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Abstract: Let G be a graph of size ¢ and a,n,d be positive integers for which g[Qa +

n+1
2
decomposition ((a,d)-ASD) if the edge set of G can be partitioned into n-non-empty sets

(n—1d < q<

[2a + nd]. Then G is said to have (a,d)-ascending subgraph

generating subgraphs G1,G2,Gs,...,G, with out isolating vertices such that each G; is
isomorphic to a proper subgraph of Giy1 for 1 <i<n—1and |E(G;)| =a+ (i — 1)d. In
this paper, we find (a,d)-ASD for Ky, Km,» and for product graphs.
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§1. Introduction

By a graph we mean a finite undirected graph without loops or multiple edges. A wheel on p
vertices is denoted by W,. A path of length ¢ is denoted by FP;11. A graph obtained from two
graphs G1 and G2 by taking one copy of G; (which has p-vertices) and p copies of G2 and then
joining the it" vertex of G to every vertex of the i*" copy of Gy is denoted by G ® Gy. Terms
not defined here are used in the sense of Harary [4]. Throughout this paper G C H means G is
a subgraph of H.

Let G = (V, E) be a simple graph of order p and size ¢. If G1,Ga, ..., G, are edge disjoint
subgraphs of G such that E(G) = E(G1) UE(G2)U---UE(G,,), then {G1,Ga,...,Gy} is said
to be a decomposition of G.

The concept of ASD was introduced by Alavi et al. [1]. The graph G of size g where

n+1 n+2 L . . .
<g< , is said to have an ascending subgraph decomposition (ASD) if
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G can be decomposed into n-subgraphs G1, Ge, ..., G, without isolated vertices such that each
G is isomorphic to a proper subgraph of G;41 for 1 <i <n — 1. We generalize the concept of
ASD as follows:

Definition 1.1 A graph G has a Smarandachely (P, Q)-decomposition for graphical properties P
and Q, P C Q if the edge set E(G) can be partitioned into non-empty sets generating subgraphs
H € P without isolating vertices such that each such H is isomorphic to a proper subgraph
of J € Q. In particular, we define a Smarandachely (a,d)- decomposition is a Smarandachely
(P, Q)-decomposition, where P = {G;/|E(G;)| = a+ (j —1)d} and Q = P = {Gj4+1/G; € P
and |E(Gj41)| = a + jd} into subgraphs Gi1,Ga,...,G,.

In other words G is a simple graph of size ¢ and a,n,d are positive integers for which
1
g[Qa +(n—-1)d <qg< (%) [2a 4+ nd]. Then (a,d)-ascending subgraph decomposition
((a,d) — ASD) of G is the edge disjoint decomposition of G into subgraphs Gi1,Ga,...,Gy,
without isolated vertices such that each G; is isomorphic to a proper subgraph of G;;q for
1<i<n-—1and |E(G;)] = a+ (i —1)d. The following theorems will be useful in proving
certain results in Section 2.

) n+1 n -+ 2
Theorem 1.2([1]) Let G be a graph of size q, where <g< for some
2 2
positive integers n, such that G has an ascending subgraph decomposition G1,Gas, ..., Gy such
n
that G; has size it for 1 <i<n—1 and G, has size ¢ —
2

Theorem 1.3([2]) C,, x C,, is decomposed into two Hamilton cycles if n is odd.

Theorem 1.4([2]) K, is (i) decomposed into g—Hamilton cycles if n is odd. (i) decomposed

1
into {%J -Hamilton cycles and a 1-factors if n is even.

§82. Main Results

Definition 2.1 Let G be a graph of size q and a,n, d be positive integers for which (g) [2a+(n—

1
1)d <¢g< (%) [2a +nd]. Then G is said to have (a,d)- ascending subgraph decomposition

((a,d)—ASD) if the edge set of G can be partitioned into n non-empty sets generating subgraphs
G1,Ga, ..., G, without isolated vertices such that each G; is isomorphic to a proper subgraph
of Giy1 for 1 <i<n—1 and |E(G;)| =a+ (i —1)d.

Remark 2.2 From the above definition, the usual ASD of G coincides with (1,1)-ASD of G.

Example 2.3 Consider the Graph G.
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Us V4
G .”\r\ /'V3
V1 (%)
Vs V4
V4 Us
U, Ut V3
Vg U1 2 U1 V2
Gl G2 G3
Fig.2.1

Clearly, {G1,G2,G3} is a (1,2)-ASD of G.

