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ABSTRACT

The presentpapertries to model how somekinds of misperceptionof agentsare
preservedn a decisionmaking situationwhere multiple agentsare involved. We use
hypergamemodel which is a theoreticalframeworkto deal with agentswho may
misperceivesituations(Bennettet al., 1979). After eachplay of hypergameagentsmay
updatetheir perceptionsdasedon the result,thatis, the structureof the hypergamemay
changeHowever,in somecase theymaynot, andthe hypergames Ostableéatis, their
misperceptionsare preservedTo discussstability of hypergameswe newly define a
solution conceptwhat we call stablehyper Nashequilibrium. Using theseideas,we
analyzethe stability. To demonstratehangean perception®f agentswe consideragent-
basedintrinsic motivation. Although we provide generalfoundationfor discussionwe
analyze a game called battle of sexes as an example case.

Keywords: hypergametheory, misperceptionstablehyper Nashequilibrium, intrinsic
motivation, battle of sexes.

1. Introduction

Hypergameheoryis atheoreticaframeworkto dealwith agentsvho may misperceivea
decisionmaking situation (Bennettet al., 1979). In a hypergamesituation,agentsare
assumedo perceivethe situation subjectively,and the subjectivity may causetheir
misperceptions.

Hypergameheorywasproposedo address strict assumptiorof classicalgametheory,
which generallyrequirescompleteinformation.It hasbeenassumedn gametheorythat
all agentsfully understandhe situationand therebythey all seethe samegame.The
assumptionhasrestrictedthe possibility of analysisof real world situation because
imperfectknowledgeor different perceptionaffectsdecisionmaking quite often. This
perceptualproblem has been pointed out in severalways since early time in the
developmenbf gametheory.Oneof the mostnotableachievementss analysisin games
with incompleteinformationby Harsanyi(1967).He provideda mathematicaframework
of gamesincluding subjectiveprobability distributionsby OBayesiarghayers.Although
Bayesiangamesand hypergameheory sharecommonphilosophyin someaspectsye
believe that suitable model for analysis depends on the situation.
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In the presentesearchn the frameworkof hypergameheory,we will conductstability

analysisof dynamically changinggames.After agentsplay a hypergamethey may
encounteroutcomeghat they have neverexpectedbecauseof their misperceptionsin

thosecasesintrinsic motivationsto improvetheir own perceptionsvould arisefrom the

surprises.These agent-basednotivations may lead to learning of situationsor

communicationsamongthe agentsandto changesof their perceptionsthatis, agent-
basedmotivation may bring aboutstructuralchangeof the hypergameThis process
would never occur in classical game situations.

However,evenif thereexist misperceptionssometypesof hypergamesnay remain

unchangedandbe stablein the sensethat misperception®f agentsare preservedOur

main concernis with preservationof misperceptionswhich hasnot beendiscussed
rigorouslysofar, thoughKanekoandKline (2002)arguethis problemepistemologically
based on game theoretical analysis.

Our main purposeof the presentpaperis to formalize such stability of structureof
hypergamesand to give reasonableexplanationgo the stability from a viewpoint of
agent-based intrinsic motivations for improving perceptions.

2. Hypergame Model and Its Solution Concepts

In this section,we introduce someformal definitions of modelsand conceptsas a
preparation for our study.

Beforethat,we will introduceanintuitive ideaof noncooperativggameandexplainabout
our research motivation more clearly by using a well-known model.

Noncooperativegameis a gamewhich describesa decisionmaking situationwherethe
agentgust seektheir own payoff without communicationOneof suchtypical modelsis
the following OBattle of sexesO. The story of this game is as follows:

A boy anda girl, sayi andj respectively,are going to havea date.Now,
theyhaveto decidewhereto go. Their optionsareto goto seeaboxinggame
(B) and music concert(M). They, however, have to make a decision
independentlyundersomereason.The boy prefersboxing, while the girl

prefersmusic concert.Howeverthey both prefer having a datetogetherto
going out by oneself.

