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Abstract

New setting is introduced to study “closing numbers” and “super-closing numbers” as
optimal-super-resolving number, optimal-super-coloring number and
optimal-super-dominating number. In this way, some approaches are applied to get some
sets from (Neutrosophic)n-SuperHyperGraph and after that, some ideas are applied to
get different types of super-closing numbers which are called by optimal-super-resolving
number, optimal-super-coloring number and optimal-super-dominating number. The
notion of dual is another new idea which is covered by these notions and results. In the
setting of dual, the set of super-vertices is exchanged with the set of super-edges. Thus
these results and definitions hold in the setting of dual. Setting of neutrosophic
n-SuperHyperGraph is used to get some examples and solutions for two applications
which are proposed. Both setting of SuperHyperGraph and neutrosophic
n-SuperHyperGraph are simultaneously studied but the results are about the setting of
n-SuperHyperGraphs. Setting of neutrosophic n-SuperHyperGraph get some examples
where neutrosophic hypergraphs as special case of neutrosophic n-SuperHyperGraph are
used. The clarifications use neutrosophic n-SuperHyperGraph and theoretical study is
to use n-SuperHyperGraph but these results are also applicable into neutrosophic
n-SuperHyperGraph. Special usage from different attributes of neutrosophic
n-SuperHyperGraph are appropriate to have open ways to pursue this study. Different
types of procedures including optimal-super-set, and optimal-super-number alongside
study on the family of (neutrosophic)n-SuperHyperGraph are proposed in this way,
some results are obtained. General classes of (neutrosophic)n-SuperHyperGraph are
used to obtains these closing numbers and super-closing numbers and the
representatives of the optimal-super-coloring sets, optimal-super-dominating sets and
optimal-super-resolving sets. Using colors to assign to the super-vertices of
n-SuperHyperGraph and characterizing optimal-super-resolving sets and
optimal-super-dominating sets are applied. Some questions and problems are posed
concerning ways to do further studies on this topic. Using different ways of study on
n-SuperHyperGraph to get new results about closing numbers and super-closing
numbers alongside sets in the way that some closing numbers super-closing numbers get
understandable perspective. Family of n-SuperHyperGraph are studied to investigate
about the notions, super-resolving and super-coloring alongside super-dominating in
n-SuperHyperGraph. In this way, sets of representatives of optimal-super-colors,
optimal-super-resolving sets and optimal-super-dominating sets have key role.
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Optimal-super sets and optimal-super numbers have key points to get new results but in
some cases, there are usages of sets and numbers instead of optimal-super ones.
Simultaneously, three notions are applied into (neutrosophic)n-SuperHyperGraph to get
sensible results about their structures. Basic familiarities with n-SuperHyperGraph
theory and neutrosophic n-SuperHyperGraph theory are proposed for this article.

Keywords: Coloring Numbers, Resolving Numbers, Dominating Numbers
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. [2,13,15], graphs and new notions on them in Refs. [5—11], neutrosophic graphs s
in Ref. [3], studies on neutrosophic graphs in Ref. [1], relevant definitions of other 4
graphs based on fuzzy graphs in Ref. [12], 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 mixed versions of ideas concerning 1
“super-domination”, “super-dimension” and “super-coloring” to define some 12
super-notions which are applied to n-SuperHyperGraph? 13

It’s motivation to find notions to use in any classes of n-SuperHyperGraph. 14
Real-world applications about time table and scheduling are another thoughts which 15
lead to be considered as motivation. Connections amid two items have key roles to 16
assign super-colors, super-domination and super-dimension. Thus they're used to define 1
new super-ideas which conclude to the structure of super-coloring, super-dominating 18
and super-resolving. The concept of having general super-edge inspires me to study the 1
behavior of general super-edge in the way that, three types of “super-closing” 2

numbers, e.g., super-coloring numbers, super-dominating numbers and super-resolving =«
numbers are the cases of study in the settings of individuals and in settings of families. 2

The framework of this study is as follows. In the beginning, I introduced basic 2
definitions to clarify about preliminaries. In section “New Ideas For 2
n-SuperHyperGraph”, new notions of super-coloring, super-dominating and 2
super-resolving are applied to super-vertices of SuperHyperGraph as individuals. In 2

section “Optimal Numbers For n-SuperHyperGraph”, specific closing numbers have the 2
key role in this way. Classes of n-SuperHyperGraph are studied in the terms of different 2
closing numbers in section “Optimal Numbers For n-SuperHyperGraph” as individuals. 2

In the section “Optimal Sets For n-SuperHyperGraph”, usages of general sets and 30
special sets have key role in this study as individuals. In section “Optimal Sets and 31
Numbers For Family of n-SuperHyperGraph”, both sets and closing numbers have 32
applied into the family of n-SuperHyperGraph. In section “Applications in Time Table 3
and Scheduling”, two applications are posed for n-SuperHyperGraph concerning time 34
table and scheduling when the suspicions are about choosing some subjects. In section 35
“Open Problems”, some problems and questions for further studies are proposed. In 3
section “Conclusion and Closing Remarks”, gentle discussion about results and 37
applications are featured. In section “Conclusion and Closing Remarks”, a brief 38
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overview concerning advantages and limitations of this study alongside conclusions are 39

formed. 40
1.2 Preliminaries For Setting of Neutrosophic a
n-SuperHyperGraph P
Definition 1.2. (Graph). a3
G = (V, E) is called a graph if V is a set of objects and F is a subset of V. x V (E

is a set of 2-subsets of V') where V is called vertex set and E is called edge set. s
Every two vertices have been corresponded to at most one edge. 4
Definition 1.3. (Hypergraph). a
H = (V,E) is called a hypergraph if V is a set of objects and for every a8
nonnegative integer t < n, FE is a set of t—subsets of V' where V is called vertex set 49
and F is called hyperedge set. 50
Definition 1.4. (Neutrosophic Hypergraph). 51

NHG = (V,E,o0 = (01,09,03), u = (1, pi2, p3)) is called a neutrosophic
hypergraph if it’s hypergraph, o; : V. — [0,1], u; : E — [0, 1], and for every
vy vy € F

w(vivg o) < o(vy) Ao(va) A---o(vp).

(i) : o is called neutrosophic vertex set. 52
(#4) : p is called neutrosophic hyperedge set. 53
(#4i) : |V is called order of NHG and it’s denoted by O(NHG). 54
) 1 Yyeyo(v) is called neutrosophic order of NHG and it’s denoted by O, (NHG). s
(iv) evo(v) P y
vi) : |E| is called size of NHG and it’s denoted by S(NHG). 56
(vi) : |E] y
(vii) : Beemp(e) is called neutrosophic size of NHG and it’s denoted by S, (NHG). 57
Example 1.5. Assume Figure (7). 58
(7) : Neutrosophic hyperedge n1nsns has three neutrosophic vertices. 50
(it) : Neutrosophic hyperedge ngnsnsng has four neutrosophic vertices. 60
(#i7) : Neutrosophic hyperedge ninrngngnsng has six neutrosophic vertices. 61
(iv) : 0 ={(n1,(0.99,0.98,0.55)), (na, (0.74,0.64, 0.46)), (ns, (0.99,0.98,0.55)), 62
(ng, (0.54,0.24,0.16)), (ns, (0.99,0.98,0.55)), (ng, (0.99,0.98,0.55) ), 63
(n7,(0.99,0.98,0.55)), (ns, (0.99,0.98,0.55)), (ng, (0.99,0.98,0.55))}) is 64
neutrosophic vertex set. 6
(v) : p={(e1,(0.01,0.01,0.01)), (e2, (0.01,0.01,0.01)), (es, (0.01,0.01,0.01))}) is 66
neutrosophic hyperedge set. 67
(Ui) : O(NHG) =9. 68
(vit) : O, (NHG) = (8.21,7.74,4.47). 69
(UZZZ) : S(NHG) =3. 70
(iz) : S,(NHG) = (0.03,0.03,0.03). 7
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15(0.74, 0.64, 0.46)

11 (0.99, 0.98, 0.55) ) . .
: 150,99, 0.98, 0.55)

(0.01,0.01,0.01)
n4(0.54, 0.24, 0.16)
n+(0.99, 0.98, 0.55)
1s(0.99, 0.98, 0.55)

10(0.99, 0,98, 0.55)

(0.01, 0,01, 0.01)

n5(0.99, 0.98, 0.55)
16(0.99, 0.98, 0.55)
(0.01,0.01,0.01)

NHG
Figure 1. There are three neutrosophic hyperedges and two neutrosophic vertices.

12(0.74, 0.64, 0.46)

n4(0.99,0.98, 0.55) . . \
. n53(0.99,0.98,0.55)

(0.01,0.01,0.01)
n4(0.54,0.24, 0.16)

15(0.99, 0,98, 0.55)
16(0.99, 0.98, 0.55)

(0.01,0.01,0.01)
(0.01,0.01,0.01)

NHG
Figure 2. NHG = (V, E, 0, 1) is neutrosophic edge 3—regular hypergraph

Definition 1.6. (Neutrosophic Edge t—Regular Hypergraph). 72

A neutrosophic hypergraph NHG = (V, E, 0, u) is called a neutrosophic edge 73
t—regular hypergraph if every neutrosophic hyperedge has only ¢ neutrosophic 7
vertices. 75

Question 1.7. What-if all neutrosophic hypergraphs are either edge t—regular or not? 1

In the following, there are some directions which clarify the existence of some 7
neutrosophic hypergraphs which are either edge t—regular or not. 78

Example 1.8. Two neutrosophic hypergraphs are presented such that one of them is 79

edge t—regular and another isn’t. 8
(7) : Assume Figure (7). It isn’t neutrosophic edge t—regular hypergraph. a1
(ii) : Suppose Figure (2). It’s neutrosophic edge 3—regular hypergraph. 82
Definition 1.9. (Neutrosophic vertex t—Regular Hypergraph). 8

A neutrosophic hypergraph NHG = (V, E, 0, 1) is called a neutrosophic vertex 84
t—regular hypergraph if every neutrosophic vertex is incident to only ¢ neutrosophic s

hyperedges. 8
Example 1.10. Three neutrosophic hypergraphs are presented such that one of them &
is vertex t—regular and anothers aren’t. 88
(7) : Consider Figure (7). It isn’t neutrosophic edge t—regular hypergraph. 89
(#t) : Suppose Figure (2). It’s neutrosophic edge 3—regular hypergraph but It isn’t %
neutrosophic vertex 3—regular hypergraph. o1

(#4i) : Assume Figure (3). It’s neutrosophic vertex 2—regular hypergraph but It isn’t 0
neutrosophic edge t—regular hypergraph. 03

4/34


https://doi.org/10.20944/preprints202201.0145.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 January 2022

7:(0.99,0.98,0.55)  n2(0.74,0.64,0.46)

(0.74, 0.64, 0.46) n3(0.99, 0.98, 0.55)

n4(0.99,0.98,0.55)
(0.99,0.98, 0.55)
(0.54,0.24,0.16)
NHG
Figure 3. NHG = (V, E, 0, 1) is neutrosophic strong hypergraph.

Definition 1.11. (Neutrosophic Strong Hypergraph).
A neutrosophic hypergraph NHG = (V, E, 0, i) is called a neutrosophic strong
hypergraph if it’s hypergraph and for every vivg ---vy € E,

w(vrve -~ vp) = o(v1) Aa(ve) A---o(vg).

12(0.74, 0.64, 0.46)

11(0.99,0.98,0.55) ) . .
: 13(0.99, 0.98, 0.55)

(0.74,0.64, 0.46)
ny(0.54,0.24,0.16)

n5(0.99, 0,98, 0.55)
ng(0.99, 0.98, 0.55)

(0.99,0.98. 0.55) )
(0.54,0.24,0.16)

NHG
Figure 4. NHG = (V, E, 0, 1) is neutrosophic strong hypergraph.

Example 1.12. Three neutrosophic hypergraphs are presented such that one of them
is neutrosophic strong hypergraph and others aren’t.

(7) : Consider Figure (7). It isn’t neutrosophic strong hypergraph.
) : Assume Figure (2). It isn’t neutrosophic strong hypergraph.

(#i7) : Suppose Figure (3). It isn’t neutrosophic strong hypergraph.
)

: Assume Figure (4). It’s neutrosophic strong hypergraph. It’s also neutrosophic

edge 3—regular hypergraph but it isn’t neutrosophic vertex t—regular hypergraph.

