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Abstract— The game theory is an interesting framework for tle
dialogue modeling, both the human dialogue and thénuman-

machine dialogue. Indeed, the dialogue comes asaiss of turn

talking oriented towards achieving a goal. Each turris composed
by speech acts — can be likened to "moves" of gamntbeory —
which produces the effects of gains or losses dugnthe
dialogue. The main advantage concerning the applicain of the
game theory in dialogue is that it does not requirkknowledge of
cognitive processes or intentions of the participas, but
assumes only that they have issues and intereststire dialogue
they seek to satisfy. This article describes our ctribution on the

pragmatics of the dialogue: (a) the dialogue is nainly a cognitive
processing and relevant statements of the utteranseroduced by
the other (the alter-ego) nor a social game usingodhination

through a more or less logical argument to reach s goals or
rhetorical means to achieve his ends, but also (bp co-
construction of self through gains advancing its owgoals. In this
paper we consider dialogue as a double process aralithe choice
of ends and the means. Finally, we propose a genkmaodel of
dialogue based on game theory.

Dialogue ; game theory ; pragmatics

l. INTRODUCTION AND THEORIC POSITIONING

The dialogue is a goal oriented process, submitbed
joint action [1] and an interactive process, whiargguage is
both the aim and the mean, between human agentsreym
a socio-economic world. In this context, the garheoty
provides interesting tools to model interactiveigitons where
people have to achieve goals within an economyesns.

In this paper we will consider the game theory wittle
objective of applies it to dialog modeling. The #arities
between dialogue and Game Theory rely on the falgw
aspects of interaction:

(&) Human dialogue takes place simultaneously on rdiffe
levels:

At the level of action (the resolution of the goathis

level concerns the speech acts that are exchangeg)
to

during the dialog, (speech acts correspond
« moves » in game theory),

At the epistemic level (knowledge acquired and ethar
during the dialogue, discourse references, conga)
which will eventually provide to each partner
immaterial payoffs (under the form of increasirfg o
knowledge),

At the deontic levelthrough the rules of the game,
influences and reciprocal rights, trust, etc. tovjiting

a joint gain. It measures the joint acquisitionsiry
the dialogue, like the trust, the value of alliarme
coalition

The “phatic” level or dialog maintaining, throughet
management of turns, the communication channel).

(b) it occurs often within the same framework for regular
dialogue (family, work, etc..) inducing successsessions of
dialogue that we will consider as repeated gantbss-is the
weak point of most dialogue theories that isolateagment of
dialogue out of its everyday context, and thus ntasklong
term contextual effects due to the repetition,

(c) it usually happens between several people and noebatw
two persons only, which induces more complex ctilec
phenomena.

The dialogue can be represented by an interactiveeg
where each participant plays moves using speech ftact
achieve a goal.lt consists of a sequence of turns, the
exchanges aims at solving sub-goals or preconditiacts
(named preparatory conditions)

Note that in terms of classical game theory it ridyche
epistemic, ontological and acting levels which nueas
valuables gains, while the deontic one providesy onl
advantages. We will show later how to introduceeasure of
these advantages and take them into account fadighegue
through the joint gain.

Using game theory to model the dialogue is to asstirat
the agents have both an individual interest anuird jnterest
in the continuation of the dialogue. These intereate
measured by an utility value - a term taken in tineadest
sense possible, as discussed below. The game thsory
interesting because it don't attempt to explainnberpret the
psychological behavior of participants in the digle, nor to
make assumptions about their intentions, alway®uai in
external view of dialogue description.

At first, we present the foundation of game theamg then
we will develop a model of dialogue based on a reee
theory.



II.  THE GAME THEORY

In mathematics, game theory models strategic situsit
or games, where individual's success in making cgoi
depends on the choices of others. It is used ifalsscience
(most notably in economics [2], but also politicadience,
social psychology) as well as in biology. We wiilscliss
below some types of games, not to bring the diadoiguthe
theory of games as some authors are tempted t&]dbuf
rather to use elements of game theory to modadiiegue in
a extended vision.

A. Strategic game

In a strategic game, the gain of the player is ol
affected by his actions, but also by the actionstbér players.
A strategic game is a set of rules which governsamstrains
the behavior of the players. This set of rules meitges the
payoffs on the basis of the actions that occurtr&tegic game
consists of:

- asetof rules : that restrains the players’ bairavi
- a set of payoffs for each player. The utility fuoaot

defines the value of the payoff for each combaorati
of choices,

- a strategy, i.e a choice among all possible moles.
instructs the player which action to take everyetim

he has to play.

The players play a game, and they make moves &dogord

to the rules. Each player makes his move by chgosimnong
several possibilities: he freely applies an owatstyy.

It is assumed that the agents are rational, thegwkn
perfectly what is happen in the game, and that #otyso as to
maximize their utility. Their strategy is based smif-interest:
they have to be aware of this and to be able topcbenit
through the effects of their actions.

