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On the Mechanism of Benard Convection in

a Thin Liquid Layer Induced by Evaporation

Masahiko SAKAMOTO and Wen-Jei Yang*

Two types of natural convection are well-known. On is induced by the buoyancy force, called the Rayleigh-Benard

type and the other is by the surface tension force, being referred to an the Marangoni-Benard type. In common to the two

type is the requirement of a negative temperature gradient in the direction normal to a liquid layer. namely heated from

below or cooled from above, Recent experiments reveal natural convection in a thin liquid layer induced by surface evap-

oration, irrespective of being heated, cooled below or adiabatic. This study develops measurements with indicate that the

liquid layer consists of two strata with Benard cells appearing in the upper stratum and heat conduction taking place in

the lower one. A stability analysis is performed by means of the separation of variable method. The governing dimension-

less parameters are identified and stability are determined.

1. INTRODUCTION

It is well known that the Rayleigh-Benard type convection
induced by the buoyancy force [1], the Marangoni-Benard
type convection caused by the surface tension force [2], and/or
a type convection by a combined action of the two forces [3]
are characterized by a negative temperature gradient in a lig-
uid layer heated from below or cooled from above. The
physics of natural convection in a fluid layer was described in
detail by [3] and [4].

Recently, [5] investigated the flow by means of the tracer
method (aluminum powder), intrusive technique, to observe
cellular convection in an evaporation thin liquid layer heated,
adiabatic or cooled from below. Twelve liquids of low evapo-
ration point were tested. It was concluded that cellular con-
vection occurs when the liquid layer is cooled from below.
The temperature profile in the layer is nonlinear. However, no
attempt was made to explain the mechanism. Yang et al. [6]
have proposed a new model to explain the mechanism of cel-
lular convection in a thin liquid layer induced by surface
evaporation. The mechanism is distinctly different from those
of the Rayleigh-Benard and Marangoni-Benard type cellular
convections. The model shows that evaporation at the free

surface of the thin liquid layer results in a negative tempera-

ture gradient in the upper stratum in which cellular convection
may occur irrespective of a positive, zero, or negative temper-
ature gradient prevailing in the remaining lower stratum, as
shown in Fig.1. That is to say, the model suggests the forma-
tion of two regions in the liquid layer with the occurrence of
the cellular flow patterns in the top region where the tempera-
ture gradient is negative, irrespective of the bottom region
being cooled, adiabatic heated.

This study develops a theoretical model for this new type of
natural convection based on temperature measurements which
indicate that the liquid layer consists of two strata with
Benard cells appearing in the upper stratum and heat conduc-
tion taking place in the lower one. A stability analysis is per-
formed by means of the separation of variables method. The
governing dimensionless parameters are identified and a sta-

bility criteria are determined.

2. ANALYSIS

Consider a liquid layer consisting of two strata with Benard
cells appearing in the upper stratum and heat conduction tak-
ing place in the lower one, as shown in Fig.1. The normal
coordinate y measures the distance from the solid surface.
Line 4 is the temperature profile induced by evaporation cool-

ing at the free surface, y=¢ which is at a temperature of T,

*Deapartment of Mechnical Eng. & Applied Mech., The University of Michigan
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Line 1 is due to the layer being cooled from below wit the sur-
face at a temperature T, which is lower than T*. T* denotes
the temperature at a location y=4 that separates the upper
form the lower liquid region. Line 2 corresponds to an adia-
batic surface corresponding to an insulated case with T,=T*.
Line 3 occurs when the liquid layer is heated from below with
T,>T. Superimposed in the figure is line 5 for both the
Rayleigh-Benard and Marangoni-Benard type conduction for
reference. In contrast to a monotonic temperature distribution
of line 5, the y=¢ temperature profile in an evaporating liquid
layer are, in general, nonlinear as monitored by thermocou-
ples irrespective of the layer being cooled or heated from
below or adiabatic.

The present analysis follows that of [2] for a liquid layer
being heated from below, except that evaporation takes place
at the liquid surface. It is postulated that (I) The flow field is
treated by one-dimensional quasi-steady state, and constant
physical properties. (I) The liquid layer thickness el has a con-
stant value. () A saturated vapor phase exit over the liquid
layer and the liquid-vapor interface is a flat. and nonde-
formable surface. (IV) The only physical quantities that are
assumed to vary within the liquid are the temperature, the sur-
face tension, which is regarded as a function of temperature
only, and the rate of heat loss o the surface, also a function of
temperature only.

Under the above assumptions, the rate of heat loss per unit
area from the upper free surface in the unperturbed upper lig-

uid region can be expressed as
Q,=ni" - hy=—kp —AAT (1)

Here, m"” denotes the mass flux of evaporation at the liquid
surface; hy,, latent heat of evaporation; k, thermal conductivity
of the liquid; /,temperature gradient in the upper region
where the temperature gradient is negative; A, local heat
transfer coefficient at the liquid-vapor interface; AT , temper-
ature difference between the free surface and the atmospheric
environment 7, — 7,. Note that positive »i"” implies conden-
sation and negative for evaporation. Let T\(y) and Ty) be the
liquid temperatures in the upper and lower regions, respec-
tively. j; can be expressed as the temperature gradient of the

upper liquid region.

_or,_ 1T’

P=ay=T-5 (2)

where, T, denotes a liquid temperature at the free surface y =

¢ : T*, the liquid temperature at a location y=8 that separates

AELE $34%5 (1998)

the upper from the lower liquid regions. When the lower lig-
uid region is heated from below, the temperature gradient of
the lower liquid region [3;can be expressed as

oT, T*T,
Py =5 ®

where, T, denotes the temperature of bottom surface, y=0.
The temperature gradients of the upper and lower liquid
regions are equal at y=4¢ , it can be expressed as

6 _T=T, _
(=6 T,—T* (4)

The location & that separates the upper from the lower liquid

regions can be obtained by solving Eq.(4) as

=1ix (5)

On the other hand, the local heat transfer coefficient A at

the liquid-vapor interface is obtained from [7], [8] as
(22 ). [ M _( h [, Py
A [Z—dJ 2R, [ng 1= 2y (6)

Here, ais an accommodation coefficient and the value of it is

referred by [12]; M, molecular weight; R , universal gas con-
stant; Ay, latent heat of evaporation; T,, temperature in the
vapor phase; V,,, change in specific volume from liquid to
vapor, and P,, vapor pressure.

The equation of motion and heat conduction become
o 2 2,
[a—t—uVJVu_o (7)

[é‘%— “Vj T'=f (8)

Here, v is a kinematics viscosity; v’ velocity in the y-direction;
a thermal diffusivity of the liquid; 7", temperature disturbance;
S, temperature gradient of the upper liquid region. It will be
noted that the equation for v’ contains no buoyancy term and
is the same as that of [2].

The relation for S and Q are taken to depend linearly on 7"
because we are considering an infinitesimal disturbance theo-
ry and therefore need only the first two terms in a Taylor

expansion.
S=So— o Tk (9)

Where ¢ =—(3S./0T);_r, represents the rate of change of
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surface tension with temperature.

0=Qo+qTee (9

Where g=(9Q/9T).r, represents the change of heat flux
with respect to temperature at the liquid surface.

Since the lower liquid region is quiescent, four hydrody-
namics for the upper liquid can be described as follows:
At y=0:

, 9V _
=gy =0 «
Aty=(—6:
. MY ,
1) =0and pv s—y—:’z—.—_ D'VIZT (12)

Here V?=(8% 3%+ 3% ay'?).
Thermal boundary conditions are

T=Y2T/dy' 13

At y=0, and
- k3T dy'-AT'=qT' 19

at y=£ - & . The thermal boundary condition (3 is the supply
of heat to the bottom surface of the upper liquid region from
the lower liquid region under the “conducting” condition,
T=0 (i.e., Y=0).

Let dimensionless variables be defined as

”

(= Yz
(5""“_[@—3 -0 (-2

] r=ta/ ({—¢8)° (19
Here, y"=y— & . v'and T'be written in the form of
v=—al(t-8) - F.,8) - fig)- e 19

T=p +(-8) - F,5)-g(p)- e a9
It yields

' F(8,L) | 9F(&,0)
o’ o’

+aF(£,¢)=0 8

where a is a nondimensional wave number derived from the
application of the separator of variables method. One also

obtained

lP—Pr (D’—a’)J(D’—a’) fig)=0 19
lo— 0= gl=—fiy) o

where, D =d./dy and Pr=va which is called the Prandl
number.

The boundary conditions (1), (12, and (14) become

FO)=f"0)f(1)=0, f (1)=a"Bg(1),g(1)=— Lg(1) @)

where,

_ a',/?,(@-&)2
T @
and
L (q+A)I;(€—8) 3

Are the dimensionless parameters, called the Marangoni and
Biot numbers, respectively.
The thermal boundary condition, for the conducting

case(Y=0)yields
g0)=0 @

For neutral stability, Egs.(19 and €0 for p=0 are reduced to

(D'=a’X(D—d)f(y) s

and
(D' —a") gln)=A(n) @6

respectively. Equation @9 subject to the first of Eq.@) is
solved to yield

S @=af{sinha - - coshay — cosha - sinhay } @)
where a=—a - B - g(A2 - sinh’a).
Similarly, Eq.86 subjects to the last condition of Egs.21) and
@9 gives.
g(,l):% [{a - sinha - ;- sinhay — sinha - - coshay

(asinh’a — (@* + 1)sinhacosha

— 2a - cosha - 3 - coshap} —

— 2a cosh’a)+ L(asinh’a — sinhacosha — 2acosh’a) sinha:y]
(acosha + Lsinha)

@

for the conducting case, and
A substitution of Egqs.28 into the fourth boundary condition
of Eq.2)) results in one

_ 8asinh{acosha + Lsinha)
" cosha(sinh’a — 2&’) 4 asinha 8)

For the conducting case.

3. RESULTS AND DISCUSSION

Equation 8)) is graphically illustrated for B versus in Fig.2

with L as parameter. The obtained curves are similar to the
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marginal(neutral) curve to Person. The values of the critical
Marangoni number and of the critical wave number are, for
the conducting case and L=0 as in the present study, B,,=57.6
and a,,=1.7, respectively. In general, Larger positive values

of L lead to greater stability.

4. CONCLUSION

Temperature measurements revealed a thin liquid layer
consisting of two strata with Benard cells appearing in the
evaporating upper stratum and heat conduction taking place in
the lower one. A theoretical model has been developed to
describe the new type of natural convection in the present
study. The following conclusions have been derived:

(1) Cellular convection in a thin liquid layer induced by sur-
face evaporation can be explained by the present stability
analysis.

(2) The governing dimensionless parameters, Marangoni and
Biot numbers, are derived by means of the separation of
variables method.

(3) The analytical results are verified by the experimental data.
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Taylor & Francis.
y“ Atmospheric Environment
mm Tg
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Upper Liquid Region hin Liquid Layer
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0 Tc 2
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1:positive tempaerature gradient due to cooling from below
2:zero temperature gradient due to no heat flow from below
J:negative temperature gradient due to heated from below
4:negative temperature gradient due to surtace evaporation

5:Rayleigh-Benard and Marangoni-Benard type convection

Fig.1 A model for evaporation-induced natural convection in
a horizontal, thin liquid layer of thickness of 1 mm or
less subjects to being cooled, insulated, and heated from
below (line 1,2, and 3) as compared with Rayleigh-

Benard and Marangoni-Benard convection (line 5).

700}

Fig.2 Neutral stability curves, conducting case.



ZRIERFHMER HRELE $34%5 (1998) 5

BHREHIC L 2EHREREDORAA

&

Al

A trial for generating high negative pressure by sealing a plug in a boiling water

Kazuki HIRO

A liquid is stretched isotropically under negative pressure. Where it is in a thermodynamically metastable state, it is apt

to cavitate through nucleation process. We aimed to generate high negative pressure in Berthlot method using a metal tube

for facilitating measurements of properties in the still uncovered range. Negative pressure was not found to increase with

repeated cavitation by sealing a metal a boiling water. The result means that negative pressure was affected by the pore-like

defects in the metal bulk.
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Super Finishing with Water Soluble Grinding Fluid

Tadahiro WADA

In super finishing of the sintered stainless steel with the water soluble grinding fluid, the surface

roughness was investigated experimentally. The super finishing stone used was WA600RH70. The main

results obtained are as follows: (1) The surface roughness was constant above the stone pressure 0.25MPa.

The super finishing stone wear increased with the increase of the stone pressure. This is the reason why

because the abrasive grain easily released at the high stone pressure. (2)The surface roughness increased

with the increase of the maximum inclination angle.(3)The surface roughness became better among work-

piece speed from 28m/min to 100m/min.
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Electro-striction Effect of Polyurethane Elastomer (PUE)
and Its Application to Actuators

Jun KYOKANE, Haruhiko ISHIMOTO, Hideyuki YUGEN, Toshihiro HIRAI*,
Takashi UEDA ** and Katsumi YOSHINO ***

The polyurethane elastomers (PUEs) similar to a polymer gels have been found to show the electro-

striction effect. We proposed the application to an actuator without ionic solvent utilizing the electro-

striction effect of PUEs. PUEs were synthesized by prepolymer technique and were polymerized in the

form of films by casting method. The actuator is a monomorph type which is formed metal electrodes on

the both surfaces of PUE films by thermal or ion-beam-assisted deposition method. While, it was tried to

operate the actuators under low voltage by inducing Cg, derivative into PUEs. The bends of both the nor-

mal PUE actuator and the fullerenol doped PUE actuator increased with increasing an applied voltage.

All of samples were bent in the direction of the cathode, and they have polarity effect. The bends of the

fullerenol doped PUE actuators were larger than that of the normal PUE actuators and it became possible

to operate at low voltage of 400 V. Also, the pincette type actuator could smoothly pick up a sponge like

a finger.

Keywords: polymer gel, polyurethane elastomers, electro-striction effect, actuators, Cg, derivative.

1. Introduction

Since the polymer gels take place a nonlinearly volume
change by a stimulation from outsides, these gels have been
actively studied the application to functional materials and
devices. In several kinds of application of gel, the methods

for moving devices are phase transition of volume by the

substitution of solvent or using the gels responded by light, -

thermal and electric field. The volume change of these gels
are large, but their response is slow and the control is diffi-
cult.

Then, Hirai's group found that the unionic polymer gels
based on polyvinyl alcohol bend high response in the direc-
tion of electric field [1]. It is considered that the bending

mechanism of these gels originates form the rearrangement of

The contents of this paper were presented to the
International Conference on Science and Technology of
Synthetic Metals (ICSM' 98), Montpellier, France (July
13, 1998).

* Dept. of Chemistry, Shinshu University.
** Research & Development, Nitta Co. Ltd.

*** Dept. of Electronics, Osaka University.

the unionic solvent with a large electric dipole moments by
electric field. However, in case these polymer gel works in
atmosphere, the solvent leaks out from the gel material. This
is the weak point of the swollen polymer gels by solvents.
Therefore, we synthesized the polyurethane elastomer (PUE)
without solvent which is responded high speed under D.C.
voltage [2-3].

Polymer gel Elastomer

(contains solvent)

(without solvent)

Fig.1 Schematic diagrams of the polymer gel and

the elastomer.

PUE has molecular structure with the hard segments and
the soft segments, which the role of unionic solvents is

replaced with a polymer chain itself, and both segments are
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similar to the relation of microcrystals and solvents as shown
in Fig.1. Because it can be expected to work as the moving
devices without solvent, we proposed the application to actu-

ators like a finger.

2. Experimental

PUEs were synthesized by conventional prepolymer
method. Diisocyanate for the hard segment and polyol for
the soft segments were used paraphenylenediisocyanate
(PPDI) and poly (3-methyl-pentamethylene adipate) glycol
(PMPA), respectively. Chain extenders are 1,2-propaneediol
(1,2-PD) and 1,1,1-tris (hydroxymethyl) propane (TMP).
Elastomers were polymerized in the form of films with thick-
ness from 2 mm to 200 xm by casting method. The actuator
of PUE is a monomorph type which was formed aluminum or
gold electrodes on the both surfaces of PUE films by thermal
or ion-beam-assisted deposition method after corona dis-

charge treatment.

The synthesis of fullerenol (1st step)

{a#-——— Mix and stir in N2
(55-60°C, during 3 days)
«——— Into dicthy! cther and stir
Centrifugation
« (4000r.p.m, during Smin)
Washing with
n diethyl ether /Acetonitrile (2 : 1)
Vacuum dehydration
‘ (4 0°C, during 2 days)

[ Sulfrated fulleren derivative |

The synthesis of fullerenol (2nd step)

Suifrated fulleren Distilled
derivertive (3.0g) water(60mi)
Mix and stir in N2
(85C, during 2 days)

Centrifugation
(4000r.p.m., during Smin)
| - Vacuum dchydn_nion
(4 0°C, during 2 days)

[_Fullerenol

Fig.2 Synthesis method of the Cg, derivatives.

While, in order to obtain the new functional properties,
we controlled the morphology of PUE by inducing Cg, deriv-
atives into the elastomers. The morphology control of PUE
films was carried out after hydrolyzing the sulfurated Cg,

derivatives through sulfurating of Cg. The reaction from

MRLE H£345 (1998)

fulleren to sulfurated Cg, derivative was added oleum to
destroy double bonds of fulleren by the procedure as shown
in Fig.2. The sulfurated Cg, derivatives are obtained to put
hydroxyl groups to the sulfurated fulleren after hydrolyzing.

The reactions of the fulleren, from sulfurated fulleren
derivative to fullerenol, were analyzed for functional group
by measuring of the Furrie Transformation Infrared absorp-
tion spectrum. Figures 3 (a), (b) and (c) show the FT-IR

absorption spectrums of fulleren, sulfrated fulleren derivative

i

1182.3
(1182.4) 574.7
(576.4)
1429.2
(1428.5)
526.5
(527.4)
(b)
(¢)
L

4000 3000 2000 1000 400
Fig.3 FT-IR absorption spectrums of the fullerern and the
fulleren derivatives. (a) Cgp, (b) sulfurated Cg, deriva

tive, (c) fullerenol.

and fullerenol, respectively. In the sulfrated fulleren, new
peaks were observed at near 1040 ¢cm and 1180 cm™’. It is
considered that these absorption spectrums occur by the
stretching vibrations of sulfa groups. In figure 3 (c) the
absorption peak of fullerenol at 1180 cm™ becomes more
remarkably large, and also the absorption peak of hydroxyl
groups is observed at near 3300 cm™. The reaction of fulleren
completely occurs from the observation of these absorption

peaks. The number of the hydroxyl groups are not measured,
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but it is assumed that the fulleren puts 10 to 12 hydroxyl
groups [5].

The detail measurement methods for the electrical proper-
ties etc. of both PUE films and actuators have been reported
(2-4].

3. Results and Discussion

The PUE films with 2 mn thickness applied to the 1 KV

appears the large strain as shown in Fig.4. These strain curves

indicate the stable response with respect to the voltage "on"

T T T T T

ON

Strain (um)
o IS

¥
el
(]

OFF 1

L L L L n

0 15 30 45 60 75
Time (sec)

Fig4 Response curve of the strain on the applied voltage.

and "off".Also, the strain of PUE films increased in propor-
tion to the square of an applied electric field as shown in
Fig.5. It was clear to indicate the electro-striction effect.In
order to clear whether the strain of the PUE films depends on

the modulus of elasticity of PUE itself or not, wemeasured

25 T T T

Normal PUE film
204 o Thickness : 2 mm 4

1571

10

Strain (pm)

0 ' v :
-5.0 25 0.0 2.5 5.0

Electric Field (KV/cm)

Fig.5 Dependence of strain on the electric field.

the relation between generated stress vs. dielectric constant
about different molecular structure such as polyether type
polyester type and polylactone type.
The dependence of stress on the dielectric constant obtained
for the elastomer of polyester type and polylactone type, but
the stress for polyether type elastomer did not generate. This
polyester type elastomer also observed the charging and dis-
charging characteristics. Therefore, it is not considered that
the strain of the PUE films is originated from the modulus of
elasticity of elastomers. These results are suggested that the
electro-striction effect of elastomer films takes place by ori-
entation due to polar group in the soft segments of polymer
chain.

Then, we fabricated the PUE actuator of monomorph type
utilizing the electro-striction effect as shown in Fig.6.

Figure 7 shows the bending displacement for the PUE
actuators of monomorph type. The bends of PUE actuators
increased in proportional to the squared of the electric field.
The detail mechanism for the bends of PUE films is not clear.
But as the above mention, since the PUE films have many
polar groups in the soft segment, the bend of films take place
that the molecular chains are stretched by the orientation of
polar groups in the soft segment of PUEs under the electric
field.

60mm

20mm

Fig.6 Monomorph type PUE actuator.
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50 y T T T
40} Normal PUE films ¢ ;
E Thickness : 200 y m -
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Fig.7 Dependence of the bends of PUE actuators on the

electric field.

Fig.8 Photograph of the operation of monomorph type

PUE actuators.

Photograph of the operation of monomorph type PUE
actuators is shown in Fig.8.

The operational voltage of PUE actuators is 1 KV and
this voltage is so high. It is very difficult to use practically.
Therefore, it was tried to induce a fulleren derivative into
PUE so that monomorph actuators obtain the large bends
under a low voltage. Figure 9 shows the bends of the normal
PUE film, the films doped different fullerenol concentration
of 0.05 %, 0.1 % and 0.25 % and the film doped fulleren of
0.1 %. The bends of thePUE actuators doped fullerenol
increase with increasing the concentration of fullerenol in
PUE. The monomorph PUE actuators doped fullerenol con-
centration of 0.25 % were found to bend about three times

larger than that normal films at 400 V as shown In Fig.9. It

60 T T T y
°
501
® Fullerenol : 0.25%
= 4 Normal PUE .
E 407 u Fulleren: 0.1%
S L ] 'Y
-] L _
g 30 ° A
m A
20f * a ]
o A
& |
10 L4 ]
° A L
. A a v
on—= fd g = , 3
0 10 20 30 40 50

Electric Field (KV/cm)

Fig.9 The dependence of the bends of various kinds of

PUE films on the electric field.

was clear that the PUE actuators doped fullerenol of 0.25 %
bend at low electric field. On the contrary, the bending dis-
placement of a film dispersed fulleren become small compare
with a normal PUE films.

Since the bends of fullerenol doped PUE films are large in
proportion to the fullerenol concentration, it is considered
that the crosslinking density increased in the PUE films by
the combining hydroxyl groups of the star shaped fullerenols
which were doped into hard segments. As the result, the large
bend of the PUE actuators doped fullerenol occur to restrict
the stretches of soft segments by an applied voltage. This
effect is also understood that the bend of PUE actuator only
dispersed Cg, is smaller than normal PUE actuator. All PUE
samples are bent in the direction of cathode electrode by an
applied voltage and have a polarity effect. If polar groups
are formed in molecular chains as mentioned above, this
bending direction of the PUE actuators can be explained.

It was measured the relative dielectric constant to clear
the role of polar groups in PUE samples. Figure 10 shows the
dependence of the relative dielectric constant for the normal
PUE films and the fullerenol doped PUE films under an
applied voltage. The relative dielectric constant increase with
increasing the applied voltages for the various kinds of PUE
samples as shown in Fig.10. Also, it was clear that the dielec-
tric constant increase with the concentration of the fullerenol
doped into PUE films. This is considered that the polar
groups per a molecular chain increased to progress the
crosslinking reaction by the fullerenol in hard segments of

PUE. Therefore, these results are supported the polarity effect
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of bends for the PUE actuators.

:u—,f 25 T T T T T

-t

= e Fullerenol : 0.25% b

Do et e I
ulleren 0.

Qo * "

2 ‘

s 15 . A I

= ] A N
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= =

= * . » =

g 10 ® A T

g @b

e

5

0 1 2 3 4 5 6
Applied Voltaga (V)

Fig.10 Dependence of the relative dielectric constant on

applied voltage.

A pincette type actuator which is combined two pieces of
the monomorph PUE actuators could smoothly pick up a

sponge like a finger as shown in Fig.11.

Fig.11 Photograph of the pincette type actuator.

4. Summary

The results of this study are summarized as follows.

PUE films of polyester type were the most shrinkage
compared with both polylactone type and polyether type.
These strain increase in proportion to the square of electric

field. It is considered that the strain of PUE films take places

the electrostriction effect based on the stretch of molecular
chains.

An actuators using the PUE films were found to bend in
the direction of negative electrode by applied voltage. The
operation voltage of PUE actuators is 1 KV, and it's a high
field region. Then, the molecular structure of PUE was con-
trolled by the fulleren derivative so that the bends of actuator
can smoothly occur at a low field region.

The fullerenol doped PUE films also have the electro-
striction effect, their bends of PUE actuator increased with
increasing to an applied voltage. All of samples have the
polarity effect. The bends of the fullerenol doped PUE actu-
ators were larger than that of the normal PUE actuators. It
became possible to operate at low voltage of 400 V.

The relative dielectric constant of PUE films was mea-
sured to make clear the relation between electro-striction
effect and behavior of the polar groups in PUE films. The
dielectric constant increased with increasing the applied volt-
age and also increases in proportion to the concentration of
fullerenol in PUE. This is considered that the polar groups per
a molecular chain of PUE increased to progress the crosslink-
ing reaction by fullerenol.

The dipole moments due to polar groups play important
role for bend of the PUE actuators.

