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Summary. Current navigation services assume wayfinders new to an envirenmeson-
trast, our focus is on route directions for wayfinders who are familiar thighenvironment,
such as taxi drivers and couriers. We observe that people comatenimute directions to
these wayfinders in a hierarchical and granular manner, assunrimg sttared knowledge of
the environment. These route directions do not focus on the routethat cn the destination.
In this paper we solve the first problem of automatically generating rowgetains in a hier-
archical and granular manner: finding the initial entity of such a comnatinit. We propose
a formal model to determine the initial entity, based on Grice’s conversdtinaxims, and
applied to a topological hierarchy of elements of the city. An implementatidheoimodel is
tested for districts in a political subdivision hierarchy. The tests showsonedle behavior
for a local expert, and demonstrate the efficiency of granular routetins.

1.1 Introduction

Current navigation services provide turn-by-turn routeections to human users.
In contrast, route directions given by people are signifigadifferent [13, 12, 4].
For example, peoplehunkroute segments together, depending on various structural
characteristics of the route [14], and they refer to spesifitient elements in the
environment, such as landmarks, paths, nodes, distridtse@dges [16].

In particular, people usually adapt route directions tdéel of familiarity with
the environment shared by the wayfinder. If direction giveaie assume that the
recipients have some familiarity with the environmentythetiate route directions
by reference to an element at a coarse level of granularitacang the destination,
such as ‘lkea ...is in Richmond'. They expect that the recipshares knowledge
of the environment at least at this coarse level, and willlide g find a way to this
element autonomously. The direction givers continue thiémwcreasingly detailed
directions to the destination starting from this initiatrelent, such as ‘In Richmond,
at the town hall, take .. .".

The above mentioned elements of the city form a functionatanchy of lev-
els of granularity, and exploiting this property in routeeditions produces what we



2 Martin Tomko and Stephan Winter

call granular route directionsWe argue that current navigation services with their
detailed turn-by-turn directions serve only a subgroup affimders with low famil-
iarity with the environment. A large group of potential usef navigation services
are neglected: people living in a city and having a genee iof its structure. Peo-
ple in this group may perceive turn-by-turn directions paizing, and hence, they
are not satisfied with the quality of service. They are beséeved by granular route
directions.

In this paper we study the initial entity of granular routeedtions for recipients
who are familiar with the environment. We are interestedatednining the element
of the city that has to be included as the initial entity infsaccommunication. This
element needs to be shared by both agents’ mental modeldy@athesis is that
the choice of the element depends on the hierarchical oaktiip between the start
and the destination of the route. The hypothesis builds erctimcept ofelevance
as defined in maxims for communication acts first identified3rice [8]. These
maxims postulate that information conveyed to the recipéiould be neither too
coarse nor too detailed.

We propose to deduce the relevance of elements of the cityetodute from
their position in the hierarchy in relation to the start aedtihation of the route. We
formulate conditions that determine the amount of infoiorato be communicated
to the recipient, and integrate these conditions into a &imad model. This model
is further translated into an executable specification gheahits behavior can be
demonstrated and tested. Furthermore, specific testsdicté are introduced and
explained. The discussion of the test results enable p&ath be drawn for the
extension of the model for the remaining elements of the: ggths, landmarks,
nodes, and edges.

This paper is structured as follows: Section 1.2 introdubesbasic theoretical
foundations from spatial cognition and communication tgegon which we build
our proposed model. We then develop our model of granulaerdinections (Sec-
tion 1.3), which is formalized for implementation in Sectib.4. The algorithm for
the identification of an initial entity is formalized in Semt 1.5. The test cases are
described and discussed in Section 1.6, and followed bylgsioos in Section 1.7.

