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Abstract
To work effectively in a dynamic and uncertain environ-

ment, an automated manufacturing system needs to be able
to carry out actions that achieve its objectives, despite the
broad range of, possibly unpredictable, events that may oc-
cur. Even in such environments, there may be regularities
in behavior. These regularities can be embodied as assump-
tions, and used to simplify the construction of a controller
for the system. However, at any time, only a subset of all
assumptions might hold, and a controller relying on an as-
sumption that does not hold will incurr errors. Therefore,
it is necessary to continuously monitor assumptions and to
dynamically adapt the controller when the set of working
assumptions change.

This paper describes an approach, called the Planner-
Reactor approach, that exploits knowledge of regularities
of the environment to incrementally build, and then con-
tinually adapt, a controller that operates effectively in the
current vironment. The theory of the planner-reactor ap-
proach is briefly described, but the focus of the paper is on
experimental results from an implementation of an indus-
trial kitting robot using the approach.

Introduction

To work effectively in a dynamic and uncertain environ-
ment, an automated manufacturing system needs to be
able to carry out actions that achieve its objectives, de-
spite the broad range of, possibly unpredictable, events
that may occur. Our application domain is the kitting
robot [Sellers and Nof, 1989]: a robot system that puts
together assembly kits -- trays containing all the nec-
essary parts from which to build a specific product.

One approach to building a controller for a kitting
robot is to build a planner that accepts a description
of the kit or kits the robot must fill, and which pro-
duces detailed plans for each kit, which can then be
executed repeatedly on the robot. The problem with
this is that the planner does not know at planning time
exactly what the conditions at plan execution time will
be. Thus, it may produces plans that will sometimes
cause execution errors to occur, or it may produce plans
that are ’overkill’ for the task. Sometimes it is possi-
ble to produce a universal plan [Schoppers, 1989] - a
plan that will work for every possible combination of

conditions. However, often a universal plan may be im-
possibly large, or take a very long time to produce, or
lead to other computational or efficiency problems.

The so-called reactive approaches, e.g., behavior-
based work[Brooks, 1986], have proven robust in un-
certain and dynamic environments. However, they do
not support the deliberation necessary to produce kit-
ting plans. Our primary objective is to achieve the kind
of robustness evidenced by reactive approaches, while
maintaining the deliberative capability of planning ap-
proaches. We do this by, firstly, capturing regularities
of the dynamic and changing environment in a set of
assumptions that the planner can use to simplify the
construction of a reactive kitting cell controller; and,
secondly, by having the planner ’monitor’ the kitting
cell for error reports, which it then uses to iteratively
refine the assumptions on which the reactive controller
operates.

In our kitting robot application, the reactive con-
troller will allow the robot to handle the uncertainty
in the quality and quantity of the raw materials stream
and downstream automation. The deliberative com-
ponent is necessary to ’program’ the robot to handle
different kits/parts or mixes of kits, as well as to imple-
ment temporary strategies in the face of disturbances
on the factory floor.

The remainder of the paper is as follows. The second
section is a summary of the planner-reactor architecture
we developed to implement of our approach. The third
section describes the kitting robot domain. The next
three short sections provide more details of our imple-
mentation as a prelude to our experimental results in
section seven. A comparison of our approach to sim-
ilar work in the planning and learning communities is
presented in section eight.

The Planner-Reactor Architecture
Our definition of a planner is a system that continu-
ally modifies a concurrent and separate reactive system
(the reactor) so that its behavior becomes more goal
directed. Figure 1 illustrates this architecture.

The reactor contains a network of reactions -- hard-
wired compositions of sensor and motor processes. The
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Figure 1: The Planner-Reactor-World System.

key property of the reactor is that it can produce action
at any time. Unlike a plan executor or a hierarchical
system of planner and reactive system, our reactor acts
asynchronously and independently of the planner. It is
always actively inspecting the world, and will act should
one of its reactions be triggered. A reactor should pro-
duce timely, useful behavior even without a planner.

