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Abstract
A total edge dominating set of a graph G is a set D of edges of G such that the sub graph <D> has no isolated

edges. The total edge domination number of G denoted by }/; (G), is the minimum cardinality of a total edge
dominating set of G . Further, the set D is said to be double edge dominating set of graph G . If every edge of G is
dominated by at least two edges of D . The double edge domination number of G , denoted by, }/;, (G), is the

minimum cardinality of a double edge dominating set of G . In this paper, we provide a constructive

characterization of trees with equal total edge domination and double edge domination numbers.

Key words: Trees, Total edge domination number, Double edge domination number.
1. Introduction:
In this paper, we follow the notations of [2]. All the graphs considered here are simple, finite, non-trivial,
undirected and connected graph. As usual p=| V| and q=| E | denote the number of vertices and edges of a

graph G, respectively.

In general, we use <X > to denote the sub graph induced by the set of vertices X and N (v) and

N [v] denote the open and closed neighborhoods of a vertex v, respectively.

The degree of an edge e =uVv of G is defined bydege =degu+degv—2, is the number of edges

adjacent to it. An edge e of degree one is called end edge and neighbor is called support edge of G .

A strong support edge is adjacent to at least two end edges. A star is a tree with exactly one vertex of degree

greater than one. A double star is a tree with exactly one support edge.
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For an edge e is a rooted tree T, let C (e) and S (e) denote the set of childrens and descendants of e
respectively. Further we define S[e]=S (e)U{e} . The maximal sub tree at e is the sub tree of 7' induced

by S [e] , and is denoted by 7.

A set D C FEis said to be total edge dominating set of G, if the sub graph <D> has no isolated edges. The

total edge domination number of G , denoted by }/; (G), is the minimum cardinality of a total edge dominating set

of G . Total edge domination in graphs was introduced by S.Arumugam and S.Velammal [1].

A set S C V is said to be double dominating set of G , if every vertex of G is dominated by at least two

vertices of S'. The double domination number of G, denoted by 7,(G), is the minimum cardinality of a double

dominating set of G . Double domination is a graph was introduced by F. Harary and T. W. Haynes [3]. The concept
of domination parameters is now well studied in graph theory (see [4] and [5]).

Analogously, a set D C F is said to be double edge dominating set of G, if every edge of G is dominated
by at least two edges of D . The double edge domination number of G , denoted by ]/;, (G), is the minimum

cardinality of a double edge dominating set of G .

In this paper, we provide a constructive characterization of trees with equal total edge domination and

double edge domination numbers.

2. Results:

Initially we obtain the following Observations which are straight forward.

Observation 2.1: Every support edge of a graph G is in every }/; (G) set.

Observation 2.2: Suppose every non end edge is adjacent to exactly two end edge, then every end edge of a graph

G isinevery 7, (G) set.

Observation 2.3: Suppose the support edges of a graph G are at distance at least three in G, then every support

edge of a graph G is in every ]/;1 (G).
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3. Main Results:

Theorem 3.1: Forany tree T, y, (T) >y, (T) .

Proof: Let g be the number of edges in tree 7" . We proceed by induction on g . If diam (T ) <3.Then T is either
a star or a double star and }/{Ij (T) =2= ]/t' (T) Now assume that diam(T) >4 and the Theorem is true for
every tree 1’ " with ql < g . First assume that some support edge of 1', say e_ is strong. Let e, and e, be the end
edges adjacent to e, and T =T —e.Let D be any ]/;1 (T") - set. Clearly e € D', where D' is a total edge
dominating set of tree T . Therefore ¥, (T )< 7, (T). Now letS be any y, (T) - set. By observations 2 and 3, we
have e ,e ,e.€S . Clearly, S —{ey} is a double edge dominating set of tree 7 . Therefore

7, (TH<y,(T)=1. Clearly, y,(T)2y,(T)+1 2y (T)+1=2y,(T)+1>y,(T), a contradiction.
Therefore every support edge of 7' is weak.

Let 7" be a rooted tree at vertex 7 which is incident with edge e, of the diam(T ) Let e, be the end
edge at maximum distance frome,, e be parent ofe,, e, be the parent of e and e, be the parent of e, in the

rooted tree. Let 7, denotes the sub tree induced by an edge e, and its descendents in the rooted tree.

