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Integration Of Web Browsers andInterative TVA dissertation submitted for the degree ofMS in Distributed Systems and NetworksComputing LaboratoryUniversity of Kent at CanterburyMihael PediaditakisAugust 31, 2001



AbstratInterative TV(ITV) tehnologies enhane the onventional TV serviesand enable user{ontent interation. The World Wide Web is urrentlythe most popular approah to information exhange. The \Integration ofInterative TV and web browsers" projet studies the onvergene of thetwo areas whih is important sine both areas an bene�t eah other.We fous on an ITV extension for an existing web browser. The \Multi-media and Hypermedia information oding Experts Group" part 5 (MHEG-5) standard is seleted as representative for the ITV area, and the ExtensibleMarkup Language (XML) and Doument Objet Model (DOM) standardsfor the web browsers area. We present the design and implementation ofan MHEG extension for a web browser and integrate the MHEG and DOMevent models in order to ahieve an easier and more ompat MHEG eventmodel implementation.Our study provides the foundation for the onvergene of the two teh-nologies by a thorough study, implementation and evaluation of ITV andbrowser integration.



Aknowledgments
I would like to thank my family for their support and guidane during thisyear of study in the University of Kent at Canterbury and during my wholelife in general.I would also like to thank my tutor and projet supervisor Dr. DavidShrimpton for his guidane throughout this projet, his inspirational ideasand his support during the last diÆult days of the dissertation preparation.

1



Contents
1 Introdution 81.1 The two areas and integration bene�ts . . . . . . . . . . . . . 81.2 Related work . . . . . . . . . . . . . . . . . . . . . . . . . . . 91.3 Our approah . . . . . . . . . . . . . . . . . . . . . . . . . . . 101.4 Doument layout . . . . . . . . . . . . . . . . . . . . . . . . . 112 Interative TV { MHEG 132.1 Interative TV . . . . . . . . . . . . . . . . . . . . . . . . . . 132.2 MHEG standards . . . . . . . . . . . . . . . . . . . . . . . . . 142.3 Overview of MHEG parts 5 and 8 . . . . . . . . . . . . . . . . 152.4 MHEG-5 objet model . . . . . . . . . . . . . . . . . . . . . . 162.4.1 Introdution to MHEG objets . . . . . . . . . . . . . 162.4.2 The MHEG lasses . . . . . . . . . . . . . . . . . . . . 172.5 MHEG-5 event model . . . . . . . . . . . . . . . . . . . . . . 222.6 MHEG-5 onformane issues . . . . . . . . . . . . . . . . . . 242.7 Conlusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253 Web browsers { DOM 263.1 Web browsers . . . . . . . . . . . . . . . . . . . . . . . . . . . 263.2 XML overview . . . . . . . . . . . . . . . . . . . . . . . . . . 273.3 DOM overview . . . . . . . . . . . . . . . . . . . . . . . . . . 283.3.1 DOM-2 ore desription . . . . . . . . . . . . . . . . . 293.3.2 DOM-2 event model desription . . . . . . . . . . . . 302



3.4 Conlusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334 Browsers assessment { X-Smiles 344.1 Browsers assessment . . . . . . . . . . . . . . . . . . . . . . . 344.1.1 Browser requirements . . . . . . . . . . . . . . . . . . 344.1.2 Browser alternatives . . . . . . . . . . . . . . . . . . . 364.2 X-Smiles overview . . . . . . . . . . . . . . . . . . . . . . . . 364.2.1 Arhiteture overview . . . . . . . . . . . . . . . . . . 374.2.2 XML proessing layer . . . . . . . . . . . . . . . . . . 384.2.3 Browser ore layer . . . . . . . . . . . . . . . . . . . . 394.2.4 User interfae and interation layer . . . . . . . . . . . 414.3 Conlusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425 ITV { web browsers integration 435.1 The integration proess . . . . . . . . . . . . . . . . . . . . . 435.2 First step: minimal onforming engine . . . . . . . . . . . . . 445.2.1 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . 455.2.2 Implementation . . . . . . . . . . . . . . . . . . . . . . 525.2.3 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . 565.3 Seond step: Event model integration . . . . . . . . . . . . . 585.3.1 Event models omparison . . . . . . . . . . . . . . . . 595.3.2 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . 605.3.3 Implementation . . . . . . . . . . . . . . . . . . . . . . 645.3.4 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . 675.4 Conlusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 696 Evaluation { further researh 716.1 Integration evaluation . . . . . . . . . . . . . . . . . . . . . . 716.1.1 Minimal onforming engine . . . . . . . . . . . . . . . 726.1.2 Event models integration . . . . . . . . . . . . . . . . 746.1.3 General omments . . . . . . . . . . . . . . . . . . . . 753



6.2 Comments on the standards used and X-Smiles . . . . . . . . 766.3 Comparison to the original projet plan . . . . . . . . . . . . 776.4 Further researh . . . . . . . . . . . . . . . . . . . . . . . . . 786.4.1 Implementation orretions { extensions . . . . . . . . 786.4.2 Further integration . . . . . . . . . . . . . . . . . . . . 796.4.3 Related researh ideas . . . . . . . . . . . . . . . . . . 807 Conluding remarks 82A Abbreviations 84B Initial projet desription 86B.1 Introdution . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86B.2 The problem area . . . . . . . . . . . . . . . . . . . . . . . . . 87B.2.1 The standards . . . . . . . . . . . . . . . . . . . . . . 87B.2.2 Mozilla . . . . . . . . . . . . . . . . . . . . . . . . . . 89B.2.3 Projet shedule . . . . . . . . . . . . . . . . . . . . . 90B.3 Conlusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91C Minimal appliation domain de�nition 93D Browser alternatives 96D.1 Mozilla browser . . . . . . . . . . . . . . . . . . . . . . . . . . 96D.2 X-Smiles browser . . . . . . . . . . . . . . . . . . . . . . . . . 98D.3 Amaya browser . . . . . . . . . . . . . . . . . . . . . . . . . . 99D.4 HotJava browser . . . . . . . . . . . . . . . . . . . . . . . . . 99D.5 Arena and Mosai browsers . . . . . . . . . . . . . . . . . . . 100E Exeution examples 101E.1 XML soures . . . . . . . . . . . . . . . . . . . . . . . . . . . 101E.1.1 The appliation �le . . . . . . . . . . . . . . . . . . . . 101E.1.2 The sene �le . . . . . . . . . . . . . . . . . . . . . . . 1024



E.2 Engine output for Setion 5.2.3 test . . . . . . . . . . . . . . 103E.3 Engine output for Setion 5.3.4 test . . . . . . . . . . . . . . 112

5



List of Tables
2.1 MHEG family of standards . . . . . . . . . . . . . . . . . . . 142.2 Event and exeution types . . . . . . . . . . . . . . . . . . . . 233.1 DOM-2 reommendations . . . . . . . . . . . . . . . . . . . . 294.1 Summary of browser requirements . . . . . . . . . . . . . . . 354.2 Browser quali�ation information . . . . . . . . . . . . . . . . 375.1 Minimal appliation domain lasses features . . . . . . . . . . 455.2 MHEG - OO model mapping . . . . . . . . . . . . . . . . . . 475.3 MHEG engine omponents . . . . . . . . . . . . . . . . . . . . 535.4 Event models omparison . . . . . . . . . . . . . . . . . . . . 615.5 Event models mapping . . . . . . . . . . . . . . . . . . . . . . 64C.1 Minimal appliation domain lasses . . . . . . . . . . . . . . . 94C.2 Minimal appliation domain features . . . . . . . . . . . . . . 94C.3 Minimal appliation domain onstraints . . . . . . . . . . . . 95

6



List of Figures
2.1 MHEG ore lasses . . . . . . . . . . . . . . . . . . . . . . . . 182.2 MHEG lass states . . . . . . . . . . . . . . . . . . . . . . . . 192.3 MHEG ingredient hierarhy . . . . . . . . . . . . . . . . . . . 212.4 MHEG exeution example . . . . . . . . . . . . . . . . . . . . 243.1 DOM ore interfaes . . . . . . . . . . . . . . . . . . . . . . . 303.2 DOM tree example . . . . . . . . . . . . . . . . . . . . . . . . 313.3 Event ow example . . . . . . . . . . . . . . . . . . . . . . . . 324.1 Top level browser arhiteture (based on [13℄) . . . . . . . . . 384.2 X-Smiles doument ow example . . . . . . . . . . . . . . . . 394.3 X-Smiles state model (based on the state model �gure in [13℄) 405.1 MHEG { OO mapping example . . . . . . . . . . . . . . . . . 485.2 Stak event model example . . . . . . . . . . . . . . . . . . . 515.3 Engine MHEG lass hierarhy . . . . . . . . . . . . . . . . . . 545.4 Engine exeution hierarhy . . . . . . . . . . . . . . . . . . . 555.5 Engine referene lass hierarhy . . . . . . . . . . . . . . . . . 555.6 Engine manager lass . . . . . . . . . . . . . . . . . . . . . . . 565.7 New link proessor hierarhy . . . . . . . . . . . . . . . . . . 655.8 DOM event hierarhy . . . . . . . . . . . . . . . . . . . . . . 665.9 Event listener hierarhy . . . . . . . . . . . . . . . . . . . . . 675.10 New event model design . . . . . . . . . . . . . . . . . . . . . 687



Chapter 1Introdution
Interative TV (ITV) has reeived major attention sine it is a relativelynew tehnology that enhanes the TV experiene and o�ers a brand newway of information exhange using the TV set. Moreover, the World WideWeb (WWW) an be onsidered as the dominant means of ommuniatinginformation. \Integration of Web Browsers and Interative TV" projet'sprinipal aim will be to investigate the onvergene of these two areas.1.1 The two areas and integration bene�tsITV tehnologies enhane the onventional TV servies by allowing the userto interat with the presented ontent. The required additional funtionalityfor interation support is urrently provided by a set-top box (STB). The\Multimedia and Hypermedia information oding Experts Group" part 5(MHEG-5)[14℄ standard has been aepted as part of the Digital Audio andVisual Counil (DAVIC) ITV spei�ation and for the U.K. terrestrial ITVfor interative ontent representation and handling. The MHEG-5 stan-dard provides a means for representing, transferring and handling data forinterative multimedia lient server appliations.Web ontent is proessed and presented by a \web browser" applia-tion. Web browsers are mainly foused on the support of W3C internationalstandards whih provide a standard and internationally reognized way to8



represent the information available through the web. Nevertheless, there arealways some platform-spei� or non-standard extensions that are neededin order to support ontent types whih are not desribed by internationalstandards and are based on proprietary data formats.We will mainly fous on the integration of MHEG-5 funtionality intothe web browsers. This integration will be bene�ial sine it will provide webbrowsers apable for interative multimedia and ITV ontent handling andwill also allow users to seamelessly hange between ITV and web ontent.Moreover, we will see how web tehnologies an be used in order to supportan interative multimedia appliation.1.2 Related workThere have been several proposals for web browser and interative TV do-mains onvergene. In this setion we will present three di�erent approaheswhih look at the problem from a di�erent perspetive.One of the �rst proposed solutions[2℄, when there was no support forweb sripts and dynami HTML, used gateways that emulated MHEG be-haviour through dynamially generated HTML pages. The prinipal aimwas to use an MHEG-unaware web browser for presenting MHEG ontent.The basi problem was the user interation handling, sine, HTML was notadequate for handlingMHEG appliations. The proposed solution was basedon \image-maps" whih displayed MHEG ontent and provided feedbak onthe user interation. The proxy was proessing MHEG data and generatedan \image-map" representing the presentation sreen ontent. User mouse-interation was fed bak to the proxy in terms of mouse \liks" over theimage map. Then, the proxy proessed the user interation and returneda new image map representing the new sreen layout. This solution wasobviously slow, non-saleable, required heavy network support and the userexperiene was less than satisfatory. However, it was the only way to rep-9



resent interative multimedia ontent without modifying the web lient.After sripting support and additional funtionality was added to theHTML standard, a di�erent approah beame feasible. The basi oneptwas the onversion from MHEG to HTML ontent and vie-versa[11℄. In or-der to ahieve the onversion, an investigation of the ommon aspets of thetwo standards was made and a mapping was provided for the orrespondingonepts of both standards. For the MHEG to HTML onversion, in order tosupport the MHEG features whih ould not be diretly mapped to HTMLonepts, JavaSript and Casading Style Sheets (CSS) were used. Thisapproah allows representation of both ontent types in a platform that isdesigned to handle only one of them. Moreover, it provides a standard andplatform independent way to integrate the two areas sine there is direttranslation between the standards and there is no need to fous on spei�platforms. The basi drawbak is that some MHEG onepts ould not beeÆiently translated. Additionally, the di�erenes of the display and userinteration apabilities of the orresponding platforms introdue even moreproblems whih are addressed in [23℄.The third proposal[8℄ makes use of downloadable applets that provide theMHEG funtionality. Applets allow the development of an MHEG enginein a way similar to a stand-alone appliation. The only disadvantage of thissolution seems to be the fat that it is diÆult to use existing browser fun-tionality for supporting MHEG handling and is simply a way of \attahing"an MHEG engine to a browser.1.3 Our approahOur approah is to extend a web browser arhiteture in order to make itMHEG-aware by modifying its implementation. This would require an opensoure browser and probably more e�ort than the related work disussed inSetion 1.2. The latter is true beause it is usually more diÆult to support10



the new ontent by modifying an existing arhiteture than to independentlyimplement the new funtionality or to onvert the new ontent to an alreadyhandled doument type. However, this approah would allow the use ofexisting browser features and already implemented Internet standards tosupport the MHEG engine extension.What we want to avoid is a platform and browser dependent MHEGextension. If that was the ase it would be easier to develop a \plug-in" thatimplements an MHEG engine. This approah is not of major interest sine itprovides no more than an MHEG engine implementation. Therefore, we willfous on using standard browser and international standards funtionalityfor supporting the MHEG extension.Our goal is to �nd ways of making a web browser MHEG-aware by usingas many already implemented features as possible. This would normallyend up to a more ompat and eÆient MHEG extension implementationas opposed to one whih does not use the existing features.1.4 Doument layoutThe doument is divided into three basi parts: the bakground information,the integration proess desription and the evaluation. Moreover, additionalinformative material that provides details whih are not essential for ourstudy is inluded in the appendies.Bakground information is inluded in the next three hapters. Chapter2 provides information on the ITV domain and an overview of the MHEGstandards. The desription of MHEG is essential for the rest of the projetsine it will be our main point of interest. Chapter 3 is onerned with theother area of the integration, web browsers. It presents the urrent browserssituation and the XML and DOM standards whih will be used extensivelyfor the integration proess. Finally, Chapter 4 is onerned with the identi�-ation of the requirements for the target browser platform. Several di�erent11



alternatives are examined and X-Smiles is seleted as the most adequateone for our researh. Then, an overview of X-Smiles arhiteture is given inorder to provide the required ontext for our disussion on the extension ofthe browser.After the bakground information, Chapter 5 desribes the integrationproess and our ahievements. It desribes how the integration proess isstrutured and ontains the design, implementation and a �rst level evalua-tion of the two main parts of the integration: the MHEG extension and theevent models integration.An evaluation of the whole projet and further researh ideas are in-luded in Chapter 6. The evaluation follows a bottom-up struture wherewe start from the implementation evaluation and ontinue up to a generaldisussion about the projet ontribution and the standards used. Furtherresearh follows a similar struture by starting by minor implementationproblems and ending up with researh ideas in the wider area of the weband interative TV.Finally, the appendies ontain additional information on the abbrevi-ations and the MHEG appliation domain used, the original projet de-sription, the browser alternatives, the examples and the output for theevaluation and some illustrative ode examples.
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Chapter 2Interative TV { MHEG
In this hapter we will give a brief desription of the Interative TV (ITV)domain, its relation to the ISO/IECMHEG standards[14, 15℄ and an overviewof MHEG parts 5 and 8. Our aim is to signify the importane of MHEG-5for ITV and to desribe the basi MHEG aspets whih are important forthe rest of our study.2.1 Interative TVInterative TV tehnologies enhane the onventional TV servies by allow-ing the user to interat with the TV set.1 For instane, the user may requestinformation on the TV programe or take part in a multi-player game usingthe TV set. The ITV information would normally be displayed on top ofthe onventional TV programe, while the interation might take plae withan enhaned remote ontrol.In order to support the enhaned ITV funtionality, a set-top box (STB)is used[3℄. STBs are urrently used in order to provide the \missing intel-ligene" of TV sets. In the future, STB funtionality might be integratedinto the stok TV sets. STBs need a well de�ned appliation programminginterfae (API) for supporting the interative servies. Currently, there are1In this ontext the term \interation" is used as in \interative multimedia". In otherwords, it is not meant for onventional TV interations suh as inreasing the volume orhanging the ontrast. 13



several proposals for the STB API but there is still no international agree-ment. However, UK terrestrial interative TV and the Digital Audio andVideo Counil (DAVIC) have aepted MHEG-5 as the platform for ITVsupport. Based on these two examples, we will onsider MHEG-5 as an im-portant platform for ITV, and our study on the integration of web browsersand ITV will fous on the integration of MHEG-5 funtionality into the webbrowsers.2.2 MHEG standardsMHEG stands for \Multimedia and Hypermedia information oding ExpertsGroup". The MHEG group of standards is olletively alled \Coding formultimedia and hypermedia information", and aims to provide internationalstandard spei�ations for the enoding of di�erent kinds of multimedia andhypermedia information.Currently there are 8 parts, whih are shown in Table 2.1. The orestandard is MHEG-1, whih is a generi standard for multimedia objetrepresentation that introdues as less onstraints as possible in order tosupport a wide range of multimedia platforms.Part DesriptionMHEG-1 Base notation (ASN.1).MHEG-2 Objet alternate notation (withdrawn).MHEG-3 MHEG sript interhange representationMHEG-4 MHEG registration proedureMHEG-5 Support for base-level interative appliationsMHEG-6 Support for enhaned interative appliationsMHEG-7 Interoperability and onformane testing for MHEG-5MHEG-8 XML notation for MHEG-5Table 2.1: MHEG family of standardsMHEG-2 was intended to be an alternative representation of MHEGobjets in SGML, but is now withdrawn. Parts 3 and 4 introdue sripting14



