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Mathematics is the most versatile of all the
sciences. It is uniquely well placed to respond
to the demands of a rapidly changing
economic landscape. Just as in the past, the
systematic application of mathematics and
computing to the most challenging industrial
problems will be a vital contributor to
business performance. The difference now is
that the academic community must broaden
its view of mathematics in industry and its
expertise must be managed in more
imaginative ways.

Mathematics now has the opportunity more than ever before to

underpin quantitative understanding of industrial strategy and

processes across all sectors of business. Companies that take best

advantage of this opportunity will gain a significant competitive

advantage: mathematics truly gives industry the edge.
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The Odom Report

Academic mathematics is insufficiently connected to mathematics
outside the university. One of the greatest—and most
difficult—opportunities for academic mathematics is to build closer
connections to industry.

Academic mathematical science must strike a better balance
between theory and application. At one extreme, a narrowly
inward-looking community will miss both the opportunities that arise
outside the mathematical sciences and the opportunities that are part of
scientific and technological developments. At the other extreme, an
exclusive concern with applications and collaborative research would
severely limit the mathematical sciences and deprive the scientific
community of the full benefits of mathematical inquiry. At present, the
balance is tilted too far towards inwardness.

A narrow vision of mathematics in academic departments translates into
a narrow education for graduate students, most of whom are orinted
toward careers only in academic mathematics.
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Observations and opinions

The potential impact of contemporary mathematics on

science, on technology, and on industry is vast.

Unfortunately, the actual impact—though great—is no

where near as large as it should be.

In significant part, this results from the decision of many

mathematicians to address themselves to internally

generated challenges rather than to the challenges that

arise from the complexities of the modern world.

Industrial mathematicians almost always face problems

coming from outside mathematics.

Industrial managers are convinced of the power of

mathematics. . . they hire 25% of mathematics doctorates.
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A problem from outside mathematics

Planning for and responding to the deliberate release of

infectious agents is a clear example of a problem that

mathematics cannot solve, but to which it can contribute

immensely.

For a smallpox attack for example, many critical decisions

have to be made. Examples:

who to vaccinate (direct contacts of infected,

neighborhoods of infected, essential personnel, the city,

the country,. . . , healthy, at-risk, young, old, . . . )

prophylactic vaccination?

quarantine policy

value of early detection

value of diagnostic testing

dealing with uncertainty

Math can help!
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SIR model of mathematical epidemiology

Daniel Bernoulli published a mathematical study of smallpox

spread in 1760. In the 1920’s Kermack and McKendrick

formulated the SIR model:

dS

dt
= −βSI,

dI

dt
= βSI − γI,

dR

dt
= γI,

where S + I + R = 1 give the division of the population into

susceptible, infective, and recovered segments, β > 0 the

infection rate, γ > 0 the removal rate.
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Threshhold theorem

Theorem. Let S(0), I(0) > 0, R(0) = 1− S(0)− I(0) ≥ 0
be given. For the solution of the SIR model with

S(0) > γ/β, I(t) increases initially until it reaches its

maximum value and then decreases to zero at t→∞.

Otherwise I(t) decreases monotonically to zero as t→ 0.

herd immunity
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Smallpox modeling at the Center for Disease Control




