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Abstract

New setting is introduced to study the global offensive alliance. Global offensive alliance
is about a set of vertices which are applied into the setting of neutrosophic graphs.
Neighborhood has the key role to define this notion. Also, neighborhood is defined
based on strong edges. Strong edge gets a framework as neighborhood and after that,
too close vertices have key role to define global offensive alliance based on strong edges.
The structure of set is studied and general results are obtained. Also, some classes of
neutrosophic graphs containing complete, empty, path, cycle, star, and wheel are
investigated in the terms of set, minimal set, number, and neutrosophic number.
Neutrosophic number is defined in new way. It’s first time to define this type of
neutrosophic number in the way that, three values of a vertex are used and they’ve
same share to construct this number. It’s called “modified neutrosophic number”.
Summation of three values of vertex makes one number and applying it to a set makes
neutrosophic number of set. This approach facilitates identifying minimal set and
optimal set which forms minimal-global-offensive-alliance number and minimal-global-
offensive-alliance-neutrosophic number. Two different types of sets namely global-
offensive alliance and minimal-global-offensive alliance are defined. Global-offensive
alliance identifies the sets in general vision but minimal-global-offensive alliance takes
focus on the sets which deleting a vertex is impossible. Minimal-global-offensive-
alliance number is about minimum cardinality amid the cardinalities of all minimal-
global-offensive alliances in a given neutrosophic graph. New notions are applied in the
settings both individual and family. Family of neutrosophic graphs is studied in the
way that, the family only contains same classes of neutrosophic graphs. Three types of
family of neutrosophic graphs including m-family of neutrosophic stars with common
neutrosophic vertex set, m-family of odd complete graphs with common neutrosophic
vertex set, and m-family of odd complete graphs with common neutrosophic vertex set
are studied. The results are about minimal-global-offensive alliance, minimal-global-
offensive-alliance number and its corresponded sets, minimal-global-offensive-alliance-
neutrosophic number and its corresponded sets, and characterizing all minimal-global-
offensive alliances. The connection of global-offensive-alliances with dominating set and
chromatic number are obtained. The number of connected components has some
relations with this new concept and it gets some results. Some classes of neutrosophic
graphs behave differently when the parity of vertices are different and in this case,
path, cycle, and complete illustrate these behaviors. Two applications concerning
complete model as individual and family, under the titles of time table and scheduling
conclude the results and they
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give more clarifications. In this study, there’s an open way to extend these results into
the family of these classes of neutrosophic graphs. The family of neutrosophic graphs
aren’t study deeply and with more results but it seems that analogous results are
determined. Slight progress is obtained in the family of these models but there are open
avenues to study family of other models as same models and different models. There’s a
question. How can be related to each other, two sets partitioning the vertex set of a
graph? The ideas of neighborhood and neighbors based on strong edges illustrate open
way to get results. A set is global offensive alliance when two sets partitioning vertex
set have uniform structure. All members of set have more amount of neighbors in the
set than out of set. It leads us to the notion of global offensive alliance. Different edges
make different neighborhoods but it’s used one style edge titled strong edge. These
notions are applied into neutrosophic graphs as individuals and family of them.
Independent set as an alliance is a special set which has no neighbor inside and it
implies some drawbacks for these notions. Finding special sets which are well-known, is
an open way to purse this study. Special set which its members have only one neighbor
inside, characterize the connected components where the cardinality of its complement
is the number of connected components. Some problems are proposed to pursue this
study. Basic familiarities with graph theory and neutrosophic graph theory are
proposed for this article.

Keywords: Modified Neutrosophic Number, Global Offensive Alliance, Complete
Neutrosophic Graph
AMS Subject Classification: 05C17, 05C22, 05E45

1 Background )
Fuzzy set in Ref. [16], neutrosophic set in Ref. [2], related definitions of other sets in 2
Refs. [2, 14, 15], graphs and new notions on them in Refs. [5—12], neutrosophic graphs
in Ref. [3], studies on neutrosophic graphs in Ref. [1], relevant definitions of other 4
graphs based on fuzzy graphs in Ref. [13], related definitions of other graphs based on s
neutrosophic graphs in Ref. [1], are proposed. 6

In this section, I use two subsections to illustrate a perspective about the 7
background of this study. 8
1.1 Motivation and Contributions o
In this study, there’s an idea which could be considered as a motivation. 10
Question 1.1. Is it possible to use mized versions of ideas concerning “Global 1
Offensive Alliance”, “Modified Neutrosophic Number” and “Complete Neutrosophic 12
Graph” to define some notions which are applied to neutrosophic graphs? 13

It’s motivation to find notions to use in any classes of neutrosophic graphs. n
Real-world applications about time table and scheduling are another thoughts which 15
lead to be considered as motivation. Connections amid two vertices have key roles to 16
assign global-offensive alliance, minimal-global-offensive alliance, 17
minimal-global-offensive-alliance number, and 18
minimal-global-offensive-alliance-neutrosophic number. Thus they’re used to define new 19
ideas which conclude to the structure global offensive alliance. The concept of having 2
strong edge inspires me to study the behavior of strong edges in the way that, two types =«
of numbers and set, e.g., global-offensive alliance, minimal-global-offensive alliance, »
minimal-global-offensive-alliance number, and 2
minimal-global-offensive-alliance-neutrosophic number are the cases of study in the 2
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settings of individuals and in settings of families. Also, there are some avenues to 2
extend these notions. 2

The framework of this study is as follows. In the beginning, I introduce basic 27
definitions to clarify about preliminaries. In subsection “Preliminaries”, new notions of 2
global- offensive alliance, minimal-global-offensive alliance, 20
minimal-global-offensive-alliance number, and 30

minimal-global-offensive-alliance-neutrosophic number are introduced and are clarified =
as individuals. In section “General Results For Neutrosophic Graphs”, general sets have 2

the key role in this way. General results are obtained and also, the results about the 3
connections between dominating set and chromatic number with the notion of 34
global-offensive alliance are elicited. Classes of neutrosophic graphs are studied in the 3
terms of global-offensive alliance, minimal-global-offensive alliance, 36
minimal-global-offensive-alliance number, and 3
minimal-global-offensive-alliance-neutrosophic number in section “Classes of 38
Neutrosophic Graphs” as individuals. In section “Classes of Neutrosophic Graphs”, 39
both numbers have applied into individuals. As a concluding result, there are three 40
statements about the family of neutrosophic graphs as m-family of neutrosophic stars a
with common neutrosophic vertex set, m-family of odd complete graphs with common 4
neutrosophic vertex set, and m-family of even complete graphs with common 2

neutrosophic vertex set in section “Family of Neutrosophic Graphs.” The clarifications
are also presented in section “Family of Neutrosophic Graphs” for introduced results. In 4
section “Applications in Time Table and Scheduling”, two applications are posed for 46
global-offensive alliance concerning time table and scheduling when the suspicions are a7
about choosing some subjects and the mentioned models are complete as individual and 4
uniform family. In section “Open Problems”, some problems and questions for further 4
studies are proposed. In section “Conclusion and Closing Remarks”, gentle discussion 50

about results and applications is featured. In section “Conclusion and Closing 51
Remarks”, a brief overview concerning advantages and limitations of this study 5
alongside conclusions is formed. 53
1.2 Preliminaries 54

In this subsection, basic material which is used in this article, is presented. Also, new 55
ideas and their clarifications are elicited. 56
Basic idea is about the model which is used. First definition introduces basic model. s

Definition 1.2. (Graph). 58

G = (V,E) is called a graph if V is a set of objects and F is a subset of V x V (E s
is a set of 2-subsets of V') where V is called vertex set and E is called edge set. 60
Every two vertices have been corresponded to at most one edge. 61

Neutrosophic graph is the foundation of results in this paper which is defined as 6
follows. Also, some related notions are demonstrated. 63
Definition 1.3. (Neutrosophic Graph). 64

)
NTG =(V,E,0 = (01,02,03), it = (p1, pi2, 13)) is called a neutrosophic graph if
it’s graph, o; : V.= [0,1], p; : E — [0,1], and for every v;v; € E,

p(vivs) < o(vi) Ao(v;).

(7) : o is called neutrosophic vertex set. 65

(#9) : p is called neutrosophic edge set. 66

(#i1) : |V] is called order of NTG and it’s denoted by O(NTG). o
3/29
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(iv) : Byeyo(v) is called neutrosophic order of NTG and it’s denoted by O, (NTG). s

(v) : |E] is called size of NTG and it’s denoted by S(NTG). 69
(vi) : XeerY3_pi(e) is called neutrosophic size of NTG and it’s denoted by 70
S.(NTG). 7

Some classes of well-known neutrosophic graphs are defined. These classes of o)
neutrosophic graphs are used to form this study and the most results are about them. 73
Definition 1.4. Let NTG : (V, E, o, 1) be a neutrosophic graph. Then 7
(7) : a sequence of vertices P : xg,x1," - , 2y, is called path where 7
riziy €, 1=0,1,--- ,n—1,; 76

(i1) : strength of path P : zg, 21, -+ , 2, is /\i:O,--- P w(xixigr); 7

(#i1) : connectedness amid vertices zg and x,, is

p(z,y) = /\ /\ (i @i41);

P:xg,x1, ,xyp =0, ,n—1
(iv) : a sequence of vertices P : xg,x1,- -+ ,x, is called cycle where 78
zixiy1 € E, 1=0,1,--- ;n —1 and there are two edges xy and uv such that 79
w(xy) = pluv) = /\i:0,1,--. n—1 1(vivig1); 8
(v) : it’s t-partite where V is partitioned to ¢ parts, Vi, Va,--- , V; and the edge xy 81
implies « € V; and y € V; where ¢ # j. If it’s complete, then it’s denoted by 82
K, 4. 0, Where o; is 0 on Vj instead V' which mean z ¢ V; induces o;(x) = 0; &
(vi) : t-partite is complete bipartite if ¢ = 2, and it’s denoted by Ky, o,; 8
(vii) : complete bipartite is star if |V;]| = 1, and it’s denoted by S1 4,; 8
(viig) : a vertex in V' is center if the vertex joins to all vertices of a cycle. Then it’s 86
wheel and it’s denoted by Wi 4,; o7
(ix) : it’s complete where Yuv € V, p(uv) = o(u) A o(v); 88
(z) @ it’s strong where Yuv € E, u(uv) = o(u) A o(v). 8
The notions of neighbor and neighborhood are about some vertices which have one o
edge with a fixed vertex. These notions presents vertices which are close to a fixed o1
vertex as possible. Based on strong edge, it’s possible to define different neighborhood
as follows. o
Definition 1.5. (Strong Neighborhood). ”

Let NTG : (V, E, o, 1) be a neutrosophic graph. Suppose z € V. Then

Ny(z) ={y € N(z) | p(xy) = o(z) No(y)}.

