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Abstract fault knowledge, e.g., the agent to the right has the right-of-
o _ S way or the least committed agent should reglan.
Conflict in multi-agent systems is ubiquitous. Research often

focuses on the process of resolving conflicts between differ- In our fesearch, th's. process typically takes place through
ent agents. We call this theter-agentconflict resolution pro- an agent’s local coordination module (GPGP [4]@PGP2
cess. However, in complex problem solving agents the process [23]) and entails an exchange of local views, a detection of
of resolving conflicts with other agents impacts local problem  interactions, and negotiation over the interactions, culminat-
solving as well as deals made with other agents. This leads to ing in the formation of a commitment between the involved
the need for aintra-agentconflict resolution process between —agents. There several types of commitments, or deals be-
the agent’s coordination mechanism and its local controller. In  tween agents, iGPGP2Zhat are used to resolve the conflict:
situations in which conflicts cannot be resolved to produce sat- 1) earliest-start-time in which an agent agrees not to per-
isfactory solution paths for the agent, or a set of agents, itmay form a task before a specified time,2) deadline in which

be necessary to move the conflict resolution process to a higher o committed agent agrees to perform a task befdpdo,

level, a meta level, in which the agents negotiate to possibly in which the committed agent agrees to perform the task in

revise their (individual and/or joint) high-level objectives. In o . g
this paper, we explore these different levels and their interde- question; 4ydon't, where the committed agent agrees not to

pendence in the context of our research in multi-agent control Perform the specified task during a specified interval. The
and coordination. conversation held by the agents can simply entail the proac-
tive offering of a commitment or a complex dialogue in which
_ constraints are exchanged and proposals explored. For exam-
1 Introduction ple, agentx may need a result frorfi by time ¢, however
Definitions of agency [10, 12, 2, 22, 15, 9, 5, 25] differ, but,MaY b€ holding a resource needed byluring the interval
from a high-level, agents can be regarded as having multip[®™ 0 to#. In this case, the agents must exchange their local
(gmormanon, detect the interaction, and resolve the conflict

goals or tasks, as being rationally bounded, situated in an e ; ; ; :
vironment, and being autonomous, that is having a choice y a agreeing (via don’'t commitment) not to use the resource

which activities to perform, and when. Autonomy or choice, uring the specified interval anelagreeing to provide a re-

in conjunction with bounded rationality alone is enough to en§UIt (via deadline commitment) @ by time¢. We return to

sure that conflict in multi-agent systems is ubiquitous. Whef"ﬁIe issue of negotiation at this level in Section 2. Itis impor-

agents have different goal sets, or are affiliated with dif'fererFta”(_jtr:t0 T)?;?]tt.gﬁt tgr?ggg tt:iﬁiﬁogq-g'ts”;ggféJiitcgmggsegr
organizational entities (e.g., different corporations, differenf9ENt P lally ag 1gel .
tions, and/or to change when it performs the actions. These

users), the issue of agent conflict becomes even more pre(ﬁanges bring us to another issue in dealing with conflict in

ing. In some sense, all agent communication and interacti AS, an issue that is in some sense lower-level, but, interde-
is motivated by the need to resolve conflict, by the need t ' P

deal with interdependence pendent with the dialogue held between the agents.
One class of conflicts in multi-agent systems arises from Research often focuses on conflict resolution at the inter-

resource scarcity or task interdependencies (task or resouiR@ent level, at the level of the conversation held between one
interaction). Conflict resolution typically entails a dialogue®’ more agents to handle these task interactions. However, in
or conversation in which agents negotiate over the interactiogddition to conflict resolution between agents, the existence
generally making an agreement to either avoid the interactidi{ conflicts also results in a need for resolution and negoti-
through a change in the planned activities or by temporall}tion within the agent [8]. If an agent has multiple tasks to
sequencing their activities. Conflict resolution may also b@€rform, or multiple goals to achieve, and it is autonomous
“non-verbal,” taking the form of social convention [20] or de- (flexible, making its own choices, etc.), the conflict resolu-
tion process in which the agent engages with others impacts
* This material is based upon work supported by the NationaltS pre-existing decisions and its other objectives. In other
Science Foundation under Grant No. 11S-9812755, the Departmettords, the process of forming a commitment may change
of the Navy and Office of the Chief of Naval Research, under Grarthe agent’s selected tasks or actions, and it may change the
No. N00014-95-1-1198, and by the Defense Advanced Researgitheduling of the agent’s activities. Unless tasks are entirely

