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!Abstract-Most wireless networks are built around an
infrastructure, where all communications arerouted through base
stations that act as gateways between the wireless and wired
network. However, there may be situations in which it is
impossible or not economically viable to build such an
infrastructure. In these cases, a collection of wireless mobile nodes
could self-organize into a temporary ad hoc network, leveraging
nodes mobility to provide system-wide information dissemination.
The goal of the BIONETS project (BlOlogically-inspired
autonomic NETworks and Services) is to provide a biologically-
inspired open networking paradigm for the creation,
dissemination, execution, and evolution of autonomic services,
able to adapt to the surrounding environment and user needs, to
evolve without direct human supervision, and able to deal with
lar ge-scale networks of heterogeneous nodes ranging from small,
cheap devices to more complex network nodes. In this paper, we
review the most innovative aspects of the research activities
carried out by the BIONETS project consortium, focusing in
particular on two novel information dissemination strategies.

l. INTRODUCTION

survival strategies, able to work in the absenceceftral
control and to exploit local interactions. We seeg&piration
from these systems to provide a fully integratetivoek and
service environment that scales to large amounts of
heterogeneous devices, and that is able to addpéaive in
an autonomic way. Such an approach builds on puswiork,
which revealed the ability of nature to provide fus@esign
guidelines for the design of distributed computiygtems [1].
BIONETS overcomes device heterogeneity and achieves
scalability via an autonomic and localized peepé®r
communication paradigm. Services in BIONETS are
autonomic, and evolve to adapt to the surrounding
environment, like living organisms evolve by natwalection.
Network operations will be driven by the servicpspviding
an “ad hoc” support when and where needed to fulgrs’
requests. Security issues will be considered amdamental
part of the services themselves, representing airigrgdient
for achieving a purposeful autonomic system. Th&swn

The motivation for BIONETS comes from emerging tren People-centric paradigm breaks the barrier betwsenvice

towards  pervasive computing and

communicatidproviders and users,

and sets up the opportunity fo

environments, where myriads of networked deviceh wery “Mushrooming” of spontaneous services, thereforéngathe
different features will enhance our five senses,r oWay to a service- and user-centric ICT revolution.
communication and tool manipulation capabiliiesheT In this paper, we review the most innovative aspectthe
complexity of such environments will not be farrfrahat of research activities carried out by the BIONETS @coj
biological organisms, ecosystems, and socio-ecomorfiPnsortium members. The focus is on networking, rehe
communities. Traditional communication approaches aoPportunistic communications are leveraged to ieffitty

ineffective in this context, since they fail to aess several Support evolving services. In particular, we prégem novel
new features: a huge number of nodes including dost- Mechanisms for achieving efficient disseminationdata in

sensing/identifying devices, a wide heterogeneity niode
capabilities, high node mobility, the managemenhpgiexity,
and the possibility of exploiting spare node resear

social groups of users.
The remainder of this paper is organized as folldwsSec.
Il we review the fundamentals of the BIONETS projec

BIONETS aims at a novel approach able to addressethhighlighting the most innovative aspects on thewoeking

challenges. Nature and society exhibit many insanof
systems in which large populations are able tohresficient
equilibrium states and to develop effective collabion and

! This works has been partially supported by the European

Commission within the framework of the BIONETS project |ST-FET-
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side. In Sec. lll we present, as project highlighty innovative
mechanisms, inspired by the functioning of biolagisystems,
for achieving efficient data dissemination in a BIETS

environment. Sec. IV concludes the paper discussingoing
activities within the project consortium.



1. OVERVIEW OF BIONETS

A. Disappearing network paradigm
We propose a communication architecture based en
“disappearing network” paradigm: networks existyomlhen
and where needed. Two principles underpin thisgigna

1. An embedded autonomic peer-to-peer model based

localized and occasional information exchange, aqporting
a large range of device capabilities, ranging frioitions of
extremely cheap tiny devices (called T-Nodes, sansors,
actuators, RFIDs) to more sophisticated mobile usmices
(called U-Nodes, e.g. PDAs, notebooks, phones). dtt this
context, the network as we know it in the traditibsense will
disappear and will be replaced by occasional oppgstic
information exchanges between T-Nodes and U-Naatesng
U-Nodes, and when necessary between U-Nodes aadays
(access points or AP-Nodes) to existing
infrastructures.

