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Introduction

HAROLD W. KUHN

Although John von Neumann was without doubt “the father of game
theory,” the birth took place after a number of miscarriages. From an
isolated and amazing minimax solution of a zero-sum two-person game
in 1713 [1] to sporadic considerations by E. Zermelo [2], E. Borel [3],
and H. Steinhaus [4], nothing matches the path-breaking paper of von
Neumann, published in 1928 [5].

This paper, elegant though it is, might have remained a footnote to
the history of mathematics were it not for collaboration of von Neumann
with Oskar Morgenstern in the early '40s. Their joint efforts led to the
publication by the Princeton University Press (with a $4,000 subvention
from a source that has been variously identified as being the Carnegie
Foundation or the Institute for Advanced Study) of the 616-page Theory
of Games and Economic Behavior (TGEB).

I will not discuss here the relative contributions of the two authors of
this work. Oskar Morgenstern has written his own account [6] of their col-
laboration, which is reprinted in this volume; I would recommend to the
reader the scholarly piece [7] by Robert J. Leonard, who has noted that
Morgenstern’s “reminiscence sacrifices some of the historical complexity
of the run-up to 1944” and has given a superb and historically complete
account of the two authors’ activities in the relevant period. On balance,
I agree with Leonard that “had von Neumann and Morgenstern never
met, it seems unlikely that game theory would have been developed.” If
von Neumann played both father and mother to the theory in an extraor-
dinary act of parthenogenesis, then Morgenstern was the midwife.

In writing this introduction, I have several goals in mind. First,
I would like to give the reader a sense of the initial reaction to the publi-
cation of this radically new approach to economic theory. Then, we shall
survey the subsequent development of the theory of games, attempting
to explain the apparent dissonance between the tenor of the book re-
views and the response by the communities of economists and mathe-
maticians. As a participant in this response (from the summer of 1948),
my account is necessarily colored by subjective and selective recollec-
tions; this is a fair warning to the reader.

The book reviews that greeted the publication of TGEB were extraordi-
nary, both in quantity and quality; any author would kill for such reviews.
Consider the following partial list of the reviews, paying special attention to
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viii
the length of these reviews, the quality of the journals, and the prominence
of the reviewers:

H. A. Simon, American_Journal of Sociology (1945) 3 pages*

A. H. Copeland, Bulletin of the American Mathematical Society (1945)
7 pages*

L. Hurwicz, The American Economic Review (1945) 17 pages*

J. Marschak, Journal of Political Economy (1946) 18 pages

T. Barna, Economica (1946) 3 pages*

C. Kaysen, Review of Economic Studies (1946) 15 pages

D. Hawkins, Philosophy of Science (1946) 7 pages

J-R.N. Stone, Economic Journal (1948) 16 pages

E. Ruist, Economisk Tidskrift (1948) 5 pages

G. Th. Guilbaud, Economie Appliquée (1949) 45 pages

E. Justman, Revue d’Economie Politique (1949) 18 pages

K. G. Chacko, Indian Journal of Economics (1950) 17 pages

The quotes from these reviews are a publisher’s dream. Thus:

Simon encouraged “every social scientist who is convinced of the ne-
cessity for mathematizing social theory—as well as those unconverted
souls who are still open to persuasion on this point—to undertake the
task of mastering the Theory of Games.”

Copeland asserted: “Posterity may regard this book as one of the
major scientific achievements of the first half of the twentieth century.”

Hurwicz signaled that “the techniques applied by the authors in tack-
ling economic problems are of sufficient generality to be valid in political
science, sociology, or even military strategy” and concluded “the appear-
ance of a book of the caliber of the Theory of Games is indeed a rare event.”

After praising the “careful and rigorous spirit of the book,” Jacob
Marschak concludes: “Ten more such books and the progress of eco-
nomics is assured.”

If the quantity of reviews and the quality of the journals in which they
were published are impressive, the choice of reviewers and their posi-
tions in the social sciences are equally impressive. Two of the reviewers,
H. A. Simon and J.R.N. Stone, were awarded Nobel Memorial Prizes in
Economics.

The first review to appear was that of Herbert Simon. By his own ac-
count [8], he “spent most of [his] 1944 Christmas vacation (days and
some nights) reading [the TGEB].” Simon knew of von Neumann’s ear-
lier work and was concerned that the TGEB might anticipate results in a
book that he was preparing for publication.

“Starred reviews are included in the book.
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The first review that was directed at mathematicians was that of A. H.
Copeland, a specialist in probability theory and professor at the Univer-
sity of Michigan. Copeland’s only significant work in social science is the
so-called “Copeland method” for resolving voting problems: simply, it
scores 1 for each pairwise win and —1 for each pairwise loss, and de-
clares the alternative with the highest score the winner. His review gave
the mathematical community an extremely complete account of the
contents of the TGEB. As is typical of almost all of the reviewers, al-
though Copeland pointed to the research challenges opened by the
TGEB, he never engaged in research in game theory as such. The only
paper in his prolific output that is marginally related to game theory is a
joint paper on a one-player game which must be categorized as a game
of chance. Copeland’s principal contribution to game theory consists in
the fact that he was Howard Raiffa’s thesis adviser; the book Games and
Decisions, written by Raiffa with R. Duncan Luce (published by Wiley in
1957 and reprinted by Dover Publications in 1989) was the first non-
mathematical exposition that made the theory of games accessible to
the broad community of social scientists.

Another reviewer, David Hawkins, is permanently linked to H. A.
Simon for their joint discovery of the “Hawkins-Simon conditions,” a re-
sult that every graduate student in economics must study. Hawkins was a
young instructor at the University of California at Berkeley when his
friend, J. Robert Oppenheimer, picked him as the “official historian”
and “liaison to the military” at Los Alamos, where the first atomic bomb
was produced. Hawkins later had a distinguished career at the University
of Colorado, where he was chosen in the first class of MacArthur
“genius” scholars in 1986. Hawkins did no research in game theory.

The pattern of extravagant praise and no subsequent research is re-
peated with more significance in the cases of Jacob Marschak and
Leonid Hurwicz. Marschak was head of the Cowles Commission at the
University of Chicago when he reviewed the TGEB. He had survived a
tumultuous early life that took him from Russia, where he was raised, to
Berlin, where he trained as an economist, to the United States, where he
ran an influential econometric seminar at the New School for Social
Research. Leonid Hurwicz preceded Marschak on the staff of the Cowles
Commission and continued as a consultant after Tjalling C. Koopmans
became director and the commission moved from the University of
Chicago to Yale University. Both Marschak and Hurwicz were in a posi-
tion to influence the research done at the Cowles Commission, but it is
an astounding fact that the extensive research output of the commission
did not encompass game theory until Martin Shubik joined the Yale fac-
ulty in 1963. Eight years after reviewing the TGEB, Hurwicz posed the
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question: What has happened to the theory of games? His answer [9],
published in The American Economic Review, contains conclusions that are
echoed in this introduction.