New notion is defined between two types of neighborhoods for a fixed vertex. A o
minimal set and some numbers are introduced in this way. The next definition has main s
role in every results which are given in this essay. o7
Definition 1.6. Let NTG : (V, E, o, 1) be a neutrosophic graph. Then o8

(i) aset S is called global-offensive alliance if

Ya e V\S, |[Ny(a)NS|>|Ns(a)n (V\S):
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Figure 1. The set of black circles is minimal-global-offensive alliance.

(i1) VS’ C S, S is global offensive alliance but S isn’t global offensive alliance. Then o
S is called minimal-global-offensive alliance; 100

(#4¢) minimal-global-offensive-alliance number of NT'G is

A S|

S is a minimal-global-offensive alliance.
and it’s denoted by T 101

(7v) minimal-global-offensive-alliance-neutrosophic number of NTG is

SeesTi_q0i(s)

S is a minimal-global-offensive alliance.

and it’s denoted by T';. 102
Some clarifications are given for new definition which is presented in the paper as 103
first time. Using new notions to make familiarity with main part of this article. 104
Example 1.7. Consider Figure (1). 105
(1) S1 ={s1,82},52 = {s3,85},53 = {83, 84}, 54 = {84, 85} are only 106
minimal-global-offensive alliances but only S3 = {s3,s4} is optimal such that 107
forms minimal-global-offensive-alliance-neutrosophic number and 108
minimal-global-offensive-alliance number; 109

(11) N = {s2,s5} isn’t global-offensive alliance. Since 110
ds1 € VAN, |[Ns(s1)NN|=1<2=|Ns(s1)N(V\N)| 1

ds1 € VAN, |Ns(s1)NN|=1%#2=|Ns(s1)N(V\N)] 12

ds1 € VAN, [Ny(s1) NN| # [No(s1) N (VA N); 13

(%Z) FS = 46, 114
(i’l)) I'=2. 115
2 General Results For Neutrosophic Graphs 6

In this section, general results are given based on new definition. Some relations between 117
new definition with dominating set and chromatic number are provided. The relation s
amid these two types of new numbers with fundamental numbers of neutrosophic graphs 1
as order and neutrosophic order are clarified in the terms of vertices. 120

5/29

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202201.0429.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: Posted: 28 January 2022 d0i:10.20944/preprints202201.0429.v1

Proposition 2.1. Let NTG : (V,E, o, p) be a strong neutrosophic graph. If S is 121
global-offensive alliance, then Yv € V'\ S, 3z € S such that 122
(’L) v E Ns(m); 123
(Z’L) v € E. 124
Proof. (i). Suppose NTG : (V, E, o, ) is a strong neutrosophic graph. Consider 125
v € V'\ S. Since S is global-offensive alliance, 126
Vze VS, |[Ns(z)NS| > |Ns(z) N (V\9)] 127

v e VNS, |[Ng(v)NS| > |Ng(v)n(V\S9)] 128

UEV\S7E|£L'ES, UENS(Z'). 129

(#1). Suppose NTG : (V, E,o, ) is a strong neutrosophic graph. Consider v € V'\ S. 1
Since S is global-offensive alliance, 131
V2 e V\S, [Ng(2)NS| > |Ns(z) N (V\S)] 132

v e VNS, |[Ng(v)NS| > |Ng(v)n(V\S9)] 133

veV\S,3xzeS: ve Ny(x) 134

veV\S,dxeS:vxekE, uve)=oc)Ao(z). 135

veV\S,dzeS vxrekE. 136

[l 137

Definition 2.2. Let NTG : (V, E, o, 1) be a strong neutrosophic graph. Suppose S is 1
a set of vertices. Then 139

(i) S is called dominating set if Vo € V' \ S, Js € S such that either v € Ny(s) or 1o
vs € E; 141

(i7) |S] is called chromatic number if Vo € V, 3s € S such that either v € N4(s) or 1

vs € E implies s and v have different colors. 143
Example 2.3. Consider Figure (1). 144
(i) S ={s3,s4} is minimal dominating set; s
(i7) S = {s3, s4} is minimal-global-offensive alliance; 16
(#i7) chromatic number is three. 147
Proposition 2.4. Let NTG : (V,E,o0,u) be a strong neutrosophic graph. If S is 148
global-offensive alliance, then 149
(i) S is dominating set; 150
(ii) there’s S C S’ such that |S’| is chromatic number. 151
Proof. (i). Suppose NTG : (V, E, o, ) is a strong neutrosophic graph. Consider 152
v € V'\ S. Since S is global-offensive alliance, either 153
Vz e VS, |[Ng(2)NS| > |Ns(2) N (V\S)] 154
veV\S, |Ns(v)nS| > |Ng(v)N(V\S)] 155
UEV\S,H&EGS,UENS(I') 156
or 157
6/29

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202201.0429.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: Posted: 28 January 2022 d0i:10.20944/preprints202201.0429.v1

Vz e V\S, |[Ns(2)NS| > |Ns(z) N (V\S)] 158

v e VS, |Ns(v)NS| > |Ns(w)N (V9] 150
veV\S,dxeS: ve Ns(z) 160
veV\S,dxeS:vxekE, ulve)=oc()Ao(z) 161
UEV\SE’I’GS vr € E. 162

It implies S is dominating set. 163
(#1). Suppose NTG : (V, E,o, ) is a strong neutrosophic graph. Consider v € V\ S. 1
Since S is global-offensive alliance, either 165
Vze VS, |[Ns(z)NS| > |Ns(z) N (V\9)] 166

v e VNS, |[Ng(v)NS| > |Ng(v)n(V\S9)] 167
UEV\S,H.’L’ES,UENS(LC) 168

or 169
VzeV\S, |[Ns(z)NS| > |Ns(z) N (V\9)] 170

v e VNS, |[Ng(v)NS| > |Ng(v)n(V\S9)] n
UEV\S,HI’GS:UENS(.%) 172
veV\S,JzxeS:vxekE, ulve)=oc)Ao(z) 3

veV\S,dze S vxeE. 174

Thus every vertex v € V' \ S, has at least one neighbor in S. The only case is about s
the relation amid vertices in S in the terms of neighbors. It implies there’s S C 5" such s

that |S’| is chromatic number. O w
Proposition 2.5. Let NTG : (V,E,o0,u) be a strong neutrosophic graph. Then 178
(2) F S O’ 179
(i) Ts < O,. 10
Proof. (i). Suppose NTG : (V, E, o, ) is a strong neutrosophic graph. Let S = V. 181
Vz e V\S, |[Ns(z)NS| > |Ns(z) N (V\S)] 182

v e VAV, INs(v)NV| > |Ns(v) N(V\V)] 183

v e D, |Ns(v)NV|>|Ng(v)N0] 14

veD, [Ng(v)NV]> |0 185

v e, |NS(U)0V|>O 186

It implies V is global-offensive alliance. For all set of vertices S, S C V. Thus for all s
set of vertices S, |S| < |V|. It implies for all set of vertices S, |S| < O. So for all set of 1

vertices S, I' < O. 189
(7). Suppose NTG : (V, E, o, 1) is a strong neutrosophic graph. Let S = V. 190
Vze VS, |[Ns(z)NS| > |Ns(z) N (V\9)] 101

UE‘/\‘/7 |Ns(v)ﬂV\>|Ns(v)ﬂ(V\V)| 192

v e D, |Ns(w)NV|>|Ng(v) N0 103

UE@, INS(’U)HV| > ‘@| 104

ved, [Ng(v)NV] >0 105

It implies V is global-offensive alliance. For all set of neutrosophic vertices 196

S, S C V. Thus for all set of neutrosophic vertices S, Sses¥3 10:(s) < ey Xi_j0i(v). 1w
It implies for all set of neutrosophic vertices .S, EsesZzzlaz( ) < O,. So for all set of 19

neutrosophic vertices S, I'y < O,,. O 190

Proposition 2.6. Let NTG : (V, E, o, ) be a strong neutrosophic graph which is 200

connected. Then 201

HTr<o-1; 202

(ii) Ts < O, — X3_,04(x). 203
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Proof. (). Suppose NTG : (V, E, o, 1) is a strong neutrosophic graph. Let S =V — {a} 20

where x is arbitrary and z € V. 205

Vze VS, |[Ns(z)NS| > |Ns(z) N (V\9)] 206

v VAV = {a}, INo(o) N (V — {a})] > INa(0) O (V\ (V = {}))

INy(@) 1 (V — {a})] > [Ny(2) N {x}]

[Ns(z) N (V —A{z})] > (0] 209

|NS(£I?)H(V—{l‘}>| >0 210

It implies V' — {z} is global-offensive alliance. For all set of vertices 21

S #V, SCV —{x}. Thus for all set of vertices S # V, |S| < |V — {z}|. It implies for 2

all set of vertices S # V, |S| < O — 1. So for all set of vertices S, I' < O — 1. 213

(i1). Suppose NTG : (V, E, o, ) is a strong neutrosophic graph. Let S =V — {z} 214

where z is arbitrary and x € V. 215

VzeV\S, |[Ns(z)NS| > |Ns(z) N (V\9)] 216

ve VAV —{z}, [Ns(v)N(V —{z})| > [Ns(v) N (V\ (V = {z}))| ar

[Ns(z) N (V —{z})] > [Ns(z) N {z}| 218

[Ns(2) N (V = {z})| > |0 219

|NS(£E)H(V—{.’L‘}>| >0 220

It implies V' — {a} is global-offensive alliance. For all set of neutrosophic vertices 21

S#V, SCV —{z}. Thus for all set of neutrosophic vertices 2

S#V, Yees¥? j0i(s) < EUeV_{x}Ef’:lai(v). It implies for all set of neutrosophic 23

vertices S # V, SeesX3 10i(s) < O, — ¥2_,04(z). So for all set of neutrosophic vertices 2

