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ABSTRACT

We claim that automatic multimedia presentat@am be

modeled byintegrating two complementargpproaches to
automatic design: hierarchical planning to achieve

communicative goalsand task-based graphidesign. The

interface between the two approaches is a doarainmedia

independentayer of communicativegoals and actions. A

planning procesdecomposes domain-specifigoals to

domain-independengoals, which in turnare realized by
media-specific techniquefne of theseechniques is task-
based graphic design. Végply ourapproach to presenting
information from large data sets using natlaaguage and
information graphics.

Keywords
Multimedia presentation, information seeking taskedia
allocation, information graphics, presentation planning.

INTRODUCTION

Understanding large data sets angblaining them toothers

via effective displays is a complex, laboriouand time
consuming activity. Analysts and other types of specialists

on a daily and sometimes hourly basis explore complex data

sets, prepare memos for themselveshrief their upper
management, or informpeers of their observations,
hypothesesandconclusions. Their workvould be greatly
facilitated if atool could extractthe relevant pieces of
information and present them in appropriatevay. This
could takethe form of a textual summary of thmost
important aspects of thdata, a graphic elucidating an
important trend, or a multimedia presentati@ombining
text, graphics, photosjideo, etc. Whatare the principles
that guide people in choosing one or anothethod? How
can we model presentation decisionstkat theycan be
made by intelligent software? These questions Iyaiced
our design of a framework for generating multimedia

%Intelligent Systems Program
University of Pittsburgh
Pittsburgh, PA 15260 USA
carenini,jmoore@cs.pitt.edu

In prior work, two complementary views to automatic
presentation generation have emerged. Researthershe
natural language processimgmmunity [12,18] focus on
the communicative intent of a presentatiand have
modeledpresentation design as a processhirarchical
planning to achieve communicative goals. In contrast,
researchers irgraphics emphasize theeed to model the
perceptualand logical tasks the useneeds to perform
[3,4,13], and have built computational systems ttesign

a presentation thatan support a given set of tasks.
Designingeffective multimedia presentationsequiresthat
both types of knowledge hesed inthe presentatiodesign
processandour work seeks to integrate the planning and
task views in a single coherent framework.

Our goal is to develop an approach to generating
multimedia presentations thagchieve communicative
goals. In ourframework, a planner isused to refine
domain-specific communicative goals (e.g., know-
shortfall§ into domain- and media-independerstubgoals,
such asknow-attribute These inturn are achieved by
domain- and media-independent abstract actions éssprt
activatg which are ultimately decomposedinto media-
specific actions (e.ginform, enable-lookup For example,
one way to achieve the know-attribute goal is by
decomposing thecorrespondingaction assert into the
graphical action enable-lookup This decomposition
embodieghe rule that ifthere is a graphic on which the
user can effectively look up the values of the attribute, then
the goalknow-attributehas beerachieved. Media-specific
actions are then executed by the various media generators to
producethe actual textand graphics that make up the
presentation.

The existence of a domain-independentlayer of
communicative goals from which wean generate

(natural language and information graphics) presentations ofmultimedia presentationsasesthe process ofdeveloping

guantitative and relational information.

systems indifferent domains. For a new application, the
knowledge engineer need only provide decompositimm

the domain-specific communicative goals to the domain and
media independengoals. In addition to this practical
benefit, capturing the communicative goals in both
language and graphics provides a common descriptive model
for studying multimedia presentations.  \Egpect this



model to enable us to providenaore general approach to
media allocation and coordinatidhan has previouslipeen

[17]. It applies constraint satisfaction methods to a set of
requirementsand transportationresourcesand produces a

developed. In addition, this approach is the first attempt toschedule, which may or may not have lateness.

modelthe communicative aspects of informatigraphics
via general media-independengoals thatare mapped to
information-seeking tasks.

