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Introduction to xml



xml: principles

syntax for labeled (at nodes) trees:
platform and language independent

application independent. documents and data

generic tools, languages and libraries:
parsers, pretty-printers
transformation and query languages
schema languages and validators



xml: structure (1)

elements
name (namespace)

attributes
name (namespace)
value: string, int, tokens

character data
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running example

<resul ts>
<| ecture>
<dat €>2003- 01- 06</ dat e>
<resul t> <nr>9512721</nr> <sufficient/>
<result> <nr>9609911</nr> <sufficient/>
<resul t> <nr>0241679</ nr> <good/ >
</l ecture>

<l ecture>
<dat e>2003- 01- 10</ dat e>
<resul t> <nr>9704337</ nr> <good/ >
<result> <nr>9708928</nr> <sufficient/>
</l ecture>
</results>

</result>
</result>
</result>

</result>
</result>

° ° °
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Xml: syntax

<| ect ure>
<dat e>2003- 01- 10</ dat e>

<result>
<nr >9704337</ nr >
<good/ >
</result>

<result>
<nr >9708928</ nr >
<sufficient/>
</result>
</l ecture>

° ° °
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xml: treeview

"9704337" "9708928"
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xml: application

exchange of structured, tree-like data between
software components

In different languages
on different platforms
at different locations
In different locales

note the similar application of aterms



the evolution of a language?

xml is often bashed for being a verbose,
overhyped piece of crap.

why?



the evolution of a language?

Descartes

20



the evolution of a language?

Church

NL.22



the evolution of a language?

McCarthy
(lanbda (x) (* 2 X))



the evolution of a language?

W3C

<l anbda-ternp
<var-list>
<var >x</ var >
</var-1list>
<application>
<const >*</ const >
<ar gs>
<const >2</ const >
<var >x</ var >
</ ar gs>
</ application>
</| anbda-ter nmr
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the evolution of a language?

CWI

| anmbda-t er n{
var-list( [ var("x") ] )
, application(
const("*")
, args( [ const(2), var("x") ] )
)
)
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1ISXml| ver bose?

yes, but
compare xml to abstract syntax, not concrete
do not write xm|

unfortunately
used as a concrete syntax

use of concrete syntax in xml
Xpath, xml schema regexps, css, svg path data

use of ‘structure’ in attribute values
namespace prefix, tokens
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generation of xml



generation of xml: syntax

xml Is just syntax: need a syntax definition to
generate xml with concrete syntax for xml.

"<" QNanme Attributer "/>"
-> El enent {cons("EnptyEl enent")}

"<" QNane Attribute* ">" Content* "</" QNane ">"
-> El enent {cons("El ement")}

QNane "=" AttVal ue
-> Attribute {cons("Attribute")}
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Xxml In stratego

1 %Il
mn %Il
1 %Il

" <o
" <o
" <o
" <o

1 <%l
n <%l

1 <%l

1 <%l

Docunent
Cont ent
Content *

Strategy
Strategy

1 <%l
mn <%l
1 <%l

Strategy "::"

Strategy

Strategy

Strategy "::"

Strategy

Strategy

-> StrategoTerm {cons(" ToTern')}

-> StrategoTerm {cons("ToTerm'),

prefer}

-> StrategoTerm {cons(" ToTern')}

"content”

"% n

"content*"

"cdat a"

Dy
gy
>
gy

1 %Il
mn %Il
1 %Il

1 %Il

->
->
- >
->

S

->

Cont ent
Cont ent
Cont ent *
Cont ent *

Attri bute
Attri but e*

At t Val ue

Char Dat a

{cons(" FromApp")}
{cons(" FromApp")}
{cons(" FromApp")}
{cons(" FromApp")}

{cons(" FromApp")}
{cons(" FromApp")}
{cons(" FromApp")}

{cons(" FromApp")}
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hello world

| O
<?xm version="1.0"7?7>

<htm xm ns="http://ww.w3. org/ 1999/ xhtm ">
<head>
<title>Hell o world</title>
</ head>
<body>
<hl>Hel | o worl d! </ hl>
<p>
This page is generated by
<a href="http://ww.stratego-I| anguage. org">Str at ego</ a>
at <%create-tine :: cdata %
</ p>
</ body>
</htm >
<%
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transfor mation of xml



how to transform?

