
mMOD: the multicast Media-on-Demand system�Peter Parnes, Mattias Mattsson, K�are Synnes, Dick Schefstr�omDepartment of Computer Science/Centre for Distance-spanning TechnologyLule�a University of Technology, SwedenfPeter.Parnes,Mattias.Mattsson,Kare.Synnes,Dick.Schefstromg@cdt.luth.seMarch 6, 1997AbstractThis paper presents the multicast Media-on-Demand system, mMOD, which is an on-demand sys-tem designed for recording and playback of not only au-dio and video but also other media that are being multi-cast on the Internet/MBone today. The system allowsfor users to request playback of recorded sessions con-taining MBone audio, video, whiteboard, NetTextE-ditor, mWeb (a distributed HTML presentation sys-tem) or any other UDP-multicast distributed session.It also allows for random access within these record-ings. The system include a Web-interface for start-ing and controlling running sessions. To compensatefor jitter and out-of-order packets, sessions distributedin RTP-format (RFC1889), can be reconstructed withnew time-stamps.1 IntroductionA video-on-demand system (VOD) is a system thatserves a number of clients with audio and video ontheir request, and that are usually limited to these twomedia. Normally one channel is allocated per requestand receiver and this leads to resources being tied up.There exist proposals [12] for using multicasting andtime-slots for making VOD systems scale better.This paper presents the multicast Media-on-Demand system, mMOD, which is a system for playingnot only audio and video but numerous kinds of mediathat exist on the MBone [6] today.mMOD was created as a response to a direct needin an undergraduate-course being transmitted over theMBone, where we saw a large potential in studentsbeing able to go back and watch whole lectures orjust parts of a lecture again. This kind of functional-ity has been accomplished earlier using analog video-technology, where students could borrow video-tapesat the local library. Unfortunately, this does not al-�This work was supported by the Centre for Distance-spanning Technology (CDT), Lule�a, Sweden.

low for presentation of more than audio and video.It also leads to delay and scalability problems in thedistribution of video-tapes.The goal of the mMOD system was to produce asystem where users could easily request playback ofelectronic lectures and meetings transmitted over theMBone and have the possibility for random accesswithin these playbacks. The recording-possibilitiesshould of course include audio/video but also anyother distributed media used within the session. An-other goal was that the content-provider should easilybe able to provide indexes in the presentation. Yet an-other goal was that it should be easy for the content-provider to record a session and that the �nal sys-tem should be completely portable between UNIX andWindows95/NT4.The rest of this short paper is divided into sec-tion 1.1 on related work, section 2 on the architectureand design of the mMOD system itself, section 3 onthe current implementation and section 4 include thecurrent status and a summary.1.1 Related WorkThis section presents three di�erent tools forrecording and playing MBone sessions.The MBone VCRThe MBone VCR [7] is a VCR application for useon the Internet's Multicast Backbone (MBone). Thisapplication uses a VCR interface to control recordingand playback of sessions sent over the MBone. TheVCR stores these sessions by synchronizing di�erentmedia streams based on information provided by RTP(the Real Time Transport Protocol) [13]. It also allowsindexing and random access within recorded sessions.A command language enables limited programmingfeatures, e.g. to schedule recordings or playbacks at alater point of time.This tool can be used to record and play single ses-sions on arbitrary channels but can not be controlledremotely. It also have problems with sessions using



version 2 of RTP (which is the currently recommendedand used version).The Interactive Multimedia JukeboxThe IMJ (Interactive Multimedia Jukebox) [3] is aWeb-based interface for requesting and scheduling ofcartoons and movies. Sessions can currently be playedout on one out of three di�erent channels, of which twoonly can be viewed locally at the server-site. Only onesession can be viewed at a time per channel, and oncea session is started the session can not be controlledvia the Web-interface.RTPPlay and RTPRecordRTPPlay and RTPRecord is part of the RTPTools-package [14]. These simple command-line tools givesthe functionality of saving and playing RTP-sessions.The tools are used in the Interactive Multimedia Juke-box (see above).2 The mMOD systemThe mMOD (multicast Media-on-Demand system)is a system for recording and playing MBone sessionsto a number of receivers. The mMOD can be con-trolled using a command-line interface or a World-Wide Web based interface.The mMOD consists of two separate programs, theVCR and the Web-controller.2.1 The VCRThe VCR is a stand-alone program for recording IP-packets on either UDP- or RTP-level. Recording onUDP-level means that it only stores the received pack-ets without trying to parse them or rearrange themin any way. This is useful if data of unknown for-mat is transmitted. Recording on RTP-level meansthat the VCR parses the RTP-header of each incom-ing packet and checks for duplicates and out-of-orderpackets. The recorder can record data arriving eitherin unicast or multicast.The VCR can of course playback these recordingson either UDP- or RTP-level. Playback on UDP-levelmeans that an exact copy of the original tra�c (samevariance between packets, same duplicate packets andsame lost packets) as seen by the recorder is achieved.If the session is played back on RTP-level, the playertries to be smart and send packets based on their orig-inal time-stamps. This solves the problem of havinga transport path from the original sender with a highvariance in the transport delay. The recorder also re-arranges packets depending on their sequence-numberin the RTP-header.