Our efforts continue a series efmilar projectsaimed at

conceptualizing the design principles of multimedia
presentations in a domaindependentway. Among the

applications previouslyaddressedare instructions for

operating physicaldevices [7, 18], explanations of
guantitative models [14], routirections[10], and weather
reports [9]. The system we are developinghtended to aid

users in identifying important information that dsntained

in large data sets. Our system hageither complete
knowledge of the domain, nor compléteowledge of what
it is the user needs to know arder tosolve the problems
they are interestedn. Therefore, the system plans its
summaries, comparisorand correlations in a way that
allows users to perform further analysesusing the

presentations.

In this paper, we brieflglescribethe domain in which we
are developing our system. We then illustrate approach
with several sample presentations. Waelescribe the
communicative model and clarify its connections with both
the planning process and the graphical tasks. We wlogk
through an example of our system designingample
presentation,and briefly describe heuristics for media
allocation. Finally, we outline thgraphics generator and
relate our work to similar projects.

THE DOMAIN OF TRANSPORTATION
PLANNING

The testbed for ousystem is thalomain of transportation
scheduling. The problem is tareate a schedulavith
minimum lateness that transportsargo of certaintypes
from a set of origins to a set of destinati@hsing given
intervals with givenresourcegcapabilities): planesships
and ports. Transportation analysénd planners routinely
use automatic schedulingystems toproduce numerous
scheduleghat meetrequirementswith resources,analyze
them with respect to causes for lateneasd suggest
workarounds. This process requiregintaining versions of
the schedules, analyzinbem, communicating wittellow
analysts and members of upper managenagmtexploring
changes to resourcassumptions thatvould reduce the
lateness (e.g., allocatingdditional crews toreduce a

bottleneck). Our goal is to propose a new type of system-

generated briefing that helps transportatiorplanners
organizetheir work and communicate the state of their
analyses to others involved in the process.

For our experiments we use DITOPS, aatomatic

To represent the output of DITOPS, our gralgveloped a
domain model, which is a Loom [8] KB consisting of about
60 conceptsand 120 relations. Examples of concepts are
port andfleet Examples of relationare has-destinationa
relation that specifies the arrivpbints for a schedule) and
cumulative-required-carg(a relation that specifies thetal

tons of cargo that need to be transported by a given date of a

schedule).

Because othe novelcharacter othe briefings we want to
generate, wenanuallycrafted a detailedcenario in HTML
and Javaand used it as #&ool for communicating our
approach to domain experdsd soliciting feedbackfrom
them. The following examples, whichre part of this
scenario, illustrate ouspproachand show the complexity
of the presentations we are modeling.

OUR APPROACH

Explaining large data sets requires a balance between
presenting only relevant information, justifying its
relevance,and supporting exploration of theexcluded
information. Thus, wecharacterizahe explanation ofarge
data sets as a combination of the following four aspects:

e Content planning. The system mustselect a
limited amount ofrelevant informationout of the
potentially verylarge number of facts available in the
KB.

¢ Communicative goals. In addition to selecting
content, communicative goaland the strategies for
achieving themdirect the system in presentinthis
content in a way that emphasizgsecific aspects. For
example, in our domain shortfall idefined as a
situation in whichrequirementsexceed capabilities.
Therefore, achievinghe goal know-shortfall requires
that weprovide apresentation in which the user can
identify and analyze these situations.

e Perceptual tasks. Some of the communicative
goals can be better satisfied bgnabling the user to

perform certain perceptual tasks on a graphic, instead of

simply being informed of the outcome of some
automatically performed analysis.

* Planning exploratory links. Since our system is
intended to support users in performing their analyses,
it should provide convenient means for enabling them
to request presentations of related information.

We now illustrate these aspectissing our scenario

presentations. Fig. 1 shows a presentation about a schedule.

