
H
um

an-com
puter 

dialogue

w
ith Gam

e Theory ...?



O
verview

 of the presentation ...

●
An introduction to the dom

ain —
 language

●
Som

e theories of dialogue
●

Tow
ards a gam

e-theoretic perspective



The dom
ain: natural 

language



A
n outline of this section

O
ur goals here are to:

●
Introduce som

e key term
inology

●
H

int at the com
plexities of the phenom

enon
●

Begin hinting at som
e potential applications for gam

e 
theory



Som
e basic term

inology

●
sentence vs utterance

●
the descriptive (constative) fallacy

●
propositional content vs pragm

atic m
eaning

○
illocutionary force

○
perlocutionary force



Truth-conditional sem
antics

Ex.: let S = ”Letizia de Ram
olino w

as the m
other of 

N
apoleon.”

●
H

ow
 can w

e capture the propositional content P of S?
●

Let W
 = {all possible w

orlds}, B = {True, False}
●

Then let P(S) = f : W
 -> B



Truth-conditional sem
antics —

 Pt II

Ex.: let S = ”Letizia de Ram
olino w

as the m
other of 

N
apoleon.”

●
This leads to certain expectations
○

Universality
○

Com
positionality (and, or, because, etc.)



Perform
ative speech (Introduction)

Is every sentence true or false? Exam
ples?

●
“I am

 the m
other of N

apoleon.”

If a sentence is neither true or false, is it nonsense?

●
“This sentence is false.”

Are there patterns here?



Perform
ative speech —

 Pt II

Are there utterances such that:

1.
They do not describe, constate, or report;

2.
They are neither true nor false;

3.
Their uttering is, or is a part of, the doing of an action 
w

hich w
ould not norm

ally be described as “just” saying 
som

ething; and
4.

They are not nonsense?



Perform
ative speech —

 Pt III

There are.

●
“I christen this ship the H

M
S Barham

.”
●

“I [...] take thee [...] to be m
y w

edded w
ife.”

●
“I prom

ise to be there tom
orrow

.”
●

“I advise you not to com
e.”

●
“I hereby declare this m

eeting adjourned.”



Perform
ative speech —

 Pt III (exam
ple)

Ex.: “I christen this ship the H
M

S Barham
,” as uttered w

hen 
sm

ashing a bottle against the ship’s stem

●
N

either true nor false
○

…
 because they are not describing, or reporting, or 

(con)stating



Perform
ative speech —

 Pt III (exam
ple)

Ex.: “I christen this ship the H
M

S Barham
,” as uttered w

hen 
sm

ashing a bottle against the ship’s stem

●
Does not describe, constate, report
○

Is not reporting w
hat I w

ould be said to be doing in so 
saying …

○
…

 nor anything I did do or w
ill do in the future



Perform
ative speech —

 Pt III (exam
ple)

Ex.: “I christen this ship the H
M

S Barham
,” as uttered w

hen 
sm

ashing a bottle against the ship’s stem

●
Does not describe, constate, report
○

Is not reporting w
hat I w

ould be said to be doing in so 
saying …

○
…

 nor anything I did do or w
ill do in the future

●
To nam

e a ship is precisely to say “I christen this ship”



Ex.: “I christen this ship the H
M

S Barham
,” as uttered w

hen 
sm

ashing a bottle against the ship’s stem

●
Is not nonsense
○

Unless you’re an early 20th century positivist 
philosopher of language



Perform
ative speech —

 Pt IV

●
Speech acts

●
Explicit and im

plicit
●

A lot of theory here across several literatures
○

O
rigins w

ith J. L. Austin (1940’s/50’s)
○

Contrast w
ith previous positivist view

 (Russel et al.)
●

These are also know
n in som

e com
m

unities as ... 



Perform
ative speech —

 Pt IV

●
Speech acts

●
Explicit and im

plicit
●

A lot of theory here across several literatures
○

O
rigins w

ith J. L. Austin (1940’s/50’s)
○

Contrast w
ith previous positivist view

 (Russel et al.)
●

These are also know
n in som

e com
m

unities as …
 

dialogue acts
 



Perform
ative speech —

 Pt V

●
Perform

ative utterances are neither true nor false
●

But they can “fail”
○

W
e’ve m

entioned they “go through” “under proper 
circum

stances”
○

W
hat are those circum

stances?



