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THE NUMBER OF LOCATING INDEPENDENT
DOMINATING SET ON GENERALIZED CORONA PRODUCT GRAPHS

DAFIK!, IKA HESTI AGUSTIN, AND DWI AGUSTIN RETNO WARDANI

ABSTRACT. A set of vertices in a graph in which no two of vertices are ad-
jacent is called independent set. A set of vertices D of graph G = (V, E) is
called dominating set if every vertices from v € V(G) — D is adjacent to a
vertex v € D. An independent dominating set of graph G is a set that is both
dominating and independent. A set of vertices D of graph G is called locating
dominating set with the additional characteristics that for u,v € (V(G) — D)
satisfies N(u) N D # N(v) N D. Locating independent dominating set of graph
G is a set of vertices D of graph G with satisfies characteristics of independent
dominating set and locating dominating set. Locating independent domina-
tion number is the minimum cardinality of locating independent dominating
set and denoted ~v.,;(G). In this paper, we have analyzed the locating indepen-
dent domination number of corona product on path, cycle, helm, wheel, sun
flower, ladder graph, and its results attain the lower bound. Furthermore we
determine the generalized corona product of graphs.

1. INTRODUCTION

Along with this paper, we assume that all graphs are simple, nontrivial, and
undirected. A graph G is pairs of (V(G), E(G)) with V(G) = {v1,ve,...,v,} are
finite and not empty set of vertex and E(G) = {ey, e, ...,¢,} is a set of irregular
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pairs {vy, v} from vy,v, € V(G) called an edge. For more detail definition of
graph, we refer to [3,4].

Graph theory develops very rapidly, thus it gives a lot of new study in graph
theory. Graph study provide useful mathematical models for a wide range of
applications. Especially in the early of this 21st century, where the first years
of it was marked by the rise of disruptive technology. One of the disruptive
technology is designing a massive parallel processing systems. The complexity
in building massive scale parallel processing systems has resulted in a growing
interest in the study of interconnection networks design. Network design affects
the performance, cost, scalability, and availability of parallel computers. The
dominating set (DS) study is the one of activities to discover a good structure of
the network is one of the basic issues.

A set of vertices D of graph G = (V, E) is called a dominating set if every ver-
tex from u € V(G) — D is adjacent to a vertex v € D. The minimum cardinality
of dominating set is called domination number, denoted by (G). Some natural
extensions derived from dominating set study have been found, it implies this
topic splits into several type of dominating set such as independent dominating
set (IDS), locating dominating set (LDS), locating independent dominating set
(LIDS). The dominating set is called LDS if for any two vertices v, welV — D,
N(v)ND # N(w)N D. The value of v.(G) is the minimum cardinality of LDS,
called a locating domination number. Slater [1,2,5,6] firstly studied the concept
of LDS. The local dominating set is a dominating set with an additional charac-
teristics that D is an independent set and every vertex not in D is adjacent to
a vertex in D. The i(G) is the minimum number of vertices in an independent
set D C V(@) such that D also dominates V(G). The LIDS of graph G is a
set that both locating dominating and independent set. The locating indepen-
dent domination number is the minimum cardinality of LIDS and denoted by
v1i(G). The lower bound of locating independent domination number of graph
Amal(G, v, m) has determined by Wardani et. al. [7] .

In this research we will study the locating independent dominating set and we
will determine the locating independent domination number of corona product
of graphs. Wardani et. al. [8] have determined the lower bound of LIDS of
corona product of graph and obtained two Lemmas in the following.
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Lemma 1.1. [8] Let H,, H, be a simple, connected, and undirected graphs. If
H, ® H,, then locating independent dominating set of Hy ® Hs is located in H,.

Lemma 1.2. [8] For any graph H, of order n and H, of order m, so

p(H1) (v, (Ha)) ;for diam(Hsy) > 2
VLi = § ~ ;for diam(Hsy) < 2
svLi(Ha) =~

Furthermore, we will extend our study for a generalized corona product of
graphs, namely H; ®! H,. Lai [9] determine the corona of two graphs H, and
H,, denoted by H; ® H,. This graph is developed from one copy of H; and
| V(Hy) | copies of H, where the ith vertex of H; is adjacent to every vertex
in the ith copy of H,. For any integer | > 2, we establish the graph H; ®! H,
recursively from H, ® Hy as H; ©' Hy = (H, ®'~! H,) ® H,. The graph H, &' H,
is also called as [ — corona product of H, and Hs.

