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Recap of Lecture Il

» Kripke semantics.
» Proof theory for modal logics.

» Extensions: the beautiful modal cube!



In this lecture: games!

» Valitity games

» Provability games
» Modal games




Outline

Satisfiability games

From satisfiability to validity

Modal games

Group polarisation and modalities
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Satisfiability games



Hintikka's semantic games

Formula F = |a~ v (6% A c‘)] Vv [a*Ab7]
Model .7 = {a+, b‘,c‘}

Fis true over 7! Fis false over .#!

Proponent Opponent



Hintikka's semantic games

Formula F = |a~ Vv (b* A c‘)] V[atAbT]
Model .7 = {a+, b, c‘}

at vV F, at FAF, at a*,
P chooses O chooses P wins iff
between between F Ea*

F and F, F,and F,

Fis true over
g

See

at a®,
O wins iff
F ¥ a*

Fis false over
g
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P wins iff
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O wins iff
5 ¥ a*




Hintikka's semantic games

Formula F = [a~ v (b™ A c‘)] V[at AbT] a
Model .#7 = {a+,b‘, c‘}

P has a winning strategy: 0

[a=v (b*AcT)] v [at A b7

P chooses

O chooses

P wins iff
J Ea*

O wins iff
J Ea*




Hintikka's semantic games

Formula F = [a~v (b* A c‘)] V [at AbT]
Model .7 = {a*’, b, c‘}

P has a winning strategy:

la=v (b* AcT)] v [at AbT]

P chooses

O chooses

P wins iff
J Ea*

O wins iff
5 ¥ a*

P has a winning strategy in S-(F) iff ‘
J E F.




Outline

From satisfiability to validity



From semantic games to provability games

Can P play the game such that she wins in every model?




The provability game

Formula F = [a‘ v (bt A c‘)] v [a+ A(b™V c+)]

P chooses
P can create backup
copies: at F, continue
with F || F

O chooses

P wins in
a* iff for every model .7,
J Ea*

O wins otherwise



The provability game

Formula F = [a‘ v (b* A c‘)] v [a+ A(b™v c+)]

‘ P chooses P can create backup copies: at
Fll - N FEIl... Il F,
continue with
Fll..IEIlFEI..IF,
‘ O chooses V- WENEN ... Il F,
P wins in
af || ... || a; iff for every Pis the scheduler
model .#, there is some i
with .# E a*
@ O wins otherwise
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The provability game

l[a=v (bt AcT)] v [a* A (b7 V)]

[a’v(b‘f/\c’)] % [a*/\ (b’ve*)] I [a’v(b*Ac’)] % [a*A(b’ve*)]



The provability game

l[a=v (b*Ac)] v [at A (b vet)]

[a’\/ (lz*/\c’)] \ [a*/\ (b’Vc*)] 1 [a’\/ (5t A c’)] v [a*/\ (b v c*)]



The provability game

l[a=v (6" AcT)] v [a* A (b7 v eY)]

[a‘v (b*'/\c‘)] \ [a"'/\ (b'Vc"')] I [a'\/ (b*Ac')] \ [a*'/\ (b'Vc*')]

a v (b*Ac) || [amv (Bt AcT)] v [a* A (b7 v et)]




The provability game

la=v (bt AcT)] v [at A (b7 vet)]

[a’\/ (b*/\c’)] \ [a*/\ (lz’vﬁ)] I [a’\/ (b*/\c’)] v [u*/\ (6= \/c*)]
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The provability game

la=v (bt AcT)| v [a* A (b~ V)]

[a’v (b*/\c’)] \ [a*/\ (b’vﬁ)] 1 [a’v (b*/\c’)] \ [a*/\ (b’Vc*')]

a v (b*Ac) |l [amv (b*AcT)] v [at A (b v et)]

a Vv (b*' AcT) lla* A (b~ vet)




The provability game

l[a=v (b*AcT)] v [a* A (b7 Vet)]

[a‘v (&t A c‘)] \Y [a"/\ (>v c+)] II [a‘v (b*/\c‘)] v [a*/\ (b‘vo*)]

av (b*AcT) | [amv (b* AcT)] v a* A (b7 VY]
a v (b*AcT) llat A (b’ )

a v (b*AcT) || b Vet




The provability game

l[a=v (b6* AcT)] v [a* A (b7 v eY)]

