ISSN 0919-5440

LM KRS RR

TDHE
-
EX
|l

H15%

The Bulletin of the Shizuoka

Institute of Science and Technology

Vol.15

2007



A [REORTICHELETI ME FEAES
w X
R4 Ak BT T VL RE— Y OIEKE P WMEKEHE
............................................................ INZERtE. R, IR, MhE—. BE — 1
U x—7 Uy MEFOEE N~ R MEHIGI ZABANDIGH oo BHEH, FaEZ T
10857« Y5V L S THEE (2) HRAFER oo WKEE B a—K, BB, ik & 13
B b REERE RN P EERIGIER D FEHI  «oveveeveerermermeseemes e BEW B 19
MM 7 7 R F v — TR DR IEHULBEME oo = . RS 25
B BT EEED biunitary submonoid @ syntactic monoid IZDWT I wreeeerereeeseees HrpJRRER 33
Fos 53 v IEELID IV =S ARRE e THEEE, M B FA & 39
BBAEEIR & R —HERIZ E DR THEET 2D — e, BRIE 47
HOavF 4 vaviREIP2EHZDOIFNVIIEDRE?
X DEVEBEOADIEDIRD F 2 v 7 Y R R = e Gregg MCNABB 57
B3/ — b
#7370 vAERKRIEIC L 5 CMOS A ¥ /N — % OEREREMT  cooveeeeeeereneees K28 . ZHEH 69
S QES » FEIED SEURIEL  coveererreeereseme s WL B 73
SHRZA L [72 < L] DFEE  coeeererrerememenine i wiE o7
LEa—
FLURIC BT BEEME DB -veveereererremremenree et NS 87
77 VFNT =R 3B Ar,/NH; OREICBIT 5 BTLFHIPITE  ooveeeereriemieeeeeens BaILFHE 97
YT O ) = WRDEIBIRTIE  wveeverreeeerreesrerinesineneennens FEEZ. BOiEH. E5HEE 105
HERERS
BIEABREE (Al - R OFRK 18 FEEMMSE — 7 0 7 7 £ OYE L BRBEO A —
.................................... FERESE. ME B, BUKEE. TR Bl BRI, ) E,

R BL MAKEIE., BILSSRE FIRERSERA. SREFRRAI 117
PR I8 EEA v 4 — v vy TEERE—F v V THEBEOAA v « Fu s/ 56%HELT—
................................................... 'EEEEB%/\\ i’?\‘z\z,ﬁz\ %*if%ﬂé%\ ﬁﬂ{ﬁﬁ\ WJE':J__EZ\
FRERE, KA, B Ak, MTTRRE 127



Contents

Preface President =~ Nobuyuki ARAKI

Original Papers
Sine wave PWM-drive system of brushless-motor using a microcomputer
.......................................... Tadahiro KOSUGI, Keisuke OYAMA, Takashi SAKASHITA,
Ryuiti MATUI and Hajime ONDA
Fast Burst Synchronization using a Wavelet Analysis
............................................................ Yoshiro HAKAMATA and Nobuyuki TOKURA
Decimal Digital LSI Circuits (2) Experimental results
--------------------------------- Hiroshi HATANO, Kazuya MURAMATSU, Katsumi SATONAKA
and Tsuyoshi YAMAMOTO
Test circuit experimental results for logic gate speed-performance analyses
......................................................................................................... HirOShi HATANO
Tactile-information-processing mechanisms of fine-surface-texture discrimination
.................................................................. Tetsu MIYAOKA and TOShiO NAKAMURA
On syntactic monoids of biunitary submonoids of free monoids M  ------ Genjiro TANAKA
Programming Education and Development of 3 D-Computer Games
................................................... Teruo TAMAMA’ Takashi KOMATSU and Yu AOKI
Delayed Choice and Probabilistic Backward Causation
—At Which Stage Does the Collapse of Probability Occur?— — «oeeeeeee Yutaka SHINBA
How's your car? How's your driving?

— A reflective checklist for better classroom teaching— — roreerererececeeeess Gregg MCNABB

Research notes
A CMOS inverter speed-performance analysis utilizing fabricated sub- um circuits
..................................................................... Hiroshi HATANO and MIChlakl SHIBATA

SEU Effects on Spaceborne Dual Latch Circuits — cceeeeeeeseseerseinn.. Hiroshi HATANO

Many Worlds Theories and the Enigma of "Self" = ::eeeeeeseeeeereeeremmmnmennnenns Yutaka SHINBA
Review

Intentional understanding in infancy ................................................... Daisuke KOSUGI

Quantum Chemical Study on the Structure of Ar,/NH; Van der Waals Trimer
......................................................................................................... Hideo SEKIYAMA

Fragmentation of Cyclopropanol Systems

13

19

25
33

39

47

o7

69

73

7

87

97

------------------------------------ Masayuki KIRIHARA, Takuya NOGUCHI and Akihiko HATANO 105



Education -related Reports
The Preparation and the Practice of the Educational Program

"Exercises for Creation and Invention" in 2006
--------------------- Shohei NIWA, Masaru SAKAKIDA, Shigeomi KOSHIMIZU, Minoru DOHI,

Satomi HATTORI, Jun NAKAGAWA, Rui NAKAMURA, Kurima KOBAYASHI,
Hideo SEKIYAMA, Tomiaki KAWAMURA and Toshinori SAKANO 117

A Report on the Internship Program in 2006, For the Main Program on Career Education
--------- Hisato TOMITA, Kousei KUWABARA, Tatsuo NOMURA, Toshiyuki WATANABE,
Masayuki KIRIHARA, Tomiaki KAWAMURA, Kazunori OISHI,

Toshimitsu HOSHI and Tomohiro TAKESHITA 127

Graduate Student Thesis Abstracts ........................................................................ 141
Research Activities

Abstracts Of published PADEYES ettt ettt sttt 199

............................................................................................................... 216

229

Presentations

Books



HEORTICHFET
¥R 7w K =

BB TRASR, AL L TORANERE O [KE] - [HE] - MsER] o—
s EeE BBLT 2 L OFEBEHENICT- VT, £/, K¥OBEEPEINATVS
VIBICESOIEMS 2TFEH biT-o-TVET. TOLI BEHORED 2 LV IIEELZ —EHEE
KABELTE EDTARL, HADOIHEERT 5 E1E, A¥E LTEEMEEE S >TL
4. cocid, HE HROmOARNEHEE L TEBETH S EOMESYHEE - TW
ZLELNET. COBA, KEPAETIHECTR, &5 EFMOZIHIcRBIIITIEL
Cax SREENH D, DEMICHIET 2 4ENS D T

BHBETRACHOED, KEOMEREOREOEE LT, AEMBI¥ L EED 1992 4F 3 A
AT S & LCRFISNE L, B0T, ROEQAFIS, SEBERTS N, SE0 2007 4
BT, 15BHERDE L, Mo, EELT, AX - 5D« AEE - REEEEBMORE
BRHL, EEKEOWARER, ThZNORSRICRETLCLEMELTVLLITY, 2
D%, WAIRMAME SN, B - CROKAL FEREEEBRT2L51L, RXOET
M, R, — b+, Bl « Bk, vEa—REDEERERBEET LD TRAKRTIHLEL
F L 35i, A¥BAET LEYE0oBLAXESS2BMEHL, B85, 01, HEH
BEELESI Ve vVERY, BEZERTIRFORBERT O DELD T Lo, £, A
Bicl, A¥HELHOPREHERE LT, AEE—EMIERITRNS RN OB,
HAREOTRR, R LEEE0) 2 1 2B CHERBELRETE 3551 LTHY £ 7.

s ts ARIHEZ IS, © 5 % LA & AlE M THIBE S I BBk 2 BN E £ BT B T &,
AFOMATHY, MERREZHIBITELL TOL T EBEREDOFEFO—DITHE>TVET. £
D& > BERERITT 51010, KREN, KEOHMBIRbELD, HBOHLIcE>T, Xk
WIS D FHETH BT E2FH-TBD 9.



FRAEE LRI AR 1

A A NCE BT T VRE—FDIERE PWM EXE)H| 4

Sine wave PWM-drive system of brushless-motor using a microcomputer

AME BT Rl SRR, IR R RIE BE—L BE
Tadahiro KOSUGI, Keisuke OYAMA, Takashi SAKASHITA, Ryuiti MATUI and Hajime ONDA

Abstract: Brushless-motors are used in various field and still desired for farther technical development. Authors
are making researches for realizing more efficient performance of brushless-motor. Here, we constructed sine
wave PWM-drive system and feedback-control system of brushless-motor using the microcomputer. In sine
wave PWM-drive system, 3phase inverter is applied to produce variable frequency and variable voltage 3 phase
wave. Microcomputer is used efficiently to produce sine wave PWM timing and to realize control algorithm.
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Fast Burst Synchronization using a Wavelet Analysis

#H HE
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Nobuyuki TOKURA

Abstract: The paper summarizes the filter banks theory and the wavelet analysis that many researchers were investigated earlier. This is

because those theories are needed to construct trans multiplexers. Trans multiplexers mean a system where an inverse wavelet transform is

used as a transmitter, while a normal wavelet transform is used as a receiver. The construction is contrary to one that is used in a usual

multilevel resolution analysis.

In order to construct trans multiplexers, the filter banks theory and the wavelet analysis show the importance of a transmission delay

control that is inserted between a transmitter and a receiver. This time we made programs including analyzing filter banks, synthesizing filter

banks, normal and inverse wavelet transform functions, etc., and we simulated trans multiplexers in C  programs. As well as the theories,
the simulated results also showed the importance of controlling the transmission delay to establish block synchronization of the transmitted
data. However, we don't acquire concrete resolution method to establish block synchronization. These issues will be investigated near future.
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(2) Experimental results
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Hiroshi HATANO, Kazuya MURAMATSU, Katsumi SATONAKA and Tsuyoshi YAMAMOTO

Abstract :

Three different decimal LSI circuits, a decimal adder, a BCD to decimal decoder and a

seven-segment decoder have been successfully fabricated utilizing a double polysilicon and double metal
1.2 u m CMOS process. The newly designed decimal adder and BCD to decimal decoder both using an original
gate array technology, have been confirmed to function correctly by fabricated chip measurements. The
experimental results have also shown that the seven-segment decoder circuit for a seven-segment LED display

operates correctly.
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Test circuit experimental results for logic gate speed-performance analyses

WEE B
Hiroshi HATANO

Abstract : In order to investigate very-high-speed logic circuits, eight-input NAND and eight-input NOR logic
experimental circuits have been successfully designed and fabricated utilizing double polysilicon and double
metal 1.2 u m CMOS process. 2.7 ns propagation delay time difference has been found in eight-input NAND
circuits for different input conditions. 2.8 ns propagation delay time difference has also been found in
eight-input NOR circuits. These results obtained here should be carefully taken into account in very-high-speed

LSI designs.

1. #8

A=Y 7Y EEFEERLETHLS I OFm#,
BERBIENEEEC 20 >0 b D BEREITH D=0, ¥ —
ML TOEERILORTIVBLETH B,

DT — XV TOEMERILERNT S0, 3AH
NANDEI & 3 AANO REKZ AV TASEINSEE
EEEELHALNC L CBRICZ DR REL®RE LT, BB, 3
ASZINANDER, 3AANORERIZEBNT 1YY
#1ns DANFBREENTEET D Z ERHALMNT 25
7= 2)0

WX TIEBLS I 0O—BOEMLEAHEICBVLTS
AJINAND[EIK & LA NORBIKOEEMRES. 8 A
JINANDEIH & 8 AANOREKDREAIEIC L 9K
HLEDOT . H73I/8rCMOS FrtR ka5t
BF v 7 OERER % FLICH]ET 5,

2. 8A/INAND/NOR[E®

FREEAYICIX B MR ERERICB TS, T YR Z L
NVETERBIZANTZ AN RMEDENDBE BRIEHREIC
RETHELZHMCAS T S7-HDN AND B KAz
RO IBEOERBK X 1127, NANDF — Mz
B DL LMV BIERR & ST 0 BERE 2 58+ 57
O, 1EREIZA =42 B x| EIERAEER, Avnxa
— 7 CERIFRER BT L 2B X HIC8 ASNAND
AU N—F D% 50 BREEE LT, 8 AAAINAND +
YN=F D50 BBF = — L ERE LIz, IO—F L8 A
FINANDEREDAHETIZRE CER%HIMNT 3 EK T,
8 ANRIFZE{NANDERE (8NAND) ThHs, MO
EnS 2 FBUTOEBIZ8AND D H T AHRV i
BRISNTOTEID LI OB ANER-THTS AN

200743 A 2 A
*OBTHS BRETHHIEH

508%

1 2

BNAND 1N W”"%W
VDD

1NANDa 1N W""%O”T
VDD

INANDD W W"“@—D—wur
VDD

1NANDG 1N W""%W
VDD

INANDd 1 W.m%om
VDD

INANDe
IN Po—nas out
VDD

wor L DD b AD p
VoD

1NANDg N E H >olg H >o—--_.-|g H >°—°0UT
VDD >

INANDh M
N ouT

XK1 8ANINANDA+HA U NN—FD50EF z—

50E%

1 2

BNOR  IN W---—@—D—:om

1NORa Wm—@—b—«om
IN
AN

1NORb 'N"é >’ >°Lé H>°——|é )——[ So—o QUT
VSS

1NORe INW"—L@—D—‘OUT
V§S

1NORd ‘NW”‘E}’%O”T
VSS

INORe IN M—D----—@—D—«om
vss

INOR 'NW--J@—D_@UT
VSS

1NORg 'NW..A%OUT
VSS
IN

INORh W---%om
A

2 SASANOR+A /=D B0 BEFz=—



20

Vol.15,2 0 0 7
VDD
VDD
e . { ]
B i B B e (g -H% h 2
> < : ouT g |
a ! f i
b | e |
c , 1 d i
d % c ;
e | b i
f % a ‘
g | 4 ouT
h , B 4B Y4B Y 4B U Y4B LB
X3 8AANAND®D LT IRAXEKR VS K4 8AHANOR®DKMT U IAFEKE s

I ALY

@SSAﬁHﬁWMNAND+4/A—&6 @68Aﬁllﬁ£MNAND+4/A—5®
SOEX%:;—/ (8NAND) DLAT v MK 5051%1—/ (lNANDa) 0)1/47"7 RS

7 8ANRMENORFA U N—FD
50 F =—> (8NOR) LA T7W MY

X8 8ANIAHNEENOR+AN—FD
50 ¥ F x=—> (1NORa) LA 7Y XA



HEEE TRERSFHC R

ANEWNANDEE (1NAND) TH5, INAND
O 8FEEOEBIIANESEZEHMT BMFHER > T
T, ANEFRHEAMNGEVWS 25 1 NANDa, 1NA
NDb, 1NANDc, 1NANDd, 1NANDe, 1NA
NDf, 1NANDg, 1NANDh & LT,

B U< NOREKMBHTA® OEEOERBER YK 2 12
AT, MO—F L8 ASINOREBIEDAHETIZFEUE
FHREIMT HEE T, 8 AHRKFE{LNORERK (8NO
R) Thd, MDOLENG2FBLUTORIKIEZEANIDI b
TANNVss ICEREESNTWHWTEYID 1 DBANLR-
TWTB8ANTANELNORERK (1NOR) THHD,
1NOR®DSFEEDPEIKIIANETEZHMT 25T NE
2o TWT, AASmFRHEAMIZEWED S 1 NORa,
1NORb, 1NORc, 1NORd, 1NORe, 1NOR
f. 1INORg, 1NORh & L7z,

X9 8ANINANDA+A LU R—EZD50FxF=—2
EWFER B 50ns/div. fitEh : 5V/div

21

B 3 IZ8 A/INANDEIED 7 VR Z[ERKH %R
4, NMO S23EFIIZ 8 fl, PMO S 2 F 8 B &
NTHERINL TN,

M4IZ8ANINOREIRD v T v VA EIBRERT,
PMO S7:EFNZ 8 fl, NMO S A5z 8 E#HEE ST
BRINTVE,

B bRBICRIE LI EREIRDOLA T Y NRIZRT,
X513 50 B 8 ANIRIRFAILNAND +A /=% « F =
—Y (8NAND) OLATv MN%RT, ANTELED
bAY, ETICHANTHEIETHD, K61L50EK8 AN
LAAEENAND+A =% « Fx— (1NAND
a) DVAT Y MNATHD, ¥ 71350 B8 AHRBFLELN
OR+Av/NN—=F +Fx—> (8NOR) DLAT v NH
R, K8IX50EE8 AN 1 ANENNOR+A 3—
% +Fxz—> (1NORa) DA77 hATH 3,

A7
IN

7
8NOR

H A
1NORa

B110 8 AZINOR+A 2 /_"—H D50 rF = —
ERIFER M - 50ns/div. it ;- 5V/div.

