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Abstract The Warld Wide Web has become a new and powerful medium. However., applications oa the
Web are currently not fuily multimedia supported. This is mainly berause that the synchronization in the Web
environment can be extremely complex, as the network infrastructure on which the Web is based provides no
guarantee of real rime data transfer. especially for large media, such as andio and video. In this article, weak
synchronization is introduced ax an cfficient approack to specify tewporal relationships among objects in & mul-
timedia document to gzin the best presentation performance. This approach provices a new modeling mecha-
nism that can specify the precise as well as imprecise tempora! relationships among involved cbjects. Specifica
tions on Inter-media synchronization. sugh as strict synchronization method and loose synchronization methed,
are also included in the approach.
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With its glorious growth, the World Wide Web has proved its power as 2 new medium. Msny Web-based
applizations have ermerged and advanced rapidly, Nowadayss besides surfing fram page to pages people can do
shopping, receive education or even do business over the Web. However, with the rapid development of the
Web, users also demiend « more ‘natural’ way to communiczte and exchange information: that is, to intcgrate
multimedia information into these applications. Unfortunsately, there still lacks supporr for multimediz on the
Web because ol its distributed nature. Therefore, the multimedia synchronization remains an open problem in a
distributed environment such as the Weh. Synchronization between media ohbjects czn be considered at several
levels. Meyers Effclsberg and Steinmetz!!] proposed a four-layer synchronizarion reference model, as shown in
Fig. 1. The four layers are. the media laver {or intra-stream synchronization of media stream, the stream layer
fer tae inter-stream synchronization hetween media stwreams, the object layer for the presentation of abstiact
multimedia ohjects, and the specification leyer for uscr interface, There are two major missions 10 synchronize
objects in a distributed environment: 13 deterining and specifying temporal relationships that are recuired, and

2 implewenting scheduling schemes for objects, including inter-media synchronization and intra-media
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synchronization to guarantee the temporal specification of the involved objects.

Multinedia system Nowadays . researchers have develaped many models and

i A metheds for temporal relatinnships in the multimedia presenta-
| “ Specification layer
“ [ Object layer tion® Y. However. most of these approaches focus on only pre-
| Strcam layer
[ Media layer

cise temparal relations. Very few approaches support imprecise

Fig.1 ‘The synchronization reference model temporal relations. Because of the distributed nature of the
Web, some timing information might not be determined by the
vreators of the multimedia presentations in advance, i.e. . the duration of a videc stresm. so that the temporal
relationships among objects need, or can, not be defined precisely. Therefore. the creator may need a more
powerful way to specify imprecise temporal relationships among media objects lacking the interrelated temporal
information.
In this article, we present a new approach for the synchronized multimedia documents on the Web. This
approach incluces = new modeling mechanism that ean specidy the imprecise as well as precise tempora relation-

ships among involved objects, Qur method also provides specifications on low-level synchronization issues . such

as inter-media synchronization.
1 Temporal Modeling of Objects

Time in a multimedia document could be considered as a paint or as an interval. A temporal point is zero-
length time duration. while a temporal interval is a nonzero duration of rime. Because the multimedia objects al-
ways have durations in their playout, it is convenient to use temporal intervals in discussing the temporal rela-
tionships among these ohjects.

1. F. Allen™ introduced a remporal mode! based on intervals in 1983, which includes 13 simple interval re-
lationships. Among these tvpes, some are invertible, i.e. before and after, etc. Thus, only seven are original,
They are before, meet, equal, overlap, during, start. and end, as shown in Fig. 2. These tempors. relation-
ships are considered as precise because the relation berween the start fimes and end times of intervals is explicic-
ly defined. However, in some cases, the temporal relationship can he imprecise. For example, in the situation
that two cbjects A and B are o start simultaneously, the only constraint specified here is Sa =354, where Sais
the start time of object A and Sb is the start time of object B, respectively. Since we give no constraint on the
end times of these chiects, the relationship between them is imprecise. When the presentation is played back,
the relationship of the objects’ playouts can be one of the following: A equals B, A starts B, or B starts A, We
use imprecise temporal relationship costart to specify this situation.

