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This article presents a general logical-semantic model that allows the evaluation of
the global consistency between ontological identities and statements in finite worlds
of individuals. Although the model is inspired by the classic problems of truth-teller
and liar —such as those found in the so-called “islands of knights and knaves”—, its
formal structure allows for a broader application in contexts where it is necessary
to analyze the coherence between what an agent is and what it says. The model
is based on assigning an ontological identity to each individual (e.g., honest or liar,
reliable or faulty sensor) together with a statement that expresses a proposition.
Two semantic operators are established: one representing the agent’s identity and
another evaluating the truth value of its statement in a possible world. From these
assignments, a finite tabular semantics is defined that allows the construction of all
possible worlds and the application of a consistency rule that filters those worlds
which present coherence between identity and statement. This approach offers a
formal and explicit alternative to classical inferential methods, allowing applications
in agent logic, diagnosis, model theory and epistemological analysis.

1. Introduction

The problems of truth-teller and liar have been widely used both in the teaching
of logic and in the exploration of epistemological principles about truth, reference, and
consistency. In these scenarios, one considers a set of individuals who may be truthful (who
always tell the truth) or liars (who always lie), and whose statements involve references
to themselves or to others.

Although these problems can be formalized within the framework of propositional or
predicate logic, they generally require the assumption of ad hoc premises or axioms to be
solved. In contrast, this paper proposes a new semantic model that does not require prior
assumptions about the veracity of statements or the use of deductive inference rules, but
rather exhaustively explores the space of possible configurations.

The model introduces two operators: one that determines the ontological identity
of an individual, and another that interprets the truth content of his statement. By
a systematic tabulation over all possible combinations of identities in the Universe M,
and an evaluation rule based on the consistency between what an agent is and what it
says, worlds with inconsistent configurations are eliminated and those satisfying where the
semantic matching rule are preserved. This methodology, which we call Tabular Semantic
Model of Coherence between Identity and Veracity, provides a rigorous, intuitive and
extensible tool for the analysis of such logical problems.
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2. Formal Definitions of the Model

In this section, we formally introduce the logical-semantic model proposed for analyzing
problems involving truthful and deceitful agents. We begin with a a finite universe of
individuals, each of whom belongs to one of two ontological classes: truthful (honest) or
liars. Using formal operators, we study the coherence between the identity of each agent
and the truth value of their statements, evaluated within all possible worlds.

2.1 Universe and ontological classes

Let U = {X1, X2, . . . , Xn} be the finite set of individuals involved in the problem. Each
individual Xi is assigned an ontological identity, for example: σ(Xi) ∈ {H,M}, given by:

σ : U → {H,M}

where σ is the identity operator. H represents an Honest individual (always tells the
truth). M represents a Liar individual (always lies). Furthermore, after the assignment

σ(Xi) ⇒ σ ∈ M

represents a complete assignment of identities to all individuals in U , which we will call
possible world. Then, we define the set of all possible identity assignments (possible
worlds) as the Universe M, given by:

M := {σ | σ : U → {H,M}}

2.2 Truth value according to identity and evaluation

We introduce two functions that define the truth values involved in the model:

Definition 1: Truth value according to its Identity .
Let σ ∈ M be a possible world, and let Xi ∈ U be. We define the truth value associated
with the identity of Xi as:

v(σ(Xi)) =

{
V if σ(Xi) = H

F if σ(Xi) = M

Definition 2: Truth value of the Statement issued by Xi .
Let φXi

be the specific statement issued by individual Xi, and let σ ∈ M be a possible
world. We define the truth value of the statement evaluated at σ as:

v(φXi
, σ) ∈ {V,F}

This value is obtained by interpreting φXi
under the identity assignment given by σ.