11 4FEEDOS0EF =—2 D
BMEER (5% : 100 %)
8NAND : AT
1NANDa, : At
8NOR ET
1NORa :ZEELE




22

8 A 1 ANZE(LEIRIICE (2) LRICLHIZ8NA
NDa & 8 NORa ##fELT=,

3. EHRHR

BESRD INANDRUNOR A — Nl EEMEREREAT I E5R
B D) 2 TSR RIERBIC/E-> TR 5 LK
6 D50 ENAND+A /R —F « Fx—UDERINS,
8 AZINANDZ—h 1 Bt4729 D8 ANFEKELE 1
AN LDBIERR D EE KD T,

K9 IZEREES VICBITH58NANDE 1 NANDa
D AT % 7~ T, 50 Beidif 4 DI IERFE D 221349 135 ns
Thb,

B 10 ICEREES VIZBITH8NORE1INORa ®
% R, 50 Bl OBIERR DO ZILK 140 ns
Thb,

M 11 ICRIERIR OBMETE L RT, £ LORBKD
1NORa, AENR1INANDa, ZEF2B8NOR, FTN
8NANDTH 5,

B 12 iIZ 8 AZINANDEIKIZIIT 5 8 AARIKE L
LANZELD 1 Be X7z ) OBEIEREZ D BEIR B LR FIEZ
T, BABRERFBRTHD, 3F v TOEHEERT,
F/- ARIEY I 2 Lb—2 g VIERTH B,

X 13 128 AAINOREKIZEITH 8 AHRKELE(LE 1
ANZED 1 BeX7- 9 OBEREZDOEBRELKTFLESY
Y, BANEHRERTHD, 3F v FOEHEERT,
2, ALY I 2 b—Ya VR TH B,

UEDOERERNS, 8 ASINANDEK CIIERELE
5VOE, AAREDENILY 1BYS7-082.7 ns D
BIERRZENRETHZ LN L, £/2, 8A/INO
R@%f@%ﬁ%&5vwﬁ\Aﬁ%#wgwm;o1

]

10 +

R {
&=
i ‘ o
e
W o6
o
3
4t o
X
x
2+
CEM °ovIiar—iay
0 I
0 i 2 5 §

3
BEM
12 8 A/INANDIZHIT B 8 ASREEELE 1| AS
Z{ed 1 Beie b ORI ZE O BIR BRI

Vol.15,2 0 0 7

BXY7z 04 2.8 ns DBIERFHIZENHET 5 Z LA L
Teo Xk (2) THRARZXEHI21.2umCMOS7rERT
RIEL7ZEIRO 1 X7 0 OFEH)BIERIT 1 ns FREELL
TThHHID, ZUODERITEET 2 Z L3 TERVWE
Thd, 2B, 8ANRBEE(E 1 AHELOEIERHZE
OFERIEICE (2) TERSE~N-E B TH 5D,

4. %
FLS IEKICBITEY — h LV OFEEELED
BEZ21TH -, S A/INANDEK & 8 ASJNO R[EIH
DEIFEEE D ASENNRRFEE . 1. 2unCMO S 71
TRAEROWTRIELEET v 7OEAN LY EBRAIZEHD
M LTz,

N ANDIER Tt 8 ASFIRFE(LEIR OERAERRE 2 1
ANEEIE LD 2.7 ns BOEWIRERENE SN, N
O REIF TiL 8 ANFRIRFE(LEIFR OBIERFRIA 1 ANE
LERR LY 2.8 ns B EWIBERNE LN,

ABFRICBOTE SN 8 AN ERE D ERIRERITEH
ZEBLS 1 HEOmBEIOBANLEKRE L. +9E K
SINBITNER RN EEIBND, —FH, YIalb—Y
3 VDRESFE . ZATREBER ORIEEES LD
ATEINGHARGEE A2 A — N — 2 2R F g A b TH &
2725 Z EBHBA LR,

i

wEr

ABEICBET 2 F v TRIEIRERFERREER S 2
T ARFBEEM R F—B LA I a2 F 05—
(#R), BAE bu—7 (]R), HOYA (]R). ®tE 7 (K)

DHHTHDNE LD TH S,
14
12 °
10
= 2 o
&
&l
B 6 -
I o
4 L
[
3
2 ‘
CEH O vIal—vagy
0 . - L L
0 1 2 4 5 6

3
BEM
K13 8AANORIZEITS 8 ANREBEELE 1 AH

D 1 M7 ) OB 2O EIREE (K IEME



FH B TR SO R

BE
1)R. H. Dennard etal.,” Design of ion-implanted MOSFETs
with very small physical dimensions” , IEEE J.of
Solid-State Circuits, SC-9, pp. 256-268, 1974.
2WHE W, AR, BAHE, ‘NANDRERUNOR
77— D EHEEVERERRAT A EREIRE O E”, BEE AR
FHeEE, vol. 13, pp. 27-32, 2005,

3) T.Ochiai and H.Hatano,” DC characteristic simulation
for floating gate neuron MOS circuits”, IEE
Electronics Letters, vol.35, no. 18, pp.1505-1507, 1999.

4) T.Ochiai and H.Hatano,” A proposition on floating gate
neuron MOS macromodeling for device fabrications”, IEICE
Trans. Fundamentals of Electronics, Communications and
Computer Sciences, vol.E82-A, no. 11, pp. 2485-2491, 1999.

5) T.Ochiai and H.Hatano,” A low temperature DC analysis
utilizing a floating gate neuron MOS macromodel”, IEICE
Trans. Electron., vol.E86-C, pp. 1114 -1116, 2003.

6) FREAD, “THEIEIBRR AT & KA ERE B AT, #E
B TR RS 2005 4EEZR 34

23



F B T AR FHC

25

FF R T 7 2 F v — ARl ORI E BT

Tactile-information-processing mechanisms of fine-surface-texture discrimination

=hE B, A
Tetsu MIYAOKA and Toshio NAKANURA

Abstract: The purpose of the study was to investigate the low-pass filter characteristics and to evaluate the validity of
“amplitude-information hypothesis” proposed by Miyaoka et al. for the mechanisms of fine-surface-texture
discrimination in human tactile perception. Two experiments were performed. In Experiment 1, six diffraction
gratings were used as stimuli. Their wavelengths were 6.7, 13.3, 25.0, 33.3, 50.0, and 75.2 um. Six subjects
participated in the experiment. The stimuli were moved on the index finger in three moving velocities and the
subject judged roughness of the stimuli with two-altemative, forced-choice technique. Psychometric functions,
calculated from the experimental data, clearly showed the existence of the low-pass filter. In Experiment 2, five
abrasive papers with particle sizes between 1 pm and 30 pm were used as stimuli. Six subjects, the same ones as in
Experiment 1, participated in Experiment 2. Patterns of psychometric functions obtained in the experiment were
similar to each other in spite of the changes of stimulus moving velocities. The results supported - the

amplitude-information hypothesis.
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Fig. 1. Simulation results based on the equations (1)-(5). The vertical
axis shows the probability that comparison stimuli are judged rougher
than standard stimuli. The horizontal axis shows relative wavelength of
the comparison stimulus. Each symbol in the figure represents the
results of each standard stimulus, respectively. The x, in the figure

shows an absolute threshold.

AR ASER B xo 28 % 5 & (Fig. 1 DIKILED), ¥KE
Dxg U T DHEBHFREDOF Z M B X B HEIT05 2 T HE
% (K@), HEHEMERENy XVREL DL, LB
DFERNEBE XD RN LIED D ((5)). 1ZHER)
WMOBRNILIZELS 25 L (REH, RIUAR), HBE
FRRIE R xo AT CHERROF 24\ & T BRI ET
ETWADT BN (K@), HBRIE R S x 82 D &b
BRIEBEAHEIMIE LS LW ) 7 — i3 B LW (R
5).

ST, ZOXH7u—R7 4 VFZ NIFET HEE, fit
BRIZED LS REREANVTEMT 2 2F ¥ —DFH|
EIToTWBDTHAHH. ZHIZBELT, B LED
MRIBE SRR 2B L2, Z 2 CIRIEB®RIRSIZ
WTEX DR, LKBREINBMMT 7 2 F v —#FZ
B3 B ORAARER V BRVDONTONTETI,
Z DHIZHTRIBERIERIZ OV TRHAT 5.

WHET 7 2 F ¥ —RBEFREICT 2L LTETE
WK DI, BEOK/NEFENND & LTHRIHEE LT
TWA LT HRHATHD. FIMEREOEIANE > & EEO
RESILERD. ZOBBREOKE SOBVWEZELME
DBNELTHELTWS LW AIREMAEZ BN 5. L
ML, BEBHEBERIZS Y av A VR L, BEEREY
MEL LTHERBRICIFELAR2VDOTY, ZofEHin
HREV THDHZ ENRbNs.

REERZ A OMREREETHODIN DR
FUEMMBMMT 7 2 F ¥ —DIFREMIZESD &0 5 (REE
bdHBH, LrL, TORMHEKY Lz, bhbhuas)
WREOHME - BONIEFMA D &5 L &iTix, B E
THEHLLIBEDOEI TBE I LN bHMERE 2 1E%R
55, Fl& LT, 30mm/s DFE THEEZEIN LR DR T
YA X 3pm & 30 pm OFEDOFRENEIT O BEEE X TH



HHEE LRERFHE %

500 pm

Fig. 2. Cross-section profiles of abrasive papers observed with the
contact profile meter (Kosaka, SE-30D) with and without a filter. The
top two profiles are the cross sections of 12-um particle abrasive paper.
These two profiles show the same part of the same abrasive paper. The
upper of the two shows the profile without a filter. The lower shows the
profile passed through a filter. The filter passed waves with
wavelengths which were greater than 250-pm. The bottom two profiles
are the cross sections of 30-pum abrasive paper. The upper shows the
profile without a filter. The lower shows the profile passed through the

same filter used in the 12-um abrasive paper'?.
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Fig. 3. Psychometric functions based on the data of the diffraction
grating discrimination experiment. Moving velocities of stimuli are 5
mm/s, 10 mmy/s, and 20 mm/s from top to bottom. The vertical axis in
each figure shows the probability that the comparison stimuli were
judged rougher than the standard stimuli. The horizontal axis shows the
wavelength of comparison stimuli. Each symbol in the figure represents
the results of each standard stimulus, respectively. The unit of the

values in the legend is micrometers.
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7-DT, B OEERRITEIENE, 3X30X5 = 450
BlEieote. ok, ERPIIRERELZIE & IRWVZHIT,
ER 1 LARICERBIRE % 25~27CictRk o 7=
42 R

FER 1 LRBFOFETEERREORNE #EF L. Th
DRREBEIEESREZ LS5 7L LR R % Fig. 412
N9 . Fig 4«a) IXHEBEREE A S mm/s, Fig. 4-(b) 1l
BB ENEEE A 10 mm/s, Fig. 4-(c)i XM 8N B A3 20 mm/s
DFERTHD., WTHhORIZBWTY, BFDiKE, KM
A, IR=f, KA, BIKEOLKENT, BHEREL T A X
NEhEh1, 3, 9, 12, 30 ym OLEAIEEHKEH O b
T, SROBENI B ORI T X, iR
HERE & D BRI O F 2N E B X R TH 5.
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Fig. 4. Psychometric functions based on the data of the fine-surface-
texture discrimination experiment. Moving velocities of stimuli are 5
mnys, 10 mny/s, and 20 mmy/s from top to bottom. The vertical axis in
each figure shows the probability that the comparison stimuli were
judged rougher than the standard stimuli. The horizontal axis shows the
particle sizes of comparison stimuli. Each symbol in the figure
represents the results of each standard stimulus, respectively. The unit

of the values in the legend is micrometers.

3ODHELBLTHD LMD X HIT, REOBERE
ERELTHWRIZH b bT, R—0=ZAERE (Fx
ITHRLFY A X1 pm) THLNZOBRBERE Y — 1T
FEAEEDLL R ot ETn, FREOEE DIz SN
BRERBRBONY - R—EHMIIEb> TV &)
ERITHREINER L, ER2 THBR I 2o 12,
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BEMBERLZIEE LTRHWEE 0T 7 A F ¥
—FH D LERIERBEIL, HRE OEIMN 2R OB E
BEEAS S mmy/s 25 20 mny/s 1IZZE L T HIIER— 7 —
CERRLE. 2, EVBRINIDEEFEROR S5
ABFBWOE HIIZEBINRNEVWIZ EERLT
W, 29 LEBRITbh by BERNICERT 5% L
—HLTW5. bhbhBMAbr0OxREf->T, TOX
HOHE - EONEEMA D LT D5E, DEELE IR
DEZTOHRBORI - ELNSOHIBRKIBIZE D> T
LEDZ Liddav,

t ROHET 7 A F ¥ — BT DHEITIE, 8L
REOMICEIENMLETHD. £/, bt hOMERITIo—
IRRT 4 NE RS TWBD T, SRIJIZAE RIZA
NENDEBEBHERITITIERERFET L LIk, Z
OHFIRIZHEAH S, Fig 4 208 L1R K51z, MER
ITHFYA X1 pm OFEFERRET STV X 3 um
DREFBHERREAORI OBV EZRHTE S, 5L KD
M OFEXTEREE A 30 mm/s 72 5, 3 pm D IEFKKIX 10 kHz
EWHZEIZRDED, TN TIIMEROT —Z2 7 4 )L
FEBBTHILIITE R, BB, ER1 OBEREMD,
WEREDABT 7 2F v —FBNFIA L T2 1EHRIT, &
BB X Z 600 Hz AT TLGHEEOBENREIZK
FLRWVERE VWD ZLThs, ZoFEREACTHS S
BEITOBRICR L AREEAB NV EEX DN B DT, #IK
DOMMERE AN Z L THhD. Fig 2 DAL TR~
7= X 912, 1~40 pm ORIFIZTOVTIE, 250 pm LA T DO
RENY NTBHT74NEEBEBRLIEZEZETY, BIFT A X0
RELRBIFERAMHIRIBENRE 2B &\ 5 B
RAMERF SN T2 D WBRE S 0 — "R 7 4 L F %8B
L72RE o MMEREZFIA L TRET 7 2F ¥ —#5%
ToTWBRL, SETHLNZIINTEMEROED
DEHANT, E5R 2 OFEOM I OMERFNI 75 FRET
b5, Lrb, AEREOMMNEREANTNERDL,
DFBNNL, BEFEROEE, RSB/ R E
Mol VB o7c ) LRWIRY , EEIKFEE TR LN
NERDITTTHD. ER2 OBRIIZOHRZETTS
LD ThoT-.

5. BEMHBE

ER1OER»D, & FOMERIIR— /27 4 L F 4
HERT 2L, £ LTEOBERB EREARENEE L 400
~600Hz DRIZHD Z LML N LR, F, EBR2
b, B OBENERE ORI b b T B BROR
7 7 AF ¥ —FRIEDNIIERAE NN Lavh
Mmooz,

RIEA BT T O5E, RIEBENEE 2 20 mm/s & 725
LR 25 pm OFEORENITI D — /27 4 L F @RS
DIENTETHWHT 7 2AF ¥ —IIMRE INierotz. Z
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NITH L, RIBAREEEROGE L, YA X581 um
L3um THOTHEDT 7 A F ¥ —RBNI+SFRRETH
o7z, & 25 mm OEYTHEFO2IREIX 10 pm THh 5 H>
b, TOMMIIERB+ORHETE28MICHD. L
L, 20 mm/s TIF & HREASRRERENT5 &, REE RN
0—/RRAT7 4 NVF B0 EREZELX TLE 5 -DIZR
EHFRIIAN ST, o TR SR o7, Zhizxst
L, #I21E3 pm ORBEFERKREIL, Fig 21R-LEX
LT ESEDEERS & ELT0IZ, TOHERO—ERIL
B—RRATANF BB THIENTE, TORKE, 7
AN BB LB REFATEZLICLY, KiFYH A X
3 pm DRED 7 4 )V F i@i@% OM O EREA 3 pm KT
THHZHEOLT, WHMT 7 2AF v —2METHZen
AREL IR o7,
KIFRDOFERDS, & MBBMT 7 A F ¥y —2E+5
TeDITIL, ETMERICANINDHFRIME RO 7 —1
A7 AN EZBBTCERTIE ROV EARHL L
2ol RIEMIMRIED + 57 RSB AR OME TE 5
RESIThotL LTH, REBEEKEL LTI LT %
BECTERTIEL, TOFRITFASNRV. 72, fivE
FDO—NRAT 4 VEF EER L E 2 THIE, FEERIEA >
RYPNELSTHEMT 7 A F v —HNHETE 5. B0
EORIE TIX, BT 7 2 F v — K Ot BRITRLF3 A
08 umfHLiZd 5 Z LR ENTWS CRERTF—¥).
AFEDOFERND, M7 7 2AF v —HE L FHEIZT S
FRREEEHALER A = X 5 & LT, R0 IRETE®R %A
THRL, BERALNCEN TV BMERDREHDEEAN
THMT 7 2AF ¥ —HMERFETHD Z ERHLNER
ol EHFTHEFO L D 8Bk BRID - DITHEBIZIEL L
TEANIHERL &, bhbhOREBIZH 5 BOREITS
BRERESEZEATHS. b, Fhbiciiis & &
DREOEEEED, FHEREAORTRELELTELT
W5, ZOXSITRREERDEVANZEIZBNT, fif
RRDWHT 7 A F ¥ —HREHENE —EIBE O DITE
EMED B 2 FIBIRIEERE AV D L0 5 (RE1E, BRMEA
PRVEWEEZILNS.

6. fEim

ABHRIL, MREROWHMT 7 2 F ¥ —HEIZBIT 5 a—
INRATANE DFEETARDZ L, BXUOWHMT 7 2F v
—HEEFRRIZT AR L L T OB RN O Y
ZRET 5 BMCEBIN . B F 2R e LTHW
TeEBROHER, a— SR T7 4V BHEPEETDHZ L,
ERTHOLNILERERBONRY - TETFLELT
BEINEYIalb—ar Ry —r b EAMIC—%T
&, =R T 4 VF BB TE B LIREREN
400~600 Hz DIz H 2 Z EMNBH LN E ol £7-, ¥
BHERETAWZERNDS, BT 7 2 F v —HE L 7kE
29 SR ROEROEERE & L CTREINIREER
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RALE T DAL R b iz,

A1%1%, AFREEE X T, RIEMEREEHL BYICRE
LAEROB—RAT A VFIZONWT I LICIEMRT —
FEBDHDIENEELEXD. £, AFETRELLE
TN EERSE, LM THMOTTREREEE[ LT, £
BRT—HIZESNWTRTA—FEEREL, a—/327 4
V@R ERRERBE R CTRODD ZEREELL.

RIBERGIZ OV T, RRDOHFRQEREH DA
TAMBERMMDRTE S EE L 0D, TOREFHZIZ OV T
S OIZRFTEMA T LERH S,

HEE
AFFEDEMIZY 7= > Tix, HEBIBREFAE, BO
BLE ATH—B, ANEER, IWE—Z, ERHE
DBHER”RT=.

51 FASCHR

1) M. Hollins, “Touch and haptics”, In S. Yantis (Ed),
Stevens’ handbook of experimental psychology (third
edition), Vol. 1: Sensation and perception (John Wiley &
Sons, New York, 2002), pp.585-618.

2) M. Hollins, S. Bensmaia, and R. Risner, “The duplex
theory of tactile texture perception”, Proceedings of the
Fourteenth Annual Meeting of the Intemational Society for
Psychophysics, 1998, 115-120.

3) M. Hollins, S. J. Bensmaia, and S. Washbum, “Vibrotactile
adaptation impairs discrimination of fine, but not coarse,
textures”, Somatosensory & Motor Research, 18(2001),
253-262.

4) EMEM, “BEOE V2 —/VEE", HREBEIAKER
H, 3(1994), 85-98.