Projects Agency (DARPA) and Air Force Research Laboratory Aiindependent (including via deadlines or with respect to tem-
Force Materiel Command, USAF, under agreement number F30602-

97-1-0249. The content of the information does not necessarilyre-

flect the position or the policy of the Government, the National Sci- !Though it is unclear whether certain types of social laws or
ence Foundation, ONR, or DARPA/USAF, and no official endorseeonventions lend themselves to application with computational pro-
ment should be inferred. cesses, i.e., where the world state is less observable or less obvious.



Agent A Agent B

Domain Expert Domain Expert
Meta - Level - -
- Manages state and domain view. Dialogue to establish / revise - Manages state and domain view.
- Responsible for selection of agent's high-level goals. high-level goals and objectives. - Responsible for selection of agent’s high-level goals.
subset of problem solving options feasibilty results subset of problem solving options feasibility results
desired solution of possible desired solution i istics of possible
solutions solutions
Coordination Module Coordination Module
(GPGP) (GPGP)
Inter-Agent Level - Manages agents non-local view. Dialogue to achieve - Manages agents non-local view.
- Responsible for negotiation with other agents. existing objectives. - Responsible for negotiation with other agents.
non-local information selected schedule non-local information selected schedule
commitments proposed satisfied commitments commitments proposed satisfied commitments
commitments received violated commitments commitments received violated commitments
Local Agent Scheduling Module Local Agent Scheduling Module
Intra-Agent Level (Design-to-Criteria) (Design-to-Criteria)
- Manages local agent control. - Manages local agent control.
- Responsible for evaluating local and non-local - Responsible for evaluating local and non-local
processes and determining a local course of action. processes and determining a local course of action.

Figure 1:Multiple Interacting Levels of Conflict Resolution

poral flow}, these changes will impact other aspects of th&PGP to explore the various constraints for a selected set of
agent's problem solving and possibly affect other committasks or goals and to attempt to implement a desirable solu-
ments made with other agents. For example, if agemas a tion. On the other hand, it is the task of some higher-level
local deadline of for taskT};, and it negotiates with agegt  controller (e.g., process expert [11] or an information gather-
to provide a result for task}, by timet + ¢, and there is not ing expert[14]) to propose candidate tasks and to perform the
sufficient time to achieve both, the agent must fail in one oflomain problem solving activities. In this view, GPGP/DTC
its objectives. In fact, forming a new commitment may im-are the control problem solving experts while the domain ex-
pact future commitments as well as existing ones. Stabilitpertise is localized within the domain expert.

in this complex situation is generally achieved by tasks hav- __ . . . : .
ing different degrees of importance, or different utilities, and_ | NS suggests still a third level of conflict resolution, a
by their associated commitments being similarly quantified"€t@-1evel, in which the domain experts negotiate to select
Quantification of commitment in conjunction with costs orShared and individual high-level goals and associated objec-

penalties for decommitment [18] can ensure a certain level g€ functions [13]. Recall that agents have multiple goals

equitability in the MAS. However, the interplay between theOr tasks; it is entirely possible that through the inter and in-

agents different goals and its interactions with other agent&2 29ent negotiation processes (feasibility analysis) that it is
requires a negotiation or dialogue between between the intdfot possible to resolve the conflicts ;ausfactonly to the local
agent negotiation process and the local agent contrdlier, 2gentor some set of agents (depending on whether the model
our work this is the Design-to-Criteria (DTC) scheduler andS Self-interested or cooperative). In economic terms, it might
the GPGP coordination module. There are several facets ftz ImPossible for an agent to find a course of action in which
this intra-agent negotiation process, and several interactidfy COStS outweigh its gains, and this might be the case for all
models for intra-agent conflict resolution. We return to thidents in the system Regardless of the criteria for solution
issue in Section 3. dlssatlsfactlon, in the. event of W|dlespread solution dissatis-
Hereto we have identified two different levels in the pro-action, it may be desirable for the involved agentsftange
cess of conflict resolution in MAS, the intra-agent level anjhe set of tasks or goals that they are pursuing. In other words,
the inter-agent level. To clarify, the intra-agent level entaild€SiPility analysis (scheduling and coordination) might not
the process of conflict resolution between the agent coordyi€ld @ny appealing solutions, in which case, the agents may
dyeed to move the negotiation to a new level, a meta-level, and

