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Abstract

The phenomenal growth of online Flash movies in recent yesrsnade Flash one of the most prevalent media
formats on the Web. The retrieval and management issuglasif, vital to the utilization of the enormous Flash

resource, are unfortunately overlooked by the research commtinisypaper presents the first piece of work (to

the best of our knowledge) in this domain by suggesting agrietied framework for the retrieval of Flash movies

based on their content characteristics as well as xtomteinformation. The proposed approach consists of two
major components: (1) a content-based retrieval compondnthvexplores the characteristics of Flash movie

content at compositional and semantic levels; and (2) axtdrased retrieval component, which explores the

contextual information including the texts and hyperlinksaurding the movies. An experimental Flash search
engine system has been implemented to demonstrate tHalityasi the suggested framewoKeywords: Flash

movies, content and context based retrieval, content charactedstitextual information, Flash search engine



1. Introduction

Flash, a new format of vector-based interactive moviéosit by Macromedia Inc. [14], is gaining popularity at a
tremendous rate and has become one of the most prevalgatforethts on the Web. Its popularity is manifested
by the fact that Macromedia Flash Player, the preSenttool for Flash movies, is distributed among over 98%
web browsers, a percentage largely exceeding that for Wanddedia Player (69%), Real Player (51%), and
QuickTime Player (35%) [15]. Moreover, statistics [15] also showdbat 50% of the top 50 websites in the world
has adopted Flash in their content. Flash mévige primarily embedded into and delivered with web page
enhance their interactive and multimedia features, aadalo createdas cartoons, commercial advertisements,
electronic postcards, MTV movies, computer games, or eveomenerce, each of which has large market
potentials. The success of Flash can be contributed ¢oritpactness (for fast delivery), rich semantics (duesto it
vector-based format), ease of composition, and powerfulaictieity, which collectively form a great advantage

over its competing technologies such as GIF animations and streddeong.v

The attention Flash has aroused in the industrial sector cbesti sharp contrast with the lack of study in the
research community. No research effort, to the best of ouvlkdge, has been devoted to the study of Flash
movies, whereas extensive research has been conducted ometle formats such as image, video, or audio. On
the other hand, the number of on-line Flash movies has growmpamt that makes manual access of user desired
movies extremely expensive (if not impossible). Thereforefiliae the enormous Flash resource, it is imperative
to develop effective and efficient tools for searching Flashigsawn the Web to satisfy user requirements. It can be
expected that such tools will be welcomed by a variétyser groups, ranging from teenagers looking for Flash
games, music fans seeking for MTV movies, to Flash devedapeiewing the designs of existing movies, and
customers searching for Flash advertisements. The call f& Fd&rieval tools forms motivates this paper, in which
we present the first framework (to our knowledge) farsking Flash movies from the Web based on content and
context information. Meanwhile, please note that some @rilash galleries (e.g., Flash Kit [8]) have provided
keyword-based search functions for manually annotateth Rtasies, but their approaches are neither efficient nor

adequate in supporting queries specifying the content of Fiastes.

L If not indicated explicitly, we use “movie” to refer tFlash movie” in this paper.



The problem of Flash retrieval in the Web environmentlmapproached from two perspectives: internally
from thecontent characteristicef Flash movies, as well as externally from tleintextual informationinternally,
a typical Flash movie usually contains heterogeneousaniegiedients (graphics, images, sounds, etc), dynamic
effects, and user interactions, which collectively sysitee and express the semantics of the movie. The
characteristics of these expressive movie elements, priogerly represented and indexed, are indispensable clues
based on which Flash movies can be retrieved to meetamersts. Externally, most Flash movies are embedded
in web pages (which are interweaved by hyperlinks into a largeorigtand thus surrounded by many other media
objects (including text). As proved by the success of manyrenial image search engines such as Google and
Ditto [5], we can expect the performance of Flash nedti¢o be largely improved by mining the contextual
information (e.g., hyperlinks, surrounding text) of Flash moviesnasomplement of their content characteristics. .
In this paper, we investigate a synergy of both approaches by proposmegratedframework for Flash retrieval
that is based on both the content characteristicslaghFmovies and their contextual information. Due to the
intrinsic complexity of Flash and the heterogeneity otdatext, this framework requires techniques from a wide
range of fields spanning natural language processingerteibased retrieval, link analysis, spatio-temporal
database, and data mining. While some of the requireditgelsnare available in the existing work, many need to
be developed and/or improved by us and inevitably in a safriiedlow-up research. Actually, the purpose of this
paper is more on defining a generic “skeleton” that aléellow-up works to fill into its components, rather than
providing a detailed solution, though we have built a protosystem for Flash retrieval based on the proposed

framework.

Our integrated framework for web-based Flash natieonsists of a content-based retrieval component and a
context-based retrieval component. The former deals with the indexingiandajocessing of Flash movies based
on their content characteristics, which include the lowHeu@mitive features of their media ingredients, dynamic
effects, and user interactions, as well as some high-tmrehntic features summarized from the primitive ones.
The latter applies a network model derived from hypeslitikdescribe the correlations among Flash movies, based
on which relevant movies (of a user query) can be disedvérough a proposed link mining algorithm. A
combination of both retrieval methods allows a user quexpressed in the form of simple keywords or
sophisticated search conditions, to be first processed bgatent-based component to generate some initial

results, which are then expanded and refined by the xtdmdsed component to obtain more and better-quality
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results.