2.3 Semantic coherence criterion

We now define the fundamental rule of consistency to accept a possible world σ as
consistent and belonging to the solution set of the problem in question:

Semantic consistency rule: A possible world σ ∈ M is coherent with the statement Xi

if and only if:
v(σ(Xi)) = v(φXi

, σ)

That is, the truth value corresponding to the identity of Xi coincides with the truth
value of its statement evaluated within the same possible world.
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2.3.1 Definition of valid world

Since a possible world σ may be coherent for some individuals but not for others, we
define:

Valid world: A possible world σ ∈ M is a valid world for the given problem if it is
consistent for all individuals who have made explicit statements.

2.4 Model operators

Let’s explicitly summarize the semantic operators used:

• σ : U → {H,M}: Identity assignment (possible world). After the assignment, σ(Xi)
is the individual identity for a particular individual.

• v(σ(Xi)): Truth value assigned according to identity.
• v(φXi

, σ): Truth value of the statement in the model.

Furthermore, the model can be extended to any number of identities. For example,
let U = {X1, X2, . . . , Xn} be the finite set of n individuals. Let k = 4 be the number of
identities, then the identity operator σ is defined as:

σ : U → {H,M, S,R}

This operator represents a possible world, that is, an assignment that tells each individual
Xi ∈ U whether they are H, M , S, or R, and the universe M will have kn possible worlds.

M = {σj }
kn

j=1

2.5 General procedure

The general logical procedure for solving a problem is summarized in the following
steps:

1. Enumerate all possible worlds σ ∈ M, where each world assigns to each individual
in the set U an identity (e.g., honest or liar).

2. For each statement φXi
uttered by some individual Xi ∈ U , evaluate its truth value

v(φXi
, σ) in every possible world σ. That is, ask yourself:

“Would this statement be true if the world were σ?”

3. Calculate in each world σ the value associated with the identity of the individual
Xi, that is, v(σ(Xi)), where:

v(σ(Xi)) =

{
V, if σ(Xi) = H

F, if σ(Xi) = M

4. Check whether the consistency rule is met for each individual who made a statement:

v(φXi
, σ) = v(σ(Xi)) ,

This ensures that Xi’s statement matches its identity in the world σ.
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5. Keep only those worlds σ ∈ M in which all the speakers’ statements are consistent
with their identity. These worlds are the valid worlds of the problem. This con-
sistency check can be done either simultaneously for all statements (evaluating
in parallel), or step-by-step, evaluating one statement at a time and discarding
inconsistent worlds at each step. In the sequential approach, one starts with all pos-
sible worlds and progressively filters according to the consistency of each individual
statement.

3. Examples of Application of the Model

We present here two examples to illustrate how the set of possible worlds M is defined
from the universe U of individuals, and how each world is represented as a total assignment
of identities.

3.1 Example of use 1: Honest and lying agents

Consider a three-person universe: U = {A,B,C}, where each individual can be either
honest (H) or liar (M). An honest person always tells the truth; a liar always lies.

The assignment of identities is represented by a function:

σ : U → {H,M}
and each distinct assignment constitutes a possible world. Since there are two options
for each of the three individuals, there are 23 = 8 possible worlds, and thus, the set of
possible worlds M is constructed, which is presented in the following table.

Universe M σ(A) σ(B) σ(C)

σ1 H H H
σ2 H H M
σ3 H M H
σ4 H M M
σ5 M H H
σ6 M H M
σ7 M M H
σ8 M M M

then, explicitly
M = {σ1, σ2, σ3, σ4, σ5, σ6, σ7, σ8} = {σj} ,
M = {HHH,HHM,HMH,HMM,MHH,MHM,MMH,MMM}

Proposals issued

Suppose individuals make the following propositions:

• A says: “B is a liar”
• B says: “C is honest”
• C says: “A is a liar”

Each proposition φi is assigned a truth value according to the world σ, evaluating
whether what it says is true or not. This is represented as:

v(φi, σ) ∈ {V,F}
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Evaluation in a specific world

Let’s look at the full procedure for the world σ4, where:

σ4(A) = H, σ4(B) = M, σ4(C) = M

• A says: “B is a liar”

– In σ4, B is really a liar: the proposition is true ⇒ v(φA, σ4) = V

– A is honest ⇒ v(σ(A)) = V

– They match ⇒ consistently

• B says: “C is honest”

– In σ4, C is a liar: the proposition is false ⇒ v(φB, σ4) = F

– B is a liar ⇒ v(σ(B)) = F

– They match ⇒ consistently

• C says: “A is a liar”

– In σ4, A is honest: the proposition is false ⇒ v(φC , σ4) = F

– C is a liar ⇒ v(σ(C)) = F

– They match ⇒ consistently

Since all statements are consistent with each individual’s identity, the world σ4 is a
coherent world.

