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Numerical Analysis of Elongational Viscosity in Spinline Rheometer

Takashi KOSHIBA
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Simulation of A Control Circuit of A Current Type Active Filter
Shigeji IMURA

In this paper,the PWM output signal by experiment is compared with the coresponding wave
form by simulation for control circuit of a current type active filter using GTO. This control
circuit is costructed with hardware. In many cases, any signal component except for side band

components differ from that of analog input in magnitude and phase. Three causes are consid -

ered as follows:

(1) Inaccuracy of control circuit

(2) Error generated in PWM output for complicated input analog signal concerning control logic

(3)System constants including characterristic of main device ( for example GTO )

We study here only cause (2) and show some result of both experiment and simulation.
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Controlling Chaotic Dynamics by
Switching One Parameter

Keiji KONISHI and lichi KIMURA

It is demonstrated that chaotic motions in a continues - time dynamical system can be controlled

by switching an accessible system parameter (p) to the only three values (p-, po, p:+). The
method for controlling chaotic motions is based on the OGY method [E.Ott, C.Grebogi, and J.A.
Yorke, Phys. Rev. Lett. 64, 1196(1990)] and the OPF method [V.Petrov, B.Peng, and K.Showal-
ter, J.Chem. Pheys. 96, 7506(1992)]. However, it needs not varying the accessible system param -

eter carefully. To confirm the control ability of the method, it is applied to the Rossler equations,

the Lorenz equations, and Chua’s circuit.

1. Introduction

Chaotic phenomena, which occur in nature and
man - made systems, have been studied with aca-
demic interest since the beginning of 1980. Most
of studies have discussed to find out an order
within chaos [1]-[3]. It can be said with some
confidence that routes to chaos [3]-[7] and bor -
derline chaos [8,9] are presently well understood.
In contrast, one enter the chaotic regime it ap-
pears that we understand chaos very little and we
don’t know how to apply chaas to engineering.

The presence of chaos in physical systems may
be detrimental to the operation as it cannot be
predicted. It was said that chaos couldn’t be used
in engineering applications. In a recent letter,
Ott, Grebogi, and Yorke (OGY) proposed a new
method which took advantage of a feature of
chaos [10]-[13]. Their method (OGY method) is
to convert the chaotic motions found in a physical
system to a periodic motion or aperiodicity by

making only small time - dependent perturbations

of an accssible system parameter. A main advan -
tage of the OGY method is that one can obtain
different performances for the same system in
the same parameter range. Ditto, Rauseo, and
Spano have demonstrated the applications of the
OGY method to stabilized periodic orbits in a
chaotic mechanical system [14]. For low - dimen -
sional chaos described by 1-D maps, an occa-
sional proportional feedback method (OPF
method) which is essentially a limiting case of
the OGY method can be used{15,16]. The OPF
method is very useful for low - dimensional chaos,
because it requires only three 1-D maps. Many
physical systems have been controlled experimen -
tally with these methods [17]-[25].

Both the OGY and the OPF methods need to
perturb an accessible system parameter very
carefully in the small parameter range. Howev-
er, we think that most of practical systems don’t
have such parameter. In this paper we modify
these methods to control chaotic motions by
switching an accessible system parameter (p) to

closed three values (p -, po, p+), and confirm that
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this switching method works well.

The plan of this paper is as follows. We review
the OGY and the OPF methods in Section 2. In
Section 3, the switching method is explained. In
Section 4, the control ability for the switching
method is illustrated by controlling chaotic mo -
tions in the Rdssler equations, the Lorenz equa -
tions, and Chua’s circuit. Finally, in Section 5 we
discuss the features of the switching method, and

present the conclusions of the work.
2. The OGY and The OPF Methods

2.1 The OGY Method

The OGY method is meant for stabilizing
chaotic motions in time - discrete dynamical sys -
tems. For time-continuous chaotic dynamical
systems, the Poincaré section is used to make
time - discrete systems. On the surface of the

Poincaré section, the map is given by
U = F(u,, p), (n

where F, p, n are the nonlinear map, the accessi -
ble system parameter, and the discrete time. We
assume that the parameter p is allowed to fluctu -
ate in a small range about some nominal value
po. Let the range in which we are allowed to fluc -

tuate the parameter p be

p-<p<p, (2

P-=m—0p, D+=p+0p.. {3

At p=ps, there are many unstable periodic orbits
(UPO’s) represented as a finite number points on
the surface of the Poincaré section. Denote ur(po)
=F(ur(ps), po) as the fixed point one wants to
stabilize. Since the parameter range [p-, p+] is
small and we focus a very narrow vector field
around ur(po), we can use the linear approxima -

tion for the map at p=po+dp

U1~ UR(po) = F(us, p) — ur(po)
=wép+E[u, ~ ur(py) —wép], )
where E is the linearized vector field around ur

(po). It is given by

E =2ef, + 2e.f;, (5)

where e,, e; are the unit vectors in the unstable
and stable directions of E, and 2., 4 are the un-
stable and stable eigenvalues of E. Furthermore,
fs, f., are contravariant basis vectors defined by
fo e ee=fu*es=1, f;* e.=1f.* e,=0. The shift ratio
of the fixed point ur(p) for the parameter p is

presented by

Gu,
w=2urle) o
P lp=p
Eq.(4)is rewritten
U1 — Up() = wop+ [.e.f, + Asefs]
[un_uF(m) —wop]. )

In the time evolution of the chaotic system, the
orbit will sometime visit near ur(po). When the
chaotic orbit u, comes to near ur(po), the param -
eter p is changed from poe to po+ 0 p. In order to
place the orbit u,+1 on the stable manifold of ur
(po), we choose the parameter p=po+ dp so that

fo+ (Untr —up(m) =0. (8)
We get
_ Aufy s (ur(m) — un) (9)
P T i agw h

Since the parameter p is allowed to fluctuate in
the small range [p-, p+], the chaotic orbit u, is

controlled in the strip described by
up(m) +u- <u, <up(m) +us, o

uw-=-0p. | (1-Ng-f. |,

ur=0p. | 1-Hg 1. . a
If the chaotic orbit u, falls in the strip defined by
Eq.(10), the parameter p is fluctuated on the
based of Eq.(9) to place it on the stable manifold.
Once it gets on the stable manifold, the parame-
ter p is reset to pe. In the time evolution, the orbit
approaches the fixed point ur(pe) along the stable
manifold. The orbit stays on the ur(po) for some
time, but it will be soon depart from ur(po).
However, one can stabilize the orbit near ur(po)

by repeating the above procedure.
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2.2 The OPF Method

Low -dimensional chaotic dynamical systems
can be described by 1-D maps. Figure 1(a)
shows 1-D return maps in the local vicinity of the
unstable fixed points for the accessible system
parameter p =p-, p = p¢, p = p+. We assume that
these 1-D return maps have the same slope in the
local vicinity. When a chaotic orbit x» comes to
near the unstable fixed point x#(po), the accessi -
ble system parameter p is varied from po to po+
Op as shown in Fig.1(b). Then the orbit xa+1 gets
on the fixed points xr(pe), and stays on xr(po) for
some time. However, it will soon depart from xr
(po). In order to stabilize the orbit near xr(pv),
one repeats the above procendure. We assume

that the accessible system parameter p can be

Tnay
Tyl

Figure 1: Schematic of the OPF method for 1-D
maps in local vicinity of the unstable fixed point.
(a) The 1-D maps for each parameter p =p_, p
= po, p = p+. (b) The chaotic orbit x» getting on
the unstable fixed point.

fluctuated in the small range like the OGY
method in Sec.2.1. Jp satisfies following condi-
tion:
z(po) = f(xa, Do+ Op)
=§Ex,+ (1-E)(zr(m) +0pg), (2

where g is the shift ratio of the unstable fixed

point xr(pe) for the parameter p

— 0zr(p) ) k]
0D lp=p

So we can get

= £(z —zr(m))
R TR i

It is clear that the OPF method is essentially a
limiting case of the OGY method. The OPF
method is very useful for controlling low - dimen -
sional chaos, as it needs the only three 1-D
maps. Values for the OPF method (i.e., §,¢) can

easily be calculated from these maps.
3. A Switching Method

In the OGY and OPF methods, the amplitude
of an accessible system parameter must be varied
very carefully for controlling chaos. It is easy
that one varies the amplitude of the parameter
carefully on computer simulations, but in practi-
cal system (e.g., nonlinear laser systems, non-
linear circuits, nonlinear mechanics, and so on)
varying it is very difficult. On the basis of these
methods we propose a new control method. In
this method chaotic motions can be controlled by
switching the accessible system parameter p to
the only three closed values (p-, po, p+). It is easy
that one switches the parameter in a practical

system.

¢(p+.t)

Paincaré section £

y ; : 5
Tr(p-) erlm) zr(py)
z X

Figure 2: The vector field on the surface of the
Poincare section ¥ and UPO’s for each paramé

ter.

Consider a time - continuous dynamical system

dX
A (15
T H(X, p), )
where X € R", p, H are the n-dimensional sys -

tem variables, the accessible system parameter,
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and the nonlinear function. To simplify the anal -
ysis we assume that n=3 and the Lyapunov di-
mension Dy, is closed to two, then Eq.(15) can be
analyzed by a 1-D map and controlled with use
of the OPF method.

It is assumed that the accessible system pa-
rameter p can be switched to the only three closed
values(p-, po, p+). Figure 2 shows the vector field
on the surface of the Poincaré section X for p=
p-,p=po, p=p+. Unstable periodic orbits (UPQ’s)
¢ (p,t) for each p exist in the vector field. As p-,

po, p+ are very close, we assume

I #p-,t) =¢(p-,t +T)
#(m, t) = ¢(m,t +7T) a6
1 #(ps,t) =¢(ps, t +T),

| zr{p-) —zr(m) | =] zr(pe) —zr(m) |, (D

where

J zr(p-) = {$(p-.t) I},
zr(p) = {6, 1) I3}, (08
1 zr(p+) = {¢(p+, 1) I3,

The characteristics of these UPO’s are almost
same. When the chaotic orbit x. comes to near
the unstable fixed point x#(po), the accessible sys -
tem parameter p is switched from po to p- or p-.
The parameter p remains p+ or p. for some time
ts« until the chaotic orbit gets on the UPO ¢ (po,
t). The time ¢+ is in proportion to &p in Eq.(14).

t.=kp_£ _1z—zrlm) |

1 . 19

o= ZF(D:) ;JCF(IL) | , -

where £ <1 is the constant value. The region [x-,
x+], in which the chaotic orbit can be controlled,
is calculated from Eqs.(19)(20).

- -1
-=rp(po)-(551)%, 2. = xr(m) + (EE )%- o)

The switching method has the following proce -
dure:
1.Examine the dynamics of the chaotic system
and the small parameter range [p-, p+], in

which chaotic motions occur, is determined.

2.0btain the 1-D maps for each parameter p_, po,
P+ by using the Poincaré section or the Lorenz
plotting.

3.From these maps, calculate xr(p-), xr(po), xr
(p+), E.

4.To obtain the period T for the UPO, average the
return times of chaotic orbits near the fixed
point xr(po).

5.Calculate the region [x_, x+] from Eq.(21).

6.Control the chaotic orbit on the basis of Eq.(19)
In the step 5, determining the constant value &
in Eq.(19) is difficult. We shall return to this

problem later.
4. Numerical Simulations

In this section, with use of the switching
method, we control the chaotic motions in the R6 -
ssler equations, the Lorenz equations, and Chua’s
circuit which are described by the 1-D maps, and
discuss the relationship between the constant val -

ue k and the control ability.

4.1 The Rossler Equations

The Rossler equations are described by
I dx/dt=-y—=z
dy/dt =x +0.2y A
I dz/dt =02+ zz —az.

We choose the parameter a as an accessible sys -

tem parameter p, and determine as follows:
m=a =57 0dp. =da. =0.05. 3

The equations (22) is computed with the Runge-
Kutta algorithm (time step A ¢=0.002). The
Poincaré section Xz is defined by Zr= [x,y,zlx=
0,y < 0}. The 1-D maps in local vicinity of the
unstable fixed points for each parameter a., ao,
a+ are shown in Fig.3(a). From these 1-D maps
we can get

yr(5.65) = —8.32414,

yr(5.70) = —8.38370,

yr(5.75) = —8.44261, @

£ = —2.35855.

The period T of the UPO can be calculated by av -
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eraging return times of chaotic orbits near the

unstable fixed point yr(5.70).

T = 2940 X 0.002 = 5.88. @

4.2 The Lorenz Equations

The Lorenz equations are described as follows:

J dx/dt = 10(y — x)

dy/dt =rr—y—zxz v
1 dz/dt = —%z +xy.

We choose the parameter r as an accessible sys -

tem parameter p, and determine as follows:

m=rg=280, dp.=6r.=0.1. e

The equations (26) is computed with the Runge -
Kutta algorithm (time step AA¢=0.005). The 1-D
maps in local vicinity of the unstable fixed points
for each parameter r-, re, r+ are shown in Fig.3

(b). So we can get

27(27.9) = —39.7187,

27(28.0) = —39.8457,

2r(28.1) = —30.9734, e
£ =-2.21957,

T = 154 x 0.005 = 0.77.

41 _
R S
VA
~N > [
;/ P
-0.3d = %
/N
4% -0.36 ~0.32
Vc2

(a)

(c)

Figure 3: The 1-D maps in local vicinity of the
unstable fixed points for each parameter. (a) The
maps of the Réssler equations (@¢=5.70, das+=
0.05) is constructed with the Poincaré section Lr.
(b) The maps of the Lorenz equations (ro=28.0,
Or+=0,1) is constructed with the Lorenz plotting.
(c) The maps of Chua’s circuit (Go=0.7, §G+=
0.004) is constructed with the Poincaré section
Ze.

4.3 Chua’s Circuit

Chua’s circuit is an well -known autonomous
electronic circuit generator of chaotic motions
[26]. The equations of the circuit can be written

in the following dimensionless form:

CordVe/dt =G+ (Vo= Va) +ip
1 L-diy/dt =V, @
1
g(V)=moV+—2—(m1—mo)[l V+B,|-|V-B,]]

J Cl‘chl/dt=G' (VQ—VCI)_Q(VCI)

The

erned by the seven parameters (Ci, C:, G, L, mo,

dynamical behavior of the system is gov-

mi, Bp). These parameters are chosen as (1/9, 1,
0.7,1/7,-0.5, -0.8) to generate the double scrolls.
The parameter G are chosen as as accessible sys -

tem parameter p, and determined as follows:

m=Go=0.7, &p.=03G.=0.004. 80

Figure 4 illustrates Chua’s circuit for controlling
chaotic motions. The equations (29) is computed
with the Runge-Kutta algorithm (time step
At=0.005). The Poincaré section X¢ is defined by
Sc={Va, Ve, il Ve2>1, i = -1.05) . The 1-D
maps in local vicinity of the unstable fixed points
for each parameter G-, Go, G+ are shown in Fig.3

(¢). So we can get

Vear(0.696) = —0.35339,

Vear(0.700) = —0.33934,

Vear(0.704) = ~0.32590, aD
£ = —2.93704,

T = 6950 X 0.0005 = 3.475.

G,

Ve

N
J

G

Figure 4: Chua’s circuit to be controlled

4.4 Controlling Chaos
Controlling chaotic motions in the Rossler

equations, the Lorenz equations, and Chua's cir-
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(a)

(c)

’ 'fl\'-(‘-"-‘.‘&V.\F.‘v'-.‘.":\\‘E&'«"Z'\'\‘“i-\'?«‘\W.'\’\'AVA'f.‘z‘u\\\’\%‘x’t’t‘?-‘?&\ﬂ
-0.4'~

0 ' 200 100
n

Figure 5: Controlling chaos in autonomous equa -
tions with use of the switching method. (a) Value
of y(t) of the Rossler equations on the surface of
the section ¥ versus interation n. (b) Value of
z(t) zw _,of the Lorenz equations versus interation
n. (c;uValue of Vcs(t) of the Chua’s circuit on the

surface of the section ¥ versus iteration n.

cuit are achieved with the switching method (Fig.
5). In Fig.5(a) the chaotic orbit y» of the Rdssler
equations strikes the range [y-, y+] defined by
Eq.(21) at n=17. After n=17, the chaotic orbit y»

is stabilized near yr(ao). Similarly, the chaotic
orbit z, of the Lorenz equations is stabilized near
zr(ro) after n=25 as shown in Fig.5(b). The
chaotic orbit Ves(t,) of chua’s circuit is stabilized
near Vezr(Go) after n=31 as shown in Fig.5(¢).

Figure 6(a) shows the wave form Y (¢) of the Ro -
ssler equations at which controlling the chaotic
motion is achieved. The orbit y (¢) is chaotic until
t=13.82. At t=13.82, this orbit y(¢) falls in the
range defined by Eq(21), and then the accessible
system parameter @ is switched from a¢=5.70 to
@ -=5.65 as shown in Fig.6(d). The parameter a
remains «- for the time t. calculated from Egq.
(19), then returns to ao. After t=13.82, the orbit
y(t) is stabilized by switching the parameter a.
In the case of the Lorenz equations and Chua's
circuit, we can get the results similar to the R6-
ssler equations (Figs.6(b)(e), Figs6.(c)(f)).

We should notice that it is not easy that the
constant value kis determined theoretically. How -
ever, chaotic motions can actually be controlled
in a relatively wide range of k. In order to con-
firm whether controlling the chaotic motion is
achieved or not for each k, we observe that the
chaotic motion is stabilized for 5000 iterations.
Controlling chaotic motions of the Rossler and
Lorenz equations can be achieved with k C [0.234,
0.873] and %k C[0.204,1.000], respectively. Hence

5.
10 (a) ~———— control — 1) i‘——* control H_
= 0\/\/\/\W © 5.7 ”—J In
-10 X | i
020 307 5. 10 20 30
5 time t time t
() —— control — 2g.1 (€) Ir— control ——=-
N \/\M/\/\ :
. 27.9
0 i 't 0 2 4
ime ime
4 (© I 0.71 ® }~—— control
< 0 O 0.7 J'LHJ—L‘_UJLJ—L[
> 2 control —— l
00 220 a0 06 200 250 240
time t time t

Figure 6: The wave forms ((a)~(c)) and the accessible system parameter ((d)~(f)) at which controlling
chaos is achieved. (a),(d) The Rossler equations. (b),(e) The Lorenz equations. (¢),(f) Chua’s circuit.
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one can control chaotic motions by choosing the

suitable constant value k.

o.ood{ \

_ N

variance

\‘\“"Q* a

0 0.5
k

Figure 7: The variance of the stabilized orbits of

the Rossler equations versus the constant value k.

In this switching method a stabilized orbit fluc -
tuates a little about the unstable periodic orbit
one wants to stabilize(of course it also fluctuates
in the OGY and OPF methods). We calculate the
variance of the fluctuations of the stabilized orbit
as the control ability for this switching method,
and investigate the relationship between the con-
stant value k& and the variance. Figure 7 shows
the variance of the stabilized orbit of the Rossler

0.1
k=0.25 (b}

o.5(2) k=0.3

i d |

.01

o

o
(=]
N>

(d) k=0.8

(e) k=0.5
-%‘V—J‘-AJ o__._M.
Yn
Figure 8: The probability distributions of the sta -

bilized orbits of the Réssler equations for each k.
(a) k=0.25. (b) £=0.30. (c) £=0.50. (d) k=0.80.

probability
(=]
(=}
s

equations for each constant value k. There is an
exponential decrease. It presents that as the con -
stant value k increases, fluctuations of the stabi-
lized orbit decreases. The variance approaches
zero at k ~0.85, but one cannot control at which &
slightly exceeds 0.873. Therefore we consider that
k ~0.7 is the best value for controlling the chaotic
motion of the Rossler equations. Figure 8 indi-
cates the probability distributions of the stabi-
lized orbit at each constant value k. Figure 8(a)
represents that, for k ~0.25, the chaotic motion is

stabilized on a period -2 orbit very closed to the

period -1 unstable orbit. As the value of k& in-
creases, the stabilized orbit approaches the peri-
od -1 unstable orbit and its fluctuations become
small (Figs.8(b) ~(d)). In the case of the Lorenz
equations, the variance abruptly increases at k ~
0.8 as shown in Fig.9. There are two steady states
at k. Figure 10 indicates the probability distribu -
tions of the stabilized orbit at each steady state.
From these figures weconsider that, for kC
[0.3,0.7], one can control the chaotic motion of

the Lorenz equations with good ability.

0.005 /

variance

0 05 1
Figure 9: The variance of the stabilized orbits of

the Lorenz equations versus the constant value k.

(a) k=0.3 F(b) k=0.5
™
e F(d) k=1.0
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3 E
« b
0
=]
a LMJ

Zn
Figure 10: The probability distributions of the

stabilized orbits of the Rossler equations for each
k. (a) k=0.30. (b) £=0.50. (c) £=0.90. (d) £=1.00.

5. Conclusion

In this paper we have presented that chaotic
motions in time-continuous dynamical systems
can be controlled with the switching method.
Compared to the OGY and OPF methods, the

switching method has one advantage and two

disadvantages.

The advantage is that the switching method
needs not carefully perturbations of the ampli-
tude of the accessible system parameter. For
most of physical systems, it is very difficult that
one carefully perturbs an accessible parameter in

a small parameter range. However, In this
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switching method, chaotic motions in physical
systems can be controlled by switching the pa-
rameter to the only three closed values.

One of the disadvantages is that, in a system
without a periodic external force, one has to es-
timate the period T of the unstable periodic orbit
one wants to stabilize. However, it is easy that
one estimates it roughly by averaging the times
of the chaotic orbit near the unstable periodic or -
bit to return the Poincaré section. Another disad -
vantage is that the constant value k cannot be de -
termind theoretically. If the dynamical equation
of a physical system is known, the constant value
k can be determined by examining the detail
characteristics of the UPO one wants to stabilize,
but it is very difficult and not practical. We con -
firm that chaotic motions in the Réssler and the
Lorenz equations can be stabilized with the con -
stant value k in a relatively wide range. Fur-
thermore, the relationship between the constant
value k and the control ability for this switching
method is investigated with the variance of fluc-
tuations of the stabilized orbit.

In this paper we have proposed the switching
method based on the OPF method, and described
that low - dimensional chaotic motions in the R -
ssler, the Lorenz equations, and Chua’s circuit
can be controlled with the switching method. We
think that chaotic motions except for low -dimen -
sional chaos can be also controlled with a switch -
ing method based on the OGY method. We can
say that, for physical systems, this switching
method is the most useful and practical of all

methods which have been proposed.
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10.6 #m Band Frequency Translator using a F-P Type SSB Light Modulator

Tomoshi MATSUSHIMA

A novel 10.6 um band frequency translator using a rotating waveplate type SSB light modu -

lator in a Fabry - Perot interferometer is proposed. In the proposed scheme, a CdTe is used as

the rotating waveplate.

The theoretical analysis for the performance of such a translator is presented.

