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From classical and epistemic plan-
A ning to cognitive planning

m Classical planning
m Actions: ontic (physical) actions
m Goal: modifying the environment
m Epistemic planning
m Actions: epistemic/informative actions
m Goal: affecting/changing the target’s beliefs

®
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From classical and epistemic plan-
A ning to cognitive planning

m Cognitive planning
m Actions: speech acts
m Goal: affecting/changing the target’s cognitive state

m beliefs
® intentions and behaviour

m It relies on a theory of the influence of beliefs and desires
(reasons) on intentions/behaviors
m ANR project CoPains (“Cognitive Planning in Persuasive
Multimodal Communication”) 2019-2023:
= Webpage: https://www.irit.fr/CoPains/
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o Cognitive planning

Model of the human’s mind

Mental attitudes (beliefs,
desires, intentions)

Persuading/
influencing goal

Mental attitudes (beliefs,
desires, intentions)

Sequence of speech acts

achine Human
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Cognitive planning for persuasion

e and influence

Influence: inducing an agent to perform a certain action

by impeding or enabling some of her actions/choices
(regimentation)

by changing her payoffs (incentive/deterrent)
by changing her beliefs (persuasion)
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Cognitive planning for persuasion
¢ and influence

Example (Influence through regimentation)

The gouvernement influences people to vaccinate against covid-19 by

precluding access to public spaces (restaurants, museums, etc) in the
absence of a vaccination certificate.

| -

Example (Influence through incentive creation)

The gouvernement influences people to buy electric cars by offering
electric car tax cuts.

| .

Example (Influence through persuasion)

Bob influences Ann to not vaccinate against covid-19 by convincing her
that covid-19 mRNA vaccines modify human DNA.

[} = =
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Cognitive planning for persuasion
¢ and influence

Influencer Influencee
(persuader) (persuadee)
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.Cognitive planning for persuasion
¢ and influence
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.Cognitive planning for persuasion
¢ and influence
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.Cognitive planning for persuasion
¢ and influence

A
i
|
|
|
H
H
H
i
|
H
H
{
H
|
|
|
/
{
{
{
*.__Communicative act_/
Influencer Influencee
(persuader) (persuadee) @
(]
July 1st, 2022 10/36

An introduction to cognitive planning

J. Fernandez, D. Longin, E. Lorini, F. Maris



.Cognitive planning for persuasion
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.Cognitive planning for persuasion
¢ and influence
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@.o Plan of the tutorial

m Part 1 Logical framework for cognitive planning
m Epistemic logic with a semantics exploiting belief bases
m NP-fragment and reduction to SAT
m Formalization of cognitive planning problem and
complexity results
m Part 2 QBF encoding of cognitive planning and ToulST
platform

m Part 3 Implementation and applications
m Recommender system for sport activities
m Conversational agent for motivational interviewing
m Part 4 Formal extension and implementation for
collaborative gaming
m Extended logical framework and encoding of the Yokai
game
m General architecture and implementation ®
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@.. Language

Language:
Lo: a == p|loalagAas|aVa| D,
L: o u= al-p|leiAp2|e1Ver [Oig| Gip,

with p € Atm and i € Agt

N;a: agent i explicitly believes that «

O;p: agent ¢ implicitly believes that ¢

[m] = = =
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@.o Semantics

Definition (State)

A state is a tuple B = (B,

., Bn, V) where:
m for every i € Agt, B; C Ly is agent i's belief base,
m V C Atm is the actual environment.

The set of all states is denoted by S.

J. Fernandez, D. Longin, E. Lorini, F. Maris
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@.o Semantics

Definition (Satisfaction relation)
Let B = (Bl,

., Bn, V) €eS. Then:
BEp < peV
BE-a < Bla
B)ZOQ/\O[Q

< BEoand BE a
BE Aia <= «a€B

J. Fernandez, D. Longin, E. Lorini, F. Maris
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@.o Semantics

Definition (Multi-agent belief model)

A multi-agent belief model (MAB) is a pair (B, Cat), where
B e S and Czt C S. The class of MABs is denoted by M.

Definition (Epistemic alternatives)

Let B=(By,...,B,, V),B'=(Bj,...,B,, V') €S. Then,

BR;B' if and only if Va € B; : B = a.

D« (2> 5@
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@.o Semantics

Definition (Satisfaction relation )
Let (B, Cxt) € M. Then:

(B,Crt) Fa < BlEa«a

(B,Crxt) EO;p <= VB € Cnt:if BR;B then (B, Cat) | ¢

Checking satisfiability of L(Atm, Agt) formulas in the class M is
a PSPACE-hard problem.

J. Fernandez, D. Longin, E. Lorini, F. Maris

]
An introduction to cognitive planning

»®
July 1st, 2022 18/36



@. NP-fragment

[’Frag B

Single-reasoner fragment with Agt = {m, b}:

al=p o1 Ap2| o1V e | Ona| Ona
where o ranges over L,

Recall: £y :

(% =

ploa|ar Aas | o Vas | Aga | Ay

Agent m: the ‘machine’
Agent h: the ‘human’

J. Fernandez, D. Longin, E. Lorini, F. Maris
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@.. Polynomial reduction to SAT

nn, tr tr
NNF 1 2
‘ Fr ——> ‘ Fr -

+ LMod —— EProp

Figure: Summary of reduction process

Checking satisfiability of formulas in L
NP-complete problem.

Frag IN the class M is an

J. Fernandez, D. Longin, E. Lorini, F. Maris
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@.. Dynamic extension

Dynamic language:
E;rag: Y= a|_'90|<)01/\§02|¢1\/§02 |Dma|<>ma| [Jriak@

[+:a]p : ¢ holds after agent ¢ has privately expanded
her belief base with «

Definition (Satisfaction relation, cont.)

Let B=(By,...,B,, V)€ S and let (B, Czt) € M. Then:
(B, Cut) | [+ialp = (BY*, Cat)
with Ve =V, B7 = B U{a} and B = B; for all j # .
= = = A}‘
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@.. Dynamic extension

The following equivalences are valid in the class M:

, T, ifd =N,
[—HOA]O( > ]
o', otherwise;
[+ia] = < =[+ialp;
[+ic(p1 A p2) < [+ia]pr A [+ialps;
[+ia](p1 V @2) < [+ialpr V [+ialps;
O N, ifi=
[+la]|:|ma/ PN m(a — ), IT 2 m,.
e, otherwise;
Om(aAnd), ifi=m,
+i " _
+ia]Oma {(}mo/, otherwise.

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning July 1st, 2022
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@.. Dynamic extension

Polynomial reduction of satisfiability for £ to satisfiability
for L, Vvia the previous reduction axioms

Checking satisfiability of formulas in L
NP-complete problem.

Jr . .
Frag 1N the class M is an

J. Fernandez, D. Longin, E. Lorini, F. Maris
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.o General architecture

Speech act
repertoire

Belief base Belief base ~F——> Planning
revision

Human

®

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning July 1st, 2022 24/36



@.0 General architecture

m Interrogative phase
m Agent m gathers information about agent h's cognitive state
m Sequence of questions by mto §
m After h’s answer to m’s question, m’'s expands/revises its
beliefs

m Informative phase

m Core of the persuasion/influence process
m Sequence of assertions by m aimed at modifying h's
cognitive state
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@‘. Cognitive planning problems

= Agent m’s set of informative actions:
Acty = {+ma:a € Lo}
with elements ¢, ¢, ...
= Agent m’s set of yes-no questions:
Quey, = {Tmpa : v € Lo}

with elements A\, X\, ...

