, (phone|email))) I 17

Very Simple DTD

<IDOCTYPE company [

<IELEMENT company ((person|product)*)>
<IELEMENT person (ssn, name, office, phone?)>
<IELEMENT ssn (#PCDATA)>
<I[ELEMENT name (#PCDATA)>
<IELEMENT office  (#PCDATA)>
<IELEMENT phone (#PCDATA)>
<IELEMENT product (pid, name, description?)>
<IELEMENT pid (#PCDATA)>

<IELEMENT description (#PCDATA)>
>

18




Very Simple DTD

Example of valid XML document:

<company>

<person> <ssn> 123456789 </ssn>
<name> John </name>
<office> B432 </office>
<phone> 1234 </phone>

</person>

<person> <ssn> 987654321 </ssn>
<name> Jim </name>
<office> B123 </office>

</person>

<product> ... </product>

</company>

Attributesin DTDs

<IELEMENT person (ssn, name, office, phone?)>
<IATTLIST person age CDATA #REQUIRED>

<person age="25">
<name> ....</name>

Attributesin DTDs

<IELEMENT person (ssn, name, office, phone?)>

<IATTLIST person age CDATA #REQUIRED
id ID #REQUIRED
manager IDREF #REQUIRED
manages IDREFS #REQUIRED

</person>
20
Attributesin DTDs
Types:
*« CDATA = string
« ID =key
« IDREF = foreign key
« |IDREFS = foreign keys separated by space
« (Monday | Wednesday | Friday) = enumeration
« NMTOKEN =must beavalid XML name
« NMTOKENS =multiple vaid XML names
« ENTITY = you don’t want to know this
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>
<person age="25"
id="p29432"
manager="p48293" manages="p34982 p423234">
<name> ....</name>
<lpe}'s'on>
Attributesin DTDs
Kind:
* #REQUIRED
* #MPLIED = optional
 value = default value

* value#FIXED

the only value alowed

Using DTDs

Must include in the XML document
Either include the entire DTD:
—<IDOCTYPE rootElement [ ....... 1>
¢ Orinclude areferencetoit:

— <IDOCTY PE rootElement SYSTEM

“http://www.mydtd.org” >

¢ Or mix thetwo... (e.g. to override the
external definition)
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Querying XML Data Sample Datafor Queries

<bib>
<book> <publisher> Addison-Wesley </publisher>
<author> Serge Abiteboul </author>

» XPath = simple navigation through the tree <author> first-name> Rick </firs-name>
<last-name> Hull </last-name>
</author>
<a_uthor> Victqr Vianu </author> )
+ XQuery = the SQL of XML S 1o0n e DcbesEs SIle
</book>

<book price="55">
<publisher> Freeman </publisher>

e XSLT =recursive traversa <athor> Jeffrey D. Ullman </author>
. . . <title> Principles of Database and K nowledge Base Systems </title>
—will not discussin class <year> 1998 </year>
</book>
% </bib> 2%

Data Modél for XPath XPath: Simple Expressions

Result: <year> 1995 </year>
<year> 1998 </year>

/bib/paper/year

Result: empty (there were no papers)

Addison-Wesley Serge Abiteboul

XPath: Restricted Kleene Closure Xpath: Text Nodes

/1author /bib/book/author/text() |
Result:<author> Serge Abiteboul </author> Result:  Serge Abiteboul
<author> <first-name> Rick </first-name> Victor Vianu
<last-name> Hull </last-name> Jeffrey D. Ullman
</author>

<author> Victor Vianu </author> Rick Hull doesn't appear because he has firstname, |astname

<author> Jeffrey D. Ullman </author>
Functions in XPeth:

— text() =matchesthe text vaue

— node() = matchesany node (= * or @* or text())

Ibibl/first-name || Rick </first-name> — name() = returnsthe name of the current tag




X path: Wildcard

[lauthor/*

Result: <first-name> Rick </first-name>
<last-name> Hull </last-name>

* Matches any element

Xpath: Attribute Nodes

Result: “55”

@price means that priceis hasto be an
attribute
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Xpath: Predicates

Ibib/book/author{firstname] |

Result: <author> <first-name> Rick </first-name>
<last-name> Hull </last-name>
</author>

Xpath: More Predicates

/bib/book/author[firstname][address] .//zip] [ city]]/lastname I

Result: <lastname> ... </lastname>

<lastname> ... </lastname>

Xpath: More Predicates

| /bib/book @price < 60] |

| /bib/book[author/@age < 25] |

| /bib/book[author/text()] |

Xpath: Summary
bib matches abib element
* matches any element
/ matches the root element
/bib matches abib element under root
bib/paper matches apaper in bib
bib//paper matches apaper in bib, at any depth
Ilpaper matches a paper at any depth
paper|book matches a paper or abook
@price matches a price attribute

bib/book/@price matches price attribute in book, in bib
bib/book/[ @price<“55"]/author/lastname matches...