Wahl and Rothermel ™ introduced an enhanced in- A before B (A E A meets B A

!

terval-based model in 1994, In the enhanced model. 29 A overlaps B A during B
temporal relationships are presented. Besides Allen’s 13 B B ]
precise relationships, 18 imprecise relationships are in- A starts £ Avends B

o _ _ . [ B ]
cluded, and i€ of them are original ——startin, endin,

delays, cross, starrendof, beforestartof, beforeendol, A equels B E
coslarts, ceends and all. Wahl used ten temporal opera- Fig 2 Tyres of the precise relationships
tors to specify the interval relationships in this model,

white Li Minglul” reduced these operators down to two in 1996. In Rel. [7], L1 states that with little enhance-
ment . every relationship described above can be cxpressed by before and costart operators. This theorem has
become the basis of our specification approach.

Linprecise temparal relationships are helpful in specifying multimedia scenarios that contain uncertain :iming
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aspeets. In distributed environments, the undetermined network deley may influence the temporal relations in
many ways. For example, a user may specify a multimedia scenario where some text and image objects are dis-
played while background music is playing. However, for viewers. the background music provides no important
information. Thus, one might get annoved if he must wait for the music object to be prepared before he can see
the presentation, especially when the preperation takes a long time due to the network latency. Therefore. the
author should use imprecise timing operator costars (with a delay defined as a subset of +0) to specily this sce-
naric, that means ‘display the text and image promptly and synchrenously, and a flexible played back of the
background music is acceptable’. In addition to this, even some precise relationships can be in fuzzy styles un-
der the iafluence of network delay. For instance, a video clip needs 1o be plaved back with a picture as its back-
ground. However, as the video data are streamed down from server . the actual playback time of the clip can not
be decided ir advance, therefore the duration of the picture chject is also undetermined. Thus, the user must
define this scenario in a fuzzy style specification. e. g. , the video must be played back during the playout of the

background picture.
2 Strict and Loose Synchronization Mechanism

The synchronization mechanism of media streams car be classified into two types: intra-medium synchro-
nization and inter-media synchronization. Intra-medium synchronization deals with internal behaviors of a medi-
am stream, i. €. » to eliminate jitter, while the inter-media synchrenization maintains temporal relationships of
several media streams, i, e. s to limit the skew of two media streams. In the model discussed above. aspects of
these lower layers of synchronizaticn zre not included. However, when we compose multimedia document in a
distributed environment, we must take these aspects into considerations especially the inter-media synchroniza-
tion, which should be included in the synchronization specification.

l.et’s consider the following two slide applications. In the first one. slides are shown one by cne with an
audio narration. The slides and the audio must be synchronized, hecause a certain segment of audio should cor-
respond o a specific slide. However, as the audio is streamed from the server, the synchronization might be
broken when the audio stream is blecked due to network faults. lT'o tame such a problem. the presentation client
must have the ability 1o deteet this blockage of media streams. When one synchronized object is blocked, the
client should be able to block other related objects. The presentation should be alicwed o resume when all
blocked objects have enough dara for display. Thus. the skew of the andio stream and presentation of other olb-
jects is limited, However, things might dilfer in the oiher application, where instead of an explanatery audio, a
background music cbject might play back throughout the sequence of the imzges. This time, the music and the
image sequence need not be strictly synchronized. Thus, if the network blocks the music stream, we do not
need to stop the presentation of the image scquence. These two media objects can be rendered according to two
different presentation clocks with little harm 1o the whole presentation, wkile improving the efficiency of the
system.

We define these two inter-media synchronization methods as strier synchronization mechanism. for the for-
mer, and as lanse synchronization mecharism, for the latter. In strict synchronization, involved objects are
played back with the same clock. When one object 1s blocked, the whole presentation is blocked as well. In
loose synchronization, each object has its own presertation clock and the blockage of a single object will not

affect other objects.
3 Weak Synchronization Medel

We use terminology ‘weak synchronization’ to title cvr approach that we use to specily the temporal
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reletionships in & multimedia document. In our approach, imprecise temporal relations and precise temporal re-
lations (including those fuzzy styles) can be defined. Moreover, inter-media synchronization specifications are
also included in our approach. The reason why we take the model as a *weskened’ synchronization is based on
the following considerations :

* Because of the distributed nature of the Web, many scenarios can not be specified with traditional meth-
ods, such as time-line, hierarchical specification, etc. , which only deal with precise temporal relationships.
Thus, we have tc include the imprecise temporal specifications in our model, Compared with precise relation-
ships, imprecise relationships are weakened as they are described only by certain references without several
explicit timing parameters, such as start time, end time or duration.