From the analysis, the relation between conversion efficiency and retardation is obtained us -

ing the mirror reflectivity of a F - P interferometer as a parameter. It is shown that the conver -

sion efficiency of 70% would be obtainable for 0.4 retardation by the proposed method.
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AR e RN TET

q=[;]=ﬂMﬁM) (3-71

CIT wld AHXDAREHERT. LXROEHR
REENL, HyaROLEDITED, D, FOT
K0y BADORBORIELEB L, HIERDBICIE
1) =wnt/2 ODEBERETS, Eixd 5 EHEAMH
(', y'#) ARRDORIENT B,
Dx' ey’ BRALOMICBRE-6)TRENLY
F—F—varinBAiohs,
NHMHETHYO=- ont/2 DEEZHBETO, v
BICRT I EICE > TH e i3
. =[ cos(“gt) sin(Zpt) J[ exp(j—%l> 0 :’
0 .
—sin(<et) cos(<pt) 0 exp(—'LzAi)
x[ cos(“pt) —sin(4pt) ]ei

sin(2gt) cos( )

=COS~A2—¢[_1j]exp(jwot)

+sinAT¢['1j ]exp[f(wo+wm)t]

(3-8)

L1585,

K(B-8)&Y, Ad=n&1idEEITANEDHBHE
(LLTF3- 1Tl we, wmEENZNAS, EHED
BBREFEREIRTE) Bodd (Wotwm) K5
2TV 7 bFEIENDNE, I TRAFEEERIT
OEMOEEAR EF—ARE L, ThoEE0IC
WHRICEET 3 & 5 i UIAROBERII w0
b (Wo—wm) KVTFFTBHEIEILNE, /A=
T DRUTROVEERBABRAEE LS. UL, W
ZERAT /4 BEEREREERERAVTIIRZE
NTE 5B,

COFEERY, 10.6 umiFIo b 3 BENEREE
BEOSLLTHRL2ICBER Y7 F&T) (Ad=m)
ICRKENBE (PAIFICITeEROMBELL 1 DBE
1368kV) HURELIL B, £2T, HMBEDOERIL%E
570, BMETERNIF-PELEFABEREZITH
BWAIEAEL B, £92 3 5—F—PHSSBLEHES,
RIZ3 1 5 —F—-PHSSBERERR LRV BEICD
Wik~ 3,

3.2 235—F-PRSSBEHAR

M1 MQD. M2 £ O

ar
—~ ,(.-_..-- ______ -
Y, \ g ES(O)
<-----Jb--———-<---
1 P01 T2 P2
R3-5 235—F—-PSSBEHEDHERK

KI3—-5ic2 35 —F—PHESSBEABOHRER
To JITHABOBE LEBRIC, #E5RIEHER
PHEREERT A M ENBROMNMENE LTV HD
EL, ESICHARII S~ IHBELTWBbDET B,
ERAPTOR TV BRI RFABICBMEER S D I1Z
MPIEERA D E LU TWB, EFNFNROREAE., E,
B, ERRETRE, E0T— FOEREERT, Z
DIFRNF—D—REHEIHRL, TRBE KT
&, FhE—D¥€— FAMRE.:, EXBMSEITIER LI
W ERRELEL, HREOBENTONREDOE— FaH
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a%x

a=E] 1 |exption) + B[ 7 |expticon+ ampe

3-9)
EBLs 2L
E;
R[a]l= [Ey] (3-10)
THb, EHVEREEETE LI, 2APPEL

B0, ChP, 2A0FAGLTHILILT B N

RREEEUABRTOBRRERRALE—F 3 a’ &
1
'=E.;A| _. i
a’=E.p, [_J ]exp(ont)

+ EsPZA[ ;j ] exp{j(wo + wm)t}

(3-11)
&1 B, L
A cos(i;i‘—)‘ sin(£zt)
—sin(<t) cos(%t)
x[eXp(qub) 0. ]
0 exp(—jA¢)
(3-12)

N cos(£g-) —sin(2t)
sin(2g4)  cos(gt)
TH %o '
A(3-11), 3-12)&kV a’id

a’= py(E.cos Ag+ E,sin A¢)[ _1 ; ] exp(jawot)

+p2(— E,sin A¢+E,cos A¢)[ 1’ ]exp{ w0+ wm)t)
3-13)

EI8B.(3-9) LU LT, I ERE—FHT S/
12, REB0DOBRANEMNDS Eccos A¢+ EssinA¢
12, BEM w0t o DRSS E. 5 - Ecsin A¢ + Eycos
APIZ, BB ENDD S,

HBORERE—EBIERLIc & ZDBKexp- 6, N
NAT A% G0, REVERBE—RTEHICEL B
BOThEAIET S, B AORKROKIITHEDY
ha,

exp(—T) = pio2exp(— 25)

(3-14)
6= mo(%) - —;—arg(plpz) (3-15)
INE w,,.(%) —pr (3-16)

Ag<X

i (3-17)

IIT, HAREEBLILEE, N@B-13)iBa'di5~
I TRELT, BURROEMICR--LEDE—
Fa" &
" . 1 .
a’= {exp(— I')(E.cos A¢+E,smA¢)[ _j]expj(wot —26,)
+exp(—I')(— E.sin Ag+E, cos Ap) exp—2j(6, + AG)

[‘lf ]exp{j(w,,+ 0n)t} 7, exp(-jeo)}[ _lj]exp(f“’ot)

(3-18)
&35,
EHREEELT, a=a” THRECHETZLiIcL
9, E.l3

B = t,exp(— jO,)[1 — exp{—T —2j(6, + A8)} cos{A ¢)]
© [1—exp(—T -2/6,) cos(A ¢)]

x[1 —exp{—T —2j(6,+ A8)} cos(A ¢)]

+exp2{—T —2j(8, + AG)} sin*(A ¢)
(3-19)
L1 3,
EE &

£ o THexD(= 8L+ expl~T = 2j(d,+ AB)}sin(A 9)]
s [l_exp(—r—zjeo)COS(A¢)]

X[1 —exp{~T —2j(6, + A8)} cos(A ¢)]

+exp2{—T —2j(6,+ Ag)} sin’(A ¢)
(3-20)
E1i5,
ZITF-PHRBVLOMDHEINZE—FEa" &
T35, KRG —ERETERTEDTa” i}

a”™= rgexp(— 6)(Ec cos%t— + E;sin %)

{ 2 Joxetionn) + coxs-0)(- Bsin 52
+E, cos %i)[ —1] ]exp{j(mo + W )t}
(3-21)
1B,
TRV, F - PRAEEES > HASND MY
BAE oo, BBBRAE Fuos EF5E, ool
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_ tmexp(— 6)[1 - exp(~T - 2j(6, + Ae)}]cos(_Azﬁ)

B = T exp(- T = 2700 cos(A 9]
x[l —exp{—T —2j(6,+ A8)} cos(%)]

+exp2{—T —2j(8,+ A8)) sin*(A ¢)
(3-22)
&85,
$ FEeoald
5o ol espl-T =26+ A0)}] sin( 52
wout = T T —exp(—1 — 2;60) cos(A @) ]
X[1—exp{—T —2j(60+ A9)} cos(A ¢)]

+exp2{~T — 2j(6p + A6)} sin’(A ¢)
(3-23)
L1383,

KENRAT ROo=0TF—PEALEHABDOI S —OR
HEENG L~ ELT, VF~F—a v EAENE
BHHHEOBHRER S — 6iCRT.

K@@ TRTLS5122 3 5—F-PESSBAEHE
DA, HAMICIIMERRSY bHAINS, JOBE,
WEFRA LB I /A BEREBARERY
hiddv, COFKEINOBSETHEFRALILF-PT
FO L THANT, BEICEHEERITI CLNTES, K3
— TIRF—-PESSBAERB L L UF - PHAEREL
FALIZWSSBER (K@) LOohKERT. &
h&d, V5 —F— a VOB VBB TIREF -
PHESSBAERAB LRV CTHEERERETS 087
THHI LD 3B,

1.0
E R::5—-DRHH - Carrier
9 0.8 - ~—— Sideband
E S~ R=T5%
5 R=85% -,
'} R R
q 04} .
N N Sl R=15%

R=95% S S

02} N b e~

§ > R=95% - ~. R=85%
L Tt~ P s =
Y 0.1 02 03 04
RETARDATION (rad)
B3—-6 Y&y—7—arvAERNERBAEE

DB

3.3 33X5—F—PHESSBAEAR
CCTRETEERBICS IS —ARERAVEF-P &

B B =

SSBHAEFEBICH>VTHRRE, F-PHSSBAEFZR
BROF-PEAERBIcH~THE L  ANEHR%:
T2 ENTEDY, HARMICREBRS bEEN S,
T, HAMI S —IEA I SRRV THERRS
EBET B LI, BEMERSDEEL ZHEIIOVT
#B,

04
g R: Y5 —ORHE
z
E o3 R=75%
:

02} )
3 R=85%
Q
N
g o1f

R=95%
0 o1 o2 03 0.4

RETARDATION (rad)
(i3 AN LM TB L

K3—-7 F-PHESSBEEFELLIUF-P Bk
EFHBEFALLVSSBEH (Hb
#) LDHE

3 35 —F—PHSSBERBOHRK

X3—8

K3-8i23 I5—~F—P HSSBERBOMKETR
To COEEHAIST—E2HDI S —THRIN/ K
EI5—L18-TW5, BIffi & FRICSSBERAK TG
+5#, HAMI S —icEFELTWEbDET 3,

BB ORBE., MBERSORBE BE, 23
5 —F ~PIUSSBERE L AR OE X S CHIEBIT 21T
3 &, ERBOOWMY HINBMEFRSAE(0), Es(0)
RIkREL B0

E0) = n{Ec cos(%) -E, sin(%)} (3-20)

D>

E(0) = rl{Ec sin<T¢) +E, cos(%i)} (3-25)



F — P 5 SSB AEFBEAW10.6 um FEERE RS 43

ZCT, E, E: i3
- 7 exp{— &— jwo<%>}[1 —exp(—T" — j6o)
[1 - exp(~T ~2j60)(1+2) cos(A 9)

{(%) cos’(42) —sin®(42) }]

+ () exp(- 2T ~4j6) |

(3-26)

£ - 7 exp{— 5~ ]w.;.(%)} exp{— T —2j6q}
[1 —exp(~T — 2j00)<1 +-;;f-) cos(A ¢)

sin(42) cos(42) {1 + (%)}
+ () exp(—2r - 4j60) |

TH 5,

KENLTROG=0& LIBEITRIBZY F—F—
va v EAEEERBAOBBRER3 - 9IKRT, 23
S—ARERND, 3 I5—HRNOBEIHDANEE
FRAVHEWE S IHE IS —OMBELEAT, W%
Fiontd A RHEERE100%12F5 2 EXTES, BED,
VYI—F—va YHNIUREATRR.=0&0LT, #
FHICHT AEA IS —DEBRERRICTELY, &
WU RHRER S ARROI E83S 05,

CNoDRITRERLY, F—PEXSSBEABRE
B, BYERAENERBLEATHEENRSLLEELL
Nz, HIC3 IS5—HRTRIOXICHETIEMHE
L0 DY, FARICR O TRAEMERSBEL
THEHTHBEL LN,

PRI, F - PREARREANICHATZBRNLER
BELT, 4x4X20mDRKEID CdTe R ER W
BA, EREBECOV TY ¥—F v v aid0.15&1 3,
Z I CRHERBIDIS—FAVWTF -PHEHESSBE
B rBRTIE, ERPBI20%ED, 33
S—HRTAHHD IS —DORHRE0SE LIz L E
i, ERPRIIT0%ICET S, BROMBEERAR
ERHVWTEONAERHER, COLELI%BEETHD
JEEREZBE, BVWERBET, BVWERDEEED
TEDTEEE BT ENELIONS,

(3-27)

1.0
| Rc=100% CREBicxd 2 KEHK)
Rin = 90%
08} LOSS=1% (g et 5 K R)

40=03%

Rs=0%

NOLMALIZED OUTPUT POWER

0 01 02 03 04
RETERDATION (rad)
R 3—-9 VY¥—-7variRBE¥ERIHORGK

4B K

SSBEREFEAVI:F-PESSBAEHELIRE
T3 LI EERIT AT > 720 CORIKERLD, F-
PR SSBERBIIERS, ERBEMETHRBLN
Lok H B ELEIONBE, I3 I5—-F-PE
SSB HZEHBIL, Y ¥ —F— a v0.4rad THITO%IC
LT AEBYRNELNZTREEAH 0, FRIABICR
ST RABRMEREL LTHETHEEL OGNS,

BEIH
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Computer Simulation of Step Response
in a Control System of High Order

Takashi KURIMOTO

In design and analysis of an automatic control system, frequency characteristics as Bode

diagram, Nyquist diagram and root locus, and step response are used properly. Especially the

step response is useful to judge the result directly. At first, using Runge-Kutta method in

order to solve the ordinary differential equation of order 4 by computer, the method to draw

the step response in the control system of order 4 is described. Then, about an example of the

control system of order 4, one very short program by N83-BASIC to draw the step response

and some step responses are described. Finally, the validity of this result is considered.

1 EANE

BEHERORE - BT HEE LTI, - FRR.
F4 F X MER. B EOFBEEREC 2T v 76
E. MmO IC L 2 FENH D, HE
KIEL T EN oD S BOFERFENAVLLNTWS,
HARICOVWTIR, —BICBER TR INE &%
Wi, ChooRKHE IV P2 — I THERTEE
it TALICHE TRV, BRTIE. HEREET
Bv7 b, 3REHTRINTHS, UL, TR
ThR A VI 7 21— AR IVBOD, X P HEL.
FERLEOHM BV, ZIT, bo&arEa—SHE
DRMUZDE-T, IhoDRH$H%A, LERNRBOI]E
BiEWSuss Ltk ->T, FEDO Ay — IV TIEREIR
ERRTENL BRRBE LB 5, KX T v TIHEE.
HEROHBRREAEBRNICAZ I ENTEXEZ1D, §
HRE MBI L DREEE LIBATH, Z0X
7o TIREARRTE 3L SE. FERIEYTH S,

CCTR, FFa Y a—2ick3EHSHEROR
BELTONUY Y v FEEROVT. BREIERD 1 H
ELTODAXREBRDRT v FIEEERDBLEDTE
BIBEICDVWTRT, (RIS, 4 REEFRO 1 Flic2VT,

FORT y THEERD B HDFFIF TS 4
% BASIC Stk e L. ZHICL ORDIRT »
TIEENERL, EOMRBORUMIIOVTRAT 2,
RE.COEZHTEY. S RULOBEXRFERDORAT v
TEEERDBFRIHIRL TH L 2 &I3AMEETH %,

2 WP Y 9 SRICEBnBEERIFENORL"

21 WoTI 9 SRICLBBEDERS

IVE - REBEMSFERNORELE LTE, #+
45—, WoHD 9 YERENRD B, A4 5 —kidH
(OB ELALGNTVWAEY, | ROT— I oEROS
BREEXDT, ROBERDTHL D, ZORELKE
Vo VUF Y 9 SETIR. LEARBYR4EDTF—4%
BWT, ZOBERHTWL ZEikkd. BEOBRE
Eh->TWa,

RROEBAHBRAORy(x)%. B1ITRTLHI
WoH Yy FREIZEDRD B,

WD _ fla, y@) m

OPEE/E. TR ORI RE Pi(xi, i)
NOoRDE D ETBHE%E Pi(xin, Yin) ET B E X,
YinEROFMREICLDRD B,
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K1 Ny 7y sEORMNHRER

OPi(xi, y )i B 2HEA, by BRREB B LS I %
»H5b,
= hf(xi, i) @)
@Pu(xit 3h, yit ph JicB BERAE, ke RRE
BEESIED B,

_ : 1 1
ko =hf(i+5hy gt ki) 3
@Pus(xi+ T h, yi+ 3 ke W B BAEE. ks RR &
BBESEDD,
1 1
k3=hf(1‘i+-2*h, Ui+?k2) 4

@Pu(xith, yitks YicHBF 2HE%E. ke KR ELS
£IIcEBH B,

ke=hf(zi+h, y;+ks) (5)
® Ayi = %(kl + 2Ky + 2k + ky) {6)
® Yirl = Yi + Ay; (7)

LEDOD~®DFMEIC & DK SN Pini(xin, yin) %
BT, BEIC LU TPisa(xise, yir2) RS, hEJER
COMZLTWL,

2.2 1 EnTEIRMHSHER
1B n el B FERER. KA TRIN S,
D) — itz @), Ya(@) e (2]

d!g(x) =flz, yi(x), yo(x) ------ Yn(2)]

(8)

dyn
_‘lii.i‘x—)=fn[1’ Yi(x), yo(x) ------ yn(z)]

I xI3HIEMT, Bt LB AbLH 5,

G

2.3 1R tETEMAARAOEE
@RIcHBVT n=2 & L. MUEH x>t (R &
L& Z20 | B2 sl HHaARERE. kL5,

J B — e, (), )]
(9)
—=5= = filt, n(t), ya(t)]

WoB sy FEIRED, TOORDHEERD BZDIZ,
C~MRIB VT, x~t & UTHA L. RROME
ARPBONTV S, B, PTTR y (O)—=y, 1y (1)
-, h>NAtET B,

[ =4t At Y, ya) {0

| b=at falti, Y, Yiz)

J ky= At fl(ti+%At. yi1+i

1 dyz(t)

1
P kl) yl,2+7ll )

b ZAth(ti+7At’ yi1+7kh yiz+—2—l1)

ks= tfl ti+tg At Yat kz, yz2+—l2)

12
I3 = Atfz(t,+ At yat Sk, Yt o lz)

|
1
| ka= At filti+ D8, ya+ ks, g+ 1) 3
I Ly = At fo(ti+ AL, ya+ ks, Yo+ i)
j Y =Ya + Ayu

Swatg (k1 + 2ky + 2k3 + ky)
\[ Yz =Yia + Ay,z

= y12+'6_(ll+2l2+2l3+l4)

4

2.4 nREBERSHEXORE

nBEEMAFTRERICHOVTIR, BULEMICED. 1
Bn TET BERAFRREB L TR T EXTE S,
CZ TR, RADOrBEHEESFERE | Bnml L E K
SHENCEHRS 2,

dy(t) _ dy(t) dy(t)
dev _/{t’ v = e

drly(t)

T, EHERRDE I KBENZL B,

y(t) = y(t)
dy(t) _ dinlt) _ = (®)

dt Tdt
diy(t) _ dy(t) 1 _ dya(t) _
ae _Ft—[ dt ]—T_y?’(t) i)



BXREHARDORT v TREDY I 2ab—Ya v 47

in—1
dy(t) _ dya(t)
de dt
=fIt, n(t), ya(t) ----- Yn(t)]

MR EEHT B L. BRICHETE. KROLHKE
B n SRS RSB 50 B
J O — gy, B =y oo

dt

e T=yn(t) 1
dyn(t)

=/t yi(t), yal8) ------- Un(t)]

3 WHYysEICLS
L RBERDRF » TRE

3.1 ARRASHRIORE

BRICEVT n=4 DEED4BEEHIFERI.
ERD&EHII83, b, T TRABROHT x(t)
LT yt)—=x(t) EHBENZ S,

dix(t) dx(t)
= A =0, H2
d’z(t) dx(t)
det 7 did ] i®

COWREWRIC LAt > TEETE L. &RADEH I
155,
dz(t) _

—r - Y@®)
dz(t) _ d [dxz(t)]_ dy(t) _
de dt[ dt ] a2
dPx(t) _ I:dz:c(t) ] da(t) _ o(t) 9
dt  dt| de dt
diz(t) _ d [dBz(t) ] _ du(e)
dtt ‘%[ drs ]‘ dt

=flt, z(¢), y(t), 2(t), v(t)]
COWREBES L, RADL S 1 B 4 THEITHH
AAERERI NS,

d:::(t) dy(t)

=y(t), =2(¢)
dfi(:) =o(t) )
dv(t)

=fIt, z(t), y(¢), 2(t), v(t)]

L7cti-> T, 18R 4 EE#aAERIZ. ORD | B
4 TTEE#RAHRRC-HOVT, 0~ 1 FE 2 TE

MHEBEDFERON T 7 9 7k BREARENR
L. KAWL OMERDB LN TES, 2HBEKS
HERUCBIT By1(8), ys OITHET 5 x(t), y )D&
I BBIEE. x(t), y(@) EWMUT2(8), v(t)
DREZITHVT, — I BLHWBEELBZ LS
HRLTW L,

k =Aty;
L =Atz
my =Aty; )

p =AM f( T Y 2 v)

ke =At(yi+ Lh)
L =At(z+Lm)
mz =At(vi+ 4p1) @
P =ALf+ AL 3+ Sk, g+ A0,
zi+ gmy, v;+ Sp)
ks =t (gi+ Lh)
Iy =At(z+1img)
my =At (vi+ 3 p2) @)
D =ALft+ AL T+ Lhe, yit 2,
zi+ tma, vi+ 3p)
ks =Nt (yi+ls)
i =Nt (zi+mg)
my =At (vi+ p) )
b =ALflti+ AL, xit ks, yit+ls,
z;+ms, v;+ p3)
Tin= i+ AL
=xi+%(k1+2k2+2k3+k4)
Yin=Yi+ DY;
=y + —é(l1+2l2+2l3+l4)
Zin= 2+ Az @
=z + %(ml+2m2+2m3+m4)
Vi1 = U; + AU;
=+ L(m+2m+2p+ o)

3.2 AXBBRORT v THE

3.21 4XREIEROME

ZITR. 1HELT. KD & 5 EHBHR Gu(s)
Z, A bo—3 ¢ LTOHEBENER G(s)iTL O F]
#9423, 2ITRTLHU 4 RBBRIZOVWTRY,

Kw,?
G(s) = "
te) s(sz +2{was + wnz) @
Tzs +1
Ge(s) = S+ 1 @

D4 K%‘lﬁl%UJBﬁll«-iEiiEﬂﬁ G(s). HANV—7
EEMRW(s)ETELEE, ATy TATTR(s)Ic
BN X(s)i3. KRDL I3,
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a2y bo—-35Gds) HExtRGi(s)

Tys+1 Kw,?

() T“ Ko
[R(s)] ~ Ts+1 (5% + 2 was + wy?)

