From: AAAI-80 Proceedings. Copyright © 1980, AAAI (www.aaai.org). All rights reserved.

Meta~planning
Robert Wilensky

Computer Science Division
. .. Department of EECS
University of California, Berkeley
Berkeley, California 94720

1. Likewise, (2) strikes most people as
O INTRODUCTION strange since Johnl sho%%d have rﬁacte }otghe
This paper is concerned with +th intruder more strongly. e unusualness o is
of planniggp and understandigé. Thege %ggg%gﬂs story 1is_due not to knowledge about the plans
are related because a  natural language and goals involved, but the apparent
understander must apply knowledge about people's unproductive scheduling of these plans. more
goals and plans in order to make the inferences intelligent planner would have dealt with the
necessary go explain the behavior of a character threat immediately, and then perhaps returned to
in a sto (Wilensky, 1978a). Thus while a his meal when that situation had been disposed
story understander “is not 'a planner, it must of-

embody a theory of planning knowledge. Thus to understand the behavior of a

. character or to generate an intelligent plan,
constqu%XEn d§¥e%2ﬁe?plsucﬂ ?- thﬁor in )the it is nécessary o take into accgunt P the
story understanding rﬁgraﬁ? 1e¥hi§° ;2;2? ’i: interactions between goals. Various plannin
goncemed nof with the underetanding pehanion B et dome "ot theat interactions Ty

u at part of its annin, nowledge sas iy :

ahich is independent of whelhor they inovicage D e Piifeationsr Tor eranpie,

gengiate Z pfgﬁ %32 oigwg°gin5use?haV1°r or to Sussmanps HACKER has a celebrated critic hg%

knows about goals clobbering "brother goals’,

One part of this theory of planning and detects this bug in plans suggested y the
knowledge ~is essentially world knowledge. This plan synthesizer.

oS s Pingoragsification © of  intentional The difficulty with this type of solution

ctures into elements like plans 0 . H
themes (Schank and Abelson, 1978}, a’dgsirfét?gn is that burying thils knowledge agout how to plan

of the structure of these elements (e.g., plans in a ggocedure assures that such knowledge could

have preconditions and actions that instantiate not shared by a program that wished to use
them, plans_ are used to_achieve goals, etc.) this knowledge to understand someone else s
and an actual body of knowledge about particula% behavior in a complicated situation. In
elements (e.g., asking for something is a way of addition, as I hope to showé there is a lot of
getting some%hlng from someone?. structure to this knowledge that is missed in

this fashion, and which is extremely useful both
When one attempts to use this world to_  the tasks of planning as well as plan
knowledge to understand the intentions of a understanding.
itory s characters, a number of problems soon
ecome apparent. In articula what i
difficult ?g understanding g personré behaviéi
is not so much understanding the goal and plan 2.0 META-PLANNING
he is operating under, but the fact that there One solution to this problem is to create a
grgit3§%?%%¥ H%Terggs %ﬁ21512¥gr§§%§§ngre§gﬁﬁe;§ second body of planning knowledge that is called

these intentional 1 meta-planning. By this_I mean that knowledge
complexity in booh undereianding and pisnnieg.c’ about how t0 plan should itself be expressed in

Eerms of a set of ggals for the planning process
For  example, consider the following called meta-goals), and a set of f ans to
stories: achieve Them (meta-plans). Meta-goals and
meta—plans( are fbaagr zo dthg tﬁaﬁe planglgg
i mechanism (or_ plan understapnder at is use o
) J@Zgag?s %Etahgugo iggdgiﬁa§°th£§§ produce a_ plan of action (or explanation) from
W%rekatlog of cops around so he ordinary plans.
stuck to the speed limit. For example consider the = following
(2) John was eating dinner when he situation, either from the point of view of plan
noticed that a thief was trying understanding or plan generation:
to break in to his house. After f : N
he finished his dessert, John (3) Jonn's wife called him and +told

him they were all out of milk.
He decided to pick some up on his
way home from work.

called the police.

