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1.

The Zeuthen-Nash theory of bargaining® 1s based on the assumption

nat—

* See John Nash, "The Bargaining Problem," Econometrica, vel. 18
(1950), pp- 115-162 -- and "Two-Person Cooperative Games," Ibid.,
vol. 21 (1953), vp. 128-140; F. Zeuthen, Problems of Monopoly and
Economic Warfare, London, 1930, chap. IV.

On the mathematical eguivalence of Nash's and Zeuthen's theories,
see John C. Harsanyi, "Approaches to the Bargaining Problem Before and
After the Theory of Games," Econometrica, vol. 24 (1956), pp. 144=157.

that the two bargaining parties fully know each other's eardinal
utility functions, which essentially means that they know each other's
preferences as well as each other's attitudes towards risk. On the
basis of this assumption and some others, the theory defines optimal
strategies for both parties and also undertakes to uniquely predict the
terms of agreement between two rational bargainers. 1 now propose to
discuss the generalization of the Zeuthen-Nash theory for the more
realistic case where the two bargainers do not knew each other's utility
functions. I should slso like to consider how much light is thrown by
this more general model upon bargaining behaviour as observed in the
real world.
2.

In bargaining each party's behaviour will primarily depend on
vhat ﬁe expects the other parfy will do. Each party'will try to estimate
the probsbility that his opponent will eventually agree to various
rossible conditions; and then will insist upon obtaining that set of

conditions which maximize his expected utility. If a given party has



g definite hypothesis (a single-valued expectation) as to what are the best
gayms he can obtain from his opponent, his bargaining policy will be
gimply to insist upon these particular terms.

wWhat the Zeuthen-Nash theory of bargaining essentially proposes to
do is to specify what are the expectations that tﬁo rational bargainers
can consistently entertain as to each other's bﬁrgaining strategies if
they know each other's utility functions. The fundamental postulate
of the theory is & symmetry axiom, vhich states that the functions
defining the two parties'optimal strategles in terms of the data
(or, equivalently, the functions defining the two parties' final
payoffs) have the same mathematical form, except that, of course, the
variables associated with the two parties have to be interchanged.
Intuitively the assumption underlying this axiom 1s that a rational
bargainer will not expect a rational opponent to grant him larger
concessions than he would make himself under similar conditioms.

The prediction made by the Zeuthen-Nash theory is that both
bargainers will agree, and will expect each other to agree, to a pair
of payoffs v and w, .such that maximize the product

n = a(Uy,0p) = LUy (t) = Up(e)) - [ Up(E) - Up(ed)
vhere U,(t) snd U,(t) are the utilities that the two partles
assign to the terms t while Ul(c) and Ue(c) are the utilities
they assign to the conflict situation. The maximization of this
product is subject to thé conditions:
u, (t) > v, (e)
uy{t) > uyle)

teT



where T 1is the set of all possible terms available to the two
parties. The terms t +that actually maximize the product =x
will be dencted by to.

3.

Extenslon of this result to the case where the two bargainers
do not know each other's utility functions but do form determinate
estimates on each other's utility functions is falrly straightforward.

Let U, and Uy be the two parties' "true" utility functions
as before. We define the operators ey and e, with the meanings:
"the first party's estimate of ..." and "the second party's estimate
of ..."

Then, 1t secems to be rational, at least as a matter of first
approximation, for the first party to assume that the best terms he
can obtain from the second party are the terms to, vhich represent
the solution of the bargaining problem according to the Zeuthen-Nash
theory. But he will not be able to calculate to because this weuld
reguire maximizing the product =, defined in terms of his opponentts
utility function U2, which he does not know. The best he can do is

to estimate to by maximizing the product
= = {U -U . u -e U
1y = w(U,e ) = (U (s) - Up(e)) + (eUy(t) - e,V (c))
vhich is obtained from = by substituting the estimated utility
function elUé for the true utility function UE' The maximization
will be subject to the conditions:
U () > Uy (e)
e;U,(t) > e U, (e)

t e T.

of n:l



The terms t +that maximize the product =n, can be denoted by

1

elto as they represent the first party'’s estimate of to. The

rational policy for the first party will be to demand these terms

elto from his opponent. Similarly, for the second party it will

be rational in first approximation to insist upon those terms &

that maximize the product
— - - / . - T
subjeet to analogous conditions. The terms +- that maximize =«

2
can be regarded as the second party's estimate of to and can be

denoted by eeto.

