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Let G be a connected graph and S be a minimum geodetic global dominating set of G. A
subset T' C S is called a forcing subset for S if S is the unique minimum geodetic global
dominating set containing T'. A forcing subset for S of minimum cardinality is a minimum
forcing subset of S. The forcing geodetic global domination number of S, denoted by
f7¢(S), is the cardinality of a minimum forcing subset of S. The forcing geodetic global
domination number of G, denoted by fx4(G), is f54(G) = min{f54(S)}, where the
minimum is taken over all minimum geodetic global dominating sets S in G. The forcing
geodetic global domination number of some standard graphs are determined. Some of
its general properties are studied. It is shown that for every pair of positive integers
a and b with 0 < a < b and b > a + 2, there exists a connected graph G such that
f5¢(G) = a and 5(G) = b. The geodetic global domination number of join of graphs is
also studied. Connected graphs of order n > 2 with geodetic global domination number
2 are characterized. It is proved that, for a connected graph G with Vg(G) = 2. Then
0 < f54(G) < 1 and characterized connected graphs for which the lower and the upper
bounds are sharp.
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1. Introduction

Let G = (V, E) be a graph with a vertex set V(G) and edge set E(G) C V(G)xV(G)
(or simply V and E, respectively). Furthermore, we say that a graph G has order
n = |V(G)| and size m = |E(G)|. For basic graph theoretic terminology, we refer
to [5]. A vertex v is adjacent to another vertex u if and only if there exists an edge
e=w € E(G). fuv € E(G), we say that u is a neighbor of v and denote by N¢(v),
the set of neighbors of v. The degree of a vertex v € V(G) is degs(v) = |Ng(v)|.
A vertex v is said to be a wuniversal vertex if deg(v) = n — 1. A vertex of degree
1 is called a pendent vertex or an end vertex of G. G — {e} is the graph obtained
from G by deleting an edge e from G. The maximum and minimum degree of G
are denoted by A(G) and 6(G) respectively. The subgraph induced by a set S of
vertices of a graph G is denoted by (S) with V((S)) = S and E((S)) = {ww €
E(G) : u,v € S}. A set S subset of V(G) is called a clique if (S) is complete. The
clique number of G is the number of vertices in a maximum clique and is denoted
by w(G). A vertex v is an extreme vertex of a graph G if the subgraph induced by
its neighborhood is complete. Let G; and G2 be two graphs. Then join G1 V G»
of two graphs G; and Gj is the graph with V(G; V G2) = V(G1) U V(G2) and
E(Gl V GQ) = E(Gl) U E(Gg) U {U’U U € V(Gl), RS V(GQ)}

The length of a path is the number of its edges. Let u and v be vertices of a
connected graph G. A shortest u-v path is also called a u-v geodesic. The (shortest
path) distance is defined as the length of a wu-v-geodesic in G and is denoted by
de(u,v) or d(u,v). The maximum distance between two vertices of G is called
diameter of G and is denoted by d(G). Two vertices u and v of G are antipodal if
d(u,v) = diamG or d(G). A vertex x is said to lie on a u-v geodesic P if z is a vertex
of P including the vertices v and v. For two vertices u and v, the closed interval
I[u,v] consists of u and v together with all vertices lying in a u-v geodesic. If v and
v are adjacent, then I[u, v] = {u,v}. For a set S of vertices, let I[S] = Uy vesI[u,v].
Then certainly S C I[S]. A set S C V(G) is called a geodetic set of G if I[S] = V.
The geodetic number g(G) of G is the minimum order of its geodetic sets and any
geodetic set of order ¢g(G) is a g-set of G. The geodetic number of a graph was
studied in [II, @, [8 [13], 15 21]. Obviously 2 < ¢g(G) < n for any connected graph
G of order n. Among graphs on n vertices only complete graphs attain the upper
bound, while the family of graphs that attain the lower bound is much richer. In
[5], it is shown that g(G) = 2 if and only if there exist two vertices u and v with
d(u,v) = d(G) and every vertex of G lies on a geodesic between vertices u and v.

