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Abstract In this paper, we determine the eigenvalues of a block circulant matrix of type (n, 2) and compute it
for the Hadamard product distance matrix of a cubic graph, particularly.
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1 Introduction

Studying graphs with using related matrices has long been an interesting topic for mathematicians. The Adjacency
matrix, Incidence matrix, Laplacian matrix and Distance matrix are their importance. We refer to [3] for basic
properties of the incidence and the Laplacian matrices. The spectrum these graphs helps researchers to know the
structural properties of graphs. For example, we refer reader to [1,4,9,10].

Throughout this paper all graphs considered are finite, simple and undirected, i.e., graphs on a finite number
of vertices without multiple edges or loops. For a graph G, its vertex set and edge set are denoted by V (G) and
E(G), respectively. The distance matrix is a natural generalization of adjacency matrix. For the graph G with
the vertex set V (G) = {1, 2, . . . , n}, the Distance matrix D(G) is a square matrix of order n whose rows and
columns are indexed by V (G) and D(G)i j = d(i, j), where d(i, j) is length a shortest path between verticse
i, j in the graph G. It is known that if λ is a eigenvavalue of square matrix A, then λk is eigenvalue of Ak , respect
to ordinary product of matrices.
Let A and B be m×n matrices , the Hadamard product A◦B is a matrix of the same order and with elements given
(A ◦ B)i j = Ai j Bi j . Although,the Hadamard product is commutative and simpler than the usual product, but
dose not exist direct relation between their eigenvalues, see [6]. Many authors investigate properties of Hadamard
product for matrices that are related to graphs. For example, Bapat and Sivasubramanian, determine formula for
the determinant of Hadamard product of a distance matrix of a tree, see [2].

The cubic graph Qn is a graph whose vertex set consists of vectors with binary coordinates 0 or 1, where
two vertices are adjacent whenever they differ in exactly one coordinate.
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Let S be a set of q elements and n a positive integer. The Hamming graph H(n, q) has vertex set consisting
of all ordered n-tuples of elements of S, or sequences of length n from S. Two vertices are adjacent if they differ
in precisely one coordinate. In the special case, H(n, 2) is cubic graph. The distance spectrum of a connected
graph is the spectrum of its distance matrix. The study of distance spectrum has received much attention. We can
find distance spectrum of Hamming graph in Theorem 2.2 of [5]. In the case which Hamming graph is cubic,
Jack H. Koolen et al. showed that the cubic graph is determined by its distance spectrum, see [7].

This paper has two sections: In the first section, we define block circulant matrix of type (n, 2) and moreover
determine its eigenvalues.

In the second section, we proved that the matrix D(Qn) is block circulant matrix. In Theorems 2.13 and 2.14
we give formula for eigenvalues of D(Qn) and �(Qn) = D(Qn) ◦ D(Qn), respectively. Also, we compute the
number of positive, negative and zero eigenvalues, that is, the inertia of matrix �(Qn).(see Corollary 2.16)

2 The eigenvales of block circulant matrix of type (n, 2)

The first, we state preliminary properties of 2×2 block matrices. John Silvester in [8], has specified determinants
of these types of matrices , particular the following theorem:

Theorem 2.1 If M =
[

A B
C D

]
where A, B, C, D are matrices of order n and C D = DC, then

det M = det(AD − BC)

Lemma 2.2 If M =
[

A B
B A

]
where A, B are matrices of order n, then

det M = det(A − B) det(A + B)

Proof det M = det

[
A B

B + A A + B

]
. By Theorem 2.1, we have: det M = det(A(A + B) − B(A + B)) =

det(A + B) det(A − B). ��

Theorem 2.3 Let A and B be square matrices of order n, then the eigenvalues of block matrix

[
A B
B A

]
are those

of A + B together with those of A − B.

Proof let M =
[

A B
B A

]
. The eigenvalues of M are roots of characteristic polynomial det(M −λI ). On the other

hand by Lemma 2.2:

det(M − λI ) = det

[
A − λI B

B A − λI

]
= det((A − B) − λI ) det((A + B) − λI ).

