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Transport Characteristics of an Air Driven Valveless Pump

Hideki YOSHITOMI

The investigation described in this paper was undertaken to clarify the transport characteristics of an air driven valveless

pump. This valveless pump uses the fluidic diode instead of usual mechanical movable valve to rectify the flow. The author

designed and produced a test machine of the valveless pump by using performance calculation method shown in the previous

paper. As the results of the transport examination, the flow rate of the test valveless pump was 225ml/min and the volumetric

efficiency was 26.8%. Those observed performance values agreed with the design values extremely well. So, the validity of

the performance calculation method was able to be confirmed. Moreover, it has been understood that the influence of driving

cycle number on volumetric efficiency was clarified, and it was appeared that the optimum cycle number was in existent.
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Fig.2 Characteristics of fluidic diode
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Table 1 Design specifications of the valveless pump
Dy 18mm
S 2mm
Fluidic diode Da 4mm
B 2mm
Z 20mm
Diaphraem material silicone rubber
phrag thickness 0.5mm
Pump chamber dis- v, TmL
placement volume
tvpe TAIYO
Pneumatic cylinder P 10S-1RG
Stroke length 10mm
Expected flow rate 0] 223mL/min
Expected volumetric o
efficiency v 26.6%
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Fig.4 Photo of the valveless pump
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Effects of Aluminum and Niobium on Impact Properties of
Ultra High-Strength TRIP-aided Bainitic Ferrite Steels

Tomohiko HOJO®, Junya KOBAYASHI"", Tomohiro KAJTYAMA™ and Koh-ichi SUGIMOTO"™

The influence of alloying additions on the impact properties of TRIP-aided bainitic ferrite steel (TBF steel) has been
investigated extensively. It has been found that the addition of 0.5 mass% aluminum to a 0.2%C-1.5%Si-1.5%Mn (mass%)
TBF steel increases the upper shelf Charpy impact absorbed energy while lowering the fracture appearance transition
temperature. This is mainly attributed to the localized stress relaxation due to strain-induced transformation of the fine and
carbon enriched retained austenite films. It has also been observed that the addition of both 0.5 mass% aluminum and 0.05
mass% niobium to the steel A improves the impact properties, especially when austempered near the martensite start
temperature. This is mainly caused by the refined bainitic ferrite lath structure, stable retained austenite and refined prior

austenite grain size achieved by the addition of niobium.

Key Words: TRIP-aided steel; ultra high-strength steel; aluminum; niobium; microstructure; retained austenite; toughness

1. INTRODUCTION

Recently high- and ultra high-strength low alloy TRIP
-aided steels associated with transformation induced
plasticity (TRIP)" have been developed for automotive
applications to attain weight reduction and improve the
impact safety of vehicles. TRIP-aided steel possesses
excellent formability””, hence their use for automotive
impact members and centre pillars are expected.

At present, three kinds of TRIP-aided steels, namely
TDP (TRIP-aided Dual Phase) steel with polygonal
ferrite matrix®”, TBF (TRIP-aided Bainitic Ferrite) steel
with bainitic ferrite matrix® and TAM (TRIP-aided
Annealed Martenite) steel with annealed martensite
matrix” have been developed. As the TBF steel is
characterized by the highest tensile strength (780-1470
MPa) and the best toughness in the TRIP-aided steels'”,
application as automotive hot-forgings is expected,
replacing conventional structural steels. Since it is
known that the impact property of TBF steel is greatly
affected by the retained austenite characteristics and
matrix structure (lath structure and prior austenite grain
size), it is necessary to consider whether the addition of
alloying element affects impact properties of TBF steel
or not. However, the effects of alloying element on the
toughness have not been extensively examined although
there are very few studies on the TRIP-aided steels'”.

In this study, the effects of addition of aluminum and
niobium on impact properties of the TBF steel have been

Received 31.8.2012
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related with
retained

investigated. They have also been

microstructural  features and austenite

characteristics of the steel.
2. EXPERIMENTAL PROGEDURE

In this study, three kinds of vacuum melted and
hot-forged slabs were prepared. Steel A is the base steel
with chemical composition of Fe-0.19%C-1.52%Si
-1.51%Mn (mass%). In steel B, aluminum of 0.48
mass% was added to the steel A. Steel C had addition of
0.49 mass% aluminum and 0.05 mass% niobium.
Chemical compositions of these three steels are listed in
Table 1, with martensite-start temperature (M) estimated

by the following equation (1)'".

M (°C) = 550 - 361 x (%C) - 39 x (%Mn)
-0 x (%Si) + 30 x (%Al) - 5x (%Mo) (1)

where %C, %Mn, %Si, %Al and %Mo represent contents
in mass percent of individual alloying elements,
respectively.

Hot-rolling process and heat-treatment diagram are
illustrated in Fig. 1 schematically. First, slabs were
heated to 1200°C and hot-rolled to 3.2 mm thickness to a
finishing rolling temperature of 850°C. Next, the sheet
steels were annealed at 950°C for 1200 s in austenitic
region and then austempered at 300-475°C for 200 s in

Table 1. Chemical composition (mass%) and estimated martensite-start
temperatures (Ms, °C) of steels.

seel | C Si  Mn P S

Al Nb N Ms

C

A |019 152 151 0015 0002 0038 - 00013 | 424
021 148 149 0014 0002 0430 - 00014 | 430
019 151 150 0010 0002 0480 005 00012 | 437
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(@) (b)
1200°C
3600s

20 950°C
1200s

850°C

100°C/s
Tx=300-475°C
200s

AC
Fig. 1. Hot rolling and heat treatment process of TBF steels.

salt baths to make the TBF steels.

Volume fraction of retained austenite (f,, vol%) was
quantified from integrated intensity of (200),, (211),,
(200),, (220), and (311), peaks by X-ray diffractometry
using Mo-Ka radiation'”. The carbon concentration (C,,
mass%) of retained austenite was estimated from the
following equation (2). In this case, lattice constant (o,
x 10" nm) was measured from (200),, (220), and (311),
peaks of Cu-Ka radiation'?.

o, = 3.5780 + 0.0330C, + 0.00095Mn, + 0.0056AL,
+0.0220N, + 0.0051Nb, + 0.0031Mo, )

where Mn,, Al, N, Nb, and Mo,
concentrations of individual elements (mass%) in

represent

retained austenite. For convenience, bulk compositions
of substitutional alloying elements were substituted for
these concentrations in this study.

Tensile tests were carried out on a hard type of testing

tel A

Tx=325°C

T,=400°C

Fig. 2. Scannig electron micrraph
which o is pro-eutectoid ferrite phase.

seel B

machine at 25°C and at a crosshead speed of 1 mm/min
(i.e. strain rate of 8.33 x 10™* /s), using tensile specimens
of 20 mm in gauge length, 4 mm in width and 2.5 mm in
thickness.

Impact tests were conducted on Charpy impact testing
machine at a temperature range between -196 and 150°C.
Liquid nitrogen, dry ice and ethanol were used for
cooling the specimen. A thermostatic bath was used
when the specimen was heated. The specimens were held
for 1800 s at the testing temperature before impact
testing. Impact properties were evaluated by upper shelf
Charpy impact absorbed value (CIAV) and fracture
appearance transition temperature (FATT).

3. RESULTS

3.1. MICROSTRUCTURE AND TENSILE PROPERTIES

Typical scanning electron micrographs and transmission
electron micrographs of steels A, B and C are shown in
Figs. 2 and 3 respectively. Microstructures of these steels
austempered at temperatures above Ms consist of bainitic
ferrite matrix with interlath retained austenite films. On
the other hand, when austempering treatment is carried
out at temperatures below Mg, the lath-like martensite
coexists with bainitic ferrite'”. In this case, volume
fraction of the martensite increases with decreasing
austempering temperature. Addition of aluminum tends
to become finer lath width and retained austenite films in
steel B. Further addition of niobium decreases the prior
austenite grain size, although a small amount of
pro-eutectoid ferrite is formed during cooling after
austenitization. In the steel C, NbC is observed in both

teel

f e SumJ

s of steels (aand d) A, (b and e¢) B and c and f) Catempered at(a,b nd ¢) 325°C or (, e and f) 400°C, in

_8_
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Fig. 4. Variations in (a) initial volume fraction of yr (f,0) and (b)
initial carbon concentration of yr (C)) as a function of austempering
temperature (74) in steels A, B and C.

300 350

the matrix and at grain boundaries (Fig. 3(c)).

The initial volume fraction of retained austenite (f,o)
and its carbon concentration (Cy) as a function of
austempering temperature of steels A, B and C are shown
in Fig. 4. The initial volume fractions of retained
austenite in steel A are between 7.5 and 15.7 vol%, and
their carbon concentrations are between 0.93 and 1.34
mass% respectively. Initial volume fractions of retained
austenite of steel B are hardly changed by aluminum
addition, although their carbon concentrations increase a
little, compared with those of steel A. On the other hand,
combined addition of aluminum and niobium tends to
increase the initial volume fraction of retained austenite,
with a little decrease in its carbon concentration.

Stability of retained austenite against the strain-induced
transformation can be estimated from the carbon
concentration of retained austenite. However, the true
retained austenite stability should be evaluated by &
value which is defined by the following

equation (3)>*7?,

1.2
k=1.01

1.0f
k=0.86

0.8F

0.6

k value

0.4

0.2F

0 1
A B C
(base) (Al (Al-Nb)
Fig.5. k value of steels A, B and C austempered at 400°C.

1400
1200
1000F
800
600
400

200
0

YS, TS (MPa)

30F
25F
20
15
10F

TEI (%)

1
450 500

1
400
0,
T, (C)
Fig. 6. Variations in (a) tensile strength (7S) and yield strngth or 0.2%

offset proof stress (¥S) and (b) total elongation (7E/) as a function of
austempering temperature (7,) in steels A, B and C.

1 1
300 350

logf,=log fyo-k & 3)

where f,o and f, are initial volume fraction of retained
austenite and volume fraction after straining to plastic
strain ¢ in uniaxial tension, respectively. Fig. 5 shows the
k values measured in steels A, B and C austempered at
400°C. From Figs. 4(b) and 5, it is found that the lower &
value corresponds with higher carbon concentration of
retained austenite. So, the high carbon concentration of

_9_
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retained austenite in Fig. 4(b) means high stability of
retained austenite in the present steels.

Fig. 6 shows the tensile properties of steels A, B and C.
Tensile strengths (7'Ss) of these steels are between 792
and 1233 MPa and the total elongations (TEls) are
between 11.3 and 32.2 % respectively. TBF steels with
added aluminum displayed high tensile strength of more
than 980 MPa grade at the range of austempering
temperature below 400°C compared with steel A. On the
other hand, combined additions of aluminum and
niobium decrease the tensile strength and increase the

total elongation.

