2332

IEEE COMMUNICATIONS LETTERS, VOL. 21, NO. 11, NOVEMBER 2017

Hypergraph-Based Binary Locally Repairable Codes With Availability

Jung-Hyun Kim, Student Member, IEEE and Hong-Yeop Song, Senior Member, IEEE

Abstract— We study a hypergraph-based code construction
for binary locally repairable codes (LRCs) with availabil-
ity. A symbol of a code is said to have (r,¢)-availability
if it can be recovered from ¢ disjoint repair sets of other symbols,
each set of size at most r. We refer a systematic code to an
LRC with (r, t);-availability if its information symbols have (r, ¢)-
availability and a code to an LRC with (r, t),-availability if its all
symbols have (r, t)-availability. We construct binary LRCs with
(r, t);-availability from linear r-uniform ¢-regular hypergraphs.
As a special case, we also construct binary LRCs with (r, t),-
availability from labeled linear r-uniform ¢-regular hypergraphs.
Moreover, we extend the hypergraph-based codes to increase the
minimum distance. All the proposed codes achieve a well-known
Singleton-like bound with equality.

Index Terms— Distributed storage systems, locally repairable
codes, hypergraphs, graph-based codes.

I. INTRODUCTION

N THE Big Data era, due to the dramatically increase

of data, distributed storage systems are becoming more
and more important. To ensure reliability against storage
node failures, various coding techniques [1]-[3] have been
employed in the systems. The simplest and most commonly
used way is replication, but it is extremely inefficient in storage
space, equipments, devices, and cost for powering and cooling.
On the opposing side, maximum distance separable (MDS)
codes have minimal storage overhead for a given reliability
requirement, but suffer from inefficiency in repair process.

Motivated by the desire to reduce repair cost of codes for
distributed storage systems, an interesting notion, locality, was
introduced in the literature [4]. More precisely, if a symbol of
a code C can be expressed as a function of at most r other
symbols in C, the symbol is said to have locality . We call
codes having the property locally repairable codes (LRCs) [5].

In addition to the locality, another important property of
LRC:s is the availability [6]. A symbol of a code ( is said to
have (r, t)-availability if it can be recovered from ¢ disjoint
repair sets of other symbols, each set of size at most r.
We refer a systematic code to an LRC with (r, t);-availability
if its information symbols have (r, t)-availability and a code
to an LRC with (r, r),-availability if its all symbols have
(r, t)-availability. An LRC with (r, t),-availability can tolerate
multiple node failures up to ¢ failures in any local repair
process. Moreover, such LRCs with (r, 7)-availability ensure
t + 1 parallel reads for each symbol, which is appealing in
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distributed storage systems containing so-called hot data that
is frequently and simultaneously accessed by many users.

For LRCs with (r, t);-availability, an upper bound on the
minimum distance was presented in [6] under the following
condition. Let C be an [n,k,d], LRC. Every information
symbol of ¢ has ¢ disjoint repair sets, each set of size at most r,
such that any repair set contains only one parity symbol. Then,
the minimum distance d of C is bounded by

d@—k—(?]ﬂﬂ. (1)

A construction of codes which achieve the bound (1) with
equality is also given in [6]. The key of the construction is how
to design suitable binary matrix, called membership matrix,
to obtain additional local parities from original global parities
of a systematic MDS code. Rawat ef al. [6] proposed two
explicit designs of the membership matrix based on resolvable
designs [7] and zigzag codes [8]. Some other designs of the
membership matrix are studied in [9]. From the results of [6],
we can obtain Remark 1.

Remark 1: There are four classes of binary LRCs achieving
the bound (1) as the following. Here, p is a positive integer.

1) Forr |kt [k+ X,k t+ 1], codes.

2) Forr | kt, [k + é + p,k,t +1+ plo codes.

3) For rtkt, [k+ X7, k,t + 115 codes.

4) Forrtkt, [k+ fé] + p,k,t + 1+ ply codes.

