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LeTix: A Leture-Multimedia PlayerbyTimothy D. OlsenSubmitted to the Department of Eletrial Engineering and Computer Sieneon June 7, 2005, in partial ful�llment of therequirements for the degree ofMaster of Engineering in Eletrial Engineering and Computer SieneAbstratLeTix 2.0 is a multimedia player designed spei�ally for the playbak of reordedlassroom letures. LeTix 2.0 plays multimedia onsisting of synhronized audio,video, and PowerPoint-style slides. In addition to ontrols ommonly found in multi-media players, LeTix 2.0 features ontrols designed spei�ally for leture-multimediaplaybak suh as ustomizable skip, variable-speed playbak with pith-normalization,and a browsable timeline of slides.LeTix 2.0's features ontribute to its being usable, widely available, and exten-sible. LeTix 2.0's automati media synhronization and large, externally onsistentontrols for navigation make for a learnable, memorable, and e�ient user interfae.LeTix 2.0's open-soure implementation using the Java Media Framework allows it tobe freely distributable, portable, and onvenient to use without a network onnetion.LeTix 2.0's media lass hierarhy, events, and leture desription result in a modularplayer that an be extended to support new media types without reompilation ofthe player's ore.In addition to presenting LeTix 2.0, this thesis reviews seven players in use today.I ompare them to LeTix 2.0 in terms of usability, availability, and extensibility. Ialso present a ase study of the prodution of leture multimedia and the use of anearly version of LeTix in an introdutory algorithms ourse.Thesis Supervisor: Charles E. LeisersonTitle: Professor
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Chapter 1
Introdution
Distane eduation and e-learning hold the promise of anytime, anywhere eduation.These tehnologies an be essential for learners plae-bound by fators suh as em-ployment, hild-are demands, disability, or remoteness of the loation where theylive [39℄. Other learners may simply prefer not to have their shedules onstrainedby a lass or a tutor. In this ontext, the leture-multimedia player has arisen as afundamental e-learning tool.From Multimedia Players to Leture-Multimedia PlayersTo understand what a leture-multimedia player is, we must �rst understand what amultimedia player is. Figure 1-1 shows RealPlayer [38℄, a popular multimedia player.Like most multimedia players, RealPlayer is designed primarily for listening to musior online radio, and for wathing movie trailers, musi videos, news lips, and thelike.RealPlayer's user interfae re�ets this design. A large portion of spae is devotedsolely to the video. Controls lie along the bottom of the player, allowing the user toplay, pause, seek to any point in time, and adjust the volume.Leture-multimedia players extend the apabilities of regular multimedia playersby o�ering additional features geared toward viewing letures. They play audio andvideo like other multimedia players; however, they also present additional multimediarelevant to the leture (suh as PowerPoint-style slides), and extra ontrols for quik13



Figure 1-1: RealPlayer: a multimedia player by RealNetworks.
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navigation. Leture-multimedia players feature extra navigation ontrols beausestudents often want to wath a spei� part of a leture.1.1 LeTix 2.0: A Leture-Multimedia PlayerThis thesis presents LeTix 2.0, a leture-multimedia player I designed and imple-mented to be usable, �available,� and extensible.LeTix 2.0's user interfae is designed spei�ally for interative viewing of leture-multimedia. Shown in Figure 1-2, LeTix 2.0 plays audio, video, and aompanyingPowerPoint-style slides. The user interfae also inludes a ontrol panel and a brows-able time line of the slides. In addition to the ontrols ommon in regular multimediaplayers for playing, pausing, seeking, and adjusting volume, LeTix 2.0 has ontrolsfor skipping forward or bakward a ustomizable number of seonds, browsing throughthe slides, and adjusting playbak speed.LeTix 2.0 is a produt of the LeTix projet, a researh e�ort to design andimplement a leture-multimedia player. The LeTix projet identi�es three propertiesthat a leture-multimedia player should have:
• Usability : The leture-multimedia player should be easy, pratial, and pleasantto use.
• Availability : Students should be able to obtain the player at a low ost (ideally,free), and use it to view a leture anywhere, anytime, in any format, and on theomputing platform of their hoie.
• Extensibility : It should be possible to add new features�in partiular, sup-port for new media types. Ideally, adding new media types should not requirereompilation (a new release) of the player.This thesis shows how the design and implementation of LeTix 2.0 attempts toattain eah of these three properties. Overall, it suessfully does so; LeTix 2.0 isusable, extensible, and moderately available.15



Figure 1-2: LeTix 2.0's main omponents.
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LeTix 2.0 suessfully ahieves usability and extensibility. LeTix 2.0 ahievesusability by o�ering an automatially synhronized presentation and large ontrols fornavigation that are onsistent with the real world. LeTix 2.0 ahieves extensibilityby being open-soure and featuring a deoupled, modular lass hierarhy with supportof the addition of new media types without reompilation of the LeTix ore.With regard to availability, however, LeTix 2.0 is only moderately suessful. Inthe United States and other ountries where ideas in software an be patented, aon�it of availability arises that pits the distributability and portability of a playeragainst its ompatibility with ontemporary patented odes. LeTix 2.0 gives upsome ompatibility so that it an be a free, open-soure, portable player.1.2 Organization of the ThesisThis thesis ontains seven hapters, a glossary, and a bibliography.Chapter 2: Usability This hapter desribes the features of LeTix 2.0 that on-tribute to its usability. Usability is broken down into �ve attributes as identi�ed byNielsen [31℄. Eah attribute is shown to be addressed by a feature in LeTix 2.0. Thehapter also presents LeTix 2.0's ontrols and ompares di�erent methods of mediasynhronization.Chapter 3: Availability This hapter desribes the features of LeTix 2.0 thata�et its availability. Availability is broken down into four attributes, and the featuresof LeTix 2.0 that a�et eah of the four attributes are disussed. The hapter alsogives an overview of the restritions and fees assoiated with the implementation anddistribution of state-of-the-art odes (MPEG-4, RealVideo, Sorenson, and WindowsMedia Video) and why these restritions and fees pose problems for open-soureplayers.Chapter 4: Extensibility This hapter desribes the features of LeTix 2.0 thatontribute to its extensibility. Extensibility is shown to onsist of three attributes,17



eah of whih are addressed by features of LeTix 2.0. Features that are disussedinlude the media-lass hierarhy, event mehanism, and leture desription.Chapter 5: Related Work This hapter reviews seven leture-multimedia play-ers. It ompares the features of the seven players and LeTix 2.0, and disusses howthose features a�et the usability, availability, and extensibility of eah player.Chapter 6: LeTix 1.3 Case Study This hapter disusses the use of the priorversion of LeTix, LeTix 1.3, in the ourse, 6.046: Introdution to Algorithms. Thehapter also desribes the methods used to produe leture multimedia for the lass.Chapter 7: Conlusion This hapter onludes with omments on the ontribu-tions of LeTix 2.0 and the LeTix projet. Ideas for future work are also presented.Glossary The glossary de�nes terms that might be unknown to readers unfamiliarwith distane eduation or multimedia.Bibliography The bibliography lists works that have enabled me to �stand on theshoulders of giants� [7℄.
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Chapter 2
Usability
While usability is important in any software that interats with a user, leture-multimedia players plae a greater than usual emphasis on the user due to its fouson the user interfae. Other features suh as reliability and performane diretly im-pat the usability of a player. This hapter looks at the �ve attributes that omposeusability as de�ned by Nielsen [31℄ and demonstrate how LeTix 2.0 ontributes toeah of these �ve attributes, hene making it a usable leture-multimedia player.2.1 Attributes of UsabilityOverall, usability is the degree to whih a system is easy, pratial, and pleasant touse. The attributes of usability as de�ned by Nielsen [31℄ are:

• Learnability : The degree to whih the system is easy to use.
• E�ieny : The degree to whih the system an be used e�iently, one theuser has learned the system.
• Memorability : The degree to whih it's easy to remember how to use the system,even if used infrequently.
• Few and Nonatastrophi Errors: The degree to whih there are few errors, thedegree to whih those errors are disovered by the user, and the degree to whih19



Table 2.1: LeTix 2.0 features that ontribute to usabilityFeature Learnability E�ieny Memorability Few Errors SatisfationLarge Controls � X � X �Real-World Controls X � X X �Navigation � X � � XSynhronization � X � X XVariable-Speed � X � X Xthose errors do not destroy the user's work.
• Satisfation: The degree to whih the system is pleasant to use.These �ve attributes ompose usability. A player that addresses all �ve issues isonsidered usable.2.2 Features of LeTix 2.0 that Contribute to Us-abilityFive features of LeTix 2.0 ontribute to the �ve attributes of usability. These �vefeatures are (1) large ontrols, (2) ontrols that math the real world, (3) ontrolsfor navigation, (4) media synhronization, and (5) variable-speed playbak. Table 2.1shows whih usability attributes eah feature ontributes to.2.2.1 Large ControlsLarge ontrols ontribute to high e�ieny and few errors. Large ontrols are morequikly hit than small ontrols. Furthermore, users are less likely to aidentally misshitting them.LeTix 2.0's large ontrols take advantage of Fitts's Law [12℄ so that they anbe more quikly hit, thereby improving e�ieny. Fitts's Law states that the timeto move the pointer to a target is proportional to the logarithm of the ratio of thewidth of the objet to its distane from the pointer. MaKenzie proposed the slightly20



di�erent but more aurate Shannon formulation of Fitts's Law [26℄:
T = a + b log2

(

D

W
+ 1

)