2. RESULTS

We are now ready to present our results on the locating independent dominat-
ing set of generalized corona product of graphs. First, we will show the lower
bound of locating independent domination number of corona product of graph
G ® H in the following theorem.

Theorem 2.1. Let G be a corona product of ladder graph L, and helm graph
H,. For u > 2 and k > 3, the locating independent domination number of G is

’yLi(LUQHk) = 2U(k‘ + 1)

Proof. The corona graph L, ® Hj is a connected graph with vertex set V(L, ®
Hy) = {xp,yr;r = Lau} U{al;r = 1wt = 1 and 2} U {a] ,ypr = L.u,s =
1..t,t = 1 and 2} and edge set E(W, ® Py) = {x, @41, YpYrr1;7 = Lu — 1} U
{zryr;r = L} U{zpal eyl sr = 1w, s = 1.6t = 1 and 2} U {z,a), yral;r =
Ly U{zl ) oo, 00 s = Louys = Lt = 1} U{apay g, afy gr = 1ougs =
Lt} Ufa) 2l ur i, ;r = Lays = 1t} U{a) 2}, y0 97 = Lou}. Thus
\V(L, ® Hg)| = 4u + 4uk, |E(L, ® Hy)| = bu + 10uk — 2, and diam(Hy) = k.
vri(Hg) = k + 1. Figure 1 shows the examples of corona graph of wheel and

path graphs. Based on Lemma 1.2, we have ~,(L, ® Hy) > 2u(k + 1).
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FIGURE 1. Corona of L, and Hj.

Now, We will prove that v.;(L, ® Hy) < 2u(k + 1) with choose D = {22 ;r =
Lou,s =1.k}U{y};r=1.u,s=1.k}U{al;r =1.u,t =1 and 2} as the domi-
nator set of L, ® Hy, for u > 2 and k > 3, thus |D| = 2u(k+1). Choose V — D =
{z} gr=1.us=1.k}U{y ;r=1.us=1.k} U{z,,y;r = 1.u} as the non-
dominator set of L, ® Hy) for u > 2 and k£ > 3. Furthermore, we will obtain the
intersection among the neighborhood N (v) with v € V(G) — D and dominator

set D in the following.

N(‘I}',s) ﬂ D -
N(y.,)ND

N(z,)ND

N(y.)ND

{22, al},r=1.u,s=1.k

r,s) Uy

{y2s a0z}, r=1.u,s=1.k

r

{:1:72“75; s=1.k}U{al},

r=1.u
{} s =1.k}U{al},
r=1..u

It can be shown that the intersection among the neighborhood N (v) with v €
V(G) — D and the element of D are all different, and it is not empty set.
The set D does dominate all vertices in V' (L, ® Hy). So, we can conclude
that for v.;(L, ® Hy) < 2u(k + 1) satisfies the upper bound of LIDS. Thus,
vLi(Ly © Hy) < 2u(k 4 1). Therefore, vp;(L, ® Hy) = 2u(k + 1).

Figure 2 describes the LIDS of corona of wheel graph and path graph.

g
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FIGURE 2. LIDS of L3 ® Hj.

VLi(L.oSE,) = 2uk.
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Theorem 2.2. Let G be a corona product of graph of ladder L, and sunflower
SFy. For u > 2 and k > 4, the locating independent domination number of G is

Proof. The corona graph L, ® F}, is a connected graph with vertex and edge
set are V(L, © SFy) = {z,,yr = Ly Uzl y 57 = Lu,s = L.kt =1
and 2} and E(L, ©® SFy) = {x,xr 11, YpYpry1;r = Lou — 1} U{zy;r = Lou} U
{woal Lyl i = Lu,s = 1.kt =1and 2} U{z, 2} 1,9 Yo7 = Lou,s =
Lk =1} Uz, 27,y 0nr = Lags = Lk — 1} U Az, 27 (00 Yrolreis 7 =
Loau,s=1.k=1}U{z, 2}y rr = Ly U{x) 22,y y2 ;7 = 1.u}. Thus
\V(L, ® SFy)| = 2u + 4uk, |E(L, ® SF})| = 10uk 4+ 3u — 2, and diam(SFy) =
|5 + 1. The locating independent domination number of sunflower graph is
vLi(SFy) = k. Based on Lemma 1.2, we have v.;(L, ® SFy) > 2uk.
Now, we will prove that ~v,,;(L, ® SF}) < 2uk with choose D = {x
l..u,s = 1..k} as the dominator set of L, ® SFy, for u > 2 and k > 4, thus |D| =
2uk. Thus, the non-dominator set of L, ® SF, foru >2and k > 4isV — D =
{2} . yp 7 =1.u,s = 1.k} U{x,,y;r = 1..u}. Furthermore, we will obtain the
intersection among the neighborhood N (v) with v € V(G) — D and dominator

