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M-POLYNOMIAL METHOD FOR TOPOLOGICAL INDICES OF
3-LAYERED PROBABILISTIC NEURAL NETWORKS

M. JAVAID!, A. RAHEEM?, M. ABBAS?, J. CAO*, §

ABSTRACT. A molecular network can be uniquely identified by a number, polynomial
or matrix. A topological index (TI) is a number that characterizes a molecular network
completely which is used to predict the physical features of the certain changes such as
bioactivities and chemical reactivities in the chemical compound. Javaid and Cao [Neural
Comput. and Applic., 30(2018), 3869-3876] studied the first Zagreb index, second Zagreb
index, general Randic index, and augmented Zagreb index for the 3-layered probabilistic
neural networks (PNN). In this paper, we prove the M-polynomial of the 3-layered PNN
and use it as a latest developed tool to compute the certain degree based TI’s. At the
end, a comparison is also shown to find the better one among all the obtained results.

Keywords: M-polynomial, Degree-based TI’s, Networks, Probabilistic neural network.

AMS Subject Classification: 05C07, 92E10

1. MOTIVATION AND INTRODUCTION

In Neurochemistry, we study the processes which occur in nerve tissue or nervous system
and a computer system model on the nerve tissue and nervous system is called a neural
network. The probabilistic neural networks are studied to solve a number of problems
in the different areas of engineering, medical, chemistry, computer and mathematics, see
[38]. In particular, for the enhancement of the email security systems and the intrusion
detection systems [39, 40|, to verify the signature [2], to identify damage localization for
bridges and the effectiveness for ships [28, 30], to predict the stability number of armor
blocks of breakwaters [25], for detecting resistivity to antibiotics and diagnosing hepatitis
[6, 8], for the segmentation and quantification of brain tissues from the certain type of
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images [42], and for the characterization of genetic variations in metabolic responses [20].
These networks are also applied in the environmental sciences, see [37]. Moreover, to know
about the different properties of the probabilistic neural networks, we refer [23].

More recently, certain topological properties of 3-layered probabilistic neural networks are
studied to find the physical changes of the bioactivities and chemical reactivities in these
networks being significantly useful in the in chemical industry, particulary in pharmaceuti-
cal, see [22, 16]. In the present study, we prove M-polynomial of the 3-layered probabilistic
neural networks and apply it as a latest developed technique to find the various topological
indices (TI’s) in the continuation of the progressive study of these networks.

In 1935, Polya defined the concept of a counting polynomial with remarkable applications
in various areas of mathematics and chemistry [32]. Later on, Wiener (1947) introduced
the first topological index as a boiling point of the paraffin [41]. A topological index is
a numeric quantity that characterizes the whole structure of a molecular graph of the
chemical compound and remains invariant for the isomorphic structures. With the help of
the computed counting polynomials and the topological indices (TT’s), we study the phys-
ical features, chemical reactivities and boiling activities of the chemical compound in the
molecular graph, for example vapor pressure, surface tension, chromatographic retention
times, heat of evaporation, heat of formation, melting point and boiling point [7, 24, 35].

Moreover, the topological indices are used to predict the bioactivity of the chemical com-
pounds in the studies of quantitative structure-activity relationship (QSAR) and quan-
titative structure-property relationship (QSPR) [14]. In particular, these are used to
solve the problems related to optimisation procedure, molecular van der Waals volumes
or areas, anticancer drugs, solubility, purification, extraction, liquids densities, enthalpies
of combustion and vaporization for the acids (CoH4O — CooHa0O2) [16, 17, 27, 29, 36, 44].

In the literature, degree-based TI’s are most studied, see survey [15]. In particular, Gut-
man and Trinajsti (1972) [13] derived the first and the second Zagreb indices for the total
energy of conjugated molecules. Later on these have been used as the branching indices
[10, 9]. These are also used in the studies of the quantitative structure-activity relationship
(QSAR) and the quantitative structure-property relationship (QSPR) [14]. Milan Randic
(1975) [34] defined the TT which is called by Randic index. Bollobas and Erdos (1998) [5],
and Amic et al. (1998) [1] defined the generalized Randic index independently. In 2010,
the augmented Zagreb index is defined by Furtula et al. [12].

Many computational results of the topological indices (TI’s) are also obtained on the
various chemical structures, for example silicate network, hexagonal network, honeycomb

network, fullerenes, carbon nanotube networks, rhombus silicate network and rhombus
oxide network [3, 4, 21, 33]. For further study, we refer [9, 10, 14, 45, 26].

