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1. INTRODUCTION.

By organization of economic agents, we refer to formation of a
single entity (e.g. corporation, union) from several individual
agents. From the real world as well as economic theory, one is fami-
liar with situations in which it 1s economically advantageous for in-
dividuals to organize. In fact, except for the direct costs of for-
ming and operating an organlzation, one can nardly imagine a situa-
tion 1n wnich there are not some advantages to be gained. In our
minds, nowever, tue notion of the universal advantage of organization
nas veen called 1nto some question by the examples contained in
Aumann [2]. We snall argue in this paper that under some cilrcum-—
stances tne organization of economic agents may confer only harmful
effects on all of those who organize; and we shall attempt to des-

crive clrcumstances under which this may occur.

For any game an organization, or to follow [3] a syndicate, 1s a
set of players who are bound by the rules to operate as a single indi-
vidualj 1.e., no coalition may form wnich contalins some, but not all,
of the members of the syndicate. We wish to examine the question : 1in
an economically motivated setting can all the members of a coalition

be in some sense worse off if they form a syadicate than if they don't

In section 2, we discuss Aumann's examples. In section 3, we
present some furtner examples in an attempt to convince the reader
tnat tnere are circumstances in whicn a syndicate may be meaningfully
described as disadvantageous. In section 4 we show that if the unor-
ganized agents of the main example are a set of individually small a-

gents relative to the market, then Aumann's phenomenon disappeares.



2. AUMANN'S EXAMPLES.

Aumann's three examples involve tue game-theoretic solution
concept, core. Briefly, a possible outcome for a game 1s dominated
1f some nonempty coalition can guarantee tnat some other outcome
of the game, preferred by each of its members, will result instead.
The core 1is the set of undominated outcomes. In an exchange econo-
my, a coalition can guarantee 1its members wnatever can be achieved
by trades within tne coallition. It has been shown that 1n exchange
economies every competitive allocation 1s in the core. Furthermore,
1f, 1n an exchange economy, no 1ndividual owns a nonnegligible por-
tiocn of any good and 1f only coalitions holding a nonnegligible
portion of some good are permitted to dominate, then under mild
assumptions on individual preferences, the set of competitive allo-
cations colncides with the core. (See [1], [5], [T] for different

versions of the "equivalence theorem".)

In each of Aumann's examples there are two goods and three
types of traders. For each type tnere 1s a continuum of traders
possessing ldentical preferences and endowments. The traders of
type 1 nold only good 1 initially. The traders of types 2 and 3
nold oaly good 2 initially. ‘Types 2 and 3 differ only in thelr
preferences. Tne tnree examples differ only 1in the form of the
utility functions for each type. GLach example has a unlque compe-

titive allocation, the only core point 1in the case of no syndicates

as prescrived by tne equivalence tneorem.

In each example Aumann compares the core in the unorganized

case with the core wnen all the traders of type 1 form a syndicate.



In example A a continuum of core points results, some of which are
preferred by every memper of the syndicate to the competitive allo-
cation and some of wnich are less preferred. In example B, the
continuum of added core polints are all less preferred than the com-
petitive allocation by all the players of the syndicate. In example
C, a single point 1s added to the core, less preferred than the

competitive allocation by the syndicate.

The syndicate in each of Aumann's games 1s disadvantageous in
tne sense tnat : the core of the game with the syndicate contains
points less preferred by the syndicate to every polnt 1in the core
of tne same game witnout the syndicate. In examples B and C, this
1s accompanied by the phenomenon of no additional core poilnts in
tne syandlcate game wnlcn are preferred to any core poilnts in the
same game wWlithout tne syndicate. Under such clrcumstances, there
seems to be some disincentive for the syndicate to form (or incen-
tive for the syndicate to disband, if formed). This conclusion is
SO0 strange 1in an economic settling, that Aumann evidently regards
it as sufficient evidence for calling into question the use of the
core. iie further suggests that a Shapley-value approach might shed

some light on the situation.



