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Two Heads Are Better than One:
The Collaboration between AI and OR

HERBERT A. SIMON

Departments of Psychology

and Computer Science
Carnegie-Mellon University
Pittsburgh, Pennsylvania 15213

The MS/OR profession has, in a single generation, grown
from birth to a lively adulthood and is playing an important
role in the management of our private and public institutions.
This success should raise our aspirations. We should aspire to
increase the impact of MS/OR by incorporating the AT kit of
tools that can be applied to ill-structured, knowledge-rich,
nonquantitative decision domains that characterize the work
of top management and that characterize the great policy

decisions that face our society.

During the past five years, we have
seen a great deal in the public
press and magazines about artificial intel-
ligence and expert systems. The current
widespread interest in expert systems
may be partly attributed to the new gen-
eral availability of minicomputers and
personal computers that are capable of
supporting them. The history of Al goes
back much farther, however, almost to the
beginnings of operations research. It is
instructive to look at that early history in

order to see why the two disciplines did
not develop more nearly synchronously
and with closer relation to each other.
The Origins of Operations Research

The contribution of operations analysis
in World War 1I to solving a number of
tactical problems relating to bombing
raids and submarine detection suggested
that the tools developed for these pur-
poses, or related ones, might be equally
useful if applied to the problems of man-
aging civilian enterprises. We may take
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1945, when the war ended, as the birth
year of OR, although TIMS and ORSA
were not founded until 1952. The years
from 1945 to 1955 saw not only the first
civilian applications of the analytic tools
of operations research, especially
queueing theory, but also the invention of
powerful new tools. Among these, by far
the most important was linear program-
ming, followed in a few years by integer
programming, dynamic programming
and control theory, critical path schedul-
ing, and others.

Initially, the complexity of the problems
that OR could handle was severely lim-
ited by the computational tools that were
available: paper, pencils, and desk calcu-
lators. Many real-world problems for
which the OR tools were otherwise ap-
propriate were ruled out by the limits on
computation. These limits were dramati-
cally altered by the modern digital com-
puter, which began to find a civilian
market about 1950. With computers avail-
able, if the sky was not quite the limit,
the ceiling was now very high; and it be-
came higher each year as computers be-
came larger and more powerful and as
researchers in OR addressed the problem
of improving the computational efficiency
of the tools.

In addition to its invaluable contribution
to computation, hence to the complexity
of the problems that could be solved, the
computer gave OR a new tool of analysis:
simulation or modeling. Now, problems
that were analytically intractable and not
amenable to optimization could be ap-
proached by simulating system behavior
numerically.

The symbiosis between OR and the
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computer has persisted down to the pres-
ent time. While some new tools have
been developed over the years, linear and
integer programming and the other tech-
niques introduced almost at the outset
have continued to be the main weapons
in the armory of OR. Improving the com-
putational efficiency with which these
tools could be applied has been the major
focus of OR research.

The Origins of Artificial Intelligence

The history of Al is even more closely
bound up with the introduction of the
digital computer than is the history of
OR. The computer was created as a
number-crunching machine for solving
very large arithmetic problems. If anyone
attributed “intelligence” to it, it was only
within the narrow limits of arithmetic
computation, which it could obviously do
very much faster and more accurately
than we humans could.

The central insight that the computer
was not limited to arithmetic calculation,
but was a general-purpose symbol-
processing system, derived from the
stored-program concept. To interpret the
instructions the computer found in its
memory, it had to treat them not as num-
bers but as verbs in the imperative mode:
“add!” or “‘multiply!” or “‘store!” From
this followed the idea that the patterns
stored in the computer could denote con-
cepts of any kind and that the computer
was capable of inputting and outputting
such patterns, recording relations among
them, storing them in associative struc-
tures, comparing them for identity or dif-
ference, and branching as the result of
such comparisons.

By the year 1955, efforts had begun to
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exploit the general symbol-manipulating
powers of the computer for the perform-
ance of tasks that require intelligence
when performed by people. The following
year, 1956, is usually taken as the birth
year of Al. In that year a computer pro-
gram, the Logic Theorist, for the first
time solved a problem (found the proof of
a theorem) by the method of heuristic
search.

