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Incorporating Uncertainty in Agent Commitments *

Ping Xuan and Victor R. Lesser

Department of Computer Science
University of Massachusetts at Amherst
Ambherst, MA 01003
{pxuan, | esser}@s. unass. edu

Abstract. Commitments play a central role in multi-agent coordinatiblow-
ever, they are inherently uncertain and it is important t@tthese uncertainties
into account during planning and scheduling. This paperessgs the problem
of handling the uncertainty in commitments. We propose amedel of commit-
ment that incorporates the uncertainty, the use of continganalysis to reduce
the uncertainty, and a negotiation framework for handliapmitments with un-
certainty.

1 Introduction

In a multi-agent system, each agent can only have a partial view of other algents
havior. Therefore, in order to coordinate the agents’ activities, thetageed to have a
mechanism to bridge their activities based on the partial knowleCigeamitmentbias
emerged, among many research groups [1-3, 8], as the bridge for multicagedina-
tion and planning.

By definition, a commitment specifies a pledge to do a certain course of §@tion
A number of commitment semantics have been proposed, for example, the itizdadl
commitmentC (T, @, ty4) in [3], means a commitmentto do (achieve qualitpr above
for) a taskT" at a timet so that it finishes before a specified deadlige, When such a
pledge is offered, the receiving agent can then do its own reasoning andgdrasied
on this commitment, and thus achieves coordination between the agents.

However, there are a number of uncertainties associated with commitmasts. F
there is the question about whether or not the commitment can be fubiijitite offer-
ing agent. Tasks may fail, for example, and thus cannot achieve the qualityged.
Or, the results may be delayed and therefore cannot meet the deadline. Alsaskh
T itself may depend on some preceding actions, and there are uncertaintiealseut t
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as necessarily representing the official policies or eretoents, either expressed or implied, of
the Defense Advanced Research Projects Agency (DARPA)-@ice Research Laboratory,
National Science Foundation, or the U.S. Government.



actions. Since the receiving agent depends on the predictable outcomecofrihat-
ment, this uncertainty must be considered. This type of uncertairginates from the
uncertainty of the underlying tasks. In this paper we propose theshmgdof such un-
certainty in terms of a distribution of the possible outcomes of amni@ment, based on
the statistical behavior of the tasks.

A second source of uncertainty comes from the agent decision/planning préses
we know, flexibility is needed in order for the agent to operate in a dyonamviron-
ment. Therefore, when an agent’s beliefs and desires change, the agent shoué&d be ab
to change or revoke its commitments [9]. Hence, changes in the commitmentoan
because of tasks not directly related to the fulfilment of the commitnienthe re-
ceiving agent, this can cause problems because its actions may depend on tirgghono
of the commitment in the offering agent. This aspect of uncertaintyrmatgs from the
existence of commitment itself, not from the underlying tasks. heptvords, it is in-
herent to the making of the commitment itself and not from possibiierperformance
of tasks, which is already addressed as the first source of uncertaintis paiber we
take into account of this uncertainty by explicitly describing the ity of future
modification/revocation of the commitment. Contingency plannirig,[& mechanism
for handling uncertain failures, is used in this work in order to reduteertainty and
plan for possible future events such as failure or de-commitmer, Alsumber of ap-
proaches have been proposed to handle this particular type of uncedatttygs using
a leveled commitments contracting protocol [13] and using optionmgistchemes for
evaluating contracts [14].

There is still another form of uncertainty caused by the partial knowleddee
offering agent regarding the agent who needs this commitment. Namelyyiportant
or useful the commitment is to the receiving agent, and when the commitroernd
be not very useful to the receiving agent? To tackle this problem we défémedrginal
gain or loss[12] value of commitment and use this value to decide how the agents
perform their reasoning and planning.

For coordination to be successful when there are these forms of undegaihere
must be structures that allow agents to interact predictably, and alsoilftgxir dy-
namic environment and imprecise viewpoints, in addition to the logaswoning ca-
pability [5]. For this purpose, we propose a domain-independexipfe negotiation
framework for the agents to negotiate their commitments. Our wdfkrdifrom the
conventiongndsocial conventionf8, 9] in that our negotiation framework is domain-
independent, and allows the agent to integrate the negotiation progaesbhiem solv-
ing and dynamically reason about the local and social impact of changes of commit-
ment, whereas conventions and social conventions define a set of rules &ayehis
to reconsider their commitments and ramifications to other agents when comtit
change.

