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Motivation

| develop Web tools at IBM (WebSphere, Rational, Eclipse)

A key attribute of Web services is interoperability between
heterogeneous systems (e.g. J2EE, .NET, PHP, ...)

Our initial tool development experience with SOAP 1.1 and WSDL 1.1
exposed many problems that could be traced to specification defects

The Web Services Interoperability (WS-1) Basic Profile 1.0 listed
around 100 corrections, clarifications, and restrictions for WSDL 1.1

My hope in joining the W3C Web Services Description Working Group
was to help produce a high quality new spec
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How Z Notation Got Introduced

The working group decided to write the spec in terms of an abstract,
informal, “Component Model” which was inspired by the XML Infoset
and Schema specs

The spec was getting long and | had little confidence in its overall
consistency

The Component Model looked like it could be easily expressed in Z
Notation, a venerable formal specification technique that | learned, but
abandoned, many years ago

During a vacation break, | translated the spec into Z Notation, found a
dozen problems, and then shared the results with the Working Group

The Working Group “chartered” me include Z Notation in the spec
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What is Z Notation?

Z Notation is a formal specification technique based on fairly standard
mathematical notation, and taught in the UK (many text books are
available)

It is based on Typed Set Theory which avoids certain technical
difficulties, e.g. the Russell Paradox, and has the added benefit that it
can be efficiently typed-checked

It is designed to be added as a notation in specification documents as
a way to complement the prose

The most popular implementation is based on LaTeX

There is a freely available type checker called Fuzz 2000 by Mike
Spivey
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Fuzz 2000 Web site

3 The fuzz type-checker for

=la x|
Ele Edt ‘View Go Bookmarks Tools  Help 1:}

@ - Q - @ @ @ I@ http: {spivey oriel, ox. ac, ukf~mikeifuzz] j
0 = [G
Google - | =] G search - g TaseRank M coey « X autolink ) Autoril [ options &

Release Notes For Fuzz 2000 _

This version of the fuzz type-checker for Z iz free for any use ezcept direct commercial gain. It's a later version than the commercial enes, and mcludes a couple of
new features, including automatic re-ordering of paragraphs to respect def-before-use. 5o it's better than money can buy|

Ianual and software copyright @ I. ML Spivey 1988, 1992, 2000. Copying with acknowledgement is pernutted for any purpose other than direct commercial gain
1. Installation

The source of the type-checker iz in the 'sre’ directory. There are no configuration options, and all T can say is that it compdes OF under Linuwi386. However,
previous versions of the type-checker have been ported to lots of different 16- and 32-bit architectures, so there's some hope it 1s fairly robust.

To build and install

Edit the top level Makefile to set the installation directoties
. Say 'make' at the top level {or i the src subdirectory) to build the type-checker, -
. (Optional) Say 'malce test' to run some regression tests.

Say 'su -c "malke install" to install all the bits and pieces

I your TeX implementation needs it, run 'texhash’ to update Tel's directory information

oW —

That's all!
2. Documentation

Documentation can be found in the 'doc’ subdirectory. Generating the documents from the LaTe3 input requires LaTeX 2.09, so I've included PDF files for
CONVEMENCE.

3. Language

| Dane




| IBM Software Group | Rational software

Example of Z Notation in WSDL 2.0 Spec

File Edt View Go Bookmarks Tools Help {}
-@ - @ - @ @ @ |D hitp: { fumsns. w3.0r g TR {2006} CR-wsd|20-20060 106 fwsd 20-2. html# component_model j
Google - [ =] G search - g PaocRank M ooy - S autolink ) Autoril [ options &
and then characterises it with a set of axioms or logical constraints that it satisfies. In this case, the & function =l
is constrained by giving its value on each possible type of component, which uniquely defines it.
—

¥ ComponentModel1 [ show all] [ hide all ]

A component model is a set of uniquely identified components that satisfy a set of validity constraints which
are described in the following sections.

Let Componenilodel! be the base set of component models. This set will be further constrained in the
following sections:

* Let components be the set of components in the component model.
s Let componentiis be the set of identifiers of components in the component model.

