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Abstract—In this paper, we propose a variable-sized KFM
associative memory with refractoriness based on area repre-
sentation. In the proposed model, the connection weight fixed
and semi-fixed neurons are introduced, and the pattern that
has already been learned is not destroyed and a new pattern
can be memorized. Moreover, when unknown patterns are given,
neurons can be added in the map layer if necessary. We carried
out a series of computer experiments, and confirmed that the
proposed model can learn new patterns which has one-to-many
relations successively, neurons can be added in the map layer if
necessary, and the proposed model has robustness for noisy input
and damaged neurons.

Index Terms—Kohonen Feature Map (KFM) Associative Mem-
ory, Successive Learning, Addition of Neurons

I. INTRODUCTION

Recently, neural networks are drawing much attention as
a method to realize flexible information processing. Neural
networks consider neuron groups of the brain in the creature,
and imitate these neurons technologically. Neural networks
have some features, especially one of the important features is
that the networks can learn to acquire the ability of information
processing.

In the field of neural networks, a lot of models have been
proposed such as the Back Propagation (BP) algorithm, the
Kohonen Feature Map (KFM)[1], the Hopfield network, and
the Bidirectional Associative Memory (BAM). In these models,
the learning process and the recall process are divided, and
therefore they need all information to learn in advance.

However, in the real world, it is very difficult to get
all information to learn in advance, so we need the model
whose learning process and recall process are not divided. As
such model, Grossberg and Carpenter proposed the Adaptive
Resonance Theory (ART). However, the ART is based on
the local representation, and therefore it is not robust for
damaged neurons in the map layer. While in the field of
associative memories, some models have been proposed[2]-[4].
Since these models are based on the distributed representation,
they have the robustness for damaged neurons. However, their
storage capacities are small because their learning algorithm
is based on Hebbian learning.

On the other hand, the Kohonen Feature Map (KFM)
associative memory [5] has been proposed. Although the KFM
associative memory is based on the local representation as
similar as the ART, it can learn new patterns successively[6],
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and its storage capacity is larger than that of models in
refs.[2]-[4]. It can deal with auto and hetero associations
and the associations for plural sequential patterns including
common terms[7]. Moreover, the KFM associative memory
with area representation[8] has been proposed. In the model,
the area representation[9] was introduced to the KFM asso-
ciative memory, and it has robustness for damaged neurons.
However, it can not deal with one-to-many associations, and
associations of analog patterns. Moreover, we have proposed
the KFM associative memory with refractoriness based on
area representation (KFMAM-R-AR)[10]. In the model, one-
to-many associations are realized by refractoriness of neurons.
However, since the storage capacities of these models depend
on the number of neurons in map layer, they can not learn new
patterns more than their original storage capacity.

In this paper, we propose the variable-sized KFM associa-
tive memory with refractoriness based on area representation.
In the proposed model, the connection weight fixed and
semi-fixed neurons are introduced, and the pattern that has
already been learned is not destroyed and a new pattern can
be memorized. Moreover, when unknown patterns are given,
neurons can be added in the map layer if necessary.

II. VARIABLE-SIZED KFM ASSOCIATIVE MEMORY WITH
REFRACTORINESS BASED ON AREA REPRESENTATION

Here, we explain the proposed Variable-Sized KFM Asso-
ciative Memory with Refractoriness based on Area Represen-
tation (VS-KFMAM-R-AR).

A. Structure

Figure 1 shows the structure of the proposed model. As
shown in Fig.1, the proposed model has two layers; (1)
input/output (I/O) layer and (2) map layer, and the I/O layer is
divided into some parts. In the proposed model, neurons can
be added in the map layer if necessary, so the distance between
neurons in the map layer is not equal.

B. Learning Process

In the proposed model, if enough area corresponding to the
learning pattern can not be taken, some neurons are added in
the map layer.

(1) In the network with the map layer composed of x4, X
Ymaz Deurons, the connection weights are initialized
randomly. Here, x,,,, is the initial number of neurons
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Fig. 1. Structure of Proposed Model.

of a horizontal direction, and ¥,,,4, 1S the initial number
of neurons of a vertical direction. In the initial state,
Tmaz X Ymaz Neurons are arranged at the coordinates
(0,0), (1,0), -+ (Tmae — 1,0), (1,0), -~ (Zmas —
17 Ymaz — 1)

The Euclid distances between the input vector X and the
weight vector W;, d(X, W) are calculated.

