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Existence of solutions to synthesis problem
of gene regulatory networks for realizing separatrices

«Y. Mori and Y. Kuroe (Kyoto Institute of Technology)

Abstract— Recently, synthesis of gene regulatory networks having desired behavior has become of interest to
many researchers and several studies have been done. Synthesizing simple gene regulatory networks having

various behavior is expected for understanding functions of gene regulatory networks.

In this paper we

consider a synthesis problem of gene regulatory networks in which desired behavior are given by expression
pattern sequences. In order to realizing various behavior, synthesis methods of gene regulatory networks
whose dynamics has separatrices are needed. First, we show that there exists a solution of the synthesis
problem for any desired behavior requiring realization of separatrices. Second, we show a synthesis method

based on the analysis of existence of solutions.
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Fig. 1: An example of separatrix
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Investigation of Chaotic Spiking Activity in Morris-Lecar Type Neuron Model
with State Dependent Jump

*S. Nobukawa, T. Yoshida (Chiba Institute of Technology), H. Nishimura (University of
Hyogo), and T. Yamanishi (Fukui University of Technology)

Abstract— Several hybrid spiking neuron models, which combine continuous spike-generation mechanisms
and discontinuous resetting process after spiking, have been proposed. Izhikevich neuron model as this kind
of model can reproduce many spiking patterns. It has also been revealed that this model has various kinds
of bifurcation and routes to chaos under the effect of the state dependent jump in the resetting process. In
response to this situation, we have further gotten interested in the relation between chaotic behaviors and
the state dependent jump. In this paper, we approach the subject from the comparison of spiking neuron
models without the resetting process and with it. We first adopt a continuous Morris-Lecar type spiking
neuron model where the orbit at spiking state does not exhibit the divergent behavior and next insert the

resetting process to it.

Key Words: chaos, hybrid spiking neuron model, saltation matrix, Lyapunov exponent
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Re-labeling Differential Evolution Using Fitness Value for Combinatorial Problem
*D. Ariki, R. Funaki and J. Murata (University of Kyushu)

Abstract—

Re-labeling Differential Evolution (RLDE) is one of Differential Evolution

SDE) techniques

extended to combinatorial optimization problems (COP). RLDE solves COP with re-labeling alleles,
which are indices for distinguishing objects of the combination, by their frequency in all individuals. In

this paper, the authors

ose two techniques for re-labeling alleles using fitness value. Proposed RLDEs

ro
are expected to re—IabePaI[%les with accuracy by fitness value instead of frequency of the alleles in the case
of problems that can calculate fitness value, and compared with original RLDE and DE.
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Stability Analyses of Biped-walking by Visual-lifting Approach

xKeli Shen, Xiang Li, Hongzhi Tian, Daiji Izawa, Mamoru Minami and Takayuki Matsuno
(Okayama University)

Abstract— Biped walking control has been realized by Zero-Moment Point (ZMP). The efficiency of ZMP
was well verified in keeping stable walking, but ZMP based walking cannot stop falling. Besides, dynamical
walking can be used for walking that realizes kicks by toes, which does not depend on ZMP. Though the
dynamical walking seems to be natural, robots tend to fall. Therefore, it is necessary for realization of human-
like walking to keep dynamical walking stable. In our research, we have proposed a dynamical equation for
walking derived by the Newton-Euler method including slipping, impact, line-touch and surface-touch of the
foot. “Visual Lifting Approach” (VLA) is equipped to enhance the walking stability and stops the biped
robot from falling without using ZMP. The VLA includes visual-lifting feedback and feedforward of walking
gait generation. In this paper, we discuss how to realize the stable walking according to some measurements
such as angle of ankle of floating foot, Center of Gravity (COG), waist angular velocity, height of head and

waist and walking step length.

Key Words: Humanoid, Biped-walking, Visual-lifting Approach, Feedforward Inputs, Stability

1 Introduction

In many biped-walking control strategies of the hu-
manoid, ZMP-based walking motion is considered as
most efficient method, which has been certified to be
useful in keeping stability of practical biped-walking,
since it can make sure that humanoid robots can keep
the balance of walking and standing by retaining the
ZMP within the convex hull of supporting areals 2).
However, ZMP control makes the humanoid robots’
waist lower and look like monkey while walking. Be-
sides, other methods except ZMP are proposed to con-
centrate on keeping the biped-walking trajectories in
side of a basin of attraction® % %) including a way
referring limit cycle to determining input torque®.

These previous methods discussed are based on sim-
plified biped models, which try to avoid discussing the
effects of feet or slipping existing in real environment,
Different from the above reference, one study” has
pointed out the effect of foot having many walking
gaits such as surface contacting (foot sole contacting
with ground) and point contacting (heel contacting),
changing the dimension of state variables. Our re-
search has started from view point of”) to describe the
dynamics of gaits including point/surface-contacting
state of foot, slipping of the foot and bumping as
correctly as possible. It is called event-driven where
walking gait transition would be determined by the
past walking motion. The model in” only has foot
model different from our model including the dynam-
ics of whole-body humanoid with arms and head. And
what the authors want to point out is that the dimen-
sion of equation of motion is changed by the varieties
of the biped-walking introduced in® concerning one-
legged hopping robot.

If the heel is detached from ground while its toe is
contacting, a new state variable describing the rota-
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tion of foot will emerge, increasing the number of state
variables. In fact, this kind of dynamics with dimen-
sion number of state variables changed by the result
of its dynamical time profiles of motions are out of
the area of control theory discussing how to control a
system with fixed states’ number. Further the tipping
over motion has been called non-holonomic dynamics
including a joint such as free joint without inputting
torque.

At the same time, the heel or the toe of lifting
foot in the air contacts with the ground geometri-
cally. The referred paper? discussed the method
of representing contacting with environment dealing
constraint motion with friction by algebraic equation
and applied it to human configuration’®. Accord-
ing to these references, dynamics of 20 kinds of gaits
were derived including slipping motion with both dif-
ferent constraint conditions and change of the dimen-
sion of state variables where the humanoid’s dynami-
cal model has been sufficient as much as possible!!).

In previous research on VLA in'? 13 %) the incom-
plete model of humanoid was applied in which head,
arms and torso were neglected. Thus, there are some
drawbacks, i.e., the model was too simple to consider
the effect of dynamical coupling of arm and upper
body. However, the new model proposed in this pa-
per has been optimized concerning the above problem,
and the discussion of slipping and effectiveness of the
model have been proved in ).

In this paper, Visual-lifting Approach(VLA) based
on visual servo and visual feedback concept is exam-
ined to realize the human-like natural walking with
slippage including toe-off state. Real-time position
and orientation tracking method to observe a 3D ob-
ject that is put near the humanoid to measure the
robot’s head relative pose has been proposed as vi-
sual pose estimation 1% 16). The simulation result in-

PG0008/17/0000-0066 © 2017 SICE
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Fig. 1: Definition of biped-walking model, 1)~ rep-
resents link number, [1]~[17]is joint number, ¢; ~q17
is joint angles.

Table 1: Physical parameters

Link li[m] | mslkg] | d;i[Nms/rad]
Head 0.24 4.5 0.5
Upper body 0.41 21.5 10.0
Middle body 0.1 2.0 10.0
Lower body 0.1 2.0 10.0
Upper arm 0.31 2.3 0.03
Lower arm 0.24 1.4 1.0
Hand 0.18 0.4 2.0
Waist 0.27 2.0 10.0
Upper leg 0.38 7.3 10.0
Lower leg 0.40 3.4 10.0
Foot 0.07 1.3 10.0
Total weight [kg] — 64.2 —
Total hight [m] 1.7 — —

dicates that visual feedback control and feedforward
inputs are useful to realize the stable biped-walking
on the condition that humanoid’s dynamics includes
toe-off, slipping and bumping. Besides, this paper
discuss how to realize the stable walking according to
some measurements such as angle of ankle of floating
foot, Center of Gravity (COG), waist angular velocity,
height of head and waist and walking step length.

2 Biped-walking Model

The biped-walking robot in Fig.1 is discussed in
this paper, Table 1 shows length I; [m], mass m;
[kg] of links and coefficient of joints’ viscous friction
d; [N-m-s/rad], which are determined by'”). This
model is simulated as a serial-link manipulator hav-
ing branches and represents rigid whole-body such as
feet including toe, torso, arms and so on and is up to
17 degree-of-freedom. Though motion of legs is lim-
ited in sagittal plane, it generates many walking gaits
since the robot has flat-sole feet and kicking torque.
In this paper, the foot named as link-1 is defined as
“supporting-foot” and the other foot named as link-
7 is defined as “free-foot” (“contacting-foot” when
the free-foot contacts with ground) based on gaits.
When the contacting-foot stopped slipping which in-
dicated that static friction force is exerted to the foot,
the contacting-foot is transferred into supporting-foot
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and the previous supporting-foot is changed to free-
foot if it was isolated from floor.

