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Abstract

Spatio-temporal knowledge representationrofeguires
shifting from one level of detail to another sotthaers
can carry out a desiral task Geographt information
systems typicafl treat such alterationsin detail with
respectto the geometd propertiesof objects. h this
paper, we exter the theories based on geometrical
consideratios only t an approat that focuses on
shifts between levslof temporal detail The approach
is basd on a model ofchangeto identifiable objects
and describs tempord zoomimy that involves
expanding or collapsing the transitions betwégentity
states ofobjects This wok offers promisig new
directions for spatio-temporal query languages.

1. Introduction

People vigv the world at different levels of detail,
abstracting from the watlonly those things tha serve
their preseninteress [1-4]. Thes changesin detail
enable peopl¢o translatethe complexitis of the real
world into simple representationsWith geographic
information systemm (GISs), abstractio method have
typically been appliedo the geometric propertieof
objects. For instance, Gd®ffer users tod for spatial
or geographiczoomingon the geomefr of objects[5-
7]. In this paper, & exterd the theoris of zoomingin
GISs basedon geometrical considerationsnly to
temporal zooms—operations theuppot shifts among
levels of temporal detail, generating different viefis
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objects overtime. Temporal abstractions havbeen
studiel for certain domains including clinicalettings
[9] ard traffic-control studies [10where methodsfor

abstracting high-leveconceps$ ard patterns from time-
stamped data have been explored.

Shifting betwea levels of detail is a necessary
routine for tle doman scientist. Tle formalization of
such shifs for implementatio in a GIS, however,is
more complex This papeé presents a new tseof
operations d suppot shifts in levels of detal over
time. The approachis basedon a modelof chang for
identifiable objects. A objed refers to the
representationof a red world phenomenon inan
information syste tha exists as a physica entity,
such as a buildingor somethig conceptualsuc as a
county or state Object are associate with certain
identity states Identity conveg the uniquenessard
individuality of an object [11, J2ard has bee usedin
models of change to track objects over time [13, 14].

In this paper, wedraw on the cognitive aspects
relating b the differert perceptions blevels of details
of objects thachange ovetime, ratherthan theactual
measure at which objecbecone discernibé from each
other (resolution) The notiom of thinking abou the
world at different grain sizes fits wel with ouwr
conceptualization of Mo peopk shift betwea different
levels of temporadetail of objects. We use detail in
this paper to refer to these concepts.

The remainder of the papararganizedas follows:
Section 2 describes how shifts can adoetweea levels
of temporé detail Section 3 summarizs the identity-
basel Change DescriptiorLanguag that s usedto
express various operati®ron objed identities This
visud languageis applied in Section 4 to model
differert levels of tempordadetail Sectim 5 presents
new temporal zoom operations. Section 6 condulde
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2 . Shifting Between Different Levels
of Temporal Detail

Geographicentities can be perceived according to
different levels of temporal detail. The building of a
new public library in atown, for instance,can be
perceived and modeled ame step or from dalifferent
perspectivemultiple stepswhere each othe separate
tasks—forming a building committee, selectingite,
hiring an architect, hiring a contractor, building the
library—that contribute over time to the creation of the
building are relevant. Thisrefinement of detailover
time bringsforward additionalinformation that at the
coarser level has been abstracted awéyg selection of
the site for the library by the building committee and
the hiring of the contractor, for exampleere not
relevant atthe coarserlevel of detail. Conversely,
coarsening the level of tempordktail collapses the
sequence of facts about the process into fewer details.

3. ldentity-based Change Description
Language

Geographicentities can be modeled asobjects. A
Change Descriptioihanguage[14] has beerdeveloped
that is basedupon a classification of alterations to
discrete objects through trackingchanges toobject
identity. Object identity provides a way tepresent the
individuality or uniqueness of an objeatdependent of
its attributes and values.

The Change Descriptiohanguageuses symbols
to convey the basic elements of thedel aswell as

object with that identity has existed. Thimse is

contrasted with the second one, which represents a non-

existing objectwith history (Figure 1c). In thiscase,

an object with identity previouslgxistedbut hasbeen

eliminated and no longaxists. The Soviet Union, for
example, no longer exists in 1999. Objduave been

given a label toaid identification. Thesesymbols

illustrate states in which objecteside at different
times.

A

@) (b) ©
Figure 1: Basic symbols used for (a) an
existing object, (b) non-existing object

without  history, and

object with history.