The limits of this formalization are related to tbencept
of rationality on the one hand - the cognitive itibs of the
players are actually limited or reduced, it is irsgible to treat
all needed information for the decision-making, some
complex situations human agents don’t have the tetmmor
certain knowledge ; in addition, the rationalitytbg actor is
procedural: the decision making does not imply dted the
optimal choice (computation is too complex) butheat to
select a satisfying choice - and the concept ofective
interest of the other: the concept of interest f&ero too
simplistic in decision models, it is individual asthould be
expanded to take into account concepts such asefar self
esteem, ethics and culture.

The “neoclassical” game theory assumes that thatage

are rational and self-interested, and they take ehout their
own interest only, or about the gains of the othérshey
affect their own gains. But this behavior has toréeéewed,
because it is shown that the feeling of fair shgror fair price
can be taken in account. Humanitarian values come i
consideration in some situations ; for example anghining
context, the customer may accept a price thatghemi than

the equilibrium if he seems to him that the sefekes a high
concession [4], or he do not want to make morereffothe
discussion.

There is also the Allais ‘paradox, which highligkie risk
aversion [5]: an agent will prefer a strategy app#y safer
but with a lower low gain rather than a search stvtongest
gain with a greater risk. We could list some othexamples
of this.

B. Types of game

According to the situation, the game theory offdifferent
types of games, that we describe here briefly.

1) Cooperative game / Non-cooperative game

A game iscooperativeif the players are able to form
binding commitments

2) Zero—sum game / non-zero—sum game

In a zero-sum game, a participant's gain or losxatly
balanced by the losses or gains of the other |yzatit(s). If
the total gains of the participants are added uf, the total
losses are subtracted, they will sum to zero.

3) Perfect information / imperfect information

A game is one of perfect information if all playdasow
the moves previously made by all other players.sThnly
sequential games can be games of perfect informatioce in
simultaneous games not every player knows therectié the
others.

4) Complete information / incomplete information

Complete information requires that every playerwrbe
strategies and payoffs of the other players; ottserwihe
information is said incomplete.

5) Repeated games

Games are often played wifhture games in mind, and
this can significantly alter their outcomes and ikguum
strategies. A repeated game consists in some tiepstiof a
base game (called the stage game) over a longhorieon.
As players expect to face each other in similarasion, they
may reduce their payoffs in a stage game, in ciml@ncrease
it later.

C. Summary

All these types of games provide an interestinghéaork
for dialogue modeling. The ordinary dialogue isaang with
perfect information: the agents are visibly faceach other,
even if one of them is trying to lie or to hide kisategy. The
agents makes their moves (speech acts) alterngtimet after
each other. Because of the epistemic and deontiel le
(mentioned in introduction of this paper), the d@le is a
game with incomplete information: we cannot acdesshe
intention of other agent, nor the totality of hiotiwations.
When people know each other and their dialoguesiront
similar situations, it is a case of repeated gaha ts very
different as a unique dialogue.



D. Central concepts in Game Theory

Nash Equilibrium

A “Nash equilibrium”, named after John Nash, iseh af
strategies, one for each player, such that no pldges
incentive to unilaterally change her action. Playare in
equilibrium if a change in strategies by any on¢éhein would
lead that player to earn less than if she remainigd her
current strategy.

Strategic dominance

Strategic dominance (commonly called simply domaggn
occurs when one strategy is better than anothatesly for
one player, no matter how that player's opponerag piay.
Strictly dominated strategies cannot be a part dfNash
equilibrium”, and as such, it is irrational for aplayer to play
them.

The Prisoner's Dilemma and Pareto Efficiency

This game got its name from the following hypotbati
situation: imagine two criminals arrested under shspicion

leads the two players to both play defect, everughoeach
player's individual reward would be greater if thmth played
cooperatively (keep quiet). In the classic formtloE game,
cooperating is strictly dominated by defectingttsat the only
possible equilibrium for the game is for all playd¢o defect.
No matter what the other player does, one playéraiviiays
gain a greater payoff by playing defect. Sinceny aituation
playing defect is more beneficial than cooperatadgrational
players will play defect, all things being equalthdugh they
are not permitted to communicate, if the prisorteust each
other then they can both rationally choose to ransdient,
lessening the penalty for both of them.

Such a distribution of losses and gains seems alafor
many situations, since the cooperator whose adsonot
returned will lose resources to the defector, witheither of
them being able to collect the additional gain aagrfrom the
"synergy" of their cooperation.

One must take in account social norms, culturecaion,
trust, etc. in order to model situations in thd léa.