nation mechanism and the local controller. From anoth : “h €
view, this is the interaction between local-control and non<@nge the tasks or goals over which they are negotiating.

local modulation. The inter-agent level, on the other hand! NS may also entail changing the objective function(s) [21]

pertains to the dialogue held between one or more agents, tﬁ%pfﬁet?] the c?nfllcttmiy be resollve(il t()jy (:Thr?ngl‘?rg thet\llvay l'”
exchange of information, constraints, and the formation of’'C I e goa:jsﬂ(])r_ ast S arﬁ evalua eh. e FI erenl evels,
commitments. In our research, we have come to view thedB€i roles, and their interactions are shown in Figure 1.

two levels as pertaining to feasibility and implementation pro- |n this paper we explore these ideas. Section 2 discusses
cesses, as the overall goals and objectives of the system @jg recent research in inter-agent negotiation to resolve con-
generated elsewhere. In some sense, it is the task of DTC affi@t and Section 3 explores the different negotiation models

to resolve conflicts between the coordination module and the
[Bcal agent controller. Section 4 returns us to the issue of the
of agent activities and that the activities have interdependencies. Pﬁeta-level and Section 5 discusses future directions in our

3This also assumes a certain level of complexity in the agent’s aéeseamh'
tivities. The general scheduling/coordination problem is exponential
and thus agents cannot simply produce the optimal local schedule
for a given set of constraints. If that were the case, the coordination
module could simply collect constraints, reschedule, and communi- *Assuming a model in which problem solving is progressive and
cate its committed action. There would be no need for negotiationnot governed by zero-sum gains.

2Note, however, that if tasks are independent there is no need
coordinate and no conflict. We assume a certain level of complexit



2 Inter-Agent Conflict Resolution to construct a conversation protocol that suits its purpose.

In order for agents to do team work, agents need to exchange! N @gents have the choice of which set of coordination
necessary commitments to each other. To the agent offerifigechanisms to use, and how much effort they are willing to
end on negotiation, depending on the specific problem solv-

the commitment, the commitment imposes constraints on i g I h di
local activities; while to the receiving agent, the commitmen{Nd Situation [6]. For example, when two agents are coordi-
ting over arenablegelationship (meaning task, in agent

is intended to satisfy constraints so that agent local activitids® |tk i h has finished

can proceed successfully. Clearly, an agent is in a consiste‘ﬁfﬁnnm start untll_ta f]'n ds_olme other atg):]e(;ﬁ_ as ('j”'sf he b
state if all the constraints (including the constraints due t/Ith non-zero quality), the dialogue can be initiated either by
local commitments) not satisfied through local planning aré °f 7 '”l onf(_af of the coordination mechan|$n|1(s, agemﬁan_
satisfied by the commitments it received (i.e., non-local comProactively offer a commitment tG because it knows that it
mitments). Hence, deciding a set of commitments that IeacEah'ghly likely that5 may need this enablement. On the other
to all agents in consistent states, is the key to agent coordind2nd, the agents can also use a reactive mechanism. In this
tion. case/s initiates the dialogue by explicitly requesting a dead-

Conceptually, a centralized planner can search for a set ?2 con:mg]ment frotrrti f?LtaSkTa t‘i cogmlete E?fore tlme.bl
appropriate commitments if it knows the capabilities, con-" genta then reacts to the request and search for a possible

straints, and goals of each agent, therefore preventing COHnggzzl'a [égﬁ]e;ptmgrﬂntr?eﬁw rcgr?].sstgquf.agﬂgi grll;?gr
flict from occurring. However, in a multi-agent system, it Prop ! promi i}