Since during the course of asingle day analysts may
producenumerous schedulehe first thing they typically

scheduling system developed at Carnegie Mellon Universitywant to know about @&chedule issummary information



about its requirements, capabilitiesd possible shortfalls. Requirements

This particular selectiorand organization of attributes is | Tomls. | Closure gragh

accomplished by a domain-specific strategy of achieving the

goalknow-schedule. Peaple 2082
Bey. CArye

While most of the attributes in Fig. 1 are conveyed through Toem

simple summary statements (e.g., the total number of fﬁ%ﬁ%g) 12,800 12000

people), for the attributecumulative-required-cargothe 12223

communicative goals are more complex. The usest be Duration 2500

able to identify periods ofapid increase inhe amount of {daye) @ Boao

required cargo as well as dates by which a cepaition of Origin ‘;332

the requiredcargo isscheduled toarrive atthe destination eonmtTy Usa 1500

ports. Some of these communicative goals cannot be __ EEEEEE TR

expressed in language as effectively as they can be expresset E;i'ﬂf;mn Kores Pue date

by the graphic irFig. 1. The line grapmot only enables

the user to lookup the values of the attribute (a tabltd Capabilities

do this as well oreven beuer)!bUt also toscan the .2?pla.neswi;htota.1capacit}.rof%ﬂtnnsperda}.rauaﬂableﬁomdayﬂto

develc.)pment of the graph for S.teep line Segmmsatlve . %ﬁezeuug;;dp?ﬁs,(:mpheﬂﬂawson and Tinker, with capacity of 230

of rapid increase othe cumulativecargo orflat segments tons#ay each (derails)

indicative of slow or no increase. Note that the systiees . Z;vﬂ@aﬁonpm, Kipo and Osan, with capacity of 230 tans/day

not have toknow whether thereare rapidincreases; by

enabling users to scan the graphic, it enalhesn to Shortfalls _ _

discover this on their own. The useanalso easilydivide . e s Toohes o o i e o Jerinds

the y-axis by aertainportion of the total cargdind the 3-8 and 12-18 {details)
point where the imaginary horizontal limerresponding to
this amount crosses the line graph, and check the x-position
of that point, thus finding the date by which this amount of In addition to providing information about various
cargoshould be at the destination ports. Thiesentation  attributes of theschedule,the presentation in Figure 1
illustrates how different communicative goalscan be  enables the user teequestmore information by making
assigned to an attribute and satisfied by enalgiergeptual ~ certainportions mouse sensitive (mouse sensifiveases
tasks such as search, scan and |00kup‘ are underlined in Figures 1-3) Associated with each
sensitive object, whictcan be a phrase or a graphical
symbol, is a new goal. A mouse click on such an object is
interpreted as a request tye user for a presentation that
satisfies the goal associated with For example, thevord
"details" right after the sentence saying that the schedule has
two destination ports (ththird bullet in the capabilities
section) is associatedwith the domain-specificgoal of
knowing all capability-relatechttributes for thesgorts. If
the user clicks orthis word, the system will plan the
presentation shown irFig. 2, which provides detailed
information about the locationand capacities of the
destination ports Kimpo and Osan, as well as of two reserve
ports. Planning these hypertext-likeks is an important
element of our approach.

Figure 1. A summary presentation of a schedule



® The capacity of the ports Ozan and Kimpo is 250 tons/ay each.
® RKinhae and Pohang, also with capacity 230 tons/day, can be
used as back-up ports for Osan and Kimpo, respectively.

l1atitude
40
Fimhae
plsan
i
3= miEe Fohang
20
Status
Weoct in use
reserve port
25
1z% 1z0 135 140
Jongitude

Figure 2. A detailed presentation of the destination
ports of a schedule

The following example shows how the combination of the
basic features of our approaahiows the user tgerform a
complete analysis of the cause for a shortfall. Tiaeeetwo
common causes for shortfall: insufficient peepacity and
insufficient lift capacity. Each of these typean berefined
into moreconcreteones, e.g.Jack of aircraft suitable for
cargo of a certairtype. The goal of the analyst is to
diagnosethe shortfalland to suggestworkarounds. Our
domain modelcontains definitions of variousauses for
shortfall in terms of relationbetween certairattributes.
Thus, if ascheduleresults in lateness, the systemill
prepare displaythat convey aspects of tliatasuggesting
the cause for the lateness.