[a'v (b*'/\c_)] \ [a*’/\ (b‘Vc*')] | [a‘v (b*/\c‘)] \ [a"'/\ (b_Vc"')]

a v (b*AacT) |l [amv (bt AcT)] v [at A (b7 vet)]
a~v (b*AacT) llat A (b v er)

a~Vv(btAcT) |-Vt




The provability game

[a=v (6* AcT)] v [a* A (b7 Vv et)]
[a'v (b*'/\c')] \ [a*A (b‘Vc*')] | [a'v (b*/\c')] \ [a*’/\ (b'Vc*')]
a~v(b*AacT) |l [amv (B AcT)] v [a* A (b7 vet)]

a~ v (b*AcT) [la* A (b~ Vet)

a~ Vv (b*Ac) b vt

btAc |-Vt



The provability game

[a=v (6" Ac)] v [a* A (b7 v eY)]

[a‘v (b*/\c")] v [a*‘/\ (b‘vo*)] II [a‘v (b*'/\c‘)] v [a*/\ (b‘va")]

a~ v (b*AcT) |l [amV (b*AcT)] v [at A (b7 Vet)]
a~ Vv (b*Ac) [la* A (b Vet)
a~v (b* Ac’) b~ vet
bracTllb=vet

bt || b-vet




The provability game

l[av (b*AcT)] v [at A (b7 vet)]

[a'v (b*/\c')] v [a*/\ (b‘va*)] Il [a‘v (6* A c‘)] v [a*/\ (~v c")]

a v (b*AcT) || [av (B* AcT)] v [a* A (b7 veY)]
a v (bt AcT) llat A (b~ vet)
a~v (b*A c‘) | b-vet
brAacT b vt

bt b= vt




The provability game

l[a=v (6" Ac)] v [a* A (b7 Vv eY)]

[a‘ N c‘)] v [a" A(bv c+)] I [a‘ (N c‘)] v [a"' A(b-v c*)]

a~ v (b*AcT) |l [amv (b*AcT)] v [at A (b Vet)]
a~ v (b*AcT) [la* A (b Vet)
a Vv (b*AcT) |l a*t a’v(lﬁ/\c’) | b~vct
brAcT || b-vet

bt b vt




Adequacy

P has ws in S 4(¢) O has aws in S (o)

for all .# for some &

PhasawsinP(¢) g o O hasawsinP(¢)




From probability games to proofs

[a=v (b*AcT)] v [a* A (b7 v cY)]

bt ub et
b*Ubvet
a“la* biAact b vet
a vib*ae) a~vp*tac)ib vcet
a~v(d*AcT)la*A(b~ve*)

[a’vlh‘/\r’)] v [a‘/\(b’vr‘)] I [a’v(h‘/\c’)] v[a‘/\qb’vr’)]
c b ve*

av(b*Aac) Il [av (b*Ac)]

av (b*Ac) llatA (b7 vet)

a v (b*Ac) b vet

a vip*ac ) lla~vbtAc)vat Al ver)]

a v (b*Ac) |l a*

brAcT || bV et
[a~v(b*AcT) VIa* A(b~Vvet)] I [a~ v (B* AcT)]V[a®* A (b~ Ve?)]

[a"v(b* Ac™)]v[a* A(b~ ve*)]




Proof theory!

O 0 ©

at F, vV F, at F, A F, P can create backup , . Pwins i"+ _
P chooses 0 chooses copies: a |l e i p* 11 b
between F, between atg || F,
and F, F, and F, continue with
DIFIF
oI _,, 215 918 2UFIF, 6 oo | a2 [ 5° | 5 (Axiom)
DIFVE ! D FAF, DI F
2| F
— 2 (v
T A

There is a proof of F iff F is valid in propositional classical logic!




