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EDGE a-ZAGREB INDICES AND
ITS COINDICES OF GRAPH OPERATIONS

K. Pattabiraman and M. Vijayaragavan

ABSTRACT. In this paper, the edge a-Zagreb indices and its coindices of some
graph operations, such as generalized hierarchical product, Cartesian Product,
join, composition of two graphs are obtained. Using the results obtained here,
we deduce the F-indices and its coindices for the above graph operation. Fi-
nally, we have computed the edge a-Zagreb Index, F-index and their coindices
of some important classes of graphs.

1. Introduction

A chemical graph is a graph whose vertices denote atoms and edges denote
bonds between those atoms of any underlying chemical structure. A topological in-
dez for a(chemical) graph G is a numerical quantity invariant under automorphisms
of G and it does not depend on the labeling or pictorial representation of the graph.
In the current chemical literature, a large number of graph-based structure descrip-
tors (topological indices) have been put forward, that all depend only on the degrees
of the vertices of the molecular graph. More details on vertex-degree-based topo-
logical indices and on their comparative study can be found in [4,5,7,8]. The
topological indices are graph invariants which has been used for examing quanti-
tative structure-property relationships (QSPR) and quantitative structure-activity
relationships (QSAR) extensively in which the biological activity or other properties
of molecules are correlated with their chemical structures, see [3].

For a (molecular) graph G, The first Zagreb index M;(G) is the equal to the
sum of the squares of the degrees of the vertices, and the second Zagreb index
M>(@G) is the equal to the sum of the products of the degrees of pairs of adjacent
vertices, that is,
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218 PATTABIRAMAN AND VIJAYARAGAVAN

M(G)= Y di(w)= 3 (do(u)+dg(v)), Ma(G)= 3 da(u)de(v).
ueV(Q) uveE(G) uwveE(G)

The first and second Zagreb coindices were first introduced by Ashrafi et al. [1].
They are defined as follows:
Mi(G)= X (do(u)+da(v), M2(G)= 3 da(u)dg(v).
uww¢ E(G) uwvg E(G)

The forgotten topological indexor F-index was introduced by Furtula and Gut-

man [6], and it is defined as
F=FG)= ) diw= 3} (dg)+d3v)).
ueV(G) weE(G)
In this sequence, the forgotten topological coindex or F'-coindez is defined as
F(G) = X (dg(u)+dg(v)).
w¢ E(G)

Mansour and Song [19] are introduced the vertex a-Zagreb indez,edge a-Zagreb

index, and edge a-Zagreb Coindex. They are defined as follows

No(G) = > d*(v), Za(G) = > (d"(u)+d"(v)) and
veV(G) weE(G)

Z.(G) = > (d*(u)+d*(v)).

w¢ E(G)
One can observe that
No(G) = |V(G)|,N1(G) = Zo(G) = 2|E(G)

y NQ(G) = Zl(G) = M1(G) and

Similarly,
Zo(G) =2(5/ Ny —2|E(@Q)|, Z1(G) = M1(G), and Z2(G) = F(G).

Li et al. [15,16] studied the vertex a-Zagreb index in the name general first
Zagreb index. The same graph invariant is also being studied by various authors
in the name of general zeroth-order Randié¢ index, see [18,21,23,24]. For more
details, see [2,10-13,17,20,25,27] and [28].

Khalifeh et al. [14] obtained the first and second Zagreb indices of the Carte-
sian, join, composition, disjunction and symmetric difference of two graphs. Ashrafi
et al. [1] obtained the first and second Zagreb coindices of the Cartesian, join,
composition, disjunction and symmetric difference of two graphs. Graovac and
Pisanki [9] were the first to consider the problem of computing topological indices
of product graphs. Furtula and Gutman [6], established a few basic properties
of the forgotten topological index and show that it can significantly enhance the
physico-chemical applicability of the first Zagreb index. The hyper Zagreb indices
and coindices of some graph operations are presented in [22,26]. In this paper, the
edge a-Zagreb Indices and its coindices of some graph operations, such as general-
ized hierarchical product, Cartesian Product, join, composition of two graphs are
obtained. Using the results obtained here, we deduce the F-indices and its coindices
for the above graph operation. Finally, we have computed the edge a-Zagreb Index,
F-index and their coindices of some important classes of graphs.
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2. Main results