5) D. T Blake, S. S. Hsiao, and K. O. Johnson, “Neural
coding mechanisms in tactile pattern recognition: the
relative contributions of slowly and rapidly adapting
mechanoreceptors to perceived roughness”, J. Neurosci.,
17(1997), 7480-7489.

6) C.E. Connor, S. S. Hsiao, J. R. Phillips, and K. O. Johnson,
“Tactile roughness: neural codes that account for
psychophysical J.  Neurosci.,
10(1990), 3823-3836.

7) C. E. Connor and K. O. Johnson, “Neural coding of tactile
texture: comparison of spatial and temporal mechanisms for
roughness perception”, J. Neurosci., 12(1992), 3414-3426.

8) K. Johnson, “Neural basis of haptic perception”, In S.

magnitude estimates”,

Yantis (Ed), Stevens’ handbook of experimental psychology
(third edition), Vol. 1: Sensation and perception (John
Wiley & Sons, New York, 2002), pp.537-583.

9) K. O. Johnson and S. S. Hsiao, “Neural mechanisms of
tactual form and texture perception”, Annu. Rev. Neurosci.,

Vol.15,2 0 0 7

15(1992), 227-250.

10) K. O. Johnson and G D. Lamb, “Neural mechanisms of
spatial tactile discrimination: neural patterns evoked by
Braille-like dot patterns in the monkey”, J. Physiol.
(London), 310(1981), 117-144.

11) K. O. Johnson and J. R. Phillips, “Tactile spatial
resolution. I. Two-point discrimination, gap detection,
grating resolution, and letter recognition”, J. Neurophysiol.,
46(1981), 1177-1191.

12) T. Miyaoka, T. Mano, and M. Ohka, “Mechanisms of
fine-surface-texture ~discrimination in human tactile
sensation”, J. Acoust. Soc. Am., 105(1999), 2485-2492.

13) B, “MERMET 7 2AF ¥ —MRBIIBITE7 4
NEREEORE”, BMEIARFELE, 11(2003),
95-105.

14) R. S. Johansson and A. B. Vallbo, “Tactile sensibility in
the human hand: relative and absolute densities of four
types of mechanoreceptive units in glabrous skin”, J.
Physiol., 286(1979), 283-300.

15) A B. Vallbo and R. S. Johansson, “Properties of
cutaneous mechanoreceptors in the human hand related to
touch sensation”, Human Neurobiol., 3(1984), 3-14.



FHIE TRERFHCE

33

HHEAMFEE D biunitary submonoid @ syntactic monoid 22UV T 1I

On syntactic monoids of biunitary submonoids of free monoids II

Ed JRKER*
Genjiro TANAKA*

Abstract: This paper is a continuation of the study of Tanaka[10]. We deal with the maximal biprefix code

construction which is a natural generalization of group code construction.

RBELHER
AFRICIIICHR [10] DR CTH D. W CTREERRE, EHOF
FIIOCER [10) O DOF & BS A2 52 5. K [10] TidE=—
N ORI BT DILR ATV, BHBEAER A* 2D 5B
HFEM D 1-H MY _E~D morphism 5 & X, M! O
WAEDESR SIZO0TiX o 1(S) 4% A* @ free submonoid
7L, TOREEIMA biprefix code 2723 Z L &R LT-.
b D code IIFERBMYBEORBUMMET DO TH DM
o, completely simple semigroup code & M5 7 LA HHKD
HEDOLDTHD. AW TIX, STHR [10]) TOHETHH Z L
23D code @ syntactic monoid ZHd% 9. HH7 2 FHE
LEEFIZOVWTI, EEEZBHTR (10 23R T5ZL L L,
VEBER/NROBAICED L. UTICHR~R55E5 A,G, H, |22
WA EELZE L CREFOEREZEE L THEAT 5.

ART7AT77_y b, AT 13 A EOBEBEERE, A" 13 AL
OBRBEMEHETS. G I3, HIZGOHMEEETSH. U
LORELERICOWTIERIEHLZE L CEE L THWS.
blao,yeG@oozy e HA2BE, z=ymod H. L EL.

K %# KCHCG 2% G DEHHLT . GBS HD
ERSEOER FORERRROM: Nyegg ' Hg & K L D3t
@A K(H) TRYT. 29 K(H) = (Ngecg 'Hg)NK.

G EOWEEITH T %2852 I x J Rees matriz semigroup %
M(G;1,J;Z) ThbHHT. b L m=Card(I) &£ n=Card(J)
NEBIZERDEHEEIX M(G;1,7;2) % M(G;n,m;X) &H
YD,

p: A" = M(G,I,J,2)' 2¥RFEHLLETH. G DET
ROESES S ITxL

Si={(i,f)lhesy,  S= |J Sy
i€l jed
LT
Ly ($)=¢"1(8) | J{1}-
LEFRTD.
At b G ~DEHR §: AT - G %,

p(w)=(g;4,7) P&, d(w)=g,

EEETD. ZDEE o(u)=(z;i,7) 12 p(v)=(y; k,1) 725
1L, 6(uv)=z0,ry=0(u)o;rd(v) £725.

2007 53 A 2 A &%#
*ET A F# AT LER

4. L,(H) ® syntactic monoid
©: A" = M(G;I,J;%)! % _E~® morphism &3 %. X
Bk [10] I2&Y, X H LTS5 L(H) i3 A* O
submonoid TH 5. ARETIX, T 1T H LOFTFIDEFA, sub-
monoid L, (H) X A* @ syntactic monoid 73552 BAREHE &
RHZELETRTIENEBMTHS.

L% A OHMOEEETD. HFwe A ITHL A" x A" D
HOEEGERDOLIICEETSD ;

Contr(w)={(u,v) | u,v € A", uwv € L}.

L @ syntactic congruence = & XK TEHE SN 5 A FIEEE
THD ;

w =g w <= Conty (w)=Contr(w").

PA¥RE A*/ =L 13 L @ syntactic monoid &IFEIENS.

p: A* = M(G;1,J;Z)! % E~0 morphism &3 %. LA
T L=L,(H) DHBEICOVWTHERTDH. we A D =-F
i [w] TERT.

BG LIPSO jTLifletnZn Yyl £ Y7 T
T, K% GOWMBHETD. bLTTDieTITxL,
ooy € K 2biE, Y=Y "mod K L#EC. bLFA
TOjeJIHL, gji0;! €K 7251E, 30 =37 mod K
LEL.

B G LOITHI S OFT RTORSTERSND G OB
Z Gy TKY. 2Fb

GE:<0ji|j€J,i€I>.

BEG L0 IxI 1751 £=(0;:) AT 2 WM7-3 & * H-IEH
LENTNG LTS

(1) =13 H EOFFHITH 5.

(2) % (i, k) € I x I I%t L, o4 = oy mod G (H) %ilir-
ThoteJ BIFETSD.

(3) % (4, 1) € I x JIZHKL, 0js = 01s mod Gs(H) %=
Ths sl BEETS.

[H-EBYL SN 1T51) 72 HBEAITES 83 U T e
A([7) LI b DT ) —RUZHIREADEN D TH B H 5
BT

Bl 4.1. G1= < z,y| 3=y’ =(zy)’=1 > (3 KXIFREE),
Zi= < z|2'=1 >(hi$k 4 OKEE),
G =GixZ (BEE LTOER),
H=<y> xZ (G D%k 8 DEIIEE)
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ETDH. RD 3OO IXITHNET~TH EOITFITHY,
Gy, =<y, 2" >=<y>x <2 >, HD
Gs;(H)={1}x<2*> i=1,2,3, ThH5.

1 1 1 22y
1) &= ( 1 vy ) , (2) Zo= ( 1y y2? ) s
1 22 y  yz? Y
1y g2t
(3)Ts=| 1 22 y2?
( 1oy oy )

(1) Opl = 0q1 InOdG’)]l (H), p,q € {1,2,3}. 75)/)0'11 =
o1z mod Gy, (H). #-T %, 13 H-ERAL S N5 Ch 5.
() DEOIBRFEIFTLELINNTXTHATLL THDH L%
THNE—MRIC TEHbEh T3] &biﬂé‘ Effbsh
7175 L 1E, Gs 2E8TEEOEHSE H (2->W\WT H-IER1E
SNETHITHS.

(2)
N o3 = 033,022 = 032 mod G22 (H)
BILSNZATHITH 5.

(3) {ffé&@ ] \Zxf L, 0110]731 ¢ st(H), ﬁff’D'C Y3 X
H-ERL ENT7ATHITIEZR 0.

011 = 012,031 = 033,032 = 033 mod Gx, (H),
-T2 1 H-TE

Ml 4.1. ¥ % H-EHLENnz IxI 751&35. ¢
A* — M(G;I,J;T)' % E~® morphism, w, w' € AT %
p(w)=(8(w);4,5) €L T p(w)=((w'); k,1) THDX>7%EE
LT w=p, i w THLHEHDOLERMITRD 3%
BRI ImDZ & THD ;

(1) J(w) = 6(w ) mod H(H),
(2) Z Zﬁ mod Gx(H),
3) Z =), modGx(H).

FEEA. (=).
Gx(H) .‘i’oJZU\ 050,
s€lNFEETD.
1) gZ GHDOEEDTETD. o ZEFHTHDIND, 5
uwv€ AT LHH Y €1,8e] BIFEEL p(u)=(go;;";t',t) B
LW p()=(0;,'6(w) g7 Y;s,8') LD, ZDLE
p(uwv)=(1;t',¢') € H THHHMH uwv € L,(H). £»C
ww'v € L,(H). 2T 5 11,72 € Ge(H) IZXfL
a,j—slé(w)—lg—l

= goy ! mowd(w)oso; 20(w) gt € H.
71, T2 {3 G DIERERSEE HH) OTTiEh b gd(w')o(w) g™t €
H. XoTé§w)s(w) ' €g™'Hyg. g€ GIIEEDTTH-
=i 6(w')5(w)~! € HEH).

(2) gz JHDEEDTE L, ¢(2)=(1;4,q), z€ AT &F
%. 2w =g,y 2w THDHIEE (1) 12k cS(zw)é(zw')_1
HH). £>7Togid(w)d(w')™? _1 € HH). §(w)d(w')™!
HE) 0 HE) 55 G OERBABCHE & LD,

HH)ogr = HH)og:0(w)d(w')™" = HH)og:,

2%y aqiaqk € HH). €2 T agia, ' € HH)NG==Gx(H)
WTRTDge JiZ OL\TE‘/:'O_LO 2F0,

=YY modGx(H) #185.

(3) p& I HOIEEDE, £L T o(2)=(1;p,p), z€ AT &
T5. wz=p,mwz THLHIEE (1)ICLY

iHE%ﬁftéﬂfb\é#% ouoy €
YeGe(H) B E5hbBted &

d(uw'v)=go;; owd(w)os

§(w2)d(w'z) "t €HH). > E Y §(w)ojp0;, §(w') ™ € HH)

Vol.15,2 0 0 7

Ths. §(w)d(w')™' € HH) &Y, oj0,' € HH) 215
(«). #IZ (1), (2), (3) BRI D ERET S,
o(2)=(0(z); p,9), p(y)=(d(y); 1, 8), z,y € A* LT 5. EH
ik Y Ge(H) C H(H) C G Th Y HH) 75 G OTERES
HTHHZ LICEET D EROEHNKY LD ;
zwy€L,(H)=6(z)oq:0(w)oj.0(y)EH
= 6(z)oqrm1hd(w' o1 20(y)EH, 31, 72 € G (H), h€ HH)
= 6(z)ogrd(w')oi 6 (y)EH = §(zw'y)€EH = zw'yEL, (H).
OB G RRICRT ZEBHED. o Tw =L ) .
AR,

monoid M t® 3 SDRIERR R, £, H (Green’s relations)
EUTOXESICEET D ;

mRm' if mM=m'M, mLm'iff Mm=Mm',
H=RNL.

%4.2. 4.1 CHVWEEELRED S & TRBEILT 5.
(1) [wR[w'] <= Zi EZk modGx(H),
(2) [wiL[w'] <= Y7 =Y modGs(H),

3) [wH[w'] <= Y.¥ = ch modGs(H) 7>
Y=Y modGs(H).

FEE. (1) (=). bL [wRW'] %2biE, 5 ue A" 1%t
LU [w']=[w][u] THB. 2FY, v =L,m) wu L2>TNS.
p(w)=(0(w);1,7) 72 p(w)=(0(w'); k1) £V, HBsecJ
IZOWT p(wu)=(d(wu);i,8) &725. #€->T, mE41 D
(2)i2&v, ¢ =2 modGs(H) MY 5.

(«). £¢ = 2 modGx(H) L{EETSH. ¢ BNEHTH
5D, o(u) = (a]-_tlé(w)_lts(w');t, l) THHEOI%
bHu e AT DEETD. p(wu)=((w');i,l) THLHMH
S(wu)=0(w"). H->Twu & w' ITME4.1 DZEMHE(1)-3) %
W=7, LoTwu =L,(H) w 5D, FEREC,

o(v) = (o' 0(w) 1o(w);t,§) THHLIRDHD ve AT T
U, w=L,m) wv THDILHITES. LoT [wRW].
(2),(3) DIEEFIL (1) DAL 2O TEMT 5. .

il 4.3. T E2¥ G OHNE H L5+ s

A* = M(G;I,J;%)' 5 E~® morphism 72 513, L‘,,(H)
@ syntactic monoid ™ BB T7e\ H-class (IFIREE G/HH)
LEETHS.

BEBA. [10] DM 3.6 2LV, ST H-ERLShTWwa e
RELTE. U={gr|]A € A} % G i2B1T 5 H OLERILHE
DREFRETD. & gn e UKL, p(wn)=(gr;1,1) TH
5E97% wy € A" BHEETS. Gu={[wm]|A € A} £k<.

T5HE, R421250, £E G 1EHD H-class Hi1 ICEE
n5s.

Gi11 =Hn ThHIEERT. [w] € Hqi <p(w)=(g;i,j)
LTBE, [wHws]. #oT, F42ickD,

Zlc = Zf mod Gs(H) H> Zf = Zf mod Gx(H).
£oT, g€ HH)g, THDE D7, % w, IZHL, w =L,(H)
Wy . o< [w]:[w#] € Gi11, 2T Hi1 C Gu1. #-T
Hi11=Gu1 &9 5.

X 0: G —» G/HH) #KRCEHT 5.

0([w])=0116(w)HH).
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b Lwe[wa] 26, §(w)HH)=6(wr)HH), £»T
alld(w)H(H)zoné(wA)H(H). WE-~TH @E%‘i%ﬁ LTw
% (well-defined TH5). 41125V, 0IXEHFATHD.
w€ funl, v € fwals @(u)=(0(w);i, ), p(0)=(6(); k1) &F
5. ME41DOLRY, HDx,ye Ge(H) KL, ojr=z0j1,
ojii=yo11 THDH. zy WEHMHHE HH) OLTHDZ LI
EET UL,

0110(uv) HH) = 01192019, H(H)

= ougazyo11 9, HH)=0119x0119, HH).

£ 8(walwa) =6((waDO([wa) &7, Gur 1% G/HE)
R THSH. FERK.

i 4.4. H %8 G O, T % H-EBLSN71TS
ETBH. p: AY = M(G;1,J;5)" % E~® morphism &3
DL, RO 3FHEIRETHS.

(1) L, (H) DEJEIL group code TH 5.

(2) 1€ A" D = m)-class [1] iT—TEE TiTAW.

(3) T_TD 4, kel 12/t L, 3.7 =3¢ modGx(H) A3k Y 3L
2. ZLT, TRTO G IS IZHL, Y =3 mod Gz (H)
NS A/ BVASH

SE8A. (1) = (2). L,(H) @ syntactic monoid (X TH 5.
w € AT, p(w =(oj‘i1;i,j) L5, p(w?)=p(w) THDHH
b, ME41ICLY [w]=[w]. BIME—DODMETERFON
b, [1]=[w].

(2) = (3). w € [1], p(w)=(6(w);i,7) &T 5. {EBD (g;k,1)
WXL, o(u)=(g;k, 1) THDHE I, HDue A" BPHEET
5. [uw]=[wu]=[u] 7

~— ~

p(uw)=(go1:d(w); k, j), p(wuw)=(8(w)ojrg;i,l),

ThHHMD, ME41IZLD,

S =y modGy(H), Y=Y modGx(H)
z185.
(3) = (1). £4212LY, FED w,w' € AT 22T
[wHw']. £>T, +_XTD [w],w € AT, iZ[[ U H-class
B LTWA. Gy ZfiE 4.3 OFERAF O G11 &@L%é\
EFBH. 1 € A IZ2HNT, [1] € G ThHbHIELERT.
w€E A & p(w)=(c751,1) THDHLHI T 5. (u,v) €
Contr,m)(1) £TD&L, ROHEEVEXOLND.

(i) u=v=1, (ii) u=1, veA™, (iii) ue At v=1, (iv)u,veA™.

(i) PHBE, weLL(H) 120 b, :
(1, 1)E(ContLv(H)(1) n COTLtL‘P(H)(’w))
L s,

(ii) ®HB4A, L,(H) X biunitary submonoid T# % ([10].
fRE 3.3) 15,

1-1weL,(H) <= 1-ww € L,(H).
(iv) DHA. o(u)=(8(w);i,J), e(v)=((); k1) £T5. &
£ (3) &Y, 2 z,y,2€Gx(H) IZ2\T
O11=T0j1, O11=YO 1k, Ojk=2011-

z,y and z DIEHMHHE HH) O ThH D Z LIZEETL,

(u,v)€Contyr,,(m)(1)
& 6(u)ojrd(v)EH & §(u)zo116(v)EH
< 6(u)o116(v)EH & §(u)onio7o1d(v)EH
& §(u)zoji107 yo1kd(v)EH & §(u)oji07, o1k (v)EH
< 6(uvwv)€H & (u,v)EConty,, gy (w).
#~T, Contr,my(1)=Contr,u)(w), £->T[1]€G11.
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%Y L,(H) ® syntactic monoid I G1; TH 2. L~D mor-
phism 6 : A* - G/HH) %* 6(w)=HH)o1:6(w) TEERT S
&, L (H)=0""(H/HH)) L72v, (1) MY L. FERAK.

%4.5. H %W G OWMIHE, L %2 H Lo JxI 175, %
LT
p: A" = M(G;1,J;5)!
% bE~® morphism £9%. b L Card(I)=1 %£72i% Card(J)=1
72 51E, L,(H) OEJEIX group code TH 5.