Outline

Modal games



How about modalities?

at,b”

OF... Fis...
... hecessary
... known
... obligatory




Playing with modalities

Formula F = {(at A b7) + model + world
atw:OF,

P chooses an wRv

to continue with v: F

atw:[JF,

O chooses an wRv
to continue with v: F

P chooses

0O chooses

P wins iff
MW E a*

O wins iff
MW aE

at, bt



Playing with modalities

at, bt

at,b~
Formula F = $(at A b7) + model + world
atw:OF,

P chooses an wRv
to continue with v: F

w: @t AbY)

atw:[JF,
O chooses an wRv
to continue with v: F

P chooses

O chooses

P wins iff
M, E a*

O wins iff
MW E a*



Playing with modalities
a*t, bt

at,b”
Formula F = (a* A b7) + model + world
atw:OF,

P chooses an wRv
to continue with v: F

w:O@t AbY)

atw:JF,
O chooses an wRv
to continue with v: F

P chooses

O chooses

P wins iff
M,w E a*

O wins iff
MW E a*t



Playing with modalities

a*, bt

at, b~
Formula F = $(at A b7) + model + world
atw:OF,

P chooses an wRv
to continue with v: F

w:O(at Ab)

atw:[JF,
O chooses an wRv
to continue with v: F

P chooses

O chooses

P wins iff
MW E a*

O wins iff
MW a*



Playing with modalities

DI it F ), DI itF QHIFZ’/\) 9||1F||1F © af || ... | a¥ (Axiom)
D || i:FVF D i:FAF D |l ... winning*
D | i:F
_71(\,)2
D|i:FVE
(i o=
D\ j:R (l,j)/\G(O) D\ j:R (z,j)VG(D)
Di:O6 2 |1i:06G6

...jisnotin 2, G

*P-time checkable

@ @ |There is a proof of i: Fiff* Fis valid in H.

*i does not appear in F

ati:OF, ati:[JF
P chooses a jto O chooses a j
continue with to continue with

J:R*(i,j))AF j:R(i,j)VF



Outline

Group polarisation and modalities



Social network logic [Pedersen’24]

Social network: a graph where
» nodes = agents or groups of agents;

> arrows = social relation (such as friendship) or a communication channel.

1



Social network logic [Pedersen’24]

Social network: a graph where
» nodes = agents or groups of agents;

> arrows = social relation (such as friendship) or a communication channel.

1

Social network logic: {social network analysis} N {formal logic}
» use logical methods in the explicit study of social networks;

» broaden our understanding of specific social phenomena.




Group polarisation

» Individuals in a group adopt more extreme positions after group
discussions;

» balance: stable configurations of connections between agents;

» modal logic: models the evolution of opinions, preferences, or alliances.




Group polarisation

» Individuals in a group adopt more extreme positions after group
discussions;

» balance: stable configurations of connections between agents;

» modal logic: models the evolution of opinions, preferences, or alliances.

Positive-Negative Logic (PNL) [Xiong'17, Xiong,Agotnes'19]:

» two distinct relations to model networks;

» agents can be related positively or negatively, but not both.



PNL Logic

Grammar:

Fio=p|-F|RAANFR|FRVFE)| | F[o F |

» & F holds for agent a whenever F holds for some a’s enemy;

» & F holds for agent a whenever F holds for some a's friend;



PNL Logic [Pedersen,Smets,Agotnes'21]

Grammar:

Fu=p|=-F|RAFR|RVF|R(ij)| R (ij)|éF|o F|[AF

» & F holds for agent a whenever F holds for some a’s enemy;
» & F holds for agent a whenever F holds for some a's friend;
» [A]F holds whenever F holds for all agents.
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PNL Logic [Pedersen,Smets,Agotnes'21]

Grammar:

Fu=p|=-F|RAFR|RVF|R(ij)| R (ij)|éF|o F|[AF

» & F holds for agent a whenever F holds for some a’s enemy;
» & F holds for agent a whenever F holds for some a's friend;
» [A]F holds whenever F holds for all agents.

Model M = (A,R*,R™,V,g):

> Ais a set (of agents);

» g: N — Ais the — gives names to agents;
> R",R™T CAXA;

> V:At — P(A).



PNL Logic [Pedersen,Smets,Agotnes'21]

Grammar:

Fu=p|=-F|RAFR|RVF|R(ij)| R (ij)|éF|o F|[AF

» & F holds for agent a whenever F holds for some a’s enemy;
» & F holds for agent a whenever F holds for some a's friend;
» [A]F holds whenever F holds for all agents.

Model M = (A,R*,R™,V,g):

> (a,b) € R*: agent a agrees with (is a friend of) agent b;
> (a,b) € R™: agent a disagrees with (is an enemy of) agent b.



PNL Logic [Pedersen,Smets,Agotnes'21]

Grammar:

Fu=p|=-F|RAFR|RVF|R(ij)| R (ij)|éF|o F|[AF

» & F holds for agent a whenever F holds for some a’s enemy;
» & F holds for agent a whenever F holds for some a's friend;
» [A]F holds whenever F holds for all agents.

