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Correlation Between Impact Strength and Acoustic Emission Events

Tatsumi ICHISE and Yasuyoshi IWAI

In order to investigate the relation between the impact strength and acoustic emission (AE) events,

Charpy impact tests were performed on the V notched specimens of quenched and tempered SCM435.

The conclusions obtained were as follows :

(1) The impact strength decreased remarkably with tempering temperature from 300°C to 600°C and

it was found that there were good correlations between the variation of the impact strength and

that of AE cumulative counts.

(2) AE wave patterns showed burst type in impact tests and AE root mean square values were not

affected by the impact strength.
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Development of Air Purity Tube by Using an Electromagnetic Non-Woven Fabric
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ON the Mechanism of Benard Convection in a Thin liquid Layer Induced by Evaporation
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Toshio HIRA and Ken-ichi IIDA
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Isotopic Gas Concentration-Ratio Measurement using Isotopic Gas Laser Oscillation

Tomoshi MATSUSHIMA, Junichi KAWANABE, Hiroshi MAEKAWA, Shohei SAIMI and Yoshio CHO

For high sensitivity measurement of isotopic concentration-ratio of trace-level gas mixture,

particulary, including carbon dioxide isotopes,we tested a “CO.-*CO: composite laser system containing

intracavity absorption cells. Sensitivity enhancement obtainable by the intracavity absorption cell con-

figuration is examined theoretically. "CO. in atomospheric air is readily detected and minimum detect-

able concentration by the present system was estimated to be 70 ppb.
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Fig. 2 Schematic layout of a single laser containing
an intracavity absorption(sample)cell. R, :Output
mirror reflectance,R.:End mirror refrectance, C,
:Coupling coefficient between laser cell and output
mirror, C.:Coupling coefficient between sample cell

and end mirror.
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Visual Basic ZHW/EHEBEHGIE 7 0 7 5 4 OBER

HH k=
Development of Control Programs for Education Using Visual Basic

Masayuki MIYATA

The author has developed simulation programs for education for each type of control system in the
DOS environment. These programs have produced educational effects to study the basic of the control
systems. As the performance of personal computers has recently been enhanced, it becomes possible to
simulate the current control theory that handles more complicated status variables. In this period, the
program development environment has changed from DOS to Windows, and even in this study room, we
have developed the programs for education using Visual Basic that runs on Windows 98. Applications for
Windows can be developed in a short period, using Visual Basic, and the environment has graphical user
interfaces (GUIs). Visual Basic also has many tools required for developing the programs to make effi-
cient application development possible. Programs for events that occurred for these GUIs are prepared to
graphically represent control simulation. Further, each type of system and element characteristics can
be visualized and represented dynamically, so more educational effects can be expected. In this study

room, programs that ran in DOS are transplanted to Windows, where each type of interface has been im-
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The study trend about "the artificial muscle”

and "the ultrasonic motor"

Yorihiko YANO

In recent years, the expectations to an actuator, "an artificial muscle” which imitated the characteristic

of the living body muscle is rising. It is because are endowed with the light weight, the big output / the

cross section ratio, and moreover a lot of excellent functions and nature to be wealthy in the flexibility,

and so on, being small when attempting to make a living body muscle an actuator.

A study about the actuator is carried forward in each place but a study is extensively carried forward

about "the ultrasonic motor” which used the opposite piezoelectric effect of the piezoelectric ceramic, too.

The ultrasonic motor has the advantage to be excellent about the low-speed high torque, the responsibil-

ity, and so on.

The result, which investigated what study, was done at present by "artificial muscle" and "ultrasonic

motor" in this paper under by using Ei-compendex is described.

Key Words: artificial muscle, ultrasonic motor, study trend, Ei-compendex.
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Combined Iterative Algorithm for Nonlinear Elements
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This paper presents a combined method of Modified Predictor-Corrector Iteration and Newton Raphson

Iteration to extend Electromagnetic Transient Simulation to include nonlinear elements in the electrical

network solution. The resultant non-linear models are efficient, stable, and more accurate than those

using the basic nodal-conductance approach. The algorithm has been tested using large time steps, and

with simultaneous abrupt changes of the characteristic of two or more nonlinear elements. The paper also

discusses methods for testing convergence, and compares this method to results obtained with interpola-

tion and to the basic nodal conductance matrix solution.

1. INTRODUCTION

The nodal-conductance approach (NCA) is the
basis of many Electro-Magnetic Transients Programs
such as EMTP, ATP [1] and PSCAD/EMTDC [2].
Changing either the conductance or current injection
of a component can be used to approximate non-linear
elements. However, unstable or inaccurate solutions
can result when applied to complicated systems, such
as those utilizing HVDC (high voltage direct cur-
rent), FACTS (flexible ac transmission system) or
power electronic models (whenever a large number of
nonlinear elements are to be represented). The inac-
curacies occur because switching is limited to occur
only on regularly spaced time step points, or because
the branch impedance or current injections are based
on circuit quantities from the last time step. Linear
interpolation [3,4] can represent non-linear devices
using piecewise linear approximations, and results in
stable and accurately calculated results for any num-
ber of non-linear devices. However, it may be difficult
to express all kinds of non-linear devices in this way.
Therefore it is important to find a more general, accu-
rate and stable representation for nonlinear elements.

Previous work in this area includes a Predictor-

Corrector Iterative (PCI) method [5]. This method
required the formulation of the conductance matrix G
(of G‘ *V = J) in all time steps and iterations, which
results in long simulation times. It has been also
found that the above method can become unstable on
some complex electric circuits as HVDC and FACTS
systems.

This paper presents a nonlinear element repre-
sented using a parallel connection of a piecewise lin-
ear conductance and a nonlinear current source using
the combined iteration method of Modified Predictor
Corrector Iteration (MPCI) algorithm and Newton
Raphson Tteration (NRI) algorithm stably, accu-
rately and fast. Complex nonlinear elements (like
primary arc models) whose present state cannot be
accurately decided from the previous state are repre-
sented in this paper.

This paper demonstrates the proposed algorithm
with various devices and example systems, and com-
pares the results to results obtained with linear inter-

polation, basic NCA solution and measured results.
2. FORMULATION OF NONLINEAR CIRCUIT

2.1 Presentation of a nonlinear element

PCI [5] requires to calculate the conductance
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matrix G (of GV = J) in all time steps and itera-
tions, because a nonlinear element is presented as
only a nonlinear conductance. This results in huge
calculation times, and the results are unstable on
some complex electric circuits such as HVDC and
FACTS systems.

paper need not change the conductance matrix in

But the method proposed in this

most time step loops because a nonlinear element is
presented as the parallel connection of a piecewise lin-
ear conductance and a nonlinear current source.
Therefore this proposed method is faster than other
iteration methods.

Fig.1 and Fig.2 shows the representation of a non-
linear device as the parallel connection of a piecewise
linear conductance and a nonlinear current source.

This can be modelled as shown in equation (1).
il = val _J;um (J;lon =J+Jnon) ey

G: a

piecewise linear conductance. When a target circuit

where J'mon: a nonlinear current source,

includes some

—] Puon

P I T
voltage vi

A

Fig.1 Example case Fig.2 Equivalent circuit
nonlinear elements, an iteration procedure is required
to find the solution of the following nodal-

conductance equation:

GV() = J(1) + T you (7, V(1)) ©)

where J(t) : linear current injection vector. In this
paper, the combined iteration method presented after

this section is proposed to get the solution of equation

(2.

2.2 Optimum ordering of nodes
When all elements in the circuit are linear, those
elements are described by the trapezoidal rule of inte-

gration [1], and the equations of such circuits include

FACE 365 (2000)

only linear elements and can be expressed in the fol-

lowing matrix equation:
Gv()=J(1) 3

where G : linear nodal-conductance matrix, v(t) :
node voltage vector, and J(t) : linear current injection
vector. In this case, G is a constant matrix, and J(t)
1s time varying. The triangular factorization of G is
performed only once before advancing to the time step
loop, and v(t) is calculated by backward substitution.
At the end of each time step J(t) is renewed to calcu-
late v(t+ At) which is the node voltage vector at the
next time step.

When the circuit includes some nonlinear elements,
which are expressed as nonlinear conductances, G can
depend on many factors, such as the instantaneous
voltage solution v{t) [56]. That is to say, the
retriangulation of G is required whenever the factors
change at a time step or an iterative step. In this pro-
posed method (MPCI) the retriangulation of G is not
required at each time step and each iterative step, be-
cause the nonlinear elements are expressed as a
piecewise linear conductance and a variable current
injection. The method of the triangular factorization
of G is illustrated in Fig.3.

The ordering proceeds in the following order (as
shown in Fig.3): linear nodes without switches, linear
nodes with switches, nonlinear nodes without
switches, nonlinear nodes w_ith switches. When one or
more nonlinear elements operate at that time step,
the portion of the matrix from the smallest node
number involved in the nonlinear elements to the end
must be retriangulated. This ordering method is

closely related to the proposed method in [6].

linear nodes nonlinear nodes

linear nodes
without switchest=>

linear nodes . y L

with switches 1

| triangular factorization

/ from switch operation

triangular factorization
& from nonlinear
conductance operation

without switche:

>
nonlinear nodes | (>
>

nonlinear nodes
with switches

Fig.3 Optimum ordering of nodes in G
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3. THE ITERATION PROCESS

3.1 Modified Predictor-Corrector Iterative Method
(MPCD

One of the proposed methods in this paper is MPCI
method. This method is closely related to PCI method
in [5]. The MPCI method doesn't require a lot of re-
constitution of G at each time step loop and each it-
erative step, because it represents nonlinear elements
differently than the PCI method. The details of MPCI
is illustrated in this section.

The solution of the following equation v©(t) gives

the first estimation of the iteration ( prediction ):
G(OVO(r) = 3(t) + 3, v(1 - Ar)) @

It should be noted that v (t) is different from the so-
lution at the previous time step, because J(t) (linear
current vector) has been already updated in (4). The
improved solutions are repeatedly obtained by the fol-

lowing iteration scheme ( correction ):
GOV =30y + 3¢, vE ) )

where k = 1, 2, ... is the number of iterations.
When the maximum difference of an improved solu-
tion from the previous iteration step becomes smaller

than a user specified error constant & namely,
max|Av§k‘l)| = max|v,-(k) - vi(k_1)| < & (i:node index) (6)

the v®(t) is regarded as the final solution, and we
now proceed to the next time step. If the maximum
difference doesn't become smaller than & within 2 or
3 times iterations, we proceed to iteration with NRI
method.

3.2 Newton Raphson Iterative Method (NRD

The multidimensional root finding method by NRI
Method is discussed in [7]. NRI gives us a very effi-
cient means of converging to a root, if a sufficiently
good initial can be guessed. If it fails to converge, it
indicates that the roots of the solution do not exist
nearby.

A typical problem gives N functional relations to be

zeroed, which involves variables xi,1 =1, 2, ... ,N:

F(x,zg....zy) =0 {=12,..N. ¢
And each of the functions F; in the equation (7) can be

expanded in Taylor series

F o+ 6)= F,-(x)+§%é‘xj +olsxc?) ®

j=1
where x : the entire vector values x;, F : the entire vec-

tor of functions Fi. The matrix of partial derivatives

appearing in equation (8) is the Jacobian matrix Je:

OF;
J..=_1 9
¢y o, )

In matrix notation equation (8) is
F(x+x)=F(x)+ Jc~5x+0(ax2) (10)

By neglecting term of order & x* and higher and by
setting F(x+ 6 x) = 0, a set of linear equations for
the correction &§ x that move each function closer to

zero is derived simultaneously, namely
Je-&x=-F an

The matrix equation (11) in electrical circuits can be
solved efficiently by LU decomposition. The correc-

tions are then added to the solution vector,
Xpew = xold +&X (12)

and the process is iterated to convergence. When the
maximum difference of an improved solution from
previous iteration step (the maximum of & x;) become
smaller than a user specified error constant &,

namely,
max’dx}‘ ‘ <& (i:node index) (13)

the X... is regarded as the solution, and we now pro-
ceed to the next time step.

The construction of the Jacobian matrix (including
some nonlinear elements) is discussed below. The ex-
ample case which includes a nonlinear element be-

tween node i and j is illustrated. As in equation (2),
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the circuit vector F in (11) is expressed as follows (
(14) and (15) ):

Gi=GLi+Gy G; =Gy +Gy
Gi=G; +Gy G; =Gy +Gy (19

G - GGy || 1 Jy

F= . « e . M 3 M 15
Gy - GGy ||¥ | 7|, s

i

Gp - GGy |1V5] |y

where Gi: the conductance of linear elements, Gy: the
conductance of a nonlinear element, JJ;.: the current
source of linear elements, J/x: the current source of a
nonlinear element. Therefore, the Jacobian matrix is
constructed as the following differential equation
16).

Gy Gy Glj
oF aJ; dJ;
2 _\G G,-—L| |G, -=L
v il ( it dVJ ( ij dVJ] (16)
d; dJ
Gy - |Gy-=L||G;-=+
av, av,

Equation (17) below is derived from equation (14)
(see appendix 1 for details).

dJ,
G —i = GLn dI > Gi‘ - GLz dI
av av,” T oav, M av;
. dar "y (17)
Gﬁ—*j=Gm——‘—, "_—J'=GLj'
av, ay, voav, / de

The nonlinear current from node i to j is expressed as:
1=1W,-v,) v=v,-v, (18)

and

d_d A __df 19

av, av’ av; av

Using equations (18) and (19), we can rewrite equa-
tions (16) and (17) as follows:

dI df dl df
Gri+—=G+—, G +—— =Gy,
Mlay, M gy TH gy, Ty
dl & dI 4 (20)

Guji = av, =Cui gy Oui = g =Cu
J

Gy - Gu' G
oF df df
v | On (GLn dV) (Guj-;) @D
ar ar
o o8] ou-)

In (21), the Jacobian matrix can be efficiently con-
structed by the differential function df/dv, which can
be calculated analytically or numerically. If the func-
tion f can be expressed analytically like the arrester
model and diode model, the differential function df/dv
can often be calculated by analytical differentiation of
f. If the function f cannot be expressed analytically,
the method to differentiate the function f can be cal-
culated numerically. The arc model, which can't be
expressed analytically, is illustrated as an example
case for numerical differentiation in the following

section.

4, COMPARISON OF MPCI, NRI AND
COMBINED METHODS

In Table 1, the number of iterations required for
convergence are compared for the MPCI, NRI, and
combined algorithm. The MPCI method converges
very slowly in many example cases, but is very stable
and reaches the approximate solution quickly. Hence
this method is not suitable for complex circuits like
FACTS and HVDC systems. The NRI method con-
verges very quickly when the solution is close to the
root, but can be very unstable elsewhere. NRI there-
fore requires a good method to reach the approximate
solution. Therefore, the third method, which uses
MPCI method at the initial 2 or 3 iterations, then the
NRI method is superior. Such a combined iteration
method has been used in this paper. This method is
stable, fast and accurate. It should be noted that the
proposed scheme does not impose restrictions on the
number and configuration of nonlinear nodes. Also,
because the proposed method does not modify the
basic equation of the nodal-conductance approach, it
can be implemented in existing EMTP-type programs
[1-3].
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Table.1 The average number of iterations

for the circuits in Fig. 4, 7, and 10.

MPCI NRI MPCI+NRI
Arrester 76.0 2.64 4.82
Diode 5.17 X 4.00
Arc 19.4 X 5.17
Features Stable | Unstable Stable
Slow Fast Fast

X : non-convergency

5. EXAMPLES

5.1 Arrester model in an Oscillatory Circuit

An arrester circuit illustrated in Fig.4 is analyzed

using the proposed method. The arrester in the circuit

is modeled
1.0Q t=20ms
/\/\,_rm_}' e
1.0H 0.1H
I sinwt 1 -
I=1kA IQ) R H

Fig.4 Oscillatory arrester circuit.

8 :

B i T |
6l  I=10%exp(0.003*V)-10
o[ (11689, 333.3) didv = 1.0

current(kA)

1

voltage(kV)

Fig.5 v-i characteristic of arrester-type model

2

age(kV)
(=}

volt

)
0.02
time(s)

— —Original (1us) -=-= Original (100us)

Proposed (100us)-—-—EMTDC (100us)

Fig.6 Calculated result

0 0.01

as a parallel connection of a piecewise linear resis-
tance and a nonlinear current source. The v - i char-
acteristic is approximated by v(i) = 333.3 X In (0.1
X 1+ 1.0) ori(v) = 10.0X {exp(0.003 X v) - 1.0} as

defined in Fig.5. The input function for iterations is

sometimes voltage or current in different areas of the
characteristic, depending on the slope.

Fig. 6 shows the circuit voltage for 4 different solu-
tion methods: NCA original method (At =1pus),
NCA original method (At =100 «#s), EMTDC inter-
polated solution (At =100 ¢ s), and the proposed
method (At =100 #s) . The calculated result of the
original method with At = 1 us compares closely
with the proposed method which is solved using a

much larger time step.

5.2 Diode-Bridge Rectifier Circuit

The diode-bridge rectifier circuit illustrated in Fig.7
is analyzed. The new method models each diode in the
circuit as a parallel connection of a piece wise linear
resistance and a nonlinear injective current source.
The diode v — i characteristic is approximated by
v(i) = 81.65%107%In (51.03 X 10° X I + 1.0), or i(v)
= 1.95%X10"*{exp(12.25Xv) - 1.0} as defined in Fig. 8.

99.2uH
88.9mH

E sinot T 96.2uF ~"Nodel

F =10v 99.40Q

Fig.7 Diode-bridge rectifier circuit

150 [T T 1 I I | L I T I
s 7}
§  E (1.245,8.145x10?) di/dv=1.0 ]
5 30 F-i(v)=1.95x10% fexp(12.25xv)-1.0}  /—

0f r—rTr—tTrTrTT1 . |—-
0 0.5 1
voltage(V)

Fig.8 Voltage-current (v - i) characteristic of diode

Fig. 9 shows the circuit voltage and current for 4
NCA original method
(At 50 us), NCA original method (At =1 ms),
EMTDC interpolated solution (At =1 ms), and the
proposed method (At =1 ms) . Fig. 9 shows the ac-

different solution methods:

tual voltage and current measured from a physical
test circuit. The calculated results of the original
method with At = 50 s, the EMTDC solution solved
with a 1 ms time step, and the new proposed method

also with a 1 ms time step compare closely and match
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the measured waveforms.
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(a) Calculated result (startup)
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(b) Measured result (steady state)
Fig.9 Measured and calculated waveforms of input

voltage and output current
5.3 Primary arc model

Earlier work has shown that a primary arc can be

represented by the following equations [8,9,10] :

g _1(._
~ —T(G g) (22)

_l
7 (23)
The conductance g at time t tends toward the static
conductance G which is determined by the present
current i. The speed dg/dt with which g approaches
G is determined by the arc time constant T. Various
experimental studies have confirmed that the voltage
drop along the main arc column is substantially inde-
pendent of the current, and the value of stationary
arc voltage per length is nearly constant in the arc
cycle. It was shown that the average constant arc
voltage gradient is about 15 V/cm over the range of

current 1.4kA to 24kA in spite of some variation. For

HFRACE 553655 (2000)

the primary arc, T and [ (the length of arc) are con-

sidered as constant, and T can be given as following

equation:
T=% @4)

where the coefficient a is about 2.85X107* for the pri-
mary arc, I is the peak primary arc current in the
first cycle (which. is determined by using a small re-
sistance instead of the primary arc model).

We are confronted by two problems in this primary
arc model. The first is that the time varying arc con-
ductance g can not be decided from previous informa-
tion like v(t-At) or i(t-At), because of the strong
non-linear nature of the arc. The second problem is
that the primary arc model can not be expressed as
piece wise linear approximation like arrester and
diode model. Therefore the method to calculate the
primary arc model by use of the combined iteration
method is proposed. The following equation can be
derived from (22) ~ (24) by the trapezoidal rule and
MPCI rule at the first step.

27—t 20 lit + Ap)

(25)
2T+Ar 2T+Ar VI

g (1) =g(t-Ap)

After the second step, the time varying arc conduc-

tance g is renewed by following equation.

G 0 vo)|

- 2T-Ar . 2At |8
ty=g({—-At +

G VI Y VR TR )

Where n : iteration times in arc model, k : iteration
times in the main program (combined iteration
method). When the maximum difference of an im-
proved solution from previous iteration step (the
maximum of | g"g"' | ) becomes smaller than a
user specified error constant &, g" is régarded as the
solution of (22), and we now proceed to the combined
iterative method in the main circuit which has al-
ready proposed in the previous section. However, the
function f can't be expressed analytically like for the
arrester and diode model. It is illustrated that the dif-
ferential function df/dv can be calculated numeri-
cally. From (26), I,V are derived from the
solution of gw when k = m, and Iw+y,Vam+n are de-
rived from the solution of gw+n when k = m+1.

Therefore df/dv is numerically calculated as (Teu+1 -
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Iw)/(Vamsn- V). Numerical differentiation is nor-
mally avoided because of stability concerns, but was
found to be stable and efficient for this application.

A primary arc model test circuit is illustrated in
Fig.10 and is analyzed by using the proposed method.
The primary arc in the circuit is modeled as a parallel
connection of a piece wise linear resistance and a non-
linear current source. The simulated arc characteris-
tic is shown in Fig.11. Voltage waveforms are shown
in Fig. 12 for the new proposed method (At =200 us)
and the original NCA method

AN—™M
20Q 51.8mH i
E sinor ~> -~ 10pF  10pF T~
E=2.5kV - T % §5°°Q
t=10ms

i

voltage(kV)

current(kA)

Fig.11 Primary arc characteristic
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10—
£ o |
:g-lo — —Original (lus) == Original (200us) |
§ Proposed (200us) _
-20 | | | 1 | . | =
0 10 20 30 40 50
time(ms)

Fig.12 Calculated result

(1us, 200 #s). The calculated result by the proposed
method is quite similar to the calculated result of
original NCA method (At =1us).

6. CONCLUSIONS

An extension to the NCA solution method has been
presented to allow an arbitrary number and configu-
ration of nonlinear elements in a subnetwork by use

of a combined iteration method. This method has

been applied to arresters, diodes, and primary arc
characteristics. The calculated results agree well with
actual measurements (where available), and with the
small time step or interpolated solution methods. The
proposed scheme has been shown to be accurate and
stable even for a large time step, and can survive si-
multaneous and abrupt changes due to nonlinear ele-
ments.

This solution method has been made efficient by
employing 2 different iteration techniques (MPCI and
NRID). It is also made efficient by using a piece-wise
linear conductance characteristic in parallel with a
current injection updated during iterations. For com-
plex non-linear characteristics, it has been shown that
the Jacobian required for NRI iterations can be calcu-
lated numerically.

In the future, it is possible that this proposed
method can be applied to other EMTP-type programs

because it is an extension to the basic NCA method.
REFERENCES

[1] HW. Dommel, "Digital Computer Solution of
Electro-magnetic Transients in Single- and
Multi-Phase Networks", IEEE Trans., Power
App. And Syst., Vol. PAS-88 (4), pp. 388-399,
1969.

[2] Omprakash Nayak, Garth Irwin, and Arthur
Neufeld, "GUI
Transients Simulation Tools", IEEE Computer
Applications in Power. Vol.8, No.1, 1995.

[3] P. Kuffel, K. Kent and G.D. Irwin, "The
Implementation and Effectiveness of Linear

Within  Digital
International Conference on Power System
Transients, Lisbon, Portugal, 1995, pp. 499-504.

[4] AM Gole, I.T Fernando, G.D. Irwin and
0O.B. Nayak, "Modeling of Power Electronic

Enhances Electromagnetic

Interpolation Simulation”,

Apparatus: Additional Interpolation Issues”,
International Conference on Power System
Transients, Seattle, June 22-26, 1997, pp. 23-28.

