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Abstract. Let G be a nontrivial connected graph with vertex set V(G) and the edge set E(G). A set
S C V(G) is a geodetic hop dominating set of G if the following two conditions hold for each x € V(G)\ S:
(1)  lies in some u-v geodesic in G with u,v € S, and (2) z is of distance 2 from a vertex in S. The
minimum cardinality v,4(G) of a geodetic hop dominating set of G is the geodetic hop domination
number of G.

A geodetic hop dominating set S is a minimal geodetic hop dominating set if S does not contain a proper
subset that is itself a geodetic hop dominating set. The maximum cardinality of a minimal geodetic hop
dominating set in G is the upper geodetic hop domination number of G, and is denoted by ’y;[g(G).
This paper initiates the study of the minimal geodetic hop dominating set and the corresponding upper
geodetic hop domination number of nontrivial connected graphs. Interestingly, every pair of positive
integers a and b with 2 < a < b is realizable as the geodetic domination number and the upper geodetic
hop domination number, respectively, of some graph. Furthermore, this paper investigates the concept
in the join, corona and lexicographic product of graphs.
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1. Introduction

In 2021, D. Anusha et al. [17] introduced the concept of geodetic hop domination in
graphs, and initially investigated the concept in the complementary prism of graphs. Further
investigation of the concept was done by D. Anusha [3] in 2022, by C.J. Saromines and
S.R. Canoy Jr. [26, 27] in 2023, and just recently by D. Anusha et al. [4].

This present paper introduces and initiates the study of the concept of minimal geodetic
hop domination, a natural variation of the geodetic hop domination.

Throughout this paper, all graphs considered are simple and undirected. Common graph
terminologies and notations used here are adapted from [6, 11].

Given two graphs GG and H with disjoint vertex sets, the join of G and H is the graph G+ H
with V(G+ H)=V(G)UV(H) and E(G+ H) =E(G)UE(H)U{w :u € V(G),v e V(H)}.
The corona of G and H is the graph G o H obtained by taking |V (G)| copies of H in every
vertex of V(G) and then joining the ith vertex of V(G) to every vertex of the ith copy of H.
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The lezicographic product of G and H is the graph G[H] with V(G[H]) = V(G) x V(H) and
(u,v)(w, z) € E(G[H]) if and only if uw € E(G) or u = w and vz € E(H).

Let G be a connected graph. For any two distinct u,v € E(G), a shortest path joining u
and v is called a u-v geodesic. The length of a u-v geodesic is called the distance between u
and v, which is denoted by dg(u,v). The diameter of the graph G, denoted diam(G), is the
maximum distance between any pair of vertices in G. If diam(G) = 1, then G is a complete
graph. A clique of a graph G is any complete subgraph of G. The cliqgue number of G is the
maximum cardinality w(G) of S C V(G) for which (S) is a clique.

By the (open) neighborhood N¢(v) of a vertex v is meant the set of vertices that are adjacent
to v, that is, Ng(v) = {u € V(G) : wv € E(G)}. The closed neighborhood of vertex v is
Nglv] = Ng(v) U{v}. For S C V(G), Ng(S) = UyesNg(v), while Ng[S] = Ng(S)U S. A
vertex v is an extreme vertex if the induced subgraph (N¢g(v)) is a complete graph. The symbol
Ext(G) denotes the set of all extreme vertices in G.

For u,v € V(G), the set Ig(u,v) refers to the set consisting of all the vertices lying in any
u — v geodesic of G and Ig[u,v] = Ig(u,v) U {u,v}. For a subset S C V(G), the geodetic
closure 1[S] is defined by I[S] = U{Ig[u,v] : u,v € S}. A geodetic set is any set S C V(G)
with I¢[S] = V(G). The minimum cardinality g(G) of a geodetic set is the geodetic number
of G. A geodetic set of cardinality ¢g(G) is called a geodetic basis. A geodetic set S in G is a
minimal geodetic set if S does not have a proper subset that is itself a geodetic set in G. The
maximum cardinality of a minimal geodetic set in G is denoted by g*(G). Geodetic sets and
geodetic numbers of graphs are, in fact, among the very well-studied concepts in graph theory
(see [1, 2, 7, 8, 10, 12, 15, 16, 18, 19, 28].

