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ARTICLE INFO ABSTRACT
MSC: Topological indices are numerical parameters that indicate the topology of graphs or hypergraphs.
13A70 A hypergraph H = (V (H), E(H)) consists of a vertex set V' (H) and an edge set E(H ), where each
05c07 edge e € E(H) is a subset of V' (H) with at least two elements. In this paper, our main aim is to
OSCZQ introduce a general hypergraph structure for the prime ideal sum (PIS)- graph of a commutative
82262 ring. The prime ideal sum hypergraph of a ring R is a hypergraph whose vertices are all non-trivial
ideals of R and a subset of vertices E; with at least two elements is a hyperedge whenever I + J
Keywords: is a prime ideal of R for each non-trivial ideal 7, J in E; and E; is maximal with respect to this
Commutative ring property. Moreover, we also compute some degree-based topological indices (first and second
Hypergraph Zagreb indices, forgotten topological index, harmonic index, Randi¢ index, Sombor index) for
Prime ideal sum hypergraph(PISH) these hypergraphs. In particular, we describe some degree-based topological indices for the newly
Vertex degree defined algebraic hypergraph based on prime ideal sum for Z, where n = p*, pq, p>q, p>q*, pqr, p>q,
Topological indices p*qr, pgrs for the distinct primes p, g, r and s.

1. Introduction

Graph theory is related to the modeling of the objects and relations of each object with each other by representing each object as a
vertex and each relation of objects as an edge. Hyperstructure theory came into sight in 1934 as a general version of structures. While
working as element-based level in algebraic systems, the opportunity of working on sets is got in hypersystems owing to this theory [1].
With this difference, hyperstructures have more strong applications on complex hypernetworks first, and also on many applied sciences
including informatics, system modeling, social network analysis, system engineering, web information systems, architecture and etc.
In particular, in [2], the authors interested in investigation of general actions and applications on hyperstructures as a generalization
of the classical concept of a discrete dynamical system. The theoretic frame of hyperstructures in automata, cryptography and artificial
intelligence is given in [3]. In [4], the authors emphasized the importance of hypergraphs in optimization theory. Hypergraph theory
was introduced by French mathematician Berge as a generalization of graph theory in [5]. A graph G = (V(G), E(G)) is a pair of
sets, where V' (G) indicates the set of finitely many vertices and E(G) indicates the set of edges connecting related vertices [6].
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A hypergraph H = (V(H), E(H)) is a pair of sets where V' (H) indicates the set of finitely many vertices and E(H) indicates the
finitely many sets of edges E;(1 <i <n), provided U?_ E; =V (H), whose elements consists of non-empty subsets of V'(H). While an
edge can link two related nodes each other in a graph, a hyperedge can include vertices more than two in a hypergraph. From this
aspect, hypergraphs are more stronger than graphs for describing complex systems. A vertex of a hypergraph is said to be isolated if
there exists no hyperedge containing it, and a hypergraph containing no hyperedge covering any of the vertices is called null. In a
hypergraph, two different vertices contained by the same hyperedge are called adjacent. If there is no hyperedge contained by the
others, then the hypergraph is called simple. A hypergraph is called linear if every two distinct edges of H intersect in at most one
vertex.

Defining zero divisor graphs over commutative rings was the beginning of graph theory in pure algebra. In [7], the authors
investigated some graph theoretic parameters such as girth and diameter for the zero divisor graph of a commutative ring. Also in [8]
these parameters were investigated for a graph of commutative ring with non-zero divisors which satisfy comparability conditions
between ideals or prime ideals of the ring. In [9], the coloring problem was handled for zero divisor graph of a commutative ring.
Afterward, handling different graph-theoretic properties of algebraic structures has been an attractive field for many researchers. It
is possible to collect some graphical structures of rings in the literature as follows: Cayley graphs [10], total [11] and regular graphs
[12], annihilating ideal graphs [13], (generalized [14]) comaximal graphs [15] are the leading ones of the studies taking place in
this category. In addition to these, as ideal theory is the heart of the ring theory, also some ideal-based graphs have been defined on
commutative rings. For example, inclusion ideal graph [16], intersection graphs of ideals [17], co-maximal ideal graphs [18], prime
ideal sum (PIS)- graphs [19] are some of them. In this article, we define a new algebraic hypergraph modeling over commutative
rings with unity.

Topological indices are the general name for a mathematical operation that converts a graph structure to a number and actually
characterized the topology of a graph. There are many types of topological indices, and topological indices based on point degree are
widely used today. In [20], Banhatti type degree based topological indices were created. Certain degree based topological indices were
used for QSPR analysis of some alkane derivatives [21-23] and also used for investigating the topological structure of another chemical
compounds such as [24-26]. In [27] inequalities between vertex-degree-based topological indices were studied. Many vertex-degree-
based topological indices have been introduced so far [28]. Among the oldest and most studied degree-based topological indices are
the first Zagreb index and the second Zagreb index. Zagreb indices were introduced in [29] by Gutman et al. Followed by the first and
second Zagreb indices, Furtula and Gutman [30] introduced and studied forgotten topological index. The harmonic index is another
degree-based topological index [31]. Favaron et al. [32] considered the relation between the harmonic index and the eigenvalues
of graphs. The Randi¢ index, proposed by Randi¢ [33] and this index is one of the most successful vertex degree-based molecular
descriptors (topological indices) in the structure property and structure activity relationship studies [34]. In 2020, Gutman introduced
a new vertex-degree-based topological index defined which was named as Sombor index. Some basic properties of the as Sombor
index were established. Geometric meaning of this index and the relations between Sombor and the other degree based topological
indices were studied in [35] and [36], respectively.

Recently, while interest in graph modeling of algebraic structures has increased, the determination of graph parameters has
also become one of the researched problems. Topological index calculations, specifically graph-parametric index, shed light on the
topological properties of algebraic structures. In 2022, Hamzekolaee and Norouzi studied the hypergraph characterizations and
parameters of a number of finite modules and showed that hypergraph modeling of algebraic graphs is also possible [37]. In 2023,
Selvakumar et al. defined the 3-zero-divisor hypergraph of commutative rings and studied their topological properties [38]. So far,
there has not been much work on the degree-based topological indices of hypergraphs.

Based on these studies in the literature, a hypergraph interpretation of prime ideal sum graphs, previously defined by [19] and
then topologically analyzed by [39], was made. The prime ideal sum hypergraph of a ring R is a hypergraph whose vertices are
all non-trivial ideals of R and a subset of vertices E; with at least two elements is a hyperedge whenever I + J is a prime ideal of
R for each non-trivial ideal 7, J in E; and E; is maximal with respect to this property. Moreover, we compute some degree-based
topological indices (first and second Zagreb indices, forgotten topological index, harmonic index, Randi¢ index, sombor index) for
these hypergraphs. Preciely, we describe some degree-based topological indices for the newly defined algebraic hypergraph based on
prime ideal sum for Z, where n = p*, pq, 2q,p*q%, par, p>q, p*qr, pqrs for the distinct primes p, ¢, r and s.

2. Preliminaries
In this section, we give a list of definitions which we need in the subsequent sections. We begin with the following definition.

Definition 2.1. Let H = (V(H), E(H)) be a hypergraph. For each v € V, the degree of v, denoted by d,
contain it [40].

»» is the number of edges that

Definition 2.2. The prime ideal sum graph (abbreviated by P1.5) of a ring is described as a graph whose vertices are all non-trivial
ideals of the ring and edges connect two vertices whenever the sum of these vertices is a prime ideal.