Definition 1.13. (Neutrosophic Strong Hypergraph).
Assume neutrosophic hypergraph NHG = (V, E, o, pu.) A neutrosophic hyperedge
v1vg -+ - vy € F is called a neutrosophic strong hyperedge if

w(vivg o) = o(vy) Ao(va) A---o(vp).

Proposition 1.14. Assume neutrosophic strong hypergraph NHG = (V, E, o, n.) Then
all neutrosophic hyperedges are neutrosophic strong.

Definition 1.15. (Neutrosophic Hyperpath).

A path vy, Fy,v1,v1, E1,v9,-++ ,v:_1, Fy_1, v, is called neutrosophic hyperpath
such that v;_; and v; have incident to E;_; for all nonnegative integers 0 < ¢ < ¢. In
this case, t — 1 is called length of neutrosophic hyperpath. Also, if z and y are two
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neutrosophic vertices, then maximum length of neutrosophic hyperpaths from = to y, is 100
called neutrosophic hyperdistance and it’s denoted by d(z,y). If vg = v, then it’s 1o

called neutrosophic hypercycle. m
Example 1.16. Assume Figure (7). 12
(1) : n1, E1,ng, B2, ng, E3,n1 is a neutrosophic hypercycle. 113
(i) : ny, E1,np, Ea,ng, E3,n1 isn’t neither neutrosophic hypercycle nor neutrosophic 114
hyperpath. 115

(#i1) : n1EingEangF3n; isn’t neither neutrosophic hypercycle nor neutrosophic 116
hyperpath. 17

(iv) : m1,mn3,n6,n1 isn’t neither neutrosophic hypercycle nor neutrosophic hyperpath. 118
(v) : n1E1,ns, Ea,ng, F3,ny isn’t neither neutrosophic hypercycle nor neutrosophic 119
hyperpath. 120

(vi) : n1, E1,n3, Ea,ng, E3,n7 is a neutrosophic hyperpath. 121
(vit) : Neutrosophic hyperdistance amid n; and ny is two. 122
(viti) : Neutrosophic hyperdistance amid n; and ny is one. 123
(iz) : Neutrosophic hyperdistance amid n; and ngy is one. 124
() : Neutrosophic hyperdistance amid two given neutrosophic vertices is either one or 12
two. 126

2 New Ideas For Setting of Neutrosophic 127
n-SuperHyperGraph 128
Question 2.1. What-if the notion of complete proposes some classes of neutrosophic 12
hypergraphs? 130
In the setting of neutrosophic hypergraphs, the notion of complete have introduced 1a
some classes. Since the vertex could have any number of arbitrary hyperedges. This 132
notion is too close to the notion of regularity. Thus the idea of complete has an obvious 13
structure in that, every hyperedge has n vertices so there’s only one hyperedge. 134

Definition 2.2. Assume neutrosophic hypergraph NHG = (V, E, 0, 11). It’s denoted by 13
NHG?, and it’s (r,n)— regular if every hyperedge has exactly r vertices in the way 136
that, all r—subsets of the vertices have an unique hyperedge where r < n and |V| =n.

Example 2.3. In Figure (5), NHG?% is shown. 138
Definition 2.4. Assume neutrosophic hypergraph NHG = (V, E, o, 11). 139

(1) : Maximum number is maximum number of hyperedges which are incident to a 10
vertex and it’s denoted by A(NHG); 141

(#4) : Minimum number is minimum number of hyperedges which are incident to a 1
vertex and it’s denoted by §(NHG); 143

(#i1) : Maximum value is maximum value of vertices and it’s denoted by A, (NHG); 1a

(tv) : Minimum value is minimum value of vertices and it’s denoted by 6, (NHG). 145
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(0.54, 0.24, 0.16)

1,(0.99, 0.98, 0.55)

n5(0.99, 0.98, 0.55)

(0.99, 0.98, 0.55)

12(0.99, 0,98, 0.55)

- 14(0.99, 0.98, 0.55)
(0.54,0.24, 0.16)

NHG?
Figure 5. NHG? = (V, E, 0, 1) is neutrosophic (3,4)— regular hypergraph.

Example 2.5. Assume neutrosophic hypergraph NHG = (V, E, o, u) as Figure (5). 146

(i) : A(NHG) = 3; 147
(1) : 0(NHG) = 3; 18
(iid) : Ap(NHG) = (0.99,0.98,0.55); "
(iv) : 6,(NHG) = (0.99,0.98, 0.55). 150

Question 2.6. What-if the notion of complete proposes some classes of neutrosophic 1
hypergraphs with some parts? 152

In the setting of neutrosophic hypergraphs, when every part has specific attribute 153
inside and outside, the notion of complete is applied to parts to form the idea of 154
completeness. 155

Definition 2.7. Assume neutrosophic hypergraph NHG = (V, E, 0, 11). It’s denoted by 15

NHGY, ., .. n, and it’s complete r—partite if V' can be partitioned into r 157
non-empty parts, V;, and every hyperedge has only one vertex from each part where n; 1ss
is the number of vertices in part V;. 150
Example 2.8. In Figure (6), NHG3 3 3 = (V, E, 0, 1) is shown. 160
Definition 2.9. Assume neutrosophic hypergraph NHG = (V, E, o, ). 161
(i) : A neutrosophic number of vertices x1,za, -,z is
ST qo(x).
(i4) : A neutrosophic number of hyperedges ej,es, - , e, is
im1h(eq).
Example 2.10. I get some clarifications about new definitions. 162
(i) : In Figure (5), NHG3 is shown. 163

(a) : A neutrosophic number of vertices ni,ng, ng is

Y3 o(ng) = (2.97,2.94,1.65).
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(12(0.99,
11(0.99, 0.98, 0.55)

, _ 15(0.99, 0.98, 0.55
14(0.99, 0.98, 0.55) Hot )

n:(0.99, 0.98, 0.55) 1(0.99, 0.98, 0.55)

(0.54,0.24,0.16) (0.54,0.24,0.16) (0.99,0.98,0.55)

‘I‘\.TH(;::.:L:S
Figure 6. NHG3 3 3 = (V, E, 0, 1) is neutrosophic complete 3—partite hypergraph.

(b) : A neutrosophic number of hyperedges eq, es, e3 is
¥ o(e;) = (1.82,1.12,0.78).
where e; = (0.54,0.24,0.16), e = (0.74,0.64,0.46), e3 = (0.54,0.24,0.16). 164
(#) : In Figure (6), NHG3 33 = (V, E, 0, 1) is shown. 165
(a) : A neutrosophic number of vertices ny,ng,n3 is
3 0(ng) = (2.97,2.94,1.65).
(b) : A neutrosophic number of hyperedges eq, ez, e3 is

Y3 o(e;) = (1.82,1.12,0.78).

where e; = (0.54,0.24,0.16), e5 = (0.74,0.64,0.46), e3 = (0.54,0.24,0.16). 166
Definition 2.11. Assume neutrosophic hypergraph NHG = (V, E, o, ). 167
(7) : A degree of vertex x is the number of hyperedges which are incident to x. 168

(i) : A neutrosophic degree of vertex x is the neutrosophic number of hyperedges 160
which are incident to x. 170

(7i7) : A degree of hyperedge e is the number of vertices which e is incident to them. e

(iv) : A neutrosophic degree of hyperedge e is the neutrosophic number of vertices 172

which e is incident to them. 173

(v) : A co-degree of vertices 1,2, -+ ,x, is the number of hyperedges which are 174
incident to x1, 2o, - , Tn. 175

(vi) : A neutrosophic co-degree of vertices x1, 23, -, Z, is the neutrosophic 176
number of hyperedges which are incident to x1,x2, - , Zy. 177

(vii) : A co-degree of hyperedges eq,ea, - - , e, is the number of vertices which 178
€1, €2, , e, are incident to them. 179
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(viii) : A neutrosophic co-degree of hyperedges ey, ez, -+ , e, is the neutrosophic 180

number of vertices which eq,es,--- , e, are incident to them. 181

Example 2.12. I get some clarifications about new definitions. 182

(i) : In Figure (5), NHG? is shown. 183

(a) : A degree of any vertex is 3. 184

(b) : A neutrosophic degree of vertex n; is (2.07,1.46,0.87). 185

(¢) : A degree of hyperedge e where p(e) = (0.99,0.98,0.55) is 3. 186

(d) : A neutrosophic degree of hyperedge e where u(e) = (0.99,0.98,0.55) is 187

(2.97,2.94,1.65). 188

(e) : A co-degree of vertices ni,ng is 2. 189

(f) : A neutrosophic co-degree of vertices ny,nz is (1.53,1.22,0.71). 190

(g) : A co-degree of hyperedges e1, e; where p(er) = (0.99,0.98,0.55) and 101

pi(e2) = (0.54,0.24,0.16) is 2. o2

(h) : A neutrosophic co-degree of hyperedges e, es where u(er) = (0.99,0.98,0.55) 19

and pi(e) = (0.54,0.24,0.16) is (1.98,1.96,1.1). 104

i1) : In Figure (6), NHG3 ; s = (V, E, 0, 1) is shown. 195
3,3,3 w

(a) : A degree of any vertex ni,ng,ng, ng, ng, ng is 1 and degree of any vertex 196

ns,ns, Ny is 2. 197

(b) : A neutrosophic degree of vertex ni,na, ng, ng, ng, ng is (0.99,0.98,0.55) and 10

degree of any vertex ng,ns,nr is (1.98,1.96,1.1). 199

(¢) : A degree of any hyperedge is 3. 200

(d) : A neutrosophic degree of hyperedge is (2.97,2.94,1.65). 201

(e) : A co-degree of vertices ny,ny is 1. 202

(f) : A neutrosophic co-degree of vertices nq,n4 is (0.54,0.24,0.16). 203

(9) : A co-degree of hyperedges e1, eo where p(e;) = (0.99,0.98,0.55) and 204

pi(ez) = (0.54,0.24,0.16) is 1. 205

(h) : A neutrosophic co-degree of hyperedges eq, ea where p(er) = (0.99,0.98,0.55) 20

and pi(es) = (0.54,0.24,0.16) is (0.99,0.98,0.55). -

Example 2.13. Consider Figure (7) where the improvements on its super-edges to 208

have super strong hypergraph. 200

(a) : The notions of dominating are clarified. 210

(z) : ny super-dominates every super-vertex from the set of super-vertices 211

{nz,ng, ng,na,n3}. ng super-dominates every super-vertex from the set of 212

super-vertices {ng,ns,n3}. ng doesn’t super-dominate every super-vertex 213

from the set of super-vertices {ni, ns,nz,ng,ng}. 214

(#4) : {n1,n3} is super-coloring set but {n,nys} is optimal-super-dominating set. 2

(#i7) = (1.53,1.22,0.71) is optimal-super-dominating number. 216

(b) : The notions of resolving are clarified. 217

(1) : ny super-resolves two super-vertices n4 and ng. 218

(#) : V \ {n1,n4} is super-resolves set but V' \ {na,ng,ng} is 210

optimal-super-resolving set. 20
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ii1) 1 (5,94, 6.36,3.3) is optimal-super-resolving number. »
P p g
(¢) : The notions of coloring are clarified. 22
(1) : ny super-colors every super-vertex from the set of super-vertices 223
{n7,ng,ng,na,n3}. ny super-colors every super-vertex from the set of 24
super-vertices {nﬁ, ns, n3}. n4 doesn’t super-dominate every super-vertex 225
from the set of super-vertices {ni,ns,nz, ng,ng}. 226
(i) : {n1,ns,ny,ng,ng, ne, N4} is super-coloring set but {n1,ns, n7, ng,no,ng}t is 2
optimal-super-coloring set. 28
(#i7) = (5.24,4.8,2.82) is optimal-super-coloring number. 229
Example 2.14. Consider Figure (3). 230
(a) : The notions of dominating are clarified. 2
(1) : n; super-dominates every super-vertex from the set of super-vertices 232
{ng,7 neg, N2, ng}. ny4 super-dominates every super-vertex from the set of 233
super-vertices {n5, ng}. n4 doesn’t super-dominate every super-vertex from 234
the set of super-vertices {ny,na,ng}. 235
(#4) : {n1,ng} is super-dominating set but {nj,ny4} is optimal-super-dominating 23
set. 237
(#i7) = (1.53,1.22,0.71) is optimal-super-dominating number. 238
(b) : The notions of resolving are clarified. 239
(1) : ny super-resolves two super-vertices n4 and ng. 240
(#) : V \ {n1,n4} is super-resolves set but V' \ {nq, nyg,ng} is 241
optimal-super-resolving set. 242
i1) 1 (D, 94,6.36,3.3) is optimal-super-resolving number. 23
P p g
(¢) : The notions of coloring are clarified. 244
(1) : ny super-colors every super-vertex from the set of super-vertices 245
{n5, neg, N2, ng}. ny super-colors every super-vertex from the set of 246
super-vertices {ns,n3}. ny doesn’t super-dominate every super-vertex from
the set of super-vertices {ni,ns,ng}. 248
(#) : {n1,ns,ne} is super-coloring set but {ns,ne,n4} is optimal-super-coloring 240
set. 250
(497) : (2.27,1.86,1.17) is optimal-super-coloring number. 251
2.1 Preliminaries For Setting of n-SuperHyperGraph 252
Definition 2.15. (n-SuperHyperGraph in Ref. [14]). 253
A graph (G, € P"(V),E,, C P"(V)) is called by n-SuperHyperGraph and it’s 254
denoted by n-SHG. 255
3 New Ildeas For n-SuperHyperGraph 256
Definition 3.1. (Dominating, Resolving and Coloring). 257
Assume n-SuperHyperGraph n-SHG = (G,, € P*(V), E, C P™*(V)). 258
(a) : Super-dominating set and number are defined as follows. 250
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(1) : A super-vertex X,, super-dominates a super-vertex Y, if there’s at least 260
one super-edge which have them. 261