Assume that deg, (e,)>3 and e, is adjacent to an end edgee, . Let T =T —e and D be the
7/; (T") - set. By Observation 1, we have e € D . Clearly, D'U {e} is a total edge dominating set of tree T . Thus
]/; (< }/; (T')+1. Now let S be any ]/;l (T') - set. By Observations 2 and 3, e,,e ,e,e, €S . Clearly,
S—{e,e}is a double edge dominating set of tree T . Therefore y, (T )<y, (T)=2 . 1t follows that

7y (D)2, (THY+22y,(T)+22y,(T) +12y,(T).
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Now assume that among the decedents of e, there is a support edge say e , which is different frome . Let
T'=T—-e and D be the 7/; (T ) - set containing no end edges. Since e, must have a neighbor in D', thus
e, eD . Clearly DU {e} is a total edge dominating set of tree 7 and hence }/; (< }/; (T)+1. Now let S be
any 7/;1 (T)- set. By Observations 2 and 3, we havee,,e,e €S .1If e €8, then S—{e,e,} is the double edge
dominating set of tree 7 . Further assume that ¢, &S . Then SU{e, } —{e,e } is a double edge dominating set of
tree T . Therefore y, (T )<y, (T)—1. Clearly, it follows that, y, (T)>y, (T )+12y, (T )+1=y.(T) .

Therefore, we obtain ¥, (T)>y, (T).

To obtain the characterization, we introduce six types of operations that we use to construct trees with equal total

edge domination and double edge domination numbers.
Type 1: Attach a path F] to two vertices # and W which are incident with e, and e, respectively of 7" where

e,,e,, located at the component of 7" —e e such that eithere, is in 7, setof T or e, isin 7, -setof T .

Type 2: Attach a path P to a vertex v incident with e of tree 7", where e is an edge such that 7' —e has a

component .

Type 3: Attach k£ >1 number of paths P, to the vertex v which is incident with an edgee of 7 where eis an

edge such that either 7 —e has a component P, or 7' —e has two components P, and P, and one end of P, is

adjacentto e isT .

Type 4: Attach a path P, to a vertex v which is incident with e of tree 7" by joining its support vertex to v, such

that e is not contained is any y, - set of T .

Type 5: Attach a path P, (n) , n>1 toavertex v which is incident with an edge e, where eis in a }/;, -setof T
ifn=1.
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Type 6: Attach a path P to a vertex V incident with e of tree 7' by joining one of its support to v such that

T — e has a component H €{P,,P,,F,}.

Now we define the following families of trees

Let 3 be the family of trees with equal total edge domination number and double edge domination number. That is

J={T /T is a tree satisfying 7, (T) =y, (T)}

We also define one more family as

R={T /T is obtained from P, by a finite sequence of type - i operations where

1<i<5).

We prove the following Lemmas to provide our main characterization.

Lemma3.2:If 7 € J and T is obtained from 7 by Type-1 operation, thenT € .

Proof: SinceT € 3, we have 7,(T)= }/;1 (T"). By Theorem 1, ;/; (T)S}/;, (T'), we only need to prove that
7,(T)>y,(T) . Assume that T is obtained from T by attaching the path P, to two vertices % and W which are
incident with ¢ and e, as e;l and elw respectively. Then there is a path e e in T 'such that either e is in }/;1 -
set of T and T — e.e, has a component Py =eeee or e is in 7;1 - set of T' and T — ee, has a
component P, =¢ ee, e e. . Clearly, }/[' (T')Z}/[' (T)-1.

Suppose T’ — ee, contains a path P, =e ee e then S "be the }/;, -setof T containing e . From Observation 2

and by the definition of ¥, - set, we have S (1{e,e,e e }=1{e e} or {eu,e} . Therefore
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S=(S'—{e,.e,e,)U{e,,e,e,} is a double edge dominating st of T with| S|=\ S ‘+1=7/;1(T V+1.
Cleatly, 7,(T)=y,(T)+1 =y, (T)+1=[S|>y, ().
Now, if T’ — ee, contains a path P, =e e ewexe;. Then S be the 7;, -setof T containing e,. By Observation 2
and by definiion of y, - set, we have S {e,ee,e.,e}=1{e, e e} . Therefore
S=(S —{e,,e )U{e ,e,e,} is a double edge dominating set of T with |S | 2‘ S ‘+1=}/;(T|)+1 :

Clearly, 7, (T)=7,(T") +1 = 7,(T') +1 =| S| 27, (T).

