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Mathematical Contest in Modeling

MCM 1992

Dear Department Head/Past MCM Participant:

The Mathematical Contest in Modeling (MCM), a national contest for college undergraduates,
will hold its eighth competition in late February. The MCM is designed to stimulate and improve
problem-solving and writing skills in 2 team setting.

Last year, over 350 teams submitted solution papers, representing 190 schools. Outstanding
solution papers were published in September in a spedial issue of The UMAP Journal. The MCM has
had increased participation each year since its inception.

You can be part of the MCM effort by encouraging a member of yous department to serve as a
faculty advisor. The advisor will help organize the team, distribute exam materials, and return

solution papers to COMAP.

Please take a few minutes to read the enclosed materials, and to fill in and return the reply form.
Complimentary copies of sample solutions papers from 1991 will be sent to the first 150 requestees.
Please submit the name of your faculty advisor(s) on the enclosed form by January 10, 1992.

Best Wishes,

Frank R Giordano, Contest Director

The Ground Rules

MCM 1992

The Advisor

The advisor is the lcey to success of
MOCM. The advisor alerts students 1o the
competition and encourages the
organization of teams of three

dergraduates. It is both legiti and
desirable t0 coach or otherwise prepare
the teams.

Contest Date and Time

The contest will be held the weekend
of February 21st. It beging at 12201 AM
local tune, Friday, February 21, 191

Registration of Teams

Teams must be register=d in advance.
Each department may sign up either one
team of three members, or two teams of
three members each. No more than two
teams may be registegsd from any one
depuctment Team niembers may be
changed st the last Tinute withou!
notifying COMAP. If's department only
prer=gisters One team, a second tzam may
be added, but 3 contral number mus! be
obtained from COMAP before a second
team paper can be entered. Please sex the
card attached to this announcement at
right It must be sent to COMAT to
regpster.

The Two Problems !
Each team will be presented with two

problems and will choose one. The sample

problems on the next page give an idea of

MCM Results

The advisors and teams will be
notified of the results in April News
releases will be prepared and there will be

what they will be like. Once 2 problem is
chosen and work begins, the tear may not
discuss any aspect of the problem with the
advisor or anyane else. The team may use
computers, software packages, libraries, or
any other inanimate sources. An MCM
packet will provide the requirements and
suggested procedures Problems will tend
to be open-erded and are unlikely to have
2 unique solution. Attention must be paid
to the clarty, analysis, and design in
attempting a solution. The narmative part
of soluticn papers must be ryped and in
English, Partial solutions are accepiable.
Two copies of each paper must be
submitted. Papers mus! be postmarked no
later than Monday, Februar, 14, 1992
English trarslations must be recerved at
COMAP by Wednesday, Masch 4. 1992

Judging

Judging will take place thres weeks
after the contest Some of the »otations will
be recognized as Honorable Mention,
Meritorious, or Outstanding

is in college 2nd professional
publicaons.

Recogniton
All successhul

a certificate. Outstanding teams will receive
will be published in The UMAP Journal

Prizes

The Operations Research Sodety of
America (ORSA) will designate one
Outstanding i2am from each problem as an
ORSA winner. The two teams will be
ararded an all-expenses-paid trip to the
1992 ORSA nationa) meeting in Orlendo,
FL In adiion, ORSA will give free
student membershops to all Mentorious
tearms.

The Socety for Industrial Mathernatics
(SIAM) will designate one Outstanding
team from each problem as & SIAM winner.
Each SIAM winning team will receive a
certificate, a cash prize, and partial
expenses 107 2 trip 1o the SIAM annal
neeting in Los Angeles, CA.
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Maihematical Contest in Modelin

February 3, 1992

Dear MCM 1992 Team Advisor:

Enclosed is your 1992 MCM Control Packet, and a separate envelope with
your problems inside. Please read every sheet of this packet very carefully
and comply with the instructions and requirements. There are several
changes from the past year. It is always best for you to understand all the
requirements fully so that you can answer your team's questions.
REMEMBER: DO NOT OPEN THE PROBLEM ENVELOPE PRIOR TO
12:01 AM LOCAL TIME ON FRIDAY, FEBRUARY 21, 1992! Only thed
may either you or your team members look at the problems for the
contest.