(i) : A set S is called super-dominating set if for every Y,, € G,, \ S, there’s at 2
least one super-vertex X,, which super-dominates super-vertex Y. 263

(791) : If S is set of all sets of super-dominating sets, then

| X| = min [{UX,,|X,, € S}
SeS

is called optimal-super-dominating number and X is called 264
optimal-super-dominating set. 265
(b) : Super-resolving set and number are defined as follows. 266

(1) : A super-vertex x super-resolves super-vertices y, w if

d(z,y) # d(z,w).

267

(it) : A set S is called super-resolving set if for every Y,, € G, \ S, there’s at 268
least one super-vertex X, which super-resolves super-vertices Y,,, W,,. 269

(7i7) : If S is set of all sets of super-resolving sets, then

X| = min [{UX,|X, € §
[ X] = min [{UX,| Xy € S}

is called optimal-super-resolving number and X is called 270
optimal-super-resolving set. o
(¢) : Super-coloring set and number are defined as follows. 212

(i) : A super-vertex X,, super-colors a super-vertex Y,, differently with itself if 23
there’s at least one super-edge which is incident to them. 274

(71) : A set S, is called super-coloring set if for every y € G,, \ S, there’s at 275
least one super-vertex X,, which super-colors super-vertex Y,,. 276

(#91) : If S, is set of all sets of super-coloring sets, then

|X| = mirsl {UX,|X, € Sp}|

Sne€

is called optimal-super-coloring number and X is called 217

optimal-super-coloring set. 278
4 Optimal Numbers For n-SuperHyperGraph 219
Proposition 4.1. Assume n-SuperHyperGraph 280
n-SHG = (G, C P*(V),E, C P"(V)). S is mazimum set of super-vertices which form e
a super-edge. Then optimal-super-coloring set has as cardinality as S has. 282
Proof. Assume n-SuperHyperGraph n-SHG = (G,, € P*(V), E,, C P*(V)). Every 283
super-edge has super-vertices which have common super-edge. Thus every super-vertex s
has different color with other super-vertices which are incident with a super-edge. It 285
induces a super-edge with the most number of super-vertices determines 286
optimal-super-coloring set. S is maximum set of super-vertices which form a super-edge. 2
Thus optimal-super-coloring set has as cardinality as S has. O 2
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Proposition 4.2. Assume n-SuperHyperGraph
n-SHG = (G, C P*(V), E,, C P*(V)). If optimal-super-coloring number is

V1,

then for every super-vertex there’s at least one super-edge which contains has all 289
members of V. 200

Proof. Suppose n-SuperHyperGraph n-SHG = (G,, € P*(V), E,, C P™(V)). Consider
optimal-super-coloring number is
V1.

It implies there’s one super-edge which has all members of V. Since if all members of V' 2
are incident to a super-edge via a super-vertex, then all have different colors. O 2

Proposition 4.3. Assume n-SuperHyperGraph
n-SHG = (G, C P"(V), E, C P*(V)). If there’s at least one super-edge which has all
members of V, then optimal-super-coloring number is

V1.

Proof. Consider n-SuperHyperGraph n-SHG = (G,, C P*(V), E,, C P"(V)). Suppose
there’s at least one super-edge which has all members of V. It implies there’s one
super-edge which has some super-vertices but all members of V. If all super-vertices are
incident to a super-edge, then all have different colors. It means if some super-vertices
have all members of V| in the way that, for every member of V, there’s a distinct
super-vertex which has it and all such these super-vertices are incident to a super-edge,
then all have different colors. So the set of these super-vertices are V, is
optimal-super-coloring set. It induces optimal-super-coloring number is

V.

Proposition 4.4. Assume n-SuperHyperGraph
n-SHG = (G, C P"(V), E,, C P™(V)). If optimal-super-dominating number is

V1,

then there’s one member of V, is contained in, at least one super-vertex which doesn’t 204
have incident to any super-edge. 205

Proof. Suppose n-SuperHyperGraph n-SHG = (G,, C P*(V), E,, C P"(V)).Counsider
optimal-super-dominating number is
V1.

If for all given super-vertex and all members of V| there’s at least one super-edge, which
the super-vertex has incident to it, then there’s a super-vertex X,, such that
optimal-super-dominating number is

V] — | Xnl.
It induces contradiction with hypothesis. It implies there’s one member of V, is 206
contained in, at least one super-vertex which doesn’t have incident to any 207
super-edge. O 2
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Proposition 4.5. Assume n-SuperHyperGraph
n-SHG = (G, C P"(V), E, C P*(V)). Then optimal-super-dominating number is <

V1.

Proof. Consider n-SuperHyperGraph n-SHG = (G,, € P"(V), E,, C P"(V)). Thus
G, — {X,}, is a super-dominating set where X,, € G,, . Since if not, X, isn’t incident
to any given super-edge. This is contradiction with supposition. It induces that X,
belongs to a super-edge which has another super-vertex X/,. It implies X/,
super-dominates X,,. Thus G,, — {X,,} is a super-dominating set. It induces
optimal-super-dominating number is <

V1.
D 299

Proposition 4.6. Assume n-SuperHyperGraph
n-SHG = (G, C P"(V), E, C P"(V)). If optimal-super-resolving number is

V1.
then every given super-verter doesn’t have incident to any super-edge. 300
Proof. Consider n-SuperHyperGraph n-SHG = (G,, C P"(V), E,, C P"(V)). Let
optimal-super-resolving number be

V1.
If it implies there’s a super-vertex is super-resolved by a super-vertex, then it’s 301
contradiction with hypothesis. So every given super-vertex doesn’t have incident to any se
super-edge. O s

Proposition 4.7. Assume n-SuperHyperGraph
n-SHG = (G, C P"(V), E,, C P"(V)). Then optimal-super-resolving number is <

V.

Proof. Consider n-SuperHyperGraph n-SHG = (G,, € P"(V), E, C P*(V)). If
optimal-super-resolving number is

V1,
then there’s a contradiction to hypothesis. Since the set G,, — {X,,}, is super-resolving
set. It implies optimal-super-resolving number is <

V1.
O 30
Proposition 4.8. Assume n-SuperHyperGraph
n-SHG = (G, C P*(V), E,, C P*(V)). If optimal-super-coloring number is
V1,
then all super-vertices which have incident to at least one super-edge. 305
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Proof. Suppose n-SuperHyperGraph n-SHG = (G,, C P"(V), E,, C P*(V)). Consider
optimal-super-coloring number is

V] = | Xnl.
If for all given super-vertices, there’s no super-edge which the super-vertices have
incident to it, then there’s super-vertex X,, such that optimal-super-coloring number is

V] =Xl

It induces contradiction with hypothesis. It implies all super-vertices have incident to at 3o
least one super-edge. O sor

Proposition 4.9. Assume n-SuperHyperGraph
n-SHG = (G, C P*(V), E,, C P*(V)). Then optimal-super-coloring number isn’t <

V1.

Proof. Consider n-SuperHyperGraph n-SHG = (G,, € P"(V), E, C P™(V)). Thus
G, — {X,} isn’t a super-coloring set. Since if not, X,, isn’t incident to any given
super-edge. This is contradiction with supposition. It induces that X,, belongs to a
super-edge which has another super-vertex S,,. It implies S,, super-colors X,,. Thus
G, — {X,} isn’t a super-coloring set. It induces optimal-super-coloring number isn’t <

V1.
D 308
Proposition 4.10. Assume n-SuperHyperGraph 300
n-SHG = (G, C P"(V), E, C P*(V)). Then optimal-super-dominating set has 310
cardinality which is greater than n — 1 where n is the cardinality of the set V. 311

Proof. Consider n-SuperHyperGraph n-SHG = (G,, C P*"(V),E, C P"(V)). The set a2
G, is super-dominating set. So optimal-super-dominating set has cardinality which is a3
greater than n — 1 where n is the cardinality of the set V. But the set Gy, \ {X,}, for s
every given super-vertex X, is optimal-super-dominating set has cardinality which is 315
greater than n — 1 where n is is the cardinality of the set V. The result is obtained. [ s

Proposition 4.11. Assume n-SuperHyperGraph
n-SHG = (G, C P"(V),E, C P*(V)). S is mazimum set of super-vertices which form
a super-edge. Then S is optimal-super-coloring set and
{uX, | Xn € S}
1s optimal-super-coloring number. 317

Proof. Suppose n-SuperHyperGraph n-SHG = (G,, C P"(V), E,, C P*(V)). Consider
S is maximum set of super-vertices which form a super-edge. Thus all super-vertices of
S have incident to super-edge. It implies the number of different colors equals to a
cardinality based on S. Therefore, optimal-super-coloring number >

{UX, | Xn € S}

In other hand, S is maximum set of super-vertices which form a super-edge. It induces
optimal-super-coloring number <

{UXn | X € S}
So S is super-coloring set. Hence S is optimal-super-coloring set and
{UX, | X; € S}

is optimal-super-coloring number. O as
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5 Optimal Sets For n-SuperHyperGraph 19
Proposition 5.1. Assume n-SuperHyperGraph 320
n-SHG = (G, C P"(V),E, C P"(V)). If S is super-dominating set, then D contains S =
s super-dominating set. 322

Proof. Consider n-SuperHyperGraph n-SHG = (G,, C P"(V), E, C P*(V)). Suppose 3

S is super-dominating set. Then all super-vertices are super-dominated. Thus D 324
contains S is super-dominating set. O 3
Proposition 5.2. Assume n-SuperHyperGraph 326
n-SHG = (G,, C P"(V),E, C P™(V)). If S is super-resolving set, then D contains S is s
super-resolving set. 328

Proof. Suppose n-SuperHyperGraph n-SHG = (G,, C P*(V), E,, C P*(V)). Consider 3

S is super-resolving set. Hence All two given super-vertices are super-resolved by at 330
least one super-vertex of S. It induces D contains S is super-resolving set. O s
Proposition 5.3. Assume n-SuperHyperGraph 332
n-SHG = (G, C P"(V),E, C P"(V)). If S is super-coloring set, then D contains S is s
super-coloring set. 334

Proof. Suppose n-SuperHyperGraph n-SHG = (G,, C P*(V), E,, C P*(V)). Consider 33

S is super-coloring set. So all super-vertices which have a common super-edge have 336
different colors. Thus every super-vertex super-colored by a super-vertex of S. It induces s
every super-vertex which has a common super-edge has different colors with other 338

super-vertices belong to that super-edge. Then D contains S is super-coloring set. [J 33

Proposition 5.4. Assume n-SuperHyperGraph 340
n-SHG = (G, C P"(V), E, C P"(V)). Then Gy, is super-dominating set. 1
Proof. Suppose n-SuperHyperGraph n-SHG = (G,, C P*(V), E,, € P™(V)). Since 342
Gn \ {X,} is super-dominating set. Then G,, contains G,, \ {X,,} is super-dominating s
set. O s
Proposition 5.5. Assume n-SuperHyperGraph us
n-SHG = (G, C P"(V), E, C P*(V)).Then G,, is super-resolving set. 246

