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Abstract. This paper shows a modcl of a P2P network to facilitate collaborative
activitics, which takes advantage of features of a particular social collaborative
nciwork —small-world, clustering, community structure, assortative mixing.
prefercential attachment and small groups—. We present a description of this
model based on collaborative groups and limited flooding. Our simulation
results show that our model improves scalability and performance of flooding
bascd scarches (scarch results in O(1) hops), message cost, support for node
instability, keyword scarches, load balancing (number of replicas proportional
to demand) in comparison with 2P networks that use DHT or tlooding.

1 Introduction

In recent yecars, many studics have becn aimed at finding the properties of social
nctworks, which is a set or group of people, known as the actors, linked together or
joined by some pattern of interaction [1]. These efforts arose not only from the
interest inherent in patterns of human interaction, but also from the structure of the
resulling nctwork. These studies have focused on a number of properties that scem
mainly to affcct their performance. Among these properties, perhaps those most
widely studied are degree distribution [2, 4], the “small world” effect [5-7], clustering
[5), community structure [8-10], resilience to the deletion of network nodes [2, 11,
12] and navigability or search ability of nctworks [13, 14].

Along with other authors [2, 3], we claim that these properties have a great impact
on the way that these social networks operate and ofler valuable information about the
way in which information travels and is rouled through the network. Then, this
information can be used in the design of networks of computers created by groups of
people who work together in order to improve both the performance of the
applications and the efficient use of resources.

The model we propose provides the basic mechanisms for modular P2P
applications for affiliation collaborative groups of people geographically dispersed,
enabling activitics such as reading, discussion, writing and modification of’ documents
and diffusion of awarcness information, events, news, to be carried out in a
distributed way. It is currently being implemented in Java with JXTA [15].

We can define a collaborative social network (CSN) as a social network in which
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the actors are people collaborating in some activity and the links joining them
together denote their collaboration. Affiliation CSN, are a type of social network
having certain natural topologic properties that make them quite well structured.

This paper is organizcd as follows: in Section 2 we describe some of the features of
affiliation CSN that have been exploited in the design of our P2P model. In Scction 3
we present an analys'is of costs generated by searches in P2P networks using DHT,
flooding and collaborative groups and how replication helps to improve the
performance and availability of resources. In Section 4 we explain our P2P model as
well as the mechanisms for peer communication and management. Sections 5 and 6
details our simulation environment and results. In Section 7 we present some
applications focused on collaboration, and Section 8 presents our conclusions.

2 Collaborative Social Networks Features

Community Structure: [8-10] is the property of many social networks for forming
communities through the union of pcople in groups. Grouping occurs for many
reasons — shared interest, working for the same company, geographical proximity, etc.
In many social networks it is possible for people of a similar type to be drawn
together and then to divide up naturally into groups, so that the density of links within
the group is greater than the density of the links among them (9).

Assortative Mixing: A social network is said to show assortative mixing [12] if in
that network the people wishing to associate with others all have somecthing in
common.

Preferential Attachment: In the majority of social nctworks, the addition of new
nodes occurs by preferential attachment [8], in such a way that the new nodes are
connected to other nodes by preference; to nodes with a greater degree, for example,
or to those that are most popular.

Clustering: is the probability of two pecople mecting if they sharec one or more
mutual acquaintances. For example, in collaborative groups, people tend to introduce
their colluborators to others belonging to other groups, thus fomenting new
collaboration and thereby increasing the clustering coefficicent [8].

Alliliation Networks: an afliliation network [16] is a network in which the actors
are joined together by common membership of groups of some kind. Some studies
show groups of academics, actors and busincss people as affiliation networks.

Degree Distribution: In real social networks the degree distribution follows a
power law [13], which indicates a heterogencous topology in which the majority of
nodes have a small degree and a small fraction of highly connected nodes.

Small World: CSN form “Small Worlds™. Typically, participants are scparated by
short paths [13] of known intermediates. Clearly, news of important findings can
circulate more quickly in a network where nodes are more closely connected.

