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1 Existing Te
hnologyUnder this heading LATEX/TEX [11, 12℄ and Adobe PostS
ript together withits modern variant PDF (for Portable Do
ument Format) [1℄ are the mostsigni�
ant from the point of view of mathemati
al do
uments. From thepoint of view of mathemati
s and 
omputing, symboli
 
omputation systemsare rea
hing the 
entre stage as far as mathemati
al work and edu
ation are
on
erned but they are not yet at the same level of signi�
an
e for the generalpubli
. On a more general front the Internet and its asso
iated proto
olsare enabling many new developments, while more powerful pro
essors areopening new possibilities very rapidly.1.1 Mathemati
al SoftwareFor the s
ienti�
 and engineering world, Mathemati
a [28℄ and Maple [16℄ areperhaps the leaders in the symboli
 systems �eld, with AXIOM [3℄, MuPAD[20℄ and Redu
e [24℄ in a more minority 
ategory. At the more numeri
alend, MatLab [18℄ is probably the leading system and it is espe
ially signif-i
ant among engineers, though the free systems S
iLab [25℄ and O
tave [7℄are also worth a look for those who are happy with less polished but free sys-tems. None of the general purpose 
omputer algebra systems are free now,though MuPAD is still available free for individual use. From the point ofview of mathemati
al resear
h there are a number of systems whi
h aim todeal with restri
ted or spe
ialised areas of mathemati
s GAP [8℄ (for grouptheory and more generally for dis
rete mathemati
s), CoCoA [4℄ (for 
ompu-tations in 
ommutative algebra), Pari [23℄ (for number theory), Lie [13℄ (for
omputations with semisimple or redu
tive Lie algebras), Ma
aulay2 [10℄(for 
ommutative algebra and algebrai
 geometry), Magma [15℄ (for 
om-putational algebra, algebrai
 geometry and 
ombinatori
s). There are alsoseveral systems aimed at logi
 or theorem-proving whi
h vary from beinglargely of mathemati
al interest to systems aimed at areas of theoreti
al
omputer s
ien
e. There are several implementations of fun
tional program-ming languages su
h as ML [19℄ (whi
h is mainly of interest to 
omputers
ientists) and there are several theorem-proving systems (HOL [9℄, Coq [6℄,LEGO [14℄ for example) implemented using ML or variants of it. Nuprl [5℄is another theorem-proving or proof-
he
king system whi
h is based mostlyon Lisp 
ode. Many of these spe
ial-purpose systems are freely available.From the point of view of a resear
h mathemati
ian, it 
ould be a greatadvantage to have a 
ommon interfa
e to all these systems and this essentiallydemands that they should all speak a 
ommon language. If they 
ould speaka 
ommon language, one 
ould harness several su
h systems in parallel to2



solve some problems more eÆ
iently than one 
ould do in a general purposesystem su
h as Maple or Mathemati
a. Alternatively, one 
ould have more
on�den
e in a result that depended in some way on 
omputations with a
omputer algebra system if the 
omputations had been 
he
ked with morethan one independent system. Again, this would be fa
ilitated if there 
ouldbe a way to feed su
h systems information in a 
ommon language. TheOpenMath [21, 22℄ e�ort aims to solve this problem and we will dis
uss thatin more detail below.From the edu
ational point of view, one 
ould imagine future textbookswith a
tive mathemati
al formulae. At the moment, one 
an write Mathe-mati
a notebooks whi
h a
hieve this provided the user of the material hasthe right version of Mathemati
a available or one 
ould similarly write thetextbook as a Maple worksheet. The ideal solution would work equally wellwith either system and would be still able to work with future versions ofthe software, or with other similar systems.1.2 Ele
troni
 PublishingFrom the publishing point of view, the 
urrent state of 
ommer
ial ele
-troni
 publishing is essentially to make material available ele
troni
ally thatwould previously have been produ
ed in paper form. The added value ofthe ele
troni
 medium is mainly provided by sear
h fa
ilities and ease ofa

