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 Are mathematicians needed in Industry?

* SIAM report on Math in Industry



CareerCast.comE3E

19—

AR

Find a Job
Keywords Location
City & State or Zip M
Accounting Customer Service Healthcare
Administrative / Clerical Engineering Hospitality
Arts / Entertainment / Media Finance Human Resources

Advanced Search »
Browse All Categories »

Niche Job Networks

Veterans ¥a—=

Network Network t-—

Tricks of the Social
Media Trade: Show
Your Future Employer
You’re Legit

Avoid a social media disaster and
present the best online version of
yourself by following these tips.

READ ARTICLE »

Geeng

Diversity o
& Bilingual Network@
AN ‘@ By ™

Diversity Jobs

Customer Service Professional
Arise Virtual Solutions
Houston, Texas

Customer Service Professional
Arise Virtual Solutions
Murrieta, California

Customer Service Professional
Arise Virtual Solutions
Tacoma, Washington

CareerCast Niche Job Networks

CareerCast Niche Job Networks are faster
and more effective at connecting you with
the ultimate job opportunity.

& Diversity Jobs >
Iy Disability Jobs >
Wi= Veterans Jobs >
@ Finance Jobs >
@ T &Engineering Jobs »

UHamlblhhmnmen labe~ [
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Best Jobs in 2014

& HEUA (3= 2022 SEFRERRDE (%)
£)
1 SIS 101,360 23
2 SRS 68,970 19
3 amatElEe 75,560 27
4 A BRI 93,680 26
5 RAREEL 69,720 3. TechNews
g RS 70,210 33 R B F ®
7 B HE L TEAT 93,350 22
8 TG R TEN 79,680 25
9 e AT 75,400 29
10 BNl 69,870 19

5 $2014.4. 18 B Ky
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US News 2014

— Best business jobs: Market research analyst, operations
research analyst

— Best technology jobs: Software developer, computer
systems analyst, web developer

Business Insider

— Software developer, computer system analyst -> data
scientist

Wall Street Journal 2014, 2013, ..., 2009...
search best jobs in 2014, you will find more...

Mathematicians are needed in industry!
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Who Hires Math Majors

* Math majors develop
— analytical proficiencies,

— knowledge of math theory and practical
applications,

— problem-solving skills
* that are highly valued by public and private
companies in every industry, including

— finance, computer and data science, and
biotechnology.



Who Hires Math Majors

State Farm Insurance: 60,000 people

Qualcomm: a wireless technology company: 150 offices
Boeing: 170,000 people

Google: 70 offices

U.S. Government

Intel

Edward Jones: investment firm with 11,000 offices

McKinsey & Company: leading employer of business analysts
Boston Consulting Group

Genentech: discovery and manufacturing of medicines.



SIAM
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o E[E{PY T FEEE B2 =rSociety for
Industrial and Applied Mathematics (SIAM) Ji*
1950£1]77.
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SIAM Report on Mathematics In Industry
MIl 1996, MIl 2012
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SIAM Report on Mathematics in
Industry (Ml 2012)

1 Introduction
1.1 The SIAM 2011 Mathematics m Industry Study: Background ....ooooieiceeens
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The Role of Mathematical Sciences in Industry:
Trends and Case Studies 9
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33  Qualfications and Skall Sets.

[
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6 Conclusions 3
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1. Business Analyticspg 15457t

EUE S | 2N A SeEEE (Data driven decision making)
B DLEBIETF 2 A S RERIE F IR EEAHA
2 o B RS R EAURG 1% (Business intelligence)
B P 155577 (Business Analytics).

BRAe L ERE T BE o | B0 SRS B e 2 AR oK
%éx @E‘@AE
T BHVER S S R HY 22 5] —IBM, Oracle(FH/E ),

SAP(B S A HEAE /\ F]), Microsoftfsk— e
S250 fE=E AT Ih9838,. [Lohr, 2011-3]




Business Analyticsps 1557 TN &

o {EHZFE {7 operations research ({EZEMF3T) B
management science('EHR}EE),
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Data analysis for business
(PSR 7717
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Business Insider Intelligence

 Business Insider Z-ZE B G & B 5 RHY #r R 4k

— EERAVAEES KT £ 552 5(E/ N 35S H:E‘if
Aus > IRAFIE SRR b E BV - AR
[5al CHY RIE 3% 20 45 5 2 ) ‘E%%I%IEE%%E’WY%ZF% )
EiR e iESA Al g e o