Moreover, Hosoya polynomial is a key polynomial in the area of distance-based TI’s. The
Wiener index can be obtained as the first derivative of the Hosoya polynomial at numeric
value 1. Similarly, the hyper-Wiener index and the Tratch-Stankevich-Zefirov can be com-
puted from the Hosoya polynomial. Recently, Deutsch and Klavzar (2015) [11] introduced
the concept of M-polynomial and showed that its role for the degree-based TT’s is parallel
to the role of the Hosoya polynomial for the distance-based TT’s. The M-polynomials of
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the polyhex nanotubes are studied in [31].

In this paper, we prove the M-polynomial of the 3-layered probabilistic neural networks.
Then, by the use of this M-polynomial, we compute the topological indices based on the
degree of vertices such as first Zagreb (M), second Zagreb (Ms), second modified Zagreb
(M My), general Randic (R,), reciprocal general Randic (RR,), symmetric division deg
(SDD), harmonic, inverse sum and the augmented Zagreb are computed for the 3-layered
probabilistic neural networks. At the end, a comparison is also shown between all the
obtained indices. The rest of the paper is organised as, in Section 2, we present definitions
and formulas. Section 3 include the main results for the M-polynomial and topological
indices. In Section 4, we present a comparison for all the obtained results.

2. PRELIMINARIES

Let I' = (V(I'), E(I")) be a molecular graph with V(I') = {w;, wa, ..., w, } as a vertex-set
and E(T') as an edge-set such that the vertices (nodes) denote atoms and edges denote
bonds between that atoms of the underlying chemical structure. If there is a connection
between each pair of vertices, the graph is called a connected graph. The number of ver-
tices that are connected to v by the edges is degree of v (d(v)). In this paper, we assume
that a network is a simple (without multiple edges and loops) and finite connected graph.
For the further study of the graph theory terminologies, we refer [18, 43].

Definition 2.1. Let I" be a molecular graph. Then, first Zagreb index (M;(I")), second
Zagreb index (M3(I")), general Randic index (Rq(I'), wherea is a real number), symmet-
ric division deg index (SDD) harmonic index (HI(I')), inverse sum index (IS(I")), and
augmented Zagreb index (AZI(I")) of I' are defined as follows.

Mi(D)= Y [P = Y [dw)+dw)],

veV(T) vweE(T)
My(L)= ) [d(v)xd(w)], Ra(l)= [d(v)xd(w)]*,
vweE(T) vweE(T)

vweE(T)
_ 2 B d(v) x d(w n
H(T) Uw;m )+ dw) = o o) dw) M
d(v) x d(w) 5
AZI(T) = [ ]
ngs«:(r) d(v) + d(w) — 2

> 1 be the sets which make

Definition 2.2. Let I" be a molecular graph and E; ;(I');4,j > 1
= {i,j} for the edge uv. Then,

the partition of the edge-set of I such that {d(u),d(v)}
M-polynomial of I' is defined as

M, z,y) =) [B;;(T)z'a’].

i<j



M. JAVAID, A. RAHEEM, M. ABBAS, J. CAO: M-POLYNOMIAL METHOD FOR TOPOLOGICAL 867

FIGURE 1. PNN(4,2,3)

| Indices | f(z,y) | Derivation from M (T, z,y) ‘
M,y Tty (Dz + Dy)(M(L, 2, y))[a=1=y
M, :Uly (D2 Dy) (M (T, 2, y))|o=1=y
MM2 Ty (SzSy)(M(F7x7y))’$:1:y
R, (zy)*, a € N | (DgDy)(M(T,z,y))|z=1=y
Table 1 "RR, | o, @ € N[ (S95) (M(T, 2, 9))a=1=y
Spp | - (DSy + DySa) (M(T, 2,))am1=y
i L 28, (T, 2,9))loms
IS oie SzQ2JDyDy(M (T, x,y))|z=1
AZI ($+"Byy_2)3 S3JDIDS(M(T, z,y))|z=1

In Table. 1, the relations between the aforesaid TI’s and M-polynomial are defined. More-

over, M M, is second modified Zagreb, RR,, is reciprocal general Randié¢, D, = %,

Dy = %7 SLE = OIE @dtv Sy = g@dt ‘](f(wvy)) = f(.T,.%') and Qa(f(xay)) -
x® f(x,y), where o # 0.

