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4 MathDox tutorial and examples 114.1 MathDox tutorial . . . . . . . . . . . . . . . . . . . . . . . . . 114.1.1 Struture . . . . . . . . . . . . . . . . . . . . . . . . . 124.1.2 Programming onstruts . . . . . . . . . . . . . . . . . 134.1.3 Mathematis . . . . . . . . . . . . . . . . . . . . . . . 154.1.4 XForms . . . . . . . . . . . . . . . . . . . . . . . . . . 184.2 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221 IntrodutionMathDox is an XML based format for interative mathematial douments.MathDox douments an be transformed to interative mathematial webpages using the Mathox Player. Although MathDox an be used as an inter-ative information soure for any topi, it is tailored for material ontaininginterative mathematis. But even if the interativity that the MathDoxPlayer o�ers is ignored, the MathDox tools still allow for easy publishingof sienti� douments or papers on the web. Any MathDox doument willbene�t from the ease with whih mathematial formulae an be renderedin web browsers, but MathDox really shows its potential where it onernsdemonstrating the workings of an algorithm, testing readers' skills with ex-erises or explaining new onepts with dynami, on-sreen, alulations.Interativity o�ers the reader of the MathDox doument the possibility totest and experiene the doument.MathDox uses OpenMath for semanti representation of mathematis andallows the use of programming onstruts and web-servies to their intera-tive potential.The MathDox Player is freely available under the LGPL[28℄ liense. Thesoftware pakages that are used by the MathDox Player are also availableunder an open soure liense. The MathDox Player an be downloaded athttp://mathdox.org.This manual is built up as follows. The next setion explains how to installthe MathDox Player. Setion 3 explains the tehnial details of the Math-Dox format and explains how the MathDox Player works. The last setionontains a small tutorial on authoring a MathDox doument, and providesa number of examples of MathDox tools in use.2



2 Installing the MathDox PlayerIn this setion the download, ompilation and deployment proess of theMathDox Player is desribed. First the prerequisites are disussed followedby download instrutions, on�guration, ompilation, deployment and infor-mation about OpenMath Phrasebooks.2.1 PrerequisitesIn order to run the MathDox Player a few software pakages need to beinstalled �rst. In this setion all pakages are mentioned and if neessaryextra remarks onerning installation are made. One should have the third-party software installed prior to installing the MathDox Player, if it is notstated as optional.
• Java version 1.5 (5.0). Follow instrutions at http://java.sun.om,make sure also to on�gure the Java plug-in in your browser.
• Apahe Tomat version 5.5. (JBoss or any other JavaServlet ontainer will work as well.) Follow instrutions athttp://www.tomat.apahe.org.
• Apahe Ant. Download and install version 1.6.5 or higher fromhttp://ant.apahe.org.
• eXist 1.0.1. This pakage is optional. By default the �lesystemis used as soure loation for MathDox douments. It is howeverpossible to store the douments in a XML database like eXist anduse the bene�ts a database has to o�er. Download eXist fromhttp://exist.soureforge.net. Follow the instrutions to obtain a ex-ist.war �le and opy this �le to the webapps diretory of your Tomatinstallation, or the deployment diretory of another Java Servlet on-tainer of hoie. It is also possible to run exist outside a Java ontainer.Refer to the eXist doumentation for more information on the pakageor on its on�guration.
• A Computer Algebra System, with an OpenMath Phrasebook and itsaompanying servie program. These are not needed but highly re-ommended when one wants to perform (more omplex) omputations.Follow the instrutions given in setion 2.5.3



2.2 DownloadTwo versions of the MathDox Player are available for download. The lateststable release an be found at http://mathdox.org/player. After down-loading the zip �le, the �le should be unzipped. Alternatively, the latestdevelopment version of the MathDox Player an be heked out from sub-version. One �rst needs to install the version ontrol utility Subversion(svn)[26℄. Using the ommand line tool svn in Linux or Windows, hekingout the needed pakage is done as follows.svn hekout https://mathdox.org/svn/repos/publi/mathdoxplayerNo username or password is required. Con�guration of the MathDox Playeris only needed if the default on�guration parameters are not suitable. Followthe instrutions in the next setion to see how to do this.2.3 Con�gurationThe MathDox Player has some settings that an be hanged. These settingsan be found in the properties.xml �le loated in the on�guration folder.Eah setting (or property) has the following form:<propertyname='org.mathdox.storage.url'value='oxf:/player/manual'as='xs:string'/>The following properties an be on�gured:
• org.mathdox.storage.url Loation of MathDox douments, this pointsby default to the manual that is inluded with the MathDox player.
• org.mathdox.phrasebook.default Default OpenMath Phrasebook usedto send OpenMath queries too.
• org.mathdox.phrasebook.mathematia.host Loation of Mathematiaonly needed when Mathematia is used.
• org.mathdox.phrasebook.mathematia.port The port where Mathe-matia an be reahed. 4