Definition 2.3. For a ring R, the prime ideal sum hypergraph of R, abbreviated by PISH(R) = (Vy(R), Ei(R)), is a hypergraph
whose vertices are all non-trivial ideals of R and a subset of vertices E; € E(R) with at least two elements is a hyperedge of
PISH(R) provided I + J is a prime ideal of R for each non-trivial ideal I, J in E; and E; is maximal with respect to this property.
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Fig. 1. PI.SH structure of Z 5.

Fig. 2. PISH structure of Z 5 ,.
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Fig. 3. PISH structure of Z,,,,.

For example, see Fig. 1, Fig. 2 and Fig. 3 for the PIS-hypergraph (abbreviated by PI.SH) representations for n = p?q, p°q, pgr in
Z,, respectively.

With these notions, we give our modified definitions for some degree-based topological indices of H = (V (H), E(H)) hypergraphs
as follows:

First Zagreb Index: M (H) = 2 (du)2 s
veV (H)
Second Zagreb Index: M,(H) = z dd,,
weE(H)
Forgotten Topological Index: F(H) = 2 (du)3 ,
veV (H)
_2
d,+d,’

1

Harmonic Index: H(H) = z
uveE(H)

Randi¢ Index: R(H)= Y .
weEH) Vdudy
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Sombor Index: SO(H)= ¥, 1/(d,)* +(d,)".
uveE(H)

3. The results
3.1. Degree-based topological indices of PIS-hypergraphs

The first main result of this paper is the following theorem.

Theorem 1. Let p a prime number and H = (V(H), E(H)) be the P1S-hypergraph of Z .« for a > 2. Then,

p(X
M (H)=a>—a—-1, My(H)=(a-2)(a—1), F(H)=a>—-3a*>+4a-3

H(H):%, R(H) = \;;721 SOH)=(a—2)Va2—2a+2"

Proof. Let us list all ideals of 2y Then we have {0}, p”‘_lZpa, p"_2Zpa, ,p3Zpa, P? Zpye, pLya, Ly and we take u; = PZ e,
Uy = pszpa, ey Uy = p I pZ e Note that u; is the unique prime ideal because of the locality of the ring. Thus, P1S-hypergraph
H = (V(H), E(H)) consists of set of the vertices V(H) = {uy, u,, us, ..., u,_1} and set of the edges E(H) = {E; = {uj,u,}, E, =
{uy.u3}, ..., E,_y ={uy,u,_y }}. Therefore, d(u)) =a—1,du,) =1,d(uz) =1,...,d(u,_,) = 1 are obtained by vertex partition technique.
Then, we obtain

M,(H)= 2 (du)2=(a— D2 +1% 4. +12=@-1>+@-2)=a®>—a—1,
veV (H) —

a—2 times
MyH)= Y dd,=(@@-Dl+(@=DI+..+(@-Dl=(a=2)@-1),
uveE(H) ~
a—2 times
FH)= Y (4)'=@-1+P+. +P=@-1’+@-2)=a’-3a* +4a -3,
veV(H) —
a—2 times
2 2 2 2 20—4
H(H)= ) = + +ot = ,
uveE(H)d"+dU 5a—1)+1 (a—1)+1 (a—1)+1J o
a—2‘t,imes
R(H)= ) L - RN SIS S e
wekn Vdudy,  V@=1D1  y(@-D1 Ve-D1 +a-1
a—2 times
sSo(H)= Y \/(du)2+(du)2=\/12+(0(—1)2+\/12+(a—1)2+...+\/12+(a—1)2
uveE(H) ~-
a—2 times

=(@-2)Va?2-2a+2. O

Theorem 2. Let p, g be distinct prime numbers and H = (V (H), E(H)) be the P1S-hypergraph of Z g The values of all the degree-based
topological indices mentioned above for H(Z,,) are 0.

Proof. Since H(Z,,) is a null hypergraph, all points have a degree of 0 and therefore their index values are also 0. []

Theorem 3. Let p, q be distinct prime numbers and H = (V (H), E(H)) be the P1.S-hypergraph of Z . Then,

M (H)=7 My(H)=7 F(H)=11
H(H)=3 R(H)=3.12 SO(H)=8.12"

Proof. Letusconsidertheidealsu; =pZ,,u, =qZp,,u3 =paZp,, us = 'z 24> Where uy, u, are prime ones. Thus PI.S-hypergraph
H = (V(H), E(H)) consists of the sets of vertices and hyperedges such that V (H) = {u, uy, u3, uy} and E(H)={E| = {uy,u3,u,},
E, ={uy,u3}}. Since d(uy) =1, d(u,) = 1,d(u3) =2,d(uy) = 1 are obtained by vertex partition technique, we have

MH)= Y (4,)=312+22=7,
veV (H)

My(H)= Y dd,=11+21+12+12=7,
uveE(H)
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F(= Y (d,)’=313+2° =11,

veV (H)
2 2 2 2 2
HH)= 3 = b s T =5,
wtp dutd, 117241 T42 7 142
1 1 1 1 1
R(H) = 2 + + + =3.12.
weEH) Vdud, \/1.1 V2.1 V12 412

SO(H) = V(4 =ViR+R2+V2 124V 124224 V12422

uueE(H)

=V2+V5+V5+V5=812. O

Theorem 4. Let p, q, r be distinct prime numbers and H = (V(H), E(H)) be the P1S-hypergraph of Z,,,,. Then,
M,(H)=15 M,(H)=24 F(H)=
H(H)=55 R(H)=3.12 SO(H)=2190"
Proof. Let us consider the non-trivial ideals u) = pZ,,,., uy = qZ,,,, u3 = rZ,,,, Uy = pqZy,,. us = prZ ;. .us = qrZ,, where u,,
Uy, u3 are the only prime ones. Thus, PIS-hypergraph H = (V(H), E(H)) consists of V(H) = {ul, Uy, uz, u4,u5,u6} and E(H) =
{E| = {u,uy,us}, Ey ={up,uy,ug}, Ez ={u3, us, ug}} as the sets of vertices and hyperedges, respectively. The values, d(u;) =1,
d(uz) =1,d(u3)=1,d(uy) =2,d(us) =2,d(ug) = 2 are obtained by vertex partition technique. Then,
M H)= Y (4, =312+322=15,
veV (H)
My(H)= Z d,d,=12+12+224+12+124224+12+12422=24,
uveE(H)
FH)= Y (4,)'=3.1+32%=27
veV (H)
2 2 2 2 2 2 2 2 2 2
HH)= = 4+ = 4+ - 4+~ 4~ 4= 4+_Z 4+ = 4+ _Z =55
(H) Z d,+d 142 1+2 2+ 2+1+2+1+2+2+2+1+2+1+2+2+2
uwweE(H) “u T %o
1 1 1 1 1 1 1 1 1 1
R(H) = + + + + + + + + =5.74
uveg(H) d,d, \/1 2 V12 V22 412 V12 22 V12 12 422

so)= Y 4/(d V2424 V124224 V2 4+ 224 V12422 4 V12 4224

uweE(H)

V2 2+ V12422 4+ V12422422 +22=21.90. [

Theorem 5. Let p, q be distinct prime numbers and H = (V (H), E(H)) be the P1.S-hypergraph of Z g2 Then,

M,(H)=38 M,(H)=76 F(H)=9
H(H)=5.93 R(H)=6.08 SO(H)=47.37"