3 Analysis of cost search and replication

As was shm?'c.d in the previous section, in CSN communities emerge. The effect is
that the probability that objects of interest in a community are within the scope (inside
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the limits) of that community is very high. In economic terms, we could say that a
search without considering communities is more costly, in terms of load (number of
messages and peers), and the benefit, chance of and response time to finding an
object, may be lower than a search inside a community, where more benclit is
obtained at lower cost. Another argument giving additional support to CSN is the fact
that people collaborating tend to usc the same resources (sharing) during the time
span of the collaboration, which is long term.

Let us imagine a P2P computer network used by a collaborative group. Let us
supposc that a peer X creates an object 4. If all peers, including X, were always
connecled, the probability that any other peer Y would find the object A is P(4)=1,
given that we arc assuming that A is always available (or X always connected, which
is equivalent). But P2P nciworks, in gencral, are very instable due to continued node
arrivals and departures. Given that peers tend to be end-user machines rather than
dedicated servers, there is no guarantee that the peers will not be disconnected from
the network at random. This generates low availability of resources and a great
overload due to searches for these resources [17]. Thus, the probability of finding the
object A decreases with the instability of peers. Now let us suppose we replicate that
object A on another random peer. In that case, the availability of A is higher, as the
probability of finding the object A or a replica is also higher. Thus, replication helps
to cope with peer departures and failures and then to improve resource availability.
However it also has a cost [18].

In next section there is an analysis for the cost implied in searching and replicating
objects in P2P nctworks. We have analyzed two search strategics: those that use
flooding algorithms (unstructured) and those that use DHT (structured). The two
scarch strategics arc studied with and without object replication, and using a
structured P2P network bascd on the CSN topology. The cost tigure is defined as a

function of the amount data exchanged in messages during the search and the transfer
of the target object.

3.1 Search without replication

The cost C, of a search without replication is defined by the cost ¢ of query
messages, routing messages and the transfer of the requested object.

Let us initially assume a P2P network without failures (all nodes connected), where
the objcct of interest is located at only one peer (no replication) which is, in the worst
case, located at the far end of the flooding region. The total cost of a qucry is the sum
of all messages generated to find the object, and the actual transfer of the object. This
cost depends on the number of messages each peer sends to their neighbors (k). and
on the scope of the search in the number of hops (TTL), which is related to the
diameter of the network (¢).

We use four types of different messages generated by a Gnutella type query (GNet)
[19] over a random network: the query message m, the message retumed by the peer
where the object is located m’, the message requesting the transfer of an object m*’
and the message containing the object o,. Therefore:

Cy=Nuc(m) + Nu-c(m’) +Ngu-c(m”) + c(0) (1
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N., corresponds to the number of messages of type m generated during the search. We
can see that the number of messages and the number of potential responses increases
exponentially with each hop.

Structured P2P networks that use Distributed Hash tables provide an important cost
reduction in the search and location of objects. The search cost, related to the number
of messages, in most DHT is N, ~ logi(N), where N is the number of nodes, and & the
order of the search tree, usually k=2.

Number of messages Na | Diameter Topology
Unstructured search R . OGNet Random
= k-1 d
(gnutella) No=k Z‘... ( )
Structured search (DHT) N_=log,N OonT K-degree tree
Social nctwork based (CSN) | B OE:‘ ik = i3 Ocsn Social network
e (clusters)

The total cost of a query C, (cquation 1) continues to be valid, with a different
value of N,.: the search is more directed, and a much lower number of peers are
traversed. After the object is located, the request and transfer process occurs as
previously, and therefore the rest of the cost function does not change as in(1).

In CSN, given the properties of CSN (Section 2), we can assume the cxistence of
groups with small diameter. Given that these groups are made up of pcople with
common interests, and since the information relevant to a group can usually be found
within their group, our hypothesis is that when searching for an object it is highly
probable that the object will be found within the group interested in this object. In

terms of the diameter of search (scope): @ << Onur << Geiner

Therefore, the search cost will be dramatically reduced from the diameter ¢ of the
global random network to the diameter of a smaller cluster structured by social links.