Good luck, and happy modeling!

Frank Giordano
Contest Director

EncL

COMAP, Inc.
Suite 210, 57 Bedford Street, Lexington, MA 02173
(617) 862-7878
FAX: (617) 863-1202

n



MCM 1992

The Rules Judging the Solutions, MCM Results,
Recognition, Prizes
+ DO NOT OPEN PROBLEM ENVELOPE BEFORE '}udmwmhhpln.huwmhnﬂad\cm
FRIDAY, FEBRUAKY 21 (1201 A M. LOCAL TIME) o the solutions will be d as Honorabl

« Each department may sponsor up 1o two teams of ho
more than three members each.

* No team may assign iseif & co Ul ambez, Only
COMAP assigns controi numbers.

+ Signed Control Sheet musl be retumed with the two
copies of the solution paper.

* Each team will receive two problems and will choose

one.

* Neither the school name nor team members’ names may
appesr anywhere in the peper School name,/ team
members’ namnes may only sjpear on the control sheet.

* All papers must be typsd.

* Typed English translations must be recetved at COMAP

by Wednesday, Mach 4, 1992

"Wdc@FWWNMW
two copies of any and al] suprart materials (Le.

. posters, graphs, videcs, charts, etc).

« Names on certificates will be printed paaclly as they

appear on the control sheet.

o * U your tearn would like verifiortion of receipt st COMAR,

include a self-2dd d d with yoar
mluhanpnpcnndxtwmbeumu:ywupoma
receipt at COMAP.

* Papers must be postmarked no later than Monday,
February 24, 1992

* Any rule infraction will be grounds for disqualification.

4

Mmﬂm.MMu,mO\M;

* The advisors and teams will be notified of the results in
April. News relexses will be prepared and there will be
announzments in college and professional
ublications.

- AT fu! perticipants will d a certificate.
Ocmmmuwmmwmph—mmd
their solution papers will be published in The LIMAP
Jourmal MCM [ssuz in the &l ci 1992

* The Operations Research Society of America (ORSA) will
desigruste one Quistanding team from each problem as
an ORSA winner The two leams will be awarded an
all-expenses-paid trip to the 1392 ORSA national
mertng m Ovlando, FL In addition, ORSA will give
Bree student membershups to all Meritoricus teams.

+ The Sodety for Industnal Mathematics (SIAM) wall
desigrate one Qutstanding team from each problem as
3 SIAM winner. Each SIAM winning team will receive
2 certificate, a cash prize, and partial experses for s trip
to the SIAM annual meeting in Los Angeles, CA.

—

What to Send to COMAP |

1. Your oniginal solution paper plus a copy of it withe
- youxryped summary page oo top of each paper;
- 2 copies of all support material (disks, charts, graphs, postrrs videos, 2.y
* your control number on every page of both copies and on all support matenak
+ your signed control sheet (origina! only-—no copy necessary);
* your school name or team members' pames appezring nowhare in the paper.

S 2Q4d d) A self-add;
solution at COMAP.

All solution papers must be

d, stamped postcard for acknowledgment of recept of your

postmarked no later thar Mondav, Febraary 24, 1%52.

English translations must be received at COMAP 1o later than Wednesday, March 4, 1992,

Mail entire packet to:
MCM 1952
COMAP, Inc.

Suite 210, 57 Bedford Strest
Lexington, MA 02173




Mathematical Contest in Mod -1992
Solution Paper Cui i
Identification
O At the top of evecy page of your solution paper and on all support matenals, indude your team's
D (control) number.
T Neither the school name nor team members’ names may appear anywhere in the paper. Please do
not include a title page with your paper.