But more sophisticated bargainers can do better than that. If
the first party knows that the second party's policy is to insist

upon the terms e rather than upon the terms to, his best

Eto’

reply is 10 estimate e to and demand the terms e.e.t  gorres-

l20¢

to. He can calculate elezto by

2

ponding to his estimate of e,

maximizing the product
Ay g = .“(eleeul’elUE) = [eleaul(t) - eleaul(c)}. [elUé(t) - elUé(e))
Similarly, for the second bargainer it will be rational to

insist upon the terms eeelto that represent his estimate of

elto and are calculated by maximizing the product

Mo = n(eaul,eleaUE) = [eaul(t).- eevi(C)] . feeelUé(t) - EaelUE(c)]
But once the first bargainer realizes that this is the strategy

of the second bargainer, he may do better if he demands the terms

eleaelto{ which represent his cstimate of e to and are colculated

21



by maximizing the product
fypy = w(egepUyseiepe Uy) =

[eleEUi(t) - eleéUi(c)} . {eleeelik(t) - eleaelib(c)}
and s0 on.

Thus the two bargainers will have well-defined optimal strategies

only if the two series

’ k k+1
elto, eleato, eleeelto,...,el(eael) to, (ele2 to,...

et s ejeyty eeeleeto,...,ee(ele2¥to, (eael)k+lto,...
converge. Actually, two bargaining parties will seldom have enough
information (and enough computing ability) to make it worth their
whlle to carry on this estimating process for more than a very small
number of steps, which can be formally interpreted as meaning that
each bargainer assigns the same constant value to his own series after

(say) the kth member.* (Of course, k need not be the same for

* It should be noted that the preceding argument is at each
step subject to the overriding restriction that

k ,
Ui(t (1)) > Ui(c) i=1,2

where & (i) is the ith party's demand st the kth step. In other

words, irrespective of what he thinks that the other party's bargaining
policy will be, neither party will agree to terms less favourable to
him than would be the confliet situation itself.

both parties.)



This model has the following interesting implication. In
most other parts of economic theory it is a general rule that

being in error can never improve one's position. But in the theory

of bargaining this proposition is no longer true. Suppose that a
person wants to sell a house worth $10,000 to him, to another person
+to whom the house is worth $30,000. Suppose also that both perscns'
utility functions are linear in money. Then, i1f both know each
other's limit prices, the Zeuthen-Nash theory predicts that they

will split the difference and the house will be sold for $20,000.

But now suppose that the seller mistakenly believes that the house

is worth as much as $48,000 to the buyer and, splitting the imagined
dlfference, insists upon a price of $29,000. Then it will be rational
for the buyer to accept this price (if he cannot convince the seller
that his true demand price for the house is less than the latter thinks)
rather than go without the house, as $29,000 is still less than the
$30,000, which represent the value of the house to him.

In general, if =a given bargaining party overestimates the strength

of his own bargaining position, and if this is known to the other party,
his error will tend to benefit him. Of course, if the second party
does not know about the first party's error, or does not accept it

as & genuine error but regards it as a mere bluff, then both parties
will 1lc=. because agreement will fail. On the other hand, if a

glven party underestimates the strength of his own position, he will

loge and the other party will gain a8 the outcome will shift in favour



of the second party.¥

p——

€ The fact that being in error may improve one's bargaining position
is & special case of the more general fact, recently stressed by

Thomas C. Schelling, that in bargaining any "weakness" may prove to

be a source of strength. Sece his "An Essay on Bargaining," American
Economic Review, vol. XIVI, June 1956, pp. 281-306.