3.2 Search with replication

Replication has two notable effects: increasing resilience to node failures, and
reducing the scope of scarch. Replication also has an overhead cost, but the influence
on the cost for cach query is small because the cost of replication must be split among
all transfers of a given object. This factor is r/p(0). where r is the number of replicas

in the P2P network, and p(o) the popularity of the object o, or the number of requests
in a given period. Therefore:

= Noe(m)+ N_c(m')+ N _.c(m") + (1 + —)c(o) @)
plo)

Replication strategies vary in time, number and location of replicas[20]. In
Gnutella network replicas may be located randomly, in DHT they are located in
precise locations dictated by the DHT graph, roughly at the same average distance. In
CSN. replicas are located close to the demand: at one hop in terms of interest for most
queries since it is based on the social network topology.

In the following analysis of resilience to node failures, we consider that there may
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be multiple copies of each data object at distinct peers, but for gencrality we do not
take into account the location of replicas.

The existence of r replicas in a P2P network with peers connected with probability
p. increases the chance of a successful query: finding at least one copy of an objcct. If
P, is the probability of finding at least one replica during a search, then,
Pr = l—(]- P:')'-

If the P2P nctwork is fault-tolerant: it has multiple routes to reach peers with
replicas, then p, only depends on the probability of disconnection of the peer holding
arcplica, i.e.: a=/.

In P2P networks with scarch bascd on minimum spanning trees, 8 mcssage
between two nodes depends on all previous nodes on the search tree (a=¢) where ¢ is
the diameter of the network. This value of P, depends on the complete path to cach

replica which, in the worst case, it has ¢ peers. Therefore the total cost C of a
successful query with r replicas is given by:

-1 ~ where(a=lor¢) (3)
Y —-pry

Compared to the cost without replication (r=/), as r increases, C, increases only
very little (at least for popular objects), but as P, has a potential growth with r
towards 1, C(¢) decreases: with more replicas, the object tends to be found in one
single query.

As onc may readily observe, increasing in the number of replicas also increasces the

probability of reaching an objcct (accessibility), but it also increases the storage cost
with an increasing number of replicas.

3.3 Discussion

While the search cost in DHT algorithms is in the order of the diamcter ¢ of the
network, scarch with flooding algorithms on topologies with & neighbors grows in the
order of k*. The usc of a CSN topology instead of a typical random network is
always beneficial, since the object of interest can almost always be found in the
proximity and within the same community, with a much smaller diameter. It can be
located in fewer hops, thus enabling flooding-based search algorithms can generate
much less traftic.

Replication helps to reduce the impact of node disconnection as shown by the term
(1 - P2 )’ from equation (3), but it also introduces a new cost with the number of

replicas  in the nctwork. There is a storage cost when the overall storage space is
limited, which has not yet been considered. There is also a transfer cost to create each
replica, and the location of the replicas may help to reduce the search cost.

Random replication does not guarantee that a replica is close to (few hops away)
from peers who may need it. On-path replication, where an object can be replicated at
every peer on the path of a successful query: from the peer with an object to the
requesting peer. The disadvantage in this strategy is that the object transfer degrades
have to go through several peers instead of a direct connection,
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The cost of both replication strategies is significantly rcdchd if the P2P network
used a CSN topology, since using any replication strategy replicas can be loc?lcfi very
close to peers with most potential demand. Replication and search can be limited 10
members of a small community in which the object is located, without the necessity
of diffusing the object throughout the entire nctwork. This is because lh_csg group
members have the greatest interest in the object, since it was generated within t-hc|r
interest group. The maintenance of the CSN topology has an ovcr.h%'ad cost, but given
that this topology cvolves very slowly, we assume the cost is negligible. .

