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The log-rank conjecture states that the deterministic communication complexity of a
Boolean function g (denoted by D“(g)) is polynomially related to the logarithm of the
rank of the communication matrix M, where M, is the communication matrix defined by
M,(x, y)=g(x, y). An XOR function G:{0, 1}"x{0, 1}"—{0, 1} with respect to g:{0,
1}"—>{0, 1} is a function defined by G(x, y)= g(x®y). It is well-known that ||g||, = rank
(M) where ||g|lo is the Fourier 0-norm of g, M is the communication matrix defined by
Mq(x, y)=G(x, y), and rank(M) is the dimension of the row space of M over reals. The
log-rank conjecture for XOR functions is equivalent to the question whether the deter-
ministic communication complexity of an XOR function G with respect to a function G
is polynomially related to the logarithm of the Fourier sparsity of g, namely D“(G)=log®
(llgllo) for a fixed constant c. Previously, the log-rank conjecture holds for XOR functions
with respect to symmetric functions, linear threshold functions, monotone functions, AC°
functions, and constant-degree polynomials over F,.

In this paper, we consider a special class of functions called read-k polynomials
over F,. We study the communication complexity of the XOR function G with respect to
a read-k polynomial g. We show that D“(G)=0(kd"log(||g|\)) where d is the F,-degree of
g. By the well-known bound that d < log(||]lo), we conclude that D(G) = O(klog*(||gll0))-
In particular, if &=log”"(|g]l/o), then we have D“(G)=0(log®"(rank(M))).

Keywords: communication complexity, the log-rank conjecture, read-k polynomials, read-k
XOR functions, fourier sparsity

1. INTRODUCTION

One of the main research topics in theoretical computer science is to study the com-
munication complexity of Boolean functions. In his seminal work [18], Yao introduced the
two-party communication model for computing Boolean functions. In this model, two par-
ties Alice and Bob cooperate to compute a function g:XxY—{0, 1}. Alice has an input
xeX, Bob has an input yeY, and they compute the output g(x, y) by exchanging messages.
The least number of message bits they exchange on the worst-case input is the communica-
tion complexity of the function g. If the protocol is deterministic, then we call it determinis-
tic communication complexity of g, denoted by D“(g). The lower bound of D“(g) is stud-
ied by Mehlhorn and Schmidt first. In [14], they showed that D“(g) > log(rank(M,)) where
M, is the communication matrix defined by M,(x, y)=g(x, y) and rank(}/,) is the dimension
of the row space of M, over reals. In 1988, Lovéasz and Saks [8] proposed the log-rank
conjecture which states that there exists a fixed constant ¢ such that D*(g) = log“(rank(1,))
for any Boolean function g. The log-rank conjecture provides a way to study the determin-
istic communication complexity of Boolean functions by calculating the rank of the com-
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munication matrix. Despite its great importance, it is hard to prove the log-rank conjecture.
In [4, 5], it is shown that D“(g) < log(4/3)rank(M,). Recently, in [3], Ben-Sasson, Lovett,
and Ron-Zewi gave a conditional result which shows that D“(g) = O(rank(M,)/log(rank
(M,))) by assuming the Polynomial Freiman-Ruzsa conjecture. In addition, Lovett uncondi-
tionally shows that D“(g) = O(rank(M,))"*log(rank(M,))) [11].

To attack the log-rank conjecture, one may consider some special classes of functions.
In [21], Zhang and Shi studied a special class of Boolean functions called XOR functions
defined as follows.

Definition 1: A function G:{0, 1}"x{0, 1}"—{0, 1} is called an XOR function with re-
spect to a function g:{0, 1}"—>{0, 1} if G(x, y) = g(x®y) for all x, ye {0, 1}". We denote G
by g - &.