36




XQuery

¢ Based on Quilt, which is based on XML-QL

¢ Uses XPath to express more complex
gueries

FLWR (“Flower”) Expressions

WHERE...
RETURN...

38

Sample Datafor Queries (more

or |ess)
<bib> 7

<book> <publisher> Addison-Wesley </publisher>
<author> Serge Abiteboul </author>
<author> <first-name> Rick </first-name>

<last-name> Hull </last-name>

<[author>
<author> Victor Vianu </author>
<title> Foundations of Databases </title>
<year> 1995 </year>

</book>

<book price="55">
<publisher> Freeman </publisher>
<author> Jeffrey D. Ullman </author>
<title> Principles of Database and K nowledge Base Systems </title>
<year> 1998 </year>

</book>

</bib>

FOR-WHERE-RETURN

Find all book titles published after 1995:

FOR $x IN document(*bib.xml")/bib/book
WHERE $x/year/text() > 1995
RETURN $x/title

Result:
<title> abc </title>
<title> def </title>
<title> ghi </title> ©

FOR-WHERE-RETURN

Equivalently (perhaps more geekish)

FOR $x IN document("bib.xml")/bib/book[year/text() > 1995] ftitle

RETURN $x

FOR-WHERE-RETURN

« Find al book titles and the year when they
were published:

And even shorter:

| document("bib.xmi")/bib/book[year/text() > 1995] fitle |

FOR $x IN document("'bib.xml")/bib/book
RETURN <answer>
<what>{ $x/title/text() } </what>
<when>{ $x/year/text() } </when>
</answer>

We can construct whatever XML results we want !
42




Answer

<answer>
<what> How to cook a Turkey </what>
<when> 2003 </when>

</answer>

<answer>
<what> Cooking While Watching TV </what>
<when> 2004 </when>

</answer>

<answer>
<what> Turkeys on TV</what>
<when> 2002 </when>

</answer>

FOR-WHERE-RETURN

¢ Noticetheuse of “{* and “}”
¢ What isthe result without them ?

FOR $x IN document("bib.xmi")/bib/book
RETURN <answer>
<title> $xftitleftext() <ftitle>
<year> $x/year/text() </year>
</answer>

XQuery: Nesting

For each author of abook by Morgan
Kaufmann, list all books she published:

FOR $b IN document(* bib.xml")/bib,
$a IN $b/book[publisher /text()="Morgan Kaufmann"]/author
RETURN <result>

$a,
FOR $t IN $b/book[author/text()=$a'text()] /title
RETURN $t

}

</result>

Inthe RETURN clause comma concatenates XML fragments ss

XQuery

Result:

<result>
<author>Jones</author>
<title> abc </title>
<title> def </title>
</result>
<result>
<author> Smith </author>
<title> ghi </title>
</result>

Aqggregates

Find all books with more than 3 authors:

FOR $x IN document("bib.xml")/bib/book
WHERE count($x/author)>3
RETURN $x

count = a function that counts

avg = computes the average

sum = computes the sum
distinct-values = eliminates duplicates

Aqggregates

Same thing:

FOR $x IN document("bib.xml")/bib/book[ count(author)>3]
RETURN $x




Aggregates

Print all authors who published more than 3
books

FOR $b IN document("bib.xmI")/bib,

$a IN $b/book/author/text())
WHERE count($b/book[author/text()=$a)>3
RETURN <author> { $a} </author>

What's wrong ?

Aggregates

Be aware of duplicates!