Lemma3.3:1f 7' € 3 and 7 is obtained from 7 by Type-2 operation, then7 € J .

Proof: SinceT € 3, we havey, (T') =y, (T ). By Theorem 1, y,(T)<y, (T), we only need to prove that
7,(T)2y,(T) . Assume that T is obtained from T by attaching a path P, to a vertex v which is incident with
e of T' where T —e has a component P, =¢ e, . We can easily show that 7, (T)=y, (T )+1 . Now by
definition of }/;1 - set, there exists a ;/;, -set, D of T’ containing the edgee. Then D U {eu} forms a double

edge dominating set of T . Therefore ¥, (T)=y,(T )+1=y,(T") +l=‘ D Ufe | =y, (T).

Lemma3.4:If 7 € J and T is obtained from T by Type - 3 operation, then 7 € J .

Proof: Since7 € T, we have 7, (T =y,(T"). By Theorem 1, y, (T)<y, (T), hence we only need to prove
that 7, (T)>y,(T) . Assume that T is obtained from T by attaching 7 > 1 number of paths P, to a vertex v
which is incident with an edge e of T such that T —e has a component P, or two components P, and F,. By
definition of 7, - set and ¥, - set, we can easily show thaty, (T)>y, (T )+2m and y, (T )+2m>y,(T).
Since 7, (T') =y, (T ), it follows that ¥, (T)>y, (T )+2m=y,(T )+2m >y, (T) .
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Lemma3.5:I1f T € J and T is obtained from T by Type - 4 operation, thenT € J .

Proof: Since7 € 3, we havey, (T') =y, (T ). By Theorem 1, ¥, (T)<y, (T) , hence we only need to prove
that }/; (T)>y, (T). Assume that T is obtained from T by attaching path P, to a vertex v incident with e in
T 'such that e is not contained in any }/; setof 7 and T —e hasa component P, . For any }/;1 ~set, S of T,

S'U{e,,e.} is a double edge dominating set of 7. Hence 7,(T )+2>y,(T). Let Dbe any ¥, - set of

=1.

T containing the edge e, , which implies e, € D and | D{e,e,,e,}

it egD , then |DNE(T)|=|D|-2=y,(I)=22y,(T"), since DNE(T) is a total edge
dominating set of T . Further since y,(T')=y,(T) , it follows that ¥, (T)>y, (T )+2
=7,(T)+22y,(T).

It ecD , then DN{ee.e.}={e} and | DNE(T)|=|D|-1=y,(1)=12y,(T) . since
DN E(T") is a total edge dominating set of T . Suppose ¥, (T)< y,(T)~1 , then by y, (T ) =y, (T ), it
follows that 7, (D)2 y (T)+12y, (T )+2=y, (T )+22y,(T) . Clearly,
IDNET)|=7,(T)~1=y,(T") and DNE(T) is a total edge dominating set of T containing e .
Therefore, it gives a contradiction to the fact that e is not in any total edge dominating set of 7' and

hence }/; (T)Z}/;, (7).

Lemma3.6: If T € T and T is obtained from 7 by Type - 5 operation, thenT € J .
Proof: SinceT € T, we have 7, (T =y,(T"). By Theorem 1, y, (T)<y, (T), hence we only need to prove

that 7, (T)>y,(T) . Assume that T is obtained from 7" by attaching path P, (n) , n 21 toavertex v incident
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with e in T such that e is in ¥, - set forn=1. Clearly, ]/;(T)Zj/t' (T')+2n . 1f =2, then by
7,(T)=y,(T), it is obvious that ¥,(T) >y, (T )+2n = y,(T )+2n>y,(T) . if n=1, then D be a
7, - set of T containing e . Thus D Uf{e.,e } is a double edge dominating set of 7 . Hence

7/(T)2 y, (T )+2=y,(T) +2=| 8 Ule..e }|> 7,(T).

Lemma3.7:If 7 € J and T is obtained from T by Type - 6 operation, then 7 € J .

Proof: Since7 € T, we have 7, (T =y,(T"). By Theorem 1, y,(T)<y, (T), hence we only need to prove

that 7, (T)>y,(T) . Assume that T is obtained from T by attaching path a path P, to a vertex v which is

[

incident with e . Then there exists a subset D of E (T ) as J;- set of T such that DﬂNT,(e);t gforn=1.