Can we transform xml with concrete syntax? No!

xml syntax contains many irrelevant details:
attribute order
default attributes
namespace prefix
optional content
comments, processing instructions
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what to transform?

xml - xml syntax
xml-info - xml document
data - data of an xml document



running example

<resul ts>
<| ecture>
<dat €>2003- 01- 06</ dat e>
<resul t> <nr>9512721</nr> <sufficient/>
<result> <nr>9609911</nr> <sufficient/>
<resul t> <nr>0241679</ nr> <good/ >
</l ecture>

<l ecture>
<dat e>2003- 01- 10</ dat e>
<resul t> <nr>9704337</ nr> <good/ >
<result> <nr>9708928</nr> <sufficient/>
</l ecture>
</results>

</result>
</result>
</result>

</result>
</result>

° ° °
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running example: xmi

Docunent (
Pr ol ogue(None, [], None)
, El ement (QNarmre(None, "results"), [],
[ El ement (QNane( None, "lecture"), [],
[ El ement (QNane( None, "date"), []
, [ Text("2003-01-06") ]
, QName( None, "date")
)
, El enent (QName(None, "result"), []
, [ El ement (QNane(None, "nr"), []
, [ Text("9512721") ]
, QNanme(None, "nr"))
, Enpt yElI enent (QNane( None, "sufficient"), [])

]
, ONane(None, "result")

)

° ° °
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running example: xmil-info

Docunent (
El enent (Name( None, "results"), []
, [ El enent (Nane(None, "lecture"), []
, [ El ement (Nanme(None, "date"), []
, [ Text("2003-01-06") ])
, El ement (Nane(None, "result"), []
, [ El enent (Nanme(None, "nr"), []
, [ Text("9512721") ])
, El enent (Nanme(None, "sufficient"), [], [])
1)
, El enment (Nane(None, "result"), []
, [ El enent (Name(None, "nr"), []
, [ Text("9609911") ])
, El ement (Name(None, "sufficient"), [], [])

1)

° ° °
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signature of xml-info

nodul e xm -info
| nports option

si gnat ure
constructors
Docunent : El enent -> Docunent

Attribute : Name * String -> Attribute
El ement . Nane * List(Attribute) * List(Content) -> El enent

Name . Option(Nanmespace) * String -> Nane
Namespace : String -> Nanespace

/'l El enent -> Content
El ement . Nanme * List(Attribute) * List(Content) -> Content
Text . String -> Content

° ° ° ° ° ° ° ° °
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running example: data

resul ts(
| ect ure(
dat e("2003-01-06")
, result(nr("9512721"), sufficient)
, result(nr("9609911"), sufficient)
, result(nr("0241679"), good)

, lecture(
dat e(" 2003-01-10")
, result(nr("9704337"), good)
, result(nr("9708928"), sufficient)

° ° °
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running example: data signature?

nmodul e resul t s-dat a

si gnat ure
constructors

results . Lecture * Lecture * ... -> Results
| ecture . Date * Result * Result * ... -> Lecture
dat e . String -> Date
resul t . Nunmber * Mark -> Result
nr . String -> Nunber
good . Mark
sufficient . Mar k

I nsufficient : Mark

° ° ° ° ° ° ° ° °
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xml-info — data

xm -info2data =
?Docunent ( <i d>)
; topdown-wannos( try(l npl ode) )

| npl ode:
El ement (Name(_, s), [atts*], children) -> s#(children){atts*}

| npl ode:
Text(s) -> s

| npl ode:
Attribute(Nanme(_, s), value) -> (s, val ue)

t opdown- wannos(s) =
rec Xx(
topdown(s; id{map(x)} )

° ° ° ° ° ° ° ° °
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Xxml| ~ aterm

How similar are xml and aterm?
node labeled trees
regular tree languages and grammars
‘extensible’
exchange of data: used In very similar ways
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Xxml| ~ aterm

aterm instances are more structured
aterm: list, tuples
aterm: string, int, real, blob
xml: attributes not structured
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running example: data

resul ts(
[ lecture(
dat e(" 2003- 01- 06")
, [ result(nr(9512721), sufficient)
, result(nr(9609911), sufficient)
, result(nr(241679), good)

