The Harvey Mudd College
Clinic Program

HARVEY

MUDD

COLLEGE







Most selective Liberal Arts College based on ACT/SAT
* 829students 12%admitrate
*  Competition: Stanford, MIT, Caltech
* Valedictorian or Salutatorian: 47%
45% go on to attain advanced degree
*  Ranked #2 for Ph.D. pursuit

Mathematical and Interdisciplinary Contests in
Modeling (MCM/ICM)

* Most “Outstandings” in the contests' history

ACM Intemational Computer Programming
Competition (ACM)

= Most recent US, only undergraduate school to win

Harvey S. Mudd,
mining engineer
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programs in math, sciences, and engineering. Harvey Mudd iz | ._more

$54.886 runoe snasems  B29 Unsergrmtuaie Dvciment @ SAT GPA a7d mone

Compare

Smith College

Norhamaton, MA
#12 in National Liberal Arts Colleges (tie

Smith College, a private schodl in Northampton, Mass, is one of the
largest Ioival arls schools for women in the Sountry. Students more

$50,044 tunom et feeme 2,514 Uedergrachins Crmimmnt @ SAT GPA wod mom

Compare

United States Military Academy

Wast Palrg, NY
#12 in National Liberal Arts Colleges (tie

The Uniteéd States Miltary AcSdeny. alio Known as '‘West Point, is the
oldast of tha SOUNNY's e ‘adaral snice acacemies. THe pub mora

N/A (out-of-state), N/A (in-state) Tuticn a-dFess 4,389 Uhducracusts Frmiesnt @ SAT, (9% and more

Compare



Clinic Program

Over 1,500 projects completed to date...

Directors:

» Engineering Profs. Kash Gokli & Qimin Yang
» Mathematics Prof. Weiging Gu

* Physics Prof. Peter Saeta

 Global Clinic Prof. Susan Martonosi

» Computer Science Prof. Zach Dodds

* Director of Com. Relations Colleen Coxe
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Sponsored Capstone-Project Course

starts in September, delivers in May

team of 4 - 5 students & faculty advisor

10 hours/student/week: 1,200 - 1,500 hours total
Fee is $50,000

Sponsor owns all IP
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 Project deliverables
 All IP, patents, products
 Mid-year and final report

» All software, prototypes,
documentation, hardware, ...

« Opportunities for recruiting
» Shaping student-education & -paths

for Matterport: a custom-designed 3d game
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* Provides project idea / description
 \We invite iteration on details, if you'd like. ..

* Provides liaison (~1-2 hrs/week)

* Provides fee ($50k, splitinto 3 payments)
» Business agreement (~3 pages)

* Feedback at end of project
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« Fall, Winter, Spring — Contact potential
sponsors. Gather and iterate on project ideas

« Jan. to April — Prepare 1-2 page project
statement, execute business agreement

by 1July — PS and BAdue

* July/August — Post project statement for
students, prepare for student teams

18t Tuesday in Sept. — Projects start

15t Tuesday in May — Projects Day "MAﬁ‘ﬁEﬁ
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Sponsor provides a written

» tuned, if desired, with Clinic Director, for scope-matching to
students’ background, interests; 9-month academic span

» Recipe ~ well-scaffolded start / MVP ; open-ended onward

Sponsor appoints a to
= Monitor team progress, ~1 hr/week
* Provide domain expertise, and

= Ensure the path taken is of value to sponsor

Sponsor and HMC sign business agreement
Faculty assigned, via interest and expertise
Students assigned, via preferences and abilities
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Liaisons invited to campus
Meet with Clinic Director

= Strategies and tips
Meet with team and faculty advisor
= Cover problem in detail
= Discuss confidentiality
Establish communication routine
= Email/Slack/other
= Weekly teleconferences

Jumpstart the project, face-to-face
Recruiting / intemship opportunity

HARVEY MUDD

THE CLINIC PROGRAM

Welcome
Clinic Liaisons
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* Sponsoring organizations invited to campus
* Presentations and poster sessions by all teams

* Celebration of student work and the year's progress
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» Sponsor value greater than fee
 \aluable, rather than critical ...

* Job jar ~ speculative opportunities
» "If/ had one more FTE"
* No typical Clinic project:
« "R+DforourR &D"
« "Optimizing— on a new axis..."
* "Piloting hackathons’ 2-56% " "MAﬁ‘l']Eﬁ
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Thoughts?
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Remaining slides are extra...