The iterated prisoner's dilemma
If two players play prisoner's dilemma more thaceom

of having committed a crime together. However, thesuccession and they remember previous actions eif th

policemen do not have sufficient proof in ordemtve them
convicted. The two prisoners are isolated from eztblr, and
the policemen visit each of them and offer a diwd:one who
offers evidence against the other one will be fréédone of
them accepts the offer, they are in fact coopegaiigainst the
police, and both of them will get only a small mhrhent
because of lack of proof (1 year). They both gkliowever, if
one of them betrays the other one, by confessirgeqolice,
the defector will gain more, since he is freed; tme who
remained silent, on the other hand, will receive thll
punishment (5 years), since he did not help théceobnd
there is sufficient proof. If both betray, both Mde punished
(3 years). The situation is described by the méiebow.

S2
Denounc Keep quie
(defect) (cooperate)
S1 Denounc (3;3) (0;5)
(defect)
Keep quiel (5;0) 1;1)
(cooperate)

Each player evaluates his two possible actions hgre
comparing their personal payoffs in each columngesithis
shows you which of their actions is preferable,t jig
themselves, for each possible action by their partiso,
observe: if S2 denounces then S1 get a bettertyuiiti
denouncing (3 years instead of 5). If S2 keepstghen S1
get a better utility by denouncing (free instead Df
Therefore, S1 is better off denouncing regardidsatmt S2
does. S2, meanwhile, evaluates his actions by congpais
payoffs down each row, and he comes to exactlystirae
conclusion that S1 | does. The unique equilibriuzn this
game is a Pareto-suboptimal solution, that ispnati choice

opponent and change their strategy accordingly,gtme is
called iterated prisoner's dilemma. Interest in ttexated
prisoner’s dilemma was kindled by Robert Axelrod. @ it

he reports on a tournament he organized of theeplmtisoner
dilemma (with N fixed) in which participants have ¢hoose
their mutual strategy again and again, and have onerof
their previous encounters. Axelrod invited academic
colleagues all over the world to devise computeatsgies to
compete in an IPD tournament. The programs thatewer
entered varied widely in algorithmic complexity, itial
hostility, capacity for forgiveness, and so fortAxelrod
discovered that when these encounters were repeasyda
long period of time with many players, each witlifetient
strategies, greedy strategies tended to do veryhypao the
long run while more altruistic strategies did bettes judged
purely by self-interest. He used this to show asiis
mechanism for the evolution of altruistic behavifsom
mechanisms that are initially purely selfish, bytunal
selection.

I1l.  GOALS AND STRATEGIES OF DIALOGUE

After this reminder of game theory, the dialogua ¢ee
seen as a conversional game within an action frameyv].
The speakers contribute to the dialogue game vhighjoint
intention to achieve goals. One must distinguistwben the
goal of the dialogue, that is in the backgroundnirthe
conversational goal that is necessarily shared i6fnot, there
is a misunderstanding about the type of dialogaey the
goals (or interests) of the speakers. The strategfi@ialogue
are ways to reach a dialogue goal through the gliEseen as
a joint activity of goal's agents resolving [8].

We suppose that there are two agents who enter into
dialogue and that at the start each one aims attaic goal in
the background. We will note S for speaker and Hhiearer



Their goals will be noted, sband k, one of them possibly (constructive strategy), in other words they make a

being empty. Let us define: constructive detour (in abbreviated form b b’ «

Initial goal: The state of the world or the mental state that be)
one of the two speakers wants to reach, eithehifoself (to ) )
obtain an information, acquire a know-how, etcr).far his Let us agree on the following notations:
partner (give him an information, make him do sdrimeg, . bg initial goal of speaker S,
give him a piece of advice, etc.).

. L . * by initial goal of hearer H,
Conversational goal: the finality of the conversation: H g

convince, make decisions, actiofs carry out in common, * by final goal of the exchange,

negotiation, etc. .
g e b, : conversational goal, supposed to be shared by S

Exchange: a series of talking turns during which a goal is and H.
sustained. The start of an exchange is marked ly th
emergence of a new goal, this goal is possiblysfamed
during the exchange (it can become keener for ebamp
decompose itself into sub-goals) and becomes adudaible
final goal on which the exchange ends by a sucoedy/ a Non-inferential stratégies
failure. The success obeys to the double conditiobeing a
goal reachedand agoal satisfied9].

We can then define the following types of stratediene
places oneself in the string, from the point ofwief the
hearer H:

These strategies are called non-inferential to ek&ent
where the one who carries them out does not tfintba joint

Goal of the exchange: that which is sustained during the goal with his partner and thus does not have teessarily
exchange. infer his goal.