Then, combination of replication mechanisms with a CSN topology can assist in
appreciably reducing search costs in the network when compared .\\iith costs generated
by traditional P2P nctworks, in addition to increasing the probability of access to the
required resources. This affects both the performance of the applications and the
efficient use of resources. As a result, the scarch cost is dramatically reduced going
from the diameter of the global network to the diamcter of a smaller cluster, and
replicas are more effective since they are located close to the demand.

4 P2P model for CSN

This scclion describes our collaborative P2P model. First, we define the
components that panicipate in the model.

Let a collaborative P2P network, which helps the collaborative work between
people who might be geographically separated.

A servent (server and client) is a computer connected to the collaborative network.
Every servent holds a list of known groups (Groupld List) and a list of group
members identified by their Serventld. These lists may be incomplete, and they are
kept consistent using an epidemic consistency algorithm [21] (the details are beyond
the scope of this paper). Servents provide interfuces by means of which people can
exchange messages, share information, carry out scarches, compare data, and
generally pursue the collaborative work.

A servent X is a neighbor of ¥ when X is direcily connected to Y by a logical
connection using this model, provided that X and ¥ belong to the same group. This
logical connection is created if X and Y are direct collaborators.

A group is a sub-nctwork of the network formed by the servents associated to
people who share interest in common topics. New servents joining a group must
follow the same rulcs of behavior as in real life; that is, by affiliation or invitation of
servenis to a given group, Thus the network topology would be similar to the
lop_ological structure of the real collaborative social networks (Section 2). Our model
assigns a unique Groupld to every group.

A member is a servent belonging to a given group. All the servents must, by
default, be members of at least one group. Disconnccted servents will continue (o be
members unless they explicitly withdraw.

Based on the properties set out in Section 2, our model has three fundamental

mcc.hanolsms for carrying oul cooperation functions: 1) conncction and join, 2)
replication, and 3) scarch,
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4.1 Connection and join mechanism

In many cooperation networks, users connect and disconnect from the network
scveral times a day. It is therefore easy to see that a cooperation network must have
mcchanisms that manage the connection and disconncction of nodes from the
network. First connection to a group is a special case, since then the new node must
obtain membcership information from the group. From the foregoing and for
simplicity, we distinguish two types of connection: joining and connection.

4.1.1 Joining

In order for the topology generated by our model to maintain the same properties
as those of a real CSN, e.g. Clustering and small-world, the servents must have means
of connccting to groups that arc similar to those used in real life (afTiliation network).
Therefore when a new servent joins a group, it will be by invitation or by application
from the new servent 1o the group. For a servent to be connected to the network for
the first time, the person must cither establish contact with an existing group or create
a new group. The servent provides a suitable interface to carry out both operations.

When a servent creates a8 new group, he must generate a unique Groupld that
identifics the group throughout the CSN. The servent must have a Serventld that
identifies him, adding to the Serventld list of the group and sending a message to a
number of servents of the other groups using an epidemic dissemination algorithm, to
notify them of his existence. They will feed in tum the initiating servenr with
information about the existing groups in the whole network.

If a servent wishes (o join lo one or more existing groups, he must first receive
authorization from any member of that group and receive the potentially incomplete
group’s Serventld list. Once the person has chosen the interest group to which he
wishes to be connected, the servent must send a message to any member of that group
to apply to such group. If a member accepts the application to join, the Serventld of
the new servent is addced to the Serventld list of each member of the group, using an
epidemic algorithm to sprcad the new Serventld. Once a servent becomes a member
of one or more groups in the CSN, he can communlcau. with other members of the
group/s and share information.

If someonc no longer wishes 1o belong to a group, he must send a message with his
Scrventld, via the servent, to other (a few ncighbors + epidemic propagation)
members of the group or groups to which he belongs in order to cancel membership.
The other servents must delcte the Serventld from the group's Serventld list.

4.1.2 Connection

This operation is used for any further connection afler joining a group and after
having been disconnected for some time. When a servent is connecting he must send a
message to all his neighbors (eventually by epidemic propagation, it will be known by
all the members of the group) informing them that a connection has taken place. Once
the neighbors have received the message. they must all update their local Serventld
list. The.connecling servent will update his own Serventld list by sending a request to
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any neighbor.