3 Dynamical Calculations and Analy-
ses

Equation of motion with one foot standing can be
donated,

(1)

Here, 7 = [fyo, 71,72, -+ ,717] is input torque,
where f,, is always zero since the slipping motion
has no actuators. M(q) is inertia matrix, h(q,q)
is the vector indicating Coriolis force and centrifu-
gal one, and g(q) is gravity one. The p in D =
diag(pg,dy,da, -+ ,dy7] represents coefficient of fric-
tion, py is the one between foot and ground. And
q=[y0,q1,92, - ,q17]" includes the relative position
between foot and ground yg generated by slipping and
the angle of joints ¢ ~q17.

£ > 17

M(q)§+h(q,q) +9(q) + DG =,

Yo # 0
fto =tk fno

pre = 0.7
= [Yo,q1,- -~

Yo =0
st :/Ls'an

ps = 1.0
D q

g=lq, - q7
Fig. 2: Switch conditions of stick-slip motion

7(117}T

This stick motion state is described at left side
of Fig.2. If |go| < e is satisfied, the degree of mo-
tion yo will disappear and the equation of motion
will transfer to the equation of motion consisting of
q=1[q1,92, - ,q17]T. On this state, static friction co-
efficient us; = 1.0 is employed, and static friction force
fso = psfno exerts to the lateral direction of foot.

However, when the supporting-foot (1-st link) is
slipping (prismatic joint), the force exerting onto the
1-st link can be calculated by following equation.

(2)

where g is slipping velocity. The viscous friction force
of y-axis (slipping axis) described as uxgo is shown in
left-hand side of Eq.(2).

If the exerting lateral force f,o generated by dynam-
ical coupling of humanoid body calculated by Eq.(2)
satisfies |fyo| > |fso|, the slipping motion will start
and the equation of motion, Eq.(2), will be changed
into the one with variables of ¢ = [y0,q1, q2, -+ , q17]"
again, which is shown at the right state Fig.2.

fyo =€ Fo + prdo

4 Visual-lifting Approach
4.0.1 Feedback-lifting Torque Generator

This section proposes a visual-lifting feedback to
improve biped standing/walking stability as shown in
Fig.3. We apply a model-based matching method to
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Fig. 3: Concept of Visual Lifting Stabilization.

evaluate posture of a static target object described
by 1)(t) representing the robot’s head based on Xg.
The relatively desired posture of ¥r (coordinate of
reference target object) and Xy is predefined by Ho-
mogeneous Transformation as #Tx. The difference of
the desired head posture ¥ g, and the current posture
Y is defined as HTHd, it can be described by:

Ty, (a(t), 9 (1) = " Ta(w(t)) - " Tr " (wa(t), (3)

where # T is calculated by 1(t). 1(t) can be mea-

sured by on-line visual posture evaluation proposed
by % 16). However, we assume that this parameter
is set directly. Here, the force is considered to be di-
rectly proportional to dt(t), which is exerted on the
head to minimize d9(t)(= 4(t) — ¢ (t)) calculated
from #Ty,. The deviation of the robot’s head pos-
ture is caused by gravity force and the influence of
walking dynamics. The joint torque 7,(t) lifting the
robot’s head is donated:

(1) = Jn(@) Kpdih(1), (4)

where Jp(q) in Fig.3 is Jacobian matrix of
the head posture against joint angles including
01,925 93, 44, 4s, 995 4105 q11, 17, and K, is proportional
gain like impedance control. We apply this input
to stop falling down caused by gravity or dangerous
slipping gaits happened unpredictably during walking
progress. We stress that the input torque for non-
holonomic joint such as joint-1, 7, in 7,,(¢) in (4) is
zero for its free joint. J4(t) can show the deviation
of the humanoid’s position and orientation, however,
only position is discussed in this study.

4.0.2 Foot and Body Motion Generator

Besides 7,(t), in order to make the floating-
foot and supporting-foot step forward, added input
torques 7(t) = [0, Te2, 743, 0, 745, Te6, 727, 0, -+, 0T are
used. And another kind of input torques T, (t) =
[0,---,0,7us,0,---,0]7 is used to swing the roll an-
gle of the waist (joint-8), which further realizes the
arm swinging motion through dynamical coupling.
Here, 7¢(t) and 7,(t) are seen as feed-forward input
torques. Here, to means the time that supporting-foot
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and contacting-foot are switched. The elements ()
and T, (t) are shown below:

- { 20cos(2m(t — t2)/1.45), (t < 1.0[s]) (5)

15cos(2m(t — t2)/1.85), (t > 1.0[s]),
[ 50sin2w(t — t2)/1.85), (right foot is supporting)
Tw8 =\ —50sin2n(t — t5)/1.85), (left foot is supporting).

When time ¢ < 1.5[s], 742, Tt3, Tte, Te7 are set as feed-
back inputs.

T2 = 40(—0.2 — g), (7)
Tt3 — 50(03 — Q3), (8)
16 = 100(—0.4 — gg). (9)
[ 60(0.6 — g7), (the first step)
= { 20(0.35 — g7), (others). (10)

When time t > 1.5[s], 742, T¢3, Tte, Te7 are set as feed-
forward inputs.

Tio = 10sin(27(t — ta)), (11)
T3 = —10 + 10sin(27(t — t2)), (12)
716 = —20 4 20sin(7(t — t2)). (13)

60, (floating and ¢7 < 0.6[rad))

Tz = ¢ —40, (point-contacting and g7 > 0.35[rad]) (14)
0, (in other cases).
4.1 Combined lifting/swinging controller

Combining three torque generators in Egs.(4)~
(14), the controller for walking is derived,

T(t) = T (t) + Te(t) + Tw(t). (15)

5 Simulation of biped-walking by VLA

In the environment that sampling time was set to
2.0 x 107%[s] and coefficient of friction between the
foot and the ground was set to us = 1.0 (static
friction coefficient), pr = 0.7 (viscous friction co-
efficient), the following simulation experiments were
carried out. The desired position of head is set to
a = [0,0,2.30[m]]. Concerning simulation envi-
ronment, we used “Borland C++ Builder Professional
Ver. 5.0” to make simulation program and “OpenGL
Ver. 1.5.0” to display humanoid’s time-transient con-
figurations.

In this section, some figures are obtained to analyze
the stability of biped-walking in the simulation. In
this simulation, we set lifting proportional gain K, =
diag[20,290, 1010].

In Fig.4, X-axis represents the walking time, Y-axis
represents the step length of walking. Biped walking
includes three phases: initial phase, transient phase

(6)
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Fig. 5: Angle ¢; of ankle joint of floating foot (from
the 1st step to the 11th step).

and stable walking phase.From Fig.4, the step length
comes to convergence after 5th step. And biped robot
walks as the same step length 0.5[m] after finishing
11th step.

Figures 5 and 6 show the change of the angle of
ankle of the floating foot. Fig.5 shows that the an-
gle of floating foot change irregularly before the 11th
step. X-axis represents the time, Y-axis represents
the angle of ankle joint of the floating foot. From
this figure, the change shape of angle is different. Af-
ter the 5th step, the change shape of angle starts to
converge. After 11th step (after 8.69[s]), the angle
of ankle of floating foot change regularly in the cer-
tain range and Gait Cycle (time of finishing one step
walking) changes in the limited range (from 0.77[s]
to 0.79[s]), which indicates that the gaits of floating
foot change periodically. From the figure, the shape
change of angle is similar from one step to another.
The walking motion becomes stable after 11¢h step.

Figure 7 show the Center Of Gravity(COG) posi-
tion during 100 step simulation. The upper part of
Fig.7 shows the screen shot of the biped walking sim-
ulation. The point A means the initial posture. B
and B’ show the state before and after the switching
of supporting foot in the 1st step. The points of C and
C’ show the second time of supporting foot switching.
The lower two columns show the transition of position
of COG from initial phase and transient phase to sta-
ble phase, which are depicted by coordinate 3. that
is fixed at the toe of the supporting foot. Fig.7 (b), (c¢)
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Fig. 8: Relation of angle gg and angular velocity ¢s
of waist joint in initial stage and convergence stage
(from the 1st step to the 11th step).

and (d) shows the initial phase and transient phase,
the trajectory is complexed and no obvious similarity.
In these figures, the position profile with A, B, B’, C,
C’ corresponding to them in screen shots in Fig.7 (a).
After entering stable walking shown in Fig.7 (e), (f)
and (g), the trajectory of COG is converge to specific
tendency, which is similar and along a narrow trajec-
tory ( the width of trajectory is less than 0.002[m)]).