Rather than viewing the planner as a higher-level sys-
tem that loads plans into an executor, we see the plan-
ner as an equal-level system that continually tunes the
reactor to produce appropriate behavior. The interac-
tion between the planner and reactor is entirely asyn-
chronous. The planner continually determines if the
reactor’s responses to the current environment would
indeed conform to the objectives. If not, then the plan-
ner makes an incremental change to the reactor config-
uration to bring the reactor’s behavior more into line
with the objectives.

In this section, we briefly highlight the most salient
aspects of the planner-reactor approach. We refer to our
previous work for the mathematical descriptions of the
reactor[Lyons and Hendriks, 1992] and its safe adapta-
tion mechanism [Lyons and Hendriks, 1993] in the for-
mal language 7~S.

Incremental Reactor Adaptation. The reactor R
consists of a set of concurrent reactions, and a well-
defined interface through which the planner can mod-
ify the reactor structure, by either adding or deleting
reactions (Figure 1).

A reactor does not contain/execute plans in the same
sense that a classical plan executor does, i.e., as a data
structure. Rather, the reactions are represented proce-
durally, so the reactor is more like a compiled controller.
Nonetheless, certain parts of the reactor structure can
be identified as corresponding to the instructions nec-
essary for a specific task or subtask; we call these parts
reactor segments.

The reactor contains additional structure to safe-
guard addition and deletion of reactor segments, to
prevent the reactor ending up in an undefined state.
Briefly, each segment is tagged with a guard, a special
process that can terminate a reactor segment’s exis-
tence. Other special processes can inhibit reactor seg-
ment triggering processes from firing, even when they

are enabled. A combination of these two mechanisms
allows the planner to insert new reactions that wait
for a segment to be not active, inhibits it from becom-
ing active again, before removing it from the reactor.
In [Lyons and Hendriks, 1993] we describe this mech-
anism in detail with emphasis on how to make these
adaptations in a safe manner despite the fact that the
planner does not know when or which reactions might
be firing.

Ideal Reactor. The ultimate objective of the plan-
ner is the construction of a reactor that achieves its
goals not only in the current environment, but because
change is possible, in all environments that might oc-
cur, as indicated by the environment model. A reac-
tor that fulfills this criterion is called an ideal reactor,
and is similar in behavior to Schoppers’ universal plans
[Schoppers, 1989]. It is unrealistic to suppose that a
planner will always he able to generate the ideal reac-
tor in one step, and in [Lyons and Hendriks, 1992] we
introduced the more restricted v-ideal reactor R~. In
planner terms, 0J is a set of assumptions under which
the reactor It ~ has been constructed. We propose the
following incremental reactor construction strategy: w
is initially chosen to allow the planner to quickly pro-
duce a working reactor and then 0~ is gradually relaxed
over time. Process evolution [Lyons, 1993] can be used
to capture this strategy.

It is important to represent how process networks
evolve over time, as processes dynamically terminate or
are created. This is captured by the evolves operator:
We say that process A evolves into process B under
condition f~ if A possibly becomes equal to B when
condition fl occurs; we write this as A n ~ B. A process
must evolve to one of the set of processes to which it
can possibly evolve.

The iterative refinement strategy can be captured us-
ing process evolution as follows:

R~,I ~ R~,2 ~ R.,~---* ... ---*°3 ’~" I{*
for e(wl) > e(w2) > e(w3) >... (1)

where the (~i are the adaptation commands generated
by the planner and e0 is an evaluation function. The
assumption relaxation priorities are governed by the or-
dering on 0) dictated by 0.