A set D C V(QG) is a dominating set of G if for every v € V(G)\D is adjacent to
some vertex in D. A dominating set D is said to be minimal if no proper subset of
D is a dominating set of G. The minimum cardinality of a minimal dominating set
of G is called the domination number of G and is denoted by v(G). Any dominating
set of cardinality v(G) is a ~-set of G. The domination number of a graph was
studied in [9]. A dominating clique set is a dominating set that induces a complete
subgraph. A subset D C V(G) is called a global dominating set of G if D is a
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dominating set of both G and G. A global dominating set D is said to be minimal
if no proper subset of D is a global dominating set of G. The minimum cardinality
of a minimal global dominating set of G is called the global domination number of
G and is denoted by F(G). Any global dominating set of cardinality 7(G) of G is a
~-set of G. The global domination number of a graph was studied in [20, 23]. A set
S C V(Q) is said to be a geodetic global dominating set of G if S is both a geodetic
set and a global dominating set of G. The minimum cardinality of a geodetic global
dominating set of G is the geodetic global domination number of G and is denoted by
¥4(G). A geodetic global dominating set of cardinality 7, (G) is called a 7 -set of G.
The geodetic global dominating number of a graph was studied in [I8,[19]. Let G be
a connected graph and D be a ~y-set of G. A subset T' C D is called a forcing subset
for D if D is the unique 7-set containing 7. A forcing subset for D of minimum
cardinality is a minimum forcing subset of D. The forcing domination number of D,
denoted by f,(D), is the cardinality of a minimum forcing subset of D. The forcing
domination number of G denoted by fy(G), is f+(G) = min{f,(D)} where the
minimum is taken over y-sets of D in GG. By the similar manner, we can define the
forcing global domination number f=(G) and the forcing geodetic number f,(G).
For the graph G given in Fig.[I] there are four y-sets of G namely Dy = {v1,v3},
Dy = {v9,v3}, D3 = {v4,v6} and Dy = {vs,vs} so that v(G) = 2. Since Dj is the
only ~-set containing vy, it follows that f,(D1) = 1. Also since Dy is the only ~-set
containing vo, it follows that f,(D2) = 1. Also since Dj is the only y-set containing
v4, it follows that f,(Ds3) = 1. Since no singleton subsets of Dy is a forcing subset
of Dy, it follows that f,(D4) = 2. Therefore f,(G) = 1. There are eleven 7-sets
namely M; = {vi,v2,v3}, My = {vi,v4,06}, Mz = {v2,v3,v5}, My = {v2,v4,06},
M5 = {1)371)471)6}, M6 = {U4;U5;U6}7 M7 = {1)171)3,1}4}, Mg = {1)171)371)5}, Mg =
{v1,v4,v5}, M1g = {w2,vs,v4}, M11 = {vs, vs,v6}. No singleton subsets of M; is a
forcing subset of M; for all ¢ (1 < i < 6) and so f5(M;) > 2 for all i (1 < i < 6).
Since at least one two element subset of M; (1 < ¢ < 6) is not a subset of M;
(1 <j <60 +# ), it follows that f5(M;) = 2 for all ¢ (1 < ¢ < 6). Also since no
singleton subsets or no two element subsets of M; (7 < i < 11) is a subset of M;
for all ¢ (7 <4 < 11), it follows that f5(M;) = 3 for all i (7 < ¢ < 11). Therefore
f5(G) = 2. There are two g-sets of G namely, S = {v1, v, v5} and So = {v1, v4,v6}.

v, V3 Vs

U1

Vg G Us

Fig. 1. A graph G with f(G) =1, f5(G) =2, f4(G) =1, v(G) =2, ¥(G) = 3 and g(G) = 3.
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Therefore g(G) = 3 and f,(G) = 1. The forcing concepts in graphs was introduced in
[6] for minimum dominating sets. Then the forcing concepts was further studied by
many authors in several parameters arising in graphs [2} [3} [6} [7, [TOHI2) T4, 16, 17, 22].

In Sec. B we introduce the concepts of forcing geodetic global dominating num-
ber of a graph and determined this for some standard graphs. It is shown that
for every pair of positive integers ¢ and b with 0 < a < b and b > a + 2, there
exists a connected graph G such that f5,(G) = a and F(G) = b. In Sec. Bl we
studied the concepts of the geodetic global domination number of join of graphs.
In Sec. 4, we characterized connected graphs of order n > 2 with geodetic global
domination number 2. It is proved that, for a connected graph G with Wg(G) =2,
0 < f54(G) < 1 and characterized connected graphs for which the lower and the
upper bounds are sharp.

A social network theory is concerned about the study of relationships between
the members of a group. A social network clique is a dominating clique which is a
group of representatives of the network who can communicate themselves directly. A
status in a network is a subset S of members of the group such that any two of them
have the same relationship outside S in the network. A group of people is said to be
structurally equivalent if any two of them have same relationship between people in
the social network. These sets can be determined using the properties of dominating
sets. Concepts related to geodesics also appear in the social sciences. When members
of a social group are represented by vertices, and particular relationship between
members by edges of a graph, then the geodetic number can be considered as the
smallest number p such that every member of a group is contained in a minimal
chain of relationships between chosen p members. By applying the geodetic global
domination concepts, there must be effectiveness in the relationships between chosen
p members. The following theorems are used in sequel.

Theorem 1.1 ([19]). If v is either an extreme vertex or a universal vertex of a
connected graph G, then v belongs to every geodetic global dominating set of G.

Theorem 1.2 ([19]). Let G be a connected graph of order n > 2. Then7,(G) = 2
if and only if either G = Ky or there exists a geodetic set S = {x,y} such that
d(z,y) = 3.

Theorem 1.3 ([19]). If G is either a complete graph K, (n > 2) (or) a star
Kl,nfl (n Z 3)7 then WQ(G) =n.

Theorem 1.4 ([5]). For a connected graph G, g(G) = 2 if and only if there exist
peripheral vertices u and v such that every edge of G is on a diametral path joining
u and v.

2. The Forcing Geodetic Global Domination Number of a Graph

Definition 2.1. Let G be a connected graph and S be a minimum geodetic global
dominating set of G. A subset T' C S is called a forcing subset for S if S is the
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unique minimum geodetic global dominating set containing 7'. A forcing subset for
S of minimum cardinality is a minimum forcing subset of S. The forcing geodetic
global domination number of S, denoted by fz4(S), is the cardinality of a minimum
forcing subset of S. The forcing geodetic global domination number of G, denoted by
[5¢(G), is f54(G) = min{ f5,(S)}, where the minimum is taken over all minimum
geodetic global dominating sets S in G.

