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Preface 

SMJL 2.0: Multimedia for Web and Mobile Devices is a comprch nsive introduction 
to - and resource guide for - th W3C Ml L 2.0 language. It covers all aspects 
of the SMIL p cification and covers all of SMI 's implementation profiles, from 
the desktop through the n w world of mobile SM devi e . 

Motivation for this Book 

When the SMIL 2.0 recommendation was being developed, it was clear to us 
that the richness of the 5 IL language could ea ily overwhelm many Web 
author and de igners. In the 00+ pages that the YMM working group 
needed to describe the 32 SM1L elements and the 50 MIL attributes, lliere was 
not much room for backgt1 und information or extensive examples. The focus 
of the specification was on the components of the SMIL language, not on the 
rationale or the potential uses of SMIL's declarative power. 

The existing literature on S IL is not extensive. Other books published on 
aspects of the SMJL language are neither complete nor always correct in their 
handling of SMlL concepts or the various S IL implem ntations. Th docu­
mentation provided by major vendors of SMlL players is also not geared to the 
development of a complet picture of what SMIL can do - and what it can't 
do! The academic literature, while often containing thoughtful analysis of 
SMIL, is jnaccessible to most of SMIL' users. 

We wrote this book to bridge the gap between the theory and practice of cre­
ating SMIL presentations for multiple platforms and multiple profiles. (n so 
doing, we hope that the use of SMIL's facilitie and featu11 move beyond th 
trivial and enters the mainstream of Web multimedia. 

Should You Read This Book? 

We wrote this b ok for th1-ee communities: 
■ Existing SMIL authors: many existing S IL users need and want more infor­

mation on the language so that they can create better presentation , for 
more profiles, with Jes ffort. 

• Nw SMIL authors: SMlL is currently available on nearly a million desktop 
and mobile devices. It represents a media delivery platform that has 
unprecedented reach. De.5igners and authors who want to exploit the 
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potential of SM]L need to have a solid introduction to the Language and to 
have a wealth of example that can help them get started. 

■ Developer and students of multimedia technology: The SMJL standard is a 
complex docum nt. For r archers, developers and students of internet 
media technology, it i asy to lo e sight of the big pi tur when architcct­
ing delivery systems for SMIL teclinology. We hav don our best to 
de-mystify SM1L and to make the basic concepts addressed by SMlL dear 
and accessible. 

Tiu book is intended to augment the documentation provided by individ­
ua 1 SMIL player vend r . We hav decided to focus ur efforts on explaining 

MIL t chnology; t gether with authoring guidelines and d cumentation pro­
vided and maintained by th W3C, RealNehvork , Microsoft, Oratrix, Apple 
and other player vendors, we are confident that you will be able to reate, 
maintain, and debug a complete range of SMIL presentations, for a complete 
range of SMIL players. 

Now that a number of open-source SMIL players are available, we also 
expect that this book - together with the SMIL 2.0 specification provided by 
W3C - will provide a comprehensive guide for de igners and implementer of 
new or modified SMIL play rs. 

Structur,e of the Book 

This book is divided into four sections. Part One provides a general introduc­
tion to the SMIL language and a reader's guide to a (complex) SMIL example. It 
also contains background information on Web multimedia technology that, 
while not limited to SMIL, is useful for users who arc new to networked multi­
media. Part 'Jwo provide an overview of the basic elements and attributes used 
by all implementations of SMJL. It covers each of the functional groups of SMIL 
technology, from structure to transitions. Part Three contains a discussion of 
advanced SMIL features. These are elements and attr1butes that arc either pro­
file or player specific, or that make use of esoteric MIL feature . Part Four con­
tains reference information on the composition of five of M ' profile 
implem ntation . 

F.ach chapter is stru lured to m et the needs of th tlu-ee target readership 
gr up defined a ove. An XML-like structure of each chapter is: 

<chapter> 
<8ackgroundinformati on / > 
< 7ementsAndAttributes> 

< l ementoef i n,i ti ons /> 
<Attributeoefin ions/> 
<Specialvaluesoefinitions /> 

</E1ementsAndA tributes> 
<Examples/> 

</chapter> 

We expe t that many curr nt S IL authors will want to jump directly to the 
element and attribute defiJ1ition in each chapter; these provide detailed infor­
mation that can answer qu tions quickly and (relatively!) painlessly about the 
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structure of the language and the permissible attribute values. For new 5 IL 
us rs, the example sub-section provides a host of easy-to-digest uses of the 
technology; often starting her> wiU give a good idea of what SMJL can do ·n the 
functional group covered by that chapter. For r ader int t d in not only the 
how f SMIL but al o the why, th background information in each chapter pro­
vides the motivations and limitations of SMIL te hnology. ote that fol' chap­
ter that explain lot of elements and/or attributes, the examples are p nted 
in the context of th definition o{ the constructs. For chapt rs covering many 
concepts, the chapter tructure is ometimes rep ated as a local sub-structure 
i.nstance.J 

Notational Conventions 

In order to provide a predictable presentation of SMIL constructs, this book 
adopts the following simple notational conventions: 
■ Element definitions: SMIL's XML elements are displayed in a mo110-space 

£on, together with their angle brackets. Examples are: <body>, 
<transition>, <switch> . Unless used in the content of an example, a trail­
ing '/' is not used. 

• Attribute definitions: SMIL's XM attribut s are displayed in a mono-space 
font, without other ornamentation. xamples are: cl i pBegio, d ur, begin. 

• Attribute values: MIL's X L attribute valu definitions are displayed in an 
separate italic font. Exampl are: indefinite, media, auto. 

■ Code examples: The code examples in the book are set in separate areas and 
have a colored background. {See the XML-like code on the previous page 
for an example.) When code fragmen are embedded in a sentence, the 
fragment is et in a single mono-space font. An example: s re=" snarf. mpg". 

While the integration of proportional and mono-spaced fonts on the sam 
line sometimes yields strange spacing artifacts, we have done our best to mini­
mize these in the text. Our goal has been to provide clarity without generating 
unnecessary white space. (The book is long enough as it is!) 

In order to facilitate the sear h f r constructs in the text, each first definition 
of an element, attribute or special value is highlighted with a separate heading. 
Example are: 

Element: <audio> 
Attribute: clipEnd 
Value: auto 

hese definitions are pla~d in the Index a the primary reference for the ele­
ment, attribute or value con truct. 

l If all of this talk of eJements, attribut~ and structure has you confo ed, make sure you 
read the introduction to XML struch.ire in Chapter 2: Understandi11g SMTL 2.0 Code! 
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Element and Attribute Tables 

Most hapters in Part Tioo and Part Three of this book contain element and 
attribut tabl s. Th s tables define either an clement structure or a set of val­
ues for complex SM1 attributes. 

An example of an lernent table i giv_en below. 

<pan-

general riming 

!ll 
ends.ync 

s 
::I .c 
·c 
:I: 
m 

core 
.l!l bodY> 
C 
E <priorityC1ass> m 
Q. 

od C 
<seq>, <par> 

.l!l f <lilCCh 
C 't:I 
j!!= <sw;tch► 
111 .c 
a. u 

<a> 

C 
! 
B 
:c 
0 

The table gives the name of the element and defines the major attributes, par­
en ts and children for that construct. Jt also defines which SMIL profiles make 
use of th construct's components. Each profile is repre entcd by a single letter 
and a background color. The decoding of the profile colors and lett rs is: 

SMIL 2.0 Language profi le 

3GPP $MIL Mobile profi le 

SMll 2.0 Basic profile 

SMIL 1.0 Language 

XHTML+SMIL 

Those SMl l. constructs used by th SY language arc indi at d as: 

SVG pseudo-profile 

Note that for th 3GPP SMlL mobile profile, several versions of the 3GPP 
standard exist. We us 3GPP /PSS5 a a guide. 
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Each of the attribu tes contain a background color code that defines the func­
tiona I group to whi h they belong. When appropriate, a distinction is made 
between basic and advanced attribut s by giving ba ic attributes a lighter tint. 
The c lor oding is: 

An example of an attribute table is shown below. 

clock value 
max •,., ... 

-0 <body>, <Seq>, r -;-• 
"last", IJ. ~ <par>, <excl > 

endsync: 11 ft rstu. w-
a: --6 m6dia ob/6Ct1 

0 all" e .s <brush> 

In each attribute table, the default values for the attribute are shown in bold. 

Quick Tips 

ln addition to b ing a reader ' guide to the SMIL pecification, our book i • 
geared to h lping you create MfL presentations. ach ection contains a num­
b r of Quick Tip that can be useful when you first work with SMIL. These tips, 
tog th r with the xampl , will get you started with multimedfa on the Web in 
the shortest possible time. 

Quick Tip 

This is the format of a Quick Tip block. 

On-Line Information 

We maintain a Web site for this book at ht tp: //www. xmedi as I L. net/. This sit 
contains full versions of all of the examples used in OLtr book plus links to vari­
ous site of interest. It will also contain a correction and errata ection that con­
tain fixes for errors that inadvertently made their way into thi publication. 
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Common Acronyms and 
Terms 

The following list of acronyms and common names are us d throughout the 
book. They are usually identified in the text by the use of a SMALL CAPS font. 

ADSL Asymmetric DigitaJ Su.bscrib r Line 
Ambulant The CWI open-source player for SMIL 2.0 
CDATA 

css 
DOCTYPE 
DTD 

GRiNS 
rITML 

HTML+TIME 
HTIP 

lANA 
1D 
IDREF 
IE 
IETF 
IP 
ISP 
MPEG-4 

NTSC 

PAL 

ReaJOne 

RSVP 

R CP 

RTP 

RTSP 

SM1 

Character Data 
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Part One 

Introduction 

This part consists of introductory and background information on SMIL 2.0. 
This section contains enough information to get you familiar with SM.IL, 
including the basic constructs in the language and the XML environment in 
which SMIL is specified. It also contains a complete SMIL example that illus­
trates many ofSMIL's main features . 

Topics Covered 

ll 
Goals 

Chapter 1 provides a general introduction to SMIL and its various 
implementations. It illustrates what SMIL can do by sketching six 
applications of S lL technology. It also describes the background 
of SMIL and contrasts SMIL with other multi.meclia formats. It also 
contains a review of authoring tools and players for SMIL 2.0. 

Chapter 2 looks at the tructure of SMIL presentations. Wi tart 
with a brief revi w of the XML languag and discuss how XML ele­
ments and attribu~ - form the core of SMIL's definition. We then 
look at how SMIL presentations can be encoded for each of the 
SMJL 2.0 profiles. 

Chapter 3 provides general information on encoding and access­
ing multimedia information in Web and stand-alone environ­
ments. This section contains background context that explains the 
operational considerations that need to be addressed when design­
ing presentations for the Web. 

By the time you finish this part, you should be able to look at any SMIL file and 
understand its basic structure. This is true for not onJy the SMIL 2.0 Language 
profile, but also for SMIL presentations written for the XHTML+SMIL and SMIL 
Mobile profiles. 

Prerequisites 

In order to get the most out of this part, you should have some affinity with the 
Web and the Internet. While experience with creating and sharing digital 
media is not essential, a basic understanding of how media is encoded and 
how Web servers and clients are structured will be helpful in putting informa­
tion in this section to immediate practj_ca1 use. 
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1 
An Overview of SMIL 2.0 

Iii In August 2001, the World Wid Web Consortium (W3C) 
released version 2.0 of Synchronized Multimedia Int gra-

1 , • • tion Language, or SMTL (pronounced "smile"). SMIL 2.0 
was developed to bring presentation-level interactive mul­
timedia to the Web. It is a text-based, non-proprietary, XML 

standardiz d format that is woven into th W3C's X L-based family of cooper­
ative and int rdependent language . SMIL 2.0 is the only format for encoding 
multimedia presentation that is released and supported by U1e W3 . 

SMIL 2.0 is not an animation language or a media format, but a way of com­
bining animation and media objects into a single coherent presentation. SMIL 
lets you add sophisticated selection, linking and activation control to the media 
objects in your presentation; in this way, it i a bit like a multimedia version of 
I TML. Unlike H.TML or XHTML, howcv r, MJ, ha · a stricter separation 
between content and structure and it provides non-inva ive control of presen­
tation linking and layout. 

1.1 Using SMIL 2.0: Six Examples 
Before jumping into the details of what SMIL 2.0 can do, this section giv an 
overview of six presentation examples that illustrate SMIL behavior from the 
presentation of a single media item to the definition of a complete interactive 
new cast. We will return to some of these example later in this book. 

Quick Tip ---

Each of the presentations discussed in this book can be found on our 
Web site: http: //www. xmediaSMIL . net, in the section on book demos. 
We suggest that you play these demos to better understand the example 
and discussion presented in each chapter. 

1.1.1 Hi Mom! 
The first presentation represents perhaps the most pervasive use of SMfL in 
current players: the presentation of a single piece of video content. Figure 1-1 
shows how a single media object can be placed in a player window and then 
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Figure 1-1. Hi Mom!, a single media presentation. 

presented to a wide audience. Th movie content can rang from home videos 
to commercial content. The vid o may als be accompanied by audio. 

For thi exampl to work in a streaming environment, you need to place the 
media. on tent on a sb-eaming server and then access it via the SM1L player. 

1.1.2 Welcome to New York 
The s cond SMIL example is a sudeshow that gives a short tour of New York. ft 
is typical of an entry-level use of multimedia SMIL. Figure 1-2 gives two views 
of the presentation: one on a desktop player (using RealOne) and the other on a 
POA SMIL player (using GRiNS) that supports the 3GPP mobile implementa­
tion of SMIL. (Don't worry about what 3GPP means; we'll get back to the vari­
ous implementations of SMIL later in this chapter.) 

Figure 1-2. Weloome to New York, a simple SMIL slideshow presentation. 

4 ■ Chapter 1: An Overview of SMIL 2.0 
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The New York presentation consists of a sequence of slide obj ts, each of ■ 
which oontainsan image, • text caption and an audio caption. A ingl pi ce of 'fl. 
ba kground audio plays as ba kground tun while each of th lide obj ts is 
shown. 

Although the stn1 turc of this pre ntation is pretty straightforward, it is too 
omplex for the most implc implernentations of S I . In the MM standard 

for mobile SMIL, for example, ·ach of the slid obj ts could be hown ( ontain­
ing text, audio and image}, but the background audio music would not be sup­
ported. 

TI1e N ew York presentation uses functionality that is essentially similar to 
that of SMIL 1.0. The most striking 'new' feature is the support for transition 
between images, which gives the entire presentation a smoother visual feeling. 
In many way , the combination of image and transitions provides many of the 
advantag s of video at only a fraction of th bandwidth cost! 

1.1.3 Happy Birthday! 
TI1e Welcome to New York SMI demo shows a linear presentation in whic the 
order of the content is determined by the author. The Happy Birthday! presenta­
tion demon trates a presentation in which the viewer can select the content to 
bevi w d. 

Figure 1-3 how two implementation of Birthday!: th"' v rs ion at left i for 
the SMJL 2.0 Language profile (and is render d .in the RealNetwork RealOne 
player), while the version at right is for the XHTML+SMIL profile (and is n­
dered in Microsoft's Internet Explorer browser}. Both versions provide identi­
cal functionality - the viewer can select one of the four images on the left side, 
at which point a video is shown in the main display area on the dght- but as 
we will see in Chapt r 2: Understnnding SMIL 2.0 Code, the encoding of the 
nativ SMlL presentations are totally different. 

"'°"" ! - CJ X 

"'" /u<U-V.·v. ,,; J. 

J 

Figure 1-3. Happy Birthday/, as shown 1n native SMIL and XHTML+SMIL players. 
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' Thu• ..-. ,om• of tho d,u1tJ __,...,,. ""10 
<,oHod tho n w l1!ll11>"lum Brtdp, 

Clid< or, .,, lmq, to Rnd out what 1h17 had to S&)' 

t I I I 

The Taf!ong Heuds sogmcnt 
(orl8 al our IBvonlsSI) shows 

bow you can selectively 
sct1ooure objects 

Six images are sliowr1. 
Solectlng any piclure starls 

a corresponding video, 
1111 lclt ls th n 1e11dt:r"d ovar 

lhe image You can 
sal!ICI as may Images 
us you want •- uy ill 

(To end, seleCI the irnaye 
ot lower rig hi; when done, 

It ends the segme,11.) 

Press HEn E lo ac!lvals 

Figure 1 ·4. Crossing the Bridge, a multi-window, interactive presentation. 

1.1.4 Crossing the Bridge 
Although the SMIL 2.0 specification was approved by the W3C as a Recommen­
dation in mid-August, 2001, the foundation for the specification was defined in 
mid-2000. Based on the interim specification, the first full SMIL 2.0 presentation 
was released in September 2000. Crossing the Bridget was a collection of test 
cases that allowed SMIL 2.0's timing, interaction, layout, transitions and anima­
tion constructs to be evaluat d by candidate SMlL 2.0 players. 

Figure 1-4 shows a view of the presentation as rendered by the Ambulant 
desktop player. Two windows are shown: the main c nten t window ( hown at 
left) and a second window containing h Ip text and general pr sentation con­
trol (at right). The two windows ar used to partition presentation navigation 
and control. Th y are pre nted as two independent windows to the user, but 
they are still logically connected: the content across the multiple windows 
shares a common presentation timeline. 

1 The Bridge presentation showcased the opening of the Millennium Bridge across the 
river Thames in London. As part of the ceremonies, several thousand people came to 
London as part of a drive organized by charitable organizations, one of which - Save 
the Children, UK - was highlighted in the presentation. A day later, th bridge was 
dOS<.-d lo the general public for safety reasons. 
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Jn the pre ntation fragment shown, a user i able to select one of six images; ■ 
l.i king on any of the imag star a corresp nding vid lip that is displayed (I 

on top of the image. The viewer determines which (if any) of the mini-presenta- ■ 
tions g t activated, as well as the order .in which they are shown. (Thi func-
tionality i implemented using SMIL 2.0's exclusive constn.tct.) Note that the 
user must first select the Press HEN.E to activate button in the right window 
before any of the images are activated at left. The u er also can choose to go to 
anoth r part of the presentation by clicking on the Main Index label at lower 
1 ft, or to pause the presentation and surf to the Snve the Children Web site by 
sele ting the image at lower right. (Both types of navigation ar implemented 
using SMfL's linking functionality.) 

The functionality in this example could also be supported in SMlL 1.0, but 
with substantially more author effort. 

1.1.5 The Evening News 
The use of multiple p ofiles, a • hown in the Bfrthday! example above, giv s 
one dimension of adaptability of a MI 2.0 source document. Within a profit , 
many opportunities also exist to make co11tent that adapts it elf to the needs 
(and wishes) of the viewer. As an example of what you can do with SMIL 2.0, 
consider the evening news example in igure 1-5. 

Figure 1- (a) shows a "desktop" version of the newscast. 'The user is pre­
s nted with a number of picture icon , ach representing a s gment of the 
35-minut new . A news story is ·tarted when th user licks on th a ociated 
picture. The u er may also view the entir newscast in a pred t rmined 

(b) 

Figure 1-5. The Evening News, an interactive newscast that can be tailored for 
various display sizes and user preferences. 
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sequence or use the general navigation buttons at bottom right to navigate 
across stories or within an item. 

ln this picture, English language titles and captions arc shown, although the 
user cou]d also have selected the original Slovenian titles. Each of the assets for 
all the available languages and resolutions are encod d in a single SMIL file, 
with the SMIL player selecting the appropriat media based on configuration 
files or user preference dialogues. 

Note the three icons at the bottom portion of Figure 1-S(a). When selected, 
each will start a video that wW intermpt the running item, and when the in t r­
rupting object is completed, the original item will pick up where it left off in th 
presentation. {This can be used for adverti ing ins r or other out-of-context 
me ages.) 

f.igure 1-5(b) hows the arn presentation, but this time visually packaged 
for a mobil d vie . The structure of the mobile version is the same as the desk­
top v ion, except that general 'story classes', such as National, Local, and 
Weather, are used instead of the individual story icons. (This is to conserve 
screen space.) The rocker panel of the device can also be used to select stories. 

Perhaps the most important aspect of this example is that both the desktop 
and the mobile versions are encoded in the same SM IL file. This allows the doc­
ument to be authored once and used in multiple configurations. 

1.1.6 Flags 
The final presentation in this section illustrates the use of SMJL timing to ani­
mate graphics encoded in the Web graphics format SVC. Figur 1-6 hows two 
views of a single presentation. If the base languag elected within the player is 
American English, the flag at left i hown. If any European language is 
elected, then the Buro an flag at right is shown. Although it is difficult to see 

in this print d version, each of the flags has stars that rotate during the presen­
tation - this rotation is accomplished by applying SMIL 2.0's animation facili­
ties in the GR1NS embedded SVG player. 

_,_""-..,_ ,.. ;, r.1 

1( .. 
* 

,tc 
* 

it * 
+c * 

* * * 

Figure 1-6. Flags, an example of SMIL-based animation 1in the SVG language. 
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1.2 SMIL 2.0 and SMIL 1.0 
SMIL 2.0 is the successor to SMlL 1.0, which was the W3 's foundation for mul­
timedia on the Web. During it three-year reign, S TL 1.0 quickly gained wide­
spread - if little-known! - use, primarily as the internal synchronization 
format for RealNctworks's RealPlayer. It was also supported in Apple's Quick­
TlIDe player. Through these two multim<.>dia players alone, SMIL 1.0 was 
installed on more than 200 million desktops worldwide. 

SMIL 2.0 extends SMJL 1.0 in many key areas. The primary changes it pro-
vides arc: 

■ improved synchronization and interactive activation facilities, 
■ a profile-based specification structure, 
• new support for animation and media transitions, and 
■ extended support for cont nt control and layout. 

SMIL 2.0's elements and attributes are spread across SO moduJes that arc 
managed in over 10 hrnctional groups. The partitioning of constructs makes it 
easy for the designers of new XML languages to sel ct timing and presentation 
control primitives for integration and reuse. 

The new functiona lity and pecification structure in SMJL comes at a cost: 
where SMIL 1.0 was described in a document that spanned 29 pages, SMIL 2.0 
needs over 500 pages to cover all of its elements and attributes. As a result, 
w1.derstanding how all the pieces fit together is not always an easy task That's 
why this book was written: to provide a readable overview of SMfL's features 
and facilities, and to help design rs create S lL presentations for devices as 
wide-ranging as mobile telephones to sophisticated media servers. 

This chapter provides a broad introduction to S IL 2.0. Rather than jumping 
right into a discussion of SM1L code, we start with important backgrmmd infor­
mation that will help you understand SMIL in its various forms. We begin with 
a background discussion on the design goals that guided the development of 
SMCL 2.0. We then provide five examples that each Hlustrate different facets of 
SMIL functionality. A description of SMIL modularization and profiles com s 
next, followed by a sampling of some of the tool that are available to build and 
manage SMIL presentations. W dose the chapter with a short comparison of 
SMIL and other .important multimedia formats. 

1.3 SMIL 2.0's Design Goals 
SMIL 2.0 is a collection of XML elements and attribute that can be used to 
describe the temporal and spatial coordination of one or more media objects. 
SMIL 2.0 allows a user to define how independent media objects are to be inte­
grated into a media presentation and it provides rules that define when (and if) 
various media objects are actually rendered for the end-user. The media pre­
sentation created by SMIL may be delivered via a streaming server or it may be 
played from components stored local:ly (or on a CD-ROM). 

■ 
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SMIL aims to do for multimedia what HTML did for hypertext: bring it onto 
every presentation de ice (P s, m bile/ handhcld systems, ev n TVs) with an 
ea y-to-author descriptive format that can be displayed on a vari ty of readily 
availabl cross-platform play r . With Ml , simple multim dia can be created 
simply and more complex behavior can be added in inc1 ments. 

SMlL's syntax is fully XML compliant, -inaking it a member of the family of 
XML standards from the W3C such as SVG, XPointer, XSLT, narnespaces and 
XHTML (the XML encoding of IITML). SMIL provides the Web with new fea­
tures not found in these other languages, such as adaptivity to different market 
groups, user abilities, system configurations and run-time system delay . 

The goals for SMlL 2.0's design can be partitioned aero, three cat gorie : 

• Maintain a declarative, XML format: while the integration of multimedia con­
tent is often the province of scripts or other programmed definition, SMIL 
2.0 was developed to remain a fully declarative rather than procedural for­
mat. In this way, a SMTL description doesn't define how a pre entation i 
implemented, but rather what it is that the author want · - the implemen­
tation of the specification left up to the S player. Also, ink ping wiU1 

the fir ' t ver ion of SMIL, MIL 2.0 i fully XML compJiant.2 
■ Extend the Jrmctionality of SMlL 1.0: the design of SMIL 1.0 was kept simpl 

and relatively frills-free. SM[L 2.0 provides some dcsirabl ~ addition , 
including: support for increased interaction, nhanccd timing mantics, 
extended content control and layout faciliti plus new animation and tran­
sitions primitiv . 

■ Introduce a module-based structure: SMJL 2.0 is defined as a collection of over 
50 modules that are partitioned in.to 10 functi nal group . . By using a mod­
ul.e tru hue, key aspect of SMIL 2.0 can be integrated into other 
XML-based languages without requiring support for the entire SMIL 2.0 
specification. ven before the release of the SMlL 2.0 Language sp cifica­
tion, the modularization policy bor fruit parts of SMIL w r integrated 
into several otl1er XM • languag - such as SVG - and more examples of 
modul reuse are expected. 

In addition to these three classes of goals, SMlL 2.0 al o removed me ambi­
guities that exi ted in SMl 1.0 and Ml L 2.0 provided a mo W3 -compliant 
approach to naming elements and attributes. 

1.4 SMIL Modules and Profiles 
A shown in Figure 1-7, SMIL 2.0 defines 10 major functional groupings of ele­
ments and attributes as the top-level sections of th , specification. These are 
Animation, Metainformation, Content Control, Structure, Layout, Timing and Syn­
chronization, Linking, Time Manipulations, Media Objects, and Transition Effects. Of 

2 SM!L LO was not simply an XML-compliant language, it was the first XML language 
released by the W3C when it was published in 1998. 
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these, Timin and Synchronization i.s the core of the SMIL specification. The mun­
ber of modules per functional grouping varies from 2 to about 20. In general, 
the more modules per group, the finer the granularity of each module. The 
stru ture of this book corresponds to the flmctional grouping of SMIL. We will 
consider all of the elements and attributes of each functional group in detail in 
the relevant chapters. 

