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MathML: the inside story

Nell Solffer
Wolfram Research

Basics of MathML

PresentationTags

Example

o]
a’ + > // MathMLForm

<mat h>
<nT oW>
<nsup> _
<m >a</ m >
<m>2</ m>
</ msup>
<no>+</ no>
<nfrac> _
<m >b</ m >
<m>2</ m>
</ nfrac>
</ nr ow>
</ mat h>
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Tags
Roughlythesameasin MathematicaleX, ... excepttokensmustbetagged.

Token Elements

mi identifier

mn number

mo operator, fence, or separator

mtext text

mspace space

ms string literal

mglyph adding new character glyphs to MathML

General Layout Schemata

mrow group any number of sub—expressionshorizontally

mfrac form a fraction from two sub—expressions

msqrt form a square root (radical without an index)

mroot form a radical with specified index

mstyle style change

merror enclose a syntax error message from a preprocessor

mpadded adjust space around content

mphantom make content invisible but preserve its size

mfenced surround content with a pair of fences

menclose enclose content with a stretching symbol such as a long division sign.

Script and Limit Schemata

msub attach a subscript to a base

msup attach a superscript to a base

msubsup attach a subscript—superscriptpair to a base
munder attach an underscript to a base

mover attach an overscript to a base

munderover attach an underscript—overscriptpair to a base
mmultiscripts attach prescripts and tensor indices to a base

Tables and Matrices

mtable table or matrix
mlabeledtr row in a table or matrix with a label or equation number
mtr row in a table or matrix

mtd one entry in a table or matrix
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maligngroup alignment markers
malignmark  alignment markers

Not goodat elementaryschoolmath(long division, ...) whichis typically tabular

Content Tags

Example

<mat h>
<app| glus/>
g <d|V|de/>
<CI a</ci >
</<cn>2</cn>
a
P¥¥< ower/ >
<CI ci>
<cn>2</cn>
</ app

</a PP¥>

Tags
About 150tagsroughly coveringup to 2ndyearmathin college.

Contenttaglist from MathML spec

Like presentatiotMathML tags,contentMathML tagsarenot goodat elementaryschoolmath(long division, ...)
which s typically tabular
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Glue

<math>

top—levetagthatwrapsall MathML

<semantics>
Associatesadditionalrepresentationwith someMathML.

TeX, Mathematica, OpenMath

<maction>

Providesaway of specifyingsomeinteractiveactionsuchas:
« togglingbetweerexpressions

« showsomethingonthestatudine

« havingatooltip

« highlighting

¢ popupmenu

MathML renderersarenotrequiredto supportany of these— theyreally only makesensen a documeninterface.

History of MathML

MathML wentfrom beinga W3C committeeto a W3C recommendatiom lessthantwo years.
Subsequentvork hasbeenpolishingthe originalrecommendatioandkeepingit up to datewith theeverchanging
Web.
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Milestones

1994
Apr, 199¢
Nov, 199t
May, 199¢

Mar, 1997
Apr, 199¢

Jul, 199¢
Feb,2001

HTML 3.0working draftincludesa proposafor Math
WWW Conferencen Darmstadpanelsessioron Math
Wolfram Researclpresentproposako W3C for Mathin HTML

Digital Library Initiative meetingin Champaign—Urbaraingstogetherinterestegarties
HTML Math Editorial ReviewBoardwasformedsoonafterwards

Formally reconstituteasthefirst W3C Math Working Groug.
MathML W3C recommendatiopublishe

MathML 1.01revisior

MathML 2.0 W3C recommendatiopublishec

MathML grouphasbeenrecharteredo lastuntil May, 2003.
Seehttp://www.w3.org/Math/Documents/Charter2001.htarlmoreinfo.