[5] T. Noda, K. Yamamoto, N. Nagaoka, A.
Ametani, "A Predictor-Corrector Scheme for
Solving a Nonlinear Circuit”, International
Conference on Power System Transients, Seattle,
June 22-26, 1997, pp. 5-10.



66 KR TERFEHER IR

[6] H.W. Dommel, "Nonlinear and time-varying ele-
ments in digital simulation of electromagnetic
transients", IEEE Trans., Power Apparatus and
Systems, Vol. PAS-90, pp. 2561-2567, 1971.

[7] W. H. Press, S. A. Teukolsky, W. T. Vetterling
and B. P. Flannery, "NUMERICAL RECIPES IN
c".

[8] A. P. Strom, "Long 60-cycle arcs in air, AIEE
Transaction”, AIEE transactions, Vol. 65, pp.
113-118, March 1946.

[9] T. E. Browne. Jr., "The electric arc as a circuit
element”, Journal of the Electrochemical Society,
Vol. 102, No. 1, pp. 27-37, January 1946.

[10]JA. T. Johns, "Improved techniques for modeling
fault arcs on faulted EHV transmission system"”,
IEE Proc. -Gener. Transm. Distrib., Vol. 141, No.
2, pp. 148-154, 1994.

APPENDIX

A. Derivation of (I7)
(17) is derived from Fig.1, (14) as following equa-

tion :
; ayJ;. +Gy V. -V.)y-J-1
Gii—dJIZGLii-i-GN— [LI N(l J) ]
dv; dv,
dl
—GLii*'GN—GNfd—Vi (A.D
:Guﬁ’i
av,

1

Other equations in (17) are derived in a similar fash-

ion.
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Evaluation of Maximum Number of Simultaneous Switching Gates for

CMOS Combinational Circuits Using Simulated Annealing

Tadashi Seko and Makoto Ohara

79

This paper presents a new approach to evaluate the maximum number of simultaneous switching

gates of a given combinational circuit. The new approach is based on an iterative method proposed

by Shinogi et al. and applies a simulated annealing(shortly, SA) strategy to search for a new solu-

tion. The experimental evaluation using ISCAS'85 benchmark circuits shows that the proposed ap-

proach has attained an excellent improvement compared with other related methods including the

iterative method.
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A Competitiveness Coefficient of Online Edge-Coloring Algorithm

Masakuni TAKI, Mikihito SUGIURA", Toshinobu KASHIWABARA"

SUMMARY We consider an edge coloring game of a graph by two persons who are an adversary and an

edge-painter. The former strategy is to add or to delete edges in the graph successively. The strategy is

called input. The latter colors the edge as soon as an edge is added in the graph. Then it is never changed

the color of edges colored. The latter is not given any further information of the adversary's. We call the

coloring strategies of the painter online edge-coloring algorithm.

In this paper the painter is allowed arbitrary amount of colors and colors all of edges added in the graph.

A maximum ratio which is a ratio between the number of colors used of an online edge-coloring algorithm

A for adversary's family of input and that of offline edge-coloring algorithm is called a competitiveness

coefficient of an online edge-coloring algorithm A. We have proved that a competitiveness coefficient of

. . . . . . 2k~1 . .
arbitrary randomized online edge-coloring algorithm is greater than 2 where k is maximum degree.

Key word: edge coloring, online algorithm, competitive analysis, two persons game.

1. Introduction

Given an undirected graph G(V, E), an edge-
coloring is an assignment of indices I,...,n to the edges
of G such that no two edges incident on a vertex have
the same label. The indices are referred as colors, and
the smallest value of n for which such a coloring can
be achieved is called the chromatic index of the graph.

The online coloring algorithm is defined as follows.
It is not given all of input data in advance. As soon as
it is given an input data, it colors the input data one
after another. It is not given any further information
of input after it colors. In general they use a competi-
tive analysis to analyze the online algorithm, because
an absolute performance for the online algorithm
dose often not make sense. This is to compare cost of
online algorithm with that of offline algorithm for
the same family of input data. The offline algorithm
is an algorithm that deals with a family of input data
all of which are known in advance.

In this paper we consider an edge-coloring game of

a graph by two persons who are an adversary and an

‘Engineering Science, Osaka Univ, Toyonaka

edge-painter. The former strategy is to add or to de-
lete edges in the graph successively. The strategy is
called input. Since the adversary makes a family of
input. On the other hand, as soon as an edge is added
in the graph, the latter has to color the edge. Then it
is never changed the color of edges colored. The latter
is not given any further information of the adver-
sary's. We call the coloring strategies of the painter
online edge-coloring algorithm. A maximum ratio
which is a ratio between the number of colors used of
an online edge-coloring algorithm A for adversary's
family of input and that of offline edge-coloring algo-
rithm is called a competitiveness coefficient of an on-
line edge-coloring algorithm A. It is better algorithm
that the online edge-coloring algorithm has smaller
value of this coefficient.

We analyze a deterministic online edge-coloring al-
gorithm and a randomized online edge-coloring algo-
rithm under the following cases. The painter is
allowed arbitrary amount of colors and has to color
all of edges added in the graph. For this case the online
edge-coloring algorithm was analyzed [3]. In [3], the
competitiveness coefficient of arbitrarily deterministic

online edge-coloring algorithm was proved that it



84 RETESEFHEMER

1 .
where £ was maximum degree

2k
was greater than P

of the graph. But for randomized online edge-coloring
algorithm the outcome was only shown briefly, how-
ever the proof was imperfect. In this paper we have
proved that the competitiveness coefficient of arbi-

trary randomized online edge-coloring algorithm is

k
k

1 . .
greater than where k is maximum degree.

2. Preliminaries

Here we wish to refer to some notations about
graph in [1], and the graph is undirected and is
allowed to have multiple edges except on special occa-
sions.

Theorem 1: The chromatic number of arbitrary
graph G is equal to the maximum degree of the graph
or is greater than it [1].

Theorem 2: The chromatic number of bipartite
graph G is equal to the maximum degree of the graph
[11.

We consider a two persons game by an gdge-painter
and an adversary. Let II be a problem with a finite set
I of input instances (fixed size), and a finite set of
deterministic algorithms A. For input i&7 and algo-
rithm a€ A, let C(i, @) denote the cost of algorithm a
on input i. An edge-painter wants to make algorithms
whose cost is smaller and an adversary wants to make
input instances whose cost is larger. For probability
distributions p over [ and q over A, let i, denote a ran-
dom input chosen according to p and a, denote a ran-
dom algorithm chosen according to g.

Theorem 3 (Yao's Minimax Principle) [2]: For all

distributions p over I and q over A,
min E{C(ipa)] < max E[C(i,ap)]
acEA HEY g

where E[X] is expectation of X.

There are an oblivious adversary and an adaptive
adversary for adversary of randomized online edge-
coloring algorithm. When the former dose input, he
cannot get the information that edge-painter had cho-
sen colors for family of input before. When the latter
dose input, he can get the information that edge-
painter had chosen colors for family of input before.

Since the adaptive adversary is stronger than the

MIRACE 2365 (2000

other.

Let a graph G, = (V, E, k) be the beginning of a
graph G,| V|>> k, E = 0. Adversary adds or deletes
edges to G, successively, under the following condi-
tions : the degree of all vertices are always less than
k on the way of inputting and once at least the degree
of a vertex is just k£ on the way of inputting. The ad-
versary knows the strategies of the edge-painter.
When the adversary adds an edge, the edge-painter
colors the edge then the color is different from each of
adjacent edges’. When the adversary deletes edges, the
edge-painter dose not anything. The edge-painter
never changes the color of the edge colored, and the
adversary knows the limit of degree of the graph.

The edge-painter's aim is to make small using the
number of colors according to the families of input of
the adversary. The adversary's aim is to give the
families of input that the ratio between using colors
of online edge-coloring algorithm and that of offline
edge-coloring algorithm is made large.

Let G

ey, e ..

to the family of input e,, e,, ..., ¢;, ...

., be a graph just after input e; according

Let f,(e,, €5, ..., e,) be the number of using colors
of deterministic online edge-coloring algorithm A ac-
cording to the family of input ¢,, e, ..., ey , and
foley, e,, ...

optimal offline edge-coloring algorithm according to

, €30 be the number of using colors of

the family of input e, , e,, ..., ¢.
Definition 1: A deterministic online edge-coloring al-
gorithm A is said to be C-competitive such that for

any families of input e,, e,, ..., ey,
fA(er €y,y .00y eM)_C X fO(er €,y eeny eM) =0.

And the competitiveness coefficient of A,
denoted Ceur, is the infimum of C such that A is

C-competitive.

Oblivious adversary is the same that he makes all
of families of input previously, because he has no in-
fluence that edge-painter colored edges before. Let
fx(e;, e,, ..., ey) be the number of using colors of
randomized online edge-coloring algorithm R accord-
ing to the family of input e,, e,, ..., ¢, then the
frley, e, ...

Definition 2: For oblivious adversary a randomized on-

, ey is the random variable.

line edge-coloring algorithm R is said to be
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C-competitive such that for any families of input

(ey, e,, ..., €4,
Elfi(e,,e5,...,e)]1—C X fole;, 5, ..., 0y) =0
And the competitiveness coefficient of R, denoted

Cper, is the infimum of C such that R is C-competitive.

Let P be a probability distribution of choosing
., ey) and the

fole;, es, ..., ey) are random variables under P. For

families of input. The f,(e;, e,, ..

a deterministic online edge-coloring algorithm A, de-
fined its competitiveness coefficient under P, C ., to

be infimum of C such that
E[f;q(el, €py iey eM)]‘C X E[fo(el y €25 0nny eM):l <0
Yao's Minimax Principle implies that

Crovt 2 mjn Cr.

The implication of this is as follows : the competi-
tiveness of the best deterministic online edge-coloring
algorithm C,», according to the probability distribu-
tion P of choosing the worst-case families of inputs, is
the infimum of Cge of any randomized online edge-
coloring algorithm according to the oblivious adver-

sary.

Definition 3: For an adaptive adversary a randomized
online edge-coloring algorithm R is said to be
C-competitive such that for the family of input

e, €, ..., e, made by the adaptive adversary.
Elfile,, e, ...,ey)1—C X E[fs(e,, €5, ..., e30] <0

And the competitiveness coefficient of R, denoted

Crade, is the infimum of C such that R is C-competitive.

Definition 4: An online edge-coloring algorithm which
dose not use greater then A colors as much as possible
is defined as follow : when an adversary adds the edge
e;, the algorithm must color with the one of colors,
(they are color, color, ..., color,_,) which are not
used yet on the adjacent edges toe;, in G, ., ...
Color in this paper has linear order as follow color,
< color, < =++.If new color is used, it must be small-
est number that is not yet used.

A set of colors on edges incident from a vertex v is de-
noted Sv.

3. Online edge-coloring problem

3.1 Deterministic online edge-coloring algorithm

Lemma 1: Let A to be a deterministic online edge-col-

oring algorithm. Forthis A, it is fy(e;, e,, ..., €y)
= 2k-1 according to the family of inputse;, ¢,,...., ey.
Proof

We prove it by reductio ad absurdum. We assume
that it is f,(e;, €;, ...
family of input for A. Here we think that the family

, ey) < 2k-1 according to any

of input is as follow.
1. Repeat k-1 times adding (v, , w,).
2. Repeat k—1I times adding (v,, w,).

By the assumption, Sv, U Sy, U... is a subset of

{color,, color,, ..., colory,_,}.
A subset of {color, color,, ..., colory_,} is finite,
since there exist adequate sequence z;, ,, ..., T

and S, = Sv

2, == v, if this repeating are con-

tinued enough. And then this pattern is discon-
nected. After that, next following edges are added.
3. Add (v,,, wp).
4. Add (v,,, wy).

5. Add (v,,, wy).

Since it cannot color with the element of S, on edges

added form 3 to 5, these need k colors without k-1 col-

ors element of S,. For this family of input, total of

colors used is as follow : (colors between v,;, and v,

) + (v, wy), (v, wy),...,(v,, wp))= (k-D+ k =

2k-1. But this is the contradiction of the assumption
fale;, en, ..., ey) <2k-1 . Hence it s

faley,es, ..., ep) 2 2k~1.10

On the above 2, the continuing enough is the

2k~1
maximum < ) X (k-1) +1, and the maximum

number of vertices, for making the families of inputs

2k-1
of the above, is (( >><(Ic—1)+1> xX2+1.

k-1
Theorem 4: Let A be a deterministic online edge

algorithm. Then Cw = 2—’;;1—
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Proof

We prove it by reductio ad absurdum. We assume that

2k- . .
—Tl—. By the assumption, it must be

it is Cya <
made up a following equation (*) for any family of in-
putse;, e,, ..., ey,

faley,en, ., 04) —Cya X foley, @5, ..., €y) = 0.--(%)

Let e;,e,, ..., ey be a family of input which are
used by 2k-1 colors-algorithm of lemma 1. Since
G,, ., ... is bipartite graph, the chromatic number is
k from theorem 2. Since these only adds edges, it is
fole;, ez, ..., ey) = k for offline edge-coloring algo-
rithm because of that edge-painter can color with the
colors which are colored k -edge-coloring, (such that
G has k colors to color edges), to G

e, e, .

ues are substituted for the left hand of (). Then the

o These val-

left hand of () is contradiction of the assumption :
(2k=1) = C X k > (2k=1)— (2k-1) = 0

Hence Cpux 2 ﬁclgi ]

3.2 Randomized online edge-coloring algorithm

Theorem 5: Let R be an randomized online edge algo-

rithm. Then C o = %

For proving this theorem we apply Yao's Minimax
Principle to the competitiveness coefficient. We prove
it by reductio ad absurdum. Let Cgox be any random-

ized online edge algorithm R. We assume that

2k- .. o
Crant < le From Yao's Minimax Principle, there

exist a deterministic online edge-coloring algorithm
according to any families of inputs chosen of a prob-
ability distribution. Then we think a family of input
chosen of a probability distribution as follow,

1. Repeat k-1 times adding (v,, w,).

2. Repeat k-1 times adding (v,, w,).

By the assumption, Sv; U Sv, U... is a subset of

{color,, color,, ..., color,_,}.

A subset of {color, color, ..., colory_,} is finite,
since there exist adequate sequence x,, Z,, ... , X
and Sv,, = Sv

tinued enough.

=...= Su,, if this repeating are con-

2
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3. After that, choose k vertices in the same probability
from v,, v,,..., and add edges from k vertices chosen
to wy.

4. Delete all of edges added by steps from 1 to 3.

5. Repeat enough times from stepl to step4.

Then these colors on the k-1 edges, which come out
from k vertices chosen, are all consisted for any deter-
ministic online edge-coloring algorithm. Hence the &
vertices chosen are all consisted with v, , v,,... v,
Since these edges are not colored with the elements of
Sv,, we need k colors to color these edges except for
the k-1 colors elements of Svrj.
Then the total of colors used is as follow :
(colors between v,, and w, ) + ((v,, w,), (v,,, w,
), (0, wp)) = (k-1)+ k = 2k-1. For any families of
inputs chosen of a probability distribution, the expec-
tations of colors used of any deterministic online
edge-coloring algorithm is 2k-1.
And then we study the expectation of colors used of
offline edge-coloring algorithm for those families of
inputs chosen of a probability distribution, and we
pay attention to the graph that is made by stepl to 3
in first time. The chromatic number is & from theo-
rem 2, since these graphs made are bipartite graphs
for any families of inputs chosen. As inputs from
stepl to 3 are only adding edges, it is enough to use
the colors from color; to color, by k -edge-coloring if
all of families of inputs are known. As it returns to
the beginning at step4, , it is enough to use the colors
from color, to color, for adding edges from stepl to 3
after second stage. Therefore the expectation of nec-
essary colors is k if it is offline edge-coloring algo-
rithm according to like these families of inputs chosen
of a probability distribution.
Under like these families of inputs chosen of a prob-
ability distribution P, any deterministic online edge-
coloring algorithm is satisfied with next equation :
Elf.(e,, es, ..., e )1 —CLXE[f(e,, e5,..., ep)] = 0.
We substitute the above result for the equation, how-
ever, it is as follow:
2k-1

k

Left side= 2k-1—C Xk > 2k-1— Xk =0.

This is the contradiction of the assumption, hence

Cron < —Zkk;l il
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On the above 2, the continuing enough is the
2k-1
k-1

as the deterministic online edge-coloring algorithm,

maximum ( > X (k-1) +1(=X written) as same

and the maximum number of vertices, for making
the families of inputs of the above, is

2k-1
<< > X (k-1)+ 1> X 2+ 1. Furthermore repeating
k-1

X
at stepb are enough ( > times.
k

For a randomized online edge-coloring algorithm R
there is the relation of Cpgot £ Cgea between Cren and
Cpate from the definition. Let C* 1 be the minimum of
competitiveness coefficient for all randomized online
edge-coloring algorithm according to the oblivious
adversary, let C*® be the minimum of competitive-
ness coefficient for all randomized online edge-
coloring algorithm according to the adaptive
adversary, and let C% be the minimum of competi-
tiveness coefficient for all deterministic online edge-
coloring algorithm.

There are the relation of C*% < C** < C* . Here is
Cde, — Zk—l

from theorem4 and theoremb>.

Lemma 2 : Let B be an online edge-coloring algorithm
which dose not use greater then A colors as much as
possible. The B only uses the colors from color; to
color, for any family of inputs ¢;, e,, ..., e,,.[2]
Proof

We prove it by reductio ad absurdum. We assume that
the algorithm B colors the color,, to some edges.

Let e = (v;, v,) be the edge that were colored colory, at
first time. We consider the e colored just before at this
time. We pay attention to the colors of edges going
out from v; to v;, then they must be colored all colors
from color, to color, by the property of the algorithm
B. This is that the summation of degree of v; and v,
must be at least 2k-1. But as the degrees of each ver-
tex are not greater then k, at least the degree of either
v; or v;is k. When the edge e is added at this condition,
the degree that is already & becomes k+1. This is the
contradiction of the role of adversary's input.
Therefore the algorithm B dose not use the color, to

some edges. [

From lemma?2 , theoreml, theorem4, and theoremb,

the competitiveness coefficient of an online edge-
coloring algorithm which dose not use greater then
2k-1

P

h(h < 2k) colors as much as possible is

5. Conclusion

We have described that the competitiveness coefficient

of any online edge-coloring algorithm is greater then

2k-1 . . L.

% where k 1s maximum degree, for deterministic
or randomized online edge-coloring algorithm. We
will present new algorithm for online edge-coloring

algorithm in next paper.
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EEITHOVWTOERETTS.

2 BAEBIR

AV —Fy PCBFEZA-TvFr 2L TR
SOI [1] (http://www.soi.wide.ad.jp/) HEHI S H
TW3, TITR, 1vy—%v b LB A9~
F v PEREHEL, KFEOBELLTHVWAEEbIE,
L —ROBEFELBD WS, BHEALEFAICLS
RENAPLUE- BV RT 4, RET VX —PRE
ZBiichizoTWE, bBABA, CTOLIBYRATF LR
AR TOLETHS. TITRA VI —%y rEHD
BEZT-o-TVEY, BETHVWOSNE Y —NIHT
39575 HBRREShTWS, LbL, Thidh®
HEBBATRKRETELY, 22T, AHETEEX v b
7—2 Y57 vERERST, HASLDICHELEME
AT EbzoHEBEET S, 7, NREGHEHGIEH
TELZFIRELT, LK —BEBIELThIEETO
FIFEIEE I D W T AR EITS.

MR LAN 2% Z B AT 3 X4 BLERMSETH
fThhtTwa
(http://mthpl.hiroshima-cmt.ac. jp/edu/wireless/).
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—The traditional LAN room —
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|| printer l “

The OKAMOCHI classroom

Fig.1: LANBZE L B0 bbHEDO Y2 7 LK

BkT, /-ty av3ey s —DOL Y ILVART
H5DT, FERBADO/ — by 2 E2EZELZTOEEKH
REBIEHRERIL S,

3 &M LAN BENOEKRER

31 BB RAFA

LAN OF|HAEEN 2 v € 2 — ¥ EOHR%E Fig. 1 &
NCIR

I, FVEYF—vavHDT OV 9RT
Vv, avEa—4, $—"EEEAERENTVS,
CNHDYRT LB bLIEDAALER LAN B
BA, LUTBhdbyRFaLLER BhbbYRFA
BLANBEATXAMR0 3 v 2 McEDASL, —i%
DHETHZTOL S NREERMT 5. Fig.20L I,
BhrbbRyvRFa0utt bS5 00BHHOA
hboThy, HAKETEBLLNET L IROAN
MEFHFHALK., Bhrbb o720 L - EE LAN
BEEZELOBHE, ChiEF-REEZBILLRE
EIESS,

32 B EBREFOBOISELIDHE
Table 1 (3EEOEE, LANETORE, E#Hlo v
2V P ETORELBLLLBEOREKERETH S, HE

P BEORETRMtsh TV ARBRERI TV 3,
T, KTy R T ADHEEAIREDS L BRRKDORET
»H5.
FHIKREAT/ —PC 2BALTHES Y, RET
OEFLULCOPHETEZIHHEHEETS. Chid7o
75 v IR EEAKEFERICHIEHES 2 4EH
5L, FERDD T 0 s 5 Lo NEEZTOT IR - TR
NBEVSHEDLDTH S,
Avy—xy b 2RETCRHT ST,

c kg b= A—F+HEH BV

« |4 LAN

« B F A+ AREBEIEEF

- PHS/#%EEH — ¥ + BREE
BEBELTEIAONS, BhbbyRFATRINS
2TEBEST 5.

3.3 MENLHEK

— P EHEREO VDWW AKZEICE, YoV
SRBADRI N - VEIZRVIEEND B, bEAA,
Zy by—2avery b REBERSBHVLL, BER
OHAFES DU ERBBEZTHOLGE LV, K6
Wiy, r—7 ik 3 LAN BEIEEN TRV,
FLT, "= T NOLENREVER LAN 2FIHT 5 C
EDHENTDH 5.
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Fig.2: B b 5 DOHER

Fig.1: LANKZ & 8h b EHED v 2 7 LK

AR D% LAN 3% BRI LT ZE | BAOEEE

TOEE

[ BHRR EiR CEvAPEYE EE7oo2%

> E ol 7 BT BWmAa €1 —7%

a3 A~u] ®ED PC FED PC

KT 3 J—F FED PC

TO0r7 570K BL » PC FE0D PC

TFEmaIa=—4r—Sav || ZL LAN E® LAN

HE B=E EPAEE k] T EPE A BEE3

E 8 L il i TEER i

Z{fi 75 IEEE802.11b xtJti> LAN #35% FIH L T#
ETLAN BEBOBELTOLAEELS. Thicky,
YRS RROLENEL, HHMTOEER LAN 0
EMAREE 5D, WBREFYRTFLEHETSI2UT,
L2TORETOMANERTREL 55,

3.4 Y—NDHRTE
$—nNDARV—F 4 vV ZRTF L (0S) &LTRE,

PC-UNIX D0 &> Tdh 5 FreeBSD X\ /2. Thid,

OS HEDLZEMEHEThRNS Linux T3 alb—va

VEREEFIR T 20 TH B, FERIICIE, —O/
EMNBHICTEX B v R b — )V CD-ROM D HEf#HS I
RichkhisLtBbh 3,

BETIR, PCUNIX 02 —# 3% 0. Th
2, Hifict-TbRILTHEIDT, BL{fFbhTW3
OS ~DOMIE bMAL B,

VMware (http://www.vmware.org/) (& Linux 72 & @D

OS LicfRfEd PC 2 HET 5L T, SxIELO
OS DEIENTIREL L B IRETH B, ThEHL, &<
FIBEhTWVW3E0S 2ANTEL T LT, BOEWPC-
UNIX b5 T, REEE T EOIERMNTIHE L
72 5. FreeBSD T3 Linux ®— F%f{fi-> T, VMware
DFRHTIRETH 5.

