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Abstract

Overhearing is a plan recognition approach for
monitoring multi-agent systems, by listening to the
routine inter-agent communications. Previous in-
vestigations of overhearing explored an extensive
set of techniques for overhearing, mostly relying
on the assumption that all inter-agent communica-
tions are accessible to the overhearing agent. How-
ever, in real-world settings, overhearing resources
are limited, and thus the overhearing agent must
be selective in carefully choosing the conversations
it will overhear. This paper presents an empiri-
cal study of such selective overhearing. We fo-
cus on overhearing hierarchical organizations that
are common in the real-world settings. We first
present a model of the conversations expected in
such organizations. We then present the results
of extensive experiments with several overhearing
strategies, particularly suited for such organiza-
tions. Based on these extensive experiments, we
are able to isolate the parameters influencing their
behavior. We reach several qualitative conclusions.

Introduction

[Aiello et al, 2001; Busettaet al, 2003. Formal investi-
gations includgGutnik and Kaminka, 2004; Platost al,,
2004.

Although these previous investigations provided an exten-
sive set of overhearing techniques, most rely on the abil-
ity of an overhearing agent to overhealt inter-agent com-
munications. However, this assumption is often challenged
in real-world settings, and itarge-scaleMAS. Instead, the
overhearing agent has limited resources, and may only over-
hear a subset of conversations committed in monitored orga-
nizations. Consequently, the overhearer must be selective in
choosing which conversations must be overheard.

We present an empirical study of selective overhearing in
pyramidal-hierarchical organizations, often found in the real-
world (e.g., many corporates). To carry out this study, we first
introduce a model of the conversations in hierarchical organi-
zations. This model specifies (i) the characteristics of conver-
sations in such organizations; and (ii) the overhearing strate-
gies suitable for these settings. Based on the model, we sim-
ulated thousands of conversations in hundreds of pyramidal-
hierarchical organizations. We contrasted the performance of
different selective overhearing strategies, in terms of the value
of information that they are able to collect.

In particular, we contrast strategies that focus on largest
value (i.e., most important agents), with those that focus on
overhearing the largest volume (i.e., most active agents). The

Recent multi-agent systems (MAS) are often built applying
an open, distributeddesign. These systems involve vari- .=~ idal izt
ous challenges of monitoring geographically-distributed and"d N Pyramidal organizations. .
independently-built multiple agentsMonitoring by over- First, as communication volqme increases, Iarge_st—value
hearing [Kaminka et al, 200 has been found to provide strategies s_how a surprising tqlled parabolic curve in terms
a powerful monitoring approach particularly suited for openOf value of mformgtlon: With I|ttle_ volume_, or much_ vol-
distributed MAS settings. Here, an overhearing agent mont™Me; these strategies gather more information than with mod-
itors the exchanged communications between the system%_rate amounts of activity. In contrast, Igrgest—volume strate-
agents. It uses these observed communications to indepe@l€S Show linear growth as the activity increases. A second
dently assemble and infer the needed monitoring informatioffonclusion we draw is that the relative performance of these
using key-hole plan recognition. two strategies is dependent on the fa_lctor by \_/vhlch the infor-
Previous investigations of overhearing have demonstrate@1ation at top levels of organization is more important than
a range of overhearing techniques and applications. Oveft Iower levels. The more important the information at the
hearing was used to maintain situational and organizationdPP S, the more a largest-value policy makes sense. How-
awarenesgNovick and Ward, 1993; Legras, 2002; Rossi €Ve' th_ere are cases where a trade-off exists between the two
and Busetta, 20Q4for monitoring progresikaminkaet al. strategies. Finally, we have found that the number of over-

2004, and for discovering opportunities for providing advice N€ard agents doewtimpact the relative performance of the
two strategies, nor is it affected by the number of levels in the

*This research was supported in part by BSF Grant #2002401. organizational hierarchy.

results lead to several qualitative conclusions as to overhear-



2 Background & Motivation already been defined Gutnik and Kaminka, 2034 while
é)thers extend the previously proposed model. All of these are

Most previous work has investigated overhearing in settings, . ;
where all relevant conversations were accessible to the oveg—.ef'ned below. A.common term we use throughout the discus-

hearing agent. Nowick and Wafd993 show an early use sion is that of thevalue of monitoring by overhearing. This
of cooperative overhearing, where pilots maintain their Situ_value reflects the importance of the information in question

