MODELS, MEDIA AND MOTION: USING THE WEB TO SUPPOR T MULTIMEDIA DOCUMENTS

DICK C.A. BULTERMAN CWI: Centrum voor Wiskunde en Informatica Kruislaan 413, 1098 SJ Amsterdam, Netherlands

The World-W ide Web has been used extensively to pr esent hypertext documents that have a limited mixtur e of text and simple graphics which ar e distributed via the public Internet. The performance characteristics of the Internet have made the delivery of complex multimedia documents (that is, documents that include time-based components) dif ficult. An ef fort is curr ently underway by members of industry , resear ch centers and user gr oups to define a standar d document format that can be used in conjunction with time-based transport pr otocols over Inter - and Intranets to support rich multimedia pr esentations. This paper outlines the goals of the W3C’s Synchr onized Multimedia working gr oup and pr esents an initial description of the first version of the pr oposed multimedia document model and format.

1 Introduction

The World-W ide Web is generally seen as the embodiment of the information infra-str uctur e in today’s information age. The W eb’s clever application of traditional technologies and its universal acceptance among a wide range of users has pr ovided an information sharing backbone that is unique in history . The success of the W eb is based lar gely on the use of a simple document format [8] and a straightforwar d (sub)document transfer pr otocol [9]. Using nothing mor e than a text editor and (if possible) an existing document as an example, even the most novice users can cr eate complex hypertext documents which, using a fetch-and-stor e transport pr otocol, can be accessed from a variety of client computers acr oss the W eb.

The simplicity of the W eb’s structur e is both a blessing and a pr oblem. It has been a blessing because it has allowed a wide range of users to participate in the information infra-str uctur e. Unfortunately , this simplicity has also limited the types of information that can be placed in W eb documents. In a age wher e even low-end PCs have some support for audio and often video media, the W eb has of fered little or no support for fetching and displaying such time-based media items thr ough standar d document interfaces. HTML documents cannot expr ess the synchr onization primitives r equir ed to pr ovide a coor dinated pr esentation, and the HTTP protocol cannot pr ovide the guaranteed delivery of time-based media objects r equir ed for continuous media data.

The development of Java extensions to HTML, known as Dynamic HTML [5], provide one appr oach to intr oducing the necessary synchr onization support into W eb documents. This appr oach has the advantage that the author is given all of the contr ol offered by a pr ogramming language in defining interactions within a document; this is similar to the use of the scripting language Lingo in CD-ROM authoring packages like Dir ector [6]. Such an appr oach has the disadvantage that defining even simple synchr onization r elationships becomes a r elatively dif ficult task for W eb users who have little or no pr ogramming skills—the vast majority .

An alternative to using a pr ogramming language is the use of a declarative multimedia document format. In such a format, the contr ol interactions requir ed for multimedia applications ar e encoded in a text file as a str uctur ed set of object r elations. The first system to pr opose such a format was CMIF [2],[3],[4]. Other mor e recent examples ar e RTSL [17] and MADEUS [10].

In this paper , we describe a new declarative format for W eb-based multimedia applications. This format is being developed by the Synchr onized Multimedia working gr oup of the W3C. While the development of the format is still in its formative stages, a r eview of the principles of this work can be useful to developers and r esear chers who ar e inter ested in the general dir ection of multimedia support for the WWW.

Section 2 pr esents backgr ound material that is useful in understanding the transfer of multimedia data in open networks. W e begin with a short description of a typical W eb-based application (the W eb News), and then follow with a description of the infrastr uctur e that can be used to actually transmit document components. This section closes with mor e backgr ound on the W3C SYMM working gr oup. Section 3 pr ovides an overview of the major aspects of the evolving format for describing multimedia applications. Her e, we consider the encoding of temporal and spatial aspects of a pr esentation, as well as some r udimentary specification of alternate behavior based on characteristics of the pr esentation envir onment. W e also consider the initial support planned for hypermedia aspects of documents. Section 4 closes with a discussion of open issues and r elated work.

2 Web-Based Multimedia: Environment and T ypical Applications

This section pr ovides backgr ound information that will help define the types of applications and the support envir onment expected for first-generation Web-based multimedia documents. W e begin with the description of a typical example, we then discuss the intended operational envir onment and close with a description of the W3C SYMM working gr oup.

