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Abstract. In this paper we will discuss tradeoffs
between trust and autonomy. We show that
benevolence play a central role in connecting these
two social notions. We will show empirical results
that illustrate the affinity between trust and
autonomy.
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1. Introduction

Whereas the sense of being trusted contributes to
an agent’s autonomy, the sense of trusting
contributes to an agent’s motivation to delegate.
In this paper we will compare agent
communities with differing benevolence among
them. Differing benevolence levels contribute to
different trends of trusting and trusted values,
which lead to decision to self-act versus to
delegate. When agents know one another, they
develop a balance of good will and help toward
one another. We model this in general in terms
of an attitude of benevolence among agents [9].
Agents might have general attitude of
benevolence towards other agents, but in this
paper we treat benevolence as a dyadic relation.
If an agent X has high benevolence towards
agent Y, when agent Y asks agent X for a task,
agent X is very willing to accept the request.
Furthermore, agents usually reciprocate with
benevolence, i.e., benevolence usually begets
more benevolence [11 and 12]. However,
benevolence is not necessarily symmetric. Agent
X’s benevolence towards agent Y is not

necessarily the same as agent Y’s benevolence
towards agent X. Benevolence does not subtract
an agent’s autonomy. On the contrary, it might
increase it. Since being benevolent contributes to
being trusted by others, which might lead to
being a delegee, i.e., being given many tasks. If
such an agent is highly competent as well, the
agent will accumulate successes. Combination
of increased competence and being trusted in
will contribute to agent’s sense of autonomy. On
the contrary, lack of benevolence toward other
agents will lead to lack of being trusted and that
leads to lack of autonomy. Benevolence might
be thought of as a good social norm to adopt.
Although in general, norm abiding does not
directly affect trust or autonomy. Norm adoption
affects an agent’s reputation, which may have
effects on trust.

There have been many studies of trust, which
have introduced many definitions of trust, e.g.,
[5, 3, 1, and 6]. We suggest that agent X’s trust
in agent Y about task T (we will denote by Trust
(X, Y, T)), is partly a function of agent’s X’s
perception of agent Y’s benevolence towards it
and partly a function of agent X’s perception of
agent Y’s capability toward task T. There are
many other accounts of interpersonal trust [8].
Our  conceptualization is  closest to
Castelfranchi’s where they base trust on
competence and willingness of trustee [2]. This
approach to conceptualizing trust lends itself to
formulating delegation between two individuals,
which requires trust between delegator and
delegee. Although we agree on the competence
component of trust, we feel that Castelfranchi’s
definition could apply to complete strangers and



does not take the interpersonal sense of trust we
are interested in. The “willingness” component
does not capture trustee’s attitude towards
trusted. Interpersonal trust is also a function of
familiarity and social ties. Social ties affect trust
temporally. Usually, trust levels accumulate and
diminish gradually unless there are radical
changes in benevolence. Another
conceptualization is that, trust is not a precursor
to delegation but one between collaborating
individuals who communicate. Trust is in the
degree of belief in validity of messages. In this
notion of trust, capability of trustee is not in
question but truth telling is.

Autonomy is a broad topic and touches on
many disciplines. For instance, in philosophy,
there are many theories about autonomy that
discuss freedom, self-control, and individualism
[10 and 4]. What is clear is that an agent must
have nontrivial cognitive abilities to reason
about its action and decisions to consider
autonomy as a property an agent owns. In this
paper, we consider personal autonomy, with
endogenous and exogenous sources, which an
agent uses to determine the nature of interaction
with other agents regarding a specific task [7].
The agent’s perceived degree of autonomy is
used in deciding to consider the task for self or
others. In this paper we will limit endogenous
sources to be the agent’s capability regarding the
task. The exogenous sources might be powers,
the agent perceives from other agents or
permissions it gets from others. We model the
permissions in terms of trust it perceives from
others agents.

In the remainder of this paper we will begin by
describing our model of trust and delegation. In
section three we present implemented simulation
we have used for our empirical results. In
section four, we will describe a series of
experiments that show effectiveness of
approach. In section five, we draw conclusions
about relationships between trust and autonomy.