Final goal: the state of the world or of the situation at the 1) Reactive Strategy
end of an exchange (it always ends, at least byagheement o i o ) )
of the two speakers about the fact that thereilaréawhen ~ Consists in delegating the initiative to S eithgrrbaking
there is failure: .the trade unions and the empkyeave him shoulder his goal (case of a request for helpssistance),
parted on an acknowledgement of failure.). Thelfgwal is  ©Or by adopting his goal (case of the servant). Jéguence of

not always predictable at the start. the dialogue is done

Dialogue : a dialogue consists of a series of exchanges or * by maintaining the goal of the exchange, but withou
incidences. There can be many goals in the coufsa o taking an initiative,
dialogue.

e by abandoning one’s own goal or by making it pass
Strategy of dialogue: the way to handle the talking turns under the dependence gf.b

between speakers to lead an exchange or an ineddine

strategy aims at choosing the best direction obffithe goals

at a given moment.

A is passive and S is active. This has the effécipening
any type of strategy to one’s interlocutor S. Tireation of fit

is th - b,
Direction of fit: there are 5 possible directions of fit of the 's then by  bs

goals that lead to 5 types of strategy: 2) Directive strategy

+ H abandons his goal in favor of that of S (reactive  Consists in keeping the initiative to lead the aliie:
strategy), in other words H fits his goal on thatSo o
* by maintaining the goal of the exchange and by

(in abbreviated formb- bs) keeping the initiative,

* H imposes his goal to the detriment of that of S by imposing one’s goal (thus one tries fordsby)

(directive strategy), in other words he forces S to by ignoring possibly that of the speakes #ho is thus

adopt his goal (in abbreviated form & bs) in a way considered as nonexistent.
« Hand S each keep partially their goal (strategy of This has for consequence to impose a reactivegotiated
negotiation), in other words they do no try totfieir answer to S and to thus limit the variety of histstgies. H
is active and S becomes passive. The directioit f then

goalsa priori (in abbreviated form p< b’ - b)
even if at the end of the negotiation a comprorhise
is found 3) Constructive strategy (or “detour” strategy)

* Hand S take positively into account the goal & th  Consists in momentarily shifting the current gaalorder
other (strategy of cooperation), in other wordsythe to provoke a detour (supposed to be constructivegiwis not

try to fit one to the other (in abbreviated formdé>  necessarily an incidence, for example to pointasubmission,
bs) an error, make a quotation, recall an old facteaperience,

bH < bs,

t
H and S abandon their goals for a third oneeC



The current goal is put on hold, as well as thgaihgoals, ing ing g
a new goal b is posed, the initiative can be shared

Concessia | max min. without min. max
. . o object
The direction of fit is then: b— b’ « bs. Contrary to an i i i i
Role H passivi | actif nettet active active

incidence, a detour does not necessarily lead tmathe initial
exchange; it can leave the conversation unresalvddad to
another detour.

Inferential strategies IV.  SPEECH ACTS

The Speech Acts theory is well known: each speetlisa
defined by his illocutionary force and the propasial
content, according to formalism of Searle and Vawelen
[10].

. The dialogic interaction progress using acts (owvesy:

4) Strategy of cooperation O FS FS? F°, and F whigh ﬁave the ggneral fgrme?p =
Cooperation consists in taking into account thel gifa illocutionary force + propositional content. Eaclt ehas
one.s speaker by proposing to him one (or severagrerequisite (named satisfaction conditions) arfdcefon the
solution(s) which lead them both to reach theirlggithe ~ World. Certain acts are pure action ¢Fto do an actionF =
latter are not incompatible: this leads to procaecbrding to order an actioh i.e. for purpose expected in the world
to a complex process. assess the situation, prement (events, facts, achievement of a task), others ith
explanation, possibly some examples, some assistanc epistemic aiming (P = to ask somethingF = to assert
relevant arguments and to offer a closed choiceaflse it Somethinyi.e. for purpose in the discourse or on knowledge
is more easy from a cognitive point of view for thecision ~ (mutual or private), and others finally are witrodéc aiming
taking), by maximizing the concession space, byngoi (F° =to oblige F" =to offe)) i.e. create obligations (necessity)
about things through the search for an optimum space or offer choices (possibility) for the continuatioof the
of possible, by accompanying the speaker up to thdialogue. These last acts control the interactioth possibly
solution, by widening the conversational goal itessary, change the rules of the game.

This has the effect of opening any type of stratieggne.s
speaker. The direction of fit is thep &> bs.

C These strategies are said to be inferential toettient
that they require from the part of the two partreeperceptive
knowledge of their respective goals. In these etjias the two
speakers have a shared initiative.