Perform
ative speech —

 Pt V

Felicity conditions

●
(M

isapplications)
○

Convention existence
○

Convention 
appropriateness

●
(M

isexecutions)
○

Incorrect execution
○

Incom
plete execution

●
(Abuses)
○

Insincerity
○

Infidelity



Perform
ative speech —

 Pt V
I

●
So far, all our exam

ples have been of the form
 “I X,” 

w
here X is the nam

e of the action I perform
 (asking, 

nam
ing, w

arning, betting, etc.)
●

For exam
ple:

○
“I [hereby] request that you close the door.”

●
But w

e don’t typically speak this w
ay



Perform
ative speech —

 Pt V
I (continued)

Ex.: “I [hereby] request that you close the door.”

●
“I w

ant you to close the door.”
●

“Can you close the door?”
●

“W
ould you m

ind closing the door?”
●

“H
adn’t you better close the door?”

●
“W

ould you m
ind aw

fully if I w
ere to ask you to close the door?”



Perform
ative speech —

 Pt V
I (continued)

Ex.: “I [hereby] request that you close the door.”

●
“I am

 sorry to have to tell you to close the door.”
●

“Did you forget the door?”
●

“H
ow

 about a bit less breeze in here?”
●

“N
ow

 Johnny, w
hat do big people do w

hen they com
e in?”

●
“Johnny, w

hat am
 I going to say next?”

●
“Johnny, w

hat do I alw
ays tell you?”

●
“Brr.”



Perform
ative speech —

 Pt V
II

●
W

e have an ability to infer the intentions of others
○

W
e act cooperatively

○
And w

e assum
e cooperation

●
Leads to apparent arbitrariness of the signal (vis-a-vis 
classical sem

antics)
●

This intuition has been form
alized as follow

s ...



Perform
ative speech —

 Pt V
II (continued)

●
G

ricean non-natural m
eaning, or m

eaning-nn
○

S m
eant-nn z by uttering U iff:
i.

S intended U to cause effect z in recipient H
ii.

S intended (i) to be achieved sim
ply by H

 
recognizing that intention (i)



Perform
ative speech —

 Pt V
II (continued)

●
G

ricean non-natural m
eaning, or m

eaning-nn
○

S m
eant-nn z by uttering U iff:
i.

S intended U to cause effect z in recipient H
ii.

S intended (i) to be achieved sim
ply by H

 
recognizing that intention (i)

●
Speaker (utterer) m

eaning vs tim
eless (conventional) 

m
eaning



Perform
ative speech —

 Pt V
III

●
There are schem

es for annotating dialogue acts
○

TRAIN
S corpus annotations

○
DAM

SL
○

ISO
 24617-2 Standard (DiAM

L)
■

Com
m

unicative functions (inform
, agree, answ

er, 
confirm

, offer, accept-offer, decline-offer, etc.)
■

Dim
ensions (allo-feedback, tim

e m
anagem

ent, 
turn m

anagem
ent)



Perform
ative speech —

 Conclusion

●
H

ow
 these m

ight lead to a natural gam
e theoretic 

interpretation of dialogue?



Com
ing up: reasoning from

 context

There are other context-dependent, non-truth conditional, 
defeasible pragm

atic inferences:

●
Indexicality/deixis

●
(Pragm

atic) im
plicature

●
(Pragm

atic) presupposition
●

(Conceptual) M
etaphor

●
Politeness



●
Context can play a role in interpretation of N

L utterances
○

“W
hat am

 I about to say, Johnny?”
○

Interpreted as <com
m

and, “close door”> in the 
appropriate context(s)

●
This seem

s intuitive to those of us w
ithout theoretical 

biases
●

But just how
 large a role does it play?

D
eixis —

 Pt I (introduction)



D
eixis —

 Pt I (exam
ple i)

W
hat happens w

hen inform
ation is m

issing?

●
You need to talk to Professor X. You find a note on his 
door saying:
○

“I’ll be back in an hour.”



D
eixis —

 Pt I (exam
ple ii)

W
hat happens w

hen inform
ation is m

issing?

●
You’re in a senior staff m

eeting w
ith Captain Janew

ay. 
The Kazon attack and the lights go out just as 
Com

m
ander Chakotay says:

○
“Listen, I’m

 not disagreeing w
ith you, but w

ith you, and 
not about this but about this.”



