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Abstract:

The M-Polynomial[3] of a graph G is defined as M(G; x,y) = ¥.;<; m;;(G) xty/ where myj,i,j = 1, is the number of edges uv of
G such that {d;(u), d; (v)} = {i,}. Topological indices, especially degree-based topological indices, which can be determined with
an algebraic approach known as the M-polynomial, are utilized to determine the physiochemical characteristics of chemical graphs.
For some wheel-related graphs we found M-polynomials, and thereby we have established various degree-based topological indices
for those graphs.
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I. INTRODUCTION

LetG = (V(G), E (G)) be a simple, connected, finite, and undirected graph. The degree d;(v) of a vertex v € V(G) is the number
of edges incident to it in G. An isolated vertex or singleton graph is a vertex with degree zero. Let {v;, v, ..., v,} be the vertices of
G and let d; = d;(v;). Several topological indices have been defined in the literature. Among them some degree based topological
indices are First Zagreb index [7], Second Zagreb index, modified second Zagreb index, Symmetric division degree index [10],
Harmonic index [4], Inverse sum index [10] and Forgotten index [6].

The general form of these degree-based topological indices of a graph is given by TI1(G) = Y—uver(c) f (dg (W), dg(v)), where f =
f(x,y) is a function appropriately chosen for the computation. Table 1 gives some topological indices defined by f(x, y). It would
be interesting that, if all these topological indices are obtained from a single expression. This role is played by polynomials. In fact
there are several graph polynomials like Hosoya polynomial [3], matching polynomial [5], Schultz polynomial [8], M-Polynomial
[3], NM Polynomial etc., Among them, the M-polynomial is the well-known polynomial which was introduced in 2015 by Deutsch
and Klavzar, which is useful in determining many degree-based topological indices (listed in Tables 1). This motivates us to study
M-polynomial of some graph operations and wheel related graphs.

Table 1. [1] Operators to derive degree based topological indices from M-polynomial.

S.No. | Notation Topological Index fx,p) Derivation from M(G; x, y)
1 M, (@) First Zagreb Index x+y (Dx + Dy)(M(G; %, ¥)) | x=y=1
2 M, (G) Second Zagreb Index xy (DxDy)(M(G; %, Y)) | x=y=1
3 MJ*(G) | Second modified Zagreb Index % (SxSy)M(G; %, Y)) | x=y=1
4 | sDD(G) | Symmetric division degree "zjyy S 08,4 D SIMG K ey
5 H(G) Harmonic Index T i y 25 J(M(G; %, ¥)) | x=1
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S.No | Notation Topological Index f(x, y) Derivation from M(G; x, y)
xy
6 ISI(G) Inverse sum Indeg Index Tty 285,]Dx Dy, (M(G; x,¥))|x=1
7 F(G) Forgotten Index x% +y? (DxDy + DyD,Y(M(G; %, ¥)) | x=y=1

of (x.y) of (x.y) ft.y) fxt)
where D, = x%, D, = y%, S, = fox ty dt, S, = foy%dt and J(f(x,¥)) = f(x, x) are the operators

II. PRELIMINARIES
Definition:2.1 Water wheel graph [2] (WW,,)

For n = 3, a water wheel graph, WW,, , is a graph with
(1) Avertex set V(WW,)) = {up} U {u;,v;,w; ;1 <i <n}
(i) An edge set E(WW,)) = {uou;, uov;, uyw;, viw; ;1 <i<n}uU {uv41;1<i<n-1}U {u,v}

Figure 1: WWg

Definition: 2.2 Triangulated water wheel graph [2] (TWW,,))

For n > 3, a triangulated water wheel graph TWW,, is obtained by adding edges ugw; , forall 1 < i < n, to the WW,, graph.

Figure 2: TWWjg
Definition: 2.3 Closed water wheel graph [2] (CWW,,)

For n > 3, a closed water wheel graph CWW,, , is obtained by adding edges w; w,, and
WiWii,,1 <i<n-—1, tothe WW,, graph.
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Figure 3: CWWj
Definition: 2.4 Closed triangulated water wheel graph [2] (CTWW,,)

Forn > 3, a closed triangulated water wheel graph CTWW,, is obtained by adding edges w;w, and w;w;,;,1 < i <n—1,tothe
TWW,, graph.