~ Let G be a graph on n vertices and m edges. The complement of GG, denoted by
G, is a simple graph on the same set of vertices of G in which two vertices u and v are

adjacent in G if and only if they are nonadjacent in G. Obviously, E(G) U E(G) =
E(K,) and |E(G)| = (3) — m. The degree of a vertex v in G is denoted by dg(v);

the degree of the same vertex in G is given by dg(v) =n — 1 — dg(v).

THEOREM 2.1. ( [19]) Let G be a simple graph on n vertices and m edges. For
all a > 1, we have

Za(@) = n(n — 17+ = 32 (S (=1) (n — 1) Z;(G).

Jj=0

THEOREM 2.2. ( [19]) Let G be a simple graph on n vertices and m edges. For
all a > 1, we have

Z,(G)=(n—1)Z4_1(G) — Z,(Q).
THEOREM 2.3. ( [19]) Let a > 0, and let G be a simple graph. Then holds

a

Zu(G) =, ($)(=1) (n = 1)*77 Z;(G).

3. Generalized hierarchical product and Cartesian product

A graph G with a specified vertex subset U C V(G) is denoted by G(U). Let
G and H be two graphs with a nonempty vertex subset U C V/(G). Then the
generalized hierarchical product, denoted by G(U)M H, is the graph with the vertex
set V(G) x V(H) and two vertices (g,h) and (¢’,h') are adjacent if and only if
g=9¢ €U and hh' € E(H) or, g9’ € E(G) and h = h'. The Cartesian product,
GO H, of the graphs G and H has the vertex set V(GO H) = V(G) x V(H) and
(u,z)(v,y) is an edge of GO H if u = v and zy € E(H) or, uv € E(G) and = = y.
To each vertex u € V(G), there is an isomorphic copy of H in GO H and to each
vertex v € V(H), there is an isomorphic copy of G in GO H. But in the generalized
hierarchical product, to each vertex u € U, there is an isomorphic copy of H and to
each vertex v € V(G), there is an isomorphic copy of G. In particular, if U = V(G),
then GOH = G(U)N H.

The following lemma is follows from the structure of the generalized hierarchical
product of two graphs.

LEMMA 3.1. Let G and H be graphs with S C V(G). Then we have

(7) The number of vertices of G(S) M H s |V(G)||V(H)|.

(i1) The number of edges of G(S)M H is |E(G)||V(H)|+ |E(H)||S].

(t7) If s € S and v € V(H), then the degree of a vertex (s,v) in G(S)MN H is
dg(g)(s) +dy(v).

(v) If s ¢ S and v € V(H), then the degree of a vertex (s,v) in G(S) M H is
da(s)(s)-

THEOREM 3.1. Let G and H be two connected graphs with S C V(G). Then
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a+1
Zu(G(S) N H) = 52 (N () ( 5 dgs) w)) + |V (H)| % dets )
= u; € ui ¢

PROOF. Let S be a nonempty subset of V(G). Hence

Z(G(S)NH) = Z (da(s)nu ((ui, )"
(ui,v;)EV(G(S)NH)

D> (o) +du(w)™ + Y Y (das)(u

u; €S v; €V (H) u; @S v; €V (H)
by Lemma 3.1,
a+1
_ a+1 a—t+1 a+1
= X X (et wdsen) + X Y d
u; €S v;€V(H) t=0 u; ¢S v;eV(H)
a+1
= (X dd @) (X duon) + VDY defs o
t=0 u; €S v; €V (H) u; ¢S
a+1
a 1 a 1 a+1
= S (X ) + VD) Y dt )
t=0 u; €S u; &S

O
Using Theorem 3.1 in Theorems 2.1 to 2.3, we obtain the following theorem.