In addition to its normal relaxation sequence, the
planner can also be forced to relax assumptions. When-
ever the planner builds a reactor that depends upon
a particular assumption holding, it needs to embed a
monitor process that can detect whether the assump-
tion actually holds in practice or not. The monitor
process triggers a ’clean up’ action if the assumption
ever fails, and notifies the planner that it needs to
relax this assumption next. Typically, the failure of
some action within the reactor will be the signal that
an assumption has been violated. Strictly speaking,
it is necessary to go through a diagnosis step (e.g.,
[Kumaradjaja and DiCesare, 1988]) to determine from
observed errors which assumption has been violated.
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Our emphasis is not on diagnosis, so we simplify that
aspect of the problem here to a simple, known mapping
between observed errors and assumption failures.

The Kitting Robot Problem
The planner-reactor approach provides a way to in-
crementally construct reactive systems with improving
performance. At the heart of this iterative mechanism
is the concept of characterizing the environment by a
set of assumptions and methods to detect whether they
hold or not. The set of assumptions we have developed
for the kitting environment is described below in reverse
order of likelihood of holding: the ordering we have cho-
sen for the planner to relax them (i.e., the 0 function
in (1) above). The planner uses these assumptions 
help it to quickly build a reasonable reactor. Later, as it
has time, it relaxes assumptions and fashions improved
versions of the reactor. In the case that the environ-
ment goes through regimes where different subsets of
assumptions hold, the planner can capitalize on this,
especially when new factory goals have been received
and resultant changes in behavior are necessary.

Some of the assumptions, such as that of the quality
and substitutability of parts, must eventually be relaxed
to ~et to a robust workcell. Some other assumptions de-
scribe contingencies that make a more versatile work-
cell, but are not necessary for a robust system. Still
other assumptions pertain to unusual operating condi-
tions, such as the assumption of no downstream distur-
bances. The following are some of the (nine in total)
assumption used in our implementation:

1. Assumption of Parts Quality (AQ): All the parts coming
into the kitting workcen are of good quality and do not
need to be tested.

2. Assumption of non-substitutability of parts (AS): Each
part has only one variant.

3. Assumption of no parts motion (AM): The kit parts 
not move around once delivered on the belt to the work-
cell.

4. Assumption of no downstream disturbance (ADD):
Downstream automation is always ready to receive fin-
ished kits.

The 7"65 Model
We employ a language called 7~S to represent and ana-
lyze the planner-reactor framework, g8 [Lyons, 1993]
was developed to represent and analyze the kind of
programs involved in sensory-based robotics. This lan-
guage allows a user to construct programs by ’gluing’
together processes in various ways. This style of lan-
guage is called a process-algebra language. RS has the
additional advantage of being a dynamic model: thus it
simplifies the representation of dynamically adding in
or removing controller structure, as the planner needs
to do in our approach. In static computational mod-
els, such as automata or Petri-Net models, this is very
difficult to represent. The 7~,S language is described
extensively in [Lyons, 1993] and here we include only a
short introduction.

In g~q notation, Pro(x) denotes a process that is 
instance of the schema P with one ingoing parameter m
and one outcomimg result z. Process networks are built
by composing processes together using several kinds of
process composition operators. This allows processes to
be ordered in various ways, including concurrent, con-
ditional and iterative orderings. At the bottom of this
hierarchy, every network must be composed from a set
of atomic, pre-defined processes. The composition op-
erations are:

¯ sequential it;B,do it then B.
¯ concurrent itlB, do it and B concurrently.
¯ conditional it:B, do B only if it succeeds.
¯ negation ~A, do it but fail if it succeeds and vice-versa.
¯ disabling it#B, do it and B concurrently until one

terminates.

We use two recurrent operators:

¯ synchronous recurrent it :;B ~ it : (B; (it :; B)) while 
succeeds do B.

¯ asynchronous recurrent it :: B ~ it : (B [ (it :: B)) while 
succeeds spawn off B.

Situations
Reactor situations are a mechanism to group related
reactions together in a hierarchical fashion. This mod-
ularity is important because it allows (human) designers
to more easily understand the reactor and diagnose any
problems that may occur; it provides the planner with a
unit around which to define safe changes to the reactor
structure [Lyons and Hendriks, 1993]; and it provides a
way to give computational resources to those reactions
that currently need it, while ’suspending’ others.