Computer Security (CS)

HARVE Y MUDD

Improving Android Smartphone Security

2011-2012 Aerospace CS Clinic

AEROSPACE

Assuring Space Mission Success

Adam Cozzette, Kathryn Lingel, Steve Matsumaoto, Oliver Ortlieb

Android phones are insecure

We hove identified and addressed two common types of security
vulnerabilities related to the Intents system [Andreid’s application
communication system).

Apnkcations n Googhe's Androld opormting sysbem commirscab via messages
called Infievits. Movice developers ohen wite code that creales secuelly Holes -ty
mising Fu Inbarly syslem

Applications can leak your information

Sending the wrong kind of intent can broadeast sensitive Information
o other applications.

Erlents can B eapdich (having a dpecfic Bl or enpiel (with a tagel delsrmined
& onan limes), ddend deakage oo whan 3 malicicus appbicaton inlarcepls an
firyica Hiland [hak d WS te S p posad G rocaive

Apps can get hijacked by other apps

Trying to filler Intents makes an application publicy visible.

Andrond alioes =0 mophcation o declams an nfent ffer, which species the types of
Ierbisnda i car hamds, Dwckeing an Inben) Biar couses an appicalion K Bacames
papadan’ fpublicly visitie]. el so0efng . opours whan an AEpansd spplcason
rRceives and banding a0 Inent fom an urekaRcled sounce, This behavior couid
cause the application 1o perform undesined opsrations.

“Send login credentials fo

nali DEER R T SRt |

Exported Publicly vissble)

Controlling Intents protects information

Only broadcast information if the sender can’t process it
B -an appficalion can handle an bnderm 1 sends, we delver tha. iotent only 1o tha

serchr o the assompdon that-Sal 8 wes mesol % inleenal use Cihersise, Sron
tre Inbeenl was abvioushy rmeard for arcéher apphicalion, il can e broadcest ==fely,

e s

Brp i ienkrand med eapdorat
B b apye MO0, 2Py
o
"-'L"QE
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Controlling visibility protects applications

Only make an application visible if it dellbearately says so or if it is
clearty designed to receive Intents from other applications.

e chargyad Ancemiil 50 thal an applieatan (s onty eapanted i | dekberasaky axnons
tsall or-# & fiters forAndrakl system achons of indanls thad contain dala

Are these problems widespread?

We chivaiaped tao tools tor analywing appicalion come and delecling aaplcatons
that arm Nty 1o e a1 nsk for Btk eakage or intenl spoofing. These 1oois inck far
sppleatiors Shal irgmpary Lme olcl Infsnls for inkerma’ commorication that

Ahinild be ehvals
Intent Spoofing

Intent Leakage

We tested 497 apps and found 1158 possible Intent leakage
vulnerghilities and 314 possible Intent spoofing vuinerabilities,

The “dargerous” applications above have Intenl leokage'sposfing yaindrablites
which may be able 10 be exploitec by 8 malicous spphcason. For compastilisy
roascrs. wi could nol best 180 of the spplicabons far Inlend isskage,

The vaneraniilios we addrossed are guite comman, and our simple changes o
Andmid fik many of them automalica®y, Fushermars, because pur defense
changed acsting pars of Android rsther than crealing new pacds, wo had 5 do e
o erewre that overptiing weored wish tha curcm system. Athough backwad
comqalibhty = homar o tesl, Bn changas we made shiukd mairdain compaskdley
wity miest exdsling applicatons

We can conclude that our improved Intents system is effective, sasy
o integrate into Android, and a step in the right direction,
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Silicon Wafer Conditioner (Engineering)
Rapid Silicon Wafer Temperature HARVEY MUDD
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Conditioner Design

Team: Kirby Haraguchi (TL Spring), Dalar Nazarian (TL Fall), Niger Washingion, Kevin Tham, Tiffany Liu (Spring), Matthew Kweon (Fall)
Liaisons: Steve Cui, Ph, D, Ancop George, Ph. D) (Spring), KB Seong, Ph. D (Fall)

Advisor: Professor Adrian Hightower
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IV Pump Control (Mathematics)

i . ® ,
CardinalHealth Modeling and Control of the Next Generation of IV Pumps mathematic

2005-2006 Cardinal Health Mathematics Clinic

har'reg mu

Cardinal Health

Candingl Heaith ind the Alsds Product didsion seel &o
creale 8 new genenaton of 1V indusion sysieens that are
meE accuaie, anagy efficen), and comrmpact than pravious
rrescple. This Mybricd TV Infasion System dugrammed beiow

has baan proposed for s puEose,

Hybrid IV Infusion System

1.0 Pricks Dag

2. tubing . !
3. Fump device .