The rest of the paper is organized as follows. Se&ipresents an overview of web-based Flash retrieval from
both content-based and contextual perspectives. In Section iBfraguce the integrated framework for content
and context based Flash retrieval. Two major components of it, one fentbased Flash search and the other for
context-based Flash mining, are detailed in Section 45anespectively. Section 6 depicts a prototype Flash
retrieval system implemented based on the proposed frarkeWhe concluding remark and the future work are

given in Section 7.

2. Web-based Flash retrieval: an overview

In this section, we present a general discussion ofeearch issues regarding web-based Flash retrieval based on
the content characteristicef movies as well as thefontextual informationThe previous research efforts related

with Flash retrieval are reviewed as well.

2.1 A content perspective

Most of the existing works on (multimedia) information ratalerely on the content characteristics of the data to be
retrieved: traditional text-based information retrieva)(lutilizes keywords extracted from textual documents;

content-based retrieval (CBR) explores the low-leeeltdres calculated from multimedia objects (image, video,
sound, etc). A close examination of Flash movies revealsHhah has more heterogeneous and complicated
intrinsic characteristics than other media formats. ldgan effective Flash retrieval tool should investigate the rich

movie content, which can be characterized from the following taspects:

» Heterogeneous media ingredientsA typical Flash movie consists of ingredient media objettgarious types.
Texts and graphics of arbitrary complexity can be easilgtedeand inserted as movie ingredients using the
Flash authoring tools. Bitmap or JPEG images and QuiakVinreo clips can be imported into a Flash movie as
well. Sounds compressed using ADPCM or MP3 standard doedetad in a movie in one of the two forms:
event sound, which is played in response to certain eventasuniouse-click, and streaming sound, which is
played in synchronization with the advance of the moviecofding to the format of Flash [16], all these
ingredients are encoded separately in the data file Bfash movie (SWF file) such that they can be easily

recognized and extracted. This differs fundamentally fpixel-level media formats such as image and video.
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Moreover, a Flash movie can consist of recursively emlzeBlissh movies, which are defined as a special type

of ingredients. An embedded movie can have its own ingrediedtsupport their dynamic effects.

Dynamic effect A Flash movie is composed of a sequence of frameatbgtiayed in a certain order subjected

to user interactions. With the progression of frames, enowjredients can be placed on the current frame,
removed from it, or changed with respect to their positi@iges, shapes, and angles of rotation. The
spatio-temporal features of the movie ingredients, as weleasptitio-temporal relationships among them, make
up of some high-level dynamic effects, such as morphingomatesizing, which also suggest the meaning of a

movie.

User interactivity. In contrast to a passive media such as streaming,\@dElash movie is an interactive one in
the sense that a user can interfere with the prasemtof the movie. As an example, by clicking a button on a
movie frame the user can let the movie “jump” to a fragier to the current frame, while clicking another
button may cause the movie jump to a frame behind the cuonentConsequently, an interactive Flash movie
may have multiple presentations, with each of them beiagdsult of a certain series of user behaviors. That

also explains why Flash movies can be made into computer gamésvolve extensive user interactions.

From a user’s point of view, the content charactegsbn the three aspects mentioned above are important
clues through which users are likely to compose querieBl&sh movies. For example, a user may search for the

movies ‘accompanied by the song ‘Yesterdagiovies “containing the text ‘Lord of ring%’ or movies ‘describing

the scene of a descending 'sufo support such queries, features need to be definegptesent the movie content

characteristics, and retrieval models and query spetidit methods are required for searching for movies based

on these features. Unfortunately, since the intrinsicpbexity of Flash movies surpasses that of any traditional

media format (e.g., images are neither dynamic nor inteeawideos do not support interactivity), Flash retrieval

cannot be fully addressed by the existing retrieval atthRather, it calls for a variety of new techniquebdo

devised for the indexing and query processing of the nbetearacteristics mentioned above. For example, the

modeling of user interaction in multimedia data, which is regliior Flash retrieval, remains almost an unexplored

area except the work of Adali [1].

From another perspective, however, since a Flash moviebeaviewed as a collection of diverse



traditional media objects, many existing retrieval methtads serve as the “component technologies” for Flash
retrieval. Specifically, text ingredients in movies canpgrecessed by traditional IR techniques [19], and the
indexing of image, video, and audio ingredients can larbelyefit from the various content-based retrieval

techniquesfor images [18], videos [22], and audios [9]. Moreodatabase queries using declarative query
language (e.g., SQL [6]) can be designed and applied tottieva¢ by structured features, such as the shape and
color of graphic ingredients. Finally, the dynamic movite@é can be partially addressed by techniques on
modeling spatial/temporal data (e.g., video), although the compleiithe dynamic effects supported by Flash

exceeds the capability of these techniques. Examples loftacieniques include the 2-D strings [3] and quad-trees
[20] representation for spatial data, temporal datalEg®igues surveyed in [17], and the video retrieval model

using spatio-temporal attributes in the VideoQ system [4].