The neuron r is decided by

r= argmind(X, W), (1)
and if

dX,W,)<#¢ 2)

is satisfied, the input vector X is regarded as the known
pattern, and go to (15). Otherwise, go to (4).
If there is no weight-fixed neuron, the neuron r is se-
lected as the center of the learning area, and go to (12).
Otherwise go to (5).
Whether the area corresponding to the input pattern X
can be taken without overlapping to the areas for stored
patterns is checked. For the weight-fixed neurons z,

1
Hia’zea(l) — 3)

i — max tni”D
1+exp<—d (d €+dh ) )

is calculated, and if

Ha'r‘ea(l) S e

1,2

“

is satisfied for all weight-fixed neurons, the neuron ¢ can
be a center of the learning area. Here, 6¢ is the threshold.
The neurons that satisfy the condition given by Eq.(4) for
all weight-fixed neuron z are selected as the candidate of
the center of the learning area.

In Eq.(3), d;. is the distance between the neuron ¢ and
the weight-fixed neuron z. In the proposed model, the
map layer is treated as torus, so the distance between the
neurons 4 and j, d;; is given by

dij =y/(d5)? + (d))? 5)
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(6)

@)

45 = |Tj — 2i] — Tmaz (25 — Ti| > Tmae/2) ©)
U7 | Tmasz — |Tj — x|  (otherwise)

dY. = { ‘y] - yl| — Ymaz (|y] - yz| > ymaz/2) (7)
” Ymaz — Iy,- - yi| (otherwise)

where x; and y; are the coordinates of the neuron ¢ in the
map layer, z; and y; are the coordinates of the neuron j
in the map layer. d™" is the distance between the weight-
fixed neuron z and the nearest neuron, and is given by

min
dz

= mind,;,. (8)
2

d™** is the maximum distance between adjacent neurons,
and d™%" is set to 1 in the proposed model. D is the
constant which decides the area size (the number of
neurons in each area).

If there are some candidate neurons, go to (9). Other-
wise, go to (6).
Whether the area corresponding to the input pattern X
can be taken without overlapping to the areas for stored
patterns when the distance between neurons in the area
for stored patterns is reduced to ¢, (d7") is checked.
Here, ¢,(-) is given by

d d min
?, (2—71 >d )

d, (otherwise)

bn(d) = 9)

where n is the number of check in (6). ™" is the min-
imum distance between adjacent neurons. In the area for
the input pattern, the distance between adjacent neurons
is set to @y, 1 (d™*T).

For the weight-fixed neuron z,

grea(2n)
o 1
1+ exp <_ diz — (¢n71(dmaz) + ¢n(d2nm))D>
5
(10)
is calculated, and if
HTO > g (11)

is satisfied for all weight-fixed neurons, the neuron ¢
can be a center of the learning area. The neurons that
satisfy the condition given by Eq.(11) for all weight-fixed
neuron z are selected as the candidate of the center of the
learning area. If there are some candidate neurons, go to
(9). Otherwise, go to (7).

Whether the area corresponding to the input pattern X
can be taken without overlapping to the areas for stored
patterns when the distance between neurons in the area for
stored patterns is reduced to ¢, (d7*""*) and the distance
between neurons in the area for the input pattern is set to
¢n (d™*) is checked.
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€]

(10)

For the weight-fixed neuron z,

grorea(2ntl)
i,z |
e (_dn — (@) +¢>n<dzf”'">>D>
] (12)
is calculated, and if
gareantl) o pe (13)

1,2

is satisfied for all weight-fixed neurons, the neuron ¢
can be a center of the learning area. The neurons that
satisfy the condition given by Eq.(13) for all weight-fixed
neurons z are selected as the candidate of the center of
the learning area. If there are some candidate neurons, go
to (9). Otherwise, go to (8).

In (6) and (7), if

¢n+1(dmaz) S dmin

is satisfied, back to (6). Otherwise, it judges that the input

pattern can not be learned as a new pattern.

From the neurons which are selected as the center can-

didates of the learning area in (5)~(7), the neuron ¢ that

the Euclid distance between the input vector X and its

weight vector W; is minimum is selected.
c¢= argmin d(X,W;)

c€Ccenten

(14)

15)

where Ceenter is the set of the neurons which are the
center candidates.
If the center candidates are selected in (6) or (7), the
distance in the areas for stored patterns is reduced, and
some neurons are added.