2. Service-triggered networking, in which “commignst of

interest” of users determine the services to be ama these

services determine the underlying communicatioormftion
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cross-over, and selection operators) alone caremanberstood
as the driving force of evolution toward more andren
gpmplex forms of life. BIONETS defines an autonomic
framework, based on bio-inspired concepts, for liog
stable operations and service management funciti@sain a
flly distributed and decentralized way. BIONETSlIwgo for
service evolution as the fundamental direction éoiabling
autonomic services. BIONETS will define and design
innovative framework for the creation, disseminatiand
evolution of autonomic services, able to survive amolve in

a dynamically changing and heterogeneous envirohmen
Service

without relying on a centralized control.
implementations are regarded as “genes” from amrosgn
that must live in a competitive environment andvawe natural
selection pressure. Such one-to-one mapping frawices to

netWo‘}&iological entities will be carried out at diffetelevels (in a

fractal-like fashion), so that, at different leveifabstraction,
genes could be, e.g., some service parametersdieat to be
dynamically adapted, some blocks of code to be o
some instruction to be used to build a meaningfdl efficient

format and protocols necessary to support them. Th@ftware code etc. The net result of BIONETS wid the

communication paradigm, instead of preceding thiniden
of services, will be strictly embedded within therihe
network moulds itself to the services in an autoilmomay.

This is in contrast with traditional systems in whithe users

must learn and comply with the requirements impdsgdhe
technology.

We research biologically-inspired solutions
organization and self-management, with social ndts/mf
trust and reputation. This can be done by injectisgr
feedback and reputation information as fithessegdt for
adaptation. This combination is used to build usend
environment-aware services that are also robustirseable to
deploy, manage and protect themselves, and continereolve
and maintain themselves after deployment, with@gjuiring
human supervision.

B. Autonomic Self-Organizing Services

The Autonomic Computing Initiative [2] places a afre

emphasis on self-management, self-healing properself-
configuration and self-optimization. The same dgtroperties
represents the basis for the definition of an autun
communication system [3].
associate these properties with the general conokpelf-
organization, whose principles we derive mainlyrrbiology.
While many of the sophisticated (self-organizinggaimanisms
that characterize biological systems evolved owaglperiods
of time, they do not rely today on evolutionary geeses in
order to operate. Evolution could then, in prinejplbe
regarded as the mean through which self-organizat
achieved in complex systems. On the other handpdolbut
the environmental pressure guides evolution, st stactly
speaking, it can be seen as a form of self-orgtniza
Nonetheless, recent trends in theoretical biologygsst that
the “survival of the fittest" paradigm (based o timutation,

to self

provisioning of a digital ecosystem for autonomarvices,
able to users demands and needs in a transpammffisient
way by exploiting
communication/computing environments.

C. Architecture of U-nodes and T-nodes
There are 3 main actors in BIONETS networks, imteiof
devices: T-Nodes, U-Nodes and APs [4].

1, T-Nodes are simple, inexpensive devices with
sensing/identifying capabilities. T-Nodes act agriface with
the environment and are needed to provide contgateness
to BIONETS services. T-Nodes do not communicate ragmo
themselves but are just ‘read’ by U-Nodes passingTihey
present minimal requirements in terms
processing/storage/communications.

2, U-Nodes are complex, powerful devices. No stringent

limitations on requirements are encompassed for odes.
PDAs, laptops and smart phones represent examplass
Node. U-Nodes are carried around by users (heneg dhe
‘mobile”) and run services. They interact with #mvironment
through T-Nodes, from which they gather informattonrun

In the BIONETS projecte wcontext-aware services. U-Nodes may communicatengmo

themselves to exchange information, whether enwiental
data or service-specific code (in order to enaldevise
evolution).

3, Access Points are complex powerful devices that may be

used for (i) accessing IP-based services by theNETS
networks (ii) collecting environmental data (througlONETS
system) from a remote IP service (iii) providing $Rortcuts
among disconnected BIONETS islands. APs are emasido
act as proxies between BIONETS networks and |P ordsv