The situationcanbe formulatedin termsof matrix shownby Fig. 2.1, wherethe formal
definitions will be given later.

i\J B M
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Fig. 2.1 Battle of sexes

The matrix implies that bothtwo agentscompletelyunderstandhe opponentGstrategies
and payoff. Although this is requirementf the classicalgamemodel, it is not always

guaranteedn real world. For example whenit is not long sincethey got to know each
other, they might not know aboutthe opponentwell. They might misunderstandhe

opponentQweferencelf theyplay the gameundermisperceptionshey might encounter
unexpectedutcomeand haveintrinsic motivationto improvetheir perceptionOr they

might not encounteunexpectedutcomein spiteof the misperceptionandnot havesuch

a kind of motivations. We discuss this problem formally through the paper.

2.1 Noncooperative Game and Nash Equilibrium

Since the idea of hypergamesare derived from game theory, especially from
noncooperativggametheory,we beginwith formulatingthe gamemodelandits central
solution concept, Nash equilibrium.

A decisionmaking situationin which multiple agentsare involved and competeeach
otherfor their own utility canbe formally modeledin termsof noncooperativggameas
definition 2.1.

Definition 2.1 (noncooperative games)

A noncooperative game is given By, S u), where:

N ={1,...,n} is a set of agents.

S=x,., S is asetof strategieswhere S is asetof strategieof agent. Wecall s" §
an outcome.

u=(u),. 5 isaprofile of utility functions,whereu, : S— R is agenti's utility function.
Let x,y" S, supposeu,(x)>u,(y) iff agenti prefersoutcome x to y, and
u,(x) = u,(y) iff agenti is indifferent betweerx andy.

The classicalnoncoperativegamesassumethat every agenthas commonknowledge
aboutthe structureof the game,which meansit supposesvery agentknows all the
components of the game as shown in definition 2.1 completely.

Nashequilibriumis a mostwell-known solution conceptfor noncooperativggamesand
hypergamesolutions conceptswe use in our study are basedon its idea. A Nash
equilibriumis suchan outcomeof the gamethat everyagenthasno incentiveto deviate
from it as long as the others do not change their strategies.

Definition 2.2 (Nash equilibrium)
s =(s* s;*) # S is a Nashequilibrium of a noncoopereativgame G =(N, S u) iff
i# N, " S # S' ui($*1 Si*) #ui(s’si*)'
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In theabovedefinitionwe call s * i's Nashstrategy ForanoncooperativgameG, let us
denotethe setof Nashequilibriaby N(G), while the setof Nashstrategief agenti by
N(G)..

2.2 Hypergame Model

As mentionedn Introduction,hypergameheoryprovidesa theoreticalframeworkwhich
containscritically differentassumptiongrom thoseof noncooperativgiametheorywith
respecto perceptionof agentsUnlike in noncooperativggamemodel,in a hypergame
model, eachagentis assumedo constructhis/herOsubjectivgame®asedon how he
perceiveghe situation.Although hypergameheoryhasbeenexaminedn severalways
(Inohara,2002;Wangetal., 1988),we focuson the classof Osimpléypergamesfecause
it provides the most basic but essential hypergame model.

Definition 2.3 (simple hypergame)

A simple hypergamed is given by(N, (G').. ), where:

_ N={1,...,n} is a set of agents involved in the situation

_ G'=(N', S, U) is the subjective game of agénivhere :
I N'is a set of agents perceived by agent

I S=x_,S isasetof strategieperceivedby agenti, where S, is a setof

JEN'
strategies of agentperceived by agemt

T :(uij)j,,Ni is a profile of utility functions perceivedby agenti, where

u;:S" Ris agenf's utility function perceived by agent

In a simplehypergameit is assumedhat eachagentperceiveghe situationsubjectively
in aform of a completeinformationgame(subjectivegame).Agentsconsidertheir own
perceptionsare commonknowledgerespectively so that they plays basedon different
perceptions but no one knows this.

Thewhole game thelist of subjectivegamesof all agentsjs calleda hypergameH, that

is, H=(G,...,G"), and nobodyexceptOGod®an know H. Note that the superfixin
Definition 2.3 indicatesan agentwho perceivesthe component.In the subsequent
discussionsye usethe word Ohypergamé®the senseof simple hypergameAlthough
we canconsidemixed strategiesn a similar way asclassicalgametheorydoes(Sasaki

et al., 2007), we deal only with pure strategies and ordinal utility in the present paper.