For S C V(G), the 2-path closure of S, denoted by P»[S]q, is the set
B[Slg =S U{w e V(G) :w € Igu,v] 2u,v € S with dg(u,v) = 2}

A set S is called 2-path closure absorbing if P»[S]g = V(G). The minimum cardinality of a
2-path closure absorbing set in G is denoted by p2(G). A 2-path closure absorbing set S is a
minimal 2-path closure absorbing set if S does not contain a proper subset that is itself a 2-path
closure absorbing. The maximum cardinality of a minimal 2-path closure absorbing set in G is
denoted by p3 (G). The concept of 2-path closure absorbing sets was introduce in [15, 18, 19).

The (open) hop neighborhood of a vertex v refers to the set N&(v) = {u € V(G) : dg(u,v) = 2}.
The closed hop neighborhood of a vertex v is NZ[v] = NZ(v) U {v}. For S C V(G), the (open)
hop neighborhood S is the set N4 (S) = UyesNg(v). The closed hop neighborhood of the set S
is NA[S] = N&(S)US.

A set S C V(G) is called a hop dominating set if N4[S) = V(G). The hop domination
number of G, denoted by 7,,(G), is the minimum cardinality among all hop dominating sets in
G. A hop dominating set with cardinality equal to v,(G) is called a ,-set of G. The authors
refer to [4, 5, 9, 13, 14, 20-25] for the definitions and results on hop domination which are
essential in this study.

A subset S C V(G) is a geodetic hop dominating set if S is both a geodetic and a hop
dominating set of G. The geodetic hop domination number ~,y(G) of G is the minimum
cardinality among all geodetic hop dominating sets in G. Any geodetic hop dominating set
of G' with cardinality v,4(G) is called a yp4-set.
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2. Main Results

2.1. The minimal geodetic hop domination in graphs

Let G be a graph. A geodetic hop dominating set S is a minimal geodetic hop
dominating set if S does not contain a proper subset that is itself a geodetic hop
dominating set. The maximum cardinality of a minimal geodetic hop dominating set of G is
the upper geodetic hop domination number of G denoted by W,J{g(G). A minimal geodetic

hop dominating set with cardinality 'y;[g(G) is called a *y;fg-set.

Every dominating vertex and every extreme vertex in G is included in any minimal geodetic
hop dominating set of G.

Proposition 1. Let G be a nontrivial connected graph of order n. Then
2 < 1y (G) <35 (G) <
In particular, ’y;l"g(G) < n if G does not have any dominating vertex.

Proof. Since a ypg-set is a minimal geodetic hop dominating set, v,4(G) < ’y;g(G). Suppose
that ’y;{g(G) = n and G has no dominating vertex . Since G is not a complete graph, G contains
a geodesic of the form [u,w,v]. Since w € Ig(u,v), S = V(G)\ {w} is a geodetic set of G. Since
w is a non-dominating vertex, there exists z € V(G) such that dg(w,z) = 2. Because z € S, S
is a hop dominating set of G. Thus, S is a geodetic hop dominating set of G. Since V(G) is a
minimal geodetic hop dominating set, this is impossible. O

The contrapositive of the second statement in Proposition 1 gives the following:

Corollary 1. If fy;[g(G) = n for a nontrivial connected graph, then G contains at least one
dominating verter.

Theorem 1. Let G be a nontrivial connected graph of order n. Then fy,fg(G) = n if and only
if one of the following holds:

(i.) G =K,

(ii.) G # K, and V(G) \ S induces a disconnected graph of complete components where
S C V(G) is the set of all dominating vertices of G.

Proof. Clearly, if G = K,,, then fy,;rg(G) = n. Suppose G # K, with a nonempty set S of
dominating vertices of G and each of the components of (V(G)\ S) is complete. Note first that
V(G) is a geodetic hop dominating set of G. Suppose T' C V(G) is a geodetic hop dominating
set of G. By the above remark, S C T. Let C' be a component of (V(G) \ S). We claim that
V(C) C Ext(G). Let z € V(C), and let u,v € Ng(x) with v # v. Then u,v € SUV(C).
If u,v € V(C), then since C is complete, uv € E(G). If u € S or v € S, then uwv € E(G).
Accordingly, € Exzt(G). Since z is arbitrary, V(C) C Ext(G). Thus, V(C) C T. Since C is
arbitrary, V(G) \ S C T. Therefore, ' = V(G). This means G does not have a proper subset
that is itself a geodetic hop dominating set. In other words, V(G) is a minimal geodetic hop
dominating set of G. Therefore, v,fg(G) =n.