VCR optionsThe recorder and player has a number of op-tions which make recording and playback easier1.Recording-options:� Source-host �ltering: Only record tra�c from aspeci�c host. Useful for selecting tra�c from aspeci�c member of a session or if RTCP2-feedbackfrom other listeners is unwanted.� Wait: Do not start recording RTCP tra�c untilthe �rst data-packet has been received. This canbe speci�ed per medium and lets one medium bein charge of the session. This is very useful if ameeting is to be recorded where several users starttransmitting video before the meeting starts butdo not say anything. In that case you do notwant the recorder to trigger on the video-streambut the audio-stream.� Sender-timeout: Stop recording if no data hasbeen received for a certain amount of time. Thiscould be followed by a new wait or the recorderexits when all media in a session has timed-out.� Append: Append incoming data to the speci-�ed media-�les instead of erasing them beforestarting the recording. A special marker, the A-marker, is stored at the boundary between therecordings (see the marker-option for playbackbelow). This could be used for recording severallectures/meetings in the same �le.Playback options:� Receiver-timeout: Stop playback if we do not re-ceive tra�c (control or data) from any receiver.This is followed by an optional wait-period beforethe player exits. If tra�c is received during thewait-period the playback is resumed.� Marker: Start playback at a special point in therecording based on markers. This lets the userselect where to start the playback (see section\Data format" on page 3 for more informationabout markers).� Time: Start playback at a certain amount of timeinto the recording. Good for resuming an earlierplayback.1Of course, all of these options are not speci�c to mMOD,but can be found in some existing on-demand applications2RTP tra�c actually consists of a data- and a control-stream. The control-stream (RTCP) contains informationabout the tra�c of the session and minimal membership-information.2



� Max silence: Skip silent parts which are longerthan a speci�ed max silence. Silence means thatno data is being sent. This can be speci�ed for thewhole session (every medium has to be silent) orlet one medium control the other. This is usefulwhen a session consists of e.g. audio and videoof a meeting where the participants have taken abreak without stopping the video-transmission.Address-speci�cationThe addresses to record from and play to can bespeci�ed in two ways; either by mappings or as a SDP-�le (Session Description Protocol) [15] which is theway sessions are announced on the MBone today.A mapping is a string consisting of the media, theaddress and port, e.g. audio=224.3.4.1/4398.The SDP-�le can be stored locally or on a WWW-server and be speci�ed by an URL. The later is useful ifthe recorder is used together with the mSD (multicastSession Directory) [9], a WWW-based MBone sessiondirectory.VCR communicationThe mMOD runs as a completely distributed sys-tem with no information about each VCR stored ondisk. Instead, running VCRs are located using multi-cast. Each VCR listens on a known group/port pairfor messages. If a message is an alive-message eachVCR sends a response (via the same multicast-group)containing information about that VCR. This infor-mation contains a unique identi�er, the name of thesession, the owner (the user who created the session),if it is playing or recording, the media involved and acontrol-port.The VCR can be controlled in two ways; either bysending multicast-messages addressed to a VCR usingthe unique identi�er, or by connecting to the VCRusing a TCP-connection3 to its control-port. The �rstmethod is used by the Web-controller.A VCR understands the following commands; stop- stop the session and exit, pause - pause the record-ing/playback, continue - continue after a pause, skipX - jump X number of A-markers (see above) whereX can be both positive and negative, rewind - jumpto the beginning of the session and jump Y - jumpY milliseconds in the session where Y can be bothpositive and negative. Information about the currentstate (e.g. if it is playing and where in the session itis currently) of the VCR can also be retrieved.If the owner of a session (the user who started theplayback) controls a session with several receivers, all3We currently use TCP to get a reliable control-channeland initial tests indicate that the extra delay due to TCP-characteristics are not a problem for the user.

