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Abstract—In this paper, a multi-compartment dendrite
model based on an asynchronous bifurcation processor is
presented. It is shown that the presented model can ex-
hibit propagation phenomena of membrane potentials that
are typically observed in dendrites of neurons.

1. Introduction

A neuron typically consists of a dendrite (input cable), a
soma (cell body), and an axon (output cable), where the
dendrite sometimes has a complicated physical structure
such as the one in Fig. 1 [1]. It has been suggested that
the physical structure of the dendrite plays a certain role
in signal processing of a neuron. One of the major mod-
eling method of a dendrite is to discretize a dendrite into
a set of small compartments and to model the dendrite by
a coupled system of the compartments, where such a den-
drite model is often called a multi-compartment dendrite
model [2]. Note that each compartment model is designed
to reproduce the nonlinear dynamics of a membrane poten-
tial of the corresponding part of the dendrite. Concerning
the membrane potential model (i.e., a single compartment
model in the context of this paper), many mathematical
and electronic hardware models have been presented (see
the references in [3]). These membrane potential models
can be classified into the following four classes based on
the continuousness and discontinuousness of state variables
and times.

• Class CTCS (continuous time and continuous state):
A nonlinear differential equation model of a mem-
brane potential, which has a continuous time and con-
tinuous states. Such a model can be implemented by
an analog nonlinear circuit.

• Class DTCS (discrete time and continuous state):
A nonlinear difference equation model of a mem-
brane potential, which has a discrete time and con-
tinuous states. Such a model can be implemented by
a switched capacitor circuit or by a Poincare map.

• Class DTDC (discrete time and discrete state):
A numerical integration model of a membrane po-
tential, which has a discrete time and discrete states.
Such a model can be implemented by a digital pro-
cessor. A cellular automaton model of a membrane

(a)

(b)

Figure 1: (a) Complicated structure of dendrite of Purkinje
cell [1]. (b) Multi-compartment model of dendrite [2].

potential also belongs to this class, which has a dis-
crete time and discrete states. Such a model can be
implemented by a traditional synchronous sequential
logic circuit.

• Class CTDS (continuous time and discrete state):
An asynchronous cellular automaton model of a mem-
brane potential, which has a continuous (state transi-
tion) time and discrete states. Such a model can be
implemented by an asynchronous sequential logic cir-
cuit.

Our group has been developing several neural system
models belonging to the class CTDS (see [3][4] and ref-
erences therein) and is referring to class CTDS systems
designed to exhibit nonlinear phenomena (especially, bi-
furcation phenomena) as asynchronous bifurcation proces-
sors. In this paper, a multi-compartment dendrite model
based on the asynchronous bifurcation processor is pre-

2015 International Symposium on Nonlinear Theory and its Applications
NOLTA2015, Kowloon, Hong Kong, China, December 1-4, 2015

- 602 -



sented. It is shown that the presented model can reproduce
typical phenomena observed in dendrites. Note that our
group has presented a multi-compartment dendrite model
coupled via firing spikes [4], whereas this paper present a
multi-compartment dendrite model coupled via membrane
potential (i.e., coupling via gap junction).

2. Multi-compartment dendrite model based on ABP

2.1. Structure of the whole dendrite model

Fig. 2 shows a sketch of the presented multi-
compartment dendrite model based on the asynchronous
bifurcation processor. Major components of the dendrite
model are as follows.

• The whole multi-compartment dendrite model has
Q > 0 asynchronous cellular automaton membrane
potential models.

• Each i-th compartment can accept the following stim-
ulation input (not necessarily).

Ii(t) =
{

1 if t ∈ {t(1)
i , t

(2)
i , · · ·},

0 otherwise,

where t(n)
i is the n-th spike timing (or rising edges) of

the stimulation input Ii(t).

• Each i-th compartment has a membrane register stor-
ing a discrete membrane potential Vi ∈ {0, 1, · · · ,N −
1}, where the integer parameter N > 0 determines the
resolution of the discrete membrane potential Vi.

• Each i-th compartment has a recovery register storing
a discrete recovery variable Ui ∈ {0, 1, · · · ,M − 1},
where the integer parameter M > 0 determines the
resolution of the discrete membrane potential Ui.

• The i-th and the j-th compartments are coupled via a
discrete conductance gi j ∈ {0, 1, · · · , L − 1}, where the
integer parameter L > 0 determines the resolution of
the discrete conductance gi j.

• Each i-th compartment has the following internal
clocks.

CLKVi(t) =
{

1 if t ∈ {t(1)
V , t

(2)
V , · · ·},

0 otherwise,

CLKUi(t) =
{

1 if t ∈ {t(1)
U , t

(2)
U , · · ·},

0 otherwise,

CLKgi(t) =
{

1 if t ∈ {t(1)
g , t

(2)
g , · · ·},

0 otherwise,

which trigger asynchronous transitions of the discrete
states, where t(n)

V , t(n)
U , and t(n)

g represent spike timings
(or rising edges) of the clocks.