4 Calheter O
8 Molive Purmg g b \
7. Flow Sansor Channsd Ly !
B Flow Sensor \ al i
B.Contrl Algoetnm ——
Problem Statement

Our task is 4o prapose and develop 3 condrol igorhm for
he abeve-dagrammed Hybeid IV Infuaion Syslem. 1L wil
quary the flow sersor for the cument fiow rate and then
sl the reslhicton andior mofe pump b maintain e
tosined Sow profie. O goad @ 10 minimize  power
consumplion whila conforming to e spedified accumcy
foats.

Multiple Cylinders Model

Tio mgdsd fuid fow through e Hybrid IV Infuson System,
we firat derive the equation gaverning Row hrough a singls
Wie can than model e SyEham

without thi: pemp as o sares of

Restrictor Model

Thea resincior 5 a neede valve whose posilion (s controled by
2 DC goar molor, | consists of a conical needie which can be
irderted inlo & conical Tiow channed i impade fow, of relracied
out of the channel o aliow greater fow, Selow 5 8 two-
dmengional depicion of e neadie vahs, whine @ medsyues
it posttion, and G the gap Peolgh which foid e,

Wi praviousty modeled the restricior 38 8 single cyinder, but
Wi Can mMong accurately model She newdie and channel as
ianer and cuter concenlre cylindets, fmpactively. Thus Sud
Tirwvs Encugh pap G batesan thi inner and

ouler cylindsrs, creating an anfuiar fos =
ragion. W then find the resistance o fiow )

ini this anmular negion and incorporate it imlo

e Mulipis Cylinders Modsl 88 this

rasincior ressianco

Pump Model

Thie pemp concists of a chamber and two one-way valves, ong
above and one below. The chamber expands; puiing fsd mie
the pump from above, ther contracts, driving fusd ou of he
pump, Thia geomadry of the champer i wiry compicalsd ang
i B very diffcull to moded dinscly, Thesafore we madel the
pump a8 & black beo wa 8t dats provided by Cardingl Health 1o
moded the pump’s effect on fud fow, We then combing this
pump model, the resticior model, and the Mulliple Cyindan:
Model 1o find an eguation of flow ihrough the enire Hybnid IV
Infusian Syslem

Control Algorithm

The goal of our conircher i o dalbver the comeot amount of
s iy B prartiienst, within an emor iolerance of 1%. To facltale
cormect delivery, we have conirol over bwo wanables: e
pasiion of e resticiors needie and the duly oyde o the
pump. ¥Wilh bwn conlrol variables, mafy corfigurabons il
prochcs the desired flow raie, and par ol our task was to sirike
a balanco Bat minimizes power consumplion white: nemaining
sctirabe. Ow sigorthm combines feadback and adaplive
feadforward techniques to convod these bwo vafiables with
e cormurmiplion n ming.

Restrictor Control

qummwﬂmmwﬂwm To

EubaEEvE readings fom e Sow meder, And oulpuis the
resiriciar postion thad & prodicis wil yield the desired iz To
MWmnwmmmm
lrom & PID feadback cominoiliar

Pump Control

When condiions ar such thal opening the masbricior alone is
not-emaugh o obtan the desined Now rate, we must en on the
pumg i inprease downsineam peessufe. Our corroller 30ts by
incremienting of decremanting the duty cyda 1o the purrp, wsing
& e of heufistics o detammine when @ & approprae, B the
nesirictor 15 wide opan and fiow is insuiclent. we increase the
pumg sclivity, similady, # the reshiclor & diosed beyond &
ceftan  threshold, we decreass aclivity. Additonally, our
Donirolier can. shorficut thess 0 @ irfeligenl mannar by
pradicing fhe maximum abtenable fiow under a gven pump
wmmﬂaﬂmmm&mnmmum

Performance Evaluation

In order to test the performance of e control algorifm and (o
taciitate futher deveiopment, we heve Ccredied B Graphicad
Usar interface (GLN) o conirod the anfing system. in' simulation
Throogh e GUI, uvsers have acosss fo the paremeters that
diafine 8 specific dng delfveny scanario

Bofore Delivering Fluid

aind thee lype of fuid beng dislrosred
ane 561 bafone a smulation run
| bagins.

