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Resistance Distance and Kirchhoff Index of Two
Edge-subdivision Corona Graphs

Qun Liu **

Abstract—In this work we first obtain the group inverse
of the edge-subdivision-vertex corona and edge-subdivision-edge
corona in terms of the group inverse of the factor graphs. Then
the resistance distance and Kirchhoff index of these graphs can
be derived from the resistance distance and Kirchhoff index of
the factor graphs.

Index Terms—Kirchhoff index; Resistance distance; Edge-
subdivision-vertex corona; Edge-subdivision-edge corona

I. INTRODUCTION

ET G = (V(G),E(G)) be a graph with vertex set

V(@) and edge set E(G). Let d; be the degree of vertex
i in G and Dg = diag(dy,ds,---djv(g)) the diagonal
matrix with all vertex degrees of G as its diagonal entries.
For a graph G, let A¢ and B¢ denote the adjacency matrix
and vertex-edge incidence matrix of G, respectively. The
matrix Lg = Dg — Ag is called the Laplacian matrix of
G, where D¢ is the diagonal matrix of vertex degrees of
G. We use p1(G) > uz(G) > -+ > up(G) = 0 to denote
the eigenvalues of Lg. The {1}-inverse of M is a matrix X
such that M XM = M. If M is singular, then it has infinite
{1}-inverse [1]. We use M) to denote any {1}-inverse of
a matrix M, and let (M),, denote the (u,v)-entry of M.

Klein and Randi¢[2] introduced a new distance function
named resistance distance on the basis of electrical network
theory. The resistance distance between any two vertices u
and v in G is defined to be the effective resistance between
them when unit resistors are placed on every edge of G.
The Kirchhoff index of G is the sum of resistance distances
between all pairs of vertices of G. Let r,,(G) denote the
resistance distance between « and v in G and K f(G) denote
the Kirchhoff index of G. The resistance distance and the
Kirchhoff index have attracted extensive attention due to
its wide applications in physics, chemistry and others. Up
till now, many results on the resistance distance and the
Kirchhoff index are obtained. See ([4], [5], [7]), [13]-[19])
and the references therein to know more.

The computation of resistance distance and Kirchhoff
index is a hot topic in mathematics, computer science and
so on. However, the computation of the effective resistances
is difficult, as they are highly sensitive to small perturbations
on the network, so this has prompted researchers try to
find some techniques to compute the resistance distance
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and Kirchhoff index of a given graph and obtained its
closed formula. The subdivision graph S(G) of a graph
G is the graph obtained by inserting a new vertex into
every edge of G. The set of such new vertices is denoted
by I(G). In [6], a new graph operation: edge-subdivision-
vertex and edge-subdivision-edge corona are introduced, and
their A-spectra(resp., L-spectra) are investigated. This paper
considers the resistance distance and Kirchhoff index of the
graph operations below, which come from [6].

Definition 1 [6] The edge-subdivision-vertex corona of
two vertex-disjoint graphs GG; and G3, denoted by G V G,
is the graph obtained from G; and |E(G)| copies of S(G2)
with each edge of Gy corresponding to one copy of S(Gs)
and all vertex-disjoint, by joining end-vertex of the ith edge
of E(G) to each vertex of V' (G3) in the ith copy of S(G2).

Definition 2 [6] The edge-subdivision-edge corona of
two vertex-disjoint graphs G; and G, denoted by G1VGo,
is the graph obtained from G; and |E(G)| copies of S(G2)
with each edge of (G; corresponding to one copy of S(G2)
and all vertex-disjoint, by joining end-vertex of the ith edge
of E(Gy) to each vertex of I(G2) in the ith copy of S(G2).

Bu et al. investigated resistance distance in subdivision-
vertex join and subdivision-edge join of graphs [7]. Liu
et al. [8] gave the resistance distance and Kirchhoff index
of R-vertex join and R-edge join of two graphs. Liu et
al. [9] gave the resistance distance and Kirchhoff index of
corona and neighborhood corona of two graphs. Lu et al.
[10] computed the resistance distance and Kirchhoff index
of two corona graphs. Motivated by the results, in this
paper, we further explore the generalized inverse of the edge-
subdivision-vertex corona and edge-subdivision-edge corona
in terms of the generalized inverse of the factor graphs. Thus
the effective resistances and Kirchhoff index of the edge-
subdivision-vertex corona and edge-subdivision-edge corona
can be derived from the resistance distance and Kirchhoff
index of the factor graphs.

