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Abstract Hovering information is a mobile computing paradigm wherecps of
self-organising information are responsible to find themnctorage on top of a dy-
namic set of mobile devices. Once deployed, the hoverirgintion service acts
as a location-based service for disseminating geo-lamlisformation generated
by and aimed at mobile users. It supports a wide range of peevapplications,
from urban security to stigmergy-based systems. A piec@wéting information is
attached to a geographical point, called the anchor locasind to its vicinity area,
called the anchor area. A piece of hovering informationspamsible for keeping it-
self alive, available and accessible to other devices withianchor area. It does not
rely on any central server. This chapter presents the hog@rformation model and
results of simulations performed using replication anchaag algorithms involving
up to 200 distinct pieces of hovering information in a smalbgraphic area.

1 Introduction

User generated content is taking a large part of the Intevithtsocial networking
web sites such as YouTube or MySpace. The equivalent of @it for mobile
users, such as the GyPSgocial networking web site, now combine both user-
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generated content and location-based services. Among, tileg allow groups of
mobile users to share dynamic real-time content or retilegenselves on a map.

Location-based services usually rely on base stationsranadthere possibly to
the whole Internet to provide some requested informati@rtmbile user (e.g. what
is the nearby Chinese restaurant or where is my friend’sawa tiser-generated con-
tent). This solution has clear advantages such as provéatiogss to large computing
capabilities and broadband network access that go beyase thf mobile phones
or PDAs.

However, it is not always possible or desired to rely on amserver in partic-
ular for user-generated content: extra-terrestrial systaeed local communication
infrastructures, they cannot communicate with an Eartseldaerver, or if in a hos-
tile environment cannot rely entirely on a single serveteied natural disaster, when
no more infrastructure is available, local communicatian®ng available devices
help coordination among emergency services; finally, flialbdity reasons, it is not
always possible to rely on a centralised server represgatgingle point of failure.

Hovering Information [15] is a concept characterising s@tjanising informa-
tion responsible to find its own storage on top of a highly dyitaset of mobile
devices. This is a location-aware service for mobile uggesfle, cars, robots, etc.)
that supports dissemination of user-generated geo-kszhilata among a highly
mobile set of devices. This service exploits the mobile cevihemselves as a phys-
ical support and do not make use of a server. The main reqaineaf a single piece
of hovering information is to keep itself stored in the vitynof some specified
location, which we call the anchor location, despite theeliability of the device
on which it is stored. Whenever the mobile device, on which ltlevering infor-
mation is currently stored, leaves the area around the fipe&einchor location, the
information has to hop - "hover” - to another device.

Current services supporting geo-localised data, are gledlaising one of the
following approaches: centralised servers, virtual strcedd overlay network offer-
ing a stable virtual infrastructure, or direct communioatamong the mobile nodes
themselves. In all these approaches, the mobile nodesedebieih and to whom the
information is to be sent. Here we take the opposite vievg fhe information that
decides upon its own storage and dissemination. This opeiesher possibilities,
not available for traditional MANET services, such as diffiet pieces of hovering
information all moving towards the same location and (rergtructing there a co-
herent larger information for a user, e.g. TV or video streganon mobile phones.

A piece of hovering information is aelf-organisinguser-defined piece of data
which does not need a central server to exist. Individuatgseof hovering infor-
mation each use local information, such as direction, osipower and storage
capabilities of nearby mobile devices, in order to seleet ilext appropriate lo-
cation. Hovering information benefits from the storage spawd communication
capacities of the underlying mobile devices.

Main dependability requirements of hovering informatio@survivability, avail-
ability and accessibility Survivability means that the information is alive some-
where in the environment (i.e. it is stored in some devicé)imt necessarily close
to its anchor location. Availability means that the infotina has found storage
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in the vicinity of the anchor location. Accessibility comles both availability and
communication range of wireless mobile devices, and reprtisghe possibility for a
user located in the anchor location to access hoveringrimdtion stored on nearby
devices.

The hovering information service requires the followingloile nodes with com-
puting capacity; direct wireless communications amongiteatpde such as Blue-
tooth or WiFi; and a location tracking capability such as aSgmobile PDAS),
relative distances calculations or light-colour track{ngpots).

This chapter presents the hovering information model as agaleplication and
caching algorithms allowing multiple pieces of hoverinfpimation to get attracted
to their respective anchor locations.

Section 2 discusses potential applications of this concegttion 3 presents
the hovering information concept and model. Section 4 dises replication and
caching algorithms, in particular the Attractor Point Afgbm that we have de-
signed where the information is "attracted” by the anchoat®mn and keeps coming
back to this location, and the Location Based Caching dlgoraiming at reducing
the number of hovering information stored in the differeatias, when memory is
limited. Section 5 reports on simulation results involving to 200 distinct pieces
of hovering information. Finally Section 6 compares ourt@aeh to related works,
and Section 7 discusses some future works.

2 Applications

This section highlights some future applications in verfjedéent areas that could
all be developed from the concept of hovering information.

Urban Security The environment considered for this apfibcais a dense ur-
ban area where each person carries a GPS enabled deviceeArgpwnforma-
tion service is available on the device, which allows usergrter comments
or warnings related to dangers in the urban environmenfekzifnt types of in-
formation can be disseminated by the user: warnings abdes lo the road or
about the existence of thieves (pick-pockets); or commiémsthis corridor is
dark and | feel a danger”. Each person entering the area vtheiaformation is
kept will potentially receive it. Each user has a "profile’dachooses what types
of dangers are relevant to her. For example a blind persdrbwilnterested in
holes on the road; a weight lifter is not really concernedd@tiacked by a thief,
while an elderly will find these two pieces of information peularly relevant for
her. Similarly, policeman and security guards operatinthensame local urban
area with high-rate crime could exchange information toheaiher. Each user
attracts different information depending on his profile asrsas it enters the re-
gion where the information is located. For such an applicathe trust/security
aspect becomes then crucial, since any GPS owner (inclidorgninal) may
enter fraudulent information. Although we are also workamtrust and security
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issues related to hovering information, this discussidreigond the scope of this
chapter.

Archaeological Sites  The environment in this applicat®a real archaeological
site, most likely an outdoor site, rather large, where @isijust move freely in-
side it. Users are the visitors of the site. Fixed sensorsgalat several locations
on the archaeological site provide either current infoiorabn actual weather
and temperature or historical information about the dédferlocations in the
archaeological site. Users visiting the archaeologidal wiear mobile devices
carrying information specific to the user itself (e.g. adahild, man, woman,
teacher, etc) or more likely about the virtual characteythvant to learn more
about. The user receives on his mobile device a virtual rettocted version of
the site as it would be on the day they are visiting: with thmesaveather con-
ditions, targeted in content to the character they wantéeiion more about, and
populated with the other characters that are currentlyingithe same location.
For instance, consider a group of 3 people (characterg)ngsa house in an ar-
chaeological site: a cook, a child, and a house’s owner. Athem would have a
virtual view of how the house looked like at that time. If itsgnny then the view
shows a sunny area, if it is cold it could show heating asp&etsh visitor would
have a specific tailored explanation (cooking, playing, amwders information)
and could visualize the avatars of the others on his mobilé&deavhile moving
around. There are different types of hovering informatioig around: visitor-
dependentinformation, weather information, and archaggobl/historical infor-
mation of a specific location in the archaeological sitesBealised information
is attracted by the corresponding user’s device, aggredgiaéee and shows some
virtual view of the site (audio only or both audio/video).