3.2. IMPACT PROPERTIES

Fig. 7 shows the typical testing temperature dependence
of Charpy impact absorbed value (CI4V) of steels A, B
and C austempered at 325 and 400°C. Upper shelf CIAVs
are clearly visible in all steels. It is noted that these
CIAVs
temperature for all the steels.

rapidly decrease with decreasing testing

Fig. 8 shows the variations in upper shelf CIAV and

200 A T =400°C
C =,
DM
. 150F 4 -
NE l' - IR
9
= 100
>
<
O
50 Pl
C
0 = /"‘(‘_’A
-200 -100 0 100 200

T (°C)
Fig. 7. Charpy impact absorbed value (CIAV) - testing temperature
(7) curves for steels A, B and C austempered at 325°C or 400°C.

200
— @ p C>o——-.
‘g 150F oo
9 == D\
= -
N 100 Q:--# K
<
o Sor A
9
~
=
<
=~

-100 300 350 400 450 500

T, (C)

Fig. 8. Variations in (a) Charpy impact absorbed value (CIAV) at 25°C
and (b) fracture appearance transition temperature (FA7T) as a function
of austempering temperature (7) in steels A, B and C.

fracture appearance transition temperature (FATT) as a
function of austempering temperature (7,) in steels A, B
and C. When the steels are austempered close to their
respective Mg, high upper shelf CIAVs are obtained. It is
clearly indicated in Fig. 8 that the upper shelf CI4AV is
increased and the FATT is decreased by aluminum
addition and combined addition of aluminum and
niobium respectively. It is noteworthy that the FATT of
steel C is lowered by austempering at region of
375-475°C. Fig. 9 shows the co-relation between the
CIAV tested at 25°C and FATT versus tensile strength
(7S) for all the steels. When the impact properties of the
steels are related to tensile strength, the high upper shelf
CIAVs and low FATTs are achieved in steels B and C.
Figs. 10 and 11 show impact load (P)-displacement (9)
curves and crack initiation energy (E;), crack propagation
energy (E,) and total absorbed energy (E\ = E; + E,)
measured from impact load-displacement curves at 25°C
for TBF steels austempered at 325, 400 and 450°C
(Fig. 10) and for steels A, B and C austempered at 400°C
(Fig. 11). In Fig. 10, the peak of maximum impact load
of TBF steel austempered at 450°C is at a larger
displacement with lower value than those of transformed
at 325 or 400°C. TBF steel austempered at 400°C
indicates high E\ and crack propagation energy ratio (£, /
E\) compared with TBF steels austempering at 325 and
450°C. If aluminum and niobium are both added, peak
impact load is decreased compared with steels A and B
(Fig. 11(a)). E, Ej and E, of steel B are slightly decreased
(Fig. 11(b)). On the other hand, a large difference in £,
E; and E, between steel A and steel C is not observed.
Figs. 12 and 13 show typical scanning electron
micrographs of fracture surface and cross sectional area

200 @ - - __ TSxCIAV-] ,
7 ~ - 200 (GPaJ/em”)
“a 150p CooT B~ - -
§ = @, = - _150
= 100fF \
E S ‘\“\‘ 1(‘)0;
O 50} e TR S 11]
0 1 1 1 1 1 1
50
(b) B
_ TS x FATT =
o or ¢ _ -10 (GPa- C) |
— [ 7-307 |
E o = e 50 |
s0F ¢~ _ N 700
™ 50 T 4 ‘.\jA ~.90_ -
-100 o
800 1000 1200 1400

TS (MPa)

Fig. 9. Relationships of (a) Charpy impact absorbed value (CIAV) at
25°C and (b) fracture appearance transition temperature (FATT) and
tensile strength (755) in steels A, B and C.
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Fig. 10. (a) Impact load (P)-displacement () curves and (b) crack
initiation energy (Ej), crack propagation energy (£;) and total
absorbed energy (E~= Ei+ E,) measured from impact
load-displacement curves at 25°C for steel A austempered at 325, 400
or 450°C.
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Fig. 11. (a) Impact load (P)-displacement (J) curves and (b) crack
initiation energy (£;), crack propagation energy (£,) and total absorbed
energy (E= Ei+ E,) measured from impact load-displacement curves at
25°C for steels A, B and C austempered at 400°C.

steel C

(b and e) B and (¢ and )C fractured at -196°C. Austempering temperature is 400°C.

near fracture region of steels A, B and C austempered at
400°C tested at -196°C (Fig. 12) and 25°C (Fig. 13).
From Fig. 12, it is observed that quasi-cleavage fractures
occurred in every TBF steels tested below the FATT. In
steel C, facet size of quasi-cleavage fracture is decreased,
compared with the other steels. The cracks propagate
along a bainitic ferrite lath interface in steels A and B. In
steel C, the cracks pass across the pro-eutectoid ferrite.
In Fig. 13, fracture surface of steels B and C are
characterized by deep dimple morphology, although the
dimple size is relatively larger than that of steel A.
Initiation of voids is observed at bainitic ferrite lath

boundaries in steels A and B. On the other hand, in steel
C, the void occurs at pro-cutectoid ferrite interface.
Particularly, there are various large voids in steel A

4. DISCUSION

In general, aluminum raises the 7 (7,’) temperature
and increases the carbon concentration of retained
austenite with the further consequence of decreasing the
volume fraction of retained austenite'. On the other
hand, niobium decreases the prior austenite grain size
compared with steels B and C.
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Fracture surface

Cross sectional area

iy g

steel B

s s

Fig. 13. Scanning electron micrographs of (a, b and c) fracture surface and (d, e and f) cross sectional area near fracture region of steels (a and d) A,
(b and e) B and (¢ and f) C fracture d at 25°C. Austempering temperature is 400°C.

due to the precipitation of NbC at the grain boundary.
Niobium tends to lower the carbon concentration of
austenite'®.  The tendencies  of

retained same

microstructural  change and retained austenite
characteristics by addition of aluminum and niobium
have been confirmed in this study.

According to the previous study'®, impact properties
(i.e. upper shelf CIAV and FATT) are controlled by the
extent of retained austenite, its stability, grain size etc. in
TBF steel. If the large amount of stable retained austenite
exists in the TBF steel and the size and width of the
bainitic ferrite lath are small, the TBF steel can achieve
the high upper shelf CIAV. In addition, if prior austenite
grain is refined with containing few different phases such
as dual phase steel, the FATT is lowered due to the
decreased facet size. Also, the relationship between
fracture appearance transition temperature (FAT7T) and

unit crack path (d) is given by following equation (4)'”.

FATT o< g2 4)

In this case, cleavage crack propagation is suppressed
by the strain-induced phase transformation of retained
austenite because the plastic zone of the crack is much
larger than inter particle spacing of retained austenite
films'?. So, the improved impact properties of steels B
and C are correlated to the above microstructural
properties and retained austenite characteristics.

4.1. EFFECTS OF ALUMINUM ADDITION
In this study, steel B indicates higher CIAV at 25°C and

lower FATT compared with the steel A (Figs. 7, 8 and 9).
Fracture surface of TBF steel containing aluminum
exhibits larger dimples than that of steel A. It is also
observed that initiation and growth of the void at the
bainitic ferrite lath boundary is suppressed compared
with steel A (Fig. 13). According to Das et al.'"®, dimple
size of fracture surface at low strain rate became smaller
when a large amount of austenite transformed to the
martesite in AISI 304LN stainless steel. This result is
caused by the suppression of void growth due to
martensite transformation. From Figs. 4(b) and 5, it has
been indicated that steel B possesses higher carbon
concentration of retained austenite and lower k value
than steel A in this present study. These results mean that
it is not easy to transform from retained austenite to
martensite in steel B compared with steel A. As shown in
Fig. 14, strength-toughness balance (7S x CI4V) of steels
A, B and C is linearly related with initial carbon
concentration of retained austenite (Cy). So, it is noted
that the improvement of upper shelf CIAV of the steel B
is caused by the increase in its carbon concentration. This
can suppress the initiation and growth of voids at the lath
boundary due to the associated localized stress relaxation
of the effective strain-induced phase transformation of
retained austenite.

Moreover, the microstructure of steel B indicates
refined bainitic ferrite lath morphology. It has been
reported that void formation is promoted if the second
phase particle is large'” and when the inter particle
spacing is small’”. In steel B, retained austenite films as
the second phase are refined in comparison to steel A.
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Fig. 14. Relationship of strength-toughness balance (7SxCIAV) at

25°C and initial carbon concentration of yg (C,p) in steels A, B and C.

This may be also increase the CIAV of steel B.

From Fig. 12, the facet size of cleavage fracture surface
of steel B is almost the same as that of steel A, and
cleavage crack of steel B is propagated along the bainitic
ferrite lath boundary. As shown in Figs. 2 and 3, lath
width of steel B is decreased and the large amount of
refined retained austenite exists along the lath boundaries.
So, it is noted that lower FATT of steel B is caused by the
thin morphology of bainitic ferrite lath structure and
more stabilized retained austenite, in the same way as the
impact absorbed value.

4.2. EFFECTS OF NIOBIUM ADDITION

Both high CIAV at the upper shelf region and low FATT
have been combined in steel C, especially when
austempered between 375 and 450°C. In this case, the
microstructure is characterized by fine bainitic ferrite
structure with pro-eutectoid ferrite and a large amount of
stable retained austenite. From Fig. 13, the dimple size of
steel C is large, similar to that of steel B, and few voids
are observed at the pro-cutectoid ferrite interface in steel
C although void nucleation and growth is suppressed
compared with steel A. In Fig. 11(a), displacement of
maximum impact load of steel C is larger with lower
maximum load than steel A. Generally, the maximum
load of this curve corresponds to the initiation point of
void nucleation?". However, crack initiation energy (E)),
crack propagation energy (E,) and total absorbed energy
(E,) are almost the same values as those of steel A
(resultantly E,, / E, is almost same value) (Fig. 11(b)). So
Fig. 11 suggests that steel C suppresses the void
initiation until large deformation region during impact
test. As mentioned above, localized stress relaxation due
to the strain-induced martensite transformation
suppresses the void nucleation and growth. Steel C
exhibits excellent retained austenite characteristics
compared with steel A (Which may be mainly caused by
the aluminum addition). It is likely that high upper shelf

50
ap, ap + ap
or A
@) B
it i C
E -50
<
[N
-100F a,,a, +a;
-150 L
4 5 6 7 8910 20
d-12 (mm-172)

Fig. 15. Relationship between fracture appearance transition
temperature (FATT) and unit crack path (d) in steels A, B and C
austempered at 400°C.

CIAV of steel C is due to the fine and a large amount of
stable retained austenite. In this case, pro-eutectoid
ferrite may not influence the upper shelf CI4V although
it decreases the tensile strength.