L,

In the more general case the two parties will not form deter-
minate estimates on cach other's utility functions and on each
other's estimates concerning these utility functions ete. Instead,
they wlll act on the basis of a priori probability distributions they
assign to these variables.

Consider the decision problem confronting the first party. As
& matter of first approximation he can again assume that the best
terms he can get from the other party are the terms to maximizing
the product =, i.e. the terms corresponding to the Zeuthen-Nash
solution in terms of the two parties' “true" utility Ffunctions Uy
énd Ué. Of course, the first party does not know Ué and, on our
Present essumption, does not form even a unique estimate of U, .

2
Instead, he has in mind a number of alternstive hypotheses on 112,
and has an a priori probability distribution on all these alternative
bossibilities. Iet 112H be the second player's uwtility function
on hypothesis H. Then the terms tOH which maximize the product

H
To= “(Ul:UQH) vill represent the best terms that the first bargainer
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can expect to obtain from the second on hypothesis H, and

5 = Ul(tOH) will be the utility level that he can expect %o

achieve on hypothesis H. To each hypothesis H there belongs

s unique utility El' Therefore the first bargainer's a priori

probability distribution over all altermative hypotheses H will

generate & probability distribution Fl(ﬁ) for the variable ﬁi =

Ul(to), which represents the highest utility level that the first

bargainer can demand without risking a conflict, on the assumption

that the second bargainer's final terms are to. Thus we can define
Fl(ul) = Prob{al < ul}

Accordingly, as a first approximation the best policy for the first

bargainer will be to insist on such terms + = tl which maximize

his expected utility. If the highest utility level that his opponent

is prepared teo grant him is El,

t for which Ul(t) > Ei a conflict will result and he will achieve

only the utility level Ul(c). If he chooses terms t such that

then if he insists upon such terms

U, (t) < El he will achieve the utility level U,(t) = wu,,

expected utility will be

his

U Fl(u) + Ui(c) . [ Fl(u)]
and his best policy under this first-order approximation will be to

1
A similar definition can be given to the terms t2, which

represent the second hargainer's demand if he follows his first-

demand such terms © =t qwhich maximize this expression.

approximation optimal policy. t2 wiil be defined in terms of the



y priori prebabllity distridbution F, which the second bargainer

2
stteches to alternative possible values of the variable ﬂé = U,(t),
i.e. of the utility level that he can demand without bringing about

a conflict.

But 1t will be true once more that either bargainer can improve
his strategy by going over to a second-order approximation. TFor
instance, the first bargainer will do better if he maximizes his
expected utility in terms of his expectations concerning his opponent's
choice of t_, rather than in terms of the "true" Zeuthen-Nash

2
solution to. He can definc an a priori probability distribution

F (2) . - (2) .
i for the variable u, = Ul(te) on the basis of the
. priori probabilities that he attaches to various alternatiwve
hypothesesconcerning his opponent’s utility function UE as well
as the a priori probability distribution F2 used by his opponent.
The best policy for the first bargainer in second approximation will
be accordingly to insist upon such terms tl(g) which maximize his
expected utility in terms of the probability distribution Fl(e),
and so on.

Again, we obtain an infinite series of strategies for cach

bargainer, and his optimasl strategy will be the limit of this series

if such exists. DBut reasons similar to those mentioned in Section 3
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make it likely that this series will usually converge.*

* The two models of Sections 3 and 4 can be easily extended,
without the use of any noew principle, to the case where the
vergeiners do not precisely know the utilities that they would
attach themselves to various outcomes, or at least do not Know
whot utilities to attach to the conflict situation e.g.,because
they do not know each other's physical damaging power.

5.