Whibe Desivering Fluid

Other paramabers such &s e
degrad low rale and the elevalion
of the bag above the patent can ba
adjusted dynamically white fluid is
Y Diing daivened in e Lo Sreas.

Results in Simulation

Ewan under mamy non-slandard  condiions, our - cosrinl

migaritten achieves e leget accuracy goal. The foliowing
shows the resuls of a dfficull scenaro induding bath a

changs in fow rate and fuchuating bag height.
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« Mhathermalicsl modsl of Hybid IV infusion Sysiem noudieg
naevitduad modisls of &1 sysiem comporsants
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* GLI with sLeplemental heip Hes
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Tagged-Neutron Calibration Source (Physics)

Project Statement
® Apibie sounoe omile peulsons i thme-colbcidencs with 4.4 Mol

gamuma fays, which wo detect with a Brsmaith Clernmanate (BN
scintillation detecior, theteby “lagping ™ nestrons.

= Electronsc circoil ransmats o signal o the 1IN noutron
detevior when o peutnm s “fagged ™

* Lappid-mecalbron soares mast boe robast, sotorpeool . and movahble
within the detocctin cavily with < | Scm spatial resoludion

& Will e wsed by LLNE (o mwrasune the efficiency of their scaler
s mewtron detecion prototy pe.

AmBe Source: Three Peaks

= “Tagging” gamma rays are ahsorbed throngh pais produection
eveniy which result in three peaks (4.4, 1.9 and 3.4 Mei')

& Thatse fheee peaks cofroapusidl (o the existence of a neltrin

= A deteciiom in (his
region prodoces o
signal that indicates

& O pAeT- P Do
eEnlnasiE ol the Ak

LY [ LT

SR

3 i = The signal is wenl o

A E
| ': LML s water-based

= detecion

Design Validation with MCNPX

= Monle Carlo N-Particle eXiended wos e (o caloulate
theoretical gamna ray capiure [or @ sointillaton crystal
vl deagn wkscnons

# The depenchsncs
o pammia detaectomn
rale i crviial sise
wian mdeled

I* = A cryaial with
height and radius
27 wan chinen fo
halance @lficniney
with weight

Pruginy Lo 1y A Beanasess, Dh S vt Diaerdoy

Joarir Exooipaia [ Py Cmsie .
T Membain | agwrn thoamsnste o Tisbet Tills, lemarhan Mlull

Mav 5=, 2009

Wachadi Martee. Raabwai Vil g
Proevt Adhgiens Fofesss B isl [ede i, Prodossos Riye Wang

Abstract

I'be Physics/Engineening Clinke team has designed and construcied a
walerprool tgged-neutron source that allows LLNL o mensure the

elhicieney of their waled-based pettron delector protolype.

Positboning Arm

Positioning

* A lpwed-anghe arim was chosen for operafimal shmpdciny

area shown in red

Speciad Thinks i

Avmr Al
Frodewsra King

Arm

I'he arm covers thwe

Walicn i
Ficmnis {ury

Msky Whariar
Engmacriag %l

P Sigrven Ddas by
[y, Aibrn Devmmcan

Waterproof Casing

* LINL s pentron detector uses gadolinhm dissabved in wider 1o
capture snd detoot neutrons,

= A anerprood i
e withy o throaded
ug and a nebbwr
Uhrimg. prmiects the
AmPee wouroe, the el
HCHD coysiul, and the
photomushiplier rbe
T the waler

-

chummng. Prc:-cedure & Lise

* LLNL wishes o move the tagged-noatron sopnce within

the water-hased detestor with a spathal rosolatisn of | Scm in
PUSITBORIEE, BOCUTDCY

=W wnilll prowicle o dlirats
Prositioning our b gged peutig souEse.
= A ponary clamp on @ enossbar provides two degroes of oedom
i prosition . A digital level and compass will Be asesd bo nasasing
the prosatiomn of th sdarce.

protocol for

* Uirend procoednes
resndt in an unceTiainty
af 1 Tem in the posllion
of the fug pod-nestnen
woribree, bt this i
eapsted o dectenso
with practice.