2. A Model of Trust and Autonomy

Our model of trust is aimed at capturing a
precondition to the formation of intentions to
delegate. An agent’s assessment prior to
delegation may include an analysis of risk and
utilities, creating an intermediate notion of
trusting value, prior to adoption of an intention.

In most applications, trust has the consequence
of reducing the need for the trusting agent to
supervise or monitor the trusted agent.

The variety of definitions has added to the
confusion about, and misconceptions of trust. In
multi-agent systems, trust has been related to
models of other social notions such as
autonomy, delegation, dependence, control, and
power, which influence interactions between
agents. In this paper we treat trust as a dyadic
relation, i.e., the amount of trust each agent has
on the other agents. We define trusting value to
be the amount of trust an agent has on the other
agents with respect to a particular task. This
value among the agents is calculated by the
following expression:

Trusting value (A, B, t) = capability(B, t)
+ benevolence(B, A, t)

()

Here A, B are agents and t is the task to be
performed by agent B. capability(B, t) is the
agent B’s ability to perform a task t and
benevolence(B, A, t) is how an agent B (i.c.
trustee) well wishing towards agent A (i.e.
trusted) in performing a task t.

The Autonomy of an agent is the ability in
performing a task by itself and is computed by
the following expression.

Autonomy (A, t) = capability (A, t) ()
+ Average(T)

capability(A, t) is the agent A’s ability to
perform a task t. Average(T) is the average trust
of all the agents on agent A and is measured by

n

U/@n-1) )T,

1=1

where T, T,...T, are the trusting values of the
remaining agents on agent A on a particular task
t. The amount of trust an agent has on itself
determines its competence for performing a task.
We call this autonomy value of the agent as
trusting value of an agent on itself. Said
differently, the autonomy (equation 2) of an
agent is same as the trusting value of the self-
agent. Obviously, equation 1 affects equation 2.
Let’s take an extreme example of two agents A
and B with B benevolent towards A with all
tasks but A is not benevolent towards B with
any task. Equation 1 will promote trust of agent



A in B. If B accepts delegated tasks and
successfully executes them, B increases its
autonomy using equation 2. The benevolent
agent, B, gains in autonomy. A’s autonomy has
little chance of increase since it is not trusted by
B.

Autonomy is compared with the trusting
values of all the agents to determine which agent
should perform a task. Every agent has an
individual task assigned to perform. This
autonomy of an agent to perform the pre-defined
task is compared with the autonomy of the
overall tasks determined. The agent performs a
task for which the autonomy is highest. When
multiple agents determine to perform a unique
task, the task is performed by an agent whose
autonomy is higher with respect to the task. For
agents with equal autonomy their capabilities
with respect to the task are compared and the
agent with the higher capability performs the
task. If the agent’s capabilities are equal, the
task is performed by one of the agents selected
randomly.

From the derived expressions it can be
observed that benevolence directly affects the
trusting value and indirectly affects the
autonomy of the agents.

3. A Simulated Testbed

In our implementation simulation, N agents
considered N tasks repeatedly, i.e. each agent
has its own task, which is same in each time
period. This does not mean that each agent has
to perform the assigned task. Agents may
perform tasks assigned to other agents. The tasks
are performed with either benevolence fixed or
benevolence changing during a run. The initial
value of fixed benevolence is set to either 0.0 or
10.0. At the beginning, an initial value of 0.0 is
considered as no benevolence among the agents
and an initial value of 10.0 is considered when
there is high benevolence among agents. The
ranges of capability and trust are between 0.0
and 10.0.

In our simulation we assume in general agents
perform certain tasks and develop trust,
capability, and benevolence among them. In the
algorithm shown in Figure 1 the aim is to focus
on the performance of agents. The following is
pseudo code for our simulation.