]
)

, lecture(
dat e("2003-01-10")
, [ result(nr(9704337), good)
, result(nr(9708928), sufficient)

]

° ° °
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Xxml| ~ aterm

different conventions
Xml: namespaces

aterm: annotations not used for non-structural
Information

xml: interleaving, mixed-content
stratego: optional data with Qpt i on
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structuring xml

Xml documents can be structured by creating an
Interpretation against a schema.
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Xxml schema languages



why schema languages?

xml: create your own markup language

schemas define:

—
=

SC
SC

Va

your own markup language
a set of permissible xml documents
like context-free grammars define a set of strings

nema language: language for defining
nemas

idation of instance documents
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running example: DTD

<IELEMENT results (lecture*)>
<! ELEMENT | ecture (date, result*)>
<! ELEMENT dat e ( #PCDATA) >

<IELEMENT result (nr, (good | sufficient | insufficient))>
<! ELEMENT nr (#PCDATA) >

<! ELEMENT good EMPTY>
< ELEMENT suffi ci ent EMPTY>
<| ELEMENT i1 nsufficient EMPTY>

° ° ° ° ° ° ° ° °
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running example: W3C XML Schema

<xSs:schema ...>
<xs: el ement nanme="results">
<xs: conpl exType>
<XS: seguence>
<xs:element m nCccurs="0" maxQccur s="unbounded" ref="|ecture"/>
</ Xs: sequence>
</ xs: conpl exType>
</ xs: el enent >

<xs: el ement nanme="I|ecture">
<xs: conpl exType>
<XS: sequence>
<xs:elenment ref="date"/>
<xs:elenment m nCccurs="0" maxQccur s="unbounded" ref="result"/>
</ Xxs: sequence>
</ xs: conpl exType>
</ xs: el enent >

° ° ° ° ° ° ° ° °
xml-tools and stratego-net — p.40/69



running example: W3C XML Schema

<xs:el ement nanme="result">
<xs: conpl exType>
<XS:sequence>
<xs:elenment ref="nr"/>
<Xs: choi ce>
<xs: el enent nanme="good" type="enpty"/>
<xs:elenent name="sufficient" type="enpty"/>
<xs:elenment name="insufficient" type="enpty"/>
</ xs: choi ce>
</ Xs: sequence>
</ xs: conpl exType>
</ xs: el enent >

<xs: el ement nane="date" type="xs:date"/>
<xs: el enent name="nr" type="xs:int"/>
<xs:conpl exType nane="enpty"/>

</ xs: schema>

° ° ° ° ° ° ° ° °
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running example: RELAX NG

dat at ypes xsd = "http://ww. w3. org/ 2001/ XM_Schena- dat at ypes"

start = Results

Results = el enent
Lecture = el enent

Result = el enent
Dat e = el enent
Nunmber = el enent
Mar k =

el enent good

results {Lecture*}
| ecture {Date, Result?*}
result {Nunber, Mark}

dat e {xsd: dat e}
nr {xsd:int }

{enpty}

| el ement sufficient {enpt y}
| elenment insufficient {enpty}

° ° °
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running example: RELAX NG

<gramar ... >
<start>
<ref nanme="Results"/>
</start>

<defi ne nane="Resul ts">
<el enent nane="resul ts">
<zeroOr More> <ref nane="Lecture"/> </zeroO More>
</ el enent >
</ defi ne>

<defi ne nane="Lecture">
<el enent nane="I| ecture">
<ref nanme="Date"/>
<zeroOrMore> <ref nane="Result"/> </zeroO Mre>
</ el ement >
</ defi ne>

° ° ° ° ° ° ° ° °
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running example: RELAX NG

<defi ne nane="Mark">
<choi ce>
<el enent nane="good" > <enmpty/> </elenent>
<el enent nane="sufficient"> <enpty/> </elenent>
<el enent nane="insufficient"> <enpty/> </elenent>
</ choi ce>
</ defi ne>

<defi ne nane="Date">
<el enent nane="date"> <data type="date"/> </el enent>
</ defi ne>

<defi ne nane="Nunber" >
<el enent nanme="nr"> <data type="int"/> </elenent>
</ defi ne>
</ gr anmar >