(c)

non-existing

Temporal change ismodeled in a qualitative
fashionbased orthe order ofevents [15]. Thechange
from one identity state to another ¢spturedthrough
an arrowand is referred to as mansition (Figure 2).
Scenarios reflecting changes to object identity are
developedrom the left of the transitiorarrow to the
right, where left corresponds beforeand right toafter.
Transitions are assumed to bedirect, with no
intermediate states being portrayed. The Change
Description Language convegsly qualitative aspects
of change, for example, no information on theation
of the length of time of a transition is portrayed.

combinations of these elements. The elements or P

primitivesare based on identity states of objeantd are >

founded onthe notion of existence. Existence, tims

paper,refers tothe physicalpresence or occurrence of Figure 2: A transition between two

an object or, forconceptualobjects, the belief in or

perception of an object. The State of Maine, for

example,can bemodeled as amxisting object. This
object is not a physically existing object, ather an
object that has been created by hurdaoree Existence
is differentfrom the notion ofappearance, aimilar
concept in thevisual domain. Although arobject's
identity is immutable, the state of an identity may
change, for example, from existing to non-existing.
The primitivesarise from thefact that anobject
can be inone of two identity states: eithexisting,
describing the case where an identifiablebject is
present, conceptually or physically (Figure 1a)non-
existing. We further refine non-existence differentiate
between non-existing identity states: non-existing
without history and non-existing with history. The first
case describethe situation in which no object with
identity is existing or hagxisted previously (Figure
1b). The termwithout historymeans that no previous

identity states of an object.

A set of basiddentity-based changeperations is
derived through systematic combinations of the
primitives, capturing the semantics of aeate
operation (Figure 3a), the operationontinue
existence  that reflects atransition between two
states of an existing object (Figure 3b), theration
eliminate  (Figure 3c), the operatiotlestroy  that
reflectsthe permanent removal of aexisting object
resulting in a non-existing object without history
(Figure 3d),and the transition from a non-existing
object with history to an existing objectaptures the
semantics of aeincarnate (Figure 3e)describing
the fact that the same identity has existed previously.

The remaining fourare combinations of non-
existing identity states: continue  non-
existence with history (Figure 3f), a
forget operation (Figure 3g), the transition from a



non-existing object without history to a non-existing Conversely, coarsening the level adtail collapses the

object with history describes arecall operation  sequence of transitions into fewer transitions.
(Figure 3h), and the operationcontinue non- We refer to these shifts in detail over the
existence without history of an object transitions between identity states of objects as
(Figure 5i). temporal zooming

ﬁ ﬁ 5. Operations to Support Temporal

Zooming
@ (b) © . .
The need to alter levels of detail over transitions

7, ﬁ ) requires a set aémporalzoom operationsthat support
these shifts.
(d) (e ® A transition linking identity states of aabject
over time has multiple viewseach ofthem distinct
— — — from the othersEachview corresponds to dlifferent
way of perceiving the transitions among identity states.
(©) (h) @) Views can be distinguished in two ways:
Figure 3: Operations on single objects. * View A has lessdetail with respect to

identity states than View B, or
¢ View A cannot becomparedwith respect
to the level of detail of View B.

Temporal co-occurrence oftransitions affecting
different objects isconveyedthrough aligningidentity

states_vertlcally. A set of transmo_ns belongs to a Such properties lead to representations as partially-
scenario  of change A scenario reflects a geredsets. Wechoose a moreestricted form of a
conceptualization of change, namely the set of objeCt$)aria|ly orderedset, namely a latticehecausdattices
with identitiesinvolved in transitions relating to the capture all possible viewsover transitions among
task at hand. objects (a similampproachhas beerused byStell and
Worboys [8]). It arrangesthe views such thathey

4 . Applying the Change Description correspond to &evel of detail. At the highest level in
Language to Model Shifts in the lattice, a viewelates to thecoarsest detail for an
Temporal Detalil object (a single identity state of an objedat,qg.,

Library ), while at the first level of detailmore
views of the object exist (Figure 5)hese views
includethe identity states of the object at thearsest
detail aswell as all first-level transitionge.g., one
transition linking two states of an object).

Shifting the level of detail returns either a mdegailed
or less detailed view. Views are not visual
representations, buather arearticulations (i.e.,more
detailed views) or abstractiolfise., lessdetailedviews)

of identifiable objects and transitions. Two temporal zoom operations that support shifts

Applying the Change Descriptiohanguage 0  penyeenlevels ofdetail are Expand and Collapse
model the existence of a library, for example, |Ilustrates(|:igure 6).

how refining the level of detail over transitiohstween
identity states of objects (Figure 4pveals past 5.1 Expanding Transitions

transitions and identity statesrresponding to whether ] ]
the object was existing or not. ecomespossible to The operatiorExpand relatestwo views of thesame

determine how often these states have occurred. object at different levels of detail. At tlwarsest level,
X a view is composed of arpbject associatedwith a

single identity statendtherewill be some maximum

level of detail beyond which the viedoesnot change.