Proof. Suppose n-SuperHyperGraph n-SHG = (G, C P*(V), E,, C P*(V)). If there’s s
no super-vertex, then all super-vertices are super-resolved. Hence if I choose G,,, then s

there’s no super-vertex such that super-vertex is super-resolved. It implies G,, is 349
super-resolving set but G, isn’t optimal-super-resolving set. Since if I construct one set 30
from G,, such that only one super-vertex is out of S, then S is super-resolving set. It 351
implies G,, isn’t optimal-super-resolving set. Thus G,, is super-resolving set. O s
Proposition 5.6. Assume n-SuperHyperGraph 353
n-SHG = (G, C P"(V), E, C P*(V)). Then Gy, is super-coloring set. 354
Proof. Suppose n-SuperHyperGraph n-SHG = (G,, € P*(V), E,, C P"(V)). All 355
super-vertices belong to a super-edge have to color differently. If GG, is chosen, then all 356
super-vertices have different colors. It induces that ¢ colors are used where ¢ is the 357
number of super-vertices. Every super-vertex has unique color. Thus G,, is 358
super-coloring set. O 350
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6 Optimal Sets and Numbers For Family of 0

n-SuperHyperGraph 1
Proposition 6.1. Assume G is a family of n-SuperHyperGraph. Then G, is 362
super-dominating set for all members of G, simultaneously. 363

Proof. Suppose G is a family of n-SuperHyperGraph. Thus G, is super-dominating set e
for every given n-SuperHyperGraph of G. It implies GG, is super-dominating set for all s

members of G, simultaneously. O 366
Proposition 6.2. Assume G is a family of n-SuperHyperGraph. Then G, is 367
super-resolving set for all members of G, simultaneously. 368

Proof. Suppose G is a family of n-SuperHyperGraph. Thus G,, is super-resolving set for e

every given n-SuperHyperGraph of G. It implies G, is super-resolving set for all 370
members of G, simultaneously. O sn
Proposition 6.3. Assume G is a family of n-SuperHyperGraph. Then G, is ar2
super-coloring set for all members of G, simultaneously. 373

Proof. Suppose G is a family of n-SuperHyperGraph. Thus G,, is super-coloring set for 37
every given n-SuperHyperGraph of G. It implies G,, is super-coloring set for all 375
members of G, simultaneously. O 3%

Proposition 6.4. Assume G is a family of n-SuperHyperGraph. Then G, \ {X,} is 377
super-dominating set for all members of G, simultaneously. 378

Proof. Suppose G is a family of n-SuperHyperGraph. Thus G, \ {X,,} is 379
super-dominating set for every given n-SuperHyperGraph of G. One super-vertex is out  ss
of G, \ {X,}. It’s super-dominated from any super-vertex in G,, \ {X,}. Hence every s
given two super-vertices are super-dominated from any super-vertex in Gy, \ {X,}. It 382
implies G, \ {X,,} is super-dominating set for all members of G, simultaneously. Ol 363

Proposition 6.5. Assume G is a family of n-SuperHyperGraph. Then G, \ {X,} is 384
super-resolving set for all members of G, simultaneously. 385

Proof. Suppose G is a family of n-SuperHyperGraph. Thus G, \ {X,,} is 386
super-resolving set for every given n-SuperHyperGraph of G. One super-vertex is out of  s&
G, \ {X,}. It’s super-resolved from any super-vertex in G, \ {X,}. Hence every given s
two super-vertices are super-resolved from any super-vertex in Gy, \ {X,,}. It implies 389
G, \ {X,} is super-resolving set for all members of G, simultaneously. O a0

Proposition 6.6. Assume G is a family of n-SuperHyperGraph. Then G, \ {X,} isn’t 3

super-coloring set for all members of G, simultaneously. 302
Proof. Suppose G is a family of n-SuperHyperGraph. Thus G, \ {X,,} isn’t 303
super-coloring set for every given n-SuperHyperGraph of G. One super-vertex is out of s
G, \ {X,}. Tt isn’t super-colored from any super-vertex in G,, \ {X,}. Hence every 205
given two super-vertices aren’t super-colored from any super-vertex in G, \ {X,,}. It 296
implies G, \ {X,,} isn’t super-coloring set for all members of G, simultaneously. O sor
Proposition 6.7. Assume G is a family of n-SuperHyperGraph. Then union of 308
super-dominating sets from each member of G is super-dominating set for all members 3w
of G, simultaneously. 400
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Proof. Suppose G is a family of n-SuperHyperGraph. For every chosen 401
n-SuperHyperGraph, there’s one super-dominating set in the union of super-dominating e
sets from each member of G. Thus union of super-dominating sets from each member of 03
G is super-dominating set for every given n-SuperHyperGraph of G. Even one 404
super-vertex isn’t out of the union. It’s super-dominated from any super-vertex in the s
union. Hence every given two super-vertices are super-dominated from any super-vertex s

in union of super-coloring sets. It implies union of super-coloring sets is 407
super-dominating set for all members of G, simultaneously. O e
Proposition 6.8. Assume G is a family of n-SuperHyperGraph. Then union of 409
super-resolving sets from each member of G is super-resolving set for all members of G, a0
simultaneously. a
Proof. Suppose G is a family of n-SuperHyperGraph. For every chosen 412

n-SuperHyperGraph, there’s one super-resolving set in the union of super-resolving sets a3
from each member of G. Thus union of super-resolving sets from each member of G is a1

super-resolving set for every given n-SuperHyperGraph of G. Even one super-vertex a1
isn’t out of the union. It’s super-resolved from any super-vertex in the union. Hence a16
every given two super-vertices are super-resolved from any super-vertex in union of a17
super-coloring sets. It implies union of super-coloring sets is super-resolved set for all 418
members of G, simultaneously. O 4o
Proposition 6.9. Assume G is a family of n-SuperHyperGraph. Then union of 20
super-coloring sets from each member of G is super-coloring set for all members of G, o
simultaneously. 422
Proof. Suppose G is a family of n-SuperHyperGraph. For every chosen 423
n-SuperHyperGraph, there’s one super-coloring set in the union of super-coloring sets s
from each member of G. Thus union of super-coloring sets from each member of G is 425
super-coloring set for every given n-SuperHyperGraph of G. Even one super-vertex isn’t s
out of the union. It’s super-colored from any super-vertex in the union. Hence every 27
given two super-vertices are super-colored from any super-vertex in union of 428
super-coloring sets. It implies union of super-coloring sets is super-colored set for all 29
members of G, simultaneously. O 4o
Proposition 6.10. Assume G is a family of n-SuperHyperGraph. For every given 431
super-vertez, there’s one n-SuperHyperGraph such that the super-vertex has another 432
super-vertex which are incident to a super-edge. If for given super-vertex, all 433
super-vertices have a common super-edge in this way, then G, \ {X,} is o
optimal-super-dominating set for all members of G, simultaneously. 435
Proof. Suppose G is a family of n-SuperHyperGraph. For all n-SuperHyperGraph, 436
there’s no super-dominating set from any of member of G. Thus G, \ {X,,} is a7
super-dominating set for every given n-SuperHyperGraph of G. For every given 438
super-vertex, there’s one n-SuperHyperGraph such that the super-vertex has another 439
super-vertex which are incident to a super-edge. Only one super-vertex is out of 440

V\ {z}. It’s super-dominated from any super-vertex in the V' \ {z}. Hence every given
two super-vertices are super-dominated from any super-vertex in G, \ {X,} It implies

G, \ {X,} is super-dominating set for all members of G, simultaneously. If for given a3
super-vertex, all super-vertices have a common super-edge in this way, then G, \ {X,,}
is optimal-super-dominating set for all members of G, simultaneously. O ws
Proposition 6.11. Assume G is a family of n-SuperHyperGraph. For every given a6
super-vertez, there’s one n-SuperHyperGraph such that the super-vertex has another a7
super-vertexr which are incident to a super-edge. If for given super-vertex, all a8
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super-vertices have a common super-edge in this way, then G, \ {X,} is 449
optimal-super-resolving set for all members of G, simultaneously. 450
Proof. Suppose G is a family of n-SuperHyperGraph. For all n-SuperHyperGraph, 451
there’s no super-resolving set from any of member of G. Thus G, \ {X,,} is 452
super-resolving set for every given n-SuperHyperGraph of G. For every given 453
super-vertex, there’s one n-SuperHyperGraph such that the super-vertex has another 454
super-vertex which are incident to a super-edge. Only one super-vertex is out of 455
G \ {X,}. It’s super-resolved from any super-vertex in the G,, \ {X,,}. Hence every 456
given two super-vertices are super-resolving from any super-vertex in G, \ {X,}. It as7
implies G, \ {X,} is super-resolved set for all members of G, simultaneously. If for 458
given super-vertex, all super-vertices have a common super-edge in this way, then 450
G, \ {X,} is optimal-super-resolving set for all members of G, simultaneously. O w0
Proposition 6.12. Assume G is a family of n-SuperHyperGraph. For every given 461
super-vertex, there’s one n-SuperHyperGraph such that the super-vertex has another 162
super-vertex which are incident to a super-edge. If for given super-vertex, all 463
super-vertices have a common super-edge in this way, then G, is optimal-super-coloring s
set for all members of G, simultaneously. 465
Proof. Suppose G is a family of n-SuperHyperGraph. For all n-SuperHyperGraph, 466
there’s no super-coloring set from any of member of G. Thus G,, is super-coloring set for 4
every given n-SuperHyperGraph of G. For every given super-vertex, there’s one 468
n-SuperHyperGraph such that the super-vertex has another super-vertex which are 469
incident to a super-edge. No super-vertex is out of G,,. It’s super-colored from any 470
super-vertex in the G,,. Hence every given two super-vertices are super-colored from any
super-vertex in GG,,. It implies G,, is super-coloring set for all members of G, an

simultaneously. If for given super-vertex, all super-vertices have a common super-edge in 3
this way, then G,, is optimal-super-coloring set for all members of G, simultaneously. [ s

7 Twin Super-vertices in n-SuperHyperGraph ars
Proposition 7.1. Let n-SHG be a n-SuperHyperGraph. An (k — 1)-set from an k-set s
of twin super-vertices is subset of a super-resolving set. a77
Proof. If X,, and X/, are twin super-vertices, then N(X,,) = N(X). It implies 478
d(Xp,Ty) =d(X],T,) for all T,, € G,,. O
Corollary 7.2. Let n-SHG be a n-SuperHyperGraph. The number of twin 480
super-vertices is n — 1. Then super-resolving number is n — 2. 481

Proof. Let X,, and X], be two super-vertices. By supposition, the cardinality of set of 4
twin super-vertices is n — 2. Thus there are two cases. If both are twin super-vertices, s
then N(X,) = N(X)). It implies d(X,,T,) = d(X/,,T,) for all T,, € G,,. Thus suppose s
if not, then let X,, be a super-vertex which isn’t twin super-vertices with any given 485
super-vertex and let X/, be a super-vertex which is twin super-vertices with any given s
super-vertex but not X,. By supposition, it’s possible and this is only case. Therefore, s
any given distinct super-vertex super-resolves X,, and X,,. Then G, \ {X,, X/} is 488
super-resolving set. It implies -super-resolving number is n — 2. O 480

Corollary 7.3. Let n-SHG be n-SuperHyperGraph. The number of twin super-vertices s
is n — 1. Then super-resolving number is n — 2. Every (n — 2)-set including twin 401
super-vertices is super-resolving set. 492
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Proof. By Corollary (7.2), super-resolving number is n — 2. By n-SHG is 203
n-SuperHyperGraph, one super-vertex doesn’t belong to set of twin super-vertices and a
vertex from that set, are out of super-resolving set. It induces every (n — 2)-set 495
including twin super-vertices is super-resolving set. O a0

Proposition 7.4. Let n-SHG be n-SuperHyperGraph such that it’s complete. Then 497
super-resolving number is n — 1. Every (n — 1)-set is super-resolving set. 408

Proof. In complete, every couple of super-vertices are twin super-vertices. By n-SHG is 49
complete, every couple of super-vertices are twin super-vertices. Thus by Proposition 500