The rest of this paper is structured as follows. In Section 2 we disbhesstdeling
of commitments, focusing on the uncertainties we discussed above. Sedigrusses
the impact of uncertainty in commitments on planning and schedulingaiticplar
the use of contingency analysis. In Section 4 we discuss the negotfadimework
for handling the commitments with uncertainty. Experimental resillistrating the



strength of our approach, is provided in Section 5. We conclude witiiedsarmmary
in Section 6.

2 Uncertainty in Commitments

For the purpose of illustration, our discussion uses the T/AMRd&work [4] for mod-
eling the agent task environment. This does not introduce loss of gindratause
TAMS is domain-independent and capable of expressing complex taskreneints.
In terms of reasoning and coordination using the TAEMS, our disaussilb focus
around the scheduling framework of Design-to-Criteria scheduli@ygnd the Gener-
alized Partial Global Planning (GPGP/GPGP2) family of coordination mechafsms
15].

The basic building blocks in TAEMS atasks methodsandinterrelationshipsFig-
ure 1 shows (partial) specifications of a task, a method, arthablesnterrelationship.
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Fig. 1. TTaems Objects

In TEMS, agents’ problem solving knowledge is described in a terneskbtorga-
nized in a way to reflect the decomposition of a task into lower-level tasas(ibtasks
andsupertasks and the way how the performance of lower-level tasks translates into
the performance of higher-level tasks (via tipgality accumulation function®r gaf
in short). In Figure 1 the gaf_qin in task tB means that the quality of tB, q(tB), is
min(q(tC1), q(tC2)). This means that both tC1 and tC2 need to be acishragl(i.e.,
an AND relation).

Methods are atomic tasks (i.e., no subtasks), and the outcome of thedmetecu-
tion is characterized via the (g,c,d) tuple, which indicates the quality aethj¢he cost
incurred, and duration of the execution. TAEMS allows uncertainty in otetluitcomes
by specifying discrete probability distributions of quality, caltiration.



Obviously, since tasks are often interrelated, method executions caarabivays
assumed to be independent to each other, i.e., the outcome of one taski/metjro
affect the outcome distribution of another method. In TAEMS, such efteetsap-
tured via interrelationships such esablesfacilitates etc. For examplel, enablesT,
meansl, must have accomplished a positive quality beffyecan start, essentially a
precedence constraint. In terms of conditional probability, this meaaigtie quality
of T, would always be zero given that the quality’Bf is zero. Similarly, the em fa-
cilitates relationship specifies the change of the outcome distribatiammethod given
that some other task has achieved a quality above a certain threshold.

enables
D Al o A2 o
L_ L L
q(20% 0)(30% 2)(50% 6) q(20% 0)(80% 6)
¢(100% 0) ¢(100% 0)
d(100% 60) d(100% 60)

Fig. 2. Uncertainty in Commitment

The first step for incorporating uncertainty in commitments is to take account
the uncertainty of underlying tasks. In [3], a commitment specifies tirdyexpected
quality of the committed task. However, expected values often do noidersufficient
information for effective coordination, especially when there are ptssitsk failures.
For example, Figure 2 shows some tasks in the schedule of dgé&htpposed offers
a commitment about methadi2 to the agentB, and assumel?2 is to be enabled by
another local method1. In this case A2 itself has expected quality 4.8. But, there is
a 20% chance that methot2 will fail (g=0), and thus cannot be useful 18. Further-
more, becausd? is enabled byd 1, which also fails in 20% of the time, the result is that
the commitment has only 64% chance of being usefuBtdo address this problem,
the commitment should specifydistribution of possible outcomes, i.e., “64% chance
(t = 120) A (¢ = 6), 36% chancdt = 120) A (¢ = 0)". In general, ifC(T) is a
commitment about task, the outcome distribution af' (T") (p(C(T)), or equivalently,
theactualoutcome of task Tp(T)) depends not only on the outcome distributiorfof
(p°(T"), which does not take into account the effect of interrelationships), batds-
pends on the outcome distributions of the set of predecessor tagks?gbredecessor
task ofT is a task that either enabl&s or has some other interrelationships witlhat
may change the outcome distribution’5f Obviously, the outcome of a predecessor
(i.e. p(M)), task in turn depends on the outcomes of its own predecessors. Imthe si
plest case, let us assume that the only source of uncertainty comes fromirgatiity,
and only enables interrelationships exist, then, the probabilith@fquality outcome
equalsr is,

paCm==( [[ pr@m)>0) p° (M= 1)
Mepred(T)



Probability propagation of general cases which involve duration, costesas
other types of interrelationships can be similarly deducted.

