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The Evolution of Language



2x  (Descartes)



Ax.2x  (Church)



(LAMBDA (X) (x 2 X)) (McCarthy)



<?xml version="1.0"7>
<LAMBDA-TERM>
<VAR-LIST>
<VAR>X</VAR>
</VAR-LIST>
<EXPR>
<APPLICATION>
<EXPR><CONST>*</CONST></EXPR>
<ARGUMENT-LIST>
<EXPR><CONST>2</CONST></EXPR>
<EXPR><VAR>X</VAR></EXPR>
</ARGUMENT-LIST>
</APPLICATION>
</EXPR>
</LAMBDA-TERM>

(W3C)



XML everywherel
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ENABLING A GLOBAL ELECTRONIC MARKET
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XQuery
Use Cases:

Relationa

Sequence
SGML

String
ree

—

Other Use
Cases:

AMark

XQuery prolog: ﬂ

{ ________________________________________________ e
Use Case "XMP" : Experiences and Exemplars
define element bib { tvpe Book?® |}

define type Book |
element book |
attribute wvear { xsd:int },
element title { xsd:string !},
{type Author+ | type Editor+),

element publisher { xsd:string 1}, :j

Choose a usecase query:

ICH: Selection and extraction | Submit Query

XQuery expression:

{-- 0l: List books published by Addison-Wesley after 1991, :J
including their vear and title. —-}

<hib>
{ |
for Sb in Sbib/bib/bock
where (S$h/publisher = "Addison-Weslevy" and $bh/@vear > 1991)
return <book vear="{sbh/lyvear}">{s5h/titlel</boolk:>
i
</bib>

= e e




XML Query Language Demo
- e
Net

A new version of Microsoft's XQuery Prototype was released on December 9, 2002, This
version is based on the August 15th draft of the W3C XQuery specification.

Documentation f N I e I
b What's New Introduction

» Readme Welcome to Microsoft's XQuery Demo. This demo was designhed with the August 15th,
¥ known [ssues 2002 version of the XQuery working draft.

Specifications Instructions:
P xXQuery Syntax Draft

» XOuery Functions & 1. Ether select one of the example "W3C Use Cases" in the pane to the left or type
, —'J—EOE’HWLS . your own query in the text box below,
uery Use Cases . .

z. Click the "Execute Query" Button to generate results. (Note: Results will be
W3C Use displayed in a new window)
Cases _ _
P XMP Cases Please refer to the Readme for more information.
P TREE Cases
P SEQ Cases .
b SGML Cases Query Expression
P MNS Cases
Download o [ W
XQuery Demo (Dec 20, for $b in document({"http: //www.bn.com/bib.xmi")/bib/book
2001 Draft} where th/publisher = "Addison-Wesley" and th/@year = 1991

return

Feedback {{bga‘jtﬂf’j? { sb/@year I'>
Click here to send us </hoaks
feedback. B

=/hib=
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The Essence of XML



XML vs. S-expressions

<foo>1 2 3</foo>

(foo "1 2 3")
(foo 1 2 3)

<bar>1 two 3</bar>

(bar 1 "two" 3)
(bal’ 1 ”tWO” 11311)



XML Schema and Validation

<foo>1 2 3</foo>

2
element foo of type integer-list { 1, 2, 3 }

U

<foo>1 2 3</foo>

<xs:simpleType name="integer-list” >

<xs:list item T Type=""xs:integer” />
</Xs:simpleType>
<xs:element name="1o0" type="integer-list” />



Mixing 1t up

<bar>1 two 3</bar>

U

element bar of type mixed-list { 1, "two”’, 3 }

U

<bar>1 two 3</bar>

<xs:simpleType name="mixed-list” >
<xs:list>
<Xs:union memberTypes=""xs:integer xs:string” />
</xs:list>
</Xs:simpleType>
<xs:element name="bar"” type="mixed-list” />



Really mixing it up

element bar of type mixed-list { 1, "two", "3" }

U

<bar>1 two 3</bar>

U

element bar of type mixed-list { 1, "two"”, 3 }

<xs:simpleType name="mixed-list” >
<xs:list>
<Xs:union memberTypes=""xs:integer xs:string” />
</xs:list>
</Xs:simpleType>
<xs:element name="Dbar" type="mixed-list" />



The Essence of XML

e [ he problem it solves is not hard.

e It doesn't solve it very well.



