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-Abstract. Agents self-organization and cooperation in open societies play an
important role in the success of the service discovery process. Self-organization
allows agents to deal with dynamic requirements in service demand. Moreover,
n distributed environments where service discovery is carried out by agents that
only have a partial view of the system, cooperation with neighbors is a key issue in

rder to locate the required services. However, cooperation is not always present
.1n-open agent societies. With this motivation, we present a set of mechanisms
“that consider self-organization actions and incentives to adapt the structure of

the society to the service demand and to promote a cooperative behavior among
gents in open societies.
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discovery systems are deployed in dynamic environments where their compo-
features, and tasks do not remain constant. These systems are expected to perform
nder many circumstances (i.e., when the number of available agents changes, or
the service demand varies with time). However, the majority of the proposals for
ice discovery in distributed systems are only focused on the location task and do not
into consideration the inclusion of self-organization mechanisms in order to adapt
ocial underlying structure to environmental conditions and changes in the require-
 [14]. When a global view of the society is not available, these processes should
ormed in a decentralized way without the supervision of any central authority.
ver, these tasks become even more difficult when there are self-interested agents
do not cooperate with others. In that case, if there are no mechanisms to deal with
gents and promote cooperation, the performance of the service discovery process
be seriously compromised [5].
this paper, we present a combination of self-organization and cooperation mech-
Nai agents use in order to maintain the performance of the service discovery
ess when there are changes in the service demand or when selfish agents appear.
If-organization mechanisms focus on how the relations between agents could be
how the agent population could be adapted according (o the service de-
tain or improve the performance of the service discovery process. The
s that promote cooperation when there are self-interested agents in the soci-
‘on'local structural changes and the use of incentives.
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2 Related Work

L i RN u
\,ﬁ.ﬁ? £ =05 stm{u, t) =1
By = {rg}
Si = {86}

t

Search approaches commonly used in decentralized systems where all the entitites are
considered to be equal and there is an arbitrary topology are based on blind or informed
algorithms. Blind algorithms do not consider any information about resource locations
and use flooding-or random strategies that can overload the system with the traffic gen-
erated during the the search process [13,18). Informed approaches try to cope with this
problem and consider local information to create and guide the search. The information
is about their direct neighbors [3,10] or statistics from previous searches and it is stored
in focal registries [2].

Moreover, the majority of the proposals refated to decentralized search or service

@ = (i, 54,74, %HF&

b

discovery assume that all the entities that participate in the discovery process are coop- WH’ Mﬁw ) c o
- v . . .. N A im{d, £) = 0, T
erative. However, this not always happen in open societies where there is not a central Aco = {v} d

qi
status = transition
C; = cooperative

P R

entity that controls the behavior of the agents. Approaches based on Game Theory have
been widely used to explain mechanisms through which cooperation can emerge and be
maintained in different scenarios. Depending on the context, mechanisms such as direct
reciprocity [11), indirect reciprocity [12], tags [15], or punishment [7} have been used.
Many approaches that are based on games assume well-mixed populations where every-
body interacts with equal frequency with everybody else. However, real populations are
not well-mixed. In real populations, some individuals interact more often than others;
therefore, to understand the social behavior of the systems it is important to consider
the social structure [6].

The approach that we present in this paper is an informed algorithm that considers
both types of local information in order to establish and modify the network structure
and to guide the service discovery process. Initially, the structure is created based on
the similarity of the resources provided by the agents. However, the environment con-
ditions do not remain constant and in contrast to other proposals that do not consider
dynamic environment conditions, in our approach agents consider self-organization ac- ‘Acc a set of acquaintances whose existence a tii
tions in order to maintain or improve the performance of the service discovery process - covery process but it does not have a direct H&WM.HM ’ Wm mﬁ@.@. as a result of the dis-
when there are changes in the service demand. Unlike other proposals related to self- n - i la*. g2, ..., ] is the Tocal service deman aomwm_.ucs_.ﬂr‘ .
organization [17], in our proposal, we consider not only changes in the structure of the queties that the agent receives about services off; g_ zmo.z {i.e., the :m.Swmm of
agents, but also changes in the population of the system. Moreover, we have considered roles vy, g, ..); ered by different organizational
strategies such as incentives and structural changes used in the area of Game Theory i the status of the agent. The status de
networks to promote cooperation during the service discovery process. .

