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Outline

1. why XML types ?
motivation

2. what are they ?
regular tree languages

3. how use this in programming ?
regular expression types

4. but I want objects ?
regular object types

5. is that all ?
criticism, conclusion
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Why is XML sopopular ?
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Example

< !ELEMENT addrbook person � >

< !ELEMENT person (name; email + ; tel ?) >

< !ELEMENT name # PCDATA>

< !ELEMENT email # PCDATA>

< !ELEMENT tel # PCDATA>

 a DTD

an instance !

<addrbook>
<person>

<name>Burak Emir</name>
<email>Burak.Em ir@ epfl. ch </e mail >
<email>BurakEmi r@web.ch </ email >
<tel>+41-21-693 68 67</tel>

</person>
<person>

<name>Martin Odersky</name>
<email>Martin.O der sk y@epf l.c h</e mai l>

</person>
</addrbook>
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Why an XML type system

common:

static typechecking for data values
DTDs, XML Schema, RELAX NG

missing/work in progress:
static typechecking for programs that process XML
XQuery, XPath, Xduce, Xtatic, fxt, soon: Scala

XML types are a bit different from usual types
documents $ labelled trees + ID,IDREFS
labels at nodes, unlike records
type de�nitions may be recursive
use regular operators to specify valid sequences
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Requirement

<addrbook>
    <person>
        <name>Burak Emir</name>
        <email>Burak.Emir@epfl.ch</email>
        <email>BurakEmir@web.de</email>
        <tel>+41-21-693 68 67</tel>
    </person>
    <person>
        <name>Martin Odersky</name>
        <email>Martin.Odersky@epfl.ch</email>
    </person>
</addrbook>

<!ELEMENT addrbook person*)>
<!ELEMENT person   (name,email*,tel?)>
<!ELEMENT name      #PCDATA>
<!ELEMENT email     #PCDATA>
<!ELEMENT tel       #PCDATA>

type  Addrbook = addrbook[person*]
type Person   = person[name,email*,tel?]

addressbook

emailnameemailemailname

person person

DTD

XML

instance instance

type

value

type Name     = name[String]
type Email    = email[String]
type Tel      = tel[String]

XML Types based on Regular Languages – p.6/??



Here is what Xduceoffers

<addrbook>
    <person>
        <name>Burak Emir</name>
        <email>Burak.Emir@epfl.ch</email>
        <email>BurakEmir@web.de</email>
        <tel>+41-21-693 68 67</tel>
    </person>
    <person>
        <name>Martin Odersky</name>
        <email>Martin.Odersky@epfl.ch</email>
    </person>
</addrbook>

<!ELEMENT addrbook person*)>
<!ELEMENT person   (name,email*,tel?)>
<!ELEMENT name      #PCDATA>
<!ELEMENT email     #PCDATA>
<!ELEMENT tel       #PCDATA>

type  Addrbook = addrbook[person*]
type Person   = person[name,email*,tel?]

DTD

XML

instance instance

type

value

type Name     = name[String]
type Email    = email[String]
type Tel      = tel[String]

addrbook  [ 
   person  [ 
      name [ "Burak Emir" ]
      email [ "Burak.Emir@epfl.ch" ]
      email  [ "BurakEmir@web.de" ]
      tel [ "+41-21-693 68 67" ] ]
   person  [ 
      name [ "Martin Odersky" ]
      email  [ "Martin.Odersky@epfl.ch" ] ]
]

"let, fun"  (lambda-calculus)
+regular types
+loading, saving XML
+"match"  pattern matching

expr

has
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Regular TreeLanguages

children = arbitrary-length sequences of trees (a hedge)
can be encoded into binary trees (next slide)

a DTD then de�nes a regular tree language L
tree languages are generalization of word languages
regard a single tree as a singleton sequence
) we deal exclusively with binary trees

L regular , recognized by �nite tree automaton

�

, de�ned by regular tree grammar G

A ::= foo (A; A)
j bar(�; � )
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Inter nal Representationof Values

addressbook

emailname

person person

addressbook

()

()

()

()

()

()

name

person

person

email

email ()

() ()

name

email

email emailname
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A Binary TreeAutomaton

q0

q1

q2

q3

q4

q()

addressbook

person

name

email

tel

(n.d.)

(n.d.)

q()

q()

q()

q()

q() q()

type  Addrbook = addressbook[person*]
type Person   = person[name,email+,tel?]
type Name     = name[String]
type Email    = email[String]
type Tel      = tel[String]

M( q() ) = ()

M( q4 ) = tel( q(), q() )

M( q3 ) = email( q(), q3 )
        | email( q(), q4 )
        | email( q(), q() )

M( q2 ) = name( q(), q3 )

M( q1 ) = person( q2, q1 )
        | person( q2, q() )

M( q0 ) = addrbook( q1,  q() )
        | addrbook( q(), q() )

q()

(n.d.)
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Mor ecompactly (hashconsing)

addressbook

()

()

()

()

()

()

name

person

person

email

email ()

() ()

name

email

q0

q1

q2

q3

q4

q()

addressbook

person

name

email

tel

(n.d.)