In (1), a glausible plan to achieve John's
’

goal is to speed, but John chose to abandon thi Most intelligent planners would come up with
goal instead? What's needed to understand th%g John's plan, assumln% they knew that they pass
story is not Just knowledge about cops and by a grocery store on he route home. In order
speeding tickets, but knowledge that a person to produce this plan, it is necessary to go
m1g¥§ abandon one goal if it conflicts with through the following processes:

an .

signi§§can%?al he considers to be more 1. Realizing that the goal of getting home

and getting some milk are overlapping
i.e. that the¥ should ©®€ arsued
tgge%her rather than independently.
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2. Adjusting one's plans accordinglg. In
his case, the plan is modified so as
to
1. Produce a route that takes the
planner near the grocery store.

2. The "go home" plan is suspended at
the point at which the grocery
store is reached.

3. The "get milk" plan is executed.

4. The "go home" plan is resumed.

In terms-of meta-planning, this situation
has the followin structure: There 1is an
important meta-goa Don't Waste Resources’.
This goal organizes a number of situations

including thosé involving "goal overlap. Tha

is, the existence of goals +that are more
profitably pursued together +than independently
means that there is a potential for wasting a
resource. Thus the "Don't Waste Resources

meta-goal is activated (i.e., put on a meta-goal
queue%. Now a plan or +his goal must Dbe
chosen. One_ such meta-plan that is applicable
here is Plan Integration, that is, merging two
existing plans to take advantage of their common
subcomponents. The application of this
meta-plan fulfills the "Don't Waste Resources”
meta-goal.

The advantage of the meta-glanning approach
is _that the problem of how to deal with complex
goal interactions can be stated as a problem to
be solved by  the same_ planning mechanism one
applies to "ordinary"” goals. For example one
first try out a_number of canned solu%ions,

ma;
chn some standard planning procedures, and if
all else fails, +try to construct a novel
solution.
Note +that there are at least three
important differences between meta—plannin% and
Jlanning using constraints or critics:
onstraints and plan generators are asymmetric

in that constraints reject plans, but they don't
themselves propose new ones. In constrast

meta-goals not ~only pick wup violations, but
su%gest new plans to fix the problem.
Meta-goals are declarative structures, and thus

may be used in the explanation process as well
as in planning. In addition, meta-goals are
domain independent, encoding only knowledge

about planning in general.

notion of a olicy, or 2
comes closest t6 the notion of
propose here. A policy 1is
essentially an explicitly represented
constraint. The primary differences between a
polic and a meta—%oal are that meta-goals
include goals tha are not necessarily
constraints er se; meta-goals refer only to
facts about planning as their domain, whereas
policies may include domain specific
information; policies often entail the creation
of psuedo-tasks, whereas meta-goals have
meta-plans that deviate less from the structure
of normal plans.

Hayes-Roth and Hayes-Roth (1978) uses _the
term meta-planning to refer to decisions about
the planning process. While my use of the term
is similar to theirs, they include all types of
planning decisions under this name, and ~ their
meta-planning is not formulated in terms of
explicit meta-goals and meta-plans. I wuse the
term  to refer only to a subset of this
knowledge and only when that knowledge is
convenien%ly expressable in terms of explicit
meta-goals and meta-plans.

McDermott's
secondary task
meta-planning T
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2.1 Kinds Of Meta-goals

The following is a brief description of the
more important meta-goals so far encountered,
along with the situations in which the¥ arise
and some standard plans applicable o them.
This_ 1list is_ not meant to be complete. It
merely reflects the current state of our
analysis.

META~GOALS, SITUATIONS, AND META-PLANS

1. Don't Waste Resources

Situations to Detect
1. Goal Overlap
Associated meta-plans:
1. Schedule Common Subgoals First

2. Plan Integration

3. Plan Piggybacking (find a new
glan a sipultaneously

ulfills both goals?
2. Multiple Planning Options (more

than one

plan
known goal

is applicable to a

Associated meta-plans:

1. Select Less Costly Plan

3. Plan Non-integrability §situatiops
in which the execution of two plans

will adversely affect one another
e.g., one undoes subgoai
established by the other?
Associated meta-plans:
1. Schedule Sequentially
4. Recurring Goals (A goal arises
repeatedly
Associated meta-plans:
1. ?ubsume Recurring Goal
Establish a state that
fulfills a precondition for a
plan for the goal and which
of time

ndures over a Ferio
see Wilensky, 1978b

Recursive subgoals (a subgoal is
identical to a higher level goal,
causing a potential infinite loop