The table, below, summarizes these concepts: Aafts,
hand column, commit speakers A and/or B when they d
5) Strategy of negociation them, in a certain aiming, taking their source ine t

o ] o background (world, task and private knowledge,-ikdicates
The negotiation can occur in a situation wheredbels  knowledge of A, K those of B). Their effects relate to a
are incompatible and when the speakers want tonmiei  modification of mutual knowledge 46, plans (elaboration of

the c_oncessions. The negotiation is carrieq ouh oather plans), goals (elaboration of goals) and stat@éeftorld.
classical pattern, through argumentative sequences

(argumentation/ refutation) with a proposal of absu  Speech acts and their functions

optimal  solution up to the convergence  OF [aAct [ Commitment |Aims Background | Effects
acknowledgement of failure. The local tactic is to F—AB Spister World Ko Ko
» try to impose one.s goal or to accept a compromise, A epistemi World. Ko Koo
* maintain the conversational goal, Fo |A deontic B Plar
« pursue the negotiation as far as possible up to an/F» [B deontic B Goa
acceptable goakb F, |AB actionnell Goa World, Kag
This has the effect of maintaining one speaker his t P, |A actionnelli Goa World, Kag
comon strategy. The direction of fit is then-b b, —bs
The following table summarizes the main propertiethe
different strategies. V. EXTENDING GAME THEORY FOR DIALOGUE MODELING
The analogy between game theory and games of dialog
TABLE . PROPERTIES OF STRATEGIES FROM THE PERSPECTIVE OF THE  has already been addressed by several authord12]];Their
ADRESSEE(A) RELATIVE TO THE SPEAKER(L) approach is based on “possible worlds” semanticklagics
Strategies | Non inferential Inferential of knowledge and belief, and they have to assura¢ tte
Progerties React Dir. Consruct. Nego. Cooy. part|c!panj[s are rational. For B.e.nz [13], .eaCh ai.TSW t.he
_ _ _ _ question is a problem of decision making, which sito
Initiative S H joint joint Joint maximize the utility of the answer among all poks#nswers.
it Bs B, othe hor reciprcca We think that the sp_eaker does not have cogn_ititkﬂwbility
o o T T T to process all possible answers; and to decide hwisicthe
onvgoa | maintair ) maintair | detout maimainin | join most relevant. Probabilistic and numeric approauisfacing




to the problem of quantification and estimatiortte# value of  B. The joint gain
gans. We define the joint gain as the “force” of inteiaotl
Our purpose is to get interesting elements fromghmme link. It measures the degree of force of what makeslink

theory for the dialogue modeling, but without cafesing the ~P€tween participants. The stronger is the link eetwagents,
dialogue as a defined game. We do not make paaticul the more dependants they are of each other. It@asist in an

assumptions about the agents and their behavionate the €ffect of action which is made together, or a commo
dialogue model compliant with the theory. We witisame knowledge which is acquired jointly. It represewtsat is won

only this fact:we think that at each point of the dialogue, . With” the other (but not through him). It is themension of
speakers are able to know if their gains are incresing or &/terity” in the dialogue, grounds of inter-subjedy, mutual

decreasing. They adapt the dialogue according to waheir ~ Understanding, and joint action. The joint gain esrfrom the
gains are evolving, inside the goal of the dialogudo do interactional level, it consists in four components

that, they don’t compute anything else than calculs of «  Psycho-cognitive emotional or sentimental

comparisons. dimension like love / friendship / empathy / care /
We present below how we make the analogy between compassion, etc.,

dialogue and game theory with tifethod of gradient. «  Ethnosociological is the social and cultural side,

which leads to different types of relations likealry /

A. Types of gain oppqsition / partngrship / cqr!nivance / coalitidq.,e
During the interaction, the speech acts have effect relatively todimension of individual / group / family /
providing a value system named gains. Greimas §tdlies clan/ tribe. One brings out the primary sociality
the gains acquired by the participants can beiieg®n two (friends, family) versus secondary sociality (marke
axes of values: [having] and [being]. We have aket in nation) [15],
the joint action, and will provide a “joint gainiyhich cannot referential dimension located in space and time
be related to the previous axis. immersed in the context of the action as: questipii
We can detail these kinds of gains (or interest) as investigation / wrangling / exchange /donation,,etc
+Being » Ethical: ethical dimension of alterity like trust /
) _ sincerity/ veridicity/ responsibility, etc., whichs
» Self-esteem. A person's overall appraisal of hiker always involved in face to face.
own worth, in the course of the dialogue, by aevafle ] ) o ) )
judgment, By his psychological component, joint gain providae

“mood” of the dialogue. This mood is affected by tbthno-

« Feeling of positive position. A person's overall sociological environment in which the dialogue tkslace
appraisal of his or her own worth, by comparing(context of rivalry, conflict, cooperation, or nealt in an
himself or herself to the others in the courseh® t institutional framework). The interactional and ieh
dialogue, components are built during the dialogue procdssy firen’t

given a priori except perhaps in the case of repeated

* Capturing the attention of the other (to captizeget dialogues, when speakers are well knew each fréwer ot

interest from the others). The feeling that ons b
oneself through others. So, these different types of joint gains can benébin

+Having dialogue:

. . . + Joint:
* Increasing knowledge (knowledge or information Joint

about the world, better understanding of the social e« Conviviality, empathy, friendship,

environment, etc.), o . . . :
) » Partnership in argumentative discussions: if ambge

