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Introduction

Introduction

Graph game is a concise device that can capture many scenarios with interactions
between agents.

The talks of Johan and Fenrong

This talk:
• Applications of the sabotage-style graph game to concrete scenarios
• More on the epistemic logic for the cops and robbers game
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A game for learning and its logic Sabotage games as a learning model

Sabotage games as a learning model
Recall the sabotage game:

a b

c G

A model for the interaction between Learner (Traveler) and Teacher (Blocker):
the starting position ⇔ background knowledge

the goal state ⇔ the goal to learn
other states ⇔ possible lemmas

links ⇔ possible inferences (conjectured by Learner)
movements ⇔ inferences

link deletion ⇔ elimination of incorrect inferences
Different winning conditions, depending whether Learner is eager to learn and
Teacher is helpful [Gierasimczuk et al., 2009].
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A game for learning and its logic Sabotage games as a learning model

Basic features of a learning scenario

• Learner may not only have wrong inferences, but also ignore correct
inferences, which can be pointed out by Teacher.

• Different kinds of mistakes:
actual mistakes made in the learning process, and potential mistakes to be

avoided
• The history of the learning matters:

correcting actual mistakes acts on the history so far (and makes all further
moves on that history suspect), while eliminating potential mistakes affects

the future from the current point.
• A stricter goal:

reaching the goal with a history not containing actual mistakes, and
(reaching the goal with actual mistakes is a Gettier case [Gettier, 1963],

which does not mean winning).
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A game for learning and its logic A game for learning

A game for learning (GL)

A GL is played by Learner and Teacher on a graph with two relations RL (visible
to Learner) and RT (correct inferences).
Actions: In each round,
• Learner moves to a successor via an available RL-link.
• Teacher acts out one of the following four choices:

• Do nothing;
• Delete a wrong inference that is not in Learner’s path;
• Delete a wrong inference (u, v) from Learner’s current path S, and move

Learner back S|(u,v);
• Make a correct inference visible to Learner.

Winning condition:

Both of them win iff Learner moves to the goal node with an RT-path.

6 / 44



A game for learning and its logic A game for learning

Example 1 (A GL)
Consider the following graph:

a

b

c

e

G

f
L,T

T L,T
L

L
T

T

where a is the start-node, and G is the goal-node. It can be shown that the
players have a winning strategy.

Observation: The players can win only if there exists an RT-sequence from the
start-node to the goal node, but the existence of such a sequence cannot
guarantee that they can win.
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A game for learning and its logic A game for learning

Correspondence between theorem proving and GL

• Axioms ⇔ Start-node
• Theorem ⇔ Goal node
• Lemmas ⇔ Other states
• Correct inference from a to b ⇔ RT-edge (a, b)
• Inference from a to b conjectured by Learner ⇔ RL-edge (a, b)
• Inferring b from a ⇔ Transition from a to b
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A game for learning and its logic A game for learning

Correspondence between theorem proving and GL

• Proof for a ⇔ RL-sequence beginning with the start-node and ending with a
• Correct proof for a ⇔ RL-sequence S beginning with the starting node,

ending with a and Set(S) ⊆ RT

• Giving a counterexample to the inference from a to b in the proof S ⇔
Modifying S to S|(a,b) ((a, b) ∈ Set(S))

• Giving a counterexample to the conjectured inference from a to b not in the
proof S ⇔ Removing (a, b) from RL ((a, b) ̸∈ Set(S))

• Pointing out a correct inference from a to b not conjectured by Learner
before ⇔ Extending RL with (a, b) ∈ RT
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A game for learning and its logic A logic of the game for learning (LGL)

A logic of the game for learning (LGL)

Definition 2 (Language LLGL of LGL)
Let P be a countable set of propositional atoms. The formulas of LLGL are
recursively defined in the following way:

φ ::= p | ¬φ | (φ ∧ φ) | ♦φ | ⟨−⟩onφ | ⟨−⟩offφ | ⟨+⟩φ

where p ∈ P. ⊤, ⊥, ∨, → and ↔ are as usual. ■, [−]on, [−]off and [+] are dual
operators of ♦, ⟨−⟩on, ⟨−⟩off and ⟨+⟩ respectively.

Definition 3 (Models and pointed models)
Models: M = (W,RL,RT,V), where
• W ̸= ∅ is a set of possible worlds;
• Ri∈{L,T} ⊆ W × W are two binary relations;
• V : P → 2W is a valuation function.

