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Abstract 
Much work in multiagent systems has been devoted to 
developing runtime mechanisms to coordinate compu­
tational agents. However, the efficacy of such mecha­
nisms depends to a large extent on the opportunities for 
flexible choices of action imposed by the implicit or 
explicit organizational relationships among agents. 
This paper examines the dependencies between the de­
sign of static organizational structures and the efficacy 
of runtime coordination. We show that runtime coor­
dination strategies can be viewed as transforming the 
configuration of an organization, with principled ef­
fects on the expected performance of the agent system. 
By understanding these effects in the context of or­
ganizations, we can begin to articulate the conditions 
under which the introduction of coordination mecha­
nisms (and their associated costs) can be justified.* 

1 Introduction 

The debate over the efficacy of runtime coordination 
mechanisms has in many ways revisited the deliberative 
versus reactive debate of the planning community. At one 
extreme are researchers who consider runtime coordination 
time-consuming and unnecessary. By instituting enough 
structure in the system, the local decisions of agents are as­
sured of being compatible. Social Laws [Shoham and Ten­
nenholtz, 1992] are one example of such static structuring 
mechanisms. At the other extreme are researchers who 
strive toward endowing each agent in a complex system 
with the ability to dynamically maintain models of other 
agents and to use these models to make arbitrarily complex 
coordination decisions interleaved with execution (e.g. 
[Gmytrasiewicz et al. , 1991]). 

Between these extremes are the many techniques for co­
ordinating agents within the bounds of some fixed commit­
ments upon which they can all depend (e.g. [Decker, 1995; 
Durfee et al., 1987; Gasser eta!., 1989]). But these tech­
niques have generally been developed to meet the needs of 
particular applications. While many have been successful, it 
has seldom been the case that they are found to be easily 
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transferred and effectively employed across many different 
application domains. 

Why do runtime coordination mechanisms sometimes 
make a big difference, and sometimes have little impact? 
We argue that runtime coordination is situated contextually 
in ways that affect its impact. Simply, if an agent is placed 
in a world where it faces no indecision, then coordinating 
with others at runtime is unlikely to help it perform better. 
On the other hand, if it faces several choices, and making a 
good choice depends on knowing what others around it are 
doing, then runtime coordination is a major help. 

The context within which an agent-especially a compu­
tational agent-works is controllable to a large extent. In 
particular, in multiagent systems, the designers of a system 
dictate many of the features of the context in which an agent 
will be operating. Of particular interest in this paper, for 
example, are the relationships between agents' roles that are 
defined by the authority structure and the inherent structure 
of the distributed tasks that they pursue. We call this role 
structure the organization within which the agents work. 

We are investigating the relationship between static or­
ganizations (how roles are defined prior to execution) and 
runtime coordination (how agents choose to occupy and 
fulfill roles during execution). Our ultimate goals include 
being able to predict what kinds of coordination mecha­
nisms agents should possess to be effective in a particular 
organization, and to provide design advice for the creation 
of organizations that are suited for agents with known coor­
dination capabilities. In this paper, we describe steps to­
ward this end. We provide a parametric characterization of 
a class of organizations that allows us to systematically gen­
erate and evaluate alternatives, and describe performance 
measures for comparison. We describe the effects that dif­
ferent basic coordination strategies have in different organi­
zations under different operating conditions. With these 
observations, we can distill some general lessons in design­
ing agents and organizations that they inhabit. 

2 Organization Structure 

We will confine our discussion to the multi-level hierarchy 
class of organization structures. Hierarchies capture many 
of the most common notions of organization, where author-
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Figure 1 
ity and breadth of perspective are concentrated in managers 
at higher levels of the organization, and tasks are decom­
posed and distributed down to the lowest level members. 
For example, this is the form of organization that emerges 
from the use of contracting protocols [Smith, 1980]. 

