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Abstract. Many existing models for temporal composition of multimedia data are based on the
Allen relations [1]. However, the relations are not suitable for composition: they are descriptive (do
not re ect causal dependency between intervals), they depend on interval durations (changing duration may modify relations), and they may lead to temporal inconsistency (contradictory relations
speci ed for intervals). We de ne a set of operators expressing causal relations between intervals.
They can be used to form nested interval expressions. Interval expressions are independent of interval durations and allow encapsulation and structured nesting, so that it is possible to de ne
complex multimedia presentations in a well-structured manner.

1 Introduction
Multimedia integrates di erent media having inherent temporal behavior. Taking into account the diverse
time-dependent data types result in new issues that do not arise in traditional databases. The essential
issues are the management of di erent time-dependent data types and speci cation of their temporal
composition. Temporal composition consists of de ning presentations of complex multimedia data that
relies on synchronization among di erent media as well as within each medium. Interactive multimedia
add complexity because user interactions may modify and control presentations.
Integration of interactive multimedia presentations within databases must address the following requirements:

 Structuring: it should be possible to de ne complex multimedia presentations in a well-structured
manner,

 Encapsulation: we need a means for encapsulation and nesting of structured entities,
 Interactivity: we must take into account user interactions; this requirement results in a model with
time intervals of possibly unknown durations,
 Content-based access: we should provide exible associative access based on the content, structure
and temporal composition of multimedia data,
 Content-sensitivity: an interesting feature would be to make a presentation sensitive to the content|
the ow of a presentation can be changed according to the content of media entities.
Composition of interactive multimedia presentations may involve expressing such relations as:
1.
2.
3.
4.

start video segment C after the end of both video segment A and B,
display image X when the user clicks on the person presented in the video segment A,
present a choice to the user when the beginning of \Dollars and Sense" is detected,
nd all scenes with Sharon Stone.

In this paper, we will focus on temporal speci cation of interactive multimedia presentations. So, we
are interested in expressing composition relations such as in Example 1. The requirements above imply
that the desired temporal composition model must provide high-level constructs for de ning relations
between time intervals which have possibly unknown durations. For example, user interactions make the
durations of media segments unknown or unpredictable. In addition to that, the constructs must allow
encapsulation and structured nesting.
Many existing models for temporal composition of multimedia data are based on the Allen relations
[1]. However, the relations are not suitable for temporal composition. First, the relations are descriptive:
they do not re ect causal dependency between intervals, but they rather represent temporal coincidence.
Second, since the relations depend on interval duration, changing duration may modify the relation that
exists between the intervals. Third, composition based on the relations may lead to temporal inconsistency,
because contradictory relations may be speci ed for intervals.
We propose a composition model based on intervals of unknown duration and on operators that express causal relations between intervals. Operators take time intervals as arguments and yield another
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interval as a result. They can be used to form nested interval expressions allowing speci cation of temporal compositions in a well-structured way. Interval expressions provide a means of encapsulation and
structuring: compound encapsulated intervals can be speci ed in terms of elementary media objects as
building blocks.
We build upon the previous work on Algebraic Video [14] that uses a set of basic operations on video
segments to create a desired video stream. The video algebra consists of operations for temporally and
spatially combining video segments, and for attaching attributes to these segments. Algebraic Video focus
on content-based access to video libraries with query based discovery and algebraic combination of video
segments of interest. We adopt the approach consisting of de ning a set of operators to form nested
expressions.
In the remainder of this paper, we present existing models (Section 2), analyze possible arrangements
between two time intervals (Section 3), present the proposed composition model (Section 4), and outline
conclusions (Section 5).