Next, we definesuchan Oimaginary§amethatwe would obtainby assuminghatevery
misperceptiorhasbeeneliminatedand every agentperceiveshis/herown components,
strategies and payoff correctly. We call such a game a base game.

Definition 2.4 (base game)
BG=(N,Su) is a basegame which is a noncooperativegame generatedrom a

hypergameH = (N, (G')..,,) satisfying the following conditions:
_ §=9

_u=y
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A basegameis a noncooperativggamewhereeachagentOstrategysetand payoff are
onesin his/herown subjectivegamein the hypergameWe shouldnoticethatbasegame
is notwell-definedasa noncooperativgameif the agentcannotdefine his/herpayoffon
outcomesncluding the otherOstrategythat he/shedosenot recognizewhenthereexist
suchstrategiesin the subsequenanalysis,we focusonly on hypergamesn which the
agentsmay misperceiveonly the othersCpayoff. We call this classof hypergames
Operturbed hypergameO. We can always define base gamerfoobes hypergame.

Definition 2.5 (perturbed hypergame)
A hypergame H =(N, (G)I ) is called a perturbed hypergameof base game
G=(N,Su), iffwe have'i,j# N, N' =N, S'—S

In a perturbedhypergameall agentscorrectly perceivethe setof agentsnvolvedin the
situation and every agentOs strategy set, while they may misperceive the otherOs payoff

2.3 Solution Concepts in Hyperames

We introducetwo typesof solutionconceptof hypergameshyperNashequilibriumand
stable hyper Nash equilibrium, where the latter is original of this paper.

Definition 2.6 (hyper Nash equilibrium)
(%) .y " #,.4S is calleda hyper Nashequilibrium of a hypergameH iff " i# N,

§*" N(G).

Hyper Nashequilibriumis definedas a profile of suchstrategieghat eachagentplays
accordingto his/herNashstrategyin his/herown subjectivegame(Kijima, 1996).Agent
i's strategyin hyper Nashequilibrium, s *, is calledi's hyper Nashstrategy.Let us
denotethe set of hyper Nashequilibriain hypergameH by HN(H). The following
lemma is straightforward from the definition but useful for the calculation.

Lemma 2.1 (set of hyper Nash equilibrium)
In a hypergamed, we haveHN(H) =", N(G"),.

If we assumeNashstrategiesasdecisionmakingdisciplineof agentsyationaloutcomes
of ahypergamearenecessarihyperNashequilibrium,sothatit is well-suitedto predict
the outcomeof an one-shothypergameHowever,in a hyper Nashequilibrium, it may
occurthatstrategieshe othershavechoseraredifferentfrom whatthe agentexpectsFor
exampleleti,j" N (i" j), thenj's hyperNashstrategy,s’* " N(G’),, might not be
includedin any Nashequilibria of i's subjectivegame.In suchcasesthe structureof the
hypergamewvould change becauseagentswould Olearn€omethingfrom the outcome.
They may try to updatetheir perceptiongo have more OcorrectGnderstandingr to
communicateeach other to resolvethe misperceptions. Learning of situationsis
necessarilyoneof maininterestin hypergamestudy (Takahashet al., 1999).We cannot
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find this natureof equilibrium in Nashequilibrium in noncooperativegames,where
expectations about equilibrium by agents are consistent with each other.

Now we introduceanothersolution concept,stable hyper Nash equilibrium, to treat
changes of equilibria.

Definition 2.7 (stable hyper Nash equilibrium)
(si**) .y " #,.yS] is called a stablehyper Nash equilibrium of a hypergameH iff

Tk# N, (85" N(GY.

StableNashequilibriumis assucha profile of strategieghatis Nashequilibriumin every
subjectivegame.Let us denotethe setof stablehyperNashequilibriaof a hypergameH

by SHN(H). It is given by the intersectionof the setsof Nashequilibria perceivedby
each agent in similar way as Lemma 2.1.

Lemma 2.2 (set of stable hyper Nash equilibrium)
In a hypergameH, SHN(H) =N._ N(G").