ess. Companies are attra
ted by the advertising value of having their ma-terial available ele
troni
ally and they are anxious to keep up with modernte
hnology. From the point of view of individuals the HyperText MarkupLanguage (HTML) used on the Web has provided ex
iting fa
ilities for mak-ing new material available on the Web, and the ex
itement has lead manypeople to the view that the Web 
an revolutionise the world of s
ienti�
 ands
holarly publishing by redu
ing produ
tion and distribution 
osts and byenabling more intera
tive forms of material to be published. Publi
ation ofmaterial in ele
troni
 form on CD-ROM has mu
h the same attra
tions.However, there are genuine obsta
les to be over
ome and it is not so
lear that the end result will be any more dramati
 than the invention ofphoto
opiers has been over the past three de
ades.Publishers and librarians 
an generally see worries about quality of ma-terial and about how to a

ess todays ele
troni
 material with tomorrow'ste
hnology. As a salutary lesson we 
an point to mi
ro�
he as a breakthroughin storage te
hnology whi
h is now quite obsolete. Libraries with sto
ks ofmaterial in this form are fa
ed with trying to transfer it onto newer media (ordis
arding it). In the 
omputer world, 
onstant evolution of te
hnology hasmeant that standards for tape storage have been 
hanging every few years.3



As regards quality, the presentation of a high 
lass journal or book hasoften been of a quality 
onsistent with the 
ontent and publishers are 
on-s
ious of the value of a high standard of layout. HTML has advantages,but a high standard of layout is not one of them. Moreover, the fast evo-lution of the HTML language has meant that the same presentation 
annotbe guaranteed with last years version of a browser or even with the samebrowser on di�erent hardware. Publishers are naturally unhappy with thisand have tended to prefer Adobe PostS
ript as a medium for en
oding theirpubli
ations, though not as the original sour
e en
oding.Sear
h indi
es and other referen
e information must be supplied in addi-tion to the PostS
ript 
ode for individual journal arti
les or books. PostS
riptinterpreters are freely available for many platforms (or are almost builtin with Adobe Display PostS
ript on a few platforms) and high qualityPostS
ript printers are widely available.A more re
ent invention is the PDF language of Adobe and this is nowbeing widely used for ele
troni
 publishing. It shares the advantages ofPostS
ript but also has the ability to have internal hyperlinks (or inter-nal a
tive 
ross-referen
es) and external hyperlinks (spe
i�ed by a URL1 asused on the Web) to other PDF do
uments or more generally to arbitrarydo
uments on the Web.A free reader know as a
roread is distributed by Adobe as a stand-aloneappli
ation and as a browser plug-in. Hen
e it 
an 
ooperate very well witha standard Web browser. Other freely available software (ghosts
ript, gvand xpdf) 
an also display and pro
ess PDF �les and so there is no seriousobsta
le to the use of PDF for publishing | ex
ept a minor one that theuser needs to download and install some PDF software.PDF has advantages 
ompared to PostS
ript, apart from the a
tive hy-pertext links, and few essential limitations 
ompared to PostS
ript. The text
ontent is (for the most part) sear
hable in a PDF do
ument and Web in-dexing software exists whi
h is 
apable of indexing both PDF and HTML
ontent. PDF allows �les to be made so that they 
an be partially displayedwhile only part of the �le has been read and various kinds of 
ompressionsto be used to 
ut down on the size of various portions of a PDF �le.From the point of view of mathemati
ians, LATEX/TEX is still widely usedas the input format for mathemati
al do
uments. It is widely regarded asprodu
ing the most satisfa
tory output. An impetus for the use of PDF formathemati
al do
uments on the Web is provided by two fa
tors:1. A variant of LATEX/TEX known as pdftex (and pd
atex) is now avail-able as part of the standard distribution of the TEX system for UNIX1Uniform Resour
e Lo
ator 4