Figure 4: CTWWj

Definition: 2.5 Cog Wheel graph [1] (CW,,)

It is obtained by combining a wheel graph w,, = {ug, v4,v,,v3,..., v, } with a set of vertices {u,, u,, us,...,u,} such that a vertex
u; is adjacent to vertices v; and v;,4 , for 1 < i < n — 1. Furthermore, the vertex u,, is adjacent to vertices v;and v,.
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Vg

Figul‘e 5: CW16
Definition: 2.6 Triangulated wheel graph [1] (TW,,)

It is obtained by combining the wheel graph w,, = {ug, v1, v, v3,..., v, } with a set of vertices {u;, u,, us, ..., u,} such that a vertex
u; is adjacent to vertices v; and v;, 4, for 1 <i <n —1 and the vertex u, is adjacent to vertices v;and v,. Additionally, each
vertex u; is adjacent to the vertex u,.

Figure 6: TW,4

Definition: 2.7 Double crown wheel graph [1] (DCW,,)

It is obtained by combining a wheel graph w,, = {uy, v, v, v3,..., v, } with two set of vertices. The first set is {wy;, w,, ws,...,w,},
where each vertex w; is adjacent to vertices v; and v;,4, for 1 < i < n — 1, and the vertex w, is adjacent to vertices v; and v,,. The
second set is {uq,u,, us,..., U, }, where each vertex u; is adjacent to vertices v; and v;, 4, for 1 < i < n — 1, and the vertex u,, is
adjacent to vertices v; and v,,.
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Figure 7: DCW,4

Definition: 2.8 Crown triangulated wheel graph [1] (CTW,,)

It is obtained by combining the triangulated wheel graph
TW, = {ug, v1,Vq, V3, ..., Uy, Uy, Uy, Us, ..., Uy} With the set {w;,w,, ws,...,w,}, where each vertex w; is adjacent to vertices
v; and v;,4 for 1 < i < n — 1, and the vertex w,, is adjacent to vertices v; and v,,.

Figure 8: CTW,,4

Definition: 2.9 M-Polynomial [3]
Let G be a graph. Then M-Polynomial of G is defined as
MG %,y) = ) my(6)x'y)
i<j

where m;;,i,j = 1, is the number of edges uv of G such that {d; (_u), de(W)} = {i,j}.

III. MAIN RESULTS
Theorem: 3.1
Let WW,, be a water wheel graph, then the M-polynomial of a Water wheel graph is M(WW,; x,v) = 2nx3y?" + nx3y3 + 2nx2y3.

Proof:
The Water wheel graph WW,, contains 3n+1vertices and 5n edges.
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We divide the vertex set V of WWW, into four disjoint parts according to the degree of vertices as: d(u,) = 2n,d(y;) = 3, d(v;) =
3and d(w;) = 2, foralli=1,2, ..., n
For n > 3, the edge partition is |E{d(u)‘d(v)}| = |E{2_3}| =2n, |E{3‘3}| =n, |E{3‘2n}| = 2n.

Then M-Polynomial of water wheel graph WW,, is defined by
MWW,; 2,) = > myy (@) x'y)

i<j
MWWy %,Y) = ) 1 0n(6) Py +Zm33(c)x3y3 +Zm23(c)x y?
3<2n <
= |Egg m|xy*" + |E{33}|x 3’ + |Egalx®y?
MWW,;x,y) = 2nx3y?™ + nx3y3 + 2nx?y3.