For a designer using SMTL, the notions of modules and functional gmups are 
not very important. vVhat is important is the result of the grouping of modules 
into a number of SMIL profiles. Each profile provides a fixed collection of ele­
ments and attributes, drawn from one or more modules from various .hm.c­
tional groups. TI,e purpose of the profile model is to enable customizmg the 
int gt·ation of SMIL's functionality into a wide variety of XML-based languages 
without requiring language author to I arn new timing emantics for each 
variant. 

The major SMIL profiles are: 
■ MIL 2.0 Language: the host-language version of SMTt 2.0, containing the 

majority of SMIL's elements, attribute and features; 
■ SMIL 2.0 Basic: SMIL 2.0 baseline subset for low-power devices with am.in­

ima l et of elements and attributes; 
■ 3GPP Mobile SMJL: SMlL pmfiJe defined for mobile t I phones that con­

tains most of SMIL's featur except animation and som interactivity; 
■ XHTML+SMII. : SMTL timing clements integrated into XHTML; and 

■ SMIL 1.0: the original version of SMfL. 
SMIL functi nality is also int grated into a number of other languages. 

Although th languages are not SMIL pr files, they do form important exam-
ples of how SMIL can be integrated for u e in ther domains: 
■ SY - graphics animated with SMIL timing 
■ XMT- SMIL subset for use with MPEG-4 multimedia str aming 

The scope of each of these profiles and applications of SMJL are briefly dis­
us ed. in the following sections. 

Mets­
lnforma/l'on 

Transitions 

Figure 1-7. SMIL module architecture. 
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1.4.1 SMIL 2.0 Language Profile 
The SMiL 2.0 Language profile includes e entially the ntire et of el ments 
and attributes defined in the SMTL 2.0 specification. Pr ntations n od d for 
this profile use SMIL as the document host language. (That is, th, outer-most 
structure container is <smi >, not <h m1?' or <svg>.) The SMJL Language pro­
file exposes all of SMfL's functionality directly, using the element and attribute 
names defined in the specification. Many of the examples in this book are given 
using the SMJL 2.0 Language profile. 

Oratrix's CRi S/SM!L 2.0 player was the first player to support the SMIL 2.0 
Language profiJe. Rea!Networks began their support for SMIL 2.0 with th.c Rea­
l One player. RealOne is the successor to the RcalPlayer-6/7 /8 series, and enjoys 
wide acceptance in the media publfahing and media user communities. 

Both the RealOne and GRi S players required major engineering efforts to 
support the entire SMIL sp cification. This effort has proven to be a barrier for 
other groups hoping to implement SMIL. In order to stimulate the further 
acceptance of the SMIL 2.0 Language profile, both the RealOne player and the 
GRi S player are being released in open-source versions. The open-source Rea­
lOne player is available as part of Rcal's Helix architecture; the code base and 
any extensions will become part of Real etworks' int Jlectual prop rty. Th 
Ambu lant player is an open~soutc impl mentation of SMIL 2.0 being devel­
oped (in part) by the team that built the GRiNS player. Ambulant is available 
under a GNU GPL open-source licensing agreement. 

1 .4.2 SMl 1L 2.0 Basic 
The effort required to develop a complete SMIL 2.0 Language profile imple­
mentation is justified for desktop and server systems that need to support a 
wide range of media presentations, but the functionality of SMIL Profile is often 
considered to be beyond the needs of applications for low-power devices (such 
as PDAs and telephones). In order to manage the process of sub-setting SMIL 
functionality for these devices, the W3C developed the SMfL 2.0 Scalability 
Framework. The SMIL 2.0 Basic profile defines the least omplex ub et of ele­
ments and attributes that still remains suficiently SMTL-like to justify the use of 
a SMII. host language tag. As long as a SM subset supports at least this level 
of functionality, it can be considered to be part of the SMIL family. A key 
requirement of the scalability framework is that all presentations created for 
the sub-setted SM1L player should also present correctly in other SMIL players, 
including those that use the full S IL 2.0 Language profile. 

SMJL Basic is used in various SMIL players. X-Smilcs (from the Helsinki Uni­
versity of cchnology) ls a ava implementation of parts of SM IL for integration 
into a browser ·nvironm • nt. The INRIA Po ketPC SMIL player is aJso based n 
SMTL Basi . 
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1.4.3 3GPP/PSS SMIL 
The main standardjzation body for content on third-generation mobile tele­
phones is 3GPP: the Third Generation Partnership Project consortium. This indus­
try forum of device manufacturers selected SMIL as the basis for putting 
images, graphics, text and video on a wide range of mobile devices. The first 
versions of these specifications (which were called PSS for Packel Switched Ser­
vices) were relatively bare-bones SMIL, but starting with ve1: ion 5, a reasonable 
subset of the full SMIL 2.0 Language proflle is offered that allow essentially a11 
of the core functionality in Part 2 of this book to be supported 

Various organization.'>, including CWI, lnterObjects, Oratdx, PacketVideo 
and RealNetworks, have announced upport for 3 PP SMJL player n vari­
ous mobile telephone and PDA devices. Many other vendors hoping to cash-in 
on expect d growth in th mobile market are also developing 3GPP SMIL play­
ers. Tius is an area in whid1 significant growth can be expected. 

In early 2001, the MMS-2.0 multimedia messaging service protocol was 
announced by a consortium of industry partners. MMS-2.0 i.s intended for 
mobile imag slide shows. ft i SMIL-like, but does not contain substantial SMIL 
functionality. Unlike SMIL Basic document , MM -2.0 pre entations cannot 
play on general SMIL players. 

Currently, the name MMS is used in the mobile tel phone world to mean a 
particular standard for encoding messages (this is MMS-2.0}, but also to mean 
the entire suite of fu ture multimedia messaging (including the 3GPP /SMTL 
profile and its futu re extensions). To avoid con.fusion, we will use the term 
MMS to only mean the MS-2.0 sub-SMIL language. 3 PP SMIL will be us 'd 
for more generic multimedfa mes aging services for mobile devices. 

1.4.4 XHTML+SMIL Profile 
TI1e XHTML+SMJL profile i an example of a profile that does not use SMIL as 
the host language. Instead, XHTML+SMIL integrates Mn. constructs directly 
with HTML con tructs into a inglc XML format. XHT . +SMIL documents 
allow a high degree of local synchronization of text fragm nts and pre5entation 
components inside of an I ITML base. Since, however, XHTML has no inherent 
notion of time, XHTML+SMIL documents usually have only limited temporal 
scope. The playing of XHTML+SMIL is best suited for multimedia presentations 
with heavy use of text within one predominantly textflow-based layout, and 
less dependence on other more time-intensive media. The XHTML+SMI pro­
file include most of the timing, animation, m!!dia and content- control fa il:ities 
defined in th SM! 2.0 sp cification. XHTML+SMJL does not use any SM [!. lay­
out constructs - it uses HT L and CSS con tructs instead. 

Even though XIITML+S LL has not progressed to full W3C Recommenda­
tion status because only one implementation has been provided to W3C for 
testing, it enjoys very wide distribution: Microsoft's implementation of 
XIITML+SMfL is ca lled HTML+TJME ~d has been available in Internet Explorer 
since version 5.5. 

■ 
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1.4.5 SMIL. 1.0 
Mil. 1.0 wa • the first version of SMJL. It is not ~ chnically a S CL 2.0 p11 file, 

but since many S IL 2.0 play rs can op n and ex cute a SMIL 1.0 file, w 
include it in our discussion. SMlL 1.0 defines the core functionality supported 
in all of the functional group of SMIL 2.Q, but none f the SMIL 2.0 extensions. 
In nearly all functional groups, the "basic" module (such a the BasicLinkirtg or 
Basicl.11yout module) has functionality that corresponds to the original behavior 
of MIL 1.0. One of the major differences between SMJL 1.0 and SMIL 2.0 is that 
th names of many elements and attributes were changed from a hyphenated 
form (such as background-color) to a camel-case form (such as 
backgroundcol or). Many curr nt SMIL Language profile players support both 
forms, but mobil play I u ually do not. 

S IL 1.0 is supported by a wide range of media players. The firs t public 
implementation of SMIL 1.0 was in the CWI/Oratrix GRi S/SMIL 1.0 player. 
By far the most important player {in tem1s of installed base) to support the pro­
file was the Rea!Networks RealPlayer (versions 6, 7 and 8). SMIL 1.0 is also sup­
ported by Apple's QuickTime (starting with ver ion 4.1). There are also a variety 
of other SMfL 1.0 play r-s, d vclopcd mostly by r search labs and universities; 
these include Soja (bij Helio}, Schmunzel ( alzburg Research and un Micro y -
tems), S2M2 ( ST: the U.S. National Institute of Standards and Technology) 
and HPAS {DEO Compaq/HP). 

1.4.6 SVG 
SMIL 2.0 constructs have also been int grated into SVG (Scalable Vector Graph­
ics), the W3C's Recommendation for vector graphics. These constructs from 
SMIL enable SVC constructs to be animated. This animation of XML-defined 
onstructs by SMIL 2.0 is defined in the W3C Recommendation SMIL Animation. 

Severa! players provide upport for SMIL animation and VG. Of these, the 
largest insta lled base belongs to Adobe's SVG Viewer. The Corel SV player ha 
limited upport for SMJL animation. 

1.4.7 XMT 
The eXtensible MPCG-4 Textual Format (XMT) i the official X L encoding of 
MPEG-4 pr entations. T represents higher-level uthor intent from which 
final-form (that is, adapted to a particular use and environment) MP G-4 pre­
sentations can be generated. XMTcan be parsed to SMJL for playback on SMIL 
browsers, or processed into the binary MPEG--4 final form format for playback 
on MPEG-4 browsers. IBM has made a converter from T to MPEG-4 as a 
research tool, but it is not yet publicly available. 
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1.5 Creating SMIL Presentations 
This book is about the structure of SMIL 2.0 and SMIL's elements and attributes. 
There are several ways that you can use this information to create SMTL presen­
tations. This section provides a brief sampling of editing altemativ in order of 
increa ing functionality. It does not pretend to be complete. 

Quick Tip 

An up-to-date list of SMIL editors is at W3C's main SMIL page: 
http://www . w3 . org/ Audi ovi deo/. 

1.5.1 Notepad (and 0th.er Text Editors) 
Clearly, the most popular SMIL editor t date has been a simple text editor. 
SMIL's XML for.mat and its regular tructur allow a text editor to be a conve­
nient base for making simple pre entation . Th. advantage of using a text edi­
tor include: 

•• price: at xt editor is usually free; 
■ ease of use: if you can type, you can type SMI L; and 
■ full SM!L 2.0 Language profile support: you have access to all of SM!L ele­

ments a_nd attributes when you use a text editor. 

The disadvantages of using a text editor for creating SMJL include: 
■ you are on your own: a t xt editor doesn't help spot language errors or sim­

plify data entry; 
■ you get no perfonnance feedback: typing a SMIL file that presents six videos in 

parallel on a m bile phone is easy - but what you really want is an editor 
that says: you're crazy to try this!; and 

■ multiple versions of a document require multiple versions of the text: if you want 
to create for multiple devices, make sure your RSI insurance is paid up! 

While full-feature SMlL editors a.re good for serious development, a text edi­
tor lets you get started with creating SMl immediately. 

1.5.2 SMIL Syntax Vatidator 
CWC, the Dutch national center for mathematics and computer science in 
Amsterdam provides the SMIL Syntax Validator. or those that write their SMIL 
code directly with text edito , the validation of this code with the DTDs (Docu­
ment Type Definitions) of SMIL family formats is essential. Tools like this help 
authors make sure the code they write conforms to SMIL. This validator checks 
code written for SMIL 1.0 and the SMIL 2.0 Languag profile. 
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1.5.3 Perly SMIL 
Another tool for the hand-coding indined is the Perly SMIL Perl module. This is 
a module of fw\ction in the programming language Perl. With Perly SMIL, 
Perl hackers can mor quickly write programs that generate SMIL output. Perly 
S L can be downloaded fre of-charge. 

1.5.4 SMILGen 
An interesting addition to the SMIL GUI editing cene is SMILGen, a RealNet­
works product developed and distributed as free-of-charge and open source. lt 
provides an XML-oriented GUI, facilitating creation of XML constructs in gen­
eral, accounting for the possibilities and restrictions of individual DTDs and 
schemas, and with some SMIL 1.0- and 2.0-specific features built directly in. It is 
more general purpose than template-based SMIL 1.0 editors, but requires more 
XML and SM!L expertise. It doesn't have the intricate SMT 2.0-specific interface 
that GRiNS has- but then, SMILGen is free-of-charge. 

1.5.5 MAGpie 
American publk television's National Center for Accessible Media (N 
has dev loped MAGpie for the creation of closed•captions and audio descrip­
tion . MA pie makes it easier tog t the timing information from the media to 
whjch captions and descriptions are synchroni:;,,ed. AGpie generates captions 
and descriptions in SMIL 2.0 code. It comes with an mbedded GRi S pre­
viewer. 

1.5.6 GRiNS 
The industrial-strength power tool for SMIL 2.0 authoring is GRi S, by Oratrix. 
GRi S provides graphic user interfaces for viewing and editing the spatial and 
often intricate temporal structure of S IL 2.0 presentations. The authoring 
environment also provides integration and playback of individual media com­
ponents and portions of SMfL presentations. GRiNS gives performance feed­
back (providing n 3 twork bandwidth analysis for multiple connection peeds 
and user profiles) and it exposes all of the SMIL language. Like its player coun­
terpart, GR1 S is a complete SMIL 2.0 implementation. It can output cod 3 for 
the SMIL 2.0 Language profile, the 3GPP Mobile profile and XHTML+SMIL 
Like most power tools, GRi S is useful for the more expert authors of larger 
presentations, but it can have a higher learning curve than simple text editors. 
The GRiNS editor can be downloaded with a several week free-of-charge trial 
period. After the trial expires, a license needs to be purchased. 

1.6 SMIL and Other Specifications 
The potential of multimedia on the Web is tremendous. Even the most conser­
vative commentators realize that the introduction of audio/video assets as 
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first-cla s Web objects can have a major impa t on the way that people will con­
swne irlformation and entertainment in th future. Not urprisingly, SM is 
not alone in the multimedia standardii.ation pace. Often, multimedia stan­
dards are characterized by their cont nt, rather than their composition. In this 
sense, there has b en some confusion a to how SMlL r lates to the e other for­
mats. 

1.6.1 CMIF 
1n 1991, CWI in th Netherlands began a research project on network hyperme­
dia. ate that year, CMJF (the CWI Multimedia Interchange Format) for syn­
chronized multimedia was published that contained the seminal elements of 
what would later become SMIL. CMIF supplied the general timing semantics, 
structure, content control, layout, linking and interaction facilities that would 
be used in the SMrL language. (Some of these facilities made it into SMIL 1.0, 
others in SMIL 2.0.) any of MIF facilities were 'enhanced' by the commit­
tee-driven standardi7.ation process. (Some of the e enhancements were also 
improvements!) The CMIF player/editor later formed the basis for the Oratrix 
GRINS environment. 

1.6.2 Dynamic HTML 
Dynamic HTML (D-HTML) was introduced as a way of introducing local time 
and animation effects into a static HTML Web page. While some of the anima­
tion primitives in SMIL 2.0 resemble the functionality of some uses of D-HT 
SMIL's scope is much broader than the local nature of D-HTML. 

1.6.3 Flash 
Macromcdia's Flash is a proprietary content media type that is primarily used 
for small anjmations. In contrast, SMIL 2.0 is not a content media type, in the 
sense that it does not define any particular type of media, such as vec:tor or ras­
ter images, videos, text or audio data. Instead of media content, SMIL describes 
media composition. A SMrL presentation can include Flash objects. 

SMIL has a number of advantages over proprietary formals such as Flash. 
One is that it is fully XML-based - it is able to describe adaptive content, and a 
single file can be targeted to several different target platforms, such a broad­
band, Web and mobile. The format i al o truly open - no one company con­
trols its destiny. 

1.6.4 MPEG-4 
MPEG-4 is a family of protocols that cover a wide range of media-related con­
cerns, but not a specific solution to any one class of media presentation. It is 
often stated that the biggest competitor for SMfL 2.0 is MPEG-4. While it is 
tempting to be drawn into a fea ture-by-feature comparison, most of SMJL 2.0 
and MPEG-4 are actually very complementary. 
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The major differences between MPEG-4 and SMIL lie in the approach to doc­
ument structuring and in the separation between structure and content. 
MrEG-4 is e entially a final-form description of a presentation. It is saved in a 
binary format, contains extensive control information, and directly contains all 
of the media cont nt of the presentation. A SMIL document provides a specifi­
cation of the high-level and d tailed syn-chronizaHon, layout and co1 tent con­
trol requfrements, but it contains no data - the actual media items arc 
included by reference. A with Flash, the combination of ont nt and control 
can provide a more precise implementation of a pr entation, but the separa­
tion of content and control can provide a more flexible and reusable presenta­
tion architecture. 

Both SMIL and MPEG-4 use a profile-based architecture. he profile architec­
ture of MPEC-4 is ignificantly more complex than SMIL's, resulting in a wide 
variability in the component that are actually implemented in any particular 
MP G-4 player. MPE •4 also carries with it substantial licensing issues, as 
much of its component standard contain intellectual property that mu t be 
licensed from the lP owners. SMIL 2.0, on the other hand, ha been imple­
mented under a royalty-free agreement with its developers. 

During the development of SMIL 2.0, close cooperation was maintained with 
a portion of the MPEC-4 community. Since MPEG-4 is a binary-encoded stan­
dard, it wa felt that SMIL 2.0 could be used as the text-format for MPEG-4 pre­
sentations. The result is the coordinat d development of SMIL 2.0 and MPEG-4 
through the XMT (eXtensible MPEG-4 Textual Format) specification. Herc, 
MPEG-4 encod low-1 vel objects, while SMIL 2.0 en odes high-! vel, 
XML-based object composition. 

1 .. 7 Summary and Conclusion 
SMIL 2.0's .release makes full-fledg d multimedia acces ible to every user, 
every author, every implementer and to the infrastructure of the Web itself. It is 
emerging as a major force in making the existing Web and its various interfaces 
more animated, engaging, accessible and informative. 

SMIL 2.0 is widely supported and distributed. The full-powered SMIL 2.0 
Language profile is supported in the Web muJtimedia main tay RealOne and 
the open-source Ambwant players. The 3GPP SMfL profile is supported on a 
wide range of telephone and PDA devices. XHrML+SMJL is supported in Inter­
net Explorer, the world's most widely distributed network browser. SMrL tim­
ing wjth graphics in SVG is available in the Adobe and Corel SVG players. 
Large--sc-ale SMIL 2.0 presentation design and maintenance is available through 
GR S, while severa I template-based editing system are available for ma.king 
smaller presentations. 

The purpose of this chapt r has been to introdu you to the SMIL environ­
ment. All of the presentations di cussed in this chapter are available on the 
book's Web site. Tms site also contain " list of links to SMJL-r, lated products 
and rvices. We sugge t that you try to experiment with om demonstration 
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examples and that you then move on to our next chapter, which looks at the 
structure of the SMIL format. 

1.8 Further Resources 

W3C Audio/Video Pages 

The W3C keeps an up-to-date SM1L Web site with information on players, edi­
tors and tutorials at: http://www.w3.org/Audiovi deo/. 

SMIL Players and Editors 

ur bo k's Web site has pointers to various SMI tools and a downloadable 
ver ion of th Ambulant SMTL 2.0 player. See: 
http://www.xmediaSMlL.net/ 

vendor SMIL Pages 

Many SMIL player vendors have pages that contain SMJL documentation, 
including example documents and tutorials. 
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3 
Local and 
Streaming 
Media 

s IL aUows you to take one ot· more media obje ts and int grate them int a 
single multimedia presentation. From SMJL's perspe tive, the location of th 
media - whether local or spread across the Web - is not particularly impor­
tant. From a designer's perspective, however, there is a big difference between 
information that is tored locally and information that needs to be fetched from 
half-way across the network, espe ially when multiple media streams ne d to 
b · ynchronized. 

This chapter gives backgr und info niation on local and streaming media 
issues. It will help you understand the general organization issues that impact 
all media presentations. We begin with a discussion of media types and media 
formats. We then discuss conventions for referencing local and remote media. 
We conclude with a discussion of synchronization and streaming media issues. 

Very little in this chapter involves the parti ular elements and attributes of 
S . . (These ar the subject of the rest of thi book.) Inst ad, we focu on 
understanding th basic - and potential problems and pitfalls - of media 
organization that will help you make more effective presentation . 

3.1 Classification of Media 
ost viewers of multimedia pr entations would probably say that there arc 

two kinds of multimedia media data: fast and slow. ('Thi is a trem ndous 
improvement over what users would have said a few years ago: slow and load­
ing.) Presentations with "fast" assets load quickJy and rw1 seamlessly. Presenta­
tions with "slow" assets take forever to load and then rarely rw1 without 
topping or pausing. Unfortunately - or, perhaps fortunately - not all Web 

user expcrienc the same network performance. Depending on the connec­
tions available, the me piec of media may load very quickly or very slowly. 

Media engine r typically tak a more technical approach to classifying 
media. Within this world, there are two media das es: discrete and continuous . 

■ Discrete media: media in which there is no inherent duration associated with 
presenting th . media. Di crcte media includes images, text and most 
(structured) graphics. Discrete media can be very large (such as a 
1600xl024x32 image of a landscape) o.r it can be v ry small (such as a 
one-bit GJF image). • 
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■ Continuous media: media in whi h time plays an essential role. Continuous 
media includes audio, video and some animated graphics. A piece of con­
tinuous media usuaJly consists of an ordered set of discrete media compo­
nents, ead1 of which is usually called a frame or a sample. Continuou. 
media objects can be very large (such as 4 minutes of 1600xl024x32 video) 
or it can be relatively small (such as a 4 second sound file that is encoded at 
a very low bitrate). 

Table 3-1 provides an overview of the 
sizes of various discrete and continuous 
media objects. Some media are hybrid 
types: an SVG (or flash) animation con­
sists of a timed sequence of discrete 
images. Since animations are typically 
fetched as a single block, they are usua lly 
treated as discrete media. 

For a media perspective, there is no 
d irect relationship between a media type 
(continuous or discrete) and a user's per­
formance experience. It is tempting to 
think of conhnuou media as always pre­
senting more re ource use problems 
within a multimedia presentation than 
di crete m dia, but this is not necessarily 
ti:ue: discr te media typically needs to be 
presented all at once, while continuous 
media can be fetched and presented in 
semi-autonomous blocks. A large imag 
may be "slower" than the sam~sized 
stream d vid ~ object. ContLnuous media 
does present one problem that is not 
encountered with discrete media: contin­
uous media requires strict inter-frame 

Media Type 
Media Size 
Class (Kbytes) ---------Text 

(1 pg, raw) 
Discrete 5.1 

Text 
(1 pg, Discrete 51.2 

formatted) 

Color image 
Discrete 65.5 

{256x256) 

Color image 
Discrele 3,100.1 

(full screen) 

Audio 
sequence Continuous 160.0 

(10 seconds) 

Audio 
sequence Continuous 10,500.2 
(1 minute) 

Video 
sequence Continuous 70,000.4 

(short) 

Video 
sequence Continuous 151,500.3 

(long) 

synchronization to ensure tha t media Table 3-1. Typical media object 
playback is "correct". (A video or audio types, classes and sizes. 
object will lose its semantic m aning if 
information is not r ndered at a constant rate.) 

3.2 Media Formats and Encodings 
One of the common frustrations for many new users of SMIL is that the lan­
guage does not contain a default set of media formats that are supported by all 
SMIL players and browsers. There are several reasons why SMIL was forced to 
be media-agnostic: first (and foremost), at the time SMIL was specified, there 
was no set of common continuous media formats that were available on all 
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platforms without om.e form of server or licensing restrictions. The W3C did 
not want to fore organb.ations implementing SMil.. to adopt proprietary 
media forma:ts, especially if the ·e were not freely available. Of course, the fact 
that several companies on the SMIL standardization committee each had com­
mercial interests that precluded the definition of a common set of media types 
didn' t help, either! (The problem of standardfaing n media were also true for 
SVG and HTML, but since these f rmats make little or no use of continuous 
media, the issue wa not as obvious as with SMJL.) 

The media-agno tic natur of SMIL does not mean that the selection of -
1 

-

media format is not a key media concern. The main reason that media formats 
are important'. that, in raw form, both di cret and continu U " m di,- are typ-
i 1l to larg to efficiently retri v -, tran fer and p · , ro s a digital net-
work. Ev n a relatively mall raw ima e of 320x240 bit can ult in 
ignificant tran i r tim aero low- and mod rat - pe d n tw rks.11, y al 
qu· I ts of torag pa n n tw rk rv and Bents. a 1 • ult, a iou 

f rn of mpr l n h v b en d v lop d f. r diife:r 1t m dia typ . The fol­
lowing ub-section consider cornpres ed. media fom1ats for both discrete and 
continuou media, 

3.2.1 Media Formats for Compressed Discrete Media 
The typical e of di crete m dia found in multimedia p ntati ns are pho­
tographic imag , omputer-g n rat d (artificial) imag , ruum ted imag s 
and t-ext. Whil many f rma for ach of th m dia bj ts xi t, th r are 
everal formats that have taken on the role of de facto standards that are sup­

ported by most SMIL players and browsers. The choices are summarized in 
11 ble 3-2. 

I 

1: 

----

Images 

SMIL Profile 
Player/ 

mllllill Text 
Browser 

RealOne JPEG PNG, GIF Flash, SVG RealText, Plain 

SMIL 
Ambulant JPEG ii PNG SVG. Plain !Language 
GRiNS JPEG 

I 
PNG Flash, SVG Plain 

I 

MMS-2 JPEG 
ii 

GIF Plain ' - -
SMIL Mobl'le I 

3GPP JPEG 
I 

PNG, GIF SVG-Tiny Plain 

SMIL. 1.0 Quick Time JPEG PNG, GIF Flash Quick Text 

XHTML IE-6 
JPEG PNG, GIF Flash, SVG Plain, HTML 

+sMJL : (HTML+ Time) 

Table 3-2. Preferred discrete media, per profile and player. 
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Photographic Images 

JPEG (a compress· on standard d v loped by the Joint Pictures Expert Group) is 
currently the most widely u ed image format across the Web for photographic 
images. It has excellent compression characteristics that can be tailored to meet 
the needs of the image content. While cpmpression ratios of between 10:1 to 

0:1 are common with JPEG, this compression come at a price: JPEG has a 
lossy compre sion algorithm, which means that at higher compression rates, 
the sulting image can be considerably less crisp and dean than the riginal. 
In practice, for Web use thi is rarely a problem uni s the compressed image 
is resized (made larger) as part of a SMIL scaling operation. Since nearly all 
image processing packages - and all digital cameras - support JPEG, it 
should be the primary choice for photographic image media. 