II. PRELIMINARIES

For a square matrix M, the group inverse of M, denoted
by M#, is the unique matrix X such that M XM = M,
XMX =X and MX = XM. It is known that M# exists
if and only if rank(M) = rank(M?) ([1],[11]). If M is real
symmetric, then M7 exists and M7 is a symmetric {1}-
inverse of M. Actually, M7 is equal to the Moore-Penrose
inverse of M since M is symmetric [11]. It is known that
resistance distances in a connected graph G can be obtained
from any {1}-inverse of G ([4]).

Lemma 2.1 ([11]) Let G be a connected graph. Then

run(G) = (L5 wu + (L) w — (L5 Yo — (L)
(Lﬁ)uu + (Lﬁ)’uv - Q(Lﬁ)m;.
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Let 1,, denote the column vector of dimension n with all the
entries equal one. We will often use 1 to denote an all-one
column vector if the dimension can be read from the context.

Lemma 2.2 ([7]) For any graph, we have Lgl =0.
Lemma 2.3 ([12]) Let

u=(25)

be a nonsingular matrix. If A and D are nonsingular, then

-t - [ ATT+ATBSTICAT! —Alle)
- —S1CA™! S5t
~ ( (A-BD7'0)7! —-A"'BS!
- —S~1CA! St >

where S =D — CA™'B.
For a square matrix M, let ¢tr(M) denote the trace of M.

Lemma 2.5 ([16]) Let GG be a connected graph on n vertices.
Then

Kf(G) =ntr(LY)) —1TLE1 = ntr(LE).
Lemma 2.6 ([15]) Let G be an r-regular graph with n ver-

tices and m edges, p(x) denote the Laplacian characteristic
polynomial of G, I(G) be the line graph of G. Then

e () = (& — 2) " g (a).

Lemma 2.7([3]) Let G be a connected graph of order n
with edge set IZ. Then

D

u<v,uveE

ruww(G) =n—1.
For a vertex ¢ of a graph G, let T'(7) denote the set of all
neighbors of ¢ in G.
Lemma 2.8 ([17]) Let
A B

v= (5 5)
be the Laplacian matrix of a connected graph. If D is
nonsingular, then

o#
X= ( ~D'BTH#

is a symmetric {1}-inverse of L, where H = A— BD~' BT

~H#BD™!
D'+ D 'BTH#BD"!

III. RESISTANCE DISTANCE AND KIRCHHOFF INDEX OF
EDGE-SUBDIVISION-VERTEX CORONA FOR GRAPHS

In this section, we focus on determing the resistance dis-
tance and Kirchhoff index of edge-subdivision-vertex corona
whenever (G; is an r-regular graph.

Theorem 3.1 Let G be an ry-regular graph with n; vertices
and m, edges and G an ry-regular graphs on ng vertices and
mso edges. Then G = G; V G5 have the resistance distance
and Kirchhoff index

(i) For any 4,j € V(G;), we have

2 2
rf) (£7)
n2+2<1 n‘+n2+2 Ay

4 2
_ L#) =—" 5. (Gy).
n2+2( 1 ij n2+2r]( )

rij(G) =

(ii) For any 4, j € V(G2), we have

1 1
ri;j(G) = <(21n2 +-L)'® Im1> ) + <(2[n2 + =Lyt

2 2
1 -1
&Iy ) — 2| (2L, + 5L2) ® L,

(iii) For any ¢ € V(G1),j € V(G2), we have
2 1
# ) AT
ng + 2 (Ll )n + <(2In2 + 2L2)

4
L (1f)
n2+2( 1 ij

2+T1(7L2 +m2)
nl(ng —1—2)

ij

Tij(G)
®Im1)jj -

(iv) Kf(La)
— (n1+n2+2m1)( Kf(Gy)

no ni
1 1
+my E ——— + (ra+ 2)my E —_—
= T1i(G2) +2 — 4+ pi(Ga)

(n1 —1)(n2 + mz))

mq (7“2 + 2)(”2 — mg)
4 + 27"2
6mimeo + mg(’l“g + 2)
— . 7
where p;(G2) is the Laplacian eigenvalues of Go.