Therefore D[ E (T )is a total edge dominating set of T 'and‘D NE(T )‘ >y (T). By the definition of double

edge dominating set, we have 7;1 (T )+3> 7;1 (T') . Clearly, it follows that

7,(1)=|D| =| DNER)|+|DNET)|>3+y,(T)=3+7,(T )2y,(T).

Now we define one more family as

Let T be the rooted tree. For any edgee € E(T), let C (e) and F (e) denote the set of children edges and

descendent edges of e respectively. Now we define

C (e)= {eu S C(e)‘ every edge of F' [eu ] has a distance at most two fromein 7'} .

Further partition C (e) into C, (¢) , C,(e) and C;(e) such that every edge of C, (€) has edge

degree i in T, i=1,2 and3.
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Lemma 3.8: Let 7' be a rooted tree satisfying }/; (T)=y,(T) and e, € E(T). We have the following
conditions:

1. £ C (e,)#@,then C, (e,)=C;(e,)=¢.
2. 11C,(e,) # 4. then C/ (e,)=C, (¢,)=¢ and | C; (e,)| =1

3. 1fC(e,)=C'(e,) 2C, (e,),then C, (e,)=C;(e,)=¢.

Proof: Let C (e,)={e e et . GCle)=t{e, e s e, } and C(e,)=
{e, e, sens e, } such that ‘ C (e)|=1,]C,(e,) ‘=m and ‘ C,(e,))|=n. For everyi=1,2,...,n, let
eui be the end edge adjacent to eZi in7 and T' =T—{ex] N N A ""eun} )

For (1): We prove thatif m>1,then/+n=0. Assume /+n>1. Since m>1, wecanhavea }; -set S of T

1

such that €, €S and a 7, - set D' of T 'such that €, €D . Clearly S — le,.e €.,e,,€, , e, fisa

X2 Cx0 Gy Cuyo -
double edge dominating set of 7 and D is a total edge dominating set of 7 . Hence
y (T )=‘D ‘Zj/t(T):yd (T):| S | > |S— {ex] 1€y s €5 €,,€, ..., }| >y, (T ), it gives a contradiction

with Theorem 1.

For (2) and (3): Either if C, (e,)#¢ or if C(e,)=C (e,)#C, (e,). Then for both cases, m+n>1. Now

select a }/; - set D" of T such that e, €D . Then D' is also a total edge dominating set of 7' . Hence

y.(T )=‘ D"Z}/; (T) . Further by definition of 7, - set and by Observation 2, there exists a y, -set S of T

e

;%"

which satisfies S {e, ,e, ,....e, ,e

RSN R

.»€, }=¢. Then (SNE(T)U{e,} isa y, -setof T . Hence

7:(T) | SNET)Ute, }

<|S|-U+n)+1=y,(T) —(I+n)+1 =y, (T) —(I+n)+1.
1f n>1, then y,(T )< y,(T)<y, (T )<y,(T), the last inequality is by Theorem 1. It follows that/ +n =1

and €, & S’ . Therefore / = 0and 7 = 1. From Condition 1, we have m = 0. Hence 2 follows.
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If C(eW)ZC' (e,)2C, (e,), then m+n>1. By conditions 1 and 2, /=0. Now we show that n=0 .
Otherwise, similar to the proof of 2, we have €, €S, n=1and m=0 . Since C(e,)=C (e,)

anddeg (e, )=2, for double edge domination, €,,€, € S’ a contradiction to the selection of S .

Lemma 3.9: If 7 € J with at least three edges, then 1 eR.
Proof: Let q=‘ E(T)‘ Since T € 3, we have y, (T)=y, (T). Ifdiam(T) <3, then T is either a star or a

double star and 7, (T)=2 =y, (T). Therefore T € R . If diam(T) >4, assume that the result is true for all

trees T with ‘ E(T ) ‘ =q <q.
We prove the following Claim to prove above Lemma.