Pincette type actuator could smoothly pick up a sponge

like a finger.
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Realtime Gesture Recognition by Dynamic Control of Visual Interest Points

Toshiyuki KIRISHIMA, Kosuke SATO* and Kunihiro CHIHARA*

A method to track and to recognize human actions in the real world environment is proposed. Gestures can convey a

wide range of information, not only emotional state and intentions but also such varied physical information as position,

posture and motion. In a previous paper, we have proposed a vision-based gesture recognition framework called QVIPS,

which enables the system to observe a gesture from multilateral perspectives and to obtain the relevant gestural infor-

mation of a user under an unified framework. The problem with QVIPS is that it is susceptible to the load fluctuations

generated by the accompanied application programs and the increase of the amount of gesture standard pattern.In order to

overcome above-mentioned problem, we propose a framework called QVIPS%Quadruple Visual Interest Point Selecting

Strategy). QVIPS? realizes the dynamic control of effective visual interest points, and the robust estimation of gestural

phase. Experimental results show that QV/PS? enables the recognition of human natural gestures in a stable, flexible and

realtime manner.
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Computer Simulation of Constant M and ¢ Chart
and Nichols Chart in Continuous Control System

Takashi KURIMOTO

In design and analysis of a continuous control system, Bode diagram, Nyquist diagram, root locus,
step response, constant M and ¢ chart and Nichols chart etc. are used properly. Such characteristics can
be drawn by the personal computer. In this paper the method to draw them briefly by N88-BASIC is
described. The auther reported about Bode diagram, Nyquist diagram, root locus and step response in

the reference 1). Continued from this reference 1), constant M and ¢ chart and Nichols chart are taken

up.
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10 REM R10-PROG1

20 PI=3.1416

30 DEF FNX1=M"2/(1-M"2)

40 DEF FNY2=1/(2#TAN(PHI))

S50 SCREEN 2,0 : CONSOLE .,0,0
60 WINDOW (-5,-3)}-(4,3)

70 VIEW (40,0)-{639,399)

80 LINE (-5,0)-(4,0),,,&HFOF0 : LINE (0,-3)-(0,3),,,&HFOFQ
90 FOR J=-3 TO 3 STEP 1

100 LINE (-5,J)-(4+d)5,8H1111 : NEXT J

110 FOR J=-5 TO 4 STEP 1

120 LINE (Js=3)-(J»3)+.,8H1111 : NEXT J

130 M=1 : LINE (-.5,-3)-(-.5,3)

140 FOR I=1 TO 15 : READ M

150 DATA .3,.55.6+.7+.8+.951.1:1.2+1.3,1.41+1.6+1.8:2:3,4

160 R1=ABS(M/(1-M"2)})

170 CIRCLE (FNX1:0)sR1 : NEXT I
180 PHID=-180 : LINE (-5,0)-(4,0)
190 FOR I=1 TO 12 : READ PHID

200 DATA -170,-160,-150,-135,-120,-90,-190,-200,-210,-225,-240,-270
R2=SAR(1/4%(1+1/((TAN(PHI))"2)))

210 PHI=PHID/180#PI :
220 CIRCLE (~.5,-FNY2),RZ : NEXT I
230 END
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10 REM R10-PROG2
‘20 PI=3.1416 : DTH=.002wP1
30 DEF FNA(TH)=-M"2/(M“2-1)#COS (TH)
40 DEF FNB(TH)SM*4/((M*2-1)"2)%(COS (TH))*2-M"2/(M"2-1)
50 DEF FNGAT(TH)=FNA(TH)+SQR(ABS(FNB(TH)))
60 DEF FNG1(TH)=20%L0G (FNGAT(TH))/LOG(10)
70 DEF FNGAZ(TH)=FNA(TH)-SQR(ABS (FNB(TH)))
80 DEF FNG2(TH)=20#LOG(FNGAZ(TH))/LOG(10)
90 DEF FNGA3(TH)=SIN(TH)/TAN(PHI)-COS(TH)
100 DEF FNG3(TH)=20%L0OG(FNGA3(TH))/L0G(10)
110 DEF FNG4 (TH)=20%LOG(-1/(2%COS(TH))}/LOG(10)
120 SCREEN 2,0 : CONSOLE »:+0:0
130 WINDOW (~4/3#PI,-40)-(0,20) : VIEW (40,0)=-(639,399)
140 LINE (-4/3%PI,0)-(0,0) : LINE (0,-40)-(0,20)
150 FOR J=-40 TO 20 STEP 10 : LINE (-4/3#P1,J)-(0:J),s,+&H1111 : NEXT J
160 FOR J=-4/3%PI TO O STEP 1/6#PI : LINE (J:1=40)-(J+20),,,&H1111 : NEXT J
170 MDB=0.: FOR TH=-4/3#PI TO -1/2%PIn1.005 STEP DTH
180 LINE (TH,=FNG4(TH))=(TH+DTH,~FNG4 (TH+DTH)) : NEXT TH
190 FOR I=1 TO 15 : READ MDB
200 DATA =.1,-.2s=.4»=.61=.85=15=1.5:=2:=31=4s=5,-6,-8,-10,-15
210 M=10"(.05#MDB)
220 FOR TH=-4/3#P1 TO 0 STEP DTH
230 LINE (TH,=FNGT(TH)}~(TH+DTH,-FNG1(TH+DTH))
240 NEXT TH : NEXT I
250 FOR I=1 TO 171 : READ MDB : DATA .1,.2:.4,.6:.8,1:1.5:2:3,5,10
260 M=10"(.05%MDB)
270 IF MDB<=1 THEN TH1=-4/3%P] 430 PHI=PHID/180%P1
280 IF MDB=1.5 THEN TH1=-4/3%PI%.988 440 FOR TH=-4/3%PI TO 0 STEP DTH
290 IF MDB=2 THEN TH1=-4/3%PIx.968 450 IF FNGA3(TH)<.01 THEN GOTO 480
300 IF MDB=3 THEN TH1=-4/3wPIx.937 460 IF FNG3(TH)<-25 THEN GOTO 480
310 IF MDB=5 THEN TH1=-4/3wPIx.891 470 LINE (TH,-FNG3(TH))- (TH+DTH,~FNG3(TH+DTH))
320 IF MDB=10 THEN TH1=-4/3%PI# 823 480 NEXT TH : NEXT I
330 FOR TH=TH1 TO 0 STEP DTH 490 FOR I=1 TO 8 : READ PHID : DATA -5,-3.-2,-1,1:2,3,5
340 IF FNB(TH)<.01 THEN GOTO 400 500 PHI=PHID/180%PI
350 IF FNGAT(TH)<.01 THEN GOTO 400 510 FOR TH=-4/3%PI TO 0 STEP DTH
360 IF FNGA2(TH)<.01 THEN 60TO ‘400 520 IF FNGA3(TH)<.01 THEN GOTD 550
370 LINE (TH,=FNG1(TH))~(TH+DTH,~FNG1(TH+DTH)) 530 IF FNG3(TH)<O THEN GOTO 550
380 LINE (TH:-FNG2(TH))-(TH+DTH,-FNGZ(TH+DTH)) 540 LINE (TH,-FNG3(TH))=-(TH+DTH:~FNG3 (TH+DTH))
390 NEXT TH 550 NEXT TH : NEXT I
400 NEXT I 560 END
410 PHID=0 : LINE (-PI,-40)-(-PI,20)
420 FOR I=1 TO 17 : READ PHID : DATA =10,-20,-30:-40,-50,-60,~70,-80,-90,-100,~1

10,-120,-130,-140,~150,-160,~170
X6
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Three Dimensional Computer Simulation of Distorted Wave by Fourier Series

Takashi KURIMOTO

As the distorted wave is the periodic wave and is represented by Fourier series, computer simulation

is performed easily. When the results of computer simulation are used in learning the distorted wave,

the effect of education is increased. In this paper the method to draw some distorted waves and these

three dimensional Fourier spectra briefly by N88-BASIC is described. The auther reported about the full

rectified wave, the saw-tooth wave and the trapezoid wave in the reference 1). Continued from this

reference 1), the half rectified wave and the pulse width modulation wave are taken up.
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10 REM R11-PROG1

20 PI=3.1416 : WTE=4«PI : DWT=WTE/300 : A=1
30 SCREEN 2,0 : CONSOLE ,,0,0

40 WINDOW (0,-1.2)-(WTE,.6)

50 VIEW (40,0)-(639,399)

60 LINE (010)‘(WTEv0)1v-&HFUFU.

70 LINE (0,-1.2)-(0,.6)

80 FOR J=-1.2 TO'.6 STEP .2

90 LINE (0,J)-(WTE»J)»»+,8H1T1T : NEXT J

100 FOR J=0 TO WTE#1.01 STEP WTE/16

110 LINE (Js=1.2)-(Jv.6)5+3&H111T : NEXT J
120 FOR WT=DWT TO WTE STEP DWT :
130 FOR N=1 TO 50 STEP 1

140 F=F+A/ (PI#N)#((1-COS (N*WTAU))I*SIN(N#WT) +SIN(N#WTAU)#COS (N#WT)) H9

150 NEXT N
160 LINE (WT-DWT,-PF)-(WT,~F) : PF=F :
170 END

b ‘L
f(
]
O - S W
2 4
—=wt[rad]
JaygLa i E9
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(b) wr=%n
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(839 A —%  wr [rad)])
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EHILIZAR T, 7SV AR wr [rad] 2352 —% £ F53
REFRFR7 -V LAY PLERIL2@) ) CRT 70,

NEXT WT
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: WTAU=PI/4

F=A%WTAU/ (2#PI)
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10 REM R11-PRDG2
20 NE=50 : PI=3.1416 : RAD=PI/180 :
30 SCREEN 2,0 : CONSOLE ,,0,0

40 WINDOW (-1.35,-.3)-(.3,1.35)
50 FOR 1=1 TO 3 :

A=1

: WTAU=PI/4

: VIEW (40,0)-(639,399)
READ XS»YS»ZS,»XE,»YE.ZE :

GOSUB #ROTA

60 LINE (XS,-YS)-(XE»-YE)s»:&H1111 : NEXT I

70 FOR J=0 TO NE STEP S

80 XS=-.3 : XE=.3 : YS=0 : YE=0 : ZS=J : ZE=J : GOSUB »ROTA
@0 LINE (XS.-YS)-(XE>-YE)}»>»,&H1111 : NEXT J

100 FOR J=0 TO NE STEP 5

110 XS=0 : XE=0 : YS=0 : YE=.3 : 2S=J : ZE=J : GOSUB #»ROTA
120 LINE (XS+-YS)-(XE»-YE)»»»>&H1111 : NEXT J

130 FOR J=-.3 TO .3 STEP .1

140 XS=J : XE=J : YS=0 : YE=0 : ZS=0 : ZE=NE : GOSUB %ROTA
150 LINE (XS»-YS)-(XE»-YE),»»s&H1111 : NEXT J

160 FOR J=0 TO .3 STEP .1

170 XS=0 : XE=0 : YS=J : YE=J : ZS=0 : ZE=NE : GOSUB %*ROTA
180 LINE (XSs-YS)~(XE>-YE)»,sB&H1111 : NEXT J

190 XS=0 : XE=A#WTAU/(2#PI) : YS=0 : YE=0 : ZS=0 : ZE=0 : GOSUB »ROTA
200 LINE (XSs-YS)-(XE»>-YE)

210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360

FOR N=1 TO NE STEP 1
FX=A/ (PI®N)*SIN(N*WTAU)
XS=0 : XE=FX : YS=0 :
LINE (XS»~YS)-(XE»=-YE)
END

#ROTA

TY=-2.5%RAD
X1=XS#COS(TY)+ZS#SIN(TY)
21=ZS#COS(TY)~XS#SIN(TY)
XS=X1 : XE=X2 : 1S=21
TX=3#RAD
Y1=YS#COS(TX)-2S#*SIN(TX)
23=ZS#COS(TX)+YS#SIN(TX)
¥S=Y1 : YE=Y2 : 2S§=23 :
RETURN

DATA 0.:0:0,.3.0,0

YE=FY : ZIS=N :
: NEXT N

: ZE=22

ZE=24

: DATA 0,0,0.0,.3,0

: FY=A/(PI#N)#(1-COS(N*WTAU))
ZE=N :

GOSUB #ROTA

I X2=XE#COS(TY)+ZExSIN(TY)
: 22=ZE#COS(TY)-XE#SIN(TY)

1 Y2=YE#COS(TX)-ZE#SIN(TX)
1 24=ZE#COS(TX) +YE#SIN(TX)

DATA 0,0,0,0,0,50
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Engineering Education to Cultivate the Creativity by Design and Production of Autonomous Robot

Takahiro MICHISHITA,Hiroaki ICHII,Rei NAKASHIMA Mituyoshi SHIMAOKA,
Haruaki KISHIGE and Toshiya SAKABE

The Department of Control Engineering in NNCT(Nara National College of Technology)puts the basis

on four technical engineering,i.e.mechanical,electrical,control and information engineering.And this

department is carrying out the engineering education in which the design and production of autonomous

robot is performed.The reason why the robot-making was selected is that it is concrete and easy for the

students to understand.This report describes the engineering education putting emphasis on the produc-

tion of autonomous robot which is the main theme in this department.
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Experiments in Department of Control Engineering

Attached Importance to Production

Mitsuyoshi SHIMAOKA ,Hiroaki ICHII, Toshio NAKATA,
Takahiro MICHISHITA and kenichi IIDA

We at the department of control engineering,Nara National College of Technology,have been undergo-

ing a new education under the reformed curriculum since 1997.As one of the primary focuses under this

curriculum,'Experiments in Control Engineering'have already been implemented on first-year students

sincel997. This course is based on four themes and aims at understanding the several electrical phe-

nomenona through production experiences.In this paper,the outline and characteristics of this course have

been described. Forthermore,the problems to be solved have been cleared and its countermeasuer has

been discussed.
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A CMOS Threshold Gate and its applications

Ryo IGARASHI, Ken-ichi YAMAGUCHI

This paper discusses the circuit design of a CMOS threshold gate and its applications to the multiple

valued logic circuits, multiple valued memory, A/D converter and D/A converter. CMOS threshold gates

have been shown to be particularly attractive for multiple valued logic and multiple valued DRAM

applications because of a simple circuit configuration and long retention characteristics of several min-

utes. Being applied CMOS threshold gates to a conventional logic circuit, silicon die area is reduced one

third or one fourth. It is also emphasized that A/D converter and D/A converter with high accuracy are

realized.
1. INTRODUCTION

Recent technological requirements of sophisticated elec-
tronic devices have created demand of large scale, complex,
integrated circuits. Meeting the demand has required techno-
logical advances in materials and process refinement. It is ,
however, likely that limit of process technology is expected
for VLSI circuits to be no more improved from viewpoints of
manufacturing yield and cost.

It is, therefore, important that process dependency of
VLSI circuits is lowered in technological advances. One of
the most attractive approaches is to utilize multiple valued
logic. Several proposals of this approach have reported 112,
In this circuit, conventional MOSFET's with floating gates
are used. Input signals are given to capacitors connected

between several input terminals and the floating gate. An

input weighting is determined by the values of capacitors. It -

is noted that capacitors are hard to be integrated in a VLSI
circuit.

On the other hand, authors have studied Neuron Cell con-
sisting of CMOS transistors.” ! As a result of this study, it
has been found that the Neuron Cell capable of positive and
negative weighting is implemented, adding or subtraction
input currents each other through current mirror. This Neuron
Cell is used to realize not only neural network, but also
threshold gates applied to multiple valued logic circuits.

In an application to multiple valued logic circuits, a, mul-
tiple valued register is required to implement multiple valued
system which avoids use of binary logic circuits. This paper
describes multiple valued register with long retention char-
acteristics and A/D converter with high accuracy and high

performance.

When the CMOS threshold circuits are utilized as logic
circuits, number of MOS transistors can be reduced one third
or one fourth. This means that silicon die area of VLSI can be
reduced without process innovation.

It may be concluded CMOS threshold gates provide sub-
stantial leverage over conventional CMOS gates because of

simple circuit configuration and high function.

2 Basic multiple valued circuit
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Figure 1 Basic multiple valued circuit
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Figure 1 shows the multiple valued logic circuit consisting
of only CMOS field effect transistor (CMOSFET). The circuit
has positive and negative weighting capability to inputs.
The above circuit shown in Figure 1 was proposed as a neu-
ron cell composed of four parts. The first pért is a circuit of
positive weighting to input signal X;, the second part being a
circuit of negative weighting to input X;, the third being pos-
itive threshold circuit, the fourth being negative threshold
circuit.

Lets describe operation principle of the neuron cell. The pos-
itive weighting circuit consists of N channel field effect tran-
sistors {call NFET hereafter), WL, Wy, Waloo W AL A,
As,... , A, P channel MOS field effect transistors (call
PFET hereafter), P,,P, and P,. The purpose of W, W,, W,

. ,W,, is to generate constant currents. The purpose of A,
Ay A, ..
When input X; of '1' is applied to the gate of PFET P, to be

, A, is to control on/off of constant currents.

turned off so that weighted current I, is allowed to flow
through P,. Based on current mirror function of PFET P, and
P;, P; generates I,.

On the other hand, the above concept of positive weighting
circuit is adopted to a negative weighting circuit consisting of
PFET P; and P;, NFET's B's and W's. It is noted that addi-
tional NFET current mirror consisting of Q, and Qs function
to change the direction of current I.

At the output F, the current I, is compared with Iz. When
I, >I;, a high voltage is obtained at F. When I,<Iy, voltage at
F becomes low. Since output voltage is not fixed when I,=I3,
a bias current is supplied through Q.

Now, it is described how to establish threshold value. The
threshold circuit is not shown in Figure 1, but, a positive
threshold circuit is obtained by removing P, form the positive
weighting circuit previously mentioned. Also, a negative
threshold circuit is implemented at the same manner. The

following equation represents the above functions.

F=f(x in:\lvi —Xj Zl\;Vj)

+(§§=§’k— 21?1)

Lets explain how to do weighting. A current corresponding
to weighting is determined by combination of the constant
current sources consisting of NFET's W, W,, W,.. .. , Wm.
Each current is determined by the ratio (W/L) of NFET chan-
nel length (L) to the channel width (W). When m=4, W/L's are

defined as 1:2:4:8. In this case, four bits are required to con-

HRLE $£345 (19%)

trol NFET's A, A, Az and A,.

Lets consider how to utilize the neuron cell to multiple
valued logic circuits. Figure 2 shows an application to a bina-
ry full adder. In the Figure, the full adder consists of PFET'"s
P,, P,, P;, and others (NFET's). The NFET's W,, W,, W; are
current sources generating the same current. Binary inputs A,
B and carry C are applied to the gates of NFET's B, B,, B,. If
any two of A,B and C are '1', P, generates current 2I which is
compared with current 1.51, resulting in a high voltage at the
terminal C. This means carry is generated, but, sum is not. In
more detail, since Q, is turned on, the current of P; is com-
pared with the constant currents of 2I and 0.5I, resulting in a
low voltage at S.

When all inputs are '1' ,both outputs S and C are become'l’.

Vop

Figure 3 Full adder by threshold gates

Figure 4 shows 4 bit comparator using threshold gates of
N,, N; and N;. In the Figure, each input of 4 bits has different
weighting such as 1,2,4 and 8. When input A is given to N|,
output of N1 is obtained as a result of D/A conversion. In the
same manner, N, generates an analog output as a result of
D/A conversian for input B.

Comparing 4 bit input A with B, the outputs from N, and
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Figure 4 4 bit comparator

N, are given to N; and N, as inputs in order to obtain com-
parison results of A>B and A<B from N3 and N,, respective-
ly. Threshold gate N5 generates an output corresponding to
A=B.

Figure 5 shows the circuit diagram of a part of the com-
parator shown in Figure 4. It is noted that this circuit consists
of only MOSFET's.

Vbbb

Vbbb

Figure 5 Circuit diagram of 4 bit comparator

In Figure 5, N channel MOSFET Q, and Qs consists of a

HE - - ﬁpz In
o-lm:—m;—lm:—lmsi —oF
ABHEEE E |

current mirror to implement negative weighting. Threshold
gate N, consists of N channel MOSFET Q, and Q,, and P
channel MOSFET P,. Threshold value is provided by a con-

staut curreut of Q.

3. Structure of Muitiple valued Register

At present, DRAM's are widely used as a main memory of
MPU. It is, however, difficult for DRAM to be used as mul-
tiple valued memory because of its short retention time.

Authors have proposed Multiple valued DRAM cell con-
sisting of two diodes and one capacitor in order to obtain
longer retention time. It is, however, hard for this memory to
be used in combination of multiple valued logic circuits. The
reason is that a large current deviation takes place even if a
small voltage change in the capacitor occurs, It is, therefore,
required that multiple valued register has long retention char-
acteristics equivalent to SRAM.,

Figure 6 shows the circuit diagram of multiple valued
register in which multiple valued information is stored in a

form of electric charge in the capacitor.

Voo

Figure 6 Circuit diagram of multiple valued register

Lets explain the theory of operation associated with Figure
6. The diodes D, and D, are designed so as to have the same
electric characteristics. Parameters of NFET Q, and a value of
externally supplied voltage to the diode D, are determined in
order for the current of the diode D, to be equal to the current
of D,. This current flows through NFET Q, and PFET P,.
The current mirror consisting of PFET P1 and P, supplies to

the diode D, the same current as the diode D,. This means
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that the current of the diode D, is cancelled by the current of
the diode D,, resulting in no charging or discharging current

in the capacitor. Therefore, a long retention time is obtained.
4. Application to Multiple valued Multiplier

In a multiple valued system, it is desired to use multiple
valued register in multiple valued arithmetic and logical oper-
ation instead of conventional binary register.

In figure 7, 2 bit multiple valued multiplier and multiple
valued register are shown, storing the multiplication result
from the multiplier to the register. When 2 bit input A, A, is
multiplied with input B,, B,, multiplication result is obtained

as a current through PFET P,

Write polse

Read pulse

Figure 7 Application to multiple valued multiplier

The circuit consisting of PFET P;,P, is a current mirror.
NFET Qg,Q, is also a current mirror. Through these current
mirrors, an output current is generated in PFET Ps, being
converted to a voltage.

In writing operation, a write pulse is applied to PFET Pg,
NFET Q,,, a voltage corresponding to the output current is set
to the capacitor C.

In Figure 7, an output current is converted to a voltage.
This is for explanation purpose only. In general, it is not
required to use resister in a VLSI.

Figure 8 shows a simulation result of the system with
multiple valued multiplier and register.

In an application of the multiple valued register to A/D
converter system, the register is used as sample and hold cir-
cuit. An A/D converter is shown in Figure 9, which is
designed with capability of high-speed operation. It becomes
evident that an accuracy of each digital output is determined
by values of reference currents and is not degraded by a sig-

nificant bit .

MELE %345 (1998)
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Figure 8 Simulation result of multipie valued multiplication

system
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Figure 9 High precision A/D converter

In corporated with the high precision A/D converter, ref-

erence current sources shown in Figure 10 are provided.

VDD

VDD

—0>
aw

= =N-2

Figure 10 Reference current sources

Assuming that the maximum input current is I, the refer-
ence current sources have to generate [,/2,1,/4,1,/8,1,/16, - -

Referring to Figure 10, current mirror P-1 and P-2, con-
sisting of three PFET's, and current mirror N-1 and N-2, con-
sisting of three NFET are connected each other so that P-1

generates a half of input current (Io/2). N-1 generates an out-
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put current same as input current.

It is, therefore, clear that I,/2 and /4 are obtained at ter-
minal A and B, respectively.

If other reference current sources as shown in Figure 10 are
added to terminal C, 1,/8 and 1y/16 are obtained.

5 Conclusions

It has been shown that utilizing neuron cell capable of
positive and negative weighting as threshold gate, multiple
valued logic circuit can be obtained. Using threshold gates,
logic circuits are so simplified that number of FET's is
reduced to one third or one fourth times as many as that of a
conventional binary logic. It is, however, noted that further
considerations are required from viewpoints of die area,
power dissipation, operation speed, etc.

For further discussion, it is pointed out that threshold
gates require DC current. However, much less power dissi-
pation is assumed due to current mode operation which does
not require power dissipation to charging and discharging
wiring capacitors. One of effective approaches in power
reduction is to control to shut down power sources when not
required.

One of the most important problems is of speed degrada-
tion due to low charging capability when difference of posi-
tive current and negative current is small.

As for multiple valued register, it is described that long
retention characteristics is obtained by supplying the same
current as leakage current which flows through the memory
diode. This type of register will be effective for realizing a
simple multiple valued system.

It is, also, evident that the threshold gates, the neuron
cell, the multiple register/memory, the A/D converter, a D/A
converter, an analog circuit are integrated on a chip as well as
conventional binary logic/memory.

It is, therefore, concluded that based on the threshold
gates and multiple valued register/memory, LSI design capa-

bility is enhanced..
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An application of a simulation to process control

Katsuya KONDO

A simulation is being used in various fields, because that makes possible to study characteristics of an actual subject

without actual test. In process control, the simulation is also useful to analysis and design of the control system. But,

there is some knowledge to use the simulation effectively. This paper gives my opinions considered based on many

year's experience of steel plant control.
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i, hHESR
Measurement of the Number of Glitches for CMOS Multipliers Using VHDL Simulator

Tadashi Seko, Atsushi Nakamura

In this paper,we propose a new method to measure the number of glitches of CMOS circuit,and then
develop the VHDL simulator augmented with an evaluator which implements the proposed method.The
advantages of the tool are as follows: the description of the target circuits in VHDL is compact and rel-
atively easy and the specification of the delay for gate is very simple. We applied the tool to array mul-

tiplier and Wallace tree type multiplier.As a result,we show the the usefulness of the proposed method.
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1 library IEEE;
2 use [EEE.STD LOGIC 1164.all;
.3

" 4 entity AND2 is
5 port( A,B : instd logic;

6 Z . outstd logic;

7 T . out integer range 0 to 100000
8)

9 end AND2 ;

10

11 architecture TEXT of ANDZ is

12 begin

13

14 AND2 : process

15  variable tmpZ,tmpPZ : std logic : ='U';
16  variable tmpT : integer range 0 to 100000 ;
17 constant rise time : TIME . =048ns ;
18  constant fall ime . TIME : =0.77ns ;

19 begin

20 tmpZ:=AandB;

21

22 iftmpPZ =" 0 ‘and tmpZ ='1") then
23 npT : =tmpT+ 1 ;

24 Z < = transport tmpZ after rise time ;
25  elsif (tmpPZ="1"and tmpZ ='0") then
26 Z < = wansport tmpZ after fall time ;
27 tmpT . =tmpT+1 ;

28 else

29 Z<=tmpZ ;

30 end if |

31

32 T<=tmpT ;

3 tmpPZ : =tmpZ ;
34 waiton A,B ;

35  end process ;

36 end TEXT ;

(a) 2AND Ok

library IEEE ;
use IEEE.STD LOGIC 1164.all ;

port (A.B,C : in std logic ;
Z ' out std logic ;

1
2
3
4 entity EXAMPLE is
5
6
7 T : out integer range 0 to 100000

8 ) 3
9 end EXAMPLE ;
10

11 architecture TEXT of EXAMPLE is
12 component AND2

13 port( A,B : in std logic ;

14 Z : outstd logic ;
15 T . outinteger range 0 to 100000
16 ) s

17 end component ;
18 component NOT1
19 port (A : instd logic ;

20 Z : out std logic ;

21 T . outinteger range 0 to 100000
22 ) s

23 end component ;

24

25 signal X . std logic ;

26

27 begin

28 N1 : NOTI port map( A,X,T(O)) ;
29 Al : AND2 port map( X,B,Z,T(1)) ;
30 end TEXT ;

(b) EREOHWERR

1 process(CHECK)

2 begin

3 G(0): =G(0)+(COUNT(0)}-PCOUNT(O)V2) ;
4 G(1): =G(1)+(COUNT(1)-PCOUNT(1)}2) ;
5 end process ;
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A Representation Diagram for Maximal Independent Set of a Graph

Masakuni TAKI, Sumio MASUDA, and Toshinobu KASHIWAHARA

Let H=(V(H), E(H))be a directed graph with distinguished vertices s and t. An st-path in H is a simple directed path

starting from s and ending t. Let P(H) be defined as {S| S is the set of vertices on an st-path in H (s and t are excluded)}.
For an undirected graph G =(V(G), E(G)) with V(G)C V(H)-{s,t }, if the family of maximal independent sets of G coin-

cides with P(H), we call H an MIS-diagram for G. In this paper, we provide a necessary and sufficient condition for a

directed graph to be an MIS-diagram for an undirected graph. We also show that an undirected graph G has an MIS-dia-

gram iff G is a cocomparability graph. Based on the proof of the latter result, we can construct an efficient algorithm for

generating all maximal independent sets of a cocomparability graph.

