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Operations Research: The Science of Better

Richard C. Larson
Massachusetts Institute of Technology Cambridge, Massachusetts 02139 USA
President-Elect - INFORMS, Institute For Operations Research and the Management Sciences

It is a deep honor for me today to give this talk before the most distinguished operations
researchers in China. I sincerely thank you for the opportunity. I am particularly indebted
to Prof. Xiangsun ZHANG, Academy of Mathematics and System Sciences, for inviting me to
present this lecture. Thank you!

Operations Research, co-founded in World War II in the USA by Philip M. Morse, George
Kimball, Bernard Koopman and others, in the U.K. by Frederick Lanchester, Patrick Blackett,
Frank Yates and others, was designed as an empirical science using all relevant scientific methods
to solve managerial decision problems.

Outline of Talk

Today I talk about three topics in Operations Research. The first deals with the direction
of the profession, from my very personal point of view.

When Operations Research was “born,” during World War II, there were no Operations
Research textbooks or research journals. There were no professionals with Ph.D.’s in Operations
Research. This may have been a good situation. Why? Because highly skilled scientists, en-
gineers and mathematicians had to apply their knowledge to difficult operational problems, in
a sense “deriving new results from first principals”. They were not channeled down canyons of
research papers, textbooks and degree programs in Operations Research, canyons that at once
have deepened our collective knowledge but may also have blinded us to what my lie outside of
the canyon. What is outside the canyon may be the most appropriate approach to the problem.
I believe that Operations Research sits at an important crossroads. Our very research success —
including approximately seven generations of doctoral students — may be our largest collective



2 RICHARD C. LARSON

future danger. I see fewer and fewer students and professors going out into the real world to un-
derstand operational problems before they try to model and ‘optimize’ them. I see a major trend
toward the ‘mathematization’ of Operations Research, to view the field as a branch of applied
mathematics. I believe this is wrong, and if continued, could spell the end for our field. To me,
Operations Research is a branch of applied physics, where the Operations Research professional
acts as a physicist who is both an experimentalist and a theoretician. He or she goes out into the
field and observes, interviews and collects data, as an experimental physicist would do. Then he
or she returns to the office or laboratory and tries to create a theory that explains the observed
behavior. Here the Operations Research professional is a theoretician. Then the professional
returns to the field to see if the new theory matches new data. If not, then it is back to the
’drawing boards’ to create a revised theory. This iterative process continues until the theoretical
model, the Operations Research model, matches reality sufficiently well to be used to evaluate
alternative decisions for operating the system being studied.

Topic 2 deals with the public’s awareness of our profession. Our profession is, I believe, the
world’s most important hidden profession. It is important because its application over the past
60 years has greatly improved operations in almost every imaginable domain, both private and
public sectors. It is hidden because the vast majority of people in any country have never heard
of it. So, the second topic I will discuss is what INFORMS is doing to increase awareness of
Operations Research. The effort is called the “Science of Better” campaign, a new popular
‘nickname’ for Operations Research.

The third and final topic focuses on some of our own efforts towards bringing OR to impor-
tant urban operational problems, including the management of fire, police and ambulance
departments; mail delivery; sanitation; and more. Much of this work is being made available over
the Internet via MIT’s OpenCourseWare (OCW) initiative. OCW facilitates the application of
Operations Research in cities throughout the world, including in developing or emerging coun-
tries. We are trying to increase use of Operations Research in these areas, in part with the help
our newest initiative, LINC, Learning International Networks Consortium.

Part 1. Operations Research: Mathematics or Physics?

Operations Research started as a named field in WWII, thanks to physicists such as Philip
M. Morse, George Kfmball, and Patrick Blackett, and mathematician Bernard Koopman and
others. It is clear that Morse and Kimball viewed Operations Research as a branch of physics,
where the task at hand was to invent the physics of complex systems involving both people and
technology. It’s the physics of the man-build world, not the physics of nature. If one does not
want to call Operations Research a branch of physics, then let us at least say that Morse and
Kimball insisted on using the paradigm or general approach of a physicist when doing Operations
Research.
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Here are some representative quotes from their textbook, the first textbook (Methods of
Operations Research, Morse and Kimball) in Operations Research:

“QOperations Research is a scientific method of providing executive departments
with a quantitative basis for decisions regarding operations under their control.”

“Operations Research - is an applied science utilizing all known scientific techniques as
tools in solving a specific problem.”

“Operations Research uses mathematics, but it is not a branch of mathematics.”

“... Operations Research is often an experimental science as well as an observational one.”

“It often occurs that the major contribution of the operations research worker is to decide
what is the real problem.”

My thesis is that nearly all major advances in Operations Research have come from work on
real problems, not imagined or artificially created problems. Consider for instance A. K. Erlang,
the Danish telephone engineer. In the period 1909 - 1915 he invented queueing theory in work
aimed to determine optimal capacity of newly invented central telephone switching centers. These
were real systems involving people and technology, being build and implemented in Copenhagen.
Erlang invented the physics of queues, and his equations are the ones most often applied in
practice, even today, 90 years later.

Closer to China, we have the so-called “Chinese Postman Problem.” (See the paper by
Mei-Ko Kwan ,Graphic Programming Using Odd or Even Points , Chinese Mathematics, 1:273-
277, 1962.) In the paper we read, “When the author was plotting a diagram for a mailman’s
route, he discovered the following problem: ‘A mailman has to cover his assigned segment before
returning to the post office. The problem is to find the shortest walking distance for the mail-
man.” (This is the first sentence of this classic paper.) The Chinese Postman problem is now
famous in Operations Research, having been applied many times in designing postal routes and
other routes and in being extended methodologically using graph or network theory ideas.

Then we have a facility location problem. See the paper by Hua Lo-Keng and others,
Application of Mathematical Methods to Wheat Harvesting, Chinese Mathematics,2:77-
91, 1962. From the first paragraph we read “-- the work of wheat harvesting in the Peking
suburbs was participated in by teachers and students ++ The objective * was experimental use
of mathematical methods in the selection of the threshing site most economical of transportation.”
From their work in the field, assisting in the farming operations; Hua Lo-Keng and his colleagues
solved the ‘l-center problem’ on a tree (and more). This stands as a significant contribution
in the part of Operations Research known as Location Theory. The Hua Lo-Keng Prize in
Mathematics is the highest honor in Chinese mathematical community. It was founded by Chinese
Mathematical Society in 1992 to memorialize the great mathematician, the late Professor Hua
Lo-Keng (1910-1985). We have one of China’s most famous mathematicians going into farm

fields, working in the fields with farmers, to learn about their problems, and then to return



