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Overview

Operations researchers are trained in a range aftgative methodologies that support
the transformation of data into information for iraped decision making. Operations
research (OR) can be and has been applied in a lbabge of engineering, economic,
governmental, and social contexts. For examplej<aRe core of the yield management
systems used by every airline to allocate seate/dmst full fare, reduced fare and
frequent flyer (free) seats. Optimization algamthdeveloped by OR analysts are used
by the major airlines in assigning crews to airceafd in recovering from the inevitable
disruptions that occur frequently in airline opermas. OR analysis was behind the
needle-exchange program that has been adoptednibthie spread of AIDS among
intravenous drug users. OR has a long historysefin the design and operation of urban
emergency services, identifying good locations darbulance and fire station bases,
suggesting relocation schemes when ambulancesrercbmpanies are busy, and
enhancing urban police patrol units. Industry U@Bsresults on a daily basis to schedule
production runs, manage inventory and schedule @mepk. Last year's Edelman winner
— the winner of the top prize for applied OR — destmated that OR can be used to
improve productivity in the maintenance of C-5 eaft The result of this program was
to reduce the average number of aircraft being ra@mied at any time by six, effectively
returning six aircraft out of a fleet of 117 toiaetduty.

Several themes run through these examples. Opesatresearch deals with
understanding and developing the physics of comglestems involving people and
technology, and ultimately with improving the opgera of those systems. Operations
research is concerned with the optimal allocatibmesources and the pricing of such
resources (e.g., seats on an aircraft, emergertugles, manufacturing equipment, and
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maintenance personnel). Operations research atshitdtes the analysis of complex
tradeoffs between objectives (e.g., the cost ofayepg additional ambulances versus the
reduction in average response time that can becegbeas more vehicles are made
available, or the cost of additional safety stoeksus the reduction in material shortages
that results from carrying additional inventoryginally, OR deals with decision making
under uncertainty (e.g., the number of seats tsodlek on any given flight, the number of
calls for emergency services in any day, future alefor a manufactured product, or
the number of C-5 aircraft that will need routimeemergency maintenance next month).

Health care in developing countries

One of the key challenges facing the world todayad of providing adequate health care
to the billions of people around the world who ldmksic medical treatments, let alone
access to more advanced diagnostic and treatmeoégures available in much of the
western world. Perhaps nowhere is this more evittean in Africa. More than one
million children die each year from malaria, ané thast majority of them are in sub-
Saharan Afric&. Over five out of eight of the estimated 38.6 rill people living with
HIV world-wide live in sub-Saharan Africa.Reducing the mortality rates from these
and other diseases in Africa and other developagjons of the world is a critical
challenge for those living in more privileged caugd.

The limited infrastructure (roads, power, watec,.)ebften demand solutions that differ
from those applicable in more developed areas.ekample, in rural areas, patients may
walk for several days to visit a clinic. Sendingls patients home for two days while a
remote lab processes the test makes little sefises, there is often a need for new, fast,
and accuratéocal diagnostic testing procedures that are economieadlgle on a small
scale. The solutions to such problems will drawtloa skills of numerous medical,
political, economic, and social experts.

Potential role of operations research

Operations researchers will be able to play a kéyin enhancing the decisions that will
have to be made to mitigate the spread of suchasksein developing countries in
particular and to enhance the level of health aargeneral. For example, with limited
healthcare worker resources and pharmaceuticals;adRlucidate the tradeoffs between
allocating large amounts of resources to isolatedsawith high infection rates versus
allocating the same resources to less remote angasower infection rates. Caring for
those in the isolated highly infected region mayecomore people in the short run but,
since these individuals are isolated, they mayebes likely to spread the disease to other
regions. On the other hand allocating resourcesate for fewer people living in urban
areas will result in fewer lives saved in the shierin but may reduce the rate at which
new cases develop. Similarly, how should diagooststing equipment and kits be

6
7

http://www.amref.org/index.asp?PagelD=50&PialD=1
2006 Report on the global AIDS epidemic, A UNAIRG" anniversary special edition,
http://www.unaids.org/en/HIV_data/2006GlobalRepaefault.asp




allocated to different regions affected by a dis@as More generally, how should
resources be allocated between (1) treating thdgeare already sick, (2) improving the
basic infrastructure (e.g., providing sewage systemd potable water) to reduce the
spread of disease, and (3) educating families itrittn and personal healthcare
maintenance.

