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Abstract

In this paper, we give families of self-dual Z,-codes of Type IV-I and
Type IV-II generated by conference matrices and skew-Hadamard matri-
ces. Furthermore, we give a family of self-dual Zs-codes of Type IV-I
generated by bordered skew-Hadamard matrices.

1 Introduction

In 1994, Hammons et al. showed that certain binary nonlinear codes are the binary
image of linear codes over the Galois ring GR(4, m), an extension ring of Z, = Z/4Z
[7]. Active research on Z4-codes has been undertaken since their paper was published.

The distinct rows of an Hadamard matrix are orthogonal. If we recognize the
entries 1 and —1 of an Hadamard matrix Hy, of order 4n as the elements of Z,, then
the Z,-code generated by Hy, is self-orthogonal. In 1999, Charnes proved that if H;
and H, are H-equivalent, then the Z,-codes generated by H; and H, are equivalent
[3]. Solé showed that if an Hadamard matrix Hy,, has order 4n and n is odd, then the
Z 4-code generated by Hy, is self-dual and equivalent to Klemm'’s code [3]. Charnes
and Seberry considered the Z4-code generated by a weighing matrix W (n,4). They
proved that if n is even, then it is a tetrad code and if it has type 4*~9/22%  then it
is a self-dual code [4].

Self-dual Z,-codes of lengths up to 20 are classified [2, 5, 6, 8, 9]. A Type II
Z 4-code is a self-dual code which has the property that all Euclidean weights are
divisible by 8. A self-dual Z,-code which is not a Type II code is called a Type I
Z-code. A Type IV Z -code is a self-dual code with all codewords of even Hamming
weight. A type IV code which is also Type I or Type II, is called a TypelV-I, or
a Type IV-II code respectively. Two infinite families of Type IV codes are known,
that is, Klemm’s codes and C,,, codes [1, 5].
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In this paper, we give families of self-dual Z4-codes of Type IV-I and Type IV-II
generated by conference matrices and skew-Hadamard matrices. Furthermore we give
a family of self-dual Zs-codes of Type IV-I generated by bordered skew-Hadamard
matrices.

2 Self-dual Z,-codes

An additive subgroup of Z7 is called a Z4-code of length n. We define an inner
product on Z} by a-b = >  a; - b; for vectors @ = (a1, a9, ,a,) and b =
(b1, by, ,by). The dual code C* of a Z,-code C'is defined as C*+ = {x € Z} |z-y =
0 forally € C}. If C C C*, acode C is called self-orthogonal and if C = C+, C' is
called self-dual.

Two codes are permutation-equivalent if one can be obtained from the other
by permuting coordinates. Any Z,-code is permutation-equivalent to a code with

generator matrix of the form
(I, A B
¢= (0 21z, 2D>

where the entries of A and D are in Z, = {0, 1} and the entries of B are in Z,. Then
it contains 4¥12%2 codewords. We say that the code C has type 4*¥12%2. It is known
that if Z,-code C has type 4¥12%2_ then the dual code C* has type 4" *1—F22k2,

Let n;(a) be the number of components of a vector a that are congruent to i
(mod 4),7 = 0,1,2,3. The Hamming weight wtg(a) of a is defined by wtg(a) =
ni(a)+ na(a) +ns(a) and the Euclidean weight wtg(a) of a is defined by wtg(a) =
ni(a) + 4ns(a) + ns(a) .

The Hammimg distance dy(a,d) is defined by wtgy(a — b) and the Euclidean
distance dg(a, b) is defined by wtg(a — b).

The minimum Hamming distance dg of a Z4-code C' is
min{dg(a,b)la,b € C,a # b}
and the minimum Euclidean distance dg of C is
min{dg(a,b)|a,b € C,a # b}.
The highest minimum Hamming weights and the highest minimum Euclidean

weights of Type IV self-dual codes of lengths up to 40, Type IV-I codes of length 56
and Type IV-II codes of lengths 48,56,64 were determined [2].

