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Abstract—Location based push services will offer customers after a provider received a request. The provisioning of push

the possibility to select geographical regions for their services or services requires the maintenance of the current locations of
to distribute information to them.

A convenient way to disseminate information in a geographical
region is the utilization of geographical routing. Messages can be
forwarded via geometrical operations through a carrier access
network to the mobile devices in a selected region.

Geographical forwarding requires non-negligible processing
power in the intermediate nodes. For its reduction, we propose
the utilization of a storage and computational enhanced node
(GEN), filtering similar and identical target regions for the
reutilization of recent forwarding decisions.

In this paper, the required efficient geometrical filtering

all mobile devices, e.qg. in a suited database. Information could
then be sent to the devices in a certain region by a spatial
query in this database and the emission of the information to
the returned addresses of the devices.

Obviously, the provisioning of the push services by such a
database approach would involve a huge amount of signaling
information, since the positions of all mobile devices have
to be continuously transmitted to the database server and
information has to be send via unicast to the devices.

mechanism for this approach are investigated. We show that the
computational effort can be significantly reduced by appropriate
geometrical approximations of the target regions and deploymen
of caches.

A more convenient mechanism for the dissemination of
¢ information in the target regions is the utilization of geo-
graphical routing [3]. Messages contain the coordinates of the
geographical target regions and are forwarded by means of
geometrical operations. But geographical forwarding decisions
By location based services (LBS) [1], useful informatiofequire more complex computations than e.g. the relatively
can be provided to users of transportable wireless devices sdfiple binary operations for IP routing, which leads to non-
as cellular phones, personal digital assistants and notebogigligible processing overhead in the intermediate nodes.
based on their current geographical positions. For the reduction of the processing effort, caches can be
Generally, two classes of LBS can be distinguished, thployed for forwarding decisions of messages to recurring,
location basecpull and pushservices. In the first case, usersgentical target regions. After making the forwarding decision
actively request a service from a provider via their mobilgzsed on geometrical computations for a message, each in-
devices. For instance, by sending a SMS message with {Bfimediate node caches the result and uses the description of
respective keyword to a provider, users can request the locatigB region or other message header parts as key. If subsequent
of the closest automated teller machine, doctor or restaurafiessages have to be forwarded, the nodes perform lookups
Contrary, location based push services are to be provid@dheir caches. If a forwarding decision already exists, it will
without a prior interaction between the initiator of the selhe reysed: otherwise the routing will be conducted with the
vice and the users. They offer customers the possibility gaometrical computations. This approach introduces a certain
select certain spatial areas as target regions for services gpgrhead for the caches and lookups and should be used in an
information. The services can be triggered if a users chan@8gcient manner.
its spatial relation to a region (see [2]) or information can Two main challenges thus arise when the push services

be directly sent to the users in it. These services yield a widgy1d be provided by means of geographical routing:
variety of new applications. For instance, warnings can be sent

to traffic participants who approach an accident. Additionally, ®
there exist many commercial applications like the sending
of localized advertisements and coupons or the dissemination
of video streams to users being in certain regions, e.g. with
additional information for attendees of a sight-seeing tour.  *
One of the main differences between the pull and push ser-
vices is the required availability of the mobile device positions.
For pull services, the position of a device is needless as long ago overcome the aforementioned problems, we propose the
no request is issued by it, and can be determined immediatdBlegation of the geometrical operations to computational and

I. INTRODUCTION

The additional processing load of the intermediate nodes
due to the geometrical computations must be reduced,
which is critical especially for computational restricted
intermediate nodes

Existing forwarding decisions should be efficiently reused
without introducing large overhead to the intermediate
nodes
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storage enhanced nodes in the network, possessing mechidt. PROVIDING LOCATION BASED PUSH SERVICES VIA
nisms for the identification of similar requested target regions. GEOGRAPHICAL ROUTING