Proof. Let us consider the ideals u; = PLypgs Uy =qZpp, U3 =palp o,y = pqupzqz,uS = quszqz,u6 = p2szqz,u7 = qZszqz
where u,, u, are prime ideals. Thus PI.S-hypergraph H = (V' (H), E(H)) consists of the vertex set V (H) = {uy, uy, u3, g, s, g, U7}
and hyperedge set E(H) = {E| = {uy,u3,uq}, Ey = {uy,us,ug}, E3 = {u,, u3, u7}, Ey = {up,uy,uz}, Es = {uy,uy}, Eg = {up,us}}. Also,

d(u)) =3, d(uy) =3,d(u3) =2,d(uy) =2,d(us) =2,d(ug) = 2,d(u;) = 2 are obtained by vertex partition technique. Thus, we have

MH)= Y (d4,)°=23"+522=38,

veV (H)
My(H)= Y d,d,=32+32+22+32+32+22+32+32+22+32+22+32+32+32=76,
uveE(H)
F()= Y (d,)'=52"+23%=94,
veV (H)
2 2 2 2 2 2 2 2
H(H)= =i tioti T it ot T i
Wit datd, 3427 3427 2427 342 3+ 3+
2,2 2 2 2 2,2 o,

3+2 242 342 2+2 343 342 3+2



A.S. Aldli, E.O. Sozen, C. Abdioglu et al. Heliyon 10 (2024) 34696

1 1 1 1 1 1 1
R(H) = Z + +
weEH) Vdud,y \/_ \/_ \/_ \/_ \/5 V22 3.2
1 1 1 1 1

=6.08

\/— \/— \/_ \/_ \/_ \/_ \/_
SoH)= Y \(d)+(d,)’ =V +2 4+ V324224 V22 4224 V324 22+ V32 422 4 V22 1224

uveE(H)

V32422 4 V32422 4 V22 4 22 4 V32 4 22 4 V22 4 22 4 V32 122 4 V324224132 42224737, O

Theorem 6. Let p, q be distinct prime numbers and H = (V (H), E(H)) be the P1.S-hypergraph of Z P Then,

M (H)=23 M,(H)=28 F(H)=53
H(H)=3.47 R(H)=3.68 SO(H)=2143"

Proof. Let us consider the ideals u; = PLy g, Uy =qL 3, U3 = pZZpsq,u4 =pgZ 3, us = p3Zp3q,u6 = pqup3q. Thus, in hypergraph
H = (V(H), E(H)), the sets of vertices and hyperedges have the form such that V(H) = {u;, u,, u3, uy,us,uq} and E(H)={E, =
{uy us,uy}, Ey ={uy,uy}, Ez ={uy, ugl, Ey = {uy,ug}, E5 = {uy,us}}. Therefore, d(u;) =2, d(u,) =2,d(uz) = 1,d(uy) =3,d(us) =
1,d(ug) =2 are obtained by vertex partition technique. Hence, we get

MH)= Y (d,)’=212+322+132=23,
veV(H)

MyH)= Y dd,=21+23+13+23+22+22+3.1=28,
uveE(H)

F()= Y (d,)’=21°+323+1.3° =53,

veV (H)
2 2 2 2 2 2 2 2
HH)= Y =Tt T T T T T T T =Y
w dtd, 241 2437 1437 243 2427 242 3+
1 1 1 1 1 1 1 1
R(H) = + + + + + + =3.68
W;m d,d, \/2.1 \/2.3 Vi3 V23 V22 V22 431

SO(H) = \V(d V2124 V2424 VI2 4324 V22 4324 V22 4224 V22 4224

uLEE(H)
32412=2143.

Hence, the sufficiency is clear. []

Theorem 7. Let p, q, r be distinct prime numbers and H = (V (H), E(H)) be the P1S-hypergraph of Zp g Then,

M, (H)=134 My(H)=509 F(H)=586
H(H)=8.68 R(H)=897 SO(H)=19222"

Proof. Let us consider the ideals u; =pZ ., uy = qZp,,, u3 = pZszq,, Uy =rZp g us =pqZp . U = pro ., iy = pqupzq,, ug =
qrZ p ., ug = Pz Pars W10 = PArZ p 4, Thus, in hypergraph H = (V(H), E(H)), there exist vertices and hyperedges as follows which
are obtained by vertex and edge partition technique.

Hyperedge List

Ey ={uj,u3,us,us}  Ey={uy,us,ug} Es=A{us,ujg}  Ey={uy.uqug}
Es = {us,uq,ug} Eg = {us,ug,ug} E; ={ug,ug,ug  Eg={uy,us5,uq}
Eg = {uy,ug,ug} Ejg={upu3,u;g}  Ey={up,upg}l  Eyp={ugu)

and

Degree List of the Vertices

du)=1 dw)=2 du)=3 du)=3 d(us)=5
dug)=4 du)=1 dug)=6 dug)=3 d(u,y)=>4
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Then,
MiH)= Y (d,) =11 +122+43% +242 + 157 + 1.6> = 134,
veV (H)

M,(H)= Z d,d,=33+35+34+35+34+54+25+2.6+56+34+34+36+4.6+54+5.6+
uveE(H)

46+56+53+63+41+46+1.64+35+33+53+3.6+33+33+63+34+34+24+3.4=509,
F(H)= Z (du)3 =1.134+123+433 424 +1.5° +1.6° =586,

veV (H)
2 2 2 2 2 2 2 2 2 2 2
LD VSt T A Fe A P Al b A Fo P e ALY A YA g
2 .2 .2 2 .2 2 2 2 2 2 2 2 2,
3+44 346 4+6 544 5+6 4+6 54+6 5+3 643 4+1 446 14+6 3+5
2 2 2 2 2 2 2 2 2 L2 g8
343 543 3+6 343 343 6+3 3+4 3+ 4 2+4 3+4
ROH) = 1 _ 1 1 1 1 1 1 1 1 1
D R Y R A A Ay RV MMy r Ay v >
1 1 1 1 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 +
V34 36 Vae V54 V56 Va6 V56 V53 V63 VAl Va6 Vie 35
1 1 1 1 1 1 1 1 —8.97

1 1
+ + + + + +
V33 V53 V36 V33 V33 V63 V34 V34 V24 34
soH) = Y \(d)+(d,)’ =VR+32+ V324524 V32 424 V324524 V32 1424 V52 1 42+

uveE(H)
V24524 V2 462+ V52462 + V32 442+ V32 4424 V32 4 62 + VA2 + 62 + V52 + 42 + V52 + 624
VR 462+ V52 462+ V2 432+ V62 432+ VA2 + 124 VA2 + 62+ V12462 + V32 +52+ V32 4+ 324
V524324 V32 462+ V324324 V32 4324 V62 4324+ V32 442 4 V32 442 1 V22 4 42 1 /32 4 42

=192.22
Hence, the sufficiency is clear. []

Theorem 8. Let p, g, r, s be distinct prime numbers and H = (V (H), E(H)) be the P1.S-hypergraph of Z Then,

pqrs*

M,(H)=761 M,(H)=6799 F(H)="7001
H(H)=14.65 R(H)=1527 SO(H)=1260.92"

Proof. Letus consider the non-trivial ideals u; = pZ .., uy = qZ ., 3 =1Z s, Uy = PGZ gy s = SZ pgpgs Ui = DI Z gy U7 = PSZ pgrss
ug = qupqu, ug = quMm, Uy = pqupq”, Uy = rsqu,S, Uy = P‘ISqum U5z = prsZM”, Uy = qrsqu,S where uy, uy, u3, us are
prime ones at that time. Thus in hypergraph H = (V(H), E(H)) taking into account the set of vertices V(H) = {u, uy, us,

Uy, Us, Ug, Ug, Ug, Ug, Uy, Uy 1, Ujo, U3, U4}, degrees of the vertices and partition of the hyperedges are obtained as follows:

