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Abstract— This paper shows a method to find a lin-
ear transformation that reduces the number of vari-
ables to represent a given incompletely specified index
generation function. It first generates the difference
matrix, and then finds the minimal set of variables us-
ing a covering table. Linear transformations are used
to modify the covering table to produce a smaller so-
lution.

I. INTRODUCTION

Index generation functions [12] are useful in network
applications [5] and pattern matching including computer
virus scanning engines [4].

In many cases, functions must be updated frequently.
Thus, a memory-based architecture is desirable for the
implementation. To reduce the size of the memory to
implement index generation functions, a linear decompo-
sition shown in Fig. 1.1 is quite effective [14]. When a
given function is defined for only & input combinations
and k£ << 27, the number of variables for the general
part can be often reduced. To find a good decomposition,
we use a linear transformation to reduce the number of
variables p for the general part. In many cases, by this,
the size of the LUT for the general part is drastically re-
duced.

In this paper, we show a new method to find a linear
transformation that reduces the number of variables to
represent a given incompletely specified index generation
function. The rest of the paper is organized as follows:
Section 2 defines index generation functions; Section 3
shows a method to reduce the number of variables; Section
4 introduces a difference matrix to reduce the number of
variables; Section 5 shows a method to reduce variables
using a linear transformations; Section 6 shows a heuristic
method to find a good linear transformation; Section 7
shows experimental results; and Section 8 summarizes the

paper.

II. INDEX GENERATION FUNCTION

Definition 2.1 Consider a set of k different vectors of
n bits. These vectors are registered vectors. For each
registered vector, assign a unique integer from 1 to k. A

TABLE 2.1
REGISTERED VECTOR TABLE
Vector Index
Iy T2 I3 T4 Iy
1 0 0 0 0 1
0O 1 0 0 0 2
0O o0 1 0 0 3
O 0O o0 1 0 4
0O 0 o0 0 1 5

registered vector table shows an index for each regis-
tered vector. An incompletely specified index gener-
ation function produces a corresponding index when the
input vector matches a registered vector. Otherwise, the
value of the function is undefined (d, don’t care). The in-
completely specified index generation function represents
a mapping M — {1,2,...,k}, where M C B™ denotes the
set of registered vectors. k is the weight of the function.

Example 2.1 Consider the registered vectors shown in
Table 2.1. These vectors show an index generation func-
tion with weight k = 5. ]

III. NUMBER OF VARIABLES TO REPRESENT
INCOMPLETELY SPECIFIED FUNCTIONS

In an incompletely specified function f, don’t care val-
ues can be chosen either as 0 or 1, to minimize the number
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Fig. 1.1. Linear Decomposition.
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Fig. 3.1. Index Generation Function of 4 variables.

of variables to represent f. This property is useful to re-
alize a function using a smaller look-up table (LUT).

Theorem 3.1 Suppose that an incompletely specified
function f is represented by a decomposition chart [7]. If
each column has at most one care element, then the func-
tion can be represented by using only the column variables.

(Proof) In each column, let the values of don’t cares
elements be set to the value of the care element in the
column, then the function depends only the column vari-
ables. O

Example 3.1 Consider the decomposition chart shown
in Fig. 3.1, where x1 and xo specify the columns, and x3
and x4 specify the rows, and blank elements denote don’t
cares. Note that in Fig. 8.1, each column has at most one
care element. Thus, this function can be represented by
only the column variables x1 and x5 :

F:1'.’1)1.’172V2'.’7)1!E2V3'.’T71.752V4'!E1!E2.
u

Algorithms to minimize the number of variables in
incompletely specified functions have been developed
[2, 3, 8, 10]. As for the lower bound on the number of
variables, we have the following:

Theorem 3.2 [1/] To represent any incompletely spec-
ified index generation function f with weight k, at least
q = [logy k| wariables are necessary.

Thus, when the weight k of an n-variable index gener-
ation function is greater than 2", we cannot reduce the
number of variables.

IV. MINIMIZATION OF THE NUMBER OF VARIABLES
USING DIFFERENCE MATRIX

In this section, we introduce difference matrix to mini-
mize the number of variables to represent a given incom-
pletely specified index generation function.