and identi�er registration extensions respetively.MHEG-5, \Support for base-level interative appliations"[14℄ an beonsidered as a speialization of part 1 whih is foused on simple lient-server interative multimedia appliations. It addresses limited resoureterminals suh as STBs. It is not stritly bakwards ompatible with part1 beause of some optimizations due to the restrited appliation domainrange. MHEG-6 introdues sripting extensions (proedural ode) to part5. Part 7 addresses interoperability and onformane of part 5 appliationsand engines.Reently, MHEG-8 \XML Notation for ISO/IEC 13522-5 (MHEG XML)"[15℄ was introdued. It provides an alternative interhange representation forMHEG-5 using XML. It de�nes an XML language for representing MHEG-5information in a devie independent manner.2.3 Overview of MHEG parts 5 and 8MHEG-5 is a spei�ation of objets and of an interhange format, basedon MHEG-1, for use in simple lient-server 2 interative multimedia appli-ations aross platforms of di�erent types and brands [14℄.In order to support a wide variety of platforms, MHEG has optional andnon-standardized features. It introdues the \Appliation domain" oneptwhih must be preisely de�ned (in a standard manner) and speializes allthe abstrat parts of the standard. An example of an appliation domain isthe UK terrestrial ITV domain. Examples of appliation domain onstraintsare the set of multimedia objets supported, the transmission protools usedand the support of a \free-moving ursor". The onformane of an MHEGappliation or an engine is always based on the de�nition of the appliation2In this ase \lient-server" is used in the wide sense that there might not be a diret\request" path between them. For instane, there an be an objet arousel based arhite-ture in whih the lient waits for the transmission of the required multimedia appliationelements. 15



domain.MHEG follows the objet oriented paradigm by de�ning a set of lasses,instantiations of whih are transferred to the MHEG engine. The latteris loated at the lient and it proesses and renders the multimedia pre-sentation. The MHEG lasses are de�ned in terms of their attributes, theations that an be performed on them and the events that might be gen-erated. An MHEG presentation is represented by an Appliation objet.Eah appliation onsists of a set of senes that ontrol what is presentedto the user. Senes support spatio-temporal omposition of presentable ob-jets. Events and Links desribe the behavior of a multimedia appliation.Links an speify the ation(s) to be exeuted when a orresponding eventis generated.The MHEG-5 objets are transferred in well de�ned devie independentenodings. The MHEG-5 standard de�nes two of them: ASN.1 and thetextual notation, while the MHEG-8 standard de�nes an additional XMLrepresentation. These notations give the \Author one, run everywhere"property to MHEG-5, sine they are independent of implementation arhi-tetures and transmission protools.Content enoding shemes (e.g. MPEG for video) and transfer protools(e.g. HTTP) are not spei�ed and must be de�ned for eah appliationdomain.2.4 MHEG-5 objet modelIn this setion we will desribe the MHEG-5 objet model and the inter-hange representation of objets as spei�ed by the MHEG-8 standard.2.4.1 Introdution to MHEG objetsMHEG de�nes a set of abstrat and onrete lasses for the interative mul-timedia ontent desription. Only the onrete ones an be instantiated and16



represented in MHEG notations. In a typial MHEG system, lients presentinstantiated onrete lasses sent by the MHEG server.An MHEG lass is desribed by its base lass, its exhanged and inter-nal attributes, the possible emitted events, its internal behaviours and theelementary ations that a�et it. Using objet oriented design terminology,exhanged and internal attributes orrespond to publi and proteted at-tributes respetively. Similarly, internal behaviors and elementary ationsorrespond to proteted and publi lass members respetively.Finally, an objet is able to emit synhronous and asynhronous events.Eah event has a soure objet, a type and may have an assoiated datavalue. MHEG link objets an assoiate events with ations and are usedto reat to the emission of events. When an event is generated, all theorresponding (in terms of soure, type and data) links are said to \�re" andthe spei�ed ation is exeuted. The exat time where this exeution takesplae depends on the implementation of the engine. Generally, synhronousevents should be exeuted as soon as possible while asynhronous ones maybe queued. We will further examine events in Setion 2.5.2.4.2 The MHEG lassesIn this setion we will desribe the funtionality and the representation ofthe most important MHEG lasses. The ore objet model hierarhy isrepresented in Figure 2.1, where the onrete lasses (e.g. Appliation) arerepresented using a normal font, while abstrat ones using a lighter one (e.g.Root). The ElementaryAtion is not an MHEG lass,3 but it is inluded herein order to show its relation to the Ation lass.The Root lass de�nes the basi MHEG objets funtionality. It pro-vides objet identi�ation by its exhanged attributes group identi�er and3ElementaryAtion is not an MHEG lass sine it is not desribed as suh by the stan-dard (e.g. desription of internal behaviours, events et). However, it is a onrete entity(i.e. it is represented in the notations) that an be part of an MHEG lass desription.17



Root
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Application Scene Link

Action

0..*

...

ElementraryAction

1..*Figure 2.1: MHEG ore lassesobjet number. The former is a string that must onform to the appliationdomain de�ned enoding, where the latter is an integer (0 for group objetsand non-0 for others). Root 's elementary ations, internal behaviours andattributes ontrol the four possible states of an MHEG objet, whih areshown in Figure 2.2. Even if there is no de�ned enoding for the Root lass,it introdues the groupid and objnum attributes, whih are inherited by allof the sub-lasses. For instane, for an Appliation objet:<appliation groupid="app.xml" objnum ="0">...</appliation>Most of the MHEG lasses an be ategorized as ontainers or ingredi-ents. The former ones are the sublasses of Group, namely the Appliationand the Sene, while the latter ones are the sublasses of the Ingredientlass. The \grouping" behaviour is represented by the Group's exhangedattribute \items", whih desribes the ontained ingredients, as shown inthe example group representation below:18
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responsible for initializing the presentation and groups the ingredients thatare shared among presentation senes. On the other hand, Sene allowsthe spatio-temporal oordination (oordinate system, timers et) of ingredi-ents and is responsible for the user interation (user input events). Usually,there is an appliation objet whih launhes the �rst sene in order to initi-ate the presentation, as shown in the following extrat of an example in [15℄.<appliation groupid="app1.xml"><items><link objnum ="1"><linkondition><eventsoure objnum ="0"/><eventtype type="isrunning"/></linkondition><linkeffet><ation><transitionto><objref objnum ="0" groupid="sene1.xml"/></transitionto></ation></linkeffet></link></items></appliation>Most of the MHEG lasses inherit the abstrat lass Ingredient whihprovides the ommon funtionality for objets that an be inluded in Groupobjets (e.g. if they will be shared among senes, their ontent et). Some ofthe most important ingredients are shown in Figure 2.3. Variables are usedfor exhanging values of di�erent data types and are essential for the dataassoiated with the elementary ations (e.g. parameters) and the events.Classes that inherit Presentable are the ones that an be \presented" (e.g.an audio lip). Similarly, lasses that inherit from Visible have a visualrepresentation (e.g. a bitmap) and the ones that inherit from \Interatible"an interat with the user (e.g. a push button).The Link lass an be onsidered the most important ingredient beausein ollaboration with the Ation lass lays the foundation for the behaviour20
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of an MHEG presentation. It ontains a link ondition (event soure, typeand assoiated data) and a link e�et. When an event is emitted, the spei-�ed e�ets of all the ative links with a mathing link ondition are exeuted.The link e�et is desribed by an Ation objet. The representation of asimple link with a orresponding ation is shown in the previous XML ex-ample.2.5 MHEG-5 event modelWe have already mentioned that objets may emit events, whih in turn mayause links to \�re" and result in the exeution of a sequene of elementaryations. In this setion we will investigate the restritions set by the standardand how the atual exeution ould proeed.Firstly, we assume a sequential exeution queue (e.g. Figure 2.4) whihholds the elementary ations to be exeuted. When there are no ations, theengine is said to be idle. When an event is emitted, the MHEG engine musthek all ative (i.e. with their RunningStatus = true) links ondition in aseit is satis�ed. In that ase, assoiated elementary ations an be \pushed"to the exeution queue. The standard does not restrit the order in whihsimultaneously �red links should be handled, and all possible permutationsare onsidered aeptable.There are two types of events, synhronous and asynhronous. The �rstones our \synhronously" to the exeution and must be handled as soon aspossible. Asynhronous events our \asynhronously" to the exeution bytimers that expire, suessful ontent retrieval et etera. They should alsobe handled in a timely manner but they are not allowed to preempt otherasynhronous events (and they should be queued). However, synhronousevents an preempt the exeution of an asynhronous one, and must behandled immediately. Generally, synhronous events should be handled ina similar manner to proedure alls, before the exeution ontinues to the22



next elementary ation.Considering the above, depending on the \ode" that is exeuted and theevent that is generated, there are 6 possible behaviours whih are depitedin Table 2.2. Event TypeSynhronous AsynhronousNormal Exeution Exeute immediately Exeute immediatelySyn. event exeution Exeute immediately Exeute immediatelyAsyn. event exeution Exeute immediately QueueTable 2.2: Event and exeution typesHowever, the exat behaviour of a simultaneous \�ring" of a synhronousand an asynhronous event, as well as the exat time that the queued eventsare proessed is still not lear. We ould give priority to asynhronousevents sine their timely handling enhanes auray (in ase of timers) andimproves user's interative experiene (in the ase of user input events).Therefore, if a synhronous event link �res and an asynhronous event linkeither �res or is pending (in the queue), we will exeute the asynhronousone �rst. Figure 2.4 is a simple exeution example that illustrates how allthe restritions we have set an be put into pratie.Finally, we have to point out that there are some elementary ationsthat may alter normal exeution ow. These are the ations whih \hangethe ontext of the urrent ation proessing" [14℄, whih are TransitionTo,Launh, Spawn and Quit. When one these happens, the elementary ationswaiting in the exeution queue and the pending event links that do notorrespond to the new ontext have to be removed. For instane, if an eventfor an expired timer is pending and there is a transition to a sene wherethis timer is not visible, the event must not be handled.
23
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� objet exhange format� set of supported MHEG lasses� set of optional features that will be implemented� preise enoding formats and appliation spei� extensionsAll of these are explained in detail in setion 4 of [14℄, however, we will givea brief desription below..The objet exhange format spei�es whih of the three available enod-ing formats will be used for objet exhange and is the basis for exhangedobjet onformane. In our study, it will be the XML notation desribed in[15℄.The set of supported MHEG lasses spei�es the set of lasses that haveto be implemented by onforming engines. All the engines must supportat least the ore lasses: Root, Group, Appliation, Sene, Ingredient, Linkand Ation. For eah implemented lass, all its attributes, events, internalbehaviors and elementary ations whih a�et it should be supported.The set of optional features spei�es whih of the optional features ofthe lasses should be implemented by a onforming engine.Finally, enoding formats and extensions deal with the spei�ationof ontent enoding (e.g. the format of images), transfer protools (e.g.HTTP), mapping of \raw" events to user input events and enoding of thegroup identi�ers.2.7 ConlusionIn this hapter we presented some aspets of the MHEG-5 standard withexamples of the XML notation spei�ed in MHEG-8. We have desribedthe most important aspets of the objet model, event support and howonformane is de�ned. In the next hapter we will investigate the otherintegration area, web browsers. 25



Chapter 3Web browsers { DOM
After desribing the ITV and MHEG standards, we will study the other partof the integration, web browsers. Firstly, we will desribe the area of webbrowsers and how they relate to the XML and DOM standards. Then, wewill provide a brief overview of XML and DOM, emphasizing on the DOM-2event model[28℄ whih might prove useful for the integration.3.1 Web browsersA web browser an be de�ned as \an appliation that provides a way to lookat and interat with all the information on the World Wide Web".1 Whatis meant by \. . . all the information . . . " is not lear, but it should inludethe most ommonly used web formats (e.g. HTML, XML, image formatset).Web browsers and web ontent are evolving rapidly sine their �rstappearane in 1990. Initially, World Wide Web (WWW) ontained onlyHyperText Markup Language (HTML) �les and web browsers supportedonly the simplisti �rst HTML version. However, web ommunity demandsevolved and onsequently a number of new formats have been used and newinternational standards have been developed. HTML version 4.0 is over-whelmed with new features beause of the desired extended funtionality.1a searhWebManagement de�nition: searhWebManagement.om.26



Moreover, the need for more attrative dynami web pages, led browserproviders to export (inompatible versions) of the browser internal dou-ment struture and event model.In order to satisfy the demand for a more generi ontent language anda standard way to manipulate doument struture, W3C produed (amongothers) the XML (eXtensible Markup Language) and DOM (Doument Ob-jet Model) standards. XML and DOM will be our fous for the rest of thishapter.3.2 XML overviewXML[30℄ is a standard markup meta-language, part of W3C's e�ort to over-ome the problems of HTML and to provide a standard way to store andexhange information.Spei�ally, XML is a subset of the Standard Generalized Markup Lan-guage (SGML) and supports a wide variety of appliations by providing themeans for de�ning new markup languages. The XML prinipal goals areto be a generi, easy to reate and proess markup language. It is generisine a new markup language an be de�ned for eah appliation domain.It is easy to write sine it is a text notation and an be reated using a sim-ple text editor. Finally, XML is easy (relative to SGML) to proess sineits syntax is onise and ontains only the most important non-redundantstrutures of SGML.An XML doument should be well-formed and may be valid. \Well-formed" means that it follows the ore syntax rules of the language (e.g.ontains an XML delaration, has proper element nesting et etera). Va-lidity is onerned with strutural and semanti orretness and relates tothe optional Doument Type Delaration(DTD). Valid XML must be wellformed and must onform to the DTD. The latter de�nes the set of allowedelements, how they an ombined and in general the form of the XML do-27



ument. A simple example of a well formed XML doument is shown below:<?xml version="1.0" enoding="UTF-8"?><!DOCTYPE test><test attr="value"><hild>Some text</hild><!-- A omment --></test>XML desribes the struture and not the semantis of the data. Conse-quently, additional information on how to represent and proess the data isneeded, and a number of omplementary standards have been de�ned (e.g.XSL, XLink et). However, they annot o�er full representation and han-dling information and usually a dediated handler is needed for eah XMLdoument type.3.3 DOM overviewThe Doument Objet Model(DOM) is a W3C reommendation de�ned as\a platform- and language- neutral interfae that will allow programs andsripts to dynamially aess and update the ontent, struture and style ofdouments".2The �rst DOM reommendation was DOM-1 whih de�ned a platform-and language- neutral interfae for manipulating XML and HTML dou-ments struture. It was mainly used in the browser { sripting and browser{ parser boundaries. The former provided a standard way of supportingdynami web pages while the latter a standard parser interfae. The ur-rent W3C reommendation is DOM-2 whih onsists of the 5 parts shownin Table 3.1. We are mostly interested in DOM-2 ore and DOM-2 eventsbeause they are widely supported and their ombination is essential for en-abling dynami doument behaviour (an interative multimedia appliationan be onsidered as a highly dynami doument).2As de�ned by W3C at http://www.w3.org/DOM
28



Name DesriptionDOM-2 Core Dynami doument manipulationDOM-2 Events Generi event systemDOM-2 Views Dynami representation manipulationDOM-2 Style Dynami style sheets manipulationDOM-2 Traversal and Range Traversal and ontent identi�ationTable 3.1: DOM-2 reommendations3.3.1 DOM-2 ore desriptionThe DOM-2 ore[27℄ de�nes an interfae for dynamially aessing and up-dating the ontent and struture of douments. It represents the doumentstruture using a tree-like omposition of Nodes. Even if there is no restri-tion on the format of the represented doument, the interfae is de�ned ina way that �ts niely with the HTML and XML languages.In order to ahieve platform and language independene, all DOM inter-faes are de�ned using the Interfae De�nition Language (IDL). This allowsa standard interfae for di�erent DOM implementations (using the map-pings between IDL and implementation languages). An important propertyof DOM-2 ore is that the de�ned interfaes provide a rih set of funtionsfor DOM tree reation and manipulation. Consequently, a typial DOMappliation does not need to use proprietary interfaes and will work on anystandards onforming DOM implementation.3All the nodes of a DOM tree implement an interfae that inherits Nodeand orresponds to the doument element type. An illustration of a partialNode hierarhy is shown in Figure 3.1. Node ontains the generi doument-and tree- node funtionality by providing aess methods to the type, name,value, hildren and parent of the node et etera. Doument is always the rootof the tree and ontains onveniene and fatory methods (for reating otherdoument tree nodes). Similarly, the other interfaes ontain onveniene3In DOM-1, there was no standard way to reate the doument tree, and appliationshad to use proprietary extensions. 29



and speial methods that apply to the respetive doument element. Anexample of the doument tree and the implemented interfaes for the XMLode of Setion 3.2 is shown in Figure 3.2.
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property and is de�ned when the listener is registered to the EventTarget(and, onsequently, all the events ow from the doument root to the eventtarget in order to ativate any apturing listeners). On the ontrary, eventbubbling is onsidered as an event property and is de�ned as part of theEvent interfae (and therefore, an event \bubbles" only if it is delared as\bubbling").An event ow example is illustrated in Figure 3.3. The event is targetedto the text node and its propagation through the DOM tree is denoted bythe dashed arrows. The diagram shows where and when apturing listeners,event target listeners and non-apturing anestor listeners (for a bubblingevent) are ativated. This form of hierarhial event ow is espeially usefulwhen doument struture orresponds to the spatial representation stru-ture. In that ase, event apture and bubbling simulates the atual graphialenvironments event ow. For instane, a \lik" on a push-button is also a\lik" in the region of the parent window.
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Figure 3.3: Event ow exampleThe DOM event model is extensible sine there are no restritions for the32



generated event types. However, a speial set of events have been de�nedto support general graphial appliations and HTML. The HTML spei�events are widely used in ombination with JavaSript for enhaning HTMLweb pages.3.4 ConlusionIn this hapter we have briey desribed the web-browser area, and gavean overview of XML and DOM-2. These have laid the foundation for ourbrowser assessment and browser arhiteture disussion of the next hapter.
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Chapter 4Browsers assessment {X-Smiles
After studying the basi web and ITV tehnologies, it is important to seletan appropriate browser platform for our experiments. Firstly, we will speifythe browser requirements and study a number of alternatives. Afterwards,we will explore the arhiteture of the most promising one and omment onhow it an be extended.4.1 Browsers assessmentIn this setion we will desribe the assessment proess and the seletion ofa suitable browser to integrate MHEG with. This is of major importanebeause there is no ommonly aepted browser arhiteture and, sine weare interested in browser modi�ation, we annot rely solely on interna-tional standards. Consequently, the results of this setion will signi�antlyinuene the rest of our study.4.1.1 Browser requirementsBrowser requirements an be divided in two ategories: mandatory andoptional ones. Mandatory requirements are those that are fundamental forintegrating the MHEG funtionality. Optional requirements are those thateither are of seondary importane or are used as simple indiators of useful34



