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@ Motivations

e Game Semantics for Intuitionistic Logic
@ Intuitionistic Logic
@ Arenas (the game boards)
@ How to play: A crush curse in Game Semantics
@ From Strategies to Combinatorial Proofs

e Game Semantics for Constructive Modal Logic
@ What is Constructive Modal Logic?
@ From Combinatorial Proofs to Strategies
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What is a proof?
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What is a proof?
@ A strategy to win an argument on the truthful of a statement
@ A sequence of instruction to reduce a statement to axioms

@ A collection of the interactions between the components of a
statement
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[-1: {Proofs} — { Denotations }

+
Compositionality
+

Dy ¥ = D=1

cut
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[-1: {Proofs} — { Denotations }

+
Compositionality
+

Dwr D = [D]=[?]

cut

Denotational semantics for constructive modal logic(s)
[Bellin, De Paiva and Ritter, 2001]

{a-terms}
B-reduction
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+
Compositionality
+

Dwr D = [D]=[?]

cut

Denotational semantics for constructive modal logic(s)
[Bellin, De Paiva and Ritter, 2001]

{/l-terms} {Proofs}
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[-1: {Proofs} — { Denotations }

+
Compositionality
+

Dwr D = [D]=[?]

cut

Denotational semantics for constructive modal logic(s)
[Bellin, De Paiva and Ritter, 2001]

{/l-terms} {Proofs}

which is the same of

B-reduction cut-elimination

We want more! Let’s do a game semantics!
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Propositional Intuitionistic Logic Formulas

A,B::=1|a|ADB|AAB
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Propositional Intuitionistic Logic Formulas

A,B::=1|a|ADB|AAB

...enough for A-calculus with pairs
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Arenas:

lal=a [11=0 [AABI=[AlI+[Bl [A>B]=I[Al+[B]

G+H G>H G0
BIeN
B 0
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Arenas:

[al=a [11=0 [AABI=[Al+[B] [A>B]=I[Al-+[B]

G+H G>H G0
EIeN
0

[((b1 2 bo) > a1) > (a2 Aag)ll = by—bs—a;—

Examples:

1\2/’0

[((@ana)Db)D(aDdb)] = Q\Db\ajb
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Theorem
A direct acyclic graph G is an arena iff it contains no induced

.i}: or 0/.\0
s N
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Theorem
A direct acyclic graph G is an arena iff it contains no induced

.i}: or 0/.\0
s N

Theorem
[AABAOTI=MAAB)AC] and[[A — (B — C)] = [(A AB) — C]
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Theorem
A direct acyclic graph G is an arena iff it contains no induced

.i}: or 0/.\0
s N

Theorem
[AABAOTI=MAAB)AC] and[[A — (B — C)] = [(A AB) — C]

Lemma
Arenas are stratified.
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How to play:

A crush curse in Game Semantics
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How to play:
@ Two-players game (o and e)
@ o starts on a root
@ each non initial move is justified (—) by one previous move
@ each e-move must “reply” to the previous o-move (same label)
@ o-moves are justified by the previous e-move (c is shortsighted)
@ a player wins when the other is out of moves
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“A strategy to win an argument on the truthful of a statement”
@ Play: sequence of moves
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“A strategy to win an argument on the truthful of a statement”
@ Play: sequence of moves

@ WIS (for e): predecessor-closed set of plays

e taking into account every possible o-move
e maximal plays always end with e-moves
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Let’s play on [((a A @) D b) D (a D b)]

Itis o’s turn

) 4y
S Y

0
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Let’s play on [((a A @) D b) D (a D b)]

Itis @’s turn

) 4y
e
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Let’s play on [((a A @) D b) D (a D b)]

Itis o’s turn

) 4y
e

0
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Let’s play on [((a A @) D b) D (a D b)]

Itis @’s turn

d> dy
\‘cf\b; \boo

0
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Let’s play on [((a A @) D b) D (a D b)]

Itis o’s turn
PLAYER e WINS!

