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M-POLYNOMIAL OF GENERALIZED TRANSFORMATION
GRAPHS

B. BASAVANAGOUD AND GOUTAM VEERAPUR

ABSTRACT. In this paper, we show geomertric-arithmetic index (GA) can be
obtained from the M-polynomial of a graph by giving a suitable operator and
obtain M-polynomial of generalized transformation graph G and their comple-
ments. Furthermore, we derive some degree-based topological indices from the
obtained polynomials. The topological indices play an important role in deter-
mining physico-chemical properties of chemical graphs and topological indices
such as the Randic index, geomertric-arithmetic index are used to predict the
bioactivity of chemical compounds, among them the degree-based topological
indices can be easily driven from an algebraic expression corresponding to the
chemical graphs called M-polynomial.

1. INTRODUCTION

Throughout this paper, by a graph G = (V, F) we mean a simple, undirected
graph of order n, size m. let V(G) be the vertex set and E(G) be the edge set of the
graph G. The degree dg(v) of a vertex v € V(G) is the number of edges incident
to it in G. Let {v1,va,...,v,} be the vertices of G and we denote d, = dg(v).

The generalized transformation graph G*Y, introduced by Basavanagoud et al.[5]
is a graph whose vertex set is V(G) U E(G) and «, 8 € V(G*™). The vertices o and
0 are adjacent in G*Y if and only if (a) and (b) holds:

(a) a,B € V(G), a, 8 are adjacent in G if x = 4 and «, [ are not adjacent in
Gifer=—
(b) @« € V(G) and B € E(G), a, B are incident in G if y = + and «, 8 are not
incident in G if y = —.
One can obtain the four graphical trasformation of graphs as Gt+, GT—, G~ and
G~ 7. An example of generalized transformation graphs and their complements are
depicted in Fig[I] Note that, G*¥ is just the semitotal-point graph of G, which was
introduced by Sampathkumar et al.[I9]. The vertex v of G*¥ corresponding to a
vertex v of G is referred to as a point vertex. The vertex e of G*Y corresponding
to an edge e of G is referred to as a line vertex.
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Proposition 1.1. [5] Let G be a graph with n vertices and m edges. Let u € V(Q)
and e € E(G). Then the degree of point and line vertices in G*Y are:
( ) +( ) = 2d(;(u) and dG++ (e) =2
(ii) dg+—(u) =m and dg+—(e) =n —2
(iii) dg-+(u) =n—1 and dg-+(e) =2
(iv) dG__( J=n+m—1-2dg(u) and dg--(e) =n — 2.

The complement of G will be denoted by G. If G has n vertices and m edges,
then the number of vertices of G*Y is n + m. By Proposition and taking into
account that dg(u) =n — 1 — dg(u), we have the following proposition:

Proposition 1.2. [B] Let G be a graph with n vertices and m edges. Let u € V(Q)
and e € E(G). Then the degrees of point and line vertices in G*¥ are:

(i) dgzw(u) =n+m —1-2dg(u) and dgz(e) =n+m —3
(ii) dG+ (u) =n—1 and dgz=(e) =m +1
(iii) dg=—(u) =m and dg=—(e) =n+m —3
(iv) dg=—(u) = 2dg(u) and dg=—(e) = m + 1.

FicURE 1. The graph G, its generalized transformations G*Y and
their complements G*v.

In this paper, we obtain the M-polynomial for some degree-based topological
indices of generalized transformation graphs G*¥ and their complements G*Y. The
general form of degree-based topological index of a graph is given by

TI = Z flda(u),da(v)),

uwveE(G)

where f = f(x,y) is a function appropriately chosen for the computation. Table
gives the standard topological indices defined by f(x,y).

The M-polynomial was introduced in 2015 by Deutch and Klavzar [7] and is found
useful in determining many degree-based topological indices (listed in Table .

Definition 1. [7] Let G be a graph. Then M -polynomial of G is defined as
G z y Zmz] €T ij

1<j



EJMAA-2020/8(2) M-POLYNOMIAL OF GENERALIZED TRANSFORMATION GRAPHS 307

Where m;;,1,5 > 1, is the number of edges uwv of G such that {dc(v)),dc(v)} =
{i,7} ). Recently, the study of M — polynomial are reported in [9] 16} 17, I8, [6]
4,13,

Table |1| was given by Deutch and Klavzar to derive degree-based topological
indices from the M-polynomial.

TABLE 1. [7] Derivation of some degree-based topological indices
from M-polynomial.

Notaion Topological index f(x,y) derivation from M(G;z,y)
M, (G) First Zagreb T4y (Dy + Dy)(M(G; z,Y))|p=y=1
M>(G) Second Zagreb xy (DaDy)(M(G; 2,Y))|z=y=1
M3 (G) | Second modified Zagreb ﬁ (S35)) (M (G; 2, Y)) |p=y=1
Sp(G) | Symmetric division index % (D3 Sy + DySy)(M(G; 2, y)) |a=y=1
H(G) Harmonic ﬁ 28 J(M(G;2,9))|z=1

I,(G) Invesre sum index % SzJ DDy (M(G;2,y))|z=1
R.(G) General Randic index (zy)“ DDy (M (G5 2,y))|le=y=1

of (z of(x i T,
Where D, = 2200 p, = 8w g — (o iltng g, = [vIeDgy

D¢ = D (DY) (f(z,y)) and J(f(x,y)) = f(x,x) are the operators.

The Table [2| which gives operators to derive general sum connectivity index, the
first general Zagreb index, and general Zagreb index from M — polynomial.

TABLE 2. [3, 4] New operators to derive degree-based topological
indices from M-polynomial.

