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Abstract 

A proble~ do~ain can be represented as a hierarchy 
of nbstractitm spaces in which successively finer levels 
of detail nrc introduced. The problem solver ABSTRIPS, 
a modification of STRIPS, can define an abstraction 
space hiernrchy from the STRIPS representation of a 
problem domnin, and it can utilize the hierarchy in 
solving problems. Examples of the system's performance 
are presented that demonstrate the significant in­
creases in problem-solving power that this approach 
provides, Then some further implications of the hier­
archical plnnning approach are explored. 
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1 Introduction 

General purpose problem solvers, such us STniPS1 'zt 
or GPS, 3 r::ust do their work using genernl purpose search 
heuristics. Unfortunately, by using such heuristics, 
it is not possible to solve any reasonably cor::plex set 
of problems in a reasonably complex domain. Regardless 
of how good such heuristics a:re .at directing search, 
atte~pts to traverse a complex problem space can be 
caught in a combinatorial quagmire. 

This paper presents an approach to .augmenttng the 
power of the heuristic search process. The essence of 
this approach is to utilize a means for discriminating 
bet',;.'Cen i::Jportnnt informntion and details in the prob­
lem space, 13y planning in a hierarchy of abstraction 
spaces in which successive levels of detail are intro­
duced, significant incl'eases in problem-solving power 
have been nch:Leved. 

Section II sketches the hierarchical planning ap­
proach and gives motivation J::or its use. Sections III 
and IV describe the definition and use of abstraction 
sp:lccs by ABS1'RIPS (~bstraction-!!_ased STRIPS), a modi­
fication of tlle S'i'RIPS problem-solving system that in­
corporates this approach. Section \' describes the per­
formance of the system. Section VI discusses the impli­
cations or this n:ppronch for problem solving and !or 
robotics. 

' 11Ho work reported lu.:rain was sponsored by the Advanced 
ncsearch Projects Jl.gency of the Department of Defense 
under Contract OAI1C04-72-C-0008 with the u.s. Army 
Resenrch Office. 
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II The Motivation for Using 
Abstraction Spaces in Problem Solving 

It was not quite fair to assert in tl1e previous sec­
tion tbnt a complex problem domain is beyond the combi­
natorial cnpnbility of general purpose problem solvers. 
A problem solver deals not with the problem domain it­
self, but with some representation of that domain. So 
it would be more correct to state that a complex repre­
sentation exceeds the scope of general purpose problem 
solvers. 

Unfortunately, n straightforward transcription of 
a complex problem domain will yield n complex represen­
tation. However, a well-chosen transcription can lead 
to a simpler representation. 13Y choosing such a simpli­
fying representation, r;me can have the problem solver 
do its worl~ in a context that is simple enough for some 
useful problem solving to take place. 

In other words, the heuristic search through the 
sir::plifying representation v>"ill be of sufficiently short 
duration thnt a goal state in the problem space can be 
reached. Such n representation displays what McCarthy 
and Hayes" term ''heuristic adequacy." 

Attempts to nchieve simplifying representations, 
such ns the "mncro opern tor," or l>ti\CROP 1 of the STRIPS 
problem solver, 8 have heretofore tried to preserve, in 
McCarthy and Hayes 1 terminology, ''epistemologic;tl ade­
qun.c~,r''; that is, the simplifying representations had to 
preserve all the detail thnt was needed to solve the 
problem nt hand. A MACll.OP simplifies the representation 
of a problem domnin by Pl'OViding a means of selecting at 
one tir.~ an entire sequence of primitive operators, 
linked in n semantically sensible mnnner, nut it pre­
serves every detail of the preconditions and effects of 
its constituent operators. 

Such simplifying l'epl·esentations can provide only 
li::Jited cnha.ncement to the power of a problem-solVing 
system because of a somewhat dismaying fact: For a suf­
ficiently complex problem domain, no epistemologically 
ndequate representation can be heuristically ndcquate. 

Epistemological udequttcy implies tlmt: every rele­
vant detail is properly dealt with. But attention to 
detail is }>recisely whnt defeats heuristic adequacy~ 
A good heuristic evaluation function will enable a prob­
lem solver to :reject tnost of tllc possible paths in a 
situation space. Uut H all the details :ll'O attended 
to, the evaluation function must be applied at ull the 
nodes at which the details arc affected. nle combina­
torics of tl1e expnnding search space will ennblc tlle 
problem solver to solve only rather simple problems. 

A superior ::tppronch to problem solving would he to 
searcll first through an abstraction §?_~C:.• n simplifying 






