Intuitively: a situation being active expresses the ap-
propriateness for the reactor to enable the set of re-
actions associated with that situation. Situations can
be nested hierarchically, and many situations may be
active at one time so that the execution of their reac-
tions will be interleaved. We introduce a small set of
basic processes with which to build reactor situations in
7~,S. For example, an instance of a situation is asserted
by the execution of the tSSERT,,vX,V~ .... process, where
pl,p2,.., are the values for the parameters associated
with the situation. The SIT,(k, pl,...) process, when
executed, suspends itself until an instance of situation s
is asserted. It then terminates and passes on the details
of the situation instance as its results.

We use the SIT, process to ensure that a reaction
associated with a situation is only ’enabled’ when an
instance of that situation is asserted. For example,
let pl,...,pn be the reactions for situation s, then we
would represent this in the reactor as

PS = SIT, :;Pl [ SIT, :;P2 [ ... [ SIT, :;P"

The ’:;’ operation ensures that as long as the situation
is active, then the reactions are continually re-enabled.
Note that once enabled, a reaction cannot be disabled
until it has terminated.
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Planning as Adaptation
This section outlines the principles of operation of
the planner, a detailed description of its architecture
and examples of the system in operation are given in
[Lyons and Hendriks, 1992].
Adaptation Increments. At every planner iteration t,
the planner generates what we call an expectation, E~;
an abstract description of the changes it expects to
make to the reactor to achieve the current goals Gt.
The combination of the reactor model Rt and the ex-
pectation is always the w-ideal reactor (where w is the
current set of assumptions the planner is working with).

To reduce this expectation, the planner reasons
within a Problem Solving Context (PSC)" consisting 
the relevant parts of the environment model, the action
repertoire and the assumptions w. The outcome will
be a reactor adaptation ARt, the reactions necessary
to implement the expectation reduction AEt. Given a
set of goals, the initial expectation reduction will be the
construction of an an abstract plan. This abstract plan
is incrementally transferred into the reactor by the in-
sertion of situations, and is also used for search control
in the planner itself. This has two advantages: firstly it
allows the planner to adapt the reactor partially, with
some of the reactor segments being a STUB, i.e., a pro-
cess that does nothing except notify the planner that
this particular segment has become active. Secondly
it allows modular refinements due to, e.g., assumption
relaxation later on.

Barring any perceptions received from the reactor,
the planner will continue to incrementally flesh out ab-
stract segments and adapt the reactor, until all the re-
actor segments are made concrete, i.e., all the STUB
processes removed. The planner has then (by defini-
tion) achieved an w-ideal reactor, and can proceed to
relax the next assumption. If any segment relies on an
assumption then the adaptation will additionally con-
tain an assumption monitor for that assumption.

Forced Assumption Relaxation. Any of the assump-
tion monitors or stub triggers in the initial reactor seg-
ments can potentially signal the planner and divert its
attention from the a-priori established ordering of as-
sumption relaxation. Failure of a situation to success-
fully complete its reactions is also cause for a percep-
tion. These three sources of perceptual input have dif-
ferent effects on the planner.

On receiving a stub trigger perception, the planner
redirects its focus of attention to that portion of the
plan containing the stub trigger. An assumption fail-
ure perception has a larger effect than simply refocusing
attention. This perception causes the planner to negate
the assumption in its PSC and begin to rebuild the ef-
fected portions of its plan. If a situation has failed that
relied on that assumption, that particular situation is
given highest priority for adaptation. This may cause
the planner to refocus on parts of the plan it had pre-
viously considered finished.

Apart from its cause, a forced relaxation or refine-
ment results in the same reactor segment and adap-
tation sequence as a normal relaxation or refinement.
Once the planner has achieved a complete w-ideal reac-
tor, it is ready again to select the next assumption for
normal relaxation.