Notation Topological index f(z,y) derivation fromM (G; x,y)
Xo(G) | General sum connectivity [12] (x+y)” DS(J(M(G;x,y)))|w=1
MG First general Zagreb [15] ey (DY + DY (M(Gs 2, y)) la=y=1

M,)(G) | General Zagreb index 28] [ 2%y® +ay* | (D2D} + DS D3)(M(G;x,y))le—y—1

Note 1. The hyper Zagreb index is obtained by taking oo = 2 in general sum
connectivity index.
2. Taking a = 2, 3 in first general Zagreb index. First Zagreb and forgotton
(F-index) topological indices are obtained respectively.
Vukicevié¢ and Furtula [2I] proposed index named the geometric-arithmetic index,
let G be a simple graph with the vertex set V(G) and the edge set E(G). The
geometric-arithmetic index (GA index for short) of G is defined as

24/dyd,y

GA(G) = P

weE(G)

The Table |3] is given by us which gives operator to derive geometric-arithmetic
index from M-polynomial.
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TABLE 3. [20] Operator to derive geometric-arithmetic index from
M-polynomial.

Notation Topological index f(z,y) derivation from M(G;x,y)
1
GA(G) | Geometric-Arithmetic index [10] 2@,@ 25, JDx 2 (M(G;2,y))|z=1

2. M-POLYNOMIAL OF GENERALIZED SEMITOTAL POINT TRANSFORMATION
GRAPHS G®Y AND THEIR COMPLEMENTS GZ%Y

In this section , we obtain M-polynomial of generalized semitotal point graph[5].
Namely GtF, Gt—, G=F, G~ and their complements G++, G+—, G—+, G——
respectively. Also, we derive some topological indices of these graphs (mentioned
in Table and [3)) from the respective M-polynomial.

Theorem 2.1. If G is any graph of order n and size m with the M-polynomial
M(Giz,y) =3 i< mij(G)xiyj, then
G++ Zm” 21 2] + Z dG Uz Qz
1<j §<i<A

Proof. Let GT be the transformation graph of G has n+m vertices and 3m edges.
Using the Proposition [I.1] we have dg++ (u) = 2d¢(u), dg++ (€) = 2. Therefore, the
edge partition of G+ is given by

|Ef2i, 23] = |uw e E(GT):dy, =2iand d, = 2j| = m;(G)
|Eo, 2] = |uv e E(GTT):dy =2 and d, = 2i| = da(vy).
From the definition, The M-polynomial of G™7 is obtained below.
M(GtTz,y) = Zmij(G++)x y’

i<j

§ : 21 23 § 21
= m”( J + dG Uz

i<j I<i<A

Corollary 2.2. If G is any r-regular graph of order n and size m, then

nr
MGt 2,y) = 5 — 2y 4 nra?y?T

Corollary 2.3. If GT be the trasformation graph of any r-reqular graph G, then

1. My(GtT) = 2n7‘(2r +1),
2. Ma(GTT) =nr?(r +4),
3. My (GH) = niten)
4. Sp(GT1) = n(2r T 1)
_ n(r+5)
5 H(G™) = Ty
_ nr(5r4r?)
6. I (G+) = iErir)
7. R (G++) = p22apatl ( 2—1—2)
8. Xa(GTT) = nrotl(2)2e=t 4 nr(2 + 2r)2,
9. M (GH) = rap20-1 4 20-1ny,
10. Mg ) (GTT) = n2atbpatbtl 4 nrb+12“+b + n2etbpatl
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11. GA(GtT) =

M-POLYNOMIAL OF GENERALIZED TRANSFORMATION GRAPHS

nr  (n)@F @

1+r

Proof. Let M(G™;2,y) = f(z,y) = %2 y*" + nraz?y®". Then we have

DID; (f(z,y) =

nT2ZC2Ty2T + Qnr:czyQT,
nr2x2ry2r 4 2n7,,21,2y2r’
2nr3x2ry2r 4 4n7,2$2y2r’
N op op | N o oy
—x —x
YTy
W oop op | T 9 o
—x - ,
Y Ty

2r, 20 |, TV 2 op
—T + -z ,
(8r) y 4 y
%x2ry2r+nx2y2r,

nr
?IQTyQT‘ + TL’I"l‘Qy2T,

(27, az2ry2r 4 (TLT‘)(Q)QLL’2y2T,

(21" az2ry2r 4 (TLT‘)(Q’I")Q;E2y2T,

[\

(

(20)°(20)" a2y + (nr) (20" (2) 4%,

iy

nr
2
nr
2
nr
2
nr a b, .2r, 2r b a2, 2r
- @) @r)a™y™ + (nr)(2r)°(2) 27y,
nr

—_ r

2

)
)

(2r) (20 ™y + (nr) (2r) ()22,
)
)

21")%3:2”3/27” + (nr)2%x2y2r,
T (2r) Ty (nr)(2r) 22y,
%(ZT)xQTyQT 423 (nr)(2r)%x2y2’".
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Using the Theorem [2.1] and column 4 of Tables [T} 2] and [3] We get the desired

result.

Theorem 2.4. If G is any graph of order n and size m, then

M(G* sz,

y) = ma™y™ + m(n — 2)x" " 2y™.

O

Proof. The GT~ be a transformation graph of any graph G, has m + n vertices,
and m + m(n — 2) edges. Using the Proposition we have dg+- (v;) = m and
dg+—(e;) = n — 2. Therefore, the edge partition of GT~ is given by

|E{m,m}| =
|E{n72,m}| =

luv € E(GT™):d, =m and d, = m|=m
luv € E(GT7) :dy, =n —2 and d, = m| = m(n — 2).

From the definition, The M-polynomial of GT~ is obtained below.