S, FS S On — 2?210'1‘(.’1?). O 225

3 Classes of Neutrosophic Graphs 26

In this section, behaviors of some classes of neutrosophic graphs are analyzed when new 2

definition is applied. In this way, the parity of number of vertices differentiate the 228

results about some classes of neutrosophic graphs. Paths, cycles and complete are some 22

classes of neutrosophic graphs which the parity of number of vertices get different 230

results. 231

Proposition 3.1. Let NTG : (V,E,o0,u) be an odd path. Then 22

(@) the set S = {va, vy, ,vp_1} is minimal-global-offensive alliance; 233

(i) I' = [ 5] + 1 and corresponded set is S = {va,vq, -+ ,Up_1}; 234

(iii) T's = min{ZsES:{vz,m,w 7Un71}2?:10'i(8)7 ZSES:{vhvs,m 7'Un—1}213:10.7;(5)}; 235

(iv) the sets Sy = {va, vy, - ,vp_1} and Sy = {vy,v3, -+ ,v,_1} are only 236

minimal-global-offensive alliances. 237

Proof. (i). Suppose NTG : (V,E, o, ) is an odd path. Let S = {vo,v4, -+ ,Up—1} 238

where for all v;,v; € {vo,va, - ,Un_1}, v;v; € E and v;,v; € V. 230

UG{U:[,'U?,,"' 7vn}7 |NS(U)D{'U2,’U47"' .'Unf]_}|:2>O:|N5<'U)m{'U]_7'U3,"' 7vn}| 240

VzeV\S, INs(2)NS|=2>0=|Ns(z)N(V\S9)] 241

Vze VS, |[Ns(z)NS| > |Ns(z) N (V\9)] 242

v € V\{va,vy, - ,vn_1}, |Ns(v)N{va,vq, - 0p_1} > |Ns(0)N(V\{va,v4, - c0p_1})] 23

It implies S = {vq,v4, -+ ,vp_1} is global-offensive alliance. If 244

S ={ve, vy, ,0n—1} — {v;} where v; € {va,v4, - ,v,_1}, then 25
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Fuip € VS, [Ns(2)NS|=1=1=|Ns(2) N (V\9)] 246

Juip1 € VS, [Ns(2)NS|=1%#1=|Ns(2)N(V\S9)] 247

E|’Ui+1 EV\S, |NS(Z)QS| f |NS(Z)O(V\S)| 248

So {va,v4,- -+ ,vp—1} — {v;} where v; € {vo,v4,--- ,v,_1} isn’t global-offensive 249
alliance. It induces S = {va, v4, - ,v,—1} is minimal-global-offensive alliance. 250
(#4) and (4i7) are trivial. 251
(iv). By (4), S1 = {ve,v4, -+ ,vp_1} is minimal-global-offensive alliance. Thus it’s 2
enough to show that Sy = {v1,vs, -+ ,v,_1} is minimal-global-offensive alliance. 253
Suppose NTG : (V,E, o, ) is an odd path. Let S = {vy,vs, -+ ,v,—1} where for all 254
v;,0; € {v1,v3, -+ ,Up_1}, vv; € E and v;,v; € V. 255
v € {va,va, -+ ,vn}, | Ns(v) N {v1,v3, -+ wp_1} =2>0=|Ng(v) N{va,va, -+ ,up}| 26
VzeV\S, INs(2)NS|=2>0=|Ns(z)N(V\9)] 257

Vz e V\S, |[Ns(2)NS| > |Ng(2) N (V\S9)] 258

v e V\{v,vs, - ,vn_1}, | Ns(v)N{v1,v3, - vp_1} > |Ns(0)N(V\{v1,v5, - cop_1})] 250
It implies S = {vy,vs, - ,vp—1} is global-offensive alliance. If 260

S ={vi,vs, -+ ,0n-1} — {v;} where v; € {vy,v3,-+ ,v,_1}, then 261
EUiJrlEV\S, |NS(Z)HS|:1=1:|N5(Z)H(V\S)| 262

Juip1 € VS, [Ng(2)NS|=1%#1=|Ns(2)N(V\S9)] 263

Fvi41 GV\S, |NS(Z)QS| p3 |NS(Z)O(V\S)| 264

So {vy,v3, -+ ,vp_1} — {vi} where v; € {v1,vs, -+ ,v,_1} isn’t global-offensive 265
alliance. It induces S = {vy,v3, - ,v,_1} is minimal-global-offensive alliance. O 26
Example 3.2. Consider Figure (2). 267
(1) S1={s1,83,84} and Sy = {s2, 54} are only minimal-global-offensive alliances; 268
(i4) S1 = {s1, 83,54} is optimal such that only forms 269
minimal-global-offensive-alliance-neutrosophic number but not 270
minimal-global-offensive-alliance number; 271

(#31) So = {s2,84} is optimal such that only forms minimal-global-offensive-alliance o
number but not minimal-global-offensive-alliance-neutrosophic number; 273

(tv) N = {s1,s3} isn’t global-offensive alliance. Since there are two instances but only 2

one of them is enough; 215
(a) First counterexample for the statement “N = {s1, s3} is global-offensive 276
alliance.”; 217
Js4 € VAN, [Ng(s4) N N|=1=1=|Ns(s4) N (V\N)| 21

384€V\N, |NS(84)HN|:1}51:|Ns(84)ﬁ<V\N)| 279

ds4 € V\ N, |Nys(s4) N N| # |[Ns(sa) N (V\ N)|; 280

(b) second counterexample for the statement “N = {s1, s3} is global-offensive 281
alliance.”. 282

dss € V\N, |NS(S5) ﬂN| =0<1= |NS(85)
55 € VAN, [Ny(s3) N N| = 0 % 1 = |N,(s5)

)| -
|
%5eV\N4N4%www¢uw@@m?V\Ny

284

285

(v) T's = 3.1 and corresponded set is S; = {s1, s3, $4}; 286

(vi) T =2 and corresponded set is So = {s2, s4}. 287

Proposition 3.3. Let NTG : (V,E, o, u) be an even path. Then 288
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Figure 2. The set of black circles is minimal-global-offensive alliance.

(7) the set S = {va,vq, -+ s} is minimal-global-offensive alliance; 289
(it) T'= |5 ] and corresponded sets are {va, vy, - .vn} and {vi,vs, - Wy_1}; 290
(Z”) s = min{zsesz{vzﬂm’“' ”Un}zgzlo'i (3)7 ESGSI{UlyUSa”' ‘vnfl}zz’?:lo-i(s)}; 291
(iv) the sets S1 = {va,vq, -+ W} and Sy = {v1,v3, -+ .Up_1} are only 202
minimal-global-offensive alliances. 203

Proof. (i). Suppose NTG : (V, E,o,u) is an even path. Let S = {vg,v4,- -+ ,v,} where 20
for all v;,v; € {va,v4, -+ ,vn}, viv; € E and v;,v; € V. 205

v € {v1, vz, ,Un_1}, |Ns(v) N{vg,v4, - 0} =2>0=|Ng(v) N{v1,v3, - ,0n_1} 20

VzeV\S, INs(2)NS|=2>0=|Ns(z)N(V\S9)] 207

Vz e V\S, |[Ns(2)NS| > |Ng(2) N (V\S)] 208

v eV \{va, vy, ,0n}, |Ns(v) N{v2,04, - W} > |[Ng(v) N (V\{v2,v4, - 0n})] 299
It implies S = {va, v4, -+ , v, } is global-offensive alliance. If 300

S ={vo, vy, , 05} — {v;} where v; € {va,vq, -+ ,v,}, then 301
Juip1 € VS, [Ns(2)NS|=1=1=|Ns(2) N (V\9)] 302

Juip1 € VS, [Ng(2)NS|=1%#1=|Ns(2) N (V\S9)] 303

Fuip1 € VS, [Ns(2) N S| # |Ns(2) N (V' SG)]. 304

So {va,v4, -+ ,vn} — {v;} where v; € {va,v4,--- ,v,} isn’t global-offensive alliance. 305

It induces S = {vy,v4, -+ ,v,} is minimal-global-offensive alliance. 306
(#4) and (4i7) are trivial. 307
(iv). By (i), S1 = {v2,v4, -+ ,v,} is minimal-global-offensive alliance. Thus it’s 308
enough to show that Sy = {v1,vs, -+ ,v,_1} is minimal-global-offensive alliance. 300
Suppose NTG : (V,E, o, ) is an even path. Let S = {vy,vs, - ,v,—1} where for all 310
v;, v € {v1,v3, -+ ,Up_1}, viv; € E and v;,v; € V. 311

v € {va, Vg, ,Un}, |Ns(v) N{v1,v3, - cp_1} =2>0=|Ns(v) N{va,vg, - ,0pn} 312

VzeV\S, INs(2)NS|=2>0=|Ns(z)N(V\9)] 313

Vze VS, |[Ns(z)NS| > |Ns(z) N (V\9)] "

v € V\{vi,vs, -, vn—1}, [Ns(0)N{v1, 03, vn—1 b > [Ns(0)N(V\{vi, 03, o1 )| as

It implies S = {v1,v3, -+ ,v,_1} is global-offensive alliance. If 316

S ={vi,vs, -+ ,0n-1} — {v;} where v; € {v1,v3,--+ ,v,_1}, then 317

Juigr EVAS, |Ns(z)NS|=1=1=|Ns(z)N(V\9)] 318

Fuir € VS, INs(z)NS|=1%#1=|Ns(2)N(V\9)| 319

E|’l)¢+1 EV\S, |NS(Z)QS| ?é |NS(Z)Q(V\S)| 320

So {v1,v3, -+ ,vp_1} — {v;} where v; € {v1,v3, - ,v,_1} isn’t global-offensive 321

alliance. It induces S = {vy,v3, - ,v,—1} is minimal-global-offensive alliance. O a2
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Figure 3. The set of black circles is minimal-global-offensive alliance.