Sect. 1.

AT 7B AEEMBL IFHNOUE LR
75 INE LN, FORFTIIOTRTERD
THIMEL LTRZ OIS, £RMBOREIS 57
DVBVBELEYT FRIZDVTEBEIRTETWV S, W

HZTHAs, t2 B\ 7-Fm 777 (digraph LBET) &
T35, HicB Astpath s b T, ciZHF T 5 B
AHEBEE VI, ISISEHDst-path EDOTHAKAE] L LT
PH)ZEHT 5, VG)ISVH)—(st) Th 2ERS T 7
G=(V(G).EGHIZ2WT, GOWAMIVES (MIS LiE
1) OEFPHI KT EL6, HEGOMISIIHT 5
KBV AT 75 L% 723G DMIS-diagram &,

XE4lc. EEDORXM YT 7 Macyclic (FABEEH %L
W) B#7 77 (dagLBET) Td 5 MIS-diagram % HF2
LWIBERZRLTWE, FiglilBlx R, TOERIL
BBV TTHAICEARZFII-HEL LTRAZAT
Wb,

#3h7 7 7Gx LT, acyclic MIS-diagram % # & T
i, GO¥XTDMIS-diagram % {E ) H 3 i3 dag
BT RTOst-path ZEY HTBTCHLDT, TD
FOMBICEYHED, ZORIICBVTIE, RD2D

* WERFLFERERLEFH
* *k KR KFERELF R LEH

MELERT %,

&1 ; &0k R HEE D digraph ASMIS-diagram & % b

3 B,

g2 . £D X I % graph ASMIS-diagram % ¥o D,
CHRALTRE2BEIZBVWTWL 2DPDEHE B,

FBIBIIBVWTLOMBAIINTILERG L+ BE

Yo BABIIBVLTHAIKLEARFI BT TH

BRKEAMITHSES*RT-ODdiagram 2B/ L. £

S5EICBVTIORINERET 5,

ni V2

— o

l I vg

I r—— ) &———O

—eo0o -0 o——9 Vs
I; Iq I,g v Uy
(a) (b)
v Y
Us
$ t

Vg

v2
(c)

Fig. 1 (a) A family of intervals, (b)the corresponding interval
graph G(vertex v, corresponds to interval I, for i = 1,2,:*-,
6), and (c) an MIS-diagram for G
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Sect. 2.

ZORIIZBWT, HFWZ 5 7 &digraph &9 X,
BT 7RIS 7 LR, HRukvEDOHIIH S
EOEE @, VERT, ubSvAOFMMAEu—VER
Fo 75 7 Xiddigraph GIZBWT, HEDEESRTED
REEFETNREN, VG). EGL &Y, VY77 G=
(V(G),E(G)) & digraph H=(V(H),E(H)IZD T, GL H
DEELEZGCGNHET S, T4bbH. (VG)N V(H),EG)
NEMH)), FHIZ. GUHIZ, GEHDHIEETH %,

digraph G |22 T, EEMA, v)% HMBu—vIZE
Bz AEIZL VB SN/ S T 7 % G Dunderlying graph
EV), TOERE L THFIAPELLHESH 5o under-
lying graph A5E4E DEE, £ O digraph A5HEEE L VWbh b,
digraph DR IIFIEIC L TEHR SN S,

digraph GIZBW T, THEVICAZLDOEH 0 DOEFvid
GDsource L IEITN S, —F. KT {GLADOEA0 DR,
viZG D sink EFEITN B, digraph BB TH S L 13,
ZOoDBu—VNEVWLTFERET A, Bu—wDM X
FIIBTELETHBH, 77 7 Hcomparability graph T
H5H LT, HBHLMEFIVFTELS 7 70FEESE ).
&5, F0 LI RHFMSFOELEBHMEFIT LW
9o T4 H. comparability graph i3 HEFE AW X £ BE
T ThE, VI77CGODMT 777G L, EDS T 7T
GOTHREEVO) L EDBDOHBELSTHEBINLY T 7
THhb, flzid, HALEVOG)DOELZAHERuvIZDW
T, G2, VA H 505, GIZIZFDB, v)BV,
75 7H%, cocomparability graph TH 5 L1k, EDHT 7
7 A¥comparability graph TH 5 B2 S

EVKEBEL TV RV S 7OEADEE LMV ES
ThBEVT, MOV ILHHLESIE L VT
EEPEAMIES LV, T TIIMIS EBET,

THEEASHcliquekit, ZOHFDOEED 2BOTEED
HEWICBELTWAREE o SATGDclique THNIT,
FhiE, GOMIEESTH 5,

€, Vo € €, Vit D TH VL e ldv o v NDIATH
5o (i=1,2,,Ko HRFEETEDIRRA 22721 BEZT
LA»BEN v b D% directed path & V>, directed path T
FOTEHEORY L BKHDE LW % directed cycle L V9o
directed cycle % 72 %\ digraph % acyclic digraph & V4>
dag LBET,

Z Z T, directed path & directed cycle X TTD 7 7 7 D
By 7L LTEx5, T4bh, directed path PIZD
WT, V(P). EP) X TN ENPOTHAEEB I ULES
L35, FEDEFRY directed cycle (IZ 2V T HATH,

THEukv® ZONETHE 5 THT < directed path PiZDW

HEKE %345 (1998)

T, Pu—v) ¥PLEOTEREALEETITCudbvD
directed path &£ 3 %, directed cycle CIZDW T % [AlRRIZ,
Cu—v) &3, i, Cu—u) Fud//—2DHY
THAHEEXEKRT S,

bLGWGCOEME T 77 ThHhE, VY7 7G3G%
BELTWBEWV), 52, GOLEDEESBL YT
TOEEGFDHLET T 7R LTAEEL, Fid, G2
ELTwaLwnbh s, TOFRXTIE, F& L Tdirected
pathDEFIZE N 7T 7PEEENBFEIIOVTHRR
%o

Sect. 3.

ZOBETIE, MEBLL2IZOWTRELS5 25,
RLEDIMELIL2WT, HEHEAs Lt R
digraph & 3 % Sect. 1 TE& L 72 L 912, PH)= [V(P)—
{s,t}| PIHDst-path | . & L GOMIS DEEDPH) & —3
TA5%5, HIZZ 7 7GI2xd L TMIS-diagram T 5,
BIESB X UKBHSH 5 st-path £IZF B 7% 5 H % st-full
THbLV), HOBKst-full E532" 7 7 FHOERS 75
TTHELEL, FNEIHORT T 7 75, st-full TH Y B
DIOWEDPLBRTHELVIFETH S, Fig2lZtD
BlERT. I T BEIEKst-full T2 7 7 OB
EFNBVlERLTWVS, HOBKst-full 5377 713
PP THbE L) FEICERT 4,

FI T, ROLemmaldBHPTH 5,
Lemmal : $% 7% 7Gx LT, HA'MIS-diagram T
H5H0IE. HOBKst-full T2 7 7 HMIS-diagram T &
5, [1 GEBH®T 2RY)

HoT, ROZEDPEETE S, HE FHst-full T
5o

MIS-diagram T & 5 72 ¥ D st-full digraph D &4 %R
722, ROLemmad» 55D 5,

Lemma 2 . H#3directed cycle ¥ D2 L RE T 5, €D
B, Hid 2 O st-path DEEIZ L - TELE S5 directed
cycle ¥ #2,

Fig. 2 An example of maximal st-full subgraph.
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3FBH : C% HMdirected cycle D—2 k3 5, ZDE, H
12 H O st-pathP,, P+, LOBOR/INUZ L o TEE
ENb, FITHICk23E2R/ET 5. HOHPIZ. i=1,
2,2+, kiZxf LT, directed path D4 {P,, P, -, P,}— (P}
BHIZBW TR L Beycle bEEL RV,

ISiSklLAEEOEHRIL TS, shbPEIED
TITE&, B THoCOTEAE [CIZBIFL2P,OREY
NDEE] L) LI CRAT S, FARIC. [CIIBITAP,
DOEFEDTEA] bEHTE S, digraph CNP,DEER S
PEhFRCLCEL -, CmET 5B, j=1,2, - miltf L
T Cliddirected path TdH ) D DOCNPICBITHMLAT
bbb, ~HMEEEIELROBVRETE S, T4
bbb, CHR [CIZBIAP,ORMDIES] 284 M0,
AD KU LIzdi o TCE Iz ENIECE CF, ++, CmHME
FiccLicHh 3,

ZITROEELZBS
Fact . sh b t~PE /=LA, C,CZ -, CrOZ DI
Hh s,
3R ;4. P EICCHCE e, CRASZ DNEEE D BN
WETBLIRET . CLOEHEIZED ., CHRIMICEN
b, Thbb, ¥ LINFEL. CL,CE -, CIHTD
MEIcHbh, FLT. KiZ. CAZj+ 2B b,

Wik CHOBRBEOTRAL L. vECIOROINOTRS LT

S, POSullBliCviEaEAL. FLTCHudHvAD
directed path  F L H 6,
P,UC (u—v) A%directed cycle ¥ &tr. Zh%ECE ¥ 5,
C (u—v) LOoVw»r%5BHP,LIZEVDOT, P, P,
P, P, Piap, BLORE AN s S5 t~NDCu—v) 28
&+ AEMBEYEL. ShEP LTS, (P, Py, Py
V= (PIARARTIC R R S N7z & 9 Zevad e B directed cycle
b RVO TP Iidst-path TH 5, K-> T, directed
cycleC'i3{P, P} L o THEEN D, TNIEk231IF
J& (FactDEHAMT ),

ZDFacth b, CLCIHOBOPECIECIT I DEDC
KBEHAZHEIZED, BOst-pathk BLENTE D,
TELBRHTORAEERITAHIZLY, CNP=12, -,
kDEETHLBEEIRETE B,

(P P, P} DSCERETAHLH.
CNPECNPAENTHE 2 /O LRET %,

P, P, BPOEZENHLCNP,ECNP,HEDIILDTR
HEEUHEILRY, Thbb, CLOPORAOOTHAND
LizLoh7-CTHEHE,. CLOP,ORFEOTHAMNCL
DPDOBFEOTAEDEBICBHNL LINETE 5,

CLOPOERMOTEA %Y. CLOP,OBRENTEA % V"
Eth, REN,S., k= 3, P,UP,d%directed cycle % & £
Zwv, Thbh, Pis—v), Cv—=v)E P~ A

b LEICLYstpath%k B b, ChE2PLT 5, Boh
2P, P;, P, PHICEEEL. THIZKDERICFE
LTw3, O

ER 1 : st-full digraph HA*MIS-diagram T 5 Dit, H
Hidirected cycle X 72 L VB DA TH 5,

3EHH : HA%directed cycle X FHEIBRIC Y T 7 G DMIS-
diagram T& 5 &£ 35, Lemma 245 . directed cycle C &
28D st-path P, &L P, L, (PP} IZCEEET 5,
Lemma 2B 5BHmD 5. CNPAERTH L LIE
T5, CLOPOBRAMDTHA %R v,. CLOP,OREDTH
HEv, e 15 (ZoKo (B9, [&E]l OFTER
Lemma2 CHW:bNDELRULTHB), T/, v;2¥CLED
P,OJRENTREE T2, o T, P,AC(v,—v) 20E
L. v;EV(P(v;—V))-{v3) TH B, Pi(s—*vy), C(v;—>v3)
EP(v; )R MAGDHhEIZBIIL D sh O ~DHMBE
PEULBIIRS, FAOLOTHEDBDE 4 IEP, D P,
BT 5. HOoMIZ, ZOFMPREIIst-pathEFA TV S,
IhEP LV, HAGDMIS-diagramTH A Z &b,
PAEGOMISIZ—ET B, RiZ, £FD LI TLVFE%E
BRTBL,

PP, DB ANGOMISIZI—BTHET R, EHIZ,
v,2BPEP,OWMAICETALT D, T4bb, GiZid
V(P)U V(P)-{st }DTHA v, I BT VALHF S,

FloR 722X 5142, VIPHYSEVPYU VP Thbb,
VEVP)YTRVWEI Y, PIIGOMIS LIZ—F L &\,
O

Z 2T, stfull digraph HiZx 35 2 0NE¥E EHT
5o Hud 6 v~DE & 2 LA E D directed path % b D %2
5, HOZu—v)% redundant edge & \v*7) , Htransitive
closure 7 7 7HT#RD & S I8 #T 5, VH)=VH),
EHN={(u—Vv)|HA%u® 5 v~ Ddirected path % D}, B
L0, HTREBMZ 7 7Th 5,

EH 2 . Hddirected cvcle % #72 % V2 st-full digraph T&H
AN, HA redundant edge % F57- VB IZBR S

FERH . b L. Ho%redundant edge X FF2o % X, 2 DD st-
path P, L P, 2SEET 5. TN LI VP VEP)DEIBS
HETHD, TOB, PIIEBRKESICI KL vy,
kK2, HAfredundant edge ¥ - 2V ERET 5. GEH'
Dunderlying (undirected) graph& L. G"2 G Hskt®
BOWTHBONIY I 7Lt 5, 8IS GEGOHT T 7
¢+ 5, Fig.3loZhbn 75 7 Ldigraph ¥ o
V(G)=VH)—{s,t} THLEIIFET S,

GDFTXTOMISOEKEEFG) &5, HAGIZ/-w L
TMIS-diagram TH 5 Hi, T4 bH, FG)=PH) TH
AHEELUTIIRRS,
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HiZBWT, 2ED3 4 Dst-path P, & P23t LT, H

Hracyclic & V) V(P)# V(P,)o P HOEE Dst-path & ¥
%o V,PYEVEP)-{s, t} £ T 5, GDEZEL D V,PHIGCD
clique THh 2, TLTEDHENIICGOBVESTH 5,
V,PYBGOMIS TRV ERET B, DK, V(G)-V,(P)
DOFICTHEVIFEL. (vVIUV,P)PGOMIEESTH
b, CNIZROFEEZERT 5, GIZBWT, v Vs(P)D
FOTRTOFESAICERLTWS P (s&t:28&T) L
DEDTHELvADREDAEF/EOLPH OFDOvRNLD
mMEDBEFED,
Thbt, PR2EOHESuE WA FEL., PIZBVTY
PudRiZHAb, FLTH EZiZudisPtTHEH9H
L) D2/DMA u—v) & (v—u) BEET 5,
transitive closure DEFHZIZ L D, HiZud S v directed
path & v &5 u~® directed path & #F2, £Z T, HH2
DEndAEFEDud S u'Ddirected path® 522 & 95,
HiZ B} 57 (u—u) Hfredundant edge. T NIIFE. %
DERELT, HZBY AEED st-path PI2xF L T,
V,PIIGOMISTH %, £hwwx. FG)2PH)

GOIEENOMIS % D, DIZG'Dclique &3 5, THIS]H
5. 5E&digraphi3 NIV b Ypath kDo, £2T, H'IX
DD T RTHOTHE % 18 5 directed path % FFD, transitive
closure DEFIZL D, ThiZ, HFDOTRTHOEE %
& % directed path 2 OB L BT 5, L2¥% 56, Hidst-
full > Dacyclic THAD T, DDOFTRTOHFANFHDD
st-pathD EIZEH B, ThiEPETE, EROTEL,

LDY vz

Vs

V4 G

Fig.3 Anexample of HHT,G',G" and G.

V,PYDRGOMISTH YN, #FLTD=V,P)& > T, FG)
CP(H) d

CCCHIE 1 OREDOHERN L SN, Lemma l & E
B1L22MAEbLET. RKOEBEES,

EH 3 . digraph HA*MIS-diagram T& % 7= OLHLE+7
%M, HOBK st-full Hdirected cycle ¥ 72 i redundant
edge 2RI L TH 2,

BE2 IV TIRROEEN G2 b5,

EH4 | 75 7 GHMIS-diagram 2 FE0 720 OLE+H
%f§1&. Ga¥cocomparability graph TdH 5,
FEEH : GAYMIS-diagram H2Ff2 & 35, Lemmal L 9,
HAst-full TH B E LT, EE2DEHTHRRZ-L IS
G.GEEETDHEL,
VH)SVG)U{st}o 512, EEDTHAVE VG)H S %
CELGD—DDMISOEETHY, viZVHIZETH
b5, FNWZ, VIH)SV(G)U (st} 2T, V(G)=
V(G"o HEEDTESY, VEVEGIIDWT, b L. u,VE
EQ)THZVELIE, Glub vl ELMIS 2 H0,
LoT, HTPBu—v) & (v—=uw2FHH. (u, v)EEG,.
—H. @WVEEG)THE% L, HIu—v)E(v—u)t#F
2w Thbb V)EEG) TRV, LoT,. GIG
@ complement, transitive closure H' »*5{ES L 5 DTG
& G"i3 comparability graph TH 5, & 5T, Gidcocom-
parability graph T 5,
H 2, GATcocomparability graph Tdr 2 % 5 1, ROK &
T, GIZX¥ 2 MIS-diagram ¥ {E2 HATE 2,
Stepl : GO T 7G % 1EDo
Step 2 : EBMHFIEL G DAIZE 2 5,
Step 3 : X TDredundant edge ¥ Y £ 5%, FDOHRE
LTDY 57 Dsource & sink & Ve & Vi & T 50
Step4 I B X E Ve W LT, L \vsource sEED
BAE—=x)2ME 2, FRIC, HEyEV I LT, HL
Vsink t2{ED . By—-u%itmz s, O
EBDOXH Y 7 Hcocomparability graph TH 5 Z &
Ol25. CTOREREXRUNCRESE S, EHE4 OFEH
OHBFIEBLTIT ). ETAT, #BHFMMOT
(Step 2) & redundant edge D% (Step 3) DM H ML
AR TETENIZEIANS N TV RN, 2 higiz,
cocomparability graph ® MIS-diagram 2% B C1Th
NAHEMPTE S, £ T, MIS-diagram {Z31F 5 st-path
FTRCERDIBHEILL YT T 70T THOMIS-diagram
EEYV TR L FEIELN S,
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Sect. 4.

G EZEHEAVEVOENDEAWWER LV T7 78T
5, GOMUELIIOVT, GOHIESOHET, £0
BERDEADHEREROBE, RAKEAMVEES
MWIS LB F) LRENhE, 22T, GOTRTD
MWIS(MIS Tid 2 \vy) 2 RHET 5728 Ddiagram & AL
T 5, 2% MWIS-diagram & \» 9, Fig.d 2Bl % R¥,
MWIS-diagram X E 12V G)D T XTHOTRAEZ & & 2R
5%\,

BAITRTETHADT, MWISIIMISTH 5, b
L st-full MIS-diagram H %% 11X, MWIS-diagram % XD
EICLTHRLIENTES,

sEtNEAZ0LET S, FRAUMN LT, L(VEHD
FD v 6 t~Ddirected path LIZHATHEDHIORKD
bDET S, L= 0 ohEH A, L(- ) EHD acyclic T
HEDTHBIIHETES, £2C, $XTCOEA (u—
v) D EBELVM>L@+wv), S, #ERELT
18 5 I 7= digraph A*MWIS-diagram T3 5 = & AR HIZ3
BEhd, thwzx. EE4DPLROEENEIND,

ER5 . /T 7GOEEARENELE2FHEOET 5, b
L. G#%cocomparability graph TdhH A 2 L, Fhid,
MWIS-diagram % 2, (]

ROBRIFEESHLENH S, MWIS-diagram & F>
% 7 X cocomparability graph T& 2 LEIZ 2\, TRE
Fig. 5 2%

Sect. 5.
ZORLTIE, EIS T 7 HMIS-diagram TH 5 728
N digraph D 7= DLBEA 7354 L EB T 5 7 GHMIS-

diagram 2 0 oD O LETFFH. GA¥cocomparabil-

ity graph Th D Z L 2R L7z, BiZ, EOEAZFOH
A2, MIS-diagram % & fili 8 |- MWIS-diagram % 18 5 i
bRLA, CHODERIZETWT, cocomparability
graph DF X T DOMIS 7213 MWIS-diagram % Z)E /91218
BZENTEL, QAR RON/-HTH LA, KM TS
7 H%cocomparability graph Th 5 BEH 6, bhbhOR
*XH4) L [6liCRBBAL TV 5,
HiZ, ROBELBRELT S,
Y digraph D & D X 5 % WIHASMWIS-diagram & 2 H 1% %
»?
wEA T & T 7125 UTMWIS-diagram 2 27200
VERKR?

D W

o W

U

us(z) . 1)
()

Fig. 4 (a) A weighted graph G (the numbers in parentheses
show vertex weights), and (b) an MWIS-diagram for G .

PN )]
vy Us
(1) (l) s O——H———Ot
@) Q) @ (@
L] Uy
(=) (b)

Fig. 5 (a) A graph that is not a cocomparability graph, and
(b) its MWIS-diagram.
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Estimatimg the change point of the variation of the time series learning data for reinforcement learning

Tomohiro Yamaguchi (Dept.of Information Science)

This paper presents the method for discriminating the learning model by the change point of the vari-

ation of the time series learning data.As a learning model for identifying the environment under varia-

tions,I present the Transitionally Observable MDP(TOMDP)model as transitions of the observable

MDP according to intermittent changes in the observation of the environment.In order to estimate the

timing for the intermittent change,l formalize it as the "Change Point Problem"of the state transition

probabilities of the observable MDP.At the determined change point,the model-based reinforcement

learning method switches to a different model{or creates a new model)according to the estimated varia-

tion.Then I show the simple experiment that estimating the intermittent change of the true probability

of an event only from the maximum likelihood probability from the frequency of the observed time

series results of the event.

1 BL®IC

ATLHEFEOBREN O L D IERR CHMNIRS
IVATLOERY DD, L LEVFOEELLZT VT
U X LT, REXBIHEBENORRARET 2 &\

MICHEETH L, T HROBELEHITERE -

ST 2700, BERLEZENVY AT LICLEE
b, LDLLEXS, ChETORET— 7060 (R
W/ #EEHE) FEFEE,
(1) R ROEREERE L - HEH A OFE,
@) FFARAROW I EEBICHICT 5 BRNFEEF
o
THolzlcd, MEICIFFHROEERZ L ER ICHIE
TEY, BEREIENTS. L) B L -MESH
Holre SNEBETAHIZIE, EHIBLTEFEFN
AT BETNT) ZLAHBLETH A,
FITERRFRTIE, FH7- 5 ORRANETOER S
HWT, #HEFNEFHLT 52FETFEICOVTENR

b, ThbL, BRIIOEBE T — 5 TCOMIFETAEME -

BVWTERNERPBEHEFTLVTRIELDD, BXRE
KEHTAEREEROEHSLBRETAZLICE > TH
ROLEFHEMICHEL. BT FILSEHILIC

BEFE, KRG UREFAMPOBERICE-oT, Y—
EFNVHEERRTEFORELMLEE S,
FRXTHE, FITEHIBVWTEHEORUNLECEE
PICOVTRRZFI, MBELRHEL S L CEDARTE
R =AML, K —BOZERIE I B 2EWA
FRWEEFVSEALFEICOVWTRA LT, wibE
BB 2RELEBHOEFTNLE L TRBEAMMDP :
TOMDP %R E T %5, ¥ L TTOMDP I %T { st *E
EICOWTHRET 5,

2 I-JrxrbMRFBCHIIEHARHOERM

21 THl7EBICHTIRROERFEOMEAAR

ARX T, G775 ORI ETOMRN LR
FIRET 5. B 1 ICERFIOBRET — 5 O54HOWHRY
LEBORTFERT. M1iCBWT, EBRORETO
ATy TROFEESR /WML ELLE S+ TEH. &
BEOMOSAFEE XML RIAIFSHER L FEX,

E1) ALRgFa£ERs (B12E)
19984E6 A17H, OFREX
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LEWRH L EHERET 200V &, ERNEE
BOBEE. ok BRENLEEFRELR 2 L TH
EY BUERFENFEBHINOTH L,

BT — %
DRt RIRSHEE
A < >
]
1
: "
—
TR TR T—2D
B R 31

H1 RRFIOBET— & O5H OMHE % K8

T, Vr Y TEEINT 2 KET— 5 05 ORBRINE
BFEOMES2HEBT 5, TFOEEHROEENL
RE L2t oA OREDHE. SRz 57—
&b UTHENICER SR 55, BHIMICIE, ZERTE
DR OFHECNKS 57-8, 2R TCOEFBEIE
t¥ %,

RIZQEFRHROW B R0 L LB EIGT 5 5:K09EY
EOBE, RELEBHIIGERTE 2o, ElNIC
. FERESET 205, BRI, EBEOSA
IR 20 BLEL D, BFEE STy v TEBIIL
THEHESENTL. VI MEAKEL L, 2O
HEOET 21, BRF— P oLBETREL, #
B7r— 9 2 RHE OB THEATLONGEHTH AL,

22 ¥BIHIIRANER
-BO|ADSI -V 1 bOEAN
ZEF— Y ORBEOBRES L EEED, ? BRI 5
72O, TTRRKMDOEEFEIBET SIREZLLTIC
Yo
(EEY 23343, ROHIFEBET UL, BRIIER
KL Rue¥b,
xR, ETORBLEELCHBAITCEhIEY, 0%
D, EROEZFFER, WHITHOHIA»LDEETH
ol AL TR, 2REOMIZE ) L TEEIFLER
DEAHH W T ) FALERIZHRD RV,
T, MOBEOREZ . DEERRERK. 2)2KE
DFEEBH. L) 2 O00FREMLIRELHIEL LT
Wi=7-8, BEBMBE~NOBRASHETH > 72, HEME
2/ CiE. MOBREAIL -T2 v P OREDOEHR
PLETHE, 2F NI -T2y IOEFTLVIT) XL
WERENDH#1E. DBD TEVWEREERTOEE, 2)

