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1. INTRODUCTION

Throughout this paper we consider only simple connected graphs, i.e., connected graphs
without loops and multiple edges. Let &¢=(V,E) be a graph with vertex set

V(G)={v,.v,,...v,} and edge set E(G)={e.e,,...,e,}. We denote the shortest distance
between two vertices u and v in G by d(u,v) and the degree of a vertex vin G by d(v). A

topological index is a real number derived from the structure of a graph, which is invariant
under graph isomorphism. The Wiener index W(G) of a graph G is defined as
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W(G):Z{UVV}QV(G)CI’(U,V). The Wiener index is a classical distance based topological

index. It was first introduced by H. Wiener [26] with an application to chemistry. The
Wiener index has been extensively studied by many chemists and mathematicians. For
more details about Wiener index the reader may refer to [5, 6, 12, 16, 20]. The first and
second Zagreb indices of a graph denoted by M, (G) and M, (G), respectively, are degree
based topological indices introduced by Gutman and Trinajsti¢ [15]. These two indices are
defined as

M@ =Y, 1rriey @@ 0N =Y, ey AV,

and M,(G) :Ze=uveg(5)d(u)d(")- More information about Zagreb indices can be found in

[13, 14, 19]. The degree distance, DD(G), and Gutman index Gut(G) of a graph G are
defined, respectively, as

DD(G) =Yy yeie (e @)+ dp (V) (W, v),

Gut(G) = Z{u,y}gy(g) d;(u)d;(v)d,(u,v).

The degree distance was introduced independently by A. A. Dobrynin, A. A.
Kochetova [7] and Gutman [11]. The Gutman index was introduced by Gutman [11] which
was earlier known as modified Schultz index. Studies on degree distance and Gutman index
can be found in [2, 3, 8, 21, 25] and the references cited therein.

The corona [9] of two graphs G and H is the graph obtained by taking one copy of G,
|V(G)| copies of H and joining i-th vertex of G to every vertex in the i-th copy of H. The
edge corona [17] of two graphs G and H denoted by GOH is obtained by taking one copy of
G and |E(G)| copies of H and joining end vertices of i-th edge of G to every vertex in the i-th
copy of H. Various researchers studied the topological indices of the corona of two graphs,
for example see [23, 27]. Motivated by these works, in this paper we compute some
topological indices of edge corona of two graphs. In Section 2, we derive formulas for the
Wiener index and Zagreb indices of edge corona of two graphs. As special cases of these
formulas we express Wiener index and Zagreb indices of edge corona P,0H, C,0H and
K,0H, where H is an arbitrary graph, in terms of vertices and edges. In Section 3, we
compute the degree distance and Gutman index of edge corona of two graphs and obtain
formula in terms of vertices and edges for degree distance and Gutman index of edge

corona of two graphs G and H, when G = C, , P, or K, and H= Cm , P , Km OF K 1.

2. WIENER INDEX, FIRST ZAGREB INDEX AND SECOND ZAGREB INDEX OF
EDGE CORONA OF TWO GRAPHS
Let G1 and G2 be graphs with vertex sets V(G1)={v, ,v,,...,v, }, (G2)={u, ,u,,...,u, },and

edge sets E(G)={ e, ,e, ,....e, } and E(G2)={e,, ¢, ,...,e,, }. Let the vertex set of i-th copy
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of G, be denoted by V(G2)={u, . u;,,...,U;, }. In this section, we compute the Wiener index
and Zagreb indices of edge corona of two graphs G1 and G..

Let e = uv and f = xy be two distinct edges in G. The distance dq(e,f) between two
edges e and f is given by min{ds(x,u), de(x,v), ds(y,u), dc(y,v)}. The edge-Wiener index
W.(G) [4] of a graph G, is the sum of all distances between unordered pairs of vertices in
the line graph L(G). Equivalently, edge-Wiener index of G is the Wiener index of the line
graph L(G) of G i.e.,

W,(G) =W(LUGC) = X, sy (minddy (x,),dp (x,v), dy (7,1), d ()} +1).