Example 3.4. Consider Figure (3). 323

(i) S1 ={s1,83,55} and So = {s9, 34, Sg} are only minimal-global-offensive alliances; 32

(#4) Sz = {s2, 4,86} is optimal such that forms both 325
minimal-global-offensive-alliance-neutrosophic number and 326
minimal-global-offensive-alliance number; 327

(#91) S1 = {s1, 53,5} is optimal such that only forms minimal-global-offensive-alliance s

number but not minimal-global-offensive-alliance-neutrosophic number; 329
(iv) N = {s1,s3} isn’t global-offensive alliance. Since there are three instances but 330
only one of them is enough; 331
(a) First counterexample for the statement “N = {s1, s3} is global-offensive 3
alliance.”; 333
ds4 € VAN, |Ng(s4) NN|=1=1=|Ns(s4) N(V\N)| 334
354€V\N, |NS(54)0N|:1}1=|Ns(54)ﬂ(V\N)| 335
384EV\N, |NS(84)ON|)§|NS(S4)Q(V\N)| 336
(b) second counterexample for the statement “N = {s1, s3} is global-offensive 337
alliance.”; 338
355€V\N, |Ns(55)ﬂN|:O<1:|Ns(85)ﬂ(V\N)| 339
Jss € VAN, |Ns(s5) N N|=0%1=|Ns(s5) N (V\N)| 340
E|85€Vv\]\/v7 ‘NS(S5)QN‘?A|NS(85)Q(V\N)|; 341
(¢) third counterexample for the statement “N = {s1, s3} is global-offensive 302
alliance.”; 343
HSGEV\N, |NS(86)QN|:0<1:|NS(86)0(V\N)| 344
dsg € VAN, |Ns(s) N N| =0%1=|Ng(sg) N (V\N)] 345

|

3ss € V\ N, |Ny(s6) N N| # [Ns(s6 ﬂ?V\N)

346

(v) T's = 4.5 and corresponded set is Sy = {s2, S4, S6}; 7

(vi) T'= 3 and corresponded sets are S; = {s1, 83,5} and Sz = {s2, S4, 56} 8

Proposition 3.5. Let NTG : (V,E, o, 1) be an even cycle. Then 349

(i) the set S = {va,vq, -+ ,vp} is minimal-global-offensive alliance; 350

(it) T'= | %] and corresponded sets are {va,va, -+ ,vn} and {v1,v3,- -+ ,vn_1}; 351
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(ZZZ) FS = min{ZSGS:{U%%_“ 7'Un}0-(8>7 EsES:{vl,v3,~-- 71,71_1],0(8)}; 352
(iv) the sets S1 = {va,vq, -+ ,vp} and Sy = {v1,vs, -+ ,vp_1} are only 353
minimal-global-offensive alliances. 354

Proof. (i). Suppose NTG : (V,E, o, 1) is an even cycle. Let S = {vg,v4, - ,v,} where 35
for all v;,v; € {va,v4,- -+ ,vn}, vv; € E and v;,v; € V. 356

S {’Ul,vg," . ,’Un_l}, |NS(U) n {’UQ,"U4,‘ N "Un}| =2>0= |N5(U) n {1}1,1)3,' N ,’Un_l}| 357

Vze VS, |[Ns(z)NS|=2>0=|Ns(z)N(V\S9)] 358

Vz e V\S, |[Ns(2)NS| > |Ns(z) N (V\S)] 350

v €V \{va, vy, -+, 05}, |Ns(v) N{v2,v4, - W} > |[Ns(v) N (V\{va,v4,- - 0n})] 360
It implies S = {va,v4, -+ , vy} is global-offensive alliance. If 361

S ={va,vq, -+ ,vn} — {v;} where v; € {va,v4,-- ,v,}, then 362
3’[)7;+1€V\S, |NS(Z)OS|:1:1:|NS(Z)O(V\S)| 363

Fuipp € VS, [Ns(2)NS|=1%#1=|Ns(2)N(V\S9)] 364

Fuip1 € VS, [Ng(2) N S| # |Ns(z) N (V\ 9)|. 365

So {va,v4, -+, v} — {v;} where v; € {va,v4,--- ,v,} isn’t global-offensive alliance. s

It induces S = {vg,v4, -+ ,v,} is minimal-global-offensive alliance. 367
(#i) and (#i7) are trivial. 368
(iv). By (%), S1 = {ve,v4, -+ ,v,} is minimal-global-offensive alliance. Thus it’s 360
enough to show that Sy = {v1,v3, -+ ,v,_1} is minimal-global-offensive alliance. 370
Suppose NTG : (V,E, o, 1) is an odd path. Let S = {vy,vs,- -+ ,v,—1} where for all a7
Vi, Vj € {111,1)3, s ,Un_l}, ViUj € F and Vi, Vj € V. 372

(S {’Ug,i}4,°'° ,UTL}7 |Ns(’U)n{U1,’03,"' .Un,1}| =2>0= |NS(U)0{U2’U47"‘ ,’Un}| 373

VzeV\S, INs(z)NS|=2>0=|Ns(z)N(V\9)] 374

Vz e V\S, |[Ns(2)NS| > |Ng(2) N (V\S)] 375

S V\{Ul,'U,?” e 7Un—1}a |N5(’U)m{’01,’03, e -Un—1}| > INS(U)H(V\{UMU& e -Un—l})| 376
It implies S = {vy,v3, - ,vn_1} is global-offensive alliance. If 37

S ={v1,vs,+ ,vp_1} — {v;} where v; € {v1,v3,-++ ,v,_1}, then a7s
Fuip € VS, [Ns(2)NS|=1=1=|Ns(2) N (V\9)| 379

Juip1 € VS, [Ng(2)NS|=1%#1=|Ns(2)N(V\S9)] 380

Fuip1 € VS, [No(2) N S| # |Ns(z) N (V\ 5)]. 381

So {v1,vs, -+ ,vp—1} — {v;} where v; € {v1,v3,--- ,v,_1} isn’t global-offensive 382
alliance. It induces S = {v1,vs, - ,v,—1} is minimal-global-offensive alliance. O se
Example 3.6. Consider Figure (4). 384

(i) S1={s1,83,85} and Sy = {sq, 84, S} are only minimal-global-offensive alliances; s

(#3) Sz = {s2, 4,56} is optimal such that forms both 386
minimal-global-offensive-alliance-neutrosophic number and 387
minimal-global-offensive-alliance number; 388

(#9i) S1 = {s1, 53,85} is optimal such that only forms minimal-global-offensive-alliance s

number but not minimal-global-offensive-alliance-neutrosophic number; 300
(iv) N = {s1,s3} isn’t global-offensive alliance. Since there are three instances but 301
only one of them is enough; 392
(a) First counterexample for the statement “N = {s1, s3} is global-offensive 393
alliance.”; 304

12/29

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202201.0429.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: Posted: 28 January 2022 d0i:10.20944/preprints202201.0429.v1

53(0.1,0.9,0.9)  (0.1,0.5,0.8) $2(0.8,0.5,0.8)

(0.1,0.2,0.9] - \
' 56(0.2,0.7,0.6)

(0.2,0.1,0.6)

5(0.2,0.1,0.6)

(0.2,0.1,0.6)

5:(0.2,0.2,0.9)

(0.1,0.1,0.2)
$5(0.1,0.1,0.2)

Figure 4. The set of black circles is minimal-global-offensive alliance.

354 € VAN, [Ny(5) N N| =1 =1=|N,(s4) N (V\ N)|
354 € VAN, [Ny(54) N N| =1 # 1= |N,y(s4) N (V\ N)|

384EV\N, |NS(84)ON|?$|NS(S4)Q(V\N)| 307
(b) second counterexample for the statement “N = {s1, s3} is global-offensive 298
alliance.”; 399

dss € VAN, |Ng(s5) NN|=0<1=|Ns(s5)N(V\N)] 400
ds5 € VAN, [Ns(s5) N N| =0 #1=|Ns(s5) N (V\N)| 401

Jds5 € V\ N, |Ns(s5) N N| # |[Ns(s5) N (V\ N)|; 402
(¢) third counterexample for the statement “N = {s1, s3} is global-offensive 403
alliance.”; 104

3s6 € V\ N, [Ny(s6) NN| =0<1=|Ny(s6) N (V
Iss € V\ N, [Ny(s6) NN| =0 %1 =|N,(s6) N (V

)
|
255 € VAN, [Ny(s0) 0 N| % [Ns(56) 1 (V \ )

)

406

407

\ N
\ N
.

(v) T's = 3.2 and corresponded set is Sy = {2, $4, S6}; 408
(vi) T'= 3 and corresponded sets are S; = {s1, 83,5} and Sz = {s2, sS4, S} 409
Proposition 3.7. Let NTG : (V,E, o, p) be an odd cycle. Then 410
(1) the set S = {va,v4, -+ ,vn_1} is minimal-global-offensive alliance; a
(it) T'= |5 ] 4+ 1 and corresponded set is S = {va,v4, -+ ,Vn_1}; a2
(ZZZ) FS = min{ZSGS:{vz)%_“ _vn_l}Ei”:loi(s), ZsGS:{m,vg,--- ,vn_1}2§=1m(s)}; 413
(iv) the sets S1 = {va, vy, -+ Wn_1} and So = {v1,v3,- -+ .vp_1} are only 14
minimal-global-offensive alliances. a1
Proof. (i). Suppose NTG : (V, E,o,u) is an odd cycle. Let S = {vg,v4, - ,Up_1} 416
where for all v;,v; € {ve,v4,--- ,vp_1}, viv; ¢ E and v;,v; € V. a7
v € {v1,v3, 0}, |Ne(v) N {vg, 04, p_1} =2>0=|Ns(w)N{v1,vs3, -, 0} s
Vz2eV\S, [INg(z)NS|=2>0=|Ns(z)N(V\9)] 419
Vz e V\S, |[Ns(2)NS| > |Ns(z) N (V\S)] 420
v € V\{va,va, - ,un_1}, |Ns(0)N{v2, 04, 0n_1} > |[Ns(0)N(V\{v2,04, - 0p_1})|
It implies S = {va,v4, -+ ,vp_1} is global-offensive alliance. If o
S = {’02,114, ce ,’Un_l} — {’Ul} where v; € {’UQ,U4, ce ,Un_l}, then 423
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Fuip € VS, [Ns(2)NS|=1=1=|Ns(2) N (V\9)] 424

Juip1 € VS, [Ns(2)NS|=1%#1=|Ns(2)N(V\S9)] 425

E|’Ui+1 EV\S, |NS(Z)QS| f |NS(Z)O(V\S)| 426

So {va,v4,- -+ ,vp—1} — {v;} where v; € {vo,v4,--- ,v,_1} isn’t global-offensive a7
alliance. It induces S = {va, v4, - ,v,—1} is minimal-global-offensive alliance. a8
(#4) and (4i7) are trivial. 429
(iv). By (2), S1 = {v2,v4, -+ ,vp_1} is minimal-global-offensive alliance. Thus it’s
enough to show that Sy = {v1,vs, -+ ,v,_1} is minimal-global-offensive alliance. 41
Suppose NTG : (V,E, o, ) is an odd cycle. Let S = {vy,v3, -+ ,v,—1} where for all a2
v;,v; € {v1,v3, -+ ,Up_1}, vv; € E and v;,v; € V. 433
v € {va,va, -+ ,vn}, |Ns(v) N {v1,v3, -+ wp_1} =2>0=|Ng(v) N{va,va, -+ ,up}| a2
VzeV\S, INs(2)NS|=2>0=|Ns(z)N(V\9)] 435