) a
\axg.)bl’ \boo

0

bO
b3b,

S=4 bobiag
boblaoal
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Let’s play on [((a A @) D b) D (a D b)]

Itis o’s turn

) 4y
e

0

bO
b3b,

S=4 bobiag
bob1“oa1
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Let’s play on [((a A @) D b) D (a D b)]

Itis @’s turn

) 4y
e

0

bO
b3b,

S=4 bobiag
bob1“oa1
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Let’s play on [((a A @) D b) D (a D b)]

Itis o’s turn

) 4y
e

0

by
babY
S=1 bbtas
bobiagai
bybid;
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Let’s play on [((a A @) D b) D (a D b)]

Itis @’s turn
PLAYER ¢ WINS!

) ar
e

0

"
babY

S=1 bbtas
bobiagai
bybid;
bpbiazay
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[-1: {ProofsinLI} — {Winninginnocent strategies }

DF - winning strategy on [F]
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[-1: {ProofsinLI} — {Winninginnocent strategies }

DF - winning strategy on [F]

I' A+B I'tA AB+C I'tA A+B I A,B+C
X oR ot AR A
ara I'+tADB ILANAADB+C ILA+rAAB ILAAB+C
T'rA I A, A+B I'vB
R 1L
1 I1+A IA+B I A+ B
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From a LI-proof of F to a WIS on [[F]:

XXVII Incontro AILA 13/09/202213/34



From a LI-proof of F to a WIS on [[F]:

H AX]‘ ={e,a°,a°a"} [{ 1R]] = {e}
a® v a® F1°

[ [
Nr' FA® A B ARN =[] U [D]
I*,A*+ (A A BY
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From a LI-proof of F to a WIS on [[F]:

H AX]‘ ={e,a°,a°a"} [{ 1R]] = {e}
a® v a® F1°

[ =2
I*rFA° A*vB° AR = [@1]] U [@2]]
[*,A"+ (A AB)Y

[
I*,A*,A*+ B° _ | = “identify moves”
I*,A*+ B°
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From a LI-proof of F to a WIS on [[F]:

H AX]‘ ={e,a°,a°a"} [{ 1R]] = {e}
a® v a® F1°

[ =2
I*rFA° A*vB° AR = [@1]] U [@2]]
[*,A"+ (A AB)Y

[
I*,A*,A*+ B° _ | = “identify moves”
I*,A*+ B°
o [
I*FA° A%B'+C
>
I, A*,(Ao>B)*+C° |

XXVII Incontro AILA
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From a LI-proof of F to a WIS on [[F]:

” AX]‘ ={e,a°,a°a"} [{ 1R]] = {e}
a® v a® F1°

[ =2
I*rFA° A*vB° AR =[D1 U D]
I".A*+ (A A By

[
I*,A%,A° + B°
I*,A*+ B°
o [
I'*+rA° A*,B*+C°
oL
I, A*,(Ao>B)*+C° |

“identify moves”

D, U “if o starts to play on A, then [D,]”

o o o
F- - Bo ; — F',A',B' - Co /\R - F.,A. - Bo DL — [[b]]
I 1 B° I*.(AAB)S+C° ", (A — By

These rules do not change the arenal

XXVII Incontro AILA 13/09/202213/34



From a LI-proof of F to a WIS on [[F]:

” AX]‘ ={e,a°,a°a"} [{ 1R]] = {e}
a® v a® F1°

[ =2
I*rFA° A*vB° AR =[D1 U D]
I".A*+ (A A By

[
I*,A%,A° + B°
I*,A*+ B°
o [
I'*+rA° A*,B*+C°
oL
I, A*,(Ao>B)*+C° |

“identify moves”

D, U “if o starts to play on A, then [D,]”

o fo fo fo
e = | mALB R NE T [o] =|| +&
I, 1+ B° I*,(AAB)' + C° I, (A — By A+ B°

These rules do not change the arenal
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From a WIS on [F] to a LI-proof of F:

Sequent Shape of S Shape of Dg
1 S = {e} — 1
1
atra S = {¢,a,aa} AX
ata
ol
ILBACKA any IB,C+A
I'BACFA
ol
F'+BoA any ILBrA 5
I'tBDA
o[l BNl
TrA AA S=TUR ) TrA, TrA,
) T = {T € S| T contains no moves in A, —A
T contains no A-formula ) . I'THA AA,
R= {p € 8| p contains no moves in A, —
T'rAIANAy
I,ADB{c*}Fc° ol ol

c atomic and A D B{c*} # ¢*

B{c*} contains the atom ¢*
I' contains no A-formulas

°c*eS

T = {-r | there are - and 7’ such that o771’ € Split‘g}
R= {p | there is no o such that po € Splitf‘s}