* Loose synchronization mechanism berween media streams is considered 23 an important aspect of weak
synchronization. As we have discussed above, loose synchronization provides a fiexible way to ignore the blocks
of unimportant media streams and present the impor:ant part of the presentation to viewers efficiently. Regard-
ing to strict mechanism , this mechanism is much weaker.

Before we proceed with the detail specification of weak synchronization. let us first wwke a quick glance at
ubjects in the model.

3.1 Objects in weak synchronization

Every medium is abstracted as an object in weak synchronization. An obiect is an atom in multimedia pre-
sentation . such as a picce of text, a picture or a video clip. Each ob’ect has registered several states. The pre-
sentation o a medium object is always related to a series of transitions of ohject states. There are six states of a
medium object;

* Defined. Tn defined stare. the cbiect’s name and type are registered and the mamary has been allocated
for new ohgect. but the content in the memory is invalid.

+ Created. In created state, the objeet’s necessary properties have been specified and the system is prepar
ing the data needed for the chiject,

* Ready. If all data needed are prepared. the object hecomes ready.

* Running. In running state, the object is presented to the viewer.

* Retired. After presentarion, the running ohject retires and disappears from the output device , but in re-
tired state, all properties of the object keep valid.

* Dezd. In dead state, all resources relevant 1o rhe object are released and the registrations are removed
from system database.

Ohbjects also have several properties. Some properties are considered as presentation parameters of the ob-
Jeets for example, the leyout information of a picture object. Others are s¥nchronization properties. Two ayn-
chronization propertics arc mest important. They are duration, which cuplicitly speeifics the prescntation dura-
tion of the object. and initial-delay, which explicitly specifies ke delay from the time the object is ready to the
time the object is really displayed o the viewer.

3.2 Specifying weak synchronization

The playback of o multimedia document can be considered as a process. This process, called sync-process,
contains a sequence of finite synchronizasion primitives. Te specify weak synchronization. we introduce three
primitives, sync. wait and follow,

S"ync primitive is & block operation. A sync operation is considered to be finished after all involved objects
are in ready state. (A time independent media object wili Le ready when the data are fully downloaded, whereas
& time-dependent media object is ready when it has collected enough data in the buffer paal). The syntax of syne

s
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SYNC (objectl, object2, ... s objects): sync_type
Sync_type can be strict (which indicates a strict synchronizaiion merhod should be applied) or loese (a loose
synchronization method should be applicd).

Wair primitive is also a block operation. The syutax of walt primitive is

WAIT (objectl, object2, - .. s objrein): wait type
The parameter wait_typc indicates how wait primitive is operated. If the wait_type is last, the wait operation is
finished when all involved objecss are deed. If the wait_type is first, the wait operation ix [inished when any sin-
ge object is dead, and the result of the operation will force to kill all relevans objects.

Follow primitive specilies the objects that follow a certain object. When en object is finished, all ef the sub-
sequent objects chould be started. Moreover, the ensuing objects should inherit the synchronization attributes of
the object being followed. An ohject can have several sucvessors. The syntax of [ollow is

FOLLOW Ohject BY (objectl. objectZ, ... . objects).

With high abstraction and expression ebility, these three synchronization primitives can specify varicus
temporal relationships in any kind of multimedia document. The modeling of all 26 interval temporal relation-
ships is shown in Appendix A.

Example 1 (A before B). This relationship can be specified as the following sync-process.

Sync-process 1:

Objects ACa,b), Blec,d)
FOLLOW A BY B
WAIT (B); first
The follow aperation specifies that object B is displayed after object A. The delay betweer these two objects is
determined by parameter c.
Example 2 {A costar:s B)., This relationship can be specified as in sync-process 2.
Sync-preeess 2
Objects AC0.0), BLO,d)
SYNC (A4,B): loose
‘The syne operation synchronizes objects A and B at the beginning. With the loose synchrenization methed, we
can not tell which object will end first no matter what value we define for parameters 4 and d.