We characterize these structures in terms of the number 
of (primitive or supervisory) tasks assigned to members, and 
the branching factor of the organizational tree. For simplic­
ity, we assume in this paper that these are constant in the 
structure (the organizational structure is uniformly branchy 
and the tasks are evenly distributed). For examp!e, in Fig­
ure 1 is an organizational structure with a branching factor 
of 3 and that assumes that the "leaf' agents should perform 
one task (labeled alphabetically). Therefore, a middle man­
ager's task is to supervise the performance of three tasks 
below it, and the top-level manager supervises three such 
supervisory tasks, meaning that it is indirectly overseeing 9 
primitive tasks (A-I). The leaf-level agents complete their 
tasks, pass the results up to the middle managers, who syn­
thesize them into a single result to pass to the top manager, 
who then generates from these the complete result. The 
solution time depends on the time required for each unit task 
and synthesis task (we assume the same values for these) 
and for the communication delays in distributing the sub­
tasks and returning the results. 

When uncertainty exists about the rate at which tasks will 
be achieved, imbalances of effort in the organization can 
degrade performance. A countermeasure is to give mem­
bers of an organization overlapping responsibilities (tasks) 
such that if one is delayed in fulfilling its responsibilities 
(such as if it catastrophically fails), others can pick up the 
slack [Durfee et at., 1987]. For example, to make the previ­
ous organization more robust to agent failures, we could 
redundantly assign supervisory and primitive tasks among 
the agents. Note that the top-level agent is still a single point 
of failure, but we can do assignments beneath it such that 
the organization (or any subtree of it) can be assured of tol­
erating a certain number of failures among those being su­
pervised. In the example of Figure 2, the redundant task 
assignments ensure that a (sub)tree succeeds so long as no 
more than one of the branches of that (sub)tree fail. A par­
ticular failure configuration is shown. The notation 
((AB)(DE)) means the agent has 2 task sets, each with 2 
tasks. In some coordination schemes, the first task set might 
be the (possibly prioritized) primary tasks, and the second 
might be secondary tasks (since they are another agent's 
primary tasks). 
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Figure 2 
As has been discovered in other organizational approaches 

to cooperative problem solving, however, the reliability 
comes at the potential cost of duplicated effort [Durfee et 
al., 1987]. So, in cases where agents do not fail, they should 
coordinate their choices of which of their assigned tasks to 
each do to avoid redundancy. And despite the built-in reli­
ability, if too many (or the wrong combination of) agents 
fail, the organization will still fail. 

Runtime coordination, therefore, should be employed 
within these organizations to overcome these problems. 
When agents do not fail, runtime coordination should ensure 
that they are working on complementary tasks . When 
agents do fail, runtime coordination should ensure that the 
remaining agents are applied most effectively. Of course, if 
the organization involves no redundancy, then the first rea­
son for runtime coordination will never arise; if the organi­
zation is completely redundant (all agents have all tasks), 
then the second reason will never arise. Thus the effects of 
runtime coordination mechanisms are highly dependent on 
the underlying organization structure among the agents . 

3 Performance Measures 

To study the effects of runtime coordination mechanisms in 
the context of organizational structures, we need to be more 
precise about what features of the performance we will 
measure to assess the effects. To keep our discussion sim­
ple, we will consider two measures: the response time of an 
organization (how quickly it completes the task set) and the 
reliability of the organization (how probable it is that it will 
successfully complete the entire task set). 

3.1 Response Time 
The response time of an organization is the time it takes for 
the agents to decompose and distribute the tasks to subordi­
nates (who then decompose and distribute, and so on), for 
the agents doing the unit tasks to do them all, and for the 
results to be passed up and synthesized. We will omit the 
details of the calculation of the response time in this paper; 
we use the model described by [So and Durfee, I 997] where 
we are additionally assuming that the communication delay 
is equivalent to the unit task execution time. Thus, we char­
acterize the response time of the organization when it is 
successful as Ts(y, N, k, m, of, s), where: 
• y is the ratio of unit task execution time to communica­

tion delay (in this paper, y= I) 
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• N is the size of the overall task set 
• k is the organization's branching factor 
• m is the number of unit tasks per leaf role 
• o is the overlap, representing how many subtrees can 

fail while still being assured of success (note that o < k) 
• f is the probability of failure for each agent (we assume 

agents fail independently) 
• s is the coordination strategy outlined below 
Of course, given the possibility of agent failures, the per­
formance will depend on which agents do and do not fail. 
We r~fer to a particular arrangement of working (and non­
~orkmg) agents as a configuration. The expected response 
time f~r . successful configurations is thus the weighted (by 
probability that a configuration will occur given f) average 
of the response times of successful configurations. The re­
sponse time of a successful configuration is itself generally 
an expected value, since a particular configuration will be­
have differently depending on the order in which redun­
dantly assigned tasks are pursued. 