Claim 3.9.1: If there is an edge €, EE(T) such that 7" — e, contains at least two components P, then 7" € R .
Proof: Assume that P, =e, e;: and e, elc are two components of 7'—e, . If T :T_{eb’el'a} , then use D and S to
denote the 7/;—set of T containing e, and }/;1 - set of T, respectively. Since e, € D,D U{e,}is a total edge
dominating set of 7' and hence %(T V)Zj/;(T)—l. Further since .S is a 7/;/ -setof T, S {e, ,eb,e;,} = {ea,e;,}
by the definition of 7/d - set. Clearly, S(VE(T") is a double edge dominating set of 7 and hence }/;(T N>
7,(T)_1:7d(T)_1:‘ SﬂE(T)‘ Zﬂ/d(T) By using Theorem 1, we get }/; (T) :}/;, (T ) andso T €3 .
By inductionon 7', T € R . Now, since 7 is obtained from 7 by type - 2 operation, 7' € R .

By above claim, we only need to consider the case that, for the edgee,, T —e,_ has exactly one component £ . Let

P=eece e e ..e bealongestpathin T having root at vertex 7 which is incident withe, .

woxTyTz®

Clearly, C(ew):C (ew);tcl (ew) By 3 of Lemma 6, C1' (ew):C; (e,)=¢ . Hence P,=eee, is a
component of /' —e . Let 1 be the number of components of £, of <S (ex )> in T such that an end edge of every
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P, is adjacent to e_. Suppose <S (ex )> in 7' has a component P, with its support edge is adjacent to e, . Then it
consists of j number of P and k number of P, components. By Lemma 6, m, j E{O,l} and k 6{0,1,2}.
Denoting the 7 components P, of the sub graph <S (ex )> in T with one of its end edges is adjacent to an edge

e inT byP,=e ee, ,1<i<n.Weprove that result according to the values of {m,j,k}.

Case 1: Suppose m=j=k=0 . Then <S(ex)>:P4(n),I121 in T . Further assume that
T':T—S[ex], then2S‘E(T')‘<q. Clearly, }/[' (T)H= }/; (T)—2n. Let Sbe a ;/;, - set of T such that S

=2n

contains as minimum number of edges of the sub graph <S (ex )> as possible. Then e_¢.S and | SNSe,]
by the definition of ;/;, - set. Clearly S(E(T) is a double edge dominating set of 7T and
hence 7, (T")2 7,(T)~2n =y, (T) -2n = |SOE(T |2y, (T). By Theorem 1, y,(T")=y, (T") and
SN E(T)is a double edge dominating set of T . Hence T € J. By applying the inductive hypothesis to 7",
T eR.

If 7> 2, then it is obvious that 7" is obtained from T by type - 5 operation and hence T € R .

X

If n=1 . Then <S(e )>:B‘=eueew in T which is incident with x of an edge e_ and

Sﬂ{eu,e, e.et=1{e.e }. To double edge dominate, €.,€, € S and so e, € SNE(T"), which implies

that e, is in some 7;t -setof T . Hence T is obtained from T by type-5 operation and T € R .

Case 2: Suppose m # 0 and by the proof of Lemma 6, m =1and j =k =0. Denote the component P, of
<S(ex )> in 7" whose support edge is adjacent to e_in T by P, =e e, e, and if T = T—{ea,eb,ec} . Then,

clearly 3 < ‘E(T )‘ <q.Let S bea y, -setof T which does not containe, .
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Now we claim that e, is not in any }/; -set of T . Suppose that T "has a }/; - set containing e _which is denoted
by D', then D U{e,}is a total edge dominating set of T . Clearly, 7,(T )>y,(T)~1. Since e, S then
SNET) is a double edge dominating set of T . Hence
}/;(TI)Z%I(T)—I:}/{;(T)—]:‘ SﬂE(T')‘+IZ}/Vd(T')+l , which gives a contradiction to the fact that
7,(T )<y, (T"). This holds the claim and therefore T can be obtained from T' by type-4 operation.

Now we prove that 7 € R . Let D be any 7, - set of T . By above claim, e, D . Since D U{e_, e, } is a total
edge dominating set of T ,}/; (T) > 7; (T)—2. Further since e, & §, SN E(T)is a double edge dominating
set of T, y,(T)2y,(T)-2 =y, (T)-2 =‘SﬂE(T')‘2}/;,(T') . Therefore by Theorem 1, we get
}/;(T = 7'd (T"), which implies that T € 3 . Applying the inductive hypothesis on 7, 7'€ R and hence

TeR.
Case 3: Suppose ]?50 and by the proof of Lemma 6, m =k =0. Let T :T_u’zl {eui’ei’ewf}' Clearly,
3S‘ E(T ')‘<q and T is obtained from T by type - 3 operation.

