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The Analyst’s Bookshelf

Reviews

G. HADLEY, Nonlinear and Dynamic Programming, Addison-Wesley
Publishing Company, Reading, Massachusetts, 1964, 484 pages, $10.75

HIS text if the third member of a trilogy, the first two of which are Linear Al-

gebra and Linear Programmang (Addison-Wesley Publishing Company, 1961
and 1962 respectively; for a review by John W. Abrams of the second of these two
books, see this JourNaL, 14 (1966), pages 734-737). In general character and point
of view, this volume is similar to the two earlier works, and, indeed, assumes a rather
thorough familiarity with them.

Chapter 1 is a brief introduction to, and survey of, general constrained optimiza-
tion problems, including a good informal presentation, through examples, of the
difficulties created by nonlinearities. Chapter 2 is an extremely compact review of
linear algebra, linear programming, and n-variable differential calculus, especially
the implicit function theorem. Continuing the introductory material, Chapter 3 is
concerned with classical optimization methods and the relevant properties of convex
and concave functions. The principal subject here, of course, is the use of Lagrange
multipliers for both equality and inequality constraints. This chapter also uses
Lagrange multiplicrs to introduce complementary slackness and duality in nonlinear
programming.

Chapter 4 contains an extensive discussion of approximate linearization methods
for separable programs. A major feature in this chapter is the use of the simplex
method with restricted-basis entry to satisfy automatically the special nonlinear
constraints that arise in this approach. Chapter 5, “Stochastic Programming,” is
concerned almost entirely with some of the ways in which stochastic programs can
arise in practice and with the general types of difficulties created by the presence of
random elements. Chapter 6 presents a moderately general version of the Kuhn-
Tucker conditions, with proofs, and Chapter 7 is a survey of the methods published
prior to 1964 for solving quadratic programs. The first hall of Chapter 8 describes
the many ways in which integer linear programming problems can arise, including
both natural applications and also mathematical transformations of originally non-
integer problems such as the linear approximations to separable problems; the sec-
ond half gives Gomory’s algorithms for both the all-integer and mixed-integer cases.
Chapter 9 describes a variety of gradient methods.

The final two chapters, “Dynamic Programming I” and “Dynamic Pro-
gramming II,” represent an appreciable shift in content, although not in general ap-
proach. Chapter 10 is primarily concerned with dynamic programs involving one
state variable, including infinite-stage and stochastic problems, while problems re-
quiring more than one state variable arc treated in the first third of Chapter 11.
The final two-thirds of this last chapter discusses two specific applications in some
detail: combined production-scheduling and inventory-control problems, and dy-
namic programming in a Markov process.
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The general orientation of the book is toward the practitioner rather than the
mathematician, although the emphasis is only somewhat more computational than
theoretical. This is ‘computational’ in the best sense of the word, however, in that
the concern is neither with computer codes nor the mechanical application of ap-
parently arbitrary computing rules, but rather with the general computational
efficacy of proposed algorithms. In particular, this concern tends to lead, wherever
possible, to an emphasis on simplex and simplex-like methods for nonlinear pro-
grams. Indeed, many of the numerical examples yield series of linear programming
tableaux, and a number of formal results are obtained by using the mathematical
properties of the simplex (and related) algorithms. Another reflection of the con-
cern for the practitioner is the high degree to which motivation is supplied by more
or less realistic applications, even to the extent of having one chapter (that on
stochastic programming) eonsist primarily of such motivation.

Although the main emphasis is on computation and application, the book is far
from trivial mathematically. All important results are proved, but not always
rigorously. In some cases, notably the elassical use of Lagrange multipliers and the
Kuhn-Tucker conditions, the results are presented with surprising and pleasing
generality. The contents of the review chapter (Chapter 2) reveal that the required
mathematical background is substantial, and the rest of the book shows that the
required mathematical maturity is also appreciable.

Two aspects of the mathematical characteristies of the book are somewhat dis-
turbing, however. One is that the review chapter, like many such reviews, is like
the proverbial leaky umbrella: If one needs it, it is of little use, while if one does not
need it, it is superfluous. The second criticism is that in many cases formal results
ave obtained too mechanically with too little interpretation of, or motivation for,
the mathematical content (as noted above, this is not true of either the computa-
tional or application content). Two reflections of this are the sometimes needlessly
formal notation and the frequent inclusion of routine manipulations without an ac-
companying discussion of what is really being done mathematically and why.