Fig. 1. An example of a decentralized service discovery systemn where a

5&..# wmm to forward to the most promising neighbor (i hbor 1o the s ¢

€., the closest neighbor to the target).

00peration promotion mechanismis

Datetnd . The information i i
self. a«wainﬁﬂ.oa o tion in the internal state related to the

.b.m.. is the set of direct neighbors
Mfieighbor j € V;, agent 4 has informat
.omm.ma.m, the degree of connection of 7,
arrived to the agent 7 was not forward

ion about; the roles J plays, the services j
and the number of times that a query that
ed through its neighbor J(Qi);

pends on the significance of the i
i : e information an
..mm.wn?“mmﬁww wz mmmmw has an accurate view of the system, it is considered to be in
1 ton. When a new agent arrives to th i
Astavie s : € system, or when it h
information that introduc ise in i , onidney
Horr s notse in its local environme i i
o cn. 1 a fransition situation. " the agent i considered

3 Formal Model

Qur proposal for agent society is modeled as an undirected network populated by a set
of autonomous agents 4 = {i, ..., n} that establish relationships with other agents L’
Ax A, where each link (4, j) € L indicates the existence of a direct relationship between
agent ¢ and agent j based on the semantic similarity of their attributes (i.e., the roles and:
the services of the agents) [4]. An agent is a social entity that interacts with other agents
in the society. It controls its own information about (i) the semantic services it offers
S; = {8i,...,5n}, (i) the organizational roles it plays B; = {r1,...7rm}. and (iii} an
internal state st;, that contains local information used by the self-organization and the

.mmg.smaoa in the internal state of an agent related to the cooperation is:
& «. H' B - + .
.Q.Wawmmwwﬂmﬁm M..Mwo %ﬂmﬁ.@ of Mooumamam of agent ; and ranges in the interval [0,1]

G 1 ehavior of agent ¢ and ¢ : i o
ot s an take two values: cooperaiive or not

Q; s the number of queries that agent ; forwarded,

5 18 the number of queries from agent ¢ that agent j refused to forward
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..w&m.axwaimn&aa of the structural links. Agents are able to reason about whether
; o_..xn.; maintain, reinforce or create new structural relations. Agents consider a decay
metric associated to each link: decay(Qy;) = 1 — (1/(1 + e~ (@u—2)/% where y is
H.n...mu,o.ca, z is the displacement constant, Q;; is the number of queries that arrived to
agent ¢ and were not forwarded through agent 5. Each time agent 4 forwards a query, it
..mn.mﬁnm the information about the traffic of its links. If the query is forwarded Sm.ocwr
agent 7 nﬁ Qi is updated to 0. Otherwise, the Q;; is increased by increments of 1.
.@E nﬁ information provided by the decay function, agent i reasons about the benefit
- of maintaining its current links.

— P; is the number of service requests attended to by agent 7,
— R; is the number of service requests seni by agent 1.

The decision making process about self-organization actions or actions related to the
promotion of cooperation is initiated when agent ¢ generates a query ¢ = {id, 54, Tq,
TTL, ), which contains the semantic description of the desired service sq and the role
74 that the target agent should play (see Figure 1). A rarget agent profile ¢ is created
with the service and role specified in the query ¢. Agent 7 looks for a neighbor similar
to ¢. If it finds a suitable neighbor, the service discovery process ends. Otherwise, the
agent i forwards g to one of its neighbors j € N;. Specifically, ¢ is forwarded to the
agent that has semantic closeness to the zarget agent ¢ and also has a high degree of
connection. The selected agent j analyzes based on its payoff and the payoff of its
neighbors if it is worthwhile forwarding the query. If § rejects forwarding the query,
agent i updates the number of times that agent j rejects its request of forwarding (RQ:)
and based on this, agent i considers breaking its current link with j. If agent j does
not cooperate, agent 7 has to select another neighbor that cooperates in the forwarding
process. Once a cooperator neighbor is found, agent i forwards the query to it and
updates its information about which of its links have been used. Agent ¢ also updates
the number of total queries it received (Q;), and the number of queries about the role
g Sﬂﬂ%. When the query reaches a suitable provider agent, all the participants in the .
service discovery receive a reward. The source agent adds the provider agent found to
its set of acquaintances only if it does not already have an acquaintance that plays the -
role of the provider agent. Finally, the source agent updates its internal state st; and
analyzes the set of self-organization actions that it can carry out. .

