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GAME THEORY AND ECONOMIC RBEHAVICR *
Martipy’ Shubik

Game theory is & general term used in reference to some developments
in & branch of mathematies and in spplications Lo the sociel sciences.
Several distinct branches of game theory exist and need to be identified
before owr attention is limited to economic behavior. Von Neumsann and
Morgenstern's book y presented three aspects of geme theory which are
so fundementally independent from each other that with a small emount of

editing thelr opus could have been published as three independent books.

The first topic was the description of a game or interdependent
decision process in extensive fqrm. This provided a language for the
precise definition of terﬁs, guch as choice, decision tree, move, infor-
mation, strategy and payoff, which has served as & basis for considering
statistical decision-making g/, the study of artifieial intelligence 2/,
and in the development of tﬁe behavioral theory of the firm. The definition

of payoff has beer closely associated with developments in utility theory.

The second topic was the description of the two-person zero-sum
geme apd the development of the mathematical theory based upon the concept

of the minimax solution 2/ . Phis theory has formel mathematical conmectlons
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t0 linear programming and has been applied successfully to the analysis
of problems of pure conflict; however, its application to the socilal
sciences has been limited as pure conflict of interests is the exception

rather than the rule.

The third subject to which von Neumann end Morgenstern directed
their attention was the development of a static theory for the n person
(n> 3) constent sum geme. They suggested a set of stability and domination
conditions which should hold for a cooperative solution to an n-person
game . ‘It must be noted that the implications of thie solution concept
were developed on the assumption of the existence of a transfersble, inter-
personally comparsble linear utility which provides & mechanism for side
payments. Since the original work of von Neumann and Morgensiern twenty
to thirty slternative solution concepts for the n-person non-constant
sum geme have been suggested, é/ 4 I/ . Some have heen of purely methematical
interest but most have been based on considerations of bargaining, feir
division, social stability and othef aspects of human affairs. Many of

the solution cancepts do not use the assumption of transferable ui;ility.

The major applications of geme theory to economics have been to
oligopoly theory, bargaining and general equilibrium. Perhaps the most
pervasive concept underlying the writings on oligopoly is thet of a non-
cooperative equilibrium. This is baslc in the works of Cournot. §/ s

Bertrand o/ , EBdgevorth E/, Chamberlain 1/ » ¥packelberg 12/ , and meny others.
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Nash E/ has presented & general theory of nonecooperstive games based
on the equilibrium point sclution. A group of individuals will be in
a state of non-cooperative equilibrium if in the individusl purcuit of

his self-interest no one is motivated to change his strategy.

A distinction has been made between co@erative and non-cooperative
solutions based upon ‘the presénce or ebsence of the requirement of Pareto
optimality l~h/ for the finel outcome. In muc}:_l of the writing on oligopoly,
qmsi-Mc m.od.el.s have been suggested and quasi-cooperative Solutions
have been advanced. Thus, while the Chamberlaln large Igroup equilibrium E/
" cen be _:I.nterp;eted. ag the outcome to a static non-.cooperative game, the
small group equilibrium esnd the market resolution suggested by Fellner 1—6/
are caest in a quesi-dynamic, qﬁasi-cooperative framework. A limited amount
of development of games of survival 1—7/ end games of economic survival l@/
hae provided a basis for the stﬁd;,r of multiperiod situations and an extension
of the concept of non-cooperative equilibrium to include the quasi-cooperative
outcomes. The methodology of ga.me theory has helped to clarify the different
aspects of intent, behavior and market‘ structure in oligopolistic markets w

as well as to provide & unified way in which to Investigage conjectural

veristions and lengthy "if-then" constructs in terms of strategies.

The theory of games has provided both a unifying basis for the math-
ematical and semi-mathematical works in oligopoly theory and has provided

some new results. Some of these can be seen in the article of Msyberry,
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Nesh and Shubilk 2o/ and in Strategy and Market Structure 2/ » Much of

the use of game theory is derived from the methodology which requires
explicit and detailed definition of the strategies asvailable to the players

and their psyoffs.