If the center candidates are selected in (6), for the area
whose center is the neuron z which satisfies

1

dc: _ ((z)n—l(dmaz) + ¢n71(d:r:mn))D)
€

< 6°

1+ exp (—
(16)
the distance between neurons in the area is reduced, and
neurons are added. The neurons ¢ which satisfy
1
di. —d™"D
€

<0° (17)

1+ exp (f

are generated as new neurons. The neuron i’ correspond-
ing to the neuron ¢ ((z;, y;)) is generated at (z;, ).
Here, x; and y; are given by

Ty = (@i — 22)¢n (A7) + 2 (18)

Yir = (i — ¥2)dn (A7) + y.. (19)

If the neuron exists at (z;, yy), no neuron is added there.
The weight vector of the neuron i W is set as

W, =W,. (20)

an

(12)
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If the center candidates are selected in (7), the new
neurons are added in the area whose center z that satisfy

1
dcz - (¢n(dmaz) + ¢n71(dgzi71))D)

£

< e

1+ exp <—
@1

If the center candidates are selected in (6) or (7), new
neurons are added in the area for the new pattern X.

If the center candidates are selected in (6) and n > 1,
the neurons are added in the area whose center is the
neuron c. The neurons which satisfy

1
dic - d)nfl (dmaI)D)
5

<6

(22)

1+ exp (—

are generated. The neuron 4’ corresponding to the neuron
i (w4, y;)) is generated at (z;, y;). Here, xy and y;
are given by

2o = (2 — 7)1 (™) + . (23)

Vi = i — Ye)bn—1(d"™™) + ye. 24

If the neuron exists at (z;, y;/), no neuron is added there.
The weight vector W, is generated randomly.

If the center candidates are selected in (7), new neurons
are added in the area whose center is the neuron c. The
neurons which satisfy

1
dic - (Z)n (dmaz)D>

g

< 6

(25)
1+ exp (—

are generated.

The input pattern X is trained in the area whose center is
the neuron c. The connection weights which are not fixed
are updated by

Wi(t+ 1) = Wi(t) + H(dis=)B(t)hei( X — Wi(t)). (26)
Here, H(d;;+) is given by

1
diin — dmmp)

1+ exp (— 5

where d;;+ is the distance between the neuron 7 and
the nearest weight-fixed neuron i*. d”" is the distance
between the neurons in the area whose center is the
neuron ¢, and is given by

d™*  (center candidates selected in (5))
dm(lil‘

dglin =< (center candidates selected in (6))
dmaz

T (center candidates selected in (7))

(28)



B(t) is the learning rate and is given by

—Bo(t —T)
)= "2
5t = 2
where f3y is the initial value of 3(t), and T is the upper
limit of the learning iterations. In Eq.(26), h.; is the
neighborhood function, and is given by

(29)

o (e
hei = exp ( g ) . (30)
o(t) is given by
o\ /T
o(t) = o <_f> G
ag; .

In this equation, o; is the initial value of o(¢) and o(t)
varies from o; to oy (0; > oy).
(13) (12) is iterated until d(X®, W) < 6.
(14) The connection weights of the neuron ¢, W are fixed.
(15) (2)~(14) are iterated when a new pattern set is given.

C. Recall Process

In the recall process of the proposed model, when the
pattern X is given to the I/O layer, the output of the neuron ¢
in the map layer at the time ¢, z"“P(t) is given by

m;nap(t) _ Hrecall (dm)f(u;map(t)) (32)
1
Hrecall (dm) — - (33)
1+ exp (W)

where d,.; is the Euclid distance between the winner neuron r
and the neuron ¢, and the neuron r is determined as follows:

r = argmax u; 7 (t). (34)
i
d™™ is the distance between the winner neuron r and the
map . .
nearest neuron. f(u; *(t)) is given by

map _ 1, () > 0™ and u*P(t) > o™in)
Pl () = { 0, (otherwise)
(35)

where u;"*P(t) is the internal state of the neuron i in the map

layer at the time ¢, 8™ and ™" are the thresholds of the
neuron, and ™" is given by

omer = Umin T a(umaz - umzn) (36)
Umin = mjn u; P (t) 37
Umaz = mAax u; P (1) (38)

where a (0.5 < a < 1) is the coefficient.
When the binary pattern X is given, the internal state of

the neuron i in the map layer at the time ¢ u, *F(¢) is given
by
map dzn( d nzap
u™P(t) =1 - Zk —d)  (39)

where d"(X, W) is the Euclid distance between the input
patterns X and the connection weights W ;. In the recall
process, since all neurons in the I/O layer not always receive
the input, the distance for the part where the pattern is given
is calculated by

"X, W) = [ (Xy — Wig)? (40)
keC
where C' shows the set of the neurons in the I/O layer which
receive the input. In Eq.(39), N is the number of neurons
which receive the input in the I/O layer, « is the scaling factor
of the refractoriness, and k(0 < k, < 1) is the damping factor.
The output of the neuron & in the I/O layer at the time ¢ x“’(t)
is calculated by

in _ L (u(t) > 6™
) = {0, (otkherwise)b @
ui'(t) = > Wi (42)

ma
Zw "

where 02” is the threshold of the neuron in the I/O layer, and
6°t is the threshold for the output of the neuron in the map
layer.