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning July 1st, 2022
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@‘. Cognitive planning problems

= Answer function:
A: Que, — 24¢tn

with A(?tha) = { +m Aha, +m_‘AhOé}
and default answer da(?y po) = +mlpa

= Necessary consequence of a question:

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning July 1st, 2022
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@.. Cognitive planning problems

= Set of events: FEuvi, = Acty, U Que,, With elements ~,+/, ...
= Executability precondition function:

P . E?)tm — £Frag

= Necessary consequence of an event:

{(v)e : event v can take place and ¢ holds after its occurence

]
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@.. Cognitive planning problems

Definition (Informative planning problem)
where:

An interrogative planning problem is a tuple (X, Opi, ac)

B ag € Ly is agent m’s goal.

B X C Ly is a finite set of agent m’s available information,
m Op,,s C Acty, is a finite set of agent m’s informative actions,

A solution plan to the informative planning problem is a
sequence of informative actions ¢y,
such that

., €, from Op;,¢ for some k
XM (a) - (e)Onac
J. Fernandez, D. Longin, E. Lorini, F. Maris
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@.. Cognitive planning problems

Definition (Interrogative planning problem)

An interrogative planning problem is a tuple
<27 Opinf7 Opquest7O‘G> where:

B X C Ly is a finite set of agent m’s available information,

m Op,,s C Acty, is a finite set of agent m’s informative actions,
B Opguest C Quey, is a finite set of agent m’s questions,
B ag € Ly is agent m’s goal.

J. Fernandez, D. Longin, E. Lorini, F. Maris
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@.. Cognitive planning problems

A strong solution plan to the interrogative planning problem is
a sequence of questions Ay, ..., Ay, from Opg,e SUCh that

M M) )T
and Vp; € A(\1),...,Vom € A(Aw), 311,..., 7K € Op;y¢ SUCh that

M (] lpm] () - () Omac
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@.. Cognitive planning problems

A weak solution plan to the interrogative planning problem is
a sequence of questions Ay, ..., Ay, from Opg,es: SUCh that

SEm (A ()T

and 37,..., 7, € Op;s SUch that

Y [da(M)] - [da(An)] () - - () Omag
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@.. Cognitive planning problems

Problems:

m ES-INF: checking existence of a solution for an informative
planning problem

m EWS-INT: checking existence of a weak solution for an
interrogative planning problem

m ESS-INT: checking existence of a strong solution for an
interrogative planning problem

The ES-INF problem and EWS-INT problem are
NPNP = »P-complete.
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@.0 Belief revision

m Propositional language Lprop built from the following set

of atomic formulas:
Atm™ = Atm U {pp,a : Dia € Lo}
m Translation trprop : Lo — Lprop:

trprop(P) =
trprop(—a) —_‘tTPROP( )
trprop (a1 A a2) =trprop (1) A trprop(o2)
trpropP (i) =pasa
m For X C Lo, tTPRop(X) = {t’l"pRop(Oé) RS X}

m X is propositionally consistent if and only if
1 Cn(trpRop(X))

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning July 1st, 2022
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@.0 Belief revision

m Agent m'’s core (or, immutable) information set 2., C Lo
m Agent m’s volatile (or, mutable) information set X,,.,; C Lo
m Agent m’s input set X;,,.,; C Lo

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning July 1st, 2022 35/36



@.0 Belief revision

Revision of (Xcore, Zmut) BY Zinput:

it Xeore U Xinput 1S NOt propositionally consistent then
Rev(zcorea Emub Zinput) = (Zcorea z:mut)

otherwise, Rev( ore, Emuts Linput) = (Zlorer Lmur) WIth
E/core = Ycore
z:/mut = m X

XeMCS (X coreXmut 7Einput)

where X € MCS (X core, Bmuts Zinput) if @and only if:
mX - 2mut U Einput
u Zin}out C X
B X UX,.. is propositionally consistent
m there is no X' C ¥,,: U3 such that X ¢ X" and
X' UX, o is propositionally consistent

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning July 1st, 2022
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@.o Plan of the tutorial

Logical framework for cognitive planning (Emiliano)

QBF encoding of cognitive planning and ToulST platform (Frédéric)
NOw!

m 3V optimal encoding of simple cognitive planning
m ToulST: Toulouse Integrated Satisfiability Tool

Implementation and applications (Jorge)

Formal extension and implementation for collaborative gaming
(Dominique & Jorge)
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Part 2 - QBF encoding and ToulST platform 3V optimal encoding

@.. ES-INF planning problem (recall)

A solution plan to an ES-INF planning problem (X, Op, ag) is a sequence of
operators ¢, ..., e, from Op such that ¥ = (€1) - - - () Onaa

Theorem

An ES-INF planning problem (X, Op, ag) has a solution plan if and only if it has a
poly-size solution plan ey, ... e, with k < |Op| and ¢; # ¢; for all i < j.

4

Checking plan existence for an ES-INF planning problem is ¥5-complete.

it
N)
yel
o)

[m] = =

N
~
o
o
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Part 2 - QBF encoding and ToulST platform 3V optimal encoding

@.. v encoding of ES-INF planning problem (3, Op, a¢)

Let ¢ € E;Lrag and let ¥ c L, be finite.
Then, ¥ =m ¢ if and only if =a A yes Ona — .

A plan candidate ¢,..., ¢ is a solution plan for (¥, Op, a¢) if and only if the
following formula is valid:

( /\ O 0‘) = (e)) - - {ex—1) (er)Omac

aEY
which can be also written as:

( /\ Dm a) — ( /\ [+ma€1] e [+ma€i—1]P(€i)> A [+ma€1] e [+ma€k—1][+ma5k]DmQG

€S ie{l,...,k}

[
D¢

[m] = = =

~
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Part 2 - QBF encoding and ToulST platform 3V optimal encoding

@.. v encoding of ES-INF planning problem (3, Op, a¢)

m Global selector variables V; = {sc<¢ : €, € Op} C Atm
m oy, denotes the conjunction of the following axioms:

/\ (ﬁséje — /\ TSe<e! /\ﬁselje) (S1)
e€Op e€'€Oop
e#e’
/\ /\ (ﬁse<e ﬁSe’je) (52)
e€Op ' cOp
e’

A AN (e tsmo =) 53

e€O0p 'cOp e’c€O0p
e£e’  e#e .

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 6/99



Part 2 - QBF encoding and ToulST platform 3V optimal encoding

@.. v encoding of ES-INF planning problem (3, Op, a¢)

m oy, denotes the conjunction of the following axioms:

/\ /\ (Seje A Se/ <e! — Se<e’ \ Se/je> (54)
€€Op '€ Op
e’

/\ /\ (seje/ < On seje/) (S5)

e€Op e’€0p

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 7/99



Part 2 - QBF encoding and ToulST platform 3V optimal encoding

@.. Dynamic extension (recall)

The following equivalences are valid in the class M:
+ialed © T, ifd =200,

1egpes .
o/, otherwise;

[+ia]—p < =[+iale;

[+ial(e1 A p2) < [Fialpr A [+ialps;
[+ic] (1 V @2) < [+ialer V [+ia]ps;

On(a— o), ifi=m

+,;a| O] o & m ’ i
[+:0]On {Dm o, otherwise;

Om(aNd), ifi=m,

+i " .
+ia] Oma {<>m o, otherwise.

