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A. Mohamed Ali and K. Saranya
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Abstract
In Bhattacharya and Mukherjee introduced the concept of fuzzy Abelian

subgroups. In this paper, the investigation of fuzzy Abelian subgroups is continued.

Keywords: Fuzzy Subgroups, Fuzzy Abelian Subgroups.

1. Introduction

The concept of fuzzy sets was initiated by Zadeh. Then it has become a vigorous area
of research in engineering, medical science, social science, graph theory etc. Rosenfeld
gave the idea of fuzzy subgroups. In this paper, we defined Fuzzy subgroups and Fuzzy
Abelian Subgroups followed by theorems.

2. Preliminaries

We first recall some basic definition for the sake of completeness.

Definition 2.1. Let G be a group. A fuzzy subset µ of G is called a fuzzy subgroup of G
if

(1) µ(xy) ≥ min{µ(x), µ(y)}, ∀x, y ∈ G;

(2) µ(x−1) ≥ µ(x),∀x ∈ G.

The identity element of any group will always be denoted by e. If µ is a fuzzy subgroup
of a group G, it follows that

µ(e) ≥ µ(x), ∀ x ∈ G

µ(x−1) = µ(x), ∀ x ∈ G

and µλ is called a level subgroup of µ, where µλ is a level subset of µ, defined by

µλ = {x ∈ G‖ µ(x) ≥ λ, λ ∈ [0, 1]}.
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Definition 2.2. Let G be a group. A fuzzy subgroup µ of G is called to be normal if

µ(xyx−1) ≥ µ(y), ∀x, y ∈ G.

Theorem 2.1. Let µ be a fuzzy subgroup of a group G. Then µ is a normal fuzzy subgroup
of G if and only if any one of the following conditions is satisfied

(1) µ(xyx−1) = µ(y),∀ x, y ∈ G;

(2) µ(xy) = µ(yx),∀ x, y ∈ G.

Theorem 2.2. Let G be a group and µ a fuzzy subset of G. Then µ is a (normal) fuzzy
subgroup of G if and only if the level subsets µλ, for λ ∈ [0, 1], are (normal) subgroup
of G.

Definition 2.3. Let G be a group and µ a fuzzy subgroup of G. Let

N(µ) = {a ∈ G | µ(aya−1) = µ(x),∀ x ∈ G}.

Then N(µ) is called the fuzzy normalizer of µ.

Theorem 2.3. Let µ be a fuzzy subgroup of a group G. Then

(1) N(µ) is a subgroup of G;

(2) µ is fuzzy normal⇔ N(µ) = g

(3) µ is a fuzzy normal subgroup of the group N(µ).

Definition 2.4. Let µ be a fuzzy subgroup of a group G. Let

C(µ) = {a ∈ G | µ([a, x]) = µ(e),∀x ∈ G}.

Then C(µ) is called the fuzzy centralizer of µ, where [x, y] is the commutator of two
element x, y in G, that is, [x, y] = x−1y−1xy.

Theorem 2.4. Let µ be a fuzzy subgroup of a group G. Then

(1) C(µ) is a subgroup of G;

(2) C(µ) is normal subgroup of N(µ).
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Definition 2.5. For each i = 1, 2, . . . , n, let µi be a fuzzy subgroup of the group Gi.

The product of µi(i = 1, 2, . . . , n) is the function

µ1 × µ2 × · · · × µn : G1 ×G2 × · · · ×Gn → [0, 1]

defined by

µ1 × µ2 × · · · × µn(x) = min{µ1(x), µ2(x), . . . , µn(x)},

where x = (x1, x2, . . . , xn), x ∈ G, i = 1, 2, . . . , n.

Theorem 2.5. For each i = 1, 2, . . . , n, let µi be a fuzzy subgroup of the group Gi.

The µ1 × µ2 × · · · µn is a fuzzy subgroup of the group G1 ×G2 × · · · ×Gn.

Definition 2.6. Let µ be a fuzzy subgroups of a group G. Let H = {x ∈ G | µ(x) = µ(e)}.
Then µ is fuzzy Abelian if H is an Abelian subgroup of G.

3. Main results

From here on we make H = {x ∈ G | µ(x) = µ(e)}.

Proposition 3.1. Let µ be a normal fuzzy subgroup of a group G. Then H ⊆ C(µ).

Proof. Since ∀x ∈ H, we have µ(x) = µ(e),∀y ∈ G,

µ([x, y]) = µ(x−1y−1xy)

≥ min{µ(x), µ(y−1xy)}

= min{µ(x), µ(x)}

= µ(x) = µ(e).

This implies that x ∈ C(µ), that is, H ⊆ C(µ). �

Proposition 3.2. Let µ be a fuzzy subgroup of a group G and n a natural number. Then
µ((xyn)) = µ(xnyn),∀x, y ∈ C(µ).

Proof. From Theorem 2.3(3) and Theorem 2.4(2), µ is a normal fuzzy subgroup of the
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group C(µ). Consequently, for ∀x, y ∈ C(µ), we have

µ((xy)n) = µ(xy · · · xyxyxy) = µ(xy · · · xyxy2x[x, y])

≥ min{µ(xy · · · xyxy2x), µ([x, y])}

= µ(xy · · · xyxy2x) = µ(x2y · · · xyxy2)

= µ(x2y · · · xy3x[x, y]) ≥ µ(x3y · · · xy3)

≥ · · · ≥ µ(xn−1yxy−1)

= µ(xn−1ynx[x, yn−1])

≥ µ(xn−1ynx) = µ(xnyn)

and

µ(xnyn) = µ(xn−1ynx) = µ(xn−1yxyn−1[yn−1, x])

≥ µ(xn−1yxyn−1)

≥ · · · ≥ µ(xy · · · xyxy2x)

= µ(xy · · · xyxyxy[x, y]) ≥ µ((xy)n).

This is, µ((xy)n) = µ(xnyn). �

Theorem 3.1. For each i = 1, 2, . . . , n, let µi be a fuzzy Abelian group of the group
Gi and µi(ei) = µ) j(e j),∀i, j ∈ {1, 2, . . . , n}. Then µ1 × µ2 × · · · × µn is a fuzzy Abelian
subgroup of G1 ×G2 × · · · ×Gn, where ei is the identity element of Gi.

Proof. From Theorem 2.5, µ1 × µ2 × · · · × µn is fuzzy subgroup of G1 ×G2 × · · · ×Gn.

For each i = 1, 2, . . . , n, let

Hi = {x ∈ Gi | µi(x) = µi(ei)}.

Then Hi is a Abelian subgroup of Gi and H1 × H2 × · · · × Hn is a subgroup of
G1 ×G2 × · · · ×Gn. Let

H = {x ∈ G1 ×G2 × · · · ×Gn | µ1 × µ2 × · · · × µn(x) = µ1 × µ2 × · · · × µn(e)},

e = (e1, e2, . . . , en) is the identity element of G1 ×G2 × · · · ×Gn. Then H is a subgroup
of G1 ×G2 × · · · ×Gn.



A. Mohamed Ali and K. Saranya 5

Now ∀x ∈ H1 × H2 × · · · × Hmx = (x1, x2, . . . , xn), xi ∈ Hi, we have

µ1 × µ2 × · · · × µn(x) = µ1 × µ2 × · · · × µn(x1, x2, . . . , xn)

= min{µ1(x1), µ2(x2), . . . , µn(xn)}

= min{µ1(e1), µ2(e2), . . . , µn(en)}

= µ1 × µ2 × · · · × µn(e1, e2, . . . , en)

= µ1 × µ2 × · · · × µn(e).

Consequently, x ∈ H. Conversely, ∀x ∈ H, x = (x1, x2, . . . xn), xi ∈ Hi, we have

min{µ1(x1), µ2(x2), . . . , µn(xn)} = µ1 × µ2 × · · · × µn(x)

= µ1 × µ2 × · · · × µn(e)

= min{µ1(e1), µ2(e2), . . . , µn(en)}

= µi(ei).

It follows that xi ∈ Hi(i = 1, 2, . . . , n), that is, x ∈ H1 × H2 × · · · × Hn. Thus
H1 × H2 × · · · × Hn.

Also, Hi is Abelian for each i = 1, 2, . . . , n, so we have that H = H1×H2×· · ·×Hn is
Abelian implying that µ1×µ2×· · ·×µn is a fuzzy Abelian subgroup of G1×G2×· · ·×Gn

is a fuzzy Abelian subgroup of Definition 2.6. �

4. Conclusion

In this paper, we have discussed the Fuzzy Subgroups, Fuzzy Abelian Subgroups.
It has been observed Fuzzy Subgroups concepts adds another dimension to defined
Fuzzy Normal Subgroups. This concept can further be extended for new results.
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In this paper, we introduce the concept of Q-fuzzy normal group and Q-fuzzy
left (right) cosets and discussed some of its properties.
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1. Introduction

The concept of fuzzy sets was initiated by Zadeh. Then it has become a vigorous area
of research in engineering, medical science, social science, graph theory etc. Rosenfeld
gave the idea of fuzzy subgroups. A.Solairaju and R. Nagarajan introduce and define
a new algebraic structure of Q-fuzzy groups. In this paper we define a new algebraic
structure of Q-fuzzy normal subgroups and Q-fuzzy left (right) cosets and study some
of their properties.

2. Preliminaries

In this section we site the fundamental definitions that will be used in the sequel.

Definition 2.1. Let X be any non empty set. A fuzzy subset µ of X is a function
µ : X → [0, 1].

Definition 2.2. Let G be a group. A fuzzy subset µ of G is called a fuzzy subgroup if for
all x, y ∈ G,

(i) µ(xy) ≥ min{µ(x), µ(y)},

(ii) µ(x−1) = µ(x)
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Definition 2.3. Let G be a group. A fuzzy subgroup µ of G is said to be normal if for all
x, y ∈ G, µ(xyx−1) = µ(y) or µ(xy) = µ(yx).

Definition 2.4. Let µ be a fuzzy subgroup of a group G. For any t ∈ [0, 1], we define the
level subset of µ is the set, µt = {x ∈ G, /µ(x) ≥ t}.

Definition 2.5. Let Q and G be any two sets. A mapping µ : G × Q→ [0, 1] is called a
Q-fuzzy set in G.

Definition 2.6. A Q-fuzzy set µ is called a Q-fuzzy subgroup of a group G, if for
x, y ∈ G, q ∈ Q.

(i) µ(xy, q) ≥ min{µ(x, q), µ(y, q)}

(ii) µ(x−1, q) = µ(x, q)

3. Q-Fuzzy Normal Subgroups

Definition 3.1. Let G be a group. A Q-fuzzy subgroup µ of G is said to be normal if for
all x, y ∈ G and q ∈ Q, µ(xyx−1, q) = µ(y, q) or µ(xy, q) ≥ µ(yx, q).

Definition 3.2. Let µ be a Q-fuzzy subgroup of a group G. For any t ∈ [0, 1], we define
the level subset of µ is the set, µt = {x ∈ G, q ∈ Q / µ(x, q) ≥ t}.

Theorem 3.1. Let G be a group and µ be a Q-fuzzy subset of G. Then µ is a Q-fuzzy
subgroup of G iff the level subsets, µt, t ∈ [0, 1], are subgroup of G.

Proof. Let µ be a Q-fuzzy subgroup of G and the level subset µt = {x ∈ G, q ∈
Q / µ(x, q) ≥ t, t ∈ [0, 1]}. Let x, y ∈ µt. Then µ(x, q) ≥ t & µ(y, q) ≥ t.
Now

µ(xy−1, q) ≥ min{µ(x, q), µ(y−1, q)}

= min{µ(x, q), µ(y, q)}

≥ min{t, t}

Therefore, µ(xy−1, q) ≥ t. This implies xy−1 ∈ µt.

Thus µt is a subgroup of G.
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Conversely, let us assume that µt be a subgroup of G.
Let x, y ∈ µt. Then µ(x, q) ≥ t and µ(y, q) ≥ t. Also

µ(xy−1, q) ≥ t, since xy−1 ∈ µt

= min{t, t}

= min{µ(x, q), µ(y, q)}

That is, µ(xy−1, q) ≥ min{µ(x, q), µ(y, q)}
Hence µ is a Q-fuzzy subgroup of G. �

Definition 3.3. Let G be a group and µ be a Q-fuzzy subgroup of G. Let N(µ) = {a ∈
G / µ(axa−1, q) = µ(x, q), for all x ∈ G, q ∈ Q}. Then N(µ) is called the Q-fuzzy
Normalizer of µ.

Theorem 3.2. Let G be a group and µ be a Q-fuzzy subset of G. Then µ is a Q-fuzzy
normal subgroup of G iff the level subsets µt, t ∈ [0, 1], are normal subgroup of G.

Proof. Let µ be a Q-fuzzy normal subgroup of G and the level subsets µt, t ∈ [0, 1], is a
subgroup of G. Let x ∈ G and a ∈ µt, then µ(a, q) ≥ t.
Now, µ(xax−1, q) = µ(a, q) ≥ t, since µ is a Q-fuzzy normal subgroup of G.
That is, µ(xax−1, q) ≥ t.
Therefore, xax−1 ∈ µt. Hence µt is a normal subgroup of G. �

Theorem 3.3. Let µ be a Q-fuzzy subgroup of a group G. Then

(i) N(µ) is a subgroup of G.

(ii) µ is a Q-fuzzy normal⇔ N(µ) = G.

(iii) µ is a Q-fuzzy normal subgroup of the group N(µ).

Proof. (i) Let a, b ∈ N(µ) then µ(axa−1, q) = µ(x, q), for all x ∈ G. µ(bxb−1, q) = µ(x, q),
for all x ∈ G. Now

µ(abx(ab)−1, q) = µ(abxb−1a−1, q)

= µ(bxb−1, q)

= µ(x, q)

Thus we get, µ(abx(ab)−1, q) = µ(x, q). ⇒ ab ∈ N(µ)
Therefore, N(µ) is a subgroup of G.
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(ii) Clearly N(µ) ⊆ G, µ is a Q-fuzzy normal subgroup of G.
Let a ∈ G, then µ(axa−1, q) = µ(x, q).
Then a ∈ N(µ)→ G ⊆ N(µ). Hence N(µ) = G.
Conversely, let N(µ) = G.
Clearly µ(axa−1, q) = µ(x, q), for all x ∈ G and a ∈ G.
Hence µ is a Q-fuzzy normal subgroup of G.
(iii) From (2), µ is a Q-fuzzy normal subgroup of a group N(µ). �

Definition 3.4. Let λ and µ be two Q-fuzzy subsets of G. The product of λ and µ is
defined to be the Q-fuzzy subset λµ of G is given by

λµ(x, q) = sup
yz=x

min(λ(y, q), µ(z, q)), x ∈ G.

Theorem 3.4. If λ and µ are Q-fuzzy normal subgroup of G, then λµ is a Q-fuzzy normal
subgroup of G.

Proof. Let λ and µ be two Q-fuzzy normal subgroups of G.

(i) λµ(xy, q) = sup
x1y1=x
x2y2=y

min{λ(x1y1, q), µ(x2y2, q)}

≥ sup
x1y1=x
x2y2=y

min{min{λ(x1, q), λ(y1, q)},min{µ(x2, q), µ(y2, q)}}

≥ min
x1y1=x
x2y2=y

{sup min{λ(x1, q), λ(y1, q)}, sup min{µ(x2, q), µ(y2, q)}}

λµ(xy, q) ≥ min{λµ(x, q), λµ(y, q)}

(ii) λµ(x−1, q) = sup
(yz)−1=x−1

min{µ(z−1, q), λ(y−1, q)}

= sup
x=yz

min{µ(z, q), λ(y, q)}

= sup
x=yz

min{µ(y, q), λ(z, q)}

= λµ(x, q)

Hence λµ is a normal Q-fuzzy subgroup of G. �

4. Conclusion

In this article we have discussed Q-fuzzy Normal subgroups, Q-fuzzy Normalizer and
Q-fuzzy subgroups under homomorphism. Interestingly, it has been observed that Q-
fuzzy concept adds an another dimension to the defined fuzzy normal subgroups. This
concept can further be extended for new results.
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1. Introduction

In 1736, Euler first introduced the concept of graph theory. In the history of
mathematics, the solution given by Euler of the well known Konigsberg bridge problem
is considered to be the first theorem of graph theory. The concept of fuzzy set was
introduced by Zadeh in 1965, utilizing what Rosenfeld defined as fuzzy subgroups.

2. Preliminaries

Let X be any set, L a complete distributive lattice with 0, 1. A fuzzy subset A on X is
characterised by mapping A : X → L, XL denotes the set of whole fuzzy subset of X.

Definition 2.1. Let K be a field, A ∈ KL, the F is called a fuzzy field of K, if for all
x, y ∈ K

1. F(x − y) ≥ F(x) ∧ F(y),

2. F(xy) ≥ F(x) ∧ F(y),

3. F(x) ≥ F(x−1), if x , 0.

Definition 2.2. Let Y be an algebra over field K, F a fuzzy field of K, and A ∈ YL. Then
A is called a fuzzy algebra of Y, if
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1. A(x − y) ≥ A(x) ∧ A(y),

2. A(xy) ≥ A(x) ∧ A(y),

3. A(λX) ≥ A(x) ∧ F(λ),

for all x, y ∈ Y and λ ∈ K. In brief A is an F-fuzzy algebra.

Unless specially stated, Y only refers to the algebra over field K, F only refers to the
fuzzy field of K, A only refers to the F-fuzzy algebra of Y in this paper.

Definition 2.3. Let A be an F-algebra of Y. Then A is called an F-fuzzy left ideal of Y, if
A(xy) > A(x) ∨ A(y) for all x, y ∈ Y.

Definition 2.4. Let B be an F-fuzzy ideal of Y, the fuzzy subset x + B of Y is defined as
follows: (x + B)y = B(x − y) for all y ∈ Y.

Definition 2.5. Let B be an F-fuzzy ideal of Y, Y/B = {x + B‖x + Y}. The operation “+”,
“.” and scalar product on Y/B are defined as follows:

(x + B) + (y + B) = x + y + B,

(x + B)(y + B) = xy + B,

λ(x + B) = λx + B.

3. Fuzzy factor algebra of the F-fuzzy algebra

Proposition 3.1. Let B be an F-fuzzy ideal of algebra Y, then Y/B is an algebra over
field K.

Proposition 3.2. Let B be an F-fuzzy ideal of the algebra Y, and GB = {x‖x ∈ Y, B(x) =

B(0)}, then GB is an ideal of Y, and Y/GB � Y/B.

We can easily prove the Proposition 3.1 and Proposition 3.2.

Let Y be an algebra over field K, A an F-fuzzy algebra of Y, B an F-fuzzy ideal of Y.
We define a fuzzy set A/B of Y/B as follows:

A/B : Y/B→ L and A/B(x + B) =
∨

y+B=x+B

A(y).
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Theorem 3.1. A/B is an F-fuzzy algebra of Y/B.

Proof. For all x, y ∈ Y, λ ∈ K, we have

A/B((x + B) − (y + B)) = A/B(x − y + B)

=
∨

z+B=x−y+B

A(z)

≥
∨

x1+B=x+B
y1+B=−y+B

A(x1 + y1)

≥
∨

x1+B=x+B
y1+B=−y+B

A(x1) ∧ A(y1)

=

 ∨
x1+B=x+B

A(x1)

 ∧
 ∨

y1+B=−y+B

A(y1)


= (A/B(x + B)) ∧ (A/B(−y + B))

≥ (A/B(x + B)) ∧ (A/B(y + B))

A/B(λ(x + B)) = A/B(λx + B)

=
∨
z=λx

A(z)

≥
∨

λx1=λx

A(λx1)

≥
∨

λx1=λx

A(x1) ∧ F(λ)

= F(λ) ∧
∨

λx1=λx

A(x1)

= F(λ) ∧ A/B(x + B)

A/B(x + B)(y + B) = A/B(xy + B)

=
∨

z+B=xy+B

A(z)

=
∨

x1+B=x+B
y1+B=y+B

A(x1y1)

≥
∨

x1+B=x+B
y1+B=y+B

A(x1) ∧ A(y1)

=

 ∨
x1+B=x+B

A(x1)

 ∧
 ∨

y1+B=−y+B

A(y1)


≥ (A/B(x + B)) ∧ (A/B(y + B)).
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So, A/B is an F-fuzzy algebra. �

Definition 3.1. We call A/B the F-fuzzy factor algebra of A about B.

Definition 3.2. Let Y,Y ′ be general sets, f : Y → Y ′ a surjective mapping, and A a
fuzzy set of Y. If f (x) = f (y) follows A(x) = A(y), then A is called f-invariant.

Definition 3.3. Let f : Y → Y ′ be an algebra homomorphism (isomorphism), A and A′

fuzzy F-algebra of Y and Y ′, respectively: If f (A) = A′, then we say A is homomorphic
(isomorphic) to A′, which is denoted as A ∼ A′(A � A′).

Proposition 3.3. Let Y be a algebra over field K, A and B as above, then A ∼ A/B.

Proposition 3.4. Let f be an algebra homomorphism from algebra Y into algebra Y ′,
A the F-fuzzy algebra of Y, and I the ideal of Y. If GB ⊂ ker f , then A/B ∼ f (A).

Theorem 3.2. Let f : Y → Y ′ be an algebra homomorphism, A a fuzzy algebra of Y, B
a F-fuzzy ideal of Y and GB = ker f , then A/B � f (A).

Proposition 3.5. Let f : Y → Y ′ be an algebra homomorphism, B a fuzzy ideal of Y
and B be f-invariant. Then Y/B � Y ′/ f (B).

Theorem 3.3. Let f : Y → Y ′ be an algebra homomorphism, A a fuzzy algebra of Y
and B a F-fuzzy ideal of Y. If B is f-invariant, then A/B � f (A)/ f (B).

4. Conclusion

In this paper, we have discussed the concept of fuzzy factor algebra of fuzzy algebra
over fuzzy field, fuzzy homomorphism and proved some theorems. This concept can
further be extended for new results.
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1. Introduction

Rosenfeld considered fuzzy relations on fuzzy sets and developed the theory of fuzzy
graphs in 1975. Nagoor Gani and Radha introduced regular fuzzy graphs, total degree
and totally regular fuzzy graph. Gnaana Bhargsam and Ayyaswamy suggested a method
to construct a neighbourly irregular graph of order n and also discussed some properties
on neighbourly irregular graph. Yousef Alavi, etl., introduced k-path irregular graph
and studied some properties on k-path irregular graph.

2. Preliminary

A fuzzy subset of a nonempty set S is a mapping σ : S → [0, 1]. A fuzzy relation
on S is a fuzzy subset of S × S . If µ and ν are fuzzy relation, then µ ◦ ν(u,w) =

sup{µ(u, v) ∧ ν(v,w) : ν ∈ S } and µk(u, v) = sup{µ(u, u1) ∧ ν(u1, u2) ∧ µ(u2, u3) ∧ . . . ∧
µ(uk−1, v) : u1, u2, . . . , uk−1 ∈ S }, where ‘∧’ stands for minimum. A fuzzy graph is a pair
of functions σ : V → [0, 1] and µ : V × V → [0, 1], where for all u, v ∈ V we have
µ(u, v) ≤ σ(u) ∧ σ(v).

Definition 2.1. A graph G is called regular if every vertex is adjacent only to vertices
having the same degree.
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Definition 2.2. A graph G is called irregular, if there is a vertex which is adjacent only
to vertices with distinct degrees.

Definition 2.3. A connected graph G is said to be highly irregular if every vertex of G
is adjacent only to vertices with distinct degrees.

Definition 2.4. A connected graph G is said to be neighbourly irregular if no two
adjacent vertices of G have the same degree.
Equivalently, a connected graph G is called neighbourly irregular if every two adjacent
vertices of G have distinct degree.

Definition 2.5. A fuzzy graph G = (σ, µ) is a pair of functions σ : V → [0, 1] and
µ : V × V → [0, 1], where for all u, v ∈ V, we have µ(u, v) ≤ σ(u) ∧ σ(v).

Definition 2.6. The fuzzy subgraph H = (τ, ρ) is called a fuzzy subgraph of G = (σ, µ)
if τ(u) ≤ σ(u) for all u ∈ V and ρ(u, v) ≤ µ(u, v) for all u, v ∈ V.

Definition 2.7. The underlying crisp graph of a fuzzy graph G = (σ, µ) is denoted by
G∗ = (σ∗, µ∗), where σ∗ = {µ ∈ V/σ(u) > 0} and µ∗ = {(u, v) ∈ V × V/µ(u, v) > 0}.

Definition 2.8. Let G = (σ, µ) be a fuzzy graph. The degree of a vertex u is dG(u) =

d(u) =
∑
u,v

µ(u, v) =
∑
uv∈E

µ(u, v)

Definition 2.9. Let G = (σ, µ) be a fuzzy graph on G∗ : (V, E). If dG(v) = k for all v ∈ V,
if each vertex has the same degree k, then G is said to be a regular fuzzy graph of degree
k or a k-regular fuzzy graph.

Definition 2.10. Let G = (σ, µ) be a fuzzy graph on G∗. The total degree of a vertex
u ∈ V is defined by

tdG(u) =
∑
u,v

µ(u, v) + σ(u) =
∑
uv∈E

µ(u, v) + σ(u) = dG(u) + σ(u).

If each vertex of G has the same total degree k, then G is said to be a totally regular
fuzzy graph of total degree k or a k-totally regular fuzzy graph.

Definition 2.11. A path ρ in a fuzzy graph is a sequence of distinct vertices
u0, u1, u2, . . . , un such that µ(ui−1, ui) > 0, 1 ≤ i ≤ n. The path ρ is called a cycle if
u0 = un and n ≥ 3.
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Definition 2.12. The complement of a fuzzy graph G = (σ, µ) is a fuzzy graph
Gc = (σc, µc), where σc = σ and µc(u, v) = σ(u) ∧ σ(v) − µ(u, v) for all u, v in V.

Definition 2.13. A fuzzy graph G = (σ, µ) is a complete fuzzy graph if µ(u, v) =

σ(u) ∧ σ(v) for all u, v ∈ σ∗.

Definition 2.14. Let G = (σ, µ) be a fuzzy graph such that G∗ = (V, E) is a cycle.
Then G is a fuzzy cycle if and only if there does not exist a unique edge (x, y) such that
µ(x, y) = ∧{µ(u, v)/(u, v) > 0}.

3. Neighbourly irregular and Highly irregularly fuzzy graphs

Definition 3.1. Let G = (σ, µ) be a fuzzy graph. Then G is irregular, if there is a vertex
which is adjacent to vertices with distinct degrees.

Example 3.1. Define G = (σ, µ) by σ(u) = 0.4, σ(v) = 0.6, σ(w) = 0.4, σ(x) = 0.2,
σ(y) = 0.5 and µ(u, v) = 0.2, µ(v,w) = 0.4, µ(w, x) = 0.3, µ(x, y) = 0.2, µ(u, y) = 0.3.

Definition 3.2. Let G = (σ, µ) be a connected fuzzy graph. G is said to be a neighbourly
irregular fuzzy graph if every two adjacent vertices of G have distinct degree.

Example 3.2. Define G = (σ, µ) by σ(u) = 0.8, σ(v) = 0.9, σ(w) = 0.7, σ(x) = 0.6 and
µ(u, v) = 0.8, µ(v,w) = 0.4, µ(w, x) = 0.6, µ(x, u) = 0.6.

Definition 3.3. Let G = (σ, µ) be a fuzzy graph. Then G is totally irregular, if there is a
vertex which is adjacent to vertices with distinct total degrees.

Definition 3.4. If every two adjacent vertices of a fuzzy graph G = (σ, µ) have distinct
total degree, then G is said to be a neighbourly total irregular fuzzy graph.

Definition 3.5. Let G = (σ, µ) be a connected fuzzy graph. G is said to be a highly
irregular fuzzy graph if every vertex of G is adjacent to vertices with distinct degrees.

Example 3.3. Define G = (σ, µ) by σ(u) = 0.4, σ(v) = 0.3, σ(w) = 0.5, σ(x) = 0.7 and
µ(u, v) = 0.3, µ(v,w) = 0.2, µ(w, x) = 0.3, µ(x, u) = 0.4.

Proposition 3.1. A highly irregular fuzzy graph need not be a neighbourly irregular
fuzzy graph.
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Example 3.4. Define G = (σ, µ) by σ(u) = 0.7, σ(v) = 0.8, σ(x) = 0.5, σ(y) = 0.9,
σ(z) = 0.6 and µ(u, v) = 0.4, µ(v, x) = 0.4, µ(x, y) = 0.5, µ(u, y) = 0.4, µ(y, z) = 0.6.
To every vertex v ∈ V, the adjacent vertices have distinct degrees. Hence G is highly
irregular. But d(u) = d(v) = 0.8. So G is not neighbourly irregular.

Proposition 3.2. A neighbourly irregular fuzzy graph need not be a highly irregular
fuzzy graph.

Example 3.5. Define G = (σ, µ) by σ(u) = 0.6, σ(v) = 0.4, σ(w) = 0.5, σ(y) = 0.5,
σ(x) = 0.7 and µ(u, v) = 0.6, µ(v,w) = 0.3, µ(w, y) = 0.2, µ(u, y) = 0.4, µ(w, x) = 0.5,
µ(x, y) = 0.3. No two adjacent vertices has the same degree. So G is a neighbourly
irregular fuzzy graph. But to the vertex u, the adjacent vertices v and y has the same
degree (=0.9). So G is not highly irregular.

4. Properties of Neighbourly Irregular fuzzy graphs

Proposition 4.1. If a fuzzy graph G = (σ, µ) is neighbourly irregular, then Gc is not be
neighbourly irregular.

Proof. For, the non-adjacent vertices in G having the same degree, are then adjacent
vertices and also of the same degree in Gc. Therefore, Gc is not a neighbourly irregular
fuzzy graph. �

Proposition 4.2. The converse of the above result is not true. (i.e) If a fuzzy graph
G = (σ, µ) is not neighbourly irregular, then its complement is not neighbourly irregular.

Example 4.1. Define G = (σ, µ) by σ(u) = 0.6, σ(v) = 0.5, σ(w) = 0.6, σ(x) = 0.5,
σ(y) = 0.7 and µ(u, v) = 0.5, µ(u,w) = 0.1, µ(u, x) = 0.5, µ(u, y) = 0.6, µ(v,w) = 0.4,
µ(w, x) = 0.4, µ(x, y) = 0.3. Clearly G and Gc are not neighbourly irregular since
d(v) = d(w) = d(x) = d(y) = 0.9 in G and d(v) = d(x) = 1.1 in Gc.

Proposition 4.3. A complete fuzzy graph need not be neighbourly irregular.

Example 4.2. Define G = (σ, µ) by σ(u) = 0.5, σ(v) = 0.4, σ(w) = 0.5, σ(x) = 0.7 and
µ(u, v) = 0.4, µ(v, x) = 0.4, µ(x,w) = 0.5, µ(w, u) = 0.5, µ(u, x) = 0.5, µ(v,w) = 0.4.
G is a complete fuzzy graph but not neighbourly irregular.

Proposition 4.4. A neighbourly irregular fuzzy graph need not be a neighbourly total
irregular fuzzy graph.
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Example 4.3. Define G = (σ, µ) by σ(u) = 0.5, σ(v) = 0.6, σ(w) = 0.4, σ(x) = 0.9,
σ(y) = 0.2 and µ(u, v) = 0.5, µ(v, x) = 0.6, µ(x,w) = 0.3, µ(x, y) = 0.1, µ(u, y) = 0.2,
µ(v,w) = 0.4, µ(u,w) = 0.4. No two adjacent vertices of G has the same degree.
Therefore G is a neighbourly irregular fuzzy graph. Since td(u) = td(w) = 1.6, G is
not a neighbourly total irregular fuzzy graph.

Proposition 4.5. Let G = (σ, µ) be either a neighbourly irregular or a neighbourly total
irregular fuzzy graph, where G∗ is a cycle, then G need not be a fuzzy cycle.

Example 4.4. Define G = (σ, µ) by σ(u) = 0.8, σ(v) = 0.9, σ(w) = 0.8, σ(x) = 0.5
and µ(u, v) = 0.3, µ(u, x) = 0.6, µ(v,w) = 0.4, µ(w, x) = 0.5. Clearly G is neighbourly
irregular and neighbourly total irregular fuzzy graph, but G is not a fuzzy cycle since
there exists a unique edge (u, v) such that µ(u, v) = 0.3 = ∧{µ(x, y)/(x, y) > 0}.

5. Conclusion

In this paper, we have discussed regular fuzzy graphs, total degree and totally regular
fuzzy graphs. Also we have discussed neighbourly irregular graphs of order n and we
have given some properties on neighbourly irregular graphs. This concept can further
be extended for new results.
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1. Introduction

Fuzzy Sets were introduced by Lotfi. A. Zadeh in 1965 as a generalisation
of classical (crisp) sets. Further the fuzzy sets are generalised by Krassimir.T.
Atanassov in which he has taken non-membership values also into consideration
and introduced Intuitionistic Fuzzy sets. He has also intrduced the extensions of
IFS namely Intuitionistic Fuzzy sets of second type, Intuitionistic L-Fuzzy sets and
Temporal Intuitionistic Fuzzy sets. In 1966, Imai and Iseki, defined a class of
algebras of type (2, 0) named BCK-algebras and another class of algebras of type
(2, 0) called BCI-algebras. In 1983, Hu and Li introduced the concept of BCH-algebras
and given examples of proper BCH-algebras. Xi applied the notion of fuzzy sets to
BCK/BCI-algebras in 1991.

Neggers and Kim in 2006, introduced and investigated a class of algebras,
viz., the class of B-algebras, which is related to several classes of algebras of
interest such as BCH/BCI/BCK- algebras. In section 2, we give some basic
definitions and in section 3, we define the Intuitionistic Fuzzy B-Algebra of
Second Type and establish some of their properties. The paper is concluded in
section 4.
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2. Preliminaries

In this section, we give some basic definitions.

Definition 2.1. A Fuzzy set A in a universal set X is defined by,

A = {〈x, µA(x)〉/x ∈ X}

where µA : X → [0, 1] is the membership function representing the membership degree
of element x in the FS A such that 0 ≤ µA(x) ≤ 1.

Definition 2.2. An Intuitionistic Fuzzy set A in a universal set X is defined as an object
of the form,

A = {〈x, µA(x), νA(x)〉/x ∈ X}

where µA : X → [0, 1] and νA : X → [0, 1] denote the degree of membership
and the degree of non-membership of the element x ∈ E respectively, satisfying
0 ≤ µA(x) + νA(x) ≤ 1.
The value πA(x) = 1 − µA(x) − νA(x) is the degree of uncertainty of the element x ∈ X to
the IFS A.

Definition 2.3. An Intuitionistic Fuzzy sets of second type A in a universal set X is
defined as an object of the form,

A = {〈x, µA(x), νA(x)〉/x ∈ X}

where µA : X → [0, 1] and νA : X → [0, 1] denote the degree of membership
and the degree of non-membership of the element x ∈ X respectively, satisfying
0 ≤ µA(x)2 + νA(x)2 ≤ 1.
The value πA(x) =

√
1 − µA(x)2 − νA(x)2 is the degree of uncertainty of the element

x ∈ X to the IFSST A.

Definition 2.4. A B-algebra is a non-empty set X with a constant 0 and a binary
operation ∗ satisfying the following axioms:

(i) x ∗ x = 0,

(ii) x ∗ 0 = x,

(iii) (x ∗ y) ∗ z = x ∗ (z ∗ (0 ∗ y)) for all x, y, z ∈ X.