FOR $b IN document("'bib.xml")/bib,

RETURN <author>{ $a} </author>

$aIN distinct-values($b/book/author/text())
WHERE count($b/book[author/text()=$a)>3

50

XQuery

Find books whose priceis larger than average:

FOR $b in document(*bib.xml”)/bib
LET $a:=avg($b/book/price/text())
FOR $x in $b/book

WHERE $x/priceltext() > $a
RETURN $x

LET binds a variable to one value;
FOR iterates a variable over alist of values
We will come back to that

FOR-WHERE-RETURN

* “Hatten” the authors, i.e. return alist of

(author, title) pairs

FOR $b IN document("bib.xml")/bib/book,
$x IN $bititle/text(),
$y IN $b/author/text()
RETURN <answer>
<title> { $x } <ftitle>
<author>{ $y } </author>
</answer>

Answer:
<answer>
<title> abc </title>
<author> efg </author>
</answer>
<answer>
<title> abc </title>
<author> hkj </author>
</answer>
52

FOR-WHERE-RETURN

» For each author, return al book titles he/she

wrote
Answer:
FOR $b IN document("bib.xmi")/bib, S athor> efg </athor>

$x IN $b/book/author/text() <title> abc <ftitle>

RETURN <title> kim </title>
<answer> e
<author> { $x } </author> <fanswer>
{ FOR $y IN $b/book[author/text()=$x]/title
RETURN $y } What about
</answer> duplicate

authors ?

FOR-WHERE-RETURN

¢ Same, but eliminate duplicate authors:

FOR $b IN document(*bib.xml")/bib

FOR $x IN $a
RETURN
<answer>
<author> $x </author>

RETURN $y }
</answer>

LET $a:= distinct-val ues($b/book/author/text())

{ FOR $y IN $b/book[author/text()=$x]/title




FOR-WHERE-RETURN

¢ Samething:

FOR $b IN document("bib.xml")/bib,
$x IN distinct-val ues($b/book/author/text())
RETURN
<answer>
<author> $x </author>
{ FOR $y IN $b/book[author/text()=$x]/title
RETURN $y }
</answer>

Answers

<answer>
<name> abc </name>
<price> 7 </price>
</answer>
abc 7 <answer=>
<name> def </name>
def 23 <price> 23 </price>
</answer>

Name | Price

Notice: thisisNOT a
well-formed document !

(WHY 222) s

SQL and XQuery Side-by-side

Product(pid, name, maker, price) i?tdb?,”p’:irggum names, prices,

x.price ORDER BY $x/price/text()
FROM Product x RETURN <answer> _
ORDER BY x.price { $x/name, $x/price}

SELECT x.name, FOR $x in document(* db.xml” )/db/Product/row

56

Producing a Well-Formed
Answer

<myQuery>
{ FOR $x in document(* db.xml")/db/Product/row
ORDER BY $x/priceftext()
RETURN <answer>
{ $x/name, $x/price}
</answer>
}
</myQuery>

58

Xquery’s Answer

<myQuery>
<answer>
<name> abc </name>
<price> 7 </price>
</answer>
<answer>
<name> def </name>
<price> 23 </price>
</answer>

Now it is well-formed !

</myQuery>

SQL and XQuery Side-by-side
d id, , maker, pri . .
zr:m;(;trsszci drja:ﬂla;e’ citj g]lgﬁ&a) Find all products made in Seattle

FOR $r in document(* db.xml”)/db,

SELECT x.name $x in $r/Product/row,
FROM Product x, Company y WHEgEm $r/Company/row
WHERE x.maker=y.cid ~ )

and y.city="Seattle” $x/maker/text()=$y/cid/text()

and Sy/city/text() = “ Seattle”
ETURN { $x/name}
XQuery

FOR $y in /db/Company/row[city/text()=" Seattle"],
Cool $x in /db/Product/row] maker/text()=$y/cid/text()]
XQuery /| RETURN { $x/name}

10



<product>
<row> <pid> 123 </pid>
<name> abc </name>
<maker> efg </maker>
</row>
<row> .... </row>

</product>
<product>

</product>

SQL and XQuery Side-by-side

For each company with revenues < 1M count the products over $100

SELECT y.name, count(*)
FROM Product x, Company y

WHERE x.price > 100 and x.maker=y.cid and y.revenue < 1000000

GROUP BY y.cid, y.name

FOR $r in document(*db.xml”)/db,
$y in $r/Company/row[revenue/text()<1000000]
RETURN
<proudCompany>
<companyName> { $y/name/text() } </companyName>
<numberOfExpensiveProducts>