Another popular format for images is TIFF (the Tagged Image File Format). 
IFF images have the advantage that they provide a loss-less encoding of th 

original image (which is useful if the image is to be resized), but even com­
pressed TIFF files often are too large for u e in. Web-based multim dia. 

Artificial Images 

Where JP G i useful for photographs, it is often less optima] for com­
puter-generated bitmaps that contain simple geometries and large fields of 
solid colors. (Screen dumps or images generated from ra ter data are typical 
examples.) or these images, the PNG (Portable Network Graphics) format is 
usually a better choice. P G also support complet and partial h·ansparency 
- allowing an image to be overlaid or blended on top of another media object. 
P C i an open, royalty-free format that is supported by nearly all S L ren­
derers and image manipulation packages. 

Another tandard for bitmap images • GIP (the Graphic Image ormat). GIF 
files ar w ll-known and widely u d, but unless you need the animation facil­
ities in IF that allow s quence of sub-images, it is not a particularly good for­
mat for future use. GIF uses licensed technology which may impede its 
implementation in some SMJL renderers. 

Vector-Based Animated Images 

Unlike bitmaps, which contain all of the bits rendered in the image, a vector 
format describe shapes bas don end-points, line segments, line thickness and 
fill color . A a result, vector files describe how an image is to be generated 
rather than containing a painted version of the image itself. This often makes 
the size of vector images small - and, more importantly, it provides an ability 
to resize the image without quality loss. 

There are two formats in wide use that support v ctor-based image : SVG 
and Flash. SVG is an o en standard from W3C (the ame people who brought 
you HTML and SMIL), while Plash is a closed standa d that is controlled by 
Macromedia. Both SVG and Plash arc u ually upported in SMIL players via 
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plug-in renderers. Many small devices are committed to supporting the 
SVG-Tiny profile. 

A choice between SVG and Flash wi11 most often rest on philosophical rather 
than technical grounds. While Flash encodings can be more compact than SVG 
- this because Flash uses a binary rather than text encoding format_ - some 
SMIL p layers/browsers provide native implementations of SVG, which means 
that parts of the timing of the SVG media can be controlled using SMil...'s con­
structs. The ultimate choice between the forma ts will often rest on the availabil­
ity of plug-in renderers for each format within a SMIL player/browser. 

An alternative to both SVG and Plash is MPEG-4. MPEG-4 is a complete 
media encoding and scheduling solution that contains aspects of functionality 
fmmd in both SMIL and SVG/Flash. Unlike SMIL, which uses a user-editable 
open format, MPEG-4 packages all media content in a dosed, final-form format. 
In practice, mixing the use of SMIL and MPEG-4 is probably not very useful, 
although there are advantages to transforming SMIL into MPEG-4 and vice 
versa. 

Plain and Formatted Text 

In theory, text would seem like a very portable, ubiquitous media type. In prac­
tice, rendering formatted text in many media players is a difficult and resource 
consuming task that is usually minimally supported. The main reason for this 
js that the support for scalable fonts and text-based re•flow of content based on 
dynamic margins is very resource intensive. For all practical purposes, format­
ted text data is usually encoded as an image in P G or GIF format. Small 
amount of incidental text can be encoded directly in the player' base font, but 
this is the exception rather than the rule on other than very small device . 

Alternatives for formatting text are the use of SVC or XHTML. Both of these 
solutions require activating external renderers. For this reason, unless lots of 
text is presented in the presentation, image encoding of text is usually used in 
the SM1 Language and Mobile profiles. Implementations of the XHTML+SMIL 
profile are much more suited to including large amounts of text. Note that the 
use of text for captions is typically done by treating text as a continuous media 
object. See Timed Text on page 61 . 

3.2.2 Media Formats for Compressed Continuous Media 
The typical types of continuous media found in multimedia presentations are 
video clips, audio files and timed text. There are several formats available for 
each of these media types, but unlike discrete media, there has been little stan­
dardization in the use of continuous media. The principal barriers to standard­
ization remain technology licensing issues and format compatibility with 
proprietary streaming media servers. 

Apart from the issue of standardization, the primary distingui rung factor 
for the processing of continuous media is the transfer model used by the for­
mat. As we dJscuss more fully in Accessing Media Within a SMIL Presentation 
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on page 65, two alternatives exist: a download-and-play model and a streaming 
model. While most streaming media 1-vers can provide ome measure of 
streaming support for nearly all media types, the ervers often work best 
when they stream the - often proprietary- formats that wer sp daJly devel­
oped for the server. 

In the following discussion, we cm'iSider both download-and-play and 
streaming media formats. 

Audio 

There are doz ns of download-and-play audio format but only relatively few 
streaming audio formats that can be u d in a wid rang of m dia players. 
The audio format selected will be driven by th typ of platform b ing u ed 

~~lliiiiiiiii_.1 and the type of audio being encoded. Table 3-3 lists them jor forma up-
ported by platform and player at the time this book was written. ote that 
many mobile players will support proprietary media formats (such as RealAu­
dio or Windows Media) if the service provider has made special technology 
licensing deals with either Real etworks or Microsoft. 

Streamed Streamed 

RealOne MP3 RealAudio MP3 RealAudlo, MP3 

SMIL 
Ambulant MP3 

Language 
Ogg Vorbis MP3 Ogg Vorbis 

GRiNS MP3 .rm,.wmf MP3 .rm, wmf 

MMS-2 AMA MIDI 
SMIL Moblle ' 

3GPP AMR MIDI lmpl. Dependent 

SMIL 1.0 Quick Time AIFF MP3 MP3 

XHTML IE-6 
WAV 

+SMIL (HTML+ Time) 
WM MP3 WM 

Table 3-3. Preferred audio media, per profile and player. 

Video 

As with audio, video can be either downloaded in its entirety before use or it 
can be streamed to a player/browser. \i\lhile many video formats exist, the 
most common formats across the Web are: MPEG-1/2/4, AV1 and RealVideo. 
Table 3-4 provides an overview of the primary and secondary formats available 
on major platforms as of the writing of this book. Note that l\11PEG-ba ed for­
mats can use a variety of codes and support a range of bitrates. ot all pJayers 
may support all variants. 
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Timed Text 

As mention d above, most incidental text in multi.media presentations (such as 
headings and titles) will be formatted as bitmap images. An exception to thi<; is 
the use of timed text for captions. Captioning has often been embedded within 
video media objects (so-called dosed captions), but SMIL allows multiple cap­
tion objects to be specified within a media file as peer-level media objects. The 
advantage of this approad1 is that captions can be supported in multiple lan­
guages or at multiple levels of detail, and that the end-user can choose whether 
- and which - captions are visible. • 

Most of the solutions supported for captioning of content have been propri- : 
etary. Of these, RealText (developed by RealNetworks), QuickText (develop d 
by Apple Computer) and SAMl (supported by Microsoft) are th most widely 
used. In mid-2002, the W3C start d an activity on standardizing on a corrutton 
timed-text format based on general SMIL timing constructs. 

Table 3-4 provides a summary of timed text options available under various 
platforms and profiles. For those organizations participating in the W3C Timed 
Text activity, this format has been H ted as a condary format under the name 
TIF. 

Video 
Player/ . 

SMIL Profile B ~- Timed Text 
rowser ~ 

- -------
RealOne MPEG-2 RealVideo Rea!Text, TTF 

SMIL 
Ambulant Div-X Div-X TTF Language 
GRINS MP4 .rm .rt 

MMS-2 ·- I ... 
i --

$MIL Mobile . 
3GPP H.263 lmpl. Dependent lmpl. Dependent 

SMIL 1.0 QuickTfme MPEG-2 
I 

MPEG-4 QuickText 

XHTML IE-6 I AVI I MPEG-4 $AMI 
+SMIL (HTML+Time) I I 

I 

Table 3-4. Preferred video and timed text media, per profile and player. 

3.2.3 Tools for Creating Media 
The most time consuming part of making multimedia presentations is usually 
creating the media objects, not the SMIL file. While a detailed consideration of 
media creation is beyond the scope of this book, Table 3-5 lists a number of 
tools and software package that can be used to create and edit media. 
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- --- - - - - - - - - -
Media Type Formats Software Tools Hardware Toots 

I Photo JPEG. TIFF 
Dig. Cameras, 

Adobe Photoshop, Scanners 
miscl image editors 

Images 
Arti ficial PNG, GIF Scanners, tablets 

SVG 
Adobe Illustrator, 

' 
Vector 

Flash 
Corel Draw .. 

Macromedia Flash 
! 

Plain 
txt text editor 

(X)HTML Oreamweaver, Go Live! -
Text 

Timed RealText, SAMI Magpie proprietary 

Download mp3, wav. ailf 
SoundForge, 

Microphone, 
Audio mixer pane1, 

Streaming RealAudio Media Cleaner 
equalizers 

Download MPEG, AVI Dig'. Video 
Video Adobe Premiere, 

Camera Real Video MediaCleaner Streaming 
WMV Firewire 

Table 3-5. Representative media creation tools. 

3.3 URls: Locating and Naming Media Objects 
Once media objects have been created, they need to be named and placed at a 
location somewhere in the distribution envLronmcnt. The UN.J (Uniform 
Resource identifier) is a standardized syntax for identifying and locating uch 
resource. SMI L, and other W3C Recommendations such as HTML and SVG, 
often use Rls as va ues for attributes that locate information, typically for pre­
sentation to the user. Figure 3-1 shows the basic components of a URI. The three 
core components of an h.temet URI are the scheme, which state the protocol to 
use for transferring the media object, the server, which gives the name of the 
computer holding the media, and the pnth, which say wher on the s v r th 
media i tored . 

In th.is ction, we go over three types of URJs: URis to files stored on the 
local computer, URis to resources stored across the Internet and URis tha t are 
relative to a shared base location. 

http:/ /www.example .org/di rO/di rl/di r2/name .smil/#here 

• • scheme server • path • fragment identifier 

Figure 3-1. The basic components of a URI 
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3.3.1 Local URls 
The simplest type of URl spe ifies a file on the file system local to the browser. 
Such a local system path-name has the URI scheme prefix "fi 1 e: //", followed 
by a third slash and the path (without a server) to ensure that URI proce sors 
recognize it a a local path-name. ( ote that the server name is included 
between the second and third slashes, but because this name is blank, i.t takes 
up no space!) If desired, a name of 7 oca l host may be used. 

Presentations that use lo al file URJs are not portable - they only work on 
computers with the given files. This is fine for local presentations not using the 
Web, such as overhead presentations for groups or presentations distributed on 
CD-ROMs. However, SMlL presentations posted on the Web for playba k at 
any location should not use local file URis. 

fil e; ///dir0/di rl/d ir2 / name .smil /#here 

scheme • path 

3.3.2 Remote URls 

fragment identifier 

Figure 3-2. The Local URI 

Internet URis can locate any object on the Web from anywhere on the Web. 
They are crucial for presentations that can play from any connected computer. 
In the bullets below, we discuss how URI schemes, servers and paths are used 
with remote URJs: 
• URI schemes: The scheme of a URI states what protocol is being used to 

transfer the file or resource from the server to the browser. The server com­
puter needs to know not just what to send, but how to send it, and the 
scheme tells the server how. The most commonly used transfer protocol on 
the Web is HTTP (Hyp ··rtcxt Transfer: Protocol); this 1s a down­
load-and-play protocol. This protocol goes with the ll prefix "http://". 

As a multimedia format, SMIL often incorporates streaming media, for 
which a streaming protocol is required. The streaming protocol most often 
used ls RTSP (Real 1.me Streaming Protocol); this protocol allows incre­
mental downloading and playback of media. This protocol goes with the 
URI prefix "rtsp://". 

■ URI seroers: The second component of a typical RI is the server name. This 
is the name of the computer on the Internet. that holds the media being 
retrieved. It tells the browser which computer on the Internet it must com­
municate with to get the media item. 

■ URI paths: The server uses the path to determine what from its syst 'm to 
send. This path is typically a path-name for a directory or fiJe on the 
server's local file system. It can, however, be instead another type of string 
that the server can process to determine a media item to return. 
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■ URI fragment identifiers: fragment identifiers are placed after the '#' charac­
ters in the path nam ; th y locate portion , or fragments, of files . Their typ­
ical use in SMIL is as named component of XML files, particularly H ML, 
SMIL and SVG. The effect of loading a nam d fragment of any of the e fit 
for display is that the whole presentation is load d and its presentation 
state is "forwarded" to the located· fragment. (How this "forwarding" 
occurs depends on the fo ·mat). Fragment idenf fiers are not part of the URL 

Some players allow UR1 to be extended with embedded param ter . SMTL 
has a separat m chani ·m to support uch param ter pas ing, a described on 
page 65. 

3.3.3 Relative URIS 
The URls presented up to now have been absolute URTs. An absolute by 
itself c ntains all the information needed to locate its resource from anywhere 
on the Web. Relative URls arc incomplete addresses tha t arc applied to a base 
URI to complct• the location. Th portions omitted are the URI scheme and 
se.rve1~ and potentially part of or all of th URI path as well. 

The primary benefit of using relative URis is that documents and the direc­
tories containing them can be moved or copied to other locations without 
requ..iring changing the URI attribute values within the documents - easing 
Web site maintenance. (I Iowever, these particular benefits assume the default 
behavior of relative URI paths.) 

Thei: are thr e typ of relative URl specifi ations in S IL: internal URI 
references, relative pat/ts and xml : base paths. 

■ Inlenial URI references: URis that begin with '#' characters are internal URI 
references. Such a reference locates some portion of the current document, 
unless overridden by an xml : base attribute a ignment. 

■ Relative URI pnths: Relative URI paths ar typically used as a short means of 
locating media files stored in the same directory as the current document, 
or in a directory close to it. They often consist of just the filename (option­
ally with a fragment identifier into that file). Th y can also have a r lat:ive 
directory path before the fi lename. 

■ xml : base paths: By default, the base URl for a relative URI is the location of 
the current document. The xm l : base attribute override this default: it 
explicitly sets a base lo ahon from which relative path can be on tructed. 
U of thi attribute enabl s, for xampl ,, the media for a pres ntation to be 
loade from a media rcpo itory somewhere else on the Web than the SMIL 
docum nt's site. Thus, no matter where on the Web the SMJL presentation 
is copied or moved to, it will get its media content from the same repo i­
tory. Furthermore, if the media repository is moved, then only changing 
the single xm l : base assignment is necessary to update the referencing of 
multiple src and href attributes. 
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hello. txt 
file:///hello.txt 
ht p://www.exarnple.org/hello.txt 
rtsp ://www.example.org/he11o.rm 
data:,Greetings l 

Example 3-1. Valid URI oonstructs for locating and referencing media. 

Example 3-1 provides examples of URI structures. The SMlL-rclatcd aspects 
of URI u e are discussed in Chapter 5: J<eferencing Media Objects. 

3.3.4 Passi,ng Parameters in URls 
The purpose of a URI is to locate and identify a network r ource, such as a 
media object. ]J1 practice, imply pointing to a media object is often not enough 
to activate an efficient transfer between a server and a client. any network 
protocols allow extensions to the RI to support the passing of transfer control 
parameters. These often are tructured as query strings (that is, they contain a 
'?' followed by a set of expr ssions such as: lang .. L). Th se strings arc placed 
at the end f the location of the resour e. S IL d fines the <pa ram> element to 
provide a more tructurt>d means of pa ing paramet rs to media serve· (or to 
other parts of a presentation). For details, see <param> on page 252. 

3.4 Accessing Media Within a SMtL Presentation 
The continuous ,md discrete media objects used in a SMIL presentation can be 
stored on the same computer as the SMIL player (this is called local media) or it 
can be tored on a erver somewhere across the network (this i remote media). 
All media is ac d via a URl (a uniform r source identifier). Local media is 
u~uaJly accessed via the local file system. Remote media can be accessed via a 
network file system, or via a streaming server. 

3.4.1 Local access to media 
It is t mpting to think of lo al media as being fast and fre • (in the r ur e-u 
sense of 'fr e'), but this is nly the ca for desktop system with large local 
disks. For systems within limited local storage, media assets can al o be placed 
on local removable storage devices (such as CD-RO s), but doing so will 
result in media that takes longer to load and access than would be the case on a 
local disk. 

On mobil devices, such as PDAs and t lephones, local access is further lim­
ited by the fa t that storage size is ev rely limited, and the fact that th storage 
space that is available is relatively low. (Slower devi typi ally use le bat­
t 'ry power.) 

While mo t S!'v1.IL presentations will be constructed to use remote media, 
local storage can provide an attractive alternative in some situations: 
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■ CD-ROM distribution: the oldest m dia pre entations were CD~ROM based, 
but even modern pre eritations (such a games or en ydopedias) are often 
distributed via hard-copy media. This is don for both commercial rea ons 
(to protect the contents) and because of performance constraints. 

■ Pre-loaded distribution: for ome applications, such as music, movies or 
hourly sports/new surrunarie , an interesting distribution model is 
pre-loaded local storage. Here, th entir presentation (plu as ets) are 
pre-loaded onto a portable device (such a a PDA or higher- nd t lephon ) 
over a possibly long period of time - ove night, or while the device sit 
passively in a desktop cradle. The presentation can then be accessed locally 
by the user while away from the network connection- such as on a bicy­
cle, in a car or on an airplane. 

Although there are many u es for locally-created SMIL pre entations, these will 
be the exception rather than the rule for most W b-ba ed uses. 

3.4.2 Remote Access to Media 
SMlL was originally created to manage the presentation of media assets in a 
n twork environment. This involves integrating an architech.rre for standard 
resourc naming (that i , pr viding a way to reference media objects) and 
defining a set of temporal and spa ti a 1 rules for governing when and where the 
presentation client presents those obj cts. Given the diversity of Web informa­
tion servers, client playback environment and the heterog n ity of the Internet 
itself, SMIL also gave early altention to facilities for customizing a p entation 
so that it can adapt to the resources and restrictions present when the SMIL file 
is activated. 

Individual a s ts can b downloaded in their entirety during a presentation, 
or they can be fetched incr mentally via a streaming ervcr. Without treaming, 
remote access combines all the disadvantages of the I cal me ia (a lot of pace 
is required to hold complete copies of mectia) with the disadvantages of the 
network (you need to wajt a long time before all your m dia is present). For 
single media presentations - presentations that consist of a single audio or 
vid o file- some of the local toragc and network delay problems can be min­
imiz d by using highly comp:r s d formats, but this pproach does not scale 
well if the presentation has lot f m dia component . It also i n't optimal for 
wireless and low-resource devices, because th transmission d lay can still be 
substantial for whole media and the storage requirements too taxing for the 
device. 

We consider various remote ace 'S issues .in the following sections. 

The Network Infrastructure 

From the perspective of th u er, there are two important aspects of the connec­
tion to 'the network': the p ed of the connection i lf and the connection 
model, or: the method in which the user is attach d to th infra ·tructu1e. 
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Figure 3-3. An overview of the network environment. 
(The [Internet] backbone is not as homogeneous as shown.) 

For remote multimedia, two connection models have dominated: one is 
where each di nt has dir ct intemct connection (perhap via a private local 
area n twork) and the other i th indirect connection to the network through a 
modem and a (wireless) telephone line. In both cases, a local internet service 
provider (ISP) connects the user to then twork: this ISP can cache .multimedia 
data - usually under contract with an information provider~ or it can simply 
provide pass-through access to information that is transferred via a hierarchy 
of ISP . 

For mo t purposes, the conn ction through multiple level of lSP is trans­
parent to the user, but it brings with it a performance penalty: the greater the 
number of intermediate ISPs, the greater th delay that is gen rat d through 
the network. (For a typical connection from Amsterdam to 'am.bridge, 
ngland, it is not unusual to go through 15 levels of connections between the 

source and d tination.) For non-trivial presentations, there may be several 
data paths through the network active concurrently. For example, a piece of 
video may come from a erver in California, but the associated Dutch subtitles 
may c me from a site in Am terdam. The delay characteristics of each connec­
tion will likely vary considerably. 

The transfer speed of any one connection is determined by the available 
bandwidth of each of the active network links and the proce ing power of 
both the source and destination to sezyice any single request. For some trans-
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fcrs, even a very fast connection will not improve the perceived p rformance 
from server to di nt if the server i not able to proce all requ ts adequately. 
On th oth r hand, even a v ry fast server will not be abl, to provide ad quate 
perceived r ponse if the intermediate network link(s) are not free to carry the 
data involved. 

A bandwidth comparison is shown in Table 3-6 along with the resulting 
transfer times for various types of complex data. It is important to realize that 
the future expected acceptance of wireless devices as delivery platforms for 
multimedia will effectively result in a reh1rn to connection speeds of the 
mid-1990's. The only justifiable conclusion that one can draw is: the Internet 
will remain heterogeneous for a long time to come. 

Moctem8 Modemc ADSLd 
ISDNb I 

Text (1 pg, raw) 5 0:00:01 .71 0:00;00,42 0:00:00.01 • 0:00:00.00 

Text (1 pg, formatted) 51 I 0:00:21.39 0:00:05.34 0:00:00.10 0:00:00.05 

Color image (256x256) 65 0:00:27.30 0:00:06.83 0:00:00.15 0:00:00.07 

Color image (full screen) 3,100 0:21 :50.72 0:05:27.50 0:00:07.25 0:00:03.50 

Audio sequence ( 10 sec.) 160 0:01 :06.66 0:00:16.43 0:00:00.41 0;00:00.16 

Audio sequence (1 minute) 10,500 0:5B:40.00 0:14:39.12 0:00:23.43 0:00:11.73 

Video sequence (short) 6:2B:53.34 1:37:12.75 0:02:46.31 0:01 :17.78 

Video sequence (long) 151,500 42:00:00.00 9:58:51.67 2:52:48.73 1:23:20.00 

Table 3-6. Comparative speeds of transfer technologies. 
a Assuming a 28.BKb Modem with an average transfer rate of 3K8ytelsecond. 
b Assuming a 128Kb Modem with an average transfer rate or 14K8yte/seoond. 
c Assuming a 4Mb Modem with an average transrer rate of 450KByte/second. 
d Assuming a 8Mb Modem with an average transfer rate of 900KByte/second. 

Network Protocols and Media Access 

The cturent Internet can be partitioned by the pr tocol it uses to transfer infor­
mation among i.ts constituent computer . The e are T P (the Transport Control 
Protocol) and IP (the Internet Protocol). All computers that connect to the Internet 
use the e pr tocol , which were developed in the late 1960's and early 1970's to 
handle (r lativ ly) small amounts of text-based network traffic. 

The early Int met was used to send files and e-mail .messages as bulk, batch 
tran £er . When the Web became popular in the mid-1990's, the Internet began 
to b used for massive on-line access to formatted information. his informa-
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s1andard Non­
Streaming Support 

(HTTP) 

fransport 

Control Protocol 

Support 

(TCP) 

I 

Resource 

I: 

Reservati on 
Support 
(RSVP) ,, 

Real•Tlme 
streaming Support 

(RTSP) 

Real-Time 

Transport Support 
(RTP) 

Datagram Support (UDP) 

Basic Internet Connectionless Support (IP) 

RTP 
Control Support 

(RTCP) 

Figure 3-4. Types and relationships among network protocols for multimedia. 

tion wa still ent as a batch (typically, a page at a time), and could easily be 
transferred on top the xisting P /TP protocol stack. early all non-streaming 
media transfers that u • a whole-file model make use of these ba e proto ols, 
neither of which has any notion of time, tempo or delivery guarante . 

Wbcn the first multimedia computers arrived in the early 1990's, it became 
dear that new protocols were needed to guide continuous data from servers to 
di nts. In order to address these needs, several new protocols were developed 
to provide support for streaming media. JP is still in wide use, and remains the 
dominant backbone protocol of the Internet. Above IP in the protocol stack 
com a very simple protocol for packaging u er data called user datagram pro­
tocol, UDP. ( DP is also a first-generation Internet protocol that has regained 
favor because of its lightv.reight nature.) Above these are streaming protocols: 
the real-tlme str:eaming protocol RTSP, the resource reseroati-0n protocol RSVP, and 
the combined real-time transfer and real-time control protocols RTP /RTCP. The full 
protocol stack is summarized in Figure 3-4. 

sing these protocols, a server can requ -t a guaranteed amount of band­
width to be reserved before a transfer starts (using RSVP), then packag the 
information for 'real time' transfer using RTP /RTSP and then allow informa­
tion to be incrementally given to the user via RTSP. At present, some fonn of 
each of these proto ols is in use. 

nfortunately, these streaming protocols have brought new problems to the 
Internet. Consider RSVP. Without going into detail on how the protocol works, 
it is obvious that the notion of resource reservation presents a concern for the 
various hub ISPs that make up the Internet backb ne. The core issue is that if 
one customer says "please reserve 5% of your capacity for me for my use in the 
(near) future", the hub ISP has a major problem: it has no guarantee that the 
server will actually use the reserved bandwidth and it has no way of deciding 
among res rvation requests when they arrive. For this reason, substantial use 
of resou1"Ce reservation will not be en across the g neric Intemet very soon. 
The resource reservation potential for mobil and wireless units i greater. This 
is a consequence of the lower bandwidth available at the d vice (meaning that 
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without some sort of re ou.rce management, the entfre infrastructure will col­
lapse) and the fad that more of a substantial portion of the delivery infrastruc­
ture ·s managed by single, large entities who can impose their own 
management po • cies. 

Another problem comes with RIP and RTCP. Unlike TCP, UDP and IP, 
RTP /RTCP are fram(;UJ()rk protocols. RTI' does not specify how to move data 
between a server and a client in 'real time', it simply defines how a server and 
client arc to format their requests. There is no guarantee that all servers and cli­
ents will support the same dialects of RTP and RTCI~ which may make the pro­
tocols us less for the general internet community. Consid ring the time it has 
taken for TCP/IP to become standard parts of computer system support, it may 
take some time befor general end-to-end support for continuous media is 
available. 

Streaming servers and streaming media encoding 

While generic support for streaming media using open protocols seems to be a 
distant vision, special proprietary implementations of streaming media sup­
port dominate lnternet media use. These implementations typically combine 
proprietary media compression implementations with pmpri tary implemen­
tations and extensions to basic RIP /RTSP/RTCP protocols. The proprietary 
nature of these implementations guarantees a high-degree of end-to-end com­
patibility for users of the media formats, but it also provides a lock into various 
media player vendors such as Apple, Mi msoft and RealNetwork . Thi makes 
it difficult for third party media players and media infra tructur s to br ak into 
the Internet infrastructur . 

