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Motivation
What do we want to do?
To organize agents and address the following issues:

The number of agents needed to solve the problem 
Allocation of subtasks and resources to the agents 
Coordination of inter-agent activities

So what's the problem?
There is no best way of organizing and all ways of organizing are not 
equally effective:

The optimal organizational structure depends on the underlying prob-
lem being solved and the environmental conditions.

Environmental conditions or problem structure may change.
Precludes the use of a static (compile-time) organization.

All problem instances and environmental conditions are not unique.
Precludes the use of a new, bespoke organizational structure for 
every problem instance.

Our Answer:
We propose a dynamic run-time approach to organization based on 
Organizational-Self Design (OSD) 

Our Contributions:
Extend existing OSD work (2) to use TÆMS as its underlying problem 
representation, which allows us to:

Perform quantitative reasoning over the task structure 
Represent cost/quality tradeoffs
Soft relationships like facilitates and hinders

Incorporate coordination mechanisms into OSD

Basic Premise
Problem solving requests arrive continuously at varying rates and with 
varying deadlines

Approach
Start off with an initial organization

consisting of a single agent, solely responsible for all activities
Each agent in the organization checks to see if:

It is overloaded:
It spawns off a new agent to handle part of its load

It is free (underloaded):
It combines with another agent to save resources

Problem Representation

Task A

Task B Task C

Task D
Method 2
Outcome: 1
Probability: 1.0
Quality: 10
Cost: 5
Duration: 17

Method 3
Outcome: 1
Probability: 1.0
Quality: 12
Cost: 7
Duration: 12

Enables

MAX

SUM SEQ_SUM

Method 5
Outcome: 1
Probability: 0.7
Quality: 10
Cost: 5
Duration: 20

Outcome: 2
Probability: 0.3
Quality: 3
Cost: 7
Duration: 30

Method 6
Outcome: 1
Probability: 1.0
Quality: 12
Cost: 7
Duration: 7

Method 4
Outcome: 1
Probability: 0.5
Quality: 3
Cost: 4
Duration: 2

Outcome: 2
Probability: 0.5
Quality: 12
Cost: 10
Duration: 3

Method 1
Outcome: 1
Probability: 1.0
Quality: 6
Cost: 7
Duration: 32

Facilitates
MIN

Problem are represented 
using TÆMS, an extended 
hierarchical task network

Root node represents high-

level goal that the agent is 

trying to achieve

Goals are divided 

into subtasks and/

or methods

Leaf nodes represent executable 

methods: primitive actions that 

the agents can perform

Methods may have multiple outcomes 

with different probabilities and 

characteristics (quality, cost and duration)

Inter-agent relationships 

(enables, disables, etc):

(1) provide ordering constraints

(2) describe quantitative effects 

of one task on another 

Characteristic 

Accumulation Functions 

(CAFs) specify how 

characteristics of a task 

are computed from the 

characteristics of its 

subtasks 

 

Organizational Structure: Roles and Relationships
Organizations are characterized by an organizational structure, which

consist of roles and relationships between the roles
is contingent on the TÆMS task structure

A role  is defined as a TÆMS subtree rooted at a particular node
By definition, a role may consist of one or more sub-roles
A role may be enacted by one or more agents and one or more roles may be enacted by 
every agent

Relationships constrain the communication between the agents

Organization Formation/Adaptation Process
Start

Is the agent 

overloaded?

Is the agent 

underloaded?

Choose a local task (role), Tb to 

breakup. Let Tb1,...,Tbm be the 

direct descendent roles of Tb   

Select the no of agents, n, to be 

spawned

Allocate Tb1,...,Tbm amongst the 

n newly spawned agents (and 

itself).

Mark Tb, and all its ascendent 

roles as "managed"

Add all siblings of Tb to the list 

of local roles.

Find an agent to compose with. 

Let Ac be that agent.

Send a message to Ac 

requesting composition.

Send a message to the 

environment to create the n 

agents

Ac merges the local roles of the 

composing agent with its own

Ac converts managed roles to 

local roles, if as a result of the 

merge, all the direct 

descendants of a managed 

roles are now local End

YES

NO

YES

No Spawning or 

Composition is 

needed

NO

Agent Spawning

Agent Composition

Organizational Invariants
(hold before and after any organizational 

change)

1. All the descendent nodes of 

a local role will be local

2. All the ascendent nodes of a 

managed role wil l be 

managed

3. If two local roles that are 

enacted by two different agents 

share a common ancestor, that 

ancestor will be a managed 

role.