The direct connections between previous work snd the new are the
Nash theory of non-cooperative equilibriumaiz:.heories of monopolistic com-
petition; the concept of the core (this and others will be defined below)
with the Edgeworth contract curve gé/ ; various concepts of stable set -2-11'/
with the Pareto optimal surface; the Nash gé/, Shapley2—6/ . end Harsanyi 2—7/
theories of fair division with Zeuthen's 'ba:rgaininé scheme"2—8/ and cartel

negotiations; and games of economic survival with guesi-cooperative theories.

Some of the new resulis concern the definition of optimum threat -2-2/
in economic werfare, the reexaminetion and interpretation of the kinky
oligopoly demand curve and the more general problem of oligopolistic demand;
atebility and the Edgeworth cycle in price variation oligopoly; duopoly with
both price and quantity as independent variebles and the development of
diverse concepts appliéa.ble to cartel behavior such as blocking coalitions 29/

discriminatory solutions and decomposable games.

Selten 2'/ has been concerned with the problem of calculating the
non~cooperative equilibria for various classes of oligopolistic markets.
His work has been directed both to the explicii calculations and the unique-

ness of equilibrium points. Vickrey 2/ s, Griesmer and Shubik Z/ and
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others éE/ have studied a class of game models applicable to bidding

and auction markets. Mills 22/, and others working from the viewpolnt
of merketing and operations research have constructed several non-coop-
erative game theoretic models of competition via_advertising. Jacot éé/

has considered problems involving location and spatial competition.

Game theory can be given both a normative and a behavioristic
interpretation. The meaning of rational behavior in situations involving
elements of cbnflict and cooperation is not well defined. No single set
of normative criteria has been generally accépted and.no universal behavior
has been validated. Closely related to and partially inspired by the
developments in game theory, there has been a growth in experimental gaming 21/,
some of which has been in the context of economic bargsining éé/ or in the
simulated envirorment of an oligopolistic market 22/0 Where there is no
verbal or face-to-face commmication, under the eppropriate circumstances,

there appears to be some evidence in favor of the non-cooperative equilibrium.

The theory of bargaining has been of especial interest to economists
in the context of bilateral monopoly. This can involve two firms, a labor
union and a firm, or two individuals engaged in barter in the marketplace
or trying to settle a Joint estate. Formally, any two-person non-constant
sum situation, be it haggling in the market or international negotiations,
can be described in the same game-theoretic framework. However, there are
several substantive problems which limit application and which have resulted

in the development of different approaches. In non-constant sum games



communication between the players is of considersble importance, yet its
role is exceedingly hard to define. In games such &8 chess and even in
many oligopolistic mariets, 8 move is a well-defined physical act such as
moving a pawn ipn a definite mawvner, or changing a price, or deciding upon
& production rate; in bargaining it msy be necessary to interpret a state-
ment as & move. The prcblem of interprefing words as moves in negotiation
is critical to the description and upderstanding of bargaining and nego-
tiation processes. This “coding” problem has to be considered from the

viewpoints of many other disciplines as well as game theory.

One approach to bilateral moncpoly has been to regard it as a
"fair division" problem and several solution concepts, each one embodying
a formalization of concepts of sywmetry, justice, and equity, have been

suggested.

A desirsble property of a solution should be that it predicts a
unique c;utcame° In the conftexi of economics, this would be a unique distri-
bution of resouwrces (and unique prices, if they exist at all). Unfortunately
there are flew concepts of sclubion pertsaining te economic =ffairs which have
this property. The price system and distribution resulting from a competitive
market in generél may not be unigque; Edgeworth’s solution to the bargaining
problem was the contract curve which merely predicis that the cutcome will

be some point among an infinite set of possibilities.



The contract curve has the property that any point on it is jointly
optimal (both cannot improve their position simultanmeously from a point
on this curve) and it is individually rationel (no point gives an in-
dividual less than he gould obtain without trading). The Pareto optimal
surface ige larger than the contract curve as it is restricted only by the
joint optimality condition. If the assumption is made that a transferable
comparsble utility exists, then the Pareto optimal surface (described iﬁ
the space of the treders! utilities) is flat; if not, it will in general
be curved. Any point on the Pﬁreto optimel surface that is individually
retional is called an imputetion. In the two-person bargain the Edgeworth
contract curve coincides with two game theoretic solutions, the core &9/
and the stable EEE.E}/‘ The core consists of all undominated imputations
(it may be empty). A stable set 1s a set of imputations which do not dominate
each other, but which together dominste all other imputations. An imputation
a is ssid to domlnete ancther imputation B 1f there exists a coalition
of players such that if they acted jJointly but independently from the others
they could guarantee for themselves at least the amounts they would receive
if they accepted « ; and if each player obtains more in « than in B &2/.
The core and steble set solutions cen be defined with or without assuming

transferable utilities.

