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= Game logic is than the modal p-calculus. What is missing?

= Open Question: Is game logic 7

Sabotage as the missing link

Game logic with sabotage is an expressive completion of Game Logic (w.r.t. L)
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Definition (Game Logic with Sabotage: GL;)

pu=Plop eV | (a)y
az=a|?|aUB|a;B] o |ad]|~a

Without ~a: Parikh's Game Logic GL
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Angel sabotages a

Definition (Game Logic with Sabotage: GL;)

pu=Pl-p| V| {a)y Afterwards:

az=al|?|aUB|xB]|a*|ad|~a = Angel skips a

’Atomic H Test H Choice‘ ’ Composition ‘ ’ Iteration ‘ ’ Dual ‘ = Demon loses play of a (SabOtage!)

Without ~a: Parikh's Game Logic GL

N
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Example: Euler Path Game

GL, <~b(11; o Nb%; (Uszq g(as; x(/‘,»]; Nbl-))*>T
Ly ‘ Voes, (1)) (@0 (2))- - - (Qor) T

S}, set of k-permutations
= linear in GLg

» factorial in L,
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The Modal p-Calculus

: . . . Definition (Modal y-Calculus L)
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pu=Pla|-e[eVe](a)e|pr.o(r)
Modal logic

1. LTL, CTL, CTL* and PDL are embeddable in

the modal p-calculus

2. Decidable, finite model property with natural

complete proof calculus
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pu=Plz|-p|eV|(a)e | pz.o(z)

Modal logic with least fixpoints px.e.

1. LTL, CTL, CTL* and PDL are embeddable in

the modal p-calculus

2. Decidable, finite model property with natural

complete proof calculus
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Equiexpressiveness and Completeness

Expressive Completion Deductive Completion

Theorem (Equiexpressiveness)

GLs and L, are equiexpressive.

Descriptive Difference: GLg formulas (nonelementary) shorter than L, equivalent
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Theorem (Equiexpressiveness) Theorem (GL; Completeness)
GLs and L, are equiexpressive. The proof calculus for GLg is complete.
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= finite model property Sabotage axioms complete Game Logic.

= decidable satisfiability & model checking
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Equiexpressiveness

- FLC Theorem (Equiexpressiveness)

d< >ﬁ b< >f¢ GLs and L,, are

rIGL C RGL
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Equiexpressiveness

Theorem (Equiexpressiveness)

i Co)recursion . .
lieraion (Co) GLs and L, are equiexpressive.
a* p.p
= L, full (co)recursion and reference.
Sabotage = GL: iteration games and composition.

~a
~,
Ny
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Equiexpressiveness

Theorem (Equiexpressiveness)

i Co)recursion . .
lieraion (Co) GLs and L, are equiexpressive.
a* HI.@
= L, full (co)recursion and reference.
Sabotage = GL: iteration games and composition.
~a
L, < GLs
~, 0
B W Sabotage can capture recursion and reference.
L. > GLs

Fixpoint variables can represent sabotage.
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The Proof Calculi

Parikh’s Game Logic Calculus Additional Axioms for Sabotage

(V) (@UB)p < () V(B)Y  (5) (s B)p < () (B)e (~) (~a;a)p < (~a)p (=) (~a; ~a)p < (~a)p

(1) (o & ~(a)yp () (Pl o oA Y (2) ~{~at;a)p Q) (~a;~vat)p ¢ (vad)y

(MP) o o= (Ma) o= (o) (~a)Clan;ll) > C(~a;aa;ll) (C a-free)
(e =>(a)v () C(va) & O(PT) (a,ad ¢ C)

(FP+) % (2) (~a)(C(~ad) <+ C(~ad; ~bEd)) (~a guards b)

() (~a)(C(a) « C(a;~bT1))  (a remembers Nbid)

Proof Calculi: (1) (a:=i)(C(B) < C(U1§j§n?a:j?a::j?5))

GLs - ¢

Noah Abou El Wafa, André Platzer Complete Game Logic with Sabotage (LICS'24) 7/9



The Proof Calculi

Parikh’s Game Logic Calculus Additional Axioms for Sabotage
(V) (U Blp < (e V (B)Y () (B < (a)(Ble  (~) (~asa)p & (~a)yp (=) (~vas~a)p © (~a)p
(1) (@t & —(a)-p () (Pe)y & oAy () ~{~at;a)p () (~va;~va)p & (va)p
(MP) o o= (Ma) X (o) (~a)C(aw;ll) > C(~a;aa;ll) (C a-free)
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(FP.) M (2) (~a)(C(~ad) & C(~a;~bEd))  (~a guards b)
(a*)p =

(1) (~a)(C(a) > C(a;~bT1))  (a remembers ~b=7)

Proof Calculi: (1) (@:=i)(C(B) ¢ C(U, << ?a=4; a:=3; 8))

GLF ¢
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Completeness via Provable Equiexpressiveness

rIGL

)
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Completeness via Provable Equiexpressiveness

L, Completeness (Walukiewicz)

= =

E o g
Prop. ( ) e
sk iff sk ot (peLy) d '
sk iff sEY® (¢ € rlGL)

F o rIGL F ¢°

Prop. ( ) ¢ ’
: . 0 :
sEiff sE % (p € GLy)

sk iff sEh (¢ € rlGL)

Fo Fo
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Completeness via Provable Equiexpressiveness

Prop. ( )
L, Completeness (Walukiewicz) 4
A j
o od (pcd rGL = % if L, =
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sk iff sE (4 €rlGL) AGLF 0% - o
F @0 rIGL E @°
Prop. ( )
Prop. ( ) . cp b h rIGL - @h if
sk iff sk g% (p € GL) g GLs F o
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E o o Prop. ( )
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Conclusion

. . L—1L < L c  FLC
Equiexpressiveness
. . [§ b
GLs and L, are equiexpressive. ‘ n< >( ﬁ( >
GL  c  hGL C  RGL
GL; Completeness h( >c
GLs has a complete proof calculus. GL,
~
O )
GL Completeness (@) <s” v ““‘“M
e
Sabotage completes GL proof calculus. B=&

Game Logic is less expressive than the modal p-calculus. What is missing?

Modal u-calculus = Game Logic + Sabotage
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