4. If all the direct descendants 

of a role are local that role will 

be a local role.

Similar to the SUBSET-SUM.

Divide the tasks amongst the 

agents such that:

1. All agents have roughly 

equal amounts of work to do

2. There are few coordination 

relationships between the 

agents

Either (1) the agent with the 

least load or (2) the original 

agent that was decomposed

See Organization  

Decision Process below

Organization Decision Process
Probability of organizational change should be inversely 
proportional to time since last organizational change

We use simulated annealing to vary this probability.
p = 

to determine which of the subtasks to execute. It then gen-
erates DO TASK messages for each of the selected subtasks.

Scheduler: The scheduler receives a SCHEDULE mes-
sage from the coordinator and simply adds the task to the
task queue. If the task queue was previously empty, it sends
a SCHEDULE NOT EMPTY message to the Kernel.

Kernel: As evident by its name, the kernel forms the
core of the agent. It gets called every time the agent finishes
executing an executable method. The kernel first checks to
see if the agent can complete all the tasks on the task queue
by their respective deadlines. If yes, the kernel dequeues
the task with the closest deadline from the task queue and
calls the local-scheduler to determine which of the subtasks
of the task to execute. The selected subtasks are then added
to the task queue. This process is repeated recursively until
the next task dequeued from the task queue is an executable
method. This method is then sent to the environment for
execution in an EXECUTE message. However, if at any
time the kernel determines that the tasks on the task queue
are not satisfiable, it sends a BREAKUP message to the
Agent Spawner.

Agent Spawner: The agent spawner is responsible for
spawning off one or more new agents. It uses the agent’s or-
ganizational knowledge to come up with local roles that can
be delegated to the new agents. It, then, updates the organi-
zational knowledge and send a CREATE AGENT message
to the environment.

Result Aggregator: The result aggregator is responsi-
ble for determining the execution characteristics of a task
from the execution characteristics of its subtasks. For ex-
ample, if two out of the three subtasks of a task with a
OR CAF are executed, the quality of the task will be the
maximum of the qualities of the two subtasks. The result
aggregator sends a TASK RESULT message once it has suf-
ficient knowledge for computing the characteristics of the
task.

Combination Decider: The combination decider gets
called when the agent has remained idle for a given num-
ber of cycles. It uses simulated annealing to determine if
the agent should be combined with another agent. If it de-
cides in the affirmative, it sends a COMBINE message to
the composed agent.

Combiner: This module performs the actual agent com-
position and is called in response to a COMBINE mes-
sage from the composer agent. It merges the organizational
knowledge of the composer agent with its own organizational
knowledge, effectively merging the two agents.

4.4 Reasons for Organizational Change
To see how organizational change occurs, first note that

there is a direct contention between organizational change
and organizational stability. Ideally we want a stable organi-
zational structure that is suited to the task and environmen-
tal conditions at hand. This is because any change in the or-
ganizational structure is expensive – it requires clock cycles,
the allocation/deallocation of resources, a reassignment of
tasks amongst the agents participating in the organizational
change and the sending of messages to the environment or
to other agents (which would utilize network bandwidth in
the process). Hence, we wish to change the organizational
structure only if absolutely necessary. Also, once the agents
have come up with a stable organizational structure, any or-
ganizational change will always brought about by changes in

the environmental conditions. For example, the task arrival
rate might change or the time available to complete a task
might change that would lead to a change in the number of
outstanding tasks in the agents, which in turn, would lead
to the agents being either overloaded or underloaded. How-
ever, before making an organizational change, the agents
might wish to determine if the change is temporary or long-
term. Hence, we want the probability of an organizational
change to be inversely proportional to the time since the
last organizational change. If this time is relatively short,
the agents are still adjusting to the changes in the envi-
ronment - hence the probability of an agent initiating an
organizational change should be high. Similarly, if the time
since the last organizational change is relatively large, we
wish to have a low probability of organizational change.