Definition 2.5. A fuzzy set µ in X is called a fuzzy B-algebra if it satisfies the inequality

µ(x ∗ y) ≥ µ(x) ∧ µ(y)

for all x, y ∈ X.
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Definition 2.6. Let (X, ∗, 0) be a B-algebra. A intuitionsitic fuzzy set A =

{〈x, µA(x), νA(x), 〉 : x ∈ X} of X is said to be a intuitionsitic fuzzy B-algebra if it satisfies

µA(x ∗ y) ≥ µA(x) ∧ νA(y)

and
νA(x ∗ y) ≤ νA(x) ∨ νA(y)

for all x, y ∈ X.

3. Intuitionsitic Fuzzy B-Algebra of Second Type

In this section, we introduce Intuitionistic Fuzzy B-Algebra of Second Type and
establish some of their properties.

Definition 3.1. Let (X, ∗, 0) be a B-algebra. A intuitionsitic fuzzy sets of second type
A = {〈x, µA(x), νA(x), 〉 : x ∈ X} of X is said to be a intuitionsitic fuzzy B-algebra of
second type if it satisfies

µA(x ∗ y) ≥ µ2
A(x) ∧ ν2

A(y)

and
νA(x ∗ y) ≤ ν2

A(x) ∨ ν2
A(y)

for all x, y ∈ X.

Proposition 3.1. Let A = {〈x, µA(x), νA(x)〉 : x ∈ X} be a intuitionsitic fuzzy B-algebra
of second type. Then, we have the following µA(0) ≥ µ2

A(x) and νA(0) ≤ ν2
A(x) for all

x ∈ X.

Proof.
Since x ∗ x = 0 for all x ∈ X, we have that

µA(0) = µA(x ∗ x)
≥ µ2

A(x) ∧ µ2
A(x)

= µ2
A(x).

This implies that µA(0) ≥ µ2
A(x) and

νA(0) = νA(x ∗ x)
≤ ν2

A(x) ∨ ν2
A(x)

= ν2
A(x).
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This implies that νA(0) ≤ ν2
A(x).

This completes the proof.

Note : For any elements x and y of X, let us write
∏

n

x ∗ y for (x ∗ (. . . ∗ (x ∗ (x ∗ y))))

where, x occurs n times.

Proposition 3.2. Let A = {〈x, µA(x), νA(x)〉 : x ∈ X} be a intuitionsitic fuzzy B-algebra
of second type and let n ∈ N. Then we have the following

(i) µA

∏
n

x ∗ x

 ≥ µ2
A(x) and νA

∏
n

x ∗ x

 ≤ ν2
A(x) whenever n is odd,

(ii) µA

∏
n

x ∗ x

 = µ2
A(x) and νA

∏
n

x ∗ x

 = ν2
A(x) whenever n is even.

Proof.
Let x ∈ X and assume that n is odd. That is, n = 2k − 1 for some positive integer k.
Observe that µA(x ∗ x) = µA(0) ≥ µ2

A(x) and νA(x ∗ x) = νA(0) ≤ ν2
A(x).

Now

µA

∏
n

x ∗ x

 = µA

∏
2k−1

x ∗ x


= µA (x ∗ (x ∗ . . . (x ∗ (x ∗ x)))) x occures 2k times
= µA(x ∗ x)
≥ µ2

A(x) ∧ ν2
A(x)

= µ2
A(x).

This implies that µA

∏
n

x ∗ x

 ≥ µ2
A(x), where n is odd and

νA

∏
n

x ∗ x

 = νA

∏
2k−1

x ∗ x


= νA (x ∗ (x ∗ . . . (x ∗ (x ∗ x)))) x occures 2k times
= νA(x ∗ x)
≤ ν2

A(x) ∨ ν2
A(x)

= ν2
A(x).

This implies that νA

∏
n

x ∗ x

 ≤ ν2
A(x), where n is even.

Similarly we can prove for n is even.
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Proposition 3.3. Let A = {〈x, µA(x), νA(x)〉 : x ∈ X} be a intuitionsitic fuzzy B-algebra
of second type, then for all x, y ∈ X, we have

(i) µA(0 ∗ x) ≥ µ2
A(x) and νA(0 ∗ x) ≤ ν2

A(x)

(ii) µA(x ∗ (0 ∗ y)) ≥ µ2
A(x) ∧ µ2

A(y) and νA(x ∗ (0 ∗ y)) ≤ ν2
A(x) ∨ ν2

A(y).

Proof.

(i) For any x, y ∈ X, we have

µA(0 ∗ x) ≥ µ2
A(0) ∧ µ2

A(x)
= µ2

A(x)

and

νA(0 ∗ x) ≤ ν2
A(0) ∨ ν2

A(x)
= ν2

A(x).

This completes the proof of (i).

(ii) For any x, y ∈ X, we have

µA(x ∗ (0 ∗ y)) ≥ µ2
A(x) ∧ µ2

A(0 ∗ y)
= µ2

A(x) ∧ µ2
A(y)

and

νA(x ∗ (0 ∗ y)) ≥ ν2
A(x) ∨ ν2

A(0 ∗ y)
= ν2

A(x) ∨ ν2
A(y).

This completes the proof of (ii).

4. Conclusion

In this paper, we have defined Intuitionistic Fuzzy B-Algebra of Second Type and
established some of their properties. It is still open to define some operators on
Intuitionistic Fuzzy B-Algebra of Second Type.
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1. Numerical solution of SDE by Runge-Kutta methods

We propose the numerical solutions of stochastic initial value problems via random
Runge¢Kutta methods of the second order. The mean square convergence of these
methods is proved. A random mean value theorem is required and established. The
concept of mean square modulus of continuity is also introduced. Expectation and
variance of the approximating process are computed.

Consider the Stochastic differential equations (SDEs) of the form

Ẋ(t) = f (X(t), t), t ∈ I = [t0,T ],
X(t0) = X0,

(1.1)

where X0 is a random variable and the unknown X(t) as well as the right-hand side
f (X(t), t) are stochastic processes defined on the same probability space (Ω,F , P), are
powerful tools to model real problems with uncertainty.

A mean value theorem for stochastic processes is given and Random second order
Runge-Kutta methods are also given. The mean square convergence method of the
proposed scheme is established.

We are interested in second order random variables X, having a density function fX,

E[X2] =

∫ ∞

−∞

x2 fX(x)dx < ∞



28 A Study on Stochastic Differential Equations

where E denotes the expectation operator, and it allows the introduction of the Banach
space L2 of all the second order random variables endowed with the norm

‖X‖ =
√

E[X2].

A stochastic process X(t) defined on the same probability space (Ω, F , P), is called a
second order stochastic process, if for each t, X(t) is a second order random variable.

Hence the meaning of Ẋ(t) in (1) is the mean square limit in L2 of the expression

X(t + 4t) − X(t)
4t

as 4t → 0.

Lemma 1.1. Let Xn and Yn be two sequences of second order random variables mean
square convergent to the second order random variable X,Y, respectively, i.e.,

Xn → X and Yn → Y as n→ ∞,

then

E[XnYn]→ E[XY] as n→ ∞

and so

lim
n→∞

E[Xn] = E[X] and lim
n→∞

Var[Xn] = Var[X].

Let g : I → L2 be a mean square bounded function and let h > 0, then the mean square
modulus of continuity of g is the function

ω(g, h) = sup
|t−t∗ |≤h

‖g(t) − g(t∗)‖, t, t∗ ∈ I.

The function g is said to be mean square uniformly continuous in I, if

lim
h→0

ω(g, h) = 0.

Let f (X, t) be defined on S × I where S is a bounded set in L2. We say that f is randomly
bounded uniformly continuous in S , if

lim
h→0

ω( f (X, · ), h) = 0,

uniformly for X ∈ S .
And finally we have

sup
X∈S

ω( f (X, · ), h) = ω(h)→ 0.
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2. Random Second Order Runge-Kutta Methods

In this section, we introduce a lemma and by using it, we attain the Random Runge-
Kutta method of the second order.

Lemma 2.1. Let φ(t) be a continuous function and 0 < θ < 1, then∫ 1

0
φ(t)dt '

(
1 −

1
2θ

)
φ(0) +

1
2θ
φ(θ).

Now, we consider the following SDE,{
Ẋ(t) = f (X(t), t), t ∈ I = [t0,T ],

X(t0) = X0,

where X0 is a random variable, and the unknown X(t) as well as the right-hand side
f (X(t), t) are stochastic processes defined on the same probability space (Ω,F , P).

With attention to Lemma 2.1 we can write∫ tn

tn−1

Ẋ(t)dt =

∫ tn

tn−1

f (X(t), t)dt

'

(
1 −

1
2θ

)
h f (X(tn−1), tn−1) +

1
2θ

h f (X(tn−1 + θh), tn−1 + θh)

or

X(tn) − X(tn−1) '
(
1 −

1
2θ

)
h f (X(tn−1), tn−1) +

1
2θ

h f (X(tn−1 + θh), tn−1 + θh)

and by the Taylor expansion we have

X(tn−1 + θh) ' X(tn−1) + θh f (X(tn−1), tn−1)

so, random second order Runge-Kutta methods will have the following form
Yn = Xn−1 + θh f (Xn−1, tn−1),

Xn = Xn−1 +

(
1 −

1
2θ

)
h f (Xn−1, tn−1) +

1
2θ

h f (Yn, tn−1 + θh), n ≥ 1
(2.1)

where Xn−1, f (Xn−1, tn−1) are second order random variables, h = ti − ti−1 and T = tn =

t0 + nh.
According to the value of θ, we have the following cases:
Case a. If θ = 1, then our method is called the Modified-Euler method (RK2a).

Case b. If θ =
1
2
, then our method is called the Mid-Point method (RK2b).

Case c. If θ =
2
3
, then our method is called the Heun method (RK2c).

We are interested in the mean square convergence, in the fixed station sense, of our
methods defined by (2).
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Theorem 2.1. Let f (X(t), t) be defined on S × I to L2, where S is a bounded set in L2.

If f (X(t), t) satisfies the following conditions C1 and C2,
C1: f (X, t) is randomly bounded uniformly continuous,
C2: f (X, t) satisfies the mean square Lipschitz condition, that is,

‖ f (X, t) − f (Y, t)‖ ≤ k(t)‖X − Y‖ (2.2)

where
∫ T

t0
k(t)dt < ∞, then the random second order Runge-Kutta scheme (2) is mean

square convergent.

Proof. Note that under the hypotheses C1 and C2, we are interested in the mean square
convergence to zero of the error

en = Xn − X(tn) (2.3)

where X(t) is the theoretical solution second order stochastic process of the problem (1).
It follows that,

X(tn+1) = X(tn) + h f (X(tη), tη) tη ∈ (tn, tn+1). (2.4)

By relations (2), (4) and (5) if follows that

‖en+1‖ ≤ ‖en‖ +

(
1 −

1
2θ

)
h‖ f (Xn, tn) − f (X(tη), tη)‖

+
1
2θ

h‖ f (Yn+1, tn + θh) − f (X(tη), tη)‖. (2.5)

By assumption
M = sup

t0≤t≤T
‖Ẋ(t)‖ (2.6)

and using C1, C2 and Theorem 2.1, we have

‖ f (Xn, tn) − f (X(tη), tη)‖ ≤ ‖ f (Xn, tn) − f (X(tn), tn)‖

+ ‖ f (X(tn), tn) − f (X(tη), tη)‖

+ ‖ f (X(tη), tη) − f (X(tη), tη)‖

and

‖ f (Yn+1 , tn + θh) − f (X(tη), tη)‖ ≤ ‖ f (Yn+1, tn + θh) − f (X(tn), tn + θh)‖

+ ‖ f (X(tn), tn + θh) − f (X(tη), tn + θh)‖

+ ‖ f (X(tη), tn + θh) − f (X(tη), tη)‖.
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Consequently,

‖ f (Xn, tn) − f (X(tη), tη ‖ ≤ k(tn)‖en‖ + k(tn)Mh + ω(h) (2.7)

‖ f (Yn+1, tn + θh) − f (X(tη), tη)‖ ≤ k(tn + θh)‖en‖ + k(tn + θh)(1 + θ)Mh + ω(h).
(2.8)

on substituting (8) and (9) in (6), we get

‖en+1‖ ≤

[
1 +

(
1 −

1
2θ

)
hk(tn) +

1
2θ

hk(tn + θh)
]
‖en‖

+

(
1 −

1
2θ

)
Mh2k(tn) +

1 + θ

2θ
Mh2k(tn + θh) + hω(h), (2.9)

and by setting

an = 1 +

(
1 −

1
2θ

)
hk(tn) +

1
2θ

hk(tn + θh) (2.10)

bn =

(
1 −

1
2θ

)
Mh2k(tn) +

1 + θ

2θ
Mh2k(tn + θh) + hω(h), (2.11)

the inequality (10) becomes

‖en+1‖ ≤ an‖en‖ + bn, n = 0, 1, 2, . . . . (2.12)

By successive substitution, the relation (13) will become

‖en+1‖ ≤

 n∏
k=0

an−k

 ‖e0‖ +

n∑
i=0

 i−1∏
k=0

an−k

 bn−i, n = 0, 1, 2, . . . . (2.13)

By (11) and Lemma 2.1, we can write
n∏

k=0

an−k =

n∏
k=0

[
1 +

(
1 −

1
2θ

)
hk(tn−k) +

1
2θ

hk(tn−k + θh)
]

≤

n∏
k=0

exp
((

1 −
1
2θ

)
hk(tn−k) +

1
2θ

hk(tn−k + θh)
)

≤ exp
((

1 −
1
2θ

)
(n + 1)hk(tn) +

n + 1
2θ

hk(tn + θh)
)
. (2.14)

The relation (15) and geometrical progression and Lemma 2.1 will conclude

n∑
i=0

 i−1∏
k=0

an−k

 ≤ exp
(
(n + 1)

[(
1 − 1

2θ

)
hk(tn) + 1

2θhk(tn + θh)
])
− 1

exp
((

1 − 1
2θ

)
hk(tn) + 1

2θhk(tn + θh)
)
− 1

≤
exp

(
(n + 1)

[(
1 − 1

2θ

)
hk(tn) + 1

2θhk(tn + θh)
])
− 1(

1 − 1
2θ

)
hk(tn) + 1

2θhk(tn + θh)
(2.15)
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Finally, from (12) and substituting (15) and (16) in (14), we obtain the following error
bound

‖en+1‖ ≤ exp
(
(n + 1)

[(
1 −

1
2θ

)
hk(tn) +

1
2θ

hk(tn + θh)
])
‖e0‖

+
exp

(
(n + 1)

[(
1 − 1

2θ

)
hk(tn) + 1

2θhk(tn + θh)
])
− 1(

1 − 1
2θ

)
k(tn) + 1

2θk(tn + θh)

×

[(
1 −

1
2θ

)
Mhk(tn) +

1 + θ

2θ
Mhk(tn + θh) + ω(h)

]
. (2.16)

By presumption e0 = 0 and nh = T − t0, the above inequality can be written as

‖en+1‖ ≤
exp

(
(T − t0 + h)

[(
1 − 1

2θ

)
k(T ) + 1

2θk(T + θh)
])
− 1(

1 − 1
2θ

)
k(T ) + 1

2θk(T + θh)

×

[(
1 −

1
2θ

)
Mhk(T ) +

1 + θ

θ
Mhk(T + θh) + ω(h)

]
(2.17)

Since ω(h) → 0 as h → 0, by condition C1 and inequality (18) we can deduce that the
sequence en is mean square convergent to zero as h → 0. Thus we have established the
theorem. �

3. Simulation of SDE

Consider the general form of one-dimensional SDE with

dX(t, ω) = f (t, X(t, ω))dt + g(t, X(t, ω))dW(t, ω), t0 ≤ t ≤ T,
X(t0, ω) = X0(ω),

(3.1)

where f is the drift coefficient, while g is the diffusion coefficient and W(t, ω) is the
Wiener process. From now on, let X(t, ω) = X(t) and W(t, ω) = W(t) for simplicity.
The Wiener process W(t) satisfies the following three conditions:

1. W(0) = 0

2. W(t) − W(s) ∼
√

t − s N(0, 1) for 0 ≤ s < t, where N(0, 1) indicates a standard
normal random variable;

3. Increments W(t)−W(s) and W(τ)−W(ν) are independent on distinct time intervals
for 0 ≤ s < t < τ < ν.
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Integral form of (19) is as follows:

X(t) = X(t0) +

∫ t

t0
f (s, X(s))ds +

∫ t

t0
g(s, X(s))dW(s). (3.2)

If f (t, X(t)) = a1(t)X(t) + a2(t) and g(t, X(t)) = b1(t)X(t) + b2(t) are linear, then the SDE
is linear, and if they are nonlinear, the SDE is nonlinear, where a1, a2, b1, b2 are specified
functions of time t or constants.

3.1. Itô-Taylor Expansion

First we can obtain an Ito-Taylor expansion for the stochastic case. Consider

dX(t) = f (X(t))dt + g(X(t))dW(t), (3.3)

where f and g satisfy a linear growth bound and are sufficiently smooth.
Let F be a twice continuously differentiable function of X(t), then from Ito’s lemma

we have

dF[X(t)] =

{
f [X(t)]

∂F[X(t)]
∂X

+
1
2

g2[X(t)]
∂2F[X(t)]
∂X2

}
dt

+ g[X(t)]
∂F[X(t)]
∂X

dW(t). (3.4)

Defining the following operators:

L0 ≡ f [X(t)]
∂

∂X
+

1
2

g2[X(t)]
∂2

∂X2 , (3.5)

L1 ≡ g[X(t)]
∂

∂X
, (3.6)

(21) becomes
dF[X(t)] = L0F[X(t)]dt + L1F[X(t)]dW(t), (3.7)

and integral form of (21) is

F[X(t)] = F[X(t0)] +

∫ t

t0
L0F[X(τ)]dτ +

∫ t

t0
L1F[X(τ)]dW(τ). (3.8)

Choosing F(x) = x, F(x) = f (x) and F(x) = g(x), then we obtain

X(t) = X(t0) +

∫ t

t0
f [X(τ)]dτ +

∫ t

t0
g[X(τ)]dW(τ), (3.9)

f [X(t)] = f [X(t0)] +

∫ t

t0
L0 f [X(τ)]dτ +

∫ t

t0
L1 f [X(τ)]dW(τ), (3.10)

g[X(t)] = g[X(t0)] +

∫ t

t0
L0g[X(τ)]ds +

∫ t

t0
L1g[X(τ)]dW(τ). (3.11)
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Substituting equations (28) and (29) into (27), we obtain the following equation:

X(t) = X(t0) +

∫ t

t0

(
f [X(t0)] +

∫ τ1

t0
L0 f [X(τ2)]dτ2 +

∫ τ1

t0
L1 f [X(τ2)]dW(τ2)

)
dτ1

+

∫ t

t0

(
g[X(t0)] +

∫ τ1

t0
L0g[X(τ2)]dτ2 +

∫ τ1

t0
L1g[X(τ2)]dW(τ2)

)
dW(τ1);

(3.12)

and therefore,

X(t) = X(t0) + f [X(t0)]
∫ t

t0
dτ1 + g[X(t0)]

∫ t

t0
dW(τ1) + R, (3.13)

where R is the remaining terms which include the double integral terms:

R ≡

∫ t

t0

∫ τ1

t0
L0 f [X(τ2)]dτ2dτ1 +

∫ t

t0

∫ τ1

t0
L1 f [X(τ2)]dW(τ2)dτ1

+

∫ t

t0

∫ τ1

t0
L0g[X(τ2)]dτ2dW(τ1) +

∫ t

t0

∫ τ1

t0
L1g[X(τ2)]dW(τ2)dW(τ1). (3.14)

Selecting F = L1g in (32), we obtain∫ t

t0

∫ τ1

t0
L1g[X(τ2)]dW(τ2)dW(τ1) =

∫ t

t0

∫ τ1

t0

(
L1g[X(t0)]

+

∫ τ2

t0
L0L1g[X(τ3)]dτ3 +

∫ τ2

t0
L1L1g[X(τ3)]dW(τ3)

)
dW(τ2)dW(τ1), (3.15)

and using L1g = gg′, we have

X(t) = X(t0) + f [X(t0)]
∫ t

t0
dτ1 + g[X(t0)]

∫ t

t0
dW(τ1)

+ g[X(t0)]g′[X(t0)]
∫ t

t0

∫ τ1

t0
dW(τ2)dW(τ1) + R̃, (3.16)

where our new remainder R̃ is

R̃ ≡

∫ t

t0

∫ τ1

t0
L0 f [X(τ2)]dτ2dτ1 +

∫ t

t0

∫ τ1

t0
L1 f [X(τ2)]dW(τ2)dτ1

+

∫ t

t0

∫ τ1

t0
L0g[X(τ2)]dτ2dW(τ1)

+

∫ t

t0

∫ τ1

t0

∫ τ2

t0
L0L1g[X(τ3)]d(τ3)dW(τ2)dW(τ1)

+

∫ t

t0

∫ τ1

t0

∫ τ2

t0
L1L1g[X(τ3)]dW(τ3)dW(τ2)dW(τ1). (3.17)
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Therefore, we obtained the Ito-Taylor expansion for process. Using Itô’s lemma again,
we have ∫ t

t0

∫ τ1

t0
dW(τ2)dW(τ1) =

1
2

[W(t) −W(t0)]2 −
1
2

(t − t0), (3.18)

and we obtain the stochastic Taylor expansion

X(t) = X(t0) + f [X(t0)]
∫ t

t0
dτ1 + g[X(t0)]

∫ t

t0
dW(τ1)

+ g[X(t0)]g′[X(t0)]
{

1
2

[W(t) −W(t0)]2 −
1
2

(t − t0)
}

+ R̃. (3.19)

Therefore, we can produce the numerical integration scheme for the SDE from Itô-
Taylor expansion (19) with a time discretization 0 = t0 < t1 < · · · < tn < · · · < tN = T
of a time interval [0,T ] as follows:

X(ti+1) = X(ti) + f (X(ti)) ∆t + g(X(ti))∆Wi

+
1
2

g(X(ti))g′(X(ti))[(∆Wi)2 − ∆t] + R̃, (3.20)

where ∆t = ti+1 − ti and ∆Wi = W(ti+1) −W(ti) for i = 0, 1, 2, . . . ,N − 1 with the initial
condition X(t0) = X0. The random variables 4Wi are independent N(0, ∆t) normally
distributed random variables.

4. Conclusion

We have discussed a comparative study between the numerical solutions of stochastic
differential equations(SDE) by second order Runge Kutta methods.
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1. Solutions For Stochastic Partial Differential Equations Via
Accelerated Genetic Algorithm

Consider the SPDE with space-time white noise

du(t, x) = uxx(t, x)dt + g(u(t, x))dW(t, x) (1.1)

with 0 < x < 1, and

u(0, x) = u0, u(t, 0) = u(t, 1) = 0 and ut(t, 0) = ut(0, 1) = 0.

Then, two different ways of writing this equation (1.1) are :

∂u
∂t

=
∂2u
∂x2 + g(u)

∂2W
∂t ∂x

(1.2)

or

du = uxxdt +

∞∑
k=1

g(u)hk(x)dWk(t). (1.3)
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Three kinds of space-time white noise are :

• Brownian Sheet – W(t, x) = µ([0, T ] × [0, x]).

• Cylindrical Brownian motion – family of Gaussian random variables.
Bt = Bt(h), h ∈ H a Hilbert space, such that

E[Bt(h)] = 0,
E[Bt(h) Bs(g)] = 〈h, g〉H(t ∧ s).

• Space-time white noise

dW(t, x) =
∂2W
∂t∂x

=

∞∑
k=1

hk(x)dWk(t),

where {hk} is assumed a Basis of the Hilbert space we’re in, if {hk, k > 1}
is a complete orthonormal system, then {Bt(hk), k > 1} independent standard
Brownian motion.

The connection between the three kinds:
If H = L2(R) or H = L2(0, 1), then

Bt(h) =

∫
∂W
∂x

h(x)dx

and

Bt(x) = Bt(X[0,X]) =

∞∑
k=1

∫ x

0
(hk(y)dyWk(t)) = W(t, x),

where we assume that
hk(x) =

√
2 sin(kπx). (1.4)

Then we get equations of the form:

dU(t, x) = [AU(t, x) + c(x)U(t, x)]dt +

∞∑
l=1

hl(t)U(t, x)dBl
t (1.5)

or in integral form

U(t, x) = U0(x)+

∫ t

0
AU(s, x)ds+

∫ t

0
c(x)U(s, x)ds+

N∑
l=1

∫ t

0
hl(s)U(s, x)dBl

s. (1.6)
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For 0 ≤ t ≤ T. The process B = (Bl
t, . . . , B

n
t )0≤t≤T is an n−dimensional Brownian motion.

The operatorA is defined as

Au =
1
2

d∑
i, j=1

ai j
∂2u
∂xi∂x j

+

d∑
i=1

bi
∂u
∂xi

with ai j(x) =

m∑
k=1

σikσ jk, (1.7)

where the diffusion matrix σ : Rd → Rd×m and the drift coefficient b : Rd → Rd, the
initial condition U0, the functions c, σ and b are suppose to be smooth functions of the
space variable, (h`(t))1≤`≤n are bounded and holder continuous of order 1/2. Thus the
equation (1.5) has a unique regular strong solution.

We focus on the stochastic heat equation. Thus, we simplify the above equation to :

dU(t, x) = AU(t, x)dt + S(U(t, x))dW(t, x), (1.8)

where S is a multiplication operator of the form

(S(v)u)(x) = b(x, v(x)) · u(x). (1.9)

The Markov process X is governed by infinitesimal generator A of the stochastic
differential equation is:

Xt = x0 +

∫ t

0
b(Xs)ds +

∫ t

0
σ(Xs)dWs, 0 ≤ t ≤ T, (1.10)

where the initial condition x0 in Rd.

2. Accelerated Genetic Algorithm

Initialization
The value of mutation rate and selection rate are stated. The initialization of every

chromosome is performed by randomly selecting an integer for every element of the
corresponding vector.
Fitness evaluation
Expressing the Partial differential equation in the following form:

f
(
x, y,

∂u
∂x

(x, y),
∂u
∂y

(x, y),
∂2u
∂x2 (x, y),

∂2u
∂y2 (x, y)

)
= 0, x ∈ [x0, x1], y ∈ [y0, y1]. (2.1)

The associated boundary conditions are expressed as:

u(x0, y) = f0(y), u(x1, y) = f1(y), u(x, y0) = g0(y), u(x, y1) = g1(y). (2.2)
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The steps for the fitness evaluation of the population are the following:

1. Choose N2 equidistant points in the box [x0, x1] × [y0, y1], Nx equidistant points
on the boundary at x = x0 and at x = x1, Ny equidistant points on the boundary at
y = y0 and at y = y1.

2. For every chromosome i:

(i) Construct the corresponding model Mi(x, y), expressed in the grammar
described earlier.

(ii) Calculate the quantity

E(Mi) =

N2∑
j=0

(
f (x j, y j,

∂

∂x
Mi(x j, y j),

∂

∂y
Mi(x j, y j),

∂2

∂x2 Mi(x j, y j),
∂2

∂y2 Mi(x j, y j)
)2

. (2.3)

(iii) Calculate an associated penalty Pi(Mi). The penalty function P depends on
the boundary conditions and it has the form:

P1(Mi) =

Nx∑
j=1

(Mi(x0, y j) − f0(y j))2

P2(Mi) =

Nx∑
j=1

(Mi(x1, y j) − f1(y j))2

P3(Mi) =

Ny∑
j=1

(Mi(x j, y0) − g0(x j))2

P4(Mi) =

Ny∑
j=1

(Mi(x j, y1) − g1(x j))2

(2.4)

(iii) Calculate the fitness value of the chromosome as:

vi = E(Mi) + P1(Mi) + P2(Mi) + P3(Mi) + P4(Mi). (2.5)

Genetic operators
The genetic operators that are applied to the genetic population are the initialization,

the crossover and the mutation. A random integer of each chromosome was selected to
be in the range [0 : 255]. The parents are selected via tournament selection,

- First, create a group of K ≥ 2 randomly selected individuals from the current
population.
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- The individuals with the best fitness in the group is selected, the others are
discarded.

The final genetic operator used is the mutation, where for every element in a
chromosome a random number in the range [0, 1] is chosen.

Termination control
Creating new generation required for application genetic operators to the population

in order to find the best chromosome having better fitness or whenever the maximum
number of generations was obtained.

3. Conclusion

In this paper, we have discussed the solution of stochastic partial differential equations
(SPDE) via accelerated genetic algorithm.
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1. Replacement Policy for a Repairable System with Two Types of
Failures Models

We study an optimal replacement policy N for the maintenance problem with
two types of failures and one repairman. In the proposed model, it is assumed that
the system experiences with two types of failures namely repairable failures and non
repairable failure. When repairable failure occurs, the repairs will be repaired once by
the repairman. The repair is not as good as new. The successive working times after
repair are stochastically decreasing and form a decreasing alpha series process while;
the successive repair times form an increasing alpha series process. If un-repairable
failures occur, the system will be replaced by a new one. When the number of repairable
failures reaches N, then the system will not be repaired anymore and will be replaced
immediately. With these assumptions, average cost rate (ACR). An optimal replacement
policy N∗ is determined analytically and numerical results were given to strengthen the
theoretical results.

In modeling these deteriorating systems, the definitions are given below.

Definition 1.1. Given two random variables X and Y, if P(X > t) > P(Y > t) for all real
t, then X is called stochastically larger than Y or Y is stochastically less than X. This is
denoted by X >st Y or Y <st X respectively.
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Definition 1.2. Assume that {Xn, n = 1, 2, . . .}, is a sequence of independent non-
negative random variables. If the distribution function of Xn is Fn(t) = F(kαt) for some
α > 0 and all n = 1, 2, 3, . . . , then {Xn, n = 1, 2, . . .} is called a α-series process, α is
called exponent of the process.

Remark:

• If α > 0, then {Xn, n = 1, 2, . . .} is stochastically decreasing, i.e, Xn >st Xn+1,
n = 1, 2, . . . ;

• If α < 0, then {Xn, n = 1, 2, . . .} is stochastically increasing, i.e., Xn <st Xn+1,
n = 1, 2, . . . ;

• If α = 0, then the α series process becomes a renewal process.

2. The Model

To study an optimal replacement policy for repairable system with two types of failures,
we make use the following assumptions.

A1. Assume that the system is initially new. The system has two types of failures, one
repairable failure and the other is non-repairable failure.

A2. Whenever the system has repairable failure, it will repaired by the repairman.

A3. When non-repairable failure occurs, it will be replaced by a new and identical
one.

A4. The system after repair is not as good as new.

A5. The successive working times of the system monotonically decreasing and form
a decreasing alpha series process.

A6. The successive repair times of the system monotonically increasing and form
increasing alpha series process.

A7. The successive working times and repair time are stochastically independent.

A8. Let Xn and Yn, n = 1, 2, 3, . . . be the working time and repair time of the system at
nth failure occurs. Further, let {Xn, n = 1, 2, 3, . . .} form a decreasing alpha series
process with distribution function Fn (nαx) and let {Yn, n = 1, 2, 3, . . .} form an
increasing alpha series process with distribution function Gn (nβx).

A9. A repairable failure occurs with probability p and non-repairable failure occurs
with probability 1 − p.
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A10. The replacement time is negligible.

A11. Replacement policy N, under which the system is replaced whenever the number
of repairable failures reaches N is adopted.

A12. The replacement cost is C and repair cost of the system is Cr and working reward
is Cw.

3. Model Analysis

For repairable system, let τ1 be the first replacement time, and let τn (n > 1) be the
time between the (n−1)−th replacement and the n−th replacement. Then {τ1, τ2, τ3, . . .}
forms a renewal process. Let C(N) be the long-run average cost per unit time under
the replacement policy N. Because {τ1, τ2, τ3, . . .} is a renewal process, the time interval
between two consecutive replacements is a renewal cycle.

Let C(N) be the average cost rate of the system under policy N.According to renewal
reward theorem, then

C(N) =
the expected cost incurred in a renewal cycle

the expected length in a renewal cycle
. (3.1)

Let S k be the kth failure k = 1, 2. Then here S k = 1 represents repairable failure
occurs with P(S k = 1) = P and S k = 0 represents repairable failure occurs with
P(S k = 0) = 1 − P.

Let M be the total number of repairable failures until a non-repairable failure occur.
Since Occurrences of failure are independent, we have

P(M = k) = P(S 1 = 1, S 2 = 1, S 3 = 1, . . . , S k−1 = 1, S k = 0) (3.2)

= Pk−1(1 − P), k = 1, 2, . . . . (3.3)

Under the replacement policy N, the total repair time in a renewal cycle is

Y(N) = Y1 + Y2 + · · · + YM−1, M ≤ N
= Y1 + Y2 + · · · + YN−1, M > N. (3.4)

The total working time is

W(N) = X1 + X2 + · · · + XM, M ≤ N
= X1 + X2 + · · · + XN , M > N. (3.5)

Now we evaluate the expected operating time as follows

E[W(N)] =

N∑
k=1

P(M = k)
k∑

j=1

E(X j) + P(M > N)
N∑

j=1

E(X j).
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Now, according to Assumption (A8), the expected value of working time is

E(X j) =

∫ ∞

0
xdF(nα x), (3.6)

E(X j) =
λ

nα
, λ > 0, α > 0, (3.7)

E(Y j) =

∫ ∞

0
xydG(nβy), (3.8)

E(Y j) =
µ

nβ
, µ > 0, β < 0. (3.9)

Using equations (7), we have:

E[W(N)] =

N∑
k=1

Pk−1(1 − P)
k∑

j=1

λ

jα
+ PN

N∑
j=1

λ

jα
. (3.10)

The expected repair time is follows

E[Y(N)] =

N∑
k=1

P(M = k)
k−1∑
j=1

E(Y j) + P(M > N)
N−1∑
j=1

E(Y j).

Using equation, (9), we have:

E[Y(N)] =

N∑
k=1

Pk−1(1 − P)
k−1∑
j=1

µ

jβ
+ PN

N−1∑
j=1

µ

jβ
. (3.11)

Now let the expected length of renewal cycle under policy N is

E(L(N)) = E[W(N)] + E[Y(N)] (3.12)

Using equations (10) and (11), we have:

E[L(N)] =

N∑
k=1

Pk−1(1−P)
k∑

j=1

λ

jα
+PN

N∑
j=1

λ

jα
+

N∑
k=1

Pk−1(1−P)
k−1∑
j=1

µ

jβ
+PN

N−1∑
j=1

µ

jβ
. (3.13)

4. The Long-Run Average Cost Rate

The main objective of the problem is to determine an expression for the long-run average
cost rate (ACR) under the policy N and minimize the ACR, according to renewal reward
theorem, we have

C(N) =
CrE[Y(N)] + C −CwE[W(N)]

E[Y(N)] + E[W(N)]
. (4.1)
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Using equations (2.10), (2.11) and (2.14), we have

C(N) =


Cr

 N∑
k=1

Pk−1(1 − P)
k−1∑
j=1

µ

jβ
+ PN

N−1∑
j=1

µ

jβ

 + C

−Cw

 N∑
k=1

Pk−1(1 − P)
k∑

j=1

λ

jα
+ PN

N∑
j=1

λ

jα





N∑
k=1

Pk−1(1 − P)
k−1∑
j=1

µ

jβ
+ PN

N−1∑
j=1

µ

Jβ

+

 N∑
k=1

Pk−1(1 − P)
k∑

j=1

λ

jα
+ PN

N∑
j=1

λ

jα





. (4.2)

This is long-run average cost per unit time.