SEBA. Card(I)=1 LRETH. ME3.612LY, B=(0j1),5 €
JOXH-ERUESN TV LREL TEV, T4l e i
DWW oji0;," € Ge(H) THHMD, M 4.4128Y L,(H)
DKL group code Th 5. FEHK.

RE 4.6. H %8 G OS5, T % H-EHL I 721751,
p: A* = M(G;I1,J; L)' % E~® morphism &¥45. b L
Gy (£7213 H B G OERBMZELROIT, L,(H) OEKIZ
group code TH 5.

HBA. bL G G DERBEHEEARLIE, £EDge G
iZxt L, Gs = ¢ 'Gsg C g *Hg SRV DD T, EED
geEGIZHL G C g 'Hg. £»TGx C HH), £»T
Gs(H) = H(H)NGs = Gs.

H LU HDGOESRS»HALOIE, HH) = H. -7,
Gs(H) = HH)NGz =Gs = HNGy = Gg. VTR
LThH, Ge(H)=Gs. #->7T, £EED 0ji,01 € Gz IOV
<, ojioy, € Ge(H). Lo THE 4.4 DEMH (3) B3RV L.
#>T L,(H) DFEJEIX group code TH 5. EIEEES

@8 4.7. S & H Lo JxI{T5lL L,
p: A= M(G;1,J;%)!
% b~® morphism &3 %. & L G/HH) »A#aiEEe 51T,
L,(H) DXJEIT group code TH 5.

SEBA. [10, ifE 3.6] I LY, Tk H-ERLSN74T5 L7
FELTEV. b L G/HH) 7ol b1E, H/HH) 1% G/HH)
DOERBHECTHD. Lo THIZGCOERTEDEHTHD.
B 4.6 1259, L,(H) 3 group code Chs. FEHIH.

%48. X % H LD JxITTH, ¢: A" = M(G;1,J; %)
% _b~0 morphism &£ 7%, b L G WA#HEL LI, L,(H)
DFEEIT group code Th 5.

FIEBA. BE.
Z Z T, group code I[ZOWTHOEEEZBRTEL. G %#f,
lc € GHZTDHRILLETS.
p: A" = G, (1) =1¢

Z E~DOUERTIEM L35 (morphism). G D HEE H (2%t
ULy =¢ '(H) £&L. Ly X A* ® free submonoid %
Y. TOREE (B/NERGR)

C=(Ly-{1}) - (Lu - {1})*



36

XA LD code 27%2F. ZD XD 74EE L E~D morphism %
AWTHESD Z EH#D code % group code & FEATE. G @
1HFMG 2525, GHITHITREETITAR. B2 % monoid
ThH5bH. (1) =1, nla=pla TELETD.

Ly(H) =9~ (H) U {1}

&Iﬁ< &, A/ ELH &= A/ ELT,(H)- g’-\#‘& LTE@ ka:Z)
L,(H)—{1}=Lg - {1} THHH» b, L,(H) & Ly PEI
13—%9%. -7, group code iFFEZ AV L1/ H 2
EHHBRD.

IHI, ROBIEL A b, FED 1 RMTIEAeWEREAE
BED 1 BND _E~® morphism (Z X > T group code 73 HHHL
THHITHS.

Bl 4.2. A= {a,b}, G= < z,y|3=y*=(zy)’=1 >, 3
RAEEL T5. H=<y> {2 DHSE, £T5.

=0 V).

p:A* = M(G;2,2;%) IR TEHTS.

y Yy
y Yy

(P(a') =(z:1, 1)790(6) = (1:2 :2,2).

T5&, pa®)=(y : 1,1),m>1, p(@®)=(z : 1,1),n>0,
LT,

e(®*™) = (y : 2,2),m > 1, p(*"*!) = (2° : 2,2),m > 0,
Th D,

p(ab) = (z%y : 1,2),0(a’) = (¢ : 1,2),

p(aba) = (1g : 1,1), p(a’ba) = (z%y : 1,1),

o((a’*ba)?) = (zy : 1,1), p(a®ba - aba) = (z? : 1,1),

2T, pla) & o(b) THEMINDEHTFEE < o(a), p(b) > iF
£45(G;1,1) 28T, /65T, (G51,1)(2?%;2,2) = (Gyz?;1,2)
=(G;1,2) #&Te. FEEICZLT, < p(a),p(b) > X (G;2,1),
(G;2,2) &%, i E~DEBRTHD. Ge(H)={l¢} T
bb. 44D (3) 12L&V, L,(H) DEEIX group code T
5. TOZLERENICATHRS.

e(ab®"a)=(y : 1,1), p(ab*™a)=(1¢ : 1,1),n>0.
e(ba*"1b)=(1¢ : 2,2), p(ba®"b)=(y; 2,2), n>0.

#-TC, L,(H) DEEI C = ab a + ba*b Th 5.
WRDOETEHEZONLBBER 2R O>A— <~ b

A=({1,2,3},{a,b},4,1,{1})
BEZD. (RiX6(1,a) =2, DX IITHL)

IDF == ML L,(H) = C* %8BT 5. 0 syn-
tactic monoid L8 M2 3 IRFIFREETH B.

HEES (IS > 1 £95) B S LUSMIATTAE LR
L&, SHEHSTHDHEVD. SHEMTH> TRINEAT
TN, BINEATT L ELDEE, S EELEMERL V).
Rees matrix semigroup I[3TEBEM¥HETH Y, HIZELE

Vol.15,2 0 0 7

#i-BEIX Rees matrix semigroup TRE|EIND Z L3k <
LI-FETHD.

£E5 1 LORMEREGE =c & kel (ZxL

iro k= EC = Eko mod G (H)

TE#£TD. I' & 1 LORMERRD ~c OREFR LTS, [i]c
Tiel O xc-FEERT. R JLEOREREE ~c %
jleJ IZ%L

jrrl e Zf = Zf mod G (H)

CEHTS. J & J LORMERER ~p ORERET S, [flr
TjeJ O =~p-FHERT.
bl [u,[v] € A"/ =L, (1), w,v € AY, T
p(u)=(z;1,7), e(u)=(y;k,1)
2bHiE, mE41I1kY,

[u]=[v] <= 2y~ € HH), i =c k,j ~r I.

ROMBEIX A"/ =1,m) 13, group code TRIFIIFE, 58
LMD LIRIMIZR o TWD Z EERT. G BNEIREEE
BETHLZLE2MbT, ERRIAFEEG I J DERE
RBaBOTMBIIRLT 52 EICEETRETH D, 7ol
5%, G.Lallement and C. Reis[7] (2& ¥V, G,I,J DE&TH
HERDEGE D4 TD” elementary codes” DHERKIEN 52 b
TWa. L, flxid G REREOCHEIIOMLIICL
T’elementary codes” T 2L TN ETITLALHD
nTWRofz., ENICHE (6] DERBAIEDH D HWTH
5. ABFFEIZ LY code C HBEE TRIFIVUE, CIITTE
~® morphism ¢ : A* = M(G;I,J;T)!

@il 4.9. © 13 H-ER(L SN 71750,

p: A" = M(G;1,J;Z)!
¥k~ morphism &£ $5. ZDE&x A*/ =L,(H) IHETH
B, EITEEEMEHEICLENLZ 6D THS.

fEBH. S = A*/ =L (H) LB S BETRWETS. T
5L, [ €8,1€A Z—TEATHD. LERST,
B wi,we € AT IZOWT, [wi][ws] € 8" = {[1]}. #>T
S=5 —{[U]} 1S DEAEBERT. S NS HHERET
HHZLERT.

MCS%SDODEBEODATTNETD. ZLDICM =
S ZRT. [w] € M, p(w) = (z;4,5), EEBEDOILET H.
[u] € S, p(u) = (y;p,5), bEEDITLETD. ¢ TRHE
o, o) = (6,:5p,9),0(v2) = (0, 'z y;r,8) L7285
v1, U2 € AT BIEETS.

p(viwvz) = (05;';p,q) (%34, 5) (0}, " y; 7,y 9)

=, 8) = @(u). £27T [ui][w][v2] € [1]M[v2] C M.
LoTSCM, 29, M=5. LoTSIIHEMTHAS.

SEIZ,

M; = {[w] € §|p(w) = (6(w); k,1), p =c i}

LB M NS DRNEATTVBEET D2 & amT.
[u1], [u2] € Mi, p(u1) = (6(u1); k, 1), p(u2) = (8(u2);p,q)

b, kxci,pmciThHD. pluiuz) = (§(uru2);k,q),

kExci &V, [ui]lu2] € M;. 2FY0 M, (TFH 58 %2707
EED [u] € M, o) = (B(u)sk,D) LEED ] € 5,
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o) = d(v;s,t) IZKF L, @(uv) = (6(wrv); k,t). k=ci, &
U] [uv] € M;, 2FY Ml[’u] C M;. L7535, M; 3EAT
TINThD. DT M PBNEATTNATHDL L 27T
MCS% MCM75SOEATTNETD. ALED [v] €
M, p(v) = (5(0); 5,£) KAF L, p(w) = (075"6(0)28(u); p,1)
bHu€ AT BEETD. £oT, plvw) = (6(u);s,l). [v] €
MCM &V, sxcixck &£o>Tlow]=[u]. £27T,
[u] € M[w] CM. #>C, M; CM, 2¥9Y M =M,;. o
T M; i ENEAT T THD. FFRICLT, N; = {uw] €
S|o(w) = (6(w); k1), L ~c j} 1E S DRAEAFT L TH
LHIZENTRED.  FEHK

Y=(HH)o;;) % G/HH) EO J xI' {15l +5. b L

A" =p, ) BEETRITNE, £~ morphism

0: A"/ =y, )~ M(G/HH); I', J; %)
ERTEHTD. 0([1])=1, w € AT TR LT, p(w)=(z; 1, j),
i€ []os € il & & 6([u]) = (HEDz; i ).

HL v € [w], plu)=(y;k,1) 72 61E, zy '€eH(H),k €
lilc = [lo,l € [jlr = [i']r THDH. ZD&Z, §([v]) =
(HE)y: ,7') = (HE; 7,7') = 6(w]) &7, 6 DERI
HELTHD. W] € A"/ =, ), p(w')=(2;p,q) 22
THw']) =6(w]) £&T5&, z27' € HH), pe [i']lc =
lile, g € [j'1r = [jlr TH5. #-T, [w'] = [w] THLINE 0
IXHESCH . EED (H(H)x;d',5') € M(G/HH); I',J'; ')
ZRL, p(w)=(x;i,5) £7edw e AT 22T, 0([w]) =
(HH)z; i ,j') THHND, 1IZ2HTHD. p(ur) = (21;p,9),
p€Pr, g€ ldlo, p(u2) = (22;7,5), 7 € [I']r, s € [s']c
EF%. 0([m])b([u2]) = (H(H)z159', ¢ ) H(H)z257',8') =
(H(H)g;p',8'), 22T g = z1iogmz2. —H, pluwauz) =
(z104r22;p,8). T=cT XV, aq:,/a;}, € Ge(H). ¢ =rq
Y, og.05" € Ge(H). #>7T, (090, )(0g005") =
Uq/,raq_,l € Ge(H). 27T, o4y = hogr, h € H(H).
€->C, HH)g = H(H)z104r22. €2 7T, 6([u1])0([uz]) =
O([ur][us]) 720, 0 IF¥FE LTCORBEHRTHS. L
&Y, ROMENTEHSRZ..

@ 4.10. T 13 H-ESUL SN 7=1T31T,
p: A* = M(G;1,7J;%)!
{Z E~® morphism &9 %. bL A"/ =L, ) BPEETRVAR
B, AY/ =1, 1 M(G/HE):T T2 KRB THS.

M(G/HH);I',J;2) E M(G;1,7J;X) & H TRESND.
2FY, M(G/HH);I',J'; T ) OBEIT g i2L b0, o
T, MH4.1012LY, b Loty A b M(G;I,J; %)}
O k~? morphism 261, A/ =1, &A™/ =L, ) &
FTH 5.

TSR~ % i 4.11 OFEFITITROFER ([1,p.264]) 23
METHD ; L X A thin maximal biprefix code TH ¥
A=(Q, A,m, 1, {1}) #° X* 2BHA 5 TBA— hv hoi2b
¥
(1) F_XCOwe A" IZXL, 1€ 7(Q, w),

(2) T_XTOwe A" IZx L, FERX [n(s,w) = n(l,w) =
s =1] MY Lo

@8 4.11 X % thin maximal biprefix code, A% X* %
T DB A— b~ Fr&9%. b L transition semigroup
T(AT) DE2BEMRR b1, X*=L,(H) 23 L 57,
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HDLEERMYEE M(G; 1, 1Y), CHGOOHIHMOHEH &
& 5 _E~® morphism ¢ : A* = M(G;I,J;%)! BEET
5.

SEBR. A=(Q, A, m, 1, {1}) & X* 2@ T 28B4 — b~
rréd5. {Rilie I} & {Lj|j €T} #2FNTh T(AY)
O RBEEL LEFOERETD. &I, mZ RiNLy,iel
DREETE, ¢ ¥ RinNLj,j€JDREExRETH, 22T
qi=r1 =e € RiNL; £ 5. JXI{THIZ % ¥ = (¢;m;) £E
#T5. TIIBEG=LiNR, LOITFITHD. H% GIZHBITH
1 OEEBIEEETSH. 2FW H={h € G|(1)h=1} LT 5.
FEONEXETL e T(AT), 1220 T, (U')g=1,1€Q, &
T5& (Ng=1)g=0)g=1 THIZMD, ¢jr L1 %
BEETD, 2FY qr; € H #-7TC, T3 H EOITHITH
5. ®MiE6: M(G;I1,J;2) = T(AY) % 6(g;i,5) = rigg; T
EFETDH. 01X M(G;1,7J;%) 1D T(AT) O E~DRIFEER
ThH 5 (XK [2,p.92]).

Micg: A" = M(G;1,1;8) %, bla€ A0 Dma(a) €
R, N L, 725613,

p(a) = (ema(a)e; k, 1)
TEETS. FEDue AT, ma(u) € RiNL; IZx L .p(u) =
(ema(u)e;k,l) THDHZ L%, u DR SIZOWVTORFIMAIET
AT, ma(w) € Ri N Lj iZxt L p(w)=(ema(w)e; i, 5) D3
DIDERETSD. bla € A mala) € Re N L 72561X
p(wa)=(ema(w)egjrrema(a)e;i,l). eqj=q; and rre = 7%
THdNb,
ema(w)egjrrema(a)e = ema(w)g;rrma(a)e.
ma(w)ER; NL; & wa(a)eR N L £V, wa(w)gj=ma(w)
o rprala)=nala). 27T,
p(wa)=(ema(wa)e;i,l) 7>D wa(w)wala) € (RiNL;)(Re N
L[) =R,NL;. £oTC, bLue A+, 7!'_,4(’11,) € RiﬂLj A5
X p(u)=(ema(u)e;i,j) THDH I LDBRINTZ.
DEZ o B E~DEBTHHZLETT. S % {p(a)|a €
A} THERIND M(G;1,J;2) OMTH¥ELTD. ble=
7I'A(’U,) € Ry ﬂLl, u = b1b2~~~bm,bt € A,l <t<m A
bif, 55 € Jand ¥ € I'lZxL, ma(bi) € RiN Ly
wa(bm) € Ry NLy THY,

p(u) = (ema(u)e; 1,1)=(e;1,1) € .

#Hra(w) € T(AN)IZ2WT, p(uwu) = (ema(w)e;1,1) € S
BV =o0h, (G:1,1) = (eT(AT)e;1.1) C S. 7a :
A* 5 T(A) BE~DBEZLTHLIND, Fiel t&jed
IZX L z,y € Ama(z) € R, 7waly) € L; THDE O
T,y E ADFETD. ZOLE, boHteJbbbHselllD
VT, o(z) = (ema(@)e;ist) o(y) = (ema(y)e; s,5). P
Ll eT(AN)eBHETHDLEVIEELY, ema(z)e-eT(AM)e-
ema(y)e = eI (A )e DF Y o(2)(G;1,1)¢(y) = (Gs4,5) C
S. %95, ZNE o BNE~DEBTHDHZLEERTSH.

we XT T5L Mra(w)=1. 1 € (Qle THY e X
(Q)e ETIIHEALBBTHDMD, (Dema(w)e =1. £oT
o(w) € H, ©%Y we L,(H).

¥iZ, w € L,(H) £32&, D iel,je Jizon
T, o(w) = (ema(w)e;i,j) € H. £-T, (1)era(w)e=1 &
D, (Wra(w))e=1, > (1)e=1.. fE->THmEAE4.11125%
SMEOHEEIZED, VDra(w)=1. £oT, we X*. kXD
X*=L,(H). AIERA &
FREOGEHIIEBMICEMETHS. FHAROLIMONTZE
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BgWis 2 ER<ERLTHVS. DREREBONDEDT, B
&B% 5T CHEMT 5.

4.3 A={ab) DEWHESL

X = {a® a*ba,a’b?, ab,ba®, baba, bab® b}

ITEBRHEK bifix code THH. TROBBEEEZFOLOA—

r~= bk

A=({1,2,3,4,5},{a,b},0,1,{1})

X 2B LABA -~ b THD.

§|1 2 3 4
al2 3 1 3
bl|4 1 5

AT @ transition semigroup T II{EEE# & — ODOEH
2 3 4 5

( 1 ) ( 1 2 3 4 5 )
r = a =

2 31 3 1 4 1 5 5 1
THERESNAREHEMERETH D, TIIEK 24 DFEHET4 D
O HIEEFED., H-FAD—DF 6 Trbied

G= {z7$27 €= zS’ Y= a:a:x:,:cy,:l:2y}

Thb. _mﬂﬁmskaﬁrﬁaﬂ IThDHZ LIIES I
MdLBHED. e G ICBTBBMTTHS. T FOX
ESTHEGR (m3a3)2,(a?’z3)2,a3 DAD>THD.
(12345
EEMEBTL 1 9 3 2 3
s ae (1 23 45
® (za)_<14545)
o sae (1 23 45
" (az)_(12332>
ERL. 2EDOITINE = (¢1:),1 < j,i <2 CEETD

E:( [ [ )

e xy

LG EOfFFIL B (—BRELTRYIOFETH S,
T2 & 2Tk [2] %iﬁﬁént L). &_E%TE1 #EET

5. LEB-TZIRGFD 1 OBEERDE H = {e,zy} L
DATFNZ g > TN 5.
)-s

Rees matrix semigroup % M(G;2,2;X) TE&ETD. £LT
p: A" = M(G;1,J; ) %2, (1) =1, >

p(a) = (x;1,1), p(b) = (y;2,2)

TEHTD. T5& ¢l tk~D morphism TH 5.
=L, (H) £%5L0H D0, MEOEERETHS.