Self-Generative Art  Self-generative art [8] refers to aggiice where inputs from
the creator of the piece of art are assembled together aogamsome rules (al-
gorithm), such that the resulting piece of art, generated bymputer, is a real-
time unfolding work which may display randomness, evoludity aspects, or
self-organising (swarm) behaviour. The piece of art may lisim) painting, 3D
construction, writing, etc. In this case, the users/crsatmuld then be the mul-
tiple visitors of a "learning art experience centre”. A péeaf art could be a large
scale 3D virtual shape produced by inputs provided by easitovi location in
the experience area, weight/height and behaviour (jurpialging), preferred
colour or shape. The virtual shape would have holes werelpeop currently
placed, and bumps where they have left; or heart beating bifrtiey are jump-
ing. Rules for combining the different inputs could varysasbling the virtual
surface according to actual or relative distances in thewedd, summing up
the colours and weights according to different algorithkegping visitors input
for a random amount of time after they have left the expesemea, etc. Sen-
sors are required to determine the weight/size of the pefBois value will then
have an impact on the final virtual surface. Heavier peoplgroups of people
will provide heavier holes, etc. People moving across thiéasa create tempo-
rary paths across it (that would dissolve completely afteeain time). People
carry mobile device through which they provide additionatgpnalised infor-
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mation: preferred colour and shape. Each input providedhbyifferent visitors
is a piece of hovering information whose goal is to traveltie tentre of the
experience area and aggregate there with the others in trgieovide a visual
3D shape.

Intravehicular Networks  Virtual tags are inserted at sfi@@dcations on roads or
motorways either by cars’ drivers or traffic managemenfsfdfe purpose here
is to provide information to cars’ drivers about road coimis, accidents, etc.
In such a scenario, using the notion of hovering informatguch tags will not
be stored on a specific server and made available to users tivagmeach the
zone of interest of the information. Instead the tags arellpstored in the cars
and made available through wireless channels to nearby Sarse data have
a meaning for the specific location they have been attripwtath will have to
"change” car as soon as the car they are currently storediretethe area of the
anchor location. The data will then hop from one car to thet ner.

Emergency Scenarios In an emergency scenario, virtualdasent before a dis-
aster may want to "survive” by using emergency crew or sursvdevices. This
data can also present useful information for emergencyicesvAdditionally,
disaster’s survivors may want to indicate their positiorpkgcing the appropriate
hovering information attaching it to their own location. Ergency crew mem-
ber can place hovering information to areas where survikiex® been found or
where there is a chance to find some survivors. In this caséntbrmation will
hop from one emergency/survivor device to another one.

Stigmergy  Stigmergy is an indirect communication mecharasnong individual
components of a self-organising system. Communicationmsabrough modifi-
cation brought to local environment. The use of ant pheramrisma well known
example of stigmergy. Users that communicate by placingehing information
at a geo-referenced position, which is later on retrievedthyer users is also an
example of stigmergy. The hovering information concepgign infrastructure
free storage media, naturally supports stigmergy-basplicaions that need to
be deployed on an ad hoc manner (e.g. unmanned vehiclesaisjohs pointed
out by [13] most stigmergy-based deployed systems use ardersupport diffu-
sion of artificial pheromone, they do not actually attachgheromone to phys-
ical supports. Hovering information provides a way to stdigital pheromone
among a group of robots or unmanned vehicles using the rabetsselves as
physical support for the pheromone. Robots, producingghene that needs to
be deposited at a certain geographical area, will depositdier the form of a
piece of hovering information. It will then stay located whét has been pro-
duced by hovering among the robots present in this area matkavailable for
those robots wishing to retrieve it.
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3 Hovering Information Concept

This section formally defines the notion of hovering infotioa system, as well as
the three main dependability requirements: survivabiéitsailability and accessibil-

ity.

3.1 Coordinates, Distances and Areas

We denote byE the set of all pairs of geographic coordinates,
E = [-90,90] x [~180,180.
A geographic coordinate & a pair:
a= (lat,long), anda € E.

North latitude and East longitude are positive coordinatgsle South latitude
and West longitudes are negative coordinates. We do notdemsere depths and
heights.

An area Aa,r) is defined as the disk whose centre is the geographic codedina
aand has a positiveadius re R*:

A(a,r) ={beE|dist(a,b) <r}.

We considedist(a,b) to be the distance in meters between two locations on a
sphere, provided by any reliable method. See for instance

3.2 Mobile Nodes

Mobile nodes represent the storage and motion media egglbit pieces of hover-
ing information. They are defined as follows.mobile node ris a tuple:

n= (id,loc,speeddir, rcomm),

where:

2 http://www.fcc.gov/mb/audio/bickel/distance.html
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id € .7 is a mobile node identifier,
loc € Eis a geographic coordinate location,
speedc R* is a speed im/s
dir € Eis a relative geographic coordinate location,
recomm€ R is the communication radius in meters.

We denote by¢ the set of all mobile nodes identifiers. When referring to the
id, loc or other field of a mobile node, we will use the following notatioid (n),
loc(n), etc. Fieldloc(n) represents the current location of nagevhile dir(n) is a
vector representing the direction of its most recent mowamEhe range of com-
municationr.ommis the maximum distance in meters within which the mobileanod
may communicate wirelessly with another mobile node.

Let’s consider.4” a set of mobile nodes, we consider that identifiers of mobile
nodes are unique, and we will say that is well definedf:

Vng,np € A7, (id(n1) =id(np)) = (N =ny).

Given a mobile node with locationloc(n) and communication radiugomm(n),
thecommunication areaf n, Ac(n), is the subset dE given by:

Ac(n) = A(loc(n), reomndN)).

Figure 1 shows three mobiles nodasn, andp. While the communication range
of mis enough to let it be in range of bothand p, the communication range of
andp being much smaller prevents them to be directly in range.

Fig. 1 Mobile Nodes and Communication Range
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3.3 Hovering Information

Let. 4+ be a well defined set of mobile nodespfece of hovering information is
atuple:
h= (id,a,r,n,data policiessize,

where:

id € ¢ is a hovering information identifier,
a € Eis the anchor location,
r € R is the anchor radius,
n e .4 is the mobile node whefeis currently located,
datais the data carried bf,
policiesare the hovering policies df,
sizec N is the size ohin bytes.