BOBE., D2HTHE, £ TAFILTIE, WBoBH
B+ L BT -0 5 OBRMEREE, I-Y > b
FHLERT Do

23 BLERRED S ORWKEOHE
ZRIHSBE L RE L2 BEOMESIL. perceptual
aliasing X E L, FEHEIFEAT LI LTH S,
perceptual aliasing & 3. Bfl L 2R, T OREHLE L
BE. ARRL2RKE (HORKELEER) L0, KFIH
OPLEL LIBEROILTHE, LIFoT, BARER
SEDKEICH L, BeH5FEERIPETRE DI,
BHRESXBITE LV, FER/RPELT 2, €
D7-®, HEFRIT, BEBRUTEL2VIKELXFITEH
&, NESMICIEARBEH A ICERL TRT A, &
IBRBNREFHET I2FRENE LN TES, LA LLAS
5, BARKEBLZ WOERTRE,, EWI)HMEVH L,
£ 2 TAMFE TR, HoBRBMEZ BT 2KEL LT,
BRI RE 2 IKEORRI ETOLEREOTH L EAIK
ROBBLEALT,

24 PRF-2D5OBRWFEBENGRA
AHRLTIR, NEOLEEN T HF 54 %8 %8
BLTa:0, BROFFEERVS, €T, KRF
BT — 5 o 0BRMFFERIIBNT, Vv 7TEH
PIRETHHBEOMBLZLTICHRARS,
(EFF—- PRSI Ea0 L. 2EOETHENE
¥ 5,
@7 — BT L, 3L b KBOERISEY iZ7-
7V,
@Y 7))y rEBL e KEITHRENRET S,
(12N, DWIEBHLEZRET S EICLBHBTHS,
IhHi, FIROBY, EELOWMETEE T -5 %25
T NIRRT E LN, MEE, )R- TERBET R
M 20 ThHb, BN, BRMEZRIZLLHHTHS
2K, EHETAVTEE -y 2 oE L ERICRET
%,
Tk, BROFFEICBIT2EHEIRBEORRIZIONVT
BERT 5, FLARBRT LY., BEFNEBFEICIL
EE R T, EHRBRZOBRARMIRVE, &
BSOMEBEIIERICEETE 2N, 2OXE. RiiO#
BIIBL 2570, FEHEEIEAT S, 20, XH
HHEEOWE L EE (13 8HE) Lk, FL—F
T7OBRICHHENZ D, COREIR., 338 THEFRT
o BEXY, TV bEETRRTNEEEL.
FHF— Y ORBHROBRETH 5,
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3 ROEEREOEEHROBRME

AETIR, BERKEORRI ETOEERRORE A
#EME%* . Change-Point Problem[2]& L TERILL .
BRO 2 APRELRET D,

3.1 Change-Point Problem O fIH

BRF7— 7 BV THARBOLEERROERE A%
BETHHAFELLT, WHEEINWIHADTHHIAK
AETEMEEZEZZ 5, BB, EVWIA50HOHENE
HRERDERFIDNE, WAL T EVIAIIT I hbor:
Ba2RENLZ»?THE, HL., BHHUERI, ER0
R (W-HOB) THhEH, REELT, V=7 iy
VCEROBRAMEITL, 8D (REHF) 1LEoT
HREORDEERRNRL L LT S,

Change-Point Problem & i3, E D4 EHERAWHNIC
BRELALREL-LT, BROBAKER (BE) »56
RO OERERORRIN D LENEERENE
BRArHETHIETHL, B, HOLERRIIER
BRETEL2VwOT, BRWICBIBEIEKE T »
SOEEREOBAHELA VS,

3.2 Change-Paint Problem O & A&RY i ik

3. BHH#L Change-Point Problem & i3, %8
HEAF12O0BETHY, nEOBERH, HOBEN ] [H
RIEBLILREL, ROBEOEH N | CP)=j%
HEL. ERSHETORDOESE : Pbc(0<t<j)—~
Pac(=<1=<n)¢ 2 WHRETLHETH 5L, ZDH
BOEARNLBEZ, (W1 ~nFTCOEREFROBHED
PbcPac XE1EH L. +NEFNTHROEE,IORAMHEL
BAREOSHI BN EVRELRDOEB AL AR
Hid & v,
RIS, EBHEOBERBEIANR L 28B40, BRE
A%, 0 [EA L D34 D Change-Points DT DA EH
FERANT, FENHCRETOEH AL RETETDH
5, ROEBWL SIZ, BRBEOHE, —RICEBHAD
BhkMEebl &Thb, LMbGFETHIETEHIZY
WER LY, B8RO ERIZY 7)) Y 7A%ED
bDOERBDT, TNEHMZ L2010, BEHROKT
EHETNRFEZ AR L. AICEDRFHOER (KL
WT, BULEBSBEREET HILENH L, 22T,
AICICE B RIREBEL I, TFVYE EBHHOEK) »
Pl POHENBVILTH D,

3.3 BERAHEICLIBRRNEEHRAOHBE

Tk, BRAREOBBREAHE L 2HOBEOLE
HOEEIZOVTHET 2,
ITHABREOBERARELIZ, Bilin step TOER
DHEDIL, BROEERTLRAHE LV RDLE
DL FETHL, BERREAEEICAVLZ 7 HDZ
tE BYI LR, R IHEEOEH A X TCoOBH
BAMEORBERT, X1 L24HTORRH,S . KB
HREORELEEL L, BYAXE2EHRELTML—
FA7OBRICHD, LOLBET LB A XokE &1
KiRSCHEIEKET 20T, tORERIBEETH S, £
T, B A XTOBEBRLEEDOKBASL LT
VRFEEETAHLELL 2VEW) EKRT) FfoE
BHEELEEL. DTICR<2FEHLL2a-) 274
v 7 2 BERFPTH 5,

FENEE :
HOBEOEBOFEIINT 2 BHAHEEHEROBRERTIN
ZE) (+ I m. — B B ERLRLoBE. +-—
B2 Dixt L, E#H Y T2, A—F5IE
AR - T

RETIENETEL-VYRTF 17

BEEY A ATORALKEEREOHE S MO LSHRIC &
. HOHROEH S L AP HET 5,

K1 HEROBYAXTOBEHRALHEEDLE

BY4X | 7—48| 48| @OME TR DEKE
/h P | X B e
X HL ) Bu $hiuy

AETIE, T ENLEBDREHALLETNIEG
{E¥BEOFMRERLI-EIC, REMNLZZEL L TH
CFBEZRVLIHED, EBHTIRETNOEFHED
BEICOWTHET 5,

41 EMAEFBLAETLSBHIEETE
LY FOEBSRFIA LT P VRELEREDTF
ML L TICRY
(OHMVESHFRMTO, BEETFVICL AHBROBEE
B
QEBEFNTOERRNICEFR T LHEOEBAOKH
GREEOEEEE M) T L, EFVAELICK 5%
BrRIRBOKE
(OB 7 — 5 OEERNFT S, KRR CZETAYEY
B2 L 2B TR OER

42 BBREMT COREFTE
RELBH T THRILFE 2T HHE. RN LEERE
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WZxt LT, - x v P AEHMIC ISR AT
ZoTWwalaizt &, WOTBRAT COMILFEESGIE
AT O 2 00FEIELLND,

(MWAEY LA

BB L, FEERTBICHIZBRESELFET, &K
MXTI, EARL 2 2MLEE L L CREEMESE
BEAL, 275 -2 ADTRARIET 5, HBEE
ghEL 3, B EERALT L L) ICERMICILED T
IHREEETHFETH S,

QI FETFNAR— AR

TEIIH L. A 74 Y TRET TV R AR, FELL.
FELZREET NI, FEREEX T TCEETS
FETHD, ETNR-AFEOREIE. ETNVFEHL
DEFPYE, AVBETFTVOEERETH A,

AKX T, REFWMERVS, $TFEEEE LTHESR
BEREEH, 33HCTHE L -FELHVTHY 4 Y
TERBRTRE L 225, BREMETHVLEEET
VEDEALT 5. BAEFNR—AFEOREIE. A
LAETFINOERTH A,

43 M{LFBECHIIBWEDET ML

AETIE, FEHR RELER) 2MDPEFIVLIK
EL. MDPX— A DBLEBERZAVAIGEIIOVTH
BT bo ¥¥. MDPL 3. BREEHEREERY 57T
ETFIMALL . BREORBEBHEI —E»2AEL
HETHD, b L. BIEHIMDP % & I THLFEE TR T,
EHI—Tx v M, BOBREERAET BRI
—BIPURTEETH 5, 1B LIREHMDP & 9 fill#id,
REFOLREFBRTERE VD, BoRSERET S
DT, 228 Tl L -HICERENTH L, £2TZD
HwrBoBAEEALTEML 2, BSHEAMDP
(POMDP) &\ 3 D 7 5 A TOLEZ 6D, &
EEDPAHE SN TV S, POMDPZ 5 XA DIRE L.
DFEL—TVx ¥ b OBRAIEDOREIH L THRITH,
DB L 2RI, EORBICH L TREEN.
D2D2THhb, LPL%LAS, POMDPE 7NV OERIL,
FEIA B TRKEVEIZ, BEHLZE TV,
EEOEBRY ) T /AL, LW HEEHD -7,
2%, FrBEUREOEERRN, EORBIIFLT
HRRICEELREL TS 2OIZ, FFEIR FITKE
(L L2 2EAR BT 2BELHSOBEREND
ELFALVDOTH D, £Z T, AR T, RETR
BEHEZEOFLVRED, S AL EAT 5,

44 EBBEERIMOPICE S BEEEHDOETET L
AT, FEL -T2V b HHRT, RIBEEHNS

Wiy (R7 v 7K 2BBLEZLEEL-LT, &Y
LZREOETNMLE LT, BEEBIMDP (Transitionally
Observable MDP) % %4 5, TOMDP & POMDP & @
FEHE. BB THD, —HFHEEDEVIT,
POMDP p*BIJlIKAE L KOIRE L OMILAKBET L 1M
MLABTOL, TOMDPIZ, B2 O MDP LT
DREEBEROEH LT HETLIHNTH S, B2 2
THET L, dAYPMiIICI— Vv FBEIL - BED
MDPE 7NV %, RH»ITOMDP L ) ETOMDPG) &
T3, REEBH LI, B/BRUI -V Mo T,
BRIATERLEOKEBBPELLZ L TH A, Bl
ML REEBRROLH L L THEN CHETETDH
b, #ZC, EOKEEBR LY. OMDPOER L LTET
WMETHDHBTOMDP TH b, 2F h, REBBHEERD
ZFEISE, BUKBOREEBLRET S, EL., Bh
REFMERTPOBRIBELNLL2VOT, AHHHER
¥ 5250 B3H 5,

T, RIZTOMDP F CORBEB OREEIZ OV TEH
BT 5, OMDP()H V0B L2k, HERAREES
A, Bl L - REBBHEEORRVIN 2 LB » S HET
BThb, o), Bl L -REBBRROBRIICS
\F % Change-Point Problem {2 Jf# S 5o

L. MDPET7NVIZBIT 2 KEEBHERITIITHHD
T, REMICE, 2 TOREEBHEIIHLT, #he
hWEDHEDEERERET ILEND 5,

RO MDP

KBABAE
[ ]
i
Ve

O
e
s Wix

) Ve
& YOoMpy, - T—-S1ibh®

Bz

X2 ZBBIMDPOBE

5 ER

TFRERERL LTI3IETHHELZRBEBEREROHEEE
HAXTCOBHRAEEHERIIOVTARRS, BRI,
BELLTOMDPEF IHOHLIKEEBREEL
2000steps Z &SV ¥ VTEE &, EH I -V U bAF
BHL - KEEBOMREOHENL, BEEY A XTH
BRALHEESIE,
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PREBFTCHAREIRES
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BNOY TN

B3 KREEBREROBRNLBERALHEELR

M3 ICREEBREOBRO L BHELRESERETT,
BHALiE, BASF— 05, 10247 —53IT6EY
FRLTVWA, 33MOK 1 TR EH I, B A XA
KEVE, EOBENEE LZXHMTRIELHEE L B8
BEROWZEDEMWNE L L ZRE.,. EHAEOFLWE
~DOPHRENEL LD EFR 5,

6.1 WMELBED ML —FAIMA
EBHOERAVAEFVSEHICBIT2BELBRED b
L—FA 7MEICoVTHERT 5, ST, BELIIH
AHMEOEEN AT BRERE., M L BRI L 2-5atE
DRECHENPLLELET D, F IV E (B4 X) 1
$FAML—FA7OMBIR. FEF— KBS ES
FRVEAIE. KBROBRCE o T, F— s B
L1, MELFEBZEINDA, F— 5 OLBIHT HEE
BN&L B —H, BT yHIEBAERET 5
BPAITE, P BERRTEED LS AT N
T a0T, ¥ LOABROERIMERY X-hwnEni
%,

6.2 PBIEMZE
EEBROZBHSHENEOR MR LTI, BEK
&40 78 T Change-Point Problem[2]& L TER{L & h
TVAHH, BEAMICKBROERIZREL., 7)) ¥ 7
BEBRAOHETORRIERIBRINTNLILEE
P AMED L) IS BOT S I T— TR L
BROCER AL HET 280 %2 7V T) LLARRIR
2\, F70, HIHFTFTHOY AT LADOREFEDOBIZIZ,
RESRD/IT A= DY v v TEFD FHRB40H 5
A, BARMIZNT A - DOEFEEHATELZBEEC.
EOEMFHHBEME DREVLETH Y, FFRD &

I IEDBBYFERBRHA T X 2 VHEREbLR TV R,

7 8hy(C

ARXL T, #£F7— 5 ORI ETCOEB S E AW
T, FHETFNEFHT 2EFFEICOVTRR,
BEAEBTICBVT, FPI -V v Mt o TERA
OBRHBARTEELICOVWTHRRLLT, EHAHKTE
ORPFEEZOVTRRBL., EHTLIREOEFVE L
T, BBBRAMDP 2 RE L 2. ZFEOFILIIET T
WL BEHE, #FaRMOFHE, F 74 Y TORK
EFNVERTHD, §HOBELLT, vy h—Y3a
L= TOREETFNVOSELL. TOMDPE T %H
WL FEEREY FEL TV 5,

#E  Change-Point Problem {ZB8 L THORIRE . A%
FTAFTIEBYRaAY bR LTTF & o772, KRKFEK
FRERTEHARBERFEITRIBERENELZE
HEBY BRI\ RH L 9. MACCO7IZBWV TR LT
ZEBEK, BEFOARB—K. BIFLTFE o728
BEZRIEH#H-LET,

2R

O : REEEA L EOFRy + LoEF|BRERIESET >
AT LICBITHEHME, MACC-97, o6l ILF - L
— v EGHHET - a v S, (1997),http :
/lwww kecl.ntt.co.jp/msrg/macc97/yamaguch.html

[2]Prakasa Rao,B.L.S., Asymptotic Theory of Statistical
Inference,(1987),pp.275-289,[John Wiley & Sons Inc.]

BlEO. tB:=2—9hkvy b= kBvivia
7T % v TEROKBRER, Sl ERH#HESIRT
%, Vol.26,No0.10, (1990) ,pp.1193-1220

MO, tB:=a—=SVky bT—=2kBINTT
Ty y/EBROFE LR, SHHEBMEFRRCE,
Vol.27,No.11,(1991),pp.1296-1301

(GlA#E—ER. HHREFRREIC L 2HEHRIT AP, (1995),
E &34

[6]A#%, Kaelbing : B EBEI~ V2 7REAE T TOM
b8, ALHBE¥4EE, Vol.12,No. 6,(1997),pp.822-
830

[7]Russell,S.,Norvig,P.: Artificial Intelligence,-a modern
approach-,(1995)discusses POMDP in Chapter 17,p.520,
[Prentice-Hall International,Inc.]
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Silver-ion Selective Electrode Based on Silicone-rubber Membrane Modified
Chemically by Thiacrown Ether

Masatoshi OUE, Naomi YOSHINO, Kenji MURASHIMA, Hideo SAWADA
and Keiichi KIMURA

3-(4-Triethoxysilylbutyl)-monothia-16-crown-5 was immobilized on silicone-rubber membranes by
covalent bonding. Silver-ion selective electrode based on silicone-rubber membrane exhibited a
Nernstian response in the Ag* activity range of 10°-102 M with a response time of less than 60 sec.
The neutral-carrier-type Ag* electrode possesses high Ag* selectivities against heavy or transition

metal ions compared with conventional solid-state membrane Ag* electrode.

WERE— £ 4V BIRHERIIEEREICA A+ 2T 5
Za-bFI AR TEHRLADL VU IBGELR
1LFEHA A+ ERETHE, 7992 —FNVRGTF
BEDFF—-BETEEILICL W IsE&R 1 4+ ~ LR
HLVIHRT A DA vV AWM E LT
Cambhn, RYBILYE = VPVC)% BB & ¥ 5 RE -
A4V BRUBEEND 12— SNV X L) T L LTHER
NTWa, P LipLido, TOPVCEBHOMRE -
AV BRUBREERLZECAVWD L, —a— T
Fr )T OEELE ENOBHENBEENE,

CHIZRLT, 22— b hFx )T I-21C
LRI HEHE LYY - VEORBER— 1 4 2%
FHEBRIZ=—2— P LF v TOENPERHE X v
VT7AMLERE L TWAI L THIETEREEZLR
5o 2)-4

FFPIN-EIFT-16-2 59 2-555, 4844 &R
BERMO=—a—bINF ) TELTARS N, BEHE
LTRYERE=ZAMPVOE VLT A, 105102 M
DPA A VEBHMHATHERO AN A MEE
(59mV/decade) ¥ 7R L. FDILEEEMII30BLNTH -

* ZRERBEBRAERAE DEOREFHAH
* % FIRKINAKES A 7T LATHE WEWESRH

f:o 5

ZZTik. B/FT-16-2F 0 5 RXKEREL
“EBESEAT A A - FIAFYYTEEABRL. MY
IThFIYNEEFMER, =2 —FFNF ) TH
YA TACHEERES LR ARL, H
BRI -4 BRUEERE L TORBNIEYE., ER
M. WAL X UBRME R EORB 2T 720

£ B

AE
TEROMEMIER 1 R T -3 F&L AV, LECEL
THRETHMUL,

B

FIMRILA R 27 PV, IRIGBBEFT-IR:FT-300 8, #%
BAStBEIL, 'H-NMR E AR EFHIOMHz:JOEL-
FX90-NMR % . ¥ - Bl I REE i T 3(kk) R
pH/mV X — % —:HM-20E® % 272,

ark

- 70377 evurBYaFLEERE L TG
TFZAN)EIFT16-2 T BREFVN-E)F
7-16-7 5 Y 5DERFEL BRIIFo 7z, O
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B-7Tr=—an)worgEyzFL 2

WXF59.3% ; HH(b.p.64.0-65.5 T/2.5 mmHg) ; IR(KBr)
2985, 2915(C-H) , 1731(C=0) , 1646(C = C) cm™;'H-NMR
(cDCly) 8 1.27(6H,t,CH,), 2.05(4H, m, CH, = CHCH,CH,),
3.35(1H,m,CH(COOE?v),), 4.08-4.32(4H,q,(COOCH,CH,),),
4.94-5.12(2H,m,CH,= CH), 5.63- 6.00(1H,m,CH,=
CHCH,CH,)

23-7TF=4N)13-Tunryyik-n 3

IR 36.8% ; #iH(b.p.87.5-88.0 C/2.5 mmHg) ;IR(KBr)
:3554(0H) , 2940(C-H) , 1646(C = C) , 1038(C-OH) cm;'H-
NMR(CDCI;) ¢ 1.40-2.10(5H,m,CH,= CHCH,CH,CH) ,
3.45(4H,t,CH,OH) , 4.60(2H,s,0H) , 4.90-5.13(2H,m,CH, =
CHCH,CH,) , 5.60-6.00(1H,m,CH, = CHCH,CH,)

4-3-T 724 N)2,6-FFFHAT5 . 1,7-_Bo T
FN 4

INHE61.9% ; RFBBBEBC YAV ; EBEZF IV [ n-
A F 3 =1:3, Rf = 0.42);IR(KBr):2985, 2915(CH),
1754(C = 0), 1631(C =C), 1131(COC) cm'';'H-NMR(CDCl,)
& 1.28(6H,1,COOCH,CH,), 1.46-2.28(5H,m,CH,= CHCH,
CH,CH), 3.55(4H,d,CHCH,0), 4.20(8H,q,CH,CH;,0CH,CO),
4.90-5.08(2H,m,CH, = CHCH,CH,), 5.60-6.04(1H,m,CH, =
CHCH,CH),

5@-7 7 =4 N)37-FA XY/ F19-TVA - 5

IN#H63.1% ; RFEEBA ; IR(KBr):3592(0H), 2920(C-
H), 1615(C =C), 1115(COC), 1054(C~-OH) cm';'"H-NMR
(CDCly) 6 1.20-2.24(5H,m,CH, = CHCH,CH,CH), 3.17
(2H,s,0H), 3.55(12H,q,CH,OCH,CH,OH), 4.90-5.10(2H,m,
CH, = CHCH,CHy,), 5.60-6.04(1H,m,CH, = CHCH,CH,)

5@-7F7=A N)3T-TAFH ) F19-Yp- b LY
ANVF=N 6

IRA42.1% ; RBREEEC VIV EEZF UV -
A FH ¥ =1:1,Rf = 0.42);IR(KBr):3061, 815(aromatic,C-H),
2920(C-H), 1600(C = C), 1100(COC), 1361, 1177(S = O) cm™*
;'H-NMR(CDCl;) é 1.27-2.15(5H,m,CH, = CHCH,CH,CH),
2.44(6H,s,aromatic-CH,), 3.32(4H,d,CHCH,0), 3.57(4H,t,
CHCH,0CH,CH,0), 4.13(8H,t,CHCH,0CH,CH,0), 4.88-
5.08(2H,m,CH, = CHCH,CH,), 5.56-6.00(1H,br,CH, =
CHCH,CH,), 7.32-7.80(4H,q,aromatic)

B-TF=ANVE/FT16-257 5 T
IN#38.0% ; RFHEHE V) HIX N  BEBEIF L n-
A FH 2 =1:4,Rf =0.33);IR(KBr):2923, 2869(C-H),

MELE %345 (199%)

1638(C = C), 1131(C-0-C) cm™;'H-NMR(CDCI,) ¢ 1.30-
2.22(5H,m,CH, = CHCH,CH,CH), 2.83(4H,d,CH,SCH,),

3.49-3.80(16H,m,0CH,), 4.90-5.09(2H,m,CH, = CHCH,CH,),
5.60-6.04(1H,br,CH, = CHCH,CH,;MS:M*(m/e)304; T E 45
H(CsHo50.) B3R 1 C,59.18 %;H,9.27 % : 534711 C,59.02 %;
H,9.10%

3-U-PYVZPEXFTIYVANTFN)E)FT-16-2 7
wv5 8

BREBEr DAL 32075A21I23-FF =4 V)-T/
F7-16-2 5 7 »-5100 mg/0.33 mmol)DBEAK X ¥ (10
m)BEWE AN, BILEER - 6 KHMPW(Q0 mg/1.93 X 107
mmo)DF F Tk FO7 7 Q2 m)EwE. PYrouy
7 (200 mg/1.48 mmol) % M1 X —BH MR L1z. £O
H. N LARRTHERTRIFL SO BEL IR L,
TN, BRI —nEmx., KRG T 20 BRI IER .,
Iy /) —VEREEEL

IR(KBr):2923, 2869(C-H), 1100(C-0-C), 1131(Si-OR)
cm™;'H-NMR(CDCl,) & 0.68 1.00(2H,m,SiCH,CH,CH,CH,
CH), 1.10-1.56(7H,m,SiCH,CH,CH,CH,CH), 1.70-
2.07(9H,q,8i(OCH,CH,),), 2.56-3.04(4H,br,CH,SCH,), 3.27-
4.04(22H,m,Si(OCH,CH,);, OCH,)

EEEOMER

) A—- THE—HBIRTV I LKEATT (7 va—
VE, EBEFETEHR) THAVWTRELE, Y a—
YITREAF I T ATOEEINI miBTHD, BiTiE
EHIRBNIETHLEIVEIUNLT IV F Py LER
WMLz, #0H%, UKLV LIICERL, BlE T
TUVER (Elm, HE08cm) I2EE, HELRAZIC
I EREEELTERRLL,

BB

ER L7z a— Y EERES m ORI .
VERE=VE PVCE NES5m, RE25m) II¥
Ja—rTLREERELTHYMFIT, F¥ A PER
7B, 1 X 102M AgNO KB IC—BR L 72,

BRILEEL
Ag-AgC1/1X102M AgNOy/membrane/HiE #/0.1 M
NH,NO,/4 M KCl/Ag-AgCl

BRI

TAK)BLOETVA) IEEREA 4~ ENHAHE1IM,
FLT,. EBIUBBEEAAVIT]1 X102MABHEE
L7z,
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Scheme 1{23-@- MV MR YN TFN)EFT-
16-7 77 508 EBmE R L. {L&W3DLIAIH,
WEBIATFVORTIZ-CH,OHZELUTH, —EBES
ERBEEN W EFFho 7, MBREGIIEEFRE
FHOWEN, R A A i12EB Ty L — PRIBT
AR 255 H D, MBEEXHFAT LI LT, X hFEIL
EEMFTELY, FERTIHNEOLZAV, 1t4
WBRLEMIN_EHE~. tUruoi 7 &4mE
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Specific Amplification of Gene Fragments of Alanine Racemases
with Degenerate Primers

Yoko OKUBO and Kumio YOKOIGAWA *

Conditions for amplification of gene fragments of alanine racemases from various bacteria was exam-

ined by polymerase chain reaction (PCR) with several degenerate oligonucleotide primers. The primers

were designed based upon the conserved sequences around the Lys*' and His'®® residues of the enzymes

from Bacillus subtilis, Bacillus stearothermophilus, and Salmonella typhimurium. PCR with a pair of

primers designed in due consideration of the cordon usage of these alanine racemase genes was found to

produce a specifically amplified product with a size of approximately 390-base pair from genomic DNA

of Bacillus psychrophilus, Bacillus psychrosaccharolyticus, B. subtilis, B. stearothermophilus,

Enterobacter cloacae, Escherichia coli, Psudomonas fluorescens, and Serratia marcescens, but not from

a bakers'yeast and Aspergillus niger. The gene fragments of alanine racemases are useful for cloning of

the genes to compare the structure of the enzymes as a target for anti-bacterials.