The rest of this paper is organized as follows. A model | this section, we present the provisioning of location based
for the considered system is described in the next section.diish services using geographical routing. After a description
realized by means of geographical routing and introduce o reduction of the computational effort of the intermediate

approach for the reduction of the computational effort. Thesdes in the network, relying on geocast enhanced nodes
focus in this paper is on the investigation of similar targgEN).

region filtering and the reduction of the processing effort for

the similarity checks, which will be described in section IV. If\- Approach Based on Current Geographical Routing
section V, we present some numerical results. Related work iProviders of location based push services offer them via
presented in section VI. Section VII concludes the paper apdrtal servers in the Internet to customers. If an initiator

gives an outlook to our ongoing work. of a service wants to send information to a certain region
in the geographical territory, he contacts one of the portals.
Il. SYSTEM MODEL The portal of the provider possesses the knowledge about the

In the sequel, we consider a large rectangular section oflpropriate carrier of an access network that covers the target
geographical territoryG' with edge lengthss,, and G,. The region and sends a message containing the description of the
territory is covered by a wireless carrier access network withgquested service through the Internet to the gateway of the
large number of base stations. Each of the base stations co¢&fgier.

a small part of the whole territory, providing network access After the message arrived at the gateway, an appropriate

to the users of mobile devices who are located in that pa@€ographical addressed message is generated for its content.
The base stations are connected via intermediate nodes thhg message will then be forwarded by means of geographical

gateway of the carrier, connecting the access network with tfiting through the carrier network to the target region.

rest of the Internet. In the recent years, several geographical addressing and

In the territory, customers choose regions (i.e. the mobfleuting mechanisms for the dissemination of messages in
devices in them) as targets for their messages. The tartgglet regions (also known ageocast have been proposed,
regions are modeled according to the model that has bedhereas many of them are intended for the usage in ad
proposed by Navas and Imielinski in [4] for the evaluation dtoC networks. An approach being suited for the deployment
geographical routing mechanisms. We investigate a mixtureibf the considered cellular networks has been proposed by
polygonal target regions with a number of verticesbeing T- Imielinski and J. C. Navas in [5], which will be briefly
chosen from an uniform distribution on a bounded interv&escribed in the following paragraphs.

[Umin: Umaz]. FOr the construction of a polygonal region, a The approach relies on three different components,
center is defined first. Then, in equally spaced angular sect&@0Routers, GeoNodes and GeoHosts. GeoRouters use the
of size 27/v, the vertices are generated by selecting tHéescription of the geographical target region (e.g. in form
distance to the chosen center from an uniform distribution & @ closed polygon with coordinates as its vertices) to
the interval [dyin; dmaz]. Afterwards, the polygon is rotatedforward geographically addressed messages. Th(_a GeoRc_)uters
by an anglex € [0; 2r|. can be considered as standard network routers with additional

For the spatial distribution of the regions being selected f#fographical functions. Since not every router in a network
the geographical territory section, we consider two differef assumed to possess this functionality, messages can be
cases. In the first case, the centers of the regions are unifori@fvarded in an overlay manner through tunnels between the
distributed over the territory, i.e. the probability density funcG€0Routers. .
tion of the x coordinate (and the y coordinate, respectively) The messages are forwarded by the routers until they

is arrive at the GeoNodes. These nodes are responsible for the
1 fo<z<@ dissemination of messages in a certain part of the geographical

f(@) = {g* olse v (1) territory (i.e. a cell or subnet) that has been assigned to them.

Each part of the territory has at most one GeoNode. The task of

In a real scenario, the target regions may have a certfi¢ node is to store the received messages and to periodically
concentration at points of interests in the territory. Thus, tisnd them to the part of the territory as long as their lifetimes
x and y coordinate of the centers are chosen from a Beee not expired. In the case of missing GeoNodes, messages

distribution with probability density function are disseminated only once in the territory.
WL (Goayprl The territory part being assigngd to a GeqNode may be
_ W if 0 <z <G, ) larger than a target region, requiring an additional filtering
J) = 0 e else @ of the messages. This is performed by a GeoHost software

running on the mobile devices. Two different variants for the
In both cases, regions are allowed to overlap the bordersfiitering have been proposed. In the first variant, the GeoNode
the territory section without being truncated. sends a list of available messages, their destination regions



