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Breakthrough in Problem Solving

By JAMES GLEICK

A 28-year-old mathemarician at A T.&T.
Bell Laboratories has made a startling
theoretical breakthrough in the solving of
systems of equations that ofien grow 100
vast and complex for the most powerful
computess.

The discovery, which is to be formally
published next month, is already cir-
culating rapidly through the mathematical
world. It has also set off a deluge of
inquiries from brokerage houses, oil com-
panies and airfines, industries with millions
of dollars at stake in problems known as
linear programming.

Faster Solutions Seen

These problems are fiendishly com-
plicated systems, often with thousands of
varigbles, They arise in a variety of com-
mercial and government applications, rang-
ing from allocating time on a communica-
tions satellite to routing millions of
telephone calls over long distances, or
whenever a limited, expensive resource
must be spread most efficiently among
competing users. And investment com-
panies use them in creating portfolios with
the best mix of stocks and bonds.

The Bell Labs mathematician, Dr.
Narendra Karmarkar, has devised a
radically new rmcedurrethm may speed llg;
routine hand of such lems
businesses lnd%ovemmen prob
also make it possible taclde problems
that are now far out of reach.

*“This is a path-breaking result,” said Dr,
Ronald L. Graham, director of
mathematical sciences for Bell Labs in
Murray Hill, NJ.

“Science has its moments of great pro-
gress, and this may well be onc of them.”

Because problems in linear program-
ming can have billions or more possible
answers, even high-speed computers can-
not check every one. So computers must
uge @ special procedure, an algorithm, to
examine as few answers as possible before
finding the best one — typically the one
that minimizes cost or maximizes
efficiency.

A procedure devised in 1947, the simplex
method, is now used for such problems,

Continued on Page A19, Column 1

THE NEW YORK TIMES, November 19, 1984

Karmarkar at Beli Labs: an equation to find a new way through the maze

Folding the Perfect Corner

A young Bell scientist makes a major math breakthrough

Evcry day 1,200 American Airlines jets
crisscross the U.S., Mexico, Canada and
the Caribbean, stopping in 110 cities and bear-
ing over 80,000 passengers. More than 4,000
pilots, copilots, flight personnel, maintenance
workers and baggage carriers are shuffled
among the flights; a total of 3.6 million gal.
of high-octane fuel is burned. Nuts, bolts,
altimeters, landing gears and the like must be
checked at cach destination. And while per-
forming these scheduling gymnastics, the
company must keep a close cye on costs, pro-
jected revenue and profits.

Like Amencan Airlines, thousands of comn-
panies must routinely untangle the myriad
variables that complicate the efficient distribu-
tion of their resources. Solving such monstrous
problems requires the use of an abstruse
branch of mathematics known as linear pro-
gramming. It is the kind of math that has
frustrated theoreticians for years, and even the
fasiest and most powerful computers have had
great difficulty juggling the bits and pieces of
data, Now Narendra Karmarkar, a 28-year-oid

Indian-born mathcmatician at  Bell
Laboratories in Murray Hill, N.J., after only
a years' work has cracked the puzzle of linear
programming by devising a new algorithm, 2
step-by-step mathematical formula. He has
translated the procedure into & program that
should allow computers 1o track a greater com-
bination of tasks than ever before and in a frac-
tion of the time.

Unlike most advances in theoretical
mathematics, Karmarkar's work will have an
immediate and major impact on the real world.
“Breakthrough is one of the most abused
words in science,” says Ronald Graham, direc-
tor of mathematical sciences at Bell Labs,
“But this is one situation where it is truly ap-
propriate.”

Before the Karmarkar methed, linecar equa-
tions could be solved only in a cumbersome
fashion, ironically known as the simplex
method, devised by Mathematician George
Danizig in 1947, Problems are conceived of
as glant geodesic domes with thousands of
sides. Each comer of a facet on the dome

15
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AT&T Markets Problem Solver, Based
On Math Whiz’s Find, for $8.9 Million

Patents

by Stacy V. Jones

A Method to Improve
Resource Allocation

Scientists at Bell Laboratories in
Murray Hill, N.J,, were granted three
patents this week for methods of im-
proving the efficiency of allocation of
industnial and commercial resources.

The American Telephone and
Telegraph Company, the laboratory's
sponsor, is using the methods internal-
ly to regulate such operations as long-
distance services.

Narendra K. Karmarkar of the
laboratory staff was granted patent
4,744 028 for methods of allocating
telecommunication and other resources.
With David A. Bayer and Jeffrey C.
Lagarian as co-inventors, he was
granted patent 4,744027 on im-
provemnents of the basic method, Patent
4,744 026 went to Robert J. Vanderbei
for enhanced procedures.

