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Abstract: As two significant performance indicators, structure connectivity and substructure connec-
tivity have been widely studied, and they are used to judge a network’s fault tolerance properties
from the perspective of the structure becoming faulty. An n-dimensional bubble-sort star graph BS,
is a popular interconnection network with many good properties. We find the upper bounds of
k(BSy; K1,3) and «°(BSy; Ky 3) in this paper. Furthermore, we establish «(BS;; H) and x°(BS;; H) of
BSy, where H € {Ky,Ky1, K12}

Keywords: connectivity; bubble-sort star graph; fault tolerance; interconnection network;
structure connectivity

1. Introduction

With the development of parallel and distributed computer systems, the number of
processors in an interconnection network is increasing at a great rate. The topology of a
high-performance computer can be indicated by an undirected graph G, represented by
G(V(G), E(G)), where we use V(G) to represent the processor set and E(G) to represent
the link set.

As a significant performance indicator, connectivity is widely studied, and it is used
to judge a network’s fault tolerance properties [1]. In addition, some other connectivities
with restrictions have been proposed, such as conditional connectivity [2], g-extra connec-
tivity [3], h-restricted connectivity [4,5], and R¢-connectivity[6]. Most works have only
focused on the impact on the network when individual nodes fail. In an actual network
environment, the vertices connected to a fault vertex are more prone to fail, which means
that some network structures or substructures may fail. Based on this thought, Lin et al. [7]
considered the impact on the network from the perspective of structure failure and pro-
posed two connectivities, which are called structure and substructure connectivity. These
two connectivities can be used to evaluate a network’s fault tolerance properties. A network
has good structure fault tolerance properties if its (sub)structure connectivity is high.

We use F = {Hy, Ha, ..., H:} to express one of the subgraph sets in G. Here, each
H; € F(1 <i <t) denotes a connected subgraph of G. F is called a subgraph cut of graph
G if removing V(F) from G disconnects G or makes G trivial. If each H; € F(1 <i <t)is
isomorphic to H(or a connected subgraph of H), where H denotes a connected subgraph of
G, we say that F is an H-structure-cut (or H-substructure-cut). The minimum cardinality of
all H-structure-cuts (or H-substructure-cuts) of G is defined as the H-structure-connectivity
(or H-substructure-connectivity) of G, which is denoted by x(G; H) (or «°(G; H)). With the
definitions above, we have (G; H) > «°(G; H).

Paths, cycle, and stars are three common structures that exist in all networks. Recently,
most of the research on structure connectivity was based on these three structures. For
example, star/cycle structure fault tolerance in a hypercube [7], k-ary n-cube [8], balanced
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hypercube [9], and twisted hypercube [10] was studied. Star/cycle/path structure fault
tolerance in a folded hypercube [11] and alternating group graph [12,13] was investigated.
Cycle/path structure fault tolerance in a bubble-sort star graph [14], bubble-sort graph [15],
and wheel network [16] was studied.

The bubble-sort graph B, and star graph S,, which were introduced by Akers and
Krishnamurthy [17], are two alternatives to the hypercube. These two graphs have many
attractive features, except for the embeddability of S,, and the diameter of B,,. To improve
the performance of these two graphs, Chou et al. [18] proposed the bubble-sort star graph
BS;, which is a combination of B, and Sj,. It was proven that BS;, had a better embeddability
than that of S, and a smaller diameter than that of B,. Hence, BS; has the advantages of
both B, and S,,.

In [14], Zhang et al. gave x(BS,,; H) and «°(BS,; H) for BS,, where H is a path or a
cycle. In this paper, we determine the star structure fault tolerance in BS,,. We present the
upper bounds for x(BS,; Kj 3) and «°(BS,; K7 3). Furthermore, we establish x(BS,; H) and
k°(BSn; H) of BS,, where H € {Kj,Kj1,K12}. We will get the following results for BS,
with n > 4:

2n—-3 ifH=K;
k(BSy;H) = ¢2n—3 if H=Kj,
n—1 if H= Kl,2 ’

m—3 ifH=K
K*(BSy;H) = {2n—3 if H= Ky,
n—1 ifH:KLz

and
3En4—1; if (n—1)%4=0
3(n—2 :
41 if(n—2)%4=0
©°(BS,,; K < x(BS,; K < 4
( n 1,3)— ( n 1'3)_ M+1 1f(n—3)°/o4=0
(n—4)

3 L2 if (n—4)%4 = 0.

The structure of this paper is organized as follows. First, the preliminaries will be
given in Section 2. Then, we determine the results of the structure connectivity «(BS,; H)
and substructure connectivity x°(BS,,; H) in Section 3. Finally, we give a summary of the
paper in Section 4.