THEOREM 3.2. Let G and H be two graphs with ni and no vertices and my
and mo edges respectively. Then

(i) Zo(G(S) T H) = N
nina(ning —1)*T =32 (577)(=1)! (nana — 1)~ Z@H)Nt(H)( > df (gJ)rl(Uz‘))Jr

§=0 t=0 u; €S

V(H)| > dlg ().

ui gU
(i) Zu(G(S) N H) = Y- ()Ni(H ) ey (o) lmna = 1) = Noya (B)]+
V() 2 des)ll + da(S)(ws)]
(iii) Zo(G(S)MH) =
SO a1 SN 5 ) + VD] S A )

By setting S = V(G) in Theorems 3.1 and 3.2, we obtain the edge a-Zagreb
indices of Cartesion product of G and H.

COROLLARY 3.1. Let G and H be two graphs. Then
a+1
() Zo(GOH) = 37 ({"1)Nat41(G) N (H).

t=0
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(Z’L) Z (GDH) = n1n2<n1n2 — 1)a+1_

3 ()1 mna — 1) § YN sa (G)NU(H).
() ZalGOH) = 35 (6)Na-o(G)N(H)(ms7z = 1) = No(G) Ny ()]

(i) Zu(@0H) = 35 () (-1 (nmz = 1" 52 ()N, ()N,

Using Theorems 3.1 and 3.2, we obtain the first Zagreb index and coindex of
G(S)MH.

COROLLARY 3.2. Let G and H be two graphs. Then
(i) My(G(S) M H) = |V (H)| My(G(S)) + |S| My (H) + 4 |E(H)| ZSdG(S)(Ui)'
u; €

(ZZ) Ml(G(S) [l H) = N2 ZS dg(s) (ul)[(nlng - 1) - Ml(H)} + 2m2[(n1n2 — 1) —

M V] S desgs) () (1 + desgs) (us)):

Using Theorems 3.1 and 3.2, we obtain the F-index and F-coindex of G(S)MH
COROLLARY 3.3. (i) F(G(S)NMH) =
V(DI FG(S)) + 15| FUR) + 6|EC)] X s () + 8M:(H) 3 dos ()
(i7) F(G(S)NH) =
n2 uzejs A&y s (ui)[(mine — 1) — F(H)] + 4mo ZS de(s)(ui)[(ning — 1) — F(H)]+

My (H)[(naing — 1) = F(H)] + [V (H)] Z 25y () (1 + ds) ().

By setting S = V(G) in Corollaries 3.2 and 3.3, we obtain the following corol-
lary.

COROLLARY 3.4. Let G and H be two graphs with ni and ny vertices and my
and mq edges respectively. Then
(ZZ) Ml(GDH) = 2(n1m2 + n2m1)(n1n2 — 1) — 8m1m2 — HQMl(G) — nlMl(H).
(z'v) F(GDH) = [(nlng — 1)7’1,1 — 6m1]M1(G) + [(n1n2 - 1)77,1 — GmQ]Ml(H) —
7’L1F(H) - TLQF(G) + 8(711712 - l)mlmz.

As an application of the above results, we give the formulae of the F—index
of P,0P,, (rectangular grid), P,0C,,(Cynanotube) and C,,00C,,(Cy nanotorus).
The formulae follows from Corollary 3.4.

ExampLE 3.1. (i) F(P,0PF,,) = 64dmn — 74m — 74n + 72.
(i) F(P,OC,,) = 2m(32n — 37).
(t31) F(C,0OCy,) = 64mn.
(iv) F(P,0P,,) = (4n* — 20n — 8m + 12nm + 8)(ning — 8nm + 14n — 1).
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(v) F(P,0C,,) = 2m(8n — 7)(niny — 8nm — 1).

(vi) F(C,OC,,) = 16nm[(niny — 1) — 8nm).

