EEMCM/ICMEHRIES LB

Mathematical Modeling

for the MCM/ICM Contests

~ Volume1

MCM/ICMEFEIZRE




ZEMCM/ICMBERIESAS

~ Mathematical Modeling
for the MCM/ICM Contests

Volume 1

MCM/ICMEZEIRR=

Jay Belanger
~ Amanda Beechﬁr

ze Wang




EHERGmE (CI1P) #iF

MCM/ICM 5 =3 . 14 = Mathematical
modeling for the MCM/ICM contests:volume 1 : 33 /
() DI (Belanger, J.), (%) b (Beecher, A.),
(3€) EAGHRE . — dbnt: BEREHRRE, 2015.1

( SR MCM/TCM SEBHE A / EARESR)

ISBN 978-7-04-041676-3

[. OM--- . ON-- Otk @F:-. M. OFFE
A - HHW - - V. DO141.4-44

FERAEFTE CIP BdEiZTFE (2014) 28 294952 5

KRgmEE x| = FiEgmaE X & HEET FOF it T O
TERN £ M THEENE] B NI

HRRATT A ETHIARAL BIHIE  400-810-0598

it I dUET AR ENAE4S 3] Ht  htp://www.hep.edu.cn
BPEC4RAS 100120 http://www.hep.com.cn

Bl Rl BEINT EFEENRIARAE W _EITE  http://www.landraco.com

FF A 787mm % 1092mm  1/16 http://www.landraco.com.cn
El 5k 11.25 i3 ® 201541 BE 1k

£z ¥ 200F=E El & 201541 A% 1 RENRI
H#Lk 010-58581118 E # 39.00 3¢

AP ekTT . BT, BRERRAE, EERTEE DR ELR T AR
REFRE 2RISR
W k5 41676—00



MCM/ICM Contests Guides and Solutions

Advisors
Sol Garfunkel
Chris Arney

Editor-in-Chief

Jie Wang

EDITORIAL BOARD

Consortium for Mathematics and Its Applications, USA
United States Military Academy at West Point, USA

University of Massachusetts Lowell, USA

Deputy Editor-in-Chief

Qixiao Ye

Secretary

Ziyang Mao

Members

Amanda Beecher

Jay Belanger
Xiuzhen Chen
Weibo Gong
Zhonggeng Han
Mingfeng He
Zuguo He
Shenquan Liu
Xiwen Lu
Joseph Myers
Zhiyi Tan
Zhong Tan
Jiayin Wang
Mengda Wu
Zhenglin Ye
Cunquan Zhang

Beijing Institute of Technology, China

National University of Defense Technology, China

Ramapo College of New Jersey, USA

Truman State University, USA

George Washington University, USA

University of Massachusetts Amherst, USA

Information Engineering University, China

Dalian University of Technology, China

Beijing University of Posts and Telecommunications, China
South China University of Technology, China

East China University of Science and Technology, China
United States Army Research Office, USA

Zhejiang University, China

Xiamen University, China

Washington University in St. Louis, USA

National University of Defense Technology, China
Northwestern Polytechnical University, China

West Virginia University, USA



O, 75258 #EPDFIE Ui iH) : www. ertongbook. com



Foreword by Sol Garfunkel

While it is hard for me to believe, the Mathematical Contest in Modeling (MCM) is
fast approaching its 30th year. During this time we have grown from 90 US teams to
over 5000 teams representing 25 countries from all across the globe. We have been
especially buoyed by the enthusiasm shown by our international colleagues and the
rapid growth in international participation. COMAP welcomes your involvement
with open arms.

COMAP runs three contests in mathematical modeling; they are MCM, ICM
(the Interdisciplinary Contest in Modeling), and HIMCM (the High School Math-
ematical Contest in Modeling). The purpose of all of these contests has never been
simply to reward student efforts — as important as that is. Rather, our objective
from the beginning has been to increase the presence of applied mathematics and
modeling in education systems at all levels worldwide. Modeling is an attempt to
learn how the world works and the use of mathematics can help us produce bet-
ter models. This is not a job for one country, but for all. The COMAP modeling
contests were conceived and evolved to be strong instruments to help achieve this
much larger goal.

It is my supreme hope that through this excellent book series students will
learn more about COMAP contests and more about the process of mathematical
modeling. I hope that you will begin to work on the exciting and important prob-
lems you see here, and that you will join the MCM/ICM contests and the rewarding

work of increasing the awareness of the importance of mathematical modeling.