Associated meta-plans:

1. Select Alternate Plan

2. Achieve As Many Goals As Possible
Situations to detect
1. Goal Conflict

Associated meta-plans:
various conflict’ resolution plans
(see Wilensky 1978a)

2. Assymmetric Goal Conflict (Both
goals cannot be accomplished if A
is performed before B, but B Dbeing
performed first poses no
difficulty)



Associated meta-plans:
1. Schedule Innocuous Plan First

2. Plan Splicing (If one plan
already been started, suspend
it, divert to the other plan,
and resume original plan when

new plan has been executed

has

3. Goal Competition (Goal interference
with the goal of another planner)

Associated meta-plans:

1. various anti-plans lans to
deal specificl§ with (p
opposition

2. various plans for resolving the
competition

3. Maximize the

Achieved

Value of the Goalsg

Situations to detect
1. TUnresolvable Goal Conflict
Associated meta-plans:

1. Abandon Less Important Goal

4. Don't Violate Desireable States
Situations to detect
1. Danger
Associated'meta-plans:

1. Create a preservation goal

2. Maintenance Time
Associated meta-plans:

1. Perform Maintenance

3. Anticipated Preservation Goal (The
performance of another plan will
cause the planner to have a

preservation” goal
Associated meta-plans:
1. Select Alternate Plan

2. Protective Modification (Modify
original plan so as npt to
provoke preservation goal

The following example will illustrate how
meta-goals are used in the planning process:
Sugpoge a planner were given +the task of
fetching a newspaper from outside. It's raining

outside, however. After generate an apgropriate

lan, a detection rule under "Don Violate
ndesirable States" would notice that the
execution of +this plan will result in the
planner gettln% wet. The meta-plan associated
with this meta-goal fires up a new goal of

preﬁ%rve dryness”. Now a plan for this goal is
sought.
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»f a stored plan for this
rotective clothing, it would be scheduled
efore the initial plan. If not, then we could

establish a subgoal of getting a raincoat. This
might spawn_a plan_that involves going outside,
which would “violate the Recursive Subgoals
condition. The meta-plan here is to choose
another lan. If we fail to fing one, the
"Achieve Es Many Subgoals As Possible” meta-goal
is activated, as a goal conflict is now seen to
exist. The meta-plans for goal conflict resol-
ution are attempted. If" they fail, then an
ynresolvable goal conflict sjtuation exists, and
Maximize the Goals Achieved” is activated. The
meta-plan here is to abandon the less important
goal.  The planner selects whichever goal he
values more and then abandons the other.

3.0 APPLICATIONS

oal is to wear

We are currently
meta-planning in two
understanding system
interactions

attempting to use
programs. AM, a sto
uses knowledge about _goa
to understand stories involving
mulitple goals. As PAM has been discussed
at length elsewhere, we will forego a discuss-
ion of its use of meta-planning here.
Meta-planning is also being wused in the
developmeng of a planning program called PANDORA
(Plan ANalyzer with Dynamic Organization,
Revision and Application). PANDORA is given a
description of a situation and creates a lan
for the goals it may have in that situation.
PANDORA is dynamicagly told about new
developments, and changes it plans accordingly.

The following is tygical of the kind of
situational planning ANDORA is capable of
working on. PANDOR is presented with a
situation in which_ it believes it is cookin
dinner for itself. PANDORA then receives a cal

from .an o0ld _friend, who's only in town for a
short while. PANDORA now determines that it has
the %oal of meeting with this old friend, and
that this goal is in conflict with the original

goal of pre

ring dinner as the
same time s

both occupy the
ot.

Realizing the “Achieve As ~Many

Goals As Possible” meta-goal will be violated,
PANDORA looks for a meta-plan for this goal.
One such plan currently available to PANDORA is

Plan Integration. Thus DORA generates the new
glan of inviting its friend to join it for
inner.
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