, (2.1)
T is the average time to move to the target, a and b are empirially determinedonstants, D is the distane to the enter of the target, and W is the width of thetarget measured along the axis of motion. As we an see, inreasing W , the width ofthe target, dereases T , the time to hit the target.Large ions also redue the probability of an error ourring. An error ourswhen the user, thinking he or she has hit the target, atually misses the target andliks the mouse anyway. In Equation 2.1, W is the maximum distane (along theaxis of motion) from the enter of the target that the user an position the pointerto orretly hit the target. Card, Moran, and Newell showed Fitts's Law ould bederived by modeling the movement to the target as a series of suessive movementsuntil the pointer hits the target [5℄. Eah suessive movement arries with it aprobability that the user misses the target. One the user thinks he or she has hit thetarget, movement an end. Therefore, as W inreases, the user needs fewer suessivemovements on average to hit the target. With fewer hanes for the user to mistakenlythink he or she has hit the target, the probability of an error ourring dereases.2.2.2 Externally Consistent ControlsControls that math the real world, or externally onsistent ontrols, ontribute tohigh learnability, high memorability, and few errors. Users an quikly learn, easilyremember, and orretly interpret the purpose of these ontrols.The labeling of LeTix 2.0's ontrols mathes the user's intuition well, allowing theuser to quikly learn and remember their funtions. Figure 2-1 shows how LeTix 2.0'srewind and fast-forward buttons ompare to those of RealPlayer. LeTix 2.0 labelsthe rewind and fast-forward buttons onsistent with the VCR. RealPlayer, on theother hand, relegates the rewind and fast-forward to be seondary funtions of theprevious-lip and next-lip buttons. To rewind or fast-forward, users must hold down21



Figure 2-1: LeTix 2.0's rewind and fast-forward buttons (left) better math the real worldthan RealPlayer's (right). Despite rewind and fast-forward being useful funtions for letureviewing, RealPlayer maps the buttons' primary funtions to previous-lip and next-lip. Torewind or fast-forward, the user must hold down one of the buttons�a proedure not readilyapparent. Many users may not even realize that RealPlayer an rewind or fast-forward.the previous-lip or next-lip button, respetively. It may not be apparent to doso, potentially leaving many users unknowledgeable that the player an rewind orfast-forward.2.2.3 Navigation ControlsControls for navigation ontribute to high e�ieny and satisfation. A variety ofontrols for navigation ensures an appropriate ontrol is used for the task at hand.Using the appropriate ontrol inreases e�ieny and dereases frustration whihleads to inreased user satisfation.To get an idea of the range and versatility of LeTix 2.0's ontrols, I desribe eahontrol in turn and then present senarios for whih a partiular ontrol shows mostuseful.Shown in Figure 2-2, LeTix 2.0 provides ontrols typial of multimedia play-ers, as well as ontrols designed spei�ally for leture viewing. The ontrols ofLeTix 2.0 typially found in multimedia players inlude play, pause, rewind, fast-forward buttons, and seek and volume sliders. The ontrols designed spei�ally for22



Figure 2-2: LeTix 2.0 ontrols.leture-viewing are ustomizable skip-bak and skip-forward buttons; previous- andnext-slide buttons; an interative slide timeline; and a speed slider with shortuts forslow, normal, and fast settings.As is ommon in many media players, there is one button to play and pause. Thisbutton toggles between a play state and a pause state.Unlike many media players (but similar to many VCRs), the rewind and fast-forward buttons are also toggle buttons. Cliking on the rewind button, for example,begins rewinding. The user an then lik on rewind button or play button to stoprewinding. This interfae removes the need for the user to hold down a button whilerewinding or fast-forwarding.While rewinding or fast-forwarding, LeTix 2.0 moves the video along aordingly.This feature is an improvement over RealPlayer (Figure 1-1, page 14) whih pausesthe video until rewinding or fast-forwarding is ompleted.The seek slider allows the user to quikly jump to any point in the leture, but23



with low auray.The skip-bak and skip-forward buttons enable the user to skip bak or forward aspei� amount of time. Underneath the skip-bak and skip-forward-buttons are twodials for ustomizing the number of seonds to skip.To the right of the skip buttons are the previous- and next-slide buttons. Theseallow the user to quikly san the topis in a leture.Another ontrol related to the slides is the slide timeline whih sits along thebottom of the user interfae. Users an lik on a slide to go to the relevant point intime in the leture. The slide timeline also serves as media, presenting a view of theslide through thumbnails interspersed with the times at whih slide transitions our.The speed slider allows the user to alter the playbak speed of the leture mul-timedia. To prevent the audio from sounding too high or low, LeTix 2.0 shifts thepith of the audio bak to normal. Three buttons serve as shortuts for slow, normal,and fast settings.The slider to the very right ontrols the volume. LeTix 2.0 provides a shortutbutton for muting the audio, and another for setting it to full volume.Most of LeTix 2.0's ontrols' main purpose is navigation. These ontrols inludeplay, pause, rewind, fast-forward, skip-bak, skip-forward, previous-slide, next-slide,the slide timeline, and the speed slider. Nonetheless, eah of these ontrols have asomewhat di�erent purpose, and they are used appropriately in di�erent situations.Listed below are some senarios for whih di�erent ontrols may be used.
• Start wathing the leture: play button.
• Take a break: pause button.
• Course-grained san: seek slider or skip-forward button.
• Fine-grained san: rewind and fast-forward buttons.
• Repeat something that was unlear (instant replay): skip-bak button.
• Skip-over uninteresting events: skip-forward button.24



• San the topis: previous-slide and next-slide buttons.
• Selet a topi: slide timeline.
• Quikly wath or review material: speed slider (fast setting).
• The leturer is speaking too quikly in one of the user's non-native languages:speed slider (slow setting).By having ontrols speialized for ommon tasks, users an e�iently wath le-tures and learn. In turn, users experiene less frustration, leading to greater overallsatisfation with LeTix 2.0.2.2.4 Media SynhronizationA feature typial of leture-multimedia players is the synhronization of multimedia.Synhronization ties together individual media streams, ensuring eah one ontinuallypresents ontent relevant to the other media streams' ontent.Automati synhronization of media ontributes to high e�ieny and few errors.It relieves the user of the burden of synhronizing the multimedia on their own,allowing them to devote more attention to the leture and eliminating errors thatould our during manual synhronization.In general, leture-multimedia onsist of two types of media: ontinuous anddisrete. Continuous media, suh as video and audio, frequently hange with time.Disrete media, suh as slides, hange infrequently with time. Typially, a leture-multimedia player links to a library that automatially synhronizes ontinuous mediato a lok. In ontrast, the player, if it supports synhronization, must diretlysynhronize disrete media. Therefore, the problem of synhronization from the pointof view of the player is to synhronize disrete media and any loks that ontinuousmedia synhronize to. (See Setion 4.2.3, page 47, for a disussion on how LeTix 2.0implements ontinuous and disrete media.)Many leture-multimedia players available today (see Chapter 5 for a review andomparison of several suh players) feature some form of synhronization. Not all25



players, however, provide automati synhronization that operates orretly duringuser interation. Some players do not provide any automati synhronization at all,leaving synhronization to be performed manually by the user.LeTix 2.0 implements a form of media synhronization I all segment synhro-nization. Segment synhronization orretly maintains synhronization in the faeof user interation. An inferior form of synhronization that may momentarily leavemedia unsynhronized during or after user interation is alled trigger synhroniza-tion. A omplete lak of automati synhronization (exept for audio and video whihare synhronized not by the player, but by their ontaining format) is alled manualsynhronization.Manual synhronizationOther than possibly starting all media streams from the beginning when a multimediapresentation is loaded, a player that o�ers only manual synhronization makes noe�ort to synhronize media streams. It is therefore left to the user to synhronizemedia streams.There is an advantage to leaving synhronization to the user: he or she an browsethrough media without jumping to that time in the leture. The disadvantage, ofourse, is that wathing the leture requires onstant maintenane on behalf of theuser to ensure all media streams remain relevant to eah other.Another option is to allow synhronization�trigger or segment�to be turned o�,enabling manual synhronization. An earlier version of LeTix, LeTix 1.3 (page 67),provides this option. The user an turn on synhronization when wathing the leture,and turn synhronization o� while browsing through media. LeTix 2.0 does not havethis option, but adds a slide time line for independent browsing.Trigger synhronizationTrigger synhronization is the synhronization of multimedia only when the videoplays through a ertain point in time. In the example shown in Figure 2-3(a), a userplays a leture from video frame 1 to video frame 7, during whih the user does not26



interat with the player. Under these irumstanes, the transition from frame 3 toframe 4 triggers the transition from slide A to slide B. Likewise, the transition fromframe 6 to frame 7 triggers the transition from slide B to slide C.If the user navigates through the leture while the leture is playing (for example,by dragging the seek slider), then trigger synhronization may fail to keep the leturesynhronized. For instane, in Figure 2-3(b), if the user seeks diretly from frame 2to frame 5, then the player misses the transition to slide B. The player should showslide B during frames 5 and 6, but does not beause it never transitions from frame
3 to frame 4. The leture resynhronizes, however, one the player transitions frame
6 to frame 7, ausing a transition to slide C.Segment synhronizationTo stay synhronized in the fae of user interation, a player must support segmentsynhronization. Figure 2-3() illustrates the advantage of using segment synhro-nization. In this example, the urrent slide remains synhronized despite the userseeking from frame 2 to frame 5.One way to implement segment synhronization uses a modi�ed form of triggersynhronization. If, in addition to synhronizing at trigger points, the player alsofores a synhronization every time the player makes a disrete jump in time�forexample, the user seeks to a di�erent point in the video�then the presentation staysorretly synhronized.Another way to implement segment synhronization is by periodially foring asynhronization of the video and slide streams. As long as the period between syn-hronizations is small enough, then the user sees orret synhronization of the mul-timedia.We an de�ne how small this time interval should be by omparing it to the yletime of the model human's pereptual proessor as developed by Card, Moran, andNewell [5℄. If a orresponding video frame and slide appear within one yle of thepereptual proessor, then the model human pereives the two events as happeningat the same time. Card et al. give a range for the duration of one yle of the human27
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()Figure 2-3: Segment synhronization sueeds where trigger synhronization fails. Eahsub-�gure depits two onurrent media streams: a video stream and a sequene of slides.A sequene of numbered frames represents the video stream. Eah slide is assigned a apitalletter. Thin dividing lines represent transitions between video frames that do not ause aslide transition. Thik dividing lines represent video frame transitions that ause a slidetransition. (a) Trigger synhronization properly transitions slides during normal playbakwithout user navigation. The transition from video frame 3 to video frame 4 triggers atransition from slide A to slide B. (b) If the user drags the seek slider�jumping the videofrom frame 2 to frame 5�then trigger synhronization misses the transition to slide B.The leture later resynhronizes when the transition from video frame 6 to video frame 7triggers the transition to slide C. () Despite the user seeking to video frame 5, segmentsynhronization properly transitions to slide B.28