(a)

(b)

Figure 2: A sketch of the presented multi-compartment
dendrite model based on asynchronous bifurcation pro-
cessor. (a) Structures of the i-th and j-th compartments
for the case of Ci = CLKVi = CLKUi = CLKgi and
C j = CLKV j = CLKU j = CLKg j. (b) Structure of multi-
compartment model consisting of Q = 6 compartments
studied in this paper.

2.2. Nonlinear dynamics and parameter setting of each
compartment

Referring to our previous work in [4], in this paper we
introduce a single compartment model based on the asyn-
chronous bifurcation processor whose parameter values are
specialized to this paper. The discrete states of the compart-
ment transit as follows.

Asynchronous states transitions triggered by clocks

Vi(t+) = Vi(t) + DV (Vi,Ui) if CLKV (t) = 1,

Ui(t+) = Ui(t) + DU(Vi,Ui) if CLKU (t) = 1,
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where DV and DU are discrete functions defined by

DV (Vi,Ui) = 1 if (Vi,Ui) ∈ S++i ∪ S+−i ,
DV (Vi,Ui) = −1 if (Vi,Ui) ∈ S−+i ∪ S−−i ,
DV (Vi,Ui) = 0 if (Vi,Ui) ∈ S0

i ,
DU(Vi,Ui) = 1 if (Vi,Ui) ∈ S++i ∪ S−+i ,
DU(Vi,Ui) = −1 if (Vi,Ui) ∈ S+−i ∪ S−−i ,
DU(Vi,Ui) = 0 if (Vi,Ui) ∈ S0

i ,

S++i ≡ {(Vi,Ui)|Ui < fV (Vi),Ui ≤ fU (Vi)},
S−+i ≡ {(Vi,Ui)|Ui ≥ fV (Vi),Ui < fU (Vi)},
S+−i ≡ {(Vi,Ui)|Ui ≤ fV (Vi),Ui > fU (Vi)},
S−−i ≡ {(Vi,Ui)|Ui > fV (Vi),Ui ≥ fU (Vi)},
S0

i ≡ {(Vi,Ui)|(Vi,Ui) � S++i ∪ S+−i ∪ S−+i ∪ S−−i },
where fV and fU are discrete functions defined by

fV (Vi) = α(�k1(Vi)2 + k2Vi + k3�),
fU(Vi) = α(�k4Vi + k5�),
k1 =

f1 M
N2 ,

k2 = −2k1� f2N�,
k3 = k1(� f2N�)2 + � f3M�,
k4 =

f4 M
N ,

k5 = � f5M�.
Asynchronous state transition triggered by stimulation

Vi(t+) = Vi(t) + 1 if Ii(t) = 1,

where �·� is the floor function.
In this paper we propose to use the following parameter

values for the multi-compartment model.

(N,M, f1, f2, f3, f4, f5, α, )
= (64, 64, 3.5, 0.45,−0.05, 1.5,−0.43, 10).

2.3. Coupling dynamics and parameter setting

In this paper we present the following coupling dynam-
ics from the j-th soma-side compartment to the i-th spine-
side compartment.
Asynchronous coupling dynamics triggered by clock

Vi(t+) = Vi(t) + gi j(Vi(t) − V j(t)) if CLKgi = 1,

where

gi j =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩

1 if Vi − V j >= 20,
1 if 20 > Vi − V j >= 0,
5 if Vi − V j > −20,
3 if − 20 >= Vi − V j,
1 otherwise,

g ji =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩

8 if V j − Vi >= 20,
8 if 20 > V j − Vi >= 0,
5 if 0 > V j − Vi > −20,
2 if − 20 >= Vi − Vi,
6 otherwise.

2.4. Reproductions of typical dendritic phenomena

Figs. 3 and 4 show reproductions of typical dendritic
phenomena by the presented model. In Fig. 3(a), stimu-
lations I4 and I5 are applied to the 4-th and the 5-th com-
partments, respectively. In this case, activities of the mem-
brane potentials of the 4-th and the 5-th compartments are
evoked, but these activities do not propagate to the somatic
compartment. In Fig. 3(b), the same stimulations I4 and I5

are applied to the 4-th and the 5-th compartments, respec-
tively, and a very weak noisy spike-train n is applied to each
compartment. In this case, activities of the membrane po-
tentials of the 4-th and the 5-th compartments do not prop-
agate to the somatic compartment. In Fig. 3(c), the same
stimulations I4 and I5 are applied to the 4-th and the 5-th
compartments, respectively, and a weak noisy spike-train
n is applied to each compartment. In this case, activities
of the membrane potentials of the 4-th and the 5-th com-
partments propagate to the somatic compartment, i.e., the
presented model exhibits forward propagations of mem-
brane potentials. In Fig. 4(c), a stimulation I0 is applied
to the 0-th somatic compartment. In this case, activities of
the membrane potentials of the 0-th somatic compartment
propagates to spine-side compartments, i.e., the presented
model exhibits backward propagations of membrane poten-
tials.

