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I INTRODUCTION

A, Overview of STRIPS

This note describes a new problem—-solving program called
STRIPS (STanford ﬁesearch Institute Problem Solver). The program is
now being implemented in LISP on a PDP-10 to be used in conjunction
with robot research at SRI. EVen though the implementation of STRIPS
is not yet complete, it seems to us important to discuss some of its
planned features so that they can be compared with other on-going work
in this area.

STRIPS belongs to the class of problem solvers that search
a space of 'world models' to find one in which a given goal is achieved.
For any world modél, we assume there exists a set of applicable opera-
tors each of which transforms the world model to some other world model.
The task of the problem solver is to find some composition of operators
that transforms a given initial world model into one that satisfies some
particular goal condition.

This framework for problem solving, disbussed at length by
Nilsson,l* has been central to much of.the research in Artificial
Iﬁtelligence. A wide variety of different kinds of problems can be

. - t |
posed in this framework. Our primary interest here is in the class of

x
References are listed at the end of this technical note.

It is true that many problems do not require search and that special-
ized programs can be written to solve them. Our view is that these
special programs belong to the class of available operators and that
a search-based approach can be used to discover how these and other
operators can be chained together to solve even more difficult problems.



problems faced by.a robot in rearranging objects and in navigating.

The robot problems we have in mind are of the sort that require quite
complex and general world models compared to those needed in the solu-
tion of puzzles and games. Usually in puzzles and games, a simple matrix’
or list structure is adequate to represent a state of the problem. The
world model for a robot problem solver, however, needs to include a

large number of facts and relations dealing with the position of the
robot and the positions and attributes of various objects, open spaces,
and boundaries.

Thus, the first question facing the designer of a robot
problem solver is how to represent the world model. A convenient answer
is to let the world model take the form of statements in some sort of
general logical formalism. For STRIPS we have chosen the first-order,
predicate calculus mainly because of the existence of computer programs
for finding proofs in this system. Initially,lSTRIPS will use the QA3
theorem-proving Systemzkas its primary deductive mechanism,

Goals (énd subgoals) for STRIPS will be stated as first-order
predicate calculus wffs (well formed formulas). For example, the task
"push a box to place b" might be stated as the wff (Zuw) [BOX(u) A AT (u,b)],
where the predicates have the.obvious interpretation. The'task of the
system is to find a sequence of operators that will produce a world model
in which the goal éan be shown té be true. The QA3 theorem prover will
be used to determine whether or not a wff corresponding to a goal or sub-
goal is a theorem in a given world model.

Although theorem-proving methods will play an important

role in STRIPS, they will not be used as the primary search



mechanism, A graphvof world models (actually a tfee) will be generated
by a search process that can best be described as GPS-like (Ernst and
Newell®) . Thds it is fair to say that STRIPS is a combination of

GPS and formal theorem—proving methods. This combination allows pbjects '
(world models) that can be much more complex and general than any of
those used in previously implemented versions of GPS. This use of world
models consisting of sets of logical statements causes some special
problems that are now the subject of much research in Artificial Intelli-
gence. In the next and following sections we will describe some of these
problems and the particular solutions to them that STRIPS employs.

B. The Frame Problem

When sets of logical statements are used as world models,

we must have some deductive mechanism that allows us to tell whether or
not a given model satisfies the goal or satisfies the applicability con-
ditions of various operators. Green4 implemented a problem-solving
system based on a theorem prover using the resolution principle.

In his system, Green expressed the results of operators as logical state-
ments, Thus, for example, té describe an operator ggig(x,y) whose effect
'is to move a robot from any place x to any other place y, Green would use

the wff

(Yx,y,s) [ATR(x,s) = ATR(y,goto’ (x,y,s))1 ,

where ATR is a predicate describing the robot's position. Here, each
predicate has a’state term that names the world model to which the predi-

cate applies. Our wff above states that for all places x and y and for



all states s, if,the'robot is at x in state s then the robot will be-
at y in the state goto’ (x,y,s) resulting from applying the goto operator
to state s.