" A \
may be undesirable, if not impossible, to use a centr:alize%“gt,['hr'Str(':'adi\?'c éheﬁrerqur:a;trid t|€neAgent[3 trt:ter:_mraeds to nd
approach. Therefore, agents often need to make decisions udythe received ofier a ay ISSue a counter-propose, a

cally and exchange commitments in a decentralized manndy, Urn @geni: may change its proposal. Thus, a new round
of negotiation is initiated. The choice may depend on how

with only partial knowledge of each other’s belief, desire, S ; !
and intentions. Due to the inter-dependency of agent tasiaUCh time is allowed, or quality and cost requirements, or a
ix of these, as well as how much reasoning the agent can do

and resources (and hence the inter-dependency of com .
ments), and also the uncertainties associated with agent Je to the temporal and resource constraints on the problem

tivities, conflicts in the commitments can often occur, WhichSOIV'ng' ) ) . .
results in unsatisfied constraints. The conversation terminates when the commitment is ac-
To resolve the conflicts, agents need to have a comm pted to all involved agents, when the agents realize that

mechanism to decide what actions to take and how to tempB!€ commitment is unattainable given the constraints of the
rally sequence activities over interactiéng predefined set 29ents (over-constrained), or when the agents choose to abort
of social rules may be used for this purpose. However, in of'® conversation because of the cost of coordination (such as
research, we focus on the more general approach which cih@ fime-sensitive environment). As mentioned before, fail-
support a range of approaches from socially defined commit'® to resolve _con.fhct in this level may indicate the need to
ments to dynamic construction of commitments via expliciConflict resolution in other levels. .
agent conversation and negotiation. We view the protocols While the protocols define the ways agents exchange in-
of the conversations as a family ebordination mechanisms formation, undergo negotiation, and reach consensus in a
in the GPGP/GPGP2 framework. In GPGP/GPGP2, a fantlomain-independent way, agents need to have their own do-
ily of coordination mechanisms is defined, covering the exain strategies for negotiation in order for the negotiation
change of non-local viewpoints and results, the coordinatioBrocess to be effective, efficient, and productive. For exam-
over hard/soft interrelationships, and resource usage. Tygile, agents need to know which agents need to make compro-
cally, when a set of agents needs to coordinate over a task B#ses when a conflict occurs? How to_reallze that a stalemate
resource interrelationship, they instantiate a conversation prfas occurred? To answer these questions, agents need to have
cess that tries to form commitments that address this interre-model of utility in order to reach social decisions. For self-
lationship. Of course, the proposed commitment may dependterested agents, agents try to maximize local utilities, but in
on another task or resource interrelationship, therefore trigrder to do so the agent may have to negotiate for tasks it can-
gers another conversation process. Also, it is possible that thet do locally and pay the cost of having other agents solving
agents may have conflicting opinions on the proposed coni subpro_blem and the cost of remote resource accesses. For
mitment(s), thus lead to objections or counter-proposals. [fPoperative agents, the overall goal is to maximize overall
this case, further iterations of the negotiation process may péility of the system, which depends on the local utilities of
needed. Our commitment negotiation [19] framework [26pll agents. This means that agents may need to not pursue its
provides a set of message types for the iterative conversati#fally optimal goal in return for increase of global utility. In
to continue. These message types (conveyed via [7]) allofither case, negotiation is directed through the exchange of
an agent to specify its intentions [3] regarding the commitutilities among the agents. In our work, the focus of negoti-
ment in questionrequest, propose, accept, decline, counteration is not only on locating agents to satisfy a task/resource
propose, Change’ no-changﬂ]ddecommi_t There are also constraint but a.lS(') on the Improvement of Qvera” Utlllty pro-
other messages that allow dynamic update of the state of tHgiced. We associate a commitment withrginal costg17],
commitment, such aspdate, fulfilled andfailure. Each co- Namely the utility difference between having and not hav-
ordination mechanism can utilize a subset of these messal}@ the commitment [26]. This way, the commitments can
ave direct influences over the agent’s local decision, there-
5This is true for both self-interested interaction and cooperativéore drive the negotiation towards a social conclusion.
interaction. Complex inter-agent negotiation often involves multi-



linked negotiation. The issue of multi-linked negotiationdriven by the output of the local scheduler and incoming re-
arises when multiple resources have to be acquired in orderguiests from other agents; the local coordination componentis
solve the problem, and/or when an agent needs other agengsctive.

