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Abstract: We discuss problems of current centralized Information Retrieval (IR}-approaches in view of a dynamic change in the culture of
the Web towards a mobile, social VWeb of Participation where the paradigms of decentralization and autonomy play an increasingly im-
portant role. From the discussion of human principles of IR, existing approaches from GeorR, P2PIR and the increased importance of spar-
tiotemporal referencing of information, we justify the proposition of a distributed, Multi-Agent IR architecture with spatiofemporal reference
as the primary classification criterion as an alternative solution to the future requirements in IR. VWe also discuss implicitly social and se-
mantic spatiotemporal small world structures which play an important role in this concept. In a second part we discuss the elements of
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// EINE ARCHITEKTUR FUR EINEN ALTERNATIVEN MULTI-AGENTEN-BASIERTEN
INFORMATION-RETRIEVAL-ANSATZ MIT RAUMZEITLICHEM BEZUG ALS PRIMAREM
ORDNUNGSKRITERIUM

// Zusammenfassung: Im Hinblick auf Beobachtungen beziiglich eines Kulturwandels im Web hin zu einem mobilen, sozialen Betei-
ligungs-Netz, in dem Autonomie und Dezentralisierung eine immer gréPere Rolle spielen, werden Probleme akiueller zentralisierter In-
formation-Retrieval- (IR) -Ansatze diskutiert. Ausgehend von diesen Beobachtungen, den natiirlichen kognitiven Ansétzen des Menschen
bei der Informationsbeschaffung, existierenden Ansétzen aus Geo-R und P2P-R sowie der wachsenden Bedeutung der raumzeitlichen
Verortung von Mensch und Information in einem solchen Netz beschaftigt sich der Beitrag mit einem alternativen Konzept einer verteil-
fen Multi-Agenten-basierten IR-Architektur mit raumzeitlichem Bezug als primarem Ordnungskriterium. Neben einer Diskussion implizit
sozialer und semantischer Small Worlds, die im vorgestelllen Konzept eine wichtige Rolle spielen, werden im weiteren Verlauf des Bei-
frages die konstituierenden Elemente und Prozesse der vorgeschlagenen Architekiur im Hinblick auf die zuvor diskutierten theoretischen
Uberlegungen genauer erldutert und abschlieBend eine qualitative Evaluation mit Hilfe einer prototypischen Implementierung zentraler
Elemente vorgestellt.
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MULTI-AGENT-BASED INFORMATION RETRIEVAL

1. INTRODUCTION

In view of future alfernative Information Re-

frieval (IR) concepts, several important ob-

servations on current developments in the

Web can be made which are supported by

previous scientific work:

1 Autonomy and decentralization become
increasingly important trends in the Soci-
al Web: Lowered publication hurdles re-
sult in an increasing amount of personal
confent exchanged among SocialVWeb
prosumers. Because of the data silo cha-
racter (Yeung 2009) of large centrali-
zed Social Networking platforms, this
exchange must and will take place in an
increasingly autonomous and decentrali-
zed fashion.

2 From the perspective of centralized se-
arch engines, the frend fowards decen-
fralized social networking increases the
existing Hidden-Web-problem, because
an increasing amount of personal infor-
mation is going fo be accessible for a
selected audience only.

3 The Social Networking paradigm in-
creasingly emphasizes a style of perso-
nal IR characterized by directly addres-
sing other users from the social graph vi-
cinity or querying their social web infor-
mation spaces with queries that cannot
as usefully be answered by using centra-
lized search engines.

4 A new style of information publication
on the Web is complementing the estab-
lished ways of information publishing on
the Web to an increasing extent. It is
characterized by the change from ano-
nymous, freely accessible, 1:n publicati-
on of “cold”, often factual, information
with a globally comprehensible seman-
fics for an unspecified audience fo per-
sonal, access restricted, n:m communi-
cation (or intertwined, socially local in-
formation publication) of “warm” perso-
nal confent in Social Networking and
the Social Web with a more restricted
contextual (e.g. spafiofemporal) scope
and validity.

5 The Web is becoming mobile: Spatio-
temporal context and other context-ele-
ments become increasingly important
with respect to accessing services via
mobile devices and also with respect fo
the content produced and communica-
ted, because the mobile web is much
deeper reality  of
people’s lives.

integrated  into
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6 Semantic small world sfructures (e.g. in
networks of linked documents) and soci-
al small worlds [e.g. in friendship
graphs) are related by spatial references
of the network-nodes.

We will discuss and substantiate these ob-

servations in more detail in section (2).
Current cenfralized IR approaches are

only partly able to deal with the implications

of these observations:

» ad (1), (2): The HiddenWeb cannot be
easily accessed by crawlers of centrali-
zed search engines. Specialized IR sys-
tems (e.g. a flight search engine on an
airline’s web page) have fo take over in
these cases.

» ad (3] (4): The described new style of in-
formation retrieval is not the primary fo-
cus of centralized search engines.

» ad (4), (5): If they can access it at all,
cenfralized search engines have to co-
pe with the local contextual semantics of
the personal content communicated on
the social web.

» ad (4), (5): Crawlers of centralized se-
arch engines can only access informati-
on periodically while in a mobile and
social Web, information is produced
and published asynchronously with an
increasing dynamics and limited spatio-
tfemporal scope and validity. This e.g.
infroduces a fimeliness problem in cen-
fralized IR approaches.

P ad (6) While centralized search engines
indirectly make use of semantic small
world effects (e.g. via Page-Rank on do-
cument links) they do not fully exploit the
connection between space, social relati-
ons and semantics.

While several attempts to overcome some

of these problems exist (see e.g. [(He

2007)) a general solufion fo the problems

discussed above is still open. “The one en-

gine fits all model does not - cannot - scale
well with the size, dynamics and heferoge-

neity of the web and its users” (Wu 2007).

In view of the observations, the problems

they impose for cenfralized IR concepts

(which will grow in importance over time)

and the potential that these observations im-

ply, we devote ourselves to the following re-

search question:

How can architectures for alternative IR
approaches be structured that better ac-
commodate the given observations?

We will investigate this research question
by pursuing a Design Science approach
(Hevner 2004), which aims at developing
“a construct, a model, a method, or an in-
stantiation” (Hevner 2004) of Information

Technology, innovatively confributing fo the

solution of a relevant problem with the goal

of maximizing utility for users. In our case
this implies constructing an architectural fro-
mework as an alternative IR approach in the
aforementioned sense, grounding the ap-
proach on established previous work, provi-
ding detail solutions for occurring problems
and finally evaluating key parts of the archi-

fecture with simulations and prototypical im-

plementations, showing usefulness and ge-

neralizability of the approach.

In view of the research question, the ob-
servations discussed above imply characte-
ristics and boundary conditions for such an
alternative IR approach:

» A: Observations (1) and (2) imply that it
is promising to construct and investigate
decentralized approaches to IR. In a de-
centralized IR approach, agents autono-
mously control their local information
spaces and provide locally optimized IR
services. Disfributed global index sfructu-
res ensure that queries can be directed
fo some or all agenfs that can appro-
priately answer them. Thus the system of
agents is collaborafive on a basic level.
Furthermore, agents can handle access
policies on the level of queries or query-
ing agents.