Therefore proof is complete. ��
Definition A circulant matrix is a square matrix of order n which has the form

C =

⎡
⎢⎢⎣

c1 c2 c3 . . . cn
cn c1 c2 . . . cn−1
...

...
...

...
...

c2 c3 c4 . . . c1

⎤
⎥⎥⎦ .

In other words, in the circulant matrix C each row vector is rotated one element to the right relative to the
preceding row vector and it is denoted by C = Circ(c1, c2, . . . , cn).

Definition Let A1, A2, . . . , Am be square matrices of order n, a block circulant matrix bcirc(A1, A2, . . . , Am)

of type (m, n) is circulant matrix with the first row consists of blocks A1, A2, . . . , Am .
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40 A. Doostabadi, M. Yaghoobian

Definition The matrix A is called of type C∗ if we can write it the form A = bcir(A1, A2) where the blocks
A1, A2 are block circulant matrix of type (2, n′) for some n′ and this process continues until the blocks are
circulant matrix of order 2. In other words, it is equivalent to say that the matrix A is C∗ if the blocks A1 and A2
are C∗.

Definition The Hadamard product A ◦ B of matrices A, B of the same order m × n( not necessary square) is a
matrix C where an array Ci j of the matrix C is Ai j Bi j .

Lemma 2.4 Assume that A and B are matrices of type C∗, Then the order A (or B) is 2m ×2m for some positive
number m and the matrices A + B, A − B and A ◦ B are of type C∗.

Proof By definition, it is clear. ��
Definition For every positive integer m, we define

F1 =
[

1 1
1 −1

]
Fm+1 =

[
Fm Fm
Fm −Fm

]
.

In the following, we will try to specify arrays of the matrix Fm , particularly
It is clear that the matrix Fm is symmetric and of order 2m × 2m . Put

Fm+1 = [ fi j ] , 0 ≤ i, j ≤ 2m+1 − 1.

Lemma 2.5 With previous symbols in the matrix Fm+1, we have:

(1) fi j = f j i
(2) If 0 ≤ r < 2m, then

fi,2m+r =
⎧⎨
⎩

fir if i < 2m;
− fir if i ≥ 2m.

Corollary 2.6 If 0 ≤ r, s < 2m, then

(1) f2m+r,2m+s = − frs
(2) f2m+r,s = fr,2m+s = frs

Lemma 2.7 For each 0 ≤ i < 2m+1, there exist ordered m + 1-tuple (i0, i1, . . . , im) of numbers 0, 1 such that

i = i0 + i1 × 21 + i2 × 22 + · · · + im × 2m

Proof It is enough to expresse the number i in the base-2 numeral system or binary numeral system. ��
With notations of previous lemma, we define Mi = {l | il 	= 0, 0 ≤ l ≤ m}
Theorem 2.8 If Fm+1 = [ fi j ] where 0 ≤ i, j < 2m+1, then

fi j = (−1)|Mi ∩M j |

Proof By Mathematical Induction on m, if m = 0, then

F1 =
[

f00 f01
f10 f11

]

and M0 = ∅, M1 = {0}. Hence

F1 =
[

1 1
1 −1

]

Suppose that statment is hold for each number up to m, we show it is correct for m + 1. Let

i = (i0, i1, . . . , im) , j = ( j0, j1, . . . , jm)

We consider three cases:
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(1) If im = 0, then i = r < 2m . Therfore, by Corollary 2.6, we have

fi j = fr j = frs = fr,s+2m

where s = j − jm × 2m and since s < 2m , then fi j is a array of the matrix Fm . By induction hypothesis,
frs = (−1)|Mr ∩Ms |.

(Mi = Mr ) ∩ Ms ⊆ Mi ∩ M j ⊆ Mi ∩ (Ms ∪ {m}) = Mr ∩ Ms .

Hence

fi j = frs = (−1)|Mr ∩Ms | = (−1)|Mi ∩M j |

(2) If jm = 0, it is similar to previous case.
(3) Let im = jm = 1. We can write i = r + 2m, j = s + 2m for some 0 ≤ r, s < 2m . By Corollary 2.6, fi j =

− frs and induction hypothesis, frs = (−1)|Mr ∩Ms |. On the other hand, Mi = Mr ∪ {m}, M j = Ms ∪ {m}.
Hence

Mi ∩ M j = (Mr ∩ Ms) ∪ {m}
and

fi j = − frs = (−1)|Mr ∩Ms |+1 = (−1)|Mi ∩M j |.