Conversely, suppose ’y}fg(G) =n. If G = K,,, then we are done. Now, suppose G # K,. By
Corollary 1, the set S C V(@) consisting of the dominating vertices of G is nonempty. Suppose
that (V(G) \ S) has a component C' that is not complete. Then C' contains a geodesic of the
form [u,w,v]. We claim that W = V(G) \ {w} is a geodetic hop dominating set of G. Since
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w € Ig(u,v), W is a geodetic set of G. Since w ¢ S, there exists z € V(G) such that wz ¢ E(G).
Necessarily, z ¢ S. Pickt € S. Then [w, t, 2] is a geodesic in G. Thus, dg(w, z) = 2. This means
that T is a geodetic hop dominating set of G. Consequently, V' (G) is not a minimal geodetic hop
dominating set, implying that 'y,fg(G) < n, a contradiction. Therefore, C is complete. Finally,
suppose (V(G) \ S) = C, and let v € V(C). Then uwv € E(G) for each v € V(G)\ S = V(C)
with u # v. Also, wv € E(G) for each (dominating) vertex v € S. Hence, u is a dominating
vertex of G, a contradiction. Therefore, (V(G) \ S) is a disconnected graph of at least two
complete components.

Theorem 2. Let G be a nontrivial graph connected graph. Then 'y,'fg(G) =2 if and only if G
satisfies the following graphs:

(Z) G = PQ,'
(i) G = Cy;
(13i) G has a geodetic set S = {u,v} such that dg(u,v) =3 and u,v € Ext(G).

Proof. Tt is easy to verify that if G = P, or G = Cg, then fy,fg(G) = 2. Suppose that
G satisfies condition (7i7). Let w € V(G) \ S. Then w lies on a u-v geodesic. Thus, either
de(u,w) = 2 or dg(w,v) = 2. Since w is arbitrary, S is a hop dominating set of G. Therefore,
S is a (minimal) geodetic hop dominating set of G. Now, S C T for every geodetic hop
dominating set 7" of G. Hence, S is a ’y,fg-set of G. Therefore, ’y;[g(G) =2.

Conversely, assume y,fg(G) = 2. Suppose that G ¢ {P,Cs}. Let S = {u,v} be a 'y;{g—set
of G. Since G # Py, uwv ¢ E(G). For each a € V(G) \ S, a lies on a u-v geodesic. Choose
a € V(G) \ S such that ua € E(G). Since S is a hop dominating set of G, dg(a,v) = 2.
Necessarily, dg(u,v) = 3. Suppose that v ¢ Ext(G). Then G contains a geodesic [z, u,y]
containing u. Let [u,y, z,v] be a u-v geodesic containing y. We consider two cases:

Case 1: Suppose degg(u) > 3, and let w € Ng(u) \ {z,y}. If 2z € E(G), then a minimal
geodetic hop dominating set T' of G can be constructed containing z,y,z. Clearly, in this
case, |T| > 3. On the other hand, if zz ¢ E(G), a minimal geodetic hop dominating set T'
can be constructed containing z,z. Since w ¢ Ng[{z,z}], |T| > 3. Either subcase yields a
contradiction.

Case 2: Suppose that degg(u) = 2. If xz € E(G), then T = {x,y, z,v} makes a minimal
geodetic hop dominating set of G. Suppose xz ¢ E(G). Then there exists a u-v geodetic in G
of the form [u, z,w,v] with w # z. Consequently, |V (G)| > 6. Suppose that |V (G)| > 7. Then
a minimal geodetic hop dominating set can be constructed containing x and y. In this case,
|T'| > 3. Finally, suppose that |V(G)| = 6. Since G # Cg, G is obtained from Cs by adding
at least one edge to join a pair of nonadjacent vertices. In this case, a minimal geodetic hop
dominating set can be constructed with |T'| > 3. All possibilities yield to contradiction.

