W % ®m %4 201840 (6): 43~47 ISSN 1674 —5639 CN 53 —1211/G4

Journal of Kunming University

P22 ¥5 e 3t A B M-Z I\ A0 Fh M S &

BERE - MEX, KLk - BERE - LG R
(L Ba Rk HeER, BIA/R 540005 2. BIRAT K2 B R, HIAUK 54000)

WE: WIE TR e o R IME R, S A MBI T Aztee B0 10 M-Z 3150, 4
O FIETREMFRIMERL, BIZE 1 RS B A fe 20, 5 2 RS M A d 50, B IE RS 2 SR A% i A 45
%, Randic M Randic 4540, XPARHEIAEEL. JARIFERC, 1008 BRI 5 19 B A% B A 16 4L

KRR PR T BRI IERG Randicdg 2 M-Z 005

FESES: 0157.6 XEktriRfE: A XZEHS: 1674 -5639 (2018) 06 —0043 - 05

DOI: 10. 14091/]. cnki. kmxyxb. 2018. 06. 009

M-Polynomial and Topological Indices for Aztec Diamonds
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Abstract: In order to compute degree based topological indices for Aztec Diamonds, we compute M-polynomial for the Aztec Dia-
monds by applying fundamental calculus and obtain nine degree-based topological indices namely first Zagreb index, second Zagreb
index, modified second Zagreb index, Randic and inverse Randic index, Symmetric division index, harmonic index, inverse sum

index and augmented Zagreb index.
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1 Basic Knowledge

Chemical graph theory is a subject which connects Mathematics, chemistry and graph theory. A topological
index is a numeric number associated with molecular graph and this number correlate certain physio-chemical
properties of chemical compounds. The topological indices such as the Wiener index, first and second Zagreb
index, modified Zagreb index, Randi¢ index and symmetric division index, Harmonic index, Invers sum index,
Augmented Zagreb index, etc. are useful in prediction of bioactivity of the chemical compounds'''. These indices
capture the overall structure of compound and predict chemical properties such as strain energy, heat of forma-
tion, and boiling points etc.

Algebraic polynomials have many useful applications in chemistry. For instance, Hosoya Polynomial ( also
called Wiener polynomial) plays a vital role in determining distance-based topological indices. M-polynomial'*
introduced in 2015, plays the same role in determining many degree-based topological indices'® ~*'.

Throughout this paper, G denotes connected graph, V( G) and E( G) denotes the vertex set and the edge set
and d, denotes the degree of a vertex.

Definition 1>’ The M-polynomial of G is defined as:
M( G,x,y) :5<i;<Amij( G)xi}/j,
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where § =min {d, | ve V(G)}|, A=max{d, | veV(G)}|, and m;(G) is the edge vu € E(G) such that
{d,,d, }={ij}

The first well-known topological index in chemistry was introduced by Wiener when he was studying boiling
point of paraffin. He named it the path number, which is now known as Wiener index. The first degree based
topological index is Randic¢ index denoted by R _,,(G) and introduced by Milan Randi¢ "’ in 1975. The Randi
¢ index is defined as:

Rop(G= 3 ——

wek(G) /dudp ’
In 1998, working independently , Bollobas and Erdos'®’ and Amic et al. "’ proposed the generalized Randic¢
index and has been studied extensively by both chemist and mathematicians.

The general Randi¢ index defined as:
Ra((;): 2 )(dudw)a‘

wekE(G

Obviously R _,,,(G) is the particular case of R ,(G) when a = -1/2.
Ivan Gutman and Trinajsti¢ introduced first Zagreb index and second Zagreb index, which are defined as:

M (G)= 3 )(d“ +d,) and M,(G) = Zc>(d“ xd,) respectively. The second modified Zagreb index was defined

wek(G v e k(

as:

1
uveEE’(C)m ’

For detail about these indices we refer'® "> to the readers.