This completes the proof. ��
For every matrix A, we use of notation A1 for the first column of the matrix A. The following theorem describe
the eigenvalues of the matrices of type C∗.

Theorem 2.9 Let A be a 2m × 2m matrix of type C∗, then there exist a matrix Fm such that � = Fm A1 where
� is column matrix which contains all the eigenvalues of A.

Proof By Mathematical Induction on m, the first, let m = 1, then A = Cir(a, b) and by Theorem 2.3, the
eigenvalues are a + b, a − b. On the other hand

F1 A1 =
[

a + b
a − b

]
= �

Now, suppose that statment is hold for every m, we show it is correct for m + 1. Let A = bcirc(A1, A2) of type
C∗ of order 2m+1 × 2m+1. By Theorem 2.3, the eigenvalues of A are eigenvalues A1 + A2 together with the
eigenvalues A1 − A2. The matrices A1, A2 are of type C∗ and with order 2m ×2m , then by induction hypothesis,
there exist matrix Fm such that � = Fm(A1 + A2)

1 and �′ = Fm(A1 − A2)
1, therefore:

[
�

�′
]

=
[

Fm Fm
Fm −Fm

]
×

[
A1 A2
A2 A1

]1

and proof is complete. ��
Definition For n ≥ 1, the Hypercube graph Qn is a graph whose vertex set is all ordered n-tuple of numbers
0, 1 and two distinct vertices are adjacent if they are different only in one coordinate. For example Q1, Q2 and
Q3 are edge, cycle and qube, respectively.

Remark The vertex set of the graph Qn is given by:

(1) V (Q1) = {v1
1 = 0, v1

1 = 1}
(2) V (Q2) = {v2

1 = (0, 1), v2
2 = (0, 1), v2

3 = (1, 0), v2
4 = (1, 0)}

(3) V (Q3) = {v3
1 = (0, 0, 1), v3

2 = (0, 0, 1), v3
3 = (0, 1, 0), v3

4 = (0, 1, 0), v3
5 = (1, 1, 0), v3

6 =
(1, 1, 0), v3

7 = (1, 0, 1), v3
8 = (1, 0, 1)}
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42 A. Doostabadi, M. Yaghoobian

where the every coordinate of vertices v3
5, v3

6, v3
7, v3

8 is different with the coordinate vertices v3
1, v3

2, v3
3, v3

4,
respectively.

In a similar way, the vertices of the graph Qn+1 are

vn+1
1 = (0, vn

1 ), vn+1
2 = (0, vn

2 ), vn+1
3 = (0, vn

3 ), . . . , vn+1
2n = (0, vn

2n )

and the every coordinate of vertices vn+1
2n+1, v

n+1
2n+2, . . . , v

n+1
2n+1 is different with the coordinate vertices

vn+1
1 , vn+1

2 , . . . , vn+1
2n , respectively.

Definition Suppose that G is a simple graph with vertex set V (G) = {1, 2, . . . , n}, The distance matrix of the
graph G is denoted by D(G) and is a square matrix of order n such that array Di j is d(i, j) where d(i, j) is
distance between vertices i, j in the graph G. For example:

D(Q1) =
[

0 1
1 0

]
D(Q2) =

⎡
⎢⎣

0 1 2 1
1 0 1 2
2 1 0 1
1 2 1 0

⎤
⎥⎦

Theorem 2.10 For n ≥ 1, the distance matrix of hyperqube graph, D(Q2n ) (briefly Dn) is of type C∗.