Pointed models: (M, S), where M is a model and S is an RL-sequence.
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A game for learning and its logic A logic of the game for learning (LGL)

A logic of the game for learning (LGL)

M⊖ (u, v) := (W,RL \ {(u, v)},RT,V) M⊕ (u, v) := (W,RL ∪ {(u, v)},RT,V)

Definition 4 (Semantics of LGL)
Let (M, S) be a pointed model and φ ∈ LLGL:

M, S ⊨ p ⇔ e(S) ∈ V(p)
M, S ⊨ ¬φ ⇔ M, S ̸⊨ φ

M, S ⊨ φ ∧ ψ ⇔ M, S ⊨ φ and M, S ⊨ ψ
M, S ⊨ ♦φ ⇔ ∃v ∈ W s.t. RLe(S)v and M, S; v ⊨ φ

M, S ⊨ ⟨−⟩onφ ⇔ ∃(u, v) ∈ Set(S) \ RT s.t. M⊖ (u, v), S|(u,v) ⊨ φ
M, S ⊨ ⟨−⟩offφ ⇔ ∃(u, v) ∈ (RL \ RT) \ Set(S) s.t. M⊖ (u, v), S ⊨ φ
M, S ⊨ ⟨+⟩φ ⇔ ∃(u, v) ∈ RT \ RL s.t. M⊕ (u, v), S ⊨ φ

LGL: validities with respect to the pointed models whose sequences are singletons.
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A game for learning and its logic A logic of the game for learning (LGL)

Applications to GL: winning positions (finite cases)

LGL is expressive enough to characterize player’s actions in GL.
LGL is able to describe winning positions in finite games:
Consider the above GL example again:

a

b

c

e

G
p

f
L,T

T L,T
L

L
T

T

Let p hold only at the goal-node G. Then the following formula holds at a:

♦⟨+⟩♦⟨+⟩♦⟨−⟩on♦⟨−⟩off♦♦(p ∧ [−]on⊥)
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A game for learning and its logic Logical properties

Logical validities

LGL: validities with respect to the pointed models whose sequences are singletons.

[−]on⊥
p ∧ ♦⊤ → ■[−]onp
⃝ (φ→ ψ) → (⃝φ→ ⃝ψ) (⃝ ∈ {[−]off, [+]})

♦n⟨−⟩onφ→
∨

m<n
♦m⟨−⟩offφ (1 ≤ n ∈ N)
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A game for learning and its logic Logical properties

Proposition 1
Validity of LGL is not closed under substitution.

Example 5
p ∧ ♦⊤ → ■[−]onp is valid.
Consider its schema φ ∧ ♦ψ → ■[−]onφ. Let φ := ♦p and ψ := ■q.

w w1
p

w2
q

L T

It holds that M,w ⊨ ♦p ∧ ♦■q. But, since w has exactly one RL-successor w1
and (w,w1) ̸∈ RT, we have M,w ̸⊨ ■[−]on♦p.
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A game for learning and its logic Logical properties

Expressivity of LGL

• First-order translation

• Bisimulation

• Characterization theorem
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A game for learning and its logic Logical properties

Bisimulation

For any two models M = (W,RL,RT,V) and M′ = (W ′,R ′
L,R ′

T,V ′), a
non-empty relation Zl is an l-bisimulation between the two pointed models (M, S)
and (M, S ′) (notation: (M, S)Zl(M′, S ′)) if the following conditions are satisfied:
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A game for learning and its logic Logical properties

Bisimulation

Atom: M, S ⊨ p iff M′, S ′ ⊨ p, for each p ∈ P.
Zig♦: If there exists v ∈ W such that RLe(S)v, then there exists v ′ ∈ W ′ such

that R Le(S ′)v ′ and (M, S; v)Zl(M′, S ′; v ′).
Zig⟨−⟩on : If there exists (u, v) ∈ Set(S) \ RT, then there exists

(u ′, v ′) ∈ Set(S ′) \ R ′
T such that

(M⊖ (u, v), S|(u,v))Zl(M′ ⊖ (u ′, v ′), S ′|(u ′,v ′).

Zig⟨−⟩off : If there exists (u, v) ∈ (RL \ RT) \ Set(S), then there exists
(u ′, v ′) ∈ (R ′

L \ R ′
T) \ Set(S ′) such that

(M⊖ (u, v), S)Zl(M′ ⊖ (u ′, v ′), S ′).