The Essence of XML

e [ he problem it solves is not hard.

e It doesn't solve it very well.

e (Not entirely fair:

XML is based on SGML, which was aimed at documents, not
data)

e (NB. “Essence” is used in the same sense as
Reynolds “The Essence of Algol”
Harper and Mitchell *The Essence of ML"
Wadler “The Essence of Functional Programming’)



Our contribution

e XML and Schema are in widespread use,
sO worth some effort to model.

e \We give a foundational theory.

e Validation differs from matching.

e \We characterize validation with a theorem.

e Simple version in paper,
less simple in XQuery formal semantics.



What's in a name?



Structural types vs. Named types

type Feet = Integer
type Miles = Integer

e Structural: two names for the same thing

e Named: two distinct types



Named typing and strategic defense

shuttle

laser beam

10,023 feet

Hawaii

enter height? 10023



Named typing and strategic defense

¥10023 miles

shuttle

laser beam

Hawaii

enter height? 10023



Named typing and strategic defense

laser beam x 10023 miles

shuttle

Hawaii

enter height? 10023



Schema and XQuery



XML Schema

<xs:simpleType name="integer-list” >

<xs:list item T Type=""Xxs:integer” />
</Xs:simpleType>
<xs:element name="foo" type="integer-list"” />

<xs:simpleType name="mixed-list” >
<xs:list>
<Xs:union memberTypes=""xs:integer xs:string” />
</Xs:list>
</Xs:simpleType>
<xs:element name=""Dbar" type="integer-list” />



XQuery

define type integer-list { xs:integerx }
define element foo of type integer-list

define type mixed-list { (xs:integer|xs:string)* }
define element bar of type mixed-list



Schema

<Xs:simpleType name=""feet"” >
<xs.restriction base="xs:integer” />
</Xs:simpleType>
<xs:simpleType name="miles"” >
<xs:restriction base="xs:integer” />
</Xs:simpleType>
<xs.element name="configuration’ >
<Xs:complexType>
<XS:sequence>
<xs:element name=""shuttle” type="miles"” />
<xs:element name=""laser” type="feet" />
</Xs:sequence>
</Xs:complexType>
</Xs:element>



XQuery

define type feet restricts xs:integer
define type miles restricts xs:integer
define element configuration of type configuration.type
define type configuration.type {
element shuttle of type feet,
element laser of type miles



Validation, Matching, and Erasure



Data model

<configuration>
<shuttle>120</shuttle>
<laser>10023</laser>

</configuration>

element configuration {
element shuttle { " 120" 1},
element laser { "10023" }
}



Validation

validate as Type { UntypedValue } = Value

validate as element configuration {
element configuration {
element shuttle { "120" },
element laser { "10023" }
+
} =
element configuration of type configuration.type {
element shuttle of type miles { 120 1},
element laser of type feet { 10023 }
+



Matching

Value matches Type

element configuration of type configuration.type {
element shuttle of type miles { 120 1},
element laser of type feet { 10023 }
+
matches
element configuration of type configuration.type



Matching depends on type names

Value matches Type

element configuration of type configuration.type {
element shuttle of type miles { 120 1},
element laser of type miles { 10023 }
+
matches
element configuration of type configuration.type

(not!)



Unvalidated data does not match

element configuration {
element shuttle { 120" },
element laser { "10023" }
+
matches
element configuration of type configuration.type

(not!)



Erasure

Value erases to UntypedValue

element configuration of type configuration.type {
element shuttle of type miles { 120 },
element laser of type feet { 10023 }

+

erases to

element configuration {
element shuttle { "120" 1},
element laser { "10023" }

+



Erasure is a relation

validate as xsiinteger ("7" ) = 7
validate as xs:integer ( 007" ) = 7

7 erases to " 7"
7 erases to " 007"



Inference rules



Matching: Sequence and choice

() matches O

Valueq{ matches Typeq
Value, matches Types

Valueq , Value, matches Typeq, Types

Value matches Typeq
Value matches Typeq1 | Typeo

Value matches Typeo
Value matches Typeq | Types




Matching: Occurrence and base types

Value matches () | Type
Value matches Type?

