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Abstract: Inquiry, Persuasion and Deliberation Dialogues are all designed tddranformation between agents so that
their beliefs and opinions may be revised in the light of the new informatiod,adl make use of a similar
set of speech acts. These dialogues also have significant differéieedefine success conditions for some
different dialogue types in this family and note the pragmatic implications ofpleech acts they employ.
Focusing on persuasion we consider how successful persuasiogudia can be conducted efficiently, in
terms of minimising the expected transfer of information. We observeatktrategy for efficient persuasion
can be developed by considering the pragmatic implications. We presaitsrshowing that our strategy is
an optimal strategy in a range of representative persuasion scenarios

1 Introduction One common situation in which both persuasion

and deliberation occur is when an agent must choose

The influential dialogue typology of Walton and between se_veral options, each of which has s_everal

Krabbe (Walton and Krabbe, 1995) has been taken as‘feat.ures WhIC.h can serve as reasons for a_nd agamst the
' choice, to which different agents will ascribe different

a basis for developing dialogue protocols for use in degrees of importance. When buying a car one person

agent systems by several authors. For example, S€&uill be most interested in safety, another in speed, an-
(Black and Hunter, 2009) for inquiry dialogues; (Rah- other in comfort. For cameras),/,some will reguire 'the

wan et al., 2003) for negotiation; (Prakken, 2006) for b : :
- . est quality, whereas others will value compactness or
persuasion; and (McBurney et al., 2007) for delib- a low price more highly. In such situations an agent

ter:attlt(;ln. It 'Si Walton _andthKr?bbe ?(rjgule, |mri(r:rtant will often need to deal with a series of salespeople,
atthe agents recognise e type of dialogue tney ar€,, ., trying to overturn the agent’s currently preferred
participating in, since otherwise misunderstandings

: ; . 2> option, or to consider recommendations from other
arise, fallacies become possible and the conversation

S agents. A very common example in Al conference pa-
mayl brgeak dowg. Nong the Ie(sjs, th? d|.st|n_ct|_ons haveopers is choosing a restaurant for lunch or an evening
Lare y e?r? ”:? € prreC|s?, r?n n(;:?jn Ilijtfl(:ntilsr:ncllnrar?slf dinner. Typically the individual agents will have only

ecause Inquiry, persuasion a eliberation all ma eincomplete and often ill-founded or outdated beliefs
use of a similar set of speech acts. In this paper we

o : o Mo "= about the local eateries, and so they will pool their
will give a precise qhara_ctensatlon of the distinctive knowledge to get a more complete picture of the sit-
eration and inquiry dialogues. Our analysis will draw recommendations, and gnother agent.may attempt to
attention to the pragmatic meéning of utterances usedpersuade _that age_nt of |t_s own favourite venue. We
: . X . 4 ) will use this as an illustration throughout this paper.
in persuasion dialogues, which give such dialogues
their particular character. Following this analysis, we In (Walton and Krabbe, 1995), dialogue types are
will focus further on persuasion, with a view to ob- characterised by an initial situation, a collective goal,
taining a clear specification of, and an optimal strat- and individual goals, all stated informally. For inquiry
egy for, persuasion. Our contribution is thus the anal- dialogues the initial situation is that both agents are
ysis yielding the distinguishing features of persuasion not certain of some propositiop. Both individual
dialogues, as well as the optimal strategy we presentgoals and the collective goal are the same: to deter-
for a common class of persuasion dialogues. mine whether or nop. In persuasion one agent will



argue thatp, or that some actiop should be donk titled to use its own preferences to assess any propo-

in order that the other agent will come to agreement. sition or proposal, without any need to consider what

The collective goal is to resolve whethers true org the persuader desires. The construction of a set of col-

should be done. With regard to individual goals, per- lective desires introduces an additional order of com-

suasion is asymmetric: the persuader wishes to con-plication, and puts deliberation beyond the scope of

vince the persuadee, whereas the persuadee wishes tthis paper. Therefore in what follows we will focus

explore the possibility that its current opinion should exclusively on persuasion.

be revised in the light of information known to the

persuader: the persuadee is interested in what is true2.,1  Definitions

whether it bep or —p. A different case of persuasion

is what Walton terms dispute In this case the per-  An example, including example use of our notation,

Suadee a|SO WiSheS to ConVince the Other agent that |tSS given in Section 3. The reader m|ght find it he|p_

own Original pOSition is correct, so that its individual ful to refer to this in Conjunction with the fo“owing

goal is now that the other should believg or that  definitions for concrete illustrations of their use.

