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GORI3Y-GAMES ~`

- A Game Theorctic Analysis of Disarmament Campaigns

and the Defense Efficiency - Hypothesis -

Werner Guth Eric van Damme
University of Frankfurt Ccnter for Econonuc Research
FRG Tilburg University

The Nethcrlands

Abstract

A simple garne model is described which tries to capture the strategic aspects of disarmament
campaigns by Soviet Union's political Ieader Gorbatchcv. It is asswned that NATO is only
incompletely infotmed about the true intentions of such campaigns which are expressed by two
diffcrent typcs. Due to the hypothcsis of efficient defcnse the Soviet Uniai can signal its
intentions. As typical for signaling games there exists a vast multiplicity of equilibria, pooling
an signaling ones. Et~uilibrium selcction thcory is applicd to single out a uniyue solution which
is always type s~gnaltng whcnever such an cquilibrium exists at all.

' lt is a pleasure to thank Rudolf Avenheus for helpful comments.
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I. Introduction

In the following we want to describe and analyse a sequential game model which, in a stylized way,
tries to capture the essential aspects of the strategic situations caused by Soviet Unioo's politica)
leader Mihail t3orbachev. The model assumes that the North Atlantic Trraty Organi7ation
(NATO), which, for the sake of simplicity, is modelled as one player, has no imperialistic goals, but
is only interested in effective defense. Regarding the Soviet Union it is not clear whether its
motivation is mainly effective defense or expanding i ts area of influence. lyorrespondingly, we will
distinguish two types of Soviet Union, namely a peaceful (p) and an imperialistic ( i) type, see
AVENHAUS, C[IfH, and FiUBER, 1989, for a similar type distinction.

The other essential ingredients of our model are the DEH-hypothesis of efficient defense (see
JERVIS, 1973, HLJBER and HOFMANN, 1984, HIJBER, 1987, and AVENHAUS et al., 1989), and
the signaling character o[ the game. The defense efficiency hypothesis is needed to justify that a
certain disarmament of offensive weapon systems is more costly for the imperialistic type i of the
Soviet Union than for the defense oriented peaceful type p. The signaling character r~utts sina
Soviet Union is moving first so that the other player, by observing Soviet Union's first move, qn
possibly infer which type is actually present.

According lo tFx DEfI-1lypothesis of efficient defense one can efficiently satisfy secvríty needs by
restructuring armed forces from ofiensive to defensive ones. Such a drastic restructuring will
seriously limit the possibilities to attack foreign countries without endangering oné s own security.
Our interpretation of types implicitly aasumas that disarmament proposals mainly concern military
forces needed for offensive operations and that disarmament will induoe a restructuring of armed
forces from offensive to defcnsive ones.

Disarmament proposals for defense oriented weapon systems oould be turned down both by an
imperialistic and by a defen.se oriented type of country. By such proposals a rnuntry might want to
signal security needs in the sense that it would weloome a balanced reduction of defensive forces.
flere we do not want to consider such a sítuation but rely on diSarmament proposals ooncerning
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weapon systems for oliensive military operations. So what a country qn signal is whether it wants
to preserve its capability for major offensive operations or whether it is willing to sacrifice its own
possibilities to attack forcign countries by restructuring armed foroes from offensive to defensive
oncs.

A game theoretic analysis of such a move nn give us some hints under which conditions
disarmameot proposals concerning offeosive weapons will signal a purely defense oriented military
policy. As typical for signaling games a definite answer will reyuire more refined game theoretic
solution concepts since the rrwdel has many equilibrium points. Whereas the so-called pooling
equilibria deny that disarmartxnt proposals signa! peaceful intentions, the so~alled separating
equilibria prescribe different choices for the imperialistic and the peaceful type of the Soviet Union.
From a political point of view one may oonsider the multiplicity of equilibria as an advantage since
they allow us to justify a broad spedrum of political views. But for game theory these games are
ccrtainly a challenge to develop ooocepts which provide more definile answers. It will turn out that
this requires strict restrictions for belief [ormation.

The main shortcoming of our model, exoept for its rather stylized form, is the fact that NATO is
madellcd as a uniyue player. By this we necessarily have to ezclude all intentions to destabiliu
NATO by disarmameot propasals which are naturally welcomcd by some NATO-member
cottntries, e.g. the European NATO-members and rather unattractive to others, for instance, for
the United States of America ( USA). 11ere we have neglected such aspects since they seem to be
less [elated to the defeose efficiency hypothesis. A more completc analysis of Gorbachev's
disarmament campaigns will, of course, have to take into account that these campaigns might cause
serious contlicts between different NATO-member countries and thereby endanger NATO's
political influenee.

II. Thc gamc malcl

Sinoe the NATO~layer N is only incomplelely injornied about whether the Soviet Union G is of
type Gi or Gp, the game starts with an initial fictitious chance move re(lecting N's information
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deficit about G's true type. The probability for the peaoeful type Gp of G is w with 0 ~ w ~ 1,
whereas ihe imperialistic type Gi d G is cxpected with the eomplementary probability 1-w. The
probability parameter w reflects N's prior txliefs concerning the true type of G whcre N's prior
belic(s are assumed to be eommon knowledge.

Knowing its type t E{i, p} the selected type Gt of G can then choose its disarmament proposal dt

with

O~dt~D

where D ( ~ 0) is the greatest arms reduction level which even a peaceful eountry will not wafi to

exceed. The meaning of dt is that the Soviet Union is willing to accept any disarmament agreement

which will not abolish more weapons than dt. Thus G's disarmament proposal d can be seen as

offering a whole range d disarmament agreements. If this range i s large and the agrced upon

disarmament relatively small, the NATO~layer N is responsible for staying below the initial

proposal.

Thc NATO-player N olxrves the proposal d t: (O,D] but does not know the type Gt of G which has
made the proposat. Knowing d, player N can choose any dicarmament level I io the range

O~l~d.

After player N's move I the game ends (in ra.ae of dt - 0 it actually ends already before since N has

no decision to take).

Uefi ne

~0 i(I -0
á-

1 it I ~ 0;

in case d D- 1 we speak of a disarmament agreement; in case of ó- 0 no arms reduction has been
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arranged. The payoff of N is determined by

UN -

where c(~ 0) measures the xcurity loss of a disarmament agreemcnt with the imperialistic type of
G. If the payoK function for t s p is linear ooe rro write it in the form givea above by
appropriately choosing the unit of ineasuring disarmament. Thus the maio assumptions underlying
the definition of UN are the linearity of UN ia 1 and the natural condition that disarmament
contracts with Gp are desirable and thase with Gi are not.

The payoH function Ut for the types t E{i, p} of G are given by

Ut -6-ctlwithcp~0~c~itD.

flere 6 3 1 is the positive publicity effect of having initiated a disarmament campaign which has
reduced armament on both sides. The xcond term ctl is the security loss implicd by an arms
reductioo in the order of I. The esscntial assumptions are again the linearity in the disarmameot
level I as well as the intuitive oonditioo that, due to the eKiciency hypothesis for defenx, only the
peaceful type dou not suffer from disarmament. Conditioo c~l ~ D is impoxd in order to allow that
the peaceful type Gp of G can signal its peaceful intentions. In case of c~l ~ D one would have
1-ci d~ 0 for all d, i.e. the imperialistic type will always mimic the peaceful one. This case will
be discussed in Section V below.