P B: Observations (3) and (4) also point
fo a decentralized system of autono-
mous agents, maintaining the personal
information spaces of users in a decen-
fralized social networking scenario. The
resulting multi-ogent system  (fogether
with the aforementioned distributed glo-
bal structures) will contain agents of all
sorfs, purposes and sizes (from large air-
line information systems down to perso-
nal agents for individual persons).

P C: The oforementioned distributed glo-
bal structures need to be balanced with
respect fo degree of detail and structu-
ring criterion. A fully defailed distributed
semantic index mimicking a centralized
IR's index would inherit most of ifs pro-
blems discussed above. More coarse
grained index siructures which delegate
specific levels of IR to the competent lo-
cal R agents are better able to deal
with information dynamics and local



semantic validity. Observations (5] and

(6) imply that spatiotemporal references

may act as primary sfructuring criterion

for distributed global structures (with se-

mantic and social criteria as secondary

criteria).
In this confribution we discuss an architectu-
re for this alternative IR approach, whose
design choices respect these aspects. The
architecture is infended as a blueprint for
sysfems who can deliver results different
from what cenfralized IR approaches can
deliver. Itis thus difficult to compare these re-
sults in terms of precision and recall with the
results of centralized approaches. So our
goal is not to improve cenfralized ap-
proaches in the domain where they already
perform well (e.g. refrieving factual informa-
fion), but fo rather complement them in the
sense discussed above.

The remainder of the paper is organized
in four sectfions. Section 2 lays a basis for
our main argumentation and architectural
proposal by discussing the observations
from above in more detail. Section 3 inves-
figates related work and elements of exis-
fing approaches from Geo-R and P2P-R.
Section 4 presents our architecture in defail.
We discuss how the observations discussed
in section 2 influence the design of our ar
chitecture and describe the architecture
down to a formal level. Section 5 presents a
qualitative evaluation of the approach with
the help of a prototypical implementation of
key aspects. The conclusion [section 6) final-
ly summarizes the confributions and gives
an outlook on future research.

2. FOUNDATIONS FOR AN
ALTERNATIVE APPROACH TO IR

In the following section, we will discuss and
substantiate the observations which provide
a foundation for our approach and which
were shorfly discussed in the infroduction.
We will do so by referencing the respective
observations explicitly at the beginning of
each sub-section.

Cf. Observation (2): An enormous number
of documents (as containers of smaller infor-
mation-items (as defined in (Groh 2005))
cannot be found or gathered by crawlers of
centralized search engines af all (He 2007;
Cho 2002). This phenomenon especially
encompasses
ments which, e.g. via Web-portals, Com-

information-items in  docu-

munity- or Socia-Networking-Sites, are eif-
her only available to authenticated and

authorized users, which change frequently
(see (Fetterly 2003; Nioulas 2004)), or
which are generated by request only (se-
arch-portals,  flightbooking-portals, VVeb
Services, Geo Web Services efc.). This pro-
blem is usually designated the Hidden-,
Dark-, or Deep-Web-Problem (He 2007).
Cf. Observation (5): New classes of mobi-
le devices like smartphones or netbooks al-
low for an ever deeper and smoother inte-
gration of the Web info our everyday lives
and blur (and increasingly render meaning-
less) the borderlines between virtual and
real world (see e.g. (Wellman 2004; Gart-
ner 2010)). Mobile and ubiquitous VWeb-
access does also change the Web ifself, in
that content published or searched and the
services that operate on this confent (like
e.g. Geotagging-Services [Amitay 2004))
are increasingly sensitive fo confext, especi-
ally spatiotemporal context. As an example
consider users creating a geotagged piece
of content informing others about a traffic
jam in a cerfain geographic region. This in-
formation will generally only be of inferest
for other drivers in the region.

Cf. Observation (1)(3)(4): The change to
Web 2.0 is a change fowards a Web of
parficipation, where an ever increasing
number of users confribute more content in a
thus
changing communication patterns from 1:n
of conventional edited
Webssites to the n:m communication pat-
ferns of social network-platforms, micro-

"Peerto-Peer  fashion” effectively

’

communication

bloggingssites etc. where the user simultane-
ously acts as producer and consumer (“pro-
sumer” (Toffler 1980)). Unfortunately, large
Social Networking (SN platforms such as
Facebook or MySpace can, in general, nof
smoothly interoperate. They keep their
users, networks and content locked in a da-
fa silo fashion (Yeung 2009). This implies
decentralized SN with autonomous confrol
over the data as an allernative. Furthermo-
re, personal queries for information are of
fen directed fo friends in SN platforms insfe-
ad of querying centralized anonymous se-
arch engines (Nielsen 2009), because they
possess information which can be more
contextrelevant and is often not accessible
fo centralized search engines ot all. A “si-
tuative” and  “situatively used”, dynamic
and personal Web of such kind requires
new IR approaches in order fo safisfy perso-
nal information needs, where “situative” im-
plies that [mobile] Web-applications can
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sense and incorporate individual and social
contexts and “situatively used” implies that
e.g. via mobile interaction new types or re-
ferences of content are produced. As an
example for the above observations, consi-
der a user asking for good restaurants in a
friend’s homefown that she pays a visit fo.
She may put more hope into asking her
friend than doing research on resfaurants
with the help of cenfralized IR.

Cf. Observation (3)(4): In view of alterna-
tive approaches for IR in an increasingly mo-
bile and social Web, it is reasonable to in-
vestigate and respect natural behavior and
processes of human information gathering.
This human IR principle where space and fi-
me play an important role will be a basis for
our architecture. In order to define this prin-
ciple, we will characterize the way humans
situated in space and time and in a social
network accomplish information  refrieval
using this social network, spatiotemporal re-
ferences of information and humans, as well
as fopical references. As an information
seeker (consumer), successful human infor-
mation retrieval offen boils down fo finding
the right information producer.

The human cognitive process of sear-
ching for information usually first implies as-
king yourself WHAT exactly to find (specify-
ing your topical information need) and usu-
ally also implies asking yourself WHO (the
right person, the person that holds relevant
information) to ask for this information. Anot-
her component is usually WHERE informati-
on might be located, which is connected to
the question of WHERE the aforementioned
source (WHO) is staying and also how to
access this information via this source. This
is a first function or semantic variety of a
WHERE specification. In case of spatially
related information, VWWHERE (in a second
function or semantic variety) also refers to
the explicit or implicit spatial relation of the
information itself (e.g. that the information is
about a cerfain place). In connection with
WHO, this second variety also implies esti-
mating WHERE a possible expert might ha-
ve her spatial centfer of expertise. Another
important  specificaion s obviously
WHEN, specifying the temporal related-
ness of information. VWHEN (in a similar fo-
shion as WHERE) also comes in different se-
mantic varieties and functions. In contrast fo
WHERE, the temporal position of a person
with suitable WHAT expertise in view of ac-
cessing the desired information is usually
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Figure 1: Global (Geographic) IR vs. local (Geographic) IR

not considered, because position in time
cannot be arbitrarily chosen and is confined
fo the present. However, temporal related-
ness of information and human expertise
with respect fo cerfain fime periods is similar
fo the spatial case.