Klemm’s code K, is given as
K,=R,+2P,=2P,U(e+2P,)

where R, is a repetition code, P, is its dual code, and e is the all-one vector. For
3r <m—1, Cy,, code is given as

Cinr = RM(r,m)+2RM(m —r —1,m)
where RM (r,m) is a Reed-Muller code.
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3 Self-dual Z;-codes of Type IV generated by conference
matrices

If a square matrix H of order n with entries &1 satisfies HH® = nl, then it is called
an Hadamard matrix. An Hadamard matrix H = Hy + I such that Hf = —H,
is called a skew-Hadamard matrix. The distinct rows of an Hadamard matrix are
orthogonal. If we recognize the entries 1 and —1 of an Hadamard matrix Hy, of
order 4m as the elements of Z,, then the Z,-code generated by rows of Hy,, is
self-orthogonal.

In this section, we give families of self-dual Z,-codes of Type IV-I and Type IV-II
generated by conference matrices and skew-Hadamard matrices.

Let g be an odd prime power and GF(gq) be a finite field with ¢ elements. Let x
be a quadratic character of GF(¢q). We let x(0) = 0. A Paley matrix P = (p;;) of
order ¢ is the matrix whose entry p;; is defined by

pij = x(a; — a;)

where a; and a; (0 <14, j < ¢—1) are elements of GF(g). Denote a conference matrix
of order ¢ + 1 by @, that is

where e is the all-one vector.

The followings relations are well-known.
QQ'=ql, Q =x(-1)Q 1)
where [ is the unit matrix.

In what follows, we recognize the entries 1, —1 and 0 of a matrix as the elements
of Z,. We construct families of self-dual Z,-codes of Type IV-I and of Type IV-IL.

Theorem 1. Put N = Q + 21. Define the matriz G as follows:

I N N I
Go= [0 21 20-1) 27
O 0 2 2J-1)

where J is the all-one matriz and O 1is the zero matriz. Then Cq with generator
matric G is a self-dual Z4-code of Type IV.

Proof. From the relations (1), we have NN* = (Q+2I)(Q'+21) = QQ'+2(Q+Q") =
I, 2NN'+21 = O, 2N = 2(J 1), 2N +2(J —I) = O and 2N +2n(J —)+2J = O.
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Hence we have,

I 0 0
Nt 2l 0
Nt 2(J—1)  2I
I 2] 20J-1)

I N N I
O 2 2J-1) 2J
0O o0 2  2J-1)

GGl

2I + 2N N* 2N +2N(J = 1) +2J 2N +2(J - 1)
= | 2N'+2(J—I)Nt* +2J o) )
Nt +2(J — 1) 0 o}

=0.

Since the number of codewords of Cg is 477122+ the number of codewords of
the dual code CF is 44(eFD=(ar)=2Aatl)92(a 1) — 401224+ Hence Cy is a self-dual
Z 4-code.

Gi
Next we shall prove Cg is a Type IV code. Put n = ¢+ 1. Let Gg = | G2
G
where Gy = (I, N,N,I), Go = (0,21,2(J —I),2J) and
U, (5% w1
Ug Vo W39
G3 = (07072172(<] - I)) Put Gl = . s GQ = . and Gg = . . Then
Uy vy, w,

the codeword ¢ of Cy is written as

c= Z apuy, + Zﬁk’vk + Z%’wk
k=1 k=1 k=1

where o, € Z, and B,y € Z2 (1 <k <n).

Let s = [{ag : ap = £1}| and ¢t = [{ay : o, = 2}|. We may assume the first
s coefficients aq, -+ ,a, are odd, and the next ¢ coefficients a1, -+ ,a,; are all
2, and other coefficients are all zero by permuting rows and columns of G;. The
matrices Gy and G3 do not change by further suitable permuting rows and columns

of G5 and Gj.

