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Formal Analysis of Arguments in Politics and Beyond

Vision: Automated detection of irrational and flawed arguments.

Hypothesis: The universal meta-logical reasoning approach [1]
(utilising higher-order logic) can be adapted to support the task.

Challenges/Questions:

I Different nature of political & legal arguments?

I Which modalities play a role and need to be combined?

I Do reasoning systems (e.g. Leo-III [3]) still perform well?

I Combination with other NLP tools?

I General methodology? — Computational hermeneutics [2]

Example tweets:

Figure 1: Tweets of POTUS Donald Trump.

Question: Can the irrationality be formally detected?

Argument Preprocessing

The NL text is converted into computer-readible data structure that
incorporates every word’s position and function within the sentence.
As an example, the Stanford NLP parser produces the following
output for the first tweet from Fig. 1:

(ROOT

(S

(NP (DT An)

(NP (‘‘ ‘)

(ADJP (RB extremely) (VBN credible))

(NN source) (’’ ’)))

(VP

(VP (VBZ has)

(VP (VBN called)

(NP (PRP my) (NN office))))

(CC and)

(VP (VBD told)

(NP (PRP me))

(SBAR (IN that)

(S

(NP

(NP (NNP BarackObama) (POS ’s))

(NN birth) (NN certificate))

(VP (VBZ is)

(NP (DT a) (NN fraud)))))))

(. .)))

→

Figure 2: Pre-processing out with semantical NLP parser (left), transformation
into computer-readible data structure for further processing (right).
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Semi-Automated Translation into Logical Formalism

In a semi-automated setting, the grammatical structures can be formalized into semanti-
cally equivalent entities in an expressive logical formalism. In the given example, the first
tweet can be translated as:

∃x . source(x) ∧ credible(x) ∧ calls(x , officeOfTrump)

∧ SAYS
(
x , isFraud(birthCertOfObama)

)
The first sentence of the second tweet is formalized as:

ANYTIME

(
∀story .

((
isAbout(story , trump) ∨ isAbout(story , campaignOfTrump)

)
∧
(
∃x . source(x) ∧ SAYS(x , story)

))
⇒ ∀y .¬(BELIEF(y , story))

)
The challenge is to adequately represent the notions of SAYS, ANYTIME, and BELIEF,
which are no mere predicates but semantically complex modal operators with non-trivial
properties. A quantified multi-modal logic is explored and utilised below (temporal, doxastic
and indexical). Minimal assumptions about the combined modalities are needed so that
the irrationality of the tweets can be revealed by automated theorem provers.

Argument Assessment via Automated Reasoning

Higher-order logic, when utilised as a meta-logic, is sufficiently expressive to encode and
combine various object logics; properties of these object logics can be modified on the fly.

Figure 3: Encoding of quantified multi-modal logic in meta-logic HOL.

Reasoning Technology:

Isabelle/HOL

+

+

Background Ontology

When assuming (a) that Trump believes what he says, and (b) that Trump’s belief is
reflecting what is the case, then a basic contradiction can be inferred.

Figure 4: Formal assessment of Trump’s tweets in Isabelle utilising universal meta-logical reasoning.
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