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Abstract

The energy & (G) of graph G is the sum of the absolute values of all the eigenvalues of its adja-

cency matrix. If two graphs have the same non-zero singular values with the same multiplicities,
then they are called singularly cospectral. The study of the characterization and properties of sin-
gularly cospectral graphs is important for the advancement of the graph energy problem. In this
paper, some new properties on singularly cospectral graphs are given using the Kronecker prod-
uct and the Cartesian product.
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Figure 1. A pair of singularly cospectral graph G, and G,
B 1. —HEREREG 5 G,

L ]

Figure 2. Graph H
E2 BH

Figure 3. The adjacency matrix graph corresponding to A(G1 ) ® A(H )
and A(G,)®A(H)
B3 A(G)®A(H)5 4(G,)® A(H) it B # SR HEFEREE]

Table 1. Eigenvalues of 4(G,)® A(H) and A(G,)® A(H)
F1. A(G)®A(H)5 4(G,)® A(H) WHFEE

FFe 1 2 3 4 5 6 7
A(G)® A(H) -3.791 3.791 -3.236 3.236 -2.934 2.934 -1.618
A(G,)® A(H) -3.791 3.791 -3.236 3.236 —2.934 2.934 -1.618

sa=) 8 9 10 11 12 13 14
A(G)® A(H) -1.618 -1.618 1.618 1.618 1.618 —1.448 1.448
A(G,)® A(H) -1.618 -1.618 1.618 1.618 1.618 —1.448 1.448

FFe 15 16 17 18 19 20 21
A(G)®A(H) -1.236 1.236 -1.121 1.121 —0.762 0.762 —0.618
A(G,)® A(H) -1.236 1.236 ~1.121 1.121 —0.762 0.762 —0.618

sa=) 22 23 24 25 26 27 28
A(G)® A(H) —0.618 —0.618 0.618 0.618 0.618 —2.901 2.901
A(G,)® A(H) —0.618 —0.618 0.618 0.618 0.618 -2.901 2.901

Bl 3.4 %G MG, &—xaRRERLE 4, W H 2 4 DTAMEEOLE 5). AT IS 2]
A(G)oA(H) A1 A(G,)oA(H) Fixs B4R REEI (LI 6). £ 2 mEATIIH A(G)od(H) M
A(G,) o A(H) WFTARHEM, BRAWAE A(G))oA(H)F A(G,)0A(H) 253 5 R
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Figure 4. A pair of singularly cospectral graph G, and G,
4. —NHREEEG 5,

L 2 ~®

Figure 5. Graph H
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Figure 6. The adjacency matrix graph corresponding to A4(G,)od(H )

and A(G,)uA(H)
6. A(G)oA(H) 5 A(G,)nA(H) Frxt R AISRIEREFEE

Table 2. Eigenvalues of A4(G,)oAd(H) and A(G,)nA(H)
F 2. A(G)nA(H)5 A(G,)nd(H) W¥HEE

ia=1 1 2 3 4 5 6 7
A(G)oA(H) 3.961 3.618 ~3.432 2.961 ~2.618 ~2.618 ~2.618
A(G,)oA(H) 3.961 -3.618 -3.432 2.961 -2.618 -2.618 2.618

R 8 9 10 11 12 13 14
A(G)oA(H) 2.618 —2.432 2.089 1.725 -1.618 -1.618 -1.618
A(G,)oA(H) 2.618 —2.432 2.089 1.725 -1.618 1.618 1.618

R 15 16 17 18 19 20 21
A(G)oA(H) 1.382 ~1.196 ~1.147 1.089 0.725 0.618 0.618
A(G,)oA(H) -1.382 ~1.196 ~1.147 1.089 0.725 -0.618 -0.618

RS 22 23 24 25 26 27 28
A(G)oA(H) 0.618 -0.382 -0.382 -0.382 0.382 -0.196 -0.147
A(G,)oA(H) 0.618 -0.382 -0.382 0.382 0.382 -0.196 -0.147

Bl 3.5 % G G, 2 —xaEREEEOLE 7), & H 22— 5 ATREIOLE 8). AT LA

A(G)®A(H) T A(G,)® A(H ) Jir %t N #4876 e I (L1 9). fE3L 3

AT A(G)®A(H) il

A(G,)®@A(H) TG EE, HAWAE A(G)®A(H) M A(G,)® A(H) R&3 5 FH.
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Figure 7. A pair of singularly cospectral graph G, and G,
E 7. —xEREEEG 5,

A

/

Figure 8. Graph H
&8 EH

Figure 9. The adjacency matrix graph corresponding to A(G1 ) ® A(H )
and A(G,)®A(H)
9. A(G)®A(H)5 4(G,)® A(H ) Fixt Bz B9 SRHEFEREE]