2 .. —
,87 yr,s’ r=
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Nz )nD = {aF, 22, },r=1.u,
s=1.k—-1
N(z;,)ND = {2, 22,},7=1.u
: . Ny, )nD = {y2,.vy? =1..
set D in the following. (r,s) wro s b Y
s=1.k—-1
N(yi,k:) np = {yip y?,kh r=1l.u
N(z,)ND = {a2ss=1.k},r=1u
N(y,)NnD = {y’;s=1.k},r=1.u

It can be seen that the intersection among the neighborhood N(v) with v €
V(G) — D and D are all different, and it is not empty set. The set D does
dominate all vertices in V' (L, ® SF}y). It concludes that v;;(L, ® SF}) < 2uk
satisfies the upper bound of LIDS. Thus ~.,(L, ® SF;) < 2uk. Therefore,
vri(Ly ® SFy) = 2uk. O

Theorem 2.3. Let GG be a corona product of path graphs P, and Py. For v > 2 and
k > 6, the locating independent domination number of G is vip,op,) = u[2].

Proof. The corona graph P, ® P, is a connected graph with vertex set V (P, ®
Py) = {z;;r = LufyU{z, ;v = l.u,s = 1.k} and edge set E(P, ® P;) =
{r,zpi;r = Lou — 1} U{z,z, 67 = Lou,s = 1k} U {x, 050157 = Lou;s =
1.k—1,}. Thus |V(P,® Py)| = u+uk, |E(P, ® Py)| = 2uk — 1, and diam(P;) =
k — 1. The locating independent domination number of ~;(P;) = [2]. Based
on Lemma 1.2 v,;(P, ® P) > u[%].

Now, we will prove that v,;(P, ® P;) < u[%] as the upper bound of LIDS.
Choose the dominator set as follows.

1) k=0 mod 10

{z;s;r=1.u,s=2mod 5Us =4mod 5}
2) another m

{z,s;7 =1..u,s = 0 mod 2}

thus, we obtain the non-dominator set in the following.

1) for k = 0 mod 10
V—D = {z,5r = lus=1mod5Us =3 mod 5Us = 0 mod
Sy U{z,;r=1.u}
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2) otherwise k
V—D={z.sr=1.us=1mod 2} U{x,;r =1.u}
Furthermore, we will obtain the intersection among the neighborhood N(v)
with v € V(G) — D and dominator set D in the following.

1) for k = 0 mod 10

N(Zrs=1mods) N D = {z 541}, 7 =1.u
N(Zrs=3mods) N D = {Tys-1,Trsi1},7 = L.
N (2r,s= 0mod5) ND = {z.s1},r=1.u
N(z,)N = {z,5; s =2mod 5U

s=4mod 5}, r=1..u
2) for k even

N(z,1)ND = {z2},r=1.u

N(zps=1mod2) N D = {xe_1, 7, 511},7 = 1.1,
s=2.k

N(z,)ND = {z,4 s =0mod 2},
r=1.u

3) for k odd

N(z,1)ND = {z2},r=1.u

N(xr7szlmod2) nND = {xns—la xr,s+1}> r=1l.u,
s=2.k—1

SinceN(z, )N D = {x,pa},r=1.u

N(z,)ND = {z,5;5s =0 mod 2},
r=1.u

Based on the result of intersection among the neighborhood N(v) with v €
V(G) — D and dominator set D, It can be shown that the intersection are all
different, and it is not empty set. The set D dominate all vertices in V (P, ® Py).
Thus, we can conclude that for v,;,(P,® P;) < 2u(k+1) satisfies the properties of
LIDS. Since v,;(P, ® P;) > u[2] and v.,(P, © P) < u[%], thus y,(P, © Py) =
2u(k +1). O