Oddly, a good deal of the early history
of AI took place in the basement of a
business school. When the first computer,
an IBM 650, was installed at Carnegie In-
stitute of Technology, the electrical engi-
neers did not want it, for they were afraid
they would be asked to maintain it. The
mathematicians did not want it, for they
thought it beneath their dignity. There-
fore, it found its home in the business
school, and the first doctoral degrees
awarded for dissertations in Al were de-
grees in industrial administration. The re-
cipients included Allen Newell, one of the
Founders of Al, Ed Feigenbaum, a pi-
oneer in expert systems, and many oth-
ers, all now prominent members of the
Al and computer science communities.

In that setting, and in the decade after
1955, the tools of Al were applied side by
side with OR tools to problems of man-
agement. Clarkson’s dissertation
[Clarkson 1962] was a description of an
Al expert system (although the term had
not yet been invented) that selected stock
and bond portfolios for trust funds. Tonge
[1961] constructed an Al program for bal-
ancing assembly lines. At the Westing-
house Electric Corporation, engineers
constructed expert systems for the auto-
matic design of motors, generators, and

INTERFACES 17:4

transformers.

Except for continuing research on heu-
ristic methods for job-shop scheduling
and engineering efforts like that at West-
inghouse, where the inventors did not
identify what they were doing as “artifi-
cial intelligence,” these pioneering appli-
cations of Al methods to management

The symbiosis between OR
and the computer has
persisted.

problems were not followed up. After
about 1960, Al and OR went their sepa-
rate ways; whole new generations of sci-
entists trained in each of these disciplines
were largely unacquainted with the tech-
niques provided by the other. Only when
Al builders of expert systems began,
about 1980, to invade the field that had
traditionally been occupied by OR did
each group begin to be aware again of the
existence of the other.

Defining Some Terms

Before proceeding further, 1 will define
what I mean by operations research and arti-
ficial intelligence.

Operations research may be defined as
the application of optimization techniques
to the solution of complex problems that
can be expressed in real numbers. The
criterion function, which determines what
is to be optimized, must also be quantifi-
able. This definition is clearly too narrow
to encompass all the things that opera-
tions research professionals do — for ex-
ample, numerical modeling is excluded —-
but it characterizes the predominant em-
phasis upon formal mathematical models

10
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and optimization. It is therefore a useful
definition for comparing and contrasting

the approaches that operations research

and artificial intelligence take to manage-
ment problems.

By contrast, artificial intelligence is the
application of methods of heuristic search
to the solution of complex problems that
(a) defy the mathematics of optimization,
(b) contain nonquantifiable components,
(¢) involve large knowledge bases (includ-
ing knowledge expressed in natural lan-
guage), (d) incorporate the discovery and
design of alternatives of choice, and (e)
admit ill-specified goals and constraints.

This characterization of Al does not set
very definite boundaries. It might be re-
garded more as a hunting license than as
a proper definition. It emphasizes the as-
piration of Al to deal with all the aspects
of managerial decision making that
stretch beyond the limits of classical OR.
But it is preferable to stress continuities
rather than differences. Nouns are the ty-
rants of the English language. When we
introduce a new noun, we create the illu-
sion that there must exist a recognizable
entity corresponding to it, and we imply
that to every pair of nouns there must
correspond a pair of distinct entities.

Instead of differentiating between OR
and Al, we need to confuse, blend, and
synthesize them as much as possible. We
need to build our professional institutions
and organizations to use them together,
supporting, reinforcing, and extending
each other. But until we achieve this
professional and organizational synthesis
and create a management science whose
scope is coterminous with the scope of
management, my definitions will serve to

July-August 1987

indicate the rather different emphases
that OR and AI have had and continue to
have up to the present day.

Why Did AI Disappear from
Management Science?

If, starting from their present status of
regrettable isolation, Al and OR are to be
brought into collaboration again, we need
to understand the reasons why they
strayed apart. There appears to have been
no single cause, but a number of quite in-
dependent factors that cumulated to pro-
duce this estrangement.

One factor, although it may appear par-
adoxical, was the rapid increase in the
power of computers and the simultaneous
increase in the efficiency of OR computa-
tional algorithms. These developments
made it possible for OR techniques to em-
brace an ever-widening range of practical
management problems and thereby post-
poned the day when other tools, not lim-
ited to numerical optimization, would
have to be added to the armory to encom-
pass the whole range of problems of
interest.