3.5 Summary and Conclusion 
The MfL spe ification makes very little demands on the data types and proto­
cols used to transfer media between clients and servers. At th same time, since 
it imposes no re trictions, it also can't provide guarantees that every SMIL 
player will be able to play every SM1L presentation. This situation may be a 
short-term problem. The wireless market is providing a measure of openness in 
the multimedia protocol market. These vendors, who comp te based on con­
nect time instead of media encoding, want to have a wide-op n nehvork for 
data (but they want the delivery pipelin to b as dosed as possible!). If the 
wireless world is able to have a major commercial impact, it may also result in 
a more open desktop Internet as well. 
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3.6 Further Resources 

HTTP Specification 

Hypertext Transfer Protocol, Version 1.1. W3 RFC-2616, June 1999. 
http : / /Y,ww. w3 .org/Protocol s/ rfc2616/rfc2616. html. 

IP Specification 

Internet Protocol (IP). IETF RFC-791, September 1981. 
http; //WIWI . i etf. org/rfc/rfc0791. txt. 

TCP Specification 

Trnnsmission Control Protocol (TCP). IETF RFC-793, September 1981. 
http://www.ietf.org/rfc/rfc079l. xt 

UDP Specification 

User Dntagrnm Protocol (UDP), lETF RFC-768, Augu t 1980. 
http://www.ietf.org/rfc/rfc0768 .t:xt 

RSVP Specification 

Reso11rce ReSerVation Protocol (RSVP) - Version 1 Fimctional Specification, IETF 
Rl'C-2205, September 1997. http: //www. i etf. org/rfc/rfc220 5. txt 

RTP Specification 

A TI·nnsport Protocol for Real-Time Applications (RTP), IETF RFC-3550, July 2003. 
http://www.ietf .org/ rfc/rfc3550.txt 

RTSP Specification 

Real Time Streaming Protocol (RTSP), IBTF RFC-2326, April 1998. 
http://www. ietf .org/rfc/rfc2326. txt 

Ambulant Player 

For information on th, SM! 2.0 compatible Ambulant player, see: 
http://www .ambulantPl ayer.org/Pl ayer/. 

GRi NS Player 

For information on the SMIL 2.0 c-ompatible GRi S player, sec: 
http://www.oratrix .com/. 

Q.uicktime Player 

For information on the SMII . 1.0 compatible Quick Time player, see: 
ht tp://www .apple . com/quicktime/. 
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Rea/Neworks Rea/One Player 

For informahon on the S lL 2.0 Language Profile compatible RealOne player, 
sce:http ://www .real.com/. 

HTML+ TIME Browser 

For information on the SM L 2.0 XHTML+S l compatible HTM + TIME player, 
see: 
http://msdn.microsoft.com/l ' brary/default.asp?ur14 workshop/author/ 
behaviors /reference/time2/htime_node_entry.asp. 
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Part Two 

Basic SMIL Constru,cts 

Thi part covers the basic functionality of SMIL 2.0. TI1e elements and attributes 
described in chapters 4 through 9 probably will constitute 90% of the standard 
SMIL use. Nearly all of the material in this part can b used with the MTL Lan­
guage profile (including desktop and mobile SMlL) and - with th exception 
of layout - with XHTML+SMlL as well. 

Topics Covered 

Chapter 4 take an in-depth look at the overall structure of a SMlL 
presentation. We describe the elements and attributes that are 
needed to encode the framework of a presentation in the various 
SMIL profiles. We also look at th XML facilities avaiJabl to make a 
SMIL presentation futur proof. 

Chapter 5 considers the inclu ion of media asset in a pre eotation. 
U describes how media are dassified, how they are referenc d and 
how they are controlled from within a SMIL presentation. We look 
at the various types of medJa references supported by SMIL and 
the timing consequen of adding media to pre ntations. 

hapter 6 describe · the ba ic facilities upported by all SMJL 2.0 
Language profile versions for creating and managing pr sentation 
layout. We look at the layout elements and attributes in the head 
section and then consider how these elements can be applied to 
various types of media. 

hapter 7 provide a description of th temporal control of media 
objects within a MIi. presentation. We look at the ba ic time on­
tainers us ,d by MIL and then consider the basic set of timing 
attributes available to SMIL authors. This chapter cover the timing 
assets most used in basic SMIL presentations, in all SMIL profile . 

Chapter 8 describes the linking facilitie in SMIL. It starts with a 
discussion of how links arc used in HTML and then contrasts this 
with the time-driven linking facilitiCJ available in S fL 2.0. Jt con-
iders how SMIL define anchors and link attribut and illu trates 

how SMIL linking can be used for message passing and activation. 
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Goals 

Chapter 9 provides an overview of basic content control facilities 
within a SMIL presentation. lt starts with background information 
on content cl ction and then describ the el ments and attributes 
that SMfL provjdes that allow a presentation to be tailored to the 
n d of th n twork infrastructure and the target player. 

Chapter 10 concludes this part with a discussion of the visual tran­
sitions provided in SMIL 2.0. We begin with examples of transition 
effects and then look at how transitions can be defined. We then 
look at the elements and attributes provided by SMTL for basic and 
in-line specification of transitions for all media. 

By the time you comp! t thi part, you should be able to author presentations 
that make use of all of MIL's basic multimedia presentation structuring facili­
tie . You will also be able to understand and maintain SM1L presentations writ­
t n by others for the various SMIL 2.0 profiles. The key to this part is that we 
only consider attributes and elements that are widely supported by SMJL's var­
ious players and profiles. 

Prerequisites 

In order to get the mo t out of this part, you should have read and understood 
the material in Part One of this book. You should also be able to open an exist­
ing SMIL presentation and send i t to one of the major SMIL players for render­
ing. 
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5 
Referencing Media 
Objects 

"Integration" is SMIL's middl!e name. SMIL does not d fine any media it elf ­
it defines the glue that holds m dia t geth r in multimedia pr ~ entations. 
SMIL's BasicMedia module and its con h'ucts, the media object elements and the 
src and type attributes, provid the doorways though which media is 
brought into SMIL document structure. SMIL can define a bit of its own media 
with the <brus h> element, which paints color on an area of the display and 
makes it a media object in its own right. 

This chapter describes the basic alternatives for identifying the media objects 
to be contained in a presentation. We won't discuss layout or timing issues yet 
- these come in later chapters - but we will review everything you need to 
understand how SM IL references external media objects. 

5.1 Partitioning Content and Control 
A SM1L specification contains elements and attributes that allow media objects 
to be located and scheduled for presentation. (It also defines how linking and 
overall resource control can be integrated across the media items.) The S I 
specification does not define how the actual media is to be formatted. For S T 
implementations where S IL is the host language (such as those based on the 
Language and Mobile profiles), there is a strict separation between the control 
information in the SMIL file and the content in media objects. For implementa­
tions of SMIL where another language serves as host (such as XHTML or SVC), 
the separation between content and control is less strict. The advantage of hav­
ing a strict separation between content and control is that the S IL file remains 
small: th.is allows the file to be parsed and handed off to th scheduler with a 
minimum of extra bits. (This i obvi usly important for small devices.) The 
advantage of mixing control I ments and cont nt is that a presentation can be 
easier to hand-edit: 3 verythi.ng is in one file and the mixed control/content 
conventions that are used in HTML are maintained. For presentations that are 
largely text-based (such as those using the XIITML+SMIL profile), mixing con­
trol and content makes sense. For presentations that focus on images, audio 
and video, the separation of content and control is much more useful. The ulti-
111at choice is more philosophical than technical. 
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I <Smil> 
i <head> 
J 

" </head> 
s <body> 
6 

<text sr,c.,"file:///hello.txt" type• "teKt/plain" . , . /> 
II 

9 </body> 
W</smil> 

(a) using <text> and an external media object 

1 <smi l> 
1 <head> 
J 
, </head> 
.s <body> 

7 <ref src="http://v.-.exa111ple.net/he77o.txt" type .. "text/plain" ... /> 
B 
II </body> 

10 </smil> 

{b) using <ref> and an external media object 

I <smil> 
1 <head> 
J 
4 </head> 
s <body> 
6 
1 < ext src="data ; ,Greetings!" type="text/pl ain" . .. /> 
II 

l' </body> 
10 </Smil> 

(c) using <te)(t> and an embedded media object 

Example 5-1. Partitioning control and content in the SMIL Language profile. 

In order to understand th various options that SMIL provides for identify­
ing media objects, look at the three code fragments in xample 5-l. All of these 
examples use the SMIL Language profile - this is because SMIL profiles that 
use another host language (such as HT L) will use that language's media ref­
erencing primitives. In each example, we want to di play th text: rcdingst 

1n ample 5-l(a), we th typical case for in luding media in a SM lL pre-
sentation. The elem nt <text> specifies a media object reference, the location 
and type of which ar ' given by the src and type attributes. The actuaJ text 
string is placed inside the referenced file. ( ote that the s re attribute uses con­
ventional URI syntax. Please review URls: Locating and Naming Media Objects 
on page 62 for a discussion on Rls.) 

Example 5-l(b) shows a subtle variant of the SMIL example, in which tbe 
<text> element has been replaced by the <ref> element. Fun tionally, these 
two fragments are identical: in the full SMIL Language rofile, the <text> ele­
ment is simply a synonym for <ref> . (More on this st. rting on page 88.) 
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I ·---,---.-.....---~I SMIL Player 

]I vide 
I 
f ....... - -

' ima ··' 
SMIL 

on-srructs L-...!:====::::::::.~===~ 
media rsference : ◄ • - • • • • • 

Figure 5-1. SMIL architecture. 

Although most media used in a SMJL presentati n will be reference as an 
external object, it is also possible to embed media directly in the SMIL file. 
Example 5-l(c) gives an example of this using a data URI: the src attribute 
tarts with the characters data: , (including the ','!}, followed by the actua I con­

t nt of the mcdia.1 For hort t xt string , thi i a convcni nt mechanism, but 
for a 10MB pi ce of video, it is not particularly appr pria te! 

The basic aii hitecture of SM IL in th SMJ 1. J ,an.guage pro ile is presented in 
Figure 5-1. The SMIL specification contains references to media (and other con­
trol information), but the media itself is located in external files. 

We close our discussion on separating content and control with an example 
of non-SMIL. Many new us rs to SMIL exp ct that the following code fragment 
shou ld be val id: 

<text> 
Greet i ngs! 

</text> 

It is important to realize that this is not valid SMIL. Whatever the merits of such 
a structure, it is not supported in the SMlL 2.0 Language profile. 1n other pro­
files, such as XHTML+SMIL, the <tex.t> element is not used, but embedded 
content using the <P> element {and its equivalents) is more common. 

1 The data URI can also accept parameters before the actual data. Since the separator har• 
actC'r for these parameters is a comma, a final comma is expected before the actual data 
encoding ' tarts. This is why the comma is requfred in the data string. 

Section 5.1: Part~ioning Content and Control ■ 87 

• • 



5.2 SMIL Media Object Elements and Attributes 
The SMll specification's media 
obje t modul define three cts of 
el ments for referencing and on­
trolling media objects in a pre enta­
tion: medin object elements, a media 
object b1itializalion element and a 
brush element. Of these, the media 
object elements and the brush ele­
ment repres nt basic SMIL function­
ality and arc discussed in this 
chapter. The media obj t initializa­
tion element (whi b is named 
param) is advanced SMIL function­
ality and is treated in Chapter 11: 
S11bsett ing and Extending Media. 

Ml L' m ia obj t el men ts arc 
defin d in th Ml BasicMedin 
modul . Thi m dul al o defin 
th s re and type r ttributes. All 
MJL profiles include the Basi Me­

din rn dul -. he <brush> element is 
defmed in the BrushMerlin module. 
This module also d fines th co 7 or 
attribut . nly th M1L Lang·uage 
profit mak e o th Brus'1Medin 
modul . 

The X L truchJre o the media 
object and brush lement i hown 
in Table -1. 

5.2.1 Media Elements 
This ection define the media 
object elements i:n SMIL. 

Element: <ref> 

Q) 

'S 
.c 
~ 

I tQ 

f 

parents 

parents & 
children 

type 

media clipping 

media descriptjon 

mediaRepeat 

er.:ise 

read Index 

region 

sub-mg/on 

regA 1i gn, regPOi nt 

general timing 

endsync 

timecontainer 

transin, trans011,t 

tabindex 

test 

core 

<body,, 

<priori tyclass.> 

H 

H 
8 1 

8 I 

H 

MlL d fines on m dia bj t le- Table 5-1. Structure ot the media object 
m nt to pecify which ro dia elements 
objects are included in a pre nta-
tion: th <ref> (r fe1 ) elem n t. In order to make r acting SMIL file ea ier, 
the Ian uage also d fin s si ynonym for <ref>: <img>, <vi deo>, <audi o>, 
<ani mation>, <text> a.nd <textstream>. These seven lements are identical 
in ev ry way exc pt for their names - they take the same attributes, can have 
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elements of the same type for parents and hildren, and behave the same. In 
fact, these elem nts ar totally interchangeable. 
• The SMIL Language profile uses cliff rent names as ru1 authoring conve-
1uence (so that omeone can read the SMIL file and understand what is going 
on), but they are not used by the SMlL player to determine the type of media 
content. Thi means that a (perverse!) author could use a -<Video> element to 
refer nee a file containing audio m dia. While not recommended, this works 
be ause a SMIL player is not aUowed to use the name of the media object ele­
n,ent to determin media types. Instead, ither the type attribute or the media 
serv r should eterroin the type (and inform th play r). 

One exception t the fl xible use of media lement names appli to som 
wobil implementations of MlL. Jo order to minimize parsing and pr 'sing 
overhead, these implementations often require that only an appropriately 
typ d media obj ct element b u d in a MlL file. Th e :r; trictio • and the 

n ral rules~ r det rmining media type are di cussed 011 page 92. .......-..... -. 
n, lac m -nt of a m dia obje t lement in the <:body> element hierarchy 

det rmine • when (and if) it gets played. We'll spend much f the rest of this 
book discu ing the many intricacie of how this is determined. But for now, 
here's a (very) ·hort ummary how th typ of a media object el m nt's parent 
help determine when it plays: 
■ <body>, <seq> - before or after i iblings 
■ <par> - along with its siblings 
■ <Switch>, <exc 1 >, <Priori tycl ass> - in tead of its siblings 
■ <a> - in response to user interaction 

he potential child element of media object elements play a variety of roles 
in r lation t the media. The <a> and <area> elements (and <area>' depre­
cated SMIL .0 equivalent <anchor>) mak portions of th media item " lick­
able" by the user - the user can activate the portions of them dia to make 
the presentation ~ead elsewhere. The <param> element specifies particular 
modiJkations to the media for its playback in the presentation. Child anima­
tion elements defin animations, or progressive changes in the presentation 
structure, that occur while the media play . The -c;swi tch> element gives alter­
native spc ification of the e other elements. We describe all these element 
types in full detail later in the book. 

As shown in Table 5-1, all of the media object ref rence can accept a larg 
num~r of attributes. Of these, only a few deal with media obje t selection: s re, 
type and various media clip attributes. Each of these ar descr·bed in Media 
Object Attributes on page 90. All of the other attributes that are available are 
discussed in other chapters in this book. 

Element: <brush> 

The <:brush> element is ju t like a media obj ct element except that it defines a 
fill color for a rendering region rather_ than an ext mal media resource. ince it 
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doesn't refer to external media, th <brush> element doesn't need the s re and 
type attributes. Howe er, since it defines color display internally, it has an 
attribute other media object elements don't: co 1 or. 

The code fragment in Example 5-2 illustrates the use of the <brush> element. 
A r ndering pace (in this case, a SMIL layout region named window1) i 

defin d in line 2. Th brush clement in line 4 ay : take the pedfied color (in 
this ca e, blue) an us it to fill the entire ref r n d region (in this ca , 
window1). 

Valid definitions for the color attribute are discussed on page 95. 

I 
1 <region regionName,,,"wi ndowl" ... /> 
j 

4 .:brush color "blue" reg-iona "windowl " .. . /> 
s 

Example 5-2. Use of the <brush> element. 

5.2.2 Media Object Attributes 
Medi, object elements have many attributes, a hown in Table 5-1, which 
defin variou aspects of how media get presented in SMJL. These include th 
ource and type of the media and (for <brush>) the rendering color. Th y fur­

ilier specify the subset of the media object to be integrated by electing portions 
of the located media file and making modifications to its own intrinsic timing. 
The layout attributes other than region define fine-tuning of spatial position­
ing unique to the media obj ct that gob yond what is specified for it in the 
document layout as a whole. General timing attributes fine-tune when the 
media item plays beyond the broader synchronization defined for it by its par­
ent. The attributes transin and transOut define visual transitions that occur 
on th' media as it tarts and fu1ishes. The user can u e multiple taps on the tab 
key to lughHght dif er nt media objects with tabrndex. Finally, the test 
attributes help determine if them dia hould be elected for presentation to a 
given user. 

This section focuses on those attributes that relate directly to the selection of 
the media object. We start with the source attribute, then consider the type 
attribu te and then discuss attributes for defining sub-parts of a media object. 
We do with a discussion of the color attribute. 

Attribute: src 
The src (source) attribute gives the location of a media item to be retrieved for 
integration into a presentation.. As in HTML, its value is a URl. Unlike HTML, 
SMr 's s re attribute can reference any media type. 

The s re attribute will typicaUy reference an external file containing either a 
single media object or a composition of media objects in some high-level 
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encoding. (An HTML file containing text and images, a SMT file ontaining a 
sub-pr:sentation or a lash file containing an animation are three examples of 
higher-level compositions.) As a languag , SMJL docs not place any restriction. 
on the media object identified in the src attribute, but certain MfL players 
may have local restrictions on the types of media they can support. For exam­
ple, mobile SMIL players inay not support full HTulL media, and 
XHTML+S IL browsers may not support RealMedia proprietary atatype . 
ee Chapter 3: Local and Streaming Media for a discussion of media encoding 

issues. 
Example 5-3 illustrates the use of the src attribute for typical aS(!, in the 

SMIL Language profile. The reference on line 4 illustrates the fetching f an 
MPEG video via the RT P str,eaming prot col. ot that both th SMIL di nt 
(your player /brow er) and the media s rver need to support RTSP for this 
transfer to b u cessful. The reference on line 5 illustrates the fetching of an 
SVG animation. The transfer is controlled using the H P protocol, which 
means that the entire file will need to be down.loaded before rendering can 
begin - asswning, of course, that the SMl1~ player supports the SV format . 
The r fi rcnce on line 6 illustrate the fetching of a local audi file. Line 7 also 
fetches a fil that i located in the m directory n the am host as was the 
SMlL fil . Although this i a valid use of the src attribute, it is only recom­
mended if you are sure the relative location of the media won't change. Line 8 
illu. trates the use of a data URI to encode information directly into the SMIL 
file. Jf this is used, make sure you only use it with small amounts of media to 
avoid generating very large SMTL files. 

The reference on line 4 through 8 repres nt standard use cases f r SMI . 
111c reference on tine 9 illustrat s artother aspect of $MIL behavior: the src 
attribute is an optional part of a media obj.ect specification. Tf no src attribute is 
given, this i not an error - although, at first glance, it is pretty u I s ! H a 
media obj t ref rence is made to an bj ct without a corresponding ource file, 
no m dia is fetched (obviously), but the reference ful y participates in the fun­
ing tructure of the presentation. In effect, line 9 defines a temporal delay in the 
presentation of 10 seconds. 

I·•• 
l <body> 

, <ref s,rc• "rtsp://www.example.net/me.o.ndMyDog.mpg" ... /> 
, <anima ion src="http://www.examp1e.net/ourAddress.svg" I> 
6 <audio s .rc.,"file:///mycar.mp3" ... /> 
7 <image src,."myGarage.jpg" /> 
B <text src: .. '"data: ,Hi om l " ... /> 
9 <Video dur• "lOs" /> 

10 • , . 
II </bodp 
/} .. . 

Example 5-3. Uses of tM s re attribute in the SMIL Language profile. 
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Attribute: type 

Once the player iden tifies and 
acquires a media object, it needs to 
know how to render it. In order to 
do this, the player selects ither an 
internal or external rendering 
engine that is compatible with the 
forma t of the media. The SMIL 
player wi ll contain a set of pr-cfor-
ences that indicate which render-
ing engine should be used for each 
media type. The question is: how 
docs the player know what kind of 
media is stored in the file. 

The primary means of stating 
this is w ith M r E Media Typ s (or, 
more simply, mimetypes). A mime­
type is a haracter tri.ng that 
defines the class of media (audio, 
video, image, tex , application) and 
a media encoding type (such as 
jpeg, mpeg, ReaJVideo, etc.). For 
each media obj1ect used in the SMJL 
player, someone or something has 
to associate a mimetype with a 
media object. Table 5-2 defines 
common mimetype definitions. 

Mirnetypes may be registered or 
informal. Registered mimetypes are 

audio 

video 

Image 

text 

controlled by the Internet Assigned composite 
N umb rs Authority (IA A). Infor-

au I as10 
audio/mp3 

audio/mpeg 
audio/vnd.m-realaudio 

audio/x-aiff 
audlo/x•mp3 

audlo/x-ms-wma 
audio/x-pn-realaud1o 

aud;o/x-realaudio 
audio/x-wav 
VI 8 peg 

video/msvideo 
video/quicklime 

vldeo/vnd.rn-realvldeo 
video/x-msvideo 
video/x-ms-wmv 

mage mp 
image/gif 

image/jpeg 
image/png 

image/svg-xml 
Image/tiff 

image/vnd.m-realflash 
imag.e/vnd .m-realpix 
image/x-omu•raster 

image/x-emt 
image/x-rgb 
image/x-wmf 

lex tm 
text/plain 

text/vnd .rn-realtext 
app ca o vn .m-rea me a 

application/x•shockwave-flash 
application/smil 

appli~tion/xhmtl+smit_ mal mimetype are not registered 
with IA A, but are defined by 
common ag eement; they usually 

Table 5-2. Common mimetype definitions. 

have an "x-" before the media type name. 
The mimetype association for a media object can be made by: 

■ the local computer's operating syslem: each operating system typically keeps a 
table that associates mimctypes with part of a medfa object's name (usually 
a three- to five-character suffix, such as "txt" or "smil"); 

■ the user: a user can define preferences in the player to associate media 
object names with mimetypes; 

;■ the author: the de igner of the presentation can explicitly state the mime­
typ of the media obje t, perhaps overriding the default processing that is 
a ociated with a particular name; or 
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• the server: the mimetype can be supplied by the media server when the 
object is transferred. (If it is local media, then the operating . ystcm can 
assign a mimetype.) 

While a5Sodati.ng a mimetype with a piece of m dia may seern like a p tty 
simple operation, ther are all orts of omplexitie involv d. For exa.mpl. , 
some proto ols may allow content ub titution, o that what y u g t may not 
be e a tly what you requ ted. The type of the media may also be unknown at 
author time, and it may b so new that the operating system may not know 
about it either. 

S IL defines a set of rules for mimetype association that distributes respon­
sibi]jtles across several parties. The general approach used is: 
• If the transfer protocol defined in the s re attribute is RTSP, then the value 

of the type attribute will be used to select an appropriate version of the 
r quest media object on the server. If no such object exists, the server 
r turns what it thinks is an appropriate media object (and gives its type). 

■ ff another transfer protocol is used (such as HTTP or FTP), the value of the 
type attribute takes precedence over any other means to determine the 
media type. 

■ For other protocols, the value of the type attribute should take precedence 
unless the protocol itself identifies a particular media type. 

After th SMIL spe ification wa published, update to the tandards for 
Web transf r pmtocols defined new pr ced nee rul s for determining mime· 
types. These rules essentially suggest that U,e player should always trust the 
transfer protocol to identify the correct mimetype. Only if the protocol explic­
_itly neglects to provide a mimetype should the value of the type atlTibute be 
used - and only if no type attribute is available should the file type suffix be 
used to determine media type. Note that in no cases may the name of the 
media element (text, audio, video, ct .) be used to distinguish m.edia type. 

Example 5-4 iUustrates the 1-,se of the type attribute for typical cases in the 
SMIL Language profile. Line 4 illustrates how, using the RTSP protocol, the 
type can be used to select among various media encodings on the server. Line 5 
illustrates how, using the HTTP protocol, the SMIL type attribute can be used to 
override that default association of a media object's file extension. Line 6 shows 
how the media element name (text) is ignored and overridden as a GIF image. 

, ... 
2 <body> 

4 <video src,,," rtsp://www.example.net/my'Dog" type,,, ''video/mpeg" ... /> 
J <audio s rc="http://www.example.net/mycar .txt " type="audio/mpeg" ... /> 
6 <text s rc•"data: i mage/gi f; base64, 0x0aef7edbldcab2abcd ... ffc2" . . . /> 

I! </bOdY> 
9 .. . 

Example 5-4. Uses of the type attribute in the SMIL Language profile. 
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As of the writing of this book, the future treatment of mimetypes by new 
MIL player: wa still under discussion. For standard media types (such a 

.jpeg or .txt) ther will probably be little problem, but if your application inte­
grates new media typ s or new transfer protocols, you hould check th 
fine-print of your SMlL player' documentation. 

Attribute: clipBegin and clipEnd 

TI1e attributes presented thus far allow a media object to be identified and, 
optionally, associated with a media type. For many simple uses of media, these 
are all the (media) attributes that you will need to start playing media in your 
pt entation. In ome pr cntations, however, you may not want to play an 
entir media object. Instead, you may want to play only a particular fragment. 
SMIL supports this via them dia clipping attributes that ar defined in SMlL' 
MediaClipping module. 

Playing a subset of a media object typically only makes nse f r continuous 
media, such as audio and video. You can identify the media object you want to 
take the dip from by using the src attribute. You can then specify the place 
where the clip is to be using the cl i pBegi n attribute. (If no cl i pBegi n is speci­
fied, the object always starts at the beginning.) You can also specify the end of a 
clip by using cl i pEnd. (If no cl i pEnd is defined, then the media object plays to 
completion.) 

The only major i sue to be resolved when using cl ipBegin and/or cl i pEnd 
is: how do you specify the temporal point of the beginning/end of the clip? Do 
you use seconds (or m.inutes, or hours) or do you identify individual samples 
(or frames) in the source media? SMIL lets you do both. 