X2 4 xREERE

x(t)

G(s)

X(S) = W(S)R(S) = W

R(s)

_ G(s)Gis)

= T+ GG )

_ KoKw,2Tss + K Kw,?
T TS+ (2w T+ )8+ w1+ 20)s

R(s) o8

+ wn(1 + KoKT3)s + KoK

3.2.2 1 B4 TEIBEMAFEAOER

BRDX(5)E D AT v TIHREEx(t)ERD B 129, #]
B (0)=0, x(0)=0, x(0)=0, x(0)=0& LT.R(s),
X(s) &t ERT 5 L. KAOMAHERNB LN
3,

dr(t) _

R(s)=§ - =1, 28

0 29

T1*X(s) + (R wnT1 +1)s°X (5) + wnlwaT1 + 2)s’X(s)
+w,2(1 + KoKT2)sX (s) + KoKw,2X (s)
= KoK wnT3sR(s) + KoKw, R(s)

= TiF + (2w D1+ 1) + wp(w 1+ )7
+0 (1 + KoKT;) x + KoKw,x
= KoKw,Tor + KoKwair )

L7cti->T, BRICHIET B REAS B o1 5,

_ KoKo,? o w2 (1 + KoKT3) »

=

T1 Tl
20N
w"<w"+Tl)I (2{wn+T—)x
KoKw,?
+ T 8

ZOBIREARIHIET 5 1 B 4 STE L H#a KRNI
E#THE. KADL ST B,

[X(s)]

)]

2 2
__Kikod ol KKTY)

J =y, y=2z, z=v

T T
24 1
ot ot
2
+ B = 1t 5, 4, 2, 0)
1

[!-F dy(t)

s y=y(t) ---- v=v(t)]

ZDORRUICHWT, UD~BRDONV T2 » FERICL B8
EREHOWT, A7 v TIEEx(t) —t HiEERDH B &
NTE 3,

3.2.3 RF 9 THEY
PR ED~BRLD, D4 REHAFRDRAT v THE
x(t)—tBHEERDBLHOT TS LERIITRT,
IDTuy 5 hid. 2%V 3 PC-9800DN -88 BASIC
ik Bo ¥, TUISLETEBOENELT LD
o, S, BER. STEREOAERZNNE. BERK
F, NS A—FERREER, EBXICL S,
I1BELT. Gus) D K=5, {=0.4, w.=3D¢&
%, G(s)ELT. OKo=0.1, T1=0.1, T: =2 @K,
=0.2, T1 =0.2, T: = 1 OEBEITONWT, D 4 KH
HRDORT v TIHEEx(t) —tHE%K 4 12" T Wb,
HHD,ORELRBEICTL 5, . O 4 XRHBERI
DVWTR~ FREEZER LT Y1 URE 2w, MHER
Hoo®RKDID, Ogn=9.0db, ¢n=45° Qgn=4.2
db, ¢n=26" EHD. WTHhOBALLETDH S,
CITC B3t T, #0707 5 MEROBEYL
TFo
D 20~40: EH. /354 —FREELEETEET %,
@ 50: HHEAEEET 5. [@RDf(L, x, y, 2, v)]
@ 70: 74 AT VA Dx, yOEEBEAAEET 5.
[x#:t 0~20, y¥h:x(t) -0.2~1.8 ]
@ 80: 74 RTUA640X4000 5 LDOBEAKALIE
ET 5.
® 90~100: x, yEEEEEHTHI o
® 110~140 : x, y#izBIT 2 BERE B TSI <,
@ 150 : x(t) DEEEESB TSI,
160~270 : QO~BRDOINV V77w Sk t%
I HET V-2 EZ2Dx(t) ZEKHEL, Toy
FLUT. A7y TIEEERD B,
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10 REM PROG1

20 K=5 : ZE=.4 : WN=3 : KO0=.1 : Ti=.1 : T2=2 : X=0 : Y=0 : 2=
30 'K=5 : ZE=.4 : WN=3 : K0=.2 : T1=.2 : T2=1 : %X=0 : Y=0 : 2
40 TE=20 : OT=.05

S50 DEF FNF(TsXsY2ZsV)=-KOWK#WN 2/ TT1eX~UN 2% (T+KO#K#T2) /TI#Y-UN® (WN+2#ZE/T1)nZ-(2
#ZE#WN+T/TT1)%V+KO#K#WN"2/T1

60 SCREEN 2,0 : CONSOLE ,,0-0

70 WINDOW (0,-1.8)-(TE,.2)

80 VIEW (40,0)-(639.399)

90 LINE (0,0)-(TE-Q)

100 LINE (0,-1.8)-(0,.2)

110 FOR J=-1.8 TO .21 STEP .2

120 LINE (0-,J)~(TEsJ)»» &H1111 : NEXT J

130 FOR J=0 TO TE STEP TE/10

140 LINE (Js=1.8)-(J».2)»»+&HT111 : NEXT J

1506 LINE (0s-1)=(TEs-1)s4,&HFOFO

160 FOR T=0 TO TE STEP OT

170 K1=DT#Y : L1=DT#Z : MI1=DT«V : PI1=DT#FNF(T:X,Y,Z,V)

180 K2=DTw#(Y+1/2#1L1) : L2=DT*(Z+1/2#M1) : M2=DT#(V+1/2#P1) : P2=DT#FNF(T+1/2#DT,
X41/2#K1:Y41/20L1,2+41/2#M1,V+1/2%P1)

190 K3=DT#(Y+1/2%L2) : L3=DT#(Z+1/2%M2) : M3=DT#(V+1/28P2) : P3=DT#FNF(T+1/2#DT,
X+ 1/2%K2:Y+1/280L2:2Z+1/2%M2,V+1/2%P2)

200 K4=DTw#(Y+L3) : L&=DT#(Z+M3) : M4=DT#(V+P3) : P4L=DT#FNF(T+DT X4K3,Y+L3,Z+M3,V
+P3)

210 X1=X+1/6%(K1+2#K2+42#K3+Kb)

220 Y1=Y+1/6%(L1+2%L2+42%L34L4)

230 Z1=Z+1/6%(M1+42%M2+2#M3+M4 )

240 V1=V4+1/6%(P1+2#P2424P34P4)

250 LINE {(T,-X)-(T+DT,-X1)

260 X=X1 : Y=Y1 : Z=Z1 : V=Vi

0 : v

=0
0 : v=

]

270 NEXT T
280 END
B3 ARHMBROXT v THExO)-tBHEERDE DD T TS5 L
i REREN 3 REBRICEB LI EEDRT v THE
e x(t)— tBREARDBE, B5DL S B, SIT,
vvvvvv G(s)DTi=0 &LV ZORICEREHEREET
, . B, A—"Tu—UREOBMEE T &E LTV 3,
@~ $hGs)DK=50D&Ziid. & DEM 3 REBE
s RERBEL B0, KED1OL4E LTV S,
/ ; ol
o ‘ 5 6: « j %
: : —t

Gi(s): K=5, { =04, wa=3

Ge(s) : DKo =0.1, T\=0.1, T:=2
@Ko=02, T:=02, Ta=1

Tarsa O3, QX3 221 2030

4 ARVBROZT v TE

4 AXNBEROXF v TRE o L . T
DROHFICBETIER Gi(s): £=0.4, w.=3, KD1@1.4
Gs): Ko=1, T1=0.018, T:= 0

a1 F N
O3 72221 20 K=1-- K0=1:T1=.018:T2=0--
@FI3 7121 20 K=1.4- K0=1:T1=.018:T2=0---

4.1 A3 RHBERORF » THE

3L B AKRHBERORT » THEERD B 1D
Ta S LcBVT,. Gls)D Ko=1, T: =0.018,
T:=0&0L. Gu(s)D K=1,1.4L LT, D4 &kEH 5 GEQL3 RBEROXT v THRE




50 ¥ &

42 3RHBRORFT - THE
421 IEEHASEIOBRE
SREBRORT v THEERD B 120D, ~B
KT BV 7y FERICk BRERIE. 4 KEBR
OBE&ELERIRHONS,

422 3IRHEROXF o THE

41FEDEWY 3 REBR L EME, R6IORTEONT
3GIBRICOVWT, ZORERERVT. LAY 1
KENRS A =G LG BRT v TIEEx(t) —thiE %R
2L RT0&5115%, CORTDO ODK=1@K=
1.408BE0. B tiELTEh., BEELRAF v/
BEEIE-TWE I Ebh 5,

a2y ho-—-5G(s) #omxt % Gi(s)

w,?

+
r{t) z{t)
[R(s)] I— K 8(s%+ Hans + wnl) (X))

K6 3xEEHR

(e} oo

e |

k Gi(s): £=0.4, w,=3 Gu(s): KD1@1.432.4

M7 3REBRORT v THE

4.23 3IXHEROFAERLBE

K60 3XRFBERICOWVWT, KENRSA-2ET 57
A FAPBEEERTAEHESDLSICNES, K=24
DEEITE. BTORF v TIEELHBDF A F A MR
HOoWThicBOTHRERR L L -TWA I Lbthh
%,

43 RF 9 THEORDAEOELY

41~4 2B A BRI O, { KEERDOR
7 v TIEEERD B, BREU~BRON T
P IMEREAVEI LR, —IBEHTHEEL

]

A%, BB, H5DORT vy 7THEEIIBWT, K=23¢
T5E. RREELADRERRELS, HTERST
Z. K=240EERRTHD. BFEVEREVESN
TwW3aIlEbbrsd,

Gi(s): =04, wa=3 Gu(s): KD1D1.482.4

H8 IKREEROFAFAIMER

5 £&8

BERHARD 1 HELTO 4 RBBERIIOVT, A
F o TIREERDBHEER LI, CokH i, R
VI bEBVWLEOLT, SiEROoSEBEYE. SV avD
Forars Ak uag{bTcE3 L, ERIEYTH
2EELH B, LIAT, HETRCL TR, 5
HEBICL D 1 ERFERG S, BREEERIC LSS
EHFER, ISR T7 7 V48, —2—oHBR
BEBRITED. TONBLETEIEBRMCLDO
DHB, COEHINREEIZ, ERHRY 7 FOBER LY
FFLT, SEROEEO L X5 LEGEDEREEE, /S
VAV DERICEBIETE S L. TOABOERIC
KBS, oS BHEROBRBITICLIEATE
Bo COXHIUBENS. SHBEL/NV O VEERLE
BEFEROGEAP Y I 2~ a ViZED AT
Ef:wiEL B,

EER

=K Gkl 8 . “S—vFAarEa—-Fick
BB BEAF” A4 — Lt (1983)

DEN, TB: “U374 v 0&SH™ 412k
(1984)
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Simulating Flow by Using Cellular Automaton

Masahiko Sakamoto and Takanobu Yamada

Recetly many kinds of flow on the Cellular Automaton were proposed. In this study, we ap-

plied the metod to a simulation of flow around plate. We were able to observe votex flow which

is particular characteristics to the flow around the plate. In the results, this method is applied

to the flow simulation, but calculating time depend os the cpu capacity.

1.8 &

EFEFNOBEHEEE L TERB X255
#— b b rEREFICL OB SN/ TR LR
HECENT AT RS EMICET 5 L THEGR
kRELTORGEERETELOTHSL M @, T,
Bz LTRED2THRIEEX LV HRERIO
FHES U NEEOBR S EARICHELTHWS, Th
3, BFOREL(LISEFOREICOAKEL, BHT
BRI REBIC L ORI TENETH D, ORI
BRI & O KRB WTINBHEICE LI bDTH S,
CDEFNVRIBFHEOTMERIC, EREICEHENR
FINhTWBIE, ERMENMELNTO ARTIER%
BEBUE S 3 &0 S LD b & C Navier - Stokes HER
PHBHIN TN B,

AMETI, 4 — e brickbhodEES
R T B 1 DERE D OFN P B H KB EEITV,
ZOWNEERICE 0 HR UHEE BB L.

* Z3EE TR AT

2, XEER

VA — b2 b UTiEREE LTORNERAN LV
~XbE LT IhEBREIDRBICE 2 KT OEB)Iic
xto ABEHRE ATV, BERNLVALE LTHRE®ICC
oDRELXBHAIL, BRELTHRNVBOEEL LU
FREOMGEKE L TOMBENIDREERDZFETDH
2o PTFICINSOFEMITH>WTHENRS,

2.1 REOERH

ZHEDFRENBE LTEAEER L TR 1SR TRE
it eEZ, R - EEFRICE CEREZRONTE
BETERLVEV I THREETS, Bl (=0, 1,
2, = )IZBIF B F R r+DREIZHEE Ci = {cos(7i/3),
sin(7i/3)) , (1 =0, 1, 2, = 5) DR FOFEFEIL
&0, TORMEIZ ] FRBOBERB TRDT—NVE
oLt EINE,

n(t., r.) = {ni(t., r.):i=0,1,2,-6} (1)
TTTn(te, ra)=0, IOVTHIDELEED 0 DL

RS TFOEEYY, | OB&SIEFRIEETS, 35
IZi=6 3HILRFOEERRERTEAVETRT,
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2.2 WMFOWERLVLERE)
BHORFORIBKICERFRICH o LHEDH LN
FmMEAIC LA -> THREEGHRBERTFT 5L I ICH
e 5, FEOREOEICL 2HBEHME LTFHP
SIEFVERAVWIEEER 2ITRT, ZEDKFHNE
HHET 5 _BHETIITED, 3BEORFIHET S
ZHBETRIBEDOMENEZ SNDD, HHRE
ZEBRUTHELVERTINGERINT S, 21T,
WEEHE LTRANEF L 5N 5,

A= E+nea(l — 1) (1= np2) (1 — nias) (1 — nss)

+ (1= Enirniss(1 = ni)(1 = nint)(1 = niza) (1 — nivg)

= ninira(1 = ni ) (1 - niee) (1 — nisd) (1~ 7i45)

+ nianisanies(1 — i) (1 — nia) (1 —nisg)

= ninisantina(1 — i) (1 — niag) (1= njas)

(i=0,1,2:5) @

JTRARD, T10VWThhoiEx bbb, £lImE
DRIEE BB LS % B L CIRBSERMICRIEZIRY

NI BT VEHTH 5.
BEHBFRTOERRE L EGRFI LROWHERN

NNNN
AVAVAVAVAVA

1. ¥TFREE(FHP -1 mdel)

VAPRVERV,
ANRPANIA

R

ZHER
2. # % Al

AZROCTRATRI NS,
YA =0 3)

Zc,-A;=0 (4)

WTREETRTHERL ¥ M LAF v S TEOHEE
HARORTRICHEL, EEFELLEESHEAOYE:
1 94 LRF 5 TOREOELBERRATRENS,

ni(t.+1, rot¢) =nt., r.) + A (5)

23 H Bk

HRNIETOREEHHERB CRANERL LTR
BIENTER, LD -THHBEEERL THED
HRER GRS IES) TORTFROFESEEE,

M(ttv r. +Ci) = <n1(t-) r')) (6)
THEZoh, BFRNRTONTFHRELUCESROFEY

iz, XRTRIh3,
o{t., r.) = Y Ni(¢., r.) (N

Jt., r) = Y aNi(t., r.) (8)
HREUTHAMSRICB T 2REDOBEE u(t., rold
KR TEHEINS,

u(t., r.) = j(t., r.)/olt., r.) (9)

2.4 ERBHRBOMFR
BEILET - 188, S F DEBELRVOERIRE
BLUEHBEFRIIRKTHEINS,

PNi(t.+1, ret ¢y = T Ni(t., 1) a0

YNt +1, ro+c) = Y aiNi(t., 7.) a

B EFMIcw - D EELT I BE L EGRAFED
BN RETREE T 5 L, BTFANEBRMEZ TS
IKEBETHEBEKLEANRTIENTES, £2C R
082 r—NZE#RL, 745—-BBEL—XETERT S
ERDEGEDRER S LDTE S,

% +A(pu) =0 12
RggicRE 71 5 BT 3 LREEH 2,
2+ (L) + Bl AN) =0 3

Z CTCNDEN 5R1IH\Navier - Stokes HIER & 131
RISLLBZ &b 3,
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3. HyEst®E

ERAD OFENTRE 3 IKRT & ) ICERRIERE
LETFRFROER L DIRAL, AEICHBT 5, KT
DOFEAR FHP -1 EFLVERWY, R4ISRT L icE
FER T slip-noslip&f% 1 : 30EIATEZ, BE
BIUEHBRORENERET AL IC5Z 1, HED
7u—F ¢+— FERSITRT, 12720, HETERAD
B FaHE960x480, EWROBEE %120, MEA KL
D640E Uiz E£7o, BREEALHIKIIZI X220 THRIRT
LD, WEIZI00RTF v P TORRESE & -7,

- — s =g  —gm P P
—_— e e A g e e

—Bkif
—_. - - ::"-——
- > /’| —~— -

]
S
Fk Fok
ffHk

®/oiL

4. FEREH

A-TUN::| ]

ABc L OB FLICHFERET S

BT LTI FIC>VLWTHEEITHS

LTORTFIIDVT, HHEETED

W CHES

FBEALER T & ICBRIEE TV,
WEE, THRRERD S

(o5 L88T)

K5, #EO7o0—F +»— b

4, HERRELUEER

6 ic# EERO—FI& LT200005 1 LRF v i
B 3ERA D ORESHETT . TRO LR TIRiES
B, —HERFICRBOEELTWAI b0, L
FKLORAT AHFOREMFR—BHETRBVI
SE#EFH L -EEETORAKBLI LTI I LRTy
TREOHBIEL D THELEEIONS, HTIC

fhokmE —

o S ————

— e e

VA VXD 150D RIC B 3 ERE D O8IEFERE
27T BEERIERO LRAITREAAL, THAIT
BOFEL R I NEEICRIMEHERR L O—FN
BRIhi,



54 RA HE - LB FE

R 7. FERED D OBERER

ABEOFHETIR/ Y 3 Y URIVT—RBEE D ER
M E LTz, ARG HAEIIZOBFHR & 127D ED
RS VIVEE AT S O & CTREN S ERBOT v 7
BOVICHERE R EARNE EEZ 5N 5,

K ET O VS5 LAOERICOWTHERE T8 #1E
BREAKE, TK¥EBRAE XBELSTICHEEDOD
EWEB, IR BRHOBEERT,

X M
(DFR, =8, #_X (BM) 57-540,B(1991),2663

(QV#E, B8, #RX (B#R) 57-540,B(1991),2671
Q&R i, KF, FH BREED
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B a2— ALY — ) “sendnews” DB

& XB -t

EA* 84 FEa**

An improved “sendnews” for sending NetNews

Fumio ASAI, Naoto FUJII, Keiji FUKUMOTO

BPHOBT=—-A% 1 DT LHDTEML, BF A —MIEHRT SV — U (sendnews2)ZER L 1o
sendnews2{d sendnews DHBEE R Lo — VT, FIEBREPENICELT, $&H5-2—ADHE
B A-VOHAX, EROBRELEEEETEIILENTES, S0ED= 2~ ZAEXEHRLTIEO A~
TEXT 2184, sendnews EHET 2 E, F4 X7 EBREIIHI0%, ELERIZH13%ICHiK (G

T&3,

1. FCHIC

BF—21—2X (NetNews)l3FtE#xr v b7 -7 L
KB AREEERDZVIIEED TN —TD 4 35—
ERNRICLAEAI 2=~V a vy —VTHB, BF
Za—RRA v - VOTHRIIN O TR, BALEKR
LE&BEOT/u S L (ZY—=V T by 27) ORRAIC
bEAINTWS,

O—ANVEHERRY NV TR, 77 X5—
YavOBEELT/VaY (MS-DOS<YY) H
BRINTVWAZEBBV, DX HNBE, BF =2 —
RAYRFLDRR b2y VICBMEINTE /Y 2 VA
DTS LETELETSZ 22— (BRIEITOSS A
Za—RERD) @ BN LD/ 3 vickER
Xh, ETLEIND EMENRL,

BEYLEF= . — XAV AF LD—DTH5 Bnews
VAFAITRBFZ 2 —AEBF A —IVCERLTES
Y ~JV (sendnews) HPUFB LT3, sendnews %
FlETHE, 1 —%F v PCHRR by vicEREIh:
R AVRTOS S L a—REEET B IENERIC

*W=FBR **xEREFBTHREIH

T& 5%, LML, sendnewsiZ 1 HOBF=-2—X%
LEDBT A —NMIERLTESH, ERD=2—R
ZEETBBERA /=~y FIRLIBEEDEDET
EZ2—ART—NVT 4 R OHBRFEBIZILZ, O
RO % T “batched feed" FRD L H I, WO
Za—REFLEDTIEDEBFA—NTEELETHS,

CDEZICESVWT sendnews FHB L7 BF
Z o — AKXV — VA sendnews2T®H 5, sendnews
2HRAWELEBD= 2 — X ERELIEETE LD,
XORMBBIECTEMLIE, FFAMT 7 A VICE
BLTIEDZVREREOBF X —NVTRES L LHT
x5,

2. sendnews2dDfH#k

sendnews2i3LIFD 3 >OEAEEE— N2 b0
EMBIEE—F
)EWMEMEE— F
3)sendnews BMEEE— F

2.1 EHEEE~F
sendnews2% R L T=2—A V-7 “labo”iX
BTAZa—A% KA MG “pchost” D/ I ViZkak



56 B X5 -EH BA-EF EA

3 5B4E, BnewsV AT LD “sys” 7 7 A WIZEUT
Dk HiciEdd b,

/usr/lib/news/sys

pchost:labo::/usr/lib/news/sendnews2 rnews@pchost

BFA—NVDEHT NV X “rnews@pchost”
sendnews2®D YV — X7 075 LTCHEEINLBTF A —
NDEHRT KLU X “TOADR” & —H T % &, sendnews
23EHEELITI . EREEICET 2 UEDRNEN

HTRYS

sendmail

no

I EEBELUEREEE—F

sendnews2{Iinews(rnews) 6 FEIN/z= 2 — X
DNy ¥ ERFORTORBEICN"OXFEMFMLT
¥EMWT 7 1 W news.pac” iCAR, BEAL., TDE,
iD= 2—ABKITA~ FOAEEL 1 ITTHEEXN
%o

2.2 EEMEE—F

BT A —IVDREET FURGFIBITHIEE, send -
news2REMEELIT . ZEREEICH Y 20BDHRN
2R 2i1cRT, sendnews2iIF I M THREI N LM
P->TEMET 714V “news.pac”"h o HD = 2— X
EWMOML, EM/FFAMERL/IK, BT AL
e s,

sendeail

no

LEa or gzip

-u option?
no
uuencode

2 EHEEE-F

sendnews2i3 & | W RTF[HEIEET A LHTE
5, -p&-shFEIICHEEI NI L ZE, RiERE
TRlcTREBNThbN S, Fh, -ul -cH'REERCEE
INiE &R, -uldERIhS, -uREBEELRWEE
BIXhh=2—ARishitk > TFF AT 7 A VE
#Xhd, COEETEY MISa- FAREh 5,

1 EBBHEe— FoO5IM

-p [ ] MDA —-NTES = 2 — 2OEFERET S
-m [ ]: LERXS A —INOEYEIEET S
-s [ ]: 1D A —LDH A XEIEET B
-c 1 Za—R%EFEHBEIT, EELEL
-u : uuencode CFF X b7 7 1 IVIKERT 3

EREBEONR LU Z = 2 — ALK A XHUNE W
BE EELTFFRA M7 7 A MCERT B &, EHGE]
0LV A XHVHMTEE03Hb, DY, =2~
REEDY A R LEVE (3Fa31 8 LTSS,
-cEEELTWRESTHER 7+ X MERRITONR
e Tbb, -cEREELLEEEEUAEETS.
© Sl¥dEEORMER
Osendnews2 (GBI L)

“news.pac” ICEBINTVWEIRTD=2—~XEFE

W/ THAMERLT, 1BEOA—NTRES,
Osendnews2 -m 10 -c

“news.pac” ICEBEINTVWETRTO=2—~Z%10

BicaE L, ThENEBETICA—NTRES,
Osendnews2 -p 100

10D =2 — 2% EM/T+AMERLT, 1EHD

A—=VT#B, “news.pac”iCEFINTVE =1~

AHV00BICH L VIBE, TNTOZ 2 —RAP0NE

Xhd, 100ELED= 2 — 2035 554, 100&H

D=2 —ATRENTHYIONS CUITRI.
Osendnews2 -m 5 -s 10240 -u

1EDA—NLDOY A XNRW0F /31 MLIEEET

Za—R%EELHDTHEML, uuencodeTTF X b

TrANVEBRLUTSHDA —NTES,

2.3 sendnewsHBEEE~ K

CDE- Fiisendnews E EM|MEEFE DI DICH 5,
Ibb, HREERET 7 14V “original " IZEED
Za— R N-TEEERLUTEL &, EDTN—-Ti
B95=2—RiZH LT, sendnews2iisendnews&
FIUBELITS. MIAE “original”icATTDO L 515588
BHH BEE, —2— A7 —T “labo.binaries” &
“labo.image” IC/B 3 5 = 2 — X3 “news.pac” ICH
Bahd, 1EFOBEFA—-MicEIh3,