the unique features of pervasive



D. Communicationsin BIONETS

The BIONETS system has a layered architecture, evtrex
lower layer is composed of devices interfacing alyewith
the environment. Such devices as introduced abthee,T-
nodes, are in charge of providing
surrounding conditions to the devices carried bgrsisthe
latter devices, the U-nodes, form the upper layehe system
architecture, and are in charge of hosting a largeety of
services. In the BIONETS project, we use often them
network but it is understood that this term is easling with
regard to the system at hand. In fact, there averéasons why
the strict customary term network does not fit. Tin& reason
is related to connectivity. The lower layer is irdecompletely
disconnected. The economic and technical reasonghfs
architectural choice are described in [5], and wilt discussed
further in this paper. On the other hand, a majdcame of [5]
is that scalability reasons suggest that, evenhatU-node
layer, we should not rely on connectivity at eacinpin time.
If we put these two features together, the ternwoet is
indeed inappropriate for
architecture: to a certain extent, the BIONETS mekw
paradigm is truly dissolved over time at the U-néalger, and
reduced to mere point-to-point or local broadcdstha T-
nodes layer. Nevertheless, the communication aciite of
BIONETS works on a concept of connectivity overdinThe
mechanism to gather sensed data and to diffuse iftenthe
environment, in fact, relies on the U-nodes moveraed on a
peer-to-peer data exchange. To this extent, cantaobng U-
nodes represent the true engine of the opportargstiusion
process and propagation of messages is constrametie
actual user mobility pattern. The BIONETS commutiaa
system is able to interface with the networks watltentral
infrastructure, using access points.

E. Securityissues

Given the adaptive nature, security is a major @ssu
BIONETS. Apart from the deployment of security maaisms
which perform adaptation depending on the enviramnaad
communication partners, practical and new comtonatiof
adaptive security mechanisms are delivered. Fotarcg,
combined with newly developed secure routing temphes,
trust and reputation mechanisms have to be useietd
innovative approaches which will try to increasetwuoek
resilience, adapting to existing threats or attaskthin the
network. Due to the heterogeneity of BIONETS thejgut
will also deliver new techniques to provide privaaponymity

the BIONETS communication
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aggregation of U-Nodes, with possible room for dedinition

of coalition and competition in the clustering ofNddes. The
new bio-networks will be interconnected to and wifihance
the services offered by conventional telecommuitoat

information one thsystems such as wireless access systems (celétiaorks, hot

spots) and the Internet.

As we stated earlier, the communication architectof
BIONETS is based on a concept of connectivity dimae. The

HIGHLIGHTS OF BIONETS

(8) (B) (8)
- _/ N \_/
A A o)
N % J Needs 1 ‘\A J Needs 1 ‘\A J A Needs 1
AF)V(1,2, 3) N »
\ P \ D N
\(¢) \ (¢) REQ (1) (c/s
‘ Needs 1,2 4 Needs 1,2 ' Needs 1,2
REQ (2, 3)
N Ve P
D ) D )
&) N N
Needs 2,3 Needs 2,3 Needs 2,3
1
7\ 7 =)
B )
(&) N
/A N\ w‘/A\\ v
U Needs 1 \/ Needs 1
DATA (1,2, 3)
. N
(c) \ (c¢)
) \ N
Needs 1,2 ‘ Needs 1,2
oD (D)
L2 ) 4 NG 5

Needs 2,3 Needs 2,3

Fig. 1. General model of IOBIO

data dissemination in the system relies on the mew of U-
nodes and on a peer-to-peer model for data exchamghis
case, contacts among U-nodes represent the trueeeofthe
diffusion process and propagation of messages depéeron
the mobility of the U-Nodes. In general, we expBEDNETS
type of systems to be characterized by a ratherdemsity of
U-Nodes. Nonetheless, there may be situations iichwitash
crowds of users (and of U-Nodes) arise. In suckasiins, it is
of foremost importance to have dissemination tempies able
to scale well with the number of devices. Therefoue main
concern is to find an efficient way for information
dissemination between the U-nodes, to reduce taédamount
of the sent data together with the delay experignog the

and authenticity. The project will go one stepliiertand coin a pgdes.

new security paradigm: “evolutionary security”. Ret than
adapting security in a pre-defined way (e.g. byotiegjon),
evolutionary security aims at changes in securithigéectures
or services that are controlled by feedback/guiddnom the
environment. A thorough investigation of this neppebach
and its appraisal are additional goals of thisgubj

Note that the new paradigm should not replace btiter
complement the current networking infrastructuré-Kodes
will always remain in the landscape and will likdtglp the