On the other hand, when the analog pattern is given to the
/O layer, u"*?(t) is calculated by

iy >00ut

ma 1 ma
(1) = w7 D 9(Xi = Wi) — ade Pt —d) (43)
keC d=0
where g(-) is given by
_ L (el <
9(b) = {0, (otherwise) S

where 6¢ is the threshold.
The output of the neuron k in the I/O layer at the time ¢,
xi™(t) is calculated as follows:

. 1
() = ——————— Wik. 45
i (1) S, > ! (45)

i I;"“P>90ut

III. COMPUTER EXPERIMENT RESULTS

Here, we show the computer experiment results to demon-
strate the effectiveness of the proposed model.

A. Association Result

In this experiment, the proposed model composed of 800
(= 400 x 2) neurons in the I/0 layer and 100 (= 10 x 10) in the
initial map layer, and the training pattern shown in Fig.2 were
memorized. As shown in Figs.3 and 4, the proposed model
could realize one-to-many associations.

B. Variation of Map Layer

Figure 5 shows the variation of the map layer in the
learning. In this experiment, we used the network composed of
800 (= 400 x 2) neurons in the I/0 layer and 100 (= 10 x 10)
neurons in the initial map layer, and 60 random binary pattern
pairs were memorized. In the network after 60 random pattern
pairs were memorized, the map layer has 1930 neurons.
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(a) Binary Patterns. (b) Analog Patterns.

Fig. 2. Training Patterns.
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Fig. 3. Association Results of Binary Patterns.

C. Storage Capacity

Figure 6 shows the storage capacity of the proposed model
composed of 100 (= 50 x 2) in the I/O layer and 100 (=
10 x 10) neurons in the initial map layer.

D. Robustness for Noisy Input/Damaged Neurons

Figures 7 and 8 show the robustness for noisy input and
damaged neurons. As shown these figures, the proposed model
has robustness for noisy input and damaged neurons.

IV. CONCLUSION

In this paper, we have proposed the variable-sized KFM
associative memory with refractoriness based on area repre-
sentation. We carried out a series of computer experiments
and confirmed that the proposed model has following features.

(1) It can learn new patterns which has one-to-many relations
successively, and neurons can be added in the map layer
if necessary.

(2) It has robustness for noisy input.

(3) It has robustness for damaged neurons.

3916

(O Layer] (input)

1O Layer] (input) (O Layer] (input) (10 Layer] (input) /O Layer] (input)

[ L] [ [ L]

ap Layer] tap Layer] tap Layer] tap Layer]
™ H

(IOTae v IO Taye Ouipuy (IOTae vt e ooy Oupuy
- T
& s
1 "‘ N 1 . "‘ n
L] ¥ ="
t=1 t=2 t=3 t=4 t=>5
40 Layer npuy 10 Layerinputy 40 Layer npuy 110 Layerlnpu) 110 Layeritnpuy
S o
[Map Layer] [Map Layer] [Map Layer] [Map Layer] [Map Layer]
B
(O Layer] Output) T 170 Layer] ©utput) eI IO
¥ Y -.-i . N i " o
9| S Al 1 A
[-\,.,' ] E\,./ [-\....- Li -,
100 Layer tnpuy 100 Layer tnpuny 100 Layer tnpuy 100 Loyt tnpuy 100 Laye tapuny
o o
Sl i Sl oy Sl
lap Layer] [Map Layer] lap Layer] lap Layer) tap Layer]
(VO Layer] (Output) (VO Layer] (Output) (VO Layer] (Output) (1O Layer] (Output) {1/ Layer] (Output)
. . i . .
; ol 7
Ean B : £ e i
[\.-.r' ! t\—af‘ t&-’} L\.-.j

t=11

t=12 t=13 t=14 t=15

Fig. 4. Association Results of Analog Patterns.

ap Layar]

initial 2 pairs 3 pairs 5 pairs 10 pairs

[Map Layer] [Map Layar] [Map Layer] [Map Layer] [Map Layar]

20 pairs 30 pairs 40 pairs 50 pairs

60 pairs

Fig. 5. Variation of Map Layer.