Recently, Hao er al. [10] found all the binary LRCs meeting
the bound (1) for # = 1. Hao and Xia [11] showed that regular
low-density parity-check (LDPC) codes with girth greater
than 4 can be used to construct binary LRCs for the class 1).
They proposed three constructions from finite geometry LDPC
codes [12] and array LDPC codes [13]. Based on the same
framework, Su [14] proposed two constructions from circulant
permutation matrices and affine permutation matrices. It is
also noted that, since good binary LDPC codes are constructed
based on combinatorial designs, finite fields, and finite geome-
tries, binary LRCs attaining the bound (1) have connections
with these fields. Wang et al. [15] proposed binary LRCs with
(r, t)q-availability. We can easily check that the codes are a
subset of the class 1). For ¢ > 2, to the best of our knowledge,
any general construction of binary LRCs for the class 2) is
not known yet, and the existence of binary LRCs for the
classes 3) and 4) is open.

In this letter, we focus on binary LRCs for the classes 1)
and 2) for r,t > 2. First, we present a new code construction
utilizing a connection between binary LRC design and the
proper hypergraph design. Based on the construction, we
construct binary LRCs with (r, t);-availability from linear
r-uniform hypergraphs [16] with vertices of degree at least ¢.
In particular, we construct binary LRCs for the class 1) from
linear r-uniform z-regular hypergraphs [16]. We also construct
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binary LRCs with (r, t),-availability using specially designed
hypergraphs with v = ("*/~") vertices. Moreover, we extend
binary LRCs for the class 1) to binary LRCs for the class 2).

The rest of this letter is organized as follows. In Section II,
we first provide a connection between binary LRCs and hyper-
graphs. Then, we propose hypergraph-based binary LRCs with
(r, t);-availability and with (r, t),-availability. In Section III,
we propose extended hypergraph-based binary LRCs.
In Section IV, we conclude the letter.

II. HYPERGRAPH-BASED BINARY LRCS

In [17] and [18], the authors constructed binary LRCs from
simple graphs [16]. We generalize the construction using linear
uniform hypergraphs [16]. A hypergraph is a generalization
of a graph in which an edge can join any number of vertices.
A simple hypergraph is an unweighted, undirected hypergraph
containing no loops or multiple edges. A hypergraph is linear
if it is simple and every two edges shares at most one vertex.
A r-uniform hypergraph is a hypergraph such that every edge
contains r vertices. We first define a hypergraph code and
determine the code parameters and properties such as the code
length, code rate, minimum distance, locality, and availability.

Definition 1: Consider a linear r-uniform hypergraph 4.
In #, the vertices are associated with information symbols,
and the edges are associated with parity symbols. Each parity
symbol is calculated by binary addition of information symbols
contained in the parity symbol. Then, we can convert H into
a code C. We call this code C a r-uniform hypergraph code.

Consider a linear r-uniform hypergraph # with v vertices
and e edges. Then, the corresponding code ¢ has the dimen-
sion v and length v + e. The number of edges e can be
represented by using the degree of vertices. We denote by z;
the degree of i-th vertex in ascending order, i.e. 71 < 72 <
... < 1. Then, e = %Z?:l 7;, and thus, the code length of
Cisv+ >0 7.

Lemma 1: Let C be a [v + %ZLI 7i,0,d]y r-uniform
hypergraph code, and G be a systematic generator matrix of C.
For any s rows in G, we denote by X a row of them and by
W(s) the weight of a row obtained as a result of summing up
all the s rows by column-wise binary addition. Then, W (s) is
greater than or equal to the weight of X.