Sources

Q You may use any ingnimate source of data or materials - computers, software pacxages, reference
works, handbooks, etc. Be sure to aredit all sgurces used.

Q You may not seek help in obtaining an answer from your team advisor or anyone 2lse.

General Cuidelines

(O Partial solutions are acceptable. There is no passing or failing cut score, nor will numerical scores
be assigned. The MCM judges are primarily interested in your approach and methods. Every
team that submits a properly outlined solution paper will be awarded a Certificate of
Participation. A number of papers will receive Honorable Mention, some will be classified as
Meritorious. Selected Outstanding papers will be published in Ths UMAP Journal MCM Issue.
ORSA and SIAM will offer spedial awards or prizes from some Outstanding papers.

O Conciseness and organization are extremely important. Key statements should present major ideas
and results.

QO The paper must be typed, except for diagrams, graphs, computer programs, etc., in English.
(Foreign sclutions may be sent in a native language, but English translations must follow.)

QO Each solution paper must include a one-page, typed sumunary. (See item 7, below.) It is unlikely
that MCM judges unll read beyond a poorly constructed surmmary.

Qutline for Required Topics

1. A clarification or restatement of the problem, as appropriate.

2. A clear exposition of all assumptions and hypotheses.

3. An analysis of the problem justifying or motivating the modeling to te used.

4. The design of the model.

5. A discussion of how the model can be tested, incdluding error analysis and stability
(conditioning, sensitivity, etc).

6. A discussion of the strengths and weaknesses of the model.

7. A one-page summary of the results, typed on the Summary Sheet, and attached to the front of
each copy of the paper.

Fina! Prodact

QO Your onginal solution paper and a copy, including 2 copies of all support materials (disks, charts,
graphs, posters, videos, etc.), must be mailed to COMAF by your team advisor, postmarked ro
later than Monday, February 24. (Foreign solutions must also be postrarked February 24, with
English translations received st COMAP ng later thar Wednesday, March 4, 1992

Acknowledgment of Receipt
Q 1f you wish to receive acknowledgement of receipt at COMAS, please also enclose a stamped, self.
addressed postcard, or send via "Return Receipt Requested” through the postal service. -
v



ggpenaduci MCM 1992 z(@ Summary Sheet Ty
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n ‘ Team Controt #: R
] . > F4
A ‘ Problem: A B (Circleone) . .

, Type Summary liere
120 not Include name of school or team members on this sheet



MCM 1992 Control Sheet

You may not photocopy this.conitrol sheet to give to 2 new team, nor may you sssign any team 3 contral numbec
Only COMAP may issue a control pumber 10 a team entered in MCM.

YouR TEAM'S
ConTroL NUMBER 152

(Place this control number anall pages of solutfon paper and.on all support material )}
Your team's advisor is: (Please correct if necessary}

Yan-ping Zhao

Dept. of Applied Mathematics
Beijing Institute of Technology
PO Box 327 -

Beijing 100081

CHINA
Advisor’s Telephone: Qffice { 7__________.Home(‘ L; PR
Print or type ' mw!’
lProblem Chosen By Team (circle one): F O J

Names OF TEam MEMBERS IN ALPHABETICAL ORDER
(Names will appearorn certificates exactly 25 shown here: please check spelling accuracyf:

1

Print or fype name: : h v o
2

Pri o type rame T -

3.

Print or type nama

ALL TEAM MEMBERS MUST SIGN THE STATEMENT BELOW:

Each of us hereby certifies that our team abided by all of the contest's rules and did not coneult with
anyone who was not on this team in developing the enclosed solution paper.