Theorem 2.4. Let G be a corona product of path graph P, and cycle graph C.
For w > 2 and k > 6, the locating independent domination number of G is
TLi(P.OCy) = U(%l

Proof. The corona graph P, ® Cj is a connected graph with vertex set
V(P,©Cy) ={z;;r =1L.u}U{z,s;r =1l.u,s = 1..k} and edge set E(P,® Cy) =
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{r,z,i1;r = Lou— 1} U {z,2, 57 = Lu,s = Lk} U{z, 2050157 = Lu,s =
1.k=1}U{x,1, 2 p; 7 = L.u}. Thus |V(P,0Ck)| = utuk, |E(P,0Ck)| = 2uk—1,
and diam(Cy) = | %]. v:(Cy) = [%]. Based on Lemma 1.2 v.,(P,©Cy) > u[%].

Now, we will prove that v,,(P, ® Cy) < u[%] with choose the dominator set
in the following.

1) £ =0 mod 10
{z,s;r=1.u,s=2mod 5Us =4mod 5}
2) another k&
{z,s;7r = 1..u,s =0 mod 2} .
Thus, we obtain the non-dominator set in the following.

1) k=0 mod 10
{z;s;r=1.u,s=1mod5Us=3mod5Us=0mod5}U{x,;r=1.u}
2) another &
{z;s5;r=1.u,s=1mod 2} U{x,;1 <r <u}.
Furthermore, we will obtain the intersection among the neighborhood N(v)
with v € V(G) — D and dominator set D in the following.

1) for k = 0 mod 10

N(%ys=1imoas) N D = {xyop1},r=1.u
N(%ys=3mods) N D = {xy 1,241}, 7 =11
N (2r,s= 0mod5) ND = {z.s1},r=1.u
N(z,)N = {z,; s =2mod 5U

=4mod b5}, r=1.u
2) for k even neq k = 0 mod 10

N(zr1) N D = {2, 21}, 7 =l.u

N(Tys=1moa2) N D = {xys-1,Trsi1},7 = 1.1,
s=2..k

N(z,)ND = {z,s;s=0mod2},r=1.u

3) for k odd

N(z,1) N D = {z2},r=1.u

N(Tys=1moa2) N D = {51, Trsi1},7 = 1.1,
s=2.k—1

N(Ir,s) nD = {mr,k—l}; r=1.u

N(z,)ND = {z,4s=0mod 2},

r=1.u
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Based on the result of intersection among the neighborhood N(v) with

v € V(G) — D and dominator set D, It can be shown that the intersection
are all different, and it is not empty set. The set D dominate all vertices in
V (P, ® C). Thus, we can conclude that for v.;(P, ® Cy) < u[%] satisfies the
properties of LIDS. Since v.,(P, ® Cy) > u[%] and v.;(P, ® Cy) < u[2], Thus
YLi(Pu © Py) = u[2]. O

Theorem 2.5. Let G be a corona product of cycle graph C,, and cycle graph Cj.
for w > 3 and k > 6, the locating independent domination number of G is

YLi(CuOCL) = U[%W-

Proof. The corona graph C, ® C} is a connected graph with vertex set
V(C,o©Cy) = {z;;r =1L} U{x,s;r =1.u,s=1.k} and edge set E(C,©C}) =
{rrz,i1;r = Lou— 1} U{zyen } U{zzesr = Liu, s = 1ok} U {2, 5250157 =
lou,s = 1. k=1}U{zp g, xp 157 = Lou}. Thus |[V(C,0C)| = utuk, |E(C,OCL)| =
2uk+u, and diam(C}) = |4 ]. Locating independent domination number of cycle
graph is v,;(Cy,) = [2]. Based on Lemma 1.2 v.,(C,, ® Cy,) > u[2].

Now, we will prove that v,,(C, ® C) < u(%} with choose the dominator set
in the following.

1) k=0 mod 10

{z, ;7 =1.u,s =2mod 5U s =4 mod 5}
2) another k&

{z,s;r =1.u,s =0mod 2} .

Thus, we obtain the non-dominator set in the following.

1) £ =0 mod 10
{z;s5;r=1.u,s=1mod5Us=3mod5Us=0mod5}U{x,;r =1.u}
2) another &
{z,s;r =1.u,s =1mod 2} U {z,;r = 1..n}.