D
eixis —

 Pt I (exam
ple iii)

W
hat happens w

hen inform
ation is m

issing?

●
You find a bottle w

ashed up on the beach; inside is a 
m

essage w
hich reads:

○
“M

eet m
e here a w

eek from
 now

 w
ith a stick about 

this big.”



D
eixis —

 Pt I (exam
ple iv)

W
hat happens w

hen inform
ation is m

issing?

●
You turn on the TV just in tim

e to hear an interview
ee say 

to a TV journalist:
○

“But I fundam
entally disagree w

ith that.”



D
eixis —

 Pt II (background cont’d)

●
These underspecified, inherently am

biguous w
ords and 

expressions are called deictic
●

Deictic expressions (indexicals) like these posed 
problem

s for early truth-conditional sem
antics

○
Can all indexical expressions be reduced to a single one?

○
Can this final pragm

atic residue be translated out into a 
context-free m

etalanguage?



D
eixis —

 Pt II (background cont’d)

●
Deictic expressions evaluated according to context, 
w

hich consists in a set of deictic coordinates
○

Im
agine a 4D space —

 3 spatial dim
ensions plus tim

e
○

Speaker at the center (deictic centre)
○

N
ow

 im
agine concentric circles —

 discrete zones of spatial, 
tem

poral, social proxim
ity

■
These circles shift constantly (inferred on the fly)

○
N

ow
 add dim

ensions for the participant and social roles, and 
one for the unfolding discourse itself

(* traditional categories of deixis (62), deictic centre (64), deictic projection and 
shifts of point of view

 (64), explanation at bottom
 of (64) in term

s of coordinate 
system

, very com
plex, problem

s children have in learning them
)



D
eixis —

 Pt II (background cont’d)

●
N

ow
 our context is a 7-dim

ensional space centered at 
the speaker

●
W

hen speaker and addressee sw
itch participant-roles, 

the entire coordinate system
 shifts to be the addressee

○
The m

eanings of all deictic expressions shifts accordingly



D
eixis —

 Pt II (background cont’d)

(... now
 our context is a 7-dim

ensional space centered at 
the speaker ...)

●
The speaker can also elect to project the deictic centre 
to another participant (em

pathy)
●

This is com
plicated (children struggle to m

aster it)



D
eixis —

 Pt II

Recall now
 the five deictic axes:

●
Person (participant) deixis

●
Place deixis

●
Tim

e deixis
●

Discourse deixis
●

Social deixis



D
eixis —

 Pt II (person exam
ple)

Roles: speaker, addressee, audience (and m
any others)

●
“I am

 Letizia de Ram
olino.”

●
“Do you know

 the M
uffin M

an?”
●

“Som
eone is hangry, isn’t he?”

○
“Yes, Sam

uel Barham
 is speaking.”

○
“Can Billie have som

e ice-cream
, Daddy?”



D
eixis —

 Pt II (tim
e exam

ple)

Distinguish: tim
es and tim

e spans w
rt coding tim

e (CT) and 
receiving tim

e (RT)

●
“I’ll see you tom

orrow
.”

●
“The m

atch is on Thursday.”
●

“Don’t shoot now
, shoot now

 and now
.”



D
eixis —

 Pt II (place exam
ple)

Distinguish: proxim
ity (proxim

al, distal), location

●
“Place it here.”

●
“G

ive that one to m
e, and I’ll give you this one.”

●
”H

e’s com
ing“ vs “I’m

 com
ing.”

●
“W

hen I’m
 in the office, you can com

e to see m
e.”

●
“I cam

e over several tim
es to visit you, but you w

ere 
never there.”



D
eixis —

 Pt II (discourse exam
ple)

Distinguish: token m
entions, inferred propositions, inferred 

intentions or actions, etc.

●
“Rhinoceros.” —

 “W
hat’s that? Spell it.”

●
“*&^#!” —

 “D
on’t say that, Johnny.”

●
“I’ve never seen him

 before.” —
 “That’s a lie.”

●
“I guess I’m

 just not that kind of person.” —
 “That’s 

very noble of you.”