For the two types t of G a strategy is simply the choicx oj a disarmament proposal dt with 0~ dt ~
D. A strategy of N is a fuoctioa

I( ~ ) : [O,D] -. [0, D]
d [-.I(d)

which assigns a disarmament level I(d) with 0 t I(d) ~ d to every proposal d E[O,D].
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III. Multiplicity of equilibria

In the follawing we want to illustrate the multiplicity of equilibria for the game I' described in

Section 11 which is a typical phenomenoo in signaling games (see, for instanae, GIITH and VAN

DAMME, 19g9). In a signaling garne there are plsyers who are informed about oertain aspeMS of

the rules of the games whereas other players have only prior probabilistic beliefs mnctrning these

aspeds. Furthermore, the informed players have to decide txfore the uninformed players who,

therefore, might deduce from the actions of the inforrned players what ihe informed players know.

Sina the Soviet Union player G(respectively, its politiral leader Gorbachev) is assumed to decide

before the NATO~layer N is going to move, G might reveal his type by his opening move d. Thus

Gorby's NATO-game allows the Soviet Union to signal by its proposal whether its intentions are

peaceful or imperialistic.

A strategy vector s~ -(s~,...,sn) of an n-person game with strategy sets Sj for j- 1,..,n is an

~quilibrium point if for j- 1,...,n player j's strategy is a best reply to s~, i.t. if

. . . . .
Uj(s ) ? Uj(sl,...,sj-~,sj~sj tl.....sn)

for all strategies sj of player j. Uj(s) is the payoff of playcr j for the play implied by the strategy

veclor s.

For the example at hand one has n- 3 and

St -[O,DJ for t E{i, p}

whercas SN is the sct of all functions

I(.): [O.UJ --~ ~O,DJ
d[--~ I(d) with 0~ 1(d) ~ d.

A pure strategy vector is denoted by s-(di,dp,l(. )) , i.e. by listing the opening moves dt of the two
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possible types t of G as well as player N's decisioo function 1(. ) describing tww he is going to react
to all possible proposals d by player G.

. . . .The first class of oquilibria s-(di,d ,I (-)), which we consider, are the so~alled pooling orP
norr-typc revenling oquilibria accordiog to which ooe has

di -dP-d,

i.e. both types t E{i, p} of player G propose the same disarmament level d so that d does not
reveal the type of G. To suppon such a behavior the decision function 1~(. ) ~an be defined as

I'(d) - d if d- d
o if à ~ d.

The strategy vector s~ -(d,d,l~(. )) is an equilibrium point if for d ~ 0 the fullowing conditions are
satisfied:

1- cid ~ 0 or d ~ c~ 1

and

w-(lw)c ~ 0 or c ~~.

The Crst ooodition makes sure that type Gi of G does not want to make a proposal di whose
acceptaoce is unprofitable for him. The second conditioo guarantees that it is optimal for player N
to acapt the proposal d.

Of course, the choice behavior I~(d) for á~ d is intuitively rather unreasonable sina disarmament
proposals d with d ~ c~l are to be expeaul only by Gp and should therefore be accepted. But this
is aot ruled oul since in equilibrium player N never encounters disarmament proposals d with d~ d.
All proposals d~ d aro 0-probability events so that player N is free to form arbitrary belicfs since
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Qnyea-rulc (BAYES, 1763) rannot be used to assign oonditional probabilitia for facing Gi and Gp,

respectively. This arbitraryness of beliefs is somewhat ret)ccted by the way in which N reads to

proposals d~ d. If we, for instanoe, assume I(ti) II 0 for all à f d, this indirates that N, after

observing d, expecis Ci with very high probability. If N believes that d(~ d) will not be used by

both typcs of G, his strategic expectations have no (mplications at all for his posterior beliefs since

they exclude the choice of d. In other words: N is not all restricted in his posterior beliefs by his

strategic expectations.

Proposition 1:

For c c~ all disarmament proposals di z dp z d with 0 c d c c~l and decision

functions I~(.) with

t'(à) - d if à- d
Oifà~d

define pooling equilibria of Gorby's NATO~ame I'. o

Note that Proposition 1 desaibes not all pooling equilibria sinee also d a 0 can be an outcome of a

pooling equilibrium. According to Proposition 1 there exists a vast multiplicity of pooling equilibria

which all imply a non~evealing opening move by player G and a reduction of armed forces. Of'

course, s-(0,0,1(. )- 0) is also an equilibrium point but one in dominated stratcgics since for Gp it

is never worse and sometimes better to use dp ~ 0 instead of dp - 0. Similarly, s-(c~~,c~~,Í(.))

with

á ir à- ci 1
í(à) -

o if à { c~l

is an equilibrium point in dominated strategies since any proposal di with di c c~l is never worse

and sometimes bctter than di ~ c~~.
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If c is grcater than w~(l~v), the same proposal di 3 dP - d by both Gorby-types would have to
be rejected io equilibrium, i.e. this type of pooling behavior leads to no disarmament agreemeot
(1~(d) - 0). Thus, in case of c ~ w~(l~v), we have pooling equilibria, e.g. s~ -(di,dp,l~(.)) with
di z dp - d and I~(-) - 0, which yield no disarmameot agreement.

. . . . . .Type revealing or separating equilibria are given by s 3(di,dp,l (. )) with di ~ c~l, dp ~ c~l, and

I~(d) L~ d for d z dP
0 ot herw i se .

Obviously, no player cao gain by unilaterally deviating from s~. For Gi it dces not pay to mimic
Gp since 1- ci dp ~ 0 due to dp i c~l. For the others there is simply no better choice givcn the
behavior of all other players as described by s~.

Proposition 2

All strategy vectors s~ z(di,dP,l~(.)) with d~ ~ c~l, dP ~ c~l, and

I'(d) - f d for d- dP

are type separating equilibria of Gorby's NATt}-game (. o

It should be meotioned that Proposition 2 does not dcsaibe all type separatiug equilibria. Sincc G's
proposal is rejected aayhow, di could be chosen also in the range di i cil although such strategies
are dominated.

According to Propositioat 1 and 2 the equilibrium concept alone is not sufficicot to rule out
unreasonable beliefs o[ player N and thereby equilibria relying oo them. Nearly oothing can be said
about the solution by just requiring the equilibrium property. In the following we will therefore
apply equilibrium selectiou thtory (see IiARSANYI and SELTEN, 19li8, as well as GUTfi and
KALKOFEN, 1989) in order to derive unambiguous predictions about the rational decisioo

0 otherwíse



224

behavior in Gorby's NATO-game I'.

In our view, political reactions to the disarmament campaigns, initiated by Soviet Union's political
leader Mihail Gorbachev, rellect the two kinds of equilibrium points. Anti~ommunistic hardliners
often argue that up to the most receot past all the changes in the Soviet Union are just a matter of
publicity, political illusions or interpretations and that it has not yet been proved that the Soviet
Union has given up its imperialistic intentions. They are obviously justified in asking: What proves
that a still imperialistic Soviet Union is not trying to mimic a truly peaoe loving one in order to
strengthen the political influence of groups and pariies in NATO-momber eountries which want to
reduce NATO's military forees or are aven arguing that NATO in its present form has become
obsolete7 Their political eonclusion that NATO should not acoept any disarmament proposal is
obviously supported by the poolíng equilibria for c ~ w~(1-w) which do not imply an effective
disarmament agreement.