W3C Candidate Recommendation

_ ComponentModell

components P Component
componentids P ID

W, ¥ o components »

Hx) = Hy)=x =y

componentlds = {x 1 componants + H(x)}

See Component, Id

+ No two components have the same identifier.
< |

| Dane
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xample of Z Notation LaTeX Source

=18lx|
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File Edt Mavigate Search Project Run Window Help

Ics-HaE -3 1@ |G- - = TR »

Let §ComponentModelld be the base set of component models.
This set will be further constrained in the following sections: [l

‘begin{itemize}

“item Let $components§ be the set of components in the component model.

Yitem Let $componentIds$ be the set of identifiers of cowponents in the component model.
Yend{itemize}

Ybeginischewa} { ComponentModell}
components @ \power Component Y4
componentIds @ \power ID

Ywhere

“forall x, ¥ @ components B 4%

Yel Id(x} = Idiy) Yimplies x = ¥
Yalso

componentIds = % {~x : components @ TIdix)~%}

‘end{schema}
\begin{quote}ibegin{small}See\begin{itshape} \hyperlink{zed-Component}{Component}, %hyperlink{zed-Id}{Id}.\end{itshape
“begin{itemize}

Yitem No two cowmponents have the ssmwe idencifier.
“end{itemize}

‘“hypertarget{zed-IdentifierValid}{}

in identifier is walid if it is the identifier of a component in the component model.
Let §IdentifierValid$ express this validity constraint:

‘Vhegin{schema} { IdentifierValid})
ComponentModell 43

IIdent,ifier =
4| | b

[Z | wiritable Insert 805:9
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xample of Z Notation XMLSPEC Source

se SDK =18l x|

File Edit Source MNavigate Search Projeck Run XML ‘Window Help

Ics-Clala- 8 |+ @ & -5l G- 0| B el [ | [ Resource ®
= &
Bl

<px _

<z:inotation neme="ComponentModell®s

& component model is a set of uniguely identified components that satisfy a set
of validity constraints which are described in the following sections.

</ p>

& Resource - wsdl20.xml - Ec

<p
Let <z:i>ComponentModell</z:i> be the base set of component models.
Thiz set will he further constrained in the following sections:
</p>
<ulistx>
<itemr<prLet <z:ircomponents</z:i> be the set of components in the component model.</p-</items
<citewr<prlLet <z:iscomponentIds</z:i> he the ser of identifiers of components in the component model.</pr</items
“fulistx

<schemwa  xmlns="http://uww.wd.org/2004/ eml" name="ComponentModell™:

components : <power/> Component <nl/>
componentIds : <power/> ID
<where/>
<forall/> ®, ¥ : components B <nl/:>
<tlf> Id(x) = Id(y) <implies/> x = ¥
<alsol»
componentIds = {~x : components B Idix)-~}
<f schewas

<z:see namwes="Componsnt Id"/>
<ulistx>
<item><p>No two components have the same identifier.</p-</items>

<fulistx

</ e:rnotationy

<z:notation name="IdentifierValid":>

Design | Source

E | Witikable Smart Insert | 803 : 4
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Benefits — The Translation Effect

= Writing Z Notation forces you to read the prose carefully, which is a
great way to review it and find errors

= You would actually get this benefit by translating the prose into any
other language, e.g. French or Larch

= Having two or more alternate representations of the same information
can help people understand it better, c.f. the Rosetta Stone
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Rosetta Stone

“The decree, voted by the priests of
Egypt at Memphis [WSDL WG], is
repeated in two languages—
Egyptian [prose] (in both
hieroglyphic and demotic scripts)
and Greek [Z] --and records the
good deeds of Ptolemy and the
honours proposed for the twelve
year old King.

Through the Rosetta Stone and
other similar bilingual inscriptions
scholars [developers] were able to
decipher the hieroglyphs [specs] of
ancient Egypt [W3C].”

- British Museum
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Benefits — Global Consistency Checking

Specs tend to get long

Unfortunately, humans are bad at global consistency checking, e.g.
» Does the use of a term on p. 137 match its definition way back on p. 427

Fortunately, humans are good at local consistency checking, e.g.
» Does the Z Notation on p. 42 match the prose on p. 42?

Computer programs are good at global consistency checking, e.qg.