(n.d.)

(n.d.)

XML Types based on Regular Languages – p.11/??



acceptingrun

addressbook

()

()

()

()

()

()

name

person

person

email

email ()

() ()

name

email

q0 q0

q1

q2

q3

q4

q()

addressbook

person

name

email

tel

(n.d.)

(n.d.)

(n.d.)
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acceptingrun
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name

person

person

email

email ()

() ()

name

email

q1

q()

q0 q0

q1
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q3
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q()

addressbook
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name
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acceptingrun

addressbook
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name

person

person

email

email ()

() ()

name

email

q1

q()
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Regular Types

type names X (nonterminals), labels l (terminals)

a set of well-formed type de�nitions type X = T
(regular tree grammar)

T ::= ;
()
X
l[T]
T; T
TjT

[[; ]] = ;
[[() ]] = f ()g
[[X ]] = f E(X )g
[[l [T]]] = f l0[v] j l0 � l ^ v 2 [[T ]]g
[[T; U]] = f v; w j v 2 [[T ]] ^ w 2 [[U]]g
[[TjU]] = [[T ]] [ [[U]]
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Subtyping

inclusion polymorphism, with types as sets of values

subtyping A < : B is mostly set inclusion [[A]] � [[B ]]

memoization: store results for later

checking against union of types

l(A; B) < : l(C1; D1) j : : : j l (Cn; Dn)

happens in particular order

l(A; B ) < : l (C1; D 1) j l (C2; D 2)

, A � B � (C1 � D 1) [ (C2 � D 2)

, (A � C1 [ C2) ^ (A � C2 _ B � D 1)

^ (A � C1 _ B � D 2) ^ (B � D 1 [ D 2)

, (f 1; 2g; fg ) ^ (f 2g; f 1g) ^ (f 1g; f 2g) ^ (fg ; f 1; 2g) these are the sets(I ; �I )

XML Types based on Regular Languages – p.22/??



Subtyping

inclusion polymorphism, with types as sets of values

subtyping A < : B is mostly set inclusion [[A]] � [[B ]]

memoization: store results for later

checking against union of types

l(A; B) < : l(C1; D1) j : : : j l (Cn; Dn)

happens in particular order

l(A; B ) < : l (C1; D 1) j l (C2; D 2)

, A � B � (C1 � D 1) [ (C2 � D 2)

, (A � C1 [ C2) ^ (A � C2 _ B � D 1)

^ (A � C1 _ B � D 2) ^ (B � D 1 [ D 2)

, (f 1; 2g; fg ) ^ (f 2g; f 1g) ^ (f 1g; f 2g) ^ (fg ; f 1; 2g) these are the sets(I ; �I )

XML Types based on Regular Languages – p.22/??



Subtyping

inclusion polymorphism, with types as sets of values

subtyping A < : B is mostly set inclusion [[A]] � [[B ]]

memoization: store results for later

checking against union of types

l(A; B) < : l(C1; D1) j : : : j l (Cn; Dn)

happens in particular order

l(A; B ) < : l (C1; D 1) j l (C2; D 2)

, A � B � (C1 � D 1) [ (C2 � D 2)

, (A � C1 [ C2) ^ (A � C2 _ B � D 1)

^ (A � C1 _ B � D 2) ^ (B � D 1 [ D 2)

, (f 1; 2g; fg ) ^ (f 2g; f 1g) ^ (f 1g; f 2g) ^ (fg ; f 1; 2g) these are the sets(I ; �I )

XML Types based on Regular Languages – p.22/??



Subtagging

idea: introduce a subtagging l � l0 relation

foo � froz puck � froz

foo [ foo [ bar[ ]; bar[ ]]; puck[ ]] < : foo [froz [Any]?]

nice to have, does not alter class of tree languages

what would happen if we used this instead of � ?

C< : C
C< : D D< : E

C< : E

CT(C) = class Cextends Df :::g
C< : D
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Regular Object Types

FJ + Xduce = FX

trees where nodes labelled with FJ objects

subtagging l � l0 replaced with FJ subtyping C < : D

e ::= v valuevariable
j newC(�e) new object creation
j e:f �eld access
j e:m(�e) method call
j < e>[�e] tree
j [�e] sequence
j match(e)f case[ �P] : �eg pattern match
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Sequencesin FX

as in Xduce, a tree is a singleton hedge

that's why in FX, trees may only appear in [ ]

regular types get all erased to a type Seq

sequences can not be nested

but they are objects, so they may appear as labels

< [< Foo> [< Bar > [ ]] < Bar > [ ]] > [< Bar > [ ] < Bar > [ ]]

is legal, has type < Seq> [Bar Bar]

has no correspondence in XML
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Conclusion

structural XML types = (mostly) regular tree languages

typing XML programs involves using regular languages

subtyping arises naturally as set (language) inclusion

open as how to best combine with object types

What challenges in the future ?

attributes == object �elds

XML Schema features
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