For evaluating the involved, interrelated
WHO < > WHERE < > WHAT < >
WHENspecifications, humans rely on subt-
le previous knowledge concerning these
specifications, which may not necessarily
be explicitly reflected in the query that re-
sults from the human information need. As
an example consider asking a friend for ti-
ckets to “the” ACDC concert. The query will
be understood without specifying that the
next concert taking place in Munich is me-
ant because the friend shares the spatiotem-
poral context with the asking person.

These fine grained and subtle reasoning
mechanisms in human cogniftion which defi-
ne the human IR principle are not easily mo-
deled in queries for a centralized IR system.
Because for “anonymous” information publi-
shing and subsequent refrieval on the Web,
human-bound information and its underlying
and implicit WHO < > WHERE < > WHAT
<> WHENspecifications have fo be made
explicit by coding it info text or even formal
semantic metadata [Antoniou 2008), thus
performing an explicification mapping. This
explicified information can then be indexed
and made searchable by centralized se-
arch engines (see figure 1). A centralized
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search engine has the advantage of making
the WHO and the first function and seman-
fic variety of WHERE specifications of hu-
man IR queries transparent as a first order
approximation, because the engine fokes
over or directly mediates the role of WHO
and VWHERE.

However, the explicification mapping
on the information producer’s side, which
naturally includes semantic losses, and the
related IR heuristics on the search engine’s
side need fo have global significance. In or-
der to accomplish e.g. a search for a pizze-
ria in Munich, the centralized engine has o
develop globally valid heuristics that e.g.
model the WHERE < > WHAT relation. Fur-
thermore, a user would have to explicitly
specify Munich because the engine cannot
automatically guess the context of a query.

In a system of distributed, collaborative
IR agents with the capability to fully handle,
process, compare, produce and manipula-
fe spatiofemporal  specifications,  those
agents can in a much easier way use sha-
red contexts to skip cerfain explicification
mappings and also use partial explicificati-
ons with local meaning only. Local IR sys-
fems are free to treaf specialized problems
in connection with spatiotemporal refe-
rences or spatiofemporal context respecti-
vely, in a locally optimal way, depending
on the intended focus of the local IR system.
Among these problems are the differentiati-
on between the geographic reference

(Location) and relevance (Locality) (Craf
2000 of information or queries or the intri-
cate ways in which a human’s perception of
WHERE may differ from a mathematical or
geographical representation of VWHERE
(Egenhofer 1995; Gluck 1995). Thus in
such a distributed system of spatiotemporal-
ly enabled IR agents there is less need for a
globally valid set of respective spatiotem-
poral heuristics.

Cf. Observation (5): Spatial reference as
confext in general information retrieval has
always been important (Jones 2008; Larson
1996) and will gain importance in the futu-
re [Mountain 2007). A reason for this gro-
wing imporfance is that it can reasonably
be assumed that mobile interacting with IR
systems will more often induce an informati-
on need with spatial reference than infe-
racting with IR systems in a deskiop scena-
rio. According fo [Albaredes 1992), about
80 % of all decisions of an individual are re-
lated o a direct or indirect spatial refe-
rence. According to (Sanderson 2004,
about 20 % of all Web-searches [not distin-
guishing between mobile and desktop ac-
cess) have a geographic confext. In a mobi-
le and social Web, information is produced
and published with limited spatiotemporal
scope and validity.

Temporal reference and temporal con-
fext is also of great importance in IR, not just
with respect to explicit or implicit temporal
references in the queries or information-
items themselves (as in the mobile interacti-
on scenario just discussed) but also with re-
spect fo imely accessibility of time critical in-
formation. Crawlers of large centralized IR
systems systematically have some inerfia
[Bawa 2003] while in a mobile and social
Web, information is produced and publis-
hed asynchronously with an increasing dy-
namics. This e.g. infroduces a timeliness
problem in centralized IR approaches. If the
information has limited temporal validity this
may be a severe drawback. Thus, instead
of pullbased, synchronous crawlerstyle in-
formation access, a push based asynchro-
nous producerdriven approach would be
necessary fo cope with the fimeliness pro-
blem, which is difficult to enforce. It is thus
an upcoming frend fo consider realtime (or
almost real time) information refrieval ap-
proaches in centralized IR systems, Isolated
deals [see Abell 2009) between large cen-
fralized search engines and micro-blogging
sites show that the industry is becoming



aware of the problem. However, unfil now
such arrangements will only be able fo im-
plement information streams with nearly real
time quality between central IR engines and
large content providers or, in general, those
information sources that are willing or able
fo provide such push based information ex-
change. The fact that such compromises are
established shows the problem of traditional
central IR architectures with respect to real-
fime IR. An alternative system of distributed
IR agents is better able to deal with this pro-
blem because no full central index of infor-
mation is necessary.
Cf. Observation (6): A small world is a
structural type of graph that is characterized
by dense subnetworks (thus having a cho-
racteristically large clustering  coefficient)
which in turn are interconnected by a num-
ber of infercluster edges and thus exhibifs a
characteristically small diameter (Milgram
1967: Watts 1998: Kleinberg 2000al.
Small world structures can regularly be
found in a lot of naturally occurring net-
works. E.g. it is known that human social
networks have a small world structure (see
(Kleinberg 2000a)). Furthermore, (see e.g.
(Newman 20006)) the link-graph of the do-
cuments on the Web has also been shown
fo exhibit small world structure. An important
insight gained from the experiments of Mil-
gram (Milgram 1967) and subsequent ex-
periments is that in small worlds routing with-
out global knowledge of the network but
with local knowledge only is possible (Klein-
berg2004). For such a routing (decentrali-
zed search), an undersfanding or measure
of distance [e.g. social, semantic or geo-
graphical distance) needs fo be present
(Kleinberg 2000b; liben-Nowell 2005).
In case of a human social network, no-
des of the network represent persons and
edges represent social relations between
those actors. Formation of clusfers in such a
structure occurs on the basis of social dis-
fance (pathlength between two nodes in
the graph). If the semantics of nodes, edges
are of social nature and clusters have a so-
cial significance, we can speak of a (purely)
social or sociaHopology small world. In ca-
se of the link-graph of documents on the
Web, nodes represent documents and ed-
ges represent semantically or fopically rele-
vant links between documents. Clustering
may happen on the basis of semantic dis-
fance [pathlength between two docu-
ments). Thus, semantics of nodes and edges

are of semantic nature and clusters have a
semantic significance. In this case we can
speak of a (purely) semantic or semantic-o-
pology small world.

Centralized search engines only indi-
rectly make use of semantic small world ef-
fects (Kleinberg 1998). We will show that
exploiting such small worlds denoting a
small world graph with a real world geode-
fic reference frame (or spatio-femporal refe-
rence frame, respectively) as a spatial small
world (or spatiotemporal small world, re-
spectively), spatiotemporal small worlds
can be of implicitly social or implicitly se-
mantic nature, conserving their key fopolo-
gical properties: Clusters resulting from spa-
fiofemporal locatedness will imply clusters
in the corresponding social and / or seman-
tic small world, which we will use for IR.

3. RELATED WORK AND ELEMENTS

OF EXISTING APPROACHES
Motivated by the observation that spatial
and temporal references are of great impor-
fance for our alternative IR approach, we
will now shortly discuss existing ap-
proaches in IR fo freat space and (fo a lesser
extent) time.