The above cases imply that u € Ext(G). Similarly, v € Ext(G) O

Proposition 2. For the complete graph Ky, path P,, cycle C, and Petersen graph P, and for
k>1,

n ifn=1,2,3
2 [Z—‘ otherwise
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3 an:3a4a5
N 2 ifn==06
(13i) ’yhg(Cn) “Y2k+1 ifn=4k+3

2 {%1 otherwise

(iv) W;Q(P) =6.
Proof. Since yp4(Ky) = n, Proposition 1 yields 'y;{g(Kn) =n.

Let P, = [z1,22,...,2]. The case where n = 1,2,3 is trivial. Suppose n = 4k + 1,
where £ > 1. Since S = {1, 9,25, %6,...,2,} is a minimal geodetic hop dominating set,
2k+1 =15 < ’y;fg(G). Conversely, let S be a ’y,jg—set of G. Being a geodetic set, x1,x, € S. For
every 1 < j <n—3, S contains at most two vertices in z;, 11,12, z;43. Thus, |S| < 2k+1.
Hence, 'y,fz'g(Pn) =2k +1.

For the third case, assume n # 4k+1. If n = 4k, then assume S = {x1, x2, x5, 6, . . . , Tn—3, Tpn }-
By the same argument provided above, we have S be a minimal geodetic hop dominating
set so that S is a fy;g—set. Hence, |S| = % = 2k = 2[2]. If n > 4k + 1, choose the set
S = {x1, 29, 25,26,...,Tn—1, Ty} to be minimal geodetic hop dominating set. By the same
argument, we have S to be a ’y,jg—set with |S| = 2[2]. Therefore, ’y,'fg(G) =2[2].

Let G = C,, = [v1,v2,...,vp,v1]. The first and second case is trivial. Let k > 1. For the
third case, assume n = 4k + 3. Suppose S = {v1,v2, 05,06, ...,0n—2}. Note that for every
v, Viy1 & S where i > 3, there exist v;_1,v;42 € S such that v, vi41 € Ig(vi—1,vi2) with
v; € NZ(viy2) and vig1 € NE(vi—1) so that S is both a geodetic set and hop dominating set.
Thus, S is a minimal geodetic hop dominating set so that |S] = % +1 = 2k + 1 < v}fg(G).
Conversely, by the same argument provided in above, S is a minimal geodetic hop dominating
set and since S is arbitrary we have vﬁg(G) < 2k+1. Therefore, y}fg(G) = 2k+1. For the fourth
case, assume n < 4k + 3 with k¥ > 2. Suppose S = {v1,v2,v5,06,...,VUn—3,Un—2}. The same
argument would have S to be a minimal geodetic hop dominating set so that S is a 'y;{g—set. It

follows that |S| = % =2k =2[%].

Let G be the Petersen graph shown in Figure 1.

Figure 1: A petersen graph

Then S = {a,c,d, f,g,j} is a ’y;fg—set. Hence, ’y;fg(P) =6. O

Proposition 3. Let G = K,,, with partite sets U and W with (U = m > 2 and
[W| =mn > 2. Then S C V(G) is a minimal geodetic hop dominating set of G if and only
if S is one of the following:

(i) S=UU{w} where w e W
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(1) S =W U{u} where w € U
(ii1) S = {u,v,w,z} where u,v € U and w,z € W, in case where m,n > 3.

Proof. 1t is easy to verify that if S is any of the sets described in (7), (¢7) and (7i7), then S
is a minimal geodetic hop dominating set of G.

Conversely, suppose S is a minimal geodetic hop dominating set of G. Being a hop
dominating set, SNU # @ and SNW # &. Suppose that U C S. Note that if w € SNW,
then U U {w} is a geodetic hop dominating set of G. By the minimality of S, S = U U {w}.
Similarly, if W C S, then S = W U{u}, where u € U. Now, suppose U\ S # @& and W\ S # @.
Since S is geodetic, |[SNU| > 2 and |[SNW| > 2. Pick u,v € SNU and w,z € SNW. Then,
{u,v,w, z} is a minimal geodetic hop dominating set of G. Thus, S = {u,v,w, z}.

Corollary 2. Let G = K, , where m,n > 2. Then fy;{g(G) = max{m,n} + 1.

Proof. If n = m = 2, then ’y;fg(G) =3 = l+max{m,n}. If n > 3 or m > 3, then 'y,fg(G) > 4.
Thus, v,jg(G) =1+ max{m,n}.

