R — R SRR PN L AR ARG 2 fCHHE S

Samir Abdaljalil*, Hasan Kurban, Khalid Qaraqe, Erchin Serpedin®
"Texas A & M University, College Station, TX., USA
Hamad Bin Khalifa University, Doha, Qatar
sabdaljalil@tamu.edu, hkurban@hbku.edu.qa

Abstract

Large language models (LLMs) have
shown strong performance across nat-
ural language reasoning tasks, yet
their reasoning processes remain brittle
and difficult to interpret. Prompting
techniques like Chain-of-Thought (CoT)
enhance reliability by eliciting interme-
diate reasoning steps or aggregating
multiple outputs. However, they lack
mechanisms for enforcing logical struc-
ture and assessing internal coherence.
We introduce  Theorem-of-Thought
(ToTh) , a novel framework that mod-
els reasoning as collaboration among
three parallel agents, each simulating a
distinct mode of inference: abductive,
deductive, and inductive. Each agent
produces a reasoning trace, which is
structured into a formal reasoning
graph. To evaluate consistency, we ap-
ply Bayesian belief propagation guided
by natural language inference (NLI),
assigning confidence scores to each step.
The most coherent graph is selected to
derive the final answer. Experiments on
symbolic (WEBOFLIES) and numerical
(MULTIARITH) reasoning benchmarks
show that ToTh consistently out-
performs CoT, Self-Consistency, and
CoT-Decoding across multiple LLMs,
while producing interpretable and log-
ically grounded reasoning chains. Our
findings suggest a promising direction
for building more robust and cogni-
tively inspired LLM reasoning. The
implementation is available at https://
github.com/KurbanIntelligenceLab/
theorem-of-thought.
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WEBOFLIES MULTIARITH
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