Geographic IR (CIR) is basically concer
ned with refrieval of information from geo-re-
ferenced information resources resulting in
spatial indexing, refrieval and ranking (Jo-
nes 2008). Standard IR systems are aug-
mented with components that e.g. explicify
implicit spatial references of queries or infor-
mation-items, process queries with geogra-
phic context or are able to present and vi-
sualize the spatial references of the results in
a suitable manner (Vestavik 2004]. The ex-
plicification of the implicit geographic refe-
rence of an information-item or a query can
be accomplished by geoparsing (Jones
2008; larson 1996). This approach uses
extensions and adapted versions of Named
Entity Recognition (NER) from Natural
Llanguage Processing which are often tailo-
red fowards entfities of type “place”. The ex-
plicified geographic reference is then trans-
formed by geo-coding (Larson 1996 info a
geographic footprint (Hill 2000). Having
identified and modeled spatial references
of an information-item, an indexing schema
allows the system fo refrieve spatially related
information in an efficient way [Andrade
2006; Blivjut'e 1998). In GIR, usual techni-
ques for indexing with respect fo non-spatial
content of an item (e.g. inverted lists) are
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combined with a spafial index (Jones
2008: Vaid 2005) like Quadtrees (Samet
1984) or R-Trees (Guttman 1984 Beck-
mann 1990: Saltenis 1999).

In GIR, a query is usually modeled as a
friple <topic keywords, spatial relafion, lo-
cation>, combining content speciﬂcoﬁon
with a location and a spatial preposition
specifying a spatial relationship connecting
the non-geographic aspect of the informati-
on need with the location (like “north of”,
“near by”, efc.) (Purves 2006). The combi-
nation of location and spatial preposition in-
duces a geographic footprint that is mat
ched against the geographic footprint of the
information-ifem using spatial heurisfics.
E.g. Euclidian distances in a coordinate
space of the overlap of minimum bounding
rectangles (MBR) of two regions are used as
a measure of spatial relevance (larson
2004). Documents having been selected in
that way are thus relevant with respect to
geographic relation as well as topical relo-
fion. In view of relevance-ranking of docu-
ments, both relevance aspects have to be
combined.

Motivated by the observation that distri-
buted systems of IR agents are interesfing al-
ternatives for future IR systems, we will now
briefly discuss existing Peerto-Peer [P2P) ap-
proaches as realizations of communication-
profocols in such distributed Multi-Agent
Systems [MAS) and existing approaches
from P2P-nformation retrieval (P2P-R).

The edges in a P2P network’s graph re-
present routing information in the sense of
"knows” relations. Systems of autonomous
agents in a MAS may act on top of and use
P2P-approaches e.g. for communication. In
confrast to centralized IR, in P2P-R | peers
holding an information-item (or more gene-
rally peers able to process a query) have o
be found in a collaborative and decentrali-
zed way (Steinmetz 2004). Several ap-
proaches for efficiently routing a query fo
just those peers that may hold potentially re-
levant items have been developed by the re-
search communities over the last years (e.g.
see (Lau 2005:; Risson 2004)). One exam-
ple are semantic topologies which use the
semantics of the information in the informati-
on spaces of the peers for consfructing topo-
logies (Haase 2004) and thus for routing
(Joseph 2002). The P2P network is sfructu-
red according fo topical relations and so,
peers with similar information form semantic
clusters in the network which can be used
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for an efficient query processing (Risson
2004; 1sser 2005; Tang 2003). Further
more, the smallworld fopology offen found
in networks sfructured according fo social or
semantic principles confributes to and al-
lows for efficient decentralized search
(Kleinberg 2004) e.g. used in the ap-
proaches of (Schmitz 2005) and (Li 2004).
Basic P2PIR approaches, like distribu-
ting full indices, e.g. with distributed hash
fales (DHT), alone does not automatically
provide an alternative IR approach in our
sense: In essence, the simple model of se-
mantic relatedness of a query and an infor
mation-item that is implemented by compi-
ling word- or n-gram-based full indices
(Manning 2008) of the respective docu-
ments and comparing the query against
these indices still prevails and sfill remains
only a rather primitive approximation of se-
mantic relatedness. The results will, in gene-
ral, not be better qualitatively than those of
a centralized index. In fact, a centralized
search engine can employ a number of im-
provements to the approximation of seman-
fic relatedness which are not easily map-
ped to a DHT based P2P-R approach.
For a frue alfernative IR concept which
stays abreast of changes with respect to an
increasingly distributed social and mobile
Web in an adequate way, peers must be-
come competent IR agents, which can auto-
nomously act as individual experts with
deep access and expertise in confined in-
formation spaces and with the ability to ex-
change and compare elements of these in-
formation spaces with other agents.

4. ARCHITECTURE FOR AN ALTER-
NATIVE MULTI-AGENT-BASED IR
APPROACH WITH SPATIO-TEM-
PORAL REFERENCES AS PRIMARY
CLASSIFICATION CRITERION

With respect to realizing this approach, it

is reasonable to lean on principles of natu-

ral behavior and processes of humans in in-
formation gathering (human IR principle)
using explicit and implicit WHO < > WHE-

RE < > WHAT < > WHEN-specifications

to find other users that provide the right in-

formation with special regard fo spatio-tem-
poral reference of persons and information.

We thus propose an architecture of au-
fonomous IR agents, each confrolling ifs
own local information space and providing
access fo it via appropriate IR services. The
agents  collaborate  via adapted  P2P
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approaches using a special form of a distri-
buted global index that allows for locating
agenfs with a high probability of being ab-
le to answer queries appropriately. The in-
dex acts as a common knowledge base for
the agents and uses spatiofemporal refe-
rences as primary classification criterion re-
specting the abundant location of humans
and information in space and time. It is cru-
cial that it has the right granularity: While
the timeliness problem of centralized IR
could in principle be slightly alleviated by
using a distributed full index of all informao-
fion-items and have the agents update it
asynchronously, it would still be difficult to
employ elements such as appropriate ac-
cess confrol and use the expertise of local
IR systems of agents. We will thus use a mo-
re coarse grained disftributed index. We
naturally include a decentralized Social
Networking principle, by delegating to the
agents decisions of suitability of informati-
on with respect fo a query, of access con-
frol for information and of potentially me-
diating and establishing direct communica-
fion channels between information seeker
and potential information providers. The
approach uses small world effects relating
space, fime, contentsemantics and per-
sons as information providers, in order to
deliver new forms of IR results, e.g. such re-
sults that exhibit spatial, semantic or social
relations to the query that have not explicitly
been searched for.

4.1 SMALL WORLDS AND SPATIO-
TEMPORAL REFERENCE AS KEY
STRUCTURING ELEMENT

In our approach, we argue towards a po-

radigm of spatiotemporal  referencing

(WHERE+WHEN)  of

(whose fopic corresponds to WHAT) and

of users (WHQO) as the primary classificati-

on criterion optionally supplemented by of-
her (e.g. semantic / topical) classification
criferia as sub-ordinated criteria.