As an example, for the organization in Figure 2, one con­
figuration is where agents 2, 6, 7, and II have failed. De­
spite these failures, eventually all of the unit tasks will be 
done by agents that can supply results back to the top (by 
agents 8, 9, 10, 12, and 13). But note that the task (set) or­
dering represented in the figure means that task A will be 
done last of all (by agent 13). A reordering by 13 could 
decrease the delay for A (which only 13 can accomplish); in 
fact, agents 3 and 4 could reorder their subtask sets such that 
agent 4 would prioritize ABC over GHI, and this would 
yield better performance. Given random orderings, there­
fore, we will have a distribution of response times for this 
configuration, as shown in Figure 3. 
. To get the distribution of response times for the organiza­

tiOn as a whole, we combine the distributions of the differ­
ent configurations, weighted by their probabilities. This 
leads to another distribution, from which we can compute 
best-case, worst-case, and expected-case response times for 
the organization, when it is successful, givenf(Figure 4). 

3.2 Reliability 
Of course, if very unlikely configurations are the only ones 
that ever succeed, the organization is not a very good one no 
matter what its expected response time is conditioned on 
s~ccess. We can compute the probability of success by 
Simply summing up the probabilities for the successful con­
figura~ions. The probability of not succeeding (failing) is 
one mmus the success probability, and for larger values off 
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;0~2: I • I :.0 0 . 15 

~ 00~~ ~I I I I I I I I I I II I I II I I I I I I I I I ~I~ .•• 1111' I I I I I 
o M ~ m N ~ m - ~ ~ o M ~ m N ~ m 

- - - N N N M M M M ~ ~ ~ 

Reapon .. Time 

Figure 3 

614 DISTRIBUTED ARTIFICIAL INTELLIGENCE 

the failure probability can be substantial! We can thus 
evaluate organizations on likelihood of success independ­
ently of response time. 

3.3 Overall Performance 
Ultimately, to compare organizations with each other, we 
ne<ed a performance measure that combines the relevant 
features . ~n our case, we need to combine reliability and 
response time. Our way of doing this makes several as­
sumptions that allow us to cast unreliability as delay in the 
achievement of goals. Simply put, our performance meas­
ure ass~mes ~h~t when an organization fails, it tries again 
and agam until It succeeds. Thus, the organization times out 
when the worst-case response time across all successful 
con~gurations has elapsed. It then restarts the process, as­
su.mmg that a new random configuration of the organization 
will be manifested, which might allow success. If the 
worst-case response time goes by again, it tries again, and 
so on until it finally succeeds. 

Graphically, this means that the organization's response 
time d.istrib~tion (Figure 4) is repeated over and over again, 
each time with a lower amplitude, such that the areas under 
all of the distributions sum to one (the area of the first dis­
tribution is the probability of success, of the second is the 
pr?bability of failure times probability of success, of the 
third is the probability of failing twice before success, and 
so on). This is shown in Figure 5. We truncate this pattern 
when the remaining area is negligible, and we can compute 
the expected response time from this overall distribution. 

4 Effects of Runtime Coordination 

Given this distribution over performance, we can now be 
more precise about what runtime coordination is intended to 
do. Put simply, runtime coordination should move this dis­
tribution toward faster response times. There are two obvi­
ous ways that the distribution can be "moved" like this. 
One would be to increase the areas of the "humps" at faster 
response times; which means increasing the probability of 
success for any given execution of the organization. The 
other is to shift the expected value of the initial distribution 
to a faster time. That is, making the response time when 
successful faster will shift each of the repeated "humps" to 
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have faster expected response times, which will lead to an 
overall faster expected response time. 

