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Abstract
Interactive techniquesare powerful toolsfor manipulating
visualizations to analyze, communicatand acquire
information. This isespecially true fodarge data sets or

interfaces[2,5,7]. Foley et aJ]2] describedthree levels of
design for interfacedexical design syntactic designand
semantic designLexical designrefers to how input and
output primitives are derived from basic hardware

complex 3D visualizations. Although many new types offunctions. Input primitivesinclude all physical devices

interaction have beeimtroducedrecently, very little work
has been done amnderstandingvhat theircomponentsre,
how theyare related andhow theycan becombined.This
paperbegins toaddresshese issues with frlamework for
classifying interactive visualizations. Our goal is a
framework thatwill enable us to developoolkits for
assembling visualizatiointerfaces both interactively and
automatically.

Keywords: Information visualization, interactive
techniques, user interfaces, automatic presentagistems,
graphics.

1. Introduction

In the lastfew yearsmany interactivetechniques and
metaphors have bedntroducedfor different visualization
types. These techniquesallow users todeform space[6],
deform objects[1], view objects atdifferent levels of
abstraction[3] and a wide variety of other functions.
Although interactive techniques facilitatethe use of
visualizations, theynave been implementeshd combined
as point solutions tofocused problems. No unifying
frameworkexists thatdescribesthe structure ofndividual

while output primitives could take the form of visuatdio
or sensory elements. In thgaper we arenly concerned
with visual output.Syntacticdesignconsists of a set of
rules by which primitive input or output unitsan be
composed or joined to formrderedsequences ahputs and
outputs. For example, the mouse movements, clicks and
releases required to specify a bounding box togetéfime a
focus area in an interface but do efineits meaning(i.e.

its function). Semanticdesign definesthe meaning of a
sequence o#ctions as aask For example, mouse clicks,
bounding boxesand sliders canall be used to define a
selection of objects. In thiscase the meaning is the
selectiontask, while the actionsused to achievéhe task
could takemultiple syntactic forms. Similarly, aaction
can have severaheanings. For example a bounding box
can be usedor selection, aggregation, deletion, copy, or
other functions.

Figure 1 shows thethree levels of design described
above. The gray circlemdicatethe componentsdded to
Foley et al.’sframework in order to dealwith interactive
information visualizations. Thipaper focusesnly on the
semantic level. There is much previous work on léxécal
andsyntactic levels [2,5,7and wecan incorporate iinto
our framework.

techniques and how they can be combined. As a result it is The semantic primitive in ouframework is the basic

difficult to extractthe critical functionalitycontributed by

visualization interaction (BVI). Understanding a BVI

different techniques in a system, making it difficult to apply requiresknowing its inputs(whether provided by a user

its design features inother systems. We propose a
framework for decomposingvisualization systemuser
interfacesinto primitive interactive componentslescribe a
functional classification of thdlifferent primitives, and
present rules for composingand structuring these
primitives. The goal of thdramework is to enable us to
comparesystemsand reuseprevious desigrelements, as
well as to guide our design of atoolkit for constructing
visualization interfaces through the composition of
interaction primitives. Thisnfrastructure isthe first step
towards developing aautomatic presentation system that
can generate interactive visualizations.

To begin our characterization of interactive visualization
techniques, weexpand onprevious work done on user

through an input method or fixed by timerface designer).

It also requires understandinigs effects onthe graphical,
data, and control states of the visualization udaterface
environment. Our framework also characterizes the
composition ofBVIs into applicationinterface functions
that we normallysee in visualization systems such as
aggregation, filtering, sorand coordinatedlisplays. Most
visualization applications consist of combinations of
multiple BVIs for one or more visualizations. For example,
in the Table Lens[8], usengerform multiple tasks on a
table visualization. Users manipulate a lens fteus
attentionandsort table rows with gesture$heseprovide
magnify and sort tasks. The magnify taskcan be
decomposednto aset-creationBVI to define the graphical
rows to bemagnifiedandtwo set-graphical-value BVIs to



increase the size of the focus roarsd decreasthe context
rows.

of possible interactive behaviors. By combiniBy!I’s,
we can develop complex behaviors and effects.
Other systemgrovide interfaceoperations formultiple 2. Real-estate example
coordinatedvisualizations. For example, in the SAGE
system[9], painting, dynamic query  and aggregation
operations can affect multiple active visualizations
simultaneously Each ofthese operationare compositions
of multiple BVIs, which we illustrate in the next sections.