None of the solution concepts suggested so far predlcts & unlque outcome.

For the two-person case, some of the various fair-division or arbitration



schemes do. The Nash fair-division scheme assumes that utilities are
measureble but does not need assumptions of either comperabllity or
transferebility E/ the Shapley value utilizes these assumptions. Other
schemes have been suggested by Raiffa L/ , Braithwaite b5/ , Kuhn L6/

and others.

The other approach to bargaining is to treat it in the extensive
form, describing each move explicitly and showing the time path teken to
the settlement point. This involves attempting to parsmeterize qua.lities
.such as "jtoughness," "flexibility," ete. Most of the attempts to apply
game theory in this manner belong to stud.ies_in sociel psychology, politica.l
sc'ience and experimental gaming. However, it has been shown that the dynamie
process suggested by Zeuthen H/ is equivalent to the Nash fair-division

scheme.

In asscciation with Problemé in general equilibrium economics, game
theory methods have provided several new insights. Under the appropriate
cor_ldi#ions on preferex_zces and. production it has been proved that a price
system thet will clear the market will exist, provided that each individual
acts as an independent maximizer. This result holds true independently
of the number of participents in the market; hence, it cannot be interpreted
25 a limiting phenoﬁenon as the number of participants inereases. Yet in
verbael discussions about the competitive market contrasting it with bilateral

monopoly, the difference between markets w;i.‘th many particlpants, each with



little if any control over price, and the merket with few, where the
interactions of each with all others are of prime importance, is

stressed.

The compé%bitive equilibrium best reflects the spirit of "the
Invisible Hand" and of decentralization. The use of the word "competitive"
is c_ounter to both geme theoretic and common language implications. It
refers to the case in which, 1f each individual considers himself as an
iso]_.a:bed meximizer operating in an environment over which he has no

control, the results will be jolntly optimal.

The power and the appeal of the concept of ¢on1petitive equilibriumn
appears to be far greater than merely that of the property of decentral-
ization. This is reflected in the results which show that under the
appropriate conditions the competitive equilibrium may be regearded as the
limit solution for several conceptually extremely different game theoretic

solutlions.

It has been noted that for bilateral monopoly the Edgeworth contract
curve is the core. If the number of traders is increased on both sides
of the market, Edgeworth @j suggested and presented an argument to show
that the contract curve would shrink (interpreted appropriately, given
the change in dimensions). Shubik E?/ observed the connection between
the work of Edgeworth and the core; he proved the convergence of the. core

to the competitive equilibrium in the special case of the two-sided market
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with transfersable utility and conjectured that the result would he
generally true for any number of merkets without trensfersble utility.
This result was proved by Scarf ZO/ and improved by Debreu and Scarf 2'/ .
Using the concept of continuum of players (rather than considering a
limit by replicating the finite mumber of players in each category as

wae done by Shubik, Scarf and Debreu). Aumann 5—2/ proved the convergence
of the core under somewhat different conditiomns. When transferable
utllity is assumed the core converges to a single point as the competitive
equilibrium is unique. Otherwise, it may split and converge to the set

of competitive equilibria.

The convergence of the core establishes the existence of a price
syétem as a result of & theory which makes no mention of prices. Its
prime concern is with the power of coalitions. It may be looked upon
as a8 formmlizetion of countervailing power in as much as it rules out

imputetions which can be dominated by any group in the society.

Shapley and Shubik"z’/ have shown the convergence of the value in
the two-slded merket with transferable utility. A more general result
for any number of markets has been proved by Shapley 215/ end Shapley
end Aumann 2-5/ have worked on the convergence of & non-transferable
utility value recently defined by Shapley 26J . Harsanyi 5—7/ was dble
to define a value which generalized the Nash two-person fair-division

scheme for sltumtlons involving many individuals without a transferable



utility. This preceded and ie related to the new value of Shepley. Con-

vergence of this has not been proved.

