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Abstract

Personalization and adaptation of multi-media
messages are well known and well studied prob-
lems. Ideally, each message should reflect its re-
cipient’s interests, device capabilities, and net-
work conditions. Such personalization is more
difficult to carry out given a compound multi-
media presentation containing multiple spatially
and temporally related elements. This paper de-
scribes a novel formal, yet practical approach,
and an implemented system prototype for author-
ing and adapting compound multi-media presen-
tations. Our approach builds on recent advances
in preference specification and preferences-based
constrained optimization techniques.
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user profile, target device, and network conditions is isifea
ble. This paper describes the principles behind a workisg sy
tem prototype implemented for a consortium of companies
in the area of streaming multi-media. This system employs
a novel customization and adaptation approach that is both
flexible and extensible. Moreover, it provides an interesti
application of the ideas of preference-based constraiptid o
mization discussed ifBoutilier et al., 2004.

In our approach the author need not consider explicit re-
cipient scenarios. Rather she describes in a natural manner
preferences and constraints on the content and form of the
message. At presentation time, the author’s specification i
combined with user device and network properties, and a user
profile. These define a preference-based constrained opti-
mization problem whose outcome is a description of the opti-
mal presentation for this particular user and user devibées T
presentation is generated in SMIL format on-the-fly by the
system following the user’s request, and can be downloaded
or streamed immediately. The method has two parts: an au-

Multi-media presentations are messages containing nteultip thoring part that enables the presentation author to descri
audio/visual elements that must be presented in some partithe basic elements of the presentation, as well as her eequir
ular temporal and spatial relation. Such messages can now Ipgents and preferences; and a presentation part that cosnbine
sent to users over both the Internet and mobile networks. Athis information with information about the user and his de-
an example, consider an ESPN promo containing two vide®ice and executes an appropriate optimization algorithah th
segments of upcoming sports events, image and video adveselects a concrete presentation for this particular case.
tisements, as well as sports results in the form of plain text Our work contributes both novel ideas to the area of
The author of this message would like the two video segmentadaptive presentations as well as an interesting example of
to be broadcasted one after the other, followed by a shothe use of qualitative preference-based reasoning tesbsiq
commercial. Image-based ads will be displayed along sidevhich have been gaining popularity recently. In this short
the video segments, and the scores will be displayed below.paper, we concentrate on the general ideas and algorithms
Such presentations can be described using the standabehind our system, and in particular, its approach to con-
SMIL format (for Synchronized Multimedia Integration Lan- tent personalization. For lack of space, we defer discus-
guagewww. w3c. or g/ Audi oVi deo), supported by pop- sion of the spatial and temporal aspects to the full pa-
ular browsers and media players. And they can be eithegper. We note that these aspects are mostly dealt with us-
streamed to the target device or downloaded. Our problering existing techniques, although their combination with
begins when we want to customize and personalize a preseadaptive content selection does raise some interesting is-
tation. Message recipients for the ESPN promo have diverssues. Technical details of the implemented system as well
interests and may be using diverse devices that differ im theas a working prototype are available online. Please check
image quality, screen size, memory, processing power,anedivww.cs.bgu.ac.il/catalina/moshemos/htmls/mainFramg. for a
playback support, and more. We need to adapt each presentéemo of the presentation adaptation engine.
tion to a format supported by each particular user’s capabil

ties and to personalize it to suit her taste. Obviously,@rep 2 Background and Overview

ing a special presentation for each potential combinatfon o L .
gasp P P Content adaptation is a well known problem for multime-

*Permanent Address: Dept. of Computer Science, Ben-Guriolia presentations. Even for single-media messages, mere ad
University vanced architectures take into account the need to adapt the
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particular video/audio/image format to one supported lgy th more complex settings, such as live feeds. It is much more
end-user’s device and may utilize transcoders that can takakin to the process of specifying a SMIL presentation than
into account the bandwidth of the user’s connection (eeg, s the above systems — in fact, it can be viewed as specifying
www. st ri mm or g). But ideally, not only the message for- a flexible SMIL template. The basic idea is for the author
mat should be adapted, but the actual content, too. This i® specify a set of possible media elements and a number of
often referred to asontent personalizatigra specific form  possible instantiations for each such element. This deffirees