Work with other groups

Work with STIX/STIPUBto add600 newmathematicatharacterso Unicode.
Thesewill bein Unicode3.2 (Fall 2001)

Work with the OpenMathgroupsothatMathML andOpenMathdon’t conflict.
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DesignDecisions

Structured Presentation

Fromtheearliestdays,the MathML working draftsincludedstructuredpresentation.
This wasnotwithout controversy..
somemembersnly wanted'content"MathML
theydid concedecontent—onlfMathML would limit MathML'’s expansibility
somemembersverevery opposedo disambiguatiortharactergseebelow)

« StructuredPresentatiomidsin line breakingandindentation

fx Sin[x — a]" dx

1-n
2

=n-1

acoga— Xx) zFl(%, : %; cof(a— x)) (—sin(a— x))" sin(a — x) sirf(a— x)%

2(a—X)coga-X)oF1(1, & +1; 3 sird(a—x)
%(—sin(a—x))” sin@— x) 2l 2 )—

n+1
3 . .
27"V T(n+1) 3|fz(1, g +1, g +1; n% g +2; sif(a— X)) sin(a - x)

« StructuredPresentatiomidsaccessibility
All W3C proposalsarereviewedto makesurethey meetaccessibilityguidelines.

t(x+y) — "t of x plusy" vs."t timesquantityx plusy"

<mat h xm ns="http: // waw. w3. or g/ 1998/ Mat h/ Mat hML" >
<nrow>
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<m >t</m > _
<no>&Appl yFunct i on; </ npo>
<nT ow>
<no>( </ no>
<nr ow> =
<m >xX</m >
<no>+</ no>
<m >y</m >
</ nr ow>
<np>) </ np>
</ nr ow>
</ nr ow>
</ mat h>

Charactershatresolveambiguity(will be partof Unicode3.2):
& ApplyFunction;

& InvisibleTimes;

& InvisibleComma;

& Differentia D;

& Exponential E;

&Imaginaryl;

Structureis usefulfor addingpauses.

« StructuredPresentatiomidsin selection

a%? + 22 a%l b +231a%%b? + 1540 al® b® + 7315 al® b* + 26334 al” b> +
74613 al® b® + 170544 a'®> b’ + 319770 a4 b® + 497420 al® b? + 646646 al? b10
705432 all b1l . 646646 al0 b12 + 497420 a° b13 + 319770 a8 b!* + 170544 a’” b1® -
74613 a® b1% + 26334 a° bl7 + 7315 a% b1® + 1540 a® b1? + 231 2?2 b?0 + 22 a b?l | h??

« StructuredPresentatiomids in computation(parsing)
No parsingissuessinceexpressions fully parsed— justneedto mapcharactefe.g.,<) to thecorresponding
function.
Hence for commonnotations presentatiomndcontentMathML areequallyeasyto interpretfor computation
systems.
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Syntax

The biggestargumentsconcernedsyntax.

HumanauthorabléMathML wasoneof thegoalslistedin the MathML charter. Many peoplefelt human
authorablilitywasoneof thereason$HTML wassosuccessful.

A numberof different"input" syntaxesvereproposedspanninghe spectrunfrom a powerfulaugmenteaperator
precedencgrammairto averytrivial grammarhatonly containeda few commonoperatorsuchas"+" and"*".

As theargumentgontinuedthe XML working draft seemedo be gainingmoreandmorefavor andeveryone
agreedhatanygrammaragreeduponfor MathML shouldallow XML asasubset.

Ultimately, the MathML committeecouldn’treachagreemenbn a input syntaxanddecidedthatthe marketplace
shouldon the syntax. However for compatibility,all MathML readersvould needto accepthe XML syntaxand
filters would translatébetweenvariousinput syntaxesandthe XML syntax. Thevariousinput syntaxesouldbe part
of asemantics elementandcoexistin adocument.

Agreeingto useXML wasquitevisionary. Thedecisionto useXML wasmadeayearbeforeXML 1.0became
W3C recommendatiom Feb,1998. MathML becamerecommendatiom April, 1998andwasthefirst XML
application.

XML Syntaxis quite verbose.

Thelargestinitial criticism of MathML wasbecaus®f the XML syntax.
Are you guys nuts!