Signature Signature ‘ Signature

This form must be attached to gne of the two copies of your solution paper.
Two copies of it are not necessary.

vi




Problem A.: Power Problem for
an Air Traffic Control Radar

You 2re to determine the power to ba radiated by an air traffic control radar at a major

metropolitan airport. The sirport suthority wants to minimize the power of the radar
conmetent with safety and cost

The authority is constrained o operate with its existing antennae and recsiver circuitry.
The oaly option that they ars considering is upgrading thy transmitter circuits to make the
redar oeors poweful.

The question that you are 0 answer is what power (in wams) must be rebeased by the
radar 1o ensure detection of standard pusaanger aircraft at a distance of 100 kilamacers,

oot - L
T P >na:

a. The radar antensia is a se<tion of a paraboloid of revolution with foca! fength of 1
meter. [ts projection onto a plane tangent to its vertex is an ellipse with a major axis
of ¢ meters and 4 minor axis of 2 meters. The main lobe energy beam pattern,
located at the focus, i3 an elliptical cone that has a major axis of one radian and a
minor axis of 50 milliradicns. The antering and beam are sketched in the figures
provided below.

b. The pominal class of aircraft is one that has an effective radar reflection cross-
section of 75 square meters. For the purposes of this problem, this means that in
your initial model, the aircraft is equivalent to a 100% reflective circular disc of 7§
square meters, which is centered on the axis of the antennae and is perpendicularto
it You may want to consider alternatives or refinements to this imitial model.

¢. The rceiver circuits are sufficiently sensitve to piocess a return signal of 10 micn
watts ai the feed homn of the radar (which is located at the focus of the radar

santenna),
/ﬁhﬂu Alak
Side

Froat 3 View
v- I; melers
-~ Tl
A 1 Meter

L —
S 6 oeten
> Angle of
7 50 milliradisos
Top | rapamities/recnirer
View 4 Trussmiiter/recsiver
Asteopa dish

— Aagle of 1 radien
Rad:r beam

il



Table 1. Storm Ristoration Raquirements
Estimated
Time Repair Time
(s.m) Locstion Tyee fAfccted {Hours for crew)
4:20 (-10, 30) Business (cuble TV) 7 L]
5:30 {3,3) Residential 20 7
53§ (20, 5) Business (hospital) 240 8
5:55 (-10,5) Business (raikroed sys.) 25 workers 75000 S
— COQENI%TE

&6:00 All clear given; storm leaves area; crews can be dispetched

605 (3, 30) Residential 45 2
6:06 (5, 20) Ares* 2000 7
6-08 (640, 45) Residential ? 9
6:09 {1, 10) Government (city hall) ? 7
6:15 (5,20 Business (shupping mall) 200 workzrs H
6:20 (5,-25) Gov't (fire dept.) 15 workers 3
6:20 {12,18) Residential 350 6
6:22 A7, Area” 400 B
6:25 L 19 Industry (newspaper co.) 190 10
6:40 (=20, -19) Industry (factory) 395 7
6:55 (-1, 30 Ares® P 6
7:00 (-290, 30) Gov't (high school) 1200 students s
700 {40, 20) Gov't (slementary school) 1700

7:00 (7,20 Business (restauraot) 23 12
700 (8,-23) Gov't (pobice station & jail) 125 7
708 (28, 15) Gov't (elementary achool) 1900 s
7:10 (-10,-10) Readental ? 9
10 (-1,2) Gav't (college) 3000 8
7:10 (8, -25) Industry (computer manul) 450 workers 5
7:10 (18, 85) - Residential 350 10
7:20 (7, 38) Ares® 400 9
7:48 (20,0) Residential 800 s
7:50 (-6, 30) Business (hospital) 300 L]
815 (10, 40) Business (several stores) 50 ]
8.20 (15, -25) Gov't (oruffie Sghis) P 3
8:3% (=20, -35) Business (bank} 20 5
§:50 (47.30) Residential 40 ?
930 (58, 50) Residential |4 12
1030 (-18, -3%) Residential 10 W
1030 (-1, 50) Business (civic center) 10 5
1638 -7.9 Business (arport) 350 workers 4
10:50 (5. 1%) Gov't {Gre dept) 5

