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MODELING, SIMULATION
AND INTERDISCIPLINARY RESEARCH

R. Vichnevetsky

That modeling and computer simulation have becoms & major component in most
segments of applied science may be recognized by even a casual observation of.
our community. Interesting aspects of this pheneomenon upon which I wish to delve
spomewhat into are:

a) that modeling and simulation have come to play an interdisciplinary
role somewhat akin to that traditionally plagyed by the applied mathematics;

b) that the overwhelming power which hasg resulted from the introducticn
of computers in the process of scientific research has expanded the application
of the mathematical method, through modeling and simulation to disciplines which
have been by tradition impervicus to the kind of scrutiny characteristic of the
exact scicnces. Whether this expansion to those new disciplines (sometimes re-
ferrsd to as "soft") has been even moderately succecsful is a gquestion which Iz
mu;h debated, and far from being resolved [5].

A characteristic feature of older classical texts aboutr simulation in the
hard sciences is that they contained many examples, in fact more examples than
general theories: everyone knew well then what the problems were, and the new
techniques of simulation could be explained by examples better than by theory.
The mass-and-spring, level feedback contrel and, more recently, predator-prey
systems have been used profusely to illustrate dynamic systems computer simulation.

By contrast, a characteristic feature of many (although not all) texts
ghout "soft" systems simuiation is that they contain generalities, sometimes a
great deal of abstract and scomewhat philoscphical theories, and few Exaﬁplés.
this, of course, is mostly the case in the social Sci;nces. wWhilst many worxers

in this field have genzral ideas of what computer simulation is ail zbout, mostiy



acquired by leoking over the fence to se&e what the exact or hard scientists were
up to, the "how te go about doing it" is yet often unclear in their mind,

There are also many texts to be found about case-studies involving modeling

and computer simulation of specific systems in these areas: but what can
eventually be expected In terms of significance of results of these mathematical
madelings and computer simulations is somewhat fuzzy., The resistance to and
displeasure about Forrester's and followers work which one Ffinds in certain
social science circles are just one example lDf the present state of affairs.

What iz little realized in 2]l this ig that the natural sciences, and in
particular those which rely heavily on applied mathematics, find themselves
' in the middle of a transition between two eras. The past era is that which
started toward the 16th and 17th century with the works of Galileo, Bacon,
Descartes and Newton, in which it came to be recognized that phenomsha of
nature may be described by laws, that these laws may be expressed by a very
specific brand of mathematical egquations (those of algebra and calculus) and
that solving these equations results in pot only explaining, but alsc in pre-
dicting the behavior of natural systems. The development of the mathematical
tool went hand in hand with the search for the understanding of nature, and ths
names of savanis of the past centuries are often associated with both mathe-
matiecs and physics. Well known examples are those of Newton, calculus and
astronomy, of Jd'Alembert, partial differential equations and the vibrating
gtring, of Fourier, mathematical series and the theory of keat, of Hamfilten,
variational calculus and ratiopnal mechanics and of Rayleigh, eigenvalue pro-—
blems and the theory of sound, to name z few.
It was the case then that enly those problems ﬁhich could be solved analyt-

ically with a certain degree of ease {or zpproximsted nuvmericelly with a certain

degree of ease) were those which were holding the attention of sufficient



numbers of scientists to become the classical background against which applied
scientific investigations were being conducted.

Much has been changed with the advent of the computer age. With the
dramatic increase of automatic means for computation becoming availabie, nore
and more of the problems which'could not be solved analytically, or manually
mﬁg simple eﬁé;gh ﬁﬁmezﬁgél Hgfhodé;_ére now solved by machines on a routine basis.

FPast. decadeg have been extremely produétive in the development of hardware,
the adaptation of pencil and paper mathematics to the use of computers and,
to g Jesser extent, in the Invention of new mathematics about computer methods
for the solution of scientific problems.

In practically each such case, the relation to the physical problém that
was Iintended to be solved was ciear, explicit. The first differential analyzer
was conceived in the 1870's by Lord Kelvin who was concerned with obtaining
solutions to the differential sguaticns of physics. The development of ENIAC
was motivated by the need to solve war-time problems of ballistics. The first
electronic analog computers were applied to airplane autopilot design, and
John von Neumann's conceptual desecription of the stored program electronie
computer contains ample reference to problems in fluid dynamies [12].

The adaptation of the theories of numerical approximation of past centuries
to modern day tools has flourished cver the past twenty years or so, again in
most Ccases mativate& by specific prbblems which have their roots in the physical
sciences.

One visible result of this is in the recent appearance of a nﬁmber of new
professicnal journals devoted entirely or almost entirely tc computer methods in
physics, structural analysis, applied mechanics, water resources, fluid mechanics

and the 1ike.



But whereas the mathematics of computation and approximation were for
a time at the forefrent of the problem solving scene, cone may easily identify
today many segments of this field Whi;h have been overkilled, so to speak,
and where further thecretical developments are more pleasony to their
originators than userful in re«;l applications. In effect, they have moved
from the "appiied" to the "pure”, iflwe are Lo accept the definition of pure
a=s that which is not to be. foreseeably applied.

Solving well-posed problems has gradually sfﬁfted from a creative,
somewhat spectacular activity to the more routine one of writing programs
of varicus degrees of size and complexity. A new era is emerging for many
if not most disciplines, in which the creative work has shifted away from
problem solution toward formulaticm. Or, in terms of medeling apnd simula-
tion, awéy from simulation toward m&ell;ng. To be able to function proper-
1y in this new environment, scientists must have both the mathematical
and the disciplinary trainings and inclinations. He who iz trained enly in
the mathematics or computation cannot convey to the diseciplinary scientist’
the information needed by the latter to conceive of mathematical models
which can lead to needed simulations. Nor can the disciplinary scleptists
conceive of these models if he does not have an intimate knowledgs not
only‘ of mathematies, but alse of the subtle ways in which they blend with
the information pro-cess_ing‘capabilities or computers. Nor, without that
knowledge can he even make an intelligent interpretation of the scope and
limitations of computer simulations .of systems which are in his province,
if they are to be described by abstract mathematic'al models whose limitsa-
tions he cannot grasp.

What this points to 1s s need to revise our views of t-he‘ division of

science in -coﬁipartmentalized disciplines. Without going as far as adwocating



& return to the universal kiné of higher education which prevailed during

the Renaissance; it seems to us that a clear need exists for scientists

who are trained in the tradition of exact investigations as well as ip at
least one of the softer disciplines such as the social and 1ife sciences.

It is also clear that research in modeling and sinulation of the large and
soft systems which are today mankind's concern will foster *he growth of
interdisciplinary schools, in which scientists of different training will
léarn to work together énd, maybe more importantly, will learn to respect

the opinion and kind of knowledge of those on fhé other side of the proverbial

fence between the exact and, by inference, the not so exact sciences.
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