Now, we construct the 3-layered probabilistic neural network consisting on 3 layers of
vertices. Suppose that there are n vertices in the first-layer (input-layer), &k classes in the
second-layer (hidden-layer) with m vertices in each class and k vertices in the third-layer
(output-layer) such that each vertex of the first-layer is linked with all the vertices of each
class of the second-layer and all the vertices of each class of the second-layer are linked to
the unique vertex lying in the third-layer. Thus a 3-layered probabilistic neural network
denoted by PN N (n, k,m) has n+ k(m+ 1) vertices and km(n + 1) edges, where n, k and
m are integers. Figure 1 presents PN N (n,k,m) for n =4, k =2 and m = 3.

3. MAIN RESULTS

In this section, we compute the M-polynomial of the 3-layered probabilistic neural
network. Moreover, find the mathematical expressions for the certain degree-based TI’s
with the help of the M-polynomial.

Theorem 3.1. Let I' = PN N (n, k,m) be a 3-layered probabilistic neural network, where
n>1,m,k>2,n+1>mand km > n+ 1. Then, the M-polynomial of I" is
M (T, z,y) = (km)z™y" L + (nkm)x™+iybm,

Proof. From Fig. 1, we note that I' has three types of vertices such as
Vi = {w e V(D)d(w) = km},
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Vo ={w e V(I)|d(w) =n+1},
and Vs={ weV(D)|dw)= m},
where |Vi| = n, |Va| = km and |V3| = k. Consequently, |V(PNN(n,k,m))| = v =
Vil + |Va| + |V3] = n+ k(m + 1). Moreover, I" has two types of edges such as
By = Empni1y = {vw € E(D)|d(v) = m, d(w) = n + 1},

and Ey = Efpi1 kmy = {vw € E(T')|d(v) = n+ 1,d(w) = km}. Thus, we obtain the
Tables 2 and 3.

Vertex partitions | V1 | Vo | V3
Cardinality n |km|k

Table.2: Vertex-partition sets.

Edge partitions E1 = E{m,n-i-l} E2 = E{n—&-Lkm}
Cardinality km nkm

Table.3 Edge-Partition sets.
Now, by the use of Definition 2.2 and the Tables 2 and 3, we obtain

M(T,,y) =) _[Bij(Da'y),
i<j

= Z [E{m,n—s—l}(11)'7:m?/n—~_1]7L Z [E{n+1,km} (F)xn—&—lykm]’

m<n-+41 n+1<km
— ’El ‘wmyn+1+|E2|$n+1ykm7
= (km)x™y" T - (nkm) 2"y
Theorem 3.2. Let I' = PNN(n, k,m) be the 3-layered probabilistic neural network and
M(T,z,y) = (km)z™y" ' + (nkm)z"+1y*™ be its M-polynomial, where n > 1, m, k > 2,
n+1>m and km > n+ 1. Then, first Zagreb index (M;(I")) and General Randic index,
(Ro(T"), where « € N) obtained from M-polynomial are as follows.

(4) M (T) = mk[m(nk+1)+(n+1)%],
(i1) Ro (L) = (km)(14nk®)[m(n+1)]*.

Proof. If f(z,y) = M(T',z,y) then f(z,y) = (km)z™y" ! + (nkm)az"T1y*™. Now, the
required partial derivatives are obtained as

Do (f(z,y)) = m(km)z™ Yy pkm(nkm)z" HyFm =1,

Dy(f(x,y)) = (n+1)(km)z™y"+(km)(nkm)a"+1y*m =,

Do (Dy(f(x,y))) = m(n+1)(km)a™ 'y +(n+1) (km) (nkm)a"y*" ",

DY (D (f(x,y))) = (m(n+1))* (km)a™ "y +(km(n+1))* (nkm)a"y*" .
Now, we obtain

Dy (f(z,y))|la=1=y = m(km)+km(nkm) = km24+nk*m?2,

Dy, 9)) iy = (1) (o) (k) (k) = km(n-+1)+nkm?,
Dy(Dy(f(z,y))la=1=y = m(n+1)(km)+(n+1)(km)(nkm),

Dz (Dy (f(z,y)))le=1=y = (m(n+1))* (km)+(km(n+1))*(nkm).
Consequently,

(0)M1(T) = (DatDy) (f (2, y)) le=1=y De: (f (2, y)) lo=1=y+ Dy (f (2, ) [e=1=y,
= (km%4+nk*m?)+(km(n+1)+nk’m?),
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= mk[m(nk+1)+(n+1)?),

(1) Ra () = (D D) (f (2, 9))|e=1=y,

= (m(n+1))*(km)+(km(n+1))* (nkm),

= (km)(14nk®)[m(n+1)]*.