3. Conclusions

In this paper, the multi-compartment dendrite model
based on an asynchronous bifurcation processor was pre-
sented. It was shown that the presented model can re-
produce typical phenomena observed in dendrites. Fu-
ture problems include (a) more detailed analysis of the
presented model, (b) hardware implementation of the pre-
sented model, and (c) quantitative comparisons of hard-
ware costs of the presented model and a DSP dendrite
model.

This work was partially supported by the KAK-
ENHI Grant-in-Aid for Scientific Research Grant Number
15K00352.
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(a)

(b)

(c)

Figure 3: Reproductions of typical dendritic phenomena by
the presented model. Stimulations I4 and I5 are applied to
the 4-th and 5-th compartments, respectively. (a) Failure of
forward propagation. (b) Failure of forward propagation. A
very weak noisy spike-train n is applied to each compart-
ment. (c) Forward propagation. A weak noisy spike-train
n is applied to each compartment.

(a)

(b)

(c)

Figure 4: Reproductions of typical dendritic phenomena by
the presented model. A stimulation I0 is applied to the 0-th
somatic compartment. (a) Failure of backward propaga-
tion. (b) Failure of backward propagation. A very weak
noisy spike-train n is applied to each compartment. (c)
Backward propagation. A weak noisy spike-train n is ap-
plied to each compartment.

- 605 -


	Navigation Page
	Session at a glance


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /OPM 1
  /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
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackoakStd
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /DaunPenh
    /David
    /David-Bold
    /DejaVuSans
    /DejaVuSans-Bold
    /DejaVuSans-BoldOblique
    /DejaVuSansCondensed
    /DejaVuSansCondensed-Bold
    /DejaVuSansCondensed-BoldOblique
    /DejaVuSansCondensed-Oblique
    /DejaVuSans-ExtraLight
    /DejaVuSansMono
    /DejaVuSansMono-Bold
    /DejaVuSansMono-BoldOblique
    /DejaVuSansMono-Oblique
    /DejaVuSans-Oblique
    /DejaVuSerif
    /DejaVuSerif-Bold
    /DejaVuSerif-BoldItalic
    /DejaVuSerifCondensed
    /DejaVuSerifCondensed-Bold
    /DejaVuSerifCondensed-BoldItalic
    /DejaVuSerifCondensed-Italic
    /DejaVuSerif-Italic
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FencesPlain
    /FootlightMTLight
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /GentiumBasic
    /GentiumBasic-Bold
    /GentiumBasic-BoldItalic
    /GentiumBasic-Italic
    /GentiumBookBasic
    /GentiumBookBasic-Bold
    /GentiumBookBasic-BoldItalic
    /GentiumBookBasic-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gisha
    /Gisha-Bold
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /HarlowSolid
    /Harrington
    /HGGothicE
    /HGGothicM
    /HGGyoshotai
    /HGKyokashotai
    /HGMaruGothicMPRO
    /HGMinchoB
    /HGMinchoE
    /HGPGothicE
    /HGPGothicM
    /HGPGyoshotai
    /HGPKyokashotai
    /HGPMinchoB
    /HGPMinchoE
    /HGPSoeiKakugothicUB
    /HGPSoeiKakupoptai
    /HGPSoeiPresenceEB
    /HGSeikaishotaiPRO
    /HGSGothicE
    /HGSGothicM
    /HGSGyoshotai
    /HGSKyokashotai
    /HGSMinchoB
    /HGSMinchoE
    /HGSoeiKakugothicUB
    /HGSoeiKakupoptai
    /HGSoeiPresenceEB
    /HGSSoeiKakugothicUB
    /HGSSoeiKakupoptai
    /HGSSoeiPresenceEB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LiberationSansNarrow
    /LiberationSansNarrow-Bold
    /LiberationSansNarrow-BoldItalic
    /LiberationSansNarrow-Italic
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAStd
    /OCRB
    /OldEnglishTextMT
    /Onyx
    /OpenSymbol
    /OratorStd
    /OratorStd-Slanted
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Raavi
    /Ravie
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 0.76
    /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 200
  /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 0.76
    /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 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 (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFc5c5bb34c6a90020bb38c11cb97c0020ac80d1a0d558ace00020c778c1c4d558b2940020b3700020c801d569d55c00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c9002540875284e8e55464e1a65876863ff0c53ef4ee553ef9760573067e5770b548c6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef69069752865bc6aa28996548c521753705546696d65874ef63002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN (IEEE Xplore)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