¢ should not be done: we will not consider disputes The knowledge bases of agents can be partitioned

further in this paper. Deliberation is generally held jnto factual elementson which agents should agfee

to concern actions: initially both agents are unsure ysed when the direction of fit is from world to beliefs,

whether or not tap, and individuallyand collectively  and preference elementsvhich represent their own

they wish to come to agreement as to whether or notjndividual desires, tastes and aspirations, and are used

to ¢. In the next section we will explore the distinc-  \hen the direction of fit is from desires to the world.

tions further, with a view to precisely characterising Thuys, the preference elements represent the way the

persuasion dialogues in particular. agent evaluates possible futures to determine what it
wishes to bring about, and how it evaluates objects
and situations for value judgements suctbast car

2 Distinguishing the Dialogue Types  andacceptable restaurant

T : Definition 1: Let AG denote a set of agents, each of
Instead of distinguishing between actions and ~ . '« RAG
propositions, we believe that the correct distinction which, Age AG, has a knowledge base RB KB

is related todirections of fif a distinction made by IS Partitioned into factual elements denoted byRB
Searle (Searle, 2003). Searle distinguishes theoreti-and preference information denoted by B KB

cal reasoning, reasoning about what is the case, fromcomprises facts, strict rules and defeasible rules.
practical reasoning, reasoning about what it is desired KB,‘:,\g comprises rules to determine the utility for Ag
to be the case, and what should be done to realiseof certain items based on their attributes, and the
those desires. In the first case it is necessary to fitweights used by these rules. These preference ele-
one’s beliefs to the world, whereas in the second the ments are defined below.

idea is to make the world fit one’s desires, in so far Agents expand thelKBg by taking information
as one has the capacity to do so. In these terms, in-fom one another, bk Bp remains fixed throughout
quiry represents an attempt to better fit the beliefs of e giglogue. Whereas, because it is intended to fit the

the agents to the_: world, and_delibe_ration how best to world, KB is objective KBp represents the personal
make the world fit the collective desires of the agents. preferences of an individual agent, and is entirely lo-

Persuasion can be about either. Note, however, thateg) to the agent concerned. We will ugdor factual
when we have two (or more) partlupatlng agents,'we propositions, angbag (to be read asy is the case for
have two (or more), probably different, sets of desires pg for propositions based on preferences. We will
to consider. In deliberation no set of desires should be 5t represent actions separately, so fhyatmay rep-
given pre-eminence, but rather the group as a whole resent either propositions suchRsux Brothers is an
needs to come to an agreement on what desires they,cceptable restaurant for Agr propositions such as
will adopt collectively. In contrast, as discussed in it is desirable for Ag that Ag @.
(Bench-Capon, 2002), in persuasion it is the desires
of the persuade¢hat matter: a persuadee is fully en- 20f course, this does assume that there is a set of propo-
- sitions which are objectively true. In practice there may be
1There has been some disagreement as to whether perroom for dispute. None the less we will assume agreement
suasion can be over actions. Walton in (Walton, 1998) in judgementgeven for matters such as whether a restau-
seems to suggest not. None the less it is clear that we arerant is near, or whether it is of good quality), reserving sub-
in ordinary language, fully prepared to speak of persuading jectivity for differences intaste based on preferences and
someone to do something. choice.



Definition 2: Let PROP be a set of atomic propo-
sitions and let fe PROP be afactual proposition
and ;g € PROP be a proposition based on prefer-

ences. Let KQQ ~ f denote that a factual propo-
sition can be defeasibly shown, using an appropri-
ate reasoning engirfe without using preference in-
formation. K@g records the preferences of Ag using

Next we need to be able to determine the truth
value of attributes of options, e.g. stating that the
option Spain does indeed have the attribute of good
weather, or that the Mogul Palace serves Indian food.
We also need to be able to determine the weight that
an agent assigns to an attribute of an option. The fol-

clauses with preference based propositions as headslowing two functions enable the above.

and bodies comprising factual propositions. Now

KBRIUKBA? ~~ pag denotes that the preferences of
Ag are required for pg to be shown.

This reflects that a value judgement suctRadls
Royce make the best caannot be considered true
simpliciter, but is true (or false) relative to an agent,
and determined using that agent’s individual prefer-

Definition 5: Lett: O x Ap — {0,1} be a truth func-
tion that returns the truth value given liyO;,a;) =
Tj; for option Q € O and attribute g € Ao.

Definition 6: Let w: AGx Ag — NU {0} be a weight
function that returns the weight(#g,aj) = wag(a;)

ences. Next we may need to distinguish between theof an attribute a for agent Age Ao. Where the agent

knowledge base of an agent at the start of the dia-

Ag is clear from the context, we usg.w

logue, and the knowledge base of that agent at the end

of the dialogué.

Definition 3: Let the knowledge base of an agent Ag
at the start of a dialogue be denoted by %8 and its

knowledge base after n steps of dialogue be denoted

by KB\%,

We now introduce some further definitions needed
for the protocol and strategy. Firstly, agents need to be
able to discuss the options under consideration within
the dialogue and the attributes of these options. For
example, in a dialogue about where to go on holi-
day, the options might cover different countries such

as France and Spain with relevant attributes being the
food and the weather. In the restaurant example the

various local restaurants will be the options and vari-

ous features such as distance, quality, type of cuisine, - i
setV kg, for both agents. For a particular agent, if for

ambience and the like are attributes of restaurants tha

Next we introduce notation to enable us to refer
to sets of attributes of options as determined by their
truth status (as will be required in section 4). Thus,
attributes of options will fall within one the following
disjoint sets: verified true verified false unverified
true andunverified falsewhere verified options have
been the subject of an inquiry dialogue (and so have
been agreed by the agents) and unverified have not
(and so could change in the light of information that
could be elicited by an inquiry dialogue).