1. Introduction

Alanine racemase (EC 5.1.1.1) catalyzes racemization of L-
and D-alanine, and provides the latter enantiomer for the
construction of the peptidoglycan layer of bacterial cell- walls.
Accordingly, the enzyme has been studied as a target for
antibacterial drugs. In fact, some halogenated derivatives of
D-alanine and phosphoalanine-containing dipeptides were
found to act as antibacterials by blocking the racemization of
L- to D-alanine (1-5). However, the inhibition mechanism
examined with an alanine analogue, (1-aminoethyl)-phospho-
nate (Ala-P), is different between the enzymes from Gram-
positive and Gram-negative bacteria; the enzymes from
Gram-positive bacteria are irreversibly inactivated by Ala-P,
whereas the enzymes from Gram-negative bacteria were
reversible inhibited (6,7). Development of alanine racemase-
directed antibacterials effective to wide varieties of bacteria
requires detailed studies on the chemistry and geometry of

active sites of various alanine racemases.

Alanine racemase is believed to occur widely in bacteria,

and is interesting from'a standpoint of comparative biochem-

*Department of Food Science and Nutrition, Nara Women's

University, Nara 630, Japan

istry. However, the distribution of the enzymes is not studied
in detail. The enzymes from mesophiles, Bacillus subtilis
var. aterrimus (8), Pseudomonas putida (9), Streptococcus
faecalis (5), Staphylococcus aureus (10), Escherichia coli
(11), and Salmonella typhimurium (12,13), and from a ther-
mophile, Bacillus stearothermophilus (14), have been purified
and characterized. We have also purified and characterized
the thermolabile enzyme from a psychrotroph, Pseudomonas
fluorescens (15). Many of these enzymes had to be purified
more than 10,000-fold to homogeneity. Therefore, little pro-
tein was available for their structural works. Most enzymes
from the mesophiles are unclear even in their cofactor
requirement. Cloning and expression of the enzyme genes
from various bacteria are essential for availability of pure
alanine racemases in large quantities, and for their compara-
tive biochemistry.

The four kinds of alanine racemase genes including two
isozyme genes, dadB and alr, of the Sl.typhimurium alanine
racemases were cloned, and their DNA and protein sequences
were analyzed (14,16-19). The four amino acid sequences
predicted from the nucleotide sequences show an identical
octapeptide containing the active-site lysyl residue (19).
However, the structures of active sites of other alanine race-
mases are still unclear.

Isolation of alanine racemase genes from bacteria of wide-
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ly diverged groups would provide useful information for
development of racemase-directed anti-bacterials, compara-
tive biochemistry, and the molecular evolution of the
enzymes. We here describe the amplification of a gene frag-
ment of alanine racemase from various bacteria by poly-
merase chain reaction (PCR) with degenerate oligonucleotide
primers designed on the basis of the conserved amino acid

sequences of alanine racemases.

2. Materials and Methods

Microbe and culture conditions.

Psychrotrophs ((Bacillus psychrophilus ATCC23304,
Bacillus psychrosaccharolyticus ATCC23296, and
Pseudomonas fluorescens TM5-2(15))} were aerobically cul-
tivated at 25°C for 16 h in a medium containing 0.5% meat
extract, 1% polypepton, 0.5% yeast extract, and 0.5% NaCl
(pH7.0). A thermophile (B. stearothermophilus TFO 12550)
was aerobically cultivated at 55C in a medium containing
1.5% polypepton, 0.1% glycerol, 0.01% yeast extract, 0.01%
meat extract, 0.5% NaCl, 0.2% K,HPO,, 0.1% KH,PO,, and
0.01% MgSO, - H,0. Mesophiles (Escherichia coli IM109,
Bacillus subtilis 1FO 3007, Enterobacter cloacae 1FO 3320,
and Serratia marcescens IFO 3052) were cultivated at 30 C
for 18 h in LB medium (1% Tryptone, 0.5% yeast extract,
0.5% NaCl, 1 mM NaOH). Aspergillus niger IFO 4343 and
bakers' yeast (Toyo Jozou Co. Ltd., Tokyo) were cultivated at
28T for 24 h in YPD medium (0.5% yeast extract, 0.5%
peptone, 2% glucose).

Preparation of PCR templates.

Genomic DNAs from bacteria, yeasts, and fungi were pre-
pared as described by Wilson (20), Treco (21), and Specht et
al. (22), respectively, and used as PCR templates.

Primers.

Primers were designed from the two conserved sequences
around the active-site Lys*" and the His'®® residues of ala-
nine racemases from B. subtilis, B. stearothermophilus, and
SL. Typhimurium (FIG.1). These primers were synthesized
and purified by Funakoshi Co. Ltd., Tokyo, Japan.
Amplification of alanine racemase gene fragments.

Routinely, 40 cycles of PCR were performed in a Program
Temp Control System PC-700 (Aster Co., Fukuoka, Japan).
The cycle is composed of denaturation at 94 C for 2 min in
the first cycle and 20 s in all subsequent cycles, annealing at
54 T for 30 s, and extension at 72C for 1.5 min. The stan-
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dard reaction mixture contained 1 xg genomic DNA, 9 mM
Tris-HCI (pH8.4), 1.5mM MgCl,, 250 pmol of each primer,
10 nmol of each dNTP (deoxyribonucleoside triphosphate),
and 1.25 units of Tag DNA polymerase (Perkin-Elmer/Cetus)
in a final volume of 50 1. The resulting PCR products were
electrophoresed in 3.5% NuSieve GTG agarose (FMC
Bioproducts, Rockland, ME), stained with ethidium bromide,
and photographed under ultraviolet light.

Labeling of the gene fragment.

The digoxigenin-labeled gene fragments of alanine race-
mases were prepared by PCR under the conditions described
above except that genomic DNA and dNTP were replaced
with 10 ng of the PCR product and DIG-DNA labeling mix-
ture (Boehringer Mannheim), respectively.

Hybridization and detection.

Hybridization and chemiluminescent detection were carried
out with DIG Luminescent Detection Kit (Boehringer
Mannheim). Cell lysates (1-3 4 ¢) were spotted on a Hybond-
N+ membrane (Amersham). The membrane was placed for 20
min on Whatman 3 MM paper wet with 0.4 N NaOH, then
washed with 75 mM citrate buffer containing 0.75 M NaCl
(pH 7.0). The membranes were prehybridized at 42 C for 2 h
in hybridization buffer containing 5 X SSC, 2% blocking
reagent, 0.1% N-lauroylsarcosine, 0.02% SDS, and 50% for-
mamide. The membranes were transferred to fresh hybridiza-
tion buffer containing 500 pg/ml of the heat-denatured probe,
then incubated at 42°C for 16 h. Subsequently, the mem-
branes were rinsed twice at room temperature in 2 X SSC
containing 0.1% SDS, then washed at 68 C In 0.1 X SSC
containing 0.1% SDS. Incubation of the membrane with a
conjugate of anti-digoxigenin antibody and alkaline phos-
phatase was done according to the manufacturer's recom-
mendation (Boehringer Mannheim). X-ray films exposed to
chemiluminescence that was produced by reaction of alkaline
phosphatase with Lumigen PPD on the membranes were pho-

tographed.

3. Results

Amplification of gene fragments of alanine racemases.
The nucleotide sequences of the primers used are outlined
In FIG.1A, and the conserved sequences of alanine racemases

used for the design of the primers are depicted In FIG.1B.
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(A)
(Primer Al) (Primer CIR)
5 -AAIGCIAAIGCITAIGGICAIGG-3' 3 -GTAAAACGITTICGICT-5
G G GC
G
(Primer A2) (Primer C2R)
5" - AAMGCTAATGCTTATGGTCA-3" 3’ -GTAAAACGATTACGACT -5
GACACA G G CGCC C
G G G GG G
C C C TTT
(Primer A3) (Primer C3R)
5 - AMAGCAAACGCCTATGGACA- 3’ 3" - GTAAAACGITTICGGCT -5
C TCC G C
G G G
T T
(B)
4
- - -MAVEEANAYGHGDA - - - - - - B. subtilis
- -MAVVEANAYGHGDV ---B. stearothermophilus
- - -NSVVEANAYGHGIE- - - - - -S1. typhimurium dadB
- --VAVVEANAYGHGLL - S, typhimurium alr
* EEREERRS

FIG.1.Primers used for amplification of alanine racemases (A)
and the conserved sequences of the enzymes around Lys*' and
His'® residues (B) . The sequences used for design of the pri-
mers are underlined. Residue numbers are given as reported
by Tanizawa et al (19) ; the single-letter amino acid code is
used. Identical residues (*) among the four sequences of the

enzymes are shown below.

With these primers and genomic DNA of B. psychrophilus
as a template, we examined the conditions for specific ampli-
fication of a gene fragment of alanine racemase by PCR. The
size of the amplified product Is predicted to be about 390 bp
as judged from the distance between the two regions used
for design of primers. Therefore, various combinations of
the sense primer (A1,A2, and A3) and the antisense primer
(C1R,C2R, and C3R) were employed in the PCR to amplify
the about 390-base pair (bp) DNA fragment. PCR with
primers A3 and C3R, which are designed considering the
codon usage of alanine racemase genes, produced a specifi-
cally amplified product with a size of about 390 bp, although
PCR with other pairs of primers yielded no product or non-
specifically amplified products (F1G.2). When other genomic
DNAs from E. cloacae, B. psychrosaccharolyticus, and E.
coli were used as the templates, about 390 bp of DNA frag-
ments were also specifically amplified under the same condi-
tions. (FIG.3). Thus, PCR with primers A3 and C3R pro-
duced a specifically amplified product irrespective of the

species of bacteria used for preparation of template DNAs.

(bp) : -
13531;;7 o S

1078 /
872
603

4% ABCDEF
F1G.2 Effect of primer species on the specific amplification of a

gene fragment of alanine racemase.
A X174/Hae |ll digest;B, PCR with Al and CIR; C, PCR with
AZ and CIR; D, PCR with Al and CZ2R; E, PCR with A2 and
CZ2R; and F, PCR with A3 and C3R.

(bp)
1353

194 A B CD E

FIG.3. PCR products from genomic DNAs of B. psy-
chrophilus (lane B), B. psychrosaccharolyticus (lane C),E.
cloacae (1ane D), and E. coli (lane E).

Lane A is a marker DNA (X174/Hae lll digest).

When the amplified products were labeled with digoxigenin
as described above, each labeled probe was hybridized with
the genomic DNA from the respective bacterium (data not
shown). These results suggest that each PCR product is a
gene fragment of alanine racemase from the respective bac-
terium.

Amplification of about 390 bp DNA fragment from eukaryotes
and prokaryotes.

The generality of this approach to amplify alanine race-
mase gene fragments was examined with genomic DNAs
from eukaryotes and prokaryotes.

As shown in F1G.4, about 390 bp DNA fragments were
amplified as the major product by this PCR irrespective of the
species of bacteria. However, no PCR product was ampli-
fied from genomic DNAs of eukaryotes (bakers' yeast and A.

niger).
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=—390 bp

A BCDETFGH

FIG.4 Amplification of about 390 bp of DNA fragments from
eukaryotes and prokaryotes.

A and H, X174/Hae lll digest; B, amplification from bakers'
yeast; C; amplification from A. niger; D, amplification from B.
subtilis, E, amplification from P. fluorescens; F, amplification
from B. stearothermophilus; and G, amplification from S.

marcescens.

4. Discussion

We designed several degenerate primers on the basis of the
conserved sequences of the enzymes for amplification of
gene fragments of alanine racemases from genomic DNA of
bacteria. Although the enzymes from B. subtilis, Sl.
typhimurium, and B. stearothermophilus have 9-10 conserved
regions distributed evenly in their entire sequences (19), we
chose the region around the Lys*' and His'®® residues for the
design of the primers, because of the length of continuous
sequence of conserved residues and the minimization of the
degeneracy. PCR with a combination of primers (A3 and
C3R) designed considering the codon usage of alanine race-
mase genes was found to produce a specifically amplified
product from B. psychrophilus. Primer Al containing large
numbers of inosine molecules and primer C2ZR with high
degeneracy were unsuitable for specific amplification of the
gene fragment.

Amplified products with the same size were also obtained
by the PCR method from other bacteria (FIG.3,4). Our PCR
method is probably useful for amplification of the gene frag-
ments of alanine racemases from various bacteria.

No product was amplified from genomic DNAs of eukary-
otes by the PCR method. Although the amplification from
cDNA of the eukaryotes was not examined, these results con-
sist with the general acceptance that alanine racemase is a
typical prokaryotic enzyme. However, a cyclosporin-produc-
ing fungus was recently reported to have alanine racemase for
biosyntheses of the cyclic undecapeptide (23). The amplifi-

cation of the gene fragments of alanine racemases from

MRELE H345 (1998)

genomic DNAs and cDNA of various organisms is interesting
from a standpoint of the distribution of the enzyme gene.
We here described the amplification of gene fragments of
alanine racemases with degenerate primers. The gene frag-
ments of alanine racemases are probably useful for cloning of
the genes. Our PCR method is also useful for examination in

the distribution of the gene.
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Hydrodynamics of Three Phase Bubble Columns
Containing Large Particles with Low Density

117

Mikio KAWAGOE, Tomonari TANAKA, Ken-ichi HAYASHI and Takayuki IGUCHI

Flow pattern and gas holdup in gas-liquid-solid bubble columns containing large particles with low density were inves-

tigated. Two flow patterns, floating region and fixed bed region, were found. In the floating region particles were suspened

in liquid, and in the fixed bed region particles formed packed bed at the bottom of the column. Transition from floating to

fixed bed regions occured when the ratio of particle diameter to column one was between 0.2 and 0.26. The boundary

between the two regions was not affected by the particle holdup, except for at low particle holdups. No effects of gas flow

rate on the boundary were found in this experimental range. In the fixed bed region, gas holdups were found to be larger than

those for air-water system for particles of 37 mm in diameter, while gas holdups were lower than those for air-water system

for particles of 20 mm in diameter and column diameter of 61 mm. In the floating region, the gas holdup was almost equal

to or larger than that for the air-water system. Coalescence and breakup of bubbles in the fixed bed region were discussed

based on the simple two-layer model.
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Fig.1 Diameter and density of solid particles used in this

work and in the previous investigations
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1. EREBRUFGE

EREEB OB Fig. 2127 Lz, AVnKiagids
BEDRRLZBETH ), FASEBFISIREA
oo R, &, RULILKORON (free area) %
Table 1R L 72, ERIIBEES T, BR-KEKRTIT-
Too WARWELVWEZOBHEREHIZETImE L7

AW FRPRSIAFy 7RRTH Y, hEEEK
Tz l, PICATF Y VAR ERIEAL THhHEY RE
L7zo W FOFM%E Table 21278 T eppld HAE
WS HVEE, BIbBE-—BERONTFF-—IVFT v 7 TH
5,

FITNARATICE )RR Z |/Y L TE5MER
HBHXHEL, TAK—WVFT7 v 7 eq (= (Hi-Hp)
Mp) EH L7, HiR10EHRE L TR EOTHEE
L7

2. RBRERRURG

21 HFOREHIKE

HHBBIZLL, NFORBIZIAN L T2EED
bo —2id, ETONTFIFEL TN FRERRE
(Floating) T& 5%, ) —2it, BERINTEER ¢
By % EEREFIRE (Fixed-bed) TH5, EER DK
Fid. BEBLBONTZEBRL, HOWERKIIL->T
BEICEESI, BERE LTV idhol, BER L
DR TILREIREICD - 720 RFEAVN SV (RrfE 20mn)
BEIREABL <. HFENFREY (RE37m)
BEITiE 2 ~ 3WMORFDAIPREL Tz,

Table1l Dimensions of bubble columns used

Diameter Height Free area Superficial air
[cm] [cm] [%] velocity [cm/s]
6.1 200 0.752 0.29~4.6

10.0 150 0.070 0.11~3.6
14.0 200 0.755 0.64~6.9:

Table 2 Solid particles used in this study

Diameter Density Settling velocity €po
[cm] (kg/ni] [cm/s] [
10 1011 6.51 0.013~0.22
20 1008 8.07 0.053~0.43
30 1008 10.85 0.067~0.34

*) epo : particle holdup without gas flow

Rotameter
o
Digital camera
o
[ ]
lvO
[ ]
Bubble 7 Bypass
1o | %
Solid particle %
o o Valve
KR |
X Compressor

Fig. 2 Experimental setup
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Fig. 3 Flow diagram of solid particles in the bubble columns
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B LB LR DORRITION S, KERIIED
HEWEETITOA T 2EESOMBELHVT, FE
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Fig. 4 Gas holdups in the bubble column for D/D; = 0.2
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Fig. 5 Gas holdups in the bubble column for DY/D; =0.164
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Fig.6 Gas holdups in the bubble column for D/D; = 0.1
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Fig. 7 Gas holdups in the bubble column for Dy/D; = (.328

PRN G P72 bDEEEINE, —F., £EH°100m
DHEII, HFILL2FBOTROFVFEEEL ) O E
Bl HAE=LV Ty 7HEmMLAZb DL
E2 N5, FFE20m OHBAITIE, 10m OFEIT LS
BHBEFREL VIO, HAK— VT v 7 idk—2
SRDBELFREEDLL oz DL BbN S,
PEDHRD G, ZBEROFTAF— N FT v 7 egld
K-—ZRAOEFNERMUD, HAVIEEFRL LIRS T
EHFI; o1,

24 BEEMATHEEDHIXFE-IN KT VT

Fig. TIZH T Dp " 20mn, #EZF Dy 61m O 35 &
(Dp/D;=0328) D eg®RLTzo eghd. ughimd/haEw
3m/s DIFE. K—BRROERE T 2H ugh'7
m/s A ETRAK-ZFRROBAEL D ONS LR, BE
RATRADEERIRI oTVWAIEERBEL TV,
EEI00m, B FE37m (Dy/D;=037) DFig. 8D
&, RUEZE140m. ¥ FE37m (D/D;=0.264) DFig.
IDBEITIE, el dKRDBELIVOIREL R H>TSH
D, BEBATSEOTERMEEIRTVEEEZLR
Do 7212l egk epold B HBIBAGRIZIZ 2 { $HRE:
BEETRLTWS, BlZIE, Fig. 8DHE. egld. ep?t
027N T Tld epo & FITIEMT 2%, eppD0.33LL LTI
IR LTwA,

DE#do, BEBRTORBDEER. TRIIIKNFE
CEEVEECEBLTWA I LS HEXND,

3. BIEMAIICH T3 RIADEE

EERKFRBTIE, BEOEER. BROXEE.

————— T ————r—r

Column dia, = 100
Particle dia. = 37 mm

10°'F

-1

[

Solid free

(&) e ——————
w Keys €39
-2 —_— 0
10 F— ?
O  0.0675 ]
0 0.1351
| O 0.2026
A 0.2700
v 0.3377
A PR P | " A U R S Y
10°3 10°2 10-1
ug [m/s]

Fig. 8 Gas holdups in the bubble column for Dy/D; = 0.37
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Fig. 9 Gas holdups in the bubble column for D/D; =0.264
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Fig.10 Two-layer model in fixed-bed region
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Fig.14 Coalescence region of bubbles in the fixed bed
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77 VARBORERE 1

wE B
The Decision Problem for Fuzzy Algebras II

Kenichi ARAGANE

L. A. Zadeh i2: Y MA SN 77 VAL (BB A EAFEA*ETCOHBEICEE R THBLALRAK
%287 7 P4 B (Kleene algebra ERIL) (1], [4D) TH 2. ThEeEBHIZEE:, R(E -4 MictsE
KRR GFA 2 Ex2 5. (1] TiX, 7vO7 N TY) XA (Wang's algorithm) (2 X 5 FEZHWVT, GFA ©
cut BEEBRZIABL, 77 VARBIIHT 2REHEOEENRIEX 527, R XL TIE, G. Gentzen N
FHERLBDEY, GFA O cut BREEBEOEHEZTS. ThiZX Y, subformula property & AKAICE L
HEDOLDTHE “BRAIT— FOBRK” 2E-T, 77 VARBUCHT 2 EEOEEHBRL S5 2 5.

1. 727 D14 REOKICEL 3HABER GFA

(E#%1) (7— FoEH)

(1) EHO1WR7—-FThH3.

2 B D1 D2ttt VDt X7 —-VrFThHa.

(3) x&ydMI7—FDE& xAy, xVy, "xid7—-FTh5s.

() BED (1), (2, G)ICLoTHREINLEFFIDANT—FTHS.

T—FeEngEs A LBVT, NOE#2D F1 ~ FIO° ¥R I2LE, A %77 V1% (Kleene algebra &
RUL) L&U, FA L%, 250, FAWR, BACOLRRT 12 OFBRRT2ETERLEF - BNV H L)
—AEEWARBROIETH S, 3, 77 VAL, RTEBRBEAAIREX <kfH-oTNOoER1DLS
WEHTAILLTEL, 7)) - ABEEZLRVRBREF - EVF O RBGEE77 V(4B EFRL)THY, o h
KOVWTOREMBEORENRRIZ, Bl THELXLATVA.

(E#2) KRE -7 oEH)

77— FOERFIZEF) S TRIXFETD, A BETRY. 7—- FOBERY a,a, 2T, L, b, b, xAETHEE,
FA TORERX g A ANa,< bV VhER(V—7 ) TATET. 7273L, THEDELE(I=(0LE),
1< b VerVb blL, A=0DE XL, aAANa,<0 tT5H, T=A=0 OPBIZER W,

ZnkE, [Nl TEHRENL77 JARBEERNICABES, RICL2BXNE% GFA 2RO CEHTS. X
D GFA 25 6 2DEERBEAI (0V, =), (=A), (0A=), (=V) EROIBRVWTLLOKREFEMETH S,
IhHid, ARXDOERS (cur REEE) LW T20FKILRER S, 72, 4] TE, HBR(B4) Dhb Y
FREFMELERZHR (0—), (=) 2EXTWVAE. Z2Tid, B REXLZENAILL cur BEEREIEHT
LLECLEELRS.
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(E#3) (GFA DEH)

(1] #&s%
(Bl) a—a (B2) 0—A (B3) T—1 (B4) a,7a—b,—b
(2] #ERHEA
() HEE B3 2 HERHA .
r—A r—A
o t=a 7 Toaa W
a,a, I' >A '—Aa,a
a, T—A (e=) T—A,a (=e)
I;man»A( ) P*%mhAz()
T,b,a I,—~A ¢ T—A,ba B, ¢
I''—A,a a, I'y2—™A, (cut)
(Q)RHEIL T I T 2 H#RHA ©
a,I'=A b IT—A
aAhF*A(Arﬁ aAbT—a o)
T—A,a T—A,b
T=a.ave VY T=a.avy V2
a,T—=A b T—A T—A,a T—A,b
aVb T V™) T—A,alb (=)
r—A

27L, T #a,a, PEE Tk a, -, "a XL, I'= dotxil—-Ir=0t45.

a, I'—A '—A,a
_‘_'G,F_’A (_| _’) F—»A’ﬂﬂa (_’ )
—a, I'—A (= V. —) -, I'—A (==V,)
—@Vvbh), T —A 1 —(@Vb),I'—A 2
'—A, a r—=A, b
r—a,~@rp TN T=R, @A TN
—gq, A —p,T'—A '—=A,7a T'—A,7b
—@AR, T—a (A7) T—2, @Vb) (==V)

RHEBSOHEAIII Y EHFRUOTRIZFTH/ZIZBEHNDLT—F aAb, aVh REEET—-FLEIA

(E%&4) (FOER)
A T —A »° GFA CiEBWEECTHAH L &, GFAFT—A &KL,

ZOEE, [1] LFEBIZLT FA L GFA PEENICEETH A LHPH D ILD.
E#1) aa,,a,b b, b #7—FETHEE, ROZEHFEYULD.
(1) a< b » FA THY D% 5T GFAla — b
(2) GFAV-ay, *+,a,—> by, >, b, B 5 a) A" ANa,< b VV b, FA THKYILD.
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2. BORRA

G158 (cut rule) & [T % K D HFRRAN GROHRA (mix rule)) £ E 2 5.
(E#S5) (ROBH (mix rule) DEHR)
r-A s—1I

T, S*—A* I (x)

ZRL, x ZBT-FEXUY, S,A05 x BT RTHYBRW DR FRERSH A* LT 5.

(E#%6) (GFA*DEH)
GFADYIORA L BOBANTEEM 2 7-46%% GFA+ LT3,
GFA* = GFA — (cut) + (mix)

BlEERIZLT, RO EIFED LD,
(E®2)
GFAFT—A & GFA*FT—A

3. GFA* TOHR

(E#7) (GFA* DE#H)
GFADSYIOHAIZ T Y BBV 7462 % GFA* £ T 5.
GFA* = GFA — (cut) = GFA* — (mix)

B] LT, ROZENFBEYID. Thid, cut BEEBOEHICAHVONE GFA* THOEELERTH 5.

(EH®3)

(A) GFA*-T—A =—= GFA*-[T]—[A]

(B) GFA* T —A =—= GFA*+[—-A]—[-T]

72220, 7 FOEBRPIT OPizdhsd - x OBNOT—FELT x CREARIT T »o8@560500% [T] &
&5, "~ x OO DR ENT T THY, [ x]=mmx BT,
<REHD
GFA* FT—A LT 5. T—A D GFA* COFEHE P OR S (LR TV AERBRAOEE) N IOV TORMEIS
Xh (A LB ERAKIRT. ThdbiE, GFA*FT A % F*T—A LB EIZT S,
(Casel) N=0 (oFh I—A MhER) DL i,

(1.1) #R24% (Bl) ok &1k, Ho»Th 3, 0—
(1.2) t&RA (B2) DL &, (A) BHEL»THS, B): =0
[-A]—=—0

(1.3) #X4t (B3) & &, (12) &WxdTh 3.
(14) 3R (B4) DL E, ROIBEHWOHEYEL B,
(14.1) a O—FNBOREELS A — TLVHE EBLEBOBELEL)IE, (o, "dl=a,~a TH 5.
(142) a="c T c O—HFHNAORBEEN - TLVHEEE, [0, ~al=["¢"c="cc TdH5.
(143) a=""¢ OFEE, [, al=[""¢c, "~ cl=¢c,c TH 5.
WFROBED x,—x (F724 —x, x) OBILBHD
(A) F* [a,— a]—=[b, — b] DEL D L.
B) F* [ b, b]l—=["7a a] BERIZEY LD,
(Case2) N>0Dk &,
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T'—A @ GFA* TOIEHK P Dlastrule # R &3 5.