° ° ° ° ° ° ° ° °
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Xml inter pretation



regular trees

regular tree grammar .

set N of non-terminals
set T of terminals

set P of productions n — ¢t r where
nenN
telT
r regexp over N

regular tree language .
set of trees generated by an rtg
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rtg for running example

regul ar tree granmar

start Results

producti ons
Results ->
Lecture ->

Dat e
Resul t
Nunber
Mar k
Mar k
Mar k

- >
- >
- >
- >
- >
->

results (Lecture*)

| ecture (Date, Result?*)
dat e (String)

result (Nunber, MarKk)
nr (Int)

good (E)

suf fi ci ent (E)

| nsufficient (E)

° ° °
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Xml schema < rtg < sig

DTD, W3C XML Schema and RELAX NG allow
you to define a language in some subclass of the
regular tree languages.

Stratego signatures ~ regular tree grammars



Inter pretation of xml

Introduce lists and tuples
Introduce None and Sone
parse strings to Iints, reals

composition:

1. compile schema to rtg

2. parse xml to xml-info

3. Iinterpet xml-info against rtg

4. implode interpretation to aterm



generating signatures

nodul e results
| nports list-cons option

Si gnat ure
constructors

results . List(Lecture) -> Results
| ecture . Date * List(Result) -> Lecture
dat e . String -> Date
resul t . Nunber * Mark -> Result
nr . Int -> Nunber
good . Mark
suffici ent . Mark

| nsufficient : Mark

° ° ° ° ° ° ° ° °
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transfor mation of xml, postscript



now we can transform!

transforming xml: xml = aterms
native data structure of Stratego
compare to:
xml databinding (JAXB, Castor)
HaXml's Dtd2Haskell

XSLT, XQuery and XDuce: xml is native data
structure.



running example to xhtml (1)

| o-l ecture-resul ts2xhtm =
Xt c-10-w ap(
xtc-xm -interpret(!"lecture-results.artg")
; Xtc-io-transforn(l ecture-results2xhtm)
; Xtc-pp-xm
)

| ecture-results2xht n
results(l ectures) ->
%>
<?xm version="1.0"7?>
<IDOCTYPE htm PUBLIC "-//WBC//DTD XHTM. 1.1//EN' ... >

<htm xm ns="http://ww wW3. org/ 1999/ xht m " >
</htm >
<%

° ° ° ° ° ° ° ° °
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running example to xhtml (2)

<t abl e border="1" cel | paddi ng="5">
<t head>
<tr>
<t h>St udent </ t h>
<% !l ectures; map(!%

<t h>
<% ?l ecture(date(<id>), ) :: cdata %
</th>
<%) :: content* %
<[tr>
</t head>

° ° ° ° ° ° ° ° °
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distributed services



Why go distributed?

exchange of structured, tree-like data between
software components

Why not consider distributed components?

xml web services
SOAP. XML-RPC, RDF

exchange formats are useful in distributed
environments
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ATermService

IS accessible at some URL using HTTP

takes an ATerm input in the body of a HTTP
POST request

returns an ATerm output in a HTTP response

= Can be implemented and accessed in any lan-
guage.



calculator, server-side

strategies
cgi -cal culator =

cgi -servi ce-w ap(
servi ce-just-post(cal cul at or-servi ce)

cal cul ator-service =
cgi -atermi o(cal c)
strategies
calc = innernost (Si nplify)

Sinmplify : Plus(Int(x), Int(y)) -> Int(<add> (x, Yy))
Sinmplify : Mul( Int(x), Int(y)) ->Int(<mul> (x, y))

° ° °
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calculator, client-side

nmodul e i nline-cal c-client
| nports http-client Exp

strategies

|l o-inline-calc-client =
<http-transform(!URL("http://127.0.0.1/cgi-bin/calculator"))>
Plus(Int(1l), Int(2))

or.
| o-calc-client =
Xt c-10-w ap(
xtc-http-transforn(!URL("http://127.0.0.1/cgi-bin/cal culator"))

° ° ° ° ° ° ° ° °
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calculator, request

POST /cgi-bin/calculator HITP/ 1.1

User-Agent: curl/7.10.3 (i686-pc-linux-gnu) Iibcurl/7.10.3 OpenSSL/ 0. 9. 6:
Host: | ocal host: 8080