of adaptation that has received wide attention in the liteea  space of potential presentations. Now, the author specifies
(e.g., se¢Riecken, 200]). Personalization and adaptation of preference model over this space of possible presentat®ns
compound rich-mediais more problematic. The choice of onéng a simple language, and can state some hard constraints as
element may affect that of other elements — e.g., if we havevell. At presentation time, the author’s preference modédl a

a large video file, then we may have a problem delivering itconstraints are combined with constraints on which the au-
simultaneously with another media file, such as an audio filethor has no control: the basic capabilities of the device, th
Similarly, if we choose to display one image, then we havenetwork conditions at the time of delivery, and the users pr
less screen space to display another image simultaneousfile (e.g., age, gender, income, past choices). Together, th
And if we select particular content for one media componentpreferences and the constraints pose a preference-based co
it may affect the desirable content of other componentssThu strained optimization problem. Its solution is the bessiele

the nature of the end-user’s device and his network conne@resentation (from the author’s point of view) for this [aut

tion constrain the type of presentations that we can displayar user. Thus, our approach lets the author bias the adaptat
Moreover, these properties are known only at message pr@rocess. Moreover, the authoring process is relativelpEm
sentation time, not at authoring time. If we combine thesarequires no special semantic datand is easy to master.
constraints with the desire to personalize the message base Our work presents a sophisticated extension of the work
on a user profile, we are faced with a non-trivial problem.  on static adaptive documents ifBrafman et al, 2004;

SMIL [SMIL, 2001] is the most popular format for syn- Gudeset al., 200 that addresses three new issues: (1) The
chronized presentatiodsSMIL 1.0 specifies a set @fontent  need to handle complex constraints, requiring the intreduc
moduleghat let the author control the content of the presen+ion of constrained optimization techniques, as oppos#ttto
tation based on parameters such as bit-rate, CPU, and lasimple unconstrained optimization used there; (2) A richer
guage. Control is achieved by allowing the presentation ogpecification language; and (3) The ability to handle meldia e
an element to be conditional on the value of these paramements with diverse durations and temporal constraintstwhi
ters. SMIL 2.0 has added to these capabilities the ability oflo not arise in the case of static web-pages and documents
the author to specify additional customized attributesobely  discussed in the above applications.
the standard attributes. SMIL's conditional primitivesyide Viewing content adaptation as constrained optimization is
important flexibility to authors, but they are still limitethe  useful only if we can provide: a simple way for the author
choice of whether to display one element is individual andto specify her presentation, and an algorithm for perform-
independent of other choices. This is the core of the probing constrained optimization given such a representafion.
lem we try to address. For instance, a device’s buffer size ogpecify preferences, we the language of TCP-figtafman
screen size imposes a global constraint on the whole preseand Domshlak, 2042 This language supports an efficient
tation, not on a single element of it. constrained optimization algorithm.

A number of multimedia authoring systems attemptto ad- Two other other related systems use preferential reason-
dress this problem (sd@rusilovsky, 1996 for a survey of ing. SUPPLE[Gajos and Weld, 20Q4s a system for auto-
adaptive hyper-mediajBoll et al, 1999 describe a system matically generating user interfaces. This problem is aast
supporting cross-media adaptation, i.e., media elements, a constrained optimization problem aimed at reducing user
entire multimedia presentation fragments, can be replaged effort. P-newgWanget al., 2004 uses rich qualitative in-
other fragments of a different type. A rich semantic modelformation to make choices regarding news dissemination of
is used to identify adequate substitutions, and a strong uUrMPEG-7 content, taking into account end-user device in se-
derlying multimedia database that can address these semaniecting content form.
issues is required. Adaptation consists of filtering semant
cally inadequate options. Madeliourdaret al,, 19_98 uses g Specifying Presentations
a temporal constraint-based approach to specify allowable
media element combinations. The Cuypers sydtean Os-  To prepare a presentation, an author first selects the basic p
senbruggeret al, 2001 uses more sophisticated constraint- sentation elements and their possible respective confent o
programming technigues, as well as higher level semantitons. This defines a set of possible presentations. Negt, sh
specifications. All these systems require a rich semanticlefines a preference-order over this space of possiblerprese
model and do not differentiate explicitly between differen tations using an appropriate set of preference statemehés —
presentations that satisfy their constraints. preference language. Constraints can be introduced as well

In this paper, we propose a flexible approach that viewge.g., "no two ads for the same company”), indicating which
presentation adaptation as a preference-based constogine of the possible presentations are unacceptable. We explain
timization problem. Our approach is modular, flexible, andthis process in Section 3.1. In section 3.2, we examine more
pragmatic, and can be used as a basis for supporting evefosely our preference language and the graphical striitur