From Fig. 12, the facet size observed on the fracture
surface of steel C is smaller than that of other steels,
corresponding to the size of prior austenite grain. This
fine prior austenite grain size is obtained by the
precipitation of NbC. In addition, the crack of steel C is
propagated not along the lath boundary but across the
pro-cutectoid ferrite. Fig. 15 shows the relationship
between fracture appearance transition temperature
(FATT) and unit crack path (d) in steels A, B and C
austempered at 400°C. The results of ferrite-bainaite or
bainitic and martensite-bainite or martensitic steels
which do not include the retained austenite are also
shown in this figure'”. The FATT of TBF steel is lowered
with decreasing unit crack path. So, it is noted that low
FATT of steel C is principally caused by the refined prior
austenite grain size and mixed fine morphology of the
grain. Also, the stabilized fine retained austenite
suppresses the initiation and growth of cleavage crack
formation. Therefore steel C exhibits lower the FATT.

5. CONCLUSIONS

The effects of aluminum and niobium on impact
properties of TBF steels with tensile strength more than
980 MPa have been investigated. Main results are
summarized as follows.

(1) Aluminum addition of 0.5 mass% to the steel A
increases upper shelf Charpy impact absorbed value and
lowers the fracture appearance transition temperature.
The improvement of the impact properties are associated
with localized stress relaxation due to the strain-induced
transformation of the fine and carbon enriched retained
austenite films.

(2) Combined additions of 0.5 mass% aluminum and
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0.05 mass% niobium to the steel A improves the impact
properties, especially when austempered at temperatures
between 375 and 450°C. This is mainly caused by not
only the refined bainitic ferrite matrix, retained austenite
films and prior austenite grain size but also large amount
of stable retained austenite by aluminum and niobium
combined addition.
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The Judgments of UK Courts on “The Right to Life”
in Armed Conflict outside its Territory No.l1

Hajime OTA

The main purpose of this study is to analyze the conflict (?) between UK Supreme Courts and European Court of Human

Rights over “the Right to Life” in the case of Al-Skeini and others. Six Iraqi civilians were killed by British Armed Forces

in 2003 during its occupation of Iraq and their relatives applied for an order of judicial review against the Secretary of State

for Defense in UK Courts and European Court of Human Rights. On the one hand five appeals of them did not succeed at

UK Courts, on the other hand all their appeals succeeded at European Court of Human Rights in 2011.

Why does such a conflict (?) between two courts come about? How will the judgment of European Court of Human

Rights influence the future judgments of UK Courts?

The purpose of this article is to analyze the judgment of Queen’s Bench Division of the case of A/-Skeini and others as the

first stage of this study.

Key Words: The Right to Life, European Convention of Human Rights, Jurisdiction, Extraterritorial Application
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Repeat Space Theory
Applied to Carbon Nanotubes and
Matrix Art
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In conjunction with the series of papers entitled “Repeat space theory applied to carbon nanotubes and related molecular

networks. I, II, III” published in the J. Math. Chem., Springer, two Challenging Problems E and F have been formulated and

discussed. The Matrix Art pictures of carbon nanotube energy band curves played a significant role as a heuristic trigger in

formulating Problem E, and the pattern analysis of matrices in the repeat space was crucial in providing a conjecture in

Problem F. The visual and audible data analysis are playing a significant role in the international, interdisciplinary, and

intergenerational Second Generation Fukui Project and in its special new part, the Niagara Project.

Key Words: Repeat Space Theory (RST), Asymptotic Linearity Theorem (ALT), Analytic Curves, Resolution of

Singularities, Fourier Expansions of Absolutely Continuous Functions

1. Introduction

The Repeat Space Theory (RST) [1-24] is a central
unifying theory in the First and Second Generation Fukui
Project [1-4], which was initiated in August 1992 by
Kenichi Fukui (1918 - 1998, Nobel Prize 1981). The Matrix
Art Program in the Niagara Project, which is a special new
part of the Fukui Project started in 2010, and this program
has merged to part III of the series of papers entitled
“Repeat space theory applied to carbon nanotubes and
related molecular networks” published in the J. Math Chem.
Springer [7-9]. In conjunction with this series, two
challenging problems E and F have been formulated and
discussed in the present paper. The Matrix Art pictures of
carbon nanotube energy band curves played a significant
role as a heuristic trigger in formulating Problem E, and the
pattern analysis of matrices in the repeat space was crucial
in providing Problem F, which together with other
challenging problems from refs. [4,9] are enriching the
interdisciplinary and inter-generational investigations in the
field between mathematics and chemistry. We remark that
the visual and audible data analyses are playing a significant
the
inter-generational Second Generation Fukui Project and in

role in international,  interdisciplinary, and

its special new part, the Niagara Project.
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2. Preliminaries and
Challenging Problem E

Before formulating the problem, we need some
preparations. Throughout, let Z', Z,", Z, R, and C denote
respectively the set of all positive integers, nonnegative
integers, integers, real numbers, and complex numbers. (In
the present paper, we retain the notation given in the
“Nanotube Series, parts I ~ III”” published in the Journal of
Mathematical Chemistry [7-9]. The reader is referred to refs.
[25-27]
technology of carbon nanotubes.)

Let Arg: C — ]-7, 7] denote the function defined by

and references therein for the science and

[0 if z=0
Arg(z2) = 3 2.1)
Lo if zecC-{0},
where 6 € -7, 7] and
z=|z| exp(i6). 2.2)

(Note that for each z € C - {0}, there is a unique 0 € |-z, 7]
such that (2.2) holds.)

Foreachn € Z', let Sg.: {1,...,2n} = {-1, 1} denote the
function defined by

(1 ifje{l,..,n},
Sg.()= 1 2.3)
L-1 ifje{nt+1,...,2n}.

In part III of the “Nanotube series” [9], we proved the
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following theorem using the technique of what is called the
spectral symmetry (cf. [28,20] and references therein for the
notion of the spectral symmetry and theorems related to it):

Theorem B. Letn € Z', let t € Z, let ¢, d € C, and let
€ R. Let p:=p(d, ) =1+ d* exp(-i6). Then, for 1 <j <2n,
the eigenvalue /"“(6) of the 2n x 2n Hermitian matrix
F4(0) is given by
ljn,t,c,d(g) _

560, 25 oo 22
n

Sgu()

2 2 t0+2rj
\/|c| + |p| + 2|c||p| cos (Arg(c) + Arg(p) + Tjj .
2.4)
Let us now recall the notion of an envelope of a family of
curves (cf. e.g. [29]). An envelope of a one-parameter
family of curves given implicitly by

Ulx, y,@) =0, (2.5)
where o is the parameter, is a curve that is tangent to every
member of the family at some point. (Here, the

differentiability of U and other smoothness conditions of U
are usually assumed.) Define the two variable function with
the parameter o by

V9, ) = Ulx, y,Q). (2.6
Recall that the singular locus of the function /?(x, y) is the
collection of all the points (x, y) where the gradient vector of
M9 vanishes:

(grad/?) (x, y) =

V9 (x,), V1 (x,9)) =(0,0). @2.7)

In what follows, let U, stand for the partial derivative of
U with respect to «. It is well known that for a family of
curves represented implicitly, the envelope is given by the
following simultaneous equations with the unknowns x, y
with the parametera:

( Ulx, y,0) =0,
3 (2.8)
| U, y,2)=0,
with the additional condition that
(grad”?) (x,y) # (0,0). (2.9)
Thus, at first, one has to solve the above simultaneous
equations (by using e.g. the implicit function theorems) to
obtain the parametric solution:
(. y) = (x(), A(@)) (2.10)
that satisfies (2.8). Second, one has to check for each « if
the solution is not a singularity of /%,

For example, if a family of curves is given implicitly by

U, y,0)=(x—a)* +y*-1=0, (2.11)

then, we have
Udx, y,0)= —2x+2a=0, (2.12)
so that & = x. By solving the simultaneous equations (2.11)
and (2.12), one has
o, )= (@), U(@) = (a, 1), (&, = 1). (2.13)
Since
(grad %) (x, y) = (2x - 2a, 2y), (2.14)
the singularity of A% is (e, 0). So, neither of the parametric
solutions (¢, 1) and (¢, — 1) coincides with the singularity
of . Thus, each parametric line (¢, 1) and (&, — 1) is an
envelope of the given families of curves.

Vi SN //"‘.\. AN AN .
i [
4 3 2 il 3 b3 3 4
N S NSNS NS e
Fig. 1. Envelopes of (2.11)

On the other hand, if a family of curves is given

implicitly by
Ux, y,0)=(y—a)* —x*(x+1)=0, (2.15)

then, we have
Ufx,y,0)=-2y+2a =0, (2.16)

so that a=y.

N A N AN
X

Fig. 2. Envelope of (2.15)

By solving the simultaneous equations (2.15) and (2.16),
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one obtains
x5, y)=x(@, () =(-1, ), (0, »). (2.17)

Since

(gradV?) (x,y) = (-3x*-2x,2(y—a)), (2.18)

the singularities of 19 are (—%, @) and (0, @). The

parametric solution (— 1, &) coincides with none of the
singularities of *®, whereas the parametric solution (0, &)
coincides with one of the singularities of *?. Thus, only the
parametric line (— 1, @) is an envelope of the given families
of curves, and the parametric line (0, @) is the locus of one
of the singularities of .

Now in Theorem B, fixn € Z',t € Z,ce C,and d € C,
and set

O=x, (2.19)
p=p(x)=1+d* exp(-ix), (2.20)
a= 2zj . (2.21)
n
Let
U, y, @) =

y2- [|c|2 +|p|2 + 2|c| |p|cos(Arg(c) + Arg(p) +%C+ QD

=0. (2.22)

First, notice the fact that the eigenvalues **(6) given
in Theorem B are the solution of the quadratic equations
(2.22) with a given by (2.21).

Second, notice that the following easily verifiable
inequality holds:

lel =[] <y <[d|+]o| (2.23)

Third, we remark that via the Matrix Art pictures of
CNTs and associated computer experiments, one observes
that the following four curves are parts of four highly
smooth (real-analytic) curves.

y=ld+|p()]| =£), (2.24)
y=|el=lp@)] =Aw), (2.25)
y=—|el=lp)| =Aw), (2.26)
y=~(c[+|p)) =f). 2.27)

Moreover, for each o € R, there seem to exist two highly
smooth (real-analytic) functions g and 4% on R which

form the solution of (2.22).
We are now ready to formulate our Challenging
Problems E (Envelope).

Challenging Problems E. Prove or disprove the
following conjectures, and investigate the envelopes of the
family of curves implicitly defined by U(x, y,a) = 0, where
Ulx, y, o) is given by (2.22).

Conjecture1. There exist four real analytic
functions fl , fz , 1;3, and f4 defined on R such that the
identity

(v = L1 = LN = [y = f2(x))

= (V= HEN - LN - L)Y - fi(x)  (2.28)

holds for all x € R, where fi(x), f(x), fi(x), and fi(x) are
given by (2.24) ~ (2.27).