Next, because commitments are generally future-oriented, agents needs® revi
their speculations about the future and therefore also the decisiongmldnthe time
This introduces the uncertainty in decision making, in this case, the tantgrabout
whether the agent respects or honors the commitment — in addition tadbalulis-
tic outcome of commitments. For instance, we notice that an agent may decitsnm
commitments during its problem solving process, when keeping the domemis is
in conflict to its performance goal. As before, initially at time 0, agénthooses the
plan A1, A2 and offers commitment about2 to B. However, at time 60, wherd1
completes, in the case that fails or has; = 2, A may perform re-planning and select
some alternative plan that can produce a better quality outcome. ClBaslypuld be
able to know this informatiomt time 60rather than to notice the commitment not in
place at time 120. More interestingly, however, if we can spediifyme Othat there is
a possibility of de-commitment at a future time (60), thercan take into account that
possibility and not heavily depend on this commitment. On the othedhif at time
60 A1 finishes with quality 6, then the quality outcome of the commitmentipasated
to a better distribution “80% =6 and 20% qg=0 at time 120", because ndi)gp. It
would also be helpful if this information can be updatedioln other words, agent
A can tell B, “right now | pledge to doA2 before time 120. However, you may hear
more informatiorabout the commitment at time 60.” The additional future information
may be good (better distribution) or bad (de-commit). But the irtgrdithing is that the
other agentB, can make arrangemerahead of timeo prepare for such information,
hence better coordination.

One way to represent this uncertainty is to calcujdte’ ("), t), the probability
thatC(T') will remain kept at time. The exact calculation ¢gf depends on the knowl-
edge of (1) when and what events will trigger re-scheduling, and (2) whethnot
a future re-scheduling would lead to changes in commitments — in othetsypre-
diction of future events, decisions, and actions. Obviously, forglermsystems, those
information could be computationally expensive (if not impossibd get. To avoid this
problem, we do not calculajé directly, instead we focus on the first part — the events
that may cause re-scheduling to change commitments, for exarptepossible fail-
ure (or low quality) at time 60. This occurs only 50% of the time, efhinean in 50% of
time re-schedule will not happen at time 60, therefore, 50%adsvar boundof p'(60).

It is implied that there is no change in the commitment before time é6atse of no
re-scheduling, i.ep’'(t < 60) = 1. To agentB, this implies that time 60 is a possible
checkpoint for the commitment offered by,

The checkpoints are calculated by analyzing the schedule to see at what times a
failure or low performance of a method could seriously affect the perdinica goal
of the agent in the future. In the language of contingency analysigasies in the
critical regionare critical to the agent performance (and/or commitment), and thus their
potential low performance outcome events would become the checkpoiritevee
event information may include: the time the event may occur, the task teatiched,
the condition for re-scheduling (i.e., quality equals 0), and a lowanbdorp’'.



The third source of uncertainty comes from the partial knowledge ther @tgent,
namely, how important is this commitment to others? To answer thigignese first
need to know how important this commitment isnh@ By knowing this we can avoid
bad coordination situations such as offering (and pay the high cosnaofrimgy) a com-
mitment that is of little value to the receiving agent, or in the contraanceling a
commitment that is very important to the agent needs it for only lithengn local
performance. To solve this problem we use the notiomafginal costand define the
marginal lossas the difference of agent performance without making the commitment
and the one making the commitment. A zero marginal loss means the comrigmen
“free”, i.e., the offering agent would strive to do the same with or withmaking the
commitment, such as the case #foffers commitment ond2. Like quality values,
marginal loss values are also dependent on future outcomes, and can changeever t
For example, the same commitment 42 would incur a marginal loss ifi1 finishes
with quality 2, because in that case the alternative pl& A4) would have higher ex-
pected local quality. Similarly, we defimearginal gainas the difference of agent per-
formance when receiving the commitment and thewitBoutreceiving it. A marginal
gain of zero indicates that the receiving agent is indifferent to the commitmen

Marginal gain/loss can be expressed in terms of the utility values gtrilalitions
of utility values), in this case, task qualities. However, we need tothetesince agents
may use different utility scales. Thus, we use the relativgortanceto indicate how
quality values in the other agent translate to the quality values in teigtalgor example,
agent A may believe that utility in agent B has importance 2.0, i.e., fligy ih agent
B equals twice the amount in A. Thus, it implies that a marginal gain of B ican
offset maginal loss of 10 in agent A. Clearly, a rational agent would tméximize
the value of its local utility plus margainal gain in other agents and miha marginal
loss due to the commitment it offered. For simplicity we do not adsitles importance
issue here any further, and assume the importance value of 1.0 is alseysi.e., the
quality scales are the same in all agents. In order to evaluate the margindbsmi
against a particular commitment, we simply compare the best-qualityatiees with
and without the commitment, and use the difference as the marginalagsn/|