• org.mathdox.phrasebook.maxima.host Loation of Maxima, onlyneeded when Maxima is used.
• org.mathdox.phrasebook.maxima.port The port where Maxima an bereahed.
• org.mathdox.phrasebook.gap.host Loation of GAP, only needed whenGAP is used.
• org.mathdox.phrasebook.gap.port The port where GAP an bereahed.
• org.mathdox.phrasebook.wiris.endpoint The loation where the WIRISOpenMath Phrasebook an be reahed.2.4 Compilation and deploymentAt this point it is assumed that you have either a development version fromSubversion (see setion 2.2) or the zip �le and this �le has been unzipped.It is also assumed that any hanges to the settings have been done. Thenext step is to ompile the MathDox Player and deploy it in a Java Servletontainer. This an be done with the help of the build tool Ant, by meansof the following steps:
• Type ant war, at the top level of the MathDox Player diretory. Keepin mind that building a war �le may take several minutes to �nish.Afterwards the mathdoxplayer.war �le an be found in the build/wardiretory.
• Copy the mathdoxplayer.war �le into the deploy diretory of your JavaServlet ontainer, like JBoss or Tomat.
• (Re)start your Java servlet ontainer.2.5 OpenMath PhrasebooksThe MathDox Player an use a Computer Algebra System (CAS) to eval-uate mathematial expressions. An OpenMath Phrasebook is used to a-ess the CAS with OpenMath queries. Phrasebooks for Maxima, GAP andMathematia have been inluded in the Mathdox Player, and need there-fore not be installed. However, eah phrasebook depends on a so-alled5



'servie' program. The servie program enables ommuniation between anOpenMath Phrasebook and a CAS, and should therefore be installed andrunning before using a CAS from the MathDox Player. The Maxima Ser-vie, GAP Servie and Mathematia Servie an all be downloaded from thehttp://mathdox.org website. Installation instrutions are available in theINSTALL �le inside the downloaded pakage.3 MathDox arhiteture3.1 The MathDox formatThe MathDox standard ombines several di�erent XML-based languages intoone new format. Eah language is used in the �eld where its strengthsare. The ombination of these strengths forms the MathDox spei�ation.MathDox also o�ers the use of web-servies. See setion 3.2 for more details.The parts of MathDox are:
• DoBook
• OpenMath
• MONET
• XForms
• Jelly
• XInludeSine all these parts work together, it is quite important for an author toknow at least a bit about eah of these XML languages. The funtionalityof these languages within MathDox will now be brie�y disussed.3.1.1 DoBookDoBook is used as a strutural format for MathDox. DoBook, standard-ized by OASIS[5℄, is both an open standard and XML-based. It o�ers thedoument markup for MathDox and is therefore responsible for the stru-ture of the text in a MathDox doument, suh as paragraphs, enumerations,tables and more. MathDox is an extension of DoBook version 5.0. Existing6



DoBook tools also help translating MathDox douments to LATEX, PDF,HTML or other formats. Interativity is, however, not supported in LATEXor PDF. Doumentation and tutorials about DoBook an be found at [2℄,[3℄ and [4℄.3.1.2 OpenMathAmbiguity is undesired in any interation with a user, espeially in math-ematis. That is why a non-ambiguous representation of the mathematisis needed. But it is not just the user who needs to be able to understandthe mathematis, the omputer needs to understand it also. In most asesthe user might still be able to grasp the meaning from the loosely de�nedontext, but omputer software will have a muh bigger problem in thisrespet. LATEX and MathML presentation are often used formats to repre-sent mathematis, but these formats do not hold the semanti meaning ofthe mathematis as required. For this reason OpenMath is used within theMathDox system.OpenMath[6℄ has been developed in a series of projets that began in 1993.OpenMath gives a meaning to mathematis instead of just telling how topresent the mathematis. OpenMath is also extendable with new ContentDitionaries (CDs). These CDs are library �les whih de�ne new symbolsand their orrelation to other OpenMath entities. This makes it possible tolet OpenMath evolve in new diretions when needed. However in most asesan author should have enough with the standard ontent ditionaries. Anoverview of the standard OpenMath CD's and the symbols that they ontainan be found at the OpenMath website[6℄.Although OpenMath is not designed to render mathematis on the sreen,it an still be used to do so. An OpenMath expression whih needs to bepresented on the sreen will be translated by the MathDox system �rst intoMathML and then to LATEX. The LATEX expressions will then be renderedonto the sreen using either the browser fonts or images. This latest step isperformed by jsMath[13℄, a software pakage speialized in rendering LATEXexpressions in web pages. This also implies that as long as the goal is justto present the mathematis, without performing any omputations on themathematis, both LATEX and MathML an be used as well.Computations are normally done with the use of OpenMath queries andthrough an OpenMath Phrasebook[24℄. OpenMath Phrasebooks translateOpenMath expressions to a Computer Algebra System spei� language,7