There are many interesting XOR functions such as Hamming Distance and Equality.
For an XOR function G with respect to g, an important observation is that the rank of the
communication matrix M is identical to the number of non-zero Fourier coefficients of g.
This number is called the Fourier sparsity of g. and denoted by ||g||o- Now, for any XOR
function G = g - @, the log-rank conjecture is equivalent to the question whether D“(g) =
log“(]|g]lo) for a fixed constant c¢. Based on this observation, the log-rank conjecture for
XOR functions draws much attention recently [6, 7, 9, 10, 13, 15-17, 19-21]. Among these
works, some nice results are obtained and listed below. In [20], Zhang and Shi showed that
the log-rank conjecture holds for symmetric XOR functions. In [13], Montanaro and Os-
borne showed that the log-rank conjecture holds for monotone XOR functions and linear
threshold XOR functions. In [6], Kulkarni and Santha showed that the log-rank conjecture
holds for AC® XOR functions. More recently, in [17], Tsang et al. showed that the log-rank
conjecture holds for XOR functions with respect to constant-degree polynomials over F,. In
these works, many proof approaches are proposed. One of them is the approach based on
parity decision trees which is initiated from [21]. We describe this approach in the next
subsection.

1.1 The Approach Based on Parity Decision Trees

In [13, 21], the authors proposed a good way to study the log-rank conjecture for
XOR functions g * @. In this approach, an efficient parity decision tree (PDT) is designed
to compute G and then is converted into an efficient two-party communication protocol.
The notion of parity decision trees is a generalized notion of traditional decision trees. In
each internal node, a parity decision tree allows one to query the parity of any subset of
input variables while a decision tree only allows one to query just one input variable. The
deterministic parity decision tree complexity of g, denoted by Dg(g), is the least number
of queries required on a worst-case input by a parity decision tree that computes g. It is
known that D“(g » @) < 2 Dg(g). Therefore, in order to prove the log-rank conjecture for
XOR functions, it is sufficient to show that Dg(g) < log?"(||g]ls) for any Boolean func-
tion g. Although parity decision trees provide a nice way to prove the log-rank conjecture,
designing an efficient PDT algorithm for a given function is still challenging.

One way to upper bound Dg(g) is to use the decision tree complexity of g, denoted
by D(g). A well-known fact [2] shows that D(g)=0((deg(g))*) where deg(g) is the degree
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of the Fourier polynomial (over reals) of g, that is deg(g) = max.gu-ole|. Moreover,
Midrijanis showed that D(g) = O((deg(g))’) [12]. From that, one can obtain De(g) < D(g)
< 1og?M(lIgllo) if deg(g) = log”"(||gll). However, some sparse polynomials may have
high degree.

Another approach is based on the degree of the polynomial over F,. Note that every
Boolean function G can be written as a polynomial over F,. Let degy(g) (called F,-degree
of g) denote the minimum degree over these polynomials for computing g. Given any
Boolean function g, it is shown in [1] that the F,-degree of g is at most the logarithm of
its Fourier sparsity, namely degy(g) < logx(||g]lo)- Based on this observation, Tsang et al.
[17] defined the notion of the polynomial rank of Boolean functions and used it to design
an efficient PDT algorithm. The polynomial rank of g is the minimum number  such that
g can be expressed as g=10,g,®...®L,g,Dg, where deg,(£;)=1 and deg,(g;) <deg,(g) for
any i. We denote this minimum integer r as rank(g).

Tsang et al. [17] showed that, for any Boolean function g with F,-degree d, rank(g)
=0(2"og*(||g|l;)). From this, they showed that, for any XOR function G with respect
to a polynomial g with F-degree d, D“(G) = 02 log®*(|g]|))-

As aresult, if G is an XOR function with respect to a constant-F,-degree polynomial
g, then D(G) = log®"(rank(My)). Note that the hidden constant in the exponent of log-
arithm depends on the F,-degree of g.

1.2 Our Results

In this paper, we consider read-k polynomials over F,. Let xy, ..., x,, be Boolean var-
iables. A polynomial over F, is an Exclusive-Or (®) of AND gates on n variables xi, ...,
x,. The F,-degree of a polynomial is defined as the maximum fanin of its AND gates.
The F,-degree of a function g is the minimum degree over these polynomials for compu-
ting g. A polynomial is called a read-k polynomial if each variable appears in at most &
AND gates. We show that, if g is a read-k polynomial with degy(g)=d, then D“(G)=
O(d*klog(||gl;)) where G is the XOR function with respect to g. In particular, if k <
log“(|g]],) for a fixed constant c, then we conclude that D“(G)=0(d*log"'(||g ||,)). There-
fore, for an XOR function G with respect to a read-k polynomial g with degree d and
with £ <1og“()|gll,), our bound on D“(G) is better than the bound of Tsang ef al. [17]. In
addition, if k& < log“(|g|lo), then we conclude that D“(G)=log®"(||g||o). Hence the log-
rank conjecture holds for XOR functions with respect to read-k polynomials with &k <