BF—a—RAEREY —)V “sendnews” DHH 57

—— /usr/lib/news/original
labo.binaries

labo.image

“sys" 7 7 A IVTHEELLBFA—NVOELRT FL X
H “TOADR” & R73 5384 b sendnews &[6] LBIfE%
T2,

3. sendnews2DiEREIF(TTRER

3.1 RERYRF LOMRE
(1) "—=Fox7

BF=2—-RAVATFLDKRX b2V Vg NEWS
3460, — = — A DEREAZIT A/3 2 VI3 PC-9801RX
Thd, Chokf—Hxy FTERT S, Ebob
Za—RRT—NF Y4 RI@N—FF4 RITH5,

@2 v7rI=7

FTAMT Y VDB F= 2 — AV AT L Bnews
(ver.2.11.7), »%v 2 V@@ TCP/IP#EEY 7 bY =
T2 INET (ver.9111) 2T 3,

HE#EY —Vid LHa(ver.1.00) % /213 GNU gzip(ver.
1.2.2)%H 3 5, LHald/ SV a3 v THAIHESE
W7 —HhA/ThHbB, gzipid UNIX TV VB
N2 EAP LT Y — )V compress & O b EEE,
EMRLbITChTVS,

RAFY>FF A PEHBRY —NVidish(ver.111)F 2
{Z uuencode 2T 5, ishid/XvaVTHEAINS
ERM R Y — VT, TS5 —FTIEMELBA TV 5,

3.2 EBAR
| BDERT/Y 3/ ITERT ABF = 2 — Aid50
T, FNSOTRBINBTORLZELTHRRIN, |
HOREDH A X1 ~3 FuxXAf FTHB, 508D
RHEL2EDT 741 X2142F 031 FTHB, B
FA —NVDEEXITIE SMTP 249 %,
1) #Ex
ORERSE (B)
“news.pac” ICERINI50BD = 2 — XFXTES]
BODIEEITHE » TA — KR T 2701 BE T 585,
Qe (#)
TEREWETIER I N e A — VT XTH/SY 3 LIRS
TBHICET BB,
@F 1+ X/ HRE (Fu/51 F)
fERE NI A~ NiCk»THBEhB A~ VF 2 —
F 4 V27 b (Jusr/spool/mqueue)DF 4 X 7 AR,
@7 7 ANV A X (Fuasiq )

ERINA—N2EDT 7 A VA4 X, DD,
WY AVRDA—IWVAT—VT 4 VI PYIIERE R
%7 74V (¥spool ¥mail ¥rnews.txt)DY¥ 1 X,
2) Fl¥MOEE
BREBRT LIS, NNEO=2—ZA% 1 HO A -l
Fi®H, NMEDA—N%EEET S, NN&NMoOM
AL&bhHEid, (NN, NM) =(1,50)--%8 1 DA, (5,10),
(10,5),(25,2),(50,1) TH %o
O%EB 1 : sendnews2 -p NN -m NM -c
7+ 2 MERITHEV, (NN,NM) =(1,50)
DIFAED sendnews IZ & HEEICHY T 3,
OEERR 2 : sendnews2 -p NN -m NM
LHa THEHL, ishTFFA T 7 A VicERT %,
OB 3 : sendnews2 -p NN -m NM
gzip CEML, ishTTFFR b7 71 MCERT 5,
gzip 3518 — 9 %€ L, EMEERAICT 5,
O%Ei4 : sendnews2 -p NN -m NM
gzip THEMEL, ishTFFRA LT 7 A VicKRd 3,
gzip 13518 — 1 2HEL, UEBEEERKICTS,
OB S5 : sendnews2 -p NN -m NM -u
gzip THE#& L, uuencode TFF+ X b7 7 A VIZEK
T3, gzipldFIH— 9 %EEL, ERBEHEKI
T30

3.3 EBHER

EB1, 2, 3, 4, OEREEThETIhE?, 3,
4, 5, 6iZ/R9, sendnews THZEL/-BE (ER
1 O NN =1)ORIEMEEEE (100%) LT, EB1
&2 DREMEEMICR LIS T7ER S, 4128 T,
Ft, B/ FHFRAMEBRETHOERL2 ~51CBVT,
Z 2 — ANSOEDOBEEOREMERB LIS T AK
512K 7o

%2 ER1OER
Za— R | AEERS | 0S| FIAAR | 7710 A
1 41,6 81.3 189 156
5 10.2 29.5 148 142
10 6.5 24,8 144 140
25 4.4 21.8 150 139
50 3.4 20,8 145 139
#£3 EBR2OER
Za—A | MEERE | EoXEER | TARAR | 77 MK
5 26.3 19.7 83 79
10 19.4 14.6 72 70
25 16.5 10.9 67 65
50 15.4 10.2 69 64




B XB-BEH BEA-BK £

58
£4 ERIOER
o — A | AR | ERXBER | FAVBR | 774041
5 18.8 201 82 78
10 13.3 14.3 7 68
25 10.6 10.5 63 62
50 9.6 9.4 65 60
#£5 ERAIOER
Za— R | AVERRSRE | ExXEERE | FARIBR | 770K
5 17.4 22.4 94 84
10 11.0 15.1 82 75
25 6.7 12.0 Vi 1
50 5.8 10.7 82 70
26 FEERS DR
o — R | IAEERSR | EREBER | SR | 77 40HA
5 13.7 23.7 44 48
10 9.2 14.4 74 67
25 8.4 10.6 68 62
50 8.1 9.5 70 60
R N Y T el T L
v 74 X7 HHAR
80
7%
60
Z
20 {1 &
o
) v - | -
5 10 25 50
= a - XD XK
K3 EB1IckiT ARERDLE
) ZR 2
80
T o a
60 L (o] & & &K
70 714 A7 MR B
o1 ]
490 % -
20 &= = 7
5 10 25 50
= a -2 0%

X4 ER2CHBTHRTEBOLE

(% NN=50
80
2 ) e
0 ]~ & & & &
O F 4 %7 MR &
P
40 -
7 7
20 b -

1h1 1Y 143 24 145
5 =—a—RH50EDBEDHE

4. E %

() —2a—R%ZFLHIHR
£R2BIURI LY, 2 —R2EEDTERATEE
JCEREBEIERICERI NS b0 b, 0%
Bl i 2 — XOEENEBHDIL TLHEET
by, 5SEOLETH | BT EXT HHADIBRIC
Emah3, EXHBRNERIN DR,
QA —=NDN ¥, @SMTPIZ & 3EXFE
BENEFNGFNTEEINOTHSD, 0D 2—X
Z1ETOA—NTEEZTEBETH, Ny FOfMmic
£B7 7 AN A XOEMIEETHIOR /31 b (~
13%) KT ER V. &-T, QOHHMBRENRIERICK
ENWC Ebh B,
F4RIHBRRIT- 2 — ROBEBICH E DIKEET,
L OEXT 3BEDONBETH D, Tus 3L
Za—ADEIITFOY A XHBKREVEE, =a2—X
ZEEDBIETTIRF 4 A HBREEBNICHLSE
LT ENTEIRN,
() —2—RAEEHTIPR
RIBIUNL &Y, —2—XEFHT 5 EEXER
NESIERTZEND TR, T4 RI7HBERLKIE
KRV T B ENbNE.EEHEIETOBEEENRD,
SRR ERIE S 2 — RADEBDZVIZEHEET, 50
BoLEzR 1 BF-GEETIHAOBLICETERX
hd, ZhicHLTT 4 R/ HRBIZ= 2 —2DREHIC
bEORELT, |HI RETIHEOOXBEI
$5,
(8) E#fi/ T+RMEHBYV—N
£RI~6BLURS L0, BEXERBET 4 X7HEER
(BicintBsf]) WM 7+ 2 MERCY —VOMAS
biichbEoRELEVWI LI 5, ThidLHak
gzipD EMEHNERE (~33%) T, &>, ishd



BF=— 12— REXY — IV “sendnews” OHB

uuencode i & B3EMBLFEIRE (~38%) ThHhaid
tEZoND, LHaOREEE L gzip iI2H 2D T,
EE 2 S EE 3 ~ 5 ONEREICIITYTH 2 fEDEH
ELTW3,

CHHDHRNS, B/ TR MERY - ViR
gzip & uuencode AT HDONFEYITH 2 LR T
&3, 7%V a A gzip & uudecode bRt TH
BDTC, XV aAVRIBI)3= 2 - ADETRESTH
%o

BE W

DEXRET) : “sendnews KX H3BF = 2 — RiEHE
DOHE” ARIESSHMERTERTHEE(1991)
DEHEA : “sendnews IC & A BF = 2 — REREHE

DHEND” RRLEBFEMERZERRBES
(1992)
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JI7 M 2 T7TRABBEDOXE Y AT A
ICBITANT A NEEHE

I

x5

Guide Mechanism of CAI System for Software Design Education

Hideo KUDO

VIM 2 TEREORRICBEVTE, V7 MY c THREICET 3HPHRAICHT 20ZOAL ST,
ZNOoDRFOMELEZATVWS, BETR, VI Y2 7THROIBLRAERBTACASEY—1F
THRINATVWA., LHLERS, ZRASOBARKERB CRIBETAFLER TS, HAFTE
ThH, TNODORENBETEFTHEOTIRNLL, BEERT— 7 ONLICRABALEID 5.

LT, BROEHEEZENERNICREETE, HYETEALCAI VAT LOBELRRDB TV 3,
ARTE, VI b TRAOBHN BT IHEBXBDLDOCALI VAFLDH A FRBIIOVWT, %

DEEAFF OB LR ~S.

1. £20&

VI MY 2 THRBIIBWT, BALY 7 MY 2 TRE
ERRBINTVWAEY, ZThoOFHHEIERMICIER
INTVWIRVY . 20, REHEEDOHRERETSE
BOERICLD, TERNICEER U AINEHTORENI
EHHThANERST LT, &1, V7MY T
BARICH T 2 ERDTD DFD 1R KB Y — VORI
ERfT->TELD, LoL, REHERBRRIRE
IZBUT, ROTBICE P24 rOBRTIEES
NTWe Z071HIc, RIETR F+a 4V LD
HWEAFTADUTHEELED LTRSS, XD
SHTICRIREN D > 12,

1T, BLETORMHER® F+2 4 v MEEEHE
BETF—IR—2E LT—EBLFET S 0IC,
TR®D CASE V-V AEBTE L bFEZ 5N 5,

CZTDCASE &3, Computer Aided Software
Engineering OB T, V7 b7 = THFEHICLIT S
AVE2—FIFXBETHY, xOBBEIHE{LxNIY —
NOEEITLBY T I I 2T 514 THA I NEkDEE
b1, V7 b < TRAROEEROR L), (V7 Y2
THRORBEDHE L THE ™,

CASE ICi3Bk 2 S MO H D waterfall lifecycle
model DEBIZIL DTS L, ROLHITINB S,

OLHTEFECASE : 520 - BRI o8%

HIEENE

QOTHMIREXECASE : SR, 775 LER,

FR b, #EA - BTEEE
OB FHEITEFECASE : Y AFLOHEA T TE
BT AEEE TS

@%ALCASE : LFEOSTHRE TCO—BDHFENE

gL TR

EIAT, BESHERMICBIIERNIEY I by 2
THEHEEORRICEVWTR, 83705 I VIHE
KEEST, V7 bY 2 THREICET 2 ERTETOS
FeRehiclT 2B AL 0T, FROOETLLE
EEZTVWE, 2D HITIECASE YV —LDER b—
DDHETHBH, LETOD CASE MAEROREIC
BOWTHEL ORI TWS 1,

LOLEEWS, HEBEBETRERTAFIVE#ETHD,
FHAFTETH, FNOOBIEENBETETHENT
15, BEXBRT -7 ONRITEIAWARTEANDS. H
i, T NED DD A% % THRD CASE
V=T AAL Z E BB TR W

Z T, 3 D20OHEE% M Z 72 CAI(Computer As



62 I X3

sisted Instruction) ¥ AXFLDOHELED TS,

EBTEMTBLURFTOEHTH 2 LKCASED
CAIVRF LIcBIF 24 1 Figliz oW T, 20EE
WAt OB AR NS,

ZDVATLADEBD—ELT, MAETHLZE
PETBRERLAUN ORI FEERY, HETES
BEORBTH . 1ih, RXVXT LB 2HEDCY
B S VREFREHTORANIEZADOEMIZIOVT
i, Xk [7~9] 28RN,

2. V7 by 7RUHEE

Y RTFLTRIBHORETH BV 7 b = T
KB AFEICOVWTEETE L, UTOLHICES.

i iiiE b (SA : Structured Analy -
sis) PHH{LEEHE (SD : Structured Design) 2%
RIBIN, ZORBL OHRHFERERINLYD., £
NOoDB/HEREFIMEOBRRITEL D, RD 4 DITHH
éné nm .

OF vt X#HER : 77— Mk

@F—s7u—¥Em: T-FO8HE

@F — 7 wiiEn . F— 5 oREHE

@A77V ) MER T LAE

F 1ok, ENIFEC L TORKEEZETEPE
FISIE CTRVWA REEEER LIHTH S U2,

FHDOJ/FFEHEIZHOWT, SA/SDE IS LIHT
#%5t#: (Structured Analysis/Structured Design),
SSADM U3 & i3Hb&E k> X7 L4 & 3R HE (Stru
ctured Systems Analysis and Design Method),
OMTH: "9 L3 ATV 27 MER I - REFHE

(Object Modeling Technique), OOA, 00D iF
ATV z 0 MERS /AT 2 7 Mami&EH (Object
Oriented Analysis,”Object Oriented Design) T&
3.

i, ZPDODFDLEF— 7 DFfneEEIc ot
A% EF VLT B 6D (Data Flow Diagram ¥—%
Ja—-FAT775L), ERDPTF—FOEKLEEZNLD
BE% 7ML T 5 D (Entity Relationship Dia-
gram), STD&IZREEBK (State Transition Di-
agram) TH 3.

T/, QLEQOIBTAFERZT—7EHR L bV bh,
FLITRLSA /SDPICH, JSPETHEY v 7
YoDISus sy S (Jackson Structured
Programming), SADTT& % Softechtt®D.Ross
DERL &N RFTE (Structured Analysis
and Design Techniqe), JSDETHBEI v 7V ¥
25 LEFEHE (Jackson Systems Development), R
/SATHAI . Hatley 0MRIBLICN TINVI A LV RT
LD HOBEA LA FEERIIED D 5.

LinLEds s, 2 TORGFELMERT S EIE3HEY
ICHRBS b, REORFTFHROBRLLBLDLELT,
SA/SDOSHHONRELTELSILL L.

3. CAIYAFT 4L

3.1 WEEOEE

AVRATFLTIR, ROSOOBEEMWZI-CAIV X
FLOBEEHED TV,
OZESLEENICBEDORITHELPE TR 584
OB ETORERHEICLE VT by 2 THRED

HERE
Q@BAEEHET 5 12 b DFHRIF — 7 WIEHRE
EIT, IBLUBRHOHESTH S LHCASED
e E LTI, BroRFABOEAE L 28R E
ZHIZSSADM EOMTHEIC B B ET LETNTE
BEMAENRET B,

#L1 o S FEOLE
o a5 W % &t
REFE B & 7= ® & B F—% ® B BEE
SA/SD DFD F— 5 iE X HEE F— T HE x Yourdon,DeMarco
7" oeA AR
SSADM BiEE#k REAT-SE | EHAEY | THAHER | RE7-100y | AN VMY | LBM SH
DFD ERBEE RENER 7° oAk

OMTH: 329 ERD By

DFD STD

BAEET N ERD

EhEE7 ¥
STD

J.Rumbaugh, et al

OO0A/OOD | #-t° 2R RER 1779 I MREER

STD

$-t " AF -} X

17" 27 MREER] | Coad, Yourdon
STD




VI MY 2 TRABEOXB Y AT LICBIT 341 FikE 63

3.2 NAr—>FZ FOERA

Y RATF LOEBRICBOLTHRMIHERT B 1001,
ROWICERICBLWTEBHREM/LT, N3 =T
FR UL T S LI
NAR=FFZ M, AMHEZ 2EBER BRI
LTV AE#RHD, HERT T r— v a v OE#
LEETHY, ¥EHEM~DILHE L TRE#EEE L.
BEFEICBVWT, VT MY 2 TOBMROEETED
Fv— MIEORMEBEDEU FF 4 v MEBRIZHEL
TW3, b, YATLOMREICEVLTIE, KEENLD
DERELESIC, INEEL O o FHF TEREEE %
RLUTITCAHME LD, "M R=FFZAMILBRY v
JA— KU 2RO

3.3 YRAFLDHE

N— KR 2 7THRRR 1 ICRT LIS, EED/SYa
YED—IRTF—Varvh oML, REHEOFTLE
DEBEITIEBOEZTERD /N a v ERE I
T I ETOEREHDO NeXT %Xy F7—JT
BERIhTW3. REDT— 7 REROEEERD/ Y
a Vo LocalTalk iC& D F— 7 ERD/¥Y 3 Vi
2L, X5 Thin-Ethernet iC&D7—27 X5 —
v a vickX UTRITEITS.

¥BEH

wiz, V7 by 2 THRER2ICRT LI, FEE

LERED 2 SORANSIE. VAT LAOREEELT,

A RERETEOFE L RE T IS T — T INER, &

FHIBARMNEE T — 7 ORI R OB O & AHRERD

RRBNS1EB.

OAHNA v 57 = — AW : FB/H LEFHELR, &
BHIEES & OEROZHE LT M

OB HIERE : WH OB FEOHEM D BE = HE3
DB

OBETHIBE : MOBFHEICLZHEDH 1 F#

#, EEOIRTORREYERET SHEDB
HAFET 586
OF — ZIVEL : B ORI & DMAEEHD
BED 710D T — 7 2N 2 Bk
Offtr - IR : BT — 7 2T 25
OFREB : ATREROZTRT S5
3B, 7T—IX—Z (DB) HRIERD 3 >N 5185,
O:%EH ¥4 D B# : HHORHEDEFHMORE
OBAREH D B : B DL CTORREYMORE
O T DB : EKBARY v 7 LEHBRRDEF
ETAT, A FEHEECR#M D B L2284
HEICBE L - bDTH B.

" NeXTSTEP | [ PaRtas X
5 DB | ®EDBE | K
iF(@aEs ‘l —
[ EE

Al
HyperCard

K2 V7bYxT7HR
4, 1A Rk

4.1 HEHEEM OMAK

CAI Y AT LB B4 1 FigilicoW\WT, ZoX
AR OMBEER NS,

X 2 0 %at#4 DB Wic ki 2 JiHEHEMOHEKIZ
K3 iR LHic, BRetEOHM LLERRTHEH
EHRLRMEREDORSY v 70 OHRT 5. RETFRICH
WA= FEDY V7 %KD, ILICEEMAEICNLT
LHBANBRTXELH1CY Y7 2iRS.

Eaty i "DFD
— ‘f. o "ﬁ‘m
P T oy WL —
****** ) 384 i
BIEOER —J
|
| FM1 L <€ FNi2 FNin
FNI-1 FM2-1 FNin-1
ff’-ﬂl-zb FAR-2 FMin-2
FNI3 b F23 FNin-3
BAHEEH

K3 RetEEM RS v 7 DHKX

4.2 BEIREOML
BB|HEICLZEBICEVWTR, K205% DBH
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BWT, EERAY v VEEHEST S, B4R T L
IO RSEBM RS v 0%y 0 VS FEL
T, EBADOH - FEERLIARE LS. B, £FO
BB EF—INEZAI YT ML OROA— FIC
BT AHEBEEA TV S,

WYY

B4 BHAEBRS 57 OBKR

5. HEHE

ACAIVAF LOMBFELE L TH, BRNLEN
THLBIHEOERNLFEHmEBBIC, F—/REOE
BREYERTLICHID, FHOEMSLEINEO T
OB RHEOREREOBELT> T 5. £,
F 7 DIE - BRI SISV TRETE~NS.
o, BHEBRICETAEMLLSEBED Y a v
SHHBEOT — I AT~ a YNOBITEFE LT

5(!9‘ 20}

B O

ARRO—EECMENFERRR (—BBIF(C) &
B % 505680188, BB (B)(1)REE 504559013)
OEBERI TS, IR U TR EHERLE
7.

7z, ARREHEDBICHID, BHERVIERKS
FEFERARETS - P BAEBER, PHAET, &R
o, FNEE, WHE—, AREROFER oM
HEMEORMREBICBRH L L7

BEYH

[ 1 JRobert B. Grady and Deborah L. Caswell :
“U7 R T - A MU Z AT BEBPH (1990).

(218 B BH BE . “ERICES(Tur3
LBHAROERILORA ", MRAEESLZY T b
W 2 7 TEWEL#E, No.58, pp.8l-88 (1988).

[3]THE NK BF: V7o THREICBIZE

KAMODFDEREE Y- LVORE", BRTES
HHPIERIRICE, H28%, pp.45-52 (1993).

(41T % :“CASEMH", HirHm (1990).

[5]/mpsat : “EBECASEAM”, &Ik (1990).

[61%0, Ll ER &l “HHECASEY—-AO
BAEFOMER", VT by T YRV LISH
SCHE, pp.113-116 (1993).

[(TITHE, BE:“V 7 by cTHRHHBEOLXB Y 27
LM, WHRNEY AL EASHEERCEN), pp.
53-54 (1993).

[81THE BE, HN:“vI by TRHBEFOLHE
VAT LOBEAREH", CAIX2AWERE, Vol.93,
No.4 pp.11-14 (1993),

[9]1HE, £E BB WHE: V7 by THHHEHE
DIBDCATL VAT LY, XREHHLBHENE
oMM BTE, pp.321-324 (1993).

[I0VMERE= : “A 7V = 7 MERDR - BEFLERD
K s ok, BHRLEBELA TV 7 MEES
¥ BEHF 2— P Y TAER, pp.51-65 (1993).

[HIBRNEREE . “HH Y X7 LOFTE & &,
HEELE, pp.35-57 (1991).

(2IPEER : “SRECHBTE Y7 by - THER
WAO—EREZDER", VI U LT v R
L9336 E, pp.152-161 (1993).

[13]RERFER : "Wy AF LW L RHEE
SSADM - # DR ERFICH>VT -, ERMEY

(1991).

[14]JRumbaugh J, Blaha M,Premerlani W, Eddy
¥, Lorensen W:“Object Oriented Modeling and
Design”, Prentice Hall (1991).

[51EHEE: “AR—FFAMEEDTOTIT I
TEEA~OIER”, HHNE, Vol.30,No.4,pp.406 -
413 (1989).

(6 EBEER  “ANF— I RX—~Z2—FT V22 ME
[ - B A AT 4T =", AL (1992).
[171% % Z#:“HYPER Text & HYPER Me-

dia”, HBJ HiiE (1991).

(181 Danny Googman : “/~A /83— #— KA ¥ v 7
v THEREFEE (E-F) 7, BNN (1989).

(19l THE #K, TH: 98B 1/3-FF2R
FEBGEEEXE Y AFLOBR ", BEHRL
BHEWRESHBER E, pp.255-258 (1992).