Proof Let R;(i = 1,2) be the incidence matrix of G;. Then
with a proper labeling of vertices, the Laplacian matrix of
(1 V G5 can be written as

L(G1 V Gs)
L1 +7"1n2[n1 —13;2 ®R1 0n1><m1m2
= 1, @RY 241, @1, —Ro® Iy,
Omlm2Xn1 _Rg ® Iml 21777,17712

Let A = L4 +7’17L2]n1, B = ( —152 ® Ry 0n1><m1m2 ),
_ T
BT—< Lo, ® R ),and

0m1m2 Xnq
D— < (2+79) ], @ Iy,

_Rg Y Iml
First we compute the D~!. By Lemma 2.3, we have
Ay — B,D;{'Cy
- (2 + 7'2)[712 ® Iml - %(R2 & I”’H)(Rg ® Iml)
[(2 +72)Tny = 5(r2ln, + A(G2))] ® In,
= (2Inz + %LQ) ® Imu

s0 (A1 — Bi1DT'Ch) 7t = (2L, 4+ 3L2) 71 ® Iy,

—Ry® Iml
2L ms ’

By Lemma 2.3, we have
S = (D —CiAT'B))

= 2Imlmz - ﬁ(Rg Y Im1)<ln2 Y Im1)<R2 ® ]ml)
= 2Im17n2 - ﬁ(R%ﬂRQ & Im1)
= (2Im1m2 - ﬁ(zzmz + A(Z(Gz))) ® Iml

= 712(417%2 + Ll(Gz)) ® Iml .
So §—1 = (’1"2 =+ 2)(4Im2 + Ll(Gg))_l X Iml-

By Lemma 2.3, we have
—A B S
= *rzﬂ_g (Iny @ Iy )(=R2 @ Iy, )(r2 + 2)

((4Im2 + Ll(Gz))_l ® Iml)
= R2(4Im2 + Ll(Gz))il ® I, -
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Similarly, —S™1C1A7" = (41, + Lycy)) " RE & I, .

Let V. = (2L, + 3L2) ' ® Ip,, T = (r2 + 2)(4ln, +
L))t @ Imy, M = Ry(46 0y + Ly(Gy)) ™ @ I,

So
b - |

Now we are ready to calculate H.
Let P = (21, + 1Lo) ' @ Iy, Q = (r2 4 2)(ddy, +

V. M
MT T

LiGy)) "t @ Imys M = Ro(4lm, + Lyc,)) ™" @ I, , then
H = Ll + T‘lTLQInl - ( —].ZQ ® R1 0 )
V. M)\/[ -1, @RT
MT T 0 ’

= Ly +rnal,, — 2RRT = 2F2[,,

By Lemma 2.8, we have H# = ﬁLf&
Next according to Lemma 2.8, we calculate —H #BD~! and
—D BT g#,
_ 2 # T Vi M
(e ) (5 4
_ 2 r#| 14T T
= n2+2L1 < sly, @R 1, M )

~H#BD!
Note that 17 Ry = 2- 17 then 17 Ry (41, + Lyc,)) ' ®

Ry =215 (4L, + Ly,)) ' @ Ry = 11, @ Ry, s0
-1 _ #*
~H#BD™' = 1L} ( 1T ®Ry 1L, @Ry )

and

~D 'BTH#*
— P M _1'fl2 ® R? 1 L#
-\ MT Q 0 n2+271
— 1 1712 ® R,{ L#
T no42 ]_m2 ® R'il" 1 -

We are ready to compute the D"'BTH#BD~!.
Let 1,, ® Rl = H, K =11, @ Ry, then

D-1BTH#BD1
1
i

- <§2KT )MLZLf HT K

_ 1
= 2(nat2) ( ) :

Let 1, ® RT=H K= 1%2 ® R1, then based on Lemma
2.3 and 2.7, the following matrix

HL¥HT HL¥K
KTL#HT KTL¥K

2 # 1 #uyT 1 #
np 2 1 a2 bl H a2z b1 K
1 # 1 #uqT 1 #
a2 LT Pt gty HIT H M+ gy HIT K
1 T ;# T 1 T#ygT 1 T # ygT
mp 2 KLY MU A oy KLY H Ct s K LT H

is a symmetric {1}-inverse of Lg,vq,, where P = (21, +
%L2)71 ® Im17 Q = (TQ + 2)(4Im2 + Ll(Gz))71 ® Iml,
M = Ro(41pn, + Ly(c,)) "' @1, . Let N be Equation (3.1).