To allow this variation in probability of organizational
change, we use simulated annealing to determine the prob-
ability of keeping an existing organizational structure. This
probability is calculated using the annealing formula: p =

e−
∆E
kT where ∆E is the “amount” of overload/underload,

T is the time since the last organizational change and k is
a constant. The mechanism of computing ∆E is different
for agent spawning than for agent composition and is de-
scribed below. From this formula, if T is large, p, or the
probability of keeping the existing organizational structure
is large. The probability of organizational change, q, can be
calculated using the formula, q = 1− p.

Agent spawning only occurs when the agent doing the
spawning is too overloaded and cannot complete all the tasks
in its task queue by the given deadlines of the tasks. To de-
termine if agent spawning is necessary, our agents use three
pieces of meta-information about the tasks being attempted
— the min time or the absolute minimum time that agent
must have in order to have a non-zero probability of com-
pleting the task, the expt time or the expected time needed
to complete the task and the g min time or the minimum
time needed to guarantee task completion in the absence of
failures (i.e. the time needed to have a probability of 1 of
completing the task). To understand the difference between
the three, consider an executable method that has two out-
comes, the first of which takes a minimum of 3 cycles and
a maximum of 5 cycles to execute and the second of which
takes a minimum of 5 and a maximum of 7 cycles to exe-
cute. Now, the agent needs at least three cycles to have a
non-zero probability of completing this executable method,
which would be the case if the executable method had the
first outcome and took only 3 cycles to achieve it. Hence
the min time is 3. Also, the agent needs at least 7 cycles
to guarantee task completion — hence the g min time is
7. The expt time would be the amount of time it takes to
complete the method on average and would depend on the
probability of the two outcomes. The meta-information of
a higher-level node would depend on the meta-information
of its subtasks and the characteristic accumulation function
(CAF). For example, if a node has an OR CAF, the min
and the g min times are the minimums of the min and the
g min times of all the subtasks of that node.

Now to compute if agent spawning is necessary, the agent
first sorts the tasks in the task queue by their deadlines.
The agent then iterates through the task queue in the or-
der of the task deadlines and computes the sums of the all
the three items of meta-information. If the sum of the min
times and the current time is greater than the deadline of

, where 
p = probability of keeping an existing 
organizational structure
T = time since the last organizational change

to determine which of the subtasks to execute. It then gen-
erates DO TASK messages for each of the selected subtasks.

Scheduler: The scheduler receives a SCHEDULE mes-
sage from the coordinator and simply adds the task to the
task queue. If the task queue was previously empty, it sends
a SCHEDULE NOT EMPTY message to the Kernel.

Kernel: As evident by its name, the kernel forms the
core of the agent. It gets called every time the agent finishes
executing an executable method. The kernel first checks to
see if the agent can complete all the tasks on the task queue
by their respective deadlines. If yes, the kernel dequeues
the task with the closest deadline from the task queue and
calls the local-scheduler to determine which of the subtasks
of the task to execute. The selected subtasks are then added
to the task queue. This process is repeated recursively until
the next task dequeued from the task queue is an executable
method. This method is then sent to the environment for
execution in an EXECUTE message. However, if at any
time the kernel determines that the tasks on the task queue
are not satisfiable, it sends a BREAKUP message to the
Agent Spawner.

Agent Spawner: The agent spawner is responsible for
spawning off one or more new agents. It uses the agent’s or-
ganizational knowledge to come up with local roles that can
be delegated to the new agents. It, then, updates the organi-
zational knowledge and send a CREATE AGENT message
to the environment.

Result Aggregator: The result aggregator is responsi-
ble for determining the execution characteristics of a task
from the execution characteristics of its subtasks. For ex-
ample, if two out of the three subtasks of a task with a
OR CAF are executed, the quality of the task will be the
maximum of the qualities of the two subtasks. The result
aggregator sends a TASK RESULT message once it has suf-
ficient knowledge for computing the characteristics of the
task.

Combination Decider: The combination decider gets
called when the agent has remained idle for a given num-
ber of cycles. It uses simulated annealing to determine if
the agent should be combined with another agent. If it de-
cides in the affirmative, it sends a COMBINE message to
the composed agent.

Combiner: This module performs the actual agent com-
position and is called in response to a COMBINE mes-
sage from the composer agent. It merges the organizational
knowledge of the composer agent with its own organizational
knowledge, effectively merging the two agents.