In order to know about potential object changes that may have occurred while he
was disconnected, the connecting servent must launch a search operation (Section 4.3)
for events that might have taken place during his absence.

When a servent is instructed to disconnect from the CSN, he immediately informs
all (a few neighbors + epidemic propagation) connected members that he is about to
leave the network, in order to keep the Serventld list up-to-date. In case of connection
failure, if a servent sending a message receives no reply from another servent, the
sender will assume that some fault has occurred in the connection with the recipient,
and will then proceed to update his Serventld list, indicating that a servenr is not
connected, or informing other members of the change in the Serventld list by
epidemic propagation. In this way the list will eventually be up-to-date.

4.2 Replication Mechanism

Given that groups in CSN are made up of people with common interests, and since
the information relevant to that group can usually be found within it, we claim that
when searching for an object occurs, it is highly probable that the object could be
founded within the group interested in this object, in few hops (small-world). Object
replication will improve object availability (p2p networks are very dynamic), increase
system resilicnce even during directed attacks to high degree servents, and it will
improve the performance of scarch operations without overloading the network.
Replication could be carried out solcly for the members of the group where the object
originates, not necessarily for servents outside the interest group or even the entire
nctwork. This is because these group members will have the greatest interest in the
object, since it was generated within their group (assortative mixing).

We have seen that the frequency with which objects of interest for a particular
group are created and modified is in fact low, and the greater part of communication
consists of the exchange of idecas via e-mail or chat which do not need to be
replicated. This has been confirmed by the analysis of one year event log for the
activity performed by a collaborative group of people using BSCW, an application for
collaborative work support. It shows that the number of reading events is several
magnitude orders higher than the number of writing or modification events [22].

We now present a way of managing replication in our model: When a member
creates a new object or modifies one already existing, he must notify that to the group.
Immediately after, the servent initiates the mechanism 1o replicate the object to his
ncighbors in order 1o reduce the number of replicated objects circulating through the
network before arriving at their destinations. For example, let G={A4.B.C.D.E.F}
where A,B...F are servenis belonging to group G, and B.C.D are the neighbors of
servent A. When servent A creates a new object or when he modifics an object already
existing in the network, the given object is replicated only to their neighbors B, C and
D, since they have higher need of that object than any other servent, given that B, C
and D directly collaborute with 4. This proximity replication criteria guarantees that
the immediate collaborators will have a replica of the object of interest (assortative
mixing). Given that the number of replicas is directly related to the servent degree,
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high degree servents will have more replicas, making the network resistant to failures
or directed attacks, and balancing load especially for highly connccted servents.

In the longer term, considering that servents have a limited storage capacity, they
will have to apply a replacement policy to make room for new objects of higher
interest, but thcy will still keep meta-information on altcrnative locations of the
object, which is roughly equivalent to having the object (one additional hop; the
replication mechanism helps servents learn the content or at least the location of
objects of interest).

Initial simulation results confirm that the number of replicas of an objcct grows
quickly with the number of related search opcrations, and with the degree (number of
neighbors) of the originating node which is correlated with popularity.

4.3 Searching Mechanism

With the aim of reducing to a minimum the number of search messages circulating
in the network, our search mechanism makes use of both the CSN capacity for
forming small-world communities and the replication mechanism.

We have already mentioned that, because of the proposed replication mechanism,
the cost of flooding based searches is drastically reduced.

Our model use two types of flooding search — local and external.

Local Search. Search undertaken by a servent, to bring his information up to date
or looking for an object within the group. A local search can be made for three
reasons: 1) When a new servent joins a group and needs to know about all the objects
shared by the group. So when a new servenr receives a message on concluding the
initial connection process (Scction 3.1), he should ask other servents for the objects
shared by the group. 2) When a servent has reconnected after having been
disconnected for a certain time; the servent must then seek to update information
generated in his group during his absence. He will carry out a local search for new or
modificd objects. And 3) when a servent belonging to a group needs a particular
object, he will carry out a local scarch for that object by sending a query 1o his
neighbors. The members receiving the query message will send information about the
object to the requesting servent if they have the target object.