The infrastructure in much of the developing woidgd almost by definition, under-
developed. As such, the design of supply chainsdetver healthcare workers,
equipment, and drugs to such regions is a chalgngask that OR analysts are
particularly well-trained to tackle. For exampleow should inventory levels of
perishable drugs be set and maintained in regiatis law levels of electrification and
refrigeration? How can workers and equipment lestdeployed in areas with few
roads? What are the costs associated with proglubm equipment and kits locally as
opposed to manufacturing them abroad and shippieg to the affected regions?

The solution to this problem will save millions lofes per year and will allow those in
underdeveloped parts of the world to begin to zeathe economic, educational and
social benefits that citizens of developed cousttake for granted.

Improved healthcare in the U.S.

Healthcare problems are not endemic only to dewedppountries. One out of seven
people in the U.S. does not have healthcare insaraihe country suffers from chronic
shortages of organs for transplantation. Accesdigmgnostic tests and treatment
procedures differ dramatically across regions andioseconomic groups. Delays
permeate hospital operations, reducing the effentgs of existing resources. Improving
healthcare access and treatment availability inX8en the coming decades will again be
a major challenge facing the country. As in thaecaf healthcare in developing
countries, individuals with a myriad of talents dratkgrounds will be needed to craft an
effective set of policies. Again, OR-trained spdists will play an important role.

Potential role of operations research

Many of the problems plaguing healthcare in the.tb8ay relate to (i) the allocation of
limited resources (e.g., Who gets the next kidiet is available for transplantation?
How should surgical theaters be scheduled to maeirthe number of patients treated
per day? How can the availability of advanced dasgic procedures be made more
equitable across all segments of the populatigii?xhe inherently uncertain nature of
the demand for services (e.g., How many influereses will there be next year? How
do we identify the tipping point between increasefuenza cases and a nationwide
epidemic demanding emergency action on a natioasisB) and (iii) tradeoff analysis
(e.g., How do we determine whether it is betterspend $500,000 treating a single
premature infant or providing pre-natal care to00,indigent pregnant women? With
limited federal dollars for healthcare, should farmk spent treating current diseases with
known medications and procedures, researching negscor educating the public about



the benefits of a healthy lifestyle?) Again, ORalgsts can play a significant role in
analyzing the underlying data, developing modelsdibect alternative policies, and
identifying key tradeoffs.

As in the case of developing countries, the resmiubtf this problem will result in
improved healthcare and longer lives for milliorigeople at lower societal cost.

Using the internet to improve education in emergingountries

The Internet and satellite communications have egesrtually all parts of the world to
information, news, education and more. For higiducation in developing countries,
this has provided a unique opportunity. Many @fsen countries have burgeoning young
populations, often with 50% of the citizens lesenth25 years of age. Capacity
constraints at brick and mortar universities restte fraction of young people who can
attend university to 2 to 4 percent of the popolati This is in contrast to 40 to 60
percent in the developed western world. The Imterend communication satellites
provide ways to increase dramatically educatiorglacity — via “distance learning” or
“e-learning” without building more brick and marttacilities and without having to
train thousands of new teachers

As a result of these technological advances, distd@arning initiatives have begun in
scores of countries, a virtual A-to-Z from Algerta,Brazil, to China, ... to Zambia. As
discussed in a brief videtfp://linc.mit.edu/media.htil these initiatives are guided by
a common dream:

With today’s computer and telecommunications teldgies, every young person can
have a quality education regardless of his or héacp of birth. By expanding
educational opportunities worldwide, we will grgaiticrease the talent pool available to
address new scientific, engineering, social, prlfimedical, and economic problems as
they arise.