There are several other value concepts -5—8/ » 811 of which make use
of symmetry exioms and are based upon some type of averaging over the con-

tribution of an individusl to all coalitions.

If one is willing to accept the value as reflecting certain concepts
of symmetry and fairness, then in an economy with meny individuals in all
walks of life‘and with the conditions which are required for the existence
of a competitive equilibriu:ﬁ, satisfied; the‘ competitive equilibria will

also satisfy these symmetry and falrness criteria.

One of the inﬁaorta.nt open problems has beéﬁ_the reconciliation
of the various nbn-cooperative theories of oligopolistic competition
with general egquilibrium theory. The major difficulty lies in the feature
that the oligopoly models are open in the sense that the customers are
usually not considered as players with strategic freedom, while the general
equilibrium model has every individusl considered in the same menner re-
gardless of"his_position in the economy. As the firms are players in the
oligopoly mode;l.s ’ i‘t is necessary to specify the domgin of the strategies
they control and thelr pasyoffs under all circumstances. 1In a general
equilibrium model, no indlvidual is considered as a player; all are
regarded as individual maximizers; Walras' law is assumed to hold; supply

is assumed to equal demand. When at attempt is made to consider a closed
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economic model as a noncooperative game, considerable difficulties are
encountered in describing the strategles of the players. This can be
seen immediately by considering the bilateral monopoly problem; each
individual does not really know what he is in a position to buy until

he finds out what he can sell. Iﬁ order to model this type of situation
as & game it may be necessary to consider strategies which do not clear
the market and which may cause a player to become bankrupt, i.e., be
unable to meet his commitmente. Shapley and Shubik 22/ have successfully
modeled the closed two-sided tqucommodity market without side payments
and have shown that the noncooperative equilibrium point converges from
below the Pareto optimal surface to the competitive equilibrium point,
They also have been able to consider some special cases with more goods and
markets on the assumption of the existence of a transferable (but not

necessarily comparable) utility ég/.

When there are more than two commodities and one market, the exis-
tence of a unique competitive eguilibrium point appears to be indispensible
in defining the strategies and payoffs of players in a noncooperative game.
No one has succeeded in constructing a satisfactory general market model
as a noncooperative game without using a pide-payment mechanism. The
important role played'by the side-payment commodity is that of strategy
decoupler. It means that a player with a supply of this type of "money"

can decide what to buy even though he does not know what he will selld.
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In summary, it appesrs that, in the limit, at least three consider-
ably different geme-theoretic solutions are coincidental with the competitive
equilibrium sclution. This meens that by considering different solutions
the competitive market may be interpreted in terms of decentralization,
fair division, the power of groups and the attenuation of power of the

individual.

The stable set solution of von Neumann and Morgenstern, tﬁe bargaining
set of Aumenn snd Maschler éi/, the "self-policing properties of certain
imputetion sets" of Vickrey §§/ and several other related cooperative so-
lutions appear to be more epplicsble to sociology eand possible anthropology
rather than to economics. Thete has been no indication of a limiting be-
havior for these solutions as numbers grow; on the contrary, it is conjectured
that in general the solutions prolifersate. Wheh, however, numbers are few,
such as in cartel arrangements end in international trade, these other
solutions provide insighté; as has been shown by Nyblem éé/ dealing with

steble sets.

When condltions other than those needed for the existence of s
competitive equilibfium hold, such as when there are external economies
or diseconomies present, when there is joint ownership, when there are
inereasing returns to scale, or when tastes are interlinked, then the
different solutions in general do not converge. There may be no com-

petitive equilibrium, the core may be empty and the definition of a
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non-cooperative game when joint property is at stake will call for a state-
ment of the laws concerning demages and threats. (Simiiarly, even though
the conditions for the existence of a competitive equilibrium are satisfiled,
if the numbers are few the various solutions will be different.) When the
competitive equilibrium does not exist we must séek ancther criterion to
solve the problem of distribution or change the laws (if possible) to rein-
troduce the cOmpetitivé equilibrium. The other solutions provide different
eriterie. However, if, for exemple, p society desires to have its distrl-
bution system satisfy say both conditions of decentralization and fair
division, or fair divieion and limits on poﬁer of groups, it may be logically

impossible tc do so.