Among the reviews and reviewers, the review of G. Th. Guilbaud is
surely unique. Occupying 45 pages in the journal, Economie Appliquée, it
contained not only an account of the main themes of the TGEB, but also
went further into consideration of the difficulties that the theory then
faced. Guilbaud himself was unique in that he was the only reviewer who
has contributed to the theory; his book Eléments de la Theorie des Jeux
was published by Dunod in Paris in 1968. However, he failed to convince
the economic community in France to join him. Guilbaud’s seminar in
Paris in 1950-51 was attended by such mathematical economists as Allais,
Malinvaud, Boiteux, and myself, but none of the French engaged in re-
search in game theory. I am pleased to report that Guilbaud, a very private
person, is still with us at 91 years of age, living in St. Germaine-en-Laye. It
was he who discovered the minimax solution of 1713 [1], when he pur-
chased the treatise on probability written by Montmort from one of the
booksellers whose stalls line the river Seine in Paris.

Given the extravagant praise of these reviewers, one might have ex-
pected a flood of research. If nowhere else, surely the Princeton eco-
nomics department should have been a hotbed of activity. When Martin
Shubik arrived in Princeton to do graduate work in economics in the
fall of 1949, he expected to find just that. Instead, he found Professor
Morgenstern in splendid isolation from the rest of the department,
teaching a seminar with four students in attendance [10]. Morgenstern’s
research project consisted of himself assisted by Maurice Peston, Tom
Whitin, and Ed Zabel, who concentrated on areas of operations research
such as inventory theory, but did not work on game theory as such. If
Shubik had come two years earlier, he would have found the situation in
the mathematics department somewhat similar. Samuel Karlin (who re-
ceived his Ph.D. at Princeton in mathematics in the spring of 1947 then
took a faculty position at Cal Tech, and almost immediately started to
consult at the RAND Corporation under the tutelage of Frederic
Bohnenblust) has written that he never heard game theory mentioned
during his graduate studies.

Nevertheless, many observers agree that in the following decade
Princeton was one of the two centers in which game theory flourished,
the other being the RAND Corporation in Santa Monica. The story of
the RAND Corporation and its research sponsored by the Air Force has
been told on several occasions (see [11], [12]). We shall concentrate on
the activity in the mathematics department at Princeton, a story that il-
lustrates the strong element of chance in human affairs.
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The story starts with two visits by George Dantzig to visit John von
Neumann in the fall of 1947 and the spring of 1948. In the first visit
Dantzig described his new theory of “linear programming” only to be told
dismissively by von Neumann that he had encountered similar problems in
his study of zero-sum two-person games. In his second visit, Dantzig pro-
posed an academic project to study the relationship between these two
fields and asked von Neumann’s advice about universities in which such a
project might be pursued. Dantzig was driven to the train station for his
trip back to Washington by A. W. Tucker (a topologist who was associate
chairman of the mathematics department at that time). On the ride,
Dantzig gave a quick exposition of his new discoveries, using the Trans-
portation Problem [13] as a lively example. This recalled to Tucker his ear-
lier work on electrical networks and Kirkhoff’s Law and planted the idea
that the project to study the relationship between linear programming and
the theory of games might be established in the mathematics department
at Princeton University.

In those halcyon days of no red tape, before a month had elapsed
Tucker hired two graduate students, David Gale and myself, and the project
was set up through Solomon Lefshetz’s project on non-linear differential
equations until a formal structure could be established through the Office
of Naval Research’s Logistics Branch. And so, in the summer of 1948, Gale,
Kuhn, and Tucker taught each other the elements of game theory.

How did we do this? We divided up the chapters of the Bible, the
TGEB, as handed down by von Neumann and Morgenstern, and lec-
tured to each other in one of the seminar rooms of the old Fine Hall,
then the home of the mathematics department at Princeton. By the end
of the summer, we had established that, mathematically, linear program-
ming and the theory of zero-sum two-person games are equivalent.

Enthused by the research potential of the subject we had just learned,
we wanted to spread the gospel. We initiated a weekly seminar in the de-
partment centered on the subjects of game theory and linear program-
ming. To understand the importance of this development, one must
contrast the situations today and then. Today, the seminar lists of the uni-
versity and the Institute of Advanced Studies contain over twenty weekly
seminars in subjects such as number theory, topology, analysis, and statis-
tical mechanics. In 1948, there was a weekly colloquium that met alter-
nate weeks at the university and the institute. The topologists and
statisticians had weekly seminars and my thesis advisor, Ralph Fox, ran a
weekly seminar on knot theory; but that was that. So the addition of a
new seminar was an event that raised the visibility of game theory consid-
erably among the graduate students in the department and among the
visitors to the institute.
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The speakers included von Neumann and Morgenstern, visitors to
the institute such as Irving Kaplansky, Ky Fan, and David Bourgin, as well
as outside visitors such as Abraham Wald, the Columbia statistician who
had made significant connections between game theory and statistical in-
ference. (Wald had done the review of the TGEB for Mathematical Reviews
and had tutored Morgenstern in mathematics in Vienna.)

More importantly it provided a forum for graduate students in math-
ematics who were working in this area to present new ideas. As Shubik
has reminisced: “The general attitude around Fine Hall was that no one
cared who you were or what part of mathematics you worked on as long
as you could find some senior member of the faculty and make a case to
him that it was interesting and that you did it well. . . . To me the striking
thing at that time was not that the mathematics department welcomed
game theory with open arms—but that it was open to new ideas and new
talent from any source, and that it could convey a sense of challenge and
a belief that much new and worthwhile was happening.” He did not find
that attitude in the economics department.

A crucial fact was that von Neumann’s theory was too mathematical
for the economists. To illustrate the attitude of a typical economics de-
partment of the period and later, more than fifteen years after the publi-
cation of TGEB the economists at Princeton voted against instituting a
mathematics requirement for undergraduate majors, choosing to run
two tracks for students, one which used the calculus and one which
avoided it. Richard Lester, who alternated with Lester Chandler as chair-
man of the department, had carried on a running debate with Fritz
Machlup over the validity of marginal product (a calculus notion) as a
determinant of wages. Courses that used mathematical terms and which
covered mathematical topics such as linear programming were concealed
by titles such as “Managerial theory of the firm.” Given such prevailing
views, there was no incentive or opportunity for graduate students and ju-
nior faculty to study the theory of games.

As a consequence, the theory of games was developed almost exclu-
sively by mathematicians in this period. To describe the spirit of the time
as seen by another outside observer, we shall paraphrase a section of
Robert J. Aumann’s magnificent article on game theory from 7The New
Palgrave Dictionary of Economics [14].