to solve subproblems, and they in turn have subproblem and|n a more complex model, the negotiation component may
resource interdependency as well as temporal requiremenigke a more proactive role by attempting to secure critical
One example of multi-linked negotiation is a logistic supplycommitments in advance of generating a complete sched-
chain. To solve the problem in an efficient and flexible manyle. Here, the idea is to increase the likelihood that a gen-
ner may require agents to develop organization knowledggated schedule will, in fact, be implemented by, for exam-
and/or share meta-level knowledge about the agent worklogfle, securing highly contested resources early in the process.
and resource usage proffleAlso, agents need to be able to From a distributed search perspective, we can think of this ap-
perform negotiation in both reactive and proactive manneproach as a form of backtracking avoidance. It can be particu-
For example, if agent needs a result of task; from agent  |arly effective for self-interested agents operating in resource-
B by timet, but T in turn needs resourcB which o pos-  constrained environments, where the incentive is to negotiate
sesses. lf has the knowledge of the linkage betwégnand  as early as possible. One challenge under this model is to bal-
the resource, it may proactively off¢k the resource at the ance the aggressiveness of agents in meeting their individual
same time it requests a deadline commitment frdaniThis  needs with social concerns such as fairness and global utility.
would then allow the agents to reduce the amount of iteratioprotocols that allow agents to decommit at a cost are useful
needed to complete the negotiation, thus reduces the comere to give agents the freedom to make commitments that

plexity in negotiation. they may not actually need while providing incentive to de-
commit as early as possible [18].
3 Intra-Agent Conflict Resolution A third model, inspired by recent work in contingency

scheduling [24], allows coordination to be tightly integrated
. . ith the executing schedule in the form of actions triggered
and local controller within the agent is the fact that each co

0 ble of taki drivi le in feasibilit | 0y an execution monitor or even as first class tasks to be
ponentIs capablée ot taxing a driving role in 1€asibility anal-gepeqyled for future execution along with domain-level tasks.
ysis, but it is often uncleaa priori which component is in

the bett ition t first The effecti £ f For example, a contingency schedule may contain failure re-
e betler position 1o move nirst. The electiveness or 183zq\ary actions with certain resource or non-local task require-

sri1bility anglysti):f,l'in corgpllex enyironmgnts is dgterm(ijr:jggj biguents. The coordination component must make sure that the
t ia(jgepts ability to aanche Its need to acqwreda |t|c|)n propriate commitments are in place well in advance of a
scheduling constraints, such as commitments and non-locgl, e le checkpoint at which it will be determined if failure

information from other agents with its ability to search the, ;< “in, fact occurred. The agent may choose, however, to
space of possible schedules. In our work, we have at valifaaer 5 decommitment in the branch of the schedule that
ous time considered three different patterns of interaction b%foes not include the failure recovery option. Similarly, the
tween these two components. failure recovery branch may trigger decommitment actions.
In a common schedule-driven model, a set of goals (tasfhere are incentives for both cooperative and self-interested
structure) is presented to the local scheduler by the domajf rejease commitments at the earliest opportunity. For the
expert. In our research, a goal is represented in the TAEMggividual agent, delayed decommitment is a missed oppor-
modeling language as a hierarchical structure of tasks. Thgnity to recover cost. There is also a social cost associated
scheduler then generates a schedule (and possibly severahgim " gecommitment if if comes to late for the released re-
ternates) based on some prespemﬂgd sgtlsflcmg criteria. T,@éurces to be of use to other agents. This balance of cost
schedule is then passed to the coordination component, whiglg time is further complicated by the fact that just as the
attempts to “implement” the schedule by negotiation. Thigent has incentives (both social and individual) to decom-
coordination may take the form of acquiring commitment$yt early, there may also be reasons to retain unused com-
for resources controlled by other agents, or don’t commityitments when rescheduling of activities becomes necessary.
ments that ensure the availability of some decentralized rexs in the second model above. the scheduler can make use
source at the scheduled time, or contracting of tasks to othgg existing commitments to reduce uncertainty in the sched-
agents. Whatever mechanisms are used, one of two resylg \vhile the overall stability of the system may benefit when
obtains from the coordination process: either the schedule jgents are conservative about releasing commitments. We in-
implemented or it is not. If the negotiator is unable to im-anq 1o investigate this complex set of tradeoffs in future re-
plement the schedule, then additional constraints are placgdy ch.
on the scheduling component and it is re-invoked to produce Notice that these models are not mutually exclusive. Each