Davis and Whinston éﬁ/, Scarf éz/, and.Shqpley and Shubik éé/ have
investigated geme spplications to external econgmies, inereasing returns
to scale and joint ownership. In the case of joint ownership the relation
between economics and politice as & mechanism for the distribution of the

proceeds from jointly owned rescurces 1s evident.

It must be noted thet the "meny solution" approasch to distribution
is in contrast to the type of welfare economics which considers & cormunity
welfare function or social preferences which are not necessarily constructed

from individual preferences.
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Leaving aside questions of transferable utility, there is a
considereble difference between an economy in which there is only
barter or & passive shadow price system and one in which the govern-
ment and possibly others have important monetary strategies. Faxen éZ/

has considered financial policy from a game theoretic viewpoint.

There have been some diverse spplications of.game theory to
budgetihg and to management science as can be seen in the articles of
Bennion §§/ and Shﬁbik‘ég/. It remaine to note the book of Nyblen IQ/_
The author has attempted to apply the von Neumann and Morgenstern concept
of stable set to problems of macroeconomics. Nyblen notes that the
Walrasien system bypasses the problem of individual power by assuming
it away. He observeﬁ that in game theory certain simple aggregations
procedures do not hold, thus the solutions to a four-person game obtained
by aggregating two players in a five-person geme may have little in common
with the solutions to the original game. He outlines an institutional
theory of interest based upon a stendard of behavior and (at a primerily
deseriptive level) links the concepts of discriminatory solution and

excess to inflation and international trade.



- 16 -

FOOTNOTES

Von Neumann, John, end Oskar Morgemstern, The Theory of Gemes in Economic
Behavior, first edition, 194k, second edition, 19%7; Princeton, New ‘
Jersey: Princeton University Press.

Blackwell, 0., and M. A. Girschik, Theory of Games and Statistical
Decisions, New York: dJohn Wiley and Sons, 195k.

Minsky, M., "Steps Toward Artificisl Intelligence,” Proceedings of the
Institute of Redlo Engineers, 1961, volume 49, pages B-30.

Cyert, R. M. and J. G. March, A Behavioral Theory of the Firm, Englewood

- Cliffs, New Jersey: Prentice-Hall, 1963.

See. McKinsey, J. C. C., Introduction to the Theory of Games, Chapters
2 and 10, New York: McGraw-Hill, 1952.

Many of these appear in: Luce, R. Duncan, and Howard Reiffa, Games
and Decisions, Chapters 5, 6, and 9, New York: John Wiley and'Sons, 1957.

See also: Dresher, M., E. W. Kubn, R. D. Luce, A. W. Tucker, and

P. Wolfe {eds.) Contributions to the Theory of Games - Volume I, 1950;
Volume II, 1953; Volume ITI, 1957; Volume IV, 1959, Princetoh: DPrinceton
University Press. ‘

Cournot, A, A., Researches Inte the Mathematical Principles of the Theory
of Wealth, pages 79-8?, New York: MacMillan, 1897.

Bertrand, J., "Theorie Mathembtique de la Richesse Societe" (Review),
Journal des Sevents: pages 499-508, Paris, September 1883,

Edgeworth, F. Y., Papers Relating to Political Economy’, I, pages 111-142,

.London: MacMillan, 1925.

Chamberlai:i, E. H., The Theory of Monopolistic Competition, pages 89-94,
Cambridge: Harvard University Press, sixth editiom, 1950,

Stackelberg, Heinrich, Freiherr von, Marktform und Gleichgewicht, page
134, Berlin: Julius Springer, 193k,




13.

1L,

15.
16.

17.

18.

19.

20.

2l.

22.

23.
2L,

25,

- 17 -

FOOTNOTES (continued)

Nash, John, Jr., "Noncooperative Gemes," Annals of Mathematics, Volume 51+
pages 286-295 s Princeton: Princeton University Press, 1951.

For & definition of Pareto optimality see: Koopma.ns s T. C., The State
of Economlc Science, page 42, New York: MeGraw-Hill, 1957.

Chemberlain, E. H., loc, cit,

Fellner, W., Competition Among the Few, Chapter T, New York: Knopf,
1949.

Milnor, John W., and Lloyd S. Shapley, "On Gemes of Survival," 1957,
Contributions to the Theory of Games, Volume III, No. 34, pages 15-45.