systems. It allows LATEX/TEX input �les to be pro
essed dire
tly intoPDF output do
uments with only 
osmeti
 
hanges to the input. Thereare some limitations on pdftex, but a great advantage is that internalLATEX 
ross referen
es 
an be transformed automati
ally into a
tivePDF 
ross referen
es merely by invoking the hyperref pa
kage.2. No hypertext format whi
h is generally a

essible at the moment allowssatisfa
tory rendering of mathemati
al formulae, apart from PDF.However, there remain several imperfe
tions with regard to PDF in
lud-ing:� PDF is not a serious option as a sour
e and ar
hival format.� Although PDF is intera
tive in so far as it allows hyperlinks and evenhas a form-�lling interfa
e, it is not suitable as a medium for intera
tingwith mathemati
al do
uments.Publishers have been moving towards the use of SGML2 as the sour
eand ar
hive standard for their publi
ation material. SGML enables do
u-ments to be labelled a

ording to their stru
ture (for example, the author(s),title, date, abstra
t, journal title, journal volume, se
tions, 
itations, andmany more items 
an be all tagged by their purpose within a do
ument).Thus SGML allows do
uments to be stored in su
h a way that the originaldo
ument 
an be 
onsidered as both a database re
ord des
ribing the keyfeatures of the do
ument and as a sour
e form for publi
ation in multiple for-mats (a journal arti
le, a table of 
ontents entry for a journal, an entry in anabstra
ting journal, data for a 
ontext-sensitive sear
h engine, for example).2 New Te
hnologiesThe SGML 
ommunity have managed to have the SGML philosophy adoptedby the World Wide Web Consortium in the form of a te
hni
al re
ommen-dation for XML (for eXtensible Markup Language) [29℄, whi
h is essentiallya simpli�ed version of SGML. SGML demands that every do
ument havea do
ument type as spe
i�ed by a DTD (Do
ument Type De�nition) andthat ea
h do
ument should 
onform to the rules of its DTD. XML is similarex
ept that there is greater freedom about how the DTD should be foundand there is even a possibility of inferring the DTD from the stru
ture of agiven synta
ti
ally 
orre
t XML do
ument.2Standard Generalized Markup Language, an ISO standard 8879:1986.5



It is intended that 
omplete XML do
uments and HTML do
uments withembedded XML fragments will be viewable by future Web browsers in theway that HTML do
uments are now. To enable this several software devel-opments will be ne
essary:� Browsers will have to be able to parse XML do
uments.� While the range of symbols a

essible in HTML has always been severelylimited (and dis
riminates against many languages) XML implies sup-port for UNICODE, a system of 
hara
ter en
oding that is 
lose touniversal in its s
ope. Browsers will need to display these 
hara
ters.� Browsers will have to be able to display and print XML do
uments inan a

eptable way.Style sheets are the proposed me
hanism to address the last two points.Given the emphasis put on XML in 
urrent dis
ussions, the stated supportfor XML by the main 
ompanies involved in the Web and the number ofnew proposals based on XML that are appearing, one 
an expe
t that theseproblems will be solved in the relatively near future. A satisfa
tory resolutionof these problems 
ould well be important in enabling mathemati
s to bepublished on the Web in a way that has a greater intera
tive potential thanPDF.As of April 7, 1998 a te
hni
al re
ommendation for Mathemati
al materialin XML format has been adopted by the World Wide Web Consortium. There
ommendation is known as MathML (Mathemati
al Markup Language)[17℄. In prin
iple, the trend to XML should enable MathML to be
ome areality in the sense that it should be
ome possible for the average user of theWeb to view Mathemati
al material in an a

eptable way.However, a more detailed analysis of the problems points to the 
on
lusionthat the general XML and style sheet solution may not solve the problemsuÆ
iently generally to 
ope with the requirements of MathML.3 MathML and Style Sheets3.1 Parsing MathMLMathML expe
ts rules to be obeyed in addition to the rules whi
h 
an beexpressed in XML. This may make it more diÆ
ult to write tools to generateand validate XML, but as browsers support XML in general, they shouldsupport MathML. 6