Erample 3 (A during ). This relationship means the object A is played back during the playout of the ob-
ject B. However, this scenario can be fuzzy if the presentation duration of any object, e.g. s object A, can not
be determined in advance. The only thing we can infer from this scenario is the chject B has a longer liferime
than chject A, In order to specify this scenario. a dump object is introduced. A dump object is not a presentable
abject. but it obeys the same synchronization rules as normal medium objects. The scenario can be specilied as
in sync-process 3. where the short dash lines represent the timing parameters that are not defined.

Sync-process 3,

Objects Ala,— ), B0, —),D00.d)

SYNC (A.8): loose

FOLLOW A BY 1)

WAIT (B,D). first
Object D lere is a dump object. The duration of dump object is &, The sync operation synchronizes objeets A
and B at the beginning and the objects A starts @ seconds later than the object B. While object A is finished, the
dump object D' is triggeved o start. Then after 4 seconds. object D is finished and objec: B is ferced to die ac-

cording to the wait operation.
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Example 4 (&2 more complex scenario). The scenario includes several distributed media objects (Fig. 3).
The scenaric start with a picture, 1, and a background music objects Al. Then, a text object T1 overlaps P1.
Wher T'1 fizishes, after a short delay, image sequence P2 and a video V1 start simultaneously, and these two
ebjects shou.d be ended at exactly (he same tine. The background musit, Al, is playing back during the whole
presentation. The sync-process is outlined below.

Sync-process 4
Objects P1(0.6), T1(awe)s ALLO,— ), P2(d.e), Vild,e)

lmage |1 - £ SYNC (F1,A41,7'17; loose
I;:;O ¥ FOLLOW 71 BY (22,V1}
Audio | Al WALT (7D last

SYNC (P2,V1): strict
WAIT (V1,A1Y: first

In Examples 110 4, we show that our specification method is rich enough to deal with imprecise as well as

Fig. 3 A scenario of multimedia presentation

precise temporal relationships among media objects. The syne-process has several advantages, such as simple

and flexible. 1t can also be implemented easily with scripting languages.
4 Architecture and Implementation Issues

Weak synchronization has been implemented in the NOAH multimedia system ' at Tsinghua University.
NOAH (network-oriented object architecture f{or hy;:-ermedia) contains a hypermedia informarion model, a
seripting language (NOAHScript? and a browser software which can browse traditional HTMI. documents as
well as those in the NOAH decument formar.

The NOAH multimedia system is whelly based ¢n the current Internet infrastructure. It uses a Web server
and HTTP to transfer data from server to client. The architecture of the NOAH system is shows in Fig. 4.

+ The asynchronous reading sub-system pro-

vides network services for time-independent media. [Rendering 5ob_system]| NOAH browser ‘ .

such asg documents, texts and images. Priority can be

. . . . . Objects Streaming sub-system |
specified for each object. Higher priority objects schej:iiljlrng - = | Web server
. . . . o sub svsre \ Asynchronous reading |, :
should be served earlier. There is an implicit pricrity iskidiar. sub-system i

for cach type of media; the shorter data media usual- Vmu:al I
Iy have higher priority. However, the user can speci- Pchine | [
Fig. 4 Architecture of NOAH system

fy explicily -he privrity of the objecrs by himself.

+ The streaming suh-system provides streaming services for time-dependent media, soch as andic and
video.

- The abjects scheduling sub-system is the core of the browser. Tt schedules objects based or. the specifica-
tion in a multimedia presentation.

+ The virtual machine interprets and executes the virtual instructions. These instruction sequences are the
compiled results of NOAHScript actions, which are used to control the objects and do client-side information
processing.

+ The rendering sub-system presents the active ohjects to the user by audic-visual means,

4.1 The streaming sub-system
The streaming sub-system is extremely important in a distributed multimedium system as it provides con-

trol on intra-medium synchronization of ¢ single medium stream. The architecture of the streaming sub-system
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in the NOAH system iz shown in Fig. 5,
* The HTTP I/0 meodule is the intcrface to the net-

work. It is implemented as an HTTP client, sending HTTP I; Display_module
requirernents and retrieving data from the server. Presentation

terminal ;
= The buffer pool provides a management to buffers. [Decoding module [~{HTTP_1;O module]
7y

The buffer should he large enough 1o contain at least 4 i

LDUs (% is a configurable parameter ) in the medium [ Buffer pool |

stream. The buffer pool module maintains buffers for each  Fig. 5  Architecture of the streaming sub-system
stream, and when the stream runs out of data, the module

should set an event, which can be caught by the ohject scheduling sub-system.