EXAMPLE 3.2. Let T = T'[p, q] be the molecular graph of a nanotorus. Then
\V(T)| = pq and |E(T)| = 2pq. Clearly, M;(T) = 9pq and F(T) = 27pq. For a
g—multi-walled nanotorus G = P17, by Corollary 3.4, F(G) = pq(125n — 122)
and F(G) = [(nine — 1) — nN3(T)][(4n — 6)No(T) + (4n — 4)N1(T) + nNo(T))].

Using Corollary 3.1, we obtain the following examples.

EXAMPLE 3.3. (i) Za(KnOKp) = nm(n +m — 2) éo( ) — 1)*"(m — 1)

(ii) Z.(K,,0P,,) = Zi:o(?)pnz(n — 1) 42" (n+n?)(n — 1) "(m —2))].

(i13) Zo(KnOCp) = nm ijo(g)[gr(n +1)(n— 1)),

EXAMPLE 3.4. (i) Zo(P,OC,,) =m Za: (#)[2%7F3 4 2972 (n — 2)].

r=0
(“) Za(CnDCm) nm Za/:o( )2a+2
( )[3( )a_T—H(n_Q)+3(2)T+1(m—2)+2a+2(n—2)(m—2)+8]_

Mp

(”7/) Za(PnDPm) =

r=0

4. Join

The join G, 4+ G2 of two graphs G; and G5 is the union G U G5 together with
all the edges joining V(G;) and V(Gs2). Hence the degree of a vertex v of G1 + G
is
da, (v) +[V(Ga)l],if veV(Gy)
da, (v) + [V(G1)],if v € V(Ga).
In general, for k graphs G1,Ga, ..., Gy, the degree of a vertex v in G; + Go +

-+ Gy is given by dgy4+Gst..4G, (V) = da, (v) + [V(G)] = [V(Gi)], where v is
originally a vertex of the graph G;.

dGl +G2 (U) = {

THEOREM 4.1. Let G; be k graphs, then for G = G1+Ga+ ...+ G, [V(G)] =
V(GO + ...+ [V(Gy)| then

2(6) = 5, SOV I= 1) Zuer GO+ 35 Vi S V1= Nemr (G ¢
52 IS VI = VD Naer G

PROOF. By the definition of Z,

Z(G)= Y (dg(uw) +dg(v)

uwv€EE(G)
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- > [(da, () + V] = [ViD)* + (da (v) + V] = |Vi)"]

43 303 [ ) + VI = Wil + (da, (o) + V] = Vil

i u€V; veV;
g

a

= > | @) (V] = Vi) +Z ORI

i=1 wweE(G;) r=0

AY Y Y (e wvi- iy +Z s (V] - 1ViDy]

i#j ueVyveV; r=0

i,j=1

= > > Z (V] = Vi)™ (d&, " (w) + d." (v))

=1 wweE(G;) r=

Yy me (VI =1V 2 a7 (w)

el uev;
+ ZIVIZ (V| =1vih)" Zd‘éf(v)
2 vev
SOV Wiz ZIV\Z ([V] — [Vi)" Nu—r(Gs)
=1 r=0 1¢J
+5 ZIVIZ YUV = 1Vi)" Na—r(G).
1#]

Using Theorem 4.1, we obtain the following theorem.

THEOREM 4.2. Let Gy and Gs be two graphs with ny and no vertices respec-
a ™ ™
tively. Zo(Gr + Go) = S (%) [ngza,r(c:l) 417 Zar(Ga) + M2 (g N, (Gy) +

r=0
nlNafr(G2))

Using Theorem 4.2 in Theorems 2.1 to 2.3, we obtain the following theorem.