In this section wepresent a simpleinterface for
examining adatabase of house saleBigure 2 shows the
locations of houses on a mapd adynamic query slider
that controls their visibility based on asking-price
Selectionoccurs byclicking on houses or enclosing them
with a boundingbox. Selectioncan be performed in
conjunction with filtering(dynamic query slider) to choose
houses based on both thasking-priceandtheir locations.
For example, a usecould make visible those houses
costing more than $100kand select only those in the
southern region using the bounding box (turning them red):
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Figure 2: Map display of house locations
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state of a visualization system. This specifies the flows
into and out ofsequences dBVIs. We will give some
examples of the relatiometween BVIsand the
physical and virtuatlevicesthat can be linked tadhem

to provide inputs.

We propose a preliminary classification BYIs as a
starting pointfor understandinghe kind offramework

we believe isneeded taunderstandheir expressiveness
and to use them tocomparesystems functionally. It
also identifies the types of building blocks weght
provide in an interactiotoolkit. Once we extendthis
framework to include effectivenesand user task
information we can determinewhich techniques or
combination of techniques will best serve a given set of
user tasks.

We describeissues involved in composingVis to
form composite visualization interactions.
Composition is aritical function in atoolkit and in
automated design becauseofiens up th&esignspace
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Figure 3a: Bar chart showing days on the
market for subset of houses
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Figure 3b: Houses in Figure 3a aggregated

by Real Estate agency.

After selecting the houses of interest, a user mant

to know how quickly theywere sold by creating a new



graphic displaying this information. Theiser drags the
selectedelements to an empty displayith addressesand
days-on-the-markedn the axes, whichausegshe elements
to be visualized as barsidure 3a). In order tocompare the
speed with which agencies sdhiese houses, the ugben
aggregateshe houses byagency,replacing theindividual
houses withthree agency averagesgure 3b). Finally, an
agency aggregate bar can panted greento change the
color of correspondindiouses on the magFigure 1). This
would show regionswhere the painted agency sold its
houses.

calculate a new definition dhe members of thenitial
visible set (i.e. the intention defined by the slider). There are
five classes of input arguments. Wiescribe each and
briefly outline how theycan bederivedfrom both physical
andvirtual input devices based othe framework described

in [7] as well as interaction tasldescribed in[2]. In the
right of Figure 4, we show the input classes BVIs require.

Attribute There arethree attribute types:graphic (e.qg.,
color, shape and x-position) data (e.g., house address
house price and date-solg, and state (e.g.,number of
graphical elementks Attributes are chosen by userasing

The example illustrates basic operations commonlythe selectionbasic interaction taskjefined in[2], as the

performed in datanalysis: filtering, selection, aggregation,
coordinatedhighlighting, and creating graphics. We also
want to emphasize that whitach ofthe functionsachieve
different effects, theyalso sharesimilar componentbasic
interactions. For exampleseveral operationsnvolved
creating or changing elements ofsat. These operations
include filtering with a slider, selecting with &ounding
box, dragging agroup of objects into anew display,
aggregatingand coordinateghainting across displays=ach
also involved changing th@raphical properties of the
elements. For example, filtering with thguery slider
changed visibility, painting changed color, aggregation
deletedgraphical objects of elementnd added aggregate
objects.

Our goal, then, is talefine aset of basic visualization
interactions like create-set and set-graphical-value that
underliethese application tasks. The next sectiescribes
BVIs, their inputs and outputs (effects).