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022
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Part 2 - QBF encoding and ToulST platform 3V optimal encoding

o v encoding of ES-INF planning problem

m For e € Op, we define the function II<. : L., — L

Frag Frag®
< (p) = p,
T2 (a) = Ser<e VAmar, if3 #e:a=Anay,
= o, otherwise;

H<e(=p) =~z (),
< (1 Ap2) = H<c(p1) All<c(p2),
M<c(p1 V) = H<c(p1) V< (p2),

< (Onm ) = On << \/ Sefje/\_‘ae/> Va>

e eop
e#e’

Hje(Om a) = Om < /\ (_‘Se’je Vas’) A oc>

e’ cop
e#e’

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022
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Part 2 - QBF encoding and ToulST platform 3V optimal encoding

@.. Jv encoding of ES-INF planning problem

Let Fis; 0p.a0) € the reduction in Lp, of the following formula of £ .

acX e€Op

o (( A O ) SN (e o T (PO)) w)

The ES-INF planning problem (X, Op, aq) has a solution plan iff the following
quantified boolean formula is true:

Q= o s V or Feopes

Se<e’ €V pE Vars(Fis,0p,aq))\Vs

o = = E E 9ACE
J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 10/99
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Part 2 - QBF encoding and ToulST platform Motivation for a new tool

@.o Motivation for a new tool

Remark 1: existing languages are not intuitive

@ SAT solvers are very efficient

@ but with a “low level” input language

Formula Solver input
(DIMACS)
p cnf 5 4
a — -1530
-1 -541
bV —(a—c) 1 _g 4 _200
Vie==a) | .1 .32 .10

[m] [l - =
An introduction to cognitive planning Jun. 17, 2022 12/99
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Part 2 - QBF encoding and ToulST platform Motivation for a new tool

@.o Motivation for a new tool

Remark 2: existing languages are not compact

@ SMT-LIB is much more expressive than DIMACS

@ but with a lack of compacity

Formula

L
i€[1..1000)

J. Fernandez, D. Longin, E. Lorini, F. Maris

SMT-LIB example

(assert
(and x1
(and x2
(and x3
(and x4
(and x5
(and x6
. x1000)))))))

An introduction to cognitive planning
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Part 2 - QBF encoding and ToulST platform Motivation for a new tool

@.o Motivation for a new tool

Technical goal:
@ an intuitive language for modeling

@ a user-friendly graphical interface
Academic goal:

@ teaching of logic

® research (comparison of solvers, encodings)

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning

Jun. 17, 2022
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Part 2 - QBF encoding and ToulST platform Principle of use for reasoning on a little example

@.. Principle of use for reasoning on a little example

Example of the politician

If growth increases, then unemployment decreases ;
Now, growth decreases.
Then unemployment increases !

Problem
Is the conclusion justified ?

{growth — —unemployment, -growth} = unemployment °
o = = E E 9ACE
J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 15/99



Part 2 - QBF encoding and ToulST platform

Principle of use for reasoning on a little example

@.. Principle of use for reasoning on a little example

{growth — —unemployment, -growth} = unemployment

r
0@

Touist (english) v3.5.2

N

aAb

aVvb
—a

ad®b

a=Db

acb

Connectors

BWN R

growth => not unemployment
not growth
not unemployment

“
>

growth = —unemployment
—growth
—unemployment

4:1

J. Fernandez, D. Longin, E. Lorini, F. Maris

= mSolve SAT
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Part 2 - QBF encoding and ToulST platform Principle of use for reasoning on a little example

@‘. Principle of use for reasoning on a little example

‘o0 @ Touist (english) v3.5.1

Results Tr... False v Others Back to edition

Name Value
growth |False |
unemployment [False |

Previous Next Export

A model is found, then the reasoning is not valid !

{growth — —unemployment, —-growth} = unemployment

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 17/99



Part 2 - QBF encoding and ToulST platform Implementation aspects

@.. Implementation aspects

TOUIST (Toulouse Integrated Satisfiability Tool)

Graphical interface for writing logical formulas
in a compact language and using different external solvers.
m under MIT license, sources : github.com/touist/touist
m graphical interface (Java)
m translation to solver languages by a compiler (OCaml)
m compatible with SAT, SMT and QBF

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 18/99
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Part 2 - QBF encoding and ToulST platform

@.. Implementation aspects

Compatible solvers :

Solver
SAT

SMT (QF-LIA)

SMT (QF-LRA)
SMT (QF-IDL)
SMT (QF-RDL)

QBF

Formula

alNb— ¢

QF-LIA = Quantifier-Free Linear Integer Arithmetic
QF-LRA = Quantifier-Free Linear Rational Arithmetic
QF-IDL = Quantifier-Free Integer Difference Logic

QF-RDL = Quantifier-Free Rational Difference Logic
An introduction to cognitive planning

J. Fernandez, D. Longin, E. Lorini, F. Maris

Implementation aspects

ToulST input language

aand b => ¢

(x +y -

z >=4) or a

(x +y -
(x -y
(x -y
forall

o VvV V

z>4.0) = c
2) and c
1.0) and c

a and b

Jun. 17, 2022
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Part 2 - QBF encoding and ToulST platform Implementation aspects

@.. Implementation aspects

ToulST input language :
m variables and sets

$N = 5
$Rows = [1..$N]
$Countries = [France, Italy, TheNetherlands]

m generalized connectors

in(France) and in(Italy) and in(TheNetherlands)

bigand $c in $Countries:
in($c)
end

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022
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Part 2 - QBF encoding and ToulST platform Implementation aspects

A Solving Puzzles with ToulST (SAT)

2 4|8 ] Touist (english) v3.5.2 - [Users/maris/ownCloud/touist/sudoku2019_9x9 touist
1 8 2|3 |7 B W F xoa 1
24 bigand $j in [1. T
9/3(2|1 2 bigor sk in (1. sm xg7 < [3]
—|26 p(si,$5,$k) i
48 1 7| e Xg5 (5]
—|28 end m
618 2 end x99 ]
o AN A
7 9|3 3 ot st one value per cetl Pijk
|32 bigand ¢i in 11.. m i€[L.N] je[1.N] kex;
33 bigand $j in [1..sN]:
1151914 W2 | S i, ANAS
4 213 6 9 36 not p($i,57,5k1) or not p(si,sj, sk2) i€[1.N] je[1.N] ke[l.N]
37 end
37 5 3 end A A A A (pigaav
33 g,.:"d i€[l.N] je[l.N] Kkig[l.N] k2&[1.N]
[ |a1 k17k2
column 2 L;;Z:ﬂi‘,:"ﬁ h:]samc value per row A A A A (Eaney-
bigand $j1 in [ W[N] JIEN] j26[1.N]  ke[1.N]
row value Bl 12" 0.1 wen 1102 S G B :
bigand sk in [1. A2
\ L J 1 2 3 4 ot pl 53, G ot pish, 432,861 A A A A OV
o 1
o % 9 end f1g[l.N] i25L.N] je[l.N] ke[l.N]
p(’L7 j’ ’U) end iL#iz
;5 at nost once the sane value per column !
| {2(54 bigand $il dn [1..5M]: iref0.R-1] jref0.R-1) lele[l.R] jele[l.R] ieze
. 55  bigand $i2 in [ sm we« $ill=gi2; L3
3 binand $i in I1..

p(l, 4, ’U) 32:7

B sone | SAT

p(1,4,1)  p(l.4,2)  p(1,43) ... p(l4,9
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Part 2 - QBF encoding and ToulST platform Implementation aspects

o Solving Puzzles with ToulST (SMT)