The presentation in Fig. 1 summarizes two shortfalls in the

current scheduleThe short textual statemenidentify the
shortfalls by their types and periodsyd enablethe user to
explorethem in moredetail by providingmouse sensitive
phrases. Whetthe user clicks on thevord “details” just
afterthe statement about lifindercapacitythe first bullet
under “Shortfalls” in Fig. 1) the system plans the
presentation irFig. 3, which satisfies the goatnow-lift-
shortfall. The systemachievesthis domain-specific goal
with a presentation strategy that specifies dppropriate
domain-independentcommunicative subgoalsand then
applies media-specific techniques to achithese. The line
graphs allow the user tcomparethe amount otargothat
the fleet can carry on each date with éxpectedamount of
cargothat needs to bdransported on each daféhe text
makes specific points about tkdéferencebetweenthe two

attributes, e.g., the amount of additional lift capacity that is
needed to eliminate the shortfall. This display helps the user.

answerthe questions'How much additional capacity is
needed and when it ieeded?The thirdbullet summarizes

the distribution of the lateargo bythe observation that
predominantly cargo of typ®versize” is late, andenables

the user to request a more detailed view. To diagnose the lift
undercapacitthe user clicks on thé&letails” phraseand a
breakdown ofthe lateness bycargo type and date is
presented graphically as in Fig. 4. Tlgiaphic shows that
the major latenessccurs for cargo oftype “oversize”
immediately after theperiods oflift shortage,and suggests
that insufficient fleetcapable of carrying oversizeargo
could be the problem.

Heeded vs available lift capacityr
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® The needed capacity exceeds the available capacity in the date
periods 3-5 and 13-15.

® The graph shows that addidonal 308 tons of lift capacity are needed
for the interval 3-5, and 293 tons for the intervals 13-15.

® Predominantly cargo of type OVERSIZE is late {details)

Figure 3. Comparison of two attributes

Thus with asequence ofhree displayshe systemhelped
the analyst to obtain apverview ofthe schedule, to drill
down into lift relatedinformation, toexplore a sufficiently
refined hypothesis for the cause of the lateness, acohte

up with workaroundssuch as increasing the fleet that can
carry oversize cargo in the day periods 3-5 and 13-15

MODELING THE INTENT OF
PRESENTATIONS

Our model ofthe generation procesonsists ofdifferent
types of communicative actionand goals. Sincethese
goals and actions are applied to sets, in this section we first
describe how we representsets, and then present the
ontology of communicative goals and actions.

In transportation planning the datese relativewith respect to the
beginning of the schedule.
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Figure 4. Correlation among tons of labed on-
time cargo, cargo type and date.

Sets

The problem weare interested in isconcernedwith
conveying relationshipbetweensets of instances. lorder

to summarize such sets or to emphasizgainsubsets, we
often need to aggregatdements of a set. For example, in
Fig. 1 all the“totals” are summary attributes for the
aggregate of all the mowequirements fothe schedulé. A
more complex form of aggregation is shown by the line
graph in Fig. 1. The set @équirements fomoving cargo
have beenaggregatedcumulatively by date, and a new
summary attribute that totals tleargo in each aggregate,
cumulative-required-cargdias been defined.

We represent a set bis intension (thecondition satisfied
by its members)and extension (the members of the set).
The intension can be regarded aguary tothe KB and the
extension consists of the instances satisfyingqtiery. In
addition to intension and extension, the setan have
summary attributes such as cardinality and total cargo.

We represent sets in this way for the following reasons:
» to explain/refer to a set or subset by its intension;
e to describe a set through its summary attributes;

e to post a goal that applies to all members of a set;

2 A move requirement specifies the origin, destination, time interval
for moving a unit of people or a piece of cargo.

* to make decisions fomediaallocation based on the
cardinality of a set.