Ny, = 3
Narendra K, Karmarkar of the Bell Laboratories staf

THE NEW YORK TIMES, May 14, 1988

By ROGER LOWENSTEIN
St Reporser of THE WALL STREET JOURNAL

NEW YORK—American Telephone &
Telegraph Co. has called its math whiz,
Narendra Karmarkar, a latter-day Isaac
Newton. Now, it will see if he can make the
firm some money.

Four years after AT&T announced an
“astonishing™ discovery by the Indian-born
Mr. Karmarkar, it is marketing an $8.9
million problem solver based on his
invention.

Dubbed Korbx, the computer-based sysiem
is designed to solve major operational prob-
lems of both business and government. AT&T
gredim “substantial” sales for the product,

ut cutsiders say the price is high and point
out that its commercial viability 1s unproven,

“At 39 million & gystem, you're going to
have a small number of users,” says Thomas
Magnanii, an operations-research specialist
at Massachusetts Institute of Technology.
“But for large-scale problems, it might
make the difference.”

Korbx uses 2 unique algorithm, or step-by-
siep procedure, invented by Mr. Karmarkar,
a 32-year old, an AT&T Bell Laborutories
mathematician

“It’s desi to solve extremely difficult
or previously unsolvable resource-allocation
problems—which can involve hundreds of
thousands of variables—such as personnel
planning. vendor selection, and equipment
scheduling.” says Aristides Fronistas, presi-
dent of an AT&T division created to markst
Korbx,

Potential cusiomers might include an
airfine trying to determine how 10 route masy
planes between numerous cities and an oil
company figuring how to feed different grades
of crude oil into various refineries and have
the best blend of refined products emerge

AT&T says that fewer than 10 companies,
which it won't name, are already using Korbx.,
[tackds that, because of the price, 2 is targeting

only very large companies—mostly in the
Fortune 100

Korbx *won't have a significant bottom-line
impact initially” for AT&T, though it might
in the long term, says Charles Nichols, an
analyst with Bear, Stearns & Co. “They will
have to expose it to users and demonstrate™
it uses,

AMR Corp.s American Airlines says it's
considering buying AT&T's system. Like
other airlines, the Fort Worth, Texas, carrier
has the complex task of scheduling pilos,
crews and flight attendants on thousands of
ﬂim every month.

mas M.Cook, head of operations
research at American, says, “Every airline
has progms that do this. The question is:
Can AT&T do it benter and faster? The jury is
still out.”

The U.S, Air Force says it is considering us-
ing the system ar the Scott Alr Force Base in
Tllinois.

One reason for the uncertainty is that ATET
has, for reasons of commercisl secrecy,
deliberutely kept the specifics of Mr. Kar-
markar's algorithm under wraps.

I don't know the details of their system,”
says Eugene Bryan, presideat of Decision
Dynamics Inc., a Portland, Ore., consulting
ficm that specializes in linear programming,
a mathematical technique that employs &
series of equations using many variables to
find the most efficiemt way of allocating
resources

Mr. Bryan says, though, that if the Kar-
markar system works, it would be extremely
useful. “For every dollar you spend on op-
timization,” he says, “you usually get them
back many-fold."”

AT&T has used the system in-house to help
design equipment and routes on its Pacific
Basin sysiem, which involves 22 countries.
It's also being used to plan AT&T s evolving
domestic network, a problem invxfs‘ng some
800,000 variables.

THE WALL STREET JOURNAL, August 15, 1988
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EB Press Release - The Sveriges Riksbank (Bank of Sweden) Prize in Economic Sciences
z in Memory of Alfred \obel

KUNGL. VETENSKAPSAKADEMIEN
THE ROYAL SWEDISH ACADEMY OF SCIENCES

16 October 1990

THIS YEAR'S LAUREATES ARE PIONEERS IN THE THEORY OF FINANCIAL ECONOMICS
AND CORPORATE FINANCE

The Royal Swedish Academy of Sciences has decided to award the 1990 Alfred Nobel Memorial Prize
in Economic Sciences with one third each. to

Professor Harry Markowitz, City University of New York, USA,
Professor Merton Miller, University of Chicago. USA,
Professor William Sharpe. Stanford University, USA.

for their pioneering work in the theory of financial economics.

Harry Markowitz 1s awarded the Prize for having developed the theory of portfolio choice;

William Sharpe. for his contributions to the theory of price formation for financial assets, the so-called,
Capital Asset Pricing Model (CAPM): and

Merton Miller. for his fundamental contributions to the theory of corporate finance.

Summary

Financial markets serve a key purpose in a moderm market economy by allocating productive resources
among various areas of production. It is to a large extent through financial markets that saving in
different sectors of the economy is transferred to firms for investments in buildings and machines.
Financial markets also reflect firms’ expected prospects and nisks. which implies that risks can be spread
and that savers and mvestors can acquire valuable information for their investment decisions.