D
eixis —

 Pt II (social exam
ple)

Distinguish: social, hierarchical, fam
ilial rank or position

●
“I disagree, Your H

onor.”
●

“Parlez-vous français?”
○

[Japanese pronoun/verb/adjective system
]

○
[The taboo vocabulary (Dyalŋuy) in Dyirbal]



D
eixis —

 Pt III

●
Are the conventional w

ords and phrases w
e’ve been 

considering alone in being deictic?
○

i.e., their reference is inferred in a deictic coordinate system
●

Perhaps all (or m
ost) of language is in som

e sense 
deictic or contextually dependent



D
eixis —

 Pt III (continued)

●
Consider the sentence: “That [[points to m

an drinking 
Vulcan tea across the room

]] is Lieutenant Tuvok.”
○

gestural deixis



D
eixis —

 Pt III (continued)

●
H

ow
 about: “That m

an over there drinking Vulcan tea is 
Lieutenant Tuvok.”
○

non-gestural deixis



D
eixis —

 Pt III (continued)

●
H

ow
 about: “That m

an over there drinking Vulcan tea is 
Lieutenant Tuvok.”
○

non-gestural deixis



D
eixis —

 Pt III (continued)

●
H

ow
 about: “The m

an drinking Vulcan tea [over there] is 
Lieutenant Tuvok.”
○

definite description
●

Still asking the addressee to search the contextual space 
for a referent

●
N

o longer specifying w
hich deictic dim

ension to search 
along
○

the is am
biguous betw

een deictic axes



D
eixis —

 Pt IV

●
Interpretation of deictic expressions relies on a running 
discourse context
○

conversational context or com
m

on ground
●

Referents com
e “pre-loaded” …

○
Com

m
on-sense know

ledge, acculturation, etc.
●

…
 or are grounded during discourse
○

salience, feedback channels, etc.



D
eixis —

 Conclusion (fram
es)

But N
B: the can also refer to discourse referents that have 

not yet been grounded

●
This (and other linguistic issues) has been explained by
○

Fram
e sem

antics (Fillm
ore, 1982 m

ultaque sequentia)
●

Lexem
es are understood in relation to a sem

antic fram
e

○
E.g. “sell” -> [buyer, goods, m

oney, seller, the various 
relations betw

een these]



D
eixis —

 Conclusion (fram
es)

●
Suppose I w

ish to refer to a particular m
erchant (i.e., the 

seller or, say, the book seller)
○

“The [book] seller” clearly doesn’t refer in the null context
○

I could first say “I m
et a [book] seller yesterday”

■
-> “The [book] seller w

as crafty” now
 refers

○
But I could also sim

ply say “I bought a book yesterday”
■

-> “The [book] seller w
as crafty” now

 refers equally w
ell



D
eixis —

 Conclusion (fram
es)

●
M

ention of one concept evokes or activates the entire 
containing fram

e
●

W
hole netw

orks of discourse can be activated and 
grounded w

ithout explicit m
ention

○
They becom

e salient in the discourse context
○

E.g., the forks from
 the restaurant

●
This is surprising -> natural language is crazy hard



Im
plicature —

 Pt I

●
W

e’ve seen that by relying on
○

Context
○

The addressee’s ability to infer intention

w
e can be perceived as m

eaning m
ore than w

hat w
e 

actually say

●
Can w

e say m
ore about exactly how

 this w
orks?



Im
plicature —

 Pt I (exam
ples)

●
A: “Can you tell m

e the tim
e?”

●
B: “W

ell, the m
ilkm

an has com
e.”

○
A lot of inferences have to be m

ade to construe B as 
a cooperative response to A



Im
plicature —

 Pt I (exam
ples)

●
[and then]
○

“The lone ranger jum
ped on his horse and rode into the sunset.”

○
“The capital of France is Paris and the capital of England is London.”

●
[and only]
○

“The flag is w
hite.”

○
“The flat is w

hite, red, and blue.”

●
…

 and m
any m

ore
○

But how
 do they w

ork?



Im
plicature —

 Pt II

●
G

ricean m
axim

s of conversation
○

Inhere in the cooperative principle
○

“M
ake your contribution such as is required, at the 

stage at w
hich is occurs, by the accepted purpose or 

direction of the talk exchange in w
hich you are 

engaged.”



Im
plicature —

 Pt II

●
G

ricean m
axim

s of conversation
○

The m
axim

 of Q
uality

○
The m

axim
 of Q

uantity
○

The m
axim

 of Relevance
○

The m
axim

 of M
anner

●
The m

axim
s m

ay be observed or flouted (exploited)



Im
plicature —

 Pt II

1.
The m

axim
 of Q

uality
a.