The most disappointing feature of this work is its lack of unity and cohesiveness
—the last nine chapters ean very nearly be studied in any order, each being almost
independent of the others—a fact that in large part is a consequence of the subject.
It is clearly recognized by the author in the Preface, where some justification is
given on the grounds that *. .. there does not exist at present any unifying theory
for all of what might be considered nonlinear programming and . ..in addition,
computational algorithms exist only for solving very special types of problems. ..”
While this is certainly at least nearly as true today as in 1964, yet even then there
were available more unified descriptions of at least part of the subject matter of this
book: PHiLip Worrg, “Some Simplex-Like Nonlinear Programming Procedures,”
Operations Research, 10, 438 (1962); or the same author’s “Computational Tech-
niques for Nonlinear Programs,” Princeton University Conference on Linear Pro-
gramming, March 13-15, 1957 (1).

One distinguishing feature of an outstanding text is the extent to which it brings
unity to a previously fragmentary field. Unfortunately, this book succeeds only to
a limited extent in this respect, but perhaps somewhat unintentionally. Some
unification is achieved through the early general treatment of Lagrange multi-
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pliers, the repeated use of simplex-type procedures, and, to a lesser degree, applying
the Kuhn-Tucker conditions in several contexts. These possible unifying threads,
however, are not followed consistently, each being more a leit-motif than a dominant
theme. Although the unity of subject leaves something to be desired, the con-
sistent unity of style and of point of view, however, is a partial compensation.

This book is intended primarily as a text, and for the right combination of
lecturer and class it will serve that purpose excellently. The ‘right class’ would be
at the first-year graduate level in a mathematically oriented operations-research
program, the mathematical prerequisites probably being excessive for many business
schools; the ‘right lecturer’ would be one who could (hopefully) provide some of the
missing unity, who could select intelligently from the large number (almost 400) of
exercises, some of which are trivial and /or mechanical and some of which are very
good indeed, and who could include coherently more recent results (especially in
stochastic and quadratic programming, and in integer programming if included in
the course). A possible selection and sequence of topies might be Chapters 3, 6, 7,
5, 4, and 9, assuming that integer linear programming and dynamie programming
would be more appropriately studied elsewhere.

Writing the first text in a field as diverse as nonlinear programming is an auda-
cious undertaking and leaves the author open to criticisms of the sort that would be
made of texts in fields already adequately covered. While I have taken advantage
of this license, my remarks should not obseure the fact that TApLEY’s book is indeed
the first general text in this area. The principal observation should be not that it
is not perfect, but, rather, that it succeeds as well as it docs.

WiLLiam W. HarpeRrAVE
Bell Telephone Laboratories, Inc.

ITHIEL DE SOLA POOL, ROBERT P. ABELSON, and SAMUEL L. POPKIN,
Candidates, Issues, and Strategies: A Computer Simulation of the 1960
Presidential Election, The MIT Press, Massachusetts Institute of
Technology, Cambridge, Massachusetts, 1964, 167 pages, $5.95

HIS BOOK presents an application of a new social science technique: a mar-

riage of computer capabilities, public-opinion-survey data, and opinion-forma-
tion theories. The project that developed this technique designed a simulation
that used opinion-poll statistics to examine campaign strategies and predict their
effects on the election. To use computer simulations in examining voter behavior is
not new—as the authors point out, WirLiam McPusg produced a model in 1959
that traced political waves in a four-year election cycle. However, this project has
contributed an initial step in developing and utilizing computer simulation models to
answer questions that a candidate may ask during a campaign; to this end, the
model must produce predictions based on existing historical data while there is still
sufficient time for the candidate to effect a change in his strategy or tactics.

As the project conceived it, the model “would focus on items about which (a) a
candidate has genuine strategic alternatives, (b) the behavioral sciences have some
relevant theories, [and] (¢) the necessary data exists.”

Since campaign issues satisfy these requirements, this is the topic around which
the simulation was developed. In recent years public-opinion-poll archives have
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appeared as centralized storage areas for poll data, and the behavioral sciences have
developed theories of balance and cross pressure that are relevant to formulating
campaign strategies.