A ThelOBIO protocol

In BIONETS the communication between nodes canroccu

in two ways: between two U-nodes, or between a derend a
U-node. It is important to note that there is nadradsing (at
least in the traditional end-to-end sense) in BIOSE
networks. For battery saving and other reasonsisipgriodic
broadcasting is not an efficient way of communimati We
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also have to consider that users are usually netdsted in probability.
every type of data. They form User Communities (Wath 4. Advantages of the protocol
similar interests. [6] One of the most useful properties is the limiteérbead -
1., Overview of the Protocol: In our IOBIO protocol the no unnecessary DATA message is sent. With the desta
nodes use three different types of messages fornrdtion- handshake we do not need to broadcast every titme.filst
exchange. and second steps use short control messages;daddasting
ADV: advertisement of new data. If a U-node intendsettd  of the data only happens in the third step, ang wlen it is
out new information it first sends an ADV packetatth really needed. It happens only upon a request gedhus, the
describes the data packet. The advertisement osntdie overhead is decreased.
identification information for the targeted UC. ADYlessages We assume that a lot of U-nodes — belonging tostmae
are sent periodically. group of interest — are usually close to each otimethis case
REQ: request for data. A U-node answers to the ADWt of advertisement and request messages are &eat{he
packet with REQ, asking for the advertised infoliorat networks will work as a simple broadcast-networkeGcan
DATA: the data message, which contains the requestell that with the 3-stage handshake the energydedbedor
information. communication, because the U-node sends only short
Although this protocol seems to be simple, différssues advertisement messages (which message should bespea
should be considered (e.g. Are U-nodes allowed dnds by all the nodes in the communication range), dhthe data
collected, summarized or anyhow aggregated datat) will be sent only in one case: if a node needs it.

i iesiildsttee?;)oz\}vhffopirs t:Crﬁlember of a certain U&)aives B. _ TheModified |0BIO (MIOBIO) protocal

' The I0BIO uses simple periodic broadcast to send/AD
a data packet from a T-node or from another U-node. L R .

b A broadcast ADV packets. Earlier investigation showed that congiderthe

A Joa gas s an 4B 'messaget.) f1h UG & number of packets a more effective approach isilpessVe

hc. K t;1n0||§ (???e d )'ff a(;nem er o (;e"f:al mle thl it developed The Adaptive Periodic Flood (APF), whisha
¢ e(é Sth f. f 0 t.e a \ée[r) |sed sergllceI;Ean ' s that simple controlled flood protocol that can reduce tlumber of
needs that information. roadcast a REQ message. nglicated messages without using control messaghie

d. A receives a REQ message. A checl_<s_the_ IDof tmaintains low delays and robustness that are cteistics of
requested information. If A does not have this iinfation, A a Blind Flood [7], [8]

drops the message, otherwise A sends out the DAZukes The APF is based on two event handlers and can be
referred to by the REQ message. described as follows:
e. A broadcasts the requested DATA, B receivesBit. ¢ i gr expi re§

processes it and then starts the 10BIO protocahfpwint b) broadcast a message
(e.g. broadcasts an ADV message). i ncrease Tiner to now + period
end if;
3. Resolving advertisement collisions: if a nessage is arriving

if messsage is new then
increase Timer to now + period
set nessage to broadcasting-nessage

In order to resolve the problem aflvertisement collision
the following scenario is presented. We assumetit@inodes

— A and B — send an ADV message at the same tirtteere is end if
a U-node (named C) in the communication area whsch el se . .
interested in this information, both A and B witceive the increase period with delta

REQ message. It may lead to overhead if both ohtkend the end if

DATA.. In order to avoid this we extend our protodble This simple protocol broadcasts messages peridgicaid
following way. If a U-node (named A) sends an AD¥sBage, ncreases this period when a duplicate arrives.

and it receives the same ADV message (from and#heode,  considering the number of bits sent/received APRaisas
named B), it draws a random number, and sets upaling- efficient as I0BIO because it sends DATA messages, and
time to this random number. Node B does the sam@é | generates a high amount of unnecessary bits. 1G8HDle to

receives a REQ message, it will wait for the sdbyle if it 5y0id the transmission of unnecessary DATA messasieg a
does not receive a DATA information with the rededsdata simple handshake. To combine the benefits of the tw

during the waiting-period, it sends the requestéarmation. If algorithms, MIOBIO uses the APF protocol to decestise

it receives the requested data — which means that Lmount of duplicate ADV messages, and uses thenatig
information was already sent by B — it does notlsamything.  |0B|O handshake to decide when DATA messages hawe t
If we investigateinformation carrying we can observe the gent. The 10BIO and MIOBIO — similar to other netkiag
following: at first we assumed that the mformatlﬂmv\{s qnly strategies [9] - leverage opportunistically corgaetmong
between U-nodes that belong to the same UC. Bsipssible qqes 10 spread information system-wide. In theodppistic

that the members of this group are separated. WenéeU- neqyorks no assumption is made on the existenaecomplete
nodes carry information which belongs to other Uighwsome



path between two nodes wishing to communicate. cgoand
destination nodes might never be connected to #rees
network, at the same time [10].