We denote by 7 the set of all hovering information identifiers. When reifiegr
to theid, a or other field of a hovering informatioh, we will use the following
notationid (h), a(h), etc. Policies stand for hovering policies stating how amemv
a piece of hovering information has to hover. The size is gooirtant element of a
single piece of hovering information; however the simuaatalgorithms presented
in this chapter are not yet using this notion.

A piece of hovering informatioh is a piece of data whose main goal is to remain
stored in an area centred at a specific location calle@tiohor location h), and
having a radius(h), called theanchor radius

Theanchor areaof h, Ay (h), is the disk whose centre is the anchor locaam)
and whose radius igh):

Let 2 be a set of pieces of hovering information. We consider ttaniifiers
of pieces of hovering information are unique, but replicearying same data and
anchor information) are allowed on different mobile nodes] we will say that?’
is well definedff:

Yhy,hp € 7, (hy £ hp) =
(id (hy) #id (hz))v
((id(hy) =id(h2)) A (a(hy) = a(hz))A
(r(hy) = r(hy)) A (data(hy) = data(hy))A
(n(h1) # n(hy))).
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Let.7Z be a well defined set of pieces of hovering information. et 77 be a
hovering information, aeplica hy of h is a piece of hovering informatiol, € 7
such that:

id(h) =id(hy) An(h) # n(hy).

From now on, we will consider only well defined set§ of pieces of hovering
information, where pieces of hovering information with tseemeid are either the
same or a replica of each other. We also consider that therdyne instance of a
hovering information in a given node any other replica resides in another node.

Figure 2 shows a piece of hovering information (blue hexagowl two mobile
nodes (yellow circles). One of them hosts the hovering imfation whose anchor lo-
cation, radius and area are also represented (blue cifdie)communication range
of the second mobile node is also showed.

>,

.~* communication range

; mabile node /
mobile note hosting b radius
hovering information e ]

anchor location

anchor area

Fig. 2 Mobile Nodes and Hovering Information

Definition 1 (Hovering Information System at time t). A hovering information
system at timé, HoverInfaq, is a tuple:

Hoverinfq = (4, 74),

where_#{ is a well defined set of mobile node# is a well defined set of hovering
information over.4:
vhe 4 = n(h) € .

A hovering information system at timeis a snapshot (at timg of the status of
the system. Mobile nodes can change location, new mobilesican join the sys-
tem, others can leave. New pieces of hovering informationagpear (with new
identifiers), replicas may appear or disappear (same iiknstbut located on other
nodes), hovering information may disappear or change node.

Figure 3 shows two different pieces of hovering informatfan(blue) andh,
(green), having each a different anchor location and arbee€élreplicas oh; are
currently located in the anchor area (notiesns andn,), while two replicas oh,
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are present in the anchor areamf(nodesn, andns). It may happen that a mobile
device hosts replicas of different pieces of hovering infation, as it is the case in
the figure for the mobile node, that is at the intersection of the two anchor areas.
The arrows here also represent the communication rangebjlities among the
nodes.

Fig. 3 Hovering Information System at tinte

3.4 Notations

Before defining the notions of survivability, availabilignd accessibility, we will
define the following additional notations.

Let's consideHoverlnfq = (.4, 5%), a Hovering Information System at time
t, let h be a piece of hovering information, amd= .4 be a mobile node at timie
we denote:

Ru(ht) = {k e ] id(h) = id(K)},
the set of replicas of a piece of hovering informatioat timet;
Ru(n.t) ={he %[ n(h) = n},
the set of pieces of hovering information in nadat timet;
Pu(n,t) =loc(n),the position of node at timet;
Nn(n,t) ={me A | (dist(loc(m),loc(n)) < reomndN))V
(dist(loc(m),loc(n)) < reomm(mM)), }
the set of neighbouring nodes of nadlat timet;
S(X) =the surface area of a surfake
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Since 4 is well defined, there are no two different pieces of hovenrigrma-
tion (with different data) referred by the same identifieislalso important to notice
thath does not necessarily belong.#, it may have disappeared from the system,
but some of its replicas are still located in some mobile sodfée consider that
Rn(n,t) is actually a set (not a multi-set), i.e. there are no copi¢sedsame hover-
ing information stored at the same location. The neightmgumiodes i\ (n,t) are
those in range of communicationo

3.5 Properties - Requirements

3.5.1 Survivability

A hovering information is alive at some tintéf there is at least one node hosting a
replica of this information.

Definition 2 (Survivability of Hovering Information hattimet). LetHoverinfq =
(M, 7%) be a Hovering Information System at tirhe_et h be a piece of hovering
information, the survivability oh at timet is given by the boolean value:
swi(ht) 1 ifdne %,%(h,t) NRn(N,t) #0
0 otherwise
The survivability along a period of time is defined as theadietween the

amount of time during which the hovering information hasrbalké/e and the overall
duration of the observation.

Definition 3 (Rate of Survivability of Hovering Information h at time t). Let h
be a piece of hovering information, the survivabilitylobetween time (creation
time ofh) and timet is given by:

3.5.2 Availability

A hovering information is available at some tihé there is at least a node in its
anchor area hosting a replica of this information.

Definition 4 (Availability of Hovering Information hattimet).LetHoverinfq =
(M, .74) be a Hovering Information System at tirhe_et h be a piece of hovering
information, the availability of at timet is given by:

1 if3ne A, (Au(n,t) € Aq(h)) A (Ru(ht) NRy(n,t) # 0)

0 otherwise

awy (h,t) :{
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The availability of a piece of hovering information along arjpd of time is
defined as the rate between the amount of time along whichrtfismation has
been available during this period and the overall time.

Definition 5 (Rate of Availability of Hovering Information h attime t). Leth be
a piece of hovering information, the availability lobetween time. (creation time
of h) and timet is given by:

t

; avy (h, 7).

A (ht) = - !

—tc

3.5.3 Accessibility

We distinguish availability from accessibility in the folling way: a piece of hov-
ering information (or one of its replica) present on someealfmtated in the anchor
area is said to be available. However, such a piece of hay@rformation may not
be accessible to a mobile which is far apart from the mobitenshere the hovering
information (or its replica) is actually stored.

A hovering information is accessible by a nodeat some timet if the node
is able to get this information. In other words, if it existwadem being in the
communication range of the interested nadand which contains a replica of the
piece of hovering information.

Definition 6 (Accessibility of Hovering Information h for node n at time t). Let

Hoverinfq = (., 7%) be a Hovering Information System at tineLet h be a
piece of hovering information, let € .4 be a mobile node, the accessibility lof
for nat timet is given by:

aci(hnt) = 1 ifdme _'/%’ (me Nn(n,t)) A (Ry(h,t) N Ry (m,t) # 0)
0 otherwise
We also define the accessibility of a piece of hovering infation as the rate
between the covered area by the hovering information’seaplnd its anchor area.

