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In the analysis, just presented here by Martin Beckmann%fthe problan
was: to find a rule that will maximigze the expected profit.

He coneidered rules of the following form: After having observed
X9 the partner i can take one of the following three actions:

Ni : do nothiﬁg until contacted by the other partner

P1 t telephone the other partner at an arranged time

Q1 t decide to commit the firm for one unit, if no phone call is

received,
The actions are symbolized by d\io «{ ; can take one of the three

values N,, P, and Q,o The rule is a function ¥ s

Rule: ri(xi)

N
which tells: For each X;5 & certain °<1 should be taken., The set {i J]} 3’2 ’

J

determines the behavior of the team completely,
Many teams operate under sets of rules like {3'13 ¥, }o For in-
stance, in a military organization, wa would expect to find rules of this

type. In the instruction-books, there are rules as to when requests for

l. See Cowles Commission Discussion Paper: Economics No. 2037,



munition should be sent in, when inventories of fuel should be raporied,
etc. These rules have once been designed by a central authority with the
purpose of gettlng an optimal performance from the organization,

4 team could also be organized in the following way. The centes)
authority gives each membsr of the tsam a certain bonus function; or in-
centive function, and instructs him to maximize that function. in & chain
store for instance, the local store manager is perhaps not given a hook of
rules, that state under what circumstances hs should order goods from the
wnolesaling unit of the chain, Instead, he is paid and promoted according
to how much profit he makes for his store., The way, in which this profit,
is calculated, is determined by the central management. The problem to
be solved by the central management is not to find an optimal set of rules,
but such methods of calculating profits for each store as will induce an
optimal performance for the chainestore organization as a whole, Among
other things, the central management can set tha rates for the charges for
the services of the wholesaling unit, When setiing these rates, the prob-
lem iz not to find the "true" costs for the services, in order to charge
these "true" costs. The problem is to find such "shadow-costs" as will in-
duce an optimal performance,

From a mathematical point of view, an incentive function is a function
that relates (actual or hypothetical) payment v, to partner i to his actions

c(i and observations X3

Incentive function: vy (0&1; xi) o

Each partner i1 maximizes his incentive function Vyo When he has ob-

served xy he will select the value of o«i such that vi iz maximized., Call

this value & o 2‘1 is a function of x , that we night call h,:

kR 1°



X
If vy ie not subject to any restrictions, it is always possibla to

find a v, that gives

i

hy & ¥y

for any Eﬁf In particular, this is true for an optimal ?13 This holds
not only for our model of the arbitrage firm, but generaliyg

On the other hand, corresponding to a given system of incentiv~ functions
s
{vl vz}, there exist rules b’l and a’2 that give the same behavior of the

team, In this sense, or from this point of view, the two methods are
equivalent,

In most practical situations, we are not, however, free to choose
the incentive function as we like, 1In the "shadow=cost"™ case, the problem
was to find an optimal shadowscost to be charped for some particular
service or product in the organization, and the remainder of the incentive-
function 1s given by accounting~rules, etc. Vhen such restrictions are
made upon the choice of incertive~functions, it is not always nossibls to
find incentive-functions such that

hix Xi @

In a practical situation, the rules camnnot be too complicated. Certain
restrictions have therefore to be placed upon the rules. If this is done,
there might not always exist rules, that lead to the same behavior of the
team as some glven incentive functions.

Another reason for restrictions upon the rules and incentive functions
is comnected with changes in the circumstances, under which the team has to
operate, If the distribution of demand in our example is changed, the opti.

mal rules also must change, but there might exist incentive=functions that



lead to optimal behavior both Lefore and after the change. In other situ-
ations, the rules might have a higher degrev of permanence than the incentive.
functions,

Pgychological aspects on the team situwation are also important., It
is, from a psythological point of view, very different things to follow
a book of.inutructions or to maximize an incentive furction. The types
of motivation are quite different in these two situatiocns. In some casas,
1t can be assumed that ths rules will be observed stricily, in other cases
not. Somgtimes the members of the team have important secondary motives
other than to maximize the incentive functions, and that might make it
optimal for the team as a whole to control certain types of decisiune by
rules, The goals of the actlvity in the team, as the team-members perceive
them, are not independent of the amount of commmnication, Identification
with the team 1s & motivating force, and such identification is, up to a
certain limit at leasi, stimulated by communication.