Try to m
ake your contribution one that is true, 

specifically:
i.

Do not say w
hat you believe to be false

ii.
Do not say that for w

hich you lack adequate 
evidence



Im
plicature —

 Pt II

1.
The m

axim
 of Q

uality
2.

The m
axim

 of Q
uantity

i.
M

ake your contribution as inform
ative as is 

required for the current purposes of the exchange
ii.

Do not m
ake your contribution m

ore inform
ative 

than is required



Im
plicature —

 Pt II

1.
The m

axim
 of Q

uality
2.

The m
axim

 of Q
uantity

3.
The m

axim
 of Relevance

M
ake your contribution relevant



Im
plicature —

 Pt II

1.
The m

axim
 of Q

uality
2.

The m
axim

 of Q
uantity

3.
The m

axim
 of Relevance

4.
The m

axim
 of M

anner
a.

Be perspicuous, and specifically:
i.

Avoid obscurity
ii.

Avoid am
biguity

iii.
Be brief

iv.
Be orderly



Im
plicature —

 Pt II

1.
The m

axim
 of Q

uality
2.

The m
axim

 of Q
uantity

3.
The m

axim
 of Relevance

4.
The m

axim
 of M

anner
●

This m
ay seem

 a philosopher’s utopia
●

But G
rice m

eans w
e assum

e and exploit these subconsciously
○

This is how
 w

e m
anage inferences from

 “cooperativity”



Im
plicature —

 Pt III

●
The conversational im

plicatures are the inferences w
e 

m
ake by assum

ing the 
○

cooperative principle and the 
○

m
axim

s of conversation
●

This is not your grandm
other’s notion of “linguistic 

m
eaning” —

 this is “please guess w
hat I’m

 thinking”



Im
plicature —

 Pt III

Recall now
:

●
Illocutionary force —

 inferred com
m

unicative intention
○

i.e., <request that you pass m
e the salt>

●
Perlocutionary force —

 inferred non-com
m

unicative 
intention
○

i.e., <physical effect such that the salt ends up in front of m
e so 

that I can use it>
○

Typically enough to get addressee to infer perlocutionary intent



M
etaphor —

 Pt I

●
W

e got a m
etaphor to go through by exploiting the 

m
axim

 of quality
●

H
ow

 often does this sort of thing happen in N
L?

○
This question has given rise to an im

portant field in 
cognitive linguistics:

conceptual m
etaphor theory



M
etaphor —

 Pt II

●
M

O
RE IS UP; LESS IS DO

W
N

○
The num

ber of books printed each year keeps going up. H
is draft num

ber is high. M
y incom

e 
rose last year. The am

ount of artistic activity has gone dow
n in the past year. The num

ber of 
errors he m

ade w
as incredibly low

. H
is incom

e fell last year. H
e is underage. If you’re too hot, 

turn the heat dow
n. Tem

peratures are plunging. I got a low
 score on the test. Etc.

●
H

AVIN
G

 CO
N

TRO
L O

F FO
RCE IS UP; BEIN

G
 SUBJECT TO

 CO
N

TRO
L O

F FO
RCE IS DO

W
N

○
I have control over her. I am

 on top of the situation. H
e’s in a superior position. She’s at the 

height of her pow
er. H

e’s in the high com
m

and. She’s in the upper echelon. H
is pow

er rose. 
H

e ranks above m
e in strength. I’ve got things under control. H

e fell from
 pow

er. H
is pow

er is 
on the decline (it’s going dow

n). H
e’s m

y social inferior (he’s low
er than m

e socially). H
e is 

the low
 m

an on the totem
 pole. She’s high up on the totem

 pole. Etc.



M
etaphor —

 Pt II (continued)

●
Can you think of any others?
○

AN
 ARG

UM
EN

T IS A BUILDIN
G

○
AN

 ARG
UM

EN
T IS A JO

URN
EY

○
AN

 ARG
UM

EN
T IS A CO

N
TAIN

ER

○
UN

DERSTAN
DIN

G
 IS SEEIN

G

●
These can com

bine and interact ...



●
Conceptual m

etaphor theory w
ould claim

 that m
ost 

language is m
etaphorical in this sense, grounded in …

●
…

 em
bodied experience

○
The classic theory is due to Lakoff and Johnson

M
etaphor —

 Pt III



M
etaphor —

 Conclusions

●
Begs the question:
○

H
ow

 m
uch success w

ill N
LP have w

/o access to 
general reasoners?

