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Goals

apply XML tools on ATerms
apply ATerm tools on XML
XML tools can use the efficient ATerm library

Most obvious ‘ATerm’ tool we want to apply on
XML: Stratego.



Why Strategofor transforming XML?

Stratego Is
not just for program transformations,
not just for ATerms,

a transformation language for regular tree
languages.

Try Google: +"stratego"” +"regular tree | anguage" .
— Not a single match!



Relatedwork

schemas — native data structures:

HaXml: generation of Haskell data types
from DTDs

Haskell ATerm library
XML mappings for database systems

languages with XML as data type:

XDuce: typed XML processing language,
powerful subtyping on regex types

XML\: functional, DTDs
XSLT, XPath, XQuery, XML-QL



Comparing XML and ATerms

abstract data types
‘extensible’

nowadays used In very similar ways:
exchange of data in tree-like data structures
petween components (web-services, XT)

orovide similar functionality:
not targeted at special kind of data
regular tree languages

Making XT XML capable — p.7/42



Comparing XML and ATerms (2)

ATerm instances are more structured and typed.

XML: attributes not structured
ATerms: int, real, blob
ATerms: list, tuples

XML: namespaces

XML documents can be structured and typed by
creating an interpretation against a schema.



Comparing XML and ATerms (3)

Different conventions

ATerms: annotations not widely used to
represent non-structural information

XML.: interleaving, mixed-content
Stratego: optional data with Option



Concreteapplications

transforming or analysing XSLT
XSLT with concrete syntax

XSLT Compliler in Stratego with concrete
syntax

XML schema tools: verifiers, converters

server-side applications in Stratego:
transformation to XHTML

XML processing with Stratego and concrete
syntax



Running example

<trade- hi story dat e="2002-05- 20"

V

<st ock-trade>
<synbol >SUNW/ synbol >
<tinme>08:45:19</ti me>
<price>86. 24</price>
<quantit y>500</quantity>
</ st ock-trade>

<stock-trade>
<synbol >M5SFT</ synbol >
<ti me>08: 45: 20</ti me>
<price>22.26</price>
<quant i ty>1000</quantity>
</stock-trade>

</trade-history>
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Relax NG Schema(compactsyntax)

TradeH story =
el ement trade-history {Date, Trade*}

Date =
attri bute date {xsd: date}

Trade =
el ement stock-trade {
el ement synbol {xsd: t oken },
el ement tine {xsd:tine },
el ement price {xsd: doubl e},
el ement quantity {xsd:int }
}
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Relax NG Schema(standard syntax)

<defi ne nane="TradeH story">
<el enent nane="trade-history">
<attribute nane="date"> <data type="date"/> </attribute>
<zer oOr Mor e> <ref nane="Trade"/> </zeroO More>
</ el emrent >
</ defi ne>

<defi ne nane="Tr ade" >
<el ement nane="stock-trade">
<el enent nane="synbol "> <data type="token"/> </ el enent >

<el enent nane="tine"> <data type="time"/> </ el emrent >
<el enent nane="price"> <data type="double"/> </elenent>
<el enent nane="quantity"> <data type="int"/> </ el emrent >
</ el ement >
</ defi ne>
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Strategosignature

nodul e trade-history
si gnat ure
constructors
trade- hlstory Date * List(Trade) -> TradeH story
dat e Int * Int * Int -> Date

stock-trade : Synbol * Tine * Price * Quantity -> Trade

synbol . String -> Synbol

time cInt * Int * Int -> Tine
price . Real -> Price

quantity ;. Int -> Quantity
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Regular TreeGrammar

N = {TradeHi story, Trade, Synbol, Quantity, Price, Tine, Date}
T = {trade-history, trade, synbol, quantity, price, tine, date}
S = {TradeH st ory}

P = {TradeHi story -> trade-history (Date, Trade*),

Dat e -> date (Int, Int, Int),

St ockTr ade -> stock-trade (Synbol, Tine, Price, Quantity),
Synbol -> synbol (Token),

Ti me ->time (Int, Int, Int),

Price -> price (Real),

Quantity -> quantity (Int)

Note that Stratego iIs in fact using Regular Tree
Grammars. Without ‘or’, with parameterization
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XML to ATerm Bridge



Bridge implementation

XML Parsing requires more than just a grammar:

namespaces
doc-types, entities
whitespace

Every platform nowadays has a decent XML
parser.