With respect to that assumption, so cal-
led Tobler's First Law of Geography (TFL)
formulated in 1970 by the geographer
Woaldo Tobler plays an important role. This
law states that “everything is related to
everything else, but near things are more
related than distant things.” (Tobler 1970)

TFL is predominantly applied in relafi-

Information-ltems

on with spatially confinuous phenomena in
geo-information-science. Not only is Inver-
se Distance Weighting (IDW) as special

instance of distance based spatial inferpo-
lation based on TFL, but also many geo-
stafistic methods such as Kriging. Applying
TFL to graphs modeling a social or seman-
fic network by locating the nodes in a spa-
ce with underlying geodetic reference sys-
fem implies the implicit conservation of the
structural social or semantic small world
properties of these graphs in that space
(there will be outliers of course): Introdu-
cing a geodetic reference frame to nodes
of a social or semantic network does lead
fo a change in the overall structure regar-
ding the infroduced geodetic reference
frame, but substantial characteristics of the
original topology and thus the social or se-
mantic context of the original graph can
still be found in that space, because enti-
fies being geographically near are, accor-
ding to TFL, also sfatistically more socially
and semantically related. E.g. in a seman-
fic small world structure as discussed befo-
re this means that according to TFL, it can
be expected that for three documents A, B
and C with spatial distance dspgm‘(A,B) <

SpOml(A,C), document A and B have a
higher probability of (directly or indirectly)
linking fo each other than A and C imply-
semonnc(A’B)
< d (A,C). Here, the spatial refe-

semantic

rence of a document may e.g. be compu-

ing that the semantic distance d

ted as the centroid of the spatial references
of all entities (places, persons etc.) that the
document refers to.

In view of social and semantic context,
TFL was just recently justified and empirical-
ly verified by an extensive study by (Hecht
2009) using Wikipedia articles together
with their link and author structure. Thus in a
social or semantic network with an accor-
ding small world structure, where nodes
are located in a realworld geodetic refe-
rence frame, cluster formation occurs (and
roufing can  be accomplished) (see
(Newman 2006) and the work by Milgram
(Milgram 1967)) based on spatial dis-
tance between nodes and maintains the so-
cial and semantic cluster-structure in a stafis-
fically significant way (Hecht 2009). These
observations led o an idea stated as First
Llaw of Cognitive Geography: “people be-
lieve closer things are more similar” (Fabri-
kant 2002; Montello 2003). The same ar-
gumentation also applies to femporal refe-
rence frames and also to combinations,
that is spatiotemporal reference frames

(see (Hecht 2008b)).



We will denote a small world graph
with a real world geodetic reference
frame (or spatiotemporal reference frame,
respectively) as a spatial small world (or
spatiofemporal small world, respective-
ly). Thus, depending on the original social
or semantic fopology, spatiofemporal
small worlds can be of implicitly social or
implicity semantic nature (links (2) and (3)
in figure 2).

As an example, a spatiotemporal loca-
fion A implies that (a) if some friends are
spatially related to A [e.g. have their cen-
ters of life there) then it is quite likely that
they are friends and (b) documents whose

(explicit or implicit] spatiotemporal refe-
rence is A are quite likely fo link to each of
her (or have similar content). With respect
fo e.g. (a), implicitly social spatiofemporal
small world implies that in the example the-
re will also be some friendship relations
from the friends “clique” “at” A (e.g. a smalll
villoge), pointing to people located af far
away from A (e.g. some friends in a larger
town) (Liben-Nowell 2005). Statement (a)
can also be justified by sociopsychological
means [see e.g. (Groh 2005) and especial-
ly (Nahemov 1975)).

The link between social small worlds and
semantic small worlds (link (1) in figure 2)

mixed semantic

social
small world

implictly social (2

social small world
| (1) |

semantic
small world

(5

3) implictly semantic
spatio-temporal

spatio-temporal
small world

spatio-

nodes

temporal
location of

small world

Figure 2: links between social small worlds and semantic small worlds and the spatiotemporal locatedness

Figure 3: Preserving and Connecting Social and Semantic Small Worldss via Spatio-Temporal Referencing
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and the spatiotemporal locatedness of no-
des (links (4) and (5]) in both types of small
worlds is established by stating that the do-
cuments in an information space of a human
with spatiotemporal location A [center of i-
fe] can be expected to also significantly of-
fen have an [explicit or implicit) spatiotem-
poral reference to A (see figure 3). This is
reasonable because it can be assumed that
most people’s inferests are distributed like
that (Lieberman 2009). Furthermore, direct
studies have also given evidence to that
statement (see e.g. (Hecht 2010al). Thus,
spatiofemporal reference acts as a linker
between social small worlds and semantic
small worlds (as visualized in figure 3).
Another observation with respect fo the mix-
fure of social and semantic aspects is that
e.g. in a social small world, the inherently
social nodes [e.g. via node profiles) can al-
so carry semantic information [e.g. inferests
of the person) or spatiotemporal informati-
on (e.g. the person’s current location).

So node profiles can be used for routing
and clustering in this small world: In contrast
fo other approaches in IR (e.g. see (Haase
2004 Schmitz 2005; Li 2004)) that active-
ly use semantic clustering of documents for
supporting the IR process, our approach just
relies on the topically spatio-femporal locafi-
on of Informationdtems or documents, be-
cause the clusters resulting from spatiotem-
poral locatedness will, as argued above, al-
so imply clusters in the corresponding social
and / or semantic small world (within the [i-
mits of the sfafistical tendency characterized
by TFL (Hecht 2009)), which we will use for
IR. Introducing a spatiofemporal reference
frame as a primary classification criterion
and the related implicit social and semantic
structures have effects in our concept at va-
rious levels which we will discuss below.

If we transfer the linking from the level of
individual Informationtems (inducing a se-
mantic small world) to the level of confede-
rated IR agents by having each agent main-
fain a list of “Expertlinks”to other agents (in-
ducing a social small world), specifying
WHO the other agent is, WHAT he is ex-
pert for [semantic small world) and what the
spatiofemporal reference of that informati-
oncompetence is (VWHERE+WHEN]), we
have a spatiofemporal small world on the
level of Information-tems with an implicit se-
mantic structure and on the level of IR agents
with an implicit social and semantic structu-
re. Since inferests govern information needs
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and information needs imply Information-
ltems found by asking other agents, the Ex-
pertlinks pointing to other agent’s Informati-
on-ltems should also exhibit the spatiotem-
poral small world structure.

For referencing our key idea and for en-
abling intelligent  collaboration  between
agents, in the style of the natural atfitude of hu-
mans and the resulting intuitive processes with
respect fo basic physical facts of space and fi-
me in information gathering, we need fo frans-
fer these ideas fo our conceptual architecture,
which we will discuss in the following.

4.2 CONCEPTUAL ARCHITECTURE OF
THE MULTI-AGENT-SYSTEM (MAS)
Every agent in the sysfem acts like a person
in a social network. It is autonomous, can
join or leave the network at will and has a
own local information space. It learns by
user friggered (or agent friggered) querying
of other agents and evaluating this ex-
change with other agents by establishing or
modifying Expertlinks. Expertlinks thus re-
present knowledge about other agent's
knowledge. Having an information need, it
chooses other agents to ask on the basis of
own experience (Expert-links) and on the
basis of research in the distributed and spa-
tiotemporally organized global knowledge
base (the global index). In this index, each
agent deposifs his current position, abs-
fracts of his own knowledge in form of Ex-
pertises, and Expertlinks fo other agents. By
querying this index with a spatiotemporal
query, an agent receives all agents that ho-
ve self declared Expertise or expertise attes-
ted by other agents with respect to that regi-
on or which have a current position there.
Via TFL an agent thus not only uses the spa-
tiotemporal small world structure of the net-
work but implicitly also the social and se-
mantic small world structure existing there.
The MAS contains four groups of enti-
fies: agents, queries, answers fo queries
and the distributed spatiotemporal index
(DSTI) and is organized as a P2P network.
Queries are employed fo find agents offe-
ring required Informationtems within the
network. Agents may answer the queries.