5. Conclusion

We discussed the replacement policy for a repairable system with two types of failures
models and replacement problem for a shock model with two-type failures with alpha
series process.
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1. Introduction

In reliability theory, ageing life is usually characterized by a nonnegative random
variable X ≥ 0 with cumulative distribution function (cdf) F(·) and survival function
F(·) = 1 − F(·). For any random variable X, let

Xt � [X − t|X > t], t ∈ {x : F(x) < 1}

denote a random variable whose distribution is the same as the conditional distribution
of X − t given that X > t. When X is the lifetime of a device, Xt can be regarded as the
residual lifetime of the device at time t, given that the device has survived upto time t.
Its survival function is

F t(x) =
F(t + x)

F(t)
, F(t) > 0,

where F(x) is the survival function of X
The record values have been extensively studied in the literature. There are many

characterizations of distribution functions based on record values.
Let {Xn, n ∈ N} be a sequence of independently and identically distributed (iid)

random variables (rv’s) from a continuous distribution F. Let Z be an rv independent
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of {Xn, n ∈ N}. The delayed record value sequence is defined as {XZ
L(n), n ∈ N}, where

L(0)=0, XZ
L(0) = Z,

L(n) = inf{i > L(n − 1) : Xi > XZ
L(n−1)}, n ∈ N

and XZ
L(n) is the first Xi in the sequence after XZ

L(n−1) to exceed XZ
L(n−1). The reason for

the adjective delayed is that record values are not kept until after a value Z has been
observed. The usual record value sequence is obtained with Z = F−1(0), where

F−1(u) = sup{x : F(x) ≤ u}, u ∈ [0, 1).

In this case , the superscript Z is suppressed.

2. Preliminaries

Definition 2.1. Let X and Y be two rv’s with respective distribution functions F and G,
and survival functions F̄ = 1 − F and Ḡ = 1 − G. Denote by ux the right endpoint of
the support of X. Similarly, define uy. The values of ux and uy may be infinite. Then X is
said to be smaller than Y.

• in the likelihood ratio order, denoted by X ≤lr, if F and G have density or
probability mass functions f and g, respectively, and if g(t)/ f (t) is increasing in t;

• in the hazard rate order, denoted by X ≤hr Y, if Ḡ(t)/F̄(t) is increasing in t;

• in the reversed hazard rate order, denoted by X ≤rh Y, if G(t)/F(t) is increasing
in t;

• in the usual stochastic order, denoted by X ≤st Y, if F̄(t) ≤ Ḡ(t) for all t;

• in the mean residual life order, denoted by X ≤mrl Y, if mx(t) ≤ my(t) for all
t ≤ max{ux, uy},where

mx(t) = E[X − t|X > t]

is the mean residual life function of X (we use the convention that E[X − t|X >

t] = 0 if t ≤ ux;

• in the increasing convex order, denoted by X ≤icx Y, if E[φ(X)] ≤ E[φ(Y)] for all
increasing convex functions φ for which the expectations exist.
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Definition 2.2. The non-negative random variable X with distribution F is said to be
Exponential Better than Used in Average (EBUA), if Xt ≤icv X, for all t ≥ 0. In this
case, we write X ∈ EBUA (orF ∈ EBUA). Its dual class is Exponential Worse than
Used in Average (EWUA), which is defined by Xt ≥icv X, for all t ≥ 0.

The above inequalities are equivalent to∫ x

0
F̄t ≤ (≥)

∫ x

0
e−u/µdu; t ≥ 0, x ≥ 0

or ∫ x

0
F̄(u + t)du ≤ (≥)F̄(t)

∫ x

0
e−u/µdu; t ≥ 0, x ≥ 0.

We first recall definitions of some well-known aging classes of life distributions.

Definition 2.3. Let X be a rv with distribution function F having support of the form
= = (lx, ux), where −∞ ≤ lx < ux ≤ ∞ [resp.lx > −∞]. Then X or F is said to be

• ILR[DLR] if F has a log-concave [log-convex] density function f on =;

• IFR[DFR] if F̄(x) is log-concave [log-convex] in x ∈ =;

• DMRL[IMRL] if its mean residual life function mx(t) is decreasing [increasing]
in t ∈ =;

• NBU[NWC] if lx ≥ 0 and F̄(x + y) ≤ [≥]F̄(x)F̄(y) for all (x, y) ∈ <2
+;

• NBUC[NWUC] if lx ≥ 0 and
∫ ∞

x+y
F̄(t)dt ≤ [≥]F̄(x)

∫ ∞

y
F̄(t)dt

for all (x, y) ∈ <2
+;

• NBUE[NWUE] if lx ≥ 0 and mx(t) ≤ [≥]E[X] for all t ∈ <+.

Note here that ILR is also termed as PF2 in the literature. The following diagram
summarizes the relationships among these aging classes.

ILR =⇒ IFR =⇒ DMRL =⇒ NBUE
⇓ ⇓

NBU =⇒ NBUC =⇒ NBUE.

The above aging classes can be charecterized by means of various stochastic orders,
using the rv Xt = [X − t|X > t], t ∈ =, whose distribution is the same as the conditional
distribution of X − t given that X > t. Such characterizations are as follows:
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(a) X ∈ ILR[DLR]⇐⇒ Xs ≥lr [≤lr]Xt, whenever lx ≤ s ≤ t
⇐⇒ X ≥lr [≤lr]Xt, ∀t > lx, where lx ≥ 0.

(b) X ∈ IFR[DFR]⇐⇒ Xs ≥st [≤st]Xt, whenever lx ≤ s ≤ t
⇐⇒ Xs ≥hr [≤hr]Xt, whenever lx ≤ s ≤ t
⇐⇒ X ≥hr [≤hr]Xt, ∀t > lx, where lx ≥ 0.

(c) X ∈ DMRL[IMRL]⇐⇒ Xs ≥mrl [≤mrl]Xt, whenever lx ≤ s ≤ t
⇐⇒ X ≥mrl [≤mrl]Xt, ∀t > lx, where lx ≥ 0
⇐⇒ Xs ≥icx [≤icx]Xt, whenever lx ≤ s ≤ t.

(d) X ∈ NBU[NWU]⇐⇒ X ≥st [≤st]Xt, ∀t > 0,where lx ≥ 0 .

(e) X ∈ NBUC[NWUC]⇐⇒ X ≥icx [≤icx]Xt, ∀t > 0,where lx ≥ 0 .

3. The Exponential Better Than Used Class

In this section, we establish some relationships among the ageing classes and we
establish the convolution in Exponential Better than Used (EBU) ageing class.

Definition 3.1. A non-negative random variable X with distribution F and finite mean
µ is said to be Exponentially Better than Used (EBU), if

F̄(t + x) ≤ F̄(t) exp
(
−x
µ

)
for all x, t > 0.

Theorem 3.1. If X is EBU (EWU), then X is NBUE(NWUE)
Proof. We shall prove the theorem for the EBU case. Similar arguments hold for the
EWU case.
If X is EBU then integrating both sides with respect to x over (0,∞) implies that∫ ∞

0
F̄(t + x)dx ≤ [≥]F̄(t)

∫ ∞

0
e
−x
µ dx = µF̄(t)

⇔

∫ ∞
0

F̄(t + x)dx

F̄(t)
≤ [≥]µ

⇔

∫ ∞
t

F̄(u)du

F̄(t)
≤ [≥]µ.

Then X is NBUE. �
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Theorem 3.2. If X is EBU[EWU], then X is HNBUE.
Proof. X is EBU means that

F̄(t + x) ≤ F̄(t)e
−x
µ f orall x, t > 0.

Integrating both sides with respect to t over (0,∞),we get∫ ∞

0
F̄(t + x)dt ≤ [≥]e

−x
µ

∫ ∞

0
F̄(t)dt = µe

−x
µ

⇔

∫ ∞

x
F̄(u)du ≤ µe

−x
µ , f orall x ≥ 0.

Hence X is HNBUE. �

Theorem 3.3. Suppose that F1 and F2 are two independent EBU life distribution, then
their convolution is also EBU.
Proof. Consider

F̄(t + y) =

∫ ∞

0
F̄(t + y − z)dF2(Z)

≤

∫ ∞

0
e
−t
µ1 F̄(y − z)dF2(Z)

= e
−t
µ1 F̄(y)

≤ e
−t
µ F̄(y).

The first inequality follows since F1 is EBU while the second inequality follows since
µ1 ≤ µ. Thus EBU is closed under convolution. �

4. Characterizations in terms of Spacings between Record Values

The characterization of distributions is an important problem which has recently
attracted the attention of many researchers. Thus various characterizations have been
established in many directions.

Throughout this section, let {XZ
L(n), n ∈ N} be a sequence of delayed record values of

iid rv’s {Xn, n ∈ N+} from a continuous distribution function F, and use the notation st
= to

mean equality in distribution. Define

H(x) = F−1(1 − e−x) f or x ∈ <+

and
R(x) = −lnF̄(x) f or x < ux.

It is observed that H(x) is the inverse function of R(x) and vice versa. For any rv W,
denote by Fw and fw the respective distribution and density functions of W (if its density
exists).
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We first present a stochastic representation of delayed record values, which plays an
important role in the sequel.

Proposition 4.1. Let {Vn, n ∈ N+} be the sequence of iid exponential rv’s independent
of Z with mean 1. Then

{XZ
L(0), X

Z
L(1), X

Z
L(2)}

st
= {H(U),H(U + V1),H(U + V1 + V2), ...

where U = − ln F̄(Z).
Proof. The proof of proposition 3.1 is trivial, since H(U) = Z and the sequence
{XZ

L(n),n∈N} forms a markov chain with stationary transition probability given by

P[XL(n) > y|XL(n−1) = x] =
F̄(y)
F̄(x)

∀x < y, n ∈ N.

�
From proposition 4.1, we have the following observations:

• If F is exponential with mean µ, H(x) = µx for x ∈ <+ and the spacings
XZ

L(n) − XZ
L(n−1) are iid exponential with mean µ. Identical distributions for

spacings XZ
L(n)−XZ

L(n−1) (and other weaker conditions) characterize the exponential
distribution.

• If U ∼ Γ(m − 1), gamma distributed with shape and scale parameters m and 1,
respectively, then {XZ

L(n), n ∈ N}
st
= {XZ

L(n+m), n ∈ N}; that is, the former process is a
shift of the latter process.

• If Z is the k-th order statistic in a random sample of size m from distribution F,
then U is the k-th order statistic in a random sample of size m from exponential
distributions with mean 1.

Theorem 4.1. F is IFR[DFR] if and only if

H(U1 + W1) − H(U1) ≥st [≤st]H(U2 + W2) − H(U2)

whenever U1,U2,W1 and W2 are independent rv’s with W1,W2 exponential with mean 1
and 0 ≤ U1 ≤st U2.
Proof. Suppose that F is IFR[DFR] and 0 ≤ U1 ≤st U2. Then F̄(x + t)/F̄(t) is
decreasing[increasing] in t ∈ < for all x ∈ <+ and for the converse, let Ui = R(ti),i =

1, 2, where 0 ≤ t1 < t2. Then

F̄(x + t1)
F̄(t2)

≥ [≤]
F̄(x + t2)

F̄(t2)
f or all x ∈ <+ and t1 < t2;

that is, F is IFR[DFR]. This completes the proof. �
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Theorem 4.2. F is IFR[DFR] if and only if

H(U1 + W1) − H(U1) ≥hr [≤hr]H(U2 + W2) − H(U2)

whenever U1,U2,W1 and W2 are independent rv’s with W1,W2 exponential with mean 1
and 0 ≤ U1 ≤st [≤hr]U2.
Proof. We give the proof of the only if part since the if part follows from the above
lemma trivially by using the fact that the orders ≤hr and ≤rh are stronger than the order
≤st.

First, suppose that F is DFR and 0 ≤ U1 ≤hr U2. Then F̄(x + t)/F̄(t) is
[increasing] in t ∈ < for all x ∈ <+ and is T P2 in (x, t) ∈ <+ × <, and F̄Ui(R(t))
is T P2 in (i, t) ∈ 1, 2 × <, which is the survival function of H(Ui).Then we have
P[H(Ui) + Wi − H(Ui) > x] is T P2 in (i, x) ∈ {1, 2} × <+; and it’s holds for the DFR
case.

Next, suppose that F is IFR and 0 ≤ U1 ≤rh U2. Then F̄(x + t/x)/F̄(t) is
decreasing in t ∈ < for all x ∈ <+ and is T P2 in (x, t) ∈ <+ × <, and FH(Ui)(t) is
T P2 in (i, t) ∈ {1, 2} × <, it follows that

P[H(Ui + Wi) − H(Ui) >
1
x

] =

∫ ∞

−∞

F̄(t + 1/x)
F̄(t)

dFH(Ui)(t),

then applying the definition the above equation becomes

P[H(Ui + Wi) − H(Ui) > 1/x]

is T P2 in (i, x) ∈ 1, 2×<+; and it’s holds for the IFR case. This completes the proof. �

Theorem 4.3. Let {XZ1
L(n), n ∈ N} and {XZ2

L(n), n ∈ N} be two sequences of delayed record
values based on a continuous distribution F and two rv’s Z1 and Z2, respectively. Then
F is IFR[DFR] if and only if

XZ1
L(n) − XZ1

L(n−1) ≥hr [≤hr]X
Z2
L(n) − XZ2

L(n−1) f or all n ∈ N

whenever 0 ≤ Z1 ≤rh [≤hr]Z2.
Proof. We give the proof of the only if part, since the if part follows from the above
theorem trivially. Suppose that is F is IFR[DFR] and 0 ≤ Z1 ≤rh [≤hr]Z2. Then we get
that 0 ≤ U1 ≤rh [≤lr]U2. �

Theorem 4.4. Let {XZ
L(n), n ∈ N} be the same as in the theorem . Then F is IFR[DFR] if

and only if
X1 ≥hr [≤hr]XZ

L(n) − XZ
L(n−1) f orall n ∈ N

whenever Z ≥ 0.
Proof. The proof is similar to the above theorem by observing that theorem holds when
U1 ≡ 0, U2 ≥ 0 and F(0) = 0. �
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Theorem 4.5. F is DMRL[IMRL] if and only if

E[H(U1 + W1) − H(U1)] ≥ [≤]E[H(U2 + W2) − H(U2)]

whenever U1,U2,W1 and W2 are independent rv’s with W1,W2 exponential with mean 1
and 0 ≤ U1 ≤st U2.
Proof. Denote m(t) = E[X1 − t|X1 > t]. Then

E[H(Ui + Wi) − H(Ui)] =

∫ ∞

−∞

m(t)dFUi(R(t)) =

∫ ∞

−∞

m(H(u))dFUi(u).

If F is DMRL[IMRL], then m(t) is decreasing[increasing],let Ui = R(ti), i = 1, 2,
where t1 < t2. Then this imply m(t) ≥ [≤]m(t2) for all t1 < t2 or , equivalently, F is
DMRL[IMRL] and this completes the proof. �

Theorem 4.6. F is DMRL[IMRL] if and only if

H(U1 + W1) − H(U1) ≥mrl [≤mrl]H(U2 + W2) − H(U2)

whenever U1,U2,W1 and W2 are independent rv’s with W1,W2 exponential with mean 1
and 0 ≤ U1 ≤rh U2.
Proof. We only give the proof of the only if part, it follows that∫ ∞

y
P[H(Ui + Wi) − H(Ui) > x]dx =

∫ ∞

−∞

∫ ∞
t+y

F̄(η)dη

F̄(t)
dFUi(R(t)).

If F is IMRL, then
∫ ∞

t+y
F̄(η)dn|F̄(t) is T P2 in (t, y) ∈ < ×<+ and is increasing in t for

each y. Also, U1 ≤hr U2 means that F̄Ui(R(t)) = F̄H(Ui)(t) is T P2 in (i, t) ∈ {1, 2} × <.

Then we get
∫ ∞

y
P[H(Ui + Wi) − H(Ui) > x]dx is T P2 in (i, y) ∈ {1, 2} × <+; then the

given lemma holds in the IMRL case. If F is DMRL then the desired result is∫ ∞

1/y
P[H(Ui + Wi) − H(Ui) > x]dx =

∫ ∞

−∞

∫ ∞
t+1/y

F̄(η)dη

F̄(t)
dFUi(R(t)).

The rest of the proof is straightforward and, hence omitted. �

5. Conclusion

A brief introduction of the spacing between the record values is given. The convolution
theorem of Exponential Better than Used ageing class is established. Chain of
implications among certain ageing classes is presented. Characterization of some ageing
classes based on the spacings between record values have been found.
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Abstract

In this paper, a cold standby repairable system consisting of two identical
components and one repairman is studied. Assume that each component after
repair is not “as good as new”, by using a geometric process, we consider two
kinds of repair replacement policy, one based on the working age T of component
1 under which the system is replaced when the working age of component 1 reaches
T, and the other based on the failure number N of component 1 under which the
system is replaced when the failure number of component 1 reaches N. The long
runaverage cost under T policy and N policy derived.

Keywords: Replacement Policy, Geometric Process, Renewal process, Repair
replacement policy.

1. Introduction

The earliest replacement problems consider one component repairable systems with one
repairman (i.e. simple repairable systems) and a common assumption is to assume that
the system after repair is “as good as new” This is a perfect repair model. However,
this assumption is not always true. In practice, most repairable systems are deteriorative
because of the ageing effect and the accumulative wear. Barlow and Hunter (1960)
first presented a minimal repair model in which the minimal repair does not change
the age of the system. Brown and Proschan (1983) first reported an imperfect repair
model in which the repair will be perfect repair with probability p or minimal repair
with probability 1 − p. For a deteriorating repairable system, it is more reasonable to
assume that the successive working times of the system after repair will become shorter
and shorter while the consecutive repair times of the system after failure will become
longer and longer. Ultimately, it cannot work any longer, neither can it be repaired.
For such a stochastic phenomenon, Lam (1988a, b) first introduced a geometric process
repair model to approach it, and under this model, he studied two kinds of replacement
policy for simple repairable systems, one based on the working age T of the systems and
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the other based on the failure number N of the system. The explicit expressions of the
long-run average cost per unit time under these two kinds of policy are respectively
calculated. Finkelstein (1993) presented a general repair model based on a scale
transformation after each repair to generalized Lam’s work. Zhang (1994) generalized
Lam’s work by a bivariate replacement policy (T, N) under which the system is replaced
at the working age T or at the time of the N th failure, whichever occurs first. Many
replacement policies have been done by Stadje and Zuckerman (1990), Stanley (1993),
Zhang et al. (2001, 2002), Zhang (2002, 2004), Lam and Zhang (2003), Wang and
Zhang (2005) and others the geometric process repair model. The various research
activities above point to the simple repairable system. The purpose of this paper is to
apply the geometric process repair model to a two identical-component cold standby
repairable system with one repairman. Assuming that each component after repair is
not “as good as new”, by using the geometric process, we consider two kinds of repair
replacement policy, one based on the working age T of component 1 under which the
system is replaced when the working age of component 1 reaches T and the other based
on the failure number N of component 1 under which the system is replaced when
the failure number of component 1 reaches N. Our problem is to determine optimal
replacement policies T ∗ and N∗ respectively such that the long-run average cost per unit
time of the system is minimized. And we can prove under some mild conditions that
the optimal policy N∗ is better than the optimal policy T ∗.

A Geometric Process model for a two-component cold standby system with
Preventive Repair is studied in this paper. In this model, component 1 is the main
component which has use priority, and component 2 is a supplementary component
which substitutes the main component during its repair. Periodic Preventive Repair is
executed for component 1 with fixed interval length T. By assuming that the failure
repair for component 1 follows Geometric Process repair, a bivariate policy (T, N) is
considered, where T is the interval length between preventive repairs, and N is the
number of failures of component 1. The aim is to determine an optimal bivariate
policy (T, N) such that the Average Cost Rate of the system is minimized. The
explicit expression of the average cost rate is derived and the optimal policy (T, N) is
analyzed theoretically and numerically. Finally, a Gamma distributed example is given
to illustrate the theoretical results of our model.

2. Model

We study the two-identical-component cold standby repairable system with one
repairman by making the following assumptions.

A 2.1 At the beginning, two components are both new and assume that component 1 is
in working state while component 2 is in cold standby state.

A 2.2 When the two components in the system are both good, one is working and
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the other is under cold standby. Whenever the working one breaks down, it is
immediately repaired by the repairman. At the same time, the standby one begins
to work. Whenever the repair of the failed one is completed, it either begins to
work again or become under cold standby. If one fails and the other is still under
repair, it must wait for repair and the system breaks down.

A 2.3 Assume that each component after repair is not “as good as new”. The time
interval between the completion of the (n − 1)th repair and the completion of the
nth repair on component i is called the nth cycle of component i, where i = 1, 2;
n = 1, 2, · · · .

Let X(i)
n and Y (i)

n be respectively the working time and the repair time of component
i in the nth cycle, i = 1, 2; n = 1, 2, · · · . Assume that the distributions of X(i)

n and
Y (i)

n (i = 1, 2) are respectively F(an−1t) and G(bn−1t), where t ≥ 0, a ≥ 1, 0 < b ≤ 1.
Assume that

EX(i)
1 =

1
λ

; EY(i)
1 =

1
µ

(i = 1, 2).

A 2.4 Assume that X(i)
n and Y (i)

n , i = 1, 2, n = 1, 2, · · · are all independent.

A 2.5 Assume that a component in the system is replaced sometime by a new and
identical one, and the replacement time is negligible.

A 2.6 Assume that a component in the system cannot produce the working reward
during cold standby, and no cost is incurred during waiting for repair.

A 2.7 Assume that the repair cost per unit time of each component is cr, the working
reward per unit time of each component is cw, and the replacement cost of the
system is C.

3. Replacement Policies

We now consider two kinds of repair replacement policy, one based on the working
age Tof component 1 under which the system is replaced when the working age of
component 1 reaches T , and the other based on the failure number N of component 1
under which the system is replaced when the failure number of component 1 reaches
N. Our problem is to determine optimal replacement policies T ∗ and N∗ respectively
such that the long-run average cost per unit time of the system is minimized. The
explicit expressions for the long-run average cost per unit time of the system under
each replacement policy can be evaluated, and the corresponding optimal replacement
policies T ∗ and N∗ can be found analytically or numerically. We can prove under some
mild conditions that the optimal policy N∗ is better than the optimal policy T ∗. Finally,
a numerical example for policy N is given.
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According to renewal reward theorem, then the long-run average cost per unit time
of the system under whichever policy will equal (i.e.)

C(T ) =
the expected cost incurred in a renewal cycle

the expected length of a renewal cycle
.

Long-run average cost under policy T :

C1(T ) =
cr

1
µ

∑∞
k=1

1
bk−1 Fk(T ) + C − cw

[
T + 1

λ

∑∞
k=1

1
ak−1 Fk(T )

]
T +

∑∞
k=2

[∫ ∞
0

u dΦk(u)
]

Fk(T ) +
∑∞

k=1

[
1

bk−1µ
+

∫ ∞
0
ν dΨk(ν)

]
Fk(T )

+
cγ

p+bq
µ

∑∞
k=1

1
bk−1 Fk(T ) + cr

[
T + b

µ
F1(T ) − 1

λ

∑∞
k=1

1
ak−1 Fk(T )

]
q

T +
∑∞

k=2

[∫ ∞
0

u dΦk(u)
]

Fk(T ) +
∑∞

k=1

[
1

bk−1µ
+

∫ ∞
0

v Ψk(v)
]

Fk(T )
.

Long-run average cost under policy N:

C2(N) =
crE

[∑N−1
j=1

(
Y (1)

j + Y (2)
j

)]
+ C − cwE

[∑N
j=1

(
X(1)

j + X(2)
j

)]
EW2

=
2cr

1
µ

∑N−1
j=1

1
b j−1 + C − 2cw

1
λ

∑N
j=1

1
a j−1

1
aN−1λ

+
∑N

j=1
1

a j−1λ
+

∑N−1
j=1

1
b j−1µ

+
∑N

j=2

∫ ∞
0

u dΦ j(u) +
∑N−1

j=1

∫ ∞
0
ν dΨ j(ν)

,

where ∫ ∞

0
u dΦ j(u) =

∫ ∞

0
u Φ j(u)du =

a j−1λ

b j−2µ(a j−1λ + b j−2µ)∫ ∞

0
ν dΨ j(ν) =

∫ ∞

0
νΨ j(ν)dν =

b j−1µ

a j−1λ(a j−1λ + b j−1µ)
.

4. Conclusion

In this paper, a cold standby repairable system consisting of two identical components
and one repairman is studied. Assume that each component after repair is not “as good
as new” by using a geometric process, we consider two kinds of repair replacement
policy, one based on the working age T of component 1 under which the system is
replaced when the working age of component 1 reaches T , and the other based on the
failure number N of component 1 under which the system is replaced when the failure
number of component 1 reaches N. Our problem is to choose optimal replacement
policies T ∗ and N∗ respectively such that the long-run average cost per unit time of the
system is minimized. And we can prove under some mild conditions that the optimal
policy N∗ is better than the optimal policy T ∗ The long run-average cost under T policy,
N policy and (T, N) policy are derived.
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Abstract

In this paper, we discuss the fifth order Milne-Simpson Method to solve
fuzzy differential equation using interval-valued fuzzy numbers. We illustrate this
method by numerical examples and we shown that the interval-valued solution
which we obtain have the less interval length.

Keywords: Fuzzy Differential Equation, Interval-Valued Fuzzy Numbers, Milne-
Simpson Fifth Order Method.

1. Introduction

In real life situation, most of the phenomena (dynamical system) arises are governed
differential equations and also vague in nature. Fuzzy differential equations (FDE)
plays a vital role in Science and Engineering. It is important to study fuzzy differential
equations. In 1965, Zadeh [15] introduced the fuzzy set theory to study the vagueness
or uncertainties of any situation and also introduced the interval-valued fuzzy theory.
By employing numerical techniques one can find the approximate solution to the
systems governed by FDE, whenever the exact solution does not exists. In last
few decades, many researchers dedicated towards the numerical solutions of fuzzy
differential equations [1, 6, 10, 12, 13, 14]. In 2002, Abbasbandy et al [1] investigated
the numerical solutions of fuzzy differential equations using Taylor’s Method. The
investigation of numerical solution of FDE using Euler method, Runge-Kutta method,
Adam method are given by many authors [3, 4, 5, 7, 8, 9, 11].

2. Preliminaries

In this section, we give some basic definitions.
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Definition 2.1. (Fuzzy Number) A fuzzy set A in R is called fuzzy number if it satisfies
the following conditions:

1. A is normal fuzzy set.

2. Aα is closed interval for every α ∈ (0, 1].

3. Support of A is bounded.

Definition 2.2. (Triangular fuzzy number) A fuzzy number A = (a1, a2, a3) is called a
triangular fuzzy number if its membership function is

µ(A)(x) =



0, x < a1

x − a1

a2 − a1
, a1 ≤ x ≤ a2

a3 − x
a3 − a2

, a2 ≤ x ≤ a3

0 x > a3.

α− cut interval from this fuzzy number interval Aα

Aα = [a(α)
1 , a(α)

3 ]
= [(a2 − a1)α + a1,−(a3 − a2)α + a3].

Definition 2.3. (α− Level Set) Let I be the real interval. A mapping y : I → E is called
a fuzzy process and its α− level Set is denoted by

[y(t)]α = [y(t;α), y(t;α)], t ∈ I, 0 < ∞ < 1

with y(α) ≤ y(α), 0 ≤ α ≤ 1.

Let E be the set of all upper semicontinuous normal convex fuzzy numbers with
bounded α−level intervals. It means if v ∈ E then the α−level set

[v]α = {s|v(s) ≥ α}, 0 < α ≤ 1,

is a closed bounded interval which is denoted by

[v]α = [vα, vα].

Triangular fuzzy numbers are those fuzzy sets in E which are characterized by an
ordered triple (xl, xc, xr) ∈ R3 with xl ≤ xc ≤ xr such that [U]0 = [xl, xr] and [U]1 = {xc},
then

[U]α = [xc − (1 − α)(xc − x′), xc + (1 − α)(xr − xc)], (2.1)

for any α ∈ I.
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Definition 2.4. (Multistep methods)
An m−step method for solving the initial-value problem is one whose difference

equation for finding the approximation y(ti+1) at the mesh point ti+1 can be represented
by the following equation

y(ti+1 = am−1y(ti) + am−2y(ti − 1) + · · · + a0y(ti+1 − m) + h{bm f (ti+1, yi+1)

+bm−1 f (ti, yi) + · · · + b0 f (ti+1 − m, yi+1 − m)}
(2.2)

for i = m − 1.m, . . . , n − 1, such that a = t0 ≤ t1 ≤ .... ≤ tN = b, h =
(b − a)

N
= ti+1 − ti

and a0, a1, . . . , am−1, b0, b1, . . . , bm are constants with the starting values

y0 = α0, y1 = α1, y2 = α2, . . . , ym−1 = αm−1

when bm = 0, the method is known as explicit, since (2.2) gives yi+1 explicit in terms of
previously determined values. When bm , 0, the method is know as implicit , since yi +1
occurs on both sides of (2.2) and is specified only implicitly.

Definition 2.5. The supremum metric d∞ on E is defined by

d∞(U,V) = sup{dH([U]α, [v]α) : α ∈ I}

and (E, d∞) is a complete metric space.

Definition 2.6. A mapping F : I →→ E is Hukuhara differentiable at t0 ∈ T ⊆ R if for
some h0 > 0 the Hukuhara difference

F(t0 + 4t) ∼h F(t0), F(t0) ∼h F(t0 − 4t),

exist in E for all 0 < 4t < h0 and if there exists an F′(t0) ∈ E such that

lim∆t→0+
d∞

(F(t0 + ∆t) ∼h F(t0))
∆t

− F′(t0) = 0,

and
lim∆t→0+

d∞
(F(t0) ∼h F(t0 + ∆t))

∆t
− F′(t0) = 0,

the fuzzy set F′(t0) is called the Hukuhara derivative of F at t0.

Recall that U v hV = WεE are defined on level sets, where [U]α v h[V]α = [W]α

for all α ∈ I. By consideration of definition of the metric d∞, all the level set mappings
[F(t0)]α are Hukuhara differentiable at t0 with Hukuhara derivatives [F′(t0)]α for each
α ∈ I when F : I → E is Hukuhara differentiable at t0 with Hukuhara derivative F′(t0).



64 Numerical Solutions by Fifth Order Milne-Simpson Method

Definition 2.7. The fuzzy integral∫ b

a
y(t)dt, 0 ≤ a ≤ b ≤ 1

is defined by [ ∫ b

a
y(t)dt

]α
=

[ ∫ b

a
yα(t)dt,

∫ b

a
yα(t)dt

]
provided the Lebesgue integrals on the right exist.

Remark 2.1. If F : I → E is Hukuhara differentiable and its Hukuhara derivative F′ is
integrable over [0, 1], then

F(t) = F(t0) +

∫ t

t0
F′(s)ds.

for all values of t0, t, where 0 ≤ t0 ≤ t ≤ 1.

Definition 2.8. A mapping y : I → E is called a fuzzy process. We denote

[y(t)]α = [yα(t), yα(t)], t ∈ I, 0 < α ≤ 1.

The Seikkala derivative y|(t) of a fuzzy process y is defined by

[y′(t)]α = [(yα)′(t), (yα)′(t)], 0 < α ≤ 1

for all values of t0,t where 0 ≤ t0 ≤ t ≤ 1.

Remark 2.2. If y : I ∈ E is Seikkala differentiable and its Seikkala derivative y′ is
integrable over [0,1], then

y(t) = y(t0) +

∫ t

t0
y′(s)ds

for all values of t0, t where t0, t ∈ I.

2.1. A fuzzy Cauchy problem

Consider the first-order fuzzy differential equation y′ = f (t, y) where y is a fuzzy
function of t, f (t, y) is a fuzzy function of crisp variable t and fuzzy variable y, and
y′ is Hukuhara or Seikkala fuzzy derivative of y. If an initial value y(t0) = α̃0 is given, a
fuzzy Cauchy problem of first order will be obtained as follows:{

y′(t) = f (t, y(t)), t0 ≤ t ≤ T,
ỹ(t0) = α̃0,

(2.3)

Sufficient conditions for the existence of a unique solution are

1. Continuity of f ,

2. Lipschitz condition d∞( f (t, x), ( f (t, y)) ≤ Ld∞(x, y), L > 0.
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3. Interpolation of fuzzy number

The problem of interpolation for fuzzy sets is as follows:
Suppose that at various time instant t information f (t) is presented as fuzzy set. The

aim is to approximate the function f (t) for all t in the domine of f .
Let t0 < t1 < · · · < tn be n + 1 distinct points in R and let ũ0, ũ1, . . . , ũn be n + 1 fuzzy

sets in E. A fuzzy polynomial interpolation of the data is a fuzzy value continuous
function f : R→ E satisfying:

1. f (ti) = ui, i = 1, . . . , n.

2. If the data is cricp, then the interpolation f is a crisp polynomial.

A function f which fulfilling these condition may be constructed as follows.
Let Ci

α=[ũi]α for any α ∈ [0, 1], i = 0, 1, 2, . . . , n. For each x = (x0, x1, ...., xn) ∈ Rn+1,
the unique polynomial of degree ≤ n denoted by Px such that

Px(ti) = xi, i = 1, 2, . . . , n,

Px(t) =

n∑
i=0

xi

(∏
i, j

t − t j

ti − t j

)
.

Finally, for each t ∈ R and all ξ ∈ R is defined by f (t) ∈ E by

( f (t))(ξ) = sup{α ∈ [0, 1] : ∃X ∈ Ci
αX . . . XCn

α such that PX(t) = ξ}.

The interpolation polynomial can be written level set wise as

[ f (t)]α = {y ∈ R : y = PX(t), x ∈ [ũi]α, i = 1, 2, . . . , n}, for 0 ≤ α ≤ 1.

When the data ũi presents as triangular fuzzy numbers, values of the interpolation
polynomial are also triangular fuzzy numbers. Then f (t) has a particular simple form
that is well situated to computation.

Theorem 3.1. Let (ti, ũi), i = 0, 1, 2, . . . , n be the observed data and suppose that each of
the ũi=(ũl

i, ũ
c
i ũ

r
i ) is an element of E. Then for each t ∈ [t0, tn], f̃ (t) = ( f l(t), f c(t), f r(t)) ∈

E,

f l(t) =
∑

li(t)≥0

li(t)ul
i +

∑
li(t)<0

li(t)uT
i

f c(t) =

n∑
l=0

li(t)uc
i

f r(t) =
∑

li(t)≥0

li(t)uT
i +

∑
li(t)<0

li(t)ul
i

such that li(t) =

n∏
j,i

t − t1

ti − t j
.
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4. Fuzzy Milne-Simpson Methods

Using the interpolation techniques, one can derive the Fuzzy Milne-Simpson of order 5
and is given below

yα(ti+4) = yα(ti+3) +
h

90
[28 f α(ti+3, y(ti+3)) + 129 f α(ti+2), y(ti+2) + 14 f α(ti+1, y(ti+1))

+ 14 f α(ti, y(ti)) − 6 f
α
(ti−1, y(ti−1)) + f α(ti−2, y(ti−2))],

yα(ti+4) = yα(ti+3) +
h

90
[28yα(ti+3, y(ti+3)) + 129 f

α
(ti+2)y(ti+2) + 14 f

α
(ti+1, y(ti+1))

+ 14 f
α
(ti, y(ti)) − 6 f α(ti+3, y(ti−1)) + f α(ti−2, y(ti−2))],

with initial conditions

yα(ti−1) = α0, yα(ti) = α1, yα(ti+1) = α2, yα(ti+2) = α3, yα(ti+3) = α4

yα(ti−1) = α5, y
α(ti) = α6, y

α(ti+1) = α7, y
α(ti+2) = α8, y

α(ti+3) = α9

4.1. Algorithm

Consider the fuzzy initial value problem

y′(t) = f (t, y(t)), t0 ≤ t ≤ T

with fuzzy intial conditions

yα(t0) = α0, yα(t1) = α1, yα(t2) = α2, yα(t4) = α3, yα(t5) = α4

yα(t0) = α5, y
α(t1) = α6, y

α(t2) = α7, y
α(t3) = α8, y

α(t4) = α9

The Fuzzy Milne-Simpson Fifth Order Algorithm is

Step 1: Let h =
T − t0

N
, where N is positive integer.

yα(t0) = α0, yα(t1) = α1, yα(t2) = α2, yα(t4) = α3, yα(t5) = α4

yα(t0) = α5, y
α(t1) = α6, y

α(t2) = α7, y
α(t3) = α8, y

α(t4) = α9

Step 2: Let i = 2

Step 3: Using the Fuzzy Milne-Simpson of order 5 method

yα(ti+4) = yα(ti+3) +
h

90
[28 f α(ti+3, y(ti+3)) + 129 f α(ti+2), y(ti+2) + 14 f α(ti+1, y(ti+1))

+ 14 f α(ti, y(ti)) − 6 f
α
(ti−1, y(ti−1)) + f α(ti−2, y(ti−2))],

yα(ti+4) = yα(ti+3) +
h

90
[28yα(ti+3, y(ti+3)) + 129 f

α
(ti+2)y(ti+2) + 14 f

α
(ti+1, y(ti+1))

+ 14 f
α
(ti, y(ti)) − 6 f α(ti+3, y(ti−1)) + f α(ti−2, y(ti−2))],

(4.1)
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Step 4: Substituting the values given in Step 1 in Step 3, equation (4.1) becomes a
system of linear equation in y

α
(ti+4) and yα(ti+4) and solving equation (4.1), we

get the values for y
α
(ti+4) and yα(ti+4)

Step 5: Continuing Step 2, 3 and 4. We obtain (yα(T ), yα(T )) approximates real value

of (Yα(T ),Y
α
(T ).