In the case where two bargainers know each other's utility
functions (and know the strategies available to each other), the
Zeuthen-Nash theory predicts that they will always reach an
agreement -- at least if both of them follow rational policies.

The only exception is the case where the two parties have no
real interest in cooperation because the conflict situation is
preferable, at least for one of them, to any possible agreement.

But in the case where the bargainers do not know each cther's
utility functions, there is always the possibility that agreement
will fail even if both parties use their optimal strategies. This
is so because each party has 1o seclect his oplimal polilcy on the
basis of the information available t0 him, and.if on the basis of
this information he overestimates the concessions he can obtain from
his opponent, then the two parties will insist upon mntuélly in-
compatible demands, and agreement must fail.

Actually, most instances of bargnining seem to end with zgree-

ment, which seems to show that the two parties arc free at least from
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gross errors in judging each other's utility functions¥*, and probably

* More exactly, in judging their opponents' utility functions,
they do not err in the direction of overestimating the concessions
they can cbtain from their opponents.

also shows that they tend to follow feirly cautious bargaining policies,
i.e., tend to have conservative attitudes towards risk-taking, corres-
ponding to eardinal utility functions convex to above.

But it is hard to imagine that bargainers should always be
able to form exact egtimates of the limit of their opponent's
willingness to yield. Very likely, in most cases where agreement
is reached the two parties would have been ready to mske larger --
maybe much larger -- concessions than they have actually made. Or,
in other words, the two parties must have made better bargains than
they really expected.

It would be very interesting to find out empirically how the
terms actually agreed upon tend to compare with the terms anticipated
by each party before the negotiations.

6.

How do bargaining parties form their estimates (or a priori
probability distributions) concerning each other's utility functions
and other psychological variables?

Obviously they often possess a considerable amount of information --
and/or misinformation -- on each other's interests and attitudes when

they arrive at the negotiation table. But how much additional
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information can they collect by observing their opponent's behaviour
during the negotiations?

We shall argue that, if both bargainers act rationally, neither

of them will be able to obtain any information at all on the other

party's true attitudes,during the negotiations -- though they may

obtain information on facts subject to objective evidence (they may
be shown ledgers, balance shects, expert opinions ctc.) This is
so because neither party, if he acts rationally, will disclose any
information that would weaken his own bargaining position. On the
other hand, if a bargaining party tries to impart to the other party
any informetion that would strengthen his own bargeining position,
then this other party will have no reason to give any credit to this
information received (unless some objective evidence is produced in
its support) and will have every reason to regard it as a mere bluff.
This conclusion applies to the two parties' actual bargaining
moves (their offers and counter-offers) no less than it applies to
their other behaviour (their verbal statements, gestures ete.) during
the negotiations. If a given bargainer refuses to make any worthwhile
concessions during the negotiations (up to the very last move), this
glves no information on his real attitudes as it may always be a mere
bluff. On the other hand, if a bargainer makes more generous concessions
than his opponent anticipated, he does gi#e away information to his
oppronent, but this is obviously & tactical mistake on his part as he

achieves nothing else than a worsening of his own bargaining position.



7.

We may distinguish two conceiveble types of bargsining One
consists in & Beries of offers and counter-ofiers by the two parties.
This may be called "extensive" bargeining, and this is what we
normally think of when we speak of bargaining. The other type is
usually not called "bargaining” at a2ll, but for convenience we shall
lgbel it "single-move" bargaining. It could conceivably take two
forms. Either, one party makes a single offer, indicating that
this 18 his last offer, and the other party can do no more than
either take it or leave it. Or, both parties simultancously and
independently of each other make a single bid (say, in closed en-
volopes), and then the two bids are compared: if they arc conpatible,
then en ¢greement has been reached; vwhile if they are incompatible,
then ggreement has feiled. In the Tormer case we may speak of "asymmetrich
single-ngve bargaining while in the latter cease of "symmetric" single-move
bargaining.