» Does the Z Notation term used on p. 137 match its Z Notation definition on
p. 427
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Type checking Z Notation in WSDL 2.0 Spec

& Resource - wsdl20.:ml

clipse SDK — & x|

File Edit Source Mavigate Search Project Run XML Window Help

lei-Hala- 1812 @ g -8-we-0 - | 2a|mE £ Gpeoree | >

B Mavigator &2 > F3 | ,gv =0 =0
- [5) Makefile.core 1,11 (ASCIT-kkv) - </p> |
- Makefile,primer 1.4 (ASCIT -kkv) i

- Makefile,s0ap11-binding 1.6 (ASCII -kkv)
- ¥} mbwgxsl 1.2 (ASCIT -kkv)
nan-narmathes xsl 1,1 (ASCIT Kkl
primer_sxamples.bxt 1.8 (ASCIL ke
primer-tada.htm 1.9 (ASCIL -kke)
schemas.xml 1.3 (ASCIT -kky)
specs2defs.xsl 1,1 (ASCIT Kk}

stabus.sml 1,23 (ASCII -kkv!
stabus-adjuncts.xml 1,13 (ASCIT -kky)
stabus-primer .l 1,13 (ASCIT -kkv!
status-soap1 1-binding.ml 1.13 (ASCIL -k
twiisty js 1.1 (ASCIT -kkv)

</z:inotation>

kz:notation name="componentlodel1rs

<p

4 component model is a set of uniguely identifisd components that satisfy a s
of validity constraints which are described in the folloving sections.

</p>

<pr
Let <z:i>ComponentModell</z:i> he the base set of component models.
This set will ke further constrained in the following sections:

R

wsdizO.html 1,261 (ASCIT -kk) < pr
wedlz0urdf 1.4 (ASCIL -k Bl | _l_l
5 >wsdiZ0.tex 1.102 (Binary) Design | Source
[ wedlZ0.toc 1,29 (Binary) a0 souree)
| | _>'_I Tasks | & console 52 C¥s Resource Hlstnry‘F‘mpert\es‘thlems| o %Rl B-9-=0
0= outine 5 search = = )| dkerminater> desc buld xml [typecheck] [Ank Buid] Cybm-java2-142)binijavam.exe (Feb 17, 2006 9:31:08 AM)
Ea e = Buildfile: D:tworkspaces\USD\desctwsdl20vbuild.xml =
=1-[e] div1 id=component_madel Al tarex:
(2] head [xslt] Processing D:%workspaces)WSD\desc)wsdl20\wsdlz0.xml to D:'workspaces) s
&[] p [xslt] Loading stylesheet D:\workspaces)WsDhdeschwsdlZ0hxmlspecz latex.xsl
[#-[g] z:notation name=ComponentMode! typecheck:
E-[e] p . BUILD SUCCEISFUL
[#-[g] z:notation name=Component Total bime: 5 seconds
[#-[€] zinokation name=10
[#-[€] z:nokation name=Identifier —
[#-[€] zinokation name=1d
[#-[&] z:notation name=ComponentMadell
[#-[&] zinokation name=Identifisryalid
[#-[g] z:notation name=InterfaceComponents
[#-[€] zinotation name=InterfaceComponentids
[#-[€] zinotation name=BindingComponents
[#-[€] zinotation name=BindingComponentlds
[#-[€] z:nokation name=ServiceComponents
[#-[€] z:nokation name=ServiceComponentids
[#-[&] z:notation name=CtherComponents
#1-[€] Znokstion name=OtherComponentids ||| 4 | _'_l

E | Wrikable Smart Insert | 76313 ‘
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Obstacles

= Z Notation is not widely known either within the Working Group or the
intended audience of the spec

» Lack of Working Group expertise to review the Z Notation rendered it as
Informative (Non-Normative)

= W3C uses XMLSPEC (not LaTeX) and defines a Character Model for
math symbols (not supported by Internet Explorer)
» XMLSPEC markup was defined

» XSLT transforms markup to XHTML (Character Model and Internet
Explorer), and LaTeX (for Fuzz 2000) were developed (see WG CVS)

= No existing library of formal specs for XML, XML Infoset, XML
Schema, SOAP, HTTP and other standards used by WSDL 2.0

» Only formalized Component Model and not Bindings
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Z Nirvana

= Formal specification becomes a QA Best Practice

= Standard markup and toolset available for use by Working Groups
» MathML support

» Go beyond type checking (use theorem proving technology to check
semantics)

» Maybe even generate reference implementations

= Standard library of formal specifications available for existing W3C
Recommendations

» Normative status
» And also for IETF, OASIS, etc. specs