Zig⟨+⟩: If there exists (u, v) ∈ RT \ RL, then there exists (u ′, v ′) ∈ R ′
T \ R ′

L such
that (M⊕ (u, v), S)Zl(M′ ⊕ (u ′, v ′), S ′).

Zag♦, Zag⟨−⟩on , Zag⟨−⟩off and Zag⟨+⟩: Analogous clauses in the converse of
Zig♦, Zig⟨−⟩on , Zig⟨−⟩off and Zig⟨+⟩ respectively.
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A game for learning and its logic Logical properties

Bisimulation and characterization theorem

Theorem 6
For any two pointed models, if they are l-bisimilar, then they are modally
equivalent.

Theorem 7

For any two ω-saturated pointed models, if they are modally equivalent, then they
are l-bisimilar.

Theorem 8

For any α(x) ∈ L1 with only one free variable, α(x) is equivalent to the translation
of some LLGL-formula φ iff α(x) is invariant under l-bisimulation.

Therefore, in terms of the expressiveness, LGL is as powerful as the one free
variable fragment of first-order logic that is invariant for l-bisimulation.
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A game for learning and its logic Logical properties

Model checking and satisfiability for LGL

Theorem 9

LGL enjoys neither the tree model property nor the finite model property.

Theorem 10

The satisfiability problem for LGL is undecidable.

Theorem 11
Model checking for LGL is PSPACE-complete.

Upper bound: first-order translation
Lower bound: bridge modal logic [Areces et al., 2015]
Let M = (W,RL,W × W,V) be a model and φ ∈ L♦⟨+⟩:

M, S ⊨ φ⇔ (W,RL,V), e(S) ⊨ φ⋆,

where φ⋆ is a formula obtained by replacing ♦ in φ with ♢.
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Epistemic logic for the cops and robbers game Basics of the game

A scenario with restricted observation

Initially, Cop X (female) is at 0, and Robber Y (male) is at 4. They know the
graph structure and their own positions. A player can see the other if they are at
the same position or at a vertex reachable by an arrow in either direction.

0
X 1 2

3
4 Y5

• Thus, X and Y do not know each other’s exact positions.
• X knows that Y must be at 2, 3, or 4, while Y knows that X must be at 0 or

1.
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Epistemic logic for the cops and robbers game Logic for the cops and robbers game

Logic design: basic ideas

• We use values for nodes in a graph, which together with the binary relation
give us a FOL structure.

• We use variables for players, then the current position of a player gives us the
value of that variable.

• So, positions of all players can give us an assignment σ that assigns values to
variables, say, if player x is at a, then σ(x) = a.

Revisiting the example, we have σ(x) = 0, σ(y) = 4.

0
X 1 2

3
4 Y5

21 / 44



Epistemic logic for the cops and robbers game Logic for the cops and robbers game

Epistemic logic for cops and robbers (ELCR)

We fix a vocabulary Voc = (Pred,Cons,Var):
• Pred is a set of predicate symbols, containing a special binary relation R

describing the edges of the graph of a game.
• Cons is a non-empty, finite set of constants.
• Var = {x, y} are the two variables, meaning the players.

Definition 12
Formulas in the language L for ELCR are defined as follows:

LB ∋ α ::= Pt | t1 ≡ t2 | ¬α | (α ∧ α)
LBD ∋ ψ ::= α | ¬ψ | (ψ ∧ ψ) | [z]ψ

L ∋ φ ::= ψ | Kzt | ¬φ | (φ ∧ φ) | Kzψ | [z]φ

where t, t1, t2 ∈ Cons ∪ Var are terms, t is a tuple of terms, P ∈ Pred is a
predicate symbol, and z ∈ Var = {x, y} is a variable.

⟨Kz⟩φ := ¬Kz¬φ, ⟨z⟩φ := ¬[z]¬φ, KzT :=
∧

t∈T Kzt (T ⊆ Cons ∪ Var).
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Epistemic logic for the cops and robbers game Logic for the cops and robbers game

Models

Definition 13

A k-sight model for ELCR is a tuple M = (D, I,Σ,∼), where
• D is a non-empty, finite set of values (also called vertices or positions).
• I is the interpretation function s.t.

• I(P) ⊆ Dm is an m-ary relation on D. I(R) is a binary relation on D s.t.
for any s ∈ D, there is some t ∈ D s.t. (s, t) ∈ I(R).

• I(c) ∈ D, for c ∈ Cons. Moreover, for each s ∈ D, there is c ∈ Cons s.t.
I(c) = s.