M(G"5z,y)

= |Emmy 2™y + |Efn_amyl2

= Y my (@Y

i<j
n—2, m
Y

n—2, m

= mz"y" +m(n—2)z" "y



310

B. BASAVANAGOUD AND GOUTAM VEERAPUR EJMAA-2020/8(2)

d

Corollary 2.5. If GT~ be the trasformation graph of any graph G, then

L. My(GT7) = m(mn +n? + 4 — 4n),
2. MQ(G+_) = mQ(m+n2 44— 4n)’
N
4. SD(G+—) =(n— 2)2 +m(m+2),
— n4+2mn—3m—2
= m-(n+m—2)+2m~(n—2
6 1,(G1) = 2 Damacar
7 Ra(GH) = mt o 2)et,
8. Xa(G+_) = 2patl 4 m(n - 2)(m +n— 2)(1’
9. M{(GT7) =2m* + m(n — 2)* + m*(n — 2),
10. M(a,b)(G+*) — omoatbtl 4 mb+1(n - 2)a+1 + ma+1(n _ 2)17“7
- m% n—2 %
11. GA(GH )_m+2<m(+n_; '

Proof. Let M(G*~;z,y) = f(z,y) = ma™y™ + m(n — 2)2"~?y™. Then we have
Dy (f(z,y) = mzxmym +m(n— 2)2$n—2ym’
Dy(f(z,y)) = m2z™my™ + m2(n _ 2)xn—2ym’

DyDy(f(z,y)) = m’z™y™ +m®(n —2)%a""y"™,
S;E(f(.]}" y)) = l‘mym + mxn—Qym’
Sy(f(z,y)) = a™y™ + (n—2)z" Y™
1 - m
SaSy(f(@,y)) = Ew’”y’” + " 2ym,
DS, () = mamy+ (n— 2y
DySa(f(w,y)) = ma™y™ +mPa" 2y,

Dg(f(z,y) = m Tla™y™ +m(n—2)* 2" 2y™,
Dy(f(z,y)) = mHa™y™ +m(n—2)2" 2y,
DgDZé(f(x’ y)) m2a+1$7nym + moz"rl(n — 2>a+1l’n—2ym7

DD (f(z,y) = moTHgmym 4ty — g)etign-2ym,
DYDY (f(z,y)) = motHgmym g et (n — g)tign-2ym,
1
Di(f(x.y) = mmEa™y™ +m(n—2)(n - 2)ia"2y",
1
Dj(f(z,y)) = mm%xmym +m(n — 2)m%$n_2ym7
1 1
D2D;(f(x,y)) = mPa™y™ +m(n—2)m*(n—2)22""2yma"2y",

Using
result.

the Theorem [2.4] and column 4 of Tables 1, 2, and 3. We get the desired
O

Theorem 2.6. If G is any graph of order n and size m, then

Proof.

MG z,y) = ((3) —m) a" ty" =t + 2ma?y" 1t

The G~ be a transformation graph of any graph G, has n + m vertices,

and ((g) + m) edges. Using the Proposition we have dg-+(v;) = n — 1 and
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dg—+(e;) = 2. Therefore, the edge partition of G~ is given by

|Efn-1n-1}] = |uwe E(G ") :dy=n—1landd, =n—1| = ((g) - m)
|Eon—1y| = |lweEG):d, =2andd, =n—1| =2m.
From the definition, The M-polynomial of G™ is obtained below.
M(G™Fm,y) = 3 mij (G~ Pyl = ((5) —m) "Ly~ + 2ma?yn L. O

Corollary 2.7. If G~ be the trasformation graph of graph G, then

1. Ml(G— )—2(( ) —=m)(n—1)+2m(n+1),

2. M>(G =((5) —m) (n—=1)% +4m(n — 1),

3. My(G- +> (G)zm)n ) mn 1

4. Sp(G=H) =2((3) —m) + %

5. H(G—) = (n+1)((3)-m ” )1+4m(n 1)

6. 1(G) = (BNt

7. Ro(G™F) = ((72) — m) (n —1)2 + m2ot(n — 1),

8. Xa(G™F) = ((5) —m) (2n — 2)* + 2m(n + 1)°,

9. MG =2((5) —m) (n = )t +2m(2* 1 4 (n — 1)),

10. M (G=F)=2((5) —m) (n— 1) + 2m(2%(n — 1)* + 2°(n — 1)?),

11. GA(G™*) = (3) —m + 22mnD2

Proof. Let M(G~T;2,y) = f(z,y) = ((5) —m) 2" 'y" ! + 2ma?y™~*. Then we
have

Do) = ((5)=m) 0=ty

Dy(sen) = ((5) = m) =Dy 2l - ety

Dy(sen) = ((5)=m) =Dy 2l - 1ty
0.0, = ((5) = m) (= 02y )y,

S = L ZManopo gy

Sy = BT pntymry 20
S:5,(f(z.y)) = wy+ﬂly

D Sy(f(z,y))

|
—
—
o3
N
I
3
N
8
e
L
w
e
L
_|_
|
—_
8
[V
S
e
L

DySe(f(z,y))

I
R
A
o3
=
\

3
N
8

3
L
<
3
o
+
3
~—
3
—
S~—
)
<
3
AN
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De(iea)) = ((5) - m) vty ey,
D5 (flay) = (0= 172"y 4 2m(n = 1)y,
DEDS(f@y) = (n— 120yt m2eH (= 1)y,
DEDL(f(@.y) =

DDy (f(z,y) = (n— 1)t lyn=l 4 m2b*l (n — 1)%2%y" 1,

ol

Dz (f(x,y) =

Di (f(z,y) =

)
)
- m) (n—1)* T Lyt 4 2ot (n — 1)P2?y"
)
)
)

D!} = (

Using the Theorem [2.6] and column 4 of Tables and [3] We get the desired
result. (]

Theorem 2.8. If G is any r-reqular graph of order n and size m, then

M(G__;xvy) _ <(’;L> _ ’I’L2’f’> x2n+nr2—2—4ry2n+n7~2—2—47~ +%(n_Q)xn_2y2n+nwé—2—4T )

- . n(2+r)
Proof. The G~ be a transformation graph of any r-regular graph G, has —=5—

vertices, and (72’) + % — % edges. Using the Proposition we have dg--(v;) =
2ntnr 2248 and dg--(e;) = n — 2. Therefore, the edge partition of G~ is given

by

_2n+4mnr—2—4r 2n+nr —2 —4r

5 and d, = 5

w € E(GT7) :dy

- ()%

= |uv€E(G"):du:n—2anddvzn+m—1—2r|:%(n—Q).