Proof: Using column and row permutation, we can always
make G to the form G’ in Fig. 1. In G’, the top s rows are
the selected rows, and the first row is X. Consider a submatrix
consisting of the remaining s — 1 rows except x. We can divide
the submatrix into M and My as shown in the figure. Then,
W (s) can be written as follows:

wt (X), for s =1,
Wi(s) =
wt(x) — Wis — 1)+ Wo(s — 1), for2<s <o,

where wt (x) is the weight of x. Wi (s—1) and Wy(s—1) are the
numbers of columns of odd weight in M and M), respectively.
Since M; contains only disjoint non-zero columns and at least
one all-zero column, Wi(s — 1) < s — 1. Since M contains at
least s — 1 columns of weight one, Wo(s — 1) > s — 1. Thus,
we have W(s) > wt(x). [ ]

Theorem 1: Let C be a [v + %ZLI 7i,0,d]y r-uniform
hypergraph code. Then, the minimum distance d of C is 1+ 1.
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Fig. 1. A permuted generator matrix of the hypergraph code.
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Fig. 2. (r, t)-hypergraphs. (a) A (2, 4)-hypergraph; (b) A (3, 2)-hypergraph;
(c) A generator matrix of the code corresponding to (b).
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Proof: Consider a systematic generator matrix G of C.
By Lemma 1, the minimum distance d of C is the minimum
weight of a row in G. Consider a hypergraph # corresponding
to G. The weight of a row in G is one more than the degree
of corresponding vertex in #. Thus, we have d =71 +1. H

Theorem 2: Let C be a [v + %ZLI 7i,0,d]y r-uniform
hypergraph code. Then, C has (r, t1)i-availability.

Proof: Let H be a linear r-uniform hypergraph corre-
sponding to C. Every vertex in # is connected with at least
71 edges. Every edge contains r vertices, and every two edges
shares at most one vertex. Thus, each information symbol
of C has at least 7] disjoint repair sets of cardinality 7. [ ]

A. Hypergraph-Based Binary LRCs With (r, t);-Availability

We first consider linear r-uniform ¢-regular hypergraphs
such that every edge contains r vertices, and every vertex is
contained in 7 edges. In the rest of this letter, we refer to a
linear r-uniform z-regular hypergraph as an (r, t)-hypergraph.
Figure 2(a) and 2(b) show two examples of (r, t)-hypergraphs.
Figure 2(c) is a generator matrix of the code corresponding to
Fig. 2(b).

We note that, for any positive integers r and ¢, the nec-
essary conditions for the existence of an (r, t)-hypergraph on
v vertices are v > t(r —1)+1 and r | oz. For r = 2 and 3, the
necessary conditions are also sufficient. For r = 4, no non-
existence result of an (r, t)-hypergraph on v vertices is known
under the necessary conditions. For » > 5, the necessary
conditions are not sufficient. The detailed information of
existence under the necessary conditions is presented in [7].
It is also proved that an (r, r)-hypergraph on v vertices always
exists with sufficiently large v [19]. One good example is
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Fig. 3. (r, t)-tower hypergraphs. (a) A (2, 2)-tower hypergraph; (b) A (3, 2)-
tower hypergraph; (c) A (4, 2)-tower hypergraph.

v = (""7"). To obtain (r,)-hypergraphs, we can also use
equivalence relations and useful properties in Remark 2.

Remark 2: [7] Consider an (r,t)-hypergraph #H with v
vertices and e edges. Then, the followings are satisfied:

1) # is a (vs, e;)-configuration.

2) H such that A(v — 1) = t(r — 1) for a positive integer

Aisa (v,e,t,r, L)-design.

3) H corresponds to a biregular graph with v vertices of
degree t, e vertices of degree r, and the girth at least 6.
We call this graph the Levi graph of H.

4) The dual of # is a (t, r)-hypergraph with e vertices and
v edges.

5) If we have an (r, t)-hypergraph #H' with v’ vertices and
e’ edges, with H and H' being disjoint, then we can
obtain a new (r,t)-hypergraph H" with v = v + v’
vertices and " = e+ e’ edges by combining H and H'.