Chapter I presents the background of the project: its conception, organization,
and the behavioral theories on which the simulation was based. A definition of
simulation is offered, and there is a discussion of its purpose and proper application.

The project reduced data from 50 national surveys to provide information on 52
‘issue-clusters’ for 480 voter types. Since the use of a number of different surveys
posed problems of compatibility, scope, and intensity, the approach to these prob-
lems is discussed briefly. The vast effort the project devoted to preparing the data
can readily be appreciated.

The voters were divided by socio-economic factors. Each of the 48 states was
assumed to differ {rom other stales in its region only because of the differences in
the proportions of the regional voter types in that state, an assumption that is ad-
mittedly questionable; its justification, in the authors’ opinion, les in the quality
of the state-by-state predictions made by the simulation model. The importance
of local political leaders’ stands in the South, for example, yielded poor correlations
with the actual state-by-state outcomes.

To examine & scenario in which the religious issue was dominant, the project
chose formulas to represent the responses of the 480 voter types to the candidates
in the light of past voting inclinations and attitudes toward a “Catholic in the White
House.” These formulas were developed from survey information, behavioral
theories, and subjective judgment.

Chapter II deals with the sensitivities of the predictions to the values of the
variables in the simulation. Thus, it examines foreign policy disputes, the effects
of different values of the Catholic shift on the goodness of fit of the simulation, and
the Civil Rights issue (this after-the-fact inquiry found that this issue did not cause
significant cross pressurc outside small groups of voters).

Chapter I1I discusses various simulations, including the “best-fit simulation”
for the 1960 Presidential eampaign from the viewpoint of post-diction. Since the
purpose of this latter examination was {o enhance the understanding of voter be-
havior in that election, state-by-state correlation and root mean square error were
used as standards of goodness of fit. The root mean square of the differences be-
tween the Kennedy percentage in the best-fit simulation and the election was 4.7,
over 48 states. Here, both parameters and factors of the 1960 simulation were
varied or deleted, a special shift was used in the southern states to account for
Negroes who would otherwise have voted Republican and whites who would have
voted Democratie, and the data deck was augmented by polls taken between the
biennial elections of 1958 and 1960.

This chapter also offers some conclusions from the 1960 campaign—for example,
the best-fit simulation indicated a loss in popular vote, but a gain of 22 electoral
votes for the late President Kennedy, due to the religious issue. It goes on to dis-
cuss civil rights, foreign policies, and other issuce, and the special southern vote ad-
justment needed to improve state-by-state predictions.

Chapter IV considers the question of the summability of predispositional factors,
a topic relevant to bhehavioral-science theories of voter-opinion formation. To
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examine the factors of political party, region, sex, religion, and socio-economic
status, the project used analysis-of-variance techniques with a five-way factorial
array of 336 of the 480 voter types. After F-testing the factors and the ten first-
order interactions within a cluster, and after investigating the distribution of F’s
for the first-order interactions, the authors answer the question of summability
with a qualified “yes.””  “However, for party-dominated issues, party identification
quite often interacts with other factors; that is, party identification does not always
summate with other factors in determining issue response.”

The final chapter outlines the political trends of the 1950’s in the light of public-
opinion-poll-data and election results, and discusses the effects of Eisenhower and
Stevenson on the normal responses of voters.

Since timely predictions would be of considerable assistance to a candidate and
his staff of advisors, this hook presents an interesting and potentially important ap-
plication of simulation and computer capabilities. Too, since the aim is to 20 be-
yond the opinion polls to predict voter responses before they have made up their
minds in the actual campaign and to do this using old poll data, the simulation may
increase the usefulness of the opinion polls.  While much of the simulation analysis
in this first application was done after the fact, it nevertheless provides insight to
voter behavior in the 1960 election.  If the proper campaign scenario can be chosen,
the simulation using historical data provides a good prediction of voter responses.
To select the proper scenario may not always be as easy as it was in the 1960 election
campaign, but, on the other hand, the simulation may not be particularly useful in
campaigns that are straightforward (the Democratic side of the 1964 campaign may
be taken as an example).

To be attractive to the political partics, simulations must provide better or
more timely predictions than the alternative techniques when crucial strategy de-
cisions must be made, capabilities that are at least conceptually in view at the
present time.  However, it remains to be seen whether or not simulation techniques
will become standard decision aids for political campaigns. In any ease, the opera-
tions analyst will find this book to be of interest as an example of the application of
his techniques to important problems of social behavior.