1 2 3 4 5

exezm,eae=(2 13 1 3

ZDEE

Vol.15,2 0 0 7

AFICTIE, SEEBEMNFED 1-II1% % O syntactic monoid
& LT free submonoid DERIZ DOV THRAT. ZOEE
MERZeHE 1L G Lallement and C. Reis[7] OBFFENRH 5.
L2L, #E(R code 249 & ZIXZOREXBRFREEEZDOE
FRAT 5 Z LiTHER Y. FERICITEREREDLN TS
BABHBNDTHS. oT, KM TIELR [7] DFEBIC
L HRWHIETHEREZEROBEIZHET 72, morphism ¢ {2
£ 5 code DIFERRIIFEE LT XARHENERIND. £2
T, WERA— b FCOBEBEENRD. ZRICKT B AF
BEERIRHL QOB REOHE TZ Z TRRDRAEIT
R RDOBRTIERT 5.
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Ta S IVTHEEL3IDa Y a—FF— AR

Programming Education and Development of 3D-Computer Games

ERH BEY /e B, HA K

Teruo TAMAMA, Takashi KOMATSU and Yu AOKI

Abstract: In the programming education, what is important are not only mastering the programming language grammar

and solving many exercises, but also development experience of a program over 3000 lines. 3D-games are good targets

for that purpose. This year, two students developed a shooting game and an F1-racing game. Each of them developed an

over-10,000 line program and found how difficult a 3D-game development was. They also knew the necessity of

knowledge in mathematics and physics, which proved that game development is very good target for the programming

education as well as basic subjects education.
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Delayed Choice and Probabilistic Backward Causation
— At Which Stage Does the Collapse of Probability Occur? —

BEE B
Yutaka SHINBA

Abstract :  When we use Bayes - Laplace theorem for the retrospective situation, by its nature, determining the probability of
hypothesis by the observed data, with the propensity interpretation of probability, we encounter some difficulty called
Humphreys’ Paradox that shows the incommensurateness between collapsed value 1 for the past event and Baysian value of
probability. There is another Paradox called Newcomb’s problem, which concems backward causation and enigma for
probability 1. We discuss retrospective causality and usage of the subjunctive mood with the past perfect tense of propensity
considering these problems. Wheeler’s delayed choice experiment by gravitation lens in the universe will show us some
suggestion. We must self-examine the tense of subjective probability, and the meaning of causality. Then we could progress into
the hard problem of integration between objective and subjective nature of probability as well as into another hard problem of

relation between classical and quantum probability.
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Abstract: Falling enrolment combined with a large surplus of schools and universities means that there is an urgent need

for educators and administrators to become innovative. Faculty development will be an important aspect of any

innovation initiatives. This paper discusses some fundamentals of faculty development.
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More Recipes for Tired Teachers: Well Seasoned Activities for
the ESOL Classroom by Christopher Sion (Addison-Wesley,
1991).

The writer would like to express his gratitude to a blind reader
and Associate Professor Katsuko Tomotsugu for her careful

corrections and comments.
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Introduction

Now that falling enrolment is an ominous fact of
life, some universities are already trying to gain a
competitive advantage by revving up their faculty
development programmes (FD) into high gear; others
are just beginning now. Since there is no special
university teacher’s license, unfortunately, only a
small proportion of academic staff have formal
pedagogy or
management. Teaching is arguably the most intense

training in methodology, people
and important type of “people business” so the current
nationwide emphasis on FD is a very encouraging

development for Japanese education.

In an effort to call attention to basic, but absolutely
essential aspects of daily classroom teaching at all
levels — in a word, to focus on the nuts and bolts of
FD, — this short paper makes use of car and driving
analogies primarily to facilitate recall, but also to be
more enjoyable and avoid being misconstrued as
overly direct or worse, pontificatory. It adds to the
18-point “Teacher’s Roadworthy Test” checklist that
appeared in the Teacher Development section of
Christopher Sion’s classic activities book, More
Recipes for Tired Teachers (1991). In his checklist,
Sion only refers to the car as it relates to teaching, but
I will expand on this and discuss the car and driving.
The car is loosely taken to mean the teacher and/or
students and the classroom experience similar to
Sion’s original version, while driving is the
educational process in general. However, it should be
noted that the value of the message takes precedence

over trying to draw a perfect analogy.
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Car models and educational institutions

1. What kind of car represents you? What are you
driving? A brand new car? A K-car or similar? A
typical sedan? A luxury foreign brand? An antique? A

vintage sports car? A jalopy? A leased car?

People react very differently to different cars.

Almost everyone enjoys a new car. It is shiny and
clean, it has no defects or damage, and it has that
special new car smell and more. Everyone tries to take
care of their new car, especially if it is a sports car.
The same is true of new teachers or a new teaching
position: there is a lot of hope and promise.
Colleagues usually treat new teachers better. New
teachers work well and initially are free from
problems, or at least most minor ones are easily
repaired free of charge. In other words, small mistakes
are forgiven and forgotten. They usually don’t arrive
with negative preconceptions or other things that
might require repairs later. Therefore, as much as
possible, it is a good idea to condition ourselves to try
to see situations from a new perspective just as a new
teacher must. An old car might run all right and
drivers are probably used to the way it drives, but
trading it in for a new one periodically is a good idea.
Unless it is an antique, most likely there is no
advantage to replacing an older model with another

older model.

A K-car is a purely functional car. It gets the most
basic jobs done and that’s all. Although it has

numerous limitations, its main virtue is that it is cheap.

It is difficult to distinguish one model from another
and few people care about differentiation anyway
since they are just basic units for simple work. They
are often bought as secondary, nonessential vehicles,
but, unfortunately, in education this is not the case.
K-cars are fine for what they are designed for, but
problems arise when some people try to drive them
too hard, expecting them to perform like a better,

more expensive sedan. If you drive a K-car too hard, it
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will break down, quit running soon, and a new one
will be needed. K-cars are viewed as being disposable,
and replaceable, however, so few people become
concerned when they do quit running. To avoid
breakdown, proper driving is important. If treated well,

K-cars can last almost as long as sedans.

A typical sedan is the most common choice. It
provides basic transportation, sometimes with limited
options. Usually there is not a lot of variation from
model to model but occasionally we can see a
value-added, stylish red Altima or similar. They all
cost about the same except for the newer hybrids
which have advanced, dual operating systems and
computer technology. Most sedans are quite reliable.
They can be driven rather hard for quite a long time
before repairs are needed. If neglected, however, they
can easily become jalopies that take up space on the

road and impede other drivers.

Foreign luxury brands are quite common in Japan
but will become scarcer in the future as cheaper
imports seem more attractive. They tend to be very
well made and have style. They drive a little
differently and take a bit of getting used to at first, but
can fulfill almost all driving needs. Most drive very
smoothly and have excellent handling. They seem to
know the road very well. They cost a little bit more to
maintain, but are worth it for people who want quality.
Many are bilingual or partly bilingual. They come
with many options, sometimes equipped with
cutting-edge hybrid technology and advanced, yet
often unused, features that are unavailable on many
Japanese models. Arabs, particularly in the United
Arab Emirates and Qatar, who recognize their worth
and are willing to pay full price, are purchasing the
better foreign models. High-end Japanese models are
being exported to America, where they have become

the foreign luxury brands.

In contrast with the real automotive market in Japan,
regrettably, in education there is a significant number

of jalopies. There are unroadworthy vehicles that need
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major repairs or should be retired from service. Some
of them are real eyesores. Parallel to the ‘actual
automotive market, antique cars or vintage sports cars
are rare. Their aesthetics improve with time, they are a
joy to watch, have a classic sound and carry
passengers with unmatched style. They are the result
of years of constant, proactive care and attention.
Each one is a work of art. However, if well cared for
and customized, certain K-cars or specific sedans can
also become modest classic cars. The Carmen Ghia
and the Beetle, once basic cars, are now classic cars.
No matter what car we choose, it’s worth
remembering that it is an important way we brand

ourselves.

There is a leased car boom in Japan today. There
are many varieties. Most are older, standard models,
but there are older luxury models that can be rented
quite cheaply. Vintage cars or new sports cars
continue to retain their full value. Recently, in order to
save every possible dollar, more and more new K-cars
and economy sedans are being leased. Unfortunately,
because they have been leased, these cars are driven
far too hard and they break down, but there is such a
large supply of them so it is still easy to get more.
Nevertheless, this is an alarming trend. It may be
difficult for an institution that needs to improve its
brand image to try to do so by using a heterogeneous
collection of leased vehicles. When we go to Yanase
we all know that we can choose from among a
showroom of quality vehicles. Of course this is the
reason why we go to Yanase in the first place.
Consumers are very quality-conscious these days, so it
may be unrealistic to hope to achieve Yanase-like
branding using a fleet of assorted vehicles unless there
has been careful, prior analysis of the product line-up.
As a result, FD needs to be a two-pronged campaign
where actual quality issues are addressed in tandem
with strategies to make sure that consumers will
correctly perceive the intended branding image.
Hyundai has been very successful in making
consumers realize that affordability and quality are

possible. Further, it is proof that with careful and
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relentless quality control, cheaper vehicles can be well
branded.

2. When was the last time you took your car to a car
wash, vacuumed the interior, had a wax or got a new

paint job?

A shiny, waxed, black or red sports car is a
wonderful sight to most people. Most people turn to
look at one and often admire it out loud. It is a
pleasure to be in a newly vacuumed, air-freshened car.
Although most people do take reasonable care of their
cars, some are rarely washed and are basically
unkempt. Some owners have day-old food lying
around in them so when you enter or get close, it is
unpleasant. It is self-evident that no one wants to be
around a dirty car or one that smells like stale french
fries, hamburgers or cigarette butts. Therefore,
because of what we do, we must include certain
necessities such as hairstyling, wardrobe updating,
gym membership, dental care and cosmetics in our
basic operating costs. Why is it that if you go to a
graduation or wedding ceremony, you will see cars
that have been carefully washed, waxed, polished and
freshened? Why do most professors dress up for the
REARE>YZ—H B, even though none of the
students in the room is their own? Yet for the students
we all see on a daily basis, our regular customers who
pay our salaries, some of us don’t think a car wash is
important, and rarely use air fresheners, vacuum or get
a paint job when the exterior becomes very rough.
These days, students are quite literally our customers
and whether or not we acknowledge it, we are in the
people business, which means that branding does
matter, as does anticipating customers’ needs. At
Toyota, Honda, Mazda, Hyundai, Mercedes and
Nissan they know very well what customers want and
work hard to surpass customers’ expectations,
whereas at GM and especially Ford they may have
learned too late. If our branding is nondescript or dull,
then we run the risk of being perceived as such even
when we are not. This is applicable both to individuals

and institutions. To illustrate this point, every year I
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conduct 15-minute student interviews (in English).
Often after the formal interview is finished, I ask them
if they are ready for their upcoming exams. I
frequently ask them whose exam will be the easiest or
the most difficult. Consistently, year after year, it has
been astonishing to learn that a significant number of
students name the same subjects and cannot tell me
who teaches the courses. Even after 13 or more
lectures remain  consistently

some professors

anonymous!

Fortunately, any sedan or K-car can be easily,
economically and effectively customized by adding
such features as tinted glass (new glasses), nice tires
with fancy rims (good shoes) and a better paint job
(interesting and/or fashionable quality clothes and
accessories). FD should address these basic but
neglected aspects of customer service, recognizing
that it is entirely possible to customize any K-car or
sedan so that it looks almost as sharp as other more
expensive cars. It all depends on the extent of one’s
pride of ownership. If a decision has been made to
have a fleet of (leased) K-cars, then efforts should be
made to make them as appealing as possible. If the
strategy is to run a fleet of leased K-cars into the
ground, irreversible damage may be done to brand
image. Sincere FD must be a part of an institution’s

strategy in order to maintain a competitive edge.

3. Do you make sure that your car is tuned-up? Do
you have regular pit stops? Are all cylinders firing?
Are you adding too many engine additives in order to

conceal engine trouble?

Cars need to be taken care of in order to operate
optimally; this is obvious, common knowledge. We
need to have tune-ups in the form of regular, vigorous
physical exercise, hobbies, vacations, a balanced
routine, and so forth. It is important to change the oil
to keep the engine running smoothly. Thus in life,

proper balance with seasonal variety is a must.

If all cylinders aren’t firing correctly, then of course
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maintenance is necessary. If we drive too long without
tuning up the car, it will fail us. We don’t normally
drive a car all day; we have several “pit stops.” We
realize that if we push our car too hard, it may break
down or hasten its breakdown. If we are tired, we
need to stop because we risk endangering ourselves
and other drivers when we aren’t 100% alert on the
road. Proper consideration must be shown to all
people on the road. Therefore most drivers should
make an effort to cover a reasonable distance in a day
and then stop. Short pit stops to enjoy coffee and chat
with passengers are necessary for the driver and car
engine. If we are regularly, unwillingly driving all day
and well into the night, we seriously need to evaluate
what we can do to change so that we can avoid
needing a major overhaul or causing an accident.
Using engine additives (caffeine, sugar, etc.)
periodically will boost engine performance and make
it run more smoothly for a while, but the best way to
preserve any car’s life is to drive it carefully. FD
should include training on how to work more
efficiently. Efficiency in education is a major

challenge that urgently needs to be dealt with.

4. Do you make repairs right away?

If there is some minor car trouble, many people will
ignore it, but once it becomes a bit bigger, almost all
drivers will find out what the trouble is and have it
repaired. If there are problems in your teaching, do
you ask for a consult from a qualified “technician?”

Do you attempt to fix the trouble as soon as you can?

5. Scheduled maintenance helps to ensure longer,

trouble-free driving.

Most of us repair our cars as necessary, but we must
also submit to regular, comprehensive inspections.
Ironically, almost all licensed teachers do undergo
some form of mandated upgrading (a form of
check-up or upkeep) but, at the same time, unlicensed
university professors are not only exempt from this

themselves, they are the very people teaching the
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teachers. This needs to be improved upon. At all
levels of education, FD initiatives, just like real
include mandated inspections

inspections, could

accompanied by intervention as  necessary.
Effectiveness of such initiatives could be measured by
the extent to which student evaluations indicate an

increase in pleasant, smooth driving.

Cars and the classroom

*How’s the temperature control?

We do need to be able to control the room
temperature, but if we can’t, we should expect that
driving will be uncomfortable, so we’ll need to be

more careful.

*Are the seats properly adjusted?

In some classrooms seating can be arranged.
Occasional rearrangement of desks and chairs make
things seem new or better. Change for the sake of

change is not wrong.

*Does the interior light work well?

Lighting is also important. Improper fluorescent
lighting is something that almost everyone has to live
with in Japan. It tends to make us feel tired, so as

much as possible we should let in natural sunlight.

*Do you have a good sun visor or tinted glass?

On very hot days or very dismal, rainy days, we
should use blinds or curtains to improve and manage

the classroom environment.

*Do you have spare equipment such as chains, a pump,

brake or transmission fluid, etc.?

Students do forget things all the time, so just as we
carry spare equipment in our vehicles, as professional
teachers we need to have various forms of spare

equipment such as an extra textbook, pencils, erasers,
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handouts, tissues, etc.
*Do you use the car stereo?

Playing music at the beginning of a lesson sets the
mood, identifies you as being more approachable,
allows you to reveal a different side of yourself and
distinguishes you from most of your colleagues who
don’t offer any “H—E Z. ” One simple song in a
class may be a student’s first exposure to jazz and the

beginning of years of enjoyment.
* Does the cigarette lighter work?

Before you start a lesson, do you make sure to
check all the equipment that you are going to use
works properly or that you know how to use it
correctly? It is surprising how many of us don’t check

our equipment.

 Before you start driving, do you lock the doors and

make sure that everyone has fastened their seatbelts?

Do you make sure that everyone is ready before you
start, and once you start that no one is going to need to
leave? Some teachers let students (at all grades)
unlock the door/take off their seatbelts by freely
letting them go to the washroom, walk around the
classroom or arrive late. The preceding examples are
simple and obvious, which makes it all the more
distressing that many teachers have a tendency to

ignore them.

Driving — teaching and education process
Rules of the Road

1. Do you speed? Do you drive too slowly?

Perhaps we teachers ought to get fined for speeding,
too! For some reasons, some people are overly
concerned about getting to the destination, but in
driving, the enjoying the journey is paramount. If we
have a good roadmap (syllabus) and are well prepared

(careful lesson plans), we shouldn’t need to speed.
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When we speed, many are left behind. When we speed,
most likely we aren’t paying close enough attention
and may not see a number of things that we normally
would. Conversely, when we drive too slowly, others
behind us can become quite annoyed, and with
justification. Both speeding and driving far too slowly
are perennial problems in junior and senior high
schools. In particular, teachers who want to be nice
and “fair” to two or three students, may deprive other
students of the chance to learn more. We have to drive
the speed limit. A very important aspect of FD should
be about how to teach content as effectively as
possible so that pacing does not become an issue.
Regarding English, where Japan is notoriously weak,
it is astonishing that only a very few teachers take
advantage of the numerous free or nearly free
seminars that are offered throughout the country every

weekend.

2. Do you pay attention to “Yield” or “Merge” signs?

When other cars will not let us on the freeway and
pretend like we are not there, it is frustrating and
sometimes dangerous. In the same way, sometimes we
need to yield to our students and allow their
preferences to merge with our own. It may not be
necessary to practice a cooperative style all the time,
but from time to time it is valuable to include their
input as to how to conduct the classes. For example,
very simply, when we are using a large course book
that we know we will not be able to finish, we could
give students the opportunity to choose all of the units
they want to study. Or we could let them decide how
to approach a particular unit. Major (automobile)
companies continuously solicit, measure and respond
to customers’ comments as a fundamental part of
improving their products and services. Since we are in
the most intense people business that there is, we
should also make sure that students are full partners in

the education process.