Definition 4.1 [16, 15] Let M be the set of binary vec-
tors corresponding to the minterms of f. Let Dy be the

TABLE 4.1
REGISTERED VECTORS BEFORE LINEAR TRANSFORMATION
x1 x w3 x4 | Index
1 0 0 0 1
0O 1 0 0 2
0O 1 1 0 3
1 1 0 1 4
TABLE 4.2

DIFFERENCE MATRIX BEFORE LINEAR TRANSFORMATION
Tro I3 Iy

HHOO»—A»—AE
OO ==
[ e R e
_OoOROO

set of vectors d & [_;, where (‘i,g € M, anda #0b. Dy is
called a difference matrix of M. Note that Dy consists

of (];) = @ vectors, where k = |M|.

Example 4.1 Consider the function shown in Fig. 4.1.
Table 4.1 shows M, the set of vectors corresponding to
the minterms for f. It is also called as registered vector
table. Table 4.2 shows the corresponding difference matriz
Dy¢. The last column of Table 4.2 shows tags specifying
the pair of vectors in M. For example, the first vector in
Dy has the tag (1,2), which shows that the first and the
second elements in M were used to generate the vector:

(]‘10701 0) GD (07 ]‘1070) = (17 ]‘1070)'

It shows that to distinguish the first and the second vectors
in M, either x1 or xo is necessary. [

Note that the difference matrix shows the condition to
distinguish all the pairs of vectors in M [8], and is essen-
tially the same as the covering table [7]. Thus, we can

find the minimal set of variables to represent an incom-
pletely specified index generation function as follows:

X1
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Fig. 4.1. Index Generation Function of 4 variables.
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Algorithm 4.1 (Minimal Sets of Variables to Represent
an Incompletely Specified Index Generation Function)

1. Let M be the set of vectors showing an incompletely
specified index generation function.

2. Generate Dy, the difference matriz, from M.

3. Assume that in Dy, each column corresponds to a
variable x;, and each row corresponds to a vector in
Dy.

4. The element (i,7) of the covering table is 1 iff the
j-th element of the i-th vector in Dy is 1.

5. Derive the minimal set of variables that covers all the
rows of Dy.

Example 4.2 Consider the index generation function
shown in Fig. 4.1. Table /.1 shows the registered vec-
tor table. Note that the number of the columns is n = 4,
while the number of the rows is (]2“) = k(k b — 4& = 6.
The first row with the tag (1,2) corresponds to the first
element in Dy, which show that to distinguish the 1st and
2nd vectors in M, either 1 or xs is necessary. Also,
note that the row with the tag (2,3) has only single one.
Such a row is a distinguished row, and only the column
of w3 covers this row. Such a variable is essential and,
is necessary in all solutions. Minimal sets of variables
that cover all the rows are {x1,za,x3},{z1,23,24}, and

{.’1’52,.’1’53,.’174}. |

To find a minimal set of variables, we can use a standard
method [7]. Although the method is straightforward, it
takes much computation time when n and k are large.

V. REDUCTION OF VARIABLES BY LINEAR
TRANSFORMATIONS

In the previous section, we showed a method to reduce
the number of variables for incompletely specified func-
tions. Unfortunately, the effect of such method is limited.
In this section, we show that more variables can be re-
duced by using linear transformations.

Example 5.1 For the function in Table 2.1, the numbers
of 1’s in the registered vectors are all one. Note that,
the number of variables to represent the function can be
reduced to four: Any one variable can be removed. For
example, if we remove x5, then we have:

F=1- T1T2X3T4 vV 2- T1T2X3T4 VvV 3- T1T2X3T4
vV 4- T1T2X3%4 vV 5- T1T2X3T4.
H()U)(E'I)(ET, we cannot remove two or more variables simul-

taneously. Thus, at least four variables are necessary to
represent this function. ]

TABLE 5.1
REGISTERED VECTORS AFTER LINEAR TRANSFORMATION

Vector Index
Yo

=
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Fig. 5.1. Index Generation Function of 4 variables.

Definition 5.1 A linear transformation is defined as

Y1 = c11r1 D C1a®2 © 1373 © ... D C1nn,
Yo = CoT1 D CoaaTo P C23%3 B ... D Conly,
Ys = C3121 B 3222 D C3323 D ... B C3pTy,
Yp = Cp1T1 B Cpato D Cp3x3 D ... D CppTn,

where ¢;j € {0,1}. t; = 37, ¢ij is the compound de-
gree of y;.