For any ¢,j € V(G1), by Lemma 2.1 and the Equation (3.1),
we have

Tij (Gl \Y GQ)

2 2
- f) (£)
n2+2( 1 ii+n2+2 ! Jj

4 2
n2+2( 1 ij n2+2r'J( )
For any ¢, j € V(Gz2), by Lemma 2.1 and the Equation (3.1),

we have
Tij (Gl \Y Gg)

1 1
= ((2[,12 + §L2)‘1 ® I,m) + ((QIM + §L2)‘1

1
®Im,); — 2 ((QIM + §LQ)—1 ® I,m)
ij
For any i € V(G1),j5 € V(Gz2), by Lemma 2.1 and the

Equation (3.1), we have
Tij (Gl \Y Gg)

P 1
L#) o, +-Ly) ‘@1,
n2+2(1 m‘+(( 2+2 2)7 8 1)

S (),
ng + 2 1 ij

By Lemma 2.5, we have
Kf(LGl \/Gz)

= (n1 +ng+2m)tr(N) — 1T N1

2
= (n1 + no + 2m1) (n2 n 2tT (L?)

Ji

1
+tr ((21"2 + §L2)‘1 ® Iml)

+(ro + 2)tr (4my + Licy)) ™" @ Im,)

+ 1,, ® ROL¥ (17, @ R1)>

mtr ((

+ 1, ® RN LF(1T, @ Rl))) —1TN1.

1 ; ((
r
Note that the eigenvalues of (21,,, + 3Lo) are 1p1(G2) +
2, 212(G2) + 2, ..., 2110, (G2) + 2. Then

tr((21n, + %L2)71 ® I77L1)71 =
_ N2

(PN e

By Lemma 2.6, then

tT((4Im2 + Ll(Gz))il X [m1) = m Z?:ll m—F

m1(na—ms)
44279
By Lemma 2.7, we have

tr ((1n2 ® RILF(1L @ Rl))
= natr (R{L?Rl)
= Y ien (LE+ L5+ QLf;)

= M2 0;iieR(G) 2L} JFQL;%J* *Tij(Gl))
= 2n2T1tr(Lﬁl) —na(nyg —1).

Similarly,

tr (Lme ® RDLE(1E, © Ry))

= 2m2T1tr(L§1) —ma(ny —1) .
So

(Advance online publication: 1 February 2019)

my Z;:il(%m(le) +2)7!



TAENG International Journal of Applied Mathematics, 49:1, [JAM 49 1 17

Kf(La,va,) 17 (1,,,@RT)L¥ (17 @Ry)1 = n2aT L¥ 7w = n2r21TL¥1 =
0, 17 (1, ® R{)Lf(ﬂ ® Ry)1 = m3nT L¥7 =0,

mao

= (nl + ng + 2m1)tr(N) —-1TN1
2 17 (10, ® RO LY (17, @ R1)1 = 17 (1,0, ® RT)LT (1T, ®

= 2 —Kf(G
(ma - mz + 2m) (m(nz +2) fG) Ri)1 = ngman” L7 = 0.
no 1
M T *
=1 28 Dy o e ma(ret2)
+(rz + 2)tr (4, + Lige) ™ @ In,) aves — 2 ! o
) o _ Gmamg 4 ma(ra +2)
s (0o RO, o) e

Lemma 2.5 implies that
+ mtr ((1m2 ® R)LY (1}, ® Rl)))

TNt Kf(G) = (n1 +na +2mq)tr(N) — 1" N1.