Value matches Type, Type *
Value matches Type+

Value matches Type+7?
Value matches Type *

AtomicTypeName derives from Xs:string
String matches AtomicTypeName

Atomic TypeName derives from Xs:integer
Integer matches AtomicTypeName




Matching: Element

ElementType
vields BaseElementName of type BaseTypeName

Base TypeName resolves to Type
ElementName substitutes for BaseElementName
TypeName derives from BaseTypeName

Value matches Type

element ElementName of type TypeName { Value }
matches ElementType



Validation: Element

ElementType
vields BaseElementName of type BaseTypeName

BaseTypeName resolves to Type
ElementName substitutes for BaseElementName

validate as Type { UntypedValue } = Value

validate as ElementType {
element ElementName { UntypedValue }
+ = element ElementName of type TypeName { Value }



T he validation theorem



T he validation theorem

T heorem We have that

validate as Type { UntypedValue } = Value
if and only if

Value matches Type
Value erases to UntypedValue.

e ODbvious in retrospect, not so obvious in prospect.

e [rick is to make validation and erasure into relations.



Ambiguity and Roundtripping

Definition The type Type is unambiguous for validation if for
every UntypedValue there is at most one Value such that

validate as Type { UntypedValue } = Value.

Corollary (Roundtripping) If

Value matches Type
Value erases to UntypedValue
validate as Type { UntypedValue } = Value'
Type is unambiguous for validation

then

Value = Value'.



Example: An unambiguous type

element foo of type integer-list { 1, 2, 3 }
erases to
<foo>1 2 3</foo>

validate as element foo {
<foo>1 2 3</foo>
} =
element foo of type integer-list { 1, 2, 3 }



Example: An ambiguous type

element bar of type mixed-list { "1", "two", "3" }
erases to
<bar>1 two 3</bar>

validate as element bar {
<bar>1 two 3</bar>
} =
element bar of type mixed-list { 1, "two"”, 3 }



Conclusions
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3.3.2 Matches
Notation
The judgment
Value matches Type
holds when the given value matches the given type.
Semantics
This judgment is specified by the following rules.

The empty sequence matches the empty sequence type.

statEnv |- () matches ()
If two values match two types, then their sequence matches the corresponding sequence type.

statEnv |- Value, matches Type,
statEnv |- Value, matches Type,

statEnv |- Value ,Value, matches Type ,Type,



The Essence of XML

e Validation

validate as Type { UntypedValue » = Value

e Matching
Value matches Type
e Erasure
Value erases to UntypedValue
e Validation Theorem

T heorem We have that

validate as Type { UntypedValue » = Value

if and only if

Value matches Type
Value erases to UntypedValue.



XQuery formal semantics (not in paper)

e Dynamic Semantics

DynEnv = Expr = Value

e Static Semantics

StatEnv + Expr . Type
e [ype Soundness

Theorem If

DynEnv = Expr = Value
StatEnv - Expr : Type

then
Value matches Type.



Success stories

e XQuery has two specifications, one in prose and one using
formal methods — one of the first uses of formal methods
in an industrial standard.

e Formalization of named typing raised ten issues not resolved
in the prose specification.

e XQuery face-to-face, Chapel Hill, NC, 17—-18 October 2002:
After presentation of formal semantics of pure named typing,
it was accepted without dissent. In the two-day meeting, this
was the only decision adopted without dissent.

e Our techniques also adopted by James Clark and Makoto
Murata to formalize Relax NG, another industrial standard.



OASIS

RELAX NG Specification
Committee Specification 11 August 2001

This wersiot
Comtmttee Speciication: 11 August 2001

Editors:
James Clatk <9jcficlark. coms, MUBATA Makoto <muradi4fattglobal . nets

Copynght © The Orgamzation for the Advancement of Structured Information Standards [QASTZ] 2001, All Eights
Eeserved.

This document and translations of it may be copied and furmshed to others, and derrvative wotlcs that comment on or
otherwise explain it or assist in its implementation may be prepared, copied, published and distributed, in whole or in part,
without restiction of any kand, prowided that the above copynght notice and this paragraph are ncluded on all such copies and
dertvative works. However, this document ttzelf may not be modified in any way, such as by removwing the copyright notice or
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¥ 6.2. Patterns

The amoms and inference riles for patterns use the following notation:

S
ranges over patterns (elements matching the pattern production)

ex |-am=p
asserts that with respect to context ox, the attnbutes & and the sequence of elements and stings #2 matches the pattern
s

6.2.1. choice pattern

The semantics of the choice pattern are as follows:

oX -.:;t;m=~p1

{choice 1)

cxX |- o, B = -:u:hn:\ice}pl 2y </choice:>

oX —a;m=~p2

(chaoice 2)
cx |— o, B = <chnice}-p1 2y </choice:



Action items

e Paper in POPL proceedings misprinted; get it from the web.

e Review XQuery and send us your comments!