Example 5-5 illustrates the use of the cl i pBegi n and cl i pEnd attributes 
for typical ca in the SMIL Language profile. For purpose of example, 
assume that the vid o myDog,mpg is 60 second long. Lin 4 shows a clip that 
starts 20 seconds into the video and then plays to th end. (Th metric npl 
stands for "normal play time".) It says: start rendering the video 20 se onds 
into the video's normal play time. Line 5 also starts about 20 seconds into the 

I ..• 
1 <body> 
J 
~ <video src .. "rtsp://www.example.net/myoog" type,,,"video/mpeg" 

cl i pBegi n.,"npt,.20s" . . . /> 
J <video src .. "rtsp ://www.example.net/myoog" type="vi deo/mpeg," 

cli pBegi n•"smpte - 25• 0:00:19:01" ... /> 
6 <video src; " rtsp://www.example . net/myDog" type;"video/mpeg," 

clipEnd.,"npt .. 40s" ... /> 
, <Video src="rtsp://www.examp1e.net/myoog" type="video/ peg" 

clipEnd-"s111pte-30-drop .. 0 :00 :39:24" ... /> 
II <video src=''rtsp://www.ex;r.mple.net/myoog" typi!• "video/mpeg" 

c1ipeegin="20s" clipEnd="40s" ... /> 
9 

1r, </body> 
II .•• 

Example 5·5. Uses of the cl i pBegi n/cl i pEnd attributes 
in the SMIL Language profile. 
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video, but in this case, it identifies a particular frame in the video using the 
sMPTE/PAL encoding format "smpte-25". (Tn this example, the second frame 
of the 20t11 second is select d - tha t' p ·etty precise for a dog!) Line 6 and 7 
show how the end of the clip can b identified using both NPT and SMPTE 
encodings (in this case, u ingSMPTF./ TS notation). Line 8 show that, when 
no timing metri is given, 'npt' i. a urned. 

Jf the NPT metric is used {or implied), its value is a SMIL dock value. These 
are defined in Chapter 14: Advanced SMIL Timing Attributes. SMPTE encodings 
are a bit more comple ; see Chapter 11: Subsetting and Extending Medin for a 
d sc1iption. 

There are some important performance and licensing implications of using 
c1 i pBeg • n and cl i pEnd in a presentation. First, identifying a short media frag­
ment (such as a 10 second lip out of a two hour video) will not necessarily 
mean that nly 10 seconds of video ar transferred between the rver and the 
client. Since cli pBegi n and cl i pEnd are SMIL attributes (not transfer protocol 
attributes), it could well be that the entire video is transferred across the net­
work and then only a short fragment played on the Jocal machine. (Some play-
rs and protocols may be able to optimiz thi performance, but thi is a player 

issue, not a SMIL i ue.) Second, jf you ar acce ing m dJa from a 
pay-per-view erv r, you may still be charged for a complete media ac s ev, 
if only a short part of them dia is u ed. 

Quick Tip 

In SMIL players that support the full SMlL 2.0 specification, both the 
attribute names cl i pBegi n and clip-begin (as well as cl i pEnd and 
cli p-end) must be supported. clip-begin and cl • p-end are the 
SMJL 1.0 names for the media clip attributes. Note also that SMIL 1.0 
did not default its clip metric to 'npt'; strictly speaking, clip-end="10s" is 
an invalid specification. 

Attribute: color 

The co 7 or attribute of the <brush> element and the backg roundCo lor 
attribute in <region> specifies a color that i to be displayed. The syntax of the 
values is illustrated in Figure 5-2. Color values, the only practical values of the 
color attribute, are described next. 

A color value can be the nam of a color, the numeric definition of a color or a 
color setting on the user's W b brows r. The syntax of the color valu i • illus­
trated in Figu1'e 5-2. 
Color Names. IL, and the Web as a whol , establi h 16 color names as short 

cuts for defining colors. Th e color nam • are shown in fligure 5-2. Be careful 
when using color names because som W, b browsers us additional non-stan­
dard olor names that other browsers may not recognize- make sure to use 
onJy one of these 16 standard names when using color names. 
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RGB Color Specifications. The Web presentation ·tandards shar not only the 
16 color names but also the mean of defining all of the colors the Web can 
present. This s heme i based on the use of red, green and blue as the primary 
color for reating color combination . From these primary colors comes the 
name of th chem : RGB. An RGB ·pecification states how much of each pri­
mary color is used in making the color defined. The intensity levels of the pri­
mary colors are stated in Web color definitions with three primary color 
coordinates. There are three ways to state these three coordinates: percentage 
triplets, decimal triplets and hexadecimal notation, described below. Of these, hexa­
decimal notation is the most often used and the most frequently recommended, 
since it is the most compact and is comp I tely precise. 
■ RGB percentage triplets: The most ea ily learned way to define colors on the 

Web is with RCB percentage triplets. These state what percentage of each pri­
mary color is mixed into the color shown. These consist of the letters '' rgb" 
followed by a pair of parentheses, known as RGB functional notation. In 
between these parentheses, there are three percentage values. Ea h is a 
number, either integer or floating point, from Oto 100, followed by a per· 
cent sign. These per entage valu are eparated by commas followed by 
optional white pace charact r , which typically consist of a single space. 

■ RGB decimal triplets: A more precise way to specify a de ired Web color is 
with an RGB decimal triplet. RGB percentage triplets can be inaccurate for 
color representation because not alJ percentage value correspond with. one 
of the 256 8-bit value computer use for color. RGB decimal triplets have 
the same syntax as R B per entage triplets, except that the three coordi­
nat s are not percentages but integers in the range from O to 255, and that 
th y ar , of course, not followed by percent signs. This numeric range of 
256 different values ensures that each RGB decimal triplet corresponds 
directly with one possible computer display color, and vice-versa. 

backgroundcolor and color attributes fadeColor attribute bordercolor attribute 
1 _J I 

i----- <.:.::;---~,~~::::::::.---------, 
" transparent" "inherit" co/or values ''blend" 

I 
co/or name 

I 

"whi te" "b7 ack" 
0 si lverH ugray 11 

"red" 1'mar,oon 11 

'fuctisia" "purple" 
0 l'im@ 11 0 ,g,reenU 

"yellow" "o,live"' 
"blue" 
"aqua" 

"navy" 
"teal" ..__ _____ _. 

L =-:..:::; 7 
RGB c-0/or speciffcatlon system color 

~ 
hexedecimel notation functional notation 

~ 
long~notation shorl notation ~~ci~af ~rip:et pe:e~:e ~ /~~let 

I I I t 

hexadecimal digit (0-9,a-f,A-F) integer (0-255) ~ number (0-100) 

Figure 5-2. Syntax for values of attributes using color 
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• RGB hexadecimal notation: The roost conci • ·, most common, and most 
highly recommended color definitions ar in RGB hexadecimal notation. 
They have the same accurate one-to-one ,·r pondence that RGB d cimal 
value have, but with fewer character . R n hexad dmal notation typi­
cally consists of even characters, though a short form u able for me col­
ors consi ts of only four characters. R B h xadecimal notation always 
begin with a'#' followed by six hexadecimal number . Hexad dmal nota­
tion u e l6"digit " thatincrea efrom 'O' to '9' and then from 'A ' to 'F' 
or ' a' to ' f ' . 
For the full seven-character notation, called long notation, two of these hexa-
decimal digits are used for each primary color coordinate. The first digit 
puts you in a ncighborh od of 16 adjacent primary color intcnsitic , and 
the cond choo s one of th se 16. The four-character short notation for 
RGB hexad imal consi ts of a '#' follow d by tht or ix hexad cimal 
digits, one for each primary color coordinate. The trade-off of this shorter "---=-----..., 
notation is that it defines fewer colors. 

System Colors. The color attribute can also b a signed any of the system col­
ors defined by CSS. These colors are not set by the author but by the user, or by 
the browser on behalf of the user. System colors enable users to set a color 
scheme for their presentations that best suites them, perhaps by being tailored 
to their visual disabilities. They al o allow presentations to blend in with the 
system's and windowing environment's color cheme. ln SMIL, u e of system 
colors provides vi ual consistency when integrating -styled rnedia that also 
uses system colors. Authors should be careful when using both system colors 
and author-defined colors. System colors can vary considerably from user to 
user and in some cases may dash with the colors set by the author. Similarly, 
system colors may clash with colors set in visual media integrated into the 
SMlL presentation. 

5.3 Tim'ng Consequences of Media Object Use 
Whenever a media object i added to a SMIL specification, it is assigned a dura­
tion. The value of th.i duration depends on a number of factors. For ontinuous 
media objects such as audio or video, the intrinsic duration of the media i u ed 
if this can be determined by the player. (This information is often - but not 
always - stored in the header of the media object.) For ctiscrete media objects, 
the duration of the object defaults to O seconds, which is not very long. It may 
seem strange that a media object is assigned a duration of O seconds: if an 
author wanted a O second object, it would seem simpler to not specHy any 
m dia at all! For a SMI perspective, using O seconds makes perfect sense: first, 
if you didn't u e 0, what else would you use? Second, SM1L makes a istinction 
between an object's timing duration and i rendering duration . (By default, an 
object with duration of zero will tay visible until it time container end .) Both 
of these topics are ctiscussed in detail in Chapter 7: Basic SMIL Timing. 
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5.4 Summary and Conclusion 
Th BasicMedia m dule and its con tructs, the media object elements and the 
s re and type attributes, locate media and place it in I presentation truc­
ture. 111e src attribut state wh re the media is and how to download it. The 
type attribute lets the browser choose the right prnce • for rendering the media 
i11to the presentation. A media object element's placement in the body tree 
determines much of when and if the media object is played. Other attributes of 
a media object element determine the rest of the object's timing. The BasicMedia 
module is used by SMIL 1.0 and all MIL 2.0 profile . Unique to the SMJL Pro­
file, the BrushMedia module and its constructs, the <brush> clement and its 
color attribute, allow the SMrL author to dcfin' rectangl of color a media 
obj cts. 

5.5 Further Resources 

URIS 

RFC 2396: Uniform Reso11rce Identifiers (UIW: Generic Syntax, Tim Bemers-Lee, 
Roy Fielding, Larry asinter, IETF (Internet Engineering ask force), 1998, 
http://www .ietf. org/rfc/rfc2396.txt. 

Relative URls 

RFC 1808: Relntive Uniform Resource Locators, Roy T. Fielding, IETF (Internet 
Engineering Task Force), June 1995, 
http://www. i etf. org/rfc/rfcl808. tx.t. 

XML Base 

XML B11 e, Jonathan Ma1~h ( d.), W3C Recommendation, 27 June 2001, 
http://www.w3.org/TR/xmlbase/. 

SVG 

Scalable Vector Graphics (SVC) 1.0 Specification, Jon Ferraiolo (ed.), W3C Recom· 
m ndati n,4Scptcmb r2001,http://www . w3.org/TR/SVG. 

HTML 

XH1ML 1.0: The Extensible I-lyperText Markup Language (Second Edition), Steven 
Pemberton, (ed. chair), W3C Recommendation, 1 August 2002, 
http://www. w3. org/TR/xhtm l 1, 

css 
Cascading Style Sheets, Level 2, Bert Bo , H~kon Wium ie, Chris ill •y and Tan 
Jacobs ( d ), W3C Recommendation, 12 May 1998, 
http://www.w3.org/TR/CSS2. 
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7 
Basic SMIL Timing 

sMTL timing defines when lements in a presentation g t ' cheduled and, once 
scheduled, how long they will be active. The SM1L timing facilitie are the core 
contribution of the SMIL standard: using the elements and attributes defined in 
the 19(!) timing modules, time can be integrated into any XM language. 

Many multimedia authors are familiar with basic timing concepts. ools to 
create individual media assets - such as video and audio objects - have long 
i.ntegrat d some notion of timing wh n constructing and combining audio and 
video assets. Unlike most media editing, however, SM I takes timing veral 
steps further: in a SMIL-based document, every media object and nearly very 
structural element has a specific timing scope. While media timing plays an 
important role in determining the overall duration of a presentation, the stmc­
ture of the docum nt i al o used to simplify and optimize the rendering of 
media presentations. SMR timing dcfin s a collection of clements that deter­
.mine th relative start and end ti.mes of document obje t and a collection of 
attributes that control the duration, p rsistence, repetition and accura y of tim­
ing relations in a document. SMlL can be used directly as the ho t language for 
a do ument (as is done in the SMIL Language profile and in SMlL Basic), but it 
can also etve as the basis for integrating time-based coordination of otherwise 
static element (a i done in SVG animation and in the XHTML+SMIL profile). 

In order to under tand SMlL and t u its fa ilitics efficiently, this ch.apter 
tarts with a discussion on the basic aspects of the SM! timing mod I. We then 

discuss the basic temporal elements and attribut available with S IL, plus 
some powerful extensions. We then provide some examples of how timing can 
be integrated into various SMJL-based presentations. Tuning is a complex sub­
ject. For this r ason, our discussion is centered around a series of small exam­
ples, each of which illustrates an important timing lcment or attribute. 

---- -

Quick Tip 

The best way to understand SMIL timing features is to construct small 
demonstration programs of your own and to play them on a SMIL 
player. The book's Web site has a set of initial demos to get you started. 
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7.1 SMIL Timing Model Basics 
The timing model used by SMIL to specify the (relative) begin times of media 
objects and their durations is based on a structured timing model. This means 
that the nested presentation structure in a SMTL document - and not only 
hard-coded clock values - arc used to define the high-level activation and 
synchronization of objects. For many simple SMlL documents, you will never 
have to explicitly specify a begin time or a duration of a media object: the SMIT. 
player can figure all of these out at presentation time. Of course, if you want 
more precise control over your presentation (such as inserting delays or speci­
fying interactive behavior), SMIL also provides more complex timing mecha­
nisms. 

1n order to use SMIL effectively, it is important to understand several key 
principle of S lL's timing and synchronization model. Thi section provide 
an overview of tJ., concepts u ed by SMIL and it give background information 

n why S IL does things th way it does. Lat r sections provide mol.' detailed 
information on all of SMIL's timing facilities .. The timing model is cover d in 
more detail in Chapter 13: Advanced SMIL Timing Behavior and Control . 

7.1.1 A Simple Slideshow Presentation 
We introduce the timing issues addressed by SMJL in terms of the slideshow 
presentation depicted in Figure 7-1. this presentation contains a single back­
ground image on top of which a sequence of slides is placed, each with an 
accompanying image containing a text label and an audio file containing spo­
ken commentary. The presentation also contains a single background music 
object that is played throughout the presentation. 

music • ~~ 1 I A-, spoken 
~IP" ~ 1 commentary 

Assets 

,,.. .... 
background 

text labels t lmages images 

background 

text labels 

Figure 7-1. Happy New Year 
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The timing in this presentation is dominated by two objects: the background 
mu ic object determines the duration of the total pre entation and the spoken 
commentary objects are used to determine th duratiorl of each of the image 
slides. This means that we have an outer ti.me ba e for the entire pr ntation 
and a set of inner time bases for each slide in the presentation. 

7.1.2 Media Object and Presentation Timing DefiniUons 
A basic property of multimedia presentation .is that they require some degree 
of temporal coordination among the bjects being pr ented. The more com­
plex a pr: entation - either in term of number of simultaneous objects or 
nwnber of yn ronit.ation control points - the greater the amount of control 
information required. SMJ u s timing attributes and timing elements to provide 
the activation and synchronization control information in a presentation. 1n 
g neral, timing attributes are used to control the rnnmg behavior of media 
object and timing elements are used to control the behavi r of the presentation 
as a whole. 

Media Timing 

As we saw in Chapter 3: Local and Streaming Media, multimedia presentations / 
contain two types of media objects: discrete media and continuous media. Di -
crete media objects, such as the text labels, the background image and ach of 
the slide images in Figure 7-1, have no implicit duration. If r f renced in a SMJL 
file without any additional timing attribu t s, their duration will be O seconds 
- which is not very long. Continuous media, such as the background music 
object and each of the spoken commentaries in Figure 7-1, have implicit dura-
tions that ar defined within their media encodings. If referenced in a SMlL file 
without any additional timing attributes, they will be rendered for the full 
duration defined by the object. 

In our example, we want each slid image and the a so ·ated text labels to 
be display d for a duration that is defined by the accompanying spoken com­
mentaries. ( a.ch slide/text/audio group will have different durations, since 
not all spoken commentary is equally long.) SMIL provides a range of 
attributes that allow the duration of objects to be explicitly defined and refined, 
and it provides a general inheritance model in which the durations of both di -
crete and continuous media an be obtain d by the cont t in which a m dia 
object is presented in relation to other obj ,: . This alJows the duratjons of the 
images and text to match that of the spok n audio. 

Presentation Timing 

A SMIL file contains references to one or more of media objects and a set of tim­
ing primitives that determine when thes objects g t tarted relative t one 
another. The total timing of each of th media objects, plu any additional ti.m­
ing control d fined in th MIL fi le, ~etcrmine the du.ration of the compo ite 
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presentation. Som tim this composit duration can be alculat d in advance, 
but oft n it can't. 

The basic timing of the lid ·how presentation described in Figur 7-1 is 
deterministic: that is, we can determine the full timing in advance of the pre­
sentation's execution by evaluating the timing ofeach of the conti.nuous media 
objects. It is important to understand, however, that our presentation is only 
deterministic if we ignore several potential presentation-time delays - thes 
include any streaming delays associated with bringing the media objc t from a 
server to the presentation device, or any delays at the client associa ted with 
decoding and rendering individual media objects. For local presentations, such 
as CD-ROM multimedia, it is safe to assume that all the delays in the system 
can be predict d in advance and factored into the presentation timing. For 
Web-ba ed multimedia, where the delays when obtaining media may be con­
siderable (and unpredictable) and where there may be wide variability in the 
performance of end-user devices, assuming that pre entations are fully deter­
ministic is a dangerous strategy. 

A presentation with uncertain timing characteri tics is called non-detenninis­
tic. In addition to the network streaming delays discussed above, non-deter­
ministic timmg can also be the result of content substitution within the 
presentation or as a result of using interactive, event-based presentation tim­
ing. We discuss the impact of content substitution on timing in Chapter 9: Con­
tent Selection and Control and interactive timing in Chapter 13: Advanced $MIL 
Timing Behavior a11d Control. 

(2 13 174- L 1s -1- 1s 

C2 C3 I C4 Cs Cs 

Bo 

M 

music 5 10 15 20 25 30 35 40 

'Flgure 7-2. A timeline representation of the presentation in Figure 7-1. 
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SMIL and Tlmelines 

A tim l.in metaphor is often 1.1 d to model presentations. A timelin is a sim­
ple graph h wing time on one axis and one or more me j, obj cts on the other 
axis. An xam le timelin , hawing the elements and o j ts in Figure 7-1 is 
shown in Figure 7-2. Thi tirn line shows the mf..'Ctia sorted by layout the left 
axis shows the various da e of media objects us•d, and th bottom axis 
shows the cumulative duration, We could :tave also defined separate lines for 
eacb media object, but this is usually less pace efficient. 

A timel.ine exposes the exact temporal relationships among media items. We 
can translate this to a text forma t by assigning explicit begin times for each 
media object and defining durations to discrete objects. One such encoding is 
the time-list structure of Example 7-1. The backgrow,d audio and image objects 
(lines 1 and 2) arc followed by the et of slide images (lines 3-9), the spoken 
comm ntary (lines 10-16) and th imag ·encod d text lab •ls (lines 17-23). The 
begin times a1 determined by the duration of th poken commentary obj cts. 
While Example 7-1 could be used as the basis for S ,IL timing, this would be 
unwise. A better approach is to use structure-based timing primitives. 

SMIL and Structure-Based Timing 

The main advantag of the timeline mod I is that it is an easy-to-understand 
repre entation of continuous media objects under deterministic timing condi­
tions. As such, it is a representation used often in vid o and audfo media edi­
tors. nforh.mately, while deterministic timing is good for modelling video 
tape, it doe n't scaJe well to most Web environments: if one of the image objects 
arrives later than planned, or if the client is low in rendering the audio, the 
hmeline doesn't r~ally help in maintaining order among object . Things 

I <audio id•,."MO" begin .. "Os" ... /> 
1 <img i d.,"eO" begin "Os" du r• "43s". . . /> 
J <img id="IO" begin="Os" dur="3s " /> 
4 <img id•''Jl" begi11,,,"3s" dur-a''4s" /> 
.1 <img id~"I2" begin="7s" du,="9s" /> 
r, <img id•"I3" begin .. "16s" duraa "9s" /> 
, <irng id.,"I4" begin="25s" dur="4s" /> 
It <i mg • d•"IS" beg i n-"29s"' duraa" 5s" /> 
9 <im.g id .. "16" begin_,,"34s" dur• "9s" /> 

10 <audio i d-"cO" begin="Os" /> 
11 <aud io id~"cl" begin="3s" /> 
11 <audio id="C2" begi n="7s" /> 
/J <audio id-."C3" begin• "l6s" /> 
u <audio id="C4'' begin="25s" /> 
IS <audio i d,-"CS" begi n .. "29s" /> 
11, <audio i d~"c6" begirl"'"34s" /> 
17 <img i d.,."L.0" begi naa"Os " du r aa" 3s" /> 
Ill <img id• "Ll" begin="3s" dur• "4s"' /> 
19 <img i d="L2" begi n- "7s" du r="9s" /> 
1fJ <img id.,"L.3" beg·in• "l6s" dur="9s" /> 
21 <i mg i d="L4" begi n="2 5s" du r="4s"' /> 
22 <img id "LS" begin-"29s" dura"Ss" /> 
l! <img id="L.6" begin="34s" dur="9s" /> 

Example 7-1. Time-list translation of the timeline in Figure 7-2 
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b come even m re troublesom if we don't know the implicit duration of the 
audio it ms wh n con tructing the tim line or if the duration of the object 
changes over the lifetime of the presentation. (Since the S IL file doesn' t con­
tain the media - it contains a pointer to the media - the timing and the 
update history of the media object are de-coupled from its use.) inally, if we 
add content substitution or interactive timing to the presentation (such as hav­
ing the follow-on slide begin on a mou e click rather than at a fixed time) the 
timeline r pre entation lo es almo tall of its utility. 

In ord r to provide a more v alistic framework for Web docum nt , MIL is 
ba ed n a structured timing framework in which the structured relationships 
among objects can be used to define most timing. SM.lL encodes its liming rela­
tionships by defining a logical tinting hierarchy rather than an exact timeline. 
TI1e hierarchy for Figure 7-1 is shown in Figure 7-3. Here we see a set of green 
logical parallel nodes (l'o-P7) and one blue logical sequentia l node (So), The 
parallel components say: activate the sub-components together as a unit, and 
the sequential component says: activate the sub-componenlc; sequentially. The 
S l textual encoding of the presentation hjerarchy is hown in Example 7-2. 

While a timeline can state that objects I2, C2 and L2 all start at 7 seconds into 
the pre entation and that they each have a duration of 9 seconds, the SMIL hier­
archy can state what is really going on logically: 
■ that bjccts Ci, I; and Li are to be treated as a logical group that get schcd­

uJed tog ther (that is, they begin and erid t.ogether); 
■ that the duration of Ii and L; depend on the duration of C;, 

■ that all thre obje ts at to b gin after object i-l - and, by exten ·ion, Ii.J 
and L,-_1 - end. 

Po 
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<par i d-"PO" > 
<audio id=''MO" /> 
<image id .. "80'' /> 
<seq id• "SO'' > 

<par id="Pl" > 
dmg i d="IO" /> 
<audio id "CO" /> 
<img id="LO" /> 

</par> 
<par id " p2" > 

<img i d:"Il" /> 
<audio i d-"Cl" /> 
<img id.,,"Ll" /> 

</par> 

<par id="P7" > 
<img id "I6" /> 
<audio i d="<:6" I> 
<img id="L6" /> 

</par> 
</Seq> 

</par> 

Example 7-2. SMTL structure for Figure 7-1. 

Note that none of these relationships depend on the exact duration of any of 
the objects - you can construct a SMl file befor-e you know anything about liiii..==:::.:::::---i 
the actual media being u ed. 

A singl timeline for on instance of a MIL pecificatiori (that i , for one of 
the - potentially many - run-tun uses of the presentation) can be con­
structed by combining the structured composition of objects with a model of 
th execution environment that contains in.formation on the performance of the 
network connection, the preferences of the u et, etc. A timeline ba ed on the 
implicit media timings alone is not rich enough to model the various structured 
paths throughout a SMJL presentation. 

7.1.3 Durations, Time and Timebases 
On, of the most p w rful features of SMIL is a flexible time model in which 
va1ious aspects of an element's behavior can be determined by the ont xt in 
which it is b ing presented. In order to use this model, it is important to under­
stand a number of temporal distinctions and constraints app1ied by the SMIL 
model. These include defining the active period of an element and defining the 
way that delays and r lative tarting/ending times can be expressed in a docu­
ment. 

Defining the Active Period ofan Element 

Most media formats require that th duration of all of the component media 
objects are explicitly defined. SMlL has several attributes that support direct 
duration definition, but it also provides attributes that allow you to specify or 
limit several lay r of logical object durati n . Th e layered durations, which 
are illu b·ated in Figure 7-4, are: 
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(a) 
Implicit 
Duration 

(b) 
Simple 
Duration 

(c) 
Active 
Duration 

(d) 
Rendered 
Duration 

I I I I I I I I I I I I I I I t 
<Video src .. " x .mpg " /> 

l'n th1s example, the implicit duration is 4 seconds. 

1111111 11!1111 1, 
<video src-"x .mpg " /> 

<Video src .. " x .mpg '' dur="6s" /> 

<Video src-"><.mpg" dur•"2. Ss'' /> 

Implicit Duration modified by dur. 

r,::==------:=='"-• <video src• " x. mpg" 
repeatcount="2" /> 

<Video src="x .mpg" dur .. " 6s " 
repeatCount•"2" /> 

<video src.,"x .nrpg" dur•"2. 5s" 
repeatcount="2" /> 

Simple duration modined by a repeat count or duration. 

~ <Vi deo srcaa"x .mpg" 
~~ :7 .repeatcoun e ''2" fill.,"freeze"/> 

<video src• "x.mpg" dur• "6s" 
1 epeatcount.,''2" fi 11="freeze" /> 

<Vi"~eo src• "x .mpg" dur•"2.Ss" 
r'epeatcount,,,"2" f i 1 ·1 ="freeze"/> 

Active duration plus fi ll behavior. 