Vz e V\S, |[Ns(2)NS| > |Ng(2) N (V\S9)] 435

veV\{v,vs, - ,vn_1}, |Ns(v)N{v1,v3, - vp_1} > |Ns(0)N(V\{v1,03, - cop_1})| =
It implies S = {vy,vs, - ,vp—1} is global-offensive alliance. If 438

S ={vi,vs, -+ ,0n-1} — {v;} where v; € {vy,v3,-+ ,v,_1}, then 439
Juip € VS, [Ns(2)NS|=1=1=|Ns(2) N (V\9)] 440

3’1]1‘_;_16‘/\3, |NS(Z)QS|:17£1=|NS(Z)H(V\S)| 441

Fvi41 GV\S, |NS(Z)QS| p3 |NS(Z)O(V\S)| 442

So {vy,v3, -+ ,vp_1} — {vi} where v; € {v1,vs, -+ ,v,_1} isn’t global-offensive 443
alliance. It induces S = {vy,v3, - ,v,_1} is minimal-global-offensive alliance. O 4a
Example 3.8. Consider Figure (5). e
(i) S1 ={s1,83,54} and So = {s9, 84} are only minimal-global-offensive alliances; a6
(#4) Sz = {s2, 84} is optimal such that forms both a7
minimal-global-offensive-alliance-neutrosophic number and a8
minimal-global-offensive-alliance number; 419

(#i1) S1 = {s1, 83,85} is optimal such that not only doesn’t form 450
minimal-global-offensive-alliance number but also doesn’t form 451
minimal-global-offensive-alliance-neutrosophic number; 452

(tv) N = {s1, s3} isn’t global-offensive alliance. Since there are two instances but only 43

one of them is enough; a5

(a) First counterexample for the statement “N = {s;, s3} is global-offensive 455
alliance.”; 456
384€V\N, |NS(S4)ﬂN|:1:1:|Ns(84)ﬂ(V\N)| 457

dsg € VAN, |Ng(s4) NN|=1%#1=|Ns(s4) N (V\N)| 458

384€V\N, ‘NS(S4)0N‘}|Ns($4)ﬂ(V\N)|; 459

(b) second counterexample for the statement “N = {s1, s3} is global-offensive 450
alliance.”; 461
dss € VAN, |Ng(s5) NN|=0<1=|Ns(s5)N(V\N) 462

ds5 € VAN, |Ns(s5) N N| =03%1=|Ng(s5) N (V\N) 463

HS5EV\N, |NS(S5)ON|?£‘NS(S5)0(V\N)| 464

(v) Ts = 3.5 and corresponded set is Sy = {s2,84}; 165
(vi) T' =2 and corresponded set is Sy = {s2,54}. 466
Proposition 3.9. Let NTG : (V,E,o,u) be star. Then 467
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53(0.9,0.7,0.7)  (0.2,0.7,0.6)  55(0.2,0.7,0.6)

(0.8,0.6,0.6) 0.2,0.5,0.4)

51(0.5,0.5,0.4) (0.5,0.4,0.4)

55(0.5,0.4,0.4)

(0.5,0.4,0.4)
5(0.8,0.6,0.6)

Figure 5. The set of black circles is minimal-global-offensive alliance.

(i) the set S = {c} is minimal-global-offensive alliance; 468
(Z’L) 469
( ’L) F —Z 10'1() 470
(iv) the sets S = {c} and S C S’ are only global-offensive alliances. n
Proof. (i). Suppose NTG : (V, E, o, u) is a star. a2
Yo e V\{c}, |[Ns()N{c} =1>0=|Ns(v)N(V\{c})| 473

Vz2eV\S, INg(z)NS|=1>0=|Ns(z)N(V\9)] a7s

\V/ZEV\S, |NS(Z)QS|>|NS(Z)Q(V\S)| 475

veV\{ch [Ny(v)n{c}] > |N(v) N (V\{c}) s

It implies S = {c} is global-offensive alliance. If S = {c} — {c} = 0, then wn
FeV\S, |[Ng(2)NS|=0=0=|Ns(2)N(V\9)] a8

FveV\S, [Ng(2)NS|=0%0=|Ns(2)N(V\S9)] 479

Fv e V\S, [Ns(z)NS| # |Ns(z)N(V\S) 480

So S = {c} — {c} = 0 isn’t global-offensive alliance. It induces S = {c} is w81
minimal-global-offensive alliance. 482
(#9) and (4i7) are trivial. 483

(iv). By (i), S = {c} is minimal-global-offensive alliance. Thus it’s enough to show s
that S C S’ is minimal-global-offensive alliance. Suppose NTG : (V, E, o, 1) is a star. a8

Let S C 5. 486

Yo e V\{c}, |INs(v)N{c}=1>0=|Ns(v)Nn(V\{e})| ag7

Vze VS, |INs(z)NS'|=1>0=|Ns(z)N(V\ Y] 488

Vze VS, [Ng(2)NS'| > |Ns(2) N (V\S)] 489

It implies S’ C S is global-offensive alliance. O w0

Example 3.10. Consider Figure (6). 401

(i) S ={s1} is only minimal-global-offensive alliance; 492

(i) S = {s1} is optimal such that forms both 493

minimal-global-offensive-alliance-neutrosophic number and 104

minimal-global-offensive-alliance number; 495

(#9i) S including S = {s1} only forms global-offensive-alliance but not 496

minimal-global-offensive-alliance; 497
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$2(0.4,0.2,0.8) 55(0.5,0.2,0.8)

(04,0.2,0.3)/ (0.5,0.2,0.3)

(0.7,0.8,0.1)
@

,(0.9,0.8,0.1)

$1(0.7,0.9,0.3)

(0.3,0.4,0.3)
$5(0.3,0.4,0.3)

Figure 6. The set of black circles is minimal-global-offensive alliance.

(iv) N = {s3,s4} isn’t global-offensive alliance. Since there are three instances but 498
only one of them is enough; 499
(a) First counterexample for the statement “N = {s3,s4} is global-offensive 500
alliance.”; 501
ds1 € VAN, |Ng(s1)NN|=2=2=|Ns(s1)N(V\N)| 502
ds1 € VAN, |[Ng(s1)NN| =2 % 2=|Ns(s1)N(V\N)| 503
ds1 € V\ N, |Ns(s1) N N| # |Ns(s1) N (V\ N)J; 504
(b) second counterexample for the statement “N = {s3,s4} is global-offensive 505
alliance.”; 506
HSQEV\N, |N3($2)QN|:O<1=|Ns(82)ﬁ(V\N)| 507
dsa € VAN, |Ns(s2) N N| =0 % 1= |Ny(s2) N (V\N)] 508
HSQEV\N, ‘NS(SQ)QN‘}|NS(82)Q(V\N)|; 509
(¢) third counterexample for the statement “N = {s3, s4} is global-offensive 510
alliance.”; 511
dss € VAN, |Ns(s5) N N| =0<1=|Ny(s5)N(V\N)] s12
Js5 € VAN, [Ng(s5) N N|=0%1=]|Ns(s5) N (V\N)| 513
HS5EV\N |N(S5)ﬂN|}£|N(5)ﬁ( \N)| 514
(v) T's = 1.9 and corresponded set is S = {s1}; 515
(vi) T' =1 and corresponded set is S = {s1}. 516
Proposition 3.11. Let NTG : (V,E, o, ) be wheel. Then 517
(i) the set S = {v1,v3} U {ve,v9 - ,Vite, " vn}6+3(z Dsn s 518
minimal-global-offensive alliance; 510
(i) T = [{v1,vs} U {06, 09 ,vive,,unfory o D="; 50
(ZZ’L) FS = Z{’U1,’U3}U{’U6,’Ug“' iy ,Un}?if(ifl)gnzg’:lai(s); 521
(1v) the set {vi,v3} U {ve,v9 " ,Vite," " vn}6+3 mhsn only 522
minimal-global-offensive alliance. 523
Proof. (i). Suppose NTG : (V,E, o, ) is a wheel. Let 524
S = {vy,v3} U{vg,vg -+ ,vixg, * ,Un 6+3 (=D=" There are either 525
) ) s Vi465
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Vze VS, [Ns(z)NS|=2>1=|Ns(2)N(V\S)] 526

Vz e V\S, [Ng(2)NS| > |Ns(2) N (V\S)] 527

or 528
Vze VS, INs(z)NS|=3>0=|Ns(2)N(V\9)] 520

VzeV\S, |N5(z)ﬂS|>|N( ) (V\9)] 530

It implies S = {v1,v3} U{vg,v9 - ,Vitg, - vn} (=Dsn g global-offensive 531
alliance. If 8" = {v1,v3} U {vg,v9 -+ ,viye, -, vn}6+3 — {z} where 532
z€ S ={v1,v3} U{ve,v9 "+ ,Vitg," " vn}6+3(2 DS"then There are either 533
Vze VS, [Nsg(2) NS |=1<2=|Ns(2)N(V\S)] s34

Vz e VS, |Ns(2) NS'| < |Ns(z)Nn(V\ S 535

Vze VS, |Ns(z) NS'| #|Ns(z)n(V\ S| 536

or 537
Vze VS, [Ns(2) NS |=1=1=|Ns(2)N(V\S)] 538

Vze VS, |Ns(2) NS'| =|Ns(z) N (V\ )] 539

Vz e VS, [Ny(2) N S| £ [Ns(2) N (VS 540

So §' = {1}1, U3} U {1)6, Vg ,Vit6," " Un}6+3 i=hsn {Z} where 541

ze€ S ={v1,v3} U{vg,v9 " ,Vitg," " vn}6+3(l D=njan’t global-offensive alliance. It s«
induces S = {v1,v3} U{vg,v9 -+ ,Vit6, vn}6+3(l Dsn g minimal-global-offensive 543
alliance. 544
(i), (#i7) and (iv) are obvious. O s
Example 3.12. Consider Figure (7). 546
(i) S = {s1, 3,55} is only minimal-global-offensive alliance; 547
(i) S = {s1, 53,55} is optimal such that forms both 548
minimal-global-offensive-alliance-neutrosophic number and 549
minimal-global-offensive-alliance number; 550