— Bl IntelligenceFV sk S5 I » N2 25 RALRT
a4k _EHYERHELH 1T Ry T/TJTM%‘@LJ% JSTREEENE 4
15 0 IMAUREEA W E R EFIL = 12 B REHE -
R[] DLET S A A UESEE ool » 22 2SR RS T
HAY R —

(FKJE :Business Next&yfi7iF{ 2% EH Bl Intellengence)




RIS T B 1R N L o

(fEf@iE4%) (Jeopardy) & FHER A& B 5 AT 19645 Bl HY
EEIVERE TIEGH - siRE—ENVEEEH - &5
A TR BEE - B 84y ~ B ATl - BB E
i~ SCF IR E S T HINE -

20112 H14aHMY (fElEssk ) EiE & o IBMZEA: AR K
0PN

IBMEE A K BR S v K Y H 28GE 5 RN RE T ~ B
re FEAEASTEHY B ~ WAFRE 704 (deep analysis) © 72 Ehfk
RO HIEEF R ~ (i 0R ~ RIS ~ KETZ T LAY
IRGRE [Groenfeldt, 2011] -
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2. PSRRI E TR B SRS IR ST
Multidisciplinary Design Optimization(MDO) and
Compuer Aided Design (CAD)

_ :
Boeing 787 landing at the end of its maiden flight, illustrating the
flexibility of its wings.



MDO and CAD

20114F.10 H Boeing 787 EE /I ZE 58 & i A
FEIRENEFEA -

K 787 R AR L LA - tb%ﬁ Skl
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MDO and CAD

787 st AEEENE _FECET.

78T I T 3R BB
Ao 2B ) E e R baET -

787 NHlaxaET Al DUER P #R°K - BRIl E
Pl R -

e e T FTEEEEE T EAl 5 computational linear
algebra, differential equations, operation
research, computational geometry, optimization,

optimal control, data management, and a variety
of statistical techniques
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3. LR AR AYITSEIE,

Computer vision (ZEJSHRE)

Image processing (2215 i FE)

Imaging((& &%)

natural language processing( EH AL = i )

information retrieval ({2 E.E

=5 JE)

* machine learning (F42352 %)

B R =




CB40: Image Analysis and Data Mining

Science Applications International Corporation (SAIC)
B—F R EF R = AT

SAIC [ | —EH BV SR EE R Z%t(ISR)
TEAEAIMES

AIMES 5174\ BB eI 3% 2 BE A BN e i
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How math is used in Industry?

ow google works

ow Amazon recommends books

ow to reduce imaging time in MRI

ow to denoise a corrupted picture

ow to inpaint a corrupted painting

Some other info on "math in industry.”



How google works

* EFZEHL (Crawling)
« 75| (Indexing) 60 trillion pages
* HEF(Search algorithm and page ranking)




How google works

Three steps to make search engine work *

@ Googlebot: Google's web crawling robot
It crawls, downloads and fetches webpages in the

cyberworld to the indexer.

@ Indexer: sorts and indexes every word on every page, and
stores them in a huge database

@ Query processor: perform page ranking algorithm upon

your query

1. Lars Elden, Matrix Methods in Data Mining and Pattern Recognition, SIAM
2. PageRank, Wiki
3. GoogleGuide, how google works



Query Processor--PageRank

@ It is a link analysis of webpages

@ |t was first suggested by Gabriel Pinski and Francis Narin
in 1976 for ranking scientific journals.

@ Two Stanford graduate students Sergey Brin and Larry
Page developed PageRank as a new kind of search engine

in 1996. They founded Google Inc. in 1998. PageRank is
the basis of google's search tools.




PageRank: A link analysis

e Each page (with inquiry words) a node of a graph and is
ordered from 1,...,n

@ N,: the number of pages that j is linked to (out-link).
@ Define Q;; = 1/N; if there is a link from j to .

> Q=1

@_>@ ‘ 0 0 1/2 0
XL ey
1

0 O




@ Weight r; > 0: the importance of page 7 to the inquiry.
o Normalized by » ., r; = 1.
@ The importance r; is weighted by

T, = zj: ;[—]] = Zj:QUTi'

@ It is an eigenvalue problem!