Browser RequirementsAvailable soure odeObjet oriented implementation languageProess, graphis and networking librariesMandatory Extensible user interfae and rendering mahineSupport for basi media typesXML and DOM supportWell doumented modular objet oriented designOptional Support of XML related standardsTable 4.1: Summary of browser requirementsfeatures.1The requirements we have set are shown in Table 4.1. The very �rstrequirement is the availability of the ode. Sine we will modify the browser'sode, we need to have aess to it. The seond requirement has been setbeause the integration of the MHEG objet-based arhiteture will be easierif the browser is developed in an objet oriented (OO) language.In order to avoid a platform dependent extension, we also require browserprovided generi libraries for proess management, graphis and networking.This requirement applies only when these are not supplied by the implemen-tation language (e.g. Java).The fourth mandatory requirement is a prerequisite for allowing an in-terative multimedia presentation. The user interfae should be highly us-tomizable in order to ahieve \interativeness", and the rendering mahineshould be able to inorporate multimedia extensions. Additionally (5th re-quirement) basi media types (e.g. several image formats, audio et) shouldbe supported in order to straightforwardly present multimedia ontent.The �nal mandatory requirement is XML and DOM awareness. XMLawareness is essential sine we are interested in MHEG-8 representation1Sine the projet time table doesn't allow full investigation of all the alternatives'arhiteture, we use the optional features in order to get a \fast" insight into the browserproperties that annot be thoroughly investigated35



whih is de�ned as an XML meta-language. The DOM provides a standardfoundation for dynami internal doument strutures and will be of greathelp for MHEG support.As we have already mentioned, web browsers have beome fairly omplexand diÆult to handle appliations. Therefore, it would be helpful if theseleted implementation is well designed and well doumented. Moreover,XML related standards support is a good indiation for the extensibilityof the browser. It should be easier to integrate a new XML language to abrowser if it already supports a number of other XML appliations and isdesigned with extensibility in mind.4.1.2 Browser alternativesWe have taken into onsideration six browsers whih have their soure odeavailable: Mozilla[20℄, X-Smiles[32℄, Amaya[24℄, HotJava[22℄, Arena[1℄ andMosai[21℄.In order to avoid a full investigation of the browsers, we reated a \qual-i�ation" test in whih we study a spei� platform until we �nd that itdoes not omply to one of the mandatory requirements. Table 4.2 showsthe results of the test, where only X-Smiles quali�es and also ful�lls both ofthe optional requirements. Consequently, it seems to be the most appropri-ate platform for our study. The rest of the hapter will be devoted to theX-Smiles browser and its arhiteture. A brief desription of the aforemen-tioned browsers that justi�es the results of Table 4.2 is inluded in AppendixD.4.2 X-Smiles overviewIn this setion we will give an overview of the X-Smiles arhiteture. Wewill �rstly desribe the top-level design and then provide more informationfor eah funtional layer. 36



Mozilla X-Smiles Amaya HotJava Arena MosaiOpen soure p p p � p ANon Obsolete p p p � �OO Implementation p p �Networking, proessand graphis libraries p pExtensible UI p pMedia � pXML { DOM aware p Quali�ation LineOO design pXML related stan-dards pA: Almost open soure. It urrently has no open soure liense. However, thesoure an be obtained and modi�ed under some restritions.Table 4.2: Browser quali�ation information4.2.1 Arhiteture overviewX-Smiles is omposed out of three layers as shown in Figure 4.1. The \XMLproessing" layer is onerned with XML �le proessing, the \Browser ore"ties everything together and ontains ore omponents like the event andMLFC (Markup Language Funtionality Component) manager. The \Userinterfae and interation" layer onsists of the browser user interfae andthe MLFCs.In order to display a doument, X-Smiles has to loate and ativate theprimary MLFC. The latter is the MLFC that handles this type of doument(the doument type is spei�ed by the XML DOCTYPE delaration). MLFCsare responsible for the semantis analysis of the doument, the presentationand the user interation. The primary MLFC may use seondary MLFCsin order to display additional types of douments.Before passing doument information to the primary MLFC, X-Smilesparses the doument and applies the (optionally) spei�ed XSL transforma-tion. This proess is handled in the two lower layers and is illustrated in37



User Interfae and InterationBrowser CoreXML proessing DOM Interfae
Figure 4.1: Top level browser arhiteture (based on [13℄)Figure 4.2. The doument text is �rstly onverted to a DOM tree. If thereis an assoiated extensible stylesheet language(XSL) �le, it is retrieved, on-verted to a DOM tree and ombined with the doument tree. The result ispassed to the primary MLFC.The most important omponents of X-Smiles are the MLFC managerand the event manager. The former, handles MLFCs while the later is re-sponsible for dispathing internal events to all the interested parties. Eventsare, among others, used to inform browser omponents about the browserstate. X-Smiles is always in one of 6 distint states whih are illustratedin Figure 4.3. Solid arrows show the usual transitions, while dashed arrowsrepresent error onditions.4.2.2 XML proessing layerThe XML proessing layer is responsible for the XML doument parsing,DOM tree onstrution and XSL { Transformations (XSL-T)[26℄ applia-tion. X-Smiles an adapt to di�erent external parsers, and urrently Xeres2and Douverse XML parsers are supported. The XSL-T engine an be us-tomized in a similar way. The seletion of the atual engines for parsing and2Xeres parser belongs to the XML Apahe projet: http://xml.apahe.org38
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the \event broker". When an event is sent, it is broadasted to all theomponents that have registered to the event broker. Events are generatedby event-spei� funtions whih are part of the event broker and the eventlistener interfae. The event model is overly simplisti and not extensible(beause events are hard-oded) and we will therefore avoid using it for theMHEG integration proess.4.2.4 User interfae and interation layerThe upper layer of X-Smiles ontains the MLFCs and the generi user inter-fae funtionality. We will not disuss the latter sine we are only interestedin the doument ontents representation, and not in the browser appearane.MLFCs are responsible for the semanti analysis of the doument DOMtree and the presentation of the information. The primary MLFC is givenfull ontrol over the browser ontent window, so it is possible to representthe ontent and interat with the user independently of the other browseromponents.There is a spei� MLFC for eah doument type and two generi onesfor the soure and tree doument views. The ontent spei� MLFCs areindependently designed aording to the requirements of the orrespondingdoument type. However, there is a generi shared MLFC funtionalitywhih is desribed below.Firstly, there is the initialization phase in whih the MLFC has to al-loate required resoures and initialize its internal variables. This happensimmediately after the MLFC loader loates the MLFC. At this point thesoure doument is not known to the MLFC. Next, we have the analysisof the doument whih might be ombined with resoure alloation and re-trieval of ontent data. The MLFC examines the doument soure tree andbuilds the required internal strutures for the presentation of the doument.After the ompletion of this stage, the doument is presented to the user41



and the MLFC handles the possible user interation. Finally (wheneverthe omponent has to be removed), the MLFC must free all the alloatedresoures and revert to its initial state.MHEG funtionality should normally be inluded in an additional MLFCwhih will be assoiated with the doument type \mheg5". Therefore, MHEGfuntionality will be a part of the user interfae and interation layer (sim-ilarly to all other MLFCs). When X-Smiles enounters an MHEG-8 �le, itwould pass the doument DOM tree to the MHEG MLFC whih in turn willrender the presentation.4.3 ConlusionIn the �rst part of this hapter, we desribed the browser requirements forour researh and seleted the most promising browser platform among sixalternatives. The seond part onsisted of the desription of X-Smiles andits arhiteture.Based on the established foundation of the previous hapters and theresults of this one we an now proeed to desribe the atual integrationpart of the projet.

42



Chapter 5ITV { web browsersintegration
Having established the required information on web browsers and ITV wewill proeed to the integration of these two areas. Spei�ally, we will inves-tigate the design and implementation of an MHEG extension for X-Smiles.Setion 5.1 desribes the inremental proess of the integration. Subse-quent setions are devoted to the design, implementation and evaluation ofthe integration steps.5.1 The integration proessEven if MHEG-5 is designed with simpliity in mind, a full featured en-gine implementation would be too time onsuming for the available projettime. Consequently, we will divide the integration proess into a number ofinremental steps. In the �rst one, we will lay the foundation for further re-searh by fousing on a simple design and implementation of the ore MHEGaspets. Further steps will build upon it in order to either illustrate an in-tegration onept or to improve the engine funtionality. We have designedand implemented the �rst two steps.The �rst one is the \minimal onforming MHEG engine". Our goal willbe to investigate how the ore funtionality of an MHEG engine an be43



integrated in a web browser. In order to aomplish this, we will de�nea restritive appliation domain ontaining only the absolutely neessaryelements for a working MHEG engine. We will not onsider any presentablesor optional MHEG features (e.g. ahing, onnetions et) and we willfous on the ore aspets suh as events, ations, fundamental lasses etetera. At this stage we will be able to study the integration of basi MHEGfuntionality, the MHEG event model and the proessing and appliabilityof the MHEG-8 notation.The seond step is the \event models integration". The MHEG eventmodel is based on the generated events, the links and the MHEG objets(as event soures). DOM-2 event model is based on implementation emittedevents whih are targeted to doument nodes. Even if the two models aredi�erent, MHEG events and event handling onepts an be mapped tothe DOM-2 event model. We will study this mapping, how it might beimplemented and what are the bene�ts of suh an implementation. Sinethe DOM-2 event model is a standard whih is supported by most browsers(inluding X-Smiles) we expet to end up with an easier and more e�etiveway to implement the MHEG event model using existing browser features.The following setions are devoted to these two steps and their in-depthanalysis. Further integration and funtionality extensions will be desribedin the next hapter.5.2 First step: minimal onforming engineThis setion desribes the �rst step of the integration, the \minimal onform-ing engine" whih is based on an engine that supports only the mandatoryMHEG features. We will study what has to be implemented, an implemen-tation example and its evaluation.
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5.2.1 DesignAs we have already mentioned in Setion 2.6, onformane is always de�nedin relation to an appliation domain. We have de�ned a minimal appliationdomain that ontains only the mandatory MHEG features and is desribedin Appendix C (page 93). Aording to this, in order to ahieve onformane,the following funtionality must be implemented:� An internal objet model representing the MHEG lasses� The objet referening mehanism� The exeution queue and the event handling� The parsing of MHEG-8 douments and onstrution of the respetiveMHEG objets.As far as the internal objet model is onerned, we do not have toimplement all the lasses' funtionality sine some of the lass features areoptional[14℄. Table 5.1 summarizes what has to be implemented for eah ofthe minimal engine MHEG lasses.Class name CommentsRoot EverythingGroup Everything exept ahing.Ingredient Content hook and original ontent are ignored.Appliation Defaults and loking are ignored.Sene Free moving ursor and next senes are ignoredLink EverythingAtion EverythingVariable EverythingVariable sub-lasses EverythingTable 5.1: Minimal appliation domain lasses featuresBased on the above desription, we an identify the elementary ationsthat have to be supported. The resulting set ontains twenty four elementary45



ations whih a�et the implemented MHEG lasses and do not relate tothe spei�ed optional features.Internal objet modelMHEG-5 appliations are based on a olletion of objets whih interoperatein order to reate a multimedia presentation and are desribed in terms ofattributes, events, behaviours and the elementary ations that a�et them(Setion 2.4). An objet's state onsists of the values of internal and externalattributes whih must be stored. A straightforward approah is to representMHEG objets as atual engine objets. The form of these objets and theway they are ombined will be alled the \internal objet model". Below,we will investigate how suh a model an be strutured.As far as the inheritane struture and the type of lasses are onernedthe mapping is trivial. MHEG lasses inheritane will be represented byimplementation lasses inheritane and MHEG abstrat and onrete lasseswill be represented as suh in the internal objet model. Consequently,we will have an implementation lass hierarhy similar to the MHEG lasshierarhy.The MHEG attributes represent the objet's state and an be imple-mented as attributes of the orresponding lass. Exhanged attributes areused for objet initialization and may be aessed by other lasses. There-fore they an be implemented either as publi attributes or by using memberaess funtions. Internal MHEG attributes are aessed either internally orby sub-lasses so they might be implemented as \proteted" attributes. Sim-ilarly, internal behaviours manipulate internal attributes and are aessedthe same way, therefore, they an be implemented as \proteted" memberfuntions. The interfae of an MHEG lass is based on the elementary a-tions that a�et it. Consequently, we ould represent them as publi memberfuntions. 46



The elementary ations interfae design depends on the part of the enginethat objet dereferening takes plae, whih an either be inside or outsidethe elementary ation funtions. In the �rst ase the elementary ationsinterfae will onsist of MHEG referenes. In the latter ase it will on-tain implementation dependent referenes. Sine, we would like to separateation funtionality from referening mehanisms and sine ation's targethas to be resolved before alling the respetive member, we will hoose theseond solution.Based on the arguments presented above we an derive a mapping of theMHEG objet model to objet oriented implementation onepts whih isillustrated in Table 5.2. A simple example of this mapping is illustrated inFigure 5.1 where a partial de�nition of MHEG lasses Group and Appliationare mapped to a lass diagram.MHEG term Objet oriented termabstrat lass abstrat lassonrete lass onrete lassinheritane relationship inheritane relationshipexhanged attribute publi attribute or proteted attribute+ publi utility funtionsinternal attribute proteted attributeinternal behaviour proteted member funtionelementary ation publi member funtionTable 5.2: MHEG - OO model mappingObjet referening { handlingMHEG standard de�nes the notion of Appliation namespae, whih iden-ti�es the set of an appliation's aessible objets. Referening is based onthe objet referene whih ontains a group identi�er and an objet number.The group identi�er is a string, that helps to loate a group objet. Theobjet number indexes an ingredient within the group (or the group objetitself). 47
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Application classFigure 5.1: MHEG { OO mapping exampleObjet referening should be implemented by the ative appliation be-ause the latter de�nes the appliation namespae. If the referened objetis already loaded (e.g. it belongs to the ative sene or appliation) an im-plementation referene1 an be derived. If the objet is not loaded (e.g. anew sene) the appliation has to loate it and, if the referene is valid, re-ate a new implementation instane. This proess will most probably inludethe parsing of a new MHEG �le.The MHEG-5 standard[14℄ states that a referene should be resolved onlywhen neessary. For instane, for an elementary ation, the target objetreferene and possible parameter referenes have to be resolved immediatelybefore the exeution of the elementary ation. This ensures orret handlingof indiret referenes but requires storing of most of the soure �le informa-tion (sine, referene information annot be resolved during parsing). Thisan be ahieved by either proessing the soure �le during exeution or byintroduing appropriate strutures that represent the required information(e.g. strutures for representing objet referenes, indiret referenes et).1As opposed to an MHEG objet referene. For instane, it ould be a Java refereneor a C pointer. 48