2.1 A Sample Document: The Web News

Multimedia applications have the general characteristic that they integrate a strong notion of time in a pr esentation. This is a suf ficiently br oad definition to encompass a wide range of applications, but it per haps too br oad to be of any gr eat value for building a simple support mechanism for anything as anar chistic as the WWW. In order to focus our attention on the class of applications that this paper concerns itself with, we pr esent an example of a generic W eb application: that of a network newscast.^a

Several media objects can be defined that can make-up such a newscast. Let us assume that, for whatever r eason, the objects shown in Figur e 1 have been selected to make up the pr esentation. For purposes of this example, we do not car e how each of these objects have been cr eated, nor do we car e wher e they ar e stor ed. What we do car e about is that they have not been pr epackaged into a composite object that is fetched fr om a single sour ce.

While storing the audio and video as separate objects will incr ease the synchr onization bur den on the playback envir onment, it incr eases the flexibility of the over -all pr esentation. One could conceivably substitute one audio track for another without having to r ebuild the entir e application. (This can be useful in multi-lingual envir onments.) Such substitution is not to be taken lightly , however , since often some form of content-based synchr onization will may r equir ed among data objects.

Figur e 2 shows two views of the newscast example, taken at dif ferent times in the pr esentation. On the left side, we see a portion of the intr oduction of a story on the gr owth of the W orld-W ide Web. In this portion, the anchor is describing how sales of authoring softwar e are expected to rise sharply in the next six months. Figur e 2(b) shows a point later in the pr esen-

aIn 1991, as part of the first public CMIF paper , a network newscast was also used as a pr ototypical example. Sometimes the electr onic world moves as slowly as the r eal one!

Figur e 1: Media objects for use in (part of) a W eb-based newscast.

growth graph video

remote video anchor audio anchor

text remote audio remote text anchor

ID remote ID anchor

Story ID

A

A

A tation, when the anchor is chatting with a r emote corr espondent in Los Angeles, who is describing how local Hollywood stars ar e already planning their own audio/video homepages on the W eb.

The pr esentation described up to this point is dynamic in terms of content, but static in terms of str uctur e—the entir e presentation is played as if it were a single, composite object. A mor e inter esting extension of this example is given in Figur e 3. Her e we see the r esult of ‘clicking’ on the anchor: in addition to the pr esentation we first saw , an additional window has popped up which contains the anchor ’s home page. The ability to incorporate links to other pieces of content in the pr esentation transforms the static semantic structur e in to a dynamic one, which is a powerful mechanism for cr eating complex pr esentations.

A total description of the implementation details of the W eb newscast is beyond the scope of this paper . We will, however , refer to it as a r unning example in the sections below .

Figur e 2: Two views of the W eb newscast.

Live from Amsterdam

Dick Bulterman

Top Stor y:

Growth of the World-Wide Web

Amsterdam

Los Angeles

(a) Early in the Stor y (b) During the Remote Repor t

Figur e 3: Augmenting information during the news.

2.2 The Execution Environment

Presentations of the type discussed in the pr evious sessions can be transmitted over any type of network infrastr uctur e, including the null infrastr uctur e: CD-ROM . In a CD-ROM envir onment, it is possible to analyze standar d system characteristics to determine the feasibility of pr esenting a document on a particular system. In a networked envir onment, this is often impossible. Especially in connectionless networks, authors cannot know ahead of time how many transport r esour ces will be allocated to any one server -client data str eam; this pr oblem incr eases when each piece of data is saved as a separate object on separate servers.

In order to bring or der into the chaos of sending time-r estricted data over the Internet, the Internet Engineering T ask For ce (IETF)[7] has been developing a number of pr otocols that can serve to better manage the transfer of information between clients and servers. These include pr otocols for r esour ce reservation, r eal-time transport, r eal-time contr ol and r eal-time str eaming of data. The deployment of some of these pr otocols is just starting to become a reality over IP-based public networks. While it is not clear if all of the pr otocols will be supported by all components of the network infrastr uctur e—the universal acceptance of r esour ce reservation seems doubtful—ther e is a concerted ef fort underway to augment the strict fetch-and-buf fer appr oach used by HTTP.

Figur e 4 shows the general r elationship of these pr otocols to one-another . IP and UDP are standar d pr otocols fr om the Internet suite. They ar e often implemented within the operating system kernel or as part of particular network device contr ollers. The other pr otocols ar e curr ently implemented as part of the application itself, rather than as part of the low-level operating system support. This is pr obably a transitional situation.

RSVP [12],[13] is a resour ce reservation pr otocol that was designed for uni-dir ectional multicast applications, but which also could be used for sim-

Basic Internet Connectionless Suppor t (IP)

Resour ce

Datagram Suppor t (UDP)

Figur e 4: Types and r elationships among network pr otocols for multimedia.