At the same time, the very limitations
of computers during the early years of
management science, and particularly the
very small memories they had, put severe
constraints on the expert systems that
could be implemented. In the first dec-
ades of research on artificial intelligence,
the main emphasis was placed upon gain-
ing an understanding of the mechanisms
of problem solving and intelligent infer-
ence. Attempts to use these mechanisms
in expert systems that required large data
bases waited until central processors with
relatively large core memories began to be
available.

11
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The organization of the two disciplines
also contributed to the separation of Al
from OR. Most Al researchers were also
active in other aspects of computer sci-
ence. When computer science grew rap-
idly into an independent discipline, with
its own professional organizations, jour-
nals, and university departments, Al be-
came an integral component of the new
discipline, especially at MIT, Carnegie-
Mellon, and Stanford. Al researchers
identified with the new professional and
university organizations, loosening their
ties with management science; and new
recruits to Al had never had those ties.

The character of the research in the two
fields also hastened the separation. OR
was attractive to researchers with a math-
ematical bent, who could devote them-
selves to improving algorithms that had

A good deal of the early
history of Al took place in the
basement of a business
school.

strong mathematical structure. Al re-
search had a much more empirical and
“engineering’’ cast, for it was usually im-
possible to prove strong theorems about
Al systems. Their properties and capabili-
ties had largely to be discovered by
empirical testing.

During this period of growing separa-
tion, however, a variety of engineering
groups in industry continued to develop
programs to meet their practical needs,
programs that we would now recognize
as expert systems. Some of this work
went on quite independent of the theoret-

INTERFACES 17:4

ical research in Al; in other cases, it was
influenced by Al research. For example,
chemical companies built systems for the
automatic or interactive design of reaction
paths for synthesizing organic chemicals.
The idea for such systems was developed
initially by the chemist E. B. Corey at
Harvard [Corey and Wipke 1969], who
derived their basic architecture from the
General Problem Solver, an Al program
designed around 1960.

What Needs to Be Done?

I have described a process of progres-
sive isolation of artificial intelligence from
operations research, and even from man-
agement science generally. Beginning
about 1980, the eruption of a spate of ex-
pert systems, a number of them ad-
dressed to management problems,
signalled Al’s return to a concern with
management [Harmon and King 1985].
The almost simultaneous appearance of
microcomputers and personal computers
greatly broadened public awareness of
computers in general and the possibilities
for artificial intelligence in particular. Ar-
ticles about Al and expert systems began
to appear frequently in newspapers and
weekly and monthly magazines.

Expert systems and other applications
of Al have been developed almost exclu-
sively within the Al community and by a
current generation of Al researchers who
have little or no acquaintance with the
classical OR tools. For example, branch-
and-bound methods are an important
component of integer programming in
OR, while Al has long used a method of
heuristic search called “best-first search.”
There is a close affinity between branch-
and-bound and best-first search, but the

12
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connection between the two methods has
only occasionally been noted.

The lack of knowledge of complemen-
tary OR techniques has not prevented the
builders of expert systems from achieving
a considerable measure of success in deal-
ing with a number of real-world manage-
ment problems. The success has been
most marked in knowledge-rich domains,
especially where qualitative as well as
quantitative information has to be taken
into account. For example, while OR has
been able to provide a theoretical analysis
of scheduling problems for very simple
situations — a job shop with a very small
number of machines and processes — au-
tomatic scheduling of large job shops
with many machines and processes has
been beyond the scope of exact optimiza-
tion methods. A scheduling system, in
such a situation, must be built upon a
data base that contains a detailed descrip-
tion of machines, scheduling routes, and
jobs. That kind of a description can be
achieved with the help of the data-base
languages that have been developed in
artificial intelligence.

If artificial intelligence has now demon-
strated convincingly its applicability to
management science, this does not mean
that it is best developed in isolation. On
the contrary, the way is now open for
fruitful collaboration between Al and OR.
We can begin to think of expert systems
and the data bases that support them as
matrices within which we can apply an
amalgamation of Al and OR analytic and
problem-solving methods. Optimization
methods can be applied to subproblems
within larger environments that are too
complex for them. Exact theoretical
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analyses of simplified problems can sug-
gest procedures that will have good heu-
ristic properties when applied to complex
real-world situations.