The MHEG error-ignoring behaviour allows use of both of the solutions.However we will follow the seond one sine it allows easier proessing ofthe ations, better error handling and separation of the parsing and exeu-tion steps.ExeutionMHEG presentation exeution is the handling of a sequene of elementaryations as indiated by �red links and Ation lass attributes. In order todesribe this proess we have to derive a way to store and handle ationsand events.An Ation an be represented as a sequene of elementary ations. Ele-mentary ations are not spei�ed as MHEG lasses (Setion 2.4.2) and thereis a lak of guidane within the standard[14℄ on the most adequate imple-mentation. Sine, we have deided to store elementary ations informationusing internal strutures, and beause we need a simple and onsistent wayto all the respetive publi members of MHEG lasses, representing eahelementary ation using an internal lass is a good solution. For instane,we an have an abstrat root lass ElementaryAtion and a sublass for eahelementary ation. Eah sublass will hold information on the parametersof the ation and will be responsible for resolving objet referenes duringexeution and for invoking the appropriate method of the target MHEGobjet. This approah provides a simple way of handling elementary ationsand separates the onepts of parsing, syntax heking and exeution.Elementary ations are always exeuted sequentially beause of eithera \�red" link or a well spei�ed objet ondition (e.g. the onStartUp at-tribute). MHEG-5 does not speify any relation between these two, so thelatter an be exeuted when the standard{spei�ed ondition arise while theformer an be exeuted as spei�ed by the event model below.In order to handle MHEG events, an event model like the one desribed49



in Setion 2.5 is needed. There will be a synhronous and an asynhronousevent queue where orresponding �red events will be inserted. After eahelementary ation's exeution, it is heked if there are any �red links thatmust be exeuted, and in that ase, the orresponding elementary ationsare inserted in the exeution queue.However, if this design is diretly implemented, it is diÆult to markthe asynhronous event boundaries (i.e. when an asynhronous event is ex-euted) and to handle event priority as expeted. For instane, lets assumethat a synhronous (S1) and an asynhronous (A1) event �re simultaneously.If we give priority to asynhronous events, elementary ations of A1 will bepushed to the exeution queue. However, after the exeution of the �rstelementary ation, S1 will still be pending and therefore exeuted immedi-ately. Consequently, we will have an interleaving of link exeution wherethe synhronous event �nishes before the asynhronous one.A simple solution is to introdue the onept of a stak, where eah han-dled event introdues a new level of exeution. Eah exeution level an on-tain information on the elementary ations and the pending asynhronousevents as well as information on the state of exeution (e.g. asynhronous ornot). This approah an be implemented by using a stak of pairs of queues(for per level exeution and synhronous event queue) and an asynhronousevent queue. Eah time an event is handled, a new level will be reated.A simple example of this onept is illustrated in Figure 5.2. We have topoint out that even if the simple model of the previous paragraph ould beused for a onforming engine, the one spei�ed here seems to be loser tothe intentions of the standard.Finally, as far as \�ring" of links is onerned we just have to hek allative links when an event is emitted. If a link \�res", the orrespondingevent is plaed in either the asynhronous or the top synhronous queue.
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ParsingMHEG-8 representation parsing is handled by the XML parser and theengine whih has to proess the resulting DOM tree. Sine, MHEG-8 objetsrepresentation orresponds to the MHEG lass hierarhy (e.g. sublassessimply add more elements to the ones of the respetive superlass), objetparsing should have a hierarhial form as well. This an be ahieved bya parsing lass hierarhy similar to the MHEG one. However, there is noneed to adopt this approah sine a more \ompat" solution might beused, whih represents eah lass by a parsing funtion. Eah funtionthat orresponds to a sublass will always all the superlass funtion �rst.MHEG objets will only be reated by funtions that orrespond to onreteMHEG lasses.Error heking does not have to be performed during the initial objetonstrution (beause of the error-ignoring behaviour of MHEG, the engineis not expeted to produe error messages). However, the sooner the heksare performed, the better debugging information and internal objet modelonsisteny we have.5.2.2 ImplementationThe implementation is a straightforward appliation of the onepts in theprevious setion. Sine, there is no user interation (no presentables orinteratibles are implemented) the only browser spei� ode will relate tothe MHEG MLFC handling and the parser and DOM-tree aess. In thissetion, we will desribe the implementation of the �rst MHEG extensionto X-Smiles.The engine funtionality is divided into 5 parts as illustrated in Table5.3; the rest of the implementation setion will desribe eah of those parts.The Objet model ontains a lass for eah supported MHEG lass (asde�ned in Setion 5.2.1), where internal behaviours, internal and exhanged52



Component DesriptionObjet model Class hierarhy for the representation of the inter-nal objet model.Elementary ations Implementation of the onrete sublasses for ele-mentary ations.Exeution handling Event and exeution handling.Referening Representation of MHEG objet referenes and in-diret referene types.Core Core funtionality of the engine (inludes parser,engine manager, error handler et).Table 5.3: MHEG engine omponentsattributes and the elementary ations interfae are implemented. Class hi-erarhy is similar to the MHEG standard hierarhy and and a partial illus-tration (exluding the variable lasses) is shown in Figure 5.3. The imple-mentation follows the guidelines of Setion 5.2.1.The elementary ations part ontains the sublasses of the abstratMHEGElementaryAtion lass. They ontain all the parameter informationspei�ed in the soure �le (e.g. target objet, parameters et) and providea run() funtion whih is responsible for resolving all the referenes andalling the appropriate member funtion of the target MHEG objet. Thesoure �le information is kept using variables of the referening lasses whihrepresent objet referenes, indiret referenes, generi objets et etera. Re-solving is performed in ooperation with the ative appliation at the timethe ation is run.Exeution handling onsists of the event handling and the exeution ofations spei�ed as lass attributes. The latter funtionality is providedby the run funtion of the elementary ations. The former is ontrolledby the MHEGProessor lass whih implements the model desribed andillustrated in Setion 5.2.1 (and in Figure 5.2, page 51).The stak and queues handling is internal to the MHEGProessor. Thelatter provides publi funtions for generating events and \running" the53
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Sine there are no presentables, the engine's funtion an only be mon-itored using the output debug messages. The implementation o�ers twointerfaes: one that outputs all debug information to the onsole and onethat uses an X-Smiles window to produe a more strutured presentation ofthe exeution trae. We will use the �rst variant whih is more appropriatefor our desription.A simple example onsists of an appliation and a sene XML �le. Wewill onstrut an MHEG appliation whih, when ativated, makes a tran-sition to the spei�ed sene. At this point, the sene will set the value of aninteger variable to 10000, wait for this long (in milliseonds) and then quit.This simple example allows illustration of the basi MHEG objets, syn-hronous and asynhronous events and several forms of elementary ationexeution. The XML soures of the two examples are inluded in AppendixE. The proessing of these �les by our implementation works as expeted.Firstly, the appliation de�nition and the internal objet model is on-struted. The latter, preisely represents the spei�ed appliation in ad-dition to the default values spei�ed by the MHEG-5 standard. Then, theappliation starts and the appliation objet is ativated (as well as its in-gredients). The isRunning event is generated, and the orresponding link\�res". The link's ation ontains the transitionTo elementary ations whihis suessfully exeuted by parsing the sene �le, and ativating the sene.The �rst sene's link �res, the MHEG variable is set to \10000", and atimer is set for that amount of time. The timer �res after exatly 10 se-onds, whih means that the variable was set suessfully, and exeutes a Quitelementary ation whih leads to the destrution of all the MHEG objetsand to appliation termination. The detailed output of the MHEG enginethat illustrates all these steps is inluded in Appendix E.Even if our example shows that the engine works as expeted, there57



are some outstanding issues. Firstly, the appliation objet is not designedto load referened objets whih are not already loaded. As onsequenethe TransitionTo elementary ation annot be exeuted as spei�ed by thestandard, sine, we would have to all a method of an unloaded objet. As aonsequene, \transitional" ations, are provided by the ative appliation.However, the external interfae to the engine remains the same, but thereis no strit onformane.Moreover, the parser design didn't prove to be the best solution. For eahnew parsed entity the same kind of heks and translation must be repeated.Probably, if we ould �nd an assoiation among the XML representation andthe proess of objet reation we ould provide a generi, better designedparser funtionality.Similar problems were introdued by the elementary ations design dei-sion. Even if representing eah elementary ation as a separate lass seemslike a good design paradigm, it proves problemati during the implementa-tion beause of the number of the elementary ations. Probably a simplerapproah (similar to the parser) should have been followed.Finally, the ode for this simple ore engine proved to be lengthier thanexpeted. Therefore, in the next setion we will investigate how we anintegrate MHEG and DOM event models in order to provide an easier andmore ompat solution for the event handling omponent of the engine.5.3 Seond step: Event model integrationAfter implementing the ore MHEG engine, we an experiment on how touse additional existing browser features to support the MHEG funtionality.The seond part of the integration is onerned with the DOM and MHEGevent models integration. Spei�ally, we will try to map MHEG eventsfuntionality to the DOM event model in order to ahieve a more ompatimplementation. 58



5.3.1 Event models omparisonFirstly, it is important to ompare the two models in order identify whihMHEG event features are diretly supported (by the DOM event model)and whih are not. Below, we will desribe how similar onepts are de�nedand handled for eah model.An MHEG event is generated by an MHEG objet (either beause ofan internal behaviour or an elementary ation) and has a soure objet, atype and an optional assoiated value. The soure objet is the MHEGobjet that emits the event; the type is one of the prede�ned MHEG eventtypes, and the assoiated value might be an integer, a boolean or a string(depending on the type of the event). A DOM event is generated by theimplementation and has a target, a type and might inlude additional infor-mation. The target is a DOM node, the type is a string and the additionalinformation an be stored in attributes of the event objet.Event ow is di�erent between the two models. Spei�ally, in MHEGthere is no event ow. When an event is generated by the soure objet itsimply auses the orresponding ative links to �re. Further proessing isspei�ed by the ations of the links. On the other hand, DOM has a wellde�ned event ow, where an event \ows" from the doument root to thespei�ed event target and might (if it is a bubbling event) ow upwardsto the root again. Therefore, event handlers might be ativated by eventstargeted to nodes lower in the DOM tree hierarhy.MHEG events are handled by ative link objets while DOM events arehandled by registered event listeners. An MHEG link is assoiated to anevent in terms of the event soure, the event type and the optional eventinformation. When an event is generated and there is an \assoiated" ativelink, it \�res" and the spei�ed ation is exeuted. The DOM event listenersare assoiated to events in terms of the event target and the event type.When an event's ow meets a orresponding event listener (listeners are59



attahed to DOM tree nodes), the listener ation is exeuted. A listener hasto be spei�ally registered to an event target, and in order to unregister itwe have to keep trak of the listener objet referene and its parameters.An event may ause several handlers to exeute in both models. Forboth the MHEG links and DOM listeners of the same node, simultaneous\�ring" leads to the exeution of all the handlers in sequene (however, theorder is not spei�ed). A signi�ant di�erene is that in ase of transitionalMHEG elementary ations, further elementary ations and �red links, thatare out of the new ontext, should not be handled. However, DOM eventlisteners are always exeuted.MHEG events an either be synhronous or asynhronous, however, bothare handled synhronously (i.e. there is no parallel exeution). Generally,�red links must be handled as fast as possible (before the exeution of thenext elementary ation). Sine asynhronous events are not allowed to pre-empt other asynhronous events, they must be queued for later synhronousexeution. A DOM event generated by an event handler is handled syn-hronously (similarly to MHEG). However, the DOM does not make a dis-tintion between synhronous and asynhronous events, and there is no eventpre-emption. If an event is generated while another one is exeuting, theywill be handled in parallel.Table 5.4 summarizes the omparison of the di�erent event model prop-erties. Based on this information, in the next setion we will investigate howto map the MHEG to the DOM event model. We will also propose a designfor an implementation that implements this mapping.5.3.2 DesignFirstly, we will study how MHEG event model onepts map to DOM eventmodel funtionality. This will allow an implementation re�nement featuringa more ompat MHEG event model implementation that takes advantage60



Property MHEG DOMEvent generation MHEG objets DOM implementationEvent parameters Soure: MHEGobjetType: MHEG eventtypeOptional value:Integer, booleanor string
Target: DOM tree nodeType: StringAdditional information:Event lass mem-bersEvent ow N/A Event apturing and bub-blingEvent handling Link objets Event listenersHandler ativa-tion/deativation Ativation/deativationof MHEG link Register/unregister lis-tenerMultiple handlers Synhronous exeutionin unspei�ed order Synhronous exeution inunspei�ed orderEvent reursion Synhronous exeution Synhronous exeutionParallel handling All events are handledin sequene Parallel exeution for dif-ferent exeution threadsTransitional behaviour Spei� transitional a-tions ause removal ofsome �red links N/ATable 5.4: Event models omparisonof the DOM events funtionality.An MHEG event is generated by an MHEG objet, beause of eitheran internal behaviour or an elementary ation (whih is implemented asa member of the MHEG lasses). A DOM event an be generated bythe dispathEvent() method of an EventTarget. Sine, both internal be-haviours and elementary ations are implemented using Java ode, a DOMevent generation is a matter of alling the dispathEvent() method.An MHEG event is assoiated to an event soure, a type, and an optionalvariable. The event soure an be mapped to the DOM node that orre-sponds to the soure MHEG objet. For instane, an event emitted by anappliation objet, ould be dispathed to the DOM node that orresponds61



to the \<appliation>" tag. We have to point out that even if MHEG hasan event soure while DOM has event target we ould use them interhange-ably. The DOM event handlers orrespond to events targeted to a spei�EventTarget while the MHEG links handle events from a spei�ed soure.It is simply a di�erent use of the terminology.The event type and information mapping is trivial. A DOM event isidenti�ed aording to its name whih an be any string,2 and an MHEGevent type an be mapped to a orresponding string (e.g. map the \Is-Running" event to an \MHEG:IsRunning" DOM event string). An MHEGevent an have an assoiated boolean, integer or string value. This anbe inluded as an attribute of the DOM event lass (we have to sublassorg.w3.dom.Event in order to provide an event implementation). Sum-marizing, event types are mapped to DOM event type strings, and assoiatedevent data an be inluded in the event lass.The \Event ow" di�erene will not introdue any problems, sine theDOM event model funtionality is more generi than that of MHEG. Speif-ially, if we disable event apturing and event bubbling, events will only trig-ger handlers registered for the spei�ed event targets. \Disabling" impliesthat there will be no \apturing" listeners and the events will not bubble.The DOM Event handling is performed by event listeners whih are reg-istered to event targets. Therefore, it would be useful to map MHEG linksfuntionality to DOM event listeners. A DOM event listener is registeredto a DOM tree node, and thereafter is ativated eah time a orrespond-ing event ows to that node. As we have already mentioned, the eventlistener should be registered to the node that is assoiated to the event'ssoure MHEG objet, and the event type will be a string that orrespondsto the event name. The prinipal purpose of the event handler would beto exeute the assoiated elementary ations in sequene. This ould be2Exept reserved strings whih start with \DOM".62



ahieved by holding a referene to the assoiated MHEG link objet, wherethe elementary ations are stored.An MHEG link, an �re only if it is ative, and an be ativated or dea-tivated by either elementary ations or internal behaviours. This behaviouran be implemented using DOM handlers by either registering/unregisteringthem or by heking the link status in the handler ode. The latter approaho�ers a simpler implementation (a simple hek for eah exeution) and thereis no need to keep trak of the objet handler referenes (they are needed inorder to remove an event listener). However, the former solution o�ers bet-ter resoure usage, sine, \inative" handlers will not be attahed to eventtargets and will not have to be heked for eah event. Therefore, we willfollow the �rst approah.\Multiple handlers" and \Event reursion" properties of the two modelsare handled identially. If there are more than one listeners ativated bythe same event they will be handled in sequene, and events generated byevent handlers will be proessed synhronously. However, if a DOM eventis generated while another one is being handled in its own exeution thread,they will be handled in parallel. Nevertheless, assuming that the basiengine funtionality runs on a single thread, and that only asynhronousevents our in parallel, we simply have to ontrol the asynhronous eventhandling.When an asynhronous event handler is ativated, it must not preempthandling of another asynhronous event and must be queued. A simple wayto implement this is by launhing a di�erent thread that waits for otherasynhronous events to �nish. Consequently, the asynhronous event queuewill be implemented as a queue of waiting threads of exeution.Finally, when an MHEG transitional elementary ation is suessfullyexeuted, pending �red links that are out of the new ontext should beremoved. Moreover, any queued elementary ations must not be handled as63



well. This behaviour an be a part of the event handler funtionality, wherethere ould be heks if the handled link is in \sope" and where elementaryations after transitional ones will be ignored.Summarizing, we have desribed a mapping of the MHEG to DOM eventmodel onepts whih is illustrated in Table 5.5. An implementation of thismapping would allow MHEG events (and in general, the exeution model)handling using DOM event funtionality and is desribed in the next setion.MHEG 7�! DOMEvent generation 7�! DOM event dispathingEvent soure 7�! DOM event target node that orresponds to thesoure MHEG objetEvent type 7�! A string desribing the eventEvent data 7�! Event lass attributesLink objets 7�! DOM event handler registered at the respetivenode. Attribute values will be heked during han-dler exeution.Ativation/Deativation 7�! register/unregister event handlersMultiple links 7�! Multiple handlersEvent reursion 7�! Event reursionParallel handling 7�! Queue of threads for asynhronous eventTransitional ations 7�! Cheks of sope in event handler funtionalityTable 5.5: Event models mapping5.3.3 ImplementationIn order to implement the mapping desribed previously, we have to providea DOM event lass whih will represent MHEG events and a DOM eventlistener whih will handle them. Moreover, we have to onnet the newevent model to the engine.Firstly, sine it is useful to be able to use both the old and this eventmodel we will onvert the old LinkProessor lass to an interfae. There willbe two implementations, LinkProessorSimple and LinkProessorDOM forthe old and the new event model respetively. The interfae will provide the64



shared funtionality for event emission, and Link registration and removal.The new link proessor hierarhy is illustrated in Figure 5.7.
<<Interface>>

LinkProcessor

LinkProcessorSimple LinkProcessorDOM

<<realize>>

<<realize>>

Figure 5.7: New link proessor hierarhyThe LinkProessorSimple enapsulates the old event model funtionality,while the LinkProessorDOM is based on the DOM event model. Speif-ially, the addLink() member funtion \ativates" a link by adding theappropriate DOM event listener to the event target that orresponds to theevent's soure objet. The listener is reated by the MHEGLink objet, aswe will desribe below. However, in order to �nd the \appropriate" targetfor the listener, there has to be an assoiation between internal MHEG ob-jets and the DOM tree elements. Therefore, we have to add an attribute toMHEGRoot that refers to the orresponding DOM node. In order to imple-ment the removeLink() behaviour we have to keep a referene to the eventhandler for eah link. Sine, MHEGLink reates the event handler, it willalso be responsible for keeping that referene. Finally, there are four varia-tions of throwEvent() that orresponds to the four types of assoiated data.The throwEvent() funtion reates an event objet and dispathes it to theevent soure's DOM tree node. Moreover, LinkProessorDOM manages ex-eution state information (synhronous or asynhronous) and ontains thesynhronization variable whih is used for suspending and waking up asyn-hronous event handling threads. 65