As a general rule, human are inclined to conduct quasieg) high-level concepts, that is, to search desired
data by theirsemantic meaninggather than theicompositional featuresThe content characteristics described
above do not directly reflect movie semantics and arefibrer insufficient and inconvenient for users, especially
non-professional users, to conduct effective queries. Howdedving the semantic meaning of a movie from its
bits and pieces is probably a problem as hard as imagestaudding, despite the fact that as a vector-based media
Flash conveys semantics at a higher level than thakeFpased medias such as image or video. For examgde, it
easier to recognize a moving circle with orange color feoflash movie than from a MPEG video, but it is
extremely difficult to decide whether this circle regents a rising sun or a moving basketball. Nevertheldss, it
still feasible to calculate a limited set sgmantic featurebom the primitive features, , such as category (MTV,

game, cartoon, etc), pace (fast, slow, static, etc)..

2.2 A contextual perspective

Besides their internal content, the external conteXla$h movies provides important clues that can be edilip
facilitate the retrieval of Flash. We investigate tloatextual information on two aspects: (1) the contexalih

the web pages where Flash movies are embedded, and (2) the hyperbinigstiaenwveb pages, as discussed below.

Most Flash movies are contained in and delivered wih pages. A Flash movie is embedded into a web
page through a reference (in the HTML file) to the Flash Player adema object, with the full path of the Flash
data file (i.e., SWF file) given as the parameter. afisyithe movie occupies a rectangular area in the wgb pa
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and is surrounded by the text, images, or other media shjettie web page, among which the text is of particular
interest. The contextual text of a movie refers to théust parts of a web page that are most descriptivilne
meaning of the embedded movies. Typical contextual text inchindesame of a movie file, the title of the web
page, and most importantly, the text spatially adjacent to theemagerding to the layout of the web page. A Flash
retrieval tool can utilize these contextual texts to supgEyword-based search of Flash movies. The effectiveness
of this approach has been demonstrated by its extenseanuboth experimental retrieval systems, such as
WebSEEK [21], and commercial image search engines, suGlma@gle [10] and Ditto [5], which perform well by

using contextual text only.

From a more global perspective, Flash movies are notagslyciated with web pages, but also interconnected
with each other via the hyperlinks among web pages. Asiergiebelief, a hyperlink suggests a certain degree of
correlation between the two associated web pages. Ircdahext of Flash retrieval, this observation can be
generalized to indicate the relevance between Flasliemthat are connected via hyperlinks and containment
relationships between movies and web pages. Consequentharalisis techniques [1,13] can be applied to
explore the hyperlink structures to compute the (degree e@vance between movies, which offers a
complementary source of knowledge for Flash retrievaladt, fink analysis technique has been extensively used
recently in search engines. For example, Google [1] hdedbis technique to find the most “authoritative” web
pages out of the enormous number of relevant web pageseetitom a single user query. PicASHOW [13], a
prototype image search engine, relies on hyperlink analysis to detey@nteémages for user queries with the help
of a traditional (textual) search engine. Both the cootxtext and hyperlink structure are employed in our

integrated Flash retrieval framework introduced in the nectian.

3. An integrated framework for content- and context-based Fdsh retrieval

The content and context of Flash movies constitute two corepliamy sources of knowledge based on which
web-based Flash retrieval can be conducted. The contemtctadristics are automatically extracted from movie
files and can be directly matched against user quetisever, these characteristics suffer from the laoHirefct
associations with movie semantics, and the semantic ésatigrived from them are also limited in description
power. As a consequence, it is reasonable to expectthbatesults obtained from content-based search are

insufficient and inaccurate. This explains why all the ommrcial image search engines are not content-based, and
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all content-based image retrieval systems are stillboratory stage. The drawback of content-based seanche
partially remedied by the contextual text of movies, fromciwhieywords are extracted to serve as the semantic
descriptions of the movies. On the other hand, the hyperlinktste tells how Flash movies are related to each
other, although it does not answer the question of what each movie isHfisyproperty naturally leads to the use
of hyperlink structure in a post-processing step toodisc more results (i.e., relevant movies) from a smalbket

known results.

M2
M1 ‘imi’@@ [l  Frash movie

I S = |

- et A N — content
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Web page
o
—» hyperlink
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Figure 1. The integrated framework for web-based Flash retrieval

Our integrated framework explores the combination off hgpes of knowledge and allows them to benefit
each other in order to yield sufficient and accurateengal results. As illustrated in Figure 1, a sefpdfmitive,
compositional featureis first extracted from each movie to describe its media ingnegdidynamic effects, and the
forms of user interactionsSemantic featuremcluding a keyword description and several descigptrch as
category and pace are then derived from the primitive featAraong them, the keyword description of a movie is
also augmented by the keywords extracted from the coatebeixts in the web pages containing the movie. The
primitive features and the semantic features togettreeregarded as the content characteristics of a mavibe
global level, all the movies are interconnected by hyperlinks and norgat relationships (between web pages and

embedded movies) into a large network.

In this framework, a user query is constituted by onmare search conditions, each of them specifying a
certain type of content characteristics (both primitiwel semantic ones) of the desired movies. For example, a

typical query may specify that the desired movies beloniipe category of “Cartoon” and contain the keyword



“Mother’s Day”. Internally, a user query is processedwn tteps. In the first step, the search conditions ef th
guery are matched against the content characteridtesch candidate movie in the database. The movies matched
with a high confidence are regarded as “seed resulttia@ second step, where the hyperlinks among movies are
explored to discover more and better results from the seed r&geledaborate on the technical details of each step

in the following two sections.