With Green's formulation, any problem can be posed as a
theorem tp be proved. The theorem will have an existentially quantified
state term, s. For example, the problem of pushing a box.B to place b
can be stated as the wif

(HS) AT(B’b’S) .

If a constructive.ﬁroof procedure is used, an instance of the state
proved to existbcan be extracted from the proof (Green,2 Luckham
and Nilsson?)._ This instance, in the form of a compoéition of
operator functidns acting on the initial state, then serves as a solu-
tion to the problem.

Green's formulation has all the appeal (and limitations) of
any generalfpurpoée problem solver and represents a significant step
. in the developmeﬂt'of these systems. It does, however, suffer from
some serious disadvantages that our present system attempts to over-
come. One difficulty is caused by the fact that Green's system combines
two essentially different kinds of searches into a single search for a
proof of the theorem representing the goal. One of these searches is
in a space of world models; this search procéeds by applying operators
to these models to produce new models. The second type of search con-
cerns finding a proof that a given world model satisfies the goal
theorem or the applicability conditions of a given operator. Searches
of this type proceed by applying rules of inference to wffs within a

world model.



When these two kinds of searches are combined in the largely syntactically
guided proof-finding mechanism of a general theorem prover, the result is
gross inefficiency. Furthermore, it is much more difficult to apply any-
available semantic information in the combined search process.

The second drawback of Green's system is even more serious.
The system must expiicitly describe, by special axioms, those relations
not affected by each of the operators. For example, since typically the
positions of objects do not change when é robot moves, we must include
the statement

(Vu,x,y,z,s) [OBJECT (u,s) A AT(u,x,s) = AT (u,x,goto’ (y,z,s)]

Thus, after every‘application of goto in the search for a solution, we
may need to prove that a given object B remains in the same positidn in
the new state if the position of B is important to the completion of the
solution.

The problem posed by the evident fact that operators affect
certain rélations and don't affect others is sometimes called the frame

6 - . . )
X Since, typically, most of the wffs in a world model will

problem.
not be affected by an operator applicatibn, our approach will be to name
only those relations that are affeéted by an operator and to assume that
the unnamed relationé remain valid in the new world model. Since proving
that certain relations are sfill satisfied in successor states is tedious,
our convention can drastically decrease the search effort required.

Because we are adopting special conventions about what happens

to the wffs in a world model when an operator is applied, we have chosen



to take the proceés of operator_application out of the formal deductive
system entirely. In our approach, when an operator is applioed to a
world model, the computation of the new world model is done by a special
extra-logical mechanism. Theorem-proving methods are used only within

a given world model to answer questions about it concerning which Opera-
tors are applicable and whether or not the goal has been satisfied. By
separating the thebrem proving that occurs within a world model from the
search through the space of models we can employ separate strategies for
these two activities and thereby improve the overall performance of the

system,

11 OPERATOR DESCRIPTIONS AND APPLICATIONS

The operators afe the basic elements out of which a solution is
built. For robot-like problems we can imagine that the operators corre-
spond to routines or subprograms whose execution causes a robot to take
certain actions._ For example, we might have routines that cause the
robot to turn and move, a routine that causes it to go through a doorway,
a routine that causes it to push a box and perhaps dozens of others.
When we discuss the application of problem-solving techniquesyto robof
problems, the reader should keep in mind the‘distinction between
an operator and its associated routines. Execution of routines actually
causeskthe robot to take actions. Application of operators to world
models occurs during the planning (i.e., problem solving) phase when an
attempt is being'made to find a sequence of operators whose associated

routines will produce a desired state of the world. Since routines are



programs, they can ha&e parameters that are instantiated by constants
when the routines are executed. The associated operators will also have
parameters, but as wevshall soon see, these can be left free at the time
they are applied to a model.

In order to_chain together a sequence of operators to achieve a

given goal, the problem solver must have descriptions of the operators.