(21) R FWECET 2R ERor s, 0

T—A
OB RG  [T][a]cay, LA
(A) : BRREDRE»S F*[T]—-[A]THY, [TI~[a] (R)
®) AbEOREDS (8 )~[-T] Thy, (g
7272, R EBTL:HERRAIZS T 5.
a, I'—A
22 REN:i—) DLE. m(/\l—ﬁ
(A) I IEMEORED?S * [0, T]-[A] THY,
[a,T]—[A] .
a,[T]-[A] (A=)

alAb, [T]—[A]
BH#o (=) i, blLa=""cOBESIZE, (al=c B BDT (m—=) 2fFoTa T 2LEFHHI L

2ET.
B) I BHEOREPS H* [~A]—=[-T,7a]l TH Y,

(23) R¥(-AN) ok x, [=ha T=ab
T'—A, al\b

(A) : BHEDEREDS F*[T]1—[A, a] 2 F*[T]—[A, b] Thh,
[r]—-[a,a] [T]-=[4,b]
Iri=[ala Iri=[als

[rl—[al,aAb

B) : BMEOREPS H*[—a,2A]—=["T] 52 +*[-b,~A]=["T]ThY,

(=N

[ma,~Al=[-T] [—b,—~A]l=[—T]
i Gl g
—@Ab),[~a]l-[—T]
(24) R (V) L&, (22) LBxTH5.
(25 R (V=) ok &3, (23) LANTH 5.

(26) R (m——) DL A, -8 (———)

(A=)

(A) : (B) KHTARMENREL»S H*[A]—=[-T] YLD,
B): F*["T]=[-=A]li& F*T—A LALTHY, (ACHTIEBMEDERENISEY LD,

@7 R# (m——) s, _HT™8 (=)
—7g, I'—A
(A)  RREOEERPS (o T ]—[a]cay, LLizlal
a,[T]—+[A]

[—a,T] R a[T]ERALTHS.

(B) I’%ﬁ’i?f@ﬁ’;ﬁ?)\% }—* [—|A]—>[—|1" ,—|a] ’C‘é?)’ ............................
[(~Al=[{—T]a

[=T,7~—a]l & [-T], ~a LFELTHA.
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(28) R (———) DEEIF, 27 &EFxThH2
(29) R (Vi—) DL &I, FEMIC (22) LEKICTES.
(2.10) R#® (——V) 0ok &, KEWIC 23) LFEKICTES.
(2.11) R A% (——A) DL EIR, (29) LB THA.
(212) R (A=) Dk &, (210) LB THE.
(REBAR)

4. cut RETEE

EH 32T, GFAY TD cut (mix) REERLIERT 5.
(E84) (cubrEER)
I—A2EEORETHEE, ROZ MR LD,

GFAY T A &= GFA*T—A

CGERD
— HLHTHA.
== !GFAYFT—A &¥5. T—A O GFAY TOFEHEY L2 5/ T, BOICEDLR TS mix ule XROFETH
575,

T2 ® F=§ ®
T,2*—=A%1

(x)

COLE, BR7—FxDRBICEINI2R[BRESOBEB) LBB r 20 TO2EEMETTT, (2], [B]1®
G.GentzenDHE) 22T, EER(T—A)DBERATEIZY—Fr Y FOABICRT — F x 258 L THATWA LS
Y= (EERDEL) 0OBRBEELLELE, TOBEATLOBR KM% rank, £ T 5. FRIC rank, bF 2 T
r=rank,+ rank, £ 5. rank,>1, rank, > 1495 r>2Th5.

BREDREDS, F*T—A »2 F*I—-1 Thh, +*Tr,3*—A%1 Z2REIT I,

(Casel) r=20k %,
(1.1) £E&X (r—A) #* (Bl) D& &,
x—x -1 s—1I
x,2*=1 (x) 1 x,Z¥—
(1.2) ALK (=—=1T) #* (Bl) D& &i, (1.1) LI TES.
0—+A =—1I 0—A%1

H ———
0.3*=A%T () 0,5 =A% 1

(14) =—1 #* (B2) DL E, RO2ODBEIFIITELS,
(14.1) T—A %% (B4) T s— 1 » (B2) Ok &,
I 0=
(0) ix —-=0 RERTE5,

a,7a——0,01

(142) EO#RBA R A (—w) T I~ 2° (B2) DL E,

T (e=) {(c—) EHBTES,

(13) T—A »* (B2) Ok &, IZERTE 3,

a,a—>0,70 0—

a,a— 0,1

r—A
r—+A,0 0—1 I'—A
. 0) i3 =—— ERTES.
r'—A,I (0 r—a,l =

(15 r—A 2 (B3) ok &iX, (14) LRI TEB.
(16) =—10 2 (B3) & &id, (1.3) &ERxHicT& 3,
(1.7) T—A #° (B4) D& &L, ROBEIHITEL S,
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(s)
(1.7.1) b PBRT7—FOE X, a,7a—b,mb Z—1I ®)

a,7a,S*¥—>"p1

r=2X0EER (1) »EX (Bl), (B2), (B3), (BY) THaHhE/d, HRHA s 2 w—), (A=), (V—),
(m==), (m==), (Vim), (A=) DVBTAPTHS.
(1.7.1.1) =— 1 #* (Bl), (B2), (B3) KA, +hth (1.2), (14), (1.6) LALTH 3.
(17.12) =— 1 2% (B4) DBE.

a,a—>b,b b, b—>c,c

b
a,a, " b—>b,c,7c
i, kOIS IIERTCED,
—b—"b 7012 a,a—*c, ¢
a,a, " b—>—"b,c,7¢c a,a, " b—>"b,c,7c

$ p=—b Oy, 207N BiTb T Ly y g mRTE B,

a,"a,b'—"7bc,7c

(L7.13) HOHERRE S 2° (w—) OHE.

S—1
a, " a—b,—b b,s—1 >—1 . A e
a,"a Z—"bl ) & a,"a,2—"b I KRBT 2.
(1.7.14) AOERBRA S (A=) & (V=) DA, (-A), (V) 2ERE-TTO (1717, (1.7.1.8)
LENENEKEHICERICTE S,
(1.715) HO#FHAR S 4 (0——) DOEFA.
S—1 S—=1 ¢ c—a,a
a,a—~>"¢c, ¢ =3 ( ) ‘i"“gs %1§ - 2, 7¢c—~ ]Io’a,_|a (C) l,ga"cg%
&g (-1 =—-¢% e 7Y Tmama(l=lmoe-3) '

(L7.1.6) AOHERMAN S 4 (m~—) DBE.

¢, >—1 a,a—>c,7c¢ ¢, 2—1 ©
“g— e - = — a,7a, 30> i
@tamnnen7ne “redml oy CERTED.
a,—|a,2—>—|—|ﬁc’]:[ a,ﬁa’z—»ﬁﬁﬁc’ﬂ

(1.7.1.7) AO¥RHBAI S » (-Vi—) OBEA.

-, =1 a,a—c,c -, 3— 1 (=)
a, "a——{(cVd), " (cVd) —(cVd),S—~1 a,"a, 3¢l ¢
- (cVd)) i CERTE S,
aa,5———(cVd), I (2 (eva) a,7a, S—cVd, I &R

a,7a, Z— (¢Vd),I
(1.7.1.8) HO#FBA S (-A—) DOBA.
-, =0 —d43Z—1
a, " a—"(cAd),m (cAd) = (cAd), z—1
a,—a,S—(cAd),l

(m(eAd) 1B, RDEITERTES.

a, "a—>c,7¢ -, 2—1 a, "a—d,—d —d,5—1
a, " a,>%—cl (7o) a, " a,>*—d 1
a, 7a,%—cl a, 7a,2—d1
a, a,s,—~cNd 1
a,7a,>—""(cAd),I

(—d)
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(17.2) b BR7—Fok &L, (1.7]) EXENICFBEIZTE S,
(1.8) =— 1 #* (B4) mk &iF, (1.7) LBGHIZTE 5,
(19) EOHRZREIR »° (—w) DL A,

r—A
r-A,x zZ—1 r—-a
. 4 = IR T )
F =T x) & F.a'—a CERTES

(1.10) HOHRBAI S 4 (w—) DL EF, (19) EBFIZTE 2,
(1L11) EOHREBREI R A (—A) DL &L, S (A=) OBEETEEI TV,
r—-A,a I'—Ab a,3—1

I'—A,ab aAb,Z—1
r,z—A, I

I'+A,a a,2—1
*_, A @ .
(anb) i r,z2*—A"1 ERTES,
r,>—A, I

(112) R % (—=V) DL &, SA° (V=) OBFELZTEFEIRITLVA, (L11) LRAICTES,
(113) RH (m—=—) DL i, XOABYDBEGIFITTELS.
(1.13.1) § 2% (—m——) OHKA.

al—A 2—1,a 3—~1I,a mF*A()
a
—A——I g g I—-3 S . T0—=TJ0° A
, , _ : ' CERTE S,
ﬂA’(—1 H)*—» (ﬂl")’."ﬂz ( a) i3 ﬂA’(ﬂ H)*—» (ﬂl")*,ﬂz K& é

(1132) § % (———) DHE.
—g,T—A aZ—1

ﬂA—»ﬂr"ﬂﬂa —1ﬂa,2—>]]
—AZ—~ (oD

(m—a)

Zhit, ROLSCERTES. BUEDORELER3I DL F* [-A]-=[-T)[-—d THY,

[-Al=[-T)[-ad] a,z—1
[-A)zo—[—-TkI

A3~ (7D)NT

(a)

(1.133) $ 4t (—V,~) DHE.
aVbhT—A —g,3—1

—“A—=—T,7{(aVh) —(aVbh),s—1
—AZ— (0T)NT

(—(aVbh))

ChiE, ROXHICERTEL. BREORELERI IS F* [~ T]—=[—-3][~—a] THY,
[mO}—+[—=]aVb aVhT—A

[~ O r—~[-3)A (av)
-A,S— (—-T)%I
(1.134) S 2% (-A—) DBHE.
aANb,T—A —1g,3—01 —bp3—1
—A——T,(aAb) —(aAb),>—1 (= (aAB))

—AZ—~ (D)%

IhiE, ROEICERTEL. BRAEOERELER3IDPS H* [~ D]—=[—3)[—~—d o
F* (- O]=[—-=][—-—b] THDH,
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[~ 0]=[~3}[=—a] [~ T]=[-5][~—b]
[~ O]=[—=]aAb aAb T—A
(- O}ro—{-3]A
[=AL[~[- ST [ () L[=[~1]]
.............. e
(1.14) § % (=) oLk &iF, (1.13) LBz TES.
(115) R A% (»——) DEEE, S (-——) OHELEFEELRITLW,

(anb)

T'—A,a a,>—1
IT—A,7"a - 7g, 31 r—Aa g,3—1
: : - KERTES.
I .S—A.I (m—a) B rsoarg @ E]TED

r,s—A,I
(1.16) R %* (—V) L EiF, §F (0V—) OBFELETEEZRTI N,

r—A,—a T—A b —g3—1 ‘
'—A,7(@Vb —{aVb),2—1 I'=A, —a g1
(@Vb) (aVb) ~ave) i s a3
T, 54,0 T, 3*—A%T
r,s—A,I

(Ta) WEBRTES.

(L17) R# (=2 A) TS (A=) ks, (116) LI TES.
(Case2) r>2mL &,

21) T—A % (B]) & &, (11) LALTHA.

(22) =1 #* (Bl) k&, (21) LPHICTES.

(23) T—A (B2) & &3, (1.3) tHLTH5.

(24) 3—-10 % (B2) Ok &.

I—A (T, 4) ®)
T'—A 0—1I . R,
r—AaA, 0—1 (Fz_’Az 0—1 )
0) — e (0)
1‘1—>(A1)*,II ( ,—( A)*, I ()
r—Aa*1

(25) T—A %% (B3) Ok &iX, (24) LB TES.
(26) 3—1 #* (B3) k&, (23) LBHICTES.
(27) T—A D (B4) ODLEF, ROBEIIHITITEZS.
(271) b PRT—FOLE,
5~ 10,(2,~1) (
a,"a—b, b >—1I
a,"a,3*—>"p1
r>2 INAEER(E->IPERICEEIEREVOT, ROIBEHICFTTELS.
(27.1.1) BOHFHE S 1EE BT 2 ERBEHNOBER, Lo (210) LI,
(2.7.1.2) BEO#FHRE S »*RETLFCHTIHERBRT S FROGAORBRSICHTIHEE, LD (212)
EInsg.
(27.1.3) A#RAR S PROEDLORZHEIESICETLOOTRT—F b FET— FTLRWEHER, HLD (2.14)
ZEIh5.,
(27.14) #HFHA S 2 (A=) Thb=cAdFET—-FOEA.
c,2—1
a,—a—+cAd," {cA\d) cAd,Z— 1
a,7a, S*—>—(cAd),1

S)

(b)

(cA\d)
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Zhit, ROLHICERENS,
a,ma—+cAd," (cA\d) ¢, Z—1
a,a—+c,"¢ a,"a,c,S*—+(cNd),I
a,ma,a,"a, (2*)'—=—c,(cAd),1
a,"a, ¥+, (cAd),I

a,7a,3*—"(cAd),I

(cAd)
(c)

(27.15) GOHERBE S 8¢ (V=) Tb=cVdPET- FORE.
22— d3—1
a,7a—>cVd, " (cVd) cVvd z—1
a a3+ (cVd,I
Zhit, kOXHERTE S,
a,"a—cVd—(cVd c,2—1 cVd)
a,"a—*c,¢ a,"a,c,2*="(cVd,I
a—aaa (2, (cVd), I (©) ,
a,a z*—>"¢(cVd),I a,na,%*+d,~(cVd,I
a,a 33—+ (cVd) ,m(cVd, I
a,0a,2*—+(cVd, I

(27.16) #RBHI S (0—) Thb="c FET7-FOESE, (1715 LXRYIZEALTH5.

(27.1.7) BEOHRRHE] S A (00—) Thb="c 2ET7— FORS.
c,z2—1

a,a—*>" ¢, e ’-|—1€,2—>H

(eVd)

e
a,ﬁa,z*—»—\—\—\c,n ( )

ZHIZRDE S CERT RS, BRAEOERELEEESI»S ¥ [ S ]—[1] THDH,

a,"a—c,7c ["e ][]
a,a [P+ 1]

(c)

(2.7.1.8) #RB/HAI S 2 (0V,—) Thb="(cVd P»ET— FOBEIE, 27.14) EXRMICHABITES.
(2.7.1.9) #RBEI S 3 (A=) Tbhb="(cAd) PXE7—-FOBEEE, (2715) tFRPCRBICTES.
(272) b PRT—FDOEEZ, (271) LARWICEARIZTE S,

(28) =— 10 2f (B4) D& &, (27) LBHIZTES.

(29) EDHRHA R HEE T 2 HEBRAUOBEE, RO BEYICHTTERXS.

(29.1) R 2% (—w) T, xADHEIE, (19) LEALTHAE.

(292) RH (—w) T, xEATHY, x IWICRET—FDBE.

r—a
r—4,x 3—1 r-a s—-0
Fsreang ® ® T opoang W FERTES.
(29.3) £DMHDBE .
T,—A, r—a, s—1I
— (R) (x)
r—A 3—1 r,s*— (a)* I —
re—ann W ¥ Tat—ang (R FERTEZ.

(2.10) BOHERBRH § FHEICHT 2 HRROBEIR, 29) LRHITTES.
(211) ED#GEBE R FROEDORBES ICHT 2 ERBROL &
r,—a (r,—a) r—a z2—1I i (1“2—>A s—1I ())

R
r—+A ®) 3—1 r,3*—A%1 T, 3*—~A%1
r,3*—A%1

x) 1

T,S*A*1 (R) “EBTX5,
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(2.12) HO¥ZBE S FROGAORBESICHT 2 HARBA O L X213, (2.11) LRI TE 2.
(2.13) EOHZBH R PROGAORELSICHT AHABUTRT - F x FET - FThVE X,
I'—A(I'—A,)
r—A (®) S—1
r,s*—>A*1

) i3, FEMIZ 211) LEBICEBRTES.

(2.14) HOHFRRR S PRAOEAORERSICHT HERRAU TR - F x ¥ET7 - FTRWwEER, (213) &R
HICTE B,
(215) R (=A), SH (A=) T x=aAb FET—FOLA,

r—>Aa T—A,b a,>—>1
'—A,alAb Ab Z—1 . N
“F 2*—>A*Ha @Ab) W, RD3EY I TERS.

(2.151) xEA, xESDBE.

I'>A,a aAb,Z—1 I'—-AaAb a,3—1

(a/\b) (aAb)
I,3*=>A* a1 T,a S*=> A% 1 @
a
[,S*T0 (3%)0— (A% %A% 1
r,S*—A%1

(2.152) xEA, xE SDOBRA.

I'—A, Ab,5—1
a a (a/\b)
I,2—A%q, 1 a,2—1
Fyzyzo_’ (A*)O,H(),H
r,=—a%1

(@)

(2153) x& A, xESOPAIL, (2152) EBHIcTE 5.
(216) R 7% (—=V,), S #® (V=) T x=aVbHFET—FDLEZ, (215) LIHTE 5.
(217) R % (=—V), S & (V=) T x="(aVbh) KET—FDLZE,

'r-A,7a I'—A,mb —g,3—1
r—-A,—(@Vvb) = (aVh), -1
“(aVb
LT (m(aVvb))

Ihid (215) EARKRMICFAMKIZITES.
(218) R #F (= A), S# (WA=) Tx="(aAb) FET-FOLER, (217) LRHITES,
CINRHF (0—7) TxHSNET—FDLER, RO4BYOBHEIFTTTERS.
@IOD R A5 (m—>7), $ b (m—7) Tx="a FET- FOBAEE, (L131) LALTHAE.
(2192) R %% (m—=), §%F (m—=) T x=""a FEY - FOBE. RMEORE L EE3 55
H*la, 2 )= (0] THY, Hrals]—~ 1 £ (1132) LREMAMIITES.
(2193) R #5 (m—==), $ % (V=) T x=~(aVh) HFET—~ FOFEEE, (1.133) LAEMNCEEIITES,
(2194) R H (m—=7), S ("A—=) T x="(aAb) FE7T— FOHER, (1L134) EAEMCERIZTE 2.
(2200 § #* (m=7) T A S OET - FOLER, (219) ERHITED.
(221) R (=), S (=) Tr=——aBET—FOLE, BREORELETEI»5,
F*T—[Ala & F*q (2] 1 82 (115) LFEMCAMKTES.
(REFA#)
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5. FADREMHENE

(E#%8) (BHF7-— FOEH)
7—F a OBERFT — FEEOKEE Sa) TEL, ROLI)CBWNICELRT 5.
(1) a PEBRI-EEROL X
S(a)=1atl
(2) a,b BT —FDOLZE
S(aAb)=1{aAbtUS(a) US(b)
S(aVb)={aVbtUS(a) US(b)
S(—a)={—atUs(a)
S(—(aVbh))={—(aVb)US(—a) US(—b) US(aVb)
S(— (aAb))={=(aAb)}US(—a) US(—b) US(aAb)

Bz, 77 VAR (FA) FPRETETHEZ L ERT.
(EHES5) (FA DBRETREH)
a<b ?* FA TRATANEIDERET H-ODEBRNFREIFET 5.
<EEERD
FHE]EEH2LEHRADNS, a<b P FA TRAITHIDEIPEHETH1DICHE GFA* Fa — b PRI THEL L
IPEHETRIT I, GFA* T “BBI 77— FORR” (BRERBMOLROBICHNL 7 - Fik, Lhb 20
RBHOTRECHARL 7 - FOBREA 7 — FOATHELVWINBK) 2/Ho>TVW5E. 5T, a—b O GFA* 2B}
HEHAE P ORICHTL BT —FRTRTa & b OBERBFT—FOATHE. T/, —RIEHEHD 150K
BEL7—-FidE4 68 (MAIC3EI2) RUHHARLZLHILTHILENTES. LoT P OPITHTL 5EEHD
HIROERIARETHS. RLOERBEOREE-T a—b OEHR P FHEET 25 L) HOHBIIHRN
s -3 (W

(GESA#)

REFERENCES

L& &, 77 VARBORENE, ZEREHELESI (1995), 115123,

2. G. Gentzen, Untersuchungen iiber das logische Schlissen, Mathematische Zeitschrift 39 (1935), 176-216.

3K R, 557 7 V-REHORTENE, KREEKXERE BRHEE £885 (1991), 4348.

4., 77 V-KRBHOV - v MIXAER L, KEREEAFRE BRHEE $89%5 (1992), 13-15.
5.L. A. Zadeh, Fuzzy sets, Information and Control 8 (1965), 338-353.



134



ZRIERFHEMER WMRELE $£34%5 (199%8)

135

mEAOERKG (1)

pJ/1E: R S

Teaching English Translation in a Technical College

KAJI Akashi

This paper aims to build up a teaching method in English translation from Japanese. The levels of vocabulary and sen-

tence structures in this report are limited. Due to the fact that vocabulary and sentence structures used here should be

learned in technical college students' junior high school days. The author clarifies one process of translation.

Lo

BEEMEROZECIT. [BEEILT ), BE
XEERTAHE, BABLEEFBLOELY) LBRVEEE
BLTORWEZACHEN DD, FO—20FE LT,
FFEOLYVDHTH, TLbLEEIMTHEO»2EH
Ly EDI LI CEXEMANTHOD, 2FEIEL
TVEWI EFFVDE, KRIIBWTHEL LV,
FANEELICET IMBESIE, HOMRL LS ET
HEEFEBONEFTER, BERETHOLYRTLEAT S
TENTELRVWI LD D, 2ENEALVAEL., [
MBZIZE L] EVI)BXORIIHHL, S Lizd
DERAETTHRBET LI EE2ESIZL LW,

BERFETI—XOLITEEIMELIEDLLI LMD
D25, #FLT, THEHIEDo>TWLDIZO2RTEE
Hol-BEANBIINLDOTH S, 06T £, BERIEM
GhoTVAHEICIE, EELMALAXTLEEDL. T+
FFENDYPD, e, ROBIERTIILY,

COEEIZSVIRREES DR, TOERKIZONT
VWi, [€bDRiy2, BUOHETALWE] B2d
BADEDYD, whiTbFTFFIHD LI BT
TH, BLIEAREIRDOTL £ 9D

— /MBI [BhHEAEV o E 5] pl138

T3, @R, C0—XDEM32HB, (HEH. B
AEF. EH5%HDOTLLY) [HA] 1HeT 5 EHIE
[COEZIZLVRREEo-0}] THD, [BAET)
BT 5 ERE. AICE PN TRV, HoTE

25E, [RiCiR] THB, ZLT. (LI ZOTLLES
Pl [RESXZVOTLEIH] EBVRIETAHT
22y, F0ERY [REM] LHEAPR B, 2B,
[E3%0TLEHId] OMIZHS [BREA] i3, FE
PIRUT HEFERLTA, FHTEEV,

EIAN, EXO—ITBWTEENEDL I LI,
bTWRAZIoALEV, —XOEIZE, —DDEIEL
W) OWEETHE, 23, —XOEKIIBVT, ¥
ICEFEEMrE V) B, EFLHIBICBLELD
THb,

FRTIE, FECBLT, 0L HBAEL-T
WAHEEICHINEREFET IR, EILH LI
59 h AFTIE, BHAEOERIEMEDTHRELZES
ZERHEHMET B,

FDIOIZ, EENIONDRLRET v VD100 E
BEOHERXLEHICEY, BRI HLLIE, TDLHIC
EZXZTHRY., w2 BELLV, FOR3ISPOR
A7 NOMTEMBEL, BERT LB, L0
IMBEENHLOD, FLELFH LR TR,

1. WEROLAXN

EREEE/-BICKkDDLEE, EOLANVETERD
NIFLIVDOTHE)H. CHPLMY EIFHADL ) %
HREOME L EALZHALOERE. HRHEELERT
T HETTH, ERIGAL S, RRA-1) L
L. (88 % [RAANEELATHLEERHI L]
LR T BIRLEBL, ThE2ERTAHILT,
TORMAIRY, FBILLoTHBLRSTVWEILE
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AOTREZVDE, Thbbh, HFELVI) LY HEREICSE
WTOBVIZ EMAZ S L ANUD, HREIETL AL
MET, bH)—2dH%,

ETAHH, WCHLBWRZ R LTARETHS PR
TVEEENFR-TH, FERPHLVWHEAFBCET 0
2 RIS T A HEFERRBANB VO (T, fIE
HREFOTFFEELTCLEII LN DD, 25D L,
HICEXDOHAEIIASETETLE ). FOFERTIL,
FCER WA T 2HAEI VDI L, BRI TE B,

MARMBELZOD, EEIL, MEFHAPEV, LI
Tk hwv, ZEIMEFRFELEE T, KEHALES
A, BMFREZFIZEETILEZ LAV EFE N,
ZIAMEELZ D,

BEODECEXDI L, BLITHAELH - Tt /2
T, RAL RGP THEXMVEORICIEDH S,
A, DIIRELTIELY, TOLHCEEICBEDLES
DI, 2V TVEENKITTW2 Y, KEOBFIHE
THEMENKITTWAEI LIZE B,

FRTE, SVBRIDOIA TR, IV bOFEL
LNdh, KESDIIT, Z2%F/ELV,

—DOD YA Fid, EFETHROIZERL TV LG5I
FEMZEIATTHD, 7277L, 2SO THVLE
BRXENPFRIEMTERELDL LVOLTHES
RTWHE0D, FRLULOEEDLOTHEINLTWVS
DPIEoT, EXOWMBERIRL S, T TIZEEF
HMEFERTAIENGETENRD (F4T71)

bI)—2DFA Tk, BEXOHRFELH LISV HRZ
HTLIZEoT, EXEEXTAHALILETEIATTH
5 (5472) £05 b, BERFICBWTEHLVEZO

HFEEOMIE TEHFBIEH C LVOEEFELEE
HTHBT LA T4 T72-1LF5H, FRIML
T FAT2-2LBEET DD, EXDOBERELK
DBMEDEKR (0F WKL) THY BT, ERIE
B OBELLELE-THAL LI ETEDTH %,

EZTEXIZBENT [0 L ) ZWEkIIRNT
bhwvl EHE, 2—1LAXLVTE [FDL5 LT
HAEHL,L L] LBRTLDOIIHLT, 22
LARVTR [FDL ) RTEESD D] L) 50 I
Fds. EXTIEZTWE [Vrok Lz, 50b
LiZnwl, ZudhdLliiwn] tn), idoxhLE
W ZWERBIE. 2 - 2 LAV T S Al
ED%B R,

B, BAIELT, 4 71b, #1472, hEK
SEML LVOHERTIELBRAL LTEXLHBTVRL
Thb, COL)BBRZRTF-EFBOBRER TIL.
EXL LTOMBEIL. Kodd LAkn, 7225 724

[

MRELE £345 (199)

EADBRZMABLVBMADFEI L2233 LR
RL. RRTELI LY, DERIEBOEEL¥URK
Dol HBIIRKOONLEENNTHLE, EHEIE
2 Bo

»
g‘l’l
%IIJI

Nr—=xA

B3¢
HEANIBLEHREVWIDOEXNTL2OMWGFETH
5, LPLEXTHANEIARBRELDOTHL, BT S
ANIEHL TR Z5Y, BRI A2HRICEBL TR
LHWVEVIEIXRFETHDTHA ) D%
(T2 2BERCTHI, BLERDP-BTHILZELT
HBHITT7,)

—IAMEIL [HETO Y v 713 k5] (232)

HARA-1
The Japanese like to distinguish love from respect. This
idea seems to be strange. Could it be possible we should
not respect someone we love or should we not have affec-

tion for the one we respect?