Reser vation Suppor t (RSVP)

Real-Time Transpor t Suppor t (RTP) RTP Control Suppor t (RTCP)

Real-Time Streaming Suppor t (RTSP)

plex unicast applications. As part of application initialization, a r equest can be made of intermediate network components to r eserve r esour ces at a particular quality of service (QoS) level for the lifetime of the application. Fr om a Web perspective, the most inter esting aspect of RSVP is that it is the first serious attempt at defining a network-wide r eservations scheme. While it seems unlikely that RSVP will play a major short-term r ole in public networks, it may be a useful tool within Intranets for guaranteed end-to-end bandwidth allocation.

RTP [15],[16] and RTCP [14] are the Real-time Transport Pr otocol and the RTP Control Protocol, respectively . Together they form a pair of transmission pr otocols that can serve as the basis for supporting time-based data delivery . While it may be natural to expect that a r eal-time pr otocol pr ovides services to guarantee r eal-time (or on-time) packet delivery , this is not the case with RTP/ RTCP. Instead, these pr otocols pr ovide a framework and a set of building blocks with which a given application can cr eate its own servicing algorithms to support on-time delivery of data packets. In this way , the particulars of the application and the data types being transferr ed can be used to determine the best support strategy , rather than r elying on RTP/R TCP providing a ‘one size fits all’ type of service.

In practice, both RTP and RTCP make use of a local transport pr otocol to actually ship data between the sour ce and destination(s) of a transfer . RTP/ RTCP support unicast and multicast transfers if the underlying transport mechanism does as well. RTP is a packaging pr otocol that allows application data to be time-stamped and wrapped inside transport-level packets, such as those pr ovided by UDP . From time-to-time, RTCP packets ar e sent between the sour ce and destination(s) with transfer statistics. These can be used by the sender/r eceiver to adjust the manner in which data is buf fered at either end of the transfer , or it can be used to dynamically select appr opriate data encodings—but only if this is supported by the application itself.

RTSP [18] is a relatively r ecent str eaming pr otocol that can be integrated with the pr otocols discussed above. (A str eaming pr otocol is one that does not wait for an entir e object to be deliver ed befor e rendering can begin.) As with RTP, RTSP does not a complete str eaming solution; rather , it pr ovides a framework in which applications-level str eaming support can be implemented. T o date, RTSP has been used commer cially by Pr ogressive Networks as part of their RealAudio/RealV ideo suite [1 1].

Having a set of transport and contr ol pr otocols is an essential basis for supporting multimedia applications, even if these “pr otocols” pr ovide only skeleton services. For the work described in this paper , these skeletons pr ovide a common starting point.

2.3 Goals of the W3C Synchronized Multimedia Working Group

Until the beginning of 1997, ther e was no coor dinated ef fort for nonproprietary multi- and hypermedia support thr ough the W orld-W ide Web. In February of that year , the WWW Consortium (known as W3C [21]) initiated a working gr oup on synchr onized multimedia [22]. The SYMM working gr oup was formed to develop a specification which carries the working title of (H)MML , or the (Hyper -) Media Markup Language [23]. b

The development of (H)MML grew out of a r ealization that a lar ge class of hypermedia applications could (and pr obably should) be r epresented in a declarative format rather than as a computer pr ogram or high-level script. A declarative specification is often easier to edit and maintain than a pr ogrambased specification, and it can potentially pr ovide a gr eater degr ee of accessibility to the network infrastr uctur e by reducing the amount of pr ogramming requir ed for cr eating any particular pr esentation. The success of HTML for hypertext documents has demonstrated the willingness and ability of W eb users to cr eate documents using a simple, str uctur ed format. In many ways, (H)MML builds on this concept.

The W3C SYMM group has r estricted its attention to the development of a common format, without specifying any particular playback or authoring envir onment. At pr esent, appr oximately ten or ganizations have indicated an inter est in developing pr ototype play-out envir onments. Ther e also has been some support for developing or adapting authoring envir onments to generate (H)MML encodings.

3 (H)MML : Structured Document Format Specification

This section pr esents a summary of the pr oposed document format that is being developed by the W3C SYMM working gr oup. W e begin with a statement of the general characteristics of the format, and then consider the format’s major components: • temporal specifications: mechanisms to encode the temporal str uctur e of the application and the r efinement of the r elative start and end times of events;

• spatial specifications: the primitives pr ovided to support simple document layout;

• alternative behavior specification: the primitives to expr ess the various

bAs of this writing, the name used within the working gr oup is MML. Since this name is already in use for other formats, I have added the (H) pr efix to uniquely identify the format. This name may be changed upon public r elease of the specification.

optional encodings within a document based on systems or user r equir ements; and • hypermedia support: mechanisms for linking parts of a pr esentation. Each sub-section starts with a statement of general principles and then a description of the model components.