Definition 7: 15 = 1 if option G has attribute g. If
this attribute for this option has been the subject of an
inquiry dialogue,tj; has been verified. Attributes of
options for whictt;; = 1 has been verified form a set
V Tag, those for whichtjj = 0 has been verified form a

agents may use as reasons to choose between then@&n unverified attribute KE - 1ij = 1, the attribute is

Furthermore, agents can give individual weightings
to these attributes to reflect their different tastes and
aspirations.

Definition 4: Let O be a set of options that agents can
propose during the course of a dialogue. O has an
associated set of attributesoA An agent associates
each g € Ao with a weight w > 0 to form a set of
weights W. Each set W is individual to an agent.

3(Black and Hunter, 2009) use Defeasible Logic (Garc
and Simari, 2004).

“Here onlyKBRY changes during a dialogue. It is of

course possible that an agent may be persuaded to chang

its preferences, but we will not consider this higher order
persuasion in this paper. This is not a straightforward matter
of simply adding to the existing{Bp, as is the case with
facts.

unverified true and so an element of }4Totherwise
the attribute is unverified false and so is an element of

Finally, we are able to define thility of an op-
tion for an agent, based on attributes of the option that
are true.

Definition 8: Let AC Ap be a set of attributes true
of G;. Then the utility of @for an Agent Ag with re-

spect to these attributes; (&), is Z Wag(a;j). Now
ajeA

fhe current utility is YV T,UUT;). This we will some-

times abbreviate toUvhen there is no ambiguity. The
maximum utility is YV T, UUT,UUR) and the mini-
mum utility is YV Ty).



2.2 Inquiry and Persuasion Dialogues truth and nothing but the truth, arghrtial® persua-
sionwhere the persuader must tell only the truth and
We can now characterise the distinction between in- Nothing but the truth, but need not tell the whole truth
quiry and persuasion. Suppose we have two agents,if that Would_ da_mage its_ cause. Open persuasion
Wilma and Bert, so thadG = {W,B}: following the about a faqt is 5|mply an inquiry dlalo_g_ue where the
conventions of chessV will initiate the dialogues. ~ Persuader initially believes the proposition under con-
We may say that for an inquiry dialogue between S|der§1t|on, so that these dialogues can also be char-
Wilma and Bert concerning a propositidn(inquiry acte_rlsed by 11 and 12 above._We WI|| henceforward
dialogues conceronly factual propositions), the fol- confine ourselves to persuasion dialogues that con-

lowing two conditions should hold: cern matters of preference, so that there will subjec-
- _ _ _ tive elements dependent of tastes and preferences as
I1 Initially either Wilma does not believe that: well as fact.

KB‘Q’0 ¥ f or Bert does not believe that :

B Open Persuasion
KBg® + f or both.

OP1: Wilma believes that Bert does not believe

I2 At the end of the dialogue both believe thht thatpg: KBBo 4 pg
if and only if f 'S av\zonsequenceBlof the joint OP2: Both wish that at the end of the dialogue
kn%IedgeBbases(.KBF ~ B)A(KBE! ~ ) < Bert believes thapg if and only if pg is a conse-
KB’ UKB ~ f. quence of their joint knowledge bases and Bert's
. . . . . Wo
An inquiry dialogue will always result in agree- preferences'KBBt ~ P <> KB U KBBo - pg,
ment, since, if agreement does not arise before, the di-  Where the dialogue terminates in t steps.
alogue will terminate only after Bert and Wilma have Note that at the end of an open dispute, Bert and
exchanged all their knowledge, so that, if the dialogue Wilma may differ as to whethep or —p, since their
has taken n stepKBr" = KBE" = KB\,QV0 U KBEO. beliefs reflect their own individual preferences ap-