Thus, we are able to say something about the potential 
effects of runtime coordination without having to be specific 
about the mechanisms for realizing the coordination. In­
stead, we can characterize runtime coordination mecha­
nisms in terms of their effects on the performance distribu­
tions, rather than by implementation details of the mecha­
nisms. More substantially, as we shall see, we can talk 
about whether runtime coordination mechanisms that affect 
the distributions in particular ways would be expected to 
benefit particular organizational structures. 

5 Coordination Strategies 

In this paper, we will consider two main coordination 
strategies, corresponding to the transformations on response 
time distributions previously mentioned. Again, while the 
detailed design and implementation of these strategies are 
certainly of concern (as we discuss later), our goal here is to 
ascertain whether the runtime coordination through either 
(or both) of these strategies is potentially worthwhile how­
ever the strategies are implemented. 

5.1 Role Reallocation 
A role corresponds to a position in the tree structure of the 
organization. Agents occupy roles. If an agent fails, then 
the role that the agent plays in the organization is not filled. 
As we saw with our example in Figure 2, loss of roles af­
fects performance. In fact, for particular configurations, the 
lost roles can render the organization ineffective. 

Role reallocation is a runtime strategy whereby agents 
can reassign roles among themselves when they discover 
that certain critical roles are unfilled. Note that we assume 
that it is still the case that an agent can only occupy one 
role. But an agent can abandon a less important role to take 
on the responsibilities of a fallen comrade. For example, in 
Figure 2, agent 5 serves no useful purpose since the synthe­
sis pathway for its results is blocked by agent 2's failure. 5 
could therefore take on the role of failed agent 11, which 
(given a fortunate ordering of when tasks are done) can lead 
to faster organization response times than had it not done so. 

More importantly, role reallocation (RR) can overcome 
agent failures that cause an organization to be unsuccessful. 
This strategy in principle allows agents at runtime to trans­
form the current configuration (with some agents working 
and some failed) into any other configuration with the same 
number of working agents. Thus, they can transform the 
configuration into the best configuration with that many 
failed agents. Of course, this implies that the agents not 
only are able to recognize the current configuration, but can 
identify and agree on a better configuration. Examples of 

reconfiguration mechanisms exist in the multiagent systems 
literature (e.g. [Smith, 1980; So and Durfee, 1992]). Our 
investigation asks what kinds of organizations and environ­
ments could exploit agents that can do this. 

5.2 Local Task Reordering 
The second coordination strategy we look at here focuses on 
the local decisions agents make about which of their tasks to 
do next. This problem appears in many distributed applica­
tions, ranging from job-shop scheduling to distributed oper­
ating systems, with many approaches to supporting this kind 
of runtime coordination having been identified (e.g. 
[Decker, 1995; Liu and Sycara, 1996]. In general, task in­
terdependencies and uncertainties about execution time 
complicate the ordering/scheduling of tasks in distributed 
systems. 

In the context of our analysis, local task reordering (LTR) 
is a coordination strategy that lets agents take actions that 
complement those of other agents. In the simple scenarios 
we have outline here, this amounts to doing tasks that others 
will not have already done first, although our results should 
apply to more complex task relationships as well. Viewed 
as a transformation on the organization, LTR transforms a 
particular configuration into an instance of the same con­
figuration but with the best possible orderings over the tasks 
of the agents. That is, if agents know which of them have 
failed, and thus which of the redundantly assigned tasks are 
now mandatory, they could reorder their tasks more opti­
mally (as illustrated in section 3.1 ). This shifts the distribu­
tion of expected response times toward the faster end. 

5.3 Combined Strategies 
The two strategies outlined above are not mutually exclu­
sive. At runtime, agents might be able to identify the con­
figuration of empty roles (due to agent failures), and could 
both reassign roles among themselves and, within those 
roles, find the best local task reorderings. Both of these 
factors would be brought to bear on the coordination deci­
sions: the agents should transform their configuration into 
the configuration (with the same number of failed agents) 
that has the best expected performance for the best ordering 
(compared to the RR strategy alone which transforms the 
configuration to the one with the best expected performance 
given random orderings). 