As a result of the above discussion, Figure 3 shows the richer TApd&fication
of an example commitment, which pledges to do tdg8k

3 The Impact on Planning and Scheduling

Now that a commitment has uncertainty associated with it, agents can no legged e
commitment as guaranteed, and assume the absence of failures. Thereforagm@andni
scheduling in an agent becomes harder. However, the benefit of using unyexangs
from better understanding of the commitment in the agents and theretoeeafiective
coordination. To achieve this, we also need to change the local schegldimgihg ac-
tivities. Traditionally, when the uncertainty of commitment is oveRed and thus the
commitment isassumedo be failure proof, re-scheduling is often performredctively

to handle the appearance of an unexpected failure that blocks the furthetiexecu
This type of reaction iforced uporrather than being planned ahead. In a time sensitive
environment, it is often too late. Therefore, it is desirable that the dgenthe capabil-
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Fig. 3. Commitment that incorporates uncertainties

ity of planningin anticipationof possible failures and know the options if failures do
occur. This way, hecessary arrangements can be made before the failure may a@tcur, an
also we save the effort of re-scheduling by adopting a planned-ahead ixctiase of
failure.

To handle possible failure outcomes in commitment, weags#ingency analysis
in conjunction with the Design-to-Criteria scheduling. Due to spmcitation, we can-
not describe the details of contingency analysis here; details are availgb&g. In our
approach, a failure in the commitment can be treated the same way as a faduoeah
task. First, we analyze the possible task failures (or low qualitgaues) or commit-
ment failures and identify alternatives that may improve the overall gualitcomes
when failure occurs. Through contingency analysis, the resutthgdulds no longer
a linear sequence of actions, as it is with ordinary scheduling; rather & basching
structure that specifies alternatives and the conditions for taking gmmatives.

To illustrate this, Figure 4 shows an example of task structures émtagA and
B. Note the relations A2 enablesB2” and “A4 enablesB4”. They involve tasks in
different agents, therefore are calladn-local effect§NLE). The existence of NLEs
drives the need of coordination.

Assuming both agents try to maximize their quality outcome, and th#ylimve a
deadline of 160. Based on highest estimated utility, initiallyvould select schedule
(A1, A2) and B would selectB1, B2). Then, after the agents detect the NLE between
A2 and B2, A would proactively pledge to complet& by time 120, with some esti-
mated quality.

In Figure 5, (a) shows the linear schedules of agérgnd B, and (b) shows the
schedules with contingency. Clearly, the linear schedule only specifiggréfierred
path in the contingency schedule, where as a contingency schedule speadfiexf s s
paths based on possible future outcome. Using contingency anahssisalue of a
schedule is now computed based on this branching structure, and thesefomée
accurate. To utilize this branching structure we need to monitor ther@segf the
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Fig. 4. Example Task Structure

execution and dynamically discover and analyze possible future branchelsesgitre
it is closely related to the monitoring of an anytime search process irothéan space
(set of possible execution paths), such as the work of [7].

Contingency analysis can also be used to handle uncertainty originatedHiang-
ing/revoking the commitments. As mentioned before, we can identédctitical re-
gionsin the schedule that may have significant impact on the overall qualitfaifuae
occur in the critical regions, thus leads to the discovery of checkpddnighe other
hand, once we have the checkpoint information regarding a commitmerntan make
contingency schedules to specifyrecovery optionLet T indicate that task’ has
outcomeq, for exampleI'" for failure of 7', T2 for g=2. Then we can specify a re-
covery option for(B1, B2) such agB12, A1¥| B3) to indicate that whe31 finishes
with q=2 andA1 fails, the agent should rup3. This is a generalization of the pre-
vious case, since conceptually we can regard the failure of commitment as aftyp
de-commitment which comes at the same time as the finish time of the coramit

The use of marginal gain/loss becomes very important in scheduling andircao
tion. Although in our modeling of commitments, changes or de-comeritsiare al-
lowed (unlike the traditional case, where commitmentsaasimedo be fixed, that is,
in the absence of failures), these changesacilrather than local. The introduction of
marginal gain/loss ensures that commitments are properly respected imkbcemtext.