THEOREM 4.3. Let G be a simple graph on n vertices and m edges. Then

(i) Za(G1FC) = (m+na)m +na = 1) = 3 (=1 (mr-+mp=1)° 7 2 (0)
(15251 (G1) 4 0§ 25 (Ga) + "5 (2N (G1) + 1Ny (G2))]

a—1

(i1) Za(Gr+G2) = (m1 412 =1) T (071 [15Zar-1(G1) +11 Za 1 (Go) + 4™
r=0
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a

(n2Na-r-1(G1) + 11 Nuw1(G2))| = 32 (2) [m5Za-r(Gh) 4+ i Zo-(G) + "5
r=0

(noNa_r(G1) + nlNa_T(Gz))} .

S () [m52,- () +mi 2y (Co)

r=0

(it) Zo(Gr + Ca) = é(g)(q)j(nﬁnzq)a*j

M2 (g Ny (Gh) + nle_r(Gg))]

Define ID(G) = > dcl(v) and ID'(G) = > [dcl(u) + #(v)] Note
veV(G) e=uwveE(G)

that N_1(G) = ID(G) and Z_,(G) = ID'(G).

Using Theorems 4.2 and 4.3, we have following corollaries.

COROLLARY 4.1. (Z) Ml(Gl + GQ) = Ml(Gl) + Ml(GQ) + 4(n2m1 + nlmg) +
nlng(nl + ng).
(i4) M1(G1+ G2) = (n1 4+ng —1)[ID(G1) +ID' (G3) + noID(G1) +niID(Gs)] —
Ml(Gl) — Ml(Gz) — 4(n2m1 + nlmg) — 77,1712(77,1 + TLQ).

COROLLARY 4.2. (Z) F(G1 +G2) = STLQMl(G1)+3H1M1(G2)+F(G1)+F(G2)+
2(ny + n2)(nomy + nims) + 2n3my + 2n2meo + ning(n? + n2).
(ZZ) F(Gl +G2) = (n1 —21’L2 — 1)M1 (G1)+(n2 —2n1 - 1)M1 (GQ) —F(Gl) —F(Gg) —
2(n1 + ng)(ngml + nlmg) =+ 4(711 + no — 1)(’1127711 + nlmz) + nlng(nl + ng)(nl +
ng — 1) — 2n3my — 2n2my — ning(n? + n3).

COROLLARY 4.3. Let n and m be the number of vertices and edges of G, re-
spectively. Then the edge a— Zagreb indices of suspension of G is given by

Z(G+ K1) = 3 ()] Zar(G) + 23N (G)].

r=0

EXAMPLE 4.1. The wheel graph W,, on (n + 1) vertices is the suspension of
C), and the fan graph F, on (n + 1) vertices is the suspension of P,. So the edge
a—Zagreb indices are given by
(i) Za(Po + K1) = 30 (@) [24+ (0 = 2)2077 1 4 2552 4 (n — 2)2077).

r=0

(1) Za(Co+ ) = 3 () 207741 4 2558 (ne)].

ExaMPLE 4.2. The Cone graph C,, ,, is defined as C,, + K. So the edge

a—Zagreb indices are given by
a

(i) Za(Co + Kon) = (1) [nmrza—m +m2e " (T mr)} .

(ii) M1(Cp, + Ky) = 4n + dnm + 27 Inm(n + m).
(iii) F(Cp + Kp) = 8n + 2nm(n + 2m + 6) + 2~ nm(n? + m?).
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a—1
(1) Za(Cp + ) = (n+m —1) 3 (&) [nmma—r + am29 T2 (n" 4 mr)| —

r=0

(v) M1(Cyp, + Kpn) = (n+m —1)(n+27nm) — 4n — 4nm — 27 Inm(n + m).
(vi) F(Cp+Kp) = (n+m—1)(4n+4nm+2"nm(n+m)) — 8n — 2nm(n +2m +

EXAMPLE 4.3. (i) Zo(G + Kp,) = f: (?)[mTZa,T(G) + nm(m — 1)ar+ 4

2 (1N, (G) + nm(m — 1)@4)].