: - : ; - to the task or organization being monitored.
ational awareness not only by conversing with an air-traffic™ . . - .
y by g Hierarchy Levels(L). The notion of hierarchy levels is

controller, but also by overhearing the conversations of other tensi f th . del It 4 to determi
pilots. Similarly, Legra$200d uses overhearing as a method '?hn exle?_smn ? ef previous moaet. i IS lusel OTﬁ ermine
for maintaining organizational knowledge. Here, agents over: ¢ '€!allVE vaiue ol various organizational roles. Thus, one

hear others to keep track of organizational membershipf9€Nt is considered to be more important (in terms of con-
Aielo et al. [2001] and Busetta et al[200 describe col- Versations it commits) than another agent if and only if its
laborative settings in which the overhearing agent may act oH'erﬁrﬁ.hy Iev;zl ISI hlglher ?an thg I?_vel of trlle other agent. For
overheard messages, to offer expert assistance to the probleﬁﬁi g |e.rtr;11r9t ylevel € L, we de llne aa l;e ra}?geassod—
solving process of the communicating agents. Our wor |ade G wi :'t."eylgmgfls N [tymmrf.)’”mﬁi(l)]' | |sTuhse
seeks to allow these tasks to be carried out even when nd¢ 9€'N€ reiation between two hierarchy J€Vels. - 1hus, we
all communications are overheard. will say that. one hlerarphy Ievgall|s higher than gnother hlgr-
Few previous investigations have touched overhearing'cly 1€vel if and only if its minimum overhearing value is
where some conversations may not be accessible. Howev eater than the maximum value of the other hierarchy level,
these focused on lossy cases, where due to noise, some még—'Awl’lt? GAL’ 114>. ZQt? me["(lfl) > V’”M(.l2)t'. s |
sages may not reach the overhearing agent. In contrast, \\le gen §t( )a IS | et' Set o chommun_|cta :jng .?r?enﬁ. n
deal with the case where complete conversations are unkno € monitored organization, €ach associated with a hierar-
to the overhearing agent. Kaminka et 42003 used plan chy level. The distribution of agents among hierarchy levels
recognition in overhearing a distributed team of agents. Thegetelrmmes the type of hierarchical structure in organization.
evaluated the use of their system in lossy settings, and show " Instance, in pyfam'da!'h"?ramh'?& discussed n this pa-
that the performance of the overhearing agent drops whehRer: the numl_)er of agents in higher hierarchal levels is always
messages are lost. Rossi and Bud@t®4 applied overhear- smc;aller thant_m tt;je Ict)werl o]r;es.P indicates th t of
ing to monitor changes in MAS settings caused by transition onversation lro occ()ﬁ ) P indica es the se ([) con-
from one state to another. They mention that lost message€rsation protocols used in a conversation system|(Gee
can cause inconsistencies. nik and Kaminka, 200kfor a detailed discussion). Intu-

Our previous worGutnik and Kaminka, 2044also dis- itively, this is the set of conversation types that can occur,

cussed lost messages, as part of a formal approach to ovﬁ'-g" queries, brokering, informing, etc. Each protgcal P

hearing. Here, we definedonversation systemshe set as a set of roles, denotéd(p). For a given conversation

of conversations generated by an organization, and devePr%tOCOL ea;:_h ro_lre h_as Xalm‘g()a tes th t of
oped algorithms for conversation recognition, a first key _‘~onversation opicyA). enotes he set of conver-

step in overhearing. These algorithms are suited for Ioss?""/t\'c’n\;C;F"Cs'A Ea_l(fﬂ. top|c|: has a rgla}[twe valﬁe |nd|cate<3 as
settings, in that they allow for a limited set of commu- (A € A. This value assoclales each conversation

nicative acts to be lost, while still allowing the conversa- lOPIC o a corresponding hierarchy level, A € A 3l €

tion to be recognized. Our current work extends and spel Such that vinin (1) < v(N) < vias (D). - .
Intervals (I). An interval is a time period within the life-

cializes conversation systems to hierarchical organizations, ¢ i h defi ol
based on studies of such organizatifbewanet al, 1997; ;tlme.o a multi-agent system. Thus, we defifieas fol-
Friebel and Raith, 2004Moreover, we tackle the case where 10WS: [ = {[t1, t2]| t1, 12 time stamps, t1 > 0, 12 <

only alimited set of complete conversations can be overheardt/¢time, t = ta}. ) .
ConversationgC). We define a conversation as a group