• Σ ⊆ DVar is a non-empty set of situations of the players’ positions, also called
assignments.

• ∼z⊆ Σ× Σ is an equivalence relation s.t. for all σ, σ′ ∈ Σ, if σ ∼z σ′, then
for all z′ ∈ Var with σ(z′) ∈ Dk(σ(z)), σ(z′) = σ′(z′).

Intuitively, u ∈ Dk(v) means that from v one can reach vertex u within k steps via
I(R) or its converse relation, which can be defined precisely.
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Epistemic logic for the cops and robbers game Logic for the cops and robbers game

Truth conditions for the static part

Given a model M = (D, I,Σ,∼) and a situation σ ∈ Σ, we use t(I,σ) for the value
of t ∈ Var ∪ Cons.

Truth conditions (without [z]φ):

M, σ ⊨ P(t1, . . . , tn) iff (t(I,σ)1 , . . . , t(I,σ)n ) ∈ I(P)

M, σ ⊨ t1 ≡ t2 iff t(I,σ)1 = t(I,σ)2

M, σ ⊨ Kzt iff for all σ′ ∼z σ, t(I,σ) = t(I,σ′)

M, σ ⊨ Kzφ iff for all σ′ ∼z σ, M, σ′ ⊨ φ
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Epistemic logic for the cops and robbers game Logic for the cops and robbers game

Some validities

(1) t1 ≡ t2 → (α↔ α[t1/t2]), given α ∈ LB Closed for B-formulas
(2)

∨
c∈Cons z ≡ c, z ∈ {x, y} At some where

(3) t ≡ c → (Kzt ↔ Kzt ≡ c), z ∈ {x, y}, t is a term. De re knowledge
(4) (Kzt1 ∧ Kzt2 ∧ Rt1t2) → KzRt1t2 Knowing the graph
(5) Dkzt → Kzt k-sight ability
(6) Kxy = T → (Kxα↔

∧
c∈T α[c/y]), Grounded knowledge

where T ⊆ Cons and α ∈ LB.

Dkzt is a predicate symbol for Dk, which is definable with R, due to the finiteness
of Var ∪ Cons:

D0t1t2 := t1 ≡ t2

Dn+1t1t2 := Dnt1t2 ∨
∨

t∈Cons ∪ Var(Dnt1t ∧ (Rtt2 ∨ Rt2t))

Kxy = T : T is the collection of y’s possible positions considered by x. It is also
definable in the language since Cons is finite.
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Epistemic logic for the cops and robbers game Logic for the cops and robbers game

Dynamic updates

Consider [z]φ, we need to capture the following:

(1) Player z moves, so the situation of the game changes.

(2) The movements affect all players’ knowledge.
One assumption: when a player acts, the other would know.
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Epistemic logic for the cops and robbers game Logic for the cops and robbers game

Dynamic updates

For (1), we define relations Rz∈Var on assignments DVar:

For any σ, σ′ ∈ DVar, we write Rzσσ′ if (σ(z), σ′(z)) ∈ R and for z′ ∈ Var \ {z},
σ(z′) = σ′(z′).

When Rzσσ′, the only difference between σ and σ′ is the values of z: z value in σ′

is an R-successor of z value in σ, which describes that after the movement of z
from σ(z) to σ′(z), σ becomes σ′.
Given a class Σ ⊆ DVar of situations and a variable z, let

Rz(Σ) := {σ′ | there is σ ∈ Σ s.t. Rzσσ′}.

When Σ is a singleton {σ}, we write Rz(σ) for Rz({σ}).
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Epistemic logic for the cops and robbers game Logic for the cops and robbers game

Truth condition for dynamic operators

Definition 14

Assuming both players have the same sight k,

(D, I,Σ,∼), σ1 |= [z]φ iff for all σ2 ∈ Rz(σ1), (D, I,Σ′,∼′), σ2 |= φ,

where Σ′ is given by the following:
(a) if σ2(x) ∈ Dk(σ2(y)), then Σ′ = {σ2},

[for the case that they are in the sight of each other]
(b) if σ2(x) ̸∈ Dk(σ2(y)), then Σ′ = {σ′ ∈ Rz(Σ) | σ′(x) ̸∈ Dk(σ′(y))},

[for the case that they are not in the sight of each other]
and the new relations ∼′

z∈{x,y} on Σ′ are obtained by:

(c) σ′
1 ∼′

z σ
′
2 iff σ′

1(z) = σ′
2(z).