(18) Za(G+ Kon) = (nm = 1) S (¢ [ Zay 1 (G) 7 mfm — 1) 4 25"

r=0

(mNy—r—1(G) + nm(m — l)a—’"—l)} — Xa: (@) [mTZa_r(G) 4 ntm(m — 1)

%(mz\]a—r(G) + nm(m _ 1)(1—7«)] .

o a—1 ,
EXAMPLE 4.4. (i) Za(Po + K1) =n 3 (%) [2 +(n—2)20" 4 2L (24 (n —
r=0

2)20 )] - zi:o(ff) (24 (n = 220771 4 2552 4 (n - 2)2077)|.

(1) Za(Ch + K1) =

n 20(?_1) [nQa—r + nT2+1 (nza—r—l)} _ Z:O(?) {nza—r-i-l + nT;_ana—r>].

5. Composition

The composition of two graphs G; and G5 is denoted by G1[Gs]. The vertex
set of G1[G2] is V(G1) x V(G2) and the degree of a vertex (u, v) of G1[Gs] is given
by dg,(c.)((u,v)) = nada, (u) + da,(v) and any two vertices (u1,us) and (vi,v2)
are adjacent if and only if uqv1 € E(G1) or [u; = v1 and ugve € E(G2)].

THEOREM b.1. Let G1 and Gy be two graphs. Then

a

Zu(GrlGa]) = X2 (057" [Namr (G1) 20 (Ga) + m2No(G2) Zumy (G1)-

r=0

PROOF. From the structure of G1[G2], the degree of a vertex (u,v) of G1[G2]
is given by dg,[¢,)((u,v)) = nadg, (u) + dg,(v) and by definition of Za, we have

(GG = Y Y [(nada, (w) + do, ()" + (nada, (w) + da, (0)°]

weV (G1) weE(G2)

Y Y Y [ (nede (o) + dey () + (nad, (5) + dai, (v)°]

TYEE(G1) vEV (G2) ueV (G2)
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Z Z [Z yng A (w +Z ardar)r62<)i|

weV (G1) weE(Gy) r=0

Y Y [ @i

zy€EE(G1) veV(G2) ueV(Gz) r=0

+Z ng~"de " (y) 82(0)}

= Y (X dgrw) (Y dew) +dg, )

r=0 weV (G1) weE(G2)

D (g Y dg (@) Y dg,(u)
r=0

zy€EE(G1) ueV(Gz)

(e Y dg W) Y dg,(v)
r=0

ry€FE(G1) veV(Ga)

a a

= > (I8 Na—r(G1) Zn(G2) + Y _(1)ns ™ N (G2) Zar (Gh)
r=0 r=0

= D [ Nacr(G1) Z(Ga) 4 noNo(G2) Zomr (G1)|-

r=0
O

Using Theorem 5.1 in Theorems 2.1 to 2.3, we obtain the following theorem.

THEOREM b5.2. Let G be a simple graph on n vertices and m edges. Then

(1) Za(Ga[Ga]) = mima(mans — 1)™ — 3 () (=1 (s — 1)°3 3 ()nd ™"

§=0 r=0

[Nj (G Z(Ga) + maN,(G2) Z;-(Gr)|.

(id) Za(G1[Ga]) = (nina — 1) 3 (2~ 1)ng ™" [Na—r—l(Gl)Zr(Gz)

=0
T ngNr(Gz)za,T,l(Gl)} (@) [Na,r(Gl)Zr(Gz) 4 1o N, (Go) Zar(G1)] .

(i) Zu(@IG) = 3 (0)(~1) (mna — )73 3 (g " [Ny (G1) 2, (G)

j=0 r=0
+ noNy (G2)Zj—r (G

[E——1

Using Theorems 5.1 and 5.2, we obtain the following examples.
EXAMPLE 5.1. (i) Z,(K,[Kp]) = nm(n+m—2) > (9)ng "(n—1)*""(m—1)".

r=0
a

(i) Za(Pp|Cml]) = m ;0(?)713_7"[(”2 +2)27 + 207 (n = 2)(ny + 1))
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(i6) Za(Pn[Pn]) = XQ:( g [4(n2 +1) + (2)*7FH(n = 2)(2n2 + 1) + (2) (n2 +
2)(m —2) + 2‘”1(712 —|— l?l(n —2)(m — 2)].
(i0) Zu(Cu[Co) = rm 3 (B)ng ™" (20 (na + 1)

(v) Za(Kn[Pn]) = Zi:o(?-)n(n— D*™"ng ™" 2na(n—1)+2"(m —2)(2+n2(n—1)) +2].