Definition 2: Consider an (r, t)-hypergraph H with v ver-
tices and ”7’ edges. In H, the vertices are associated with
information symbols, and the edges are associated with parity
symbols. Each parity symbol is calculated by binary addition
of information symbols contained in the parity symbol. Then,
we can convert H into a code C. We call this code C an
(r, t)-hypergraph code.

We note that a [o + “7', v,d]> (r,t)-hypergraph code has
the minimum distance d = ¢ + 1 by Theorem 1 and (r, t);-
availability by Theorem 2. With the parameters, we can easily
check that (r, t)-hypergraph codes achieve the bound (1).

Remark 3: Using the (2,4)-hypergraph in Fig. 2(a), we
can obtain a [15,5,5]y LRC with (2, 4);-availability. It can
not be obtained from any three constructions in [11] or two
constructions in [14]. Moreover, all the codes in [11] and [14]
are obtained from our construction, and hence, ours is more
general and encompasses those in [11] and [14].

B. Hypergraph-Based Binary LRCs With (r, t)q-Availability
To obtain binary LRCs with (r,f),-availability, we first
define specially designed hypergraphs using vertex labelling.
Definition 3: For given two positive integers r and t, con-
sider a hypergraph H with v vertices labelled using t-subsets
of a (r +1t — 1)-set, that is, v = (r+§71). Connect a subset
of vertices with an edge if and only if all the vertices in the
subset share t —1 indices, and label the edge using the common
indices. We call this hypergraph #H an (r, t)-tower hypergraph.
Figure 3 shows (r,f)-tower hypergraphs for r = 2,3,4
and ¢ = 2 without the labels. Each of them has single tower
structure. A tower forms a dependent set for edges contained
in the tower. That is, each edge in the tower can be represented
by the other edges. For r > 3, an (r, t)-tower hypergraph #
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Fig. 4. A (3, 3)-tower hypergraph with labels. (a) A (3, 3)-tower hypergraph;
(b) A Levi graph representation of (a); (c) A generator matrix of the code
corresponding to (a).

contains multiple tower structures. That is, each edge in A is
contained in ¢+ — 1 towers which are disjoint except for that
edge. Figure 4 shows a (3, 3)-tower hypergraph, its Levi graph
representation, and a corresponding generator matrix.
Definition 4: Consider an (r,t)-tower hypergraph H.
In #, the vertices are associated with information symbols,
and the edges are associated with parity symbols. Each parity
symbol is calculated by binary addition of information symbols
contained in the parity symbol. Then, we can convert H into a
code C. We call this code C an (r, t)-tower hypergraph code.
Consider a (r, t)-tower hypergraph # with v vertices and
e edges. In #, each edge contains r vertices, and each vertex
is contained in ¢ disjoint edges. Thus, % is also an (r,f)-
hypergraph. Since v = (r+;71) and ¢ = % = (r+;71)’
the corresponding (r, t)-tower hypergraph code has the code
length (“:’), code rate #, and minimum distance ¢ + 1.
Theorem 3: Let C be an (r,t)-tower hypergraph code.
Then, C has (r, t)q-availability.
Proof: Since C is also an (r, t)-hypergraph code, C has
(r, t);-availability. Now, we will show every parity symbol
also has (r, r)-availability. Consider a tower hypergraph #
corresponding to ¢ and an edge ¢; in #. For a (t — 2)-subset
of t — 1 indices of ¢;, the number of edges containing the r —2
indices is r + 1, including ¢;. We denote by F' the edge set.
Every vertex contained in any edge in F is shared by only
two edges in F. Thus, all the edges in F form a dependent
set, that is, e; can be recovered by the other r edges in F. The
number of such sets is (;:é) =t — 1, and all the sets share
only ¢;. Since e; can be also recovered by r vertices contained
in e;, e; has total ¢ disjoint repair sets of size r. |
From the proof of Theorem 3, we can expect that, when a
parity symbol is lost, a repair set is selected from the indices
of vertices and edges in the corresponding tower hypergraph.
For example, if an edge with + — 1 indices is lost, we can
choose a set of edges which share + — 2 indices among t — 1
indices of the edge. We can also choose a set of all the vertices
which contain # — 1 indices of the edge.
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TABLE I
HYPERGRAPH CODES AND THEIR POSSIBLE EXTENSIONS