Conjecture 2. For each a € R, there exist two real
analytic functions g% and A% such that the following

identity
. (|C|2 + |p|2 +2]c||p|cos (Arg(c) +Arg(p)+ %C+ aD

(- &Ny - h*K)

holds for all x € R, where the left-hand side is U(x, y, @)
given by (2.22).

(2.29)

We give preliminary considerations on the above
problem, we invite the reader to tackle the problem further.

By taking the partial derivative of (2.22) with respect to
a, we have

Ua(x: y’ a)
= 2|c||p| sin(Arg(c) + Arg(p) +E+ aj
n

-0,

By (2.22) and (2.30), we have
2

(52 ~[ef ~lof | ~4ef locof =0, @31)

This is a monic quartic equation with real coefficients
analytically dependent on x. Note that the left-hand side of
(2.31) can be factored as follows:

(= /1N = LN = [N = f2(x))=0. (232)

(2.30)

3. Challenging Problems F

In ref. [14], entitled ‘Proof of the Fukui conjecture via
resolution of singularities and related methods. V’, the
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theory of analytic (highly smooth) curves and resolution of
singularities has been applied to prove the Fukui conjecture
originating in chemistry. We remark that the investigations
of highly smooth functions and of highly irregular functions
are complementary in the repeat space theory (RST).

In contrast to Challenging Problem E formulated in
Section 2, the following Challenging Problem F is related to
absolutely continuous functions (generally highly irregular)
and to their Fourier expansions.

Challenging Problem F is closely related to the
Asymptotic Linearity Theorems (ALTs) in the repeat space
theory (RST). The reader is referred to [19-24] for the ALTs
and for the definitions of the original alpha space X(¢q) and

of other symbols given in the following conjecture.

Conjecture 3. (OALT-X(q) AC(I) version). Let g € Z", let
s € Z, let {Ay} € Xq), and let I be a closed interval
compatible with {Ay}. Then, for any ¢ € AC(), there exists
an oi(@) € R such that

Tr[( Py ® 1y) (9 (4n) 1= a(@N +o(1) 3.1

as N — . Moreover the real number o(@) is represented
by the integral given by

)= o[ expliso)Trp(F@ONd0 . (32)
27 Jdo

Challenging Problem F. Prove or disprove Conjecture 3.

Let P(/) denote the subspace of AC(/) of all the
polynomial functions with real coefficients. The Conjecture
3 with AC(J) replaced with P(J) is called Off-diagonal ALT,
OALT-X(q), P(I) version. The reader is invited to prove or
disprove this simpler version first.

We note that in investigating the above and related
conjectures, MATLAB and audio frequency analysis
software called “Spectrogram” have been used to analyze
the Matrix pattern of various “functions” of repeat
sequences ¢(Ay). Using a MATLAB function, one can
convert numerical data to audible sound data and one can
use the latter heuristically to discover patterns in various
AAy).

development along these lines of investigation is now under

“functions” of repeat sequences The new
way. The frequency analysis of various sound data is now
part of the Second Generation Fukui Project and in the
Niagara Project. The reader is referred to the link [30], in
which bio-electrical signals from muscle cells are analyzed

via frequency analyzer.

4. Matrix Art and Computer Experiments for
Challenging Problem E and Related Problems

In this section, we provide Matrix Art pictures (see the
envelopes in Figs. 3, 4, and 5) that triggered discovering the
envelopes discussed in Section 2. These pictures also serve
to solve Challenging Problem A# formulated in the recent
paper [9], entitled ‘Repeat space theory applied to carbon
nanotubes and related molecular networks. III’. The reader
is also referred to the Matrix Art pictures and notes given in
[31].

Matrix Art pictures, or Math Digital Art pictures, have
been so far created by mainly using MATLAB in Matrix Art
Challenge Seminar in Tsuyama National College of
Technology (TNCT). Cf. refs. [4-6,9,14] for the Matrix Art
pictures created in TNCT and for the heuristic role played
by the pictures. We have recently been extending the range
of contributors of Matrix Art from the members of TNCT to
include members of the Fukui Project Association. We are
also extending the means by which we create such digital
art pictures, beginning to use MATHEMATICA especially
assessing its new capability of creating interactive files
called CDFs, which can be opened and interactively used by
anyone who can download a free CDF Player through the
internet.

After finding the envelopes in several Matrix Art pictures,
simple computer experiments have been made using
Graphing Calculator. The following Figs. 6, 7 are snapshots
of the screens of Graphing Calculator files which can be
opened and interactively used by anyone who can download
a free Graphing Calculator Viewer through the internet.

In connection to the fractal Matrix Art [4-6,9], the
reader is invited to refer to Prof. H. Hironaka’s public
speech entitled ‘Mathematics and the Sciences’ [32] for an
instructive account of the notion of self-similarity, fractal
geometry, and of mathematical sciences.

The reader is also referred to Prof. R. Hoffmann’s
public speech entitled ‘One Culture’ [33], which expounds
the cross-disciplinary interaction between science and art.
We remark that two refs. [32,33] formed an important
source of inspiration for the Fukui Project, which is devoted
to cultivating a new interdisciplinary region in science,
often utilizing dialectic interplay between a complementary
pair of opposite notions and ideas. These two refs. [32,33]
are also playing the role of a guideline for the Matrix Art
Program of the Niagara Project (cf. [4,6,14,] for details),
which is a special new part of the on-going international,
interdisciplinary, and inter-generational Second Generation
Fukui Project.
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Fig. 3. Matrix Art picture 1 of CNT energy band curves
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Fig. 4. Matrix Art picture 2 of CNT energy band curves
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Fig. 5. Matrix Art picture 3 of CNT energy band curves on a cylinder

1

Fig. 6. Envelopes 1

Fig. 7. Envelopes 2
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Hochschild Homology of Truncated Polynomial Algebra

Masaaki YOKOTANI

Let K be an arbitrary field of characteristic zero. Where the case || is an even number, we want to determine
the iterated Hochschild homology HH(K[a]/ (a™"),0) and the iterated cyclic homology HC™ (K[a]/ (a™),0) of
the truncated polynomial algebra K[ar]/(a"™") together with the trivial differential. In order to get a clue, first of all we
compute HH"(K[a]/(a""),0) for the iteration degree /=1 in this paper. The minimal Sullivan model of the
complex is given by A(a,q); da=0, dg=a"". It is the minimal Sullivan model for the even dimensional sphere
S especially for |e|=2k, dg=a’, or the complex projective space CP" especially for |a|=2, dg=a"".
Therefore we can obtain the explicit forms of the cohomology H ™ (map(T,X);K) of the mapping space map(T,X)

for X =8 or CP",where T is the circle.

Key Words: Iterated Hochschild Homology, Iterated Cyclic Homology

1. [XC®IZ

K #1880 DKL T2, |a| MEED L&, BRLR
WMoEbOK EOa XV ERINDITHEY Y LIE
XBR K[al/ (&™) DRREKEL] DFR RV bk - RER
U— HH" (K[a]/ (a"™),0) LA 27V v 7 - REBY
— HCY" (K[a]/ (a™),0) ZIRE LIV, KiwmL Tig,
FOHODRBNY E LT, TTIRRREKEI =10k
VRV R - mEw U— HHY (K[al/ (a™),0) ZRIE
T 5.

IR (K[a]/ (a™),0) DR/ Sullivan €7 /Ui,

AMa,q); da=0, dg=a""

THEx b5, L<IT, |al=2k, |q=4k-1, dg=a’
D & E IHEHIRTTERE S O/ Sullivan 7V Th
D, lal=2, |glE2n+l, dg=a"" DL XIIERFE
Z2[ CP" /N Sullivan EFT/VTHD. LIzho>T
X=S*FixcpP izx L <, BHBZE/M map(T,X) D
aRE R P— H (map(T, X);K) 2k 1=Z L1225 .
ZIZTTEY—orThs.

BRBRBEOEMAZTTROFER D—%FHAETHIC
272 Y, Kuribayashi, Mimura, Nishimoto DffEax ? %
BEIC L.

2. RYRIILF - REOAD—DESE

Ffaszftt k2448 A 23 H
*—fFE

LU, koM (L% DGA LdHbbT)
XA, ORER0 DA K ETERESNTWA LD E
T4, FLTAV £7213K[V] Ik, ko7 b
NEBY TAERINBHSZTRZHOLDT.
(AV,d) % EH DGA, (B,d,) % DGA 3 5.

DGA (B,d,) \Z% L T, ¢q<0 ThH 5 & Z1IZ
B, =Hom(B™*,K) & L TIR¥ > X oy B L mER B,
EEFETDH. T72bH B, ITIE, B DO THD N
MHED &, d, OXKtd, B3y E L THEX BTV,
Ebila,aeAV, BeB.rODP)=) OB D
L&, HHEZTRKAV®B1IZBWVWTI®LI-1 &9
<D

aa, ® B~ (-1)""(a, ® B/ Ya, ® B)

DEDTTEREINDIATTNET LT 5.
KIAV ® B.]1Z, #5y d®1£1®d,, % &> DGA Th 5.

Brown & Szczarba DfE R Y 123517 5 Theorem 3.3 |2
£V, M dN£1Qd, 1A T T NI D, Tb
15}

(d®1£1®d,)I) =1

Thsb. X512, [ Theorem 3.5 12 & Y k5 B4

inclusion

oy K[V ®B,] i, KAV ®B,]
—projection o KTAV ® B,]/1
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1. Intoroducution

Let k be an algebraically closed field of charac-
teristic zero. In this paper, we consider a mono-

mial plane curve singularity given by
(a < b, ged(a,b) =1).

Its local ring O is isomorphic to k[[t?,t%]]. Let
§ be the d-invariant of O. In our case, we have
0 =(a—1)(b—1)/2. In 6), Pfister and Steenbrink
defined a special subset of the Grassmannian
Gr(6,0/1(26)) for a given monomial plane curve
singularity. We call it the Pfister-Steenbrink va-
riety (PS variety) for the given singularity. They
showed the existence of the punctual Hilbert
scheme of degree r which parametrizes the ide-
als of codimension r in O. It is realized as a
connected component of the PS variety.

Pfister and Steenbrink analyzed the structure
of the PS wvarieties for certain curve singular-
ities. The first author argued the rationality
of punctual Hilbert schemes for monomial plane
curve singularities in 11). The punctual Hilbert
schemes for monomial plane curve singularities
of types Asy, Fg and Fg were also studied in
9) and 10). On the other hand, the punctual
Hilbert schemes for nodal singularity were con-
sidered in 7).

Hilbert schemes for cuspidal and nodal singular-

The structure of the punctual
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grader
*** Department of Electrical and Electronic Engi-
neering, third grader
**** Department of Electronics and Control Engi-
neering, third grader
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the lecture “Challenge Seminar”.

ities applied to the string theory in 5). Also re-
fer to 1) and 3) about punctual Hilbert schemes.

