Review Form 3

	

	Journal Name:
	Asian Research Journal of Mathematics 

	Manuscript Number:
	Ms_ARJOM_154571

	Title of the Manuscript: 
	Spectral and Energy Analysis of the Queen Hypergraph Derived from the 8 × 8 Chessboard

	Type of the Article
	Original Research Article


	PART  1: Comments



	
	Reviewer’s comment


	Author’s Feedback (It is mandatory that authors should write his/her feedback here)



	Please write a few sentences regarding the importance of this manuscript for the scientific community. A minimum of 3-4 sentences may be required for this part.


	This paper takes a deep dive into the Queen Hypergraph on a classic 8×8 chessboard, exploring it through three well-known matrix representations: the adjacency matrix, the Laplacian matrix, and the Seidel matrix. The spectral analysis of graphs and hypergraphs based on chessboards is an exciting and expanding field, and this study offers a tangible computational example, complete with all eigenvalues and energy values calculated using Python. The block-Toeplitz structure of the adjacency matrix, along with the degree distribution analysis and the three energy measures (adjacency energy = 245.54, Laplacian energy = 259.15, Seidel energy = 455.10), serves as a valuable reference for researchers delving into combinatorial and spectral graph theory. Additionally, the link to routing and grid-based optimization problems enhances its practical significance. All in all, this paper makes a noteworthy contribution to the spectral exploration of chessboard hypergraphs.
	

	Is the title of the article suitable?

(If not please suggest an alternative title)


	Absolutely, the title fits perfectly and gives a clear picture of what the paper is all about. It highlights the specific structure being examined (Queen Hypergraph), the kind of analysis that's been done (spectral and energy), and the setting (8/8 chessboard). No changes are needed here!
	

	Is the abstract of the article comprehensive? Do you suggest the addition (or deletion) of some points in this section? Please write your suggestions here.


	The abstract does a solid job of summarizing the paper, but there are a few tweaks that could enhance it. For starters, it would be great if the abstract clearly listed the three energy values calculated: adjacency energy at approximately 245.54, Laplacian energy around 259.15, and Seidel energy close to 455.10, as these are the key quantitative findings. Additionally, the abstract mentions constructing the adjacency, Laplacian, and ‘seidel’ matrices, but the term ‘Seidel’ should be capitalized since it refers to the proper noun of J.J. Seidel. Lastly, it would be beneficial to briefly explain that the hyperedge of each square is defined as the collection of all squares that can be reached from it in a single queen move. This way, readers who might not be familiar with hypergraph concepts can quickly grasp the model.
	

	Is the manuscript scientifically, correct? Please write here.
	The overall framework and most of the calculations seem to be on point. However, there are a few major issues that need to be sorted out before we can think about publication: (a) There's a discrepancy in the Laplacian Energy formula (Section 3.5): The paper mentions that 2m/n = d̅ = 22.75, but then it states the Laplacian energy as LE(HQ) = Σ|μi − 25|. If the average degree is indeed 22.75, then the formula should reflect that number instead of 25. Additionally, we can actually calculate the average degree from the degree matrix in Section 3.4: the total of all degrees is 1672, which gives us d̅ = 1672/64 = 26.125. This doesn't match either 22.75 or 25. The authors need to recalculate the average degree and adjust the Laplacian energy formula and its final value accordingly. (b) There's a broken cross-reference in Section 3.7: The text states “the computed Seidel eigenvalues … are presented in Table ??”. The reference to the table is missing. Table 3 is on the next page, so the reference should clearly indicate ‘Table 3’. This needs to be fixed. (c) The degree formula in Section 3.4 mentions a constant term of 14, which accounts for horizontal and vertical moves. This should be explained more clearly. On an 8×8 board, a vertex located at row i and column j has 7 other vertices in the same row and 7 in the same column, totaling 14 — which remains constant no matter where you are on the board. While this is correct, the explanation should be more explicit for the reader. (d) The paper refers to a ‘hypergraph’, but the defined adjacency matrix is actually equivalent to the standard queen graph. The authors should clarify how the hypergraph model differs from, or expands upon, the standard graph model, and explain why the hypergraph terminology is necessary.
	

	Are the references sufficient and recent? If you have suggestions of additional references, please mention them in the review form.
	The reference list features 29 entries, showcasing a solid selection of recent publications from 2020 to 2026. However, it’s worth noting that several references from the same research group (specifically references 17, 18, 19, and 23) seem to be self-citations. While self-citation isn’t against the rules, the authors should make sure these references are genuinely relevant to the work at hand. Reference [27], which discusses the Knight’s hypergraph, is particularly pertinent and fits well. It might also be beneficial for the authors to look into citing some foundational works on the spectral theory of the queen graph, if such references are available. Lastly, reference [29] (Shetty and Bhat, 2025) is an arXiv preprint; the authors should verify whether a journal version has been published and, if so, cite that instead.
	

	Is the language/English quality of the article suitable for scholarly communications?


	The language is mostly clear and easy to read, but there are a few areas that could use some tweaking. First, the word ‘seidel’ in the abstract and Keywords should be capitalized as ‘Seidel’. Second, in the keywords line, make sure there’s a space after the semicolons—so instead of ‘Queen Hypergraph;Adjacency Matrix’, it should read ‘Queen Hypergraph; Adjacency Matrix’. Lastly, a few sentences in Section 3 come off as a bit too informal and could be tightened up. Overall, the language is quite acceptable for a research article, needing just a few minor corrections.
	

	Optional/General comments


	The paper presents a well-organized and in-depth examination of the Queen Hypergraph. The block-Toeplitz analysis of the adjacency matrix stands out as particularly clear and beneficial. Here are a few suggestions that could enhance the paper: 

1. Including a brief comparison of the results with the Knight’s hypergraph (see reference [27]) would provide valuable context and clarify the contribution. 

2. Figure 3, which illustrates the block layout of the adjacency matrix, is a great visual aid. It would be even more helpful to add a small visualization of some eigenvalue distributions, like a bar chart or spectrum plot, to make the spectral results easier for readers to grasp. 

3. The conclusion could benefit from a more specific discussion of potential future directions—perhaps exploring n×n boards or other chess pieces like the bishop or rook. 

4. While the introduction mentions that the results could be applied to ‘robotics, automation, and intelligent logistics,’ there’s no formal connection made. This claim should either be elaborated on with a brief discussion or toned down or removed altogether.
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	Are there ethical issues in this manuscript? 


	No ethical concerns have been raised. This paper focuses on pure mathematics, specifically spectral graph theory and combinatorics, and it doesn't involve any human or animal subjects, sensitive data, or fieldwork.
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