Hyperedge List

Ey ={uj,ug,uguz} By ={uy,ug,up3} Es = {uy, ug,up,} Ey={uy,uz,upp} Es = {uy,uy,ug,ug}
Eg={up,uy,u14} E; =A{uy,ug,upp} Eg = {uy,ug,ujp} Eg={uz,ug,ug,up1}  Ejg={us,ug,u3}
Ejy ={us,ujgoup} Epp={uzuguyy} E3=A{uy,ug,ug,uy}  Eyy={uyu7,u9} Eys = {uy,ug,ug,u13}
E\¢ = {us,uz,uq} E\; ={us,uz,uy;} E\g = {us,ug,uy; } Eg = {us,ug,uy3} Eyy = {us,ujy,upp}
Ey = {ug,u7,u14} Ey ={ug,ug,ujp,upn} Epz = {ug,uz,up;} Eyy = {ug,ug,ujp} Eys = {us,uz,u14}
Eyg = {ug,ug,uy; } Ey; = {ug,ug,uy3} Eog = {ug,uyg,uy1} Eyg = {ug,ug,uyy} E3y = {u7,u19,uyy }

and

Degree List of the Vertices

du)=4 dw)=4 du)=4 duy)=7  dus)=6 dug)=8 du;)=12
dug)=8 d(ug)=12 dug)=5 duy)=11 du,)=4 dus)=5 duy)=5
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M,(H)= Z (du)2 =4424352+1.6>+ 1.7 +2.82 + 1.11% + 2.12% =761,
veV (H)

My(H)= Y d,d,=47+48+412+78+7.12+48.12+45+47+7.5+48+44+84+4.12+45+
uveE(H)

125447 +48+412+78+7.12+8.12+4.7+45+75+48 +44+84+412+45+125+48 +4.38
411 +88+8.11+8.11+48+45+85+45+411+511+48+45+85+45+85+78+85+125
+8.124+ 712475+ 712+ 712+ 1212+ 7.8 + .12+ 7.5+ 8.12+ 8.5+ 125+ 6.12+6.12 + 12.12 +6.12
6.1+ 12011 +6.124+6.11+12.11+6.12+12.5+65+6.11 + 64+ 11.4+8.12+12.5+85+88+8.11
+8448.11+84+ 11448124811+ 1211+ 12124125+ 125+6.12+6.5+125+8.12+8.11 + 12.11
+8.124+8.5+ 125+ 125+ 1211 +5.11+ 12,12+ 12,11 + 12,11 + 12,5+ 12.11 + 5.11 = 6799,

F(H)= Y (d,)"=44+35+ 1.6+ 1.7 + 2.8 + 111° +2.12° = 7001,

veV(H)
2 2 2 2 2 2 2 2 2 2 2

HUD= ) gva, a+7 T8 an T Tes e T sen T ar t a5 T a5 T aes
L2 .2 .2 .2 2 .2 2 .2 .2 2 . 2 2 2
4+4 8+4 4+4 844 4412 4+5 1245 447 4+8 4412 T+8 T+12 8§+12
L2 .2 2 2 2 2 2 2 . 2 2 2 2 2
4+7 445 745 448 4+4  8+4 A+12 4+5 1245 4+8 4+8 4+11 ' 8+8
L2 .2 .2 .2 2 2 2 2 2 2 .2 2 2
8+11 8+11 4+8 445 7+12 8+5 445 4+11 5+11 448 445 8+5 748
L2 .2 .2 2 2 2 2 2 2 . 2 2 . 2
7+12  7+5 8412 8+5 7+12 T74+12 12412 T7+8 T+5 8+12 8+5 12+5
L2 .2 .2 2 .2 . 2 .2 .2 .2 . 2 2 . 2
6+12 6412 12412 6+12 6+11 12+11 6+4+12 6+11 12+5 12411 6+12 6+5
L2 .2 2 2 2 2 2 2 2 2 . 2 . 2
12+5 6411 6+4 114+4 8+12 8+5 12+5 8+8 8+11 8+4 8+11 8+4
+2+2+2+2+2+2+2+2+L+2+2
11+4 8+12 8+11 12+ 11 12+12 1245 12+5 6+12 6+5 1245 8+

2 2 2 2 2 2 2 2 2 2 2

+8+11+ 12+11+8+12+8+5+ 12+5+12+5+ 12+11+5+11+ 12+12+ 12+11+ 12+ 11

O S S
12+5  12+11  5+11
R(H) = 11 1 1 1 1 1 1 1 1 1

= + + + + + + + + + +
uugfn) Vdd, Va7 Va8 a1z 18 V7112 V812 V4T V45 15 /48

1 1 1 1 1 1 1 1 1 1 1 1

=14.65,
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1
+ + + + + + + + + + + +
Va4 84 Va4 84 VAa12 Va5 V125 V4T V48 Va2 V78 V7112 /812
1 1

1 1 1 1 1 1 1 1 1 1 1
+ + + + + +
VAT V45 V75 V48 Va4 84 a12 V45 V125 V48 V48 Va1l /88
1 11 1 1 1 1 1 1 1 1 1 1

+ + + + + + + + + + + +
V8I1 V11448 V45 V712 /85 V45 Va1l /511 V48 V45 485 V18
1 1 1 1 1 1 1 1 1 1 1 1
+ + + + + + + + + + + +
V712 V75 V812 V85 7112 V712 V1212 V78 V715 V812 V85 V125
1 1 1 1 1 1 1 1 1 1

1
+ + + + + + + + + + +
V6.12  4/6.12 /1212 +/6.12  4/6.11 /1211 +/6.12 y/6.11 /125 /1211 +/6.12
1 1

1 1 1 1 1 1 1 1 1 1
+ + + + + +
V65 V125 Vell Vo4 114 B12 V85 V125 /88 VB11 84 /811
S S S SRR SRR DR DRSS SR 1 L N
V84 V114 812 /811 V1211 V1212 V125 V125 V612 65 V125 V812
1 1 1 1

=15.27,

1
+ + +
V8.1l 1211 v/8.11 /12.11 +/5.11
SO(H)= Z v (du)2 + (dv)2 =SV V282 4 V2 11224 VT2 182+ VT2 1122+ /82 4 1224

uveE(H)
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Fig. 4. Topological Indices of PI.SH Structure.

TOPOLOGICAL INDICES

V2724 V2424 V24524 VA2 4 824 VA2 4 42 4 V2 4 42 4 VA2 4 122 4 VA2 £ 52+ V122 + 524
VR4 VR 4R 4 VR 1124 VP2 482+ V24 1224+ V824 122+ VR 4 T2 4 VA2 1524 V72 4 524
VA2 4824 Va2 4 2 4 V82 4 2 4 VA2 4 1224 VA2 £ 524 V122 + 52 4+ VA2 1 82 4 VA2 4 82+ Va2 4 1124
V82482 4 VB2 4 1124 VB2 4 1124 VA2 182 4 VA2 452+ V824 52 4 VA2 1 52 4 Va2 1 112 4 V52 + 1124
VR824 VR 424 V24524 VP2 482+ V241224 VT2 452+ VB2 4122 4 V82 4 524

VIZ2 4324 VP2 41224 VP2 4122 4 VIZ2 4 1224 VP24 82 4 V2 4122+ V72 £ 52 4+ V82 4+ 1224
V824524 V122452 4 V2 + 122+ V2 + 122+ V122 + 122+ V2 + 122+ V2 + 112+ V122 4 1124
V62 +122 4+ V62 + 112+ V122 + 1124+ V62 + 122 + V62 +52 + V122 + 52 + V62 + 112 + V62 + 42+
V12442 4+ V82 4122+ V82 + 52+ V122 452+ V122 + 52+ V82 182 4+ /82 + 112 4 /82 + 42+