Figure 8 and 9 represent the relation of angle gg
and angular velocity g of waist joint during 100 steps.
It is related to the stability of walking. Fig.8 shows
the initial phrase and transient phase (from 1st step
to 11th step). In this phase, the movement of the
waist includes varieties and does not converge to one
trajectory. When entering the stable state shown in
Fig.9, the movement of the waist enters a limit cycle
with a very small width.

Figure 10 and 11 show the Z-axis position of head
and waist based on the world coordinate system 3,
during 100 steps walking. Fig.10 shows that the move-
ment of both of head and waist has steady oscillations,
which can be seen that the trajectory of motion is
stable. Fig.11 is the expansion of Fig.10 in time. the
height of head and waist before entering the stable
state is described more obviously than Fig.10. Be-
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Fig. 10: Z-axis position (height) of head and waist
joint based on the world coordinate system ¥, during
100 steps walking. After the 11th step, the walking
state is stable.

fore the 11th step, the height difference of waist and
head is 0.03[m]. After 11¢h step, difference becomes
smaller and changes regularly. Therefore, the vibra-
tional motion of head and waist become stable.

6 Conclusion

In this paper, the stability of walking is proved by
some measurements such as step length, angle of an-
kle of floating foot and COG, waist angular velocity,
height of head and waist. The results show Visual
Feedback Control and Feedforward inputs based on
the dynamical model that contains flat feet feet in-
cluding toe, slipping and impact are effective to re-
alize the stable walking, which is human-like natural
walking. In the future work, we will adjust visual lift-
ing gains to shorten the transient time and observe
the versatility of feedforward inputs.
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The Relationship between The Number of Simulation Executions and Accuracy
of Sensitivity Analysis in Evolutionary Design of Experiments

«T'. Uchitane (Kobe University), C. Zhou and T. Hatanaka (Osaka University)

Abstract—

“Evolutionary Design of Experiments” (in short EDoE) is a framework to make designs of

experiments dynamically. EDoE can be applied large scale social simulation and its analysis like T'sunami
evacuation simulation. Here, the relationship between the number of simulation executions and accuracy of
sensitivity analysis is discussed. From numerical simulation results, less mutation rate of EDoE may make
the number of simulation executions less without making accuracy of sensitivity analysis worse.

Key Words: Design of experiments, Stochastic search algorithm, Sensitivity analysis
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Consideration on Estimation of Classroom Situations by Environmental Sound
Spectrograms by using CNN

«M. Kitahashi and H. Handa (Kindai University)

Abstract— In this paper, the estimation method of the classroom situations from environmental sounds. We
could formulate such problems as a sort of voice recognition problems. In this study, however, we convert the
environmental sounds to imgaes, i.e., spectrograms. Such spectrograms are used to estimate the classroom
situations by using Convolutional Neural Network (CNN). Moreover, we compare the accuracy of the CNN
with the one of Support Vector Machine (SVM). The experiments indicate the effectiveness of the CNN.

Key Words:

1 EL®IC

HA2EOHBEEEG ICT {EHDIEDILH 5 12T,
FENRPCR R TV Y NEDRZBIET HZEN
ZATW5. F7z, GBRIFEDEE OIEHALIEL 7
5y%%ﬁTétt,71%E ZOWIZIED > T W
LZenFHINBE D | 2R, IR RIE
NEETH-oTH, P%’Eb?&fﬁ%%i@iﬁiﬁﬁﬁ
RTHRERERZHERLUZITNER SR WGH Y Z,
SEOEEIEALODDOHE. FOMELRRT S
b, HEORDLVIZHEOREREZIUNT LV AT
A@Eﬁ%%uﬁ&é 5’)71:_

FHOREREREL S FHGT 5121, FEDRM
WS U 72 f IR HE 2 35 1 A i r e s v, UL, &
EDVEREDRNE Z— AT 2R TIEF/B 2D 5
b, AHOULENR I AREDNRIND S S, Zhbd

NEDZDIZ, WEPRZ THARESZHAWT, ¥
AT LR ERNZEEI LI E2ER 5.
BIESIIEEDNRABTHIGEDHEI N0,

T i & B SUFFIAN DB X055 O B 3K T
HHIENFRTED. 22T, HERBIBWTH

HFEEE2HVTICEREZH LT VWA BAAA= 22—
V2w b7 —2 (Convolutional Neural Network:CNN)
CEHET S, FETOREE 2 AT bur T L
IZE#HL, CNNZHWTENS 2 58T 5 2 & TR
R ZEHEE T 5.

AT TIE, FIDIZAWSETHWS CNN & ZEFIEIZ
DWTIRRS., 2L T, BHEHOERET RN GEE,
3, R 2 7 VAT L, ART ba ST AEIRIZ
ZH U725 D% CNN T 2 FERZITS. W
ZOMEEZ YR — F T X —< ¥V (Support Vector
Machine:SVM) & KL, #FE$ 5. BEIZ, fhme
SBROBEIZDONVWTIERD.

2 CNN

CNN » 3B HAAEE T—) v 7@ % R HAIZ R L
HEEEE OB -V Ay N =0 THB. &
AAABE T—1) U ITEIZ X 5T, FHBEA TR
HWHTE, FEOMEZLIZH L TERIRICKRS., Zh

IZE O EGBRFEO S THEHINSEZ L 2o, 2

78

Convolutional Neural Network, Spectrogram, Momentum Stochastic Gradient Descent

2T, BARAAFEE =V VT EOREEIZ DWW TR
HL, RFETHWS CNN ETF IR0 EZRT.
2.1 BEHAHE

BHAAAETIE, ANTEEBDT 1 VZDEHAA
HEZ1TD.

1D2DT7 4 NVREBRACGEEEZEZ D, A1t
YA XS SHED D KDOEETH S & ED AL S x
SxD, ZOAINIHNUTEBAAL T A NVZIEZT T xD
DKE s, TDEEDAIMEE IN,y. (2, y,z € [0,5—
1],[0,8 = 1],[1,D]), 74 VEZDEIA%E wyy.(2,y, 2z €
[0,7—1],[0,T—1],[1,D]) &5 5. AJTEBRDESE (i, )
RIHEAETEVA AT T x D DFEBIZT 1 VA 2E
FIAF, NATADb%EULRR

D
Uij = Z ( Z INpqzwpiyqj-,Z) +b

z=1 \(p,q)€P;;

LB, U, Py l3EBTOmE (i,
YA XT x T DIEFFHEE

J) ZTHRE T

T—-1,57=0,...T—1}
Thd. ZITHELNTVD wy,, & bPEEMIZE -
THHIND Z LT, A RNIZTHR (4,5) 2 A
NS4 R s THEIIETWE, HOMEKIZHRET 7+
V&R E2EAAALTNL.

DX ITEHBEIN w1, T OBIEEBEE o
2T, BAAAEDHT

Pij = {(Z+Z/aj+]/)|7’/ = Oa ceey

OUT;; = a(uij)

EE. DO T VR EEAMADE, T OUT O
xS xS x D bigh.
2.2 T—YviE
=) VT, HBEHADATE 1 DDHEIZ
E£WT 5. 2k, BEENOREOM/NAIEE
LIz BIREDAEN 2 ERTEI N TES.
T=V VD ASDE%EBIRAKRE & [FREIZ S x
Sx N &#Fd$. ANMEZE IN,,, &L, TOHDOT xT

PG0008/17/0000-0078 © 2017 SICE



YA ZDIEFHE Py #1057 —V o35, ¥
T—=V I TR

P,q)EPij
RAKT—V 7Tk

0Tz = ek, o

NI 75, BAIAALFRIZ, HEXHG RN TER
(i,§) Z[HbE s THEIXE, HOMHEKE 7—) v 73 5.
2.3 EFIL

ETFINVEAROMEERTANC, BAAAEL 7=
VT T OMIRIZ DOWTERIIT 5.