5.4 Other Strategies 
While the strategies outlined above cover the predominant 
runtime coordination mechanisms in the literature, they are 
not the only possible ones. Even better runtime coordina­
tion might occur, for example, if agents can redefine roles 
(swap tasks) or adopt multiple roles. However, as strategies 
like this begin to emerge, the notion of a "static" organiza­
tional structure begins to blur, since redefining roles, or dy­
namically creating new roles from merged pieces, amounts 
to runtime organizational redesign [Ishida et al., 1992]. Or­
ganizational redesign by agents is an important runtime 
strategy, but is beyond the scope of this paper. 
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6 Empirical Observations 

By defining in a precise way a class of organizations, a set 
of performance measures, and the transformations on an 
organization caused by runtime coordination mechanisms, 
we can begin to understand the multiagent system design 
problem in integrated terms. To motivate this discussion, 
though, let us first look at some experimental results to il­
lustrate some trends we see in studying the effects of run­
time coordination in the context of organizational structures. 

To keep things simple, the experiments we outline here 
are based on two organizations. One is a simple variation of 
Figures 1 and 2, where instead the organization was given 
N=36 tasks, and each "leaf' agent did 4 tasks (m=4). Thus, 
there were still 13 roles (r= 13), with a branching factor k= 
3. The other organization has a branching factor k=2 and 
each "leaf' does m=9 of the 36 tasks so there are r=7 roles. 
In all cases, we assume y= 1. 

In these experiments, we vary four parameters: the or­
ganization (as captured by the number of roles r), the or­
ganization's role overlap (o), the agent failure probability 
(j), and the coordination strategy (s) of the agents. The role 
overlap ranges from 0 to 2, the failure probability ranges 
from 0 up to 0.7, and the coordination strategy is one of four 
values: RR, LTR, BOTH, or NONE. (When there is no 
overlap, ALL are the same.) To gather the data, we ran each 
experiment that involved randomization at least I 00 times. 
The results are summarized in Table I. We have also ex­
perimented with many other organization structures, and the 
trends we emphasize in this paper appear to generalize. 

6.1 Organization Structure 
To begin with, the designer of an organization within the 
limited class we are considering can choose an organization 
size based on the branching factor and task sizes at the 
leaves. Not unexpectedly, an organization of 13 agents can 
solve the problem faster than an organization of 7 agents, so 
long as all agents are available. Our experiments show, 

Table 1 

r 0 f=() f=.l f=.2 f=.3 f=.4 f=.5 

ALL 13 0 14 176 4391 10" 

NONE 13 I 20.2 26.2 44.5 120 534 3950 

LTR 13 I 14 21.6 40.9 117 532 3948 

RR 13 I 20.2 20.5 21.3 23.7 32.3 74.7 

BOTH 13 I 14 15.6 17.1 20.3 29.6 72.5 

NONE 13 2 25.3 33.7 45.5 65.2 104 198 

LTR 13 2 15 24.4 37.6 58.6 98.6 194 

RR 13 2 25.3 26.0 26.7 27.7 29.4 32.2 

BOTH 13 2 15 16.2 17.9 19.9 22.6 26.6 

ALL 9 0 17 55.8 323 2317 105 10° 

NONE 9 I 28.6 37.7 52.7 82.9 156 369 

LTR 9 I 17 29.1 46.2 77.9 152 366 

RR 9 I 28.6 30.1 32.2 35.4 41.3 54.4 

BOTH 9 I 17 21.2 25.0 29.5 36.6 50.9 
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however, that a smaller organization is inherently more ro­
bust, because the chances of any agent failing are smaller 
(Figure 6, o=O cases). A simple change to the organization 
structure of introducing redundancy (o greater than 0) can 
compensate at lower failure rates, and larger values of o 
postpones organizational failures to higher values of J, but at 
a cost of being less efficient at lower f values (Figure 6). 
This figure shows that at high/, a 13-role organization with 
o=2 is best (this can still succeed even losing 10 of 13 
agents), but is inferior to the same organization with o=1 at 
low values of f. The 7-role organization with o=I is better 
than the 13-role organization with o= 1 at high f, needing 
only 3 of 7 working~gents compared to 7 of 13. 