Definition 5.2 Given an incompletely specified index
generation function, an optimum linear transforma-
tion is one that minimizes the number of variables p in
Fig, 1.1.

By Theorem 3.2, if the linear transformation reduces
the number of variables to ¢ = [log, k] variables, then it
is optimum.

Example 5.2 For the function in Table 2.1, consider the
linear transformation:

y1 = 71 D3,
Y2 = 71 D73,
Ys = T4.

The transformed registered vectors are shown in Table 5.1.
In this case, all the vectors are distinct, and three vari-
ables (y1,y2,ys) distinguish five vectors. Note that this is
an optimum transformation. ]
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TABLE 6.1
REGISTERED VECTORS BEFORE AFTER TRANSFORMATION

1 y2 x3 x4 | Index
1 0O 0 0 1

0 1 0 0 2

0O 0 1 0 3

1 1 0 1 4

TABLE 6.2
DIFFERENCE MATRIX AFTER TRANSFORMATION

Tr1 Y2 T3 T4 Tag
1 1 0 0](,2
1 0 1 0/(1,3
0 1 0 1|(1,4
0 1 1 0](23
1 0 0 1](24
1 1 1 1/(34

VI. A HEURISTIC METHOD TO FIND LINEAR
TRANSFORMATIONS

A.  Strategies to Find a Good Linear Transformation
using Difference Matrix

Since the number of linear transformations to consider
is very large [1], in this section, we present a heuristic
method to find a linear transformation that reduces the
number of variables.

Assume that z; is transformed to y; <= x; @ x; in M.
Consider the effect of this linear transformation in Dy.
Let @ and b be different row vectors in M. Note that only
the i-th part of the vectors is modified. Modified vectors
in M are written as:

=/

S0 DA, i, Ap).

S0 @by, b, ..., by).

= (a1,as,..

0= (biba,..

Thus_,' we have

a eb = (a1 ®bi,ar Bbo, ..., (a; Bb;) B (a; Bbj),ai11 B
bi+1,. . ,(In@bn) = (_1:@569(0,0, .. .,O,aj@bj,0,0, “e ,0)
Note that also in Dy, only the i-th part of the vectors is
modified. This means that the linear transformation can
be also done in Dy.

Example 6.1 Consider the index generation function
shown in Fig. 4.1, and apply the linear transformation:
Y2 <= x9 P x3. Table 6.1 shows M after the transforma-
tion, while Table 6.2 shows Dy after the transformation.
Note that in the transformed Dy, each row has at least
two non-zero elements. Also, the total number of 1’s in
the transformed Dy is increased. In the transformed Dy,
variable T3 is not essential any more. Minimal sets of
variables that cover all the rows are {x1,y2},{x1, 23,24},
and {y2,x3,24}. Note that the linear transformation re-
duced the number of variables to two. ]

TABLE 6.3
ORIGINAL DIFFERENCE MATRIX
rt T2 I3 T4 Ty Tag
1 1 0 0 0](1,2
1 0 1 0 0](,3
1 0 0 1 0](14
1 0 0 0 1 1,5
0 1 1 0 01(23
0 1 0 1 01(24
0 1 0 0 11(25
0 0 1 1 0/](34
0 0 1 0 11(3,5)
0 0 0 1 1](4,5)
TABLE 6.4
DIFFERENCE MATRIX AFTER 1ST REDUCTION
1 xy x3 x4 x5 | Tag
1 1 0 0 O 1,2
0 0 1 1 0](34
O o0 1 0 1 3,5
0 0 0 1 11(4,5

The previous example implies that Dy with more 1’s
tends to produce smaller solutions. Let the merit of a
variable be the number of rows covered by the variable.
Our strategy is to find a linear transformed variable
with the maximal merit. Then, eliminate the rows of
Dy covered by the variable. Repeat this process until all
the rows of Dy are eliminated.