1og”"([1g1lo)-
1.3 Organization of This Paper
In Section 2, we define read-k polynomials and derive some of its properties. More-

over, some necessary definitions are given there. In Section 3, we prove that the log-rank
conjecture holds for XOR functions with respect to read-k polynomials for small 4.

2. PRELIMINARIES

Let [n] denote the set {1, 2, ..., n}. For a function g:{0, 1}"—{0, 1}, let g":{0,
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1}"—{-1, 1} be the function defined by g'=1-2g. Each Boolean function g:{0, 1}"— {0,
1} can be expressed as a polynomial over F, and let deg,(g) denote the minimum degree
over Fy-polynomials computing g. Let ¢; be the n-bit vector whose ith entry is 1 and the
other entries are all 0. For a Boolean function g:{0, 1}"—{0, 1} and a vector ¢ {0, 1}"\
{0"}, we define the derivative of g with respect to ¢ by Ag(x) = g(x®r)@g(x). An affine
subspace is a set H={0, 1}" such that H=a®V for a vector subspace V{0, 1}" and an
n-bit string a. The dimension of an affine subspace H associated with a vector subspace
is defined by dim(H) = dim(¥) and the co-dimension of H, denoted by codim(#), is de-
fined by codim(H) = n — dim(H).

2.1 Read-k Polynomials Over F,

In this paper, we consider read-k polynomials over F,. A polynomial g(x,, ..., x,)
over F; is an Exclusive-Or (@) of AND gates on n variables xi, ..., x,. A polynomial is
called a read-k polynomial if each variable x; appears in at most £ AND gates. Given an
input xe {0, 1}", we define x'= (xy, ..., Xi-1, X;+1, ..., X,,). The following two lemmas will
be useful in the next section.

Lemma 1: Let g:{0, 1}”—){0,_ 1}, go, 21, &2 10, 11140, 1} be Boolean functions such
that g(x) = x;go(x™")®—(x;)g1(x")Dga(x™). Then A,g(x) = go(x™)Dg1(x7).

Proof: The differentiation of g with respect to e; is as follows.

Ang(x) = g(eDx)Dg(x) _ ,
= (1®x)go(x )@ —(1Dx;)g1(x")Dga(x")Dg(x)
= 2o(x")Dgi(x")Px;go(x )D(1®x;)g1 (x")Dga(x")Dg(x)
= 2(x")Dgi(x")Dg(x)Dg(x)
= go(x)Dg(x7). a

The following lemma is straightforward.

Lemma 2: Given a Boolean function g:{0, 1}"—{0, 1}, if A,g(x) is constant for any i,
then g is a linear function.

2.2 Fourier Analysis

For any binary vector s€ {0, 1}", define y,(x)=(-1)"". Given any function g:{0, 1}"
— R, the Fourier coefficients of g are defined by g(s)=2"Z,f(x) 7,(x). By these coefficients,
each function g:{0, 1}"—R can be written as g(x) = Z8(s)x,(x). For any p > 0, we define
the L, norm of g by ||g]|, = (s 1$(s)P))"?. In the case that p=0, we call ||g||, the Fourier
sparsity of g. For any Boolean function g, its Fourier L; norm is less than or equal to the
square root of its Fourier L, norm. We have the following useful facts and lemma.

Fact 1: For any Boolean function g, ||g]|o < (/[g]lo)"*
Fact 2: Let g* = 1-2g. Then we have g'(s)=—-24(s) if s #0” and 1-2(0") if s =0".
Fact 3: Let g be a Boolean function. If ||g*]|; < 1, then g is a linear function.
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Note that each Boolean function g:{0, 1}"—{0, 1} can be expressed as a polynomial
over F,. One can bound deg,(g) by logarithm of the Fourier zero norm of g by the fol-
lowing well-known fact.