On the other hand many reactions, even by leading politicians clearly reveal tho signaling

eyuilibrium interpretation of Gorbachev's disarmament campaigns. Acoording to this point of view,

no truly imperalistic country could be interested in such dra,atic balanced reductions of military

forces. So these proposals undoubtedly reveal that at least now the Soviet Union has no desire to

expand its area of inlluence by military means.

Our results show that both these viewpoints are supported by appropriate equilibrium outcomes.
Thus by relying on the equilibrium ooncept alone nothing much can be said whether one point of
view is morc justificd than the other. In the following we therefore explore whether more refined

game theoretic solution ooncepts can hclp us to decide whether the signaling interpretatioo of

Gorbachev's disarmament is more reasonable than the pooling interpretation of anti-communistic

hardliners and which specific equilibrium of the chosen type is selected as the solution.

IV. Eqtvlibrium sclection

The main step in restricting the multiplicity of equilibria in signaling games is to avoid the

arbitrary formation of beliefs in unreached information sets. Equilibrium selection theory (see the
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pionxring approach by kiARSANYI and SELTEN, 19t38) avoids this by analysing the c~rniformly
perturbcd games I'c of Gorby's NATO-game I'. Assume first of all that there exists a smallest
positive unit g for measuring military strength ( e.g. one tank, or one missile etc.) and that all
disarmament proposals and agretments have to be integer multiples of g. ln an c-uniformly
perturbed game I~ all proposals dt and all possible acceplancx decisions I(d) for any given d have to
be chosen with the positive minimum probability e which has to be sufficiently small such that
players still have some freedom to choose their moves. Thus in an c~tniformly perturbed game I'c
all information sets are reached with positive probability so that Bayes~ule can always be applied
to derive posterior beliefs.

Assume that one can solve uniquely all c~tniformly perturbed games f~ of Gorby's NATO-game
C. The solution for Iis thea simply the limit of the solutions of I~ for c y 0 provided that the limit
cxists. In the following we will 6rst analyse the c~niformly perturbed games I'c of I and detcrminc
their solutioos. Knowing the solution of 1'c the limit solution for fwill then be obvious. Since
pooling equilibria do not exist for c~~, we will distinguish the cases c ~~ and c ~~.
The highly special case c-~ is of no political relevance and will therefore be neglected. For
given a priori~eliefs about G as ducribal by w NATO is not intercsted in disarmament if c~
~ whercas it would be willing to engage io disarmament if c ~~.

a) The case c ~ ~

This is the case where, according to its initial bcliefs, NATO does not want to disarm Consickr
now an c-uniformly perturbed game f~ of Gorby's NATO-game [with positive e. Assume that d
is chosen with minimum probability c by both types Gi and Gp of player G. The expected payoff of
N for I(d) ~ 0, given his observation of d, is then

w c I(d) - ( lw)ccl(d) - (w~l-av)c)I(d)wc f -w c

which is ncgative for c ~~. Thus, in case of c~~, player N will rcact to any such propos;tl d
with I(d) - 0 where this, of course, means that I(d) - 0 is chosen with maximal probability. If Gp
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(Gi) chooses d with (more than) minimum probability, clearly N also does not engage into a

disarmament agreement. This proves

Proposition 3:

If c~~, then in every r-uniformly perturbed game f~ of Gorby's NATO~ame I'

player N will re.apond by I(d) - 0 if Gp chooses d with minimum probability c. o

lf c is small, Gi will choose d with d i c~l with minimal probability, in equilibrium. If Gp uses such

a proposal d with more than minimal probability, it will therefore be aoeepted. Thus, in

equilibrium, Gp will choose d with d c c~l with minimal probability.

Assume now that I(d) a 0 is choun with maximal probability for all d c c~l, i.e. all agreements

I(d) - d with 0 c d~ d are realiud with the same minimum probability c. Type G~s payofT

expectation for d c c:l is therefore c E( l~.l). ln such a situation it is clearly optimal for G. to
~ Odcd ~ ~

make the largest disarmament propocal

di - max[mg : mg c c~l, m E N)

which does not excced his critipl level c~l beyond which he is not interested in disarmament

agreements. The reason for this is that in an c-uniformly perturbed game type Gi will want to

allow player N to make as many mistakes as possible if d c c~l.

Proposition 4:

If c(~ 0) is small an cquilibrium of an c-tmiformly perturbed game [~ of Gorby's

NATO-game f' requires that type Gi will choose di with maximal probability and that

player N responds to all d c c~l by choosing I(d) - 0 with maximal probability. o

It is interesting to note that according to Proposition 4 even the imperialistic Gorby-type will

propose an atsential level of disarmament in order to enjoy its publicity effect if NATO aceepts his

proposal by mistake. This scems to support the political view of anticommunistic hardliners,

descritxd above, which assumes Ihat also an imperialistic type will propose an essential

disarmament level.
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According to Propositions 3 and 4 all type separating equilibria in c-~niformly perturbed games fi

have to be of the form

a (d if d -dp
s-(di,dp,l(.)) with dp ? c~l, I(d) 1

0 otherwise

where this, of eourse, only means that lhe respedive moves are chosen with maximal probability.

We say that an equilibrium point of [is aniJor~nfy pcrJcct if thcre exists a scqucnce {I'k)kEN of

e-uniformly pcrturbed games I'~ of I' wilh t'k ~ t for k -~ m and with the propcrty that one can find

equilibria of the games I'k which converge to s for k-. m.

Proposition 5:

For c~~ only the type separatiog equilibria

s z (di.dp.l( ~ ))

- (dif d ~dp
with dp ? c~l and I(d) {l

0 otherwise

of [are uniformly pcrfect.

Proof: Assume an i-irniformly perturbed game f~ of [. From Proposition 4 it follows

that Gi should use di ~ di with maximal probability if N bchaves acoording to

1(.), described in lhe Proposition above, wilh maximal probability. Given c~

~ and that all d} dp are choseo with c~robability by Gp player N should,

according to Proposition 3, behave aceording to 1(.) with maxima! probability. If

d~ dp is the only voluntarily by N accepted disarmament proposal, type Gp will

clearly waat to make this proposal with tnaxirnal probability for e su8ïciently

small. Thus io every e~niformly perturbed game 1'r with r sufficiently small it is
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an equilibrium point to choose the moves descriFxd by the strategy vector s d

Proposition 5 with maximal probability. Such a behavior obviously oonverges to s

for r ~ 0. o

Comparing Proposition 5 with Proposition 2 shows that Gorby's NATO-game [has oonsiderably

more type separating equilibria than uniformly perfed type separating equilibria. Especially the

arbitrary choice d di in the range di ~ c~l has been eliminated by requiring uniform perfectness.

Uniform perfectness causes type Gi to make always the largest disarmament proposal which is still

acceptable to him and of which he can be confident that it will be rejected..