Touist (english) v3.5.2

Connectors 26 ;; There is an equal number of 1s and @s in each r

aAb 27 bigand $i in $N: < [0]
28 (x(51,1)+x(51,2)4x($1,3)+x(51,4) =
avb 29 a:us?xu,ﬂs(i)ix(z,:uixczj)s(i?ix(za,si)::z) A (w15 = value)
1 0 1 0 ol ij.valuec[L..4)[L.4]xi;
-a
0 0 aob |5 o sissi i e i e A (@ =0V (@ =1)
34 x($1,$3)1=x($1+1,$5) or x($i+1,$j) 1=x($i+2,$j) ijeEN.N
b 35 d
0 0 222 1156 Bigand 54,87 in (1..50R1, [1...$NC-2] A (@ + o+ a3+ 214 =2)
asb 37 x($3,81) 1=x($],$i+1) or x(51v51+1) 1=x($],$i+2) ieN
| 38 end
1 1 0 1 1 0 I!“J/\"Wpi Zg ;3 There can be no identical rows or colums /\ (@5 7 T2y V¢
i 41 bigand $i,$ in sM SN when $i.1=]: ije[1.NR—2][L.NC]
42 bi $k 4 -
Vo |8 a5t x5, 560) A (@35 # Tjin Vs
. ien pu :" ije[1.NRJ.[1.NC-2]
an
A compact SMT encoding | [ERR T (
. 47 X$k$1‘7x$k5] /\ V (I #13 )/\ V
ac—true | |45 ik 7 Tjk
with atoms of QF _LIA S enn \ ken rer
. . . . s 50 i
(linear arithmetic on integers) .-, |*!
51:1 [ xiuwe QF_LIA

[m] [l -
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Part 2 - QBF encoding and ToulST platform Implementation aspects

@‘. Solving an ES-INF planning problem with ToulST

m SAT solver: to verify the validity of a plan candidate

( \ Ou a) = ((e1)) -+ (er—1) (er)Omag

acd

nnf tr tr
NNF 1 2
'CFrag -—> ‘CFrag -=% LMod ~=* Lprop

m QBF solver: to extract a solution plan from 3V encoding

Q == 3 Se<e’ \v/ p F<2,OID104G>

Sz €V, pEVars(Fis opag))\Vs o
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Part 2 - QBF encoding and ToulST platform Implementation aspects

@.o Plan of the tutorial

Logical framework for cognitive planning (Emiliano)
QBF encoding of cognitive planning and ToulST platform (Frédéric)
Implementation and applications (Jorge) NOW!

m Recommender system for sport activities
m Conversational agent for motivational interviewing

Formal extension and implementation for collaborative gaming
(Dominique & Jorge)

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 24/99
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Part 3 - Implementation and applications

o System Architecture

J. Fernandez, D. Longin, E. Lorini, F. Maris

t
A

(e - (emd

Introduction

>

‘------..-------...----

b3
Belief Revision 4%
’ . Z:core
Rev(Spase: Dingut) | o :
“~wvo

Zbase

¢ S

. Op Set of actions :
Plannng <——1—

inform(m.h.val(o. 2))
inform(m.b.ideal(h, o))

Goal

“~base

Artificial Agent

An introduction to cognitive planning

Jun. 17, 2022
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Part 3 - Implementation and applications Introduction

@.. Deduction process

We consider a conversational agent that has to interact with a human user in order to support
her activity and to take care of her well-being. Specifically, HAL is an artificial companion which
takes care of an elderly person called Bob and keeps him company. Bob has to do regular
physical activity to be in good health.

Belief base Deduction process
(reasoning)

— —

Apovtemps g = L poycold [+HaLABostemp 10]OraLint Bob, out
Agob—\(ﬁ()ld — intBob,out '

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 27/99



Part 3 - Implementation and applications Introduction

o Checking satisfiability of formulas in £
®

Frag

red nnf NNE trl cnf
l:[:,,ag — LFrag — £Frag — LMod —> Lprop —>

(Ahp - /—\hq) A (Ahq - I’) — [+mAhp]Dmr

J. Fernandez, D. Longin, E. Lorini, F. Maris

An introduction to cognitive planning

Model 1:p=0,q=1,r=1
Model 2:p=1,q=1,r=0 <: SAT «
No Model |<: UnSAT %
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Part 3 - Implementation and applications Recommender system for sport activities

@.. Example 1: Artificial assistant

m Agent h: human user who has to choose a sport to practice
m Agent m: artificial assistant
m Agent m’s goal: agent h forms the intention to practice a sport

m Solution plan: sequence of speech acts by m

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 30/99



Part 3 - Implementation and applications

Recommender system for sport activities

@.. Example 1: Artificial assistant(cont.)

Opt Var
env loc soc cost | dan | intens

SW water | mixed single | med | low | high

ru land outdoor | single | low | med | high

hr land outdoor | single | high | high | low

te land mixed mixzed | high | med | med

SO land mixed team med | med | med
yO land mized single | med | low | low

di water | mized single | high | high | low

sq land indoor mized | high | med | med

Table: For every option o € Opt and variable = ¢ Vur, we denote by v, ,
the corresponding entry in the table.

J. Fernandez, D. Longin, E. Lorini, F. Maris

An introduction to cognitive planning
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Part 3 - Implementation and applications Recommender system for sport activities

.. Example 1: Artificial assistant(cont.)

o = /\ (val(o, 2 > v) =+ ~val(o, 2 v+ v')), \
o€ Opt
a€ Var
v.'€ Valw#y

fef
ay = /\ (Apval(o,z v v) — Ag-wal(o,z > v')),
o€ Opt
€ Var
v,0'€ Valgroo!

ag /\ (des(h,I") —» —~des(h, 1)),

D[V €2Pess: T4

ay = V des(h, '),

PegDess

a5 N (ideal(h, 0) > Vpyoe. (des(, DA A er Feomp(0:7))) .

o€ Opt

ag = /\ (J'ustif(h,o) > Vrezppn (des(hql‘)/\/\«,gl‘ fri“omp (Oa 'Y))) .

0€Opt

e def
a2 = val(o,z v vy 1).

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive plarnning Jun. 17, 2022



Part 3 - Implementation and applications

Recommender system for sport activities

.. Example 1: Artificial assistant(cont.)

g {ef des(h,I'y)

[cost v high| ~ soc v+ mized}.
Potential intention: potintend(h, o)

I'y ={env — land, intens — med, ~loc +— indoor,
J. Fernandez, D. Longin, E. Lorini, F. Maris

gef Aypideal

An introduction to cognitive planning

(h,0) A justif(h, o)

[m]

=
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Part 3 - Implementation and applications Recommender system for sport activities

@.. Example 1: Artificial assistant(cont.)

Operators:
Op :{mform(m,h,val(o, a)) o€ Optanda e Assign}u
{inform(m,b,ideal(h,0)) : 0 € Opt}
Executability preconditions:

P(inform (m,h,val(o, a))) = 0Om <va|(o7 a) A /\ (val(o, dan — v) — Apval(o,dan — v)))
vE Valgan

if a & Assigngan,
P(mform (m,b,val(o, a))) = O val(o,a)
if a € Assigngan,

P(inform(m,h,ideal(h,o))) = Ol (ideal(h, o) A justif(h, 0)). o

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 34/99



Part 3 - Implementation and applications Recommender system for sport activities

@.. Example 1: Artificial assistant(cont.)

Planning goal: a¢ = \/,(,, potlntend(h, o)

€1, €9, €3, €4, €5, ¢6 IS @ solution for the planning problem (3, Op, a¢) where:

Y ={ai,...,as} U{a>":0€ Opt and z € Var} and

J. Fernandez, D. Longin, E. Lorini, F. Maris

€1

€2

€3

€4

€5

€6

= inform(m,b,val(te,dan — med))7

= nform(m,h,val(te, env — l(mcl))7

( (
( (
= inform(m,h,val(te, intens — med)),
= inform(m,h,val(te, loc — mized)),

( (

= inform(m,bh,val(te, soc — mized)),
def inform(m,h,ideal(b,te)).