3. The basic visualization interaction (BVI)

A BVl is fully described only when we specify the BVI
inputs, outputsand operation. The numbeand type of
inputs required depend orthe BVI. Inputscan beset by a
user via an interface (&ser input method or theycan also
be predefined bythe designer (adefault specification. A

task of choosing an element fronchiceset. Thiscan be
achieved through naming or menusEach of these
technigues can bachievedthrough different input device

classes. For example, namiegn beachievedwith a 1-

dimensional discrete positiatevice(e.g., keys)andmenus
require a device(shhat is capable ofexpressing a (2,3)-
dimensional continuous positiorand a 1-dimensional
discreteposition (e.g., a mouseMore details ondevice

expressiveness can be found in [7].

Control Object Control objects or reference objects may be
a data object, a graphic object, a virtdeliceobject(e.g.,
handle, slider) or aet object. Control objectare used to
provide apoint of referencefor the BVI. For example,
adding new members into a set requires a control object that
defines the reference set into which agelmembers. In our
dynamic query slider exampléhe visible set is theontrol
object Defining control objects is alsdonethrough the
selectiorbasic interaction task. In order to do this ezild
select the names of the objects, similar to the wawhith
attributeswere selectedAlternatively, wecould select the
graphical representations of theferenceobjects. Thdatter
can be achieved bythe pointing technique. Pointing
requires a(2,3)-dimensional continuouposition device
(e.g., mouse moves).

Value Based on the framework specified in [7], there can be

user input method consists of combinations of device inputswo different classes of values: lineaand rotary. This

and basic and composite interaction tasks (refEigtoe 1).

BVI inputs pass through a BVI operation which consists
of two phases: conditiosheck and action. Thecondition
check determines whethel the requiredinputs andvalues
are sufficient for the operation to occur. ThEoceeding
action will thenchangethe graphicaldata orcontrol state
of the visualizationinterface. An actioomay alsogenerate
outputs thatserve asinputs for other BVIs, thereby
producing sequenceshat can potentially achieve complex
tasks.

3.1 Basic visualization interaction inputs

The inputs provide ways in which users odesigners
affect BVI behavior. Thedynamicqueryslider in our real-
estate example, has agputs: adataattribute, an initial
visible set ¢ontrol objec), two values and afocus set
which includes all elements in the visualization. Changing
these inputs willcause anexpress-membershiBVI to

distinction is important for choosing input devideessed on
their effectiveness. For example, a dial indatice is more
effectivefor specifying rotary values than a slidéinear
inputs consist of position, movement, force, and delta-force.
Rotary inputs consist of rotation, delta rotatiterque, and
delta torque. Which type of value ngededdepends orboth

the BVI and the feedback method. Values are defined through
the quantify basic interaction task which specifiesvalue
betweensome minimumand maximum. In thedynamic
query sliderexample, two linear valuesre provided by the
slider input device method.

Formula A formula defines relationships amonuultiple
variables. In our framework it is used to specify an effect on
specific variablesbased onthe values of other variables.
Some example formulassed inour framework include the
object encodingformula which specifies whictgraphical
representation to use fodata objects based on their
characteristics Distortion formulasare another example.



They specify how the positionglarameters of anbject or

output method is orientation of the focus set objects, then a

an area should be altered based on a cost of value function ootation input value might be needed. If a positioctzinge

according to a referencebject. Formulasare usually

is desired,then a linear input valuemight be more

predefined. However, they may also be specified by users. appropriate. Furthermore, appropriateness oofput is

strongly dependent oruser task. For examplelisplacing

Focus SetThe focus set argument defines the set of entitiesposition brings oubccludedobjects , butdisplacing color

on which aBVI operates. The focusan either bedefined
through user input methods, assigned foremlefinedset, or

does not.

output by another BVI. User input methods can either defineGraphical StateThe graphical state refers to all objects that
single objects with a single (2,3)-dimension positional arecurrently visualizedThis includes graphicabbjects as
input device (e.g., mouse move), or an object group and well as axes, labelsand keys. Changes in thgraphical

areawith multiple (2,3)-dimension positional valués.g.,
bounding box). Thelynamicqueryslider in our real-estate

statecan bemade toobjects (e.g. changing from marks to
bars) or toattributes (e.g. colorfransparencyyisibility).

example has a predefined focus set containing all the objectShere aretwo types of graphical attributesspatial (e.g.

on the mapHigure 1).