HRA—2
The Japanese often think that loving someone and thinking
someone is important, are different. This idea is strange to
me. Shouldn't we look up to people while we love them?
We must not love someone just because we think that per-

son is great?

FEXid3, —RLAEZA, PRYFRLIZCN, &
. PR Y BRVMROLLETHL7:0TH 5,
T, EXOXRERL VI XDk, FLITONT,
ERLRTVHEARBICET I L 2R A5, TOB. TJH
&Y, EXOBBLAEPT L IICEZTHE,

IT(EREVIODIEVIERTH LA, Thid
[E8k] D—FETVW\EAL S, EHFR[FLERIOMEFIC
O2VT [~EWnHIbD] LFEoTWEELTH, ZD
[~&n) bDiL] IIHFELELADT, ERICEN=2
FTUVAREZ AT R, ELBLNVAETHLEEX S,
SWT [RHIT5] L) EHRTHLH, ZDODEZ
b b,

% ¥ —id “distinguish A from B” &\ REEFIHT
bo Chid, BEHEBEICHTYS, ToE [FLik
¥RATAE] LEVEYS, ThbL[HEAAR, BLE

S 9
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WEEXTHADPFETHA L)X EER D, [HF
&TH5Did “liketo” ZfFEV . “The Japanese like to distin-
guish love from respect.” & RRA—1ICTET,

LA L. B8 (respect) &\ ) HEEZHS RV AEEIZY
Rz, £2T. [EE] OROERBLER TH D,

7= & 2 ¥, Hornby & D&% “Idiomatic and Syntactic
English Dictionary” “Ci3 respect % pay attention to b L < iZ
bear in mind & S8 L TV 5 %%, attention X bear & V3 B
BIIEHEEICE ST, ZLAIICWVL, TRIBEBTS
Vi, 22T, RELVWHAEICEBE RIS L, k2
WHZ9%d, [MAANEELATHHEEZ L], T4
bbb, WAACHLTEELLE ) 2 LHFHBEMICRE
BIalwiz b2y Eiihd, £2T 85 %
[~IIBETHLEEZAZE]| W) EWTERVWTE
BIAZ¢0CEL, &HIZEAWE, FHTAHEIEIT
BEPED, BREAFRDPOHT(ZODTHSL Z EHF
VEN, [~£25] b [~bEETHS] bHERTE
AEHETHD, Thbb, [~E25] 2@HERAELANT
[~Zx25Zk) ERTHMICEEETED, 2206 [
% %*. thinking someone is important & 33 H a2 $FM4
THZEHTES,

RIIXBTAIEVIBFATH LA, FEEICE ST
BLHEAANDZ L, BEEOHRETH - T b distinguish
EVIBFIIBEVWRFERII(WERDNS, F2C, B
2. [ALBLIZR%LA] ERRLEL, 20 [H5
AEBTHILERAANRERLELEZLILIZRLS)
EamLiz,

—~XEHOBRBEDHFD [~DIHFETHAH] 2oV T
i, [~H5F& ] 2—HEDT, [IFERLELLIL
RLITLIET 2 e Bz 3, o), 22 CRIES
PHEIITHIEVWIZELTH A, _

AETO—XEbPYRTVEAREICTEDDE, X
NDEHWhb, [BEAND, BAIAEETHILERLA
YEWMTAILRBRES, LLELIEERS] &, £N
FERTHEKRND L )24 B, The Japanese often think
that loving someone and thinking someone is important are
different. (AFRA~2)

E_XBEAL, [£2TAHANT] OHHFTHE5 T
REZTHDEHD, £V EEXTHALZIBRAHNE
EEHMEERFITAEZFICOWTTHD, FHIZON
TAAPEZEZDHSOHT, Lo TWEDTH S,

LirL., [7hds] £2 2005, BXDBARETIIH
BIZoTWRWE®D, TZTHE _XNDEXDEEY
[A4] Tid%Bd, A4DREFLLTO [#] LEx
b, Thbb, [fid, B—XDEXIIOVWTEZEDHS
53] LBIRT A, FLT. S2 Tk, ELIXTTHT.

[CnFEZR] LEX BT EIZT S,

F_NBE [FEBRTHD| II2oVWT, HEFTAHATY
e SITHELNTVAIRBRE]Z, HFL Lo
EDLDTIR RV, SROBEZX T, BEZXORER
DHBEZELIZKAL TS, B=EX LD H5
FABNL DR, BXHRS [FP772] Lh[RENE
W] WS HORRLTH L, TIrLEHIIIARER]
[ THH | EMRLEBL,

E-XoEXEEII, wA I, [COZBXIZDOWTIE,
RRFYTHE] EVIBEXCELHEDHOT
& %, This idea is strange to me. %2 ., RRA—1Tid,
(BB THLLHICRIE] DEITRENO=2T VA
2MAZTHiz

E=YB%*FL, TOXTIE. [FXNXRY LD &
HYVZBHDES) D | ERMERITPITITVWS, B0
. BVWEL-LHET, THREOEEELRIIELTY
LHLLMRTEDL, 2F ), ZORM»P O, THEES
ZVWOTE VWD, EWIEXDEIANRZENDTHA,

L2L, EXET, BfE2boT [FXdY 22w
EFoTwabiITREV, ENTEEMIIRLTWS
DY, ROBEOILODOL, [Tz BEETHN, T
BT AL EoTHh IR (TRIZEEIC
£2,) THob, L IZROXDHE [~Thh] »o%
ERF 350 LA nwI 2 RTREEN =27 ¥
A ELTHBHFAOBEIL LAV OTHE, 2F D
[ChAPOBRHZ &3, KYICTREZDESLI ] &
VI BERERICTS BRRA-D, 7% REEEED
CENBLVWERLEAEEDVDZES), F0L) Ll
B, IIDZaTVARENTEIVERD) BRRA-2),

BT, [Hhxo2kid, V25072554 LEX
PRRTVWAEAREIR, [BTH2AIEHL TIE6%]
EVIHIARLTERT A2HRICIBL TR 262w
INBLOEEDE ) ICAh b, —RThiIkLELL:
N, ALEE2E>TWV2,

EIAH, ELOBEAVELHERELEEZRFT L LN
IE—XDOLEFHOEIL. [BETHEVI LER
THEVWIZ L LR, COE=XDOHFTLEITRET
HHLEHIEZDL, 2ELL, F—XLIOE=XD
FL—2DEEOEPTCRRLNTVAEIEERLTH
b,

2%h, EHI, EXPREMERTPITTVWIARE
ZODFNI L ELTHRRT S, Bvnikid e, [[FT
HANIEHLTRE52V]HHWIE[EET H3RICIZ
BRLTRE26LV]] EnIFE L, BXHMO2T
TWHENTH b,

FRTIR, BEXOBAREBICBVWTRMESATVWARN
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BERTHD, ZOORBL DI, [~LTiREL%V]
TLHLLBRATWS, £ZTEZX HNDHKREIL, must
not 3 & U'should not T&H 5, must not B[ ~§5Z & &%t
L TWwA |E®REERTOICHL ., should notid, [~F X
ETiEhv]En)FEREET, must &shouldE DD
IZi. obligation (FHEHEH)E V) HICBVWTHAEN S S,
L»L, TZCSwan (1980) 2L 5 Z0OKRHDED
NBERDERE R THIZV,

T, mustDFNETH 5B,

Generally, when must is used, the obligation comes from

the speaker as in the two examples.

I really must stop smoking.
You must be here by 8 o'clock at the latest.

If we talk about or report an obligation that comes from
‘outside’  (a regulation, or an order from somebody else,

for example) must is possible, but have to is more common.
I have to work from 9.00a.m. till 5.00p.m.(394)

2 OHBRICTIHEESNZNICLA, FLFEEEVE
BTLELRTRERLRVEEZ ZRIEDRLD
. must TH 5,

FHAIH L Cshould DBV EIX, SO XD ICHREBLT
Hb,

Should and ought to are used to express obligation and
duty, to give advice, and in general to say what we think it
is right or good for people to do. -** In most cases, both
should and ought to can be used with more or less the same
meaning. There is, however, a very slight difference. When
we use should, we give our own subjective opinion; ought
to has a rather more objective force, and is used when we
are talking about laws, duties and regulations (or when we
want to make our opinion sound as strong as a duty or law).

(550)

2F Y, shouldit, [NA4XHBHI L% THOIE, B
TR v ELFOMRERALBIES bOT
H5s,

BT, AXIIR-TADE, [A§ZELI D] &, BEX
BEZTWIARIL (BB THDH] LHRAMNEH, &
DEBZ [~LEinhiEIeshv] LBoTVWIREAT
B, “RIZBWEEDRTWEEBETHS, £2 T,

EEF [~Tide o] OWFPEERET LD, must
not % #IX9", shouldnot & EFR$ 2 = & %:8A 7,

RI[~L TR LRV INBIIOVWTTH S, [Zhds
B LYW BEHILAZV T2 ) I Ed, BHEICT
BEENVEXICIEINTVEY, Thbb, Z2TE
XICTHROEF DR EZHEXEE TS, T
A&, BXXIIE, Bo&Zh E3FEINTVLRVWOTHS
B, EOAKCD, COMBRIDOLEZAIENTED,
WAIZ, BB LETRREBIZBVWORE,
we/yow/they DHFH 6 EFEBEZ BRI LE2EZ b,

LoL, EHE, youRthey ¥ EEEL L TGEBE 2V, %2
Ehb, TOI22E, EXEHETWARAKICIEHE
BN ETHED, HUNOARICE, HTiET 5,
VI ZLEERLTLEIDOLTHA, TDEwek ES
L BERKD [~LTREohW] ZLONBIZEDD
ZEDTRTH S,

Thbb, TZETCOEXOEEY [Hb] &L,
PEDES 2B DPHAFA-2THS, 8. R
FRA-1TRFARA-2ICRIBNEICREICEREI E L
7250 TH5D,

BT, BXH 7V [—AB] BXU [#—XC] #
NFRIZRRAB—1LC—-1¢0Hb, TNHHA—1D
EELEME, BXOAREFEOLVARNVICEEIZRLADD
Th5b,

(2) ¥—AB
FEX
BHIZA—1—ZA 7T, LY REWELL, A
EEPELEN, BLELDHL, FHIZ, ETEIFE
ERYHDE T o7 F—HIhD R I2ER, HERO
FH. HTVEEITI LB,
— I3 MFF&h-B 4] (97)

RiZEYHIT-b0E, BEKRLHBT L2 EELD.
W DHHEFIERTVDAROAPHETH S, HEE
DEXHFIZBVTRET A2W7ICE. [ETEH] ® [F
—HCh ] D) eEiEfEoTHE IR TND LD
Bbhb, ThoH:2FDTTERTAHL, 20726 EX
PR LB Z B,

L2L, EXOBFFELLICRTABE, Ea (1L D)
EFELFoTVDBD, HEVHFOLILITEFFLE W,
HATEYSLA TS BRI 5 ERIZT R,
Ho&YWELLEXIIRBIITTHE, Thbb, %5
NERFB-2TRELEAV, 00, ARB—1
BOXTHE20IHL, ARB-2CRAEAXTHEHC(Z L
2k o7,
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FB-204HhTid. EXOBAFEICHTL 21FH
DEEZELZTVWALEIAbDD, BEZo0BEHED
B, r—ALITLZX )12, BT HERE 2R
BRCHB L A oRT e, BRLILRAPERI @
RIS TIE. RARB—1EB-2L MV LCRT I &
%5,

ARB—1
Shimamura did a lot of shopping at a supermarket. He
mainly bought canned food, and raw fish. He also bought
vegetables to be eaten raw and fruits, which made his shop-
ping bags full. In his uniform, he did not look good with his
both hands full.

BEXn—3xBi3, (220 2BW] % [7:{ EADKWV
Yr L] LHEABRL L, [HEnE L7zl Lw) BERE
FERT AL 912, Z O8I % did a shopping £ BT,

ZXHETHB, T TR, [EFE--bDIR] &)
HAZE+#-> TRT, T T T, what he bought was TIL %
OB EIERT, LEL, CORBIIZ. A TED
ol

Z¥L b, ZOOBENH L, —D2IF, FELEA-ZL
CHMCxd, LwIiHEB, bIVL>0EEI, bED
HEZFLOOLEMNYZ2RTHOILTHE, 20, BX
OMXETIE. [~FiE. ] EEABRDEIZO>VWTERL
Twh, BXHFT2—RELLTELDEE, BXO
CTXEOXDEEIZ, BorbnTid R, BolAY
DHELR2DHTERETHA ), LEVEENL, &
H3, MMEI~%2Ro/cl L% M) CLTRTAHZ
izl

T, BHYWR-7-b0THEM. [DAEDE] TH
Bo Thid. [Hlfr] LIRTHEINTVRZLEZADLR
T, fHICEDONL-AWIELBTLI L. BB, 2
F0., [EFDH] L) BE “can” DAXFARE RV
T, [BY] #BHT 5, T4obb, ZXHE&KERDX
I ICERT,

He mainly bought canned food, and raw fish.

Z ZCEHEHfood Eraw fishE DRlIZa <% Ah7
DI, mainly BT 2 DidfoodFTTHLI L X EH
LTWwb7:0THbH,

EXHKEBS, =XBRLOO [FHIZ] 1IZ2WTRE,
BRI PAERRHGUNCEALLLOH L, LE
RLZ [BRAPAFDRFIGDAICL, 720 Ko7
L#EZ % L HealsoboughtiZ% %,

[ETE)BERLRYIHS EIEo 7] OBF*HRET
B2k, ZOo0BEAPBBRLTL 5, T42bb. [&]
E [D&TE] TH2D, 2DH L, [hE&iITo7:] 48
LTid. BERZL2 &%V, LAL, [B)HEIZE
BFATHLDELTHI ZLRTEETH 5,

Y (aEo] ORBET L, ZZOBPETHE
o TWaADIE, BEo7tWr nwh TWwaETHAS, &
Bigizol, Thbb, T22RT LA, [HoP
B, BVPHEEFvolfwiIc L EL L, BV D
L [Bo7PrBvErtvoldnice Lol 23
Ay, £ZT, [FERIOFKEFISEIN, ROER
2RY .

Things made the shopping bags full.

KiZ[RI | oBEEZ L, [ETRI] 0k, TA
M1 Thb, [ETRI] PBHLTVIED[FRID
YE»rOThr L, [ETERONE] LWIZITHIL
5, FCT [ETEIBFELEW] 2, 0L FT. “veg-
etables which were eaten raw and fruits” & L T8 <, B
L bBRTELRHMTIAES L EXTIIRIPA TS
DI, FBEOBEF “be” % ‘were” LBEFICLTW
5013, ~XBR_XHOABELZBEXNOILLLT, &
EVDETEOHPOLTHD, =XHIR, —XHRXZXH
LELBDIELEXLDONERYES I,

SEITOZOOBHFRTIBAEILDOTAHL L,
RDEHIhB,

Vegetables which were eaten raw and fruits made shopping
bagsful. — ©

L»L., COEREFDRETIZIE. He also bought 783 5 o
He also bought® 5 L A2, @% DWW THREHEZ 42
&, BEREFEZ LMD, Lk 2BFAI O
%o>TLE 9o “Healsobought” & “---made shopping bags
ful.” D& I,

OO EFbought & made & DWW EEIHHH|
A LIITERV, #hTiR, EHoh2BERRAEHE
BEUHOFOBHAIILTATREI N, LEXTHS,
FH Imade 2R EAVNRINLHOBFE L TE R
THIz

b, b L. bought 2 IR BFAMOFT OB &
LTEZBL2LE, FFBCHLbLIAIRfTRHELRS
LFAVPLETH S,

EZAHD bought DEFE, “he” TMFRMALFHLE L THE
RIEDHDHILIITELRV, €% 5, b L. He who also
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bought vegetables which were eaten raw and fruits made
shopping bags full. L &< &, BEVPHE L —HIZ LD,
mrwnyZLichkh, Bo-bnXhd, HIIHENH
HFEB-oTLE D,

SHICBRRBFH whoDEATH EMEH “he” EE X
5 ERBARRBAOKREE L TEDY 2 b\, ¥R
O, BEREAEFIESHTLIEOY— 7~ L 5RE DM
2 TRRAEE] EVWIBEERT LI REFLLT
LHEELTVEPLTHL, LEDIHITEZ B L,
made % BRAAFHAOBIF & L THRS L Wiz,

DL HITEZ DL, “vegetables and fruits made shop-
ping bags full.” % “which made shopping bags full” & &
{Zkizh b, TbH, “which made shopping bags
full” #% “vegetables and fruits” DIEHIET & L THAET
L5DTH5,

LAaL, SCTHEFHTS S, BIZRLL, [£TAR
IBELRY] ORLUEREFZHAVTVLEDTH S,
Thbt, WEETORFREDEHDLETALE, T
NEHTh B,

He also bought vegetables which were eaten raw and fruits

which made shopping bags full.

DI REXLTERTWAE, BREIRLPTV,
ZELL, THREOWCHBREAIRTEITHAN. &
72 s FRLTVADPDE Y CRZENE, &v)
BHDN D THAE, FNA T, EIHILELIVOR,
“which were eaten raw” ¥ RZ o CHBETHI &%
EZADTHAo “which were” 2 HBE L T, 7273,
“eaten raw” % “vegetables” ) LAIZfFFMZ A2DT
bRVWAD Lk,

L2L. EHiL “tobe eaten raw” ZMZ 5, L¥%
L, BELL, EALFE-T-HERLREYE, PR TL,
WOTHETERLZENTELZYLES ), BFAIER
DR R EBICEGSNTICRITH L EICHVWLND
KBHFELELT, AEAVDH L, AEFALELIT, B
D—BEEDFEHIZLEODRTIIRET LI LN TE 2,

=XHOEROEKEKEE LT, froits & which & DH V72
Iy 2fImacsl. £)355L, BATAOAT
BE[HECRY TR L2, [BESCRYEE- -2
LINETN T D5 ThE, E=ZXHOL2EIIRD L
31275,

He also bought vegetables to be eaten raw and fruits, which

made his shopping bags full.

MRAKLE %345 (1998)

MXBICZ Ede@Heedss, BRTLLEDL LI
HBAEDOREEZ L, [ D) F—Wi2 (BEYEE)
FARI, fREETCVLD, T VEFNEL R
Vo [EERT A, 2T, BAXOFRIIH 585
B [ (D) £id, b VBREFVICEV]ITHE, &
DEFEXSLIRREEDLE, T3, T VT
(ARGl d, £Z T, ZOES % He did not
look good. L&Y Z L I2¥ 5,

TXBOLNT, $ERLTLRVWEHGEITE I
(RW5s%) z7z]e [HREECVL7:0] LThHb,
MALd, BHNOBRFEREAL TS, CORTLHEH%
Awd, 20rb ) IliBFRZHAVTRT L. ERFE
K BBILEREV, EZRLTWRWESIX, FhERH
B & LT &, with his hands full ((HFE%E—HI2
LTJ) &inhisuniform & 2% 5%,

RICHBAMZE CGBTIZOVWTEL S, L. @b
ZaT Y ADBBANELVOTHNE, ThoOREHE
BERICRLZ2EXDOBREFIC, RO L) IHARTR
57759,

He did not look good in his uniform with his hands full.

[HIRRES, BFFEBW] OTHED S, look good
EVIHBRANI LAT, 25<EVEZAIZ0n his
uniformZ B RETH D, £L T, &6 [MFEH—
W ZHREOHEFN L v L) EHEFDOVTR
E L TWANDT, in his uniform® 5 L % {Z with his hands

| full T B,

EZAN BEXERL L, [HROFH. J&FEATK
WoRTWBE LI, SORFIMILT, RYDEXK
XEEEBHLTVWDEEITHE, TN b, EF
i3, in his uniform % XX EEO LTI, b>TL BT L
%% 27 ¥%& b5, In his uniform, he did not look good
with his hands full. ¥ 35, 29352 & T, HEAFH
B L v, LBOELDTIEL LTHIBREIZ 26
CEMFVOIEVOLENPRIF L ZVDZ, LR Eh
BT &l B,

PlEofiz, mEFBTAZ&T. TELLZTEHAD
o EECMZAZbDTHD, LL, 50647
ARB—2iF. EXDOHEFOEAEYPLRTZBEEDD
BEEV, LPL. ABZELILEIIEBENTEHO
Thb, £7:. HORTERIZ, BEAXIH->T, #
DIETRTEZIHI DY, BROBNIZE > T, BEX
DAEFFICREV OEMZAZ LD B,
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HARB-2
Shimamura bought a lot at a supermarket. He had full bags
in both hands. In the bags, there were food in cans, raw
fish, and many fresh vegetables and fruits.
Shimamura wore his uniform while shopping. He did not
look good in his uniform when he was carrying shopping
bags in his both hands.

IV, EXO—XEHTHS, [P bh R PE L]
B[22 8AR- 7] LBRLET, T4hbb, He
bought a lot at a supermarket. & 37

Riz. EXOZXBE=ZXHERRb L. BHFR-
2L DORBILENRI S DD EIPR TS, 2Eh,
XBLEXHEICHTL S, BREN) LIFTARB L,
PAEDOR. Fg, BE. RUTHL, D)L, NA
HOBESPHRTLEVET L, [FEOFIZA2TVS
BEY | (foodincans)& %25,

T, ZXHOBRTH S, [ETH) | BEREY
. FHTLWE, ETRAERLRLEV, £2056, [H
w7 | &) BB % £ X fresh vegetables and fruits & 3
b5, FLT, ThOD[HRLRYI LT o7zl )
WAL, [ RADHESLRY] LBRLLBY, T4
bt BRELRWICKET 28I DRI, many fresh veg-
etables and fruits & % %,

T, DAFEDELZER, HPRIIANLR TS

¥, LHEEERIEL 26, (D) Bz
~hHol) b, ZXBBIU=ZXBLEF DB L
REFIIEXDIENTEDL, £Z T, theretli XL FIA
TAHIERERD,
There B3Lid, OFHEERTHILTH S, LA L There
isfare £ LB SN B, Here isfare DHEXL S » 5, FFIL,
FEIARYMEOYEBYEREIBNDH D, HRYICE
FEAGEIF UL, Here islare ¥ BV %, LHL, WFho
Bt EFFFHO LMY ELTHYLNS
T ENE,

7:& 2, BETWROBIBIZ OV TENT WS PER
HEETIE, RDLIIHEET-> T2,

Look at this picture on the wall. There is a beautiful bird in
it. It lives in the Sarawak rain forest in Malaysia.

— New Crown English Series 2 p28.
(TRIZEEIZL Z,)

ZOBOZIXHIPRT &L H I There XL OBER LD EEE
3. “a beautiful bird” TH b, “a” PWRLTWBEEIZ
3. BEOCENRMMZ LA TV, #L T, XOXT

EFEH W LAY, SITRENERSE, TNXHIC
There B CIIFEEDRMDF L LTH <,

FEE D LICH EF, & 5ICin his shopping bag % B i
B, ZEXDOILEEZDOH, H5VIILKICEL DM
WTEX TRV, BXERTHASE, [RP] &
JTLTE, ETIbHTI RV, LML, A—28—T
BEvwPi L:2tndbs ATthhid, BuPHEEFFoT
BETAZL2BRTIONL, BRTHAH, HEXD
—XBLZXEBIVZXBLDHZEBRRENE
THLDIC, ERICBVTH, [BvYHIICERT 512
B RR[~D5 o] THINLERLLTV
DTRLHD ) Do

Halliday (1976) ik sk, FLEhAHLEXT
boH, LHEFRREVRBETHLEE. AOoNERD.
CORHFBEBLTVDE, FORADEIL, reference; sub-
stitution; ellipsis; conjunction; lexical cohesion T 5, Zh
LA, LIV O EMEIIRTE L,

TTRERENTVWEIRED) . RED DN E
BURBICEDBEXINDEZ DD, TN X, reference
DEMERTEE, L2 ERBRAVBVLNS, ref-
erencell X > TN BEENAIARTIR., HILBENERE
NTVWLIABEDLNDEHFER, EDLOHEIR TS
IIREMBEOLDTHD, T, ROBIZBWT
reference DIXFEF - LTV EHDIITHRAMZ SN/
they T 5. & Halliday 5 iZEHL T3,

Three blind mice, see how they run!