Fact 4: ([1]) For any Boolean function g, deg,(g) < log(||gllo)-
The following lemma is proved implicitly in [17]. We will use it later.

Lemma 3: ([17]) Suppose that, for any Boolean function g:{0, 1}"—{0, 1}, there exists a
vector ce {0, 1}" such that A.g is non-constant. For any b€ {0, 1}", let H, denote an affine
subspace where A.g|;,=b and g,=g|». Then min{||go"|1, |81} < (I€7]]1)/2.

2.3 Deterministic Communication Complexity

Given a function G: {0, 1}"x{0, 1}"—{0, 1}, two parties Alice who holds an input x
and Bob who holds an input y cooperate to compute the output G(x, y) by exchanging
communication bits. The deterministic communication complexity of the function G,
denoted by D“(G), is the the least communication bits which are needed by Alice and
Bob to compute the function G on any input (x, y). Let M denote the communication
matrix defined by Mg = [G(x, »)].,. A well known result of Mehlhorn and Schmidt [14]
shows that log(rank(M;)) < D“(G). In [8], Lovasz and Saks proposed the log-rank con-
jecture which asserts that there is a fixed constant ¢ such that D“(G) < log“(rank(M;))
for any Boolean function G. For an XOR function G with respect to a function g, the
rank of the communication matrix Mg is equal to the Fourier Ly norm of the function g.

Fact 5: ([20]) If G is an XOR function with respect to a function g:{0, 1}"—{0, 1}, then
rank(Mq)= |(g]lo-

2.4 Parity Decision Tree

A parity decision tree (PDT) for a function g:{0, 1}"—>{0, 1} is a binary tree where
each internal node is associated with a linear function and each leaf is associated with an
answer bit. The function value g(x) is computed by a parity decision tree as follows. The
computation starts from the root and follows a path down to a leaf. At each internal node,
one queries the associated linear function and determines which branch to take according
to the answer of the query. Once reaching a leaf, one outputs the associated answer bit as
the function output value g(x). The complexity of deterministic parity decision trees for
computing g(x), denoted by Dg(g), is the least height of PDTs that compute g. For XOR
functions, the relationship between PDT and communication complexity is given in the
following fact.

Fact 6: ([13]) If G is an XOR function with respect to a function g, then D“(G) <2Dg(g).
Given a Boolean function g and an input x, the parity certificate complexity of g on

x is defined by

Cos(g, x) = min{codim(H): H is an affine subspace with xe H and gl is constant}.
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The minimum parity certificate complexity Ce min(g) is defined by
Co, min(g) = min, Ce(g, X).

The connection between Cgp_min(g) and De(g) is provided by Tsang et al. in the following
lemma.

Lemma 4: ([17]) For any Boolean function g:{0, 1}"—{0, 1} and any b€ {0, 1}, if there
exist two non-negative constants ¢y, ¢; such that Cg, min(2)<(degx(g))"'1og™(||gl|»), then Dg

(9)<(degx(g))"“'log™(g]l») and D*(g - ®)<2(degs(g))" “log™(|gll5) where ||g]]s denotes the
Fourier L, norm of g.

3. DETERMINISTIC COMMUNICATION COMPLEXITY OF XOR
FUNCTIONS WITH RESPECT TO READ-K POLYNOMIALS
FOR SMALL K

In this section, we show that the log-rank conjecture holds for every read-k polyno-
mial g over F, with &=log®"(||gllo).