NT 7%, BAAADENIATIOEHZE 0 TH
DA TH B, ZHITIE, SO AR TE A
ARENBEBRDRL B Z 2 <HMLRH S, 1
T4V INEE p, ANIDMRET 1 X SxSeT5E, /N
FA Y THOYA XL (S +2p) x (S+2p) &5,

Dropout 1%, WHEERHICIEINRERBEOM % T
RTaffizl, FEHIE—EEHE0<a<1 D/ —
FZHETUHETH L. FHFIZHEINZ ) — FIEFE
LARWDD &S I1ZHk\, EEICEEL2 522\, Zh
i, &/ — Rz Lo / — RICHES 378 X &,
WEBEGSHWLRD 5.

T, AIFFETHWS CNN 2EOEE 23T 5.
CNN 2kDfiE % Fig. 1 12;R7. Fig. 1 fOHRILD
IR IX Table 1 1273, CNN O ANEZHDY 1 X%
256 x 256 HiZ L T 5. ARZ NS T LEBIEH T —
TH57=0, 1 HEDKREIZIRGB D 3T ML e
5. Lo T, AJIEIL 256 x 256 x 3 DK% &
5. 7z, #FE, HY, RBO3 77 AHETE
b, HHBIZIZE 7 IR ST 53D, —N&2HE
35, Z5 it Softmax BAIZ K D HER D E & 7> T
W3, 3D/ —FD>55, RBHEVREN/ — ik
6T B0 T ADHEDFER L 05,

CNN CTlH@EFEH @O ERNIC2iEAE 2 &0, Z
DEFIVIEEHEEEONRD D IR~ v 72T
BT—V v 7R RALTWS., Z0EE X Network In
Network(NIN) & IE(E41, 2014 4£(Z Min Lin 512 & -
TIRIBEINSE Y . &7, BHEOBAAAFDHERIZT «
NEZYA X1 DERAAEEMAAALTNEDE, NIN
DR TH 5. ZD NIN OFEEIEFEF 2SS Z &0
HhroTWNW5B.

3 F&E

CNN DT A =R § DEFAIEIZDODNWTHRRS, 1
flod 2 AT 2HBOE I d, (2 =1,2,3) &5
RO p, DRZELY PO E—IX

3
C=- Z dy log py,
k=1

LB, ZDEEA L, BRI IADEE L, ERT T
ATRWEZ 0T D, APERTIEI =Ny FIRTHH
T2728, NWFHFL AnDI=ZNYF NORALY
PEE—DEH Oy 23 AT 5. Z U THEHRE

79

INPUT

256x256x3
Conv(8,96,4,ReLU)
63X63X96

Conv(1,96,1,ReLU)

63X63X96
Conv(1,96,1,ReLU)
63X63%X96

MaxP(5,2)

30x30%96
Pad(2)
34x34%x96

Conv(5,256,1,ReL.U)

30x30%x256
Conv(1,256,1,ReL.U)
30x30%x256

Conv(1,256,1,ReLU)

30x30%x256
MaxP(4,2)
14x14x256

Pad(1)

16x16%256
Conv(4,384,1,ReLU)
13x13x384

Conv(1,384,1,ReLU)

13x13x384
Conv(1,384,1,ReLU)

13%13x384
MaxP(3,2)

6X6x384
Dropout(0.5)

6X6x384
Pad(1)

8x8x384
Conv(3,1024,1,ReLU)

6x6x1024
Conv(1,1024,1,ReLU)

6x6x1024
Conv(1,3,1,None)

6x6x3
AveP(6,6)

1X1%x3
Softmax

OUTPUT

Fig. 1: A2 TH\W 5 CNN 2RO
Table 1: FilDEIE

|

il

|

R

Conv(L,D,s,a)

BAAME (L: 714 IVEY A X,
D: 74NVEBE, s: AMTA R,
a : iEPEALREE)

MaxP(L,s) S INVASDINZZ)
(L : fSY 1 X, s: AMT1NK)
AveP(L,s) S T—V v
(L : fISY 1 X, s: AMTANK)
Pad(p) R74 27 (p: &)
Dropout(«) Dropout(« : #lE)
Softmax Softmax B




FBIZ X > THIRL OCN /00 % KD T4, MomentumSGD
(Momentum Stochastic Gradient Descent) & FEX11 5
BEEFEEZHNT O 2 EHT 5.

MomentumSGD I& § D FERF M2 1 X PR % Fod
THERIN A FETH S, ZOFEENA =1
A—REUTEEEy, BEEASTA X a zkib, &
o ZBEHLODOEET S, dE v ZWHIEEZ 0 &7
5. HE%

ICN
"0
DESIZHEH. ZD v PEEZERT S, TR0 %

V< QU —

0+ 0+

DESIZEHRTE. TS DEEE I =Ny FEHIZT

W, Oy Z2/NELT20%2%8T5. DA%, 601D

B & 1 train, T —X 1 F5DO¥E % lepoch &

Bz 5.

4 R
INETIZRARZ CNN EFI & ¥ HED0H B

% LEERSEBR &M SEERIC & D MRGEES 5.

4.1 HEER

4.1.1 F&

: pr-—
Fig. 2: A~X27 huJ'J LEGEOH GE5%2 7 R)

HEREERTIX, CNNIZ & 2N OHEE R %
V7 kY=Y SVM & Lh#Rd 5.

T =2 ROTF AT —RIZIE, RFEO#ESETO
BES2HVS. #EPoBRE S %2 5 RE T E
D, 256 x 256 DANRYZ A YT AHEGEERTS. A
RZ7 b aZ5 M Fig. 2 D &S REBGIZRS. ARY
NB ST L ORI ¢ (s) TO <t <5, #itlldHE
WECf (kHz) TO< f <22, AEEFEHEOREEID
HECA S — )V db (ABFS) T —100 < db < 0 OHipH DfE
Eb. £UTC, HBEOKEZEE [0,1] OFFHTIERL
T5. ThozZFORORNA S, #YE, Rk
FRVfHFUTZED%E CNNAD AL LT 5.

AR LR F—R2I13& 7 5 A 3881 i, &3 11643
AThHs. ZhhoETVRLIY—MUEBIZ1I0%SD
T5. ZOK, 17NV —7HNIZIEET T ADT— R HFE
CEBHBELSIZL7Z. TOAD 9 TN —TEHIHHT —
U2 LT 20 epoch H¥B X H 2. ZhEEAKIZ, &Y
D1 ITN—T%FAMF—RIZLUT1 train B2 ZF DE
HMTODEMBZMASE. ZOEXEEETOITL—TH1
HTOFANT—RIZED DTN —-T2RRLT,

80

G110 [\147 5. FALHIZ 10 B9 O IEf#=R % 1 train 2
T A, DFED, 10 DEIREMRELIZ &> TERT 5.
EEEEONY FH A1 ZX1E 32 £ L, MomentumSGD
DNANR=NF A =R FZEEE g 0.01 -
0.97¢P°ch=L(epoch € [1,20]), HEMNT A=K a=0.9
&35,

oG e %Y 7 v~ —U v SVM % 10 451587
MEET 5. SVM ORGFIZBARD 3 8% — > D fHIET

S =

75.
o M H— 2
o MJEH — I +BoF

e RBF 77— %)l +BoF

BoF (Bag-of-Features) & 1%, SIFT(Scale-Invariant
Feature Transform) & k-means % W CH[% & A
NI LTRETBFEDI LT, AW TIIHEEGE
100 IRTETRILL SVMIZ AT S, SVM D/3F A —
RITHRBIZ L > TIRET 5.

4.1.2 #R

0.95 T T T T

0.90

0.85

0.80 LLALLURLSLES
0.75

>
g 070 ‘

3
8 0.65
<

$,0.60

o
® 0.55
>
<
0.50

0.45

0.40
0.35

0.30

0 1,000 2,000 3,000 4,000

Train

Fig. 3: ‘FYIIEfRR D HER

5,000 6,000

1.10
1.05
1.00
0.95
0.90
0.85

,» 080
2 0.75 HHH
3 0.70 H
2065 |
go

2 0.60

< 055 A
0.50 TN
0.45
0.40
0.35 |

0.30 HE

0.25

0.20 ‘

i
6,000

*
0 1,000 2,000 3,000 4,000 5,000

Train
Fig. 4: SE¥a X h O #EFS

10 43 E125 2 MRGEIC & B P EMEROHK 2 Fig. 3
2, O A NOHBE Fig. 4 15RT. ZOERTI,
AL SRR R 89.06% TIRULDHEE TN U 7=,



Table 2: [WIRFEBRDEFRTTS]

e
e | Y | Bk
% [ 3385 | 153 | 343
EfE | EHE | 144 | 3652 | 85
FRER | 535 | 117 | 3229

Table 3: SVM D € b 5

y FHik | NI A=& [ FHEfE |
A — 2 Cc=2"1 82.41%
e 51— 2 )V +BoF Cc=2"° 76.17%
RBF 77 — %)V +BoF Cc=20 79.58%
y=27°

e EER DIRIF T4 % Table 2 12”3, £72, SVM
DOHETEAER % Table 3 12”83, CNN D ARENRX—V
D SVM &0 & EfRPEWFER L o 72, Fig. 3 »
5, CNN OEHIEMERIE 5000 train A, 9 82.5%
"5 92.5% OEIZIEEI LGS, EHLTWEIZEhb
5. BRREMEIL 89.06% TH 3D, REED
HIZZENLDEPXE S, UL, ThE2EELTH
SVM OH Tl E\W 82.41% #ATHYH, CNN D
FWIEBRPNER T ER 5.