Shublk, Martin, and Gerald L. Thompson, "Games of Economic Survival,"
Neval Research Logistics Quarterly, Volume 6, Number 2; pages 111- 125,
June, 1959.

Shubik, Martin, "Market Form. Intent of the Firm and Merket Behavior,"
in Zeitschrift Fur National ockenomie, volume XVII, number 2; pages
186-196, 1957.

Meyberry, J. P., J. F. Nash, and Martin Shubik, "A Comparison of Treat-
ments of a Duopoly Situation," Econometrica, volume X{I; pages 1L1-145,

January 1953.

Shubik, Martin, Strategy and Market Structure, New York: John Wiley
and Song, 1959.

Nesh, J. F., Jr., op. cit.

Edgeworth, F. Y., Mathematical Psychics, London: Kegan Paul, 1881.

For the definition see: Luce, R. Duncan, and Howerd Raiffa, op. cit.,
Chepter 9. '

Nash, J. F., Jr., "Two Person Cooperative Games," Econometrice, Volume
XXI; pages 128-1Lk0, Jenuary 1953.




26.

27.

28 L]

30.

31,

32.

33.

3’"‘.

32

- 18 -

FOOTNOTES (continued)

Shapley, Lloyd S., "A Velue for n-Person (ames," 1953, and pages
307-317 in Contributions to the Theory of Games, Volume II, number
28, Barold Kuhn,and Albert W. Tucker, (eds.), Princeton, New Jersey:
Princeton University Press.

Harsanyl, John C., "Approaches to the Bargeining Problem Before and

After the Theory of Games:

A Critical Discussion of Zeuthen's, Hicks'

and Nash's Theories,” Econometrica, Volume 2k, pages 1hk-157.

Zeuthen, F., Problems of Mon
G. Routledge and Sons, 1930.

opoly and Economic Welfare, London:

See Nash, J. F., Jr., "Iwo-Person Cocperative Geames," and also Martin
Shublk, Strategy and Merket Structure, Chapter 10.

See Scarf, H., "The Core of an n-Person Geme ;" CFDP 182 (Mimeographed),
Cowles Foundation for Research in Zconomics at Yale University: New
Haven, September 1965.

Selten, Reinhard, "Value of the n-Person Game," paper presented at the

First Internationel Game Theory Workshop, Jerusalem: EHebrew University,

October 1965.

Vickrey, William, "Counterspeculation, Auctions and Competitive Sealed
Tenders,"” Journal of Finance, Volume 16, pages 8-37, 1961.

Griesmer, James H., and Martin Shubik, "Towards & Study of Bidding
Processes," Naval Research Logistics Quarterly, Part I: "Some constant-

sum gemes,

"

Volume 10, Number 1;

rages 11-21, Part IT: “Games with

Capacity Limitations," Volume 10, Number 2; pages 151-173, Part III:
"Some special models," Volume 10, Number 3; pages 199-217.

For instence:

Feeney, G. F., "Unilateral Markets, I: Price-Quantity

Markets," CFDP 138 (Mimeogrephed), Cowles Foundation for Research and
Economics at Yale University: New Heven, Conn., May, 1962.

Mills, H. D., "A Study in Promotionel Competition," in Bass et al (eds.),

Mathematical Models end Methods in Marketing, peges 245-301; Homewood,

Illinois:

Irwin, 1961.



36.
37.

384

39.

- 19 -

FOOTHOTES (continued)

Jacot, Simon-Pierre, Strateglie et Concurrence, Paris, 1963.

Rapaport, A., and C. Orwant, "Experimentdl Games: A Review," Behavioral
Science, Volume 7, Number 1; pages 1-37, January 1962. :

Siegel, S., L. E. Fouraker, Bargainiqg and Group Decision Meking,
Hew York: McGraw-Hill, 1960,

Hoggatt, A. C., "An Experimental Business Geme," Behavioral Science,
Volume L, pages 192-203, 1959,

For a definition see: Luce, R. D. and H. Raiffa, op. cit., p. 19k,

Toid., Chepter 9.

Tbid., page 201.

Shubik, Martin, “Measuresble, Transferable, Comparpble Utility and Money,"
CFDP 200, (Mimeogrephed), New Haven, Conn.: Cowles Foundation for Research
ixe. Economics at Yale University, 1966.