An introduction to cognitive planning Jun. 17, 2022
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Part 3 - Implementation and applications Recommender system for sport activities

® Demo
()

Chat Bot

Agent : Hi! How are you?, | am Botty your personal assistant
Agent: | will help you to find the best sport based in your preferences
Agent : Are you ready to start 7
yes : Human
Agent:  Great |, let's start by selecting your desires.
Agent:  Areyou ready to choose your preferences 7
yes : Human
Agent:  You selected : env = land
Agent: Do you want to continue adding more individual desires ?
yes : Human
Please, choose your preferences
Variable Value
low
ey [x]  Cwer
high

l Cancel Ok l

m Source code: [
https://www.irit.fr/CoPains/software/
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Part 3 - Implementation and applications Recommender system for sport activities

.0 Web interface

—_—

pourriez-vous me dire le type
drenvironnement dans lequel vous
aimeriez pratiquer votre sport ?

Super,allons-y ! Pour commencer,

Jaifait mon choix:

m Web avatar developed in collaboration with the company DAVI: N . N
https://cognitive-planning.schm.fr/
J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 37/99
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Part 3 - Implementation and applications Recommender system for sport activities

@. Experiments

Processing time used by the brute force approach:

Number of options:
ar 3
" 4
2 3 5
S 6
2 2 7
8
1 -
03 4 5 6
plan size
= z = ==
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Part 3 - Implementation and applications Recommender system for sport activities

.. Experiments(cont.)

Processing time (in seconds) used by the brute force approach:

Number of options (sports)
Plan size
3 4 5 6 7 8
3 0.059 0.067 0.063 0.066 0.068 0.070
4 0.438 0.482 0.494 0.506 0.539 0.567
5 1.355 1.433 1.505 1.608 1.668 1.731
6 3.274 3.217 3.353 3.696 3.747 4.045

J. Fernandez, D. Longin, E. Lorini, F. Maris
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Part 3 - Implementation and applications

@.. Experiments(cont.)

Recommender system for sport activities

Comparison in performance between the brute force and the QBF approaches:

seconds

J. Fernandez, D. Longin, E. Lorini, F. Maris

plan size

An introduction to cognitive planning

—— Brute force

-~ QBF
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Part 3 - Implementation and applications

.. Experiments(cont.)

Recommender system for sport activities

Comparison in performance between the brute force and the QBF approaches:

Planning module processing time

Size of the plan (seconds)
Brute force QBF
4 0.464 10.015
5 2.059 10.936
6 12.610 12.343
7 61.920 12.837

J. Fernandez, D. Longin, E. Lorini, F. Maris
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Part 3 - Implementation and applications Recommender system for sport activities

@.o Conclusions

m Our implementation demonstrates that our NP-complete fragment and the
cognitive planning problem formulated in this logic are suitable for
real-world applications in the domain of HMI.

m We intend to include a setting parameter in the artificial agent in order to
let the system select the most convenient approach (SAT or QBF)
depending on the scenario.

m We plan to extend the implemented system by speech acts of type
question to capture both sides of interaction, from agent m to agent h
(handled by the actual implementation) and from agent h to agent m.

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 42/99
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Part 3 - Implementation and applications Conversational agent for motivational interviewing

@‘. Example 2: Virtual coaching

Agent m is a virtual coaching agent which has to motivate agent i to practice a
physical activity.
= Agent h has to become aware of the inconsistency between her

current behavior and her desires

Desires : DesAtm Conditions : CondAtm Actions : ActAtm
dr: “b has dietary restrictions” | ow: “h has an office work” does(h,ps™)

pw: “h puts on weight” sl: “h has a sedentary life style’

lw: “h loses weight” co: “h is a commuter/time in traffic”

at: “h is attractive”
gh: “b is in good health”
st: “b is stressed”

*ps :“h practices sport”

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 44/99



Part 3 - Implementation and applications Conversational agent for motivational interviewing

@.. Example 2: Virtual coaching(cont.)

Agent m’s model of agent h's cognitive state:

(&7}

J. Fernandez, D. Longin,

/\ Agnec({l},1),
leLit
/\ (Qonec(d,1) <> Agl),
1€ Lit
/\ (Ahnec(Xl /\ Ngl' — Ngnec(X \ X/, l)))
lELit, X, X' € LitSet: X/ CX vex
/\ (Agnec(X,1) = Apnec(X',1)),

leLit,X,X'eLitSet: X C X'’

A ((des(b, 1) <> Apdes(h, 1)) A (—des(h, 1) <> Ay—des(b, l))),

leLit

/\ ((does(h,a) <+ Aydoes(h,a)) A (—does(bh,a) > Ab—\does(h,a))),

acAct

E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022
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Part 3 - Implementation and applications Conversational agent for motivational interviewing

o Example 2: Virtual coaching(cont.)

def nec({—dr, —pw, sl},does(h,ps)) A
nec({at, ~dr}, does(h,ps)) A
nec({sl, gh},does(h,ps)) A
nec({gh}, —st)A
(

nec({co, ow}, s).

ac def —does(h,ps) — Awarelncon ((),ﬁdoes(f),ps)).

Plan computed by agent m :

Step

Informative planning problem Interrogative planning problem

0

7m,pdoes(h,ps)

1

?m,pdes(h, gh), T, €O, T, OW

2

Ya,b (0,{co, ow},sl), i ({gh},{sl},does(h,ps))

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022
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Part 3 - Implementation and applications

Conversational agent for motivational interviewing

o Example 2: Virtual coaching(cont.)

Speaker | Utterance Speech act

m Do you practice a sport regularly? 7m,pdoes(bh,ps)

h I don’t +m—Apdoes(h,ps)

m Do you wish to be in good health? ?m,pdes(b, gh)

[} Yes +mApdes(h, gh)

m Do you spend quite some time in the 7, CO
traffic everyday as a commuter?

h Yes +mApco

m Do you have an office work? 7, OW

h Yes +mApow

m You spend quite some time in the traffic everyday | !y ,(0,{co, ow},sl)
as a commuter and you have an office work.
Therefore, your life style is sedentary!

m Your life style is sedentary. Therefore, you lm,t ({9} {sl},
will not satisfy your desire to be in good health does(b,ps))
unless you practice a sport regularly!

J. Fernandez, D. Longin, E. Lorini, F. Maris
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Part 3 - Implementation and applications Conversational agent for motivational interviewing

@.o Plan of the tutorial

Logical framework for cognitive planning (Emiliano)
QBF encoding of cognitive planning and ToulST platform (Frédéric)
Implementation and applications (Jorge)

Formal extension and implementation for collaborative gaming
(Dominique & Jorge) NOW!

m Extended logical framework and encoding of the Yokai game
m General architecture and implementation

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 48/99
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Part 4 - Application to the Yokai game

@. Why Yokai game?

Because this game includes:

m temporal reasoning,

B reasoning about mental states (theory of mind),
m spatial reasoning.

J. Fernandez, D. Longin, E. Lorini, F. Maris
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Part 4 - Application to the Yokai game Introduction

@‘. Rules of Yokai game [Griffon, 2019]

m 4 card colors and 4 cards of each color,
m 7 hints,
m initial state: shuffled and grouped cards face down,

m target end state (goal): group cards of the same color,
m 4 kinds of action:
m to observe (the color of) a card,
m to move a card (face down),
m to active a hint,
m to mark a card with a hint,
m constraint: communication outside of actions is not allowed.
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Part 4 - Application to the Yokai game

Introduction

o Example of a winning final configuration

-~/
[
J. Fernandez, D. Longin, E. Lorini, F. Maris
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Part 4 - Application to the Yokai game Introduction

@.. A round of play

At each round of play, each player execute 4 actions (no order constraint) :
m (to observe 1 card) x 2 ;
m to move 1 card (without creating a separation) ;

m to active 1 hint (x)or to mark 1 card with a hint about its color
(= marked cards cannot be moved anymore).
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Part 4 - Application to the Yokai game Introduction

@.. What is a separation (bhetween groups of cards)?