I'tA T,ADB{c*},B{c*}Fc®

L

I,T,A D B{c*},A D B{c*} F ¢°

ILADB{c*}rc®

IB+HA

S contains no moves in B

Tip: remember CurryingA — (B—- C)=(AAB) - C

XXVII Incontro AILA
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I'rA

ILBrA
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Theorem (Full Completeness)
Every WIS on [[F] is the image of a LI-proof of F.
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Theorem (Compositionality)
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XXVII Incontro AILA 13/09/202215/34



Theorem (Full Completeness)
Every WIS on [[F] is the image of a LI-proof of F.

[Every WIS on [F] represents a Sn-normal A-term of type F]
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WISs compose nicely (well-defined, uniqueness, associativity, ... ):

Sy forTHA and S, for AvB — 8§18, =8 forT+B

Theorem

Dwi, D = [D]=[?1]

cut

XXVII Incontro AILA 13/09/202215/34



Theorem (Full Completeness)
Every WIS on [[F] is the image of a LI-proof of F.

[Every WIS on [F] represents a Sn-normal A-term of type F]

Theorem (Compositionality)
WISs compose nicely (well-defined, uniqueness, associativity, ... ):

Sy forTHA and S, for AvB — 8§18, =8 forT+B

Theorem

Dwi, D = [D]=[?1]

cut

WISs are a denotational semantics for LI!
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Combinatorial Proofs
for
Intuitionistic Logic
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a a
= ——

1

MAX(S) = { Pob iy }
0717271
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a\ a
b--""" T T T T T b
d2 v Cl; v
\‘F’b 1 \b 0
maxs) ={ Pobidi |
byblasaj
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MAX(S) ={ Pob iy } _
0717271
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MAX(S) = { Por iy }
0717271

XXVII Incontro AILA

13/09/202217 /34



Game Semantics
for
Constructive Modal Logic
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Crash course on Constructive Modal Logic CK

A,B:=1|a|ADB|AAB|DOA| QA
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Crash course on Constructive Modal Logic CK

A,B:=1|a|ADB|AAB|DOA| QA

Intuitionistic propositional logic (LI)

+
Nec rule:= if F' is provable, then OF is provable
+
Ki: O(A > B) D (UA D OB) ky: O(A D B) D> (CA D OB)
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Crash course on Constructive Modal Logic CK

A,B:=1|a|ADB|AAB|DOA| QA

Intuitionistic propositional logic (LI)

+
Nec rule:= if F' is provable, then OF is provable
+
Ki: O(A > B) D (UA D OB) ky: O(A D B) D> (CA D OB)

ILA+B I'rA AB+rC I'+rA A+B ILA,B+C
AX oR ot AR A
ara I'rADB ILANAADB+C I, A+AAB IAAB+C
I ALA+B I'+B I'rA AT+B
C w .
I'A+B I''A+B ol + oA CA, 0l + OB

L
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[al = a [AAB]=[Al+[B] [A>B]=I[Al-=>[B]
[OA] = o~[A] [CA] = O~>[A]

g+¢( GF G F | G0 =00 | 0~>0

@@ @@ 0
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[al = a [AAB]=[Al+[B] [A>B]=I[Al-=>[B]
[OA] = o~[A] [CA] = O~>[A]

g+(H G>F G~>F | G0 =0~0 | 0~>0

E@ @% :
0—>0-0
OB >b)>0a)>0@ra)ll=  §X§

b—b—a—a a

Examples.
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Combinatorial Proofs for CK:
@ Arenas for modal formulas
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Combinatorial Proofs for CK:
@ Arenas for modal formulas
@ Linear proofs = arenas + specific vertices partitions
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Combinatorial Proofs for CK:
@ Arenas for modal formulas
@ Linear proofs = arenas + specific vertices partitions
@ Specific morphisms = deep-WC derivations

O <

O( b > b )> & a )od(ara
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Combinatorial Proofs for CK:
@ Arenas for modal formulas
@ Linear proofs = arenas + specific vertices partitions
@ Specific morphisms = deep-WC derivations
@ We can factorize CK proofs

MLL-X®

ol b > b )D O (aha) )DO(aAna)

flLis

o b > b )o a )o<o(ana)
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Combinatorial Proofs for CK:

Arenas for modal formulas

Linear proofs = arenas + specific vertices partitions
Specific morphisms = deep-WC derivations

We can factorize CK proofs

We have combinatorial proofs for CK!