Organization Comparison: r·o·s . 

0.1 0.2 0.3 o.• 
•gent f•llure prob f 

Figure 6 

6.2 Runtime Coordination 

Introducing redundancy illustrates a trend that we have rec­
ognized in all our other experiments, and that has intuitive 
appeal. Under low failure rates, what drags down response 
time is poor task selection, leading to duplication of effort 
on some tasks and delays in attending to others. Low failure 
rates mean that the redundant assignment seldom is needed, 
so the inefficiencies are incurred without the benefits unless 
an LTR strategy is employed For r= 13 and o=2 (Figure 7), 
LTR can cut response time by about 40%. As failure rates 
increase, two things happen. First, there is less redundant 
activity because fewer agents with redundant tasks are ac­
tive. Second, the dominant influence on response time is 
the repeated retrying of the problem. Thus, LTR has de­
creasing impact, while RR's effect becomes more pro­
nounced (Figure 7) since, even for configurations for which 
the number of failed agents is high, there is often a very 
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small number of configurations with the same number of 
failed agents where the organization can succeed. While the 
chances of randomly being in such configurations are small, 
the RR strategy allows these to be found and exploited. 

6.3 Runtime Coordination and Role Overlap 
Another important observation is that the coordination 
strategies are less effective as the role overlap decreases. 
That is, when the role overlap approaches 0 (no redundant 
task assignments), there is less opportunity for duplication 
of effort. The distribution for a single configuration (Figure 
3) approaches a single spike, and the number of successful 
configurations (Figure 4) approaches the single "no failure" 
configuration, so LTR is less useful. In our data L TR re­
duces runtime by about 40% with o=2 (for r= 13),' but only 
reduces runtime by about 30% with o= I, and of course has 
no effect at all for o=O. And, with smaller overlap, toler­
ance of any failure is reduced, so RR has no alternative con­
figuration to move to. Thus, the efficacy of the coordination 
strategies not only varies with environmental factors like 
failure rate, but also the efficacy varies because strategies 
can o~ly ~oordinate within the boundaries specified by the 
o~gamzatwnal structure. Structures that give less opportu­
mty for agents to adapt to runtime conditions are less af­
fected by runtime coordination mechanisms. 

6,4 Runtime Coordination Costs 
Of course, all of the preceding considered the potential ad­
vantages of runtime coordination without considering its 
costs. When there are no potential advantages, we can 
avoid introducing runtime coordination mechanisms that 
would not help even if they were overhead free. 

More generally, when we accept that runtime coordina­
tion requires time (and other resources) that is taken away 
from performing tasks, then we need to trade off the costs 
and benefits of the runtime mechanisms. A thorough explo­
rati~n of the costs is ?ne of our future tasks. Here, we give 
a bnef flavor of the kinds of results we are working toward. 

A challenge in comparing coordination mechanisms is 
that the quality (or lack thereof) of implementation can ob­
scure design comparisons. We sidestep this by introducing 
parametric models of coordination mechanisms, based on 
the parameters we have already described, such that we can 
assess performance under different assumptions about 
mechanism efficiency. For example, we might consider the 
cost of L TR at any given time to be dependent on the size of 
the space of possible collective orderings, which can be ap­
proximated by: (m(o+ I ))a , where a is the number of active 
agents in the organization. Note as more agents fail, the 
cost of LTR decreases dramatically (along with effective 
role overlap). The cost of RR might simply be based on 
periodic communication between all of the active agents. 
One simplistic model of coordination cost, therefore, is that 
it adds to the runtime a factor proportional to the actual run­
time (assuming longer runs need more coordination): 