Corollary: 3.1

If WW, is a Water wheel graph, then
@) M;(WW,) = 4n? + 22n
(i) My(WW,) = 12n? + 21n
GiMP(WW,) = 222

(iv) SDD(WW,) = ‘mzﬂ
17n an
(v) HWW,) = — + mz
(Vi) ISIWW,) = 39—" + o
(vii) F(WW) = 8n° + 62n

Proof:
The M-polynomial of a Water wheel graph W, is given by
MWWy;x,y) = 2nx3y?™ + nx3y3 + 2nx?y3.
Using the expressions from Table 1, we have
of (x,
D, =x f.y) = 6nx3y?" + 3nx3y3 + 4nx?y3

x
af (x,
D, =y fgy Y) = 4n?x3y?" + 3nx3y3 + 6nx?y3

t, an n o pxdys
f f( y) Yy " Y + nx?y?
3 3
f(x t) 4 o, MXPY?  2nx?y?
t=x3y2n 4 — 2 4
Y 3 3
Therefore,

M;(WW,) = (Dy + Dy )(M(WWo; X, ¥)) | x=y=1 = 4n? + 22n
My(WW) = (DDy) (MW Wy; 2, y))lmyes = 120% + 211

m 4n+3

M*(WW,) = (sty)(M(WWn;x' y))lx:y:l = 9
4n?> +19n +9

SDD(WW,) = (DxSy + Dny)(M(WVVn; X, Y))|x=y=1 = f
HWW,) =25, J(M(WW,; _1771 in

( n)_ x]( ( n'x'Y))lle_E+2n+3

39n  12n?

ISIWW,) = 2S,J Dy Dy (M(WWp; %, ¥)) |x=1 = 0 T3

F(WW,) = (DyxDy + Dy, D)) (M(WWy; x, ¥))|x=y=1 = 81> + 62n.
Theorem: 3.2

Let TWW,, be a Triangulated water wheel graph, then the M-polynomial of a Triangulated water wheel graph is M(TWW,; x,y) =

3nx3y3™ + 3nx3y3.

Proof:

The Triangulated Water wheel graph TWW,, contains 3n+1vertices and 6n edges.

We divide the vertex set V of TWW,, into four disjoint parts according to the degree of vertices as: d(uy) = 3n,d(w;) = 3,d(v;) =
3andd(w;) = 3, foralli=1,2, ..., n

For n > 3, the edge partition is |E{3,3}| =3n, |E{3y3n}| = 3n.

Then M-Polynomial of Triangulated water wheel graph TWW,, is defined by
MWW, x,y) = ) my(6)x'y)

i<j
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MWW, %,3) = D 1550 (@) 2y + ) may(6) 5%y
3<3n 3<3
= |Ezam*y®" + |Eg gy %y
M(TWW,; x,y) = 3nx3y3" + 3nx3y3.

Corollary: 3.2

If TWW, is a Triangulated Water wheel graph, then
(i) M;(TWW,) =9n?+27n
(i) My(TWW,) = 27n%+ 27n
n+1

(iti) MI(TWW;) = =
(iv) SDD(TWW,) = 3n? + 6n + 3

n?+3n

() HIWW,) ==
. 27n“+9n
(Vi) ISITWW,) = ===

(vii)F(TWW,) = 27n® + 81n

Proof:
The M-polynomial of a Triangulated Water wheel graph TWW,, is given by
M(TWW,; x,y) = 3nx3y3" + 3nx3y3.

Using the expressions from Table 1, we have
of (x,
D, = fy) Inx3y3" + Inx3y3

x
af (x,
D,=y ffay Y) = 9n?x3y3" 4+ 9nx3dy3

X

t,

Sy = f f(ty) dt = nx3y3" + nx3y3
0

Yf(xt)
Sy = JO . dt = x3y3" + nx3y3

Therefore,

My (TWW,) = (Dy + D)) (M(TW Wp; X, ¥)) lx=y=1 = 9n* + 27n
My(TWW,) = (D D)) (M(TW Wp; X, ¥))lxey=1 = 270% + 27n
M TWWR) = (5,5,) (M (TW Whix, y))lscycs =
SDD(TWW,) = (DySy + DyS ) (M(TWWp; %,¥)) |x=y=1 = 3n* + 6n + 3
n?+3n

n+1
ISI(TWW,) = 2S5,JD,.D,,(M(TWW,; x,y))|x=1 = AN

Y w A= T 2+ 1)

F(TWW,) = (DD, + Dy,D,))(M(TW Wy; X, )| x=y=1 = 27n% + 81n.