4.4 Reasons for Organizational Change
To see how organizational change occurs, first note that

there is a direct contention between organizational change
and organizational stability. Ideally we want a stable organi-
zational structure that is suited to the task and environmen-
tal conditions at hand. This is because any change in the or-
ganizational structure is expensive – it requires clock cycles,
the allocation/deallocation of resources, a reassignment of
tasks amongst the agents participating in the organizational
change and the sending of messages to the environment or
to other agents (which would utilize network bandwidth in
the process). Hence, we wish to change the organizational
structure only if absolutely necessary. Also, once the agents
have come up with a stable organizational structure, any or-
ganizational change will always brought about by changes in

the environmental conditions. For example, the task arrival
rate might change or the time available to complete a task
might change that would lead to a change in the number of
outstanding tasks in the agents, which in turn, would lead
to the agents being either overloaded or underloaded. How-
ever, before making an organizational change, the agents
might wish to determine if the change is temporary or long-
term. Hence, we want the probability of an organizational
change to be inversely proportional to the time since the
last organizational change. If this time is relatively short,
the agents are still adjusting to the changes in the envi-
ronment - hence the probability of an agent initiating an
organizational change should be high. Similarly, if the time
since the last organizational change is relatively large, we
wish to have a low probability of organizational change.

To allow this variation in probability of organizational
change, we use simulated annealing to determine the prob-
ability of keeping an existing organizational structure. This
probability is calculated using the annealing formula: p =

e−
∆E
kT where ∆E is the “amount” of overload/underload,

T is the time since the last organizational change and k is
a constant. The mechanism of computing ∆E is different
for agent spawning than for agent composition and is de-
scribed below. From this formula, if T is large, p, or the
probability of keeping the existing organizational structure
is large. The probability of organizational change, q, can be
calculated using the formula, q = 1− p.

Agent spawning only occurs when the agent doing the
spawning is too overloaded and cannot complete all the tasks
in its task queue by the given deadlines of the tasks. To de-
termine if agent spawning is necessary, our agents use three
pieces of meta-information about the tasks being attempted
— the min time or the absolute minimum time that agent
must have in order to have a non-zero probability of com-
pleting the task, the expt time or the expected time needed
to complete the task and the g min time or the minimum
time needed to guarantee task completion in the absence of
failures (i.e. the time needed to have a probability of 1 of
completing the task). To understand the difference between
the three, consider an executable method that has two out-
comes, the first of which takes a minimum of 3 cycles and
a maximum of 5 cycles to execute and the second of which
takes a minimum of 5 and a maximum of 7 cycles to exe-
cute. Now, the agent needs at least three cycles to have a
non-zero probability of completing this executable method,
which would be the case if the executable method had the
first outcome and took only 3 cycles to achieve it. Hence
the min time is 3. Also, the agent needs at least 7 cycles
to guarantee task completion — hence the g min time is
7. The expt time would be the amount of time it takes to
complete the method on average and would depend on the
probability of the two outcomes. The meta-information of
a higher-level node would depend on the meta-information
of its subtasks and the characteristic accumulation function
(CAF). For example, if a node has an OR CAF, the min
and the g min times are the minimums of the min and the
g min times of all the subtasks of that node.

Now to compute if agent spawning is necessary, the agent
first sorts the tasks in the task queue by their deadlines.
The agent then iterates through the task queue in the or-
der of the task deadlines and computes the sums of the all
the three items of meta-information. If the sum of the min
times and the current time is greater than the deadline of

= amount of overload/underload
p is capped at pthreshold to prevent the agents from 
being unresponsive to environmental change

Computation of 

to determine which of the subtasks to execute. It then gen-
erates DO TASK messages for each of the selected subtasks.

Scheduler: The scheduler receives a SCHEDULE mes-
sage from the coordinator and simply adds the task to the
task queue. If the task queue was previously empty, it sends
a SCHEDULE NOT EMPTY message to the Kernel.

Kernel: As evident by its name, the kernel forms the
core of the agent. It gets called every time the agent finishes
executing an executable method. The kernel first checks to
see if the agent can complete all the tasks on the task queue
by their respective deadlines. If yes, the kernel dequeues
the task with the closest deadline from the task queue and
calls the local-scheduler to determine which of the subtasks
of the task to execute. The selected subtasks are then added
to the task queue. This process is repeated recursively until
the next task dequeued from the task queue is an executable
method. This method is then sent to the environment for
execution in an EXECUTE message. However, if at any
time the kernel determines that the tasks on the task queue
are not satisfiable, it sends a BREAKUP message to the
Agent Spawner.