% Service

and assigned multicast addresses to the mobile devices. After
the GeoHost detected that the current position of the device
is inside a destination region, software clients can receive
the message by associating with the corresponding multicast
address. In the second variant, the original messages are
directly sent to the devices, and the filtering is performed by » ASNUUU W
the running GeoHost applications. A
For the routing of the messages, appropriate mechanisms are
required. The GeoRouters in the network form a hierarchical
tree structure, with the GeoNodes as leaves. The part of the
territory a GeoNode is responsible for is called its service area.
Each GeoNode sends its service area (or a polygonal approxi-
mation) to the next GeoRouter in the hierarchy. After receiving
the service areas from all attached GeoNodes, the GeoRouter .
will be able to forward a geographically addressed message

to them by performing geometrical intersection checks with Base 5“5“@ Vi

the target region in the message and the service areas of the <£>

GeoNodes. The message will be forwarded to all GeoNodes L e s O
whose checks lead to a positive result. Geographic Territory

If there is another GeoRouter in the hierarchy above thdo. 1. Example of a carrier access network with geocast enhanced node
. . . . GEN) near the gateway
first GeoRouter, it has to send the service areas to this upper

router. Instead of sending the single areas which would result

in a huge amount of areas in the upper routers, it COMPUteSsooral definitions of similarity exist which contain these

and _sends the geometrical union of tr_\em. The Upper rou{ﬁfee areas, an overview is e.g. presented in the paper [7].
considers the merged areas as the service area of the first ro%%wing the definition of similarity form Walker et al., we
and performs the routing in the same way. chose h

C . . a; Gy
B. Load Reduction by Forwarding Decision Reutilization similarity(t, ¢) := min (at’ ac> ©)

One of the problems of geographical routing are the requiredThe range of the similarity function i, 1], whereas a
geometrical computations in the intermediate nodes. In earlighilarity of 0 means that the regions do not intersect and
studies, it has been shown that the duration of the forwardilgmeans that the regions are identical.
decisions is more thah000 times larger than that for IP (see |f no recently requested identical region exists, the check
[6]). in the GEN will return the region with the highest similarity.

Thus, we propose the redutilization of existing forwardin@epending on policies if the similarity satisfies a minimum
decisions in the intermediate nodes. The approach is bagegree, the new message can be forwarded to that region by
on a computational and storage enhanced node with geogasising the formerly established forwarding decisions in the
functionalities (GEN) near the gateway of a carrier accegstermediate nodes.
network. Again, the gateway interprets the request messagehe policies for the similarities have to be determined. They
and generates an appropriate geocast message for its contapght depend on the concrete application, i.e. the requirements
The message is not sent directly to the target region butftsr localized advertisements may be lower than that for safety
the GEN before, which performs a check if another messagarnings. If no appropriate recently selected target region ex-
has been recently sent to an identical region. An example igfs, the message will be sent with standard geocast operations
a carrier access network is displayed in figure 1. through the network.

Usually, neither the coordinates of a target region nor thein order to perform the similarity checks with the regions
positions of the mobile devices can be exactly determineiat have been recently selected as targets, the GEN possesses
Therefore, the GEN checks not only for completely identicalvo basic components. The first one is a spatial database
regions, but also for those being similar to the new region. caching the target regions of previous messages (in the sequel,

For this mechanism, a definition of the similarity has tave will refer to this database asachg. If a new message
be introduced. Assuming that all parts of the consideredrives at the GEN, a cache lookup is performed which returns
geographical territory are equally important, the areas of thesuperset of candidates consisting of all cached target regions
target regions are a suited basis for the determination tbft are probably similar to the new region. The task of the
similarity. Considering the intersection of two target regionsecond component of the GEN is to filter the region out of
we have to deal with three different areas, the argaf the the candidate superset that is identical with (or possesses the
new target region, the areas.. of the cached region and the highest similarity to) the new target region. This component
intersection area of both regions. will be calledfilter in the sequel.