C. Multi-Message Scalable Broadcast Algorithm (MMSBA)

The algorithms that do not take partitioning inttc@unt,
like Scalable Broadcast Algorithm [SBA] and Genegri
perform poorly in disconnected environments. Thiese of
algorithms decide to rebroadcast a message only, aviten it
is first received. If there are no more nodes angmission
range when the last message is sent, the disséomrsbps.
Unfortunately, when a new node arrives into th@gnaission
range, there is no event that can trigger a retnasson. To
solve this problem, we improved the SBA algorithracause it
is computationally simple, and proved to be robdustmany
papers [11], [12]. It also gives a nice way to galiee its
mechanism to the multi-message case. The basicafitize
SBA algorithm is the Random Assessment Delay [RA
process, which delays the transmission of packets tandom
interval. The first time SBA receives a packetgstarts the
RAD procedure. During this interval the SBA listetts his

neighbours. When one of them starts broadcastiigp S

removes the neighbours of the broadcasting nodes fiis
own 1-hop neighbour set. Our modified algorithng tulti-
Message SBA (MMSBA) may trigger a RAD not only dret
first reception of a message, but on any eventdhanges the
local neighbourhood information.

When the number of interested nodes exceeds zdWSBA
starts the RAD. The RAD works exactly the same a&ayin
SBA. There is a little problem though. Every time receive a
HELLO message from another node, we will put hiraiagn
the list of interested nodes, even if the broadosetsage was
already sent to him. This problem is not presenheoriginal
SBA, as nodes broadcast the message at leastwhen,it is
first received. To overcome this problem, the nddekide the
list of messages they have already received irr tHELLO
packets. This also gives a feedback to MMSBA ifr@aldcast
message was lost during transmission. The new dethaws
MMSBA to handle many messages independently.

D. Mobility Moddsfor the BIONETSenvironment

The validation of various protocols is highly degent on
how realistic the used mobility model is. Since iiigb
patterns play a significant role in determining theotocol
performance, it is desirable for the mobility motielemulate
the movement pattern of real life scenarios in asoeable
way. The problem is that there is a very limitednier of
available real mobility patterns [13], [14] caphgi node
movement in large-scale disconnected mobile netsvoNot
only the amount of mobility patterns is limited tbhese traces
are related to very specific scenarios and it iicdit to
generalize.

However none of these synthetic mobility modeltefreal
world situations, because in practice, a mobileenddes not

C

Every time a HELLD
message is received, MMSBA updates his neighbaatr li
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mobility environment the delicate details of tinoetion
dependency and community behavior must be takea int
consideration. In these networks it is importantriodel the
behavior of individuals moving in groups and betwegoups,
therefore the mobility model in this case must iy
dependent on the structure of the relationship @mtre

mobile nodes, capturing this social dimension. 4 &spect of
human movement is dynamic clustering. We can olestris
on the streets: people travel in small groups tels$ some
people join the clusters, while others leave th&Bj.[Clusters
form in traffic jams, on mass transit vehicles,. 8to examine
this phenomenon we have developed a group molbildgel,
called the Reference Point Group Mobility Model Hwit
Dynamic Clustering (RPGMMDC) [7]. It is a modifiagrsion
of the Reference Point Group Mobility Model (RPGIT],
which is a group mobility model and it means the hodes

re organized in groups and the groups move togelazh

roup has a center point, that moves according taohility
model (in our case the Constant Speed Mobility Modeach
node has a reference point close to the centet,@oid sets its
destination in a random location near the referguget. In the
RPGM model, the groups were predetermined, andndid
change during the simulation. In our modified vensiafter
each step each node has a small chance of ledwngutrent
group and joining another randomly chosen groups Tiodel
ffers an even more accurate
movement: groups mentioned in the previous pardgrap
change over time; some people join the group wbtlers
leave and eventually join another one.