4.2 BEISEER
4.2.1 Fi&

WIGEBRTIE, HBEBRTFEHULZ CNN 7)1 %
FAWTERAOFEZRDIRIMZHEE L, HIRFER L R
% g 5.

i EBR e FREOT — X ERFIEIZ & D, #H2 S
2 1445 i, ¥ 2 5 A 136 M, #AERZ 5 2 435 @D
T=a0F o, IRERRHIZEE L7 CNN €7
VI 10 DEIZAMEEIZE Y 10D 2720, ThEFEN
THEZITD.

4.2.2 &R
Table 4: HLFEBROEFRITS]
HeE
s | Y | ABR
& | 11393 | 634 | 2423
IR | EE | 235 | 266 | 859
FAER | 806 | 422 | 3122

S FEEROIRFITH % Table 4 IZRT. ZOEBRTO
EfRRIZ73.32% &7, HBFEEROFEETH 5 89.06%
IZHAR 1574 RA ¥ MEWEER L 1o 7=,

5 ER

U ®IZ, HERERTHE L ZHE HEIcB W T
CNN DA SVM & 0 [EfifR D3m0 o 721 K &2 F5 s
5. ERRIZENHZRERO—21Z, ASDZEzxt
TEREBMIZEN D ST Z EREZSNSE. ATTDOA
R MNBT T LAOMENIRATH 5728, HEIZKHE
RO E DK G2 kT 5. LzdioT, &
WIFfRBETHERE T B 7-0121%, ZDASDZEILIZR L
TEFIVIIAREMW 2R iTEzs 575\, CNN I
T=D) &Y, AJTHEERDRHE DN E LR T A
IR UTERIRTH A7, SVM & 0 bEWAEM: 25
BT &7, SVM TH\W/z BoF Th MDA BEZ(IZ

81

SIGHE S 5, BoF DGE IZRHERO M EE ] % 57241
ELLTLEW, AT baF T LAEBEOMETRX
NLHWMETHENRREZEL, EMREZ T FREEZS
nb.

WIZ, IS FEEROKE BB EERIZ LR 15.74 RA
Vv MEWKER 5 2R IN%2EE T 5. Table 4 925,
RADFHEBOHE TIIHEE 27 7 AD 63.16% % iRkER
TALBOTHETE LI Z &N B, Z DFRHEE L Table
2 DHIEBOFER L IR THELR D EWEIETH
5. ZhiE, ESEBRONRKOERTIE, FHT—X
THWZHHR L HEDOHNRVRLZ > TED, ZENH
MCHKTAIEBIELALEP -2 DRNTH B
tEZOLND.

BRIz, HEEDEMELZ VR TETFERE2ERT
%. Fig. 4 75 FEHEMERDMEN L 72 5000 train PAFE
LI A MNIADALUTOBALTWB Z 2B, Z
DEETTTITRFEE L T WARNEH E720, Zh
2L F epoch #7% 355 U T H KA DFEE DRI E 1FfF
RBPKELMETEZ EIIRADRN. ZNDHNOF
B LTI, NAN=NFRA—=ZPEFI, KElF
HBOEE, T-RROEENREZONE. T—XF
RDEFIZDWTIRRS, Table2 »5¥ B & 51z, #
BT ADT—Z1F94.10% &\ EWHKEE THEREIZ
FRIILTWB. 2, EHEPIXFER AR E LT
W3 7 DEBRESICRHEBER T VWS THEEEZS
N5, —5, RER2 5207 — 2 OHEERE X 83.20%
KL, 13.79% #RoTHEI T ALHEL TV 5.
WET T Ao, RS 2 AXEHIrTHEZ L
N TH 2 L ETE LD, REFOFEAiH» S DI
RPMET DEPEBBEORB LML TWS, Zhic
X0 —¥DORERT T ADT — XA BR-> THEINI-D
TIRBRVWIEEZSN, ITNEMEHRT S L TEMK
DO EVPRIAD S, ZORNEL LT, F—XERKED
BES2RXYLEEEZELTE2ET, T—XDREY
ERBT e Wo T HENREZONS., £, RO
EBEORMNMEC EfRLREEO L0121, K OkEx R
WEERFH T XA, BEONERFEDEIC
HWETIVEELLERHDLEEZIOLND.

6 BBHYIC

AT, BEOWRM (%, #Y, AB) O#EE Lk
LT, BESOARY hu 2T LS %Wz CNN
WL BHERIREL, MREERZT -7z, EBROMER
0, ONNIXSVM & 0 IEfERIENZ &2 - 7=,

UL, EBR2ORBRY 5 ADT — XDOWEKEN
RN Z e B[ 572, R 7 AD T — X DHfEE
WEEZHIZ LTS Z T, EfROMEERADS. 5
BOBEE LTI, N R=NFA—ZPEFI, B
HALFE, T2 EAERLHTL2REDFRET, HIC
EffRE2EDONENERFTEZeBBIToNnS.
SE Wk
) XMBFE - HEOHBANEN TS >,

http://www.mext.go.jp/b_menu/houdou/28/07/

_-icsFiles/afieldfile/2016,/07/29/1375100-02_1.pdf
(2016)

2) Min Lin, Qiang Chen, Shuicheng Yan : Network
In Network, https://arxiv.org/pdf/1312.4400v3.pdf
(2014)



11

2017

BRFEZRAVWV SV RAVFEDORHER

RIPR

BPAE ORBOR)

Early Detection of At-risk Students Using Machine Learning

*N. Kondo (Tokyo Metropolitan University), M. Okubo and T. Hatanaka (Osaka University)

In this paper, a detection method of academically at-risk students by using log data of learning

management systems is considered. Some well-known machine learning methods are used to build a predictive
model of student performance evaluated by GPA. The experimental results indicated that some characteristics
of behavior about learning which affect the learning outcomes can be detected with only the LMS log data.
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Fig. 1: Classification metrics for logistic regression with at-
tendance data.
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g. 2: Classification metrics for SVM with attendance data.
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Fig. 3: Classification metrics for random forest with at-
tendance data.
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Fig. 4: Classification metrics for logistic regression without
attendance data.
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Fig. 5: Classification metrics for SVM without attendance
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Chebyshev Inequality based Differential Evolution
For Multi-Objective Chance Constrained Problems

«Kiyoharu Tagawa and Takeshi Watatani (Kindai University)

Abstract— A new approach to solve Multi-objective Chance Constrained Problems (MCCPs) without using
the Monte Carlo simulation is proposed. Specifically, according to Chebyshev inequality, the prediction

interval of a stochastic function value included in MCCP is estimated from a set of samples. By using the
prediction interval, MCCP is transformed into Multi-objective Upper-bound Constrained Problem (MUCP).
The feasible solution of MUCP is proved to be feasible for MCCP. For finding a set of solutions of MUCP, an
Evolutionary Multi-objective Optimization Algorithm (EMOA) based on Differential Evolution (DE) is also
proposed. Through the numerical experiments, the usefulness of the proposed approach is demonstrated.