4. Searching Flash by content

The content-based retrieval component of our approadlusgrated in Figure 2, which has a 3-tier architecture
responsible for the representation, indexing, and query @age®f Flash movies based on their content
characteristics. The details of each layer are predé@iew and some sample queries are given to demonstate th

usefulness of the whole retrieval component.
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Figure 2. The content-based Flash retrieval component

4.1 XML-based representation (Representation layer)

Flash movies are delivered over the Internet in the fofnMacromedia Flash (SWF) file. Each Flash file is
composed of a series of tagged data blocks, which belong to differeswtithesach type having its own structure.
In essence, a Flash file can be regarded as an engddiedi7] file (a Flash file is binary while an XML filds

ASCII text file), and it can be converted into an XML file using $die JavaSWF [12]. Each tagged data block in
a Flash file is mapped to an XML tag, which usuatg lttributes and embedded tags representing the staictu
data inside the block. Data blocks of the same type agped to XML tags with the same name. In the
representation layer, we convert Flash files into XMlofats using Flash-To-XML Converter for two reasons: (a)

XML files are readable and thus convenient for us to whded the internal structure of Flash; (b) XML format
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is a global standard facilitating interoperability with other ajagions.

Tags in Flash file

Dictionary
DefineSt ape (ID=1) define

IC Objec
DefineSounc (ID=2)

St ape
PlaceObject ID -
z Sound
/

DefineTexi (ID=3)
Text

PlaceObject ID 2

L Shape

DefineSt ape (ID=4)

PlaceObjeci ID4 |« manipulate

Legenc
StartSound ID2  # Definition tag
ShowFrame Control tag

Defined
-
Figure 3: Structure of Macromedia Flash (SWF) file

There are two categories of tags in Flash fitiesinition tags which are used to define various ingredients in a
movie, andcontrol tags which are used to manipulate these movie ingredientsdtedtee dynamic and interactive
effect of the movie. For exampl®efineShapeand DefineTextare typical definition tags, whil®laceObject
(placing a movie ingredient on the franag)d ShowFramegshowing the current frameye typical control tags. All
the movie ingredients defined by definition tags arentafed in a repository calledictionary, from which
control tags can access these ingredients for manipulatiendidgram shown in Figure 3 illustrates the interaction

between definition tags, control tags, and the dictionary.

4.2 Content characteristics (Indexing layer)

As discussed in Section 2.1, the content of a Flash mawviebe characterized from three perspectives as its
heterogeneous media ingredients, dynamic effects, and tihe fdruser interactions. In the indexing layer of the
content-based retrieval component, the characteristickash Bn the three facets are modeled using the concepts
of object, event, and interaction respectively. Speclficabject represents movie ingredients as texts, videos,
images, graphics, and sounésentdescribes the dynamic effect of an object or multipleeabj with certain
spatio-temporal featuresteractionmodels the relationships between user behaviors and eesntsed from the
behaviors. Naturally, these three concepts are atddifféevels: an event involves object(s) as the “role(g)yipg

the event, and an interaction includes event(s) asahsequence of user behaviors. The features describing the
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objects, events, and interactions in a Flash movie, coldgtregarded as therimitive part of the content
characteristics, are extracted by the Flash Parsar the XML representation of the movie (cf. Figure 1). The

formal description of each concept is presented as follows:

» Object. An object as a movie ingredient is represented by a tupkm gis:
object = <oid, o-type, o-feature>

whereoid is a unique identifier of the objed;type{ Text, Graphic, Image, Video, Sojrtnotes the type of

the object, ana-featurerepresents its features. Obviously, the particular tgbdeatures used to describe an
object depend on the type of the object. Table 1 summatiegendst commonly used features for each type of
object, which are extracted from the corresponding defintigs in Flash files either directly or through some
calculations. For instance, keywords and font size (itisiz@f the importance of text) can be directly obtained
from a text object, whereas the shape of a graphic digescto be deduced from the coordinates of the lines and
curves constituting the contour of the graphic objectpag bs it is a simple shape such as rectangle or.circle
The feature extraction techniques for each media typwvaely available (see, e.g., [9, 18EADr! Reference

source not found]).

Table 1: Example features for various types of objects

Object Features

text keywords, font size
graphic shape, color, number of edges
. size, color (histogram, coherence, etc), texture (Tamura
image

texture, wavelet, etc)

sound MFCCs (mel-frequency cepstral coefficients)
video features of a set of key-frames, motion vectors