2. Preliminaries

Two vertices y, v are adjacent if (y,v) € E(G). Let Ng(p) denote a vertex set in
which each element is adjacent to p. Suppose that S is a vertex set of G. We can define the
neighborhood of S as Ng(S) = (Uyes N(x)) — S (or N(S) for short).

Let [n] = {1,2,...,n}. BS, has n! vertices, each of which is labeled with a permutation
# = p1p2. . py On [n], where p; # pjand i # j. For example, 1234 and 1243 are vertex
labels when n = 4. We use vertex labels to represent the nodes in this paper. Let y be any
vertex of BS,,. We define an operator on y, which is denoted by y{, wherel <i#j<mn,
such that the ith bit and jth bit of y are exchanged. If y = 12345, then p? = 21345 and

pu3 = 12435. The neighbor of y{: can be denoted by ( ],tf) f(, where 1 < k # I < n. For example,
(13)% = 21435 and (p3)3 = 31245. We give the following definition of BS,,.

Definition 1 (see [18]). There exist n! vertices in BSy, each of which is labeled with a permutation
on [n]. Any two vertices y and v of BS, are adjacent if and only if v = pj for2 < i < nor
v=pfor2<i<n-1

The graphs BS3 and BS, are depicted in Figure 1. We can see from the definition that
BS, is a (2n — 3)-regular bipartite graph. For any vertex y in BS,, N(u) = {§j|2 < j <
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n}U{ y;H |2 <j <n—1}. Inaddition, BS, is a Cayley graph with vertex symmetry. BS,
is composed of n subgraphs BS},, BS%, ..., BS}l, where each BS;(l <i<n)is isomorphic

to BSn,1 .
4321 4231
3421 2431
3241 2341
3214 2314
3124 2134
3412/ 3142 o143 \ 2413
321 231
1324 1234
4312 013
312 213 1342 243
4132 1423 42
132 123 43
(a) (b)

Figure 1. The graphs (a) BS3 and (b) BS;.

3. Structure Fault Tolerance of BS,,

We first prove x(BS;; H) and «° (BS,,; H) for any integer n > 4, where H € {Ky,Kj1,K1}.
Then, we study the upper bounds for x(BS,; K7 3) and «°(BS,; K1 3).

Lemma 1 (see [19]). Forn > 3, x(BS,) = A(BS,) =2n — 3.

By Lemma 1, we can easily get the results as follows.
Theorem 1. x(BS,;Ky) = 2n — 3 and «°(BS,; Ky) = 2n — 3 for any integer n > 4.
Lemma 2 (see [19]). Forn > 2, kA(BS,) = 2n — 3.

Lemma 3. Let p be any vertex in BS, and let v = y3 for n > 4. Then, (u},v}) € E(BS,) for
2<i<mnand (uit,vi™) € E(BS,) ford <i<n-—1.

Proof. Let yu = pipiopts. .. piphiv1 - - - pn. Then, v = pypspa ... piptiy1 - - - in. We have pi =
Hik2H3 - - PAHit] - - fn @0d V] = pipiapia .. ity - - - for 4 < i < n. Since (u)3 = 1/1,
then (uj,v}) € E(BS,) for 4 <i < n. Again, we have W3 = o3 .o Piis] - Pn, B3 =
H3M2aH1 - Mzﬂz+1 < Hns V% = Vaﬂlﬂz -HiMis1 - - - fn, and Vi = Hap3p .- Hillip1 - B
Then, (V1)1 = v? and (13)? = v3. Hence, (u},v}) € E(BS,) for 2 < i < n. Similarly,
V;"rl _ ]/{1]/{2]/[3 ]/ll+1]/ll ]’ln and ]/l+1 = ],[1],[3],{2 ],{lJrl]/{l ]/ln fOI' 4 S l S n— 1 Sil‘lce
(13 = It then (;41“ vitl) e E(BSn) fora<i<n-—1. O

Lemma 4. Forn > 4, x(BS,; K1) < 2n—3and x°(BS;;Ky1) <2n—3.
Proof. Lety =12...nand v = y% Weset H= {{p},vi}[2 <i<n}u{{uthv}4<

i<n—-1}U{{us, (;43) },{v3, (v3)3}}. Then, |H| =n—1+n—4+2 = 2n — 3. Obviously,
N({u,v}) C V(H). Then, BS, — V(H) is disconnected and {y, v} is a component of
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BS, — V(H). By Lemma 3, each H; € H is isomorphic to Kj 1, and we get x(BS,; Ky 1) <
2n — 3 and «°(BS;; K1,1) < 2n — 3. See Figure 2 for an illustration. [0

vi=14321 pi=4231

vi=3124/

- )

Figure 2. An example of x(BS;;; Ky1) < 2n—3 and «°(BSy; Ky1) < 2n — 3, where n = 4.