Intr oduction to SAX

— universal interface to implement bridge Simple

API for XML: de facto standard to pass logical
content of XML documents in an efficient way.

DOM builders implement with SAX
applications implemented with SAX
chains implemented with SAX: XSLT, Verifiers



Intr oduction to SAX

I nterface XM_Reader ({
voi d parse( |l nput Source i nput)
voi d set Cont ent Handl er ( Cont ent Handl er handl er)

I nterface Content Handl er {
voi d characters(char[] ch, int start, int |ength)
voi d startDocunent ()
voi d endDocunent ()

void startElenment (String nsURI, | Nanme, gNane, Attributes atts)
voi d endEl enent( String nsURI, | Nanme, gName)
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Event-basedAPI for ATerms

I nterface ATernCont ent Handl er {
void start Session();
voi d endSessi on();

voi d val ue(i nt val ue, ATernLi st annos);
void value(String val ue, ATernlist annos);
voi d val ue(doubl e val ue, ATernli st annos);

void startApplication(String function, ATernList annos);
voi d endApplication();

void startlList(ATernLi st annotation);
voi d endLi st ();
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Bridge interface

Bri dge interface:

Cont ent Handl er & ATer nCont ent Handl er

I nterface Bridge {
ATer nCont ent Handl er t 0SAX( Cont ent Handl er handl er) ;
Cont ent Handl er t 0SAA( ATer nCont ent Handl er handl er) ;

}
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XML In Strategosignature

Signature is a lot like the classes of the DOM.

Docunent : El enent -> Docunent

Element : String * Nanmespace * List(Attribute) * List(Content)
-> El enent

Attribute: String * String * AttributeType * Nanespace
-> Attribute

Text . String -> Content

NoNanespace: Nanespace
Namespace : String -> Nanespace
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Fragmentsof the Implementation

public void startDocunment () {
_content Handl er . start Sessi on() ;
_content Handl er. start Appli cati on(" Docunent");

public void endDocunent () {
_cont ent Handl er. endApplication(); // of Docunent
_cont ent Handl er . endSessi on() ;

public void characters(char[] ch, int start, int |length) {
String val = new String(ch, start, |ength);
_content Handl er. start Application("Text");
_cont ent Handl er . val ue(val);
_cont ent Handl er . endAppl i cation();
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Fragmentsof the Implementation

void startElenent (String nsURI, | Name, gNanme, Attributes atts) {
_content Handl er. start Application("El enent");
_cont ent Handl er . val ue(l Nane) ;

namespace(nsURI ) ;

_contentHandl er.startList(); // of Attributes
int nrOfAtts = atts. getlLength();
for(int i =0; I < nrOAtts; iI++) {

_content Handl er. start Application("Attribute");

_cont ent Handl er. endApplication(); //of Attribute

_cont ent Handl er. endLi st () ;
_contentHandl er.startList(); // of Content
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Fragmentsof the Implementation

voi d endEl enent (String nanespaceURlI, String | ocal Name, String gNane) {
_content Handl er. endList(); // of Content
_cont ent Handl er. endApplication(); // of El enent

}

SAX — SAA: clear and efficient implementation.
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XML In ATerms

Docunent (
El emrent ("trade-history", NoNanespace,
[Attri bute("date","2002-05-20", CDATA, NoNanespace) |,
[ El enment ("stock-trade", NoNanmespace,|[],

[ El enent (" synbol ", NoNanmespace, [], [Text("SUNW)]),
El ement ("ti nme", NoNanmespace, [], [Text("08:45:19")]),
El ement (" price", NoNanespace,[], [Text("86.24")]),
El enent ("quantity", NoNanespace,[], [Text("500")])]),
El ement ("stock-trade", ... )
1))

We don’t want to transform elements, we want to
transform data.
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Imploding XML