pereptual proessor as being between 50 and 200 milliseonds with an average of 100milliseonds. The orret time of transition, however, may be any time from withina range of several seonds. Longer transition times are partiularly well toleratedfor solely blakboard-based letures. Letures with slides presented in the reordedvideo, however, have a narrower range of orret synhronization times suh that theyle time of the pereptual proessor may beome signi�ant.Although periodially foring synhronization has some overhead, developers animplement it more easily and leanly than a modi�ed trigger synhronization. Triggersynhronization requires support from the video player to send noti�ation when itreahes a trigger point. Periodially foring synhronization, on the other hand,requires the operating system to send noti�ations (alarms) periodially�a featurefound in most operating systems�and that synhronization alls are heap, espeiallyin the ase where no transition should our.LeTix 2.0 implements segment synhronization by the latter method. Disretemedia and the ontinuous media's loks synhronize every 300 milliseonds. Whileoutside of the range given by Card et al. for the period of the yle time of thehuman pereptual proessor, infrequent alls to synhronize present a low load to theomputer's proessor.2.2.5 Variable-Speed PlaybakVariable-speed playbak ontributes to high e�ieny, few errors, and high satisfa-tion of use of LeTix 2.0. Whether users wish to review a leture at fast pae, orslow down the leture so that they an understand the leturer learly, variable-speedplaybak allows users to wath the leture at a pae that is natural for them.Both playing a leture fast or slow have advantages that ontribute to usability.Users playing a leture fast an �nish wathing the leture more quikly than if theyhad wathed it at a normal pae, thereby inreasing e�ieny. For users whose nativelanguage is the one spoken by the leturer, playing the leture slow dereases errorsin listening.Furthermore, informal feedbak from students shows that the ontrol for variable-29



speed playbak is fun to use, thereby inreasing user satisfation.Variable-speed playbak is usually aompanied by pith-shifting of the audiobak to its original pith, otherwise known as pith-normalization. LeTix 2.0 borrowsAndrew J. Leiserson and Luis F. G. Sarmenta's implementation of pith-normalizationfound in Leture Viewer [18℄, a predeessor to LeTix. This implementation uses thesynhronized overlap-add algorithm for time-sale modi�ation of speeh proposed byRouus and Wilgus [40℄.
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Chapter 3
Availability
A leture-multimedia player is of limited use if it annot be aquired at a low ost(after all, students tend to have a limited budget), and if it annot play any leturemultimedia, anywhere, anytime, on the student's omputing platform of hoie. Thisthesis uses the term �availability� to refer to how suessfully a user an aess ande�etively use a player in a variety of senarios.This hapter deomposes the property of availability into four attributes, andshow how features in LeTix 2.0 a�et eah attribute. Beause of an inherent on�itof availability between a player's prie and ompatibility with ontemporary odes,this hapter also gives an overview of the restritions and fees assoiated with theimplementation and distribution of ontemporary odes in ountries where softwarean be patented, and disusses how these restritions and fees pose problems foropen-soure players.3.1 Attributes of AvailabilityAvailability is the degree to whih a user an aquire a player heaply, and use it toplay any leture-multimedia, anywhere, anytime, and on any platform. Availabilityonsists of four attributes:

• Distributability : The degree to whih a player may be distributed heaply andwithout restrition. 31



Table 3.1: LeTix 2.0 features that a�et availabilityFeature Distributability Portability Conveniene CompatibilityGPL X X � �Java � X � �JMF X * X ×
∗ On one hand, the Java Media Framework (JMF) ontributes to portability byproviding playbak for the Cinepak, MJPEG, and H.263 odes aross all Java-supported platforms. On the other hand, the JMF only supports playbak for theMPEG-1 ode on selet platforms.

• Portability : The number of platforms the player runs on, and how easily thesoftware an be ported to other platforms.
• Conveniene: The degree to whih the player an play a leture anywhere,anytime.
• Compatibility : The degree to whih the player an play all leture multimedia,enoded in any format or ode.These four attributes ompose availability. A player is available if it addresses allfour issues.

3.2 Features of LeTix 2.0 that Contribute to Avail-abilityAs shown in Table 3.1, three features of LeTix 2.0 a�et the four attributes ofavailability. These features are (1) its open-soure liense, the GNU General PubliLiense; (2) the Java language, in whih it's implemented; and (3) its use of the JavaMedia Framework. All three features ontribute in some way to availability. Somefaets of the Java Media Framework, however, detrat from LeTix 2.0's portabilityand ompatibility. 32



3.2.1 The GNU General Publi LienseLeTix 2.0's open-soure liense, the GNU General Publi Liense (GPL) [13℄ on-tributes to LeTix 2.0's distributability and portability. As an open-soure liense,the GPL allows LeTix 2.0, its soure ode, and derived works to be freely redis-tributed. Furthermore, the GPL requires that the soure ode to any derived worksbe made available upon distribution. With aess to the soure ode, developers anport LeTix 2.0 to the platform of their hoie.
3.2.2 The Java Programming LanguageLeTix 2.0's language of implementation, Java [17℄, ontributes to portability. Pro-grams written in the Java language an run on a wide variety of platforms, from ellphones to high-end servers.Java owes its high portability to the Java Virtual Mahine (JVM). The JVM is anabstrat omputing mahine, emulated on real omputing platforms by JVM imple-mentations. Programs written in Java ompile to JVM instrutions, also known asbyteodes. The JVM is designed to be e�iently emulated, allowing it run e�ientlyon any platform.Table 3.2 shows the wide range of desktop and server operating systems portedto by various JVM implementations. Table 3.2 lists 18 operating systems that anrun a Java program. Many of the operating systems run on wide variety of hardware,further inreasing the number of platforms with JVM implementations.Not all of the operating systems listed in Table 3.2, however, an run LeTix 2.0.The Graphial User Interfae (GUI) toolkit that LeTix 2.0 uses is not ported aswidely as JVMs for the Java language. The Java Swing library is inluded with theJVM implementations represented by the Vendor, IBM, and Sun olumns. Twelveof the operating systems listed have a port from one of those JVM implementations,and are expeted to be able to run LeTix 2.0.33



Table 3.2: Java Virtual Mahine ports to desktop and server operatingsystemsOperating JVM ImplementationSystem Vendora Blakdownb GCJb IBMc Jikesb Ka�eb SuncAIX Xd � X Xd X XAmigaOS � � � � � X �BeOS � � � � � X �BSDi X � � � � X �FreeBSD � � X � X X XeHurd � � � � X X �HP/UX X � X � X X �IRIX X � X � � X �Linux � X X X X X XMa OS X X � X � X � �NetBSD � � X � X X X
fNeXTStep � � � � � X �OpenBSD � � X � X X XfPlan9 � � � � � X �Solaris Xg � X � X X XgSunOS � � � � � X �Tru64 X � X � X � �Windows X � X X X X XSoures : Jikes [22℄, Pik [33℄, Shmidt [41℄, the GCC Team [15℄.

a Vendor of the operating system.
b Open-soure projet.
c Vendors that distribute JVMs for operating systems besides their own.
d Vendor and IBM are the same port.
e Ported by the FreeBSD Team.
f Using Linux binary emulation.
g Vendor and Sun are the same port.
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3.2.3 Java Media FrameworkThe Java Media Framework (JMF) is a set of libraries that provide a multimediaframework for Java programs to work with. It provides implementations of vari-ous multimedia formats and odes. LeTix 2.0 relies on the JMF for multimediaplaybak.The Java Media Framework (JMF) is a mixed bag when it omes to availability.On one hand, the JMF ontributes to distributability and onveniene. But on theother hand, the JMF detrats from ompatibility. When it omes to portability,various aspets of the JMF ontribute to portability, while other aspets detrat fromit. Overall, the JMF ontributes to LeTix 2.0's distributability. Despite the soureode to the JMF being publily available, the JMF is not tehnially open-sourebeause it imposes restritions and legal liabilities upon its distribution. Suh legalliabilities might disourage its distribution. Nonetheless, the JMF bene�ts the dis-tributability of LeTix 2.0 beause it is distributed separately by Sun Mirosystems, aompany able to negotiate, asses the risk of patent litigation, and ross-liense patentsif neessary.1The JMF ontributes to onveniene by allowing multimedia to be played fromthe lient mahine. After downloading leture multimedia from a server, a studentan then wath the leture without a network onnetion. The lifetime of leturemultimedia on a server (as well as the server's stability) may be limited, and a networkonnetion may not always be available from a student's laptop. Storing the leture-multimedia loally means it an be played anywhere, anytime.The JMF both ontributes to and detrats from portability. Table 3.3 shows aseletion of video odes supported by the JMF. On one hand, the JMF supportsplaybak of the Cinepak, MJPEG, and H.263 [20℄ video odes on any platform withan implementation of the Java Swing toolkit. On the other hand, the JMF only1The Java Virtual Mahine shipped by Sun is liensed in a similar fashion to the JMF. Ofourse, this an be distributed separately as well. Stallman [43℄ gives an exellent explanation forwhy patented ideas in software tend to only be legally usable by orporations with large patentportfolios. 35