We also have to provide a DOM event lass that enapsulates the MHEGevents funtionality. It has to inherit org.w3.dom.events.Event in orderto be a DOM event and should ontain information about the type and theassoiated data of the event. The latter is stored in a general Objet andthe type is stored using an integer value (similarly to the previous model).However, there is a stati funtion whih onverts and integer type to a DOMevent name in order to ahieve onsistent type translation. The MHEGDOM event lass inherits a parser spei� event implementation lass thatprovides the basi event funtionality. An illustration of the hierarhy forthe de�ned event lass, MHEGEventDOM, is shown in Figure 5.8.
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Figure 5.8: DOM event hierarhyThe MHEGEventListenerDOM lass assoiates to event handling infor-mation by holding a referene to the respetive link objet. Its ore fun-tionality is the event handling and it depends on the type of the assoiatedevent. If the latter is synhronous, the listener simply exeutes the ele-mentary ations in sequene. If it is asynhronous, it �rst heks if anotherasynhronous event is handled. In that ase, a new thread is launhed whihwaits until noti�ed, otherwise the asynhronous event ations are immedi-ately exeuted. When, the exeution of an asynhronous event ends, one66



of the waiting threads (if any) is noti�ed. This allows timely exeution ofasynhronous events, and gives them higher priority than the asynhronousones (sine all waiting threads will be exeuted before the exeution returnsto the pending elementary ations). An illustration of the event listenerhierarhy is shown in Figure 5.9.
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Figure 5.9: Event listener hierarhyFinally, as we have already mentioned, we have to modify theMHEGLinklass in order to keep a referene to and onstrut the assoiatedMHEGEventLis-tenerDOM objet. All objets that might emit events need to be assoiatedto the orresponding DOM-tree nodes. Sine only sublasses of MHEGRootmay dispath events, we simply have to add a referene to MHEGRoot thatpoints to the orresponding Node of the DOM tree. The new event modeldesign is summarized in Figure 5.10.5.3.4 EvaluationIn order to test the funtionality of the engine with the new event model,we will use the appliation example of Setion 5.2.3 and ompare the resultto that of the previous engine implementation.The new implementation behaves exatly as the previous one. The appli-ation transition is suessful and the asynhronous timer event is handled67
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Figure 5.10: New event model designproperly. All the event handling debug output has been replaed by dis-pathing of events and ativation and deativation of listeners messages. Ingeneral the funtional part of the new implementation seems orret. Thedetailed output of engine is inluded in Appendix E.Our initial goal was to handle MHEG events using the DOM event model.However, we ahieved more than that, sine the whole exeution model hasbeen replaed by the new implementation. The latter, in addition to the oldLinkProessor, does not use the MHEGProessor, the exeution queues andstaks, the Event lass and the event queues. Moreover there is an overall68



implementation ode redution sine the old event handling and exeutionmehanism was about 700 lines long while the new one is only 350 lines. Evenif this is not an objetive measure of the overall omplexity redution, weould safely say that the DOM implementation is simpler than the previousone beause of the MHEG { DOM event models similarities.However there are still some problems to be resolved. The handler odemight introdue parallel handling of events (whih should normally be ex-euted sequentially). This might happen when an asynhronous event link�res while another one is being handled. Nevertheless, this ould be solvedby additional heking and synhronization ode in the handler.Moreover, transitional elementary ations speial behaviour is not or-retly handled sine out of sope �red links (whih are not still proessed) arenot removed, and the exeution ontinues normally. The behaviour ould beorreted by inluding additional heks into the event handler implementa-tion. Both this and the previous problem an be easily addressed, however,we will not onsider them due to lak of available time.5.4 ConlusionIn this hapter we studied how MHEG funtionality an be integrated to abrowser in general and to X-Smiles in partiular. The integration proesswas divided in two steps. The �rst one was the implementation of a oreMHEG engine that allowed an in depth study of the MHEG engine imple-mentation, design and its integration with a browser. The seond part wasmostly foused on the use of a standard browser feature (the DOM eventmodel) in order to provide an easier and more ompat engine implemen-tation. Sine, we ahieved an easier implementation of the MHEG eventmodel using DOM event funtionality we ould say that we have met ourgoal.Of ourse, there are many more steps the might be taken in order to69



ahieve further integration. However, we were not able to investigate moreapproahes beause the available time for the projet was limited.In the next hapter we will provide a more \high level" evaluation of ourwork and proposals for further researh.
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Chapter 6Evaluation { further researh
After desribing our work on the integration of web browsers and interativeTV, we will evaluate our ahievements, omment on the standards and toolsused and provide thoughts for further researh on the subjet. Moreover, wewill ompare our work to the initial projet plan and justify any identi�eddeviation.6.1 Integration evaluationOur prinipal intention was to study the ITV and web browser domains andinvestigate the onvergene of the two tehnologies. For the ITV domain wefoused on the MHEG-5 standard, while for the browsers domain we fousedon the X-Smiles browser and the DOM standard.We have managed to implement a funtional MHEG extension for X-Smiles whih uses the MHEG-8 notation. Moreover, we studied how theMHEG event model an be implemented using DOM events funtionality.These two steps allowed an in depth study of the MHEG and DOM standardsand the X-Smiles arhiteture.However, we annot laim that our study is omplete, sine there stillare some outstanding issues whih ould have been studied if there was moreavailable time. These will be desribed below.71



6.1.1 Minimal onforming engineThe �rst part of the integration (Setion 5.2) onsists of the design andimplementation of a minimal onforming MHEG extension to X-Smiles. Theimplementation is funtional, however, it an be argued \how muh of anintegration" it is. X-Smiles features are used only for onneting the MHEGengine to the browser and the DOM is only used for parsing the XMLde�nitions. Nevertheless, it is a neessary step that provides the foundationfor further investigation.As far as the implementation is onerned, the �rst part provides all theore aspets of an MHEG engine. However, there are neither presentablenor interatible objets and onsequently there is no expliit multimediapresentation or user interation. The original intention was to implementthese in the seond part of the implementation if there was available time.However, beause of the projet time onstraints, we hose to proeed to theevents model integration whih is of more interest as far as the integrationis onerned.Moreover, the implementation has some onformane problems relatingto the transitional elementary ations. Firstly, TranstionTo is implementedas part of the appliation lass beause there is no automati loading ofreferened objets. Seondly, after the ompletion of a transitional ation,further queued ations and �red links that are out of ontext are not re-moved. Again, the reason for these was the lak of time to implement theadditional support.Our basi deisions for the �rst part were the browser requirements, theminimal appliation domain de�nition, the internal objet and refereningmodel, the queue{stak event model implementation, the separate handlingof attribute ations and events, and the overall parser design.The requirements for browser seletion still seem reasonable and the se-letion of X-Smiles was adequate, sine the integration of MHEG funtional-72



ity was relatively easy. However, we probably should stress more the impor-tane of Internet standards support, sine, using international standards forthe integration is more important than using browser spei� funtionality.The minimal appliation domain de�nition proved optimal for the projettimetable. Even for this very restritive ore, the implementation was quitetime onsuming and if we had inluded presentables and interatibles wewould have run out of time.Conerning the internal objet model, the mapping of MHEG lasses toimplementation lasses was satisfatory. It resulted to a onsistent (with thestandard), easy to handle and understand model. The elementary ationslass hierarhy provided a lear internal model, however, the required repe-tition of similar ode was quite time onsuming. Nevertheless, the adoptedreferening model was quite useful and allowed a higher level implementa-tion of the elementary ations and the whole engine in general. Finally,dereferening handling outside the elementary ations implementations ofthe MHEG lasses suessfully separated the onepts of dereferening andation handling, and onsequently ontributed to a better overall design.As we have already mentioned the event model of the �rst implementa-tion step (using staks of queues) reets the intentions of the standard andit funtions as expeted. However, sine a simpler implementation (similarto the desription in Setion 2.5) would also result to a onforming engine,we ould have avoided suh a omplex approah. The deision to handlethe attribute ations independently resulted to a simpler exeution modelimplementation but might introdue parallelism in some oasions, whih isprobably not the intention of the standard; it might be more appropriate tolet the exeution queue handle this as well.Finally, parser design suessfully follows the hierarhial form the MHEG-8 syntax. However, it might be useful to allow a further investigation of asimpler implementation (probably relying on the properties of the input73



syntax, and the validation of the XML parser).6.1.2 Event models integrationThe seond part of the integration (Setion 5.3) fouses on an implemen-tation of the MHEG event model using the DOM events funtionality. Wehave managed to provide a mapping of the event model onepts and tosubstitute the �rst part's event model with a new one that uses the DOMevents.The prinipal ahievement of this part is that the �nal implementa-tion proved easier and more ompat than the old one. Therefore, at leastthis part of the engine, an be implemented more eÆiently using existingbrowser features. Moreover, the integration is based on an internationalstandard rather on a browser spei� model. Consequently, this implemen-tation an be used for any browser that supports DOM events and is notX-Smiles spei�.Conerning the implementation, the ore funtionality works as expeted.Synhronous and asynhronous events are handled similarly to the initialimplementation. However, there are some outstanding issues onerningevent preemption and transitional elementary ations. Spei�ally, if a syn-hronous event is being exeuted and an asynhronous event is generated,instead of pre-empting the exeution or waiting in a queue, the asynhronousevent will be handled in parallel. However, when there is a ollision of twoasynhronous events the queuing is handled properly. Moreover, similarly tothe old model, transitional elementary ations are not handled as spei�edby the standard beause pending elementary ations and �red links mightstill be exeuted.Finally, we have to point out that a full study of the event models in-tegration was not possible beause of the lak of the engine support forpresentables and interatibles. This prohibited the investigation a mapping74



from DOM UIEvents to MHEG user interfae events. There would also bean assoiation with the Views[29℄ part of the DOM standard. However,even if there was adequate support from the ore engine, there would beadditional problems sine urrent X-Smiles version does not support neitherUIEvents nor Views.6.1.3 General ommentsGenerally, we ould say that the main obstale for the integration proesswas the projet time onstraints, and the need to implement the ore MHEGengine in order to gain the required understanding of the standards and tosupport further study. The implementation of the ore engine proved quitetime onsuming and therefore we managed to investigate only one ase offurther integration (the event models). Based on this we an argue that theinremental design and implementation approah was a good deision sineotherwise we might have ended up with a non working implementation orinomplete design.The deision to use MHEG-8 for MHEG representation proved usefulsine the integration proess was made easier. XML validation in additionto the DOM funtionality provided by the browser redued the omplexityof the parser and made the event models integration feasible. Thereforewe ould safely argue that the MHEG-8 standard ontributes towards theonvergene of ITV and web tehnologies.DOM events support allowed event models integration mainly beauseDOM model is more generi than the MHEG one. However, sine thereis no distintion between synhronous and asynhronous events, we had toinorporate the respetive MHEG funtionality using Java features (threads,synhronization et etera).The X-Smiles spei� features were not extensively used for the inte-gration beause X-Smiles is not restritive and gives muh freedom to the75



MLFC implementation. Therefore, most of the engine an be implementedalmost independently of X-Smiles. However, if we had inluded presentablesand interatibles we might have had more X-Smiles { MHEG interation (atleast for the user interfae support).Finally, we have to say that our study was foused on the MHEG-5integration into a web browser. We have not studied how the MHEG ontentwill reah the browser (e.g. through a web server or an STB). Severalproblems were solved with this approah sine otherwise we would have toadditionally onsider di�erent transfer protools, ahing shemes, ontenthandling et etera.6.2 Comments on the standards used and X-SmilesAfter implementing the MHEG engine we have onluded that MHEG-5 isquite powerful for representing interative multimedia. It allows develop-ment of versatile appliations and the event model is designed in suh a waythat an be handled by low resoure target platforms. Moreover, the oneptof the appliation domain is very useful for adapting the model into a widevariety of domains. However, the standard has some relatively vague partswhih need further spei�ation in order to assist the engine and appliationdeveloper. For instane, the event model ould bene�t by a more detailedexplanation.Sine XML is supported by most of the urrent browsers, MHEG XMLnotation is of great use beause it allows use of standard XML features whihmake the proess of input proessing muh easier. Moreover MHEG-8 syntaxallows hierarhial proessing of input in a way that orresponds to theMHEG lass hierarhy. However, the resulting DOM tree represents MHEGobjets ontainment and not the objet hierarhy or the presentation spatialontainment. If that was the ase, we ould make use of event bubblingand apturing event handling in order to map MHEG lasses behaviour76



to DOM events onepts. Moreover, the MHEG-8 standardization mightenfore general purpose use of MHEG for other areas in addition to ITV.Nevertheless, even if XML languages are easy to write by hand (sine XMLis a textual notation), in order to develop a useful MHEG appliation, anauthoring tool has to be used. This is a onsequene of the amount of XMLode that has to be written and of the objet referening sheme (whih usesnumerial indexing instead of naming).6.3 Comparison to the original projet planThe original projet plan (inluded in Appendix B) was to integrate MHEGfuntionality to the Mozilla web browser. Our main goal was to identifywhih parts of the MHEG engine an be implemented using existing browserfeatures and to modify Mozilla in order to make it MHEG aware. More-over, our impliit intention was to straightforwardly implement the MHEGfuntionality using browser features without �rst implementing a restritiveore whih uses only the absolutely neessary browser omponents.Firstly, we have used X-Smiles instead of Mozilla. The latter was ini-tially hosen beause it is a full featured and more mainstream browser.However, the omplex design and the lak of adequate doumentation leadus to reonsider the target platform for our researh. Consequently, we haveintrodued the browser assessment hapter where our main goal was to iden-tify the appropriate platform for our study. X-Smiles proved to be the bestsolution among the alternatives we have set.The initial plan was to implement MHEG funtionality using browserfeatures and the W3C's XML, DOM and XSL standards. We �nally usedthe XML (for doument proessing) and DOM (for doument proessing andevent models integration). However, we have not extensively used browserfeatures, as explained above, and we did not investigate how other W3Cstandards, like XSL, might be of use beause of the time onstraints.77



Finally, we originally intended to proeed to the integration in a singlestep and to provide an MHEG engine with at least some basi support forpresentables. However, the inherent omplexity of the whole proess leadus to separate the proess into a number of steps of whih only the �rst twowere investigated.6.4 Further researhAfter evaluating our study we will examine possible further researh in dif-ferent levels of abstration.6.4.1 Implementation orretions { extensionsAt �rst, the MHEG exeution model for both parts of the integration re-quires some further onsideration. Probably, the attribute ations (e.g. on-Ativation) exeution should be integrated with the events exeution. Forthe �rst part's engine we simply have to modify the proessor in order to han-dle them. For the seond part the solution might be to emulate them usingDOM events. Moreover, transitional ations behaviour should be orreted.Pending �red links that are out of the new ontext should be removed andfurther elementary ations should not be exeuted.The objet loading mehanism should be integrated into the generalreferening funtionality of the appliation objet. This way there will be noneed to expliitly load objets when needed (e.g. at a transitionTo ation).When an objet that is visible by the appliation namespae is referened, itshould be loaded automatially. This will also allow a standard onformingimplementation of the transitional elementary ations whih are urrentlyimplemented as funtions of the urrently ative appliation.Moreover, the exeution of asynhronous and synhronous events for theseond part of the integration should be synhronized in a way that thereis no parallel exeution. This would require suspending synhronous events78



exeution when an asynhronous one is handled. However, synhronousevents whih are launhed as part of the asynhronous event handler shouldbe handled normally.It would also be interesting to investigate how event models integrationould be ahieved without the use of threads. The MHEG-5 standard isdesigned for light weight platforms and using threads to emulate the eventqueue might be quite resoure onsuming.Finally, we should inlude handling of presentable and interatible MHEGobjets in order to have a full-featured engine. This approah should fouson using the least possible X-Smiles spei� features so that the engine ouldbe ported to another browser platform in order to hek the above oneptsin di�erent arhitetures.6.4.2 Further integrationA basi step for further integration would be to study how MHEG userevents an be mapped to DOM Events onepts. That would require theimplementation of presentables and interatibles and a DOM implementa-tion that supports UIEvents and DOM Views[29℄. For instane, an assoia-tion between the DOM objets and their sreen representation ould allowgeneration of DOM UIEvents. This ould then be mapped to MHEG userevents and used for supporting user interation.The integration of other MHEG omponents (exept the event model)ould also be studied. For instane, elementary ations internal representa-tion might be substituted by the respetive DOM one. This would requirean elementary ation exeution design whih will use DOM information inorder to proess elementary ations. Moreover, the whole internal objetmodel ould be substituted by a DOM objet model. In that ase internalbehaviour exeution ould be emulated using event bubbling and apturing.This would also require a DOM tree transformation in order to reate a79



plaeholder for internal lass attributes and for reating a more adequatetree struture. This transformation ould be ahieved by the use of theXSL-T[26℄ funtionality.It would also be interesting to use other supported standards for theintegration proess. For instane some MHEG interatibles (like a pushbutton or a text area) ould be implemented using the orresponding HTMLelements.6.4.3 Related researh ideasAs we have already mentioned, we have studied a restrited ase of the ITVdomain were a personal omputer was used for browser exeution and sim-ple HTTP transmission of MHEG information and ontent was assumed.The whole onept ould be studied in a wide variety of on�gurations. Forinstane, the browser might be running on an STB. In that ase the trans-mission protools might be di�erent and there will be additional ahingissues (for instane, if the transmission is a based on an objet arousel).Moreover, the use of MHEG-8 should be re-examined if signi�antly di�erenttransmission protools are to be used.In the ase were the browser is run on an STB, we ould have both ITVand web support by an MHEG aware browser. However, in suh a resouresare environment several additional onstraints must be taken into aount(e.g. memory and proessor usage, available bandwidth et)As far as the transmission of ontent is onerned, depending on thetarget platform, di�erent approahes an be investigated. For instane, the\XML protool"[31℄ is a W3C working draft that ould be used for MHEGobjets information. Also the transport protool for real time appliations(RTP)[10℄ ould be used for ontent transmission. However, the protoolsto be used should always be studied in relation to the target platform. Forinstane, HTTP transmission might be a good solution for a web browser80