We only need to prove that T €9R . Suppose D'CE(T') be a 7; - set of T . Then

1

D U(U; {ei’ewi }) is a total edge dominating set of 7' and hence. }/;(T')Z }/; (I')-2n. Since T —e, has a

component P, = e_ e, , we can choose SQE(T) as a }/Id - set of 7' containing e_. Then SﬂE(T) is a 7;, -
set of T  and hence 7, (T)=|S| =2n+ ‘SﬂE(T')‘ZZH—I—}/'d (T') . Clearly, it follows that,
7,(T" )=y, (T"). Therefore, by Theorem 1, we get, ¥,(T )=y, (T )and hence T € J. Applying the inductive

hypothesison T, we get T '€ R.
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Case 4: Suppose k #0 . Then by Lemma 6, k€ {1,2} and so m= j=0. We claimk =1. If not, thenk =2. We
denote the two components P, of <S(ex )> by e; and e; in7T . LetT =T—e; . Clearly, }/;(T')ZQ/; (T).Let §
be a ;/;1 -setof T containing{ew] 1€, 50005 €, } . By Observation 2, {e; ,e; }QS. Since SﬂE(T) is a double
edge dominating set of T with ‘S ﬂE(T )‘ =7, ;i (T) -1 s we have
7,(TY=y,(T)=y,(T)>y,(T)=1>y,(T"), which is a contradiction to the fact that y,(T )<y, (T").

Sub case 4.1: Forn > 2 . Suppose T :T_Lj?zl {eu,- ’ei’ewi} . Then 7 is obtained from 7 by type - 3 operation.
Now by definition of ;/t' - set and ]/;, - set, it is easy to observe that }/;(T|)+ 2(n—-1)= }/,' (T) and
7;1 (TH+2(n-1) 27/;, (T') . Hence }/[' (TI)Z}/; (T')and T' € 3.  Applying the inductive hypothesis on T,

T €R andhence T €R.

Sub case 4.2: Forn =1. Denote the component P, of <S(ex )> by e, in T . Suppose <S(ey)—S[ex]> has a
component 1 E{E,E,Q} inT,then T =T -5 [ex] . Therefore we can easily check that 7" is obtained from
T by type-6 operation. Now by definition of ;/;, - set, }/;, (T')+3=7/;, (T) . For any ;/t' -setD of T,
D U{e,ew,ex} is a total edge dominating set of 7 . Clearly, }/; (TI)Z}/; (T)—3=7/;l (T)—3=}/;l (T). By

Theorem 1, we get ¥, (T )=y, (T )and T € J. Applying inductive hypothesis on 7, T &R and hence

TeR.

Now if the sub graph <S (ey ) -8 [ex]>has no components /5, P, or F,. Then we consider the structure
of <S(ey )> in 7. By above discussion, <S(ey )> consists of a component /%, =e_ee, e, e; and g number of
components of P, denoted by{e1 >eza-~~>eg} .Assume/=2.Then,let T =T — SI:ey} . It can be easily checked
that )/; (TH+4 = 7;1 (1= 7;1 (T')+5, which is a contradiction to the fact that 7/; (T) S]/;, (T"). Hence
g<1.
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Suppose T =T—-{e ,e;}. Here we can easily check thaty, (T )+1=y, (T). Let S be a y,- set of

u

T such that S contains as minimum edges of S [ey] as possible and S(S[e ]={e e, e} . Then
S'=(S—{e,,e, e )Ulee} is a double edge dominating set of T
Therefore y, (T )=y, (T) 1=y, (T)—l=‘ S"Z 7, (T"), which implies that y, (T )=y, (T ") where S is a
double edge dominating set of 7' . Hence 7' € . Applying inductive hypothesisto 7, T € R.

If g =0, then deg, (ey)= 2. Since €, &S, to double edge dominate e, e, es. Therefore
e is in the double edge dominating set D' of T .Hence T is obtained from T by type-1 operation. Thus
TeR.

If g =1, then deg, (ey) =3. Since €, €S to double edge dominate e,, we have €, S and
e, es, by the selection of S . Therefore e, is in the double edge dominating set .S "of T .Hence T is obtained

from 7" by type-1operation. Thus 7 € R .

By above all the Lemmas, finally we are now in a position to give the following main characterization.

Theorem 3.10: I=RU {]33}
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