At stablehyper Nash equilibrium, strategiesthe othershave chosenare necessarily
consistentith anagentQOanticipationsothatthe agenthasno incentiveto updatehis/her
perceptionor to communicatewith other agentsfor resolving misperceptionsThis
solution conceptnot only can predict which outcomewill occur in an one-shot
hypergamesimilar to hyperNashequilibrium.But, in contrasto hyperNashequilibrium,
stablehyperNashequilibriumis onceaccomplishedit is alsoconsistentlyOstableéyen
whenthe situationis repeatedaslong asthereis no changein agents@ecisionmaking
discipline or perceptions about the game (We will discuss this issue in the next section).

2.4 Example

Using a hypergameshownbelow (Fig. 2.2) asan example we illustratethe modelsand
concepts introduced so far.

i \j X Y
A 4,2 1 3
B 31 2, 4

G': i's subjective game

i \j X Y
A 2, 4 33
B I, 1 4, 2

G':j's subjective game

Fig. 2.2 HypergameH
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Let us considera hypergameH = (N, (G").. ), where N={i, j} and G' and G’ arei's
and j's subjectivegame, respectively.There § =§ ={A B} and S =S/ ={X,Y}.
Valuesin the matrix expresgheir ordinal utility. By definition 2.4,the basegameBG is

generatedfrom H as Fig. 2.3 It is the game which would be obtainedif all
misperceptions irH disappear.

AN X Y
A 4, 4 1, 3
B 31 2,2

Fig. 2.3 Base gamé3G

Equilibria in this hypergame are given as follows:

N(G) ={(B,Y)};

N(G') ={(A X).(B.Y)};

HN(H) =N(G'), " N(G'); ={(B, X), (B,Y)}
SHN(H) = N(G)" N(G') ={(B,Y)};
N(BG) ={(A. X).(B.Y)}.

An outcome(B, X) is a hyperNashequilibrium but not a stablehyperNashequilibrium,
thusaccordingto our definition, it is not stable,while the otheroutcome(B,Y) is stable
(see 2.3).

2.5 Relationships Among the Solution Concepts

In this section, we examine global relationships among the solution concepts.

First, we havethe following propositionwith respectto relationshipbetweenthe two
solution concepts in hypergames.

Proposition 2.3 (relation between two equilibria inhypergames)
In a hypergaméH, we haveSHN(H) " HN(H).

Proof:
It is obvious from definition 2.6 and 2.7.

O

Proposition2.3 saysthatif thereexistsa stablehyperNashequilibrium, it is necessarilya
hyper Nashequilibrium. In otherwords, stablehyper Nashequilibrium is more strict
solution concept than hyper Nash equilibrium.
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Next, we havethe following theoremwith respectto relationshipbetweenstablehyper
Nash equilibrium and Nash equilibrium of the base game.

Theorem 2.4 (stable hyper Nash equilibrium and Nash equilibrium of base game)

For a givenhypergameH, let BG be basegamewhich derivesfrom H. Thenwe have

SHN(H) " N(BG).

Proof:

Let (S **) ey = (%%, ... 51 *¥) € x,, S| be a stable hyper Nash equilibrium.

By definition 2.7,

YKEN, (§*%)y " N(GY)

="k# N,in G, 'S €S, u(s** & **) #u(s, s, *

& k# N,inBG, "s €S, U(S** s, **) #U(S,S,**), wheres ** =g **,

S(§*%),y " N(BO)

On the other hands **)..,, " N(BG)= (g **).., " SHNH) does not always hold.
L]

Theorem?2.4 claims that if there existsa stable hyper Nash equilibrium, then it is
necessarilya Nashequilibrium of the basegame.lt impliesthatan outcomewhich is not
Nash equilibrium in the basegamecannotbe stablehyper Nash equilibrium in the
hypergame.

Furthermore, we have the following theorem from these results.

Theorem 2.5 (the nonexistence condition of stable hyper Nash equilibrium)
For a given hypergameH, let BG be base game which derives from H. If
HN(H)" N(BG)=#, thenSHNH) =".

Proof:
It is direct from proposition 2.3 and theorem 2.4.