Final Design

* Fixed-angle high-performance polyethylens
positioning am with: ntmmﬂ:hm

= Coerdinate mummmﬁfupﬂﬁmlm

crystal

= Custom waterpronf
casing with Cx-ring

= (Fanmn my

detection signaling
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« Becton, Dickinson and Company (BD): Robert
D. Butterfield, Research Fellow, Infusion and
Respiratory Systems, (858) 617-5787

* Honeywell: James Van Ackeren, Manager,
Performance Analysis, (310) 512-4832

 Lawrence Livermore National Laboratory:
Adam Bernstein, Advanced Detector Group,
I-Division, (925) 422-5918

* Northrop Grumman Corporation: Charles Volk,
Vice President and Chief Technologist, HARVEY

(818) 719-7765 MUDD
COLLEGE



« Opto 22: Mark Engman, President and CEOQO,
(951) 695-3000

* Oregon Biomedical Engineering Institute:
Kenton Gregory, President, (503) 216-5210

 The Aerospace Corporation: Joseph Betser,
Senior Project Leader, Business Development,
(310) 336-05677

HARVEY
MUDD

COLLEGE



« Clinic gives Sponsor fresh ideas on an important
problem

« Team of sharp, motivated and creative students

working for a whole year

Joint projects across specialties common

Many projects lead to patents

Many results are implemented

Many sponsors return in subsequent years

Student recruiting opportunities

HARVEY
MUDD

COLLEGE



Engineering strengths in:
* General Engineering
* Biomedical Engineering

« Computer Engineering, Embedded
Processors

« Systems & Signals, Controls
« Conceptual Design

HARVEY
MUDD

COLLEGE



Computer Science strengths in:
 User Interfaces
» Data Mining
« Artificial Intelligence / Robotics
* Distributed Systems / Parallel Processing
* Algorithms
« Computer Vision
 Graphics / Visualization
« Computer Games HARVEY

» Systems and Networking MHIEJGQ



Math strengths in:
» Operations Research/Statistical Models
 Algorithms
* Dynamic Models
* Bioinformatics
+ Mathematical modeling and optimization
« Statistics and machine learning
* Fluid dynamics

* Numerical methods HARVEY
MUDD

COLLEGE



Physics strengths in:
* Nuclear
* Optics & E&M
* General Physics

HARVEY
MUDD

COLLEGE



Calculus: Required prior to admission

Mathematics: 3 semesters (multivariate calculus, linear
algebra, differential equations, probability and statistics)

Physics: 2-1/2 semesters with lab

Chemistry: 1-1/2 semesters with lab

Biology: 1 semester

Engineering: 1 semester (systems engineering)

Computer Science: 1 semester

Writing: /2 semester (Intro to Academic Writing)

Choice Lab: Emphasizing experiential learning HMAG\II]EI\]{

Humanities, Social Sciences and Arts: 11 semesters COLLEGE



Partnerships with universities and sponsors in Puerto Rico,
Singapore, Iceland, India, Japan & Israel since 2006

B NANYANG

TECHNOLOGICAL

TFIRAF HARVEY

73/ UNIVERSITY KOGAKUIN UNNVERSITY M U D D
VA TECHNION COLLEGE
T Israel Institule of Techn 'i'-'_..'.'




Wastewater Treatment System Design (Global Clinic)

HARVEY MUDD

i ] i K ]

phe I‘:L}J\I :h ANG

FUNIVERSITY

2009-2010 LIFE Global Clinic
Wastewater Treatment in Rural China

Fred Johnson Erin Pardan

Cidney Scanfon Claire Walker
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https:/mwww.hmc.edu/clinic
Director of Corporate Relations: Colleen Coxe
(909) 607-7015
colleen_coxe@hmc.edu
Comporate Relations Coordinator: Kelly Barker
(909) 607-0898
Fax: (909) 607-0900
kelly barker@hmc.ed
yhu o> Us HARVEY
COLLEGE
HARVEY
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SPONEIN

GoDaddy

@ Domainregistrar and
Iternet hosting

B "We are herto help
ouf customers kick ass”

GoDaddy team’s presentation

HARVEY
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AmEX

| team'’s

o dinner
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AmEX
team’s
visit
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Liaisons invited to campus
Meet with Clinic Director

= Strategies and tips
Meet with team and faculty advisor
= Cover problem in detail
= Discuss confidentiality
Establish communication routine
= Email/Slack/other
= Weekly teleconferences

Jumpstart the project, face-to-face
Recruiting / intemship opportunity

inside a weekly telecon

HARVEY

MUDD

COLLEGE