A focus set may consist of twdifferent entity types:
objects or space. An object usuatbfers tothe graphical
representation of a particulaiatapoint (e.g. point, line,

size, shape, orientaticand position) and surfaceproperties
(e.g. color, transparency, blinking, texture.

In the real-estate examplegordinatedoainting involves
coloring interesting objects green. Thissjgecified by the

node, link, axis). A data object may be represented multipledesignerthrough adefault specification, whichcould be

times in several visualizations. An operation nadfgct the
graphical representations of data objects or it affact the
dataobjects themselves. The other entity typessace.
Space selection may be of typeea orvolume. Areas are
defined for both two-dimensionaland three-dimensional
visualizations. Spacesnd objects can be operated on
singly, as groups or universally (i.e. on thentire
visualization).

It is important to distinguistbetween spacand object

changed to blue if desired. Similarly, a designer rdlagnge
the highlight attribute from color twisibility, so only
interesting objects are visible. In the same waglyrsamic
query slider can control size or color instead of visibility.

Data State The data state contains information aballitof
the dataelements (e.ghousel, house?) thatare currently
in the system. Thisncludestheir attributes (e.gasking-
price, days-on-mark@t and attribute characterizationge.g.
cardinality, data-typp Changes in thelata state occur as

type entities because the same operation, when applied to arew data isreadin, or as userslelete andchangeexisting

object or a space, may result in vatifferent effects. For
example, magnification of an object will ongause the
objects to grow while the surroundingreas remain
unchanged.The advantage ofthis method is that the
absolute position of objectsremain constant. Area
magnification causesot only the objects within tharea
to expand, but thepace betweethe objects tceexpand as
well. Unlike the previous case, objepbsitions are no
longer static. As the area is magnified, objects nfaxtber
apart. Hollandsreported in[4] that this effect may be
disorienting to the user. However, tlaelvantage ofarea
magnification is that no matter holarge objects get they
will not overlap, becausethe surroundingspace expands
proportionately. This propertyloes not hold for object
magnification.  Such  distinctions have  significant
implications for the effectiveness of a techniqaed on the
tasks it can support.

3.2 Basic visualization interaction outputs

BVI outputs mayaffect the graphicaldata or control
state of the system.Different BVIs have different
output/effect choices. For example tlket-graphical-value

data elements.

Control State The control state contains internal
information generatedduring operation ofthe system. It
includes fourinformation types: virtual objects, global
properties, interaction statdhistory. Virtual objects are
abstractionscreated bythe systemduring the course of
interaction (e.g. set abstractions). Global propedassribe
generalsystem stateariables(e.g. visualizationgurrently
open, current directory, accespermissions).Interaction
state refers to BVIs used in aystem. This includes
information about interaction constraireed associations
between BVIs and visualizations. Finally history
information includes traces of useactivity and previous
user errors.

Information in the three statese needed tadescribe the
function of BVIs.BVIs often querythe system statbefore
invoking their operations. For example, anteractive
techniqguemay use visibility for filtering when thetotal
number of objects in the visualization iwrge and
highlighting when the number of elements ismall.
Coordinated painting in our real estate example qlgries

BVI may change any attribute of the graphical objects in thethe system stateWhen a user clicks orthe agency

visualization. Itseffect choices howeverare limited to
graphicalobjects. Thederive-attributesBVI on the other
hand can only affect dataobjects. For aparticular BVI,
different output methods mayrequire differentinputs. For
example, suppose we haveset-graphical-valueBVI. If the

aggregatebars, the control state igueried in order to

retrieve all of the house names associated with the selected



aggregates. These house naraesthen used toconstruct
the highlighted set on the map.