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

| npl ode:
Element (s, , [atts*], children) -> s#(children){atts*}

| npl ode:
Text(s) -> s

| npl ode = | npl ode- Speci al -Attribute <+ I nplode-Attribute

| npl ode- Attri bute:
Attribute(nanme, value, , ) -> (nane, val ue)

| npl ode- Speci al -Attri but e:
Attribute(nanme, value, NMIOKENS, ) -> (nane, <split-at-space> val ue)

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

t rade- hi story(

st ock-trade(
synbol (" SUNW ) ,
time("08:45:19"),
price("86.24"),
quantity("500")

),

st ock-trade(
synbol (" MSFT"),
time("08:45:20"),
price("22.26"),
quantity("1000")

)
){("dat e", "2002-05- 20" )}

Direct translation of XML to ATerms
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ATermification



Problems

variable number of arguments — list
primitives: String — Int, Real

attributes
move to content?
keep In annotation?

namespaces
drop?
keep In annotation?
different atermification?
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ATermification

ATerm fy:
"trade-history"#([trades*])
->
trade-hi story(<get-prop(!"date"); string-to-date>, [trades*])

ATerm fy:
"stock-trade"#([s, t, p, gq]) -> stock-trade(s, t, p, Q)

ATerm fy:
"time"#([s]) -> <string-to-tine> s

ATerm fy:
"price"#([s]) -> price(<string-to-real > s)

string-to-date =
<t okeni ze> (<id> "-"); map(string-to-int)
; ?2ly, m d]; 'date(y, m d)

° ° ° ° ° ° ° ° °
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After the ATermification

t rade- hi story(
dat e( 2002, 5, 20),
[ stock-trade(
synbol (" SUNW ),
ti me(8, 45, 19),
price(8.6239%9e+01),
gquantity(500)
),
st ock-trade(
synbol (" MSFT"),
ti me(8, 45, 20),
price(2.2260e+01),
guantity(1000)
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Handcrafted ATermification: problems

ad-hoc and tiresome
correctness depends on implementation

ATermification must be generated from a
schema.



Generation of ATermification

1. Generate a regular tree grammar from a
schema.

2. Generate a Stratego signature

3. Compute interpretation of an instance
document against the regular tree grammar.

4. Generate Stratego transformation that uses
the production rules for ATermification.

5. Generate the inverse to XML.
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Generation of ATermification

We choose Relax NG as input schema language.

Why?

covers the full class of regular tree grammars:
DTD, W3C XML Schema — Relax NG

closed under U, N and —
well-defined formal semantics

subjective: popular, clear, concrete syntax



Relax NG to Reqgular TreeGrammar

choice — more production rules

Interleave — Consider optional specification
to declare interleaving semanticly irrelevant in
special cases. If not irrelevant:

simple cases:
optional content

more complex cases:
more production rules

most complex cases:
Introduce common type

Making XT XML capable — p.36/42



Relax NG to Regular TreeGrammar (2

list — tokenize

group — tuples

enumeration — non-terminal
zero/oneOrMore — list

any content — XML signature or just
Implode?

— Study multi-schema validators



Final remarks:
conclusions,openissues



So,what’s new?

generalization of the data structures Stratego
can operate on

Common formalism to reason about ATerms
and XML

New application areas for Stratego and other
XT tools

XT could provide the XML community with a
lot of interesting and powerful tools.

danger: interesting to many people
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Now available

g AW N e

bridge, implemented in Java
Imploding bridge, implemented in Java
Imploder implemented In Stratego

. data oriented XML signature
. event-based ATerm API



Todo

1. create tools for Relax NG

2. generate regular tree grammars from Relax
N[e

. formalism for removing productions
Interpretation creator
. ATermification generators

o U A W

. example applications, experience with XML
transformations
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Openissues

How to integrate attributes/annotations in
regular tree grammars?

How to handle ‘any’ content?

Should we prefer an XML parser in SDF +
Stratego?

What if the number of productions is still
getting out of control?

How to handle namespaces. detect
conflicting terminals?

Should we use anr.\otqtion.s fqr at.tribgtes.’?
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