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Which vision is right for Math?
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Report of the Senior Assessment Panel..., aka Odom Report, 1998




Connectivity Is essential!

Research in fundamental mathe-
matics and statistics — discovery

Investments in the interactions
of mathematical science with
other branches of science and
engineering — connections

Development of a capable and
diverse mathematical sciences
workforce for academia, inaustry,
government - cormmunity




DMS Investment Priorities

+ Discovery

= Research grants in core areas of mathematics and statistics
= Research grants for interdisciplinary research

+ Connections

=  MNational mathematical sciences research institutes
= Conferences and workshops

+ Community

= Training grants for undergraduates, graduates, and
postdoctoral researchers

= Research Experiences for Teachers



NSF Investment Priorities

Promote transformational,

mu/t/a’/SC/p//hary roc . @ National Science Foundation

INVESTING IN
Investigate the human and social | AMERICA’S FUTURE
dimensions of knowledge and
technology

Further U.S. economic competitiveness

Foster research that improves our ability
to live sustainably on Earth

Advance fundamental research in
computational science and engineering,
and in fundamental, applied and

Interdisciplinary mathematics and
tatistics

STRATEGIC PLAN

FY 2006-2011
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MATHEMATICAL

Mumber theory, an area of mathematics on which the security of Intarnet

Number theory is the mathe-
communication is based, also guarantees the authenticity of a book's [SEMN - -
(International Standard Book Number) and its UPC (Universal Product matical foundation for...

Code). Authentic ISBM numbers allow computerized tracking of books, and
UPC’s identify each book as unique—ensuring that authors get the royalties

they're due.
All digics of an 15BN number but the last are multiplied in modular arich- Bar COdes

metic by predetarmined numbers. The sum of these products is used to
create a checl digic. The check digit is then appended te the end of the
number. Mot enly does the check digit guard against intentional fraud, but it
also detects human error, like transposing two digits. This process is alse

used with most state driver’s licenses and with airlina tickets. Universa/ PrOduct COdes

More information:
Contemporary Abstract Algebra, |oseph A Gallian, 1998,

ISBN O-8218-2045-1 Secure Internet Commerce

08

211820452

973

'_-'-:;‘:{7_ The Mathematical Maoments progrom promates
el M L) appreduation and understanding of the rofe mathematic
ARl MaTnmpanear snerere PATYS 0 sclence, nature, tachinology, and human cufture,

www.ams.org/mathmoments



Originally designed for military use, the Global Positioning System (GPS) now lets
boaters, drivers, and hikers pinpoint their location to within a few meters. Most of
GPY's funcrionality is derived from arithmetic, algebra, and geometry. The time it
takes for a signal to travel from a cransmitting satellite to a GPS receiver estab-
lishas the distance between the two, which places the GPS user on an imaginary
sphere centerad at the satellice. Similar calculations are done concurrently using
other satellites. Once corrections for the difference between sacellite and recaiver
clocks are made, the GPS user's location must be one of the points of intersection
of three sphares.

The basic principles of GPS are simple, but reducing error when using satellices
moare than 10,000 miles away to calculace locations is not. Informartion theory
extracts reliable data from weak signals (which have less than a billienth of the
power of those received by your television) and mathematical models of the
atmosphere account for slight changes in speed as signals rravel through different
layers on their way to earth. Differential GPS reduces error even further by using
land-based stationary receivers, whose precise positions are known. Eventually
real-tima GPS will be so accurate — with errors on the order of inches — that it
will guide cars and allow planes to land in zero visibilicy.

For More Information: "Retocling the Global Positioning System,” Sdentific
American, Par Enge, May 2004.

Irvigs courtaay of The Asrcapacs Carporation

o & The Mathematical Moments program promotes
AE ) ]I W | 3 apprecation and understanding of the role mathematlcs
A Piera s beoerr PIYE In sclence, nature, technology, and human culture.

Geometry and statistics are
critical components of the...

Global Positioning System



Storm surge is often the most devastating part of a hurricane. Mathemarical
models used to predict surge must incorporate the effects of winds, atmospheric
pressure, tides, waves and river flows, as well as the geometry and topography

of the coastal ocean and the adjacent flocdplain. Equations frem fluid dynamics
describe the movemant of warer, bur most often such huge systems of equations
nead to be sclved by numerical analysis in order te berter foracast where poten-
tial flooding will cceur.