35 FLEVYF—2 3 villfE

B, avbEa—S kB S LEYTF— Y3 vHEL
FEIhTVS., COLSBRETORETIE, —Hic
WEELEOGLIVELD bHOR—IATRENT T
EHEV, COLHBHEE, BRI ThIL LB 1¥
HESGEARZFLFICHBIER3EE L, BED
BELEABELT, ChABBTEZIENETLL.
MagicPoint (http://www.mew.org/MagicPoint/) & PC-
UNIX Y27 LB ETEEST BT LEVY T —va vy —
WTH3. MagicPoint iZid 7LV €Y7 — ¥ a YOEME
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ZZDFELEDLL, html (BEE Y v 7)) &7+ X b
ERTHAT 2BEESH B0, Tho%E web #—
WEBLTET, FHEIRIBOVHSOTOLR» THFYE T LN
BEzoh3, &51C, ngpnet EFEENBE PS5 L%
FIHT I, ¥HEOMOTLEYF — v a v AHETOH
HEEHT 2 & bABETH 3.

TD&SHEHRLANKZETR, SNEKLTZOH
ICWaid, EFALEYRTFLARSBELERLY. L
hL, EF4%E2 FBLAEVBEEREIREFA2HE VR T
LEHBT LI EETEETH S, BHE, vield3]®
Digital Video Transport System(DVTS) [4] ® & 5
REFAZRBRYRAT LBABAEINTEY, FreeBSD T
E{EalAETdH 4. DVTS (2 IEEE13MicES Wi 74
YAFLTHY [B] TRHAISNTOVEY, LVxy b7 —
JDONY FIgELBEET 5120, HE LAN ORVFEER
REY TR, LT, BHETHE vicoF|B %
EZB.

36 2Za=4— 3 B

BEF A~ (Emaill) GHERPOIT I 2= —va v
WEREERIEERTH S, B, A —Y YT Y Rb
ML) 22, 142032z —va yHEHA
HETH B, I, ML OFLHELZHEHIC html X} T
% fml (http://www.fml.org/) @ &k 5 54 — /NHsgfit X
NTn3, EBRPEFL2MEIRETIELEMI LK
LiThh 2 lRMEHEFTH 5. JO5E, —EBHER
~DEAZ% ML TEAT S LT, WEKLEME ST
BTLINTEBIEAS, 51, htmlDw 7Tt LT,
namazu (http://www.namazu.org/) ® £ 5 1 & X B &
TyYUERL, BERUELTSHILT, HEHICLD
W 3% FAQ (Frequently Asked Questions) #3EH L,
HMEBOLEHLIARTE LKA D,

E, Web HEEFEEN R T 2=y —va VFE
pEHShTWE, 22Tl S@EEIEATHZHEL
A4 —7 i web TIRHE L, HEICSEL LS RH
EEPBEIN TV, FHEO—AbHILEDUTVS
(http://sentinel.info.nara-k.ac.jp/DailyMemo/) %5,
H# Y27 2E LTHNTH2E0 0 TR, 22X
Rz vV v ERHATIE TREORELHERHRELS
TEEERLI., COXH web HILDIcHD VR T
2 d Hyper Nikki System(http://www.hldm.org/) %
TDS, GNS g L& & S nY it a Tt 5. ¥4
IFERELEP LI LT, HEFEOUBES I
BEMBELTORVOTREVIES S »?

Internet Relay Chat (IRC) [6] &1 ¥ % —% v b
THATRERF + v b 7O b aIVTHB, 2—FDAy

- VRbHHY - NIKESN, Y- ETERETSLE
T, RTOERINIY —NTOF v v M HBEBHINT
W 5%, madoka (http://www.madoka.org/) &\ 5 7o
* v (RE) v—~"E2FHTEILT, 2-FOANL
PR E X w2 — VERRT B T EATREL LB D,
b ETHITEITY, HHFEOMEEMT L b0
RETH 5.

3.7 B4/ — b PC OLH

B L THRNIFERE WWW R—2DDTH - 72
D, BRET7T 7V yr—vav7oss s AFaiEl b
ODEMHY THAH. BHETIE WindowsCE X — 2D
Personal Data Assistant(PDA) & &l cRIHAEET
by, LOBREOHREZZERFHE T HNENEFELE
BETOILHENSSH S, LML, WindowsCE BD W<
2D b DIE, NetBSD(http://www.]jp.netbsd.org/)/
hpemips EFEiN 52 BSD %20 OS @4 5728, <
CTRELAL VAT ACLBEBRIBE 78X 5 2 4H
HEETH 5.

4 BEhetb{ADTObS4T

B b HITER LAN #BEICH/EES Table 2 DR %
FORACOIBELBRESTH S, PEHERBEO 7 5
AN—AIBOWTRPEDILPEERT, 7027
s OREBFHICRS DB RV B = E0R
AHET LI LOHNETH D,

5 BBhdbBEADRIAMB

5.1 1SRN EXE
511 F—9HELT7IVTY XA

TNUTY XL BERACENRREEITOI LD, T
A=Y a kBTN TY R AOBEDIRRIZHE
KEHRATH 3B, Marc H. Brown 5iZ & 5JCAT [7]
(http://www.research.digital.com/SRC/JCAT/) 32 @
I unRsORENL DOTHY, TNT) X LDER
DIBIEBITHNL Y —NVERLBTEERLTVS,
FEHEO—-—AREEHEMEILTINLE TR
Sorter (http://sentinel.info.nara-k.ac.jp/Sorter/)
% SAL[8] (http://sentinel.info.nara-k.ac.jp/SAL/)
EERLTEL Zho0F oy 5 a38M 7Ty X
LDT =4 —¥a VITELL TS,

Sorter i Tcl/Tk Thhic7 7Y r—va v TdH
D, RVFT Iy bE— L TOBESEZEICIERL 2,
Sorter Tid, FE FMEDLVER 7L T Y X 43
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Table 2: ¥ R 7 & (4% 4% http://www.kakaku.con/ FH~DFEFEME (2000 F 9 A 4 HEFAE)

teril, kA 5o smE.
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K53 E2 3 Jin: ] i3 EE |
(M) (kg)
AR — N Fujitsu Pentium 111 600MHz,
FMV-BIBLO NE4/600R AE 64MByte, 209,500 3.2
HDD12GByte
Bh b bROBM
Brbb AHEEER No.10 500H x257W x526D *11,500 4.6
Tavry Plus U3-880 880 ANSI W— X A *¥478,000 1.3
NT Corega Fast SW-5P 10/100baseT 5ports SW hub *5,000 0.5
Ty Canon MJ-M40 34,800 0.9
WaveLAN %#1/5 | Melco WLA-L11 IEEE802.11b, 11Mbps 29,040 0.5
WaveLAN 7 —F | Melco WLI-PCM-L11 IEEE802.11b, 11Mbps 18,500
AT IBM Smart Capture Cardll | FreeBSD 4.1R THEBEL 2> | AFEART]
TV 5 — 27 FEmAORH
LAN #—F Planex FNW-3600-1 10/100base’l *4,800 -
PHS/#wh—F 10 data PCMA-9664P *24,000 -
Modem # —F Megahertz XJ3288)-P 28.8kbps - -
BTHI5CEFERITI TV, 5.1.3 HEWiE

SALBCEZEDI3477)ThHb, X Window
System L TEIfET 3. TEXAMROBHICEET B0
2, BEREORME (swap) N— 2D TN T Y ZATH
BEMET 3L 512> T3, BEAMIC 2 —FRQNER
BRNC 7T =2 — v a VABEEDAL LT, T4 -
Va YBRRIOWTOLS,

ChooEMERBERAORETHAETSILT, ¥
HOBERET S VAR EEI SN S,

512 7Y S5 vIHE

7as5 I v SORETEENRLRLEILOTES
/—bFPCERHET 3L, FEoMtom iR
KEMTEAS, £, EBICRETHE-> TOLIRET
H5DT, KTORBLSREETALSLO1u 5,
BEHBOLERPIIE N TV S Project Based
Learning(PBL) i3V 7 b ¥ = TR OBETROEE
WHORZEZONS, RETOMBIEELLITIRS,
Concurrent Version System [9] 2Ff|H 3 3 2 & T,
WFAfFEDO Y R— b ASHEEEL BB D,

COXIBREORENER B bicid, BEEH5AT,
BHcERRRE L, HRENCE» S 205 0T 2 &
B, FHNTRROEAKOENERZFEL EEEFED—A
BEATVWS, LrL, ABRELANBETIT &G
FERE LY., BERAERET 5L, FBERSERER
RPBETELIMBER oSN 2 [10]. T4, 0
ESRBRETH LA v= v I REOHBERBITEBN
T, YRT LML TR IR s BB LT B [11].
£f, 32—y OBEPEBNRE—E»S b, BE
REPIITY X5 1EHENB T L b5 5.

B EGEELRMT A LT, HKROHIEER
HIZT CEMAIEER EEA SRS, EHO—ARINETIK
EHRUBEEMEAROBERF A P REL LTRABRDO<—
Y [12] (http://herb.info.nara-k.ac.jp/InfoExam/)
ZRBLTEL,

COVRAT ARABRBECEMD ANS Z LiE—VIER
LTwiug, BHROBEMSAHE LK/ 5 7R RSN
DHRER L OEEICLD, BLOa2-¥hOFHINT
W3, HBo~-vid, HEXML[13] 2BV 3N
WEEHRTHD, EESEONUEIBIRED %< OIEFH
DRHTEEIC S A FETH 5.

5.1.4 Z0fnigk

AR —F 4 VI VAFL(OS) ORERZEC T + 713
EOBMESMIBEL KD BET, EBICEFTBLED
DiRELW, BSDRED OS DWW ohldr—F v —
2ATHBEH, INEBECFHT I EMAETHA
5. Linux TE GPL #&ALTWa/:®, fFRHEFET
ER% 3 2T D 258, HEVEHEILMBTE
W, OSAZEBELTWAIES, REERREEICL ST
EMEWV, £TT, VMware 2FJHL, ffio v Ea—
S TEEDD OS 28hd I & T, HRHERETOC
EEEE T B,
ANTHEEOBRETE, Fa-V v r5R b [14] %
BUcEHABETH 5. METEBR LAN c-4E, v
Ea—9/ABF+v b EFBALTRELTAERL,
Doctor P ATHERER E D70 7 5 b O HEICHI A
afETH S 3.
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5.1.5 —MHLBETONA

T2 — Y ERBBELEWVMEOSHTLIDOLS K
VRAFLAIEYTH, FHEOERERITLLEbR S,
RAEZEATVARHAEREEUTICRT,

CA SRy b5 OHHIE

« Alice (http://www.alice.org/) 2FIH L 7= F £
71 T EM OF|H

- 7 v — b OEREETFOHBL

AV SAV-X7e:=E-ToTr-F (7

6 FEmWmLELD

BfE, £<ORF¥FTELANEZRALIza v Ea—¥
FEWOpE-Tw5s, Lal, TOLIUERER
LAN OHHZHEFTEA S LAMICBOBEETHS, &5
I, BREBRIETORELERT S LIBEHOEH»S
RIEMEZ Y, KRN TREL B0 b b VAT &Gl
BEMERELTESY, HETHIE, W>Td v
AT LEWETHIENARETHS. 7o b1 T7DB
bbby 7 A1 ROMEIE 815,140 HTH 5, Thid,
Z O EHEBBATHET 2 Lo LB
b s,

#E#4% LAN (3 TEEE802.11b TH %45 11Mbps TH %
DT, TNFAF4TTTVr—va vOFHIBEL <
A5, LhL, ERAF—vavidldF+rrxiER
AL, 1F+ 2 ABEIRERTF+ 2 VEFATS
TEMTRER DT, BRA T -V a v OMETIORMY
REMTEEMAFETH S, COBE, 75A4T Vb
HMAC 7 FLAR—ZRTCERAF—Va VIZHDHTS
TEIHBN, Fv b7 RBOBHEROSN ST
&, FHZNAHEG L 3ERaNBE 75147 /¢
OEAEMNT, BT —va vEIENTONhE LD
RS BHERE E BN 5,

FHEO PCRAEO IR MIETREEA TR,
Zhid, FOBEOI VY2 — §BREL DM OFHEA
ThhTwiswicdTh b, BEARPIC PC OBWER I
B, METHBILLTLE RIS, FRTHEL
WO PC 227 5 L BRSPSV EEDLN S, £,
BEMSENS v 70 PCHIEETEZ 20 THNE, FE
BZzIhoAROHNCh - FERI v Ea - %
AT B EbAEERBEESLS,. BHETRH,
WindowsCE @ PDA © & WWW o [ B 52 B (3 Y 28 4
CHEETH B L, EROBEETHNIT 10 FHEY S
W TEHATRETH S, £, TOLS7% PDA 2F|H
T 5154 T Bluetooth[15] 2FIHT 22 & bFZ 5

ns.

M LAN 28| L - & T, BROMBBHTEZ 25
chhid, &I THEELANBHEOBEMNETH
5. BREsABFEARETHINE, EATOER/EHP
FEREOBECLIDL IR VAT LOFEAMAFET
HAH9.

BEOZo b3 47 TRENPGDBYRXF4id11lkg b
b, DLEV., Lirl, TOBEBD¥ESEIBIPOLH
BOEXTHY, NERBLrLEAREIETHhEVE
BERBOTIENARETH 5.

FPRIICIE T 0 Y2 7§ IS LAN EHs 2 08
B FEDIAAE VAT LOBENEZ OGNS, bhb
NBIOXINRVRT L% [FYFHE] LFATHS, F
LR50 7 HEE TRt T & hid, 2 ToPEHERE
THEZ LAN ZE2BHT 2 & bAREETREB VLS
2.

BhbblATa Y=y b ORER

http://okamochi.info.nara-k.ac.jp/
TABL T 0T, BEWROb2HIEBR LSV,

WO

FRTESTFEHMERBH TERNOFAEZRICE, %
BREERCT v — MRERIHAVEEZEE L, K
HEOEIZERME TH 2 BZEESEEH T ERENZ
HRE (Fars 3 v D, #MERELER/NESE—
S (F—sBEETNT Y L) IKFERETIRK
B LELL BIORBRFEA VI +2—VYa VT
7 /uv—wry—OMIZEDEEICE, EHRLANO
fFE A C ORI LW THRIRRZ WL ZE L,
BUEMEREEENEBINFERY 7 b v 2 7THEHO
INKFNESEAE IS 13, XBRD THRA LB SIER O TRt
AofcfiEE Lk, MPRERFEREEFEHEROFM
BEREB L UHPRFREER v & — OIRTFRA%
A, JEERAeAE I IhERERBEOKFRIS TON L
KHOWORBATEEE Lz, $£72, K'BUG users * —
VY YR ETR, V7 r 2 TORAELEEIOVT
BRI HRE2EME L TV AL EFE L /. Alice i3
kansai-pm # — Y ¥ 7" Y & b (http://kansai.pm.org/)
THAMNM VI EF L, B—RB& 7S (ittp://
hoge.info.nara-k.ac.jp/) icB VT, Tablel DHEDS
FEIDE L SOETEHOALLET

BEBICED E LA, 20004E7 H 3L HiKE B 7e
ZREBE¥PIORALHARESACBILERL LTE
7. B, #HLVSRREEEELTCVELL.
D7aVx ) bbHEILEBIOEEREILITP-T
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Self-Rewarded RAE : #EH o &5EH LS8t AW sk
R B2

WE RS RS (G ETMEIFEI0 - L0 EE (EEIED

Self-Rewarded RAE : Speedup Learning with Rationality

based on the Exploitation-oriented Reinforcement Learning Method

Kei Uchida®, Ryousuke Watanabe and Tomohiro Yamaguchi

This paper describes a new exploitation-oriented reinforcement learning method in that learning effi-

ciency is compatible with rationality. Previous exploitation-oriented reinforcement learning methods sim-

ply reinforce their own experiences so that the initial learning is fast, however, there is no guarantee to

converge to the optimal policy since the reinforcement values have no rationality. Therefore, this paper

presents the new rational and efficient reinforcement learning method that combines Reward Acquisition

Efficiency by the step (RAE, in short) learning with the autonomous sub-reward generation. The former

updates the averaged RAE and the averaged distance of each state-action pair from each state-action se-

quence toward the main reward (called a success episode), and the latter sets up and updates sub-rewards

from its success episodes. The advantage of this method is that the learning efficiency is consistent with

the rationality since the acquired RAE is used to set up each sub-reward.

1 BU®IC

ATHEOEELHESTFO 1 et ¥EH
(Reinforcement Learning. LT, RL & B82S 5) #8
H5, RLiZ. HCOTHX LT, BiELSZIWAS
HM (Reward) OAZFHMD E LT, FHRZITES
BMEHRRNICT 2L 51THE®ILT 2, ThETiT, C
DHMERKNICT 2REBERD 284 BRLEEHSH
HINTW3S, RL E, Profit Sharing & (LT, PS
FELBILT 5) CREBESNIERW(LBIFEEFEL, Q-
learning ® ad-DP & [1] itRRFEX N 2 RBRINERS
BFkEicnfcE s, A&}, BREBCW(LT S
F1RD T, BB CHAFFICET 3RTEES DS L
PIAEE O v i3#E WV, L LAass, #bEBEc
BEEST VD, REABRKCIERY 2ERIESTVE L
g) Fuﬁ%,‘f—i?bii -1,

B HESERMFERAERERT
E1) AILueFaeER2 180D
19994%E 6 H17H. OEARE

% I THAWRETE, FHOAEM & ShRM & AL &
o L VWERM(RIYRELRET 5, RiER. B8R
TEEMWESTERN» S 1 27 » 74100 OHIME
B%h¥ER (Reward Acquisition Efficiency : LIF. RAE
LHREET 2) 2FH T 5 T &L TEHERO SN % REE
THBRLEFE T, BREQ, FHx -V v+ LT,
LALBEEET 2) HRkIIERY» SHOO¥HEEHE
T BRI A BEMICRTE T 2 EFRMERT ©ERT %,
AREOFS I, FHETESN S RAE KE SV TEIH
MOBERES 5720, FERREEN - ¥ HoE&EME L
PMREAMIIELIETH S, BRBWRBETOYE
DEEWIZT TS, BIFMOBRNREIC L -T, #
HoORRBROEE, T RObLHMICESZ FHEHECT
ZEick, BRIEEATIRBIHLTH, B8O
BICEEN Bt TE 5,

2 RAE [CET<{#®{LH¥EH
21 HEFEROMES

BRBFE LR, REORE, RUOREL,LOR
Bie A& LT, REEBZROEL. MBS oh
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fo & FiT. FIHIIREED O il & T ORI TEN RS (LR,
TEY - FEBEEET 3) 2 —RICibT 5 HETH 3,
COFHETEERME 500, BELLHRME L
DESICIEY - FNTHET EhE VS REHEEE
(LRI T H B,
gEeatEHEoRETH 5 PS LG, BMEZES
LEBE, 20Ty - FEBRT 2 IREEB V-
(LUF. v— v EBBEET %) o, s@fbBasE A W TR
98T 5, UL, PSEEICH Y M biEic &8k
WLV, BER S, BFINSMER. SRS N8
Bl & ouofE s 2 BfUCE S 20T, —EDHICPERL
BWIHTHD, DD, PIIFEE REVD, REF
KPR LW E WS RIEN S - 12, C OREE 2 RIS
BZFEMPOELT, KFETHEPSHEELER, TV —
K& —tEei{td 5 LMS # (Least Means Square) [1]
KHEHT 5, LMS &, m{bEoBMMETida <.
HEEREHM O RHE 2 ZRIIICERH T2, Toid, o
Wl 0 R FEEREOEER/MET 2 AR MEDIGHE
T3,

Lo Liss, EBO LMSETR, Ty — Fig&
Lo —nichyBed 5 MO @R T, HEE L 7o
DODOHREVIBHENEEINTHEVA, &L
AR SN EHMIZ. €Y — FRTHRMD & Ol
BRI —EDEER S, 2D, HMOMREELF
Y ICITEN A SRS 2120 TR WMlicEEST 22 &
DR EEVHBBEELREST 3, —H, PSED
BER, BB HM D > DlE# % & 2 RERKBT 2
B, BUR TR LB B RO SEES A+ 212D, K
BEANDOIGRIR & FIEShTVREWw [2],

2.2 RAE-RL O#tE

FRORESEFRT 52D, KRX T, BR®EL
RlpHETH ALMSEEWR L1, RAERL F#%
RET 5, AFEEB, MoK X 2RI HHEL TR
35 LMS &L EL D, MMOKE S ZHMA» S DIERE
TE-> I EEHRMNE RAEOHIFHEEAEF T 5,
RAE 0E& 2K icrnd, KMEHVT, v —
RO L — VI HERT 5O S FEE - RAEcurrent
ERD B,

__ rewared D

RAE ~ distance

current

reward | HETSHEN
IXEY = FPITOEME RV — DR

distance

Ric, HMELERIC, TEY - FHO& L — L RAE,
Zu(bd 2 HHAZ QIR T, L, iB3&V—1D
stz & T,

RAE,Xi+RAE
RAEZ‘+1 — H 'LZ+1 current (2)

2.3 RAE 0AEM

RKDOKRTD W Snh5 L5, TO RAE-RL T,
TEY - FORIICRE L THELS 0 2 MM/ & <
15, 20, FEEREEL T EY — Fid/hE <ML
Sh, FEERESETLORERKO T EY — FIZKE
<mfbah s it b,

H S [2] d. O sIcER V- v ERILL SV
SV EFTE S BTV S OB E S L
THE? L0 RENEEEN & 2ERE T2 58 4EH
LS, SfbiEZ D b0t 4 2 SEMIIR L TV,
Ihicxd L, KX TRET 5 RAE-RL 3. #{biEoD
A RAE TRIEL TV 3, o0, EEHMA R
KLd 2 RLASRD BENCH U, BRSO3 3.
BHEMEVZ B,

3 Self-Rewarded RAE IC & 2 EIZRhMNER

3.1 EIEBMERIC &3 RL OhEL

KD RLFEICB T3 FEEMERD 1 2& LT, F
BosEoBBEOEVLS T ENH B, Thid. RLTR
HWMICELE L S hidBEsiEC 53, BMIcESE T
DFITHRICE K OEBRIFESMLEL P L TH D, T
MIEEBRRT B lcdic, PSIETR, HMlicEs Y —
FA—EmILL TW5, L LEHs, —EEF Lz
By — N2 ERLB(LLBB D, IO RBiEHs»
SOEARETH D BUCRBEBCRICIGRLEW &V
SF 1 RENRAET 5, Thice L, BF#ichs
Ef L, FHEE A Y L TEEEMEMNAT ZCE. B
B EY) S BB A B EERE T IR W,

T TARETE, HMEER L RIIRR» SHED
¥EEEAFET ZRIFM  Self-Reward (VI T. SRw
LBSEET 5) EABMICERTE T 2 RIEMAERIC L 3R
ORI FEIC> VTS, BiEdIc I SRw 28
PlciE T hiE, HMIcE 2 £ coRTREERD S &,
FHOINL b 2 5 ki, FEYOEREbEL
SHBTEMNHEKE, £ LT, 33HLK T, @S
SRw OFEHE L LT RAE KBS FElz»LW T~ 5,

3.2 Self-Reward D#H48H - 1221
SRw & 3. LA BEHZOEEEEEA418d 54
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i, HEMICRET2HMTH 2 (K188), SRw
BHLA»SRhiE, LABBENICRET 28 Tcd
BHBOHEEZONE, —H. RLErSaNET, #
KRORLFETHVON A THM (LIT. GRw& &S S
%) &, EROHME LTkbh s,

GRw

GRw : Z#HM SRw : Bl#M
LA . ’“%"SE’I—- ‘71 M

X1 Self-Rewarded RAE ® 1 x — P[X]

SRw D% &[iZ, GRw 2823 ADREMOEL 3T
Hb, 2. & SRwRBRHOBEN., THhZFhOBIE%E
KT i, BYLSRw 2RET B2 itk v,
RERICIE DGR (EEER) £58Ld 5 C &bk
IL1ii %,

