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Foreword

Ever since the first Olympic Games in Ancient Greece, sports have become an
integral part of human civilization. The last decade has been commemorated
by the centennial celebration of the modern Olympic movement. With great
anticipation, the Olympics return to Athens, Greece, and we are once again
reminded that we live in one of the most exciting periods in the history of
sports.

Reflecting back on my years of service as the International Olympic Com-
mittee president, I cannot overlook the remarkable changes that have taken
place in the world of sports during these two decades. The technological de-
velopment and consequent globalization of the world economy opened up a
window of new opportunities for the sports industry. As a result, manage-
ment, economics, and other sciences have become a significant part of modern
sports.

It is my pleasure to introduce this volume comprising an interesting collec-
tion of papers dealing with various aspects of management, economics and
optimization applied to sports. May this book serve as a valuable source of
information to researchers and practitioners as well as to casual readers look-
ing for a deeper insight into the magnificent world of sports.

Barcelona, Spain Juan Antonio Samaranch
October, 2003 I0OC President (1980-2001)



Preface

Modern culture is unimaginable without sports. Baron Pier de Coubertin
(1863-1937) wrote in his “Ode to Sport”:

O Sport, you are Progress! To serve you, a man must improve himself
both physically and spiritually. You force him to abide by a greater
discipline; you demand that he avoid all excess. You teach him wise
rules which allow him to exert himself with the maximum of intensity
without compromising his good health.

Nowadays, not only sports is one of the most popular means of leisure
and maintenance of a healthy life style, it is also an area of exciting business
opportunities and an attractive object of scientific research.

Pervasive intellectualization is being displayed in sports as in any other
sphere of human activities. Even though science and technology have been
widely used in sports for years now, the opportunities for application of sci-
entific methods to sports seem to be inexhaustible.

The aim of this publication is to present the up-to-date research develop-
ments in economics, management and optimization applied to sports, which
would be of interest to researchers and practitioners in sports industry, and
could be used as supplementary reading in related courses and seminars.

The 18 chapters gathered in this book cover a wide range of topics asso-
ciated with various aspects of economics, management and optimization in
sports. In particular, the volume contains research papers and reviews ad-
dressing the following issues:

- methods for ranking teams and evaluating players’ performance;
- techniques for predicting outcomes of sport competitions;
- economics of professional leagues;

- optimal strategies in sports;
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- optimal referee assignment techniques;

- scheduling and managing sport tournaments.

The specific sports discussed in the book include American football, soccer,
baseball, cricket, basketball, track and field, and hockey.

We would like to thank the authors of chapters for providing excellent
contributions, anonymous referees for their helpful comments and suggestions,
and Springer-Verlag staff for their support and assistance.

Sergiy Butenko
Jaime Gil Lafuente
October 2003 Panos M. Pardalos
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1 Introduction

College football season is one of the most popular and anticipated sports
competitions in the United States. Many of the National Collegiate Athletic
Association (NCAA) Division I-A football games are surrounded by enormous
fan interest and receive extensive media coverage. They are attended by tens
of thousands of spectators and are followed by millions through the media.
As a result, success of a team on the football field brings increased student
applications and substantial financial profits to the institution it represents.

Due to these facts, it is especially important that ranking college football
teams is as fair and unbiased as possible. However, the format of the NCAA
football championship does not allow one to apply traditional ranking methods
that are commonly used in professional leagues, where each team plays all
other teams during the regular season, and the champion is determined in
playoff series. NCAA division I-A includes more than 100 teams, and the
number of games played by each team is no more than 15. Clearly, under these
conditions, the “quality” of opponents is not the same for different teams, and
standard ranking schemes may lead to “unfair” results. Moreover, there are
no playoffs in college football, and the national champion is determined in a
single game between the #1 and #2 teams in the rankings.