Goals, Actions and Tasks

The structure of the goal and action space, part of which is
shown in Fig. 5, stratifies into three layers: domain-specific
presentation strategies thatchieve domain-specific
communicative goals; abstract actions thelieve domain-
and media-independeabmmunicative goalsand primitive
actions thatrealize media-specific techniqueBrimitive
actions are those thatcan act as directives tthe media
generators. Thus, theyare by definition media-specific.
Abstract actions satisfynedia-independentommunicative
goals and are realized by media-specific actions.

Domain Specific
Goals and
Strategies (know-requirements)Yknow-capabilities)

(know-plan

(know-shortfalls)

Domain and Media
Independent Goals

and Actions !
assert

A
\bl ook V'~ focus
€nable-lookUR/ anap|e-identify
[ 4

N X 7
Linguistic Actiong inform

(know-attribute) (able-to-identify) (know-difference) -
1 1 1

1 1
activate differentiate
A\

Graphical Actiong \
enable-comparg

refer contrast

Roman - goals
ltalic - actions

— Decomposition link
== Precondition/Effect link

Figure 5. Goals and Actions

Domain-specific goalsepresent the domaknowledgethat
the usersare expected tohave after examining a
presentation. The decomposition of these goal
domain-independengioals is accomplished bymeans of
domain-specific strategies negotiateith domain experts.
Such strategieslefine the content of the presentation in
terms of concepts, relationbetween them, and the
communicative intent associated with them. Texamples
of domain-specificgoals and their strategiesare given
below:

know-schedule - to know aschedulethe usemust know
its requirements,capabilities, and shortfalls. In turn,
each of these aspecgtquiresknowing attributes of the
schedulesuch as total number gfassengerand total
tons of cargo that need to be transported,otfigin and
destination countries, and so on.

know-lift-shortfall - to know a lift shortfall, theuser
must know the attributedaily neededift capacity and
daily availablelift capacity, as well as thdalifference
betweenthem; must beable to identify the intervals
when the needed capacityceedshe availablecapacity;
must know the maximunmeededcapacity in each of
these periods,and the additional cargo needed to
eliminate the shortfall in each of these periausist be
able to request information about the correlation among
late and on-time cargo, cargo type, and date.



The important elements in these strategy descriptions arevarious graphical techniques, whicre selected by the

the names of the attributesd keywordssuch as*know,”
“difference,” “identify,” and “request,” which convey the
communicative intent of the presentation. Formathgse
strategies translate thdomain-specificgoal into goals at
the next level of the communicative model.

Domain and media independengjoals are communicative
goals thatare typical in the genre of exploratorydata
analysis. Each of these goals isachieved by a media-

graphics realizationsystem.) Thecorrespondingsystem
actions are enable-lookup and enable-compute In
general, lookup is a morefficient task than compute.
Depending onthe specific graphicalechnique selected to
support thecorrespondindask, the goaknow-attribute

can beachievedwith differentlevels ofaccuracy[13]. For
example, labelsensure very accurate lookup, while
saturation is fairly inaccurate.

independent abstract action. Some goals and the actions tha@ctivating objectscan be realized graphically in two

satisfy them are given below:

know-attribute - the user knows the values of an
attribute for a set of objects. Satisfieddsgert .

know-difference - the user knows the differences between
two attributes. Satisfied hyffferentiate

know-correlation the user knows about theprrelation
of two or more attributes. Satisfied byrrelate

able-to-identify - the user can identifgachelement of
a set or one of its subsets. Satisfiedabyvate.  (Our
model for this type of goal/action was motivated by the
work of Andre andRist who studied mechanisms for
identifying objects in multimedia presentations [1].)

able-to-request - the usercanpose another goal to the
system. Satisfied bynable-request

The know- type of goalscan be annotatedith a level of
detail Gummaryor detail), which determineghe amount of
information through which the communicative goweds
to be achieved.

The actionenable-request  requiresactivate  actions for
the objects of the goal, which in tugan berealized in
language or graphicgor example, toenablethe user to
requestmore information about a particulachedule, the

user should be able to identify that schedule (e.g., through a

referringexpressionand begiven a method forequesting

the information (e.g., a mouse click on a mouse sensitive

phrase associated with that referring expression).