The period of the late 40s and early ’50s was a period of excitement
in game theory. The discipline had broken out of its cocoon and was
testing its wings. Giants walked the earth. At Princeton, John Nash laid
the groundwork for the general non-cooperative theory and for cooper-
ative bargaining theory. Lloyd Shapley defined a value for coalitional
games, initiated the theory of stochastic games, coinvented the core with
D. B. Gillies, and together with John Milnor developed the first game
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models with an infinite number of players. Harold Kuhn reformulated
the extensive form and introduced the concepts of behavior strategies
and perfect recall. A. W. Tucker invented the story of the Prisoner’s
Dilemma, which has entered popular culture as a crucial example of the
interplay between competition and cooperation.

It is important to recognize that the results that Aumann enumerated
did not respond to some suggestion of von Neumann; rather they were
new ideas that ran counter to von Neumann’s preferred version of the the-
ory. In almost every instance, it was a repair of some inadequacy of the the-
ory as presented in the TGEB. Indeed, von Neumann and Morgenstern
criticized Nash’s non-cooperative theory on a number of occasions. In the
case of the extensive form, the book contains the claim that it was impossi-
ble to give a useful geometric formulation. Thus, game theory was very
much a work in progress, in spite of von Neumann’s opinion that the book
contained a rather complete theory. Through the efforts at RAND and at
Princeton University, many new directions of research had been opened
and the way had been paved for the applications to come.

The TGEB was published with unparalleled accolades from the cream
of the mathematical economists of the era, then ignored by the econo-
mists while mathematicians at the RAND Corporation and at Princeton
quietly pushed the boundaries of the subject into new territory. It took
nearly a quarter century before reality overcame the stereotypical view
that it was merely a theory of zero-sum two-person games and that its
usefulness was restricted to military problems. Once these myths were
countered, applications came tumbling out and, by the time the Nobel
Memorial Prize in Economics was awarded in 1994 to Nash, John Harsanyi,
and Reinhard Selten, the theory of games had assumed a central position
in academic economic theory. If Oskar Morgenstern had been alive in
1994, he would surely have said, “I told you so!”

In opening this new edition of the TGEB, you are given the opportu-
nity to read for yourselves the revision of the economic theory that it con-
tains and to decide whether it is “one of the major scientific achievements
of the twentieth century.” Although the subject has enjoyed a spectacular
expansion in the sixty years since its publication, everything that followed
is based on the foundation laid by von Neumann and Morgenstern in this
book.
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Economics: cycles in, 705; and game the-
ory, xii, 633, 635, 665, 697; vs. games,
671-72; Keynesian, 696-97; marginal,
697: mathematical, 1-8, 154, 635-36,
637, 663, 665, 668; planning in, 705;
and social needs, 669; static vs. dynamic
theory of, 672: theoretical deficiencies
in, 662-63, 666-67, 680, 693

Economics departments, xii

Economies: cxpandiug, T18-19; internal,
341; simple, 713

Economy, planned communistic (Robinson
Crusoe), 9, 555, 641-42; and exchange
economy, 9 fI., 665, 670-71, 697; and
solitaire, 698-99

Edgeworth, Francis Y., 712-13

Effectivity, 272, 282, 350, 367, 524

Einstein, Albert, 686, 715-16

Eisenhower Advanced Study Group, 693

Eléments de la Theorie des feux (Guilbaud), x

Ends/means, behavior as, 638-39

Energy, 21

Entrepreneurs, 8

Equidistributed hands, 197
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Equilibrium, 4, 34, 45, 227, 365, 672, See
also Economic equilibrium

Equilibrium theory, 714

Equivalence strategic. See Strategic
equivalence

Essentiality, 249, 272, 351, 452

Euclid, 23

Exceptionality, 593-94

Excess, 364, 367, 417, 418, 454, 455, 548;
distribution of, 418; limitation of, 365,
366; lower limit of, 368; too great, 374,
380, 419; too small, 374, 380; upper
limit of, 369

Exchange, indeterminateness of, 14

Exchange economy, 9 ff., 31, 665, 670-71,
694-95, 697

Excluded players, 289, 301, 512

Expectation, 12, 28, 83, 539; mathemati-
cal, 10, 28, 29, 32, 33, 83, 87, 117, 118,
126, 149, 156, 157; moral, 28, 83;
values, 183

Exploitation, 30, 329, 375

Extensive form, xiii, 112, 119. See also
under Games

Fle,), solutions for I in, 384 .

Fairness, 166, 167, 225, 255, 258, 259, 470

Fan, Ky, xii

Feigl, Herbert, 714

Fenchel, W., 128

Fetter, Frank, 715

Fictitious player. See Player, fictitious

“Finding out” one's adversary, 103, 106,
110, 148, 676. See also Strategy, found out

First element, 38, 271

Fisher, Sir Ronald, 676

Fixed payments, 246, 281, 208, 534

Fixed point theorems, 154, 720, 721

Flatness, 276, 547

Foresight, perfect, 714

Found out, 148, 151, 153, 158, 160, 168,
699-700. See also “Finding out” one’s
adversary; Minimax problem/theory

Fourier analysis, 724

Fox, Ralph, xi

Frame of reference, 129

Frank, Philip, 669, 714

Frankel, A., 61, 595

Friedlander, Mrs. D., 688-89

Frisch, Ragnar, 663—64

Fully detached imputation. Se¢ Imputa-
tions, detached

Function, 88, 128; arithmetical, 89; char-
acteristic (see Characteristic function);
continuity of, 493; of functions, 157;
measure, 252; numerical, 89; numerical
set, 240, 243, 530, 532; set, 89

Functional calculus, 88, 154

Functional operations, 88, 91

Fundamental triangle, 284, 405 ff., 552,
553, 569, 587; area, 579, 580; curves in,
412, 570, 580; undominated area, 409

Gains, 33, 128, 145, 539, 556, 559, 629, 658,
665-66, 694-95. See also Imputations

Gale, David, xi

Gambling, 27, 28, 87, 630, 631

Game theory: ambiguity of language in,
635; appeal of, 635; application to
games, 688, 698; applications/useful-
ness of, xiii, 634, 639-40, 667n.3,
676-77, 690; bibliography on, 724-25;
central theorem, mathematical form of,
700; consequences of, 676-77; and eco-
nomics, xii, 633, 635, 665, 697: emer-
gence of, xii—xiii; goals of, 634, 690;
individualistic/microscopic viewpoint
of, 696; and linear programming,
xi=xii; vs. logic, 634; mathematical de-
scription of a game in, 638-39; military
applications of, 692, 693, 694, 706-11;
naming of, 633-34; as a plot, 636; static
nature of, 672; as a theory of strategy,
693. See also Theory of Games and
FEconomic Behavior