One of the problems is that the similarity checks by the
filter consume a non-negligible amount of computing power. In | - !
order to avoid that the GEN becomes a performance bottleneck ! --"
resulting in congestion if the number of messages exceeds a \ !
certain rate, the computational effort must be kept small. ! ‘

IV. CACHING AND FILTERING OF SIMILAR TARGET
REGIONS (a) Original (b) AABB (c) OBB
target region

The design goals of the caching and filtering mechanisms
are the efficient utilization of the available computing re-
sources and the determination of a previous target region being
highly similar to a new one.

The computational effort mainly depends on the number ' v
and the complexity of the similarity checks that need to be ! !
performed for each target region. A common approach for the ! !
reduction of the computational effort for the similarity checks
is the utilization of polygonal approximations of the target
regions, but these approximations introduce deviations from (d) 3-boP (e) Convex (f) Raster
the originally requested region and the ones being used for Hul
the computations.

In the remainder of this paper, we present an analysis of the
deployment of filters using various polygonal approximations

of target regions and the effective utilization of different The third variant utilizes a cache in combination with a filter

Fig. 2. Different target region approximations

combinations of filter mechanism with caches. performing similarity checks solely based on approximated
) ] o shapes of the target regions. The member of the superset
A. Investigated Filter and Cache Combinations whose approximation possesses the highest similarity to the

In the sequel, we investigate three different combinatio@proximation of the new target region will be returned.
of filters and caches and their suitability for the derivation o ,
of similar target areas. The first variant is the combinatidh: D€Ployed Approximation Techniques
of a cache with a filter performing exact computations of the The running time of algorithms for the computation of
similarity. If a new target area arrives, a superset of candidaiagersection regions being required for the similarity checks
is fetched from the cache. Then, the similarity of each supersifpends on the number of edges of the new target region
member to the new target region is computed. Finally, the and the cached region.. The intersection region can be

region with the best result will be returned. computed in time
In the second variant, we analyze a cache which is combined
with a two stage filter architecture. The candidates being O((ns +ne) log(ny +1c) + k), (4)

returned by a lookup in the cache are first checked with afilr\%h k being the number of intersection points of the edges

using approximations of the region shapes in order to redugfathe two regions [8]. One objective of an approximation of

the size of the cand@ate set. Afterwards, gxact SImIIarIE}’region is therefore the reduction of the number of edges.
checks are performed in the second stage with the member this section, we give a brief overview on the approxima-

of the reduced set and the new target region, and the 'e0i¥hs that have been investigated for the filters mechanisms,

with the best result is returned. The filtering in the first stag[%fJether with the computational upper bounds for the con-

is intended for the detection of regions in the superset tl‘gq uction of the polygons. In Figure 2, approximations for an
would only lead to insufficient results in the second stag e '

e o e s o e A aptomation s enabl a oo compliance of e

) L CT areas of the original target region and the polygon as well as

if the approximation of the new target region intersects the : : : :
e i i omputational inexpensive construction.

approximations of the regions being returned by the cacﬁe

lookup, and the exact similarity checks in the second stage dwis Aligned Bounding Box (AABB)

only performed with the candidates where this check has beerThe axis aligned bounding box of a region is given by the

positive. The second method for the reduction of the candidamallest rectangle that contains all points of the region. The

sets is the computation of themilarity of the approximated rectangle is oriented to two axes of a fixed coordinate system.

regions. Only those candidates whose approximations havét @an be described by four parameters, the minimum and

certain similarity to the approximation of the new target regiomaximum spatial extend of the region according to each of

are investigated in the second stage. the two axes.

mplary shape are being displayed.



TABLE |

The minimum bounding rectangle of a region can be com-
PARAMETERS FOR THE MODEL OF THE TARGET REGIONS

puted in linear timeD(n), whereasn denotes the number of
the edges of the original region.