Table 3. Eigenvalues of 4(G,)® A(H) and A(G,)® A(H)
F3. A(G)®A(H)5 4(G,)® A(H) M4FEE

e 1 2 3 4 5 6 7
A(G)® A(H) 4.686 4 -3.791 -3.791 -3.627 -3.236 -3.236
A(G,)® A(H) 4.686 —4 -3.791 -3.791 -3.627 3.236 3.236

sa=) 8 9 10 11 12 13 14
A(G)® A(H) 2.934 2.934 -2 -2 -2 1.618 1.618
A(G,)® A(H) 2.934 2.934 -2 2 2 -1.618 -1.618

FFe 15 16 17 18 19 20 21
A(G)® A(H) 1.618 1.618 1.618 1.618 1.448 1.448 1.236
A(G,)® A(H) -1.618 -1.618 1.618 1.618 1.448 1.448 -1.236
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Continued
F5 22 23 24 25 26 27 28
A(G)® A(H 1.236 ~1.121 ~1.121 0.941 —0.762 -0.762 -0.618
A(G,)® A( -1.236 ~1.121 ~1.121 0.941 -0.762 -0.762 -0.618
sa=] 29 30 31 32 33 34 35
A(G)®A(H —0.618 —0.618 —0.618 —0.618 —0.618 0.291 0.291
A(G,)® A(H) —0.618 0.618 0.618 0.618 0.618 0.291 0.291
4. 58

A [V P P 220 R o F Tt T Tl e 1) A B B S, RATA T R 5 2 Y S AR AN 1
FORM, e B A T L B T, R T R AROSEG . S SRR TR BT, BT SR R P

7853 A
S5

(1]

(2]

(3]

[10]

Gutman, 1. (1978) The Energy of a Graph. Graz Forschungszentrum Mathematisch Statistische Sektion Berichte, 103,
1-22.

Nikiforov, V. (2016) Beyond Graph Energy: Norms of Graphs and Matrices. Linear Algebra and Its Applications, 506,
82-138. https://doi.org/10.1016/j.1aa.2016.05.011

Abiad, A. and Alfaro, C.A. (2021) Enumeration of Cospectral and Coinvariant Graphs. Applied Mathematics and
Computation, 408, Article ID: 126348. https://doi.org/10.1016/j.amc.2021.126348

Godsil, C.D. and Mckay, B.D. (1982) Constructing Cospectral Graphs. Adequationes Mathematicae, 25, 257-268.
https://doi.org/10.1007/BF02189621

Ji, Y., Gong, S. and Wang, W. (2020) Constructing Cospectral Bipartite Graphs. Discrete Mathematics, 343, Article ID:
112020. https://doi.org/10.1016/j.disc.2020.112020

Kannan, M.R., Pragada, S. and Wankhede, H. (2022) On the Construction of Cospectral Nonisomorphic Bipartite
Graphs. Discrete Mathematics, 345, Article ID: 112916. https://doi.org/10.1016/j.disc.2022.112916

Qiu, L., Ji, Y. and Wang, W. (2020) On a Theorem of Godsil and McKay Concerning the Construction of Cospectral
Graphs. Linear Algebra and Its Applications, 603, 265-274. https://doi.org/10.1016/j.1aa.2020.05.025

Conde, C., Dratman, E. and Grippo, L.N. (2022) Finding Singularly Cospectral Graphs. Linear and Multilinear Alge-
bra, 71, 496-512. https://doi.org/10.1080/03081087.2022.2035306

Graham, A. (2018) Kronecker Products and Matrix Calculus with Applications. Courier Dover Publications, Chiche-
ster.

Cvetkovi¢, D.M., Rowlinson, P. and Simi¢, S. (2010) An Introduction to the Theory of Graph Spectra. Cambridge
University Press, Cambridge.

>

DOI: 10.12677/0rf.2023.132124 1217 B SRR 2

B
2


https://doi.org/10.12677/orf.2023.132124
https://doi.org/10.1016/j.laa.2016.05.011
https://doi.org/10.1016/j.amc.2021.126348
https://doi.org/10.1007/BF02189621
https://doi.org/10.1016/j.disc.2020.112020
https://doi.org/10.1016/j.disc.2022.112916
https://doi.org/10.1016/j.laa.2020.05.025
https://doi.org/10.1080/03081087.2022.2035306

	一些奇异同谱图的性质研究
	摘  要
	关键词
	Research on the Property of Some Singularly Cospectral Graphs
	Abstract
	Keywords
	1. 引言
	2. 预备知识
	3. 一些奇异同谱图的性质
	4. 结语
	参考文献