Definition 7 (Accessibility of Hovering Information hattimet). LetHoverinfq =
(M, .74) be a Hovering Information System at tirhe_et h be a piece of hovering
information, the accessibility df at timet is given by:

 SUrerythoy Ac(n(r) A (1)
ac(ht) = S () ’

whereS(X) denotes the surface f.

The accessibility along a period of time is defined as theameof the accessi-
bility through that period of time.
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Definition 8 (Rate of Accessibility of Hovering Information h at time t). Let h

be a piece of hovering information, the accessibilityhdfetween time (creation
time ofh) and timet is given by:

Let us notice that an available piece of hovering informai®not necessarily
accessible and vice-versa, an accessible piece of hoviafimgnation is not nec-
essary available. Figure 4 shows different cases of subilitig availability and
accessibility. In Figure 4(a), hovering informatibr{blue) is not available, since it
is not physically present in the anchor area, however ittigigal as there is a node
hosting it. In Figure 4(b), hovering informatidnis now available as it is within its
anchor area, however it is not accessible from nodbecause of the scope of the

communication range. Finally, in Figure 4(c), hoveringoimhationh is survival,
available and accessible from noadle

(@n
7 h \\ 3 \\\ b \\

/ o "\\\ / ~ /0\\\ / , i\\
: Py / s ' ey
| e, i [ 1 [
: e N ‘.\ ® - &
// \\ ’l \\ [/

< // 4 // < /I

X ah) 3. e ) 1 )

(@ (b) (©

Fig. 4 Survivability, Availability and Accessibility

Itis thus important to distinguish availability from acséslity: a piece of hov-
ering information may be available (i.e. present) in thetemmarea, but due to actual
communication ranges among the nodes, it is not necesaadbssible for all nodes
into the anchor area.

Similarly, it is interesting to note that in some situaticmgiece of hovering
information even though not available at its anchor locatiould be accessible for
some nodes provided there is a node in communications ravgjmgh.
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4 Algorithms for Hovering Information

Survivability, availability, and accessibility are amotig most fundamental issues
of hovering information as we discussed in [15] and [3]. S&gwand trust is-
sues are important issues when considering hovering irdtiom, however they go
beyond the scope of this chapter, and will not be discussesl Beirvivability ad-
dresses the problem of keeping a piece of hovering infoonadiive as long as
defined by the information itself. Availability deals withe problem of keeping the
information present in its anchor area while accessibiiates to the possibility
for a user to access a piece of hovering information stored davice which is in
communication range.

As mentioned in the previous section, these notions arelsiaslated to each
other, but none of them necessarily implies the others.

This chapter focuses on the study of the survivability arailatility of pieces
of hovering information. We propose gkttractor Pointalgorithm, whose aim is
to keep the hovering information alive and available in itslzor area as long as
possible. An anchor locatiomacts as an attractor point: all pieces of hovering in-
formation that havea as anchor location tend to converge towaads

Besides the Attractor Point algorithm, we descrili&raadcastalgorithm which
is expected to have better survivability and availabiligrformances than the At-
tractor Point, but at the cost of being more memory and néwoeedy. We use
the Broadcast algorithm as a comparison threshold. Piddesvering information
periodically broadcast (replicate) themselves to all thégs in the communication
range.

Mobile nodes have a limited memory and so cannot store antsfiumber of
hovering information replicas. We study two different cenxthpolicies:Location-
Based CachingndGeneration-Based Cachin@he Location-Based Caching pol-
icy decides whether to remove or keep a replica on the batie@lurrent position of
the node (or the replica), its proximity to the anchor logatiand the portion of the
anchor area covered by the communication area of the no@eGE€heration-Based
Caching policy takes the decision of removing a replica Basethe generation of
the replica, removing those replicas that have been repticaost.

4.1 Assumptions

We make the following assumptions in order to keep the proldanple while fo-
cusing on measuring availability and resource consumption

Limited memory  All mobile nodes have a limited amount of meyrable to store
hovering information replicas. The proposed algorithmtato account the
remaining memory space.
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Uniform size  All pieces of hovering information have the sasize and the
caching algorithms do not take in consideration the size asteria when re-
moving a replica.

Unlimited energy  All mobile nodes have an unlimited amoumreergy. The pro-
posed algorithms do not consider failure of nodes or imyilisi of sending
messages because of low level of energy.

Instantaneous processing Processing time of the algaithma mobile node is
zero. We do not consider performance problems related tdaaaed processors
or execution time.

In-built geo-localization service  Mobile nodes have arbinkt geo-localization
service such as GPS which provides the current position. $8arae that this
information is available to pieces of hovering information

Velocity vector service  Mobile nodes have an in-built vétipgector service pro-
viding the instantaneous speed and direction of the nodeas¥ame that this
information is available to pieces of hovering information

Neighbours discovering service  Mobile nodes are able tadjst of their current
neighbouring nodes at any time. This list contains the msispeed, and direc-
tion of the nodes. As for the other two services, this infaiiorais available to
pieces of hovering information.

4.2 Safe, Risk and Relevant Areas

Hovering policies are attached to pieces of hovering inftion. We consider here
that all pieces of hovering information have the same hoggpilicies: active repli-
cation and hovering in order to stay in the anchor area (failability and acces-
sibility reasons), hovering and caching when too far from dmchor area (surviv-
ability), and cleaning when too far from the anchor area ton@aningful (i.e. dis-
appearance). The decision on whether to replicate itsetf bover depends on the
current position of the mobile device in which the hoverinfprmation is currently
stored.

Given an anchor areA(a,r), thesafe area Aa,rsate) is the disk whose centre
is the anchor locatioa and whose radius is theafe radius £;¢ a positive radius
smaller than the anchor radiusi.e.rsafe< r andrggfe€ R™:

A(a, rsafe) == {b 6 ]E | dISt(a, b) < rsafe}.

A piece of hovering information located in the safe area edelg stay in the cur-
rent mobile node, provided the conditions on the node petrist power, memory,
etc.

Given an anchor are&(a,r), a risk area is a ring centred at the anchor location,
which overlaps with the anchor area and is limited by the aata.

Therisk area Ra, rsate frisk) is the ring given by;
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R(a,rsafe lrisk) = A(@, risk) \A(&, 'sate),

wherersafe < I < I'risk aNdryisk, 'safe € R

A piece of hovering information located in the risk area ddaactively seek a
new location on a mobile node going into the direction of thiesarea. It is in this
area that the hovering information actively replicateslits order to stay available
and in the vicinity of the anchor location.

Therelevant aredimits the scope of survivability of a piece of hovering info
mation. The relevant are&(a, rye| ) is the disk whose centre is the anchor location
and whose radius is the relevant radiys bigger than the risk radius:

A(a,rre) = {be E|dist(a,b) < r},

wherer sk < I'rel, andrye € RT.