Many saw distance learning as a panacea, as a guickvhere the only issue was
acquisition and implementation of the technoloddut soon it became apparent that the
implementation of distance learning ‘systems’ wamuach more complicated process
than had been envisaged. More important thanetlenblogy was the environment in
which the systems were being implemented, environmeluding economics, culture
and tradition, content, pedagogy, work rules andemoMany countries tried to ‘go it
alone,” and learn only from their own mistakes.e3é& same countries often proved to be
naive customers of marketeers brandishing thet IEEdss.
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Potential role of operations research

Operations research, broadly defined as its fonmeended, can play a significant role
in helping developing countries achieve their goalh distance learning. OR can help
in (1) defining goals and objectives, coupled vd#fined performance measures to chart
success; (2) networked system design and seleatiappropriate technologies subject to
financial constraints and national infrastructuomstraints; (3) deployment of personnel
and capital assets; (4) design and creation of @mtemance and repair system, so
necessary in developing countries; (5) design tdagher training scaling algorithm, in
which teachers would be trained, who would in twamn additional teachers, who would
in turn utilize their new teaching skills in clagems; (6) design of educational
experiments, to test alternative pedagogical modé)jsdesign systems to help educators
in different countries utilize Open Source edugaiccontent in e-learning, being aware
of and sensitive to local cultural norms and lamgsa

Developing effective counter-terrorism strategies

Terrorism — the illegal use or threatened use afdf@r violence with an intent to coerce
societies or governments by inducing fear in thp@pulations, typically with political
and/or ideological motiv8s- demands counter-terrorism. Given the realigt #xtant
terror organizations have adopted a strategy ofbegtely and indiscriminately
murdering innocent civilians and disrupting society achieve political ends,
governments must respond proactively to protectphiblic, its infrastructure and its
institutions. Other disasters-in-waiting such asttejuakes, hurricanes, the spread of
infectious disease, or even the accidental failmfechemical or nuclear plants, are
governed by chance probabilistic uncertainty By contrast, terror threats are governed
by strategicuncertainty— terrorists decide when, where and how to stiokieest achieve
their strategic objectives. One consequence iswinaally all effective counter-terror
tactics are transient — if government is able teettgp a counter to a particular terror
organization’s mode of attack, communication, fumgdior recruitment, the terror
organization will shift to a different set of taxdiin pursuit of its goals. Against this
backdrop, the government must decide what to do.

Potential role of operations research

Counter-terror decisions loom in the large and e small. Resource allocation
defending critical infrastructure is one large-scédsue situated squarely within the
purview of OR®. Recently, the United States Congress changedligigbution of

federal homeland security grants to state agerici@s a formula that largely directed
funds in proportion to state population. Arguiray the new bill, Sen. Diane Feinstein
stated that “Al-Qaida and its allies do not atthelsed on a formula. This bill rejects the
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formula approach in favor of a framework that exfble and risk-focused:” But what
flexible, risk-focused approach simultaneously esrio allocate funds while recognizing
that the nature of terror threats will change ispanse to whatever allocation is
implemented? This is an OR problem. A differemghHevel problem relates to
aggregating intelligence information of multiplerfes from multiple sources to infer
terrorists’ current and future plans. Novel reald methods for data-mining massive
databases are needed to extract more and highditygsignals from intelligence
information. As a third example, terror organiaas have their own logistics and supply
chains. OR models can be used to better underb@mmdhese chains operate, and hence
to identify their weak points. Perhaps OR modetingld also translate an understanding
of the inputs to and operation of terror productiprocesses (e.g. procurement of
explosives, bomb manufacture, recruitment of teoperatives, distribution methods)
into an effective terror surveillance system. Aroaer yet very important set of
problems relates to the deployment and evaluatidn specific terror-detection
technologies, such as stand-off sensors for daestiicide bombers from a distartée,
biosensors for detecting a bioterror attdtKingerprinting to detect known terrorist
suspects from a watchliStcertification, sensors and seals for detectingeanadevices

in shipping container®’® or airline security screenimj. More broadly, for a given
portfolio of counter-terror tactics in a given saft (e.g. counter-suicide bombing tactics
in the Israeli-Palestinian conflid), how does one know whether the array of tactics
employed is actually helping or hurting? What #re marginal effects of different
pieces of the counter-terror portfolio? OR is ieasuited for such operational
evaluations of counter-terror tactics.