send it o� to the CAS, and translate the result bak to OpenMath. Eventhough eah OpenMath Phrasebook targets a spei� CAS, all OpenMathPhrasebooks ommuniate in OpenMath, making it relatively easy for aMathDox doument author to swith from one OpenMath Phrasebook toanother. At the moment Mathematia[23℄, Maple[22℄, GAP[19℄, Maxima[20℄andWIRIS[21℄ have a (partially implemented) OpenMath Phrasebook. Moreinformation about OpenMath an be found at [6℄ and [7℄.3.1.3 MONETThe MONET projet was a two-year investigation into mathematial webservies funded by the European Commission. One of its goals was to on-strut a broker arhiteture for Computer Algebra Systems. The MONETprojet made a spei�ation of suh a broker. The MathDox Player hasmade an implementation of this broker and o�ers its use for Computer Al-gebra System queries. At the moment the supported CAS systems are GAP,Mathematia, Maxima and WIRIS. If the CAS is not set up or on�guredproperly, an error is given. It is also possible to indiate whether to use thenative language of the CAS or to use OpenMath. This an be seleted forboth input and output. WIRIS only supports OpenMath mode. An examplean be seen in Setion 4.1.3.3.1.4 XFormsAny interative system needs input from its users to base its reation bakto the user upon. The MathDox Player is not di�erent, it needs user inputto determine the reation of the system. Information entered by the useran, for instane, be used for adapting explanations, answering exerises orstart queries. Changing values will allow readers to observe the results ofthe (on-sreen) alulations for di�erent values. In Setion 4.1.4 an exampleof this feature will be given.For dealing with user input the MathDox system uses XForms. XForms isa next generation of HTML forms. It is XML based and an do everythingHTML forms an do and more without the need for the author to knowJavaSript[16℄. This makes reating interativity within MathDox dou-ments easier, espeially beause JavaSript is subjeted to many di�erentdialets on the available browsers.XForms uses the Model-View-Controller pattern. This separates the data(the model), the presentation (the view) and the onditions and restritions8



(the ontroller) in separate omponents. The set of onditions and restri-tions tell web browsers how to reat to entered data, e�etively implementinginterativity into web pages generated by MathDox douments. Data enteredin the web page will be olleted into an XML doument and will be sent assuh to the server on a possible submit ation. However the data an alsobe used on the web page itself without any submit.At the moment XForms is not yet properly supported by all browsers. How-ever XForms is inluded into the XHTML 2.0 spei�ations and work towardsinlusion of XForms in web-browsers is being done. For now the used XFormsin MathDox are translated by the MathDox Player into HTML forms sup-plemented with some JavaSript. More information about XForms an befound at [8℄ [9℄ [10℄.3.1.5 JellyFor speifying and �ne-tuning the reations of the MathDox system to userinput, an author needs programming onstruts. MathDox inludes Jelly[11℄for this purpose. Jelly is a JSP-like [15℄ XML-language, and has been devel-oped as an Apahe projet[14℄. Jelly an be used for onditional statements,loops, variables, alls to Java objets and alls to web-servies.3.1.6 XInludeMathDox Douments do not need to be a single big �le. There are ases inwhih it is advantageous to split douments into smaller parts. The resultingset of parts will inrease possiblities for reuse and support maintainability.XInlude[12℄ is used to inlude and group together XML omponents whihare kept in di�erent �les. XInlude is a W3C standard.3.2 Web-serviesIt is possible to invoke web-servies from MathDox douments. In this wayMathDox douments an be enrihed with features otherwise not imple-mented in the MathDox Player. One example is the use of Computer Al-gebra Systems. Another example from the WebALT projet is to use it fornatural language translation. Of ourse other third party servies may beused in a similar way. Web-servies an be alled with a Jelly expression.9