O
O( b > b )> & a )od(ara
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Back to games...

How to play:
@ o starts on a root
@ any non initial move is justified by a previous move
@ o is shortsighted: o-moves are justified by the previous e-move
@ each e-move must "reply” the previous o-move (same label)
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Here | should have no chances to win

Formula Arena Derivation (attempt) WIS
m] FAIL Oaoa
masa i>>a . Qata
FOaDa S= (& a)
I'rA A T+B
S R —— %
ol + OA QA,al' v OB
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Here | should have no chances to win

Formula Arena Derivation (attempt) WIS
g FAIL Oa>Da
Oa>Da i . " Oata o
FOaDa S= {a° a°}
I'rA A,T+B
KE K<>
ol + oA CA, Ol + OB
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Here | should have no chances to win

Formula Arena Derivation (attempt) WIS
g FAIL Oa>Da
OaDa $ R Oaka e 0O°
a——a FOaDa S= {a° a°}
I'rA AT+B
KE K<>
ol + oA CA, Ol + OB
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Here | should have no chances to win

Formula Arena Derivation (attempt) WIS
o FAIL OaDa
Oa>a i\a " Oat a pa—
FOaDa S= {a° a°}
AX ——
brb
D"?z z? W},,a Fb (0a > ob) > 0O(a D b)
R
(0a > Ob) > O(a D b) %}b /b FAIL 2 bra—ob R
; Y + Oa ob+0O(aDb) S={ b° b a a°}
Oa D> obt+0O(a D b)
o)
+ (Oa D> Ob) D O(a D b)
I'rA AT+B
ol + oA CA, Ol + OB
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Here | should have no chances to win
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o FAIL OaDa
Oa>a i\a " Oat a pa—
FOaDa S= {a° a°}
AX ——
brb
D"?z z? W},,a Fb (0a > ob) > 0O(a D b)
R
(0a > Ob) > O(a D b) g}b /b FAIL 2 bra—ob R L
; Y + Oa ob+0O(aDb) S={ b° b a a°}
Oa D> obt+0O(a D b)
o)
+ (Oa D> Ob) D O(a D b)
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Here | should have no chances to win

Formula Arena Derivation (attempt) WIS
o FAIL OaDa
Oa>a i\a " Oata pa—
FOaDa S= {a° a°}
AX ——
brb
D"?z z? W},,a Fb (0a > ob) > 0O(a D b)
R
(0a > Ob) > O(a D b) %}b /b FAIL > bra—b S
; Y + Oa ob+0O(aDb) S={ b° b a a°}
Oa D> obt+0O(a D b)
o)
+ (Oa D> Ob) D O(a D b)
I'rA AT+B
ol + oA CA, Ol + OB
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Theorem (Full Completeness)
Every CK-WIS on [F] is the image of a proof of F.

Additional conditions on views:
@ no moves on ;
@ each e-move is at the same “height” of the previous o-move;
© each ~-class contains a unique o-vertex;
© each ~-class contains a (unique) <° iff it contains a unique <°.
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Compositionality
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Composition = Interaction + Hide

> [

Mo s> '+B AB+C
I'+B ABFC ~ S
—cut ILABO>DB+C |

ILAFC ——— hide

A+ C
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Composition = Interaction + Hide

o Mo,
I'rB AB+rC
—————— cut

IArC

=] [

for * for

-

> [
I'tB AB+C

e — D)

I A,B>DB+C

el 0110 [
IA+C

[ 25 [=]

for

re c°

L
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Composition = Interaction + Hide

o Mo,
I'rB AB+rC
—————— cut

IArC

=] [

for * for

-

> [
I'tB AB+C

e — D)

I A,B>DB+C

——— hide
IA+C

[ 25 [=]

for

re c°

L

Our new approach
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Composition = Interaction + Hide

o Mo,
I'rB AB+rC
—————— cut

IArC

=] [

for * for

-

> [
I'tB AB+C

e — D)