» Progress of the task for which interaction is reepli agrees on B’s argument, then position of B is exddr
(realization of work). The gain of B is increased by a joint gain by thet f

Let's notice here that the value which is acquiied that A is sharing his argument,

complex and difficult to compute, because it cassia « Cooperation, mutual trust,

three main factors: ) - )
e Setting up of coalition or understanding, etc. It

» Utility value: economical value (purchasing, seilin provides a strategic advantage ,
market), informative value (including quality of ) ) o
information and cost to access it), » Common purchase of something, that is not divigible
in the course of the dialogue, or share of common
e Usage value: social (acceptability value), ethical, experience,
esthetical,

) - _ * Knowledge acquired together: the process to acquire
 Usability value: cognitive, ergonomic. this knowledge (for example by dialectic argumergs)



a joint gain because it will serve at a basis tothier
experience.

Maintaining the dialogue makes itself a joint gathe
process is successful if it is maintained. On thpasite, if the
dialogue breaks down, it is a loss. Joint gain ixese a
negative value in case of conflict as rivalry, aggiveness.

VI. THE PROGRESS OF DIALOGUE

Our purpose is to highlighthe process which makes the
dialogue progressing. We have to formalize the masgof the
dialogue, the goals which lead it on different levend how
the participants achieve these goals, with théimggand losses
in the dialogue game.

A. Functional approach: the model of competitive games

We consider that a game consist of rules and staicehas
an initial goal. One can measure by gains and $obe& the
participants are progressing toward the goal. Eaeghtalking
is a “move” in the game. The move may be for exanthk
negotiation of rules (if they aren’t implicit), &ake, the initial
move, an attack, a reply or a diversion.

If a question can be viewed as an attack, the ansarebe
viewed as (a) an argument which provides a join ga the
side of mutual knowledge or task realization, (breve” of
the game, which is blocking the attack, (c) a mfah which
makes the speaker in position of counter-attackid)ran
answer-back or a dodge.

For example in the following dialogue between deseind
a customer, the rules come from bargaining:

V (vendeur) : alors la petite dame comment c¢a
va aujourd'hui ? Jai de belles courgettes
aujourd'hui, toutes fraiches

(V (greengrocer): Hi, how are you today? I've
very fine and fresh zucchini)

C (cliente) : ca va bien et vous ? Combien vos
courgettes ? C'est pas trop de saison ¢a dites-
moi...

(C (customer) I'm fine, and you? How much
these zucchini? It is not seasonal, | think ...)

V : c'est pas cher pour vous, je vous fais un
prix, vous étes belle comme tout aujourd'hui

(V: for you it is very cheap: you're beautiful
today)

Etc.

This short dialogue shows clearly how two games are

mixed: the game of selling and this of gaining oustr
loyalty, with seduction. We have to assume herettieascene
takes place in a repeated game, to fully understand

B. Principles of dialogue games

We distinguish in each dialogue:

(a) the game of dialogue maintaining. It is relai@docial
conventions, the rules are often underlying. Theesp acts

which contributes to dialogue maintaining afe(@o-possible)
et P (do-necessary)

(b) the game of the dialogue itself, linked to thalization
of a joint action. At each step we can measure tieagoals
of participants are satisfied, in term of indivitlua joint
gains.

Dialogue may be part of typical social practice.e3é
kinds of dialogues are well described in the litera; for
example between seller and customers, the goalhef t
customer is to buy at the best price. But in maages the
dialogue is in itself the main activity (social kligue for
instance); in this case it is built by himself vath any
conventional norm.There are also dialogues that have no
apparent purpose other than the user-friendlin@sshis case
the utility is measured on the scale of wellnesgoort gain
like create a climate of confidence, etc.

Finally, in many cases, dialogue is included inypidal
repetitive practice: it is a situation of repeagmone. Speakers
have a reputation, they trust each other a préod there are
external constraints applied to the situation, asll vas
inheritance from the previous games. In these titos we
will use the repeated game theory in order to stimvgame
of trust and power which are at work in this kirfdd@alogue.
There are for example discussions between cliemd a
suppliers, or discussions between colleagues iergmge. In
these dialogues, the joint gain is inherited fromevppus
dialogue; it provides the “psychological contextf the
dialogue. Then, this climate will be changed actwydo the
speakers’ behavior during the dialogue.

We will take attention to the dialogues between esav
speakers: in this case some partial coalitions emgrge, and
the notion of joint gain gives more complexity tfeetutility

function. We will make an analogy between thesediof

dialogues and cooperative games

VII.