‘E{ 2n4nr—2—4r 2n+nr—2—4r}
2 ’ 2

‘E{n7272n+n7‘2—2—47‘}
From the definition, The M-polynomial of G~ is obtained below.
M(G™ s z,y) = Zmij(fo)xiyj

1<

_ <(’g> B ’n;r) x2n+”n,7‘2—2—47‘y2n+n7‘2—2—47‘ i %(n B Z)xn_2y2n+n7‘2—2—47‘.

O

Corollary 2.9. If G™ be the trasformation graph of any r-reqular graph G, then
L MU(GT7) =2((5) — 15) (BHE2=tn) 5 (n=2)2 4+ 5 (n—2) (B2,
2. My(G7) = ((3) — 1) (Betmn2=iny2 iy ( — 2)2(2nbmr2=dr),
3. Mp(G—) = G %) 5

_ 2 2 + 2
(2n+nr—2—4r)2 2n+nr—2—4r?
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—— nr n—2 nr

4 Sp(G=)=2((3) = %) + 52 | (20 4o — 2 — d),
- H(G ) 2n(+(m)“ ;é)lr + 4n2f7:£71:327)4r’

((5)-= )(2n+"r 2—-4r) | nr(n—2)2(2n+nr—2—4r)
6. 1 (G ) + 4(4n+nr—6—4r) ’
7. Ra(G) = ((2) — %) (etansmtnye iy o (Bntmspoteye
8. Xa(GT7) = ((g) —%) (nr+2n—2—4r)> +"27"(n_2)(W) 7
9. M{l(G——) =9 (’g _ nr) 2n+nr 2— 4r)(2n+nr 2— 4r)a—1 + M(?’l— 2)a

, inr( (2n+nr 2— 4T)a 1

10. M(a,b)(Gii) =

2 72L) _ 7) (2n+nr2 2— 4r)a+b+ nr (n 2)a+1(2n+nr2 2— 4r)b
, +7(TL 2)b+1(2n+nr2 2— 4r)

)

1. GA(G=) = ((7) — =) + nr(n=2)8 2% @ntnr—2-art

2n+nr—2—4r

L n o 2n4nr—2—4r 2ntnr—2—4r
Proof. Let M(G™ ;z,y) = f(z,y) = ((5) = %)z p Y p
2ntnr—2—4r
+ 2 (n —2)a" 2y g .
Then we have

Dy (f(z,y)) = y

\

‘ 3
~——
N

2n+nr —2 — 47") 2ndnr—2—4r 2n4nr—2—4r
T Pl p)

2
2n4nr—2—4r
2 2, n—2 f

(

A
e = ((3)-%

s

(

N

)

2n+nr —2 —4r 2ndnr—2—4r 2n4nr—2—4r
€T 2 y 2

) (5
%(n o) (Qn + nr2— 2 — 4r> x”_QyM{Q_“,
D.Dy(f(z,y)) = 721 _ 7;) 2n + m’z— 2— 4r> T
%(n _9)? <2n + n7‘2— 2 — 47‘) R
Su(f(o)) = BT E) s s g e
Sy(f(zy) = anf%tz :2%7;)4rx”+m’1’2ry”+m*1*2T + 5 47:7;1(?__22)_ oy
SeSy(f(x,y) = (2ni(7(l;;)__2n2i)4r>2x%*”@2“y%”@?“ + o mf’i o 4r$n—zyw’

2n4nr—2—4r ntnr—2—4r _22 o
DISy(f(xvy)) - (n> —m) aj‘z + 2 22 y2 + 3 2-4 + nr(n ) xn_Qy%

2n+nr—2—4r)

)

_ ) mn+m—1—2ryn+m—1—2r + m(n +Tm—1— 2r)xn—2yn+m—1—2r7

n nr 2n +nr — 2 — 4r @ 2n4nr—2—4r 2ntnr—2—4r
2) "2 2 vy

(TL B 2)a+1zn72y2n+nr272747‘

D3 (f(z,y) =

(
Dys.re) = (
(
.

)
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o n nr 2n+nr —2 —4r Y dnr—2-4r 2ninr—2-4r
Dyt = ((5) =) () ey

+%(n - 2) (2n + ’I’L’[“Q— 2 _ 4T>a xn_2y2”+nT27274r ’
oo n nr\ [ 2n4nr —2 —4r\*Y zatnc—2-ar zninr—a-ar
Do) = ((5) ) (PR ey
+%(n - 2)a+1 <2n + ’I’LT’Z— 9 _ 4’]°> @ mn_2y2n+nr2—2f4r ,
DgDZ(f(x, y)) _ ((;L) 7 7;7“) <2n + n'r'2— 2 — 4?">a+b $27L+n1'272747'y2n+n7'272747'
b
+%(n _gat (2n + m’; 2— 4r> T
b ma n nr m4nr—2—4r\“"" sninrooar ntm—1—2r
Dny(f(-ray)) = 2] " o 2 z 2 Y
nr o2n+nr—2—4r\* 9 Zntnr—2-dr
+2(n—2)"+1< 5 ) Ry
1
Dé (f(]j, y)) _ ((7;) o (271 + 77,7"27 2 — 41") 2 .r2n+711‘2—2—47‘y2n+n7‘2—2—41‘
er(n . 2)%:1:” 2 2’n+'n.'r‘ 2—4r
Dy% (f(;(;, y)) _ ((;@) o 2n+nr —2 —4r\ 2 x2n+nT2 2-4r  2nnro2-4r
11 n n 2n +nr — 2 —4r 2n+m 2—4r 2n+m 2—4r
oivjuen = ((5)-5) (" v
+%(n —2)% (2n . nr2_ e B

Using the Theorem 2.8 and column 4 of Tables [T} 2] and [3] We get the desired
result. ]