1
Theorem 2.4 Let G be a graph of size q, where (g) [2a+(n—1)d] < g < (%) [2a+nd] for

some positive integer n, such that G has (a,d)- ASD, then G has an (a,d)-ASD G1,Ga,...,Gy

-1
such that G; has size a+ (i —1)d for 1 <i<n—1 and G,, has size q— (nT> [2a+ (n—2)d].

The following number theoretical result will be useful for proving further results.

Lemma 2.5 Given that the numbers a,a + d,a+2d,...,a+ (n — 1)d are in A.P (a,d € Z).

Then their sum is

+1
(i) Sp=(a—d)n+d " ifd<a and
2

1
Gi) Su=al| "7 | 1d—ay| " | ifd>a
2 2

83. (a,d)-ASD on Complete Graphs and Complete Bipartite Graphs
Theorem 3.1 K, 1 has (a,d)-ASD if and only if a =1,d = 1.

Proof Suppose the graph K41 has (a,d)-ASD G1,Ga,...,Gy, with |E(G;)| = a+ (i —1)d,
for1 <i<n.

n+1 n
By (ii) of Lemma 2.5, ¢(K,+1) = a + (d—a) . Also since ¢(K,41) =
2 2
n+1
,we have a =1 and d = 1. O
2

As it was mentioned in [3] that the complete graph K, 1 with (n+ 1) vertices could easily
be proved to have a star ASD and a path ASD, The converse follows.

Theorem 3.2 K, , has (a,d)-ASD, d > a if and only ifa =1 and d = 2.
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Proof Suppose the graph K, ,, admits (a,d) — ASD, d > a. If the graph K, , admits

+1
(a,d) — ASD G1,Gs,...,Gn then by (ii) of Lemma 2.5, we have |E(K, )| = a "
2
(d—a)
+1
Also, |E(Kp )| =n%= " + " , 50 we have a = 1 and d = 2.
2 2

Conversely, suppose a = 1,d = 2.
Case (i) When n is even, n =2k, k € Z*.

Then K, , can be decomposed into k-hamilton cycles Hy, Ha, ..., Hy. Now, decompose the
hamilton cycles H; into paths G; and G,,_(;_1 of length 2 —1 and 2n — (2i — 1) for 1 <i < k.
Clearly, {G1,Ga,...,Gy} is the required (1,2)-ASD of K, ,.

Case (ii) When nisodd, n=2k+1,ke Z+.

Let (X,Y) be the bipartition of K, ,, where X = {z1,22,...,20}, Y = {y1,92,.- -, Yn}-
Define Hi = {(zp,y;) : j = n—2}. For2 <i <n-—1, define H; by Hp41-; = {(2s,y;) : j = 2i—2
toi+n—2}U{(xj,yitj—2) : j =17+ 1 to n}, where addition is taken module n with residues
1,2,3,...,n instead of the usual residues 0,1,2,...,n— 1. H, = {(z1,yx) : k=1,2,...,n} U
{(zj41,y;) 1 1 <j<n-—1}. Clearly, {H1,Hs,...,Hp} is a (1,2) — ASD of K, . O

Example 3.3 Consider the graph K7 7. Let (X,Y) be the bipartition of K77 where X =

{fl,$2,$3,$4,$5,.’[]6,$7}, Y = {y17y27y37y47y57y67y7}'

v /\ /h
1
y6 @ {h\yl

Ts T X7 T4 T5 L6
Y36Yaq Yse Yo Y1y Yo ¥ yss Y49 yseyg
r3 T4 x5 L6 Tr T3 1y x5 Te L7
Hg Hy

Fig. 3.1
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Clearly, {Hl,HQ,H37H4,H5,H6,H7} is a(l, 2) — ASD of K7)7.

Theorem 3.4 K, ,(n > 1) admits (a,d)—ASD,d < a if and only if n = 2a—1 andd = 1,a > 1.

Proof Suppose the graph K, ,(n > 1) admits (a,d) — ASD where d < a, then by (i)

Lemma 2.5, we have |E(K, )| = (a —d)n +d . Also, |E(K,, )| = n% Therefore,
+1

n?=(a—dn+d " and so (2 — d)n* = (2a — d)n. Then n = 2=4
2

a > d, we have 2 —d > 0. Then d = 1 and a > 1. Hence n = 2a — 1.