Games: asymmeiric, 334; auxiliary, 101 ff;
axiomatic definition of, 73; of chance,
87, 185; chance component of, 80, 641
(see also Moves, chance); classification
of, 46; coalitional, value for, xii; com-
plete concept of, 55; complete system of
rules of, 83; complexity of, 698 (see also
Simple games); composition, 339 ff;
constant-sum, 346 ff., 347, 350, 351, 504,
505, 535, 536, 537, 585; decomposable,
454, 471, 518; decomposable, solution
of, 358, 381; decomposition, 339 ff.; def-
inition of, 698; deployment problem,
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706-8; direct majority, 431, 433 (see also
Majority games); dueling, 694, 706, 710;
vs. economics, 671-72; elements of, 49;
essential, 231, 232, 245, 250, 331, 534,
546; essential three-person, 220 ff,

260 ff., 471, 473; everyday concept of,
32; extensive form of, 85, 105, 186, 234,
681; extreme, 534, 535; fictitious, 240;
final simplification of the description
of, 79, 81; game theory's application to,
688, 698; general, 504 ff., 505, 538; gen-
eral description of, 57: general formal
description of, 46-84; general n-person,
48, 85, 112, 530, 606; general n-person,
application of theory, 542 {f.; imbed-
ding of, 398; indecomposable, 354;
inessential, 231, 232, 245, 249, 251, 471;
infinite-player models of, xii-xiii; “infla-
tion” of, 398; invariant, 257; kernel of,
457, 459; length of, 75; main simple so-
lution of, 444; majorant, 100, 102, 103,
119, 149; majority and main solutions,
431 (see also Majority games); mathemat-
ical description of, 638-39; minimum
length of, 123; minorant, 100, 101, 119,
149; non-isolated character of, 366; non-
strictly determined, 110; non-zero-sum,
47, 646, 673, 681-82 (see also Games,
general above); normal zone of, 519;
normalized form, 85, 100, 105, 119, 183,
234, 236, 322, 395, 452, 473, 681; one-
person, 85, 548; partitions that describe,
67; perfect information in, 112 f. (see
also under Information); plan of, 98;
plays of, 49; reduced, 248, 259, 473,

543 {I.; rules of, 32, 49, 59, 80, 113, 147,
224, 9926, 227, 334, 426, 472; search
problem, 706, 709-10; set-theoretical
description of, 60, 67: simple (see Simple
games); simplified concept of, 48; and
social organizations, 43; stochastic, xii;
strategies in extensive form, 1115 strictly
determined, 98 ff., 106, 124, 150, 165,
172, 174, 516; sirictly determined, gen-
erally, 150; strictly determined, specially,
150; struggle in, 125; superposition of,
254, 255; surprise in, 125; symmetric,
165, 167, 192, 195, 334, 362; symmetric
five-person, 332, 334: symmetry, total

of, 259; three-person, 35, 220 ., 282 ff.,
403 ft., 457, 550, 704-5; three-person,
simple majority of, 222 {f.; totally sym-
metric, 257; totally unsymmetric, 257;
unique, 331; vacuous, 116, 546; value of,
102, 103, 170, 516; weighted majority,
homogeneous, 444; zero-sum, use of
term, 635; zero-sum extension of, 529;
zero-sum four-person, 291 ff.; zero-sum
n-person, 48, 85, 238 I., 642-44, 673,
681; zero-sum three-person, 220 ff,,
260 ff., 64546, 673, 681: zero-sum
three-person, solution of essential,
282 ff.; zero-sum two-person, 48, 85 ff,
116, 169 ff., 176, 646, 672-73, 681, 684

Games and Decisions (Raiffa and Luce), ix

Gases, theory of, 705

General Theory (Keynes), 696-97

Geometry, 20, 74, 76; linear, 428; plane,
7-point, 469; projective, 469

Gillies, D. B., xii—xiii

Godel, Kurt, 714

Good, greatest, for the greatest number,
670

Good way to play (strategy), 103, 108, 159,
639. See also Strategy, good

Goods: complementary, 437, 628; divisible,
560, 573

Graham, Frank, 715

Granger, C. W. ]., 724

Great Natural Laws, 678

Greatest good for the greatest number,
670

Groups, 22, 76, 255 ff; alternating, 258;
invariance, 257; of permutations, 256;
set-transitive, 258; symmetric, 256; the-
ory, 256, 258, 295; totally symmetric,
257; totally unsymmetric, 257

Groups (of players), privileged, 520

Guilbaud, G. Th., x

Gumbel, E. J., 687, 690

Hahn, Hans, 714

Halfspace, 130, 137, 139

Hands, 53, 186, 187, 190, 613; discrete,
208; equidistributed, 197; poker, proba-
bilities for, 687

Harsanyi, John, xiii, 633

Hausdorff, F., 61, 269, 595
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Hawkins, David, ix

Hawkins-Simon conditions, ix

Heat, 3, 17, 21

Heisenberg, W., 148

Hereditary inessentiality, 454

Heredity, 396, 400

Heuristic arguments, 147, 181, 182, 227

Heuristic procedures/considerations, 7
25, 33, 120, 238, 263, 291, 296, 298,
301, 302, 307, 316, 318, 322, 333, 499,
509, 511, 587, 669

Hicks, John, 666

Higgling, 557, 558

Hilbert, D., 74, 76, 630, 716

Holmes-Moriarty example, 713-14

Homo oeconomicus, 228

Homogeneity, 433, 464

House of Seagram, 695-96

Hoyle's Games, 687

Hurwicz, L., vi, viii, ix—x, 687, 688-89, 723

Hyperplane, 130, 137, 139, 720; support-
ing, 134 ff.