Model M = (A,R*,R™,V,g):

v

(a,b) € R*: agent a agrees with (is a friend of) agent b;

v

(a,b) € R™: agent a disagrees with (is an enemy of) agent b.

g is surjective (every agent has a name);

>

> R* is reflexive;

» R* and R™ are symmetric;
»

these relations do not overlap.



PNL Logic [Pedersen,Smets,Agotnes'21]

Grammar:

Fu=p|=-F|RAFR|RVF|R(ij)| R (ij)|éF|o F|[AF

» & F holds for agent a whenever F holds for some a’s enemy;
» & F holds for agent a whenever F holds for some a's friend;
» [A]F holds whenever F holds for all agents.

Model M = (A,R*,R™,V,g):

v

(a,b) € R*: agent a agrees with (is a friend of) agent b;

v

(a,b) € R™: agent a disagrees with (is an enemy of) agent b.

g is surjective (every agent has a name);

>

> R is reflexive;

> R* and R~ are symmetric; Optional axiom: collectively connectedness
>

these relations do not overlap.



PNL Logic [Pedersen,Smets,Agotnes'21]

Grammar:

Fu=p|=-F|RAFR|RVF|R(ij)| R (ij)|éF|o F|[AF

» & F holds for agent a whenever F holds for some a’s enemy;
» & F holds for agent a whenever F holds for some a's friend;
» [A]F holds whenever F holds for all agents.

Model M = (A,R*,R™,V,g):

> (a,b) € R*: agent a agrees with (is a friend of) agent b;
> (a,b) € R™: agent a disagrees with (is an enemy of) agent b.
Let a = g(i). Then:

M,alkoE F o iff there is j € N such that M, g(j) IF RE(i,j) and M, g(j) I+ F
M,alF[A]F  iff M,g(j) IF F, forall j € N.



Agreement and disagreement relations

M,

» M;: | have a friend who does not believe in p: Mi, [ I-$ —p;
>



Agreement and disagreement relations

» M;: I have a friend who does not believe in p: My, [ IF& —p
» Moy: All my enemies do not believe in p: Moy, I I+ B-p;



Agreement and disagreement relations

» M;: I have a friend who does not believe in p: My, [ IF® —p;

» M. All my enemies do not believe in p: Ma, I IF B—-p;
> Ms: | have an enemy: M3,/ IF& T;

DA



Agreement and disagreement relations

+/ -/ +/ +
/
/ / /
/
//
/@ o/ O,
/ N/ N/ N/
@ @ @ @
M; M, M; My

» M;: I have a friend who does not believe in p: My, [ IF® —p;
» M. All my enemies do not believe in p: My, I IF B—-p;
» Ms: | have an enemy: M3,/ FS T;

> Mjy: Everybody has a friend where p: Mg, a I [A] & p for any agent a.



The need for nominals

Extending Hintikka dialogue games to modal logic is straightforward:
» current roles of the players;
» current formula F;

» current world w in the
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» current formula F;
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Drawback:
» game trees depend on the relational structure of the model!

» Propositional logic: semantic information is required only at the final stage
to determine the winner.

» Loss of uniformity in game trees across all models.



The need for nominals

Extending Hintikka dialogue games to modal logic is straightforward:
» current roles of the players;
» current formula F;
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Drawback:
» game trees depend on the relational structure of the model!

» Propositional logic: semantic information is required only at the final stage
to determine the winner.

» Loss of uniformity in game trees across all models.

Hybrid logic :
> allows explicit references to worlds [Blackburn’01];

» accessibility relation within the object language.



The need for nominals

Extending Hintikka dialogue games to modal logic is straightforward:
» current roles of the players;
» current formula F;

» current world w in the

Drawback:
» game trees depend on the relational structure of the model!

» Propositional logic: semantic information is required only at the final stage
to determine the winner.

» Loss of uniformity in game trees across all models.

Hybrid logic :
> allows explicit references to worlds [Blackburn’01];

» accessibility relation within the object language.

From now on:

» internalise the nominals: identify an agent a with its nominal /.