H(TWW,) = 28] (M(TWWy; X, y))|x=1 =

Theorem:3.3

Let CWW,, be a Closed water wheel graph, then the M-polynomial of a Closed water wheel graph is M (CWW,;; x,y) = 2nx

nx*y* + 2nx3y* + nx3ys.

Proof:
The Closed water wheel graph CWW,, contains 3n+1vertices and 6n edges.

3 2n_+

We divide the vertex set V of CWW,, into four disjoint parts according to the degree of vertices as: d(uy) = 2n,d(y;) = 3, d(v;) =

3and d(w;) = 4, foralli=1,2,...,n
For n = 3, the edge partition is |E{3'3}| =n, |E{3‘4}| =2n, |E{4'4}| =n, |E{3_2n}| = 2n.

Then M-Polynomial of Closed water wheel graph CWW,, is defined by
MCWW,; x,7) = ) myy (@) x'y!
i<j
Z M3 20 (G) x°y*" + Z My 4(G) x*y* + Z ms4(G) X*y* + Z m;3(G) x°y?

3<2n 4<4 3<4 3<3
= |E@ om0y + B a|x*y* + |Ega|x®y* + [Ep g2y
M(CWW,; x,y) = 2nx3y?™ + nx*y* + 2nx3y* 4+ nx3y3.

M(CWW,; x,y)
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Corollary:3.3

If CWW,, is a Closed water wheel graph, then
(i) M (CWW,) = 4n? + 34n
(i) My(CWW,) = 12n? + 49n

(i) MM (CWW,) = 49;1:8

2
(iv) SDD(CWW,) = w
an 97n
(V) H(CWW,) = 2n+3 ‘84
. 12n 97n
(Vi) ISI(CWW,) = ———+—=

(vii)F(CWW,) = 8n® + 118n

Proof:
The M-polynomial of a Closed water wheel graph CW W, is given by
M(CWW,; x,y) = 2nx3y?™ + nx*y* + 2nx3y* + nx3y3.

Using the expressions from Table 1, we have

af (x,
ft(ﬁx 2 = 6nx3y?" + dnx*y* + 6nx3y* + 3nx3y3

xY) _ 42 3on

D,=x

y =Y 3y = 4n%x3y?" + dnx*y* + 8nx3y* + 3nx3y3
6 = f"f(t, y) df = 2nx3yn N nx*y* N 2nx3y* N nx3y?
o)y ot 3 4 3 3
Y f(x,t) 5 o MXYY nxdyt nxdy?
Sy—.[) dt = x°y“" + 7 + > + 3
Therefore,

My (CWW,) = (Dy + Dy )(M(CWWy; %, ¥)) | x=y=1 = 4n? + 34n
M (CWW,) = (Dy Dy ) (M(CWWo; %, ¥)) lx=y=1 = 12n% + 49n
49n + 48

M (CWW,) = (sty)(M(CWWn;x!)’))lx:y:l = 144

8n% + 49n + 18

SDD(CWW,) = (D,S,, + Dny)(M(CWWn;x, YD |x=y=1 =
H(CWW,) = 25, J(M(CWW,; = An +97n
( n)_ x]( ( n'x'y))|x=1_2n+3 84
12n?  97n

ISI(CW W) = 28] Dy Dy (M(CW Was 2, YD) ey = 5 ——+
F(CWW,) = (DyDy + DyyD,) (M(CW Wp;,y)) |l x=y=1 = 8n° + 118n.

Theorem: 3.4

Let CTWW, be a Closed triangulated water wheel graph, then the M-polynomial of a Closed triangulated water wheel graph is
M(CTWW,; x,v) = nx>y3" + 2nx3y3" + nx®y> + 2nx3y5 + nx3y3.