We define a dialoguas:
D=(B, A, S, |, G, T) where:
» | =set of speakers {i}

FORMALISATION

e B =goals of speakers i
« A=speechacts {EF, P, FS P, F}

e S set of strategies {Reactive,
Cooperation, Negotiation, Constructive}

Directive,

* G = set of gains of speakers i where we notice avec
les notations &= expected gain, &= jointed gain

» T =types of games (complet, incertain, repeatexd).e
Each type of game has his proper rules, and theegam
inherits them if they are not changed by the agents

As we don’'t want to introduce particular logic agital
values which are impossible to compute, we consttat
during the game gains only increase or decreasliggt).
Strategies are variables of choices of participaatadjust
their gains in the way they increase or becamelestathe



algorithm of the computation is very simple: eaichet other
speaker produces speech act, one evaluates gailtssms
regarding what is already acquired, and one prodipezch
act by estimating the expected gains this act cavige.

Begin_dialogue
DJ : Initialization of the new game of type T
If repeated gamthen
Initialize gains with those of previous stage game
Opening of Dialogue: phatic acts
Compute expected gain for i which produces: Speeth-A
Interpretation of fp by other participants according to type T
(strategies, goals, etc.)
While Non Equilibrium of gain®o
For eachk de |
Computing of acquired gain@nd joint gain conjoint &
Computing of expected gain for j which producegeexh act B,
Aiming to increasg; + Gi.e G;> G + G°
Interpretation of;g=by the others | according to type T
End For Each
Evaluation of equilibrium
EndWhile
Ifnew gamerhengo toDJ
EndDialogue

VIIl. EXEMPLES

Let's examine the following dialogue, between atcoer
(a woman) and a greengrocer, on an open-air market.

T = repeated game: yesterday, the greengrocer dids s
tomatoes to this woman.

The stake: vegetables on the stall
Rules = buying/purchasing, the price is displayed.

An other game is played in simultaneity: the greeogr
aims to gain customer loyalty: he tells her in mfial style.

V (vendeur) : alors la petite dame comment ca
va aujourd’hui ? Jai de belles courgettes
aujourd'hui, toutes fraiches

(V (greengrocer): Hi... how are you today?
I've very fine and fresh zucchini)

C (cliente) : ca va bien et vous ? Combien vos
courgettes ? C'est pas trop de saison ca
dites-moi...

(C (customer) I'm fine, and you? How much
these zucchini? it is not seasonal, | think...)

V : c'est pas cher pour vous, je vous fais un

prix, vous étes belle comme tout aujourd'hui

(V: for you it is very cheap for you: you're
beautiful today)

C merci, vous
d'achat...]. A demain.
(C: That's very kind of you, thank you. (...she
is buying]. See you tomorrow

étes gentil [..acte

It leads to the following formal analysis:

V: F3(phatic), B(x) : zucchini(x)

S = Directive ; By = to sell(x) ; By = fidelity(C)

G™y(x) = Benefit(x).Weight(x) avec Weight(x)>0 :
G/(C) = G(2): zO X

The greengrocer has the expected gain to secure the
loyalty of this customer.

C: F(phatic), EX(y) : selling price(y)
S = Negotiation ; & = to purchase(x) : zucchini(x)
G™le(x) > Gv(x)

The expected gain of the customer is to get thetabbes
at a better price.

V : F(y), F(phatic)

S = Negotiation

Gv(¥)< GT(X) ; Gle(®) = GTlo(0)> GT(X); GA(2)
The greengrocer is making concession : he is deimga
his immediate gain in order to increase his expe&gain
(he hopes this woman will come again and buy védeta
in the coming days)

C : F¥(phatic), #(buying), F
S = Reactive

B, et B satisfied

for C : Gie(X) > Gh(X) ;

for V: Giy(x) + G4/(2)

The woman has got a discount™{&) = G(x) and
G'<(x)>G™(x)). The greengrocer has got a positive gain
even it is lower than his expected gain, and he duas
expected gain that the woman will come again

It is a situation of repeated game. When the womiin
come again, both the participants will get memofytris
game, and at the beginning of new game, the greeagwill
have an expected gain®%(z), inherited from the present
game.

Dialogue between a homeless (M) and a passer-hyit(® a

non repeated game)
M : une piéce svp...
(some little money, please...)
P : tu ferais mieux de travailler plutét que
de mendier
(You'd better to work rather than begging)
M : j'étais au chdmage et je n'ai pas trouvé
d'emploi
('ve been unemployed, and | didn’t find a
job)
P : ouais, moi aussi j'ai été au chdmage...
(yes, also I, | was unemployed in the past...)
M : alors vous me comprenez...
(So, you understand me...)
P : va te faire voir avec ta piéce
(getlost )
M :boncava!
(Oh... oh... OK..))

M: FF(x): money(x) ; B = to_get(x) ; G’ = value(x)
P: FP(to work) ; B-= 0 ; G = +being ethic, feeling to
do one’s duty

M: F¥(y) : story(y)
Gy, = value(x)
P: F(z) : story(z), z = ains do not progress

B, is maintained ; B = to get(x) ;



M: F(expressive) ; 8y is increased with +beingThe
homeless hopes to get empathy form the passer-by.
P:Fax) ;G y=0;:G%=0

M: F(phatic)

The dialogue ends, gains are null on each side.