All these considerations restrict the possibilities to apply the kind
of mathematical analysis, that we are discussing here, to practical prob-
lems, In splte of that, I believe that there are a few cases when psycho-
logical considerations, such as the ones just mentioned, are not so im-
portant, but instead the pure information and communication aspects.

We might also have the following kind of situation. A profit=iunction
for each partner is the basis for the constructlon of all the incentive-:
functions we want to0 consider. The profit«function for a particular part-
ner depends not only upon what this partner does, but also upon whav the
other partners do. We now have a game. The form of the incentivewfunctions
is

71(0‘ ye9° d\ivouC&n; xi) ©



It is no longer possible to instruct each partner to maximize his incentive-
function, because he does no longer control all variables in it.

In the von Neumann = theory of games, it is assumed that the players
are able to communicate freely, without obstacles, and that they can keep
and process unlimited amounts of information, These assumptions are es-
sential for the elaborate structure of coalitions, that vlay a main role
in von Neumann's analysis of multiperson—games. But evidenfly, such ag=
sumptions are not very suitable for a theory of organization, that has for
purpose to direct the attention towards the influence of limited infor-
mation and obstacles for communication,

Another approach to the game<problem has been developed by Nash. He
studies non-¢ooperative games, in which communication between the players
is not possible, A basic concept in his analysis is that of an equilibriue
point, An equilibrium point is such a vector of strategies for all the
players that each player cannot, given the strategies of all the other
players, improve his position by choosing another strategy. Nash proves
that each finite game has at least one equilibrium point.

In our notations, an equilibrium point would be a point
(Qlooo & yooo L) such that

max Evi(aloan'-'(iwo;(n; xi) - Evi(&—l_ocu?ioooan; %)
for L =1, ¢0.y Nno

For partner i, the maximum expected value of incentive pgyments, given
the ol s for the other partners, is reached for :ziD
If we were able to construct the incentive functions such that there

existed a unique equilibrium point with this property, and also such that,

in the equilibrium point, the 511“8 are those given by optimal rulas
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then we could expect the team to behave in the same way under the incentive
functions as under the optimal rules, In fact, each member could be in-
structed to regard present o 's of his partners as constant, The efforts
of each partner to maximize his incentive function would lead to a series
of successive adjustments, ending in the equilibrium, Probably, via would
need speclal arrangements to avoid cycles.

Now, let us look into the problem of incentive functions for the arbi-
trage firm. Evidently, any function of the following kind induces *+1i¢ same

behavior as the Kiefer-optimum, We are, however, interested in ircentive
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functions that satisfy certain restrictiona, namely: That the incentive-~

function 18 a sum of 1) a shadow~cost of communication, to be paid by &
partner who decides O(i & Pi’ plus 2) the profits on such transactions as
ths particular partner has initiated.

For comparison, let me write down the expected profit (U) in Kisfer's
golution, the best known, Kach partner is assumed to be able to comnit the

firm for at most one unit.

3 2 2
Ua%%c+g‘6+§. 4%4(3_%) )gm% .

If the shadow=cost is made equal to the true cost (#e), the partners

will adjust in the following way:



x3 :fﬁr { cc The lengthe of the phoning :11d com-
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It is possible to do better than that, If the shadow-cost is mada squal to

2
Bc”, the lengths of the intervals become ke instead of . 2e. Expeo «.d profit:
s Lo Le

2 Le = 3 c 3 ¢
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~ Better than before, but not as
P _

good as in Kieferts case,
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It does not seem possible to induce Kiefer~bshavior with incentive-

. functions of this type, The functions for expected profit for partner i,

if he makes « i equal to Ni' Qi and Pi’ respectively, look like this:
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All that we can do by changing the ghadow-cost is to move the Pi=cuzwe
vertically. It is easily seen that this cannot lead to a two-intervsl

situation like the one in Kiefer's solution.

In all the cases we have discussed, the incentive-function for each



partner was independent of the other partner’s actions, The rules for
the splitting of profits were chosen with tne very purpose of avoiding
such an interdependence between the actions and the incentive—functions
of the partners,

The possibility to use interdependent incentive-functions has nct
been anslyzed. The incentive=functions would then be of the Form:

viloys ko5 xg) o

We could hope to be able to constfuct the incentive=functions in sueh a
way that the behavior of the firm will, in a series of adjustments, ap-
proach a unique Nash-equilibrium-point, that corresponds to the optimal

solution in the rule-~case.