Note that in literature different definitions of the edge-Wiener index and distance

between two edges are proposed; for example see [18]. The vertex Pl index [1] of a graph G
is defined as

PIG)=Y, . w016 +n, 1,6
where ne-u(u|G) is the number of vertices in G that are closer to u than v in G. It may be
noted that if G is a bipartite graph, then PI(G)=|V(G)||E(G)|.
We need the following two lemmas to prove our main results. As the proofs directly
follow from the definition of the edge corona, we omit the details.

Lemma 2.1 We have
1. d; s, (v,)=(n,+1) dg v,), v, eV(a).

2. dg o6, (Uy) =dg, (Uj) +2, u; €V(Gy).

Lemma 2.2 We have
L dgog, (v vy) =dg (v,v)), v v, €V(G).

1, wu, eE(G,)
2, wu, ¢E(G,)’

Up,) = dg (€.€,)+2, u; €V(G,) and uy, €V, ().

2' dGl()Gz (ul'j’uik) ={ uij’uik (S [/1(62)

3.d; o, (uy,

d; (v,,v,)+1, dg (v,,v)=d; (v,,V),
u; e Vi(G,),v, eV(G),

(dg, (v, ,vi)+d; v, v )+1)12,d, (v, v,)#dg (v, vy)

u; e Vi(G,),v, eV(G),

4. d(;loaz (u;vy) =

where v,v, = e, .

1

Theorem 2.3 The Wiener index of G,0G, is given by



212 ADIGA, RAJU, RAMANNA AND NARASIMHAMURTHY

W(GOG,) =W (G) +nW,.(G,) + % (DD (G,) - PI(G)) + myn, (%(ml +1)+n, —1j — mym,.

Proof. We have
W(GOG,)=A+A +A4+A4, (2.1)
where

4 = Z{V v, }CV(Gl)dGloGZ( i V-),
Az = Ze.eE(Gl)Z{u . YV (Gy) 51052( 1/, ),
A3 Z{E e I=E(G) Zu €Vi(Gy) time Vi (Gz)dGloGz (u1/ ! ukm)

A Ze eE(Gl)Zu eV (G,). vV (Gy) 51052 (LII-/-,LI]{).
We now compute 4, for 7=1,2,3,4.By Lemma 2.2, we have
Al - Z{V:'YV/}QV(Gl)dGNGz (Vf’V/) = Z{V,-YV/}Q V(G1)d61 (V/:Vj) = W(Gl), (2-2)

4, = ze,eE(Gl)Z{u,,,uik} c V,((;z)doloc;z (uy, uy ),
= Z:eiEE(Gl)(Z:”f/”ik§E E:(Gy) 2+ Zui/'uikEEi ((52)1)
- 29165(51)(2“//“%QV;(52) 2 - ZU[/”[[(EE/(GZ):L)

= ZeieE(Gl) (n,(n, -1) —m,)

= my(ny(n, —1) — my,), (2.3)
and
4= Z{e ek}cE(Gl)Zu,] &V, (Gy) €V, (Gy) 01002 (uy" Upn)s
= Doy 3 (G) Doty ¥, (6 v ) (6, (€11€4) +2),
= Z{e e ICE(G) (dal (e;,6,)+2)
=m, (I/Ve (Gy) +my(my -1)12). (2.4)
We have

4, = ZeieE(Gl)zu e 1,6, v () D06, Wy U )
Using Lemma 2.2, the above equation can be rewritten as follows:
A4 = ”2 leVm €E(G) (sz € V(Gl)vdGl(vaVk ):d@(Vl Vi) (dGI (Vl 1Vk) + dGl (Vm ! Vk) + 2) / 2
+ ka EV(Gl),dGl(Vm,Vk )¢dgl(vl Vi) (dGl (V/’Vk) + dG1 (Vm'Vk) +1) / 2

=n,(>] > (d, (v, v )+d; (v, v,))

&=V vye E(G) vieV(G)



Some Topological Indices of Edge Corona of Two Graphs 213

+2 2m —(n, (v,|G)+n, (v, |G))]2

&=V, E(G)

=n,(Q, > > d, (v;,v)+2mm — PI(G,))/] 2

v,eV(G) viv; eV (G) v eV (Gy)

=n,>] > ) dv;)d; (v;,v,)+2nm, - PI(G))] 2

v; eV(G) v eV(G
~ (Z{v,-,vk}ngl)
= n,(DD(G,) + 2nym, — PI(G,)) ] 2. (2.5)
Using (2.2), (2.3), (2.4) and (2.5) in (2.1) the result follows.