1.2 Route Communication

1.2.1 The Structure of Urban Environments

People living in an urban environment learn the spatial lyad that environment
through frequent, repetitive interactions, such as wairigdlL 7]. The accuracy of
the acquired knowledge increases with the continuing actésn with the environ-
ment, and so increases the accuracy of the agent’s mentall f263. The evidence
that such models contain hierarchically organized knogéedlas demonstrated by
Hirtle [11, 10]. Hierarchical conceptualization of spac@kles granular spatial rea-
soning, for example in wayfinding on a hierarchic path nekw@5s], as well as
communication of route knowledge in a granular manner [28, h comparison
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to these works, our approach is different by not commumgathe full path from
the start to the destination, but instead try to describedéstination in a granular
manner.

1.2.2 Communicating Route Directions

Current navigation services provide no direct interactiith the recipient. The com-
munication situation corresponds to indirect human comioation: route directions
areread by the recipients, who then try to realize their understagdif the direc-
tions in the physical environment. In this sense route tivas formnarratives and
direction givers ar@arrators[27].

Human communication of route directions has been the objeavestigations
for decades now [13, 12, 7, 2, 4, 15]. Despite that, there ifasmo study that
specifically looks into human route communication to waydirsdfamiliar with the
environment. Our observations and examples are, howewsesistent with those
described in [23, 20].

Past research of direct route communication exploredisotigtion on references
to objects, either mutually known and visually accessilylehe recipient [1, 9], or
unknown and inaccessible by the recipient [5]. Unlike theselies, the emphasis
of this paper is on the selection of the element communichied narrator from
the set of available elements. The process described lisustihdirect one, as the
narrator infers which element to refer to from context anddsua narrative from
that suggestion.

1.2.3 Relevance

In his seminal work, Grice [8] made a contribution to the ssdf pragmatics by
formulating four maxims of conversation, well applicabteeffective and efficient
information transmission: the maxim of quality, quantiglevance and clarity. Route
directions are a specific type of information communicatidrich is deeply prag-
matic and rich in content. This paper explores the impachefrhaxims ofjuantity
(“make your contribution as informative as required by tbegose of the exchange;
do not make your contribution more informative than is regdi’), relevance(“be
relevant.”) andclarity (“avoid obscurity of expression; avoid ambiguity; be brief
(avoid unnecessary prolixity); be orderly.”) on route ditens generation. We as-
sume that the maxim afuality (“do not say what you believe to be false; do not say
that for which you lack adequate evidence”) is respected,@srequisite for usable
route directions.

1.3 Route Communication to Familiar Wayfinders

1.3.1 Relevance in Route Directions

Information that is too coarse is of no value for the recipiémagine a passenger
entering a taxi at Melbourne University for a trip to the tratation. If he says ‘To
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Melbourne, please’ theurprisal valueof this information—being in Melbourne and
going to Melbourne—is low [22, 29]. In a different contexty fostance in Geelong
(next to Melbourne), the same order makes perfect sense tasthdriver, at least for
a first leg of the trip. If a message has the appropriate Sajpvalue, itgpragmatic
information conten{6] is maximal and thus it has higtelevancefor the recipient
[24].

In such directions, direction givers refer to an elementhef tity [16] as small
as possible—here, a district. The choice is further limltgdhe other constraints—
the necessity to refer always to shared concepts and to amaiiguity. Ambiguity
occurs if at a level of granularity several possible refeemnexist. For example,
the taxi passenger from Melbourne University should not‘$aythe train station,
please’: there are several of them close by. The surpridaéva too high and the
taxi driver is confused.

Thus, a direction giver strives to provide a reference tdittest element presum-
ably shared with the recipient that just avoids ambiguitidss phenomenon was
previously observed by Rumelhart in 1974 (as described an&m [23]). Shanon
then suggests topology as selection criteria for apprtgpreferences.

1.3.2 Granular Route Directions

Granular route directions represent a specific case ofriefeexpressions as defined
by [3]:“[A referring expression is] ...an expression urefuidentifying a specific
object”. They represent a concatenation of multiple refees to entities with an
increasingly fine level of detail. This zooming in route diiens was previously
observed by Plumesdt al.[20, 21].