Lemma 5. Forn > 4, x°(BS,;Ky1) > 2n — 3 and k(BS,; Ky1) > 2n — 3.

Proof. Let H = {T;|1 < i < 2n — 4} be a subgraph set of BS,,, where each T; is isomorphic
to a connected subgraph of Kj ;. To prove x°(BS;;; K1) > 2n — 3, we need to show that
BS, — V(H) is connected. Let H. = HN E(BS,) and H, = H — H,. We consider the
following three cases.

Case 1. |Hy| = |H|.

In this case, |V(H)| < 2n — 4. Since k(BS;,) = 2n — 3, BS,, — V(H) is connected.

Case 2. |H,| = |H|.

In this case, |[E(H)| < 2n — 4. Since A(BS,) = 2n — 3, BS,, — V(H) is connected.

Case 3.0 < |Hy| < |H| and 0 < |H,| < |H]|.

In this case, |H| + |Hy| = |H| < 2n — 4. By Lemma 2, BS,, — V(H) is connected.

Hence, «°(BS;;Ky1) > 2n — 3 and x(BS,;Ky1) > 2n—3. O

According to Lemmas 4 and 5, we have Theorem 2.
Theorem 2. x(BS;;Ky1) = 2n — 3 and x°(BS,;; K1 1) = 2n — 3 for any integer n > 4.
Lemma 6. Forn >4, x(BS,;K12) <n—1and x°(BSy;K12) <n—1.

Proof. Let y = 12...nand H = {{}, ()i, ui™'}2 < i < m— 13U {pf, (uD)}, (u7)3}-
Then, |Hl =n—2+1=n—1. Since N(u) C V(H), BS, — V(H) is disconnected, and
one component of BS, — V(H) is {u}. Since (u, (yi)?’l), ((ya)iﬂ,yf“) € E(BSy), each
element in H is isomorphic to K, where ( ‘uil)i*l is the center vertex. Then, we get
k(BSy;Ky2) <n—1and «°(BS,; K1) < n —1. See Figure 3 for an illustration. [

Lemma 7. Let u be any vertex in BS,, let M = Kj 5 be any connected subgraph in BS,, and
let c(M N N(p)) be the maximum number of neighbors of y that can be contained in M. Then,
c(MNN(n)) <2

Proof. Let V(M) = {p;|0 < i < 2}, where y; is the center vertex of M. Suppose that
c(M N N(p))=3. Then, we have two Cs: {uo, u1, 1} and {2, p1, p}. Since BS,, is bipartite,
there is no C; in BS,,, and we get a contradiction. Hence, (M N N(p)) <2. O



Information 2023, 14, 120

50f9

(D3 =4321  ptza231

\
AY
\

3421 'Y
i =211

24 2541
u3=3214\ 4 - 2314
.
243
=3124 ¢ h 2_
(1)1 B A/ u2=2134
\ ~,
3142 3 N 2143
! h 23 Sso 241
N
=13y B S\
<
Ss
812 1342 ph=12430 PN (Dt = 4213

3
4132 1423 412

1432
Figure 3. An example of k(BS;;; K1) < n —1and «*(BS;;Ky2) < n—1wheren = 4.
Lemma8. Let H = {Hy, Hy, ..., H} be a subgraph set of BS,,, where each H; € H is isomorphic
to a connected subgraph of Ky 5. If t < n — 2, then BS,, — V(H) is connected.

t

Proof. Suppose that y is any vertex in BS,. Lets = Y c¢(H; N(x)). By Lemma 7,
i=1

s <2(n—2)=2n—4<2n—3 = «(BS,). Then, by Lemma 1, BS,, — V(H) is connected. [J

According to Lemma 8, we have Lemma 9.
Lemma9. Forn >4, kx(BSy;K12) > n—1and x°(BSy; K12) > n—1.
According to Lemmas 6 and 9, we have Theorem 3.
Theorem 3. «x(BS,;Kj,) =n —1and «°(BS,; Ky 2) = n — 1 for any integer n > 4.