Table 3.3: Java Media Framework video-ode support by platformWindows/x86, Linux/x86, Ma OS X/PowerPCVideo Code Solaris/Spar and OthersaCinepak X XMJPEG X XMPEG-1 X �H.263 X XSoure: Sun Mirosystems [45℄.
a That is, any platform with Java Virtual Mahine and Java Swing toolkitimplementations.supports MPEG-1 [21℄ playbak on the Windows/x86, Linux/x86, and Solaris/Sparplatforms. In pratie, only the H.263 and MPEG-1 video odes are of high enoughquality for leture videos,2 leaving H.263 as the best ode for portability.The JMF's limited options for the enoding of leture videos (H.263 and MPEG-1)greatly detrats from LeTix 2.0's ompatibility. State-of-the-art odes found in on-temporary multimedia players�suh as RealVideo, MPEG-4, and Windows Media�are not supported by the JMF. Therefore, LeTix 2.0 annot play leture videosenoded in those odes.How Software Patents Cause a Con�it in AvailabilityLeTix 2.0's lak of ompatibility with many ontemporary odes is unfortunate,but unavoidable in ountries suh as the United States where ideas in software anbe patented.3 Compatibility with patented odes is often at odds with two otherattributes of availability: distributability and portability.Patented odes often restrit the distributability of players that implement them.Use of a patented ode requires a liense whih may not neessarily be available. Ifa liense is not available, a leture-multimedia player must use the inventor's Ap-pliation Programming Interfae (API) or be based on the inventor's player. Forexample, a likely reason for the Singapore-MIT Alliane (SMA) distane eduation2MJPEG an be of high quality, but it does not perform any inter-frame ompression, resultingin very large �le sizes.3As of May 2005, bills for software patents are urrently under legislation in the European Unionand India. 36



program deision to base their player (see Setion 5.4, page 60) on RealPlayer�asopposed to building their own player that an play the RealVideo ode�is that Realdid not o�er a liense for the ode at the time. And in the ase where a liense isavailable, royalties are often required upon the ode's distribution. Furthermore�whether through the inventor's API, player, or liense�restritions are imposed ondistribution. Suh restritions, oupled with royalties that may be required, detratfrom a leture-multimedia player's distributability.Patented odes detrat from a player's portability in the ase when a liensefor the ode is not available. Often the inventor's API or player is ported to onlyselet platforms, limiting the portability of the leture-multimedia player that usesthe inventor's API or player.Nonetheless, despite inompatibility with many ontemporary odes, LeTix 2.0ahieves moderate availability by being distributable, portable, and onvenient. Theresult is a free, open-soure, and portable leture-multimedia player.
3.3 Restritions on Contemporary, State-of-the-ArtCodesThis setion details the restritions and fees assoiated with the use of ontemporaryodes in the United States, and shows how these restritions and fees diretly impatdistributability and portability. I present �ve formats and �ve odes, and I disusstheir restritions with regard to royalties, open spei�ations, and API's. I alsodisuss four multimedia players, and show how restritions on ontemporary odeslimit their distributability and portability.While ontemporary formats and odes go hand in hand, this setion fousesmainly on ontemporary odes beause they are the most restrited. Nevertheless,this setion presents information on formats for ompleteness and beause one of theformats requires a royalty.I onsider �ve pairs of ontemporary formats and odes. These pairs are presented37



below. The format is listed �rst, followed by the ode, and then a desription of thetwo.Ogg, Theora The Xiph.Org foundation develops the Ogg ontainer format and The-ora [47℄ video ode. Theora is based on On2's VP3 video ode, whih On2 haspatented but irrevoably liensed to the publi for free. Theora development isurrently in a late alpha stage and is soon to go beta.RealMedia, RealVideo RealNetworks develops the RealMedia ontainer formatand RealVideo video ode. The RealMedia format has an open spei�ationand may be used for free; but the RealVideo ode is only available as a binaryAPI and requires a royalty upon distribution.MPEG-4, MPEG-4 The MPEG-4 standard onsists of several parts, two of whihare a ontainer format and a video ode. Both require royalties upon distri-bution, but the video ode does not require any royalties on the �rst 50,000players distributed in a year.QuikTime, Sorenson 3 The QuikTime ontainer format developed by Apple issimilar to the MPEG-4 ontainer format. QuikTime is an open spei�ationlike MPEG-4, but an be liensed for no harge [9℄. Sorenson Communia-tions develops the Sorenson 3 video ode. Sorenson 3 does not have an openspei�ation, but Apple lienses binary API's for it at no harge.ASF, Windows Media Video 9 Mirosoft develops the Advaned Systems For-mat (ASF) and the Windows Media Video 9 ode. ASF is an open format andan be liensed at no harge. Windows Media Video is not open, but a binaryAPI is available at no harge for the Windows operating system.3.3.1 Spei�ations, API's, and RoyaltiesClosed spei�ations (doumentation on how to implement the format or ode),limited ports of API's, and royalties are the three features ommonly found in on-temporary odes that detrat from the distributability and portability of any player38



Table 3.4: Openness of state-of-the-art formats and odesFormat Open API available RoyaltyaCode Spei�ation Linuxb Ma OS Xc Windowsb ($)ASF X X X X 0Windows Media Video 9 × × × X 0MPEG-4 X X X X 0.15dMPEG-4 X X X X 0.25eOgg X X X X 0Theora X X X X 0QuikTime X X X X 0Sorenson 3 × × X X 0RealMedia X X X X 0RealVideo × X X X 0.25f

a Per deoder distributed.
b Intel x86.
c PowerPC.
d $100,000 annual ap.
e Only payable after 50,000 units annually.
f $1,000,000 annual ap for non-Windows platforms.that implements them. I show here whih of these restritions a�et ontemporary,state-of-the-art formats and odes.Table 3.4 shows the degree to whih ontemporary, state-of-the-art formats andodes are restrited. The Open Spei�ation olumn signals whether a spei�ationis publily available. The next three olumns tell us whether an API is available forthe Linux/x86, Ma OS X, and Windows/x86 platforms. The last olumn, Royalty,gives the royalty due per player distributed.Table 3.4 tells us two unsurprising things. First, all formats and odes havean API available for the Windows platform�not surprising given its desktop-marketdominane. Seond, any format or ode with an open spei�ation has API's avail-able for all three platforms. As with open-soure software, an open spei�ation fora format or ode naturally lends itself to be implemented on many platforms.But one interesting thing Table 3.4 shows is that Ogg Theora is the only4 ontem-porary, state-of-the-art ode available that has an open spei�ation and is royalty4Dira [4℄ and the Snow ode (developed as part of the FFmpeg projet [11℄) are state-of-the-art,open-soure, and royalty-free odes that were only in their infany at the time of this writing.39



free. The Windows Media Video 9 and Sorenson 3 odes do not harge royalties,but their spei�ations are losed, and their API ports are limited. RealVideo hasAPI's [35℄ available for all three platforms, but its spei�ation is losed and the API'srequire a royalties. MPEG-4, whih has an open spei�ation and API ports to allthree platforms, harges royalties for both the ontainer format and ode.As we an see, most ontemporary video odes either restrit distributability dueto royalties, portability due to losed spei�ations and limited ports of the API, orboth.3.3.2 Portability of Vendors' PlayersEven though ode vendors may not publish the ode's spei�ation or o�er a de-veloper API for every platform, they often o�er their own players, usually at no ost.For the most part, these players are losed-soure, whih restrits outside developersfrom modifying the ode, and porting it to new platforms. I show here how losedspei�ation and losed soure-ode has a�eted the portability of vendors' playersand the odes they an play.Table 3.5 shows the players5 available from ode vendors for playing ontempo-rary formats and odes on the Linux/x86, Ma OS X/PowerPC, and Windows/x86platforms. In the left-most olumn, the table lists these platforms and the playersthat run on them. The remaining olumns indiate the format-ode pairs that theplayers an play.None of the players an play all �ve formats and odes aross all three platforms.Only RealPlayer on the Windows platform an play all �ve format-ode pairs. Inaddition, RealPlayer is the only player ported to all three platforms.Helix Player [37℄, the only open-soure player listed, fares worse than any otherplayer on Table 3.5: it plays only one of the format-ode pairs, and it runs on onlyone of the platforms listed. The on�it between distributability and ompatibility,disussed on page 36, explains Helix Player's limited ode support. On the other5Table 3.5 does not onsider players suh as MPlayer [34℄ or VLC [6℄ beause they are distributedfrom Europe where software patents are not enfored.40



Table 3.5: State-of-the-art formats and odes: players and portsFormat / CodePlatform Ogg / RealMedia / MPEG-4 / QuikTime / ASF /Player Theora RealVideo MPEG-4 Sorenson 3 WMV9Linux / x86Helix Player X × × × ×RealPlayer X X × × ×Ma OS X / PowerPCRealPlayer × X X X ×QuikTime Player × × X X ×Windows Media Player × × × × XWindows / x86RealPlayer X
a