Example 2.2. For the graph G given in Fig. 2l S; = {v1,v3,v5}, Sa = {v1,v4,v6}
and S3 = {v1,v4,v5} are the only three minimum geodetic global dominating sets
of G such that f5,(S1) = f54(S2) =1 and f54(S3) = 2 so that f5,(G) = 1.

Definition 2.3. A vertex v is said to be a geodetic global dominating vertex of
G if v belongs to every minimum geodetic global dominating set of G. If G has
a unique minimum geodetic global dominating set S, then every vertex of S is a
geodetic global dominating vertex of G.

Example 2.4. For the graph G given in Fig. Bl S; = {v1,v4,07,v9} and So =
{v1, v4,v7,v8} are the only two Fg-sets of G. Since v1,v4 and v7 € S1 A Sa, it follows
that {v1,v4,v7} is the set of all geodetic global dominating vertices of G.

Note 2.5. Each extreme vertex and each universal vertex of G are geodetic global.
dominating vertices of G. In fact there are geodetic global dominating vertices which
are neither extreme vertices nor universal vertices of G. For the graph G given in
Fig. Bl vy is a geodetic global dominating vertex of G which is neither an extreme
vertex nor a universal vertex of G.

The next theorem follows immediately from the definition of the geodetic global
domination number and the forcing geodetic global domination number of a con-
nected graph G.

Theorem 2.6. For every connected graph G, 0 < f5,(G) <7,(G).

U1
Uz
V3 Vg
Uy Vs
G

Fig. 2. A graph G with f5, (G) =1 and 7,(G) = 3.
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Uy (£t
U3
v,
V1o 4
72X ]
Us Ve vy
Vg 4 . °
G

Fig. 3. A graph G with {v1,v4,v7} are the set of all geodetic global domination vertices.

In the following, we characterize graphs G for which the bounds in Theorem 2.6
attained and also graphs for which f5,(G) = 1. The proofs of the following theorems
are straightforward. So we omit the proofs.

Theorem 2.7. (a) f54(G) = 0 if and only if G has a unique minimum geodetic
global dominating set.

(b) f54(G) = 1 if and only if G has at least two minimum geodetic global domi-
nating. sets, one of which is a unique minimum geodetic global dominating set
containing one of its elements.

(¢) f54(G) = 7,(Q) if and only if no minimum geodetic global dominating set of
G is the unique minimum geodetic global dominating set containing any of its
proper subsets.

Theorem 2.8. Let G be a connected graph and let S be the set of relative comple-
ments of the minimum forcing subsets in their respective minimum geodetic global
dominating sets in G. Then NpegF' is the set of geodetic global dominating vertices

of G.

Corollary 2.9. Let G be a connected graph and S a minimum geodetic global dom-
inating set of G. Then no geodetic global dominating vertex of G belongs to any
minimum forcing set of S.

Theorem 2.10. Let G be a connected graph and X be the set of all geodetic global
dominating vertices of G. Then f,(G) <7,(G) — |X|.

In the following, we determine the forcing geodetic global domination number
of some standard graphs.

Theorem 2.11. If G is either a complete graph K, (n > 2) or a star Ki ,—1
(n > 3), then f54(G) = 0.

Proof. Since S = V(G) is the unique 7 -set of G, the result follows from Theorem
2.7(a). m|
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Theorem 2.12. For a double star G, fz4(G) = 0.

Proof. Let Z be the set of all end vertices of G. Then Z is the unique 7 -set of G
so that f=,(G) = 0. O

Theorem 2.13. For the cycle G = C,, (n > 4),
3, ifn=4,
f54(G) =<1, ifn=0 (mod 3),

2, otherwise.

Proof. Let C,, be vi,va,...,v,,v1.

Case 1. Let n = 4. Then S; = {v1,v2,v3}, S2 = {v2,v3,v4}, S3 = {v3,v4,v1} and
S4 = {v4,v1,v2} are the only four minimum geodetic global dominating sets of G
such that fg,(S1) = f54(S2) = f54(S3) = f54(Ss) = 3 so that f5,(G) = 3.

Case 2. Let n = 5. Then S; = {v1,v3,v4}, So2 = {v1,v2,04}, S5 = {v1,v3,05},
S4 = {va,v4,v5} and S5 = {ve,vs,v5} are the only five minimum geodetic global
dominating sets of G such that f5,(S5;) =2 for 1 <7 <5 so that f54(G) = 2.

Case 3. Let n =0 (mod 3). Let n = 3k, k > 2. Then S = {v1,v4,v7,...,U35_2} i8
the unique 7,-set of G containing {v1} so that f5,(G) = 1.

Case 4. Let n =1 (mod 3). Let n = 3k +1, k > 2. Let S be any 7,-set of G. Then
it is easily verified that any singleton subset of S is a subset of another 7 -set of
G and so f54(G) > 2. Now, S1 = {v1,v4,v7,..., 03,41} is the unique 7 -set of G
containing {vi, vagp41} so that f54(G) = 2.