(7.1), the result follows. O so
Proposition 7.5. Let G be a family of n-SuperHyperGraphs with common super verter  so
set Gy,. Then simultaneously super-resolving number of G is |V| — 1 503
Proof. Consider (|V| — 1)-set. Thus there’s no couple of super-vertices to be 504
super-resolved. Therefore, every (|V| — 1)-set is super-resolving set for any given 505
n-SuperHyperGraph. Then it holds for any n-SuperHyperGraph. It implies it’s 506
super-resolving set and its cardinality is super-resolving number. (|V| — 1)-set has the  sor
cardinality|V'| — 1. Then it holds for any n-SuperHyperGraph. It induces it’s 508
simultaneously super-resolving set and its cardinality is simultaneously super-resolving  soo
number. O sw0

Proposition 7.6. Let G be a family of n-SuperHyperGraphs with common super-vertexr su
set Gp. Then simultaneously super-resolving number of G is greater than the mazximum s

super-resolving number of n-SHG € G. 513
Proof. Suppose t and t' are simultaneously super-resolving number of G and 514
super-resolving number of n-SHG € G. Thus t is super-resolving number for any 515
n-SHG € G. Hence, t > t'. So simultaneously super-resolving number of G is greater 516
than the maximum super-resolving number of n-SHG € G. O  s7

Proposition 7.7. Let G be a family of n-SuperHyperGraphs with common super-verter s
set G,,. Then simultaneously super-resolving number of G is greater than simultaneously s
super-resolving number of H C G. 520

Proof. Suppose t and t' are simultaneously super-resolving number of G and H. Thus ¢ sz
is -super-resolving number for any n-SHG € G. It implies ¢ is super-resolving number  s»
for any n-SHG € H. So t is simultaneously super-resolving number of H. By applying s
Definition about being the minimum number, ¢ > #'. So simultaneously super-resolving s

number of G is greater than simultaneously super-resolving number of H C G. O s
Theorem 7.8. Twin super-vertices aren’t super-resolved in any given 526
n-SuperHyperGraph. 527
Proof. Let X,, and X, be twin super-vertices. Then N(X,,) = N(X]). Thus for every sz
given super-vertex S/, € Gy, dn.spc(s',t) = dn.sac(s,t) where n-SHG is a given 520
n-SuperHyperGraph. It means that ¢ and ¢’ aren’t super-resolved in any given 530
n-SuperHyperGraph. ¢ and ¢’ are arbitrary so twin super-vertices aren’t super-resolved  sa
in any given n-SuperHyperGraph. O s
Proposition 7.9. Let n-SHG = (G,, C P"(V), E,, C P"(V)) be a 533
n-SuperHyperGraph. If n-SuperHyperGraph n-SHG = (G,, C P"(V),E, C P*(V)) is s
complete, then every couple of super-vertices are twin super-vertices. 535
Proof. Let X,, and X, be couple of given super-vertices. By n-SHG is complete, 536

N(X,)= N(X]}). Thus X,, and X, are twin super-vertices. X,, and X/, are arbitrary s
couple of super-vertices, hence every couple of super-vertices are twin super-vertices. [J s
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Theorem 7.10. Let G be a family of n-SuperHyperGraphs 539
n-SHG = (G, C P"(V), E,, C P"(V)) with super-vertex set G, and n-SHG € G is 540
complete. Then simultaneously super-resolving number is |V | — 1. Every (n — 1)-set is  sa
simultaneously super-resolving set for G. 542

Proof. Suppose n-SHG € G is SuperHyperGraph and it’s complete. So by Theorem 543

(7.9), T get every couple of super-vertices in complete SuperHyperGraph are twin 544
super-vertices. So every couple of super-vertices, by Theorem (7.8), aren’t 545
super-resolved. I —
Corollary 7.11. Let G be a family of n-SuperHyperGraphs 547

n-SHG = (G, C P*(V), E,, C P*(V)) with super-vertex set G,, and n-SHG € G is 548
complete. Then simultaneously super-resolving number is |V | — 1. Every (V| — 1)-set is s

simultaneously super-resolving set for G. 550
Proof. Tt’s complete. So by Theorem (7.10), I get intended result. O s
Theorem 7.12. Let G be a family of n-SuperHyperGraphs 552
n-SHG = (G, C P"(V), E,, C P"(V)) with super-vertex set G,, and for every given 553
couple of super-vertices, there’s a n-SHG € G such that in that, they’re twin 554
super-vertices. Then simultaneously super-resolving number is |V| — 1. Every 555
(V| — 1)-set is simultaneously super-resolving set for G. 556
Proof. By Proposition (7.5), simultaneously super-resolving number is |V| — 1. Also, 557
every (|V|— 1)-set is simultaneously super-resolving set for G. O s
Theorem 7.13. Let G be a family of n-SuperHyperGraphs 559

n-SHG = (G, C P*(V), E,, C P*(V)) with super-vertex set Gy,. If G contains three 560
super-stars with different super-centers, then simultaneously super-resolving number is  sa
V| — 2. Every (V] — 2)-set is simultaneously super-resolving set for G. 562

Proof. The cardinality of set of twin super-vertices is |V| — 1. Thus by Corollary (7.3), s
the result follows. O see

Corollary 7.14. Let G be a family of n-SuperHyperGraphs 565
n-SHG = (G, C P"(V), E, C P™(V)) with super-vertex set G,. If G contains three 566
super-stars with different super-centers, then simultaneously super-resolving number is  ser
V| —2. Bvery (V| — 2)-set is simultaneously super-resolving set for G. 568

Proof. G be a family of n-SuperHyperGraphs n-SHG = (G,, € P*(V), E,, C P*(V)) 560
with super-vertex set G,,. It’s complete. So by Theorem (7.13), I get intended result. [0 s

8 Antipodal super-vertices in n-SuperHyperGraph .

8.1 Even super-cycle 572

Proposition 8.1. Consider two antipodal super-vertices X,, and Y, in any given even s
super-cycle. Let U,, and V,, be given super-vertices. Then d(X,,,U,) # d(X,, V) if and s

only lf d(Yn, Un) 7& d(Yn, Vn) 575
Proof. (=). Consider d(X,,,U,,) # d(X,, V,). By d(X,,,Up) +d(U,, Ys) =d(X,,,Y,) = s
D(n-SHG), D(n-SHG) — d(X,,,U,) # D(n-SHG) — d(X,,,V,,). It implies 577
d(Yn,Up) # d(Y,, V,). 578

(«<). Consider d(Y,,Uy,) # d(Yn, Vy). By d(Yy,Uy) + d(Un, Xp) = d(X,, Ys) = 579
D(n-SHG), D(n-SHG) — d(Y,,,U,,) # D(n-SHG) — d(Y,,,V,,). It implies 580
d( X, Uy) # d(Xn, V). O sa
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Proposition 8.2. Consider two antipodal super-vertices X,, and Y, in any given even ss
cycle. Let U, and V,, be given super-vertices. Then d(X,,U,) = d(Xn, Vy) if and only s

if AV, Un) = d(Yn, Va). 584
Proof. (=). Counsider d(X,,,U,) = d(X,, Vy,). By d(Xp,Uy) + d(Up, Ys) = d(X,,Yn) = s
D(n-SHG), D(n-SHG) — d(X,,,U,) = D(n-SHG) — d(X,,,V,,). It implies 56
d(Yn,Up) = d(Y,, V,). 587

(«<). Consider d(Y,,U,) = d(Y,, V,). By d(Yy,Uy) + d(Un, Xp) = d(Xp, Yy) = 588
D(n-SHG), D(n-SHG) — d(Y,,U,) = D(n-SHG) — d(Yy, Vz,). It implies 589
d(Xn,Uyp) = d( X, Vy). O se0
Proposition 8.3. The set contains two antipodal super-vertices, isn’t super-resolving  so
set in any given even super-cycle. 592
Proof. Let X,, and Y,, be two given antipodal super-vertices in any given even 503
super-cycle. By Proposition (8.1), d(X,,,Uy,) # d(X,,V,) if and only if 504

d(Yn,Uy) # d(Y,,V,). It implies that if X, super-resolves a couple of super-vertices, 505
then Y,, super-resolves them, too. Thus either X, is in a super-resolving set or Y,, is in. s
It induces the set contains two antipodal super-vertices, isn’t super-resolving set in any  so
given even super-cycle. O e

Proposition 8.4. Consider two antipodal super-vertices X,, and Y, in any given even  so
super-cycle. X, super-resolves a given couple of super-vertices, Z, and Z),, if and only o0

Zf Yn does. 601
Proof. (=). X,, super-resolves a given couple of super-vertices, Z,, and Z/,, then 602
d(Xn, Zy) # d(Xn, Z!). By Proposition (8.1), d(X,, Z,) # d(X,, Z}) if and only if 603
d(Yn, Zy) # d(Yy,, Z!). Thus Y,, super-resolves a given couple of super-vertices Z,, and  eo
Z’:l' 605

(«). Y, super-resolves a given couple of super-vertices, Z, and Z,, then 606
d(Ys, Zy) # d(Ya, Z),). By Proposition (8.1), d(Y,, Z,) # d(Ya, Z),) if and only if 607
d(Xn, Zy) # d(Xp, Z]). Thus X,, super-resolves a given couple of super-vertices Z, and e
Z’;L' D 609
Proposition 8.5. There are two antipodal super-vertices aren’t super-resolved by other e
two antipodal super-vertices in any given even super-cycle. 611
Proof. Suppose X,, and Y,, are a couple of super-vertices. It implies 612
d(X,,Y,) = D(n-SHQG). Consider U,, and V,, are another couple of super-vertices such e
that d(X,,U,) = 2O5HG) 1t implies d(Y;,, U,) = 20=5HG) Thys
d(Xn,Uy,) = d(Yy,Uy,). Therefore, U,, doesn’t super-resolve a given couple of 615
super-vertices X,, and Y,,. By 616
Dm-SHGG) = d(Up, Vi) = d(Un, X,,) + d(X,, V) = 20SHE 44X, v,,), o17
d( X, V) = POSHE) g implies d(Yy,, V) = 2051 Thus d(X,,, V,) = d(Ya, V). o
Therefore, V,, doesn’t super-resolve a given couple of super-vertices X,, and Y. O e

Proposition 8.6. For any two antipodal super-vertices in any given even super-cycle, o

there are only two antipodal super-vertices don’t super-resolve them. 621
Proof. Suppose X,, and Y, are a couple of super-vertices such that they’re antipodal 622
super-vertices. Let U,, be a super-vertex such that d(X,,U,) = w. It implies 623
d(Yy, Uy,) = BOSHG) Thys d(X,,,U,) = d(Yy, Uy). Therefore, U, doesn’t o
super-resolve a given couple of super-vertices X,, and Y,,. Let V,, be a antipodal vertex o
for U,, such that U, and V,, are antipodal super-vertices. Thus V,, 626
d(X,, V) = w. It implies d(Y,,V,) = w. Therefore, V,, doesn’t 627
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super-resolve a given couple of super-vertices X,, and Y,,. If U, is a super-vertex such s
that d(X,,,U,) # w and V,, is a super-vertex such that U, and V,, are antipodal e

super-vertices. Thus d(X,,,V,,) # w It induces either d(X,,U,) # d(Y,,Uy) or e
d(Xn, Vi) # d(Y,, V,,). It means either U,, super-resolves a given couple of super-vertices eu
X, and Y, or V,, super-resolves a given couple of super-vertices X,, and Y,,. O e

Proposition 8.7. In any given even super-cycle, for any super-vertex, there’s only one o3
super-vertex such that they’re antipodal super-vertices. 634

Proof. If d(X,,Y,) = D(n-SHG), then X,, and Y,, are antipodal super-vertices. O e

Proposition 8.8. Let n-SuperHyperGraphs n-SHG = (G,, C P*(V),E,, C P*(V)) be ¢
an even super-cycle. Then every couple of super-vertices are super-resolving set if and o
only if they aren’t antipodal super-vertices. 638