Ares® 300 12

11:30 (8.20)

* Area signifies # combiaaton of rwe or more of the other classificalion types
Table 2. Crew Descnpuons

- -

* Dispatch locations at (0, 0) and (40, 40). assigaments. Untl the "storm leaves the arsa,

& rews consist of three trained workpersons. they can be disparched for * genced” only.
* Crews ceport to the duspateh location only at the + Crows work eight{8)hcur

beginning and end of thegr chifts. * There are nix crew teacns ot each
* One crew i scheduled for duty at oll 3mes on jobs location.

each disputch locaton. These crews

* Crews can work only one overtime shift in a work
would normally be performing reutine i

day and receive tirme wnd-a-half for overtime.




Problem B: An Emergency Power Restoration System:.

Power companies serving coastal régions must heve emergency response systems for
power outeges due to storms. Sud:lymnq\nndnmd'dlhlhn'llbwdnm
Mmthmththdthh

. criteria. In the past, Hypothetical Electric Compasny (HECO) bas been criticized
in the soedie for its lack of & prioritization scheme.

You are & consultant tb HECO power company. HECO possesses a computerized
database with real time sccess to service calls that currently reguir=+he following
information:

Time of report;

Type of requestor;
‘Bstimated number of people affected;
Location (=, y)k

Crew sites are located at coordinates (0, 0) end (40, 40), where = and y are in miles. The
region serviced by HECO is within -65 < 5 < 65 saod -850 < y < 50. The region is largely
memwhmwﬂmaeﬂmmmk&m“mnhwmmlyn
beginning énd end of ehift. Company policy requires that wo work be initisted until the
storm leeves the ares, unless the facibity is u commutey rislroed or hodgétal, which mey be
processed immedistely if crews are available.

HECQO has hived you to develop the objective criteria amd schedule the work for the stormi
restoration requirements listed in Table 1 using the work floree described in Table 2. Nots
that the first call was received at 4:20 e.m. end thet the storm left the area at 6:00 e.m.
Also note that meny auteges were not reported until rouch leter in the day.

HECO hasegked for a technjcal report for their purposes end en “executive summeary™m
laymen's terma that can be presented to the media. Further, they would bke
recommendstions for the future, To determine your prioritized scheduling system, you will
hvemm&eddmmdmmmwm-nmpbm&htheﬁmywmq
desire additional data. If so, detail the information desired.

(See back of page.for Tables i ane L
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Mothemotical Modelling, Vol. 6, pp. 473484, 1985 0270-0255/85 $2.00 + 00
MilkU.S‘A_.MIrﬁnnurvad. Copyright © 1985 Pergamon Press Lad

MATHEMATICAL COMPETITION IN MODELING

B..A. Fusaro

‘Department of Mathematical Sciences
&  Salisbury State College
Salisbury, MD 21801, USA

1. INTRODUCTION

The concept of a national applied math contest for undergraduates occurred to me in
October 1983. It surfaced because of difficulties we were having in getting our students
to prepare for the Putnam. Salisbury State College has a high percentage of first-generation
students, and they tend to view facing such a formidable exam alone as an ordeal. The
practice of reporting very low scores adds to the chilling effect. Finally, the small applied
content of the Putnam problems did not generate much enthusiasm in practical-minded
students. However, there was more to this notion of an applied math contest than mod-
ifying a exam.

The concept was based on a substrate that had developed over a dozen years. 1 had
chafed af the overemphasis in established mathematics of the pure, formalistic approach,
almost devoid of content. Many campuses lacked any appreciable applied or constructive
presence. In my mind, (classical) applied math, computational math, and statistics were
as important a part of mathematical activities and curricula as pure math. The model I
had in mind represented each of these four as’a vertex of a tetrahedron. The edges, faces,
and interiors represented such ‘“‘interdisciplinary’ activities as applied kinear algebra,
numerical analysis, or operations research.