receivers will see the same change in the playback.Currently, we do not have any plans to incorporatefunctionality for group-switching as described in [12].Also note that there is no major bu�ering4 donein the clients and that e.g. a fast-backward actionimplies that already viewed data is retransmitted tothe client.Data formatEach recorded data-stream is stored in two �les,a data-�le and an index-�le. The data-�le containsthe data- and control-packets in the original session.It also contains the time-stamp of when the packetarrived. The index-�le contains byte-o�sets into thedata-�le to make random access of the data faster.The index-�le also contains information about theoriginal session.A recording can also include an optional third �le, amarker-�le. This �le contains provider-created mark-ers which can be compared to book-marks in a book.It allows for the viewer of a session to jump to certainpoints in the session. This could be parts in a movie,a lecture series or it could be markers for each newslide in a presentation.When designing the mMOD, experiments withdata-compression were conducted using simple �lecompression. The gzip-format was used (compressionof audio and video data gave about 10% storage-gain,and other media, such as whiteboard, gave up to 90%gain). The VCR can be instructed to use the gzip-compression method but it is default o�.2.2 The Web-controllerThe Web-controller is a program that acts as theWeb-interface of the mMOD system. Using this inter-face new sessions can be started, running sessions canbe viewed and controlled and a user can join a runningsession.Starting a new sessionAvailable sessions are con�gured easily in a con-�guration �le which the Web-controller parses eachtime it is started. From this list of sessions an HTML-page containing the available sessions and informationabout them is automatically created.The user can be select which session to start andis then presented by an HTML form. This formincludes questions about how the session should beplayed back and where to play it to. A session canbe played back using unicast or multicast. The play-back destination can be speci�ed in three ways; theuser can enter all necessary address-information into4This is usually done in set-top-boxes to make fast-forwardand backward easier.3



the form, the Web-controller can make a random se-lection of address-information for the user, or an pre-viously announced session can be selected from a listof known sessions. Information about known sessionsis retrieved by the Web-controller from either the mSD(multicast Session Directory) [9] or from the cache ofan SDR (MBone Session directory tool) [16].A new session is started in paused mode by defaultto give the receivers a chance to start the necessarytools for receiving the session.Sessions are also by default started with a receivertimeout of 5 minutes, i.e. if no feedback is receivedwithin this period the player exits.The user starting the session can also choose tostart only one or more media out of all available me-dia.Session controlInformation about running VCRs can be displayedon user request. The user can choose to view informa-tion about all running VCRs or just the VCRs startedby that particular user. The information is presentedusing an HTML-page.From this HTML-page, a VCR can be controlledusing the Web-controller (by links in the HTML-page)or by a Java-applet that connects directly to the VCR.The Java-applet displays a text-window contain-ing information about the VCR and a set of control-buttons (much like a normal VCR). A shorter responsetime is achieved, by using an applet to control theVCR instead of using the Web-controller.Due to the Java security restrictions in Web-browsers, an applet can only make an IP-connectionto the host it was downloaded from. This might be-come a problem if VCRs are running on several ma-chines and the administrator does not want to starta Web-server on each of these machines. In mMODthis is solved by including a very minimal HTTP5-server in each VCR. The HTTP-server is integratedinto the VCR on the same port as the control-portand the VCR chooses di�erent functionality for therequest depending on if it is a HTTP-request connec-tion or a control-connection.A distributed HTML-presentation system calledmWeb [10] can be used to control a session if it con-tains slides presented using mWeb. By selecting a slidein mWeb the VCR is instructed to start playing backfrom where the slide was �rst presented.Joining a sessionA user can join a session either by starting the nec-essary tools by hand, or by selecting the launch-link.5HTTP is the protocol used on the WWW for retrievinginformation objects.

This launch-link will send back an SDP-�le contain-ing all necessary information for joining the session.If the web-browser is correctly con�gured for handlingthe MIME-type application/x-sdp the session can bejoined using the mLaunch program [8].mLaunch is a program that parses an SDP-�le andstarts corresponding tools for joining and receiving thesession.2.3 Security issuesWhen a session is started the user can specify anoptional user-name and password that will be usedto protect the VCR from unauthorized usage. Eachuser that wants to control that particular VCR mustthen identify himself with the correct user-name andpassword before being able to control it.If no user-name and/or password is speci�ed theVCR is by default protected from all requests comingfrom other hosts than the original start request.These passwords can be overridden by a special ad-ministrator password with higher priority. This to al-low the administrator to stop and control VCRs.2.4 Random access in playbacksA VOD-system usually only includes continuousmedia such as audio and video. These kinds of me-dia are very easy to play back when random accessis involved as the player can just ignore the skippedparts and start playing from the new position in thedata.For other media that are not as continuous as au-dio and video, i.e. whiteboard data, the situation ismuch more complex. Here special measures have to betaken for each new medium. In the case of whiteboarddata, a fast forward means that all skipped data mustbe played immediately to get a WhiteBoard that is upto date. In the case of fast backward the player wouldwant to undo an earlier playback and start playing atan earlier point in the �le. This is however not pos-sible unless the player has some semantic knowledgeabout the data-stream. (If the player had this knowl-edge, it could parse the data-stream and send undocommands, i.e. delete undoes a draw. to revert to anearlier point in the playback.)In the current implementation (see section 3) theplayer skips intermediate parts for media with thenames6 audio or video and plays intermediate partsfor all other media.Most audio/video MBone applications include a dy-namic playback bu�er based on the jitter in the arrivalof data-packets. If random access is done on IP-level(i.e. not changing the RTP-packets), the jitter-bu�er6The player relies totally on the name and does not try toparse the data-stream to �gure out its type.4