3.3 RAE [c%-J< Self-Reward DT

Sub-goal & L T?D SRw OHE/FHEHZ. GRw icF|
ElLkEZDdb, 2D, TEYV-F(ELZIEE
SRw 2RET B &LiLT 5,

ok sicz vy — Fdic SRw 2B ET 384,
SRw % 1 o2 3B ET 2D THNIE., SRw DEEMN
B, R - RUT- I oREEVIREE, bbb,
LY - FPOHAIIRERET 2 08EMTH b, HIC,
HorOHMMBESNIIGE. CohE L 5 3 REEK
SRwEFHE L. PRSES—BITHRE LB VESITE.
R F = PHAIGEWVIREBICRET 5 2 LicT 5,

iz, #Y)75 SRw DfEiE LT, RAEXHWVW3, B

KENTIE, ] S OEBHEMOGE S N BE, LTFTOE
G ZHVT SR DEFA{THIEIcd 5, TD
SRw DEH R 3. F SRw 2R RICEH T 5 4%
BROiF, RAEOBHFRND ERALTHB, 20,
RAE &[E#ic LT, GRw 2TES & L 7= &8 SRw
SIEE & BRINAE > TO BT 5,

_ SRw ,Xi+RAE
i+1

SRw ,,, 3

3.4 Self-Reward Ic& % RAE OEH

REEBEZHVEL. SRwikEIcBEL 72581l
GRw D& & [Fkk. MIERED 5 SRw RREBICE 388
SFrEY - FhoB V- VvOBE¥ERE LTV, BLE
RAE 28#d 3, ZOEHFRAERXW. BIKRT, &
W= WIZGET 2 M SRW ey 133 LIT DR (D TR
» 5,

_ SRwXl,

SRw current lm+lc (4)
SRw : Self-Reward k: mfbd 5 RE

L. : RK#Ek 5 SRw & TOMERE

le : {REk»5 GRw ¥ TORIGIERH

RAEiXi+SRw
. current(k

RAE,,, =~ S il (5)
RAE @ b4 i ! RAEDOEHEIE
Schurrent x) : ﬁiﬁ(4) £0 %:Hj h 5%% koD

SRw &

SRw : Self-Reward i EEBEH
RAE : (#7B3#M / SRw » 5 GRw % TOEE)

SRwiREBICEET 2 &, TTR@WEL D SRwye 2K
», TOEEHVWTEHFRNG) T, BREDORAEA HH
T3,

3.5 Self-Rewarded RAE DONHESH]

PIFoM 2 o8EREE % B W T, Self -Rewarded R
AEDBMEZ BGAEFICHIAT 2, M2 1383 v X XHE3
TRAOBRETHY, 5 (& ) OIETE-RAERRL
rZas (LD B¥RRE, B3) 3+ 1D GRw »5
AONBHMINREETH 5, SIREIZ. BET 28
ICHERAICEBEEIREE ¢ 5,

BN 2 (@ IRTHEOEY — Fick b, diff
RE2)ICSRw=1/2 BEBEaI LT %, TLT, K
2 (D) DWHRITIRT L HLUEBBTQ, DicBELLET
3 &, CORATHEIREECIAS T RAE RO E
T BHFAGEZHAVC, 28y - FHOZL— LD
RAE #5895, 2% b, SRw % GRw & [alks D HM
ELTHRO, FIHIRED S BIREE TOMAM LR %
BLT 2D TH B, Thicky, TOQDLUEKDER
T OB RBERR (R ey — F) K -Th,
AR FEE ETA 25, EROFBMIBIFEREL Y
b, FEMRIM LTS Eicn B, HAFEG, #
B o olEBErERE L EHRRG)ERAVE I LicLy,
RAE-RL O&EMLEFHELLE O, 20, BREHEHD
R, oFEFINEHS SRw B3, & BTV
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By, REHERETRTVITRGER (TR »
SFEFENI SRw {Hid. HiEL D/hasHOEIC S 1
O, KB SRw il & l~TEs bz h 5,

3 GRw 3 GRw
x1_ + 1
SRw SRw
2 .................. - é ......
172 2 .( 1/2
1 1
1 2 3 1 2 3
(a) )

(a) xEY— FROPREANDEIHBRE
(b) EIERMIc X 285 £ — FOM{L
2 EREE

4 £ B

4.1 HEER

ATt LMS # & RAE-RL @ HEEERICH> O
TOERERERT, EREIK 2 0B (2L, B
FUCRESI NS GRw 10 RE L 2) 2HV, LMS
it & RAE-RL Zh 241, BERERES000E]TIT - 12,
T, AT EY — FREEI0ICHRL TEREITVL, &
ARz vy —FERNT, GRw ICEEL WSS EEHN
Yy bELT, PHRE» S & 5 —EEREMEL
TEBEREIT- 1,

42 EBRER
EiEo&T©o RAE-RL 0OEBERE, K3 ITRT,
(o2l Mo, NEEE I EMEBAAL K fE
ERILLTVE,)

3 3

6.74 | 8.14 - 1.95 § 1.47 -

2 1309 |633 J797 2 1300 277 217

1 2.13 1 3.09 |6.01 1 573 1473 13.73

1 2 3 1 2 3
(2) RAE f& (b) FHgEEHE
3 RAE-RL OXERESE

PERORBRBLEIZE S TH 5 LMS &£ T, #HM%
HIELBE, BT ColRBcEFLE Y —FE
v =g XTi—EOETHLL ., SMMESOHRE

We4cE %365 (20000

AFFT L0, BERORESTTH, G Ul HM
EIROMIRHELNIZ X 3,

—%+ K3 @itk L7 RAE-RL Tid, RIRED
RAE s, #IRIRIEGS ) D SBENNITEEN 513 &/ &
2TV d, COZELD. B3 MIRTTHMD» S
DHEEEZEICANT-RAEBEOEFHK 3 (a) TETE
NTVBIENhs, IR S, RAE-RL
AT B Sk SROFEOBICITENERFRIC,
O RAE OO KRESIRBITERT S, THbLLBEK
RAE A 21TEIV -V EFEIRT 5 2 Lick v, M
EEMEEFRA(LT 2 MM BBICBIES 5 & & HalkE
K185, 220, ARXTREL/Z RAE-RL 3. %)
PEEOL BB g T, EEDH 3 H biEic
O BEBRICNET 2¥HETHLIEVZ B,

b BhUIC

KwX TR, FEOESHEM & GEME Z MY S E 708
L WRERR (LRI B o » W T 7, ES & L THER
OREBELE RL © LMS # &L KmX TRE L /- RAE-
RL & OHBEROFERER L1, SROFBEE L TR,
HHIBRIE L BWIREE L T RAE-RL O HKER % TE
LTWwa,

EEXHE

(1] Russell, S., Norvig,P.,:Artficial Intelligence, -a
modern approach-, pp.098-624, Prentice-Hall
International, Inc., 1995

(2] =i, (LA, /v s EFERICE T S EMEIE T O
HmEE., ALAGEFRE,. Volg, Noi,
pp-580-587, 1994



ERIESFHMFER PRILEE $365 (2000) 101
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RAE-PIA: Reinforcement Learning of the optimal policy

that maximizes the Reward Acquisition Efficiency

Tomohiro Yamaguchi and Ishimura Kenji

This paper presents a new model based reinforcement learning method that directly updates Reward

Acquisition Efficiency by the step (RAE, in short) in each rule. Most reinforcement learning methods

optimizes the discounted total reward received by an agent. However, discounting encourages the learner

to sacrifice long-term benefits for short-term gains. Besides, using small discount factor leads to

suboptimal policy, on the other hand, larger discount factor makes the learning time so large. To solve

them, in our method, while identifying the environment by MDP model, it estimates the value of the re-

ward and the expected distance of each state-action rule toward the reward with the model to integrate

them into the RAE.

1 LIS

ATHEEDO FBELEHAREFO 1 o i@t ¥ [1,2,3]
»H 5, BIEPB (Reinforcement Learning. LA TF.
RL LB&3CT 3) &id. BELGSORBEANCHT 5 —
Vv bDITH (BE - TAOHEAGHLE %, [THLIE
3) el BELSZIIEHMM (Reward) 0& %
FEhDELT, FRZITVWNIEMERANICTEL%
THoRE BERLEMES) £2(bT 2FHETH 5,

HLFEB TORROEFRER, FHx -V /bR
RIS 125y 74 OFEHMORARIL TS 5,
CheBEERD 2FRE. FHRMEIEPEE(4,5] L
HEhTW5, L LEAS OREHMEELTET
3. EEEM T — Y 2 v F OFZIFTE B HMOERR 7
THEAOTERS NS0, FHEMORE S » 3 HE
W OFREMICORETH B, &V I REESR4,5]
WP -1,

ORI, BEREERTO “GI5I1E" £HVT,
FERICE S EBOBMMERE» S ZIH MM EE
DEIE, BFHNCDORY 2 MO ARINE L TRESG 5

&F1) ATHReF2eERe (GE14E)D
20004 7 H 5 H, OEAFER

TETERBTE S, 20D, REEEERD 2KE
o bFEMR . S5 HFRMio KA [1,6,7]
AEEEEL L TWE, L LEMNS o5 RISEL
FETIR, REBCRHE5 RPN 2 R T 5 BER
LLTERS NS o, BFRIENINE OV EBERANOIR
HERHEOASSLT LS RROBEBERICNEE T, —A,
B5lRE L icliffid 5 &, PR 2BEROEHR LB
K. BERODGELGEL K5, 2V RBABROHELE¥
BEE AT LV E WS RIEAD S - 720

Z I TEHRFETIE, FEEIBEHLOFFEL LT, #
B o OMARIERE (9] wEHE L. BMEAPELRK
LT 2FEERET 5, BRI, T HRMERE
KEBVLT, AELREEFVERVT, HloXkxx
&L BIREER LV — Vb SHM E T ORRFIER & % B
WH¥E L bt MEEHMESME RAE (8] &L
THE L. XROBEBCR A EHRICHIER(BEHT A E
AFHEIZDVTRN, Riz, BEAFERE B2 G
BRI Ik 5 Fikic > W TERBAT %,

2 BILFBEROME
AETH, TRIEFOERNLHES K>V TE

N, Ricz ORENTETH S, LB RRELFEOR
Bl zofEAIC>VWTHRN B,
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21 BILPBOEENLREH

ILFEF I, AR BELES) LOAHRNEBELT
HEEBLEMSITHT A2 — Y= v+ (agent. Ei&
ERES) AEAM A IS, R, BE,» SO
BEAT (KEEEIES) Xl TT&R (action) % &R,
FITT 5, (TADKRIFHROKEOEILL L TRED
SIREI N, B RE S NOREEBR I ERLER T
TBMI 5L oh b, BL¥FEXRON R, BERKEEZ
BMCHERT 5120 BERIG U THEREDOKRENP SH
BERECELIRERITHRIIPFE TR ONIATH 5,
BISAERREEER 75 7 & LTEFT UL L BE.
BIRED S DBEBEXFT 2 5 NAHBTATH %, RE
X BTRDRT ZiTE (BICI—IVEES), 2T
DIRBEIC G LiBIRGT N Z L — LD EEEBEE (policy)
ERES, PREEE, T0 L FEHEROFMELE T HAL
THS b TOHFFERBRMORAILT. Th%ibicd
W= EBIRETH X 2 B0E « BBBUR & .5, HIRPHE
SHMEBCRICRES 20T, TR, RBELHEER
LEDPOHERARERT SIS, COBEEOHE
TEH % & S BIRT 20T, BmItFEHRIREBRE &
FHERUVEO 2BIIHHTE S, MISORAIL &, X
BERESOUIOEEL 72 LTBIEE EF LT 5 T & T,
T LEE OB E 3, TTEIPBCRICIRTE L 122H
FEREIET, (RETTR. BEBARORENTFETH 5.
MDP¥ 7wt B3 { sfifb¥Fic> W TiRkHYT %,

2.2 MDP EFINICETBILPBE%
221 EFNICETCREETOEE

€ FMICED < ELFEE B (model based RL) [5,7]
L3, FEHL -V v OEEHRTH BHRFICH LT,
BALLDEFVERE Lk ET, EFVEMNL THIL
FRETHIFETH 5, TOHMI. REBEOFET%.
D) Bl 3BEBEFTIEEEL, 2) EFVETOR
BEHEDRREL O 2EMIAELTITOETH 5,

QFBHEFDEF NV LBt FEROGE, BEICH
T A RBEEROBER TR, BE~NOBAE. R#EBEED
BHREV S L 2EEHOBERSHERET 5120, —RIc
EAE N, ChicgLEFVICE S FETIR. §iE
OBRFBERITEREE FITV, BREDOREBEEOHFER
3. Bl o 2 OREREEFO € TNV LETITS 1o,
EFNIE L OB(LFEEE LB T 5 &0 133 IChERN
wEBTE 5[],

BL, BEOEFMLEITI 0@, BED7 5 2 %K
ET BMEND B, BEREHE R TOHNEESE (DP)
T3, w2 7 REBE (MDP) & 7N TORBILF
EMBHOoNTWS Z Ep 5, BHllFER,» S5 MDP €571

EFHETHICHE L. SoBBEE DP #ETHET 2 ad-
DP TP ERTH %, BEEHAE IR, RIEEDOs 5 2
S MDP % DXL 7 5 A icRES N 3 KA. ZElE%
BRTEBRAHH D,

2.2.2 MDP EF NI & BRIERSE

/XTI, BIEE MDP LREL. £ FVEIER,
BIBIcE T 3V — VOETREOEHRIC X 3 BINEER
EROBIREAMEEL,TIL > TITHo MDP €51V T
3. BEAHERNREEE S5 7 LTEF LT 5,
EFAMME, R TITAa%ITH T &2ERT =V
Rule(i, a) BficEIn., (1) BMOfIEMEKREZZ !
Rw(i, a)s (2) W—VEETLKBOEBLIRE] O
B aRTHREEBBHEE M, a, ). O 2EHD
BRI LD, (1) F BV—MicHL T, -V
v BRI BRMORES (DHfME) 2EHT S, K
bHML T, HPRENSHEETH D, BRIEC
L. &—% 1ES>EITTRIE, HMOE &K
%X Rw(, a) 2#EETZE 3%, (2) &, &/ —/V Rule(,
a) OETEHUCX L. & 2IREIES LB, 44
bHEE AV CREEBESR - M(, a, ) 28RE&EL
HET B, Mz, 2TDi, a, jic>VTOD Rw(, a)
EMG, a, ) DEATDH S, BESBHNTHIE, £
FURIEDRERE . BR (BLv—AEEFLE) B
L. KEOEANC & » THFEIWINT 5,

2.2.3 BFIHFEMANICE T BBEBEORR
RBHEKE R, SREBCBII2HEELV-LVOEST
b5, BiEMIcR, RIREi YL, REtEREG 3
HEBEUG 2BA LT 2NV - VOESDPERBCETH
5, Ry =— Y= v M BZHE S BI5 I BAFFHRMAD
TERINTREOHRBE UGN OERELRT, REITIT
Zad—ivRule(i, a) #2ETLAz—Y v oKt
L. REF¥EDRw(, a) @z -V v BZDLEX
B EBEHI, BEET -V P RERICEDEST
5 E 5 BRI OB KIEE &K T,
RICRBBROBFERFELAHAT 5, B U &
FNERALET 5THBa2HVTERS 0. H51 R
WBFDIE, v — VBB EREO HRMAE UG 0=
<y <l oBBIFEy ZHTTHDOSI T LT, ERRE
FTHRIICERIN TS, 250, SREOHAHE
3. iTHal BB EOREBOMRBEICEKEL TH D,
5|1 G, ZEITANIKAFOHFERL TV 5, REK
WOBERE, BEREZINITU XA (PIA) [1] kb,
BREC>VT, R OVHEERAILT 2 BERNE
bl aET, DHABEEBOELFET B L TR
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Hohd, PUbLy, BBBEROKER., €FNVEED
FERE & PIA OB VR LEEUTKET 5,

U(i)= Ruli,a)+y maxZ Mg U(j) (1)

UG-HRE 1 02 AE,.  Rw(i,a): EHEHB.
y BIIE, EBIRE Mo REER R

2.3 ESIRBBELFEOMES

9. RBEBCR % L5 RO KRILTRES 5
BEICAEL 3 2 >oRERIC >V T3,
F—OMES . B 5N 3 BlBERMES RITKEFET 5.
EVWSHEBETH D, DF b EGIRERELE E. KRGS
NEHME, BoN3FTORT » 7 TEHIGIREZH
TEIngIK & THHDT, ML (HED) HsM
EEL. BRHKE GEV) WM&/ NEld 5, 20D
fedd, EGIRANE O ESLT L S RBERICERY T
—7h. &5 %72 L o5&, JEES MM SRR IS
e s, LVHMBELALD B,

FEoRESRIR. FEHOLCREEGES I RIKFT 5.
EVHSHETH L, EE., B5IHFHMNERRLT S
BUR, BERRE 7 VI X4 (PIA) itk 2#0EL
AHEIL->TRES NS, E5IRE LIGEDH S L. E
SIARFEMRI SR X K 55 100, RRORBEERNNH
Led<&5H, 2oRE. SREOHRELS L &L
OREEIHRE T B 1o, EISIARBMME TGRS € 5 &
TOHRVELFBEOFHHE 7 X b BEAL., FEHEE &
IRICEC B EVAHRIESALH B,

TR, B RFETESNARBEBROE TSV T,
1 ZHVTHEAT 5, CDIGH, RE0T:ERT 51—
Vit k- T, BEEMIGAEGE NS, 1 27 7HD
OFEHEMThET 2 L, CoflTid, 10/2 < 16/3
5, REE0D SIREESNEID 5 X A BRBEHERTH b,
L LSRG BFETE, v 5/8LETHNIZ,
IREEQD SIRBES N[> 5 N A MBRBEEER & 150 . 5/881
TThhid, IRED SIREIND S ZAPBRBHEERE 5D,
BOoNBZBERMPEGIRICIKET 22 EhBbh b,

v 10 RlO

K1 BIBIERCEFT SEG I ARHRMNOH

PYboZ ehb, R1RY &£ 51085 | BBE L Fik

iy BIG R NE W & BERAN O EUERE ([ W AT
L b BBBERICORE 9, —F4, El518 % 1 ITaftd 5
& NHT ZBEROENBL 75 5 KH. BERDO I E
BB EVS| RBBEROHE & FFEE & AMILLEW
RIRES S & %,

F1 R5IRBELICET S E5]ESPRBER & OB

EIEBS RS 5 BEHDOHE FEEE
r=1 REEER (1K) 2
r=10 HEREBR L

3 RAE-PIA : BN EBSIEICE T RBEBRORE

AETE, FTEOH—HMREICE L THRMERY
R : RAE OEAMAS & RAE it -5 xSl HE L RE
4 3EAFHE : RAE-PIA it > LT~ RicEATE
MRS IR T 2 Fikic o W TEHRAT 5,

31 EOE—EHMRIETO RAE CX T BBEHEDR
iE
311 BRMATIEREOER

B/NBEERE S k., AL —LicoVT, BMEE
W= (RBMIV—IVETES) ~DEBBRICET LR Ty T
¥ (BEMEEIES) OHIFHED S bOB/METH 5, 7.
HML - VHSOR/NAREME1L ERT 5, ThLL
A oD — v Rule(, a) OE/NARFIESE dist(, a) 3. #
Mr—~oBREHickEsl ik -T, @1,
RV HRNICERSI NS, K(2-1DOEBKIE.
RE~ND1IRF v TOBB L LTV VHEOHEH |
&, BRNBEBEOR/NYREREEOMETH 5,
RELC O W T OR/NARIREE dist(®D E. XQ@-Dic &k
D, ZORETHMTEER V- VD> EDOR/MEE LT
EFEN b,

Wi/ NI OBHEIC > WTHAYT 5, B—]
B MDP OE4. & — ettt 58/ a3,
2238 THEAL 72 PIA L[AIBROBOER LETEICL - T
BiiTtxs, COBVKLIE%. RAE-PIA L3, &
WD PIA EDEW R, BV — v OR/NAFFEEREY 1
LEEE N, DOMMBE—7H, RICET L&D
B UEDPIA S AP WERTRUGHETH 5,

dist(i,a) =1+ X Midist()) -+(2-1)

dist(i) = min{dist(i, a) } - (2-2)
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DBREE, a:fTA. T EBIRE,
Mo R 1 TITS 2 21TV, KRB j ~BB T IRE
XIE L Rule(i, a) LIZHBA & D5E 1L, dist(ia) =1

3.1.2 MBEISHE : RAE OER

MM MSMNE (Reward Acquisition Efficiency :
RAE)[8] &3\ KEEITITA a 2175 HEED Vv — v Rule
G, @) ZFETLIEEI, TV v FAERZTS 1
27w 7D OHRFHRMEERS,

KB iceDEHEERT, Rwid, €7V ETRHEL
Mo AKX xEK L, Rw ZHIEITER L foi/h
ISR dist(i, a) TH|3 Z &tk » TRAE HMSER
b, 1 DRETO RAEBOBEHOKTFE2K 2 i<
R,

Rw
dist(i,a)

[Rw: 3B OA X x| dist(,a) 30 ¥ <0 BN BRI

RAE(i,a)= ~(3)

Rw=10

2 SMWESHEOH

3.1.3 BMESHRICET(BERREORTE

FPREER I, B—HMBREOSA, SREIcBT
2 HMMEESIRERONV - VOREE L TERE NS,
B, B—EMOBEE, SREBICE T 28~ DK
HEEO V- VOETRIIN, 2FELTIRT v 7Y
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New Measurement Method of Pellet Concentration in Bubble Column

Fermentors for Submerged Culture of Mycelium Pellets Suspension

Mikio KAWAGOE and Masaki DEGUCHI

A new measurement method was proposed to measure the concentration and size of mycelium pellets in

submerged culture by external-loop airlift fermentors. Measuring the number of mycelium pellet and the

obstacled time of laser beam by pellets, pellet holdup and pellet size were estimated from the numerical

simulation by computer. The relationships among pellet size, pellet holdup and light transmission were

obtained from computer simulations. The light transmissions were succesfully correlated with the trans-

mission number, product of specific interfacial area and optical length. Relationship betwen the pellet size

and the average particle length calculated from the pellet velocity and average obstacled time was evalu-

ated from the computer simulation, and it was correlated with light transmission by a simple empirical

equation. From these correlations, we can estimate the holdups and sizes of pellets simultaneously.
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Table 1 Experimental conditions for simulation

and legends used in Figures 3, 4 and 5

Column diameter {mm]
60 80 160
Particle size | 5 @] @ @
[mm] 10 a < u
20 A v A
Particle

Laser oscillator Phototransistor

Column wall

Fig. 1 Measurement system for light transmis-

sion

F7y i3 0~01 BTFREEBEOEEL v FDOK
% X238V 5mm, 10mm, 20mm & L7z,

@ ok fHrEE (B ARcEEsEs. BE
HEIEBOTRENORFEHREH /. (BE#E =25
em/s). JKE CER) HRIOEER S EHE L/

@EHOT, KT8RLEmES L — Y~ — A%
WidshL>0iERit L, XFMHBEKFOLE, L—
Y-t -l ns5EE 1, BRTRE5E0L
LTER LK., DUEO~@0iE.100E0EL, D
P .

Bon/i- FOO—fF% Fig. 21aRm L, v —% =
E ST A% At, 2RIEHKEZTELT, *&
BER O 2RATEHT 5 :

O=1-—= X At ey

o, ERREEATEEOR b i3 € — A0 -
fRfFRSCHEYT 5. Z20FEE (by) o &, HitH
RN, PR G , BFR—V KT v T e, B
EREOEKICKNZEEALONS. 22T, TR
LEBFES (dp) o Db p EEHETS .