MathML is a way of des
ribing Mathemati
al formulae, and not wholedo
uments. Thus an agreed way of embedding MathML in a wider 
ontext(su
h as HTML) is required, but again one 
an reasonably hope that a so-lution will be found in the general 
ontext of embedding XML fragments in(the next version of) HTML.3.2 Font ProblemsFirst, it is a 
hallenge to support a wide range of fonts for Mathemati
s.Only the Adobe Symbol font (whi
h is adequate only for rather basi
 math-emati
al usage) is available as standard and, up to now, browsers have noteven provided 
lean support for that. It is possible to 
on�gure Nets
ape todisplay the Adobe Symbol font, but the 
hara
ters must be 
oded in HTMLby pretending that the Symbol font is font for ordinary text in the defaulten
oding.In prin
iple a 
lean solution to these problems has been de�ned in XML,be
ause it is stated that any UNICODE symbols 
an be used in XML andUNICODE is essentially 
omprehensive for most languages and also for math-emati
al symbols. In addition to having a 
lean me
hanism to refer to strangesymbols, it is ne
essary to over
ome the problem of providing a

ess to fontsin a form that 
an be used by browsers. If users have to install extra fonts ontheir 
omputers to display pages 
ontaining mathemati
al symbols or textin eastern European languages, then it will 
ontinue to be a reason for notusing the te
hnology for material designed to rea
h a wide audien
e.It is possible, however, that this obsta
le 
an be removed by the te
hniqueof using fonts available on the Web. If 
ombined with lo
al 
a
hing of fontsused previously, and if the te
hnology is good enough to allow satisfa
toryprinting, then these problems should disappear in time.3.3 Formatting Problems and Style SheetsFormatting of mathemati
al formulae in an a

eptable way requires a more
ompli
ated method of dealing with layout than is ne
essary for dealing withtextual material, tabular material and external images.Some existing solutions for displaying mathemati
al formulae on the Webtreat ea
h mathemati
al formula as a pi
ture. This is not good for severalreasons. The multitude of formulae in a typi
al mathemati
al do
umentmakes for a huge number of pi
tures for ea
h page, resulting in slow loadingtimes. Typi
ally the pi
tures are provided in s
reen resolution and show upas granular when the whole page is printed. The pi
tures have a �xed sizeand do not adapt to global preferen
es in the browser su
h as 
hanging the7



default font size to a larger one. An equally fundamental problem is thatthere is no agreed method for the graphi
 image for an embedded formula to
ommuni
ate its baseline to the browser. The baseline is needed to align theformula properly with the text.One 
ould imagine future browsers 
alling Java 
ode or other spe
ial
ode to format embedded MathML material, but unless the formatting ofthe Mathemati
al formulae is integrated with the formatting of the textmost of the problems with using embedded images to represent mathemati
alformulae will remain.A key ingredient in the movement to XML has been the idea that stylesheets asso
iated with XML do
uments will be able to de�ne display orformatting rules for the do
uments. HTML had a loosely de�ned rule forhow ea
h type of element (heading level 1, heading level 2, paragraph, list,et
.) should be displayed, but XML allows the freedom to de�ne new elementnames to suit the purpose in hand. Abstra
tly, that is good be
ause it allows(for example) a pri
e list to be published on the Web with the order numbers,des
riptions, pri
es and VAT rate of ea
h item 
agged for what they are. One
ould de
ide on tag names <ordnum>, <des
rip>, <pri
e> and <vatp
t>for these bits of data. The do
ument on the Web 
ould be identi
al to thedatabase used internally in the 
ompany for the a