○
Is a sim

ulation of the em
bodied condition necessary 

in order to process artificially the richness of N
L?

●
O

f course, w
e’re not the first to ask this …

○
(N

ancy) Chang & (Benjam
in) Bergen —

 ECG
■

Em
bodied Construction G

ram
m

ar



Som
e initial conclusions



Before w
e proceed … (Pt I)

This stuff is hard

●
Context-dependent

●
Appears to rely on very general reasoning abilities

●
Appears to interact in com

plicated w
ays w

ith com
m

on 
sense know

ledge



Before w
e proceed … (Pt II)

This stuff is im
portant

●
“Do you know

 how
 to get to the front desk?” —

 “Could 
you tell m

e how
?” —

 “I need to know
 how

.”
●

“Do you know
 w

here John is?” —
 “I saw

 a yellow
 VW

 …
”

●
“Are you really going to eat all that?”

●
“I w

ent to a restaurant last night. The forks w
ere dirty.”



Before w
e proceed … (Conclusion)

W
e’re gonna be looking at *sequences* of this stuff

●
Accum

ulative context
●

Interactions betw
een tim

e indices

O
ur task is to try and com

e up w
ith a gam

e-theoretic w
ay of 

analyzing it

First w
e should briefly review

 som
e classical theories ...



A
n introduction to hum

an 
dialogue



The joint attention m
anagem

ent m
odel

●
Cognitive psychological perspective

●
Dialogue is joint attention m

anagem
ent

●
 “Intending that others jointly attend” (Tom

asello, 1998)
●

The gist:
○

In a joint process of negotiation, agents build, m
aintain, 

and m
odify a set of discursive referents (a discourse 

context) and focus each other’s attention on them



A
ttentional m

odel —
 Pt II

H
ow

 does this help us?



A
ttentional m

odel —
 Pt II

H
ow

 does this help us?

All dialogue is:

●
Joint (intersubjective)

●
N

egotiative (i.e., recursive grounding and repair sequences)
●

Collaborative
●

Attentional
●

Inferential (re: attention)



The dialogue gram
m

ar m
odel

●
O

rigins perhaps in 1971 paper by C. L. H
am

blin
○

“M
athem

atical M
odels of Dialogue”

○
M

isguided, to put it kindly
○

But productive ...
●

Led to series of papers by (W
illiam

) M
ann, (Richard) Pow

er, (Am
y 

and Steven) Isard, (Jean) Carletta, 
○

Som
e of this w

ork refers to interactions in dialogue as 
conversational “gam

es”



The dialogue gram
m

ar m
odel

●
In these m

odels, dialogue construed as a path through an RTN
○

Transitions betw
een states are “m

oves”
○

M
oves am

ount to our dialogue acts
●

Led to the m
ore pow

erful Inform
ation State m

odel
○

David Traum
 (USC)

●
Dialogue system

s w
ritten using these m

odels tend to be …
○

Based on hand-w
ritten rules

○
Brittle

○
H

ighly dom
ain-dependent



The sequence organization m
odel 

●
Field of Conversational A

nalysis
○

Founded by Sachs, Schegloff, Jefferson
○

O
riginated in sociology, specifically ...

○
…

 ethnom
ethodology of (H

arold) G
arfinkel and (Erving) G

offm
an

●
Study of how

 m
eaning unfolds over the course of social interaction

○
H

ow
 a linguistic interaction is organized

○
H

ow
 language users m

anage the interaction



The sequence organization m
odel 

●
Turn-taking behavior
○

TCU, or Turn-construction unit (= utterance, roughly speaking)
○

TRP, or Transition relevance place
○

N
ext speaker selection

●
A

djacency pairs (first pair part, second pair part)
○

Sequence expansion
○

Sequence collapse
●

Repair



The contribution m
odel

●
Due to (H

erbert) Clark and (Edw
ard) Schaeffer

○
Cognitive linguistics and cognitive psychology

○
They also synthesize m

uch early w
ork in the philosophy of 

language, pragm
atics, and CA

●
Contribution (to com

m
on ground)

○
Joint action

○
Presented and accepted -> grounded

○
O

nce again, w
e have cooperation



G
am

e Theory
(To the rescue ...?)