_ 2 Then plugging tr(Lg)vG ) and 1T(L(G1)vc; )1 into the equa-
= (mtno+2m) (n1(n2 +2) Kf(G) tion above, we obtain1 the2 required resullt. ’
No 1
+my ; 7%/%@1’2) ) IV. RESISTANCE DISTANCE AND KIRCHHOFF INDEX OF

EDGE-SUBDIVISION-EDGE CORONA FOR GRAPHS

n1
+(r2 +2) <m1 Z 2 ! e )+ mlfln2 2_ m2)> In this section, we focus on determing the resistance dis-
= 4+ pi(Ge) T ars tance and Kirchhoff index of edge-subdivision-edge corona

. 1 <2n y (L# )= ma(ny —1) whenever (G; is an ri-regular graph.
2(ng + 2) 2Mtribg, ) — 2l Theorem 4.1 Let G; be an r;-regular graph with n; vertices
1 " and m; edges and G2 an rp-regular graphs with no vertices
+ m <2m27”1t7”(LG1) —ma(ny — 1))) and msy edges. Then GG1VG4 have the resistance distance and
TN Kirchhoff index

(i) For any 4, j € V(G;), we have
Next, we calculate the lT(L(Gll)vGQ)l. Since L¥1 = 0, then rij(G1VG2)

1Y 2 4
(Léve,) = Bt s B — g
1 _
= 17((Ly + 3L2) 7 @ L)1+ 17 (12 +2) L e
mo + 2 J

(4Im2 + Ll(G2))_1 ® Iml)l
+17(Ro(41y + LyGy)) " ® Iy )1

+1T((4Im2 + LZ(GQ))ile—‘ & Iml)l
1 = (Inl ® (LGZ + In2)_1)ii + (Inl ® (LGz + Inz)_l)jj

(ii) For any 4,5 € V(G2), we have
Tij (G1VGQ)

—— 171, o R L¥ (17 1 _
2t 2) (e © BOLT (I, © F1) —2(In, @ (L, + Iny) ™1
1 ) .
4—ﬁ1T(1n2 ® RlT)Lf’L(lfl2 ® Ri)1 (iii) For any ¢ € V(G1),j € V(G2), we have
(2 +2) ri(G1VGa)
+—— 1" (1, @ ROHLF (1T @ Ry)1 9
2(ny +2) 2o e - (LF) + (I @ (Las + 1)),
1 T TNy # 4T ma i
mg + ij
LetT =17 2, +10) @10 ) lmin., F = ((21, .
o 1 TR S o 2 (B0 ) ke f(Giv)
2 mq)s
4ry + 2n1r:1)’ + mire
— T T ... 1T = 2 K
T - ( lnz_l lnz 1”2 ) (nl + 2 * ml) < 27117“2(7712 =+ 2) f(Gl)
F L ln2 no 1 no 1
= 1 +m T +Tam —
e 1; T(Go)+ 2 7 1;2r2—|—ui(G2)
F—l 1n2 +m1(n2 - MQ) _ (n1 — 1)(7117‘% + m2T2)>
= mill (2L, + $L2) 7M1, = 2402, 4 2ra(me + 2)
Similarl 74m1n2 + more + 4m1m2
imilarly, O :
V' (4L, + Lyy)) 'L = "2, 1T (Ra(4m, + Ligc,)) ™' ® : . :
_qT —1pT _ myms Proof Let R;(i = 1,2) be the incidence matrix of G;. Then
Iml)l =1 ((4I’m2 + Ll(Gz)) R2 ® Iml)l = T 9 . . . . .
with a proper labeling of vertices, the Laplacian matrix of
By direct computation, G1VY(G5 can be written as

(Advance online publication: 1 February 2019)
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L(G1VGa) =
Ly + rlmgfm Ony xminse 12;12 ® Ry
0m1n2><n1 7‘2_[”2 ®Im1 _R2 ®Im1
_1m2 & R? _Rg ® Iml 4Im1m2
Let A = L] + Tlmllnp B = ( OTL1><m1n2 13;2 ® Rl )’
0
T ming Xny
BT = ( . & RT and
D= 7’2]”2 ® Iml _R2 ® Im1
~-RT'e I, 4l ms '

