


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The model generation facility of the system was also used to 
solve an open question in the theory of ternary Boolean alge
bra. Since this capability can be used to find counterexamples 
to conjectures, it forms a valuable complement to the system's 
ability to prove theorems. 

FUTURE USES OF AN 
AUTOMATED REASONING SYSTEM 

Here we consider some of the areas in which we expect that 
continued research and development in automated reasoning 
will have a significant impact. 

Program Verification 

Perhaps the most significant area, and the one currently 
attracting the most research effort, is program verification. 
An ultimate goal would be to have significant programs certi
fied correct without human intervention (except in supplying 
the statements that assert-the purpose of the program). This 
is a very difficult problem, and several more modest goals are 
being pursued. One is to allow a user to guide thereasGlling 
system through a proof of correctness, decomposing the task 
and having the system verify a series of small steps of the 
program. Another is to verify properties of the program that 
are easier to prove than its overall correctness. An example of 
such a property might be: "The variable I only takes on values 
between 1 and 100." Yet another goal short of the ultimate 
one is to have the system verify an abstract form of the pro
gram or a form written-in some special-purpose language-that 
is easier to work with than a production language. 

On the other hand, the model generation facility of the 
system described here can be used to find a bug in a program 
when a correctness proof is eluding the user. Often a counter
example is just what is needed to pinpoint the error. 

Automated Expression Generalization 

One of the traditional components of the theorem-proving 
system is a mechanism for finding the most general common 
instance of two expressions. By varying the input language we 
have directed our system on occasion to do the opposite; that 
is, to find the least general expression of which two given 
expressions are instances. This ability to generalize could be 
used in the case where the expressions represented programs 
to find an algorithm that generalizes specific known cases. 
Results of such a technique could be used in code optimization 
and modularization. 

Mathematics 

The system we describe here has the potential of becoming 
a genuine mathematical calculator. Numerical calculators are 
of course now familiar, but many problems in mathematics 
involve extensive calculations with non-numerical objects. 
This is particularly true in abstract algebra and topology. A 
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mathematician may describe as a "calculation" any sequence 
of inferences that can be defined by an algorithm. Of course 
a special purpose program can be written to carry out such a 
computation, but this is time-consuming. By contrast, the 
allowable inferences and their sequencing can be described to 
a general reasoning system, and the desired calculations car
ried out without any new programming. It was in this way that 
the semi groups described above were discovered. 

More generally, the system provides a way to easily exam
ine the consequences of adding or removing facts to those 
defining a situation being studied. Examination of such conse
quences by the researcher may be of use in forming conjec
tures to be tested by further use of the system. 

Circuit Design 

Circuit design promises to be a fertile field for application 
of automated reasoning systems, using techniques originally 
developed for applications in abstract algebra. It is possible to 
weight various alternative constructions and thus cause the 
system to evaluate circuits according to very flexible user
supplied criteria as it generates a family of designs that meets 
a certain specification. 

Process Control 

One potential area in which very little has been done is the 
application of general reasoning systems to the control of 
complex physical processes. Again, the key step is to abstract 
the control logic to an inference �s�y�s�t�e�m�~� that is,- physical con
sequences of situations are specified by modeling them as 
logical consequences. Programming these systems from 
scratch can be very difficult, since a very complex system with 
many interacting components can hide the interdependencies 
among certain actions and results. An automated reasoning 
system can be used to define very clearly the actions to be 
taken when certain conditions arise and to apply those rules 
in unforeseen situations, all without any new programming. 

CONCLUSION 

We have tried to convey, principally by example,the usefuh 
ness of a system such as ours, in which reasoning tasks, rather 
than numerical computations, are automated. In order to use 
the system for these tasks one need not understand the inter
nals of the system, only learn the input language. By means of 
this language, our general-purpose program can be tailored to 
a specific problem area so that it behaves �m�u�_�c�~�a� special 
purpose program. It is this ability to tune the system that has 
made possible the success of the program as a tool in such 
diverse areas. 
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