0

Theorem2.5 showsthatwhenthereexisthyperNashequilibriain a hypergameif all of
themarenot Nashequilibriumin the basegame,theredoesnot exist stablehyperNash
equilibrium. An intuitive interpretationof the theoremis that whenwe anticipateall of
outcomeswhich seemto happenactually (hyperNashequilibrium)would not happenif
all the misperceptions are eliminated, those outcomes are necessary unstable.

Hencethe relationshipsamongthe solutionconceptsn a hypergameH canbe depicted
by Fig. 2.4. OAlloutcomes thefigure means" ,,, S. We caneasilyseethatthe results
with respect to the example in 2.4 of course satisfy these relationships.
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HN{H)

SHN(H)

N(BG)

All outcomes

Fig. 2.4 Relationships among the solution concepts

3. Stability Analysis in Battle of Sexesind Preservation of Misperceptions

In this section,by using battle of sexesgameasan example we will illustrate how the
structureof hypergamesnay changeandhow, in somecasesmisperception®f agents
may be preserved in the context introduced in the previous chapter.

3.1 Preparation for analysis

For preparingfor our further analysis,we first categorizehow the agents@erceptions
change into two types, A and B, as follows:

Changeof type A is changeindependenbf the agegtéisntrinsic motivation, while
Change of type B is change generated by the agentOs intrinsic motivation.

Changeof type A mayoccurevenif theagentdoesnot seekit intentionally,whilg change
of type B cannotoccur unlesshe/sheseeksit, that is, unlesshe/shehas Ointrinsic
motivationO to update his/her perception.

Whetheranagenthassuchanintrinsic motivationor notdepend®n (a) if the outcomels
ashe/sheexpectedr not and,if so, (b) if he/sheacceptdhe outcomecompletelyor not
(Fig. 3.1). The formeris simply relatedwhetheror not the outcomeis Nashequilibrium
in his/herperceptionOn the otherhand thelatteris an Oemotionai€sueof agentsaswill

be argued later.
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Play

\

Hyper Nash equilibrium is played

\

(a) Is the outcome expected one by all the agent? 0,

At least one agent has
Yes e . .o
i mtrinsic motivation.
0
E—

(b) Is the outcome accepted by all the agent?

Yes l

{ No agent has intrinsic motivation. J

Fig. 3.1Intrinsic motivation

Changeof agents@erceptionss basedon someinformationthey canget. We restrict
here such information only to that with respect to the opponentOs payoff.

Next, we categorizehypergamesituationsin two casesaccordingto whetherthereexists
stablehyperNashequilibrium or not. We call thesetwo typesof hypergamesituations
Ounstable hypergameO and Ostable hypergameO, respectively as follows:

Definition 3.1 (stable and unstable hypergame)
We say a hypergameH unstablehypergamef we have SHN(H) =", while we call a
hypergameH stable hypergame if we has®HN(H) " #.

In Fig. 3.1,if theanswerto the question(a) is No, the situationis anunstablenypergame,
while if it is Yes, the situation is a stable hypergame.

3.2 Stability analysis of battle of sexes

By usingtheideasintroducedsofar, we conductstability analysis thatis, we analyzein
what situation, what type of hypergameis stable or unstableand explain why
misperceptionsnay be preservedn somecasesAlthoughherethe analysisis conducted
for case of battle of sexes between two agents, the discussion can be generalized.

First, when both the agentsperceivethe situation correctly and know the opponentOs
informationcompletely we canexpresghe situationof the battle of sexesasbasegame
shown by Fig. 3.2. It is the sameas G=(N,Su) of Fig. 2.1, where N ={i, |},
§ =S, ={B,M}, u andu; are as in the matrix.

1C
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i\J B M
B 2,1 0,0
M 00 1, 2

Fig. 3.2 G: Battle of sexes (base game)

The game has two Nash equilibria in the range of pure strategies,i.e.

N(G) ={(B, B),(M, M)}. Althoughto predictwhich of the resultsof the one-shotgame
will really happenhasbeena difficult coordinationproblemin gametheory,it is out of

our interestof the presenpaper.Insteadwe regardthis gameasa basegameandanalyze
how and why the situation may or may not change,whenfirst dateis its perturbed
hypergame.