Semantic Game (truth in a model)[Freiman, Olarte, Pimentel, Fermiiller'24]

Satisfiability
» played over a PNL model;
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» players Me (or |) and You claim the truth
of a formula F;




Semantic Game (truth in a model)[Freiman, Olarte, Pimentel, Fermiiller'24]

Satisfiability
» played over a PNL model; (v}
» players Me (or |) and You claim the truth @

of a formula F; + u
» game states: Q

» | am the proponent P,i: F
» | am the opponent O,/ : F

4 <«

P: Proponent O: Opponent



Semantic Game (truth in a model)[Freiman, Olarte, Pimentel, Fermiiller'24]

Satisfiability
» played over a PNL model;
» players Me (or |) and You claim the truth
of a formula F;

» game states:

» | am the proponent P,i: F
» | am the opponent O,/ : F

» My and Your choices and strategies.

&

P: Proponent O: Opponent



Semantic Game

&

Conjunction  P,i: FAG



Semantic Game

Conjunction  P,i: FAG

YOU



Semantic Game
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Semantic Game

*

Conjunction
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O7’F/\G



Semantic Game

*

Conjunction

ME

O7’F/\G



Semantic Game

&

Diamond P,i:OF F



Semantic Game

&

No successor ~» You win

Diamond P,i:OF F



Semantic Game

&

Diamond P,i:OF F

ME

P,j:F



Semantic Game

*

Diamond

Oai 5<>i F



Semantic Game

*

Diamond  O,i:0F F

No successor ~» | win



Semantic Game

*

Diamond  O,7 O F

YOU

P.ji:F P, jn:



An example: Balance (stable configurations)

A A (&% pV ©© p) = p)A (4B)
n (&% pV ©4 p) =< p)

+



An example: Balance (stable configurations)

O&O O&) (oopneen=enn e
n (&% pV ©4 p) =< p)

_ _ (&% p) =4 p)A

AO (60 pv 00 p) sop) AW



An example: Balance (stable configurations)

A Q&) (oopneen=enn e
((©© pv ©& p) =0 p)
¥ T
r AL (60 p) 0 P
A AO (66 pv 00 p) vop) (W)



Dynamics: playing the game!

[v,Y] :P@a: (& &pVS SP VISP AN (&S pV S Sp VS
Vv & \ P

[V,I] :PQ@a: (& &p Sp Ve
L-[v,I]] :P@a: & p
L—[v,Il :P@b:p
[V,I] :PC@a:-2 (& SpVOSI&p VOrp {p}
L-[v,I1 :PQa:- (& SpPV OSSP —
L-[v,Y1:00a:®SpVOSDp +
[vV,Y]:00a: & Sp
[v,Y] :0@a: & p e e
L—[v,Y1:0@c:p
[v,Yl 0@b: & p
W oeatoen ((6® pV ©% p) =% p)A
L [v,Yl:0@c: &p ((®© pV ©& p) =< p)
L—[v,Y1:0@c:p

(4B)



Dynamics: playing the game!

|

[vV,Y] :PQa: (& &pV OSSP VOGP A-(&SpV S Sp VS
|—!:‘/,I]:P@a:-v(®$pveep)V$p
L . . {p}

[V,I1 :PC@a: (4 &PV OGP VOp @

RN
~® ()
((&® pV ©© p) = p)A
(9% pV ©& p) = p)

(4B)



Dynamics: playing the game!

— [V,Il:PCa:-~($SpPpVSHSpP VOSP
|—[\/,I]:P@a:ﬂ(®ep\/e®}>)

(&% pv ©© p) = p)A

(o pv o0 p)/:>e p) (4B)



Dynamics: playing the game!

l—[/,I]:P@l:-.
L-[v,Y]:00a:

(&% pv ©© p) = p)A

(&0 pv oo p)/7>e P)

(4B)



Dynamics: playing the game!

L-[v,Y]:0@a:4¢ SpVOSdp
fF—[v,Yl1:00a:&op

[

((®® pv ©© p) =& p)A

L [v,Y]:0e@a:& &0p /(@eﬁve$p)_>9p)

(4B)



Dynamics: playing the game!

L-[v,Y]:00a: & &p (@ pV &S p) =& p)A

4B
L [v,Yl:0@c: &p ((@ep\//e@p)—@p) (48)



Dynamics: playing the game!

| win!

L-[v,Y] :0@c: & p
L—[v,¥] :0@Qc

P

(& pV ©© p) =& p)A
((®© pv 9/9 p) =% p)



Semantic Game G(g)

Strategy for Me = subtree o of the associated game tree such that:
1. g€o,
2. if h € o is a node labelled Y, then all children of h are in o,

3. if h € o is a node labelled |, then exactly one child of his in o.