In Corollary 3.3, we obtain the second Zagreb index by replacing o = 1 in Theorem 3.2.
Corollary 3.3. Let I' = PNN(n,k,m) and M (T, z,y) = (km)z™y" ! 4 (nkm)z"T1yFm,
where n > 1, m,k > 2, n+1>m and km > n+ 1. Then, second Zagreb index of I' is
Ma(T) = (D2 Dy)(J (2, 9)|am1—y = (n+ D) (km?)(1 + k).

Theorem 3.4. Let I' 2 PN N (n, k, m) be the 3-layered probabilistic neural network and
M(T,z,y) = (km)x™y "t + (nkm)x"*1y*™ be its M-polynomial, where n > 1, m,k > 2,
n+1 > mand km > n+1. Then, the reciprocal General Randic, (RR(I'), where a € N)
is obtained by the M-polynomial as follows.
n ] km

(k)" [m(n + 1)]

Proof. If f(z,y) = M(T',z,y) then f(z,y) = (km)z™y" ! + (nkm)az"T1y*™. Now, the
required integrals are obtained as

RR,(T) = [1+

Su(f () = (Cyamy g (T gy,

n+1
km . .. . nkm, m
Sy y) = (a4 (B gy,
_ km m, n+1 nkm n+1, km

Sgsg(f(%y)) = ((WL(TZ{:Tl))O‘)xmyn—FI + (w:—nl))a)xn—&-lykm‘

Now, we obtain

o oo km nkm
Sz Sy (f(xa y))|x:1:y =

(mn+ 1)*  (km(n + 1))

Consequently,
(V)RR (T') = (SZ55)(f (@, 9))|z=1=y,
~ 4 n km

GRS

The second modified Zagreb index (M M>(I')) can be obtain using o = 1 in Theorem 3.4
as stated in Corollary 3.5.

Corollary 3.5. Let I' 2 PN N(n, k, m) be the 3-layered probabilistic neural network and
M(T,z,y) = (km)x™y"* + (nkm)2z"1y*™ be its M-polynomial, where n > 1, m, k > 2,
n+1>m and km > n + 1. Then, the second modified Zagreb is

MM3(T) = (S28y)(f (2, y))la=1=y = Sz(Sy(f (2, y)))la=1=y = ni_u[l + %l

Theorem 3.6. Let I' = PN N (n, k,m) be the 3-layered probabilistic neural network and
M(T,z,y) = (km)x™y" " + (nkm)2z"t1y*™ be its M-polynomial, where n > 1, m,k > 2,
n+12>m and km > n + 1. Then, the symmetric division degree index (SDD(T")) is
obtained by the M-polynomial as follows.

[(n+1)2(n4k)+km?(14nk)).

1
SDD(T) = ——
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Proof. If f(z,y) = M(T,z,y) then f(z,y) = (km)x™y" ! + (nkm)az"T'y*™. Now, the
required expressions are
km
. — (k)™ n-+1 n
Suf(y) = (Wa™y™ 4 (2

k
Sy(F(.9)) = (™" o (ma

)xn—l—l km

)

k2m?
DyS.(f(z,y)) = (n+1)(k)z"y" + n(m)fUnHykm_l,
km?

— 1)xm—1yn+l+n(n+1)xnykm'

Dzsy(f(xay)) = (
Now, we obtain

k2m?
n+1

DySe(f(x,9)la=1=y = (n+1)(k)+n(——),

2

DSy (f () oy = (2

- 1)+n(n+1).

Consequently,
SDD(T) = (Do Sy+DySz)(f(2,y)) = (DaSy)(f(2,y))+(DySe) (f (2, 9)),

kE2m? km?
= [(n+1)(k)+"(n+ 1)]+[(n+ ) n(nt1)l,
= (n+1)(n+k)+(:7j:21)(1+nk) = [(n+1)%(n+k)+km? (14+nk)).