(dv,))+d(v,)d; (v, ,v,)+2mm —PI(G,))] 2

Corollary 2.4 Let G, be a bipartite graph. Then the Wiener index of G,0G, is given by
W(GOG,) =W(G)+mW,(G,) + n,(DD(G,) — mmy,) | 2+ myn, (n,(m, +1) | 2+ n, —1)— mym,.

We need the following lemmas for future references.

Lemma 2.5 [22] Let 2, and C, denote the path and cycle on n vertices, respectively. Then
W(P,) = n(n"-1)/6,
3 . .
n’ /8, If niseven
W(Cn) = 2 . .
n(n--1)/8, ifnisodd.
Lemma 2.6 [8, 24] Let P, and C, denote the path and cycle on n vertices, respectively.

Then
DD(P,)) = n(n-1)(2n-1)/3,

3 . .
DD(C,) = 1; /2, If niseven
n(n“-1)/2, ifnisodd.

It can be easily verified that W(K,) = n(n—1)/2,DD(K,) = n(n-1)*,W,(K,)

= n(n-1)(n*-3n+2)14,PI(K,)= n(n-1),PI(P,) = n(n-1)and PI(C,,,,)=2n (2n+1).
Using these facts and also by applying above two lemmas in Theorem 2.3, we obtain the
following corollary.

Corollary 2.7 Let G be a graph with n, vertices and m, edges. Then
1. W(P,0G)=(n-1)((m, +1)*n*+(n,+1)°n—6n,—6m,) /6.
2. W(C,,0G)=n((n+1)*n? +(n° +n-1)2n, +n*—2m,).
3. W(C,,.,0G) = (n+1/2)((n,+1)°n* +(3n? +4n, +1)n+2n; —2m,).
4, W(K,0G)=(1/8)n(n-1)(3n’n*—Tn’n+6n’ +8nn-12n —4m +4).



214 ADIGA, RAJU, RAMANNA AND NARASIMHAMURTHY

Theorem 2.8 The first Zagreb index of G,0G, is given by
M,(G,0G,) = (n, +1)° M,(G,) + 3, (M (G,) + 41, +8m,).

Proof. By Lemma 2.1, we have
My (G, 0G,) =3, Ly osy Gavs, (X)
- ZV,EV(Gl)dGZNGZ v,)+ ZeieE(Gl) Zu,jev,.(az) d621<>62 ()
S R DI ACARD W S ¢ A CHRSE
= (n, +1)* M,(G,) +Ze,eg<al>2u,,ev, 6, (@2, (W) +4d; (u,)+4)
= (11, + 1) My(G) + 3,y (My(Gy) +8m, +411,)
= (n, +1)*M,(G,) + mM,(G,) +8mym, + 4n,m,.

This completes the proof.

Theorem 2.9 The second Zagreb index of G,0G, is given by
My (GO G,) = (1, +1)* My (G,) + M, (Gy) + 2, M, (G,) + Aimym, + 211, +1)(m, + 1, ) M (G)).