" 2(G ):

The Symmetric division index is defined as:

SDD(G) — v%’(a){mln(du9 dt) max(du9 dt‘)}‘

max(d,, d,) * min(d,, d,)

The following table 1 relates some well-known degree-based topological indices with M-polynoimal '

Table 1 Derivation of some degree-based topological indices from M-polynomial

Topological Tndex Derivation from M( G; x, y)
First Zagreb (D, +D,) (M(G; 2, y)D| .y
Second Zagreb (D.D,) (M(Gs5 %, ¥y .y
Second Modified Zagreb (8.8,) (M(G; x, ¥ oy
General Randi¢ a e N (DEDS) (M(G5 2, Y| oy
Symmetric Division Index (DS, +8.D,) (M(G; x, ¥, o
Harmonic Index 28, J(M (G5 x, ¥)) .o
Inverse sum Index S.JD.D(M (G5 %, y)) .oy
Augmented Zagreb Index S3Q LD} DAM(G; x, ¥)), -,

Here D, = 20 =y MO g o My s = B0y, ) =4, )

and Q,(f(x, y)) =x"f(x, ¥).
In this paper, we will derive M-polynomial of Aztec diamonds and with the help of this polynomial we calculate

nine degree-based topological indices.
2 Main Results

Theorem 1 lLet AZ (n) be the graph of Aztec Diamonds. Then the M-polynomial of AZ (n) is
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M(AZ(n); x,y) =8x"y" +4x’y" + (8n =8)x"y" + (4n” —4)x*y".
Proof Let AZ(n) be the Aztec Diamonds shown in Figure 1, 2, 3, 4.

Figure 1 The structure of AZ(1) Figure 2 The structure of AZ(2)

Figure 3 The structure of 4Z(3) Figure 4 The structure of AZ(4)

It can be observed easily that the number of vertices in AZ (n) are 2n° +6n + 1. The total number of edges in
AZ(n) are 4n° +8n and we have four partitions of the edge set based on degrees of end vertices of each edge:

E(AZ(n))={weE(AZ(n));d, =2 and d, =3};
E(AZ(n))={weE(AZ(n));d, =3 and d, =4};
E(AZ(n))={weE(AZ(n));d, =2 and d, =4};
E(AZ(n))={weE(AZ(n));d,=4 and d, =4}.

Then |E(AZ(n))| =8, |E(AZ(n))| =4, |E(AZ(n))|=8n-8 and |E,(AZ(n)) | =4n* -4.

Now, we have

M(AZ(n)5%,y) = ¥ mpa'y

S<isjs<A
2 3 3 4 2 4 4 4
= my X + my,x + my,x + my,x
2;3 »XY 3;4 wry 2;4 wt Y 4;4 ul Y
2.4 4 4
my,x + myx
uﬂeE}%Z(n)) uXy ut;eE4%Z(n)) wuly

E\(AZ(n)) [’y + [E(AZ(n)) 2"y + | EX(AZ(n)) [y + | E(AZ(n)) |y
=827y’ +4x’y" +(8n —8) x’y* +(4n° —4) x*y".

2.3 3 4
= My X + my,x +
lLI/EEl%Z(IZ)) 3 Y m)eEz%Z(n)) 3 Y

From above M-polynomial we calculate some degree-based topological indices in the following proposition.
Proposition 1 Let AZ(n) be the Aztec Diamonds. Then

M(AZ(n))=32n+48n-12,

M,(AZ(n))=64n+64n-56,

2

MI(AZ(n) )= %+n+%,
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R, (AZ(N)) =8 x6* +4 x12* + (8n —8) x8" + (4n’ —4)16a,