Some have argued that neither should believe that plied to the shared information. Again the dialogue
at the outset, but we wish to allow Wilma to start an will always terminate because either the agent is per-
inquiry dialogue to confirm her beliefs, since, given suaded, or all factual knowledge has been exchanged.
the defeasible reasoning mechanism we are using, it  For partial persuasion we include the desire to, as
is always possible that Bert may supply information it were, win the dialogue, irrespective of the truth of
resulting in Wilma revising her beliefs. the matter. Although partial persuasion can be con-
The second condition is plausible (since we are ducted regarding a matter of fact, we will consider
assuming that factual propositions are objectively as- here only persuasion relating to matters involving el-
sessed by the agents) and is the condition used toements of preference. The initial goal remains OP1,
show soundness and completeness of the inquiry dia-and Bert's final goal remains OP2, but Wilma has a
logues in Black and Hunter (Black and Hunter, 2009). different goal, PP3. PP4 represents the condition un-
Since that paper shows soundness and completenesger which Wilma can legitimately satisfy her goal.
for their inquiry dialogues, we shall suppose that Again the dialogue terminates in t steps.
where Wilma and Bert wish to establish the truth of
some factual proposition, they will use a dialogue as _ i )
described there. PP3: Wilma’s goal is that Bert should believe that
In contrast, persuasion can concern matters with p: KB ~- pg
both directions of fit, although probably evaluative PP4: Wilma can succeed if she has information to
propositions are more usually the topic than factual ~ enable Bert to believe: KB® ~ pg «+ (35) C
ones. This is because if the persuader is correct (and KB\,Q"0 such thaSUKBBo ~ pg.
honest), for factual topics an inquiry dialogue will
serve to achieve the goals of a persuasion dialogue.
It may be, however, that the persuader has some in-
terest in establishing the proposition, and this interest
will persist even if it becomes aware of information
suggesting that the proposition is in fact false. If one
of the agents is a salesperson, for example, this will be
what it will do. Since persuasion may have this adver-

sarial element we distinguisipen persuasigrwhere Spartial as inbiasegnot impartial rather than as in in-
the persuader is expected to tell the truth, the whole complete.

Partial Persuasion Using Preferences

Note that open persuasion begins with a conflict,
but has the same goals for both participants, whereas
in partial persuasion they have different views as
to what constitutes a successful termination. Both
agents can realise their individual goalpgf does fol-
low from their collective knowledge and Bert’s pref-
erences. If not, strategic considerations may affect the



outcome: it may be that there is a subset of Wilma'’s Each agent, for each option, partitioAg into

KB which could be used to persuade Bert, but that she four subsets, depending on its own knowledge base.

reveals too much, so that Bert is unpersuaded. HereAttributes that are not known and have not yet been

Wilma could have succeeded according to PP4, but in the subject of an inquiry arenverified while those

fact Bert is rightly unpersuaded, satisfying OP2. that have been the subject of an inquiry aegified
Having made these distinctions we will now fo- and the agents are in agreement as to th&o.at the

cus on a particular type of persuasion dialogue, openstart of the dialogue,

persuasion involving preferences. This is the simplest Bert has UT; = {cheapclosé UF =

kind of dialogue after inquiry dialogues, in that only {goodlicenced,VF = VT, = 0 for Burger

one side is doing the persuasion, and the participantsWorld and

have common goals. Our particular scenario is the UF, = {goodcheapcloselicenced,UT, =

common situation where an agent is seeking a recom-VF, =V T, = 0 for the Thai Palace.

mendation, or comparing options, concerning things  As the dialogue progresses, inquiries regarding at-

such as restaurants, cars, digital cameras, insurancetributes are made, and these attributes will move from

or any other product where competing options have unverified to verified. Bert’s utility calculations for

some out of a large number of features which vary in Burger World at the start of the dialogue are shown in

importance for different agents. The persuading agentFigure 1.

will want what is best for the other agent, and will \y1 | would go to the Thai palaceWilma starts the
have no particular interest in having its recommenda-  persyasion dialogue by making a recommenda-
tion accepted. The particular topic we will consider is tion.

whatis the best restaurant for Bert B1 Burger World is right here and it looks chedgert
indicates two criteria which he values and which
he believes are satisfied by Burger World

The Thai Palace is also cheap, but it is a walk
away. Wilma supplies information about the cri-

For our example we will spell out choice of restau-  terion satisfied by the Thai Palace. Bert increases
rant in detail. Let us suppose that Wilma and Bert the current and minimum utilities of the Thai

are standing outside Burger World. Bert can see that  pg|ace to 3.
Burger World is close by and appears cheap, but as : :
stranger to the town knows nothing about any otheraBZ Is Burger World good?_Ber_t seeks information
restaurant. Wilma, on the other hand, as a native to about another valued criterion.

the city, has complete information. So, initially, Bert W3 No. But the Thai Palace iswWilma indicates a
finds Burger World acceptable but Wilma will attempt point in favour of the Thai Palace. Bert must
to persuade him of the merits of the Thai Palace. now adjust his utilities: while the current utility of
Moreover suppose Bert wants a good quality restau- ~ Burger World remains 3, the maximum falls to 5.
rant, thatis cheap, close by and licenced. Bertweights ~ But the minimum utility of the Thai Palace is now
these attributes 6,2,1 and 2 respectively. All other fea- 6, and so cannot be bettered by Burger World.
tures of restaurants, such as whether they have musicB3 OK. Bert now has sufficient information about
and the type of cuisine, are matters on which Bertis  both restaurants for the criteria he values: he
indifferent, and so have weights of 0, and need notbe  does not ask about licensing because that can no