Definition (separation)
There are at least two cards that cannot be D D D

linked by a “path” DDD@\D_D/
Definition (path) D DD

A\

A set of positions occupied by cards which are
accessed only from their sides (NOT D D D D
diagonally). )

o = = E = DA
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Part 4 - Application to the Yokai game Introduction

@0 Hints
o

®m an hint is a card containing 1 to 3 colors,
m “to mark a card” is to place a hint on this card,
m a card can only be marked with a hint including the color of the card,

m once marked, a card can no longer be observed, moved or marked.
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Part 4 - Application to the Yokai game Introduction

@.. Example of game in progress (m plays against j)

Cards of which m knows Cards that m believes °
the color knows the color on

& DA
An introduction to cognitive planning Jun. 17, 2022 56/99
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Part 4 - Application to the Yokai game Introduction
@. End of game
®

m 2 ways to complete the game:

Reminder

m either because a player declares the end of the game,

m or because there is no more hint to activate or to mark a card.
m there are 7 hints,

J. Fernandez, D. Longin, E. Lorini, F. Maris

m Each round, a hint must be activated or played (to mark a card),

m there are a maximum of 14 rounds of play (7 for each player).

An introduction to cognitive planning
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Part 4 - Application to the Yokai game Formal framework extension

@.. Temporal extension of explicit beliefs

We first define the language L£,(Atm) by:

o n= pt]Aga|n0w2t|ﬂa\a1/\a2\Ama

LY (Atm)
where :
m p ranges over Atm,
m p’ is read “atomic proposition p is true at time ¢”,

m now=' is read “the actual time of the game play is at least t".

. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022
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Part 4 - Application to the Yokai game Formal framework extension

@.. Implicit beliefs (no change)

Language L(Atm) is defined by:

p = a1 Ay | Ona

Note: only formulas from £, can be in the scope of an [J,, operator.
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Part 4 - Application to the Yokai game Formal framework extension

@.. Semantics (reminder & new things)

m State: S = (B, V) with
m B C L, is agent m’s belief base ,
m V C £l is the actual situation,

m for every ¢,t' € N:

m now= eV,
m if now>t € V and ¢ <t then now=t € V,
B nowzt € V iff now! € B.

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning
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Part 4 - Application to the Yokai game Formal framework extension

@. Semantics (new things)

Let S = (B, V) € S. Then, for every = € LI (Atm):

SEz < zeV,

SE-a < SkKFa
SEaANay <= SkEa and S E ay,

SEA,a <= «acB.

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning
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Part 4 - Application to the Yokai game Formal framework extension

@.. Dynamic extension

m Language £ (Atm) is defined as follows:
¢ u= alopl e Aps | Ona| [Huale,

m [+ ap is read “¢ holds after agent m has privately learned that a and that
the current time is at least ¢”.
B (S, Cat) | [+halp <= (ST, Crt) = ¢ with
SR = (B, V),
Ve = vy {now>" : t' < t},
Bt = BU {a} U {now>" : ' <t}. o
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Part 4 - Application to the Yokai game Formal framework extension

@.o Theorems

m Checking satisfiability of £L(Atm) formulas in the class M is an NP-complete
problem.

m Checking satisfiability of £ (Atm) formulas in the class M is an
NP-complete problem.

m Let o € LT(Atm) and let  C L,(Atm) be finite. Then
Y Em e ifand only if =a Ajes Oma — .

(Logical consequence problem with a finite set of premises can be reduced
to the satisfiability problem.)
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Part 4 - Application to the Yokai game Formal framework extension

@‘. Action selection (rappel)

m Belief expansion events: Act, = {+,a:a € L,,t € N}

m Executability preconditions: P(¢) for e € Acty

m Successful occurrence of an event: (+,a)y

P(+na) A [+Hhale
m Action selection problem (ASP): (%, Op, ag) where:

B X C Ly(Atm) (m's belief base),
m Op C Act, (m's action repertoire),
B ag € Ly(Atm) (m's goal).

m Solution to ASP: ¢ € Op such that ¥ En (€) Onag. °
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Part 4 - Application to the Yokai game Formal framework extension

@.. Update, then revision

m Belief update : m’s explicit beliefs evolve from a time ¢ to ¢ + 1.

m Belief revision : m learns a new fact and adds it to its belief base.
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Part 4 - Application to the Yokai game

@. Beliefs update

u Upd(zm Zhv Zf) = (Z/cv 2;7,7
mY =%,
B X =incrt(Xy),
B Y =incrt(Zp) U {now=°}.

Formal framework extension

¥%) if and only if:

m where for each finite X C £, incrt(X) = {incrt(a) : o € X} such that:

m incrt(p t) =pit!
B incrt o) = At"’lzncrt( )

incrt Am a) = Apinert(a)

inert(—a) = —inert(a)

(A4
(
incrt(now=t) = now=t+1
(
(

J. Fernandez, D. Longin, E. Lorini, F. Maris

incrt(on A ag) = inert(aq) Ainert(ag).
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Part 4 - Application to the Yokai game Formal framework extension

@.. Belief revision (reminder)

n RG’U(EC, Eha Efa Zinput) =
B (X%, X)) if X, UX,,,w is not propositionally consistent ;
m (2,3, Z}) otherwise, with ¥/, =%, ¥/, = ﬂXeMCS(EC)Ef’E”W) X,
EZ = ﬂXeMCS(E B)3AD> (ZJ)X'
c £ hs
m So:
m X, is not modified,
®m X, is added to ¥, (iff £,,,,, and . are consistent),
m belief revision satisfies minimal change for factual information.
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Part 4 - Application to the Yokai game Logical modeling of Yokai

@0 Useful sets

Let be the following sets:

TIME = {0,1, .., end} where end = 56
TIME* = TIME \ {0}

GRID = {1,...,32} x {1,...,32},

IPOS = {(l,c) € GRID : l,c € {15,...,18} },
COLORS = {r,g,b,y},

HINTS = 290MO15\ {{} {r,g,b,y}},
CARDS = {1,...,16}

CARDS"™ = {X € 2948DS . |X| =n} withn e N
e

[m] = = =
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Part 4 - Application to the Yokai game Logical modeling of Yokai

@.. Atomic propositions

® col!, : card z is of color ¢ at time ¢,

m post, . card z is at position p at time ¢,

m activel: hint h is enabled at time ¢,

® mark, ,: card z is marked with hint 1 at time ¢,

[ legMovi’p: to move card x to position p at time ¢ is legal.
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Part 4 - Application to the Yokai game

Logical modeling of Yokai

.0 Initial factual belief base

E‘;V = {now="} U

U

{posgﬂ(x)} U U {=A, col® }U
x€CARDS z€CARDS
cc COLORS
U {=actived } U U
he HINTS 2€CARDS
= |J {afatu
aczWV

{ﬁmarkg,h}
hEHINTS
f

x€CARDS

{- Ag colgj N
c€ COLORS
oy =xf uxh

J. Fernandez, D. Longin, E. Lorini, F. Maris
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Part 4 - Application to the Yokai game

@.. Initial hypothetical belief base

Logical modeling of Yokai

Yp = U {markgyh — =col?
zeCARDS
he HINTS
c€ COLORS\h

z,c?