Furthermore, we will obtain the intersection among the neighborhood N(v)
with v € V(G) — D and dominator set D in the following.
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1) for k = 0 mod 10

N(%ys=1imoas) N D = {xp o1}, r=1.u

(Tr,5=3mods) N D {Trs-1,Trsi1},m = Llou

(Tr,s= OmodS) ND = {z.,1},r=1.u

() N = {2,455 =2mod 5U
s=4mod5},r=1.u

2) for k even # k = 0 mod 10

=2 =22 =

N(z,1)ND = {2,221}, 7 = L.u

N(zrs=1mod2) N D = {2y 5-1,Trs41},7 = 1.1,
s=2.k

N(z,)ND = {z,,s=0mod2},r =1.u

3) for k odd

N(zr1)ND = {z,2},r=1u

N(ys=1mod2) N D = {51, Trs41},7 = Lo,
s=2.k—1

N(z) N D = {x b, r=1.u

N(z,)ND = {2, 5 =0mod 2},
r=1.u

Based on the result of intersection among the neighborhood N(v) with v €
V(G) — D and dominator set D, It can be shown that the intersection are all
different, and it is not empty set. The set D dominate all vertices in V' (C, ® Cy).
Thus, we can conclude that for ~.;,(C, ® C) < u(%} satisfies the proper-
ties of LIDS. Since v.,(C, ® Cy) > u[2] and ~.,(C, ® Cy) < u[%], thus

5
Y1i(Cy ® Ci) = ulZ]. 0

Theorem 2.6. Let G be a corona product of path graph P, and ladder graph
Ly. For uw > 2 and k > 4, the locating independent domination number of G is

Yei(PooLy) = Uk.

Proof. The corona graph P, ® L; is a connected graph with vertex set V (P, ®
L) = A{x;r = Lu} U{zs,yrsy;7 = lou, s = 1.k} and edge set E(P, ® Lg) =
{wrxpr = Lu=130{2, 20, 2ot ss v = Lo, s = LK UL @0 sy o1, YrsYrs15 7 =
Loauss = 1.k = 1} U{z,syrs;7 = Louys = 1.k}, thus |[V(P, © Li)| = u + 2uk,
|E(P, ® Li)| = buk —u — 1, and diam(Ly) = k. vy1;(L;) = k. Based on Lemma
1.2 we have vz,p,0r,) > uk.
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Now, we will prove that v;,p,or,) < uk with choose the dominator set
D = {z,;r = l.u,s = 1 mod 2} U {y,s;r = l.u,s = 0 mod 2} and the
non-dominator set of corona product P, ® Ly is V — D = {z, ;7 = L.u,s =0
mod 2} U {y,s;r = l.u,s = 1 mod 2} U {z,;r = 1..u}. Furthermore, we will
obtain the intersection among the neighborhood N (v) with v € V(G) — D and
dominator set D in the following.

1) for k even

N(xr,sEOm0d2) N D == {1’7«’3_1, JIT7S+1, yr75}7
r=1lLus=1.k—1
N(xnk) NnD = {x’l“,k—lv yﬁk}, r=1.u

N(yr,szlmon) nD = {yr,s—lu Yr,s+1, xr,s}v
r=1.u,s=2.k

N(yr1)ND = {yr2 1}, r=1.u

N(z,)ND = {z,5 s =1mod 2}U
{Yrs;s =0mod 2}, 7 = 1..u

2) for k odd

N(2rs=omoaz) N D = {Trs—1,Trss1,Yrst
r=1.u

N (Yrs=tmod2) VD = {Yrs—1, Yr,st1, Trs )
r=1lu,s=2.k—1

N(y.1)N D = {yro,xr1},r=1l.u

N(y,x) N D = {Yrk-1,Trx},r=1l.u

N(z,)ND = {z,5;5s =1mod 2}U

{Yrs;s =0mod 2}, 7 = 1..u

Based on the result of intersection among the neighborhood N(v) with v €
V(G) — D and dominator set D, It can be shown that the intersection are all
different, and it is not empty set. The set D dominate all vertices in V (P, ® Ly,).
Thus, we can conclude that vy p,or,) < uk satisfies the properties of LIDS. Since
YeiPoorLy) = vk and voip,or,) < uk, thus yoip,er,) = uk. O
Theorem 2.7. Let G be a corona product of wheel graph W,, and ladder graph
Ly for u > 2 and k > 4, the locating independent domination number of G is
Veiw,oLy) = (u+ 1k