Case 5. Let n+1 =0 (mod 3). Let n = 3k — 1, k > 3. Let S be any 7,-set of G.
Then it is easily verified that any singleton subset of S is a subset of another 7 -set
of G and so f54(G) > 2. Now, S1 = {v1,v4,v7,...,v3k—2} is the unique 7 -set of G
containing {vi, vsp—2} so that f54(G) = 2. O

Theorem 2.14. For the path G = P, (n > 4),
0, fn—1=0 (mod3) and n =4,

f5¢(G)=<1, ifn=0 (mod3) and n=S75,
2, ifn+1=0 (mod3) and n>8.

Proof. Let P, be vy,v2,v3,...,0y,.

Case 1. Let n = 4. Then S; = {v1,v4} is the unique 7g-set of G such that
f74(G) = 0.

Case 2. Let n — 1 = 0 (mod 3). Let n = 3k + 1, & > 2. Then § =
{v1,va,v7, ..., v3k—2, U341} is the unique 7 -set of G so that fs,4(G) = 0.

2350016-7
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Case 3. Let n = 0 (mod 3). Let n = 3k, k = 2. Then S; = {v1,v3,vs} and
Sa = {v1,v4,v6} are the only two ¥,-sets of G such that J54(51) = fz4(S2) =1 so
that f54(G) = 1. Next assume that k& > 3. Then S = {vy,v3,v6,09,...,v3x} is the
unique 7,-set of G’ containing {v3} so that fg,(G) = 1.

Case 4. Let n+ 1 =0 (mod 3). Let n = 3k — 1, First assume that & = 2. Then
S1 = {v1,v2,v5}, S = {v1,vs,v5} and S5 = {v1,v4,v5} are the only three ¥g-set
of G such that f54(S1) = f54(S2) = f54(S3) =1 so that f5,(G) = 1. Next assume
that k > 3. Then S = {v1,v4,v7,...,V3k—5,V3k—2, U3k—1} is the unique ¥,-set of G
containing {vsg—s,v3x—2} so that f5,(G) = 2. O

Theorem 2.15. For the fan graph G = K1V P,_1(n > 5),
0, #fn—11s odd,
fﬁg(G) =

1, ifn—11is even.

Proof. Let V(K;) = {z} and V(P,—1) = {v1,v2,...,vn—1}. We have the following

cases.
Case 1.n—1lisodd. Let n — 1 =2k + 1. (k> 2). Then S = {x,v1,vs,...,V2%+1}
is the unique 7 -set of G so that f5,(G) = 0.

Case 2. n—1iseven. Let n—1 = 2k. (k > 3). Then S = {x, v1,v2,04, ..., Vak—2, Vo) }
is the unique 7 -set of G containing {va—2} so that fy,4(G) = 1. O

Theorem 2.16. For the wheel graph G = K1V Cp,—1 (n > 5),
n—2

f?Q(G) = 2

1, if n—1 is even.

, ifn—11s odd,

Proof. Let V(K;) = {z} and V(Cy,—1) = {v1,v2,...,v,_1}. We have the following

cases.

Case 1. n — 1 is odd. Let n — 1 = 2k + 1. (k > 2). Then S =
{z,v1,v3,v5,07,...,v241} is a §,-set of G. Since d(u,v) < 2 for all u,v € V(G), it
follows that there is no forcing subset T" of S with |T'| < k— 1. Now S is the unique
¥,-set of G containing {v1,vs,v7,. .., vart1} so that fy4(G) = k. Since this true for
all 7,-sets S in G, it follows that f54(G) =k = %4
Case 2. n — 1liseven. Let n — 1 = 2k. (k > 2). Then S; = {x,v1,vs,...,V26-1}
and Sy = {x,v2,v4,...,v9;} are two 74-sets of G such that f79(S1) = frq(52) =1

so that f,(G) = 1. |
Theorem 2.17. For the graph G = K,, — {e}, f54(G) =0.

Proof. Since every vertex of G is either an extreme vertex or a universal vertex,
S = V(G) is the unique 7 -set of G, it follows from Theorems 1.1 and 2.7 (a) that

f?Q(G) =0. O

2350016-8
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Theorem 2.18. Let F,, = K1V P,_1, (n > 7) be the fan graph. Let V(K) = {«}
and G = F,, — {e}, where e € E(P,_1) and G1,G2 be the components of G — x.
Then

0, if|V(Gy)| and |V(G2)| are odd
f5¢(G) = ¢ 1, if either [V(G1)| or |V(G2)| is odd
2, if|[V(Gy)| and |V(G2)| are even.

Proof. Let S be a 7,-set of G. Then by Theorem 1.1, z € S. Let V(G:) =
{v1,v2,...,v} and V(G2) = {u1,uz,...,u}, where l +r > 6,

Case 1. |V(Gy)| and |V(G2)| are odd. Let I = 2k + 1 and r = 2s + 1, where k > 1
and s > 1. Then S = {z} U {v1,vs,...v2541} U {u1,ua, ..., uzs41} is the unique
¥g-set of G so that f54(G) = 0.