~RT ~ [a.*(m(o+l)Y +~*a2 
] * RT 

Comparisons Including Coordination 
Costs 
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where a. and ~ are constants capturing in a gross form the 
qu~lity of the coordination algorithm design and implemen­
tatiOn. a. and ~ are typically small relative to task execution 
time, and for purposes of illustration we will assume asses­
ing a single collective ordering is very fast (a.=I0-10

) and 
selecting the right configuration is somewhat fast (~=I Q-4) 
compared to the application tasks. For the 7 and 13 role 
organizations, approximating a as (1-j)r, the comparison 
between using both or neither of the coordination strategies 
is shown in Figure 8. This illustrates that, for the given pa­
rameters, coordination overhead in the smaller (7-role) or­
ganization is cost-effective throughout. In the larger 13-role 
organization, the combinatoric costs swamp the benefits of 
runtime coordination until higher values off, where the 
benefits are more substantial and the costs have decreased in 
this simple model because fewer "live" agents remain to 
coordinate. Note that for the 13-role case there is an inter­
val for which less overlap is better than more, because more 
overlap increases coordination costs as well. 

We should again emphasize that this example is simplis­
tic and is intended to be only suggestive, rather than pre­
script~ve ._ The combinatorics we have outlined for larger 
orgamzat1ons have been addressed numerous ways in more 
practical coordination mechanisms, including reducing the 
frequency of coordination, coordinating agents in smaller 
local groups, and searching less of the collective task­
ordering space (such as by using hill-climbing) [Durfee and 
Lesser, 1991]. These relaxations can lead to suboptimal 
coordination; using the model we have presented here, our 
research can work toward prescriptions about what relaxa­
tions make sense given the costs and the potential benefits 
for runtime coordination within an organization. 
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7 Designing Agents and Organizations 

In this paper, we have taken initial steps toward character­
izing how statically-defined organizational roles and rela­
tionships affect the potential utility of making runtime coor­
dination decisions about what roles agents should fill and 
which of the tasks associated with a role each agent should 
perform next. From the agent-design perspective, our work 
emphasizes that building agents that are better at coordinat­
ing only makes sense in organizational structures that pro­
vide agents with sufficient latitude to exploit these capabili­
ties . Agile organizations that are built to be robust under 
changing environmental conditions (such as when organiza­
tion members fail to deliver) provide more opportunities for 
coordination mechanisms. Organizations that have evolved 
for stable conditions, however, might benefit little from 
better coordination mechanisms. In human terms, putting 
coordination technology on an assembly line would not be 
expected to help much, given our studies. Improving agent 
coordination capabilities should be considered in the context 
of the organization, whether agents. are computational or 
human. 

From the organization-design perspective, this tells us 
that we might well design organizations differently de­
pending on the coordination abilities of the participants in 
the organization. Better responsiveness and reliability can 
both be attained with appropriate coordination mechanisms. 
But agents with such mechanisms should be organized dif­
ferently for different environments, as we saw in Figure 8, 
where different organizational structures were better over 
different failure probability ranges. And, of course, if all we 
have are simpler agents, then we should tailor the organiza­
tion to not depend on runtime coordination! 

Most of our observations have been based on identifying 
potential for improvement. By looking at how runtime co­
ordination might affect performance in the "best" case, we 
can validate beforehand whether there is sufficient opportu­
nity to make investment in implementing coordination 
mechanisms for an application, and what class of coordina­
tion mechanisms (such as reconfiguration, or reordering, or 
both) hold the most promise. But we have also acknowl­
edged that coordination comes at a cost, so that even when 
there are potential benefits from coordination, it might well 
be the case that the costs of the runtime mechanisms out­
weigh their benefits. To advance the design of multi-agent 
systems from an "art" into an engineering discipline, there­
fore, will require a careful articulation of the various design 
parameters for organizations and agents, and their impact on 
the performance measures [Carley and Prietula, 1994]. In 
this paper, we have taken steps in this direction so that we 
can begin to make recommendations for the restricted set of 
organizations outlined here, organizations for multiagent 
systems that have already been shown to be useful in mul­
tiagent applications including distributed sensor interpreta­
tion [Durfee and Lesser, 1991] and distributed network 
monitoring [So and Durfee, 1992]. 
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