Until several years ago, the rankings were decided purely based on col-
lective opinion of press writers and coaches. Clearly, these ranking principles
are not acceptable, since people’s opinions are in many cases “biased”. For
instance, a sports analyst might be impressed by the playing style of a certain
team which would affect his decision, moreover, many of those whose votes
are considered in the ranking polls (especially, football coaches) cannot see
all games of every team during the season and rely on their personal percep-
tion or other specialists’ judgements. Therefore, this ranking approach can
produce “unfair” results. A major controversy took place several times, for
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example, in 1990, 1991 and 1997 two major polls selected different national
champions. In 1998, the Bowl Championship Series (BCS) was introduced as
a more trustworthy way of determining who is who in college football. The
major components of the current BCS selection scheme are coaches/sports
writers polls and computer-based rankings. The BCS system managed to pro-
duce an undisputed champion each year since its implementation. However,
it is clearly not perfect: it was a general opinion that had Nebraska beaten
Miami in 2001 Rose Bowl, the national championship would have to be split
between Nebraska and Oregon. Moreover, some of the computer-based rank-
ings included in the BCS scheme use unpublicized methodologies and have
been criticized for their poor performance (Kirlin 2002, Martinich 2002).

These facts served as a motivation for many researchers to introduce their
own computer-based ranking systems utilizing various mathematical tech-
niques. The proposed approaches include models based on least-squares es-
timation, linear programming, maximum likelihood estimation, and neural
networks (Bassett 1997, Harville 1977, Martinich 2002, Massey 2002, Wil-
son 1995). These methods take into account various factors and parameters,
and they are often too complicated to be understood by people without an
appropriate mathematical background. Moreover, in many cases the imple-
mentation of these methods is not an easy procedure. The website (Massey
2002) maintains weekly rankings produced by more than 70 different methods.

Plethora of sophisticated ranking systems made the life of ordinary football
fans hard, since the rankings produced by different methods may significantly
deviate, which means that the performance of their favorite teams may be
underestimated or overestimated. Obviously, most of the fans cannot check if
a certain ranking system is fair. One can argue that the main goal of any sports
tournament (and the ranking system as one of its most important parts) is
the fans’ satisfaction, therefore, the ranking principles must be consistent, but
at the same time explicitly known and simple enough to be understood and
reproduced by non-specialists.

As it was pointed out above, the main difficulty one accounters in devel-
oping a college football ranking system is the fact that in the NCAA college
football tournament the number of games played by every team is very small,
and, obviously, one cannot expect the quality of the opponents of different
teams to be the same. If one tries to rank teams using regular performance
measures such as winning percentage, which are suitable for other competi-
tions (for example, NBA, NHL, and MLB, where all teams play each other
several times during the season), the results may be inconsistent. Therefore,
one of the crucial issues that must be addressed in developing an efficient
college football ranking system is taking into account the strength of the op-
ponents of each team.

Another important subject that has been widely discussed and caused
controversial opinions is whether the margin of victory should be taken into
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account in the rankings. At the first glance, one can claim that a team that
outscores the opponent in a blowout game should stand higher in the rankings
than a team who managed to win a close game, and considering score differen-
tials in head-to-head games would provide more accurate rankings. However,
several forcible arguments indicate that ranking systems should eliminate the
motivation for teams to increase the margin of victory in blowout games, since
otherwise it would lead to poor sportsmanship and greatly increase the risk
of injuries. One should emphasize that the victory itself, but not the score
differential, is the ultimate goal of any sports competition, therefore, the mar-
gin of victory should be either not taken into account at all, or limited by a
certain (small) amount. Although Martinich (2002) claims that ignoring the
margin of victory makes rankings less accurate, in this chapter we will see that
it is possible to develop ranking systems that utilize relatively simple princi-
ples, take only win—loss information as the input and provide very reasonable
results.

Summarizing the above arguments, a “fair” ranking system should
e utilize simple mathematical techniques;
e be available for verifying by non-specialists;
e use win—loss information only (or limit score margins);

e produce reasonable and unbiased results.

In this chapter, we describe two mathematical models for college football
rankings that satisfy these criteria to a certain extent. One of these techniques
is so-called Colley Matrix Method, which has been recently used as a part
of the BCS system. Although the idea of this method is rather simple, it
automatically takes into account the schedule strength of each teamn (while
ignoring the margin of victory). This method is presently used as one of the
official computer-based rankings in Bowl Championship Series.