3. MORE DISADVANTAGEQUS SYNDICATES.

In this section we shall argue that Aumann's examples point
out a legitimate economic phenomenon. To do this we first examine
some examples which are finite-player, side-payment, characteristic-
function games. In [6], it 1s shown that every game of this class
which is totally balanced (i.e., every subgame has a nonempty core)
i1s equivalent, in a natural way, to a market of a certaln type.
Tnus, 1t 1s natural to ask whether totally vpalanced side-payment

games can exhibit Aumann's phenomena.

Before coming to that question, however, let us look at some
phenomena which can be readily demonstrated with side~payment games.
The first example shows disadvantageous syndicates can be readily

found in side-payment games whicn do not correspond to markets.

rxample 1 : v({i}) = 0 i = 1,0..,hb
vi{1,2}) = v({1,3}) = v({2,3}) = 1
vis) = 1 ir |sl = 3.
v(i{1,2,3,4k}) = 2.

In example 1, 1t 1s easilily seen that at no core point can the sum

of tne payoffs to players 1, 2, and 3 be less than 3/2. If {1,2,3}
forms a syndicate, however, the game becomesS a sargalning game be-
tween {1,2,3} and 4 for a unit of payoff. Thus the core of the syn-

dicate game contains points at wnican {1,2,3} receives a total of 1.

In example 1, tne disadvantageous nature of the syndicate 1s

closely tied in with tne fact that tne subgame played by the syndi-



cate 1tself has an empty core. It 1s the instability of this coali-
tion wnich leads to 1its ability to control a total payoff of 3/2 in
the 4-player no-syndicate game, even thougnh its characteristic-func-
tion value 1is only 1. This phenomenon cannot be present in a to-

tally balanced game.

The second example indicates that Snapley value 1s not neces-

sarily a good indicator of disadvantageous syndicates.

Example 2 : v(s) = 0 for ISI < 5.
v({1,2,3,4,5,6}) = 1.

It 1s easy to verify that this game 1s totally balanced. In
one associated market, each player 1s endowed with one unit of a
personal good. tkach player's utility for any feasible commodity
bundle 1s Just the minimum of the amounts he nolds of each of tne
goods. From symmetry, the Shapley value 1is
(1/6, 1/6, 1/6, 1/6, 1/6, 1/6). 1If players 1 through 5 form a
syndicate, however, tne game becomes a two-player bargaining game
in wnich the Shapley value for the syndicate is 1/2, less than the
total payment to that coalition at tne Shapley value of the no-syn-
dicate game. One nardly expects that any syndicate 1s in any real
sense disadvantaged 1in thilis game, however. Rather, what we observe
in example 2 1is simply the peculiar implications of the symmetry

requirement in Shapley value.

We now turn to the case of a disadvantageous syndicate (in

Aumann's sense) 1in a totally balanced game.



Example 3 : v({i}) = 0 for i=1,..., kL.
v({1,3}) = v({2,3}) = 1.
v({1,2}) = v({i,4}) = 0 for i = 1, , 3
v(s) = 1 for s| = 3.

v(i{1,2,3,k}) = 3/2.

In example 3, tne unique core point 1is (1/2, 1/2, 1/2, 0).
Now suppose that {1,2} forms a syndicate. Then among other new
core points 1s thne point (1/L, 1/4, 1/2, 1/2), worse for both players
1T and 2 than the unique point 1n the core of the no-syndicate game.
Of course, there are added polnts 1n the core of tne syndicate game
winlcin are better for both 1 and 2, but we are concerned first with

the disadvantageous possibility.

Let us consider the following interpretation of example 3.
1 and 2 are laborers. 3 and 4 are firms which use labor input.
Firm 3's profits per day equal the total number of man-days employed
or one, whichever is smaller (i.e., firm 3 has a labor capacity of
1 man-day per day). Firm 4's profits per day equal the man-days of
laborer 1 or the man-days of lavorer 2, wnichever is smaller (i.e.,
firm 4 needs the complementary skills of both laborers in equal
amounts). The maximum total profits are achieved when each firm
uses each laborer 1/2 time. The only stable distribution of the
profits, however, is (1/2, 1/2, 1/2, 0); since for any other non-
negative distribution of 3/2, eitner {1,2,4} receives less than 1
unit or one of the combinations, {1,3} or {2,3}, receives less than