!See[van Ossenbruggest al., 2003 for a comprehensive anal- 2A semantic model specified using constraints can be integrat
ysis of formats for time-based, media-centric presematio into our approach naturally.



induces — called called a TCP-net. We illustrate these ideaad. Our system takes as input both relative-importance-stat

with the ESPN promo example in Section 3.3. ments and conditional preferences stateménts.
Finally, the presentation author also specifies a set of con-
3.1 Possible Presentations and Preferences straints. These could be content constraints, such as:ftkds

Consider the ESPN It ists of th i alcoholic beverages cannot be shown to users under 18.” But
onsicer tne promo. 1t ConsISts or three CoNSECUVEy ey, can also be temporal and spatial constraints. For exam-

parts. Each part consists of a main video segment, tWo iMgje>" »The commercial starts immediately following the end
ages, and running text. The running text element is constan 1o video™; "The two ads are displayed at the same time™;
in all stages. Thus, altogether, we have 10 different median 41 3nd Ad2 should have the same size”™ "The width of Ad1
elements. For each element, there are multiple choices. FQhould be twice its height”; "Ad1 should be centered above
!nstgncea thetflrfst ¥'d‘t9§ ﬁegmer?jt tlzlouldbdeic;gae”an #gcon}id?’, etc. Note that preference information is allowed only
Ing hroa ﬁas c; at Oﬁ all, baseball, or g?f e "f[‘ gal't 'Ia with respect to content choices, and not with respect to tem-
ef‘C sucf content ¢ 0|cedma%/ comg,-fm : tergn q“ar']ydev'poral and spatial properties. On the latter we allow only-con
els (e.g., frame-per-secondrate) and format. For each@d, W aints These constraints indirectly limit the set of temi
have multiple options too. Thus, the potential set of colcre yiians hecause, e.g., we may not be able to find appropriate
presentations is large. _ _ _ layouts for certain content combinations. As noted earier

To model this, we associate a variable with each conteng,ostly ignore layout and timing issues in this short version
element — lefV’ denote the set of these variables. The sefrpey are reasoned about using standard techniques such as
of different options for the content of elementonstitutes  |inear programming.
the variable’s domain, denotg(v). These options can dif- In general, constraints are specified separately from the
fer both in their content and their quality. A distinguished preferences, using a standard syntax. To specify tempadal a
null value can denote the choice of not presenting the elegpatig| constraints, the author refers to distinguisheidbkes
ment at all. The Cartesian product of the variables doma'”%enoting the start and end time of each element, as well as
corr_esponds to the set of all possible presentation contepotom-left and top-right positions. This decoupled apgto
choices. We us@ to denote the set of all these options, i.€.,is convenient because we can add additional device and net-

O = X,eyD(v). Each element oD provides a concrete ok constraints later on, at presentation time, withofetcf
choice of components, but can give risanaltiple presenta- ing the preference information.

tions that differ in the timing and layout of these composent
In addition to the presentation variables, it is desirablet 3.2 TCP-Nets