3.3 Inner workings of the MathDox PlayerIn this setion a brief explanation is given on how the MathDox systemworks. The software running on the server, whih makes MathDox dou-ments aessible over the web is alled the MathDox player. Similarly to toway in whih a web-server ensures that HTML douments stored on disk anbe browsed using a web-browser, the MathDox Player ensures that Math-Dox douments an be browsed. Beause web-browsers do not understandthe MathDox XML format, the MathDox Player needs to do some addi-tional work; translate the MathDox doument into browser-understandableHTML.
Figure 1: MathDox Player overviewMathDox douments are onverted to interative web pages by means ofmultiple translations within the MathDox Player. Eah translation handles apart of the MathDox language. For instane there is a step that translates theDoBook struture into an HTML struture, and another step will translatethe XForms elements into HTML and JavaSript. An overview of all thesesteps is presented in Figure 2.

Figure 2: Translation steps in the MathDox playerMONET queries are handled by the MathDox Player by transforming theminto Jelly ode �rst. For instane, when a MONET query is enountered10



that requests evaluation of the expression a ∗a = a
2 by a Computer AlgebraSystem, then the generated Jelly ode will ontain the statements for all-ing a spei� Computer Algebra System that is on�gured for use with theMathDox Player, and that an handle the evaluation. The atual translationof MONET into Jelly is handled by an XSLT transformation. XSLT[17℄ is alanguage espeially suited for desribing transformation of one XML formatinto the other, and it is used extensively by the MathDox Player. Afterthe MONET queries have been translated into Jelly ode, all Jelly ode isexeuted. This inludes also the Jelly ode that was already present in theMathDox doument. Next in line is the DoBook onversion. DoBookis translated into HTML, again with the use of XSLT. Also OpenMath istranslated with the help of XSLT. It is �rst translated into MathML andnext to LATEX. Subsequently, a JavaSript program jsMath[13℄ is used forthe �nal translation to either a suitable font installed in the user's browser,or to images with the same appearane if the font is not present at the user'sbrowser. The �nal step is onverting XForms to HTML. This step is exeutedby Orbeon Forms[1℄. It translates XForms to JavaSript and HTML.It is important to keep this hain of events in mind when one is writinga MathDox doument. Communiation and ooperation between di�erentXML-based languages an sometimes be a bit di�ult or even impossible.For instane Jelly is exeuted before XForms; for this reason it is possible toinsert Jelly variables into XForms but not the other way around.4 MathDox tutorial and examplesThe ombination of di�erent XML-tehniques grants an author a high degreeof freedom in the reation of MathDox douments. In this hapter someMathDox doument ode and a few more omplex examples without odeare given.4.1 MathDox tutorialIn this setion some ode examples will be shown. The di�erent XML-tehniques are disussed and eah new example will be a bit more omplexthan the previous one. However one will not learn everything possible withMathDox from this setion. On purpose the examples are kept simple andeasily omprehensible. The reader who needs more information is refered tomore spei� doumentation or tutorials on the subjet[8℄ [9℄ [10℄.11



4.1.1 Struture<artile><title/></artile>

Figure 3: The tiniest MathDox exampleThe struture of a MathDox doument is taken are of entirely by Do-Book. The smallest MathDox doument possible is shown above. It is just aDoBook <artile> tag ontaining an empty <title> tag and nothing more.This doument an be made more meaningful by adding DoBook, XForms,Jelly, Monet or XInlude tags. This is shown in the next few steps. Feel freeto experiment with any of the tags of the inluded, and previously named,XML-formats.<artile><title>Tutorial</title><subtitle>Example</subtitle><hapter><para/></hapter></artile>In this next step some more DoBook tags have been added. The title, sub-title and hapter are self-explanatory. The para tag is a tag for paragraphsand an be �lled with anything from just plain text to OpenMath and Jellyexpressions. In the next step it will ontain some Jelly ode.12