5. Numerical Examples

Example 5.1. Consider the fuzzy initial value problem

y′(t) = y(t) t ∈ I = [0, 1]

y(0) = [0.75 + 0.25α, 1.125 − 0.125α], 0 < α ≤ 1

y(0.1) = [(0.75 + 0.25)e0.1, (1.125 − 0.125)e0.1],

y(0.2) = [(0.75 + 0.25)e0.2, (1.125 − 0.125)e0.2],

y(0.3) = [(0.75 + 0.25)e0.3, (1.125 − 0.125)e0.3],

y(0.4) = [(0.75 + 0.25)e0.4, (1.125 − 0.125)e0.4],

The exact solution at t = 1 is given by

Y(1;α) = [(0.75 + 0.25α)e, (1.125 − 0.125α)e], 0 < α ≤ 1.

By using the Fuzzy Milne-Simpson five order method the following results are obtained:

α y(ti;α) y(ti;α) Y(ti;α) Y(ti;α)

0.1 2.180912250 2.949844716 2.106668417 3.024088534
0.2 2.240619980 2.924115506 2.174625463 2.990110011
0.3 2.300327715 2.898386300 2.242582508 2.956131488
0.4 2.360035447 2.872657089 2.310539554 2.922152965
0.5 2.419743179 2.846927883 2.378496599 2.888174443
0.6 2.479450908 2.821198673 2.446453645 2.854195920
0.7 2.539158640 2.795469460 2.514410691 2.820217398
0.8 2.598866375 2.769740253 2.582367737 2.786238874
0.9 2.658574106 2.744011043 2.650324783 2.752260351
1.0 2.718281838 2.718281838 2.718281828 2.718281828
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Figure 1: Comparison of Milne-Simpson solution and Exact solution

6. Conclusion

Using the Milne-Simpson method of order 5, we obtained the approximate numerical
solution of the fuzzy differential equation by the proposed algorithm and we have shown
that obtained interval length is less than the exact solution, in fact the interval is closer
to the crisp solution.
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Abstract

In this paper, we study a predator-prey population model in the uncertainty
environment that is the initial populations of predator and prey are given in interval-
valued fuzzy numbers. This model is solved numerically by means of Taylor’s
Series expansion. Finally, numerical examples are given to illustrate the model.

Keywords: Equilibrium points, Interval-Valued Fuzzy Numbers, Fuzzy predator-
prey population model.

1. Introduction

In the population model, consider two species of animals which are part of food
chain, predator eats prey and prey depends on other food, the prey are assumed to
have unlimited food supply and to reproduce exponentially unless subject to predation,
this exponential growth. In 1965, Zadeh introduced the fuzzy set theory to study the
vagueness or uncertainties of any situation and also introduced the interval-valued fuzzy
theory. By employing numerical techniques one can find the approximate solution to
the systems governed by FDE, whenever the exact solution does not exists. In 2000,
Bassanezi et al. started the study of stability of fuzzy population dynamics governed
by fuzzy differential equations. Guo et al. (2003) have adopted Hullermeier’s approach
(1997) to establish fuzzy impulsive functional differential equations and some results
were applied in the logistic model and the Gompertz model. Many researchers have
studied the fuzzy predator-prey population model. In this paper, we consider the fuzzy
predator-prey population model with the initial populations of predator and prey to be
fuzzy intervals.

2. Preliminaries

In this section, we present the some basic definitions.
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Definition 2.1. (α−cut) An α−cut or α−level set of a fuzzy set A ⊆ X is an ordinary set
Aα ⊆ X, such that Aα = µA(X) ≥ α, ∀ x ∈ X.

Definition 2.2. Fuzzy Number A fuzzy set is said to be fuzzy number if it qualifies
following condition:

• A is a convex fuzzy set, i.e. A(r)λ + (1 − λ)s) ≥ min[A(r), A(s)], λ ∈ [0, 1] and
r, s ∈ X;

• A is normal, i.e. ∃x0 ∈ X with A(x0) = 1;

• A is upper semi-continuous i.e. A(x0) ≥ lim
x→x0
±A(x);

• [A]0 = sup p(A) = {x ∈ R|A(x) ≥ 0} is compact, where A denotes the closure of A.

Definition 2.3. Fuzzy Operation For u, v ∈ R f and λ ∈ R the sum u + v and the product
λ, u is defined as

[u + v]α = [u]α + [v]α = [u, u] + [v, v] = [u + v, u + v]

and

[λ · u]α = λ[u, u] = [λu, λu],

for all α ∈ [0, 1].

Definition 2.4. H-Difference Let u, v ∈ F . If there exist w ∈ F such that u = v⊕w, then
w is called the H-difference of u and v is denoted by u 	 v.

Definition 2.5. Hukuhara Derivative Consider a fuzzy mapping F : (a, b) → F and
t0 ∈ (a, b).We say that F is differentiable at t0 ∈ (a, b) if there exist an element F′(t0) ∈ F
such that for all h > 0 sufficiently small ∃F(t0 + h) 	 F(t0), F(t0) 	 F(t0 − h) and the
limits

lim
h→0+

F(t0 + h) 	 F(t0)
h

= lim
h→0−

F(t0) 	 F(t0 − h)
h

exist and are equal to F′(t0).

Definition 2.6. Consider the system of equations x′(t) = f (x, y), x(t0) = x0

y′(t) = g(x, y), y(t0) = y0

(2.1)

where f , g : R2 → R are continuous functions and x0, y0 ∈ R. This model is called an
autonomous system because the functions appearing on the right-hand side of (2.1) do
not depend on the independent variable time t.
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3. Taylor Method

Let the exact solution
[Y(t)]r = [Y1(t; r),Y2(t, r)]

be approximated by
[y(t)]r = [y1(t; r), y2(t; r)].

The Taylor method of order p is based on the expansion

x(t + h; r) =

p∑
i=0

hi

i!
x(i)(t; r), (3.1)

where x(t; r) is Y1 or Y2. We define

F[t, x; r] =

p−1∑
i=0

hi

(i − 1)!
f (i)
1 (t, x; r),

G[t, x; r] =

p−1∑
i=0

hi

(i − 1)!
f (i)
1 (t, x; r),

(3.2)

The exact and approximate solutions at tn, 0 ≤ n ≤ N are denoted by

[Y(t)]r = [Y1(t; r),Y2(t, r)]and [y(t)]r = [y1(t; r), y2(t; r)],

respectively. The solution is calculated at the grid points of (2.1). Using the Taylor
method of order p and substituting Y1, Y2 into (2.1) and considering (2.1), we have

Y1(tn+1; r) ≈ Y1(tn; r) + hF[tn; Y(tn); r],
Y2(tn+1; r) ≈ Y2(tn; r) + hG[tn; Y(tn); r].

(3.3)

Hence, we get

y1(tn+1; r) = y1(tn; r) + hF[tn; (tn); r], y2(tn+1; r) = y2(tn; r) + hG[tn; y(tn); r], (3.4)

where
y1(0; r) = x1(0; r), y2(0; r) = x2(0; r).

The convergence of these approximations shown in Abbasbandy and Viranloo (2000),

lim
h→0

y1(t; r) = Y1(t; r),

lim
h→0

y2(t; r) = Y2(t; r).

Similarly, we Taylor’s series method for simultaneous equations

x′(t) = f (t, x, y)
y′(t) = g(t, x, y)
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are given by

xi+1 = xi + hS (ti, xi, yi),
yi+1 = yi + hT (ti, xi, yi), i = 0, 1, . . . ,N − 1

and

S (ti, xi, yi) =

p−1∑
i=0

hi

(i + 1)!
f (i)(ti, xi, yi), T (ti, xi, yi) =

p−1∑
i=0

hi

(i + 1)!
g(i)(ti, xi, yi),

where a = t0 ≤ t1 ≤ · · · ≤ tN = b and h =
(b − a)

N
= ti+1 − ti.

4. Numerical Example

Consider the following fuzzy predator-prey population model{
x′(t) = x − 0.1xy
y′(t) = −0.5y + 0.02xy

where the initial populations of prey and predator are interactive fuzzy intervals with
x0 = [23 + 2α, 27 − 2α] and y0 = [8 + 2α, 12 − 2α].

First we find the equilibrium points of the model by setting the derivatives equal to
zero. One can note that the model has two equilibrium points: (0, 0) and (25, 10). The
equilibrium point (0, 0) is uninteresting because there are no populations to observe in
the model. However, the second equilibrium point is of interest. From the numerical
approximation, we can see that the point (25, 10) is fuzzy stable. With the help of
mathematical software, we shown the population of prey and predator graphically.

Figure 1: Population of Prey
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Figure 2: Population of Predator.

5. Conclusions

In this paper, we studied a prey-predator model in the uncertainty environment that is
the initial populations of predator and prey are given in interval-valued fuzzy numbers.
We solved numerically by means of Taylor’s Series expansion and the population of
prey and predator are given graphically.
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Abstract

In this paper, we present the definitions of regular interval valued neutrosophic
graphs and we present the concept of regular interval valued neutrosophic graphs
and examine the properties of this new concept and example.

Keywords: Neutrosophic graph; complete neutrosophic graph; bipartite
neutrosophic graph; complement neutrosophic graph; and integral valued regular
neutrosophic graph.

1. Introduction

Smarandache[12] introduced the idea of the neutrosophic set, by modifying the concept
of the fuzzy set. The neutrosophic set can work with uncertain, inderminate vague
and inconsistent information of any uncertain real-life problem. It is basically a
modified version of the crisp set, Type 1 fuzzy set and IFS. It is described by the
truth, indeterminate and always lie within ]−0, 1+[, i.e., a nonstandard unit interval. The
neutrosophic graph Smarandache [11] can efficiently model the inconsistent information
about any real-life problem.

The vertex degree is a significant way to represent the total number of relations of
a vertex in a graph and the vertex degree can be used to analyze the graph. Gani and
Latha et al,[9] proposed the concept of irregularity, total irrationality and total degree
in a fuzzy graph. Maheswari and Sekar[10] proposed the notation of the d2-vertex in
a fuzzy graph and also described several properties on the d2-vertex of a fuzzy graph.
Darabian et al,[7] presented the idea of the dm-regular vague graph tdm-regular vague
graph. They described some real-life applications (e.g., fullerence molecules, wireless
network and road network) of regular vague graphs. Neutrosophic graphs are more
effective, flexible and compatible when modeling uncertain real-life problems copared
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to fuzzy graphs are vague graphs. Thus, the use of the netutrosophic graph is inevitable
for modeling optimaization problems in real-life scenarios and it is essential to present
some new properties and theories for neutrosophic graphs. This idea motivates us to
introduce different types of neutrosophic graphs (regular, bipatite, isomorphic and µ
complement neutrosophic graphs) and their related theorems.

The concept of the regularity and degree of nodes has a significant role in
both theories and application(e.g., social network analysis,road transportation network,
wireless multihop network and the assignment problem) in neutrosophic graph theroy.
The main contributions of this manuscript are as follows.

(i) As far as we know, there exists no research work on the regularity of the
neutrosophic graph until now. Therefore, in this manuscript, we present the
definition of the interval valued regular neutrosophic graph.

(ii) We introduce the two type of degree, dm-and total dm-degrees, of a node in
a neutrosophic graph. The definition of busy and free nodes in a regular
neutrosophic graph are presented here.

2. Preliminaries

We denote G∗ = (V, E) a crisp graph and G = (A, B) an interval valued neutrosophic
graphs.

Definition 2.1. Let X be a space of points (objects) with generic elements in X denoted
by x; then the neutrosophic set A (NS ) is an object having the form A = {< x :
TA(X), IA(X), FA(X) >, x ∈ X}, where the function T, I, F : X →] − 0, 1 + [ define
respectively the a truth-membership function, an indeterminacy-membership function
and falsity-membership function of the element x ∈ X to the set A with the condition:

−0 ≤ TA(X) + IA(X) + FA(X) ≤ 3+

The functions TA(X),IA(X) and FA(X) are real standard or nonstandard subsets of
]−0, 1+[.

Definition 2.2. Let X be a space of points (objects) with generic elements in X denoted
by x. A single valued neutrosophic set A (SVNS ) is characterized by truth-membership
function TA(X), an indeterminacy-membership function IA(X) and a falsity-membership
function FA(X). For each point x in X TA(X), I(X), FA(X) ∈ [0, 1]. A SVNS A can be
written as

A = {< x : TA(X), IA(X), FA(X) >, x ∈ X}
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Definition 2.3. By an interval valued neutrosophic graph of a graph G∗ = (V, E) we
mean a pair G = (A, B), where A =< [TAL,TAU], [IAL, IAU], [FAL, FAU] > is an IVN set
on V and B =< [TBL,TBU], [IBL, IBU], [FBL, FBU] > is an interval valued neutrosophic
relation on E satisfies the following condition:

1. V = {v1, v2, · · · , vn} such that TAL : [0, 1], TAU : [0, 1], IAL : [0, 1], IAU : [0, 1]
and FAL : [0, 1], FAU : [0, 1] denote the degree of truth-membership, the degree
of indeterminacy membership and falsify-membership of the element y ∈ V,
respectively and

0 ≤ TA(vi) + IA(vi) + FA(vi) ≤ 3

for all Vi ∈ V(i = 1, 2, · · · , n).

2. The functions TBL : V×V → [0, 1],TBU : V×V → [0, 1],IBL : V×V → [0, 1],IBU :
V × V → [0, 1]and FBL : V × V → [0, 1],FBU : V × V → [0, 1] are such that

TBL({vi, v j}) ≤ min [TAL(vi),TAL(v j)], TBU({vi, v j}) ≤ min [TAU(vi),TAU(v j)]

IBL({vi, v j}) ≥ max [IAL(vi), IAL(v j)], IBU({vi, v j}) ≥ max [IAU(vi), IAU(v j)]

FBL({vi, v j}) ≥ max [FAL(vi), FAL(v j)], FBU({vi, v j}) ≥ max [FAU(vi), FAU(v j)]

Denote the degree of truth-membership, indeterminacy-membership and falsify-
membership of the edge (vi, v j) ∈ E respectively, where

0≤TB({vi, v j}) + IA({vi, v j}) + FA({vi, v j}) ≤ 3

for all Vi ∈ E(i = 1, 2, · · · , n).

We call A the interval valued neutrosophic vertex set of V , B the interval valued
neutrosophic edge set of E, respectively, Note that B is a symmetric interval valued
neutrosophic relation on A. We use the notation (vi, v j) for an element of E. Thus,
G = (A, B) is an interval valued neutrosophic graph of G∗ = (V, E) if

TBL({vi, v j}) ≤ min [TAL(vi),TAL(vi)], TBU({vi, v j}) ≤ min [TAU(vi),TAU(vi)]
IBL({vi, v j}) ≥ max [IAL(vi), IAL(vi)], IBU({vi, v j}) ≥ max [IAU(vi), IAU(vi)]and

FBL({vi, v j}) ≥ max [FAL(vi), FAL(vi)], FBU({vi, v j}) ≥ max [FAU(vi), FAU(vi)]

for all (vi, v j) ∈ E.

Definition 2.4. Let G = (A, B) be an IVNG. If G has a path P of path length k from
node a to nod b in G such as P = {a = a1, (a1, a2), a2, · · · , ak−1, (ak−1, ak), ak = b},
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then (T k
BL(a, b),T k

BU(a, b)),(Ik
BL(a, b), Ik

BU(a, b)) and (Fk
BL(a, b), Fk

BU(a, b)) are described
as follows.

T k
BL(a, b) = sup(TBL(a, a1) ∧ TBL(a1, a2) ∧ · · · ∧ TBL(ak−1, ak))

T k
BU(a, b) = sup(TBU(a, a1) ∧ TBU(a1, a2) ∧ · · · ∧ TBU(ak−1, ak))

Ik
BL(a, b) = inf(IBL(a, a1) ∨ IBL(a1, a2) ∨ · · · ∨ IBL(ak−1, ak))

Ik
BU(a, b) = inf(IBU(a, a1) ∨ IBU(a1, a2) ∨ · · · ∨ IBU(ak−1, ak))

Fk
BL(a, b) = inf(FBL(a, a1) ∨ FBL(a1, a2) ∨ · · · ∨ FBL(ak−1, ak))

Fk
BU(a, b) = inf(FBU(a, a1) ∨ FBU(a1, a2) ∨ · · · ∨ FBU(ak−1, ak))

Definition 2.5. Let G = (A, B) be an IVNG. The strength of connection of a path P
between two nodes a and b is defined by (T∞BL(a, b),T∞BU(a, b)),(I∞BL(a, b), I∞BU(a, b)) and
(F∞BL(a, b), F∞BU(a, b)), where

T∞BL(a, b) = sup{T k
BL(a, b)|, k = 1, 2, · · · , }

T∞BU(a, b) = sup{T k
BU(a, b)|, k = 1, 2, · · · , }

I∞BL(a, b) = inf{Ik
BL(a, b)|, k = 1, 2, · · · , }

I∞BU(a, b) = inf{Ik
BU(a, b)|, k = 1, 2, · · · , }

F∞BL(a, b) = inf{Fk
BL(a, b)|, k = 1, 2, · · · , }

F∞BU(a, b) = inf{Fk
BU(a, b)|, k = 1, 2, · · · , }

3. Interval Valued Regular, dm-Regular and tdm-Regular
Neutrosophic Graphs

In this section, first we define the interval valued regular neutrosophic graph, interval
valued regular strong neutrosophic graph, dm-degree and tdm-degree of nodes in a
neutrosophic graph. Then, we propose the notions of dm and tdm-interval valued regular
neutrosophic graphs and prove the necessary and sufficient conditions, for which under
these conditions, dm-interval valued regular with tdm-regular neutrosophic graphs are
equivalent.
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Definition 3.1. Let G = (A, B) be an IVNG. Gis a interval valued regular neutrosophic
graph if it satisfies the following conditions.

∑
a,b

TBL(a, b) = constant,
∑
a,b

TBU(a, b) = constant,∑
a,b

IBL(a, b) = constant,
∑
a,b

IBU(a, b) = constant,∑
a,b

FBL(a, b) = constant,
∑
a,b

FBU(a, b) = constant,

Definition 3.2. Let G = (A, B) be an IVNG. G is a interval valued regular strong
neutrosophic graph if it satisfies the following conditions.

TBL(a, b) = min((TAL(a),TAL(b))) and
∑
a,b

TBL(a, b) = constant

TBU(a, b) = min((TAU(a),TAU(b))) and
∑
a,b

TBU(a, b) = constant

IBL(a, b) = max((IAL(a), IAL(b))) and
∑
a,b

IBL(a, b) = constant

IBU(a, b) = max((IAU(a), IAU(b))) and
∑
a,b

IBU(a, b) = constant

FBL(a, b) = max((FAL(a), FAL(b))) and
∑
a,b

FBL(a, b) = constant

FBU(a, b) = max((FAU(a), FAU(b))) and
∑
a,b

FBU(a, b) = constant

Definition 3.3. Let G = (A, B) be an IVNG and the dm-degree of any node a in G be
denote as dm(a) where:

dm(a) =

( ∑
a,b∈V

(T m
BL(a, b),T m

BU(a, b))
∑

a,b∈V

(Im
BL(a, b), Im

BU(a, b)),∑
a,b∈V

(Fm
BL(a, b), Fm

BU(a, b))
)

Here, the path a, a1, a2, · · · , am−1, b is the shortest path between the nodes u and v and
the length of this path is m.

Example 3.1. We have considered an example of an IVNG G, presented in Figure 1.
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Figure 1: Interval valued neutrosophic graph

The d2-degree of the nodes in G is computed as follows.

d2(v1) = ([(0.1 + 0.2), (0.1 + 0.2)], [(0.3 + 0.4), (0.3 + 0.5)], [(0.4 + 0.5), (0.4 + 0.6)])

= ([0.3, 0.3], [0.7, 0.8], [0.9, 1.0])

d2(v2) = ([(0.1 + 0.2), (0.1 + 0.3)], [(0.3 + 0.4), (0.4 + 0.5)], [(0.4 + 0.5), (0.4 + 0.5)])

= ([0.3, 0.4], [0.7, 0.9], [0.9, 0.9])

d2(v3) = ([(0.1 + 0.2), (0.1 + 0.3)], [(0.3 + 0.5), (0.4 + 0.5)], [(0.4 + 0.6), (0.5 + 0.5)])

= ([0.3, 0.4], [0.8, 0.9], [1.0, 1.0])

Definition 3.4. Let G = (A, B) be an IVNG and a ∈ V be a node G. The total tdm-degree
(tdm-degree) of node a in G is computed as follows.

tdm(a) =

(( ∑
a,b∈V

(T m
BL(a, b),T m

BU(a, b)) + (TAL(a),TAU(a))
)
,( ∑

a,b∈V

(Im
BL(a, b), Im

BU(a, b)) + (IAL(a), IAU(a))
)
,( ∑

a,b∈V

(Fm
BL(a, b), Fm

BU(a, b)) + (FAL(a), FAU(a))
))

Here, the path a, a1, a2, · · · , am−1, b is the shortest path between the nodes u and v and
the length of this path is m.



82 Interval Valued Regular Neutrosophic Graph

Example 3.2. Let us consider an example of an IVNG, shown in figure 1. Then the
td2-degree of the nodes in G is as follows.

td2(v1) =
(
[(0.1 + 0.2) + 0.3, (0.1 + 0.2) + 0.5], [(0.3 + 0.4) + 0.2, (0.3 + 0.5) + 0.3],

[(0.4 + 0.5) + 0.3, (0.4 + 0.6) + 0.4]
)

=
(
[0.6, 0.8], [0.9, 1.1], [1.2, 1.4]

)
td2(v2) =

(
[(0.1 + 0.2) + 0.2, (0.1 + 0.3) + 0.3], [(0.3 + 0.4) + 0.2, (0.4 + 0.5) + 0.3],

[(0.4 + 0.5) + 0.1, (0.4 + 0.5) + 0.4]
)

=
(
[0.5, 0.7], [0.9, 1.2], [1.0, 1.3]

)
td2(v3) =

(
[(0.1 + 0.2) + 0.1, (0.1 + 0.3) + 0.3], [(0.3 + 0.5) + 0.2, (0.4 + 0.5) + 0.4],

[(0.4 + 0.6) + 0.3, (0.4 + 0.5) + 0.5]
)

=
(
[0.4, 0.7], [1.0, 1.3], [1.3, 1.4]

)
Definition 3.5. Let G = (A, B) be a neutrosophic graph. G is said to be a (m(d1, d2, d3))-
interval valued regular neurtrosophic graph or dm-regular if for all nodes vi ∈ V in G,
dm(vi) = (d1, d2, d3).

Definition 3.6. Let G = (A, B) is a neutrosophic graph. G is an (m(k1, k2, k3))- interval
valued totally regular neurtrosophic graph or tdm- interval valued regular neutrosophic
graph if for all nodes vi ∈ V G, tdm(vi) = (k1, k2, k3).

Example 3.3. An example of an (m, (d1, d2, d3))-interval valued regular neurtrosophic
graph is pictured in Figure 2 is a

(
2([0.1, 0.2], [0.3, 0.5], [0.3, 0.5])

)
-interval valued

regular neurtrosophic graph.

Figure 2: Interval valued neutrosophic graph G

Example 3.4. An example of a (m(k1, k2, k3))-interval valued totally regular
neurtrosophic graph is shown in Figure 3. It is a (2, ([0.4, 0.7], [1.0, 1.3], [1.4, 1.5]))-
interval valued regular neutrosophic graph.
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Figure 3: Interval valued neutrosophic graph G

Theorem 3.1. Let G = (A, B) be an IVNG. If (TBL,TBU), (IBL, IBU) and (FBL, FBU), are
constant function, then G is a dm- interval valued regular neutrosophic graph if G is a
tdm-interval valued totally regular neutrosophic graph (m is a positive integer).

Proof. Suppose that for every node v in G,
(
(TAL(v),TAU(v)), (IAL(v), IAU(v)),

(FAL(v), FAU(v))
)

= (c1, c2, c3) and dm(a) = (d1, d2, d3). Then,

tdm(v) = dm(v) + ((TAL(v),TAU(v)), (IAL(v), IAU(v)), (FAL(v), FAU(v)))

= (d1 + c1, d2 + c2, d3 + c3)

Hence, G is a tdm- interval valued regular neutrosophic graph. If G is a tdm-interval
valued regular neutrosophic graph,then the proof is similar to the previous case. �

Theorem 3.2. Let G = (A, B) be an (m(d1, d2, d3))-interval valued totally regular
and an (m(k1, k2, k3)-interval valued totally regular neurtrosophic graph with n nodes.
Then, ((TAL(v),TAU(v)), (IAL(v), IAU(v)) and (FAL(v), FAU(v))) are constant function and
O(G) = n(k1 − d1, k2 − d2, k3 − d3).

Proof. If G is an (m(d1, d2, d3))-regular neurtrosophic graph and an (m(k1, k2, k3)-totally
regular neurtrosophic graph respectively, then for all v ∈ V we get,

dm(u) = (d1, d2, d3)→
( ∑

u,v∈V

(T m
BL(uv),T m

BU(vu)),
∑

u,v∈V

(Im
BL(uv), Im

BU(vu)),∑
u,v∈V

(Fm
BL(uv), Fm

BU(vu)) = (d1, d2, d3)
)
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and

tdm(u) = (k1, k2, k3)→
( ∑

u,v∈V

(
(T m

BL(uv),T m
BU(vu)) + (TAL(v),TAU(v))

)
,∑

u,v∈V

(
(Im

BL(uv), Im
BU(vu)) + (IAL(v), IAU(v))

)
,∑

u,v∈V

(
(Fm

BL(uv), Fm
BU(vu)) + (FAL(v), FAU(v))

))
= (k1, k2, k3)

(d1, d2, d3) = (k1 − (TAL(v),TAU(v)), k2 − (IAL(v), IAU(v)), k3 − (FAL(v), FAU(v)))
and so
((TAL(v),TAU(v)), (IAL(v), IAU(v)), (FAL(v), FAU(v))) = (k1 − d1, k2 − d2, k3 − d3).
Then (TAL,TAU), (IAL, IAU) and (FAL, FAU) are constant function and since G has n nodes,
we get:

O(G) =

(∑
u∈V

(
TAL(v),TAU(v)

)
,
∑
u∈V

(
IAL(v), IAU(v)

)
,
∑
u∈V

(
FAL(v), FAU(v)

))
= n(k1 − d1, k2 − d2, k3 − d3)

�

4. Conclusion

Interval valued neutrosophic graph have been introduced and investigated in this paper.
The natural extension of this research work is the application of interval valued
neutrosophic graph in the area of soft computing including neural network, expert
systems, database theory, and geographical information system.
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Abstract

In this paper, we discuss the concepts of interval valued neutrosophic gragh,
single valued neutrosophic signed graph, self centered single valued neutrosophic
graph. We present the concept of self-centered interval valued netrosophic graph.
We investigate some properties of self-centered interval valued neutrosophic
graphs.
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1. Introduction

Karunambigai M.G and Kalaivani O introduced the concept of self-centered IFG.
Smarandache F, Broumi S, Talea M, Bakali A, Dhavaseelan R, Vikram-prasad R,
Krishnaraj V introduced the idea of neutrosophic sets by combining the non-standard
analysis. Neutrosophic set is a mathematical tool for dealing real life problems
having imprecise, indeterminacy and inconsistent data. Neutrosophic set theory, as
a generalization of classical set theory, fuzzy set theory and intuitionistic fuzzy set
theory, is applied in a variety of fields, including control theory, decision making
problems, topology, medicines and inmany more real life problems. Wang et
al. Wang H, Samarandache F, ZhangY.Q presented the notion of single-valued
neutrosophic sets to apply neutrosophic sets in real life problems more conveniently.
A single-valued neutrosophic set has three components: truth membership degree,
indeterminacymembership degree and falsity membership degree. These three
components of a single-valued neutrosophic set are not dependent and their values
arecontained in the standard unit interval [0, 1]. Single-valued neutrosophic sets are the
generalization of intuitionistic fuzzy sets. Single-valued neutrosophic sets have been
a new hot research topic and many researchers haveaddressed this issue. Akram et
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al. Akram M and Shahzadi S has discussed several concepts related to single-valued
neutrosophic graphs. Majumdarand Samanta Majumdar P and Samanta S.K studied
similarity and entropy of single-valued neutrosophic sets. In this paper, we introduce
the concepts of length, distance, radius and eccentricity of self-centered of a interval
valued neutrosophic graph. We also discuss some interesting properties besides given
some examples.

2. Preliminaries

Definition 2.1. Let X be a space of points (objects) with generic elements in X denoted
by x; then the neutrosophic set A is an object of the form

A = {< x : TA(x), IA(x), FA(x) >, x ∈ X}

where the functions T, I, F : X →]−0, 1+[ define respectively the a truth-membership
function, indeterminacy-membership function and falsity-membership function of the
element x ∈ X to the set A with the condition

0 ≤ TA(x) + IA(x) + FA(x) ≤ 3+.

The functions TA(x), IA(x) and FA(x) are real standard or non standard subsets of
]−0, 1+[.

Definition 2.2. Let X be a space of points (options ) with generic elements in X denoted
by x. A single valued neutrosophic set A (SVNS ) is characterized by truth-membership
function TA(x), an indeterminacy-membership function IA(x) and a falsity-membership
FA(x). For each point x ∈ X, TA(x), IA(x), FA(x) ∈ {0, 1}.
A (SVNS) can be written as

A = {< x : TA(x), IA(x), FA(x) >, x ∈ X}

Definition 2.3. Let A = (TA, IA, FA) and B = (TB, IB, FB) be single valued neutrosophic
sets on a set on a set X. If A = (TA, IA, FA) is a single valued neutrosophic relation on a
set X, then

TB(x, y) ≤ min(TA(x),TA(y))

IB(x, y) ≥ max(IA(x), IA(x)) and

FB(x, y) ≥ max(FA(x), FA(x))
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A single valued neutrosophic relation A on X is called symmetric if

TA(x, y) = TA(y, x) TB(x, y) = TB(y, x)

IA(x, y) = IA(y, x) IB(x, y) = IB(y, x)

FA(x, y) = FA(y, x) FB(x, y) = FB(y, x)

x, y ∈ X.

Throughout this paper, we denote G∗ = (V, E) a crisp graph, and G = (A, B) a single
valued neutrosophic graph.

Definition 2.4. A single valued neutrosophic graph (SVN-graph) with underlying set V
is defined to be a pair G = (A, B) where

1. The functions TA : V → [0, 1], IA : V → [0, 1], FA : V → [0, 1] denote degree
of truth-membership, degree of indeterminacy-membership and degree of falsity-
membership of the element vi ∈ V respectively and 0 ≤ TA(vi)+ IA(vi)+ FA(vi) ≤ 3
for all vi ∈ V(i = 1, 2, ...n)

2. The functions TB : E ≤ V × V → [0, 1], IB : E ≤ V × V → [0, 1] andFB : E ≤
V × V → [0, 1] are defined by

TB(vi, v j) ≤ min[TA(vi),TA(v j)]

IB(vi, v j) ≥ max[IA(vi), IA(v j)]and

FB(vi, v j) ≥ max[FA(vi), FA(v j)]

Denotes the degree of truth-membership, indeterminacy-membership and falsity-
membership of the edge (vi, v j) ∈ E respectively, where

0 ≤ TB(vi, v j) + IB(vi, v j) + FB(vi, v j) ≤ 3

for all (vi, v j) ∈ E(i, j = 1, 2, ...n)

We call A the single valued neutrosophic vertex set of V, B the single valued
neutrosophic edge set of E, respectively. Note that B is a symmetric single
valued neutrosophic relation on A. We use the notation for an element of E.
Thus, G = (A, B) is a single valued neutrosophic graph of G∗ = (V, E) if
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TB : E ≤ V × V → [0, 1], IB : E ≤ V × V → [0, 1] and FB : E ≤ V × V → [0, 1]
are defined by

TB(vi, v j) ≤ min[TA(vi),TA(v j)]

IB(vi, v j) ≥ max[IA(vi), IA(v j)]and

FB(vi, v j) ≥ max[FA(vi), FA(v j)]for all (vi, v j ∈ E)

Example 2.1. Consider the graph G∗ such that V = {v1, v2, v3, v4},

E = {v1v2, v2v3, v3v4, v4v1}. Let A be a single valued neutrosophic subset of V and let B
a single valued neutrosophic subset of E denoted by

v1 v2 v3 v4

TA 0.4 0.5 0.3 0.2
IA 0.2 0.2 0.5 0.4
FA 0.5 0.3 0.6 0.3

v1v2 v2v3 v3v4 v4v5

TB 0.4 0.3 0.2 0.1
IB 0.2 0.5 0.5 0.4
FB 0.5 0.6 0.6 0.5

v1

v2 v3

v4

(0.4,0.2,0.5) (0.5,0.2,0.3)

(0.3,0.5,0.6)(0.2,0.4,0.3)

(0.1, 0.4, 0.5)

(0.4, 0.2, 0.5)

(0.3, 0.5, 0.6)

(0.2, 0.5, 0.6)

Figure 2.2 Single valued neutrosophic graph

in figure 3,

1. (v1,0.4,0.2,0.5) is single valued neutrosophic vertex or SVN-vertex.

2. (v1v2,0.4,0.2,0.5) is single valued neutrosophic edge or SVN-edge.

3. (v1,0.4,0.2,0.5) and (v2,0.5,0.2,0.3) are single valued neutrosophic adjacent
vertices.
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4. (v1v2,0.4,0.2,0.5) and (v1v4,0.1,0.4,0.5) are single valued neutrosophic adjacent
edge.

Definition 2.5. Let X be a space of points (objects) with generic elements in X denoted
by x. An interval valued neutrosophic set (for short IVNS) A in X is characterized
by truth-membership function TA(x), indeterminacy-membership function IA(x) and
falsity-membership function FA(x). For each point x in X, we have that TA(x) =

[TAL(x),TAU(x)], IA(x) = [IAL(x), IAU(x)], FA(x) = [FAL(x), FAU(x)]

0 ≤ TA(x) + IA(x) + FA(x) ≤ 3.