REFERENCES

[1] T. Kohonen : Self-Organizing Maps, Springer, 1994.



=4
>

Storage Capacity
o
IS

o
[N

—— Proposed Model (Minimum Distance d""

Proposed Model (Minimum Distance
——  Proposed Model (Minimum Distance ¢min : 0.5)

KFMAM-R-AR

0.0
0 50 100 150 200 250 300 350 400 450 500
The Number of Pattern Pairs to be Stored
(a) Binary Patterns.
1.0 prvin
—— Proposed Model (Minimum Distance @™ : 0.125)
Proposed Model (Minimum Distance d" :0.25)
——  Proposed Model (Minimum Distance gmin : 0.5)
0.8 KFMAM-R-AR
2
S
s
< 0.6
[&]
i)
=3
o
204
o
0.2
0.0
0 50 100 150 200 250 300 350 400 450 500
The Number of Pattern Pairs to be Stored
(b) Analog Patterns.
Fig. 6. Storage Capacity.
1 ORIy
0.8
Q
% 0.6
i
5 X
goa4
0.2 —%— Proposed Model
KFMAM-R-AR
0.0
0 5 10 15 20 25 30 35 400
Noise Level (%)
(a) Binary Patterns.
1.0 ""\x:\
0.8 \
\
X
o
% 0.6
i
] X
g k
Loa4 \
0.2} - Proposed Model >\
KFMAM-R-AR \
X
0.0 '
0 10 20 30 40 50 60 70
(%)

Noise Level

(b) Analog Patterns.

[

3917

[6]

[7

[8]

9

10]

i)
o
i
T
S
fo)
it
=¥ Proposed Model (Map Layer : 400)
0.2 Proposed Model (Map Layer : 100)
—%- KFMAM-R-AR  (Map Layer : 400)
0.0
0 20 40 60 80 100
Damaged Neurons in Map-Layer (%)
(a) Binary Patterns.
1.04 e———s
0.8
206
i
E
o4 1“
|
= Proposed Model (Map Layer : 400) |
0.2 Proposed Model (Map Layer : 100)
=¥ KFMAM-R-AR  (Map Layer : 400)
0.0
0 20 40 60 80 100
Damaged Neurons in Map-Layer (%)

(b) Analog Patterns.

Fig. 8. Robustness for Damaged Neurons.

M. Watanabe, K. Aihara and S. Kondo : “Automatic learning in chaotic
neural networks,” IEICE-A, VolJ78-A, No.6, pp.686-691, 1995 (in
Japanese).

Y. Osana and M. Hagiwara : “Successive learning in chaotic neural
network,” International Journal of Neural Systems, Vol.9, No.4, pp.285—
299, 1999.

N. Kawasaki, Y. Osana and M. Hagiwara : “Chaotic associative memory
for successive learning using internal patterns,” IEEE International
Conference on Systems, Man and Cybernetics, 2000.

H. Ichiki, M. Hagiwara and M. Nakagawa : “Kohonen feature maps as
a supervised learning machine,” Proc. of IEEE International Conference
on Neural Networks, pp.1944-1948, 1993.

T. Yamada, M. Hattori, M. Morisawa and H. Ito : “Sequential learning
for associative memory using Kohonen feature map,” Proc. of IEEE and
INNS International Joint Conference on Neural Networks, paper no.555,
‘Washington D.C., 1999.

M. Hattori, H. Arisumi and H. Ito : “SOM associative memory for tem-
poral sequences,” Proc. of IEEE and INNS International Joint Conference
on Neural Networks, pp.950-955, Honolulu, 2002.

H. Abe and Y. Osana : “Kohonen feature map associative memory with
area representation,” Proceedings of IASTED Artificial Intelligence and
Applications, Innsbruck, 2006.

N. Ikeda and M. Hagiwara : “A proposal of novel knowledge representa-
tion (area representation) and the implementation by neural network”, In-
ternational Conference on Computational Intelligence and Neuroscience
, III, pp,430-433, 1997.

T. Imabayashi and Y. Osana : “Implementation of association of one-
to-many associations and the analog pattern in Kohonen feature map
associative memory with area representation,” Proceedings of IASTED
Artificial Intelligence and Applications, Innsbruck, 2008.




<<
  /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 true
  /EmbedAllFonts true
  /EmbedOpenType false
  /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 false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /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.)
    /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 "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