E. The BIONETS Smulation Framework

Within the framework of the BIONETS project, a fiee
available simulation tool has been developed [&&lending
the architecture and functionalities offered by wl-known
OMNeT++ [17], [18] package to reflect the BIONET®s&em
architecture. The main goal of the simulator ipttovide a tool

Ovwerhead of dissemination algorithms (part 2)
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Fig.2. Reliability of the simulated algorithms using
Constant Speed Mobility

roam in a completely random manner. In the BIONETS

representation of huma
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Reliability of dissemination algorithms Ovwerhead of dissemination algorithms (part 1)
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Fig. 3. Constant Speed Mohility; data received/useful data (on the left), data send/useful data (on the right)

for all the participants of the BIONETS, which heley can algorithms in different conditions. The simulatiparameters
implement and simulate their early ideas and nalgdrithms were chosen to be realistic to be able to tesalperithms in a
Another goal is to help experimentation with noiggas that BIONETS like environment. Every simulation startithwva
will be incorporated in BIONETS. Such the simulatsr 200 second “warm-up” period (needed by the mobility
designed to support quick prototyping and fastizatibn of Mmodels). The transmission of the control messadie (
ideas. There is also a great emphasis on fleybilithe HELLO) starts after the 195th second, so the digsaton

simulation framework itself is a collection of intependent Methods have time to discover their neighbors. Tingt
software components. The heart of the system is ssage is broadcasted from a single node at Otb 88cond.
OMNeT++ discrete event simulator library and toolhe It Is assumed that the message has 10 secondméfelo the

o : : : simulation stops at 210 seconds, when the messat®e ¢
Mobility Framework [19], [.20] IS a library built orthe outdated. Every point in the graphs was averagest 490
OMNeT++ core library which provides a framework for . ' ; X

bil icati imulati It tai " runs. For all the algorithms under investiagatioe, measured
moulie  communication simuiations. contains — Saveline humber of the nodes that correctly receivedniessage
implemented  modules. ~ Simulator components  provi thin a delay of 10 sec. The results of these mesBents are
additional or customized services on top of OMNeTtself  ¢pown on Figure 2. The results show that MMSBA fifes
have several components. The core library is thge pest coverage for the Constant Speed Mobbity, using
implementation of the discrete event simulator Whexecutes other mobility models, the performance of IOBIO and
a simulation model that can be defined by the sataulusers. MMSBA is very close. Both of the new algorithms perform
Mobility framework is a library that provides a fn@work for SBA, Generic and HyperGossip. We are interestetthénrate
mobile ad hoc simulations and also has differentdeho of received and useful data, and also in the rateend and
implementations. It supports the use of differemibifity and useful, because these must be processed by thematfon
channel models, and many network technologies. Filtering module in U-Nodes, and this can be a osevi
computational overhead. The results of the simutatican be

F. Results - - . .
. seen on Figure 3. In this case I0BIO is the cldaner.
We have used the simulator to evaluate the perfocmaf g
different information dissemination algorithms antbbility Iv. CONCLUSION

models, presenting the two novel information dissetion In this paper, we have presented some of the irtivava

algorithms, the Multi-Message SBA (MMSBA) and the . o
Modified I0BIO (MIOBIO), comparing them with the fesearch activities undergoing within the framewarkthe

reference algorithms chosen from the literature],[112], BIONETS prOJec_t. In part|cu|§1r, we foc_:used on _theo\_/atlve
which are the best available dissemination methpdsished aspects concerning the relaying, filtering and efissation of
earlier for a BIONETS environment: Generic Self1fing data messages within the network, which build theidof the
[21], SBA [22], Hypergossiping [23]). These alghrits were SO-called “Disappearing Network” paradigm. Two new
chosen after an extensive study of the literatufedata t€chniques for achieving efficient data dissemaratiin
dissemination, covering a large set of differerstsdimination BIONETS-like networks were presented in detailggetaer
typeS, drawing a conclusion that the three a|gn‘mh with the outcome of a simulative Study carried m]analyze
mentioned above give a very good all-around safutioat their performance. Activities within the consortiuane now
performs well in the BIONETS environment. The maiiteria  focusing — among the other topics - on methodokgiel tools
for the evaluation of the algorithms was the robess of the for embedding evolutionary features into such kivfddata
dissemination schemes.
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