The goal of (H)MML is to pr ovide a declarative, text-based encoding of the behavior of hypermedia applications. Once encoded, the document should be able to be played on a wide-range of (H)MML browsers. Such browsers may be stand-alone pr esentation systems that ar e tailor ed to a particular user community or they could be integrated into standar d br owsers.

3.1 Media Objects

Perhaps the most fundamental aspect of (H)MML is that it is an integrating format. Unlike HTML, an (H)MML document contains only str uctur e and media object description information—it does not contain any data associated with the objects themselves. The display softwar e for (H)MML documents (either stand-alone players or adapted br owsers) must be able to render the individual data components based on the description in the (H)MML file. The use of an integrating format is essential for multimedia applications: unlike text, even the most trivial audio or video object can contain massive amounts of data. Storing these items within the document would make its size unmanageable.

References to individual media objects ar e made via media object instance specifiers. These ar e of the general form:

<{type} SRC=”{protocol}:{location}/{name}” {attributes}>

wher e type indicates the type of data (such as text, image, video, etc.), the

SRC field pr ovides the familiar object r eference, and the attributes fields

provide details that ar e discussed below .

3.2 Temporal Specifications

If we wer e to define the W eb Growth story outlined in 2.1 in terms of its over - all str uctur e, we would wind up with a r epresentation similar to that in Figur e 5. Here we see that the story starts with a opening sequence (per haps containing a logo and a title), and ends with a similar closing segment. In between is the “meat” of the story . It contains an intr oduction by the local anchor , followed by a r eport by the r emote corr espondent, and then concluded by a wrap-up by the local anchor . This ‘table of contents’ view defines the basic str uctur e of the story . It may be r eusable, in that many stories may be similarly str uctur ed.

This str uctur e view, without any r eferences to particular media objects, does not pr ovide suf ficient detail to describe an example, but it can be used to define a general sequence of story elements. A mor e common view of an application is shown in Figur e 6, wher e we see a timeline of the W eb Growth story. Rather than illustrating str uctur e, this view shows each of the compo-

opening

local anc hor setup

remote correspondent

local anc hor wrap

close

Figur e 5: The str uctur e of the W eb Growth story . (Time flows fr om top to bottom.)

growth

A

A story A

anchor segments

remote segments standard segments

Figur e 6: A timeline view of the W eb Growth story . (Time flows fr om left to right.)

nents and their r elative start and end times. (Note that, as part of the initial anchor setup, a r eference is made to a graph that is active during only a part of the pr esentation.) While timelines pr ovide an ef fective graphical r epresentation of an application—so long as that application is not too complex—it is not a useful basis for encoding an application in a portable manner .

The timeline view does pr ovide an insight into the actual temporal r elationships among the elements in the pr esentation. Wher e Figur e 5 assumed that the opening segment occurr ed entir ely befor e the first anchor segment, we see that ther e is actually some overlap of the opening text and the anchor audio and video. The r emaining str uctural partitioning r emains corr ect, although it is clear that within each element a number of media events occur in parallel or sequentially .

If we wer e to combine the str uctur e and timeline views, we might end up with the r epresentation shown in Figur e 7. This r epresentation shows that the story is made up of a number of events that occur sequentially or in parallel. Within the parallel events, some start at the exactly the same time, while others start at an of fset relative to each other .

As with the timeline, a str uctur e diagram is an unhandy way to encode a portable document. Instead, the (H)MML format uses the following two str ucturing elements, taken fr om CMIF:

<seq> ... </seq>: A collection of objects that occur in sequence.
<par> ... </par>: A collection of objects that occur in parallel.

Elements defined within a <seq> group have the semantics that a successor element is guaranteed to start after the completion of a pr edecessor element. Elements within a <par> group have the semantics that, by default, they all start at the same time. Once started, all elements ar e active for the time

open & local

remote

local anc hor

close

A

A

A

A

A

A

A

anchor setup

segment

wrap

Figur e 7: The revised str uctur e of the W eb Growth story .

determined by their encoding or for an explicitly defined duration. Elements within a <par> group can also be defined to end at the same time, either based on the length of the longest component or on the end time of an explicit master element. Note that if objects within a <par> group ar e of unequal length, they will either start or end at dif ferent times, depending on the attributes used to define the gr oup.

The str uctural elements can be nested to describe applications of arbitrary complexity . A partial encoding of our example story is shown in Figur e 8. (Note that the syntax of the object r eferences is generalized to impr ove readability .) The encoding shows that the W eb Growth story contains a sequence of parallel gr oups, some of which contain nested <seq> and <par> elements. In the first <par>, we see that the text object story_heading is presented in parallel with the initial anchor setup. This setup consists of an audio and video str eam that is played in parallel, along with a sequence of media objects: a text label, followed by an image and then a text label.