3 Example W2

considered. We can summarise the situation: longer change the order for him.
Set of AgentsAG = {Wilma, Bert}. Wilma is the At the end of the dialogue:
persuader and Bert is the persuadee. Bert hasUT, = O,UF; = {licenced ,VF =
Set of Option€O = {BurgerWorld, ThaiPalage= ~ {goodQuality,VT; = {cheapclos¢ for Burger
{01, 07} World and

UT, = 0,UFR, = {licenced,VF, = {clos¢,

Set of AttributesAo = {goodQuality, cheap, close, VT, = {cheapgoodQuality for the Thai Palace.

licenced = {a1,ap,as,a4}

Sets of weightsWyiimaai) = {6,4,0,2; Waert(&) The utility calculations for Bert and Burger World
={6,2,1,2;fori=1,2,3,4. at the end of the dialogue are shown in Figure 1.

Truth valuest;;. Burger world § = 1) {0,1,1,¢ 6If an attribute cannot be shown true, it is considered
(cheap and close). Thai Palacg=£ 2) {1,1,0,1: to be false since the defeasible reasoner uses negation as

(good quality, cheap and licenced). failure.



Calculation of Utilities for Bert for Burger World at ~ criteria just any criteria, but criteria which Bert be-

the start of the dialogue lieves Burger World does, and the Thai Palace does
- not, satisfy. Thus in Wilma'’s reply she can improve
Current Utility = U;(UTa U VT)) = her case by stating that one of the criteria is satis-
Ui({cheapclosg) = wg(az) +wg(az) = 2+ 1 fied by the Thai Palace. Note here, that once a cri-
=3. o N terion is put into play, it is considered for both op-
Minimum Utility = Uy (V1)) = 0 tions, thus verifying any existing beliefs Bert may
Maximum Utility = Uy(UTy U VTy U UF1)) = have about the options. In B2 Bert asks a question.
Ui({goodQualitycheapcloselicenced) = 6+ 2+ This again is not chosen at random but concerns a cri-
1+2=11 terion which, if satisfied would put Burger World be-

yond reach. Wilma can, however, truthfully say that it
does not satisfy this criterion, but that the Thai Palace
does. Bert now draws the dialogue to a close since he

Calculation of Utilities for Bert for Burger World at
the end of the dialogue

Current Utility = Ug(UTy U VT)) = has sufficient knowledge of the criteria relating to the
Up({cheapclose}) = wg(az2) + Wg(ag) = 2+ 1 two options relevant to him, according to his prefer-
=3. ences. He does not ask about licencing because that

Minimum Utility = Uy (VT1)) = 3 can make no difference to his choice, even if Burger

Maximum Utility = Uy (UT, UV T, UUFy)) = World is licenced and the Thai Palace is not. Note
U ({cheapcloselicenced) = 2+1+2 = 5. that, in this dialogue features of the Thai Palace that

make it attractive to Wilma are not even mentioned,
Figure 1: Utility Calculations for Bert. while she supplies information about a feature she is

indifferent to: Bert is the sole arbiter of what makes

This is a fairly efficient dialogue: restaurants have the restaurant good (in complete contrast to delibera-
many attributes and so Wilma could have told Bert tion). Bert could not ask about another criterion with-
many things he did not know, whereas the dialogue is out misleading Wilma byconversationally implying
able to conclude after Bert has received just six items that he valued a fourth criterion enough to overturn
of information. How is this possible? It is because his current view, which would prolong the dialogue
Wilma is able to infer things about Bert's criteria and to no useful purpose. Note also the asymmetry in the
current knowledge beyond what Bert explicitly states use of the criteria of the two participants. Wilma’s
and asks, and so can recognise what will be relevantcriteria may determine her recommendation, but play
to Bert's opinion. This is Grice’s notion afonversa- no part in the dialogue unless they are shown to be
tional implicature In (Grice, 1975), Grice advanced valued by Bert.
four maxims intended to capture the pragmatics of ut-
terances in cooperative dialogues. The maxims ex-
press the cooperation principle:

The dialogue is not, however, as efficient as it
might be. Given his weights, if Bert discovered that
either restaurant was, and the other was not, of good
Make your conversational contribution such quality, he could stop immediately, since this crite-
as is required, at the stage at which it occurs, rion carries more weight than the other three com-
by the accepted purpose or direction of the bined. Thus Bert’s best initial question would have
talk exchange in which you are engaged, been B2, with Wilma's reply in W3 enough to resolve
d- the discussion. We could extend our notion of conver-
d.sational implicature to suggest that mentioning a cri-
t terion means not only that it matters to the persuadee
but additionally that there are no more important cri-
teria not yet mentioned. This is what we will do in the
algorithm developed in the next section. As we will
see in section 5, this algorithm, based on conversa-
tional implicature, is optimal in terms of minimising
the expected exchange of information.