Another approach presented here utilizes the Analytical Hierarchy Process
(AHP), a universal analytic decision making tool used to rank alternatives of
various types. This methodology proved to be very efficient in many practical
applications, however, it remained unemployed in college football rankings,
which can also be treated as ranking the alternatives (i.e., football teams). The
AHP method is believed to be a promising college football ranking technique.

Both of these models utilize matrices as their main attributes. In par-
ticular, the idea of the AHP method is to construct the comparison matriz
whose elements have certain values determined by the comparison of different
pair of alternatives (teams) based on the game outcomes. The principles of
constructing this matrix are specifically designed for situations where not all
pairs of alternatives can be directly compared, which is exactly the case for a
college football tournament.
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Numerical experiments presented in the chapter show that despite their
simplicity and minimum input information, these approaches yield very rea-
sonable results.

The remainder of this chapter is organized as follows. Section 2 provides
the description of the Colley Matrix method for college football rankings.
In Section 3 we briefly summarize the main ideas of the Analytic Hierarchy
Process methodology, which is then used to develop a college football ranking
system. Section 4 presents the results of numerical testing of the described
approaches using scores from the last 2 college football seasons (2001-2002).
Finally, Section 5 concludes the discussion.

2 Colley Matrix Method for College Football Rankings

One of the well-known mathematical approaches to college football rankings is
the Colley Matriz Method (Colley 2003), which was recently developed in at-
tempt to produce relatively “fair” and unbiased rankings and is now used as a
part of BCS. Among the advantages of this approach one should mention that
its main idea is rather simple, which makes this technique easy to understand
and implement. Moreover, wins and losses (regardless of score differentials)
are the only input information used in the model, which is reasonable due
to the arguments presented above. As we will see in this section, the Col-
ley Matrix Method can efficiently take into account the schedule strength of
each team, which leads to rather realistic results. Mathematical techniques
underlying this ranking system are briefly described below.

Let n,, be the number of games won by a given team i, and nyua14
be the total number of games played by this team. Instead of the winning
ratio (defined simply as T i/ Mtotar,i) Which is commonly used in practice, a
modified quantitative measure of the team’s performance is introduced. For
any team i, the rating of this team r; is defined as

1+ Nw,i

T, = .
2 + Nyotat,

(1)

The motivation for this definition is to avoid the values of winning ratios
equal to 0 (for the teams with no wins) or 1 (for the teams with no losses),
which makes the comparison of such teams inconsistent: for instance, after the
opening game of the season the winning team (1 win, 0 losses) is “infinitely
better” than the losing team (0 wins, 1 loss). According to Formula 1, the
winning team (r = 2/3) in this case would have a twice better score than the
losing team (r = 1/3), which is more reasonable from the practical perspective.
Also, note that the default rating of any team with no games played is equal
to 1/2, which is the median value between 0 and 1. A win increases the value
of r, making it closer to 1, and a loss decreases r towards 0.
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After introducing this quantitative performance measure, one needs to
adjust it according to the strength of the corresponding opponents. For this
purpose the following transformation of the values of n,, is applied. Instead
of considering the actual number of wins

o (nw - nl) Ntotal _ (nw - nl)
e A N +;2’

the effective number of wins n¢/f is calculated by adjusting the second term
of the above expression, which represents the summation of ngs4; terms equal
to 1/2 (index j stands for j-th opponent) corresponding to the default rating
of a team with 0 games played. In order to take into account the strength of
the opponents, these terms are substituted by actual ratings of the opponent
teams r;, which yields the following formula for the effective number of wins
for a given team i:

Ntotal,i

ff _ (n /i ‘nl,')
”Zm = % + ; XijkTjs (2)

1,if team#’s k*' game was against teamj

1 ik = .
where Xk { 0, otherwise.