Case 2. |[V(G1)| is odd and |V (G2)| is even. Let | = 2k+1 and r = 2s, where k > 1
and s > 2. Then Z = {z} U {v1,vs3,..., 02541} U {u1,uss} is the set of all geodetic
global dominating vertices of G. Since [V (G1)] is odd and [V/(G2)| is even, 7 -set of
G is not unique and so f54(G) > 1. Now S = Z U {us, us, ... uzs—1} is the unique
¥g-set of G containing {uzs—1}. Hence it follows that f5,(G) = 1.

Case 3. |[V(Gy)| and |V (G2)| are even. Let | = 2k and r = 2s, where k > 2 and
s > 2. Then Z = {x}U{vy, vay, JU{uq, uak } is the set of all geodetic global dominating
vertices of G. Since [V (G1)| and [V (G2)| are even, no singleton subsets of any 7,-set
S of G is a forcing subset of S and so f54(G) > 2. Now S = ZU{vs, vs,. .., vop—1}U
{us, us,...,uzs—1} is the unique Jg-set of G containing {vak—1,u2s—1}. Hence it
follows that fs,(G) = 2. |

In view of Theorem [Z.6, we have the following realization result.

Theorem 2.19. For every pair of positive integers a and b with 0 < a < b and
b > a+ 2, there exists a connected graph G such that f54(G) = a and 5,(G) = b.

Proof. For a = 0, b = 2, let G = K». Then S = V(G) is the unique ¥ -set of G
so that f5,4(G) =0 and 5,(G) = 2. Let a = 1, b > 3. Let C5 be v1,v2,v3,v4, v5, 01
Let G be the graph obtained from C5 by adding new vertices 21, 22, ..., 2p—2 and
introducing the edge v1z; (1 <4 <b—2). The graph is shown in Fig. [

Let Z ={z1,22,...,2p—2} be the set of all end vertices of G. Then by Theorem
1.1, Z is a subset of every geodetic global dominating set of G. Now S1 = ZU{vs, v4},
Sy = Z UA{wve,v4}, S3 = Z U {vs,vs} are the only three Yg-sets of G such that
f79(S1) = 2, f54(S2) = f54(53) = 1 so that f54(G) =1 and 7,(G) = b.

Let 2 <a<bandb> a+2. Let P: x,y, z be a path of order 3 and Q; : u;, v;, w;
(1 <7< a) be a copy path of order 3. Let H be a graph obtained from P and Q;
(1 <4 < a) by joining y with each u; (1 < i < a) and z with each w; (1 <i < a).
Let G be a graph obtained from H by adding new vertices w, 21, 22, . . ., Zb—aq—2
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Fig. 4. A graph G with f5 (G) =1 and 7,(G) = b.

Fig. 5. A graph G with f5, (G) = a and 7,(G) = b.

and joining w with each u; (1 < i < a) and each w; (1 < i < a); z with each z;
(1<i<b—a-—2). The graph G is shown in Fig. [0l

First we show that 7,(G) = b. Let Z = {z,w, 21,22, ..., 2b—a—2} be the set of
all geodetic global dominating vertices of G and H; = {u;,v;,w;} (1 <i < a). By
Theorem [Tl Z is a subset of every geodetic global dominating set of G. Let D
be a minimum geodetic dominating set of G. We prove that D contains at least
one element in each H; (1 < i < a). On the contrary, suppose that D contains no
elements of H;, for every ¢, (1 < ¢ < a). Then v; (1 < i < a) is not dominated
by any element of D, which is a contradiction. Therefore every minimum geodetic
dominating set of G contains at least one vertex from each H; (1 <i < a) and so

2350016-10



Discrete Math. Algorithm. Appl. Downloaded from www.worldscientific.com
by Selvi V on 06/15/23. Re-use and distribution is strictly not permitted, except for Open Access articles.

The forcing geodetic global domination number of a graph

¥y(G) =2 2+b—a—2+a=b. Now S = ZU{u1,uz,...,u.} is a geodetic dominating
set of G so that 7,(G) = b.

Next we show that fs,(G) = a. By Theorem 2.10, f5,(G) < 7, — |Z] = a.
Now since 7,(G) = b and every minimum geodetic global dominating set of G
contains Z, and 7 -set S of G is of the form S = Z U {ty,ta,...,t.}, where t; € H;
(1 < i < a). Let T be any proper subset of S with |T'| < a. Then there exists a
vertex ¢; (1 < j < a) such that t; € T. Let g; be a vertex of H; distinct from ¢;.
Then Sy = S — {t;} U{g,} is a §,-set of G properly containing 7. Therefore 7" is
not a forcing subset of S. This is true for all 7 -sets of G. Hence it follows that

f4(G) = a. O

3. The Forcing Geodetic Global Domination Number
of Join of Graphs

Theorem 3.1. Let Gy and G5 be two complete graphs of order ny and ny respec-
tively. Then fyq(G1V Ga) = 0.

Proof. Since G = K,,, and G = K,,,, we have G1 VG2 = K,,, yn,. Then by Theorem
2.11, f54(G1V G2) =0. O

Theorem 3.2. Let Gy and G2 be two non-empty graphs of order ni and no respec-
tively. If 7,(G1 V G2) = 2, then f54(G1V G2) = 0.