At the first level of detail a view returns the state at the
coarsest level plus the first-level detail.

The Expand operation takes a view over a
sequence oidentity states of an object (Figura) and
refining the temporal detail, returns ammtermediate
states of objects thaare known to have occurred
(Figure 7b). This distinguishes states of objects that
Figure 4: Transitions between objects at were not apparent at a less-refindével of detail.
different levels of detail.

coarsening

detail

refining
detail

\
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Figure 5: Detail lattice.
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)
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detail

Figure 6: Temporal zoom operations:
Expand and Collapse

Library M-’
@ (b)

Figure 7: Expand operation.

Library

Based on asystematic application of théasic
identity-based change operations, themretwenty-seven
possible combinations of identity states tltain be
articulated through aBxpand operation.

Certain sequences ofdentity states may not be
valid for all domains, for example, thhave a non-
existing object without history followed by an existing
object (other than at the beginning ofsaquence of

transitions between identity states) may not be
plausible in some contexts.

As part of theExpand operation,therefore, a
Validate  operation may be desirable mecessary to
checkthat thesequence ofdentity states isvalid for
that domain, with onlyalid results beingreturned to

the user.

5.2 Collapsing Transitions

Coarsening temporal detaéquires a differentemporal
zoom operation, theCollapse  operation. Inthis
case, a sequence of identity states of the same object is
combined (Figure 8a) returning a new vieuth fewer
identity states (Figure 8b). This results irt@arsening
of detail over transitions between objects.

Library m—’ Library|
A ;

(@) (b)
Figure 8: Collapse operation.
Similar to theExpand , the Collapse operation

also usescertain rulesthat allow us toreason about
combinations of identity statesThese rules are
similarly based onthe set of valid identity-based
changes to single objects.

There are different approachese can take to
determinethe resulting state of an objectfter a
Collapse . Dependingupon the task, the priority
assignments can be: existence followed by non-existing
with history; non-existence; the before-transition state;
or the after-transition state.

The operatiorCollapse relatestwo views such
that one view istransformedinto another view at a
coarser level of detail. If theoarsest level ofietail has
beenreachedpnly one state of an object existien
the view does not change.

As an example, if objects A, Band C exist and
have asequence ofour identity states (W, X, Y, 2)
(Figure 9a), wecoarserthe detail by collapsing states
X and Y of each object and use the reasoning that
existence takes priority. The resulting view (Figure 9b)
has been reduced to three states from four.

Depending orthe priority schemeselectedfor the
Collapse operation, thesequence ofdentity states
returnedmay be meaningless or implausible for a
domain. As theCollapse operation shouldeturn
only a valid set of transitions to the usealidate
operation will also benecessary agart of the
Collapse . The Validate operation tests for any
invalid or implausible transitions as known from the
combinatorial rules and adjusts any such transitions.
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Figure 9: Collapse combines

transitions.

operation

(4]

The Collapse operationan be applied iteratively
to obtain views at increasinglyoarser levels of
temporal detail. Likewise, €ollapse operation can
be followed by arExpand wherethe result is also a
view at the original level of detail. Althougthis is a
desired outcome, it is not alwagsaranteed agiven a
lattice, the return of views at more than one level of
detail is possible.

(5]

(6]

6. Conclusions 7]

This paperhas presented aew perspective on detall,
namely, detail of transitions This concept involves
views, whicharethe perception a user has of objects,
their identities,andtransitions. Shiftingbetween these
levels of detail is accomplishedhrough temporal
zooming. Refining the level ofletail overtransitions
betweenobjects results in a newgxpandedview of
transitions at diner temporalresolution. In thiscase,
more identity statesnd transitions of the object are
shown. Coarsening the level détailtakes a view and
collapses the transitions intiewer stages,abstracting
away irrelevant states for the user.

Although this paper focused affects of temporal
zooming on identities, the same principals apply to
spatialandthematic properties. With a higher level of
detail, for example, more information on the spatial
properties of objects becomes known. Apparersich
types of zoomcan be combinedZooming in over
identity and spatial attributes, for example, megveal
when new objectare formed asvell as when existing
objects change selected spatial properties. To offer userd 4]
the flexibility to explore changefrom different
perspectives, the temporal zoom operatioesd to be
parameterized.

As an additional perspective tthis work, the
Expand operation alsaevealstransitions involving
additional objects with different identities that at a
coarser levehre abstractedway. Operationgherefore,
to articulate either more dewer objects will explored
in future work.
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