First we compute the D~!. By Lemma 2.3, we have
Ay - B Doy

= TQIng & Iml - i(RQ ® Iml)(Rg ® Iml)
(T2In2 - l(762‘[712 + A(G2>)) ® Iml
(%IWQ + ZLZ) ® Im17

s0 (A1 — B1Dy'Ch) ™ = (21, + 3L2) 7L @ I,
By Lemma 2.3, we have
S = — C1A'By
= 4Im1m2 - %(Rg ® Iml)(lnz ® Iml)(RQ ® Im1)
= 4Im1m2 - (RTR2 ® Iml)
= 4Im1m2 - ((2Im2 + A(Z(G2)) Y Im1)

= (QTQImQ + Ll(G2 ) 2y Imla

so S~ 1 = T2(2T2[m2 =+ Ll(Gg))_
By Lemma 2.3, we have

Y@ I, .

_Al_lBls_l = _%(Inz ®Im1)(_R2®Im1)

r2((2ralim, + Lic,)) ™" @ Iny)

= Rg(??‘g[mz + Ll(Gg))_l & Iml-
Similarly, —S™1C1A7" = (2r2Lm, + Li(G,)) RS @ Ly,
Let P = (%IWQ + %LQ)il ® Iml, Q = 7’2(27’2[mz +
Ll(Gg))_l ®Im1s M = R2(2T21m2 +LZ(G2))_1 ®Im1, then

P M
-1 _
Dt = ( Yo ) |
Now we are ready to calculate H.
H - Ll + TlmQI’nl - ( On1 Xming _177;12 ® Rl )

0m1n2 XNy

P M
MT Q ~1pm, ® RT

= Li+rimol,, — 2R R = 3221,

By Lemma 2.8, we have H#* = m2_~_2L#

Next according to Lemma 2.8, we calculate —H #BD~! and
—D-1BTH#,

Note that R(G)1 = 7, where ™ = (dy,da, ...
—H#BD™1!

_ # P M
= m2+2L (O m2®R1 )( MT Q )

_ 2 # 1 1
= el 51%2R2T®R1 21£2®R1>

,dn)7T, then

= m2+2L# 7TT®R1 1%2®R1 >

and

—D-'BTH#
(P M 0 L
MT Q . _1m2 ®R1T mo+271
_ 1 TR Ry #
— mo+2 ( ]-mg (g)]%'%1 ) Ll .

We are ready to compute the D"'BTH#BD~!. Let W =
7@ RT, R=1,,, ® RT, then
D 'BTH#BD"!

_ ( 2T27T®R1

3(Lm, ® RY)
_ 1 <212WL#WT
- mo—+2

SRLYWT
Based on Lemmas 2.3 and 2.8, the following matrix
N =

>m2+2L#(7TT®R1 1£2®R1 )

#
#W@l RT
IRLFRT

2 # # #
mg 2 L1 m2+2L1 w m2+2L1 RT

1 T #wT #rT
re=Alt P+ 2T2(m2+2) wLYwW M + 2r2(m2+2)WL1 R

1 T 1 #wT 1 #RT
mara MU ey MW @F ey FIL

is a symmetric {1}-inverse of Lg,vq,, where P = (21, +
%Lz)il ® Iml, Q = T2(27"2.[m2 + Ll(Gg))il X Iml, M =
Ro(2raly, + LiGy)) ™t @ Iy, Let the above N be the
Equation (4.1).

For any ¢, j € V(G1), by Lemma 2.1 and the Equation (4.1),
we have

Tij(GlVGQ)
2 2 4
- L) L), — L,
m2+2< 1) +m2—|—2( 1) m2—|—2( 1 )ij
2
= m2+2rl‘](G1)

For any i, j € V(G2), by Lemma 2.1 and the Equation (4.1),
we have

Tij (G1VG2)

T 1
= (Farimen) ¢
T2 1 1
(5]77,2 + ZLQ) ® Im1
Jj
T 1 _
-2 ((221”2 + 5 L2) g Iml)

ij

For any i € V(G1),j7 € V(G2), by Lemma 2.1 and the
Equation (4.1), we have

Tij (G1VG2)

me + 2
o (1),
mo + 2 1 ij

By Lemma 2.5, we have

2 T2 1 _
= (18, (Gho g2 0 1)

Ji
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Kf(Lawva,)
= (n1+ng+2m)tr(N) —17N1

tr(L})