anew s'chedulle. In this model, of course, while the agent odel is enabled by a progressively more complex bidirec-
attempting to implement its schedule, other agents are trying, - inieraction between local scheduling and coordination
to implement their own schedules. Commitments made tQ mponents. We can see these more complex intra-agent
other agents by the coordination component are also reflect chanism§ as reasonable responses to complexity in the
as constraints on local control. Coordination in this model i?nter-agent environment. In taking this view, we observe an

%In general, meta-level information about the larger context ir{'nte'resting tradeoff in.WhiCh attempt§ to implement socially
which a particular coordination episode is taking place is benefidesirable outcomes via protocol design call for a more com-
cial — it can serve to focus coordination activities and supplemerRl€X intra-agent dialog on the part of the individual agent.
communication-based information exchange. As an example, we consider a distributed scheduling ap-

One source of conflict between the coordination mechanis



plication in a resource-constrained environment [1] in whicld  Meta-Level Conflict Resolution

each agent receives a set of goals with resource requirements jiscussed in Section 1, when inter and intra agent negotia-

that should be accomplished according to certain deadhn%n cannot produce acceptable results, it may be necessary to

and quality criteria. In this environment, agents are IIm'move the negotiation process to a higher level where the over-

ited to resource negotiation (i.e. agents perform all tasks IQa'I objectives of the agent are examined and potentially mod-
cally) The authors further assume that there are no externgl. |\ These “objectives” may take the form of the high-level
rtar§rg::ceséglllI.Sretzorl:qrge.;arg C?Ptraotl.lc'fﬁ gfy tﬁ?‘:gﬁggﬁg"ggﬂﬁ%ks or goals (or organizational roles) that the agent is pursu-
20' rce)ég f sl et m)éld {ﬁatuslellzf-'nlterested cents are inind: Or they may take the form of the objective function(s) that
urces. 1| u : 9 : fpe agent uses to evaluate different possible (candidate) solu-

ested in implementing their individual schedules at the Iowe§ ons. The notion of a changing objective function assumes

possible cost, while still meeting deadlines and quality crite; 4y antifiedmodel of agent activities in which there are gen-