3. Realization problem

Theorem 3. For every pair of positive integers a and b with 2 < a < b, there exists a connected
graph G such that vp4(G) = a and ’y;{g(G) =b.

Proof. If a = b, then take G = K,. For this graph G,

Thg(G) = a = b=, (G)

Assume a < b. Write b = a + k for some k > 1. If a = 2, then we consider the graph G = G;
in Figure 2 obtained by constructing k + 2 copies of P4 with common end-vertices.

w1 21 v
@ L 4

w2

<2

W2 k42

Figure 2: G1: A connected graph complying with the specifications of Theorem 3 when a = 2
Let S = {u,v} and

T— {in_l,Z%:i:1,2,3,...,§+1}, k is even;
{wl,inJrl,Zgi1i:1,2,3,...,L%J}, k is odd.

Then S and T are 7j4-set and 'y;[g—set of G, respectively. Suppose that a > 3. Obtain the graph
G = Gy as in Figure 3 from G by adding to G1 (a — 2) pendant edges vz, j =1,2,...,a — 2.
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Wk42 Rk+2

Figure 3: G2: A connected graph complying with the specifications of Theorem 3 when a > 3

Put S = {u,v,2; : i =1,2,...,a — 2} and

i7=1,2,...,a— 2}, k is even;
k+1

T — {wai—1, 201,25 11 =1,2,3,..., 5 +1 :
{wl’w2i+1’22i’xj:i:17253a‘--7L 2 J;j:1727...,(1—2}7 k is odd.

Then S and T are vj4-set and ’y;[g-set of G, respectively. In any case,

'th(G) =qa and ’Y}TQ(G) =a+ k — b

Corollary 3. The difference between VZQ(G) and yhg(G) can be made arbitrarily large.

4. In the join of graphs

For the purposes of the remaining sections, we define the following variations of pointwise
non-dominating sets.

A pointwise non-dominating set S C V(G) is a minimal pointwise non-dominating set
of GG if S does not contain a proper subset which is itself a pointwise non-dominating set in G.

A set S C V(G) is a 2-path closure absorbing pointwise non-dominating set if S is
both a 2-path closure absorbing set and a pointwise non-dominating set in G. A 2-path closure
absorbing pointwise non-dominating set S is said to be a minimal 2-path closure absorbing
pointwise non-dominating set whenever S does not contain a proper subset which is itself a
2-path closure absorbing pointwise non-dominating set. We denote by p;’pn 4(G) the maximum
cardinality of a minimal 2-path closure absorbing pointwise non-dominating set in G. A minimal
2-path closure absorbing pointwise non-dominating set S is called a p;pn g-set if [S] = p;pn J4(G).

Theorem 4. [26] Let G and H be any two graphs. A set S C V(G + H) is a geodetic hop
dominating set of G + H if and only if S = Sg U Sy, where Sg and Sg are pointwise non-
dominating sets of G and H, respectively, such that

i) Sg is a 2-path closure absorbing set in G whenever (Sy) is a complete subgraph of H and
(13) Sp is a 2-path closure absorbing set in H whenever (Sg) is a complete subgraph of G.

Proposition 4. Let G and H be connected graphs, and let S C G+ H. If S is a minimal
geodetic hop dominating set of G+ H, then S = Sqg U Sy, where S¢ C V(G) and Sy C V(H)
are pointwise non-dominating sets of G and H, respectively, such that

(1) Sg is a minimal 2-path closure absorbing pointwise non-dominating set in G whenever
(SH) is a complete subgraph of H;
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(1) Sy is a minimal 2-path closure absorbing pointwise non-dominating set in H whenever
(Sa) is a complete subgraph of G.

Proof. Let S be a minimal geodetic hop dominating set of G + H. By Theorem 4,
S = Sg U Sy, where Sg and Sy are pointwise non-dominating sets in G and H,
respectively. Suppose that (Sg) is a complete subgraph of H. By Theorem 4, Sg is a 2-
path closure absorbing set in G. Let S§ C V(G) be a 2-path closure absorbing set in G with
S& € Sa. By Theorem 4, S§,US is a geodetic hop dominating set of G4 H. Since S;,USy C 9,
the minimality of S implies that Sg = S7. Thus, S is a minimal 2-path closure absorbing

pointwise non-dominating set in G and (¢) holds. Similarly, if (S¢) is complete, then (i) holds.
O

Lemma 1. [1] Let G be a connected noncomplete graph and S C V(G). If S is a 2-path closure
absorbing set in G, then (S) is not complete.