X X X XQuikTime Player × × X X ×Windows Media Player X
b × × × X

a Requires Xiph Player Plugin [36℄
b Requires Ogg Diretshow Filters [23℄hand, Helix Player's apparent limited portability seems to ontradit the notion thatan open-soure liense ontributes to portability.Nothing ould be further from the truth. Helix Player is an o�-shoot of RealPlayerwhih initially targeted the Linux/x86 platform. Helix Player and RealPlayer sharethe same playbak engine; the only di�erene is that RealPlayer an play patent-enumbered odes with triky lienses. The existene of RealPlayer on the MaOS X/PowerPC and Windows/x86 platforms serves Helix Player's nihe on thoseplatforms, for now.Hene, Helix Player developers have been onentrating their e�orts on otherplatforms. Besides Linux/x86, Helix Player also supports the Symbian ell-phoneplatform. Ports are in progress to the Solaris/Spar, Solaris/x86, HP-UX/PA-RISC,Linux/PowerPC, Linux/MIPS, Linux/Spar, Linux/ia64, FreeBSD/x86, and AIX/PowerPC platforms. Given time, the number of platforms Helix Player supports willoutnumber the platforms supported by the other players that Table 3.5 lists.
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Chapter 4
Extensibility
Great tehnology is said to perform well not only the tasks it was designed for,but tasks never envisioned by the original designers as well.1 An extensible systemfailitates the inlusion of new features never dreamed of by the original designers.Just as in researh where researhers build on top of eah others' works, extensiblesystems allow developers to do the same and �stand on the shoulders of giants� [7℄.This hapter presents the three attributes that make up extensibility, and dis-usses the features of LeTix 2.0's design and implementation that ontribute to eahattribute, thereby making it an extensible leture-multimedia player.4.1 Attributes of ExtensibilityExtensibility is the degree to whih any developer an add new features to a system.Extensibility onsists of three attributes:

• Modi�ability : The ease with whih a system an be modi�ed by any developer.
• Modularity : The degree to whih a system is organized into leanly separated,deoupled parts.
• Interfaeability : The degree to whih a player an be externally interfaed to,allowing it to be extended without reompilation (i.e. a new release) of the1This idea is not my own, but I have been unable to �nd its soure.43



Table 4.1: LeTix 2.0 features that ontribute to extensibilityFeature Modi�ability Modularity InterfaeabilityGPL X � �Java X X XClass Hierarhy � X XEvents � X XLeture Desription � � Xplayer.These three attributes ompose extensibility. A player that has all three attributesis onsidered extensible.4.2 Features of LeTix 2.0 that Contribute toExtensibilityLeTix 2.0 has �ve features that ontribute to extensibility: (1) its open-soure li-ense, the GNU General Publi Liense (GPL); (2) the Java language, in whih it'simplemented; (3) a hierarhy of media lasses; (4) a system for media lasses to notifyeah other of events; and (5) a �le format for desribing leture-multimedia presen-tations. Table 4.1 shows whih attributes of extensibility eah feature ontributesto. As is usually the ase with extensible systems, these features build on top of eahother to provide several layers of extensibility. Figure 4-1 depits these layers. TheGPL ensures that the soure ode to the LeTix 2.0 ore remains available. Java, aprogramming language that supports abstration and garbage olletion, failitatesthe modi�ation of LeTix 2.0's open soure ode. Java's objet-oriented featuresof lasses, enapsulation, and inheritane enable the organization of a hierarhy ofmedia lasses (media types). The media lasses that sit at the top of this hierarhyprovide a uniform interfae for manipulation by the LeTix 2.0 ore. A media-eventnoti�ation system builds on top of the media lasses' uniform interfae to enablemedia objets to broadast events without expliit knowledge of the reipients. The44



Figure 4-1: Layers of LeTix 2.0's extensibility.leture desription �le pulls it all together, desribing the media objets to displayand how to synhronize them.Now I desribe eah of the �ve features and how they ontribute to LeTix 2.0'sextensibility.
4.2.1 The GNU General Publi LienseLeTix 2.0's open-soure liense, the GNU General Publi Liense (GPL) [13℄ on-tributes to LeTix 2.0's modi�ability. As disussed in Setion 3.2.1 on page 33, theGPL permits distribution of derived works and ensures that soure ode remainsavailable. With permission to distribute derived works, and aess to the soureode, developers an modify LeTix 2.0 to their liking.45



4.2.2 The Java Programming LanguageLeTix 2.0's language of implementation, Java [17℄, ontributes to LeTix 2.0's modi�-ability, modularity and interfaeability. These ontributions stem from Java's designas an objet-oriented programming language [44℄ with support for abstration andgarbage olletion.Java's support for abstration and garbage olletion failitates the modi�ation ofLeTix 2.0. Support for abstration enables developers to think of problems at a highlevel. Garbage olletion provides automati memory management for developers,allowing them to devote more attention to the problem at hand.Java's support for abstration an be broken into three parts: lasses, enap-sulation, and inheritane. Classes and enapsulation ontribute to the attribute ofmodularity. Inheritane ontributes to the attribute of interfaeability.Classes and enapsulation enable LeTix 2.0 to be broken up into separate mod-ules. A lass is a data type representing a set of variables and methods that anoperate on those variables. An instane of a lass is alled an objet. Enapsulation,also known as data hiding, allows objets to hide state from eah other, e�etively de-oupling them. Using lasses and enapsulation, a programmer an organize a systeminto separate, deoupled parts.Inheritane builds on lasses and enapsulation to provide a onsistent interfaeamong related lasses. Inheritane is the ability for lasses to share behavior. Forexample, if a lass A inherits from a lass B, then A will have the variables and methodsthat B has. In addition, A an add its own variables and methods or even override B'smethods. B is onsidered a sublass of A, and A is onsidered to be a superlass of B.Objets of lass B an then substitute for objets of lass A by a behavioral notion ofsubtyping [24℄, and newly introdued external modules an ommuniate in a generalfashion through the interfae of lass A, without knowledge of lass B.46



4.2.3 Media-Class HierarhyTaking advantage of inheritane, LeTix 2.0 de�nes a media-lass inheritane hierar-hy that ontributes to the player's modularity and interfaeability. This inheritanehierarhy enables LeTix 2.0 to reuse ode and to provide a uniform interfae to mediaobjets, leading to onise, elegant ode.Eah of the LeTix 2.0's media lasses implements either a spei� or generitype of media. For example, a spei� media type an implement video or slides. Ageneri media type, on the other hand, overs a broad range of media types. Twoexamples of generi media are ontinuous and disrete media. Continuous mediahange ontinuously with time, suh as video or audio. Disrete media hanges onlya disrete number of times during a presentation. PowerPoint-style slides are anexample of disrete media.Objet-oriented programs an represent these notions of generi and spei� mediatypes. A lass representing a spei� type is a onrete lass. A lass that representsa generi type is an abstrat lass.Suh lassi�ation of media types naturally lends itself to a representation by aninheritane hierarhy of media lasses. Figure 4-2 shows the media-lass hierarhyimplemented by LeTix 2.0. Figure 4-2 labels abstrat lasses (those representinggeneri types) with italis, and onrete lasses (those representing spei� types)with roman type. The most general of media lasses, LTMedia, sits at the top of thehierarhy. LTMedia an represent any media type in LeTix 2.0. Two abstrat lassessublass LTMedia: ContinuousMedia and DisreteMedia. As in our example, Con-tinuousMedia represents media that hange ontinuously with time; DisreteMediarepresents media that hange only a disrete number of times.Two onrete lasses sit at the bottom of the hierarhy. The �rst, JMFMedia,sublasses ContinuousMedia. JMFMedia represents media playable by the Java Me-dia Framework (see page 35). The seond, SlideMedia, sublasses DisreteMedia.SlideMedia represents PowerPoint-style slides.The abstrat lasses (LTMedia, ContinuousMedia, and DisreteMedia) provide47



LTMedia

JMFMedia SlideMedia

DiscreteMediaContinuousMedia

Figure 4-2: LeTix 2.0 media-lass hierarhy. Abstrat lasses are labeled with italis.Conrete lasses are labeled with roman type.
a uniform interfae for its sublasses to hide behind. Code that manipulates onretemedia objets does so in a general fashion, without any expliit referenes to onretemedia lasses. For example, the LTMedia lass delares the method getVisualCom-ponent() whih returns a java.awt.Component objet that an display itself visuallyon the sreen. Rather than having to onsider whether a media objet is video or asequene of slides, the Graphial User Interfae (GUI) of LeTix 2.0 treats the mediaobjet as an LTMedia objet, alls getVisualComponent(), and displays the returnedobjet.The abstrat lasses failitate the reuse of ode by providing ommon objets andmethods for their sublasses to use. For instane, ontinuous types of media in Le-Tix 2.0 keep a running lok that drives the playbak of all media. ContinuousMediaprovides a timer to periodially wake up sublasses so that they an notify othermedia lasses of the time. Disrete types of media maintain a time-ordered list ofindividual media to present, suh as slides. DisreteMedia provides a time-orderedlist of general objets and methods to manipulate the list. SlideMedia an thenspeialize the list for slides, and reuse the methods to manipulate the list providedby SlideMedia 48