Key Words: Multi-objective optimization, Chance constrained problem, Differential evolution
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Table 1: Experimental results on DTLZ2

M=3
o2 |S] MS CM PD
— 120.0 2.000 2.4E-1 0.008
— (2.6E-4) (1.2E-4) (0.002)
0.01%2 | 120.0 2.007 0.007 0.016
— (9.1E-4) (3.5E-4) (0.001)
0.05% | 120.0 2.166 0.166 0.048
— (0.012)  (0.002)  (0.002)
0.12 | 120.0 2.663 0.702 0.074
— (0.031)  (0.007)  (0.004)
M=6
a2 |S| MS CM PD
— 120.0 5.365 0.117 0.225
— (0.148)  (0.025)  (0.023)
0.01%7 | 120.0 5.465 0.164 0.219
— (0.180)  (0.039)  (0.028)
0.05% | 120.0 6.062 0.387 0.189
— (0.215)  (0.047)  (0.023)
0.12 | 120.0 7.592 1.140 0.213
— (0.338)  (0.085)  (0.023)

Table 2: Experimental results on DTLZ2C

M=3
o’ |S] MS CM PD
— 120.0 2.000 6.6E-7 2.8E-1
— (3.3E-7) (1.6E-6) (8.7E-5)
0.01% | 120.0 2.010 0.010 0.029
— (8.0E-4) (2.8E-4) (8.6E-4)
0.05% | 120.0 2.252 0.252 0.131
— (0.015)  (0.003)  (0.002)
0.1%2 | 120.0 3.051 1.167 0.261
— (0.059)  (0.017)  (0.004)
M=6
o’ |S] MS CM PD
— 120.0 5.211 0.070 0.174
— (0.099)  (0.017)  (0.023)
0.01%2 | 120.0 5.351 0.120 0.185
— (0.137)  (0.028)  (0.025)
0.05% | 120.0 6.302 0.529 0.256
— (0.220)  (0.048)  (0.018)
0.1%2 | 120.0 9.071 2.004 0.404
— (0.343)  (0.132)  (0.020)

7.2.4 Positional Deviation

Positional Deviation (PD) &, L FDOX 51K (27)
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Table 3: Experimental results on DTLZ3

M=3
o |S] MS CM PD
— 120.0  2.778 1.570 0.027
— (1.601)  (4.094)  (0.046)
0.0017 | 119.8  16.28 58.51 0.054
— (2.915)  (23.81)  (0.070)
0.005%7 | 118.9  371.1 23E+3 0.299
— (97.76)  (2731)  (0.047)
0.017 | 119.6 1268 29E+4 0.509
— (158.6) (15E+3)  (0.076)
M=6
o’ |S] MS CM PD
— 120.0 12.95 8572 0.080
— (8.606)  (13.15)  (0.071)
0.0017 [ 120.0  67.37 141.8 0.115
— (40.97)  (100.9)  (0.088)
0.005%7 | 120.0 1839 48E+3 0.449
— (448.8)  (8183)  (0.052)
0.017 [ 120.0 5379 60E+4 0.881
— (472.5)  (63E+3)  (0.127)

Table 4: Experimental results on DTLZ3C

M =3
o’ |S] MS CM PD
— 120.0  4.005 5417 0.057
—  (3.101)  (9.459)  (0.080)
0.0017 | 120.0  21.67 115.9 0.161
—  (7.339)  (111.0)  (0.076)
0.0057 | 117.7 3929  25E+3  0.359
—  (118.3)  (3309)  (0.090)
0.017 | 119.1 1280 20E+4  0.580
—  (170.8) (14E+3) (0.072)
M =6
o’ |S] MS CM PD
— 120.0  20.61 23.24 0.137
—  (14.33)  (41.00)  (0.075)
0.0017 | 120.0  68.74 160.6 0.164
—  (28.70)  (106.9)  (0.068)
0.005% | 120.0 1633 46E+3  0.443
—  (349.0)  (9642)  (0.102)
0.017 | 120.0 5183 59E+4  0.887
—  (499.1) (76E+3)  (0.131)
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Improving Generalization Ability in a Puzzle Game
Using Reinforcement Learning
Method to Determine a Character’s Path

«Hiroya Oonishi and Hitoshi lima (Kyoto Institute of Technology)

Abstract—

Nowadays machine learning has attracted much attention.

In order to apply it to various

problems without relearning, its generalization ability is needed. Geometry Friends is a puzzle game where
a character has to collect all targets in a two-dimensional world, and it is used in some artificial intelligence
competitions. Sufficient generalization ability is needed to apply the machine learning to this game. We
recently proposed the structure of a method based on reinforcement learning in which the generalization
ability is improved for Geometry Friends. In this method, a character’s path to collect all the targets is
determined, and then character’s actions to follow the path is learned. We already proposed a method to
learn the character’s actions. In this paper, we propose a method to determine the character’s path.
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7-HIWI OB O %K L TE Y, FHIRNOBTFILE
DU AVIZFEZT N T2 HWY O TH 5. Time
T RTOHNY 2GS 57D E L R D
ERETRLTED, FEIMANOBFIEZD L )LDl
FREFMTH B. Score 1358 Al 7L A ¥ —IZIBLE2 DI
SIS, IATERINS ScoreRun DY
Thb.

ScoreRun =Vcompleted

(maxTime — agentTime)

maxTime
+ (VCOIlect X NCollect)

(6)
Z 2T Veompleted TR TOHKY ZEER LIz ED
BT E LT 1000 2SFHWSNTE D, Vogiree 1E1
DOHMWY A EEHR L EDELATHEE LT 100 A3
WS NTWS., maxTime 138 L <)L O PR R,

99

Table 2: Agent o 12 & 553

’ Level H Success \ Target \ Time \ Score ‘
1 8 | 1.5(2) 13.0(20) 495
2 0| 1.6(3) 45.0(45) 160
3 0| 1.0(3) 60.0(60) 100
4 0] 2.0(4) 80.0(80) 200
5 2| 1.2(2) 65.7(70) 182
6 6| 14(2) | 22.8(40) | 574
7 11 0.8(3) 56.5(60) 138
8 3| 2.3(3) 38.9(40) 257
9 21 2.2(3) 75.6(80) 275
10 0| 0.6(3) | 100.0(100) 60
] Total Score | 2441 |
Table 3: CIBot 2 & 5 #5HE
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4 0] 1.2(4) 80.0(80) 120
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’ Level H Success \ Target \ Time \ Score ‘
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5 10 2(2) 24.8(70) 846
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7 10 3(3) 19.4(60) 977
8 10 3(3) 28.6(40) 585
9 10 3(3) 31.4(80) 908
10 0 2(3) | 100.0(100) 200
’ Total Score \ 7853 ‘
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Pattern Formation in Daisyworld Model on a Sphere

«M. Kageyama and A. Yagi (Osaka University)

Abstract— A planetary biota modifies its environment and its environment regulates a biota by natural
selection. Daisyworld has been introduced by James Lovelock (1983) as a simple parable to verify a hypothesis
that the feedback between a biota and its environment keeps the planetary surface environment stable and
habitable for a biota. In the original Daisyworld model defined by Andrew Watson and James Lovelock

(1983), the whole Earth is regarded as a single point.

Its numerical results showed how the interaction

between a biota and its environment affect themselves. Here the Daisyworld is extended to complete two-
dimensional version on the sphere. The asymptotic behavior of solutions to the model and some numerical

results of the model are discussed.

Key Words:
methods, pattern formation

1 [FLC®HIC

1972 412 J.E. Lovelock IZHUERIZ B 1T 5 E CiHiE
WY AT LAOFERBIB L. 2hiE, e nz
D & EBRBEVMAEIEAT A Z iz ko> T, #Hisks 2
T LR ZEZIANT CTH OHEMIT 5 & O BHEEETH
5., ZDOL5%Y AT LEHEMLLZE DD Lovelock
DIZEBTFAYV—T—)LRTH5.

TA V=T =)V NIz X< - RET, HED
O EANFELTWS., T4 Y= =)L RIZIFRMBEH
BD2FEDT A V= UNFHERET, I s idHhEko
Y e FRRIZEE B EZ S ->TW5E., ZORBOEE%
WO IIHE, KBERERULKEHZRED T IZEHH
NERTDEWSHMESL D, 72, TAYV—T—)
RIFEOEORWEETHY, “BILRFEOL S
Xli"%”&:tc%bf:vlﬁﬁ“ ZhHd., INETAY—DEE

TR, SRS ERZ RIZTTIZETIERW. L
#of R D RIIR VX E R A S Dt 2L & Hi K
DRI HR (TARR) IZL>TDARES., DFED,
HWRFO OB NMFIEHEED S DY 2 RIN L TIRED
ERURTL, @AWEEEE KB LU TIRENET
L X9 . Watson-Lovelock 8 IZ k> TEAINEZT
1Y =7 =) ROHEREZ, KE2KZ2V0EDDHE
UTEZZORITDETNE 5. ZHUXFER 12 HH
REDTH-ZIZH b5 T, 2HEDTA V=0
HOWOEFEZS WS, REOKBWLRLIREZ B
5 DERICHREZR AN E BEREMIZHGE LT K5 7%
FERERLUZ.