Proof. If X,, and Y,, are antipodal super-vertices, then they don’t super-resolve a given 3

couple of super-vertices U,, and V;, such that they’re antipodal super-vertices and 640
d(Xn, Un) = w Since 641
d(Xnv Un) = d(Xnv Vn) = d(Yn7u) = d(Yna Vn) = w O e
Corollary 8.9. Let n-SuperHyperGraphs n-SHG = (G,, C P"(V),E,, C P"(V)) be an e
even super-cycle. Then super-resolving number is two. 644
Proof. A set contains one super-vertex X,, isn’t super-resolving set. Since it doesn’t 645
super-resolve a given couple of super-vertices U,, and V,, such that 646
d(X,,Uy,) = d(X,,V,) = 1. Thus super-resolving number > 2. By Proposition (8.8), 647
every couple of super-vertices such that they aren’t antipodal super-vertices, are 648
super-resolving set. Therefore, super-resolving number is 2. I

Corollary 8.10. Let n-SuperHyperGraphs n-SHG = (G,, C P"(V),E, C P"(V)) be &0
an even super-cycle. Then super-resolving set contains couple of super-vertices such that e
they aren’t antipodal super-vertices. 652

Proof. By Corollary (8.9), super-resolving number is two. By Proposition (8.8), every s

couple of super-vertices such that they aren’t antipodal super-vertices, form 654
super-resolving set. Therefore, super-resolving set contains couple of super-vertices such s
that they aren’t antipodal super-vertices. CJ es6
Corollary 8.11. Let G be a family n-SuperHyperGraphs 657

n-SHG = (G, C P"(V),E, C P™"(V)) be an odd super-cycle with common super-vertex s
set G,. Then simultaneously super-resolving set contains couple of super-vertices such  eso

that they aren’t antipodal super-vertices and super-resolving number is two. 660
8.2 0Odd super-cycle 661
Proposition 8.12. In any given n-SuperHyperGraph 662
n-SHG = (G, C P"(V), E,, C P*(V)) which is odd super-cycle, for any super-vertex,  os3
there’s no super-vertex such that they’re antipodal super-vertices. 664

Proof. if X,, is a given super-vertex. Then there are two super-vertices U,, and V,, such s
that d(X,,U,) = d(X,,V,) = D(n-SHG). It implies they aren’t antipodal 666
super-vertices. O eer

Proposition 8.13. Let n-SuperHyperGraph n-SHG = (G,, C P"(V),E, C P*(V)) be s
an odd super-cycle. Then every couple of super-vertices are super-resolving set. 669
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Proof. Let X,, and X, be couple of super-vertices. Thus, by Proposition (8.12), X, 670

and X/, aren’t antipodal super-vertices. It implies for every given couple of 671
super-vertices T,, and T, I get either d(X,,,T,) # d(X,,T),) or d(X],T,) # d(X],T)). e~
Therefore, T;, and T}, are super-resolved by either X,, or X/ . It induces the set 673
{X,, X!} is super-resolving set. O e

Proposition 8.14. Let n-SuperHyperGraph n-SHG = (G, C P"(V), E, C P*"(V)) be e
an odd cycle. Then super-resolving number is two. 676

Proof. Let X,, and X/, be couple of super-vertices. Thus, by Proposition (8.12), X, 677

and X/, aren’t antipodal super-vertices. It implies for every given couple of 678
super-vertices T;, and T, I get either d(X,,,T},) # d(X,,,T},) or d(X},,T,) # d(X],,T,). e
Therefore, T,, and T}, are super-resolved by either X,, or X/ . It induces the set 680
{X,, X/} is super-resolving set. O e
Corollary 8.15. Let n-SuperHyperGraph n-SHG = (G, C P™"(V),E, C P"(V)) be an e
odd cycle. Then super-resolving set contains couple of super-vertices. 683
Proof. By Proposition (8.14), super-resolving number is two. By Proposition (8.13), 684
every couple of super-vertices form super-resolving set. Therefore, super-resolving set 685
contains couple of super-vertices. O s
Corollary 8.16. Let G be a family of n-SuperHyperGraphs 687
n-SHG = (G, C P"(V), E, C P*(V)) which are odd super-cycles with common 688
super-verter set Gy,. Then simultaneously super-resolving set contains couple of 689
super-vertices and super-resolving number is two. 690
9 Extended Results For n-SuperHyperGraph o1
9.1 Smallest Super-resolving Number 602
Proposition 9.1. Let n-SuperHyperGraph n-SHG = (G, C P"(V),E, C P"(V)) be a o
super-path. Then every super-leaf forms super-resolving set. 694

Proof. Let L, be a super-leaf. For every given a couple of super-vertices X, and X/, I
get d(Ly, X,,) # d(L,, X},). Since if I reassign indexes to super-vertices such that every
super-vertex X/ and L, have i super-vertices amid themselves. Thus j < ¢ implies

d(Lp, Xp) +c=d(Lp, X)) =d(Ly, Xp) < d(Ln, X)).

Therefore, by d(L,,, X,,) < d(Ln, X},), I get d(Ly, Xy,) # d(Ln, X},). X, and X/, are 695
arbitrary so L,, super-resolves any given couple of super-vertices X,, and X, which 696
implies {L,} is a super-resolving set. I

Proposition 9.2. Let n-SuperHyperGraph n-SHG = (G, C P"(V),E, C P"(V)) be a e
super-path. Then a set including every couple of super-vertices is super-resolving set. 699

Proof. Let X,, and X, be a couple of super-vertices. For every given a couple of
super-vertices Y, and Y, , I get either

A(Xn, Yn) # d(Xn,Y;)

or
d(X,, Yn) # (X, Yy).
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Proposition 9.3. Let n-SuperHyperGraph n-SHG = (G,, C P*(V),E, C P*(V)) be a

super-path. Then an 1-set contains leaf is super-resolving set and super-resolving 702
number is one. 703
Proof. There are two super-leaves. Consider L,, is a given super-leaf. By 704
n-SuperHyperGraph n-SHG = (G,, C P"(V), E,, C P*(V)) is a super-path, there’s 705
only one number to be seen. With rearranging the indexes of super-vertices, 706
d(Ly,, V,,) = i. Further more, d(Ly,,V,,) =i # j = d(Ly, V,)). Therefore, L, 707
super-resolves every given couple of super-vertices V,, and V.. It induces 1-set 708
containing leaf is super-resolving set. Also, super-resolving number is one. O 700
Corollary 9.4. Let G be a family of n-SuperHyperGraphs 710

n-SHG = (G, C P"(V), E, C P*(V)) are super-paths with common super-vertex set m
G, such that they’ve a common super-leaf. Then simultaneously super-resolving number 7

18 1, 1-set contains common leaf, is simultaneously super-resolving set for G. 713
Proof. By Proposition (9.3), common super-leaf super-resolves every given couple of 714
super-vertices X,, and X/ simultaneously. Thus 1-set containing common super-leaf, is 7
simultaneously super-resolving set. Also, simultaneously super-resolving number is 716
one. ] 717
Proposition 9.5. Let G be a family of n-SuperHyperGraphs 718

n-SHG = (G, C P"(V), E, C P"(V)) are super-paths with common super-vertex set 710
G, such that for every super-leaf Ly, from n-SHG), there’s another n-SHG € G such 720

that L, isn’t super-leaf. Then an 2-set contains every couple of super-vertices, is e
super-resolving set. An 2-set contains every couple of super-vertices, is 22
optimal-super-resolving set. Optimal-super-resolving number is two. 3

Proof. Suppose V,, is a given super-vertex. If there are two super-vertices X,, and Y,,
such that d(X,,,V,,) # d(Y,, V), then X, super-resolves X,, and Y,, and the proof is
done. If not, d(X,,V,) = d(Y,,V,), but for every given super-vertex V!

D 724
Corollary 9.6. Let G be a family of n-SuperHyperGraphs 725
n-SHG = (G, C P"(V), E, C P*(V)) are super-paths with common super-vertex set 726
G, such that they’ve no common super-leaf. Then an 2-set is simultaneously 727
optimal-super-resolving set and simultaneously optimal-super-resolving number is 2. 728
Proof. By Corollary (9.4), common super-leaf forms a simultaneously 729
optimal-super-resolving set but in this case, there’s no common super-leaf. Thus by 730
Proposition (9.5), an 2-set is optimal-super-resolving set for any n-SHG € G. Then an 7
2-set is simultaneously optimal-super-resolving set. It induces simultaneously 732
optimal-super-resolving number is 2. So every 2-set is simultaneously 733
optimal-super-resolving set for G. O 7
9.2 Largest Optimal-super-resolving Number 735

Super-t-partite, super-bipartite, super-star, super-wheel are also studied and they get us 7
two type-results as individual and family. 737

Proposition 9.7. Let n-SuperHyperGraph n-SHG = (G, C P*(V),E, C P"(V)) be a s
super-t-partite. Then every set excluding couple of super-vertices in different parts whose 73
cardinalities of them are strictly greater than one, is optimal-super-resolving set. 740
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Proof. Consider two super-vertices X,, and Y,,. Suppose super-vertex M, has same part
with either X,, or Y,,. Without loosing the generality, suppose M,, has same part with
X,, thus it doesn’t have common part with Y;,. Therefore,

A(My,, X,) =2 # 1= d(M,,Y,).
D 741

Corollary 9.8. Let n-SuperHyperGraph n-SHG = (G, C P™(V),E, C P"(V)) be a 742
super-t-partite. Let |V| > 3. Then every (|V| — 2)-set excludes two super-vertices from s

different parts whose cardinalities of them are strictly greater than one, is 744
optimal-super-resolving set and optimal-super-resolving number is |V| — 2. 5
Proof. By Proposition (9.7), every (|V| — 2)-set excludes two super-vertices from 746
different parts whose cardinalities of them are strictly greater than one, is 77

optimal-super-resolving set. Since if X, and Y,, are either in same part or in different s
parts, then, by any given super-vertex W,,, d(W,,, X,,) = d(W,,,Y,,). Thus 1-set isn’t 749
super-resolving set. There are same arguments for a set with cardinality < |V| —3 when 70
pigeonhole principle implies at least two super-vertices have same conditions concerning s
either being in same part or in different parts. L 7

Corollary 9.9. Let n-SuperHyperGraph n-SHG = (G,, C P"(V),E, C P"(V)) be a 753
super-bipartite. Let |V| > 3. Then every (|V| — 2)-set excludes two super-vertices from s

different parts, is optimal-super-resolving set and optimal-super-resolving number is 755
|V| - 2. 756
Proof. Consider X,, and Y,, are excluded by a (|[V| — 2)-set. Let M,, be a given 757
super-vertex which is distinct from them. By n-SuperHyperGraph 758
n-SHG = (G, C P*(V),E, C P"(V)) is a super-bipartite, M,, has a common part 750

with either X,, or Y;, and not with both of them. It implies d(X,,, M,,) # d(Yy, M,,). 760
Since if M,, has a common part with X,,, then d(X,,, M,,) =2 # 1 =d(Y,,, M,). And if &

M,, has a common part with Y;,, then d(X,,, M,,) =1 # 2 =d(Y,,, M,,). Thus M, 762
super-resolves X, and Y,,. If W,, is another super-vertex which is distinct from them, 763
then pigeonhole principle induces at least two super-vertices have same conditions 764
concerning either being in same part or in different parts. It implies (|V| — 3)-set isn’t 76
super-resolving set. It implies (|V| — 2)-set excludes two super-vertices from different 7

parts, is optimal-super-resolving set and optimal-super-resolving number is |V| —2. O &

