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That is, is Next Year’'s Math
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or Last Year’s Math?

or even Last Century’s Math?

Even if you haven’t experienced it yet, Y FXS!!T They are Different
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Mathematics and statistics faculty at research universities like
ITUPUI, and also other colleges and universities, are engaged

in the creation of new statistics and mathematics!

Mathematicians and statisticians at corporate and federal
labs and NSA are engaged in the creation of new

mathematics and statistics!

Graduate students must create new statistics or mathematics

to get their PhDs!



And undergraduates(!) at Duquesne University and TUP UI

are engaged in the creation of new mathematics!
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Some Old Mathematics you’ve heard of:

e Arithmetic before 3000 BC
e Geometry 2000-500 BC
e Algebra 1000 AD
e Probability 1650 AD
e Calculus 1665 AD
e Statistics 1750 AD

and some maybe you haven’t

e Number Theory 400 BC-500 AD
e Differential Equations 1670-1750 AD
e Graph Theory 1736 AD

e Group Theory 1830 AD
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Some ‘Modern’ or ‘New’ Mathematics:

Complex Analysis

Set Theory

Knot Theory

Topology

Functional Analysis
Theory of Computability
Linear Optimization
Mathematical Biology

Dynamical Systems & Chaos

Computational Algebraic Geometry

Tropical Geometry

1850
1874
1877
1895
1900
1936
1939/1947
1970
1970
1979
1998/2003
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Functional Analysis is important in your everyday life!

The Radon Transform was developed by Johann Radon in
1917 as an integral transform and with corresponding inverse

transform as part of his work in real and functional analysis.

These transforms are built into barcode scanners, electron

microscopes, & used in reflection seismology in oil exploration

and in Medical imaging techniques like:
magnetic resonance imaging (MRI) and ultrasound imaging
computed axial tomography (CAT) scans

positron emission tomography (PET) scans
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COMPUTERS!!! Mathematicians Alan Turing and John
von Neumann, in the 1930’s and 40’s, provided theoretical
foundation for operation of the digital computers we use now

and were involved building some of the first computers.

Mathematician Grace Hopper wrote the first compiler,
worked on building the Mark I and UNIVAC 1, directed the
creation of the first compiled programming languages

and was a consultant in the creation of COBOL (1959).

Hopper is credited with first using the word “BUG” to refer
to a glitch in the work of a computer after a MOTH short

circuited an early computer and stopped the machine!
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Number Theory is important in your everyday life!

Your uses encryption based on the
work of mathematicians Ron Rivest, Adi Shamir, and

Leonard Adelman at MIT, announced in 1977.

They used advances in number theory and digital
computation to invent the first practical “trap door

functions” and “public key” cryptosystem.

The RSA cryptosystem, and related ideas, are the basis for
much of the work done now on data and communications

security worldwide.



Statistics is important in your everyday life!



Statistics is important in your everyday life!

MEDICINE!!! Statistics plays a central role in enabling

the discovery of effective medicines and medical treatments

and in showing they are sate enough to bring to market.



Statistics is important in your everyday life!

MEDICINE!!! Statistics plays a central role in enabling

the discovery of effective medicines and medical treatments

and in showing they are sate enough to bring to market.

Statistical Quality Control!!! Statistics plays a central
role in ensuring you get high quality products from medicines
to televisions and cars

to potato chips and ice cream!



Statistics is important in your everyday life!

MEDICINE!!! Statistics plays a central role in enabling

the discovery of effective medicines and medical treatments
and in showing they are safe enough to bring to market.

Statistical Quality Control!!! Statistics plays a central

role in ensuring you get high quality products from medicines

to televisions and cars

to potato chips and ice cream!

Analytics!!! Business Analytics! Sports Analytics!



Statistics is important in your everyday life!

MEDICINE!!! Statistics plays a central role in enabling

the discovery of effective medicines and medical treatments

and in showing they are safe enough to bring to market.

Statistical Quality Control!!! Statistics plays a central
role in ensuring you get high quality products from medicines
to televisions and cars

to potato chips and ice cream!

Analytics!!! Business Analytics! Sports Analytics!

INFORMATION, not just data!

Information based on data, yes, but not just data!
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Other NEW Mathematics is important in your everyday life!

is younger than (most of) YOU

& runs on linear algebra developed in your parents’ lifetime!

Mathematics can describe Juggling Moves
it can be used to create Juggling Simulators

and analyze the “jugglability” of juggling patterns!

Actuarial Mathematics & Statistics is used by insurance

companies to predict claims and set premiums.

depends on sophisticated catastrophe
modeling so companies can insure homes against earthquakes,

hurricanes, tornados; rare but financially devastating events!
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Partial Differential Equations Modeling is important in your

everyday life!