1 unit. This interesting situation arises from a combination of

factors.



a) There 1s an inherent labor shortage.

b) Firm 3's position which allows 1t to play one laborer off against
the other in effect draws all the resources away from firm k.
This 1s similar to the phenomenon of example 1, where the insta-
bility of the subgame played by {1,2,3} resulted in the favorable
position of tnat ccalition.

c) Firm 3's apility to play one laborer off against the other 1s
limited by tne presence of alternative employment opportunities
for both.

d) Firm 4, in having to divide profits with two laborers, cannot
compete effectively against firm 3, wnlch has the same potential

profit to divide with only one laborer.

If {1,2} forms a union, 3 loses the abllity to play one off
against the other. In the absence of firm 4, tnis would result in
a bargaining game between 3 and the coalition {1,2}, a situation
the laborers would prefer to the ununionized sitﬁation. But, in
tne presence of firm 4, this 1s no longer the case; for 3's ability
to play 1 off against 2 was actually working to the benefit of
{1,21}. The union can now play one firm off agalinst the other.

If v(N) were 1, tnis would result in all the profits going to labor.
The extra 1/2 unit of capacity in tne system, however, lessens the
union's capability in this direction and results in core polnts
wnich range from tae union receiving only 1/2 to the union receil-
ving 3/2. Thus tne effect of the unionization is to add much sta-

bility to a situation which was precariously balanced in a fairly



advantageous position for labor. Of the resulting stable outcomes,

some are worse for labor and some are better.

To mimic tne core structure of Aumann's example B, it suffices
to change v({3,4}) from O to 1/2 in example 3. This eliminates
all of the points 1in the core of the syndicate game which are pre-
ferred by {1,2} to (1/2, 1/2, 1/2, 0). The game remains totally
balanced, but our interpretation becomes Somewhat more complicated
by a profit capability for the firms together but without labor
input. (The discrete nature of the syndicate core in Aumann's
example C cannot be mimicked in side-payment games, since the core

of any slide-payment game must be a convex set.)

Wnile we recognize that the core must be used with some care
in applications (for example, it does not seem realistic to expect
firm 4 to receive a zero profit in this situation), it is our opi-
nion tnat the disadvantage of the syndicate 1n this example does
not arlse solely because of a pecullarity 1n tne notion of core.
Ratner, tnere is a legitimate economlc punenomenon being observed.
The coalitions {1,3} and {2,3} lose their leverage in a real sense
when {1,2} forms a syndicate. The point (1/4, 1/k, 1/2, 1/2) can
only be dominated by {1,3} or {2,3}, but player 4 will not believe
sucn domination tanreats 1f he knows that the syndicate must workv~

for the benefit of voth 1 and 2. (0f course, 1f 4 were unaware af. -

S ¥
. L. N . P
the syndicate structure this could not be argueds; but such infor-—._:

mational considerations would seem to be beyond the scope of tha



characteristic-function form). In a sense, the syndicate is too
large for the circumstances. In becoming unbreakable, it loses

the ability to make certain decentralized agreements (harmful to
one of its members) the possibilities of which, however, work to

the members' overall advantage.

Tnis discussion suggests tanat, although in most cases it may
vbe only advantageous for any group of economic agents to form a
syndicate, there exist situations 1n wnich organization beyond a
certaln point may confer potential disadvantages as well, and per-

haps no advantages at all.
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L. A RELATED HECONOMY.

In this section we reconsider example 3, but under the assump-

tion tnat players 3 and 4 are replaced by sets of individually small

agents. Let (T,T,u) be a measure space with T the disjoint union
of sets T, 12, Iy, T, vhere p(Ti) =1 (1 =1,..., k), T] and T,
are atoms, and T3 and Th contaln no atoms. We consider the class

of games with player set T and allowable coalitions T, the characte-
ristic functions of wnich agree with example 3 on the coalitions
wnlicn consist of unions of sets Ti (replacing the four players,
respectively, in example 3). From this class of games 1t 1s not

difficult to select some which have tne disadvantageous syndicate

of example 3. (For example, let all other coalitions S have charac-
teristic-function values equal to that of v Ti.)
T.CS