Conversely, Suppose n = 2a —1,d =1 and a > 1. Let (X,Y") be the bipartition of K, ,
where X = {z1,22,..., 20}, Y = {y1,¥2,- -, Un}-

Define Ty,—j—1 = {(zj,y:) : 1 <@ < n}pU{(yimjt1,25) : "HJH <i<n}wherel j < 2=

and Tj = {(z+n—j+1,y):1<i<21+j} where 1 <j < 21 Clearly, {Tl,TQ,...,
is the required (a,1) — ASD of K, .

Di

Example 3.5 Consider the graph K55. Let (X,Y) be the bipartition of K55 where X =

{xl,IQ,I3,$4,$5} and Y = {y17y25y35y47y5}' ClearlYa {T17T27T35
T4,T5} is a (3, 1) — ASD of K5)5.

Is5 T4

Y1 Y2 Y3 Y1 Y2 Y3 Ya
z3

Y1 Y2 Y3 Ya Ys

T3
€2 €
i Y2 Y3 Y Ys Yyr Y2 Y3 Y Y5
Is T4 I5
T4 T5

Fig. 3.2



86 A. Nagarajan, S. Navaneetha Krishnan and R. Kala

84. (a,d) — ASD on Product Graphs
In this section, we prove some product graphs admit (a,d) — ASD.

Theorem 4.1 C,, x Cy,(n > 3) has (2,4) — ASD when n is odd.

Proof Note that |E(C,, x C,)| = 2n? and |V(C,, x Cy)| = n?. By Theorem 1.2, The
graph C,, x C,, (n-odd) can be decomposed into two Hamilton cycles C; and Cq of length n?

respectively.
Case (i) When n = 2k + 1,k = 1(mod 2).

Let P, = C1 — (v,2) and P» = Cy — (v,y) where v,z,y € V(C,, x Cy,) and x # y. First,
define P; = (axvy) when k = 3, decompose the path P; into paths P; of length (4i — 2),6 <

1 < 7 and decompose the path P, into paths P; of length (4i — 2),2 < ¢ < 5. For, k > 4,
decompose the path P; into paths P; of length (4 — 2), where 2 < ¢ < k — L%J — 1 and

k k
2 (2 — {§J> + {iJ + 1 <i <n. Also decompose the path P, into paths P; of length (4i — 2),
where | k — 3 <i<2|k- 3 + 5| This is possible because of
k— LgJ -2 n—1
LPy= > (2+4))+ > (2 4 47)

= =2t (a5 +i- [ 4])s

S (|
LD (o (o (2 (k- |E])+ [£]) ) 4 2]
oo (8] (o )+ (5 (o 3])

k k k| k k|2
=92k? — 4k —4k |~ | +4|=|+2|= 24+8k+8k|=|—-2]=
B G ERERS S R

= 2k% + 4k 4+ 2 + 4k EJ +4EJ
=2k* + 4k +2+2k(k— 1) +2(k — 1)

= 4k% + 4k
=@2k+1)?—-1=n?~-1

o= (152 (o (- 5 )9)
wenfaselg )

=(k+1)(6k—2k)=(2k+1)2-1=n%—-1.
From the above construction, clearly, { Py, P, ..., P,} is a (2,4) — ASD of C,, x C,,.
Case (ii) When n =2k + 1,k = 0(mod 2).
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Let P{ = C1 — (v,z) and Py = Cy — (v,y) where v,z,y € V(C,, x Cy) and x # y. First
define P, = (zvy), then decompose the path P| into paths P, of length 6 and P; of length
(24+45),4<j<n-—1and j=0,1(mod 4) and also decompose the path P, into paths P; of
length (2 +4j),2 < j<n—1and j =2,3(mod 4). This is possible, since

L(P) =6+ ni: (2+47)

j=4
j=0,1(mod 4)

n—1 n—1
=6+2 > 1+4 D
j=4 j=4
7=0,1(mod 4) 7=0,1(mod 4)
2k 2k
=6+2 > 1+4 >
j=4 j=4
7=0,1(mod 4) 7=0,1(mod 4)

=6+2k—1)+ @E*+2k—4) =2k +1)*-1=n%—1

and
n—1
L= > (2+4))
j52,3j(?r?,od 4)
2k 2k
=2 ) 1+4 j
j=2 Ji=2
7=2,3(mod 4) 7=2,3(mod 4)
2k
=2k+4 )
j=2
j=2,3(mod 4)
=2k + (2k +4K*) = 2k +1)* =1 =n? — 1.
As in the case clearly, {Py, Ps,...,P,} is a (2,4) — ASD of C,, x C,,. |

Theorem 4.2 P,iq X P41 with size ¢ = 2n(n+ 1) admits (4,4) — ASD.