Theorem 2.10. If G is any r-reqular graph of order n and size m, then

nr
_— n nr 2n4nr—2—4r 2ntnr—2—4r —_ 2n+nr—6 2n4nr—6
. — 2 — a0y, 3
M(G*tz,y) = ((2>—2>m 2 y z +<2>x z oy 2
nr 2n+nr—2—4r 2n4nr—6
—&-—2 (n—2)x 2 2

o . n(2+r)
Proof. The G*+ be a transformation graph of any r-regular graph G, has —=5—

vertices, and (") + (M) + 3% edges. Using the Proposition we have dg=(v;) =
MQQ‘” and dgr+(e;) = W. Therefore, the edge partition of G+ is given




EJMAA-2020/8(2) M-POLYNOMIAL OF GENERALIZED TRANSFORMATION GRAPHS 315

by
— 2 —2—-4 2 —2—4
‘E{ ntnro2-d4r Zntnro2-dry = |uv € E(G++> tdy, = nt m"2 " and d, = n+ m"2 r
_ n nr
- \2 2
— 2n+nr —6 2n+nr —6 ar
‘E{ 2n+;m‘7672n+;1,r76} = uv € E(G++) : du = f and dv = f = ( ; >
—_ 2 —2—-14 2 -6
‘E{ 2n+n'r27274'r72n+72wf5} = uv € E(G++) : du = nt 7'”"2 " and dv = TH_;LT‘
nr
= n—2)
From the definition, The M-polynomial of G*+ is obtained below.
M(G*tHay) = Zmij(G++)m y’
i<j
n nr Znnrod—dr  Intnroz—dr + % 2ninr=6 2ninr—6
- - T
2) 2 )" Y 2 Y
+%(n _ 2)x2n+n7‘272747‘y2n+;1.r76
0

Corollary 2.11. If Gt be the trasformation graph of any r-regular graph G, then
1. Ml(W) -9 ((721) _ %> (2n+nr27274r)+2<?) (2n+721r76)+%(n_2)[(2n+nr27274r)
T (277,+g,7‘—6)]7
. MQ(F) _ ((721) _ n2r) (2n+nr2—2—4r)2+(%) (2n+gr—6)2+%(n72) (2n+;zr—6) (2n+nr2—2—47‘) ,

4((3)=%) 4(7)
. Mm(G++) (2n+nr—2—4r)2 + (2n+nr—=6)2 + (2n+nr—2—4r)(2n+nr—=6)°

2
3

L Sp(@) =2((3) = %) +2(5) + 0= (2e) o (gt
5 o((3) %) +(2n2(”) +2nm("_2)

2(n—2)

(G++) (2n+nr— 2 4r) +nr 6) 4+nr—4—2r"
6. I (G++) ( ) )(2n+nr 2— 4r)+( 2 )(277:-77,7“—6) nr(n— 2)(27221rnr2 44r%gn+nr 6)
7. Ra(GFF) = ((3) - %) (rbne2etn)® () (2bprs6)™
+ 5 (n—

2) (2n+nr2—2—4r) (2n+;zr—6)o‘ ,

8. Xa(GTH) = ((5) = %) 2n+nr—2—4r)* + (?)(271 +nr—6)“
+ 5 (n—2)(2n +nr —4 —2r)°,
0. My (@) = 2((3) - ) (Butaspzte) Ly o) (gt
+ %(’I’L _ 2)[(2n+n7‘27274r)(’_ + (2n+727,r 6)0‘ ]’
10 Mo (GFF) = 2((3) — ) (Remtms2tn) ™™y o () (2mge=t) ™
+ %(n _ 2)[(2n+nr27274r)a (2n+72m" G)b]

1. GAGT) = ((3) ) + () + metinsas il ann-nd

S o3

\V]

)

P?”OOf. Let M(W, z, y) _ f(x, y) _ ((g) _ %) x2n+nr2—2—4ryzn+nr2—2—4r +(?)x2n+g,r—6 y2n+g,7‘—6
2n+m 2—4r 2n4nr—6
2

+Q(TL*Q) Yy
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Then we have

Da(fan) = (
.

2 2 2

% 2n+nr —6 2ntnr—6 ninr—o
2 2 * 4
r

2n+nr —2 —4r 2ntnr—2—4r 2ntnr—6
n — 2) 9 z 2 y oz )

(
n nr 2n +nr —2 —A4r Zntnro2—dr  Znfnro2-dr
2] 2 2 . 4

% 2n+nr —6 2n4nr—6 2n4nr—6
IR — 2 Yy pl
2 2

2n+nr —2 —4r 2ntnr—2-4r 2ninr—6
B T 2 y oz )

n nr\ 2n+nr—2—4r Indnr—2—4r 2nfnr—2—4r
D0, = ((5) -5 ) B e s

n <Tg) <2n + 727,7" — 6) 2 z2n+gr76y2n+gr76

n nr 2n+nr —2 —4r 2ndnr—2—4r 2n4nr—2—4r
- — T Pl Yy 3
T

/N 7N

+
Dy(fla.y) = (
+

+m(n —2) <

nr 2n+nr—2—A4r 2n+nr—2—A4r ntnr—2-4r 2ntnr—
gy (B2 (B R 2T e s
Sl(f(Z', y)) _ 2n2—£ (;2 : 27_)4Tx2n+n7‘2—2—47‘ y?n,+w,r2—2—4r n » i(fr)_ 6x2n+121r—6 y2n+gr—6
TLT(TL — 2) 2n+nr7274r2y72"+72””76
2n +nr — 2 — 4r ’
2 n - or 2n4+nr—2—4r 2n4nr—2—4r 2 % 2n+4+nr—6 2n4+nr—6
S(e) = 5, +((§2 - 22)47’) vy o +(;r) 6" Y
nr(n — 2) 2ntnr—2—4r 2n4nr—=6
B — 2 fy 2 N
2n+nr —6
4 n — B 2n+nr—2—4r 2n4+nr—2—4r 4 % 2n+nr—6 2n+nr—6
S5, = g (G- 2_)47«)2% gy ) ) .
n 2’!7,7“(71 — 2) 2n+n7‘2—2747‘y2n+g,7‘—6 ,
(2n+nr—6)(2n+nr —2 — 4r)
n nr 2n4nr—2—4r 2n4+nr—2—4r nr 2n+nr—=6 2n4+nr—6
DSy (f(z,y)) = (2)217 Ty e +<;)x Ty
+m“(n — 2) (2n +nr—2— 47‘) x2n+nT2—2—47‘ y2n+72m‘—6
22n+nr —6) ’
DySz(f(z7 y)) _ <g) . %I2n+nr272747‘y2n+’n7‘272747‘ + <;>I2n+’g7‘6y2n+§7‘6
+m‘( — 2)(21’L + nr — 6) 271+n7‘2—2—47‘ 271,+721'r—6
2(2n + nr— 2 — 4r) 4 ’
o n nr 2n+nr —2 —4r dnr—2-4r 2n4nr—2-4r
e = ((3)- %) (B ey s
or n+nr—6\% 2ntnr—6 2n4nr—s
(Bt