(#4i) S’ including S = {s2.54, s5} only forms global-offensive-alliance but not 551
minimal-global-offensive-alliance; 552

(iv) N = {s1,s3} isn’t global-offensive alliance. Since there is one instance and only s

one instance is enough; 554
(a) First counterexample for the statement “N = {s1, s3} is global-offensive 555
alliance.”; 556

Js5 € VAN, |Ny(ss) N N| =1=1=|Ny(s5) N (V\N)

) | 558

557

\

385€V\N, |NS(S5)QN|:1?£1:|NS(S5) (V\
ds5 € VAN, [Ny(ss) N N| # [Ns(ss) N (VA N); 559
(v) T's = 4.9 and corresponded set is S = {s1, s3, 85 }; 560
(vi) T = 3 and corresponded set is S = {s1, s3, S5} 561
Proposition 3.13. Let NTG : (V,E, o, u) be an odd complete. Then 562
(i) the set S = {vi}flj—H is minimal-global-offensive alliance; 563
(1) T'=[5]+ 1L -
(ZZZ) FS = min{zseszg;lai(s)} LZ]+15 565

S={vi}; 2
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52(0.6,0.4,0.3) (02,0.4,0.3)  53(0.2,0.9,0.5)

(0.4,0.4,0.3)

(0.2.0.5,0.5) , \
(0-2,0.5,0.5) (0.1,0.1,0.5)

52(0.1,0.1,0.5)
(0.1,0.1,0.5)

$1(0.4,0.5,0.6)
(0.4,0.3,0.6)

5,(0.8,0.3,0.7)

Figure 7. The set of black circles is minimal-global-offensive alliance.

(iv) the set S = {vi}iLlel is only minimal-global-offensive alliances. 566
Proof. (i). Suppose NTG : (V, E, o, u) is odd complete. Let S = {vl}iﬂ“ Thus 567
Vee VS, [Ns(z)NS|=[5]+1> 5] =1=|Ns(2)n(V\S) 568
Vz e V\S, |[Ns(2)NS| > |Ng(2) N (V\S9)] 569

It implies S = {vi}iLZIHI is global-offensive alliance. If S’ = {vl-}iflj—Irl — {z} where 5w
zelS= {Ui}iL=51J+17 then 511
Vze V\S, [Ns(z)NS| = 5] = 5] =|Ns(2)n(V\S) 572

Vz e V\S, |Ns(2) N S| # |Ng(2) N (V\S9)] 573

So §' = {vi}}zﬂﬂ —{z} where z € S = {vl}lLZIJ—H isn’t global-offensive alliance. It s
induces S = {vi}iflHrl is minimal-global-offensive alliance. 575
(i), (i74) and (iv) are obvious. O s
Example 3.14. Consider Figure (8). 577
(i) S1 = {s1,52,53},52 = {s1, 52,84}, 93 = {s1, 52,55}, 54 = {51, 83,84}, 55 = 578
{s1,83,85}, 96 = {s2, 83,54}, 57 = {82, 83,85}, S5 = {53,584, 85} are only 579
minimal-global-offensive alliances; 580

(74) Se = {s2, 3,54} is optimal such that forms both se1
minimal-global-offensive-alliance-neutrosophic number and 582
minimal-global-offensive-alliance number; 583

(i#i) S = {s3, 84,85} only forms minimal-global-offensive-alliance number but not 54
minimal-global-offensive-alliance-neutrosophic; 585

(iv) N = {s3,s4} isn’t global-offensive alliance. Since there is three instances and only  sss

one instance is enough; 587

(a) First counterexample for the statement “N = {s3, s4} is global-offensive 588

alliance.” ] 589

3$1€V\N, |Ns($1)ﬂN|:2:2:|N3(81)0(V\N)| 500

ds; € VAN, |Ng(s1)NN| =2 % 2=|Ng(s1)N(V\N)] 501

ds1 € V\ N, |Ns(s1) N N| # |[Ns(s1) N (V\ N)J; 502

(b) second counterexample for the statement “N = {s3, s4} is global-offensive 503

alliance.”; 504
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52(0.9,0.2,0.5) (0.4.0.2.0.4) £3(0.4,0.4,0.4)

o -

(0.1,0.4,0.4)

(0.1,0.1,0.1)

51(0.1,0.7,0.9) (01,0101 54(0.1,0.1,0.1)

(0.1,0.1,0.8)
(0.1,0.1,0.1)

(0.9,0.1,0.5) (0.4,0.1,0.4)

$5(0.9,0.1,0.8)
Figure 8. The set of black circles is minimal-global-offensive alliance.

355 € VAN, [Ny(s2) N N| =2 =2=|N,(s2) N (V\ N)|
385 € VAN, [Ny(s2) N N| =2 # 2 =|N,(s2) N (V\ N)|

ds; € VAN, [Ny(s2) N N| # [Ns(s2) 0 (VA N); so7

(¢) third counterexample for the statement “N = {s3, s4} is global-offensive 508

alliance.”. 599

ds5 € VAN, |[Ng(s5) N N| =2=2=|Ny(s5) N (V\N) 600

ds5 € VAN, |Ng(s5) N N| =2 % 2= |Ng(s5) N (V\N) 601

ds5 € V\ N, |Ns(s5) N N| # |[Ns(s5) N (V\ N)|; 602

(v) T's = 3.3 and corresponded set is Sg = {s2, s3, S4}; 603

(vi) T'= 3 and corresponded sets are 604

S1 = {s1,52,53},52 = {s1,52,54},53 = {51,52,85}, 54 = {51,53,54},55 = 605

{51, 83, 85}, Sﬁ = {82, S3, 54}, S7 = {82, S3, 55}, Ss = {83, S4, 55} which are only 606

minimal-global-offensive alliances. 607

Proposition 3.15. Let NTG : (V,E,o,u) be an even complete. Then 608

(i) the set S = {”uz]sz:%lJ is minimal-global-offensive alliance; 609

(Z’L) I'= I_%J, 610

(i9i) T = min{ESGSZ?zlai(s)}sz{vi}flj; 611

(iv) the set S = {vl}flJ is only minimal-global-offensive alliances. 612

Proof. (i). Suppose NTG : (V, E, o, ) is even complete. Let S = {vz}ilJ Thus 613

Ve V\S, INg(z)NS|=[5] > [5] —1=|Ns(z)N(V\S9)] 614

Vz e V\S, |[Ng(2)NS| > |Ns(2) N (V\9)] o1

It implies S = {vl}glJ is global-offensive alliance. If S’ = {vl}glJ — {z} where 616

zeS= {Ui}itglj, then 617

Ve V\S, [Ng(z)NS|= 5] —1<[5]+1=|Ns(2)N(V\S) o1

Vz e V\S, [Ng(2)NS| # |Ns(2) N (V\9)] 610

So §' = {vl}}fﬂ — {2z} where z € S = {v; Elj isn’t global-offensive alliance. It 620

induces S = {vz}flJ is minimal-global-offensive alliance. 621

(i), (#i7) and (iv) are obvious. O e
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52(0.3,0.9,0.8) (0.3,0.3,0.2) $3(0.9,0.3,0.2)

(0.3,0.8,0.2) _ _
\ ) (0.6,0.2,0.1)

(0.3,0.2,0.1)

51(0.6,0.8,0.2) (0.6,0.2,0.1) $4(0.6,0.2,0.1)

Figure 9. The set of black circles is minimal-global-offensive alliance.

Example 3.16. Consider Figure (13). 623
(Z) Sl = {81,52},52 = {81,53},53 = {81,54},54 = {82,53},55 = {82,54},56 = 624
{s3, 84} are only minimal-global-offensive alliances; 625
(74) Se = {s3, s4} is optimal such that forms both 626
minimal-global-offensive-alliance-neutrosophic number and 627
minimal-global-offensive-alliance number; 628
(i4i) S = {s1,s3} only forms minimal-global-offensive-alliance number but not 629
minimal-global-offensive-alliance-neutrosophic; 630
iw) N = {s1} isn’t global-offensive alliance. Since there is three instances and onl 631

(iv) {s1} g y
one instance is enough; 632
(a) First counterexample for the statement “N = {s;} is global-offensive 633
alliance.”; 634
dsa € VAN, |Ns(s2) N N| =1<2=|Ng(s2) N (V\N) 635
dsa € VAN, |Ns(s2) N N|=1%2=|Ny(s2) N (V\N)] 636
HSQGV\N, ‘NS(SQ)QN‘}|Ns(82)ﬁ(V\N)|; 637
(b) second counterexample for the statement “N = {s;} is global-offensive 638
alliance.”; 639
ds3 € VAN, |Ns(s3) N N| =1<2=|Ng(s3)N(V\N) 640
3$3€V\N, |N3(S3)HN|:1f2=|N3(83)ﬁ(V\N)| 641
ds3 € V\ N, |Ns(s3) N N| # |Ns(s3s) N (V\ N)|; 642
(¢) third counterexample for the statement “N = {s;} is global-offensive 643
alliance.”. 64
ds4 € VAN, |Ns(s4) N N| =1<2=|Nyg(s4)N(V\N)] 645
dsy € VAN, |Ng(s4) NN|=1%2=|Ns(s4) N(V\N)| 646

| .