Lemma 10. Let u be any vertex in BS,, and let ya, y’ﬁl

BS,for2<i<n—1landn > 4.

and yﬁ“ have a common neighbor in

Proof. Let p = x1...%;Xj41...x,. Then, pﬂi =Xj...X1Xj41 ... Xn, yi“ = Xj41... X X1 ... Xn,
and pit! = xp.xpx. . x Letv = ()™ = xi0.oxx. . xe. Then, (pd,v) €
E(BSy). Since (14™) = x;y.oxqxi. o0y = pand (1) = xiqxqx. 0 = 4
(1, v), (41, v) € E(BS,). Hence, v is the common neighbor of pi 1/ and pi 1. O

i .

Lemma 11. Let yu be any vertex in BS,, and let yf“ and yiig have a common neighbor in BS,
foriwith2 <i<n-—3andn > 4.
i+1 i+3
Proof. Letp = X1 ...%Xi{1Xi12Xit3 ... Xn. Then, ui™" = xy ... XXX 0Xig3 .. X, Hily =
— i+1\i+3 _ i+1
X1 oo XiXi41Xi43Xi42 - - - Xpg. Letv = (]l; );12 = X1 Xi41XiXi43Xj42 .. . Xpp. Then, (]liJr ,1/) €
: i+3Yi+1 i+3

E(BSy). Since (ui13)i"" = X{ .. Xj41XiXig3Xip2 .. Xn =, then (u3,v) € E(BSy). Hence,
v is the common neighbor of y!*! and yiig O

Lemma 12. Forn > 4,
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u ; if (n—1)%4 =0
3(n—2 :
241 if(n—2)%4=0
K5 (BSy; Ky 3) < xk(BSy; Ky3) < { 2
( n 1,3) > ( n 1/3) @ +1 1f(n —3)0/04 =0
3(”4—4) +2 if(n—4)%4=0

Proof. Let u be any vertex in BS,. Each y has n neighbors N(u) = {pi2 < i <
n} U{yiJrl |2 <i < n—1},sowe can construct Kj 3 with N (). According to Lemma 10, we
can construct Hy = {{p#, p3"", y271, (12027131 < i < 251} which has 5! K; 3 when
n is odd. In addition, we can construct H; = {{p3’ ,y%lﬂ,y%i“ (p¥ )ZZH}\l <i<H* n=23,

which has 2 2 K13 when n is even. By Lemma 11, we can construct K 3 with s 41 and

yiiﬁ fori > 1. Then, if there are still vertices left, we can build K; 3 with these vertices and

their neighbors. We have the following four cases.

Case 1. (n —1)%4 = 0.

We can construct Kj 3 as follows:

H1 = {13187 3, (B < <

= i i (i 0T ()i

H3 = {{‘un 27 (uun 2)1’ (ﬂn 2)1’ (;un 2) }}

Let H = Hy UH, U Hs. Then, |H| = "5t + 25 41 = 301 Since N(i) € V(H),
BS, — V(H) is disconnected and y is a Component of BS, — V(H) For each H; in H is
isomorphic to Kj 3, we have x(BS,; K 3) < 3(”4;1) and «°(BS;; Ky 3) < @.

Case 2. (n —2)%4 = 0.

We can construct Kj 3 as follows:

Hy = {3 1340, i3, (3031 < < 2,

Ho = (o 145 05 (G R << 2y,

Hs = {{uf, ()7, ()3, ()1}

Let H = Hy U Hy U Hy. Then, |H| = 252 + 122 1 = 3002 4 q Since N(i) C V(H),
BS, — V(H) is disconnected and y is a component of BS, — V(H). For each H; in H is
isomorphic to Kj 3, we have x(BS;; Ky 3) < 3("47_2) +1and x°(BS;; Ky 3) < 3(”47_2) +1.

Case 3. (n —3)%4 = 0.

We can construct K 3 as follows:

H1 = {3, 3, A1 < < 251y,

wa

7

\—/I\)

}

<i<ip)

{{P‘4z 1/V?1§ﬁ/ (P‘4z )jﬁ‘ﬁr((ﬂn 1 jﬁﬁ) p<i<ip 3}
Let H = H; UH,. Then, |H| = 21 4+ 23 — 303 4 1 Gince N(x) C V(H),

BS, — V(H) is disconnected and yu is a component of BS,, — V(H). For each H; in H is
isomorphic to Kj 3, we have x(BS;; Ky 3) < 3(" 3 4 1and« *(BSy;Ky3) < (”4_3) +1.