Experimental Results
The kitting example was implemented and several ex-
perimental runs conducted on a PUMA-560 based kit-
ting workcell. Trace statistics were gathered on each
run on, e.g., the times when assumption failures were
detected, when adaptations were made, the number of
assumptions in use in the reactor, and so on. In each
run, the planner utilized all the assumptions described
in the kitting robot section. However, only five of the
assumptions were actually relaxed in these trials. The
purpose of these experimental runs was to begin to ex-
plore the behavior of a planner-reactor system in prac-
tice. Results from the runs are presented in the follow-
ing subsections.

Initial Reactor Construction. Figure 2 contains trace
statistics for the startup phase on a typical experimen-
tal run of the kitting workcell. Graph (a) shows the
number of assumptions in use at any time in the work-
cell by the planner and by the reactor. Graph (b) shows
the number of adaptations issued (by the planner) and
the number of discrete changes to the reactor structure
(adaptations applied). Initially there is an empty reac-
tor in operation. After 26 seconds (in this example) the
planner is in a position to start to update the reactor.
(This time include planning plus communication time.)

The planner begins by sending adaptations to the re-
actor (adaptations issued). Each adaptation involves
one or more changes to the reactor structure. The con-
straints involved in safe adaptation can cause a time
lag in implementing changes. Active situations cannot
be interrupted -- that would leave the reactor in an
undefined state -- instead the adaptation waits for the
situation to end before applying the changes; the theory
behind this is presented in [Lyons and Hendriks, 1993].
Thus the adaptations applied trace always lags the adap-
tations issued trace. The lag time varies, depending on
the activity of the reactor. This is what causes the re-
actor assumptions trace in fig. 2(a) to lag the planner
assumption trace.

The first reactor is in place roughly 28s after startup.
Even though this reactor is’not complete, the kitting
robot can now start kitting; ~ts kitting actions are over-
lapped in time with the further refinement of its kitting
’program’. This reactor is elaborated over the following
20s until by 40s after startup the first complete reactor
is in place. This reactor employs all nine assumptions.
Up to this point, there has been little delay between the
planner reducing an assumption and the reactor follow-
ing suit.

Assumption Relaxation. Now the planner begins to
relax assumptions to incrementally improve the reac-
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Figure 2: Startup phase statistics for one run of the Planner-Reactor based Kitting Robot.

tor. It takes roughly 5s to relax the first assumption
(the length of the ’plateau’ in the planner trace in fig-
ure 2(a)). It then begins to issue the adaptations 
the reactor. Typically one or more adaptations is nec-
essary to relax any one assumption. Each adaptation
will give rise to one or more structural changes in the
reactor, again subject to the delays of the safe adap-
tation constraint. In the case of this first assumption
relaxation, its takes the reactor roughly 60s before it has
been able to implement the last structural change to re-
lax the assumption (the ’plateau’ on the reactor trace
in fig.2(a)). It takes the planner roughly 30s to relax
the second assumption; but the change is implemented
in the reactor almost immediately after the first relax-
ation. These lags and overlaps in operation underscore
the highly asynchronous and independent operation of
planner and reactor.

In these experiments, we restricted to planner to only
relax two assumptions. Having done this, the planner
will only relax other assumptions when the environment
forces their failure. This could occur within the startup
phase, of course, but for convenience of presentation we
have separated the two here.

Environment Forced Relaxation. Figure 3 shows
trace statistics for the ongoing operational phase in a
typical experimental run of the kitting workcell. Again,
graph (a) displays the assumptions in use by the planner
and reactor, and graph(b) displays the trace of adap-
tations issued and applied. Additionally, fig.3(b) now
also shows the trace of assumption failure perceptions.
These are the perceptions that force the planner to relax
an assumption. The two forced assumption relaxations
in fig.3 are the no-motion (AM) and downstream dis-
turbance (ADD) assumptions. The failure perception
for AM is generated when the robot fails to acquire a
part it had identified in an initial visual image of the
workspace. The failure perception for ADD is manually
invoked, and would normally be an input signal from
downstream automation.