Casel: Unstable hypergame

Now supposeboth the agentsmisunderstandhe opponentOgreferencesachother as
follows:

i: Qis not interested in boxing at all.O; )
j: @is not interested in music concert at all.O

Thenthe situationcanbe formulatedin termsof hypergamemodelby Fig. 3.3. We set
H=(G,G').

AN B M
B 2,0 01
M 0,0 12

G': i's subjective game

i\J B M
B 2,1 10
M 0,0 0, 2

G':j's subjective game
Fig. 3.3 Battle of sexes (unstable hypergame)

Since Nash equilibrium in eachsubjectivegameis given by N(G')={(M, M)} and
N(G') ={(B, B)}, theuniquehyperNashequilibriumis (M, B). However theredoesnot

exist stable hyper Nash equilibrium in this hypergame.The fact is consistentwith
theorem 2.5.

Whenthe agentsplay this hypergamethey both would encounteunexpectedutcome.

Then it necessarilyleadsto emergenceof intrinsic motivation for improvementof
perceptionin eachagentasshownin Fig. 3.1. Thatis, changeof type B would always

11
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occur.For example,f it is possibleto communicateeachotherdirectly, they maytry to
do soandto find out the opponentO&realfreferenceEvenif they cannothavesucha
direct communicationthey would learn somethingfrom the result and updatetheir
perceptionsin this case, expectedhatj would surelychoosemusicconcert,while she
choosesoxing actually. Thusi would reconstruchis perceptiorfor the nextdatetaking
into account possibility giOs preference for boxing.

Furthermorewe canalsoconsiderchangeof type A in agents@erceptionsn this case.
For example,one of jOdriends may tell i that she prefershaving a dateto going to a
musicconcertalone,andif he believesthe information,he would updatehis perception
aboutjOgayoff. This kind of communicatioroccursoftenindependentf whetheror not
I seeks it, that is, independent of his intrinsic motivation.

All of suchinteractionsor/andlearning by agentanayresultin changeof the structureof

the hypergamesothat H maybecomeanothermypergameH" (" H) includingdifferent
misperceptionsrom the previousplay. If they couldcommunicateeachotherthoroughly
andreachmutualunderstandingit may becomea normalnoncooperativggamesameas
the basegamewhich doesnot include misperceptionst all (Fig. 3.2). In somecases,
agenti may getto perceivethe possibility thatagentj may misperceivehow i perceives
the situation. Then, the Ohierarchpf perception@mergesThis kind of hypergamds

formulatedasn-level hypergame$Wangetal., 1988).In othercasesanagentmaygetto

take into accountmore than one possibility with respectto whatis the Oreal§ituation.
Then, the situation can be regardedas a kind of Bayesiangame (Harsanyi,1967).

Anyway whenthey haveseconddate(Play 2), they would play different situationfrom

the first date (Playl) (See Fig. 3.4).

Play 1 Play 2

, base game BG (mutual understanding)
unstable hypergame H different hypergame H'

n-level hypergame

4 .
Bayesian game

Fig. 3.4 Change of battle of sexes (starting from unstable hyperegame)

Case2: Stable hypergame

Next, supposeboth the agentsmisunderstandhe opponentOgreferencesachother as
follows:

I Q is happiest when she enjoy my hobby tqgether.O;
j: @is not interested in music concert at all.O

12



Preservation of Misperceptions B Stability Analysis of Hypergames

iOgperceptionis differentfrom the previouscase while jOerceptionis same Thenthe
situation can be formulated in terms of hypergamemodel as Fig. 3.5. We set
H=(G'G).

AN B M
B 2, 2 0,0
M 0,0 11

G': i's subjective game

i\J B M
B 2,1 10
M 00 0 2

G':j's subjective game
Fig. 3.5 Battle of sexes (stable hypergame)

Since Nash equilibrium in each subjectivegameis N(G') ={(B, B), (M, M)} while
N(G') ={(B, B)}, this hypergamehastwo hyper Nashequilibria, (B, B) and (M, M).
Thereforeit can be predictedthe result of this hypergameas either of thesetwo
outcomes.in contrastto Case2, this hypegamehasa stablehyper Nashequilibrium,
which is (B, B). It is quite natural assumptionthat when there exist multiple Nash
equilibria, any agentsdo not choosesucha strategythat leadsto Paretodominatedone.
According to the assumption,i should choose B, and (B, B), stable hyper Nash
equilibrium, is the unique predictable outcome.