Figure 4: A MathDox example with a minimal struture4.1.2 Programming onstrutsProgramming onstruts needed in MathDox douments are provided byJelly. A few examples are shown in relation to the use of variables in Jelly.Note that Jelly is not limited to the use of variables or a while loop. Pleaserefer to the Jelly[11℄ site for more information on the possibilities of Jelly.<artile xmlns:="jelly:ore"><title>Jelly</title><subtitle>Variables</subtitle><para><:set var='a' value='7'/>The value of variable a is: ${a}</para></artile>Some Jelly statements have been inserted into the para tag. These state-ments demonstrate the use of a variable. In the <:set> tag, the value ofthe variable a is is set to 7. The ${a} statement indiates how the value of aan be alled. This is the most e�etive way of using a variable. In the nextexample a Fibonai algorithm has been implemented with the use of Jelly.This example inludes some alulations and a while loop with a onditional13



Figure 5: Jelly variable in MathDoxstatement. The jelly ode will have the same funtionality as the belkowstated pidgin odea:=1;b:=1;while a<100 doprint a; := a + b;a := b;b := ;od<artile xmlns:="jelly:ore"><title>Jelly</title><subtitle>Fibonai</subtitle><para><:set var='a' value='1'/><:set var='b' value='1'/><:while test='${ a &lt; 100 }'>${a}<:set var='' value='${ a+b }'/><:set var='a' value='${ b }'/><:set var='b' value='${  }'/></:while></para></artile> 14



Figure 6: A Fibonai exampleAbove an implementation is given of the Fibonai algorithm. Note that the< (less than) harater in Jelly expressions needs to be esaped to preventonfusion with XML-tags.4.1.3 MathematisMathDox supports OpenMath for mathematial expressions. Here is anexample of a MathDox doument that ontains an OpenMath expression.<artile><title>OpenMath</title>` <subtitle>Just an expression</subtitle><para><OMA><OMS d='trans1' name='os'/><OMA><OMS d='arith1' name='power'/><OMV name='x'/><OMI>2</OMI></OMA></OMA></para></artile> 15



Figure 7: OpenMath in MathDoxThe OpenMath ode above is used to represent the expression cos(x2). Itontains the os symbol from the trans1 Content Ditionary (CD), and thepower symbol from the arith1 CD. These CDs are standard OpenMath CDsas mentioned in setion 3.1.2. Later we will also see examples of OpenMathexpressions being used for omputations and editing.The next example uses OpenMath, Jelly ode, and a MONET expression.<artile xmlns:monet='http://monet.nag.o.uk/monet/ns' xmlns:x="jelly:xml" ><title>OpenMath and MONET</title><subtitle>differentiation</subtitle><para><x:parse var="om-expression" trim="true"><OMA><OMS d='trans1' name='os'/><OMA><OMS d='arith1' name='power'/><OMV name='x'/><OMI>2</OMI></OMA></OMA></x:parse>The derivative of<x:opyOf selet='$om-expression/*'/>is<monet:query> 16



<monet:lassifiation><monet:diretive-type href='http://mathdox.org/phrasebook/mathematia#eval'/></monet:lassifiation><monet:body><monet:output><OMA><OMS d='alulus1' name='diff'/><OMBIND><OMS d='fns1' name='lambda'/><OMBVAR><OMV name='x'/></OMBVAR><x:opyOf selet='$om-expression/*'/></OMBIND></OMA></monet:output></monet:body></monet:query></para></artile>

Figure 8: A MONET allThe expression cos(x2) we saw earlier, has now been inserted into a Jellyvariable that is able to ontain XML. Inserting XML-ode into a Jelly vari-able needs some parsing. This is done by the <x:parse> tag. The aim is toreuse the XML stored in the variable as XML again instead of a value as inprevious examples. To this end the XML-ontents of the variable needs to17



be opied from the variable and into the XML struture of the doument.This is done by means of the <x:opyOf> tag. In this way one and the sameexpression an be printed to the sreen now and be used for alulations lateras it will be used as input for the MONET query. This MONET query addssome more OpenMath around the ontents of the XML-ontaining variableto tell a CAS to di�erentiate the funtion x 7→ cos(x2). The result is thenprinted to the sreen as well.4.1.4 XFormsXForms in MathDox douments adds a means for ommuniation with thereader of the MathDox doument. It allows for many form elements whihan be used for user-input, but it an also be used with a set of rules to bindentered data to spei� onditions, or disable editing in some form elementsor remove form elements all together from the web page, or the other wayaround. The next example shows how this works.<artile xmlns:xforms='http://www.w3.org/2002/xforms'><xforms:model><xforms:instane><model><textarea>edit this text</textarea><editable>off</editable><visible>true</visible></model></xforms:instane><xforms:bindnodeset='textarea'readonly='/model/editable="off"'/></xforms:model><xforms:group ref='visible[.="true"℄'><xforms:label>TextArea</xforms:label><xforms:textarea ref='/model/textarea' /></xforms:group><para>Turn editing :</para><xforms:selet1 ref='editable' appearane='full'><xforms:item><xforms:label>on</xforms:label><xforms:value>on</xforms:value></xforms:item><xforms:item><xforms:label>off</xforms:label><xforms:value>off</xforms:value></xforms:item></xforms:selet1> 18