Proof:

The Closed triangulated water wheel graph CTWW,, contains 3n+1vertices and 7n edges. We divide the vertex set V of CTWW,
into four disjoint parts according to the degree of vertices as: d(uy) = 3n, d(u;) =3, d(v;) = 3and d(w;) =5, foralli=1, 2, ...,
n

Forn > 3, the edge partition is |[Egz5y| =1, |[Egg| = 21, |Ess| = 1, |Egsn| = 21 |Egsn| = 1.

Then M-Polynomial of Closed triangulated water wheel graph CTWW,, is defined by

MCTWW,; x,y) = Zmij(c)xiyf
i<j
METWW,; %) = D msn(@) x5y + ) maan(@) Y™ + ) mss(6) 2%

5<3n 3<3n 5<5

Y mag(@) X%+ ) may (@) 2%

3<5 3=<3
= |Egs 3 x®y*" + |Egam|x°y*" + [Egs 5 |x°Y° + [z 6y + |Ega |2y,
M(CTWW,; x,y) = nxSy3" + 2nx3y3" + nx>y> + 2nx3y5 + nxdys.

Corollary:3.4

If CTWW, is a Closed triangulated water wheel graph, then
(i) M;(CTWW,) =9n? + 43n
(i) M,(CTWW,) = 33n? + 64n
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(iii) M*(CTWW,) = 642"2265
2
(iv) SDD(CTW W) = 222050

18n%+26n 3in
W) HICTWW) = S iness T 50

3 2
(vi) ISI(CTWW,,) = 2 *15om , 31

InZ+24n+15 4

(vii)F(CTWW,) = 27n® + 179n

Proof:
The M-polynomial of a Closed triangulated water wheel graph CTW W, is given by
M(CTWW,; x,y) = nx°y3" + 2nx3y3" + nx®y® + 2nx3y° + nx3y3.
Using the expressions from Table 1, we have

af(x':V) 5,,3n 3,,3n 54,5 34,5 34,3
D,=x = 5nx°y°" + 6nx°y°" + Snx°y> + 6nx°y> + 3nx°y

x
U 0Y) _ 52,5 8m

D, =y 3y = 3n2x5y3" + 6n2x3y3™ + 5nx5y> + 10nx3y° + 3nx3ys
6 _ fxf(t'y) dt _ nx5y3n N 2nx3y3n N nx5y5 N 2nx3y5 N nx3y3

¥ 0 t 5 3 5 3 3
. _ J-yf(x' £) e x5y3n N 253y N nxSyS N 2nx3yS N nx3ys

Yol ot 3 3 5 5 3
Therefore,

M{(CTWW,,) = (Dy + D) (M(CTWW,; X, 7)) |x=y=1 = 90 + 43n

M, (CTWW,) = (D,Dy))(M(CTWWy; X, ¥))|x=y=1 = 33n% + 64n

64n + 65
225

SDD(CTWW,) = (DySy + Dy S, ) (M(CTWWy; X, ¥)) | x=y=1 =
18n? + 26n 31n

—+_
9n?+24n+15 30

ISI(CTWW,,)) = 2S,]D,D,,(M(CTWW,,; = 993 5 + 31n
( m) = 28,) Dy Dy (M( WY1 =g et
F(CTWW,) = (DyDy, + DyDy))(M(CTW Wy; %, Y)) lx—yoy = 270° + 179n.

M (CTWW,) = (SxSy)(M(CTWW,; x,¥)) | x=y=1 =
39n2% + 128n + 55
15

H(CTWW,) = 25, ] (M(CTWWy; X, ) | =1 =

Theorem: 3.5
Let CW, be a Cog wheel graph, then the M-polynomial of a Cog wheel graph is M (CW,,; x,y) = nx>y™ + nx°y> + 2nx?y>.

Proof:

The Cog wheel graph CW,, contains 2n+1vertices and 4n edges. We divide the vertex set V of CW,, into four disjoint parts according
to the degree of vertices as:d(uy) = n,d(u;) = 2,and d(v;) =5,for1 <i<n-—1.

The edge partition is |E{215}| =2n, |E{5_5}| =n, E{S,n}| =n.