Ag mark%h — Ag —col? .}
2) mark(l)?{gr} €Xy.

1) %, D {mark(f,{g,r} — _‘COZ(l),b7 mark%{g,r} — ﬂcol(l)yy}.

J. Fernandez, D. Longin, E. Lorini, F. Maris

So, we can deduce that Oy, ((col{ , V colf ) A =col} , A =colf ) holds.
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Part 4 - Application to the Yokai game Logical modeling of Yokai

@.. Core belief base (integrity constraints)

m Rules of the game:

Yl = U { /\ \/ pos, (ICP1)

te TIME \ #€ CARDS pc GRID
AN —(post, Apost ), (ICP2)
€ CARDS
p,p' € GRID:p#£p’
/\ ﬁ(pos;p A pos;,’p) , (ICP3)
pEGRID

z,2'€ CARDS :x#x’

) .
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Part 4 - Application to the Yokai game Logical modeling of Yokai

@.. Core belief base (frame axioms)

m Description of what does not change:

def _
posFAL, = /\ (pos;p “ pos;pl)

x€ CARDS\X
peGRID

COIFAE( déf /\ <(COltx7c <> COltzjcl) A (—| Am COZ;C Al Am COZZ,_CI)>

2€CARDS\X
ce COLORS

hintFA!, def /\ (active), <+ activel ') A /\ (markl, ), mark! )

he HINTS\H r€CARDS
he HINTS\H
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Part 4 - Application to the Yokai game Logical modeling of Yokai

@.. Core belief base (successor state axioms)

m Computation of a future state:

¥t = U { /\ (post, , A ﬁpos;’*pl — posF/—\’f{m} A colFA) A hintFAj), (SSA4)

te TIME* z€CARDS
pEGRID

N\ (coll . A= Dy colly ! — posFAG A colFAY,y A hintFAp), (SSAS5)
€ CARDS
ce COLORS

/\ (activel, A =activel ™ — posFAf A colFA) A hintFA'f{h}) , (SSA6)
heHINTS

N\ (markl, , A=mark! ! — posFAj A colFAj A hintFAt{h})} (SSA7)
z€CARDS
he HINTS .

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 76/99



Part 4 - Application to the Yokai game

Ag Core belief base
m Finally:

. = B Uz

J. Fernandez, D. Longin, E. Lorini, F. Maris

An introduction to cognitive planning
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Part 4 - Application to the Yokai game Logical modeling of Yokai

@. Action repertoire

m ACT C EVT of agent m is defined as follows:

L. def

e = 4t <coltm’c A Dy colly N
(A \/ Ay colly o) N Ay now= >
'€ COLORS

—i—f:fs o o <p03 N Dy posy, A D posg, , A Ay now= )

Poat
fnCtH'"th def +t <activez A D\, activel, A A activel, A Ah now>t)
kHint! f

Qar intyp  def _|_fn<mark;’h A Dy markiyh A A mark?, N Ah n0w>t>

[m] [l - =
J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 78/99
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Part 4 - Application to the Yokai game Logical modeling of Yokai

o Actions preconditions

Pty &

m = now=" A (I /\ ﬁmarki’h
he HINTS
postt} lef =t A [ Lt O leaMon!
Pl+m °7) = now " Aly /\ —mark, j, A O legMov,, ,,
heHINTS
actHint! ! def _
Pl+m ") = now™
markHint! T} def - ]
Pltw ") % mow™ Ay activel, A\ Owcolye AD [\ —mark
cch h'€HINTS
h'#h
=] = = = =
J. Fernandez, D. Longin, E. Lorini, F. Maris
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Part 4 - Application to the Yokai game Logical modeling of Yokai

@.. Goals modeling (observe a card around X)

m goal = motivational attitude for action,

m X C CARDS :1<|X| <3, aset of cards of the same color,

t def t
aobsArroundCards(X) - \/ < ( /\ o Am Cle’,c) N

r'e CI‘ARDS ce COLORS
' g€X

nbgCards&U{x,} A ( \/ AN coliﬁ))
c€ COLORS

t def .
Pg(aobsArToundCards(X)) - nbgCardsX
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Part 4 - Application to the Yokai game Logical modeling of Yokai

Goals modeling
(observe a card whose color is unknown)

Let x € CARDS:

t def t+1
X obsUnknownColorCard (x) - \/ Am COZ%C
ce COLORS
t def .
Pg(aobsUnknownColorC’ard(x)) - /\ - Am COZLB,C
ce COLORS
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Part 4 - Application to the Yokai game Logical modeling of Yokai

Goals modeling
=’ (observe a card randomly)

m Default goal for moving (z € CARDS):

t def t+1
aobsRandamly(z) - \/ Am COlw,c
c€ COLORS
t def
7)9 (aobsRandomly (z) ) - T

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022
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Part 4 - Application to the Yokai game Logical modeling of Yokai

@‘. How to manage the different goal?

m With meta algorithms generating an ordered list of goals
m getSubsetsGtLeq(X, 7, 7ar) = {X' € 2% : 7, < |X!| < 7r}

1: function tryToObserve(S, o)) 1: > Parameters computation for af. s, oundcans(x)
2 success + false 2: S+ {}

3 while S #0 && !success do 3: for all c€ COLORS do

4 x + pop(S) 4: Xc« {z € CARDS : A, coll, . € S5}

5: if Py(a;,,) then 5: S+« SuUgetSubsetsGtLeq(X.,0,|X.|)

6 success +— checkPIan(ag(m>) 6: end for

7 end if 7: S’ + sortByDecreasingSize(S)

8 end while 8: > VX, Xit1 € 8| Xi| > | Xig]
9: return success
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Part 4 - Application to the Yokai game Logical modeling of Yokai

@.. How to manage the different goal?

1: if ltryToObserve(S’, a4 oundcaras) theN
2 X < {# € CARDS : 3c € COLORS, A\, col,, . € ¥y}

3 X'+ CARDS \ X > The set of cards whose color is unknown
4. if ItryToObserve(X' al, 0 colorcara) EHEN

5 tryToObserve(CARDS, &by pandomiy,)

6

7

end if
. end if

J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 84/99



&P

=6
= Part 4 - Application to
@ the Yokai game

‘ Implementation




Part 4 - Application to the Yokai game Implementation

o System Architecture

i
2 i
H ]
“input : xb :
i 1+ Belief Revision % 1
' '
; — — :
4 | ‘ Ecm—c ‘ - :
' | ¢ Zpase !
. ! Rev(Epa,c: input) - it
L e : “wvol !
e e ! - i
sene : :
'
| ok | : Slmse H
: '
. I .
i 0 o e '
1 P Set of actions i
T Planning - | -Observation '
(ey ' -Movemert !
\ ' - Active Hint N
: - Use Hint '
3 — '
: ag E———— :
H Goal ‘ :
' - '
e m e :
Artificial Agent
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Part 4 - Application to the Yokai game Implementation

.0 Cards distribution

11

w0000
s 9000
L QLO®
s BDOO®

16

1 12 13 14 15 16

Position

m Source code: o
https://github.com/iritlab/yokai
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Part 4 - Application to the Yokai game Implementation

o Agent m’s first round

time=1 time=2 time=3 time=4
© ® [ |
o00e 000 0 @ o0 ©
000 0000 2000 2000
000 o000 2000 o000
( L X X ) o000 o000 9000

1: col 1 R t4 and tm col 1 R t4 and (th_tm col 1 G t4 or th tm col 1 Y t4 or
th_tm_col_1_B_t4 or th_tm_col_1_R_t4)