Proof. The corona graph W, ® L is a connected graph with vertex set V (W, ®
Ly) = {z;1 <r <u}U{a} U{z5,y5;7 = Ll.u+ 1,s = 1.k} and edge set
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EW,0 L) ={ax,;r = L.uU{z,z, ;7 = Lu— 1 U{z,21 } {2,205, Ty s; 7 =
Lou,s =1k} U{azys1s, aYuirs; S = Lk} U{Z 5@ i1, YrsUrsrr; 7 = Lu+ 155 =
L.k—=1}U{z, sy, s;r = l.u+1;s = 1..k}. Thus |[V(W, © Ly)| = w+ 2uk + 2k +1,
|E(W, ® Lg)| = buk + 5k, and diam(Ly) = k. vyr;(Lx) = k. Based on Lemma 1.2
Yoi(Wy © L) > (u+ 1)k.

Now, we will prove that v,;(W, ® Li) < (u + 1)k with choose the dominator
set D = {z,;r = l.u+1,s =1mod 2} U{y,;r = l.u+1,s = 0 mod 2} and the
non-dominator set of corona product W, ® Ly isV —D = {z, ;;r = l.u+1,s =0
mod 2} U {y, ;7 = l.u+ 1,s = 1 mod 2}. Furthermore, we will obtain the
intersection among the neighborhood N (v) with v € V(G) — D and dominator
set D in the following.

1) for k even
N(Zrs=0mod2) N D = {Zys-1, Trst1, Yrs}s
r=lu+1l,s=1.k—-1

N(Yrs=1mod2) VD = {Urs—1,Yrs+1, Trsts
r=1l.u+1,s=2.k

N(x,,) N D = {zp—1,Yxt,r=1lLau+1

N(yr1) N D = {2, v}, r=1lau+1

N(xz,)ND = {z,5s=1mod 2}U
{yrs; s = 0mod 2},
r=1.u

N(a) N D = {%y11s =1 mod 2}U
{Yu+1,5;5s = 0mod 2}

2) for k odd

N(Zyszomod2) VD = {Zys—1,%rs41,Yrs}s
r=1lLu+1

N (Yrs=imod2) VD = {Yrs—1,Yrst1, Trs}
r=lu+1l,s=2.k—-1

N(y,x) N D = {Yrp-1. 0k}, r=LlLau+1

N(y,1) N D = {yr2, 1}, r=1lu+1

N(z,)N D = {2,4;5 =1 mod 2}U
{yrs; s =0 mod 2},
r=1.u

N(a)ND = {245 s =1mod 2}U

{yu+1,s;j =0 mOd 2}
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Based on the result of intersection among the neighborhood N(v) with

v € V(G) — D and dominator set D, It can be shown that the intersection are all
different, and it is not empty set. The set D dominate all vertices in V (W, ® Ly,).
Thus, we can conclude that v.,(W, ® L) < (u+ 1)k indicates that it satisfies the
properties of LIDS. Since ~y;(W, ® Li) > (u+ 1)k and v,;(W, © Li) < (u+ 1)k,
thus v,(W, ® L) = (u + 1)k. O

Theorem 2.8. Let G be a corona product of sun flower graph SF, and ladder
graph Ly, for u > 3 and k > 4, the locating independent domination number of G

is ’YLi(SFuG)Lk) = 2uk.

Proof The corona graph SF, ® L, is a connected graph with vertex set
V(SF, © L) = {2y, yr = Ly U{al, ylisr = lu,s = 1.kt = 1 and
2} and edge setE(SF, ® Li) = {z,x,41;7 = Lu — 1} U {z,z} U {zyr =
LauyU{zypyr;r = Lou— 1 U{zgyn} U{z, 2!, 29, ;7 = 1.n,s = 1.k,t = 1 and
2 U{al @l Y e = Luys = Lk — 1t = 1and 2} U {27,y 0 o =
l.u;s = 1.k}. Thus |V(SF, ® Ly)| = 2u + 4uk, |E(SF, ® Ly)| = 10uk, and
diam(Ly) = k. vr:(Ly) = k. Based on Lemma 1.2 v,(SF, ® L) > 2uk.