Proof Let G = P41 X Py41. Define W; ; = (u;,v;), where 1 < 4,7 <n+1 and also define
V(G) = Wiy :1<4,j <n+1}, [E(G)| = 2(n? +n).
Case (i) n=3(mod 4),n=4m —1(m e Z™1).

First define, G, = {(W;;,Vij4+1) 1 1 <i<4,1<j <n} and define for 1 <k < "T’B.

Gy :{(Wiyj,‘/iyj+1)li:4k—|—1,1 <7 §4k}
Gn_i = {(Wi)j,Wi)j+1) =4k +1,4k+1 < j <nand
Mk +2<i<A(k+1),1<j<n)

n—3
T

Also, define for 1 < £ < "TH and k =
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Gear ={(Wi;,Viz1,):j=4L—-3,1<i<n and
j=4L-2,1<i<AL -3}
Goeoony = {(Wij, Wis1) 1 4L —2<i<n,j=4L — 2 and
1<i<ndAL—1<j<A4L}

Clearly, {G1,G2,...,G,} is a (4,4) — ASD of P11 X P,41 (See Fig. 4.1).

11 s .
* & &+ & 0 @ A 4
o o o o+ o & & Lo

LK)
¢ 4 & & &+ & & & [
— o+ + + o+ & + ¢

I 1
Sussesinusn g - -9 - - § - @ + +

| ]
- - ¢ '
- - v
- - - ----0--0- T
W1 Yaa .

|

L]

W
mul 88
-- O
& ¥ i , -
— ‘:'.3 % GE 1 G3 ! Gy | Us
Psx Pg
Fig. 4.1

Case (ii) n = 0(mod 4),n = 4m(m € ZT).

First define, Gy, = {(W, ;, Wi j+1) : 1 <i<4,1 < j <n} and define for 1 < k < "7_4.

Gr ={(Wij, Wijp1) i =4k +1,1 < j < 4k}
Gn_i = {(Wi7j7Wi,j+1) i=4k+1,4k+1 < j <n and
dk+2<i<4(k+1),1<j<n}

DeﬁneforlgﬁgnT_‘landp:"T_‘l.

Gript1 ={(W; j,Wig1,) 7 =4L,1<i<nand
j=4L+1,1<i<4L)
Gr—(cqp1) = A1Wij,Wig1j) 4L+ 1<i<n,j=4L+1 and
1<i<nAL+2<j<4l+3}
Gpr1) = {A(Wij, Wiy15) i =n+1,1<j <n} and
Grn(pr) = {(Wij, Wig15) 11 <i<n,1 <5 <3}
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Finally define G, /o = {(Wi j, Wiy1,5) : 1 <i <n,n < j <n+1}. From the above construction
clearly, {G1,Ga,...,G,}is a (4,4) — ASD of P11 X Pn41 (See Fig. 4.2).

w,
; W, 11 "
vvl_l 19 1,9

e e S e e ]
> - - —

3
-+t --— -0 3
- t-s----a-s t 4
R
; W, o + o
Wio 9.9 *
w
19 Yoo
st Gy v G ,
--6 —g0 £ to 19 |0

Pyx Py

Fig 4.2

Case (iii) n = 1(mod 4),n = 4m + 1(m € ZT).
First define,
Gn ={(W; j AW, jWit1,;) :i=1,j =1}
U{(W; i a Wi Wy i a Wiy W iWig1 ) 12 < i< n}
U {(Wi)j_leWi_l,j) t=n+1,5=n+ 1}

-5
Define for 1 <r < n

angr = {(Wi)j+1Wi1jWi+1,j) = 1,j =2r + 1}
@] {(Wi1j71Wi)jWi1j+1Wifl,jWiﬁjWile)j) 12 S 7 S n—2r andj =2r + ’L}
U{(WijWit1,;Wit1j-1) i =n—2r and j =n + 1}

Also, define for r = L ; 3,

Gy = {(WijWijs1 Wi jWit15) 1i=3,j = 2r + 1}
U{(W; jWis1,jWig1j-1) i =n—2r,j=n+1}
Gy = {(Wija Wi jWitr5) ri=1,5=2r+1}
U{(W, jo1 Wi Wi j i Wisa W iWiga ) 16 =2,5 =2r + i}