SSD (AZ (N)):SXnuzoXnﬁg—O,
H(AZ(N))=n"+ 3 +105,

S | +4(n—1) +7£
2 3 35°
A(G) =(2038)2" -931.
Proof Let M(AZ (n); x, y)=f(x, y)=8x"y" +4x’y" + (8n =8)x"y" + (4n” —4)x*y*. Then
D, f(x, y)=16x"y" +122°y" +2(8n - 8)x’y" +4(4n° —4)x*y*,
D, f(x, y)=24x"y" +162°y" +4(8n -8)x’y" +4(4n” —4)x*y*,
DD, f(x, y)=482"y" +122°y" +8(8n -8)x’y" +16(4n’ —4)x'y",

1(6) =2

2 3
S, () = P sy 2 - DRy e (- Dty

4962y3 x3y4 ) 4 (nz—l)x4y4
stx(f(x,KG— *5y)) =T+T+(n—l)xy +T,

D (f(x,y)) =3"(8"y") + 4%(4x°y") + 4°(8n — 8)(x"y") + 4"(4n” - 4) (2" y"),
S (flxny)) :sz y . 4y’ y* . (8n - 8)x y" . (4n° = H)x' y*

3 4« 4« 4«

8’ y3 45 y4 (8n - 8)x2 y4 (4n2 - 4)964 y4
S*S“ =
S8y = B e, Gn =B (s ey

2y 2(8n—8)xzy4
T

162"y
S,D,(f(x,y)) =T+3x3y4 +(4n* —4)aty',

3 4
S.D,(f(x,y)) = 1227 +16%+2(8n —8)a%yt + (4n® —d)x'yt,

Jf(x,y) =8x" +4x" + (8n -8)x’ + (4n” —4)x*,
%x7+4(n3_1)w6+<n22_1),n8,
ID.D f(x,y) =48x" +48x" +2(8n -8)x’ +16(4n° —4)x",
_ 48+ +48x7 +(8n—8)x6
5 7 3
D] flx,y) = 216"y’ + 2562 ¥ + 64(8n — 8)a’ y* + 64(4n’ — 4)a* y*,
D)D) f(x,y) =3 x2°(8y") + 3 x4 (4’ y") + 22 x4’ (8n - 8)(a’y") + 4" x4’ (4n’ - 4)(x"y")
=1728(x"y') +6912(x" y*) +512(8n —8) (xy*) +4006(4n° —4) (x*y*),
JDIDf(x,y) =1728x" +6912x" +4096(n —1)x" +16384(n’ - 1)a°,
Q_LJIDIDf(x,y) =1728x" +6912x° +4096(n —1)x" +16384(n* —1)x°,

110 592« . +2048(n2 ~1)a°
125 27 '

Sf(x.y) =g+

S.JD.D f(x,y) +2(4n* —4)x°,

S5Q.2JD.D, flx,y) =642’ + 64(n ~1)x*

1) First Zagreb Index

M, (G) =(D, +D)f(x,y) |,_,_, =48n +32n - 12.
2) Second Zagreb Index

M,(G)=D,D,(f(x,y)) |,_,., =64n” +64n —68.
3) Modified Second Zagreb Index

"My(G)= S, S, (f(x,)) it

2
n
r=y=l 4 12°
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[1]

4) Generalized Randic¢ Index
R.(G)=DD(f (v, y)) |, =8 x6" +4 x12° + (8n —8) x8° + (4n’ —4)16".
5) Inverse Randic¢ Index

8 4 8n-8 4n’ -4
4 o on-e an -4

R, (G) =SS , =+ +
a( ) x )(f (x y)) x=y=1 60‘ 12a Sa 16o¢
6) Symmetric Division Index
SSD(G) = (8,0, +5.0,) (f(x.)) |-,y =8n° +20n + 4.
7) Harmonic Index
_ a8 T
H(G) _2Sz](f<x’y)) ‘x:] =n + 3 +105 .
8) Inverse Sum Index
_ o2, 8n 608
I(G) _Sx]Dny(f(x,y))x:l _Sn + 3 +105 .
9) Augmented Zargreb Index
_q3 3ip 3 {2048\ , 69376
ACG) =820 D7D, (flxiy)) ey = (%577 Jnf +64n - 2520
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