At 152s the AM assumption failure is signaled
(Fig.3(b)). The planner responds very quickly and 
gins to issue adaptations by 155s, continuing for about
10s. There is little delay in the safe adaptation proce-
dure and the structural changes to the reactor lag the
adaptations issued by only about ls. This is also ev-
ident from the assumptions trace in (b): Part of the

changes in this adaptation is to remove the assump-
tion failure monitor for this assumption; thus, partway
into the adaptation (161s) the signals from the assump-
tion monitor cease. The total forced relaxation response
time -- the time from failure to final change in the re-
actor -- is roughly lls. The ADD failure occurs at 215s
and proceeds in a similar fashion.

Reinstating Assumptions. In our theoretical analysis
[Lyons and Hendriks, 1992, Lyons and Hendriks, 1993]
we did not address the problem of reasserting previously
failed assumptions. Nonetheless, this is convenient in
practice to model operating regimes, and therefore is
part of our objectives. In the experimental run, at time
357s the ADD assumption was reinstated (fig.3(b)). 
the relaxation of such reinstatable assumptions, the
planner adds a reactor monitor that will signal when
the assumption holds again. (It doesn’t show up as an
assumption failure, since it isn’t). As the trace statis-
tics show, our implementation does indeed handle the
reintroduction of assumptions. However, further the-
oretical work is necessary to extend our convergence
results to include this case.

Performance Improvement. The essence of the
planner-reactor approach is that the reactor is being
continually adapted so as to improve its performance.
Ideally, to evaluate an implementation, an empirical
measurement that quantifies performance should be col-
lected for the duration of an experimental run. The di-
rection and rate of performance improvement can then
be directly evaluated. An example of such a perfor-
mance measurement would be the number of situation
or action failures reported. Unfortunately, in a dynamic
and uncertain environment, simply because an action
may fail, does not mean it will fail in any given trial.
Thus, such a performance measurement must be made
over a statistically significant number of trials. There
are practical difficulties for us in collecting this amount
of trials on our PUMA testbed.

It is straightforward, on the other hand, to measure
the ongoing introduction and relaxation of assumptions
in the reactor in response to new goals and to the envi-
ronment. An indirect performance improvement mea-
sure can be formulated based on these, and used to
illustrate the ongoing improvement. Figure 4 shows a
graph of such a measurement for the same experimen-
tal run described in graphs 2 and 3. The performance

113



Q

I[
ii r

’lann Dr Ae sins
Keac or A! sins

4

Graph (a): Assumptions vs. Time

o
125 185 245 305 365

Time (seconds)

~tatlons vs. Time

~d~l: tatlc ns h ~sue d
~dal: tatla ns A ppll Nd
kssu nnptl )n F allui Ds

..... j-

......... /r
.J

IF

125 185 245
Time (seconds)

Figure 3: Forced relaxation statistics.

measurement is graphed as ~? versus time, where M
has three components:

¯ Supported Assumptions: Let #SAP be the number of
assumptions used in the planner that also hold in the
environment. Let #SAR be the same measurement for
the reactor. The first component of M is #SAP+#SAR,
a measure of how well the system is supported by the
environment.

s Retracted Assumptions: Let #RAP be the number of as-
sumptions that the planner has retracted to date in its
deliberations. Let #RAR be the number that have ac-
tually been retracted to date in the reactor. The second
component of M is #RAP + #RAR, a n~easure of how
much progress the planner has made.

¯ Environment Assumption Changes: Let #AEt be the
number of assumptions that hold in the environment at
time t. The final component of M is #AEt-1 - #AEt a
measure of the environment changing.