In this case,the outcomeis expectedone for both. Thus intrinsic motivation for
improvementof perceptiondoesnot emergein neitherof the both agentsdirectly from
the outcome. This is a crucial difference from unstable hypergame.

However,evenif the outcomeis expectednefor both,the motivationmayemergen an
agentin somespecificcaseslt is becausdhe agentcannotacceptthe outcomedueto
somereasonsThen a kind of Oemotionfike frustrationarises,and it may provoke
motivationto correctperceptionThis would leadto changen agentsPerception®f type
B. For example,i may possiblyfind out thatj doesnot look so happythoughhe has
expected(B, B) is the bestfor her as well and ask her why. Or, seeingi does not
appreciatet all thatj comesto the datesacrificingherselfto enjoy herown hobby,j may
becomeso stressfulthat sheconfesseser actualpreferenceo i. Theseprocessegan
change agentsO perceptions.

As similar to unstablehypergamewe canalsoconsiderthe possibility of changeof type

A in this case For example oneof jOdriendsmaytell i thatsheprefersmusicconcertto
boxing in fact. This information may come independent of his intrinsic motivation.

13
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Consideringall of suchupdateof perceptionspossibility of changeof the hypergames
similar with unstable hypergame (Refer to Fig. 3.4).

However, as stated above, agentshave intrinsic motivation for improvementof
perceptiononly in somespecificcaseswherethey haveemotionsto do so, while they
alwayshavesuchmotivationin unstablenypergameNow let us considerthe following
two assumptions:

(i) There is no information coming to an agent unless he/she seeks it.
(i) Both agents accept the outcome with no frustration.

Then, since neither of changein perceptionsof type A nor B occurs, H would be
consistentlystable.Whenthey havethe seconddate(Play 2), they would play the same
hypergamendchoosesamestrategiesasthe first date(Play 1). Likewise theywill play
the samein their third date (Play 3), and forever. In this way, the misperceptionof
agents are preserved through all the dates (Fig. 3.6).

Play 1 Play 2 Play 3
() L1 h
8

Fig. 3.6 Repeated battle of sexes (stable hypergame)

The two assumptionslosenot influenceon the changingprocessof unstablenypergame
(Fig. 3.4) becauseagentsalwayshaveintrinsic motivationfor learningevenunderthe
assumptions.

Before closing this section, we would like to point out one thing regarding
misperception®asedon our discussiorsofar. Misperceptions often problematicln the
caseof the examplein section2.4, elimination of all misperceptiondeadsto Pareto
optimal equilibrium, (A, X), while the currentstablehyperNashequilibrium, (B,Y), is
not Paretooptimal. To achievethis, for example,interventionby a third party is
important. Otherwise agents may remain to stay at the not-better outcome for both.

However,misperceptioris not alwaysproblematic either. Supposehe caseof Fig. 3.6.
Theboy andgirl, i andj, may be happyandcontinueto be alongwith eachother. Onthe
otherhand,if they know the opponentQactualpreferencecorrectly,they may becometo
have trouble with each other to decide where they have a date.

4. Conclusions

We examinedhow perceptionsof agentsare changedand why some sorts of
misperceptionsare preservedn termsof hypergamemodel mainly using the gameof
battleof sexesasan example We definedformally the hypergamemodelandintroduced
a new solutionconcept,stablehyperNashequilibrium, which is essentiafor analyzing

14
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the stability of hypergamesThenwe clarified their entire relationship.Basedon these
theoreticalfoundations,we conductedntensivestability analysis.To arguechangein
perception of agents, we focused on agent-based intrinsic motivation.

To discussmore aboutthe changingfactorsof perceptionsve statedin section3 like
intrinsic motivation, emotion,communicationand learningis one of our main future
works.
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