I A,B>DB+C

——— hide
IA+C

[ 25 [=]

for

re c°

L

Literature approach

Our new approach
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Interaction
[((coa)yob)rd>(cD>a)Db] ||[dD>(cD>a)>b,d+ ((eDe)Da)Db]
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Interaction

[((coa)yob)rd>(cD>a)Db] ||[dD>(cD>a)>b,d+ ((eDe)Da)Db]

C4>(1

N,
et\—_,xeéd77

C*ﬂlgb
; p1 = bbaaee

T = bbaacc
Te p1=>b
c——a——b b
d}b o %
c——a d%
e——>e——a
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Interaction

[((coa)>b)rd>(cDa)>db]

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

b
c—»a \
gf
C*ﬂlgb ex—¢€
; p1 = bbaaee
T = bbaacc
Teo p1 =bb
c——a—b b
d}b S
c——a d%
e——>e——a
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Interaction

[((coa)>b)rd>(cDa)>db]

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

b
c—»a \
: d7’
C*ﬂlgb ex—¢€
; p1 = bbaaee
T = bbaacc
Teo p1 = bbb
c——a—b b
d}b S
c——a d%
e——>e——a
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Interaction

[((coa)>b)rd>(cDa)>db]

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

b
c—»a \
: d7’
C*ﬂlgb ex—¢€
; p1 = bbaaee
T = bbaacc
T6 py = bbbb
c——a—b b
d;b a xb
c——a d%
e——e——a
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Interaction

[((coa)>b)rd>(cDa)>db]

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

b
c—»a \
: d7’
C*ﬂlgb ex—¢€
; p1 = bbaaee
T = bbaacc
B
T p) = bbbba
c——a<=b b
d;b a xb
c——a d%
e——>e——a
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Interaction
[((coa)yob)rd>(cD>a)Db] ||[dD>(cD>a)>b,d+ ((eDe)Da)Db]

b
c—»a \
>d7
C*ﬂlgb ex—¢
; p1 = bbaaee

T = bbaacc

Teo p1 = bbbbaa

c—»aQb

b
¥d> c—a d>b

e—e———>a
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Interaction
[((coa)yob)rd>(cD>a)Db] ||[dD>(cD>a)>b,d+ ((eDe)Da)Db]

b
c—»a \
>d7
C*ﬂlgb ex—¢
; p1 = bbaaee

T = bbaacc

Teo p1 = bbbbaaa

c—»aQb

¥d> c—a Z>b

e—e———>a
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Interaction

[((coa)D>b)rd>(cD>a)>db]

Cﬁ)agbi

T = bbaacc

Teo p1 = bbbbaaaa

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

c—»a b\
ecxeéd%

p1 = bbaaee

C
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Interaction

[((coa)D>b)rd>(cD>a)>db]

Cﬁ)agbi

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

c—»a b\
ecxeéd%

p1 = bbaaee

T = bbaacc
B
T © p| = bbbbaaaae
c——a=—b
d\

C a

a xb
N
e——ex——a
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Interaction

[((coa)D>b)rd>(cD>a)>db]

Cﬁ)agbi

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

c—»a b\
ecxeéd%

p1 = bbaaee

T = bbaacc
B
T © p| = bbbbaaaaee
c——a=—b
d\

C a

a xb
N
e——e——0
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Interaction
[((coa)yob)rd>(cD>a)Db] ||[dD>(cD>a)>b,d+ ((eDe)Da)Db]

Cﬁ)agbi

d 1)
T = bbaacc c—»af i \b

C

Cx—=Cx—=d
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Interaction

[((coa)>b)rd>(cDa)>db]

Cﬁ)agb(j

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

T = bbaacc
d
e——e——a
02 = bbdd
Teo p2 =bb
c——a—b b
d}b S
c——a d%
e——e——a
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Interaction

[((coa)>b)rd>(cDa)>db]

Cﬁ)agb(j

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

T = bbaacc
d
e——e——a
02 = bbdd
Teo p2 = bbb
c——a—b b
d}b a xb
c——a d%
e——>e——a
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Interaction

[((coa)>b)rd>(cDa)>db]

Cﬁ)agb(j

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

T = bbaacc
d
e——e——a
02 = bbdd
76 py = bbbb
c——a—b b
d;b a xb
c——a d%
e——e——a

XXVII Incontro AILA 13/09/202227 /34



Interaction

[((coa)D>b)rd>(cD>a)>db]