Then the codeword is written as

K] t n n
!
c= E apug + E O Uy s + E Brvy + E VW
k=1 k=1 k=1 k=1

where ap = +1,(1 < k <) and o, = 2(1 < k < t). Denote the (k,) entry of the
matrix N by N(k,1). Let the vector g, = S0, aptp+3 r_y ahtte = (91,92, - » Gan)-
Then we have

e gi=0wo; (1<i<s),
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® girs =0 (1<i<t),
® girs =0, (1<i<n—(s+1)),
® Givn = Givon = dony N (K, i) + 35, a4 N(s + k,4), (1<i<n),
® giyzn=q;; (1<i<s),
® Giranss =0, (1< <),
® givznisit =0, (1<i<n—(s+1)).
Thus the codeword ¢ = (¢1,¢a, -+, C4p,) 18 given as
e ;i =0y, (1<i<s),
e ciys=a, (1<i<t),
e ci.:=0  (1<i<n—(s+1)),
o Cipn =D poy N (ki) + 304, a4 N(s + ki) +26;, (1 <i<n),
o Civon =Yy apN(k,i) + S5, e N(s + ki) + 28 +26; + 27, (1 < i < n),
® Ciign=0;+ 20420+ 2v;, (1<i<s),
® Ciystan =+ 20+ 27+ 2y, (1<i <1,
® Citsirran =20+ 27+ 2%, (1<i<n—(s+1))
where 8 =3"7_, Brand v =D /_, -

We may prove the Hamming weight of the codeword ¢ is even. Assume that
s # t # 0. We distinguish two cases.

(1) Assume that s =0 (mod 2).
Let

K] t
v =Y opN(k,i)+ Y apN(s+k,i) +25;

k=1 k=1
for 1 <7< s. Then

Citn =T; and  Cipon = 3; + 20+ 2

for 1 <i < s. Notice that the number of even elements in the set {N(k,i):1 <k <
s} is just one and the other elements are all odd. It implies that

Cian=z;=s—1=1 (mod2) and cion=2;+20+2y,=1 (mod 2)
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for 1 <7 <s. Let

s t
yi = aN(k,i)+ Y alN(s +k,i) + 26,

k=1 k=1
for s +1 <4 <mn. Then
Cion =Y and  cipon =y + 208 + 2

for s +1 <4 < n. Since the elements of the set {N(k,7) : 1 < k < s} are all odd for
s+1<i<n,

Cion=v=5=0 (mod2) and ¢, =v+20+2%=0 (mod2)

for s+ 1 < i < n. It is obvious that o) + 26 + 2y + 2945 for 1 < k < ¢t and
20 4 27+ 271 eqe for 1 <k <n— (s+1) are all even. Let

N={i:y=2s+1<i<s+tH+|{i: 1, +204+2y=2,s+1<i<s+1t}
+Hi: 24204+2v+2y=2,5+1<i<s+t}

and

No={i: ys=2,s+t+1<i<n}+|{i: v, +20+2y=2,s+t+1<i<n}
+H{i:204+2y+2y,=2,s+t+1<i<n}.

Notice Nj+ Ny—+t is the number of the components 2 of the codeword ¢. Furthermore,
for j =0,2 and k = 0,1, we define

ik = (Wi vi) : Wi, %) = (G, k), s +1 <i < s+t},

and
= (i, %) - (Wi w) = (G, k), s+t + 1 <i <n}l.
Then
Noo + No1 + 3ngg +ng1, i 268=2y=0,
N, — 27’1,0’1 + 27’L270 + 27’1,2’1, if 26 = 07 2’7 = 2,
1= No,0 + No,1 + 3712,0 + na1, lf Qﬂ = 2, 2’)/ = 07
2ng0 + 2ng + 2ng 1, if 260 =2y =2,
and
2ng, + 2ny 5 + 2nh 4, if 28 =2y =0,
Ny — ngo + noy + 3Ny +ny g, if 286 =0,2y =2,
2T 2np+ 2nh o+ 2nh,, if 26 =2,2y =0,
”6,0 + n()’l + n’w + 3n’2’1, if 26 =2y =2.
We obtain

N1 +N2 =t (mod 2),
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from ng o + 10,1 +n20+n91 =t and ngg+ng, +npy+nh =n—(s+t)=s+t=t
(mod 2). Hence the number N, of non-zero components of the codeword ¢ is given
as

Ne=4s+t+t=0 (mod 2)

since the number of odd components is s + s+ s + s = 4s.

