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1. Overall Assessment

This manuscript presents an in-depth and systematic exposition of the additive structure in
singular cohomology theory. It is mathematically rigorous, historically well-grounded, and
supported by explicit formulations, computational techniques, and visual illustrations. The
treatment bridges theoretical algebraic topology and practical computational methods,
with clear awareness of interdisciplinary applications (data science, physics, and computer

science).

The work is highly suitable for submission to a reputable mathematical journal specialising
In topology, computational topology, or applied algebraic geometry. Its level of detail and

careful formalism make it valuable for both specialists and advanced graduate students.

2. Strengths

a. Scope and Depth

e Comprehensive coverage of the additive structure, from foundational definitions
through to advanced applications (spectral sequences, persistent cohomology,
quantum computation).

e Historical context and literature citations are well-chosen, from Cech and Eilenberg to

modern computational and physical applications.

b. Mathematical Rigor

e Precise definitions for chain groups, boundary operators, cochain complexes, and the
Universal Coefficient Theorem.
e Correct formalism for functoriality, induced homomorphisms, and exact sequences.

e Appropriate use of modern algebraic topology notation and conventions.

c. Integration of Computation

e Explicit matrix-based computation strategies for cohomology groups.
* Inclusion of algorithmic complexity considerations and sparse matrix methods.
e |llustrative Python scripts for visualising simplices, boundary operators, and

cohomology computations.

d. Pedagogical Value

e Step-by-step progression from geometric intuition to algebraic formalism.
e Effective use of figures to convey abstract concepts.

e Balanced treatment of abstract theory with concrete examples (notably 5%

3. Weaknesses and Areas for Improvement

a. Length and Redundancy

* The manuscript is lengthy and occasionally repetitive, especially when reiterating the

fundamental additive property across multiple sections.
e (Certain historical or introductory remarks could be condensed to maintain

momentum without loss of clarity.

b. Balance Between Additive and Multiplicative Structures

* While the additive structure is the focus, several sections reference multiplicative or
higher-order structures. These mentions are brief; the reader might expect either
more integration of these themes or a sharper boundary to maintain thematic

coherence.

c. Computational Implementation Section

* The Python code is informative but not fully integrated with the main text’s discussion
of results. Explicit output examples (e.g., actual generated diagrams in the manuscript
body) would strengthen the connection.

e Some functions are incomplete or truncated in the current appendix. For a reputable
journal, the code should be complete, executable, and hosted in a supplementary

repository.
d. References

e While the reference list spans foundational and modern works, a few citations are
dated (e.g., some from the 1980s and early 1990s) without follow-up to more recent
refinements in computational topology literature.

e (Consider adding more recent computational topology references, such as

Edelsbrunner—Harer's 2022 updates or recent work in applied persistent cohomology.

e. Minor Stylistic Notes

e There are occasional formatting inconsistencies in in-line mathematical expressions
(spacing around operators, bold vs italic variables).
e Some figure captions could better connect to the main narrative by explicitly stating

the role of the illustrated object in the additive structure argument.

4. Suitability for Publication

Verdict: Accept with Minor Revisions

The manuscript is original, methodologically sound, and offers a valuable synthesis of
theoretical and computational perspectives. The suggested revisions mainly concern
concision, integration of visual/computational elements, and minor stylistic polishing.
Addressing these points would significantly improve readability without altering the core

contribution.

5. Recommended Revisions

1. Condense repetitive explanations of additive structure, especially in introductory and
discussion sections, to improve narrative flow.

2. Fully integrate figures and Python outputs into the discussion, ensuring readers can
directly see the computational visualisations described.

3. Update and expand references to include post-2010 literature in computational
topology and applied cohomology.

4. Ensure code completeness in the appendix or provide a link to a supplementary
repository.

5. Polish mathematical formatting for uniformity and clarity.