Proof By using Mathematical Induction, if n = 1, 2, then D1 = Circ(0, 1), D2 = Circ(D1, 2J − D1) where
J is matrix with all arrays 1 and 2J − D1 = Circ(2, 1) and it is hold. Suppose the statment is hold for n, we
will show that it true for n + 1. The first, we label the vertices (0, a2, . . . , an, an+1), (1, a2, . . . , an, an+1) of the
graph Qn+1 with 1, 2, . . . , 2n and 2n + 1, 2n + 2, . . . , 2n+1, respectively. It is clear that the distance between
two vertises is the number different coordinates. Now, we index rows and columns of distance matrix Qn+1 with
1, 2, . . . , 2n, 2n + 1, . . . , 2n+1. Therefore

Dn+1 =
[

Dn (n + 1)J − Dn
(n + 1)J − Dn Dn

]
= bcirc(Dn, (n + 1)J − Dn)

By induction hypothesis and lemma 2.4, Dn+1 is C∗ and proof is complete. ��
Definition Suppose A is a square matrix of order n. The eigenvalues matrix of A is an n ×1 matrix which arrays
are eigenvalues.

Let Dn be distance matrix Qn , we define �n = Dn ◦ Dn and �n,�n for eigenvalues matrix of Dn and �n ,
respectively.

Corollary 2.11 Let Qn be Hypercube graph, then �n = Fn D1
n, �n = Fn�1

n.

Proof It is clear by Theorems 2.4, 2.10 and 2.9. ��
Example Let be �4 = D4 ◦ D4, then the eigenvalues matrix �4 is:

(F4 × �4
1)T = [

80 8 8 8 8 0 8 8 −32 0 0 0 −32 0 −32 −32
]

Lemma 2.12 Let D1
n be the first column of Dn, then

D1
n+1 =

[
D1

n
(n + 1)J 1 − D1

n

]
and �1

n+1 =
[

�1
n

(n + 1)2 J 1 + �1
n − 2(n + 1)D1

n

]

Proof It is clear by definition Hadamard product. ��
Theorem 2.13 Let Dn be distance matrix Qn. Then, the arrays of eigenvalues matrix �n = [�n(i)] where
1 ≤ i ≤ 2n are as follows:

�n(i) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

n2n−1 if i = 1;

−2n−1 if i = 2n − 2k + 1 where 0 ≤ k ≤ n − 1;
0 otherwise.
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Proof We use of Mathematical Induction on n, the first suppose that n = 1, then

�1 = F1 D1
1 =

[
1 1
1 −1

]
×

[
0
1

]
=

[
1 = �1(1)

−1 = �1(2)

]
.

Now, suppose that the statment is true for n, we prove it for n + 1. By Lemma 2.12

�n+1 = Fn+1 D1
n+1 =

[
(n + 1)Fn J 1

2�n − (n + 1)Fn J 1

]

�n+1(i) =
⎧⎨
⎩

(n + 1)(Fn J 1)(i) if 1 ≤ i ≤ 2n;

2�n(i − 2n) − (n + 1)(Fn J 1)(i − 2n) if 2n + 1 ≤ i ≤ 2n+1.

We discuss on the index i :

(1) If i = 1, then �n+1(1) = (n + 1)(Fn J 1)(1) = (n + 1)2n .
(2) If 2 ≤ i ≤ 2n , then �n+1(i) = (n + 1)(Fn J 1)(i) = (n + 1)0 = 0.
(3) If 2n + 1 ≤ i ≤ 2n+1, then:

(i) If i = 2n + 1, then 2�n(1) − (n + 1)(Fn J 1)(1) = 2(n2n−1) − (n + 1)2n = −2n .

(ii) For every 0 ≤ k ≤ n − 1, let ik = 2n+1 − 2k + 1.
It is clear that ik > 2n + 1, hence by induction hypothesis:

�n+1(ik) = 2�n(ik − 2n) − (n + 1)(Fn J 1)(ik − 2n) = 2�n(2
n − 2k + 1) − 0 = 2(−2n−1) = −2n .