nr 2n +nr — 2 —4r « 2n4nr—2—4r 2n4nr—6
(n - 2) ) x 2 Yy 2 )



EJMAA-2020/8(2) M-POLYNOMIAL OF GENERALIZED TRANSFORMATION GRAPHS 317

. n nr 2n+nr —2 —4r Y pimr—2-4r  2ninr—2—ar
e = ((5)-%)( )

2 2 2
2N (24 nr —6\% 2ninrs 2ninr
Dy
nr n+nr—2—4r\% 2ninr—2-4r 2n4nr—6
+?(?’L — 2) 5 x 2 Yy 2 s
2a
o o n nr 2n+nr —2 —4r 2ndnr—2—4r 2n4nr—2—4r
(e = ((5)- ) (IR e
2c
2\ /2n+nr—6 ntnr—6 2ntnr—6
I ey
nr Mm4nr—2—4r\“ /2n+nr —6\" 2ninr-2-4r 2ninrc
+?(TL — 2) 5 5 x 2 Yy 2 ,
a n nr 2n+nr — 2 —4r atb 2n4nr—2—4r 2n4nr—2—4r
DDyt w) = (@)2)( 2 > oo
+ (TLQT) <2n +nr — 6) a+td 2ntnr=6 2ninr-c
sor 7 o oy 2
2 2
+%(n B 2) <2TL =+ TL’I“Q— 2 — 4T>a (2n + Z’r — 6>b x2W,+7z7‘2—2—47‘y2n+;7‘—67
n nr 2n +nr — 2 —4r a+b 2ndnr—2—4r 2nfnr—2—4r
neogisan) = ((3) -5 ) (B ey
% 2n+nr —6 atb 2n+nr—6 2n+nr—6
2 2 v
nr ntnr—2—4r\’ (20 +nr — 6\ zninr—2-4r zainr—o
202 . e B
D% (f(l‘, y)) _ ((;I,) _ TLQT) <2n + nTQ— 2 — 47‘) %x2n+n7‘2—2—47‘y2n+71'r2—2—4r
% 2n+nr —6 2 2n+nr—6 2n+nr—6
+ 2 2 S €T 2 y 2
nr 2n+nr —2 —A4r 3 2ntnr—2-4r 2ntnr—6
—|—7(n —2) 5 x 2 y oz,

1
1 n nr 2n +nr — 2 — 4r 2 opfnr—2-4r 2ntnr—2-—4r
Ditr = ((5) - ) (BRI e

i (Tg) (271 + ;LT — 6) %x2n,+gr—6y2n+72zr—6

nr 2n+nr — 6 3 2ntnr—2-4r 2ntnr—6
T e e
2 2
11 n nr 2n+nr —2 —4r 2n4nr—2—4r 2n4nr—2—4r
piofa) = ((3)-%) (B ey

i (Tg) <2n + ;LT — 6) $271+721,7‘—6 y2n+g7‘—6

nr 2n+nr — 6 3 2n+nr —2 —4r 3 2n4nr—2—4r 2n+4nr—6
+—(Mn—-2) x 2 yo oz .

2 2 2
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Using the Theorem and column 4 of Tables [I 2} and 3] We get the desired
result. O

Theorem 2.12. If G is any graph of order n and size m,then

M(F,x,y) — ((TQL) _ m) l.nflynfl + menflmerl 4 ('f;)l.erlmerl'

Proof. The GT— be a transformation graph of any graph G, has n + m vertices,
and (5) + (") +m edges. Using the Proposition we have dz7—(v;) = n—1 and
dgz=(e;) = m + 1. Therefore, the edge partition of G~ is given by

|En—in—13] = |lweBE(GT):dy=n—-1andd,=n—1]= (Z) -m
|Efn—1,mt1y] = |uww e BE(GT7):dy=n—1and d, =m+ 1| =2m
|Egmsimey] = |Jwe BE(GT):dy=m+1andd, =m+1| = (?)

From the definition, The M-polynomial of G*~ is obtained below.

M(GT=5z,y) = Y my(GF)a'y

1<j

_ ((Z‘) _ m) xn—lyn—l +2mmn—lym+1 + (7;7‘) xm+1ym+1.

Corollary 2.13. If Gt~ be the trasformation graph of any graph G, then

L My(GF2) =2(((3) = m) (n = 1)) + 2m(n +m) + 2 ((3)(m + 1)),
2. Ma(G*7) = ((g) -—m)(n—1)%+ Qm(n— D(m+1) + (5 (m +1)2,
3. MP(GF) = Ez)_]?l + B + gmjl)z, 2

4. Sp(GF)=2((3) —m) +2m (M) La(m),

(m+1)(n+1)

5. H(@T) =Bl g ()

6. I,(CGF) = ((;),,;)(n,l) 4 Zmlmtlen) (’5)02”“),

7. Ro(GT) = ((3) = m) (n — 1)** + 2m(m + 1)*(n+ 1) + (') (m + 1)%,
8. Xa(G;—): ((5) —m) (2n —2)* + 2m(m +n)* + (7)) (2m + 2)°,

9. M(GH) =2[((5) —m) (n— 1) +2m[(n — 1)*7! + (m+1)>~1]

5)
+2(7) (m+ 1)1,
10. Moy (GT7) =2[((5) = m) (n — 1)*F] + 2m[(n — 1)*(m + 1)
+ (n—1)%(m+ 1)+ 2(77) (m + 1)**,

1 . 1 1
o n 4m(n—1)2 (m+1 'y )(n—1)2 (m+1)2
1. GAGT) = ((3) - m) + tme=liment | (B DEC

L
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Proof. Let M(G+=;z,y) = f(z,y) = ((72’) — m) x”fly”*1+2mx"’1ym+1+(’;)xmﬂym“.