Note thatchanges tdhe controland datsstates do not
provide any feedback tothe userbecausetheir effects are
internal. Changes to the graphical state mayide user
feedbacksimply becauseaheir outputsarevery noticeable.
The dynamic query slider in our examplechanges object
visibility, which gives sufficient usefeedback. In other
interactions, (e.g. the scaling operation in SDM [Hjge
changes tothe scale may sometimes onlycause small
changes tathe selectedobjects, sofeedbackmechanisms
must beincluded about theoccurrence anckffects of an
action.
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Figure 4: Basic Visualization Interaction classification

Each of these classes affelifferent output states in the
system. Graphical operations affect the graphical
representations of data obje¢i®. thegraphical state). Set
operations affect the control staird dateoperationsaffect
the datastate. Changing the contrahd datastate could
however, cause secondary effectshte graphicaktate. For
example, deleting alata object will causethe internal
database tachange. In addition, itlso causesall of the
graphical representations of tideleted dataobject to be
removed, which changes the graphical state.

Figure 4 shows atree of the three BVI classes. The
leaves of thdree indicatethe different types of BVI. The
italicized text towardsthe right of thetreeshow the input
types needed by each of the BVIs. For examplhitt BVI
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4. BVI operation classification

There are three BMtlassesgraphical operations which
changethe appearance oVisualizations, data operations
which manipulatedataencoded invisualizations, and set
operationswhich create andmanipulate object setdata

objects are only mapped to graphical objects, not spaces, so

data operations will not refer to space entities.
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requires amattribute (whichcould be anattribute in the
graphical,data orcontrol state)and avalue. In the interest
of space, only a partial tree is shown and details aibpuit
types (e.g., positionforce, rotation and torque) are not
included. In additionthe other component in both the set
and datssubtree indicatehat there are unlisted operations
within those classes. It is not our intentibere to capture
all of the possiblgechniquedut rather to describe a basic
set of operations thatapture most of the interactive
behaviors that exist today.

Graphical OperationsGraphical operationscan bedivided
into encode-data set-graphical-value and manipulate-
objects Encode-datarefers to operations thatchange or
transform mappingsbetween data and their graphical
representations. Thehange-mappingperation isachieved



by altering graphicabbjector graphicahttribute mappings.
An example of the former is switching from pointskars
to representattributes of houses. Theadrag-and-drop
operation in Visage [10] is an instance thfs class of

interaction. An example of the latter is changing the

encoding of house-pricefrom the size of a point to
saturation.

Mappings between graphical attributesd datecan also
be transformed, either bghifting the encoding range or
rescalingthe encodingrange. Scale operationsare usually
used tomagnify differencesamong values of garticular
attribute (e.g. scale height), asHift operationsare used to
separateout sets of objects (e.g. shifting x-position).
Examples ofshift and scaleoperationscan be found in the
SDM system[1].

As shown inFigure 4, operations thathange graphical
representations camlso be of typeset-graphical-value
These operations alter the visuapresentations dfelected
entities uniformly by simply setting the values to a
constantor according to dormula @raphical- transforn).
Painting a set of objected is anexample of an operation
that sets the value of the color attribute to a congtad}.
The formulas available for transforming graphicalues
have been classified by Leung [8fo continuousandnon-
continuous functions. Thdifferencebetweenset-graphical-
value operationsandthe encode-dataoperations is that for
the latter, the altered graphical attributes merstode adata
attribute, whereas inthe former, thisneednot be thecase.
Since set-graphical-valueoperationsare not related to the
underlying datathey can be applied equallywell to both
object and space type entities.

The third class of graphical operationare for
manipulating graphical objects, including creating and
deleting them. Unlike theencode-dataand set-graphical-
value operations, these operations do wbange graphical
attributes nor do theychange the mappingsbetween
graphical objectsand data. Insteadthey operate on the
graphical objects as a unit of manipulation.

Set operations Set operationsefer to all those operations
that act on or fornsets.These operationgclude creating
sets, deleting sets, summarizing sets, joiningets,
intersecting setand soforth. Setsprovide a way for users
to expandthe underlyingdata with new classification
information. For example, the aggregation task in reak
estate exampleausedthe creation of multiple sets to
representhe classification of houses lagency When the
user aggregatedhe housesbased onagency a set was
createdfor all the houses sold byachagency. An object
was created for each set and then visualized.

highlighting task in our real-estate example, the highlighted
set on the map isonstructecbased orthe enumeration of
data-objectswithin the selected agency aggregates (these
objects are obtained by querying the control state).