Population self-organization: leaving, remaining, or cloning. The analysis that eval-
.mmﬁ.nm.éwa%ﬁ it is worthwhile for the agent 1o remain in the system, clone itself, or
rwmﬁw the system takes the following parameters into accouat: (1)the number of queries
.R.nﬁ_ﬁa by the agent Q;; (ii)the status of the agent; (iii)the structural similarity of the
agent SH; (iv)the number of queries forwarded since the last analysis Ag%; (v) the
degree of correlation p;. u

In the context of service discovery, we define the concept of structural similarity
mm. as the degree of similarity between the services demanded in the system and the
services wm.oﬁ.m& by an agent in the system. This kind of similarity reflects how impor-
..ﬂmw..wn.mmma is to the system with regard to the current service demand. The structural
.m.m@.@:w of an agent with respect the system dynamics is defined by the following
function: SH; = a - ¢"'%, where r; is the role of agent ¢ that maximizes the following

?momozuﬁ.ﬂ mﬂ.mmww“mk a.ma.ﬁirﬁogaama@ EEE@SB&@O@EE@&.BEEo?n&
: ey

smﬁ.oﬂ .ﬁa service demand. SH; ranges in the interval [0,1], where 1 indicates that the
ervices the agent omuom,m are required in the system, and 0 indicates that the services the
age om..wm.m are not being demanded in the system. The conditions to select the leaving
or cloning actions are shown in Table 1.

4 Self-organization Mechanisms

In order to make decisions about self-organization actions agents need to have an ac-.
curate local view of the service demand in the system. To evaluate the accuracy of its
local view agents analyze its internal state. Initially, an agent is in a fransition state
An agent in this state does not have reliable and sufficient information to be able to.
estimate what is the current service demand distribution in the system. In this state, an.
agent can reorganize its local view of the service demand distribution mw taking int
account the number of queries received about the services associated to each role. An:
agent changes its status from transition to stable when the correlation degree (p;) be-
tween its local data about service demand in the society, 47, and an estimation of the_
service demand distribution is over a threshold. In our system, the estimation of the.
service demand distribution follows an exponential distribution. This type of distribu
tion is present in many features of open systems such as Internet [1,8]. Specificaily, we
assume that the expected service demand distribution is eDistr(z) = a - e*, when
the z parameter represents a role identifier. We estimate the ¢ and b parameters of thi:
distribution using the least squares method and the data from m,w An agent turns bac
into the transition state if it detects a big enough deviation of the correlation degree at.
any moment. This usually happens when there are frequent changes in the service dé
mand. Once the agent has analyzed its internal state, it is able to make decisions abou
self-organization actions.

awE.m. m.. m.vm.amﬂoﬁa and conditions that agents use during the making decision process about self-
aﬁﬁamwmom actions. The parameters are: the number of queries received by the agent, the status
of m._m gent, the structural homophily SH;, the similarity of the neighborhood SimilarN(N;), the
ncrease in the number of queries received Ag’, and correlation value Di. v

Action Num, Queries Status | SHy |SimilatN(N;)| Ag®|
| Leave 1/e~(@=d)/y Stable| < >0

: ). _oflongs
| Clone [1/(1 + ¢~ =2""vigiaplel > | <IN [>0|>6

Incentives and Social Plasticity

.;..w.m. proposed model, agents have cooperative or non-cooperative behavior. Cooperat-
ngin ”.ﬂw.n.mm.n&no discovery scenario implies that an agent is going to: forward queries
mm.m setvices, and attend to request about its services. If an agent has mo:-oo%@n:?m
ﬁ. y1t means that the agent is going to act selfishly by requesting services and of-
Hngts services, but it is not going to forward the queries that it receives from its
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neighbors. We assume that each action in our model mavm@m a cost and, in order to
promote cooperation, the forwarding action has a reward if the search process ends
fully. .

mmawwwnw mw_ a neighborhood share information about their payoffs, Anagent @mﬁmgm:.am
its behavior based on its payoff and the payoff of its neighbors. An agent calculates its
payoff as follows: PO(st;) = 8Q; g — Q-9+ Pi-p— q.ﬁ -r, where M@s.@f P, R
is the information of the internal state (st;) of an agent; & is ,”_.ﬁ benefit obtained by the
agents that participate by forwarding queries in a service discovery process that ends
successfully; g is the cost of forwarding queries; pis E.n benefit obtained by the agents
that provide a service; r is the cost of requesting a service, . o

The strategy followed by the agents in order to change &om c@w.mﬁom is based on
imitation [16]. Agents take into account the payoff of their direct neighbors to update
their behavior. If an agent has a neighbor that obtains a higher payof¥, the agent changes
its behavior to the behavior of its neighbor, .