MAS = [AGENTS, QUERIES,
ANSWVERS, DSTI)

The distributed spatiotemporal index (DSTI)
is a three dimensional spatial index-sfructure
on the basis of a distributed Quadtree. In
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the style of other siructured P2P protocols,
certain peers in the system are responsible for
cerfain subdrees and keep these subrrees.
Comparable examples for indexstructures
are e.g. P2PRTrees (Mondal 2004) or the
approach described in (Tanin 2007) based
on a Quadtree index sfructure. In the style of
other distributed hashtable based ap-
proaches for P2P-Systems like CAN, the
mapping from peers to resources is accom-
plished via hashing peeraddresses and con-
fentkeys, in our case VWHERE+WHEN as
3D coordinates (x,y,1) into a common key-
space. Because of the fact that it is a spatial
index, the identity funcfion (h(x,y,1) = [x,y,1))
can be used as hashfunction.

Following the spirit of the definition in
(Groh 2005), an Informationltem is the
smallest entity in the information space of a
peer which can be assigned (VWHAT,
WHERE,  WHEN}meta-data  where
WHAT defines the topic of the Information-
ltem ond WHERE+WHEN (STLOCATI-
ON) defines the location in space and ti-
me which the Information-ltem explicitly or
implicitly refers to. A document in the infor-
mation space may confain one or several
Each
contains a link to its document. Indexed In-

Information-ltems. Information-ltem

formation-ltems represent the aforementio-
ned (WHAT, WHERE, WHEN)-meta-data
in a form suitable for use in the local IR Sys-
tem of the peer. All Information-tems of all
peers in the entire network form the global
community information space (CIS) of the
System.

INDEXEDINFORMATIONITEM =
(WHAT, ST-LOCATION|

STLOCATION = (WHERE, WHEN)

WHERE is split info a tuple <S-RELATION,
LOCATION>, where LOCATION speci-
fies the geographic areas of interest and
SRELATION specifies a spatial relation-
ship connecting WHAT [the non-geogra-

phic aspect of the information need) with
the LOCATION.

WHERE = (SRELATION, LOCATION)

SRELATION = [e.g. 'west of', 'near’ or
'within 3km')

LOCATION = [POINT | LNE |
REGION]

WHEN is also split into a tuple <TRELA-
TION, TIME>, where TIME specifies the
temporal specification of the information
need and TRELATION specifies a femporal
relafionship connecting WHAT (the non-

tfemporal aspect of the information need)
and the TIME.

WHEN = (TRELATION, TIME)

TRELATION = (e.g. 'before’, ‘after’ or
'between’)

TIME = (TPOINT, INTERVAL)

An agent in our system has five subcom-
ponents called spatfiofemporal sub-system
(SFSUBSYS), local information space (LK
SPACE), local spatiotemporal IR system
(STIR-SYSTEM), set of Expertise-Cards and
sef of Expertlinks. Thus a peer agent can be
represented as a fivetuple

AGENT = (ST-SUBSYS, LISPACE,
STIR-SYSTEM, EXPERTISE, EXPERT-LINKS)

Every agent owns its own spatiotempo-
ral sub-system (ST-SUBSYSTEM) which me-
ans it is fully spatiofemporally-enabled and
therefore always aware of its spatiotempo-
ral position [e.g. using GPS). The local infor-
mation space serves as a storage space for
all information-items / documents an agent
owns. On top of this a local (spafio-fempo-
ral) information refrieval system (STIR-SYS-
TEM) not only allows general handling of
spatiofemporal references, comparable to
a geographic information system (GIS),
and (spatiotemporal) information refrieval
over the local information space but also
acts as an interface fo the global informati-
on space.

The set of ExpertiseCards (the “Experfi-
se”) is computed from those indexed Infor-
mation-ltems that a peer considers for public
access. An ExpertiseCard references a
cluster of Information-tems from the informa-
fion space of a peer, which is the result of a
spatiotemporal clustering. In essence, an
Expertise-Card consists of a spatiotemporal
location (WHERE+WHEN), suitably com-
putled from the very similar VWHE-
RE+WHEN specifications of the indexed In-
formation-tems it consists of (more specifi-
cally the minimum bounding cuboid (MBC)
containing all WHERE+WHEN specs of
these (indexed) Information-ltems), and a



reference to the owner of the Expertise-
Card. As discussed abouve, Expertise-
Cards may also be manually created.

The approach of using the spatio-fempo-
ral location of Information-tems as the pri-
mary classification criterion, follows from
the discussion in secfion 2, especially ba-
sed on Tobler's first law (Tobler 1967) and
the observation in (Hecht 2009) and thus
from the fact, that semantic relatedness of in-
formation can be expected to be indirectly
proportional to the distance of their spatio-
temporal focus with high probability, thus
forming an implicit semantic small world.

While the Expertise represents a part of
the locally indexed contents of the personal
information space of a peer, Expertlinks re-
present links fo ofther agent's competfencies
which either have been manually odded or
are relafed to past queries successfully ans-
wered by Informationdtems from those
agent’s information spaces or to queries
from other agents concerning a certain fo-
pic. Expertlinks are mainfained in relevan-
ce ranked list (Expertlist) specifying the qua-
lity of the respective expertise of a foreign
agent pointed to. The Expertlist represents
an agent's experiences concerning past re-
frieval processes. Agent's constantly delive-
ring good answers are automatically ran-
ked higher. This ranking in the list (which is
part of the Expertlink) can be used to e.g.
estimate the expected quality of a delivered
answer and thus represents an expression of
frust, credibility efc. An agent leans by up-
dating this list.

Expertlinks to other agents / peers re-
present the edges between peers of our sys-
fem in our small world structure on the level
of peers. An Expertlink essentially consisfs
of an index representing the position in the
Expertlist of the peer having created the Ex-
pertlink, a (WHERE, WHAT, WHEN-spe-
cification, specifying the competence of the
farget peer [e.g. acquired through the origi-
nal query that led to the establishment of the
Expertlink] and a link fo that peer. Such a
specification need not be complete (e.g.
because the Expertlink was manually crea-
ted and incomplete, because some ele-
ments were unknown). Manual creation
may represent personal experiences of the
person behind the agent / peer.

Because Expertlinks are links between
agents, agents plus ExpertLlinks can form an
explicit social small world and, via spatio-
temporal referencing of the nodes, can also
form an implicitly social spatiotemporal
small world as defined in section 4.1. More
specifically, Expertlinks link to specific ex-
perfises of agents. Since the edges carry a
(WHERE+WHAT+WHEN]  specification
(which is inherently semantic), and since the
respective Expertises also obviously carry
this semantics, Expertises of all agents plus
Expertlinks also can form an (implicit or ex-
plicit) semantic small world and, analogous-
ly to above, via spatiotemporal referencing
of the nodes, can also form an implicitly se-
mantic spatiotemporal small world.