Extermnal Search. Scarch carried out outside the group to which the servent
initiating the search belongs. This situation may arise when a servens needs an object
that is not available from any of the group members, and must therefore look for it in
other groups. The user must explicitly undertake this kind of search when he or she
wishes to search for an object throughout the entire CSN.

To make flooding scarch more efficicnt, servents have information (Groupld)
about each existing group within the network. The servent initiating the search can
locate at least one servent from each group and direct the search towards them.

Given our proposal that a number of the servents have object replicas of interest to
the group, the probability of locating the desired object will be quite high, and search
messages may go directly 10 those servents who arec most likely in possession of the
object. In terms of external searches, our mechanism difTers from flooding algorithms
in the number of servents involved: we sclect at least one servent per group while
flooding would contact all nodes up to a maximum number of hops (TTL).
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Both in local and external scarch, objects would be downloaded via a direct
connection between the servent possessing the object and the servent requesling it.
Since the object is replicated, it can be donc in parallcl from various servenis in order
to make download process fault tolerant, faster and more efTicicnt.

As may be easily appreciated, our search strategy is thus less costly ~O(!) (objects
located in a single hop in most cases) than classical flooding ~O(N) and can be more

flexible than DHT, typically ~O¢log N).

5 Evaluation

The analysis described in Section 3 provides some insight into the potential
benefits of our model. But in order to test the validity of our proposal and to cvaluate
the effects of features described in Section 2, we developed a simulation infrastructure
implementing our model. We simulate our model using the j-sim simulator [23].

We implement the search and replication mechanisms on the top of collaborative
networks. The topologies of these networks are based on a Newman's algorithm [9).
Using this algorithm we have generated nctworks with properties such as: clustering,
community structure and small-world. Different randomly generated topologies are
formed by interest-bascd groups of 10, 50 and 100 servents, where cach node
represents a person, and each link models a personal relationship in the collaborative
social network, which corresponds to a link in our P2P network.

For cach topology we run 1,000 differently seeded simulations, consisting of N
requests (one for each servent) for a single object created on a random servent.

In cach simulation cycle, we randomly designate a servent to be the object
initiating a search, among those without a replica: at the end of the simulation, every
servent will have done just onc search and will hold one replica.

Since that search cost is directly related with the scarch scope, the goal of our
experiments is to measure the cost introduced by our model by measuring the long
path necessary to find an object and the load gencrated by queries.

Our simulation results, see Figurc |, reveal that the greatest long-path length to
reach a replica is very small (less than 3, order of O(/)). It is also possible to see that
approximatcly after that 50% of servents have executed a query, and have got a
replica; the long-path to reach a replica is almost 1. This result is comparable with
results for DHT based P2P networks. Based on other studies [24], the characteristic
diamcter in Gnutella is smaller than 12 hops and over 95% of the nodes are at most 7
hops away from one another. In our case, the diameter is smaller than 6 for each
cluster of 500 servents and almost 90% of the servents are at most 5 hops away.
Nevertheless, with less than 3 hops a query can always be resolved and on average 1.2
hops to big groups (4 in Gnutclla). Thercfore we obtain lower scarch cost and better
performance. In addition, popular objects (high number of scarches) are easier to find
(more replicas) than non-popular objects (low number of searches).

Figure 2 shows both the number of generated messages until the moment the first
answer 1o a query is received (inferior scope), and the amount of messages generated
by qucries until the TTL expires (supcrior scope). We achieve low load using a
TTL=5, but we could reduce it without significant effect to the hit scarch using
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TTL=3. This value docs not change substantially with the size of a cluster, as it
depends on the small-world property of the cluster.