3. Do you wait too long after the light has changed

before you get going? Do your lessons start on time?
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Do you stop at the “Stop” sign? Do lessons finish on

time?

At the university level, these two types of drivers
are quite common. We should not be hastily assigning
homework in the final 30 seconds of a class or
continuing the class an additional 2-5 minutes. In both
situations, students will be more concerned about
getting to their next class on time (most of them do try
to follow the rules of the road), so what is being said
may not be heard correctly. Additionally, if we can be
late, then it should be acceptable for students to be late
as well. As much as possible, we need to adhere to the

rules of the road.

4. Do you practice defensive driving? Do you signal

well in advance?

We have to watch out for others on the road and try
to predict what they will do. In this way, we will
reduce the possibility of having an accident. We need
to anticipate where students might have trouble and be
ready for that. If there is a dangerous curve in the road,
we will slow down. Similarly, when we are about to
change direction in our lesson or about to introduce a
difficult concept, we need to let students know what to
expect so that they will be able to follow us. If we turn
suddenly, some people won’t be able to follow us and

will get lost.

Driving professionally

1. Do you roll down the windows to change the air?

If we drive for a long time, inside the car can get
stale, so breath of fresh air every so often is healthy
for everyone. We should always be looking for ways

to add something fresh to our lessons.
2. Do you ever take a new road?
Not only should we be on the lookout for ways to

enhance our lessons, sometimes we can take a

different route. If we are so familiar with our usual
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route, we may drive somewhat robotically. Once we
feel confident in what we are teaching, we can enjoy
pointing out to our passengers some other sights. The
more ways we have to get to our destinations, the
better should offer

opportunities for this kind of self-improvement.

drivers we will be. FD

3. Is the radio tuned properly?

Related to merging above, Sion asks whether we
truly listen to our students. Often when the radio is on
we aren’t really paying much attention, it’s just in the
background. Are we tuned in to students’ concerns? In
addition, more and more, we tend to listen to our own
cds and mp3s; perhaps we need to allow for more
real-time streamed content. Some teachers administer
their own surveys in class. A few take time in their
classes (perhaps twice a semester) to ask students
about their teaching performance. Even when we have
a pretty good idea of how we are doing, it is still
important to give students the opportunity to give us
feedback. It is very valuable to them to know that you
want to hear their opinions and that they can state

them without fear.

4. Do you grind the gears or shift smoothly?

How is your timing in the classroom? Are you able
to shift up or down smoothly as needed? One of the
differences between a great teacher and a good teacher
is an understanding of flow. Great teachers have
impeccable timing, shifting is so subtle and smooth
that it becomes almost imperceptible. FD should

include analysis of flow.

5. Sion asks, “When did you last check your brakes?”

This is asked in order to have us reflect on whether
we are talking too much in class. Not only foreign
language teachers need to be wary of this tendency. As
much as we can, we need to make learning a
partnership between all stakeholders even in Japan

where communication still tends to be one way.
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6. Do you have sleeping passengers?

It has always been surprising to me that in a car,
Japanese passengers will sleep and miss out on all the
scenery and opportunity for conversation. Once I
accompanied a busload of Japanese tourists from
Calgary to Banff. During the 80-minute drive, there is
spectacular scenery. Nevertheless, about half of them
slept until we had arrived. Our job is to teach, and
teach well. Presumably the lessons we prepare have
content that has value. When we allow students to
sleep, in point of fact, we are telling them that the
and/or that we aren’t

content is unimportant

professionals.

Conclusion

Many of these points are just like the ones we
learned when we went to driving school. They are not
especially difficult but they do need to be followed all
the time. Over time, some drivers believe that because
they learned how to drive and have been driving for a
long time, they can disregard some rules or think they
are better drivers than they actually are. Just as is the
case when we drive normally, sometimes we may let
our guard down or become overconfident. It is
particularly true that some old drivers do not want to
admit that it is time to stop driving and certainly they

do not want to be told that it is.

An important part of FD should be to emphasize the
necessity of trying to master as many aspects of
interpersonal relationships as possible in order to
capitalize on opportunities for success in the people
business. “You don’t get a second chance to make a
good first impression” is a common expression mostly
used in reference to the job interview process.
Fortunately this doesn’t apply to teaching where,
through FD, we can and should reinvent ourselves
often, according to circumstances. Many of us are
capable of becoming better drivers. But the road ahead
is filled with many potholes so we will need to use our
skills.
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A CMOS inverter speed-performance analysis utilizing fabricated sub- 1 m circuits

-2 B L

Hiroshi HATANO and Michiaki SHIBATA

Abstract : In order to investigate high-speed logic circuits, two different CMOS inverter experimental circuits

have been successfully designed and fabricated utilizing sub- x m CMOS process. The designed circuits are
twenty-seven stage inverter chains. Each inverter consists of four series NMOS transistors and four series
PMOS transistors. 0.9 ns propagation delay time difference has been found for different inverter input

conditions. Based on the results, a cascaded-gates CMOS inverter design methodology for high-speed

LSIs is discussed.
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SEU Effects on Spaceborne Dual Latch Circuits

Hiroshi

Abstract :

HATANO

Single-event-upset (SEU) effects on a novel latch circuit with dual feedback loops have been

investigated using SPICE. SEU simulation results have confirmed that the newly designed dual latch circuit has

high SEU immunity. Single-event-upset immunity for the dual latch circuit is compared to that for the

conventional latch circuit, showing that the dual latch circuit is a candidate for a SEU immune spaceborne

sequential logic circuit.
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Many Worlds Theories and the Enigma of “Self

BE B
Yutaka SHINBA

Abstract :

Walking into the third millennium, evidences for the harder problem of consciousness are fairly

produced. The problem of “Self” is the harder problem of philosophy of consciousness more than the relation of

brain-body problem. That problem concerns the question that why the world is unfold from “my” body (eyes)

and quoria of “Self”. Some case of divided brain patients, and extrapolation from the quantum teleportation will
afford us the way to tackle the harder problem of continuity of “Self’. We also consider about the world view
based on reincarnation, the anthropic principle with the assumption of mediocrity and many universe

interpretation for quantum mechanics or the foundations of probability.
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Intentional understanding in infancy

KSR EE
Daisuke KOSUGI

Abstract: The question of how the ability to analyze the intentional structure of actions

develops is one of the main themes of cognitive science and developmental psychology.
The system of knowledge which explains observed behavior with reference to internal

states such as beliefs, perceptions, emotions, and intentions takes years to fully emerge

in human ontogeny. Even so it is thought that elements of intentional action knowledge

are in place during infancy. In this article, I review recent findings from studies that seek

the origins of intentional understanding; especially I focused on the works by A. L.
Woodward and her colleagues. I begin by outlining what infants seem to know about

intentional action during the first year of life, and then I consider the question of how

this knowledge originates.

1. IL®IT

HRIZTFET AR OF T, ARITEETH B, AR,
B OHEERICEMIC B &, LOMBICEELHET, FhZ
1T o EMT, L EIIMEEERTS. ZLTC B RN
STED BERER7ZY —BIZR B 70T, ZhbD AR®
BE 2l ARDMBEHNR LD L LTTIHARL, LEYHR
DHENE L TRBTERITNIER S (Woodward,
2005V). HEEED X 512, ZDRENICELLEENH S
L, HEEFEITIREE IR > TLE 5 (Baron-Cohen,
1995%).
TEDOHIZLY, £H2EBE T, FELIIMED
THOBENBEBEE DN TAEIICRDZENRENT
T, T 2iE, FELIAE%Z 18 » AETIE, b MR
BIZOWT O R EREINET 57201, & DITAD
BE, 5T, EEOWREBIZEAL, #imd+sLo10k5.
£, TOX D REHORIRL, BERED LY BHICH
bNDZ E LB LMo TE T (Woodward, 2005).
THDBEROHEE ST 2RE1E, iFE &N LI-53%,
DEVHESFEFIIIRARTHY, Tz, BHFEE
DEBTHDHENVZD. LIeBoT, ZOREORFEZH
DILIIREEETHD. RiwL T, £, LIENAER
1ERIZ, BRIMITAIZOWTIEZH > THOBDHITD0
T, &<IZ Woodward & Z DIFEBFFEEIZ L HAFFEIZIER
LABRHGLE2— LTV, ZHUIHNT, ZOHEA
ML TEENDEDONE V) BBEIZOVWTEERT 5.

20074 3 A 2 HXHE
*ETAE WL 2T AR

2. HIRITBIT 5 BiER M~ OB

b hDBERIE, 4T action’ E-ARD, HAXE
NOMBEHBEOBE & LT TIIRL, BEOIROR-E
KRATONTWD LMIRT S, Zoxdfgms
(object-directedness) 1%, %< DERMITAED L HE S
O REDOEDTHD. 7=k 2I1E, Woodward (1998)
ITHOLNT-ESRIT, EREOLMN, HORMIE~RS
N7 2 DRV DBHRER—=ILDHHLDOOE DIZF %
BELTONLLWI LD ThHhoz (BIZHEERTS). =
D& D 2B TEAENRITAIL, AOBE OWEEE (K
ZidhiE P C, E~@8nLi) ELTEY S, & LA
#ZEM (agent) & BFE (goal) DEMETRHRRENS (kL
X7 <& ONATE). bbAA, WEOAIEGEHE LTV
DN, BLROBIZE, DEHEEIIFOHTIZARN.
TNTIE, TR RBIIL, WOTANLENZDE
550 R, TA2EHROBEOEBEICE SN TES
TEDEAID, £, TEHOTHIUL, FHRUTED LS
REMFIZBNTTHAI 0. ZO L5 REE~DT7 T —
FLUT, IBEOHFEE-HIX, BRI — BB L
FHEN D HEEZ AW ERORIEEZ B Z > T&Z. 2D
EBRIETIE, EREISEEZELE L, LEN TR SR
FEREDOIZED L D ITLE L TWBDONERIET 5. B
fE—BiBIMETIE— &M, L2 H 2 ELRICELSET
(ZOEREZELFERLEIES), Z0%, O E2HD W
BROELEETL, BHLREL S ORIEDOEE ZHIEST
5 (ZDFEHET A MEREMES). ILEN, BbESRL
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T A NEROBIZM O OEREZME Lz & &, ERER
DEENRRONE EWVWR D, —F, MEORICERNMH
én&w DFEY, TAMNEERTTICRENT-LDOTH
ik E Nz & &1, ERFFOEEIZR LR E
%z%hé Z DEBRFER, LEROBMEENIC OV TH
NRBEPFFECTIELFERHENTNA.

Woodward (1998)Tli%, BI{LDEME T, LDk 51z,
EEREDOLMED, BORNIER LN DN Hh L
R=NDIHLDOVOEDIIFEMIL TONDERERT
TERRLIE(Z 2T v DRNW S BB EONDER LR
RLEbDETB). F<T A MERTIE, 7~ ER—L
DERDNMBBANEZ I, FKRO 2 BEOERNF R
Ente. 1 2HOFERE, FMNEFLTHYH, TITiE
ERBOFLITITMEIT EHLEMND) E{b L7,
ONLRBITENL LR oT2. b D 1 OOFRIE, FHXtR
FELTHY, EBREIFRUCMEBIZFZMITL, BULEREL
R AHE (ZZTIER—L) 2OMATR. FfLEES
T, 174K — x50 % (agent-object relation)i LR 7241
TWD2, Rl EOBMENRLR D, —F, FratRER T
THER-—SROBRIEDLD N, RE EOFEITEDDL
v, B X o, IREEEE, BMEERICH~TH
FHEEZHRE LB A RCERT D ETFRSNDS. £LT,

HLIEPFRGEREEER LR O, TIT, BOHR
WMﬁ%%ﬁ%IW—%%@@%Lbkowfﬁﬁbf
WL TH D LIRIRE DD THDH. Woodward HD—
HOFEIZEY, 6, 7, 9, 12 7 HRIZBWT, HixtRE
BADOHFRE FUBERICNTIERKISL D LEE
ICEWERRIE) BRLNE. ZoERIE, RITE#6
»y BETIZ, 25T (grasping) &V H1TAD BEERMA
BEICBE CTHDH Z L &5 (Woodward, 2005) .

L Z AT, Woodward (1998)TiE, X HIZ, £LBbH L
PDFERNC, EOANDFOEBE LELBIEEZEH L
LOEFIEMERE L, FRROERZBZ2>TWD (f :
HEIZOWEBLHBRDERT DR BHE D).
ZLT, TR, FINEERIIHTIHMRER~DER
A bniedolc. ZORBRIY, EOERIIBIT AR
DRISITHBIZET TOFOENE 2, F L RO L
STHIEBRIENDDTERN ST L EFRBETH LW
5. ERL, EHEE TLINLOBEZDOLDIX
FELENLTHD. LRI, ARSI IXRE O, &
W) EEDR, DN EVITANEEN I EREITAE
— B 1Z(agent-goal) D BE T 51k (encode) L7=DTH 5.

ot LD KO RBERMITAIL TAENRET
%, BEOEKKZLALTHD. AEAERIZIBWNT, Z
NHDITEITBICRAPRE LD, 1L 2E, 20X
RATAIZE - T, [TAEPLELIARBTAEITESL. £

LT, 20X R i, ARBZDOITAHDBE#ELR
BTDOEMTE. —FH, HANEEDOAPEELAITT
WAHRZREDOBREVD DX, BIZRADHOTIEZR.
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DFEY, LDEMARLOTHY, ITEI EOFND Y MO HER
T B LMW, BFEELLE, LEPLITENG, Fo
X2, tEELZOABREEEZBITBXHRED RN
B BT DR OICRDIONCHEEE L TE

3. LRIERIT B MEDEE L EXDOBEFROHEME

DX RMEER TS, R LB L2 L DR
HEE (joint attention) ZFHlT AN H D, HFEERE &
I, i DR SR A BRE L, R UMBICEEE [T 5 (7
BEY7RESED) 2LThHD. LEN, 20X icihE
OBRBREBS ZENTEHDOE, EN @MhriERTHS
L EHRPEETETCVWANLEEINTE I (BF
BHBERIODELTWD I EDHEEL, ZORH~DE
ROER). LarL, AUERICEREY 7 hTanb
Wo T, ILIRBTA O BIERRMMEZBEL TWAH Z LTk
BBV, HBROBHIE, ‘BEXNREADZIL OHE
HRZEZEBERLVBROBERTHL LV ERHLH D
(Moore & Corkum, 1994%) .

Lo L, BB OERB IOV TSI STy
20, ZORIEICEE LT, Woodward (2003) 1%, et
DOV Z L DBARIZBETHIEROu Y vy 7 #HNT, 1
BN, thBE L ZDOAREELZLT B LD RAl0g

B ERBTIXDINEIDEREANZ. ZOEBRIZBWT,
LRI, DA, BORNCERONATZ2 208 b b

DHIBLD12DIFEH ZENT, DZDRL LR ERT S
BE QF0BLLRFEHALTHESTESR, 2L O
HIRIZIZ, BAANOEIETNRZTHNT, ZOFHR 120
BbbraESTERBRTI SN, INH0EREHIE
BETIRTRINE, TANEETIE, 22008bb20
MEPANBEDY, FRERLHFMNEFRPIRRIN,

HIROBEFRKIEBFE SNz, ZOEBRORER, 12 » A
BI%, B ERERF L. OF0, BREESLOFT
HE-MBEAROBIICKIE L. —J, T BRE9 »
AIRTHE, RHEOBFIIR N7,

LEZAT, ZORRIZBWT, 12 »y ARTIERYT 4
TRFERMELN, T ARE I » ARICBOTIER AT
4 TIRRRERE o1 Z 1T, SR EEORZOB AH
BIIRYRZ DI THS. e xiE, LRI, &£%9
—12 » AORIZ, #SH/— M-Il EEDED &
T, HEAFEEEZ LI THL212251E0, EELD
Yo aIa=hT 4 TRERVEELRTDHIIOICRS

EWVbT& 7~ (Tomasello, 1995%). Woodward (2003)
DEBROFERIE, 0 X SiISEHOENIZ,
FIRBEIDZEAL, & \ZEEATE O BAMEOHEE I ZBURIZ 22
BEVIBALDBEDS T EEFICHEBML TS E NS,

(2B LT, Woodward 1 & 512, #ERIGEM &
HERBHORER BB LBAL NI LTS, Woodward
& Guajardo (2002)"Tlix, 8—11 » ARAZ Rz, ko
Woodward (2003) & RO E LIZOWTOBILER %
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BIhot, &I, #~DA v Za—LERETOHE
BEEL, HREPHB~OHBAREI LEZEHTE 52
ZIMEL7-. ZOFHMEOREE, 48 AOHRIEDSH, 18
NIFAARES LEZEHLIZLDTWEED, 30 AMTERE
ThHhHIEWRINT. ZD2HEOEIC, A2
ERDRENPHLER TORIGIZEITZ R 27z, LML,
BI{LEBROT X FEBE TORISIZBWT, AERHROZE
NHGNT-. AARES LEEHR LEBHOILIRIE, 7R b
BB T, FILEERL Y bEMRFRIIHLTAER
WEWERRIEEZ RS, —5. S LEzEH Loz

HOIETIE, 22007 A MNERADRISIZENR 2T,

INHDORERIT, BROBICH LN DEBBRED, thEF o
EE LIS EOBR (RARVEHR) ~DRIZE L bR
ILDOTIERNZ L EZTET L. Lo, FESLDOEO R
BRI ESRIEN A DN ER 12 » AZAIZIE, =
DOBEMRIZRDEHDTND LI THD. 61T, &% 12
—18 ¥ Hizix, fFED ‘RAZLlmanz s’ OBFK (A
F-RBOZ L3S TN D, RTOVRVWROZ LT D
R OEMPALNDZENREEINLTND (eg.,
Tomasello & Haberl, 2003%) .