Set membership islefined through a formula or a
constraint, which may be dynamically altered. Elements that
fulfill the set constraint automatically get addedr@mnoved.
The dynamic query slider technique in our exangaesists
of a set associated with a membership constraint.slider
controls this constraintand cause elements to be
dynamically added to omemovedfrom the set when the
slider is moved.

Sets have group characteristics. Memlbleas join the
set will automatically inherit those grougharacteristics.
Upon leaving the group, members will lose those
characteristics and revert back to their individual
characteristics. For example in treml-estatdiltering task,
the slider valuecontrols set membershigWhen elements
enterthe set, theypecomevisible becausehey inherit the
visibility property of the set. When thdgavethe set,they
revert back to their individualisibility value which is off.
In the same example, a setagatedwith a bounding box
and is painteded. Dragging one element of the seguses
the position of the set to change. Thauseghe position
of all elements within the set to change as well.

Data operations Data operationgffect the data elements
contained within the visualization.Data operations are
especially useful in creatingimulations orcarrying out
what-if analyses. This can be done by changing setimtaf
valuesandthen observing whathanges theseause to the
other datavalues. Another usefudataoperation isderiving
new attributes for thelataobjects. During analysisjsers
usually discover new facts about thata and it isuseful to
be able to augment the data with new findings.

5. Composite visualization interaction

To support complex task®8VIs can be combined to
form compositesThere arethree types of composition:
independentcomposition set composition and chained
composition In independentcomposition the BVIs are
made available for the same visualization émtnot related
except when there are conflictsdaesiredeffects. Effects are
applied orthogonally and operations canelsecuted in any
order or inparallel. Each operatiohas its ownuser input
methods. In theeal-estateexample, the map display has a
selection interaction with a bounding bexd a filtering
interaction with a slider. These operatiare independently
composednto the same visualizatiofzach operation has
separateand distinct input methods (boundingoox and
slider). Elementghat are filteredand thereforenot visible

Sets are populated by enumerating members of the set diannot beselectedwith a boundingoox. The semantics of
by expressing conditions for set membership_ Enumera’[ingtems that are selected, made invisible and then visible again

set members iachieved byhaving the user explicitlypick
members from the visualization, by having tHesigner

are potentially confusing (e.g. when theye invisible, do
they remain in theselectedset?). Our characterization

definethe sets apriori or by getting the objects from the enables the designer to represent the alternatives.

system control state. For examptiyring the coordinated



In set compositionpperations are grouped so theten
one is triggered, the others getecuted asvell. As before,
effects areapplied orthogonally and operationscan be
executed inany order . Operations thaare composed all
affect the same focus set. In oueal-estate example,
coordinatedpainting consists of @et-graphical-valueBVI
that changeghe color of theselectedbbjects to a constant
(green).This BVI is set composedwith an enumerate-set
BVI. In operation, either theset-graphical-valueBVI is
invoked first to paint abar in Figure 3b green, or, the
highlight set for the visualization iRigure 1 is defined by
theenumerate-séBVI. The order in which these operations
occur donot affect the final result of the visualizations.
Note also that both operationssed the same focus
object(s), which in thiscase werethe selected agency
aggregatebars. The set-graphical-valueBVI colored the
agency bars greewhile the enumerate-seBVI used the
agency bars to form a new green highlighted sEigmre 1.

This compositeBVI can be tied to amnput device or
multiple input devices. For example, suppose the

using the agency display. When an object falls within both
sets, there is uncertainty as to which color it should be
painted. In addition, if both interactions highlighted objects
to be red then there is ambiguity as to how/why a
particular object got highlighted. Dealing with collisions in
interactions is a complicated procdmsause idepends on
the visualization, the operatioand the task. If the task
doesnot requirepersistence of certaioperations, then we
have to be able to specify that we can overrideefferts of
that constraint. Otherwise, weave to findsome way to
resolve collisions. Toresolvecollisions we provide two
types of constraintsoperation constraintsand collision
constraints