Example 6.2 Consider the function in Table 2.1. The
difference matriz is shown in Table 6.3. First, we obtain
the linear transformed variable with the mazimal merit.
Since y1 = x1 P xo is such a variable, we select this trans-
formation. Then, we remove the rows of Dy that are cov-
ered by y1. Since the rows for (1,3),(1,4),(1,5),(2,3),(2,4)
and (2,5) are covered by y1, we remove them from Dy, and
have the reduced difference matriz shown in Table 6.4.
Then, we find the second linear function that mazimally
covers the remaining rows shown in Table 6.4. In this
case, Y2 = x1 D x3 covers maximal number of rows, we
select this transformation. In this case, rows for (1,2),
(8,4), and (3,5) are removed, and only the row (4,5) re-
mains. Since, the row (4,5) can be covered by ys = x4,
we select this as the third transformed variable. In this
way, we can cover all the rows of Dy. The resulting lin-
ear transformed variables are exactly the same as ones
introduced in Example 5.2. ]

B. An Algorithm to Find Good Linear Transformations
From the previous observation, we have the following:

Algorithm 6.1 (A greedy algorithm to find a set of lin-
ear transformations)

1. Let M be the set of vectors showing an incompletely
specified index generation function.

- 146 -



2. Generate Dy, the difference matriz, from M.

3. Find a linear transformed variable y; that covers the
mazimal number of rows in Dy using Algorithm 6.2.

4. Eliminate the rows in Dy that are covered by the lin-
ear transformed variable y;.

5. Repeat this process until all the rows of Dy are elim-
inated.

In Step 3, we used the following;:

Algorithm 6.2 (A greedy algorithm to find a linear
transformed variable)

1. Find a variable x; that has the mazimal merit. Let

2. Find another variable x; such that y; © x; covers the
mazimum number of rows in Dy. If the number of
covered rows is increased, then y; < y; ® ;.

3. Repeat above operation while the number of covered
rows is increased.

Algorithm 6.1 can be considered as an improvement
of [16]. Our method to find linear transformed variables
Y1,Y2, . -.,Yp is more efficient and effective, since we used
iterative improvement method recently introduced in [15].

VII. EXPERIMENTAL RESULTS

We developed a program for Algorithm 6.1. As for the
benchmark function, we used m-out-of-n code to index
converters [14]. It is an index generation functions with
weight k£ = (:7”) Table 2.1 shows the example of n = 5
and m = 1. In this case, the i-th variable has 1 and other
variables have 0 in the input if and only if the value of the
function is i. The minimum number of variables to rep-
resent the 1-out-of-n code to index converter is [log, n].
For up to n = 256, our program obtained exact minimum
solutions. The CPU time for n = 256 is 67.7 sec. These
results are much better than the previous results [16, 15].
For example, in [16], linear transformed variables were
generated randomly, so experimental results for only up
to n = 12 were reported.

Table 7.1 shows the results for m-out-of-20 code to in-
dex converters. The column headed by [14] shows the re-
sults in ASPDAC-2012. In this case, all the transformed
variables with the compound degrees with up to six were
considered. Note that this method requires memory pro-

portional to
=6,
k x ),
> (i)

where ¢ denotes the compound degree.

The presented program is faster and requires much less
memory than one in [14], although the qualities of solu-
tions are lower.

TABLE 7.1
NUMBER OF VARIABLES TO REPRESENT m-OUT-OF-20 CODE TO
INDEX CONVERTER.

# of Variables and CPU time [ms]
m k [14] CPU | HEUR CPU
1 20 6 2611 5 6
2 190 9 5919 10 273
31140 | 11 76939 13 9835
4 14845 | 16 1110684 16 182448
TABLE 7.2
COMPARISON WITH EXISTING METHODS
Exhaustive | Heuristic | Heuristic
Method Method Method
ISMVL ASPDAC | SASIMI
2011 2012 2013
Memoroy size | O(k2") O(kn") O(nk?)
CPU time Too Large | Medium Small
Quality of Exact, Good Good
Solutions Minimum

In the experiment, we used a PC using INTEL Core
i5-2450M CPU @2.5 GHz; Windows 7 64-bit operating
system; and 8.00GB RAM. The figures shown in bold
face denote optimum solutions.

Table 7.2 compares the present algorithm with existing
ones, where ¢ denotes the compound degree used for linear
transformations. In our applications [4, 5], values of n
are around 20-256, while values of k are up to 10%. Thus,
the proposed method is still too time consuming for large
problems. Thus, in large problems, we have to partition
the vectors into smaller groups to implement each group
separately.

VIII. SUMMARY

Major contributions of this paper are:

e Showed an algorithm to derive minimal sets of vari-
ables to represent f using a difference matrix.

e Showed a heuristic algorithm to find a good linear
transformed variable to cover a difference matrix.

e Developed an efficient computer program which is
much faster and requires smaller memory than pre-
vious methods.