Figure 7-4. SMIL durations. 
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■ Implicit duration: This is the duration of the media object as de.fined when 
the object was creat d. o t discrete media items have an implicit duration 
of O seconds; some quasi~discrete media - such as animated images -
may hav a longer duration, but they are modelled as having an implicit 
duration of O seconds. Continuous m dia objects have a duration that is 
equal to the temporal length of the object. any media formats (but not 
aJI!) define the implicit duration explicitly in the media encoding. If this 
encoding is not available, the SMIL player typically will have to scan the 
entire object to determine its duration. (This can be a time con urning pro­
ces .) Since a SMIL file does not contain the actual media, the SMlL timing 
model cannot make very many assumptions about an object's duration. 
Tius is why other logical ti.ming durations ha e be n defin d within SMI . 
Note that the implicit duration i also oft n called an object's intrinsic or 
inherent duration. e Figur 7-4(a). 

■ Simple duration: It is possible to modify an object's implicit duration w·th 
an explicit duration via S IL's dur attribute. The result of applying an 
explicit duration (if any) to an object yields its simple duration. (If the 
implicit duration i not modified by a dur attribute, then the implicit and 
simple durations are the same.) The simple duration of an object may b 
longer or shorter than the implicit duration. Simple durations can also b 
defined to have speciaJ values that logically limit or sh-etch the duration of 
objects; these are the media and indefinite values, and are considered on 
pag 135. See Figure 7-4(b). 

■ Active duration: SMIL defines a number of attributes that allow an element 
to be repeated. These attributes modify the element's simple duration, and 
the resulting repeated duration is called the object's active duration. lf an 
element's simple du.ration is shorter than its implicit duration, only the first 
part of the element will b repeated. If the element's simple du.ration is 
longer than its implicit duration, the entire element plus the temporal dif­
ference between the implicit and simple durations will be repeated. (Dur­
ing this "extra" time, either nothjng will be i: nder d or the inal 
frame/sample of the media obj ct will b rendered: th behavior depends 
on the m dia type.) Th end attribute can be used to define when the active 
duration end . lf an element does not repeat, its simple and active dura­
tions are the same. See Figure 7-4(c). 

■ Rendered durat-ion: The active duration of an element nds after its dur /end 
and repeat attribut hav b n applied. This does not mean that an object 
disappear at th end of its active duration. SMIL provides an attribute to 
control the persistence of an object after its active duration has ended: the 
fi 11 attribute. If fil 1 is set to freeze, the element will remain rendered 
w,til the end of its parent time container. If fi l l is set to remove, !:he object 
is removed from the screen as soon as its active duration ends. For discrete 
media with a fi17="freeze" attribute, the object will simply be render d 
as if its active duration was extended; for visual continuous media, the last 
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frame or ample of the obj~t will be rendered. (For an example, look at 
lines 17-19 in Example 7-2 on pag 131: images 16 and L6 remain visible 
even though they have an active duration of O seconds because the effec­
tive default value for fi 11 on these objects is f reeze.)1 

It is important to understand that each of the duration • apply to every 
t mporal el ment in SMIL. Ev ry lement has an implicit, imple, active and 
rendered duration. Luckily, most of these durations can b managed by the 
SMIL player, but understanding each of these durations, and their impact on 
presentation timing, can help you tmderstand why a SMIL player bel1aves th 
way it does for your presentation. 

Clock Values 

Many timing attributes are based on dock values. These values can take several 
different forms, and they may serve as all or part of an attribute's time value. 
All clock values represent a relative time, and have meaning only within the 
context of a ti.me container. 

lo k values may be given in four general forms: 
■ Full clock values: These are times r presented as a colon- ·eparat d list of 

hours, minutes, seconds and fractions of a second. (li you also need to 
pecify days, months and years, use walldock timing instead.) A full dock 

value of 5:22:19.94 means 5 hours, 22 minutes, 19 seconds and 940 millisec­
onds. (The fra tional component i optional, all the othci: ar required.) 
This is a relative time, and has m~aning only within the cont xt of a time 
container's sync/Jase. (Syn bases are de cribed below.) 

■ Partial clock values: These are times represented as a short-hand notation 
containing minute , se onds and (optionally) fractions of a second. A clock 
va lue of 11:10.95 mean 1l minutes, 10 second and 950 mil1i cond . 

■' Timecount values: These are numbers with an optional type string and an 
opti nal fractional omponent. An integ r clock value with no type string 
(such as '10') implies tiroeoount in econds; it i equival nt to '10 '. 
Allowed type strings are: "h", "min", "s" and "ms". 

■ Wallclock values: These are time represented in three parts: a date field, a 
time fi ld and an (optional} timezone fi Id. The ~ rmat for th date field is: 
YYYY-:tvllvl-DD, followed by a required 'T' character. The nm field i the 
same as in the full clock value, above. 1lle timezone offset format, when 
used, is:{+ 1-}hh:mrn; it specifies an offset from UTC. If a timezone offset is 
not given, the local time on the player's host is used. An example of 
wallclock time is: 2004-01-04T10:14:48.12+1:00. 

SMIL also allows relative times within media Jements to be specified in a 
time notation that is relevant to that media. This is considered in Chapter 14. 

1 Our discus:lion in this chapter on th • fr :-cze and remove values for fill considers basic 
functionality. We discuss the detaiJs of fill more completely in Chapter 14: Adoonced 
SMIL J'iming Attrib1,tes. 
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Sync bases 
Except in the pedal case of wallclock timing, every cluck value in SMfL i rela­
tive to ome other part of the document. The child elements of a parallel con­
tainer are tarted relative to the ~tart time of the parent, while the child 
elements of a equential cm, tainer are started rela tive to the end of their prede­
cessor ( xcept for the first child, whi h starts at the beginning of its parent). 
Every leme.nt in a SM [L spc ification ha , specific tempoml ~ f r nee point: 
its syncbase. ost elements never have to explicitly specify their syncbase refer­
ence since the common SMIL time containers do this by default. Sometimes, 
however, an element may want to specify a non-default syncbas' as its ref r­
ence object. SMIL supports this functionality using explicit syncba e timing. An 
explicit syncbase is a named element (within the same host document) that has 
a temporal cont xt, and which is not a child of the element in which it is being 
referenced. (This is I s complex than it reads.) A syncbase timing reference 
contains a temporal event that i used a • the scheduling ba. e for the ref r nc­
ing obj •ct. This timing ref< rence can be fmther modifi d with a do k value. 

[n order to fully appreciate the role of syncbase timing, we first need to con­
idcr the elements and attributes defined for less complex operations, but to 

give a ta tc of what's ahead, consider the SMlL fragment in Example 7-3. 

, <smi1 ... > 
1 ... 
1 <Video id• "a" srcaa"a.mpg" / > 
" . . . 
J <i mg i d="name" begin=" a. begi n+lOs" end="a. end" src:,, "name . png" /> 
6 • '. 
7 </smih 

Example 7-3. An overview of syncbase timing. 

Thi example contains an element on line 3 that starts an associated video 
object. ln me other part of the d curr1<~nt, an image containing a text label is 
started 10 econd after th vid o b gin . The label remain visible until the 
end of the video. 

Syncbase timing can be very complex and its use in simple do uments is 
rare .. Still, for certain applications, it can be a powerful consb:u t. 

7.1.4 Special Timing Va'lues 
SMIL d fines two sp ia l timing values that can be used to specify the temporal 
cont xt of an element. These ar indefinite and media. 

Value: indefinite 

The indefinite value can be used to indicate that a timing dependency (either a 
begin/end tim~ or a durati n) is to be determined outside of the element in 
which the indefinite value appear . While many S lL authors (and some SMIL 
implementers!) assume that indefinite is synonymou with ''forever~" it is 
really synonymous with "I hav no local idea ... ". As w will see lat,r in thi 
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chapter, an attribut a ignment of dur="indefinite" simply means that some 
other part of the SMIL pedfication - either the parent time container or ome 
other element-will determine the element's duration. Only if no other part of 
the document constrains the du.ration will an indefinite value result in an 
unlimited duration, but even then, a value of indefinite can never result in a 
presentation that a u er (or u er agent) cannot nd. 

Value: media 
The attribute value media can be applied to obtain the desired timing value 
directly from the as.sociatcd media item. Although it is not often required to 
explicitly use the media value (mo tly becau e thi will b th defau lt b hav­
ior), it i om times u eful to s t a duration or end tim t media when you 
want to exert xplicit control in complex timing situations. We will give exam­
ples of this value for the attributes begin, end, dur, max, repeatcount and 
repeatDur when these are discussed later in this chapter. 

7 .1.5 Interactive Timing a.nd Events 
In the normal course of processing, the activation hierarchy of a SM IL 2.0 docu­
ment determines the rendering of document elements. The user can in fl uence 
the elements selected by us.ing SMIL 2.0 events. The vent architecture allows 
document components that are waiting to be activated or terminated to actu­
ally start or stop. There are several uses of events a!Jowed in SMIL 2.0, but per­
haps the most important new semantic in the language is the combination of 
event and the begin/end attributes. In further ombination with th <exch 
lement, v nts provide a very pow rful mechanism for conditional content 

activation. Interactive timing is treated in Chapter 13: Advanced SMTL Timing 
Behavior and Control. 

SMIL 2.0 also supports a rich hyperlinking architecture. Unlike links in 
XHTML, the fundamental concept of the SM!l~ link Le; that it models a temporal 
seek in a presentation. Rather than simply activating a target element, the tar­
get play state tha t is a tivated is identical to the state that the pre entation 
would have been in if the target poirit had b en arrived at 'naturally'. (One 
exception is that all event-based activation is ignored.) This means that a ll 
nodes temporally between the source and destination of the link need to be 
evaluated to see if they would have contributed to the fi nal targ t play state. 
The temporal eeking and activation faci lity allow very polish d pPsentation 
construction - but its implem ntation in th player is not for the faint-hearted! 

IL' linking faciliti is the subj ct of Chapter 8: Basic Linking. 

7.2 Basic SMIL Timing Elements 
S JL 2.0 extends the elements and attributes available for creating XML-struc­
tured multimedia pr sentations defined for SMIL 1.0. At the same time, SMIL 
2.0 introduced a profilc-ba ed architcchu-c in which various timing (and ther 
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SMIL) components are made available to non-SMTL host language . This sec­
tion provides an overview of each of the elements and attribute available in all 
profiles that include any SMIL timin . They ar defin din the S IL BasicTime­
Containers module. BasicTi111eC011tainers is a tand-alon module that can be ea -
ily integrated into other languages. 

A SMIL presentation is a structured 
composition of autonomous media 
objects. The high-level composition is 
achieved using three timing elements: 
the <par:>, the <Seq;,, and the <exch. Of 
these, the <excl> is an advanced timing 
elern nt that is not -upported in all pro­
files. Therefore, we d.iscu it separately 
in Chapter 13: Advanced SMIL Timing 
Behavior and Control. 

7.2.1 Basic Time Containers 
The <par:> and the <seq> el ments form 
the core of SMIL timing and are dis­
cussed below. 

Element: <par> 

The most general of SMIL's timing con­
tainers is the <par>. The <par:> defines a 
local time container that can be used to 
activate one or more child elements. 
The children of a <par> container are all 

<S8Q>, <par> 
oi, C: 1--------
ll ! <exch 
l:'tl - ------
f! ~ <Switch> a~ - ------

C 
Cl) .. 
:2 
~ 

Table 7·1 . Structure of the basic 
time container elements. 

rendered in "parallel". In terms of SMIL's timing model, th.is does not mean 
that they get rendered at the same ti.me, but that they share a common syncbase 
defined by the <par> container. Any or all of the children may be active at any 
ti.in that the par nt <par> is a tive. Th tructural context of the <par> element 
is illustrat d in Table 7•1. 

a 

b 

l,.,111 
5 

< ~> 
<~mg ~d=::a:: dur~::6s:: src,.::- .,:/> 
<1m9 1d• b dur~ 4s sr c• ... /> 
<img id="c" dur="Ss" begin="7s" src:=" ... "/> 

</pr> 

I c t 
' 1 I I • t I I I • I I I I ~ ...... ~ <par 

ti:! npora I 
(011 t'Xl 10 15 20 

Figure 7-5. SMrr.:s <par> timing element. 

. . 
" ........ ~ 
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The basic timing tructure of the <par> is iUu trated in Figur" 7•5. The 
default syncbase of the <par> is the beginning of the element. That is, by 
default aU children of a <par> element tart when the <par> itself starts. (This is 
illustrated by nodes "a" and "b''.) As discussed below, timing attributes can be 
used to specify other begin times. By default, the <par> ends when the 1~ t 
child end , although the exact ending b havior of the <par> is determined by 
the endsync attribute. 

Element: <seq> 

A relatively unique timing container is the <seq> element. The children of a 
<seq> are rendered in such a way that a successor child never can begin before 
its predecessor child completes. In other words, the syncbase of each child i 
the end of the active duration of its predecessor. A succes or element may have 
an additional tart d lay, but this delay cannot r olve to be negative in relation 
to the nd time of its predecessor. The <seq> nd wh n its last child has 
ended. Unlike the <par>, the <seq> doe not support the endsync ath·ibut : 
since there is only one child active at a ti.me in a <seq>, there is n need to select 
among chi_ldren to determine the container's end. The structural context of the 
<seq> element is illustrated in Table 7-1. 

The bask timmg structure of the <seq> is illustrated in igure 7~6. The <seq> 
i esp cially useful when de cribing timing in a non•determ.inistic en iron­
m nt; by specifying that a t of el ments logically follow on anoth •~ then a 
delay in one element an be asily passed to its sue rs. 

< SC{I> 
<img id,,,"a" d1.1r,."6s" src,,," . .. "/> 
<img id,."b" dur.,,"4s " src=" ... "/> 
<img id="c" dur,,."5s" begina."7s" src=" ... "/> 

<f5eq> 

--············-----a b c ! 
f 1· ,· , -1°1"1 ·1 ,· ,· ,· 1· , · , ·1·1 I ,·,·,·1·,·,·, I I 

5 10 15 20 

:····; <Seq> 
, • temporal 
: .•.• : context 

Figure 7-6. Mlt:s <Seq> timing element. 

7.2.2 Nested Composition of Timing Elements 
The basic tim contain rs an be nested in a pre entation hierarchy. That is, any 
child f either a <Par> or <seq> (or <excl >) can be a simple media object or an 
emb dded time container. As in SMIL 1.0, the hierarchy can represent relatively 
static p1"L>Sen.tation timing. he introduction of event·based activation/termina­
tion in SMIL 2.0 also allows a dynamic activation path to be defined. Most of 
the childr n of a time contain r will influenc-e the timing behavior of that con­
tainer, but some children - such as the <a> element, or the <switch> - are 
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b'ground 
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(Po) 

music L--------------------------

Figure 7•7. A structured tfmeline representation of the presentation in Example 7-2. 

timing transparent. This means that they do not contribute to the determi~nation 
of the container's duration. 

Figure 7-7 illustrates the temporal composition of the example presentation 
in Figu~ 7-1 on page 126, based on the SMIL encoding in Example 7-2 on page 
131. Not that th <par> and <seq> element are nested as green and blue 
boxes, respectively. (The node lab ls of the structure containers arc placed in 
brackets at the bottom of each container.) This typ of tructure presentation of 
multimedia documents - in which the structural r Lationships b twe n 
objects are highlighted rather than the (often unknown) timing characteristics 
- was pioneer:ed by the Oratrix GRiNS authoring environment. 

7.3 Basic SMIL Timing Attributes 
The BasicTimeCantainer module of SMIL 2.0 defines the synchronization rela­
tionships available with temporal composition elements. The timing provided 
by the <Par> and <seq> elements can be further refined by using a wealth of 
timing control attribut . Unlik other SMlL modules, where functionality is 
grouped in relatively broadly-ba d ollections of elements and attribute~, the 
partitioning used by SMIL timing is fine-grained. unction.a lity is spr-ead across 
19 timing modules, many of which contribute no more than a few valu for 
attributes defined in other modules. The reason for sud1 fine-grained partition­
ing is that complex, advanced liming is usually not needed by all languages 
that may want to reuse SMIL timing. By isolating functionality in collections of 
modules, language designers can flexibly determine the exact set of timing fea­
tures that they wish to in lude (and ~pcdfically exclude!) in their adoption of 
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SMIL timing. This 'count me out' philosophy didn't hurt the SMIL standardiza­
tion process, ei ther. 

Th modules consid red in this chapter are: 
,■ BasiclnlineTiming: The most basi.c collection of temporal attributes are 

grouped in the BasiclnlineTiming module. hese attributes define when an 
clement begins and ends relative to the default syncbase defined by its par­
ent time ontainers. While temporal composition clements define most 
timing based on logical structure, the inline timing attributes rely heavily 
on numerical values to determine an instant in a presentation. This module 
is supported by the SMIL Language profile, SMIL Basic, 3GPP SMIL, 
XHTML+SMlL and SVG. 

■ BasicTimeContainers: This module defines the timing clement<; <par> and 
<seq>, but it also defin s two important SMIL attributes: endsync and 
fi l 1. These attributes allow the structural timing defined by the elements 
to be refined, either by specifying which child out of a group of children 
control'> the end of a parent container (this is the endsync attribute) or by 
allowing the perceived duration of an object- or collection of objects~ to 
extend pa t its activ duration (the fi 11 attribute). All profiles and lan­
guages that upport MIL timing emantics will upport th se attribute . 

■ MinMaxTiming: Many SMIL timing attributes allow timing to be specified 
or modified within the context of an element's structuraJ place in the docu­
m nt hierarchy. The MinMaxTiming module provides two attributes that 
provide control over the duration of an element outside the context of its 
temporal structure: th duration can be bound to a minimum duration or a 
maximum duration. The MinMaxTinii11g module is supported by the SMlL 
Language profile, SMIL Basic and XHTML+SMIL. 

■ Mu/t1ArcTiming: This modul allows the b gin and end attributes to accept 
a list of begin or end times. This can b us ful for object that are to be 
repeated, but it is especially useful for handling event-based timing. 

■ SyncbaseTiming: Th SyncbaseTiming module allows the syncba e of an ele­
ment to b explicitly d fin d relative to th beginning or the end of some 
other element in the document. (The basic time containers provide 
short-hand notations for syncbase timing; this modu le defines explicit con­
trol from elements that are not necessarily co-located.) The SMIL Language 
profile and XHTML+SMIL support this module 

■ RepeatTiming: The RepeatTiming module defines attribut that control the 
way in which elements are repeated. Where S IL 1.0 had a unified -and 
often misunderstood - attribute for repeating elements, SMIL 2.0 intro­
duces two attributes: repeatCount and repeatour. This module is sup­
ported by the SMIL Language profile, SMIL Basic and XHTML+SMIL. 

Given th high degree of interaction among the SM!L timing modules in 
defining and assigning attributes and attri ute values, this chapter will not 
take a module-based approach for discussing S l timing. Instead, we look at 
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General Timing Control 
•begin 
-ond 
-d r 

Repeat Behavior Control 
-repeatCount 
-re >ea ur 

Object Persistence Control 
-fill 
·fill Default 

Extended Timing Control 
-e ti ync 
•ml 

-max 

Figure 7-8. Overview of timing attributes treated in this section. 

timing attributes from a user persp ctive. Figure 7-8 giv s an overview of the 
ath-ibutes to be discussed in this section and the classification of attribute that 
this chapter uses. Within each group, we discuss basic and advanced attribute 
use. The more esoteric uses of SMIL's basic timing attributes are discussed in 
Chapt r 14: Advanced $MIL Timi11g Attributes. 

7.3.1 General T'ming Control Attributes 
The general timing control attributes are: begin, dur and end 11-,e begin 
attribute controls when a particular element starts, the dur attribute controls 
the element's simple duration and the end attribute controls the end of the 
active duration. (In general, begi n+dur=end, but this is not always tme.) The 
collection of general timing control attributes and values for the basic timing 
elements are shown in Table 7-2. 

dur 
clock valua 

.QI ... .... 
C .,.. 

'I-­
QI 

"Cl 
C .,.. 

<body>, <Seq> 

medfa obj8ct, 
-:brush, 

Table 7-2. General timing control attributes. 

All three of these attributes retain their behavior from SM[L 1.0. Th princi­
pal SMIL 2.0 extension to begin and end is tha t these attributes now support a 
list of begin/end times instead of a single begin/end value. This is not particu-
1.arly u ful for simple MIL application , but it i very useful if a combination 
of SMIL's scheduled and ev nt-ba d timing i used. (More on thi in Chapter 
13: Aduanced SMfL Timing Behavior nnd Control.) Multiple begin/end times can 
also be useful if objects are to be restarted, as in animations. 
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Attribute: begin 

Each of IL's tirn containers define a default begin time for its children. The 
default for <par> i the ·tart of that <par>, while the default for a <seq> 
depends on th lexical order of its children: the fir t child starts at the start of 
th <seq> and ead1 successive child starts after the preceding child has ended. 
SMIL allows this default behavior to be overridden by the begin attribute. For 
simple u es, the begin attribute will contain a clock val ue. Usually, this lock 
value contains a non-zero positive temporal offse t, such as: 

begi n="lO" 
begin="lOs " 
begin•"0:10.0" 
begin=" 0:00:10.0" 

All of these values represent a begin de lay of 10 cond . Given a choice, you 
should probably u e the econd ver ion, as it giv ~ a reasonable balance 
betwc n clarity and brevity. 

Techni ally, ,1 specification of: 
begin="lOs" 

defines a 10 s cond delay from the implied syncbase of the element containing 
the begin attribut . (This is usually either the start of a parent <par> or the end 
of a predecessor child in a <:seq>.) 
Defining explicit syncbases. SMJL aJlow the syncbasc used in the pres nta­
tion to be explicitly defined for <par> clements by specifying an ID of the sync­
base, and specifying a timing qual ifi anon of that yncbase (either begi.n r 
end). TI1c following ·I ment specifies that an audio object start 4 seconds after 
the end of an element named snarf 

"audio i d="bazinga" begi n="snarf. end+lOs" ... /> 

InS L 1.0, the element with ID of snmfhad to be a peer of the bnzi11gn lemer1t 
S IL 2.0 relaxes this reguirement: the el m nt snnrf mu t be in the same docu­
ment as bnzinga, and it can't be a hild of sm11f, but ther are no other 1estric­
tions. (The ituation wh 0 re snaif and bazingn are not peers is referred to as an 
out-of-scope syncbase.) ote that SMJL 1 .0 used a slightly different syntax for 
specifying syncbases; this format has been depreciated i.n MIL 2.0. 

In the S!VlIL Language profile (including SMIL Basic), explicit yncbasc are 
rarely used in simple documents, but for other host language' (like tho e sup­
porHng the XHTML+ MlL profile), the use of explicit syncba e ccin be harid y. 

hi is be ausc the host document p rovid no common temporal basis among 
its obj 'Cts, o that you often need to define a common syncbase explicitly wh l1 

coord inating content specified in different parts of the same document. 
Specifying multiple begin times. In a SMIL 1.0 document, each element could 
pecify at most one begin lime. S IL 2.0 allows multiple begin times to be 

defined. In general, an object will start as soon as any of its begin conditions are 
satisfi d. It will also restart if a new begin condition is satisfied! or example, 
the following object will begin after a delay of 10 seconds from its default sync· 
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base and 3 seconds after the start of snarf, Wlless it has had restrictions placed 
on its rep at behavior - it will not just start when th 0 first begin condition in 
the list gets resolved: 

.;video begi n:"lOs; snarf. begi n+3s" . . . /> 

The use of multiple begin fun •s has a number of features and re tri tiom, that 
are discussed in Chapter 14: Adva11ced SMJL Timing Attributes; these include 
ways of defining interactive starts of an object and restricting an obj ct's restart 
behavior. For most simple SMJL documents containing only a single begin 
tim ,, these restrictions are not important. 
The begi n attribute and the <seq> element. There is one restriction on the 
u e of the begin attribute that is important for all SMJL documents: a <seq> 
time container may only have a single begin attribute value, and that value 
must contain a non-negative do k alu . Multiple begin tim lists are not 
aH w d in a <seq>, and neither is expUcit syncbase timing. ln the following et 
of stat ments, line 5 is not valid MlL, but lines 6 through 8 are valid and pro­
vide the same functionaJi ty as was intended in line 5: 

<par> 
<audi o i d• "snarf" . .. /> 
<Seq> 

<i mage begi n ''2s" dur .. "5s " ... /> 
<img begin-"snarf.end+2s" . .. /> <!- - this is i nval id SMJL! --> 
<par> <I- - this is valid SMIL --> 

<img begin~"snarf .end+2s" . . . /> 
B </par> 
9 </seq> 

10 </par> 

Line 5 is not valid because a child of a <seq> may not contain a syncbase off et. 
Th <par> on line 6 begins a new t mporal content: the <Par> starts wh n th 
preceding image ends; it then delays the start of its child image until 2 se onds 
aft r the end of the snarf obiect. 
Invalid begin times. An interesting final point is: what does a SMTL p layer do if 

you give it an improper begin time specification? Some of the rules for process­
ing bad values are profile dependent, and others depend on the kind of begin 
attribute values being u ed. If you wc.r: to give this example to a generic SMIL 
player, it should refuse to play the ntire document because of an error with th 
value of a begin attribute in a <seq>. 

Attribute: dur 

The dur attribute establi he the simple duration of an element. (Recall from 
Figure 7-4 on page 132 that th imp le duration is the duration without repeat 
behavior.) When used with a media obj ct, it defines how much of that media 
object wilI be used. When used with a time container, it defin a limit on th 
simple duration of that container. If the defined duration is longer than th 
time container or media object, temporal and rendering padding will result 

For all media object re.ferene€S, the default value for dur is media. For time 
container , the default value for dur -is the simple duration of the children of 
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that conta.mer. When a value is explicitly specified, a non-zero, positive clod<. 

value is usually used. 
The du r attribute and fi 11 . Once the simple duration p cified by du r ends, 

the assodated element will ither repeat (if repeat b havior has b en peci i >d) 
or become a candidat for r moval from the player' Ii t of render d obj cts. 
Whether it i actually r moved dep nds on the value of the fi 11 attribu te, as 
discu ed on page 147. 
The du r attribute and indefinite timing. Tt is also possible to assign the value 

of indefinite to dur; this means that the simpl duration is explicitly defined to 
be indefinite, and that the active duration and the element's end moment will 
be taken from the temporal context of the presentation. 
Examples. The following two SMIL statements resul t in an element with a sim­

ple duration of O seconds: 

<img srcaa"image . png" ... /> 
<img src,,"image.png" dur,,"media" . .. /> 

The following statement is actually invalid SMIL, but many SMIL players 
also accept it as a means to specify an element with a simple d uration of O ec­
onds: 

<img, src•"image.png" dur,.."0" . .. /> 

(Th.is is invalid b cau th sp<!cification explicitly says that the dock value of 
the du r attribute mu t be gr-eater than 0.) 