Pragma: no-cache

Accept: i1mage/gif, imagel/x-xbitmap, inmage/jpeg, inage/pjpeg, */*
Content - Lengt h: 21

Cont ent - Type: application/ x-wwformurl encoded

Plus(Int(l), Int(2))

Content-Type should be changed

° ° ° ° ° ° ° ° °
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calculator, response

HTTP/ 1.1 200 " CK"

Date: Thu, 20 Feb 2003 22:44:19 GMI

Server: Apache/2.0.39 (Unix)

Content-Length: 7

Cont ent - Type: text/plain; charset=l SO 8859-1

| nt (3)

° ° ° ° ° ° ° ° °
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dynamic xhtml

cgi-hello-xhtnm =
cgi -service-w ap(service-just-get(hello-xhtm -service))

hel | o- xht m -service =
cgi -xm - out put (! HTM_() ,

| %
<?xXm version="1.0"?>
<I DOCTYPE htm PUBLIC "-//WBC//DTD XHTM. 1.1//EN"' ...>

<htm xm ns="http://ww. wW3. org/ 1999/ xhtm ">
</htm >
<%

° ° ° ° ° ° ° ° °
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aterm database interface

1. database server as ATermService:
Java ATermServices
servlet container
JDBC drivers
returns ResultSets in aterm format
generic!

2. Stratego service transforms data to
presentation



xml-rpc: http call

POST / RPC2 HTTP/ 1.1

User-Agent: curl/7.10.3 (i686-pc-Iinux-gnu)
Host: betty. userl and. com

Content - Lengt h: 197

<?xm version="1.0" ?>

<nmet hodCal | >
<net hodNane>exanpl es. get St at eNane</ net hodNanme>
<par ans>
<par anp
<val ue>
<i 4>40</1i 4>
</ val ue>
</ par anp
</ par ans>
</ met hodCal | >

° ° ° ° ° ° ° ° °
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Xml-rpc: http response

HTTP/ 1.1 200 K

Connection: close

Content - Lengt h: 143

Cont ent - Type: text/xnl

Date: Sun, 16 Feb 2003 23:10:47 GMI
Server: UserLand Frontier/9.0-WnNT

<?xm version="1.0"7?>
<nmet hodResponse>
<par ans>
<par anp
<val ue>Sout h Car ol i na</ val ue>
</ par anp
</ par ans>
</ met hodResponse>

° ° ° ° ° ° ° ° °
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communicating in Xml-rpc

xtc-xm-rpc(url) =

xtc-as-xm (!"xm -rpc-response. artg"”,

xtc-http-transfornm(url)
)

xm -rpc(url) =
xtc-oi -wrap(xtc-xm-rpc(url))

xtc-as-xm (artg, s) =
xt c- dat a2xmi
; Xtc-pp-xm
, S
; Xtc-xml-interpret(artg)

° ° °
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statename client

| 0-xm -rpc-statenane =
opti on-w ap(general -opti ons, xtc-output(statenane))

st at enane =
<wite-to>
met hodCal | (
nmet hodNane( " exanpl es. get St at eNane")
, par ans(
[ paran(val ue(i4("40"))) ]

)

)
; Xtce-xm -rpc(!URL("http://betty. userl and. coml RPC2"))

° ° ° ° ° ° ° ° °
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statename client, without xml-rpc

nodul e st at enane-cli ent
| nports xm -rpc-client new options

strategies

| o-statenane-client =
out put - w ap( <st at enanme> 40)

[l :: Int -> String
st at enane =
one- param one-resul t (

as-xm -rpc(!"exanpl es. get St at eNane"
xm -rpc(!URL("http://betty. userl and. coml RPC2"))

° ° °
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google client, without xml-rpc

| 0-googl e-client =
out put - w ap( <googl e-search; just-urls> "stratego xm transformation")

googl e-search =
<as-xm -rpc(!"googl eGat eway. sear ch",
xm -rpc(!URL("http://google.xmrpc.coni RPC2") )
)> [<id> 0O, 10, "", "", False(), "latinl", "latinl", <google-key> ()]

just-urls =
col l ect (?URL( _))

googl e-key =
<xtc-find-file; read-fronm "googl e. key"

° ° ° ° ° ° ° ° °
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