which arguably must be observed if misunderstan
ings and conversational breakdown are to be avoide
The four maxims relate to Quality (statements mus
be believed on adequate evidence), Quantity (contri-
butions should be as informative as the situation re-
quires, and no more), Relevance (which may be de-
pendent on the dialogue type and its state) and Man-
ner (contributions should be clear and unambiguous).
Of these maxims, relevance will be of particular con-
cern to us here. Note also that Bert's strategy is good only with
Thus Bert begins in B1 by stating that Burger regard to open persuasion. Had this been a partial
World satisfies two criteria. Burger World is not persuasion situation, Bert's question in B2 could only
chosen at random from the options of which Bert is have received the response that the Thai Palace was
aware. It is Bert's currently preferred option, the one good. Since Wilma is not obliged to tell the whole
which the Thai Palace must overcome. Nor are the truth, even if she had believed that the Burger World



was good, she would have remained silent on that suasion dialogue terminate? @ is Bert's currently
point, and indeed on all positive features of Burger best option, and Wilma is trying to persuade him of
World. The question is answered only if the answer O, Bert should continue to seek information until the
does not improve Bert's assessment of that restaurantminimum utility of O; is greater than the maximum
In such a case there is no point in mentioning Bert's utility of Oy, in which case Wilma's proposal can be
preferred option, except to check that what he believesrejected, or until minimum utility ofO, exceeds the
is satisfied is indeed satisfied. In a partial persuasion maximum utility of Oy, in which case her proposal
where Bert trusts his current knowledge, therefore, can be accepted. This state will be approached by
Bert will ask only whether the Thai Palace is good. If initiating inquiry dialogues to verify as yet unverified
Bert does not know some relevant facts about Burger features of the options. Wh&hT; = UF, = 0, the dia-
World, he should attribute some kind of expected util- logue must terminate, since the option with the high-
ity to them. In this case discovery that the Thai Palace est current utility cannot be displaced. Often, how-
was of good quality might not immediately displace ever, it will terminate with only a subset of the at-
Burger World, and the question as to price would still tributes verified: in the example above it may termi-
be important. nate if good quality is true of one but not the other:
Beneath the surface of the dialogue, the pragmatic if true of both or neither it could terminate for Wilma
meaning of the utterances in the context of persua- if cheap is true of one but not the other, and she will
sion is that Bert is asking a sequence of questions consider whether they are licenced only if the options
about whether attributes that he values enough to beare the same in terms of quality and price.
able to change his current preference are satisfied by
the proposed option and (in open persuasion) by his Definition 9: Termination condition. Lets(X) be
currently preferred option. Wilma’s role is to answer the condition that the algorithm has terminated with
these questions. We suggest also that Bert should askO1 preferred when the status of all the attributes as-
about criteria in order of their importance to him. We sociated with the weights in X W are known to the
now develop an algorithm based on this principle and persuadee.
show that this represents an optimal strategy in sec-  71(X) holds if and only if

tion 5. Thus following Grice’s maxims, and taking the z T1jWj — Z(szWj > z W;j.
pragmatics of the dialogue type seriously, has compu- ~ wjeX wje WjEWAX
tational benefits. Similarly for 72(X).

The agent will attempt to resolve the dialogue in as
few steps as possible, and so should choose the topics
4 Protocol and Strategy S0 as to minimise the expected number of steps. From
our observations about what is conversationally im-

The persuasion dialogue, (W1-B3 in the example), plie_d in persuasion dialogues, we conjectur_e th".’lt an
optimal strategy,s for an agent would be to inquire

once it has been initiated by the persuader, is a series X - A . .
of statements and requests for information on the part 220Ut attributes in descending order of their weights,

of the persuadee. Either these will be a statement ofand so employing a kind of greedy algorithm
the formty; = 1, or a question of the form whether We now present the protocol and embedded strat-

15 = 1. In either case, in the terms of (Black and egy s for our persuasion dialogue. We require that
Hunter, 2009), the persuadee wishes to open inquiry 29€Nts cavpenandciosethe relevant dialoguegyo-
dialogues withty; andty; as topics (in open persua- poseoptions andnquire apout.the status of attnbutgs,
sion) or withT,; as the only topic (in partial persua- for which they may use inquiry dialogues as defined
sion). in (Black and _Hunt_er, 2009). _

This can be accomplished using a series of dia- A persuasion dialogue follows the following pro-

logues designed for inquiry such as that of (Black and 1©0€0F:

Hunter, 2009). Some difference in strategy within the [0]: Wilma opens by proposing an optio@,. If
inquiry dialogue may be required for partial persua-

sion, but the inquiry dialogue of (Black and Hunter, "Note that this is a different problem from that consid-
2009), which has been shown there to be sound andered in (Dunne and McBurney, 2003). That paper con-
compete, offers a means of ensuring that Bert will cerned theactual number oflocutionsin persuasion dia-

. . . . . logues according to their rather different protocol, whereas
gain possession of the answer dictated by the joint we are concerned with the information exchanged, i.e. the

knowledge of the two agents, which is the best in- gypectechumber of inquirydialogues in our approach the
formation available. We will discuss the nature of the total number of locutions will therefore depend on the pro-

inquiry dialogues no further. When should the per- tocol employed for inquiry.