VB2 1124 V82 442+ V112442 + /82 + 122+ V82 + 112+ V122 + 112+ V122 + 122 + V122 + 52+
V124524 V62 + 122+ V62 +52 + V122 452 4 VB2 + 122 4 VB2 4 112 4 V122 + 112+ V82 + 1224
V824524 V122 4524+ V12 + 52+ V12 + 1124 V52 + 112+ V122 4 122 + V122 + 112+ V122 + 1124
V124524 V122 + 112+ V52 + 112 = 126092. [

4. Conclusion

In this study, we introduced and studied a general version of prime ideal sum graphs. We computed some degree-based
topological indices for this new defined algebraic hypergraph based on prime ideal sum and computed them for Z, where
n=p®, pq,p>q, p*q*, pqr, p*q, p*qr,pqrs for the distinct primes p,q,r and s. In Fig. 4, it can be seen that forgotten topological in-
dex is the maximum one and harmonic topological index is the minimum one between the other index values. Also H(H) < R(H) <
M, (H) < M, < F(H) is obtained apart from n = p%, p>q. Moreover, we present three specicifik graph/hypergraph representation
for prime ideal sum graph/hypergraph of Z, (n = 12,24,30; respectively) in Fig. 5. In the light of comparisonal data getting from
this study, these newly defined algebraic hypergraph can be used and developed by researchers in future, for example in the social
network analysis and in the other applied sciences such as cryptology, code theory and mechanics as it is mentioned above. Until
very recently, algebraic concepts such as groups, rings and modules were known as abstract concepts that could be defined and
whose theoretical properties were shown, but thanks to algebraic graph theory, it has been realized that visible modeling of algebraic
structures can be made according to the graph model taken as a basis. However, it is made possible in our article that this modeling
can be further generalized with hypergraph representation. And even the calculation of topological parameters has shed light on the
topology of algebraic structures. As a result, algebraic structures that were thought to be trapped within the impenetrable walls of
theory have shown that they can also take place in the applied field.
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In the original published version of this article, there are a few minor figurative and numerical updates:

1. In the proof of Theorem 6, we would like to update the hyperedge to {ul, u4, u5} instead of {u4, u5}. This change affects Figure 2
and 5 (only for Z24).

2. In the proof of Theorem 7, hyperedge E3 is extraneous.

3. In the proof of Theorem 8, we want to update the degree to d(ul0) = 6 instead of d(ul0) = 5.

As a result of these changes, the numerical values of the topological indices must also be updated.
In the published version:
Theorem 6: Let p, q be distinct prime numbers and H = (V(H), E(H)) be the PIS-hypergraph of Z,s,. Then,

M, (H) =23 My(H) =28 F(H)=>53

H(H) = 3.47 R(H)=3.68 SO(H)=21.43

Proof: Let us consider the ideals u; = pZyq, Uy = qZpg, Us = p*Zyaq, Us = PqLysg, Us = P*Zpag, U = P*qZy34. Thus, in hypergraph
H = (V(H),E(H)), the sets of vertices and hyperedges have the form such that V(H) = {uy,u,,us, us, us, us } and E(H) = {E; = {uy,us,
ug},Ey = { us,us},Es = {uz,u6 },E4 = {w1,Us },Es = {u4,us}}. Therefore, d(uy) =2,d(uz) =2,d(us) =1,d(ws) =3,d(us) =1, d(us) =2
are obtained by vertex partition technique. Hence, we get

My(H)= Y (d)*=21>+32°+1.3°=23,

veV(H)
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MyH)= > dyd,=21+23+13+23+22+22+31=28,

uveE(H)

F(H)= ) (dy)’=21°+32°+13°=53,

veV(H)

2 2 2 2 2 2 2 2
H(H) - - —3.47,
W= 2. 354 2+12+3 143 243 272 2727351 ’
11 1 1 111
R(H) = - . S S )

,,;mw—du.dfm*ﬁ Vi3 Va3 vaz vaz V3l

SO(H)= > \(d)* +(d)*=v22 + 12+ /22 + 32+ V12 + 32+ /22 + 32+ /22 + 22+ /22 £ 22+ /32 1 12 =21 43,

uveE(H)
Theorem 7: Let p, q,r be distinct prime numbers and H = (V(H), E(H)) be the PIS-hypergraph of Z,:,. Then,
M,(H) =134 M,(H) =509 F(H) =586

H(H) = 8.68 R(H)=8.97 SO(H)=192.22

Proof: Let us consider the ideals u; =pZ,2q, Uy = qZp2gr, Us =Pp*Zy2gr, Us = Ly2gr, Us = PqLy2gr, Us = PT Lp2gr, U7 = P*qZygr, Ug =
qrZyege, Uy = P*rZy2qr, Uig = Pqriyg. Thus, in hypergraph H = (V(H),E(H)), there exists vertices and hyperedges as follows which are
obtained by vertex and edge partition technique.

Hyperedge List

Ey = {u1,u3,us,ue} Ey = {uz,us,ug} E3 = {uz, w10} Eq = {uq,us,ug}

Es = {us.us,ug} E¢ = {us,ug,uo} E; = {ue,ug,uo} Eg = {u1,us,uy}

Ey = {u4,us,uo} Eyo = {u1,us,u10} Enn = {uz,u10} E1p = {uq,u10}
and.

Degree List of the Vertices

dw) = d(uz) =2 d(us) =3 d(us) =3 d(us) =5
1
d(us) = d(w) =1 d(us) = 6 d(us) =3 d(uo) = 4
4
Then,

My(H)= > (d,)*=11°+1.2>+43%+24* 115>+ 1.6° =134,

veV(H)

M,(H)= Z d,d,=33+35+34+35+34+54+254+26+56+34+34+36+46+54+56+46+56+53

uveE(H)
+63+41+46+16+35+33+53+36+33+33+63+34+34+24+34
= 509,

F(H)= Y (d)’=11°+1.2°+4.3°4+24°+15°+1.6° =586,

veV(H)

H(H) - 2 2 n 2 n 2 n 2 " 2 n 2 n 2 n 2 n 2 n 2 n 2 n 2 . 2
_uves(H)du+d,,_3+3 3+5 34+4 3+5 3+4 5+4 2+5 246 5+6 3+4 3+4 3+6 446
. 2 n 2 n 2 n 2 n 2 n 2 " 2 n 2 " 2 n 2 n 2 n 2
5+4 54+6 4+6 54+46 5+3 6+3 44+1 4+6 146 3+5 3+3 543
2 2 2 2 2 2 2 2

t3767313 343 6+3 314 3+4 214 3+4

= 8.68,
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1 1 1 1 1 1 1 1 1 1 1 1 1 1
R(H) = =t ——t——t——t——t——t—t—t ——F——F —F—+ ——
) WGZE(H) d,.d, V33 \/3‘5 V34 V35 V34 54 V25 V26 V56 34 V34 V36 V46
1 SRS SRS SUNUNE RN SRS SN S
\/ \/ " Vs \/ \/ T V63 Va1 Vae Vi V35 V33 V53 V36
1 1 1 1 1 1 1
et ——+ ettt ——t——
V33 V33 V63 V34 V34 V24 34

=8.97,

=3 V@) + () =32 +32+ /32 + 52+ /32 1 42+ /32 £ 524+ \/32 + 424 /B2 1 42+ /22 £ 524 /22 + 62

uveE(H)

+/52 462 +1/32 1424+ 1/32 1 424 1/32 1 62+ /42 1 62+ /52 + 42+ /52 1 62 + /42 + 62+ /52 + 62
+1/52 + 324 /62 + 32+ /42 + 12+ /42 + 62+ /12 + 62 + /32 + 52 + /32 4 32 + /52 4 32 4 /32 + 62
/324324 1/32 1324 /62 + 324+ 1/32 1 42+ /32 142 4 \/22 1 424 (/32 £ 42=192.22.