Sol Garfunkel, PhD
Executive Director
COMAP
November 2014






Foreword by Chris Arney

Undergraduate students who receive instruction and experiences in mathematical
modeling become better and more creative problem solvers and graduate students.
This book series is being published to prepare and educate students on the topics
and concepts of mathematical modeling to help them establish a problem solving
foundation for a successful career.

Mathematical modeling is both a process and a mindset or philosophy. As
a process, students need instruction and experience in understanding and using
the modeling process or framework. As part of their experience, they need to see
various levels of sophistication and complexity, along with various types of mathe-
matical structures (discrete, continuous, linear, nonlinear, deterministic, stochastic,
geometric, and analytic). As a mindset, students need to see problems that are rel-
evant, challenging, and interesting so they build a passion for the process and its
utility in their lives. A major goal in modeling is for students to want to model
problems and find their solutions. Recipes for structured or prescribed problem
solving (canned algorithms and formulas) do exist in the real world, but mathe-
matical modelers can do much more than execute recipes or formulas. Modelers

are empowered to solve new, open, unsolved problems.

In order to build sufficient experience in modeling, student exposure must be-
gin as early as possible — definitely by the early undergraduate years. Then the
modeling process can be reinforced and used throughout their undergraduate pro-
gram. Since modeling is interdisciplinary, students from all areas of undergraduate
study benefit from this experience.

The articles and chapters in this series expose the readers to model construc-
tion, model analysis, and modeling as a research tool. All these areas are important
and build the students’ modeling skills. Modeling is a challenging and advanced
skill, but one that is empowering and important in student development. In to-
day’s world, models are often complex and require sophisticated computation or

simulation to provide solutions or insights into model behavior. Now is an exciting



ii Foreword by Chris Arney

time to be a skilled modeler since methodology to provide visualization and find
solutions are more prevalent and more powerful than ever before.

I wish the students well in their adventure into modeling and I likewise wish
faculty well as they use the examples and techniques in this book series to teach the
modeling process to their students. My advice to all levels of modelers is to build
your confidence and skills and use your talents to solve society’s most challenging

and important problems. Good luck in modeling!

Chris Arney, PhD

United States Military Academy at West Point
Professor of Mathematics

Director of the Interdisciplinary Contest in Modeling
October, 2011



Preface

This book series is a collection and expositions of the ideas, background knowledge,
and modeling methodologies for solving the problems for the Mathematical Contest
in Modeling (MCM) and the Interdisciplinary Contest in Modeling (ICM). It is
intended to help promote, enrich, and advance mathematical modeling education
for undergraduate students. It is also intended to provide guidance for students
to participate in the MCM/ICM contests. It can be used not only as a reference
book in mathematical modeling, but also as supplementary materials for teaching
an undergraduate course on modeling.

This book series is co-published by the Higher Education Press (HEP) and the
Consortium for Mathematics and Its Applications (COMAP), making it accessible
worldwide to students and their faculty advisors, as well as to readers interested in
modeling.

This volume addresses Problem A and Problem B in MCM 2014, and Problem
C in ICM 2014. Problem A asks how to devise rules to increase traffic throughput,
Problem B asks how to rank the top coaches of a popular sport, and Problem C
asks how to use networks to measure influence and impact. In addition to the expo-
sitions of these problems, this book also presents a brief history of the MCM/ICM
contests, offers ideas to help students prepare for the MCM/ICM contests, presents
general modeling framework and methodologies, describes the judging procedure
of the MCM/ICM papers, explains how to write attractive MCM/ICM papers,
and presents a sample scheduling of tasks during the contest. A number of exercise
problems are also included to help students understand the materials presented in
the book.

Jay Belanger drafted Chapters 1 to 4. Amanda Beecher drafted Chapter 5.
Jie Wang devised the book, contributed to some of the writings, and edited and
unified all the chapters. The authors thank Sol Garfunkel, Chris Arney, and Bill Fox
for inviting them to participate in judging the MCM/ICM 2014 contests, and the
judges of the MCM/ICM 2014 contests and the COMAP staff for making judging
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the contests a rewarding experience.

We would like to thank Ying Liu of HEP and Sol Garfunkel of COMAP for
their insights, support, and guidance. Without them this book series would not have
been published. We welcome and appreciate feedback from our readers. Please email

your comments and suggestions to the following address: micmbooks@gmail.com.

Jie Wang
Editor-in-Chief
November 27, 2014
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