(2) Assume that s =1 (mod 2).
Similarly to the argument in (1),

Cian=z;=5—1=0 (mod2) and c¢ion=2;+20+27% =0 (mod 2)
for1 <i<sand
Cian=vi=s=1 (mod2) and ¢, =v+20+27u=1 (mod?2)
for s+1<i<n. Let
Mi={i:z;=2,1<i<s}+|{i:z;+20+2y=2,1<i<s}
and

My={i:24+20+2v+2y,=2,s+1<i<s+t}
+H{i:2842v+2y=2,s+t+1<i<n}.

Notice that M; + My + t is the number of the components 2 of the codeword ¢. For
j=0,2and k=0,1, we let

and
w=Hi:yu=1s+1<i<s+t} and w=[{i:yi=1s+t+1<i<n}.

It is clear that v = mgp 1 + ma1 + u; + ug and s = mg + Mg + Moo + Mma;1. Then
we have

2mao+mo1 +mo1 +t—u +us =y+t=t (mod 2),

if 28 =2y =0,
2mao+mo1 +mor +u +n—(s+t) —us =t (mod 2),
if 28 =0, 2y =2,

My A+ M, = Mmoo+ 2ma1 +mog+u +n—(s+t) —us =t (mod 2),

2

if 28 =2, 2y =0,
Moo+ 2ma1 + Mmoo+t —up +us =t (mod 2),
if 28 =2y = 2.

Hence the number N, of non-zero components of the codeword c is given as

Ne=2n+t+t=0 (mod 2)
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since the number of odd components is s + (n — s) + (n — s) + s = 2n.

For the case s =0 and t > 0, we put
NM={ity=21<i<n}+{i:y+20+2v=2,1<i<n}
and

Np=[{i:2+268+27+2y=21<i<t}|
+{i:2804+2y+ 2y =2,1<i<n-—t}

Then non-zero components of the codeword ¢ is N; + Ny +t. We can prove N; +
Ny +t =0 (mod 2) similarly to the proof for the case (2). For the other cases that
s>0,t=0,and s =t =0, we can also prove the Hamming weight of ¢ is even.

Theorem 2. The Z,-code Cg is a Type IV-II code if ¢ = 3 (mod 4) and a Type
IV-I code if ¢ =1 (mod 4). Furthermore C¢ contains the all-one vector.

Proof. The Euclidean weight of every row of Gy is 2(¢+ 1) +2-4 = 2¢+2. It implies
that 2¢+2 =0 (mod 8) if ¢ =3 (mod 4) and 2¢+2 =4 (mod 8) if ¢ =1 (mod 4).
The Euclidean weight of every row of G; and G is 8(¢+ 1) and 4(¢+ 1) respectively.
Hence Cq is Type IV-I1 if ¢ = 3 (mod 4) and a Type IV-1 code if ¢ =1 (mod 4).

Let ® =>""  u; + >, v;, that is the sum of all rows of G; and of G,. We see
that "1, u; = (e,3e,3e,e) and Y, v; = (0,2e,2e,0). It yields x = e.

We give the minimum Hamming distance and the minimum Euclidean distance of

Co.

Corollary 1. The minimum Hamming distance of Cg is 2 and the minimum Eu-
clidean distance is 8.

Proof. Lety =wv,+ Y i, w; that is the sum of the last row of G and all rows of
G's. Then

y = (0,2,0,---,0,0,2,---,2, 2e)+ (0,0, 2e, 2e)
= (072707...7072707...7070).

