To provide a peer review of the manuscript titled "The Uniqueness Theorem for the
Cauchy Problem: A Comprehensive Analysis of Existence, Uniqueness, and
Stability in Differential Equations™ by Richard Murdoch Montgomery, | have
evaluated the work based on standard criteria for a science periodical.

+1
Peer Review Report

1. Summary of the Work The manuscript provides a thorough examination of the
Cauchy problem, focusing on the Picard-Lindel6f theorem and its role in establishing the
uniqueness of solutions. The author synthesizes theoretical foundations—including
Lipschitz conditions and the Banach fixed-point theorem—with computational
demonstrations of Picard iterations and stability analysis. The scope extends from
ordinary differential equations (ODEs) to partial differential equations (PDEs),
addressing well-posedness and the boundaries of uniqueness through
counterexamples.
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2. Strengths

« Comprehensive Synthesis: The manuscript effectively bridges classical
theoretical results (e.g., Cauchy, Picard, Lindel6f) with modern research areas
like stochastic differential equations and machine learning dynamics.
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« Integration of Computation: The use of Python-based numerical simulations to
visualize convergence rates and the effects of non-Lipschitz conditions provides
strong pedagogical and practical value.
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o Rigorous Mathematical Framework: Definitions and theorems are clearly
stated, particularly the formalization of the Cauchy problem and the Picard-
Lindel&f theorem.
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3. Areas for Improvement

« Depth in PDE Section: While the manuscript mentions the Cauchy-
Kovalevskaya and Holmgren's theorems, the transition from ODEs to PDEs is
relatively brief. Given the "comprehensive" claim in the title, a deeper discussion
on uniqueness in non-analytic settings for PDEs (e.g., specific conditions for
parabolic or hyperbolic types) would be beneficial.
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Formatting of Figures: The manuscript contains references to "Figure 1"
through "Figure 4," but the descriptions suggest some content might be truncated
or overlapping in the current layout (e.g., the description of Figure 2's panels).
Ensuring these visual aids are fully integrated and clearly labeled is essential for
the final publication.
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Incomplete Sentences: There are several sections where the text appears to
cut off mid-sentence (e.g., "The upper right panel contrasts this behaviour with
the linear equation y' = -y + t, which satisfies both continuity and Lipschi" and
"Biological and ecological modelling pr" ). These must be corrected for
readability.
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4. Technical Accuracy and Citations

The mathematical derivations, such as the Picard operator's contraction property
and the exponential convergence bound ($||y_{n}-
y||_{\inftyNle\frac{(L\delta)*{n}{n!}||f||_{\infty\delta*{n}$), are technically sound
and well-supported.
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The manuscript is exceptionally well-referenced, citing foundational works from
1820 to modern texts from 2017.
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5. Recommendation Accept with Minor Revisions. The manuscript is of high quality
and offers a valuable educational and reference resource. The author should address
the truncated text and consider expanding slightly on the PDE section to match the
"comprehensive analysis" stated in the title.