Agent Spawner: The agent spawner is responsible for
spawning off one or more new agents. It uses the agent’s or-
ganizational knowledge to come up with local roles that can
be delegated to the new agents. It, then, updates the organi-
zational knowledge and send a CREATE AGENT message
to the environment.

Result Aggregator: The result aggregator is responsi-
ble for determining the execution characteristics of a task
from the execution characteristics of its subtasks. For ex-
ample, if two out of the three subtasks of a task with a
OR CAF are executed, the quality of the task will be the
maximum of the qualities of the two subtasks. The result
aggregator sends a TASK RESULT message once it has suf-
ficient knowledge for computing the characteristics of the
task.

Combination Decider: The combination decider gets
called when the agent has remained idle for a given num-
ber of cycles. It uses simulated annealing to determine if
the agent should be combined with another agent. If it de-
cides in the affirmative, it sends a COMBINE message to
the composed agent.

Combiner: This module performs the actual agent com-
position and is called in response to a COMBINE mes-
sage from the composer agent. It merges the organizational
knowledge of the composer agent with its own organizational
knowledge, effectively merging the two agents.

4.4 Reasons for Organizational Change
To see how organizational change occurs, first note that

there is a direct contention between organizational change
and organizational stability. Ideally we want a stable organi-
zational structure that is suited to the task and environmen-
tal conditions at hand. This is because any change in the or-
ganizational structure is expensive – it requires clock cycles,
the allocation/deallocation of resources, a reassignment of
tasks amongst the agents participating in the organizational
change and the sending of messages to the environment or
to other agents (which would utilize network bandwidth in
the process). Hence, we wish to change the organizational
structure only if absolutely necessary. Also, once the agents
have come up with a stable organizational structure, any or-
ganizational change will always brought about by changes in

the environmental conditions. For example, the task arrival
rate might change or the time available to complete a task
might change that would lead to a change in the number of
outstanding tasks in the agents, which in turn, would lead
to the agents being either overloaded or underloaded. How-
ever, before making an organizational change, the agents
might wish to determine if the change is temporary or long-
term. Hence, we want the probability of an organizational
change to be inversely proportional to the time since the
last organizational change. If this time is relatively short,
the agents are still adjusting to the changes in the envi-
ronment - hence the probability of an agent initiating an
organizational change should be high. Similarly, if the time
since the last organizational change is relatively large, we
wish to have a low probability of organizational change.

To allow this variation in probability of organizational
change, we use simulated annealing to determine the prob-
ability of keeping an existing organizational structure. This
probability is calculated using the annealing formula: p =

e−
∆E
kT where ∆E is the “amount” of overload/underload,

T is the time since the last organizational change and k is
a constant. The mechanism of computing ∆E is different
for agent spawning than for agent composition and is de-
scribed below. From this formula, if T is large, p, or the
probability of keeping the existing organizational structure
is large. The probability of organizational change, q, can be
calculated using the formula, q = 1− p.

Agent spawning only occurs when the agent doing the
spawning is too overloaded and cannot complete all the tasks
in its task queue by the given deadlines of the tasks. To de-
termine if agent spawning is necessary, our agents use three
pieces of meta-information about the tasks being attempted
— the min time or the absolute minimum time that agent
must have in order to have a non-zero probability of com-
pleting the task, the expt time or the expected time needed
to complete the task and the g min time or the minimum
time needed to guarantee task completion in the absence of
failures (i.e. the time needed to have a probability of 1 of
completing the task). To understand the difference between
the three, consider an executable method that has two out-
comes, the first of which takes a minimum of 3 cycles and
a maximum of 5 cycles to execute and the second of which
takes a minimum of 5 and a maximum of 7 cycles to exe-
cute. Now, the agent needs at least three cycles to have a
non-zero probability of completing this executable method,
which would be the case if the executable method had the
first outcome and took only 3 cycles to achieve it. Hence
the min time is 3. Also, the agent needs at least 7 cycles
to guarantee task completion — hence the g min time is
7. The expt time would be the amount of time it takes to
complete the method on average and would depend on the
probability of the two outcomes. The meta-information of
a higher-level node would depend on the meta-information
of its subtasks and the characteristic accumulation function
(CAF). For example, if a node has an OR CAF, the min
and the g min times are the minimums of the min and the
g min times of all the subtasks of that node.