Much of the detailed geomertry and topography on or near a coast require very
fine precisicn te model, while other regions such as large open expanses of deep
water can typically be solved with much coarser reselution. 5o using one scals
throughout sither has too much data te be feasible or is not very predictive in the
area of greatest concern, the coastal floodplain. Researchers solve this problem

by using an unstructured grid size that adapts to the relevant regions and allows for
coupling of the information from the ocean to the coast and inland. The medel
was very accurate in tests of historical storms in southern Louisiana and is being
used to design better and safer levees in the region and to evaluate the safety of
all coastal regions.

For More Information: “A Mew Generation Hurricane Storm Surge Model for
Southern Louisiana”, by Joannes Westerink et al.

Image: Water surface ekeation (blue is low, red iz high) In the
PMew Orkans area %00 am 8 2%05 {amows Indicie wind

weleckyh Courtsay of joanne: |. Wibstarink

e The Mathematical Moments program promotes
i apprecgtion and understanding of the nole mathematcs
AMTIOME MUTSISCITEME ROGIETY  Didys In sclence, noture, technology, and human culture.

www.ams.org/mathmoments

Computational algorithms
and adaptive mesh
refinement permit
accurate calculation of...

Storm surges and other
disruptive weather events



MATHEMATICAL
MOMENTS ___
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Seoring and identifying the digitized version of millions of fingerprints is an

almost inconceivably enormous task Uncompressed, the FBIs current Wa Ve/ets and harmon/b ana/J/SI:S
S% e e e e are the key ideas behind...

tively routine, and much less expensive so that storage is feasible and
retrigval is fast.

Any image is really a function that gives the celor and intensity of each pixel. m y
This funcrion can be written as a combination of special functions—the Da ta CO press,on for
wavelets. The rules for how the wavelets fit together are easier to store

and retrieve than the function itself. Wavelers are a twofeld improvement efﬁCient storage and

over Fourier transferms—another data compression technique based on

sines and cosines. retrieva/ Of ﬁngerprints

For More Information:
What's Happening in the Mathematical Sdences, Vol. 2, Barry Cipra.

Photogriph ccurtesy of Christopher M. Brishen, Les &lamcs Mational Lab.

ATy The Mathematical Moments program promates
: Al M '} appredation and understanding of the rale mathematics

v MaTimmanesr Snerere (PIIYS 0 sclence, natere, techinology, and human cultire,

www.ams.org/mathmoments



MATHEMATICAL
MOMENTS

Seeing More Clearly

Twinlkling stars are fun for songs bue frustrating for astronomers. Current tech-
nology uses adaptive optics to adjust for wrbulence in the atmosphere and deliver
an accurate image of stars, planets, and sarellives. Correcting for atmespheric
distortion invalves linear algebra, geometry, and statistics to determine the extent
of the distortion and continually adjust deformable mirrers which refocus light
waves back along their true paths.

Mathemarical algerithms make possible the many real-time calculations required to
clarify views both beyend earth and under the micrescope. In fact, adaprive optics
allowed researchers their first views of individual cells in a living eye. This has
brought abour the potential for better diagnostics and mere accurate surgery, so
that a science created to help some people see a fow things more clearly may help
millions see everything betrer.

For More Information: Adaptive Optics in Astronomy, Frangois Roddier

v—'. £ The Mathematical Moments program promuotes
P ]! W | U abpreddtion and understanding of the rde mathematics

ARTE 3 MaTtEaane o, e DIOYS U0 sclence, nature, technology, and human cukure

Image courcesy of the Eurcpean Souchern Chsersatory.

Statistics and numerical
linear algebra are key
components of...