Qr=r.




Mathematical Theory

@ Markov chain, Random walk
@ Perron-Frobenius Theorem

@ Directed Graph Theory



A random walk interpretation

T

@ (ry,---,r,)" is a distribution of the importance of each

page for a particular inquiry.
e Start from, say r'¥ = (... /1) perform Qr°.

n’

@ We can continue this process
(1) Qr(”),

This is called a random walk.

e Hopefully 7™ converges to r with

Qr =r.

If so, then the ranking is determined by the order of
magnitudes of r;.



Two problems

* We may get stuck at some page

* The random walk may not converge



If column j is zero, which means that ;5 does not link to
any other page. To avoid the random walk gets stuck at
page 7, we modify () to P by: if the jth column is zero,
replace this column by ¢/N, where e := (1,---, 1)1,

P is called a stochastic matrix, that is > . p;; = 1.
Find the eigenvalue of P with largest eigenvalue 1

It does not change the order of r?!
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Perron-Frobenius Theorem

Definition

@ A matrix A is called reducible if there is a permutation P

such that
PAPT = X :
0 Z

© Wesay A > 0 if all a;; > 0.

v

Theorem (Perron-Frobenius)

If A > 0 is an irreducible stochastic matrix, then there exists a

unique r such that Ar = r. All other eigenvalues are strictly
less than 1.




Perturbation

Let P be a stochastic matrix. Let 0 < € < 1. Define
1
A= (1"—e)P eNeeT.

Then A > 0 is an irreducible stochastic matrix. Thus, there
exists a unique r such that Ar = r. Moreover, let

rrtl) .— Ap(®)

r® > 0,[r9L =1,

then r™ — r.




Challenges

* 60 Trillions of individual pages

e Size of stochastic matrix can be hundreds of
thousands

e Fast algorithm
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How Amazon recommends books

o goFEMAA FE]E Amazon.com EEEIF A —Z
A R AN I Ezﬂﬁﬂiwifﬁﬁéﬁ“ﬁ%%?
R AE 2 — > ai I EEROLN 19954 -
FRE R S RS S R RS 0 IRAT QUE&T
a0 [FE A R Y HA = o o EﬂEﬁTDVD AR
BEAE ~ RS ~ BRI - T EMm ~ Kk ~ KA

Jfs s

ST °
o S AR VI B P EE A Y &8 - AR IR

B E
amazon.com




Recommender Systems

Recommender Systems: An Introduction - Amazon.com
www.amazon.com > ... » Expert Systems ¥ Amazon.com ~

Recommender Systems: An Introduction [Dietmar Jannach, Markus Zanker, Alexander
Felfernig, Gerhard Friedrich]) on Amazon.com. *FREE* shipping on ...

Introduction to Recommender Systems | Coursera

i —— gy | hitps://www.coursera.org/course/recsys ~ Coursera ~

==~ “=== | Introduction to Recommender Systems is a free online class taught
' — *-‘a by Joseph A Konstan and Michael D ...

Recommender system - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/Recommender_system ~ Wikipedia ~

Recommender systems or recommendation systems (sometimes replacing ..... a strong
culture of data privacy and every attempt to introduce any level of user ...

Recommender Systems: An Introduction:
www.recommenderbook.net/recommender-systems-introduction ~
Website for the book ‘Recommender Systems: An Introduction'



Recommender Systems: An Introduction

etmar Janna Markus Zanker, Alexander Felferr sert 1 Frnie

$65-00 List Price
$52.00 online Price

&Y Gefalit mir W Registrieren, um sehen zu konnen, was (You Save 20%)

deinen Freunden qefalit.

Recommender ! Ca
An Inlroduction Systerns Hardcover

12 publisher you want this in NOOKbook format New starting at $56.46 Y
Used starting at $51.98(
Hello, Androkd

’

The next few slides are copied from “"'Recommender System, An Introduction,’



Recommender systems

Collaborative filtering
Content-based filtering
Knowledge-based recommendations
Hybrid recommender systems



Collaborative Filtering

@ Given (incomplete) data of rating

@ Determine whether Albert will like or dislike item 5

Albert 3 4 5 3

Userl 5 2 4 4 3
User2 3 2 2 1 5
User3 2 5 5 3 4
Userd 4 1 3 4 2



Rating by correlation-weights
@ Define similarity between two user a, b by the correlation

Z (Tap )(Tbp — Tb)
\/Z Tap — \/Z Top —

@ Define prediction of rating of user a on item p by

ZbeN sim(a, b) * (rp, — Tp)
ZbeN sim(a, )
| teml | Item2 | Item3 | Item4 | Item5 |

S|mab

pred(a,p) = 74 +

Albert 3 4 5 3 ?