Proof. By Lemma 2.1, we have
My(G0G,) = nyeE(G1OGZ) dg o, (X) dg 06, (V)

=Y e @ace, V) Do, U+ 2 piy Do e 6y ez, W) Do, (W)
+ Ze,:,,lvm < E(G) Zuﬂeyi(gz) (dg,06,(V)) + 06, (V1)) dg, o6, (W)
= (4%, e 96 V) 5, (V)
+ Ze,eE(Gl) ZU,/u,keE, @) (s, () +2)(d;, (U, ) +2)
DY, L e Sowenoy (o V) + g (7,)) (d, () +2)
= (11, +1)° Mo (G) + 3,y (Mo (Gy) +2M,(G,) +4m,)
Hm+ )Y, -, pe) (e (V) +dg (v,,) 2, +21y)
= (n, +1)° M,(G,) + m (M, (G,) + 2M,(G,) + 4m,)
+2(n, +1)(m, + n,) M, (G,).

Hence the proof.

Using the facts that M (P,)=4n-6 (n>2), M,(P,)=4n-8(n=3), M,(C,)=
M,(C,)=4n,M,(K,)=n(n-1)°, M,(K,)=n(n-1)*/2, in Theorems 2.8 and 2.9, we
obtain the following corollaries.
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Corollary 2.10 We have

1. M(POP,)=4m’n—6m"+24mn—28m—10n+8.
M,(C,0C,)=4n(m" +6m+1).
M,(P,OC, ) =4m’n—6m* +24mn—28m+4n—6.
M,(C,0P,) =4m*n+24mn—10n.
M(K,0K,)=(1/2)n(n-1)(m+1)*(m+2n-2).
M(K,0P,) = n(n-1)((n-1)(m+1)> +8m-7).
M,(POK,) = (m+1)*(mn—m+4n—6).
M(K,0C,)=n(n-1)((m+1)>n—-m*+6m-1).
M,(C,0K,)=m’n+6m’n+9mn+4n.
10. M,(P,0K,) = 4m*n—6m" +12mn—16m+4n—6.
11. M,(C,0K,)) = 4n(m® +3m+1).
12. My(K 0K, ) = n(n—1)((m+1)*(n—1) +2m).

© o N o a bk~ w

Corollary 2.11 We have

1. M,(POP,)=(20n—-32)m" +(32n—44)m—28n+28.
M,(C,0C,)=20m"n+40mn+4n.
M,(POC,)=(20n—32)m" +(40n—56)m+4n 8.
M,(C,OP,) =20m"n+32mn—28n.
M,(K,0K,)=(1/4)n(n-1)(m" +(@4n-5)m+2(n-1)*)(m+1)°.
M,(K,0P,) =1/ 2)n(n-1)(m’n’ +6m’n+2mn’ —7m’ + n’ +14m—6n-19).
M,(POK,)=(1/2((n-1)nm" +(7Tn-11)m+8n-16))(m+1)°.
M,(K,0C,)=(1/2)n(n-1)(m+1)*n* +(6m* +4m—2)n—7m" +10m+1).
M,(C,0K,) = (1/ 2)n(m* +7m+8)(m+1)>.
10. M,(P,0K,,) = (12n—20)m” + (161 —28)m+4n —8.
11. M,(C 0K, ) =12m*n+16mn+4n.
12. M, (KHOK_m) = (1/2)n(m+1)(n-1)*(m+1)n+3m-1).

© 0 N o a bk w N

3. DEGREE DISTANCE AND GUTMAN INDEX OF EDGE CORONA OF TWO
GRAPHS

For a graph G, we define
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C(G) = ZWEV(G),E:UVEE(G) dG (W)

dg (wv) = dg (uw)
It is easy to see that C(C,,,,) =4n+2 and C(K,)=n(n-1)*>(n—2)/2.

In this section, we compute the degree distance and Gutman index of edge corona
of two graphs.

