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Abstract

In this paper we discussautonamy and
agents with abiliti es for changing their level
of autonamy. We suggest enriching agents
with introspedive &iliti es  their choice of
behavior can correspondwith their current
level of autonamy.

1. Autonomy

Let's consider adevice & a mmplex
machine that appeas cepabl e of tasks
commonly performed by intelli gent
organisms. An automobil e equipped with
cruise-control, road-sensiti ve tradion, and
self-inflating tiresis such adevice Such
devicesrecave inpu from the environment
and follow an algorithm provided by the
devicedesigner to produce an outpuit. In
general, devices cannad tell how well they
perform. Furthermore, devices may only
manipulate afixed ortology of their
surroundng. |.e., they represent thingsin
the world in afixed way. Many robaic
applicaions would quelify them as devices.
To the extent, if asystem can be avare of its
performance and can improve its pre-
programmed ahility to interad with its
surroundng, or can ater itsontology it is
autonamous. Autonamy is slf-governance
over output. A system such as smart chess
playing programs can be intelli gent without
being autonamous. Thisnation o
autonamy is desirable in systems sich as
autonamous Pace @plicaions needed in
long-duration spacemissons.

Perhaps it can be agued that agents who
make more dedsions, can degly introsped
abou their dedsions, or in some ways
possesshigher cognitive ailiti es have a
larger domain over which they are
autonamous. However, in this paper we ae

not concerned abou quality of autonamy
but with an agent's abilit y to adjust its level
of autonamy. In the remainder of this paper,
we will not be interested in measuring an
agent's autonamy for purpaoses of inter-agent
comparison bu focus onintra-agent
autonamy.

Asaume multi ple agents dare
resporsibiliti esin an environment. They
may use aset of shared resources. Their
tasks may overlap o even beunclea. The
changes in the environment may make it
difficult to predict events or adion
consequences. In such an environment,
agents need to be ready to ad
independently, cooperatively, and with
varied level of resporsibility. In this
scenario we neeal agents with adjustible
level of autonamy.

2. Autonomy Change

Very often, an agent interading with other
agents changesits level of autonamy to
correspondto its rank. When it runsinto a
higher ranking agent, an agent that is fully
autonamous will | ower its autonamy and
take orders. Although authorities might be
externaly impaosed, it is gill | argely the
agent'sintrospedive ailiti es that determine
the agent'strue level of autonamy. Methods
of adion seledion and resource usage ae
changed for an agent by introspedion. We
asume foll owing authority necesstates a
proper level of autonamy. Asafirst
approximation we ansider the following
ranks and correspondng autonamy levels:
fully autonamous, boss cooperative,
underling, instructible, and remote cntrol.

Apart from externally impaosed authority
among agents, an agent may change its
autonamy due to personal choices rather



than respondng to the environment. An
agent might lower its autonamy if it finds
that it isnolonger medingits goals, or
deddesit will not be aleto med them and
there is another agent avail able to take
control. Take for instance, a high ranking
agent that is controlli ng the pursuit of a
criminal through awarehouse. The agent is
using vision asits major source of inpu,
and the aiminal redizesthis, so turnsthe
lights out. The high ranking agent
recognizesthat it can nolonger successully
tradk the aiminal, so it requests that one of
the underlings with alow-light camera
take over the pursuit so asto nd lose the
criminal. An agent may also want to
increase its autonamy. Take the same
example of the high ranking agent that
chose to become an underling in the dark, if
it gets badk into whereit can see it might
want to regain its superior role. If ahigh
ranking agent has underlings which are nat
acomplishing their goalsin atimely
manner, it may relieve them, and become
fully autonamous and doall tasksitself (it
may dedde to follow the old adage that if
you want it done right, do it yourself).

A more mechanicd method d autonamy
changeis by treaing the agent as a system
that is srviceof ahuman user. This
paradigm is more mnsistent with
autonamous control systems being
developed by NASA. In such systems, the
agent will trea the human user having roles
like the Bossand the "God". Perhapsisaues
with these systems are resporsivenessand
preserving goals whil e taking human
guidance

3. Levelsof Autonomy Mirroring
Authority Levels

The fully autonamous agent makes
dedsions and reads to the environment
withou much inpu from an ouside source
An example would be aroba that has
determined that its battery level islow, so it
must now procee to its docking station to
recharge. On the way to the recharge

station, the roba may runinto problems,
such as obstades, which it must overcome
to be succesgul. The successof theroba
reading itsinternal goals can be measured
and adjusted for efficiency.

A baossis an agent that has control over
other agents as well as over itself. A boss
would use the underling agents to complete
it'stasks. Thetask can either be given to it
by an ouside sourceor enabled by a
readionto the environment. The reason
that this agent islessautonamous than the
fully autonamous agent is because it relies
onitsunderlingsto dotheir tasks and dces
not have complete control over the
underlings. For example, the bossrobat
might tell an underlingto go and close a
doa, it isrelying onthe underling to be &le
to figure out how to get to the doar, and
know the procedure for closing it. The boss
does not have complete control over the
adionsthat the underling takes, it

gives the underling agoal rather than
controlli ng it remotely, this resultsin the
bossnot having complete control over
everything that it is doing.

Thethird level of agent autonamy is
cooperative ayents. Thisdiffersfrom the
bossagent in that ead agent communicaes
with the others and as awhal e they come up
with a marse of adion. Subsequently, a
division d tasks determines task
assgnment.