(201, THE, #AK TH ¥ AR $H: 9
HEBEBICB T AHEXERNA R~ FF AP RAT L
OB, BERIEGSHMPRIILE, $28%,
pp.71-74 (1993).
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A study of Japanese word recognition

Michiko Shimomura

BAZBOXNT - HEZDBRICHEL T, EROBZENRN 2T, XEERMTRR LI L ZOBM
HIRE AR, MELBM TR L /2 & 2D Whole - word advantage, #XHOXFEMEONEXRE V-
PeT N7 7Ry PXEPRBEOBAKEORRIC>WT, BEAETORNET->7c RSVPF X7,
RE<y F /38 AFTRUEFELERAVAEZEROER, £ROXETHONI AR BAETRIERL
Bhotee Chid, (DXFRBCLIEBRNMPBRETORRNLBOR, (BEAETIR, REILHL
N2E5BNFLHEOBOREKBNYLMKIINL, CLAMEIRENCEETHS . LICERTSLEE

Zohd,

1. RIS

BABXBEEHRUEE, MEBNLELT, LFDkH
REHRITHOHTVBDRES I H BEOFTEICHVTI
BE | XFETHORKMNEE L TWEEREIH,
BE6LIE, bo EREUBA, FIXIIHEPLXEND
EFLEDIMEINT, BHEADT I EANTOIT
W5 EEDbNE, bbAA | XFETORRMZHEATY
(TELBBIEAHL, BEICL-TH, BEPES%E
BT LB BLEETE L5355, o
£0, HAOABIZVWLS SLOUBDO L RNVEEZ S
EWNTERB, TDEHIERILEE, ThFhDOURN
DRBORICIZED & S EBRNH BD1E5 S b

KETHR, ZL{OWEISHBLVRVOREILEL
NNVOMBICH TRV U R EEEEE T2 L%
ZoNTVWS, PIAEEBETN(1][2]TR, Lot
ABRDLIEBL, DF ) BENERILINE L, 20
BREXTHANFEONHEIMEONE (BR) OXE
EEFTAMBICiTOhEEEZ B, £/, Race ®F
V341 T, BMELXFRABCHTICLEINS
2, BEORBOANBR{FET LT, ZOBHRPRGIC
FRINBLELDL, ELODTEFANRUANEVIH

B CTRITHIEW, TITOERNRKI, &Kicbd
ek i, WK OPDMELURVOBFRNRE DL ->T
WEOMEWIRICH B, PUTF, BEBETCRONIBE
XFEOBMEHE B L >>, HAESFORMABEIC
DVWTBNTHN,

2., XFoune
W% T 1+ AT VA LOR—ALE IZ 8 TERNICHE

J~Y 5% Rapid Serial Visual Presentation &
W, EH RSVP LN TW3, £LTRSVPT

1 RSVP#E



66 TR & F

BRI N RBHRINODI O AHHTERI N —
Zy PRI 23E PAEEVXERII»SHWX
FEKNTZ) ZRSVPEEEF:(E 1), ZTORSVP
BEICBVTHE, HEBNVARTFTT 4w 2 IRET B
EHONTVWA[5]. AR, RENTLT7 7Ry b
DAL, S5y NOBERORIEES -5 v PEL
TERETZ LD, fUcHRTEO LT, RR M5 —
o

COFETI, 2o08H, TRbLLEI—Yy M EE
#9248 (Target-defining Feature, LI FTdF )
EHET NEHH (Reported Feature, LI'FRF) @D
RENREZ OGNE, BOXFERINSAVFEEARIMT
LZEETR, TdFiRE, RFICE (BB Ioxihd 5,
RESBANELZLVWHIT LR, 02 >0
ICHBEINTVWE I EERUTOTREED,

EETRONBZAZORI P 3F—V DAL LT,
Early - selection Two-stage model[6] & Late - se -
lection Two-stage model[7]D 2 D ETFILHD
%, Early - selection Two-stage model Ti3, 7
TAFOLE X H, RICRFSMEIND, T1ibb, §—
¥y MEORLEBNFET LIk, TORER S IENE
EINBLEZE, OB, -4y OBLEI—4y
FME#ROXFE (B8 »Ead 52 Lickh, #EDOR
AP~ HELBEEZLLNS,

Zhictf LT Late - selection Two - stage model ©
i3, TdFLRFRIAEFICMEBIH, BTHEINL EE
25, UL, TdFERFOUBREIIRILY, TLV7 7
Ny PFEELEOBE T, BORENETTIH1E
WOT, -7y hOBORENRET LIBRTY —
7y PDRDXFE (BHE) BUBEIN TV IREERNEL,
RAMG—VUPELBEEZ NS,

2.1 RSVPER

FiRD & HICRSVPEETIE, BRIV - EXFE
D OEBFYONEERE, 4T 2 SOOI IR
HINTHWEHE DD, £72 0B ML
BARISEEFNDE C ENHR B, TDO LD EENDS,
EE, A, TV 7Ry FER#ME U TEREIT-
=V B, KEOXFRIIDOHNSHOXFERH
THLEVSHDTHD, WRRBHI I XFEHOVH
16ms, ISLIZHT20sTH - 720

BEF, TNV7 7Ry MBI, FRBIEB1IEOHK
BE (BREEEE) IOV TEREIT- . TORE,

FORERIT, T4 FEFRTINFEERERTFS
ADEERRO—HE L TiTbhi

TNT 7Ry FHFBOHBEL, KITHEERRDORR
r3F—vhBont, CHICHUTEFERI#BET S
&, =5y FOEREELZHAENEL (T —
V), FREEFHETSEEFMEEBREEL 2HEN
BIBFL o (WA MY =28 —V),

COER, RECIFEORHNTEHIITL-T, 4
BOYMBRRE B S LOBENRLE I EMoE
LCaLEZONG, &/, Rty hOREINGKS
THPEAEL SR ERIFL TS LR LE
AZohd, LOLENS, wFhicdk, FLnry—r
PrA M) =g -2 DERIE, Early - selection
Two - stage model ClIHBEHIRHETHY, REERT
BohTWwaTF—9261k, —EDRaceEFNTHB
Late - selection Two - stage model® HRE % L Eb
N3,

3. BEOLR

BMEIMICEEORELELT, b bARULOR
HESNMRTHAH, JOBHRIZ100EN LG So#
H£3NTHED([8), BERREMFBIROFELHA W
ER[I[10]IcE > TELAONB LD iLIE~ 1, HFE
SRR, BEONMEIEMEOLBICHNT, XF
EFHEOBENBEEE->TWAIEERLTVS,

COHERNHRIIAFRFICEVTHHREINTVS
[11][12), CDT &6, BE (EF, ERE) &
BRAAXFENE BRI - MERBEEE TS, TbbL
| XFBENDOMBIRTONTVWAEDTREWEEZ SR
%o

i, ChEWRBNCEETIE, Whole-Word Ad-
vantage (BIF, WWA) LFHENAHRSRESINT
WA[13][14]e ChidMMREFE VT, HE
®ES LERET 24D (&4RE), BMEANO I XF
ESLEAETILD S (BRRE), ALEBELBR
BOENENS HDTH S, TOHRIE, BERNOL
BHRELEL, DOBELIVOMENRXFE LV RIVORE
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Analysis of Rollbacks in Parallel Logic
Simulation Based on Virtual Time*

Tadashi SEKO, Fang WANG ' and Tohru KIKUNO'

We analyze rollback that commonly takes place in the optimistic implementation of parallel

logic simulations. After discussing invalid rollbacks in Jefferson’s simulation model, we pro-

pose a new simulation model which try to reduce the occurrences of invalid rollbacks. Then, we

take a simple circuit, a regular input signal and simulation system including two computing

processors, and discuss if the given simulation with the circuit and the input brings about roll -

backs or not. Although results include only special case study, we believe that this will become

a first step toward rollback analysis.

1. Introduction

Recently parallel logic simulations have made
remarkable progress and many hardware im-
plementations have also been tried extensively.
In the parallel logic simulation, each gate has a
local time in it, and on receiving an event with a
time stamp each gate advances its local time.
Depending on how to advance local times, paral -
lel logic simulation are partitioned into two ap-
proaches: conservative method[5] and optimistic
method[2][4].

In the conservative method, proposed by
Chandy and Misra [1], only when two events are

received by two input terminals of a gate, the

% This work was presented at Joint Technical
Conference on Circuits/Systems, Computers
and Communications, 1993(JTC - CSCC’93).

t The authores are with the Faculty of Engi-
neering Science, Osaka University, Toyonaka -
shi,560 Japan.

gate is evaluated and the local clock of the gate
is advanced. Thus the gate, which has received
only one event at an input terminal must wait
for another event. It is clear that in the conser-
vative method so-called deadlocks take place in
the circuit. Thus, many null messages are gen-
erated and these often reduce the performance of
parallel logic simulations.

On the other hand in the optimistic method,
proposed by dJefferson[3], when at least one
event is received by an input terminal of a gate,
the gate is evaluated using a previous value on
another input terminal. Then based on the event,
the local time of the gate is advanced. If the pre-
vious value used by the evaluation of the gate
appear to be not correct afterward, the local
time of the gate must be rolled back and the
gate must be reevaluated. Thus how to reduce
the number of rollbacks is an essential problem
in the optimistic method.

In this paper, we try to analyze the rollback
problem from the theoretical point of view. Con -

cerning experimental evaluation of rollback in
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parallel logic simulation, Matsumoto and Taki
[4] have proposed and implemented a novel ar-
chitecture for a multiprocessor system, and al-
ready presented many nice reports on the evalu -
ations using benchmark circuits.

The rollbacks in the parallel logic simulation
can have significant association among parame -
ters of the simulation such as type of gate in the
circuit, the number of gates, connection pattern
of gates, distribution of gates to processors, the
number of processors, and so on. It may be one
of the main reasons why the analysis of roll-
back, from the theoretical point of view, has not
yet done. Thus, in this paper we take a very
simple circuit, a regular input signals, and only
two processors and discuss about all possible
cases enumerably.

The organization of this paper is as follows:
Section 2 gives notations and assumptions. Sec-
tion 3 at first introduces Jefferson’s simulation
model, explains invalid rollbacks on Jefferson’s
model. Section 4 presents main results on roll-
back analysis and Section 5 gives some conclud -

ing remarks.
0 u 2 6 Gi-1 &t

(a) general form

B O O

0 51015 40 50 60 70

(b) example

Figure 1 Input signal

Time | Pointer
5 — (n2,5,1) ’
o | ——»mony
60 — (m, 60, 0) =
(2, 60, O]
Event management table

Figure 2 Event list

2. Parallel Logic Simulation

2.1 Event sequence

We assume that an input signal on a net n; is
represented by the following event sequence(See
Figure 1(a)): [ni, S, 01[ni, t1, 1][ni, t2, 0)[n, t2,
1](r, ta, 01->[ni, ta-1, 1][ni, te, 01{ni, E, -1].

Each event [ni, tj, x] implies that at time ¢;,
the value of input signal on net n; changes to x.
When we don’t concern with distinction of net,
we delete it from event and use [¢;, x] instead of
[ni, tj, x].

For example, event sequence for input signal
in Figure 1(b) is {8, 0][5, 1][10, 0]{15,1][40, 0]
[50, 1](60, O][E, -]. We assume that all events
are registered and controlled by an event man-

agement table shown in Figure 2.

2.2 Gate evaluation

Now we explain a gate evaluation. Consider
AND gate shown in Figure 3(a), two input ter-
minals n1, nz and one output terminal ns. We
assume that AND gate has a local time ¢z and a
delay time A. Let I(n:) denote a signal given to

Itm) —71’_—
) ————— I(n2) —-——r—
() —m— I(n3) —J—

{c) Evaluation of [m, 1, 1] (@) Evaluation of [nz, &5, 1]

Im) ! tzl I(m)
Knz) ——I—_ Kn2) '——,-_l-—
K(n3) ﬂ Kn3)

M

(f) Evaluation of [n2, &, 0]

(e) Evaluation of [m, &, 0]

Figure 3 Gate evaluation
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terminal n;. Then Figure 3(b) implies that I(ns)
for output terminal ns is calculated based on [
(n1) and I(n2) for two input terminals n1 and
nz2, where ts = ts +/\ and ts =tz +A. The detailed
steps of this calculation are shown in Figure 3
(c) - Figure 3(f).

Figure 3(c) shows the first step: evaluation of
an event [m, &1, 1]. The event implies that the
value of I(n1) changes at t;. We assume that J
(n2) holds the previous value. Then the value of I
(ns) doesn’t change, that is an event [na, t1+A,
0] is generated. Additionally, we set the local
time of AND gate tL =t .

Next, Figure 3(d) shows the second step:
evaluation of an event [nz, ts, 1]. The event im -
plies that the value of I(nz) changes at ts. We
assume that I(m1) holds the same value as in
Figure 3(c). Then the value of I(n3) changes at
ts+A=ts and an event [ns, ts +/\, 1] is gener-
ated. We update the local time t1 =ts.

Then Figure 3(e) shows the third step: eval-
uation of an event [ni, tz, 0]. We assume that [
(n2) holds the same value as in Figure 3(d).
Then the value of I(ns) changes at tz +A=ts
and an event [ns, tz + A\, 0] is generated. We up-
date the local time ¢tz =ta.

Finally Figure 3(f) shows the fourth step:
evaluation of an event [nz, t4«, 0]. We assume
that I(n1) holds the same value as in Figure 3
(e). The value of I(n3) doesn’t change, and an
event {ns, t4, 0] is generated. We update the lo-
cal time tL=1t.

If there exist no other interrupted events to be
evaluated than four events in Figure 3(c)-(f),
and evaluation of [n1, &1, 1] is executed at tp,
then evaluations of [nz2, s, 1], [m, t2, 0] and

[ne, te, 0] are executed at time ¢, +1, tp +2, £, +

Control Processor
+ Processor scheduler
+ Message scheduler
Computing Pr P1 || Computing P P2 C ing P P
with EMT with EMT +.. |with EMT
{G1, G2, Ge) (Gs, Gs)

Figure 4 Parallel logic simulation

3, successively. We call these times physical

times.

2.3 Parallel logic simulation

Parallel logic simulation is executed by a log -
ic simulation system on large - scale MIMD mul -
tiprocessors. The simulation system consists of
one control processor and n(n >2) computing
processor. The control processor include two
kernel functions for parallel logic simulations:
Processor scheduling for load distribution and
message scheduling for synchronization.

Each computing processor evaluates gates
which are assigned to it. Figure 4 shows a con-
ceptual illustration of the logic simulation sys-
tem. Consider, as an example, an assignment of
and P

shown in Figure 5. Consider two kinds of input

gates to computation processors Pi

signal values shown in Figure 6. We assume the
time needed for gate evaluation is one physical
time. Additionally, we assume that the delay
time of each gate is also one physical time. Dur-
ing the evaluation of gate, computing processors
receive events and send events each other. We
assume that communication overhead for these
is one physical time.

Then, in order to represent scheduling, we use
a chart shown in Figure 7. The horizontal line ¢,
denotes a physical time. In Figure 7,(G, n, ¢, y)
between k and % +1 at P; implies that computing
processor P; evaluates an event [n, t, x] at phys-
ical time k, where n is an input terminal of gate
G. After that, P: generates an event [n, t +1, y]
and updates the local time of G to t. If n” is an
input terminal of some other gate G’ which is
assigned to P;j(j # i), then this event [n’, ¢t +1,
j] is sent. As mentioned before, we assume that
this message transmission takes one physical
time. Additionally, these transmissions from G
to G’ are shown by dotted lines in Figure 7.

By message transmission(that is, transmis-
sion of an event {n, t +1, y] to another comput -
ing processor P;), the relation ¢ +1<¢’ some-
times holds for the local time ¢t ' of gate G'. This
relation between the time in the event and the lo-

cal time plays an important role for rollbacks.
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Figuer 5 Example of circuit
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Figuer 7 Message transmission(to be continued)

2.4 Rollbacks

Figure 8 shows a typical rollback. At first, we
assume that the local time of AND gate is less
than nine, delay time of AND gate is one, and
events [nz, 10, 1],[m, 20, 0],[n2, 15, 0] are eval -
uated in this order. Additionally, at the evalua-
tion of [nz, 10, 1], input signals I(ni) and I(nz)
take the values shown in Figure 8(a). Then, as
the result of the evaluation, an event {ns, 11, 1]

is generated.

Next, by the evaluation of the event [n1, 20, 0],
an event [ns, 21, 0] is generated. Thus, at this
stage both of values of I(nz) and I(ns) are de-
termined to be one from t=11 to t=21, as shown
in Figure 8(b). Furthermore, the local time of
AND gate is set to 20.

Then, the event [n2, 15, 0] is evaluated. We
note that the time 15 in the event [n2, 15, 0] to
be evaluated is less than the local time 20 of
AND gate which is set by the previous evalua-
tions. Intuitively speaking, the time of AND gate
is already 20, but the evaluation at the time 15
must be executed. Thus, the time of AND gate
must be rollbacked from 20 to 15 in order to
evaluate the event [nz, 15, 0].

It is clear that the value of I(n2) between t=15
and ¢t =20 is different from the one shown in
Figure 8(b). According to this change of I(nz2),
the value of I(n3) also must be changed between
t=16 and t=21. This reevaluation of these value

of I(n3) is an essential mission of rollbacks.
3. Models and Definitions

In this section, we explain Jefferson’s simula-
tion model and definition of rollback, and point

out some drawbacks of this definition. Then we

foy ——|

(a) Evaluation at t=10

O e
m :
A —L, T

I(n3, '
@) t=11 =21
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2 @— s =10 (15
I [
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(c) Rollback at £=15

Figuer8 Rollback
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propose a new simulation model to improve Jef -

ferson’s simulation model.

3.1 Jefferson’s model and definition

The following Stepl - Stepd summarizes Jeffer -
son’s simulation model. The procedure is for
computing processor Pi.

Stepl(Increment simulation time) If an event
management table of P; is not null, then in-
crement physical time ¢, of P; by one.

Step2(Select an event)** From an event man-
agement table, P: takes an event [n, t., x],
which is on the top of the event list with the
smallest time in the event management ta-
ble.

Step3(Decide rollback)--- Let G be a gate with

input terminal n, and t; be a local time of G.

If ts < 1, then P; decides that rollback has

occurred at G, and jumps to rollback pro-
cessing.

Step4(Evaluate the event)::* P: evaluates the event
[n, ts, x],and generates a new event [n’, t, +
A\, y] where n’ is an output terminal of G
and A is the delay time of G.

Step5(Store new event) Let G’ be a gate with
input terminal n’. If G’is assigned to Pi,
then P; stores the event [n/, ts + A, y] into
event management table. However, if G’ is
assigned to another P;j(j # i) then P; sends
the event to P;.

Step6(Receive new event)- During the execution
of Stepl-Stepb, if P; receives new events
from other Pi’s(k # i), P; stores these into
event management table. However, if the
same event [n’, ta +A, y] is already in event
management table, then P; don’t store it any
more. Then, go to Stepl again.

In Jefferson’s simulation model, rollback is de -

fined in the following way.

Definition 1 Assume that a local time of gate G
is t;, and event [n, t;, x] is going to be evaluated
such that n is an input terminal of gate G. Then
rollback takes place at gate G if and only if t. <
t: holds.

The following (J1),(J2) characterize the Jef -

ferson’s approach to rollback.

(J1) The condition of rollback takes care the re-
lation between times ¢s and ¢ only.

(J2) Whenever an event [n, ts, x] is evaluated,
another event(n’, ¢, +/\, y] is inevitably gener -
ated.

3.2 invalid rolibacks

The two facts J1 and J2 imply that there ex-
ists certain rollback for which by reevaluation of
a gate G, no value changes occur at the output
terminal. We call such rollbacks invalid roll-
backs. If the value of output terminal changes by
reevaluation of a gate G, we say that a valid
rollback has occurred.

For example, consider a combinational circuit
shown in Figure 5 and input signals h—1I
shown in Figure 6 again. We have already given

a chart shown in Figure 7, which represents a

h] ¥
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logic simulation by P: and P: from beginning to
tp=12. Figure 9 shows a chart which represents
a logic simulation from ¢,=12 to t,=24. We no-
tice that at time t,=22, the event [ne, 32, 1] is
transmitted from P1 to P: and the local time of
P: is already 51. Thus, according to Jefferson’s
definition, rollback takes place at gate Gs. But

this rollback results in an invalid rollback.

3.3 New model

In order to reduce the number of invalid roll -
backs from parallel logic simulations, we pro-
pose a new simulation model. The following
procedure is for computing processor Pi.
Stepl(Increment simulation time)-- This is the

same as Stepl in Jefferson’s model. Let t,
denote the current time.

Step2(Select an event):+This is also the same as
Stepl in Jefferson’s model. Let [n, ts, x] be
the event taken by P..

Step3(Decide rollback)-*We adopt the same con -
dition to decide if rollback takes place at
gate G or not. Let £ be a local time of gate
G.

Step4(Evaluate the event)-- Assume that before
the evaluation (at the time £,—1) output sig-
nal of gate G took value z. Then, assume
that by evaluation of [n, ¢, x] output signal
takes value y. In our model, only if y#z, P;
generates a new event (n’, t.+ A, y], and go
to Step5. However if y=z then skip Step5 and
go to Step6.

Step5(Store new event)---This is the same as Step
5 in Jefferson’s model.

Step6(Receive new event)---This is the same as
Step6 in Jefferson’s model.

The change in Step4 clearly makes it possible
to reduce the number of events generated by the
evaluation, and then as the result the proposed
model can reduce the number of invalid roll-
backs.

4. Main Results

4.1 Basic considerations

In this subsection, we consider several combi-

national circuits, whose topology is specified in
Figure 10. In Figure 10, Gi through Gs repre-
sent some gates such as AND, OR, EXOR,
NAND, NOR, and nl through nll represent in -
put or output terminals. Next, Figure 11 shows
four kinds of input signals I(1), 1(2), I(3) and I
(4) from time 0 to time 70. In Figure 11(b), x:(1
<i £6) represent some positive integers such that
0<xr < <axs <oy <aes <as <6 <70.

| n7
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Gz 'ns
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Figure 10 Circuit topology
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Figure 11 Input I(1),1(2),1(3),1(4)

Proposition 1 Consider a combinational circuit
C: -obtained by introducing AND gate for each
G: in Figure 10. Assume that input signal I(1) is
put on each of input terminals m, nz, ns, n4, ns,
ns . Additionally assume that a set of gates {G1,
Gz, Gi) and {Gs, Gs] are assigned to computing
processors P1 and P:, respectively. Then roll-
back takes places at Gs.

Next, we refer the circuits obtained by intro-
ducing OR, NAND, NOR gates for G; in Figure
10 by C:, G, Ci respectively. Then, rollback
takes place at Gs in Cz, (3, Ci also.

Proposition 2 Consider a combinational circuit
Cs obtained by introducing EXOR gate for each

G: in Figure 11. Assume that we use the same
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Figure 12 Circuit Cr

input and assignment as Proposition 1. Then no
rollback takes place at any gate.

Proposition 3 Consider a combinational circuit
Cs obtained by introducing NAND gate for Gi,
OR gate for Gz, and AND gates for Gas, G4, Gs.
Assume that we use the same input and assign-
ment as Proposition 1. Then rollback takes place
at Gs.

4.2 Some extensions

Proposition 4 Even if we use an input signal [
(2) instead of I(1), the statements in Proposi-
tions 1,2 and 3 hold true.

Proposition 5 Assume that input signal I(2) is
put on n1, nz2, ns, 4, ns and input signal I(3) is
put on ns. We use the same assignment as
Proposition 1. Then no rollback takes place at
any gate in C1, Cs, -+, Cs.

Proposition 6 Assume that an input signal I(2)
is put on m1, nz, ns, n4, ns and input signal I(4)
is put on ns. We use the same assignment as
Proposition 1. Then for Ci and Cs, rollback
takes place at Gs. On the other hands, for Cs,
Cs and Cs no rollback takes place at any gate.
Proposition 7 Consider a circuit Cr and an as-
signment shown in Figure 12. Assume that input
signal I(1) is put on each of n1, n2, * ns. Then
rollbacks take place at Gi and Gus.

