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Generalizations and applications of zeta functions of graphs
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We gave a determinant expression for a multivariable zeta function of a

graph G. Moreover, we presented determinant expressions of Hamimoto type and lhara type, exponetial
generating functions and the Euler producs for the quatenionic first and second weighted zeta
functions of G, and decided spectra for the time evolution matrices of some quaternionic quantum
walks on G. Furthermore, we decided spectra for a 2-tessellable staggered quantum walk on G.

We gave the third theorem of Mertense for a regulr covering if G. Moreover, we expressed the second
defferential coefficient of the determinant of the determinant expression for the second weighted
zeta function of G by using its weighted Kirchhoff index and its weighted complexity.

We formulated a new weighted lhara zeta function and applied it to non-backtracking random walks.
Furthermore, we analized disordered carbon systems by using the distribution for the poles of the
Ihara zeta function.



digraph & digraph
Bartholdi (2013) lhara L
(2014) edge L (2012)
2 3 Bartholdi
(2013)
hypergraph 3 Bartholdi
(2014) hypergraph edge edge L
hypergraph  covering edge edge L (2012)
periodic simple graph G Bartholdi G
Bartholdi (2012)
Smilansky digraph (2013)
digraph (2011,2014)
Grover Grover
Ihara
(2012) Szegedy
Grover Szegedy
Grover 2
Grover 3 (2013)
4 4
(2013) Grover Ihara Grover 2
" edge matrix” (modified )
complexity (2014)
2014 " AMS Special Session on Quantum Walks, Quantum Computation and Related
Topics” " Quantum walk and zeta function of a graph”
2015
1990 2013 Terras " Zeta
functions of graphs”
Stark&Terras
Deitmar, Clair, Winnie Li, Fang, Kang, Storm Terras Guido,
Isola, Lapidus fractal geometry Pollicott, Karlsson
Texier,
Harrison, Desbois Hancock,Wilson
digraph 2 Bartholdi n Bartholdi
digraph  cycle
modified
Chevotarev
Lapidus Deitmar Ihara edge
digraph  Bartholdi PGL3(F) PGSp@4,F) (F
) Bruhat-Tits building Ihara Bartholdi
Ihara
digraph 2 Bartholdi nC 3) Bartholdi
modified Chevotarev
edge measurable graph  lhara Bartholdi

PGLNn(F) PGSp(4,F) Bruhat-Tits building Ihara



spectral determinant

R 2 7T~ 3 OFAREE.“ 7T 7 OB —Z B OILR LIS OWT AT & 9 Rl R &2 157,

I. digraph weighted
(€Y) Bartholdi (n+1) Bartholdi
Bartholdi
Bartholdi L-
Bartholdi base graph Bartholdi L-
Linear Multilinear Algebra
(2) digraph  Bartholdi Stark & Terras
Graphs and Combinatorics
3) 1 weighted Study

Jouranal of Algebraic Combinatorics
@ 2 weighted Study
Linear Algebra
Applications
®)

edge matrix

DI1. & Grover
2 weighted Grover Study
Grover Quantum Information
Processing
1.4 Study weighted

Grover walk
Interdisciplinary Information Sciences
@@ Szegey walk weighted
Szegey walk
Quantum Information Computing

@H1. 4 G weighted
Study G Grover walk
graphs and Combinatorics
(5) 2-tessellable staggered quantum walk Szegedy walk
Yokohama
Mathematicak Journal
(6) 2-tessellable staggered quantum walk
Linear Algebra and its Applications -
@) Szegedy walk -tessellable
staggered quantum walk Quantum Inf. Process.
(©) 2 Grover walk
Grover Interdisciplinary Information Sciences
1.
(1) 1974 Williams Mertens
Mertens
Quatery J. Math.
(2) 1974 Williams Mertens
Mertens

Forum Math.



V.
(€Y) balanced signed graph digraph signed digraph  balanced
signed digraph balanced

digraph weighted
digraph signed digraph
balanced covering Graphs and Combinatorics
) G  Kirchhoff index G weighted Kirchhoff index G
weighted u=1 G
weighted Kirchhoff index  weighted complexity G
regular covering Linear Algebra and its Applications
3) G weighted lhara weighted lhara L-
G  regular covering weighted Ihara G weighted Ihara
L- non-backtracking random walk Kempton
Linear Algebra and its Applications
(O)) lhara

Physics Letters A

18

[1] T. Hasegawa, S. Saito and 1. Sato,A generalization of a graph theory Mertens® theorem:
Galois covering case, Forum Math. 30 (2018), no. 3, 599-615.