* The decoding module decodes &ll compressed mediz data ro raw data. which are ready for display.

* The display modale, related to the rendering sub-systerm, displays cooked media data to the user.
4.2 Maintaining strict synchronization

When strict mechzanism is specified to maintain the inter-media synchronization of two media streams, the
system needs to limit the skew hetween them. Thus, if data of one stream fail to arrive in time, the systera
needs to detect this starvation, stop the relevant presentation, and after enough data are gathered, resume the
olocked presentetion.

When a strict syne operation is performed, the objects scheduling sub-system will create a semaphore to
guard all involved nhjects. The semaphore woriss as a counter with two operations: get and release. A get oper-
etion increases the count hy one whereas a release operation decreases the count by onc.

At the beginning. the semaphore has its maximum value. As each synchronized objeet gets ready ., the ob-
Ject will perform a release operation until the semzphore has a zero value which means the presentation is ready
for display. The rendering sub-system will then render the document to the user.

If any object is blacked. a starvarion signal should be set by the streaming sub-system and reccived by the
objects scheculing suh-system. It will cause a get operation to be performed , which gives the semaphore a value
greater than zero. Consequently, the presentation is paused.

I the blocked object has erough data, a recover signal will be sent. Accordingly, a release operation is per-
formed. The presentarion will he resumed if all blocked objects have sent a release operation.

The maximum value of the semaphore could be changed at runtime, When a new object is about to be dis-
played, the maximum value of the semaphore should be increased by one. Accordingly. o ger eperation should
be also performed (a release operation should be performed automatically when the object has finished its prepa-
ration ). However. when an abject has died off , the maximum value of the semaphore should be decreased by

cne. At this time. no additiona’ release operation should be perfermed unless the object is in blocking state.
5 Related Work

The HTML (HyperText Markup Language) standard was developed 1o specify the hypertext document on
the Web. However, based on static document structure, HTML document does not have the noetion of fime, so
that no synchrenization is supportec in the traditional II'TML document. Recently s many methods have been de-
veloped 10 extend HTML to support multimedia presentatious.

Macromedia Company has developed a Plug-in called Shockwave lur Netscape Navigater, which can display
multimedia presentations created by Directar. Director is # multimedia authoring and playback tool developed by

Macromedia Company. Synchrenization in Director is achieved by means of the timetable in which the user could
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define frame ordering in a tmovie and control the timing of special effects such as transitions. sound. and
palettes. Director also provides a seript called Lingo to contral the navigation of the multimedia documents.
However, Shockwave is a simple extension 1o suppcrt multimedia on the Web., Although it atrcams presenta-
tions over the Web, the synchronization in the documents is still strict and timetable based s which will lead to
severe inefficiency in some cases.

Microsoft Corporation has recently extended traditional HTMAI. vo DHTML™ ' (Dynamic HyperText Markup
Language). In DHTML, mary new features ate added, such as layout information, timing. dynamic styles and
partial updating. With these newly provided features, zuthors can build more wonderful multimedia presenta-
tions on the Web, Nonetheless, although authors can perform same synchronization tasks using DHTML . there
is still no systematic way 10 specily temporal relationship among objects.

The SMIL™™ (Synchronized Multimedia Integrarion Language) is a proposcd recommendation by W3(.
SMIL. focuses on the specification of synchronized multimedia presentations in the World Wide Web. While still
only being a proposal: SMIL has received support from several companies. Some of these companies have deliv-
ered trial versions of browsers that can view SMIL documents. SMIL specifies the temporal relationships among
objects as in parallel or in sequence. SMIL also supporis loose synchrornization, or soft synchronization. be-
tween objects that are displayed in parallel. Although SMIL is quite powerful for creating multimedia presenta-
tion and it does support a few specifications on imprecise temporal relarionships , such as, costart, coend. etc. »
it can aot specify all imprecise temporal relationships ithat authors may encounter. for example, cross. More-
over, SMIL. doesn’t include some fuzzy styles of teruporal relations either, for example, the “during” relation
provided in Example 3. Another limitation in SMIL is the lack of asility in contrelling the ohjects and navigation

at the runtime, which preveuts it from becoming 4 good framework for @ multimedia applicarion.
6 Application