To find a good linear transformation corresponds to mod-

ify the covering table so that the solution is reduced. We
perform this by selecting a transformed variable that cov-
ers maximal number of uncovered rows, step by step.

- 147 -



ACKNOWLEDGMENTS

This work is partially supported by the Japan Soci-
ety for the Promotion of Science (JSPS), Grant in Aid
for Scientific Research, and by the Adaptable and Seam-
less Technology Transfer Program through target-driven
R&D, JST.

[1]
2]

[6]

[8]

[10]

[11]

REFERENCES

E. Artin, Geometric Algebra, Interscience Publishers,
New York, 1957.

C. Halatsis and N. Gaitanis, “Irredundant normal
forms and minimal dependence sets of a Boolean
functions,” IEEE Trans. on Computers, vol. C-27,
no. 11, Nov. 1978, pp. 1064-1068.

Y. Kambayashi, “Logic design of programmable logic
arrays,” IEEFE Trans. on Computers, vol. C-28, no. 9,
Sept. 1979, pp. 609-617.

H. Nakahara, T. Sasao, and M. Matsuura, “A low-
cost and high-performance virus scanning engine us-
ing a binary CAM emulator and an MPU.” 8th Inter-
national Symposium on Applied Reconfigurable Com-
puting, (ARC 2012), March 19-23, 2012, Hong-Kong,.
Also, Lecture Notes in Compute Science, Vol.7199,
pp- 202-214.

H. Nakahara, T. Sasao and M. Matsuura, “An archi-
tecture for TPv6 lookup using parallel index genera-
tion units,” The 9th International Symposium on Ap-
plied Reconfigurable Computing (ARC2013), March
25-27, 2013. Los Angeles. Also, in Lecture Notes in
Computer Science, Vol. 7806, 2013, pp. 59-71.

E. 1. Nechiporuk, “On the synthesis of networks using
linear transformations of variables,” Dokl. AN SSSR,
vol. 123, no. 4, Dec. 1958, pp. 610-612.

T. Sasao, Switching Theory for Logic Synthesis,
Kluwer Academic Publishers, 1999.

T. Sasao, “On the number of dependent variables
for incompletely specified multiple-valued functions,”
International Symposium on Multiple- Valued Logic
(ISMVL-2000), Portland, Oregon, U.S.A., May 23-
25, 2000, pp. 91-97.

T. Sasao, “Design methods for multiple-valued in-
put address generators,” (invited paper) Interna-
tional Symposium on Multiple- Valued Logic (ISMVL-
2006), Singapore, May 2006.

T. Sasao, “On the number of variables to represent
sparse logic functions,” ICCAD-2008, San Jose, Cal-
ifornia, USA, Nov. 10-13, 2008, pp. 45-51.

T. Sasao, T. Nakamura, and M. Matsuura, “Rep-
resentation of incompletely specified index genera-
tion functions using minimal number of compound
variables,” 12th EUROMICRO Conference on Digi-
tal System Design, Architectures, Methods and Tools

[16]

- 148 -

(DSD 2009), Patras, Greece, Aug. 27-29, 2009,
pp. 765-772.

T. Sasao, Memory-Based Logic Synthesis, Springer,
2011.

T. Sasao, “Index generation functions: Recent devel-
opments,” (invited paper) International Symposium
on Multiple-Valued Logic (ISMVI.-2011), Tuusula,
Finland, May 23-25, 2011, pp.1-9.

T. Sasao, “Linear decomposition of index genera-
tion functions,” 17th Asia and South Pacific Design
Automation Conference (ASPDAC-2012), Jan. 30-
Feb. 2, 2012, Sydney, Australia, pp. 781-788.

T. Sasao, “An application of autocorrelation func-
tions to find linear decompositions for incompletely
specified index generation functions,” 43rd Interna-
tional Symposium on Multiple- Valued Logic (ISMVL-
2013), May 22-24, 2013, Toyama, Japan, pp. 96-102.
D. A. Simovici, M. Zimand, and D. Pletea, “Several
remarks on index generation functions,” International
Symposium on Multiple-Valued Logic (ISMVL-2012),
Victoria, Canada, May 2012, pp. 179-184.




<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /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.)
    /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)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