Oriented Bounding Box (OBB)

Parameter  Value

Umin 4

The oriented bounding box of a region is the smallest Ve 8
rectangle in terms of its area containing all points of the region dimin 200m
without requiring the rectangle to be aligned to the axes. Thus, dmax 500m

it can be described by five parameters, the four known from the
AABB plus an angle describing the rotation of the rectangle.

An OBB can be computed in tim@(n log(n)). The advantage . o . . o
to the AABB is the better compliance with the area of thBigh similarity depends on the cache size. Expedient similarity
region. check results are to be achieved for appropriate cache sizes.

Regarding the cache and filter combinations, efficient sim-
Discrete Oriented Polytop with k-Faces (k-DOP) ilarity checks have to be realized for a proper utilization of
A discrete oriented polytop can be considered as an @fe available computing power and storage. The introduction
hanced AABB. In 2-dimensional space, /aDOP is the of the approximating filters in the two stage approach should
smallest polygon that contains all points of a target regiafignificantly reduce the size of the candidate set being returned
and is similarly constructed as the AABB. Instead of using By the cache in order to keep the total processing effort of the
coordinate axes, it is computed by determining the minimutwo stages low.
and maximum spatial extend of the region regardinfixed  The filter decisions based on the approximated regions in
axes in the plane. Fok = 2, a k-DOP s identical to an the third filter and cache combination have to be as effective

AABB. as possible. Due to the simplifications of the region shapes and
Eachk-DOP can be described I3} parameters and can bethe resulting different areas of the approximated and original

computed in linear time(n). regions, a filter using approximations may return a higher or

Convex Hull lower similarity compared to the one which would be returned

A convex hull of a region is defined as the smallest convé}{I a filter computing the similarity for the original reg_ions:
polygon that contains all points of the originally selecte(ijr erefore, the best match being returned by an approximating
target region. Several algorithms for the efficient computati |J]ter may differ frqm the bE_ESt match that would have been
of convex hulls have been proposed. The recent algorithr[r%umed for the original regions.

Compute the convex hulls in tlmé)(nlog(n)) A convex V. NUMERICAL RESULTS AND DISCUSSION
hull is described by its edges, thus, the number of required

parameters is not fixed In this section, we present some numerical results that have

been derived for the mechanisms.
Raster Approximation For the evaluation of the approach, the filter mechanisms
Another mechanism for the approximation of a target regidrave been implemented and integrated in the discrete event
is the utilization of a fixed raster in the geographical territorgimulation tool OMNeT++ [9]. We investigated a section of
By the raster, the territory is partitioned into tiles. Each tila geographical territory with a size 6f000m x 5000m. The
being intersected by the region that should be approximateadel for the regions that are selected as targets in the territory
is marked, leading to a binary pattern for the region. THeas been parameterized according to the values in table I. As
advantage of this mechanism is the possibility to perform tmeentioned in section Il, we investigated two different spatial
computations for the similarity checks with binary operationdistributions of the centers of the regions, the uniform and

which can easily be integrated into hardware. Beta distribution with parameteys, = 2 and s = 2.
] ] For each of the distributions, we performed 15 simulation
C. Caching of Recent Target Regions runs. In each run, 300 different regions have been selected.

The regions that have recently been the targets of messaghke intervals being displayed in the graphs denote the 95%
are stored in a spatial database. For efficiency reasons, thafidence intervals.
database uses the AABBs of the regions as their keys beindrirst, we investigated the effect of the different spatial
organized in a tree structure. A query in the database distributions of the target regions on the similarity of a new
performed based on the AABB of the new target region andrget region to a cached one. Obviously, the probability to
returns a candidate set consisting of all cached regions whdisel a region being similar to a newly selected one is heavily

AABBs intersect the AABB of the new target. influenced by one parameter, the size of the cache for the
. . previous targets.
D. Evaluation of the Mechanisms In figure 3, the average similarity of the best match of