Raiffa, Howard, "Arbitration Schemes for Géneralized Two~Person Games,"
pages 361-387 in Kuhn and Tucker (eds.) op. cit.

Braithwaite, R. B., Theory of Games as a Tool for the Moral Philosopher,

Coambridge: Cepgbridge University Press, 1955.

Kuhn, Harold W., "On Games of Fair Division," Forthcoming 1966, in Martin
Shubik (ed.) Essays in Mathematical Economics in Honor of Oskar Morgenstern,
Princeton, New Jersey: Princeton University Press. ’

Zeuthen, F., op. eit.
Edgeworth, Fe. Yo, 0pe cit., pages 20-25 et seq.
Shubik, Martin, "Edgevorth Market Gemes," Contributions to the Theory

of Games, Volume IV, Albert W, Tucker, and Duncen R. Luce (eds.), pages
207-270, Princeton: Princeton University Press, 1959.




50.
51’

52.

53.

Sk

25.
56.

27+

58.

29

60.

61.

62.

- 20 =

FOOTNOTES (continued)

Scarf, H., op. cit.

Debreu, G., and H. Scarf, "A Limit Theorem on the Care of an Economy,"
International Economic Review, Volume 4; pages 235-246, 1963.

Aumann, R. J., "The Core of a Cooperative Game Without Side Payments,"
(Trans.), American Math. Sc: , Volume 98; pages 539-552, 1961.

Shapley, Lloyd and Martin Shubik, "PureCompetition, Coalition, Power
and Fair Division,™ RM 4917 PR, Santa Monics, California: RAND Cor-
poration, July, 1966, forthcoming.

Shapley, Lloyd, Unpublished Manuscript Notes, RAND Corporation, 1965-66.
Shapley, Lloyd,and R. J. Aumann, op. cit.

Shapley, Lloyd S., op. cit.

Hersenyi, John C., "A Bargaining Model For the Cooperative n-Person
Game," pages 325-356 in Tucker and Luce (eds.), op. cit., 1959.

Selten, Reinhard, "Valuation of N-Person Games," pages 577-626 in
M. Dresher, L. S. Shapley, and A. W. Tucker, (eds.), Advances in Game
Theory, Princeton, New Jersey: Princeton University Press, 1964.

Shapley, Lloyd S. and Mertin Shubik, "Concepts and Theories of Pure
Competition,” in Martin Shubik (ed.) op. cit., forthcoming 1966.

Shapley, Lloyd S., and Mertin Shubik, Unpublished Manuscript Notes,
RAND Corporation, 1965-66.

Aumern, R. J. and M. Maschler, "The bargeining set for cooperative
gemes," pages 443-476 in Dresher, Shapley, snd Tucker, (eds.), op. cit.,
196k,

Vickrey, William, "Self-policing properties of certain imputation sets,"
pages 213-246 in Tucker and Luce, (eds.), op. cit., 1959.



65'

6.

65.

66.

67,

68.

69.

70.

- 21 -

FOOTNOTES (continued)

Nyblen, Goren, The Problem of Summation in Economic Science, Lund
1951.

Davis, 0., and A. Whinston, "Welfare Economics and the Theory of
Second Best," CFDP (ONR) Nc. 1L46, (Mimeogrephed), New Haven, Conn:
Cowles Foundation for Research 1. Economics at Yale University,
1965.

Scerf, H., "Notes on the Core of a Productive Economy," unpublished
manuscript, New Haven, Conn.: Cowles Foundation for Research in
Economics at Yale University, 1964.

Shepley, Lloyd S., and Martin Shubik, "Ownership and the Production
Function,"” CFDP No. 167, {Mimeographed), New Haven, Conn: Cowles
Foundation for Research in Economics at Yale University, Msrch 1964.

Faxen, Karl 0., Monetary and Fiscal Policy Under Uncertainty, Stockholm,
1957.

Bennion, E. G«,I'Capital Budgeting and Game Theory, Hervard Busxness
Review, Volume 3k4; pages 115-123, 1956.

Shubik, Martin, "The Uses of Game Theory in Masnagement Science,"
Management Science, Volume 2, number 1, pages L0O-5L, October, 1955.

Nyblen, Goren, op. cit., 1951.