{ count($r/Product/row[maker/text()=$y/cid/text()][price/text()>100]) }

</numberOf ExpensiveProducts>
</proudCompany>

SQL and XQuery Side-by-side
Find companies with at least 30 products, and their average price

SELECT y.name, avg(x.price)
FROM Product x, Company y An element
WHERE x.maker=y.cid

GROUPBY y.cid, y.name [ FOR $r jédocument(* db.xmi”)/chb,
HAVING count(*) > 30 $y in $r/Company/row

FWHERE count($p) > 30
A collection RETURN
<theCompany>

<companyName> { $y/name/text() }
</companyName>

</theCompany>

LET $p := $r/Product/row[maker/text()=$y/cid/text()]

<avgPrice> avg($p/priceftext()) </avgPrice>

FORv.s LET

FOR
¢ Bindsnodevariables iteration

LET
¢ Bindscollectionvariables onevaue

FORv.s. LET

Returns:

XQuery

Summary:

FOR $x IN /bib/book

RETURN <result> { $x } </result>

<result> <book>...</book></result>
<result> <book>...</book></result>

<result> <book>...</book></result>

LET $x := /bib/book Retumns:
<result> <book>...</book>
RETURN <result> { $x } </result> resu <bmk>m</b£k>
<book>...</book>
resilt>

¢ FOR-LET-WHERE-RETURN = FLWR

l List of tuples
WHERE Clause
l List of tuples

RETURN Clause

Instance of Xquery data nfdel

11



Collections in XQuery

* Ordered and unordered collections
— /bib/book/author/text() = an ordered collection: result is
in document order
— distinct-val ues(/bib/book/author/text()) = an unordered
collection: the output order is implementation dependent

» LET $a:=/bib/book $aisacollection

» $b/author  acollection (several authors...)
Returns:
| RETURN <result> { $b/avthor } </result> | <> <asthor> <ahor>

<author>...</author>
<author>...</author>

67

<Iresult>

XML from/to Relational Data

e XML publishing:
—relational data XML
* XML storage:
— XML  relational data

68

Client/server DB Apps

XML Publishing

Tuple
streams

i XML 2
c
Xpath/
XQuery o

XML Publishing

¢ Relationa schema:
Student(sid, name, address)
Course(cid, title, room)
Enrall(sid, cid, grade)

XML Publishing

<xmiview>
<course> <title> Operating Systems </title>
<room> MGH084 </room>

<student> <name> John </name> Group by
<address> Sesttle </address > .
<grade> 3.8 </grade> courses:
</student> redundant
<student> ...</student> reprmtati on
<lcourse> of students

<course> <title> Database </title>
<room> EE045 </room>
<student> <name> Mary </name>
<address> Shoreline </address >

<grade> 3.9 </grade>
</student> Other .
<student> ... </student> representations
omrses possible too
72
</xmlview>
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XML Publishing

First thing to do: design the DTD:

<IELEMENT xmlview (course*)>
<IELEMENT course (title, room, student*)>
<IELEMENT student (name,address,grade)>
<IELEMENT name (#PCDATA)>
<IELEMENT address (#PCDATA)>
<IELEMENT grade (#PCDATA)>
<IELEMENT title  (#PCDATA)>

Now we write an XQuery to export relational data XML
Note: result isistheright DTD

<xmlview>
{ FOR $x IN /db/Coursefrow
RETURN
<course>
<titte> { $xftitleltext() } <ftitle>
<room> { $x/roomvtext() } </room>
{ FOR $y IN /db/Enroll/row[cid/text() = $x/cid/text()]
$z IN /db/Student/row[sid/text() = $y/sid/text()]
RETURN <student> <name> { $z/nameftext() } </name>
<address> { $z/address'text() } </address>
<grade> { $y/gradeftext() } </grade>
</student>

</course>

</xmlview> 4

XML Publishing

Query: find Mary’s grade in Operating Systems

XQuery

FOR $x IN /xmlview/courseltitle/text()=" Operating Systems’],
$y IN $x/student/[name/text()="Mary"]

RETURN <answer> $y/grade/text() </answer>

Can be done
o p =)

SELECT Enroll.grade
FROM Student, Enroll, Course
WHERE Student.name="Mary” and Course.title="0S’
and Student.sid = Enroll.sid and Enroll.cid = Course.cid

XML Publishing

How do we choose the output structure ?
« Determined by agreement with partners/users
¢ Or dictated by committees

— XML dialects (called applications) = DTDs

« XML Datais often nested, irregular, etc
* No normal formsfor XML

76

XML Storage

» Most often the XML datais small

— E.g. aSOAP message

— Parsed directly into the application (DOM API)
» Sometimes XML dataislarge

— need to store/process it in a database
e The XML storage problem:

— How do we choose the schema of the database ?