Our main theorem is stated as follows:

Theorem 1. Let C' be a monomial curve singu-
larity given by the parametrization (1), the punc-
tual Hilbert scheme of degree 2 for C' is isomor-

phic to a projective line.

Pfister-

In Section3, we prove

In Section2, we briefly recall
Steenbrink theory.
Theorem 1. Finally, we consider the case of the
plane curve singularity defined by xz = t*,y = ¢°

in Section 4.
2. Preliminaries

We recall Pfister-Steenbrink theory and prove
some lemmas needed later. We fix notations.
Consider a monomial plane curve singularity
whose local ring is O = k[[t?,"]].
explained in this section hold more general situ-
ations. For details, see 6). We denote by O the
normalization of O. Namely, O = k[[t]]. We
call the set I' := {ord(f)|f € O} the semi-
group of O. An element of the set G := N\ T

is called a gap of I We may assume that the

The notions

semigroup I' of O is minimally generated by a, b.
For n € N, set I(n) := {ord(f)|f € O} and
I(n) :=1(n)NO. We call ¢ := min{n |I(n) C O}
the conductor of T'. Define the §-invariant of
O to be dimg(O/O) = #G. Then the relation
041 < ¢ < 2§ holds. Furthermore, the following

lemma is known. See 4) and 8).

Lemma 2 (Gorenstein). For a plane curve sin-

gularity, we have ¢ = 20.



BULLETIN OF TSUYAMA NATIONAL COLLEGE OF TECHNOLOGY NO.54 (2012)

For p,q € N (p < ¢), put [p,q] := {z € N|p <
x < q}. For a nonzero ideal I in O, we call
r:=r(I) := dimy O/I the codemension of I. We
denote by I'(I) := {ord(f) | f € I} the order set
of I. Set G(I) :=T'\T'(I) and ¢(I) := max{n €
L()n—-1¢T)}.

Definition 3. An element J of Gr (6,0/1(26))
is called good, if the multiplication O x J >
(f,v) = fv € J is defined and J is an O-

submodule with respect to this multiplication. Set

M :={J e Gr(60/1(26))|J is good}

T, : ={I|I is an ideal of O with dim O/ =r}.
We prove some lemmas.

Lemma 4. An ideal I of O belongs to I, if and
only if we have §G(I) = r.

Proof. We easily see that an ideal I belongs to
7, if and only if the relation

r—1

(2) O/l = {Zaitd” d; € G(I), d; < di-',-l}
1=0

holds. O

Lemma4 implies that the codimention of I de-
pends on I'(I). For a I'-module S, we denote by
Z(S) the set of all ideals in O with I'(I) = S.

Proposition 5. There exists a finite number of
distinct I'-modules Sy, --- , Sy such that

h
(3) 7. = | Jz(s)
i=1

where Z(S;) NZ(S;) =0 fori# j.

Proof. For a given codimension r, there exists a
finite number of sets of gaps which satisfy the
condition (2). So there exists finitely many dis-
tinct I'-modules S, ---,S;, which are the order
sets of ideals in Z,.. We obtain the desired de-
composition (3). It is clear that Z(S;) # Z(S;)
for i # j. O

Remark 6. An algorithm to compute I'-modules

S1,++,Sp was given in 12).
We consider the following composition map:

P M — Gr(8,20) — Msas(k)/ ~ — PV

Put J = (f1, -, fs)x where f; = Z?isl aijtj €
O/I1(26). We identify f; with a point a; =
(aio, - ,as95_1) of k%,
given by this identification. Let Ay be a § x 26
We call Ay the

reperesent matriz of J. The second map in

The first map in ¥ is
matrix whose ¢-th row is a;.
sends a k-vector space (ay,--- ,as)x to the coset

TJOfAJ.

the similarity of matrices. We may assume that

Here the equivalence relation ~ is

Ay is represented by the reduced row echelon
form. The third map in v is Pliicker embed-
ding with N = (265) — 1. For r > 0, Pfister
and Steenbrink defined a map ¢, : Z, — M
by ¢.(I) = t~"I/I(25). For ¢,, the following

proposition was shown in 6):

Proposition 7. The map ¢, has the following

properties.

(i) The map @, is injective for any r.

(i1) The map @, is bijective for r > 26.

(iii) The set v,.(Z,) is a Zariski closed set in M.

Definition 8. For a given monomial plane curve
singularity, we call M and M, = ¢.(Z,.) the
Pfister-Steenbrink variety (PS variety) and the

punctual Hilbert scheme of degree r respectively.

The following fact follows from (ii) in Proposi-

tion 7.

Corollary 9. The punctual Hilbert scheme M,
with r > 20 coincides with the PS variety M.

We define Schubert cell W, ... o5 for 6 > aq >
-+ > as > 0 to be the set of all elements W in
Gr(8,0/1(26)) which satisfy dim(WNVsyi—a,) =
ifor 1 < i < 4§ and dim(WnNV;) <iforj<
0 +1i— a.
O/I(25) has the canonical flag

The 24-dimensional k-vector space

0CViCVaC--CVas=0/I(20)

where V; = 1(20 — i)/I(25) for 1 < i < 26.
This induces a partition of Gr(d,0/I(26)) into
Schubert cells W, ... 4

far, -
W(Ll,"' ,a

s- For an index set A =

,as}, we sometimes write Wy instead of
s

Proposition 10. For the Schubert cells, we have

Wiy oo bs C Wy, a5 if and only if b; > a; holds
for1 <i<9.



The punctual Hilbert schemes of degree two for monomial plane curve singularities
M. Watari, S. Akihira, Y. Hazuo, S. Ideta, K. Otani, K. Kawamura, S. Kojima, R. Sako, H. Kusachi

For the details about Schubert cells, see 2).

Let A be a subset of [0, 20 —1] such that fA = §
and A U [2§,00) is a I-module. Then we define
M,.(A) to be the subset of M, parametrizing
ideals I with A = (I'(I) — ) N [0,26 — 1].

Lemma 11. Put A = {by, - ,bs} where 0 <
by < --- < bs <2§. Setting

(4) a(;_i+1:bi7i+1f0r1§i§5,
we have M.(A) = M, N Wy, ... o5 for r € N.

Proof. Under the same conditions, the relation
Moas(A) = Mas N W, ... o5 holds (see Lemmab
in 1)). So we have

Mr(A) = Mp(A) N Mas(A) = M. N
(Mas M Wey oo a5) = Mp N Wy ot a5 O

)

For a component Z(S;) of the decomposition
(3), we have M,.(A;) = (¢ o ¢,.)(Z(S;)) where
A; = (S; —r)n 0,25 — 1]. The decompositions

of M,. follows from Proposition 5.

Corollary 12. Corresponding to (3), we have

h
) My = [ M)

i=1
Proposition 13. Each component M, (4A;) in
the decomposition (5) is isomorphic to an affine
space whose dimension equals the number of co-
efficients in the generators of M,(A;) (as O-

modules).
3. Proof of Theorem1

In this section, we prove Theorem 1. Let C be
a plane curve singularity given by (1). Put O =
E[[t®,t°]]. Tt follows from Lemma?2 that 26 = ¢ =
(a—1)(b—1). Write

I'={y,7 726}

where v; < vit1, 1 = 0, 72 = a, v25 = (a —
1)(b—1) and y251; = (a — 1)(b— 1) + ¢ for any
i € N. By Lemma4, we see that an ideal I of
O belongs to I, iff T'(I) coincides with one of I'-
modules S1 = (2a,b) and Sz = (a, b+a). Here the
notation (p, ¢) assigns the I'-module generated by

p and ¢. In our case, they are described as

(73 = 2a),
(71 =a,v; = b)

Sl - {73574a75776a o }

So = {1, V-1, Y+1 "}

So the decomposition (3) in Proposition5 is de-

termined as
(6) Ty = Z(S1) UZ(S).
Furthermore, we easily see that

Z(Sy) = {(#**,¢")},
(1) Z(S2) = {(t* +pt", t"*)|p € k}.
We obtain the decomposition (5) of My as
(8) Mo = My (A1) UMa(Ay)
where

Ay = (Sy —2)N[0,25 — 1]
={v3— 2,7 — 2, , 72541 — 2, V2542 — 2},
As = (S5 —2)N[0,26 — 1]
=12 =2, ,vj-1 — 2,741 — 2,
e Yasan — 2}

Here we rewrite A7 and Ao as

Ay ={my, -+ ,mas} (Mm; < mit1),

A2:{7’L1,~~~ ;n26} (nz <7’Li+1).

According to (4), we define index set Ay =

{p1,--- ,p2s} (vesp. Ay = {qi,--,q2s}) by
Ds—it1 = m; —i+ 1 (resp. gs—ig1 =n; — i+ 1)
for 1 <4 < 4. It follows from (8), Lemma 11 and
Proposition 10 that

My = (MQ N WAI) U (MQ mVV/\z)
=MsnN (WA1 U WAQ) =MsnN WA2 = MQ(AQ).

Hence we have My = W3(As). It follows
from Proposition 13 and (7) that My(Ay) = A}.
Hence we conclude that My = P!. Theorem 1

has proved.
4. Example

In this section, we consider the plane curve sin-
gularity which given by z = t*, y = t°>. We have
O = K[[t*,t%]] and

r=14{0,4,5,8,9,10,12,13,--- }
where ¢ = 12. Putting

51 =1{5,8,9,10,12,13,--- },
Sy ={4,8,9,10,12,13,--- },
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we obtain the decomposition (6) of Z, and have
Z(
T

)= {1},
(52) = {

S1
So) = {(t* + pt°,t")|p € k}.
The images of these set by ¢, are

M(A1) = {(*,1°)/1(12)},
M(D2) = {(8 +pt*,t")/1(12)|p € k}.

These are the components of My (see (8)). In
this case, My is embedded in P??3 by 1. Let
J1 (resp. J3) be an elements of M(A;) (resp.
M(A3)). Then their represent matrices are

00010O0O0O0OTO0TO0O0OO@O0
0 000OO0OO0OT1TTO0TO0O0OTO0OO®O
0 000OO0OO0OO0OT1TO0O0TO0O
My, =
0 000O0OO0OO0OO0OT1ITO0TO0O®O0
0 000O0O0OO0OO0OTO0TO0OT1TO®O
0 000O0OO0OO0OO0OTO0OO0OTO0T1
001 ¢g OO O0OO0O0O0O0O
0 000OO0OO0OT1TTO0TO0TO0OTO0OO
0 000O0OO0OO0OT1TTG0O0O0OO0
My, =
0 000O0O0OO0OO0OT1TTO0TO0O®O0
0 000OO0OO0OO0OO0OTO0TO0OTI1TO0
0 000OO0OO0OO0OTO0OTO0O0OTUO0T1

respectively. The images 1(J;) and (J3) are
given in P23 by the following Pliicker coordi-

nates:

1 for Ap:={4,7,8,9,11,12},
Y(J1) i =

0 for the others,

1 for Ay :={3,7,8,9,11,12},
Y(Jo) :ma = q for Ay = {4,7,8,9,11,12},

0 for the others.