on a desktop omputer, however it might not be adequate for a STB or amobile phone.An interesting investigation would be the omparison of the MHEG-5and SMIL[25℄ standards for web based multimedia appliations. MHEG-5was not originally intended as a web appliation, but sine the publiationof the MHEG-8 standard, it has beome an attrative way for supportinginterative multimedia for the web. Moreover, SMIL is onsidered one ofthe dominant urrent web multimedia standards. A omparison of the twostandards would be useful for testing the appliability of both for modernmultimedia appliations and for identifying the advantages and disadvan-tages of eah.Finally, our study ould be extended in order to investigate a generiway to support XML ontent. XML is able to represent virtually everythingbeause it is only onerned with the struture of the information. How-ever, the semantis information is lost as well as the information on howto handle the ontent. In order to avoid inompatible browser extensionsfor the support of spei� doument types, a generi semantis languagemay be developed. The latter will provide additional semantis informationin a way similar to XSL. However, it will be onerned with the \seman-tis" of the tags and on how they should be proessed and presented. Thise�ort ould bene�t from the shared required funtionality for di�erent on-tent types (e.g. parsing, internal objet model, rendering mahine et). Asuperset of this funtionality ould be provided by the browser ore andthe additional semantis information will simply \ustomize" the existingbrowser omponents in order to handle a spei� ontent type.
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Chapter 7Conluding remarks
Our main onern throughout this projet was to investigate the integra-tion of the Interative TV (ITV) and web browsers. As we have alreadymentioned, the study of the integration is important beause both areas willbene�t sine it will help towards enhaned servies for both of the domains.Web browsing will inlude interative multimedia servies while interativeTV would bene�t from the ability to aess the vast amount of existinginteratible web information.Our approah was based on the modi�ation of the X-Smiles browser inorder to introdue MHEG funtionality. X-Smiles was seleted as the targetweb browser platform after a browser assessment proess in whih we studiedsix browser alternatives for the most adequate one for our researh. TheMHEG-5 standard was seleted as representative for the ITV beause it isaepted as part of the DAVIC ITV spei�ation and as the U.K. terrestrialITV platform. Moreover, the reent MHEG-8 standard, whih de�nes anXML representation for MHEG-5 ontent, was an additional reason for theuse of MHEG, sine, most of the urrent browsers support XML and therelated Internet standards.We divided the integration proess in two steps. The �rst one was theimplementation of an MHEG extension for X-Smiles whih provided thebasi MHEG ore funtionality. This was ahieved by de�ning a minimal82



appliation domain to whih the implementation onforms. The ore engineimplementation used only the absolutely required X-Smiles features whihinluded the XML parser and the DOM model. The seond step was on-erned with the MHEG and DOM event models. Our goal was to implementthe MHEG event model using existing DOM event funtionality. Our �nalahievement was to provide an event model implementation whih was easierto write and more ompat than the initial approah.Our study an be extended to further integrate the two areas and to useas many existing standard browser features as possible. Within the on-straints of the projet time limits, we were able to demonstrate the feasibil-ity of integrating these two models. Further integration should be relativelystraightforward on top of the foundation laid within this work.
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Appendix AAbbreviations
API: Appliation Programming Interfae.ASN.1: The MHEG notation de�ned in the �rst part of the standards.CSS: Casading Style Sheets standard.DAVIC: The Digital Audio and Video Counil.DOM: The Doument Objet Model standard.DOM Events: The DOM-2 Events standard whih spei�es the DOM-2event model.DTD: Doument Type Delaration.HTML: HyperText Markup Language standardHTTP: HyperText Transfer ProtoolIDL: Interfae De�nition LanguageITV: Interative televisionMHEG: Multimedia and Hypermedia information oding Experts Group.Also, the family of the 8 MHEG standards.MHEG-5: MHEG part 5, \Support for base-level interative appliations"standard.MHEG-8: MHEG part 8, \XML Notation for ISO/IEC 13522-5 (MHEGXML)" standard.MLFC: Markup Language Funtionality Component.OO: Objet Oriented. 84



STB: Set-top box.W3C: The World Wide Web ConsortiumWWW: World Wide WebWeb lient: The appliation used to present web ontent.X-Smiles: The browser platform used for the integration proess.XSL: The eXtensible Stylesheet Language standard.XSL-T: The XSL Transformations standard.
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Appendix BInitial projet desription
This appendix ontains a opy of the original projet desription with slightmodi�ations in order to �t the new doument layout.B.1 IntrodutionThe projet is onerned with the integration of two tehnologies that usedto be distint and evolve almost independently: web and Interative TV.Most of the web browsers were only apable of displaying simple HTMLhyperlinked text, transferred using HTTP protool. However, due to theevolution of networks and omputer arhitetures, di�erent requirementsame into play. One of them is interative multimedia, whih is inherent inthe �eld of interative TV. Therefore, the integration of the two tehnologiesseems bene�ial and it will allow users to seamlessly move between web andinterative multimedia ontent.What we are going to investigate, is the integration of MHEG funtion-ality into web browsers. We have hosen MHEG beause it is the aeptedstandard for providing interative multimedia ontent for UK terrestrial dig-ital TV. MHEG-8 is an XML representation of MHEG objets, whih makesit even more appliable for proessing by an XML-aware web browser.As far as the browser is onerned, we are going to use Mozilla, anopen soure browser that inorporates most of the latest web tehnologies.86



We expet to extend the above investigation to the integration of MHEGfuntionality into Mozilla.B.2 The problem areaThe projet will involve two basi hallenges. Firstly, to manage to �nd theommonalties among di�erent web tehnologies and the MHEG standard.Seondly, the modi�ation of Mozilla, whih, due to lak of doumentation,an be onsidered a researh e�ort by itself. Below, we will give a briefoverview of the di�erent tehnologies that are expeted to be involved, someexample relationships among them, and a brief overview of Mozilla.B.2.1 The standardsMHEGMHEG provides a standard way of representing and transferring interativemultimedia objets. The objets and the relationships between them de-sribe the struture of an interative multimedia appliation. Atually, thetop-level objet is the \Appliation" objet. It may ontain sene objets,whih in turn may ontain, among others, media objets. Eah objet hasan interfae, whih is the set of funtions that an be performed on it. TheMHEG event model is able to represent objet and user interations andreations to speial internal events. When an event is �red (e.g by the expi-ration of a timer, a user interation or the end of a video lip), the ationsto be taken are desribed by links. These ations are in form of sequentialelementary ations, whih are performed on objets (similarly to memberalls in objet oriented programming languages).When we say \transferring interative multimedia objets", we meanthat a standard way to enode and transfer objet, struture and eventhandling information. This is based on ASN.1 (abstrat syntax notation 1)whih an take textual or binary form.87



MHEG-8 extends MHEG by providing an XML representation for de-sribing and transferring objets. Sine, web and Internet users are moreused to these kind of mark-up languages, it is most probably that the adop-tion of MHEG-8 will speed up the integration of Interative TV and web.MHEG ontent is proessed and presented by an MHEG engine. Whatwe are interested in, is to inorporate the funtionality of an MHEG engineinto web browsers (spei�ally Mozilla). We have to investigate if we anreuse existing omponents of Mozilla in order to onstrut the MHEG engine.For instane, use the XML parser to parse the MHEG spei�ation, or useDOM-2 funtionality to internally represent MHEG objets and events.XMLXML will ertainly be of involved beause it is used for MHEG representa-tion. As far as ore XML is onerned, we are only interested in the parsingof the MHEG information. This is expeted to be the easiest of the rela-tionships to be implemented beause it doesn't require any modi�ations.DOMDOM-1 is a W3C reommendation that emerged as a way to retrieve do-uments and to desribe doument struture. Most of the XML parsers usea DOM tree to represent the parsed information. DOM-2 is an extension ofDOM-1, whih allows many di�erent kinds of information to be represented.We are mostly interested in the event model of DOM-2. We will investigateif it is possible to use it for the representation of MHEG events.XSL and CSSXSL and CSS are W3C reommendations as well. We are not interestedin a diret relation between them and MHEG. However, the funtionalitythat a browser must o�er in order to support the display of douments usingextended display information (mostly for CSS) an be useful in representing88



MHEG ontent. For instane, CSS allows dynami modi�ation of mark-upproperties. There might be a way to use this funtionality in order to allowelementary ations to alter the attributes of MHEG objets.Other StandardsThe set of standards that will be involved is not lear at the moment, be-ause further studying and investigation of the ore tehnologies (MHEGand Mozilla) is required.B.2.2 MozillaWe have hosen Mozilla as the browser paradigm for our analysis and imple-mentation. Mozilla is an open soure projet, o-ordinated by \mozila.org".Mozilla is ross platform and easily extendable. Most of the ode is ina subset of C++, whih is de�ned by spei� ross-platform onstraints.The arhiteture is based on the ore XPCOM funtionality and modulesplugged into it. XPCOM is a ross-platform equivalent to Mirosoft's COM.The modules ommuniate through interfaes, whih are de�ned in XPIDL(the Mozilla alternative to IDL). That means that it is \easy" to extendMozilla, even by using a language other than C++. It urrently supports,among others, XML, XSL, DOM, DOM-2 (partly), CSS and Java. Mostof these are implemented as independent modules ommuniating throughXPCOM.We are mostly interested in identifying the modules whih are related tothe theoretial analysis and extend them to inorporate MHEG funtional-ity. We will most probably develop some new modules for MHEG parts thatannot be integrated by extending existing ode. The involved modules andthe required extensions are still quite unlear sine their identi�ation is oneof the ore parts of our researh.The main disadvantage of Mozilla is the lak of omplete up to datedoumentation (for development). Therefore, extending Mozilla involves in-89



vestigation of the ode (more than 1 million of lines - 250 Mbytes soure) inorder to identify how everything �ts together. However, there is a sophis-tiated soure-ross-referening mehanism, whih eases navigation throughthe ode and makes the \quest for omments" easier.B.2.3 Projet sheduleThe �gure below is an overview of the projet shedule divided into 16 weeks.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Document writting

Testing

Study MHEG

Study Mozilla architecture

Study relevant W3C Standards

Understand Mozilla code

Identify relations and extensions

Implementation

Firstly, we will start by studying MHEG standards. At the same time,we begin the exploration of Mozilla ode, whih will almost last until theend of the projet. Initially the fous would be on the ore aspets, likeXPCOM interfae. Gradually, we will proeed to more spei� parts of theode, aording to our researh. Understanding Mozilla ode will be anon-demand based proess.On week 3, after gaining a basi understanding of MHEG, we will startinvestigating W3C standards and parts of Mozilla arhiteture that seemmore relevant. At the same time, we will fous on understanding the spei�sof Mozilla implementation related to these standards (for the \Understand-ing Mozilla ode" part).After �nishing the study of MHEG and having a brief idea about relevantW3C standards and Mozilla arhiteture, we an begin investigating therelations that an be ahieved among them. At that point (week 6), areport desribing MHEG should be ready.90



During this period, basi extensions and integration of ode in Mozillashould have already started. This ontains probably the ore of MHEGengine, handling of XML �les and the inorporation of the new �le formatin Mozilla.After �nishing and reporting the investigation of the relations, the mainpart of the implementation begins, whih aims in realising the spei�edrelations and extensions. The implementation phase must be �nished bythe end of week 14. At this point, basi tests and debugging on individualparts of the implementation should have been �nished as well (testing phasebegins one week after the start of the implementation). In week 15, ourmain onern will be debugging the �nal ompilation of modules, testingthe implementation on di�erent platforms and reporting about this proess.Throughout the projet, we will produe di�erent reports (\Doumentwriting"), that will onstitute parts of the �nal dissertation. The ompila-tion of these reports and the prodution of additional material must takeplae before week 16. In that week we will overview, orret and �nalise thedissertation.We must point out, that this shedule is based on the urrent knowledgeand intuition about the whole proess. Probably, after studying the relevantmaterial, our shedule may hange signi�antly. Additionally, there is thehighly unpreditable part alled \Mozilla"! Sine, understanding Mozillainvolves onsiderable searhing through the ode (for omments and inter-faes), and sine there is no omplete up to date overview of its arhiteture,it is diÆult to plan our time.B.3 ConlusionOur main objetive for this projet is to hand in a detailed overview of thestandards, ways to ombine them, and have a working version of an MHEG-aware version of Mozilla. We do not intend to implement the whole MHEG91



standard. We will only onsider the parts that demonstrate out theoretialanalysis.
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Appendix CMinimal appliation domainde�nition
� Exhanged representation: The representation de�ned by the MHEGpart 8 standard ([15℄).� Group Identi�er enoding: Relative or absolute URIs as spei�edby IETF's RFC 2396 ([17℄). They should point to the �le that desribethe orresponding group objet.� Set of lasses: The minimal set of lasses de�ned by the standard areAppliation, Sene, Link and Ation. We have to inlude the super-lasses of these, the Variable and its sub-lasses whih are neededfor support of the neessary elementary ations. The resulting set oflasses is illustrated in Table C.1.� Set of features: Features are de�ned as optional or mandatory (inorder for an engine to onform to the appliation domain). In our ase,all optional features will not be implemented. Sine, none of them isneeded for the illustration of the ore engine funtionality we speifyall of them as optional (Table C.2).� Content data enoding: Sine we do not support any presentables,there is no ontent to desribe.93



Supported MHEG lassesRootGroupIngredientAppliationSeneLinkAtionVariableBooleanVariableIntegerVariableOtetStringVariableObjetRefVariableContentRefVariableTable C.1: Minimal appliation domain lassesFeature RequirementAnillary onnetions OptionalCahing OptionalCloning OptionalFree moving ursor OptionalSaling OptionalStaking of appliations OptionalTrik modes OptionalTable C.2: Minimal appliation domain features� UserInput registers: There will be no UserInput events. However,sine the spei�ation of a UserInput register is mandatory for thesene enoding, we have to de�ne a value for a null register. We willuse the integer value \1".� Semanti onstraints: Sine there are not presentables, semantionstraints are overed by the \set of features". However, we willprovide the required table (Table C.3).� Engine Events: There will be no engine events.94



Feature ConstraintFreeMovingCursor OptionalAppliationStaking OptionalSaling N/ASeneCoordinateSystem(X,Y) No ombination is supportedSeneAspetRatio(W,H) No ombination is supportedAnillaryConnetions OptionalTrikModes OptionalMultipleRTGraphisStreams(0) ZeroMultipleAudioStreams(0) ZeroMultipleVideoStreams(0) ZeroOverlappingVisibles Not supportedCloning OptionalTable C.3: Minimal appliation domain onstraints� GetEngineSupport: No additional GetEngineSupport strings.
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Appendix DBrowser alternatives
This appendix is devoted to the 6 di�erent browser platforms that we havetested in order to identify the most appropriate for the integration. Thereis a brief desription for eah browser, whih justi�es the results shown inTable 4.2 (page 37).D.1 Mozilla browserMozilla is an open soure web browser \designed for standards ompliane,performane and portability"[20℄. Mozilla is derived from Netsape Com-muniator, whih was released as open soure. The original version hadmany problems beause it was an early release and some of the proprietaryCommuniator omponents were removed. Mozilla organization leads thedevelopment of Mozilla browser, and the main goal is to make it a fullyfuntional, standards ompliant browser.Mozilla is implemented mainly in C++, and its arhiteture is basedon an XPCOM ore. XPCOM is an open soure alternative to Mirosoft'sCOM. It allows di�erent omponents (possibly implemented in di�erent lan-guages) to interoperate in a language independent manner. Componentinterfaes are de�ned in XPIDL whih is an alternative to IDL.There are di�erent support libraries for many aspets of the browserfuntionality. For instane, there is a layout engine, a network library, a96



user interfae library and many others. Most of them are highly ustomiz-able, sine the development of Mozilla omponents produes general purposesoftware that an be used even outside the sope of a browser.As far as the supported media types are onerned, only basi imageformats are supported. This lak of media support is probably a result ofMozilla's platform neutral design and of the fat that is diÆult to �nd opensoure, portable libraries for the more \advaned" media types. However,sine basi graphis and user interation are supported, it is possible to buildthe basi MHEG funtionality on top of them.Mozilla event model seems1 to be hierarhial. When an event is gener-ated or aught by a Mozilla omponent, it is propagated to all other om-ponents that might be interested (not in a broadast, but in a reursivemanner). We have to point out that in parallel with the browser's internalevent model, DOM events are also propagated and handled.There is support for most of the Internet standards like HTML, XHTML,CSS (1,2,3), XML, DOM and others. However, the support for most ofthem is not yet omplete, and there are still many bugs to be orreted (thedevelopment team is trying hard to produe the stable 1.0 release).In general we an say that Mozilla is a rather omplete browser, witha well designed modular arhiteture. However, the lak of good doumen-tation and the very primitive media support might prove problemati forour researh. Moreover, its omplexity may not be adequate for the timeonstraints of the projet.1The problem with Mozilla is that it is not easy to �nd up-to-date doumentation {exept for the omments in the soure ode { that desribes in detail the arhiteture andhow everything �ts together. Therefore, at this stage we an only make assumptions forthe internal arhiteture.
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D.2 X-Smiles browserX-Smiles is an open soure, Java based, XML browser, whih is \a non-pro�t projet started by the Teleommuniations Software and MultimediaLaboratory at Helsinki University of Tehnology"[32℄. The basi di�erenefrom the other alternatives is that it doesn't support HTML. As a part ofa researh projet, it is not (yet) aimed to provide a wide-range of serviesto the end-user. However, it supports XML, so all XML languages mightas well be supported (atually, there might be support for XHTML in thefuture). The latest version (0.32) supports XML, XSL-T, XSL-FO, XForms,ECMASript, SMIL 1.0 and DOM-1. DOM-2 is also partially supported.As far as media types are onerned there is support for GIF and JPEGimage formats, for MPEG and AVI video formats and for WAV audio data.One of the main goals in X-Smiles development is to provide supportfor multimedia servies for either desktop or embedded devies. This is inline with our goals sine MHEG desribes interative multimedia ontent.Additionally, the ability to run on sare resoure embedded devies, isadvantageous for support of MHEG in set-top boxes.Moreover, X-Smiles has very good doumentation for both the user andthe designer. Its internal arhiteture is quite simple. Basially, it uses an\event broker" whih dispathes events among browser omponents. Thisarhiteture is easily extended sine other omponents an be added bysimply registering them to the event broker (allowing them to reeive andhandle all the appropriate events).As a onlusion, we an say that X-Smiles seems quite promising for ourprojet. However, there are drawbaks. It is still in its very �rst releases andinevitably there are problems in the implementation. The Java platformo�ers portability and support libraries, but introdues high delays whihmake a omplex program like a browser to run relatively slow.22However, this will not be an issue for a set-top box that implements the Java virtual98