Definition 2.6. Let X be a space of points (objects) with generic elements in X
denoted by x. An interval valued neutrosophic set ( IVNS)A in X is characterized
by truth-membership function TA(x), indeterminacy-membership function IA(x) and
falsity-membership function FA(x). For each point x in X, we have that TA(x) =

[TAL(x),TAU(x)], IA(x) = [IAL(x), IAU(x)], FA(x) = [FAL(x), FAU(x)] ⊆ [0, 1] and
0 ≤ TA(x) + IA(x) + FA(x) ≤ 3.

Definition 2.7. An interval valued neutrosophic graph of a graph G∗ = (V, E) we mean
a pair G = (A, B) where

A =< [TAL,TAU], [IAL, IAU], [FAL, FAU] >

is an interval valued neutrosophic set on V and

B =< [TBL,TBU], [IBL, IBU], [FBL, FBU] >

is an interval valued neutrosophic set on E satisfies the following condition:
1. V = {v1, v2...vn} such that TAL : V → [0, 1], TAU : V → [0, 1], IAL : V → [0, 1],
IAU : V → [0, 1], and FAL : V → [0, 1], FAU : V → [0, 1] denote the degree of the truth-
membership,the degree of indeterminacy-membership and degree of falsity-membership
of the element y ∈ V, respectively, and

0 ≤ TA(vi) + IA(vi) + FA(vi) ≤ 3

for all vi ∈ V(i = 1, 2, ..n)
2. The functions TBL : V × V → [0, 1],TBU : V × V → [0, 1], IBL : V × V → [0, 1],
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IBU : V × V → [0, 1] and FBL : V × V → [0, 1], FBU : V × V → [0, 1] are such that

TBL({vi, v j}) ≤ min[TAL(vi),TAL(v j)]

TBU({vi, v j}) ≤ min[TAU(vi),TAU(v j)]

IBL({vi, v j}) ≥ max[IAL(vi), IAL(v j)]

IBU({vi, v j}) ≥ max[IAU(vi), IAU(v j)] and

FBL({vi, v j}) ≥ max[FAL(vi), FAL(v j)]

FBU({vi, v j}) ≥ max[FAU(vi), FAU(v j)]

Denotes the degree of truth-membership, indeterminacy-membership and falsity-
membership of the edge (vi, v j) ∈ E respectively, where

0 ≤ TB(vi, v j) + IB(vi, v j) + FB(vi, v j) ≤ 3

for all {vi, v j} ∈ E(i, j = 1, 2, ...n) We call A the IVN vertex set of V, B the IVN edge set
of E, respectively. Note that B is a symmetric IVN relation on A. We use the notation
(vi, v j) for an element of E Thus, G = (A, B) is an ING of G∗ = (V, E) if
TBL(vi, v j) ≤ min[TAL(vi),TAL(v j)], TBU(vi, v j) ≤ min[TAU(vi),TAU(v j)],
IBL(vi, v j) ≥ max[IAL(vi), IAL(v j)], IBU(vi, v j) ≥ max[IAU(vi), IAU(v j)] and FBL(vi, v j) ≥
max[FAL(vi), FAL(v j)], FBU(vi, v j) ≥ max[FAU(vi), FAU(v j)] for all (vi, v j) ∈ E

Definition 2.8. A path P in a single valued neutrosophic graph G = (A, B) is a sequence
of distinct vertices v1, v2, ...vn such that either one of the following condition is satisfied
(i) TB(vi, v j) > 0, IB(vi, v j) > 0 and FB(vi, v j) = 0 for some i and j. (ii) TB(vi, v j) = 0,
IB(vi, v j) = 0 and FB(vi, v j) > 0 for some i and j.

Definition 2.9. Let G = (A, B) be a connected single valued neutrosophic graph.

1. The T-length of a path P : v1, v2, ....vn in G, lT (P) is defined as

lT (P) =

n−1∑
i=1

(
1

TB(vi, vi+1)

)

2. The I-length of a path P : v1, v2, ....vn in G, lI(P) is defined as

lI(P) =

n−1∑
i=1

(
1

IB(vi, vi+1)

)
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3. The F-length of a path P : v1, v2, ....vn in G, lF(P) is defined as

lF(P) =

n−1∑
i=1

(
1

FB(vi, vi+1)

)

The (T, I, F)- length of a path P : v1, v2, ....vn in G, l(T,I,F)(P) is defined as l(T,I,F)(P) =

(lT (p), lI(p), lF(p)).

Definition 2.10. Let G = (A, B) be a connected single valued neutrosophic graph.

1. The T-distance δT (vi, v j) is the minimum of the T-length of all the paths joining vi

and v j in G, where vi, v j ∈ V. i.e

δT (vi, v j) = min{lT (P) : P is a path between vi and v j}

2. The I-distance δI(vi, v j) is the minimum of the I-length of all the paths joining vi

and v j in G, where vi, v j ∈ V. i.e

δI(vi, v j) = min{lI(P) : P is a path between vi and v j}

3. The F-distance δF(vi, v j) is the minimum of the F-length of all the paths joining
vi and v j in G, where vi, v j ∈ V. i.e

δF(vi, v j) = min{lF(P) : P is a path between vi and v j}

The distance δ(T,I,F)(vi, v j) is defined as δ(T,I,F)(vi, v j) = (δT , δI , δF)

Definition 2.11. Let G = (A, B) be a connected single valued neutrosophic graph.

1. For each vi ∈ V, the T-eccentricity of vi, denoted by eT (vi) and is defined as

eT (vi) = max{δT (vi, v j) : vi ∈ V, vi , v j}

2. For each vi ∈ V, the I-eccentricity of vi, denoted by eI(vi) and is defined as

eI(vi) = max{δI(vi, v j) : vi ∈ V, vi , v j}

3. For each vi ∈ V, the F-eccentricity of vi, denoted by eF(vi) and is defined as

eF(vi) = min{δF(vi, v j) : vi ∈ V, vi , v j}
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For each vi ∈ V, the eccentricity of vi denoted by e(vi) and is defined by e(vi) =

(eT (vi), eI(vi), eF(vi)).

Definition 2.12. Let G = (A, B) be a connected single valued neutrosophic graph.

1. The T-radius of G is denoted by rT (G) and is defined as

rT (G) = min{eT (vi) : vi ∈ V}.

2. The I-radius of G is denoted by rI(G) and is defined as

rI(G) = min{eI(vi) : vi ∈ V}.

3. The F-radius of G is denoted by rF(G) and is defined as

rF(G) = min{eF(vi) : vi ∈ V}.

The radius of G is denoted by r(G) and is defined as r(G) = (rT (G), rI(G), rF(G)).

Definition 2.13. A connected single valued neutrosophic graph G is a

1. T-self-centered single valued neutrosophic graph, if every vertex of G is a T-
central vertex. (i.e) rT (G) = eT (vi),∀vi ∈ V.

2. I-self-centered single valued neutrosophic graph, if every vertex of G is a I-central
vertex. (i.e) rI(G) = eI(vi),∀vi ∈ V.

3. F-self-centered single valued neutrosophic graph, if every vertex of G is a F-
central vertex. (i.e) rF(G) = eF(vi),∀vi ∈ V.

4. single valued neutrosophic self-centered graph, if every vertex of G is a central
vertex. (i.e) rT (G) = eT (vi), rI(G) = eI(vi) and rF(G) = eF(vi),∀vi ∈ V.

3. Self-centered Interval Valued Neutrosophhic Graph

Definition 3.1. A path P in a interval valued neutrosophic graph G = (A, B) is a
sequence of distinct vertices v1, v2, ...vn such that either one of the following condition
is satisfied

i [TBL(vi, v j),TBU (vi, v j)] > 0, [IBL(vi, v j), IBU (vi, v j)] > 0 and
[FBL(vi, v j), FBU (vi, v j)] = 0 for some i and j.
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ii [TBL(vi, v j),TBU (vi, v j)] = 0, [IBL(vi, v j), IBU (vi, v j)] = 0 and
[FBL(vi, v j), FBU (vi, v j)] > 0 for some i and j.

Definition 3.2. Let G = (A, B) be a connected interval valued neutrosophic graph.

1. The T-length of a path P : v1, v2, ....vn in G, lT (P) is defined as

lT (P) = [lTL(P), lTU (P)] where

lTL(P) =

n−1∑
i=1

(
1

TBL(vi, vi+1)

)

lTU (P) =

n−1∑
i=1

(
1

TBU (vi, vi+1)

)
2. The I-length of a path P : v1, v2, ....vn in G, lI(P) is defined as

lI(P) = [lIL(P), lIU (P)] where

lIL(P) =

n−1∑
i=1

(
1

IBL(vi, vi+1)

)

lIU (P) =

n−1∑
i=1

(
1

IBU (vi, vi+1)

)
3. The F-length of a path P : v1, v2, ....vn in G, lF(P) is defined as

lF(P) = [lFL(P), lFU (P)] where

lFL(P) =

n−1∑
i=1

(
1

FBL(vi, vi+1)

)

lFU (P) =

n−1∑
i=1

(
1

FBU (vi, vi+1)

)
The (T, I, F)- length of a path P : v1, v2, ....vn in G, l(T,I,F)(P) is defined as

l(T,I,F)(P) = ([lTL(P), lTU (P)], [lIL(P), lIU (P)], [lFL(P), lFU (P)]).

Definition 3.3. Let G = (A, B) be a connected interval valued neutrosophic graph.
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1. The T-distance δT (vi, v j) is the minimum of the T-length of all the paths joining vi

and v j in G, where vi, v j ∈ V. i.e

δT (vi, v j) = [δTL(vi, v j), δTU (vi, v j)]

where
δTL(vi, v j) = min{lTL(P) : P is a path between vi and v j}

δTU (vi, v j) = min{lTU (P) : P is a path between vi and v j}

2. The I-distance δI(vi, v j) is the minimum of the I-length of all the paths joining vi

and v j in G, where vi, v j ∈ V. i.e

δI(vi, v j) = [δIL(vi, v j), δIU (vi, v j)]

where
δIL(vi, v j) = min{lIL(P) : P is a path between vi and v j}

δIU (vi, v j) = min{lIU (P) : P is a path between vi and v j}

3. The F-distance δF(vi, v j) is the minimum of the F-length of all the paths joining
vi and v j in G, where vi, v j ∈ V. i.e

δF(vi, v j) = [δFL(vi, v j), δFU (vi, v j)]

where
δFL(vi, v j) = min{lFL(P) : P is a path between vi and v j}

δFU (vi, v j) = min{lFU (P) : P is a path between vi and v j}

The distance δ(T,I,F)(vi, v j) is defined as δ(T,I,F)(vi, v j) = (δT , δI , δF) i.e

δ(T,I,F) = ([δTL , δIU ], [δIL , δTU ], [δFL , δFU ])

Definition 3.4. Let G = (A, B) be a connected interval valued neutrosophic graph.

1. For each vi ∈ V, the T-eccentricity of vi, denoted by eT (vi) and is defined as

eT (vi) = [eTL(vi), eTU (vi)] where

eTL(vi) = max{δTL(vi, v j) : vi ∈ V, vi , v j}

eTU (vi) = max{δTU (vi, v j) : vi ∈ V, vi , v j}
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2. For each vi ∈ V, the I-eccentricity of vi, denoted by eI(vi) and is defined as

eI(vi) = [eIL(vi), eIU (vi)] where

eIL(vi) = max{δIL(vi, v j) : vi ∈ V, vi , v j}

eIU (vi) = max{δIU (vi, v j) : vi ∈ V, vi , v j}

3. For each vi ∈ V, the F-eccentricity of vi, denoted by eF(vi) and is defined as

eF(vi) = [eFL(vi), eFU (vi)] where

eFL(vi) = min{δFL(vi, v j) : vi ∈ V, vi , v j}

eFU (vi) = min{δFU (vi, v j) : vi ∈ V, vi , v j}

For each vi ∈ V, the eccentricity of vi denoted by e(vi) and is defined by e(vi) =

(eT (vi), eI(vi), eF(vi)). i.e

e(vi) = ([eTL(vi), eTU (vi)], [eIL(vi), eIU (vi)], [eFL(vi), eFU (vi)])

Definition 3.5. Let G = (A, B) be a connected interval valued neutrosophic graph.

1. The T-radius of G is denoted by rT (G) and is defined as

rT (G) = [rTL(G), rTU (G)] where

rTL(G) = min{eTL(vi) : vi ∈ V}.

rTU (G) = min{eTU (vi) : vi ∈ V}.

2. The I-radius of G is denoted by rI(G) and is defined as

rI(G) = [rIL(G), rIU (G)] where

rIL(G) = min{eIL(vi) : vi ∈ V}.

rIU (G) = min{eIU (vi) : vi ∈ V}.

3. The F-radius of G is denoted by rF(G) and is defined as

rF(G) = [rFL(G), rFU (G)] where

rFL(G) = min{eFL(vi) : vi ∈ V}.

rFU (G) = min{eFU (vi) : vi ∈ V}.
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The radius of G is denoted by r(G) and is defined as r(G) = (rT (G), rI(G), rF(G)). i.e,

r(G) = ([rTL(G), rTU (G)], [rIL(G), rIU (G)], [rFL(G), rFU (G)])

Definition 3.6. A connected interval valued neutrosophic graph G is a

1. T-self-centered interval valued neutrosophic graph, if every vertex of G is a T-
central vertex. rT (G) = eT (vi) (i.e)

rTL(G) = eTL(vi), rTU (G) = eTU (vi)

for all vi ∈ V

2. I-self-centered interval valued neutrosophic graph, if every vertex of G is a I-
central vertex. rI(G) = eI(vi) (i.e)

rIL(G) = eIL(vi), rIU (G) = eIU (vi).

for all vi ∈ V

3. F-self-centered interval valued neutrosophic graph, if every vertex of G is a F-
central vertex. rF(G) = eF(vi) (i.e)

rFL(G) = eFL(vi), rFU (G) = eFU (vi).

for all vi ∈ V

interval valued neutrosophic self-centered graph, if every vertex of G is a central vertex.
(i.e) rT (G) = eT (vi), rI(G) = eI(vi) and rF(G) = eF(vi),∀vi ∈ V.
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Figure 3.1 Self-Centered Interval valued Neutrosophic Graph

Path (v1, v2) (v2, v3) (v3, v4)
Distance δ(T,I,F)(vi, v j) ([5,6],[6,4],[3,3]) ([5,6],[6,4],[3,3]) ([5,6],[6,4],[3,3])

Path (v1, v4) (v1, v3) (v2, v4)
Distance δ(T,I,F)(vi, v j) ([5,6],[6,4],[3,3]) ([10,12],[6,8],[3,3]) ([10,12],[6,8],[3,3])

Then the eccentricity of vi are e(v1) = ([10, 12], [6, 8], [3, 3]), e(v2) =

([10, 12], [6, 8], [3, 3]), e(v3) = ([10, 12], [6, 8], [3, 3]), e(v4) = ([10, 12], [6, 8], [3, 3]).
Radius of G is r(G) = ([10, 12], [6, 8], [3, 3]).
Here r(G) = e(vi), ∀vi ∈ V.
Hence G is a self-centered interval valued neutrosophic graph.

Theorem 3.1. A Interval valued neutrosophic graph G = (A, B) is a self-centered
interval valued neutrosophic graph iff δT (vi, v j) ≤ rT (G), δI(vi, v j) ≤ rI(G), δF(vi, v j) ≥
rF(G).
i.e δTL(vi, v j) ≤ rTL(G), δTU (vi, v j) ≤ rTU (G), δIL(vi, v j) ≤ rIL(G), δIU (vi, v j) ≤ rIU (G),
δFL(vi, v j) ≥ rFL(G), δFU (vi, v j) ≥ rFU (G) ∀(vi, v j) ∈ V.

Proof. We assume that G is self-centered interval valued neutrosophic graph G. That is
eTL(vi) = eTL(v j), eTU (vi) = eTU (v j), eIL(vi) = eIL(v j), eIU (vi) = eIU (v j), eFL(vi) = eFL(v j),
eFU (vi) = eFU (v j).
Now we want to prove that

δT (vi, v j) ≤ rT (G), i.eδTL(vi, v j) ≤ rTL(G), δTU (vi, v j) ≤ rTU (G),
δI(vi, v j) ≤ rI(G), i.e δIL(vi, v j) ≤ rIL(G), δIU (vi, v j) ≤ rIU (G),
δF(vi, v j) ≥ rF(G), i.e δFL(vi, v j) ≥ rFL(G), δFU (vi, v j) ≥ rFU (G).

By the definition of eccentricity, we obtain
δT (vi, v j) ≤ eT (vi), δI(vi, v j) ≤ eI(vi), δF(vi, v j) ≥ eF(vi).

i.e δTL(vi, v j) ≤ eTL(vi), δTU (vi, v j) ≤ eTU (vi),
δIL(vi, v j) ≤ eIL(vi), δIU (vi, v j) ≤ eIU (vi),

δFL(vi, v j) ≥ eFL(vi), δFU (vi, v j) ≥ eFU (vi) ∀(vi, v j) ∈ V .

Since G is self-centered interval valued neutrosophic graph, the above inequality
becomes
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δTL(vi, v j) ≤ rTL(G), δTU (vi, v j) ≤ rTU (G),
δIL(vi, v j) ≤ rIL(G), δIU (vi, v j) ≤ rIU (G),

δFL(vi, v j) ≥ rFL(G), δFU (vi, v j) ≥ rFU (G) ∀(vi, v j) ∈ V .

i.e, δT (vi, v j) ≤ rT (G), δI(vi, v j) ≤ rI(G), δF(vi, v j) ≥ rF(G) .

Assume that δT (vi, v j) ≤ rT (G), δI(vi, v j) ≤ rI(G), δF(vi, v j) ≥ rF(G).

i.e δTL(vi, v j) ≤ rTL(G), δTU (vi, v j) ≤ rTU (G),
δIL(vi, v j) ≤ rIL(G), δIU (vi, v j) ≤ rIU (G),

δFL(vi, v j) ≥ rFL(G), δFU (vi, v j) ≥ rFU (G) ∀(vi, v j) ∈ V .

Then we have to prove that G is self-centered interval valued neutrosophic graph.
Suppose that G is not self-centered interval valued neutrosophic graph.
Then rT (G) = eT (vi), rI(G) = eI(vi), rF(G) = eF(vi). i.e rTL(G) = eTL(vi), rTU (G) =

eTU (vi), rIL(G) = eIL(vi), rIU (G) = eIU (vi), rFL(G) = eFL(vi), rFU (G) = eFU (vi) for some
vi ∈ V .
Let us assume that eTL(vi), eTU (vi), eiL(vi), eIU (vi), eFL(vi) and eFU (vi) is the least value
among all other eccentricity. That is

rTL(G) = eTL(vi), rTU (G) = eTU (vi), rIL(G) = eIL(vi), rIU (G) = eIU (vi),

rFL(G) = eFL(vi) and rFU (G) = eFU (vi). (3.1)

where eTL(vi) < eTL(v j), eTU (vi) < eTU (v j), eIL(vi) < eIL(v j), eIU (vi) < eIU (v j), eFL(vi) <
eFL(v j) and eFU (vi) < eFU (v j) for some (vi, v j) ∈ V and

δTL(vi, v j) = eTL(v j) > eTL(vi), δTU (vi, v j) = eTU (v j) > eTU (vi),

δIL(vi, v j) = eIL(v j) > eIL(vi), δIU (vi, v j) = eIU (v j) > eIU (vi),

δFL(vi, v j) = eFL(v j) > eFL(vi), and δFU (vi, v j) = eFU (v j) > eFU (vi). (3.2)

for some (vi, v j) ∈ V .
Hence from equations (1) and (2), we have

δTL(vi, v j) > rTL(G), δTU (vi, v j) > rTU (G),
δIL(vi, v j) > rIL(G), δIU (vi, v j) > rIU (G),
δFL(vi, v j) < rFL(G), δFU (vi, v j) < rFU (G)

for some (vi, v j) ∈ V , which is a contradiction to the fact that
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δTL(vi, v j) ≤ rTL(G), δTU (vi, v j) ≤ rTU (G),
δIL(vi, v j) ≤ rIL(G), δIU (vi, v j) ≤ rIU (G),

δFL(vi, v j) ≥ rFL(G), δFU (vi, v j) ≥ rFU (G) ∀(vi, v j) ∈ V .

i.e, δT (vi, v j) ≤ rT (G), δI(vi, v j) ≤ rI(G), δF(vi, v j) ≥ rF(G) .
Hence G is a self-centered interval valued neutrosophic graph. �
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Abstract

The reaction of Benzaldehyde di−n−propylacetal catalyzed by
n−bromosuccinimide on received only little attention. Benzaldehyde
di−n−propylacetal yield 5−bromo propylbenzoate as the products. This feature
induced the authors to take up the title investigation. n−bromosuccinimide are
synthetically very useful reagents and vary widely in their acceptor synthon
character and reactivity, hence their application in the present work.

Keywords: Benzaldehyde di−n−propylacetal, n−bromosuccinimide, acetonitrile.

1. Introduction

Acetals play a vital role in bio-organic research in exploring anti-malarial, anti-viral,
anti-bacterial, anti-inflammatory, anti-tumor and anti-cancer activities. The action of
heterocyclic aromatic acetals by Lewis acids [1], the rearrangements of aromatic acetals
over solid acids [2], action of aromatic and heteroaromatic acetals by halo compounds
[3,4] are reported in literature.

Acetal derivatives of aldehyde are valuable in synthesis either as intermediates or as
protecting groups. It is known that acetal are susceptible to addition [5], oxidation [6],
reduction [7] rearrangement and condensation in the presence of catalysts.

The use of titanium chloride and stannic chloride in organic reactions is of relatively
recent origin. Titanium tetra chloride and its alkoxy derivatives have been used in many
reactions [8].

Alphonse [9] has investigated the action of various Lewis acids on aromatic acetals
and proposed mechanism based on carbocation intermediate.

The reactions of aliphatic acetals catalyzed by solid acids [10] have been
extensively studied by various researchers and in most cases synthetically important
α, β−unsaturated ethers have been obtained as the major products. The unsaturated
ether was shown to be formed by the elimination of alkoxy group and the removal
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of a proton from the β−carbon of acetal. The elimination may occur either in a
concerted or stepwise manner depending on the nature of the catalyst. The results of the
action of n−bromosuccinimide and dichloroethene on benzaldehyde di−n−butyl acetal
in acetonitrile medium are reported in the present work.

2. Materials

Substrate The Benzaldehyde di-n-propylacetal was prepared.

Solvent The acetonitrile was purified by standard method and used as the solvent.

Reagents n−bromosuccinimide were bought and used for the reactions.

3. Experimental Section

Preparation of benzaldehyde di−n−propyl acetal

100 ml of freshly vacuum distilled benzaldehyde and 200 ml of distilled npropyl alcohol
were taken in a 500 ml round bottomed flask fitted with a DeanStark apparatus carrying
a reflux condenser attached to a calcium chloride guard tube. 8g of calcium chloride and
100 ml of pure dry benzene were added and the mixture was refluxed for 8 hours. The
flask was cooled to room temperature and the contents were poured into a separating
funnel. The solution was washed with water. The solution was dried over anhydrous
sodium sulphate.

The unreacted alcohol and benzene were removed by atmospheric distillation. The
remaining mixture was distilled under reduced pressure. Pure acetal was collected at
196◦C – 200◦C. The resulting reaction mixture was spotted at the TLC. The product
was separated by column chromatography and analysed by 1H NMR, IR.

FTIR: v 1094 – 1065 cm−1 (C-O-C)

1H NMR: δ 0.9 (6H, t, n−propyl, 2 × CH3), 1.45(8H, m, 2 × CH2-CH3), 3.4(4H, t, 2
× O-CH2), 5.45(1H, s, furyl-CH), 6.3-7.3(3H, m, furan-H).

Reaction of n−bromosuccinimide with benzaldehyde di−n−butyl acetal

5 ml of benzaldehyde di−n−propylacetal dissolved in 10 ml of acetonitrile was taken
in a 250 ml conical flask, 2.35 g of N−Bromosuccinimide was dissolved in 10 ml of
water and was added drop wise to the same flask, fitted with a magnetic stirrer. The
reaction mixture was stirred and the stirring was continued for half an hour. The reaction
mixture was washed with water and the product was extracted with diethyl ether. The
resulting reaction mixture was spotted at the TLC. The product was separated by column
chromatography and analysed by 1H NMR, IR spectrum.
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FTIR: v1272 (RCOOR)

1H NMR: δ 0.99(3H, t)-CH3, n−propyl)1.54-1.75(4H, m)-CH2-CH3, 4.1(2H, t)-O-
CH2-(CH2)2 CH3, 7.7(1H, d, furan-H), 7.95(1H, d, furan-H)

4. Result and Discussion

The action of N−Bromosuccinimide on the benzaldehyde di−n−propylacetal gave the
corresponding 5−Bromo propylbenzoate ester respectively.

The formation of ester indicates that this reaction may pass through the mechanism.
N−Bromosuccinimide are ready to draw neucleophile towards it, since the chosen
reagents of N−Bromosuccinimide are having electron withdrawing inductive effect thus
the acetal makes use of its lone pair on the alkoxy oxygen and forms oxonium ion .Each
of the acceptor synthon of the oxonium ion intermediate is posing the steric hindrance
to the R group of the alkoxy oxygen atom of the oxonium ion.

The steric hindrance experienced by the R group is the driving force for the R to
get cleaved as RH abstracting the methine H atom. Thus the intermediate is resulted.
The reagent N−Bromosuccinimide which has acted as the catalyst are relieved when the
5−Bromo propylbenzoate are formed as the products.

5. Mechanism

1. Action of n−bromosuccinimide with Benzaldehyde di−n−propylacetal
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The reagent of n-bromosuccinimide which has acted as the catalyst are relieved
when the 5-bromo propylbenzoate formed as the products.

5.1. Antibacterial Activity of Benzaldehyde di−n−propylacetal and 5−Bromo
propylbenzoate

Figure 1: (A) Antibacterial Activity
of E.coli
1. Benzaldehyde di−n−propylacetal
2. 5−Bromo propylbenzoate
3. Control

Figure 2: (B) Antibacterial Activity
of Bacillus cereus
1. Benzaldehyde di−n−propylacetal
2. 5−Bromo propylbenzoate
3. Control
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S.No. Name of Bacteria
Inhibition zone (in mm)

Benzaldehyde
di−n−propylacetal

5−Bromo
propylbenzoate

1 Escherichia Coli 8.6 9.2

2 Bacillus cereus 11.5 12.8

6. Conclusion

The reactions of the benzaldehyde di−n−propylacetal with N−bromosuccinimide were
studied at room temperature. The reagents N−bromosuccinimide were found to
yield the product 5−Bromo propylbenzoate respectively. The formation of 5−Bromo
propylbenzoate are explained from the 1H NMR, IR spectra.

The Presence of Br is confirmed by the confirmatory element test. Just as the
N−bromosuccinimide many more acceptor synthons can be used to react with the
acetals and such reactions can be run.

My future planning is the same reactions can be carried out even at high temperature
(or) at low temperature. Variety of alcohols can be used to synthesize the different
acetals.
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Abstract

In this workCu(II) complex of O-Carboxymethyl chitosan- citral Schiff base
was synthesized of follows. Initially chitosan was modified to O-Carboxymethyl
chitosan and then a Schiff base was prepared by reacting the NH2 group of O-
Carboxymethyl chitosan and CHO group of citral. Thus prepared Schiff base was
used as ligand to prepare the Cu(II) complex O-Carboxymethyl chitosancitral. In
all the stages of the preparation the products were characterized by UV-visible
spectroscopy and the formation of derivatives were confimed.

Keywords: O-Carboxymethyl chitosan, Citral, Schiff base, Cu(II) complex, UV
Spectrum.

1. Introduction

Chitosan is a linear polysaccharide composed of randomly distributed β−(1→ 4)-linked
D−glucosamine and N−acetyl−D−glucosamine. It is made by treating the chitin shells
of shrimp and other crustaceans with an alkaline substance, like sodium hydroxide [1].

Carboxymethyl chitosan is prepared by carboxymethylation, as some of the OH
groups of chitosan were substituted by CH2COOH groups. Therefore the NH2 groups
of Carboxymethyl chitosan modification to improve imine group [2].

One of an important class of organic compounds is Schiff base [3]. They were
first synthesised by Hugo Schiff in 1864 [4]. Schiff’s bases are condensation products
of primary amines with carbonyl compounds. The commonstructural feature of these
compounds is the iminegroup with the general formula RHC = N-R1, where R and R1

are alkyl, aryl, cycloalkylgroups. Structurally, a Schiff’s base is a nitrogen analogue
of an aldehyde or ketone in which the carbonyl group (¿C=O) is replaced by an imine
group. Schiff’s bases are exhibit in a broad range of biological activities, like antifungal,
antibacterial, antimalarial, antiproliferative, anti-inflammatory, antiviral and antipyretic
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properties [5, 6]. Imine groups are present in various natural, naturally derived, and
non-natural compounds.

Metal complexes having of Schiff bases as ligands are playing vital role in the
development of coordination chemistry. These types of compounds offer a versatile and
flexible series of ligand capable of bind with various metal ions to form complexes with
suitable properties. In the past two decades, considerable amount of attention has been
paid to the compounds of the metal complexes of schiff base. This may be attributed to
their diversity in application in many fields [7].

Copper complexes of transition element centers showed various geometries,
coordination numbers, various oxidation states, better solubility and higher affinity for
the nucleobases [8]. The complexes of copper with Schiff bases have wide applications
in food industry, dye industry, analytical chemistry, catalysis, fungicidal, agrochemical,
anti-inflammable, antiradical activities [9,10] and antimalarial [11].

In this work water soluble O-Carboxymethyl chitosan is synthesized from chitosan
and Schiff base complex by the condensation of NH2 group of O-Carboxymethyl
chitosan CHO group and citral with copper acetate. The ligand and its complex have
been characterised by UV-visible spectroscopy.

2. Experimental Method

2.1. Materials

Chitosan, Monochloro acid, isopropanol, methanol and acetic acid was procured from
Islamiah College (Autonomous), Vaniyambadi. Citral purchased from Sigma-Aldrich.

2.2. Instruments

UV-visible spectra are obtained from the instrument(Nicolet 5700, thermo company)
under the scanning range 200 – 400nm. To record the spectrum, O-Carboxymethyl
chitosan is dissolved in water and Schiff base and its Cu(II) complex are dissolved in
DMSO.

2.3. Methods

2.3.1 Preparationof O-Carboxymethyl Chitosan

Chitosan of 5g and 6.75g of NaOH are dissolved in 40ml of isopropanol and it is heated
and stirred at 50◦c for 1 hour. 7.5g of monochloro acetic acid is dissolved in 10ml of
isopropanol, it is added into the reaction mixture dropwise for 30 minutes and heated for
4 hour at the same 50◦c temperature. Then reaction is stopped by adding 100ml of 70%
ethyl alcohol. The solid is filtered and rinsed by using 70% ethyl alcohol and vaccum
dried at room temperature.

The product of 2g of sodium salt of carboxy methyl chitosan is suspended in 40ml of
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80% using of ethyl alcohol and then 4ml of 37% hydrochloric acid is added and stirred
for 30 minutes. The solid is filtered and rinsed 70% ethyl alcohol dried using vaccum
pump [12].

Figure 1: Synthesis of O-carboxymethyl chitosan

2.3.2 Preparation of O-Carboxymethyl chitosan-Citral schiff base

Synthesis of O-carboxymethyl chitosan-Citral schiff’s base is started with 1.52 ml (10
mmol) citral, is dissolved in 15 ml ethanol. 2.22 g of O-carboxymethyl chitosan (0.01M)
is added to this alcoholic solution. The whole mixture is stirred with addition of 2 to
3 drops NaOH solution. Mixture is allowed to reflux for 4 hours. After reflux in cold
water is added and solid yellow product of schiff’s base is obtained. Product is filtered
and dried for further use [13].

Figure 2: Preparation of O-Carboxymethyl chitosan-Citral schiff base

2.3.3 Synthesis of Cu(II) complex of O-Carboxymethyl chitosan-citral schiff base

Cu is used as metal for derivation of metal complex. In the process, 2.6 g of schiff base
is dissolved in 15 ml ethanol. To this solution, 0.02 mole of copper acetate solution
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is added. This mixture is allowed to stirred and refluxed for 3 hours. The product is
cooled and washed with cold water. These obtained precipitate is then dried for further
application [13].

3. Results and Discussion

3.1. UV Spectrum Chitosan

The UV-visble absorption spectrum of pure chitosan is shown in Figure 3. It can be seen
from the figure that pure chitosan is the region of 200 – 800nm as no absorption peak.

Figure 3: Pure Chitosan

3.2. UV Spectrum O-Carboxymethyl chitosan

Figure 4: O-Carboxymethyl chitosan
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Figure 4 showing the UV-visble absorption spectrum of O-Carboxymethyl chitosan.
The spectrum of pure chitosan as no absorption peak but O-Carboxymethyl chitosan
showing broad absorption band at 300nm. While the pure chitosan has no absorption
band in this region. This may be due to the presence of COOH group in the O-
Carboxymethyl chitosan [14].

3.3. UV Spectrum O-Carboxymethyl chitosan-Citral Schiff base

The UV-visble absorption spectrum of Schiff base ligand is showing in Figure 5. It
shows two bands at 290 – 320 nm and 380 – 440 nm. The first band would be assigned
to π − π∗ transition. The second band would be due to n − π∗ transition within the C=N
group [15].

Figure 5: UV Spectrum O-cmc-Citral Schiff base

3.4. UV Spectrumof Cu(II) complex of O-cmc-citral schiff base

Figure 6: UV Spectrumof Cu(II) complex of O-cmc-citral schiff base



114 Synthesis and UV-Visible Spectral Behaviourof Cu(II) Complex Of Schiff Base

The absorption spectrum of metal complexes are recorded is given in Figure 6.
The spectrumof Cu(II) complex exhibits bands above 350 nm in addition to the π − π∗

transition in the ligands. The band at 600 – 650 nm assigned the Cu(II) complex [16,
17].

4. Conclusion

In the present work, O- carboxymethyl chitosan was successfully synthesised by
using monochloro acetic acid and isopropano. This derivative was modified into
aSchiff base by reacting NH2 group of O-carboxymethyl chitosan with CHO group
of citral. Its Cu(II) complex also successfully synthesized. The prepared derivatives
were characterised by UV-visible spectroscopy. The UV-visible study confirmed the
formation of the derivatives. This material may draw the attention of the researchers in
the various field like food, medicine and material science.
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Abstract

In this work the curcumins were synthesized by using multiwalled carbon nano
tube and ammonium acetate as an efficient catalyst. Aromatic benzaldehydes (2.0
mmol), cyclohexanone (1.0 mmol) and ethanol (10 ml) were used for the reaction
mixture preparation. The completion of the reaction was monitored by TLC, the
compounds were purified by Column chromatography and their structures were
confirmed by FTIR, 1H-NMR and 13C-NMR. So we have developed a simple and
novel method for the synthesis of curcumins.

Keywords: Multiwalled Carbon NanoTube, Curcumins, Aza Bicycle Derivatives.

1. Introduction

Multi component reactions (MCRs) are reactions where more than two staring materials
react to form a product, incorporating essentially all of the atoms of the educts. Sonoda
et al. described a three component reaction (3-CR) of epoxides, elemental sulfur, and
carbonmonoxide, yielding, under basic conditions, 1,3-oxathiolan-2-ones [1]. The bond
forming efficiency that is the number of bonds that are formed in one process is an
important measure introduced by Tietze to determine the quality of a multi component
reaction [2].

One can call MCRs convergent reactions, in analogy to a convergent synthesis and
in contrast to a divergent multistep synthesis [3, 4] been used for centuries as dietary
pigment, spice and traditional medicine in India and China [5, 6].