Theorem 8: Let p, q,r,s be distinct prime numbers and H = (V(H), E(H)) be the PIS-hypergraph of Zp,. Then,
M, (H) =761 M,(H) = 6799 F(H) = 7001

H(H) =14.65 R(H)=15.27 SO(H) = 1260.92

Proof: Let us consider the non-trivial ideals uy = pZpgrs, Uz = qZpgrs, Us =TZpgrs, Us =DPqLpgrs, Us = $Zpgrs; Us =PI Lpgrs, U7 = PSLpgrs,
Ug = qrZpgrs, Uy = qSZpgrs, Uro = P Lpgrs, U1 = TSLpgrs, Uiz = PGSLpgrs, Urz = Pr$SLygrs, Ur4 = qrsZpqs Where uy, U, us, Us are prime ones at
that time. Thus in hypergraph H = (V(H), E(H)) taking into account the set of the vertices V(H) = {u1,us,us,us,Us, U, Uy, Ug, Ug,U10,U11,
Uj2,U3,U14 }, degrees of the vertices and partition of the hyperedges are obtained as follows:

Hyperedge List

E; = {uj,us,ue,uz} Ey ={u1,us,un3} Es = {u1,us,u12} E; = {w,u7,u10} Es = {uz,us,us,uo}

Ee = {uz,us,u14} E; = {uy,ug,u1o} Eg = {ug,u9,us0} Ey = {us,ue,ug,u11 } Eio = {us3,us,u13}

Eip = {us,ui0,un} E1z = {us,Us,U14} E13 = {uq,up,u7,u14} E1q = {uq,u7,uo} Eis = {uq,ug,ug,u13}

Eis = {us,u7,ug} Ei7 = {us,u7,u11} Eig = {us,uo,un1 } Ei9 = {us,uq,uy3} Ezo = {us,u11,u12}

Exn = {us,uy,u14} Ex = {ug,us, U1, U2} Ex3 = {ug,u7,un} Eps = {uy,uo, U0} Exs = {us,u7,u14}

Eze = {us,uo,u11} Ey; = {ug,uo,u13} Ezs = {uo,u0,u11} Eo = {uy,ug,un} E3o = {uy,u0,un}
and.

Degree List of the Vertices

dw) = dw) =4 dw) — 4 dua) =7 dw) =6 dwe) — 8 dw) =12
4

d(ug) = d(us) =12 d(u0) =5 d(uir) =11 d(uz) =4 d(usz) =5 d(uis) =5
8

M, (H)= Z (d,)*=4.4>+3524+1.6%+1.724+282+1.112+2.122 =761,

veV(H)

M,(H)= Z d,d,=47+48+412+78+4+712+812+454+47+75+48+444+84+412+45+125+4.7

uveE(H)
+48+412+78+712+812+47+45+75+48+44+84+412+45+125+48+48
+411+88+811+811+48+45+85+45+411+511+48+45+85+45+85+7.8
+85+125+4812+712+75+712+712+12124+78+7.12+75+812+85+125+6.12
+6.12+1212+6.12+6.11+12.114+6.12+6.11 +12.11 +6.124+125+6.5+6.11+6.4+11.4
+812+125+85+88+811+84+811+84+11.4+812+8.11+1211+12.12+125
+125+6.124+65+125+812+8.11+12.11+8.12+85+125+125+12.11+5.11+12.12
+12.11+12.11+125+12.11+5.11

= 6799,
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2 2 2 2 2 2 2 2 2 2 2

T datd 417 4184412 718 711278712 415 417 745 418 414 814

2

4712 445171245 447 4+8 4112 748 741278112 447 445
2 2 2 2 2 2 2 2 2 2 2

7+5
2

418 414814 4112 445 1245 24+8 4+8 4+11 8+8 8+11

2 2 2 2 2 2 2 2 2 2 2

8+11

2

+ + + + + + + + +

44+8 4+5 8+5 445 4+11 5411 4+8 4+5 845 445 8+5 748

2 2 2 2 2 2 2 2 2 2
+ + + + + + +

2

7+12 8+5 12+5 8+12 7+4+12 745 7+12 7+12+12+12+7+8+7+12

2 2 2 2 2 2 2 2 2 2
+ + + + + + + + + + +

2

7+5 8412 845 1245 6+12 6+12 12412 6+12 6+11 12+11

6+11

2 2 2 2 2 2 2 2 2 2 2
12411 6412 1245 645 6411 6+4 11+4 8412 1245 8+5 8+8
2 2 2 2 2 2 2 2 2 2 2
t8111 814 8411 8+4 11+4 8112 8411 12+11 12+12 1245 12+5
2 2 2 2 2 2 2 2 2 2 2
t6+12 615 1245 8412 8111 12+11 8+12 845 1245 1245 12411
2 2 2 2 2 2 2
Y5y T12112 T12411 (12411 1245 112411 5411
— 14.65,
1 1 1 1 1
3 -+ 1y o e 11
MEH)\/d dy \/ﬁ Va8 a1z V78 V7iz V812 Va7 Vas V75 Vas Va4 \/“ \/—
11 1 1 1 1 1 1

+ ot +—t
V75 V48 V44 V84 V412 V45 V125 \/_ \/_ \/— \/_ V811
1 1 1 1 1 1 1 1
ot ——t——t——t =+ +—+—+— —
V811 V48 45 712 85 V45 V4ll \/5 11 V48 V45 V85 \/7.8
1 1 1 1 1 1 1 1 1 1
+ +——t +——t + +t =t et
V712 V75 VBI2 VB85 V7lZ viiz viziz V7. \/ \/s 2 V85 \/12
PN S SN U SRS SU SEE SN S 1 1
V612 V612 V1212 V612 611 V1211 V612 4611 \/12. T Viza | Veiz
1 1 1 1 1 1 1 1 1 1 1 1
+——t et et e T s T et et st +——
V65 V125 V611 64 114 812 85 V125 88 B11 84 811
1 1 1 1 1 1 1 1 1 1 1
R + + + + + + + +—t
V84 Vi1l4 812 811 V1211 V1212 V125 V125 V612 65 4125
1 1 1 1 1 1
+ + + + + +
V812 V811 V1211 811 V1211 511
=15.27,

=Y d VR LR 182122472 182472 11224 /82 41224 \/82 1 72

uveE(H)

FVAR 5472452+ /42 + 824 \/42 + 42+ /82 + 42+ 1/42 + 122+ \/42 + 52+ /122 + 52+ /42 + 72

VA 482442 11224 /72 1824 \/72 4122+ /82 11224+ \/42 + 72+ /42 £ 52 1 \/72 1 52 4 /42 1 &2

VR LA+ 242 11224 /2 1524122 152+ /42 1 824+ \/42 + 82+ /42 + 1124 /82 1 82

+V/82 41124+ /42 + 82+ /42 + 52+ /82 + 52+ /42 + 52 4 /42 1 112+ /52 + 112+ /42 + 82 + /42 + 52

+V/82+524+/72 4 82+ /72 + 122+ /72 + 52+ /82 + 122 + /82 + 52+ /122 + 52 + /72 + 122
V7241224122 4122+ /72 + 82+ 1/72 + 122+ /72 + 52+ /82 1122 + /82 + 52 + /122 + 52
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Fig. 2. PISH structure of 7,

AL

GRAPH HYPERGRAPH GRAPH
e () ‘__
&/ @
@ a—
oy
\ Jli; ’ - \_/
GRAPH HYPERGRAPH
2 TR
& Wy 2y 3y

After publication, the authors realized the hyperedge of prime ideal sum hypergraph of Zn with n = p3q and the set E = {<pq>,
<p"3>, which effected the proofs of few results in [1]. The purpose of this corrigendum is to correct these proofs. The correct version
can be found below.