Then we have

Do (f(z,y))

Dy Dy(f(2,y))

Sz (f(z,y))
Sy(f(z,y))
S2Sy(f(x,9))
DySy(f(x,y))
DySa(f(2,y))

Dg(f(z,y))

Dy (f(x,y))

) _ m) (n _ 1)1,n—1yn—1 4 2m(n _ 1)xn—1ym+1 =+ (?) (m + ]_):E1’n—|-1:l/1n-i-17

n m
((2) _ m) (’Il _ 1)xn71yn71 + 2m(m + 1)In71ym+1 + (2)(m + 1)xm+1ym+1,
((Z) - m) (n —1)%2" "t L 2m(m + 1) (n — 1)z tymT!
n m
((2) — m) n—1,n—1 2m n—1, m+1 (2) m+1, m+1
n—1 = Y +(n71)x m+1. Y
ny _ 2 m
((2) m) :L,nfl n—1 m xnflmerl + (2) merl m+1’
n—1 m+1 (m+1)
((g) B m) n—1, n—1 2m n—1, m+1 (7;) m4+1, m+1
-1 " Y T nman” Y Tt Y

n - n—1 n—1 Qm(nil) n—1 m+1 m m+1 m+1
<2) m)x Y Jrim—l—l T Yy + 9 T Yy ,

2m(m + 1) xn—l m—+1
n—1

o3

N—— ~——
|
3

N———
8
3

|

_
<
3

|

_
+

Y
[\)

N———
&
3

+

—
<
3

+

—

n) - m) (n—1)*2" 1yt 4 2m(m + 1)% (n — 1)~y
Yoot ey,

n) B m) (n = 1) "ty 4 2m(n — 1) (m 4 1)y
g) (m 1) P tym,

n) - m) (n—1)22" Yy 1 4 2m(n — 1)72" Ly !

) ) e bt sy

>(m +1)2gmHymE
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n

PED3GEa) = ((2) - m) (e 1 DRy i D ey

m
+<2><m+1>%<m+1)51:7"“@/’““.

Using the Theorem [2.12] and column 4 of Tables[I] 2} and [3] We get the desired
result. d

Theorem 2.14. If G is any graph of order n and size m, then

M(G_+;.Z‘, y> —_ mxmym + (7;7‘) xm+n—3ym+n—3 + m(n _ 2)xmym+n—3.

Proof. The G~ be a transformation graph of any graph G, has n + m vertices,
and mn —m + (') edges. Using the Proposition we have dg—(v;) = m and

dsz—(ei) = m +n — 3. Therefore, the edge partition of G~ is given by

|Egmmyl = Juv € BE(G=%):dy, =m and d, = m| =
|Etmin—t1,min—1}| = |lwe E(G=):dy=m+n—-1andd,=m+n—1|= (ZL)
|E{m,m+n73}| = ‘U’U € E(G_+) tdy=mandd, =m-+n— 3| — m(n _ 2).
From the definition, The M-polynomial of G~ is obtained below.
MG~ *zy) = Zmi]‘(G—"’)xiyj
1<j
= Mg, m m m+n—3, m+n—3 m, m+n—3
= mry +<2)x Y +m(n—2)z™y .
O

Corollary 2.15. IfG be the trasformation graph of any graph G, then
1. :2m +2(3)(m+n—3)+m(n—2)(2m+n—3),
=m3+ (3)(m+n—3)2+m?(n—2)(m+n-—3),

= (%) (n—2)
( )= CEEE 2+ min-3)
SD(G—+ =2m +2(3) + =g + (m+n - 3)(n - 2),
_ (m+n=3)+(7) 4 2m(n=2)
m+n 3 2m—+n—3"
(Z‘)(m+n 3) | m%(n—2)(min—3)
+ 2m—+n—3 )

) 2”‘+1+( Y(m+n—3)2* + m*(n—2)(m+n - 3),
m* T+ (T)(2m + 2n — 6)* + m(n — 2)(2m +n — 3)*,

M{l( )f2m +2(3)(m +n —3)* +m(n — 2)[m™ + (m+n — 3)°],

?990.\1.@ .U‘ r’>.°°!\°
A

/\
Q‘

=

H

10. Mg p)(G=F) =2m*TL 4+ 2(") (m+n — 3)*T0 + m** (n — 2)(m + n — 3)°
, +m?*(n — 2)(m +n — 3)9,
3 1
1L GAGTT) = m o (3) + 2Lt

Proof. Let M(G™F:2,y) = f(z,y) = ma™y™ + (3)am+n=3ymin=3
+ m(n _ Q)mmym+n73.
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Then we have