4. LIRTBIT BITAHDOEE & XAROBIFRDOHERR
TZETTHBMLTE LS, ZITHETIE, HLAER
onte, BD, ETEVWIREDITALMRERNTH
HEFIRT D I ENREINTND, EE, Zhbo0iTh
1E, BERiZEoThH, BESCEREZ R TEENLRES
(sign) THB. LoL, WHIETHRL, BAlcbkLl
1Z, 20X o7k, BEOLNIRLTWVTARL T E2EMER
HT 25 b0E LTHRIRT 2D TiEWw. &eLb, HWVE
W, IEITAEOERICH D EERERIZOWT, Xk
EEINDIHRTDIZENSZNENZ D, FRTIE, 4
RIZIZZ DL D R HEGRIZFTREZR DIEA D 02 2

WL DPDFFFERIZ L » T, HIRITAEHZ9-1200A £ TIZ,
HHITAEETOIXAICE SO THRERT S Z BRI
T3, =& ZIE, Gergely etal. (1995)” 1%, 12 » A Vi3,
AV 2— BRI Y= DT 4RI DENE R, TOENE
DIEFFH BEBZEA~DESEA 2 (rational) FERDE D
MNEWIHEBRRRIZE & SN THR#ETHZ Lm0
TW5. Gergely et al. (1995)Cix, LI, FTBILES
LT, BEFRONY TOBFA RIZT 4 A3 127
DB, FHEDF 4 A7 (ZZTETA R A LT5)
BRYTEROBZCHOIRFDOT 4 R7 (T4 A7 B
ETB) Mo TITE, MEREMT DLWV EREE
RENT. F2NT, R TORMNTZT A NERNRERS

n, RS EMEFR 2 VIR L TS REES L7,

FANERII2EEDY, OEDET 4 X7 A BBILE
BLEREIC (NUTRH LD X HIZ) ROBKRTT « X
7 BIZAID> TV ESR, bI0EDIE, T4A7 AR
F4 A7 BIZE»P> CHELTWSHERTH-72. b L
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HLIEPEHEERIZBWTT 4 27 A IZK LT HEERM
EAE L7251 (b2 0B ES % BAGRIICAER L
7272 51%), NYTHRELS 202 T A PERIZBWTIE,
TART ADREN - REREGEEDTHA S
THEEZLND. LTEEB-T, 1 DEDT R MEHIT,
FARI DT ITIREBNTVEY, ZOHFICKTIESR
L, 220BDOT A NERIIT 4 AT OEBETIHHFTH
DRHFICEILIZERENS 2 &IZRD. LT, ZOE
BROMER, 12 AR, 1 DEDT A NERE22BDT
A PMESIY HEHF L. &5IZ, Csibraet al. (1999)'01%,
RIEROERR 9 »r ARTHLRALNA Z L &R LT,

%72, Behne et al. 2005)'VCi%, EBRENILIBI/NE A
Bbb22FET/ 20X RBEEANT, LEOH
SRS ESITTLTWA,. ZOERTIE, EBEIL, LR
ZBbL b FETROV & DITMEIRI LIZHE, £D1T
BIZRT D, ZORBIZIZ2ZEY DY, 1 DIXEREN
HIRIZB L B2 FETEREN 22V (unwilling) &5 X
RCTHY, 9 1 2%, BERH-THED TERY
(unableto do) EWH XARTHo7-. 7=272L, WTho
Bb, EREVRREIBE IR —ThHo7z. BIEDOIART
X, EBREIL, ARENOGNI IIICBLHREEIT,
BEOXRTIE, BLHr2B RN T % ELTLEST.
ZOEIRBEIZENT, 9 ARIL, RIFEOLEIL, X
DARTEZ DICRIST B Z R aniz. LR, KR
HIF (FREL D, 2E) R, DOV OEREZEATTR
EROBEREOFEREZMLELTCWND LI THD. Gergely
D ORFFE & FIEIZ R B0, ZOHEL, LEBROTE
HIZESNOTC, IBEAMERRBTDHZEEZREBLTNS.

5. fTADBEOKE

T T/ BIEEEORBIZ OV TN TR E L.
Rl-bB LT, ‘Ol L BETAE Lnol-H
—DITADBEZ TR THWA b TliRy. —EDITA
T, 2R ERCE o THEElfbsh TWa E RgT &
28D (Woodward, 2005). 7= & i, N BIBMIZSE
WTWE, 7%V, R7TE23IWTHIT, F0O7 vF—
DFEOMTe, LWH—EHDITAERD &, B—DITAD
BE (RHEHICERET D, RTEBH) 2 Til, 2h
ENDOITAHERISEDEEOBELEMFET D (IHE~S
% & %). Zacks and Tversky (2001)'21%, 174 DHEED =
DX ) E ZERSy — 2R DOREE (partonomic hierarchies)
ERBLLTWVAD. 9F 0, TALEZEIZL > Tk
T, LV EKROBEIZ X - TERHE SN ERNTTS
D' %I, 1TADEREZ Z 0O X5 IZHWT D80,
HERRBOEZEIZIAARTHS.

T, LR, HBITAN, R oMEKEDBE
WIZANT BTN D LERIRTE 5 D72 A 9 %>, Woodward and
Sommerville (2000)*1%, ZOREICT e —F L T35,
kel bix, HD2ANBDHDIFBIZ, ZNEITEI DB |1
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DD BEFICANDT-DIITTZHENT 5D, LWVWHES
PRI R L. 2F9, 1 DBDOHE~DITAIL, #
DRBIZAENT N TWD &b (I B AE proximal goal),
TADEROEEZIZHELND B D | DOXMREKEE
ultimate goa)lZ[AT HATVD & IR TEX 5D TH 5.
UTFTZIDOERIZOWTHRTS.

Woodward and Sommerville (2000){Z3WNC, 12 » A B,
HENR2OOFERLRFEDO I HLD 1207 ZIZF2MITLT
ONTeDEITZ. 2 ODFHIZITE BIZB L LR N A- T
T HEL SOIZT7 22T, FOBL bR EDNAT.
EETNEREL, LWER, 725200l LD
T4, MEOLDIZAT LTS ERIRT 20, F0O
BbHRIZATONTWAD EERT A0 0WH T ETH
otz IR, 1 20FERTTEL bR 22D
FRIZBHLE N, BIERZIC, BH B2 OMBERHEIZR o7z
BHETRIN. FIRREL T, B 2FIEBILERE
ERICTER, BHHRIIRR > TV, FMEFSRTIT,
BT 257208, BLbREBHERERUE 7. 7
2 NEETIE, EEIL, BOTEZE2OPATERETT, 174
BEZE LMo 7c. i, LIED, BHLERICBIT 5%
HIDOITE (DF0, FOTZEO0E) ZVDNIERIR LT
Wk T A NTHHThHho7-. b L, RN, 20T
ZPEZEOLDIZET BN TN D LR U7 I, #ifir
BEZEHARERIY EGFTL1EA9. —F, &OD
TA®, FOHOBHLHLIZMIT LN TWND LRI 572
LI, M, FARFEREHFMNEFRLY BGTHEA
5. EBROFER, 12 » A RITHRE ORI S V& BT,
Wik, ITADERZ, TORKEZEIZL &N TERRERL
TWEDTHD., LEER->T, ITAITEZEL TWRhoiz
ZHBELLT, LIRITEEBEL D b, BREFEICL VK
BUZRIS LT THB.

T, HIRE, Eok o RERIZESHT, Zok
IRMBIRETHDED S . 1 ODOFREME L LT, LIRIT
1TADER Y, FOARIBOHIZH &30 T, HKEBEEZEIC
BE ST Twanb Lk, o2F0, LR, T8
FHRUHWTE ZDERICAITON TS ERELTH
H2EVNHIHDTHY, —HOITHDRKIZH D BER, &
REEL W) Z L2 b. L LERS, BERIIITAD
EERIEFZTICH LSV, THOEROBEE ST 5
DTy, e 23, BERITAEORRMEKIORE
WIZEETD. HDITHY, MEBNIZH D BIEDERE A
BEIZT D &%, BERIZOITARZOHEIZEITLNT
W5 EREIRT 5. £ LT, Feild Gergelyetal. (1995) @
IR, HIED, TADORRBHREFESNVIZ, TADT
NEEZ, BROBEIZEESTAZERTEL LWV T
BEMEZRIBT B D0 L,

Z ORREIZESE LT, Woodward and Sommerville (2000)
TIL, BB OFEZ T 2HERERTT 2 EBROBINER %
BIR-oTWA., ZOERTIE, 12 »y ARMIAEZD
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BEZ BRI DI, £ DITADOEFEDIEFTZIHCS &
SO, FREDL, ZFNODOREBRICEZTEONGE
ZEIT D2 EIL TAERBL LR ieZ & 2RI
T2) &7 A ML &L, EOEREIZIFRFETH -
7o, BENEB L LR BBOIMIENN TV, Lo
T, ITHAOHEBIEFIIEDOEREF U Th o723, KEHE
RIZRR->TWe FEERITZZ L L, Bbhbozohte
ZEIRRMICEBBR TH o). INLDERMBIZEAE
BROFER, LRI, I BERE R RAERL A L.
2FY, R, BoTvEEONL I ERBL Lozt
LILTWD EIIIR L2 D2 7cDTH B,

X 512, Sommerville and Woodward (2005)'1%, 12 » A
RERBIZ LI-ERT, B L2 FITT 5202620
2B END, VWb B FE — B KR BE (means-end
problem) % Hl# EHR L L TH\V, Woodward and
Sommerville (2002) & RIFRDFEREH/E TS, ZLT, &5
12, 10 ¥y ARERBIZZOEREZB I - EE, 26
ELTE, KISE—B L TWaeh o7, Hii-/2isEsm
AT, BRIREZHST Lo Lz L 25, BIREWGER
BELN. HEBRIEIL, BMEERICNZ, Howbin
T2, FOBPRNEZAIZDEIBLbe%, x5
ZLIZESTHRIZTBZENTEDZNE D ZFHET 5
MBS L. 2 LT, ZOBEICE T 3 EHERLKIG

(BbHR2FIZT520IH20-21E> TV, B
LRPOBEEZHET, BbbeB T3 o3 <izkbb
REOVeD) &, BLEREICBT S, FIAER GHE
FHR) L0 OHRBERERITT B RE & ORI A
L. MBEBEREICBODTIVWRIEEZ AR (F
2 25%) 1%, FratRFELE2ARIGRIF L (XY, £5R
BEOREDDTLEWVITEDR, ZRIZOELRLTVWAED
HRIZHETONTWS LR L), —F, BEREDOR
ISR L 2o TR R (FAL25%) 13, BifiEf a8 L
To. TRHORRIL, LRD, iz o0t W I 1TANR
AT ONTWAERIR LI Z EETRBRT D ENVRD.

DL, EHR 10035 12 » AETIZ, WWRITFTA —
X RO RFTRILBIRIZT Tl L, 1TADMER & Z DRKHY
REROBRIZBEREZRIT THEDOTHS. 1 FER DK
DY ETIZ, WRIL, ITAHDOEHY —2ERERE O#E IZ o
THRLIILDDDTHS.

6. LIRommM-TNBZ &

DX, LRITAEZ 1 EEND, TAZZOEKD
BRSO TOM LIZ LD B, ZO5WE, B o
DREOXKELZBX THY, ANHOITEIOERNESR &k
LHELTWA., LT, ZO5WE, £%5-6 »ATF
TIZAbND. £#%9—12 » ADBITIL, 1TAE L1THH
BEBRL TS BELZEEST, XRCESWT, —ED
TALBELEESIT3.

INODRERLL, AWRBPEREWVWI bOEED L D ICH



HHRA B TR FHC R

RLTWDEONENW) EfERBZ X85, LIRIE, 51T
BLEEZNRATONTEANREDOBEBROREEZ ED X ST
HELTWADEAY . BEd, TALEESITON
7=ATB ORI (regularities) &, Z3L S DOFAINED HFE
LB LHPREEDTE F 2 KRG T 5. 1| DOFREMEE, IR

IFETEIERET D0, BEFEFRELRVENI HDTHD.

o & 20, LRITITAE L GOBGRE, <V
BITAIZH EDWTHET I L2y (e xiE, A
EZEDLER TN b DI I BENTD).

IR, ITEOHRBIMED ST LIRD DL LT,
ZTINDRALT-BENBESEHBRT 52 LIXFREEAD.
TAE —HBRBRETHCLE SO THNTHZ EICE
D, HLIRIIITAE L BIEOBRIZK O Lotk b. iz,
T8%F LRBICER LT, ERIZOWVWTO XY &
RAEEBRT AOICEDRELZOMENRASIND Z
LA B ATEV S HTIEAT 2 O LERIFEBIZ DV T OJRER
DEBEZRBL S 5D THS (Whiten, 1994') .

LIRS, TEIOBBIMEI T 2 RE LTV D &0V 5 FTHEME
IZONWTDH S VDEDDHIDH 5. Gergely & Csibra 13,
HIRDITROHHTE, BEERNICEENICERLI
H DT DH(BEWERIIRS), TIULHEHPITADRRE &
BB END HEROMRITESL D, & 5ICEDEMERT &
RE LT3 (Gergely & Csibra, 1998'¢ ;2003'") ; FLIE D
WD B RGRIAIRSIT, 1TAE L BIEORRIC, g
ROERED L&, ZOBREBELTD. ZNLHORE
%, BEELE, DMICRBSNIERE (& beliefs) & D
B Ci1BR &N 2 LRTFEEY (FEZL desires) THDH LW H
BSRITREDEMEL 2T LIRE SN D (Woodward, 2005) .

ZNTiE, IR, TAEZSIEEZTHRREICOWV
TN L TWBDEA I H. FEBIE, DRIETEDH
W # BBfRT D DIZ+51 78, EESR TR ROV AT A
EH ORI, FNEREUVAT AR RIS DL
HEIEZZ o, £, LERNGHRZZL0TEET
— X DETIE, ZOME~DT7 Fa—F 38 L. LDE
EOFELIE, DIZOWTEETZENTE, ZRUFELD
DOBFRIZONTOEERFERIF LS. ZL T, DX
HIREREILENDED Z LT TE v, TR, LRk
BEL DT DEEZEML TRV, bk, LiEdo
T, fTEMIREIEDS, T DX D RIFROEIEIZR->TLE
5. ZLT, BlIZEEESbaunl LU, #nboxis

W&o T LRIDOEPREZ RZ L2V LRS00,

L L7ehin, JLED, BEEN21TADONRMEEY
WIZOWTNZEEL TND &V D FERRICFE LR WVGE
e D, KB LIZFEAERTIE, LOREL, BEEOY
HAER H 5 WX AR L IS L CTEET 2 H D
Bx DITAEROFIZETH LD, 2L T, HELHMED
FCRICEERLTHNDAHDE LTERRLTWAS. HIRIX
TADERZEMLRNES, 2N 5OLREBROMEIZD

W, A% TEBOKRDY ETIZEMB LTV LI TH .
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E7, TCICER UL DT, IR ME & - sk
BLTWAHROMOIEMHEN2EGERETHL, &5
W2, BEZFEDOITALITMMILTWA LD E LTERET
5. INODREE, HER, 1THE—XRHIC, BEEo
WHERBE L D bR RANERRTH 2 L AR,

Fio, LRIZEEZITAETEAAOREL LTERTS.
7= &z, Buresh and Woodward (2006)'® %, 9 » AIZ &
13 y ARPITAERDTAT T 4T 4 2ITADBEL
—EERTLOLLTRBETDIILERLE. LR
Woodward H1Z &2 —HEDER L FEDOFRE 1L HER
R IIRoT R, BMLEME & 7 X N BB CITADRTRE
BT DL, FHRER~OBIFIIHALNRD T2,
Kounlmeier, Wynn, and Bloom (2003)'?Ci%, &5 8LA75 5
FRROBEICT 7 a—F LTW5. ZOERT, LRITK
FHHEERA L TWDIERDOT = A7 4 VAERREH
7 1 DDOHRRE S 1 DOXMNREGHITBO» T E DT
LORFELHTHD. ZOFELRERL 12 » AR, Bbh
LHEEPBIRENOHEND Z L E2FETH LS. HIRE
%, 5 (HEH) BEEHIMBIFBSE, Z0OBE
S LI, ZOMNBROF RSB T BITE % HR L.

SO, LRDBGBHOITAHEELE LTORER LM
D BAFFERRT A OBEMOBIZ IR BER1H 5. £7°,
HLIRIZ, 217852~ RAY—35 LRI, TOITAEDE
EREMMELEMBITALOICRDPEVITERLLH D

(Woodward, Sommerville, & Guajardo, 2001%”). H1x T,
Meltzoff and Moore (1977)*V25ER & A3 U 7= B4 AT
HoDH LT, AR, HEEICRI D, BHOBEERE
REITAZMEDZNICAEIED XK T 5. LR
X, B BHEOBEELMEDOBELFFOERTERLT
WAHEHTHD (ZORBEIZOVTIE, 6 TIVF#ELLE
~N3). LT, LEPESEHONNLERIREIZE S
WTCND & &I, B b ERERBOREEZ LD LAk
FTZENTRBENTNS.

ZADLDRERL, TRTHRENOAPRELZEMFE L TV 5
LREFROT BALD LD RIEHMZIT e 6220, LasL, L
REEDOHFO O MAE L, LESICHENITD A Z L
BRBEL TS,

7. {TADABOBIR
TZETRTERLLIBRHEOKEICLD, FTobIT,
ITAHIZOVTOHBORBEOMAEHERNTEZ 08T
5. LT, Fhx, ZOXO MR EDIIIZL
TEENDDONEMY 12 72 5. AHEE O LRI,
BRSNS R T ML B0, FiLE bR R A
T v TR L LSRR OFTRE /e D kv 5 IR, 3R
HEHERRIELEZEOSEFICBN T, KEMICER ST
Wb, FLTC, ZOEmiE, HESMEBMOBRTHIERT
b5z, L ICHLRHOBRMNITE DEEHRIZONT
DI X - T, Z DD S X T L~DAF & h D AEFEH
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FEENHDAREMENPBREINTWAD Z LIZERT 2.

7= & Z21Z, Premack(1990y°2\2 X 2 BRI L < b TW
B, 2, SRR, BELESFREBERNTE LHRT S
TODOHMBHL AT LE b > TEENDLEVI HDTH
B, ZOEBREREREO VAT AT, EHROITS
FEOREBR L ITMSI L TWT, HEBEDENE D/3F IZ
Lo THIEE&ENUIN, BENTHLEEBEZLNTWS. £L
T, ARDNERMEEZHETH35 L LT, RWFEOFE
¥ (entities) ZIREL TWD (FUZiE, ADORENLN
T2, NDOBNTEBTZROVRMLRDBNEEND).