Theorem 1: Suppose that g is a read-k polynomial and degy(g)=d. Then Cg, min(g2)=0O(dk
log(([ll11))-

Proof: Given a subset Sc[n], let Ts(x)=A;csx;. We express g(x) as @;cp, Ts(x) for m sub-
sets Sy, S5, ..., S,c[n] where |{S;: jeS;}| < k for each je[n]. Since deg,(g)=d, we have |S]]
< d for all ie[m]. Suppose g is not a linear function. Otherwise, g can be set as a constant
by only one linear restriction. So, by Lemma 2, there is a vector e; such that A.(g) is
non-constant. Then, by Lemma 1 and the assumption that g is read-k, there exist 1<k
subsets S, ..., S; such that i¢S; and Sju{i} €{S,, ..., S,,} for each je[f], and

Aei(g)(x) = @ie[m]TSi(x)'

Let Xiy 1y ---» Xiq,, be Boolean variables appearing in the function A.(g)(x) where p; <
#(d-1)<k(d-1). For any be{0, 1}, we can set these Boolean variables x;; ., ..., i, as
constants in order to make A.(g)(x)=b. Let v < {0, 1}*' be the binary vector such that
Ax(g) (x)=b for any xe {0, 1}" with (x;, ), ---» Xy, )=V(1, 5)- Define

I_I(l,b):‘{xe {0, l}n: (xi(l, [SLIREET) xiu,p,))zv(l,b)}
and g, » = gluo.» for b {0, 1}. By Lemma 3, there exists a bit &, such that [|g"_ )| <
[1§°111/2. Since g4 is also a read-k polynomial, we repeat the above procedure on g .

Then there exist a bit b,, a set of Boolean variables x;, ), ..., Xi1,p,» @ VECTOT V2, 1€ {0, 1}
with p, <k(d-1), and an affine subspace

H(z, b2)={xe {0, 1 }n: (X,-(z_ 1)p oo x,-(lypz))=v(2, bZ)}
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such that the function gg, 4 defined by g, m=g. »luq,», satisfies that [|g°o, sm)lli</Ig".,
snl[1/2. Repeat the same procedure q times where g= log(||¢"(|;). Then we obtain a series
of functions {g7( 4 i€[q]} such that ||g" 1, pi|[1<IIE G, wol[1/2 and ||, slli<1. Thus, we
conclude that g, 5, is a linear function by Fact 3. Therefore, we only need at most k(d—1)
log(|[g"]|})+1 linear restrictions to set G constant. This implies that

Comin(g) = kd=1)log(([Igll)+1 = O(dklog((lIg]1))
where the last equality holds by Fact 2. d
For small &, we have the following corollaries.

Corollary 1: If g is a read-k polynomial with k<log‘((||g]|;) for a fixed constant ¢ and
with F,-degree d, then Ce, min(g) =O(dlog”"'((|Ig]l))) and D“(g - ®)=0(d*log""'(|g]],)).

Proof: Since k<log‘(||]|,), we have Cemin(g) =O(dlog*"'(||g||;)) by Theorem 1. Now, by
Lemma 4, D“(g - ®)=0(d*log""(||g|)). a

Corollary 2: If fis a read-k polynomial with £<log“((||g]|o) for some constant ¢ and G is
the XOR function with respect to g, then De(g)=log”"(|gll)) and D“(G)=log”"(rank

(Mq)).

Proof: By Theorem 1, Facts 1 and 4, we obtain that Ce_ min(2) =O(log®"*((||]l0)). Now, by
Lemma 4, Facts 4 and 5, D(G)=log“"(||gll))=0(log" *(rank(M))). Q

REFERENCES

1. A. Bernasconi and B. Codenotti, “Spectral analysis of Boolean functions as a graph
eigenvalue problem,” IEEE Transactions on Computers, Vol. 48, 1999, pp. 345-351.

2. H. Buhrman and R. de Wolf, “Complexity measures and decision tree complexity: a
survey,” Theoretical Computer Science, Vol. 288, 2002, pp. 21-43.

3. E. Ben-Sasson, S. Lovett, and N. Ron-Zewi, “An additive combinatorics approach
relating rank to communication complexity,” in Proceedings of the 53rd Annual
IEEE Symposium on Foundations of Computer Science, 2012, pp. 177-186.

4. A. Kotlov and L. Lovasz, “The rank and size of graphs,” Journal of Graph Theory,
Vol. 23, 1996, pp. 185-189.

5. A. Kotlov, “Rank and chromatic number of a graph,” Journal of Graph Theory, Vol.
26, 1997, pp. 1-8.

6. R. Kulkarni and M. Santha, “Query complexity of matroids,” in Proceedings of the
8th International Conference on Algorithms and Complexity, 2013, pp. 300-311.