Now, we will prove that v.;(SF, ® Lx) < 2uk with choose the dominator set
D ={z} ,y sr=1us=1mod 2} U{z} y2;r=1.u,s=0mod 2} and the
non-dominator set of corona product SF,© Ly isV—D = {z} ., y} ;7 =1.u,s =0
mod 2} U {z},,y.;r = l.u,s = 1 mod 2} U {x,,y,;r = Lu}. Furthermore, we

will obtain the intersection among the neighborhood N (v) with v € V(G) — D
and dominator set D in the following.
1) for k even
N(Zy momoaz) VD = {a} 2 000,20, ),
r=1lus=1.k—1
N($72~,sz1mod2) np = {9512“,5717953,%1@%,5 )
r=1.us=2.k
ik) ND = {x}«’k_l,xf’m},r =1.u
z2)ND = {aly )} r=1.u
N(z,)ND = {x,,;s=1mod2} U

{22 ;5 = Omod2},

7,87
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N<y71’,550m0d2) nD

N(yz,szlmon) nD

r=1..u

{y71‘,s—1’ y?is-i—l’ y?’,s}
r=1lus=1.k—1

{yz,sfb yz,erl? y%,s}7
r=1.u,s=2.k

{vh e veehr = 1lou

2) for k odd
N(m}stOmodZ) N D

N(xg,sEImOdQ) nD
N(x?«k) np
N(x%l) NnD
N(z,)ND
N(yi,850m0d2) nD
N(y?,szlm0d2) nD
N(yik) np

N(yf,l) np
N(y,) N D

N(y}«,k) nD
N(y2,)ND (W2 uh ) r =1
N(y,)ND {y;s; s = lmod2} U
{42 ;s = Omod2},
r=1.u,
{x}“,s—lﬁ :L‘11",s+17 l’?,s},

r=1.u

2 2 1
{mr,s—b xr,s—i—l’ xr,s 9

r=1lus=2.k—1
{xf’kfl,a:}q’k},r =1.u
{ZE%’Q,ZE}J},T =l.u
{z} s =1mod 2}U
{27 ;s = 0 mod 2},
r=1.u
{yi,sfhy?%,erl? y?,s}7
r=1l.u}
{yz,s—lvyz,s-i-la yr175}7
r=1l.us=2.k—1}
{yz,k:—la y'},k’}a r=1.u
{yiz,yi’l},?’ - 1u
{y}ﬁ; s =1mod 2}U
{yf,s; s = 0 mod 2},

r=1.u



THE NUMBER OF LOCATING INDEPENDENT DOMINATING SET ... 4887

Based on the result of intersection among the neighborhood N(v) with v €
V(G) — D and dominator set D, It can be shown that the intersection are all dif-
ferent, and it is not empty set. The set D dominate all vertices in V(SF, ® Ly).
Thus, we can conclude that, for v.,(SF, ® L;) < 2uk, it satisfies the prop-
erties of LIDS. Since ~v.;(SF, ® Ly) > 2uk and ~.;(SF, ® L;) < 2uk, thus
vLi(SF, ® Li) = 2uk. O

In the following results, we study the locating independent domination num-
ber of any graph. Along with this result we show three corollaries.

Theorem 2.9. For | > 2, Hy order n and H, order m, the locating independent
domination number of H, ®' H, is:
[ (ZST5Tm! ™+ 154 + 1) (e, (Ha)) [V (H);
for lodd; diam(Hs) > 2
Vi = (SiZi 1 + 521 + 1) (2, (Ho)) [V (Hy ) ;
for [ even; diam(Hs) > 2
[ ~;for diam(Hs) < 2;vpi(Hs) =~

Proof. Based on the definition, it can be seen that the corona H; &' H, is de-
veloped from multiple copies of H, along with number of vertices of path P,
attached to the vertices of graph H, till the last vertex of the coronation of H, of
degree [. Thus, to determine the the locating independent domination number
of H, ®' H, is by considering the LIDS of path. According to [7], the LIDS of
path lays at z; with 7 is an odd number, thus the dominator of the path as corona
graph builder is at [ odd. Each [ has a graph H», for corona of degree 1 has one
graph Hs, corona of degree 2 has two graphs H; and soo on, where 2 <[ <[—1.
Thus, for the graph coronation consisting one graph H, excludes the coronation
of degree 1. It implies the addition 1 at the end of the process is done. Since the
H, graphs of degree 1 are also as dominators, based on Lemma 1.1, the domina-
tor is located in LIDS on graphs H,. Based on Lemma 1.2, v;,(Hs) > 2. Finally,
if vz; < 2 and ~y;(Hy) =~ then ~y;(H; ®' Hy) =~. It conclude the proof. O