Expand[ (x +y)1%9]

x199 1+ 100y x*° + 4950y x%8 + 161700y3 x°7 + 3921225/ x%° + 75287520/ x*° +
1192052406° x** + 16007560809 x°2 + 18608789430§° x°? + 1902231808409° x°* +
17310309456449'° x*° + 14162980464360¢* x3° + 105042105110670%2 X8 +
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71105424997992002 X7 + 44186942677323608“ xE° + 253338471349988648° x&° +
1345860629046814650° x3* + 66501348729372018007 x2° + 30664510802988208394° x°2 +
13234157293921226749%° x®! + 5359833704038096829%6° x2° + 2041841411062132125600" x'° +
73320668851776562692¢¢%7 x'8 + 2486527030625466039129¢° x'’ +
7977607556590036875519¢ x’° + 2425192697203371210155¢2 x> +
69957481650097246446789% x4 + 1917353200780443050763600 x'° +
49988137020347265252051¢%F x'? + 124108478119482865453368@0 x'* +
29372339821610944823963 70 x'° + 66324638306863423796047 250 x°° +
143012501349174257560226 %P5 x°8 + 294692427022540894366527908 x°7 +
580717429720889409486981450 x°° + 1095067153187962886461165020 x°° +
1977204582144932989443770178 x84 + 3420029547493938143902737680x°° +
56700489866346869227861176800x°%? + 9013924030034630492634340869 x°* +
13746234145802811501267369%28x°° + 20116440213369968050635175306Hx>° +
28258808871162574166368460400x°8 + 38116532895986727945334202400x°" +
49378235797073715747364762300x°° + 61448471214136179596720592360x°° +
73470998190814997343905056800x°* + 84413487283064039501507937600x°3 +
93206558875049876949581681 1308 x°2 + 98913082887808032681188722800x°* +
1008913445455641933348124973886x°° + 98913082887808032681188722806bx*° +
932065588750498769495816811400x*8 + 84413487283064039501507937600x*" +
7347099819081499734390505680tx*¢ + 61448471214136179596720592960x* +
49378235797073715747364762300x** + 38116532895986727945334202400x* +
28258808871162574166368460400x* + 20116440213369968050635175300x** +
13746234145802811501267369%80x*° + 9013924030034630492634340866 x> +
5670048986634686922786117660 x> + 3420029547493938143902737660 " +
1977204582144932989443770#5 x® + 1095067153187962886461165020 x°° +
5807174297208894094869814%0 x4 + 294692427022540894366527960 x° +
143012501349174257560226 48 x°2 + 663246383068634237960472¢8 x°L +
29372339821610944823963 7486 x>0 + 12410847811948286545336808 x*° +
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499881370203472652520519F x?8 + 191735320078044305076360C x° +
699574816500972464467890 x?° + 24251926972033712101550% x*° +
79776075565900368755190 x** + 24865270306254660391290 x*3 +

7332066885177656269200° x*% + 2041841411062132125696° x°* + 5359833704038096829%0° x°° +
1323415729392122674¢9" x1° + 30664510802988208335 x*8 + 6650134872937201806° x* +
1345860629046814658* x' + 253338471349988646° x*° + 44186942677323608° x'* +
7110542499799200" x1° + 1050421051106706° x'2 + 14162980464360%°° x'* +

1731030945644¢°° x'° + 190223180840¢°* x° + 18608789430§°% x8 + 16007560809°> x” +
1192052400°* x° + 75287520/°° x° + 3921225/°6 x* + 161700y%7 x> + 4950y x* + 100y>° x + y'®°

MathML compressewell.

BytesUsed(kb):
Normal Compressed
Mathematica 3.5 1.2
MathML 39.6 1.8

Many peopleaskedwhy didn't weuseTEX?

Which partof TEX?
TEX is notamenabldo the growingnumberof XML toolssuchasCSS XSLT, DOM, parsers...

Content MathML
Not all membersverein favor of it for MathML 1.