Now to compute if agent spawning is necessary, the agent
first sorts the tasks in the task queue by their deadlines.
The agent then iterates through the task queue in the or-
der of the task deadlines and computes the sums of the all
the three items of meta-information. If the sum of the min
times and the current time is greater than the deadline of

:
Agent Spawning

Sort the outstanding tasks by their deadlines
Iterate over the sorted tasks and compute:
• min = 
 absolute minimum time needed to have a non-

zero probability of task completion 
• expt = 
 expected time needed to complete the task
• g_min =
 minimum time needed to guarantee task 

completion in the absence of failures 
• if sum(min) > Deadline

 p = 0, breakup the agent immediately
else
∆E = 1

α(Deadline−Current T ime−
∑

expt)+(1−α)(
∑

g min−
∑

min)]

1

Agent Composition
If the agent, is idle, compute p using the simu-
lated annealing equation with 

the current task, the agent needs to spawn off a new agent
as there is no way by which it can complete the current
task before its deadline. Similarly, if the sum of the g min
times is less than the deadline, the agent has some proba-
bility of failing the tasks. In this case, the agent spawns off
a new agent with a certain probability that depends (1) the
amount of slack available for task completion and (2) the
simulated annealing equation, presented above. In particu-
lar, ∆E = 1/[α∗(Deadline−Current T ime−

P
expt)+(1−

α) ∗ (
P

g min−
P

min)] Since, agent spawning is triggered
by an indication that the agents might fail on the tasks in
the task queue as opposed to actual failure on a task, the
agents can be thought to have a proactive approach to or-
ganizational design.

Agent composition, on the other hand, is exactly orthog-
onal to agent spawning as agent composition only occurs
when the agents are underloaded. In such a situation, some
of the agents will be sitting idle waiting for tasks to ar-
rive. These idle agents will either be utilizing resources while
waiting, or more likely, will have resources allocated to them
that could be used elsewhere in the system. An example of
the former case is when agents are using CPU cycles while
waiting (busy waiting). An example of the latter case is
when agents have been allocated network bandwidth that
is lying unused while the agents are sitting idle. In either
case, there is an inefficiency in the allocation and use of re-
sources. In such cases, it makes sense to combine some of the
free agents with other agents thus freeing unused resources.3

To calculate if agent composition is necessary, we again
use the simulated annealing equation. However, in this
case, ∆E is computed differently and is proportional to the
amount of time for which the agent was idle. In particular,
∆E = β ∗ Idle T ime, where β is a constant and Idle T ime
is the amount of time for which the agent was idle. If the
agent has been sitting idle for a long period of time, ∆E is
large, which implies that p, the probability of keeping the
existing organizational structure, is low. Since agent compo-
sition only occurs after the agent is already idle (and hence
already wasting resources), the agents can also be thought
to have a reactive approach to organizational design.

Hence, organizational design in our agents is both proac-
tive (in the case of agent spawning) and reactive (in the case
of agent composition). This combination of proactive and
reactive behavior gives our agents the ability to complete as
many tasks as possible, as the agents react fast to bad news
(inability to complete the outstanding tasks) and slowly to
good news (the agents being underloaded).

5. EVALUATION
To evaluate our approach, we ran a series of experiments

that simulated the operation of both the OSD agents and the
Contract Net agents on various task structures with varied
arrival rates and deadlines. Each experiment was carefully
controlled by specifying a set of parameters in a configura-
tion file given to the simulator at startup. The parameters
that could be varied include the task structure depth, the

3Another reason for combining agents might be to reduce
the coordination overhead associated with the communica-
tion delay between the agents. If the communication time
is greater than the time saved due to the greater parallelism
between the tasks (as a result of having multiple agents),
it makes sense to combine some of the agents. We plan to
incorporate such delays in our future work.

branching factor of each node of the task structure, the task
arrival rate and deadline of each task. At the start of each
experiment, a random TÆMS task structure was generated
with the specified depth and branching factor. During the
course of the experiment, a series of task instances arrive
at the organization and must be completed by the agents
before their specified deadlines.