5. Conclusion

We have proposed an improvement of Jeffer -

son’s simulation model that tries to reduce the

number of invalid rollbacks. Then using a new

simulation model, we have clarified several

properties on rollbacks. Since rollbacks are very
complicated phenomena, there still remain many
important future research works to be attached.

The followings summarize some of them:

(1) To clarify a class of rollbacks that are de-
tected at Step3.

(2) To formalize a combinational problem that
minimizes the number of invalid rollbacks,
and to solve it.

(3) To implement a heuristic program (for solv -
ing the problem in (2)), and to evaluate it

using benchmark circuits.
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On a Method of State Assignment of Sequential Circuit
Targeting Multilevel Implementations

Tadashi SEKO, Shigeyuki NISHINO

In this paper, we present a new code embedding heuristic algorithm of synchronous finite

state machines, targeted towards multilevel combinational and feedback register implementa -

tions. At first the algorithm constructs undirected weighted graph according to MUSTANG

and then it assigns a Hamming distance minimum code to the only one state which has max-

imum weight. We have run benchmarks on Sun 3/60 and the results showed the good im -

provements comparing with the previous results.
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The Product - Separable Photochemical Diode
as an Electrochemical Photovoltaic Cell

Yasuyuki OHNISHI,Ikuichiro IZUMI,Hironobu HAY ASHI,
Naoji AWATANI and Toshikazu OKADA

The product - separable photochemical diode has already been studied with respect to a pho-

toelectrolysis cell in which optical energy is converted into chemical energy. In the present

work an attempt is made to apply the product - separable photochemical diode to the conversion

of optical energy into electrical energy. When the photoelectrochemical device composed of n-

TiOz2/Ti is exposed to Xe light, it can become successful as an electrochemical photovoltaic cell

and result in photovoltage.
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Fig.1 Experimental set-up for the potential

measurement of photochemical diode

a:pyrex glass cell e:saturated calomel

b:Luggin capillary electrode
c:pen recorder f:n-TiOz2/Ti thin film
d:0.5kW Xe lamp electrode
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Fig.2 Photoelectrochemical behavior of

photochemical diode
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Fig.4 Potential change induced by illumi-
nated photochemical diode

Table 1 Photo - potential response on photo -
chemical diode(V)

electrolyte Ti0; surface Ti surface
to Ti0, Ti dark i1, dark i1t
1| IMNaOH {0.5M H,S0. | -0.35} 0.84] -0.47| -0.08
2{ 1M NaOH 0.3 K:SO, | -0.06 | 0.87) -0.10| 0.37
3] 1M NaOH 1M NaOH 0.091 0.85| 0.09] 0.47
410.34 K2SO« | 1M NaOH 0.04| 0.35] 0.07| 0.27
5 [0.5M H2S04 [0.5M H,S04 | -0.62 | -0.16{ -0.61 | -0.18
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A Novel Measurement Method of Gel Particle Distribution
in a Bubble Column Based on Electromagnetic Induction

Mikio KAWAGOE

A novel method which is hased on the principle of electromagnetic induction was devised to

measure the concentration profile of gel particle along the axis of a bubble column. A pair of

concentric coil was used, in which the bubble column was set. To obtain gel particles with high

permeability, colloidal magnetite was mixed with calcium alginate solution. We obtained gel

particles having diameter of 3.4mm and density of 1310 kg/nf. Using the magnetic gel particle,

we showed that the concentration profile of particle in the bubble column can be measured by

the electromagnetic induction method. The profile obtained was found to be in good agreement

with the sedimentation - diffusion model.
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Newton - Raphson # D L5k
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An extension of Newton - Raphson Method

Katsuhiko FUKUSHIMA -« Seinosuke KITAGAWA

For solving the equation f(x) =0, Newton - Raphson Method is well - known theorem. In this pa-

per we study to extend this theorem by using the Taylor expansion.

1. BEHIC

R y = £(x) L (% £(x0)) TV 2B & i &
DIZEE (X1, 00 & L& X, #{ER

£(x,)
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Newton - Raphson # (Pl F T3 Newton &) Tdh »
fzo & T AT Newton HEZ MO Taylor BREDIEH
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A Study on The Turn of the Screw

Etsuo KATAYAMA

The Turn of the Screw has caused lots of controversy among the Jamesian critics, which is

too complicated to find its way out until now. It is also one of the problem works which were

produced by Henry James at the turn of the century and in which the novelist pursued the pos-
sibility of development in the art of fiction to the limit. And the results of his pursuit reflected

in this problem work foreshadow the advent of the new art of novel called 'stream of con-

sciousness.” This study, I believe, presents a new point of view from which we can find the

way out of that complicated controversy.

COEROBN TREHBINRZALL D> TBHRX
NTEf, EROMBEARPIERIVTIS, Y
A LXHBBEEAOEEERE LIERTH B LRI E
hTWaLHICER 5. AlAIE, MBEEHROO A~}
NANT U, COMREODIIRELE - BEROBVWE
RT, ZOBVEHFLVEVE M-/ THEN
("morality play") it { RONBZBNEEZ B,
ZOEZDBE, NANTUR, FREMS LDICERE
B> TWa EEZ ZFEHMOBBEAEDHESOLTH
BTG VD, e, LIEROTZFEVF-D 40y
YDEHE, RESEE (EMEER - HREDS
#1 ("a neurotic case of sex repression”)? J¥»
FFTLERE, BOCHELIIOEIRREEAIN, #
BROBHEEAIfE-T, DL UFRE FOBK
HEXBERT C LIIRTERISEV, FHICBETIRS.
T2 TRy 4 YT AR, F—VEREHHOESR
EREYTT, REHMRE20ESEFILEICER
TARIELETHAODERETEHLELSELTVS, &£V
FIFERELTVWE Y, LI, ZOLIBHVF
LEHIERSZE G ETOELI SN VL, FESMIUE

KTHBIEd, HREMBEOBE L EXPALA
LA, BENIOFHEEBERLTVWAIEEEL
BEELH I,

AEMNICOESEOIBI L >EE L, I T—o0M
BEiRELIV. 20, UEERLZERVOBER
EBHTA00E, BREERICEAL, OEERLCL
BATFLLEEEFERLIZVWEVLHDLFDERTSH
%, LT, CORIKIERROEEDA 0RE RIS
HBEDTHY, Vrd AXIHELIMBELBNDOT
bR, BESTHICHOFOTHEEIE 224
EEABVDOTHHRVWTHE D,

F7:, VA LXDRAOERER, BAVBOERZLL
KHD A TET: egotism DRIEE bELBHLTY
b, KEHEME /o0 —XERADRHDOHIZ, egotism
MoK HIRREOHEIEL BT H & HOVBATH
5EHERES,

WFHIZLTH, BB COERERAOEELREL
RMBHEOSoT 4 —ERB, UL, ZOEROKE
ZDHORBRLTYaF 4 —HRBOTIRELT, Y=
4 L XD NAHERS egotism DRIE - HALCIRO M
ATREREBLRETHY, —HHRDERE~DRED
RO IREETL - 7D TH B,

PEDX S BEBANS, REEROIBICLEL, &
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BEHMAEASORAINEEMBICHITTH BRELZ
DR %, REHIHD egotism &V 2 1 LXDEKD
B EDRET, S MIcRE L TAI,

3ETT 514 DEMOED LicRAoNARERET
feth, REHMEZOILE I o—RRAHEELELS
EBSH, KMTR-> 1 HROBOIEHFERT, &
TOELEDTLE S,
It came to me straightway, under her[Mrs.
Grose's] contact, that, with plain heartiness,
mere relieved anxiety at my appearance, she
knew nothing whatever that could bear upon
the incident I had there ready for her. I had
not suspected in advance that her comfort-
able face would pull me up, and I somehow
measured the importance of what 1 had seen
by my thus finding myself hesitate to men -
tion it. Scarce anything in the whole history
seems to me s0 odd as this fact that my real
beginning of fear was one, as I may say,
with the instinct of sparing my companion.
(179 -180)*
(italics mine)
®ic, KEYME, BEMAICRESRBOIW &9,
BES0EEEMORINLD, hohbhTRVWIENS
EEHEOD D, LT, BHEHBRIARIOWVT, HH
DAL BASBNI Ebbh-T %, 3L,
RENTEBRNL THHRN7S AL ("sane inference”)
(180)EFEINS &, HERREHMEFICHELN
ST &I B, FIAXHDA 7Y v 78I, RO
YOREI, Fa—ZARARREDFELEZVTEIS
EXRBEEMITE -1 EDSHEE -T2, EE->THLW
591 LHEDE, MENESEFICHI L%, KE
FEHE ST ORARICERL TV LI LERLTY
BLHICBA B, 2T Y, TOBKEHEMIL, BN
EERTVWA L% FIEEBRONICBHELTVZ0D
Ths, TASRLOIEERTHZ00bLNEV) L0
SEBIAL LB, REHMICL - T, BFEL LTS,
BEROBBELTHRLTESNE I LBV ZLT,
ORI, TOEERATVWIHEFREATREVLO
WS BERSLE, REHMOBICEThTY
B3L9ICBR B, COLIIZEATN E, ZOFERIL
TVaye UNR=0 -y ORES LS, BAIE
HBATRZWEATHEL, 751 TOHADITHEE

L &S LT IREAMOAHEL LEZI LN,
fots, TIT, REHMROELRSCLEELSER
—~HLTVWAILEREL L TRIESV, RESHMH
BEATHY, ERHEATHOGRIIIED, COXSTEE
NEFREFLSBERE I IT RV, LJEERSC
EHEKTRITOD S Z, REHMIL, HHEE-R
2, BEOHAORRIRERMIRY EROR-T, <
DEHIBFRAEEZETLELTELDTH S,
Linl, CORSTREHMIRMONAEELZRTY
3L, DU LLFEEMBERICL > TREFELL
SORVWEERTH L, TLT, REHMIIOEEZRSH
SAOERICH T ERMEORY, ZDOAREEAMLIR
ZIBVEETRLBLAT, Yua—ARAPRPTA NPT
O—-SICbRAIZMBICLLS LEMTE, £LT %
DX EHMOEZBDOBETIS, B/ u—IARAPT LI
X7 u—-3roRhul, ENICOEKZDOLDDL S
ICRABDTH5,

iz, HEHHED EICRIAENIETRETHE
ThsE, BREHHICD, FMOAXICHELIFYE
&£95&73, FESEMOLBOEREEST LICLL
Do

REHFPED LICRIAER, RICBEOEOAD
735 ARKBEN D, F O, #O AR —BFERME L -
LREDIITIH, AR bOERLICREIT, %
OBTFERT, KEHZMNI #HHEM ORI EN
BOTRIELT, BOMEDOARBDENTE > 1D LREE
TAHEHITNB(184), COBBOEZZ, FDOAE
PEAONEEBRE L -0 TIRULT, B3R
DITVHBIEELLD &5, RERBOBELL:
BROE(EERLTV B, 2L T, FOAERERER
BROBOHMENMINTH B EVIREESDEDED
BThoiEhs, FEHMIT I a—-2kAIREDARED
®ET %o

KEHIHGET AEOEEN T/, 751 TRUET
ELRTOWIEET T, TOBRERIIEATHWEE -5 —
A4V OKBE—TTE I L, MBEARORKD
RTHY, FCHIEROBFARKE>TVWEIERA
AMOBEDIEY, COMITHBERIIRS. Thid, KEXK
BiAE 2 NEDREE, Yu—RRARERIDIA Vb
DERIEZEHERLTWREWI ETH B, COAEDHE
iz, NNV PR—=Yr B, TrFYOUNRE
3&5, BETREICHONIEROBHTHS, Z
LT, COBSRTERZZA Y MEATWEI L, ¥
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O—ARARBRA->TW3B, THWZ, Fo—2kA
I LTA&NE, FEEMOTICRNIAEY, b0
1EROEREELTVWT, 7S10BRRICBFENSD %
FEERNUL, A A MPCBEN-T, KEHK
MOBICBENLEZ B0, Yuo—-AKRADERES
PP VHEEEZLE, TCHANZEDEIRBZ
5V, 2Dk, 74 IEFTIA TEHEET-T
Wit LS, RRITKETRZ THRICEDST, BR
AL THBRBETREVADTH B, 1282, Fu—2
EABSHRBEEHEMHIGE S ANEOHFREMVNT, 74
YMh) LOEL el EEEBELTVWEL L, RE
AN OFECMNIEITOTL>TLES ("She
[Mrs. Grose] wished, of course — small blame to
her!— to sink the whole subject;”)(209). Z ZiZ,
FESMOETHRRIIHEEIC, BRICEOVI-0D
EFE-TLE-LTO—RKRAD, HABHICHTEH
L REDHIAL S,

LivL, 742 bO&RIEOE- 7 n—-ZARADE)
By THN, EORET, KEHMORI:AEIFEA
K24 FOERTHZ I EH, FIEENCEBHT S
NEF|ICILE, 2HLT, Fa—RRAZEHOTFHRD
hICHDAS, BRDORIAERGETRLTZA
DEBTHSE, Fu—ARARKERLTHS 122 L
T, XFEHMIIASORERICHT3BMmhoRNBE &
NT& 5,

LT FEEMBEENEEICRBEIET, 71
FOTBETANAIHMD SIS ELTVWBEEL B L
STy, Fi, 7o—SCRBELORHEED Y = 2V
DLEEBPWMHD DI SELTVWELEERS, 2Dt HEE
Hift, TAAVXETO—-SHRZNLDTEERE &
3, TOUBCHO >IN THBIEONEILIEEE
ZBE3180, HEHAZNOOTUEXRNIRS12E,
RANKETO-FREBEEDRTES(199), B
ARSI B LT, TANXETR=500TRT
51 DEBLEROLEMMBRINDE &, TDEZE—BR
BIETWDTHB(195) - N TH, FEHMICIZ,
747 OCBERAOBEE—ATHD, Fo—2AK
AZBEDMICRHLZOTBER TRV LRI D
hoTW3,

She[Mrs. Grose] herself had seen nothing,
not the shadow of a shadow, and nobody in
the house but the governess was in the gov-
erness’s plight;(193)

ZRIETGI, CTENFHBRICRY DOVTHRIE LS
ELTVBEVSIBALWERSE, oA ICERSE
&3 ETBR, LD bZOIMSBRELRMICE > THh

BiTiib, 2D E L, REBMUADALICLTE
DENRZBILETHD, FHENTEOERERIT
B CEE) LM TOLERENIETRRTH S, ARD
BOAICTRORERBI TR, REHMIZ<I VX
E7u—SEBMULERTALSICNEN, Thid it
BEFLHIDEVIEDLLA, TOLHILERERS
3370 THb, LT, TOERERMT B ENT
Fhid, KEHMIZEZDOEZDIELI MDA I
HTE 2723 THL, BORLENMNBMHT 250
BEREBETHLHTES 'Y, LOBOREHMO
DERERROXNOBAZ S,
I began to watch them[Miles and Flora] in a
stifled suspense, a disguised tension, that
might well, had it continued too long, have
turned to something like madness. What
saved me, as [ now see, was that it turned to
another matter altogether. It didn’t last as
suspense — it was superseded by horrible
proofs. Proofs, I say, yes — from the mo-
ment I really took hold. (199)

LT, 2OLIROEREICE - L EROBE T,
KEHMIZ 70— 5 E—HIcHIcBUNciTE, TOMH
KEES LEARERY, —H70—-30KIcBEP3
&, FOOEHINI ROV IARTIICAKTINEZEL
AL EBFICIL>TWABIEEEDONRDICT S, B
BE#FEoRMSRL, 07 0—-S5DTENIL, DR
ERCRBOEREZIT, HELNMTOWAIERICRA
%, % LT, COFHEDTCHRT, KEHEFIEBET o~
SICEIDTHVRVDIIL, 7u—-5bZ0OLB%RL
E7a—ZAEKAICKEL ("Two hours ago, in the
garden...Flora saw!”)(203), %7z, ¥z ANW&id—
H#ASHIRODIZ, BRICBENACERB Y 2 AVIEE LS
n—2ZARAICKET 5,

My friend [Mrs. Grose], with an odd im-
pulse, fell back a step. 'Was she some one
you've never seen?’ 'Never. But some one
the child has. Some one you have.’ Then to
show how I had thought it out : "My prede-
cessor [Jessel] — the one who died.’(204)
(italics mine)
SIAXDA %Y v 7853E, REEGNEOCEE Y =
ZVEHRTE B, PRidoBRERM-TVWS
NOTRELT, V2 ANVOTEBR7o—J B -HC
IELTVEERBHMEFVELTHENGIKEEWVD
JEERILELTVWS, I LTRBEHMIIESDEL
DELXZHFTIEREFICAN, Fo—IXKAILH
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FNETRTEIZER S,

ULHL, ZOM#ME IR TRESKMOB.E L TR
LOTHD, FZHIH L TEBNICREHMOELD
IELIETEHLTOEEEEVEHV LD TH 3. M2,
ROV BN EZE LA S £F 500,
YIRICRONZ—BYSERTHD, 2D LTEDOF
HOHEELTHEEELLZDR, £H5FLIABHICH
BYHBEEZBHANELV.

ENTH, P ELREHMIZE > T, ZOHB
TO7 o—-5 0T8I, BXDOEZDOEL SERTER
L1, ZoRMoNARICHESIE, Hikiieh%
OELEZT, BAOEKICBABIERL, 740
PV RANVOTBEMEMCELBIENTEELIIC
155,

10 ELBXESMITENFHEICEVERELEZ
TWREMENICEZ L L ENTEELIRU - E
"o, CTROBRI OB LU AETELIIND,
FHEOITHAE CICEBEBTITEL R L H I
3. PAE, BRI -39y FEKFHLT, 2-
20 EHEOAERTOADICT W - KEREL, 7
u—S LR T T A5 ENTELM -V 2 R
VOB EFEELTWS EEX BB (228), 2D
WRITH 2, A, ZOTEREIL, FEHIED
BEOBIOOR(RTHBE, TANXTHB,

CDTANZDOEEDOHSB L, KEHEMEISHD
120IT, HET7o0—-SHPRLEDETHEAKZRERO
72H3(234), COBTANZXEZDLSBITEICED T
TTVW3 LD}, FEEMOBVLEYDZ ELHTEN
W75 A TOFRBREEFELKIHLT, b- Litk%
Hb o0 EFES (251), BOEEHDDEICE->TIE, F
W DOEMLKRTH B, COTANIXDEEE, FD
FEOLEOBRNERE LT, FEHMOLRFT S
ENRTELVEBADO—E, <4 NVXOBBEDFEENIE
BEHEMICHON SRV ETHEY, BIREEHEDHTEL
THBEZObMHLRVEBROFERE, BRKRATHWS
NEERECITEZL LD &T 5REHMMD egotistic
BEBINRZOREICHZZ L8 5E, HENREPE
REESFIHMEDORVL S ICHRT 5 egotism (3, V=
A L ZXHPADIERLIRETE L TE BB D— 72D,
CORESRBODIC LREENCHFET B,

ZLT, TODegotismid, FYa—AKAIIHTEEK
BFMoEgEohicbRoN s, BLEBICIn—2k
AELCEOBVEEIN S THELFIHOBHELR

TV EOBRTHEAOBROXRFEIZEB->T 5,
Lol 20EBEEMAE BESVTWALSIC, Fu—
ARANREIPLTEVHD 2VWTWBIRTOTFHEL
Db, 74V REYV 2 RAVDOTEBOELEUTEMICAE
B REHMOFNROES LLWDTH B,
...she [Mrs. Grose] addressed her greatest
solicitude to the sad case presented by the
deputy - guardian [governess].(230 - 231)
rya—REkAR, F-IPRESI LI, KEOLTR
B ICKBEEMI 52 DELE—HMB LAY SR,
ADRAENLD, BOINSDLTVELSIKRAS
nEL 'Y, ZoOTHIEILAT L SKERFORRIZHE-
TWADITTIREW, AR, REHKMEORROBE
T, VO~ RARABRESMHOTAINXETO—-5%
ED-0 L bbERVWTHRLVERD OH, EhEH
BLTHELLS(288), Ju—J Lo FUicEnMd
NS, vANXETa—S5%4&bd, —HICHRYE-
TWV5(294) o COKKET, 70— RRASKHER >
TWAILREEHMC bbb ->THY, EiZ, OF
DAECBEATIE, BROIELNDS, EOILIRE
HAORBICHBIITTHS, Thill, FYu—RAKRA
%t L TELOESEROTH KO TOREHAMS,
#,
...an awestricken tenderness [of Mrs. Grose],
., of which the very breath has remained
with me as that of the sweetest of human
charities.” (193)
&
...if she {Mrs. Grose] hadn’t [believed me],
I don’t know what would have become of
me,” (230)
REE, Yo—-ZRRARHTIEHOKIFKLE, COF
HRBEIRLTVWABDEAS . COR%E, 208LE21
BEOBHED S5EZTHI,
WHETRORANB N S7170-5%8LT, RE
A& u—RRARBICEN, ZOHBHCT O35
EEOIIAD, ZTOHMRIZY 2 AVOLESFENEZD
EREHMIIRS. TOLBEFKEHMI 70597
O—RARAREEES LT3, 7Tu-5REDOHEE
AEEH LBV, ZYu—RkAbRNLRINLVENE
T3, COBRT, FEHMEOEERETOAEAIE
WABITH B LD, Ta—5&a—2kADEDH
TEELLI BRCHLSHME - 1ebiFTH B, Fic,
ZBEASRVT o-SOFHROBIZE, REHEHE
AELTR-EDEBEEFIT SNIDTHY, Thillk

78 —353 "Take me away, take me away — oh
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take me away from her!” (281)&E-T, FEHH
OB CEXZBAYD, —EEFKiicdS &L,
yuo—zEA&ica s FonEt-TLES,

T LT, Yo —ARADEE D LE->TVT,
DA ERIU &S IcKESMIcEL, BRcRBEEHEOE
REZFANTVARLDICBABEHIZAHE.HZ1L,
70-50 685 LLEEMMI NS - 2KALE
BT 5%&, FEMMIE It so justifies me!” (290) &
BRBH, THUH LT o— Xk Aid "It does that,
Miss!” (290) EEZ T, FOHEBIRE LN, ARLER
FEHFICRET 2. 2D 0 —RRADEEIZHVT,
Tua—2ZRABHOEREFEHMOBRIES &0
EAFERREHTE 1P, o0, FEHMIZOH
FE (74 EY 2 ANVDEBPFEBICRD DD
ELTVWE] EVWHEHEDEZANELM > LERT S
M —Fro—2kAlR (7a-Sic&biink3icl
LI EVIREHMOEZHBELV LVHEKT
E-TLADTHZ, BRALELILAAOEEL, 20D
BRI T AREHMOBROMBO Z D & 515V EL
2, COPMROBBEOBED A NVAXDAET, "Peter
Quint - you devil!” (B0NICOPWVWTHLEZX B &1
A, COAROSVWTEERDOEELDOMETHR TERL
AN