Proposition 5. Let G and H be connected graphs, and let S C G + H. Suppose that
S = Sg U Sy, where Sg¢ C V(G) and Sy C V(H) are pointwise non-dominating sets of G
and H, respectively, such that one of the following holds:

(i) (Sg) is a complete subgraph of H and S¢ is a minimal 2-path closure absorbing pointwise
non-dominating set in G.

(17) (Sq) is a complete subgraph of G and Sy is a minimal 2-path closure absorbing pointwise
non-dominating set in H.

Then S is a minimal geodetic hop dominating set of G + H.

Proof.  Assume that Sg and Sy are pointwise non-dominating sets of G and H,
respectively. Then S is a hop dominating set in G+ H. Assume further that (z) holds for S. Let
xz € V(G+ H)\ S. Suppose that z € V(G) \ S. Since Sg is a 2-path closure absorbing
set in G, there exists u,v € Sg for which dg(u,v) = 2 and = € Ig(u,v). Observe that
de+m(u,v) = dg(u,v) = 2 and Ig(u,v) C Ig+g(u,v). Suppose that x € V(H)\ S. By
Lemma 1, (S¢) is noncomplete. Thus, there exists u,v € Sg such that dg(u,v) = 2. Then
da+r(u,v) =2and x € Igym(u,v). Since x is arbitrary, S is a geodetic set in G+ H. Therefore,
S is a geodetic hop dominating set in G + H.

Now, let T C V(G + H) be a geodetic hop dominating set in G + H with T C S. Write
T =TgUTy, where To = TNV(G) and Ty = TNV (H). Then Tg and Ty are pointwise
non-dominating sets in G and H, respectively, by Theorem 4. Note that Tz C Sg and Ty C Sg.
Since (Sg) is complete, (T'y) is a complete subgraph of H. If Sy \ Ty # @ and = € Sy \ TH,
then zy € E(G + H) for all y € Ty, a contradiction since Ty is a pointwise non-dominating
set in H. Thus, Sy = Ty. By Theorem 4, Ty is a 2-path closure absorbing set in G. Since
Ta C Sg, the minimality of Si implies that Sg = Tz. Therefore, S = T and S is a minimal
geodetic hop dominating set in G + H.

Similarly, if condition (i7) holds, then S is a minimal geodetic hop dominating set in G + H.
O

Corollary 4. Let G be a nontrivial connected graphs andp > 1, and let S C V(G + Kp). Then
S is a minimal geodetic hop dominating set of G + K, if and only if S = V(K,) U Sg where
Sa C V(G) is a minimal 2-path closure absorbing pointwise non-dominating set of G. More
precisely,

'Y}JLFQ(G +Kp) =p+ P;rpnd(G)~



D. Catian, 1. S. Aniversario, F. P. Jamil / Eur. J. Pure Appl. Math, 17 (3) (2024), 1737-1750 1745

Proof. If G is complete, then G + H is complete, and the assertion is obvious. Suppose
that G is noncomplete. Put H = K, and let Sg = SNV(G) and Sg = SNV (H) = V(K)).
Assume S is a minimal geodetic hop dominating set in G + K. Note that (Sy) is complete
and Sg = V(K)) is a pointwise non-dominating set in H. Thus, S¢ is a minimal 2-path closure
absorbing pointwise non-dominating set in G by Proposition 4.

Conversely, suppose that Sg is a minimal 2-path closure absorbing pointwise non-dominating
set in G. By Proposition 5, S = Sg U Sy is a minimal geodetic hop dominating set in G + H.
O

Proposition 6. Let G and H be connected noncomplete graphs. Then
2 (G4 H) > max{pf o (G) + w(H), gy (H) +w(G)}.