New version:

Theorem 6: Let p, q be distinct prime numbers and H = (V(H), E(H)) be the PIS-hypergraph of Z,s,. Then,

M (H) =28 My(H) =46 F(H) =72
H(H) = 3.97 R(H)=4.07 SO(H)=31.17

Proof: Let us consider the ideals u; = pZyg, Uy = qZp3q, Us = P*Zpg, Us = PqZysq, Us = P>Zy3q, Us = P*qZ34. Thus, in hypergraph
H = (V(H),E(H)), the sets of vertices and hyperedges have the form such that V(H) = {u;,u,, u3, u4, us, us } and E(H) = {E; = {uy,us,
Uy}, Es = {uy,us,us},Es = {u1,u6 },E4 = {Us,us},Es = {uz,us}}. Therefore, d(u;) =3,d(u2) =2,d(us) =1,d(us) =3,d(us) =1, d(us) =
2 are obtained by vertex partition technique. Hence, we get
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My(H)= > (d,)*=217+22>+2.3>=28,

veV(H)

M,(H)= Z dyd,=31+13+33+23+22+32+33+31+3.1=46,

uveE(H)

F(H)= ) (d)’=21°42.2°+2.3°=72,

veV(H)

2 2 2 2 2 2 2 2 2 2
H(H)= = =3.97,
(H) Z()du-l-dv 3+1 1437343 243242 342 343 341 3+1 ’

uveE(H

1 1 1 1 1 1 1 1 1 1

RH=) =t =t =t =t o=t =t =+ o+ = = 4.07,
) W;(:H)\/du,dv V31 Vi3 V33 V23 V22 V32 V33 V31 V31

SO(H)= Y \/(d)* +(d)* =32+ 12+ /32 + 12+ /32 + 324 1/22 £ 32+ /22 4 224 /32 + 224 /32 £ 324+ /32 1+ 12

uveE(H)
+4/32+12=31.17.
Theorem 7: Let p, q,r be distinct prime numbers and H = (V(H), E(H)) be the PIS-hypergraph of Z,:,,. Then,
M;(H) =120 M(H) =443 F(H) =512

H(H) =9.08 R(H)=9.51 SO(H)=176.66

Proof: Let us consider the ideals u; =pZ,z2q, Uy = qZp2gr, Us =Pp*Zy2gr, Us = Lyy2gr, Us = PqLy2gr, Us = PT Lp2gr, U7 = P*qZygr, Ug =
qrZyege, Uy = P*rZy2qr, Urg = Pqriyg. Thus, in hypergraph H = (V(H),E(H)), there exists vertices and hyperedges as follows which are
obtained by vertex and edge partition technique.

Hyperedge List

E; = {u1,u3,us,us} Ey = {us,us,ug} Es = {up,u7,ug} E4 = {us,ug,ug}
Es = {us,us,us} E¢ = {us,us,uo} E; = {u1,Us,uo} Eg = {us,us,uo}
Ey = {u1,us,uio} Eio = {u2,u10} Eynn = {us,u10}

and.

Degree List of the Vertices

dw) = d(uz) =3 d(us) =2 d(us) =3 d(us) =5
3
d(us) = duy) =1 d(us) =6 d(ug) =3 d(uo) =3
3
Then,

My(H)= > (d)*=11%+1.2"+1.5*+1.6* +6.3* =120,

veV(H)

M;(H)= Z dyd,=32+35+334+25+23+53+354+36+56+31+36+16+33+36+36+53+56+3.6

uveE(H)
+56+53+63+35+33+53+36+33+63+32+33+23+33+33
=443,

FH)= ) (d)°=11°+12°+15+1.6°+6.3° =512,

veV(H)
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H(H)= 2 2+2+2+2+2+2+2+2+2+2+2+2+2
waEl d, +d, T3+2 345 343 245 2+3 543 345 346 5+6 3+1 3+6 1+6 3+3
g2 22,2 2,2 02,2 2,2 2
3+6 3+6 5+3 5+6 3+6 5+6 5+3 6+3 3+5 3+3 5+3 3+6
iy 2 2,2 2,2 2
3+3 6+3 3+2 3+3 2+3 3+3 3+3
=9.08,
R(H)— Z 1 - - L+L+L+L+L+L+L+L+L+L
*wd(m\/du.df\/ \/ V25 V23 V53 V35 V36 V56 31 V36 V16 33
1 1 1 1 1 1 1 1 1 1
— t =t e T e T s T s T A T as T s T e T s
\/ \/ V5 v36 V56 V53 v63 V35 V33 +v53 V36 V33
1 1 1 1 1 1
St AT A T as T As T v
v6.3 V3 V3 V2 v33 33
=951,

SO(H)= > \/(du) +(d)*=V3>+22+ /32 + 52+ /32 4 32+ /22 + 524 /22 + 324+ /52 +- 32+ /32 1 52

uveE(H)
+\/32+62+\/52+62+\/32+12+\/32+62+\/12+62+\/32+32+\/32+62+\/32+62+\/52+32
+ /52 + 62+ /32 + 62+ /52 + 62 + /52 + 32+ /62 + 32+ /32 +- 52+ /32 +- 32 4 /52 + 32 + /32 + 62
+/324+324+/62+324+1/324+224+1/32 4324 /22 4 324 /32 4 324 /32 4 32=176.66.

Theorem 8: Let p, q,r,s be distinct prime numbers and H = (V(H), E(H)) be the PIS-hypergraph of 7. Then,
M;(H) =772 M,(H) =6901 F(H)= 6298

H(H) = 1458 R(H)=15.17 SO(H) = 1264.98

Proof: Let us consider the non-trivial ideals uy = pZpqr, Uz = qZpgrs, Us =TZpgrs, Us =PqLpgrs, Us = $Zpgrs, Us =PI Lpgrs, U7 = PSLpgrs,
Ug = qrZpgrs, Uy = qSZpgrs, Uro =P Lpgrs, Un1 = TSLpgrs, Uiz = PqSLpgrs, U1z = PTSLpgrs, U4 = qrsZyqs Where uy, U, us, us are prime ones at
that time. Thus in hypergraph H = (V(H), E(H)) taking into account the set of the vertices V(H) = {uy,u»,us,us,Us,Us, Uy, Us, Ug,Uio, U1,
Uj2,Us3,U4 }, degrees of the vertices and partition of the hyperedges are obtained as follows:

Hyperedge List

E1 = {w1,u4,u6,u7} Ey = {u1,us,u13} E3 = {u1,Us,U12} Eq = {u1,u7,u10} Es = {ua,us,ug,uo}

Ee = {uz,uq,u14} E7 = {uz,ug,ur2} Eg = {ua,ug,u10} Eg = {u3,us,ug,u11} Eyo = {us,ug,u13}

En = {us,uyo,un} E12 = {us,ue,u14} E13 = {u4,Us,U7,u14} E14 = {u4,uz,uo} Eis = {us4,us,uo,u13}

Eie = {us,uz,uo} Ei7 = {us,u7,u11} Eig = {us,uo,u1 } Ei9 = {us,uq,uy3} Ezo = {us,u11,u12}

Exn = {us,u7, w14} Ex = {ug,us, U1, U2} Exs = {ug,u7,un} Es = {uy,uo, U0} Exs = {us,u7, w14}

Exs = {us,uo,u1n} Ey7 = {us,ug,u13} Ezs = {uo,ur0,u11} Ezo = {uy,uo,u11} Eso = {u7,u10,u1n}
and.