ENTh, Fu—REXAOBFROHBNETHN,
egotistic KEFEHMI TN EBEROHEDOB VLI
BRL, Yo-ARAPBUELOEZFEXRL, &
LT NB&Iic-1:EEZ B, bl, COKSO—
ARADT B—35 D& I ICKEREEEA & RDAT,
BETALHIBEELE TV, FEHMHIARYD
BALLD, COBBKOFRLFELEDN - 12DTIRIE
WEA3 D TOBWKTE, FEHEMAEAL UTEE
9, ¥BREFLLIKELLTo—ARADEEY,
FEHMEESI O -7 HEL3, 2L T, £E0OC
ERREHMEFICbE  bh>»TLEILIE, 7
0—RRAICH T 2EHORFELEME L FLOHTTE
HLTWADTHE, 2L T, BREREITHE (Fu—-2x
KA ZEFEU LS & LAREHNMP, %% T human
charity” (193)% b » THh# (KEHM) cgELESD
L o—~2ARADEEDDIZ, Uz LIDBIER
RPIBOEERTEELLESbOLE, TBESMYEOH
THHSHAICEBEEZFAUADIEALY, hEEHN
MODE-THEZBREZIKIZD0 EVHE
DB, VA AXHEOREVHENMIRLTK
3X5i1B2%, LT, ThRERZ, Yz L0
VB OER LR h A T X 72 egotism ORIEICY S
BRETHH - EFES,

ENTE, MH7o—-RAKARZDLS IZBVLRHOD
HIEELREHMICRT I ENTELDKEA I D £
DEBHEE, So-ZARAPEESEOEEEL(bDh -
TWehhbTHD. 2% H, ZOWHEER, KEHMN
N=L—BYDEACERL TV, FPSHELE
DIFBIEERTVWARAD ETH B, 2L T, Fa—
ARNREEHE L ZOMEN SH D FHIF/E—,
N=V—BYOEALREHRMERDESLKEEEL
TWADThD, FEHMEORBRONNOBEICEIT
% "I'll save you without him[Miles].”(292) & \»
S ru—ARADBEORICE, Hh—L—@BYDEA
ETSAICENTRT, E-EbRRISbETHITE
T EVWSEEOEBIRENTVWALSKBA 5,

¥f, Va—-ARARKEEHORIUS SV TN
HIANZXRTU—FLFELE->TVELH L, KEH
MbEDOILERLABLTOT, RO LSBTV,

...it was absolutely traceable that they[Miles
and Flora] were aware of my predicament...
I do mean, on the other hand, that the ele-
ment of the unnamed and untouched [i.e.
Quint and Jessel] became, between us,
greater than any other, and that so much
avoidance couldn’t have been made success -
ful without a great deal of tacit arrange-
ment. (241)(italics mine)
A, RANVZXET70—-SREESE & OMRIEL
5L, ¥E55009"When do you think he [the
master in Harley Street] will come?” (246) &3
% o 1ok D ICKEHEICR/AT, TOHET KT 55
COIEEBEITHTL, TANKXETo—SDREH
WORBUCHDVWTIu—RARALELA->TVWT £h
IESOTTEL TV A LEZ AP TENE D £L
TENEREHEL, 3AXHIcHELS, HRO
B L&dbYE] ("tacit arrangement”) K LTV D
Thb, T5&, REOCHET, FEHEMH,SHVE
HohT, A NVZXH"Peter Quint - you devill”
809)E 7 4 v FDAREOIZT 20D, REHKM-OM
BEEBROELBL 51, TANZBIA Y N OTR
DEREZITTVENSTIRIELT, BTVELREH
FOREICHONVT, A NVXRTa—RRkAPTa—3
LELE-TO i n LS T LB,

UL, =4 VXRBRICKEEMOBOT THAT
L5, ReAFCOREL Y 2 1 LXDBRDBHEED
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BETEZ LT NEE SV BICERB L TEL LI,
KEERGL, FHLRICI7 AV FEY 2 AVDTEEHFEN
ERERIILTWELEER, THEDOEPERTZOH
ROLREDET B, HUDEZAFEBRETELIEK
AN UIELERRINABL, ZhTHH, FEHMNIIZ
DEZ AR, BICFEESRINLVESIR, Bic
ZOEZEREIET, BHOBRBLI:CLPELTH
KTHEODI D Id~NE 'O, AL, E0LH1E
MELT, 16RDBHAERITFLEIENTES, <M1V
XS T—f, WO - oEBICRN D] (249)
EEINT, REHMIIBMRECHD, —ATHSO
SElERLTHRT, MRBETY x ANVDOLR%R 5,
ZLT, TOLBII—E LB ->TWRLDIL,
"That she [Jessel] suffered the torments —!’
... 'Of the lost. Of the damned. And that’s
why, to share them - ’...’She wants Flora.’
(259 - 260)
&, TDUBIGE- &, KESMIZ Y0 —~ARAIIT
LI 5. Hohic, REHEMIIEINERLLCEE
HELLTHELTWS,

LT REEMPROPTIANXERLETLE
SEREOBPEL, COERERREICHIbOLEDRS,
¥, REHSMIC MEER#EOTLLD) LHVEDS
NicOT A VZXDEE "Peter Quint - you devil !...
Where ?77(309) i\ TELTAL . FEHMOIR
BIOVWTT B —ZARALELE>TVWEITAINVADIL
Bhod 5L, CobFR £2{oREFRVEELTY
331, TE—=9—- 04V OFEEAS, RELEZE
RISATE .. (DAY FIAD) ETIRWBAKRN &
WIOEKICERTE, I VXDBEBLEFIILHEER
bz, LML, TIAZIRI4 0 M OEBORELZ
TTVEEVIFEZ Y OO0 NTW S FEHROM S
T, fkikzo8E%E (-9~ 214 DTS
BRs—.., ECNFoTLE-RAE L EVSE
Wiz, o0, 710 b OTBISHT 3T A VIO
B OZELBE L THEENB VWL S ICEZ 3, Fil
L: 21 BDBET, Vo —XkADEBTHRIC VT o—
ARANBHEOARLFERMOMRIE) LEE LD
ERILEDIZ, HAMRIIHHT ZHEHBD ABORRA
ZOAOBREOUEICIE LT, &I IEIERRMIC
MRS E S Y x o LXOEBISBROBENT JIHE
IR oN3, ¥/, BHORKISHT I BMOLHNS,
KEHMPEIHFELRBRECH L EbELEDYE
3¢, REHMRCOBETAVADERIC>VWTE
BTSN E T IR ESK->TVah, Wi, K-
TVE L3I, Vad AXRRAOEEEVWIRLEE—

DR LTREHITEELI OND, T5&, KEHNR
DEDOBTT A NXPBRILDVEINTEAL VS H
Kz, TANVNZXDBCBOEEEZITVWELEVWIEAR
WO T, BN &R - L KEHMLY, D
FEIRESOTHEBLAILAHELE L TRRNTWEE
T, BZEOTSHREISHTINIZHMAELR
BEMICRUZ bDEEZION S,

ENTR, MHREFEZEMEIZOLSBEI LR
BTENTERDIES D BBV 214 LAXDIUEN G
T3&, FLENTEOERAERITVELVWIEL R
KEHMI R ORT B3 E, O TBEoRBAR%
%X H3) ("causing the situation to reek with
the air of Evil.”)!® Z &I BEDTH B, FXDY
A LADBRENOTEE, 74V eV 2 ANVOTEERE,
BICES L ZADMBUETRET', REHFD
FROMRICOAFET IEROBTHD, Thoo
LEVFRLT~E (BOFAIERBIE S, L0
Hiid, FRREDISNUEBHEETITEEOMRER
BEEOCEE LT3 ETHY, 208 KICHS
WA EREEMS BRI 5 LD TH B, oF
D, FHENCBOEEEZIITVWEEVIEILEE
HESEDRIT A LN, COMEBORTOERIC
TWADTH 3%,

$1:, FESHOEVILbMOEZD L, £LOHF
FHEET AL 91T, TRt 1 FY XOREHDRE
KhRREICED, ABEREENRREEOEVSFE
DEZENEBRICHIZHOVWTWE, TOREHMN, B
DRREZ T PE L, GEERPTOVHEOLETH -
Fo1PENSERHRELIONS, ENTH, FHLE
NEBOEELZITVWREVWIBLDOELE, BN
KEETHIEREMESEEZMNIONT, B, 20k
REZEFHLHRG D103, REHSMIcZHEO DEAY
BHERNDHBLEEL & THB, 2L T, TOEAN
B&i3, BICHELIEHLTE-L I, BR2OER
3 ARBEHMOBMHLTH S LR,

W EHHOBET, FEHMRI70-5P/o—X
FADEHDRTY 2 ANVDILBZEE2 R T, "She was
there, so I was justified; she was there, so [ was
neither cruel nor mad. ”(278) EHEL THAT 3,
Ll, Za—ZREkAR7u—-ShHhoiMbRALVE
EHIED E/EING, T3¢, FEEMIESOILS
BETHLHNEDERKT, Bes LHERICHbI S,
i, CERTFHECHEEERELTVA LWL
DEZD, ZTOBROBELEKRL, TOLRLRELR
KUGRANBVWOETH B LVWHIEEE, REMICKE
BEFICEEMIB I EIC B, £ LT, KEHMZ, 7
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ELRERZBHOESE, GRELIISIANIS
%/ 5,
Linl, N—L—BhOEALDODT  REEBRLK
BHMIC L ->T, BAOEKERD S LTIt TE
W N, REHME, BHBLEToRSD8A
%, 3L THHBBRMIBITAELSEV, Z2LT, %
DRREROIHIT, KEHEL, <1 VADBROKR
R - 1R TOHREE, </ VXBEFOONSH
EHESEL, B2V FOTBOBWEREERITT
VWAIERAEFICANE D £ T3, 1, ZOREHMO
R —EENT, VUDRA-TEY, TOREN
Hli, SETREILDTELRD - ERNBEEIEL
TRABNT S, A NVXEZAZDIZI » o REDS
BT, REHMOMEIENALL,
To do it in any way was an act of violence,
for what did it consist of but the obtrusion of
the idea of grossness and guilt on a small
helpless creature[Miles]...(301)

&h,
...if he[Miles] was innocent, what then on
earth was I ? (307)

EWVS BRI, FEHMICEMNEENRLBO IR

EHEX B,

LdL, SOVl EEFELLTRDEI LR,
EARDEEREREEZ ZREHMICE-TE, B
APFEATHZLEBHBHILETHY, EREIZOWM
EBOBBIZ NS, 2%, vA VAR /14 bOT
BORVWERLZUHRY, BRICEAOEHNTEOER
BRAEZ 2O TRALZDIRE EWH %, FEHMI R
BETH LRI, IoMBER-BHDOLZET
BRI LSV DTHS,

VAT AK

employing the first-person point of view, the

Ya—>rXl3"...in any story

narrater must, on the whole, be trustworthy.” &
FRL, KEFANRZOLSBELFETRTNE, #ik
BHRNLEOZICBALEL5 'V N, FEHMWT, %
DEHBERICEVT, BETEIELETHAGIE
R OETHRV, TREFEICHHICHREET S
¥#%7/) ("an imagination working freely, work-
2F0, TEHLE
BOZEDOHHE ("the double priviledge of subject
and object”)*” 25X bhicMBHEFHOEFELFELE
BIEBZLick-T, COERIR, Va—rvXHEL
5 &3 IR IS — ARV RO EB A TLE » T
ADTHbB, 77 ¥ I3 "The Turn of the Screw, if

read as Edmund Wilson reads it, becomes or-

ing...with extravagance”)'®,

thodox James Joyce or D. H. Lawrence; it ceases
to be Henry James.”?" &, ZOEROE-EHEL
BENCEZTHEY, #iZ, ThOOERDOXFOH
DM EMERE LT, ThUolix OFEfM
BELHENIELSNEHPSR TV EDTRIRVES
I

{32 : &%l T ALBION | #HH|#E 388 CGIAEXE
) ORERXIC, BDVOME, BEEMAID
DTH5,

iE

1) Robert Heilman, "The Turn of the Screw as
Poem,” in Gerald Willen ed., A Casebook
on Henry James’s "The Turn of the Screw.”
(New York: Thomas Y. Crowell Company,
1960),p.178.

2) Edmund Wilson, "The Ambiguity of Henry
James, " A Casebook, p.115.

3) cf. Shoshana Felman, Writing and Madness,
(Ithaca, New York : Cornell University Press,
1989),p.235.; William R. Goetz, Henry James
and the Darkest Abyss of Romance, (Baton
Rouge: Louisiana State University Press,
1986),pp.146 - 147,

4) 81Bi3 The Novels and Tales of Henry James
New York: Augustus M. Kelly+ Publisher’s
1971), vol.12 th® The Turn of the Screw IZX
5., U, 5lA7 2BRETNNICEOEMETRT.

5) John Silver, A Note on the Freudian Read -
ing of "The Turn of the Screw,”’ A Case -
book,p.240.

6) Goetz,p.124.

7) Heilman,p.181.

8) Nathan Bryllion Fagin, " Another Reading of
The Turn of the Screw,” A Casebook,p.157.
) ~aF-C., I¥—FRZDI &%, "So do the
governess’s fears and repressed desires and
the housekeeper’s memories and anxieties
unconsciously collaborate.” ¢ &HL, /o—2X
RAD TBREZFPTVHEE) ("suggestibili-
ty" I 2WTHEBLTWS, of. Harold C.
Goddard, "A Pre-Freudian Reading of The
Turn of the Screw” A Casebook,pp.255 - 256.



108 F b & B

10) 7202 iEI D &%, "Hence, to prove that
the children are mad (that they are pos-
sessed by the Other - by the ghosts) is to
prove that the governess is not mad:” ik~
TWBY, T2V EIDELE, RERNES
PEICERLTITHLTOAILICERTAI LN
AUTHB, 2%, FRENHBOERERIIT
VAR EE, REHMOEN S RCEENIER
THY, T2l vPEOROFRICLTVWEES
REBRNIGERE BEO A RVDTH 5, HER,
REHMIEERDICEEREREELL LD
D, 29FBL50 0%, REXMIOEERSH
ROEKERMT HR0, TOEKEFHGEICEKRE
LT, BRAEEK TRV EETHL LS ETHD
TdH 3%, cf. Felman, p.235.

11) Goetz,p.131.

12) KEg—p, Mhloliz W8], AV)-—
c VA LXME BREER (JLEEEE,
1966) ,p.188.

13) HER®E, BEEOBRL — AVU— VA h
XD ThUOBEE) —), TEREXFE HIHE
25 (BhIZAAHM, 1972) ,p.161.

14 ) cf. Alexander E. Jones, "Point of View in
The Turn of the Screw,” A Casebook, p.314;
Goetz, p.125.

15) Preface, p.xx.

16) Preface, p.xx.

17) cf. Oscar Cargill, "Henry James as Freudian
Pioneer, "A Casebook, p.229; Goddard, pp.
270-271; Joseph J. Firebaugh, "Inadequacy
in Eden: Knowledge and The Turn of the
Screw” A Casebook p.297.

18) Jones,p.316.

19) Preface, p.xvii.

20) Henry James, The Ambassadors vol.1 (New
York Edition),(New York: Augustus M.
Kelly - Publisher’s, 1971), Preface, p.xviii.

21) Fagin, pp.155-156.
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The Influence of Japanese on the Interpretaion of English Reflexives

Kunihiro MATSUBAYASHI

During the past decade, second language acquisition research has paid considerable atten-
tion to the acquisition of English reflexives in terms of the Universal Grammar (UG)-driven
theory, but this paper reports that the interpretation of English reflexives by Japanese learners

cannot be easily explainable just in terms of the effects of UG. In particular, experimental re-

sults in the paper suggest that Japanese learners transfer the epistemological properties of
Japanese reflexives in interpreting English reflexives. Based on the results, I suggest that

epistemological consideration help good accounts for the interpretation of English reflexives es-

pecially by Japanese learners.

I *F =&

ol O¥BXCH: (Universal Grammar) ER T,
HREAREBFEE ZOXRITAREICEDLAEE LT, &X
(DART LI BHEEERRL TV S,

(1) a. John said that Bill; blamed himself;.
b. *John; said that Bill blamed himself;.

“Bill” I3 BRR L5 “himself "DETHICI O B B4,
“John”RIL DBV, ZOF¥IIE, IFEEBERORE
A (Principle A of the Binding Theory) ik »>T
QLB cHREINATV S,

(2) WIEEHE (anaphor) 3 Z DR (govern -
ing category) N TH# (bound) XN Tid
L5180,

PIXV)DiFE, BRABFAEESUR/NOH (clause) b’
MREMTHY, himself T DEEHAICH 3 Bill i
®EIhd, —F, HEEMNICH 3 John (d himself
DEITHEE LTREELBEVI LITE 3,

B, COHMOEREICHOVTEBTELVLIRBR
POEBRMICEREMAZWANMI T3, FIZE,

Solan(1989){%, HEBEEHEL T 4D S 6 ROTHE
6 REMNRIC, BB IARRAFDHERERT
&2 A, himself DT IE“horse” ThH B &V H
R0 %ITETEEVHEREF/TVS,

(3) The dog said that the horse hit himself.

Fr, RELRNELTIRAEHBREL LLERTHF
HOBELBEIRUERNTTH O (cf. Thomas
1989, Hirakawa 1990), XEOERREFVE/NDA
THREINZEERLTWV S,

AEOHNIZ, XEBEEEICERTEILINTVS
LD, B_EEBEOBE, DX DBICEE
BELTVWR LSS icfloEEE BB T B4 bAE
CEIIERTENE S0 LV AEERNICRITT 3
J&THB, CORMICBRL T, Mif(1993)icE D
WTHFRAFEBE L 2 XBOBRALACTEBIER
EHTHNRD, BREBRAEH 85 TB2E5H)
RUHES /HkB5) OFESLEFERNALH him
~self "OF/ICED LI NHEARIILELZ 0 EDL
ICHRT 50
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I aXEFRALESR

AT, AREBRRLFAOREEEEST L.
HiZ Wexler & Manzini (1987) ik » TREX N
TR/ X5 £ — %] (Governing Category Pa-
rameter)% & D HiF 5, &K\WC, Nakamura(1989)
DREEM O AH LN SHREE/ S5 A — 5 OEER%E
L, BXECRY 2ERAEHEL ZORITHAICHT
LHGAAEMBICERT 3,
Wexler & Manzini itk 3 &, SFEMITIEFEMIC
BLTRS A= EINTHEY, ATRTREDOORN -
FiS A= EER->TVELEN TS,

(4) a is a governing category for B iff a is

the minimal category which contains B

and
a. has a subject, or (English)
b. has an INFL, or (Italian)
c. has a TNS,or (Russian)

d. has an indicative TNS, or (lIcelandic)

e. has a root TNS. (Japanese)

KER(Q)DEEFED, BAEE()DlE%EFE-HLEX
NTW3, 229, XEOBE, B/IOBIMEEIEREIC
3D, HIX(la) TR LIz & D IZ himself DETHRIZE
NOTARICH 3 Bill THS ERESINE, —H, X
ETRXLEIERERICL Y, PIXINESTEEX
NEZREEX V3 VIZEAKEREEDIEE T
TiE, VariErowTFhbEFORTREAEENES

LEEEINE, CokSic, BREOFERREGFIIIRIC
HREMA THREI ARSIV E VS S
S B, ZOHERMD/ IS5 A -7 HIIRILY, KEH
RAREFRRNMINZOETEEED, OXEFERR
B 3 EOLATTH L ORITHED BRI
DBIETBFINTV 3,

BRI/ Y5 A — 7 12B8Y 3 LI OHW T, XFEO
“himself/herself "WAAED THS) ICEMTELEE
FHHROBICED SN TV ED, XL b I OEMNER
DAL T B EBBR SV, Nakamura 3BAZEOHR
KRERCT 1S B THSES) RU A8/
BLES) BEEL, ThOERREEZSHRTEE, S
RZ1IBE, EEO“himself/herself " IS4 2D
TH4 Tiis TS ER RU T#BS #k85)
THdEL. “himself/herself” & TH4r1 L OHEME
FICRER AR ITHTF TV B,

Nakamurald, (B4 TE28H) R HES
7BZES] LV RRASFOMICIIZOBERER

EHEEGHICHSOUHEMENHEEL, EED ~
self IZHMT S T~HH1 LVWHIBEZREES TS
BE) RU MBS HXE5) 3, “himself/herself”
EFEBICBAMIEE (local binding) N5 &L TW
5, BRI LIS TASBS RU THES XA
5 RE/NHRICZORTEEH > LIC S,

(5) ABR (& [ KBS, 2'BHES/BESH.. =8
ﬁtf:(‘.’.] %Ofs‘.o

—H4, ~BH) LVOBERERLLV TS BRE
IERE S (long - distance binding) 2\H[EETH B L X
hTW3, BRI EDIC TR ORITHRIZR/NEIS
KBWTHEHEICIE B,

(6) ;kﬁl;i 174 [s QEK i b<E5} iy {‘*Eﬁ‘bf:&]gc
120

Z D Nakamura DREIZH » CTHXBORBERALEH
DEGHEEBRT S L, FRNCES,

n - I EEMEAE RBHR9EME
H&E| B 4 B75B5 #BE5
£ — himself

(MR T L HIZ, “himself” & THS) EDORICRE
EHEE/ S A~ DEZIHPSTRES SOD “him -
self" & TESEH) RU THBS! LORIRHTIE
¥ 5V, T Nakamura DIREZBRO AN S 6,
BREFRREFCH S MM NS5 A -5 ZDHD
DEENKEIZILD, Wexler & Manzini i2 &k 53%8H
WCRASIEERET A LICiL 5,

AHITIE, HEBICBYHERALEHLE ZOXTHEIC
I 2BELRHXBIBICEBHE T H7-0IC Wexler &
Manzini % ¥ Nakamura OREXY EiFf 708, &
BTlEIC, Nakamura OREZFEVEREIR T8
2, THRBE) RU #EH BXEH) LVWHE
RREFAVEAT 5 LV IFHRISL BB OB R EEH
35, RETIE, HEAZEEEL “himself” W3 FH
RREFESANEEEENBRT BRI, ThoRAE
BRRAFENEDLHSUERERIZLE IO EHBEE
ICLTEET 5,

It BFAZLBEICLIEEBRRABFAOTHRN)
MBTE, BATEELFEITHEAAREESH

CREBEEFELTIRRABEHREESL, QTR
T2 I TDREX (EF AT IXTH>OEF 630 %
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BHLTEREIT- 2o BWEBRE X “himself” DEIT
FELTHEYVIZERS bOEEXDBRITRINIGRIRE
OBEHLBRESITERINT,

(8 A%47: John said that Paul blamed him -
self.
a.John b.Paul

d.someone else e.don’t know

c.either John or Paul

B%47: John angrily said that Paul blamed
himself.
a.John b.Paul

d.someone else

c.either John or Paul

e.don’t know

ISREAAERASSEICEMLTE, (B4 288
QD2 A TORFEX( BIATIXT DA 6
O AR L TEREIT>12o BHBER THS) O
TaR & LTHETIIZERS bDOEBXOERISTRINRIR
BohhoBRi kS icERrEhis

9) A¥M7: KERIZIBNEAEBDIES - 10
a. K88 b.BH c. KERE/:I3HH
d.3ENMEDA ebh SN
B#{7 : KEUABHSH R E RO EB-TE T
a. KB b.BA c. KERZ/:I3HH
d.#EMbOAN e bdBlin

R0, BEBEBREDORICHER(X)ZELDLOTHS,
EPOBFIINEIRE L N THREEALTH 50)

(10

EHROERA) | ERBOGRFRE) | &HE (BRA
JATA|94TB |94 TA| 547B| 94 TA| 54 7B

NPiCJohn, KEE) 0 0 1 46 61 82
Ne2Paul,  B) | 100 100 16 4] a 5
NPI/NP2 0 0 5 6 7 9