Granular route directions have the potential to be signiflgashorter than turn-
by-turn directions, with the length measured by the numlbeeferences. The dif-
ference increases with the length and complexity of theerotbr example, a cur-
rent navigation system needs 18 turn-by-turn directioomfMelbourne Airport to
‘Turnbull Alley’ in the city center. A system using granuleoute directions could
instead deliver a human-like message: “In the city, off Bprbtreet, opposite the
Parliament’, consisting of three entities.

Formulating the basic principles of selection of spatiditexs from a hierarchi-
cal structure of the city enables to construct granularerdlitections. Human route
directions are a mixture of references to various elemehtiseocity, with complex
interdependencies. This paper starts the explorationektlbject by considering
only a single type of element, districts. Considering adrighnical partition of the
city, we define the conditions for selecting the initial gntf granular route direc-
tions, .

A granular communication process depends on the ideniditaf the context,
which is often sufficiently clear in human communicationnSider the taxi scenario
again: the passenger concludes from the situation thatriber ds familiar with the
city. The passenger may also know from experience that taers typically do
not know specific destination addresses. Furthermore,abgemger and driver both
share the knowledge of the start of the route: their curiesdtion.
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In the indirect communication situation of a navigationteys the system has to
presume that the wayfinder shares the knowledge of some rigmiethe environ-
ment. It can do so by profiles of users, or profiles of standatbiapplication areas.
Furthermore, we expect that future systems will be able talaot dialogs, and thus,
can correct wrong assumptions.

1.3.3 Granular Route Directions in Communication

The quest to keep the amount of information communicatetigmecessary mini-
mum provides a means to start the route description at thénmiax possible detalil
and still keep the certainty of the information transmiftatl in accordance with
Grice’s maxims [8]. If the wayfinder is familiar with the em@hment, the narrator
will refer to this shared knowledge, in order to keep the amad transmitted in-
formation low. The narrator will typically refer to a welkkbwn element of the city
in the proximity or containing the destination. This elemisnat the finest level of
shared knowledge, and its communication would be suffi@adtmost effective.

In some cases, such as those of entities with ambiguous nHmaesrrator needs
to refer to elements at coarser levels in the hierarchy, iguedy identify the referent.
For example, when referring to a destination close to theaopailding in Sydney,
one could just refer to th®perg and for any wayfinder in Sydney this would be
sufficient. If the start of the route is not in Sydney, a disajuhbtion is necessary,
by referring to theSydney Operarlhis is a granular route description including two
levels of granularitySydneyandOpera A similar process of referring in a document
hierarchy was described in [18]. In this work, the authofsnred to the effect caused
by such ambiguous referenceslask of orientation Consider Figure 1.1, which

N GRD N GRD  TBT

N+

Fig. 1.1.Negotiations about references and in route direction in the context obthe (see
text).

represents the complete communication process of thetomaad the wayfinder.
The spatial relation of the stastand the destinationof the route provides sufficient
clues to start the granular route description. An insuffic@verlap of the knowledge
of the wayfinder and the narrator may require a collaboratieatification of the
destination in a negotiation segmeN{)( This process iteratively enables the narrator
and the wayfinder to find a shared element at a certain hiecatdevel in their
respective mental models of the environment.

A similar negotiation process occurs upon reaching thetfstesred element, and
is followed by turn-by-turn directions. This can also octuthe middle of the route
directions, in the case of structural differences in the talemodels of the narrator
and the wayfinder.
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1.4 A Formal Model for the Initial Element Identification

1.4.1 Model Constraints and Assumptions

Building on the representation theory of Worboys [29], taale consensus between
the narrator and the wayfinder the representation of therrdtion in the narrator’s
domainN has to be transmitted through a communication process anchethto
the correct representation in the wayfinder's dom&inFig. 1.2). BothN andW

Fig. 1.2.Domain formation and matching process (see text).

are subsets of the domalty (N, W C R), which represents the reality. The domains
N andW are mental models of the reality, which can be incompleteimmerfect
with regard toR, as they are constructed by learning through interactiah thie
environment. We call these mapping processé@®ality — narrator) ando (reality

— wayfinder) respectively.