Identity, 255, 617

Imbedding, 398, 399, 400, 455, 587

Imperfect competition, 695-96

Imputations, 240, 251, 263, 264, 350, 376,
437, 517, 520, 527, b66, 577, b8BT, 606,
610; composition of, 359; decomposi-
ton of, 359; definition of, 644, 658;
detached, 369, 370, 372, 375 ft., 413;
domination by, 645-46, 659-61; eco-
nomic concept of, 435; extended,
364 ff., 367, 368, 369, 372; finite, 465,
499; infinite, 288, 499; isomorphism be-
tween, 282; sets of, 34, 44, 608, 672;
single, 34, 36, 37, 39, 40; in solution
formation, 435, 660-61. 684-85; sys-
tems of, 36, 277, 464, 684=85; trusted,
644—45; unique, 608

Incomparability, 590, 630

Indecomposability, 357 [630, 631, 632]

Indifference curves, 9, 16, 19, 20, 27, 29,
724

Indifference of player, 300

Indirect proof, 147

Individual planning, 15

Induction, 112, 116; complete, 113, 123;
finite, 597; transfinite, 598

Inessential games, 44

Inessentiality, 249, 272, 351, 357, 454

Information, 47, 54, 55, 56, 58, 71, 109,
183; absurd, 67; actual, 67, 79; and
chance, 182; complete, 30, 541, 582;
imperfect, 30, 182, 684, 698, 699; in-
complete, 30, 86; pattern of, 67, 69;
perfect, 51, 112 ff., 123, 124, 164, 233,
684, 688; perfect, verbal discussion,
126; player’s actual and pattern of, 75;
sets of, 77; strategy, and seeking of, 698;
umpire's actual and pattern of, 75, 77;
umpire's state of, 115

Initative, 189, 190

Inner triangle, 409, 413, 553

Institute of Advanced Studies (Princeton
University), x—xiii, 715

Institute of Business Cycle Research, 714,
715

Interaction, 341, 366, 400, 483

International Journal of Game Theory, 724

International trade, 7, 341

Interval, linear, 131

Intransitivity, 39, 52, 672

Inverted signaling, 54

Irrationality, 128, 523, 699, 701

Isomorphic correspondence, 281

Isomorphism, 149, 350, 504

Isomorphism prool, 281

Just dues, 360, 361

Kakutani. S., 154

Kaplan, A., 669
Kaplanski, L, vi, xii
Karlin, Samuel, x
Kemeny, |. G., 719
Kepler, Johann, 4
Kernel, 457

Keynes, [ohn Maynard, 694, 696-97
Killing the variable, 91
Kirkhoff's Law, xi

KEMT model, 719

Knight, Frank H., 714
Konig, D., 60

Koopmans, Tjalling C., ix
“Kriegsspiel,” 58
Kronecker, 129
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Ladies’ garment industry, 696

Laisser faire, 225

Large numbers, problem of, 705-6

“Lausanne” Theory, 15

Lefshetz, Solomon, xi

Leonard, Robert |., vii

Lester, Richard, xii

Linear interpolation, 157

Linear programming, xi-xii, 710, 720. See
also Zero-sum games, tWo-person

Linear transformation, 22, 23

Linearity, 128 [L.

Lippmann, Walter, 697

Lipschitz, 493

Lipschitz condition, 493

Liquor-distilling industry, 695-96

Logic, 62, 66, 74, 274, 634

Logistic interpretation, 66

Loomis, L. H., vi

Los Alamos, ix

Losing, 421, 426

Losses, 33, 128, 145, 163, 167, 168, 205,
539, 555, 559, 629, 666

Luce, R. Duncan, ix

Machlup, Fritz, xii

MacLane, S., 340

Main condition, 273, 274, 279

Main simple solution. See Solutions, main
simple

Main theorem, 153

Majorities, weighted, 432

Majority, principle of, 431

Majority games: homogeneous, 443; ho-
mogeneous weighted, 444, 463, 469;
weighted, 433, 464

Majority principle, homogeneous
weighted, 467, 469

Majorization of rows or columns, 174, 180

Mapping, 22, 618 {T.

Marginal analysis, 637

Marginal pairs, 560, 562, 563, 564, 571,
581, 712

Marginal product, xii

Marginal utility school, 7

Marginalists, 697

Market, 47, 504, 556, 557, 560, 563, 581,
605; as a game, 698; general, 583; three-
person, 564; two-person, 555

~1
o
S

Marschak, J., vi, viii, ix, 723

Marx, Karl, 696

Mass, 20, 21

Matching Pennies, 111, 143, 144, 164,
166, 169, 176, 178, 185; generalized
forms, 175 ff.; mixed strategy in, 673; as
a nontrivial game, 676; random choice
in, 688, 698-99, 700

Mathematical ability, 675

Mathematical method: applicability of,
637; difficulties of, 2; in economics,
1-8, 154, 635-36, 637, 663, 665, 668; in
sociology, 637-40, 668

Mathematical physics, 303, 638, 668

Mathematical Physics (Edgeworth), 712-13

Mathematical Theory of Expanding and
Contracting Fieonomies (Morgenstern and
Thompson), 719

Mathewson, L. C., 256

Matrix: arbitrary, 153; column/row of, 93,
141; diagonal of, 173, 174; elements,
93, 138, 141: negative transposed, 141,
142; rectangular, 93, 138, 140, 141;
scheme, diagonal of, 173; skew symmet-
ric, 142, 143, 167

Max-min problem. See Minimax problem/
theory

Max operations, 89 1.

Maximization of utility/ profits, 647-50,
670

Maximum, 88, 89, 594; absolute, 591, 593;
collective benefit, 513, 514, b41, 613;
conflicting maximums, 694-95; prob-
lem of, 10, 11, 13, 42, 86, 87, 220, 504,
517, 555; relative, 592; satisfaction, 10

Maximum Minimoram, 652, 656, See also
Saddle points

Measurability, 16, 343, 648n.6, 666n.2

Measure, additive, 252, 343

Measurement, principles of, 16, 20

Mechanics, 4; celestial vs. statistical, 671;
wave, 148. See also Quantum mechanics

Menger, C., 564

Menger, Karl, 28, 176, 638, 714-15, 718

Method, mathematical, 322

Method, saturation, 446

Military applications of game theory, 692,
693, 694, 706-11

Milnor, John, xii—xiii
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Min-max problem. See Minimax problem/
theory

Min operations, 89 ff.

Minimal elements of W, 430, 448

Minimax problem/theory, x, 154, 652,
673, T00=702, 719. See also Saddle
points

Minimum, 88, 89

Minamum Maximorum, 652, 656. See also
Saddle points

Mistakes, 162, 164, 205

Mixing the deck. 185

Models: axiomatic, 74; economic, 12, 58;
mathematical, 21 ff,, 32, 43, 74

Mohs' scale, 22

Money, 8, 10

Monopolistic competition, 696-99, 704,
705-6

Monopolists, 474

Monopoly, 13, 474, 543, 584, 586, 602,
603, 662, See also Duopaoly

Monopsony, 584, 586, 602, 603, 662

Monotone transformations, 23

Montmort, Pierre-Rémond de, x

Morgenstern, O., 176, 178; “Demand
Theory Reconsidered,” 724; dismissal
during Nazi regime, 715; influences on,
712-13; Mathematical Theory of Expand-
ing and Contracting Economies, 719; on
Nash, xiii; Predictability of Stock Market
Prices, 724; at Princeton, x, xii, 715;
“Professor Hicks on Value and Capital,”
718-19; reputation of, 668, 686;
“Vollkommene Voraussicht und
Wirtschaftliches Gleichgewicht,”
713-14; von Neumann's collaboration
with, vii, 712, 714-25;
Wirtschaftsprognose, 712, 713. See also
Theory of Games and Economic Behavior