In order to determine a uniyue solution for the games I' with c ~~, we have to select uniquely

one type separating equilibrium point as the solution for every r-uniformly perturbed game I~ of I.

Let

(d if d -dp
s-(di,dp,l(.)) with dp ~ c~l,l(d) -

Il- 0 otherwise

and

's -(di,dp,l(.)) with dp ~ c~l ~(d) d if d- dp
- - 0 otherwise

be two difïerent type separating equilibria d Cr where this, of oourse, means that the respective

moves are chosen with maximal probability. In the restricted ganx for the comparison of s and s

the only adive players are those who choose di(ferent strategies in s and s. Thus type Gi is no

active player in the restricted game for the comparison of s and "s and will therefore not matter

when deciding whether s or "s will be selected if s and 's would be the only solution candidates. Now

it is clear that Gp as well as player N both prefer s to s whenever dp ~ ap sinoe both payoffs

incrrase linearly in the disarmament level I of an agreement between Gp and N. In the terminology

of equitibrium selection theory (FIAFtSANYI and SELTEN, 19ti8) this can be expressed by saying

that the equilibrium point s with the larger disarmament level dp payoff dominates the equilibrium

point 's in the restrided game for the oomparison of s and 's. A.c a consequenae we can oonclude
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Propositioo 6:

For c ~~ the solution of Gorby's NATO-game I' is thc type separating uniformly

perfcct equilibrium point 3 -(di,D,l(. )) with

( d for d - D
I(d) - 1 0 otherw i se.

Proot: For e sufficicntly small the equilibrium point of I'c according to which all playcrs

choose the moves, prucribed by 3, with maximal probability will payoff dominate

all other uniformly pcrfect equilibria. Relying oo s with maximal probability is

therefore the solution of I' . oc

b) The case c ~ wT--w

This is the ca.se where, acoording to its initial beliefs, NATO is willing to accept disarmament

proposals. Consider an c~niformly perturbed game f~ of Gorby's NATO-game I' with c ~~. If

d~ 0 is chosen by Gp with at least the same positive probability as by Gi, player N's payoff

expectation is at least

(w-(1-w)c)I(d)

which for I(d) ~ 0 is positive because of c ~~. Since Gi will use all di with di ? c~l with

minimum probability c, this implies that

I(d) - d for all c~l ~ d c D.

But given this behavior of player N in all c~niformly perturbed gamcs I'c, it follows that Gp will

choose dp - D with maximal probability.

Propositioa 7:
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For c c~ and every c~niformly perturfied game t'c of fit is necessary that for c~l t
d~ D player N choosas I(d) ~ d with maximal probability and that type Gp uses dp - D
with maximal prnhability. o

According to Proposition 7 there is no analogue ot the pooling equilibria descritxd in Proposition 1.

In an r~niformly perturhed game player N will always accept disarmament proposals d with d ~

c~l since he knrnvs that Gi will not voluntarily make such propcxals. Thus he is sure that meeting

Gi is not more likely than metting Gp and that I(d) ~ d maximius his payoff expectation given his

observation d i cil.

Proposition 7 descritxs the ~sential political results for the ca.ce c c~, namely that any

uniformly perfect equilibrium of f will require 1(d) ~ d for all d ~ c~l and dp z D together with di
c cil, i.e. player N ran deduce from the observation d whether he faces type Gi or type Gp of
player G. What we do not know yet is how player N will react to propocals d c c~l and which
propeMals di type Gi will choose in the range di c c~l.

Observe first of all that Gi cannot choose di with 0 c di c cil with minimum probability c in an

c~tniformly perturbed game [~ of I' when c beoomes small. This would imply that both types use

this proposal with the same probability and that player N must accept it with maaimal probability.

In the limit c~ 0 such a behavior would imply a positive mntraM probability for N and Gi in spite
o[ dp s D which clearly would not be optimal in fc with c sutfïciently small nor in the game C
itself.

Thus we know that all 0 ~ di c c~l must be chosen with probability greater than c by type Gi of

player G. But in order to use all 0 c di c cil with more than minimum probability c all these
diaarmament proposals di must yield the same payoff expectation tor type Gi. L.et q~(. ~d) denote

the mixed local stratetgy of player N describing his behavior after having observed Ihe

disarmament proposal d. The eondition that all disarmament proposals di with 0 c di c c~~ yield

the same payoff expectation for Gi can be described as follows:

~ qN(IId)(I-cil) ~ E qN(lId)(1-cil)
Oclcd Ocl~d
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for aU 0 ~ d, d ~ c~`. Since N has to avoid a disarmamenl oontract with Gi, one, furthermore, must

have

qN(O~d) --~ 1 for c-. 0.

Now the ooodition qN(I~d) ~ c for I ~ 0 and 1~ 0 requires that

wc -(1-w) c q~(d) ~ 0 for 0 ~ d ~ c~l

where q~(-) denotes the mixod strategy of Gi in the c~niformly perturbeJ gamc I~ of f, i.e. player

Gi has to choose a mized strategy which makes N indifferent between the choices I~ 0 and 1- 0.

Thus we have

q~(d) -~~~ c for all 0 ~ d ~ c~l

where the right hand~ide is greater than e due to c ~ ~. Our results are summarizul by

Propositiou g:

For c ~~ a uniformly perfect equilibrium point s -(qi,dp,l(-)) of [' ~quires that

(i) qi(d) - qi(d) ~ 0 for al I 0 ~ d, d ~ c~ ~ and

qi(d) L 0 for d~ 0 a nd d? c~ 1

(ii) dp - D

d for d ? c~l
(iii) I(d) 3

0 for d ~ c~ 1.
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Proof: Since di - 0 and di ~ c~l exclude a pcxitive payoff expectation of Gi, ihese

disarmanxnt propcnals are realiud with minimal probability in every

r~niformly perturbed game fr of t'. Thus qi(.) must be the uniform discrete

distribution on 0 ~ d ~ c~l because q~(. ) is uniform, too. The results (ii) and (iii)

are obvious implicationt of Proposition 7 and the equilibrium property of s. o

Acrnrding to Proposition R the snlution play for c ~ w~(l~v) i s the txst signaling oquilibrium

result in view of Gp and the NATO~layer N. If NATO metls Gp, the largest possible

disarmament is arranged as it seems to happen in the present political situation. Proposals d, which

Gi chooses with positive probability, are, however, invariantly rejected.

Assume that mnditions c ~ w~(1-w) and D ~ c~l are in line with actual oost eonditions and that

our model pptures the essential strategic atpecis of the present political situation. I( we compare

the solution, namely the b~t signaling equilibrium, and the impressive progress in actual

disarmament negotiations, we derive the very optimistic mnclusion that the Soviet Union must be

of the peaceful type. According to our model this means that both allianoes are mainly interested in

effective deknse and not in pracerving their potential for major ofiensive operations. Here one, of

course, should keep in mind lhat for NATO this has been aimply assumed wherea.a for the Soviet

Union this conclusion results from wmparing the solution according to Proposition S with the

present political situation.