Fig. 1.3.Domain.S and the route hierarchy reconstruction (see text).

Lets consider the Figure 1.3. The domainand therefore alsty andWW, consist
of elements, of any of Lynch’s five types of elements of the city. Theseraats
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are organized hierarchically in levdlsNote that the hierarchidsy andhy, are not
necessarily subtrees of the hierarchy, (¢(hn, hw C hgr)). As we can see in the
hierarchies of the domain¥ and W, differences in granularity levels between the
reality and the mental models occur, including omissiorsl@fents. Therefore, the
hierarchies:;y andhyy, are not necessarily identical(a;y # hw)). The intersection
of the domaingV andW is the subset of elementsthat are shared by both agents
(N N W = S) with identical tree structurgg.

During the communication, a process(c : ey — ew), representing the com-

munication, associates respective elements from the doniao the domainiv.
To reach consensus between the narrator and the wayfindepydbess: and the
procesav have to associate the respective representatigrendey;, of an element
er. If these processes are successful, the agents in effdcitekie elements of the
domains$ in the communication (Fig. 1.3).

In our model, we assume the preservation of relative ordeafrelements in the
hierarchies (ifiy(e1) > In(e2) thenly (e1) > Iy (e2)). If an element is present
in the mental model of the wayfinder and the narrator, itsgiacthe hierarchical
structure of the domain andW is such that the relative ordering between the ad-
jacent elements in the tree is preserved. A violation of é&tive ordering condition
would result in an incompatible mental model (e.qg. citiesiposed of countries). If
this condition is not met, the narrator and the wayfinder hawengage in communi-
cation about the reference made.

As an implication, the hierarchies of elements in the two dim® may have
different depths, e.g., be flatter or deeper. Any elemernitsimared by both domains
N andW can only be found on the finest levels of the respective libres.

In order to describe the whole route, several elements afeteting levels of
granularity have to be identified and matched through thengonication process.
Let us call this set of elements, (C' C S). This process leads to the reconstruction
of a subtregi of the hierarchyhg. The initial entity referred to in granular route
directions is a member of the subtrieg (elemente, in Figure 1.3).

Worboys [29] considers the different contexts of two agemigaged in commu-
nication. In our case we limit context formally to the knoddg of the agents (nar-
rator and wayfinder), represented by domains with intertratgire h and hyy.
These contexts are, in general, different. A typical exanigpthe situation where the
narrator knows the destination, but the wayfinder does rtbe(wise route directions
are not necessary). The narrator, initiating a wayfindingrooinication, anticipates
the context of the wayfinder. In order to construct succéggnular route direc-
tions, the conditions on the two domains and their intertrattures need to be met,
and the context of the wayfinder is correctly anticipatedheduise, the agents will
enter in a new cycle of negotiation, as discussed in Sect®3.1

1.4.2 Initial Element Identification

We now apply the basic principles described earlier to teafification of the initial
entitys of the granular route directions. These principles aremgged in information
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relevance and explore the topological relation of the gtarand target#) element
of the route within the hierarchyg (Figure 1.3).

The selection is grounded in a translation of Grice’s maximsthe assessment
of the information value brought by inclusion or omissioreafertain element from
a hierarchical partition of space into route directionssstide topological relations
between the start and destination elements of the routeierarbhical tree structure
were analyzed. The topological relationships tested densinly the inside and the
boundary of an element (district). Two districts are coastd neighbors only if they
share a boundary, a one dimensional space. The followingittoms can be defined
(applies to the selection in a setdibtricts):

1. start and destination must be member of the shared setrokels £, ¢t € 5);

2. start and destination must not be identical (but may nbeeteighbors) +# t);

3. the start and the destination should not be neighlébrs\0t = 0));

4. the start and the destination should not have neighbdiiregt superordinate
elements@Sup, N dSup; = 0).