[2] N. Konno, R. Portugal, 1. Sato and E. Segawa, Partition-based discrete-time guantum
walks, Quantum Inf. Process. 17 (2018), no. 4, Art. 100, 35 pp-

[3] H. Mitsuhashi, H. Morita and I. Sato, The weighted Kirchhoff index of a graph,
Linear Algebra and Its Applications 547 (2018), 1-18.

[4] N. Konno, Y. Ide and 1. Sato, The spectral analysis of the unitary matrix of

A 2-tessellable staggered quantum walk on a graph, Linear Algebra and Its

Applications 545 (2018), 207-225.

[5] S. Matsutania and 1. Sato, A novel conductivity mechanism of highly disordered
carbon systems based on an investigation of graph zeta function, Physics Letters
Section A: General, Atomic and Solid State Physics 381(36) (2017), 3107-3111.

[6] N. Konno, H. Mitsuhashi and 1. Sato, Quaternionic Grover walks and zeta
functionsof graphs with loops, Graphs Combin. 33 (2017), no. 6, 1419-1432.

[7] 1. Sato, The matrix-weighted product distance matrix of a tree, Far East Journal of
Mathematical Sciences 101(1) (2017), 25-37

[8] N. Konno, K. Matsue, H. Mitsuhashi and 1. Sato, Quaternionic quantum walks of
Szegedy type and zeta functions of graphs, Quantum Inf. Comput. 17 (2017), no
15-16, 1349-1371.

[9] N. Konno, H. Mitsuhashi and 1. Sato, The discrete-time quaternionic quantum walk and
the second weighted zeta function on a graph, Special Issue: Quantum Simulation and
Quantum Walks, Interdisciplinary Information Sciences 23(2017) no. 1, 9-17.

[10] Yu. Higuchi, N.Konno, 1. Sato and E. Segawa, Periodicity of the discrete-time quantum
walk on a finite graph, Special Issue: Quantum Simulation and Quantum Walks,
Interdisciplinary Information Sciences 23(2017), 75-86.

[11] N. Konno, 1. Sato and E.Segawa, The spectra of the unitary matrix of a
2-tesssellable staggered quantum walk on a gaph, Yokohama Mathematical Journal
62 (2016), 51 87.

[12] N. Konno, H. Mitsuhashi and 1. Sato, The quaternionic weighted zeta function of a
graph, J. Algebraic Combin. 44 (2016), no. 3, 729-755.

[13] N. Konno, H. Mitsuhashi and 1. Sato, The quaternionic second weighted zeta function
of a graph and the Study determinant, Linear Algebra Appl. 510 (2016), 92-109.
[14] 1. Sato, A new proof of a formula for the Bartholdi zeta function of a digraph. Graphs
Combin, 32 (2016), no. 4, 1571-1583.

[15] 1. Sato, H.Mitsuhashi and H. Morita, A generalized Bartholdi zeta function for a
general graph, Linear Multilinear Algebra 64 (2016), no. 5, +991-1008.

[16] N. Konno, H. Mitsuhashi and I. Sato, The discrete-time quaternionic quantum walk
on a graph, Quantum Inf. Process. 15 (2016), no. 2, 651-673.

[17] Y. Higuchi and 1. Sato, A Balanced Signed Digraph, Graphs Combin. 31

(2015), no. 6, 2215-2230.

[18] T. Hasegawa, S. Saito and 1. Sato, A generalization of a graph theory Mertens®




theorem: abelian covering case, Q. J. Math. 66 (2015), no. 3, 809-836.

56

[1] , ,

( ), 2019,3.
[2] , ,

( ), 2019.3
[31 , , , The weighted Kirchhoff index of a graph
( ), 2019.3.

41 . , MM ( ), 2019.1.
[5]1 , , , Grover walk

, 2018 ( ), 2018.12.
[6] , , . , ,

max-plus , 2018 ( ), 2018.12.
[71 , , , The weighted Kirchhoff index of a graph, 2018
( ), 2018.12.
[8] , , RIMS
( ; ), 2018.12.
[9] , The spectral analysis of the unitary matrix of a
2- tessellable staggered quantum walk on a graph, ( ),
2018.9.
[10] , , ,
( ), 2018.9.