- When the :Em.wwm of cooperative agents is greater than the number of :o:-nccmoammé
agents, non-cooperative agents are prone to change their behavior to ooo_um_:m:o since the
probability that a query ends successfully is high, and, therefore, cooperation receives
a reward if the discovery process ends successfully. However, when the number of non-

cooperators is greater than the number of cooperators, ooovﬁmm?m._unwmioﬁ aaw.m mE.
always emerge. In order to facilitate the emergence of cooperation in this scenario, in

our proposed model, each agent also has the capacity to change its _..mmmmozmw_w.cm as time
passes based on a logistic function that depends on the number of times a neighbor has

refused to forward one of its queries. An agent ¢ maintains a counter per each direct.

neighbor j (RQ;;) that stores the number of times a neighbor rejected forwarding a

query {6]. If a neighbor j decides to change its behavior and forwards queries, the mmm_.m :

apdates its counter to 0.

With the combination of the social plasticity and incentives, non-cooperative agents’
lose connectivity, benefits, and influence in the neighborhood. As a consequence, they.

decide to change their behavior to the most promising behavior in the neighborhood
which is to cooperate. :

6 Experiments

‘We analyzed the effects of using of self-organization and cooperation mechanisms i
the discovery process. The tests were performed on a set of 10 =ma=.mn6.m E.wgoa.w
with an average degree of connection of 4. The degree of connection distribution fol-

detail in [4]. The networks were populated by 1,000 agents. The agents played one rol

uniformly distributed over 16 roles, which were defined in an organizational oaowam.
The set of semantic service descriptions used for the experiments was taken from th
OWL-S TC4 test collection'. . .

All the agents in the system had the same probability c_... mommwms_.ﬁ service p:.m..n.nm
A query consisted of two features that characterize the required provider agent: the 1o

'http://www. semwebcentral.org/projects/owls-te/

lows an exponential distribution. The creation process of the network is described with

and offered one semantic web service associated to this role. Initially, the agents were.
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and the service. A query was successfully solved when an agent that offered a similar
service (i.e., the degree of semantic match between the semantic service descriptions
‘was over a threshold & = 0.75) was found before the TTL (TTL = 100). Query dis-
tribution in the system was modeled as an exponential distribution. In the experiments,
-we made a snapshot of all the metrics every 10,000 queries in order to see the evolution
of the system.

~Specifically, the tests focused on a set of metrics that are meaningful for the analysis
of the performance of the system and for the effects on the service discovery process
when agents incorporate self-organization and cooperation mechanisms [9]. These met-
rics are:(i) average number of steps required to locate an appropriate agent that solves
a‘query; (i)% of queries that are solved before the TTL; (iit) communication load im-
provement {i.e., the system improvement comparing the number of exchan ged messages
during the service discovery process when adaptation mechanisms are exploited with
respect to the number of exchanged messages when the network is not self-organized);
(iv) Structural adaptive cost (i.e., the number of structural changes required to adapt
the system: number of structural relations between agents that have changed during the
service discovery process and number of agents that clone or leave the system during
the service discovery process); (iv) evolution of cooperation in the system; (v) number
of broken relationships as consequence of social plasticity
In'the experiments,

*

the costs and benefits of the actions were: g = (1.15 (cost of for-
- warding action), p = 0.5 (benefit of providing a service), r = 0.5 (cost of asking for a
service), and sq = 0.30 the reward of the forwarding action. The results were evaluated
considering two different scenarios. In one scenario the number of initial cooperators
| the network was 600. In the other scenario the initial number of cooperators was
400. We compare the results that we obtained using the proposed mechanisms with the
sults obtained in static networks,