Adaptive optics
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NSF Highlights
Integrative Models of Microorganism Motility

Highight ID: 14345

Aecen biooglca studies have sned light on the relative iImpanancs of
the machanical ingredients of raproduction. Mammalian ferilzation
requires coordnaten actvity of matle spermatazod, muscular
conTactions of the wierus and oviduct, and cillary bating. The
understanging of the imemal mechanics of cila and Niagella, Nagaliar
surace Interaction, sperm motlity i compiex fuids and (he role of fuid
dynamics In emboyo franssr has aiso se2n recent advances. Despits
consliderabia progress In mossling thess elements Indiidualy, reaiively
tzw studles Nave examined e Ml dynamic couplng of these

elements. Faud, et @l have develapsn pramising compusational fuld
dynamics =chnlguss Mat can be LEan 1o investigats these compicaizd
fuld-struchune Irt2ractions. This study shows thal the observed swimming
penavior of a malllz arganism 15 ihe r2euit of @ complex Inerpiay of
Intemal force generation, passive slastic propaniss of Ihe struciure, and a
sumourding viscous fulg. & unified computational approach, based upon
an immersed boundary framewark, has been deveiaped, coupling mtemal
foros-ganerating mechanisms of Cepanisms win an 2xtemal, viscous,
Incompressibie uld. These aovances In compuiationa! biclegical fiud
dyramics promiss to provides A framework for robust and accurats
simuiaians of tness complex. coupled dynamical systems

Primary Stratagic Cufcome Goal Computational simulagion: Swimming kech wih partciec—slde
wierw. Inilial posfion consists of leech encased In cyinder made out of
= Dlscowary: Foster researnch that will advance the fromtiers of red, green gnd oo particias. As leech swims, I.I':Y:uraes created
anowledge, emphasizing areas of greatest apportuntly and disperse the parizes traugh the fud
potential benefit and esfanlishing the nalan a6 a gicbal leager in
fundamental and transformational science and enginesring. Permission Mot Granied

Secondary Strategic Owoome Goals!
= Leaming: Cullivate a world-ciass, broadly Incluglve science and enginesring worktorce, and expand the sclemtific iReracy of all chizens.

FHow does this highlight address the sirategic owicome goays) 25 described i the NSF Strateqlc Plan 2008-20117:
Tris project traws ldzas from many dsciplines, Incuding fluid mechanics, séentic compuong. cell biowgy, and numerical analyels. This
muizdiszipinary approach has enabled the reearchers to make signitcant progress In the understanding of microonganism modlity. in agdsian,
nls Intzrdlselplinary project has formed the bagls for nvelvemnent and iraining of stugents at 3ll lzvels, Trom imoergraguate by graduale to
FDS-HJEFI{:H| resaarchars.

L isa J. FaUCI. ﬁ&s this hgmiigit represent ransformaiive reseanh?
Professor of Mathematics o ek

Eragram Officer; Mary Ann Horn

TU/ane UniverSity NSF Avward Numbers:

0201053

Award THe:  integrasve Maodzls of Microarganism
Motiy

7| Name: Lisa Faul

ingtitution Name: Tuiane Univesslty

PE Ciodle: 7334

NSF Caniract Numbers:
NEF fvasiments. Amencan E-Elﬂ'pE‘.hh'El}EB& Inziathve -,ﬁ':l:
Relateg Centeror Lange Faciy:

Submitiad on 021252007 by Mary Ann Horm
DM2- Approved 02:25/2007 by Debarah Locknar:
MPS: Approved 02282007 by Lometia J. Hopains
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Vincent Ervin

Professor of Mathematics
Clemson University

NSF Highlights

The Numerical Simulation of Viscoelastic Fluid Flow

Highitght k- 12387

Mumarial simuiation of a wiscoslastic Tuld Tnrougha 4:1 planar contraction

Creds:

o ErEnted

wincent Envin

Wiscoelasilc Niulds, In which the inlernal stress of tne Tuld cannot be simply descrbad by e rate of deformation, are abundant in nature {olood)
and marufacturing processes (moltan polymears). Actve research In the rumencal simulation of theee fluigs l=aves many open and challenging

prabiems in baoth frecretizal and computational domains. This research has addressad shortcomings In the presant slate of the soience and nas
2xpanded the matnematical foundalans of salulion mehnods.

Ome applization of the resaarch on compulational analysls of viscoeiastic uid Now Is e development of accurste and slable approximation
mesnods far mathematical models of fukl Bow. A Dedter understanding of BLCh computations ¢an l2ad o a betler understanding of Disod fow and
Deder medical tools that agdress biood fiow aliments.