Theorem 3.1 The degree distance index of G,0G, is given by
DD(G0G,) = (m, +2n, +1)DD(G,) + 4n,(m, + n,)W,(G,)
+(1/2)n,(n, +1)(2Gut (G)) + C(G,)) — (m, + n,) PI(G,)
- mM,(G,) +2m,(m, + n,)(n, + (m, +1)n, — 2) — Amym, + m’n,(n, +1).
Proof. We have
DD (G,0G,)= A+ A + A + 4, (3.1)
where
A=3 ) (06, (Vi) +dg 06, (V) di o6, (Vv ),

ivilev(a
A =
e = Loera Z{u,,,u,k}gvf(sz)
4 = Z{ei,ek}gE(Gl) Zu,., eV (Gy) ity Vi (Gy) (g0, (W) + dg o6, (Upm)) o6, Uy, Uy,),

4= Ze,eE(Gl) zu,,ev,(az),vk eV (G) (dclocz (U,,) + dglocz (Vi) dglogz (U,-,- Vi)

(daloaz (Ui/) +dg0q, () A o, (uij Uy )y

Using Lemmas 2.1 and 2.2, 4, 4,, 4, and 4, can be computed as follows:
A= vy @aoe, V) +daue, V) dgog, ,,7,)
=402y s sere) (o () +d (v)) dg (v, v))
= (n, +1)DD(G)). (3.2)

4, = Ze,eg(al) Z{ui,,u,k}g[/i(gz) (dg, o6, () + dg o, (Uy ) dg o6, (U, )
= Ze,eE(Gl) (ZZ{u/,uk}g v (G,) (dg, (u;) +dg, (u,)+4)
=2k (o, (W) + g () +4))
= Zel_ e, (2, _1)Zu,eV(az) (d;, (u))) +4ny(n, =1) — M,(G,) —4m,)
=2 e cr ) (4(n, —1)m, +4n,(n, 1) - M,(G,) —4m, )
=4(n, - 2)mm, +4myn,(n, -1) - mM,(G,). (3.3)
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A3 = Z{E,,Ek}gE(Gl) Zu,-/ eV (Gy) gy €V (Gy) (dglocz (ujj) + dgloﬂz (ukm )) dﬂloGz (ui/'! ukm)
= 21]2 Z{E[,Ek}gE(Gl) zu}' EV(GZ) (d(;z (ui) + 2)(d61 (ej1ek) + 2)

=2m, Z{E,.,Ek}g £(G) ((dgl (e;,6,)+2)(2m, + 2172))
= iy (m, + m)W,(G) + m(1m; ~1) 1 2), (3.9

4, = ZE,.EE(@ ZuijeVl.((,‘z)‘VkEV(gl) (ds 06, (Uy) + dg o6, (Vi NG 06, (U, V)
=3 oy (U, o (e (717,) +dy (v, 7,))(2 (0, + )
+1,(m, +1)d, (v,.))
+(m, +m,)2 m—(n, (v, |G)+n, (v, |G)))
+myn,(n, +1)+(1/2) n,(n, +Dzvkelf(ﬂl).d@(vxm,vk)=d@(v,,vk) d; (v;)-

Thus,

A, = (m, + n,)(DD(G)) - PI(G,)) + (1] 2)n,(n, +1)(2Gut (G,) + C(G,))
+(m, +n,)2mn) + mn,(n, +1). (3.5)
Employing (3.2), (3.3), (3.4) and (3.5) in (3.1), we get the required result.

Corollary 3.2 Let G, be a bipartite graph. Then
DD(G0G,) = (m, +2n, +1) DD(G,) + 4n,(m, + n, )W, (G;)
+ 1, (1, +1)Gut (Gy) — (m, + n, )y — M, (G,)

+2m (m, + n,)(n + (m, +1)n, —2) —4mm, + mfn2 (n, +1).

Theorem 3.3 The Gutman index of G, 0G, is given by
Gut (G,0G,) = (n, +1)2m, +3n, +1)Gut (G,) + (4m; +8n,m, + 4n; )W, (G,)
—-3mM,(G,) - mM,(G,) + (m, + n,)(n, +1) C(G,)
+2myn,(m (2 n, +3m, +1)+ n, + 2m, — 2) + 2mm, (m, (m, +1) + m, —6).