ounts.The missing link is a rule to lay out the information in a way that theaverage person will be able to read 
onveniently. The solution to this isto have a style-sheet me
hanism where formatting rules 
an be atta
hed toelement tags.Su
h me
hanisms exist already for HTML do
uments on the Web andallow one to vary the way a browser will deal with elements (for example touse an itali
 font instead of a bold font for headings). The 
urrent languagefor de�ning su
h style rules is 
alled CSS (Cas
ading Style Sheets) and it issupported (at least in part) by the main browsers. However, it is relativelylimited in its power. In parti
ular it allows only a limited amount of 
ontext-sensitivity of the rules and does not allow elements to be displayed in anorder di�erent from the order in whi
h they appear in the sour
e do
ument.One might want lists to be displayed di�erently if they are inside another listand di�erently again if they are twi
e nested. Su
h rules 
an be expressedin CSS by 
onsidering all possibilities of how one type of list 
an be insideanother and giving rules for ea
h one. A more natural way to spe
ify su
h arule would be to have a way to 
al
ulate the level of nesting and to be ableto have a rule with a 
ase statement or an if-else type rule depending on theresult of the 
al
ulation.There is a proposal for a new and more powerful style sheet language tobe used on the web, known as XSL (for eXtensible Style Language) [30℄. This8




an be expe
ted to solve some of the problems, but the draft spe
i�
ationof XSL seems to be quite preliminary and it is not possible to tell how farXSL will go to solve the problems. As it stands, XSL has a s
ripting fa
ilitythat is 
ertainly powerful enough to deal with the example of nested lists asexplained above. Similar problems arise with display rules for mathemati
swhere it is often desirable that subs
ripts, numerators and denominators ofinline formulae should be smaller than the usual font size but this size redu
-tion should 
ease before the symbols be
ome unreadably small if subs
riptsor supers
ripts are nested several times. Conventionally inline formulae aretreated di�erently from displayed versions su
h as limx!a f(x) andlimx!a f(x)for example. The simplest way to dete
t whi
h rule should be 
hosen is tobe able to �nd out if the limit is 
ontained inside a display formula or not.From this perspe
tive, XSL seems to be satisfa
tory, but there is a majorquestion as to whether XSL will support the so-
alled mathemati
al 
owobje
ts.Proper formatting of mathemati
s requires that the browser should un-derstand several 
onstru
ts su
h as displaying fra
tions, building parenthe-ses of various types around parenthesised expressions in su
h a way that theparentheses are just big enough to en
lose the expression. A high degree ofnesting is needed. This 
on
ept is known as the support of `mathemati
s
ow obje
ts' in the formatting rules of the browser.There is no real te
hni
al diÆ
ulty here. The problem is more of a po-liti
al, pra
ti
al and 
ommer
ial nature. A theory of how this should workderives from an ISO standard language DSSSL3 whi
h is designed as thestyle sheet language for SGML. DSSSL is a very general language and a
tu-ally has a 
ore or essential part plus optional extras known as features. Tomake things more 
omplex DSSSL is two languages, a transformation lan-guage and a style language (ea
h with their own features or optional parts).The transformation language standardises a way of spe
ifying rewrite rulesfor SGML do
uments of a given do
ument type (for example to transforma do
ument from one DTD to another where the tags have di�erent namesor have to be used in a di�erent order). The style language is also a way ofspe
ifying transformation rules from a sour
e SGML do
ument to a format-ting language. The result of pro
essing an SGML do
ument together with aDSSSL style spe
i�
ation for it is the same do
ument written in a formattinglanguage (su
h as RTF) and a further formatting is still required to produ
eappropriate line breaks, hyphenations and page breaks.3Do
ument Style Semanti
s Spe
i�
ation Language, ISO/IEC 10179:1996.9



