ABSTRACT

In our research, we investigate the eigenval-
ues of higher dimensional Laplacians associated
with graphs and their use in distinguishing non-
isomorphic graphs with the same ordinary Lapla-
cian eigenvalues.

INTRODUCTION

Graph: abstract model of a network.

The Laplacian matrix of a graph:

0 ,
2 -1 0 -1
-1 3 -1 -1
2 0o —-1 2 -1
. ,(—1 —1 —1 3
A graph as a simplicial complex:
0
A
1 2

Oriented incidence numbers:

F: K| = {(1)3'7 it K CF,and FF\ K ={x,}

X, = {013,123}

X, = {01,03,12, 13,23}
Xo = {0,1,2,3)
X_1={0}

0, otherwise.

0 01:0] = -1
01:1] =1
01: 3] =
3 013 :01] =
013:03] = —1
013:13] =1
1 2 ' '

CURRENT WORK

1. Determine the spectrum of Hamming graphs

and Triangular graphs.
2. Prove that the eigenvalues of the down Lapla-
cian are determined by the parameters of the
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DEFINITIONS
CYX;R):={f:X; - C} ~ R,
Coboundary map J; : C*(X;R) — C""1(X; R)

(6:f)(H) = > [H:F|f(F)

FeX;

forany H € X;,1 and f € C'(X;R).
Boundary map 0,1 = 67 : C'""1(X;R) — C*(X;R)

(0ir19)(F) = ) [H: Flg(H)

HEXZ'_|_1

forany F € X; and g € C"t1(X;R).

The degree of a face:

0
deg(0) = 2
deg(3) = 3
3 deg(13) = 2
deg(12) =1
1 2 deg(03) =1

Strongly regular graphs:

Hamming graph H(2.3)
94120

Petersen graph
(10.3.0.1

COMPUTATION RESULTS

1.Hamming Graph H (2, 3)

Up Laplacian: 0(12)3(6)

Down Laplacian: 0(1?)3(#)6(4)
2. Hamming Graph H (2, 5)

Up Laplacian: 0(4)5(60)

Down Laplacian: 0(76)5(8)10(16)
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HIGHER ORDER LAPLACIANS OF GRAPHS

Up Laplacian LZT and Down Laplacian Lf.

CH(X;R) == C'(X;R) == C" (X;R)
Oi41 0;
L := 0,116, = 670 LY = 6;_10; = §; 10},
deg(F), if = F"
(LNpr =X —[F: FNF'|[F : FNF'], if FUF € Xi41 (LY — i+ 1, if F = F'
0, otherwise PE T F: FNF'|[F: FNF'], otherwise

Two strongly regular graphs with same parameters (16, 6, 2,

Hamming Graph H(2,4)

£ SN N\
oAl

n‘ﬂfl'-i'!

03 Ordinary Laplacian eigenvalues:

ATPRIN 0708

) A 1/]13 Up Laplacian:
AT 00940
9‘5%='&‘ 23 Down Laplacian:
AP\ (10331 4(6)g(9)

30 31 32 33

Triangular graph T'(n) :
01 23
0 1
13
2 3
03 12
K4 T(4)

3. Hamming Graph H (2, 6)

Up Laplacian: 0(60)6(120)

Down Laplacian: 0(14%)(10)12(15)

4. Triangular Graph T'(6).

Up Laplacian:0(14)2(10)5(16)(10)g(10)
Down Laplacian: 0(46)6(5)10()

The eigenvalues of higher order Laplacians seem  We will test this hypothesis on other strongly reg-

to be able to distinguish between non-isomorphic
graphs that have the same adjacency matrix eigen-
values.

ular graphs with the same parameters and further
investigate this problem in the near future.

2):

Shrikhande Graph

Ordinary Laplacian eigenvalues:

0L 4(6)Q(9)

Up Laplacian:

017 (3 — .\@){532(9}4@}(3 | .\@){6)5{1}
Down Laplacian:

()(33) 4(6)g(¥)

Chang graphs and Triangular graph 7'(8).

There are 4 non-isomorphic strongly regular graphs with
parameters (28,12,6,4) which have the same ordinary
Laplacian eigenvalues. Three of them are called Chang
graphs, and the other one is the triangular graph 7'(8).
Our computation shows that these four graphs have the
same eigenvalues of down Laplacian, but different eigen-
values of up Laplacian.

5. Triangular Graph T'(7).

Up Laplacian:0(20)2(19)§(35)7(15)9(20)
Down Laplacian: 0(83)7(6)12(14)

6. Triangular Graph 7'(8)

Up Laplacian: 0(27)2(21)7(64)8(21)1((35)
Down Laplacian: 0(}41)8(7)14(20)
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strongly regular graph.