» Event. An event is a high-level summarization of the spatio-tempoaélifes of object(s), which is denoted as:

event = < eid, {action}, > (n=1, ..., N)

action = <object, a-type, a-feature>
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where eid is a unique identifier of the event, followed by a series of actions. Eachiactis a tuple consisting
of anobject involved as the “role” of the action,a-type as the type of the action, ana-feature as the
attributes of the action. Each type of action is described by a particular seff features and can be applied to
certain type(s) of objects (e.g., only graphic objects can be morphed). Theationships among an action
type, its applicable objects, and its features (which are derived fronoatrol tags) are summarized in Table 2.
Two action types require more explanation: (1) “trace” is the action of an obje following the movement of
the mouse cursor in the movie frame; (2) “navigation” is an action of a web bwser being launched and
directed to a specified URL, and therefore it does not involve any objectable 2: Example features and

applicable objects of actions

Action Applicable objects Features
show all but sound position, start/end frame
Motion all but sound trail, start/end frame
rotate All but sound angle of rotation, location, start/enddram
resize All but sound start/end size, location, start/end frame
morph graphic start/end shape, number of frame
play sound, video current frame
trace All but sound closeness to mouse
navigate N/A target URL

Compared with the existing models [4,11,26], the concept of guenides a compact, semantics-flavored
representation of spatio-temporal features, since taefined action types directly address the human perception
on the dynamic effects of a movie. On the other hand, it is alsafubiveterms of expressiveness, mostly because
an event can have multiple actions. For example, a grapfect that is moving and resizing simultaneously over
frames can be modeled by an event consisting of two adiiessibing the motion and resizing of the object
respectively. Such a multi-action event can be also wasgwdel the recursively embedded movies in a main Flash
movie (cf. Section 2). Although an embedded movie is defineddsfiaition tagDefineSprite we model it as an

event whose actions describe the dynamic features of itediegits (which are modeled as objects). Another
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definition tag that is modeled as event is DefineMorphtag, which is decomposed into a graphic object and an

event describing the morph of this object.

* Interaction. The concept of interaction describes the relationship betwssgrbehavior and the event caused by

the behavior. Its formal definition is given as follows:

interaction=<iid, i-type, {eventy, i-feature> (n=1,...,N)

whereiid, i-type andi-feature represent the identifier, type, and features of therawtion respectively, and
{even}nis a set of events triggered in the interaction. The ofpeteraction indicates the device through which
user behavior is conducted, including button, mouse, and keyboatdn Bt special movie ingredient for the
purpose of interaction, and it responses to mouse and keypanghtion as a normal button control does.
Interactions involving buttons are classified as “buttotéraction, even though they may also involve keyboard
and mouse operations. The features for each type of dtieraare summarized in Table 3. For a button
interaction, for example, an important attribute is thtdm event, such as mouse-over, mouse-click.  Similar to
even features, the features of interactions and thesteggevents are extracted from the control tags ohFlas

files.

Table 3: Example features for different interactions

Interaction Features

button event (press, release, mouse-over, mouse-click
mouse-up), position

keyboard key code

mouse action (drag, move, click, up), position

The features of objects, events, and interactions tatestihe primitive content characteristics, based on
which higher-level, semantics-flavored features can beete Given the difficulty of automatic understanding of
movie semantics, however, the semantic features thatcamputable from the primitive compositional features
cannot reach the level at which human describe moviergEesaNevertheless, these semantic features are more

user-friendly, that is, more convenient and efficientusers to compose effective queries than the aforemedtione
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primitive features. Particularly, we consider the deroratif the following semantic features:

» Keyword description. Keyword is the most desirable device through which aversges @xpress their queries,
as indicated by the extensive use of the keyword-bssactch method in nearly all commercial search engines.
The keywords describing a Flash movie are collected frammstwrces. First, many movies contain text objects,
from which descriptive keywords can be extracted affegrifig out some “stop words”, such as “repeat”,
“click”, and “play”. This source is not adequate sincangnmovies do not have text objects, and even for those
having text objects, keywords are not always extractabbause of their graphics-based representation. A
complementary source of keywords is from the contextual text in thepages containing a movie, as discussed
in Section 2.2. Keywords from contextual texts with HTML tagel stop words stripped are added into the

keyword description of the movie as well.

» Pace This feature refers to rate of the performance wioaie. It is a reflection of both the speed and the time
span of the events being portrayed in a movie and has & difeience on the user perception about the
atmosphere, or mood, of the movie. The pace of a movie caihckated as a function of the number and sizes
of moving objects, the speed of their motion, the length (in tefriieme count) of the motion, etc. For example,
a Flash movie as a shooting game is likely to be fubljpécts moving violently throughout all frames, which
create a tense and excited feeling among users, whil&\amovie containing slow actions and nearly static
scenes results in a comfortable and peaceful atmosphleeepdce feature calculated from these primitive

features is converted into discrete values such as “viplaation”, “slow”, “static”, etc.

» Category. Flash movies can be classified into different categ@ee®rding to their purpose, such as game,
cartoon, MTV, commercial advertisements, etc. Since the encadegory is a very useful clue for users to
compose effective queries, automatic classification lashH movies is highly desired. A close examination
reveals that the typical movies of each category possese distinct primitive features, through which the
movies can be classified with reasonable accuracy. Weluctinehe features representative of each movie
category through a statistical study of a large nhumbdym€al movies belonging to each category. As we

conclude, for example, an MTV movie must contain a streangogdsthroughout the movie but normally no
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event sound, and it usually has little interaction amdlatively large file size (over 500 KB). In contrast, an
advertisement movie often contains the hyperlink to a company’s wieasd its size is normally small. A movie
is classified into a certain category if its features matith the representative features of that category to a large
degree. However, a detailed description of these featingshe classification approach is beyond the scope of

this paper.