The problem with DSSSL is that there are few, if any, full implementa-tions of DSSSL. A 
lose approximation to an implementation of the DSSSLstyle language is a program 
alled jade (freely available from URL http://www.j
lark.
om). This implements DSSSL together with the mathemat-i
al 
ow obje
ts feature, but the number of output syntaxes is limited (RTFwith WORDEQ for mathemati
al formulae is one possible output syntax).DSSSL, together with the mathemati
al 
ow obje
ts feature seems to beadequate to support MathML.Hen
e, if it the ne
essity to support MathML is per
eived as suÆ
ientlypressing outside the inner 
ir
le of mathemati
ians, engineers and s
ientists,then the ne
essary parts of DSSSL 
ould be in
luded in XSL before it is�nally adopted.3.4 MathML and the DSSSL Query LanguageHowever, a deeper analysis of the design of XML shows that, in addition tosupporting the mathemati
s 
ow obje
ts, XSL would also need to supportanother major part of DSSSL (whi
h is not 
urrently in the XSL draft) beforeit 
ould format MathML in full.MathML is a double solution of the problem of en
oding mathemati
alformulae. It has a `presentation' part whi
h 
laims only to be suÆ
ient toen
ode the information ne
essary for the layout of mathemati
al formulae anda `
ontent' part that aims to be able to also 
onvey the mathemati
al meaningof formulae en
ountered in non-advan
ed mathemati
s. This doubling meansthat there are two ways to en
ode a fra
tion su
h as a+1b . In the presentationversion, this might be<mfra
><mrow><mi>a</mi><mo>+</mo><mn>1</mn></mrow><mi>b</mi></mfra
>A formatting rule for fra
tions as en
oded this way should be able to beexpressed in XSL, though it would need to 
on
ern every type of MathMLelement whi
h 
ould form the denominator or numerator of a <mfra
> ele-ment. For <mrow> the rule would have to in
lude a 
ondition about what todo if the <mrow> had a parent element of type <mfra
> and was moreoverthe �rst 
hild or sibling. A di�erent rule would be needed if <mrow> was the10



se
ond 
hild of an <mfra
> element. It should be possible (though not easy)to deal with all possible eventualities of this kind.The alternative (
ontent) 
oding of the same fra
tion 
ould be:<apply><div/><apply><plus/><
i>a</
i><
n>1</
n></apply><
i>b</
i></apply>The rules to display this 
orre
tly have to be mu
h more 
omplex, be
ause itis not suÆ
ient to 
onsider parent elements or even an
estor elements. The<
i>b</
i> must �gure out that it belongs to an <apply> or appli
ationelement where the operation being applied to it is division (as determinedby the type of the �rst element in the <apply> sequen
e). Similarly the<
i>a</
i> needs to �gure out that it is part of a summation (but not lastin the summation) so that a + 
an be drawn after it. This type of 
ondition(based on the type of the �rst sibling of the element as well as the type ofthe parent) is not expressible in XSL. One 
ould imagine using the s
riptinglanguage asso
iated with XSL to solve this problem by setting a sta
k ofglobal variables as one passes the �rst 
hild of an <apply> node and thenpopping the sta
k when one rea
hes an </apply> end tag. However, the draftXSL spe
i�
ation forbids su
h solutions on the grounds that they would behard to implement. Indeed a little thought shows that su
h solutions wouldnot work well in an intera
tive environment where a 
hange of the type of theleading element in the <apply> would a�e
t the formatting of all the other
hildren of the <apply> element. A
tually, the proposed solution is basedon a bat
h mode model rather than an intera
tive model and if su
h s
riptswere allowed in general the formatting of the whole do
ument might need tobe 
hanged be
ause of one lo
al 
hange to the do
ument.An alternative method is to allow formatting rules to refer to the positionof an element in a more general way. This solution is allowed in the DSSSLstandard, but seems to add 
onsiderably to the 
omplexity of DSSSL and itmay be quite optimisti
 to think that XSL will support su
h a fa
ility.The author believes that this aspe
t of MathML did not re
eive adequateattention and that the design is unne
essarily diÆ
ult to implement in thisrespe
t. The `presentation' part of MathML may well be implementable inXSL if the mathemati
al 
ow obje
ts are in
luded.11