2: col_ 2 B t4 and tm_col 2 B t4 and (th_tm col 2 G t4 or th_tm col 2 Y t4 or
th_tm_col_2 B_t4 or th_tm_col_2_R_t4)

3: pos_3_p_11_12_t4 and tm_pos_3_p_11_12_t4 and th_pos_3_p_11_12_t4

4: act_1 t4 and tm_act_1_t4 and th_act 1 t4

Y, at time point 4

[m] = = =
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Part 4 - Application to the Yokai game Implementation

o Agent h’s first round

time =5 time=6 time=7 time=8

® L ® [ [ |
e O o0 O o0 O o0 O 1
o000 ® 2000 2000 o000
*00® 0000 00006 o000 ®

(L Xof ) 00 ® 00D o000

(th_col_15_R_t8 or th_col_15_G_t8 or th_col_15_Y_t8 or th_col_15_B_t8)
(th_col 16 R t8 or th _col 16 _G t8 or th _col 16 _Y t8 or th _col 16 B t8)
pos_16_p 14 16 _t8 and tm_pos_16_p 14 16 _t8 and th_pos_16_p_14 16 _t8
act_6_t8 and tm_act 6 _t8 and th_act 6 _t8

3, at time point 8

[m] [l - =
J. Fernandez, D. Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022 89/99
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Part 4 - Application to the Yokai game

o Grouping cards

time=9

time =10

Implementation

time =11

2: éoI_Z_B_tlo and tm_col 2 B t10 and (th_tm col 2 G t10 or
th_tm_col_2_B_t10 or

9: col_3_G_t10 and tm_col_3_G_t10 and (th_tm_col_3_G_t10 or
th_tm_col_3_B_t10 or
10: col_4 B _t10 and tm_col_4 B_t10 and (th_tm_col 4 _G_t10 or
th_tm_col_4_B_t10 or

at time point 10

time =12

th_tm _col 2 Y t10 or
th_tm_col_2_R_t10)

th_tm_col_3_Y_t10 or
th_tm_col_3_R_t10)

th_tm_col_4_Y_t10 or
th_tm_col_4_R_t10)

=



Part 4 - Application to the Yokai game Implementation

.o Action selection

(not (Im](
not tm_col_5_G_t10 and
not tm_col_6_Y_t10 and

<.:0I 1_R_t10 and tm_col_1_R_t10 and (th_tm_col_1_G_t10 or th_tm_col_1_Y_t10 or th_tm_col_1_B_t10 or th_tm_col_1_R_t10) and
col_2 B t10 and tm_col 2 B t10 and (th_tm col 2 G _t10 or th_tm_col 2_Y t10 or th_tm col_2 B t10 or th_tm_col 2_R_t10) and

act_1_t10 and tm_act 1 t10 and th_act 1 t10 and

((pos_2_p_11_15_t11 and not pos_2_p_11_15_t10) =>

((pos_1_p_12_12_t11 <=> pos_1_p_12_12_t10) and ((pos_3_p_11_12_t11l <=> pos_3_p_11_12_t10) and
((pos_4_p_12_15_t11 <=> pos_4_p_12_15 t10) and ((pos_5_p_13_12 t11 <=> pos_5_p_13_12_t10) and
((pos_6_p_13_13_t1ll <=> pos_6_p_13_13_t10)))))))

) > ([m] now_t10 and [m] (not mark_2_1_t10 and not mark_2_2_t10 and
not mark_2 3 t10 and not mark_2 4 t10 and not mark_2 5 t10 and
not mark_2 6 t10 and not mark_2_7 t10) and
plus(pos_2_p_11_15 t11 and tm_pos_2 p 11 15 t11 and th_pos_2 p 11 15 t11,
[m]((pos_2_p_11_15_t1l1 and pos_4_p_12_15_tl1l) or (pos_2_p_12_14_t11l and pos_4_p_12_15_tll) or
(pos_2_p_12_16_t11l and pos_4_p_12_15_tll) or (pos_4_p_11_13_tll and pos_2_p_12_13_tll) or
(pos_4_p_12_14_t11 and pos 2 _p_12_13t11))))))

Planning formula for grouping blue cards 2 and 4

o =
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Part 4 - Application to the Yokai game Implementation

.0 Belief revision

Integrity constraint ICP2

(not (pos_2 p 12 13 tl11 and pos_2 p_12 11 tll1l) and
(not (pos_2 p 12 13 tl1l1 and pos_2 p_10_12 tll1l) and
(not (pos_2 p 12 13 t11 and pos 2 p 11 11 t11) and
(not (pos 2 p 12 13 tl11 and pos 2 p 11 13 tl1l) and

(not (pos 2 p 12 13 tl11 and pos 2 p,11 15 tl1l) and
(not (pos_2 p 1243 tll1 and pos_2_p/12 14 tll) and
(not (pos_2 p_ 12 43 tll and pos_2/p 12 16 tll) and
(not (pos_2 p_ 12 1% tll and pos_Z p 13 11 tll) and

Initial position

Final position

0)
[ J
0@
L Jeje] X
000

L JOI@)

o (= =
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Part 4 - Application to the Yokai game Implementation

o Hierarchy of goals

Sets of cards known by the machine :

1B|2 4 14
2R|1 8
3G|3 5
4B|4 14
5B|2 4
6B|2 14
7Y|6
@ @¢e @Le
e © e ©
O0e 00®
90000 [ Jeolol I |
0@ O@
Human round at time t Machine round at time t+3
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Part 4 - Application to the Yokai game

® Demo
()

®
Sinput

J. Fernandez, D. Longin, E. Lorini, F. Maris

feah .- emh

Implementation

Toase

- Belief Revislon =)

z
Zhase

'

Op

Setof actions

—— FPlaning «————————— - lnenaln
e
Artificial Agent
h-m h-b
[m] [l -
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https://youtu.be/_yAfnPit_U0
https://youtu.be/_yAfnPit_U0

@. Experiments

Part 4 - Application to the Yokai game

Implementation
(] O o 00
@ Q 2000
200000 000 e
® 000
-
Case 01 - Failed game

@)

Case 02 - Failed game
J. Fernandez, D. Longin, E. Lorini, F. Maris

An introduction to cognitive planning

Figure: Two different scenarios when players lost the game
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Part 4 - Application to the Yokai game Implementation

.. Experiments(cont.)

Experiment G b-m b-b
ame
set # 4-y-groups Score # 4-y-groups Score
1 1 - 1 -
2 1 - 2 -
3 4 8 2 -
4 1 - 2 -
5 3 - 1 -
1
6 4 8 4 9
7 4 7 3 -
8 2 - 2 -
9 1 - 1 -
10 1 - 0 -
Total: 22 18

Table: Total # 4-y-groups in experiment set 1
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.. Experiments(cont.)

J. Fernandez, D.

Part 4 - Application to the Yokai game

Implementation

Config. Experiment set
type 1 2 3 a 5 6 7 8 9 10
h-m 22 28 33 32 28 30 19 26 23 26
h-b 18 23 21 23 24 25 17 19 21 25
Table: Total # 4-y-groups by experiment set
Longin, E. Lorini, F. Maris An introduction to cognitive planning Jun. 17, 2022
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Part 4 - Application to the Yokai game Implementation

.. Experiments(cont.)

34 i
32+ g
2
5 30F g
I
28| 4
>
<+ 6l i
* 2
©
i) 24+ -
°
221 E
20 |
181 E

Experiment set

—8— h-m —m— bh-h

Figure: Total # 4-y-groups by experiment set
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