%4€V\NJN4MMUW}UW@@Q?V\N)

; 647

(v) T's = 2.3 and corresponded set is Sg = {s3, $4}; 648
(vi) T'= 2 and corresponded set is Sg = {3, 54}. 649
4 Family of Neutrosophic Graphs 50
In this section, new definition is applied into family of some classes of neutrosophic 651

graphs which in this family, all neutrosophic graphs have common neutrosophic vertex s
set. In the case of complete model, the parity of number of vertices concludes to have  6s3
different results. Clarifications and demonstrations are given for every result as usual. 654
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Proposition 4.1. Let G be a m-family of neutrosophic stars with common 655
neutrosophic vertex set. Then 656
(i) the set S ={c1,¢2,  ,cm} is minimal-global-offensive alliance for G; 657
(i¢) T =m for G; 658
(i11) Ty = B2, 53_104(c;) for G; 659
(iv) the sets S ={c1,ca, -+ ,em} and S C 8" are only minimal-global-offensive 660
alliances for G. 661
Proof. (i). Suppose NTG : (V, E, o, pu) is a star. 662
Yo e V\{c}, INs(v)N{c}|=1>0=|Ns(v)N(V\{c})] 063

Vze VS, INs(z)NS|=1>0=|Ns(z)N(V\59)] 664

Vz e V\S, |[Ng(2)NS| > |Ns(2) N (V\9)] 665

veVA{c} [Ns(v)n{c} > [Ns(v) 0 (V\{c})| o5

It implies S = {c1,ca, - , ¢} is global-offensive alliance or G. If S = {c} — {c} =0, o
then 668
JeV\S, |[Ns(z)NS|=0=0=|Ns(2) N (V\S9)] 669

FeV\S, |[Ns(2)NS|=0%#0=|Ns(z)N(V\S) 670

Jv e V\S, [Ng(2)NS| # |Ns(z)N(V\S)] o1

So S = {c} — {c¢} = 0 isn’t global-offensive alliance for G. It induces o2

S ={c1,¢2,+ ,¢m} is minimal-global-offensive alliance for G. 673
(#i) and (4i7) are trivial. 674
(iv). By (i), S ={ec1,¢2, - , ¢} is minimal-global-offensive alliance for G. Thus it’s e
enough to show that S C S’ is minimal-global-offensive alliance for G. Suppose 676
NTG : (V,E,o,u) is a star. Let S C 5. 677
Yo e V\{c}, INs(v)N{c}|=1>0=|Ns(v)N(V\{c})] o78

Vze VS, [Ns(2) NS |=1>0=|Ns(2)N(V\S)] 679

Vze VS, |Ns(z)NS'| > |Ns(z) N (V\S)] 680

It implies S’ C S is global-offensive alliance for G. O ea
Example 4.2. Consider Figure (10). 682
(i) S = {s1} is only minimal-global-offensive alliance for G; 683
(#1) S = {s1} is optimal such that forms both 684
minimal-global-offensive-alliance-neutrosophic number and 685
minimal-global-offensive-alliance number for G; 686

(#9i) S’ including S = {s1} only forms global-offensive-alliance but not 687
minimal-global-offensive-alliance for G; 688

(tv) N = {s3,s4} isn’t global-offensive alliance for G. Since there are two instances for s

every member of G but only one of them is enough; for every member of G, we 690
have same following instances; 601
(a) First counterexample for the statement “N = {s3, s4} is global-offensive 692
alliance for G.”; 693

ds; € V\N, |NS(81) N
dsy € VN, |Ng(s1)N
ds; € V\ N, |Ns(s1

695

)l

5 ==

; 696
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55(0.7,0.8,0.9) 55(0.1,0.6,0.5)
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Figure 10. The set of black circles is minimal-global-offensive alliance.

(b) second counterexample for the statement “N = {s3, 54} is global-offensive 607

alliance for G.”; 698

dsa € VAN, |Ns(s2) N N| =0<1=|Ng(s2)N(V\N)] 699

Jso € VAN, [Ng(s2) NN|=0#1=|Ns(s2) N (V\N)| 700

HSQEV\N, ‘NS(SQ)Q ‘?é| s(Sz)ﬁ(V\N”; 701

(v) Ts = 0.7 and corresponded set is S = {s1}; 702

(vi) T'=1 and corresponded set is S = {s1}. 703

Proposition 4.3. Let G be a m-family of odd complete graphs with common 704

neutrosophic vertex set. Then 705

(@) the set S = {vz}}:%lj—H is minimal-global-offensive alliance for G; 706

(“) r'= L%J +1 fO’f‘ g; 707

(i91) T = min{EseSE?ﬂoi(s)}s RS IR for G; 708

i=1

(iv) the sets S = {vi}iﬂﬂ are only minimal-global-offensive alliances for G. 700

Proof. (i). Suppose NTG : (V, E, o, ) is odd complete. Let S = {vi}flﬁl. Thus 710

Vee VS, [Ns(z)NS|=[5]+1> 5] —1=[Ns(2)N(V\S) m

V2 e V\S, [Ng(2)NS| > |Ns(z) N (V\S)] 72

It implies S = {UZ}H+1 is global-offensive alliance for G. If S' = {v }L 21+l —{z}

where z € S = {v }L J+1 then 714

Vze V\S, [Ns(z)NS|=[5] = 5] =|Ns(2) N (V\S) 71s

Vz e V\S, |[Nsg(2)NS| # |Ns(z) N (V\S)] 716

So §' = {vi}le {z} where z € S = {v; EEH isn’t global-offensive alliance for =7

G. It induces S = {Ul}t TR minimal-global-offensive alliance for G. 718

(i), (4i7) and (iv) are obvious. O 7o

Example 4.4. Consider Figure (14). 720

(i) S1={s1,52,83},52 = {s1, 52,84}, 53 = {81, 52,55}, 54 = {51, 53,84}, 55 = 721

{81, 83, 85}, Sﬁ = {82, S3, 54}, S7 = {82, 83, 85}, Ss = {83, S4, 55} are Only 722

minimal-global-offensive alliances; 23
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Figure 11. The set of black circles is minimal-global-offensive alliance.

(i) S3 = {s1, $2, 85} is optimal such that forms both 724
minimal-global-offensive-alliance-neutrosophic number and 725
minimal-global-offensive-alliance number for G; 726

(791) Ss = {s3, 84, S5} only forms minimal-global-offensive-alliance number but not 727
minimal-global-offensive-alliance-neutrosophic for G; 728

(tv) N = {s1, 82} isn’t global-offensive alliance. Since there is three instances and only 72

one instance is enough for G; 730

(a) First counterexample for the statement “N = {s;, s2} is global-offensive 731

alliance.” for G; 732

383€V\N, |Ns(83)ﬂN|22:2=|NS(83H(V\N)| 733

dss € VAN, |Ng(s3) NN| =2 % 2=|Ns(s3)N(V\N)| 734

Js3 € VAN, [Ny(s3) N.N| # [Ns(s3) N (V\N)[; 75

(b) second counterexample for the statement “N = {s1, s2} is global-offensive 736

alliance.” for G; 737

354€V\N, |Ns(54)ﬂN|:2:2:|Ns(54)ﬂ(V\N)| 738

384€V\N, |NS(S4)QN|:2}2:|N5(84)Q(V\N)| 739

ds4 € VAN, [Ny(sa) N N| # [Ns(sa) 0 (VA N); 740

(¢) third counterexample for the statement “N = {s1, s2} is global-offensive 741

alliance.” for G. 742

385€V\N, |NS(S5)HN|:2:2:|N(85) (V\N)| 743

385€V\N, |NS(85)HN|:2)£2:|N(85) (V\N)| 744

ds5 € VAN, [Ng(s5) N.N| # [Ns(ss) N (V\N); s

(v) T's =4 and corresponded set is S5 = {s1, 2, 55} for G; 746

(vi) T = 3 and corresponded sets are 747

S1={s1,52,83},52 = {s1, 52, 84}, 93 = {s1, 52, 55}, 54 = {s1, 83,84}, 95 = s

{s1, 83,85}, 56 = {s2, 83, 84}, 57 = {52, 83,85}, Ss = {83, 84, 85} which are only 749

minimal-global-offensive alliances for G. 750

Proposition 4.5. Let G be a m-family of even complete graphs with common 751

neutrosophic vertex set. Then 750

(7) the set S = {vl}flJ is minimal-global-offensive alliance for G; 753

(ZZ) I' = I_%J fO?” g; 754

(iii) Ty = min{Sses3?_ 0i(s )}S . }L 2y for G; 755

(iv) the sets S = {”uz]sz:%lJ are only minimal-global-offensive alliances for G. 756
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Proof. (i). Suppose NTG : (V, E, o, u) is even complete. Let S = {vz}flJ Thus 757

Ve V\S, [Ng(z)NS|=[5] > [5] —1=|Ns(2)N(V\S)] 758

VZEV\S, |NS(Z)QS|>|NS(Z)Q(V\S)| 759

It implies S = {UZ}EIJ is global-offensive alliance for G. If S" = {U,}EIJ — {z} where 70

ze S = {’Ui}itzlj, then 761

Ve V\S, [Ng(z)NS|=[5] —1<[5]+1=|Ns(z)N(V\5) 762

Vz e V\S, [Ng(2)NS| # |Ns(2) N (V\9)] 763

So §' = {vz}flJ —{z} where z € S = {vl}ZLElJ isn’t global-offensive alliance for G. It 76

induces S = {v;},2{ is minimal-global-offensive alliance for G. 765

(i), (#i7) and (iv) are obvious. O e

Example 4.6. Consider Figure (12). 767

(i) S1={s1,82},52 = {s1,53},53 = {s1,84}, 51 = {52,583}, 55 = {s2, 84}, 56 = 768

{s3, 54} are only minimal-global-offensive alliances for G; 769

(#3) S1 = {s1, 52} is optimal such that forms both 770

minimal-global-offensive-alliance-neutrosophic number and m

minimal-global-offensive-alliance number for G; e

(#4i) S = {s1,s3} only forms minimal-global-offensive-alliance number but not 773

minimal-global-offensive-alliance-neutrosophic for G; 774

(iv) N = {s1} isn’t global-offensive alliance. Since there is three instances and only 775

one instance is enough for G; 776

(a) First counterexample for the statement “N = {s;} is global-offensive 77

alliance.” for G; 778

EISQEV\N, |NS(82)QN|:1<2:|NS(82)0(V\N)| 779

dsa € VAN, |Ns(s2) N N| =13%2=|Ng(s2) N (V\N)] 780

dso € V\ N, |Ny(s2) N N| # |[Ns(s2) N (V\ N)J; 781

(b) second counterexample for the statement “N = {s;} is global-offensive 782

alliance.” for G; 783

383€V\N, |NS(83)HN|:1<2:|NS(83)H(V\N)| 784

dss3 € VAN, |Ng(s3) NN|=1%2=|Ns(s3)N(V\N)] 785

ds3 € V\ N, |Ns(s3) N N| # |Ns(s3s) N (V\ N)|; 786

(¢) third counterexample for the statement “N = {s;} is global-offensive 787

alliance.” for G. 788

384€V\N, |NS(S4)0N|:1<2:|N5(84)0(V\N)| 789

384€V\N, |NS(S4)QN|:1}2:|N5(84)H(V\N)| 790

ds4 € VAN, [Ny(s4) VN[ # [No(s4) 0 (VA N); o

(v) T's = 2.6 and corresponded set is S1 = {s1, $2} for G; 792

(vi) T =2 and corresponded sets are S; = {s1, 82}, 52 = {s1,83},53 = {s1,84}, 54 =

{82, 83}, S5 = {82, 84}, S@ = {83, 84} for Q 794
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Figure 12. The set of black circles is minimal-global-offensive alliance.