Filtering inconsistent worlds

To solve the problem, all worlds σ ∈ M are evaluated. Those that contain any incon-
sistency are discarded, that is, for which:

v(φi, σ) ̸= v(σ(Xi)) for some i

The remaining worlds are the valid worlds. In many classical problems, only one
survives, thus determining the identity of each individual.

Use Example 2: Reliable or faulty sensors

Suppose a set of digital sensors is given by U = {S1, S2}. Each sensor can have one of
two possible functional identities:

• C: Reliable sensor (it tells the truth: its output reflects reality).
• D: Faulty sensor (it lies: its output is always opposite to reality).

Possible worlds

Each sensor can be either C or D, therefore there are 22 = 4 possible worlds:

M σ(S1) σ(S2)

σ1 D D

σ2 D C

σ3 C D

σ4 C C
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Assertions and sensor output

Suppose both sensors are trying to measure the same binary quantity (e.g., whether
an object is present or not), and that:

• The real value of the world is 1 (present object).
• The observed outputs are:

– S1 emits: 0

– S2 emits: 1

So, for each world σj, we evaluate whether the sensor output matches (in the reliable
case) or contradicts (in the faulty case) reality. We denote the truth value of the sensor’s
statement as:

v(φSi
, σj) =

{
1 if the sensor output matches its type (C/D) in σj,

0 otherwise.

For example:

• If σj(S1) = D, then your output is expected to be ¬1 = 0, and since you output 0,
then v(φS1 , σj) = 1.

• If σj(S2) = C, output 1 is expected, and since it gave 1, then v(φS2 , σj) = 1.

Let us evaluate in all worlds:

Inputs Output To Compare
M σ(S1) σ(S2) v(φS1 , σj) v(φS2 , σj)

σ1 D D 1 0

σ2 D C 1 1

σ3 C D 0 0

σ4 C C 0 1

Consistency evaluation

We apply the consistency rule to keep only worlds where both outputs are consistent
with their sensor type:

v(φSi
, σ) = v(σ(Si))

Since we used 1 to mean “identity-consistent statement”, we apply:

• σ2 is the only world where both statements are consistent.

Conclusion

The valid world is:
σ2 = {S1 = D, S2 = C}

This means that:

• S1 is faulty (it outputs 0, as opposed to the actual 1).
• S2 is reliable (it issued 1, which matches reality).
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This example shows how the model can be applied to sensor diagnostics by filter-
ing possible worlds based on the consistency between functional identity (C or D) and
observable behavior.

4. Step-by-step practical example: Three inhabitants of an island
of truth-tellers and liars

You are on an island where the inhabitants can be either honest (H) or liars (M).
You meet three people: A, B, and C. Each makes a statement:

• A says, “I am...” but you can’t hear it.
• B says: “A said he’s a liar.”
• C says: “B is lying; he is a liar.”

We want to determine who is H and who is M using the logical model of consistency
between identity and truthfulness.

Step 1: Table of possible worlds

Each person can be honest (H) or a liar (M), so there are 23 = 8 possible worlds. We
call each world σj.