PrEACE 3365 (20000

ITHIN WIS

Fig. 2 An example of F(t) obtained from nu-

merical simulation for column diameter
of 10cm, particle diameterzof 1.0 cm and
particle holdup of 0.6%.

vl 1 L] T T T T L} T ]
p— o * ¥ % T
L §§E}' &, AN .
0613 W %o, " VvwA 4 .
E os5| % W Mo, "o T
S 05} Ra o v, J
2 ‘ o 2. o8y
E 04 w o 1
L) %0 M.
g o3} ¢ C0 o 4 F
E L ] ° A
= % 2 20
-t ®
0°10 0.05 0.1

Particle holdup, § [-]

Fig. 3 Plots of light transmission vs. particle
hold up.

Light Transmission [~]

Fig. 4 Correlation of light transmission with asL

__de
T (bP)av (2)

T, FTE#MIC X AEERROBER,»S » 2EH
L, n & ® oB%R%EkRD 7.
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Fig. 3ic, ABBRE O LKFHE—NVFT v 7 ep D
Fxig7 ey r &AL, BRRBIRTREER (=X
BE) OFRBEMZITVE I AN, 3. KHOHE
B TFRICHNTHFREVGS (FTEHR) i,
HBBR, BAEEY D 0K TLHERE ar, LERE
L ORICi3RADSKLT A EPHONTVWEE),

1n[%} = % apL. 3

T, I AR IdEdkowEThy, /],
BHXBBRETHD. €T, QR - CFig. 41
EERD» S8 SN IEBRB LR FHERDR L LRED
B GtE#aRT) aLieyltcreyr L, 22T
W, ERRELBBEDICHELINS, Fi, BASEK
W47 ) DLLERERE ar KR THA SN 5.

ap=i Ep @

Fig. 4 5, XZBRRIZ aL ik - TRIEHMTE
5L B. FTES5mm, EE 16mm OBA,
HBEBEPOFE IR, NELB>TWE, ZD8
BEKRE, ABARIIBZIE AR CHERETH
5. T, LD r®, XBBRRBE L DOAED
BA% & L TiRalTHERAL 7.

logi (@) = - 0.1asL {exp(—0.7a:L) + 1.5} (5)

Fig. 4123, MDD @XbBBRTRLE, KX
BEORFRICHRTHFAREVIEROEROF M, HFE
BREKZVI EBRMB,

Fig. 5 iRk Lick S, QRTEHRI NI g &0B
BROMIC I B SHEBEBERSZED Shic. KERR=
LHF 5 n OBBMIELEICE 2 EHHERIORS
na5, BEEROERLIBZEIAIGEVEEZRLTL
5. RBBEHF093LLET, EHET, Eo22pBRSN
50, KEBFEHM L IKES o> TR RN DL
1D, PEIEELPEBIL L - bDEEIONDS, K
FREN 0.93 Pl LA R IE, HH ©<0.93 T,
n EXFEBROBRIIKRA THEITE .

n = 14{ 1 - exp (-20)} 6)

HE-T, KBEBRERP SBONIZEHRTRS QK

2 T 1 T T 1 T L} L)
T L
&
z af
>
-
“0 0.5 1

Light transmission [-]

Fig. 5 Correlation of (ds)true/(d»)obs with

light transmission
RUOGRDLSRFED 2HET S EMHKS.

D bR S, XEBREFENFRSEZAET L
i, WEREEENTFESHRETCE 07T, (DA, SH
Fh—IWET v THEHTEE L8005, T1bb,
BARENFR -V Ty 7ORIKRENSEIRRIZIE B,

=

FTEBER O HEERD S, B—RAEORBBRE
WFF—WF7 oy 7OBFRERD, ERATHBEL /.
Fr, M—ARERNTHELILICL->THEONEED
BREE D/ 2 M &R TFRE» B LN BN TR S L EE
ORFREOBEFRE R, MEAHEAXLEL. Thox
Auwazticky, RIFR—AVKT oy 7 ERTFROFE
RIEMARETH BT EER LI

0 ARECELERO—RESERMY v R Y
v b (XHEKSH) THRELK.

Nomenclature

ar = 6¢&p/ds, specific interfacial area [m"]
br = particle length measured by light transmission

(m]
Dc = column diameter (m]
dr = particle diameter [m]
L = optical length [m]
& = particle holdup [-]
I = intensity of transmitted light [1x]
I, = intensity of incident light [1x]
T = measurement time (s]
At = time width of pulse [s)

@ = light transmissiion (-]
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n

1)

2)

3)

4)

5)

REIESEEFMFER

= ratio of diameter and length of particle  [-]
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The decision problem and sequential formulations for weak semilattices

Kenichi ARAGANE

120 2IHEE N 2 >R THREE S BB L MERMKD L2 b OPBEE (semilattice) TH D,
MEREZFORE 2Nz Ny = 2Ny TEESWMATREREZTFGEER (WSL) & &8, [1] TE, WSLicki)3
WS ohoWBEEREN, KwxTid, 4], [5], [6] ToORRERATLILicky, WSLITB BE
MEOBENRRESZ 5. &1, WSL &EENLENES, G. Gentzen D57 ([3]) TOY—-4r v ()
& BEXMER GWSL 252 5. ’
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() ZED,, Py eees Ppr s BT —FTH 5B,
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7 F2FOREEWEL, RERA=(W;A) 2ZZ23 ATRWOREEDOTL, v, zicw LT, [1] &M
iz, ROESICETIHAMMEZ 2bD0EF 5,

El r=x

E2 r=y=—y==x

E3 rI=Yy y=z2=—>r=2
E4 r=y—>zxN\z=yNz

§2 WsL

(1] &EfRicssFREERT 5.
[ E#&2 ] (WSLOE®)
WoREDITr, v, 2 & LT, RO FL, F2, F3 WKLo & &, REFR A 255K (WSL, weak semilattice) &
&£ 3,
F1 (xAy) Nz =N (yNz)
F2 TA\y = yAzx
F3 (xAZ) Ny =Ny
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T3 rly y<z=—>r<z
T4 ANy <z, zNy<y
T5 Ny <u, s Ny<v=—=>zx ANy < ulv
T6 rFyYy 252, 3 y=z <Ny

(1] LEBRICRD T &Y 3L
[ F&2 ] ANE20T, ROBEFEUDEKD L.
D) rsy=> N2 < yNz
@Dy usv=zxAu<yAv

§3 WSL ORERE

[ EF&E3 ]
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( 8 ) '
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( ZEEH O
2=y HOoBHLOAR T~y PROISPOT, s+ yBodz#*yThH5. [6lOREMELHELRLENM], Blo
Gentzen WOHH ([8]) itk 2 L LETORERBITEENCE T 2. [BEE3] X0 W/ ~ 3¥ETHs» SR LH
BEONT 2207 - FBELWLHAEI pEFANE LWV,
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§4 GWSL

(2] LEBEicy—r v b (R) 2ELT 5.
[ E¥%4 ] (=42 (sequent) DEH)
1) 77— FOBMRINEFY v TAXET, ARETERYT.
@ v—-vroERMa,,...,aq, 2T THEL, b2V -—F:T5LE, WSLTORER g+ Ag, <b%T—D
TEL, ThE2v—ryvibEkd L£ZL, TEHRETEVET S,

[2] LEEDHET, FEROY—-r v btk sERILEEZ 3.

[ EH%5 ] (GWSLOE®)

§9¥R (WSL) v —7 v Mic X 5ERIIER GWSL 2RO L S ITEHET 5.
(1] #Hy—-4 vt

(B) r—1=x

(2]  HEwHR
(1) #& EoHRRa
(1.1) # (weakening) DA

r—d
a '—d

1220, TRETHW (T#0EEBL) &95.

(w )

(1.2) #8 (contraction) DA

a, a I'—d
a, '—d

2L, aBEHDEEER, TRETEVWET S, @HEHTRVWEER, TRETHLIN,)

(c )

(1.3) # (exchange) DA

T, a b I,—d
T, b, a [,—d

(e )

1.4) 1] (cut) DA

I'—c¢ c, A—>d
I' A—d

(e)
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(2) B AN CBAd BRI

a I'—d b I —d
’ A : A
andb, T'—d A ) andb, T'—d (Mg )
'—a A—b I'—a I'—b
A A
' A—anb ( Y '——anb ( 2

L, (— AD IKBVTHE, a#b&d 3.

§5 WSL & GWSL OiR#EREEM

[ %6 ] (GWSL+- OFE#H)
v—=4 v b T——d B GWSL TillHRJgETcH 5L %, GWSL T ——d L&<.

[ EFE7 ] (WSLFE OEH)
WSL TARERa < bRV -EX, WSLEa<b tEL.

[ %8 ] (WSLTOEESOER)
GWSL+a—b0D»2GWSLEFb—a®D:Ea=bsThiE, = AEMEEFRTHS. ZITW/_2HoH1HT
WL, =%2=4A4501r60% WSLTOES LTS, (Y v57 v 3o 48 (Lindenbaum algebra) %2 5.)

[ FE4 ]
B8 TO WSL Tl3FS BT 5 HAI El ~ E4 LIRD E5, E5° HEL O L.
Eb r=y, rlz—y<z
E5° r=y, z2<zr=>z<y
Q1

= MEEEHRTH BT &1, IRDEL, E2, E3n50VWE 5,

El . #y—#»vi (B) KOO,

E2 © z=ytdB5ECWSLtz——yhD>GWSLFy—zh5, Hohicy =1 b,
E3 | z=ybhoy=24&95E

r—y y—z Y y_——x
r—2z z——x
£-T x=2.
E4 © zz=ytds&
r——y zZ2—>2
INZ—>y INZ—>2

TNz, xN\z—> YNz
INz—> YNz

BRI LT GWSL - yrz—>xNz. £>TxNz=yANaz.
ES | z=yhox<LzEd5E

Yy——>x r—>2z

y—>=2

E5° . x=yhoz<r &t i

g—>X r—>Yy

4 >y

GEFA#)
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(2] EREBEICIRD 3 > DEERAEK D L.
[ €83 ]
WSLEa<b=—>GWSLFa—b
( #BH ) WSL D4~XTORAE (F1 ~ F3) M GWSL THHTRETH 5 T LA RBITL VY, ThdLEBEAR
ZX(T1~T6) 2 v—4 v ML b0 GWSL TIATRET S 3 2 & 2R T.
Tl : #y—4 v+ (B) ORI,
T2 © Y= v IrDOFEH (EHE4)E WSL TOEEI->VTDESE (EHE8) »OWbILD.

rI—y y—2z2

T3
r—>2z
Ir—x y—4y
™ INYy—>2x INy—>y
. INYy—>u INYy—>v
5 Ny, TANYy—>uv
INY—>uNv
T6 . z#ysdsrd £ r _Z Y
z2—>xN\y .
(REBA#R)
[ E24 )
GWSL + ay,...,a,— b= WSL EFa,N*-+--Na,<bh
( EEER )

7—FOFRAT 2a,,...,a,0EE, aN--Na, xR ELEL LTS,

GWSL O (B) X T1 SR D LD,

wic, GWSL o&#RHADO X (Eovy—4r v ) wiihd 2 A% WSL THD L2 EIRET 2 & &, TR
IEd 5 AFERH WSL THROII> T & %RT.

(w—>) : 2<d&95. T4LDarz <z THBhH, TIILLD arz < dHBERHID.

(c—) : ara~nz £dEtT5. aBEROLE, s BTETHEVSADS, F3hSaNaNr=aNz THV, ESickD
an < dBRDILD, aBERTHEVWEERR, BELO @ &V a2V TOMERBKDU->DSaNa=a T
anNz < dBERH o,

(e—>) : zhanbAy<d&d b, F2iDandb=bAaThadho, EFCHETEHUEFE->-TrAbAaNy <
d DR D 3L,

() : A=0DEER, 2<c<d&Dr<dPHOILD. A#PDEExr<c cANysdesd5. REx<cic
BE2O0 () EE>EzNy<cAyThHb. HhEREcAYy<dhLdzAy<dHBEKHIL-D.

(Af—) : T=00&%F, a<desdT5LaNb<adDarNb<dDPBOID. T#0DEX, aNz <d ET 5.
anb<allEE2D () 2{ES5 & arNbAr < arz ThD, arnbAz < dHBERD L.

(A=) ¢+ LERERIcTE 5,

(—AD  2<a y<b&dTs FE20D Q) »SrAy<albBEiLo,

(— A 1 a#*b z<a r<btTDLE, T6hdr<albMPEbiLo. (RE9R#%)

SEFE 3 EEH 4 SIROEEDERY AL,
[ SEED ] WSL & GWSL LiEENICRIETH 5.
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Ribbon presentations of spun knots, and amphicheirality.

Tomoyuki YASUDA

HEEZ>O—RIAEVH K, &k, ikt LTk, &k, DE#EREZ k & L,

k) & Tk, DFB] OEFEMZE 1

LT3, k&1 DOBAFEBICTINEVEBAMa L BEMBEX, k-a KBELLKk DR VETHDY
RUyRHRE, 1 - CBHELLIDANVEUCHO) K vERBRERBLERETH 3, FRXTRIDILE
FEBEL, EHETS, COFEEDSIF [ spun reef & spun granny BEHETH 2] ELWHEREZET
Gordon[4] DEHODFIEANE L 6N B, £, TOEEDOFRE L T Marumoto[6] OFEE [k & 1 M[EE
B—RIEVCHLESE, B4hoFBiTahEvERNal BEMABLEk —aitBAELIk DR/Y U
UHE, | —BIBhE L 1 DR VEUHERLERBETH S ] TIREIN TV ERER. BRES540

PEEFHLIRORTV, LLHSERGEFELN S,

0. % =

Artin[1] i£ & ©19254E, —RTTETH k » 5+53/h
SVESMERORE, WKRT2—2 ) v FEROHT
EEz& 2 L V) HETO ZRITEVH OBBENIRE
hize COZRTHEFEE Kk DR NN VECHERU
spun(k) T&T, —Hh. 19338, Seifert[2]icL b k %
3, #UH (Rolfsen[3] DEUVHERR) LKk 2720
FHRETHEEkHkEkFK BABTRVELSC
EWIRE N, BL #idEENERT, (11& 2ok
SLOEERE MM S, [spun reef & spun granny (3 [a/#ED ]
HIt [spun(3, # 3,) &spun(3, # 3,)REE»] & W
SR LA R h T ich, 19764F, Gordon[4]
L&D, CORMBEEEU LD —BRHISTEOMBEE L TR
BRESh, BPBEONT, AL [EEZ>0—Ruk
UHK, &k, iextL, spun(k, # k) & spun(k, # k)
BRMETH S ] EWHERMREINI,

ST, AN VECEBIRL) KV EUETH B L
i, L<HShTWAY, Zk) XU ETHDOY Ko
FHICH UEERME & &30 2 FEBIROMER A 19904,
Nakanishi{5] ic & v, Fic19924F, Marumoto[6] iz
b, BAXNhI, BREE L RENLLTDO D
OERBEETH S, [ kD—oOBEHEEZX LT

5o ZDTHNS 58S S 2RV T Artin[1] O Fk
TANVEUBEA2HEEKT 2L E, spunk) DY) R v &R
HELTk —0DEBAER—RIz, FTEBNY Ficgx
WET 5L B SDOMBERICHERIN S, ]

([6, Theorem3]) Zh % k — & icBa:# L 7z spun(k)
DY RVERELIIELTEEROEEIKILT 5,
[—RTAETH Kk, & k, BEER SIEE L2 5 +5/N&
BEAUS, & 6, FEBICH 7o & & k, — 6, 1B L
7z spun(k) @) Ky EZHE k, — 6, ICBE L 72 spun
(k) DYV R v EBELILEREBETH 3,1 ([6
Theorem4])

AimX Tk LD Gordon[4] @ EH & Marumoto
(6] DEICBIEL RDOEEEEFHE LR
WTHN B,

EH

FE_S>O—RTHEFHk, E Kk, i LTk, #k, =k
ki#k, =1, &F3, k& lbhoRaet/hanifsy
Ma, BEIBCHM L E, k—aitBEL
spun(k) O YK RBEE, | — BIBE#EL 72 spun(D D
VR YRBEEIEERBETH 5,

COEEL S IE EBRD Gordon[4] DEEMS—D DR E
LTELNE, FH-b5—oD%FE LT EARD Marumoto
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[6] @ Theorem4 DREBMHBERETRLEVWEVIHE
AIRERPEONE, ~HFZOTFHOTHDAIC [R¥
VEUBR (D ATEITH S EWIHEREMELL
TRT,

1. % &

LIE#

(D} i=1,2,*++,m} AHWVICKH S HWHARTE L —
70y FEMR NO=ZRTHRAEDKET 5, 1
D} =0 &<, —H. f,: D’XI = R' (i=1,2+"-,
m-1) ZHEVREZLOBVWEESHHIAADKE LR
OHBEELO>bDERET 5,
£, (D*XI) NOf = [f,(D*x{0}) Gf j=1),

£, (D*x{1}) Gf j=i+D,
] (othrewise).
2T RYUCHEWAE N7 TIRICERE

m -1 -1
(glOf)LJ(thﬁ(aszl)—ingIntszl)

AKIEBCEE, KO ER (m— 1) BEEO ZIRT

)R EECH (B koY) R UvETR) v,
7212 L IntD? i@ D* O NE % £ T, ([7],[8188)

UDL @ =0 %D e B EE0EF 0
st (0, B)EZRTY XA VETHO m X—R ) Kk
B (Fh3BR)VFAVYERR) d0wdH, ghoLtp ol
EEBRYRVREHOR—-Z, Ny FEWVS, ([6])

1.3 %

REER ZBA R Dx,=0, x,20, TH5HELHAE,
X, =0, x; =0, ThoEehsds, R} 2RoHE
NTRINS[EETEERS & 5,

X) =X, Xp = Xy

X; =X, cosf —x, sinf,

X, =X, sinf +x, cosé.

FEA R TITONEL5>ICRREx,=x,=0Th5%
HAeks LT, k2R HNO—RTHEVHLL
kNR:. 7o v—clpidg niEiEh TR VILT
H5b0DET 3, kNR’ % babollEEoHERICHK -
THEET 2 Lick BRI 2Rk X Y #UBED
TeEk DA VETHE VWL spuntk) TR, ([9],
(10], [11]) 7z, CoEEETKNRY O EBIRIEL T

Bl ®E 55365 (20000

spun(k) ® X — 2 @H, kNR, O TFTH/BIcHIE LT
spun(k) @3> KB &L BRICHEE SN 5 ([6]) 5,
(0, B) DT &% kNR% ICBE L 7z spun(k) ® Y ®
YEHEHEWS, kNR, M 6 ThhiF, Ha/hs Wil
S S el k— & cBA#E L 7z spun(k) &Y F 1 F
HEns,

14EH

ER(LDOLFTEM-T
L=} XD (=12,-++,m-1)

E4 3, 22T @DIOFULETH S, &4, L0
—DMBIcH Y, POARBEORTRLS EREL T
E, TNEDHEE(T, B) DY EYREELEVI,

1.5E#:

FEADOE LIBT3 ) K UZEE O] 5 OF, ~
DFENHE > T a;y, 8z, 8i3, or 8, EBSEE,
NoWHELTs, ADXED» S BE w, DIROBAT
2L BT ENTE B,

LD} i a,(v=1,2 " 5) KBLTEDH
MHORELLEERRW,OVEHOXFS X, & L,
BoflhoRRELLEZIE, BUL x &5,

HOLTHRENIEW, Wy, *-*, W, 2>
THoED L3 RFEVEE 7, (R'-KY) OBRREEKT
HIENTED,

1.8 [x,, x5, ---,
i=1,2,+++,m-1]
BLEXFODA ) F 47 VERTTH 3,
([12D) v*v&RH (0, B) dPoULoREHET
BRsntBER~A6)DIE%E (0, F) KBEEL
BEREVWI, —H, ¥OFIRHIC & > THERAEH
SYRVERE (0, BIEWRTHIENTES, O
DR YREOEEBER (6O PEL ) R Y RE
EWd,

-1 -1,
X, | X W, X5 W

L7EH

TR K UEUH K o L2 ogEgE (KD LT B
LE K ~EK)Y BORKB(PATRTHEEL
Wy K~ —(KD)' 5ol () bATHRTHE LV I,
IIT~RBEUBMEETH B LEERT,

2. EEDIFER
THRLEUCRO L ATEICEAL T [FEEOZIRTY

FYEUCHEB(-)HATCHTHE] LLIERS
Marumoto[10] IZ & » TRENT WV B, T X/ v EE
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UHOBESGERD I ENER 5,

2. 15578
AN VEEVHR(H) A THTH %,

GERR) EZQADITBE-> Tk 25 spunk) #HKT 3
LEEORICE D spunk) i RP i L TR TH D,
kMR, % 0=z 20T 2 LBNZMK NR. %22 7
[BlEx L THRR L e XA v IEUBE ERBT L bTE B,
COBEHD SIRHBEALT 5o

spun(k) ~ spun(k*)
—h. EZEADD k #FHic k* & LT spunk) ZHEAK
T5&, FEOAEOICE T 5T spun(k) kD
AEOILBIZIOERTH S, ZOBEED, S IR
YA I3
spun(k*) ~ (spun(k))*
Bl & b spun(k) ~ (spun(k))* #ELILT 5,
GET)

2.2 DL

Marumoto[6] DEBIC & Y k i S FBIC+/h&
B#EEHMa's " &0 k—a', k—a” ITBEL &
spun(k) © ) ¥ v EHER L & 5 7205 BEERE
ThH 5, Ak 1 2 SERH NS SBAMB B
L0 1-6, 1-8" icBE&#EL 2z spun() © Y ¥ v EH
28R LDE, THOREERMBETH 5,

—FHs kD oTaNSBER N, EED k-7, 2B
HLspun(k) D) Ky REEAERT 2E, T
spun() PH 3 Y K EHELLERE LB 5, TOI &
Z=BMic I TEEEHY 5, HIB  Gordonl4] OFEH
DIFRA D = Brp

spun(k, # k,) ~ spun(k,) # spun(k,)
~ spun(k,) # spun(k,)
~ spun(k, # k;)
IR > TEBRESEERIMES ) K v REFRLOER L L
TERHASNB L EEL, (1), (), () LT
N5,

(I) k, &k, icikmESHBAINLTWEEDET
5, k; &k, EOEER N D EBELTITS. 20
BfEb N WG DM~ 7v 7, T 5. EEERNIT K
DE 1 BB D TE Do k, & k, &4 DI X ITHE -
Tk, — 7 &k, — R IKAEBA-TVES, Kk, —7, D
MR E K, — 7, OREEBATH I TE 25D B
BoTctahs BBk, 2E5, cosE (k, #
k) — 7 iCBaE L 72 spun(k, # k) OV K vERHE (7
%) spun(k) # spun(k,)DH 5 Y £ v ERICKE
EETdH 5, TOEBELTIIRNS,

k,— 7, icB#EL 7z spunk,))D ) F v ERIEE (0, B)
t=120&,9 %, ODEESTOFEZTDFRIROBED & T
5, n(3B8UC kK, OLBRy, ZBRLZEiITk T IDiC
Sihatics, £20—K, [k, ORI} flo EEICRD
% spun(k,) DX—2% D} &TBE X, 2o
EHELDOBESFIc L ->T, D) D oot
B Thd, BRELTHE. Tk, 0[RS ERED
M| o EBicind 3 spun(k,) DR — 2 MEED
N—ZERD, TREDS LESSIT B, Fl. G
DEMADEST TR, nnERIELL>TIDiC
ghntk, D EEDO—A. [k, DA X ] o E&icxt
57 % spun(k,) DX— 2% D, & L, A IcxET %
spun(k,) D N — AHRE DX -2 Dy TH 5 LT B,
{b%} % spun(k,) & spun(k,) DEEMETS> AD /Y
k&L, DY, & D £ Fi#E D b RBEOH K S0
t43, 2ITYRVYERR (GU 6, B,U HB,UIDY)
AT 54, Zhidspun(k)# spun(k,) @Y K>
EBHTHB, LIAN) K UyEE (U &, BU B,
U{B’}) ieBWT D)), UDUDy 2—2DX—212F 3,
HERMBEEFE DOV &> "trivial addition” move([6])
272 (0, BB,