calculations will become incorrect and the client mightdecide to just drop the packets or delay longer thanneeded. To solve this, the session has to be playedback on RTP-level and the server has to change thetime-stamp in each packet before retransmitting them.Another solution, that works quite well, is to minimizethe jitter-bu�er in the client7.2.5 Server resourcesAs with any Video/Media-on-demand system, re-sources are always limited. The mMOD-system limitsboth the number of total concurrent playbacks andthe number of concurrent playbacks requested by aspeci�c host. This unfortunately creates an unbalancebetween sites where all users access the Web through aproxy-server (for cache- or security-reasons) and siteswhere each user accesses the Web directly.3 Implementation and StatusAs one of the goals was to create a portable sys-tem, the Java programming language [5] was cho-sen. mMOD is completely written in Java version1.0.2 (with the necessary �xes for using multicast-ing [4]) and has been tested to run under both Win-dows95/NT4 and SUN-Solaris. The only requirementmMOD puts on the WWW-server is that is mustsupport the CGI (Common Gateway Interface) [2]for communication between the Web-server and themMOD Web-controller.The current prototype was developed and tested ona SUN workstation running Solaris.A number of di�erent media and applications aretoday supported by mMOD, including; any RTP com-pliant audio/video tool (VIC/VAT/RAT/FPhone),mWeb (a distributed HTML-presentation-system),the MBone WhiteBoard (WB) and the MBone sharedtext editor (NTE/NetTextEditor).More information about mMOD and the currentimplementation is available from [1].3.1 Further issuesA problem with existing MBone audio/video toolsis that there is no inter-media synchronization. Thismeans that if one medium gets delayed the presenta-tion can get unsynchronized.We would in the future like to include an easilyused media-editing tool which would allow content-providers to edit the content of a session.7This is done in the current implementation of mMOD byincluding a special attribute in the SDP-packet returned on alaunch-request. mLaunch understand this attribute and startsvic and vat with the jitter-bu�er set to a maximum of 1 second(see section \Joining a session" on 4).

The system has been used for a couple of monthsnow, mainly for storing electronic meetings and lec-tures in an under-graduate course in distributed mul-timedia. The initial feedback has been very positivebut any real user study is still to be done.4 Summary and ConclusionsIn this paper we have presented a system for record-ing and playback of MBone sessions including not onlyaudio and video but also several other media avail-able today. Playback can be requested easily througha Web-interface which allows for random access andcontrol of the playback. Available sessions are easilycon�gured by the content-provider.The system has been used for recording live ses-sions on the MBone, movies played used the MBonetechnology as-well as distributed meetings with greatsuccess.The initial feedback from users of the system hasbeen very positive.AcknowledgmentsThanks to H�akan Lennest�al, Johnny Wid�en and Ul-rika Wiss, CDT, for interesting comments and niceencouragement and feedback.This work was done within Esprit project 20598MATES, which is supported by the Information tech-nology part of the 4:th Framework Program of theEuropean Union. Support was also provided by theCentre for Distance-spanning Technology (CDT).References[1] The multicast Media-on-Demand system, PeterParnes <URL: http://www.cdt.luth.se/~peppar/progs/mMOD/>[2] Common Gateway Interface, NCSA <URL:http://hoohoo.ncsa.uiuc.edu/cgi/>[3] The Interactive Multimedia Jukebox Project,Kevin C. Almeroth, Mostafa H. Ammar <URL:http://www.cc.gatech.edu/computing/Telecomm/IMJ/>[4] Java multicast �xes, Peter Parnes <URL:http://www.cdt.luth.se/~peppar/java/>[5] JavaSoft Inc., Java, Technical Report, 1996,<URL:http://www.javasoft.com/>[6] The MBone information web, <URL:http://www.mbone.com/>[7] The MBone VCR, Wieland Holfelder, <URL:http://www.icsi.berkeley.edu/mbone-vcr/>5
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