The conditions 2 and 3 must be separated, as they verify ereliff behavior. If
andt are identical (and thus they have overlapping interiorskamahdaries), it is not
possible to construct route directions (a route is two disieral and thus requires
a star and a target). ¥ andt are neighbors, route directions are possible, but the
topological distance between the specification of the atadtthe specification of the
target is insufficient to generatganular route directions.
Thus, the third and the fourth conditions excludes casesenhe start and des-
tination are too close in the hierarchy and turn based dinestshould be applied.
Consequently, setSuper; of superordinate elements bandSuper, of super-
ordinate elements afcan be formed. The sétuper, is a candidate set for the initial
element. Superordinate elements of an elemeate elements of coarser granular-
ity than e that havee as descendant. This property is transitive. From now on, the
notationSup. will be used for a parent element @fThe element is retrieved from
the candidate sefuper; (i € Super;). Further conditions apply for selection of the
element from the candidate set:

5. element must not be shared byuper, andSuper;, (i ¢ Supers);
This condition excludes elements that are superior to balstart and the des-
tination, and so do not add information value to the routeafions.

6. element should not be neighbor with an elementSaper; (0i ¢ S);
This condition excludes elements that are in a neighborfation with an el-
ement of the hierarchguper, (e N Sup; # 0,e € Super,). This assures a
minimal topological distance between the initial refereaad the star, in or-
der to only add information with sufficient surprisal poiah(and thus adhering
to the maxim of information quantity). If the condition istrfalfilled, an element
one step deeper in the hierarchy should be employed .

These conditions assure that the information communicéwexigh the element
has value for the wayfinder. In condition 5, the wayfinder wiggt information that
was too coarse. For examplaystraliais not an appropriate initial element for route
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directions fromSydneyto Melbourne Central Business Distrjds it is a superordi-
nate element of both.

The second condition assures that the information is éetahough—mentioning
Victoriawould not provide our wayfinder enough information eitheptinciple, the
granularity level of the resulting elemeitvould be correct, but there is not enough
topological distance between the destination and theartent to justify its inclu-
sion. Note thaNew South WalesndVictoria are in our hierarchy neighbors, awft-
toria is a direct superordinate elementMélbourne(Fig. 1.4). And indeed, telling
somebody traveling fronSydneyto Melbournethat she has to go tdictoria does
not provide any information value. In this case, the stgréfement of the granular
route directions should Bdelbourne This element is not a neighbor of any element
of the hierarchy of the start element, nor of any of its supknate elements. Any
coarser level of granularity would not satisfy these cdndg and would result in
a route description violating Grice’s maxim of relevancheTonditions mentioned
above assume that there is no element with two children wigrsame identifier. It
is, however, possible to have a repetition of identifiersiimithe domain.

The conditions 1-6 are serialized in an algorithm (Alg. Xjd durther imple-
mented in Haskell (Section 1.5).

Algorithm 1: Initial element; identification flistrict hierarchy)

Data: The urban hierarchical structure of districts: doméijrstarting districts and
destination district of the route
Result The initial element for route directions frons to ¢
1 case(s,t ¢ S)V(i#s)V(iNs=0)V(i#s)

2 Error: cannot generate granular directions, lack of relevant elenoead
| topological context
3 otherwise

Construct candidate sStuper; andSupers, whereSupers = [s,s1 ... $m],
wherels,, = 0,ls, = m — x; Super: = [t,t1...t], where
lt“ = O,lt,y =n-—1y,
Compare hierarchi€sguper, , hsuper, SUch that¥s.,t, € (Supers x Super;)):
if (Sups, = Sups,) V (Sups, N Sup, # 0) then

| Return listT of t,;

Retrieve the element, of T" with the finest granularity level;, = max);
Return: = t,;

1.5 Model Implementation

Algorithm 1 is now implemented in Haskell [19]. Haskell is arply functional pro-
gramming language that enables implementation of an exlleutersion of the al-
gorithm, with a focus on thevhat instead on thenow. Efficiency of our code is
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neglected, however, some efficiency is gained by the lazguti@ paradigm of
Haskell.