Using advanced sensor and telecommunication techwoglies to diagnose
infrastructure faults

As the nation’s physical infrastructure (buildindgsghways, railways, bridges, dams,
airports, sewage systems, power grids, etc.) age,aa the usage patterns change with
demographic and economic changes, there will beed o diagnose potential faults (e.g,
cracks in bridges and dams, structural decay imdimgjs, etc) before major disasters
reveal their presence. Technological advancesems@s and monitors, along with
increased communication capacity will make contusi@nalysis of the state of the
infrastructure possible. The collection of statusage, and environmental data, together
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with advanced modeling based on both physical ptigseand observed incidents, will
improve our predictive capability, allowing appri@te preventative measures to be taken.

Potential role of operations research

Operations Research can contribute to several &spéthis endeavor. OR models can
be applied to determine, for a given budget, hownyndevices should be deployed,

where they should be placed, and the frequencywhilch data should be collected. OR

methods can also be used in the processing of éheos data, including designing

filtering strategies, archiving strategies, comneation strategies for anomalous data,
and in resolving conflicting information. Finally) the event that the data from sensors
indicate the need for action, OR methods can bdieappo help determine the most

effective allocation of resources for repairs amcbnstruction.

Developing a self-sufficient sustainable energy pgram

Satisfying our nation’s seemingly insatiable appefior energy is already a grand
challenge. In 2003, the US accounted for over 21%he world’'s energy consumption
while representing a mere 6 percent of the globaufation'® Developing energy self-
sufficiency has been a topic in the US at leastesithie creation of the Department of
Energy some 30 years ago. Indeed the DOE’s firategic theme entails “promoting
America’s energy security through reliable, cleand affordable energy® The private
sector has been engaged in significant efforteettuee our dependence on foreign oil,
including the development of hybrid (gas/electriehicles already on the roads today as
well as research on hydrogen-based vehicles.

Potential role of operations research

Operations research is poised to contribute sicpnitly to the myriad of questions
surrounding our national energy policy. In the rshwn, decisions must be made
regarding the allocation of current resources betweesearch in long-term energy
sources and short-term deployment of known teclyiedo That such tradeoffs are
difficult and that the correct choice is not immegdly obvious is evidenced by varying
decisions that different auto manufacturers havedenaegarding their corporate
positioning along this research/deployment spectruks new technologies and energy
sources emerge, new distribution systems and nk$weill be required. Operations
research has a long and fruitful history in thelygsig, design, and operation of effective
and efficient networks, as well as the pricing efvices in networked systems. This
expertise will undoubtedly be called upon agaithie design of new energy distribution
networks (e.g., a network to distribute hydrogenhgdrogen-based vehicles). Also, in
the development of alternative energy sourcesicartitradeoffs will have to be made
between enhanced self-sufficiency, cost and enmeortal impacts. Operations research
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analysts are trained in identifying and quantifysuch tradeoffs to help elucidate the
impacts of alternative decisions for policy makers.

Driverless highways and congestion mitigation

In highway transportation, the technology is rapidlonverging for us to deploy
driverless vehicles. GPS systems can identifyldbation of vehicles to within feet and
local radar, optical, and sonic detection capaédgditenable vehicles to locate other
vehicles at even closer range. The Lexus LS 460 aleeady park itself (in ideal
conditionsf® as can the British Toyota Prifs.Cruise control in virtually every car on
the market today regulates speed and engine opesathousands of times per second.
By utilizing a computer-based vehicle control sgsteve will be able to (a) increase
utilization of the existing highway infrastructuterough greater vehicle densities, (b)
improve aggregate fuel economy, (c) reduced freigbdgts, (d) reduce travel time
variability with the concomitant reduction in pasger delays and logistics costs
associated with uncertainty and (e) enhance safate the most unreliable component
in any vehicle is the driver.

Potential role of operations research

While the future may seem clear in this case, tfuesition path to that future is less clear.
OR can play a key role in identifying desirable lementation schemes. Questions that
OR can help address (through such methodologisteakastic modeling and simulation)
include: (a) what overall level of system relighilis needed? (b) should the initial
deployment of this technology be aimed at passewgleicles or the commercial fleet?
(c) how can a mixed fleet of vehicles enabled ik technology and those without it be
managed effectively on existing highways? (d) bwhouch can the density of vehicles
be safely increased? (e) how can equitable andexfti pricing schemes be developed for
such systems?