Now, using Formulas (1) and (2), for every team ¢ one can write the fol-
lowing linear equation relating the ratings of this team and its opponents:

Nitotal,i
N, — T4
(2 + neotar,i)Ti — Z XijkTi = 1+ % (3)

Jj=1

If the total number of teams playing in the NCAA Division [-A tournament
is equal to IV, then the equations of this form will be written for all V teams,
which results in the linear system with N equations and N variables. One can
rewrite this system in a standard matrix form:

Cr=b, 4)

where

TN
represents the vector of variables,

L4 (P, —ma1)/2
b= 1 +(nw,2 —Tll,g)/Q

14+ (nwNn —1un)/2
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is the right-hand side vector, and

C= [cij]z',jz:l...n

is the “Colley matrix”, whose elements are defined as follows:

cii = 2+ Nyotal i
Cij = Ny,

where n;; is the number of times the teams ¢ and j played with each other
during the season (most commonly equal to O or 1).

It turns out that the matrix C has nice mathematical properties, more
specifically, it can be proved that it is positive semidefinite (Colley 2003),
which enables one to efficiently solve the linear system 4 using standard tech-
niques.

The solution of this system would represent the vector of numbers corre-
sponding to the ratings of all N teams, and the resulting rankings are deter-
mined by sorting the elements of the solution vector r in a decreasing order of
their values (i.e., the highest-ranked team corresponds to the largest element
in the solution vector, etc.).

3 Analytic Hierarchy Process (AHP) Method for
College Football Rankings

In this section, we describe the Analytical Hierarchy Process - a powerful de-
cision making technique for ranking alternatives. We first give a brief overview
of the AHP methodology, and then apply it to college football rankings.

3.1 Analytic Hierarchy Process: General methodology

The Analytic Hierarchy Process (AHP) is a methodology for analytic decision
making. It was introduced by Saaty in the late 1970’s (Saaty 1977, Saaty
1980), and has been developed into one of the most powerful decision making
tools ever since. Golden et al. (1989) describe the AHP as “a method of
breaking down a complex, unstructured situation into its component parts;
arranging these parts, or variables, into a hierarchic order; assigning numerical
values to subjective judgments on the relative importance of each variable;
and synthesizing the judgments to determine which variables have the highest
priority and should be acted upon to influence the outcome of the situation”.

The AHP is applicable to situations involving the comparison of elements
which are difficult to quantify. It allows to structure the problem into a hi-
erarchy® of simple components. For each of these components, the decision

3 The word hierarchy is from Greek iepa apxn, meaning holy origin or holy rule.
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maker performs pairwise comparisons of the alternatives which are then used
to compute overall priorities for ranking the elements. In the simplest form,
the hierarchy used in the AHP consists of three levels (see Figure 1). The
goal of the decision is at the highest, first level. Alternatives to be compared
are located at the lowest, third level. Finally, the criteria used to evaluate the
alternatives are placed at the middle, second level.

Goal

Criteria

Alternatives

Fig. 1. A three-level hierarchy in AHP.

After defining a hierarchy, the decision maker compares pairs of alterna-
tives using the available criteria and for each compared pair provides a ratio
measure which characterizes the relative level of preference of one alternative
over the other under the given criterion.

Assume that there are n elements (alternatives, options) to be ranked. As

a result of performing pairwise comparisons, a matrix P is created, which is
called the dominance or preference matriz, and whose elements are

w; ..

Pij = —» 1,] = 1,...,n.

Wi
Here numbers w; and w; are used to compare the alternatives 7 and j. To
compare two options, a 10-point scale is often used, in which w;, i=1,...,n
are assigned values from {0,1,2,...,9} as follows. If alternatives i and j can-
not be compared then w; = w; = 0. If i = j, or ¢ and j are equal alternatives,
then w; = w; = 1. Otherwise,

3 moderatly
_ )5 .... ~ strongly )
w; =4 o if ¢ 1is very strongly preferable over j.
9 extremely

The numbers 2,4, 6,8 are used for levels of preference compromising between
two of the specified above. In all of these cases, w; is set equal to 1. For
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example, if element 7 is strongly preferable over clement j, we have p;; = 5 and
pji = 1/5. Zeroes are used when there is no enough information to compare
two elements, in which case the diagonal element in each row is increased by
the number of zeroes in that row. The above scale is used as an example,
however, in general the comparisons could be made using a scale consisting
of any set of positive numbers.