An uncerling simply receves all task
information from itsboss The underling
will start to exeaute the command to the best
of its ability, if it getsinto asituationit
doesn't know how to ded with, it will ask
the bossfor appropriate instructions on hawv
to proced. This continues until the
underling has succesully completed its
task or isinstructed to complete adiff erent
task fromitsboss Thisagent still has
control over the detail s of its movements,
but nat the goals that it must acemplish.
For example, it may be told to fetch a bee
from afridge. The underling will figure out



how to go ou of the room, and foll ow the
corridor down to the kitchen and get abeea
from the beea-o-matic and then return. It
has control over all of itsadionsto
acomplish its goal, but the goal is provided
by aboss Withou the provided goal, it
would just sit there waiting for agoal.

The next lower level of autonamy isthe
instructible agent. This agent islike the
underling but it does not have cmplete
control over what it is going to do. It has
higher autonamy than a simple remote
control agent because it may have areadive
layer whichis gill functioning. It also takes
reasonably high level commands, like
‘follow the wall onyour |eft,’ or 'go to that
point'.

The remote control agent is the one with the
least autonamy. This agent does not make
any dedsions onits own. For instance, in
order to get it to go along awall, ancther
agent (or other outside source) would need
to command it to move forward and then
keep adjusting itsright and left heading.

4. Adjustible Autonomy in the
Warehouse

Consider the foll owing scenario. Asume
three @ents that need to guard a warehouse.
When an intruder enters, ead agent is
cgpable of doing these threethings: closing
the doars to shut the intruder in, shod the
intruder, and cdl the pdice

Let's consider agentsin ou warehouse
scenario to have preferences for their three
adions. Thiswill guide agent choice of
adion. Preference might be born ou of
agent's experiential tendencies, biases from
skill s or habits, or even an analysis of
circumstances that all ows them to generate
priorities. We will not be ancerned with
the origin o preferencesin this paper.

Furthermore, let's asaume eat agent has a
different level of competencein its ability to
cary out agions.

In the following table, P and C refer to
priority and cagpability respedively. The
numbers refer to theindividual agents. The
capabiliti esrefled how capable eab agent
isfor doing the adion at this particular
moment in time. E.G., this does nat mean
how well it shods, bu how well it can shoa
thisintruder, na how well it closesadoa,
but if it can get to the doa and close it
before the intruder gets out. We asume that
eadt agent can orly do orething.

Act PO |CO |P1 |C1 P2 |C2
Door 8 2 10 |1 2 10
Shoot |5 5 8 6 2 0
Police |1 6 6 4 10 |5

Fully autonamous: Sincethe agent isfully
autonamous it doesn't care what the other
agents are daing, thus it nealsto findthe
best combination d preference and
cgoability. The eaiest way would be taking
the product of the P and Cs, the products
would be 16, 25, 6s0 it would deadeto
shoa the intruder.

Boss Asame gent 0 isthe boss so it uses
its preferenceto dedde what will be dore,
then finds out how cepable eab of the other
agentsis of doing ead adion and assgns
them based onwho is most capable of doing
eat job. The eaiest way of doing thisisto
take the product of the boss priority and the
cgpability of the best roba. Thethree
highest products are of Agent 2 closing the
doa, Agent 1 shoating the intruder, and
Agent O cdling the pdice So the boss
would tell Agents 2 and 1what to do,and
then go to cdl the pdice

Cooperative: At thislevel of autonamy the
agents would want to come to aunified
dedsion. One way of doing thiswould be
to average the prioriti es, then use the
average priority to find products and come
up with the best combinations of priorities
and capahiliti es.




Underling: In this mode the agent would
just wait for the bossto tell it which adion
to do.

Instructible and remote control: In these
levels of autonamy, agents would wait for
low level commands.

5. Impact of Resources on Adjustible
Autonomy

Preference and cgpability are only two of
the fadorsthat can be used in determining
autonamy. Resource management is ancther
key fador for consideration. Here we will
limit our attention to reusable resources. We
posit that an agent's level of autonamy
affeds the agent's method d resource
seledion and usage.

Consider the foll owing resource parameters:
overall availability of resource or resource
scarcity (RA), suitability of resourcefor
eat adion (RS), cost of using aresource
with ead instance of adion (RC).

Let's assume afully autonamous agent with
afunctionthat considers afixed degreefor
resource parametersin its resource
seledion. For instance, the agent might
value resource scarcity, suitability, and cost
equally. However, when the agent's
autonamy is changed to Boss the agent will
consider scarcity more heavily than before
for delegation bu will consider cost more
heavily in its own choice of resources. If the
agent's autonamy is changed to Underling,
the agent will consider scarcity more
heavily than the other fadors. Also, the
Bossagent may instruct an Underling to use
aresourcethat it may not chocse itself.

In the warehouse example, let's consider our
agents had two wegpors, oreisan eledricd
stunrer, and the other isagun. Eledricd
charge might bein limited supgy but highly
desirable and wsing it once uses alot of
charge (low RA, high RS, high RC). Let's
consider bullets weren't as sarcebut less

desirable and single bull et is highly
effedive (high RA, low RS, low RC).

Only uponBosscommand, an agent may
useits gunrer but the agent might be more
realy to use the gun.

6. Summary and Discussion

We suggested that changesin an agent's
autonamy are often due to an agent's rank
when interading with ather agents. We
pointed ou that changes in autonamy are
sometimes due to an agents personal biases,
choices, and goals.

We believe ajustment in autonamy can be
implemented by including information that
augments an agent's knowledge of its
adions. In this paper we considered the
augmented knowledge to include an agent's
ability in performing tasks, priorities and
tendencies for adion choice and resource
parameters. A rich set of knowledge &bou
adionsis needed for introspedion and
behaving at different levels of autonamy.

Sinceit iseasier to enrich readive rules
with parameters than to devise inference
mechanismsin pans, we believe areadive
implementation is more anenable for
adjustible aitonamy.