V. Non~ignaling games

Up to now it has been assumed that the largest possible disarmament proposal D is not smaller

than the critical level c~f for disarmament proposals. Since only in the range d ~ cil the

imperialistic Gorby will not want to mimic the peaceful Gorby, the assumption D ~ c~l is

absolutely necessary for signaling behavior to be in equilibrium.

Although one exclud~s type signaling behavior, it might be politically important to oonsider also

the class of games I' where
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OcDtc~l.

In these games signaliog equilibria are ezcluded sinoe it always pays for Gi to mimic the behavior of

Gp and to hide thereby its imperialistic intentioas. Evuy pure oquilibrium point s s (di,dp,l(.))

implies therefore di s dp if the NATO-player N is witliag to acoept any disarmanunt proposal in

equilibrium, i.a if c c~. Whereas for c~~ no disarmament agreement is achieved in

oquilibrium, the rrse c c~ provida a multiplicity of pooling oquilibria with

Ocdi adp~d~D

and

-~d ford ad
l(d)

0 otherw i se.

To detumine the uniformly perfxt cyuilibrium behavior one has to ezplore agaia the c-uniformly

perturbcd games Cr of C with 0 c D c c~l. In case of c~~ both types of G wiU use d- D with

mazimal probability in order to allow playu N the most passible mistaku. Player N, in turn, will

react to all disarmameat propasals d by choosing I(d) ~ 0 with mazimal probability.

Propnsitioo 4

In case of c ~~ and 0 c D c c~l the only uniformly perfect eyuilibrium point s-

(di,dp,l(. )) of Gorby's NATO-game 1' is given by

di-dp-D

and

1(d) - 0 for all 0 c d~ D. o



234

For the remaining case c ~~ together with 0 ~ D ~ c~l the situation is more aomplicated. To
make N inditferent between all moves 0 c I c d for d~ d it is required that

9 ~ (d) a,- (r--)- ~ 1qP(d) --w c

which implies

q~(d) ~ c.

Thus qN(. ~d) must be such that

E 9N(IId)(1-til) - E qN(l~d)(l~il)
O~I~d O~I~d

for all d ~ 0 and d~ d wherc qN(i~d) ~ e for all 0 ~ I ~ d since Gp chooses d with at least the same
probability as Gi.

Thus the equilibrium hehavior qc -(q~( ),qP( ),qN(. ~.)) in I'c for the case c ~~ and 0 ~ D ~
c~l can be described as follows: Type Gi of G will chaose voluntarily all non~ntended disarmament
proposals d(~ d) with 0 ~ d as to make the NATO-~layer N, after observing d, indifferent between
all his moves I(d) with 0 t I(d) ~ d. The NATO~layer N, in turn, has to choose an appropriate
local strategy qN(. ~d) as to make the voluntary choict d d by type Gi of the Soviet Union player
G equally profitable as the choice of d. In the limit c~ 0 both probabilities q~(d) and qP(d) for d ~
0 and d~ d converge to 0 sinee qP(d) ~ e and q~(d) s~~~ c for all d ~ 0, d~ d. For the limit

qN(. ~d) for d~ 0 and d~ d of the iocai strategies qN(. ~d) one must have

O~Icd qN(I~d)(1-cil) - l~id for all d~ 0, d} d,

and
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qN(l~a) ~ j 1 for I a a
l 0 ot herw i se.

The spr~cation of qN( ~d) for d~ 0. d~ a , has, of oourse, to satisfy that

E qN(1 ~ dx 1-cP) ~ 1-cpd.
O~I~d

i.e. type Gp should uot be seduaed to make other proposals than d. It is easy to sa that this

condition caa be irnplied by the uppcr oondition if the probabilities qN(I~d) for I ~ d are

sufficiently high.

This indicates that qN(. ~d) for d~ Q d~ d, has to put most of the weight on disarrr~arr~ent levels 1

with I ~ d. On the one hand such proposals ate more profitable for Gi who has to be oompensateci

for the lower probability of achieving a eontract when choosing d~ d; on the other hand agreements

I ~ d are less profitable for Gp so that Gp is not secfuced to deviate from his equilibrium proposal

dp-d.

Proposition 1Q

In csue of c ~ T~, and 0 t D ~ c~l all uniformly perfect eyuilibrium points q-

(di,dp,qN( . ~.)) are of the following form:

di-dp-d withO~d~D

f f ror I- d
0 ot hcrw i se9N(Ild) - l
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andforalld ~O,d~d:

O~I~dqN(I~d)(I~il) - 1-cid

O~I~dqN(I~d)(1-cpl)cl-cpd. o

As illustrated above the mixed local strategies are typiplly of the form that most of the weight has

to be on aecepting propnsals 1 ~ d in order to make Gi indifferent between di - d and di - d for d

~ 0, d~ d, and in ordcr to preserve GPs incentive for choosing dp - d with maximal probability.

VI. Political implication9

In the game with complete information also NATO is informed about Gorby's trve type i.e., when

deciding how to react to a proposal d(~ 0), NATO would know whether this proposal is made by

Gi or Gp. As a consequence the two strategic situations starting with G~ s or GP s proposal are

subgames i.e., informationally dosed strategic substructures of the overall game situation.

In the game with eomplete information NATO will definitely react to all proposals d~ 0 of GP by

I(d) - d whercas proposals d ~ 0 by Gi will be rejeded i.e., by choosing I(d) s 0. Thus every

subgame perfect equilibrium (SELTEN, 1975) will require Gp to make the largest possible proposal

D and NATO to accept this propoeal D of Gp and to refuse any propo.aal d ~ 0 by the imperialistic

Gorby-~ype Gi. Since all proposals d~ 0 of Gi are rejeded, subgame perfectness alone does not

uniquely specify the choice of Gi. But as for the case c ~~ uniform perfectness will require Gi to

choase the largest proposal di in the range d ~ c~t.

Thus in rase of complete information lhe politiml impli~ations are straightforward. tf there is any

essential disarmament agreement then it must be common knowledge that the Soviet Union is
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mainly interested in effective defense and has no offensive military intentions. Furthcrmore

disarmament will go as far as truly peaccful political leaders can justify.

In the game with incomplete information NATO's problem is that a different treatment of Gi and

Gp cannot be directly enforced but only via the different incentives of Gi and GP It has been

shown above that NATO's initial beliefs detcrmine the essential case distinction c~~ and c ~

~. In rase of c ~~ NATO is not willing to engage in disarmament giveo its a priori~eliefs as

expressed by the probability parameter w. For c ~~ disarmamcnt is acceptable for NATO

according to its initial beliefs even thougó ít cannot exclude to enoounter the imperialistic type of

lhC SOVICt UOÍOn.

Proposition 6 and 8 describe the solution of Gurby's NATO~ame 1' for both crscs, c~~ as well

as c ~~. Irrespective whcther the parameter c is smaller or greater than thc critical level ~

the peaceful type Gp of the Soviet Union G is always able to signal its pwccful intentions by

proposiog the maximal possible disarmameot level d~ D. For thc other players the solution

behavior difTers for c~~ and c ~~. Whereas fur c ~~ tlx imperialistic type Gi of thC

Soviet Uoion G chooses the maximal disarmament proposal di with di ~ c~ 1 and the NATO-player

N refuses all proposals d ~ D, type Gi of G realizes all propusals 0 ~ di ~ c~l with the same

positive probability and N refusu only those pruposals d with 0 ~ d ~ c~f whenever c ~~.