Morse, M., 95

Morse, Marston, 717

Morse, Philip M., 709

Motivation, 43

Moves: chance, 50, 69, 75, 80, 83, 112,
118, 122, 124, 126, 183, 185, 190, 517,
604, 641; dummy, 127; first kind, 50;
in a game, 49, 55, 58, 59, 72, 98, 109,
111; impossible, 72; personal, 50, 55,
70, 75, 112, 122, 126, 183, 185, 190,

223, 508, 510; removing of, 183; second
kind, 50

Nash, John, xii, xiii, 633

National Unity and Disunity (Zipf), 638

Negation, 66

Negotiations, 263, 534, 541

Neumann, J. von, 1, 154, 186; computer de-
signed by, 724; and Dantzig, xi; illness/
death of, 719, 724; Morgenstern's col-
laboration with, vii, 712, 714-25; on
Nash, xiii; at Princeton, xi, xii; reputa-
tion of, 668, 686, 692; “Zur Theorie der
Gesellschaftsspicle,” 687. See also
Theory of Games and Economic Behavior

Neumann, Klari von, 720

New Theory: characteristic function in,
348; decomposability in, 351; domina-
tions in, 350; essential three-person
game in, 403 ff.; essentiality in, 351; im-
putations in, 350; solutions in, 350;
unessentiality in, 351

Newton, Isaac, 4, 5, 6, 33, 696

Non-cooperative theory, xii, xiii

Normal zone, 396, 399, 401, 417

Numerical utilities, 17 ff., 157, 605, 606,
640; axiomatic treatment of, 24, 26 ff.,
617 ff., 670, 717-18; and preferences,
consistent/ordered, 697; substitutabil-
ity, 604

Numerical weight, 432

Offensive strategies, 164, 205

Oligopoly, 1, 13, 47, 504, 647, 662, 690,
696

Oppenheimer, |. Robert, ix

Opposition of interest, 11, 220, 484

Optimality, permanent, 162, 205, See also
Strategy

Optimum, 38

Optimum behavior, 34

Order of society, 41, 43. See also Organiza-
tion; Standards of behavior

Ordering, 37, 38; complete, 19, 26, 28,
589, 591, 593, 595, 600, 617, 670; par-
tial, 590, 591, 600; well, 595

Oreographical saddles, 95, 97

Org;mizalion. 224, 328, 366, 401, 419;
social, complexity of, 466; social and
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economic, 41, 43, 225, 318, 319, 329,
358, 362, 365, 402, 436, 471
Origin (point in space), 129
Outside source, 363, 364, 366, 375, 419
Overbids, 186, 701, See also Poker

Parallelism of interests, 11, 220, 221

Pareto, V., 18, 23, 29, 663

Parkinson’s Law, 678

Parsons, Talcott, 637, 638

Partial ordering, 590. See also Ovdering

Participanis, 31, 33

Partition, 60, 63, 64, 67, 69, 84, 114 fi.; de-
composition, 353, 354, 356, 357, 457,
471; logistic interpretation, 66

Passes, 95, 97

Passing, in poker, 188, 190, 191, 199, 701

Patience, 86

Pauli, Wolfgang, 723

Penny matching. See Matching Pennies

Per absurdum proof, 147, 148

Perfect competition, 666

Perfect recall, xiii

Permutation, 255, 262, 294, 309, 319;
cyelic, 230, 470

Persian poetry, 700

Perturbations, 303, 341

Peston, Maurice, x

Physical sciences, 21, 23, 32, 43

Physics, 2, 3, 4, 45, 76, 148, 401, 668

Planning, 86

Plateau, rectangular, 97

Plausibility considerations, 7

Play, 59; actual, 82; course of, 68, 70, 84; in-
dividual identity of, 71; outcome of, 82;
sequence of choices, 49; value of, 104,
105, 124, 127, 150, 163, 165, 178, 238

Player: chief, 474 ff., 481, 483; chief, seg-
regated, 500, 502; composite, 231, 232,
239, 516; defeated, 418; discriminated,
476, 502; excluded, 289, 301, 512; ficti-
tious, 505, 506, 507, 508, 509, 511, 513,
514, 516, 518, 537; found out, 146; in-
different, 299; isolated, 375; privileged,
473; segregated, 476, 502, 503; self-
contained, 353, 357; splitting the, 86;
unprivileged, 320; victorious, 426

Players: interchanging of, 104, 109, 122,
165, 255; permutation of, 294, 463;

privileged group of, 320, 464; remov-
able sets of, 533; strategies of, 49 (see
also Strategy)

Playing appropriately, 102, 103, 107, 159,
167

Plays, set of all, 75

Poker, 52, 56, 58, 59, 187 [T, 557, 613;
bids in, 209, 701; bluffing in, 54, 164,
168, 186, 676-77, 698, 699-700, 701-2;
draw poker, 187, 702; general forms of,
207; good strategy in, 196, 702; inter-
pretation of the solutions, 218; mathe-
matical description of all solutions,
216 ff.; as a model of strategy, 692; over-
bidding in, 188, 190, 701; passing in,
188, 190, 191, 199, 701; probabilities
for hands in, 687; seeing, 188, 190, 191,
199, 218; solution, 199, 202, 204; strat-
egy in, 191, 196, 692, 699-710; stud
poker, 187, 702

Political science, 637-38, 667n.3

Popper, Karl, 714

Position, 21

Positive octant, 133

Positive quadrant, 133

Postulates, 27. See also Axioms/
axiomatization

Predictability of Stock Market Prices
(Morgenstern and Granger), 724

Predictions: of behavior, 634; generally,
678-79; influence of prediction on, 713

Preferences, 15, 17, 18, 23, 522, 590, 607;
completeness of, 29, 630, 631, 670;
transitivity of, 27, 670. See also Utility

Preliminarity, 51, 52, 77, 78, 112, 117, 124

Preliminary condition, 273, 471

Premiums, 582

Price, 556, 559, 562, 563, 571, 572, 585;
average, 564, 582; and conflicting maxi-
mums, 694-95; unique, 564

Princeton University, mathematics at,
x—xiii, 715

Princeton University Press, 717, 722-23

Prisoner’s Dilemma, xiii, 635

Privilege, 464

Probabilities, choice of, 145

Probability, 11, 17, 39, 81, 87, 128, 146;
geometrical, 197; of losing, 144; numer-
ical, 14, 19, 27, 28, 69, 75, 80, 113, 145,
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Probability (continied)
147, 156, 183, 604; theory of, 698, 718;
of winning, 144