C

The Putnam, reflecting post-1945 Bourbaki bias, dealt with 2 small neighborhood of
the lofty apex. . . . It would be difficult to tell from the exam that the computer existed.

These thoughts merged and then popped up in verbal form as “*Applied Putnam.” I
tested'the notion on a colleague, Bob Tardiff. His response was: “*Why don't you do it?"’
Most of my other colleagues also liked the idea, but it seemed prudent to check with some
off-campus mathematicians’ who had long involvements in applied math. Calls to M. S.
Klamkin, H. O. Poltak, and E. Y. Rodin elicited favorable responses and encouragement
to proceed. I then called A. P. Hillman, who has had many years of experience with the
Putrnam competition. Hillman urged me to start with a small pilot project and warned that -

, 1 inight be underestimating the difficultyof running a national contest. (He was right.)



474 B. A. Fusaro

Being chairman of the Education Committee of the Society for Industrial and Applied
Mathematics (SIAM) gave me a natural forum for this project. An outline of a proposz!
for a pilot contest was sent to members of this SLAM committee on 5§ November 1983
The gist of the proposal:

Pure Putnam “*Applied Putnam"’
Sessions Two (each 3 hours
Number of Problems Twelve o) ;:3 HAS dibe o
Type of Problems Structural, pure Contextual, applied
Format Individual studeats Teams of three students
Microcomputers allowed
Time December March

The committee responded very favorably to the proposal, but with strong reservations
on kg time allotted per problem. The feeling was that an applied math problem could not
be done in half a day—estimates ran from a day to a week. One experienced SIAM officer
said that a realistic problem needed a whole semester! These observations, coupled with
my fairly unshakable view that a contest for undergraduvate should not occupy more than
8 weekend, doomed one of my favorite schemes: Teams should be required to do one
continuous and one discrete problem.

Although the education committes looked on the applicd Putnam with favor, SIAM's
leadership felt that the committee already had enough projects and that it should continue
to concentrate on the K-12 ievel. However, sc many people had judged the idea to be
good and workable that I decided to seek another forum.

2. FUNDING THE CONTEST

Warren Page, editor of the College Mathematics Jourral, gave an invited lecture to
the Maryland, Washington, D.C. and Virginia Mathematical Associaticr of America sec-
tion on 18 November. His lively presentatiog included many applied examples, so | ap-
proached him with the idea after his talk. Page listened attentively but guardedly—the
term “'Applied Putnam'' was definitely not to his liking. His initial reaction was that the
concept was interesting but not feasible.

About three weeks later, Page called me at bome to say he had given this concept of
an applied contest quite a bit of thought. He had come around to the position that it was
a valuable idea and that it ought to be done. Moreover, he had broached the subject to
S. A. Garfunkel, executive director of COMAP. The Consortium for Mathematics and
its Applications had been supporting applicable math in a variety of ways since 1972.
Garfunkel was very enthusiastic, and Page urged me to get in touch with him. Although
1 was a member of COMAP and had used its materials, I had never had any interaction
with Garfunkel. After one phone conversation, it was clear that we had similar geals. In
fact, ‘‘increasing the applied presence” on campus might be one way to describe what
COMAP had been doing over the years. He suggested that a proposal for a three-year
grant be sent to the Pund for the Impravement of Post-Secondary Education (FIPSE),
Department of Education, with COMAP the administering body and me as project di-
rector. FIPSE had & reputation for backing novel ideas that might have far-reaching ef-
fects. The offending term Applied Putnam was transformed into the Mathematical Com-
petition in Modeling (MCM), and the preliminary proposal squeaked by FIPSE's 12
January 1984 deadline. It was soon approved, and the final three-year proposal was ap-
proved in June 1984. '

4



Mathematical competition in modeling 475
3. GOALS OF THE MCM

The goals and purposes of the MCM are best descnbed by two paragraphs from the
abstract of the final proposal to FIPSE.