Original contentproposalused<EXPR>asa groupingtagandusedaninfix notation.
Eg,ax+ b mightbeencodeds:

<EXPR> <M >a</ M > <TI MES/ > <M >x</ M > <PLUS/ > <M >b</ M > </ EXPR>
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Notice thatgroupingof thea x wasnotrequired.
Many of the peopleproposingcontentwereopposedo presentatiomndthe earlierform allowedspecifyingsome
thingsnot possiblen thelatternotation.

A latechangan syntaxto the presentegularlisp—likeform delayedviathML afew months.
Dueto greateremphasignddiscussioron presentatiotMathML, contentMathML wasnot aswell thoughtoutas

PresentatiodMathML. As evidenceof this, MathML2 hasmanycontentfixes (deprecatesfn> and<reln>),and
addssometagsthatwereglaringomissiongeg,<lcm/>).

Another look at MathML
MathML is mainly aboutpublishing..

What Content MathML Is really about

Content MathML is not really designedfor computation
MathML purposelydoesnot containan“evaluate'token.

Whata MathML applicationshoulddo whenit receiveghefollowing is notdefined

<appl y> <sin/>
<appl y><di vi de/ >
<ch type="constant"> &pi; </cn>
<cn>4</cn>
</ appl y>
</ appl y>

A computatiorsystemmight display(or return)any of thefollowing:
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sin(

1/V2
0.707107

0.707106781186547524400844362105
Sin[x / 4]

Content MathML is really designedfor publishing

The mainuseof MathML (sofar) is for documentation.
ContentMathML abstractshe notationawayfrom therepresentation.

Variouspublisherqor readershavetheir preferrednotation:

Sin(x) sinX Sin[x]
Lx X X/ 2
2 2

T
fﬂ\/xz—lclx f\/XZ—lclx
0
0

Content MathML is closerto the intent of XML than PresentationMathML
ContentMathML abstractshelogical meaningof anexpressiorirom it's notationaldisplay.

Style sheetor othermeansof renderingdecideon whatit shouldlook like in muchthe sameway asstyle sheetsare
usedto decidethefont size,font, indentationandalignmentof atitle or sectionheading.
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What PresentationMathML Is really about

PresentatiotMathML existsfor somevery importantreasongventhoughit specifiedayoutmuchmorestrongly
thandoescontentMathML.

» Therearea smallnumberof commonnotationalstructuresvhereagherearea very largenumberof common
functions/conceptsNew notationalstructuresareintroducedmuchlessfrequentlythannewmathematical
concepts.

« Many mathematicahuthorsarevery picky aboutnotation.

Unlike text, notationconveysa greatdealof meaning Eg, ax hasadifferentmeaningirom ax in most
mathematicatexts. Thisis nottrue of mostprose.

 Notationscanalsobe usedto conveyimportantideassuchascancellatiorin division.

mile  hour 5280feet

"hour 3600sec mile

762.miles/hour hour /(3600se9 5280feet/ mile

« The stylistic capabilitiesof mosttext—basedystemsanat bestproducemediocrequality math. Presentation
MathML servesasthelowlevel formattingcommandgo which contentMathML canbe converted.

CSSis themainstylistic engineof Webbrowsergoday. It definesa setof stylistic changeghatall Web-based
rendereraresupposedo support. The MathML Working Groupis working on gettingsomeof thethingsusedfor
presentatioMathML into CSSsothatstylistic settingscanbe usedto rendemath.

A similartechnologyis XSL FO (formatting/flowobjects). Thesewould definethelow level controlsthat XSL
transformationgouldtransforminto. TheW3C XSL FO committeehasagreedo usingpresentatiotMathML (tags
andattributes)asits Math component.
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Status of MathML

Lots andlots of interestandsomeplacesusingit for real

« Usedfor archivalformat
U.S. patentoffice publishes3,000—-4,00patents/weekvhich havel,500mathitemsperweek
SIGSAM Bulletin

« Browserimplementationgandbrowser'plug—ins"

techexplorer (IBM)
WebEQ/MathPlayer(DesignScience)

Ama;La
Mazilla

« Commercialproducts
Mathematica
Maple
MathType

« TEX
SeveraTeX to MathML translatorsavailable(all still beta)
MathML to TEX translatorsavailable(MathML spec’spostscriptversionwasproducedhis way)

» Researclefforts

« Distancelearning
WebCT @ Universityof Georgia
paperdatertoday...