If we compar e Figur e 8 with Figur e 7, we see that the (H)MML encoding as it is pr esented gives only the coarse str uctur e of the application’s temporal

<mml>
   <seq>
      <par>
        <text src=“story_heading.html” />
        <par>
          <video src=“rtsp:local_anchor.mpg” />
          <audio src=“local_anchor.aiff” />
          <seq>
             <text src=“anchor_name.html” />
             <image src=“growth_graph.gif” />
             <text src=“anchor_location.html” />
          </seq>
        </par>
      </par>
      <par>
        <seq>
          <video src=“rtsp:rem0.mpg” />
          <video src=“rtsp:rem1.mpg” />
        </seq>
        <seq>
          <audio src=“rtsp:rem0.aiff” />
          <audio src=“rtsp:rem1.aiff” />
          <audio src=“rtsp:rem2.aiff” />
        </seq>
      </par>
. . .
   </seq>
</mml>

Figur e 8: The basic encoding of the W eb Growth story .

relationships. For example, the actual overlap between the story_heading and the anchor audio/video tracks is minimal. The timeline also shows that the display of the label anchor_name is to happen shortly after the anchor appears in view . Also, the image web_growth in the nested <seq> group needs to appear on the scr een when the anchor r efers to it in the story . To handle these types of situations, (H)MML provide thr ee types of timing contr ol relationships: • explicit durations: a DUR=”time” attribute can be used to state the pr esentation time of the object;^c • absolute offsets: the start time of an object can be given as an absolute of fset from the start time of the enclosing str uctural element by using a

BEGIN=”time” attribute;

• relative offsets: the start time of an object can be given in terms of the start time of another sibling object using a BEGIN=”object_id + time” attribute.

(Unless otherwise specified, all objects ar e displayed for their implicit durations—defined by the object encoding or the length of the enclosing

<par> group.)

The specification of a r elative start time is a r estricted version of CMIF’s sync_arcs [4] to define fine-grain timing within a document. At pr esent, only explicit time of fsets into objects ar e supported, but a natural extension is to allow content markers, which pr ovide content-based tags into a media object.

If we use the attributes defined above, the initial part of the application’s encoding can be r e-written as illustrated in Figur e 9.

cThe syntax used to expr ess time is still under discussion within the gr oup.

<mml>
   <seq>
      <par>
        <text dur=”8.2s” src=“story_heading.html” />
        <par sync>
          <video src=“rtsp:local_anchor.mpg” />
          <audio id=”a1” src=“local_anchor.aiff” />
          <seq>
             <text begin=”2.0s” dur=”3s” src=“anchor_name.html” />
             <image begin=”a1+12.3s” dur=”3.6s”
                 src=“growth_graph.gif” />
             <text src=“anchor_location.html” />
          </seq>
        </par>
      </par>
. . .
   </seq>
</mml>

Figur e 9: The refined encoding of the W eb Growth story .

3.3 Layout Specifications

Since HTML is based on a text flow model, one of its advantages is that an author is able to define a pr esentation without worrying about the exact positioning of individual objects in that pr esentation. The actual “look and feel” of the document was determined at r un-time depending on the scr een space allocated to the br owser and on user pr eferences. This de-coupling of content and pr esentation led many in the SYMM group to consider presentation layout to be beyond the scope of the format. While some relationship does exist between the timing hierar chy and the ultimate presentation layout, it became clear that, for multimedia applications, extra facilities wer e requir ed to determine the r elative positioning of media objects.

A generalized solution to pr esentation layout was still consider ed outside the scope of the format, but it has been agr eed that, to support some form of inter -operability among the potential variety of (H)MML players, some r udimentary form of layout contr ol is requir ed. To this end, it was decided that four types of layout schemes would be supported by the format: • the null (default) layout: a layout scheme that is appr opriate for very simple documents (those containing one video and one audio, each of which consume all of the available r esour ces);

• a bare-bones basic layout: basic positioning is supported, without trying to solve the general layout pr oblem;

• a hook for external layouts, with(H)MML as the master: an (H)MML document forms the basis of a pr esentation, but which uses facilities available in a particular player;

• a hook for external layouts, with (H)MML as the slave: an external player starts an (H)MML document as part of a lar ger pr esentation.

It was further agr eed that all (H)MML render ers should support the same semantics for default and basic layout—thus pr oviding a means for maintaining compatibility—and that each r ender er would also have the option to support its own master or slave layout semantics. The cr eator of an (H)MML document would be fr ee to choose the layout scheme which met the application’s needs.