Curcumin is the main biologically active phytochemical compound of Turmeric. It
is extracted, concentrated, standardized and researched. Curcumin, which gives the
yellow color to turmeric, was first isolated almost two centuries ago.

Curcumin has been shown to exhibit anti-oxidant [7, 8, 9] anti-inflammatory,
antiviral [10], antibacterial, antifungal, and anticancer [11, 12] activities and thus has
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a potential against various malignant diseases such as diabetes, allergies, arthritis,
Alzheimer disease, and other chronic illnesses.

It also inhibits activation of NF-kB4, c-jun/AP-1 function, and activation of the c-
Jun NH2-terminal kinase (JNK) pathway [13, 14].

Hence we have developed an efficient synthetic methodology by using
functionalized Multi Walled Carbon Nanotube (MWCNT) as a catalyst for the synthesis
of bioactive curcumins. Initially we have functionalized MWCNT using ammonium
acetate in ethanolic medium, thus they form amidation of MWCNT. Using this as
an efficient catalyst we have synthesised the curcumins from cyclohexanone with
benzaldehydes.

2. Experiments

2.1. Apparatus

All apparatus used were of analytical grade obtained from borosil.

1. Erlenmeyer flask (100ml)

2. Micro pipette

3. Standard flask ( 50 ml, 100ml, 250ml)

4. TLC and Column chromatography.

2.2. Chemicals

Chemicals were purchased from Aldrich and they were used without further purification
and distilled water was used for reaction mixture preparation and purification.
MWCNT, Ammonium acetate were used as catalysts. Aromatic benzaldehyde
derivatives (Benzaldehyde, 4-Methyl Benzaldehyde, 4-Methoxy Benzaldehyde, 4-
Chloro Benzaldehyde, 2-Fluro Benzaldehyde), Cyclohexanone, Ethanol were used as
reactants and Hexane was used as eluent in column chromatography.

2.3. General reaction procedure

In a dry 100ml Erlenmeyer flask MWCNT (5 mg) and ammonium acetate (1.0 mmol)
in ethanol (10 ml) was taken and heated the solution till ammonium acetate dissolves.
To this solution, aromatic benzaldehydes (2.0 mmol) were added and heated to form
homogenous solution. Finally cyclohexanone (1.0 mmol) were added to the reaction
mixture and the mixture was gently warmed on a water bath for a minute and kept
aside. The completion of the reaction was monitored by TLC. The solid/gel obtained
was separated and the crude product was purified by column chromatography on silica
gel using ethylacetate/hexane as the eluents.
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2.4. General reaction scheme

1a = Cyclohexanone
2a = Aromatic benzaldehyde and its derivatives
3a = Ammonium acetate
4a = Ethanol
5a = Multi Walled Carbon Nano Tubes
6a = Curcumin derivatives
7a = Azabicyclo derivatives

3. Results and Discussion

All the reactions were carried out in oven dried glassware. Chemicals were purchased
from Aldrich and they were used without further purification. TLC -Thin layer
chromatography (Merck, Silica gel 60 F254) was performed on pre-coated silica gel
on alumina plates. Product purification by column chromatography was accomplished
using column silica gel 120 mesh.

IR spectra were recorded in the range 4000-400cm-1 on Thermo Nicolet Avatar 330
FTIR spectrometer in KBr pellets. 1H NMR and 13C NMR spectra were recorded using
a Bruker AMX 400 FT.
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Figure 1: (2E,6E)-2,6-dibenzylidenecyclohexanone

IR spectrum of compound

• A band at 3060.2cm−1 indicates the presence of vinylic C-H stretching.

• A band at 2932.5cm−1 indicates the presence of Aromatic =C-H stretching.

• A band at 2845.4cm−1 indicates the presence of Aliphatic C-H stretching.

• A band at 1660.3cm−1 indicates the presence of C=O stretching.
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Figure 2: 2,4-diphenyl-3-azabicyclo[3.3.1]nonan-9-one

The IR spectrum of compound

• A band at 3315.8cm−1 indicates the presence of NH stretching.

• A band at 2930.9cm−1 indicates the presence of Aromatic =C-H stretching.

• A band at 2801.2cm−1 indicates the presence of Aliphatic C-H stretching.

• A band at 1707.5cm−1 indicates the presence of C=O stretching.
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4. Summary and Conclusion

We have synthesized curcumins using efficient catalyst MWCNT/ammonium acetate.
There were several reports were there to synthesis curcumins via Aldol condensation
using catalyst suffers from lots of drawbacks like harsh reaction condition, long
reaction time, most difficult in product separation etc. Hence we have tried and got
excellent yield to synthesis curcumins using MWCNT/ammonium acetate as catalyst.
The product thus formed were 50% curcumins and 50% azabicyclo compound.

Hence, we have developed a simple and novel method for the synthesis of
curcumins. All the synthesised compounds have been characterised by spectroscopic
data like FTIR, 1H-NMR and 13C-NMR. Few of the compounds were identified using
the existing melting point.
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Abstract

PACS are the banks which are situated in rural area and plays a very important
role in rural credit system by performing their activities on co-operative principles
and also these banks are worked under the district credit co-operative banks. They
provide short term and medium term loan to rural people still having depend once
on unorganized sources such as money lenders in village, mandies and traders.
So, various measures taken by government to reduce these unorganized sources
through the establishment of PACS in rural areas. In order know the role of PACS
in agriculture development in india the study has been undertaken.

Keywords: PACS Credit, Agriculture, Co-operative, Society, Finance.

1. Introduction

Co-operative banks play imperative role in Indian financial system as cooperation has
been inherent in Indian cultural ethos to work as a socio-economic organization for
the well-being of the people. The principles and practices of co-operative system have
been guiding the people for community based management of means of production and
economic resources. The expectations from co-operatives have been to facilitate self-
sufficiency in food grain production creation of better employment opportunities for
rural people, workers and artisans and to provide organizational strength to the person of
the limited means for their sustenance. In three tier structure of working, district central
co-operative banks (DCCBs) operate in the middle/district level by providing finance
to the primary credit societies, accepting of deposits, granting of loans/advances, fixed
deposit receipt, gold /bullion, goods and documents of title of goods collections of bills,
cheques, safe custody of valuables, agency service and work as balancing center for
PACS. The financial situation of co-operative banks in India cannot be claimed sound
at present. Many bank become insolvent and others are on the verge of mergers of
acquisition in this paper, an attempt has been made to analyze the performance of
primary agricultural co-operative society and co-operative Urban Banks. Based on
secondary data exist in the field of study.
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2. Objectives of the Study

1. To study the role of PACS in respect of agricultural credit and rural development.

2. To find out reasons for poor recovery of loans in PACS.

3. To study the functions of PACS.

4. To analyze the total number of borrowers in PACS .

5. To analyze financial results of PACS.

3. Methodology

The study is based on secondary data. The data has been collected from books,
magazines and websites. The extracts from these sources have been presented in the
following paragraphs.

(A) Role of PACS

A co-operative credit society, commonly known as primary agricultural co-operative
society (PACS) may be stated with 10 or more persons, normally belonging to village.
The value of each share of generally nominal so as to enable even poorest farmer to
become a member. PACS occupy a predominant position in the co-operative structure
and form its base. A primary agricultural credit society is organized at grass-root level
of a village or a group of small villages. It is the basic unit which deals with rural
(agricultural) borrowers, to whom it provides loans and collects repayments of loans
given. It serves as the final link between the ultimate borrowers on the one hand and
higher financial agencies, namely the RBI/ NABARD on the other hand.

At the end of June 1989 there were 87000 PACS. These societies covered about 90%
of 5.8 lakh village their membership of 9 crores covered about 65% of the total estimated
population of about 14 crores of rural households. More than half of members of PACS
are persons of small means small farmers, agricultural labourers, rural artisans, and 25%
of them belongs of SC/ST.

The working capital of the PACS derives mainly from borrowings from central co-
operative banks (CCBS) an the small proportion from owned funds and deposits is not
so much a reflection of low savings habits of the rural population as a reflection of the
availability of better assets to rural savers of both rate of return and riskiness

High net borrowing from CCBS shows that PACS act mainly as distribution channel
for funds which are mobilized elsewhere only the members of PACS are entitled to
borrow from it. Most loans are for agricultural purpose and are such purpose like the
purpose of machinery (mostly pump sets for irrigation) and cattle are also given but,
consumption loans given mostly to landless laboures, artisans, and marginal farmers.
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The share of loans given going to weaker sections is usually about 40% of loans.
A varying number of PACS also undertake non-credit activities such as handling the
supply of farm requisites, distribution of agricultural products and process of it.

The management of the society is under and elected body consisting of president,
secretary and a treasurer. The management is honorary the only paid membership being
normally the accountant Loans are given for short period normally for one year, carrying
out agricultural operation, and the rate of interest is low, profits are not distributed as
dividends to shareholders but are user for the construction of the well maintenance of
the village school and so on.

The PACs have stepped up their advances to the weaker sections particularly the
small and marginal farmers. This progress has been quite spectacular but not accurate
considering the demand for finance from farmers however, the primary credit society
has continues to remain the weakest link in the entire co-operative structure.

(B) Functions of PACS

1. It promotes economic interest of members in accordance with the co-operative
principle.

2. It provides short term and medium term loans.

3. It promotes savings habits among members.

4. It supplies agricultural inputs like fertilizers, seeds, insecticides, and implements.

5. It provides marketing facilities for the sale of agricultural products and

6. It supplies domestic, products requirements such as sugar, kerosene etc.

(C) Reasons for Poor Recovery of Loans in PACS

Internal Reasons

A. PACS Related

• Improper identification of borrower

• Lack of appraisal skills

• Delay in loan sanctioning

• Under or over financing

• Insufficient gestation of repayment period

• Lack of post disbursement follow up



T. Mohamed Ilyas and T. Ranjith Kumar 125

• Lack of borrower contact and poor understanding of rural clientele

• No thrust on recovery

• Laxity in internal control systems

• Poor management information system

• Failure to ensure adequate rapport with government agancies

• Low motivation and involvement of staff

• Perception of banks as a charity institution

• Poor industrial relations climate

B. Borrower Related

• Misutilisation of loans

• Diversion of funds

• Lack of technical and management skills

• Poor maintenance of assets

• Willful default

• Personal accident, death etc

• Shifting of place of residence or business

External Reasons

• Natural calamities

• Political interference

• Loan waiver, write off etc

• Geographical factors

• Changes in policy environment

• Changes in economic condition

• Targets approach under government sponsored programmes

• Legal process

• Inadequate market linkages
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(D) Total Numbers of Borrowers

Borrowing membership has direct correlation with the development of the PACS. The
study conducted by RBI (1980) found that following were “reasons for low borrowing
membership in cooperative institutions”.

1. Though a number of members of a family had been enrolled as members of PACS,
only one of them was a borrowed member.

2. Several affluent members did not resort to borrowing.

3. Tenant cultivators with no record rights in the land entitled by them being
ineligible to obtain credit on the normal scale, have to go to non-institutional
sources for meeting their agricultural outlays.

4. Members with very small holding seldom obtain institutional finance due to the
fear of their inability to repay within due dates.

5. Lifting of fertilizers was a pre-condition for drawal of cash component of loan.

6. The loan was inadequate and its untimely disbursement.

Besides the reasons stated above, defective loaning policies and procedures and
ever-increasing number of defaulting members inhibited the growth of borrowing
membership. Further, under the multi agency approach, agricultural credit has been
available from other institutional agencies like RRs and CBs. So, many of the members
of PACS have borrowed from other institutional agencies also.

(E) Financial Results of PACS

Though the main aim of cooperatives is not of maximizing profits, they should earn
profit in order to render efficient service to members. At the same time, a cooperative
society without profit cannot have financial base and withstand the severe competition.
Profit is one of the indicators of development, which depends on various factors such
as proportion of owned funds in the capital structure, high proportion of deposits in
borrowed funds, effectiveness of loans, lower level of total expenditure etc.

4. Findings

1. Rural credit is mainly focused on the agro sector and PACS plays a major role in
rural finance.

2. The society provides only short-term and medium-term loan.

3. The society provides loans only relating to agriculture to farmers.
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4. The members deposit money due to the of compulsion made by the banker to
open account.

5. The amount of loan distributed to members were in inadequate and also untimely.

5. Suggestions

1. The society should provide long-term loan also to farmers to meet their financial
requirements.

2. To help farmers the society should adopt easy procedures for distributing and
recovering the loan from farmers.

3. The adequate amount of loan should be distributed to farmers at right time.

4. Political interference in lending operation should be eliminated as for as possible.

5. Society should educate the farmers relating to different services provided by
society.

6. The society should provide quality necessary agricultural items at reasonable
price to the farmers.

7. The staff members of society should maintain good co-operative relationship with
members by providing all information.

6. Conclusion

Primary agricultural credit society is actually organized at the grass-root level for
a village or a group of small villages. It is the basic unit meeting their financial
requirements. It provides short-term and medium-term loan to farmers which helps
to meet their short term financial requirements. It supplies agricultural inputs and
provides marketing facility for the agricultural products. For the development of
agricultural sector and allied activities adequate and timely finance are essential. But
many financial problems are cropped up in the process of development of co-operative
system. They are lack of adequate and trained staff, lack of professional management,
political interference, change in economic conditions, over dues and limited source of
income of the farmers and so on. The societies are unable to provide adequate finance
to the members and they are making delay in the sanctioning of loan. Therefore to
increase the efficiency of the society and to serve the rural agricultural people in a better
perspective the co-operative banking should be strong and efficient to face the challenges
in competitive environment and it needs to take necessary measures.
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Abstract

Grocery shopping is considered as one of the most vital and regular task of
every household. People purchase groceries irrespective of the country’s economic
condition. One cannot live without toothpaste, soap, vegetables and groceries.
Fast phased life, constrains due to time and place, consumers prefer online
shopping. The availability of options, convenience of payment facilities, offers and
discounts are the indicating factors for online shopping. Delivery at doorsteps and
convenience at many factors lead as important influencers. Groceries are bought
at times according to consumers requirements. Online grocery shopping refers
to the process where consumers shop grocery online through retailers’ website
or online grocery stores which results in delivery of grocery at the doorsteps of
consumers. Consumers spend huge time for purchasing grocery, traveling to stores
and standing in queue. Relatively, online grocery shopping is increasing among the
modern consumers. Online grocery stores such as bigbasket.com, natures basket,
grofers.com and many online grocery stores which are operated at limited point of
delivery perform convenience to consumers intend to shop grocery online.

1. Introduction

Grocery shopping is regarded as routine buying behavior, not only because decisions
are frequently made at regular intervals, but also the behavior of a consumer is largely
habitual, automatic and unthinking. The feature of online grocery shopping is that
consumers purchase grocery product through retailers websites by simply clicking the
mouse button for the required items and the subsequent delivery of those ordered
groceries at home. But despite the ever increasing popularity of the web-based
purchasing trends, concerns have been addressed as to whether Internet is a suitable
purchasing tool for all kind of products. Worldwide, Internet Grocery purchases are
still low compared to the overall online sales. A better understanding of the triggers
which influence the adoption (and the discontinuation) of online grocery shopping is
vital for the strategy management of this sector. The low uptake of the Internet grocery
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is related to, according to the lack of consumers trust in the service and product quality
provided by e-grocery retailers.

This study will focus on the consumers’ attitude towards online grocery shopping
since it is believed that they are the key to a more rapid and sustainable development
in the online grocery market. consumers purchase groceries involves a change in
behaviour, which is derived from a change in attitudes. This emphasise how attitude
theory and models can aid when explaining consumer adoption towards e-commerce.

2. Conceptual Framework for Online Grocery Buying Behaviour

The theoretical framework has been developed based on identifying the gaps in
literature.

2.1. Demographic Profile

In this research as a part of demography study the consumer’s, age, gender, marital
status, educational qualification, monthly income, family size has been analysed to
identify who are the online grocery shoppers.
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2.2. Factors that influence consumers to go for online grocery shopping

Factors that influence consumers’ to go for online grocery shopping include
convenience, security, trust, service support, flexible transaction, personalised attention,
and price promotion.

3. Objectives of the Study

The overall objective of this study is to present a better understanding on factors
influencing shopper behaviour towards purchase of grocery products online. The
specific objectives for this study are:

1. To examine the identified factors that influence consumers while shopping
groceries (i.e., convenience, security, trust, service support, flexible transactions,
personalised attention, and price-promotions).

2. To understand the impact of demographic factors on consumers attitude towards
online grocery shopping.

4. Significance of the Study

In general, this study identifies consumer attitudes toward online shopping. It offers
insight that helps to shed lights on the potentiality and future growth of online shopping
on a specific product. The results of this study are useful for the local companies in
India so that they can have a better understanding of the dynamic online markets before
venturing into online retailing.

5. Scope of the Study

The study will be conducted in five major towns covering Gudiyatham, Pernambut,
Ambur and Vaniyambadi in Vellore district. The reason for selecting these geographical
area is that this district fall in to urban category and people in that area is more tech-
savvy.

5.1. Factors that influence consumers’ to go for online grocery shopping

Factors that influence consumers’ to go for online grocery shopping include
convenience, security, trust, service support, flexible transaction, personalised attention,
and price promotion.

1. Price: Price in online is cheaper and reasonable. In online the price of the product
can be compared with other online websites which is more comfortable for buyers.
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The product delivered directly from vendor, thus the cost is less. Online shops
provide free shipping, special offers, seasonal discounts etc.

2. Product: A product which carries the detailed information, communicate to the
buyer easily through this. Variety features like design, color, size, image and
package of a product should be given first choice. Products speak by its features
and also retain the customers’ and build repeated purchase.

3. Quality: The worth of a product lays on the quality which replicate repeated
purchase of the product.

4. Product Alternatives: The alternatives in online shopping are an advantage; one
can switch over from one seller to other. The days have gone where one must have
to travel far to buy the needed variety. Wide ranges of merchandise are available.

5. Convenience: The customer can access online shopping round the clock,
anywhere; anytime. It simplifies the difficulty that is in offline shopping. One
can easily switch on to other websites as there is no retailer.

6. Payment Method: There are multiple payment methods through online can be
made work easy through credit cards, debit cards, wallet or even cash on delivery.
If you want to make payment after the actual delivery then choose for cash on
delivery.

7. Network Security: The network connection is vast which bare threats from other
network. Due to lack of privacy and security measures the online users identify
the risk of providing personal information while purchasing online. Stringent
measures are taken to secure the information provided by the customers.

8. Review of Products: A consumer point of view towards the product he/she
had bought and the usage. It helps the new buyers to know the advantages and
disadvantages of the product or service; whether to buy or not.

Predictor effects and Beta Estimates (Unstandardized) for Consumers Online
grocery Buying Behaviour associated with convenience, security, trust, flexible
transactions, service support, personalised attention, and price-promotions.

H20. Consumers “personal characteristics will not have positive and direct impact on
consumers” online grocery buying behaviour in relation to : H20a: Age; H20b: gender;
H20c: marital status; H20d: educational qualification; H20e: monthly householdincome;
and H20 f : family size.
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Table 1: Dependent Variable: Online Grocery Buying Behavior.

Model
Unstandardized

Coefficients

Standard-
ized

Coeffi-
cients

t Sig.

B
Std.

Error
Beta

1 (Constant) 2.109 1.090 − 4.736 .084

Convenience .564 .116 .317 3.838 .000

Security .397 .210 .100 3.125 .050

Trust .277 .234 .380 2.566 .000

Service support .267 .215 .031 2.375 .049
Flexible

transactions
.153 .241 .343 1.790 .000

Personalized
Attention

.145 .298 .220 1.660 .000

Price Promotions .102 .517 .787 1.505 .000

6. Finding

On being answered these questions, the findings provide better understanding about
consumers “ online grocery buying behaviour in Indian grocery market, an area that has
received scant attention within the academic literature. The overall results of this study
are consistent with previous studies and extend them as well.

1. The findings proved that online grocery buying behaviour is influenced by
consumers demographic characteristics (age, gender, marital status, education,
monthly household income, and family size), determinant attributes of online
grocery shopping (convenience, trust, security, support services, flexible
transactions, personalised attention and price promotions), and positive attitudes
towards online grocery shopping.

2. Lastly, the consumers appear to be more satisfied with online grocery shopping.
This leads to consumers increased level of familiarity with the online grocery
stores and therefore increased positive perceptions and favourable attitudes and
purchase behaviour towards online grocery.
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7. Conclusion

Online shopping portals provide goods and services at purchase rates, but the accruing
cost of manpower, transportation and storage resulting in a considerable burden on their
expenditure, while their income remains the same. The net inflow being less than the
outflow in a crowded market segment may not sound like a solid business model, but
generating profit is not an immediate priority for these entrepreneurs. Right now, it is
all about grabbing the eyeballs and getting investors on board and the truth is, these
start-ups have been attracting copious investments from venture capitalists and equity
firms. These funds help the online grocery enterprises meet their cost of operation
as well as ramp-up their operational outlay. Ultimately, the future of online grocery
shopping seems extremely secure. The factors such as convenience, comfort, smart
phone penetration and ease of use they offer and hassle-free shopping experiences of
online grocery shoppers paving way for grocery platforms to gain momentum.

Grocery shopping will reach maturity and saturation in near future, but we cant see
rise of grocery e-commerce models for a country like India, for a demise of brick and
mortar supermarkets, but reconfigure the role of grocery store for the digital food.
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Abstract

Today, E-banking takes off in various forms such as smart banking, touch
banking, 360-degree banking, innovative banking, virtual banking and 24 × 7
banking. Banks are playing an important role in the economic development of the
country. The bank collects small savings from the public for investment in various
projects. Present banking scenario has come up with a lot of new initiatives which
are oriented to provide a better customer service and facilities with the help of
information technology. One of these reasons is the intrinsic benefit of e-banking
to saving time and speed up the banking transactions and consequently enhancing
the performance of banks. The paper tries to focus on public and private sector e-
banking services. Finally paper concludes technology changes and making trends
in E-banking which helps for the development.

Keywords: IMPS, NEFT, RTGS, KIOSK BANKING, Mobile Banking.

1. Introduction

Today, we are having a fairly well developed banking system with different classes
of banks public sector banks, foreign banks, private sector banks. To cope with
the pressure of growing competition, Indian commercial banks have adopted several
initiatives and e-banking is one of it. The competition has been especially tough for the
public sector banks, as the newly established private sector and foreign banks are leaders
in the adoption of e-banking. The fast advancing global information infrastructure
enable the development of electronic commerce at a global level. The nearly universal
connectivity which the Internet offers has made it an invaluable business tool. These
developments have created a new type of economy, which many call the ‘digital
economy’. Most of them are using online channels regularly for a variety of purposes,
and for some there is no need for regular personal contacts with the bank’s branch
network, which is an expensive channel for banks to run. Some research suggests
that adding the Internet delivery channel to an existing portfolio of service delivery
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channels results in nontrivial increases in bank profitability (Young, 2007). These extra
revenues mainly come from increases in noninterest income from service charges on
deposit/current accounts. These customers also tend to be of high income earners with
greater profit potential.

The fast emerging economy is bringing with it rapidly changing technologies,
increasing knowledge intensity in all areas of business and service delivery channels
to the customers such as e-banking. E-banking often attracts high profit customers
with higher than average income and education levels, which helps to increase the size
of revenue streams. For a retail bank, e-banking customers are therefore of particular
interest, and such customers are likely to have a higher demand for banking products.
Technology is playing a major role in improving the standards of service delivery
in financial institution sectors. Technology has touched every aspects people’s life
including banking. Day is long gone when customers would queue in the bank waiting
to pay their utility bills, fees and other transactions. This has become easier by using
their ATM cards or over the internet from the comfort of the customer. This motivates
the customers utilize the services of bank. It also results banks to spend more on
technology and information to achieve maximum returns.

2. Objective of the Study

• To study the present scenario of E-banking in Commercial Banks in India;

• To highlight different forms of e-banking services in India.

3. Review of Literature

Yang, Whitefield and Bhanot (2005), E-Banking in Rural Area - Recent Trend and
Development: A Case Study. This paper discusses recent trend and development of
e-banking for small and community banks in rural areas through a case study. The
applications of e-banking of several local banks in rural areas are investigated and
examined. The research objective is to investigate the trends and level of prevalence
of on-line banking focusing on some emerging issues and challenges.

Lal and Saluja (2012), Undertook Study On E-Banking: The Indian Scenario,
The objective of the present paper is to study and analyze the progress made by
Indian banking industry in adoption of technology. The study is secondary based and
analytical in nature. The progress in e-banking in Indian banking industry is measured
through various parameters such as Computerization of branches, Automated Teller
Machines, Transactions through Retail Electronic Payment Methods etc. Statistical
and mathematical tools such as simple growth rate, percentages and averages etc are
used. The paper also highlights the challenges faced by Indian banks in adoption
of technology and recommendations are made to tackle these challenges. The paper
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concludes that in years to come e-banking will not only be acceptable mode of banking
but preferred mode of banking.

Mohiuddin (2014), conducted study on Trend and Development of E-Banking: A
Study on Bangladesh. The paper aims the concept of E-banking, explore the present
scenario of online banking in Bangladesh, The online banking system of Different
commercial Banks in Bangladesh, the major challenges of E-Banking. The paper focus
on present, private & public sector banks of Bangladesh have taken various steps in
E-banking. This work has been conducted from the secondary data maximally. This
article has drawn present trend & development of E-banking in Bangladesh. The paper
concludes online banking has a few risk in this field but it has much advantage than
negative aspects. The future of electronic banking will be a system where users are able
to interact with their banks “worry-free” and banks are operated under one common
standard In Bangladesh.

Ibrahim, Shahid, Akbar and Ahmed (2015), study on Determining the Effect of
Innovations for Mobile Banking Adoption in Pakistan, The objective of this research
was to check the impact of innovations on adoption of mobile banking in Pakistan.
The paper concludes innovation has positive significant correlation which means that
new and most advanced technological innovations and different appropriate customer
services like as ease of use and usefulness great influence on adoption of mobile banking
in Pakistan.

Dr. Veena K.P and Nayana N (2016) Study on Trends in E-Banking: A Study on
Indian Banking Scenario. The objective of the study was to highlight the different forms
of e-banking services offered by commercial banks in the Indian scenario.

4. Research Methodology

The present study is concerned with the Indian banking industry and exhibits growth of
e- banking channels in various bank groups.

5. Sample Design

The study is Indian banking industry in major bank groups. It includes;

• Public Sector Banks in India and

• Private Sector Banks in India.

6. Database

Secondary data has been excercised all through this study. the sources of secondary data
comprises of handbook of RBI, Websites of different Banks, Articles published in the
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reputed international and national journals, Books of Indian and Foreign domain etc.

7. E-banking

E-Banking is your personal banking service on the Internet, protected with bank
identifiers. It is available anywhere, anytime. You can also check your account balances
and transactions. You can order a new card, withdraw a loan granted to you and
make mutual fund subscriptions. You access E-Banking services by obtaining bank
identifiers. E-Banking as such is free of charge but commissions and fees in accordance
with the service tariff will be levied on orders and other transactions carried out
through e-Banking. Many people see the development of e-Banking as a revolutionary
development, but, broadly speaking, e-banking could be seen as another step in banking
evolution. Just like ATMs, it gives consumers another medium for conducting their
banking. The fears that this channel will completely replace existing channels may not
be realistic, and experience so far shows that the future is a mixture of clicks (e-banking)
and mortar (branches). Although start up costs for an internet banking channel can be
high, it can quickly become profitable once a critical mass is achieved.

8. Various Forms of E-Banking Services Offered by Commercial
Banks in India

• Automated Teller Machines (ATM): An Offsite and Onsite Electronic machine
in a public place and Branch Banks, connected to a data system and related
equipment and activated by a bank customer to obtain cash withdrawals and other
banking services. Also called automatic teller machine, cash machine. It is also
called money machine or Any time Money.

• Real-Time Gross Settlement Systems (RTGS) : RTGS are specialist funds
transfer systems where the transfer of Cash or securities takes place from one
bank to another on a “real time” and on a “gross” basis. Settlement in “real
time” means a payment transaction is not subjected to any waiting period, with
transactions being settled as soon as they are processed. “Gross settlement” means
the transaction is settled on one to one basis without bundling or netting with any
other transaction. “Settlement” means that once processed, payments are final
and irrevocable.

• National Electronic Funds Transfer (NEFT): National Electronic Funds
Transfer (NEFT) is one of the most prominent electronic funds transfer system in
India. Started in November 2005, NEFT is a facility provided to bank customers
to enable them to transfer funds easily and securely on a one-to-one basis. It is
done via electronic messages. This is not on real-time basis like RTGS (Real
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Time Gross Settlement). This is a “net” transfer facility which is executed in
hourly batches resulting in a time lag. NEFT facilities are available in 30,000
bank branches all over the country and work on a batch mode.

• Immediate Payment Service (IMPS): Immediate Payment Service (IMPS) is
an instant payment inter-bank electronic funds transfer system in India. IMPS
offer an inter-bank electronic fund transfer service through mobile phones. Unlike
NEFT and RTGS, the service is available 0800 hours to 2000 hours throughout
the year including bank holidays.

• IMPS Mobile Money Identifier (MMID) : Mobile Money Identifier (MMID) is
a 7 digit code issued by a participating bank to their Mobile Banking registered
customers for availing IMPS service as a beneficiary. You will have different
MMIDs for different accounts and all these could be linked to a single registered
mobile number.

• Point of Sale (POS): A POS transaction is a point-of-sale transaction- generally a
purchase made at a retailer with your debit card. To complete your purchase, you
usually enter your PIN instead of signing for the purchase. On your statement (or
online transaction history), you’ll see a list of these purchases, and some banks
charge additional fees for POS transactions. Banks and card processing networks
charge swipe fees to retailers when you pay with plastic. The fees are lower
when you choose “Debit,” which makes retailers happy. If you choose “Credit”
instead, retailers pay higher fees (so you don’t have to), but you should expect
those retailers to pass the costs on to you in the form of higher prices.

• Electronic Clearing System (ECS) For Credits And Debits : ECS is an
electronic mode of funds transfer from one bank account to another. It can be used
by company, Business or institutions for making payments such as distribution
of dividend interest, salary, pension, among others. It can also be used to pay
bills and other charges such as telephone, electricity, water or for making equated
monthly installments payments on loans as well as SIP investments. ECS can be
used for both credit and debit purposes.

• Mobile Banking: Mobile banking is a service provided by a bank or any
financial institution allows its customers to conduct a range of cash transaction
using such as a smart phone or mobile device or Tablet, using software, usually
called an application (APPs), provided by the financial institution or Bank for the
purpose. Mobile banking is usually available on a 24-hour basis. Some financial
institutions have restrictions on which accounts may be accessed through mobile
banking, as well as a limit on the amount that can be transacted.

• Kiosk Banking: The Kiosk Banking is the initiative taken by the RBI for those
living in villages or other remote areas who are deprived of banking services due
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to the non-availability of a bank branch in their locality. In such arrangement, the
person is not required to go the bank to avail the banking services. Instead, the
bank comes to the village where the person can make the transactions.

Kiosk banking is the important step taken towards the financial inclusion. The
financial inclusion means enabling the weaker sections of the society or low-
income groups to access financial services and avail the credit at a low or
affordable cost. The Kiosks are the small internet-enabled booths established in
the villages where the customers can come and avail the basic banking services.

• E-Cheque: An E-cheque work the same way a cheque does, the cheque writer
“writes” the e-Cheque using one of many types of electronic devices and “gives”
the e-Cheque to the payee electronically. The payee “deposits” the Electronic
Cheque receives credit, and the payee’s bank “clears” the e-Cheque to the paying
bank. The paying bank validates the e-Cheque and then “charges” the check
writer’s account for the check.

9. Conclusion

The digitalization of Indian banking systems faces a lot of challenges and stands for
developing. The greatest emphasis has been placed by the banking for the improvement
of electronic services, fund transaction facilities, and other services in E-banking. The
paper concludes that many changes is taking place with technology and helps to show
trends in e-banking. This creates drastic changes in banking industry. Thus, even though
IT management is a challenging task in future banking. Giving 24 × 7 services of
ATM gives more competition between Public and Private sector banks. Hence leads to
customer’s loyalty and derived safety also.
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Abstract

This Uses of skincare product is not latest trend; it has roots deep within the
annals history. The word skincare products have been given this modern name
lately. Through regular and formal use of skincare product has gained momentum
now, it has been in some form or other since a long time. Most people use
cosmetics every day. Cosmetics have become one of the necessities in daily life.
The noted that people used cosmetic products to improve their appearance and tell
their own style or artistic preferences to other people. People believed that after
using cosmetics, they will become prettier and have more confidence when they
contact with other people. As a result, the market will develop fast as soon as
people want to purchase cosmetic products.

Keywords: Consumer Behaviour, Skincare products, Cosmetics.

1. Introduction

The marketers and through multiple channels. Skin care products are those products
or items that we use for cleansing, toning, massaging and moisturizing the skin
product’s I include lotion, moisturizer, cream, facial scrub, mask, and essence/serum.
the Skin-care products have been widely used, and consumer’s perceived value of the
product directly affect their purchase intention. The perceived value contained different
factors. Understanding which factors will affect purchase intention the most is necessary
because it may provide skin-care product manufacturers with directions to adjust their
products. The skin care industry has undergone a palpable change of customers from
the older generation to the millennials who are very keen on social acceptance and those
who prioritise grooming as an essential part of life. The companies may also pull in new
marketing strategies for creating a balance and to retain their older customers.
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2. Significance of the Study

Generally, consumer behavior is affected by variety of factor ranging from personal
motivation, attitude and value personality, characteristics, socio economics and culture
background and age, sex professional status to social influence of various kind exerted
by family’s colleagues and society as whole.The study is significant since it has
established the nature brand loyalty. Decision maker in the family and individual
marketer may gain knowledge, which may be of helpful in formulating cosmetic product
planning, marketing strategy, marketer segmentation and advertising strategy etc.In this
study, the researcher has attempted to analyze different factors, which contributed for
taking the decision with regard to the purchase of cosmetic product after giving an
assurance that the information’s so collected will be used for academic research only.

3. Statement of the Problem

The rationale behind choosing the specific problem were as follows
As more disposable income becomes available and male consumers are beginning

to shop more for them, the men’s skincare market is blooming at a faster rate. As Indian
men are looking to remain competitive in the workforce, they are seeking products to
help them maintain a youthful look. ‘To look and feel good’ has become an ever-
growing occupational requirement. Celebrity endorsement such as Hindi actors and
cricket players are playing a very important role, brands to encourage the use of skincare
product by men. It is also observed that Skin lightening / whitening products are among
the most popular among Indian men. Urban men are discovering the need for a beauty
and personal care routine.

They feel confident taking care of their skin and battling the signs of aging, just like
their female counterparts, but now do so with dedicated lines of skin care instead of
“borrowing” products they see on bathroom shelf. Not so long ago, men would have
been reluctant to admit using a deodorant or shower gel, let alone a brand with a Tor
Men label’. Men’s grooming meant little more than a daily wash with soap, a shave,
and perhaps a splash of something sweet smelling on special occasions. But today the
scenario has changed completely Indian men are finally coming out of the cocoon when
it comes to skincare. They are no longer hesitant of using creams, moisturizers, and face
scrubs, face Washes, anti-aging creams, shower gels LL’, so on meant for male skin.
Grooming is no longer a quick shave, spraying on some aftershave and heading out of
the door it is growing into something more. As per the research’s “Male grooming is
now a Rs 3,800-crore market in India, and witnessing plenty of action with new entrants
and existing players clocking impressive growth. As per estimates by global market
research firm Euromonitor, the category clocked 21% annual growth and is expected to
touch Rs 5,270 crore in the next three years”.

It only indicates that male grooming is an exciting and potential market and
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many players including international players’ plan to tap this segment with a range of
products.A marketer should therefore understand the current consumer values, attitudes
and behavior for this category combined with social trends to know the driving buying
habits of male consumers.