9, XRAORGIKEETSE, §17A BXiC
BafR72 < 100 DR T NP2(Paul) " BIRI T 53,
—~%, REFBEEDOBA, Y1 TATIIN%(NP1) 76
% (NP2)T, NP2HBEEMICBIRINTHEN, 74
7BXTIENP1(46%) & NP2(43 %) T, (&IXFE URER
TRRINTVWS, COBRNOERLDI &R, ERA
DBA, EXHhic“angrily” E WS BIFENEAINTH
AWV HCEDL LT, REBEROREA, 20
“himself” 3 B/NMIATEEINS LV FHICHE -
TEIELTWB EWI T ETH B, —F, XBEFED
BAE, “angrily” EWHBIFAOCKBICL > T NP1
RINT ZHERIE R0, BRYICFEEAOHKIER
TEREL-T B, KiT, HEBXCKT 2 BERAR

BEDORIGICEETS L, 74 7AXTR TBS) 0%
TEE LTI YOERTNPL CGRER) 2BIRxH, 27
%DOHERTNPZ () BXBIRINTVWBEY, ¥4 7B
X Tl 82% (NP1)& 5 %(NP2)T NP1A @ schiiR
RanTws, ORI ETXHhD E-Ty &0
BISROEBEZI LD EBRTX 5,

DIEOERMOSBRENICEZ S &I, REFTEL
HAEAGHBOMEb LI BEAABREDBS, £
Xz A I N “angrily” E£ 7243 TR->T) £V 3 E)
HICHBIN THRRELADXITALIET 2 AN H
BEVWSTETHD, COEMIEKRADRIGIRASH
IWWMERTHY, BRABREMRBORIETHSEEEL
3, T5IT, REFFELOAABFIBDO Y4 TBXT
D NPLEROBBEMEEANTABE, HS) Ok
iTEE LT NPLEBIR U7 HBREN “himself " D&IT
AELTHNPIERR L TOAHENRS O (r=0.441,
p<.05), TEZ) ORITAZRETHBIC (BT
EVIEENEEESX 2D LREBEIS, “himself” D%
TEZREST ZBICH “angrily” W I BEIFENHEES
ZBLEZTEVTHSS,

“angrily” ¥7:13 & -T1 LV HEIFER, EXOE
EORE (BAVWEER) £XRTEE->TL AIZE,
D54 F7ATE, EXDOEE CREP) BHEXOAE (1
NEREE-72) ZEBOCHELTHRICTELL,
ZORER, TS %1 DRKEBLBOHNRELDIE
HTERUKTH B, EANIALTBXTIE, B-Tl
EVSEIFRNBAINS LI D EXDEE CKED
DORBOESUTBEALPLT D, BXOABHN TN
B TR EE-EVWSRULPHLC LB, 20
HRELLT THS) ORITARKECEDPTN,

) A7 KBRS ER 2 -T2 EE T
B#{7: KEBZBAA AR EE -1 EB-TE -T2,

EELTE L AAARFIBROGE, FXIDLHIN
IXOTEORBERLCBATE I Lickh &N
DEBRTES,

COETRNTELE DI, [HS OXTAPRE
i3, NSA—FEEVIBENTHKIDOATIRIRA S
ERTERY TREBAL ' VLI BRDTLEN - R
BORERLME LT 3, MAT, JOREBALL
HSERIZAEARTEL “himself” DRITHRERET
BEEIC L5 5, AMITR, MBICESWTHASE
RREFELT TS OAERY EFIcH, RETE,
HREIZBWTRD LFtid -1 TE2B S RU THE
5/ BLaH) HTIMATERT %,
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NV BFRAFBERICLIXZFRARFOTHRQ

FISTREL XS, BFEIE A5 B
b B4 EE) RU (EES /#BXES) LVHIEHRR
BHAVPEETIEEEINTVS, i, TERHS)
B THBE B HH! & “himself” 3% DMK
BBV THUTHY, B/MIRNICRITAEAZE D SGE
INTW3, AMITRE, TEHES) RU HEBS /B
ZEH) VS BRALKHOERITHREICE L THEE
BALVOSERFIRASTINE D, EHRAFTE
D “himself " DEITHAEZRETHIRICBRILLIICE
DODRFHVEETEHLE S I EEBRNICHENS, SHEDOE
BAkid, BMBoERTFEEEML, #BEcEL
THRLUTH B, 1213, ERTHER LI HEEORMX

BIATIXT2) TH5 (BHRER),

12 BAEMIAKRIIANENBRERDEE T,

KISV B R ERDILE -1,

BAES (7B KERISBHSEN BB EED L ERST
Ry
ABRIBHAV AR EHDILB-TE-
1o

¥847A: John said that Paul blamed him -
self.

¥2/178: John_angrily said that Paul blamed

himself.

FD, BEBREOGERN)ZE LD LD TH 5,
REOBFINERFE L ITHEBAALTH 3)

a3
KHNE | £RE £ % B
GEXA) | CGEErEd) [GEE PN
himsel f himself HAHE | B H %
MIA | #47B | MIA| 7B | HTA | M7B | MTA| #7B
NP1 (Joha, KHE) ¢ 0 11 £ 16 3 12 k']
W2(Paul, B | 100 | 100 6 4 67 49 T %
NP1/NP2 0 0 5 [ 8 10 4 1

9, BEAASFBRO TB45BS) cbi 2RIbicE
BY3&, 74 7AXICHBVTIR TESHES) DETH
ELTI6BDOBERTNPL (KR ABIRIN, 67%D
BRT NP2 (B) »BIRINTEH, NP2OAHE
EMICBIRENTVWS, &2AH, ¥4 7BXTHE,
NPIBIROBERIZT A TAXDI6%ITH~NTI8REE
(12BN, NP2OBIRIIS A TAXDET BITH~NTH9
REELES>TB, COKRIR, B-Ti1 EWHE
XOXEORBERATREIFEVBAINS itk TH

SYE & ORITHAE LUTNPL CRER) 2RIRI N B E
BN LB EERLTWS (F147A - BXUZEBT
% NP1BIRDZER, t=5.15, df=85, p<.01 THENK
ETh3)e COMKRIE, TBAES BE/MINICZ
DRITEHEEH > EWS Nakamura DREICHT L HE
HLEWbODIZH > T3,

wiz, HES) B3 a3RbiIcERT3E, 7147
AXTIR12%DOHERT NP1 (KEB) HBIRE N, 1%
DHERTNP2 () PBRINTVWE, —H4, 7147
BX T3, NPI1DORBRIZ12%DSMKISHITVER
M, NP2OBIRIZTIENSE%ICHDLLTHWS, D
¥R, THZEH OB/ LRI, M&-T) &0
SEXDOEEOREEXTRIFAVBAINSL LickD
MBS O&ITAEE LTNPI CRER) #58IREN B
HEELRL BB EERLTWS (#147A - BXTO
NPLRBRDEZ, t=5.11, df=85, p<.01 THELET
HB)o COKEDLPIIY Nakamura DEEICHT L
LABLEWHDIRIL->TWA,
REFREORSICBVWTY THELHS) RU T#E
H1 B ARG ERIBRIC, “angrily” £S5 EXDE
BORBERTIGELSWAINAZ LK D “him -
self " D%FTa & LT NP1(John) % EiR 4 5 MR 35
(2T 3B, 36, EEFEFFELERASNBOS
4 7 BXicEF B NP1(John ¥ 723 KER) BIROEM
BfEHAL L, TASES OXTAELLTNPLE
BIRUAHWBRED “himself"D%fTHE LTH NP1 %
BT AEBDH D (r=0.279, p<.05), T#BH) D
%478 & LT NP1 ARIR L 738 E b “himself” D5EIT
#F& UTNPLERRT AR5 5 (r=0.237, p<.05)o
COXEBEBFTHEORINR, RAORE (F14TA -
BX & Hic NP1IRIRIZ 0%, NP2EIRIZ100%) i2id
RohBVWAFAXRERLRFEBEORETHD, TS
H& R #HES) OXTAERRT 2BIBEET 3
TRIEB AL EVWHSHRF%E “himself” DEITHEER
THRICODELRAALERIZLZDDTHBEELI LN
%0 2F 0, BEREXITHIT A3BOEYN, KE
OXVBIZBALIERTHEEEZ SN S,
FEHBHE, KHTHY LT TESEH) RU T#
B&) OEITEREICE, FOHTHR Liff: T84
DEITHIEDH S LRI, EXDOEED EEB AL
EWV IS BB TOLEN - BN LTERSEEG T8 &0
Lk, &6, COERBAFZARBERHY
“himself" D RITEHERETIBICLEEESZ,
“himself” 3 B/IHRICEDRITHEE>ET5HEE
HROFEBEAIEBR T AHRICLB->THE I ENHS
MM 5720
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V # =B

REREFER “himsell” DETHAREICHLTE
BEBOFREAIIRES LW I ERBEITHRICBVTRE
BENTVAEY, BBEOZ EVBEBROERICEVTHRE
BaIhi, MAT, KERESEEIEIEXD TBEBAL
EVIIBRHTLEN - RFENLERICEEINhG LR
{, REEEHORBA LW BEICERN - a0
KIS VS T E bR TR, ChizHLT, BE
AXBEFEOBRA, T84, AHEH) RU T#
JHEXBER] LS BREFRRLEVNRHE, 0%
9, LEN - BEROCETFICELGIAPTVEWVSH
AEBHHEOXNBLOBBEORE 2RI T, XEO
“himself " DREATHEDRET S L0 H T &%, HiER
UARBOERICBVWTHERS N,

EFBIT BV TREENSEEZF OB « &g
b, LU ELEXERBREFACEALTRAED
BRAEELLVH L LAV, BRAICE 3ERREH
DONERE EiIcBE5 T 2.0 - BERNINE L4
AT AN BT, BRERRREFORITREREI
BMO2BUEHEEERABZZEVBVETHA D, Tk,
AETRA-AREFRREFAICHLAIHEMAICSWVT
LERFABLDOEREZI T, SHRISICHREED
TV BERDHA S,

=3

1. BE¥ A (Empathy) (<BL T3, Kuno, S., and
E. Kaburaki. 1977. “Empathy and Syntax.”
Linguistic Inquiry, 4, pp. 627-672. R U
Kuno, S. 1987._Functional Syntax. Chicago:
The University of Chicago Press. {280

2. REgx rExRE0oREHL - BRAREFELORE
ZoWT  BIREFEEORREZTOBHEFLEL
Ty TEFEHHE) 2 - 3AS (1975). T3, (5
EOHRR) LV LB - BEGRNEEFRRE
FEoRLAL - BRAAFHLICBWTREELRE
ZRITEERENT VS,

EEM
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i (B - ZERERERT X b3D

BAESA7AX (B4 EH) 28UX3IX, #E
&1 28 INDEEH 630
LABHNESEHFERDIEE T
2KV EESEHB LI EE -1
SRS ESERERBA LI EE -1,
4. KEBBRAHE S EHDIEE T,
5. KERIZIALHB S A HB LI L E- T,
6. KERRBHS BB S BN LIcEE T
BAES A1 7BX ((B4EE 288BXIN, H#A
81 2EUXIXDEEF 630
LABIZIENEAESFERDEL-TE T
2RI H A EHE LI LBLESICE» T
3 KEBIIANBNEHERALILES LITICE- T
4 KBRS E S EB’DI LR -TE T
5. KEBIZBADBE R EHBE LI LBLESICE » 70
6. KEMABOHBERERBA LI EFE S LTICE » 7
BIATAX (330
1. John said that Paul blamed himself.
2. John said that Paul recommended himself.
3. John said that Paul introduced himself.
HESA4TBX (330
1. John angrily said that Paul blamed himself.
2. John gladly said that Paul recommended
himself.
3. John proudly said that Paul introduced

himself.
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Social Process and Consciousness

— A Study of “Mind” on
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E0 (90

L imuoEeris” O - o wr—2 (Mead, George Herbret 1863—
193D ¥ <ECER mEEHCRFOIPKLRUL VY | moVEWUESR
BOEROMNN D —thre® WD OV KO- Q S VIRE-Y
FovQ 1 BRI K5 © LUEE N IR O M EEHE R QR M0 IR © 2% —
3t ) QERMONE Y REL OB VLYY KB QBRRERE
RSEHO MO WY S i E<E Q BImLEE N A © VREH OV S e s
v~ BN BELY JUEREL QNS0 VLSO QI IRE
£ Qg JARIEROE 1O Aot SA0ES” JUERIHQH IR
IFEFHVEME Q1040 0 IV R L OV ERHINe ) Ut v
P50 QKL E<QEiER WSRO Wik ee-u S
OO ROV HUEROHZHK-UO MDA OL B3 048 50

RARNOBIER IRAZEH L QN E- P o IR LR LB S B 1
N IR RO ERAIEEEE< LA © MEHOM S ot s
RV MO OO CE” IV S OJTEY BPPUOIIKEN Qe ¢
SIXUIIPO D LRLRE 1) QRUE-UNWH & 0 Q- VR0
P10 ELQM OO REKQ OB S B R [T 12 4880 Ulinzn0C s —
RO RN S VO Mo JIABL2AQ S V- PIHER U S T8 5043 S B
HEID LRGeS VIge° TS v~ QIR HHUECEREY
WAOCEFE QIEE QEIMEON HORYEQ IHEHENEEowe- UL’
BRSO AER ¢ QP RRSUON W QEBIERE OOV Q
fa000°

rr =238 MTQHIRY O 5 MKQ 0 LMD

TRUOREOZ U IO NN O — s QENETS VS O BER G
o VDU EIIR AU O VKA IR S N iR — NP N S0
HIR& 0 BN O & 00 [agre ) (BT )°
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P QAR O 5 EEI< QST WO eI\ (3
) R HUSEHURLS Kt onePQUIMILIRe U0 Vo
SIE ER B EE0P0UOVERUL0LDIIE0SE 10 LN
WM Q IEHFE IR QERE Q B AR 8058 5.°

1 G AT ORI UM THE LY M LR O\ R0 IS IR 1
TR | D QPQ IR © 42 it Q40 | RE = - @+ BN (Watson,
John Broadus 1878— 1958) Q ICi@HQ IR b0 SR B - H —
X (James, William 1842-1910) Q KR+ oI {40 © 42° iZjur”
£ OB DR QEENECEL Y KEOEEN R VEDHER-UOME
Ha® R DR O L BRED W TENHE g
MY © 9 QU0 QBREN D101 {01 JUH0Y E<S I QBRI RED
HOUII0AG AL (KHID° IR LRIMENT D1 —IXE ROHEN
R QBB 0 )T WS IEEER SR 1244 © MUY ELQ
B 5 R L6 © [ADIRER 01 J-U LS04 5 Ufna® O T | HEE
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A NEW FORMING METHOD OF
NON-CIRCULAR TAPERED PIPES

K. KOBATAKE, T. MIURA*, S. KIMURA*%
H. SEKIGUCHI and G. LUAN***

Advanced Technology of Plasticity (Proc. of 4th Int. Conf. on Technology of
Plasticity), (1993), 67-72.

It is difficult to give tapered shapes for non - circular steel pipes over a long length in conven -
tional plastic working processes. A new method for making tapered pipes having various cross
-sections has been developed. In this method, non-circular pipes are first produced from
round pipes by roll - forming, and then the pipes are drawn for giving tapered shapes using die-
less forming techniqe.

In dieless drawing process, a drawing pipe is locally heated to a high temperature by an in-
duction heating coil. (Fig.1) It is then pulled in the axial direction at a velocity Vi, while the
heating coil is moved at a velocity V2. Since the reduction of area is determined solely by the
ratio of the velocities of Vi1 and V2, a tapered pipe can be obtained by changing the ratio of
two velocities during the deformation. In the experiments, square shaped steel pipes were
mainly used, and tapered pipes with large angles are obtained. (Fig.2) A precise drawing can
be conducted within an error of * 1.0% in taper angle. (Fig.3)

. /
/
< o20x2x1.3 Single_turn ,9
Nt
BN /
/| o/
| . /1A
H“tmgma AVi =A, (Vi+Vy) (l) 5 1§ //O/
®/ g" // |
/) =
oy A 9., K— ¢ = ¢
Fei-As 310
£
\ r e b 5‘ 10110x0.8  Single: turn
Cooling Nozke * ~ Vi * Vs 0 0 —+ coil
0 0.5 14 15 0
Calculated taper angle $/2 /°
Fig.3 Relationships between experimental taper
Fig.1 Dieless drawing process angle of products and calculated ones

Fig.2 Example of tapered pipe

*  Nippon Steel Metal Products Co., Ltd. *%* Toyo Superior Steel Tube Works, Ltd.
*%%Northeast Univ. in CHINA
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A NEW FORMING PROCESS OF
RECTANGULAR STEEL PIPES

T. KITAWAKI* M. TAKEDA* S. KIMURA* and H. SEKIGUCHI

Advanced Technology of Plasticity (Proc. of 4th Int. Conf. on Technology of
Plasticity), (1993), 539 - 544.

A new process named “extroll-forming” for manufacturing pipes with square, rectangle,
and other non - axisymetric cross - sections have been developed and applied to an actual pro-
duction line. In this process, using by a hydraulic cylinder, round mother pipes are extrued
through several pairs of non-driven grooved rolls and formed into product pipes with required
cross - sections. (Fig.1)

In this study, the functions of the extroll - forming machine for producing square and rectan -
gular steel pipes are investigated. Thefundamental characteristics of deformation and prod -
ucts are examined by compairing with those in the conventional roll -forming process. A pipe
during extroll-forming is being not only constricted by the forming rolls but also strongly
pressed in the axial direction by the hydraulic cylinder. (Fig.2) The required pressure for de-
formation increases with increasing of the forming ratio and the width/height ratio of prod -
ucts. Under such a forming condition, the material of forming pipe is easy to move to the cor-
ner portions during deformation, and, as a result, rectangular pipes which have smaller corner

radii can be produced by the extroll - forming method. (Fig.3)
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Roll- Roll- Roll- . corner <
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Fig.1 Schematic illustration of forming
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Fig.2 Schematic diagram of direction of

forces working on pipe in roll gap

. Forming ratio Qr/%
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% Toyo Superior Steel Tube Works, Ltd.
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Minoru NONOGAKI, Tsunamitsu NAKAHARA
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Frictional Characteristics in Mixed Lubrication of Journal Sliding Bearing
(Evaluation Tests of Surface Topographical Parameters)
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Preparation and Characteristics of Capacitors
with Organic Conductor as Solid Electrolyte
by Ion - Assisted Evaporation

Jun KYOKANE, Isao ISA* and Katsumi YOSHINO**

Japanese Journal of Applied Physics Vol. 32, No. 3A (1993) pp.1303 - 1307

A technique utilizing ion beam energy or a
cluster ion beam has been developed for inorgan -
ic thin films. These thin films, with improved
properties such as increased packing density,
enhanced crystallization, controlled morphology,
and minimized pin holes have been produced.

In this paper, we reported a simple technique
for improving the quality of the evaporated or-
ganic thin film by ion-beam -assisted deposi-
tion. As an example, we showed the excellent
characteristics of a solid capacitor using TCNQ
complex films obtained through this method.
That is, recently, an electrolyte capacitor using
the conducting charge transfer complex or con-
ducting polymers as solid electrolyte has at-
tracted much attention. To establish high - quali-
ty capacitors with a large capacitance per unit
area and wide frequency response of impedance,
it is very important to insert an organic conduc-
tor into small pore with a diameter less than
several um formed on oxide metal plate. For
example, capacitors utilizing a fusible TCNQ
complex have been reported to penetrate the
pores of Al substrates in a liquid state. How-
ever, a stable fusible charge transfer complex
or conducting polymers appropriate for such a
purpose are highly limited. On the other hand,
it has not been easy to obtain such capacitors
by utilizing the simple evaporation technique.

Therefore, we have applied a new technique us -

ing ion beam irradiation during the preparation

of the solid electrolyte by evaporation.
The results of this study are summarized as
follows.

(1) A method of ion-beam - assisted deposi -
tion of organic materials utilizing the Kaufman -
type ion source was proposed.

(2) The quality of a TCNQ complex film pre-
pared by this method was confirmed to be great -
ly improved compared with that obtained using
the conventional evaporation method.

(3) Crystalline growth in evaporated thin
films was confirmed to occur in the range of ion
beam current between 0.05 zA/cm* and 0.3 uA/
cm® for the ion beam energy of 100 eV.
fabricated
using the TCNQ complex on a porous Al plate

(4) Electrochemical capacitors
by the present ion-assisted deposition method
exhibited large capacitance per unit area, and
ideal frequency dependence of impedance up to
106 Hz, contrary to the capacitor with a liquid
electrolyte.

(5) This technique of the ion-beam - assisted
deposition method of organic materials can be
widely applied to electronic components and de-

vices.

% Central Research Laboratory, Japan Carlit Co., Ltd.

% % Faculty of Engineering, Osaka University
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Numerical Analysis of Shock Waves Reflected from
an Axisymmetrical Parabolic Wall
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Focusing of Shock Waves Reflected from
an Axisymmetrically Parabolic Wall

Haruaki KISHIGE, Koji TESHIMA*! and Michio NISHIDA*?

Shock Waves, K.Takayama ed., SpringerVerlag (1991) 341 -345. (published

November,1992)

It is well known that shock wave which are
concave to the propagation direction converges to
This phe-

nomenon is referred to as shock focusing.

produce a locally high pressure.

In the axisymmetrical flow filed, it is expected
that higher temperature and stronger pressure
can be achieved than in the two-dimensional
case. In the view of this point, the shock reflec-
tion and focusing from an axisymmetrically
parabolic wall were numerically and experimen -
tally investigated in the present paper. The ex-
perimental work is to pursue the possibility of
heating gas to a high temperature by a shock

focusing technique using an axisymmetrically

ically obtained pressure profiles are shown in
Fig.2(b). The measured pressure profiles almost
agree with simulated ones.

The gas heating to a high temperature can be
realized by a shock focusing technique and this
has been partly confirmed in the experiments of

radiation from.the gas heated by shock focusing.
v

Reflector r = ay?

Incident
shock
Q (= .2 sz

¥
Reflected shock

parabolic wall. Fig.1 A model of shock reflection from a

Figure 1 shows the model of a shock wave parabolically concave reflector
propagating in a circular duct.
The end of the duct is parabol -
I S x/D=0.8 - x/D=0.8
ic in shape which is given by x ro s
=ar’ . 5 I 1 1 4 1 e 1 [l 1

. g ﬁ"_

The measured pressure histo - g =; . %/D=0.675
ries are shown in Fig.2(a). —?; s [
The first sharp rising is due to ¢ &, ; \
the incident shock arrival on é E.-; x/D=0.55
the piezo pressure transducer g ?,3,
and secondary gently rising is § 2: 1 ! )

0

the reflected shock arrival. = x/D=0.425 I x/D=0.425
Furthermore the third time =
rising which is the muximum . T T e i oo Se P 5‘.0 To o
peak in tne measured pressure (a) Time, us (b)  Time, ps

history, is due to the propaga-

tion from the focusing. Numer -

Fig.2 Measured (a) and calculated (b) pressure histories at
the side wall in shock tube

*1 Department of Industrial Arts Education, Kyoto University of Education

*2 Department of Aeronautical Engineering, Kyushu University
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Basic Performance of Bellows Actuator and
its Application to a Force Sensor

Yasuhiro HAYAKAWA and Sadao KAWAMURA
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