NOAH multirnedia systemn is designed as a powerful framework that is suitable for many multimedia appli-
cations on the Web, such as information publishing . tele-education and other audio-visual intcractive applica-
tions. A demonsiration sire in Tsinghva has been built for current researching achievements of the university.
In this site, large videos and audics all rogether with slides are integrated in synchronized multimedia decu-
ments. Since all documents are specified with the weak synchronization, it is possible for server to adapt docu-
ments to different clients all around the netwerk. For instance, for high-speed conncctions , full documents are
transferred . while for low-speed connections, server will block the lsrge video sircams to reserve bandwidth,
bur the clients can present the other parts of the document w viewers according to the weak synchronizarion

specification.
7  Conclusions

In this pzper, weak synchronization is introduced to meet the requirement of the current Weh. The wenk
synchronization mndel supports the imprecise temporal relationships among multimedia objerts, and the striet
and lopse synchronization methods for inter-media synchronization. Syme-process is used for specifying weak
synchronization scenarios. Each sync-process contains a series of synchronization primilives . and runs in parallel
in a preemptive multitasking system. Moreover, sync-processes can alse be considered as objects, therefore
they can be aperated by synchronization primitives too. With this hierarchical orgsnization, authors can selve
synchronization issues in a divide-and-conquer way, which will be much useful for authors, especially in com-

posing large multimedia scenarios.
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Appendix A

Temporal relations Temporal points Specification with weak
of two intervals relations synchrenization model
Al B o
A before B Ea<_8h Objects Aa, by Ble,d)

Follow A By &
Whait (B) . first
A meets B Ea=5b Objects ACa ), Bi0,d)
Follow A By B
Wait (B); first
A overlaps B Sa<lSbyBa>8.Fa< Eb Objects Alab)y Ble.d), where a<le, e<le+5h
Sync (4, B), strict
Wait (B): last
A ends B Sa<Sh, Ea=Eb Objects Ala,6), B(0.d), where ¢ +b=d
Sync (A, B): strict
Wait (A, 8), first
A during B Sar=Sh, Ea<lEb Object Ala b, Bleyd)s where aXcy al b<lc | &
Syne (A, B): strict
Wait (A last

A starts B Sa=Sb, Ea<Eb Object AC0,2). B(0,d), where 6<d
Syne (A, B); strict

A ecquals B Sa=S6, Le=FEl Object ACC,d), B(0,d)
Syne (A, B); strict

A startin B Sa<<Sé, Sb< Ea Object A(0,ed), B(h,— ), where 4336
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Syne (A, 1), strict
A endin B Sa< Eb, Ea>>Eb Object Ala, —), B(0,d), where a<ld
Syne (A, B); strict )
Wait (A,B); last
A cross B Sa< kb, EaZ-Sb Object Ata,—), B&,—), D10, ), D2(0,a)
Sync (A, loose
If (a<Zh) {Syne (ALD1)
Wait (A.D1) last}
Else {Sync (B.02)
Wait (2,023, last}
A delays fi Sa<l86, Ea< Eb Object ACO,—2. Blb,—1, IXNO0,d)
Sync (ACD,—). Blh, —2). strict
Follow A By I
Wait (12,5): last
A startendol B Sa< Eb Object ACa,—3Y, B(—,~). 1{0.a)
Sync (A,8,02), strict
Wait (15,12 last

A beforestart of B Sa<8b Object A, —), Bh,—)
Syne (A, B): loose
A beforeend of B Ea< Eb Object AC—, =2, B(—, =3, IHOQ,d)

Follow A By D
Wair (1.8, first

A castaris B Sa=58b Object A(—,—), B(—,—)
Sync (AC0,—), B(D.—)): locse
A coends B Ea=Eb Object AC—,—13, B(—,—)

Wail (A.BY. {irst

Here, * -7 means ne definition or any non-negative reel. Sa(S#) stands for the start time of object ACK), Ea(ED)

stands for the end time of object A(E), and a,b,c.d are positive real numbers., D.1.02 are dump cbjects.
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