D.3 Amaya browserAmaya is a W3C's open soure browser { authoring tool[24℄. The prinipalgoal of Amaya development is to provide a tool for testing new web teh-nologies. In order to aomplish this, it is designed in a well struturedextensible manner with quite good doumentation (for both the end userand the developer). The basi drawbak is that it is implemented in C,beause it is based in a doument editing-presentation library alled \Thot"whih is also implemented in C.In addition to XHTML it also supports CSS, MathML, XML and XLink.The later two are partially implemented, sine only the required features forsupporting XHTML are inluded. The douments are represented internallyas a tree (similar to DOM tree) whih orresponds to the doument stru-ture. However, some important features like JavaSript, animated imagesand frames are not supported. This might be a reason to avoid seletingAmaya sine the lak of this support might imply problemati extensibil-ity to other tehnologies. Atually, it seems like Amaya is quite extensibleas far as HTML spei� extensions are onsidered, but when totally newdata formats are onerned (like XML or MHEG) it doesn't seem promisingenough. If we try to make Amaya MHEG aware there will be the danger ofhaving to re-engineer the whole browser and our researh goal might fail.D.4 HotJava browserHotJava (TM) browser[22℄ is a development of Sun mirosystems orpora-tion, and is implemented in Java. Its main aim is to provide a light-weightbrowser that an be used for devies like set-top boxes. Sine MHEG sup-port for interative TV is mainly foused on this resoure sare environ-ments, HotJava initially looked like a good solution. However, sine thelatest release, the soure ode is no longer available. It seems that it willmahine in hardware. 99



be published soon but for now we annot use this platform, so we do notfurther investigate it.D.5 Arena and Mosai browsersEven though these two browsers are di�erent, we study them in the samesetion sine they an only be onsidered as of histori interest. Arena[1℄was derived from a text-mode browser. As long as it was developed itmanaged to keep up to date with most of the Internet standards. However,the development seems to have stopped sine Netsape's ode was madeavailable to publi, and the Mozilla projet started.Mosai browser[21℄ was an NCSA (The National Center for Super om-puting Appliations at the University of Illinois at Urbana-Champaign)projet, and was quite famous before some years. However, it was notan open soure projet, therefore the arhiteture and ode doumentationis diÆult to �nd. The development seems to have stopped and it is notsupported any more.These browsers are now onsidered obsolete. However we mention themsine they were quite famous as alternatives to the dominant ommerialbrowsers that are widely used now.
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Appendix EExeution examples
This appendix ontains the soure XML �les and the engine output for theexeution examples of Setions 5.2.3 and 5.3.4.E.1 XML souresE.1.1 The appliation �le1 <?xml version="1.0" enoding="UTF-8"?>2 <!DOCTYPE mheg5 SYSTEM "mheg5.dtd" >3 <mheg5>4 <appliation groupid="reportExAp.xml"> <!-- theappliation-->5 <items>6 <link objnum ="1">7 <linkondition>8 <eventsoure objnum ="0"/>9 <eventtype type="isrunning"/> <!-- fire atativation-->10 </linkondition>11 <linkeffet>12 <ation>13 <transitionto> <!-- ativate the sene-->14 <objref objnum ="0" groupid="reportExS.xml"/>15 </transitionto>16 </ation>17 </linkeffet>18 </link>19 </items>20 </appliation>21 </mheg5> Listing E.1: The example appliation101



E.1.2 The sene �le1 <?xml version="1.0" enoding="UTF-8"?>2 <!DOCTYPE mheg5 SYSTEM "mheg5.dtd" >3 <mheg5>4 <sene groupid="reportExS.xml"> <!-- the seneobjet -->5 <items>6 <integervar objnum ="1"> <!--The integer value -->7 <integervalue origvalue="2000"/> <!-- initialvalue-->8 </integervar>910 <link objnum ="2"> <!-- Fires at sene ativation-->11 <linkondition>12 <eventsoure objnum ="0"/>13 <eventtype type="isrunning"/>14 </linkondition>15 <linkeffet>16 <ation>17 <setvariable> <!-- Set integer var. to10000-->18 <objref objnum ="1"/> <!-- Target variable-->19 <newgeneriinteger>20 <integer value ="10000"/> <!-- The newvalue-->21 </newgeneriinteger>22 </setvariable>2324 <settimer> <!-- Ativate the timer-->25 <objref objnum ="0"/> <!-- Target sene-->26 <integer value ="1"/> <!-- Timer ID -->27 <indiretref objnum ="1"/> <!-- Timervalue -->28 </settimer>29 </ation>30 </linkeffet>31 </link>3233 <link objnum ="3"> <!-- Fires when timer expires-->34 <linkondition>35 <eventsoure objnum ="0"/>36 <eventtype type="timerfired"/>37 <eventdata>38 <integer value ="1"/> <!-- Timer id=1 -->39 </eventdata> 102



40 </linkondition>41 <linkeffet>42 <ation>43 <quit> <!-- Quit the appliation -->44 <objref objnum ="0" groupid="reportExAp.xml"/>45 </quit>46 </ation>47 </linkeffet>48 </link>49 </items>50 <inputeventreg num="1"/> <!-- the dummy inputregister -->51 <senes xsene ="800" ysene ="600"/>52 </sene>53 </mheg5> Listing E.2: The example seneE.2 Engine output for Setion 5.2.3 test1 Time: 03:03:18 [ DEBUG℄: Parsing doument: reportExAp.xml2 Time: 03:03:18 [ DEBUG℄: Parsing doument: Using ustomparser3 Time: 03:03:21 [ DEBUG℄: Doument parsed:reportExAp.xml4 APPLICATION TREE5 ***MHEGAppliation***6 Ref:(reportExAp.xml:0)7 RunStat:false8 AvailStatus:false9 Info:No info10 OnStartup: null11 OnCloeDown: null12 Items:13 ***MHEGLink***14 Ref:(reportExAp.xml:1)15 RunStat:false16 AvailStatus:false17 InitAtive: true18 Shared: false19 Type: 420 Soure : ( reportExAp.xml:0)21 Effet:22 ***MHEGAtion***23 Elementary ations:24 ***TransitionTo***25 Target : ( reportExS.xml:0)26 TransEffet: null103



27 ConnTag: null28 OnSpawnCloseDown: null29 OnRestart: null30 FINISHED: false31 Starting MHEG proessor32 Time: 03:03:21 [ DEBUG℄Exeution: EXEC_QUEUE: Waiting33 Time: 03:03:21 [ DEBUG℄: APPLICATION: Running34 Time: 03:03:21 [ DEBUG℄Internal behaviour: Group:ativation at (reportExAp.xml:0):starting35 Time: 03:03:21 [ DEBUG℄Internal behaviour: Root:ativation at (reportExAp.xml:0):starting36 Time: 03:03:21 [ DEBUG℄Internal behaviour: Group:Preparation at ( reportExAp.xml:0):starting37 Time: 03:03:21 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExAp.xml:1):starting38 Time: 03:03:21 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExAp.xml:1):starting39 Time: 03:03:21 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExAp.xml:1):finished40 Time: 03:03:21 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExAp.xml:1):finished41 Time: 03:03:21 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExAp.xml:0):starting42 Time: 03:03:21 [ DEBUG℄Internal behaviour: Root:ContentPreparation at ( reportExAp.xml:0):alled43 Time: 03:03:21 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExAp.xml:0):finished44 Time: 03:03:21 [ DEBUG℄Internal behaviour: Group:Preparation at ( reportExAp.xml:0):finished45 Time: 03:03:21 [ DEBUG℄Internal behaviour: Root:ativation at (reportExAp.xml:0):finished46 Time: 03:03:21 [ DEBUG℄Internal behaviour: Link:ativation at (reportExAp.xml:1):starting47 Time: 03:03:21 [ DEBUG℄Internal behaviour: Root:ativation at (reportExAp.xml:1):starting48 Time: 03:03:21 [ DEBUG℄Internal behaviour: Root:ativation at (reportExAp.xml:1):finished49 Time: 03:03:21 [ DEBUG℄Internal behaviour: Link:ativation at (reportExAp.xml:1):finished50 Time: 03:03:21 [ DEBUG℄Event: Event fired: isrunning51 Time: 03:03:21 [ DEBUG℄Event: Event isrunning is inqueue52 Time: 03:03:21 [ DEBUG℄Exeution: EXEC_QUEUE: Restarting53 Time: 03:03:21 [ DEBUG℄Exeution: EXEC_QUEUE: Preparingto exeute next ation54 Time: 03:03:21 [ DEBUG℄Exeution: EXEC_QUEUE: Foundation fi.hut.tml.xsmiles.mlf.mheg5.objetmodel.elat.TransitionTo 104



55 Time: 03:03:21 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0):started56 Time: 03:03:21 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0): deativating nonshared appliation objets57 Time: 03:03:21 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):starting58 Time: 03:03:21 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:1):starting59 Time: 03:03:21 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:1):finished60 Time: 03:03:21 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):finished61 Time: 03:03:21 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0): deativatingurrent sene62 Time: 03:03:21 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0):parsing new sene63 Time: 03:03:21 [ DEBUG℄: Parsing doument: reportExS.xml64 Time: 03:03:21 [ DEBUG℄: Parsing doument: Using ustomparser65 Time: 03:03:21 [ DEBUG℄Internal behaviour: Group:ativation at (reportExAp.xml:0):finished66 Time: 03:03:21 [ DEBUG℄: APPLICATION: Waiting untilfinished67 Time: 03:03:22 [ DEBUG℄: Doument parsed:reportExS.xml68 Time: 03:03:22 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0): ativating newsene69 *******Ative Sene Changed:***********70 ***MHEGSene***71 Ref:(reportExS.xml:0)72 RunStat:false73 AvailStatus:false74 Info:No info75 OnStartup: null76 OnCloeDown: null77 Items:78 ***MHEGLink***79 Ref:(reportExS.xml:3)80 RunStat:false81 AvailStatus:false82 InitAtive: true83 Shared: false84 Type: 885 Soure : ( reportExS.xml:0)86 Effet:87 ***MHEGAtion***105



88 Elementary ations:89 ***Quit***90 Target : ( reportExAp.xml:0)91 ***MHEGLink***92 Ref:(reportExS.xml:2)93 RunStat:false94 AvailStatus:false95 InitAtive: true96 Shared: false97 Type: 498 Soure : ( reportExS.xml:0)99 Effet:100 ***MHEGAtion***101 Elementary ations:102 ***SetValue***103 Target : ( reportExS.xml:1)104 New value: GeneriInteger: 10000105 ***Set Timer***106 Target : ( reportExS.xml:0)107 Tag: GeneriInteger: 1108 value: GeneriInteger: IndiretRef: ( reportExS.xml:1)109 Absolute time: null110 ***MHEGIntegerVariable***111 Ref:(reportExS.xml:1)112 RunStat:false113 AvailStatus:false114 InitAtive: true115 Shared: false116 Value: 2000117 *******************************118 Time: 03:03:22 [ DEBUG℄Internal behaviour: Group:Preparation at ( reportExS.xml:0):starting119 Time: 03:03:22 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:3):starting120 Time: 03:03:22 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:3):starting121 Time: 03:03:22 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:3):finished122 Time: 03:03:22 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:3):finished123 Time: 03:03:22 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:2):starting124 Time: 03:03:22 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:2):starting125 Time: 03:03:22 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:2):finished106



126 Time: 03:03:22 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:2):finished127 Time: 03:03:22 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:1):starting128 Time: 03:03:22 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:1):starting129 Time: 03:03:22 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:1):finished130 Time: 03:03:22 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:1):finished131 Time: 03:03:22 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:0):starting132 Time: 03:03:22 [ DEBUG℄Internal behaviour: Root:ContentPreparation at ( reportExS.xml:0):alled133 Time: 03:03:22 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:0):finished134 Time: 03:03:22 [ DEBUG℄Internal behaviour: Group:Preparation at ( reportExS.xml:0):finished135 Time: 03:03:22 [ DEBUG℄Internal behaviour: Group:ativation at (reportExS.xml:0):starting136 Time: 03:03:22 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:0):starting137 Time: 03:03:22 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:0):finished138 Time: 03:03:23 [ DEBUG℄Internal behaviour: Link:ativation at (reportExS.xml:3):starting139 Time: 03:03:23 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:3):starting140 Time: 03:03:23 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:3):finished141 Time: 03:03:23 [ DEBUG℄Internal behaviour: Link:ativation at (reportExS.xml:3):finished142 Time: 03:03:23 [ DEBUG℄Internal behaviour: Link:ativation at (reportExS.xml:2):starting143 Time: 03:03:23 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:2):starting144 Time: 03:03:23 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:2):finished145 Time: 03:03:23 [ DEBUG℄Internal behaviour: Link:ativation at (reportExS.xml:2):finished146 Time: 03:03:23 [ DEBUG℄Internal behaviour: Variable:ativation at (reportExS.xml:1):starting147 Time: 03:03:23 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:1):starting148 Time: 03:03:23 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:1):finished149 Time: 03:03:23 [ DEBUG℄Internal behaviour: Variable:ativation at (reportExS.xml:1):finished150 Time: 03:03:23 [ DEBUG℄Event: Event fired: isrunning107



151 Time: 03:03:23 [ DEBUG℄Event: Event isrunning is inqueue152 Time: 03:03:23 [ DEBUG℄Internal behaviour: Group:ativation at (reportExS.xml:0):finished153 Time: 03:03:23 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0):finished154 Time: 03:03:23 [ DEBUG℄Exeution: EXEC_QUEUE: Preparingto exeute next ation155 Time: 03:03:23 [ DEBUG℄Exeution: EXEC_QUEUE: Foundation fi.hut.tml.xsmiles.mlf.mheg5.objetmodel.elat.SetVariable156 Time: 03:03:23 [ DEBUG℄Elementary Ation :IntegerVariable:SetValue at ( reportExS.xml:1):exeuting157 Time: 03:03:23 [ DEBUG℄Elementary Ation : Variable:SetValue at (reportExS.xml:1):exeuted158 Time: 03:03:23 [ DEBUG℄Exeution: EXEC_QUEUE: Preparingto exeute next ation159 Time: 03:03:23 [ DEBUG℄Exeution: EXEC_QUEUE: Foundation fi.hut.tml.xsmiles.mlf.mheg5.objetmodel.elat.SetTimer160 Time: 03:03:23 [ DEBUG℄Elementary Ation : Sene:SetTimerat (reportExS.xml:0):started with tag:1 val: 10000 absTime:false161 Time: 03:03:23 [ DEBUG℄Elementary Ation : Sene:SetTimerat (reportExS.xml:0):Sheduled162 Time: 03:03:23 [ DEBUG℄Exeution: EXEC_QUEUE: Waiting163 Time: 03:03:33 [ DEBUG℄Internal behaviour: Sene.Timer1at (reportExS.xml:0):Fired164 Time: 03:03:33 [ DEBUG℄Event: Asyn event fired:timerfired165 Time: 03:03:33 [ DEBUG℄Exeution: EXEC_QUEUE: Restarting166 Time: 03:03:33 [ DEBUG℄Exeution: EXEC_QUEUE: Preparingto exeute next ation167 Time: 03:03:33 [ DEBUG℄Exeution: EXEC_QUEUE: Foundation fi.hut.tml.xsmiles.mlf.mheg5.objetmodel.elat.Quit168 Time: 03:03:33 [ DEBUG℄Elementary Ation : Appliation:quit at ( reportExAp.xml:0):finishing appliation169 Time: 03:03:33 [ DEBUG℄Elementary Ation : Appliation:quit at ( reportExAp.xml:0):destroying ative sene170 Time: 03:03:33 [ DEBUG℄Internal behaviour: Group:destrution at ( reportExS.xml:0):starting171 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:1):starting172 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:1):starting173 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:1):finished108



174 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:1):finished175 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:2):starting176 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:2):starting177 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:2):starting178 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:2):finished179 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:2):finished180 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:2):finished181 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:3):starting182 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:3):starting183 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:3):starting184 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:3):finished185 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:3):finished186 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:3):finished187 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:0):starting188 Time: 03:03:33 [ DEBUG℄Internal behaviour: Group:deativation at (reportExS.xml:0):starting189 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:1):starting190 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:2):starting191 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:2):starting192 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:2):finished193 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:3):starting194 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:3):starting195 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:3):finished196 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:0):starting197 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:0):finished109



198 Time: 03:03:33 [ DEBUG℄Internal behaviour: Group:deativation at (reportExS.xml:0):finished199 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:0):finished200 Time: 03:03:33 [ DEBUG℄Internal behaviour: Group:destrution at ( reportExS.xml:0):finished201 Time: 03:03:33 [ DEBUG℄Elementary Ation : Appliation:quit at ( reportExAp.xml:0):destroying ativeappliation202 Time: 03:03:33 [ DEBUG℄Internal behaviour: Group:destrution at ( reportExAp.xml:0):starting203 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExAp.xml:1):starting204 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):starting205 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:1):starting206 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):finished207 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExAp.xml:1):finished208 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExAp.xml:0):starting209 Time: 03:03:33 [ DEBUG℄Internal behaviour: Appliation:deativation at (reportExAp.xml:0):starting210 Time: 03:03:33 [ DEBUG℄Internal behaviour: Group:deativation at (reportExAp.xml:0):starting211 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):starting212 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:1):starting213 Time: 03:03:33 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):finished214 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:0):starting215 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:0):finished216 Time: 03:03:33 [ DEBUG℄Internal behaviour: Group:deativation at (reportExAp.xml:0):finished217 Time: 03:03:33 [ DEBUG℄Internal behaviour: Appliation:deativation at (reportExAp.xml:0):finished218 Time: 03:03:33 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExAp.xml:0):finished219 Time: 03:03:33 [ DEBUG℄Internal behaviour: Group:destrution at ( reportExAp.xml:0):finished220 Time: 03:03:33 [ DEBUG℄Elementary Ation : Appliation:quit at ( reportExAp.xml:0):waking up main thread221 Time: 03:03:33 [ DEBUG℄: APPLICATION: Finished222 Appliation Finished 110