Proof. Let 7,(G1V Gg) = 2. Then by Theorem[[2, GV Gy is either (i) K3 or (ii)
there exists a geodetic set S = {z,y} in G; V G2 such that dg,ve, (z,y) = 3. Since
d(G1 V G3) = 2, (ii) is not possible. Therefore G = K,. Hence by Theorem [ZTT]
fﬁg(Gl V GQ) =0. O

Theorem 3.3. Let Gy and Gs be graphs of order ny and ns, respectively. Ifig (GyV
GQ) = 3. Then fﬁg(Gl V GQ) <1 or fﬁg(Gl \Y GQ) =3.

Proof. Let 7g(G1 V G2) = 3. Then by Theorem 2.6, 0 < f5,(G1 V G2) < 3. Let
S = {z,y,2} be a J,-set of G1 V Ga. Since d(G1 V G2) = 2 and Ig,ve,[S] =
V(G1V Gs), S contains at least two vertices from Gy (or) at least two vertices from
Go. Let us assume that x,y € V(Gy). If xy € E(G;), then G; V G2 = K3. Hence
by Theorem 21Tl f5,(G1 Vv G2) = 0. If 2y ¢ E(G1), then we prove that V(G1) =
{z,y}. On the contrary suppose that V(G;) # {z,y}. Then there exists w € V(G)
such that w # x and w # y. Since every vertex in Ga is adjacent to x,y and w,
w & Ig,va,[S], then it follows that S is not a geodetic global dominating set of
G1V Go, which is a contradiction. Therefore V(G1) = {z,y} and so G; = K. Since
zx,zy € E(G1 V Gg) and zu € E(Gy V Gs) for every u € V(Gy V G2) and u # z, y,
d(G2) = 0. Hence it follows that degg,(2) = 0. If G2 = K71, then G V G2 = P3. By
Theorem 210l f54(G1VG2) =0.If Gy = K, then G1V Gy = Cy. By Theorem 2.13]
f3q (G1VGs) = 3.1f G is neither K nor K, then G4 contains at least three vertices.

2350016-11



Discrete Math. Algorithm. Appl. Downloaded from www.worldscientific.com
by Selvi V on 06/15/23. Re-use and distribution is strictly not permitted, except for Open Access articles.

V. Selvi & V. Sujin Flower

We prove that f54(G1 V G2) # 2. On the contrary suppose that fz,(G1V Ga) = 2.
Then there exists a 7 g-set S1 of G V G4 such that S; contains at least two vertices
of Go. Let S = {x, 2,21}, where z,21 € G3. Let 2z € V(G3) such that zo # z,2;.
Since degg, (2) = 0, dg,va,(2,21) = 2 and 22,221, 122 € E(G1VGy), then it follows
that zo & I[S1]. Hence S is not a geodetic global dominating set of Gy V G2, which
is a contradiction. Therefore fs,(G1V G2) # 2. O

Theorem 3.4. Let G be a connected graph of order nq > 3. Then f54(GV K,,) =
f59(G).

Proof. Let S be a7 -set of G and T" be a forcing subset of S. Since dav i, (z,y) = 1
for all z,y € V(K3) and zu € E(G V K») for all z € V(K,,) and v € V(G), it
follows that V(K3) is a subset of every 7 -set of GV K,,,. Therefore S UV (K,,)
is a 7,-set of GV K,,. We prove that T is a forcing subset of S UV (K,,). On the
contrary, suppose that 7" is not a forcing subset of S UV (K,,). Then there exists a
¥g-set S1 UV (Kp,) of GV K, such that ' C S; UV (K,,), where S is a 7 -set of
G. Since V(K,,,) is a subset of every 7 -set of GV Ky,,. It follows that 7' is a subset
of Sy, which is a contradiction. Therefore T is a forcing subset of SUV (K,,,). Since
this is a true for all forcing subset T' of S, we have f54(G) > f54(G V K,,,).

Let M be a%,-set of GV Ky,. Then M = M; UV (K,,), where M; is a 7 -set
of G. Let K be a forcing subset of M. Since V(K,,) is a subset of every 7 -set of
GV K,,, it follows that K is a forcing subset of M. Since this is true for all forcing
subset K of M, we have f54(GV Ky,,) > fy4(G). Therefore frq(GV K,,,) = fr4(G).

O

4. Graphs with Geodetic Global Domination Number 2

In [I5], connected graphs of order n > 2 with geodetic global domination number n
are characterized. In this section, we characterize connected graphs of order n > 2
with Wg(G) = 2. For this purpose we introduce the graphs H and the following
family <& of graphs.

Let V(K4 —{e}) = {v1,v2,v3,v4} where e = vovy. Let H be the graph obtained
from K4 — {e} by introducing the end edge vavs. Let V(K2) = {z,y} and V(K,) =
{v1,v2,...,v4}(a > 2). Let &, be the graph obtained from K, and K, by adding
a vertex z and introducing the edge zv; (1 <i < a), zv; (1 <i<a) and yz.