. . . L of agentsg € 24 implementing a conversation protocol
3 Overhearing in Hierarchical Organizations » egp Onga Conversgﬂon topiag c A within a tirﬁe in-
Overhearing extracts information from conversation systeméervali € I. Thus, theC set can be formulated as C
[Gutnik and Kaminka, 20Q4the set of conversations gener- {(p,g,\,4)[p € P,g € 24X\ € A,i € I}. Using this defini-
ated by an organization. Thus, conversation systems chang@n, we can formulate the value of conversation for a certain
based on the type of organization that is being overheard;ommunicating agent agc,a) = v(A) © v(r) where ¢ =
and, in turn, overhearing agents must adapt their overheaf, g, A, i), a € g and r € R(p). Meaning that the value of
ing strategies to match the conversation system. This sectiogpnversatiore for agenta (participating in it) is a function
describes the conversation systems expected of hierarchicad conversation topic\ and roler (within conversation pro-
organizationgDewanet al, 1997; Friebel and Raith, 20p4 tocol p) that agent implements. The information value of
and proposes a number of general overhearing strategies fepnversations distinguishes between the more important con-

such organizations. versations and the less important ones.
_ _ Based on concepts adopted from organizational theory
3.1 Modeling Conversation Systems [Dewanet al, 1997; Friebel and Raith, 20D4we can for-

We define a conversation system of hierarchical organizationsiwulate the characteristics of conversations systems in hierar-
asatuplgL, A, P, A, I,C). Some of these parameters have chical organizations. A set of conversatidis), generated



in such organizations, has the following characteristics: overheard conversations. However, available overhearing re-

« Conversations Distribution. Conversations distribu- Sources (overhearing agents), are limited. Thus, overhear-
tion depends on the distribution of agents among varioudd targets should be carefully chosen in order to increase
hierarchy levels. For instance, in pyramidal-hierarchicalthe total monitoring information produced by the overhear-
organizations, lower levels are the "working" levels. N9 9roup.

Thus, most conversations are held between agents in 1he systematic targeting of communicating agents by an
lower hierarchical levels. overhearing group is calledverhearing strategy Various

) ) ) . strategies can be proposed: centralized vs. distributed, as-

e Conversation Topics Agents communicate on topics syming full vs. limited knowledge of the conversation sys-
within their responsibility scope. Thus, agents mainlytem, given various levels of collaboration between overhear-
communicate on conversation topics associated Withng agents, etc.
their hierarchy level or topics relatively close to it. As e focus on centralized overhearing strategies, leaving dis-
a result, agents of higher hierarchy levels carry out conyihyted strategies for future work. We focus on strategies
versations on more valuable topics. with full information disclosure, where a centralized over-

e Conversation Groups Agents communicate mostly hearing strategy has knowledge of key conversation system
with their peers, subordinates and their close superiordarameters (e.g. agents’ hierarchy levels, agents active at
Thus, most communications are held between agents dfmet, etc.). Using this information, it selects targets for the
the same hierarchy levels or between agents in relativelpverhearing agents in the group.

close hierarchy levels. 4 Experiments

e Conversation Roles Mostly, agents of higher hierarchi- Thjs section presents an empirical analysis of selective over-
cal levels implement higher-value roles in conversationhearing in pyramidal-hierarchical organizations. Each over-
protocols. hearing strategy may choose to overhear different target

In the experiments, generating conversation systems, wadents, and thus overhears different conversations. Conse-
accomplish these characteristics using a set of probabilitguently, some strategies may perform well while others per-

functions (see discussion on experimental settings). orm poorly. Furthermore, the same overhearing strategy may
. . vary in its performance, in principle, under different config-
3.2 Overhearing Strategies. urations of conversation systems and overhearing resource

A single overhearing agent, acting in a cooperative environconstraints. The experiments we report on seek to determine
ment, assumes some knowledge of the monitored organizdhe scope of the strategies and the factors that influence their
tion. An overhearing agent may know what agents generallperformance.
communicate, which protocols are being used, which topics The overhearing strategies are evaluated in three steps.
are discussed, etc. On the other hand, some information neEirst, the optimal overhearing value, also referredops-
essarily remains unknown. For instance, it does not necegnum is calculated. Optimum is the value of most efficient
sarily know the complete list of conversations being held inoverhearing possible, i.e. at each time urdtverhearing the
organization at any given time. k-best agents. Then, we calculate the evaluated strategy’s