Of 
ourse, that does not mean that MathML 
annot be implemented fully,but only that spe
ial extra 
ode will be needed to support MathML and thegeneral XSL style-sheet me
hanism for XML 
annot be expe
ted to suÆ
e.If there are many other XML DTDs that are de�ned in a similar way forother spe
ial purposes, and if all need some spe
ial-purpose 
ode then one
annot expe
t that general browsers will support them all. MathML maywell lose out along with other similar ventures.3.5 Editing MathMLA problem that will also need to be solved before MathML be
omes widelyused is the problem of inputting formulae in MathML. Though it is theo-reti
ally possible to write the raw MathML tags by hand (and it is easy toimagine a smart mode for the ema
s editor that will assist with basi
 syn-tax 
he
king) the rules for 
orre
t MathML are quite 
ompli
ated and it isnot really reasonable to expe
t average users to go to the bother of learn-ing these rules. A 
omfortable tool is desirable, or a translator from morefamiliar formats.This problem is less diÆ
ult to solve than the one of providing a generaland seamless viewing method as dis
ussed above. It is not ne
essary to agreeon one generi
 solution and tastes may vary. Some preliminary tools alreadyexits. The Amaya HTML editor [2℄ provides partial support for writing(and reading) MathML and the user interfa
e is quite 
omfortable. However,Amaya is 
urrently limited to a subset of MathML, basi
ally the presentationtags. A 
omfortable user interfa
e for the 
ontent part of MathML (where theappearan
e is not the whole story) is a 
hallenging problem in user-interfa
edesign.A tool 
alled WebEQ [27℄ also supports MathML.One way that a widely available 
ommer
ial solution may 
ome is thatMathemati
a and Maple appear to be intending to allow MathML exportfrom their Mathemati
a notebook and Maple worksheet interfa
es. At leastfor the 
ommunity of users of these systems, that would appear to be a
omfortable path to MathML and the input me
hanisms of these systemsalready distinguish enough of the meaning of the formulae they manipulateto make it sensible to 
reate 
ontent tagged MathML from these systems.As the Euromath editor is based on similar te
hnology to Amaya andEuromath has solved the problem of in
porating multiple fonts for Mathe-mati
al symbols, it should be possible to build a more general mathemati
aleditor by 
ombining Euromath and Amaya. This is not yet done, however.A TEX/LATEX to MathML equation 
onverter is 
on
eivable, but the rulesfor MathML 
ontent tags demand more information than 
an be found in12



generi
 TEX/LATEX formulae. Thus su
h a 
onverter would need to makeassumptions or to impose 
onstraints on the input.The IBM-Resear
h produ
t Te
hExplorer [26℄ implements an approa
h ofthis kind and should support MathML soon.4 OpenMathOpenMath [21, 22℄ began in late 1993 as an idea for a 
ommon language tobe used as a way to ex
hange data between 
omputer algebra (or symboli