<para>Turn visibility :</para><xforms:selet1 ref='visible'><xforms:item><xforms:label>visible</xforms:label><xforms:value>true</xforms:value></xforms:item><xforms:item><xforms:label>invisible</xforms:label><xforms:value>false</xforms:value></xforms:item></xforms:selet1></artile>

Figure 9: XForms and MathDox doumentsThis MathDox doument shows three input elements in a web page. The�rst, a textarea, an be made readonly by the seond ontrol and made todisappear by the third. The example above is divided into four parts. The�rst is an internal model in whih all variables and seletions of the userare stored and whih is send to the MathDox Player on a submit event. Inthis part there is also a bind rule, whih an be used to impose restritionson the XForms ontrol and elements. This partiularly bind element turnsthe readonly �ag of the textarea (part two) on or o� based on the model'seditable element. The prede�ned values in the model are the default values.The other parts of the example ontain the XForms ontrols. These area textarea, radioboxes (selet1) and a dropdown menu (again a selet1).19



These ontrols are pointed to elements from the model and ontain initiallythe same values as the elements of these forms.<artile xmlns:xforms='http://www.w3.org/2002/xforms'><xforms:model><xforms:instane><model><answer/></model></xforms:instane></xforms:model><para>What do you get if you multiply<OMOBJ><OMI>6</OMI></OMOBJ> by <OMOBJ><OMI>9</OMI></OMOBJ> ?</para><orderedlist numeration="loweralpha"><listitem><OMOBJ><OMI>42</OMI></OMOBJ></listitem><listitem><OMOBJ><OMI>54</OMI></OMOBJ></listitem></orderedlist><xforms:group ref='answer'><xforms:label>Answer:</xforms:label><xforms:selet1 ref="."><xforms:item><xforms:label>no answer</xforms:label><xforms:value>no answer</xforms:value></xforms:item><xforms:item><xforms:label>a</xforms:label><xforms:value>1</xforms:value></xforms:item><xforms:item><xforms:label>b</xforms:label><xforms:value>2</xforms:value></xforms:item></xforms:selet1></xforms:group><xforms:group ref="answer[ . = '1' ℄"><para> This galaxy is not so twisted that<OMOBJ><OMA><OMS d="relation1" name="eq"/><OMA><OMS d="arith1" name="times"/><OMI>6</OMI><OMI>9</OMI></OMA><OMI>42</OMI></OMA></OMOBJ>. Please try again.</para> 20



</xforms:group><xforms:group ref="answer[ . = '2' ℄"><para>Your answer,<OMOBJ><OMI>54</OMI></OMOBJ>is orret!</para></xforms:group></artile>

Figure 10: A MathDox ExeriseThis MathDox doument is a multiple hoie question. The reader is asked toanswer a simple question by hoosing the right answer between two options.Depending whih answer was hosen by the reader a feedbak is displayed,telling the reader if the answer was orret. This example is onstruted outof 5 parts. At the top the doument starts with a XForms model, whih isused to store the answer of the reader of the MathDox doument. Diretlyunderneath the question is posed, followed by a list of possible answers tohose from. The fourth blok gives the user a drop down menu whih allowsthe reader to hoose. The answer is stored in the model whih was found inthe �rst blok. In the last blok it is determined whih feedbak should beshown to the reader. The MathDox Player tries to �nd the referene to theanswer element whih ontains a '1' (indiating that answer a was hosen) inthe instane in the model, de�ned at the top of the doument. If it is found21



then the xforms:group line beomes ative and the inluded lines within thiselement are shown. Otherwise the answer must be '2' ativating a di�erentfeedbak in the same way.More MathDox ode examples an be found at the MathDox website[18℄.4.2 ExamplesIn the previous setion several MathDox ode listings ould be found, in thissetion some more omplex examples of what MathDox an do are given. Thelistings of these examples would beome too large to show in this doument,for that reason they where omitted.