Figure 3 shows the amount of participating servents until the first answer to the
query is obtaincd, and the number of participating servents until the TTL expires. As
can be seen, the amount of participating servents decreases with time given that as
time passes more copies will exist in the cluster and therefore objccts will be located
faster (when an object is found. the query does not propagate beyond that peer), thus
limiting both the amount of messages generated and the number of participating
servents. Rcplication helps to reduce the scarch cost. A typical scarch in Gnutella can
cover up to 1000 servents (more than 2 orders of magnitude).
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Our experimental results show that there always exisls a servens that can resolve a
query, i.e. scarch always is successful at locating objects. The minimum average
number of servents that respond to a query is 3.5 at the beginning of our simulations,
when there are only few object replicas (on the order of the average servent degrece).
The top number of servents answering a query is obtained in the middle of the
expcriment: roughly 50% of the nodes can give an answer 10 a query after 50% of the
nodes have obtained a copy of an object. In 99% of the cases there is more than one
servent (o respond to a query. Nevertheless, servents rarely need all of the results of a
search. By reducing the scope of secarch. we can greatly reduce the amount of
messages that need to be sent and improve the scalability.
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Figure 4 shows that in the last queries fewer servenis respond to the query; this is
the result of servents with a replica not propagating the query beyond. In Figures 3
and 4 we can see that replication helps to improve scalability given l!mt lhg more
replicas having the cluster, the lower number of participaling servents will participate
to resolve the query. As can be seen in Figure 1, in a cluster with up to IQO servents, it
is always possible to obtain a qucry responsc with TTL=3. With this vaIuF. the
number of involved servents and the amount of messages would decrease drastically.
These values do not change significantly for other topologies with a similar or larger
number of nodes (tested up to SO0 peers), as they depend on the small-world property.

6 Related work

Previous work carried out on collaboration networks [25, 26] has been centred on
trying 1o improve network performance, leaving aside the relevant fact that computer
networks give support to social nctworks with distinctive statistical properties. Unlike
previous work, the main idea of our proposal is based on the properties belonging to
collaborative social networks.

lamnitchi [27] put forward ideas about making use of the small-world property and
clustering in scientific social networks. In [27], some mechanisms arc proposed to
facilitate searching, but without suggesting any particular model.

Other [27.28] related work concentrates on identifying clusters of interest to
improve the performance of search process so that queries can be steered to peers that
are more likely to have an answer. Unlike these works, we do not identify clusters,
given that clusters are formed by users through explicit affiliation with groups.
Cluster identification algorithms could assign a user node to a cluster with only a
subset of files of interest. Letting the user sclect which groups wants to join
guarantees he will be a member of communities of his interest, and have the relevant
documents close to hand.

7 Conclusions

A great deal of research work seeks to develop better methods of locating data in
P2P networks. These efforts are aimed at improving scalability, greater reliability
under dynamic conditions, more efficient searching, and improved performance. The
main problem with these systems, however, is that they ignore the fact that computer
networks, such as P2P, are made up of people who in turn form social networks with
statistical propertics which affect the way these networks function.

In this work, we present a proposal for a new P2P model for collaboration
nciworks using the social network topology, and exploiting the inherent
characteristics of such networks: small-world, clustering, community structure,
assortative mixing, preferential attachment and small and stable groups.

‘ We also s:how how the combination of interest-based replication mechanisms with
CSN propertics can assist in appreciably reducing message overload in the network,

f:ompar‘cd with overload gencrated by searching in traditional P2P systems, thus
improving performance.
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We argue that our model use simple search stralegy capable of dramatically
decrcasing the search cost (search results in O(/) hops) compared 1o a traditional P2P
application on the same context. The simulation results show that our model is
scalable and has good performance comparable with those that use DHT.

Although this work is focuscd on collaborative networks, we belicve that many of
the ideas set out in this paper can also be applicd to other types of P2P nciworks.

The model presenied here is an initial approach to making use of CSN topological
properties, and as such we are aware that there is still room for improvement. Al
present, we are engaged in the implementation of a prolotype that will enable us to
asscss improvemenits in possible extensions of the model.
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