M σj(A) σj(B) σj(C)

σ1 H H H

σ2 H H M

σ3 H M H

σ4 H M M

σ5 M H H

σ6 M H M

σ7 M M H

σ8 M M M

Step 2: Evaluating A’s proposition

From what is heard from A, and from the statement of B, it can be established that
the statement of A must be modeled as a verbal self-assignment of identity, in the form:

φA := “I am σverbal(A)”, where σverbal(A) ∈ {H,M}

This statement is interpreted as a proposition about the identity of A that must be
evaluated under each possible world σ ∈ MA. Since in our system honest agents always
tell the truth and liars always lie, we have the criteria:

• v(φA, σm): truth value of the specific proposition issued by A, evaluated in the
possible world σm of MA.

v(φA, σ) =


V if σ(A) = H and φA := “I am H ′′

F if σ(A) = H and φA := “I am M ′′

F if σ(A) = M and φA := “I am H ′′

V if σ(A) = M and φA := “I am M ′′
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• v(σ(A)): This is the truth value that A would always say if its identity were the
one given in M.

v(σ(A)) =

{
V if σ(A) = H

F if σ(A) = M

• Coherence: If v(σ(A)) = v(φA, σj), then the possible world σj is coherent.

Inputs Output To Compare
MA σ(A) σverbal(A) v(φA, σ) v(σ(A)) Consistency A

H H V V ✓
H M F V ×
M H F F ✓
M M V F ×

Consequently, by applying the coherence rule in all possible worlds, it follows that in all
coherent worlds of A it is:

σverbal(A) = H .

Now we evaluate v(φA, σj) with respect to the entries of M, and then the consistency of
A taking as inputs: v(φA, σj) and v(σj(A)), the table becomes:

Inputs Output To Compare
M σj(A) σverbal(A) v(φA, σj) v(σj(A)) Consistency A
σ1 H H V V ✓
σ2 H H V V ✓
σ3 H H V V ✓
σ4 H H V V ✓
σ5 M H F F ✓
σ6 M H F F ✓
σ7 M H F F ✓
σ8 M H F F ✓

All worlds are consistent with the identity of A, so A = {H,M}. This information allows us
to record A’s verbal self-assignment as an observational constant within the Universe
M:

σverbal(A) := H

This verbal identity does not represent what A is, but what A claims to be, and should
be used as input for evaluating the truth value of B’s statements.

Step 3: Evaluating B’s proposition

Person B says ”A said he is a liar”. But we already deduced that A said: “I am H”.
Therefore, the proposition B is false in all worlds:

φB := “A said it’s M” ⇒ v(φB, σj) = False
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We then write down the results of v(φB, σj) and evaluate the consistency of B:

Inputs Output To Compare
M σverbal(A) σj(B) v(φB, σj) v(σj(B)) Consistency B
σ1 H H F V ×
σ2 H H F V ×
σ3 H M F F ✓
σ4 H M F F ✓
σ5 H H F V ×
σ6 H H F V ×
σ7 H M F F ✓
σ8 H M F F ✓

then, the worlds consistent with A and B, are: {σ3, σ4, σ7, σ8}

Step 4: Evaluating C’s proposition

C said: ”B is a liar”, that is:

φ
C
:= (σ

C
(B) = M)

We evaluate this in the remaining worlds:

Inputs Output To Compare
M σj(B) σj(C) v(φ

C
, σj) v(σj(C)) Consistency C

σ3 M H V V ✓
σ4 M M V F ×
σ7 M H V V ✓
σ8 M M V F ×

but it is observed that the coherent worlds σ3 and σ7 are the same for B and C. So we
finally get for A, B and C:

σ3,7 : A = {H,M}, B = M, C = H

Result

The only possible world compatible with all the statements is:

A = {H,M}, B = M, C = H

The model has filtered out the inconsistent worlds, leaving only one that satisfies the
coherence between the identity of individuals and the value of their statements.

5. Conclusion

The proposed model provides a formal semantic framework that does not depend on
prior axioms or inference rules. It can be used to analyze the consistency between an
agent’s identity and what it declares or represents. In the case of sensors, their connection
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topology can be logically transformed into the proposition to be evaluated. Its tabular
approach allows for computational processing and, when applied iteratively, can improve
the model’s reliability in detecting consistent worlds, for example, for random liars. This
method is generalizable to other problems and enables new applications in logic, artificial
intelligence, and epistemology. One potential limitation is its scalability to very large
universes M, which may require optimization strategies.
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