Namely, they are represented by the vectors
’(/}(Jl) = (07 717"' 70) (772 = 1)7

W(Ja) = (0, 1, g, ,0) (m =1,7m9=
q). Here we rewrite 7y, and 7y, by 71 and 7 re-
spectively. We infer from these facts that ¢(Ms)
consists of all vectors a = (0,--- ,p,--+ ,q, -+ ,0)
with the conditions m; = p, mo = ¢ and pq # 0.
Since 1 is injective, we identify (Ms) with
M. Then there exists a natural isomorphism
t: Pl — My defined by «((p: q)) = a.
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Fabrication of Two-layer Structure Superconducting Bulk with YBCO

Shota SHIMA, Shiryu HIRAMATSU, Yoshino TANIGUCHI and Kanji HARADA

YBa,Cu;0y(Y123) superconductors are highly attractive for bulk applications, such as strong superconducting bulk

magnets. Phase diagram shows a peritectic point at about 1010°C where Y,BaCuOs(Y211), a liquid and Y123 coexist.

Y211 is known to contribute to a critical current density.

We put Y211 powder in Y123 powder and made the superconducting bulk. As the result, we could have Y211 film in

Y123 superconducting bulk. We named two-layer structure superconducting bulk. We showed that superconducting

properties improved by putting Y211 powder with an experiment.

Key Words: Superconductivity, Two-layer structure, YBCO bulk
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Update of a Web Site Using Web User Interface Criterion

Eriko YAMAGUCHI" and Tadashi OKADA™*

We updated the "FIE WEB SITE" which is for a fundamental information education portal site with consideration

of the accessibility and the usability based on preceding studies of our laboratory. The purpose of this study is

updating the portal web site to become easy to use it for access users. Then the considered points are discovered

for the usability, and generalized them by adding to the checklist already made.
Key Words: Update of Web Site, Web User Interface Criterion, Web Site Design
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Basic Study of an Intellectual Agent Implementation
for Scheduling Labor Reduction

* . ok
Yuuma MIYAKE™ and Tadashi OKADA
In order to improve a quality of communication, we study a system to automate a personal schedule. The central

part of the scheduling system is implemented as an intelligent agent build by a hybrid system with production and

frame systems. The system is built as a Web system using the open source software such as Ruby, PostgreSQL,

FreeBSD. We confirm that the basic operation of a scheduling generation is confirmed for sample tasks.

Key Words: Intellectual Agent, Scheduling Problem, Production and Frame Systems, Web system

1. [FL&HIZ

AVEF—Fy M ERTHZEICED, NEANE
DA a=lr—a LA - FEE 2B 2 TIEIIC
Thhd Lotk o=. LHL, 23224 —3
NZBWT, EBICER-TEET VD Z & OMifEix
LhooTHEHT, ZOMEITEEFEROFEIZLY
TeLAER-STWNDEENWZ D, HESY Z LiTkD
Bllalmar—alZRAZENTE A HIE
T, AV F—Fy "INRFETRHAETHLEDLDZ &
AN

L LEHES D ITITAEVO T E 2 4 5 LB
HY, THIIAENEZDIFEHEMETHD. D
EPEBANTTEZMRAGDODETEY 2 E0REY
FFBERERSTWD, ZOMBEZ I 5720
WX, BB AN O T EFREIZ S FHE R TE T,

a2z —valBEROEEEDDLTZDODAR Y

2=V VT VAT LEANRMLETHDL EEZT-.

ARETIE, AT Va—0 T E2ITHDIcTx
ANR—= RV AT A B EFEH LM — 2 b
I LT O ORI 1T 72D T, ZOAR
BEIRARD, =X A~ TV RT AOHFERFHICIX

FFEZAT ERK2 448 H 31 H
CHWHET - HR AT LA TEHYOER 2 34EEETAE
M%%I%ﬂ

TaR a7 L —bONAT Yy RYAT A
EHWA., £77, AT a—F L LTHHEREAN
ANVIER TCOERPBEIND D, V=T VAT
b L TEETS.

Blhbl->TlE, 2Emict—>""ry—2xY 7
M7 =27 &AL, Rubyd Lo =T7 77V r—
27 L—ALTU—27 T2 Ruby on Rails®) Z >,
1% FreeBSDO) |0 Apache HTTP Server?) % ffi
W5, EBIL, TFXANR— VAT ATHEHATHH
HR—2E Y L= g T R—ATEIL T
WHDT, ZOFELEDLETHETS. ok, K
WETIE AT AHBOFR#HE S LT, HADR
Y a—Y T ETERD.

RI|ETIL, A7 va—V LR~
NAT AEDOBRE 2ETHRY EiIF5. 3®TY
AT LOHEFE L RFEFIEZONWT, 4T TILERED
VAT AFEIELEME#ZE OV I 2 L— 3 IZon
TikR%.

2. AT a—)F T X RIN— O RT L

2.1 RHPa—Yvgazsa=Hsr—3y
%< @)\ﬂixb“‘/\\l*‘ll/G:EUOT??@JLTU‘E).
BHIRDEL DAY 2—F1%, IRE-T- AT
I EHAT LR TH D70, ﬁt»xmﬁ&%ﬁ
BT 258, HO0rUDBMEEED TELZREL,
AfT 2RO 20BN H 5. ZiUL9r ) LR 2 %k
WCETAHEET, Rl TCalia=lr—varo



Bae EF5REE > TND.

ANDATH ATV a—)L L, HONDE AT D
FVThHBHENWZD, ZAZIZIE, T (83
23 O X ICEERNe 2 27 ORRLAREZ S E
STWDH b0 &, HEEMER) FEE R 72
ED X ICBMBEEANITI F - TR L35 THIRA
HDHENTNDHEDOR, ZNT O HIRE S TWARNTER
Rl DL Rb0onRH 5.

BURDEL DA Y a—F 1%, BARK 2Bl da 4
MRESTNDHDO LI T ENTER. Bibh
REZINIE > TWIRWH AT B A Y o — VLA
AT, ABRBLZTAITALIL, Zh
WCABBESLTHNIETZRebD b, ZOMMGT
DIELNRFESTWRNWEZ AT B, AV a—1
TYUAT AT ZEMTEHLEIICTHILICK
ST, BRI MNOEAT Y 2a—)LEHIPZ ENTE D,
MENTZAT V2 —VEEBEANGRD LEbYE, %
WTWADKRFHRHEEDORWS 27 2 BB S W5 7
EOREEITV, BN T T 2R 2 4 A H
TR D.

KFEDAr Y a2 —VAERKIZIE, T=FAN—Fv
AT A D ERHOEAT—Y 2 FEFEATS.
TITWIOIHEM T —Y v b &L, a—FITRb o
THER A, 22— VIR Sz Ay Y2 —1
, 2—PIRb-oTERTIHVATLATHD. F
ATC A LT v— VA & FRmR Mz, =—%
DB L7 RICHESE, 2—FNRANLIZ R
MO THZANR—hY AT AN E AT OEE 2K
W, ==z FRAT Y 2=V EERTS.

2.2 IXRNR—FURTL

THXANR— R AT AL, EMFOmEE Y
ML, —EORXTRELLAHT S Z & TR
ZITH AL a— AV AT ADILETHD 13, F
TE 7B ORBEIZ DWW TR 2 T4 2 v — VB (i
WR—R) b, EOHFAEHE S TEX BB X
DOHEFRT VUMD IS, FEE LT

kRN — A B EBEHRZ D T L TR & 7 BEIC K

I ATRE 7R LA M

* kPEER OHERRFAT

kHERRIC X 015 DT AR ORI & 3 B FTRE

* HFR N LD AR T BB 3 E LT A

YErlRE
EEFEFTHENTES.

ITHANRN— KT RAT ATIE, HMifE ok olcE
HIT20PNEET, AHOAFrYa—1 »JHET
WX, X vart =AM XA iERE R
W58, ZHHITFAN— NV AT LAOHRESE L
F ORI, DX TR TND.

(1) 7aF a3 AT A

¥4 B

(2012)

Iua Ky g AT AE, IF-THEN o~
Xy a LB HERRBENLE LI AT A
T, VBRI AT AESMEEND. X T v a
VURAT KEHERRT A2,

kL= NVOEATHDLTuL s v a VEA

* FHEIFSCBPAERAFLET HIEEDE (V—

XL AEY)

sk HE i 2 A9 2 HERm
MLBELR D,

(2) 7L—AV AT A

TL—AV AT LEE, TL—AEHBEHRLE L
THESTWAEVAT LD ETHD. 7L —A4I7,
Wik RHL UK D 20 OFS A T, AR O
HEIOENSAEENTZ. 7 L—2NOHRIT, B
PR N TREOME LTHRbh, 7L —A
A2 BRI Z LT, &5 WD M %E R
ICRHBL - HHTED.

HEROBENLN 7 L—LTHY, Zhatikts%
SoOEMEEZAv Y §, ZOMEE AT Y MEL RS,
K2y ML, BOT7 L —ANEFEST A LENRT
X, HHERAFRCTHH THLHMEICRBITE S, 7
L—LANDOK 2wy FORERLSKMELTLER L2 O
77y hERES. Bz, L —A AL
TWAEMLE I, EDOL D RHIKINRN S L0370 L
Thb. —RHIZ Eio7 L—ADfEIE, Fhro 7
L— LNZFE A OJFIETHREKENS.

(3) "M 7V RTVAT A

T L — AV AT AOEFNE, 957 L — A& EIR
THZ LK WA HRmEITADZETHD. —
b, X a v AT AOERNL, BEIILV—
NEFRIRTEDZ L THD. ZOMFORFRZ%m
WIS LTI 720, 7L —AY AT NERPT, 7
L—ADAay NMIA— L EFRT B2 LT,
A7V Yy RYATLELTHED Z N,

AWFFRIZBNTYH, 7L— AV AT AE KL L,
—HDOAT y MZTa Xy g —)VERRT S
FIEICX Y, OB AT AR HIF LT,
(4) HEk~—2R

THXANR— R VAT LOHFHR— RN I ND
Bk, TEFEmaE] Tr—mil T A2 i)
O 3FEHN DD, FIEMMEIFFEEEZHIZHERD B
D, J—/VHGR & TR DO HIRI A R EER T
b5, FBEMRMZNAL—VEAFHEZEHS>Z LN F
AN—= KV AT LORBTH L. —J, A X HEKIL,
BRREMCHEALM 2 EO Mo X o2, Mz
oo miEkchs. xR —1 Xk iR
BV — VB IRT 5 ) fERR L —L X0 2l
=V EBRINT 5 | BN DL — L B d
D) T8N, AZMEOEITHS.