Positive variant of the same dialogue:

]

Yeah, me too I've been there...

Then you understand me...

Yes, | sympathize. Here's a little money

[..
P:
M:
P:

P: Fsgz) :story(z) ;z=y

M: F(expressive) ; &', = +étre

P: F(expressive) ; F(money-donation) ;

Gp = +being + Gpy; Gy = +having and +being and

+G%u; G- sharing a common experienc8haring a

common experience (empathy of P for M) is the g,

If P meets M again, he cannot look away. The jgain
creates a mutual debt, and it is put in play inrtbgt stage in
case of repeated game.

IX. DISCUSSION

The model we presented is based on estimating dhes g
progress at the different levels of the dialogue &én’'t make
any assumption about the intentions of speakens,about
their cognitive attitudes priori. We only assume that each
speaker have a self interest in the dialogue arek de
increase his gains. The cultural and social practiwhere the
dialogue game takes place (through the social ctiores
which govern this practice) - leads agents to aehiaturally
their goals. That is what we formalize by the “mulef the
games”.

The rules of the game, the set of social pract{besits,
conventions, rituals, etc.) are the common groumat the
speakers apply during interaction. They give thatext to
interpret, to assess the situation strategies,sandn. So it is

on apraxeologicalbasis that we presuppose the type of th

game where the interaction takes place. The rudl#seogame
are implicitly followed by the speakers, so one a#Br how
the gains are evolving the progress of the gainshowt
making any assumption on cognitive attitudes ofakpes:
they are deduced from the type of the game theynamved.

So in the example of dialogue in the open-air marke

conventional rules of transaction are that theilsgtaims to
develop the customer’s loyalty, whereas the custaims to
buy at better price and to maximize the quality baiught
products. Conviviality often occurs in this kind tohnsaction,
both as mean and aim. But, when this transactippdas in a
supermarket for example, this dimension does ndt,eand
expected gains are only related to the productshowt
involving people. Each kind of game will induce fte
speaker different ways to achieve their goals, tandct with
others.

The table below summarizes the components
interactional link. It is these elements that dgieghe dialogue
a framework where it will expand. Arrows are inding a
degree of strength, from the most negative to thetmositive
on each dimension.

TABLE 1. COMPONENTS OF INTERACTIONAL LINK

Companent Example

Psycht-cognitive Violence — Contemp — Suspiciol —

(context) Indifference — Empathy — Connivence —
Friendship— Love

Ethndlogical, Rivalry — conflict — collusion— complicity —

sociological coalition— alliance— pact

Interactionial To dcby (to exploi) — to do againt

(Behavior) (opposition) — neutral — To do with

(cooperation}- to do for (generosity)

Ethic, deontologcal
(Rules)

Duplicity — sinceity — respect-> mutual trus

Psychological context, social and cultural enviremtn
provides the rules of the games where the dialdgkes place
(context of rivalry, of conflict, or cooperation; peutral in an
institutional framework). Then, the speakers’ bébain the
dialogue emphasizes or changes the context otictien. The
gains the participants have got during the dialogue
acquired, but the joint gain is brought into play the next
meeting. Inherited and brought again into plays ilnvolved
in the history of relations.

X. CONCLUSION

After recalling the fundamentals of game theory and
showing that a dialogue can be formalized in theoty if we
extend the concept of gain, we have shown thatanenodel
the dynamics of dialogue by only estimating how fzns
(expected and acquired) evolve during the dialodethis
way, taking into account the evolution of thesengaallows
efficient modeling of the dialogue, while avoidimgodeling
human decision processes or intentionality.

The extended game theory we offer, offers a rich
framework for the dialogue modeling: repeated gapreside
tools to model situations where the dialogue happegularly

Elthe game are part of the history. One can get $o§saking a
concession) at one stage, but progress to thettrng-goal.
Thanks to cooperative game we model league, amalitind
the evolution of trust among participants. In comnswcial
situations, the rules of the games come from a eatonal
model of social practice, which is the ground ofe th

interaction. In other cases, the negotiation ofrtiles will be
the first game.

At the beginning, the game theory was based on the
assumption of rationality of agents, and this aggtion led to
dramatically simplify the human dialogue. Current
developments of the theory in economics includecthrecepts
of culture, institution, and take into account wikm,
reciprocity, or emotions. Thus we believe that gameory
provides a rich and open framework for modeling the
dynamics of dialogue, overcoming the rigidity oheentional

0‘and intentional models.

We showed also that a simple gradient computation,
without quantitative values estimation and heavyisien
process, can significantly reduce the time of nlenta



computation while making it more credible and meffcient
on a cognitive point of view.
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