The purpose of this competition is to involve students and faculty in clanfying, analyzing, and
proposing solutions 1o open-cnded problems. We propose a structure which will encourage wide-
spread participation and emphasize the entire modeling process. Major features include:

® The selection of realistic open-ended problems chosen with the-advice of working mathematicians
in industry and government.

¢ An extended period for ieams to prepare solution papers within clearly defined format.
e The ability of participants to draw on outside rescurces including computers and texts.

e An emphasis on clanity of exposition in determining final awards with the best papers published
in professional mathematics journals.

As the contest becomes established in the mathematics community, new courses, workshops,

and seminars will be developed to help students and faculty gain increased expenence with math-
ematical modeling.

4. ORGANIZING THE MCM

An adyisory board was formed of applied mathematical scientists who had been early
backers of an applied math contest:

B. A. Fusaro, Salisbury State College, Salisbury, MD

A. P. Hillman, University of New Mexico, Albugquerque, NM

M. S. Keener, Oklahoma State University, Stillwater, OK

H. O. Pollak, Bell Communications & Research, Inc., Morristown, NJ
F. J. Roberts, Rutgers University, New Brunswick, NJ

E. Y. Rodin, Washington University, Saint Louis, MO

L. H. Seitelman, Pratt & Whitney, East Hartford, CT

Maynard Thompson, University of Indiana, Bloomington, IN

Hillman, who for many years directed grading for the Putnam, agreed to be chief grader.
This eliminated one of the two swords that hung over our heads: finding suitable problems
and grading.

The first advisory board meeting was scheduled for August, which left just encugh time
to prepare for a contest in February 1985, Budget problems in Washington deleyed our
funding.. COMAP took the risk of spending unreceived money for our first meeting, held
in Chicago on 30 September 1984.

The board made all decisions by consensus. We selected two types of problems, ap-
proved ground rules, set up a Putnam-like system of faculty advisors, and estabiished
grading classifications. (We all agreed it was unrealistic to linearly order problems of this
nature.) The inaugural contest was set for the weekend of 15 February 198S. The meeting
was very productive, but we departed with a note of concern over the short amount of
time for publicity, registration, and final write-up of confes! materials. We wondered
whether we could get our pregicted 55 colleges to enter the first Mathematical Competition
in Modeling.

It turned out that 158 teams registered. representing 104 colleges, a response that
overwhelmed us. Anything above 100 solution papers was unmanageable—there was not
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enough manpower to allow multiple readers for each paper. There were actually 90 papers
submitted, representing 70 colleges, a large but tractable number.

5. THE TWO MCM PROBLEMS

Managing an animal population

Naturally-occurring animal populations are found in environments where there are
resource constraints, that is, limited food, space, water, etc. Select 2 fish or mammal
(Chincoteague ponies, deer, rabbits, salmon, striped bass, for instance) and an environ-
ment for which you can find appropriate data, and formulate an optimal policy for har-
vesting members of the population.

Managing a strategic reserve

Cobalt, which is not produced in the U.S., is essential to a number of industries (Defense
accounted for 17 percent of the cobalt production in 1979). Most coba!t comes from central
Africa, a politically unstable region. The Strategic and Critical Materials Stockpiling Act
of 1946 requires a cobalt reserve that will carry the U.S. through a three-year war. The
government built up a stockpile in the 1950s, sold most of it off in the early 1570s, and
then decided to build it up again in the late 1970s, with a stockpile goal of 85.4 million
pounds. About half of this stockpile had been acquired by 1982.

Build a mathematical model for managing a stackpile of the strategic metal cobalt. You
will need to consider such questions as: How big should the stockpile be? At what rate
should it be acquired? What is a reasonable price to pay for the metal? You will also want
to consider such questions as: At what point should the stockpile be drawn down? At
what rate should it be drawn down? What is a reasonable price to sell the metal? How
should it be allocated? (Accompanied by a sheet with more information on the sources,
cost, demand, and recycling aspects of cobalt. See Appendix A.)