The following (short) presentation illustrates the behavior of the indefinite 
duration value: 

<smi 7 . . . > 
<b0 dY> 

<img src,."image .png," dtir·="indefinite" , .. /> 
</bOdY> 

</Smil> 

The image will be rendered and the simple d uration will be set to inde inite. 
This will result in the a tiv duration being s t to the further timing context of 
the pr scntation. Sin no other timing cont xt i explicitly provided, the image 
will be rendered "forever". 

If we extend the presentation above a bit, we can see some additional beha -
ior of the SMIL timing model: 

1 .-.smil ... > 
2 <body> 
J <par> 
4 <img Sl"C:.• "image. png" dur• "indefi ni te" . .. /> 
J <video i d="Vl" src="ten- sec-vi deo.mpg" . . . /> 
6 </par> 
1 </body> 
8 </smi 1> 

In this example, th <par> on lin s 3 through 6 renders an image and a 10 sec­
ond video. The simple duration of the image is indefinite and the simple dura­
tion of the video is 10 second . After 10 seconds, the simple dur:ati.on of the 
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video ends, but the indefinite duration of the image means that unJes some­
thing else in the presentation explicitly limits the duration, the presentation 
will not end. (The default behavior of the video is that the last frame will be 
shown during the entire period after 10 seconds.) 

We now repl.ace line 5 with the fol lowing: 

1 <video id="Vl" src .. "ten- sec-video.mpg" dur.a"lOs" , .. I> 

The result is that since the video now has an explicit duration, it no longer has 
default fill semantics, and the last frame is not shown for the remainder of the 
pre cntation. (Only the image is shown.) 

We next replace line 3 with the following: 

J <par endsync="Vl" /> 

The result is that even though the image on line 4 has an indefinite duration, 
the <par> will end when the video on line 5 ends. The timing context for the 
indefinite is determined by the context of the parent 

Thjs section has illustrated the behavior of dur on media objects, but all of 
the examples also apply when du r is defined for time containers such as <par> 
and <seq>. TI1e only real differ nee is that an assignment of dur .. ''medi a" is not 
allowed for time containers; in this case, the duration assignment will be 
ignored. 

Attribute: end 

A SMIL element ends at the end of its active duration. This is determined by 
either the element's content or the parent time container. An element can also 
specify a non-default end time via the end attiibute. The end athi.bute is very 
similar to the begin attribute. Rather than repeating all of the begi n's proper­
ties her , please make sure you've read the section on begin above before con­
tinuing with thi ction. 

The end attribute provides explicit control over the end of th active dura­
tion. As with begin, the end can specify a single clock valu or an explicit sync­
base (with optional dock value offset), or a list of values. (There are also other 
values allowed; these are covered in Chapter 14: Advnnced SMIL Timing 
Attributes.) nlike the begi. n attribute, there is no restriction on the use of end 
with <seq> clements. Note that even if multiple end times are specified, the 
associated element will end only once - this is when the first end condition is 
met. 
Examples. The following fragment gjv 

attribute: 
xamples of the u of the end 

1 <Video src="one-hour -video.mpg" end="25s" ... /> 
2 <video src .. "one-hour-vi,deo.mpg" end .. "1:00:15" . .. /> 
J <video src,,"one-hour- vi.deo . mpg" end="snarf . end" . . . /> 
4 <vi deo src="one-hour- vi deo.mpg" end=" 35s; snarf. end+Ss" .. . /> 
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In line 1, the one-hour video is cut short after 25 seconds. In line 2, the active 
duration of the on.c-hour video is extended by 15 seconds. In line 3, the video 
element ends when the element snarf c.nds (even if this is after 3 hours!). 1n line 
4, the video element nds either after 35 seconds or 5 seconds after snarf ends, 
whichever comes fir t. 

The examples above do not show a time context for each video reference. It 
is important to note that, unless an explicit syncbase i defined, the end 
attribute modifies the end time relative to the default syncbase of the element, 
not the duration of the media object. 

on ider the SMIL fragment in Example 7-4. The default syncbase of the 
children of th <seq> in li.ne 3 through 7 is the end of the predecessor child. 
This means that 
■ the vid o element on line 4 ends 25 seconds after the start of its syncbase 

(which is the b ginning of the <seq>) 
■ the video element on line 5 end one hour and 15 seconds after the start of 

its syncbase (which is the end of the element on line 4) 
• the video clement on line 6 ends one hour and 15 seconds after the start of 

its syncbase (which is the end of the element on line 5) - this is 5 seconds 
before the end of the video media object, b cause that object tarted being 
rendered 20 seconds after the start of its syncbase. 

Make sure you understand why the end of the video element on line 6 
occurs before the end of the video object: the end attribute does not modify the 
duration of the media object, but it modifies the end of the element containing 
the video object in relation to that element's syncbase. 

Now, look at the <par > in lines 9 through 13 of Example 7-4. The start of the 
<par> on line 9 defines the default syncbase for the children of this <par>. This 
mean that: 
■ the video element on lin s 10 ends 25 seconds a~er the start of its syncbase 

(which is the beginning of the <par>) 

■ the video element on line 11 ends one houc and 15 seconds after the shut of 
its syncbase (which is also the beginning of the <par>) 

J <Smil .. . > 
2 
j 

4 
j 

<Seq;, 
<Video srcm"one-hour-v'ideol.mpg'" endaa"2Ss" . .. /> 

6 
1 
8 

<vi deo src="one-hour-video2.mpg" end.,"l :00:lS" ... /> 
<video src• "one-hour-video3.mpg'" begin• "20s" end• "l:00:1S" . .. /> 

<Seq;, 

9 <par> 
<vi deo src="one-hour-videol.mpg" end="2Ss" . . . /> 
<vi deo src,. ''one- hour -vi deo2 .mpg" end .. "60. 2 Sm" . . . /> /J 

11 <vi deo src,,"one- hour-video3.mpg" begin,."20s" end,."l .004167h" 
IJ <par> 
14 
15 </smil> 

Example 7-4. The end attribute in relation to its syncbase. 
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• the video element on line 12 ends one hour and 15 seconds after the start of 
its syncbase (which, once again, is the beginning of the <par> on line 9) -
as with the case on line 6, this is S seconds before the end of the video 
media obje t, because that object started being rendered 20 seconds after 
the start of its syncbase. 

These examples all relate to a single video object, but the same sync­
bnse-based evaluation of end times also holds true for any time container con­
taining an explicit end attribute. 

combined Use of begin, dur and end 

It is po ibl to combine th us of th begin, end and dur attribut son an •le­
ment. Combining begin and dur usually results in obvious behavior, since they 
both relate to th simple dw·ation of an object. Since the end attribute overrides 
the default end of the active (not simpl ) duration, th resulting behavior is not 
always ob i.ous. TI1e less obvious details are discussed when we lo k at 
advanced timing properties. 

7.3.2 Object Persistence Attributes 
Two attribut s conti:ol the p rsistence of objects after they have completed their 
active duration: fi 11 and fil 1 Default. In this cha pt r, we consider simple 
uses of fi 11 behavior. ore compl x uses of these a ttributes are discussed in 
Chapter 14: Advanced SMIL Timing Attributes. The allowed values and related 
dem nt for fi 11 arc hown in Table 7-3. 

fill 

Attribute: fill 

"freeze". ·remove· media object, 
<:brush> 

Table 7-3. Basic object persistence attribute fi 11. 

IH 

SMIL allow an object to remain visible after the end of it acti durati n by 
specifying a fi 11 attrib ite. If fi 71 is s~t to freeze, the object will r •main visible 
until the nd of its parent time container: If it is set to remove, the object is 
removed as soon as its active duration ends. The default for visual media is 
eff ctively freeze; fi 11 has no meaning for audio media. 'Th re are some special 
cases for fi 11 that allow the visibility of an object to extend past the active 
d1.1ration of its parent (su h as when transitions exist). he value of fi 11 also 
determines how long an object remain 'clickable' for linking and intcra tion. 
These case are onsid •red in Chapter 14: Advnnced SMTL Timing Attributes. 

Uthe fi 7 l attribut is applied to a time container, then the rendering state of 
all of the children (and descendants of the children) ar et to their ·espective 
fiU behavior at the moment the active auration of the container end . 
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1 <smil ... > 
1 < ... > 
J <par id .. "'outer"> 
4 <img id.,"label" src,,"1abe1 .png" d1.1r,,,"20s" /> 
J <par id-.."i nner" dur• "lSs "> 
~ <img id.,,"picture" src• "image .png" dur .. " Ss" f ill="freeze" ... /> 
1 <Vi deo i d="l ady" src="ten- sec-video.mpg" fi11,,"remove" . . . /> 

</par> 
,;; </par;. 

10 
11 </smil> 

Example 7·5. The fi 1 attribute. 

The default fi 17 behavior is auto. Determining the effective fi 11 behavior can 
be complex, so we defer a ompletc discussion to Chapter 14: Advanced SMJL 
Timing Attributes. F r mo t imple a es, we can use the rule that if an eJcment 
explicitly defines a simple duration u ing dur, th effectiv default behavior of 
fi 11 is remove. Otherwise, the simple duration is determined by th implicit 
duration of the element and the effective default fi 11 behavior is remove. 

Pi urc 7-5 illustrates fi 11 behavior. The outer <par> element has an effective 
default fi 17 behavior of freeze. Thus, when its children end, they will remain 
visibl . Th image label on line 4 has the default fi 11 b havior of remove 
be au e of th du r. The in11er <par> lement has an effective d fault fil' l 

ehavior of l'emove. Th image picture ha an xplicit fi 11 behavior of (l'eeze, 
and th vi ea lady ha explicit fi 11 behavior of remove. When the pre cntati n 
starts, all media is active. Aft r S seconds, picture ends its active duration but it 
stays visible because of Lhe fill ,,,"freeze". The lady video ends at 10 seconds 
and the last frame is immediately removed. The inner <par> ends at 15 sec­
onds, nd remove all of it children (even the image picture}. After 20 seconds 
the image label ends, a doe the <par> outer, and the scr n is cm ty.2 

ow, assume we chang lin 5 to add an expli it fi 11 ,,,"freeze': 

<par i d• "i nner" dur;"lSs " fi 11 • "freeze" > 

In this case, the video lady is still removed after 10 seconds, but the image pic­
ture is displayed for the full 20 seconds (w1til the end of outer' active duration.) 
The fi 11 attribute and transitions. When used with tran ition , the fi 11 

attribute can also accept advanced values that an extend the simple duration 
(and th' active duration) beyond the temporal cope of th parent time con­
tain r. ee Chapter 10: Transition Effect · for details. 

7.3.3 Extended Timing Control Attributes 
SMIL 2.0 has hvo new attributes that provide extra duration control: min and 
max. These attributes can be used lo define a lower or upper bound on the 
active duration of the containing clement, rcgardle of that lcmcnt's other 

2 Note that wrne SMIL players k p the final state of the presentation rendered - this is a 
player implemenlation issue and has no relation to the presentation' composite fill 
behavior. 

148 Chapler7: BasicSMIL Timing 



tinting characteri tics. As in SMIL 1.0, MIL 2.0 also supports the ending of a 
time conta in r via the end sync attribute. Th e tht e attribut , shown in Table 
7-4, are di d in thi ection. 

clock value 

' 
.,. 

I'll '+-.,. Qil 

al ~ <bOdY>, <Seq>, C 
e ... 

: . 
endsync 

"1ast" , LL. ,, <par>, <excl> 

"f:lrs " w= . a: "fi media obJect . 
"all" g _g <brush> 

Table 7-4. Extended timing attributes 

Attri bute: min 

1 H 

The min attribute can be used to specify an explicit mini.mum active duration 
on an element. It accepts either a clock value or "media" as values, The default 
value of min is •o•, which is the same as saying that the value is unconstrained. 
The value media may only be used on media objects; its use says: the minimum 
duration is the implicit value of the media object. If used together with the max 
attribute, min must be less than or equal to the value specified for max. 

The following stat ments give xamples of the ini n attribute: 

1 <Video src.a"one-hour-video.mpg" min="25s" ... /> 
l <video src• "one-hour-video.mpg," mina"O" ... /> 
J <video src="one- hour- video.mpg'' min="media" . .. /> 

Statement l constrajns the mlnJmum active duration of the video element to 25 
seconds. Linc 2 illusb·ates default min behavior. Line 3 says that the minimum 
duration of the vid o element is the one-hour duration of the media object. 

Whil yncbase timing cannot be used as a value for the mi n attribute, min 
can be used in conjW1ction with dur and end to produce interesting and o ca­
sionally useful results. Consider the following statement: 

<Video i d .. "snarf" s rc="one-hour-vi deo. mpg" mi n='"2 5s" 
erid "bazi nga. end" . . . /> 

If bnzinga ends 15 conds after the start of $narf, the duration of snarf will be 
extended for IO seconds (to 25 seconds). 

The following fragment shows the impact of min on a <par> with an explicit 
duration: 

<par dur .. " 10s" mi n-"20s" > 
<video s re=e"one- hour- vi deo. mpg" ... /> 
<img src="label .png" ... /> 

</par> 
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Without timing control, the video element would be active for an hour, and the 
label would be active for 0 seconds, and th n be r nd r d for th next 60 min­
utes because of its default f • 11,,,"freeze" behavior. TI1e min attribut on the 
<par> says that its active duration is 20 seconds. he du r attr ibute on the <par> 
on. trains the simple duration of Lhe <par> to be IO econds. So, what really 

happens? After 10 seconds, the simple du.ration of the <par> ends, so the video 
and image have their tinting ontcxt terminated. The nii n extends the active 
duration of the <par>, but ince the simple duration has ended, only the 
default fill behavior is rendered: since this is remove, nothing i rendered for th 
10 additional seconds of active duration. 

Attribute: max 

The max attribute can be used to constrain the maximum active duration of an 
lement. It is similar to the min, except that an explicit va lue of indefinite an be 

specified. (This is also the default.) 
The behavior of the max attribute is predictable, although finding rel · vant 

use cases can b a chaHenge. For example, consider the following statements: 

<Video i,d="a" src="one-hour-video .mpg" rnax""30s" end.,"bazi ,nga.end" . .. /> 
<Video id.,"b" src .. "one-ilour- video,mpg '" end="30s; bazinga.end" . , . /> 

he video element n will play for a maximum of 30 second or until the element 
bazingn ends (if th.is is earlier). The same behavior applies to video element b. 

Attribute: endsync 

Where min and max provide dock-value ba ed constraints on element timing, 
SMIL provides the endsync attribute to provide logical cm1trol on timed 
objects. As in SMIL 1.0, if a <par> has multiple children, it can specify that the 
entire <par> nd when the fit t child ends, when the last child ends or when a 
named chi ld ends. This attribute an be assigned to the <par>, <excl>, 
<brush>, and n1edia object elements. (llle 1.1 e with <brush> and media objects 
is typically limited to animation.) 

The following fragment illustrates end sync behavim: 

<par endsync .. "snarf" > 
<video id• "bazinga" src• "video.mpg" /> 
<audio id="snarf" src="auclio .mpl" /> 

</par> 

The <pa r> e11ds when the s11nrf ends; if this is later than the end of bazingn, 
the last frame of bnziirga will b frozen. The d fault valu of endsync i lasr. 

An element with the assignment endsync="a//" waits for all of its childr n to 
play to completion at least once, regardless of whether they hav scheduled or 
interactive begin times. 

The behavior of the endsync attribu te is intuitive, except when combined 
with the dur and/or end attributes. This is because having both atl endsync 
and a dur or end will cause conflicting definitions of element duration. In ordeJ" 
to resolve these onflicts, the following rules are applied by a SMIL player: 
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1) If dur and endsync are specified on the same element, the endsync is 
ignored. ·n,us, in the following xample, the duration of snarf is 20 seconds: 

<par id~'"snarf" dur="20s" endsync,,,"b" > 
<vi d~o ~d.a::a:: srcaa::11id~o.mp9:: /> 
<aucho 1de b src• a ud10.mp3 .. . /> 

</par> 

2) If end and endsync are specified on the same element, the endsync is 
ignored. Thus, in the following fragment, the duration of bazinga ends 
when snarf ends: 

<par id•"bazinga" end.a "snarf.end" endsync="b" > 
<video id,." a" src,."video . mpg" /> 
<audio id="b" src="audio.mp3" .. . /> 

</par> 

There are also some p cial case of endsync behavior when used with 
repea ted elements. We consider these below 

7.3.4 Repeating Objects and Sub-Structures 
The default behavior of all elements is that they play once, for either an implicit 
or explicit duration. The SMlL 2.0 repeatcount attribute allows an iteration 
factor to be defined that acts as a multiplier of the object's simple duration. (The 
resulting duration is the active duration.} A special va lue indefinite is used to 
specify that an element is to be repeated continually until its (parent) timing 
context ends. The rep ea tDu r attribute defines a duration for all of the repeated 
iteration . The repeat timing control attributes and values are shown in Table 
7-5. 

dee/ma/ number ~ 
repeatcount greater than "O . O" i 

.... • 

<bOdY>, <Seq> 

<par>,<excl> 

media ob/801, 
<brush> 

Table 7-5. Repeat oontrol attributes. 

Attribute: repeatCount 

M BIH 

The repeatcount attribute make the element's content sub-presentation or 
media object to repeat the stated number of times. Its value can be either a 
number o indtJ(inite. A numeric value .indicates the media object plays that 
number of times. Fractional values, specified with decimal points, can be used 
asw ll. 
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The following statement specifies that snarf is to be repeated 4.5 times: 

<audio id• "snarf" src• "audio.mp3" repeatCount•"4.5" ... /> 

If the associated audio file was 4 seconds long {its implicit duration), then the 
active duration of snarf is 18 seconds. 

A rep >at count may also be applied to time containers. As i shown in the 
following fragment, the simple duration of the container is repeated for the 
numb r of iterations sp cified by the repeatcount. 

<par repeatcount,."3" > 
<video id="bazinga" src="video.mpg" . .. /> 
<audio i d~"snarf" src-= " audio. mp3" . . . /> 

</par> 

In this example, the active duration will depend on the implicit durations of th 
media items; the simple duration will be the maximum of bazinga and snaif 
The active duration will be the simple duration times three. 

A repeatcount is typically only useful on media with implicit timing, or on 
media with an explicit duration. Consider the following three statements: 

, dmg id="ba:dnga" src="picture.png" repeatcount="3" ... /> 
2 <img id,."snarf" src .. " picture.png" dur .. "3s" repeatCountao" 3" ... /> 
; <img i d• " rex " src• "picture .. png" dur="indefini e" repeatcount="3" .. ./> 

The element bazinga on tine 1 has n implicit du.ration of O seconds; repeating 
the clement doesn't change this. The element snarf on line 2 has a defined sim­
ple duration of 3 seconds; the active duration after the repeat is 9 conds. The 
element rex on line 3 has an indefinite duration; as with a O duration, a repeat 
count doesn't alter the active duration. 

If the repeat count is set to be indefinite, then the playback repeats until the 
element is stopped by its temporal context. 

Attribute: repeatDur 

The repeatcu r attribute is similar in most respects to repeatcount, except that 
a duration is given instead of a multiplier. It sta tes that the clement is to repeat 
its playback until the pecified duration ha pa ed. 

The following statement specifies that snarf is to be r p ated for 15 seconds: 
<audio id:e"snarf" src="audio.mp3" re peatour="15" ... /> 

The actual number of time that the audio object is rep at d depends on its 
duration. If the audio object' implicit duration is 3 seconds, it will repeat 5 
times. If its implicit duration is 15 seconds, it will be played once. If its implicit 
duration is 25 seconds, only the first 15 seconds will be played. 

As with all elements, a timing constraint on a parent container will limit the 
active duration of the children. As a result, in the following fragment, the audio 
object will be rendered for 25 seconds: 

<par dur,.,"25s"> 
<audio id-"snarf"' src--"audio .mp3''' repeatDur,,"l00s" . .. /> 

</par> 
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combing Repeat Behavior with Other Timing Attributes 

It is possible to combine either repeatcount or repeatDur wjth other timing 
attribu tes. The resulting timing usually result in predi tabl b havior for sirn­
pl cases, but sometimes the diffc1 n in manipulating the imple, active and 
rendered durations within one el m nt can lead to SMIL tatements that are 
not always easy to understand. 

The best advice that we cru1 give is to mak ure that you understand the d.if­
fore11ccs betwec1 the various types of SMIL durations. This becomes vital if you 
work with interactive behavior in SMIL, or if you use multiple begin times on 
objects. If you plan to use SMIL Animation - or if you plan to make use of the 
SMIL rep :at attribute - then a complete understanding of the SMIL timing 
model is essential. We suggest that you read the model section of th.ls chapter 
and Chapter 13: Advanced SMIL Timing Behavior and G:mtrol very carefully. A 
a last resort, the SMIL specification can be consulted: there you will find 156 
pages of information on the timing model alone. 

7.3.5 Advanced Timing and Synchronization Attributes 
SMlL 2.0 provides a collection of advanced attributes to control synchroniza­
tion behavior and to facilitat integration of SMIL into other XML languages. 
While these attributes are discussed more fully in Chapter 14: Advanced SMIL 
Timing Aflribules, we introduce them briefly he.re. 

SMIL synchronization control attributes 

In a p rfect world, all of the defined timjng in asp cification would be imple~ 
ment •d perfectly by a S IL 2.0 player. Unfortunately, th world is not only 
imperfect - it is also unpredictable. In order to provide some measure of con­
trol in the face of unpredictably, SMIL 2.0 provides three high-level synchroni­
zation control attributes: syncsehavi or, which allows a presentation to define 
whether there can be slippage in implementing the composite timeline of the 
presentation; syncTol erance, which defines how much slip i allowed; and 
syncMaster, which allows a particular lem nt to bccom th "master" time­
base against whi h all others are mea ured. 

XML integration support 

\IVhen used in a native SMJL 2.0 document {one in which the outer XML tag is 
<Smi h ), the nature and meaning of various timing elements is clear. When 
integrating SMIL timing into other XML languages, a mechani5m is required to 
identify timing containers. The SMIL 2.0 specification d es thi using the 
time container and ti meActi on attribut . 
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7.3.6 The G,eneral Timing Attributes 
Some of th 0 attributes from the timing and syndu:onization modules apply to 
many SMI element types. Th e are grouped into the general Liming nttribtiLe:·. 
These attributes are: 
■ begin, end, dur, 

■ repeat, ,repeatcoun , repeatDur, 
■ restart, restartoefaul t, 

■ fill,filloefault, 
■ min, max, 

■ syncBehavioGsyncBehaviorDefault,syncTolerance,and 
syncTo1eranceoefaul . 

Perhap the most important thing to remember about th s attributes is that 
they may be applied to n arly all of SMIL's elem nts - not just to media 
b'ccts. 

7.4 Summary and Conclusion 
liming .is the mo t important contribution f MIL. This chapter introduc s th 
ba ic con tructs of S IL timing. The ba ic time container elements <seq> and 
<par> specify SMIL's simplest temporal relationships: tho e of playing in 
sequence and playing ii, parallel. The basic in-line timing values of the inline 
timing attributes begin, end and dur set an element's timing as temporal off­
sets from the begin time it gets from its time container pa.rent. Syncbase values 
for the begin and end attributes synchronize an element with the beginning or 
nding of other elements. The attributes repeatCount and repeatour cause an 

element's media object to repeat its playback. If, after its start time, duration 
and repeated duration, the element ends before the end of its parent, the fi 11 
attribute defines the persistence of the element in SMTL' timing tr e. 

This chapter has consider d th basic timing and ynchronization attributes. 
Whil these cover a broad rang of SMIL pre entations, there is more to timing 
conh"ol than is pre nted her . The SMIL timing model also supports interac­
tive and event bas d timing. These constructs are considered in hapter 13: 
Advanced SMIL Timing Behavior and Co11trol. (TI1ey include the <excl> element 
and various refinements to the begin and end timing altribut di ussed ii, 
this section.) The attributes discu sed here also have mor tedc values and 
uses. These are considered in hapter 14: Advanced SMIL Timing Attributes. 
After experim nt d with the ba ic timing support in :.'MIL, you are encouraged 
to make more xtcnsive use of SMIL timing by using the advanced features. 

A summary chart of the attributes that provide basic timing control in SMrL 
2.0 a shown in Table 7-6. 
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min uon 

"' rnax clock value ; 
~ <prefet:ch> 

dur ='" ·~ ... ---- .,.. 
begi n, end begirvend C 

;;: 
repeatour Ill <a>,carea> MB I "'0 

C 

decimal number •r 
% 

<body>,<seq> 1 H repeatcount greater than "O. O" 

"la.st:", -.,, LL. "C <par> 
endsync "first", 

.,. 1..1.1 = 
"ti cc -6 f118dfs object, 

"all" ,I Q .9 <brush> 

Table 7-6. Structure of the basic timing and synchronization attributes. 
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16 
Extended 
Content 
Control 

The S IL BasicContentControl module defines a set of elements and attributes 
that allow the pre ntation of parts of the document to be det rmined based on 
the etti.ng of one or more sy tern t t attributes. The faciliti provided by the 
ba ic content control primitives are essentiaUy the same a those supported in 
SMIL LO, with some minor naming difference and the extension that test 
attributes can also be placed on SMlL elements without being wrapped in a 
<switch>. 

The SMl 2.0 cont nt control mechanism also provide a number of 
advanced features. These include the ability to load media objects before th y 
are actually needed, so that presentation can occur as smoothly as possible, and 
the ability to extend the set of test attributes to include special-purpose test 
variables that are defined by the document author. S 2.0 also supports the 
s kip-content attribute from SMIL 1.0. 

This chapter looks at the three general ar as of advanced content control. We 
begin with a discussion of the skip-content attribute, sin e tlti attribute is 
supported by all SMIL 2.0 Language and Basic profile players. We then ]ook at 
support for pre-fetching media and close with a discussion of the custom test 
attribute facilities in SMIL 2.0. 

TI1e nature of the material in this chapter is such that we gment ach topic 
area into separate sections, 0ach with their own examples. We build on the 
material pre ented in Chapter 9: Content Selection and Control; readers are 
encouraged to read that chapter before continuing with the discussions below. 