In conclusion, content characteristics of a Flash mouebgarepresented as the primitive compositional
features of objects, events, and interactions, plus timarge features including keyword description, pace, and
category. Other semantic features can be defined asabong know how to derive them from the primitive movie

features.

movie = <{objectln, {event}, {interaction} description, pace, category >

The retrieval of Flash movies based on these content charactasstescribed in the next subsection.

4.3 Query processing (Retrieval layer)

As shown in Figure 2, the retrieval layer consists oédhindividual retrieval modules, which are used for
matching objects, events, and interactions based on the#@ctase features. Since user queries may involve movie
features on multiple aspects, a movie retrieval engindesigned to decompose user queries into a series of
sub-queries for objects, events, and interactions that cgnobessed by underlying retrieval modules, and then
integrate and translate the results returned from timegkiles into a list of relevant movies. In addition, the ®ovi
retrieval engine also deals with user queries involting semantic features of movies. In the following, we
describe each retrieval module and the movie retrievaherig detail. In particular, we define some high-level

functions to summarize their functionalities.

» Object retrieval module. This module accepts an object type and object featarggats, and returns a list of
objects of the specified type that are ranked by thienilarity to the given features. The retrieval paxés

summarized by the following function:

object-list: SearchObject(o-type, o-feature)

whereobiject-listis a list of <id, score> pairs with the score indicating the similarity of each obthé¢ feature
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specified by parameterfeature If o-featureis not specified, all objects of the given type ateinned. Note that
the “search space” of this operator covers all objettsvery movie in the database. Thus, the returned objects

may belong to different movies.

The type of features specified as search condition vades one type of object to another. Even for the
same type of object, diverse types of features can be useekdiople, we can query for image objects either by
submitting a sample image or by designating the domindatt as “red”. Therefore, various retrieval techniques
are needed to cope with different object features. Spetjfitalapproach is used for the keyword feature of text
objects, CBR approach is well-suited for the low-leedltfires of video, image, and sound objects, and DB-style

retrieval is used for structured features such as the siigpaphic objects.

» Event retrieval module. To search events, we need to specify search camglif@@ not only actions but also

objects as the “roles” of the actions:

event-list:SearchEvent(a-type, a-feature, object-list)

This function returns a list of events having at lemst action that satisfies all the following three
conditions: (1) the type of the action is equahitype (2) the feature of the action is similaratdeature and (3)
the object involved in the action is withobject-list If either a-featureor object-listor both of them are not
given, the returned events are those with at least o &ettisfying conditions (1) and (3), (1) and (2), or only
condition (1). Theevent-listis of the same structure wittject-list except that the elements in it are events. One
point worth particular attention is that the ranking ofrésenevent-listis fully determined by the similarity of
their action features with-feature and is not subject to the ranking of object®lject-list Moreover, since
only one action can be specified 8earchEvent the query for multi-action events is handled by firstly
performing SearchEventbased on each desired action and then finding the eventsnaugtall the desired

actions by intersecting multipkevent-listreturned fronSearchEvent

* Interaction retrieval module. The retrieval of interactions is conducted by the following function:

interaction-list: Searchinteraction (i-type, i-feature, event-list)

The semantics of this function, its parameters, aneitsn value are similar to those®éarchEvent The
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event-list specifies the scope of events at least omehimh must be triggered in every interaction returned by
this function. Similarly, to search for an interactibattcauses multiple events, we need to perform this function

for each desired event and integrating the results to findt#ctions causing all the desired events.

» Movie retrieval engine. The results returned by individual retrieval modules are objaestse and interactions,
while the real target of the user queries is typicklgsh movies. A primary function of the movie retrieval
engine is to translate the retrieved objects (and eventsdtitms) into a list of relevant movies, as defined by

the following function:

movie-list:Rank (object-list / event-list / interaction-list)

The movies inmovie-listare those containing the objectsabject-list and their similarity scores (and
therefore ranks) are identical to their correspondingatbjinobject-list As an exception, if more than one
object inobject-listbelongs to the same movie, the rank and similarity scotheofmovie are decided by the
object with the highest rank. THeank function takingevent-listor interaction-listas parameters has similar

syntax and semantics as the one takibbjgct-listas the parameter.

Besides searching movies by their objects, events, angdtitns, ordinary users are more likely to
conduct their queries by specifying the semantic featirélse desired movies. The movie retrieval engine also

deals with such semantic queries using the function given below

movie-list: SearchMovie (keyword-set, category, pace, interactivity)

where keyword-seis a set of keywords describing the desired movies,catehory pace andinteractivity are
semantic descriptors specifying the desired moviesaMparameters are required to be specified. A list ofies
is returned with each one associated with a similadtyesindicating the degree at which the movie satisfies the

specified semantic features.

Moreover, it is common that a user query may specify meltggarch conditions. To deal with such
multi-condition queries, we need to merge multiple ligtmovies retrieved based on each search condition into a

single list giving the final ranking of similar movies. Thikerge function is proposed for this purpose:
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movie-list:Merge ( {movie-listh , {weightly)

where {movie-lis}, denotesy movie lists that are obtained based on differentcheamnditions, andwyeight
contains the weight indicating the relative importanceawfh condition, which is preferably specified by users.
If not specified, all the weights are assumed to be 1. Each movie liatthrned movie list must appear in at least
one input list, and similarity score of the movie (and titsigank) is determined by the weighted sum of its
similarity score in each input list (if it is not inparticular list, its similarity there is assumed tozieeo). Note
that this function implements only the simplest method of mergingpteusimilarities, which is itself a separate

research topic and is beyond the scope of this paper.