include inV additional variables that denote properties suchrpe preference specification language we use consists of
as: user profile aspects, network parameters, and useedevigongitional) relative importance statements and (condi-
parameters. While we cannot influence their value, they d onal) value preferences. Such statements can be dejicted
affect our preference over presentation element choicés an, graphical manner using a formalism called TCP-fBtaf-
participate in related constraints. For instance, pel&a a1 and Domshlak, 2002 TCP-nets can be used both as
tion can be achieved by conditioning the values of contenh, jnnut tool or simply as an internal representation of-pref
variables on user properties. _ _ erence statements provided by the user directly or by means
Having specified the set of possible presentation contengf an appropriate interface. Their graphical structurg/pla
the author’s next step is to provide information that witkbi  an important role in analyzing the information in such state
the choice of which particular presentation the user is-actuments and its consistency, and in the constrained optiiaizat
ally provided with. Formally, our goal is to specify a pref- hrocess. We use the semantics of TCP-nets, explained below,
erence order ovep, the set of possible presentations, basedg interpret the meaning of the author’s preference statésne
on which we will select the best feasible presentation given Tcp-nets are an annotated directed graph. The nodes of
each user request. This specification should be based on sife graph correspond to the variables of interest (i.e glize
ple and intuitive statements, so that novice users could denents ofl”). Each node is annotated with a table describing
sign presentations easily and quickly. There are two typege author’s preference over the different values of thé var
of preference information people find natural to expresy: (1aple associated with this node. Edges describe preferentia
statements of relative importance of different variabéeg,,  dependencies and the relative importance of variables.
“The sports video is more important than the commercial.” Tcp-nets have three edge types. The first type of (di-
We take such statements to mean that if we must cor_npromiqgcted) edge captures preferential dependence, i.e.,gm ed
on the choice of the sports video or the commercial (€.9.from X to Y implies that the user has different preferences
because of bandwidth limitations) we prefer to compromiseyyer values ofX given different values o¥’. The second
on the choice of commercial; (2) statements of (conditipnal (girected) edge type captures relative importance relatio
preference over values of a variable. For instance, a statgyistence of such an edge froM to Y implies thatX is
ment like “For young male users, we prefer the football videomore important tha. The third (undirected) edge type cap-
over the bowling video,” can be used for personalizatiore Th res conditional importance relations, i.e., importarela-
statement “If the video segment is a football game, | prefetjons that hold only when certain other variables have parti
the Budweiser ad, and if it is ice-skating, | prefer the Pepsiy|ar values. For example, a good choice of ad in the ESPN

ad” expresses the fact that the author’s preferred ad depengromo is more important than a good choice of video segment
on the choice of video. Thus, when comparing between twgynly when the user is an affluent male in his 40's.

similar presentations featuring a football game in their main
video segment the author prefers the one with the Budweiser 3We allow conditional relative importance statements, too.



a|b>b mation is interpreted under tremteris paribussemantics as
a|b>b follows: the conditional preference table of variallespec-

_ ifies the relation between any two complete assignments,
blecrc ando’, that differonlyin the value ofX. To compare and
blerc o' we examineX's table and check which one of them as-

(C signsX a more preferred value. This depends on the value of
ere N~ Pa(X), which must be identical in bottando'.
T d=d 26 _ For example, according to Figure dhede is preferred to
b Tdwd bg abede because is preferred toc givend, and the other at-
tributes have identical values in both outcomes.

Importance relations provide similar information. When
X is more important thal”, we can compare any two out-
comeso ando’ that differ in the value ofX andY only. o is

Each nodeX in a TCP-net is annotated withcanditional ~ PE€tter tham' if o assignsX, the more important variable, a

U i
preference tableThis table contains the author's preferencePetter value than’ assigns . o :
order overD(X) for every possible value assignment to the Conditional importance provides similar information but
parents ofX (denotedPa(X)). In addition, each undirected N & more restricted context, i.e., when the selected set has
edge is annotated with@nditional importance tabléCIT). ~ the appropriate value. For example, according to Figure 1,
The CIT associated with the ed¢&’,Y") describes the rel- abcde is better tharmbede becauseB is more important than

ative importance ofX andY’ given the values of the condi- £- Thus, itis better to get a less preferred valuéZofas in
tioning variables. abede than a less preferred value &% as inabcde, all else

being equal. Similarlygbcde is better thambede because”
Example 1 In Figure 1 we see a TCP-net over five binary is more importanttha® givenbe. Thus, it is more important
variables A, B, C, D, and E. Standard directed edges in to get the preferred value fa¥' than for D, all else being
this graph capture preferential dependence; double daect egual. On the other hand, we cannot compati@le with
edges capture relative importance relations; undirectdgess ~ abcde directly, since we don’t have an explicit importance
capture conditional relative importances denotes prefer- relation betweei@’ andD whenB andE are assignede.

ence over variable values; and denotes variable impor- A formal definition of TCP-nets appearsfiBrafman and
tance. The graph shows that the preferences over the valué¥mshlak, 200R Here we note that not all sets of preference
of B depend omd’s value, and those af and D depend on Statements are representable as TCP-nets, nor are all TCP-
B’s value. These dependencies follow from the presence ¢fets consistent. We restrict ourselves to the classoatli-
conditional-preference edges fromto B and fromB to C  tionally acyclicTCP-nets, which are always consistent. This
and toD. The actual preferences are provided in the associproperty, which can be verified by the authoring tool.