(5) #Egm—r v



AV a—= ) 7 HNRRO O DM T —Y = o FEEOEBRET =% - B

e X, HERAE o TR 2 RO T —E# D
WEOZEZ2ND.

Fag s g AT LIBT A RO LR,
FEseimak] T —megl Tiksm) o725 =B
WIETH D, CEGRIBIIERICHA R DY D Z &N
T, ZOMAEDLEDONEFEFEIZED, A&
Heim e AMEHEERIC DT B D, iR & HEGmILF
£ (LB HHAZ—FL, L—h ik
R~ > TWEFEH ZfTo T SHEFRTH D, I
WX LC, ®AMEHGRIL, ERL-WERND A
H— N LEREIZWUY FNW L EFEAEZETT 5.

—JF, JL—AVATATIE, AFII77EY |
IR SN TR Y, HEEME (H) K"sRansn,
H L IET—Fy (B% BMEOHEND Z & T
A HETe. T —F IFFE DE A R D D BE D 1E D>,
7 L— LDBEBMRHIREIT O GERNHDH. T L— A
OfFAREREIZ XV, ZHRLIEWVWEERN 7 7> MC
WA ESNTWDHI 7 L—Lkm 852 LT,
T RTOMEHAE G 270 < THHERD AIHEIC 72 D .

KHGEDNA TV v RURATLADOEE, 7V =
JRELTTZL—2%EN, 77y NZTrFY
Varvikiih T s, HEEmo BRI e g g v
AT AL U =BGk e iy, [F—7 L—AICHEE
ENTVWATZL—LDONL—LEEH. 512, RiE
WL 7 Lb—2 2 HEL, 7L —2 %W s
Z&T, -G mICEEb LR AT O .
(6) k=7 4 X ERIHEA L H T 2 —R

FIRRTT 4 X L, FRS— AN H T ST 5
TZHDERT, HFRX—2DONEEZ =TT 1 X2
G52 L EEICAEE A LT,
FREDOATNZIE, icbF Ly P=7 EREE
NAHANDPEAZIZA X Ea—ETW A Z 5 &
L, HiRBLONL—VIZEEZHEZ TN EWVI D
NHD.

FIREA 27 2 — A1, MREIH#HERZITO -
DDA T 2—AThH%. MadNOEMIZX LT
FIRBEREE LT, BIEOFIEL, A=a—F
A CORFERIR, BFAFETORE, BHARASHETO
B, 7774 v RRETTRARETORRNR L
DFERD D, HEEmIZ L0 fERICE - il & 3
THMRED, FIHEA X 72— R ZEEND.

3. M TI—CIr FDEE

3.1 R Ta—yrviBBEnERIE

AR AV a— U U TEORNFIZIN S O
D—DZ, F—R « A4 2—1 v J R (NSP) 8.9
NdH5H. NSP ik, boHIMICK TS —ADE)
B 7 M, BT — AR, FEEHZ L OMER
F—AD NI E, EFIERHKO T TRD DR

MThD.

INEZEICL, NOHEIZBTAAT Y a—)b
DR FEEREZEZ D, BAT ONE - FERR0EI0 Y
THREDOHIFIZEIT NSP Z22F(IZ LN, =F AN
— M RATAOFEEZRY AND Z & T, FTHED
FWATF Y a— U U 7ARETRLTNS., KA
T LADRAy Y a— VERGIEE, ROEY THD.
(1) 2—VIERE Z AT BEROBE
(2) X A7 % TEIZEM
(3) FEICEMENT-Z AT DX AT [EH LIRS

PR & EEE O
4) 22—V DERR
(5) A7 a— /LT L RE

BENTOZ A7 PBMENT=5E, BCAry
2 — LR EN TV B 22N T U 5 IO R B
DIENH A7 BB SEF 22BN, Arya—
DAL FENTORWGEITBAD X 27 12ENT 5.
IS, % ZR%— R VAT AE AWV
Mo —yx h&EffoTUET S, =—T =2 M
RV a—)VEART B, V— Vg (A7
Vo — VIREME) L EFEME (XA ER - 2 —
PR - A7V 2= ER) 25, ZOZO0H
MERL LAY ATV a— B ARTD.

AV a— )V OW R EREL 32 7T 5.
(1) REFHZ AT
(2) & A st
(3) A& Y 2 — LIRS

REFHZ AL, BEC A7 Y o — LB IE RN
ESNTWVDEWVIMEREHETH D, ¥ AT HK
L, AT DBEESTDDOEZTHY, T
TITH ZEDREFELL WX AT OEBGEIVIREY %
HILIZT DR EDOEMTHD. A7y o — U HSk
i, ZRA7DEERST-ODOEZTHY, Hlx
XA 2 — )V BRD B HLUE DIRARER] 2 T a6 72
W EDSEM LD,

PRSI BN B E 23R T, Ba LS s
IEERENREWIBIC A7 Y 2 — &2 AR L TS,
BRENE NS ORI LOFESIZ OV TIX—FITH
WraZhs., JFAlE UTEIE Y — v OB E TS
<, MNTHFELLL WY —, PELVWE —
YOEDIEIREERRIET D.

FRERAGRKIZITLLTO 322 V5.

(1) %227 158®
(2) =—WIEH
(3) AHF Y a—/LIER

B ATIERIL, X A7 AT D EHR CTHR G
DLEFMPRLONH L. 2—PFERIT, =—FICH
THEWRT, HFORLOTHD. Zhicx LT, *
TV a—VERIL, FOELEEDRF D a—NVIZER
SNHEN LD LS.



JL— VG & EEMB OB S LEbEICIE, FhE
TeED X ) REMAGRAEE LI A — v
ATFAHELTHEELTWL.

3.2 JL—ILENEDESE

RKUAT L&D =27 ECTEMESE D720, Hik~
— A% L —vat s —H~—Z(RDB) %~
TEFL, 7n7 70753121 Ruby? 2
THERELTND.

(1) 7L —LrmFELE

TZL—AlZAny NEEHTZLOTTETED,
2y MIIEMOTEOTZ7L—0ER5 500 H
L. Any hHROREEZRTEOIEXT7 7Y A
5. :h%i&@é&ﬂl@ié&’iﬁé h%
Flame 7 — 7 /L & Facet 7— 7 /W24 1 % n TR
ﬁo#é_k_;mlm317v DY AT K

£TZENTED., ZOERKEK2IZRT.
7 L— ADOHAIE, Flame 7 — 7 V2, #k& T ID
(acced id) 1 7 L&ENFHF—L L, ID Z#EF—L L

T, AT 7 L—L k7 L —2% 15t n TH
W52 LIk VFEET S, ko ID 25T
HZETH7ZL—2%&ESTHL, i —2ab %
NIRRT, AT ID 2 Nil THHEh > 77
L—AThD.

7 7% > M Facet 7—7 /W12 L 0 FK 3. Flame
T—7NDID % E¥x—& LT, Facet 7—7 /D7
L—AID B 7 2%TF—EL LT, 1 % n OBE
W28V FEIES S, Flame 7 — 7 /LI, k&t ID
LT V=LA MNAND. Facet 7T—7 NI, 77k

...... ]
riQines I
Facetl
Facet2
Facet3
—\
Flamat 1 I Elamai 2 I
Flamell | Flamel2 |
Faceid Facetld
Facetd Facetll
Facetb Facetl2
T e
Flame1.1.1 | Flame1.1.2 | Flame1.2.1 |
T — — —
Facet? Facatll Facetle
Facet8 Facetld Facetl?
Facetd Facetls Facetld
T T T
| l I
M1 #7L—2sL77ky FOBEF
_| Facet v
10 INT
—_| Flame v
@ Flame D INT
1D INT )
) name VARCHAR(45)
acced idINT 4 —————— —
construction TEXT
name VARCHAR(45)

production VARCHAR(45)
default_value VARCHAR(45)
»

>

X2 Z7L—AhLTZ77Ey FDERK

¥4 B

(2012)

Y FBASTNETZL—AD ID 778y b4 -
e e g =L AD.
LLEXD, AT D7 L—AaL, ZTONERIC
OB DO T ey NEFEET L LR TE.
(2) =% 7 A% DI
D—=% 7 2AEVIE, Ny vaT—70 (EER
5 ZHWTERT L. REL %/\y“/:% L,
NRITEBZFFOGA EBIEEZ VD58 0% 2 6
NDOLFHNET D, FEITITKROL SIS,
WorkingMemory = Hash. new
V=% 7 A 2 BT 5560F, ROLIIZ
[RBUN R
WorkingMemory[ “IREEZL™ ] = ( “NE )
RV 2 — )VERRIZIE t IRFIZBIT 5% A7 OE#®R
EEES. LoL, @ELEOBE (Fl 2 IXRKRK 5 E)
R T TR0 L) 20 ET HL— LV F(E
Lo25720, BEOT—F 7 AEY ZERTHLEN
bbb, WEOU—F%2 27 AE Y (PastMemory) % K
DEIICEHETS.
PastMomory = Array. new
PastMemory[n] = Hash. new
CIZTniFtHOFRITHD., AyVa—)Ek
LTSN BRER -FEEHNZXATX, UV—*F
> 7" A% Y PastMemory (ZFEERT 5.
(3) Fuyra —NLDFRE
Tua Xy —)viX, Facet 7 — 7 NVHND
production # 7 AIZFLR T 5. BEfF=F A N— h v
AT LTIE, —f%IZ Prolog <° Lisp 7 & 55k Crtal
T5Z &#%w LhL, ZhbOSiEIXEEA 7
nr7IIVIEHETHY, AFEERTHD C 55
FROFLI TIEZR N =D ATERME MRV, BASE &g 1
TWATFHEZ W E S W 5720, AEITY AT LB
S Ch D Ruby THESGIRTHZ LIT LT
Bl ziX, Teorax s v ai—ig,
IF %23 % THEN BT 5
IF JEFS THEN #EZzfkie (iam
KD X HITRET 5.
if WorkingMemory[ ‘have_a_cough’ ]
WorkingMemory[ ‘have_a_cold’ ] = true
end
if WorkingMemory[ ‘have_a_cold’ ]
conclusion = ‘take medicine’
end
if OFMELT—F 0 72V ORNER BT D
&, V=% 7 RXAEVITHIZBNEZBINLIY &
F L7035, conclusion (&R THY, KL AT
LTI AT OEREL D,
(4) FFEmFOELL
KU AT AT 3FEEOFERM (¥ A7 15,
—HPIE®R, AT a—VIER) 2ES. FheL



AV a—= ) 7 HNRRO O DM T —Y = o FEEOEBRET =% - B

— LHNGk & FIREIC RDB THR T HiEEE 2 5.