() v *v&RE (OU G, BU B,U{b%}) exflL
TDJ, bied-feny ¥ O o3 iiE, ZEEBER
D~ "band slide" move ([6])% m-1[ElHTS T &ic
-TD2ETEHT, B rhic-T b i otihi-
TW3 (G BB E2LRERMBERLDO—»>
"basechange” move ([6]) T D O+ & TEHH
T, THILK->TEREBEO D (ThE DY & T Eic
9 %) H. spun(k,) &spun(k,) DFEFEFZETI D
DNYFTH->TDSEDSE EAEESRbD, ETE 3,
i, ZER®D (0, B) DWW R ICtz W L THER
DUBIHLLIICOTES, LIAH, ULDEKic
0 (6, B) DHEHYIEREHEHANT R ICHLTK
BLTVWEDT, EQDOIHDRIEDERICLD
(O,U &, % U B,U b)) i spun(k;) # spun(k,) D
VRVRBETHH 5,

() spun(k;) # spun(k,))® V) ¥ v &RHE (FU 4,
BU B,U b icxt LT (1) ook s Fk,
—M@E @ "trivial addition” move ([6]) T D, & b¥ &
D} &E—oD~N-2 KT 5 & spun(k, # k)DY
R RBENTES, GET)

k=3, #3. 1=3, #3; &&L & Seifert[2] iz
EhkElRBEIBETHVWOELS, EHIckD
Marumoto[6] @ Theorem4 TIKE X T\ 3 & HF3H
BRATHROLEV S ROFERHS St 2,
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2.3%
HIEMETHR O _>O0—RcEVB Kk & 1 TIRDSE
et bOBEET S, k& 1&LLSTH/N

IRHMa & BERAFERICE-EEk —aicH
HLzspunk) DY R yEFHE, | —BIcBEL -
spun() © ) K v RHE RIEERMETH %,

TFEOIAC.2) & spuntk, # k,) Db 3 ) & v ER
E spun(k, # k,)DH 3 ) K v RELPLERBETH
B EERLIDOTH B0, Gordon[4] OEEE R
Licl&icdiss, HIB, EHEORE LTRERES,

2.4%
FE - >O—RTTECFHK, & k, i<t L, spun(k, #
k,) & spun(k, # k,) ZEMETH 5,

3. spun(3, #3)DURV/ER

—RIL) K VEEUHES, & 3 EoEEME 1 LB,
105177568501 LOF+H/NES2EBHI 6, O
05 ZTRIDESICdE B3, TRIZBWT xv Xpn X3 4
| DEUHBL RR—1) 02V F 47 vERITTET

%,
% 1% 1 %
|
\_.ﬁ/b
- ‘}" e
J‘i 2 :3

Marumoto[6] @ Theorem4 iz kb 1 — 8. 1 — 6,
1 — 6, icBA#E L spun() o=>D Y K v EHIFHL
WEERETH 5, LOLEPSBERNICZENSHBES
EREINWBEPIHOVWTEHBIDEE,SRBAM S,
COFITRINS DLEERMBERETT 5> BENFIEE R
L7,

1 -6,(p=1,2,3) «B#L 7 spun() ® Y ¥ v KH
WROBERRG, CBEELL) K VREA R, K52 L
B iars,

MIRALE 5365 (2000)

G, = [X,, Xy, X3] X, X, X, X5 X;' X3 X, X3 X X »

Xy X3 Xp X5 X5 X5 ]

G, = [x,, X, X3! %, %' X]' X,' X, X,,

X, X3 X, X5 X5 X5 ]
G, = [x,, X5, X3 X, %, X, X;' X, X,

X, X, X, X5 X5 X5 X3 X3 X, Xp ]
CITREREBLERBETHEIL ST D5,
—H. EHOMHACDOERICLY B LIROBER
G, B L 7 spun(3, # 3) D ) & v EH 2, & BET
EETH %,

G, = [x,, Xy, X3 1%, %, X," %;' X, Xy,

Xy X3 X; X3 X3 Xg ]

PIF. % & B EDWEERETHZ L%, VR VR
BicBiE 4 3 HEREFMAVT, VK Y REOLEREZE
FBioxdihd 2 BEROERMER TRT, UTT = 38
DOREI%E£ T,

G, = [X,, X3, X3, X, X, X' X" %, X, X,

X, X, X, X5 X X5 X, X3X, X5 ]

= [x,, X3, X5, X, 0%, %' x7' x3' X, %,,

X, X5 X X3 X4 X3,

R
X, X, X, X, X[ Xp J

~ -1 -1 -1
= [Xl, Xy, X3, X4|X1X2 X Xy X Xy,
i B R -1 -l
Xy X3 XXXy Xy Xy X3 X3 XXX Xy X3,
R )
X, X, X, X5 X X, ]
— R
= [x,, Xy, X3 | X; X, X' X, X; X,,
-1 A -l R
X; X3 XX Xy Xy X3 XX X3 Xy,

-1 A1 -1 -
X3 X; X, X Xp X| X; X, X; X, X,]

1

(x,, X,, X3 | X, X; X' X3' X, Xy,
X, X3 X, X5 X; X, ]
= G,
BB OEBRERICKIGT 5 Y & v REORERBEER R
EHOIEHQDDOFEBICLVIRIEEI NS,
Pllhick ko Z EMREN T,

3. 160

spun(3, # 3,) - Tspun(3, # 3,) OPEHDY &K
YRBE B Ry By R B GEWCEERIETS
%o

o

KX eE OBt hbORABHEREHREE LA
RIREERFOAARZERIE BB £ 95
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Focalizing Character Reinvented

Etsuo KATAYAMA

Henry James creates his first focalizing character in Isabel Archer,the heroine of "The Portrait of

a Lady". Almost all the story is told from her point of view,and James's literary technique of point

of view reaches its first climax in her developing cognition. The development of her cognition is
based on taste. Maisie Farange,the heroine of "What Maisie Knew," like Isabel,experiences the devel-

opment of cognition and acquires taste. So we needs must follow the course of Maisie's acquisition

of taste to understand how she becomes a focalizing character reinvented.

FF

Henry James @ # #1 @ £ /£ "The Portrait of a
Lady"" ®F A/A Isabel Archer ®thic, ¥ = 1 LA XiZ
EOTL2LEEAAYEEIET 5, YREOTRETNTH
AFXVOHEBLTESN, 1 FXVOEBOFE/LD
Y 2 4 2 XORAOBEERRVOBAICET 5, €
LTA ¥ X DEEOELDITICIE 3 D5, BlE L EfE
BH. FEELIEEL QAP T©E 5 [EERE
(taste) TH 5,

Z OYEFR D FE A Maisie Farange 4 ¥~V EE U
L EYBOHTERBOFNLERZRL, EERELHIC
DB, HEAA VA FRNVEEISF, A FRL
PEERELHIC DI RATYESRD 0 LT,
A V-REBEREEFICOIRRICBEYOALEE
FLORENEHESLEIARD B, ThTRAA V=
EDLSI L TEEREEFICOT 50> TV 4
b b,

Beale Farange & Ida Farange OMIF#H{E DR,
TAOREXFFIITERLTCEST A4 V-3, B
MHOBOEZEKR G55 5 TIRA TWBRF M B
FROHBZHA M V-0 [FEHHNEE] (moral
revolution) (15) ¥ M2 %, 2 4 V—13HH D&
[OVWTHOBERER L. [B5r%883 | (an inner self)

A EVHIEZH%2RE, BEOOEBRRICE20%00
3, 2L THREBT LI HBA/0R, A4 V-0DFK
FPVWERKESETE N THEEBIL TEL L KEHKE
® Miss Overmore TdH 5, & —/N—E THENEHHD
EARRBT L TEROUBE T~ d x4 V—R3EZ,
FEAEL, LoLIor—"—2T7HEER, A4 I—
BEPARKETA—FOEILOE—LVORKES L, &
POPoTRT, KEHME L TZHANLONhEH, E
Bicilb— L EDREBAFEEBDTLE D XS WEET
&5,

FLT, £ 60ARITA —FhiAA V- %8| X
Dic 2, FILOKEHME LT Mrs.Wix SV H4E
BEOLUMNBEET 5, AHETHBIERSEL» . BH/NR
DEEHOTE, REHME L TRIBLZRIBOEESR
Wy A4 Y- BEROFIHRADHL H bRLEDOFEFT
ZRENEEXRVETY, L LIEAKIEOD Clara
Matilda DFEE LT3V ¢ v 7 REEIKD Mr.Wix
KOWTR—E LML VI &P, HOBICRENTIT
{DIZ, ROBICE—ESENTITHRVIEMLE, D1y
7 2AREVIANEIEELETT, 755« vFLFHEHE
OHNIEVWHERTH 5 LRI D, DT &I,
Vv ARAERLTEIZRPLEEZZAAV-DR
HHME-TWAE I EERRT 5 LEIC. COWED
BTT 497 ARADBAA YV —D [FHFHEMEF] (confi-
dante)” OBRENCEE 59, FRELEOAEESERR
5L bFRT 5,

BlIoehAKICE—LEF—N—FTRENAL T —
WA B, A4 V—EFESPVIVREOZ ADBERK
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B EFRBHOOP VMY 2B ZES LTR2D, &
B TdfANcEAE » ZEOEALZEVEF] G3-Dicv3
KEFBICHE D, RAORIEIEHE - tBERioh, £
ORAZMAFTRVIBVERS 2 4 V-3, RADOHEE
BBELTOEBIOV EEHS, T5EKAF RA
HDHEAE] (the unknowable) 3D £ 0, FAWKAA
Ot E SN A DLisette L[/ UGz 5 2 &
Bbhpbd, 20, A4 Y- BGARAMOMEEF>KA
oW B HS DR ERBINCGAHTE ARALRED
225 5,

E— VDR TEA —/N—% 75k & OB ABIROHIE
HickHh, E—1DA—N—7HE~NOBREOERD
e, WHOREHMOHBIE,ICEh A1 YV —DH
BRENOGNE, $HE6LAPBETE A -y HdA
IRV ED»S, BRaPEHOEMIZ>TWAI E
BrAAY—R0ET B, CORKRAA V- OBEERRE
EBETALTH b, ZNIA A V-, LBV EHh5
E— v & OBRAFUBIE L VBRICIE > T B &S 4 —
N—eTHEAEOHIAZEE . B0 S OBk EHEE
DEVHDIZTBLEVSBREZRILLTVWH I LT K
M| (sense of security)(39) %8 % %, ZD#%k&H
ABEROBER LB VBTOLhEIE LTV LEHBT
XEAAY-IEHDOEECHT 2 REE2FE LRI, £
hix 4 V- DORBOFENDFEKE 2 5,

D% TA—~4%13Sir Claude & V5 FWER & F51E
Ly, E=LidA—"—7HELEE L. £4EI1E Mrs.
Beale 27553, Z L TAA V—DRNIERY—+ 7 o—
FOsEN 5, COFHHICR=>DREMSENEKS, T\
Y~ u—-FIFHROHEZTA -5 ORb DI A A
VDT ERICRILLEBRTVEDII, 9ETT A —
FHZOFHBIC>OTHS > EBPFLMITK D
EHTHB67). I, CTOHEOHICE - VBRETH
BLLEY—« 70— FPHAl>TWVBETH 5(60), &
Bz, PPHEODO E - VERANICET 1 — S HEFHEZRLH
SRV I EPRIBHDARIPFEROBRE TY—« 70—
FAOITBETHSH(61-2), 6D EML, IO
BRLIENCY — « 70— FE -V RAREHRILH O,
Lin b RIFRIOARFIAE LA A 5 SOERBSERICH -
feDT, H—«7u— FORESDMSE L, E— LKA
BROARED R % EE L CHRERLIzoTRE VL&
EZoNb,

ZLTY— 70— F&E—VRADBLEIASHL W
BfRich ~7cL 5L, Wois[EEbELDIEED

LEZBAAV—DRADVEE->TVEI &L B, Z
DEROMEOEA A P — 32988 »> THID TBas e
5%, ;
"T brought them[Sir Claude and Mrs.Beale] to-
gether" - Maisie was ready to reaffirm it. She felt
none the less for a moment at the bottom of a
hole;then she seemed to see a way out. "But I
didn't bring mamma together - " She just
faltered.(315)
<=2 (oMt L5 xEbEORBESTREV]
ERNRTAAY—RBOTSE0, EDOIEMFFHTES
AAY—@3 [H—su—FEb—-LEkAZEF EED
HROOENTREV] TEOEMTRBML TV S, <
DEHERIFECESN TRV B, X4 V-0 HSOR
LOBEIKIKETHBOFM T H 2, 2L T A4V~
BHIEOY — « 70— FiE, HAORBIEIEEE TN
THHELE T NAFWEER LTIz, K&
Hie7 A - FDTFNFS,

L L, FIR->THRAAA V=274 —FI3=HRH
SBHE LRV, BELALTA - FiCEHIREOMicT
oA VDB D0H b, FOLHILTA—
SOREBESHR LT, A4 Y—3%—+« 70— DK
RIELTE - VETOHE E—- LR ADLREDOHNEICD
WT, [B#] (stupidity) (69) %2 > TR HEEX LW,
ZOLEHICHAD LR OBBIL TV 2 1 Y — Xt
LT, A -5 R3BHHE L TOBRBEEZMEL, A1 V-
OMFEE Y — « 7o - FILER L EMET S8, ZL
TTA—H G T, hidhELich] DAV
PEFLT, BHOOHLAEAAY—2Z0WEY 1 v
ZARAG, =7 n—FE [HESTWEERE] 8
ERZDT, COBBRBTA—IHBAAY-%BETIE
AT, V4w P ARAEYH—« Jo—FHEELTWVS
T LERIRT B,

AL V—PE—- VERTOHEKEE 7 A — SIFEFS 18-
7l ET, H—e 70 —FR> A Y—% 'an awfully
good "chap” '(76) EFEF, AT BFEICA A V=0T 4 »
7 ARANCHAZBOMEE->TE T, 714 v 7 ZARA
bRy FEETES, A4 V—~OBOYNITA —
FizHFOL bkl Licd 2BILTHD. 71y
7 AFRANDEOYNIE — L RAE DB OVWTT A —
FIBET O LWL S ICKRO BHERTH B, +— e« 70—
FOBOIBZSVWHIBEDODTHEI L E AL V-
BEHISIKOM, 74 v 7 ARARBHI-TOS, LLT 4w
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P ARANZAA YV —b¥— 70— FOEHYOERID
b -TOVWBEEZ, A4 =D - TIRD & 5 iIck
~5%, "It isn't as if you didn't already know every-
thing, is it love?"..."I can't make you any worse
than you are, can I, darling?'(73) D&Y A4 UV —
FEVPOBRIZK SV TWRDE S, 74 —FicBi%:
EoTMHA L >HBWMREY 1+ v 7 ARABEZ,
EDILETA—-FIDROET VS, TA—FhrA
VBT VALFELTES DHTOER, £ Y-0Z
OEIRBVRICKELILEY 1 v 7 RRADSHEDE
., A1 v—% [HASKBVWER] (intolerable
burden) (11 EE LTV B NS THA S,

—HESD L E TRKENE] (a family man) (61)
EFESY — e 70— FEY 1 v 7 RARAPAL V—%H
AORED L S Ik, FiLy 4 v 7 ARAL B HEOR
FERECFTELE LD ITRY, EREBROBRE
R LR E, €03y — D -FEU v 7
2R ADBIFHE X & RERTMOBEL > (] &
(i) OBMRICI 52T &%, fFE Y = 1 & XK
TEHRDFIHAX P S bbb 5, )

The life she wanted him to take right hold of
was the public:"she" being, I hastened to add,
in this connection, not the mistress of his fate,
but only Mrs Wix herself.(97)

ZLTRETEY—270—F&y v 7 ARADR
BCKROVIT A =D 5T 4 v 7 ARAIREES %
Z35000), I TY 4 v 7 ARAG XA V- &3k
TA-SOREHTHCREBRL25%BA, +— 7
o— FIZHEITERD %,

"What I want to speak of is what you'll get -
don't you see? - from such an opportunity to
take hold. Take hold of us[Mrs Wix and
Maisie]- take hold of her[Maisie]. Make her
your duty- make her your life:she’ll repay you
a thousandfold!"(106)

OBRFAMPS, U4 v 7 ARAMAL YV —DBEICK
DVWTVT, ¥— 70— FEEBET 202 0EE
ERHLESELTVAIEDbDE, DY 4 v 7 R
KADEREY—« 70— FRITHICHAD, A4 V-
i THEREABILES-THEERB TV L]
A0 EBXRT, ¥ 1 v 7 ZARALBRIOBRZNH S C
LEWRT D, LbLAAV-ERAZEDERBEAR
bbb o, [FEBREDOES] (sense of spec-
tatorship) (107) ZF > TRTW A K TH %,

ENTHREHEEZZUREOHINLVEE TS —
FORIIEEDEF BT 4 v 7 ARAZLELTWS &

A ¥ B H 125

AAV=PHBEHF L E, - 70— FRRODLIIC
ER B,
"Don't be. afraid, my dear: I've squared her
[Ida]." ... "I mean that your mother lets me do
what I want so long as I let her do what she
wants."(113)

BT BT, Y497 ARALDMGET A —FIZK D
it — e sn—-FE, 74 - SicbthoBELOR
HERRTZEEIE LoD, Bicl4ETRY — 70—
FEE—NWERAEAA V-BROLI PR DED 2D
ER)

"Besides, you know, I've squared him[Beale]."

"Oh Lord!" Sir Claude cried with a louder
laugh and turning again to the window.

"l know how!" Maisie was prompt to pro-
claim. "By letting him do what he wants on
condition that he lets you also do it."

"You're too delicious, my own pet!" she was
involved in another hug.(128)

E-LVRADE-VEDHETEVWOARNMGEERE ST 5
lBLTVWS, TA—F &Y —+70—F, E—&E—
WRAS TS ZMOKBFRBEVORMBERET S C
ET. RRBIRMK DL > TV ERIBEE X %0

Zzhicbigb od | I5BETY —« Jo—-FEx (V-
By vy vRABTT A — % & H B Captain DR R
UGB 20, F/o, IBETE—VRAL ALY —
MAEBE TOEESTE — L& Countess DAMGEIGIC
BT 3, ¥— 70— FLbE—LRALBHELOR
fmEBET 5 RBHOIEET > T, 24 V-2 IH5
HhEZENL, BT, XM V-EBRATRAMEGELT
WBTA—FPE—WEWRLESD &EF 5, KigEOHE
W BEE, ¥ — 7 o— FPE-LVRACEKREBERE
HEEFT AR ->TVB L, T, K4 DRHR
OHBITAA V—RFfTLET LR, A1 V—iZxHLT
MorDBESESICH B EERETT S, ZDERA
15EDY — « 7 0 — FORFHICHPIEN 5,

"[Maisie is] Mine. You've given her up. You've
not another word to say about her. I have her
from her father,” said Sir Claude - ...(144)

FHUETY -+ 70— FiE—-LERAK "It's dear,
Mrs Wix's idea. There may be something in it."
(128) &R ~NB, T4 9 2 ARADEZHFER. 714 v
I ARANWBAA V- DBEEZMALTY -+ 70 —-F&
LI E LTINS, y— 70— FiEZDER
ZREDO LT, B—XOE - VRAZ OB A A ¥ —
OEEZFIHT 21BIc, E—Abhd A4 T—DHE%.
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BicBTwaslst:, COBETTA —FIREBLELD
2o ZLTCH =~ 20— RFEE—NEKADAAL D —%F
BT EM THE—FLEEIE L\ & (the only decency)
(129) % EBHT B 7dic, T4 — 5 & E— VO RGEHIB
EEHEAAV~ICRE, oMM P-DBBIHELT
WIRWT EEMBIE LD T B,

FRZANETEEB A4 V—% [THAMHOERRONE |
(the subject of the manoeuvres of a quartette) (198)
EREATVAB I EMPD, AMP—F¥—Ju—FEE—
WERALZF TR E=APTA =S DOLBORNRTHH
5l Ebhb, ¥— 7 u—-FEE—-NVRADHRAN
oL A4V —DBRELXIELIT 20D THEET
3L, E=NETA-SOLARENTHERTEE
ZIEBbT 2 RATH BRI, y— 7 o— FidBlic
A4V -—DRBEAE—ADSEBTOVEN, 20D
E=i3 X4 V- L0ETOoREVISR TR S,
Y~ 20— FOFRICKBIRTE~VRADA S YV —

FHBEOBESIGENTITE, 20TE—LER

BRARAORRERBICEEL, - vEE—RADDOHR
D, E— A A V-2 @0 TEHBRADBE I HAH,
W, ZITE—NERAL V=HETFORNET Z2—EHD
TER, 21 Y- ORERETCBIIREBDH L -
Y- s n— FPHELTRALEDEEI SN B,
LHL, E-VOMGREARE2ILTY— 70—
FAA Y —2BETHIEPEHRLINEELTH,
E—wiiA 4 P—%ET2E3EDLH L TEY{L
ENBDED 5D, E-NVREFHABKADT A ) D
2HERET LD T 2 Y INTEETEH, P
THBRADR > TETNVF — DiRREHISpa~T < 36
FlLIlcd, E—NVDFEBNMEE LN S, FhT 4 ) AN
THRELERZA BV ERRTHFORNERET 3 £ —
WMz LTy A4 Y= "Then I can't give you up."
(192) & XTV Bz bigb 5T, £ -V IARKAI
A VDR EBBERERBIL(BVEE->TVE L
BNTEEA DL, A4 IV —DRITEDOENSR LIS
WD E A4 YR IAREHMH S EEFH L0
LB, Zhidx A V-0ESPLE-VEDHTOR
U5 EEREKRL, TN ZECE-AVHBHEATVLS
TEPEAAY—Tbhh B,
Then she understood as well as if he had spo-
ken it that what he wanted, hang it, was that
she should let him off with all the honours -

with all the appearance of virtue and sacrifice

HRACE 5365 (2000)

on his side.(187)

5D &S, HBRAOEEI A 1 V-%2#h
THhI:E—VOEMM, 24 V—%TBEILEE4L
TEHLDIT, A4 V—-DEPLE—LEERTE LS
[litR &K Ebn3,

—FH. TA—FbE-NERILLIIRAAL Y —DHE»
LTA—FEBTHISICHRMITE I ET, BP¥RER
TBTEEEXSULELS LT B, HBERABTE— V&
Bl AAKICY — - 70— FiA A4 V—DRITHRN,
A4 V=% F—N—fgiRi< W Folkestone @ & 7 Vi
#EhEd, COTRREXEIOREBTCOoNELIELT
WBEAALYV—DlevEB ey — « 70— FOBENIT
REEONZH, EBICR, 2oF T ViICBNIT A —
FEAA V- DRNDBREEEY T DIy —« 70—
FET 492 RRAETA - FHHEL TR - LITHBT
b3, TOHNDBETT A — 5 i3EHEED 20T
T7VANTEETB—HT, A1 V-0 EHE
TEH2ELTWVWBEEE D, "You must take your
chance - you can't ask me questions if you're so
ready to give me up."(219) DFE D A 4 I —hiH—»
70— FOFRVWRKE-TIFVANEBZIEETA -5
REHOBASERBTATALEL, TOI &2
BAAV—RBTEHIEARESET AL TV 5,
COBHDOREKRTT A1 — FBLFEIOEADOKRHZ>WVWT
DAV —DRERBIHEEITT, "You're a dread-
ful dismal deplorable little thing,"(225) &\ 5T
BHEZELTAA V2R TTE-TOVL, HTFORR
DRINOBETH i bbb 53, ABROTCEKER
VWPLEEGH TS ROMBLBVWRSIKEEILTT
HEOBTELFEBRVETIUBEL L VITAER. 71—
g9 — 70— FORIDMSHDEED LTDITAL
ZEZRBFNE, RAELTRRDICHERERL TV 3,
ZLTCZDARBLE, $— JO—FPBAAY—%T T
VANENHT I EEEBIC LT A — FOBIBA D[
BE A V—DEEDOY— - 7u—F OBEETHS ),