4.4 Sample query processing

The functions defined above, when used in combination, can suploer sophisticated queries of Flash
movies. In this subsection, we describe the processing of samele queries to demonstrate the usage and

expressive power of these functions.

Example 1 (Search by object)

A user trying to find Flash movies about the film “Lioning” through a poster (as an image file
‘lion-king.jpg’) can compose his query d&snd all Flash movies that contain images similar to a poster of the film

“Lion King” . This query can be processed as:

Rank ( SearchObject(image, ‘lion-king.jpg’) )

Example 2 (Search by semantic features)

A user who wants to search for MTV movie of a specific song, say, Joenoiis “Imagine”, may express his
guery as:Find all Flash movies that have keyword “John Lennon” and “Imagine” and belanthé¢ “MTV”
category.This query can be handled by combining the results of atsbased on the keyword and another search

based on the song:
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SearchMoive({"John Lennon”, “Imagine”}, ‘MTV")

Example 3 (Search by event)

A query for movies containing the scene of “sunset” carobgosed ad=ind all Flash movies that contain a
red circle descending from the top of the frame to the bofibm processing of this query requires specifying both

the desired object and its dynamic effect, as formulated below

Rank ( SearchEvent(motion, ‘descending'SearchObject(graphic, ‘red circle’)))

Example 4 (Search by interaction, event, and keywords)

Since the Flash movies as commercial advertisementsistgaatontain the link to the company, a query for
Flash advertisements of, say, BMW cars, can be expressé&ihd all movies that have keyword ‘BMW’ and a
button by clicking which the BMW website will be opened in a web &éroiss query can be formulated and

processed by a combination of several functions:

Merge ({ SearchMovig'BMW’),
Rank(Searchinteraction(button,’mouse-click’, 8archEventnavigate,'www.bmw.com’)))})
5. Mining Flash by context

For a given user query, the results obtained from tmeat-based Flash search described in Section 4 can be
insufficient and inaccurate, partially due to the fdwetttthe content characteristics of movies are not atkdgua
descriptive of movie semantics. As discussed in Sectigra2@medy to this problem is to explore the hyperlinks
among web pages containing embedded Flash movies, which endeatntic relevance among the movies. For
this purpose, dink mining algorithm is devised to expand an initial set of resivhich are returned by

content-based search) to a more complete and accurate setl oédults.

To illustrate the link mining algorithm, Figure 1 is coneerand redrawn in the form of a network model as
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shown in Figure 4, where each node represents either a welopa Flash movie, and each link denotes either a
hyperlink between two web pages or the containment relbBbmeen a movie and a web page. The link mining
algorithm is based on the intuitive notionsilarity propagation the similarity (to the query) can be propagated
from one node to another through the links between them. gandxand refine the results of a content-based
search, we set the similarity of the node denoting eaitialimesult to its similarity score obtained in the
content-based search, and set the similarity of all atbdes to zero. Then, we let the similarity score to flow
among the nodes through the links in the network. When thgagation finishes, the similarity flowed to each

node defines its final similarity to the query.

@ web page

(O Flash movie

Figure 4: The illustration of the link mining algorithm

Specifically, suppose the network can be represented kadjgcency matrixM, where each off-diagonal

elementmij is set to one if there is a link between ndgland Nj, or to zero if there is no link between them. All

the diagonal elements are set to zero. The propagatioesgriecmodeled over discrete stegs1,...,N We define

S(t) as the similarity vector at stépwhose elemersj(t) denotes the similarity of nod¢ (a web page or a Flash

movie) to the query in this step. In the initial vecH0), the elements corresponding to the movies as initialtses
are set to their similarity scores calculated ia tontent-based retrieval process, while other elemeatsearto

zero. A single step of similarity propagation can be forredlais:
St+1)=[aM +(1-a)i]s{t) t=01--,N

where | is an identity matrix, andax is a parameter in the range of [0,1], which determihesamount of
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similarity that flows through the links, with largex corresponding to a larger flow of similarity. A singtaund

of similarity propagation is illustrated in Figure 4,evl the flows of similarity are denoted by dashedvesrd he
number of propagation iterations strikes the balance betweennthgutational complexity of the algorithm and the
scope and quality of the retrieval result. More iteratiohpropagation usually generate a larger numbersoftse
highly relevant to the query, but also entail greatmmutational cost. The similarity vect&N) after the
propagation process gives the final similarity of B# hodes (including the nodes denoting Flash movies) to the

user query.

The link mining algorithm expands a set of “seed resutiatched from content-based search to discover
additional results, which are not matched based on togitent characteristics but potentially relevant ter us
gueries. Although it undoubtedly improves the coverage of thevatniesults, the quality of the additional results
depends on two factors, namely the accuracy of the resetts as well as the quality of the links being enqalo
Naturally, seed results of high relevance with a qaerg hyperlinks between relevant web pages usually tead t
high-quality results. In practice, we only use the resultetmea with high confidence in the content-based retrieval
phase as the inputs of the link mining algorithm, in otdemprove the quality of the results. However, there is no
mechanism to evaluate the quality of hyperlinks in termshefdegree of the semantic relevance between the

associated web pages.