Corollary 2.1. Let GG be a corona of order two of path graphs P, and P,,. Forn > 3
and m > 3, the locating independent domination number of is

VLi(Pae2Py) = (M 1)((2%1)(”)

Proof. The graph P,,©?P,, has vertex set V(P,©?P,,) = {x;;1 < i < n}U{z, ;1
i<nl<j<mpU{zipnl<i<nl<ji<ml<k<m}jU{y;;1<i

IA A
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n,1 < j < m} and edge set E(P, ©* P,,) = {wiziy1;1 <i <n—1}U{zy ;1 <
i<n,1<j<m}U{yivij+1:1<i<n1<j<m-—-1}U{zz;;;1<i<n, 1<
J<miu{zzijp1;1 <i<n,1<j<m—-1}U{z; ;2,1 <i<n1<j<m,1<
kE<m}U{z;;zijk1:1 <i<n1l<j<m1<k<m-—1}. The vertex and
edge cardinality of graph are | V(P, ®* P,,) |= n(m?*+2m+1), | E(P,®*P,,) |=
2nm? + 3nm — n — 1 respectively. Thus, A(P, ©* B,,) = 2p(H3) + 2 = 2m + 2,
6(P, ®* P,) = 2, diam(P,,) = n — 1, and v;(P,,) = [#].

Based on Theorem 2.9 the locating independent domination number of P, ®?
P,, = (m+1)([#*])(n). Figure 3 shows LIDS of corona order two of path graph
and path graph.

FIGURE 3. Example of LIDS P; ®? Ps.

g

Corollary 2.2. If G is graph of corona order two of path graph P, and Star graph
Sm for n > 3 and m > 3, thus vy;(p,e2s,,) =~

Proof. The Graph P, ®* S,, have vertex set V (P, ®* S,,) = {z;;1 < i < n} U
{rij;1<i<n1<j<m}u{zf;1<i<n,1<j<m,1<k<m}U{y;;1<
i <n,1<j<m}andedgeset E(P,0%S,,) = {zxiy1;1 <i < n—1}0{xy;;;1 <
i <n,1<j<m}U{yiviml1<i<n1<j<m-1}U{zz;;;1<i<n1<

Jg<my{z;jrim;1l <i<n1<j<m—1}U{x;;z;;x1<i<n1<j<m,1<
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k<m}U{wrrijrl <i<n1l<j<m,1l<k<m-—1}. The vertex and
edge cardinality of graph are | V(P, ®%S,,) |= nm?+2nm+n, | E(P,®?S,,) |=
2nm? + 3nm — n — 1 respectively. Thus, A(P, ©2 S,,) = 2p(H3) + 2 = 2m + 2,
§(P, ®*S,,) = 2, diam(S,,) = 2, and ~.;(S,,) = m. Based on Lemma 1.2 the
locating independent domination number of vy;p,¢2s,,) =~. Figure 4 shows the
illustration of LIDS of corona of degree two of path graph and star graph.

FIGURE 4. Example of LIDS P; ®? Ss.

g

Corollary 2.3. If G is graph of corona of degree two of star graph S,, and cycle
graph C,, for n > 3 and m > 5, then y1;(s, 03¢, = (m* +m + 2)([22])(n).

Proof Based on Lemma 1.1, the dominator of graph S,, ®3 C,, lays on the outer
leaf of graph H,. Based on Theorem 2.9, the graph S,, ©3 C,, has a path as many
as 3, thus y.(s,e80,,) = (m* +m + 2)([32])(n). Figure 5 shows the illustration
of LIDS of corona of degree tree of star graph and cycle graph.

U
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Lo o1 Ty Lo oTH0T5 0o 3 Ly Tog

2 3 1 2 3 |

FIGURE 5. Example of LIDS S5 ®2 Cs.

3. CONCLUDING REMARKS

In this paper, we have determined the locating independent dominating num-
ber of some coronation of graphs. However, to determine the locating indepen-
dent dominating number is considered to be a NP-complete problem. Thus, find-
ing the locating independent dominating number of other graph is still strongly
recommended. Therefore, we propose the following open problem.

Open Problem 3.1. Let G and H be a connected graph, determine the locating
independent dominating number of other operation of the two graphs.
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