EOBPBREBRTTIUD L > LR TORBHI SR
DPEEFEDZT ey — « 70— FHRFFVOLED S
HTETAA V- A MIBHRIRMNITH 5, T OB — »
Ja—FHAA4Y—iZ, "Oh you know, we are going
to have a system!"(229) &hx7-C &, Frrcic x4
V-DBEHEABTHREO p SAYOLBICE o
FBHES— /o — FHRF-TVB I EERETY 5,
Fhtr— e« 70— FH, "I'm free - I'm free."(229) (23
DETEROEST LR, 71— 5L OBENRIIL /-
TEEBIRT S, INSOBFHGEMBLIL D LEEDS
TADRIcH -1 T EEBLIRET B,
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ZLT. TOTA —FEDRNBEEDREDORINI
BBEWIEREAAN Vb ->TWAB, KIEAM YV~
B7A4—FREMICR 2L THL CoBHEE S £ <
Bbogi-0E LB -T0inWIEMLS, A4 I—-0
LOHTRECTA —FEoBFogBIINTWS, &
723 19D E— LV EDRINOBETY —« 7o —FEE—
NWRADHEEIC IR AFE 2B TROTCELDhEE— I
BBRDLE, AAV—R[ENT, FLELESEIRLE
W9 D] "Well, what if I have ?"(189) &2 3%, &
KITETRERED TERICAR T v, #ico v
TEELTLNBEY— 70— FEE—AKARHLT,
(Disd ES T ADARIC E » THASSAUIE ARIED
FEEVWISETIRBLEEREHED] (163) %2 41 Y —
2F>, 35 &, "Well, what if T have ?"& 5 B3
. BaZ2HERTE L LTwWAmEBE 0 b, BIiEY
THHERLEBRL T I BRXBOMIE > THEETY
THLETBAAV—DBEEERTHEFHENL S, TLT,
Migs o B Tont bbb A A V-2 [H— 70—
FEECMHBELELEDIEEVSILED] (her sense of
being launched with Sir Claude) (221) >k, H
SRR IHORL LY —« 7o - FOWEEILE-T
—ATEZTHW RV EMELicBbh > TV 3,
Fh, —ATEETO BBV EVWSIEREE T
ZOHTE, AAY—EY— - Jo—-FLPBTHOL
S E® Boulogne THic# 243 X CicBREH L, HR
#H3ZENESD [#ifs] (vocation) (23D & B,
(ERERIAEE -» TR, —RETZ R RB LEDOBRPER
BTEEER—ADVEBOVEIE 7] (232D EVS R
EARTS, CoBsPYIEXE, HicRBToh—
ATHEZTOLMIZRVEBRT 2D ROUBEITHY
VIESTH 3,

LhLaAgY—ogbTOARRTOEREY— -7
TO—FAAA V—%7 5 v 2ENET I EEREL
B L BERER B O—H DT, oY F YT
NoORPET->TVET 4 v 7 ARANBT 5V ANE -
TEXHBATKLIERICHE, EDLBHVT 5 VR
BMETBEOPBRABZAA I —ITH — 70— K,
"We shall stay till she [Mrs Wix] arrives."(235) &
BRI EMENEGRT 5, $LET7 7Y HIKIT-T
WBRBTDTA—FHBarvyFrTy ey 7 ARAEES
TVWBEVSH— e 7 u— FOELABVWT, 24 V—ik
Y4y I ARADEELTVEDOHENRBH, ¥— 2
o — K{Z, "Oh, you know!"(236) L E 5K F TEA KL
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Vo A4 Y—dRFFEOLNLBELEINS, DV oh
b, "Yes, I know!"(236) & & % 355, EBIZIZbH
51V, LAL, CORPOEO 2L, SEOERDHNE
WATH Y 4 v 7 ARAZDDCEHEI NI EE2 AL V—
BB->XVFMT 2, 24 V-OBBMNRIYEOHRIC
HEEEZPULT DRI D0H B,

rfiH— o 7 o— FBSREIDRITICA 1 ¥ —%EEh i
Licx 7B, oL EB-DRBIOEBTH 5, 19
BEORNOBETY — + 7 o— FPE— Ak ADHEI
MoTHEETWIHETEAL V—IH LT, E—i3,
HOPEVWORMBE,SHHIZKED, £AOOFELT
DAAV—OHEBE NI, THSRELEOED
KBTRRZIEA5] QD EEET S, 0ETY — -
70— FRMAITRIEE, A4 Y- RBEESPETOE
hicBTondEVHSEBER o, mMBIABTOoK
AAV—ILE T, =+ 70 —FPE—-NVKkADLD
RIEToh3 L 0 ERRHROFEELEINTAEE
83, £ LTHROERIIKT % 2 4 ¥ — OEREEGH.
B U &5 CERBIRIICII>Y « v 2 RRAKRKT 2
BrEsthd, A4 V-LY 4y 7 ARAZREUNT 2
DiF. BEEMSFEIL & S cEET 5 B 0EFIT 5
GBS THI, ThTRY 1 v 7 ARAREDE DI
L CEBRIRRCTI EE D00,

QY RNYTTA—FEDRBERAT, V1497 RK
AF7o—=2 KERLTL 30, 74 — 538\
BrE—oftt 3, v— 7m0 —F&EY 157 ZAKADEH
BThd, T LTHEBEHEFLLTTA - OoBRHE
B2l ET. BEFICEFROHEZY 4+ v 7 ZAERAR
Y- 70— FicEEEES, L LEBERFEE—
FKAERDTOBY—« 70— FidY ¢ v 7 AKAIH
LULERPStoBE O % L TRHOKFEL 2K T DD,
BLETAAV-DOREHETE LT/RBI LTS, TD
By 4y RARAEY -+ 70— FIZEBEK-> THIF
FlE2BEEN, ERY— - 7o-FREe—-1bh oz
KEZEOSNE->TVBEE—LEADRE D v F Vic[EH
5, FOEEILY — « 7 u— FBTFHREDOLELWY 4 »
I ARACEL R F D OREDFHBLEREZION
ZEHORFEHLTHI I ENL, Vs v 7 RAEKAE
OBFRAEESTHEELELS ELTVAI L Db, S, L
Ls E—XDU 4 v 7 ARAICESTH— e 7B —-F&
DB IITFROETFDORET L H 2D T, Z ORIBHM
5N 5 EHLITROAEEDREH < 12 b FERHIRT
wBWiAEh 3,

FITY 492 ARAEA M Y — OFFERETIEFHR
HOHELT, A4 YV—DO#EELZTICLTIATESTY
THERET S, TDEINY 4 v 7 ARADBHEIIIR



128 BRELESEHIER

R E L DPSRBVDT, A4V —3icy— 70—
FPE—ANRALRERBTALIiLRKDB, LrLyay
7 ARADEES OTA A V—PB—ATES LERBLE
HETBHE Ty I ARARAAY—IKRBETOSNE
EHBW "You give me up? You break with me for-
ever? You turn me into the street?"(273) L~ 3%,
Zhx L TA 4 ¥ =i, "Those, it seems to me, are
the things you do to me."(Q73) L &EZX 5, ¥ 4+ v 7
ZARADEFE 3L OEBRINAGR & Z ORF % [EEE T 5
FDIAA V= %F->TVWDB I EEBIRL, —H AL V-
OB A ERIRICiEN DY « v 2 ZRA
REVIEBEAA V-0 ->TVBEILERRT 5,
REBICY 1 v 7 RKARAAV—% TRERR] (waif)
QIDMFEEH DT BH, A4 YV —BEHBIRTSNER
ROESIRRcH B L%, EDLIKEH LY 4 v
7 ARNGERH>TVE, TITHAIY—ET 4 v
7 ARANOEBIBBEH = RE 5,

Y—ee s a—-FLEOBERLOLFEPE—-NLIAELESL
THEBTERLVY 4 v 7 ARAR, A YV—EHSOD
BIEZBF S fedic x4 ¥ — o [HEfEL] (moral sense)
QIOEMBILT HY, A4 Y=Y — 70— FIH
DEREBLTVWAZ LR ITVWTVEY ¢+ v 72 ZKRAR,
P— e 70— FLE-NVRASEBETUIA M- T 1y
I ARANEEY —« 70— FOBAICEEEEL, A
oEE%E (P> OREM#E ] (four improprieties) (271)
LML TAA V- DOBERLEREICL, K5 LOREE
ERHEIRLIETE, UL, Vav 7 RERAIRES
TRAFZIUTHHOHEL bE X 2 BB OO,
AA VT E > TRREQRBBL D, HRORHEHIIK
RERT—DDORELN D, V1 v 7 ARADS [H1S
IS RAMITEBLMIE 0D QT EEbh, 24 V-
BREOHIES > TV B3D0hh 5B VRD 23 55, #
KEDI &ETHEHELICRIBZDPRICE-TLE S, BS
ISERBOCRIF B ATH B LEHT 544 V—itidy 1
7 ZARANBEEIEEAICV D LD ICBA BREOEES
CERETEHZILEDELSICER S,

It came to her in fact as they sat there on the
sand that she was distinctly on the road to
know Everything.(281)

L LEDEAAV—ER2TEAMLILBTERVE,
T ERBIERMD T & 2T %,

...Maisie sank deeper into the vision that for

her friend[Mrs Wix] she was, at the most,
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superficial, and that also, positively, she was
the more so the more she tried to appear com-
plete. Was the sum of all knowledge only to
know how little in this presence(i.e.Mrs Wix]
one would ever reach it ? (287-8)

Va7 ARAIE - THRREBEORVARICBE
T\ B AFO LS KRELTNEREIF 2B EY 1 v
7 2ARANCRETETEEOERVARICRA S LV SER
BORKTEA4Y-B, Y197 ZRALEVIHADH
RIS ->THAERTWS, £/, 94 v 7 ZKRAEZE
LTETEHAILERTERVEVWITER, 2D 1y
7 ARAGEBRTERTERVESE2E > EETH
BEVHITFOb A4 Y- RBR-TWB, BT 22, BS
BT A TBINEFEERBNICR L LM TE, BEN
BELEBENEEL L CHBTE 3 EHEEDOH 288
EAAYV-BRLHEH TS, TOXIURAEY = 4
& ZE [EBERE] (taste) LY, THEI TREAL
A FDEEBROBIT AR D - L ERPIH THIIDIT B,
AFRUPEREEEHICOIFSE, T T LA
KPHNC XEL L TV 7o B BAE L [F] CHISEIC R O | B
DEBDEFEL I TRIBBICOXEEIN D XI5,
BCEICx M4 V- bFRRELHFICOT 5L, EEN
FAEEE CHISEIC T 0, 2O ER & BE O I
Xitsh b, flZiE. BAREELBRITVWEILE
OBCT B X A ¥ — i3, BERICIRS S C L THELE
RTHIET B, [E—VRAZREKILLS LB
B—EbBVWD] @8DEY 1 v I ZARAMSEMN,
AAY—RBERLERE—EbBVOIT, TAED
b5 (BNEEZ D, TLTE—NVRADY—« 70—
IR T hid R ER T L A4 V- RBEBEZ 5,

"If T thought she was unkind to him - I don't

know what I should do!" ... "I'd kill her!"

That at least, she hoped as she looked away,

would guarantee her moral sense.(288)

E—VRAZRTEVOEIE-F W BRIFLRTHEHD
BEOEELETEIEE, A VB> TV5, 20
—BTAA V- DEELICTT EREESBIT, V1
JARKANGAA V—EELEEDZANR LD EF
BB, 2F D, BIGE VOB TEELETESEL
A4 V-—DIHVEHh LicD, TORD A4 Y-
RS S EREE AT T X 2EERRESEIICEL
%, LT, SERZTOFRRESHASING, 21 V-
AT BREEMRI 2D 4 9 7 ARADAA V=i
#F L. "l adore him. I adore him."(289) £ &5H83 3 &,
A AP —3/Y) "So do L"(28NERKFL L5 LB M.
ETNRFEROEFOEGET 5RSICHLHDOT, "Oh, I
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know!"(289) £ EZ B, DEDAAV—E T 4 w7
ARADY = 70— FIIWF 2 EEE2RBNEEL L
TRDIREXTH LT, FROBFELEZEITL T
Bo Teti, EBICRAA Y —bY— 20— FEELT
WAEDT, "Oh, I know!":tWHSHEERIA4 V—-BH
DZDFEBNEELY 1 v 7 ARABFHEEFEL TS E
WHRBNEELRAFREND, ¥ 197 ZKARKL
THSOEELERL RS 2 bic, FEMNEES
BHLCRBNEELEENFEL L TEDIRELE
A%, BIDBET [E—NVKRAZRTIES S]] LEEN
BRESETHILTHNOEBLOEEIE L 24 4 V=M,
COBETIE (Fhb¥— 70— FRKIFELO| &0
SBAENRRER LY B I E THNOEHBLEHR ST
X5&ETBIEHS, BIOBHEHTO CDIFAETH A A ¥ —
DBRELZFEXRENTITHL TV B bITRIEWT S
Bbhhd, ChoDdlehbd, CORBOAL V-
FENHELEHRNEE, B L BREE AT D F
BEER-> THW T 2FERBSHEI ITHICO>VTY
37,

ZLT, CoOYEORKTRY - 70— FIHT 3
AATV—DEBENLEOXIBRALERERE 500
i s, TFE—NVRABAAV—DWVWET S V2D
*FVICEHN, fiEY— -« 70— FOBRICEU AN
U4y 7 ZARAIRS LT, "Dear lady, please attend
to my daughter."(296) L UM} B, TH O DITED
Oy E—WERAEH -« 70— FHEEHT BT E, A4
VD OSOBLICEBE, ZLTHOMNY 4 v 7 R
KAERREHME LTES ZEbbh b, —hH¥— 2
- FIZREBL TV 4 v 7 ARARKE, E—LVERA
DB—ATHFMTENI T EBFEROREFICT 54 — -
7a—FOEZEOLNBDT, NBRIF-LHICTERE
LTW2, LDL, x4 YV—bH%— 70— FEEM
BLTVWADT, - LERAOEBE LS LTHHE
BTERY, E—NVRAB—ATEFNVICHN-DE D
Ly H— - FLEEHNALT, A1 YV-PT 1y
JARANEEIBT 31075 Rk EA4 V-3
BEALDET D, VA b XDERBICEE S BIRT 58
BERHOHE IS 2Bt 2 BBRE0 DI,
BROEZ 2RELLHSHLNETEBENEEL,»RZ
W B, COBALY—RIIFTHBM, y—« 70—
FICIBRE 2R 2250, BEORKOBE T
7 DFEBEESIRICEHN S, FEERD 3 E—VKA
DRBEEZIANZODE S A4 V—NBRBE, 1y
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7 RARAP S [HRIBZFANLLE S A
Wh ] EEEREN, A4 Y—13, "Not for a moment."
(B09) LEZ, ZDOH’RD & I ICLFEIH< o

"Not the two now?" Mrs Wix had caught on;

she flushed with it. "Only him alone?” "Him
alone or nobody."(309)

T4y P ARADEERSH TR I DI, +— 7
0— RT3 24 V—-DFEBIETH %,

LY — 70— FBkFNVICR-> TETRIRS—
ET 3, B4 Y- HoREL2ETE3Y 4 v 7 ZKA
ORFREHPBLITETAOTZIL LV BELLK
Y—e 70— FRE—NLVRAL—RERBITH. ZDOC
EIREBHFEL L TE-ARAZBRLAL T EEEKL,
Y4y I ARABRTONLBAL WS BT SE, 8§
Uty P ARADOBEFUR LT >0k, HLBo
TEREHMLTOVE D SICMEE S5V, "The situa-
tion's too monstrous!"(31N &V ¥ 4 v 7 ARAD
SEMFELORBELERAL TV S, TO LS WRHAIC
5859497 ARAPOYH—« Ju—FOREEETS
hde, A4 VBT CR—ATHOIPREIZITT, —
7a=FEE—LVRADELEODBAL V=Y 4 v 7 R
FKALREBT 200HIHELHTHS, HEICA-T
E—VRAOHEAERE A4V —IZ, ¥~ 70— F
B TE=NVRARRR>TVREW] EBEZ BB, A1 V-
i MEBEYDEEE->TVRWELHHEE] (320
o, COBRIARBSBICHE M, 2O, SR
TEH, Y= 70— FEZ->TWiEVWEToE -
KALBHLOEUGRETIBELIFIELIBDI- T LT,
F— e 70— FREEZO VTV IEBAIYV—ITdD
b, TOERY—c7u—FPAXAPV-kDbE—
WRADFARERB-TWVWAI LEEKET 3, T8
BIHPF IS FVORFEADSY -« 70— FiC
TBREOHBRLE > LS VETH»] "Et pour Madame?”
BB)ET->ZFDFBRBIEND, HEE—LVEADF
FVDOANEZD S BBICKBORVERZIFI TS T EHD
"B,

F—eJo—FEXA V- FEBEORNICHEDLL OB
RETHREEE, COBY— 270 —-FRY 47X
FIALBINTHEPE—NVRALEET AL SicA 4 V-
KD, BLoBEREBL 71 -5 L OBBEREHE T
T4y P ARARLTO S o — 70— Fizid,
TOR[RICVTEBERORBEENBDICELVIER
HhB@M), vy 2 ARAILLBSEODNT [T A
iclofc T &) B35) &AM V—icEHT B — -
70— FH—-BEZNZ0Z, B5 "a beastly cad"”
BB BETHD, HAPOY 4 v 7 RARAER
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TT. 'a beastly cad' MR 5 2B B9 — 7
O— N, A4 Y=Y 197 RRALBINEE, T4 v
I ARANCERPSGES ILELDIEER B,

Y— e 7u—FOREEZHVT, A4 V-G I
part with her, where will she go?"(336) £ &4 5,
Oy K VCRBIEASBET B PBHIS IO E VI Y — .
70— FOREEZBENTAA V—DLEIIDIR. &
BOWROHEOR IRy FILERELEDLDETH
2, =+ /0 —FREBTONE-XDF FEHOHED i
MOBEINEDELTVEY 4 v 7 RKAHT 54
DOEWROBEELEA A V—ohicEEh T3,

LU, 24 Y- 3EERNTHEDOE V- T, BfE
AT A EEE FERETRIEY, -7 0¥
¥ "Would you only with those two [Mrs Wix and
Mrs Bealel, stay on without me?"(337) &84 3 &
A A ¥ — 55 "Without you? Never,"(338) & &% 352 &
PHbZThidbhr b, ZLT, A4 YV—RBRICES B
{EBHN, = 70— F2RODAFLOHiciEd—
70— FOBREDBERADBADOINT VS, A4 V-
REEOEEN, — 70— FitXT 3R508< &
FITBLES ET2HMEBNATVE, TOBRTAR
BUbIcHD T 50, Z0HhTA 4 ¥ — I L 2
egotism OFETY — + 7 0 - FOEHEHHOWMED
FVEICEBOTER S, ¥ — « 70— FORBIC—§
WX VZITT S5 EF I BRIEZFESR -2, — 70—
FEZAZDTET S VATELTHEFEERBT 2O
FOLIWHITH D, ZLTAA V— 13RI — -
go—FiIRBd 5, &R, RIBEELTVE/ YT
FOFIEERT, <V ISERTIT &) KD TH 5,
“EHE. zOVESHIE, v 7 RKALEIND
BLELEODLEREY —« 70— FiZ, "If youl
give up Mrs Beale."(346) * EZX 26 TH %, T L T
ZEHE., 852 oRo 57 VOLBOLERTWOH D
Tt U BERTY 4 v 7 ARAMRF VD SHT
Wt o BODBWY — s s m—F LA U—
EFHOT, E—NVRAET 4 » 7 READKF VD HIL
bEzETHCHTRHEEE L D&Y — 70— F%25H
IFTH B, Ll EOREIRBIE L TH, — -
70— FRETFOTHTNODEEAM V—ITEET
W3,

ZLT, ZABFFVOEBIR - 1218, E— LKA
DFEH» S, FIHEAOERBREEL TV Y 4 v 7 2K
A, BHIBE>TH— s 0—-FEX S I=DBROIIC
BV cH T E2EHBIT R F v S H TN
EEVHLAECEBbD S, U1 v 2 ARADEEEZH
LzEBHIEE, 4= 70— F& 24 V-BREOVEBOM

ICHERIBAR AR - o EHERI L. Th A7 TH 5,
TDERT 4y 7 ARANFBRBICA->TRT, A1V -%
AFYRERTRA I ET B, A4 V- FRGIY -+
sa— KB ERD I, -+ 70— Flid—<A
BIECHORES DL IR ZXF LWEEL A (U=
KREZ, ¥—« /0—- FRIGFELO ETHIcA A V-
ZRIBTTVWE, Hics > TR E—-WVRAL OFEBER]
LT, 9497 RARALOFABRZEET 258K
HTHB, L T—XELOY 4 v 2 ZEAEBINS 2
BHizid, BEDH S A1 V—&—HicA ¥ Y 2R
BREWEY— e 70— FEIZOBETHRICHRH» TV 3,

ZNTH, A4 V—FY— 70— Ficthd 35086
FEREbEG. —HIRTNB LI kD 3,

"Will you come? Won't you?" she inquired as if
she had not already seen that she should have
to give him up. It was the last flare of her
dream. By this time she was afraid of nothing.
(352)

INDBAA Y- DRBOMMEHIKIETH BH, T T
bH— 70— FRTNIZBEXSZEEEZ—SOHELLL
CETNODERMLA S, ¥/ [EATHEHFDL TN
BROBWIEN, £bP>TVRVLDOK S ITHK
BF|AQf] L0 EETFIAXP 5. CORRTEIC X 1
V—bH— 7 o- FEFHBTFNRES TV LD
MoTWb, LL, 2DEE 24 Y~iF"T love Sir
Claude - I love him,"(359) & &EE L. E—wk A
"Will you give him up?"(359) (361) & &K L&tif 5,
Y= sn— FEBDRUINEUSRVI EDBbhr-T
WEAAY—DI S LIATEICE, BEOEBLVSE
kOHKE BAOEKASRENTHSY,

P— e g O~ F&A A I -DHEGEOMICERERZAL
EHERIT B 4 v 7 ARADPOELZHE. ZADBKR%E
Bt 5 £ — WK AL "Where the mischief have you
been?"(350) &L ¥ — ¢« 7 o — FAB L S BLED 3 &,
A4 Y= > T "We've been everywhere."(350)
EBERZ B, £/, 94 v 7 ZKADPS "Have you lost
it [moral sense] again?'(B5DEFhRohd L, £ 4
Y —13 "I feel as if I had lost everything."(353) & &
A%, TOBFEAEHEVT. V497 ARARY -+ o—
FiZ, "You've nipped it[moral sense] in the bud.
You've killed it when it had begun to live."(354)
EiBRB, A A V—DEFEIEY — 7 o— FLEFRERE-
THBER -1 EZBRL, T4 v 7 ARADRED
BEBRAZE A A Y- OBEELER-> TRV B, E
BicidAf o—DiREE-/cETH— T u—F%
HEHETLEDI, T LTE—NVERARY 4 v 7 ZRAD
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ZACR>1ZIEAAEAAT-HBLTVBEVS L
3N ey — 70— FOBCBOBRICBRER > &
E—WRALET 4 v J ARADBEITVWEILEAL V=
DBHI-TWBILEEHKT 2, 2D, x4 V—F¥—
00— FEDBEE VWS BOOBEHDOREWI Ehbbh-
TOWEMBE, T 197 ARAPE—-VRABFIZOW
THBT3RED, HIbY— - 20— FEBEFRERS L
DI EBAEIREORLE VWHIREY EREE THEL
TW30DE, £LT, OB 2E UGS 0
OEBNYOFEBAEZ DL, A4 V— O BEIH
HZT< 3,