2 Existing models
Existing temporal models for multimedia can be divided into two classes: point-based and interval-based
[13]. In point-based models, the elementary units are points in a time space. Each event in the model
has its associated time point. The time points arranged according to some relations such as precede,
simultaneous or after form complex multimedia presentations. An example of the point-based approach
is timeline, in which media objects are placed on several time axes called tracks, one per each media type.
All events such as the beginning or the end of a segment are totally ordered on the time line. The model
is applied in HyTime [9] and in several other propositions [8], [7]. The model is well suited for temporal
composition of media segments of known durations, however it falls short for unknown durations.
Other authors have proposed to use relations between interval end points for temporal composition of
multimedia (temporal point nets [3], MME [6]). However, their use is dicult and results in complicated,
unstructured graphs. In addition to that, their use may lead to an inconsistent speci cation in which
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contradictory conditions are speci ed for intervals. In this case, a veri cation algorithm (called sometimes
a temporal formatter) must check for inconsistency [3].
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Fig. 1. Relations change when the interval duration is modi ed.
Interval-based models consider elementary media entities as time intervals ordered according to some
relations. Existing models are mainly based on the relations de ned by Allen for expressing the knowledge
about time [1]. Giving any two intervals, they can be arranged according to seven relations : before, meets,
overlaps, nishes, during, starts, equals. However, using Allen relations for multimedia composition faces
several problems. First, the relations were designed to express existing relationships between intervals
of xed duration and not for specifying relationships that must be always satis ed even when interval
durations are changed. Consider for example an existing relation before between intervals and (see
Figure 1). When we increase the duration of interval , the relation changes from before to during passing
through intermediate relations meets, overlaps, and nishes. This drawback makes the Allen relations not
suitable for specifying composition of intervals with unknown duration.
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Another problem with the Allen relations is their descriptive character|they allow expression of an
existing, a posteriori arrangement of intervals, but they do not express any causal or functional relation
between intervals. For example, relation meets only states that the end of the rst interval coincides with
the end of the second one, but it does not say whether the rst interval starts the second one, whether
the second interval stops the rst one or whether it is a pure coincidence (see Figure 2). So, the Allen
relations can be useful for characterizing an existing, instantiated presentation (a presentation for which
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Fig.2. meets represents temporal coincidence not a functional relationship.
all start and termination instants of media segments are known).
The third problem with the Allen relations is related to inconsistent speci cations that can be introduced to a multimedia presentation. Detecting inconsistent speci cation requires algorithms of complexity
[ ( 2)], where is the number of intervals [1].
O N

N

Some authors propose to use the Allen relations to specify a multimediadatabase schema. For example,
Little and Ghafoor propose an OCPN model equivalent to the Allen relations [11, 12]. They do not take
into account possible unknown durations of intervals and to prepare an instantiated presentation (a
presentation in which all interval end points are determined), they must traverse the tree of interval
relations to get deadlines used to schedule the presentation. They propose an algorithm for constructing
a database schema from temporal relations, however, when interval durations are modi ed, the schema
must be modi ed too.
King proposes a di erent formalism based on an interval temporal logic [10]. He shows how the Allen
relations can be expressed using temporal logic formula. Although his formalism has solid mathematical
bases, composition of multimedia presentations using declarative formula is awkward|logic formula do
not correspond to the mental image that an author uses in conception. Moreover, to be useful, the
formalism must be supported by a consistency checker and an interpreter to execute a given temporal
speci cation.
Unlike previous models, interval expressions o er a di erent paradigm that allow speci cation in a
structured manner of causal (or functional) relations between intervals of unknown duration. We explore
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the same approach as Algebraic Video [14] that uses a set of basic operations on video segments. The
video algebra de nes three temporal operators for combining video segments: concatenation, parallel and
parallel-end. Other operators such as union, are related to attributes and content-based access.

3 Analysis of interval relations
Our elementary entities are time intervals. Time interval is de ned by the end points (  ) as
= f j   g. The duration of interval is  ; and can be constant (e.g. 5 seconds), dependent on
the intrinsic playing time of the medium (e.g. playing time of a video segment) or unspeci ed (e.g. user
interaction or live feed). Causal relations or actions are attached to interval end points. This assumption
does not limit our model, because if it is necessary to perform an action in the middle of an interval,
we can divide it into two intervals and attach the action to some of the end points. Each end point of
an interval may perform an action on any of the end points of another interval: the action aimed at the
beginning of an interval corresponds to start or activation and the action aimed at the end of an interval
corresponds to stop or termination.
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Fig. 3. Four possible relations between intervals.
Let us consider relationships between any two time intervals (see Figure 3). The arrows in the gure
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represent actions performed at the end points (note that the actions represent causal relations that have
real system interpretation which is not the case for the Allen relations).
There are four possible relations with a single action involving and (shown in Figure 3) and four
inverse relations involving and . In addition, we can consider relations with more than one action.
Many of such relations are trivial, for example relations ;! and ;!  make the duration of null.
There are two non trivial relations concerned with equality of interval durations (see Figure 4). In the
rst relation, starts and stops . In the second one, starts and stops . The distinction between
the two relations is important, because any of the intervals may be of unknown duration, for example,
the duration can be controlled by the user or can be determined externally by a live feed.
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Fig.4. Two relations for equality.
We could have used a model in which actions are attached to interval end points, but we want to
de ne a higher-level model that provides encapsulation and structuring.