Wirniam M. TayLor
Caywood-Schiller, Associates

IRA HOROWITZ, An Introduction to Quantitative Business Analysis,
McGraw-Hill Book Company, New York, 1965, 282 pages, $7.95

HIS BOOK, based upon a course taught at Indiana University, is directed to
those who have a limited mathematical background, requiring no more of its
readers than course work in college algebra and clementary statistics. The author
docs, however, attempt to show the why of the techniques he discusses as well as the
how. Thus, both the level of mathematical sophistication expected of readers and
the number of topics that can be reasonably covered in a one-semester course have
served to limit both the breadth and the depth of the coverage of the book.
The material treated includes linear programming, the transportation method,
integer programming, game theory, queuing theory,, inventory models, and Bayesian

Copyright © 2001 All Rights Reserved



Downloaded from informs.org by [216.73.216.187] on 14 July 2026, at 14:07 . For personal use only, all rights reserved.

584 The Analyst’s Bookshelf

decision-making. It is the last topic which receives primary attention, with rather
well written chapters on “Utility in Decision-Making,” “The Value of Additional
Information,” and “Decisions Under Uncertainty.” Among the notions the reader
is exposed to are the principle of insufficient reason, the Hurwitz criterion, minmax
regret, and mixed strategies. Further, in the chapter titled “Linear Program-
ming,” a section is devoted to using programming to develop data for decision-
making under risk.

The quality of the presentation shows some variation. On the one hand, the
chapter on “Probability and Expected Value” is very disappointing. The student
meets, in the following order, sections entitled “Expected Value,” “The Concept of
Personal Probability,” “The Rules of Probability,” ‘“The Variance,” and “Some
Frequently Used Probability Distributions.”” Since the background of those to
whom the book is directed will generally not include a firm grounding in probability,
the rather cursory treatment of these subjects seems unwise. Though a treatise on
this topic is not called for, a more extensive, more rigorous treatment of the material
contained in this chapter would certainly facilitate the novice’s understanding of
the content of the chapters which follow.

On the other hand, the chapter on linear programming neatly develops the basic
concepts and the simplex algorithm by means of discussion, numerical examples,
and algebraic manipulations. However, midway through this chapter matrix no-
tation is introduced with three terse lines, an abbreviated presentation that unfor-
tunately leaves the student with the erroneous notion that “the product of two
columns of numbers” is always a scalar. Since the author does not make any ex-
plicit statements regarding the properties of matrices, a modest appendix on matrix
algebra would seem to be desirable.

One finds in the following chapter a rather good introductory treatment of inte-
ger programming. A chapter is also devoted to the transportation problem; in it
the author takes the time to indicate, algebraically, its relation to the general linear
programming problem.

The treatment of inventory problems contains the traditional models, with a
digression on calculus, plus a discussion of the ex post calculation of holding cost and
the simulation (though simulation, per se, is not discussed) of the effects of an in-
ventory policy when shortage costs are unknown. The author further demonstrates
the application of the inventory concepts in his chapter on queuing models. The
treatment of queuing, which includes the elementary single-server models and the
bounded single-server model, is, as a whole, lucidly presented. However, the author
unnecessarily violates his objective of making the whys understandable to the novice
when he introduces homogeneous difference equations into a derivation that could
have been handled by induction.

In the chapter on competitive models, two-person zero-sum games (and their
relation to linear programming), and two-person nonzero-sum games are clearly
presented. The reader is introduced to the bargaining situation and led to the
NasH point solution (though Nash is not acknowledged).

The author’s informal conversational style of presentation makes this a very
readable text, and the examples are generally clear and easy to follow. However,
a revised edition would be considerably strengthened by including several ap-
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pendices containing both the ‘digressions’ the author feels are inappropriate in the
main body of the text and slightly more advanced material for the more highly mo-
tivated reader. Evaluating the book against the aathor’s objectives, one finds he
has met the goal of providing for the mathematically unsophisticated a reasonably
integrated introductory presentation of the Bayesian and traditional approaches to
decision making.

Euveene E. Kaczga

University of Massachusetts

Books Received

Marcus ALexts AND CHARLES Z. WILsON, Organizational Decision 1laking, Pren-
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