Case 4. (n —4)%4 = 0.

We can construct Ky 3 as follows:

Hy = ({8 G2 < < ),

Hy = {{pii_,, P‘i;ﬁ/ (1 )jﬁ‘ﬁr ((uii4 ii@ H1<i< iy,

Hy = {{p, myyqs (1)1 ((VZ—l)n)z}}

Let H = Hy U Hy U Hs. Then, |H| = 52 4+ 4 11 = 3004 1 9 Since N(i) € V(H),
BS, — V(H) is disconnected and y is a component of BSn — V(H). For each H; in H is
isomorphic to Kj 3, we have x(BSy; Ky 3) < M +2and «°(BSy; Ky 3) < 3(”4774) 4 2. See
Figure 4 for an illustration. [J

According to the proof, we give an algorithm for calculating the upper bounds of
the Kj 3-(sub)structure connectivity of BS;, (see Algorithm 1). We performed a simulation
based on this algorithm to get the upper bounds of the K 3-(sub)structure connectivity
when the dimension was n < 9. The results obtained from the algorithm are consistent
with those of Lemma 12, please see Table 1 for reference.
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Algorithm 1: Calculate the upper bounds of Kj 3-(sub)structure connectivity

[ I N C

(=)}

© @« 3

10
11
12
13
14
15
16
17
18

19
20

21
22
23
24
25

Input: node y, dimension n
Output: upper bounds of Kj 3-(sub)structure connectivity
switch n%4 do
case 0:
fori <+ 1to "T_z do
construct Ky 5 with {u3, p31, 20, (2021
fori < 1to ”T*‘l do
. 4i G2 i A2 PRI
construct Ky 3 with {pg;_4, %ﬁil, (y4§71)4iil, ((y4§71)4211)1} ;
construct Ky 3 with {uf, u?_,, (.“271)51/ ((.”Zq)ﬁl)%}} ;
case 1:
fori+ 1to ”—51 do
construct Ky 3 with (', 1", ;L (W11
fori+ 1to ”T’5 do
i i A2 4 Y42 | \4i+2Y2) .
construct Ky 3 with {uj! ;, V4;¢1' (yfﬁ;l)ﬁil, ((],[21;71)41,11)%} ;
H -1 —1\2 -1 —1\4y .
construct Ky 3 with {3, (1"~ 2)2, (1" 3)3, (W01}
case 2:
fori<+ 1to ”T_z do
construet Ky with 1 741,137, 0871
fori<+ 1to ”T_Z do

construct Ky 3 with {u4l |, utit2

4i 4i+2 4i 4i42\2y .
wi (Mg Dgi (gt Dy )i
construct Kj 3 with {u}, (;ﬂf)%, (y{‘)%, (;4?)%} ;
case 3:
fori < 1to ”Tfl do
. i 2i41 241
construct Ky 3 with {p3’, p3" 1, p5i*
fori < 1to "33 do
4i+2

. 4i 4 N\AI+2 (04 V44242 .
construct Ky with {py;_q, pyi 03, (Mg ) g1 ((Mgi_) g 1)1)

(D3

end

Figure 4. An example of x(BS;;; Ky 3) < % +2and x°(BSy; Ky 3) < @ + 2 where n = 4.
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Table 1. The upper bounds of Kj 3-(sub)structure connectivity.

n==4% n=>5 n==~o n=17 n==8 n=29

K(BSy, Ki3) < 2 3 4 4 5 6
K5(BSp;Ki3) < 2 3 4 4 5 6

4. Conclusions

The connectivity of a network is a significant indicator for measuring that network’s
fault tolerance properties. In order to assess the impact of structure failure, structure connec-
tivity and substructure connectivity are presented. In this paper, we find the upper bounds
of k(BSy; Ky 3) and x°(BSy; Ky 3). Furthermore, we establish «(BS,; H) and «°(BS,; H) of
BS,, where H € {KHKl,ll Kl,2}~

A hypercube Qj, is an efficient symmetric network that has been used for commercial
high-performance computers. The star graph S,, and bubble-sort graph B, are two alterna-
tives to the hypercube. BS;;, which is generated by merging B, and S, has the advantages
of both B, and S,,. Here, we compare the H-(sub)structure connectivity of Q;, B;;, S;, and
BS, for H € {Ki,Kj1,Kj,}. As shown in Table 2, BS, has the highest K;-(sub)structure
connectivity and Kj 1-(sub)structure connectivity among these four networks. In addition,
BS;, has the same Kj 5-(sub)structure connectivity as that of S,;, which is larger than those
of Qn and B,,. The comparison shows that BS, is more stable than Q,,, S;;, and B, when
structure faults occur.