4 Temporal composition model
Our model for structured temporal composition of multimedia is based on binary operators that represent
some of the previously described relations between intervals of unknown duration. An operator takes two
intervals as arguments and returns an interval as a result:
interval

operator

interval

7!

interval

The operators can be used to form nested interval expressions allowing speci cation of temporal compositions by means of encapsulation in a well-structured way. The structure de ned by an interval expression
is invariant with respect to the duration of component intervals.
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Forming interval expressions provides encapsulation boundaries. From the external point of view, the
result interval has some end points on which actions can be performed. From the internal point of view,
the operator de nes the internal temporal behavior of the result interval completely|the activation of
the beginning end point in the result interval implies the activation of all its internal components. In this
way, the result interval forms an autonomous entity separated from outside. For example, when starts
(Figure 3), the result interval is de ned by the end points ( ). The activation of the result interval
implies activation of that in turn causes activation of . The two relations involving start in Figure 3 and
the equal relations in Figure 4 satisfy this encapsulation condition. However, relations 3 and 4 (Figure 3)
in which stops cannot be encapsulated, because inside the encapsulation boundaries, we are not able
to determine at which instant must be activated. For this reason, we do not de ne operators to express
these relations.
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Fig. 5. Temporal composition operators
We propose a sequential operator for starting one interval after another one and several variants of
a parallel operator for specifying di erent termination conditions. The operators are presented in Figure
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5. Thin boxes show the result interval for each operator (encapsulation boundary). The semantics of the
operators is de ned below.
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7 ( ) de nes composition in which the end of interval starts interval .
!
7! ( ) de nes composition in which the beginning of interval starts intera; b
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val .
7! ( , min ( )) de nes composition in which the beginning of interval starts interval ; the result interval is stopped when the rst of the two interval
terminates.
7! ( , max ( )) de nes composition in which the beginning of interval starts interval ; the result interval is stopped when the last of the two interval
terminates.
de nes composition in which interval starts and stops interval .
equal 7! ( )
ident 7! ( )
de nes composition in which the beginning of interval starts and
the end of interval stops .
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Discussion

Operators par-min and par-min are commutative and the other operators are not. The equality operators
are in fact variants of a parallel operator.
The arguments of the operators and their result are intervals, so the operators can be used to form
nested expressions. Composition consists of considering intervals as building blocks that can be put
together, encapsulated and nested. Nesting allows building more complex hierarchical well structured
presentations. For example, the following complex scenario (see Figure 6) can be speci ed as:
( seq ) par-max ( seq ( equal ))
As nothing comes for free, there is a price to pay for duration independence and for structured
composition in our model. Not all scenarios can be expressed using our operators. For example, the
scenario presented in Figure 7 [6] cannot be expressed, because of interleaved start and stop actions on
parallel branches. Temporal point nets ([3], [6]) can express such scenarios, however, the resulting graph
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Fig. 6. Example scenario.
becomes complicated and dicult to manipulate or to modify. In addition, composition using temporal
point nets does not avoid temporal inconsistencies dicult to detect and to correct. Interval expressions
guarantee composition consistency, so there is no need for any veri cation.
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Fig. 7. Another example scenario.
This issue is similar to the debate on the structured approach to programming or on parallel programming constructs (fork-join [4] versus cobegin-coend [5]). In the structured approach to programming,
some constructs such as goto are eliminated in order to simplify program structure. However, some programs that use goto statement cannot be expressed using structured programming constructs. Similarly,
fork-join allows more exible programming compared to cobegin-coend, however, the latter makes the
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structure of the program simpler and more readable. Restricted exibility is compensated by simplicity
and semantic consistency. Composition using interval expressions restricts the class of temporal scenarios
that can be expressed, but forces methodological structure and encapsulation.
We can also compare our approach to structured document processing as opposed to traditional
text formatters such as TEX. Structured documents are treated as compound objects corresponding to
the document's logical composition [2]. Their composition may be restricted to t the structure. On
the opposite, TEX allows almost not constrained composition resulting in confusing documents that are
dicult to modify and maintain.
Our temporal composition model ts well object-oriented databases. Each elementary medium entity
can be represented as an object having temporal behavior. Its duration may be left unspeci ed. Interval
expressions allow de nition of compound encapsulated objects that are nested to form a well structured
hierarchy of objects. The database schema represents the structure of multimedia presentations. Because
of the invariance of the structure with respect to object durations, the schema does not need to be updated
if object durations are modi ed. The structure of multimedia presentation can be used for classi cation
and reuse of subcomponents.

5 Conclusions
We have presented a new model for structured temporal composition of multimedia data. Our work di ers
from earlier works in two major aspects. Interval expressions are independent of durations and provide a
means for composing well-structured multimedia presentations.
The model is a part of a larger project that integrates user interactions, content-based access and
content-sensible interactions within a uni ed framework. The framework will allow association of various
attributes and events with media intervals: user interactions, events that depend on the media contents,
and attributes that characterize the media contents. We want to separate the multimedia data and their
temporal and content composition from other kinds of information such as presentation speci cation
(geometry of windows, spatial layout) and resource allocation (channel placement). Our goal is to provide a
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framework for integration of live feeds, video and audio collections into databases of interactive multimedia
documents.
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