Since retractions affect the first component of M as
well as the second, its necessary to multiply the second
component by 2 to ’cancel’ out the effect on the first.
Overall M will is bigger for systems that have more
supported assumptions and more assumptions retracted
- an improved system. It is necessary to add in the
change of assumptions in the environment as a ’penalty’
so that an assumption change in the environment will
register, and the measurement will indicate an ’inferior’
system. To graph this measurement in the typical form
of a ’learning curve’, the reciprocal is taken.

The overall trend in figure 4 is clear: the performance
measure decreases over time. The initial decrease comes
from the initial construction and then planner-directed
assumption relaxation of the reactor. The ’setback’ in
improvement at times at 152s and 215s are due to as-
sumption failures. The ’setback’ at time 357s is not an
assumption failure. It is due rather to the fact that the
ADD assumption has been reintroduced ifi the environ-
ment but not yet exploited by the system.

Discussion

°%0

Some other approaches to integrating deliberative and
reactive components in a single system have been sug-
gested. Schoppers [Schoppers, 1989] amongst others

P|anner-Rea¢orlmprovement
Run~gl~

Figure 4: Planner-Reactor Improvement Graph.

has proposed an ’off-line’ generator for reactive sys-
tems; Xiaodong and Bekey [Xiaodong and Bekey, 1988]
also suggest something similar for an assembly cell
equipped with a reactive scheduler. This approach
works well only when the deliberative component can
be separated ’off-line’. We address the problems that
arise when both reactive and deliberative components
need to be ’on-line’. Connell’s SSS [Connell, 1992] ad-
dresses this integration for mobile robots. In SSS,
though, the deliberative component is restricted to en-
abling/disabling behaviors, while we need to be able
also to generate new behaviors. Bresina & Drummond’s
ERE [Bresina and Drummond, 1990] comes closest to
our approach. A key difference is that our domain,
kitting, is a repetitive activity. Our concept of the im-
provement of a reactive system exploits this repetition,
whereas ERE was designed for once-off activities.

The behavioral constraint strategy in ERE and our
abstract plan are comparable. We chose however to
retain the plan structure in the reactor, have all con-
flict resolution explicit, and have developed explicit
’surgery’ procedures to retract or modify reactor seg-
ments in a safe manner. In our system, sensing requires
conscious actions and must be planned for. The reac-
tor can start new actions asynchronously, and multiple
actions may be in progress at one time. In contrast,
ERE operates with a select-execute-sense cycle, where
an hidden sensory subsystem keeps track of all infor-
mation, even if it were irrelevant for the current action
selection. The incremental strategies also differ in that

114



we use the reactor to guide the planner to the relevant
parts of the plan to elaborate.

A number of systems in the learning literature have
an architecture broadly similar to our planner-reactor
system: MD [Chien et al., 1991], Dyna [Sutton, 1990],
and SEPIA [Segre and Turney, 1992], amongst others.
The viewpoint from which we designed the planner-
reactor system is that there is no learning going on:
The planner, which knows implicitly all reactors up to
and including the ideal reactor, is simply choosing to
express different reactors depending on its perception
of the environment. If, on the other hand, the plan-
ner’s world model was refined over time (as, e.g., in
[Kedar et al., 1991]), then, we would have argued, there
is learning going on.

Conclusions
In summary, we have briefly reviewed our motivation
and approach to casting planning as adaptation of a
reactive system. This approach calls for treating errors
as assumption failure signals. We then resented the
first performance results for the approach, a first also
for integrated systems of this kind.

These results show the feasibility of our approach.
The incremental reactor construction and assumption
relaxation strategy minimizes planning delays. The re-
actor can start kitting while the planner still is refining
later parts of the task. The asynchronous communica-
tion between planner and reactor allows the latter to be
real-time and not bogged down by the planner. The safe
adaptation algorithm guarantees at all times a correct
operation of the reactor, while avoiding interruption of
non-affected reactor segments.
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