BfE, HUBR EEWHEREIICM S h DM E R 5 X T
W3 Zkiz wfi%i@%ﬁwﬁﬂi&m.b#u
TA V=7 =) RET VA L BRIEOMEEH L %
DOREIZH DA AL %2 HET S B2 HHE
TLDOEDE LUTEHLDRHTIHEHINTS D, ffx
72 BEERT AL R HRAR T SE BT b T\ 5. il 2 122k
E@?f’“gﬁ B\ TIE, von Bloh-Block-Schellnhuber 7

kBRI - A= b bR AW EEILECE T,
Adams—Carr 1) Adams-Carr-Lenton-White 2 12 & %
MEHERE TNV R ED D 5. AIETIE, T4V -7 —
WV RETIVE 2RTERME EAEEEL, EFLOERAL
2175, ZOBMEEADIRIZE 5T, X —VIEEK
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Daisyworld, self-regulating homeostasis, reaction-diffusion system, sphere, finite-difference

BT RERE TN 2 /595, &5
12, TO2RITETIMVIZRUT, MSiilsm 5
ROBH 10 2HWT, BT NI 7R E2HBRT S, K
%Iz, BUEEIEIZ KL > TR SN R — U RIZDOWT
A

2 BELOTAY—T7—ILRETI
2 RICERIET S ETEA N OAIME - BEFUERE 2 £ X 5.
% =dAu+[(1 —u —v)®(u,v,w) — f]u,
% =dAv+[(1 —u—v)¥(u,v,w) — f]v,
(1)
%l: = DAw + [1 — g(u,v)|R(w) — ow?,
u(w,0) = up(w), v(w,0)=1vp(w),
w(w,0) = wo(w).
72U, GEHiKS &
S=8"={w=(z,y,2) € R} 2> +y* + 2> = I},

E$ 5. RAMZE u = u(w,t), v=o(wt) X, %
weS, KHlt TOHBLREDT A Y —DEESMm
ErnEhmd. Lh>T, & (w,t) Tu>0,v >
0,ut+v <1Z{EZLTWVWS. w=ww,t) IFHRREE
ERLTWS., &7 Y- MIRmBEITZN TN,
D OEIGTERM S 2T 5. Lo T, AFBR
M LEDZ 757 Y (Laplace-Beltrami fEfiZ) T®»
5. ZDLE, TAV-LHEDOREFENS0<d< D
ERET D, glu,v) FHREOFEET IV KEZERL,
u, v DEIEE UTH (w,t) TRO KD IZHEZ6NS.
g(u,v) = Ayu+ Apv + Ag(1 —u —v).

ZIT, Ay, Ap Ay BENTNABDOT AV —, Bt
DTAY—, BHOTVRFTHY, A, =0.75, A4, =
0.25,A, =05 DEFHEEFZZ TS, 51T, P(u,v,w)
& \I/(u v,w) FENTNHBDOTA V- BEDTA

PG0008/17,/0000-0101 © 2017 SICE



VoDl ERELRL,
O(u,v,w) = {1 - (@ — w — qlg(u,v) — Au])*}+,
U(u,v,w) = {1 = 86(W —w — qlg(u,v) — A])*}4

WEoTHES. WIT A YV —DOEICREZEE, ¢,6
TN R EERTH L. X (1) OFE3IRNFT R LF—
S HRRANSBE I, old¥aT Ty v KLY
RVEHTHD. Rw) FKRE»SWMAT DT RILT—

mERL,
R(w) = Ro/1 — (2/0)2,
TEHEINDS.
3 7SV T7VvDERL
S ETCHITIHEHETFV E
Vu(w) = [VRsﬁ(x7y,z)]|S,
CEDDL. RRNT Vu 23HHT 5 &,

w€E S,

cos f cos ¢ du _ sing ou

) ou
Vu = (sm@cos (ba +

T 90 rsinf d¢’
) . Ou cosfsing Ou  cos¢ Ou
sm@smqbg—i— r 90 " rsinf 8¢’
Ou  sinf du
o8~ =55 )
PWEOND. r AAICERTHEZ R, SE=0¢
n5DT, S ETIE,
1 OJu  sing Ou
Vu—£<c059005¢89—sin08¢,
. Ou  cosodu . Ou
cos@sm¢% + o ad),—staa),
5.
51, SEDTITIVTY AERDEDITESR
T5.
Au(w) = [Vgs - Vrs(2,y, 2)]|5 , weS.
R3 NT Au 23583 5 L,
Au =
l g 2% +Lg ing@ _A'_L@
72 or\" ar) Tsin000 \™" " 00) " sinZ0 067’
2135, JL=0&0, S ETH,
1 1 90 (. 0Ou 1 0%
Au = 2 [sin@(‘?@ (Mneaa) * Sin29&¢52} 7
ER5.

ZIT, PEREMEIEA
a(u,v):/Vu~V@dw+/u@dw, u,v € HY(S),
s S

EHEZD., TRTOu € HY(S) IZHLT, a(u,v)
(fv)p, THDEESRME—DD f € Ly(S) BIFLEL,
Au—frsehs, Thbb,

D(A) = {u € HY(S);
(w,v) g1 = (f,0)1,, v € Hl(S)},

Au = f,

102

9%, D(A) IFRIBER, A:D(A) = Ly(S) &AM
fEFZTH S, Tt &,

—Au = f7

LB ENS, —Auld Ly(S) DIFAH IEEHZE
Thb.
4 FHER

MR (1) 128 U CRpE, Kz kikds. o
WY 2R R OC I FREERL, BET NI 72D
R %217,

=]

X ={U ="(u,v,w); u,v,w € Ly(S)},

TR (1) 1% Cauchy [H#E

f%+AU:FWLO<t<m
U(0) = U,

ERMbEI 5. FIEIEK O %,

K:ﬁh:mm%w@ex
1@zoﬂmzoﬂm+vogL0§umS(RM@i}

95,

EIE 4.1 EROWHIBE Uy € K I LT, BI#zEM

U € C((0, Ty, J: D(A)NC([0, Tz J; X)NCH (0, Ty |3 X),

TH—DRFREPFET 5.
DI ||U0HX IZEoTOARIRLE S,

> -
— —

CHEE Ty, > 0 13/

EE 4.2 [TED Uy e K IZHNULT, Bz
U € C((0,00); D(A)) N C([0,00); X) N C((0, 00); X),
TH—DKISRPFET 5.

51T, FERMEEREE

S(t)UO = u(t7 Uo), ug € K7

yiEdsy, (S(t), K, X) 3RV IFRE RS,

TR 4.3 ¥R (SH), K, X) THUTHEET ho7 7%
DR TE 5.

5 HELTOESEFE

BRI L DR RN T 2 8EEHE T EICD
WTIE, HiBRX A FEVIab—varopHky
TELFEINTWS. Hilz1E, Kageyama-Sato?) 12
& % Yin-Yang #7F, Ronch-Iacono-Paolucci® 12 & %
Cubed Sphere 1+, Half-Step-Shifted ¥+ (# 21X,
Fornberg-Merrill®) % 2M) % H\W - HFER EDH
% (%72, Williamson? IZWL DD FEREEH S
nTwd) . Ihs OBEFHHETFEDIE L A LG
TAMEEHERED ML —RA T L5 T V5.



ARHIZETIL, BN Half-Step-Shifted #&7 A ¥ — 4%
HAWTEHEZTS.

5.1 [%# Half-Step-Shifted & F X F— L

BRI COBMEEEIZ BT, 22 % SRR I 4
S HRBERERT (Fig. 1 2I) %2 AW 5 DA
B CTH S, UL, ZOMBERERT V55
A, AT TOW DL DOMEIZIERET 208V D 5.
9, M BEREN o T WA I D 5. T
BIZDWTIE, M EIZH Rz &2 78\, L'Hopital D
EH % W TR RN EHRER 2 BRSO RV IEIZ
BEMZ DR EDHIFIL>THMT 2 Z N TE 5.
SEDOEE, BENSKETY Y RID2F 5 LK
(Half-Step-Shifted grid) 2% 2% (Fig. 2 &) . %
5 O & D ORI I T DB 5 Z iz &
D, BREHAOKFSHERIMO TR 252 TH
5. ZHUTDWTIEHAERE S OF TR 2 Mz D <
FEHEL Lo 2 ARERIER T2 HWE Z & THIRT 5.

Fig. 1: Latitudinal-Longitudinal grids.