Semantic Game G(g)

Strategy for Me = subtree o of the associated game tree such that:
1. g€o,
2. if h € o is a node labelled Y, then all children of h are in o,

3. if h € o is a node labelled |, then exactly one child of his in o.

p.q

P,i: O(pAq)



Semantic Game G(g)

Strategy for Me = subtree o of the associated game tree such that:
1. g€o,
2. if h € o is a node labelled Y, then all children of h are in o,

3. if h € o is a node labelled |, then exactly one child of his in o.

p.q

P,i: O(pAq)




Semantic Game G(g)

Strategy for Me = subtree o of the associated game tree such that:
1. g€o,
2. if h € o is a node labelled Y, then all children of h are in o,

3. if h € o is a node labelled |, then exactly one child of his in o.

P,i: O(p A Q)
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Strategy for Me = subtree o of the associated game tree such that:
1. g€o,
2. if h € o is a node labelled Y, then all children of h are in o,
3. if h € o is a node labelled |, then exactly one child of his in o.

The strategy o is called winning if all leaves in the tree o are labelled I.

P,i: O(p A Q)



Semantic Game G(g)

Strategy for Me = subtree o of the associated game tree such that:
1. g€o,
2. if h € o is a node labelled Y, then all children of h are in o,
3. if h € o is a node labelled |, then exactly one child of his in o.

The strategy o is called winning if all leaves in the tree o are labelled I.

Adequacy of semantic games:

» | have a winning strategy for Gp(P, /i : F) iff M,a = F.
> have a winning strategy for Ga((P, i : F) iff M,a [~ F.
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What about validity?

P,i:pV-p

l

P7 i: V= N P7 I AV
> Multiset of game states. { pVvV—p pV —p}

» The ability to duplicate states.
» The model is relevant ‘only’ in
elementary states. (Pi:p:P,i:—p}
{P,i:p;0,i:p}
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Playing all models!

The provability game DG(P, i : F) can be thought as:
» Me and
» playing all semantic games Gaq(P,i: F)
» over all PNL-models M.

Winning condition: | win (and lose) if for every PNL model there is an
elementary game state where | win the semantics game.

Adequacy - provability games:

| have a winning strategy in DG(D) iff for every PNL-model M, there is some
g € D such that | have a winning strategy in Ga(g).

Corollary. F is PNL-valid iff | have a winning strategy in DG(P, i : [A]F).
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From games to proofs

As you may imagine:
h:Fiyooin: Fo—j1:Gi,...,jm: Gm
Proofs ~» My winning strategies
Proof system ~ Me scheduling game states and choosing moves in I-states.
Provability ~ validity.
Important:

Formal relationship between elementary game states and logical axioms.
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Some rules

r— RE(i,j),A T —j:FA rj:F—A
< (Rox) =~ (L)
r—i: 0" F,A ri:[AIF— A
—_ ref+ cc
r— A,RY(i, 1) r— A,RY(i,j), R (i, ))

Collective connectedness:

(Bp — [Alp) vV (Bp — [Alp)

- o ¢ — —— R, init

—jip, R7(i,j), R™(i,)) —jip,jiop, RT(i,J) R .

- p e © —— = R-, init
—jip,i o —p, R(i,)) Y R S

— P, P16 —p ¢

— i : [Alp,i:® —p,i:©& p

— i : (Bp— [Alp) V (Bp — [Alp)

(Al

Ry, Ru, R, Lo
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Perspectives

» Extensions of PNL that relax symmetry assumptions: an agent a can
influence the opinion of agent b, but not vice versa.

» Incorporating budget to model situations where proponents and opponents
operate under a limited amount of

» Preferences on how to expend the political capital could be expressed
through a combination of PNL with a suitable choice logic — a framework
where preferences are explicitly definable at the object level.

» Games for logics that involve model-change modalities
[Velazquez-Quesada’17] or dynamic modalities [Benthem,Ghosh,Liu’08]
(part already done!).

» Games for constructive and intuitionistic modal logics.

» Correspondence between winning innocent strategies in games played on
Hyland-Ong arenas and proofs in modal constructive logics.



End of Part Ill

Thank you!!!

Obrigadall!

Gracias!!!
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