Proof. Let S¢ C V(G) be a p;pnd—set of G and Sy C V(H) be w-set of H. Because H is
noncomplete, V(H) # Sg. Let z € V(H)\ Sy. Since (Sy U{z}) is a not complete, there exists
y € Sy for which zy ¢ E(H). Since x is arbitrary, Sy is a pointwise non-dominating set in H.
By Proposition 4, S = Sg U Sy is a minimal geodetic hop dominating set in G + H. Thus,

N (G + H) > |S| = pf (G) +w(H).
Similarly, 'y;[g(G +H)>|S = ng(H) + w(G). O

Since W,J{g(Pg +C3)=5= p;pnd(Pg) + w(P3), the lower bound in Proposition 6 is sharp.

5. In the corona of graphs

Theorem 5. [27] Let G and H be any two graphs. A set S C V(G o H) is a geodetic hop
dominating set of G o H if and only if

S =AU (Upev(e)Sv) ;
where A C V(G) and S, C V(H") for each v € V(G), and satisfies the following conditions:
(i) Sy is a pointwise non-dominating set in H® for each v € V(G) \ Ng(A);
(1) For each w € V(G) \ A, one of the following holds:

(a) Ja,b € Sy with dgw(a,b) # 1;
(b) Fz,y € V(G) with w € Ig(x,y);
(¢c) 3s € Sy and t € A.

(1i1) Sy is a 2-path closure absorbing set in HY for all v € V(QG).

Observe that if G is a nontrivial connected graph, then condition (7i) in Theorem 5 may be
removed.

Corollary 5. Let G and H be two graphs, where G is connected and nontrivial. A set
S CV(Go H) is a geodetic hop dominating set of G o H if and only if

S=AU (U’UEV(G)S’U) ,

where A C V(G) and S, C V(H") for each v € V(G), and satisfies the following conditions:
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(i) Sy is a pointwise non-dominating set in HY for each v € V(G) \ Ng(A);
(1i) Sy is a 2-path closure absorbing set in H' for all v € V(G).

Proof. The necessity part follows from Theorem 5. Suppose that (i) and (¢i) hold for S.
Following the same proof as one given in [9] for Theorem 5, S is a hop dominating set in G o H
and for every w € V(H") \ Sy, there exist u,v € S such that w € I g (u,v). Now, suppose
that w € V(G) \ A. Since G is nontrivial and connected, Ng(w) # &, say z € Ng(w). By (i),
S, # @ and Sy, # . Picku € S, and v € S,. Then w € Igog(u,v). O

Proposition 7. Let G and H be two graphs, where G is connected of order n > 2. Then
Py;L’—g(G © H) Z n-: p;_pnd(H)7
and this bound is sharp.

Proof. For each v € V(G), let S, C V(H") be a p;pnd—set of H?. By Corollary 5, U,y (a)Su
is a geodetic hop dominating set in G o H. Let T' C V(G o H) be a geodetic hop dominating
set in G o H with T C S. By Corollary 5 and since 7' C S, T' = Uyey(g)Ly, where T, C S,
is a 2-path closure absorbing pointwise non-dominating set in H" for each v € V(G). By the
minimality of S,, T,, = S, for each v € V(G). Therefore, S = T and S is a minimal geodetic
hop dominating set in G o H. Thus,

V(G o H) > (S| = n- phy(H).
Further, since 'Y}j;g(PQ oPy)=4= 2p;;n 4(FP2), the given bound is sharp. O

Proposition 8. Let G and H be any two graphs, where G is connected and nontrivial. If
S CV(Go H) is a minimal geodetic hop dominating set in G o H, then

S=AU (UUEV(G)SU) ,
where A C V(G) and S, C V(H") for each v € V(G), and satisfies the following conditions:

(i) Sy is a minimal 2-path closure absorbing pointwise non-dominating set in HY for each
v € V(G)\ Ng(4);

(i7) Sy is a minimal 2-path closure absorbing set in HY for all v € V(G) N Ng(A).

Proof. In view of Corollary 5, we are left to work only on the minimality part. Let .S be a
minimal geodetic hop dominating set in G o H. Let v € V(G) \ Ng(A). Let
D C V(H"Y) be a 2-path closure absorbing pointwise non-dominating set in H” with D C S,,.
Then T = AU (Uuev(g)\{v}su) U D is a geodetic hop dominating set of Go H. Since T' C S, the
minimality of S implies that T'= S. Necessarily, S, = D, showing that 5, is a minimal 2-path
closure absorbing pointwise non-dominating set in H¥, and (i) holds. Similarly, (i7) holds. [