-3
Define for 1 <k < n

Groon—1 = {(Wi1, ;Wi jWij41) ri=1,j =2k + 1}
U{(Wie1 Wi Wi Wiy 1 Wi s W) = = 2k + § and
2<j<n—2k—2}
U{(Wi Wi iWiiijp) si=n+1,j=n—2k -2}
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Define

Cr = Wi, Wan, Wa i1, Wi g1, Win),
Co = Wni1,Wat1n, Wng1,2, Wi 2, Wy 1) and
M={(W,;;,W; 1) :i=1,n+1and j =0(mod 2)}
U{(W; ;, Wiy1;):7=1,n+1andi=0(mod 2)}.
Let G—1 = G},_; UC1 and G,—3 = G},_5 U Cy. Define G1 = My, Gy = GHU Mq,G3 =

G4 UMs and Gp—op+1 = G, _op_1 UMy, where 3 < k < "773 and M; = 4K, are suitably chosen
from M in order to form Gi,Ga,...,G, as (4,4) — ASD (See Fig 4.3).

Wi Yoo M L
o -9 . . « o s e 0 e e -9
J.L : —‘+— r . . * e o e & 0 s .-
. A . -4 & o & & o s +
* » -4- * o——+—1 e & & &+ & & @
* o @ + —-Iy— - IL—;—Q e & & & & @
e o . I ; -4—«# I_‘ '-4—--9 *e & @ @+ @
L] e o @ o I ‘ -4-9 . ~4-9 o o o o
e o & & @ @ b-b e @ ».*7, ¢ & @
® e & & & @ ® > 3 ® AI—‘*—, . o
e & & & & » & & 4 I:I e 1»—1 o4 o o
- Wioqo 0,1 0,10

10,1

- --- G G o 8
"1 L0

¢ oo oo —e @

¢ o o o o :_I: :

6 o o 6 8 o .3— - i

* & L 2 & L 3 & ® @ ;— -

; L ] L ] [ ] & L ] & L ] & 1

L L ] L ] L ] [ ] * L L ] L ] 4
II—(‘ ® [ ] [ ] L ] & L ] L ] {’

* *e ¢ o o o o @

I‘ L L d ® L ] L ] i

L ] 0--1!—1—-0 L s ) [ oW ] [ ]
W01 010

Pux Py

Fig. 4.3

Case (iv) n = 2(mod 4),n = 4L+ 2(L € ZT).
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For 1 <m < £ and m = 1(mod 2), define
sz{(Wi,j,WHLj):4m—3§i§4m—2,n+2—m§j§n+1}
U{(Wi;,Wit1,) :dm+1<i<dm—-2,n+2-m<j<n+1} and
Grem-1) =AWij,Wiy15):4m—-3<i<4m—2and 1 <j<n+1-m}
U{(Wi;,Wit1,) :dm+1<i<4dm+2and1<j<n+1-—m}.

For 1 <m < £ and m = 0(mod 2), define
G ={(W;;,Wit1,;):dm—-5<i<dm—4n+m-2<j<n+1}
U{(Wi;,Wit1;) :dm—1<i<4dmn+m—-2<j<n+1}and
Grem-1) ={A(Wij,Wig1;):4m —-5<i<4m—4and 1 <j<n+m—3}
U{(Wi;,Wit1,):dm—1<i<4mand 1<j<n+m—3}.

For 1 <m < £ and m = 1(mod 2), define
G ={(W;j,W;jy1) :n—m—-L+2<i<n+1and
dm —3 < j<4dm—2}
U{(Wi;,Wijt1):n—m—-L+2<i<n+1and
dm+1<j <4m+ 2} and
Gre(mir+1) = AWij,Wig1;):1<i<n—m—L+1and 4m -3 < j < 4m — 2}
U{Wi;,Wit1,):1<i<n—-m—-L+1landdm+1<i<4m+2}

and for 1 <m < £ and m = 0(mod 2),

Gm+£:{(Wi1j,Wi7j+1):n—m—£—|—3§i§n—|—1and4m—5§j§4m—4}
U{Wi;,Wijt1):n—m—-L+3<i<n+1land 4m—1<j<4m} and
Gr—(mir+1) = AWij, Wij1):1<i<n—m—L—-2and 4m -5 < j < 4m — 4}
U{Wi;,Wijt1):1<i<n—-m—L+2and 4m —1<j <4dm}.

