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We introduce a high-dimensional analogue of Kirchhoff index which is also known as total effective
resistance. This analogue, which we call simplicial Kirchhoff index K f (X), is defined to be the sum
of simplicial effective resistances of all (d + 1)-subsets of the vertex set of a simplicial complex X
of dimension d. For a d-dimensional simplicial complex X with n vertices, we give formulas for
simplicial Kirchhoff index in terms of the pseudo inverse of the Laplacian L in dimension d and its
eigenvalues:

K f (X) = n · tr L+ = n ·
∑
λ∈Λ+

1
λ

where L+ is the pseudo-inverse of L, and Λ+ is the set of non-zero eigenvalues of L. Using this for-
mula, we obtain an inequality for a high-dimensional analogue of algebraic connectivity and Kirchhoff
index, and propose these quantities as measures of robustness of simplicial complexes. In addition,
we derive its integral formula and relate this index to a simplicial dynamical system.
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[5] D.J. Klein, and M. Randić, Resistance distance, J. Math. Chem. 12 (1993) 81-95.
[6] J. Steenbergen, C. Klivans, and S. Mukherjee, A Cheeger-type inequality on simplicial complexes, Adv. Appl. Math.

56 (2014) 56-77.

(W. Kook) Seoul National University
E-mail address: woongkook@snu.ac.kr

(K. Lee) Seoul National University
E-mail address: leekj0706@snu.ac.kr

This work was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea govern-
ment(MEST) (No. 0450-20180045).

1