7. M. L. Leung, Y. Li, and S. Zhang, “Tight bounds on the communication complexity
of symmetric XOR functions in one-way and SMP models,” in Proceedings of the
8th Annual Conference on Theory and Applications of Models of Computation, 2011,
pp- 403-408.

8. L. Lovasz and M. E. Saks, “Lattices, M6bius functions and communication com
plexity,” in Proceedings of the 29th Annual IEEE Symposium on Foundations of



398

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

JEN-CHUN CHANG AND HSIN-LUNG WU

Computer Science, 1988, pp. 81-90.

. T. Lee and S. Zhang, “Composition theorems in communication complexity,” in

Proceedings of the 37th International Colloguium on Automata, Languages and Pro-
gramming, 2010, pp. 475-489.

Y. Liu and S. Zhang, “Quantum and randomized communication complexity of XOR
functions in the SMP model,” Electronic Colloquium on Computational Complexity,
TR13-010, 2013.

S. Lovett, “Communication is bounded by root of rank,” in Proceedings of the 46th
Annual ACM Symposium on Theory of Computing, 2014, pp. 842-846.

G. Midrijanis, “Exact quantum query complexity for total Boolean functions,” arXiv:
quant-ph/0403168, 2004.

A. Montanaro and T. Osborne, “On the communication complexity of XOR func-
tions, arXiv: 0909.3392v2, 2010.

K. Mehlhorn and E. M. Schmidt, “Las Vegas is better than determinism in VLSI and
distributed computing,” in Proceedings of the 14th Annual ACM symposium on The-
ory of Computing, 1982, pp. 330-337.

A. Shpilka, A. Tal, and B. L. Volk, “On the structure of Boolean functions with
small spectral norm,” in Proceedings of the 5th Conference on Innovations in Theo-
retical Computer Science, 2014, pp. 37-48.

X. Sun and C. Wang, “Randomized communication complexity for linear algebra
problems over finite fields,” in Proceedings of the 29th International Symposium on
Theoretical Aspects of Computer Science, 2012, pp. 477-488.

H. Y. Tsang, C. H. Wong, N. Xie, and S. Zhang, “Fourier sparsity, spectral norm and
the log-rank conjecture,” in Proceedings of the 54th Annual IEEE Symposium on
Foundations of Computer Science, 2013, pp. 658-667.

A. C.-C. Yao, “Some complexity questions related to distributive computing,” in
Proceedings of the 11th Annual ACM Symposium on Theory of Computing, 1979, pp.
209-213.

S. Zhang, “Efficient quantum protocols for XOR functions,” in Proceedings of ACM
SIAM Symposium on Discrete Algorithms, 2014, pp. 1878-1885.

Z. Zhang and Y. Shi, “Communication complexities of symmetric XOR functions,”
Quantum Information and Computation, Vol. 9, 2009, pp. 255-263.

Z. Zhang and Y. Shi, “On the parity complexity measures of Boolean functions,”
Theoretical Computer Science, Vol. 411, 2010, pp. 2612-2618.

Jen-Chun Chang (3R1Z18) received the B.S. and M.S. de-
grees in Computer Science and Information Engineering from
National Taiwan University, Taipei, Taiwan, in 1989 and 1991,
respectively. He received his Ph.D. degree in Computer Science
and Information Engineering from National Chiao Tung Univer-
sity, Hsinchu, Taiwan, in 2000. Now he is a Professor of the De-
partment of Computer Science and Information Engineering in
National Taipei University, Taipei, Taiwan. His research interests
include cryptography, coding theory, reliability theory, and algo-
rithms.



THE LOG-RANK CONJECTURE FOR READ-k XOR FUNCTIONS 399

Hsin-Lung Wu (52{55E) received his Ph.D. degree in Com-

ﬁ puter Science and Information Engineering from National Chiao
-~ =" Tung University, Taiwan in 2008. He is currently an Assistant
Professor in the Department of Computer Science and Informa-
Tl tion Engineering at National Taipei University, Taiwan. His main

research interests include design and analysis of algorithms, com-
putational complexity, and information security.




<<
  /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 /Error
  /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.)
  >>
  /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