1.Initialize the values of capability matrix (C[][] ) to
random values between 0 to 10.
2.Initialize the values of Benevolence (B[][][] )
between 0.0 to 10.0.
3.while (tasks remain) { /* main body of the algorithm*/
4. for all agents and tasks { /* trusting values */
5. if (a=Db) /*a, b~ variables stand for agents*/
TV [t][a][b] = C[a][t] + average(T)
6. else TV [t][a][b] = C[a][t] + BI[t][a][b]
7. Ala][t] = C[a][t] + average(T) /* autonomy */
8. compare A[][] with TV[][][] to find the suitable
agents performing task t
9. compute the number of tasks being executed
per iteration and unsuccessful attempts.
10. C=CMN0+ 2 /*Update C[][] with success */
Cll =Cl - 2 /*Update C[][] with failure */
11. B[00 = B[ + 2 /*Update Bf][][] with success */
B[l = Bl -2 /*Update Bf][][] with failure */
12. AA[a][t] = A[a][tl/(n*n) /*average autonomy*/
13. ATVIt][a][b] = TV[t][al[b)/((n*n)*(n-1)) /*where
al=b ; average Trusting values */
} /*for loop*/
} /*while loop */

Figure 1. Algorithm to compute average trusting
values and average autonomy

o Average(T) is the average of trusting
values of all agents with respect to self
agent on particular task.

e BJ][][] is the benevolence matrix of the
agents.

e BJ[][][] initialized to 0.0 represents the
lowest benevolence.

e BJ[][][] initialized to 10.0 represents the
highest benevolence.

e TVI[][[] is the matrix that holds the
trusting values of agents with respect to
tasks.

e AA[][] is an average autonomy of all the
agents with respect to tasks and is used
in plotting the graph.

o ATVI[][][] is the average trusting values
of all the agents except the self-trusting
values with respect to tasks and is used
in plotting the graph.

e 1 is the number of agents.

The success or failure of an agent can be
determined by comparing the capability values
of an agent with a randomly generated number
ranging between 0 tol0. If the random number
has a value greater than the capability value of
an agent, it is considered as a failure and if the
number is lesser it is considered as a success. An
agent may perform many number of tasks and
the same tasks may be repeated. The success of



a task is dependent only on the capability of the
agent (as compared to the random number).
Benevolence is important when the agent may or
may not cooperate (and perform the task
delegated to it) and benevolence does not play a
part in the performance. The capability and
benevolence among the agents are updated, from
which the autonomy and trusting values are
updated. The update is performed by adding an
increment value of 2 to capability and trust of
the successful agents. The values are updated by
2 for simplicity. The average autonomy and
trusting values of the agents are calculated to
observe a relation between the two with respect
to benevolence. The rate of successful tasks and
unsuccessful attempts is measured as a factor of
time with respect to benevolence.

4. Experiments and Discussions

This section presents results of our abstract
simulation of agents and tasks. Four experiments
were performed considering three agents and
three tasks. The fifth experiment was conducted
with six agents and six tasks. The results were
observed for 25 units of time. In each time unit
the average autonomy, average-trusting values,
number of successful tasks and the number of
unsuccessful attempts were noted. Two cases of
benevolence among agents were considered for
simulation results.

Benevolence = 0.0: This is the lowest
benevolence considered. Two runs were
performed, one with constant benevolence and
the other changing.

Benevolence = 10.0: This is the highest
benevolence. As in the previous case, two runs
were performed, one with constant benevolence
and the other with changing.

In the remainder of this section we will state
our observations about the relationships between
average  autonomy, average trust and
benevolence of all the agents.

Initially, the lowest and highest benevolence
values are 0.0 and 10.0 respectively. Figures 2
and 3 show the results of the agents, with the
lowest benevolence. Figure 2 shows the average
trust and average autonomy with benevolence at
zero. In one run the benevolence is fixed at 0.0
for the entire run and in the next run
benevolence is 0.0 initially, but its values change
with time. As seen in Figure 2, average trust and