Sim=0.55
Userl 5 2 4 4 3

Sim=0.00
User2 3 2 2 1 5

Sim=0.87
User3 2 5 5 3 a4

Sim=-0.4
User4 4 1 3 4 2

Reproduce from Powerpoint-Slides for Recommender Systems - An Introduction




Another approach: Matrix

completion

A
N
X
=
(o)}
-
w
)
%

A\

< . >

5 x 10° movies N 105 queries

Reproduce from Sewoong Oh, Standard University 2010




Netflix Problem UG

e NetflixE—Z7E[H

R DVDHY I AHSERS -
e 20117F4H > Netflix5 1

NE] e pEftdbEEsS b

TAEEA2360E FHF »

i 1 L 326008 + 7§14 10BFEDVD

B

« Netflix&fE#EH,

AR 2

STRBEETLL BT ZIRHE




NetflixdZ

o Netflix 2B >K & E*collaboranve ﬁltermg#/ﬁ

’jH& 5 #Hﬁ =B =4

=] K37

N 7724 (Cinematch)%710%.

(root-mean-square-error).

Netflix/>

s EEE USRIV T AL A

?EL\ °

#Eﬁ/im

?IVISE



NEﬁliXFﬁlﬁ%

Data format: <user, movie, date of grade, grade>

Training data: Training set (99,072,112 ratings not
including the probe set, 100,480,507 including the probe
set)

Quiz set (1,408,342 ratings), used to calculate
leaderboard scores

Test set (1,408,342 ratings), used to calculate
competition scores
On September 18, 2009, Netflix announced team

"BellKor's Pragmatic Chaos" as the prize winner (a Test
RMSE of 0.8567)



A Matrix Completion Approach

* Given less than 1% of movie ratings
e Goal: predict missing ratings

3 5 1 2
4 2
1 N
1
5 2 3 4 >
—
5
2 5 3
1 2 3 5 c
&
a - 1 3 =
3
2 2 2 1
1

3 .
S x 10° movies 105 queries



Matrix Completion

Hypothesis: only small number of independent subclasses.

@ Model 1:
min rank(X) subject to X;; = M;; for (i,j) € E

NP-hard
@ Model 2:

min || X ||« subject to X;; = M;; for (i,5) € E.

| X ||« = Zai(X)(singular values of X).

Convex optimization, easy.



Matrix Completion

* |t can be used for recommender systems

e |t can also be used for classification
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How to reduce imaging time for MRI

* Motivation from medical imaging
— Low dose
— Fast imaging
— High resolution

* A breakthrough: Compressed Sensing



Magnetic Resonance Imaging
(MRI)

MRI Scanner Cutaway

Radio
Frequency
oil




MRI images

Typical resolution: 256 x 256 or 512 x 512



MRI history

¥ The Nobel Prize in Physiology or

48 The Nobel Prize in Physics 1952 Medicine 2003

"for their development of new methods for nuclear magnetic
precision measurements and discoveries in connection
therewith"

Paul C. Lauterbur Sir Peter Mansfield
Felix Bloch Edward Mills Purcell @ 1/2 of the prize @ 1/2 of the prize
@ 1/2 of the prize @ 1/2 of the prize . .
USA United Kingdom
USA USA ) ) o ) ) )
University of Illincis University of Nottingham,
Stanford University Harvard University Urbana, IL, USA ?chccl of Physics and
Stanford, CA, USA Cambridge, MA, USA Astronomy

Nottingham, United
Kingdom



Basic Principles of Nuclear Magnetic
Resonance

Atoms with odd number of protons and/or neutrons
possess nuclear spin angular momentum S

Associated with S is a magnetic dipole moment

Magnetic dipole moment rotates under external magnetic
field, exhibit magnetic resonance phenomena