It guarantees there exists a codeword with wtg(y) = 2 and wig(y) = 8. Hence
the minimum Hamming distance is 2 and the minimum Euclidean distance is 8 if
¢ =3 (mod 4). If s =0 (mod 2) and s > 0, then 4-tuple oy, z;, z; + 20 + 27; and
a; + 20 4 2y + 2v; are odd for 1 < i < s. Thus witg(c) > 8. If s =0 and ¢t > 0,
2-tuple o and of + 28 + 2y + 27v,;, (1 < ¢ < t) are 2. Then wtg(c) >2-4. If s=1
(mod 2), the number of the components 2 is even, that is wig(c) > 2-4. It leads to
the case s = 0 and ¢ = 0 if there exists a codeword with witg(c) = 4. It means the
codeword c has only one component 2. It contradicts Cg is a Type IV. Hence the
minimum Euclidean distance of Cg is 8.

It is well known that @ + I is a skew-Hadamard matrix if ¢ = 3 (mod 4). So we
obtain the following theorem.
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Theorem 3. Let H = Hy+ I be a skew-Hadamard matriz of order 4n. Put N =
H+ 1. We define

I N N I

Gs=10 2I 2(J-1) 2J

O O 21 2(J 1)
Then the Z4-code Cg with generator matriz Gg is a self-dual code of Type IV-II. The
minimum Hamming distance is 2 and the minimum Fuclidean distance is 8. If H is
a reqular skew-Hadamard matriz, then Cs contains the all-one vector.

Proof. Since H is a skew-Hadamard matrix, then NN* = HH' + H + H' + 1 =
(4n + 3)1. We prove Cy is a self-dual Z,-code of Type IV and the Euclidean weight
of every row of G is divisible by 8 similarly to the proof of Theorem 1. We establish
that the minimum Hamming distance is 2 and the minimum Euclidean distance is 8
similarly to the proof of Corollary 1. If H is a regular skew-Hadamard matrix, then
the vector & whose component is a column sum of G; = (I, N, N, ) is (e, e, e, e) or
(e,3e,3e, e). Let the vector y = (0, 2e, 2e,0) whose component is a column sum of
Gy = (0,21,2(J —I),2J). Then we obtain the all-one vector e by adding y and =
if necessary.

4 Self-dual Z,-codes of Type IV generated by bordered
skew-Hadamard matrices

In this section, we give an another family of self-dual Z4-codes of Type IV-1. By using
matrices of order 4n + 1 with borders, we construct Z,-codes of length 4(4n + 1).
Denote a skew-Hadamard matrix of order 4n by H. We define the matrices N, X, Y
and Z of order 4n + 1 as follows.

1 2 0 0
N‘(Qef H+I>’ X‘(o 2(J—I)>’

v= ((?t 2(J0— I)> » 2= ((?t 2?]) '

Theorem 4. We define

I N N I
Gp=|0 2 X Z
O O 21Y

Then the Z4-code Cy with generator matriz Gy is a Type IV-I self-dual code.

Proof. We verify that GgGl; = O. Tt is easy to see that 2e(H + I) = 2e, (H +
D(H'+1)= (4n+3)I and 2(H + I)(J — I) = 2(J — I)? = 2J. Then we have

. (1 0 . (0 0
NN _<ot (4n+3)]>’ N _<ot 21)'
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It follows that
2] + 2NNt =2N + NX'+ Zt =2N + V! = O.

Thus we obtain
GuGt, = 0.
Since the number of codewords of Cy is 44712247+ " the number of codewords

of the dual code C is also 4(4n+D22n+1) - Hence Cy is a self-dual Z4-code. The
matrix Gy is written as

1 0 1 2e 1 2e 1 0
00 I 2 H+I 2 H+I 0 I
a. |0 0 2 0 0 0 2 0
A= lot 0 ot 2r 0o 20J-1) 08 2J
0 0 0 0 2 0 2 0

o0 0o o o 0o 2 0 2(J-1)

The generator matrix G is permutation-equivalent to the following matrix

1 1 1 1 O 2e 2e 0
0 2 0 2 0 0 0 0
e 0 0 2 2 0 0 0 0
H= 10t 2¢t 2t 00 I H+I H+I I
o0 0 0o 0 O 20 2J-1) 2J

o0 o0 o o O O 2] 2(J 1)

Since Gy contains the matrix Gg in Theorem 3 as a submatrix, the Hamming weight
of the codeword is even, which is a linear combination of the rows of lower block
of Gy. Tt is clear that the Hamming weight of the codeword which is a linear
combination of upper 3 rows of Gy is even. It holds that the Hamming weight of
the linear combination of Gy is even.