223 APPLICATION TREE224 ***MHEGAppliation***225 Ref:(reportExAp.xml:0)226 RunStat:false227 AvailStatus:false228 Info:No info229 OnStartup: null230 OnCloeDown: null231 Items:232 ***MHEGLink***233 Ref:(reportExAp.xml:1)234 RunStat:false235 AvailStatus:false236 InitAtive: true237 Shared: false238 Type: 4239 Soure : ( reportExAp.xml:0)240 Effet:241 ***MHEGAtion***242 Elementary ations:243 ***TransitionTo***244 Target : ( reportExS.xml:0)245 TransEffet: null246 ConnTag: null247 OnSpawnCloseDown: null248 OnRestart: null249 FINISHED: true250 SCENE TREE251 ***MHEGSene***252 Ref:(reportExS.xml:0)253 RunStat:false254 AvailStatus:false255 Info:No info256 OnStartup: null257 OnCloeDown: null258 Items:259 ***MHEGLink***260 Ref:(reportExS.xml:3)261 RunStat:false262 AvailStatus:false263 InitAtive: true264 Shared: false265 Type: 8266 Soure : ( reportExS.xml:0)267 Effet:268 ***MHEGAtion***269 Elementary ations:270 ***Quit***271 Target : ( reportExAp.xml:0)111



272 ***MHEGLink***273 Ref:(reportExS.xml:2)274 RunStat:false275 AvailStatus:false276 InitAtive: true277 Shared: false278 Type: 4279 Soure : ( reportExS.xml:0)280 Effet:281 ***MHEGAtion***282 Elementary ations:283 ***SetValue***284 Target : ( reportExS.xml:1)285 New value: GeneriInteger: 10000286 ***Set Timer***287 Target : ( reportExS.xml:0)288 Tag: GeneriInteger: 1289 value: GeneriInteger: IndiretRef: ( reportExS.xml:1)290 Absolute time: null291 ***MHEGIntegerVariable***292 Ref:(reportExS.xml:1)293 RunStat:false294 AvailStatus:false295 InitAtive: true296 Shared: false297 Value: 10000E.3 Engine output for Setion 5.3.4 test1 Time: 02:34:16 [ DEBUG℄: Parsing doument: reportExAp.xml2 Time: 02:34:16 [ DEBUG℄: Parsing doument: Using ustomparser3 Time: 02:34:18 [ DEBUG℄: Doument parsed:reportExAp.xml4 APPLICATION TREE5 ***MHEGAppliation***6 Ref:(reportExAp.xml:0)7 RunStat:false8 AvailStatus:false9 Info:No info10 OnStartup: null11 OnCloeDown: null12 Items:13 ***MHEGLink***14 Ref:(reportExAp.xml:1)15 RunStat:false16 AvailStatus:false17 InitAtive: true 112



18 Shared: false19 Type: 420 Soure : ( reportExAp.xml:0)21 Effet:22 ***MHEGAtion***23 Elementary ations:24 ***TransitionTo***25 Target : ( reportExS.xml:0)26 TransEffet: null27 ConnTag: null28 OnSpawnCloseDown: null29 OnRestart: null30 FINISHED: false31 Time: 02:34:19 [ DEBUG℄: APPLICATION: Running32 Time: 02:34:19 [ DEBUG℄Internal behaviour: Group:ativation at (reportExAp.xml:0):starting33 Time: 02:34:19 [ DEBUG℄Internal behaviour: Root:ativation at (reportExAp.xml:0):starting34 Time: 02:34:19 [ DEBUG℄Internal behaviour: Group:Preparation at ( reportExAp.xml:0):starting35 Time: 02:34:19 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExAp.xml:1):starting36 Time: 02:34:19 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExAp.xml:1):starting37 Time: 02:34:19 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExAp.xml:1):finished38 Time: 02:34:19 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExAp.xml:1):finished39 Time: 02:34:19 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExAp.xml:0):starting40 Time: 02:34:19 [ DEBUG℄Internal behaviour: Root:ContentPreparation at ( reportExAp.xml:0):alled41 Time: 02:34:19 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExAp.xml:0):finished42 Time: 02:34:19 [ DEBUG℄Internal behaviour: Group:Preparation at ( reportExAp.xml:0):finished43 Time: 02:34:19 [ DEBUG℄Internal behaviour: Root:ativation at (reportExAp.xml:0):finished44 Time: 02:34:19 [ DEBUG℄Internal behaviour: Link:ativation at (reportExAp.xml:1):starting45 Time: 02:34:19 [ DEBUG℄Internal behaviour: Root:ativation at (reportExAp.xml:1):starting46 Time: 02:34:19 [ DEBUG℄Internal behaviour: Root:ativation at (reportExAp.xml:1):finished47 Time: 02:34:19 [ DEBUG℄Event: Added DOM listener to (reportExAp.xml:0) for event: 448 Time: 02:34:19 [ DEBUG℄Internal behaviour: Link:ativation at (reportExAp.xml:1):finished113



49 Time: 02:34:19 [ DEBUG℄Event: Link for: MHEG Event: 4(sr: ( reportExAp.xml:0) type: 4 data: null) Fired.50 Time: 02:34:19 [ DEBUG℄Event: Link for: MHEG Event: 4(sr: ( reportExAp.xml:0) type: 4 data: null)Exeuting.51 Time: 02:34:19 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0):started52 Time: 02:34:19 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0): deativating nonshared appliation objets53 Time: 02:34:19 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):starting54 Time: 02:34:19 [ DEBUG℄Event: Removing DOM listener to (reportExAp.xml:0) for event: 455 Time: 02:34:19 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:1):starting56 Time: 02:34:19 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:1):finished57 Time: 02:34:19 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):finished58 Time: 02:34:19 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0): deativatingurrent sene59 Time: 02:34:19 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0):parsing new sene60 Time: 02:34:19 [ DEBUG℄: Parsing doument: reportExS.xml61 Time: 02:34:19 [ DEBUG℄: Parsing doument: Using ustomparser62 Time: 02:34:20 [ DEBUG℄: Doument parsed:reportExS.xml63 Time: 02:34:20 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0): ativating newsene64 *******Ative Sene Changed:***********65 ***MHEGSene***66 Ref:(reportExS.xml:0)67 RunStat:false68 AvailStatus:false69 Info:No info70 OnStartup: null71 OnCloeDown: null72 Items:73 ***MHEGLink***74 Ref:(reportExS.xml:3)75 RunStat:false76 AvailStatus:false77 InitAtive: true78 Shared: false79 Type: 8 114



80 Soure : ( reportExS.xml:0)81 Effet:82 ***MHEGAtion***83 Elementary ations:84 ***Quit***85 Target : ( reportExAp.xml:0)86 ***MHEGLink***87 Ref:(reportExS.xml:2)88 RunStat:false89 AvailStatus:false90 InitAtive: true91 Shared: false92 Type: 493 Soure : ( reportExS.xml:0)94 Effet:95 ***MHEGAtion***96 Elementary ations:97 ***SetValue***98 Target : ( reportExS.xml:1)99 New value: GeneriInteger: 10000100 ***Set Timer***101 Target : ( reportExS.xml:0)102 Tag: GeneriInteger: 1103 value: GeneriInteger: IndiretRef: ( reportExS.xml:1)104 Absolute time: null105 ***MHEGIntegerVariable***106 Ref:(reportExS.xml:1)107 RunStat:false108 AvailStatus:false109 InitAtive: true110 Shared: false111 Value: 2000112 *******************************113 Time: 02:34:20 [ DEBUG℄Internal behaviour: Group:Preparation at ( reportExS.xml:0):starting114 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:3):starting115 Time: 02:34:20 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:3):starting116 Time: 02:34:20 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:3):finished117 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:3):finished118 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:2):starting119 Time: 02:34:20 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:2):starting115



120 Time: 02:34:20 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:2):finished121 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:2):finished122 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:1):starting123 Time: 02:34:20 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:1):starting124 Time: 02:34:20 [ DEBUG℄Internal behaviour: Ingredient:ontent preparation at (reportExS.xml:1):finished125 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:1):finished126 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:0):starting127 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:ContentPreparation at ( reportExS.xml:0):alled128 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:Preparation at ( reportExS.xml:0):finished129 Time: 02:34:20 [ DEBUG℄Internal behaviour: Group:Preparation at ( reportExS.xml:0):finished130 Time: 02:34:20 [ DEBUG℄Internal behaviour: Group:ativation at (reportExS.xml:0):starting131 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:0):starting132 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:0):finished133 Time: 02:34:20 [ DEBUG℄Internal behaviour: Link:ativation at (reportExS.xml:3):starting134 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:3):starting135 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:3):finished136 Time: 02:34:20 [ DEBUG℄Event: Added DOM listener to (reportExS.xml:0) for event: 8137 Time: 02:34:20 [ DEBUG℄Internal behaviour: Link:ativation at (reportExS.xml:3):finished138 Time: 02:34:20 [ DEBUG℄Internal behaviour: Link:ativation at (reportExS.xml:2):starting139 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:2):starting140 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:2):finished141 Time: 02:34:20 [ DEBUG℄Event: Added DOM listener to (reportExS.xml:0) for event: 4142 Time: 02:34:20 [ DEBUG℄Internal behaviour: Link:ativation at (reportExS.xml:2):finished143 Time: 02:34:20 [ DEBUG℄Internal behaviour: Variable:ativation at (reportExS.xml:1):starting116



144 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:1):starting145 Time: 02:34:20 [ DEBUG℄Internal behaviour: Root:ativation at (reportExS.xml:1):finished146 Time: 02:34:20 [ DEBUG℄Internal behaviour: Variable:ativation at (reportExS.xml:1):finished147 Time: 02:34:20 [ DEBUG℄Event: Link for: MHEG Event: 4(sr: ( reportExS.xml:0) type: 4 data: null) Fired.148 Time: 02:34:20 [ DEBUG℄Event: Link for: MHEG Event: 4(sr: ( reportExS.xml:0) type: 4 data: null)Exeuting.149 Time: 02:34:20 [ DEBUG℄Elementary Ation :IntegerVariable:SetValue at ( reportExS.xml:1):exeuting150 Time: 02:34:20 [ DEBUG℄Elementary Ation : Variable:SetValue at (reportExS.xml:1):exeuted151 Time: 02:34:20 [ DEBUG℄Elementary Ation : Sene:SetTimerat (reportExS.xml:0):started with tag:1 val: 10000 absTime:false152 Time: 02:34:20 [ DEBUG℄Elementary Ation : Sene:SetTimerat (reportExS.xml:0):Sheduled153 Time: 02:34:20 [ DEBUG℄Internal behaviour: Group:ativation at (reportExS.xml:0):finished154 Time: 02:34:20 [ DEBUG℄Elementary Ation : Appliation:transitionTo at (reportExAp.xml:0):finished155 Time: 02:34:20 [ DEBUG℄Internal behaviour: Group:ativation at (reportExAp.xml:0):finished156 Time: 02:34:20 [ DEBUG℄: APPLICATION: Waiting untilfinished157 Time: 02:34:30 [ DEBUG℄Internal behaviour: Sene.Timer1at (reportExS.xml:0):Fired158 Time: 02:34:30 [ DEBUG℄Event: Link for: MHEG Event: 8(sr: ( reportExS.xml:0) type: 8 data: 1) Fired.159 Time: 02:34:30 [ DEBUG℄Event: Link for: MHEG Event: 8(sr: ( reportExS.xml:0) type: 8 data: 1) Exeuting.160 Time: 02:34:30 [ DEBUG℄Elementary Ation : Appliation:quit at ( reportExAp.xml:0):finishing appliation161 Time: 02:34:30 [ DEBUG℄Elementary Ation : Appliation:quit at ( reportExAp.xml:0):destroying ative sene162 Time: 02:34:30 [ DEBUG℄Internal behaviour: Group:destrution at ( reportExS.xml:0):starting163 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:1):starting164 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:1):starting165 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:1):finished166 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:1):finished117



167 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:2):starting168 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:2):starting169 Time: 02:34:30 [ DEBUG℄Event: Removing DOM listener to (reportExS.xml:0) for event: 4170 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:2):starting171 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:2):finished172 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:2):finished173 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:2):finished174 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:3):starting175 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:3):starting176 Time: 02:34:30 [ DEBUG℄Event: Removing DOM listener to (reportExS.xml:0) for event: 8177 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:3):starting178 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:3):finished179 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:3):finished180 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:3):finished181 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:0):starting182 Time: 02:34:30 [ DEBUG℄Internal behaviour: Group:deativation at (reportExS.xml:0):starting183 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:1):starting184 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:2):starting185 Time: 02:34:30 [ DEBUG℄Event: Removing DOM listener to (reportExS.xml:0) for event: 4186 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:2):starting187 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:2):finished188 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:3):starting189 Time: 02:34:30 [ DEBUG℄Event: Removing DOM listener to (reportExS.xml:0) for event: 8190 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:3):starting118



191 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExS.xml:3):finished192 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:0):starting193 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExS.xml:0):finished194 Time: 02:34:30 [ DEBUG℄Internal behaviour: Group:deativation at (reportExS.xml:0):finished195 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExS.xml:0):finished196 Time: 02:34:30 [ DEBUG℄Internal behaviour: Group:destrution at ( reportExS.xml:0):finished197 Time: 02:34:30 [ DEBUG℄Elementary Ation : Appliation:quit at ( reportExAp.xml:0):destroying ativeappliation198 Time: 02:34:30 [ DEBUG℄Internal behaviour: Group:destrution at ( reportExAp.xml:0):starting199 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExAp.xml:1):starting200 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):starting201 Time: 02:34:30 [ DEBUG℄Event: Removing DOM listener to (reportExAp.xml:0) for event: 4202 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:1):starting203 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):finished204 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExAp.xml:1):finished205 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExAp.xml:0):starting206 Time: 02:34:30 [ DEBUG℄Internal behaviour: Appliation:deativation at (reportExAp.xml:0):starting207 Time: 02:34:30 [ DEBUG℄Internal behaviour: Group:deativation at (reportExAp.xml:0):starting208 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):starting209 Time: 02:34:30 [ DEBUG℄Event: Removing DOM listener to (reportExAp.xml:0) for event: 4210 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:1):starting211 Time: 02:34:30 [ DEBUG℄Internal behaviour: Link:deativation at (reportExAp.xml:1):finished212 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:0):starting213 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:deativation at (reportExAp.xml:0):finished214 Time: 02:34:30 [ DEBUG℄Internal behaviour: Group:deativation at (reportExAp.xml:0):finished119



215 Time: 02:34:30 [ DEBUG℄Internal behaviour: Appliation:deativation at (reportExAp.xml:0):finished216 Time: 02:34:30 [ DEBUG℄Internal behaviour: Root:destrution at ( reportExAp.xml:0):finished217 Time: 02:34:30 [ DEBUG℄Internal behaviour: Group:destrution at ( reportExAp.xml:0):finished218 Time: 02:34:30 [ DEBUG℄Elementary Ation : Appliation:quit at ( reportExAp.xml:0):waking up main thread219 Time: 02:34:30 [ DEBUG℄: APPLICATION: Finished220 Appliation Finished221 APPLICATION TREE222 ***MHEGAppliation***223 Ref:(reportExAp.xml:0)224 RunStat:false225 AvailStatus:false226 Info:No info227 OnStartup: null228 OnCloeDown: null229 Items:230 ***MHEGLink***231 Ref:(reportExAp.xml:1)232 RunStat:false233 AvailStatus:false234 InitAtive: true235 Shared: false236 Type: 4237 Soure : ( reportExAp.xml:0)238 Effet:239 ***MHEGAtion***240 Elementary ations:241 ***TransitionTo***242 Target : ( reportExS.xml:0)243 TransEffet: null244 ConnTag: null245 OnSpawnCloseDown: null246 OnRestart: null247 FINISHED: true248 SCENE TREE249 ***MHEGSene***250 Ref:(reportExS.xml:0)251 RunStat:false252 AvailStatus:false253 Info:No info254 OnStartup: null255 OnCloeDown: null256 Items:257 ***MHEGLink***258 Ref:(reportExS.xml:3)259 RunStat:false 120



260 AvailStatus:false261 InitAtive: true262 Shared: false263 Type: 8264 Soure : ( reportExS.xml:0)265 Effet:266 ***MHEGAtion***267 Elementary ations:268 ***Quit***269 Target : ( reportExAp.xml:0)270 ***MHEGLink***271 Ref:(reportExS.xml:2)272 RunStat:false273 AvailStatus:false274 InitAtive: true275 Shared: false276 Type: 4277 Soure : ( reportExS.xml:0)278 Effet:279 ***MHEGAtion***280 Elementary ations:281 ***SetValue***282 Target : ( reportExS.xml:1)283 New value: GeneriInteger: 10000284 ***Set Timer***285 Target : ( reportExS.xml:0)286 Tag: GeneriInteger: 1287 value: GeneriInteger: IndiretRef: ( reportExS.xml:1)288 Absolute time: null289 ***MHEGIntegerVariable***290 Ref:(reportExS.xml:1)291 RunStat:false292 AvailStatus:false293 InitAtive: true294 Shared: false295 Value: 10000296 Time: 02:34:30 [ DEBUG℄Event: Link for: MHEG Event: 8(sr: ( reportExS.xml:0) type: 8 data: 1) Finishedand notifing next thread
121
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