Visualization tasks may attach these two types of
constraints to theresourcesthey change. Operation
constraints define the scope of the opera@tiact. First of
all, they have a temporal aspect and may either last for the
duration ofthe input device, fade, or b@ersistentacross
sessions. Secondly, they may lkeplied to the entire
resource oronly to specific values.For example,when

composite BVI is tied to a bounding box and a mouse click.doing painting, we may constrain the color parameter of the

When a user clicks on a bar,viill be highlightedand all

related houses iRigure 1 will be highlighted as well. This
will also occur tothe set of objects chosen bybaunding

box. Note that this isdifferent from the previous
composition where each BVI has separate and distipct

devices. Hereall BVIs within the setaretied to the same

input method.

Finally, BVIs may besequenced ochained. Inchained
compositiora particular BVI has its focus set defined by the
previous BVI in the chain. For example, thggregate by
agencytask performed inthe real-estateexample,requires
severakreate-setBVIs (one for each agency-type) to be set
composed. To display objects representing the newlgted
sets, thesdVIs must be chaincomposed tothe create-
graphical-objectBVI, which createsrepresentations of the
setsandaddsthem to a visualization. Thereate-graphical-
objectBVI has toreceiveits focus set from thecreate-set

BVIs because the objects to be visualized (i.e. the sets) only

exist after the create-setBVIs have been executed. The
aggregation operation actualigplaceshe detailedobjects
with aggregates - bars for individuabusesare deleted as
aggregatesare created. Wecan representthis as set
composing the delete-object BVI with the previous
composite for creating an aggregate

Different BVIs in the chain mayhave different input
methods. When a@VI in a chain is triggered, it gets
executed andhen all otherBVIs that comeafter it get

visualization so that it cannot be used by further operations.
Alternatively, we may constrain only the use of ttwor

'red' sothat further painting operations oflifferent colors

will not be hindered.

Collision constraints are associatedvith operation
constraints. The collision constraingpecify whether the
operation constraint that it isssociatedwith can be
bypassed. Thdlifferent conditions in which an operation
constraint may be bypassed is as follows:

0 Group condition The constraint is passed if the group
of entities specified in the constraint matchesftweis
set of the BVI.

O Operation condition The constraint igpassed if the
currentvisualization task matches the osecified in
the collision constraint .

0 Undo condition The effects of the previous

visualization taskhave to be undonérst before the
current operation canproceed. If the previous
visualization task is a set @hainedcomposite,then

the effects of all the basic visualization tasks have to be
undone.

6. Previous work

Not surprisingly, much of the workdone in
characterizinguser interface§2,5,7] canalso beapplied to

interactive visualizations. This paper builds upon work done
in user interface design, order tocome up with aigher-

executed in turn. BVIs that come before it, however, do notlevel characterization for interactive visualizations.

get executed.

An issue that arises in compositiorrésource conflicts
Resource conflictmay occur when tw@VIs try to change

In general, not much work hasbeen done in
characterizing interactive techniques.eung [6] came up
with a comprehensive framework for understanding various

the same resource (e.g., data, graphic or state attribute). Falistortion techniques. However did not addressnteractive

example, in theeal-estatescenario, the map visualization
could havetwo different types of sets, a sqtainted red
using the bounding box, andcaordinatedset paintedgreen

techniques beyond this area.



7. Summary & future work

In summary, wehave described acharacterization for
interactive techniques. Inthis characterization, we
decomposeinteractive systems into semantic primitives
which we call basic visualization interactio(BVIs). We
provide a classification for the various primitives and
describehow theycan be composed tform systems. We
have implemented an initial prototype systbased on our

characterizatioanguage. This system allows construction

and composition of interactive methods fodigerseset of

visualizations. We are working on adding a direct
manipulation interface to facilitate assembling and
composing these interactive methods.

In the future wewill work on expandingour current
languagewith semantics thatlescribethe effectiveness of
the various interactive behaviotsased onthe data, the
available graphical objects and the task. This wiléble us
to provide design knowledge the userand automatically
design dynamic visualizations.
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