Proof.
Gut(G,0G,)=A+A +A4+A4, (3.6)
where
4 = Z{V,,VI-}QV(Gl) dalocz v,) dsloaz (V/) daloaz v V,-),
4, = Ze,eE(Gl) Z{ul.j,uik}gVi(Gz) dqocz (uij) daloaz (uy) d@oaz (uij’ uy ),

A= Z{e,,ek}g E(G) Zu}.}.eV,(Gz),ukm v, () 9606, () dg o6, Wim) dg 06, Uy Upg,),

4, = ZeieE(Gl) ZU..GV.(GZ),ukeV(Gl) d(;1<>c2 (uij) dc;loaz Vi) d61<>62 (ui/’ Vi)

/A1
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Using Lemmas 2.1 and 2.2, A, A,, A, and A, can be computed as follows:
4 = Z{Vi,vl.}gy(gl) dglooz ;) dalocz (V/) dolocz v, V/)
= (n, +1)22{V1.,V/}QV(51) d, (v;)d,(v,)d;(v,,v,)

= (n, +1)2Gut (G,). (3.7)

4, = Ze,-eE(Gl) Z{u,.j,u,-k}g V.(G,) g o6, (Uy) di o6, Wy ) i oG, (U, Uy, )
= Ze,eE(Gl) (22{ul,uk}gV(Gz) (dg, (u))d; (u,)+2(dg, (u;) +d; (1)) +4)
=2 e Gy (o, W) de, () +2(dg, (u)) +dp, () +4)
=Y. s (45 =M (G,)) +8(n, ~1)m, + 4n, (1, ~1)
-M,(G,) - 2M,(G,) —4m,))
= m, (4m’ -3M,(G,)— M,(G,) +4(n, —1)(2m, + n,) — 4m,). (3.8)

A = Z:{é.,.,@k}g £(G) ZuijEVi(GZ)lukmEVk 6,) A o, (U,'/) d; 0, (Uhm) d; 0, (Uf/ U )
- Z{e,,ek}gE(Gl) Zui/-eVl.(Gz),ukmer 6,) (d;, (uy) +2)(dg, (uy,,) + 2)(d; (e;,6,) +2)
- Z{e,-,ek}g E(Gy) (d51 (ef ’ ek) +2) (Zu]./. eV (Gy) iy €V, (Gy) d62 (uij) a’(;2 (ukm)
+ Zzuije[/i(gz)’ukme[/k(gz) (dg, (uy) +dg, (uy,)) + 4n;)
= Z{e,,,ek}g E@G) (d;, (e;,e,)+ 2)(4m; +8n,m, +4n;)

= (412122 +8n,m, + 41222)(1/1/e (G)+m(m, -1)12). (3.9

4= Ze’,eE(Gl) Zu,,e[/,((;z),vkev((;l) dslof;z (UU) daloc;z (Vk) dgloaz (U,-,-, Vk)
= zv,vmes(al) ZVkeV(Gl) ((m, + n,)(n, +1)(d;, v,V ) +dg (v, v, )G (V)

+ (m2 + 172)(1]2 +1)(2m1 + ZVkEV(Gl)!dﬂl (vaVk):dGl vy i) dgl (Vk )))

= (m, + n,)(n, +1)[2Gut (G,) + C(G,) + 2m12]. (3.10)
Now, the result follows using (3.7), (3.8), (3.9) and (3.10) in (3.6).

Corollary 3.4 Let G, be a bipartite graph. Then
Gut (G,0G,) = (n, +1)(2 m, +3n, +1)Gut (G,) + (4m. +8n,m, +4n2 )W, (G,)
-3mM,(G,) —mM,(G,) +2mn,(m,(2n, +3m, +1) + n,
+2m, —2)+2mm,(m,(m, +1) + m, —6).
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Lemma 3.5 [10] Let 2, and C, denote the path and the cycle on n vertices, respectively.
Then
Gut(P,) = (n-1)(2n* —4n+3)/3,

n’l2, if n iseven,

Gut(C,) =
() {n(nz—l)/Z, if n isodd.

Using Lemmas 2.5, 2.6 and 3.5 in Theorems 3.1 and 3.3, we obtain the following
corollaries.