To directly compare the OSD approach with the Contract
Net approach, each experiment was repeated several times.
The first time the experiment was run, OSD agents were
used to process the problem solving requests. On each sub-
sequent trial, a different number of Contract Net agents were
used as it is our hypothesis that the performance of an orga-
nization on a set of problem solving requests is directly de-
pendent on the number of agents available to processs these
requests. The OSD approach automatically generates the
required number of agents. However, the required number
of Contract Net agents must be specified at startup time.
We were careful to use the same task structure, task arrival
times, task deadlines and random numbers for each of these
trials.

To ensure that the differences in the results were due to
differences in the organizational approach and not due to
differences in the internal architecture of the agents, we used
the exact same local and non-local schedulers in both the
types of agents. In particular, the mechanism used to select
amongst the multiple bids in the contract net agents was the
same as the mechanism used by the manager agents to select
amongst the subtasks of a task in the OSD agents. The
exact details are beyond the scope of this paper. However,
it is sufficient to say that given the exact same task and
environmental conditions, both the Contract Net agents and
the OSD agents will select the same subtasks to execute.

We divided the experiments into two groups: experiments
in which the environment was static and experiments in
which the environment was dynamic. The experiments with
a static environment have a fixed task arrival rate and a fixed
time window within which the tasks must be completed and
are designed to prove that our OSD agents perform as well
as, if not better than, the Contract Net agents under static
environmental condition. The second group of experiments
were designed to test the performance of our OSD agents
under dynamic environments with varying task arrival rates
and deadlines, in which the arrival rates and controlled were
controlled in some predetermined way.

The two graphs in Figure 3, show the average performance
of the OSD organization against the Contract Net organi-
zations with 8, 10, 12 and 14 agents. The results shown are
the averages of running 40 experiments. 20 of those exper-
iments had a static environment with a fixed task arrival
time of 15 cycles and a deadline window of 20 cycles. The
remaining 20 experiments had a varying task arrival rate -
the task arrival rate was changed from 15 cycles to 30 cycles
and back to 15 cycles after every 20 tasks. In all the exper-
iments, the task structures were randomly generated with a
maximum depth of 4 and a maximum branching factor of 3.
The runtime of all the experiments was 2500 cycles.

Graphs 4, 5, 6 and 7 show the variation in the various
measured characteristics over time for a randomly chosen
experiment with a static environment.4 We tested several

4Due to space constraints, we do not show the results for
an experiment with a dynamic environment. However, the
results were similar.
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 Evaluation
Experimental Setup

Compared to the Contract Net Protocol (CNP)
Ran 40 Experiments

each experiment was repeated 5 times
our OSD approach was used the first time
the CNP approach, with 8, 10, 12 and 14 
agents, was used in the 4 subsequent runs

20 experiments had a static environment
Fixed task arrival rate every 15 cycles
Fixed deadline of 20 cycles

20 experiments had a dynamic environment
Arrival rate changed from 15 to 30 cycles 
and back to 15 cycles after every 20 tasks
Deadline of 20 cycles

Random task structure was generated for 
each experiment

Hypothesis Tested

Hypotheses
Tested using Wilcoxon Matched-Pair Signed-Rank Tests

Static 
Environments

Dynamic 
Environments

The OSD organizations require fewer agents to 
complete an equal or larger number of tasks when 
compared to the Contract Net organizations
Null Hypothesis: The CN agents complete more tasks than the OSD 
agents REJECTED

p < 0.0003 p < 0.03

The OSD organizations achieve an equal or greater 
average quality than the Contract Net organizations
Null Hypothesis: The CN agents achieve greater quality REJECTED

p < 0.01 p < 0.05 

The OSD agents have a lower average response 
time as compared to the Contract Net agents
Null Hypothesis: The OSD agents have the same or greater response 
time compared to the CN agents REJECTED

p < 0.0002 p < 0.0004

The OSD agents send less messages than the Con-
tract Net Agents
Null Hypothesis: The OSD agents send the same or more messages 
than the CN agents REJECTED

p < 0.0003 p < 0.02

Performance Graphs

Average performance over all 
experiments

Performance results for a single experiment

Average quality Number of completed tasks Total messages sent Average response time
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Future Work
Investigate how changes in the task structure affect the organizational structure
Incorporate a larger set of non-local effects
Incorporate robustness into the organization

Formalize and evaluate alternative robustness schemes to determine the best one for OSD
Incorporate communication delays
Apply OSD to a real-world application
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