Table 4.2: LeTix 2.0 media eventsMedia Event DesriptionRATE_CHANGED Change the playbak rateMEDIA_TIME_CHANGED Change the urrent media timeSTARTED Start playbakSTOPPED Stop playbakSKIP_STARTED Start rewind or fast-forwardSKIP_STOPPED Stop rewind or fast-forwardVOLUME_CHANGED Change the volumePREV_SLIDE Show the previous slideNEXT_SLIDE Show the next slide4.2.4 Media EventsLeTix 2.0 features a media-event noti�ation system that ontributes to LeTix 2.0'smodularity and interfaeability. The system provides a mehanism for media objetsto broadast events without requiring knowledge of the reipients, thereby deouplingthe media objets. The event noti�ation system also serves as a uniform interfaefor ommuniation among media objets.For onreteness, Table 4.2 gives an overview of the events used in LeTix 2.0.User interation with LeTix 2.0's ontrols results in most sending of the eventslisted.. In addition, ontinuous media objets typially send MEDIA_TIME_CHANGEDevents periodially to notify other media of the urrent running time. The STOPPEDevent may be sent by either the ontrol panel or by a ontinuous media objet whenit has reahed the end of media time.Before proeeding to desribe the implementation of LeTix 2.0's media-event no-ti�ation system, we must �rst de�ne the term interfae. In objet-oriented program-ming, an interfae is a label for a set of method delarations. Method delarationsdelare the types of objets that the methods take as arguments and the type of ob-jet eah method returns. Unlike a method de�nition, an interfae does not provideimplementations for its methods.Interfaes are important in languages that do not support multiple inheritane.Multiple inheritane is the ability to inherit from more than one superlass. Toprevent onfusing situations where more than one superlass de�nes methods with49



idential signatures, some languages suh as Java and Smalltalk [16℄ do not allowfor multiple inheritane. Instead, Java provides interfaes, for whih a lass animplement any number of. Having multiple interfaes does not pose the same problemthat having multiple inheritane does, beause interfaes only delare methods, notde�ne them.Through the implementation of multiple interfaes, media objets an take ondi�erent roles in LeTix 2.0. Media objets an (1) display themselves, (2) sendevents, (3) reeive events. Figure 4-3 shows the hierarhy of lasses and interfaes tosupport these roles.Starting from the bottom right of the �gure, LTMedia�the parent of all medialasses (see Figure 4-2 on page 48 for the omplete media lass hierarhy)�providesthe getVisualComponent() method for displaying media. Media lasses usually over-ride this method, beause LTMedia's default implementation returns a null objet.Nonetheless, LTMedia's de�nition provides a uniform interfae aross all media ob-jets.To the left of LTMedia is the ControlPanel lass, responsible for the ontrols theuser interats with. It inherits from JPanel, a lass from the Java Swing toolkit.Above ControlPanel and LTMedia are three interfaes and one lass that makeup LeTix 2.0's event system. The top two interfaes in the events system, LTMedi-aListener and LTMediaEventSoure, model after interfaes suggested by Geary [14,pages 300�309℄. LTMediaListener serves as a uniform interfae to objets that listento media events; it delares methods for reeiving eah media-event type. LTMediaL-istener inherits from EventListener, an interfae from the java.util pakage thatdelares no methods but exists solely to tag various kinds of event-listener lasses.2Positioned to the right of the LTMediaListener lass, LTMediaEventSoure servesas a uniform interfae to objets that send events; it delares methods for adding andremoving listeners from its noti�ation list.In addition to Geary's suggested event-support lasses, LeTix 2.0 adds the LT-MediaSoialite interfae and LTMediaEventBroker lass to omplete its media-2Java uses events for all types of lasses, partiularly in the Java Swing toolkit.50
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Figure 4-3: Uni�ed Modeling Language (UML) [2℄ representation of event-support lassesand interfaes. Eah solid box represents a lass or interfae. Interfaes and onrete lassesare labeled in bold type, with interfaes distinguished by the �interfae� stereotype. Theabstrat lass LTMedia is labeled in bold italis. Solid lines ending with a triangular ar-rowhead indiate inheritane. Dashed lines ending with a triangular arrowhead indiateimplementation of an interfae. The solid line that begins with a diamond-shaped head in-diates that ControlPanel has an LTMediaEventBroker objet as a member variable. Withthe exeption of JPanel, eah lass or interfae lists a sampling of its method de�nitions ordelarations, respetively, in the bottom half of its box. The note (tag) indiates an inter-fae with no method delarations. The symbol + preedes publi methods. The symbol #preedes proteted methods.
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event system. Sitting diretly under LTMediaListener, the LTMediaSoialite in-terfae serves to tag lasses that implement both LTMediaListener and LTMedi-aEventSoure lasses. To the right of the LTMediaSoialite interfae sits the LT-MediaEventBroker lass; it provides a default implementation of an LTMediaEventSoureand maintains the event noti�ation list of listeners. It also de�nes the proteted(only aessible to it and its sublasses) proessLTMediaEvent() method for send-ing events.So that all media lasses an send and reeive messages, LTMedia implementsthe LTMediaSoialite interfae. LTMedia inherits from LTMediaEventBroker, gain-ing an implementation for maintaining noti�ation lists and sending messages. Toreeive messages, LTMedia implements the LTMediaListener interfae with defaultde�nitions of the event-reeiving methods. The default de�nitions take no ation;media lasses override them when they wish to reeive an event.The ControlPanel lass also implements the LTMediaSoialite interfae. Be-ause it already inherits from the JPanel lass, however, ControlPanel annotalso inherit from LTMediaEventBroker (see disussion of multiple inheritane onpage 50). Instead, ControlPanel takes LTMediaEventBroker as a member vari-able. ControlPanel de�nes its implementation of proessLTMediaEvent and LT-MediaEventSoure's event-noti�ation-list maintenane methods to all those of LT-MediaEventBroker.Media-Event ExampleTo get a better idea of how media events work in pratie, let's onsider an examplewhere a student advanes a slide. Figure 4-4 shows the four steps LeTix 2.0 takesto advane a slide.First, the user liks on the next slide button (Figure 4-4(a)). ControlPanel theninstantiates an objet representing the event NEXT_SLIDE and alls proessLTMedi-aEvent() with the event objet as its argument.Seond, proessLTMediaEvent() alls nextSlide() on all of ControlPanel'smedia-event listeners (Figure 4-4(b)). In this ase, the media-event listeners are52



(a) (b)

() (d)Figure 4-4: Advaning a slide. (a) Student liks the Next Slide button. (b) ControlPanel sends NextSlide events to JMFMedia (video)and SlideMedia. () SlideMedia advanes to the next slide and sends MediaTimeChanged events to JMFMedia and ControlPanel.(d) JMFMedia advanes to the new time. ControlPanel updates its seek time and slider.
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JMFMedia (video and audio) and SlideMedia (slides). Figure 4-4(b) depits, withred arrows, ControlPanel sending NEXT_SLIDE events to JMFMedia and SlideMedia.Third, SlideMedia advanes the slide (Figure 4-4()). To maintain synhroniza-tion, SlideMedia broadasts a MEDIA_TIME_CHANGED event. As shown by red arrowsin Figure 4-4(), SlideMedia's listeners are JMFMedia and ControlPanel.Finally, JMFMedia and ControlPanel reeive the MEDIA_TIME_CHANGED events(Figure 4-4(d)). JMFMedia advanes the video to the new time, and ControlPaneladjusts the seek slider and time display. The slide advane is now omplete, and theleture presentation remains synhronized.4.2.5 Leture DesriptionLeTix 2.0's leture desription format ontributes to interfaeability by providinga textual format for desribing leture-multimedia presentations. The leture de-sription serves as the interfae for leture-multimedia produers�human users orsoftware�to target. The leture desription interfaes to and builds on top of theextensibility of the media-event system, media-lass hierarhy, and Java programminglanguage.A leture desription �le spei�es:
• The �lenames of individual media �les, suh as video and image �les.
• The media time at whih eah media �le is to be displayed (for synhronization).
• The onrete media lasses that should be instantiated to display the media�les.To see what a leture desription looks like, look at the sample one shown inFigure 4-5. The leture is enoded in the Extensible Markup Language (XML) [3℄.In general, XML onsists of nested elements, eah with zero or more attributes. Forexample, the root element of the leture desription shown in Figure 4-5 is leture.It has the attribute version whih spei�es the earliest version of LeTix that anunderstand this leture desription. 54



<?xml version="1.0"?><leture version="2.0"><media type="JMF"><file name="leture15.mpg"/></media><media type="Slide"><file time="00:00:00" name="slides/Slide001.png"/><file time="00:01:24" name="slides/Slide002.png"/><file time="00:02:59" name="slides/Slide003.png"/>...<file time="01:16:06" name="slides/Slide045.png"/></media></leture> Figure 4-5: A leture desription �leTwo media elements nest inside the leture element. Eah of the two mediaelements speify a name attribute. LeTix 2.0 will append the su�x -Media to get thename of the media lass to instantiate for eah media element. In this ase, LeTix 2.0will instantiate a JMFMedia objet and a SlideMedia objet.Nested inside the media elements are file elements. Eah file element spei�esthe name of a media �le, and optionally, the time at whih to display it. If no timeattribute is given, LeTix 2.0 assumes a default time of 0. In this ase, the video �le,leture15.mpg, will start at 0, the beginning of media time.The simple enoding of a leture desription in a simple XML text �le ontributesto LeTix 2.0's interfaeability. Both humans and software an easily modify a leture-multimedia presentation. Of ourse, if a developer wishes to add new media typesor hange the internals of LeTix 2.0, he or she is free to do so. LeTix 2.0 makesthis freedom possible by o�ering �ve layers of features that ontribute to its extensib-lity: the GNU GPL, the Java programming language, a media-lass hierarhy, mediaevents, and a leture desription �le format.
55



56



Chapter 5
Related Work
This hapter introdues seven leture-multimedia players, desribes their user inter-faes and features, and ompares them and LeTix 2.0 in terms of usability, availabil-ity, and extensibility.I only onsider players here that an present at least one additional media streambesides audio and video. All the players reviewed here ful�ll this requirement bypresenting a sheduled stream of stati images�typially PowerPoint-style slides orsnapshots of the blakboard.1The players reviewed are:1. Columbia Video Network2. IIT Online3. Mirosoft Produer4. Singapore-MIT Alliane5. Stanford Online6. UNITE (University of Minnesota)7. LeTix 1.31One player I do not review, the .NET Show [30℄, presents audio, video, and a transript.57