ated table. For example, whe is true, we also prefer that o

D will be true. Additionally, there is an importance edge con- 3.3  Defining an ESPN Promo

nectingB and E. This indicates that the value &f is more  \yg now look at how we could model the ESPN promo using
important to us than that aE. Finally, there is an undirected 5 Top-net. We simplify it by assuming 4 basic elements only:
edge betweed’ and D. This indicates a conditional impor- iqeq, scores, ad1, ad®ne variable will correspond to each
tance relation between these variables. Thus, sometinss  gigment. In addition to the presentation elements, we have
more important tharD, and sometime® is more important  \5riaples denoting: user's gender and nationality. Thé var
thanC'. The relative importance d and D is conditioned  gpje domains are as followd/ideohas two possible values
on the assignment & and £/, and this information is an-  o4ha|l andsoccer and each can be displayed at two qual-
notated on the edge froid to D. The precise dependence ji jeyels: high and low. The high level requires bandwidth
is shown in the associated conditional-importance tabte. F 56Kbs, and the low level requires 30Kbad1 and ad2
instance, we see that whéhand £ are assignede or be,  pth have the same domain, containing ads for Nike, Adidas,
thenD is more important tharC. WhenB and E are as-  papgj Tuborg, and Budweiser. Each image has two possible
signedbe, C'is more important tharD. Note that although  ormats: JPEG and GIF. GIF files are 4KB each, JPEG files
we used binary variables for simplicity, there is no such re-5.a 40kB. Finally, thescoresare 20KB each and in SMIL
striction in the theory. format. Content options includeports news, general news,

A TCP-net specifies martial order over the set of pos- basketball scores, baseball scores, and none
sible variable assignments. This means that not all pairs of Next, we need to specify preferences over the choice of
assignments are comparable. The statements embodied irtantent. We start with preferences over the values of vari-
TCP-net are intuitive, but subtle issues in their interien  ables. For the video, if the user is an American male, fobtbal
require that we clearly define the preference relation ieduc is preferred, otherwise, soccer. For adl, the prefererfce is
by the conditional preference tables, the importanceiogisaf  Nike and Adidas over the drinks, and for ad2 the other way
and the conditional importance relations. The transittee ¢ around. The actual ranking depends on whether the user is
sure of the union of these preference relations yields the paEuropean or American and on the user’s gender (e.g., Tuborg
tial order induced by the whole TCP-net. for Europeans, Pepsi for females, etc.). In addition, there

Conditional preference tables tell us which values of ais a constraint that states that the two images should not be
variable are preferred and under what conditions. Thigrinfo the same. Regarding the scores, for European males we pre-

Figure 1: lllustrations for Example 1.



Scores (S)

Video (V) am baseball~ basketball- sports> news> none

am [ football > soccer af newsy> sports> basketball- baseball~ none

otherwise | soccer> football em basketball- sports> news> none> baseball

ef newss> sports> basketball- none> baseball

Ad1 (AL) Ad2 (A2)

am Adidas > Nike > Bud > Tuborg> Pepsi Scores vs. Ad2 am Bud > Tuborg> Pepsi> Adidas > Nike
af Adidas > Nike > Pepsi> Tuborg> Bud ef [ Scores> Ad2 af Pepsi> Tuborg> Bud > Adidas> Nike
em Nike > Adidas> Tuborg> Bud > Pepsi otherwise | Ad2 > Scores em Tuborg > Bud > Pepsi> Nike > Adidas
ef Nike > Adidas> Pepsi> Tuborg> Bud ef Pepsi> Tuborg> Bud > Nike > Adidas

Figure 2: A TCP-Net for ESPN proma, e, m, f stand for American European, male, and female, respeytivel