6. An experimental Flash search engine

To demonstrate the feasibility of the proposed framewamlexperimental Flash search engine named FLAME has

been implemented, which is introduced in this section.

According to Section 4.3, our approach supports retrievalaghFmovies based on their semantic features
including keyword description, category, and pace, or their pverfiéatures of media ingredients, dynamic effects,
or user interactions, or a combination of them. This gre#&tygroses a challenge on user interface design. A good
user interface should allow users to compose various tympseais conveniently, as well as display the retrieved
Flash movies in an appropriate layout. The interfaceuofexperimental system is displayed in standard web
browsers and accessed remotely over the Internet. In tardehieve good visual experience, we allocate various

guery functions into two separate interfaces. As shownguar€&i5??, the main interface supports Flash retrieval
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based on semantic features only, where a user can inpytlqyavords and specify the category, and pace of the
desired movies. The specified search conditions arehewtwith the corresponding semantic features of each
movie, and the matched movies are used as seeds to disnowerresults using the link mining algorithm
presented in Section 5. The “thumbnails” of the retriemetvies (i.e., movies with condensed sizes) ranked in
descending order of their similarity to the query aigpldyed in the lower pane of the interface. Below each
“thumbnail” is a hyperlink labeled with “Details”, by cking which the corresponding movie is shown with its

original size in a separate window.

|emE-=>- QR 4| Q8% ke @F: |- SE-EBHE*R
| He1b(©) [87 retpstocaostFRinder nterfaceiauery asp =l e=al

Figure 5: The main interface of FLAME

The main interface contains a hyperlink labeled as “Adedr®earch” pointing to the second interface (see
Figure 6), which allows users to compose sophisticatedesubsi specifying both the semantic features and the
primitive features of the objects, events, and interas in the desired movies. Since primitive featuresnawee
sophisticated than their semantic counterpart, the vistign of query specification methods is essentiah& t
convenience and productivity of users. In the “Advanced cBganterface, users can specify various movie
ingredients (including text, images, graphics, videos, sourgi®aaing in desired movies with respect to their
features, dynamic effects, and user behaviors triggeringftbets. Different features are specified in différe
manners. For example, graphic objects are specified bysthegie (chosen from a list of shape icons), size (chosen
from a drag-down box), and dominant color (chosen from lar qualette), while the features of images are
specified by submitting a sample image. The desired dynaffects of each ingredient in the movie can be
designated using the drag-down box in the column labeled as “Effedttha user behavior triggering the event
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can be specified using the drag-down box in the column label&khavior”.

Flash Search Engine - Advanced Search - Microsoft Internet Explorer’ 18]
| ¥HE @HEE SEW kww TAD WG |
| crE -2 -Q B 4| Qe ave 35 [B-FE - =
| 8440) [ rttplocalhostFFinder InterfocelAdvancedseardh.asn =] om3 |
1=
(e ) sl S el bt FLAYE
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Figure 6: The advanced search interface of FLAME

This interface arrangement is based on the beliefkénatvord and other semantic descriptors are the most
natural ways for users to express their requestsula tf thumb” proved by many commercial search engines.
Meanwhile, providing sophisticated query possibilitiesiseparate interface allows professional users to conduc

complicated and powerful queries without confusing non-professiseas.u

In our current work, we have not conducted a quantitaieduation of the retrieval performance (e.g., in
terms of precision and recall) of the experimentalesysfor two reasons: (1) there is no Flash collection yet
serving as standard test dataset for retrieval mgs{@deed to the best of our knowledge, FLAME is the filessh-
retrieval system); (2) due to the intrinsic complexityFtdish, there are probably a variety of subjective criteria
regarding the relevance of Flash movies to a givenaiseny. Therefore, it is very difficult to define an ettjve
“ground truth” for the test dataset. More likely, tlegrieval performance of the system can be only evaluated
large number of human subjects who conduct random queries and helgpidlity of the retrieval results

according to their own criterion.

7. Conclusions and future work

This paper has investigated the problem of web-based Flaigivaigtwhich is critical to the better utilization of the

proliferating online Flash resource but has been unfortynatelrlooked by the research community. In this paper,
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we have presented an integrated framework for Hesteval based on both the content and the context of Flash
movies. The presented framework consists of two comporemtsntent-based retrieval component, which relies
on the content characteristics of movies at compositiordhsamantic levels, as well as a context-based retrieval
component, which explores the contextual information sucheatexts and hyperlinks surrounding the movies. An

experimental Flash search engine system has been implemergddhbhadbe suggested framework.

Although this paper covers a broad range of researchsjsthere remains much room for future research
regarding Flash retrieval and management. One integesuture direction is to investigate the role of
human-computer interaction for better management andvedtoéFlash. A foreseeable work is to adopt relevance
feedback technique on Flash retrieval to enhance thevatiperformance based on user evaluations. On the other
hand, the research on Flash retrieval can be gerextdbzthe retrieval of other types of multimedia repntgeons

largely existing on the Web, such as PowerPoint, SMIL[23], etc.
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