Let V(K3) = {x,y} and P; : u;,v; (1 <i < a) (a> 1) be a copy of path on two
vertices. Let &9 be the graph obtained from Ko and P; (1 <4 < a) by introducing
the edges zu; (1 <i<a)and yv; (1 <i < a). Let $3 be the graph obtained from
Q9 by joining at least one u; (1 < i < a) with at least one u; (1 < j < a) and
i # j. Let 3y be the graph obtained from S9 by joining at least one v; (1 <i < a)
with at least one v; (1 < j < a), i # j. Let J5 be the graph obtained from 2 by
joining at least one u; (1 < i < a) to at least one v; (1 < j < a), i # j. Let S
be the graph obtained from 5 by joining at least one v; (1 <1 < a) with at least
one Uy, (I < m < a),l # m. Let S be the graph obtained from 3 by joining

2350016-12
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Fig. 6. Family 7 of graphs.

at least one u; (1 <1 < a) with at least one v,, (1 < m < a), ] # m. Let S be
the graph obtained from &4 by joining at least one v; (1 < 1 < a) with at least
one u, (1 <m <a),l#m. Let Sg be the graph obtained from S5 by joining at
least one v; (1 <1 < a) with at least one v, (1 < m < a), l # m. Let 19 be the
graph obtained from Sy by joining at least one u, (1 <r < a) with at least one v
(1 <s<a),r+#s. Let S11 be the graph obtained from 19 by joining at least one
up (1 < p < a) with at least one vy (1 < ¢ <a), p#q.

Theorem 4.1. Let G be a connected graph of order n > 2. Then WQ(G) =2
if and only if G is either Ko or Py or Cs or G € {H,3q, 9,33, Sy, S5, S,

. Cx. G G Ok
\97,\98,\99,\9107J11}.

Proof. Let 7,(G) = 2. Then g(G) = 2. If n = 2, then G = K>, which satisfies
the requirements of this theorem. If n = 3, then G is either K3 or Ps;. Then by
Theorem [L3, 7,(G) = 3, which is a contradiction. So let n > 4. By Theorem [[.2}
d = 3.If n = 4 then G = Py, which satisfies the requirements of this theorem. Hence
n > 5. If G is a tree, then G contains at least three end vertices and so 7, (G) > 3,
which is a contradiction. Therefore G is not a tree. If G = C,, (n > 5), then by
Theorem [[2, G = Cg, which satisfies the requirements of this theorem. So let
G # Cy (n>5). Let S = {r,y} be a7y, -set of G. Since g(G) = 2, by Theorem [[.4,
x and y are antipodal vertices of GG. Since G is not a tree, either x or y is an end
vertex of GG, or x and y are not end vertices of G. If either = or y is an end vertex
of G, then G € {H, 31}, which satisfies the requirement of this theorem. If neither
x nor y is an end vertex of G, then G € {Sq, J3, Su, S5, S6, S7, s, So, S10, S11 15
which satisfies the requirements of this theorem. The converse is clear. O

Theorem 4.2. If G is a connected graph with 5,(G) = 2, then 0 < f5,(G) < 1.

Proof. By Theorem 2.6, 0 < f54(G) < 2. Let S = {u, v} be any minimum geodetic
global dominating set of G. Then by Theorem 1.4, u and v are antipodal vertices

2350016-13
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Fig. 7. Family 7 of graphs continued.

of G. Suppose that f5,(G) = 2. Then f5,(5) = 2 for all ,-set S of G. Hence it
follows that S is not a unique 7,-set containing u. Then there exists x # u such that
S1 = {u,x} is also a § -set of G. Then by Theorem [[2] u and z are two antipodal
vertices of G. Hence v is an internal vertex of some u — = geodesic in GG. Therefore,
d(u,v) < d(u, ), which is a contradiction. m|
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Theorem 4.3. Let G be a connected graph with 5 ,(G) = 2. Then G contains more
than one 7, -sets if and only if the degree of each element in any 75 ,-set of G is two.

Proof. Let S = {z,y} be a 7g-set of G. Let us assume that G contains more
than one 7 -sets. Let S1 = {u,v} be another 7 -set of G. We prove that deg(z) =
deg(y) = deg(u) = deg(v) = 2. On the contrary, suppose that degree of at least
one element in the 7 -set is not two. Without loss of generality, let us assume that
deg(r) # 2. If deg(x) = 1, then ¥ -set is unique, which is a contradiction. Therefore
deg(x) > 3. Since the edges incident with = are not end vertices, there is a -y
geodesic, say P which avoids u or v. Let w be an internal vertex of P. Then w
may not lie on a u-v geodesic, which is a contradiction to S1 = {u,v} is a Vg-set
of G. Conversely let degree of each element in any 7 ,-sets is 2. We prove that G
contains more than one 7 -sets. Let M = {z,y} be a Yg-set of G. Let P be a z-y
geodesic in G. Since deg(z) = deg(y) = 2, there is another a-y geodesic, say P; in
G. By Theorem 1.2, d(z,y) = 3. Then there exists internal vertices u in P and v
in P; such that d(u,v) = 3. Hence it follows that u and v are antipodal vertices of
G. Since 7,(G) = 2, every vertex of G lies in u-v geodesic. Hence it follows that
St = {u, v} is another 7 -set of G. Therefore G' contains more than one 7 -sets. O

Theorem 4.4. Let G be a connected graph with 7,(G) = 2. Then f5,(G) = 1 if
and only if G is either Cg or the graph G given in Fig. Bl