[n, k, d], hypergraph codes ‘ (r, t); -availability ‘ Possible p

[6,3,3],[8,4,3],[10,5,3],[12,6, 3], [14,7, 3] 2,2) 1
[10, 6, 3], 15,9, 3] (3,2) 1
[15,10,3],[18, 12, 3] 4,2) 1
[18,6,5] 2,4 1
[15,5,5],(30, 10, 5] (2,4) 1,2,3
[28,7,7] (2,6) 1,2,3,4,5
[16,8,4],[18,9,4],[20, 10, 4] (3,3) 1,2

III. EXTENDED HYPERGRAPH-BASED BINARY LRCS

We try to find some extensions which increase the minimum
distance of hypergraph codes and also make the extended
codes achieve the bound (1) with equality. Let C be an
[n, k, d]2 (r, t)-hypergraph code and G be the generator matrix
of C. We consider three cases: (1) d is odd. (2) k is odd and
r=2t=k—1.03) k >8,7tk and r =t = 3. For the
first case, we add a column of all ones to G. For the second
case, we add p columns of all ones to G. Here, p is a positive
integer less than or equal to k — 2. For the third case, we add
one column or two columns of all ones to G.

In the extension for case (1), since each row of G has odd
weight, the minimum distance increases by one. To check
the extension for case (2), recall the definition of W(s) in
Lemma 1. From the structure of G, W(s) = s + s(k — s),
and thus, W(s) has the smallest value when s = 1, k and the
second smallest value when s = 2, k—1. Since W(2)—W(1) =
k — 2, the minimum distance increases by p, | < p <k —2.
Similarly, in the extension for case (3), from the structure of G,
it is easy to see that W (s) has the smallest value 4 when s = 1
and the second smallest value > 6 when s = 2. Thus, the
minimum distance increases by one or two.

Based on the extensions, we call the extended code with
p columns of all ones a p-extended hypergraph code. If there
are two extended hypergraph codes, [n1, k1, d]> pi-extended
(r, t)-hypergraph code and [n3, ks, d]> pa-extended (r,f)-
hypergraph code, using Remark 2-5), we can also obtain
[n1 + na, k1 + ko, d]o p-extended (r, t)-hypergraph codes for
any positive integer p, 1 < p < min(py, p2).

We confirmed that the extensions work well by a computer
simulation. Table I shows some examples of them.

IV. CONCLUSIONS

We proposed a hypergraph-based code construction for
binary LRCs with availability. From the construction, if we
have an (r, t)-hypergraph, we can construct a binary LRC with
(r, t);-availability. The necessary conditions for the existence
of an (r,r)-hypergraph were presented. As a special case,
we can construct binary LRCs with (r, t),-availability from
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(r, t)-tower hypergraphs. For given r and t, an (r, t)-tower
hypergraph always exists. We also proposed extended hyper-
graph codes to increase the minimum distance. Interestingly,
all the proposed codes attain the bound (1) with equality. As a
future work, one may obtain binary LRCs with more various
parameters using new equivalence relations and useful graph
properties. The existence problem of two remaining classes in
Remark 1 for r,¢# > 2 is also an interesting topic.

REFERENCES

[1] M. Gerami, M. Xiao, and M. Skoglund, “Two-layer coding in distributed
storage systems with partial node failure/repair,” IEEE Commun. Lett.,
vol. 21, no. 4, pp. 726729, Apr. 2017.

[2] M. Gerami, M. Xiao, J. Li, C. Fischione, and Z. Lin, “Repair for
distributed storage systems with packet erasure channels and dedicated
nodes for repair,” IEEE Trans. Commun., vol. 64, no. 4, pp. 1367-1383,
Apr. 2016.