Corollary 9.10. Let n-SuperHyperGraph n-SHG = (G,, C P*(V),E, C P"(V)) be a s
super-star. Then every (|V| — 2)-set excludes super-center and a given super-vertez, is 1o

optimal-super-resolving set and optimal-super-resolving number is (V] — 2). 770
Proof. Consider X,, and Y,, are excluded by a (|[V| — 2)-set. Let M,, be a given ™
super-vertex which is distinct from them. By n-SuperHyperGraph 0
n-SHG = (G,, C P*(V),E,, C P*(V)) is super-star, M,, has a common part with 73

either X, or Y,, and not with both of them. It implies d(X,,, M,,) # d(Y,,, M,,). Since if
M,, has a common part with X,,, then d(X,,, M,,) =2 # 1 =d(Y,, M,). And if M,, has s
a common part with Y;,, then d(X,, M,,) =1 # 2 = d(Y,,, M,,). Thus M, -resolves X,, s

and Y,,. If W, is another super-vertex which is distinct from them, then pigeonhole m
principle induces at least two super-vertices have same conditions concerning either 778
being in same part or in different parts. It implies (]V'| — 3)-set isn’t super-resolving set. 7o
Therefore, every (|V| — 2)-set excludes two super-vertices from different parts, is 780
optimal-super-resolving set and optimal-super-resolving number is |V| — 2. O
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Corollary 9.11. Let n-SuperHyperGraph n-SHG = (G, C P*(V),E, C P"(V)) be a

super-wheel. Let |V| > 3. Then every (|V| — 2)-set excludes super-center and a given 783
super-vertez, is optimal-super-resolving set and optimal-super-resolving number is 784
|V| - 2 785
Proof. Consider X,, and Y,, are excluded by a (|[V| — 2)-set. Let M, be a given 786
super-vertex which is distinct from them. By n-SuperHyperGraph 787

n-SHG = (G, C P"(V), E,, C P"(V)) is a super-wheel., M,, has a common part with s
either X,, or Y;, and not with both of them. It implies d(X,,, M) # d(Y,, My,). Since if 70
X, is super-center, then d(X,, M,,) =1 # 2 =d(Y,, M,). And if Y,, is super-center, 790
then d(X,,, M,) =2 # 1 =d(Y,, M,). Thus M,, super-resolves X,, and Y,,. If W, is 701
another super-vertex which is distinct from them, then pigeonhole principle induces at 7o

least two super-vertices have same conditions concerning either being in same part 703
(non-center super-vertices) or in different parts. It implies (|V| — 3)-set isn’t 794
super-resolving set. Therefore, every (|V| — 2)-set super-center and a given super-vertex, 7o
is optimal-super-resolving set and optimal-super-resolving number is |V| — 2. O e

Super-t-partite, super-bipartite, super-star, super-wheel are also studied but they get 7o

us one type-result involving family of them. 708
Corollary 9.12. Let G be a family of n-SuperHyperGraphs 799
n-SHG = (G, C P*"(V), E,, C P*(V)) which are super-t-partite with common 800
super-vertex set Gy,. Let |V| > 3. Then simultaneously optimal-super-resolving number is  so
[V| — 2 and every (|V| — 2)-set excludes two super-vertices from different parts, is 802
simultaneously optimal-super-resolving set for G. 803
Proof. By Corollary (9.8), every result hold for any given n-SuperHyperGraph 804
n-SHG = (G,, C P*(V), E,, C P*(V)) which are super-t-partite. Thus every result 805

hold for any given n-SuperHyperGraph n-SHG = (G,, € P™(V), E,, C P*(V)) which 806
are super-t-partite, simultaneously. Therefore, simultaneously super-resolving number is  sor

|[V| — 2 and every (|V| — 2)-set excludes two super-vertices from different parts, is 808
simultaneously optimal-super-resolving set for G. O s00
Corollary 9.13. Let G be a family of n-SuperHyperGraphs 810
n-SHG = (G, C P"(V), E, C P*(V)) which are super-bipartite with common a1
super-vertex set Gy. Let |V| > 3. Then simultaneously optimal-super-resolving number is s
|[V| =2 and every (|V| — 2)-set excludes two super-vertices from different parts, is 813
simultaneously optimal-super-resolving set for G. 814
Proof. By Corollary (9.9), every result hold for any given n-SuperHyperGraph 815

n-SHG = (G, C P*(V), E,, C P*(V)) which are super-bipartite. Thus every result 816
hold for any given n-SuperHyperGraph n-SHG = (G,, C P*(V), E,, C P"(V')) which 817
are super-bipartite, simultaneously. Therefore, simultaneously super-resolving number is s

|[V| — 2 and every (|V] — 2)-set excludes two super-vertices from different parts, is 819
simultaneously optimal-super-resolving set for G. O e
Corollary 9.14. Let G be a family of n-SuperHyperGraphs 821

n-SHG = (G, C P"(V), E, C P"(V)) which are super-star with common super-verter s
set Gy. Let |V| > 3. Then simultaneously optimal-super-resolving number is |V| — 2 and s

every (|V| — 2)-set excludes super-center and a given super-vertex, is simultaneously 824
optimal-super-resolving set for G. 825
Proof. By Corollary (9.10), every result hold for any given n-SuperHyperGraph 826
n-SHG = (G, C P*(V), E,, C P*(V)) which are super-star. Thus every result hold for e
any given n-SuperHyperGraph n-SHG = (G,, € P*(V), E,, C P™*(V)) which are 828
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super-star, simultaneously. Therefore, simultaneously super-resolving number is |V| —2 s
and every (|V| — 2)-set excludes super-center and a given super-vertex, is simultaneously ssx
optimal-super-resolving set for G. O e

Corollary 9.15. Let G be a family of n-SuperHyperGraphs 832
n-SHG = (G, C P"(V), E,, C P™(V)) which are super-wheel with common super-verter s
set Gy. Let |V| > 3. Then simultaneously optimal-super-resolving number is |[V| — 2 and s

every (|[V| — 2)-set excludes super-center and a given super-vertex, is simultaneously 835
optimal-super-resolving set for G. 836
Proof. By Corollary (9.11), every result hold for any given n-SuperHyperGraph 837
n-SHG = (G,, C P"(V), E,, C P"(V)) which are super-star. Thus every result hold for s
any given n-SuperHyperGraph n-SHG = (G,, C P"(V), E,, C P"(V)) which are 830

super-star, simultaneously. Therefore, simultaneously super-resolving number is |V]| — 2 a0
and every (|V| — 2)-set excludes super-center and a given super-vertex, is simultaneously sa

optimal-super-resolving set for G. O e
10 Optimal-super-coloring Number in 43
n-SuperHyperGraph "

Proposition 10.1. Let n-SuperHyperGraphs n-SHG = (G,, C P*(V), E, C P"(V)) 845

be a super-complete. Then optimal-super-coloring number is |V|. 846

Proof. Tt’s complete. It means for any two members of V| there’s at least two distinct s

super-vertices contain them. Every super-vertex has edge with at least |V| —1 848
super-vertices. Thus |V| is optimal-super-coloring number. Since any given member of o
V has different color in comparison to another member of V. Then 850
optimal-super-coloring number is |V]. O e

Proposition 10.2. Let n-SuperHyperGraphs n-SHG = (G,, C P*(V), E, C P"(V)) 852

be a super-path. Then optimal-super-coloring number is two. 853
Proof. With alternative colors, super-path has distinct color for every super-vertices 854
which have one super-edge in common. Thus if X, and Y;, are two super-vertices which s
have one super-edge in common, then X,, and Y,, have different color. Therefore, 856
optimal-super-coloring number is two. The representative of colors are two given 857
super-vertices which have at least one super-edge in common. 0 ess

Proposition 10.3. Let n-SuperHyperGraphs n-SHG = (G,, € P*(V), E,, C P"(V)) 859

be an even super-cycle. Then optimal-super-coloring number is two. 860
Proof. Since even super-cycle has even super-vertices, with alternative coloring of 861
super-vertices, the super-vertices which have common super-edge, have different colors. s
So optimal-super-coloring number is two. O ee3

Proposition 10.4. Let n-SuperHyperGraphs n-SHG = (G,, € P*(V), E,, C P*(V)) 864
be an odd super-cycle. Then optimal-super-coloring number is three. 865

Proof. With alternative coloring on super-vertices, at end, two super-vertices have same  ses
color, and they’ve same super-edge. So, optimal-super-coloring number is three. O ser

Proposition 10.5. Let n-SuperHyperGraphs n-SHG = (G,, € P*(V), E,, C P"(V)) 868
be a super-star. Then optimal-super-coloring number is two. 869
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Proof. Super-center has common super-edge with every other super-vertex. So it has 870
different color in comparison to other super-vertices. So one color has only one 871
super-vertex which has that color. All other super-vertices have no common super-edge s»
amid each other. Then they’ve same color. The representative of this color is a 873
super-vertex which is distinct from super-center. The set of representative of colors has sn
two representatives which are super-center and a given super-vertex which isn’t 875
super-center. Optimal-super-coloring number is two. O e

Proposition 10.6. Let n-SuperHyperGraphs n-SHG = (G,, C P*(V), E, C P"(V)) o7
be a super-wheel such that it has even super-cycle. Then optimal-super-coloring number ss

s Three. 879
Proof. Super-center has unique color. So it’s only representative of this color. Other 880
super-vertices form a super-cycle which assigns distinct colors to the super-vertices 881
which have common super-edge with each other when the number of colors is two. So a s
color for super-center and two colors for other super-vertices, make super-wheel has 883
distinct colors for super-vertices which have common super-edge. Hence, 884
optimal-super-coloring number is Three. I

Proposition 10.7. Let n-SuperHyperGraph n-SHG = (G,, € P*(V),E, C P"(V)) be s
a super-wheel such that it has odd super-cycle. Then optimal-super-coloring number is s

fOUT’. 888
Proof. Without super-center, other super-vertices form odd super-cycle. Odd 889
super-cycle has optimal-super-coloring number which is three. Super-center has 890
common super-edges with all other super-vertices. Thus super-center has different 801
colors with all other super-vertices. Therefore, optimal-super-coloring number is four.  s»
Four representatives of colors form optimal-super-coloring number where one 893
representative is super-center and other three representatives are from all other 894
super-vertices. So, optimal-super-coloring number is four. 0 eos

Proposition 10.8. Let n-SuperHyperGraph n-SHG = (G, C P™"(V), E, C P™"(V)) be s

a super-complete and super-bipartite. Then optimal-super-coloring number is two. 807
Proof. Every given super-vertex has super-edge with all super-vertices from another 898
part. So the color of every super-vertex which is in a same part is same. Hence, two 899
parts implies two different colors. It induces optimal-super-coloring number is two. The oo
any of all super-vertices in every part, identify the representative of every color. O on

Proposition 10.9. Let n-SuperHyperGraph n-SHG = (G,, C P*(V),E, C P*(V)) be o
a super-complete and super-t-partite. Then optimal-super-coloring number is t. 003

Proof. Every part has same color for its super-vertices. Optimal-super-coloring number oo

is t. Every part introduces one super-vertex as a representative of its color. O oos
Proposition 10.10. Let n-SHG = (G, C P"(V),E, C P™*(V)) be 906
n-SuperHyperGraph. Then optimal-super-coloring number is 1 if and only if 007
n-SHG = (G, C P"(V), E, C P*(V)) is super-empty. o0
Proof. (=). Let optimal-super-coloring number be 1. It implies there’s no super-vertex o
which has same edge with a vertex. So there’s no super-edge. Since 010
n-SHG = (G, C P"(V), E,, C P*(V)) is n-SuperHyperGraph and on
n-SHG = (G, C P*(V), E, C P"(V)) is super-empty. o2

(). Let n-SHG = (G,, € P"(V), E,, C P"(V)) be n-SuperHyperGraph and 013
super-empty. Hence there’s no super-edge. It implies for every given super-vertex, 014
there’s no common super-edge. It induces there’s only one color for super-vertices. o1
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Hence the representative of this color is chosen from |G, | super-vertices. Thus 916
optimal-super-coloring number is 1. O o
Proposition 10.11. Let n-SHG = (G, C P"(V),E, C P*(V)) be o18
n-SuperHyperGraph. Then optimal-super-coloring number is 2 if and only if 019
n-SHG = (G, C P™(V), E,, C P™"(V)) is both super-complete and super-bipartite. 920
Proof. (=). Let optimal-super-coloring number be two. So every super-vertex has o1
either one super-vertex or two super-vertices with a common super-edge. The number of o2
colors are two so there are two sets which each set has the super-vertices which have 23

same color. If two super-vertices have same color, then they don’t have a common edge. s
So every set is a part in that, no super-vertex has common super-edge. The number of o
these sets is two. Hence there are two parts in each of them, every super-vertex has no  «s

common super-edge with other super-vertices. Since 027
n-SHG = (G, C P"(V), E,, C P*"(V)) is n-SuperHyperGraph, 028
n-SHG = (G, C P"(V), E,, C P"(V)) is both super-complete and super-bipartite. 920

(<). Assume n-SHG = (G,, C P*(V), E,, C P*(V)) is n-SuperHyperGraph, 030
n-SHG = (G, C P"(V), E,, C P"(V)) is both super-complete and super-bipartite. o

Then all super edges are amid two parts. Every part has the super-vertices which have o»
no super-edge in common. So they’re assigned to have same color. There are two parts. o3
Thus there are two colors to assign to the super-vertices in that, the super-vertices with o3
common super-edge, have different colors. It induces optimal-super-coloring number is o3