Mathematicians have created PDE models to help PIXAR,
Disney Studios, and video game companies develop
convincing animations to
help characters and their clothes move ‘naturally’
get billowing smoke of an explosion to engulf the screen
show hungry flames licking up and consuming buildings
produce tsunamis that approach terrifyingly and splash

and break over the landscape



Mathematical Modeling is important in your everyday life!

Goal: Use clinical studies & math models to study glaucoma

How do mechanical forces affect flow in central retinal artery?

What mechanisms important to get autoregulation?

What are effects of varying MAP & I10OP on retinal blood flow?

Hil
il

4 Branched Arterioles Capillaries Venules 4 Branched

IOP

Lamina
Cribrosa

RLTp

®
CRV

Thanks to Prof. Julia Arciero, math biologist at IUPUI
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The NEXT Mathematics will be important in your future!

BUT most people just don’t know about any recently

invented statistics or any unsolved mathematical problems!

Don’t mistake not knowing about these things

to be evidence they don’t exist!



Clay Mathematics Institute Millennium Prize Problems are a
challenge to the mathematical community!!

Solution of any will yield $1,000,000 to the solver:

1. P versus NP problem

2. Hodge Conjecture

3. Poincaré Conjecture (Solved!!)

4. Riemann Hypothesis

5. Yang Mills existence and mass gap

6. Navier Stokes existence and smoothness

7. The Birch and Swinnerton-Dye Conjecture
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Applications of Statistics, Linear Algebra, Numerical
Analysis, & Computer Science to problems of Data Analysis
and Data Mining will enable connections to be made in

collections of complex data.

For example, we have catalogued the human genome but
cannot yet easily connect a gene to the protein it encodes:
work is going on now to make such connections to enable

personalization of cancer and other medical treatments.



The NEXT Mathematics will be important in your future!

Applications of Statistics, Linear Algebra, Numerical
Analysis, & Computer Science to problems of Data Analysis
and Data Mining will enable connections to be made in

collections of complex data.

A credit card company processes millions of transactions each
day; many of these are fraudulent! It is impossible to check
every transaction! How can the company identify the 5 to 10

thousand transactions each day that are ‘most suspicious’??
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The NEXT Mathematics will be important in your future!
Can we create Multi-scale Mathematics?

The human brain has 20 Billion neurons. We can make
mathematical models to describe the interactions of 1000
neurons with each other. We can also create models that
describe how a collection of 1 billion neurons interacts with
other collections of 1 billion neurons.

Brain function clearly depends on iteractions of the
smallest scale, also interactions of various middle sized
collections, and on the interactions of large collections. How
can we model interactions among all sizes of the collections of

neurons?



The NEXT Mathematics will be important in your future!
Can we create Multi-scale Mathematics?

The same problem occurs in weather forecasting: we can
make very good short term predictions of Pittsburgh weather
and very good long term predictions of global air flow. How
can we make better medium term predictions (a week or two)

for regional weather?
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Some ideas/products important in the future do not now exist!

But some trends are clear:

Computers will play a role in their creation or existence

Bio and medical science will be BIG

Statistics and probability willbe EVER Y WHER E
NEW Mathematics will be REQUIRED!!

You should prepare with an eye to YOUR future!



BIOLUGIST

Doy Congins

v DEFENSE INDUSTRYS | A | 19114 IHMMAﬁnﬁr}mbﬁING

suENTISTM ath em at]CIanMEDmCAL MAGIMG

: \ 1) | il w IN L w w \ [MILITARY
CLIMATOLOGY A AL = L AL

urmesMANAGEME N NOULTANIECOLOGY Finance

COMMUNICATIONSRISK MAN AGEFR MA]HONAL SEC“RlW

GAS EXPLORN'ONBusmess Services,SASIIa

Software Engineer PharmaceuticalsNATIONAL LABS

Mathematics Awareness Month / April 2015

www.mathaware.org/index.html



Links:

www.math.iupui.edu/ ccowen/Careers.html

www.math.iupui.edu/ ccowen/CoolMathLinks.html

www.mathaware.org/index.html

THANK YOU!!
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In Spring 2010, “Mathematician” had fallen from the top
spot —

and the best job in America was Actuary!
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1. Mathematician!
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Last Spring, the reported that

the five best jobs in America include

Mathematician!

Statistician!

Actuary!

A

More importantly,
in all editions of “Jobs Rated Almanac” since the first(1988),
the Mathematical Sciences have been a central part

of more than half of the top ten jobs in their rating!