To derive these results one has to apply, furthermore, differcnt solution ideas. Whereas for c ~~

the~e exists a uniyue uoiformly perfect eyuilibrium point, one has gencrally many unifurmly perfect

type separating eyuilibria in c.~ue af c ~~ as shown by Propusition S. To derive unambitluous

political results for the lattcr rase we essentially have added the reyuirement that, if all playerc,

using different strategies in two uniformly perfect equilibria, prefer one over the other, the more

prcferred equilibrium point will be chosen. Thus our solution of the case c~~ relies un some

trust in social ratiomlity which uoderlics the notion of payoff dominance.

More generally, the politic~al results depend crucially on whcthcr D is smaller or grcater than c~l as

illustrated by the following table:
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~i
M

C ~ ~ f. ( ~

t
aany unifon ly pcrfect only d -D-signalinRD~c~ si naling ~quilibria;
so~ution:d -D-qiRnalinR

p
ia nnifor~ly p~rf~ctp

only di-dp-D and all pooling cquilihria
Dtc~ 1(d)-0 for all d d.-d -d~0 and~ 1[or d-d~is unifor~nly perfect qN(d d)-{~1 {or dfdare unifor~ly perfect

Table 1: The influenot of disarmament cost parameters c(NATO) and ci ( imperialistic
type of Soviet Union) on politiql results.

To derive a unique snlution for c ~~ and 0 ~ D ~ cil one again has to explore the c~rniformly
perturbed games Tr of Gorby's NATO~ame I' with D ~ cil. Obviously, payoff dominanoe will not
suffice to select a solution sinoe Gi is interested in a small disarmament level a, whereas Gp prefers
a larger one. One would have to employ further selection aiteria in order to derive unambiguous
political results for the games T with D ~ cil. Flere we do not engage into a more detailed
discussion of the case D ~ cil sinoe the main political re,aults for this case are already given by
Table 1 and since such a discussion would require new lechniques (set FfARSANYI and SELTEN,
1988, and GCfTIf and KALKOFEN, 1989, as well as GCITH and VAN DAMME, 1989, for an
appliqtion).

Another rea.aon not to engage into a more thorough investigation of the case D ~ cil is that we
presently observe disarmament propotals by player G which seem to resemble the dp e D-signaling
policy, i.e. we apparently faa the pesoeful type Gp d G who reveaLs his type by making - up to
now - unimaginable disarmament proposals. To eonclude from this that the present state d lhe
world resembles the case D~ c~l requirat, d eourse, a oomparison d these disarmament praposals
and the oost level c~l ot the imperialistic type Gi d the Soviet Union player G. It is here wherc a
quantitative version of the defense efticiency hypothesis would be needed. Such a quantitative form
of the defense efficiency hypothesis eould be expressed by dcfining the critical disarmament level d
~ cil which make.a Gi indifferent between the status quo on the one hand and the political
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superiority after a successful disarmament campaiga oa the other haod, i.e. we are askiag: How

much disarmament d will offset Gi's politiral wperiority due to a successful disarmament proposal7

The defease efficieocy hypothesis states mainly that cp ~ U ~ ci, i.e. oaly the imperialistic tYpe

suffers from disarmament. A peaceful type would not miad lo decrease those military foroes which

are mainly desigaed foc offensive military operations and to substitute them by more defease

oriented weapon systems if oecessary. As our aaalysis has shown the parameter cp has ao stratcgic

influena at all in the range ep t 0. Thus all what matters is lhat a peaaful Gorby gains from

disarmameat; the siu of óis gaitu does aot intlueace the solution behavior. Compared to this the

cost parameter c of tbe NATO~layer N is decisive for whether uaiformly perfect pooling cquilibria

ran exist at all. All what is needed to know ís whether the parametu c is greater or smaller thaa

thc relative probability ~ of the peaceful type Gp of the Soviet Uaion ptayer G. The pulitical

questioo by which oae ran rephrase this conditioo is: Given its a priori-beliefs concerning lhe true

military inteotioos of the Suviet Union, is NATO nevertheless strongly interested in essential

reductions of offeasive wrapoa systems? If this yuestioo is answered ia the affirrnative, this

iadicates that the preseotly prevailing state of the world resembles the r~e c ~~. For c~~

the risk, involved in engagiog into disarmameat although G rna be of the imperialistic type, is

obviously masidered as more prohibitive for disarmameat policy.

Refcrenccs

AVENNAUS, R., GU'TH, W. aad R.K. NUBER, 1989: Implir.ations of the Defense
Efficiency Hypothesis for the Choice of Military Forae Structures, Part l: Games
with and without Complete Information about thc Antagonist's Intentions,
Part II: A Sequential Game Including the Passibility of Restructuring Forces, in:
Game Equilibrium Models (R. SELTEN, Ed.), Springer-Verlag, to appear.

BAYES, T., 1763: An Essay Towards Solving a Problem in the Doctrine of Chances.
Philosophical Traasactions 53, The Royal Society of London, 376-398.

GIITt~ W. and B. KAI.KOFEN, 1989: Uniyue Solutions tor Strategic
Games~quilibrium Selection Based on Resistanoe Avoidance. Leaure Notcs in
Economtcs and Mathematical Systems 328. Springer-Vcrlag, Heidelberg.

GUI'k~ W. aad E. VAN DAMME, 1989: Equilibrium Sclection in the Spc nce
Signaling Game, in: Game Equilibrium Models (R. SELTEN, Ed.) Vol. I1,
Spriager-Verlag, lo appear.



2ao

l1ARSANYI, 1. and R. SELTEN, 1988: A General Thcory of Equilibrium Selection in
Games. M.I.T. Pr~s, Camhridge Mass..

l1l1BER, R.K., 1987: Uher strukturelle Voraussetzungen fí3r Krisenstabilit9t in
Europa ohne Kernwaffen: Eine systemanalytische Betrachtung. Operations
Research Spektrum 1, 1-1Z

IIUBER, R.K. and II.W. IIOFMANN, 1984: Gradual Defensitivity - M Approach to
Stable Cnnventional Force Equilibrium in Europa?, in: Operation Research '84
1.P. BRAU, Ed.), Amsterdam, 197-211.

1t:RVIS, R., 1973: Cooperation under the Secvrity Dilemma. World Politics 30,
167-214.

SEI.TEN, R., 1975: Reexamination of the perfectness concept for eq uilibrium points
in extensive gamcs. lnternational lournal of Game Thcory 4, 25-55.



Reprint Seriea, CentEA, Tilburg Univeraity, The Netherlands:

No. 1 0. Marini and F. van der Plceg, Monetary and fiscal policy in anoptimisíng model with capital eccumulation and finíte lives.The Economic Journel, vol. 98, no. 392. 1988. pp. 772 - 786.

No. 2 F. van der Plceg, International policy coordlnation in lnterdependentmonetary econaiea, Journal of Internstional Bconomica, vol. 25,
1988. Pp. 1 - 23.