2. O o3
Proposition 10.12. Let n-SHG = (G,, € P*(V), E,, C P*(V)) be 037
n-SuperHyperGraph. Then optimal-super-coloring number is |V| if and only if 038
n-SHG = (G, C P™(V), E,, C P"(V)) is super-complete. 039

Proof. (=). Let optimal-super-coloring number be |V|. Thus |G, | colors are available. oo
So any given super-vertex has |G,,| super-vertices which have common super-edge with  on

them and every of them have common super-edge with each other. It implies every oa2
super-vertex has |G,,| super-vertices which have common super-edge with them. Since o3
n-SHG = (G, C P"(V), E, C P™(V)) is n-SuperHyperGraph, o4
SHG = (G, C P"(V), E, C P*(V)) is super-complete. 045

(«). Suppose n-SHG = (G,, € P*(V), E,, C P*(V)) is super-complete. Every 046
vertex has |G,,| super-vertices which have common super-edge with them. Since all 047
possible super-edges are available, the minimum number of colors are |G,,|. Thus 048
optimal-super-coloring number is |V]. O e

General bounds for optimal-super-coloring number are computed. 950
Proposition 10.13. Let n-SHG = (G, C P"(V),E, C P™*(V)) be 051
n-SuperHyperGraph. Then optimal-super-coloring number is obtained from the number o
of super-vertices which is |G| and optimal-super-coloring number is at most |V|. 053

Proof. When every super-vertex is a representative of each color, optimal-super-coloring  os

number is the union of number of members of all super-vertices and it happens in 055
optimal-super-coloring number of super-complete which is |V|. When all super-vertices s
have distinct colors, optimal-super-coloring number is |V| and it’s sharp for 057
super-complete. O s

The relation amid optimal-super-coloring number and main parameters of 059
n-SuperHyperGraph is computed. 960
Proposition 10.14. Let n-SHG = (G,, C P"(V),E,, C P*(V)) be 061
n-SuperHyperGraph. Then optimal-super-coloring number is at most A + 1 and at least oo
2. 963
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Proof. n-SuperHyperGraph is super-nontrivial. So it isn’t super-empty which induces  oe

there’s no super-edge. It implies optimal-super-coloring number is two. Since 965
optimal-super-coloring number is one if and only if 066
n-SHG = (G, C P"(V), E,, C P"(V)) is super-empty if and only if 967

n-SHG = (G, C P"(V), E,, C P™"(V)) is super-trivial. A super-vertex with degree A, s
has A super-vertices which have common super-edges with them. If these super-vertices oo

have no super-edge amid each other, then optimal-super-coloring number is two 070
especially, super-star. If not, then in the case, all super-vertices have super-edge amid
each other, optimal-super-coloring number is A + 1, especially, super-complete. O o
Proposition 10.15. Let n-SHG = (G,, € P"(V), E,, C P*(V)) be o3
n-SuperHyperGraph and super-r-regular. Then optimal-super-coloring number is at most o
r+1. 975

Proof. n-SHG = (G, C P™"(V), E,, C P™(V)) is super-r-regular. So any of super-vertex oz
has r super-vertices which have common super-edge with it. If these super-vertices have o
no common super-edge with each other, for instance super-star, optimal-super-coloring s
number is two. But since the super-vertices have common super-edge with each other, oo
optimal-super-coloring number is r 4 1, for instance, super-complete. O oo

11 Applications in Time Table and Scheduling in o

Neutrosophic n-SuperHyperGraph -
Designing the programs to achieve some goals is general approach to apply on some 083
issues to function properly. Separation has key role in the context of this style. o84
Separating the duration of work which are consecutive, is the matter and it has 085
important to avoid mixing up. 086
Step 1. (Definition) Time table is an approach to get some attributes to do the 087

work fast and proper. The style of scheduling implies special attention to the oss
tasks which are consecutive. 089
Step 2. (Issue) Scheduling of program has faced with difficulties to differ amid 990
consecutive section. Beyond that, sometimes sections are not the same. 901
11.1 First Case 902

Step 3. (Model) As Figure (7), the situation is designed as a model. The model uses 93
data to assign every section and to assign to relation amid section, three numbers oo
belong unit interval to state indeterminacy, possibilities and determinacy. There’s o5
one restriction in that, the numbers amid two sections are at least the number of s
the relation amid them. Table (2), clarifies about the assigned numbers to these o7
situation.

Table 1. Scheduling concerns its Subjects and its Connections as a n-SuperHyperGraph

in a Model.
Sections of NHG ny Nog- -+ Ng
Values (0.99,0.98,0.55) (0.74,0.64,0.46)---  (0.99,0.98,0.55)
Connections of NHG | Ey Es FEs
Values (0.01,0.01,0.01) (0.01,0.01,0.01) (0.01,0.01,0.01)

998
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15(0.74, 0.64, 0.46)

11 (0.99, 0.98, 0.55) .
: 150,99, 0.98, 0.55)

(0.01,0.01,0.01)
n4(0.54, 0.24, 0.16)
n+(0.99, 0.98, 0.55)
1s(0.99, 0.98, 0.55)

10(0.99, 0,98, 0.55)

(0.01, 0,01, 0.01)

n5(0.99, 0,98, 0.55)
n6(0.99,0.98, 0.55)

(0,01, 0.01,0.01)

NHG
Figure 7. super-vertices are suspicions about choosing them.

Step 4. (Solution) As Figure (7) shows, super hyper graph as model, proposes to use o

different types of coloring, resolving and dominating as numbers, sets, optimal 1000
numbers, optimal sets and et cetera. 1001
(a) : The notions of dominating are applied. 1002
(1) : np super-dominates every super-vertex from the set of super-vertices 1003
{n7, ng, ng, N2, ng}. ny4 super-dominates every super-vertex from the set 100
of super-vertices {ng, ns, nz}. ny doesn’t super-dominate every 1005
super-vertex from the set of super-vertices {ni,ns, n7,ns, ng}. 1006
(i) : {n1,n3} is super-coloring set but {n;,n4} is optimal-super-dominating 10
set. 1008
(707) = (1.53,1.22,0.71) is optimal-super-dominating number. 1009
(b) : The notions of resolving are applied. 1010
(@) : m1 super-resolves two super-vertices n4 and ng. 1011
i1) : V \ {n1,n4} is super-resolves set but V' \ {nq, ng,ng} is 1012

( ) ) p ’ s 109
optimal-super-resolving set. 1013
(7i7) : (5,94,6.36,3.3) is optimal-super-resolving number. 1014
(¢) : The notions of coloring are applied. 1015
() : ny super-colors every super-vertex from the set of super-vertices 1016

{nz,ng, ng,na,n3}. ng super-colors every super-vertex from the set of 1017
super-vertices {ng, ns, n3}. ny4 doesn’t super-dominate every super-vertex ios

from the set of super-vertices {ni, ne,nz, ng,ng }. 1019

(#3) : {n1,ns,ny,ng,ng, ne, g} is super-coloring set but 1020
{n1,mns5,n7,ns,n2,n4} is optimal-super-coloring set. 1021

(7i1) = (5.24,4.8,2.82) is optimal-super-coloring number. 102

11.2 Second Case 1023

Step 3. (Model) As Figure (8), the situation is designed as a model. The model uses 102
data to assign every section and to assign to relation amid section, three numbers 10s
belong unit interval to state indeterminacy, possibilities and determinacy. There’s 10s
one restriction in that, the numbers amid two sections are at least the number of 107
the relation amid them. Table (2), clarifies about the assigned numbers to these 10
situation. 1029

Step 4. (Solution) As Figure (8) shows, NHG3 3 3 = (V, E, 0, 1) is neutrosophic 1030
complete 3—partite hypergraph as model, proposes to use different types of degree 10:
of vertices, degree of hyperedges, co-degree of vertices, co-degree of hyperedges, 13
neutrosophic number of vertices, neutrosophic number of hyperedges and et cetera. 13
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n1(0.99, 0.98, 0.55) !
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14(0.99, 0.98, 0.55) 6(0-99, 0.98,0.55)

n:(0.99, 0.98, 0.55) 1y(0.99, 0.98, 0.55)
(0.54,0.24,0.16) (0.54,0.24,0.16) (0.99,0.98,0.55)

NH (;::.ii.ii

Figure 8. Vertices are suspicions about choosing them.

Table 2. Scheduling concerns its Subjects and its Connections as a Neutrosophic
Hypergraph in a Model.

Sections of NHG ny Ng- - - ng
Values (0.99,0.98,0.55) (0.74,0.64,0.46)---  (0.99,0.98,0.55)

Connections of NHG | E1, Es FEs Ey
Values (0.54,0.24,0.16) (0.99,0.98,0.55) (0.74,0.64,0.46)

(¢) : The notions of neutrosophic number are applied on vertices and hyperedges. 1o

(a) : A neutrosophic number of vertices ni,ng, n3 is
Y30 (ng) = (2.97,2.94,1.65).

(b) : A neutrosophic number of hyperedges ej, es, e3 is
¥3_o(e;) = (1.82,1.12,0.78).

where e; = (0.54,0.24,0.16), ex = (0.74,0.64,0.46), e5 = (0.54,0.24,0.16). 1035

(#4) : The notions of degree, co-degree, neutrosophic degree and neutrosophic 1036
co-degree are applied on vertices and hyperedges. 1037
(a) : A degree of any vertex ny, ng, ng, ng, ng, Ng is 1 and degree of any vertex 1o
ng, N5, Ny is 2. 1030

(b) : A neutrosophic degree of vertex ni,ns,n4, ng, ns, ng is (0.99,0.98,0.55) 1040
and degree of any vertex ns,ns,ny is (1.98,1.96,1.1). 1041

(c) : A degree of any hyperedge is 3. 1002
(d) : A neutrosophic degree of hyperedge is (2.97,2.94,1.65). 1043
(e) : A co-degree of vertices ny,ny is 1. 1004
(f) : A neutrosophic co-degree of vertices ny,n4 is (0.54,0.24,0.16). 1085
(g9) : A co-degree of hyperedges eq, es where u(er) = (0.99,0.98,0.55) and 1086
pi(ez) = (0.54,0.24,0.16) is 1. wos7

(h) : A neutrosophic co-degree of hyperedges ej, es where 1048
u(el) = (099,098,055) and ‘LL(GQ) = (054,024,016) is 1049
(0.99,0.98,0.55). 1050

32/34


https://doi.org/10.20944/preprints202201.0145.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 January 2022 d0i:10.20944/preprints202201.0145.v1

12 Open Problems 1061
The three notions of coloring, resolving and dominating are introduced on 1052
n-SuperHyperGraph. Thus, 1053
Question 12.1. Is it possible to use other types super-edges to define different types of 10sa
coloring, resolving and dominating on n-SuperHyperGraph? 1055
Question 12.2. Are existed some connections amid the coloring, resolving and 1056
dominating inside this concept and external connections with other types of coloring, 1057
resolving and dominating on n-SuperHyperGraph? 1058

Question 12.3. Is it possible to construct some classes on n-SuperHyperGraph which  10se
have “nice” behavior? 1060

Question 12.4. Which applications do make an independent study to apply these three 16

types coloring, resolving and dominating on n-SuperHyperGraph? 1062
Problem 12.5. Which parameters are related to this parameter? 1063
Problem 12.6. Which approaches do work to construct applications to create 1064
independent study? 1065

Problem 12.7. Which approaches do work to construct definitions which use all three 1oes

definitions and the relations amid them instead of separate definitions to create 1067
independent study? 1068
13 Conclusion and Closing Remarks 1069
This study uses mixed combinations of different types of definitions, including coloring, om0
resolving and dominating to study on n-SuperHyperGraph. The connections of 1071
super-vertices which are clarified by general super-edges differ them from each other 1072
and put them in different categories to represent one representative for each color, 1073
resolver and dominator. Further studies could be about changes in the settings to 1074

compare this notion amid different settings of n-SuperHyperGraph theory. One way is 1015
finding some relations amid three definitions of notions to make sensible definitions. In 1o
Table (3), some limitations and advantages of this study is pointed out.

Table 3. A Brief Overview about Advantages and Limitations of this study
Advantages Limitations
1. Defining (Dual) Dimension 1. General Results

2. Defining (Dual) Domination
3. Defining (Dual) Coloring | 2. Connections Amid New Notions

4. Applying on Individuals

5. Applying on Family 3. Connections of Results
1077
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