When L is even, define
G2y ={(Wij, Wiji1):2<i<n+1,n—-1<j<n} and
G(n/2)+1 = {(Wi,j7Wi+1,j) m—1<i<n,1 <j< n}
U{(Wij s Wijt1) ri=1n—-1<j<n}

When L is odd, define

G(n/2) = {(Wi,j,Wi,j-i-l) :2<i<n+1,n—3<j<n-—2}and
G(n/2)+1 = {(Wiﬁj,WiJrlyj) n—3<i<n—-2and1<j<n+1}.

., Gntisa (4,4) — ASD of Piq X Poya.

From the above construction clearly, {G1, G2, ..
a

See Fig. 4.4(a) and Fig. 4.4(b).
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85. (a,d) — ASD on Some Special Graphs

In this section (a,d) — ASD is established for some special graphs like wheel, Carona and a

special type in caterpillar.

Theorem 5.1 W2, = K1 + C,2(n > 3) has (a,d) — ASD, d > a if and only if a = 2 and
d=4.

Proof Suppose W,2,1 has (a,d) — ASD, d > a, By (ii) of Lemma 2.5, |E(W,2,41)| =

n+1 n
a +(d—a) , also we have |E(W,241)| = 2n%.
2 2
From the above relations, we have a = 2 and d = 4. Conversely, let V(W,2,1) =
{u1,v1,v2,...,v,2). Define G1 = (u1,v1) U (v1,v2) and
i—1 i
G = { (o) U svpi)) s T2k -1 <5 < E R},
-1 =1
for 2 < i < n. Where addition is taken modulo n? with residues 1,2,3,...,n? instead of the
usual residues 0, 1,2, ...,n% — 1. Then clearly, G; C G;41,1 < i <n—1and |E(Gi)| = 2(2i —1)
for 1 <i < n. Hence, {G1,Ga,...,G,} isa (2,4) — ASD of W,2;. |

Example 5.2 A decomposition of W21, where n = 3 into (2,4) — ASD is illustrated in Fig.
5.1. Clearly, {G1,G2,G3} is a (2,4) — ASD.

Fig. 5.1

Definition 5.3 Let T = S(v1,v2,...,Vn—1,VUn,Unt1) be a caterpillar where v; means n leaves

attached to each vertexr and v,4+1 means no leaf attached to the last vertez.

Theorem 5.4 The caterpillar T = S(vg,v1,V2,...,Vn—1,Vn) has an (a,d) — ASD, (d > a) if
and only if a =2 and d = 2.

n+1
Proof Suppose T admits (a,d) - ASD (d > a) By (ii) of Lemma 2.5, |E(T)| = a
2
n n+1
(d—a) . Also, |E(T)| = (n+1)n =n?*+1=2 . From the above two relations,
2 2

we have a = 2 and d = 2.
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Conversely, suppose a = 2, d = 2. Let

V(G) ={v1,v2,...,0n,0n41} U { (k) ( ,...,v,(lk) 1 <k< n},
where v; are vertices on the path P, and v( (1 < k < n) are the vertices of the star at each

v;(1 < j <n). Define for 1 < k <n, T, = {(vk, vk+1)} {(vk, v; ):lgjgn}.
Case (i) When n is odd, n = 2m + 1.

Decompose T for k = 0, 1(mod 2) into Gy, and Gy, (;s—1), 1 < m < “5=. Where

G = {(vzk,vzkﬂ)}U{(ka, ]( " )) —(2k-2)<j< n}

and

Gn,(m,l):{(vkﬂ, ()) 1<ji<n—(2k-1) }U{ Vol 1’U2k}U{(U’“ ):1§j§n}.

Define GnTH = {(n,Vn11)} U {(vn, ]( )) 1< < n} Clearly G; C Gij41,1 <i<n—1and
|E(G)| = 2i,1 < i <n.Hence {G1,Ga,...,Gp}isa (2,2) — ASD of T.

Case (ii) When n is even, n = 2m.

Decompose Ty for k = 0,1(mod 4) into G, and G,_(;,—1),1 < m < § as in Case (i).

Clearly G; C Gi41,1 <i<n—1. Hence {G1,G2,,Gn} is a (2,2) — ASD of T. O

Corollary 5.5 The corona C,, ®nKy has (a,d) — ASD, (d > a) if and only if a = 2 and d = 2.

Proof By taking v,+1 =v1 in T = S(v1,v2,...,Un,Unt1). We have T' = C,, ©® nKj. O
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