Then M-Polynomial of Cog wheel graph CW,, is defined by
MWy ) = ) my (@) 2y
i<j
MWy %,Y) = ) msn(@25y" + ) mss(@) Y% + ) mys(6) x%y°
5<n 555 255
= [Esm|x°y™ + |Es 5)[x°y® + |Ez[ %y
M(CW,; x,y) = nx®y™ + nx>y® + 2nx?y5.

Corollary:3.5

If CW, is a Cog wheel graph, then
(i) M;(CW,) =n?+29n
(i) M,(CW,) = 5n? + 45n

(iii) M (CWp) = 222
2
(iv) SDD(CW,) = %’”25
27n2+205n
v) H(CWy) = 35(n+5)
. 145n%+375n
(Vl) ISI(CWn) = W

(vii)F(CW,) = n® + 133n.

Proof:
The M-polynomial of a Cog wheel graph CW,, is given by
M(CW,; x,y) = nx®y™ + nx®y> + 2nx?y°.
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Using the expressions from Table 1, we have

d
D,=x f( x.y) = 5nx5y"™ + 5nx°y° + 4nx?y®
af (x,
D, =y fgyy) n?x°y™ + 5nx°y® + 10nx?y°
t, nx5 o onxSyS
ff( y) Yty + na?yS
5 5
Yf(x,t nx®y®  2nx?y°®
s_ff() xSyt 5y+ Sy
0
Therefore,

M;(CW,) = (Dx + Dy )(M(CWy; X, ¥)) |x=y=1 = n? +29n
M,(CW,) = (Dny)(M(CWn;x' Y))|x=y=1 = 5n% 4+ 45n

m 6n+5
M3 (CWy) = (SxSy) (M(CWy; %, ¥)) | x=y=1 = oc
n?+39n + 25
SDD(CVVn) = (DxSy + Dysx)(M(CVVn;xv Y))lx:yzl = f
HCW.Y = 25 1M (CW. _27n2+205n
( 71) - X]( ( nr ‘x’y))lJC:l - 35(n+ 5)
145n% + 375n
ISI(CW,) = 28] Dy Dy (M(CW; X, ¥))|x=1 = T1am+5)

F(CW,) = (DxDy + DyD)(M(CWo; %, ¥)) | x=y=1 = n3 +133n.
Theorem: 3.6

Let TW, be a Triangulated wheel graph, then the M-polynomial of a Triangulated wheel graph is M(TW,; x,y) = nx>y?" +
3,,2n

nx3y?" + nx®y> + 2nx3yS.
Proof:

The Triangulated wheel graph TW,, contains 2n+1vertices and 5z edges. We divide the vertex set V of TW,, into four disjoint parts
according to the degree of vertices as: d(uy) = 2n,d(w;) =3,and d(v;) =5,for1 <i<n-—1.

The edge partition is |E{315}| =2n, |E{5_5}| =n, |E{3_2n}| =n,

Then M-Polynomial of Triangulated wheel graph TW,, is defined by
M(TWy; ) = ) myy (@) x'y)

i<j

MWy %) = ) mapn(@) X%y + ) Mapn(G) Py + ) mss(G) x°y5 + ) mys(6) 6%y
552n 3s2n 555 3s5
= [Esam %y + |Egam|°y>" + [Egs [x°y° + | Egg 59 x°y®

M(TW,; x,y) = nx®y*" + nx3y?™ + nx®y° + 2nx3y>.
Corollary:3.6
If TW, is a Triangulated wheel graph, then

(i) My(TW,) = 4n? + 34n
(ii) M,(TW,) = 16n? + 55n

(i) MZ'(TW,) = =22
2
(iv) SDD(TWn) — 16n +1958n+60
8n?+16n 7n
v) H(TW,) = 4n?+16n+15. 10
32n3+60n2 ﬂ

(W) ISI(TW) n2+16n+15 4
(ii) F(TW,) = 8n® + 152n.

?flgol\f/i-polynomial of a Triangulated wheel graph TW,, is given by

M(TWy; x,y) = nx5y?™ + nx3y?" + nx5y° + 2nx3y®.