Expertise (set of Expertise-Cards) and Ex-
pertList (ranked list of Expertlinks) together

Information-Items and
Documents
{Local Information-Space)

Indexed Information-
Items
(Local Index)

Spatio-Temporally Clustered Items

- Expertise-Cards "
+ Expert-Links ‘Local Index”

Global Knowledge Base
(Distributed Spatio-Temporal Index)

= Expertise-Flags “Knowledge-Flags”
+ Expert-Link-Flags

Figure 4: Spatio-Temporal Referencing: From Local Information Space fo Published Knowledge-flags
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represent the overall indexed to-be-publis-
hed knowledge of an agent (published as
Knowledge-Flogs (see below)).It should be
emphasized that the overall published in-
dexed knowledge of an agent does not
need to be a mapping of the whole informa-
fion in the local information space of an
agent. This can have several reasons, for
example the decision what to publish in this
form is made by the person who controls the
agent (e.g. manually, on the basis of appro-
priate rules). This does not limit the agent's
subsequent decisions to further control actu-
al access fo the information ifself e.g. on the
basis of social aspects). Another reason
could be that information (or
knowledge or expertise) of a user must be
present in his local information space. But
just that personal knowledge that is not ex-

not all

plicitly represented and the control over that
knowledge and the related social aspects
are an important aspect of our archifecture
(human IR as a role model). Including the
user, the system in that way allows control-
led access to “warm” personal information
of a person behind an agent by supporting
IR related human to human communication
and thus by using the social small world
structures present in the sysfem.

A Knowledge-Flag represents the instan-
fiated version of an Expertise-Card or an Ex-
pertlink on the DSTI. From the view of the
whole system, a Knowledge-Flag is a versi-
on of (from the view of an agent) local Ex-
pertiseCard or Expertlink plus the unique
ID of the peer that introduced the flag info
the system. Thus a Knowledge-Flag origina-
fing from an Expertise-Card is essentially of
the form (Agent A, (WHERE + WHAT +
WHEN), Agent A) and a flag originating
from an Expertlink is essentially of the form
(Agent A, WHERE + WHAT + WHEN),
Agent B).

Each query is a tuple < WHAT, STLO-
CATION >, where WHAT specifies the
non-spatiofemporal aspect of the informa-
fion need and STLOCATION specifies the
spatiofemporal area of inferest. Thus the
formal definition of a query is analogous to
the formal definition of an indexed Infor-
mation-ltem. With respect to the explicit
presence of WHERE, WHAT and VWHEN
the following degrees of freedom are sup-
porfed:

(WHAT | NULL & ((WHERE & WHEN)
| (WHERE | WHEN | NULL))
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Pseudo-Code of the Search-Process

1. Peer 0-User specifies

‘information need’

in a Query

2. Peer 0 processes Query on local IR-Engine
IF (local match was successful)
- RANK and DISPLAY Hits - GOTO END.

ELSE => GOTO 3.

3. Peer 0 processes spatio-temporal range query on DSTI

IF (ST-LOCATION == NULL)

- use heuristic to calculate ST-MBR from own current location

END IF

request DSTI and receive a set of

IF (n > 0) > GOTO 4.

[0..n] knowledge-flags

ELSE - heuristically calculate new ST-MBR = GOTO 3.

4. Peer 0 selects [0..m] knowledge-flags from set where match WHAT ==

IF (m == 0)

- select m knowledge-flags from set randomly

ELSE IF (0 < m <= n)

TRUE

- forward query to the m peers associated with the knowledge-flags

END IF
5. Peers 1 receives Query

process query refinement with own local knowledge (e.g. own GeoNER)

process query on local IR-engine

information items
rank set of n results
IF (n == 0) = GOTO 6.
ELSE = GOTO 7.

(see 2.)

(filtered by privacy heuristics)

(also using own unpublished expert-links and

6. Peers 1 may inform own User about negative search result in local InfoSpace

IF (intervention by User)

- answer question with personal knowledge =2 n > 0

ELSE 2 n = 0

7. Peers 1 send a List with [0..n] records back to Peer 0
8. Peer 0 receives the Lists from all Peers 1

rank all answers from all lists of answers by consulting own expert-list.
update own expert-list considering user feedback

Figure 5: Pseudo-code of the protocol for a first selection of appropriate peers (agents) with the help of the DSTI. Further iterations are subject fo the respective

agents.

where WHEN and VWHERE may miss the
TRELATION and SRELATION elements.

An answer in the system may be an in-
dexed information-item plus a link for acces-
sing the original information-item or the offer
fo establish a personal communication
channel between the humans confrolling the
agents.

Partly summarizing ond formalizing
what has been previously discussed, figure
5 formally specifies the process of sear-
ching in our system.

This formal process contains several
steps which e.g. have to employ suitable
heuristics that need to be developed when
developing the local IR systems. It is based
on existing structures of Knowledge-Flags,
indexing and exiraction of spatiotemporal
references of information-items and compu-
fation of Expertise-Cards through spatio-fem-
poral clustering. For all these elements, cur-
rent state of the art techniques exist that can
be used.
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5. EVALUATION

In order to evaluate key aspects of our ap-
proach, a prototype of the P2P protocol on
the basis of the just discussed Quadiree as
well as a simulation system for using the
protocol was implemented. The main goal
was to allow fo evaluate and provide a
proof of concept for our approach for se-
lecting potentially relevant agents, allo-
wing for a fineuning of the basic protocol.
As Information-ltems we used articles from
Wikipedia. Dumps of German and English
Wikipedia were read using the WikAPIdia
APl [Hecht 2009) and distributed to 2000
simulated agents in a partially disjoint way.
For each agent, a geographic clustering
on the set of his arficles was conducted,
thus creating his Expertise-Cards, which
then were inserfed info the spatial index.
Using a smallworld generator, we created
a small world network of agents, which we
used fo create Expertlinks between the
connected agents

Figure 6 shows a visualization of the DSTI
as well as some spatial locations of agents
and the Expertlinks between them, visuali-
zed as edges. [Regard that in our sysfem the
Expertlinks are spatiotemporally located as
Expertlink-Flags via the spatiofemporal refe-
rence of the location of the expertise of the
farget agent it points to. This is not shown in
the figure.) The spatial locations of the agents
are shown in the figure in the Quadiree. We
see that the Quaditree is generally more den-
se in regions with more agents located in
(and generally with more Expertise-Flags and
ExpertlinkFlags in).