The study will help to know as to how a male consumer decision-making process
operates at each level starting from need recognition till the post purchase behavior. It
includes the detailed study of why male consumer will buy a product like “skin care
cosmetics”, what are the factors those influence the need of a person, which are the
different sources of information a person may seeketc. Whichever way modern men are
described in marketing terms, the good news for men’s grooming is that more men are
taking an interest in using a wider selection of products and brands on a daily basis and
the trend is likely to gather momentum.

4. Objectives of the Study

The Specific Objectives of the Present Study.
The main objectives of research are

1. To know the impact of external intervening variables on the decision making
process of skincare products.

2. To understand the effect of social factors on buying behavior of male consumers.

3. To understand the decision-making process ofmale consumers while purchasing
Skin care products.

4. To understand the relationship between marital status and buying behavior of male
consumers.

5. To study the effect of advertising Medias used by marketers that influences the
purchase decision.

5. Hypotheses

1. Social factors do not have influence on male skin care products buying decision
process.

2. Skin care products buying behavior of male consumers are independent of marital
status.

3. Different advertisement media used by marketer do not exert influence on
purchase decision of skin care products.
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4. Reference group do not influences the buying behavior of men w.r.t skin care
products.

6. Scope of the Study

The study limits its scope to vaniyambadi Town only. Other geographical areas do not
come under the previews of the research. Research focuses only on male skin care
products. Other product categories are not included in the study. The sample selected
for the research was males more than 16 years of age. The sample of research is 150
men from 15 randomly selected municipal wards of vaniyambadi Town. The study is
based on the opinions of the respondents. The opinion of the respondents was taken as
to how their decision making process is influenced by external intervening variables.

7. Research Methodology

This section describes research design, data collection and interview schedule and
development efforts used in this study. The sampling plan used for the final study is
discussed in detail along with data collection procedures and data analysis.

7.1. Sampling Size and Design

The study area comprises of Vaniyambadi town and they are classified by the researcher
to justify the sampling procedure adopted in the research.

A proportionate random sampling method was used to collect various perceptions of
consumers of skin care product in Vaniyambadi Town selected through lottery method
from each revenue division. The sample sizes of 150 respondents.

7.2. Pilot Study

A pilot study was conducted to validate the interview schedule and to confirm the
feasibility of the study. The pilot study was conducted with a sample of interview
schedules covering the divisions of Vaniyambadi Town.

7.3. Sampling Plan and Data Collection

The Vaniyambadi town skin care consumers are selected as a suitable setting to test the
proposed research model. Mainly the focus is on buying behavior of skin care product.
The main reasons for selecting this topic are availability of a higher number consumer
buying behavior of skin care product.

The methodology of the study is based on the primary, as well as secondary data.
The study depends mainly on the primary data collected through a well-framed and
structured interview schedule, to elicit the well-considered opinions of the respondents.
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Proportionate random sampling is adopted to obtain the responses from the rural
consumers of Vaniyambadi town. This study descriptive type of methodology. The
secondary data are collected from journals, books, dailies, periodicals, articles, and
websites.

7.4. Research Instrument Development

Five different constructs were needed to test the proposed conceptual model. Multi
item, five point Liker’s scales were used to measure all the five constructs. Enlisting
measures of rural consumer behaviors were used for all its elements and were adapted
to the context of the study.

7.5. Analysis of Data

In order to analyze the data and interpret the various results the researcher has used
different statistical tools like simple percentage method, Chi-square test and ANOVA,
the results were presented in the form of single frequency tables, cross tables and also
different type of chart.

8. Review Literature

Dr. Vinita Kumar Nair and Dr. Prakash Pillai R (2007) [1] carried out a study on
‘A Study on Purchase Pattern of Cosmetics among Consumers in Kerala’ as a research
paper at International Marketing Conference in the year 2007.

Abdullah Bin Junaid, ReshmaNasreen (2012) [2] conducted a study on
‘Determination of Consumer Behavior amongst Millennia’s in Dermaceuticals (Skin
Care Products)’ as a research paper in International Journal of Marketing Studies in the
year 2012 at New Delhi.

Siddhartha Shriram Shimpi and Dr. D. K. Sinhau (2012) [3] conducted a study
on ‘A Factor Analysis on Attitude Characteristics of Consumer Buying Male Cosmetics
Products in Pune City’ as a research paper in International Journal of Marketing,
Financial Services and Management Research in the year 2012 at Pune City.

Hama Patel and Dr. B. Bakkappan (2012) [4] conducted a study on ‘The Influence
of Culture on Cosmetics Consumer Behaviour’ as a research paper for IOSR Journal of
Business and Management (IOSRJBM)in the year 2012at Davangere, Karnataka.

9. Analysis and Interpretation of Data

9.1. Age of the Respondents

The age is a very important factor to determine the usage of a particular product
adultation a purchase of a product like ‘skin care’ is majorly determined by the age
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of a person. The sample 150 respondents was divided into 3 classes as per the age
groups. The data is presented in table 1

Table 1: Agewise Distribution of Respondents

Sr. No. Age Group (Years) No. of respondents Percent

1 14-25 (male,female) 70 47.0

2 25-40 mostly used female 50 33.0

3 40 & Above 30 20.0
Total 150 100.0

From table 1 it is seen that sample proportion of males from 14 to 25, (age) under
come 70 (47%), respondents are comes under males 50 (33%), respondents comes under
above 30 (20%) Hince: the majority of the male respondents is 47%.

Figure 1: Agewise Distribution of Respondents

9.2. Qualifications of the Respondents

From table 2, it is observed that nearly 73% respondents are graduates or post graduates.
The percentage of less educated (below S.S.L.C) is very meager, just 3%. So, it is
concluded that well educated class is prominent in the sample. Since the above table
reveals that the well educated class is prominent in this sample, the skin care products
are mostly used by this class as they are well educated & therefore know the importance
of good looks & good personality.
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Table 2: Qualifications of the Respondents

Sr.No Qualification No. of respondents Percent

1 Below S.S.L.C 4 3.0

2 S.S.L.C 11 7.0

3 H.S.C 27 18.0

4 Graduation 78 52.0

5 Post graduation 30 20.0
Total 150 100.0

Figure 2: Qualification-wise Distribution of Respondents

9.3. Marital Status

According to Indian tradition, marriage is essence of the life. Therefore, nearly everyone
here gets married at certain age and it influences the individual life. The product choices
of a person changes with time and different phases in life; marriage being an important
phase in life. To study the influence of marital status on the purchase and usage of
skin care product, researcher asked the respondents about their marital status. Also the
choice of the products before and after the marriage changes remarkably. The responses
of these respondents are presented in table no 3.
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Table 3: Marital Status-wise Distribution of Respondents

Sr.No Marital Status No. of respondents Percent

1 Single 71 48.0%

2 Married 79 52.0%
Total 150 100.0%

From table 3 it is noted that 48% respondents are single and 52% are married.
Hence: the majoriry of married respondents is 52%.

Figure 3: Marital Status-wise Distribution of Respondents

9.4. Accompanying Members / Cohabitants of Respondents

A company of a person has some degree of influence on the purchase of few products.
Skin care product purchases are also influenced by the co-habitants of the respondents.
If a cohabitant of respondents uses skincare products regularly then the chances are
high that the respondent will also use the skincare products, may be just to imitate the
cohabitant or might get inspired by him/her. The response on accompanying members
with whom the respondent stays is summarized in table 4

From table 4 it is observed that 45.0 % each of the respondents are either staying
with their parents or spouse. Respondents staying with their spouse and parents are 5.0
%, whereas those staying with friends or with no one are 3.0 % and 3.0 % respectively.
It means 90 % respondents stay with their family members in general.

From the above table, it is revealed that since the respondents are staying with
parents and spouse, their purchase decision may get influenced by spouse and parents.
Cohabitants of a person tend to have an influence on the product choice of a person.
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Table 4: Accompanying Member Wise Distribution of Respondents

Sr No No One Spouse Parents Friends No. of respondents Percentage

1 N N N Y 4 3.0

2 N N Y N 66 44.0

3 N Y N N 68 45.0

4 N Y Y N 8 5.0

5 Y N N N 4 3.0
Total 150 100

Figure 4: Accompanying Member Wise Distribution of Respondents

10. Findings

1. It is seen that sample proportion of males from 14 to 25, (age) under come 70
(47%) , respondents are comes under males 50(33%), respondents comes under
above 30(20%).

2. It is observed that nearly 73% respondents are graduates or post graduates. The
percentage of less educated (below S.S.L.C) is very meager, just 3%. So, it is
concluded that well educated class is prominent in the sample.Since the above
table reveals that the well educated class is prominent in this sample, the skin care
products are mostly used by this class as they are well educated & therefore know
the importance of good looks & good personality.
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3. It is noted that 48% respondents are single and 52% are married. Hence: the
majority of married respondents is 52%.

4. It is revealed that since the respondents are staying with parents and spouse, their
purchase decision may get influenced by spouse and parents. Cohabitants of a
person tend to have an influence on the product choice of a person.

11. Suggestions

1. To convert the users of female skincare products to exclusively men skincare
products, the difference in the skin (texture) of men and women need to be
underlined by the marketers. It is also vital to convey the potential users as to
why their skin will be best pampered / cared by the products exclusively meant
for them.

2. To convince the target market that products like fairness creams, tanning creams,
moisturizing creams, anti-wrinkle creams etc. are also meant for them and not
only for women, the importance of these products need to be highlighted through
the promotional materials, packaging, publicity and advertisements.

3. Since near about 60% of the respondents never opt for any promotional schemes,
the companies instead of engaging in promotional schemes, should concentrate
on more heavy advertising and good quality.

4. As the respondents rely more on their self-thought they are their own decision
makers when it comes to buy the skincare products, the more emphasis has to be
given on the thought process of men rather than their wives, friends or colleagues.
The ultimate decision to buy the skincare product lies with “user himself” so it is
imperative to convince them rather than to convince their reference groups.

5. Here it can be suggested that since men like to look younger than their age
like their female counterparts, this ‘need’ of the market has to be recognized by
the marketers. Also this thread can be used by the marketers in promoting the
products and by holding this delicate pulse of men.

12. Conclusion

Cosmetic is a preparation extremely applied to change or enhance the beauty of skin.
Every exposable part of the human anatomy is beauty to cosmetic attraction. So
cosmetics have been used from ancient times to modern times; it is used not only by
females but also by males; it becomes part and parcel of human beings from cradle
to grave. The Mushroom growth of beauty parlours is a testimony for the importance
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of cosmetics. Cosmetics have created several Miss Worlds a and Miss Universes. Is
application in cine word or film industry. Is tremendous. It has occupied a significant
place in human life in one way or other.

The ever increasing population makes the use of cosmetics multiply in large extent.
So marketing of cosmetics become competitive Advertisement through mass media like
radio, TV, newspaper, Internet etc. The morphing of India is sublet and the changes are
not visible for the first time visitor. They generate and obtain a commercial ‘niche’ in
the international arena in existing scenario. It requires the formulation and execution of
pragmatic strategy by the Indian players in cosmetics Industry. Thus knowledge needs to
be integrated in the traditional products to generate superior knowledge based products.
The present study has made an attempt to analyze the consumer buying behaviour of
Skincare products in Vaniyambadi Town, Vellore District. Similar studies may also
be carried out in other areas of Vellore district or in any other district or state. The
researcher believes that study will help the manufactures of male skin care product to
understand the consumers buying behaviour of skincare products. This work is a basis
for future research attempts.
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Abstract
The rapid changes in telecommunication and computing technologies

evidenced in the internet and World Wide Web have led to a whole new range of
business applications, process and structures. E-business is essential for existing
business organizations and for new entrants. Organizations that do not possess a
website are considered to be “brick and mortar businesses” and organizations that
own a web sire are considered to be “click and order businesses”.

Keywords: B2B, B2C, C2B, C2C, B2E, B2G.

1. Introduction

Electronic Commerce is a system that includes not only those transactions that center
on buying and selling goods and services to directly generate revenue, but also
those transactions that support revenue generation, such as generating demand for
those goods and services, offering sales support and customer service, or facilitating
communications between business partners.

2. Evolution of E-Commerce

Internet came into existence in the late 1960s and World Wide Web in early 1990s.
World Wide Web is the most widely acclaimed service available on the internet.
The web allows business organizations to permit their customers to shop online. E-
Commerce had been in existence for several years. Electronic Commerce applications
began in the early 1970, with innovations such as Electronic Funds Transfer.

• In 1992, CompuServe offered retail products through online to customers.

• In 1994, Netscape released navigator browser.

• In 1995, Amazon.com and eBay were launched.

• In 1998, Digital Subscriber Line offered always on internet service.
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3. Categories of E-Commerce

E-Commerce has been classified in following categories:

• Business-to-Business (B2B) - The transactions conducted between the businesses
over electronic network is termed as B2B.

• Business-to-Consumer (B2C) - The transactions between the business and the
consumers over electronic network are termed as B2C.

• Consumer-to-Business (C2B) The transactions between the customers and the
business is called C2B.

• Consumer-to-Consumer (C2C) The transactions between the consumers are
termed as C2C.

• Business-to Employee (B2E) The transactions between the business and the
employee is called B2E.

• Business-to-Government (B2G) The transactions between the business and the
Government over electronic network are termed as B2G.

4. Categories of SMEs

According to Micro, Small & Medium Enterprises Development (MSMED) Act, 2006,
MSME’s are grouped into two categories namely Manufacturing and Service enterprise.

Manufacturing Enterprises

These kinds of enterprises are classified based on investment in Equipments.

Service Enterprises

These types of industries are classified based on investment in equipment.
The following table explains the above mentioned classification.

5. Review of Literature

Silbert Jose S. V. conducted study on Entrepreneurship: A Boon or Bane in Tourism
Industry and stated that Entrepreneurs are exceptionally imperative in dropping
unemployment rate of the skilled and unskilled workers. In order to sustain tourism
industry, a substantial government support, extensive training, research and planning
processes are required. The success of the Entrepreneurship leads to upliftment in
society.
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Table 1: Manufacturing Sector

S.No Type of Enterprises Investment in Equipments
1. Micro Enterprises Does not exceed 25 Lakh rupees

2. Small Enterprises
More than 25 Lakh rupees but does
not exceed 5 crore rupees

3. MediumEnterprises
More than 5 crore rupees but does
not exceed 10 crore rupees

Table 2: Service Sector

S.No Type of Enterprises Investment in Equipments
1. Micro Enterprises Does not exceed 10 lakh rupees

2. Small Enterprises
More than 10 lakh rupees but does
not exceed 2 crore rupees

3. Medium Enterprises
More than 2 crore rupees but does
not exceed 5 crore rupees

Aarthy C, Priya Vaz, Bindhu Shree, C., Sarah Shirley, Eesha, J.S. conducted
their study on E-COMMERCE -A BOON or BANE FOR SME’S and concluded that
E-commerce has revolutionized the functions and activities of today’s business. The
internet entry has reformed the way SME’s function to withstand themselves in the
global markets. E-commerce will have potential benefit of increase in revenue, lower
marketing and distribution cost, better accessibility and geographical reach irrespective
of barriers.

Mohammed Abdul Imran Khan, Mohammed
Ahmaruddin, Shariq Mohammed and Syed Azharuddin conducted their study on
Ecommerce for Entreprneurs: Boon Or Bane and explained that The entrepreneurs
need to come forward and embrace the new style of doing online business by adopting
E-Commerce practices for improving the overall performance of their businesses. There
can be a few worries with regard to the government support in adopting E-Commerce.

Neelam Rathore and Rajat Kumar Gujral, conducted their study on E-
commerce: A boon or bane and revealed that the growth of computers has changed
the life of every person in this world. Computer networking has become an integral part
of our life. The technology has changed the way we live and work. The magnificent
developments of computer technology have forced the people to use them. Computers
are being used in every aspect of our life. Electronics commerce is one of the important
operations of computer networking.
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6. Benefits of E-Commerce for SMEs

• Middlemen are eliminated to a considerable extent as there is a direct link between
the business and the consumers.

• The cost incurred on human resources is also low as most of the business
processes are automated.

• The cost spent on advertisement and communication is lower as the business uses
e-mail and online advertising channels.

• Due to effective supply chain, the cost incurred on maintaining inventories is
reduced.

• It provides up-to-date information about the business and its products to
customers.

• A business organization is able to win the loyalty of customers.

• Effective communication and quick delivery of goods lead to total customer
satisfaction.

• Electronic commerce increases the revenues of entrepreneurs.

• It helps the entrepreneurs to enjoy great profits.

• The business being open for 365*24*7 fetches revenues throughout the year.

• Efficient procurement cycles reduce delivery delays.

• Minimum time taken to complete transactions also results in transaction
efficiency.

• E-commerce helps entrepreneurs to create process, distribute, store and retrieve
any information cheaply and quickly.

• Communication is considered as the lifeblood of any business organization.

• So, E-commerce removes any communication gap between the business and
consumer, or between business and business associates or between business and
its employees.

• Good information management enables the top level management to take quick
decisions and make use of the business opportunities at the right time.

• Business organizations are able to send messages worldwide, explore new markets
and reach globally at lower cost.
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• E-commerce helps to attract customers and business clients from anywhere in the
world due to global reach of the internet.

7. Barriers of E-Commerce for SMEs

• The biggest bane of e-commerce is the issue of security.

• People afraid to provide personal information in order to purchase through online
mode.

• Certain websites do not have capabilities to conduct authentic transactions.

• Sales tax is another bigger issue when the buyer and seller are situated in different
locations.

• Computation of sales tax poses problems wen the buyer and seller are in different
states.

• Another factor is that physical stores will lose business if web purchases are free
from tax.

• People afraid to operate in a paperless and faceless electronic world.

• Some of the entrepreneurs do not have physical existence.

• People do not know with whom they are conducting commercial transactions.

• This aspect makes people to opt physical stores of purchases.

• People have to rely on electronic mages to purchase products.

• Sometimes, when the products are delivered, the product may not match with
electronic images.

• Finally, it may not suit the needs of the buyers.

• The lack of touch and feel prevent people from online shopping.

• Differences in culture create obstacles to both the business and the consumers.

• Insufficient telecommunication bandwidth may also pose technical problems.

• It is very difficult to merge electronic business with traditional business.

• Technological infrastructure may be very expensive.

• So, it is necessary to allocate huge funds for technological advancement to remain
competitive in the electronic world.
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8. Conclusion

The rapid changes in telecommunication and computing technologies evidenced in the
internet and World Wide Web have led to a whole new range of business applications,
process and structures. E-business is essential for existing business organizations and
for new entrants. Organizations that do not possess a website are considered to be “brick
and mortar businesses” and organizations that own a web sire are considered to be “click
and order businesses”.
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Abstract

Today’s world, after liberalization and globalization has long roads reaching
out to all parts of the globe the roads are inundated with cars which are now
considered products of necessity rather than products of luxury when we look at
human wants gradually turning into human needs, we are forced to look lat cars
which seem to be indispensable for even middle class people. Marketers have
strategies to produce cars in tune with the modern technology. Customers have
attitudes to purchase them for their comforts. Marketers strategies should be in
harmony with customers’ and an inquisitive study on the consumer’s behaviour
while purchasing a car should be done. As the auto mobile industry in India is
the eleventh largest in the world, marketing the product needs to be analyzed. It
in volver consumer behavior which determines the rise or fale of any industry.
Keeping this in view this research has been taken up with the personal variables like
age, income, education, occupation and the like. The influence of these variables
on the consumer’s perception, their buying behavior and the decision process have
been analyzed.

Keywords: Buying Behavior, Consumer Behavior, Car Buyers.

1. Introduction

Today, business around the world recognizes that ‘the consumer is the king’. Knowing
why and how people consume products helps marketers to understand how to improve
existing products?, what types of product are needed in the market place? or how to
attract consumers to buy their Products? The era of liberalization, privatization and
globalization has brought changes in society and lifestyle of people. Marketers can
justify their existence only when they are able to understand consumers’ wants and
satisfy them. The modern marketing concept for successful management of a firm
requires marketers to consider the consumer as the focal point of their business activity.
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Although it is important for the firm to understand the buyers and accordingly evolve
its marketing strategy, the buyer or consumer continues to be an enigma sometimes
responding the way the marketer wants and on other occasions just refusing to buy the
product from the same marketer. For this reason, the buyer’s mind has been termed as a
black box, which should be opened by the seller to be a successful marketer.

The study of consumer behaviour focuses on how individuals make decision to
spend their available resources (time, money, and effort) on consumption related items?
That includes what, why, when, where, how often they buy it, how they evaluate it
after the purchase and the impact of such evaluation on future purchase. More than
ever before, the need to understand consumers and consumer behaviour has become
a hot topic around the globe, from boardroom and executive suites to universities and
hospitals. The study of consumer behaviour also includes an analysis of factors that
influence purchase decisions and product use.

Understanding how consumers make purchase decisions can help marketing
managers in several ways. For example, if a manager knows through research that
fuel mileage is the most important attribute for a certain target market, the manufacturer
can redesign the product to meet that criterion. If the firm cannot change the design in
the short run, it can use promotion in an effort to change consumer’s decision making
criteria. For example, an automobile manufacturer can advertise a car’s maintenance-
free features while downplaying fuel mileage.

A product can exist in the market only if consumers perceive that it will satisfy their
wants. Moreover, a given product is perceived quite differently, by different consumers.
A child perceives colour television set, as a source of pleasurable entertainment. A
mother may view it as a baby sitter and a teacher as a source of information for students.
A father may view it, as an over priced luxury that prevents him from buying new
durable. For many other consumers this simply does not exist. That is, it has never
entered their field of selective behaviour.

Consumer satisfaction is a psychological feeling or belief that the perceived
performance exceeds the consumer’s expectations about a product. Some products
offer more satisfaction than the others. For example, a house and a car provide
more satisfaction than a toothbrush. A car satisfies the need of owners for a means
of transportation. They also obtain psychological satisfaction from the possession of
products like car.

2. Statement of the Problem & Significance of the Study

The study of consumer behaviour is not altogether a recent activity. It was a relatively
new field of study in the mid-to-late 1960s. It is not possible to anticipate and
react to Consumer’s needs and desires without a complete understanding of consumer
behaviuor. Discovering consumer’s current needs is a complex process but it can
generally be accomplished by direct consumer research.
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Consumer behaviour research goes far beyond these facets of consumer behaviour.
The consumer’s behaviour displayed in searching for, purchasing, using, evaluating,
and disposing of products and services that satisfy their needs. For example, a couple
may experience dissatisfaction with their choice of car, perhaps because of continuing
service problems. They may communicate their dissatisfaction to friends and, in turn,
influence their friends’ future car purchase. They may vow never to buy the same make
or model again, limiting their own future selection decisions. Each of these possible
consequences of consumer’s post-purchase dissatisfaction has significant ramifications
for car marketers, who have to build post-purchase strategies into their promotional
campaigns. Now a day, car has become a necessity and forms a part of life of even the
middle class people. Therefore, there is a significant scope to examine the behaviour
and purchase behaviour of the consumer of cars.

Hence, in the present study, the personal variables like age, income, education,
occupation and the like have been selected and the influence of these variables on
the consumers’ behaviour, their buying behaviour and the decision process have been
analysed.

3. Objectives of the Study

The specific objectives of the present study are

1. To analyse the demographic profile of the sample respondents.

2. To examine the factors influencing the brand choice and choice of dealership.

3. To evaluate the purchase behaviour of the consumer.

4. To identify and analyse the factors influencing the purchase of car.

5. To analyse the level of satisfaction among the respondents and factors associated
with level of satisfaction.

6. To offer a suitable suggestion to improve the consumer satisfaction and choice of
passenger car.

4. Hypotheses

Based on the research objectives, the following null hypotheses were formulated.

1. There is no significant difference between the demographic profile and behaviour
of the product (car).

2. There is no significant relationship between the frequency of changing the car and
the family income among the respondents.
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3. There is no significant relationship between the selected demographic profiles and
level of satisfaction.

4. There is no significant difference between consumers expectation and satisfaction.

5. There is no association between brand of car owned and the problems faced by
the respondents.

5. Scope of the Study

Consumer behaviour is a Complex one. It differs from person to person as well as
product to product. This study aims at identifying the demographic factors influencing
the purchase of a four wheelers, analyse the purchase behaviour of consumers and
examine the level of satisfaction and factors influencing the level of satisfaction. So
this study is responsible for successful survival by the manufactures for easy marketing
of their four wheelers in existing marketer or in a global market. It also helps the
manufacturers for the important areas of satisfaction about their products. Further this
study also helping the Government in formulating some policy or rules and regulations
regarding safety, security and comfort in four wheelers (cars).

6. Methodology

This section attempts to discuss the methodology adopted for the present study.
Designing suitable methodology and selection of analytical tools are important for a
meaningful analysis of any research problem. This section is devoted to a description of
the methodology which includes sample design, collection of data, period of study, and
tools of analysis.

6.1. Sample Design

This study was conducted among the car owners residing in Tirupattur Taluk.
Convenience sampling was used for selecting the sample respondents for primary data
collection. List of four wheelers owners in Tirupattur Taluk obtained from Road
Transport Offices (RTO) at Vaniyambadi and Tirupattur.

6.2. Pilot Study

Before beginning to carry out the present study, the researcher initially conducted a pilot
study in order to find out the feasibility and the relevance of the present study. For this
purpose, the researcher contacted 10 marketing experts from the academic fields and 20
car owners for assessing the significance and validity of carrying out the present research
work. Since the researcher got favourable results from the pilot study, the present study
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has been undertaken.

6.3. Field Work and Collection of Data

The researcher himself carried out the field work for this study. The work was conducted
during the period from January 2019 to May 2019. The researcher used the interview
schedule (Vide Appendix) for the collection of primary data from sample customers
selected for the study. The filled up schedules were checked and edited. The omissions
and commissions in the schedule were rectified on the spot. So there were no rejections
in primary data collection.

6.4. Data Processing

After the completion of data collection, filled up interview schedules were edited
properly to make them ready for coding. The master table was prepared to incorporate
all the information available in the interview schedule. The data were collected from
car owners. The processing of data was done through computer technology packages.

6.5. Period of Study

The survey was carried out from January 2019 to May 2019.

6.6. Tools of Analysis

The following statistical Tools were used to analyse the data. Descriptive statistical
tools such as Percentage, Mean, Median and Standard deviation have been used to
describe the profile of consumers, preferred attributes and level of satisfaction. ANOVA,
t-Test and F-Test have been used to test the significant differences between the groups of
respondents in their behaviour and satisfaction for selected independent variables like
age, sex and income. Chi-square test has been used to test the association between the
consumer demographic characteristics and preferred product attributes and satisfaction.
Multiple regression analysis has been used to study the influence of income and life
style on overall satisfaction level of the respondents. Correlation analysis has been used
to establish the relationship between ‘the factors which influenced the purchase’ and the
factors which favoured the level of satisfaction’. Factor Analysis is employed to identify
the key factors responsible for the consumers’ purchase of cars and level of satisfaction
after purchase. Cluster analysis has been used to identify the consumers with similar
tastes and preferences with respect to purchase of car.

7. Review of Literature

A study by Mandeep Kaur and Sandhu, H.S (2004) 22 entitled “A study on factors
influencing buying behavior of passenger car market” attempts to find out the important
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features which a customer considers while going for the purchase of a new car. It is
also perceived that safety and comfort are the most important features of the passenger
car followed by luxuriousness. So the manufactures must design the product giving
maximum weight age to these factors.

A study by Chidambaram, K., Soundra Rajan, A., and Alfread Mino entitled
(2004) 23 “A study on brand preference of passenger car” postulates that there are
certain factors which influence the brand preferences of the customers while they take
decision to buy passenger cars. Customers give more importance to fuel efficiency than
other factors. They believe that the brand name tells them something about product
quality, utility, technology and the like. They prefer to purchase the passenger cars
which offer high fuel efficiency, good quality, technology, durability and reasonable
price.

A study by Satya Sundaram, I., (2005) 24 entitled “A market survey on new
models heating up the car war” analyses how the competition makes the automobile
manufacturer to launch atleast one new model or a variant of the model every year. He
also pointed out that Diesel cars are becoming popular in India and the announcement
of reductions in excise duties by the Government has helped to some extent to boost the
demand.

Clement Sudhakar, J and Venkatapathy, R (2005) 25 in their study entitled “A
study on automobile purchase-peer influence in decision making” explains that the
influence of peer group in the purchase of car identified friends as the most influencing
peer in the purchase of passenger cars. They also found that the influence of friends is
higher for the purchase of small sized and mid sized cars.

8. Analysis and Interpretation

8.1. Age-wise Classification of Respondents

Age is an important factor to have autonomy of decision making. A product’s need
and interest often vary with the consumer’s age. Marketers have found age as a
useful demographic variable for distinguishing segments. Many marketers have carved
themselves a niche in the market place by concentrating on a specific age segment. Age
wise classification of sample respondents is presented in the following table.

(Source: Primary data)
From the above table, it is observed that, out of the 300 respondents selected for

the study, 34.33 per cent are in the age group of 36 45 years, 19.34 per cent fall in the
age group of 46 55 years, 24per cent are between 25 35 years, 14 per cent are more
than 55 years and the remaining 8.33 per cent are less than 25 years of age. The age
group in between 36 45 years accounts for the highest (34.33 per cent) of the sample
respondents.
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Table 1: Age-wise Classification of Respondents

S. No. Age No. of Respondents Percentage

1. Less than 25 years 25 8.33

2. 25 35 years 72 24

3. 36 45 years 103 34.33

4. 46 55 years 58 19.34

5. Above 55 years 42 14
Total 300 100

Figure 1: Age-wise Classification of Respondents

8.2. Classification of Respondents Based on their Marital Status

Marital status is a major factor which influences the consumption behaviour of the
people. The buying preferences and decision processes vary from married to unmarried.
Classification of sample respondents based on their marital status is presented in the
following table.

Table 2: Classification of Respondents Based on their Marital Status

S. No. Marital Status No. of Respondents Percentage

1. Married 249 83

2. Unmarried 51 17
Total 300 100

(Source: Primary data)
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Figure 2: Classification of Respondents Based on their Marital Status

From the above table, it is clearly understood that 83 per cent of the respondents are
married and 17 per cent of the respondents are unmarried. It is found that majority of
the respondents (83 per cent) are married.

8.3. Educational Qualification of Respondents

Education is directly related to purchasing power and it affects the decision making
process of the consumers. Educational qualification of sample respondents is presented
in the following table. (Source: Primary data)

Table 3: Educational Qualification of Respondents

S. No. Educational Qualification No. of Respondents Percentage

1. No formal education 24 8

2. School level 60 20

3. Under graduate level 116 38.67

4. Post graduate level 46 15.33

5.
Professional
qualification

54 18

Total 300 100

From the above table, it is clearly understood that, out of the total sample
respondents, 38.67 per cent of them are under graduates, 20 percent have school level
education, 18 per cent are professionals, 15.33 per cent are post graduates and 8 per cent
of the respondents have no formal education. It is under stood that the majority of the
respondents (38.67 per cent) are having under graduate qualification.
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Figure 3: Educational Qualification of Respondents

8.4. Occupation-wise Classification of Respondents

Occupation is widely accepted and probably the best documented measure of social
class, because it implies occupational status. One’s occupation provides status and
income. The type of one does or occupation directly influences one’s values and life
style and all aspects of the consumption process. Occupation wise classification of
sample respondents is presented in the following table.

Table 4: Occupation-wise Classification of Respondents

S. No. Occupation No. of Respondents Percentage

1. Business 171 57

2.
Employed in
government service

36 12

3.
Employed in private
organization

47 15.67

4. Professional 24 8

5. House wife 16 5.33

6. Others 6 2
Total 300 100
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Figure 4: Occupation-wise Classification of Respondents

(Source: Primary data)
From the above table 5.5 it is observed that, out of 300 respondents, 57 per cent

are businessmen, 15.67 per cent private employees, 12 per cent government employees,
8 per cent professionals, 5.33 per cent housewives, and the remaining 2 per cent are
students. It is clearly known that the occupation of the majority respondents (57 per
cent) is business.

9. Profile of the Respondent on the Behaviour of Product Purchase

Profile of respondent such as gender, age, educational qualification, marital status,
family income, and occupational status plays an important role in product purchase.
Profile of the sample respondents with brand name, purpose of possession of car, place
of purchase are analysed with the help of the statistical tools namely chi-square test,
cluster analysis and factor analysis,

9.1. Gender and Brand of Car Possessed by the Respondents

Gender plays an important role in the selection of a particular brand of car. In order
to know the relationship between the gender and the brand of car possessed by the
respondents, the following hypothesis is framed.
Null Hypothesis (H0): There is no significant relationship between the brand of car and
the gender among the respondents.

9.2. Analysis of the Level of Satisfaction

With the help of factor analysis, the fourteen product attributes measuring the level of
satisfaction of the respondents after purchase of car were reduced to four factor models
and they are as follows.

Factor 1 Technical Road grip, Pickup, internal space, after sales service and driving
comfort.

Factor 2 External Brand image, attractive model, resale value, latest technology
and status symbol.
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Factor 3 Cost Price, fuel economy.
Factor 4 Service Availability of spare parts, maintenance cost.
The mean and standard deviation provides information on the product attributes

which gives more satisfaction to the consumers. Considering cars, driving comfort
is the prime cause for satisfaction. Next, price influences the level of satisfaction to
a greater extent, availability of spare parts ranks next, followed by fuel economy. The
brand image ranks fifth. It is inferred from the results of ANOVA table, that technical
factor differs at 5 percent level of significance among the respondents of different life
style dimensions, whereas, the other factors like, external cost service do not differ.

It is observed that the external factor differs at 5 percent level of significance
among the respondents of different age groups and educational qualification and the
other satisfaction factors like technical, cost and service do not differ significantly.
From the analysis, it is clearly known that the technical factor differs significantly at
5 percent level of significance and the other factors like external, cost and service have
no significant difference on different income groups of the respondents. The results of
ANOVA describes that there is a highly significant difference between the mileage run
of car and the cost factor at 1 per cent level of significance and that there is significant
difference between the mileage run of car and the service factor at 5 per cent level
of significance and the other two factors like technical and external do not have any
significance.

It is highlighted that consumer satisfaction on cost and service of car is highly
significant at 1 per cent level while the annual maintenance cost and the other two
factors like technical and external do not have any significance. It is concluded that
there is a significant difference between the brand of the car and their satisfaction level
of the technical features and there is a highly significant difference between various
brands of car and external features, cost and service factors among the respondents.

9.3. Suggestions to Marketers and Car Manufacturers

a. It is expected to have service stations at least every 25 kms on National highways.

b. Experienced foremen are needed at all service stations.

c. All service stations should be equipped with spare parts at reasonable cost.

d. Free service can be extended to five years.

e. More space can be provided between seats in all the segments.

10. Conclusion

Consumer Behaviour consist of all human behaviour which reflects in making purchase
decisions. An understanding of the consumer behaviour enables a marketer to take



A. Noor Mohamed and S. Sathiyakumar 171

marketing decisions which are compatible with its consumer needs. There are four
major classes of consumer behaviour determinants and expectations, namely, cultural,
socio-economic, personal and psychological. The socio-economic determinants of
consumer behaviour consist of age, martial status, occupation, education, income,
family size etc. Realizing the importance of four wheeler particularly passenger car
industry in the present economic situation, the researcher has analyzed the behaviours,
and behaviour of consumers related to this product. It is rightly said, yesterdays luxuries
are today’s necessities. The present study is an attempt to evaluate the consumer
behaviour towards four wheelers. This study highlights the various factors which
influence the consumer behaviour towards four wheeler purchase decision and their
behaviour and level of satisfaction. This study is based on primary and secondary data.
This finding of the study will enable the Government and the Automobile industrial
marketers in framing suitable mandates to promote the Automobile industrial market
particularly the passenger car market. It is therefore earnestly hoped that the authorities
will consider the suggestions given in the study.
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There is no Chance for the welfare
of the world unless the condition
of women improve. It is not possible
for a bird to fly on only one wing.