Cﬁ)agbi

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

T = bbaacc
d
e——e——a
02 = bbdd
Teo p2 = bbbba
c——a<=b b
d;b a xb
c——a d%
e——>e——a
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Interaction

[((coa)D>b)rd>(cD>a)>db]

Cﬁ)agbi

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

T = bbaacc

d

e——e——a

02 = bbdd

Teo p2 = bbbbaa
c—a*=—b b
d;b a xb
c a d%

e——e——a
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Interaction

[((coa)D>b)rd>(cD>a)>db]

Cﬁ)agbi

T = bbaacc

Te p1 = bbbbaaaaee

[d>(c>a)>b,d+ ((e De)Dda)Ddb]

c—»a b\
ecxeéd%

p1 = bbaaee

< 16 p2 = bbbbaa

C

Cx—=Cx—=0
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Hide

re p1 = bbbbaaaaee

c——a=b /\
L:’%/ \M

Cx—=Cx—d
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Hide

re p1 = bbbbaaaaee

c——a=b /\
Lf%/ \M

Cx—=Cx—d

B
T % p| = bbaaee

c——a<=b

BN
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Hide

re p1 = bbbbaaaaee

c——>a /\
AN <

Ce——=Cx—d

B
T % p| = bbaaee
c——a*=—b

BN

@ After hiding the ~-classes “well-behave”
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On Proof Equivalence
for
Constructive Modal Logic CK
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brb
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— AX — — AX F r
EY aHzDL ET ma3 brb " allri/\“ L
boboara boboara c.b»—b I &atrahea
AR Rl e brb araha
(bob)da(bdb)darara c»-b)b araha o e
(o] - o Fbob caraha
(bob)daraha c,(bob)Darana L
®oboaran I CEDEDITC )K c(bob)>arana
‘ arera = s 50> D dar daha)
b):m)r-o(a/\a) D(bDb)Dn):!(OL‘DO(a/\ﬂ))
n(b:b):m)::(<>c:><>(a/\a))3

B6>b)od>©@co0@ra)

o ((l‘:> >k > a
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Relation with A-calculus

Can we extend the correspondence {1-terms} < {WISs} ?

Problem:
t=x|Axt|(t)u|LetXbeiint¢
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Relation with A-calculus

Can we extend the correspondence {1-terms} < {WISs} ?

Problem:
t=x| A | (u | 1[7/%]

The Box-construction of the CK-lambda calculus can be read as explicit
substitution

However, x[t/y] : OA and x : A are distinct terms
but 0A and A have the same strategy
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Independent
rules

IA,A,B.B+C reC
2x Ak ——2xW r-c
¢ AB.AABFC ILAB+C N Sg e
— — — A TLAANBRC
. X ILAABFC ArB [LAABFC
WC-interactions
IAArB LA+ B
= [AAFB = TA-B
are ABBLC CrA ABBrC |
- . BB+ i
Excising - ArC —— 'tA TAADBB+C
and THA BAKC ) = sm———— TrA ABFC | = maL
i — LAADBE —_— LA ADBADBF
Unfolding ILAASDB+C TLADBrC
TL,AADB+C
reA rea o T,B,B+A [.B.BrA
ILBrA =, O rOA [BrA =~ = OF,0B,0Br0A
ol, OB+ oA ol, OB+ oA ol, 0B+ DA ol,oB+ DA
Structural vs K ) . e ~BCC
ILBrA ILBrA ILB.C.C+A IB,C,CFA .
ILB.CrA o Soc  ONOBrOA ILB.CFA ., =sc OLL0B,OCOCOFOA
ol, ©B,0C,+ DA ar, ¢B,0C + oA ar, ¢B,aC + ©A ar, ©B,oC + OA

Jumps

=)

_Ke
al, OB A

M EnoCr oA

ar, OB, 0C+ OA

(Zicp U =y)

al, OB, OC+ OA

=wis == (Ea U =nc)

S = (Ewis U =nc)

P-Space
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Future works
@ Define the modal A-calculus corresponding to our WISs
@ Semantics for proof certificates using modules
@ Study relation with A-calculus with explicit substitution
@ Denotational semantics (via concurrent games) for CS4
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Thanks
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Thanks

Questions?
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