[3] M. Gerami, M. Xiao, and M. Skoglund, “Partial repair for wireless
caching networks with broadcast channels,” IEEE Wireless Commun.
Lett., vol. 4, no. 2, pp. 145-148, Apr. 2015.

[4] P. Gopalan, C. Huang, H. Simitci, and S. Yekhanin, “On the locality
of codeword symbols,” [EEE Trans. Inf. Theory, vol. 58, no. 11,
pp. 6925-6934, Nov. 2012.

[5] D. S. Papailiopoulos and A. G. Dimakis, “Locally repairable codes,”
IEEE Trans. Inf. Theory, vol. 60, no. 10, pp. 5843-5855, Oct. 2014.

[6] A.S. Rawat, D. S. Papailiopoulos, A. G. Dimakis, and S. Vishwanath,
“Locality and availability in distributed storage,” IEEE Trans. Inf.
Theory, vol. 62, no. 8, pp. 4481-4493, Aug. 2016.

[7] C.J. Colbourn and J. H. Dinitz, Handbook of Combinatorial Designs.
Boca Raton, FL, USA: CRC Press, 2007.

[8] 1. Tamo, Z. Wang, and J. Bruck, “Zigzag codes: MDS array codes with
optimal rebuilding,” /EEE Trans. Inf. Theory, vol. 59, no. 3, pp. 1597-
1616, Mar. 2013.

[9]1 Y.-S. Su, “Design of membership matrices for (r, t)-availability in dis-

tributed storage,” in Proc. IEEE Int. Symp. Inf. Theory (ISIT), Jul. 2016,

pp. 998-1002.

J. Hao, S.-T. Xia, and B. Chen, “Some results on optimal locally

repairable codes,” in Proc. IEEE Int. Symp. Inf. Theory (ISIT), Jul. 2016,

pp. 440-444.

J. Hao and S.-T. Xia, “Constructions of optimal binary locally repairable

codes with multiple repair groups,” IEEE Commun. Lett., vol. 20, no. 6,

pp. 1060-1063, Jun. 2016.

Y. Kou, S. Lin, and M. P. C. Fossorier, “Low-density parity-check codes

based on finite geometries: A rediscovery and new results,” IEEE Trans.

Inf. Theory, vol. 47, no. 7, pp. 2711-2736, Nov. 2001.

M. P. C. Fossorier, “Quasicyclic low-density parity-check codes from

circulant permutation matrices,” IEEE Trans. Inf. Theory, vol. 50, no. 8,

pp. 1788-1793, Aug. 2004.

Y.-S. Su, “On constructions of a class of binary locally repairable codes

with multiple repair groups,” IEEE Access, vol. 5, pp. 3524-3528, 2017.

A. Wang, Z. Zhang, and M. Liu, “Achieving arbitrary locality and

availability in binary codes,” in Proc. IEEE Int. Symp. Inf. Theory (ISIT),

Jun. 2015, pp. 1866-1870.

C. Berge, Graphs Hypergraphs.

North-Holland, 1973.

J.-H. Kim, M.-Y. Nam, and H.-Y. Song, “Binary locally repairable

codes from complete multipartite graphs,” in Proc. Int. Conf. ICT

Converg. (ICTC), Oct. 2015, pp. 1093-1095.

J.-H. Kim, M.-Y. Nam, K.-H. Park, and H.-Y. Song, “Optimal binary

locally repairable codes with joint information locality,” in Proc. IEEE

Inf. Theory Workshop (ITW), Oct. 2015, pp. 54-58.

M. Bras-Amords and K. Stokes, “The semigroup of combinator-

ial configurations,” Semigroup Forum, vol. 84, no. 1, pp. 91-96,

Jan. 2012.

[10]

(11]

[12]

[13]

[14]

[15]

[16] Amsterdam, The Netherlands:

[17]

(18]

[19]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