Therefor for each 0 ≤ k ≤ n, we have �n+1(ik) = −2n

(iii) Otherwise by induction hypothesis:

�n+1(i) = 2�n(i − 2n) − (n + 1)(Fn J 1)(i − 2n) = 0 − 0 = 0

Therefore, the proof is complete. ��
Theorem 2.14 Let �n = [�n(i)], where 1 ≤ i ≤ 2n. Then

�n(i) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

2n−2n(n + 1) if i = 1;

2�n−1(i) + n2n−1 if i = 2n−1 − 2k + 1 where 0 ≤ k ≤ n − 2;

2�n−1(i) if 1 < i ≤ 2n−1 and i 	= 2n−1 − 2k + 1 for 0 ≤ k ≤ n − 2;

−n2n−1 if i = 2n − 2k + 1 where 0 ≤ k ≤ n − 1;

0 if 2n−1 + 1 < i ≤ 2n and i 	= 2n − 2k + 1 for 0 ≤ k ≤ n − 1.

Proof It is seen clearly for n = 1. We compute for n = 2.

�2 = F2�
1
2 =

⎡
⎢⎣

1 1 1 1
1 −1 1 −1
1 1 −1 −1
1 −1 −1 1

⎤
⎥⎦ ×

⎡
⎢⎣

0
1
4
1

⎤
⎥⎦ =

⎡
⎢⎣

6 = �2(1)

2 = �2(2)

−4 = �2(3)

−4 = �2(4)

⎤
⎥⎦

Now, we show for n + 1. By Lemma 2.12, we conclude

�n+1 = Fn+1�
1
n+1 =

⎡
⎣ 2�n + (n + 1)2 Fn J 1 − 2(n + 1)�n

−(n + 1)2 Fn J 1 + 2(n + 1)�n

⎤
⎦
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(1) If i = 1, then by induction hypothesis

�n+1(1) = 2�n(1) + (n + 1)22n − 2(n + 1)�n(1) = 2�n(1) + 2n(n + 1)

= 2
(
2�n−1(1) + 2n−1n

) + 2n(n + 1)
...

= 2n�1(1) + 2n (n + 1 + n + n − 1 + · · · + 2) = 2n−1(n + 1)(n + 2).

For 1 < i ≤ 2n and by Theorem 2.13
(i) If i = 2n − 2k + 1 where 0 ≤ k ≤ n − 1, then

�n+1(i) = 2�n(i) + 0 − 2(n + 1)�n(i)

= 2�n(i) + (n + 1)2n .

(ii) Otherwise, �n+1 = 2�n(i) + 0 + 0 = 2�n(i).
(3) If i = 2n + 1, then

�n+1(i) = −2n(n + 1)2 + 2(n + 1)�n(1)

= −2n(n + 1)2 + n(n + 1)2n = −2n(n + 1).

For 2n + 1 < i ≤ 2n+1

(i) If i = 2n+1 − 2k + 1 where 0 ≤ k ≤ n − 1, then

�n+1(i) = 0 + 2(n + 1)�n(i − 2n) = −2n(n + 1).

(ii) Otherwise, �n+1(i) = 0.

In view of these observations the proof is complete. ��
Example

�T
3 = [

24 4 4 4 −12 0 −12 −12
]

By Theorem 2.14, we can we can directly list the eigenvalues of �n .

Corollary 2.15

�n(i) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

n(n + 1)2n−2 if i = 1;

2n−1 if i = 2r − 2k + 1 where 1 ≤ r ≤ n − 1 and 0 ≤ k ≤ r − 1;

−n2n−1 if i = 2n − 2k + 1 where 0 ≤ k ≤ n − 1;
0 otherwise

Proof Suppose that i = 2r − 2k + 1, where 1 ≤ r ≤ n − 1 and 0 ≤ k ≤ r − 1. Then, 2r−1 < i ≤ 2r and by
Theorem 2.14, �r (i) = −r2r−1. Moreover

�r+1(i) = 2�r (i) + (r + 1)2r = 2r

Also, for every t > 1, we can conclude �r+t (i) = 2�r+t−1(i). Hence

�r+t (i) = 2�r+t−1(i) = 22�r+t−2(i) = · · · = 2t−1�r+t−(t−1)(i) = 2t−1�r+1(i) = 2r+t−1.

Therefore, �n(i) = �r+(n−r)(i) = 2n−1. Now, assume that i 	= 2r − 2k + 1 for 0 ≤ k ≤ r − 1. Then there exist
a least positive integer s such that 2s−1 < i < 2s , then �s(i) = 0. Also, for every t ≥ 1, we have

�s+t (i) = 2�s+t−1(i) = · · · = 2t�s(i) = 0.