Production, 5, 13, 504

Productivity, 33, 34, 504, 540

“Professor Hicks on Value and Capital”
(Morgenstern), 718-19

Profit, 33, 47, 572

Project Rand, 693, 694, 706

Proper subset, 61

Proper superset, 61

Psychological phenomena, mathematical
treatment, 28, 77, 169

Quantum mechanics, 3, 33, 148, 401, 715

Raiffa, Howard, ix

RAND Corporation (Santa Monica), x,
xiil, 693

Randomness, 146

Rashevsky, Nicholas, 638

Rationality, 99, 128, 517; of behavior, 815,
31, 33, 127, 150, 160, 224, 225; and
ends/means, 638-39; as maximization of
utility/ profits, 647-50, 670; of playing, 54

Rebates, 582

Recall, perfect, xiii

Recontracting, 557, 558

Reduced form, 248, 544

Reduction, 322, 325

Relativity Theory, 23, 148

Removable sets, 533, 34, 535

Revolutions, 639

Rings, 243, 530, 531, 644

Risks, 163, 698-99

Robinson, Joan, 663-64

Robinson Crusoe. See Crusoe; Economy,
planned communistic

Rockefeller Foundation, 715

Rolling dice, 166

Rosenstiel, Lewis, 695

Roulette, 87, 698

Row of a matrix, 93, 141, See also Matrix

Russell, Bertrand, 712

Saddle points, 93, 95, 110, 153, 652-53,
656, 658

Saddles: oreographical, 95, 97; value, 88,
95, 107

Satisfaction, maximum, 8, 10, 15

Satisfactoriness, 267 {f., 446 (f.; maximal,
269

Saturation, 266, 267 1., 446 {f., 448, 591

Scalar multiplication, 129, 253, 254

Schenley, 695-96

Schlick, Moritz, 714

Seagram, 695-96

Search problem, 706, 709-10

Seeing. See under Poker

Segregation, 290

Sellers, 556, 557, b65, 569, 572, 574, 581,
583, 585, 609, 610. See also Coalitions

Selten, Reinhard, xiii, 633

Separated numbers, 173

Set Back, 7034

Sets, 60, 114 1; certainly necessary, 273,
274, 277, 308, 309, 323, 405, 430, 471,
547; certainly unnecessary, 273, 274,
276, 308, 309, 323, 405, 430, 471, 547;
completely ordered, 19; convex, 131,
133; convex spanned, 131; difference
of, 62; disjunct, 62; effective, 38, 264; el-
ements of, 61; empty, 61, 241, 380; fi-
nite, 61; flat, 275, 276, 423, 424, of
imputations, composition of, 359; of
imputations, decomposition of, 359; in-
tersection of, 62; logistic interpretation,
66; minuend, 62; one-element, 61; pair-
wise disjunct, 62: partially ordered, 19;
product of, 62, 66; removable, 533, 534,
535; self-contained, 354; solo (see Solo
sets): splitting, 353, 457, 518; splitting,
system, of all, 354; splitting minimal,
355, 356; subtrahend, 62; sum of, 62,
66; systems or aggregates of, 61; theory,
45, 60 1.

Shapley, Lloyd, xii—xiii

Shubik, Martin, ix, x, xii

Signaling, 51, 53, 54

Silent guns, 694

Simon, H. A., viii, ix

Simple games, 420 ff., 454, 605; character-
istic function of, 427; characterization
of, 423; complementation in, 422 ff;;
composition of, 455; and decomposi-
tion, 452; with dummies, 461, 462; enu-
meration of all, 445 ff.; indecomposable,
457; for n = 4, 461; for n = 6, 463;
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one-element sets in, 425 ff.; six main
counterexamples, 464; for small n, 457,
solution of, 430, 672; strategic equiva-
lence, 428; systems W, L of, 426 1.

Simplicity, 433, 452, 454; elementary
properties of, 428; exact definition of,
428

Skew-symmetry, 166

Smith, Adam, 696, 705

Smith, Datus, 717

Snow, C. P., 675

Social exchange economy. See Exchange
economy

Social order, 365

Social organizations. See Organization

Social product, 46

Social structure, 484

Society, 42, 320, 341, 523, 540

Sociology, mathematics in, 637-40, 668

Solitaire, 86, 698

Solo sets, 244, 530, 531, 644

Solutions, 102, 350, 367, 368, 478, 527,
588; for an acyclic relation, 597; areas
(two-dimensional parts) in, 418; asym-
metric, 315, 362; for a complete order-
ing, 591; composition of, 361; concept
of, 36, 661, 671; concept of, extension
of, 587; concept of imputation in form-
ing, 435, 660-61, 684-85; curves (one-
dimensional parts) in, 417;
decomposable, 362; decomposition,
361; definition of, 39, 264, 660, 670; de-
finition of, new, 526; discriminatory,
301, 307, 318, 320, 329, 442, 511, 512,
662; essential zero-sum three-person
game, 282; existence of, 42, 660-61;
families of, 329, 603; finite, 307, 500; fi-
nite sets of imputations, 328: for I' in
E(ey), 393 1; for I in Fe,), 384 ft.; gen-
eral games with n = 3, of all, 548; gen-
eral three-person game, 551;
indecomposable, 362; inobjective (dis-
criminatory), 290; main simple, 444,
464, 467, 469; multiplicity of, 266, 288,
661; natural, 465; non-discriminatory,
290, 475, 511; objective (non-
discriminatory), 290; one-element, 277,
280; for a partial ordering, 592; set of
all, 44; of simple games, 430, 672; as

standards of behavior, 661, 685; super-
numerary, 288; symmetric, 315; for a
symmetric relation, 591; unique, 594,
600, 601, 603; unsymmetrical central,
319; use of term, 635

Sorokin, Pitirim, 638

Soundness, 265

Space: Euclidean, 21, 128, 129; half, 137;
linear, 157; ndimensional linear, 128;
positive vector, 254

Special form of dependence, 56

Speiser, A., 256

Splitting the personality, 53

St. Petersburg Problem, 28, 83, 718

Stability, 36, 261, 263, 266, 365, 639;
inner, 42, 43, 265

Stackelberg, H. von, 657n.17, 663

Stakes, division of. See Imputations

Stalin, Joseph, 697, 705

Standards of behavior, 31, 40, 41, 265, 266,
271, 289, 361, 365, 401, 418, 472, 478,
501, 512, 513; discriminatory, 290; mul-
tiplicity (of stable, or accepted), 42, 44,
417; non-discriminatory, 290; solutions
as, 661, 685; stability/instability of, 639