Using the expressions from Table 1, we have

D, = 6f(x 2 = 5nx°y?" + 3nx3y?" + 5nx®y® + 6nx3y°
af (x y)

D, = % = 2n2x°y?" 4+ 2n%x3y?™ + 5nx®y® + 10nx3y°

(M) _nxy" nx3y?®  nxSyS  2nx3yS
SX_J dt = 5 + 3 + 5 + 3
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y x,t xS 2n x3 2n nxs 5 2nx3 5
s, =f f&8 XY y y> ey
0

r 2 77t 5

Therefore,

My (TW,) = (Dy + D) (M(TWy; %, Y)) ey = 42 + 34n
My (TW,) = (DxDy)(M(TWa; X, ¥)) | x=y=1 = 16n* + 55n
13n+ 20

75
SDD(TVVn) = (DxSy + Dny)(M(TVVn; X, Y))lx:yzl =

8n? + 16n N n
4n?2 +16n+15 10

32n3 + 60n?  25n

ISI(TW,) = ZSx]Dny(M(TWn; XY x=1 =

it len+1s T 4
F(TW,) = (DyDy + Dy, D) (M(TW,y; X,¥))|x=y=1 = 8n® + 152n.

M3*(TWo) = (SxSy) (M (TWo; %, YD) |x=y=1 =
16n% + 98n + 60
15

H(TW,) = 285, ] (M(TWy; %, ¥)) |x=1 =

Theorem: 3.7

Let DCW,, be a Double crown wheel graph, then the M-polynomial of a Double crown wheel graph is M(DCW,; x,y) = nx”y"™ +

nx’y” + 4nx?y’.

Proof:

The Double crown wheel graph DCW,, contains 3n+1vertices and 6n edges. We divide the vertex set V of DCW,, into four disjoint

parts according to the degree of vertices as:
dug) =n,dw) =2, dv;)) =7andd(w;) =2for1 <i<n-1
The edge partition is |E{217}| =4n, |E{7_7}| =n, |E{7_n}| =n

Then M-Polynomial of Double crown wheel graph DCW, is defined by
MDCWr; x,y) = ) my(6)x'y)
i)

MDCW,; %) = ) mon(@ XY+ ) mys(6) X7y + ) 1y (6) 6%y

7<n 77 2<7
= [Egm|x"y" + |Egn|x”y” + |Egp|x®y
M(DCW,; x,y) = nx’y™ + nx’y” + 4nx?y’.

Corollary:3.7

If DCW, is a Double crown wheel graph, then
(i) M (DCW,) =n?%+57n
(i) M,(DCW,) = 7n? + 105n

(iii) M (DCW,) = =2
2
(iv) SDD(DCW,) = 20w
65n2+581n
V) HDCWy) ==
. 7n? 175n
(vi) ISIDCW) = 2 + 228

(vii)F(DCW,) = n® + 359n.

Proof:
The M-polynomial of a Double crown wheel graph DCW,, is given by
M(DCW,; x,y) = nx’y™ + nx"y” + 4nx?y’.

Using the expressions from Table 1, we have

of (x,
D,=x f(xy) = 7nx’y" + 7nx"y” + 8nx%y’
af (x,
=y fgy Y) =n?x"y" + 7nx"y” + 28nx%y’
X f(t, ax’vt v
S, =f f&.y) dt = 4 + 4 + 2nx?y’.
.t 7 7
Y f(x,t) nx’y’  4nx?y’
S, = dt =x"y" + ——+
y fo t Y 7 7
Therefore,

M;(DCW,) = (Dy + Dy))(M(DCWy; X, ) |x=y=1 = n* + 57n
M;(DCW,) = (D Dy)(M(DCWy; x, y))|x=y=1 = 7n® + 105n
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15n+7
49

SDD(DCW,) = (DxSy + Dny)(M(DCWn; X, y))|x=y=1 =

65n? 4+ 581n

63(n+7)

32n® +60n?>  25n

F(DCW,) = (DyDy + DyD,)(M(DCWy; x,¥))|y=y=1 = 813 + 152n.