Primary Goal Inicarors:
» Cybernlrasructune

Secondary Goal MACaars:
= Contributiors
This wark (5 nofabie hecawsa”
Triks ﬂng?l I'E'JIEE-E"I[E» mﬂjE‘ﬂ{x}l‘ﬂpﬂl?‘ﬂl"a! malhads 3t the forefron? of methoss that can enhance IIEET'I'IHLEE fiar {!}'HEHF-'EE‘I.I'I.IEU.I!'E.
Oher INQICINANE {15 NS WOrK RnSMmanyE or mutmsciinan?):
This wark invakves muticiscipiing! ry mseamh.



NSF Highlights
Nebraska Mentoring through Critical Transition Points (MCTP)

Highitght iD- 14024

Two critical trangition perigds in the preparation of
mathematiclang are being targeted: the transition from
e undergraduate bo the graduate level and e
transltion from the advanced graduate level to the eary
vears of an academic pogiton. The 200€ Nebrasea
IMMERSE programs helped prepare anoher 17
pre-graduate students for teir first year In graguate
£chodl, gave 10 mare graduale shudents extenslve
Expanence N memonng, and providen 4 more
earty-carser facuity 3 valable apportunity for
prafessional deveiopment, Including enhancing thelr
Tesaanch programs.

The 2008 KRA (Keeping Research AINS) workshap
pravided an apportunty far 3 more racent Pho0 s i
come ba Linceln for 2-3 weeks and reimigoraie their
resaarch by mesling wiin Univarsty of Kabrasaa-Lincon
*acury and researth visitars 35 wel as the ather eary
career taculty.

The 2008 Mebraska Confsrence for Undargraduate
‘Women In Mathemalics gave 183 undergraduate
women an apportunity % present thelr research and'or
mesat olher women In mathematics, Ircluding the IMMERSE
distinguisned paneiistE ano Plenary speaters.

= zi0n Mot G

The tree new Trst-year and 4 new advanced MCTR

trainess recelvan relkasa from teaching i order to focus

an el ciassas, examinations, and research, as well as attend the spacial MCTR seminars (Landscape Seminar, Teaching Saminar, and ihe
Professianal Development Seminar).

Al three first year tralnses piSSEIi'.I'IE W.I5||f§'|ﬂg EXEME On 1FE|I"?SI1[}' in June 2006
Primary Sirategic Cufcome Goar

» Discovery: Foster recearch that will advance the frontlers of inowiedge, emphaslzing areas of greates? oprotunity and polential benett
and estabisning e nation 35 3 gobal Rader In fundamental and Tansformatianal scienca and enginasring.

Al T ; . Seconaary Strategic Outzomes Goals

How dass this highlight adavess the strstegic outcome goay's) as descnibed in the NSF Straisglc Plan 2008-20917:
Trits program {argets Two crical FEnsTian Derods In te Breparatian of ManemantEns. e Wansiion rom e undergraduate 1o Me graduate

Tom Marle e e e s e
y ::I:HEHEI?I;HFQ regearch uriversiies. The pragram wil benaft students 31 UNL av;weli'asdeueluping mathematizians In the Iarger malhematical
Professor of Mathematics Do s gt repesere st esearc?
- - - MPEDMS 2007
University of Nebraska, LIncoln o s
- - ? NSF Award Numbers.
(and a future mathematician?) .
Award Tile: EMIWZ1-MCTP: Nebraska Menlorng through Critizal Transion Points
Pl Mame: JUHEY Waliar
Insbution Name: UniversEy of Nebrasia-Lincoin
PE Cide” 1260

HWEF Confract Numbers:

NSF investments: Amenican Compestiveness Intiative (ACT), Educating Innovators for the 215t Century
Related Center or Large Faciliy:

Submitied on 022572007 by Lioyd E. Douglas

DME: Approved 02/25/2007 by Deborah Lacknart
MPS: Approved 022602007 by Lometa J. Hopains



Mary Ann Horn
Vanderbilt University, Tennessee — Mathematical Biology

Tomek Bartoszynski
Boise State University, Idaho — Logic and Foundations

Joanna Kania-Bartoszynska
Boise State University, Idaho — Topology



Conclusions

+ Mathematical sciences research is lively, vital,
and developing rapidly

+ Research in mathematics and statistics
enables progress in science and technology

+ Mathematical sciences play a critical role In
developing a science and technology
workforce
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