The faculty advisor was to open the envelope Friday moming and instruct the team to
choase a problem by noon (else the advisor was to assign the team one of the problems).

The ground rules allowed the team to use any inanimate source. It was emphasized
that partial solutions were acceptable, and that there was no passing score. Except for
diagrams, graphs, etc., the solution paper had to be typed.

The open-ended nature of the problems required guidance, so the following outline was
provided:

. A clarification or restatement of the problem as appropriate.

A clear exposition of all assumptions and hypotheses.

An analysis of the problem, justifying or motivating the modeling to be used.

. The design of the model.

. A discussion of how the model can be tested.

. A discussion of the strengths, weaknesses of the model, including error analysis and
such things as stability (e.g. conditioning sensitivity).

7. A one-page summary of results.

6. RESULTS OF THE CONTEST

Awaiting the onslaught of these 90 problem-solving teams were 13 graders. (See Ap-
pendix B.) They were headed by A. P. Hillman, of long-time Putnam experience. The
graders met at the Utliversity of New Mexico, Albuguerque, the first weekend in March.
Each of the papers was read by at least three graders. After an effort that can only be
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described as character-building, 12 of the student papers were classified as Honorable
Mention, and 18 were classified as Meritorious.

The MCM advisory board unanimeusly designated six of the meritorious papers as
outstanding:

Animal Population prpblem (60 co'lution papers)
1. Population Dynamics of Deer

Harvey Mudd College Dana Hobson
Claremont, CA 91711 Scott Bailey
(Prof. S. N. Busenburg) David Ho

2. Grizzly Bears in Yellowstone National Park
Mount St. Mary's College Michael Caulfield
Emmitsburg, MD 21727 Daniel McCaffery
(Prof. C. O. Harris) John Kent

3. An Effective Strategy for Harvesting Salmon
Southern Methodist University Julian Anthony
Dallas, TX 75275 Mike Frohme
(Prof. Richard Haberman) Joe Ramey

4. Mathematical Modeling of the Peruvian Anchovy Population Dynamics
Washington University Jonathan Caulkins
St. Louis, MO 63130 Andrew Yates
(Prof. D. A. Elliott) _. Rob Barrett

Strategic Reserve Problem (30 solution papers)
1. The Problem of Managing a Strategic Reserve

Calvin College Jack Snoevink
Grand Rapids, MI 43506 Loren Haarsma
(Prof. G. A. Klaasen) David Cole

2. Managing a Cobalt Stockpile
New Mexico State University Sunit Bhalla
Las Cruces, NM 88003 Pavid Thomas
(Prof. J. D. Thomas) Lance Waller

These solution papers have been edited slightly for fhclusion in this special issue.
The excellent geographical and college-university distributions might suggest to the

reader that there was some sort of quota system, but there was none. The solution papers
had all been coeded. The twelve other meritorious teams are:

Animal Population Problem

California Polytechnic State University, San Luis Obispo, CA (Prof. Thomas O'Neil)

California State University, Northridge, CA (Prof. T. F. Lin)

Cooper Union (two teams), NYC, NY (Prof. E. Kondopirakis)

Harvey Mudd College, Claremont, CA (Prof. S. N. Busenberg)

Okl_ahoma State University, Stillwater, OK (Prof. J. R. Choike)

University of California (two teams)y Berkeley, CA (Prof. F. R. Grunbaum)
Strategic Reserve Problem

Beloit College, Beloit, WI (Prof. P. D. Straffin}

Central Washington University, Ellensburg, WA (Prof. Ken Gamon)

Ha‘n'/ard University, Boston, MA (Prof. Andrew Gleason)
Trinity University, San Antonit &X (Prof. J. E. Gayek)
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