The average similarity that can be achieved for a new targetstored target region to a new request is depicted. The
region to the best matching cached one is relevant for thesults have been obtained with the first variant of the filter
deployment of a GEN. The probability to find a region wittmechanisms, namely the combination of a cache with the filter
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Fig. 3. Mean similarity of the best matching region being cached depending

on the amount of regions in the cache ) o )
(a) Uniform distributed target regions

performing the exact similarity checks when a message shou 025 |

be sent to a new geographical region. As the graph show %égg s

the difference between the average similarity is only marginé o2 |11000 . e
for the two distributions of the centers. The influence of thez /,’2\*\

cache size on the average similarity decreases with increasis AN

cache size. Before each investigation, the cache was filled Wi§o.157 7 * |

the maximum number of target regions, which were generate;
according to the same model being used for the target regior-% 0.1
The frequencies of the maximum similarities of new targeg
regions to cached ones are presented in the histograms 4
for the uniform and figure 4(b) for the Beta distribution. In
the histograms, the results for three different cache sizes &

0.05

presented, i.e. caches for 100, 500 ar@0 target regions. % 4 06 1
If a Beta distribution is assumed in order to reflect the spatit Similarity

concentration of target regions, the values in the histograms are

shifted towards the direction of a higher similarity compared (b) Beta distributed target regions

to the uniform distributed case. Considering the distributions,
a cache size of 000 regions leads to a similarity of 70% orFig. 4. The histograms show the distributions of the best similarity check
more for over 59% of the new target regions and to a Similarifﬁsuns for three different cache sizes of 100, 500 4060 regions
of 80% or more for about 14% of the Beta distributed regions.
The bucket/cell size being chosen in the histogramg.ds,
and the amount of sample regions4i§00 for each curve. regions is nearly independent from the cache size (except for
In the second filter combination, the approximating filteréache sizes smaller than 100 regions). In consideration of the
are intended for a reduction of the candidate sets beif@ft that only small reductions of the candidate set size can
returned by a cache lookup. This can be achieved in t/#§ achieved by this mechanism, the total computational effort
different ways, by intersection or similarity checks. The efill most likely be even higher than that of the first filter
ficiency of simple intersection checks is presented in figurec®mbination.
for different approximation techniques. It leads to an averageThe second method for the reduction of the candidate sets is
reduction of about 28% of the candidate set size, if convélxe computation of theimilarity of the approximated regions.
hull approximations are utilized. The same result is achiev@the best match being returned by the approximating filter
by performing the checks with the original polygons. Discretdoes not necessarily coincide with that of the original regions.
oriented polytops lead to a reduction of about 17%, rast€herefore, we investigated the ratio of the best candidates
approximation to a reduction of about 13%, and orientdsking returned by the approximating filter that has to be used
bounding boxes achieve only about 7%. The parameters for further testing. The outcome is presented in figure 6. The
the approximations aré = 3 for the k-DOP filter and the graph shows the average proportion of the reduced candidate
raster filter uses a lattice spacing of about 110 meters insgt from the approximating filter containing the region that
and y direction. In all cases, the ratio of additionally filteredvill lead to the best result when the exact similarity checks



0.3 ; ‘ 0.06 ‘ ‘
(2] =, I S e ]
5 B2 =  [— Convex Hull 1
? 0.25 — Convex Hull | 005 |~ Discrete Oriented Polytop B
& ) -~ Discrete Oriented Polytop ’ Oriented Bounding Box
3 Oriented Bounding Box b r |- Raster I b
T Raﬂef 1 c
E 02 -~ Original Region 5004 I B
[ T + = = E s r I b
§ 0.15 1 g 0.031- I f
5 | 5 | I ]
o 01 . S o002 =
E v‘:’ d [ I T T I ]
g oosp - 0.01- e ETT I
P T S
= | 1 FEs 1
E | | | | 0 i i € | I
0O 200 400 600 ) 800 1000 O0 200 400 600 800 1000
Cache Size [Number of Regions] Cache Size [Number of Regions]
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by the cache can additionally be reduced with boolean intersection checiiger may not coincide with the best match for the original regions. The
The graph shows the ratio of additional reduced regions depending on tfgire shows the mean deviation of the similarity of returned regions due to
cache size for Beta distributed regions approximations from the original regions.