Figure 11: An example in whih di�erentiation is explainedFigure 11 shows how MathDox douments an be used to represent mathe-matis in a (Duth) web page. Web pages of this kind an be used for a lotof di�erent purposes, the example here is used to teah high shool studentthe basis of di�erentiation. 22



Figure 12: The Fibonai algorithm oded and demonstratedIn the previous setion a listing was shown whih would produe the Fi-bonai sequene. In �gure 12 an adapted version is shown. In this versionthe while loop as well as the sequene itself are shown together in the webpage.Figure 13 shows an example about tangient lines (again in Duth). Notethat the values in this example are randomly hosen. Eah time the pageis reloaded (reload button on the browser, or reload link on the page) newvalues are hosen. These values are inorporated into the explanation andinto the graph elsewhere on the page. The graph is drawn by a ComputerAlgebra System. Users, in this ase students, an arefully examine thetheory behind di�erentiation, and request as muh examples with di�erentvalues as they would like.Exerises an be designed in suh a way that they onsist of multiple steps.As suh they are an example of programmable reations in MathDox. Theseexerises an, for instane, respond to wrong answers by either giving a hint,a referene to theory, or by simplifying the question. The kind of exerisethat direts readers based on answers to questions to more spei� questions23



Figure 13: An example about tangient linesin the exerise, is alled an exerise graph. A step within these exerises isalled an interation. Eah interation an ontain for instane some text,a link, an image or an answer �eld. Both multiple hoie questions (oneor more valid answers) and open questions are supported. In �gure 14 the�rst interation of a multi-step exerise is shown. This exerise was reatedduring the WebALT projet. In this European projet the goal was to ahievemultilingual mathematial exerises. This goal was ahieved by reating aspeial arti�ial language whih is translated by a web-servie to a naturallanguage (suh as English or Spanish) of hoie. Figure 14 shows one of theseexerises and demonstrates the ability of MathDox douments to all thisweb-servie and inorporate the results into the doument. Note that theWIRIS OpenMath Editor Applet [29℄, labeled 'Formula' in �gure 14, is notopen soure and is therefore by default not inluded in the MathDox Player.
24



Figure 14: A WebALT exerise whih demonstrates the use of programmingonstruts and a web-servie allReferenes[1℄ Orbeon Forms, http://www.orbeon.org[2℄ DoBook.org, http://dobook.org[3℄ DoBook The De�nitive Guide, http://www.oreilly.om/atalog/dobook/hapter/book/dobook.html[4℄ DoBook.org, http://opensoure.bureau-ornavin.om/rash-ourse/en/markup-based-on-ontent.html[5℄ OASIS, http://www.oasis.org[6℄ OpenMath, http://openmath.org25



[7℄ Crossroads OpenMath, http://www.am.org/rossroads/xrds6-2/openmath.html[8℄ XForms, http://www.w3.org/MarkUp/Forms[9℄ Wikipedia referene on XForms, http://en.wikipedia.org/wiki/XForms[10℄ XForms Essentials, http://xformsinstitute.om/essentials/browse/book.php[11℄ Jelly, http://jakarta.apahe.org/ommons/jelly[12℄ XInlude, http://www.w3.org/TR/xinlude[13℄ jsMath, http://www.math.union.edu/~dpv/jsMath[14℄ apaheProjet, http://apahe.org[15℄ JSP, http://java.sun.om/produts/jsp[16℄ JavaSript, http://www.javasript.om[17℄ XSLT, http://www.w3.org/TR/xslt[18℄ MathDox, http://www.mathdox.org[19℄ GAP, http://www.http://www.gap-system.org[20℄ Maxima, http://maxima.soureforge.net[21℄ WIRIS, http://www.wirisonline.net[22℄ Maple, http://www.maplesoft.om[23℄ Mathematia, http://www.wolfram.om[24℄ OpenMath Phrasebooks, http://www.mathdox.org[25℄ Ant, http://ant.apahe.org[26℄ Subversion, http://subversion.tigris.org[27℄ XML Spei�ation, http://www.w3.org/TR/xml11[28℄ GNU Lesser General Publi Liense, http://www.gnu.org/lienses/lgpl.html[29℄ WIRIS Editor http://www.wiris.om/ontent/view/20/3/lang,en/26