If the overall utility of a multi-agent systems is the sum of théitigs in each agent, as-
suming the importance of activities in different agents is normalizeah, ¢imly when the
marginal gain is greater than the marginal loss, a commitment is sociatihwioile.
Likewise, the commitment should be revoked only where the margisal is greater
than the gain. The difference between marginal gain(s) and loss(es) becenutih



(1) Al success
(2) Al fail
(3) A2 success
(4) A2 fail
(5) A3 success
(6) B1 success

Fig. 5. Schedules with contingency

of the commitment itself (which is different from the utility of thesk being pledged).
Therefore, the social utility of a schedule is the local utility of tbhexdule plus/minus
the marginal gain/loss of the commitment received/offered. Note thatinghggin/loss
also changes during the course of problem solving, therefore it nebés&evaluated
when some tasks are finished.

4 The Negotiation Framework

In order to add flexibility to coordination, we also introduce a coimnmeint negotia-
tion framework that allows agents to interact with each other in order to ehietter
coordination. This negotiation framework provide the follog/primitives for agent ne-
gotiation (here RA stands for the agent requesting/receiving the conemit and OA
for the agent offering the commitment):

— request RA ask an agent to make a commitment regarding a task. Additional in-
formation includes the desired parameters of the commitment (task,qdialish
time, etc.) as well as the marginal gain information.

— propose OA offers a commitment to one agent. Additional information includes
the commitment content (with uncertainty associated) and possible rabiags.

— accept RA accept the term specified in OA's commitment.

— decline RA chooses not to use OA's offer. This can happen when RA does not find
the offer attractive but does not generate a counter proposal.

— counter RA requests for a change in the parameters specified in the offered com-
mitment, i.e., makes a counter-proposal. Changes may include betterycuralit
quality certainty (i.e., a better distribution), different finish @nearlier/later possi-
ble checkpoints/re-schedule time

— change OA makes changes to the commitment. The change may reflect the OA's
reaction/compromise to RA's counter-proposal. Of course, the RA may agai
the counterprimitive to react to this modified commitment as necessary, until both
sides reach consensus.



— no-changelf the OA cannot make a change to the commitment according to the
counter-proposal, it may use this primitive to signal that it cannaltera compro-
mise.

— decommitOA cancels its offer. This may be a result of agent re-planning.

— update both RA and OA can provide updated or more accurate information re-
garding a commitment, such as changes in marginal gain/loss, changes m the u
certainty profile of the commitment during the course of problemiagletc.

— fulfilled: the task committed was accomplished by OA.

— failure: the commitment was failed (due to unfavorable task outcomes).

These primitives are used not only during the establishment of camanit but
also during the problem solving process. Therefore, they allow agemtsgotiate and
communicate their commitments dynamically during the problem solgergpd. The
negotiation process help agents to be better informed about each other&sdaesi
tentions, and outcomes, therefore reduces the uncertainty in commitmerntssants
in better coordination. For example, at time 0, if agénobffers B a commitment to
completeA2 before time 120, agenB can see that this commitment is useless and
counter-propose agertto commit on task44 before time 130. If such a commitment
is offered with 100% certainty, the marginal gain is 2.6. However, ageoan only
offer 90% certainty ond4, and such a commitment would cause a marginal loss of
0.72, which is acceptable to both agents. Clearly, the negotiation prioeksssthe dis-
covery of alternative commitments that leads to better social solutionsisiione by
using marginal gain/loss information in negotiation. Withoutst information, agents’
coordination decisions would be based on local information only.

Under this framework, each agent can implemengoéicy using the primitives,
which decides its communication protocol based on the negotiationgstréite agent
will use to carry out the negotiation. The policy decides issues susainasparameters
to choose when requesting/offering a commitment, how much effore(énd itera-
tions) the agent is willing to spend on the negotiation, and hoanatie agent updates
its commitments, etc. For example, an agent can choose to neglect countesgisop
if it cannot afford the planning cost or does not have the capabiliteéson about
counter-proposals. The policies are often domain-dependent, and thaingasbthe
policies is beyond the scope of this paper. A formal account of the reagorodels for
negotiation to form a joint decision is provided in [6]. In a geneesise, negotiation can
be viewed as a distributed search problem, and the policies reflect how ths agjar
their constraints and search for compromises, such as the work of [18]slwork, we
use a simple policy that counter-propose only when the offered coment brings no
overall gain (i.e., marginal gain is less than marginal loss). If a coyrtgsesal cannot
be found, the agent simply declines the commitment.