Swami Vivekananda

1. Introduction

The present presentation aims at a study about Women Welfare Schemes in general &
Tamil Nadu in Particular. This work is built upon all the available records like Govt.
orders, Annual reports, working manual & Brochures. The various welfare for Women
schemes by the Govt. of Tamil Nadu implemented since 1989 detailing the allocation
of funds & beneficiaries of the various schemes.

In India numerous steps have been undertaken to provide Constitutional safeguards
& institutional frame work on activities pertaining to Women Welfare. There have
been various shifts in policy approaches during the last fifty years from the concept
of Welfare in the 70s to Development in the 80s & to Empowerment in 90s. Now the
emphasis is one of the inclusion of women in decision making & their participation
Policy formulation level.

2. Social Welfare Schemes

2.1. Government of Tamil Nadu

The Govt. of Tamil Nadu introduced and brought in to enforcement the following
welfare schemes for women.
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1. Moovalur Ramamirtham Ammaiyar Ninaivu Marriage Assistance Scheme.

2. Anjugam Ammaiyar Ninaivu kalappu thirumana uthavi thittam (Inter Caste
Marriage Scheme).

3. Dr. Dharmambal Ammaiyar Thirumana Nidhi udhavi thittam ( widow remarriage
scheme).

4. Dr. Muthulakshmi Reddy Ninaivu Inter caste marriage Assistance Scheme.

5. EVR Maniammaiyar widows daughters Marriage Assistance Scheme.

6. Annai Therasa Orphan girls Marriage Assistance Scheme.

7. National Maternity Benefit Scheme.

8. Tamil Nadu Govt. Girl Child Protection Scheme (Chief Minister’s Girl Child
Protection Scheme).

9. Annai Sathya Ammaiyar’s Govt. Orphanages Schemes.

10. Annai Sathyavani Muthu free supply of sewing machine scheme.

11. Tamil Nadu Govt. Child Adoption scheme.

12. Govt. Service homes.

13. Govt. Working Women Hostels.

1. Moovalur Ramamirtham Ammaiyar Ninaivu Thirumana Nidhi uthavi thittam
Objective of the scheme is to help their financially the poor parents in getting their

daughter’s marriage and to raise their status in the society by giving education to them.
This scheme provides marriage assistance to the poor girls who have attained the age
of 18 years and above should have studied up to X standard and in the case of SC/STs,
they should have studied up to V standard. A Sum of Rs. 25,000/- for non graduates &
Rs. 50,000/- for graduates/ Diploma holders, in addition one Sovereign (8gm) 22 carat
gold coin for making Thirumangalyam.
2. Anjugam Ammaiyar Ninaivu kalappu Thirumana udhavi thittam

The objective of the scheme is to abolish caste & Communal feelings by encouraging
inter caste marriages. The financial assistance to the tune of Rs.10,000/- is given to the
couple who have married in other caste, one of the belonging to a lower caste in society
Rs.20,000/- is paid in cash to one of the spouse belong to SC / ST. The beneficiary of
this scheme should have completed 20 years.
3. Dr. Dharmambal Ammaiyar Thirumana Nidhi udhavi thittam

The objective of the scheme is to encourage Widow Remarriage, to rehabilitate
widows and to raise the status of the women in the society. Cash assistance of Rs.
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25,000/- out of which Rs. 15,000/- is disbursed through ECS & Rs. 10,000/- as NSC
(National savings Certificate) for non graduates and Rs. 50,000/- for the graduates out
of which Rs.30,000/- is through ECS and Rs. 20,000/- NSC, along with one Sovereign
(8gm) 22 carat gold coin.
4. Dr.Muthulakshmi Reddy Ninaivu Inter Caste Marriage Assistance scheme

The Govt. of Tamil Nadu, has been implementing the InterCaste Marriage assistance
scheme to eradicate caste based discrimination and promote social equality. Cash
assistance of Rs.25000/- out of which Rs.15,000/- is disbursed through ECS and
Rs.10,000/- in the form of NSC to non- graduates and Rs.50,000/- for degree holders,
out of which Rs.30,000/- is through ECS and Rs.20,000/- in the form of NSC along with
one Sovereign (8gm) 22 carat gold coin.
5. EVR Maniammaiyar Widows Daughters Marriage Assistance Scheme

Aims to help the poor widowed mothers by providing financial assistance for the
marriage of their daughters. A sum of Rs.25,000/- for non- graduates and Rs.50,000/-
for degree holders along with one Sovereign (8gm) 22 carat gold coin.
6. Annai Therasa Orphan Girls Marriage Assistance Scheme

This scheme helps financially poor orphaned girls to get married. The Govt.
provides financial assistance of Rs.25,000/- for non- graduates and Rs.50,000/- for
degree holders . along with one Sovereign (8gm) 22 carat gold coin. W.e.f 23.05.2016.
7. National Maternity Benefit Scheme

During the period of pregnancy women need rest and protection from over work.
Both Central and State Governments realised the importance of providing leisure and
rich diet to women. Financial assistance to pregnant women was provided by the Govt.
to Compensate for their wage loss a sum of Rs.500/- in cash in one lump sum to each
pregnant women and State Govt. is providing free Nutritious food to pregnant mothers.
( It is available for the first two living children only )
8. Tamil Nadu Govt. Girl Child Protection Scheme

The aim of this scheme is to encourage family planning, to eradicate female
infanticide, to change the parents attitude to prefer a girl Child, under the scheme I for
one girl child a sum of Rs.22,200/- is deposited in the name of girl child .This amount
has been enhanced to Rs.50,000/- in case of the girl child born on or affect 01.08.2011.
Under the scheme II for two girl children a sum of Rs.15,200/- is deposited in the name
of each girl child.
9. Annai Sathya Ammaiyar Govt. Orphanages

For the welfare of the destitute and orphan children ,the Govt. runs 25 orphanages in
the State with the sanctioned strength of 5500 children. The orphan, deserted, destitute
and abandoned children who are in the age group of 5 - 18 yrs are admitted in these
orphanages. The assistance under this scheme is not provided by means of cash but by
means of kind like free accommodation , education ,uniform free text books and medical
facilities.
10. Annai Sathyavani Muthu Free Supply Of Sewing Machine Scheme
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Rehabilitation of destitute widows, deserted wives, socially handicapped women
and physically handicapped men and women is the objective of the scheme. Under this
scheme the Govt. provides free motorized sewing machines, with annual income ceiling
of Rs.72,000/- during 2017 - 18, under the scheme 3312 persons were benefited.

11. Tamil Nadu Govt. Child Adoption scheme

The objective of the scheme is to provide a family for orphaned, abandoned, destitute
and neglected children. License has been issued to 17 adoption agencies in the state.

12. Govt. Service Homes

Widows destitute and orphans, who are helpless and homeless, needed institutional
care. The Government have established service homes in 8 Districts. The service
homes provide accommodation, food health and medical facilities to the inmates. girl
children can stay up to 12th standard ,male children can stay up to 5th standard in the
homes. Girl children were encouraged to take up higher studies for which the Govt.
provides financial assistance of Rs.50000/- pursing professional courses and Rs.30000/-
for Degree courses.

13. Govt. working women hostels

Working women are in need of a safe and secure place to stay at a relatively
affordable cost. The Govt. runs 28 working women hostels in 18 Districts. A sum
of Rs.131.90 lakhs has been provided in the budget estimate of 2018 19.

3. State Awards

1. State awards for girl child

The Govt. has announced a state award for the first time, to recognize and appreciate
the efforts of a girl child ( below 18 yrs of age ) to be given on the National Girl Child
Day 24th January. The award consists of a cash prize of Rs.1.00 lakh along with a
citation.

2. Avvaiyar Award

March 8th, being the International Women’s Day, is a day dedicated to women
across the world. To mark this occasion, the “Avvaiyar Award” is given to one eminent
woman who has rendered excellent service in any one field. A gold medal of 8 gram
(22 carat), cash award of Rs.1.00 lakh as cheque and citation.

3. Independence Day Award

Every year on Independence day, awards for Best Social Worker for outstanding
work done for women was awarded by the government. The beneficiary is given 22
carat gold medal weighing 10 grams and a citation.
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4. Conclusion

The progress of women has always been the central focus in development planning
since 1989 in Tamil Nadu. The national commission for women was set up in 1990,has
a mandate to safeguard the rights and interest of women. The welfare programmes
announced by the govt. of Tamil Nadu were greatly appreciated by mass media. The
Tamil Nadu Government is always committed to securing the dignity and development
of Women.

It is also very important that the benefits of these schemes should reach the really
deserving and eligible women. A committee comprising of the Government Officials
and voluntary agencies may be setup in each districts to review and to constantly
monitor the functioning of the various programmes. Because of poor publicity of the
Welfare Schemes. The rural women are not aware of the schemes and a wide publicity
on women social welfare schemes through mass media may be need to mobilize the
schemes and programmes. The Government by sustained efforts should continue to
device more schemes in order to emancipation of Women is complete and total.
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The period between 1662 AD and 1672 AD was an eventful decade in the history
of the Qutub Shahi Kingdom. A number of dramatic changes took place in the politico-
economic scenario of the kingdom. This is the period when Neknam Khan presided over
the destiny of the QutubShahi territories as supreme commander of the force, Nawab of
Karnataka and Diwan-i-Wizarat.

He kept the helm of affairs at a time when the kingdom was politically shaken and
economically ransacked in the year 1656 AD by Aurangazeb. The heavy amount Bakshi
Begum in her negotiations with Aurangazeb left serious wounds in the economy of
State agreed the deed of submission in 1636 and inqiatnama in 1656. It was to save
the country from the economic bleedings resuscitate the empire by fresh breath that
Neknam Khan had to put up a determined hard and strenuous efforts [1].

Neknam Khan’s original name was Riza Quli Baig. He was a Persian by birth and
hails from Dushmankore situated in the suburban of Noor-i-Kajue. Sources are silent
about the date of birth and the details of the early life of Neknam Khan. However, the
“Hadaiqu’s Salatin” States that his brother who is elder to him was killed on their way
to India leaving the younger one all alone.

How and when and under whose protection, RizaQuliBaig reached India is not
mentioned anywhere. The earliest date known about Neknam Khan is 1663 AD. Next
important date about him is 1656 AD when he was invited to the QutbShahi court by
Sultan Abdullah Qutb Shah after the defection of Mir Jumla to the Mughals. Sources
throw fled of light from 1662 AD to 1672 AD the year of his death [2].

According to “Hadaiqu’s Salatin”, he joined as a trooper of 500 under MullaOviasi
the QutbShahiWazir. RizaQuli served Mulla Oviasi under the orders of Sultan
Abdul Qutub Shah along with other retainers. RizaQuli also passed under Mir
Muhammad Said, thus started the contacts between the two great Wazirs of Qutb Shahi
Kingdom.From 1639 AD to 1656 AD for nearly 17 years, Riza Quli served Muhammad
Said Mir Jumla very faithfully.

During this period, he came into close intimacy who became one of his confederates.
Riza Quli won the confidence of Mir Muhammad Said and rose to a very high position
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under him. He accomplished Mir Muhammad Said in all his campaigns especially
the Karnataka. Unlike Mir Muhammad Said, who took more interest in plunder and
loot, RizaQuli took interest in consolidating the conquest and bringing Karnataka under
the firm grip of Qutb Shahis.A few statements from the Gandikota Kaifiyat provide
us the key to the sequence of events from 1644 AD to 1651 Ad and before in one
place, it is said that Mir Jumla Nawab was ruling and Neknam Khan was in charge of
administration [3].

In the basis of statements and the reference mentioned earlier, the following accounts
may be tentatively taken. It looks that Mir Jumla divided his troops into two divisions,
keeping one under him and entrusting the other to Neknam Khan to proceed further,
whole himself coming towards the East. During 1644 1651 AD Neknam Khan was
busy in this region. The fall of Gandikota materialized in different phases. In the first
phase, PemmasaniTimma Naidu was allowed to continue as ruler in return for payment
of Peshkash, but the major portion of the Gandikota kingdom and neighboring regions
passed under the effective control of the Qutb Shahis [4].

As a reward for him Nekham Khan was made the Subedar of Karnataka region.
Neknam Khan postponed the capture of Gandikoa as it was very strong one possessing
a very powerful cannon called Rama Banam. He waited till Mir Jumla came and finally
captured Fort by cunning and deceiving force and persuasion he was able to restore
peace and law & order in Karnataka region.

He left for Golconda and presented before the king the prisoner Nayakwaris. On
this achievement the Sultan was pleased and bestowed on him the wizarat and elevated
to the position of Diwan-i-Wizarat. In a short time, RizaQuli seemed to ave elevated his
image in the court and won the confidence and affection of the Queen Mother, Hayat
Bakshi Begum. Riza Quli was one of the very few and rare personalities that enjoyed
filial relation with the royal family. In 1662 AD soon after his arrival to Karnataka,
Queen Mother sent him a basket full of mangoes as gift [4].

The second term of the services of Neknam Khan in Karnataka was an eventful
one. This time it was he who accomplished all the conquests both Western and Eastern
Karnataka single handed. Neknam Khan seems to have come into conflict not only with
the rebellious Nayakas but also with the Europeans. From 1662 AD onwards, Neknam
Khan was busy with settling affairs with European especially with the English.

Because of this he was sore at heart for not handing over Mir Jumla’s property by
the company to the Government. Besides this, he felt that the English were making
great profits at the cost of the Government. He decided to leave a narrow margin to
the company, get maximum benefit to the Government. His main idea was to provide a
continuous feeder to royal treasury and replete with deflated treasury [5].

He was waiting for an opportunity to attack the English in 1670 AD when trouble
arose between the English and Portuguese. Neknam Khan went against the English and
fought in this battle; he showed his strength and ability by defeating the English. Having
tested the strength and ability, by defeating the English. Having tasted the strength of
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Nawab, the English accepted once again the authority of the QutbShahi [6].
Though some differences arose in the ensuing peace negotiations, the English had

to accept the terms of Neknam Khan on the whole, and finally a new cowl was granted
to the English in 1672 AD. Neknam Khan is a self-made man; he came to India as
an Orphan and led a checkered life till he sought a soft corner under the Mughal
Commander, Mahbat Khan. Once he joined the QutbShahis, he realized the necessity
of political uprightness for survival. His loyalty to the QutbShahis was entrenching.
He was kind and liberal to his main aim was to serve the king and the kingdom for his
subordinates and people in particular. He was very stern to the rebels. From the position
of a man in the street, he rose to the position of man in the Mansion. He achieved this
height only by virtue of slight forward politics and loyal [7].

During 1656-1658 AD the Karnataka became playground. Probably at the end of
1657-1658 AD the sultan taking notice of the study political situation decided to take
back Karnataka once again on the advice of the senior courtier and also the dowager
queen mother Hayat Bakshi Begum. Sultan Abdullah QutbShahi decided to send
RizaQuli and conferred the title Khan and made him Fauzdar and kept him in charge of
Karnataka.During 1656-1658 AD the Karnataka became playground for free boaters.

The agents of Mir Jumla, Tupaki Krishnappa, Bhale Rao seem to have exercised full
powers and presumed that they will have the support of the imperial Mughals. They
started picking up quarrels with the East India Company; they demanded the company
to handover Mir Jumlas property. The English on the other hand declared it as a seizure
and kept it under their control.

The absence of the mighty men like Mir Jumla gave new hopes to the local
Nayakwaries who revolted against the government. The Karnataka became a strike
torn land in the triangular fight namely the European Companies, Local Nayakwaries
and the agents of Mir Jumla. By 1662 AD he put down the insurrection in Karnataka.
He took rebellions Nayakwaries under control; he seems to have allowed those who
accepted the subordination to the Sultan [8].

During this period, Neknam Khan consolidated his campaigns, tried to restore the
law and order and renovating a number of public works. It seems the privileges of the
traditional guilds that of BukkaPattanam PanchalaPurusha, was also restored. The entire
administration of this region was left to the Neknam Khan. Sources given different
statements in different ways about Neknam Khan and his ole between 1656 AD and
1662 AD the years of Mir JUmlas defection and the year of Neknam Khans appointment
as Nawab of Karnataka. The Kaifiyat states that Neknam Khan was entrusted with
34 Nayakwaries and 4,000 soldiers of TimmaNayaka along with the fort of Gandikota
before leaving for Golconda.

After that the Kaifiyat refers to lot of oppression of the Deva Brahmins and the
Neknam Khan in accordance with the order and permission of Badshah built a village
named after him as Neknamabad at the confluence of Pinakini and Chitrawathi rivers.
Soon after this, the authorities from Golconda sent people to take charge of the fortress
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but Neknam Khan refused and raised an army of 600 for the protection of the Neknam
Khan relieved to his house in Hyderabad, following the defection of Mir Jumla [9].

It further says that after Mir Jumla’s defection ,the Sultan on the advice of the
courtiers appointed Neknam Khan, the incharge of the Karnataka with full powers. The
above two statements seem to be supplementing each other instead of contradicting.
It may be said that Neknam Khan, who was working as Subedar of Karnataka from
the beginning, was the right choice of substitute to the Mir Jumla to be entrusted with
additional responsibility at the time of his leaving Gandikota on Sultan’s instructions.

When the defection of Mir Jumla became public, the local chiefs of this region seem
to have reason in revolt. The rising was so sudden that in the beginning for nearly six
months Neknam Khan did not think it wise to leave the fortress; because the Kaifiyat
says that 600 Arabi soldiers were not paid salaries for nearly six months as there were
no collections during this period.

From this, it may be said that Mir Jumla’s alliance with Mughals might have given
a chance to the local Jameendars and rose in revolt. This is further attested by the
statement of Sir Edward Winter in his letter to Sir Andrew giving an account of the
events that took place from 1659 AD to 1662 AD and it is also said that the negotiations
between Neknam Khan and the English were interceded by an insurrection of Nayaka
[10].

It was during this period that the authorities from Golconda came and demanded
for the handing over of the for. Since it was not advisable to leave the area under such
conditions, Neknam Khan might have refused and resisted the handing over of the fort.
However, subsequently to establish his credibility and his innocence about Mir Jumlas
defection, he might have retired to his house in Hyderabad [11].

When he came to Karnataka, he found it confusion and choice but when he left
the bequeathed a consolidated Karnataka both politically and financially. The services
rendered by Neknam Khan were praised not only during his life time but also after
his death in the year 1672 AD. When he died, a mausoleum was erected and the king
granted the village Mangalavaram for the maintenance of this mausoleum. He was the
man who was remembered and cherished by the people during and after his death.
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1. Introduction

In India, Todas are found only in the Nilgiri District of Tamil Nadu State. Todas
are small community who live on the isolated Nilgiri plateau. The lived there in
aboriginal days that is prior to the early nineteenth century, in co-existence with the
Kotas, Kurumbas and Badagas. Of the various tribes inhabiting the hills, the Todas
excited the greatest interest and this interest has continued, partly because the people
are so different from any other of the races by which they are surrounded but still more
because both they and their customs are so picturesque and in many ways so unique.

P.K. Nambiar concluded that, “Todas are as much south India as any other race
found in the sub continent, though the foreign traces, which can be revealed, can be
found among other tribes also, perhaps to a lesser degree. No doubt Todas represent a
segment of South Indian population which have been isolated for a long time in Nilgiri
hills without any contact with outside influence until the Europeans came on the scene.
Even today Todas have preserved more purity than any other tribe or caste which can be
seen in this country”.

The Toda people boldly say that they have been living in the Nilgiris along with their
belief system since time immemorial. They specially request the visiting researchers not
to play academic games with their origin and migration. Their further request is to write
more on Toda buffaloes than on the Toda people.

2. Rituals

The life cycle of Todas is full of rituals which are very unique in practice and it is difficult
to understand the meaning of the rituals. An attempt has been made to understand in a
simple way the Toda ritual from birth to death. Those rituals are classified under into two
Social rituals and religious rituals. Social rituals are consist of Social paternity, Child
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birth, Face uncovering and naming ceremony, Ear piercing, Initiation and completion of
marriage, Deathfirst and second funeral.

3. Social Paternity

The Toda ceremonies connected with the child birth begin before the birth of the child.
These ceremonies are only performed for the first child. With the ceremony the father
of the child was confirmed and the process of marriage is over.

A woman becoming pregnant is a matter of pride in the Toda society. In her first
pregnancy, during the fifth month, from the day of the new moon she has to spend a
complete lunar month is a temporary ‘hut’ outside her mund. On the day of the new
moon, usually during seventh month of pregnancy the ceremony of social paternity is
performed before delivery of her first child, the bow and arrow ceremony is performed.
It is compulsory to identity the social father of the unborn child. A large number of
Toda invitees from all Toda munds and also special non Toda friends will gather at the
mund of the couple who are to perform this ceremony. The bow and arrow ceremony
ends with a feast and folk dance which is attended by all the male members.

This rite determines the social paternity of the unborn. If a child were born to
a woman who had not been given a bow, it would be a podmox with no patri-clan
affiliation. But after the first child the rite need not be performed again for the paternity
thus established extends to all subsequent children of that woman.

4. Child Birth

A Toda woman delivers her child usually in her own house, where she is attended to by
other Toda women of the mund who have had experience as midwives. After delivery,
the mother and her child is taken out of her mund to the pollution hut. Usually the
mother and child remain 35 days of seclusion. After that on the new moon day the
mother receives butter and butter-milk from the dairy, which event marks the end of the
restriction. To avoid the malign influence of bad star, the husband collects nine forked
sticks and twelve leafy twings and markes a thatch and spreads it in front of the house.
The mother and the child crosses this before entering into their house.

5. Naming Ceremony

Three months after the birth of a child, the child is identified as a social child and the
child’s face is uncovered outside the house for the first time and child is given a name.
The face uncovering can take place only when there is a dairyman officiating in the
hamlet and so On the day chosen for the face uncovering, the priest arose in the early
morning kindles the dairy fire and lights the dairy lamp. A clansman brings the infant,
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to the dairy. As dawn breaks the man kneels at the dairy entrance, touching the childs
forehead and his own to the threshold while the assembled men pray for the infant.

The people use to pray for the child should be well with good health, become a
strong man, catch many buffaloes, good runner, blessed with many children and should
be a rich man. He should visit the dairy temple every day. Finally the name has been
given which is to be new one.

6. Ear Piercing

Traditionally all the Toda boys are expected to have their ears pierced in childhood or
early youth. The ear - piercing rite marks the attainment of ritual maturity. The ear
- piercing ceremony was performed for several youths of a patri-clan together, so that
their parents could share expenses and it used to take place in one of the clan settlements.

In modern times the ear-piercing ceremony is generally performed in a Hindu temple
at Lord Sivan temple near Mullikorai Village. Toda boys wear new dress on ear piercing.
In the presence of his maternal uncle and a men belonged to opposite clan Toda boy ears
pierced. After this each boy bows formally to his elders. Toda girls ears must be pierced
without any ceremony. Her mother’s brother take the girl to the Mariyamman temple
along with a man of opposite clan where her ears are pierced.

7. Initiation and Completion of Marriage

In Toda society, marriage is initiated in childhood and completed at maturity, when the
husband takes his wife from her parental home to his own mund, but in ritual terms the
children are as truly married as the adults. Usually parents arrange marital alliances for
them when they are at the age of two or three years. The children remain with their
parents until maturity, and it is possible that the original alliance will be dissolved and
new one arranged before the young couple being to life together. After selecting a girl,
the boys parents will visit her parents with their son. After mutual consent, the boys
father presents to the girls father a white loincloth, a gift to the girl from the boy. With
this the alliance is fixed. The girls father must provide a dowry after the couples have
begun living together.

8. First Funeral

First Funeral of all the ceremonies, Todas attach much importance to Kedu, the death
ceremony and spend lavishly. The ceremonies are open to all and visitors are after
invited. Todas celebrate two funerals for the deceased person. The first funeral
ceremony at the time of cremation called “pachchai Chavu” and the second funeral
is called as “dry funeral”. The first funeral has been celebrated to express feeling and
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mournful sentiment for the deceased and the second one can be performed with the
object of speeding the general welfare of the friend gone to the unknown country.

After the death of a person, the body is laid on the sleeping bench or cot in his house
and his two fore-toes are tied together with a thread. A one rupee coin is fixed to the
forehead and the deceased in dressed with new cloths and jewellery, which are used by
him or her. The first funeral day is decided by the elders of the clan of the dead. The
female relatives will keep vigil with the body upto the first funeral. Before the funeral
takes place Toda men of the opposite clan of the dead go to a nearby shoal forest and
cut the wood for cremation. It was reported that only two species of wood are collected
for this purpose i.e., Kois and kid.

9. Second Funeral

This is also known as dry funeral or ‘bara kedu’. The second funeral ceremonies are to
all and visitors are often invited by the Todas. The second funeral repeats the rites of the
first funeral. This dry funeral ceremony is commenced with dancing. Twenty to fifty of
the tribe open the ceremony by starting off into a kind of dance. They from themselves
into ranks and dance round and round holding their hands in the left hand. They begin
with steady walk shouting out ha !hoo ! ha! but the pace soon quickens, the steps.

10. Conclusion

Thus the religion of the Todas is highly ritualized with the concept of purity and
pollution around buffaloes dairies, priests, shola forests, natural elements like mountains
rivers, animals and symbolic tales and songs. The younger generation of the Todas do
not know the meaning of rituals but continue to strictly observe ritual practices and to
maintain their dairies, sacred buffaloes and afterworld belief system.
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Habits refer to the way of life of the people and food is an integral part of every
human culture. For several needs, people everywhere could eat the same and some
simple food. But human cultures, over the ages, experiment, innovate and develop
sophisticated cuisines. Cuisines become more than a source of nutrient: they reflect
human knowledge and culture. Food habits of the people differ from place to place
in a country. Indian cuisines have had a profound impact across the world. Various
kind of fusion can be in the food habit of the people. It sometimes becomes a marker
of identity of people who lives in particular region. Food plays very important role in
understanding human culture.

This paper therefore attempts to look into food, as an essential dimension of
culture, to understand culture in Qutb shahis of Golconda during the sixteenth and
seventeenth centuries. It deals with questions relating to cross-cultural connections
through food resources, food management and food habits of the Qutb shahis kingdom.
It concentrates on the eating behaviors from cross cultural perspectives and underline
connections and points of intersections in food resources and food habits of the people
across the Qutb Shahi kingdom.

It also traces the fascinating journey of various food plants from the new world
and integration of food of other countries into India and Indian cuisine respectively in
general and Qutb shahis Kingdom in particular [1]. Food resources in the Qutb shahis
Kingdom were region specific. Agriculture was main occupation of the people. The
area of the kingdom has been divided, agriculturally, into three regions, the Konkani
littoral and western portion of the main plateau and the rest of the land. Each of these
divisions had its distinctive crops. On the whole, Qutb shahis dominions were fertile
and successive travellers have testified to the richness of the soil. However the districts
adjoining Sahyadri range are not so fertile as the other parts of the Deccan plateau.Rice
of various varieties was the main crop of the coastal strip, the best variety of which was
known as jiresal.

Tavernier has given a very favorable opinion on the rice at Vengurla. Besides rice
the other food crops of the coastal territory was ‘nachani’ [2]. It is small millet with not
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much nutritive values. It was cultivated the slopes of hills in soil which was not fit for
rice.Eating habits of the people during Qutb Shahis kingdom can be classified mainly
into vegetarian and non-vegetarian. Muslims were meat-eaters while wheat formed an
important item in their diet.

Altogether the Muslimsdiet was more varied and richer than that of the Hindus.
Isami described the feast arranged for Bahaman Sultans, who were the predecessors to
the Qutb shahis. This description gives information about the died of the rich and well-
to-do. “It was eighth part of the day when the trumpets announced that the banquet was
ready.Silk tapestries were spread and table cloths lay. Leavened and unleavened bread
was kept ready various items of salad were there, green and crisp [3].

Then came roast quail and partridge and roast chicken and roast lamb. Curry-
puffs (samosas) and cooked vegetables were there as accompaniments. Juicy almond
puddings and halwa swere reserved as desert and they were scented with camphor and
musk. The meal ended with distribution of betel by the tambuldar. It was also observed
that Sultan Qul iQutb Shah eats cucumber or boiled eggs and behaves very patiently
if the taste of food was not pleasant. He recorded his observations about the eating
behavior of the Hindus.

The Hindus eat no meat, no cow flesh, no mutton, and no chicken. The banquets
were all on pork: and pigs are in great in abundance. They take their meals twice a day,
but not at night and drink no wine nor meat but with Mohamadans they neither eat nor
drink. Their fare is poor. They eat neither with one another nor with their wives Indian
corn, carrots with oil and different herbs.

Always eating with the right hand, they will never use left hand to anything nor use
a knife; the spoon is un known. In travelling everyone has a stone pot to cook his broth
in. They take care that Mahommedans do not look into their pot, nor see their food,
andshould this happen they will not eat it; some, therefore, hide themselves under a
linen cloth lest they should be seen when eating.

Among the Hindus, the Brahmans and Banias were vegetarians. Their staple food
was rice and millets various pulses, vegetable of all kinds and ghee, other castes of the
Hindus were not forbidden to eat meat or fish. Fish was plentiful in Konkani; it was
eaten fresh and was also salted and dried to be eaten with rice. Fryer noted that boiled
rice, ‘nachany’ [4] and millets were the common food of the ordinary people Nachany
has been considered of not much nutritive values; they ground it into flour and made
bread from it in Golconda and in the “desi jowari” bread with leafy and other vegetables
was the main food of the common man.

Hashmi, the Bijapur poet, put the following in the mouth of a soldier’s wife; one
roti of jowari is enough for me with a handful of cooked spinach. Ghee has always
been regarded as the supreme cooking fat. Cooking in general distinguishes between
restrictive kaccha boiled foods, and fried pucca foods that have wide scope for cultural
transactions. Cardamom flavoring was popular in wide range of dishes, curd rice
flavored with several spices including the cardamom features in a work of Maharashtra
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and an unfired brinjal Baoji in Early Karnataka was camphor and cardamom.
Abbe Carre describes the eating habits of the poor people, I found that they provided

themselves, before starting, with a little rice and dried fish, which cost them hardly
anything in their own Country. This lasted the entire journey, with what they find in the
villages, where they are given fruits and milk, and some millet, from which they make
flour. This is soaked in cold water and made into flat cakes, which are baked over a fire
on iron plates supported by three stones [5].

In certain places they find cast fellows, who are kindly cook them some herbs in
oil or butter, which they eat with these pancakes. Their greatest support, however,
is tobacco, which they are always smoking, so that they devoured more smoke than
anything else. Besides water, they drink toddy, conjee [kanji] and arrack. He further
describes, toddy is a kind of wine, which they extract from palm-trees.

It is the color of milk, has pleasant taste, rather like white wine and is very
refreshing. Conjee is only boiled water with a little rice in it, which is given them on
arrival in any village. There is always a house which keeps this drink ready on the fire
for passers-by who, in the heat and sweat they are in, would probably die if they drank
cold water. Arrack is a spirit made out of toddy, which they distil, as we do brandy.

They mix with it a red root called canja [ganja]; the infusion intoxicates them so
much that they become like lunatics and out of their senses, when they drink it to
excess, though it gives them strength and vigor, if taken in moderation and only as a
refreshment.Various fruits produced in the country and many kinds of preserves formed
part of the diet of the general population, but they were of course not the staple items of
food and their consumption is no indication of the standard of life.

Some food were considered forbidden, ‘fruits, in the Jain view, plucked from a tree
can be eaten, but not those that have fall down; also, very small, seeded varieties like the
fruit of fig family could harbor animal life and are forbidden’ and being an underground
tuber, the carrot was not a food item permitted to Jain monks. However, such restrictions
were religion specific and therefore did not apply to the rest of the people.The sweet
juice of the sugar-cane, as it was crushed in the mill, was a popular beverage [6].

Coffee plants originated in Ethiopia, where the leaves were chewed a sa stimulant.
Arabs introduced coffee planting in SriLanka even before the Dutch invasion in AD
1665, and the same year a plantation in noted in south India. Around A.D 1720 a
Muslim divine, Baba Budan, returned from a pilgrimage to Mecca with seven coffee
seeds, which he grew outside his cave in the Chikmaglur hills in Karnataka. The most
popular post-meal item among all classes was chewing the betel-leaf dressed with lime.

Catechu and betel-nuts; this habit was so popular and so widespread that even
Portuguese men and women also habituated to it. It was not only a post-meal habit rather
people chewed the ‘pan’ at all times of the day and royalty and noblemen had attendants
who accompanied them everywhere with all the necessary materials for preparing pan.
The betel-leaf also entered into the social life of the people. Etiquette demanded that a
host should present his guest with a pan before the latter departed.
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When a king sent an envoy on any mission he usually presented him with a
ceremonial ‘pan’ to wish him success. The ‘pan’ was therefore not just food or digestive,
but was a major ingredient in the ceremonial culture of India.The use of metal utensils
for dining was not common, Hindu meals, traditionally were served on Banana leaves
or on the leaves of the banyan tree which were stitched together by means of fine pieces
of straw or reed cut very thin and sharp, while curries were served in cups made out of
similar leaves.

The Muslims ate their food in a much more elaborate way and made use of metal
utensils and china-ware. China-ware featured prominently in the royal household and
specimens of various types can be seen today in the Bijapur museum. So the import
trade of china-ware was the necessity of the time and it became marker of status for
royal household.Food was also used to pay wages of the workers [7].

Ibrahim Qutb shah might pay to the worker on the construction sites, in the form
of kind, his tomb, the Ibrahim Riza, is a splendid group of building, which according
to Mr. Fergusson, is more elaborately adorned than any in India. It was commenced
soon after. Ibrahims accession to the throne and took thirty-six years to complete, and
according to an inscription the cost was 1,50,000 Huns, or about £52,815; this, however,
represents only the cash expenditure, since the workmen, as pointed out in the Bombay
Gazetteer, (vol. xxiii. P.611), were probably paid in grain [7].

Fusion in the food habit of the people belongs to different region, sects and casts
were observed during the study. Intersections in the food culture are necessarily two
ways, food products and food habits from world outside have been introduced to
Golconda region and on the other hand food products and habits of the region found
their way out, through the European to the rest of world. Indian products and habits
influenced European and Asian foo cultures.

For example, mulled wine in England was made with Indian spice, especially ginger,
and the world tamarind, mentioned above, gives us an indication of the importance of
tamarind outside India.The food culture and food habits in Golconda region were thus
determined by availability of region specific food, demand of certain food from outer
world, and internal as well as external trade. The trade activities through food resources
like sugar, pepper.

Wheat and various kind of fruits, particularly pineapple, papaya, cashew nut and
sharing of after dinner habit of ‘pan’ i.e chewing of betel leaf and smoking of tobacco
through ‘huqqa’ and use of metal utensils and china-ware transformed this region into
convergence of continental food habits. Multi culture groups i.e. Hindu, Muslim and
Christian in Qutb shahis Sultanate and other parts of Deccan came face to face, through
the intersections in food resources and food habits.

They could not maintain an attitude of isolation, distrust or indifference for a
long time. Their Political interests were somewhat different, but social and economic
forces brought them nearer and closer.When social contacts increased, native tastes and
customs were also adopted by the non- native culture groups and vice versa. Remarkable
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influences and fluctuations have been seen over their eating behavior and food habits
during this period.

Food can thus be seen from various perspectives – culture, connections of people
and places and trade. Food habits can also be used to study hierarchies in society, and
class differences, for the kinds of food eaten by the upper and lower classes would be
dictated by economic concerns as much as the same time, tastes changed, with time and
increased productions, as also with imitation of different groups. Food thus becomes a
point of intersection of a great many dimensions.
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