[y , The spectral analysis of the unitary matrix of a
2- tessellable staggered quantum walk on a graph, 2018(

), 2018.8.
[12] , , , 2018.8.
[13] , 2018 8.

[14] Iwao Sato, Tlhara zeta function and quantum walk, Proﬁnlte monodromy, Galois
representations, and Complex functions RIMS Workshop(organizer: Masanobu Kaneko (Kyushu
Univ.); RIMS), 2018.5.

[15] , Quaternionic 2-tesserable staggered QW on a graph (
2-staggered walk ), , 2018. 2.
[16] , , , 2
( ),2017.12. .
[17]1 , , , A new generalized Bartholdi zeta function of a
Digraph, ( ),2017.12.
[18] , , , A new generalized Bartholdi zeta function of a digraph,
( ), 2017.11.

[19] , , , , A new weighted lhara zeta function for a
graph, 2017.9.
[20] , , , , Szegedy 2

, , 2017.9.
[21] , , , A generalized Bartholdi zeta function of a graph,

, 2017.9.
[22] , R.Portugal, , , Partition-based quantum walk,
, 2017.9.
[23] , , 5 Yokohama Workshop on Quantum
Walks( ), 2017.9.
[241 , A weighted generalized Bartholdi zeta function of a
dlgraph th Pacific Workshop on Discrete Mathematics
, 2017.8.
[25] , A weighted generalized Bartholdi zeta function
of a dlgraph Japanese Conference on Combinatorics and its Applications (JCCA-2017)
2017( ), 2017.8.

[26] , Quaternionic quantum walks of Szegedy type
and zeta functlons of graphs Japanese Conference on Combinatorics and its Applications
(JCCA-2017) 2017( ), 2017.8.

[27] , , (
), 2017.7.
[28] , , . 2
, 2017.3.

[29] , , , Szegedy walk  staggered QW



, 2017.3.

[30] , A new generalized Barthldi zeta function for a digraph, 2017
( ), 2017.2.

(B ,

- loT - ( ), 2016.12.
[32] , s

( ),2016.12.
[33] , , , Szegedy walk  staggered QW
( ),2016.12.
[34] , s , A generalized Bartholdi zeta function of a graph
28 ( ), 2016.11.

[35] N. Konno, I. Sato and E. Segawa, The characteristic polynomial of the unitary matrix
of a 2-tessellable staggered quantum walk on a graph, 4th-Yokohama Workshop on Quantum
Walks(Yokohama National University), 2016.10.

[36] , s , A matrix-weighted zeta function of a graph,
,2016.9.
74 . 31 , 2016.9.
[38] , , , Grover trace formula,
, 2016.8.

[39] , s , A matrix-weighted zeta function of a graph,

2016, 2016.8.
[40] ,Szegedy SQW

, 2016.7.
[41] , s , A matrix-weighted zeta function of a graph, 33
( ), 2016.6.
[42] ,2-tessellable staggered quantum walks on graphs,
, 2016.6.

[43] I 1. Sato, H. Mitsuhasi and H. Morita, A matrix-weighted zeta function of a

graph, The Japanese Conference on Combinatorics and its Applications (JCCA 2016)),
2016.5.

[44] , staggered quantum walk, , 2016.5
[45] , ,

2016.3.

[46] , modified zeta function trace formula,

2016.2.

[47] ) , , ) ( ),
2016.2.

[48] , , , 2

, ( ),2015.12.
[49] ) , , ) (
),2015.12.
[50] , Zeta function of a graph and its applications,
4 ( ), 2015.11.
[51] , , , 2 , 27
( ), 2015.11.

[52] Yu. Higuchi, N. Konnno, 1. Sato and E. Segawa, A remark on zeta functions

of finite graphs via quantum walks, Workshop of Quantum Simulation and

Quantum Walks 2015 November 16th - 18th, 2015(Yokohama National

University), 2015.11.

[53] 1. Sato, H. Mitsuhashi and H. Morita, A new determinant expression for the
weighted Bartholdi zeta function of a digraph, Japan-Sino Symposium(Tokyo
University of Science), 2015.11.

[54] , , ,

, 2015.9.
[55] A new determinant expression for the weighted
Bartholdi z zeta functlon of a dlgraph 2015.9.
[56] AnewdeterminantexpressionfortheweightedBartholdi
zeta functlon of a dlgraph 2015( ), 2015.8.

0