5 Experiments

In order to validate our approach, we implemented a generic agent that can work w
a textual TZEMS input. We simulate two instances of such agémtnd B, to work
on the task structures presented in Figure 4. We perform some compatsshow
how the handling of uncertainty improves coordination, and therefopeave overall



performance. We assume that both agents have deadline 160, and both ggents t
maximize quality outcomes.

First, we study the base case, where commitments do not carry uncentdorya-
tion, and no negotiation is used: in this case, one agent pro-activelyaoffommitment
to the other agent, using only expected quality and finish time. In Ei§uve shows the
distribution of the final quality outcomes for 200 runs. Threedgsams for the quality
of A, quality of B, and the sum of them are shown in this figure.
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Fig. 6. Base Case

90 60
80 ™ 1004
70
60-{

80
40
60 304
40

30 40
20

H nll 1| =1 HHHH ;

23456 0123456 01234567
quality of A quality of B quality of A+

occurrence
occurrence
occurrence

-]

Fig. 7. Second Case: With Uncertainty

From the trace, we observed thas commitment abouti2 to finish by time 120
does not leave ageit with enough time to finish task2 by its deadline 160. However
due to no negotiation;? cannot confirm thatl2 cannot arrive earlier, and they cannot
discover an alternative commitment for tagk, since both agents found their best local
alternative((A1, A2) for A and(B1) for B.

In the second case, we add uncertainty information to the commitmentsone
mitment is still pro-active (with no negotiation), but the agents gae contingency
planning to reduce the uncertainty in commitments. Figure 7 showethdts for 200
runs. Here we can see some slight improvement of quality outcomes linagents,
but the similar pattern of histograms indicates that this has only miinpact on the
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Fig. 8. Third Case: Negotiation

scheduling. Due to no negotiation, the improvements are restrictegeot’s local ac-
tivities. For example, we notice that wheri finishes with quality 2 A will choose to
switch to plan(A3, A4) instead of continue to ruA2 (therefore effectively de-commit
its commitment) because nd3, A4) has higher expected utility.

As the last case, we incorporate negotiation and using the margindbgaiiifor-
mation in commitment coordination. The results, shown in Figuba8e very different
patterns in the histograms. This indicates that the major changes in éh&sagctivi-
ties. We can see that now has a relatively lower quality outcome than it does in the
previous cases, bu? has significant performance improvements. The overall result is
that the sum of their qualities improved significantly. This is becausagents are able
to find a better commitment between them (namely the commitmedtdmow. This
commitment is social in that it helps to achieve overall better utilithalgh not all
agents can have local gains. The following table shows the averageyquetibmes in
each case.

AverageQ A | B |sum(A,B
Case 1 [3.3|2.32 5.62
Case 2 (3.492.67 6.16
Case 3 [2.534.6] 7.13

This also shows that the integration of all the mechanisms: neguotjaibntingency
planning, and marginal gains/losses is very important in effectively lrendf un-
certainties. These mechanisms handles different aspects of uncertainty, ametkhe
together to achieve better coordination.

6 Conclusion

In conclusion, we identified three sources of uncertainty inherent in comenis and
discussed the ways to incorporate them into the modeling of commismand the
mechanisms to handle the uncertainties, such as contingency analysis atidtioeg

The goal of this work is to improve coordination effectiveness, anichately, to im-

prove the overall utility of the multi-agent problem solving. Qasults indicate that
these mechanisms significantly improves coordination.



With the introduction of uncertainties in our model of commitments, approach
is computationally more expensive than previous approaches whereaintieg are
not explicit, especially when the distributions propagate in the amalgnd when the
number of contingent plan increases. One way to manage the complexitg&omize
that the analysis of possible future contingency plans can be an anytoness, and
therefore we may trade off accuracy with the effort of analysis. Heuriftreffectively
pruning the search space can also be applied.

The ability to handle uncertainty in commitments is especially impoitaattime-
sensitive environment where agents cannot afford to re-schedule whenedadlccurs.
Hence, by taking into account of the possibility of failure, this wokoamproves the
reliability in problem solving. As the next step, we will addrese thsues related to
the more general problem of fault-tolerance in multi-agent systemetesting issues
may include: how to handle the uncertainty related to new (and possitpgriant)
tasks arriving to an agent (which in turn may affect scheduling), the codyrmdmic
monitoring, and the adaptive management of redundancies for fault-totgrete.
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