The simulation system allows for querying
the distributed index from the point of view of
an information seeking agent. The system
shows that the P2P profocol based on the
DSTI fulfills the requirements derived from our
concept for a MAS. A qualifative evaluation
with five evaluators showed that spatio-tem-
poral reference as primary classification cri-
ferion is able o deliver relevant results for



queries with and also without explicitly speci-
fied spatiotemporal reference. Precision and
recall-based quantifative studies do nof
seem appropriate in this case, because key
advantages of our approach, e.g. results
that, due fo small world effects, exhibit spati-
al, semantic or social relations fo the query
that have not explicifly been searched for,
cannot be precisely captured by these mea-
sures. It is subject fo future research fo deve-
lop derived formal quality measures that can
capture these advanfages in an appropriate
way. A meaningful quantitative evaluation
will include a larger number of users and this
developed quality measure.

approach in our spirit. After that, we gave a
short summary of recent approaches in Geo-
IR and P2P-R in order to classify and demar
cate our approach. Another central aspect for
federated socially sensitive IR are small world
structures of the networks connecting the
peers / agents and Tobler’s first law (Tobler
1970) which were shortly reviewed. In a se-
cond part, we described our approach in
more defail. We discussed spatiofemporal
references as main classification criferion in
our concept fogether with the central aspect
that it implicitly conserves given semantic and
social small world sfructures when embed-
ding them into space and time. This gave rise

Figure 6: Visudlisation of Agents and Expertlink edges in the DSTls Quadiree

6. CONCLUSION

In this paper, we presented our approach fo
an alternative, socially and spatiotemporally
sensitive IR, especially suitable for mobile en-
vironments as a reaction fo the ever increo-
sing inferdependency between real and virtu-
alworld. The natural process of humans for in-
formation acquisition, their given location in
space and fime in connection with these pro-
cesses as well as the cognifive understanding
of these phenomena were an important basis
for the essential considerations. In the first part
of this confribution, we discussed problems
and limitations of current centralized ap-
proaches fo IR in view of an increasingly soci-
al and mobile Web. Secondly we discussed
the principles of human IR and the relevance
of spatiofemporal references of information
and persons as a basis for a decentralized IR

fo the notion of implicit social- and semantic
spatiofemporal small worlds. VWe then dis-
cussed how the considerations discussed up
fo then are realized in architectural elements
of our system. We presented a workflow of
the developed P2P protocol used in refrieval
processes in our system. Finally we discussed
our qualitative evaluation.

Decentralized information refrieval in the
spirit proposed here represents an inferesting
field of research. To our knowledge the incor-
poration of local heuristics and generally of
specialized locally optimized IR systems ba-
sed on P2P and the resulting possibilities for
the improvement of quality, upfodate-ness
and personal quality of IR have not been re-
garded in great depth yet. The smooth and
well  performing interplay  between  the
agenfs proposed here is also an inferesting
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field of study for distributed systems research
and multi-agentresearch. Furthermore, de-
claratively specifying elements such as Exper-
tiseCards and interoperability for such IR
concepts on a dataformat level may be a re-
levant subject for the SemanticWeb commu-
nity. Many other aspects, such as the precise
structural properties of implicifly semantic, so-
cial and socially-semantically-combined spa-
fiotemporal small worlds e.g. induced by
such concepts as Expertlinks are promising
fields of research which can be stimulated by
federated social IR concepts in our spirit.

It is of special inferest to generally investi-
gate conflicting issues such as a massive P2P
distribution and replication of confent in view
of increased performance versus keeping the
data with your local agent and possibly not
providing it when not online thus contributing
fo implementing a (partly) forgetting VWeb in
contrast to a nonforgetting Web. We will al-
so evaluate and further develop various heu-
ristics with respect to the selection of suitable
peers in case of missing or incomplefe spatio-
femporal elements of the query. It is also infe-
resting fo investigate the influence of informa-
fion density and resulting free-depth and re-
spective quadrantsizes of the respective dis-
fributed Quadiree on search strategies and
clustering of information items as Expertises.

Elements of future work include research
on suitably including models for measuring
and using locality of information and more fi-
ne grained cognitive models of space info
our approach. Another very important re-
search direcfion is fo investigate social ac-
cess confrol mechanisms and  privacy
aspects of our model.

We wish fo thank our students Henry Pétzl and Ben-
jamin Koster for their valuable contributions. <
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GEOFORUM MV 2010 -VERNETZTE GEODATEN: VOM SENSOR ZUM WEB

von Lutz Kref3ner

Der Verein fir Geoinformationswirtschaft Meck-
lenburg-Vorpommem (GeoMV) veranstaltete am
26. und 27. April im Technologiepark Rostock/
Warneminde das 6. GeoForum MV. Die zweité-
gige Konferenz, welche sich in diesem Jahr unter
das Motto , Vernetzte Geodaten: vom Sensor zum
Web" stellte, bringt einmal jchrlich Vertrefer aus
Wissenschaft, Wirtschaft, Politik, Lehre und For
schung zusammen, um hier akivelle technisch-wis-
senschaftliche Entwicklungen aus dem Umfeld der
Geoinformationswirtschaft zu présentieren.

Die Kernthemen der diesjchrigen Veranstalung er-
streckten sich Uber eine grofe fachliche Bandbrei-
fe aus dem Bereich der Geornformationssysteme,
wobei hier diesmal Fragestellungen aus den
Schwerpunkien Geovisudlisierung, 3D-Stadimo-
delle, Open Street Map und vemetzte Geodaten
dominierten. Hervorzuheben sind u.a. die Vorré-
ge von Frau Prof. Dr. Dransch tber die Visualisie-
rung von Geodaten im raum-zeitlichen und atiri-

butiven Kontext der Geowissenschaften, die Vor-

stellung des Solardachkatasters Lage der Firma GE-
OPLEX GmbH (Gewinner des GeoBusiness Award
2009) durch Hermn Hilling sowie der Beitrag ,Was
ist eine gute Karfe” von Herm Prof. Dr-Ing. Schiewe
von der Hafencity Universitat Hamburg, welcher sich
mit den Herausforderungen bei der Quadlitéisbe-
schreibung in der Geovisualisierung beschdftigte.

In einer parallel statifindenden Firmenausstellung hat-
fen regional, national und international agierende
Unternehmen (u.a. GTA Geoinformatik GmbH, ESRI
Deutschland GmbH) Gelegenheit ihre technischen
Produkie und Diensfleistungen vorzustellen und auch
zum gemeinsamen Erfahrungsaustausch anzuregen.

Zeitgleich zu den Fachvortréigen fanden am zweiten
Konferenziag parallele Workshops statt, in denen
sich die Uber 120 angemeldefen Teilnehmer unter
anderem iber bestehende Anforderungen und akiuel-
le Anwendungsbeispiele aber auch tber Probleme
sowie Potenziale aus den Themengebieten ,Mobile
Anwendungen”, , Immobilien\Wirtschaft” sowie ,Clo-

bale Umwelt- und Sicherheitsiberwachung” informie-

ren konnten. Gastredner waren hier unter ande-
rem Herr Schwarz vom DIR e.V. Neustrelitz (,Ship
Service”), Herr Wiese (Northbit
GmbH) mit dem Thema ,NVE — Verwaltung und

Vermarkiung von Immobilien auf Basis von Land-

Detection

karten” sowie Herr Dr. Grenzdérffer, welcher ei-
nen Einblick in den Stand und die Perspekfiven
von unmanned airborne vehicles (UAS) zur Geo-
dafengewinnung gab.

Eine von vielen Teilnehmern besuchte gemeinsa-
me Abendveranstaliung im Teepott Restaurant
Warneminde rundefe die Konferenz ab und lud
zum geselligen Treffen aber auch zur vertieften
Diskussion ein.

Ein Tagungsband mit allen Beitréigen liegt bereits
vor und kann direkt Uber den GITO Verlag
(hitp:/ /www.gito.de/) bestellt werden. Dariber
hinaus stehen die einzelnen Vortréige auch iber
die Internefprésenz der Veranstalter (www.geomv.
de/geoforum/2010/beitraege.php) als  PDF-
Datei zur Verfigung. <
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