Linguistic and graphical actions realize the media-

independent actions using techniques from the
correspondingnedium. In text,assert is usually realized
by inform , differentiate by contrast, andactivate

by building a referring expression (for brevityter ).

In graphics, communicative goals asalized intwo ways:
by enabling the user to perforoertain information-seeking
tasks, or by focusing theser’s attention on a part of the
graphic.

Asserting facts in graphics igalized byenabling theuser
to perceptuallylook up or compute the values of an
attribute. (As described later, each task be supported by

different ways. If each element of a seteeds to be
identified, then an attribute that uniquelentifies the
individual elements is choseand encoded by graphical
parameter(e.g., theproper nameattribute for a set of
people). The actioncorresponding tothis method is
enable-identify . If a subset must béentified as a
whole, then its manifestation on thgraphic must be
highlighted in a certain waye.g., using a color or a
pointer). Thecorrespondingction is focus . Examples of
focusingcan be found irFig. 3 (the two maxima of the
needed capacity are distinguished from the reghbylabels
attached to them), in Fig. 4 (the latargo is distinguished
by the color-encoding technique), and in Fig. 6 (the amount
of additional cargoneeded ondates 5 and 14 are
distinguished by the vertical lingraphemesndthe labels
attached to them, 308 and 293).

Heeded v= available lift capacity

Tons
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Figure 6. Asserting the needadditional cargo by
graphical lookup and identifying the shortfall
periods byfocusing. The grayline shows the
available-lift-capacity, whereas the black line
shows the needed-lift-capacity.

Differentiating attributes is realized graphically by selecting
a commonencoding technique fothose attributes. The
corresponding action sable-compare



Similar techniquesbased on differentnformation-seeking
tasks exist for the other media-independent goals.

A DETAILED EXAMPLE

In this section we illustrate owpproach by describing the
automated design process that results in the presentation i
Fig. 3. Thispresentation fulfills thedomain-specific goal
know-lift-shortfall A domain-specific  strategy
decomposes itinto the following domain-independent
communicative goals:

for needed-lift-capacity;

for available-lift-capacity;
know-difference between needed-lift-capacity and
available-lift-capacity;

able-to-identify the intervals of the lift shortfall
(where the needed capacity exceeds the available
capacity);

know-attribute
. know-attribute

» for eachinterval of the shortfallknow-attribute for
the maximum needed lift capacity;
» for eachinterval of the shortfallknow-attribute for

the maximum additional lift capacity necessary to
eliminate the lift shortfall.

able-to-request for the goalknow-correlation of
tons of late and on-time cargo, cargo type and date.

The actions thatcan achievethese goalsare assert |,
compare , activate and enable-request . The next
level of decomposition realizes these actions through media
specific ones. We will discuss the way thesenedia
independent actions arealized inFig. 3 andalso point to
alternative methods of achieving the same goals.

The two assert and the compare actions are realized
graphically in Fig. 3 by two enable-lookup ~ and one
enable-compare primitive actions. Since the two
attributesneeded-lift-capacity andvailable-lift-capacity are
time series, theyerevisualized astwo line graphs. The
common encoding technique fahe two attributes isy-
position which supports comparison verywell.
Alternatively, in language, theassert for available-lift-
capacity could berealized by the sentence “Thedaily
available capacity i930 tons,” but therealization of the
assertneeded-lift-capacityvould be awkward, resulting in
the enumeration of 20 values. TH#ferentiation isrealized
linguistically by thesentence irthe first bullet in Fig. 3
"The needectapacityexceedghe availablecapacity in the
date periods 3-5 and 13-15." Note that thegraphical and
linguistic action realize the sam&ferentiate action at
different levels of detail.

The identification of the two intervals isccomplished
linguistically in Fig. 3 by theeferringexpressions in the
sentencethat differentiatesthe neededand available lift
capacity,i.e., “periods 3-5 and 13-15". Alternatively, it
might have beenrealized graphically (actionfocus ) by

highlighting the points on the needed lift capacity graph, or
by pointers to the two intervals as shown in twtom
part of Fig. 6.