The resulting model is also a k-sight model.
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Epistemic logic for the cops and robbers game Axiomatization

Axiomatization: the static part
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Epistemic logic for the cops and robbers game Axiomatization

Theorem 15
The calculus is sound and strongly complete with respect to the static part of
ELCR.

Key idea of the completeness proof:
• We use canonical construction, with maximal consistent sets serving as

assignments.
• A crucial aspect is to ensure that the resulting canonical model is a k-sight

model. For instance,
• The players should have the k-sight ability.
• The resulting class of maximal consistent sets ∆ should be a set of

assignments, e.g.,
(x ≡ c1 ∧ y ≡ c2) ∈ ∆1 ∩∆2 ⇒ ∆1 = ∆2.
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Epistemic logic for the cops and robbers game Axiomatization

Axiomatization for the full language

Key idea to deal with dynamic operators:

Encode their information with static formulas.

• Similar to the case of “recursion axioms” in DEL
• A crucial difference: updates induced by the dynamic operators are not

functional, and there is no general equivalence transferring [z]¬φ into the
form ¬[z]φ.

Our strategy:
Given [z]φ, we can characterize the region where z can move to and the
uncertainty scopes of the players, which help us to change [z]φ into an
equivalent ψ without dynamic operators.
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Epistemic logic for the cops and robbers game Axiomatization

Axiomatization for the full language

An example:

[x]Kxy ↔
∧

T ,T1⊆Cons
(Kxy = T ∧ Rx = T1 →

Assuming that x knows that y is in the region T , and
the set of successors of x is T1,∧
a∈T1

(Dkay ∨
∧

b∈T

(b ̸≡ y → Dkab)))

for any new position a of x,
either y is in the sight of x from a (so x knows where y is), or
all other possibilities of y’s position are in the sight of x from a
(so x can rule out those possibilities and then knows where y is).
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Epistemic logic for the cops and robbers game Axiomatization

Axiomatization for the Full Language

Let z ∈ {x, y}, c ∈ Cons and T ⊆ Cons.

(α)z⇒c :=α[c/z]
(α)(T ,x)

x⇒c :=(Dkcy → α[c/x])∧
(¬Dkcy →

∧
c′∈T

(¬Dkcc′ → α[c/x, c′/y]))

Similarly we can define (α)
(T ,y)
y⇒c .

(α)(T ,x)
y⇒c :=α[c/y] ∧ (Dkxc∨

(¬Dkxc ∧
∧

t1∈T ,c1∈Cons
(Rt1c1 ∧ ¬Dkxc1 → α[c1/y])))

Similarly, we can define (α)
(T ,y)
x⇒c .
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Epistemic logic for the cops and robbers game Axiomatization

(Kyx)(T ,y)
x⇒c :=Dyc∨

(¬Dyc →
∧

t1,t2∈T ,c1,c2∈Cons
(Rt1c1 ∧ Rt2c2 → c1 ≡ c2))

Similarly, we can define (Kxy)(T ,x)
y⇒c .

(Kxy)(T ,x)
x⇒c :=Dkcy∨

(¬Dkcy ∧
∧

t1∈T
(¬Dkct1 → t1 ≡ y))

Similarly, we can define (Kyx)(T ,y)
y⇒c .
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Epistemic logic for the cops and robbers game Axiomatization

The ‘reduction’

[z]φ↔
∧

R,Tx,Ty⊆Cons
(Rz = R∧ Kxy = Tx ∧ Kyx = Ty →

∧
c∈R

φz⇒c)

where Rz = R means R is the set of successors of z (i.e., the possible new positions of
z), and φz⇒c is obtained by the following substitutions:

• Substitute each atomic subformula α of φ not in the knowledge operator with
(α)z⇒c.

• Substitute subformulas Kzψ with (ψ)
(Tz,z)
z⇒c .

• Substitute subformulas Kz′ψ with Kz′ψ with (ψ)
(Tz′ ,z

′)
z⇒c , where {z, z′} = {x, y}.

• Replace subformulas Kxx and Kyy with ⊤.

• Replace Kzz′ with (Kzz′)(Tz,z)
z⇒c and Kz′z with (Kz′z)

(Tz′ ,z
′)

z⇒c , where {z, z′} = {x, y}.
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Epistemic logic for the cops and robbers game Axiomatization

Technical Results

Theorem 16
The proof system is sound and strongly complete with respect to the logic.