The variation of rotation of spins generate magnetic
fluxes and can be recorded

Hydrogen H+ atoms are abundant in biological
specimens



MRI:
use magnetic fields to perform

*Relaxation: Main field BO
Excitation: Radio Frequency (RF) field B1

*Fourier transform: Gradient field G

MRI Scanner Cutaway

EM waves (B

Scanner




BO Cail

G, Coil

Radiofrequency Cail

B(t) = By + B1(t) + G(t)

selective
B RE excitation
1 -t

Gz .,_l

Gy tyw phase encoding
readout

Gx




Principle of MR

*Relaxation: Main field BO
Excitation: Radio Frequency (RF) field B1

*Fourier transform: Gradient field G

MRI is a Fourier integrator




Compressive sensing

@ In MRI, we want to reconstruct an N x N image [ from

~

f(w) defined by

f(w) _ Z f(t)e—Qmiwt/N
teZ?,
with w € Q with #Q << N2
@ Suppose N = 512. We choose (2 consisting 22 radial

lines with 512 uniform sample points on each line.
@ The reconstruction can be exact if f is sparse.

E. Candes, J. Romberg, T. Tao 2006
David Donoho 2006



Compressive sensing

(a)

(d)

Fig. I. Example of a simple recovery problem. (a) The Logan-Shepp phantom test image. (b) Sampling domain U} in the frequency plane; Fourier cocfficients are
sampled along 22 approximately radial lines. (¢) Minimum encrgy reconstruction obtained by setting unobserved Fourier coefficients to zero. (d) Reconstruction

obtained by minimizing the total variation, as in (1.1). The reconstruction is an exact replica of the image in (a).
Candes,Romberg,Tao 2006



Compressive sensing in Fourier space

@ The result of filtered backprojection is poor if €2 is sparse.

@ The result of TV regularization is exact if f is sparse:

flw),w e Q.

min ||Vu||; subject to 4(w)
u
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ising

Deno

Chan, Ho, Nikolova L1

70% Salt-and-Pepper

Noise

71



Impulse denoise

@ Impulse noise is Laplace noise. Fidelity function is

|u — 2|11
o Edge preserving prior J(u) = [ |Vul.
@ Denosing by min, F'(u).

F(u) = BJ(u) + ||[u — 2|11



73

Denoising

70% Salt-and-Pepper
Noise

Chan, Ho, Nikolova



Image Inpainting

“Image Inpainting :
An Overview”,
Guillermo Sapiro

“Fast Digital
Image Inpainting”,
Manuel M. Oliveira,
Brian Bowen,
Richard McKenna
and Yu-Sung Chang

Chiu-Yen Kao



@ z: observed image, D missing inpainting domain
@ Energy functional:
E(u, D):7Ep+/ lu — 2z|*
Q\D

@ Prior functional:

TV: E,= |, |Vul
Elastica: E, = |, ¢(x)|Vul

where

d(s) = a + Bs?, nzv-[v“].

|Vl
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Stanley Osher Tony F Chan David Mumford

Some Applied Mathematicians in Image Processing



Compressive Sensing (2004)

I

David Donoho

Emmanual Candes Justin Romberg Terence Chi-Shen Tao

Candes, Romberg, Tao, Robust uncertainty principles: Exact signal reconstruction from
highly incomplete frequency information, IEEE TRANSACTIONS ON INFORMATION
THEORY, VOL. 52, NO. 2, FEBRUARY 2006 cited 4894

DL Donoho, Compressed sensing, Information Theory, IEEE Transactions on, 2006 ,
cited 6716
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85 Things Mathematicians Have Been Hired to
Do In Industry (American Math Society)

* European Consortium for Mathematics in
Industry (ECMI) :

Progress in Industrial Mathematics
ECMI2006-2014

* Journal of Mathematics in Industry
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“If we want America to stay on the cutting edge, we need
young Americans like you to master the tools and
technology that will change the way we do just about
everything.”

— “Don’t just buy a new video game, make one.”
— “Don’t just download the latest app, help design it.”
— “Don’t just play on your phone, program it.”
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— Taiwan R User group and Data Mining
— http://www.meetup.com/Taiwan-R/

— Python, Git

R <& H FiE4LHY Open Source 4518ES » M H > AR EENEHLR
HIAEET IR E KER > Bl » ¥ TE{THY Machine Learning %D
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