The maximum needed capacity in the two shortfall intervals
is asserted irFig. 3 through the y-positions of the two
high points on the linerepresenting needed capacity.
However, sincehigh accuracy is neededwo labelswere
added tothese pointsrepresenting thenaximum values,
1238 and 1223. Alternatively, the samessert actions
could be realized linguistically by tweform actions.

The additional capacityneeded tceliminate the shortfall is
not directly encoded in Fig. 3. Howevergcdn beevaluated
by perceptualljcomputing thedifference betweenpairs of
points on the two line graphs. Since this isvery
inaccurate way to achieve theow-attribute goals,they
were realized linguistically in the second bullet of Fig. 3 by
the sentence "AdditionaB08 tonsfor the interval 3-5 and
293 tons for the interval 13-1&re needed tceliminate the
shortfall.” A possible way toachieve these goals by
accurateenable-lookup ~ actions is shown irrig. 6. Two
vertical line symbols have beenaddedthat represent the
maximum differencesbetween neededdaily and available
daily capacity forthe two intervals,and labels havebeen
added for accurate lookup of the values.

Finally, the enable-request action for the complex
correlation has beenrealized through the summary
statement in théhird bullet (Fig. 3)and byappending the
mouse-sensitive phrase “details” to the end.

MEDIA ALLOCATION

The above discussiorshows how the samemedia-
independent communicative goals could be achievdubth
graphics and languag®ledia are allocated byules, which
consider the effectiveness ofthe media presentation
techniques as &unction of parameterssuch as level of
detail, cardinality ofthe sets involvedand accuracy. For
example, detailedssert andcompare aboutlargesets are
less efficient in languagethan in graphicsbecause the
language expressiorae sequential whereasgraphics are
organized spatially. By compressingand indexing the
information positionally and retinally, graphics provide
compact,rapidly searchableresentations. Compare how
effectively Fig. 3 realizesthe comparison of the two line
graphs, and imagine how cumbersome it would be to realize
this comparison using text.

In contrast, language is superior to graphics when the
communicative function must be explicitly conveyed to the
user or when the abstract action invohsets with low
cardinality. For instance, iRig. 3 the linguisticstatement
in the first bullet explicitlyandclearly conveys tdhe user
the main point the presentationiigended tocommunicate
(i.e. needed-lift-capacity exceedsvailable-lift-capacity in



two intervals). Contrast this with a possibtéfferent PREVIOUS WORK

communicative intent for the sanwhart that would be Several projects havstudied the problem of automatic
expressed by the statement: “whidteailable-lift-capacity is generation of multimedia presentations. The COMET [7]
constant, needed-lift-capacity varies considerably.” andWIP [18] systemsgenerateinstructions foroperating

Table 1 shows sommediaallocation rulesbased on the physicaldevices.Both systems usenediaallocation rules
based onthe distinction between concreters. abstract

cardinality of the set representing the objects of the attribute. . . L o

o information. An attribute of an object ncrete if it can
(the rows of the tablejand the cardinality of the set be perceivediisually; analogously, an action oncrete if
representing the attribute values (the columns of the table) P Y: 9 Y,

The table shows that opreferencedor presenting darge i causes \{isua}lly per_cept.ible changes. Generally, the
number of values is graphicahereasour preference for graphical/pictorial medium is favored in the caseofficrete

. . information, whereas abstract information ispreferably
presenting a small number of values is text. . N

expressed in text. Although relevant for pictorial

instructions, such ruleare irrelevant in our genrewhere
the selection is between text and information graptecs.,

Table 1.Mediaallocation fordetailedassert (G - graphics charts, networks, and maps).

only, T/G - prefer text but allow graphics).