The ring ared\(a, rrel)\A(a, Ivisk) represents the area where the hovering infor-
mation seeks to survive but does not actively replicatéf ifseorder to avoid flood-
ing). It may come back to the anchor area through mobile @svigoing in the
direction of the anchor area.

Theirrelevant areais all the aredJ (a,r), outside the relevant area, it is given by:

U(arrel) = E\A@ rrel)-

A piece of hovering information located in the irrelevargacan disappear; it is
relieved from survivability goals.

Figure 5 depicts the different types of radii and areas dised above centred at
a specific anchor locatiom The smallest disk represents the safe area, the blue area
is the anchor area, the ring limited by the risk radius andstfe radius is the risk
area, and finally the larger disk is the relevant area.

/ / riskdrea

! r" ," o &
‘ . i

i i . L

H /anchor area , i

I i ‘ I % et I

i i ax:- . o

i | > risk radius

\ i [

!

. y Tt
% . T . relevant radius

Vi

Fig. 5 Radii and Areas
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The values of these different radii are different for eadkcpiof hovering infor-
mation and are typically stored in the Policies field of thedring information. In
the following algorithms we consider that all pieces of haivg information have
the same relevant, risk and safe radius.

4.3 Replication

A piece of hovering informatioh has to replicate itself onto other nodes in order to
stay alive, available and accessible. We describe two splftation algorithms for
simulating two variants of these policies: the AttractoirRalgorithm (AP) and the
Broadcast-Based algorithm (BB). Both algorithms are &iggl periodically eaclir
(replication time) seconds and only replicasdfeing in the risk area are replicated
onto some neighbouring nodes (nodes in communication jamigieh are selected
according to the replication algorithm.

4.3.1 Attractor Point Algorithm

The anchor location of a piece of hovering information actsstantly as an attractor
point to that piece of hovering information and to all its lieps. Replicas tend to
stay as close as possible to their anchor area by jumping ér@mobile node to

the other.

Algorithm 1 Attractor Point Replication Algorithm

1: procedure REPLICATION

2 pos« NODE-POSITION

3 N < NODE-NEIGHBOURS

4: P — NEIGHBOURSPOSITIONN)
5
6
7
8

for all repl € REPLICASdo
a <« ANCHOR-LOCATION(repl)
dist < DISTANCE(poOS @)
if (rsafe < dist <rysk) then

Lo........

: D < DISTANCE(P,a)
10: M « SELECTFKR-CLOSESTSN, D, kgr)
11: MULTICAST(repl,M)
12: end if
13: end for

14: end procedure

Periodically and for each mobile node (see Algorithm 1), plosition of the
mobile node (line 2) is retrieved together with the list arasiion of all mobile
nodes in communication range (lines 3 and 4). Hovering métdion replicas verify
whether they are in the risk area and need to be replicateel ). The number of
target nodes composing the multicast group is defined byahstankg (replication
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factor). The distance between each mobile node in rangetenaichor location is
computed (line 9). Thig mobile nodes with the shortest distance are chosen as the
target nodes for the multicast (lines 10). A piece of howgirformation in the risk
area multicasts itself to thiek mobile nodes that are in communication range and
closest to its anchor location (line 11).

Figure 6 illustrates the behaviour of the Attractor Poirgaalthm. Consider a
piece of hovering informatioh in the risk area. It replicates itself onto the nodes
in communication range that are the closest to its anchattilme. For a replication
factorkr = 2, nodes, andngs receive a replica, while all the other nodes in range
do not receive any replica.

Fig. 6 Attractor Point Algorithm

4.3.2 Broadcast-Based Algorithm

The Broadcast-based algorithm (see Algorithm 2) is trigdgperiodically (each
Tr) for each mobile node. After checking the position of the itebode (line 2);
pieces of hovering information located in the risk areag(l) are replicated and
broadcasted onto all the nodes in communication range {jn&Ve expect this
algorithm to have the best performance in terms of avaitgbilut the worst in
terms of network and memory resource consumption.

Figure 7 illustrates the behaviour of the Broadcast algaritConsider the piece
of hovering informatiorh in the risk area, it replicates itself onto all the nodes in
communication range, nodes to ns (blue nodes).

4.4 Caching

In this chapter we assume that nodes have a limited amountaiary to store
the pieces of hovering information (replicas). As the numtifedistinct hovering
information increases, so will be the total number of regdicThe buffer of nodes
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Algorithm 2 Broadcast-Based Replication Algorithm

1: procedure REPLICATION

2: pOs« NODE-POSITION

3 for all repl € REPLICASdo

4 a <« ANCHOR-LOCATION(repl)
5 dist < DISTANCE(pOS @)

6: if (rsafe < dist <rysk) then

7: BROADCAST(repl)
8:

9

10:

end if
end for
end procedure

will get full at some point and some replicas should have toeneoved in order to
store new ones.

We present two different caching policies. The first onelechthe Location-
Based Caching (LBC), decides whether to remove or keep &eephsed on the
current position of the node (or the replica), its proximdythe anchor location, and
the portion of the anchor area covered by the communicatiea ef the node. The
second one, called the Generation-Based Caching (GBGsedon the generation
of replicas, the more a replica is old, the more it will haveadency to disappear
as the priority is given to younger replicas.

We compare these caching techniques with a simpler one vaimighignores the
incoming replicas as soon as there is no free space in thdemdbiice buffer.

Besides these caching algorithms, it is important to natfet we only con-
sider the position and the generation of replicas. We doala into consideration
caching policies such as the priority, the time-to-live loe replicas size (since all
replicas considered in this paper have the same size).

Fig. 7 Broadcast-Based Algorithm



20 Alfredo A. Villalba Castro et al.

4.4.1 Location-Based Caching

At each node, this caching policy decides to remove a praljosiored replica
from the node’s full buffer, and to replace it by the new inéogreplica based
on their respective location relevance value. We definedbation relevance value
of a replica, being this replica already stored in the notbeBer or being a new
incoming replica, to its anchor location and area as it fe#io

relevance= a x area+ 3 x proximity,

whereareais the normalised estimation of the overlapping area of thaes’ com-
munication range area and the replica’s anchor apeaximity is the normalised
proximity value between the current position of the node #raanchor location

of the replica,a and 3 are real coefficients having values between 0 and 1 and
a+p=1.

Each time a new incoming replica arrives (see Algorithm Bg least location
relevant replica is chosen from all the replicas stored ifidowf the node (lines 2
to 10). The location relevance of the incoming replica is pated and compared to
that of the least location relevant replica, whatever thgioal hovering information
they refer to (lines 11 and 12). The least location relevaplicas is removed from
the buffer and replaced by the incoming replica if the lattas a greater location
relevance value (lines 12 to 14). Otherwise, the incomimdjca is just discarded
(line 16). In this way, the location-based caching algenitvill tend to remove
replicas being too far from their anchor location or beingted in a node covering
only a small part of their anchor area.