M3 (DCW,) = (SxSy)(M(DC%;xﬂy))lx:yzl =
n? +120n + 49
7

H(DCW,) = 285, J(M(DCWp; %, y)) |x=1 =

Theorem: 3.8

Let CTW,, be a Crown triangulated wheel graph, then the M-polynomial of a Crown triangulated wheel graph is M(CTW,; x,y) =

nx’y?" + nx3y?" + nx’y” + 2nx3y” + 2nx?y’.

Proof:

The Crown triangulated wheel graph CTW,, contains 3n+1vertices and 6n edges. We divide the vertex set V of CTW,, into four

disjoint parts according to the degree of vertices as:

dlug) =2n,d(w) =3, d(v;)) =7andd(w;) =2for1 <i<n-—1.

The edge partltlon IS |E{2’7}| = 27’1, |E{3‘7}| = Zn, |E{7‘7}| =n, |E{3,2TL}| =n, |E{7,2TL}| =n.
Then M-Polynomial of Crown triangulated wheel graph CTW,, is defined by

MECTWy; x,y) = ) myy(6) x'y)

i<j
MCTWh; %) = ) myon(@ 27V + D myon(@ 2%y + ) 1y (6) 7y
7s2n 3s2n 757

£ ma @)Xy + ) my(6) 2%
3<7 27
= |Egam X7y + |Egoan |23y + [Epn|xy” + [Epnla?y” + |Eqnlx?y”
M(CTW,; x,y) = nx”y?™ + nx3y?" + nx”y” + 2nx3y” + 2nx?y’.
Corollary:3.8

If CTW,, is a Crown triangulated wheel graph, then
(1) Ml(CTWn) =4n% 4+ 62n
(iii) MI*(CTW,) = 38;4‘;35
2
(iv) SDD(CTW,) = W
8nZ+20n 311n
(v) H(CTW,) = s 4 2
(vi) ISI(CTW,) = % %
vi)F(CTW.) = 8n3 + 378n.
n

Proof:

The M-polynomial of a Crown triangulated wheel graph CTW,, is given by
M(CTW,; x,y) = nx”y?™ + nx3y?" + nx”y” + 2nx3y” + 2nx2y’.
Using the expressions from Table 1, we have

af (x,
D, = x% = 7nx’y*" + 3nx3y?" + Tnx"y” + 6nx3y’ + 4nx?y’
of (x,
D, = }’% = 2n%x7y?" 4+ 2n%x3y?" + Tnx7y7 + 14nx3y’ + 14nx?y’
xf(t, y) nx7y2n nx3y2n nx7y7 2nx3y7
S, = dt = + + + + 24,7
* fo t 7 3 7 3 Y
y X, t x7 2n x3 2n nx7 7 an3 7 anz 7
5y=ff( )dt=y+y+ Y, Y, y
.t 2 2 7 7 7
Therefore,

M, (CTW,) = (Dy + Dy)(M(CTWn; X, y»lx:y:l = 4n® + 62n
M,(CTW,) = (DyDy))(M(CTWy; %,¥)) | x=y=1 = 20n* + 119n
38n + 35

147
20n% 4+ 317n + 105
SDD(CTW,) = (DxSy + Dy S )(M(CTWy; X, ) |x=y=1 = 21
8n? + 20n N 311n
4n? +20n+21 315

M (CTW,) = (sty)(M(CTWn;xr y))|x=y=1 =

H(CTW,) = 285, ] (M(CTWy; %, Y)) |x=1 =
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40n® +84n*  973n
ISI(CTVVn) = ZSx]Dny(M(CTVVn;x'y))lx=1 = 4n? +20n + 21 + 90

F(CTW,) = (DxDy + DyD,)(M(CTWy; X,¥))|x=y=1 = 8n° + 378n.

IV. CONCLUSION:

In this paper we have obtained M-polynomials of some wheel related graphs using this some degree based topological indices of
these graphs are derived. The advantage of M-polynomial is that, from that one expression we can obtain several degree-based
topological indices.
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