1 2-3 >3 ArensandHovy suggestedgomegeneralprinciples and an
2?3 yg yg g abstract model of multimedia presentatjplanning called
>3 TG S G CICERO [2]. According to their principles, effective

multimedia presentatiorequiresmodels of the following
elements: thanedia;the information to bedisplayed; the
However, media allocation is alsoinfluenced by the  gppiication taskandinterlocutors goals; theliscourse and
interaction betweermgoals. For instance, a goal may be communicative contextand users’ goals, interests, and
efficiently expressed in graphics only if another goal is also apjjities. Like the work of others [7,10,18], these principles
expressedjraphically and the two goalscan share certain ignore the task level, which wied important. Moreover,
encoding techniques. lour example, the realization of the  the application of these principles is not straightforward and

intervals wasexpressecefficiently in graphicsbecause of  {hey can be used in real systems.

the graphical realization of thessert action for thedaily )

needed capacity. An explanation of this phenomenon is thatThe PostGraphe system of Fasciaand Lapaime [6]
interpreting graphics has tlwerhead of understanding the ~9enerates multimedia  statistical reports consisting  of
structure of the graphiand the encodings used. Once the graphicsand text. While theirapproachseems similar to

user is situated in a graphigssimilating additional ours, there are some significant differences.. First,

information is easier. PostGraphe assumes that the set of communicative goals
(what they call intentions) is giveigecond, it isnot clear

GRAPHICS REALIZATION whetherthe set of communicative goals they propose is

For graphicsrealization we useSAGE. It incorporates  jntended to benedia-independent qarimarily graphical. In
design rules that apply encoding and composition  fact, the system goetirectly from a set of intentions to
techniques based on characteristicshef information to be graphicsand text is only added subsequently.Finally,

presented[13]. In addition to automatic design, SAGE PostGraphe’sschema-basednapping from intentions to

provides flexibletools for interactive desigfil5]. For the graphic design is less flexible than the atfiewed by our
purpose of thecurrentproject, we havedeveloped a new  {55k-based graphic design model.

tool that designs graphickased ontasks that theusers

should be able to perform. Thisol implemented in FUF ~ Previous work has shown how graphibssign decisions
[5] (the same formalism in which wareimplementing the influence theefficiency of differenttasks that users can
NL generator) performs agrammar-driven search of perform on graphical displayadhow graphics should be
encoding and composition techniques. The result is a set oflésigned tosupportcertaintypes of tasks. Foexample,

design directives, whiclare subsequentlyreconciled with Casner's [4] system takes procedural description of
the basicdesign rules oSAGE. In addition to generating ~Complex tasksand designs graphicshat support them.
the graphic, SAGE returnsdditional effectsthat this Besher and Feiner's [3] system designs interactive

particular design achieves asell as any complexity techniques for 3D graphicshat userscan employ to
involved with the interpretation of the graphic. Tioemer accomplish certainasks. Rothand Mattis [13] system,
is usedfor media coordinatiorand follow-up questions  SAGE, incorporatedinformation-seeking goals as one of

while the latter spawns caption generation [11]. the factorsthat influences graphics desigrowever, these
systems assume that the set of tasks is givena@mach



extends prior work by showing how the tasks can be derived9.
from higher-level communicative goals.

CONCLUSION

In this paper we proposed a framework fortegrating
decompositional plannin@gnd task-based graphic design.
Our main emphasis was odefining a communicative

model of multimedia presentations that accounts for content
selection,

realization ofgeneral communicative goals

through media-specific techniquesnd enabling users to
request additionalnformation. We alsoconsideredsome
mediaallocation rules that taketo accountthe level of
detail, the cardinality of the sets involved,and the

interaction betweengoals.

The model was partially

implementedusing existing Al systems: Longbow [19],
FUF [5] and SAGE [12]. The systedesignsand generates
multimedia briefings in the transportatioacheduling

domain.

In the short term, we plan tevelop a media coordination

mechanism and to devise

techniquesfor generating

subsequent presentations that take accountthe context
created byprior presentations [12]. In the longer term we

plan to incorporate the system into Visage, an information-

centric data exploration environment [16].
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