The location relevance function (see Algorithm 4) compukeslocation rele-
vance of a replica hosted in a node sitting in the anchor afeheoreplica. The
distance between the location of the node and the anchdrdaazf the replica are
computed (lines 2 to 5). The overlapping area of the nodaisrnoanication range
area and the replica’s anchor area is estimated (lines 6)tdBBE3ed on these two
values, distance and estimated overlapping area, a n@edaidiverlapping area and
a normalised proximity values are computed (lines 14 andRiBally, the location
relevance of the replica hosted in the node is computed ukmgrevious formula
with a =0.8 andf = 0.2 (lines 16 and 17). Figure 8 illustrates the notion of lowati
relevance.

4.4.2 Generation-Based Caching

We define the generation of a replica in the following way: firgt replica created
(normally by the user or user application) of a piece of himgemformation has a
generation 0, when this replica replicates itself then éates new replicas having
generation 1, and so on. The generation of a replica gives itea of the number
of replicas existing as the process of replication followaponential growth. The
generation-based caching algorithm tends to remove sphaving a high gener-
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distance between the region of the h,'s anchor
h,'s replica hosted area covered by
atnodenandh,'s the communication area
anchor location of node n

Fig. 8 Location-Based Caching Policy

ation as there are likely more replicas leaving around theepica having a lower
generation.

Each time a new incoming replica arrives (see Algorithm B, oldest replica
(the one having the highest generation value) is chosen &lbthe replicas stored
in the buffer of the node (lines 2 to 10). The generation ofittt®ming replica is
retrieved and compared to that of the oldest replica, wigatéhe original hovering
information they refer to (lines 11 and 12). The oldest repis removed from the
buffer and replaced by the incoming replica if the latter hasmaller generation
value (lines 12 to 14). Otherwise, the incoming replica & fliscarded (line 16).

Algorithm 3 Location-Based Caching (LBC)

1: procedure LBC(replica)

2 re plmin < NULL

3: relemin < MAX _RELEVANCE_VALUE
4: for all repl € REPLICASdo
5
6
7
8

rele < RELEVANCE(repl)
if (rele < relemin) then
replmin < repl

Lo........

relemin < rele
: end if
10: end for

11: rele — RELEVANCE(replica)
12: if (rele > relemin) then

13: REMOVE(re plmin, REPLICAS
14: INSERT(replica, REPLICAS
15: else

16: DISCARD(replica)

17: end if

18: end procedure
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Algorithm 4 Location Relevance Function

1
2
3
4:
5:
6:
7
8

17:
18: end function

. function RELEVANCE(replica)

a <« ANCHOR-LOCATION(replica)
r < ANCHOR-RADIUS(replica)
pos« NODE-POSITION
dist < DISTANCE(pOS @)
area<— 0
if (dist < (rcomm+r)) then
if (dist> (rcomm—r)) then
area«— ((reomm+r) — dist)?
else
area«— (2xr)>?
end if
end if
area— area/(4xr?)
proximity<— (e(dist/loo))—l
relevance— 0.8« area+ 0.2 proximity
return relevance

4.5 Cleaning

The cleaning algorithm periodically - eadi (cleaning time) seconds - and for
each node, removes the replicas that are too far from thelr@mocation, i.e. those
replicas that are in the irrelevant area. This represes#ses where the replica
considers itself too far from the anchor area and not ableotoecback anymore.
This avoids as well the situation were all nodes have a replic

Algorithm 5 Generation-Based Caching (GBC)

1:
2
3:
4:
5
6
7
8

15:
16:
17:

procedure GBC(replica)

replmax < NULL
g€Mnax < MIN_GENERATION.VALUE
for all repl € REPLICASdo
gen«— GENERATIONrepl)
if (gen> gennax) then
replmax < repl
Q€Max < gen
end if
end for
gen«— GENERATIONreplica)
if (gen< genmax) then
REMOVE(replmax, REPLICAS
INSERT(replica, REPLICAS
else
DISCARD(replica)
end if

18: end procedure




Hovering Information - Self-Organising Information 23

5 Evaluation

We evaluated the behaviour of the above described replitaigorithms and
caching policies under different scenarios by varying thember of nodes and the
number of hovering informations.

For a single piece of hovering information, results repadite[16] show that the
Attractor Point algorithm reaches availability levels di% when the number of
nodes in the environment reaches 100 and 93% with 200 nadsghlus competi-
tive to the Broadcast-Based algorithm while using much feemory and network
traffic.

This Section reports results for multiple distinct piecéfiovering information
co-existing at the same time. We measured the average ahiftiy (Definition 3)
and availability (Definition 5) as well as another perforrmametrics (cf. 5.2) such
as the messages complexity, replication complexity, omed] erased replicas and
concentration .

We performed simulations using the OMNet++ network simarddtlistribution
3.3) and its Mobility Framework 2.0p2 (mobility module) torsilate nodes hav-
ing a simplified WiFi-enabled communication interfacest(dealing with channel
interferences) with a communication range of 121m.

5.1 Simulation Settings and Scenarios

The generic scenario consists of a surface of 500m x 500mmdthile nodes mov-
ing around following a Random Way Point mobility model witlsjpeed varying
from 1m/s to 10m/s without pause time. In this kind of moyilihodel, a node
moves along a straight line with speed and direction changandomly at some
random time intervals.

In the generic scenario, pieces of hovering informatioretev anchor radius)
of 50m, a safe radiug ;¢ of 30m, a risk radiusrgiks) of 70m, a relevance radius
(rre1) of 200m, and a replication factor of 4g).

Each node triggers the replication algorithm every 10 sds@fr) and the clean-
ing algorithm every 60 second3d). Each node has a buffer having a capacity to
20 different replicas. The caching algorithm is constalistgning for the arrival of
new replicas. Table 1 summarises these values.

Based on this generic scenario, we defined specific scengitiosyarying num-
ber of nodes: from 20 to 200 nodes, increasing the number désady 20; and
varying number of different pieces of hovering informatiexisting in the system:
from 20 to 200 hoverinfos, increasing the number of piece@yEach of this
scenarios has been investigated with different replicatilgorithms and caching
policies.

We have performed 20 runs for each of the above scenariostu@rasts 3'600
simulated seconds. All the results presented here are thege of the 20 runs
for each scenario, and the errors bars represent a 95% coodidieterval. All the
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simulations ran on a Linux cluster of 32 computation nodes(860x dual Intel
Xeon 2.8GHz, 2Gb RAM).

Blackboard 500mx500
Mobility Model Random Way Point
Nodes speed 1m/sto 10 m/s
Communication range omm 121m
Buffer size 20 replicas
Replication time (gr) 105
Cleaning timeTc) 604
Replication factorKg) 4
Anchor radius () 50m|
Safe radiusriafe) 30m|
Risk radius isk) 70m)|
Relevant radiusr(gle) 200

Table 1 Simulation Settings

5.2 Metrics

In addition to the survivability and availability propest of a hovering information
system, we also measured the performance metrics destrithed.