Theorem 3.7.Let I' = PN N(n, k, m) be the 3-layered probabilistic neural network and
M(T,z,y) = (km)z™y" 1 + (nkm)z"+1y*™ be its M-polynomial, where n > 1, m, k > 2,
n+1>m and km > n + 1. Then, harmonic index (H(I')) obtained from M-polynomial
is as follows.

m(k +n)+ (n+ 1) |
(km+n+1)(m+n+1)"
Proof. If f(z,y) = M(T,z,y) then f(x,y) = (km)a™y" ! + (nkm)z"T1y*™. Now, the
required expressions are obtained as

H(T) = 2km)|

J(f(z,y)) = (km)a™ " 4 (nkm)zhm L,

Sx(Jf(xay)) = (mig+l)xm+n+1 + (%)ka+n+1_

Now, we obtain

Sa(Jf(2,y))|a=1=y =

Consequently,

H(T) = 285:(J f(z,y))le=1=y,
m(k +n)+ (n+ 1) L

(km+n+1)(m+n+1)

Theorem 3.8. Let I' = PNN(n, k,m) be the 3-layered probabilistic neural network and
M(T,z,y) = (km)z™y" ' + (nkm)z"+1y*™ be its M-polynomial, where n > 1, m, k > 2,

km n nkm
m4+n+1 km+n+1

= 2km|
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n+1>m and km > n+1. Then, inverse sum index (IS(I")) obtained from M-polynomial

is

km?(n + 1)%[k(m +n) + 1]
(m+n+1)(km+n+1)

Proof. If f(z,y) = M(T,z,y) then f(z,y) = (km)z™y" ! + (nkm)az"T1y*™. Now, the

required expressions are obtained as

IS(T) =

)

J(Do(Dy(f (2, 9)))) = mn + 1) (km)a™ =1 + (n + 1) (bm) (nkm)z K401,

Q2 (Da(Dy(f(x,y)))) = m(n + 1)(km)a™* "+ 4 (n + 1)(km) (nkm)z " m L,

S2Q2J (Dy(Dy(f(x,y)))) = et Dlkm) gmntt | (et Jlm)nhm) o Km-pnt1,

Consequently,

IS(T) = 52Q2J (D2 (Dy(f(2,y))))lz=1=y

_ km*(n+1)?[k(m +n) + 1]

 (mAn+1)(Em+n+1)

Theorem 3.9. Let I' = PN N (n, k,m) be the 3-layered probabilistic neural network and
M(T,z,y) = (km)x™y" " + (nkm)2z"t1y*™ be its M-polynomial, where n > 1, m,k > 2,
n+1>m and km > n + 1. Then, augmented Zagreb index (AZI(I')) obtained from
M-polynomial is

(km)[m(n + 1)
(m+n—-13(km+n-—1)3"
Proof. Let f(z,y) = M(T,x,y) be the M-polynomial of the 3-layered probabilistic neural
m)z™

network. Then f(z,y) = (k Y"1+ (nkm)z" 1y, Now, the required expressions
are obtained as

AZI(T) = [(km+n—1)"+nk®(m+n—1)°]

(DD, )))) = (mlnk 1)) (m)a™ "+ (1)) (k)
T(DYDY(f (. y)))) = (mln+ 1)) (km)a™ " (bm(n+1)) (k)20
S (DYDY (1))

mn m(n 3
= (k'm)mxm+n_1+(nkm)m:ﬁkm+”_l
Sa J(DI(Dy(f(z,v)))),

— (km) Mxm"‘”—l + (nkm) Mmkm+n—l )

9

(m+n—1)? (km+n—1)3
Now, we obtain

_ (o (A 1) (km(n +1))
S2T(D3(D;(f (2, 9))))|a=1=y = (k‘m)m*(”’“m) (km+n—1)

Consequently,
AZI(T) = S3J(D3(Dy(f (2,9))lo=1=,

(km)[m(n + 1)]°

= [(krmebn=1) bk (= 1)) s Ty
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6.00E+011
5.00E+011
4.00E+011
3.00E+011

2.00E+011

Values of Indices

1.00E+011

0.00E+00Q)

[0] 50 100 150 200 50 300 350
IPNN(n,n+1,1)I

FIGURE 2. Comparison of degree-based TI’s of PN N (n,n + 1,1)

4. CONCLUSION

To make an easy comparison of the computed results, we take PNN (n,n + 1,1) with
v = 3n + 2. In Figure 2, we take the values of v and the obtained topological indices of
PNN(n,n+ 1,1) along the horizontal and vertical line respectively. It is easy to observe
that all the topological indices My, My, MMy, SDD, H and IS coincide with a constant
rate such that 1.S remains dominant. Moreover, AZI is better one which increases with
increasing v.

Now, we close our discussion stating the significant determination of these results. In this
paper, the M-polynomial of the 3-layered Probabilistic neural network is proved and ap-
plied to study the the certain degree-based topological indices that will help to understand
the physical changes of this network. These results also have remarkable applications in
the pharmaceutical industry [19, 15]. In particular these are used for the preparation of
the anticancer drugs, see [16, 17].
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