HZATIERIZZ AT HERTH L. EED
FA7E TR ORE] [REEOME O X5 Ichk
INBIEFIFR U THLRIIBI TH o720, MK
LEATOZRAI b HY, AT a— I ANT L
ATBIZE AT DEFGRERD D2D1F4FE L2
W, EZT, FRIUIEREAND Task 7—7 &
ITEHOFESH A AL D ActionType 7 — 7 /v & & BIIZ
T, ActionType 7—7 /v ID #FF—& L, Task
7 —7 L@ ActionType ID 7 7 L&EIEHF—L LT
1 %t n ORFEZED.

FIHFRII N — VRO NRIZ K0 MRS
BHRZET HDT, ZHBITEIOFE & TE)OFE
ik & &3 1F, ActionFact 7 — 7 V&R IT 5.
ActionType 7—7 /L@ ID #FF— & L, ActionFact
T —7 V@D ActionType ID 7 7 L& EF—L LT
1 %fn OREAEED. Task 7— 7 MIZix, HHT5
ActionType = 44 Al - MERRIEERERH] (LR X)) -
BRAGIFFE] (MLEE7R B1T) « A A D . ActionType
\ZIXATENA S AN D . ActionFact (21%, FHEDOFEEH
(FactName) & 35 (Fact) 25 A 5.

ActionType & ActionFact X FHFIICATI L TE X,
B A7 BAR(Task) 1T A7 ¥ 2 — VB L2 W& 27
WFEAELTZRIZIBINT S (3. 3 T&id).

(5) —HIEHoELE

Z—WIER G L — VERRIC K0 NESCHEREN 2L
TH5OTHT—7 e L, User 7—7 /D ID % F
F—& L, UserFact 7—7/L® User ID % #if % —
LT 1 %t n OBF#EA/ES. User 7—7 /W2 1T=
— VDR EBNANY, UserFact 7 — 7 /I3 EE
DFEFA (FactName) & 3 (Fact) A 5.

(6) A7y a—nItEHR

A Y 2= VEHITIE, A7 Y 2 — VAERKRIZHE
AR ARSI ZR ENAD. ZHUEA S Y a— L%
AT DTN E DD T2, HTTP @ POST AV >
RE[WA 7Y 2 — VAERBICATTS.

ann ——m

L c locallhost 3000, restraints  new

New restraint

;;;;;

Proguction

X3 HFEAST A —

(7) Jik—s ¢ &

ARFe7p HILKEEINZ TR A AT LTS T ENE
F LW, AEIFERZRE ST D 72045 H%FEET
HEL, M3DEIR— KR AT 7 +— 2% W
. AlEl, HER OB ITHREF B O E NS,

3.3 R Da—ILEBOAE
AT 2= VBN LTeWE AT N EENT- 64
A7 ZBINT 5. ZATERICLERIFRIZ3. 2
TIRARTZHNETH S . 401 (Name) (L7 R 7 D4R
Z, ActionType X2 DX A7 OFEZ R, LERK
8 RER] (Elapsed  time) 1%, ActionType “C#&itEREfl] 23
RESTEBLT, TNERLELTHHEAEICATTS.
A%k (People) 1% ActionType NS M AEZ L EEE T 5
GE AT 5. BRAGKREZ (Start time) (3 572 L
RESTWDHEAIZDHATTSH. ZbIZLD,
JL— VG« Ik - XAV B ES LERT S Z
ENTEDLDT, TNDLEFESTAT Va2 — VAR
DA[REL 70 5.
2T a— g, AR LT W 2 TR -
TEZ25. A1 BHE 1 REZ & TRE > AL
LT, | HEOAZ Y 2—T 24 fHOHX 27
MAD. AT DX AT IFERER—FEmDI>T2H
DTHY, BEREIZTL I v a b—/LTRO X
ITFENIN TN D.
HBRIAIRF A NI E > TWD X AT BIRTET H
if WorkingMemory[ ‘StartTime’ ]
Priority[n] = 1
end
HIEFICE W TR E D
if t<11 & t>14
Priority[n] += 0.4
end
HELfe 3 D R 8 2 T 5
if PastMemory[t—-1][ ‘labor’ ]
Priority[n] —= 0.3
end
Z D& X, Priority[n] i t FRIZKITFHHX A7 n D
BHRELZRY, ZORLEWIATB tREOZ AT
ED. ATV a—uE, T NMIHFAT ID &
DATE TIRfEEND. 0 BIZBITE X A2 ID O
Task IDO 7>5 23 FFD Task ID23 £ THDH. DATE
XA 2a—)VORARETHS.

4. DATLEREYVZaAL—Y3Y

4.1 AT LKERR

Al a— T RT ML, SN S DR
REANANVEENSOFERVEES DD, v
TR NETHD., £ T, =Y A K27



FIATF

A |

I v

Ruby on Rails
Ruby
Postgre SOL
© IXRS—FIRTL « P
e S R Sa—)l
225

| Apache |

| FreeBSD |

B4 A7 LR

FEHRT —F X=X, TNHLE—fFHETHEIHI 720
@?:777J&~v5/7v LU —2 %ffioT
FAELATH . VAT LRI A DL DTS,

=P A FR 7 Y7 RNFEITIE, ATHMEE D
BIwAT Y s MEMEED Ruby &, =77
TV =g 7 L—AU—27Z1% Ruby TEMN
TV % Ruby on Rails®) #1925, 7—4%X—2R|Z

I% PostgreSQLIO 2 H L7=. b ZEnd ¥ —
N7a 7T AOBFEIZIE, Ruby on Rails (ZAEVER
S TVWD WEBrick! D & fli 57z, H— N FF

TH=T I —=AY T U =T THEINTED,
HTTP H— 3 Apache®) % OS FreeBSDI2 D ¢, & T
HEHLTWS.

VAT LAOBEEIL, XY a3 s AL IR E
NG, ZAZELEERE L BICT —FN— XA
M5, ZRATNRIFESTZ D AT Y a2 — VAR 3
WL, === FEEITLTAT Va2 — %
BT D, ERSINTZAT V2 — VI T —F_X—2R
WRESH, WOTHHEETHZENTES.

BB RNTEMELX, 77 u¥hroERkIh
HTTP U 7 = A F % Apache 735 (7HLY Ruby on
Rails [Z7%9". Ruby on Rails TIEAREEIZHEVIEFONH
Snlarbo—JXEREZEL, LERLITET
JL% IR LT PostgreSQL (27 7 & A L, Hii-> 7= if#
ZEa—ZE LB A FE2ART S, oo
B ¥ TliX, MacOSX, AptamaStudio3, Vim % H UV 7=.

4.2 vIal—av

AWFFE TR LIV AT L aflio T, EERKIZH A
G2 AV a—VOEEE{T-TC, BfEY I 2
L—y g o EB{To7-. I alb— g TlE, EE
72 BRZE DV — VAR & FRAB A NA T Y 2 —

¥4 B

(2012)

NWERARLTWD., A7 Y a— VAR 2 9 K
52D 12y E L, FAZEZBMLIZDAER
L7720 LT, AP a— L E eSS, ZORE,
FAICEKEDO W WA Y 2 — LN TETE
0, EARWLREMEMEZES TE .

=77, BmEICSE U7 L— ACEET X L— L
L, MADOWEEITY T s v a s —LDEE
fb7e &, ERMLICHIT CORENPE SN TS

5. HEME

AEETIL, ZAMTORT Y 2 — VEBORTE
Bel LT, HADARY Y 2 —VEBEITH AT A
FRELRF L. AVATF AL, BHRIEHS =
ENTE, &I uLrva v AT ARG
FVEWSIT A Z T, @Rl —FMRBUTIR U
A a—NVEERTHIENTEDLLOTHS.

BEAH S OEERZITY, YIa2b— gl
T, BELEVATATAY Va2 — V2 EETXS
WS T ENIRENTZ. L LN BHRERTET
FAN—= N AT LDOIERTDEMR LTZDHTH
v, 7L —AOEHSHFEOEBMN, 2—Y A 2T
T—ADKEREEEH L, ZANEOX AT B
REOEBNASHOMETH 5.

Z E X ™

1) FRIE— : MR =% 23— s 25 5 A,
T HiRE (1997).

2) ANLHHERE © http:/fry.no.coocan.jp/lecture/Al/aimemo.pdf.

3) ALHRRZE « nal AL, RRAE R (1998).

4) A7 x7 MEMAZ YT hEFE Ruby : http://www.ruby-

HAE]

lang.org/ja/

5) Ruby on Rails : http://rubyonrails.org/.

6) The FreeBSD Project : http://www.freebsd.org/.

7) The Apache HTTP Server Project : http://httpd.apache.org/.

8) FAT DI H O LLEL ¢ http://www.sap-jp.net/mmi/sg001014.
htm

9) M BB =R AT V2=V S H#@E - ET L -
TAITY XK, R, Vol.153, No.2, pp.231-259 (2005).

10) ZHEDH 0, WARZEAL, ERERRT, MR “HIRKERRE
PBICLDFEEMA TV 2= VT VRT L, ERLIE R4
FE R, 551 B 7 %8 (1), pp.379-380 (1995).

11) PostgreSQL:The world's most advanced open source database :
http://www.postgresql.org/

12) Gnome's Guide to WEBrick : http://microjet.ath.cx/WebWiki/
WEBTrick.html



FEOFEENRzHET - RESEHLzBELE
T3V RBOERRS

R & mil EALT

A Programming Experiment Aimed at Growing Students’ Eagerness

to Study

Atsushi ONISHI and Naoki TAKAYAMA

The importance of computer software is continuously increasing in the global marketplace. However, many
people are not satisfied with the computer programming education provided by Institutes of Technology and
Colleges. Therefore many teachers are trying to improve programming education, and the teaching staff of the
Department of Computer and Information Engineering at Tsuyama National College of Technology is no
exception. This article reports the results of a new programming experiment introduced into the curriculum of
the 2nd year-class. The experiment challenges students to create easy programs, such as the construction of a
small game program. We expected that the students would gain motivation to study programing through their
attainments with these programming challenges. The results of questionnaires proved our success, with the

presupposition that experimental attainments are related to eagerness to study. Our next attempt is to show this

presupposition is true.

Key Words: Programming, Experiment,
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Construction of a New Astronomical Observatory and How to Use the
Subaru Telescope

Yuji SASAI

We are performing various activities for astronomy education, such as open lectures for elementary and junior high

school students entitled "Astronomical Observation Meeting - You can be a future Galileo too!" We have constructed a

new astronomical observatory, which is equipped with a 35cm diameter ACF (Advanced Coma-Free) telescope.

Moreover, for astronomy education and study, we investigated how to use the astronomical data of the Subaru telescope

operated by the National Astronomical Observatory of Japan.

Key Words :  Astronomy Education, Astronomical Observatory, Subaru Telescope
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