« Conformanceestsuite
(full of surprises)
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Reasondor success

« Fills abig hole/need
All of theothermethoddor puttingmathonthewebarepoor

« Backingof themajorplayers
Thereareno otherseriousproposals

 (Mostly) usedwell provendesign
coverthebasicsandpick amodesigoalandgetit done

« Runwith thecrowd
MathML leverage®ff of all of theweb-relatetbols.

e Luck

Once again,computer math Is on the cutting edge...

Problemswith Plug—ins/Applets/ActiveX

Appletsandplug-inglesignandimplementationsverenot well thoughtout.
They basicallytreatthe contentsasa presizedstaticpicture.

« Width/heightof plug—in/appletustbe setby writer, notrenderer.

e Lack of environmentainformation.

Plug-insandappletscan’tquerythe currentfont size,backgroundolor, drawingwidth.

« Basdline
Can'talignthe baselineof mathwith the surroundingext.
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e Printing
If printing worked,it wasnot high resolution

Lots of applets/pageis a problem

RonWhitneygatheredsomestatistic§rom a 26 pageAMS Journalpaperon the sizeandamountof mathin the
paper(authoredn TEX).

1268piecesof math,474 different— 49 piecesof math/page

# atoms occurrences
<1 517(41%)
<2 684 (54%)
<3 799(63%)
<9 1100(87%)

Longestwas168atoms.

Characters and Fonts
Out of thebox, mostmachinedaveonly Symbolfont for math.
Symbolfont hasx~120chars,about40 of which areGreekletters.

Mathematica hasabout700 mathematicatharacters its fonts,andunicode3.2 addsanother400.

Writing installersfor fontsis noteasy...
Mozilla doesn’tincludeMathML in its nightly buildseventhoughDesignSciencehascontributedfontsto Mozilla
becaus&o onehaswritten aninstallerfor thefonts (for all platforms).
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Standards

MathML hasactedasatestcasefor manyW3C standards

CSS— baselinaalignmentgotadded

DOM — howto interfacewith application—specifiteemodels

MIME types— howto associatapplicationspecificXML renderersvith tags

IE and Mozilla

Althoughtherearetwo good"plug-ins'for MathML, neitherNetscapaot IE (<=5) havegoodsupportfor the
featuregheyneed.

IE 6

IE 5.5fixes manyof the problemswith the ActiveX interface;|lE 6 is good.
IBM’s techexploreandDesignScience’'sNebEqg(MathPlayer)sentlots of bugreportsin.

Mozilla

Mozilla hasbuilt—-insupportfor MathML.
Downsideis thatyou arestuckwith whatevemuality the Mozilla volunteeramplement.

The Future of MathML

Users

Theusercommunitydrivesfeatures.

Awaiting the nextroundof browserdor massadoptionof MathML.
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Fontsmaystill beahangup.

Work with otherstandardgroupsto makesurethe standardareMathML—friendly.
Eg, CSSandXML FO MathML support.

SomePresentationFeaturettes

Better grade schoolmath support (2—Daddition and multiplication, long division)

12
X 34 _10
T o 131) 1413
48
36 131
—8 103

In MathML, thelong division examplewould look like:

<nt abl e col umspaci ng="0" rowspaci hg='0" >
<ntr>
<nmt d></ntd> )
<m d col umalign="right’ ><m>10</ m></nt d>
</ntr>
<ntr>
<nmtd col umal i gn="right’><m>131</ m></nt d>
<mtd columalign="right’'>
<nmencl ose notation='I|ongdi v’ ><qm>1413</ m></ nencl ose>
</ md>
</mr>
<ntr>
<mt d></ntd> )
<md columalign="right’>
<nr ow>
<munder >
<m>131</ m>
<nmp> &Under Bar; </ no>
</ munder >
<nmphant onm><mMm>3</ m></ nphant on
</ nr ow>
</ m d>
</mtr>
<ntr>
<mt d></ nt d>
<m d col umalign="right’ ><m>103</ m></nt d>
</ntr>
</ mt abl e>