Di(f(z,y)) = mPa™y™ + <Tg> (m+mn—3)z" "3y mP (n — 2)a™y" T,
Dy(f(z,y)) = m’z™y™ + (7721> (m+mn—3)z™ "3yt =3 Lom(n — 2)(m +n — 3)a™y" T,
DyDy(f(x,y)) = m’a™y™ + <m> (m+n—3)22™ "3yt Lom?(n — 2)(m +n — 3)a™y" T3,
S0 = amym s Ay gy
(3 5 s _9) y
S — m, m #)m+n3m+n3 Lmnﬂrnd
y(f(z,y)) Ty +m+n—3x Y +(m+n—3) ,
1 (%) (n—2)
SJ;S - _—m,m _\2) . m+n—-3, m+n—3 _\v sy m, m4An—3
W) m" Y +(m+n73)2x Y —‘_(ern—?))glj Y ’
m m2(n — 2)
Dz = m,, m m+n—3, m+n—3 e\ 4) m, m+n—3
DyS(fle)) = may o+ (g ) (= - 21y
m
Dg(f(z,y) = mTamy™ + (2 ) (m +mn — 3)%g™m T 3ymIn=3 L m(n — 2)m@a™y™ T3,
D;‘(f(sc, y)) — ma+1xmym + (g) (m +n— 3)amm+n—3ym+n—3
+m(n —2)(m +n — 3)*xmym T3
m - m-rn—
DIDy(f(x,y)) = m*Hamy™ + (2>(m 1 — 3)2agmin=3ymtn=3
+m® T (n — 2)(m +n — 3)%2x™ym T3,
m -3, m+n—
DgDZ(f({E, y)) = ma+b+1xmym + (2 ) (m +n— 3)a+bxm+n 3y +n—3
(i — 2ym (0 — 3P ey,
a a m._.m m a Mman—3 min—
DDy (f(x,y)) = mHHamy™ 4 (2>(m+n—3) FogmAnT3ymin=s
+m(n — 2)mP(m +n — 3) xMym T3,
1 L ) )
Dz (f(z,y) = mm2a™y™ + <1721> (m+mn —3)2a™ = 3ymHn=3 Ly (n — 2)ym2a™y™ T3,
3 i om,m m i m+4n—3, m+n—3
+m(n —2)(m+n — ?))éxmym-ﬁ—n—?)7
11 1
DiD;(f(r.y) = mmimia™y™ + (ZL> (m+n = 3)5 (m +n — 3)bameniymn

+m(n—2)(m+n— 3)%m%xmym+n_3.

Using the Theorem [2.14] and column 4 of Tables [} 2] and [B] We get the desired
result. O
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Theorem 2.16. If G is any r-reqular graph of order n and size m, then

M(G==;a,y) = Ba?y* + Yy +nra®ty e

—_— nr nr4+2 n1+2 nr4+2
(3)x = :

~__ . n(r+2)
Proof. The G=~ be a transformation graph of any r-regular graph G, has =5~

vertices, and (3 ) + 22° edges. Using the Proposition we have dg=—(v;) = 2r
and dz=—(e;) = "T; nrt2  Therefore, the edge partition of G“ is given by

|E2r 20y = |uv € E(G=7):dy =2r and d, = 2r| = 7127"
S nr+ 2 nr+ 2 nr
‘E{%7%} = |lweEG):d,= 5 anddvz2’=(;>
- 2
‘E{zr,%“} = lweEG ):d,=2randd, = nr2—|— ‘ nr.

From the definition, The M-polynomial of G~ is obtained below.

M(G=a,y) = Z Mij (G=)a'y’

1<j
nr
nr - nr+2 nr+2 nr+4+2
2 2
= 2xryr+<;>x2y +nra®ty 2.

Corollary 2.17. If G== be the trasformation graph of any r-reqular graph G, then

T

L M(G77) = dnr® + () (nr +2) + nr(252),
2 M) = 2nrt 4 ()2 4 nrlar +.2)
3. My (i A (7“”-4-2)2 T G2y
4 Sp(GT) = 2m“+2( ) + Gy
5 HG) =4+ 50 + i
Vo nr? (nr+2) nr o
6. (@) = 2+ Gl e,
T Ra(@) = BOr) + (5)( 0 4 nr(one (22
8 XalG7) = F(4n) + (3) (nr +2)7 + nr(5E2),
9 G——) =2m(2r)*! +2( )(m+ 1) 4 2m[(2r) "1 + (m 4+ 1)°7 1],

: 1
10. Mq,)(G=7) = nr(2r)* 042 3) (252) P bnr((2r) (21552 +(2r)" (2572) ],

1 1 1
e nr nr 22nr(2r)2 (nr+2)2
11 GAG™) = + (%) + Lol (riys
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nr+2 nr42 nr+2

Proof. Let M(G=—;a,y) = f(z,y) = Ba?y* + (§)a™2"y™>" + nra?ry™
Then we have

Dy(f(x,y)) = nr*a®y* + <ng) (”r; 2> 2Ty 4oy

Dy(f(z,y)) = nr’a®y* + (%T) <W2+ 2) x%“y%“ +nr <nr2+ 2> x%y%“,
DpDy(f(w,y)) = 2mr2®y™ + ";7) (m; 2)2x;2y2‘+2 + 27?2 (”T; 2> 2y
DySalfl@y) = %xwy% * (g)m;?yﬁ +ra?y T

nr or m“—|—2 @ nr+2 nr42 o » nr
De(fea) = Genren s (3)(M52) I ey,

a nr a,2r, 2r 5 nr+2 “ nr42 nr42
Dy = ey (3)(M2) amy

2\ nr
+nr(nT; ) xQTyT“,

or 2\°% nriz e
DD (e = e (5) (TF2) ey

N}

2 2

2 o nr+2
+nr (nr;— ) (2r) "y 2

a b nr a+b,2r, 2r % nr + 2 atb nrd2  nrg2

2 2 2

b
2 nmr
o (W;_ ) (2r)222y ™,
5 2\’ 2
DYDY (f(x,y)) = T;’”(Q,,)a+bx21«yzr+(2>(nr+ ) BT

2 2

AN nr
+nr (nr+ ) (2r)Px?ry 2

2

1
z nr NE s e
Di(f(a,y) = ’Z(?r)éx%y?w(z)(”” ) g

2 2

1 2 nr+2

+nr(2r)zaTy 2,

1 1
3 oL +2\2 nr +92\ 2 -
Di(re) = entet e (5) (M50) v (M52 ey,

2 2
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1
11 nr 2 nr nr 2\ 2 nr
DiDj (e = ey (3) (M) o (M2) ety
Using the Theorem [2.16] and column 4 of Tables and [3] We get the desired
result. (I

3. CONCLUSION

In the present paper, we obtained M-polynomial of generalized semitotal point
transformation graphs G*¥ and their complements and its degree-based topological
indices using the obtained polynomials.
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