The descriptions used by STRIPS consist of three major components :

(1) Name of - the operator and its parameters,

(2) Preconditions, and

(3) Effects.
The first component consists merely of the name of the operator and the
parameters taken by the operator. The second component is a formula in
first~order logic. The operator is applicable in any world model in
which the precondition formula is a theorem. For example, the operator
push(u,x,y) which'models the action of the rébot pushing an object u

from location x to location y might have as a precondition formula
(Mx,u) [AT (u,x) A ATR(x )] .

The third compdnent ofvanvoperator,description defines the effects
(on a set of wifs) of applying the operator. We shall discuss the process
of computing effects in some detail since it plays a key role in STRIPS.
When an operator ié applied, certain wffs in the world'model are no longer
true (or at leasf we cannot be sure that they are true) and certain other
wifs become true; Thus to compute one World model from aﬁother involves

%
copying the world model and in this copy deleting some of the wffs and

* : .
In our implementation of STRIPS we employ various bookkeeping techniques

to avoid copying; these will be described in a later section.



adding others. Let.us deal fifst with the set of wffs that should Be
added as a result 6f an operator application. |

The set 6f wffs to be added to a wofld model dépends on thé results
of the routine modeled by the operator. These results are not completely
specified until all of the parameters of the routine are instantiated by
consfants.‘ For example, the operator goto(x;y) might model the robot
moving from location x to location y for any two locations x and y. When
this operator's routine is executed, the parameters x and y must be
instantiated by cohstants. However, we have designed STRIPS so that an
operator can be applied to a world model with any or all of the opérator's
parameters left uninstantiated. For example, suppose we apply the opera-
tor goto(a,x) to a world model in which the robot is at some location* a.
If the parameterbx is unspecified, so will be the resulting world model.
We could say tﬁat the application 6f goto(a,x) creates a family or schemé
of world models parameterized by x. The power and efficiency of STRIPS
is increased by éearching in this spéce of world model families rather .
than in the larger’space of individual world models.

If we are to gain this reduction in search space size, then we
must be able to describe with a single set of predicate célculus wifs
the world model family resulting from the application of én éperator with
free parameters. One way in which this can be done is to use a state
term in each literal of each wff. Thus, the principal effect»of applying
the operator gotd(a;x) to some worid model s, say, is to add the wff

(Vx) (Es) ATR(x,s)

%

We shall adopt the convention of using letters near the beginning of
the alphabet (a,b,c,etc.) to stand for constants and letters near the
end of the alphabet (u,v,w,x,etc.) as variables.
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which states that for all values of the parameter x, there existsbu world

model s in which the robot is at x. With expiessions of this sort, a

set of wffs can feprésent families of world models. Selecting specific

values for the parameters selects specific members of the family.
Anticipating the use of a resolution-based theorem prover in

1

STRIPS, we shall always express formulas in clause form.

Then the formu1a above would be written
ATR(x,goto'(a,x,so))

where goto'(a,x,sé) is a function of x replacing the existentially
quantified state variable. The value of goto'(a,x,so), for any x, is
that world mode1 produced by applying the operator goto(a,x) to world
model Sye Recall that any variables (such as x in the formula above)
occurring in a clause have implicit universal quantificétioﬁ.

The description of each operator used in STRIPS contains a list
of those clauses to be added When coﬁputihg aknew world model, This
list is calied the add list.

The description of an operator also includes information about
which clauses canvﬁo longer be guaranteed true and must therefore be
deleted in constrﬁcting a new world model. For example, if the operator
goto(a,y) is applied, we must delete any clause containing the atom*
ATR(a) . Each operator description contains a list of atoms, called
the delete ligz,vthat is used to compute which clauses should be deleted.
Our rule for creating a new world model is to delete any clauses contain-
ing atoms (negated or unnegated) that are instances of atoms on the delete

list. We also delete any clauses containing atoms of which the atoms on

* .
An atom is a single predicate letter and its arguments.
g 9 N