Messages ComplexityThe messages complexity of a hovering information sys-
tem at a given timeis defined as the total number of messages exchanged by nodes
since the initial time. This metric provides as well a fedgibcriterion and will
serve as a basis to extrapolate actual implementationtsesuich as latency and
overhead of a real system.

Replication Complexity. The replication complexity measures, for a given piece
of hovering informatiorh, the maximum number of replicas having existed in the
whole system at the same time. In a real implementation Hriarpeter will play an
important role since we will prefer algorithms minimizintget replication complex-
ity and maximizing the availability and survivability of tiering information.

Overflows. The overflows of a caching policy stands for the number of §me
that new incoming replicas have not found enough storageesiaa node to be
hosted. After an overflow happens, it is up to the cachingcpesito replace or not
an existing stored replica by the new incoming one. We exjpexttthe Location-
Based Caching policy will generate less overflows than therataching polcies.

Erased ReplicasThe erased replicas of a caching policy represents the numbe
of times that a node has had to remove a replica from its budfestore a new
incoming replica. The node takes this decision based ondtigiicg policy. We also
expect that the Location-Based Caching policy will erass teplicas than the other
caching policies.
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Concentration. The concentration of a given piece of hovering informatida
defined as the rate between the number of replicapoésent in the anchor area and
the total number of replicas of this hovering informatiortliie whole environment.
This metric shows how replicas are distributed around a ggaiucal area.

5.3 Results
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Fig. 9 Availability - 40 Hoverinfos

Figures 9, 10 and 11 show the average availability for the repdication algo-
rithms: Broadcast-Based (BB) and Attractor Point (AP). iEalgorithm uses three
different caching policies: no caching (None), LocatioasBd Caching (LBC) and
Generation-Based Caching (GBC). Each figure corresponasystem containing
40, 120 and 200 pieces of hovering information. We obserat BB gets worse
results than AP as the number of pieces of hovering infolwndticreases. Indeed,
the BB tends to overload the system with an exponential grgwumber of repli-
cas. As each node has a limited buffer size, the latter tergetdull and not all
replicas can be accommodated within the buffer size andge lportion of them
is discarded. On the other hand, AP manages to better adrairishe buffer size
producing less replicas which are stored in nodes closéetamnchor location of the
replicas. The combination of the AP and LBC keep the inforomain its anchoring
area in a much more optimal way than the other cases.

We also observe that algorithms using the LBC caching p&ésp good levels
of availability despite the number of nodes or the numberietgs of hovering
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information, whereas it gets gradually worse for algorithusing the GBC or no
caching policy.

Figure 12 depicts the average availability of the AP repicgcaalgorithm using
the LBC caching policy for different numbers of nodes. Fouaner of nodes above
120, we notice that the availability is high enough (abov&gand it keeps quite
stable as the number of pieces of hovering information imses. We confirm from
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Fig. 12 Availability - Attractor Point with Location-Based Caclgn

this that the AP with LBC algorithms are scalable in termstwaption of hover-
ing information (number of distinct pieces of hovering infaation), since during
the experiments with 120 nodes and more, up to 200 distingrireg information
pieces have been accommodated into the system with anlailgilabove 85%. In
the case when the number of nodes is 40, we can observe thatisbgotion limit,
for this configuration, has been reached as the availaltiitsts decreasing after 80
pieces of hovering information.

Figure 13 compares the survivability and availability foetAP algorithm in a
system composed of 200 pieces of hovering information. Aseeted, the surviv-
ability is higher than the availability in all the cases. Flproves the fact that an
available piece of hovering information is survival but aéval one is not neces-
sary available. We can also notice that these two metrice ttassame shape (for
the same algorithm) meaning that they are strongly relatelccansequently a piece
of hovering information with a lot of chances to survive wikve a lot of chances
to keep itself available as well.

Figure 14 depicts the average number of overflows for the BB using the
three different caching policies: None, LBC and GC. We caseote that the BB
produces around 10 times more overflows than the AP becausg @fponential
replication nature. We also see that the number of overflanghfe AP tends to
stabilize as the number of nodes grows. This is due to thea@ted behaviour of
the AP algorithm that prevents exponential growth.

Figure 15 shows the average number of replicas erased fremdties buffer of
nodes in order to store new incoming replicas. We observetitieaAP algorithm
erases much less replicas and in a more stabilized way tleaBBhalgorithm. We
also notice that the BB with GBC tends to erase replicas inxgorential way
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which means that the generation-based caching policy auedbivith the expo-
nential replication behaviour of BB is not a good differatitin factor for caching
replicas since this combination of algorithsm tends torinaed erase replicas per-
manently.

Figure 16 depicts the average number of messages sent byfférernt algo-
rithms using the different caching policies. We notice it algorithms using the
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LBC caching policy generate more messages than the othes.céke reason of
this behaviour is the low availability performances for #iigorithms not using the
LBC caching in the presence of many pieces of hovering in&diom. For the LBC
algorithm, we can also observe that it tends to have slowawvigg gradient for
the AP algorithm compared to that of the BB, which let us siggpihat the mes-
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sages complexity will get smaller as the number of node®ases. This shows the
scalability of AP with LBC algorithms in terms of network ga
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Fig. 17 Replication Complexity - 200 Hoverinfos

Figure 17 shows the replication complexity for all piecebo¥ering information
in the case of the AP with LBC. This confirms that the AP alduoritlimits the
number of replicas by concentrating them around the anafearand not spreading
them around all the system as the BB does. We also observththeBC caching
policy tends to improve the convergence of replicas tow#tds anchor area.

Figure 18 shows the average of the maximal number of repheamg existed
in the system for the AP using the LBC. It is interesting to Hes it decreases
as the number of pieces of hovering information increageseblns that the buffer
resources are evenly shared among the different pieceswafring information,
while the availability still remains at high levels (see g 12). We conclude from
this, that the AP with LBC succeeds to distribute the netwadource in a fair
way among all the pieces of hovering information, and thapvebably observe an
emergentload-balancing of the memory allocated to theidifit pieces of hovering
information.

Finally, Figure 19 shows the average concentration for béjbrithms using the
different caching policies. We can observe that the LBCqgyalnproves the concen-
tration factor of both algorithms compared to the other @agpolicies. Particularly,
the combination AP and LBC reaches a concentration factaramind 25%.
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6 Related Works

The Virtual Infrastructure project [4, 5, 6, 7] defines vatyfixed) nodes imple-
mented on top of a MANET. This project proposes first the notid an atomic
memory implemented on top of a MANET, using the notiongforumsor focal
points where a reasonable amount of mobiles nodes intet®@ecrums work as



32 Alfredo A. Villalba Castro et al.

atomic memory cells and ensure their persistency by refpligaheir state in neigh-
bouring mobile devices. This notion has been extended ta#eeofvirtual mobile
nodeswhich are state machines having a fixed location or a welhedfirajectory
and whose content is also replicated among the nearby mibbiiees. Finally, this
project provided the notion oftamed 1/0 automaton mobile noaéhere virtual mo-
bile nodes access a clock in order to perform real-time djmgrs. The motivation
behind this project is the development of a virtual infrasture on top of which it
will be easier to define or adapt distributed algorithms saglouting, leader elec-
tion, atomic memory, motion coordination, etc. Hoverinfipimation shares similar
characteristics, it tries to benefit from the mobility of thiederlying nodes, but the
goal is different. We intend to provide a hovering inforneatiservice on top of
which applications using self-organising user-define@d@seof information can be
built.