XML Storage

Three solutions:
¢ Schema derived from DTD
e Storing XML as a graph: “Edge relation”
e StoreitasaBLOB
— Simple, boring, inefficient
—Won't discussin class

78
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Designing a Schemafrom DTD

Design arelational schemafor:

<IDOCTYPE company [

<IELEMENT company ((person|product)*)>
<IELEMENT person (ssn, name, office?, phone*)>
<!ELEMENT ssn (#PCDATA)>

<IELEMENT name  (#PCDATA)>

<IELEMENT office  (#PCDATA)>

<IELEMENT phone  (#PCDATA)>

<IELEMENT product (pid, name, ((price,availability)|description))>
<IELEMENT pid ~ (#PCDATA)>

<IELEMENT description  (#PCDATA)>

1>

Designing a Schemafrom DTD

First, construct
the DTD graph:

Weignore

Designing a Schemafrom DTD

Next, design the
relational schema,
using common sense.

Person(ssn, name, office)

Phone(ssn, phone)
Product(pid, name, price, avail., descr.)

Which attributes may be NULL ? (Look at the DTD) 81

Designing a Schemafrom DTD

What happens to queries:

FOR $x IN /company/product[description]
RETURN <answer> { $x/name, $x/description} </answer>

J

SELECT Product.name, Product.description
FROM  Product
WHERE Product.description ISNOT NULL

82

Storing XML as a Graph

Sometimes we don’t have aDTD:
* How can we store the XML data ?

Every XML instanceisatree
« Store the edgesin an Edge table
« Storethe #°PCDATA inaValuetable

Storing XML as a Graph

Canbe ANY | X
XML data
(don’t know DTD) 5 BooR) .
3 4 6 7 8
Edge ol e hanber || HTr ansact | Ofsey nst ei Newcomer kg oo O

Processi ng”

to DB2'
Source Tag Dest

0 db 1

1 book 2 Value

2 title 3

2 author 4 Source va

1 book 5 3 Completeguide. ..
5 title 6 4 Chamberlin

5 author 7 6




Storing XML as a Graph Storing XML as a Graph

A 6-way join I!!

What happens to queries:

What happens to queries:
FOR $x IN /db/book[author/text()=" Chamberlin”]

RETURN $x/title SELECT vtitle.value

FROM Edge xdb, Edge xbook, Edge xauthor, Edge xtitle,
xdb Value vauthor, Value vtitle

WHERE xdb.source = 0 and xdb.tag = ‘db’
xbook and xdb.dest = xbook.source and xbook.tag = ‘book’
and xbook.dest = xauthor.source  and xauthor.tag = ‘author’
xauthor xtitle and xbook.dest = xtitle.source and xtitle.tag = ‘title’
@ and xauthor.dest = vauthor.source and vauthor.value = ‘Chamberlin”
and xtitle.dest = vtitle.source
“Chamberlin” Return value
vauthor iitle & &

Storing XML as a Graph Other XML Topics
Edge relation summary: * Name spaces
« Samerelational schema for every XML document: « XML API:
Edge(Source, Tag, Dest) — DOM = “Document Object Model”
Value(Source, Val) * XML languages:
* Generic: works for every XML instance — XSLT
* Butinefficient: * XML Schema
— Repeat tags multiple times « Xlink, X Pointer
— Need many joins to reconstruct data « SOAP
Available from www.w3.0rg
(but don't spend rest of your life
reading those standards !)
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* Processing:
— Query languages (XML-QL, a precursor of XQuery)
— Tukwila
— XML updates
« XML publishing/storage
— SilkRoute:  silkroute.sourceforge.net
— STORED
« XML tools
— XML Compressor: Xmill - avery popular tool
— XML Toolkit (xsort, xagg, xgrep, xtransf, etc): xmltk.sourceforge.net
* Theory:
— Typechecking
— Xpath, Xquery containment