T4y P ARADSRNE, x4 V—-DBZDL ST
BELOHRIBIEBAA V& — 7 o— FHBF
AR - EELZHROWRIEEM I B LB A
A V-3 BELER - EELIADRICRA S, Ll
ZEOIEFHIC, $— 70— FiREERH OO A P~
OBEIH>TATESZTHETEY 4 v 7 ARAD
EAREXET A LD, BE LD 1 YV —iz,
HUBERLEHL D LVIRBESDVIUSDLTH 5,
2. U4 v 2 ARARR, NEFLREEEIET S
A4 Y-S LERPSREE ThH S50, KKOE
BTAFYZINEALIMITEDAAK Y « v 7 ARAL
A T—iF, FFNDNANVI=Z—cH— o 70— FHH
P ESHELED, ROVE-> TR V-DBHIV
HihhottEESE. ¥4 92 AKAR, "He went to
her[Mrs Beale],"(363) 8 & X, #HicxdLCTA A YV —
. "Oh I know!"(363) E&EZL 2L, 74 v 7 AKAR
AA YA EH S ATEDED EEBRAL, A4 V-]
H—eso—FEE—NVERADBZAILE > TEAZTBOD
PEHOOEBRLSH > TVBERTRL. 71 v 2 AKRA
DB T 2 ABEESIROBREREE THETW A DM,
T qy P ARARRBEDT EWREEETOLSA L, L
MLy A4 T=BY 497 2ARAEAFYRITKD, Z
ATESTETHELOEFEEH L, BLOEFEEF
ETBEVHIEERIEDL S,

—h, E—NERAICES>TY—« 7 u—FEBFEEE
BIREFED B L HITROEIT B A 4 T — i3, ERMICiE
"abominable little horror"(359) 7243, o 4 w 7 2K A
WAAY—%2BONTHSS L3 5L, "Come away
from me, Maisie?"(352) & MBIHEFE#D Z b - 72
U] 2L A4 V-t 2EDRVT EERT,
COE—NVRAODTEERNLEHI, A4 V—%RE
LTEIEM)—4IcES LIFD cgE. E— Vv RADE
EBEAAV-—OBENLSHTLE, E-VRABH
BESOh>TVENLTH S, HAOEFEEHT #
AYV-—DF8E. E—VRAZBLIHHTZLENT

AN B B H 131

ERLWV, E-NVERAREREESKAA Y -—OBBRTSH
BLEV, BELTRERBT M, A4V -RFY— -
70— FEFHDILICREKRETROETS, THLTH
A4V -DEBRICHDOEFEN ML > TVBE—ILEKA
B EILTEAA V- EFREIBVOT, KIS — -
Ju—FWBAAV—ED 19 7 ARAZTEAELTE -
WRAZRBTHRWT E, 2D, E—-NVERADEER
EHEMAHTCEERWLT, HICE—RkARX M I —
EFRT. L, FEELSBBREBELCRKIEAM Y —
OHEOBRBRRETE— VKA DL SHRVT &,
TRBAA V- ICBRBEEHRDOEF "] don't know
what to make of you!" (362) »Sbh b,

BRI, ¥—«70—-FRY 1 v 7 ZRAPE—LEK
AN&EE > THEBOBIC A 4 V= EBFREH > TV R LT
EBbDBOT, A4 V-DEHEILERNS 5 C
Lbbhd, V1v 7 ARAEFNBLIITKDE Y — -
so—-FORRBIIHLTAA V=D [HElhE—1R
ANEFEDHIE, FLizY 1 » 7 RAKRALBINE T (346)
EWRBLACEE, H— 70— FH [H—BEYER
1 (356) LFELCEbSbThidbrbd, E—2K
ANEORBEER oy — « 70— FE—FRN 3D,
Y4y 7 ARABE - VRAOHORITH & OBIFE R
BLERSZRVIETELTHD, TALEBRIEERE
&b A1 V—%Y 4y 7 ARALKIBTHBRL
tY— 20— FRE-TVEDT, FOBEIIKLTA
A=Y 197 ARALEFINZDEEAL LEEHH
RIZIE->THRET H5(B55), Bic, V4 v 7 ZAKAED
BRESEBI B, -« Ju—FRAS V=LY 1y
IARABZATESTHROEEREL L A4 V-0l
ExX, ThEBALRE—-VHOROET EHET S,

"You needn't do that,” she [Mrs Wix] heard
him say. "She has means."

"Means - Maisie?" Mrs Beale shrieked.
"Means that her vile father has stolen!”

"Tll get them back - I'll get them back. I'll
look into it." He smiled and nodded at Mrs
Wix.

This had a fearful effect on his other friend.
"Haven't I looked into it, I should like to know,
and haven't I found an abyss?

It's too inconceivable - your cruelty to me!”
she wildly broke out. She had hot tears in her
eyes.

He spoke to her very kindly, almost
coaxingly. "We'll look into it again; we'll look

into it together. It is an abyss, but he can be
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made - or Ida can. Think of the money they're
getting now!" he continued. "It wouldn't do - it
wouldn't do. We can't work her in. ... " (360)

LIAD, AAV—DEEEAAV-ET 4 v T AK
ADHEEBIES &, BROEFRBNES LI E— LK
AZBCEZEDTY— « 70— FORBERAITE i
#9425, Lol r— 70— Fig Tx4Y-%2Mdi
MA B EFTERO ERTHS OFFEHHHE L 72
TEEBERLU. AM Y% 4 v I ARAELRTLIK
E—VRAEBET R, A AT — e 70— FEF
BDEELIICE~VRACKDEF I EH, R, A4
V%P &M TEOMEARIALES> E Ly — 7
B- FEE-LRADLSEBREE LT LN D, #
AV—dbt—so—- FRERDOINOEFET 38,
bﬁwmtbkt%%timut%b -feBEELTR
BEZDOT,

.. and their eyes met as the eyes of those who
have done for each other what they can. (363)

AL D= %ROBBY— s 0—FOBRIIE, 1 v
PARNEBENE > T NBEENDBRBOTFTED L&
BRE, ZLTAAV-ORELAE—LVHOBOREL A 4
V=Y 4y 7 ARAOEEERFEET L VOIBEHOR
BHEBMADONTVWAEIEAS,

—H. b= s u—FEHoHB A4 V—@E&:ﬁ%
PADBOLNTWEZLERTEHIETHRVM, TOEHIR
FOFEEOFV LD TH B, [AIRIESDED A V—
IS — - 70— FAEFDRINER SV &bk -
TWABDT, ZOEFIHLE OMBERDZDOTEI
T, BOBFHEOBO Y 1 » 7 ARAZEHOB OIS S
HNELEVIHEANDOREEWHIFETEAEZ LS TH %,
Lb, XM YV—@FE5%Y 1+ v 7 ARAEHEICES L,
W DEEGRET B &I BDT, ¥—+ 70 —F
I TONAEROBRICERT Y « v 7 ARAXT
ZAEFRNLRES. 21 V—ofFodicidgsh
%, Fic, A4 V—OBBIcE, E—RACKHT 2 E
BOHER b, y—« 70— FEFHILHIE—IEKA
KRBT B LT, A4 V- RBESOHBEAMTSE
B0, £9FBEE—AVRADEEBOHBFHIE 15D,
AAV—%ESLTCH5|ZBDELHIETEDOT, H—
70— FRE-VRADEFBEEZRIET S & T, #i<
AP —dBRENE, DD, A4 V- DITEHEE
KR E-VRADEFOFIEICHEMNEE VI ET,
Tizxtd 3 NEHBEENS A 1 V- ORBITB3AD SN
TWw3, BloRAETHE. FEREBT 2 0L ER
BHFO BRI LS T HIE R 580 & W) —fi7s
BEE, A C—BEOTHTRELTVEELEL 5,

U4y 7 ARARE - AR T B AEHIELEE LV
BHRTOBEHELEELZ L, BRifKY— 70 -FEiR
DB B ALY DORRIE, BNOEELZ I T EYO
BEOHPVDEE PP EERABZIDICHRE>TWV S,
ZLT, IR EARBEERRBREREE THURIT 24
4V —OWHI-ENEERIES, £, E—RAP
W4y 7 ARAIEA A Y — DR 12 BRI H - T
BOZED, COYEEOHDIE Y — e 70— Flid T 1 v
7 ZARANDO NERIREE RO EMNTERVWI Eh D,
A4 Y =B BAYORSOEHFE LA o 1A% R
SHEANCE - TWBEI Edbr 3P,
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ALY —DHI- 1T & &R OBIBAMOBSED S
RABTEEFITEL, HOOBEAOERHEE B,
2FD, BERBEOHBHAEANOSRABILEAA Y~
DHI- 722 & BT Y, THB/) odit, EBRIHG
Gilbert Osmond & DEEIBDOEIC. EADA FRUDE
EREEHICOF I EEEAANYORIE L EEHTES
EdBE KAZEOBOLWROLREAICFIINELE S, R
By — 70— FIIWT BB CHED., #iio
BBEHOLARAF LML L, KICHEBEEBSL EVIK
150 - TETHEE B LT, BROIKEE LVEE
FEELRH L. EYOEFBLERTILOTES 4 A

-3, BEREEF IO, TOEEREICH-TE
BLEHZA VST, BEMNCOESE L VKRN
HEZERTEXIHLVWHEAAMEE S CEHTE S,
ZOBEWRT, COERTY 24 bXPBALT— 775
vOREODH LA L3, BEAYEBLRBETEST
HAHIL, £y TOFLVHREAYBOBHZAY %
EEACHBIELVERANE CEDBTEEEVI AT,
AAY—3Y 24 L ZHBHD "The Wings of the
Dove" @ Milly Theale . "The Golden Bowl" ©
Maggie Verver BB AHRAMEET S &M TEL
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1) Lk TH&) LT 5,
2) of #iFh M ¥ NVORFBOERE—- [H5BAOH
%] oERIEE], TALBION] (IETIZE35%5)
(FREXHL, 1989) p.118, p.124.
3) 5IHIIERE N New York Edition (New
Jersey:Augustus M Kelly, Publishers, 1979) vol.
117D "What Maisie Knew"ic & %, LITSIHRE
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4) Weinstein &7 4 v 7 AR AICEHEH, BAERI LW
PHEOLIBEDUALES, -7 —-FRPE—N
FEAULCBORERERE A1 V-5 Bl L
LD TV 3B, cf. Philip M. Weinstein,” "Henry
James and the Requirements of the Imagination,"
(Harvard Univ. Press, Massachusettes, 1971), p.
95.

5) Sister M. Corona Sharp, "The Confidante in
Henry James,” (University of Notre Dame Press,
1963), p. 127.

6) Sharp 3V 1+ » 7 AR ADOERELOFIHOHHH
[C#RE& T #&K]] (opportunistic) &I8Hd 5, cf.
Sharp, p. 148.

T) Armstrong i3 2 4 ¥ —HBREICIEY 4 v 7 KA
DOEELL D SERLEEARSEFICOTELEE
Z 5,
cf. Paul B. Armstrong, "The Phenomenology of

(The University of North
Carolina Press, North Carolina, 1983), p. 30.

8) Jacobson id 2 4 Y —HEKE LI EE X H1RHLE,
BABHRERE > TWE I LORREFYORAE
FEEFE > T CE DA LD~ T EIEEEZ,
M V-oUEROSEDICEBT 5, of. Marcia

Jacobson, "Henry James and The Mass Market,"
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Do Technical College Students Need Technical English?

KAJI Akashi

According to the final report by the Prime Minister's Commition on Japan's Goals in the 21* Century

released in January 2000, every Japanese may need to develop their English language proficiency in the

coming century. When this aim is applied to the technical college students, they need to learn technical

English of their majors as future professional engineers. But it is doubtful they are aware of the need of

learning technical English. I conveyed a survey in order to know what the students think about the need

of learning technical English while they attend to Nara National College of Technology.

1. RC&HIC
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Vygotsky's Contributions and Flaws
through ,
Cognitive and Linguistic Development

Naoshi

KANAZAWA

Lev Semenovich Vygotsky, a Russian thinker, was born in the Soviet Union. His pioneering work in

psychology internationally influenced the study of art, literature, linguistics and education after his
death, between the 1950's and the 1980's. He attracted the notice of professional psychologists in 1924 with

his brilliantly original papers. In the ten years after his debut, Vygotsky was extraordinarily productive.
At the time of his death, of tuberculosis, in 1934, much of his work was not published yet. Until 1950's,

his work did not appear again in the Soviet Union as a result of Stalinism. Between the 1950's and the

1980's, many of his works were published for the first time, along with reissues of previously published

material.

Vygotsky's contribution

Vygotsky reacted against the work of his con-
temporaries, such as Ivan Paviov (1849 - 1936), a
Russian physiologist. Vygotsky believed Pavlov
placed too much emphasis on reactions as the primary
component of human behavior. On the other hand,
Vygotsky developed his concept of "mediation” in the
early 1920's. Mediation distinguishes humans from
other animals in their ability to connect stimuli and
responses by means of various kinds of links, such as
language. These means of mediation become stimuli
of more complex responses, or "inner language.” He
also assumed that language and thought developed
independently, both in the individual and in the his-
tory of the human species. His presupposition postu-
lates that intelligence is a function of the ability to
connote signs with concepts. He also developed a test
for schizophrenia as the Vygotsky blocks on the basis
of his presupposition.

“The Psychology of Art,” Vygotsky's first book,
was written in the 1920's and published in 1965 as a re-
vision of his doctoral thesis. The book reveals a broad
interest in literature and philosophy and exhibits two

important qualities of Vygotsky's thought:

1. Human psychology is a very complex phenomenon.
2. Psychology i1s a means to study culture, rather
than an end in itself.

In the early 1930's, he composed his most impor-
tant and influential work, "Thought and Language.”
Vygotsky surveys various approaches to the subject,
focusing primarily on that of his contemporary, Jean
Piaget (French thinker). He observed children and ar-
gues that speech and thought have different develop-
mental paths until the child was about two years old,
and these two roots are joined only at a given stage in
the development of the individual. Then the two exert
a mutual influence on future development. He showed
two examples:

1. A child exhibits speech without meaning. (For
example, the child holds a red rod, and says, "Blue!
Blue!")

2. A child exhibits intellectual activity without
words. (For example, the child enjoys a very simple
puzzle by him/herself)

It means the joining and subsequent interaction of the
system of language and thought that mark the matu-
ration of the child. In other words, the environment
provides labels for the objects and events that the
child is thinking about. The child genelalized objects

and events, using these labels. Moreover language
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can be used for remembering as linguistic mnemonic
and recalling devices in their process. As the child is
developing, his/her generalization (word meanings
and concepts) changes. These naming words are es-
sential to abstract concept development.

Language is not only for concept development of
the child, but also in problem solution and planning.
Children talked to themselves (egocentric speech)
about what they were doing and how they were en-
gaged in tasks. Hence language plays the roles in
task solution. It also naturally happens for adults
(for example, my mother often says at night, "After
taking shower, I am going to bed.).

Although these findings proved that language is
necessary for thinking, Vigotsky interprets the rela-
tion between thought and language in its mature
form (inner speech) as two partially overlapping do-
mains; thinking without language and speaking out
without thinking. The role of verbalization is done

through communicative interaction in which the

ways society solves problems are indicated to the

child.

Vygotsky focused on the learning process, and
studied children in educational settings. He examined
that language is first used by the environment to di-
rect the child and used by the child to direct first his
actions and then his thoughts in educational settings.
The stages of development are the following
(Menyuk, 1988):

A. Social Speech

1. Vocalization is used to express needs and feel-
ings and to socialize until age two. Trevarthen and
Hubley (1978) attained at a very early stage in the
sense that infants “share themselves with others.”

2. The child's actions can be directed by speech
presented by others from about two to three.

3. The child can direct the actions of others
through speech and in this way begin to find out
about the society's beliefs and customs.

B. Egocentric Speech

The child begins to use speech to direct the action
he is engaging in, because his speech to himself is not
communicative at all.

C. Inner Speech
Although there is evidence that the child is still

"talking” subvocally, overt use of speech is

MELE %365 (2000

disappeared.

To support his theory of inner speech, he also ob-
served that two forms of conceptual learning can be
distinguished:

1. Formal and systematic learning,

2. Spontaneous and loosely organized learning.
These two forms led to Vygotsky's theory of "inner
speech,” that the social function of communication in
language is internalized as a set of psychological rela-

tions.

Argument

Vygotsky and his successor, Alexander Luria
(Russian neuro-psychologist), undertook pioneering
studies in cross-cultural psychology. They compared
the reasoning processes of uneducated rural people,
on giving them varying levels of formal education.
Luria always credited Vygotsky's influence and re-
vived his work. They advocate the position that lan-
guage is crucial to cognitive development.

It may be not crucial for some people to develop
their language and thought. There may be the soci-
ety where the child doesn't need to use his language.
Some societies emphasize the importance of verbal in-
teractions and the use of language to solve problems.
Environment surrounding children is very important
for understanding the development of children.
Every child is socially or biologically different from
each other.

The work of Lev Vygotsky and his followers of-
fers a basis on which to construct a model of the de-
sired kind (Vygotsky 1978, 1986, Wertsch 1985, and
Gill 1992): non-stratigraphic, culturally, informed ap-
proach to the analysis of human behavior that en-
ables comprehension to be represented not as the
product of a unique and mysterious set of internal op-
erations, but as dynamic and inseparable from a
larger context of socially understood activity. In con-
trast to western traditions, their approach begins
from the recognition that the individual is socially
formed, or that society and the individual constitute
each other in a single dynamic system (Cole 1985).

Vygotsky's research programs sought to pursue

the implications of a similar line of thought in
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ontogeny, and especially to establish how the complex
and specifically human "higher psychological process”
develop from elementary biological ones to which he
maintained they could not be reduced in the face of be-
haviorist orthodoxy (Vygotsky 1978, Davydov and
Radzikhovski 1985). In his view, the transition is me-
diated by cultural forms, above all those of language,
which the child encounters in social interaction (first
of all with parents and siblings), and internalizes in
the course of development. Vygotsky did not mention
about individual psychology independent of social
context, since psychological function first appear: 'the
true direction of the development of thinking is not
from the individual to the social, but from the social
to the individual' (Vygotsky 1986). Growing to psy-
chological maturity means, in effect, learning to use
the set of historically and contextually specific 'tools
for thought.' made available through the culture. It is
like the use of tools in phylogenetic development that
enables the individual to progress in exponential steps
beyond his bare biological initial conditions.

This model of the individual dissolves the bound-
ary, drawn by behaviorist and conventional cognitive
psychology alike, between the domains of mental and
social activity (Goody 1987). Moreover, it shifts at-
tention from attempts to discover the sequence of
learners’ unaided and unmotivated acquisition of
adult competence to the content and context of the
education they receive.

The distinctive feature of Vygotsky's approach to
education, not only theoretically but with regard to
practical pedagogy, is the dynamic it assumes be-
tween learning content and developmental process.
Development does not run more or less smoothly
along biological-tram-lines. It is conceived of rather
as a process that is itself subject to change (Wertsch
1985), and 'learning-led’ rather than 'development-led’,
that is, there exists space within the capacities of the
child for problem-solving under 'expert’ guidance to
extend and transform the nature of the capacities
themselves. Vygotsky says (1978), "Properly organ-
ized learning results in mental development and sets
in motion a variety of developmental processes that
would be impossible apart from learning. Thus learn-
ing is a necessary and universal aspect of the process

of developing culturally organized, specifically

human, psychological functions."

The distance between biological development and
the potential level of attainment under tuition, the
space in which 'good’ learning can occur (the zone of
proximal development). It is here that the process of
acculturation takes place through the interaction of
adult with child, and the means are transmitted that
enable the learner to abstract and operate with
decontextualized concepts: first, linguistic signs and
later symbolic systems such as writing especially in
formal education. It is central to the Vygotskyan ar-
gument that these symbolic systems are ‘already in
place, already “there,” deeply entrenched in the cul-
ture and language' (Bruner 1990), and that being edu-
cated into their use unavoidably makes the learner a

reflection of that culture.

Conclusion

Vygotsky emphasizes on the role of society in
conveying to the child the ways in which he or she
should think about and solve problems. Language
and thought are interdependent in cognitive develop-
ment, and Language is used in remembering, plan-
ning, and problem solution. He also insisted thinking
happens without language, and language happens
without thinking.

We need to further the study of the relation be-
tween cognition and language development and keep
reliable data about the capacity of particular popula-
tions of children and adults to acquire language. It is
an important factor how language is should be
taught in the society. There are so many social and
physical factors that we need to take care of these fac-
tors very carefully, to get reliable data.

Vygotsky left his mark not only on Soviet psy-
chology, but also on the fields of art, literature, and
linguistics. The belated translation of his works
brought increasing recognition of Vygotsky's im-

mense contribution to twentieth century thought.
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Radial Liquid Velocity Distribution in an External-loop Airlift
Column with a Tapered Riser

Mikio Kawagoe®, Shohei Yoshida, Yukimasa Ishii and Kazumitsu Naoe

Canadian Journal of Chemical Engineering, 77, No.5, 811-815 (1999)

Airlift bubble columns are widely used as gas-liquid
reactors in chemical industry and bioreactors in
bioindustry. In the submerged culture of mushroom
and mold, they often form spherical and/or filametous
pellets. For such cultures, airlift bioreactors were
thought to be more suitable than standard bubble col-
umns and jar fermentors, because the pellets were
maintained in suspension due to high liquid circulation
and in mild hydrodynamic conditions due to no

mechanical moving parts. In these cultures, it is

favorable if most of mycelium pellets can be held in the’

riser of the airlift column,because higher dissolved
oxygen concentration and good mixing conditions may
be attained in the riser. For this purpose, we devised
a modified external-loop airlift column with a tapered
riser. Since the cross-sectional area of the tapered
riser increases with an increase of height from the bot-
tom of the tapered riser, liquid velocity decreased with
increasing the height along the axis of the column. If
a particle in the tapered riser have a terminal velocity
between the highest liquid velocity at the bottom and
the lowest one at the top of the tapered section,the par-
ticle will be held in the tapered riser.

The purpose of this study is to investigate the liquid
velocity distribution in the tapered riser, because
the liquid velocity distribution in the tapered riser as
well as the liquid circulation rate may influence the
characteristics of this modified airlift column. The lig-
uid velocity distribution in gas-liquid two phase flow
has been studied empirically and theoretically
by many investigators. However, they studied the
gas-liquid flow only in a cylindrical tube. Recently, the
liquid velocity distribution in a jet bubble column that
had a conical section at the bottom of the column was
investigated by solving the momentum balance and

equation of continuity. However, the simulation was

very complicated. In the present study, from the prac-
tical point of view, we intend to predict the liquid veloc-
ity distributions in the tapered section by a simple
hydrodynamic model. Also, the liquid velocity distri-
butions in the tapered section were measured by
electro-conductivity probe method. The predicted lig-
uid velocity distributions were compared with the ob-
served ones to discuss the validity of the present
model.

The liquid velocity distributions obtained by solving
Navier-Stokes equation numerically consisted with
those calculated from the approximate solution based
on the fully developed distribution everywhere in the
tapered section. The validity of the present model was
confirmed by the comparison of the computed distribu-
tions with the observed ones. As shown in Figure 1, the
computed liquid velocity distributions agreed well with
the measured ones, except for the lower part of the col-
umn at high gas flow rates. Also, the computed liquid
velocity distribution suggested the existence of the in-
ternal liquid circulation in the tapered riser, which was

observed visually.

u [w's]
T—’ L C I

(a) ) ©) (@

Fig. 1 Liquid velocity distribution in the tapered
riser: (a) G=100, (b) G=200, (c) G=400,
(d) G=620cm*/s
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