Bert's currently preferred option i®; a persua-

sion dialogue will commence; otherwise he agrees

immediately. InitiallyA = X = 0; W = the set of

weights of all attributes about which Bert may in-

quire.

[1]: Bert opens inquiry dialogues with topics

11, T2j for some attribut@; with which Bert asso-

ciates a positive weighw;j; A becomesAU {a; };

X becomesX U {w;}; increment the utilities); :

i € {1,2} by ti;w;. This may change which option

is currently preferred.

[2]: If 72(X) holds terminate withO; preferred,

else if 72(X) hold terminate withO, preferred

else if X =W, return the currently preferred op-

tion; else go to [1].

The inquiry about a single attribute in [1] and [2]
will be termed astepin the remainder of this paper.
Moves are subscripted withV or B depending on

The algorithm given above is for open persuasion;
for partial persuasion the inquiries will concetgy
only. As noted above, each pass through the while
loop is referred to as atepin the remainder of the
paper. Each step establishes the truth values for one
attribute.

5 Results

In this section we describe a series of results that
show our strategy to be an optimal strategy for a
number of representative situations. The first of these
is where the persuadee has no initial opinions as to
the facts: the attributes of the options will be discov-
ered from the dialogue, and are all considered equally
likely at the outset. Theorem 1 shows tlias optimal

whether the move is made by the agent acting asfor this scenarié.

the persuaden)) or persuadeeB). There are two
optionsO; andO,. Thus the dialogue begins with
W proposingO,. Now B either agrees, or states its
preferred option and inquires about some attribute.
Since onlyB's weights matterw; will refer to the
weight given taa; by B.

open dialogug
proposey(O2)
if agrees(Oz))
7»(0), end dialogug
else
X=0;,A=0
propose(01), such thaD, # O1
open persuasion dialogge
forall aj € Ao do
sortAp into ordered descending list such that
Wj > Wj41
end for
=1
while —=77(X) and—7(X) do
inquireg(T1j,T2j)
AbecomeAuU {a;j};
X becomesX U {w;};
increment the utilitied); : i € {1,2} by Tjjw;.
if 11j =1thena; € VT, elseaj € VF
end if
if 1o; =1thena; e VT, elsea; e VR
end if
j++
end while
if 71(X) then disagreg(O,) elseagree;(0,)
end if
end if
end dialogugy

Theorem 1: Suppose we have two optior®;
and O, of equal prior utility,m attributes, which are
equally likely to be true or false for each option, and
m positive weights assigned to the attributes. Then
an optimal strategy, in the sense that the algorithm
terminates in the expected fewest number of steps, is
to inquire about the attributes in descending order of
weight (strategys). First we prove two preliminary
lemmas.

Lemma 1: Given a sef of n attributes, the prob-
ability that the algorithm will terminate in not more
thann steps is independent of the order in which we
inquire about these attributes. We term this probabil-
ity P(X) whereX = {wag(aj) : aj € A}.

Since we are concerned with the opinions of only
one agent (the persuadee), we shall use the simplified
notationw; for wag(a;).

Proof of Lemma 1: Let X = {wy,...w,} CW be
the set of weights associated with the attributes exam-
ined. If 73(X) holds, the algorithm terminates in at
mostn steps, by Definition 9.

Conversely ifO; is determined im; < n steps af-
ter considering<; C X then73(X;) holds.

Subtracting z w; from both sides ofry(X1)

wjeX\ Xy
gives

1]

ZX leWj —
WjeXy

[Inequality

Z)( TojWj— z Wwj > Wi,
WjEXy wjeX\Xy wjeW\X

since W\ Xg) \ (X \ X1) =W\ X.

8We would like to thank Michael Bench-Capon for his
insights regarding the proof strategy used in this section.



We aim to deduce that; (X) holds.

LHSof 7a(X) = 5 Tajwj— ) Tojw;
wjeX wjeX

> 3 1w —( ZX Wi+ Y T2w))
WjEX] wjEXy wjeX\ Xy

> T1jWj — Zx TojWj — w;j since
wjeXy wjeXy wj X\ X1

Tgj < 1
> z w; by Inequality 1

wjeW\X
= RHS of71(X), so71(X) holds.

Hence the algorithm returr®; in no more than
n steps (by discovering the status of some or all ele-
ments ofA) if and only if 71(X) holds. Similarly for
O,. Hence the probabilitf?(X) is independent of the
order in which the elements &f are considered.]

Lemma 2: Let X,Y be n-element subsets &
which differ only in one elemeniX = (XNY) U {wy}
andY = (XNY) U {wy} with wy > wy,. ThenP(X) >
P(Y) whereP(X),P(Y) are as defined in Lemma 1.