We begin by describing how a single overhearing agen@verhearing valugwhich is the accumulative value of all
monitors a single target communicating agent. We assumeverheard conversations using the specific overhearing strat-
that in such settings, the overhearing agent overhears all trRgy. Finally, the overhearing strategy is evaluated as a per-
conversations simultaneously carried out by the target. Ogentage of optimum.
course, only conversations within the overhearing time inter- . .
val, the time period in which the communicating agent is tar-4-1  Experimental Settings
geted, are being overheard. The experimental settings have been defined to simulate com-

The overhearing agent performs conversation recognitiomunications in pyramidal-hierarchical organizations. The
[Gutnik and Kaminka, 20(4for each conversation. Since number of communicating agents, i.eA|, was set to 50
conversation recognition takes time (to track and match thgimulating relatively small organizations. In these simulated
communicative acts being exchanged), the overhearing ageseéttings, we examined organizations with various number of
initially does not know the participants, protocol and topic hierarchy levels. The value range for each hierarchy level
associated with an overheard conversation. The overhearingas calculated as a relative portion of [1,100], which was di-
agent starts overhearing assuming that the conversation proteided equally between the levels. The number of topics, i.e.
col and topic can be any of thec P andA € A respectively. |A|, has been set to 80. This value reflects our intuition that
Gradually, the overhearer is able to disqualify inappropriateeach agent has at least one conversation topic under its direct
protocols and topics until it determines the correct protocoresponsibility. The additional topics are generally common
and topic. This information, at its different stages, can beo all communicating agents. Each topic has been randomly
used to determine whether to continue to overhear the curregfiven a value between 1 and 100 associating it with a hierar-
agent or to find another target. chy level, as described above.

Since a single overhearing agent can only hear a small sub- The number of protocols was defined as 25 simulating a
set of conversations in a conversation system, multiple overdiversity of interactions that are possible in organization. The
hearing agents can be deployed to maximize coverage of thauration of each protocol has been randomly set to a value