16.1 Skip Content Control 
If a prize were to be given for the worst attribute description in the SM1L 2.0 
standard, s kip-content would stand an excellent chance of winning. While 
nothing in the description is incorrect, there is very little text to help language 
u rs and language designers understand the intent and use of skip-content 
control. In ord r to understand the operational aspects of skip-content, it is 
handy to consult the MIL 1.0 p ifi ation. The section extending MIL I.0 pro­
vides a useful summary of kip-content behavior. (The section b low also pro­
vides all the information you need to know to ef~ ctively u the skip-content 
attribute.) 
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16.1.1 Motivation: Future-Proofing SMI L 
SMfL has strict ruJes that govem how a SMIL pars r mu t react to errors in a 
document. In general, if an error is found, the entir document hould be 
rejected. While the reason for this is clear - the temporal structure of the docu­
ment depends on the total evaluation of _the SMI file, which means that a syn­
tax error in one part can radically impact the timing of other parts - it has the 
unhandy side-effect that if older parsers attempt to process a newer version of 
SMfL (in which new element structures have been defined), then the entire doc­
ument must be rejected when this is not really necessary. 

In order to future-proof SMIL, an attribute was defined that can control the 
parsing and evaluation of elements and element content. The s kip- content 
attribute covers two cases: 
• 1f a new clement is introduced in some future version of the SMfL lan­

guage, the skip-content attribute an be used to instruct older parsers 
either to ignore the new element but to still process the children of that ele­
ment as normal SMIL statements, or to ignore the element a_nd its contents. 

■ If an existing empty element - that is, it is defined not to have any child 
content - is changed in a future version of the language to include child 
cont nt, the sk; p- content attribute can instruct the older parser either to 
ignore the contents of that element (but to still process the element) or to 
generate a syntax error. 

The content addressed by the skip-content directive has nothing to do 
with a_ny object pointed at by a src attribute: skip-content onJy considers the 
element and the chi ldren of that element. This is a key concept in understand­
ing how skip-content works. 

16.1.2 Skip Content Control Attributes 
Th SkipOmtentControl module defines one attribute: skip-content. ote that 
since this attribute i a hold-over from SMIL 1.0, it uses old-style hyphenated 
naming instead of camel cased naming. 

Attribute: skip-content 

The skip- content attribute is a Boolean variable that accepts two values: 

• trne: Tiris value covers two cases. 
(1) If the element containing this attribute is not recognized, ignore the ele­
ment and ignore its contents. 
(2) If the clement containting this attribute is recognized but if its content 
model change from empty to non-empty, then process the element but 
ignore the child content. 

■ (alse: This value covers two cases. 
(1) If the element containing this attribute is not recognfaed, skip the 
elment but process the content (its child element ) as if the unknown ele­
ment did not exist. 
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(2) If the element containting this attribute is recognized but if its ontent 
model - that is, the fact that it has child elements - is not recognized, 
generate a syntax error. 

The values of the skip-content attribute determine the actions of the docu­
ment par er on unknown elements and content.lithe elements and content are 
recognized by the parser, then the skip-content attribute has no effect (it is 
ignored). The skip- content attribute is only evaluated at the point that a 
parser would otherwise generate an error when processing the document. 

The default value for skip-content is true; this means that for all elements 
that accept the attribute, any unknown content should be skipped by the parser 
and not generate syntax errors. Unknown clements are ignored and processed 
as if skip-content is set to true (unless skip- content is explicitly declared 
false). 

16.1.3 Using the skip-content Attribute 
We will use the code fragment in Example 16-1 to illustrate the use of th 
skip-content attribute. 

Assume that a SMlL 2.0 parser were to process xample 16-1. The following 
steps will be tak n when the docwnent is parsed: 
1) 1his example carries no XML namespace definiti n. The SMTL 2.0 par r 

will continue processing the document and will tteat it as SMlL 1.0. 
2) When SMIL 1.0 was designed, the <region> element on line 4 was not 

allowed to accept content (in this case, the specification of a hierarchical 
region as a child on line 5). Since skip-content is set to true on the parent, 
the region Fis processed and the hierarchical region C is ignored. 

3) When SMIL 1.0 was designed, the <a> element was not part of the lan­
guage. As a result, the definition on line 11 would ordinarily cause a syntax 
error during parse. However, since the skip-content attribute is defined 
and is set to false, the parser will ignore the <a> element but its contents (in 

1 <smil > 
1 <head> 
J 
,i <region id="F" height="240" width="280" skip-content .. "true" > 
5 <region id•"C" top• ''220" height•"20" width• "280" /> 
6 </region 
1 </head> 
s <body> 

10 <pa,r.. 
11 <a id="anchorl" href="http://www.e.xampl e.org/doc.smil." 

targetaa"desti nation'' ski p-contMt•"fal se"> 
11 <video id.,"F" src,."snarf.rnpg" region.,"b" /> 
/3 </il> 
/4 <img id•"capti on" src,."caption.txt" dur="l5s" region="C" /> 
IS </par> 
16 

11 </body> 
1s </smih 

Example 16-1. Using the skip-content attribute in a SMTL 1.0 file. 
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this case, the video object) will be processed a if the <a> element wrapper 
did not exist. If skip- content has b en et to true, both the <a> element 
and the <vi deo> element would be ignored. If there had been nu 
skip-content attribute, the statement on line 11 would be proc sed as if 
skip-content was declared and set to true. 

4) The <i mg> element on line 14 now references a region that does not exist ­
the defirution of the C region was ignored. As a result, the content of the 
media object will be rendered u ing SMlL default layout semantics, but it 
will be rendered. 
ow, let's see what happens if a SMIL 2.0 parser processes the same file, but 

this time with a SMIL 2.0 namespace declaration. (This is illustrated in Example 
16--2.) The following aspects will occur during parsing: 
1) The SMIL 2.0 parser will recognize the SMIL 2.0 namespace definition. Tt 

will proce s this file as SMIL 2.0 content. 
2) The region definition on line 4 contains content that is understood by the 

parser. As a result, the skip- content attribute is ignored. 
3) In SM IL 2.0, the <a> clement is defined and allowed to have <video> object 

content. Thus, the parser will again ignore the skip-content attribute and 
process the statement normally. 

4) The <img> element will render to the requested sub-region. 
If a future SMIL 3.0 parser were to proc this file, it should recognize the 

SMTL 2.0 namespace and process the file a d scribed above. 
The discussion up to this point represents the theory of how SMIL 2.0 (and 

SMfL 1.0) parsers should work. In practice, the ability to skip document content 
is of marginal utility. It is really only useful if the namespace declaration is 
changed to a recognized but unsupported type. In this case, unknown elements 
will be ignored, but it is doubtful that the result will be meaningful. 

1 <Smi 7 xml ns .. "http://www.w3 . org/2001/SMILZO/Language"> 
2 <head> 
J 
,, <region id.," F" he i ght• "240" w4 dth.,"280" ski p-content=" true" > 
5 <region i d="C" top=" 220" hei ght., "20" wi dth• "280" I> 
6 </region 
7 </head> 
e <body> 
9 

10 <par> 
11 <a i d• "anchorl" href .. "http://www.example.org/ doc.smi l" 

target="dest i nation'' ski p-content• "fa 1 se"> 
12 <video id-" F" src .. "snarf.mpg" reg i on="b"/> 
13 </a> 
,, <img id="caption" src="caption.txt" dur="lSs" region="C" /> 
1:, </par> 
16 

17 </body> 
18 </smil> 

Example 16-2. Using the skip-content attribute in a SMIL 2.0 file. 
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16.2 Custom Test Attributes 
One of the important contributions of SMfL 1.0 was the introduction of system 
test attributes which, together with the <switch> element, allowed a choice to 
be made among various content paths in a presentation. The SMIL spedfication 
defines a set of system test attributes that cover many of the basic selection 
needs with SMIL documents. These attributes and the <switch> statement are 
discussed in Chapter 9: Content Selection and Control. 

The disadvantage of the system test attribute architecture is that aU test vari· 
ables need to be defined as part of the language sp ification. There is no mech­
anism to extend the choices available to users on a per-presentation basis. 
Although it is possible to define custom namespaces with new sets of test 
attributes, the author would have no control over the recognition of these 
extensions by a particular SMIL player. 

The SMIL CustomTestAttrilmtes module defines an architecture for extending 
the set of test variable available for use in <switch> tatements (or as 
stand-alone test variables). Tt allow authors to create new test variables for 
adaptivity that still work on existing SMIL 2.0 players. The module defines two 
elements and four afuibutes: the <CustomAttri butes> and <customTest> ele­
ments and the cus tomTest, ui d, defau l tState and override attributes. 

16.2.1 Understanding Custom Test Attributes 
The custom test attribute architecture is similar in scope and intent to the sys­
tem test attribute architecture defined in O'tapter 9: Content Selection and Con­
trol: a test variable is defined that can be used to select an clement for inclusion 
in a presentation. The (custom) test varjable is defined as an attribute that may 
be attached to any element: if the attribute evaluates to true, the element is 
included in the presentation; if it evaluates to false, it is ignored. 

Unlike the system test attribute architecture, there is no pre-defined set of 
custom test variables. As a result, a mechanism is required to define custom 
te t variables within the SMIL source document. 

Custom test variables are defined as part of the <head> section of a presen­
tation by using the <customiest> element. All of the <CustomTest> elements 
are defined as children of the <customAttri butes> clement. At the time of def­
inition, each custom test variable can be given a default value (true or false). 
This value may be overridden by either the user (via the user interface of the 
player) or by consulting an ex·temal settings file that is provided via the ui d 
attribute. 

Within the user interlace community, the issue of providing override to ys· 
tem-defined values has always been a hot topic. There are many who feel that, 
philosophically, the user should always have the final say over the content that 
is presented. Document authors often feel that they are in the best position to 
decide which content is appropriate for which set of users. S IL takes a neutral 
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position in this debate. The override attribute is made available to define 
author intentions: the author can state whether the value in the custom test 
may be overridden by the u er (or user agent). User agents arc free to enforce 
or ignore this setting. It is expecte that some higher-level protocol will ulti­
mately manage the ace ,s to the custom test variable definition . 

We give an example of using custom t st variables on page 393 after a more 
precise definition of the available elements and attributes. 

16.2.2 Custom Test Elements 
SMIL d fin two elements to manag the definition and proc ing of custom 
test va iables. All of the e are considered in lhi tion. 

Element: <CUStO mAttri buteS> 

able 16-1 defines the structure of 
the <CUstomAtt ri butes> ele­
ment. This element delineat a 
section in th SMTL <head> that i 
used to define a et of custom 
test variables. It contains pecifi­
calions for all the custom tests 
used in a presentation. 

Element: <customTest> 

The <customTest> element 
defines a custom test variable for 
use in the presentation. The ele­
ment's id attribute lets the test be 
referred to from elements in the 
<body> ction that are to b 
tested. Its tructure is laid out in 
Table 16-2. 

A <customTest> element's ini­
tial value may be overridden by 
va1u found at a location defined 
by the u i d attribute r by user 
int raction though th player 
interface. The author may specify 
a preference for the persistence of 

<custoll!Att1buteS> 

system test 
attributes skip-content 

COf9 

parent <head> 

child <CUStomTest> 

Table 16-1. Structure of the 
<CUstomA tti butes> element. 

<CUltOIITUt> 

defaultstate 

override 

attributes uid 

skip-content 

parent ,-:;ustomAtt ft u es> 

Table 16-2. Structure of the 
<CustomTest> element 

a test variable value via the override attribute. 

390 ■ Chapter 16: Extended Content Control 

• 



16.2.3 Custom Test Attributes 
SMIL defines four attributes to manage th d finition and proce ing of custom 
test variables. Each of these are con idered in this ection. 

Attribute: customTest 

The customTest attribute takes a li t of custom test names defined in the 
<head> section as an argument. If all of the names refer to custom t st variables 
that resolve to true, the associated element i included in th pr ntation. lf 
any of the ustom test attributes Ii too r solve to false, the el ment i not 
included in the presentation. 

All of the rules pertaining to the evaluation of system test variables apply to 
custom test variables. 

Attribute: defaultState 

The defaul tstate attribute defines an initial value for the cu tom test vari­
abl . It is used in the <customTest> el ment only. Permissibl valu s are: 
■ true: the associated test variable is true and should allow rendering. 
■ false : the a sociat d te t is fal e and should block rendering. 

The default value is false . 

Attribute: override 

The override attribute states wheth ,: or not the custom test's state hould be 
readily changeabl by the user. It accepts the following values: 
■ visible: this value lets the user alter the test's state through the browser 's 

interface for changing custom te t tates. 
■ hidden: do not list this variable as alterable in this interface. 

The default value is hidden. 
Note that th browser may still provide the user with other, k-ss obvious 

means to change a hidden test tate. 

Attribute: uid 

The uid attribute provides a URI to a resource determining the test's state. The 
URI may simply be a registration of a fixed state for the test. On the other hand, 
it could be a proce s that communicates with the browser to set the test's tate. 
This attribute tak s priority over the defaul tState attribute in assigning the 
state. ln turn, the u r ha highest priority, being able to change the state given 
by the ui d attribute. 
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16.2.4 Examples Using Custom Test Attributes 
U of the custom te ·t attribute facility is illustrated in Figure 16-1. This appli­
cation illustrates part of a medical dossier. 11,e dossier (of which this fragment 
is a smaU part) contains information on a problem with a patient's right back 
leg. It also contains media objects that de~cribe the operation on the right leg. 

The application of custom test attributes is partitioned across two sections of 
the document. The <head> section ontains the definitions of two custom test 
attributes (Annotations and me.dica/Staff), and U,e <body> section contains refer­
ences to the state of the attribute valu s. 

In the <head> section, the <customAttr ibutes> element on line 3 contain 
the definition of the two custom test attributes. Each test variable is defined in a 
separate <customTest> element. The first definition, of Annotations on line 4, 
creates a test variable with a default state of true and with an override value of 
visible.. This mean that the UI of th player may provide an obvious means of 

lectively changing the attdbute value from true to false (or vice versa). The 
s~icond definition, of medica/Staff on line 5, creates a test variable with a default 
state of false and with an override value of hidden. The intention is that, as part 
of the user's profile, there is some indication on the capabilities of thi viewer. If 
he or she is a member of the medical staff, they will get access to more detailed 
information in the presentation. 

The <body> section contains several examples of the application of the cus­
tom test variables, as well as the use of other content control mechanisms. Line 
11 contains a <switch> element. The <switch> evaluates its children in docu­
ment order, activating the first child that has a test variabl (system or custom) 
that resolves to true. 

Lf the bandwidth of the network link has been determined by the player to 
b 56Kb or great r, the <par> clement (and its contents) on line 12 is played. If 
the bandwidth is determined to be lower, then the <seq> on line 20 is selected. 
Both the <par> on line 12 and the <seq> on line 20 contain a collection of media 
objects. One of the two elements in the co1Jection is a vid o object or an image 
(depending on the bitrate) and the other is a conditional piece of content that is 
only displayed if the Annotations variable resolves to true. At the top of Figure 
16-1, we see three image . The left two images represent the output of this sec­
tion of the presentation: if the Annotations custom test variable resolves to true, 
the base media object is displayed with an (animated) annotation overlay. Jf it 
resolves to false, only the base media object is pres nted. 

On line 29, we ee another u of th cust.om test variable. Here, the 29 s c­
ond <par> is only play dis the medica!Staff attribute value is true. This segment 
-which illustrat how a scalpel breaks during the operation - consists of a 
bas media object and a separate annotation object; this latter object is only 
shown if the Annotations custom test variable resolves to true. he top-right 
portion of Figure 16-1 shows the video of the operation with the annotation 
overlay. 
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Annotatlons="lrue • Annotations= "false • 

1 <smil xmlns,."11 tp://www.w3.org/2001/S:MIL20/Language"> 
: <head> 
J <Cust0mAttributes> 

medica/Staf/ .. "true• 

-1 <customTest id="Annotations" title="View Annotations" 
defaul tState•"true" override,."visible" /> 

J <custornTes id="medicalstaff" titl~"Medica1 Staff use" 
uid="http://www.example.org/ooctors/list.txt" 
d faul tstate,."fa lse" overri de,."hi dden" /> 

6 </customAttributes> 
7 
JJ </head> 
9 <body> 

10 
J/ <Switch> 
11 <par systemBi trate=" 56000"> 
/J <Video region "Image" dur .. "lls" srca"11ideo/Symptoms.mpg0 /> 
u <img id,,"Annotationl" region="Ove.rlay" begin="l. 55" dur,."8 7s" 

src="Images/overlay.gif" c::ustOITiTest .. "Annotations"> 
15 <a11iJ11ateMotion . . . /> 
16 <animate att ri buteName .. "wi dth" . . . /> 
17 <animate att ri buteNamea"hei ght " . . . /> 
Ill </img> 
19 </par> 
10 <seq> 
11 <par dur,." S.s "> 
n <img region,,"Image" fill ee"freeze" src,,,"I:mages/symp- F20.jpg"/> 
ZJ <i mg regi onaa"0verlay" begin "l" du r a " 3s" s rcaa"Images/overl ay. gif" 

customTest,,,"Annotations"/> 
u </par> 
15 
26 </seq> 
17 </switch> 
18 
19 <par dur="29s" customTest="medicalstaff"> 
JO <Video region•"Image" dur• "29s" src• "Vi deo/Sc,alpel8reaks .mpg"/> 
JI <img region="0ver1ay" begin="lS" dur="4s" src="Images/overlay.gif" 

customTest•"Annotations"/> 
J1 </par> 
JJ 
;, </body> 
15 </Snlih 

Figure 16-1. Using custom test attributes. 

The custom t st facility provides an interesting basis for experimentation 
with user-centered presentation design. nfortunately, the attributes -
although they are part of the SMIL 2.0 Language profile - are not wuversally 
implemented. Only the GRiNS and Ambulant players provide full support for 
cu tom test attribute implementation -and integration. 
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16.3 Prefetch Control 
The PrefetchContro/ module allows an author to give hints to the player on 
when various media items should be fetched from the media server in advance 
of that media's use. This can allow a presentation to execute more efficiently, 
since media objects that are needed later -ill a presentation can be fetched dur­
ing tim when not much transfer activity takes place in the player. This can 
help spread any peaks in network transfer u across the duration of an entire 
pre entation 

16.3.1 Understanding Pre~Fetching of Media 
Media objects tend to be relatively large items that require substantial time to 
transfer across a network infrastructure. Often, a player can optimize presenta­
tion performance by pre-loading parts of currently active media items or 
pre-fetching the next media element in its display queue. Such pre-load and 
pre-fetch behavior is nearly always local in scope. 

In contrast to the player, a presentation author has a global view of which 
objects will play an important role in the presentation. For this reason, the 
author is sometimes in a better position to decide whid1 elements should be 
fetched early. Unfortunately, most authors have little information available 
about the characteristics of the network connection state during th presenta­
tion or the amount of buffer pace available to the player. As a result, author 
pre-fetch directiv are taken as informed hints by the player, but the player 
remains in final control over which obj cts g t f tch d when. 

In the SMlL pre-fetch model, the loading of future media is not a transparent 
activity that occurs in the background: an explicit request for a pre-fetch will 
result in the creation of a pseudo-media reference with a simple duration that 
gets factored into the ti.ming of the document. (We give an example of this on 
page396.) 

Pre-fetching media works best when the media object is stati - tha t is, it is 
an image or video that is not expected to change during the presentation. If you 
were to pre-fetch stock ticker information, the data that you pre-fetch may 
actually be stale by the time you present it: since the SMIL player has no means 
to reliably detecting that the stored info,mation has changed other than infor­
mation in the original tran port header, it cannot invalidat the ver ion in its 
buffer. Authors should be a war of thi problem. For example, if the http proto­
col header indicates that a media object is valid but ii the media object d1anges 
at the server, this will not be detected. 

Another problem of which authors should be aware is the potential for 
incurring media charges in a pay-per-view (PpV) environment. If a media item 
is pre-fetched from a PpV server but never rendered because of early termina­
tion of the presentation (or because of the settings on a SMIL <swi tch>), users 
may be presented with charges that they may not realize they had made. S IL 
has no mechanisms for guarding against the (mis)use of this situation. 
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16.3.2 Pre-Fetch Elements 
The SMIL Prefetcl1Cor1trol module d fine <prefetch> to electively pre-load 
media objects. Table 16-3 shows th tructurc of the <Pre fetch> clement. 

Element: <prefetch> 

he <pref etch> element is used to identify a 
media object that is to be pre-loaded into the 
the player. The clement contains the name of 
the media objc t and zero or more control 
ath·ibu tes. The intrinsic duration of the ele­
me11t is the dura tion of the media fetching 
activity. Thi duration can b qualified as a 
simple dura tion by providing a du r attribute. 

The player may decide not to process the 
pre-fetch hint. If n pre-fetch takes place, th 
play r mu t till re pe t any expl icit impl 
duration on the <p refetch> element. If a 
pre-fetch is repea ted, a fresh. copy of the 
media object must be loaded each iteration. 

The author of a presentation may only 
upply the pre-fetch command as a hint to 

the player; no control o er actual pre-fetch 
behavior is provided. SMJL 2.0 players 
should upport parsing of the <prefetch> 

cprefetcll> 

mediasize 

media.Time : --------
-; bandwidth 

1 :g - -ge_n_e_ra_l_tim- 1-'ng­
= 
m test 

core 

<body> 

<priorityclass> 111! _ ____ _ 
I 'E <seq>, <par> e - - ---,,-- -

CII <exc1> 
Q. 1-----::---:-----

< SWi tch> 

Table 16-3. Structure of the 
<prefetch> element 

elem nt and attribut s, even if no implementation support for pre-fetching 
media is provided. 

111e amount of data that i pre-fetched is determined by lhe settings of the 
pre-fetch ontrol at t1·ibutc . It i. also determined by any control information in 
the protocol used to b·an f r the med ia da ta: if, for ample, media caching is 
prohibited by the transfer protocol, a pre-fetch may occur but the in formation 
will not b sav ·d for r us . 

16.3.3 Pre-Fetch Attributes 
The SMJL Prefetcl1Co11trol module defines three attributes to specify pr -fetch 
control behavior: medi asi ze, mediaTime and bandwi dt h. 

Attribute: mediaSize 

The medias i ze attribut defin s h w much of the media obje t will be 
pre-loaded in terms of size (number of byt, ). It accepts eith r a byte count or a 
percentage value. A value of 100% is equal to a requ t to load tip ntire obj t. 
The default is 100%. A value o( 0% is ignored, meaning that the d fault valu of 
100% will be applied. If specified together w ith the medi aTi me attribute, the 
value of the medi aTi me attribute will be ignored. 
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Attribute: mediaTime 

The medi aTime attribute defines how much of the media object wilJ be 
pre-loaded in terms of its duration. It accepts either a clock value or a percent­
age value. A value of 100% is equal to a request to load the entire object. The 
default is 100°/o. A value of 0% i ignored, meaning that the default value of 
100% will be applied. Di er te m dia is always completely downloaded. f 
specified together with th medi asi ze attribute, th value of the media Ti me 
attribute will be ignored. 

Attribute: bandwidth 

TI1e bandwi d h attribute defines how much network bandwidth is allocated to 
the pre-load activity. It accepts either a bitrate value or a percentage value. A 
value of 100% implies that all of the bandwidth should be used. An implemen­
tation is free to u.se les bandwidth than requested. 

16.3.4 Using Pre-Fetch Control 
Example 16-3 illustrates the use of the <prefetch> element. An opening logo is 
shown at the start of the presentation. The logo has an intrinsic dUiation of 0 
ccond , but the f i l l="freeze" behavior ,viii keep it displayed until the end of 

the par nt <par> element. 
During the display of the I go, two pr fetch operations ar tarted. Th first 

is a request to pre-load the closing logo: it is an image, 100% of which will be 
fetched and stored (if possible). The simple duration is set to 10 seconds; this 
forms the minimum activahon time for the <par> element. A pre-fetch request 
is also made for a video object. A fetch of the total media object is requested, 
using 80% of the available bandwidth (if possible). Si.nee there is no simple 
duration defined for this pro-fetch, the operation will last as long as it takes to 
transfer the (large) object. This can consume a considerable amount of time. 
(This is dearly an unwise strat gy, but it is allowed by th SMJL architecture. A 
better strategy is to limit the amount of information that will be trans£. rred by 
sp cifying a medias i ze or media Ti me attribute) Not that if a imple durati n 

I <smil xmlns,,"http://www.w3.org/2001/SMIL20/Lan911age"> 
1 
J <par> 
4 <img id= "intro" s rc="openi ngLogo .. png" fi ll="freeze" regi on="M" /> 
s <prefetch id•"casE!l" src• "closingLogo.png" mediaSize• "100% duraa"lOs"/> 
6 <prefetch id="case2" src="bigvideo.mpg" bandwi dth= "80%" /> 
7 </par> 
8 
Y <seq> 

/0 <video id "Feature'' src.,"bigvideo.mpg" region•"M" ends''activateEvent"/> 
11 <img id="theEnd" src="closingt.090.png" regi on="M" dur="Ss" /> 
12 </seq> 
rJ 
u </smih 

Example 16-3. Using the <:prefetch> element and attributes. 
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was defined (for example, dur="lOs"), this would bound the delay within this 
directive. If the entire video could not be fetched in this period, the implemen­
tation is free to cancel the pre-fetch activity. 

At some later point in the presentation, the video is hown. The video will 
run until completion unless the user initiates a mou e click on the rendering 
region M. If so, the video ends and the closing logo i di p layed. If the pre-fetch 
on the closing logo was ucccssful, the image wou ld pop up very quickly. 

Note that even if only a few seconds of the vid o were viewed, it is p sible 
that the ntire object wa pre-fetched. This can have pay-per-view cons -
quenc . 

16.4 Summary and Conclusion 
The purpose of the extended content control attributes is to provide additional 
document processing con trol for advanced users. Of the various feature. pre­
sented, all are supported only in the full SMIL 2.0 Language profile. The 
skip-content attribute is often recognized and parsed, but it is not always cor­
rectly supported by SMIL players. The pre-fetch control attributes are generally 
upportcd, but they represent only a high level of presentation performance 

control. The custom t st attributes, although very u eful in designing cus­
tom-tailored presentations, do not enjoy wide player support. 

One would think that there is little reason to use all three sets of attributes. 
Still, gaining experience with advanced content contra) features that remain 
declarative rather than scripted exposes powerful features that will probably 
only be expanded upon in furore versions of the SMlL language. 

16.5 Further Resources 

SMIL 1.0 Specification. 

Syncbronized Multimedia Lntegration Language (SMlL) 1.0 Specification. 
W3C Recommendation, 15 June 1998. http://www. w3. org/TR/REC-smi l . 
See the appendix on Extending SMJL 1.0 for the motivation for the ........ =--------. 
skip-content attribute. 
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parent elements 33, 375 
parentheses 412,419, 423-424 
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8 89,137,141,149,151, 154- 155, 
302'---303, 327,368, 395, 424 
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