More generally, congestion plagues much of the W8astructure. One recent
conservative estimate found that the cost of highdlelays in the US was approximately
$65 billion.”? Delays at airports impact millions of passengemnually. Rolling
brownouts are common in some states as a meangpofgcwith electricity shortages
during peak periods. For a myriad of reasons, meeualikely to expand our existing
infrastructure (highways, airports, waterways, )dtcthe coming years in the US. Thus,
congestion will need to be addressed through atfeans including demand management,
congestion pricing, and enhanced utilization of semg resources. Operations
researchers have been at the forefront of devedotiiase approaches over the last 50
years and will continue advancing the field in thaseas. Such enhancements will return
billions of hours of waiting time to the public fase in more productive activities.

0 http://www.cjrdaily.org/the_audit/tempered_praisa the amazin.php
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Medical imaging and enhanced diagnostic capabilite

Radiological and cardiac imaging procedures areexaimg from film to digital imaging
at a rapid rate. The amount of medical image daieed in the US by the year 2015
range from several hundred to over 100,000 petahittepetabyte =2 bytes or about
10" bytes). By law, at least two copies of every mabiimage must be stored. This vast
amount of data presents a number of opportuniti@se such opportunity is to develop a
set of computerized diagnostic tools (some of wlalready exist) to sit on top of the
data and to examine the images for various abndresaland pathologies. When
problems are detected, the affected area can Iighited on a separate “layer” of the
image and a message can be sent to the physiagesing that he/she reexamine the
image. This could (a) enhance the early deteabibdisease, (b) improve physician
training, (c) expand the geographic scope of exjpegige analysis to regions that are
poorly covered by specialists today, (d) providdividuals with greater access to their
own medical dat&®, (e) reduce diagnostic errors, and (f) increasedyctivity by
allowing physicians to focus only on cases reqgitimeir expert knowledge.

Potential role of operations research

Any such system will utilize carefully developedagnostic tools that are based on
advanced statistical techniques. Minimizing bdth false positive and false negative
rates will be critical. OR trained statisticiangllwcontribute significantly to the
development and deployment of such programs anterags Also, with limited
computing resources, such a system may need to madtegenous decisions about
which new images to examine and which to ignoreichSdecisions could be based on
factors that include the severity of the patiept'sliminary diagnosis and the past error
history of the physician. OR models can help idgithe images that are in the greatest
need of computer-assisted diagnosis.

Summary

As indicated above, operations research can comgrisignificantly to the resolution of
many of the grand challenges in engineering thatiB® and the world will face in the
coming century. Most, if not all, of the challesgeill require inter-disciplinary teams
with experts from a variety of backgrounds eachresking different aspects of the issues.
OR-trained experts are particularly adept at meygmifferent perspectives and
viewpoints and will therefore play a crucial rotethe development of solutions to such
challenges.

3 http://www.igreat.com/computerized medical diagiwosiaging.html




Specifically, most of the grand challenges in eagnng will require:

a) Carefully formulating the problems, defining theatpand objectives, identifying
the key constraints, and sorting out the essedgalsions that must be made.
Indeed, developing answers to the following fouesiions is paramount in any
OR analysis: (i) what do we know (the data) alibetproblem, (ii) what do we
need to decide (the decision variables), (iii) whet we trying to achieve (the
objective), and (iv) what inhibits our ability t@&o (the constraints).

b) Making decisions about the allocation of limiteddncial, natural, or personnel
resources

c) Analyzing large quantities of data and convertiag rdata into information for
decision making.

d) Recognizing and coping with uncertainty about thdure, whether that
uncertainty reflects natural resource availabiliyman actions, future costs, or
the effectiveness of alternative public and priyatécies, and

e) Dealing with tradeoffs and multiple objectives.

Operations Researchers are experts in exactly #ress. The examples above are but a
sampling of the many challenges in engineering @udalic policy in which OR experts
can and will contribute in the coming years.