fer basketball scores, sports news, general news, no scorgmint, we need to quickly compute an optimal presentation fo
and baseball scores. The preferences are shown in Figurethis user, i.e., the best presentation (according to theoast
Throughout, we prefer higher quality options to lower qual-preference order) among those that meet the constraints im-
ity options and JPEG to GIF, but content is more importantposed by the user’s device, network conditions, etc. Becaus
than quality. Thus, for American males, a low quality foot- we have a partial order over presentations, we may have a
ball segment is preferred to a high quality soccer segmentiumber of such (Pareto) optimal presentations, and any one
Finally, importance relations must be specified. The video i of them will do. The rest of this section explains how we
most important, next is adl, then ad2, and finally the scoresompute a Pareto optimal presentation.
However, for European females, the scores are more impor- A najve approach for solving various problems, including
tant than ad2. This information is expressed in Figure 2(wit constraint satisfaction problems, is Generate & Test. We ge
the quality alternatives omitted). _ _ erate solutions in some systematic manner, and test each so-
Let's consider a few simple illustrative scenarios demon-ytion to see whether it satisfies the constraints. If it does
strating how these preferences affect the chosen preentat \ye can return it as a solution. Generate & Test is inadequate
Consider a European female viewing the presentation on hgr gptimization problems such as ours because we have no
PC with an ADSL connection. Her PC supports both image&eason to believe that the first solution generated is ofitima
formats. This viewer is practically unconstrained, andsthu A conceptually simple, but computationally taxing extensi
we can supply her with the optimal presentation for & Euroyoyld be to generate all possible solutions to the constrain
pean female: a soccer video together with Nike and Pepsjatisfaction problem, and then compare them. A much better
ads, and news. Suppose that our user now works with @ m@gproach, though one that is not always feasible, would be
bile phone. Her bandwidth and buffer size limit the amountoygered Generate & Test (OG&T). Here, solutions are gen-
device. Suppose that we cannot display high-quality videgyetter than a solution generated earlier. (Solutions cbald
together with scores. Since the video is more important, thgycomparable, though). Given such an ordering, the first so-

scores will be dropped (i.e., assigned a “don’t presenti®pl |ytion obtained is, indeed, an optimal one; that is, no soiut
Next, suppose that the user is working in off-line mode, andyenerated in the future will be better.

the whole presentation must be downloaded into her buffer. Fortunately it is relativel ¢ nerat non
Thus, the sum of the sizes of the components must not ex- ortunately, S relatvely easy 1o generaté a non-

ceed the size of the buffer. For instance, if there is no roonj]ncregi_sing sequence of solutions (i.e., elements O) for
for two JPEG imagesad2will be a GIF image. We explain conditionally acyclic TCP-nets. To generate such a seqienc

how these solutions are actually computed in the next sectio of presentations, we must build a tree whose nodes corre-

As you can see, it is easy to add more complex depens-pond to partial assignments. In particular, the root nade c

dencies. Constraints can be added as well, e.g., disallew a&eSponds to an empty assignment, and each leaf node corre-

for competing companies. Moreover, although the prefeﬁrencs.pomlS to a complete assignment (i.e., a complete specifica-

and importance tables in our example are completely specflon of presentation content, in our case). This is the stehd

fied, partially specified tables are acceptable, and theoauth agﬁrcr:otkr)leeemosn(eccso;ss)trilﬁ]cgs ‘S’Vg?:nigtli\é'r}gsﬁ?gﬁjm;'{stcﬁgfg
may choose to ignore certain contexts. Our optimization al- P y X

gorithm works with such partially specified tables, althbyg of a node extend its assignment by assigning one additional,

naturally, with less preference information, fewer pafrsre- identical variable. Each child corresponds to a distintea

sentations are comparable. for this addmona} variable. . o
Our construction must adhere to the following guidelines:

; : a variablev can be assigned onbfter the following nodes
4 Adapting Presentations have been assigned (1) all @6 parents in the TCP-net; (2)
Having described the author’s presentation preferences, wAny node that conditions a relative importance relation in
move to the actual generation of the presentation. This proahich v is involved; (3) any variable that is more important
cess is initiated by the presentation service provideofdghg  thanv given the currentassignment. The fact that we are deal-
a viewing request from a customer. We assume this requesig with conditionally acyclic TCP-nets ensures that we can
contains information about the user and/or the user’s devic satisfy these conditions. In addition, the children of eaatie
Such capability-exchange protocols are standard now.i&t th must be ordered from left to right according to the prefeeenc
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a>a This problem is solved by utilizing the special propertiés o
A TCP-nets and their relation to CSP algorithms.
Our work provides a novel method for adapting the con-
PN tent and (some aspects of) the form of multimedia pre-
(B é C) sentation, as well as a novel way of utilizing recent ad-
vances in preference specification and handling in Al. A
~ ~ _ system based on these techniques was implemented for
a|b>b a |B>C ajcr-c the STRIMM consortium (www.strimm.org) — a consortium
a|b>b a|C>B ajlcxc of companies in the area of streaming rich-media — and
users can interact with our presentation engine online, at
Figure 3: A TCP-Net www.cs.bgu.ac.il/catalina/moshemos/htmls/mainFrammd.
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