A$ a potter of common knowledge, in the Western culture there
has be¢n a strong trend away from cxtensive bargaining and towards
single-move hargaining when ihe system of fixed prices has gradually
replaced the custom of bargnining in the usual sensc. One of the
reasong has been that extensive bargaining is a very time-consuming
procesgs. But a shift in the society's moral views concerning what
is proper behaviour in businzss affzoirs has also playced a role.

In any cose, extensive bargaining still persists in o number
of fields, one of the most important ones being collective bargaining

on the labour market. Theore is a lot of extensive bargaining also
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in politics- All these fields seem to have in common that asym-
rie single‘move bargaining is ruled out by the fact that neither

met
party is strons enough to "dictate" terms to the other. But why
do not they resort to some form of symmetric single-move bargaining?
The most obvious explanation seems to be that, before finally
committing themselves, they wish to "test out" the opponent's attitudes )

$.e. they want to gather information. Very likely, in addition,
extensive pargaining also has a sort of "ceremonial"” function.
Public opinioD tends to look with disfavour upon a bargainer whe sticks

to his first offer and makes no further concession -- it does not help if his
first offer 1S already so moderate as to include all concessions he

would be prepared to mske. Conversely, if a bargainer negotiates

not for himself alone but for a whole interest group (say, for an
cmployer or &8 employee crganization), his constituents will insist
that he should "show a fight" and should not accept his opponents’
p immediately.

first offe
£, if _We imegine fully rational bargainers (as well as a fully

Eu
rationsl public opinion), there would never be a case for extensive

2, and bargeiners would always make their "last" offer

bargainin
already at the Iirst step -- as both perties would know that they
canézot poS sibly Tind out about the other party's attitudes anything
that they aid not already knov, and as the "ceremonial" considerations

would be absent-



Of course, if a rational bargainer is confronted with an
opponent about whose rationslity he is in doubt, i.e., whom he
considers to be likely to make mistakes, it is fully rational for
him to undertake extenaive bargaining with him in an attempt to
obtain information about hig true sttitudes in case he mskes the
mistake of disclosing some information of this sort.

8.

To sum up, in the ecase of bargaining with an opponent whose
true utility function one does not know, the problem of decision
making in principle requires an infinite series of steps, involving
estimation of whal the opponent's true utility function is, estimation
of what he thinks of one's own utility function, estimation of what
he thinks one thinks oneself on his utility function ete. This is
true both in the case where the two parties think in terms of
single-valued estimates and in the case where they think in terms of
a priori probability distributions. The optimal strategy of egach
party is the limit of an infinite series of approximations if such
limit exists.

Errors in judging each other's utility functions are the main
explanation for the fact that even very intelligent bargainers may
fail to reach an agreement even if this would be very important to
both of them.

In bargaining between two fully rational bargainers neither party
will disclose any information weakening his own bargaining position ~-

and cannot successfully convey to his opponent any information that
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would strengthen his own bargaining position. (Only facts subject
to objective evidence form an exception.)

Therefore bargaining between fully rational bargainers would
always consist in one single move and counter-move; any offer made
would amount to an uitimatum.

In the real world, there is a good deal of many-move bargaining.
This may be due to the fact that the two parties expect each other
to commit tactical mistakes and disclose information to their won
disedvantage ~- or it may have a mere ceremonial funetion.

It is an interesting problem for empirical research to find out

1. how definite and how realistic two bargainers' ideas
usually are before the negotiations on the terms they can eventually
achieve;

2. whether bargainers actually expect to obtain information
on each other's sttitudes during the negotiations;

3. whether in actual fact they do receive worthwhile in-
formation during the negotiations, i.e., whether they often change
their views in bargaining on what terms they can expect to achieve,
and whether these changes in their views tend to make their views
more regalistic or the other wsy round;

4. and what differencés/gggnzi all these respacts between

experienced and inexperienced negotiators.