Proof. Let f5,(G) = 1. Then by the Theorem 2.7(b), 7,-set of G is not unique. Let
S = {z,y} and S1 = {u,v} be two F -sets of G. Then by Theorem E.3 deg(x) =
deg(y) = deg(u) = deg(v) = 2. Hence it follows from Theorem 1] that G is either
Cg or the graph G given in Fig. 8 The converse is clear. O

Theorem 4.5. Let G be a connected graph with 7,(G) = 2. Then f5,(G) = 0 if
and only if G € {H,31,32(a > 3), 33,34, S5(a > 3), J6, 7, g, S, F10, F11}-

V1
v, Ve
V3 Vg
Vs
G

Fig. 8. A graph G with f54(G) =1 and 7y (G) = 2.
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Proof. This follows from Theorems [IHL4l O

Acknowledgments

The authors thank the referees for many valuable and constructive suggestions.

References

1]

2]

3]
[4]
[5]
[6]
[7]
8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]

[18]
[19]

[20]

H. A. Ahangar, S. Kosari, S. M. Sheikholeslami and L. Volkmann, Graphs with large
geodetic number, Filomat 29(6) (2015) 1361-1368.

H. A.Ahangar, F. Fujie-Okamoto and V. Samodivkin, On the forcing connected geode-
tic number and the connected geodetic number of a graph, Ars Combin. 126 (2016)
323-335.

P. Arul Paul Sudhahar and C. Bency, The forcing restrained monophonic number of
a graph, Int. J. Appl. Eng. Res. 13(16) (2018) 12449-12452.

S. Beulah Samli, J. John and S. Robinson Chellathurai, The double geo chromatic
number of a graph, Bull. Int. Math. Virtual Institute 11(1) (2021) 25-38.

F. Buckley and F. Harary, Distance in Graph (Addition-Wesly, Redwood city, CA,
1990).

G. Chartrand, H. Gavlas, R. C. Vandell and F. Harary, The forcing domination
number of a graph, J. Combin. Math. Combin. Comput. 25 (1997) 161-174.

G. Chartrand and P. Zhang, The forcing geodetic number of a graph, Discuss. Math.
Graph Theory 19 (1999) 45-58.

M. C. Dourado, F. Protti, D. Rautenbach and J. L. Szwarcfiter, Some remarks on
the geodetic number of a graph, Discrete Math. 310 (2010) 832-837.

T. W. Haynes, S. T. Hedetniemi and P. J. Slater, Fundamentals of Domination in
Graphs (Marcel Dekker, New York, 1998).

J. John and P. Arul Paul Sudhahar, The forcing edge monophonic number of a graph,
SCIENTIA Series A 23 (2012) 87-98.

J. John and V. Mary Gleeta, On the forcing hull and forcing monophonic hull numbers
of graphs, Int. J. Math. Combin. 3 (2012) 30-39.

J. John and K. Samundeswari, Total and forcing total edge-to-vertex monophonic
numbers of graph, J. Comb. Optim. 34 (2017) 1-14.

J. John and D. Stalin, Edge geodetic self decomposition in graphs, Discrete Math.
Algorithms Appl. 12(5) (2020) 2050064.

J. John, The forcing monophonic and the forcing geodetic numbers of graph, Indone-
stan J. Combin. 4(2) (2020) 114-125.

J. John and D. Stalin, The edge geodetic self decomposition number of a graph,
RAIRO Oper. Res. 55 (2021) S1935-S1947.

J. John and M. S. Malchijah Raj, The forcing nonsplit domination number of a graph,
Korean J. Math. 29(1) (2021) 1-12.

S. Kavitha, S. Robinson Chellathurai and J. John, On the forcing connected dom-
ination number of a graph, J. Discrete Math. Sci. Cryptogr. 20(3) (2017) 611-
624.

X. Lenin Xaviour and S. Robinson Chellathurai, Geodetic global domination in corona
and strong product of graphs, Discrete Math. Algorithms Appl. 12(4) (2020) 2050043.
X. Lenin Xaviour and S. Robinson Chellathurai, On the upper geodetic global dom-
ination number of a graph, Proyecciones J. Math. 38(6) (2020) 1627-1646.

E. Sampathkumar, The global domination number of a graph, J. Math. Phys. Sci.
23 (1989) 377-385.

2350016-16



Discrete Math. Algorithm. Appl. Downloaded from www.worldscientific.com
by Selvi V on 06/15/23. Re-use and distribution is strictly not permitted, except for Open Access articles.

The forcing geodetic global domination number of a graph

[21] A. P. Santhakumaran, P. Titus and J. John, The upper connected geodetic number
and forcing connected geodetic number of a graph, Discrete Appl. Math. 157(7)
(2009) 1571-1580.

[22] A. P. Santhakumaran and J. John, On the forcing geodetic and forcing Steiner num-
bers of a graph, Discuss. Math. Graph Theory 31(4) (2011) 611-624.

[23] S. K.Vaidya and R. M. Pandit, Some results on global dominating sets, Proyecciones
J. Math. 32(3) (2013) 235-244.

2350016-17



	Introduction
	The Forcing Geodetic Global Domination Number of a Graph
	The Forcing Geodetic Global Domination Number of Join of Graphs
	Graphs with Geodetic Global Domination Number 2


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