5 Applications in Time Table and Scheduling -

In this section, two applications for time table and scheduling are provided where the 7
models are complete models which mean complete connections are formed as individual 7o

and family of complete models with common neutrosophic vertex set. 798
Designing the programs to achieve some goals is general approach to apply on some 79
issues to function properly. Separation has key role in the context of this style. 800
Separating the duration of work which are consecutive, is the matter and it has 801
importantance to avoid mixing up. 802
Step 1. (Definition) Time table is an approach to get some attributes to do the 803
work fast and proper. The style of scheduling implies special attention to the 804
tasks which are consecutive. 805
Step 2. (Issue) Scheduling of program has faced with difficulties to differ amid 806
consecutive section. Beyond that, sometimes sections are not the same. 807

Step 3. (Model) The situation is designed as a model. The model uses data to assign s

every section and to assign to relation amid section, three numbers belong unit 809
interval to state indeterminacy, possibilities and determinacy. There’s one 810
restriction in that, the numbers amid two sections are at least the number of the su
relation amid them. Table (1), clarifies about the assigned numbers to these a2
situation.

Table 1. Scheduling concerns its Subjects and its Connections as a neutrosophic graph
and its alliances in a Model.

Sections of NTG ny Ng- - - Ng
Values (0.99,0.98,0.55) (0.74,0.64,0.46)-- - (0.99,0.98,0.55)
Connections of NTG | E Es Es
Values (0.01,0.01,0.01)  (0.01,0.01,0.01)  (0.01,0.01,0.01)
813
5.1 Case 1: Complete Model as Individual 514

Step 4. (Solution) The neutrosophic graph and its global offensive alliance as model, e
propose to use specific set. Every subject has connection with every given subject. e

Thus the connection is applied as possible and the model demonstrates full 817
connections as possible. Using the notion of strong on the connection amid 818
subjects, causes the importance of subject goes in the highest level such that the s
value amid two consecutive subjects, is determined by those subjects. If the 820
configuration is complete, the set is different. Also, it holds for other types such  sx
that star, wheel, path, and cycle. The collection of situations is another 822

application of global offensive alliance when the notion of family is applied in the s
way that all members of family are from same classes of neutrosophic graphs. As s
follows, There are four subjects which are represented as Figure (13). This model e
is strong. And the study proposes using specific set of objects which is called 826
minimal-global-offensive alliance. There are also some analyses on other sets in 827
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Figure 13. The set of black circles is minimal-global-offensive alliance.

the way that, the clarification is gained about being special set or not. Also, in 828

the last part, there are two numbers to assign to this model and situation to 829
compare them with same situations to get more precise. Consider Figure (13). 830
(l) Sl = {81,82},52 = {81,83},53 = {81,84},54 = {82783},55 = {82784},56 = 831
{s3, 84} are only minimal-global-offensive alliances; 832

(74) Se = {3, 54} is optimal such that forms both 833
minimal-global-offensive-alliance-neutrosophic number and 834
minimal-global-offensive-alliance number; 835

(791) S = {s1,s3} only forms minimal-global-offensive-alliance number but not 836
minimal-global-offensive-alliance-neutrosophic; 837

(iv) N = {s1} isn’t global-offensive alliance. Since there is three instances and 838
only one instance is enough; 839

(a) First counterexample for the statement “N = {s;} is global-offensive 840
alliance.”; 841
HSQEV\N, |NS(82)ON|:1<2:|Ns(82)ﬂ(V\N)| 842

Jse € VAN, |[Ns(s2) N N|=1%2=|Ns(s2) N (V\N)| 843

ds9 € VAN, [Ny(s2) N N| ¥ [Ns(s2) 0 (VAN)[; s

(b) second counterexample for the statement “N = {s;} is global-offensive s
alliance.”; 846
Js3 € VAN, |Ns(s3) N N| =1<2=|Ng(s3)N(V\N)| 847

Js3 € VAN, |Ns(s3) N N| =1%2=|Ny(s3) N(V\N)] 848

ds3 € VAN, |Ns(s3) N N| % |[Ns(s3) N (V\ N)|; 849

(¢) third counterexample for the statement “N = {s;} is global-offensive 850
alliance.”. 851
dss € VAN, |Ns(sa) NN| =1<2=|Ny(sq) N(V\N)] 852

384€V\N, |NS(84)0N|:1f2:|Ns(84)ﬂ(V\N)| 853

ds4 € VAN, [Ny(s4) N N| # [Ns(s4) 0 (VAN)J; oss

(v) T's = 2.3 and corresponded set is Sg = {s3, S4}; 855
(vi) T'= 2 and corresponded set is Sg = {s3,54}. 856
5.2 Case 2: Family of Complete Models 857

Step 4. (Solution) The neutrosophic graph and its global offensive alliance as model, s
propose to use specific set. Every subject has connection with every given subject. sso
Thus the connection is applied as possible and the model demonstrates full 860
connections as possible. Using the notion of strong on the connection amid 861
subjects, causes the importance of subject goes in the highest level such that the s
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value amid two consecutive subjects, is determined by those subjects. If the 863
configuration is complete, the set is different. Also, it holds for other types such s
that star, wheel, path, and cycle. The collection of situations is another 865

application of global offensive alliance when the notion of family is applied in the sss
way that all members of family are from same classes of neutrosophic graphs. As s
follows, There are five subjects which are represented in the formation of family of sss
models as Figure (13). These models are strong in family. And the study proposes ss

using specific set of objects which is called minimal-global-offensive alliance for 870

this family of models. There are also some analyses on other sets in the way that, sn

the clarification is gained about being special set or not. Also, in the last part, 872

there are two numbers to assign to this family of models and collection of 873

situations to compare them with collection of situations to get more precise. 874

Consider Figure (14). &75

(i) S1 = {s1,52,53}, 92 = {s1,52,54},53 = {51, 52,85}, 54 = {51, 53,54}, 55 = 876

{51, S3, 55}, S6 = {82, 53, 84}7 S7 = {52, S3, 55}, Sg = {83, S4, 85} are only 877

minimal-global-offensive alliances; 878

(#4) S5 = {s1, S2, 85} is optimal such that forms both 879

minimal-global-offensive-alliance-neutrosophic number and 880

minimal-global-offensive-alliance number for G; 881

(#i1) Ss = {s3, 84, 85} only forms minimal-global-offensive-alliance number but not e

minimal-global-offensive-alliance-neutrosophic for G; 883

(iv) N = {s1,s2} isn’t global-offensive alliance. Since there is three instances and s

only one instance is enough for G; 885

(a) First counterexample for the statement “N = {s1, s2} is global-offensive  ss

alliance.” for G; 887

383€V\N, |NS(83)QN|:2:2:|Ns(83ﬁ(V\N)| 888

383€V\N, |NS(83)QN|22?52=|N5(83>Q(V\N)| 880

Jsg € VAN, |[Ny(s3) N N| # [Ns(s3) N (VA N)J; 90

(b) second counterexample for the statement “N = {s1, s} is so1

global-offensive alliance.” for G; 892

ds4 € VAN, |Ns(s4) NN| =2=2=|Ny(s4) N(V\N)] 893

354€V\N, |Ns(84)ﬂN|22}2:|Ns(84)ﬂ(V\N)| 804

51 € V\ N, [Ny(s4) N N| # [Ny(s0) N (V\ V)]

(¢) third counterexample for the statement “N = {s1, sa} is global-offensive  sss

alliance.” for G. 897

dss € VAN, |Ng(s5) N N|=2=2=|Ns(s5) N (V\N)| 898

dss € VAN, |Ns(s5) N N| =2 % 2=|Ns(s5) N (V\N)] 899

ds5 € V\ N, [Ny(s5) N N| # [Ny(s5) N (V\ V)

(v) T's =4 and corresponded set is S3 = {s1, s2, $5} for G; o1

(vi) T'= 3 and corresponded sets are 002

Sl = {817 52, 83}7 SQ = {Sla 52, S4}a S3 = {817 52, 85}7 S4 = {517 53, S4}a S5 = 903

{51, S3, 55}, S6 = {82, S3, 54}7 S7 = {52, S3, 55}, Sg = {53, S4, 55} which are 904

only minimal-global-offensive alliances for G. 905

6 Open Problems o06

In this section, some questions and problems are proposed to give some avenues to 907

pursue this study. The structures of the definitions and results give some ideas to make s

new settings which are eligible to extend and to create new study. 909
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Figure 14. The set of black circles is minimal-global-offensive alliance.
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Notion concerning alliance is defined in neutrosophic graphs. Neutrosophic number oo

is also introduced. Thus, o11
Question 6.1. Is it possible to use other types neighborhood arising from different o12
types of edges to define new alliances? 013
Question 6.2. Are existed some connections amid different types of alliances in o14
neutrosophic graphs? 015

Question 6.3. Is it possible to construct some classes of which have “nice” behavior?  as

Question 6.4. Which mathematical notions do make an independent study to apply 017
these types in neutrosophic graphs? 018
Problem 6.5. Which parameters are related to this parameter? 019
Problem 6.6. Which approaches do work to construct applications to create 920
independent study? o1
Problem 6.7. Which approaches do work to construct definitions which use all 02
definitions and the relations amid them instead of separate definitions to create 023
independent study? 024
7 Conclusion and Closing Remarks o2s

In this section, concluding remarks and closing remarks are represented. The drawbacks o
of this article are illustrated. Some benefits and advantages of this study are highlighted. o

This study uses one definition concerning global offensive alliance to study 028
neutrosophic graphs. New neutrosophic number is introduced which is too close to the oo
notion of neutrosophic number but it’s different since it uses all values as 030
type-summation on them. The connections of vertices which are clarified by general 031

edges differ them from each other and put them in different categories to represent a set

Table 2. A Brief Overview about Advantages and Limitations of this study

Advantages Limitations
1. Defining Global Offensive Alliances 1. General Results

2. Applying on Strong Neutrosophic Graphs
3. Study on Complete Models 2. Deeply More Connections

4. Applying on Individuals

5. Applying on Family 3. Same Models in Family
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which is called global offensive alliance. Further studies could be about changes in the o3
settings to compare this notion amid different settings of neutrosophic graphs theory. 034
One way is finding some relations amid all definitions of notions to make sensible 035
definitions. In Table (2), some limitations and advantages of this study are pointed out. s
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