The general capabilities of the mml-basic layout specification is given in Figur e 10. Each visible or audio object is r ender ed to a layout channel. (These

and Z H W x,y

Figur e 10: MML-Basic layout.

channels have their r oots in similar constr ucts used in CMIF and RTSL.) A channel is an abstract entity that can describe scr een space, audio channels, or any other r endering r esour ce. Associated with a scr een channel ar e x, y coordinates that define the upper -left anchor point of the channel, plus a

HEIGHT and WIDTH, measur ed in pixels or per centages. Channels also have an

integer Z depth associated with them, with gr eater values indicating objects that ar e closer to the viewer . As such, the channel is a r eusable, indir ect reference to a set of pr esentation coor dinates. Figur e 11 shows the channel map associated with a part of the W eb newscast. This portion has six visible channels (plus associated audio channels). The pr esentation of all channels is managed by the r ender er.

Each media object instance contains a channel r eference:

<video href=”rtsp:anchor.mpg” channel=”anchor”>

which r efers to a similar tag in a layout specification. The layout specification itself has the form shown in Figur e 12. In or der to accommodate systems that

Top Stor y:

Growth of the World-Wide Web

Amsterdam anchor:mpeg

t_anchor:html

r_title:html remote:mpeg backdrop:image title:html

Los Angeles

Figur e 11: A channel partitioning within the W eb news application.

<mml>
   <layout type=”text/mml-basic”>
      ...
      <channel name=”anchor” x=”50%” y=”100” z=1
        height=”256” width=”256” />
      ...
   </layout>
   <seq>
. . .
      </par>
   </seq>
</mml>

Figur e 12: Defining layout specifications.

have richer (or poor er) layout semantics than mml-basic, an alternative layout definition scheme is pr ovided. This is discussed in Section 3.4.

If a particular media object has a “natural” height and/or width, these values can be left unspecified. Car e must be taken to make sur e that objects of undefined size ar e bound to a particular scr een ar ea; if not a situation such as that illustrated in Figur e 13 could occur .

3.4 Alternate Behavior Specifications

If the pr esentation infrastr uctur e for an (H)MML file wer e known befor ehand, one file could be tailor ed to that envir onment easily . Unfortunately , this is nearly never the case in the W eb. Clients will access a document fr om a wide range of locations, and will encounter a wide range of transmission and server delays.

Providing tr uly adaptive documents, that match their performance and appearance characteristics to the r esour ces available is a fascinating r esear ch topic. (It is fascinating in lar ge part because it is unsolved in the general case.) In the context of (H)MML it was felt that some form of support for adaptive behavior was r equir ed, even for simple first-generation documents.

The solution adopted by the SYMM gr oup was to pr ovide a means for defining alternate behavior within a document, but to r ely totally on the pr esentation envir onment to r esolve which of the alternatives would be selected at run-time. This selection could take place based on pr ofiles, user pr eference, or envir onmental characteristics. Clearly , specifying this type of behavior within the confines of an adaptive format is a challenging pr oposition.

As an example of specifying alternate behaviors, consider the following:

Amsterdam

Los Angeles

Top Stor y:

Growth of the

World-Wide Web

. . . blah blah blah blah

blah blah blah blah! B lah blah blah blah blah blah blah blah blah bla blah blah blah blah bla blah blah blah blah bla

blah blah blah blah bla blah blah blah blah bla blah blah blah blah...

Amsterdam

Los Angeles

Top Stor y:

Growth of the

World-Wide Web

. . . blah blah blah blah

blah blah blah blah! B

Figur e 13: Constraining layout r egions.

(a) unconstrained gr owth of an HTML text object (b) constrained gr owth of an HTML text object

<switch>
   <audio profile=bad_uk src=low-res.aiff />
   <audio profile=good_uk src=hi-res.aiff />
   <audio profile=bad_nl src=low-res.aiff />
   <audio profile=good_nl src=hi-res.aiff />
</switch>

In this fragment, we assume the pr esence of four alternate audio files. T wo of these files contain English-language audio, and two contain Dutch-language audio. A high r esolution and low r esolution version is available for each language. At r un-time, the player could evaluate the alternatives based on its own algorithms and select the alternative that is most appr opriate. Since all choices ar e semantically equal, any particular item can always be consider ed to be a “corr ect” choice (if per haps not optimal); as a r esult, a player could always choose to select the first alternative if it wished.