1

1 The results are displayed in figure 7. For all approximation
techniques, the deviation between approximated and original
regions increases with the size of the cache. The smallest
difference between the best match being determined based
061 on approximated regions and the original regions is achieved
r 1 by the filter using convex hulls of the regions. The average

0.8 -

Mean Ratio of Best Approximated Regions

041 - g?,snc\:g(e%ﬁlilented Polytop _ deviation stays below 0.1% for all tested cache sizes. Quite
B g;';;:ed Bounding Box | acceptable results are also obtained by the raster and DOP filter

)\ with an average deviation below 1% and 2%, respectively. The

021 RN | performances of the OBB filter is about a factor of 5 worser

r 1 than that of the raster one. If the effort for the computation

0 L L B ——— 3 of the approximating shapes of the regions is being neglected,

0 200 400 600 800 1000 T AT
Cache Size [Number of Regions] the third filter combination is the fastest of the presented ones.
Fig. 6. Mean best ratio of the approximating filter results containing VI. RELATED WORK

the region that will lead to the best match when the similarity checks are o . .
performed with the original regions. The target regions are Beta distributed The utilization of geocast for the provisioning of location

based services has already been proposed in the context of

various application. It became a fixed part of environments for
are performed. For instance, for a cache sizé @0 regions, LBS, e.g. in the NEXUS platform [10]. Geocast is also utilized
the original region that will lead to the best match is ofor the location based service discovery in networks. For
average within the best 5% of the reduced candidates beingtance, in [11], control messages are sent based on geocast
returned by the approximating filter. The results of the differebioth for the discovery and advertisement of services. The
approximation techniques are hardly distinguishable from eadaployment of geocast in cellular networks has been addressed
other. Due to possible the large reduction of the candidate datthe paper [12]. The authors deal with the occurring problems
this filter might be more efficient than the first cache and filtexf geocast zone formulation, routing, group construction and
combination. maintenance in the networks.

For the third filter combination, the characteristics of the ap- The caching of geographical forwarding decisions in in-
proximating filters regarding the determination of best matchesrmediate systems has been proposed in [5]. A mechanism
that differ from those that would have been returned Hgpr the avoidance of geometrical operations in intermediate
a filter using the original regions have been analyzed. Fgystems is the GPS-Multicast approach presented in [13].
the investigation, we took the best matching region beingodes which are responsible for parts of the geographical
returned by an approximating filter for a new target region andrritory being covered by a network are grouped to so called
computed the similarity that would have been determined fatoms and partitions (i.e. several atoms), which are mapped to
the two original regions. Afterwards, the difference betweanulticast addresses. If a message should be sent to a region,
the similarity of the best matching original polygons has beeahe smallest partition or atom is determined which contains the
computed. region. Then, the message is sent to the respective multicast



address. Due to the partitioning, the approach tends to theen returned after an exact computation. For instance, they
erroneous sending of messages to nodes which have to fittéfer less than 1% for filters using raster approximation.
and discard them afterwards. Regarding the next steps of our ongoing work, we will
Mechanisms for the simplification of geometrical computanvestigate the effect of the deployment of this approach
tions for geographical routing have been analyzed in [4]. Byn the overall processing effort in a carrier access network.
utilizing polygonal approximations of geographical regiondifferent mechanisms for the reuse of forwarding decisions in
the computational expense of forwarding relevant intersectitime network will be analyzed, for example the deployment of
checks of target regions and service areas (i.e. the geographilyeiamic multicast groups.
regions being covered by nodes in the forwarding direction) is
reduced. The work focuses only on the required intersection
checks without considering similarity checks of target regions. The authors would like to thank Oliver Belaifa and Zakaria
Considering the area of Computer Science, another app“dﬁsml who implemented and tested the presented filter mecha-
tion of geometric object approximations can be found in geajsms and integl’ated them in the simulation tool. Addltlona”y,
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