within {5,10,15,20,25}. For each protocol, two roles have We now compare several overhearing strategies using their
been defined. Their values were randomly set to one oévaluation values (as a percentage of optimum) in different
the following combinations: {50,50}, {67,33}, {75,25} and configurations of activity levels, number of hierarchies, over-
{99,1}. In this manner, we simulate differences in the impor- hearing agents and importance of the hierarchy (measured as
tance of roles within the conversation. Finally, the conversathe ratio between the average value of conversations in the
tion value is calculated using an accumulative function, i.ehighest and the lowest hierarchy levels). Each evaluation is
v(c,a) = v(A) +v(r). Thus, conversation values range from performed based on an average of 50 independent experi-
210 199. ments with the same parameters. Thus, in the figures below,
To simulate a pyramidal organization, agents were diseach data point corresponds to 50 trials.
tributed among different hierarchy levels according to a Zipf-4.2 Results
like hyperbolic distribution. The probability of an agent to be Static vs. Active Overhearing Strategies.
associated with hierarchy level 1 <[ < [L|was settal/l  Our initial hypothesis has been that the most successful over-
(normalized). Accordingly, the number of agents assigned t@iearing in pyramidal-hierarchical organizations (under the re-
each hierarchy level becomes smaller as the hierarchy levelgriction of selectivity) would be achieved by overhearing
get higher. conversations of the most important agents. The main in-
In the experiments below, we generated conversation sysuition behind this hypothesis is that most important agents
tems and simulated their dynamic execution, in a manner corearry out the most valuable conversations. We refer to this
sistent with the characteristics of hierarchical organizationstype of strategy akargest Value
described earlier. At the beginning of each simulation run, Several largest-value strategies are possible. In our first
|C¢|-the number of conversations at timenew conversa- such overhearing strategy, callédostimportantStatic &
tions are generated using the procedure below. Then, eagverhearing agents were set to overhearkhmost impor-
time a simulated conversation ends, a new conversation ignt agents (in terms of their hierarchy level). So as to never
generated. Thus, a constdevel of conversation activitis ~ miss a conversation carried out by these agents, the strategy
maintained throughout thgfetime of the conversation sys- committed to monitoring them regardless of whether they are
tem (fixed at 1000). currently communicating or not.
: . To evaluate this strategy, we define baseline overhearing
Generating conversations. _ . _ strategy, calledRandomStaticHere, k overhearers were set
The procedure for generating a single conversation at timey targetk random agents chosen at the beginning of the ex-
¢ followed the steps below. We assume that each simulategeriment. Just aMostimportantStaticloes not switch tar-
conversation involves two communicating agents. Howevergets, neither doeRandomStatic
this procedure can easily be extended to support larger con- A potential drawback of these strategies is that their over-
versation groups. First, we choose a lelyediccording to the  hearing targets are determined statically. In cases where the
distribution above. We then arbitrarily select an agents-  overheard agent is idle, overhearing it has zero value. We thus
sociated withy, to initiate the conversation. contrast these static strategies watiivestrategies, in which
Next, a conversation topitis chosen using the conditional the selection of targets is made out of those agents that are
probability Pr(A|l1), calculated according to Bayes' rule as communicating at the moment of selection (though the agent
[Pr(l1|A) - Pr(N)]/Pr(l1). Pr(l1) is known from the hyper-  may not know at what stage in the conversation they may be).
bolic distribution above Pr()) is assumed to be taken from The RandomActivehooses: target agents, similarly tRan-
the uniform distribution oveA. domStatic However, each time a target is idle, an alternative
The calculation ofPr(l;|\) requires some explanation. target is randomly chosen. ThMostimportantActivetrategy
We remind the reader that a topichas a value in the range  improves orMostimportantStatiby choosing thé most im-
[1,100], which determines its associated hierarchy level. Weyortant agents from those that are currently active.
define a normal distribution with mean = v and standard Figures 1-a,b compare these strategies. The values on the
deviationo = 0.5. The valuePr(l1|)) is given by this dis-  X-axis show the activity levels of the examined conversation
tribution. Intuitively, this translates into ensuring that agentssystems, i.e. the ratio between the number of conversations at
usually carry out conversations on topics associated with thetime ¢ (|C;|) and the number of communicating age(itd|)
hierarchy level or relatively close to it. (note that each agent may engage in more than one conver-
The next step is to determine the level of the other agentsation in parallel). The Y-axis measures performance as per-
Here the process is reversed. We sample the topic’s normakntage of the optimum. The overhearing coverage, defined
distribution to determine a new overhearing value, and its asas the ratio between the number of overhearers and the num-
sociated level,. We again arbitrarily select an agentas-  ber of communicating agentsk4 A|, was set to 30% and
sociated with this level. Thua;and a, are likely to be asso- the number of hierarchy levels was set to 7. A comparison
ciated with the same hierarchy level, or close. between Figure 1-a and 1-b shows that the haggest Value
Finally, a conversation protocplis randomly chosen from strategies outperform the random strategies in most activity
the uniform distribution ovelP. We assign roles to the two levels.
agents fromR(p). To reflect the intuition that agents of higher However, more importantly, there is a qualitative difference in
hierarchies take the more important roles, we constrain théhe behavior of the active and static strategies. In low activity
assignments such th&®% of assignments give the agent of levels, the likelihood of a given agent being idle is relatively
higher hierarchy, the role of higher value. high. In such settings, active strategies outperform static
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However, active strategies may not always be preferable, - .
since they require qualitatively different knowledge about the Figure 3: Effect of Hierarchy Levels
monitored organization. Active strategies rely on the ability1,¢ Height of the Hierarchy.
to detect agents that are conversing at any given time, unlik
static strategies. Thus, a trade-off exists between the need Q
improve the results of overhearing, and the additional costg;
that may be required in detecting activity of potential targets,,