Proof of Lemma 2: Let X = {w,...Wn_1, W},

Y = {wi,..Wn_1,Wy} wherewy > wy. By Lemma
1, P(X) and P(Y) are well defined. We write
TT,TFFT,FF for the 4 possible values df1j, T2j).
For each seX,Y, there are 4 possible such assign-
ments of truth values, all equally likely by our hy-
pothesis. For example, when= 3, one assignment is
(TT,FT,TT), indicating the first and third attributes
are true for bothO; and Oy, but the second is true
only for O,. If the algorithm terminates far out of
the 4" assignments, the probability of termination in
at mostn steps ig /4".

Supposeri(Y) holds for a particular assignment:
we will show that it follows thatr; (X) holds for that
assignment.

ZXleWj— z szWj
wje

wjeX

= ZY(le —T2j)Wj + (T1j — T2j) (W — W)
wje

> 2\((-[1] —T2j)Wj — (Wx — W)
wje

sincetyj —Tpj € {—1,0,1} andwy > wy.
> W;j

wjeW\Y

w; so that71(X) holds.

wjeW\X

Hence the numberx of assignments for which
the algorithm terminates in not more thasteps is at
leastry.

P(X) =rx/4" andP(Y) = ry/4" so thatP(X) >
P(Y) as required.

— (Wx+wy) by 71(Y).

Proof of Theorem 1: Suppose there exists a strat-
egyR better thars. Then there exists € N such that
R is more likely to terminate in at moststeps than
S.

Let Xs = {wq,Wa,...,Wn}, be the set of the largest
nweights and leX; be the set ofi weights used by

We construct a chain oh-element setsXs,
X1,X2,... Xk, Xg SO that each seX and its successor
Y satisfy the conditions of Lemma 2.

We retain elements of NY and replace others in
turn, substituting the largest i for the largest inX
and continuing in descending order. For example, if
X ={9,8,6,3 andY ={8,4,3,1, the first intermediate
sets arg4,8,6,5, {4,8,3,3.

SinceX; contains the largest weightsy > wy is
satisfied for each pair in the chain. By Lemma 2,
for each pair(X,Y), P(X) > P(Y). HenceP(X;) >
P(Xx ), a contradiction. So no such better strategy ex-
ists, and we conclude thatis optimal..

Suppose we relax the assumption that the per-
suadee knows nothing about the options in the initial
situation, and instead starts with a set of initial (per-
haps unverified) beliefs that lead to a preference for
one of the options, but where there still remain at-
tributes whose value for the options is unknown. This
was the case for Bert in the Burger World example
above. Corollary 1 demonstrates tlyais an optimal
strategy in this case also.

Corollary 1: If the utilities of O; andO; are ini-
tially unequal,s remains an optimal strategy.

Proof of Corollary 1: Let the current utilities be
U1,U, with U; > Uy andW = {ws..,wy} be the set of
weights.

Suppose, for contradiction, that a better strategy
R thans exists, expected to terminatem® ) steps
with n(®) < n(s). LetL be a number greater than
any weight inw.

Suppose there were additional attributas by
with weightsL + U1, L +U,. Now initiate a dialogue
with weightsW U {L+U1, L +U,} and the initial util-
ities zero for both options.

Apply the following strategy.

Step 1: Inquire abou;.

Step 2: Inquire abouiy.

After Step 2: if Step 1 assigns TF and Step 2
assigns FT, (difference between utilitiedds — U>),
continue as forg , otherwise continue in descending
order.

For this strategy the expected number of steps is 2
+ 1/4n(R.) + 3/4n(s). The expected number of steps
for the descending order strategy is & ) which is
greater, contradicting Theorem 1. So no such strategy
R exists.d



Next consider partial persuasion, where nothing 6 Concluding Remarks
improving the current estimated utility of the pre-
ferred option can be learned, since the persuader will  In this paper we have considered the distinctive
choose to remain silent. Now all inquiry will take features of persuasion dialogues. We have made these
place concerning the option advocated by the per- precise, for the very common form of persuasion di-
suader. That remains an optimal strategy in the case alogue where one agent is trying to convince another
is established by Theorem 2. that its currently preferred option is not as good as
some other possibility known to the persuading agent.
We have also drawn attention to the pragmatic mean-
ings of utterances in these persuasion dialogues, as
revealed by considering what the utterances conver-

Sketch of Proof of Theorem 2 In this casdJ; is sationally imply in this context. We have used these
constant throughout. After examining attributes with Pragmatic meanings to develop a protocol and strat-

Theorem 2 If 145 is known in advance for all at-
tributesa;, s is an optimal strategy for inquiring about
thety;.

weights inX CW, U, = szszj' egy for agent persuasion dialogues, and have shown
wie the strategy to be an optimal strategy in a range of rep-
The algorithm terminates whegither U, > U; resentative scenarios for these persuasion dialogues.
orU;—U, > z wj = wj — ZXWJ-, In future work we intend to consider dialogues
W) EW\X = = with three or more participants, and dialogues which
U, increases monotonically. attempt to change the preferences of the participants.

The expected value &f; is % zij so the algo-
wje

rithm is expected to terminate when
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