We consider a class of exchange economies on the same measure
. ) .th
space. fhere are four types of traders, the 1 type represented

} . S . 1 .
by a concave nondecreasling utilaity function u and 1nitial endow-

ment e. - a nonnegative vector 1n tne finite dimensional commodity
space. For any set S = S1 u ... v Su where Si 1s a measurable
subset of Ti, 1= 1,..., 4, we define

v(S) = max i f ui(x(t))du(t)
i=1 S.
oy k
subject to & [ x{t)du(t) = I e. u(sS.).
. . i i
1=1 Si 1=1

This 1s the characteristic-function derivation for monetary markets
used in [5] and a natural extension of the derivation for finite-

player markets in [o].
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o . 1 T . :
ineorem : If concave functions u ,..., u give rise to a characte-

ristic function whicn satisfies

V(Ti) = 0 i=1, , by

v(T Uy ) = V(TEUT3) = 1,

V(T1UT2) = V(TiUTh) = 0 for i= 1, .., 3%
V(TiUTjUTk) = for 1 # j # k;

v(T) = 3/2;

then the syndicate (T]UT ) 1s not disadvantageous1

2

We need one 1ntermediate result.

Lemma : Let Sh ve any subset of TM with measure 1/2. Then 1f the
game arlises from an economy with concave utilities,

v{T UTEUTBUSM) = 3/2.

1

Proof : Let x and (e]+83—x) be a distribution of the endowments

of <T1UT3) at whicn V(T]UTB) is acnleved; i.e.,

u](x) + u3(e]+83—x) = 1.

Expressing similarly points at wnich v(T UTB) and V(T1UT2UTM)

2

are acnieved, we have

2 3 ~ _
(y) + u (e2+e3 v) 1

u](z) + u3(w) = 1-u (e1+e2+eh—z-w).
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Adding the three equations, dividing by two and applying the

definition of concavity yields

1,1 2,1 3,1
—(x+ + —(v+ + — te + —_—
u (2(x z)) u (2(y w)) u (2(61 e, 2e3 x-y))
3 Tl

> = - — + + — - .
>3 5 U (e1 e *e) "2 W)

Y. us, from the commodity vector %(e1+e2+2e3+z+w), (T1UT2UT3) can

generate total utility of at least (g - % uu(e1+e2+eh—z—W))

Subtracting that commodity vector from the total of the endowments
1 . .. . .
+e, +te _+—e, ut Ut U
(e1 eptey 264) of (T1 T, T3 Sh) and distributing the remainder to
S), (tne amounts bpeing doubled by virtue of the measure of Sh) we
see that S can add total utility of % u4(e1+62+eu—z—w) to the
coalition. Hence V(T1UT2UT3USM) > 3/2 with equality holding from

the superadditivity of v.||

Proof of theorem

Since V(T1UT2UT3) = 1, no core point can assign T, total
utility more that i/2. From the lemma, 1t 1s immediate then that
ru can recelve no more than zero at any core point. Since
v(I1UT2UTu) = 1, (“1UT2) receives at least one at any core point;

. . . 2
anda the syndicate 1s not dlsadvantageous.|

It 1s somewnat curilious that tne disadvantageous feature 1is
lost 1n this example wnen the unsyndicated traders are treated as
atomless, since Aumann's examples do the same. Nevertheless, Sa-

met's main theorem [5] indicates that in side~payment market
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situations (witn differentiable utilities) the continuum will
generally be treated no better at any core point than at the com-
petitive outcome. For this reason it seems to us thgt tiae subject of
disadvantageous syndicates generally and the evidently special

structure of side-payment markets deserve further study.

Acknowledgement : Tne authors gratefully acknowledge enlightening

discussions witn Robert Aumann on tne subject matter of this

paper.
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Footnote

1. This result was originally conjectured by Robert Aumann.
A somewhat weaker version (assuming differentiable utility
functions) can be obtalined directly from the main theorem in

[51.

2. Note that the assumption that T3 and Tu are atomless 1s stron-
ger than necessary. All that 1s needed for the proof 1is that

there 1s a subset of Tu of measure 1/2.
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