Ir;lamlla:rsngllsno i%sstin;i?otsga;ﬁ%oF)e%rtastlvv(\e/haillgeegttiﬁ ﬁ:gégfriﬁ}g lly multiple solutions and different solutions have differ-
deadlines ar?d quality criteria 9 ' 9 ent statistical charac'terlsucs, e.g., some solutions t_ake more
) X T . time but produce a higher quality result, some solutions cost
We first consider the case in which agents all use thgore, some solutions require fewer resources, etc. In other
schedule-driven model. Since task al‘rlval, schedule gener@ordsy agentsatisﬁceand evaluate the “goodness” of par-
tion, and coordination happens asynchronously across ager{gular solutions using goal criteria or an objective function.
agents attempt to acquire resources when schedules are g¢Ays, agents can redirect problem solving to compensate for
erated locally. Pathologies such as poaching described ghor solutions, to explore a new portion of the solution space,
[1] can easily arise under this model in highly resourceny changing their goals or tasks, or, changing their evaluation
constrained environments. Agents who get their schedulggiteria or the function that defines which goals or tasks and
sooner have a better chance of acquiring resources. Thigich solution characteristics (e.g., completeness) are impor-
means that underloaded agents, whose schedules are siggiht.
icantly less complex to compute are at an advantage. This relates to the notion of a lattice of potential compro-
For the designer, there are several possible responses to thiges in DENEGOT [16]. However, while DENEGOT also
scenario. In a cooperative setting, agents may adopt medlises a satisficing model of computation, satisficing in DENE-
anisms such as those proposed in [1] which tend to redu@OT entails relaxing hard constraints; the lattice of potential
the parallelism but do have the effect of synchronizing recompromises expresses preferences for the relaxation of par-
source acquisition to achieve globally desirable allocationsicular constraints or sets of particular constraints. In our cur-
In the absence of any incentive to synchronize, self-interestegnt research, GPGP/DTC/TZAMS, this is analogous to poten-
agents who are starved for resources may find it advantagedisly changing hard deadlines, hard cost constraints, or hard
to adopt a more aggressive strategy for resource acquisitiaguality requirements on particular tasks or sets of tasks. Our
namely one of acquiring resources in advance of schedulingirrent view of the meta-level of conflict resolution is more
for their actual use. These agents will monitor resource deyeneral — rather than just relaxing hard requirements, it may
mand and attempt to acquire resources that are likely to kg desirable for agents to propose a new set of tasks or goals
critical to their (still ungenerated) schedules when demang pursue, or to propose a new set of goal criteria for use by
rises above a certain threshold. Once resources are acquirglGP/DTC when evaluating candidate solutions. This view
these agents place constraints on the scheduler to inducevauld map back into DENEGOT as there being a two dimen-
bias toward schedules that use the resources already acquirsidnal array of lattices in which each point is a lattice for a
Some resources will not be used due the scheduler’s inabilipyarticular set of goal criteria and for a particular set of tasks
to create schedules that make use of them. However, if ther goals for the agent.
cost of unused resources is less than the overall improvementf we view the overall solution space as surface, the idea
in schedule utility, then this strategy has paid off for the selfis that there may be different high-points or peaks within the
interested agent. solution space, any one of which is approximately acceptable
All system stakeholders are now confronted with a situaif the solution can be scheduled and coordinated. If we are
tion that is to no one’s satisfaction. The resource-controllingnable, via feasibility analysis at the lower levels, to schedule
agents and system designers will observe that real resougesolution for the set of selected tasks and goals, it may be
utilization has decreased by the total amount of resourcetesirable to “jump” to a different part of the solution space
that are acquired by agents but not actually used. Agengnd try again to implement the solution via scheduling and
who have successfully implemented their schedules may hageordination.
done so at a higher cost than should be required because ofThe process of selecting new tasks and goals, and possi-
the need to over-acquire and because of the increase in priddg changing objective functions, implies communication be-
that comes with high demand for resources. One responsetvgeen the involved agents, i.e., it appears to pertain mostly to
to introduce more sophisticated protocols that allow agents tmeta-level inter-agent conflict resolution. However, it also
decommit with some penalty less than the total cost of theas a meta-level intra-agent component as the selection of
reservation when they find that they are holding reserved rdtigh-level objectives is interdependent with the process of
sources that they will not actually use [18]. Agents are thuperforming the low-level scheduling and coordination. Just
provided an incentive to release unneeded resources as eadythere is a mutual, two-way, interaction between schedul-
as possible to minimize this penalty, but the precise nature @fig and coordination, and coordination between agents, there
this incentive remains an interesting research topic. is also a mutual two-way interaction between the process of



changing the high-level objectives and the detailed feasibility12] Henry Kautz, Bart Selman, Michael Coeh, Steven Ketchpel,
analysis. Earlier thoughts on this meta-level process [13] did
not identify or address the potential for intra-agent interac-

tion.

5 Conclusion and Future Directions

Interaction and conflict appear at all levels of agent control. In

a very real sense, most aspects of agent control problem solv-
ing are interdependent, and most aspects of agent control a

domain problem solving are also interdependent. This inter-
dependence is often avoided through simplified agent control

models or assumptions of independence. However, as we as a

discipline push agent technology and apply it to wider prob-

lems (and build open systems), the issue if interdependence
moves to the foreground. Unfortunately, this paper provide$L5]

few answers, and attempts only to identify and describe some

of the issues and concerns that we have encountered. In the
future we will continue to explore the issue of interdepen—[16

dence, and conflict, within and between agents.
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