Statics, 44, 45, 147, 189, 280

Staustics, 10, 12, 14, 144

Steinhaus, H., vii

Stochastic games, xii

Stone, |.R.N., viii

Stone, Paper, Scissors, 111, 143, 144, 164,
185

Stop rule, 59, 60

Strategic equivalence, 245, 247, 248, 272,
281, 346, 348, 373, 426, 429, 472, 535,
543; isomorphism of, 504, 505

Strategies, 44, 50, 79, 80, 84, 101, 117,
119; of behavior, xiii, 634; business,
688-89: combination of, 159; in duel-
ing, 694; exchange policies, 694-95;
probabilities of, 641; readers’ views on,
affects on, 690

Strategy: asymptotic, 210; best, 124, 517,
687-88; choice of, 82, 145, 147; con-
cept/definition of, 79, 672, 683; found
out, 148, 151, 153, 158, 160, 168,
699-700 (see also “Finding out” one's
adversary; Minimax problem/theory);
game theory as a theory of, 693;
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Strategy (continued)
good, 108, 146, 160 [, 161, 162, 164,
170, 172, 178, 179, 183, 196, 205, 206,
639, 688 (see also Good way to play);
higher order of, 84; information seek-
ing as central to, 698; mixed, 143 ff.,
146, 148, 149, 155, 157, 161, 168, 174,
183, 192, 232, 539, 604, 653-56, 653n.12,
673, 684, 688; as move, 84; optimal, 127,
517; permanently optimal, 163, 164,
165; in poker, 191, 196, 692, 699-710;
probability, 676-77; pure, 146, 148, 155,
157, 161, 168, 181, 182, 653; statistical,
144, 146; strict, 146; structure of, contin-
uous, 197; structure of, fine, 197; struc-
ture of, granular, 197; use of term, 635

Strict determinateness. See Determinateness

The Structure of Social Action (Parsons),
637, 638

Struggle, 249

Subpartition, 63, 64, 69

Subset, 61

Substitution rate, 465

Superiority, intransitive notion of, 37

Superposition, 64

Superset, 61

Symmetry, 104, 109, 165, 166, 190, 224,
255, 256, 258, 267, 515, 446 f1., 500,
591. See also Groups

Tarski, A., 62

Tautology, 8, 40

Temperature, 17, 21

Theory, extended, structure of, 368

Theory, new, 526, 528. See also New Theory

Theory of Games and Economic Behavior (von
Neumann and Morgenstern): collabo-
ration on, vii, 712, 714-25;
difficulty/readability of, 668, 682, 685,
686; elephant diagram in, 720: general-
ity of approach in, 662, 687; humorous
account of, 678=79; influence of, 633,
646-47, 669, 674-75, 693, 723-25; pub-
lication of, 633, 686, 722-23; reception
of, vii-ix, xiii, 664, 669, 686, 690-91,
693, 723; research following publica-
tion of, ix—xi; scope of, 647, 687, 723;
title, choice of, 722; translations of, 724.
See also Game theory

Theory of Logical Repulsion, 679
Thermodynamics, 23, 675
Thermometry, 22

Thompson, Gerald L., 719
Tic-tac-toe, 676

Ties, 125, 315

Time-series analysis, 724
Tintner, G., 28

Topology, 154, 384

Total value, 251

Trade unions, 705

Transfer, 30, 364, 365, 401, 402
Transferability of utility, 8, 608
Transfinite induction, 269
Transformation, 22, 23
Transitivity, 38, 39, 51, 589, 590, 672
Transportation Problem, xi
Trees, 66, 67

Tribute, 30, 402

Tucker, A. W,, xi, xiii
Tug-of-war, 100

Tukey, John W., 706-8

Tycho de Brahe, 4

Umpires, 69, 72, 84

Uncertainty, 35

Understandings, 223, 224, 237

Utilities: comparability of, 29; complete
ordering of, 19, 26, 29, 604, 617 {T.; dif-
ferences of, 18, 631; domain of, 23, 607;
non-numerical, 16, 606, 607; nonaddi-
tive, 250; numerical (see Numerical util-
ities); partially ordered, 19, 590; system
of, 26; transferability, 8, 604, 606, 608,
629; variable, 560

Utility, 8, 15, 23, 33, 47, 83, 156, 556, 563,
565, 569, 572, 573, 583, 585, 608; ax-
iomatic treatment, 26 ff., 617 ff.; de-
creasing, 561, 576; discrete, 613;
expected, 30; generalization of concept
of, 603 ff.; indivisible units, 609, 613,
614; marginal, 29, 30, 31, 640-41; mea-
surability of, 648n.6, 666n.2; scale, fine-
ness of, 616; total, 34, 35

Value, economic, 252, 467, 556, 565; of a
function, 88; of a play (see Play, value of)

Variables, 88; aggregate of, 239; “alien,” 11;
dead vs. live, 713; partial sets of, 12 ff.
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Veblen, O., 76

Vectors, 140; addition of, 130, 253, 254;
components of, 129, 404, 643; coordi-
nate, 129, 157; distance between, 134,
length of, 134; operations, 129; quasi-
components, 404; spaces, 254; zero, 129

Victorious coalitions, 296, See also Coali-
tions; Losing; Player; Winning

Vienna Circle, 714

Ville, ]., 154, 186, 198, 720

“Vollkommene Voraussicht und
Wirtschaftliches Gleichgewicht™
(Morgenstern), 713-14

Voting problems, ix

Waismann, Friedrich, 714

Wald, Abraham, v, vi, xii, 714, 718-19, 723

Wants, 10

War, idealization of, 710

Wave mechanics, 148

Weierstrass, 129

Weights, 433, 434, 463; homogeneous,
435, 444

Weisner, Louis, 688, 690

Weyl, H., 76, 128, 256, 712, 715, 723

Whitehead, Alfred North, 712

Whitin, Tom, x

Who finds out whom, 110

Winning, 296, 421, 426; certainly, 440;
fully, 436

Winsor, Charles P., 706-8

Wirtschaftsprognose (Morgenstern), 712,
713

Withdrawal, 364, 366

Wittgenstein, Ludwig, 712

Young, |. W., 76

Zabel, Ed, x

Zermelo, E., vii, 269, 595

Zero-reduced form of characteristic func-
tion, 545

Zero-sum condition, 345

Zero-sum extension of I, 505, 506, 527,
531, 538

Zero-sum games: definition of, 672; four-
person, 291 fT.; n-person, 48, 85, 238 ff.,
642-44, 673, 681; three-person, 220 ff.,
260 ff., 64546, 673, 681; three-person,
solution of essential, 282 {f.; two-
person, xi, 48, 85 ff., 116, 169 {1., 176,
646, 672-73, 681, 684; use of term, 635

Zero-sum restriction, 84, 504

Zipt, George K., 638

“Zur Theorie der Gesellschafisspiele”
(Neumann), 687

For general queries contact webmaster@press.princeton.edu.