We call the main analytic function of the progrard (for route direction$. The
function first verifies the four conditions in Section 1.4.2:

rd :: String -> String -> [Cbject] -> String
rdabec

| (!testObj ac || !testOhj b c)

| (a ==0b)

| testShareBounds (obj a c) (obj b c)

| (super (obj a c)) == (super (obj b c))
| otherw se describe a b ¢

error
error
error
error

The custom data typ€bj ect contains a hame for each object (a string), and
other parameters. Names of the objects are identifierstssgfor in the above func-
tions. For example, the functiabj returns the object specified by a name from the
list of all objects.

The functionr d requires the names of the start and destination elemenkteof t
route as input parameters (in our case districts, but ircjpi@ also other elements
of the city), as well as the name of the list of objeabj ect s, on which the se-
lection will be performed. Afterwards, the program recomsts the superordinate
hierarchies of the start and destination elements, bourtdeoane side by these two
elements, and on the other by the root element of the hidécaidnee. These hier-
archies are represented as lists of objects, which are tirapared according to the
conditions 5 and 6 (see Section 1.4.2). The comparisonn®tulist of objects—a
subset of elements uper;. The first—coarsest—element of this list, is the ele-
menti (Alg. 1).
describe :: String -> String -> [Cbject] -> String
describe a b objlist = fetchName (conpareH erarchies

(findObjects (obj a objlist) objlist)
(findObjects (obj b objlist) objlist))

where
conpareHi erarchies :: [Cbject] -> [Object] -> oject

conpar eHi erarchies start [] error
conpar eHi erarchies [] dest error

conpar eHi erarchies start dest head [y |
x<-start, y<-target,
super x == super Yy || superShareBounds x y]

The element is the initial entity of a sequence of granular route dir@ts. A
deeper illustration of the principles summarized in theodthm and implemented
in the program follows.

1.6 Model Verification and Testing

We have devised a set of tests to verify the behavior of theritiign. The test data
vaguely mirrors the spatial layout of the relations betws@meadministrative dis-
tricts in Victoria and New South Wales, Australia (Fig. 1.4). Wiltistdata we will

assess the results of the algorithm for plausibility. Otwréfs focused on verifying
that the conditions for retrieving the elements from thectire of the city provide an
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amount of information similar to that provided by humansgdesvn from empirical
evidence and a small reference corpus from co-workers. lgaensive comparison
by human subject testing is needed in the future.

Australia

Victoria

MWelbourne
16

Carlton
"
:
Q biourne
Altond
*

Australia
Victoria NSW
Geelong Melbourne Sydney
Mewtown /Geelongyyest Jrdney
Forth arlton orth
halbourne ; Sydney
Avalon Altong Parkyille Docklangs South

Fig. 1.4.Test data set.

For the test, th€bj ect data type fodistrictsis structured as follows:
data Object = Object Level Super CbjectName Pol ygon

A district Melbournewould have the form (cf. Fig. 1.4):
ob4 = Object 2 "VIC' "Mel bourne" [22,15,16, 17,18, 9, 10]

expressing that Melbourne is of level 2 in the given hiergrehpart of Victoria and
is bound by a polygon of some named edges.

The following eight test cases were devised, to test all tissible eventualities.
Each test case consists of a pair of input districts (stali@stination) from arbitrary
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hierarchical levels, and the list of all objects of the hiehg, 0s. Results of each test
case are shown behind the hyphen in each line:
rd "SydneyNorth" "Parkville" os - "Mel bour ne"

rd "Parkville" "SydneySout h" os - "Sydney"

rd "Carlton" " Geel ongWest" os - "Geel ongWest "

rd "SydneyNorth" "Mel bourne" os - "Mel bourne"

rd "SydneyNorth" "Park" os - "input_not_in_os!"

rd "SydneyNorth" "SydneyNorth" os - "start_=_target!"