The length of Cy is 4(4n + 1) + 4 =4 (mod 8). Hence Cy is a Type IV-I code.

Corollary 2. The minimum Hamming distance of Cy is 2 and the minimum FEu-
clidean distance is 8.

Proof. Let y be as in Corollary 1 such that wty(y) = 2 and wtg(y) = 8. Thus the
sum of the last row (0,0,0,0,0,2,0,...,0,0,2,...,2,2e) of 5th block (0,0, 0", 0",
21,2(J —I),2J) and all rows of 6th block (0°,0%,0%,0°,0,0,2I,2(J — I)) gives the
codeword of C'y such that the Hamming weight is 2 and the Euclidean weight is 8.
Similarly to the proof of Corollary 1, we obtain that the minimum Hamming weight
of C'y is 2 and the minimum Euclidean weight of Cy is 8.
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Numerical results

We list the Hamming weight distributions of Klemm’s code K1, Cy; code and Cq
code of length 24.

Hamming weight | Klemm’s code | Cy1 code | Cg code

0 1 1 1

2 120 8

4 1820 140 252

6 8008 448 952

8 12870 1350 2118
10 8008 13888 13496
12 1820 33740 31612
14 120 13440 12552
16 32769 2529 4545

The highest minimum Hamming weights and the highest minimum Euclidean

weights of Type IV self-dual codes of lengths up to 40, Type IV-I codes of length
56 and Type IV-II codes of lengths 48,56,64 were determined [2]. The self-dual code
Cy of lengths 20 and 36 in Theorem 4 have the highest minimum Hamming and
Euclidean weights. Furthermore, the self-dual code Cg of length 24 in Theorem 1
has the highest minimum Hamming and Euclidean weight.

References

1]

2]

A. Bonnecaze, P. Solé, C. Bachoc and B. Mourrain, Type II codes over Z4, IEEE
Trans. Inform. Theory 43 (1997), 969-976.

S. Bouyuklieva and M. Harada, On Type IV self-dual codes over Z,, Discrete
Math. 247 (2002), 25-50.

C. Charnes, Hadamard matrices, self-dual codes over the integers modulo 4 and
their Gray images, in: Proc. SETA’98, Discrete Math. and Theoretical Computer
Science, Springer-Verlag, Berlin, 1999, pp. 171-183.

C. Charnes and J. Seberry, Weighing matrices and self-orthogonal quaternary
codes, J. Combin. Math. Combin. Comput. 44 (2003), 85-95.

S.T. Dougherty, P. Gaborit, M. Harada, A. Munemasa and P. Solé, Type IV
self-dual codes over rings, IEEE Trans. Inform. Theory 45 (1999), 2345-2360.

J. Fields, P. Gaborit, J.S. Leon and V. Pless, All self-dual Z, of length15 or less
are known, IEEE Trans. Inform. Theory 44 (1998), 311-321.



188 MIEKO YAMADA

[7] A.R. Hammons, Jr. P.V. Kumar, A.R. Calderbank, N.J.A. Sloane and P. Solé,
The Z,-linearity of Kerdock, Preparata, Goethals, and related codes, IEEE
Trans. Inform. Theory 40 (1994), 301-319.

[8] M. Harada and A. Munemasa, Classification of Type IV self-dual Z,-codes of
length 16, Finite Fields and their Applications 6 (2000), 244-254.

[9] W.C. Huffman, On the classification and enumeration of self-dual codes, Finite
Fields and their Applications 11 (2005), 451-490.

(Received 31 Aug 2007)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENA ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