L7 > T, ZEREEsUbizBT 5 i FTHOBRERT
MO & BEORERT R ¢ FUTOLIITERS
nas.

ZIT, N, MIZZZ g i1 & R T DR
M ERL, A FMUTEWEEELS 85 K570 film
DIE—FIE T8, A X ¢ STAID ALK TIH (Ap =
2n/M) Th5. £z, n BARLAT v T%& t, = nAt
£95%.

0
T D A6/2
A
@J)
(=)
\
0 2|7r ¢
Fig. 2: Black point (¢,7) is on the Latitudinal-

Longitudinal grid. Red point (i — 1/2,4) is on the
Half-Step-Shifted grid.

ﬁzﬁ%ﬁ (1) O)ﬁﬁ u(9i7¢j7tn)7 U(9i5¢jatn)a w(917¢]atn)
RIS BEBMEE, TN UL, VLW LT B

4,57 71,0

103

& EERE (1) BT O &S LS h 5.

oz - v,
At

= [(1 -0y = Vi) eUl,, Vi W) — [0
sinfiyy Uy — Uy sinbiy Uy — Uy
sin 91 (AQZ)Z sin 9,’ (A91)2
1 Uy =200 + U
sin® ; (Ag)? ’
n+1 n
Vie — Vi
At
= [(1 =07 = Vi) ©(U, Vi, W) = £V
p sinb; 1 Vv, 5 =V osind 1 VL =V
PTG, (A6 s (A6
1 Vil =2V + Vi

sin? 0 (Ag)? ’
n+1

Wi = Wi
At

[1 —g(U}" Vn)} - O(Wi?j)zl

1,57 V4,]

: . n _ n 3 ) no_ n
+D sinf y Wi, ; — Wiy sinb_y Wi, — Wy

sin 91' (AHZ)Q (Aez)Q

sin 91'

wn.

1 Wi, —2W0 + Wiy

(Ag)?

B EOBERSZMIZOWTIE, BEAM (§ =
0, M) 1ZFEABES A, M (=1,N) 3,

SiIl2 02

Uo,j = Uy 1455

Uny1,j =Unayy, (j=0,1,...,M/2),

Uoj=Uy _m

UN+17j:UN,—%+j7 (J:M/2+1?7J)a

R
6 HEFEER
(=1ThHdEIIRKES%2FZ, 0<0<m0<
p<2m&¥BH. ZITENITA-XDfIEd =105,
D = 1.0, § = 0.003265, f = 0.3, W = 295.5, ¢ = 40,
0 =567Tx10"8 ThzxOHNE., FHBREIZHEATST
FIVF— R(0) 1%,
4-917
o s
ZkoTHRESL., ZZTOLIEKEEERZEL, L=
0.85 DIGEEERD.

DA b e TR (1) (239 2 e R 2 Fig. 3
2R, Fig. 3 13KZI ¢t = 600 TD (a) A1 T 1 ¥ —D

R(6)

Lsin6,



BIENA, (b) BOTA Y —DOBENM, (o) RESA
EENTNET. NS DR LERRELL>TEH
D, Za—=2b - T T IRNEGEFELSNT VD
ZEERBRLTWVWS.

(a) WHITE DAISY

s .
06
25
05
2
04
g 15
03
* 02
05 01
0 0
0 1 2 3 4 5 6

(b) BLACK DAISY

06
25
05
0.4
0 15
03
02
05 0.1
0 0
0 1 2 3 4 5 6

(c) TEMPERATURE

w

N

[

300

295

290

285

280

Fig. 3: (a) Graph of u(0, ¢), (b) Graph of v(6, ¢) and
(¢) Graph of w(, ¢) at time ¢ = 600.

Fig. 3(a),(b) TR OND K512, 2FEOT 1 YV —IF
FOBEREEZBRVTERIIAPNTEELTWS. [
1A V=N E KB LT WD, EiRETH B
FEMDETEBAIZED, TORMIEAT 1Y —13%
RN L3 \W\Wzd, BT DR R T AT
WIE->TW5A., £/, AaT 14 YV —DWERIRIZE -
T, TOLEERTH L HRETREDE FREAONS. T
DIREBRTIZE > THROT A V=2 E ECEF A
Lo TW5,

X HIZHIRENZ &z, FEMEIZBT2ABT 1
VBT A Y — OBEFRRDIRE & RIF T RY S
P TEZOSNTWA I ERRTENS. 2Dk
SI2RTNR =V BNENB Z 2 IZOWTIX, S%E
RAMBIEEREERN. FEINSOEERIZON
T, BOFHEFEIZL->THRABOEDMESNT

104

W5,
7T &

HIERIZ B 5 HAHABEFEES AT L2 DOV T
2R, FOY AT Lk BT AN il BoE e
FILVTHBTAT—T =)V REFINE 2R ET
ERE L. 512, ToHBERITH L TRAME, X
R, MR F R, BT N7 2 2O EITVL,
BUbEI B RO —HE2 BN U7,

SBITBUEHBIZ L > THNZ 2 /508K — 2D
WG ZERZWN., £, SHE#F->RET 1 Y —
T—VRETIIZHUTHMRET NV ERIUL T4V —
IZEBREOHTHDR RSN DONWT, I 5058
fEETEIZ & > THER L 72\

S Xk

1) B. Adams and J. Carr: Spatial pattern formation in
a model of vegetation-climate feedback, Nonlinearity
16, 1339/1357, (2003).

B. Adams, J. Carr, T. M. Lenton, and A. White: One-
dimensional daisyworld: spatial interactions and pat-
tern formation, J Theor Biol 223, 505/513, (2003).

B. Fornberg and D. Merrill: Comparison of finite
difference- and pseudospectral methods for convective
flow over a sphere, Geophys Res Lett 24, 3245/3248,
(1997).

A. Kageyama and T. Sato: ’Yin-Yang grid’: An
overset grid in spherical geometry, Geochem Geophys
Geosyst 5, 1/15, (2004).

J. E. Lovelock: Gaia as seen through the atmosphere,
in Biomineralization and Biological Metal Accumu-
lation, edited by P. Westbroek and E. W. deJong,
D. Reidel, Dordrecht, Netherlands, 15/25, (1983).

C. Ronchi, R. Iacono, and P. S. Paolucci: The ”Cubed
sphere”: A mew method for the solution of partial dif-
ferential equations in spherical geometry, J Comput
Phys 124, 93/114, (1996).

7) W. von Bloh, A. Block, and H. J. Schellnhuber:
Self-stabilization of the biosphere under global change:
a tutorial geophysiological approach, Tellus 49(B),
249/262, (1997).

A. J. Watson and J. E. Lovelock: Biological homeosta-
sis of the global environment: the parable of Daisy-
world, Tellus 35(B), 284/289, (1983).

D. L. Williamson: The evolution of dynamical cores
for global atmospheric models, J Meteor Soc Japan
85(B), 241/269, (2007).

SR B BIRIR AR 2 DI M, B
&, BBERE, (2011).

=

2)

3)

4)

5)

6)

10)



	表紙
	目次
	1 針筋電図に混入する心電図抽出方法の提案
	2 簡易脳波計を用いた脳波による疼痛有無の識別
	3 ニューラルネットワークによる胃X線二重造影像における
	4 多目的最適化問題における評価時間の偏りが
	5 近赤外分光法を用いた不快音聴取時における脳機能活性箇所の特定
	6 乳がん病変検出のための深層学習を用いた計算機支援画像診断システム
	7 深層学習による乳房X線画像上の腫瘤鑑別
	8 Design of an EEG-based brain-computer interface using motor imagery for wheelchair control
	9 前頭前野における脳波を用いた耳鳴の検出および苦痛度の推定
	10 Improvement of Consumer-Grade Brain-Machine Interface Accuracy through Preliminary Signal Analysis
	11 セパラトリクスを実現する遺伝子ネットワークの設計問題の解の存在性と解法
	12 状態跳躍を導入したMorris-Lecar 型ニューロンモデルにおけるカオス誘起現象の検討
	13 適合度を用いたRe-labeling Differential Evolution の高効率化
	14 ビジュアルリフティングアプローチによる二足歩行の安定性解析
	15 進化的実験計画法における実験数と感度分析精度の関係
	16 CNNを用いた環境音スペクトログラムによる授業状況の推定に関する考察
	17 機械学習を用いた高リスク学生の早期発見
	18 多目的機会制約問題に対するチェビシェフの不等式に基づく差分進化
	19 パズルゲームに対する強化学習を用いた汎化性能の向上
	20 球面上のデージーワールドモデルにおけるパターン形成


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