rd "SydneyNorth" "SydneySouth" os - "neighbors; TBT _dirs"

rd "Parkville" " Dockl ands" os - "sane_super; use_TBT"

This set of tests checks the behavior of different possifg@lbgical relations be-
tween the input objects. Let us have a detailed look at theatipe of our test
functionr d, using the first case as an example. The function first testinfiuts
against the basic conditions, and if fulfilled, the seardattlie initial element starts.
The hierarchies of the superordinate elements of the stdrtiee destination are then
reconstructed, resulting in the following lists:

[ Object 3 "Sydney" "SydneyNorth" [30, 31, 32, 34],

Cbj ect 2 "NSW "Sydney" [6, 29, 30, 31, 32, 33],

Object 1 "Australia” "NSW [3,4,5,6,7, 13],

Object 0 "World" "Australia" [1,2,3,4,5,6,7,8,9,10, 11, 12]]
and

[ oj ect 3 "Mel bourne" "Parkville" [23,24,25],

Object 2 "Victoria" "Ml bourne" [22,15, 16,17, 18,9, 10],

oject 1 "Australia" "Victoria" [1,2,13,8,9,10,11,12],

bject 0 "World" "Australia" [1,2,3,4,5,6,7,8,9,10, 11, 12] ]

The elements of these lists are then compared on a one—tdasie through
the functionconpar eHi er ar chi es, applying the conditions mentioned in Sec-
tion 1.4.2. We are looking for a list of objects from the lidttbe superordinate
elements of the destination that satisfies these conditidresresulting set is:

[Coject 2 "Victoria" "Melbourne" [22,15,16,17,18,9,10],

Object 1 "Australia" "Victoria" [1,2,13,8,9, 10,11, 12],

bject 0 "World" "Australia" [1,2,3,4,5,6,7,8,9,10, 11, 12]]

Finally, the first element of this lisiMielbourne is returned as the element of finest
granularity. This element is proposed as the initial eleneémgranular route direc-
tions fromSydney Northio Parkville. And indeed, when asking for route directions
from a starting location in Sydney North (a suburb of Sydidsyw South Wales),
to a location in Parkville (a suburb of Melbourne, Victoria)familiar wayfinder is
likely to expect Melbourne as the element representingrtttiali entity of route di-
rections. This element provides the optimal trade off abinfation value and length
of the route directions, is not ambiguous and omits irreieuaformation. Remain-
ing test cases also produce plausible results, as can bkechedth Figure 1.4 by
the interested reader.

1.7 Conclusions

This paper contributes to bridging the gap between the aktunman way of com-
municating route directions in a granular manner, usingpuarelements of the ur-
ban environment, and the turn-by-turn approach implenaemyemost of the current
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navigation services. We focus on the determination of tit@irelement usable for

granular route directions, building on the principles dbmmation content relevance.
Topological relations between the member elements of Hréahd destination ele-
ment hierarchies are analyzed to identify this element.cdmalitions for analyzing

the hierarchical structures are formalized, and the algoris then implemented in
Haskell.

The test in this paper focuses on the analysis of districahiies, districts being
one of the elements of the city most frequently included imhn route descriptions,
and often the first reference in granular route directions. &pproach enables the
use of any type of region, be it with crisp or vague boundagedong as they can be
organized in a hierarchy. Based on the inputs and the hlgrattte algorithm returns
the initial element. The formalized topological conditozonform with the observa-
tions made previously by Rumelhart and explored by Shan8h §hd conform to
the findings in the area of hierarchical spatial reasoning.f@rther work will strive
to integrate the remaining elements, especially paths amdhharks. This will also
lead to a more natural definition of topological relatiopshidepending also on con-
nectivity, and not only on simple relationships betweenitieriors and boundaries.
Connectivity analysis can also provide means to defineiclistierarchies better re-
flecting the inherent structure of a city. The analysis ohsdistrict hierarchies can
provide the basis for identification of the remaining eletagas some dependencies
between districts and landmarks [10] or paths were idedtifie
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