GeOpps[10] proposes a geographical opportunistic roatiggrithm over VANETS
(Vehicular Ad Hoc Networks). The algorithm selects appraigr cars for routing
some information from a point A to a point B. The choice of tlextrhop (i.e. the
next car) is based on the distance between that cars trajentd the final destina-
tion of the information to route. The planned trajectory gexted by a navigation
system of the car is used when estimating the relevance afta oaute some infor-
mation. This work focuses on routing information to somegyaphical location,
it does not consider the issue of keeping this informatiaveadt the destination,
while this is the main characteristics of hovering inforioat

The work proposed by [11] aims to disseminate traffic infaliorain a net-
work composed by infostations and cars. The system follnptiblish/subscribe
paradigm. Once a publisher creates some information, &eeiglcreated and prop-
agated all around where the information is relevant. Cavinigaa replica periodi-
cally poll their neighbouring cars, using a broadcast mgss@ know whether they
are interested or not in the replica’s information. If sonaescreply in an affirma-
tive way the information is sent to them. Based on these gerjoollings, clusters
are composed and replicas are removed or propagated terdwghere more sub-
scribers and interested cars are situated. Replicas arprdpagated to a randomly
chosen car part of the cluster driving in the opposite diogcto that of the current
host in order to try to keep the information in its relevargarCars reply polling
with their interests and also their direction. While theade quite similar to that
of hovering information, keeping information alive in itslevant area, this study
does not consider the problem of having a limited amount ahory to be shared
by many pieces of information or the problem of fragmentati information. It
also takes the view of the cars as the main active entitieshanthe opposite view,
where it is the information that decides where to go.

The Ad-Loc project [1] proposes an annotation locationfanafrastructure-
free system. Notes stick to an area of relevance which can depending on the
location of interested nodes. Notes are kept in their relegaarea is by period-
ically broadcasting location-aware information to neighbing nodes. This work
also proposes to use this annotation system as a cachedanénfiles in order to
spare bandwidth. In this case, URLs are used as note idestiSamilarly to the
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previous work, nodes are the active entities. In additiorthis case the size of the
area of relevance grows as necessary in order to accommibgateeds of users
potentially far from the central location. The informatitiren becomes eventually
available everywhere.

The ColBack system [9, 2] is part of the MoSAIC project ana@irds to set up a
collaborative backup system for mobile devices. The twarssues the authors in-
vestigate are: fault- and intrusion-tolerant collabarathackup; and the self-carried
reputation and rewards for collaboration. The environnoamisists of sporadically
interconnected and mutually suspicious peer devices gawrfixed infrastructure
and access to trusted third parties. This system does nes$ fmt geo-localized in-
formation but replication strategies and replica scheduéind dissemination tech-
niques could be used as inspiration for hovering infornrateplication algorithms.

PeopleNet [14] describes a mobile wireless virtual soagvork which mimics
the way people seek information via social networking. Esughe infrastructure to
propagate queries of a given type to users in specific gebgraldocations called
bazaars. Within each bazaar the query is further propadmtvdeen neighbouring
nodes via peer-to-peer connectivity until it finds a matghjuery. The proposed
gueries propagation inside bazaar techniques could beraesotiinspiration when
we will develop query to retrieve specific hovering informoat

7 Conclusion

In this chapter we have defined the notion of hovering infdromain a formal way
and we have defined and simulated the Attractor Point algaritvhich intends to
keep the information alive and available in its anchor aféds algorithm multicasts
hovering information replicas to the nodes that are closeh¢ anchor location of
the information. The performances of this algorithm haverbeompared to those of
a Broadcast-Based algorithm which broadcasts replicagdéss of the proximity
or not to the anchor location.

We have also defined and simulated two different cachingeslithe Location-
Based Caching and the Generation-Based Caching. Theorpehces have been
compared under a scenario containing multiple pieces oétiog information and
nodes having a limited amount of memaory.

Results show that the Attractor Point algorithm with the &ti@n-Based Caching
policy is scalable in terms of the number of pieces of hoygnirfiormation that the
system can support (absorption limits). They also show thergence of a load-
balancing property of the buffer usage which stores replinan equilibrated and
optimal way as the number of pieces of hovering informatiameases.
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7.1 Future Works

Real mobility patterns  We have tested the algorithms undRaredom Way Point
mobility model and under ideal wireless conditions. Thiad$ characteristic of
real world behaviour. We are currently applying the differalgorithms to sce-
narios following real mobility patterns (e.g. crowd motjlpatterns in a shop-
ping mall or traffic mobility patterns in a city) with real vétess conditions (e.g.
channel interferences or physical obstacles).

Real wireless conditions The simulations performed haenlmone in an envi-
ronment where there were neither wireless channel intemfsgs nor physical
obstacles. In real world scenarios, these two factors &erént to wireless com-
munications. It is thus very important to apply the Attrad®int algorithm in a
more realistic environment taking in consideration thesztdrs in order to mea-
sure the negative drawbacks on the availability perforreanc

Spatial Memory Service We are currently defining and impletimg a distributed
memory service, storing and retrieving pieces of hoverirfgrimation, exploit-
ing available (stationary and mobile) devices as the mairage medium.

Fragmentation and recombination (swarm) In this chapterhaee considered
atomic information only, but depending on the size of thedrimg information
(e.g. animage or even a video) it could be fragmented intdlenmeces to fit in
multiple nodes’ memory. A query of this information will reije a recombina-
tion mechanism that recovers the different pieces and pets reassembled to
form the original information. We are currently consideritinis recombination
process as a swarm of self-assembling information pasticle

Movement speed and direction  The current attractor pogaréhm takes in con-
sideration the position of the neighbouring nodes only. gngicant improve-
ment will be achieved by taking into consideration the spa®didirection of the
nodes when choosing the nodes that will host replicas.

Coordinates precision The Attractor Point algorithm and #imulations per-
formed do not consider issues related to the precision ofigealisation service.
Precision is an important factor in real world scenariocsiit deeply affects the
ideal communication range. In order to cope with realitysithus important to
evaluate and adapt the algorithm in order to take into adcproblems related
to precision

Other simulation environments  Results vary when simutegiavironments change.
In order to further validate and compare the results obthirstng OMNet++, we
will use other simulation environments such as Swamn attraction fields [12].

3 http://www.swarm.org
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