A sreenshot of eah player is given along with a desription of its interfae andfeatures.5.1 Columbia Video NetworkThe Columbia Video Network (CVN) [8℄ is Columbia University's distane eduationprogram, o�ering university redit and degree programs online.Figure 5-1 depits the player for the Columbia Video Network playing sampleleture available online. As is ommon in many leture-multimedia players, the playeris embedded in a web page. Shown in the upper left orner, a Windows Media plug-in plays a streaming leture video. In the upper right, a high-quality lose-up of theblakboard displays writing otherwise hidden by the leturer in the video. The bottompanel ontains an index of various points in time of the leture. Unfortunately, thenames given for the index entries, suh as Image 59, probably do not help the studentmuh.Diretly under the VCR-style ontrols presented by the Windows Media plug-inare ontrols for adding ustom index entries. To add an entry, the student liks onthe Time button when the presentation is at the desired point in time. The playerthen displays the time in the text box to the right of the Time button. Next, theuser enters a name for the entry, and liks on Add marker. By delaying enteringthe entry's name until after apturing the time, the user obtains an aurate timingwithout muh advane notie.5.2 IIT OnlineIIT Online [19℄ is the Illinois Institute of Tehnology's distane eduation program,o�ering university redit and degree programs online.Figure 5-2 shows the player for IIT Online [19℄. The player onsists of Synhro-nized Multimedia Integration Language (SMIL) [1℄ presentation inside RealPlayer.The upper-left hand portion of the player shows a video of the leturer writing notes58



Figure 5-1: Columbia Video Network
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on the paper. The right half of the player zooms in on the notes and previews whatthe leturer will write. Diretly under the video sits an index. Contrary to the indexfound in the CVN player (Setion 5.1), this player's index has meaningful entries thathelp students �nd the part of the leture that interests them.The ontrols for the IIT Online player sit along the bottom of the player. Theseontrols onsist of typial VCR-style ontrols. As with the SMA player (Setion 5.4),the previous-lip and next-lip buttons (sitting to the right of the stop button) appearuseless in the ontext of a single leture-multimedia presentation. If held down,however, the buttons rewind or fast-forward the presentation.5.3 Mirosoft ProduerMirosoft Produer [29℄ is an add-on to Mirosoft's PowerPoint software. From anenoded video and PowerPoint slides, Mirosoft Produer produes multimedia pre-sentations playable inside Mirosoft's Internet Explorer browser. The presentationsintegrate the video, slides, and an index. While not exlusively for leture-multimediapresentations, the player shares features ommonly found in leture-multimedia play-ers.Figure 5-3 depits a sample multimedia presentation made by Mirosoft Produer.The layout is similar to that of IIT Online: video sits in the upper left, an indexappears below it, and a slide displays in the right half of the sreen. Unlike IIT Online,however, Mirosoft Produer's ontrols sit between the video and index. Also, despitethe adequate empty spae next to the time display, the player does not provide a seekslider. The player ompensates, however, by featuring buttons for skipping bak andforward 10 seonds.5.4 Singapore-MIT AllianeThe Singapore-MIT Alliane (SMA) [42℄ is a joint eduational and researh ollab-oration among three universities: the National University of Singapore (NUS), the60



Figure 5-2: IIT Online
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Figure 5-3: Mirosoft Produer
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Figure 5-4: Singapore-MIT Alliane
Nanyang Tehnologial University (NTU), and MIT. SMA o�ers lasses in Singaporeat NUS or NTU, as well as in Cambridge, Massahusetts at MIT.Figure 5-4 shows a sreenshot of the SMA player. Similar to IIT Online (Se-tion 5.2), the SMA player is based on RealPlayer. The SMA player di�ers from theIIT Online player, however, in that it does not use SMIL, and in that its interfaeonsists of two windows: a main RealPlayer window on the left, and a window on theright that displays slides. The main RealPlayer window devotes most of its spae tothe video. Underneath the video are the same ontrols found in the IIT Online player,inluding the previous-lip and next-lip buttons that also rewind and fast-forward.The slide window on the right features ontrols along the top for browsing the historyof slides already seen�unlike other leture-multimedia players whih have previous-and next-slide buttons for browsing slides in presentation order.63



5.5 Stanford OnlineStanford Online o�ers Stanford University graduate programs and ourses over theInternet.Figure 5-5 depits the Stanford Online player. Like the CVN player, the StanfordOnline delivers its player through a web page. A Windows Media plug-in sits onthe left side of the browser, and a slide displays in the enter. Two sets of ontrolsappear in this player. A set of VCR-style ontrols sits below the video as part of theWindows Media plug-in. Another set of ontrols for navigating slides sit below theslide.
5.6 University of Minnesota UNITEFigure 5-6 shows the player o�ered by the University of Minnesota's UNITE pro-gram [46℄. The player positions the multimedia like the rest of the players: videoon the left and stati image on the right. At the point in time shown in Figure 5-6,however, the player has swapped the types of ontent typially presented by the videoand image streams. The image shows a still-frame shot of the whiteboard, and thevideo shows a PowerPoint-style slide. This tehnique allows a user to still see theslide while the player presents the whiteboard as a high-quality stati image.Similar to Mirosoft Produer and Stanford Online, this player features slide-navigation ontrols. A user an navigate to the �rst, previous, next, or last slide. Inaddition, the UNITE player features a srollable strip of slide thumbnails (miniaturerenderings of the slides). Cliking on a thumbnails brings up the full slide. Unfortu-nately, the video does not synhronize with the new slide.64



Figure 5-5: Stanford Online
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Figure 5-6: UNITE
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Figure 5-7: LeTix 1.35.7 LeTix 1.3LeTix 1.3 is the predeessor to LeTix 2.0.2 Shown in Figure 5-7, LeTix 1.3 supportsmany features not available in LeTix 2.0 suh as multiple text indies, transript,user-editable notes, and bookmarks.Along the left side of the player lie multiple text indies alled the table of ontents,media index, and slide index. Seleting an entry in any of the indies jumps thepresentation to the point in time relevant to the entry.To the right of the ontrols lie the video and slides. A variety of ontrols sitbelow the video and above the slides. Besides the usual play, pause, and seek sliderontrols, LeTix 1.3 has a skip-bak, skip-forward, variable-speed slider, full-sreen2LeTix has been known by several names. Here they are in time order from earliest to latest:Leture Viewer [18℄, EVES [27℄, LeTix 1.3, and LeTix 2.0.67



button, and a apture button for setting bookmarks. LeTix 1.3 alls its bookmarkssnapshots beause they not only mark a label and time, but snapshots of the videoas well.To the right of the video and slides lie the transript and user-editable notes. Bothappear similar, but have di�erent uses. The transript serves to help students whohave di�ulty understanding the leturer's speeh. In the notes area, the studentan take down notes that are synhronized to the presentation. The notes an beonsidered another form of bookmarks.To the very right lies a srollable pane of snapshots taken by the student. Thisfeature provides a way for the student to keep parts of the blakboard on display afterthe video has moved elsewhere.5.8 Comparison of Players to LeTix 2.0This setion ompares the seven players just desribed to LeTix 2.0. I ompare theplayers in terms of the properties of usability, availability, and extensibility. With thepossible exeption of LeTix 2.0's inompatibility with ontemporary state-of-the-artvideo odes and its a�et on availability, I show that LeTix 2.0 fares better thanthe seven other players in all three properties.Usability ComparisonLeTix 2.0 ontains more features that ontribute to usability than the other sevenplayers. Of the features I onsider here, LeTix 2.0 laks only bookmarks.To better ompare the features aross all eight players, we must �rst expandthe list of features found in Table 2.1 (page 20) that we identi�ed ontributed toLeTix 2.0's usability. Table 5.1 lists the expanded set of features and whih of the�ve attributes of usability they ontribute to. The navigation feature from Table 2.1has been broken up into bookmarks, index, previous and next slide, and seek slider.Table 5.1 also adds a new feature, tooltips.Table 5.8 shows whih of the features from the expanded list that eah of the eight68



Table 5.1: Expanded list of features that ontribute to usabilityFeature Learnability E�ieny Memorability Few Errors SatisfationControlsBookmarks � X � � XIndex � X � � XPrev/Next Slide � X � � XSeek Slider � X � � XVariable Speed � X � X XControls' PropertiesLarge � X � X �Real World X � X X �Tooltips X � X X �Visible X X X � �Synhronization � X � X Xplayers implement. LeTix 2.0 omes out ahead with 8 of the 9 features implemented.Columbia Video Network and LeTix 1.3 tie for seond plae with 6 of 9 featuresimplemented.Availability ComparisonIn terms of availability, LeTix 1.3 and LeTix 2.0 ompare favorably to the othersix players due to their open-soure ode base and high portability. The other sixplayers, however, an play ontemporary formats suh as Windows Media (ASF) andRealMedia.Table 5.8 shows whih of the features that a�et availability eah player imple-ments. While not shown here, LeTix 1.3 and LeTix 2.0 an run on more platformsthan just the ones listed in Table 5.8. See Setion 3.2.2 on page 33 for a disussionon the high portability of the Java language.Extensibility ComparisonIn terms of the three attributes of extensibility�modi�ability, modularity, and inter-faeability�LeTix 2.0 rates better than any of the other seven players by ontribut-ing to all three attributes (see Chapter 4).LeTix 1.3 is modi�able (open-soure), but laks somewhat in interfaeability,69



Table 5.2: Reviewed players' features that a�et usabilityColumbia Singapore-Video IIT Mirosoft MIT Stanford LeTix LeTixFeature Network Online Produer Alliane Online UNITE 1.3 2.0ControlsBookmarks X × × × × × X ×Index Xa X X × ×
b X X XPrev/Next Slide × × X ×

c Xd Xd X XSeek Slider X X × X X X X XVariable Speed X × X × X × X XControls' PropertiesLarge × × × × × × × XReal World X X × × X X × XTooltips X X X X X × × XVisiblee × × × × × X X XSynhronization Segment Segment Segment Segment Trigger Manual Segment Segment
a All of the sample letures available on CVN's website had useless index entries of the form Image nwhere n is a positive integer.
b Stanford Online provides an index, but the user annot lik on the entries, and srolling is broken.
c SMA provides previous- and next-slide buttons, but they only serve to browse through the historyof the leture as it has already been played.
d Not synhronized.
e A player fails here if it has hidden ontrols other than the volume slider.