Corollary 3.6 We have

1. DD(POP,) = (n-1)2m*n* + m°n+2mn’ —16m—n+14).
DD(C,,0C,) = (12m* +16m+4)n® + (20m’ +12m)n” + (8m° —32m)n.
DD(C,, ,0C, ) =2(2n+1)(3m’n* +8m’n+4mn* +5m* +Tmn+n° ~5m+ n).
DD(P,0C,) = (1/3)(n-1)(6m*n* +3m*n+8mn’ +2mn+2n° —48m— n).
DD(C,,0P,) = (12m* +12m)n° + (20m* + 4m—4)n* +(8m° —36m +28) n.
DD(C,, . ,OP,) = 2(2n+1)(3m’n® +8m’°n+3mn’ +5m° + 4mn —7m—n+6).
DD(K ,0P,) = (1/ 2)n(n-1)(8m*n* —18m°n— mn* +14m* +13mn

—-30m—2n+16).

8. DD(P,0K,) = (1/3)(n—1)(m+1)*(mn® + mn+2n* —3m— n).
9. DD(C,,0K,)=2n((m*+3m+2)n* +(2m* +3m)n—m)(m+1).
10. DD(C,,,0K,,) = (m* +3m+2)n’ +(3m* +6m+2)n+m’ +2m) (m+1)(2n+1).
11. DD(K ,0C,) = (1/ 8)(n-1)(m+1)(m’n* —5m*n® +2mn® +14m°n—2mn*

N o g k~ w D

—12m* +6mn +4n* —8m—4n).
12. DD(PHOITm) = (1/3)(n-1)(4n’n* + m°n+6mn® + 2n° —12m- n).
13. DD(C,,0K ) = An(2m*n® +3m*n+3mn® + m* +2mn+n* —2m).
14. DD(C,, 0K, ) = 2Qn+1)2m*n* +5m*n+3mn’® +3m® +5mn+n’ + n).

15. DD(K 0K, ) = (1/ 2)n(n—1)(5m*n* —11m*n+2mn® +8m® + 2mn —8m+2n-2).

Corollary 3.7 We have
1. Gut(P,OP,)=(n-1)(6m’n* +m’ —6mn—30m+39).
2. Gut(C,,0C,)=4n(9m’n" +12m°n+6mn’ + 4m* + 4mn+ n* —16m).

3. Gut(C,, 0C,)=22n+1)(Om’n* +21m*n+6mn* +12m* +10mn + n* —12m+ n).
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Gut(C,,0P,) = 4n(9m’n’ +12m’n+4m* —6mn—20m+ 20) .

Gut(C,, ,OP,) =2(2n+1)(9m’n* + 21m*n+12m* —6mn—22m+19).

Gut(POC,) = (1/3)(n-1)(18m’n’ +12mn® +3m° ~12mn+2n* —90m—4n+3).

Gut(K,0P,) = (1/ 2)n(n—-1)(2Lm*n’ — 46m* n—6mn* +33m* +16mn —50m— n +41).

Gut(P,0OK, ) = (1/6)(n—1)(m+2)(m+1)*(mn® + mn+2n* —3m—4n+3).

Gut(K,0C,) = (1/ 2)n(2lm*n® —67m*n* +10mn® + 719m*n—30mn’ + n* —33m*
—2mn+22m+3n-1)—(3/2)n°.

Gut(C,,0K,) = n(m+1)*(m’n’ + 2m*n+4mn’ + 4mn + 4n* — m).

Gut(C,, ,0K,) = (n+1/2)(m+1)*((n* +3n+1)m’ + (4n* +8n+3)m+4n° +4n).

Gut(C,,,,0K,) = 22n+1)(4m’n® +8m’n+4mn® +4m® +6mn+n’ + n).

Gut(C,,0K,) = 4n(Am*n? + Ann+4mn® + m* + 2mn+ n* —2m).

Gut(B,OK_m) = (1/3)(n-1)(8m’n° —4m*n+8mn® +3m* —10mn + 2n°

—6m—4n+3).
Gut(KHOK_m) =1/ 2)n(n-1)(8m’n* —17m’n+6mn* +11m* —12mn + n°

+2m—2n+1).
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