average autonomy values stayed low with time
when the benevolence was fixed, whereas the
trust and autonomy of the agents with changing
benevolence increased gradually. Both the
values of average trust and average autonomy of
constant and changing benevolence remained at
a near constant level after a certain time period.
As the trust level increased very slightly (i.e.
1.38) at time t = 1, autonomy increased to a
higher level of 1.85 at time t = 1 when the
benevolence is fixed. When the benevolence is
changing the trust level increased to a higher
level (i.e. 1.81) at time t = 3, autonomy
increased to a much higher level of 3.62 at time t
= 3. Autonomy values are at a higher level than
the trust values: This is because, when agents are
less benevolent towards each other they do not
trust each other influencing the agent to work
independently there by increasing their
autonomy level. As seen in Figure 2 the rate of
change in average autonomy and average trust
are higher when benevolence is changing. In
Figure 2, TOF and AOF are the average trust and
average autonomy curves of the agents when the
benevolence is fixed. TOC, AOC represent the
curves of the average trust and average
autonomy of the agents when benevolence is
changing.

Figure 3 shows the results of cumulative tasks
considered or completed over time. When
benevolence is low and fixed, the number of
tasks being performed (SOF in Figure 3) was less
whereas the range of success (SOC in Figure 3)
in completing the tasks was high for changing
benevolence with time. When benevolence is
fixed at 0.0 the number of unsuccessful attempts
(UOF in Figure 3) is either the same or less than
the number of unsuccessful attempts for
changing benevolence (UOC in Figure 3). With
low benevolence, there might not be much trust
among the agents in performing the task and the
chance of increase in success rate is high as
benevolence changes with time. Comparing the
slopes of successful tasks and unsuccessful
attempts of both fixed and changing
benevolence can explain this discussion more
clearly. From Figure 3 it can be noted that the
slope of all the curves is almost zero at time t =
0. At time t = 10, the slopes of successful tasks
and unsuccessful attempts were respectively 1.1
and 2.2 for fixed benevolence, for changing
benevolence the values were respectively 2.2
and 1.1. The slope of successful tasks and



unsuccessful attempts with respect to fixed
benevolence at time t = 25 (i.e. 0.0) were 1 and 2
and that of changing benevolence were 2 and 1
respectively.  Therefore, the change in
benevolence increases the slope of the
successful tasks and decreases the slope of
unsuccessful attempts with time.

Figures 4 and 5 show the results of the agents
with the highest benevolence (i.e. 10.0). Figure
4 shows how the average autonomy and average
trust are related with high benevolence. In one
run, benevolence is kept constant at 10.0 and in
the next run the value of benevolence changes
with 10.0 as the initial value for all the
agents.
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Figure 2. Average trust and average autonomy with
respect to time at Benevolence = 0.0
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Figure 3. Cumulative tasks with respect to time at
Benevolence = 0.0

Since benevolence is directly proportional to
the trusting values and indirectly proportional to
the autonomy, when the agents are more
benevolent towards each other the trust among
the agents will be higher and also the average
trust among the agents is higher than their
average autonomy. As the average trust

increases gradually, the average autonomy of
agents also increase. Both average trust and
average autonomy remain stable from a certain
level. The average trust and average autonomy
of the changing benevolence were higher than
that of the average trust and average autonomy
when the benevolence is fixed. From this it can
be said that the autonomy and trust of the agents
are higher when benevolence among the agents
is changing over time rather fixed. In Figure 4,
T10F and A10F are the average trust and
average autonomy curves of the agents when the
benevolence is fixed. T10C, A10C represent the
curves of the average trust and average
autonomy of the agents when benevolence is
changing. The variations in average trust and
average autonomy of the agents are affected by
the capability of the agents, as the capability is
also a factor.

Figure 5 shows the results of cumulative tasks
considered or completed over time. With
benevolence high (10.0) and fixed, the rate of
unsuccessful attempts (UIOF in Figure 5) was
higher and the number of tasks (S10F in Figure
5) being performed was few. The range of
success in completing the tasks (S10C in Figure
5) was higher when benevolence was changing
with time and the unsuccessful attempts (U10C
in Figure 5) were fewer (almost zero). The
chances of increase in success rate are high as
benevolence changes with time. Considering the
slopes of the curves with time, the successful
and unsuccessful attempts of both fixed and
changing were almost 0 for time t = 0. At time t
= 10 the slopes of the curves for fixed
benevolence were 2.1 and 1.2 and that for
changing were 3.2 and 0.1. At t =25 the changes
in the slopes were 1.96 and 1.04 for fixed
benevolence whereas for changing benevolence
the slopes were 2.96 and 0.04. Therefore, with a
changing  benevolence, the number of
unsuccessful attempts can be reduced and the
rate of successful tasks can be increased with
time.