They all ran after the farmer's wife,

Who cut off their tails with a carving knife,
Did you ever see such a thing in your life,
As three blind mice? (31)

I ZTthey A RLTWADIE, BICSREN T A three
blind mice TH 1), 5H2 ) DRTHKTIZ RV,
DENO_DONDEMR. substitution & ellipsis Td 5 25, %
ODreference & kR, & HBELOBIHVONS, LML,
reference & B2 > TV B DL, reference IER LOED
B LTdH DDt L substitution & ellipsis & DT H & b
B, XELDENELZ2RTOIZFEDI S, substitution
TP L2 BE, L 2ZETICRTBIO LD Done
HEMELNDIDIZHF L. ellipsisTi, #H RSB &
ZA%RHE L, T T Tidsubstitution DF % HIiT 5,

My axe is too blunt. [ must get a sharper one.

oneHBRL TSI D, TLabbBFEEVFKRLVDIIZ, ¥
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NERPE L Lo Tv 5, BERIVFRE> TVEETIE RV,
KLV, FLLT, 408D b, L{YPhBET
BHb, Thbb, oneRLTVEHDIE, axe TH b,

ROE E conjunction 1213, EIZHHEH (and; but’z &)
HEVIERFALFAL L D 2@ X % F 88 after all &
&) & TN b, Halliday 5 &, conjunction ® FH[X 45
BIToTWVABA, T Tk,

B#DER. lexical cohesionld. HLWHENSTEMNS
BHETELFOEEEM > T, AIERLA-Z L LDOBE
BERLRLILEVT, 722 ROFIERTHLY,

There's a boy climbing the old elm. That tree isn't very safe.
(280)

Z DA, theold elmZ# N ETH DY IZ, that tree 2 A
VTV %, that tree Alexical cohesion & L THEEL T3
DTH5b,

ULk D Halliday 512 L 5. H2 D cohesive devices % &
FHICBWT, ZRICR S, 4L, [RuPHiZid~2H
o] EFBHEN [~DPEWRICH-1] £T5LY
BIHARTWVER I, Thbb, AR TIIn the bags &
EXOLHIIBEW DT 5,

EXNXE%ER2, 3. Z008BGFICFTTHL,
E—8s UTOLT2) i, [MERIMFE—-FIcEEE-
TWie) &35, B85 UTOLT5 (&, [THiH
REETCWIILTE, EL, 22T [Enfpdhic] L
V)R E MR TBL, HZHSF CUTOLT
) WIS, BB L L hoiz]edd, ZZIBW
WEE ETTVWAERE VI BELMR 5,

T, OTiR., BHPRVHEL ST TWAHETH
5o ZZI¥. “He had full bags in both hands.” L3, %
LT, ShEHRBERLAXDIXHE 2XH EDRBIC
bl [ EADEWY] & [EVEodhg] &
D, DEBYDRIADHGARTLLER), Tbb
1XHD [72{ EADEVY] % BAEHIC “full bags” &
BELZLET, [BITBV BRI TWVWE, E5HICHAKFIC, &
DEFRERIZ, “In the bags” LIET 5. ROIL~E AR
FELTORBLREZLTWVE, Q¥ ANDZ L TEH
B T EABALZ LT AMEN T LT 1,

RILQL@LERDL, ZIhbid. BHOBWYOH
HLwithd, BREGOEOMELLTELL, *
T, EXOHAREOLIZBIFAZXATITLIIFNE
ETEIEDDL, TL2bb@QDEFELHe 2T5HL 0D
Shimamura D FAFH N 3 kb, LB,

$72. BIIDVTTH A, FTIRLAESTIE. “with
his bags full” & L7z, 2@ “with” OfEWVE (fHFkiR)

3AHL, BXFRARDTELZI LI, 15, &
DENFIZ, FEROBEFIZIBTI 2V, 2975
L SITHBVMRANFLELS S, [KOMREER, ~
D, BEF L] LERIBRLL, [~08] &
. (HFEC-FEVPRL2FE->TVBEIC] LEZ 5,

(3) ¥y—AC
BEIGBALARIIEZOHHEE  OBILRICD
WTTh5b,

JE 3
FRTEAC IS H R LR E £ 5, L TKIEI3E
(1585) 1ZIZ100FANEEFENS AR L. B THIIR
BRLREL LT, MABRCIKTE-RF-KS
ERENPDY . ERIEAT2)D HEMMRKISHA
DEBLERY, BEERLPZI TV,
— PR CHEISER - KRk (54)

BAZEAIE, BAFES LOWHHETH L LEZITE
2%, BREL LB LABHEI_2H 2, TT—o00
BRI, —XOLHPT. KRPOLRNEEFEIEDLoTW
(T EHb, ZHI0HE, FEFLERIIHIDT L8
AEBFEICRZLI LN TCELS, BRLERT LD
LRSS,

CDr—ADbH)—2OHFESL Lk, Avnbh
TVWAHEPHARDEE 2 KI X 2LENHLZLTH
5o BHAER2ED. WHIII LR BAREICT D 2,
CITOMBRELDEAS) F—ACIZBWVWTHER
C—1&C—-2L%MILTRT,

#HoRC-1

In the Muromachi period (1333-1568), Tsutsui Junkei built
the Koriyama Castle. Then in 1585, a controller worth one
million koku (a unit of measure based on rice production)
of land, Toyotomi Hidenaga occupied the castle. (Since
then satellite towns developed greatly).

In the Edo period, the owners of the castle changed a lot;
first there was Mizuno, next there was Matudaira, and then
there was Honda. Finally in 1724, the castle became the
Yanagisawa's residence. The family controlled land worth
150 thousand koku. They lived there till the beginning of
the Meiji period.

9, —XHRRA, 22 Tl3. ZADOAWMEEEIZ
HFEoTVD, —AD, BFIEEEE, 95— AFEL
BOTHRICBDEAL, LWwWH I LThHi, EXTIT.
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nTw—3Cilid, —oD ¥y s, LREFESRTY
BONRED)THLIDT, RFRIIBVWTH, —AFTOH
fToll k& —XF2HTTRT,

[REEL B LU [REI3E] &, BXRBBEOEST
HEOT. BRTHBICE, AFOEREZEIMR 5,
IhoEEBCEARMEOTHBEBMNTHS, [HIC
WL THHBEEMRAREZER S, I TR, [%0
HEBEREICLA, THOSTEEM] LHHEEMR 5,

T CORXOE-XeELAL TR L, B
DELEDEEFEIN TS, NI LT [BTH
BRENZRERBL L] 2owTid, BRHEHELT
KRB CTREROET () OL2IIMDIZV, 2Eh
5, TOWTZI. BESKE LIHIE ) Lolohilo
WTHEDIPRTVWADTH-> T, BEBFIIO2VWTRER
ENTVWEWOTHE, LLEERA, BEXOE—X%.
EO0EXPOLHRLIE D, Thbh, HHEEICOW
TOX UTOLT 3), BEERIIOWTOX BTG
Eth), BEBEIKIELERTRHORRRY 2oV T
DX LAT®LTA) Thd, Thabb, EXOHE X
BRI TENC 2 A2 T TOBEEXRDL TV S,

@ In the Muromachi period(1335-1568), Tsutsui Junkei
built the Koriyama castle.

(® Then in 1585, a controller worth one million koku (a
unit of measure based on rice production) of land,

Toyotomi Hidenaga occupied the castle.
(® (Since then satellite towns developed greatly).

BEXOXH%*RA, TOXIIBWTIE, FEFHRE
ZiIZEPR TRV, £ THENT, ERT L1012
[ERLLRIS] LWV EEEH I £LT. 2OXIBNT
b, NEZ LR TRT L 2 #E2 5,

EX =X HOBO S ([2bbh]| T, UTOL
T5) i3, BEMNRLEEDo VI LEDLDL
Twb, TOROES ([&b] T, UT®OLT
2) Tit, DWIZit, BIMREOb DR o7, Ew
JTLERDLY, EXEZXH BT 2HORENE
4 (LTOET3) &, WREPEED $ FHRERAIC
Tolz, EWHITEEFRDLLTWE, T2bb, EXZ
XHTRITERAICBI 2 EOEENT —<TH 5,

FORX-XEHIZBVT, $hYLRLE-TVEEK
XOHFE MRISFAOBB] Thb, (TRIZES
2k B,) TOTHRETE MRRKIISFESOHEME
HiEL Tl LBRTLDOFRYLESLSH, (UTFOET

%) LoL., BEIE, TRESZ®D Yanagisawa's resi-
dence LEE S EZDEEL VI LIH D, ThbL, B
RREALETTRETLOLEBET T 2013, HEE
Thbh, '

LELRL, ®ITBWVWTI MIRK] 2 BiEkE LTk
HBRTWHEDITN L, THRETICETHTMRKIIER
ELTHRDLIUTVE:DTHE, Thbh, 2E¥NDLS
LEXRIDONLEVESH,

Finally in 1724, the castle became the Yanagisawa's
(The family controlled land worth 150 thousand

koku) residence.

FnioE, E3Thidivd, EERIOTEERD
2EFTCIC@QUEBLOTIREL. QIZABENIC, £OT
B2 E LI, [BICAS] = [RET 58
BTAl LV LTHEHS, QVERICHREELLO
() KARLZLSTH, RERSI G, LA
rOTHE,

ST, @THHH, SHEF®2ETEHL, [WIRK
A5, BHERARIC 2 o b . BILRCEA TV 2] ER
HiZ L, botwnzid, BHERKRAOKRDYEIZE, B
WEFMREDOE TH - 20h LI ik, FHCXH»
L2VEETHL, Ll BHEHRICA- 2483,
BIAPMREDDDTH-72725 5, LHEEIES, 20
oo, [BEHRROKED Tk, S5 (=MREDOAL)
. FTIEATV] ERLTOMERI LV,

@ In the Edo period(1600-1868), the owners of the castle
changed a lot; first there was Mizuno, next there was

Matudaira, and then there was Honda.

Finally in 1724, the castle became the Yanagisawa's res-

idence.
(® The family controlled land worth 150 thousand koku.
@0 They lived there till the beginning of the Meiji period.

BXDHARFRIZXLZTTHEY. ERIZLTHDL L,
THREBETEEDTXIC o7 BEOIHIZL THN
oA, KFRC~1THh b,

3T, TORRC—10EXIF, #HX L LTIHEXD
AEESTWEDT, EFLEVG, FHARTV, LI L.
worth % {3 U ® occupied / satellite /developed /residence &
Vo lz, PRI WA ) BEEN, 1 SAMTE
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TWd, FZT, bo L HEOL NNV ERFEENELL
NRVIEVEELFHLARICLTHREY, (RFC—-2)

ARC-2

In the Muromachi years, Tsutsui Junkei built the
Koriyama castle. In 1585, Toyotomi Hidenaga, who was a
land owner of one million koku (here koku means a unit of
land measure) moved to the castle. (Towns around the cas-
tle began to be busy after that.) In the Edo years(1600-
1868), the owners' family of the castle changed one after
the other; first the Mizuno family, next the Matudaira fami-
ly, and thirdly the Honda family.

Finally in 1724, the Yanagisawa began to live there.
They had land of 150 thousand koku of rice. They lived in

the castle until the Meiji years began.

—~XH»LRE2, —XHEZRRC-1LAKOEKRD
TNV=TIFFTRY, T, BROOUIH2HL TS
Thd, UTOETS) ZZTidperiodSBELZ) LB
ETHEH720D, periocd Db Y iZyears B fF ), ThDB,
In the Muromachi years, «-* £ &R,

@ In the Muromachi years, Tsutsui Junkei built the

Koriyama castle.

FORDOIZHT:5EZATIIEPT. LB LITHEL
¥ERb, (UT@ET2) —&EEIE, ®icswT [RA
#]) & LTk 7884 [acontroller worth one million koku
(a unit of measure based on rice production) of land,
Toyotomi Hidenaga] % Toyotomi Hidenaga, who was a land
owner of one million koku ® & %) \ZBHRMR BT % AV /-8
XLz, ThidfltEL ) SHBERBFAOH I, FEE
PEINTNS, EEENER720DTH5,

b —EiAT. BXTEALETAIE, [H] ORARS
Td A, C—1Tidmeasure % based on rice production 257%
B L7z, UL, BIF0BEDFACE B8 (&<
CHRESS) . BRAEFICERLLVEERE LBV
EBRbhb, £2C, [H] ML EEICLI-BUTHS
MicdfEh I, [THE2L B THEZLDAEH
H¥bZ izl

F7OTREEROARY [HD 5] LWHFERTT
Lo 2O%RPICE, MHREEEREDHVZZ, M
LD Ly FEZITEEFTHo Db LAL WL,
FLEVTHo20db LAwnads, RYEYDIEE,. &
BEROABRL 720D TH 5,

EZAHP, RRC-2i2BVTiR, MEDORHEHD

EEEEHL T, FELLTEERSBILRICBES 22
EERBRRTVE, TORITIT TAR] oA XL L
TEEEND [RVOBLRIT] IRBEATHEV,

@ In 1585, Toyotomi Hidenaga, who was a land owner of
one million koku (here koku means a unit of land measure)

moved to the castle.

@Iz 583 E, SEOSVRI R L, (MU
TBET2) $7. (208, BOFH oL, TLIAR
S LBRL BT, RO +0k]THHH. @TE
BRDEVEEICZ>TVEDT, @&FE%Ethat LT
Ex b, RO[BTHTH A, [ROFY D] LE2
%,

BOEBEOBHTHEH, BEXTIk [RENLRER
LTl ik oTwa, L2L, TOHAER. RPN
REEZAVCTICERALL) LELE., BHLEOR
FEEICEVEIRLEIEPLETH L, HUL (RE
FTAHIEIEY, ABOFES LD, A4, EbL%
CEBWTVWARTFHREZEIZRRAZ 2805 5. #2556
[N ENLL B oz] V) BAENSTFIZEPALED
Thb, ALAXKBOSVHRIETINOTH, SEOE
KERSLVWERETHBETIHEAL. QOAPRT LS
W, REIETL2EELCHEHIPNIERREDA AT
Y RET BB EFDH 5,

@3 (Towns around the castle began to be busy after that.)

EXZXBIIB 2, SEDORDH b, XODOIMIET
285 UTQLT2) ONER, IAKRLAHOHE
DEEBTH5H, EROEMBFROR & FHIC, TLAKL
% the Edo years & Sl

@ In the Edo years(1600-1868), the owners' family of the
castle changed one after the other; first the Mizuno family,

next the Matsudaira family, and thirdly the Honda family.

ZOHREOWAYD [BEFDDY | &, ROFOFKEK
i, —REORIZJOREN R £EZD, 22 TE
v b 7 L— X TC& % one after the other ¥ > TH %, =
D7 L —=Xi3hFEEIITEBERL WD LA A, B
FBOLALVTIR [FERFFHREEH] IIREATWD
LbOEPNTHE,

RIOIHIETHL A UUTOGLT L) 2RET 5,
ITE. MREFREC L 2ZLEERDT . 00
EFEERIC BROFHEEIRI~] L LTH I, BFELX
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R VDI, TITEERELXL, Thbb,
T17244E12, DWVICHIRKOREN., £ 2 IEAED -]
ET 5, B, MIRFIZ. BHERA, B LTHB%:
EzohTwd, bbbl LTREEHRICEAE
Earl Tdh 5, LI L. £ LABEHLREE. BE4E
DEFRIZBWTIE, Y, B IEH5E LV,

@ Finally in 1724, the Yanagisawa began to live there.

EOC-1IIBVTOO MRKISHA] 1E, FRT
brE, FOLEOTHEIFRELIEVWSI =2 TR
PULETHB, LhL. ALARRMRKIRIFIGE
AL ®TH, SHREOEENFISHRIC,H
AT Lizi3EDL )P LV, #ZT [XE] 0=aT 2
% (i) LEXZHELT, BARBEOBRET 5, T4b
b, @I T 2G0TI, [MRFIZBHFRXEHRT S
TEFoIEERX S,

@0 They had land of 150 thousand koku of rice.

BEICQIHEY 280 (UTOLT5) 22w ThA
bo A, QAL EART, LZL, BROET
HEFEGEE) DY ICRRABEEI LTS, T4
HbH, C— 1128V Tid the beginning of the Meiji period &
L7:& 2 A%, I Z TCidthe Meiji years began. & ¥ 5,

@ They lived in the castle until the Meiji period began.

T~ L HICRLZERERBELTAS, ¥
5L, B~DIXMFTOBWFIHBL T, MREOKIE
WOV TEYPRT WS, F0728, ThhbDEIL,
BURED o TOAPOEEL B -O~PDETF L
BNETHLLEMRTE L,

3. Y

S, BEEVEREFTLILLIEEVIRET., Lok
IIERICT LM OBRBEOMLEZEZ A% Rl

FTFELREIEREDIICEI-T, FDOFEZELXO
EEIEDoTET, PVTREX LD L) AL
AHZLbHY 2D, RRB—10=XHIIBIFTAM%
BT, 22, ZOHCHIzb, MLNRTTT7
PICHAHMEOLL Y BLBIOXTIX, [Eodb] i

HY x5,

F7o. BEFRFRUBICIPLIERIIL TS,
HOoBRVHEICEFER2HoTHATIOL L%, BEHE
EFHRAEELLT> TS, 22A5, FRIEHEEICBY
HEFETHoT, LTLIEBOFEFBLRELRL LV,
REZERARC—10@LC-20BIBILEETD
5o TEBLIRIZ] &V EFER@I Lk, TTEEE»
S LR v, 7255, residence L VS5 S¥ (HAHW
X, ZZi3house THRVRDL LA WA *BRwvoh
ZiFhid [RAEAPEAL] EVIRRC-20B0E
KTHILHBVRIOTRERE LTRS,

[EFEXEILTHONIEFHRBLLRVE, EXEHL
DIZHEL Vo I, BRCBEL 2 VWEEEDOEREIZBY
T, 9 Thb, #2213, BERELEELOHBIZE
HEZOMERE V) HBSULRMMES K- b o T,
Sk, SO [EEOBUH R EIEZ D] 2igkT
LFEIOWT, BFRLTAaLWERS,
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Measurement of Pressure Loss and Flow Visualization in the
Flow of Viscoelastic Fluids through Cylinder Arrays

Takashi Koshiba, Noriyasu Mori*, Kiyoji Nakamura*

BEL AT —-%488 Vol.26,No.1,pp.27 ~ 34,1998
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Fig.1 Comparison between the increment of flow resis-
tance and elongational property for 0.1wt%PAA solu-
tion. Solid line:Channel A(D=10mm), Dotted line:Channel
A(D=8mm), Broken line:Channel B(D=10mm),Dot-dash-
line:Channel B(D=8mm)
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Evaporation-Induced Cellular Convection In Thin Liquid Layers

Wen-Jei Yang*, Kai-Hua Guo**, and Masahiko Sakamoto

Experimental Heat Transfer, Vol.10 No.3,pp.191-206.(1997),

Two types of natural convection are well-known. One is induced
by the buoyancy force, called the Raylegh-Benard type and the
other is by the surface tension force, being referred to as the
Marangoni-Benard type. In common to the two type is the require-
ment for a negative temperature gradient in the direction normal to
a liquid layer, namely heated from below or cooled from above.
Recently, temperatures were measured at different depths in both
liquid layer and air layer above the liquid free surface during the
evaporation of liquid pools. It was concluded that (i) cellular con-
vection occurs when the liquid layer is cooled from below and (ii)
the temperature profile in the layer is nonlinear. However, no
attempt was made to explain the mechanism. In this study, cellular
convection patterns inside very thin liquid films for three organic lig-
uid are observed by means of the Schlieren method. A model is
developed to explain the mechanism of the evaporation-induced
cellular convection.

The experiment was perfomed in an atmospheric environment at
room temperature of about 20°C. These organic liquids, ethanol
(C;H40), methanol (CH,0), and acetone (C;HgO), were employed
as test liquids. A test run was made by filling the desired amount of
liquid into the stationary test pool and covering it with a glass plate.
‘When all evidence of fluid motion was absent and the temperature
in the liquid layer was believed to be uniform (after waiting bout
half an hour), the cover was removed carefully. Evaporation of the
liquid layer started immediately at this moment and the liquid sur-
face was cooled by evaporation. At a certain moment, abut 2-3 sec-
onds after removing the cover, a convection pattern appeared on the
screen and the photograph was taken.

Results are summarized in the following. (i) Convection cells
induced by thermocapillary in an evaporating liquid layer evolve
from small to large size, when the evaporation process begins with
aliquid layer which is quiescent and isothermal. In other words, the
wave numder of the cellular convection decrease from its onset
state to the final stationary state. This kind of transient process is
generally observed in systems with a moderate Marangoni number,
say, Ma less than 2000. (ii) The stationry cell size depends on the

*Dept. of Mechanical Engineering and Applied Mechanics,
The University of Michigan
**Guangzhow Institute of Energy Conversion, Chinese

dominate system parameter, the Marangoni number. The cell wave
length is larger, or the cell wave number is smaller, for a large Ma.
(iii) The convection pattem depends mechanism. For thermocap-
illarity-dominated convection, the pattern is in a tessellated cell
configuration, which can be generally idealized as uniform hexag-
onal cells; while for buoyancy driven flows, the pattern will involve
vermiculated rolls, which may be idealized as two-dimensional
rolls. (iv) When the Marangoni number is sufficiently large, say,
Ma=5000, the stationary tessellated cell pattern becomes unstable;
unsteady ribs appear and cell partitions keep moving and re-forming
new cells in a chaotic way. When the Marangoni number increas-
es further, it is expected that a fully turbulent flow patten will be
found in a evaporating liquid layer.

Figure 1 depicts three possible temperature profile in a thin liquid
layer which we have proposed. This model has been developed to
explain the mechanism of cell convection in a thin liquid layer with
the upper layer undergoing evaporating and the bottom layer being
cooled, adiabatic, or heated. This model suggests the formation of
two regions in the liquid layer with the occurrence of cellular flow
patterns in the top heated. The mechanism is distinctly different
from those of the Rayleigh-Benard and conventional Marangoni-

Benard type cellular convections.

y Atmospheric Environment
¢ Te Free(Top) Surface

Upper Liquid Region hin Liquid Layer

Lower Liquid Region

T
Tb 1 2 3 » Bottom Surfa
L W W wn e AN ‘|\ \“\\T’,g““ Surtace

Cooled . . Heated from
from Below  Adiabatic Below

Line 1: positive temperature gradient due to cooling from below
2: zero temperature gradient due to no heat fiow from below
3: negative temperature gradient due to heated from below

4: negative temperature gradient due to surface evaporation
Figure 1. A model for evaporation-induced natural convection in a
horizontal thin liquid layer of thickness of 1 mm or less subjected
to cooled, insulated, and heated from below (line 1,2, and 3) as
compared with Rayleig-Benard and Marangoni-Benard convec-
tion (line 5).
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Vibratory Cut-Off Grinding

Shinsaku HANASAKI*, Junsuke FUIIWARA* and Tadahiro WADA
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Tool Wear in High Speed Turning of Nodular Cast Iron

Shinsaku HANASAKI*!, Junsuke FUIIWARA*! , Tadahiro WADA and Masanori YASUTOMI*2
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Study on Chip Breaker
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Tool Wear in Cutting of ADI
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Personalized Assistant for Conceptual Structural Design

Toshio HIRA and Masao TANAKA

BABRFSHZLE (CH) 64%, 6215 (1998), 1618 ~ 1625.
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Production of Co-Cu-Be Alloy Fiber by In-Rotating-Water-Spinning
Process and Its Solidification Structure

Mitsuyoshi SHIMAOKA, Itsuo OHNAKA,
Isamu YAMAUCHI and Munehiko MAEDA

HASBRFEAE, $61%. $10% (1997), pp.1115-1121.
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DEPENDENCE OF TEMPERATURE ON SURFACE TENSION
AND SHAPE OF DROPLET ON A HORIZONTAL FLAT PLATE

T.Nakata, T.Hosokawa,* and Y.Fujiwara*

Proceedings of the Sixth Australasian Heat and Mass Transfer Conference,(1998), Begell House, Inc.,337-344.

On dropwise condensation, it has been well known that the
behavior of condensate drops on a condensing surface has a
main effect on the heat transfer characteristic. And autbors
have investigated the relation between the behavior of con-
densate drops and the heat transfer. From previous papers, we
found that it was very important to make clear the shape of
droplets on a condensing surface. We firstly investigated the
dependence of temperature on surface tension by maximum
bubble pressure method, because the shape of a droplet was
influenced by the surface tension. Figure 1 shows the experi-
mental results for each mole concentration of SLS solution.
However, we can not usually obtain the close shape of a

droplet while the condensing drops are grown up with time.

80 T T T ] v 1

Water
0.002mol/1 |
0.005mol/1

70 F

o mN/m

50 | 4
‘0—%_%3_()&
40 n 1 " [ N 1 i 1 2
0 20 40 60 80 100

Fig.1 Relation between ¢ and T

* Himeji Institute of Technology.

Therefore, in this paper, we estimate the shape of a droplet on

unwettable flat plate in the air. We discussed the shape of a

droplet by using CCD camera and compared the experimental

results with its calculated results. Figure 2 shows the relation

between the diameter D and the aspect ratio (height h divided

by diameter D) of a droplet for several surface tension o .
Conclusions were drawn as the followings;

1. The dependence degree of changeable temperatures on
surface tension was obtained under 100 C.

2. For several surface tensions, limit diameters of droplets

which we were able to estimate as spherical shape were

obtained.
1.0 i T LA B B R B
08 h/D=0.756D**

[0 0=72.1mN/m
® 0=52.0mN/m
02 _Aa=42.9lem
00 =33.0mN/m
/D=0.563D"*"
h/D=0.623D7"
0.1 i 1 [ [ N
1.0 2.0 40 6.0 8.010.0
D m

Fig.2 Relation between aspect ration (#/D) and D
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Application of Bubble Column Fermentors to Submerged Culture of
Schizophyllum Commune for Production of L-Malic Acid

Mikio Kawagoe, Keiichi Hyakumura, Shin-Ichiro Suye,

Koujirou Miki and Kazumitsu Naoe

Journal of Fermentation and Bioengineering, 84, 333-336 (1997)

Some mushrooms produce useful materials such as organic
acids, vitamins, enzymes and polysaccharides that have been
evaluated as anticancer agents. Litchfield et al. investigated
the submerged culture of morel mycelia employing a glass
bottle with an aeration tube as a culture vessel for the purpose
of large scale production. Tachibana found that one strain of
Schizophyllum commune efficiently produces L-malic acid,
which is used as a food additive, from glucose and calcium
carbonate. They inferred from their experimental data that
L-malic acid in the culture of S. commune IFO-4928 was pro-
duced through the following reaction called CO,-fixing fer-
mentation:

CgH ;04 +2CO, — 2C,H0O; n
They investigated in detail the effects of various components
in the medium on L-malic acid production in shaking flask
culture and the effect of pressure in a jar fermentor.

Cultures of mushroom mycelia are aerobic. For such aero-
bic cultivation, bubble columns, which have been used as gas-
liquid reactors in the chemical industry and bioreactors in the
biochemical industry, are considered to be adequate because
they have high oxygen transfer rates and excellent mixing
properties despite their simple construction. In this study, to
find optimum designs and operating conditions for the large-
scale culture of mushroom mycelia in bubble column femen-
tors, we investigated the effects of air flow rate, cultivation
temperature and composition of medium on the production of
L-malic acid by S.commune using two types of bubble
columns.

Maximum yields of L-malic acid were attained at a superfi-
cial air velocity of 0.7 cm/s for the standard bubble column
and 1.7 cm/s for the external-loop airlift column. The opti-
mum temperature was 27 'C for both types of column, and
the optimum concentrations of both calcium carbonate and
glucose were 50 g/l. The yield of L-malic acid under opti-

mum conditions for the airlift column was larger than for the

standard bubble column.

From the comparison of the production rates of L-malic
acid in flask culture, a jar fermentor, an airlift column, and a
standdard bubble column, the airlift bubble column was found
to be most suitable for the culture of S. commune for L-malic

acid production.
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Fig. 1 Effect of tempreature on L-malic acid yield for the

airlift column and the standard bubble column.
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