Figure 2a shows the average number of steps in successful searches. In the case of
600 initial cooperators, the introduction of self-organization mechanisms considerably
ecreased the number of steps required to reach a suitable provider agent if we com-
them with the steps required when the network was static and incentives were not
sidered. In the other scenario, where the initial number of cooperators was 400, the
erage number of steps increased if we compare it with a static network. This has
ense since in stafic networks with 400 cooperators the only successful queries were
10se that were solved in the neighborhood of the agent that generated the query. Tn a
ynamic network where mechanisms to adapt to the service demand and to promote
ouperation were used, the number of queries solved is higher due to a query that could
t be solved by a nearby agent could reach other agents that were far away, therefore
umber of steps increased.

igure 2b shows the effects of using self-organization and cooperation mechanisms

h m.mzoomw.m of the service discovery process. In general, the percentage of queries that

. ended successfully was improved with the inclusion of the mechanisms. This improve-

nt was achieved in the first snapshots where the self-organization and the promotion

cooperation played an important role. The evolution of cooperation can be observed
Figure 2¢.
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allowed agents to be aware that there was a change in the service demand; therefore,
.they realized that structural changes were needed to adapt some of their links according
t0 4 new service demand. This fact can be observed in the first five snapshots where the
.:ﬁ.mcmw of rewired links was greater than in the following snapshots. In the configura-
tion ‘of 600 initial cooperators, the number of rewired structural relations in the initial
inapshots was greater than in the configuration with 400 initial cooperators. This is
-due to in the network with more cooperator agents, agents had more information about
the setvice demand since more searches ended successfully. As the number of cooper-
ators in the network increased this difference between both initial configurations was
educed.

 Figure 2f shows the number of structural changes that were done by the agents in or-
det to isolate non-cooperative agents. In the first 10 snapshots, the number of structural
‘changes was higher than the following snapshots. This fact is because structural changes
were used by the agents when the majority of their neighbors were non-cooperators.
.?@m« the first 10 snapshots, cooperation emerged and in order to maintain the network
.mqn.u.mnnma agents only used incentives to promote cooperation.

framber of steps

% of successiut searchos

LIS

i3
T gged

L] H 1% 15 20 25 kL L] ] io 15 W
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=6 of communlcation ioad improvement
&
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(c) Improvement in the communication load. (d) Number of changes in structurai links.

-Our proposal addresses the problem of self-organization and cooperation of agents in
sorder to deal with the service discovery when service demand changes or selfish agents
appear in open societies. Agents include self-organization mechanisms in order to adapt
the underlying structure of the agent society to changes in the service demand. Agents
-replace their relationships with neighbors that are not being used with new structural
elations with acquaintances. Agents are also able to estimate whether or not they are
playing an important role in the society through the calculation of their structural sim-
larity. With this information, agents decide to remain, leave, or clone themselves in
rder.to adapt the population to the service demand. We also include the use of incen-
ves and social plasticity in order to promote and maintain cooperation in the society.
Incentives influence the behavior of other agents and promote cooperation. Moreover,
ocial plasticity allows agents to change their structural relations based on the degree
of cooperation of their neighbors. We evaluated the integration of the proposed mecha-
isms through a set of experiments taking into account the effects on the average path
‘length, the percentage of successful searches, the improvement in communications, and
-the cooperative behavior. The results show that the proposed mechanisms improve the
service discovery performance increasing the success, reducing the path length, and
ncreasing the number of cooperators in the agent society.

2000 - ¢

1500 {

% agents

1000 ¢

structyral changes

20

10 1 20 25 30
snapshot snapshat :

(e) % of cooperative agents. (fy Numer of social plasticity actions.

Fig. 2. Effects of the combination of self-organization and cooperation mechanisms in the service
discovery process. We considered two scenarios. In one scenario the number of initial cooperators
in the network was 600. In the other scenario the initial number of cooperators was 400.

Figure 2¢ shows the improvement in the communication load. This measures the sys-=
tem improvement comparing the number of exchanged messages during the service dis-
covery process when adaptation mechanisms are exploited with respect to the number of
exchanged messages when the system is not self-organized. In general, it can be observed
that the number of messages required in a service discovery process was reduced.

Figure 2d shows the number of structural relations that agents change in order to im
prove the system performance. The results show that the self-organization mechanism:
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