When comparing the trust and autonomy with
low and high benevolence, it is clear that trust
among the agents and autonomy of the agents
will be high with high benevolence. Hence,
being benevolent will improve the trust and
autonomy levels of the agents. Also, the number
of unsuccessful attempts was very few almost
down to zero and the number of completed tasks
was higher. The trust and autonomy along with



the number of completed tasks will increase
when benevolence is kept changing over time.
The higher the benevolence, the higher are the
agents trust and autonomy. They remain
constant after certain period of time, though.
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Figure 4. Average trust and average autonomy with
respect to time at Benevolence = 10.0
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Figure 5. Cumulative tasks with respect to time at
Benevolence = 10.0

The fifth experiment was performed
considering six agents and six tasks at a time.
The results were observed for 25 units of time.
For each time unit the average autonomy and
trusting values were noted. In this experiment
two groups were considered each consisting of
three agents. The agents in the first group have
high benevolence (i.e. 10.0) towards the second
group and among themselves. The second group
of agents has low benevolence (i.e. 0.0) towards
the first group of agents and among themselves.
The average trusting values of the first group on
the second and vice versa were noted for each
time unit. The average autonomy of the first and
second group of agents for each time unit were
also noted and a graph of the average trusting

values and average autonomy with respect to
time was plotted as shown in Figure 6. We
discuss the average trusting values and average
autonomy of the two groups by considering their
slopes from the Figure 6. The slopes of the
trusting values of the first and second group
were 6.75 and 3.05 at t = 1 and at time t = 3 the
slopes were 2.32 and 1.0 respectively. At time t
= 12 the slopes were 0.57 and 0.24 respectively.
From these slopes it is observed that the trusting
values of the first group with higher benevolence
have higher slopes than the second group with
lower benevolence, since the first group of
agents are more benevolent towards the second
group. Considering the values of the average
autonomy of the first and second groups, at time
t = 0 the average values were 5.25 and 4.33
respectively. At time t = 10 the values were 5.29
and 4.55 respectively and at time t = 15 the
values were 5.33 and 4.44 respectively. From
these values it can be observed that the average
autonomy of first group was higher than that of
the second. The average autonomy and average
trust of both the groups increased gradually and
then continued with a constant slope over time.
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Figure 6. Average trust and average autonomy with
respect to time

Since the benevolence of the first group towards
the second is higher, their trusting values
towards the second group were higher. Similarly,
as the benevolence of the second group towards
the first group is low, their trusting values
towards the first group are low. When
considering the autonomy of the two groups,
though both the groups’ autonomy increased and
stayed constant over time, the autonomy values
of the first group were higher than that of the
second group. This is because of the high



benevolence among the agents in the first group.
Hence, the higher the benevolence higher will be
the trusting values and the autonomy of the
agents.

5. Conclusion and Future work

We presented a simple model of
autonomy and trust that relied on benevolence
between agents. This model is deliberately kept
simple to illustrate the role benevolence plays in
the relationship between autonomy and trust. An
agent trusts a second agent in consideration of
delegating a task to it if the second agent is
capable of performing the task and it is
benevolent towards the first agent. An agent
experiences autonomy with respect to a task if it
is capable of performing it and it is trusted by
other agents with regard to the task. There are
many other parameters that affect trust and
autonomy. These parameters in general have to
do with the relationship among agents and their
interactions. Our simple model can be easily
extended to include other parameters. Presenting
many parameters will have obscured our
observations. We have seen from our
experiments that when benevolence among
agents is low, their autonomy is higher than their
trust. When benevolence is high, trust is greater
than autonomy. When benevolence is kept low,
fewer tasks are completed and vise versa. The
latter makes sense in terms of fewer agents
considering task delegation.
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