(v1) Za(Kn[Cm]) = nm(2 + na(n — 1)) ;0(?)7154?(” -

EXAMPLE 5.2. (’L) Ml(Gl[GQ]) = 711M1(G2) + n%Ml(GH) + 8nomims.

(ZZ) Ml(Gl[GQ]) = n1n2(n1n2 - 1)2 - 4(711712 - 1)(n1m2 + n%ml) + n%Ml(Gl) +

nlMl(GQ) + 8n2m1m2.

(ZZ’L) M1(G1 [Gg]) = 2(n1n2—1)(n1m2+n§m1)—n%Ml(Gl)—nlMl (Gg)—8n2m1m2.
EXAMPLE 5.3. (i) F(G1[G2]) =

6n§m2Ml (Gl) + 6712WL1M1(G2) + néF(Gl) + an(GQ)

(it) F(G1[Ga]) =

ning(ning — 1)3 — 6(nine — 1)2(nyme + n3mq )+

24(n1n2 — 1)n2m1m2 + 3TL§M1(G1)[(7117L2 — 1) ng — 2m2] — HQF(Gl) — an(Gg)

3M1(G2)[(1’L1n2 — 1)n1 — 2n2m1].

(ZZ’L) F(Gl [GQ]) = ’I’L%((’I’L1n2—1)n2—6m2)M1 (G1)+((n1n2—1)n1—6n2m1)M1(G2)—

H%F(Gl) - an(GQ) + 8(711712 - l)ngmlmg.

(iv) F(G1]Ga]) = 2(n1ng — 1)%(nyma + n3my) — 16(n1ng — 1)namymsg — 2((ning —

1)TL2 — 3m2)n%M1 (G1) — 2((%1712 — 1)711 — 3n2m1)M1(G2) + ’I’L%F(Gﬁ + an(Gz).
EXAMPLE 5.4. (i) M1 (K,[Kp]) =nm(n+m—2)na(n—1)+m —1].

(i1) My (Po[Cin]) = m[2(n2 +2)? + 4(n — 2)(n2 + 1)?].

(iii) My(Pp[Pn]) =

4(ng +1)242(n —2)(2n2 + 1)2 4+ 2(m — 2)(3(ng + 2) + 4(ng + 1)(n — 2)).

(iv) M1(Cy[Cyn]) = 4nm(ng + 1)2.
(v) My (Kn[Pr]) = 2n((n = 1)nz + 1) + n(m = 2)((n — 1)ng + 2)*.
(vi) My (K [Crm]) = nm(na(n — 1) +2)%
EXAMPLE 5.5. (i) F(K,[Ky]) =
nm(n +m — 2)[na(n — 1)(na2(n — 1) +2(m — 1)) + (m — 1)?].
(i1) F(Py[Cr]) = m[2(n2 + 2)% + 8(n — 2)(ng + 1)7].
(i11) F(Pn[Pn]) =
4(na +1)3 +2(n — 2)(2n2 + 1)% + 2(ny + 2)%(m — 2) + 8(ng + 1)*(n — 2)(m — 2).
(iv) F(Cp[Cy]) = 8nm(na + 1)3.
(v) F(K,[Py]) =
2n(n—1)2n2((n—1)na+3)+6n(n—1)na((n—1)ny+1)+n(m—2)(na(n—1)+2)>+2n.
(vi) F(K,[Cp)]) = nm(na(n — 1) + 2)3.
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