No. 3 A.P. Barten, The hietory of Dutch macrceconomic modellíng
(1936-1986), in M. Driehuis, M.M.O. Fase end H. den Hartog (eds.),
Challen a for Macrceconomíc Modellín , Contributions to Economic
Malysim 17 , Amaterdam: North-Hollend, 1988, pp. 39 - 88.

No. 4 F. van der Plceg, Disposeble income, unemployment, infletion and
atate epending Sn e dynemlc politicel-economic model, Public Choice,
vol. 60. 1989. pp. 211 - 239.

No. 5 Th. ten Ree end F. ven der Ploeg, A atetistícel approach to the
problem of negativea in input-output analysis, Economic Mode111nR,
vol. 6, no. 1, 1989, pp. 2- 19.

No. 6 E. van Damme, Renegotiation-proof equilibria in repeated prisoners'dilemma, Journal of Economic Theory, vol. h7, no. 1, 1989.
pp. 206 - 217.

No. 7 C. Mulder and F. ven der Plceg, Trade uniona, investment endemployment in a smell open economy: e Dutch perspective, in J.
Muysken and C. de Neubourg (eds.), Unemployment in Euroce. London:The MacMíllan Presa Ltd, 1989, pp. 200 - 229.

No. 8 Th. van de Klundert end F. van der Ploeg, Wage rigidity and capítal
mobility ln an optimizing model of a small open economy, De Economist
137. nr. 1, 1989. pp. y7 - 75.

No. 9 0. Dhaene and A.P. Berten, When it ell began: the 1936 Tinbergen
model reviaited, Economic Modelling, vol. 6, no. 2, 1989.pp. 203 - 219.

No. 30 F. van der Plceg and A.J. de Zeeuw, Conflict over arms eccumulation
in market and commend economies, in F. van der Ploeg and A.J. deZeeuw ( eds.), D namic Polic Gemes in Economics, Contributions to
Economic Anelysis 1 1, Amsterdam: Elsevier Science Publishers B.V.
(North-Holland), 1989, pp. 91 - 119.

No. 11 J. Driffill, Macrceconomic policy games with incomplete information:
some extensions, in F. van der Plceg end A.J. de Zeeuw (eds.),
Dynamic Policy Games in Economics, Contributions to Economic Analysis
181, Amsterdam: Elsevier Science Publishers B.V. (North-Holland),
1989. pp. 289 - 322.

No. 12 F. van der Plceg, Towards monetary integratíon in Europe, in P. DeOrauwe e.a., De Europese Monetaire Intearatíe: vier visies,
Wetenschappelijke Raad voor het Regeringsbeleid V 66, 's-Gravenhage:
SDU uitgeveri~, 1989. pp. 81 - 106.



No. 13 R.J.M. Alesaie and A. Kapteyn, Consusption, savings and demography,in A. Wenig, K.F. Ziawermann (eds.), Demo re hic Chan and EconomicDevelopment, Ber1ln~Heidelberg: Springer-Verlag, 19 9. PP. 27z - 305.
No. 14 A. Hoque, J.R. Magnus end B. Pesaren, The exect multi-period mean-square forecast error for the first-order autoregressive model,Journal of Econometrica, vol. 39, no. 3, 1988, pp. 327 - 346.
No. 15 R. Alessie, A. Kapteyn and B. Melenberg, The effects of liquídityconstreints on consumption: estimation from household panel data,Europeen Economic Revíew 33, no. 2~3, 1989, PP. 547 - 555.
No. 16 A. Holly end J.R. Magnus, A note on ínstrumental veriables andmaximum likelihood estimatíon procedures, Annales d'Économle et deStatistigue, no. 10, April-June, 1988, pp. 121 - 13 .
No. 17 P. ten Hecken, A. Kapteyn and I. Woittiez, Unemployment benefits andthe labor market, e micro~mecro epproach, in B.A. Custafason and N.Anders Klevmarken (eds.), The Political Economv of Sociel Securíty,

Contributions to Economic Anslysis 179, Assterdem: Elsevier SciencePubllshers B.V. (North-Holland), 1989. PP. 143 - 164.

No. 18 T. Wensbeek end A. Kapteyn, Estimation of the error-components model
with incomplete panels, Journal of Econometrics, vol. 41, no. 3,1989. PP. 341 - 361.

No. 19 A. Kepteyn, P. Kooreman and R. Wíllemse, Some methodological issues
in the implementetion of subjectíve poverty definitions, The Journelof Human Resources, vol. 23, no. 2, 1988, pp. 222 - 242.

No. 20 Th. van de Klundert and F. van der Plceg, Fiacal pollcy end finitelives ín interdependent economies with real and nominel wage
rigidity, Oxford Economic Pacera, vol. 41, no. 3. 1989. pp. 459 -
489.

No. 21 J.R. Magnus and B. Peaeran, The exact multi-period meen-aquare
forecest error for the first-order eutoregressíve model wíth en
intercept, Journal of Econometrics, vol. 42, no. 2, 1989,
PP. 157 - 179.

No. 22 F, van der Plceg, Two essays on political economy: (i) The political
economy of overvaluation, The Economic Journal, vol. 99, no. 397.
1989. PP. 850 - 855; (11) Election outcomes and the atockmerket,
European Journal of Political Economy, vol. 5, no. 1, 1989. PP. 21 -30.

No. 23 J.R. Magnus and A.D. Woodlend, On the maximum likelihood estimetíonof multivaríete regression models containing serially correleted
error components, International Economic Review, vol. 29, no. 4,
1988. PP. 707 - 725.

No. 24 A.J.J. Telman and Y. Yamemoto, A simplicíel elgoríthm for stationary
poínt problems on polytopes, Mathematics of Operetions Research, vol.
14, no. 3, 1989, Pp. 383 - 399.



No. 25 E. van Damme, Stable equilibrla end forwerd inductlon, Journel of
Economic Theory, vol. 48, no. 2, 1989, pp. 476 - 496.

No. 26 A.P. Barten end L.J. Bettendorf, Price formation of fiah: Anapplicetion of an inverse demand aystem, European Economic Review,
vol. 33. no. 8. 1989. PP. 1509 - 1525.

No. 27 0. Noldeke end E, ven Damme, Signalling in a dynamic labour merket.
Review of Economic Studiea, vol. 57 (1), no. 189, 1990, pp. 1- 23

No. 28 P. Kop Jansen end Th. ten Rae, The choice of model in the
conatruction of input-output ccefficients matrices, Internatíonal
Economic Review, vol. 31, no. 1, 1990, pp. 213 - 227.

No. 29 F. van der Plceg and A.J. de Zeeuw, Perfect equilibrium in a model of
competitive nrms accwuletion, Internationnl Economíc Review, vol.
31, no. 1, 1990. pP. 131 - 146.

No. 30 J.R. Magnus and A.D. Woodland, Separabillty and aggregation,
Economicn, vol. 57, no. 226, 1990. pp. 239 - 247.

No. 31 F. ven der Ploeg, International interdependence and policy
coordination in economies with real end nominal wage rigidity, Oreek
Economic Review, vol. 10, no. 1, June 1988, pp. 1- 48.

No. 32 E. van Damme, Signaling and forward induction in a market entry
context, Operations Research Proceedínpts 1989, Berlin-Heidelberg:
Springer-Verlag, 1990. PP. 5- 59.