R
ecap: natural language is hard

M
any natural tasks in N

LP require very little “real” understanding 
of language:

●
W

ord-sense disam
biguation,

●
Q

uestion answ
ering,

●
Docum

ent classification, and even
●

Docum
ent sum

m
arization



R
ecap: natural language is hard

But the buck stops w
ith dialogue —

 

●
I.e., w

hen you let people talk to a com
puter the w

ay they really 
talk —
○

W
e assum

e a lot of “pre-loaded” com
m

on ground
■

Com
m

on-sense know
ledge

■
Know

ledge of social/linguistic conventions
○

W
e assum

e “cooperativity” in a technical, linguistic sense 
of the term



It’s possible gam
e theory can help ...

●
But w

e still need to figure out how
○

Dialogue system
s research w

as abandoned for a decade
○

Lack of productive research on applying gam
e theory

●
Recent (i.e., few

 years) resurgence in dialogue system
s 

research via …
○

N
eural dialogue system

s
○

M
any encouraging initial results (Serban, Courville, 

Sordoni, Bengio, Pineau …
)



Beginning w
ith neural dialogue system

s ...

●
N

irat and I have attacked the problem
 from

 this angle
○

AN
N

s are, w
ith som

e m
ild assum

ptions, general function 
approxim

ators
○

Can m
odel hierarchical tim

e dependencies (context)
●

But it is clear:
○

N
DS are not an autom

atic panacea
○

It is still unclear how
 to m

odel the cooperative, 
contributional nature of dialogue …

○
…

 or how
 to integrate com

m
on sense know

ledge



Thoughts ...

●
I do have som

e thoughts
●

Before I proceed …
○

…
 do you have any thoughts about w

hat gam
e theory 

m
ight have to say about N

L dialogue?



Thoughts ...

●
First approxim

ation
○

players -> dialogue participants
○

actions -> dialogue (speech) acts
○

Cooperative gam
e



Thoughts ...

●
First (high-level) approxim

ation
○

players -> dialogue participants
○

actions -> dialogue (speech) acts
○

Cooperative sequential im
perfect inform

ation gam
e

■
Strategies unfold over turns

■
W

e know
 U, the utterance chosen

■
W

e are uncertain of A, the dialogue act chosen



Thoughts … (cont’d)

●
Inform

ation set -> distribution over ...
○

likely sequence of {A}n
○

extra-linguistic goals of other player(s)?
●

Utility function -> relevance(A | {A}n) (relevance of 
contribution A to the current likely dialogue state)
○

By analogy to the principle of cooperation, Player 2 know
s Player 1 has 

chosen som
e An-1 to m

axim
ize relevance(An-1 | {A}n-1)

■
W

e thereby update the inform
ation set

○
Choose the m

ost relevant An in expectation given the inform
ation set



Thoughts … (cont’d)

●
Enorm

ous room
 for refinem

ents …
○

Turn-based
■

In N
L dialogue, turn-taking organization arises out of a real-tim

e 
substrate via m

onitoring, feedback, inference
■

Real-tim
e gam

e? Differential gam
e?

○
H

ow
 to m

easure relevance?
■

Learn from
 data via M

L?
■

Real-w
orld N

L data is noisy and m
istake-ful



Thoughts … (cont’d)

●
N

ot yet form
al enough for im

plem
entation

○
M

ay also still profitably influence or guide the design of an 
algorithm

, architecture, or procedure ...



Som
e conclusions

For the sleepy



W
hat w

e learned ...

●
N

L is hard
○

N
L use is fundam

entally cooperative
○

M
eaning is inferred from

 com
m

on ground (context + 
shared assum

ptions + com
m

on sense), not given by 
w

ords



W
hat w

e learned … (cont’d)

●
Dialogue is harder
○

Com
m

on ground (CG
) accum

ulative
○

Contributions …
■

update CG
■

m
ust be m

utually accepted and know
n to be 

accepted



W
hat w

e learned … (cont’d)

●
G

am
e theory m

ay be able to help by providing a fram
ew

ork for 
m

odeling dialogue as …
○

A cooperative, dynam
ic gam

e
○

Shared public objectives of relevance, coherence, 
cooperativity

○
Potentially disjoint private objectives
■

Individual linguistic goals goals (express an opinion)
■

Individual extra-linguistic goals (schedule an appt)