The constructed preference matrix is used to derive the n-vector of priori-
ties which characterize values of the corresponding alternatives. The larger is
the priority value, the higher corresponding alternative is ranked. Given the
matrix P, one of the techniques used to derive the vector of priorities and
subsequently rank the elements is the following eigenvector solution.

Suppose that the vector of priorities w = [w;]? ; is known. Then if we
construct the preference matrix and multiply it by w, we obtain
wy fwy wy fwg - wyfw, wy wy
wa /Wy Wa/ws -+ Wa/Wn Wo Wy
Pw = . . . . L =n
Wy /W1 Wy /Wa -+ Wy fwy W, Wy,

Therefore, n is an eigenvalue of P with corresponding eigenvector w.

For the comparisons to be consistent, we need to have p;;p;x = pis for
any three alternatives ¢, j and k. However, in many cases, we can give only
estimates of the ratios w;/wj, so there may be inconsistencies. In fact, in
football the inconsistency and even intransitivity in scores happens quite often
when, say team ¢ beats team j, team j beats team k, who in its turn beats
team <.

To find an approximation of w, we solve the problem Pw = A4, w, where
Amaz is the largest (principal) eigenvalue of P, and P is now an estimate of
the true preference matrix with p;; = 1/p;; forced (however, this matrix need
not be consistent). The solution w is then used as the vector of priorities and
the ranking of alternatives is performed as follows. Element i is assigned the
value of w(7), and the elements are ranked accordingly to the nonincreasing
order of the absolute values of the components of vector w.

A natural question is, how good the obtained ranking is, or how to measure
the error appearing as a result of inconsistency? To answer this question, a
certain consistency criterion is introduced. It appears that A,... > n always,
and P is consistent if and only if A,,.. = n. The consistency indezx (C.1.) of a
matrix of comparisons of size n x n is defined as

C1 = Mmaz =7
n—1
The consistency ratio (C.R.) is given by C.R. = C.I./R.I., where R.I. is an

average random consistency inder obtained from a sample of randomly gen-
erated reciprocal matrices using the corresponding scale. For example, for the
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aforementioned 0-9 scale, the values of R.I. for n = 1,...,11 are given below:

n 112 3 4 5 6 7 &8 9 10 11
R.I.J000.520.891.11 1.251.351.401.451.491.51 ---

The consistency ratio of up to 0.10 is considered acceptable.

Variations of the Analytic Hierarchy Process have been successfully ap-
plied to solve complex decision-making problems arising in economics, politics,
technology and many other spheres. For more detail on the AHP methodology
and its applications the reader is referred to (Golden et al. 1989, Saaty 1980,
Saaty and Vargas 1994).

3.2 Application of AHP method to ranking football teams

In this section, we present an approach which can be considered a simple
version of AHP for college football rankings. The alternatives in this model
are represented by the football teams, and the only criterion used to compare
them is outcomes of the games played. Our goal is to rank all the teams based
solely on this criterion. To compare two teams, we use a simple three-point
scale consisting of 0, 1 and 1.2. Namely, the comparison matrix P = [Pz‘j]ﬁj:1
is constructed as follows.

e If teams i and 7 did not play each other, they cannot be compared directly

and we assign p;; = p;; =0.

e If i = j, or there was a tie between teams 7 and j, or teams i and j
played each other twice within a season with alternative outcomes, then
Di; = pji = 1.

e If teamn ¢ beats team j (once or twice), we set p;; = 1.2 and pj; = 1/1.2

(i.e., we assume that the winning team is on average 1.2 times better than
the loosing team).

Note, that this scale does not take into account the margin of victory,
which is in agreement with the arguments presented above.

The next question that arises now is, how realistic are the results obtained
by applying the ranking systems described in this chapter? It turns out that
the rankings generated by both Colley Matrix method and AHP method are
rather reasonable. The next section discusses the results of numerical experi-
ments and compares them with the rankings produced by major press polls.