No. 33 A.P. Berten, Towerd a levels version of the Rotterdem end related
demand syatems, Contributions to 0 rationa Reaearch end Economics.
Cembridge: MIT Press, 1989. pP. 1- 65.

No. 34 F. van der Ploeg, International coordinetion of monetary policies
under alternative exchange-rate regimes, Advanced Lectures in
Quantitative Economica, London-Orlando: Academic Press Ltd., 1990,
PP. 91 - 121.

No. 35 Th, van de Klundert, On sociceconomic causes oC 'wait unemployment',
Eurocean Economic Review, vol. 34, no. 5, 1990, pp. 1011 - 1022.

No. 36 R.J.M. Alessie, A. Kapteyn, J.B. van Lochem and T.J. Wansbeek,
Indivíduel effecta in utility consietent models of demand, in J.
Hertog, O. Ridder and J. Theeuwes (eds.), Panel Date and Labor
Market Studies, Amsterdam: Elaevier Science Publishers B.V. (North-
Hollana), 1990, pp. z53 - 278.

No. 37 F. van der Ploeg, Capitel accumulation, infletion and long-run
conflict in internatíonal objectivea, Oxford Economíc Pepera, vol.
42, no. 3. 1990. PP. 501 - 525. -

No. 38 Th. Nijman and F. Pelm, Parameter identification in ARMA Processes inthe presence of reguler but incoeplete sempling, Journel of Time
Series Malysis, vol. 11, no. 3. 1990. PP- 239 - 248.



No. 39 Th. van de Klundert, Wage differentiels and employment in a two-sector model with e duel lebour merket, Metrceconomica, vol. 40, no.3. 1989. PP. 235 - 256.

No. 40 Th. Nijman and M.F.J. Steel, Exclusion restrictions in instrumentalvariables equatíons, Econometric Revlews, vol. 9, no. 1, 1990, pp. 37- 55.

No. 41 A. van Soest, I. Woittiez end A. Kapteyn, Labor supply, income taxes,and hours restrictions in the Netherlands, Journel of NumanResources, vol. 25, no. 3, 1990, pp. 517 - 558.
No. 42 Th.C.M.J. van de Klundert and A.B.T.M, van Schaik, Unemploymentpersistence end loss of productive capacity: e Keynesian approach,Journal of Macrceconomics, vol. 12, no. 3, 1990, pp. 363 - 380.
No. 43 Th. Níjman and M. Verbeek, Estimation of time-dependent perameters inlinear models using cross-sectíons, panels, or both, Journal ofEconometrics, vol. 46, no. 3, 1990, pp. 333 - 346.

No. 44 E. van Demme, R. Selten and E. Wínter, Alternating bid bargeiningwith a amallest money unit, Oamee and Economic Behavior, vol. 2,no. 2, 1990, pp. 188 - 201.
No. 45 C. Deng, The D1-triangulatíon of Rn for aimpliciel elgorithms forcomputing soluiions of nonlínear equations, Mathematics of OcerationsResearch, vol. 16, no. 1, 1991, pp. 148 - 16i.
No. 46 Th. Nijman and F. Palm, Predictive accuracy gain from disaggregatesmpling in ARIMA models, Journal of Busineas L Economíc Statistica,vol. 8, no. 4, 1990, pp. 405 - 15.

No. 47 J.R. Magnus, On certain moments relating to ratios of quadratic formsin normal variebles: furthec results, Sankhya: The Indian Journal of
Statistics, vol. 52, seríes B, part. 1, 1990, pp. 1- 13.

No. 48 M.F.J. Steel, A Bayesian analysís of simulteneous equatíon models bycombining recursive analytical end numerical epproaches, Journal ofEconometrics, vol. 48, no. 1~2, 1991, pp. 83 - 117.
No. 49 F. ven der Plceg and C. Wlthagen, Pollutíon control end the remsey

problem, Environmentel end Resource Econoeics, vol. 1, no. 2, 1991,
pp. 215 - 236.

No. 50 F. van der Plceg, Money and capital in interdependent economies withoverlapping generations, Economica, vol. 58, no. 230, 1991,PP. 233 - 256.
No. 51 A. Kapteyn and A. de Zeeuw, Changing incentives for economic researchin the Netherlanda, European Economic Review, ..ol. 35, no. 2~3, 1991,

PP. 603 - 611.

No. 52 C.O. de Vries, On the relation between OARCH and stable processes,Journnl of Econometrica, vol. 48, no. 3, 1991, pp. 313 - 324.



No. 53 R. Alessie and A. Kapteyn, Habit formation, interdependent prefer-
ences and demographic effects in the alsost ideal demend system, The
Economic Journal, vol. 101, no. 406, 1991. pp. 404 - 419.

No. 54 W. ven Grcenendeal and A. de Zeeuw, Control, coordination and
conflict on ínternational commodity markets, Economic Modelling, vol.
8, no. 1, 1991, pp. 90 - 101.

No. 55 F. van dec Plceg and A.J. Markink, Dynamic policy in linear models
with rational expectetions of future events: A computer package,
Computer Science in Economics and ManaF[ement, vol. 4, no. 3, 1991,
pp. 175 - 199.

No. 56 H.A. Keuzenkamp and F. van der Plceg, Savings, investment, government
finance, end the current account: The Dutch experience, in G.
Alogoskoufis, L. Papademos and R. Portes (eds.), External Constraints
on Macroeconomic Policy: The European Experience, Caubridge:
Cambridge University Press, 1991, pp. 219 - 263.

No. 57 Th. Nijman. M. Verbeek and A. van Soest, The efficiency of rotacing-
penel designs in an analysis-of-variance model, Journal of
Econometrics, vol. 49, no. 3, 1991. PP. 373 - 399.

No. 58 M.F.J. Steel and J.-F. Richard, Bayesian multivariate exogeneity
analysis - en application to a UK money demand equation, Journal of
Econometrics, vol. 49, no. 1~2, 1991, pp. 239 - 274.

No. 59 Th. Nijman and F. Pelm, Generalized least squares estimation of
linear models containing rational future expectations, International
Economic Review, vol. 32, no. 2, 1991. PP. 383 - 389.

No. 60 E. van Damme, Equilibrium selection in 2 x 2 games, Revista Espanola
de Economia, vol. 8, no. 1, 1991. Pp. 37 - 52.

No. 61 E. Bennett and E. van Damme, Demand commitment bargaining: the case
of apex games, in R. Selten (ed.), Game Equilibrium Models III -
Strategic Bargaining, Berlin: Springer-Verlag, 1991, pp. 118 - 140.

No. 62 W. GUth and E. van Damme, Gorby games - a game theoretic enalysis of
disarmement campaigns end the defense efficiency - hypothesis -, in
R. Avenhaus, H. Karkar and M. Rudnianski (eds.), Defense Decision
Making - Analytical Support and Crisis Management, Berlin: Springer-
Verlag, 1991, pp. 215 - 240.



PC~ Rl~x ~an~~~ ~nnn i ~ Tii Ri iRr Tu~ n~~TU~oi ANDS
Bibliotheek K. U. Brabant

V I ~III~~~IW tlI~ m V ~ ~V~ I IIVII


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35