The first pioneening contribution in the field of financial economics was made in the 1950s by Hamry
Markowitz who developed a theory for households™ and firms’ allocation of financial assets under
uncertainty, the so-called theory of portfolio choice. This theory analyzes how wealth can be optimally

mvested 1n assets which differ in regard to their expected refurn and nisk. and thereby also how risks can

be reduced.
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maki horikita has a Maki Horikita I
Bacon number of 3.
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How good a center is | Kevin Bacon ?

Kevin Bacon Number # of People
0 1
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190013
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Total number of linkable actors: 1207404
Weighted total of linkable actors: 3599299

Average Kevin Bacon number: 2.981
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Sommer Gentry (the Johns Hopkins University School of Medicine)

The Optimized Match problem is formulated as a maximum edge
weight matching, meaning that points are assigned to every edge
(possible match) in the graph. Then, an optimized match selects the
combination of edges which gets the most points while assigning
each incompatible donor and patient to only one paired donation.
There are many many possible combinations of matches for a pool
of incompatible pairs - as many as 10*250 (yes, that's 1 with 250
zeroes!) for 1000 patients and their donors. Luckily, this problem can
be solved very efficiently on a personal computer using a procedure
based on the Edmonds algorithm.
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Introduction to Operations Research, 9" edit., 2010
(F. S. Hillier, G.J. Lieberman)
Chapter 1

v'Absolutely, Positively Operations Research: The Federal Express Story

Chapter 2

v'Planning the Netherlands' Water Resources

v'A Scheduling and Capable-to-Promise Application for Swift & Company

v'Bombardier Flexjet Significantly Improves Its Fractional Aircraft Ownership Operations
v'General Motors Increases Its Production Throughput

v'Philips Electronics Synchronizes Its Supply Chain to End the Bullwhip Effect

v'Pricing Analysis for Merrill Lynch Integrated Choice

v'SLIM: Short Cycle Time and Low Inventory in Manufacturing at Samsung Electronics
v'Interactive Optimization Improves Service and Performance for Yellow Freight System
v'Optimizer: IBM's Multi-Echelon Inventory System for Managing Service Logistics
v"OMEGA: An Improved Gasoline Blending System for Texaco

v'Let the Needles Do the Talking! Evaluating the New Haven Needle Exchange

v'A Break from Tradition for the San Francisco Police: Patrol Officer Scheduling Using an
Optimization-Based Decision Support System 42
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Chapter 3

v'GE Asset Management, Genworth Financial, and GE Insurance Use a Sequential-Linear
Programming Algorithm to Optimize Portfolios

v"Hongkong International Terminals Gains Elastic Capacity Using a Data-Intensive Decision-
Support System

v'Operations Research Advances Cancer Therapies

v’ Optimization of the Production Planning and Trade of Lily Flowers at Jan de Wit Company
v'United Airlines Station Manpower Planning System

v'Raw Material Management at Welch's, Inc.

v'Optimizing Restoration Capacity in the AT&T Network

v"A Solution to Post Crash Debt Entanglements in Kuwait's al-Manakh Stock Market

v'Use of OR Systems in the Chilean Forest Industries

v'Revenue Management Saves National Car Rental

v'IMPReSS: An Automated Production-Planning and Delivery-Quotation System at Harris
Corporation—Semiconductor Sector

v'"Managing Consumer Credit Delinquency in the US Economy: A Multi-Billion Dollar
Management Science Application

v'The Traffic-Control System on the Hanshin Expressway 13
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v'A New Era for Crew Recovery at Continental Airlines

v'IBM Solves a Mixed-Integer Program to Optimize Its Semiconductor Supply Chain

v’ Optimizing On-Demand Aircraft Schedules for Fractional Aircraft Operators

v'Reinventing Crew Scheduling at Netherlands Railways

v'Reinventing the Supplier Negotiation Process at Motorola

v'Routing Optimization for Waste Management

v'Scheduling Employees in Quebec’s Liquor Stores with Integer Programming

v"UPS Optimizes Its Air Network

v'An Integrated Labor-Management System for Taco Bell

v'Portfolio Construction Through Mixed-Integer Programming at Grantham, Mayo, Van Otterloo
and Company

v'Blending OR/MS, Judgment, and GIS: Restructuring P&G's Supply Chain

v'Guns or Butter: Decision Support for Determining the Size and Shape of the South African
National Defense Force

v'AT&T's Telemarketing Site Selection System Offers Customer Support

v'Coldstart: Fleet Assignment at Delta Air Lines

v'Optimized Crew Scheduling at Air New Zealand

v'Travelocity Becomes a Travel Retailer 44
v'SES Americom Maximizes Satellite Revenues by Optimally Configuring Transponders