'e now turn to analyzing the effect of hierarchies on the per-
rmance of the proposed strategies. Figures 3-a,b show the
rategies’ behavior in organizations with 3 and 11 hierarchy
vels, respectively (these are just a subset of results). The
vValue or Volume. figures show that no s_ignificant change occurs in the perfor-
. . . Lo mance of both strategies. Instead, only a slight performance
As moving from static to active strategies increased the OVelgacrease occurs when the number of hierarchy levels is larger
a]l volume of overheard conversa_tions (and thus the total de- This lack of change is caused by the two strategies essen-.
rived value), a §ec|c;n(\jNoyerhlear|ng adpproadj@rges%t. VOI'” Jially marking two extremes in the space of strategies in over-
uMmet;\Sl:_gges';]s_ ILS? ' te Itrf?g: emer:te t'a versmr: ot it c?he hearing hierarchical organizations; they tend to prefer the top
OostAclive which targets the: most aclive agents, 1.6. € o4 psttom levels. ThlostimportantActivetrategy tends to
k agents that are carrying out the highest number of convery, v o efer agents in the top level. THestActivestrategy
sation at timet. Since tgebov_erhearmg ar(;:]en(tj ove_rhe;]ars ﬁ“tends to prefer the bottom level (where there is more activity).
conversations committed by its target, the idea is that this oo migdie levels in the organizations tend to be ignored

strategy will be more productive due to the greater quantity, w,oce strategies, regardless of the number of such middle
of overheard conversations. levels ’

Figures 2-a,b show the performance of MestActiveand
Mostimportantstrategies, under conditions of different over- The Importance of Importance.
hearing coverage—the ratio of the number of overhearingt would seem that the relative performance of the two strate-
agents to the number of potential targets. It shows that ovemies, is qualitatively unaffected by selectivity level, nor by
hearing volume can in fact be a successful strategy, using leslse height of the hierarchy (measured in number of levels).
knowledge about the monitored organization. TWestAc-  Yet hierarchical organizations are not characterized solely by
tive strategy does not require knowledge of the organizationatheir height. Rather, it is the difference in the importance of
role of the targets. This result is surprising given that inthe different levels that is significant.
pyramidal-hierarchical organizations, most conversations are In a final set of experiments we changeditheortance ra-
held between agents of lower hierarchy levels. Thus, in factiio between the low-value and the high-value conversations,
MostActivetargets the less important agents. i.e. the ratio between the average values of conversations in

Indeed, Figures 2-a,b examine selective overhearing dithe bottom and top hierarchy levels, respectively. In the pre-
rectly. They show both strategies become more efficient witlvious experiments, the value of conversations ranged from 2
higher overhearing coverage. Clearly, this conclusion is tdo 199. On average, conversations committed by agents of
some extent straightforward. However, an additional, lesslowest hierarchy level were valued close to 50, while conver-
trivial conclusion is that relative performance of these stratesations of highest-level agents were valued around 150 (ratio
gies does not change with selectivity. While increased covef 1:3). In these experiments, we examine the two strategies
erage (reduced selectivity) increases the performance of bothith additional ratios.
strategies, thMostActivestrategy remains on top. It can be  Figures 4-a,b,c show the performanceMddstActiveand
seen that the parabolic curve BfostimportantActivegraph ~ MostimportantActivéor importance ratios of 1:3, 1:5and 1:8
becomes less pronounced. In large overhearing groups, thiatios (where overhearing coverage is set to 20% and the num-
effect can be explained by a significant overlap in overhearindper of hierarchies is 7). It can clearly be seen that as the ra-
targets for both strategies. tio of conversations value increases, hestimportantActive



+ 100 & 100 ¢ 100
* {
9 E| | == L g0 E oo E
> > ‘ >
| £ £ |||~ Most Important Acti | £
‘o0 B P Lo B | ost Important Active " g0 B
: e I Sl = -4--Most Active sy =
|| —+—Most Important Active 70 § || ——Most Important Active 70 A\h{‘,k*i S L70 8
—+-Most Active -+ Most Active .
T T T T T T T 60 T T T T T T T 60 T T T T T T T 60
800 700 600 500 400 300 200 100 0 800 700 600 500 400 300 200 100 0 800 700 600 500 400 300 200 100 0
Activity Level (%) Activity Level (%) Activity Level (%)
(a) Conversations Value Ratio 1:3 (b) Conversations Value Ratio 1:5 (c) Conversations Value Ratio 1:8
Figure 4: Overhearing Strategies Comparison with Respect to Conversations Value.
strategy improves (in all activity levels), while tiostAc- Currently, only centralized overhearing strategies have

tive strategy deteriorates. At some point (Figure 4-b), the twdbeen concerned. In the future, we would like to examine
strategies shift relative places, and tMestimportantActive the behavior of distributed and other overhearing strategies
strategy dominates. in these settings.

Thus, in case the difference between high-level and low-
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