Corollary 6. Let G and H be two graphs, where G is connected of order n > 2 and
0% nalH) = pF (H). Then
V(G o H) = - phy ().
In particular, for p > 1,
’VIirg(G o Kp) = np.
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Proof. Let S be a fy;[g-set of GoH. By Proposition 8, S = AU (Uvev(G)Sv), where A C V(G)
and S, C V(H") for each v € V(G)such that S, is a minimal 2-path closure absorbing pointwise
non-dominating set in HY for each v € V(G) \ Ng(A) and S, is a minimal 2-path closure
absorbing set in H for all v € V(G) N Ng(A). Since S is a ’y;fg—set, |Sy| = p;pnd(H) for all
v € V(G). Consequently, the minimality of S implies that A = &. Thus,

Mng(G o H) = |8 = [V(G)] - pypq(H).-

6. In the lexicographic product of graphs

Theorem 6. [27] Let G and H be connected mnontrivial graphs. A subset
C = Uges ({z} x Sz) C V(G[H]), where S C V(G) and S, C V(H), is a geodetic hop
dominating set in G[H| if and only if the following conditions hold:

(i) S is a geodetic hop dominating set in G;
(ii) Sy is a pointwise non-dominating set in H for each x € S\ NA(S);
(7i1) Sy is a 2-path closure absorbing set in H for each x € S\ Ig(S).
The following follows from Theorem 6.

Corollary 7. Let G and H be connected mnontrivial  graphs. Let
C = Uzes({z} xSz) € V(G[H]), where S C V(G) and S, C V(H), such that the
following conditions hold:

(i) S is a minimal geodetic hop dominating set in G;

(ii) Sy is a minimal pointwise non-dominating set in H for each x € S\ NZ(S);
(13i) Sy is a minimal 2-path closure absorbing set in H for each x € S\ Ig(S).
Then C' is minimal geodetic hop dominating set in G[H].

Proof. By Theorem 6, C is a geodetic hop dominating set in G[H]. Let C* C C be a
geodetic hop dominating set in G[H]. By Theorem 6, there exist 7' C V(G) and T, C V(H) for
each x € T such that

C* = Uger {z} x Ty) .

Moreover, T' is a geodetic hop dominating set in G, T}, is a pointwise non-dominating set in H
for each z € T\ NZ(T), and T}, is a 2-path closure absorbing set in H for each z € T\ I¢(T).
Since C* C C, T C § and T, C S, for each x € T. The minimality of S implies that T = S.
Consequently, the minimality of S, implies that S, = T, for all z € T'\ N%(T ) and S, = T, for
all x € T\ I(T). Hence, C = C*, showing that C' is a minimal geodetic hop dominating set in
G[H].

Corollary 8. For nontrivial connected graphs G and p > 2,
() g (GLER]) = p - 7y (G).

(i1) Vg (KplG]) = P+ pgpa(H).
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Proof. Let S C V(G) be a 'ylff -set of G, and let D = V(K}). Then C = Uzeg ({2} x D) is
a minimal geodetic hop domlnatmg set in G[K,] by Corollary 7. Thus,

Tng(GLEp]) > |C| = [8]-|D| = p - 71, (G).

To get the other inequality, let C' = Uzes ({2} x Sz) € V(G[H]) be a fy;fg—set of G[Kp]. By
Theorem 6 and the minimality of C', S is a minimal geodetic hop dominating set in G and
Sy = V(K,) for all z € S\ NA(S) and for all z € S\ I(S). Thus,

Vi (GUG)) = [Cl =D 18,/ <D V) =p-[S] <p-ify (@),

z€S z€S
This proves ().

To prove (ii), let C = Ugzes ({2} x T;) € V(K,[G]) be a vht]—set of K,|G]. By Theorem 6,
S =V(K,) and S, is a 2-path closure absorbing pointwise non-dominating set in H. Moreover,
by the minimality of C', S, is a minimal 2-path closure absorbing pointwise non-dominating set
in H. Thus,

Vg EplGD) = 1C1 = D 1Sul < p- ppa(H).-
zeV(G)

To get the other inequality, D C V(H) be a p;pn g-set of H. Then
C = Uev(k,) {2} x D) = V(Kp) x D

is a minimal geodetic hop dominating set in K,[G]. Therefore,

W (Ep[G)) > |Cl = p- o (H).
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