An example of the application of alternative is the use of multiple layout specifications in a document. Suppose that an author wanted to guarantee some measur e of compatibility acr oss all players, but that s/he also wanted to exploit the fancy featur es offered by a particular envir onment. In this case, the following specification could be used:

<switch>
   <layout type=”text/mml-basic”>
     . . .
   </layout>
   <layout type=”text/cmif”>
     . . .
   </layout>
</switch>

If the application was played on a non-CMIF player , then it could choose to use the mml-basic layout featur es. If it was played on a CMIF player , then CMIF’s multi-window functionality could be exploited.

3.5 Hypermedia and (H)MML

As the curr ent Web has demonstrated so ef fectively, a networked information infrastr uctur e is based in lar ge part on its ability to r eference related pieces of information fr om within a pr esentation. W ith HTML, this is a straightforwar d pr ocess: each document has a single focus (the br owser window or frame) and anchors and links can be easily placed within the document text. In an (H)MML presentation, the situation is much mor e difficult. First, the location of a given anchor may move over time—and even if it does not move, it still may be visible for only part of the object’s duration. Second, since (H)MML is an integrating format, conflicts may arise on ownership of anchors and the semantics of following any given link.

As an example of the pr oblems that can be encounter ed with links, consider the situation outlined in Figur e 14. Her e we see thr ee visible channels, one containing an embedded (H)MML presentation, and two containing HTML text. The top HTML text is a conventional page (with internal links) while the bottom HTML text (labelled next story) contains an (H)MML link. Since (H)MML integrates many pr esentation data types, it is important to know if following a link fr om any given anchor will r esult in intra-object or inter -object navigation. W e can identify thr ee situations in which a link can be defined: as a link defined by the containing (H)MML document, as a link defined by an embedded (H)MML document—that is, an (H)MML sub-docu-ment, or a link defined within a non- (H)MML component.

If the link is defined by a containing (H)MML document, such as the next story link, activation of the link af fects the pr esentation of the whole (H)MML document. This ef fect depends on the value of a SHOW attribute, which may have values: • REPLACE: the pr esentation of the destination r esour ce replaces the complete, curr ent pr esentation (this is the default);

• NEW: the pr esentation of the destination r esour ce starts in a new context (perhaps a new window) not af fecting the sour ce presentation; or • PAUSE: the link is followed and a new context is cr eated, but the sour ce context is not r eplaced but is suspended. If the link is defined by an embedded (H)MML document, such as by following the link placed over the head of the news anchor , activation of the link affects only the embedded (H)MML document. The ef fect depends on the value of the SHOW attribute as described above.

. . . blah blah blah blah blah [4] blah blah blah blah blah! Blah blah blah --

Figur e 14: Problems when integrating hyper -navigation and (H)MML.

blah blah blah. Blah blah blah? Blah! Blah blah blah, blah [5], [6], [7]. (Blah

: anchor in containing (H)MML document : anchor in embed ded (H)MML document

Live from Amsterdam

Dick Bulterman next stor y

: anchor in embed ded non-(H)MML fragment

If the link is defined by an non- (H)MML document which is embedded in an (H)MML document, such as following one of the r eferences in the text in the upper right of the figur e, link traversal can only af fect the pr esentation of the embedded component and not the pr esentation of the containing (H)MML document. This r estriction may be r eleased in futur e versions of (H)MML .

General support for hypermedia is a complex task. Inter ested r eaders ar e invited to study the appr oaches defined for the Amster dam Hypermedia Model [3], which serves as the basis for the curr ent (H)MML proposal.

4 Current Status and Future Directions

As of the writing of this article (late September , 1997), may of the details of the encoding of (H)MML were being finalized. For the latest version of the specification, inter ested r eaders should consult W3C’s web pages.

As part of the W3C appr oach to defining W eb standar ds, the format will be submitted to inter ested parties, who can choose to develop pr ototype implementations. (At pr esent some eight or ganizations ar e involved in developing pr ototype envir onments.) These implementations will be evaluated against a set of standar d application examples to determine the viability of the encoding format. The format—plus changes—will then be submitted to the full membership.

While the specific choices made in developing (H)MML are inter esting in their own right, per haps the most inter esting aspect of the format is that is can pr ovide a common base for futur e resear ch on various aspects of networked multimedia systems. Wher e in the past tr ue multimedia applications were could never inter -operate with r esear ch platforms, (H)MML provides a foundation that will allow comparative examples to be developed that can support experimental r esear ch. If this can be accomplished, then the work put into the development of the specification will be worth the considerable effort it has r equir ed.

Acknowledgments

The work of the W3C’s SYMM working gr oup was coor dinated by Philipp Hoschka of W3C/INRIA . A complete list of contributors is available at [22].