omputation) systems. After extensive dis
ussions of the problems involvedand the desirable s
ope of su
h a language OpenMath version 1.0 was agreedin late 1996.The essential point of OpenMath is a method for en
oding mathemat-i
al obje
ts. OpenMath re
ognised that the number of di�erent types ofmathemati
al obje
ts is huge and new types of obje
ts are being invented byresear
hers on a regular basis. Hen
e a 
omprehensive 
atalogue of all typesof mathemati
al obje
ts would be a list that would always be in
omplete.Hen
e OpenMath has in
orporated an extensible me
hanism for listing theobje
ts of interest within a parti
ular well-de�ned �eld of Mathemati
s. Thisme
hanism is known as a system of `Content Di
tionaries' and mathemati-
al obje
ts are en
oded by the name of the appropriate Content Di
tionaryplus the 
lassi�
ation of obje
ts as spe
i�ed in the di
tionary. New 
ontentdi
tionaries 
an be 
reated as the need arises to en
ode more types of math-emati
al obje
ts. However, a symboli
 or numeri
al system whi
h wants todeal with OpenMath obje
ts will need to have a spe
ial 
ode for ea
h of theContent Di
tionaries that it 
an support. This 
ode is known as a `phrasebook' whi
h enables mappings from OpenMath obje
ts using ea
h ContentDi
tionary to the internal representation of the same obje
ts in the system,and 
onversely from the system to OpenMath. Some systems su
h as type-setting or plotting systems might just read OpenMath obje
ts and print ordraw them and have no need of a 
onverse me
hanism to write in OpenMath.The `
ontent' tags in MathML aim to solve the same sort of problem asOpenMath, but MathML has limited itself to a 
ertain subset of Mathemati
s(relatively elementary Mathemati
s des
ribed roughly by the Mathemati
sen
ountered in 
ourses on Mathemati
s from Kindergarten to Cal
ulus andLinear Algebra). The aim of this part of MathML is to enable intera
tivemathemati
s to be 
arried out over the Web. OpenMath 
ould serve thesame purpose with a restri
ted set of Content Di
tionaries and so there is arealm where OpenMath and MathML are 
ompeting te
hnologies.OpenMath and MathML are di�erent in that the OpenMath design al-13



ways assumed that spe
ial OpenMath 
ode would have to be added to 
om-puter systems to make them speak OpenMath. Initially only Mathemati
alsystems were being 
onsidered (and not Web browsers whi
h would regardMathemati
s as a small se
toral interest) and so this was not su
h an un-reasonable approa
h. Moreover the question of typesetting or formattingmathemati
al obje
ts was not of primary 
on
ern to OpenMath. Insteadthe question of 
apturing the mathemati
al meaning of obje
ts was the main
on
ern of OpenMath. For MathML to work, the question of displayingMathML on the Web is a major 
on
ern. OpenMath fa
es a similar problemas it is now planned to use OpenMath as a means of supplying intera
tivemathemati
al material (online books, ele
troni
 books on CD-ROM, distna
elearning material with intera
tive mathemati
al formulae).OpenMath was not 
on
erned with any human typing in the OpenMath
ode for a formula, as it was always assumed that a symboli
 
omputersystem would be reading and writing OpenMath 
ode. Super�
ially there is asimilarity between OpenMath and MathML in that both use an SGML/XMLformat (though OpenMath has another more 
ompa
t binary en
oding aswell). MathML aimed for an en
oding that himans 
ould digest.However, despite these di�eren
es, it is not in the interest of OpenMaththat it should be 
ompletely in
ompatible with MathML in the areas ofMathemati
s where both 
ould operate. An analysis of the approa
hes takenby MathML and OpenMath to the same areas of `elementary' Mathemati
shas lead to a list of di�eren
es. Some are inessential di�eren
es or 
on
i
tsof nomen
lature and some of these matters were resolved prior to the adop-tion of MathML. There are a number of other di�eren
es whi
h are morefundamental and may be harder to resolve, but e�orts are under way to dothat. An ideal out
ome would be that a formula written with the `
ontent'part of MathML 
ould be understood as an OpenMath obje
t by a foolproofpro
ess. A me
hanism for embedding OpenMath obje
ts in MathML (viaextra 
ommenst perhaps) is being 
onsidered.MathML has the weight of the World Wide Web Consortium behindit, while OpenMath arose as a 
onsensus between interested parties andhas only an informal standing so far. On the other hand there has beena 
onsiderable e�ort in building OpenMath prototypes to test the validity ofthe theory, and it is intended to develop OpenMath in the light of experien
ewith implementations. MathML seems less 
exible.In parti
ular, this author believes that the style sheet problems mentionedabove (se
tion 3.4) are a serious obsta
le to the su

ess of the 
ontent partof MathML. Even the presentation part of MathML may not work properlyunless the main browsers support the mathemati
al 
ow obje
ts as explainedin se
tion 3.3. A satisfa
tory out
ome for MathML would help OpenMath.14
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