Theorem 17
The satisfiability problem for the logic is decidable.
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Epistemic logic for the cops and robbers game DEL approach to cops and robbers

A product model approach

van Benthem [2025]: one can study the update with DEL product models, and
basic ideas for event models:

• We need event models for movements of both Robber and Cop.

• Events can be given by edges (s, t) ∈ I(R) of the graph: (s, t) means the
movement of, e.g., Cop, from s to t.

• Uncertainty relations among these movements are based on what regions can
be observed by players (so their positions and observation ability are crucial).
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Epistemic logic for the cops and robbers game DEL approach to cops and robbers

A product model approach

Let M = (D, I,Σ,∼) be a k-sight model and σ ∈ Σ. We only present the event
models for Cop, and those for Robber are analogous.
An event model for Cop x, associated with σ, is the following:

Ex
σ = (I(R),≈, {pre(s,t) | (s, t) ∈ I(R)}, {post(s,t) | (s, t) ∈ I(R)})

where
• I(R) are arrows in the graph. [They are ‘moves’ (or ‘actions’).]

• For each (s, t) ∈ I(R),
its pre-condition pre(s,t) is that Cop is at s, and
its post-condition post(s,t) is that Cop is at t.
[This means the change of the position is caused by the action.]

38 / 44



Epistemic logic for the cops and robbers game DEL approach to cops and robbers

The uncertainty relations ≈x and ≈y are as follows:
• For Cop x, the case is easy: ≈x is the identity relation on pairs, since x knows

which move she is making.
• For Robber y, we need to consider whether Robber can see the states

involved in movements:

• For those (s, t) s.t. s, t ∈ Dk(σ(y)), ≈y is the identity relation.
• For those (s, t) s.t. s ∈ Dk(σ(y)) and t ̸∈ Dk(σ(y)),

(s, t) ≈y (s′, t′) iff s = s′ and t′ ̸∈ Dk(σ(y)).

• For those (s, t) s.t. s ̸∈ Dk(σ(y)) and t ∈ Dk(σ(y)),
(s, t) ≈y (s′, t′) iff t = t′ and s′ ̸∈ Dk(σ(y)).

• For those (s, t) s.t. s ̸∈ Dk(σ(y)) and t ̸∈ Dk(σ(y)),
(s, t) ≈y (s′, t′) iff s, t, s′, t′ ̸∈ Dkσ(y)).
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Definition 18

Let M = (D, I,Σ,∼) be a k-sight model, σ ∈ Σ and Ex
σ be the event model

associated with σ. The product update (M, σ)× Ex
σ is a new k-sight model

(D, I,Σ′,∼′):
• Σ′ = {(σ1, x, (s, t)) | σ1(x) = s, σ1 ∈ Σ}, where (σ1, x, (s, t)) is a new

situation such that (σ1, x, (s, t))(x) = t and (σ1, x, (s, t))(y) = σ1(y).
• For any variable z ∈ Var and situations (σ1, x, (s1, t1)), (σ2, x, (s2, t2)) ∈ Σ′,
(σ1, x, (s1, t1)) ∼′

z (σ2, x, (s2, t2)) if, and only if,
(i) σ1 ∼z σ2, (s1, t1) ≈z (s2, t2).
(ii) If σ1(x) ∈ Dk(σ1(y)), then σ1 = σ2, and

if σ1(x) ̸∈ Dk(σ1(y)), then σ2(x) ̸∈ Dk(σ2(y)).
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Epistemic logic for the cops and robbers game DEL approach to cops and robbers

Example revisited (based on product models)

• Dotted links labeled with x and y are indistinguishability relations
• Solid arrows are successive product updates: Each layer is an epistemic model

The first layer is the original M, the second is M1 = (M, (0, 4))× Ex
(0,1), the

third is M2 = (M1, (1, 4))× Ey
(4,5), and the last layer is (M2, (1, 5))× Ex

(1,2).
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Comparing the two approaches

• In the resulting model of a product update, the new situations are not
necessarily those in our ELCR-approach, and might be larger.

• The direct update shows succinctly how players reason about the situations
after facts change.
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Conclusion

• Graph games are powerful tools, which can serve as models for interesting
scenarios and provide a device for theoretical study in relevant fields.

• Study graph game with a logical approach motivates new designs of logics,
which in turn deepens our understanding of graph games.

• Existing logical exploration on graph game usually focuses on the perfect
information setting, but the study on the imperfect information version of
cops and robbers provides ideas to study other games.
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Conclusion

Thanks for your attention!
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