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Abstract

IPEM, for Integrated Planning, Execution and
Monitoring, provides s simple, clear and well
defined framework to integrate these processes.
Representation integration is achieved by natu-
rally incorporating execution and monitoring in-
formation into [Chapman, 1987) TWEAK’s partial
plan representation. Control integration is ob-
tained by using a production system architecture
where IF-THEN rules, referred to as flaws and
fixes, specify partial plan transformations. Con-
flict resolution is done using a scheduler that em-
bodies the current problem solving strategy.

Since execution and plan elaboration operations
have been designed to be independently applica-
ble, and execution of an action is a scheduling
decision like any other, the framework effectively
supports interleaving of planning and execution
(IPE). This renders a local ability to replan after
both unexpected events and execution failure.

The framework has served as the basis for an im-
plemented hierarchical, nonlinear planning and
execution system that has been tested on numer-
ous examples, on various domains, and has shown
to be reliable and robust.

1 Introduction

As early as 1974, [Sacerdoti, 1974] writes “[For a sys-
tem that deals with complex problems in a real world, as
oppoeed to a simulated one, it is undesirable to solve an
entire problem with an epistemologically adequate plan.
There are too many reasonably likely outcomes for each
real-world operation.” (133) Further on he suggests that
this can be achieved in a hierarchy of abstraction spaces
where “[T]he process of alternatively adding detailed steps
to the plan and then actually executing some steps can
continue until the goal is achieved.” (134)

This problem solving strategy needs a framework that
allows interleaving planning and execution, and further-
more, a control policy to indicate when to plan and when
to execute.
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IPEM is an attempt to provide such framework, not only
to support Interleaving of Planning and Execution (IPE)
but also to support replanning in dynamic environments
where unexpected events can occur, and where actions can
fail to bring about their intended effects.

We should note that IPE is present in replanning, plan-
ning in dynamic environments, plan repair, etc. If a system
18 to execute its plans, IPE will be the norm and not the
exception.

The present document presents an overview of the IPEM
framework and system. For a detailed description please
see [Ambros-Ingerson, 1987).

2 Related Work

IPEM relates to other work in the field along three impor-
tant dimensions:

1.The representation wsed for actions and plans. This
relates it to planning systems like STRIPS [Fikes and Nils-
son, 1971], NOAR [Sacerdoti, 1974), NONLIN [Tate, 1977],
and more recently, TWEAK [Chapman, 1987].

2.The_control mechanism used in the elaboration of the
plan.  The great majority of systems use fixed control
strategies. Alternatives explored have been MOLGEN [Ste-
fik, 1981], Bartle’s Cross-Level Planning [Bartle, 1986} and,
in Blackboard Architectures, the use of a task scheduler as
in HEARSAY-11 [Lesser and Erman, 1977), which is the ap-
proach taken by IPEM and in Tate’s O-Plan system [Currie
and Tate, 1985).

3.The ezecution monitoring and replanning capabilities.
Very few planning systems execute their plans (either con-
trolling some robot or in a simulated environment) and
consequently aren’t faced with this problem. Of those that
do the most relevant are PLANEX [Fikes, 1971] (the execu-
tion module for STRIPS), NASL [McDermott, 1978}, ELMER~
a taxi driver in a simulated city- [McCalla and Reid, 1982],
Phil Hayes’s work on replanning using dependency records
[Hayes, 1975], and [Wilkins, 1985] addressing the issue of
recovering from execution errors in SIPE. More recently
attention has been devoted to reactive planning; e.g., the
work of [Georgefl and Lansky, 1987) on procedural logic
and [Schoppers, 1987] on universal plans.

3 IPEM: Framework and
Implementation

The IPEM system was designed with the goal of support-
ing interleaving planning and execution. An integrative
approach requires that both execution and planning de-
cisions be based upon and recorded on a common repre-
sentation. We use a partial plan representation similar to
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Our action representation is — by historical accident, since
it was developed independently - almost identical to Chap-
man’s TWEAK, so all his assumptions are our assumptions
(e.g., STRIPS assumption).

We further assume a continuously updated Current
World Description (CWD), in the form of a set of ground
(i.e., variable free) propositions. We do not assume the
description is complete but we do assume it contains no
errors of commission. We don’t make the closed world as-
sumption. Note however, that:

¢ we do not assume a static world - the CWD ecan

change while the plan is being elaborated, possibly
making the current partial plan inapplicable;

actions can fail to achieve its intended effects; partial
success is exploited;

. actions are not assumned to achieve their effects imme-
diately - in fact, different effects of the same action
can have different delays without preventing the ex-
cecution of those parts of the plan that can be safely
executed, and;

¢ we don’t assume the CWD holds all the information
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plan which is possibly before A (reduction parallel). B
is now constrained to be necessarily before A; or

3. on a new step (action) now added to the plan (reduc-
tion new).

3.2.2 Unresolved Conflict; Linearize

A plan with a range R that protects proposition pand an
action A, possibly after the producer and possibly before
the consumer of R that asserts the negation of q, where
P and ¢ necessarily codesignate, has an unresolved con-
flict flaw (clobbering). This is fixed by promotion (A is
constrained to be necessarily after the consumer of R) or
demotion (A is constrained to be necessarily before the
producer of R). In both cases the plan is partially lin-
earized.

3.2.3 Unexpanded Action; Expand

A plan with an action which is expandable (i.e., not
primitive) has an wnerpanded action flaw. Actions and
their expansions up and down the hierarchy are linked

'See [Ambros-Ingerson, 1985] for a detailed definition of
well-formed partial plaa.
