Gradeschoolnotationsarenot asuniversallyadoptecasmoreadvanceadotations
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Ability to nestother XML inside of MathML
Might be usefulto allow SVG or othergraphicsfor tokens

Might be usefulto allow font changesn atoken: log vs.log

Lots more content tags
Contenttagsare"cheap".

Functions that have multiple notationsare prime candidates

Continuedfractions
Binomially, Multinomial, Gamma,Jacobisymbol...
Unit step,Dirac delta

Simple functions that lack commonnotation

round
fractionalpart
sign

Functions for completeness

MathML hasseveralvector/matrixtunctions,but not EigenvaluesandEigenvectors
MathML hasseveraketfunctions,but not Complement

Someevaluationrelated tags

Someevaluatiorrelatedtagsmight getaddedn thefuture.
Web servicesarea hottopic; somepeoplefeel their shouldbe a standardor mathrelatedwebservice.
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Tagslistedbelowwould differ from the otherMathML tagssincetheir supportwould be optional— webbrowsers
andotherrenderersvould probablynot supportthem.

Two points to remember about computation

« MathML contentis currentlyaimedat display,not computation.
This is whatthe vastmajority of usersareinterestedn.

» Presentatiomndcontentarethe samefor mostsimplemath,soeithercouldbe usedfor evaluation.

Add an evaluate tag

For somesystemghatsupportMathML, evaluations implied.
E.g.,acomputatiorsystenthatacceptsMathML asinputandgenerate$lathML asoutput.

If anevaluate tagis addedthenthe semanticsvould probablybe vaguelydefinedjustaswhatMathML meangoday
to differentsystemss vaguelydefined. More precisespecificatiorraisesall sortsof issueghatprobablyarenot
easilysupportedy currentsystems.

0.707107
0.707106781186547524400844362105

If evaluate is addedtherewill probablybeaway to distinguishbetweemumericalandsymbolicevaluation.

Add assignment

If assignmenis addedthenthereis anissueaboutstate: whendoesonemath taginherit the stateof a previousmath
tag’'sevaluation?
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Add Control flow

« branches
issuesof structuralequality,numericalequality,how mucheffort is a systenrequiredto do to try to determinethe

equality.

« loops
otherthanissuef evaluationrandassignmensemanticsthesearesimple

Add Commands

The currenttagsrepresenMathematicabbjects,notcommands.
If youwantto do computationtherearemanycommoncommandshatpeopleuse. E.qg.

Solve
Fit
Expand
Simplify
Plot

Whatthesecommandslo aremuchmoresystem-orientetianothers soperhapsheydon’t belongin MathML and
shouldreally be partof thewrapperasin webMathematica.

Shamelessadvertisement

 Fortenyears Mathematica hasbeenableto haveevaluationsun on remotekernels.
Multiple kernelscanbe usedfrom oneFrontend.

« With techexploreryou cansavea notebookto aformatthatcanbereadby abrowserandstill bere—evaluated
(remotely)if desired.

« With webMathematica, you cansetup computatiorserverswith all of the security,loadbalancinggtc., that
apacheservergrovide. You canwrite servletsetc.,in Javaor Mathematica.
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The High Court of History

Therehasbeenaboutfive yearsof work putinto MathML.
Only time will tell whethent hasbeena serviceto the communityor not.

When at some future date the high court of history sitsin judgment on each one of us—recording whether in
our brief span of service we fulfilled our responsibilities to the state—our success or failure, in whatever
office we may hold, will be measured by the answersto four questions—were we truly men of courage ...
were we truly men of judgment ... were we truly men of integrity ... were we truly men of dedication?

John F. Kennedy — Jan, 1961