Perhaps what is most important in
making rapid progress towards our goals
is that we adopt a problem-oriented point
of view. We must let the problem that we
are trying to solve determine the methods
we apply to it, instead of letting our tech-
niques determine what problems we are
willing and able to tackle. That means we
must be willing to apply our entire ar-
mory of techniques, both heuristic and
algorithmic.

Adding AI methods to the kit of tools
for management science opens up new

After about 1960, Al and OR
went their separate ways.

domains of application. First, it provides
powerful methods for making use of non-
quantitative information. Building effec-
tive decision aids for management
requires that we start, not with the par-
ticular data we have available in our infor-
mation systems or with some particular
techniques for manipulating those data,
but with an analysis of the decisions that
managers must make and of the kinds of
data and analytic techniques that would
be most useful in reaching those deci-
sions. Much of the information that is
most relevant to management decisions,
especially at the higher levels of manage-
ment, does not come in the form of num-
bers but in the form of sentences in nat-
ural language. Al deals with the com-
puter as a general symbol-processing

13
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system that is as comfortable with infor-
mation in natural language as it is with
numbers.

There is a second direction in which Al
should be especially useful in broadening
the domain of management science appli-
cations. Most classical techniques of deci-
sion analysis are limited to making
choices among a set of alternatives that
are given, explicitly or implicitly, in ad-
vance. But a great deal of real-world deci-
sion making — perhaps most of it — is
concerned with creating alternatives
among which choices can be made. The
activities that create new alternatives are
usually called design activities, and al-
though we most often apply the term de-
sign to the work of engineers and archi-
tects, it is equally central to the work of
managers. Companies and the organiza-
tional structures within them must be de-
signed. Investment alternatives must be
discovered, that is, designed. Marketing
strategies must be designed. Products
and product lines must be designed. The
methods of heuristic search used in Al
are especially well adapted to the activity
of design.

If management scienee is to bring to-
gether the tools of Al and OR so that
they can be used in collaboration, then
some obvious and important changes are
needed in our university curricula. Stu-
dents in business schools and in OR pro-
grams will need to gain more knowledge
than they now do of the theory and
methods of artificial intelligence. At the
same time, students of computer science
will need to learn more than they now do
of the classical methods of operations re-
search. And while we are broadening the
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curricula in these directions, we should
take the opportunity to provide more
problem-oriented instruction — instruc-
tion that starts with real problems and
moves from them to appropriate tools —
instead of relying too exclusively upon
instruction that is tool-oriented.

Are there any steps we need to take in
planning the future of TIMS/ORSA to ac-
commodate this collaboration? One such
step is to encourage the membership in
our organizations of Al researchers who
are concerned with management applica-
tions of their subject. But as the number
of our Al colleagues increases, we must
take care that we do not segregate them,
or that they do not segregate themselves,
in separate special-interest sections.
Special-interest groups focused upon tool
building have their role in such profes-
sional organizations, but their utility is
proportional to the intensity of their inter-
action with their problem-oriented profes-
sional colleagues. Through such inter-
action we sustain the specialists’ respon-
siveness to real-world needs and prevent
their becoming wholly preoccupied with
the honing of their already sharp tools.

The guiding principle is: mix them up!
Meetings, and especially sessions, that
bring Al and OR into the same room can
provide a model for the future. We must
make sure that we have all the ingredi-
ents in the TIMS/ORSA membership and
then stir well.

Conclusion

The grey heads among us have seen
TIMS/ORSA grow from an egg into a
large and lively bird. We see the profes-
sions these organizations represent play-
ing an important role in the management

14



Downloaded from informs.org by [216.73.216.11] on 04 June 2026, at 22:39 . For personal use only, all rights reserved.

TWO HEADS

of our private and public institutions.

This success, achieved in about one hu-
man generation, should raise our aspira-
tions. We should now aspire to extend
the applicability of management science
beyond the middle-management problems
where it has had its main impact. To do
that, management science must incorpo-
rate a still more general and powerful kit
of tools that can be applied to the kinds
of ill-structured, knowledge-rich, non-
quantitative decision domains that charac-
terize the work of top management and
that characterize the great policy deci-
sions on peace, energy, and environment
that face our society.

Management science and operations re-
search are a part of the great effort, often
styled the Second Industrial Revolution,
that is striving to understand and en-
hance intelligence. Joining hands with Al,
management science and operations re-
search can aspire to tackle every kind of
problem-solving and decision-making task
the human mind confronts.
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