Degree List of the Vertices

dw) = dw) — 4 dw) — 4 dua) = ) — 6 due) — 8 dw) =12
4

d(ug) = d(us) =12 d(u0) =6 d(uin) =11 d(uz) =4 d(uz) =5 d(uis) =5
8

My(H)= ) (d)*=44"+25"+2.6"+1.7°+2.8"+1.11°+212° =772,

veV(H)
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M;(H)= Z dyd,=47+48+412+78+4+712+812+454+47+75+48+44+84+412+46+126+4.7

uveE(H)
+48+412+78+4+712+812+47+45+75+48+44+84+412+46+12.6+48+48
+411+88+811+811+48+45+85+46+411+6.11+48+45+85+78+7.12+45
+812+85+125+7.1247.12+1212+7.8+7.12+7.5+812+85+125+6.12+6.12
$1212+6124611+1211+6.12+6.11+1211+6.12+125+65+6.11 + 6.4+ 11.4 +8.12
+125+85+88+811+84+811+84+11.4+812+811+1211+12.12+12.6+126
+612+65+125+812+811+12.11+812+85+125+12.6+1211+6.11 +1212+12.11
+1211+126+1211+6.11

= 6901,

F(H)= ) (d)°=44°+25°+26+1.7° +2.8% +1.11° 4 2.12° = 6298,

veV(H)

HE= Y 2 72+2+2+2+2+2+2+2+2+2+2+2
N ()du+dv’4+7 4+8 4+12 7+8 7+12 8+12 4+5 447 7+5 4+8 4+4 8+4

uveE(H,

2 2 2 2 2 2 2 2 2 2 2 2
tar12 216 1256 417 Tarstar12 7es 7ri2 e 2T a7 a5 T 745
2 2 2 2 2 2 2 2 2 2 2 2
tarstaratsra ar12 476 1276 418 448 4511 818 8F11 8111
2 2 2 2 2 2 2 2 2 2 2 2
Y418t 415845 456 4511 6+11 418 445 845 7+8 7412415
2 2 2 2 2 2 2 2 2 2 2
t8r12T845 1245 7r12 712 T 12412 718 74127 7+5 8412 845
2 2 2 2 2 2 2 2 2 2

tars5T6r12 6112 12712 6512 6411 125411 T6+12 6411 12411
2 2 2 2 2 2 2 2 2 2 2
t6112 1245 645 6+11 6+4 1114 8+12 8+5 12+5 848 8111
2 2 2 2 2 2 2 2 2 2 2

Jr8+4+8+11Jr8+4+11+4+8+12+8+11Jr124r11Jr12+12+12+6+12+6+6+12
2 2 2 2 2 2 2 2 2 2 2

6+5 1215 8112 8+11 12+11 8+12 845 1245 12+6 12411 6+11
b2y 2y 22, 2, 2

12712 712511 "12411 71246 T12+11 6411
— 1458,

+
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1 1 1 1 1 1 1 1 1
=t = +—+—+—+—+—+—
WEZE(H) 4,4, Va7 Va8 Vaiz V78 V712 V812 Va5 Va7 V75 VA8 i B4
1 1 1 1 1 1 1 1 1 1 1
to—t——t——t——=+ =+ +—— tomt——t—
V412 V46 V126 V47 /48 \/4 12 V78 V712 V812 Va7 Vas v7is
1 1 1 1 1 1 1 1 1 1 1 1
et ——t——t——+—F—+ =+ 5+ +—t +
VA8 Va4 VB4 VAlZ VA6 iz V48 Va8 vail \/s 8 V811 811
1 1 1 1 1 1 1 1 1 1 1
et ——t——F——Ft——+—+ +—+ +—
VA8 Va5 V85 VA6 VAIl Veil Va8 vas \/ V7. \/7 12 V45
RN SR S SR S S — i L !
V812 V85  VIZh V7a2 V712 Viziz V78 \/7 2 V75 \/8 iz V85
1 1 1 1 1 1 1 1 1 1 1
+ + + + + + + + + + +
V125 V612 V612 V1212 612 V611 V1211 V612 V611l V1211 +6.12
L1 1.1 1 .11 11 1 111
VIZ5 V65  Vedl V64 Vil VBI2 V85 Vizs VB8 VBl VB4 VBl
1 1 1 1 1 1 1 1 1 1 1
ot + + + + + + + Y
V84 Vil4 812 811 V1211 V1212 V126 V126 V612 65 4125
1 1 1 1 1 1 1 1 1 1 1
+ + + + R + + + + +
V812 V811 V1211 812 85 V125 V126 V1211 V611 V1212 +1211
1 1 1 1
+ + + + 1
V1211 V126 V1211 V6.11
=15.17,

uveE(H)

SV + (@A) =VR TR 8 VA 122472+ 8247 1122+ + 1224 V/42 + 72

+V/42 1524 \/72 1524 /42 ¢

82442+ 424 \/82 1421 \/82 11224 \/42 1 62+/122 + 62+ /42 + 72

/42 1

82+ \/42 +122+/72 +

824+ /72 41224/ 4+ 1224 /B2 £ 72+ \/8 1524+ /72 + 52+ /4> + &

424/82 442 4\/42 ¢

V42

1224 1/42 162+ /122 + 62+ /42 + 82+ 1/42 1 82 + /42 + 112+ /82 1 82

+V/82 1112 4+1/82 + 112 +1/42 +

824 1/42 £ 524+ /82 4 524 1/42 + 624 /42 £ 1124+ /62 + 112+ /42 4 82

+V42 1524 \/82 152 4/72 +

82+ /72 4122 +1/42 152 4 \/82 1 122 4 /82 4 52+ /122 1 52+ /72 + 122

FV/72 4122 44/122 4122 4 \/72 + 82 /72 £ 122 4 /72 + 52 4 /82 + 122 1 /82 4 52+ /122 4 52

+/62 +1224/62 +122 4+ /122 + 122 +/62 + 122+ /62 + 1124 /122 + 112+ /62 + 122 4 /62 + 112

+122 41124 /62 + 122+ /62 + 52+ /122 + 52+ /62 + 112+ /62 + 42 + /112 + 42 + /82 + 122

+1/82 +5241/122 1524 1/82 1+ 82+ /82 + 112+ /82 + 42+ /82 + 112+ /82 + 42 + /112 1 42

+/82 11224 /82 £ 1124+ /122 + 112+ /122 + 122+ /122 + 62 + /122 + 62 + /62 + 122 + /62 + 52

+1/122 + 52 4+/82 + 122 4 /82

+11244/122 + 112+ /82 + 122+ /82 + 52+ /122 + 52 + /122 + 62

+/122 + 1124+ 1/62 + 112+ /122 + 122 +1/122 + 112+ /122 + 112+ /122 + 62 + /122 + 112 + /62 + 112

+ =1264.98.
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Fig. 2. PISH structure of 7,

Fig. 5. Comparison of PIS-Graph and Hypergraph Representations
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