CWI’s activity in this pr oject is funded in part thr ough the ESPRIT-IV project CHAMELEON [1] of the Eur opean Union. Additional sour ces of funding have been the ACTS SEMPER [19] and the T elematics STEM [20] projects.

References

In the spirit of W eb-based information exchange, r eferences to publications have been given to r eports available via W eb servers as much as possible.

[1] CHAMELEON : An Authoring Envir onment for Adaptive Multimedia Pr esentations.

ESPRIT-IV Project 20597. See http://www.cwi.nl/Chameleon/. See also http://www.cwi.nl/~dcab/.

[2] D.C.A. Bulterman, R. van Liere and G. van Rossum : A Structure for Transportable, Dynamic Multimedia Documents (with R. van Liere and G. van Rossum), Proceedings of 1991 Usenix Spring Conference on Multimedia Systems, Nashville, TN, 1991 pp. 137-155. See also http://www.cwi.nl/~dcab/.

[3] L. Har dman, D.C.A. Bulterman and G. van Rossum: The Amsterdam Hypermedia Model: Adding Time and Context to the Dexter Model CACM 37(2), Feb. 1994, pp 50- 62. See also http://www.cwi.nl/~dcab/.

[4] D.C.A. Bulterman: Synchronization of Multi-Sourced Multimedia Data for Heterogeneous Target Systems, in Network and Operating Systems Support for Digital Audio and V ideo (P. Venkat Rangan, Ed.), LNCS-712, Springer -Verlag, 1993, pp. 119-129. See also http://www.cwi.nl/~dcab/.

[5] W3C: HTML 4.0: W3C’s Next Version of HTML.

http://www.w3.org/MarkUp/Cougar/

[6] Macromedia, Inc.: Director 6.0. http://www.macromedia.com/software/direc-

tor/

[7] IThe Internet Engineering T ask For ce: Home Page.

http://www.ietf.cnri.reston.va.us/

[8] W3C: HTML Version 3.2. See http://www.w3.org/MarkUp/. [9] W3C: Jigsaw Overview. See http://www.w3.org/Jigsaw/ [10]C. Roisin, M. Jour dan, N. Layaïda and L. Sabry-Ismail: Authoring Envir onment for Interactive Multimedia Documents, Proc. MMM’97, Singapor e. (Elsewher e in these proceedings.) See also http://opera.inrialpes.fr/OPERA/multimedia-

eng.html

[11]PRealNetworks (formerly Pr ogressive Networks). Home page.

See http://www.real.com/ [12]Zhang, L., Braden, R., Estrin, D., Herzog, S., and S. Jamin, Resource ReSerVation Protocol (RSVP) -- Version 1 Functional Specification, ftp://ftp.ietf.org/inter-

net-drafts/draft-ietf-rsvp-spec-16.ps.

[13]Zhang, L., Deering, S., Estrin, D., Shenker , S., and D. Zappala, RSVP: A NewResource ReSerVation Protocol, ftp://parcftp.xerox.com/pub/net-research/

rsvp.ps.Z, IEEE Network, V ol 7, no 5, pp 8-18, September 1993.

[14]D. Bettati, et al: Connection Establishment for Multi-Party Real-T ime Communication, Pr oc. NOSSDAV ‘95, Durham NH 1995. See http://www.cs.berkeley.edu/

~amit/research/Postscript/estab-nossdav.ps.

[15]H. Schulzrinne, S. Casner , R. Frederick, V. Jacobson, rfc1889: RTP: A Transport Pr otocol for Real-Time Applications, 01/25/1996. http://www.cis.ohio-state.edu/

htbin/rfc/rfc1889.html.

[16]H. Schulzrinne, RTP, http://www.cs.columbia.edu/~hgs/rtp/. [17]RTSL: Real-Time Streaming Language. See http://www.real.com/server/intra-

net/index.html

[18]H. Schulzrinne: A real-time stream control protocol (RTSP), http://www.cs.colum-

bia.edu/~hgs/rtsp/draft/draft-ietf-mmusic-stream-00.txt (11/26/96).

[19]SEMPER: Secure Electronic Marketplace for Europe, EU ACTS pr oject 0042, 1995- 1998. See http://www.semper.org/.

[20]STEM: Sustainable Telematics for the Environment, EU Telematics Pr oject EN-1014, 1995-1996.

[21]W3C: The World-W ide Web Consortium. http://www.w3.org/. [22]W3C Synchr onized Multimedia W orking Gr oup. http://www.w3.org/Audio-

Video/Group/.

[23]W3C MML Draft Specification. http://www.w3.org/AudioVideo/Group/

WD-symm-format.html.