= 2

T2 1 _
+tr <(2[n2 + ZLQ) L Im1>

Similarly, 17((%1In, + §L2)™" ® Iy,,)"'1 = 2mnz
].T(27’2.[m2 + Ll(Gg))_ll = ;7;2, 1 (R2(2’I"2.[m2 +
Ll(Gg)) ®Iml)1—1T((27’2Ln2+[’l(€2)) RQ ®Im,)1 =
mima

ro
By direct computation, 17(r @ RT)L¥(xT © R;)1
n21TRTL¥ Ri1 = n2r21TL71 = 0.

X Similarly, 17(r ® RT)L#(lfm ® Ri)1 = 1T(1m2 ®
+ rotr ((2r2lm, + Lie)) ™" ® Imy) RT)L# (" ® Ri)1 = 17 (1,0, ® RY)LF (1T ® Ry)1 = 0.
+ mtr ((TF & R{)L#(WT & Rl)) So
2min m 2mim
1 17 1 = Mg M2 L)
+mt’/’ (( mo ®RT)L#(1T ®R1))>> - 1TN1 (G1VG2) 9 2 + T

Note that the Laplacian eigenvalues of (%I, + 1L;) are

%:ul(GQ) + %a i/LQ(GQ) ceey 4:“‘77«2 (GQ) 2
Then

tr((ﬂlnz + lLQ)_l ® Iwn)_
= mpy ;2 1(4uz( 2) +3)
= ml Zz: Z/”'?ﬂ(G2)+PT27.
By Lemma 2.6, then
tr((2ralm, + LiGs)) ™ ® Imy) =

n2 1 ml(ngfmz)
my Zi:l 2T2+,LL7;(G2) + 4rg

By direct computation and Lemma 2.7,
tr(r ® RT)LY (" ® Ry)

= (X0, d)tr(RTLY Ry)
= (an d2)zz<j’ij€E(G) L§+Lﬁ.+2L?§)

= (T A Cicjijene (214 +2LF - Tz‘j(Gl)) :
= 2", d)tr(De, LE) — (X0 d?)(ny — 1)
2n1r%tr(Lé) —n1r?(ng — 1),
and
tr(lm, ® RT)LT (1T, ® Ry)
= mQtT(R,{L:#Rl)
= mgtr(2Lff + 2Lj§ - Tij(Gl))
= ma(tr(Dg, L) — (ny — 1))
= ma(ritr(LE) — (n1 — 1)).
Next, we calculate the 1T(L83vc2)1. Since Lﬁl =0, then
1
1T(L(C¥1)VG2>1
= (2L, 4+ i) te T (211,
- ((5 n2 + Z 2) ® m1)1 +T‘21 (2r2 mo
+Ly(Gy) "t @ I, 1
+17(Ro(2ralim, + Liy) ™" ® I, )1
+17((2ra 1, + Ly RE) ' @ Iy )1

1

+7
2rg(ng + 2)
1

+7
2ra(ng + 2)

1

— 1T ROV (2T ® Ry)1

+2(m2+2) (m2® 1) 1(7T ® 1)
1

+7

T(x @ ROYL¥ (x7 @ Ry)1

T(x @ RDLE(AT, ® Ri)1

T( mao ®RT)L#(1T ®R1)

4m1n2 —+ more + 4m1m2

27‘2

Lemma 2.5 implies that

Kf(G1VG2) = (n1 “+ ng + le)t’l“(N) —1TN1.

Then plugging tr(LSI)VGZ) and lT(Lgl)vgz)l into the equa-
tion above, we obtain the required result.

V. CONCLUSION

In this paper, we give the closed-form formulas for resistance
distance and Kirchhoff index of the edge-subdivision-vertex
and edge-subdivision-edge corona. This method is a general
method. The resistance distance and Kirchhoff index of
the the edge-subdivision-vertex corona and edge-subdivision-
edge corona can obtain in terms of the resistance distance and
Kirchhoff index of the factor graph.
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