Table 2. Comparison of {K1, Kj 1, K1 2 }-(sub)structure connectivity.

Dimension Kq K11 Ky
Qn 7 7 6 4
Sn 7 6 6 6
B, 7 6 6 3
BS, 7 11 11 6
Qn 8 8 7 4
Su 8 7 7 7
By 8 7 7 4
BS;, 8 13 13 7
Qn 9 9 8 5
Sn 9 8 8 8
B, 9 8 8 4
BS;, 9 15 15 8
Qn 10 10 9 5
Su 10 9 9 9
By 10 9 9 5
BS;, 10 17 17 9

Author Contributions: Conceptualization, L.Y.; methodology, Y.H.; investigation, J.J.; writing—
original draft preparation, L.Y. and J.J.; writing—review and editing, Y.H. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

1. West, D.B. Introduction to Graph Theory; Prentice Hall Publishers: Englewood Cliffs, NJ, USA, 2001.

2 Harary, F. Conditional connectivity. Networks 1983, 13, C347-C357.

3.  Fabrega, J.; Fiol, M.A. On the extraconnectivity of graphs. Discret. Math. 1996, 155, C49-C57.

4 Esfahanian, A.H.; Hakimi, S.L. On computing a conditional edge-connectivity of a graph. Inform. Process. Lett. 1988, 27, 195-199.



Information 2023, 14, 120 90f9

11.

12.

13.

14.

15.

16.

17.

18.

19.

Esfahanian, A.H. Generalized measures of fault tolerance with application to n-cube networks. IEEE Trans. Comput. 1989, 38,
1586-1591.

Latifi, S.; Hegde, M.; Pour, M.N. Conditional connectivity measures for large multiprocessor systems. IEEE Trans. Comput. 1994,
43,218-222.

Lin, C.-K.; Zhang, L.; Fan, J.; Wang, D. Structure connectivity and substructure connectivity of hypercubes. Theor. Comput. Sci.
2016, 634, 97-107.

Lv, Y; Fan, J.; Hsu, D.E; Lin, C.-K. Structure connectivity and substructure connectivity of k-ary n-cube networks. Inf. Sci. 2018,
433-434,115-124.

Lv, H.; Wu, T. Structure and substructure connectivity of balanced hypercubes. Bull. Malaysian Math. Sci. Soc. 2020, 43, 2659-2672.
Li, D.; Hu, X,; Liu, H. Structure connectivity and substructure connectivity of twisted hypercubes. Theor. Comput. Sci. 2019, 796,
169-179.

Sabir, E.; Meng, J. Structure fault tolerance of hypercubes and folded hypercubes. Theor. Comput. Sci. 2018, 711, C44-C55.

You, L.; Han, Y,; Wang, X.; Zhou, C.; Gu, R;; Lu, C. Structure connectivity and substructure connectivity of alternating group
graphs. In Proceedings of the 2018 IEEE International Conference on Progress in Informatics and Computing (PIC), Suzhou,
China, 14-16 December 2018; pp. 317-321.

Li, X.; Zhou, S.; Ren, X.; Guo, X. Structure and substructure connectivity of alternating group graphs. Appl. Math. Comput. 2021,
391, 125639.

Zhang, G.; Wang, D. Structure connectivity and substructure connectivity of bubble-sort star graph networks. Appl. Math. Comput.
2019, 363, 124632.

Zhang, G.; Lin, S. Path and cycle fault tolerance of bubble-sort graph networks. Theor. Comput. Sci. 2019, 779, 8-16.

Feng, W.; Wang, S. Structure connectivity and substructure connectivity of wheel networks. Theor. Comput. Sci. 2021, 850, 20-29.
Akers, S.B.; Krishnamurthy, B. A group-theoretic model for symmetric interconnection networks. IEEE Trans. Comput. 1989, 38,
555-566.

Chou, Z.; Hsu, C.; Sheu, J. Bubble-sort star graphs: A new interconnection network. In Proceedings of the International Conference
on Parallel and Distributed Systems, Tokyo, Japan, 3-6 June 1996; pp. 41-48.

Wang, S.; Wang, M. The strong connectivity of bubble-sort star graphs. Comput. J. 2018, 62, 715-729.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



	Introduction
	Preliminaries
	Structure Fault Tolerance of BSn
	Conclusions
	References