Table 5.3: Reviewed players' availabilityColumbia Singapore-Video IIT Mirosoft MIT Stanford LeTix LeTixFeature Network Online Produer Alliane Online UNITE 1.3 2.0Open Soure × × × × × × X XVideo Formata WM Real WM Real WM Real MPEG-1b MPEG-1bStreaming/Loal S S S S S S L LPlatformWindowsc X X X X X X X XMa OS Xd e X × X e Xf Xg XgLinuxc
× Xh

× X × Xf X X

a WM stands for Windows Media. Real stands for RealMedia.
b Both LeTix versions an also play Cinepak and H.263 odes.
c Intel x86.
d PowerPC.
e Audio and video only.
f Slide index not available.
g Cannot play MPEG-1, but an play Cinepak and H.263 odes.
h Using the slide index rashes RealPlayer.
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and espeially in modularity. Media objets in LeTix 1.3 make expliit alls toeah other. To add a new media type requires areful onsideration of many lines ofode. LeTix 1.3 does, however, have a leture desription format whih ontributessomewhat to its interfaeability.While Windows Media has an API available for it, the players based on it�suhas CVN, Mirosoft Produer, and Stanford Online�do not reexport the interfae.Furthermore, Windows Media sores poorly on modi�ability beause of its proprietaryode.The rest of players�IIT Online, SMA, and UNITE�whih are based on Re-alPlayer, are not extensible. All have proprietary ode, and no API is available.Even if they may be designed in modular fashion, external developers annot modifyor interfae to the ode.
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Chapter 6
LeTix 1.3 Case Study
In the fall of 2004, the ourse 6.046: Introdution to Algorithms, taught at the Mas-sahusetts Institute of Tehnology, made LeTix 1.3 (see Setion 5.7, page 67) avail-able for student use. This hapter looks at the methods used for produing the leturemultimedia for the ourse, and the students' overall reation to LeTix 1.3.6.1 Prodution of Leture MultimediaTo try out LeTix 1.3, it was o�ered as an experimental player in addition to theSingapore-MIT Alliane (SMA) player (see Setion 5.4 on page 60). Prodution ostswere kept down by only preparing slides, a slide index, and a leture video for eahleture. A table of ontents, media index, and transript were not inluded.The prodution of the leture-multimedia for 6.046: Introdution to Algorithmsinvolved three parties: the leturer, teahing assistant (TA), and MIT's AademiMedia Prodution Servies (AMPS). The leturer took responsibility for preparingthe leture slides and giving the leture. The TA was responsible for apturing slidetimings, and enoding the leture video to MPEG-1, and �ne-tuning the timings toprodue a leture multimedia presentation. Before giving the leture video to the TA,AMPS took responsibility for the leture's reording.Besides reording, AMPS also enoded and hosted leture media for the SMAplayer. Their leture media onsisted of two media streams: leture video and Pow-73



erPoint slides.Due to similar ontent, some of the prodution work involved in produing leturemultimedia for the SMA player and LeTix 1.3 was shared. Both sets of leturemultimedia required the prodution of slides, slide timings, and leture video.Figure 6-1 details the prodution work-�ow for LeTix 1.3 leture multimediafor 6.046: Introdution to Algorithms. The three partiipants�leturer, TA, andAMPS�sit aross the top of the diagram.The work-�ow onsists of �ve stages. The �rst two stages of the work-�ow ontainthe ations shared between the prodution of SMA and LeTix multimedia. The lastthree stages ontain ations only for the prodution of LeTix multimedia. Further-more, the TA is the only partiipant to partiipate in these last stages.Stage 1 The leturer prepares the slides. One �nished, the leturer gives a opy ofthe slides to the TA.Stage 2 The leturer gives the leture. During the leture, the TA reords the timesat whih the slides should be shown during leture multimedia playbak, oth-erwise known as the slide timings. Meanwhile, AMPS reords the leture.Stage 3 The TA enodes AMPS's reording of the leture into MPEG-1 video. Whilea omputer enodes the leture, the TA adds slide titles to the slide timings toprodue a slide index.Stage 4 The TA �ne-tunes the leture timings to the leture video. If the originalslide timings are aurate, only a small o�set to all the timings is neessary toalign eah one's start times.Stage 5 The TA posts the leture multimedia to the web.After the TA posts the leture to the web, students an then download and wathit. 74



Figure 6-1: Prodution work-�ow for 6.046: Introdution to Algorithms. Labeled alongthe top are the partiipants in the work-�ow. Ations they are responsible for lie in shadedovals under eah partiipant. Arrows show the diretion of the work-�ow. Thik horizontalbars represent synhronization points. Progress annot proeed past a synhronization pointuntil all ations leading up to it �nish.
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Table 6.1: Downloads for LeTix 1.3 and leture-multimediaNo. downloads Average downloads per letureLeTix 1.3 156 �Full Leture 610 33.9Just Video 2,366 131.46.2 Student Reation to LeTix 1.3Overall, the student reation to LeTix 1.3 was fair. Table 6.1 shows that LeTix 1.3was downloaded 156 times (lass size was 114). Assuming most of the downloads werefrom students of 6.046, this number implies that many ,if not most, of the studentstried the player.The remaining two lines of Table 6.1, however, tell more. Students downloadedfull leture-multimedia (video plus slides) 610 times ompared to just the video beingdownloaded 2,366 times. I hypothesize that the students found the onveniene ofhaving the leture �le loally (an attribute of availability) to trump the higher qualityvideo streamed by the SMA player.Informal feedbak from some students indiate that I am somewhat orret. Butother feedbak says that they did not like LeTix 1.3. The main reason they gavewas that the video was too small, and that LeTix 1.3 wasted a lot of sreen spaefor features that our prodution didn't support.With this knowledge, I deided that LeTix 1.3 su�ered a bit from feature overload,and that it would be best to redesign it from srath. And that is how LeTix 2.0was born.
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Chapter 7
Conlusion
This hapter onludes with omments on the ontributions of LeTix 2.0 and withsome ideas for future work.
7.1 LeTix 2.0 ContributionsLeTix 2.0 aims to be a usable, available, and extensible leture-multimedia player. Inmany aspets, it sueeds. I have shown how its features ontribute to the attributesthat ompose usability, how its features ontribute to all but the ompatibility at-tribute of availability, and how its features ontribute to extensibility.While it's great that the features of LeTix 2.0 ontributes to something, whatexatly does LeTix 2.0 ontribute to the world?In that regard, LeTix 2.0 ontributes a free, open-soure leture-multimediaplayer that students �nd easy to use and that runs on their omputing platformof hoie. For students and eduators familiar with the art of programming, Le-Tix 2.0 ontributes a player that they an easily extend to better work for them, sothat students an beome better learners, and eduators an beome better teahers.77



7.2 Future WorkAll is not done with LeTix 2.0, however. Of ourse, suh is to be expeted from asystem designed to be extensible. The two major areas to be addressed in LeTix 2.0are features missing from LeTix 1.3, and support for a ontemporary, state-of-the-artode.While LeTix 1.3 does su�er somewhat from feature bloat, the real problem is notthat there's too many features, but that LeTix 1.3 presents them all at one. In aleture-multimedia players, extra media an mean extra prodution osts. As was thease with the prodution of leture-multimedia for 6.046: Introdution to Algorithms(see Chapter 6), extra prodution osts often means that the extra media do not getprodued. Hene, the students did not are muh for a player that devoted over halfof its sreen spae to features that weren't being used.A better approah would be to arefully limit how muh the player shows to thestudent at one. Students like to wath large video, sometimes to the exlusion ofeverything else. Other students, however, may �nd a transript essential. It is thejob of the leture-multimedia player to aommodate several di�erent kinds of users,possibly inluding the student that seeks information overload from 10 simultaneousstreams of media.To address this issue, future work on LeTix 2.0 ould inlude looking at waysto make the user interfae easily ustomizable. I stress the word easily, beause ahard-to-ustomize interfae is just as bad as an unustomizable interfae. Liu [25℄has suggested preset views similar to those in Elipse [10℄.As for the matter of �nding a ontemporary, state-of-the-art ode for LeTix 2.0,we must remember that ompatibility in leture-multimedia players often on�itswith distributability. Fortunately, however, three new odes are on the horizon thatwill break that on�it: Ogg Theora [47℄, Dira [4℄, and the Snow ode from theFFmpeg projet [11℄.With these missing puzzle piees in plae, LeTix 2.0 an beome an even moreusable, available, and extensible player. 78



Glossary
ode An aronym for �ompressor / deompressor.� A ode is a set of algorithms,or implementation thereof for (1) reduing the size of (ompressing) and enod-ing a single media signal (suh as video or audio) into a stream of bytes; andfor (2) deoding and unompressing the stream of bytes to reonstrut, if notthe original media signal, a media signal similar to the original.format A �le format that ats as a ontainer for byte streams that are the result ofodes ompressing media signals. Often the byte streams are multiplexed andsynhronized so that they an be presented simultaneously (suh as synhro-nized audio and video).open soure Software, or lienses for software, that onform to the Open SoureDe�nition (OSD) [32℄ as spei�ed by the Open Soure Initiative (OSI). The OSDspei�es ten riteria that software must omply with in order to be onsideredopen soure. The three riteria important for disussion in this thesis are:

• Free Redistribution: The software must be freely redistributable. Theliense must not require a royalty or fee upon resale or redistribution.
• Soure Code: The software must inlude soure ode, or the soure odemust be made available upon request.
• Derived Works: �The liense must allow modi�ations and derived works,and must allow them to be distributed under the same terms as the lienseof the original software� [32℄.The remaining seven riteria fous on the redistribution of the liense and the79



allowane of the software for use by anyone and for any purpose. When hyphen-ated, �open-soure� beomes an adjetival noun, as in �open-soure software� or�open-soure liense.�platform A ombination of a spei� operating system and hardware arhiteture.For example, Linux/i386 is a di�erent platform than Linux/Alpha despite themhaving the same operating system.
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