Hence for n ≥ s, �n(i) = �s+(n−s)(i) = 0. ��
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Definition Let A be a symmetric n×n real matrix; the inertia of A is defined to be the triple (ρ, η, θ) where ρ, η,
and θ are respectively the numbers of positive, negative, and zero eigenvalues of the matrix A with multiplicities
counted.

Corollary 2.16 The inertia of the matrix �(Qn) is ( n2−n+2
2 , n, 2n − n2+n+2

2 ).

Let L∗(Qn) = L(Qn)−nI where L(Qn) and I are the Laplacian matrix of the graph Qn and identity matrix,
respectively.

Lemma 2.17

L∗(Qn+1) =
[

L∗(Qn) −I
−I L∗(Qn)

]

Proof First, it is necessary to change the label of vertices of graph Qn as following:
(1) V (Q1) = {v1

1 = 0, v1
1 = 1}

(2) V (Q2) = {v2
1 = (0, 0), v2

2 = (1, 0), v2
3 = (0, 1), v2

4 = (1, 1)}
(3) V (Q3) = {v3

1 = (0, 0, 0), v3
2 = (1, 0, 0), v3

3 = (0, 1, 0), v3
4 = (1, 1, 0), v3

5 = (0, 0, 1), v3
6 = (1, 0, 1), v3

7 =
(0, 1, 1), v3

8 = (1, 1, 1)}
Simillary, for labelling of Qn+1:

V (Qn+1) = {vn+1
i = (vn

i , 0), vn+1
2n+i = (vn

i , 1) where 1 ≤ i ≤ 2n}.
Hence,

L∗(Q1) =
[

0 −1
−1 0

]

and

L∗(Q2) =
⎡
⎢⎣

0 −1 −1 0
−1 0 0 −1
−1 0 0 −1
0 −1 −1 0

⎤
⎥⎦ =

[
L∗(Q1) −I

−I L∗(Q1)

]

Hence, by Induction Mathematical, the result is obtained. ��
Theorem 2.18 Let 	n,	∗

n be eigenvalues matrices of the matrix L∗(Qn) and L(Qn), respectively. Then

	∗
n = Fn L∗(Qn)

1 and 	n = 	∗
n + nJ1

.

Proof It is clear by Theorem 2.9. ��

References

1. Mustapha Aouchiche, Pierre Hansen, Distance spectra of graphs: A survey, Linear Algebra and its Applications 458 (2014),
301–386.

2. R.B. Bapat, Sivaramakrishnan Sivasubramanian, Product distance matrix of a graph and squared distance matrix of a tree, Appl.
Anal. Discrete Math. 7 (2013) 285–301.

3. R.B. Bapat, Graphs and Matrices, second edition, Universitext, Springer/Hindustan Book Agency, London/New Delhi, 2014.
4. D. Cvetkovic, M. Doob, H. Sachs, Spectra of Graphs Theory and Application, third ed., Johann Ambrosius Barth Verlag, 1995.
5. Indulal Gopalapillai, Distance spectrum of graph compositions,ARS mathematica contemporanea,2(1) (2009) 93-100.
6. R.A. Horn, C.R. Johnson, Topics in Matrix Analysis, Cambridge University Press, 1985.
7. Jack H. Koolen, Sakander Hayat, Quaid Iqbal, Hypercubes are determined by their distance spectra, Linear Algebra and its

Applications,505 (2016), 97–108.
8. John R. Silvester, Determinants of block matrices, The Mathematical Gazette 501 (2000), 460–467.
9. Dijian Wang, Yaoping Hou, Zikai Tang, The adjacency spectrum of two new operations of graphs, AKCE International Journal

of Graphs and Combinatorics 15 (2018), 284-290.
10. G. Yu, H. Zhang, H. Lin, Y. Wu, J. Shu, Distance spectral spread of a graph, Discrete Appl. Math. 160 (2012), 2474–2478.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under a publishing agreement
with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is solely governed
by the terms of such publishing agreement and applicable law.

123



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2025-01-24T22:59:48+0530
	Preflight Ticket Signature