Premack 1T, BlE &2 B FENRIVIL, HOHENSHE

(self-propelled motion) TdH5 & LTW5. 2L T, B4
TE BRI ENBITAERTHD L B2 EN, ZOITH)
1%, BRI, B, FEOESN, TOMOLEREERTH
DELTHREND EWVW). ZOBE, HHE—DITHF
W0, HBRIERD Y AT ADF&&E5I< Z LT
7%, [FAREDSIBAIL, Johnson (2000% ; Shimizu & Johnson,
2004*) (IZH A BN 5. Johnson X, B BIFTEMHREFER
IRMAMBEERET S &, LR, TOFEDIT, B
NEHFEEDICEEZAT, BERRNZR LM TITET 5
TLEDOTEBITAERTHA LHRTIHEMRELTND

—77, ARSI, HDBFEDTENNZ DB EHNA
THREWVWIBRNDHD (LB T, ITRAFERNYZDHD
2, EEHEEMTTHEINERB{LLTNAZ LTk
%) (Leslie, 1994% ; Gergely & Csibra, 2003; Kiraly et al.,
2003%). ZDOVART AL, TNHEDOREZUERLTND
FRIIRATHEEZLNTWVWS. =k xiE, Gergely &
Csibra %, & ZEEWH BIZIZMT CTHL A ERNRE)
ETBEBLTWADERDZ LICL -, £ AT
TAOEEDB & &R0, LRI, ZOFEEDHT-
RRWTHABAICIREIZAI LT L1k D
LIRELTWA. Kiraly 72H1%, 20X 52282 b oftt
DERND & 2OBBL TS, OFERRRORE & 722
LENE L, QF U BEICAT b, #ELD, S8R

(L L, BETAHIHEIZELY) B1xThs.

D ORFITT T, LIRS EMWIIT S O RIS
BRlazrboTWT, LWREZNE 7 U T 4 A7 L
7= CEI BT RTUII—F DA BB ERROXRIZLLT
WHBNEI N LT 5T 5L TFHLTND. ZL
T, A% 9—12 »y HOARIZBWT, ZOFHEEXETD
L OBEBREENELNTWS. ERO L HIZ, ZOAE
DHRINL, avEa—F R0 Y —r LOMRBRREOH & %
BAZFEAM T LREIRT 5 Z LRI I N TWS  (Gergely
et al., 1995; Kounlmeier et al, 2003). %7z, Johnson 7= 613,
JLIRIE, b A TEED D ERENCRERE L2 TENCREE T2 0
ERBHL, FOEEMEITAERE L THRT LIRS
ZLEEBOLMZLTWS (Shimizu & Johnson, 2004) .

Shimizu and Johnson (2004) i, 12 » ARIZ, RYHH
DFREDELEL o7 uy 7 ERET. 1 DOFTIE,
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FLRITET, 2070 v o8, EBREDHSMBFEICH L
T (=7 FLEEIC L - 0) FEEMICRIST D5 & 12
RENTZ. O 1 OOBOWLIRIE, AT ey s 28155R
EN, BE=7F LMW, EBRE LT oy s BNHEEER
THPEITRTRINRD T, F0%, TEEOLRIZ, B
LEERET, T aysd (ALMCHCHENID), 2250
Z—0y RO 1 DIZBEEL, BT 0% Rz, %
LT, T A& BMETIX, Woodward (1998) & [@IkE, #Hrxt
SHEGLFMNBEERNERIN-. TORR, 7 X MER
BT A ERKISCERTEVRA L. 2 20T A b+
FHERJ LI, RIZERE LT oy 7 ORENHEE
ERZEBLEEOARTHY, ZOBOILIRIL, FsEF
BERIF LT, ZORIGE, LERR T 0y 7 08 E & B
BRI EMR L2 L 2RET 5. DD, BIERTRS
NS EERBFERD LT, JLER, 7uy
U RATAHEEE LR LD LEZONDEDTHS.
INBORERE, £#%9—12 » AETIZ, LIRITLER
MR BERRMNITAOBEZRETL L, ZLT
ZOEAIT, HBHRIMICBVTIL, FERENRITAEEIC
FETHERINI DT LERET D (B3, TXTOXRNRITHE
BENDDOTIEA. =& 21F, Meltzoff, 199577). L
L, TOEBEIZOWTIIHND DRLTWRY., RUT 4
TIRFRREIL, % 12 5y AUBROILEM /LN
DOPKETHY, =& z21E, Woodward (2005) X, ==
TRONDHRORISE, EB/NIE» T2V 2T A TR
R, ‘BETDE VAT LADORETHDH EBRITNS,

8. fTADMMOREE L

Woodward @ X 5 728F7e81%, HLIROITHDOMBITES
BITiE7e<, JED, EHROITAHERL ZDITAHORR
DO, BELEDICL VBT LU TR
STV DOTEHARANNEZEZ TS, Woodward (2005)
X, LRI, BEDITALEZNLDITA L D LOBERIZD
WTOHBEED &, ZFNODITAICET-N5RAIME 4
HT 20 TIERWD, ZLT, TOHAMEE, FIiaddn
EHVWEVWREREZEIRT HOITHE S OTIEAV L1
RLTWA.

H L, LWENIZIUDIZH > T3 BERERNITAOBE
DB b DR BT, LWRITIZLOHNS, HHDEFHE
MICBEAZIFBIEDEAS. LovL, £ TERARNI L
R UL H D, 72k 20E, 5—6 » AR, ‘o’
LV BERICER TOWAITAIXBIEERATE S AR L
7278, A OB E N O RO B X X FEARIZARR
L72ho 7= (Woodward, 1998; 1999). F7=, Eikd Gergely
etal. (1995) & RIERDFEER A I Z 72 o 7= Csibra et al. (1999)
T, 64 AL, Ta A2 ICBERERAEEMNST B LD
REOGE R otz BEERRMEON 52T 2 Az
1%, Kirary etal. (2003) TH#EIN TV 5.

INHOWEE, A% 1 FRHIZBWT, WWRIE, £7,



HHITEE TR

BIREMBIT A O BT 4 R, 2 OBEMN X 0 —i%
BIZR > TV EWI FERE IR T L9 THD. 2F 0,
FLBIZ, XU DI AR D ‘ohnde’ L XS REE
DITHIZOWTO BIERREOEMEZ B, 4% 9—12
rRIZ2% L, K 0HBRALRHERREDOITAICD BERER
MaEMETDLCRDEBLLND. LL, ZOL)
TefEamE T AT, I ASRRBRRIENPROOND. %
W7o K 9L, ERHRMEBRORBHDOS| E&55(<, #
FERRITHRFERN Y B H D LWV RSN O0dh Y,
FREINOEFERIIEET D LI TERV. =& 20T,
INE TOERMIIETIE, LIEIZZDOL S FERNY %
BRTETCWRVWAREE L HD. ZHICETIEEVZ O 4
% &£ LC, Luo and Baillargeon (2004)*7 BLBKIE VIFZE 4
BIpoTW5., ZOETIE, 57 ARD, BOHERD
B HL BIERRMNRITAERTHD LRI L
ERALNMILTWA. LarL, ZO#HEIE, Shimizu and
Johnson (2004)IZ#W\NT, 12 » ARD, EBRE LHAEIEA
Liginoler my 71203, BEERAEE S LiehoizZ
EIZIIFELTWA. K0 EAGROILIRIZOWTIE, ER
DIRAEPMLETHD.

T IT, BEAEEIRAR b AT v TR L ARSI (LD
FETHD LV, EBERIIRTIHRICOVTRM L
V. BERIBITADOHBBBAMFEB I s THEORD EWVD
i, IR DOHSRIRANCE T DR RIREROF B E R
EUCHHRENEE ST TE 7 (e.g, Tomasello, 1995;
Carpenter, Nagell, & Tomasello, 1998*). Z i 5Dk T,
—#RiZ, 9—12 y ARPER SN TVD. ZORIE, A
Bk Lzl &bz, KV EELE NI AEEER—ERE
EXaIa= T4 TRERY, F— A, Hifkle & —
EZLIELDS. 2 bOH LWHEEERDBRGIZEIRIT
HY, HERFRIMOEAS (social-cognitive revolution)” D
TFN, EVDT, BREITROEBOL 7Lzl s
b Z b TE7= (Tomasello, 1995).

ZORENCHBLT 2HEERO/NE 0T, Fil-2ass
BHEESNDOLB L E LTI TR, ZTRNOLDREHNEMD
EFBFELLTHEDZXDZENTES. &IT, 31
Bf% (triadic interactions) ~DHEHEIL, FLIEMHEDEX
ERATOIEDOFUEERETDIEHEESINTNDS

(Carpenter, Nagell, & Tomasello, 1998). 3 IEAYZFHA(EM
WZBWTL, BEREFEDEIREDOR LAIEICERT

(BFIZ1Y, ZHUCIE=6&E0T3). ZLTIZDZ LA,
LR, BERBHOITALEROREL BRI ft
FEHOITH EWSTHLEDIT DM ERAT D, 2R,
HEZOMEBEPERZ AT T DR OBORERKAZ
REHRT DDA FRBEEEREFEETLH0IE, 20
O RMETHDEELXA LN T, Ez, LRITET,
BHO (EEEAMEOMD) BERARBEHROREE L MEIC
ONTDENEDBFET2RBEHRL, TIhb, M
SMUIETAERE L TOEREH LMMEFEL NS kLT
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BES AR T D LIRET HHZEE b5 (Barresi & Moore,
1996°). F7=, BHEDOMME~DEHN2IEDOBRD
Eonbo, oFv, WRIZ, MuFIZESBE LELIL
THHIRBR A b2l LHERT D EEBEXTVWBAMEE LD
(Carpenter, Nagell, & Tomasello, 1998; Meltzoff, 2002°").

INODOERITE, bol bbb LWL, LB ORmMIEE
Z ) ERATE DRI & B 13, EIEAI R HFFE I3 A
TRV, ZOVEDSOEBE LT, ZNHOEBDOL &
ERDID, BRMEMEDOA > F v 7 A L LTHEHG
BHIEFEL TR ZENRETONS. FEHOHEME
B, EOEROBEMOEIE L TH->TIVDNE D
DOV TIEREWHER SN TE 72, 72 & 21T, Tomasello
(1995)i%, 9—12 » A IRDOMEBIBRE & HFEERITENT, fh
EOBRKOBMERKMT D LEREBLTWVWS. LiL,
Barresi and Moore (1996)23 635 £ 512, Zh b DITH)
&, BIEDOBERIZE > THEREINDI b LARWL, BE
WZOWTOBRBEELEL LR2VVEWKEDOBERIZE-T
XA bBdhb L. — &z, LT EnE, v
ONDKEDWUBE DR Z T D20, HHITE L b A%
EDLHIRBOEHEOBRITAA TIXAW. AT, &l
fbEiiz 3 HATEI ZHESMRIO L - &b X WGFiL &
LT D Z &iF, & YVIEABOILIEDRBERES %18/ NEH
THZLIZRDFREMENH B, £ 9—12 » BT
FLIRIE, Ffe S 47z 3 HBIRIZIZS M L 22, ko
£ UZ, BHE T Z A D& AW EROIZEIC T, 4%
HITERMITEOEE 2 {E 2 ML TV 5D,

E72, HDITHIIONTOHRIIEE S HENEEIT, *
DEBOFFEIC HRER GEHL) 2b7kev 5570, HEH
ICHERR SN AEREZFTE LIZK WEW) BERH B . 1= &
I, 3HEBMRIZEBWT, LERB L L HHHR~DIE
BEHEAELTWAZ &L, ARRBLEROERIZONTO
MR EBETAHE (FB) #5251, —F T, LR
MED L RHBERBL VD E W) LR TS
T LITH D, SRR, TTAOMREERT B ER
THdZ LITHENRVD, ZORBERARIZTHZ LN
RKODBNB. FLT, TDOTHDOMS LI-FEENMLETH
5. ZORBEIZ DV T, Brune and Woodward (2004, cited in
Woodward, 2005) (%, FLIEDITABEMEOBLOFEEL, #*
AN EMEOREEZMARDEEEREZB I 2> TS,

Brune and Woodward (2004) o H#JIX, FLIE D174 IRAE
B, FEERSEN CARBERBRICH D0 HENDDHZ L TH
ofc. MEBZEEREMANEZD L END, £% 9—12
sy AORICER Lz, MEICHEBESHE, BERMIILE
DHEHRAMDOFZEIIFEETHZ L ORI S.

Brune and Woodward (2004) 1%, 10 » B @ &%z L7z
EREBI o7, FATHFRICEY, 10 » A RITEESS
S L TRHESNDIEROBEBEZHEMBLIILDDZ &M
RENTWA. FHBRIFIE, £, BbEIC X 3ER 2
DIZBMUT (ENENDOEBRIIRIOBIZB Z ebivi).
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1 DOEBRIT, #LDOEEOBEBLZTMTI LD, I 1
DOERIT, B LOBEM 5 D TH->7-. Brune
and Woodward (2004) TiZ, Z D 2 S>DERIZEIT DB
WRORIED, 16 DRSS EE LT 208 ) 22
BL7. 209, ILIROLESITES — BN, Bl
EFEEBE~DOBI, StROIES LOE— 1220 T HEER
BTz, 2L TC, TORBR, HBRIEOBLERDK
IR EHEITA L OBICERRZBERENRD D Z EBREE
Nl Lavl, ZoMmBEEGRE, EREAZTHIEIZRRD
LD Tholz. 2V, LILOHEMITE &SmO
BT, B — e e HBBERR H 5 LB X 5T
B, BRIN-FEBEBERIE, EBRNITABERE ChHoTZ. -
EZIE, BE LB, WEAFOES LOEHERE
MR H 572 (ZHE, Woodward & Guajardo, 2002 &
FBL). LaL, 8 LOEMIL, ZOMOHEHITED
FBELITHEEN o7, —F. BROBFIIEETE LD
EEEE~OEEORE LHER D -2, 5 LOEH
RMDOIERTE & OEBIZ R o T, WTROEED,
AR DOBIEDMEN & 1T EHEETH o 72

DX I, HEMRERIT, HEMNERAORECTEET
DEITHDN, FHAZEEFZWV. & 2L, HHHEM
RRERDS B DHERIRBIE LA HT DD, HDHVIE, HH1E
SRR & DA A EL D), &V ) RGO
FFEEEE 52y TiLR V. £ 72, Brune and Woodward (2004)
TIE, #EMREOHAHEOWE L, HIHBEDHEH
TAOEHOMICERLMAESR LN, 20X 5 28
AN E 0 —EMIZR 5 DlE, W, EDX ST LTRDON
EVWOHRIELHD. DI, FELOHEMRERDIKRIL
IZIE, FEH B HOHSHERMDIINC, BHOTEFHED
KORBRORESEETLHEEZOND. 5, b
DRI DV, BWTRIBTTE & HERTRIRF RO E 0 5 7 7
O—FTANERHDHTEAD.

9. fTADRRLMRZEN L OB

RO L SBMOEFICET 2HRIL, £F, MEE
DRERFIZX Y, FHleBREZAZE TS, DO &L
T DOREE R DA DO TH L N T BRI, &
LR FE, BNERER Y, SESERFERDD. £
NODOHFT, EFEOLEFEL S S & DR BIERVDIE,
FERMEEEANEIZ R DA A=V THETHA 5. FDOHTH
HEEE R RE R LB B 2 1%  (functional magnetic resonance
imaging: IMRI) % AWV fFRIL, ODEBFOMIELE D2 TR
L= g iZd by, ZLORREZETFT TS, £LT, X
DEFEIZR > TERG LI MR T T 7 0513, LROKD
BEZFRRIZTEDOTHY, ZNERWZHFIEOERN
/IR TS,

ST, ZIT, M L BERMEOBIROTFIED D253 )
WZOWTRIA LIV, BRITAERE LTORERD, B
MOMEDEEIZESET D EVIERICONTIE, BVE
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Ham SN T&E . ZHUTKR L, 48, TAEEE LToR
B, MOITAEROBED I DDIEREE 25 &5 7]
REMEICEORFE LN TS, ZhIL, TADEH L1754
DODHFIZEBT MR -BHANRBOEE—IT—==
—R VDR L L TEILKHALNTNE—IREI AT
5Ltk B. X, YLVOBE—MBROEN D, B
BRIEDR 2 BEERNNITAZEHRLE Y ELTB L X
L, ZOWBREDR, A\BRFEUCITAE2TH02B88EL-Lx
DEFTHEKTHEHHNFO= 2 —  OIFENH S
1272 o 7= (Rizzolatti, Fogassi, & Gallese, 2001°?). F7-, #
BERA A=V THIRIZE > T, E FOKADINT, 35
—=a—nrEREROBELY B OBEEARRIN TS

(e.g., laccobini et al., 1999°%). I T —v 25 A3, #iED
TAEZBNRZTOITEERB IR ) L2376 < MRE
BOBEBIZ L > THET I HRBRICHIETSEELDL
nTW»a (A, 2006%).

v FOHLBIZENTIE, YD TF—=a—a & s
TED LD REBEOEII RV, 37—V 2T ANHLIR
ZHHFETHDOTIERVNEZEZ ONDIEHANDH S, 2L
Z24E, LRI, AENTEE»OMEDOITAEHEMT S
(Meltzoff & Moore, 1977). \WH £ TH AL, HERIT,
B BHORERLTHE R Z L8RV, FRIZHBEHL D
TR LMEOITHEZERTIIENTEDLNWHE
BIITmDANARBFETHD. TLT, 2L, BOBEED
112 & thE D175 % B BIRNIC L8 S & 2D, HLIE DM
D> TWVWDZ L EaRET AT EELOND LD
12725 TE =D TH B (Meltzoff, 2002) . ZFUZEE L T,
LTV AT AL, FITENTE BT NET4) O
BEaC—%ERL, TNEEMTRETE LT 5 &
ZZ2 b TW3 (Rizzolatti, Fogassi, & Gallese, 2001; )14,
2007°7). b Lb, ZDX D RERAEHE OIEENH S A
72003, BHBORZEOHEIET T, ERMERLLOR
FRDOBFEIZ OV TORRLREBHICERETHESS.

& Z AT, Sommerville, Woodward, and Needham (2005)°®
1%, LIRBF O BIEEMITADORRY, & DITAEDE
BUIENINADEIDEENIDDEREZBZR->TW
5. ZOREIL, S5V RTFACLBITAIAR L EIE L
THEY, REFKE. Z O T, Sommerville 72 H 13,
3y ARICH -7 BIEERMNITA%2FE S8, 20174
LiE, vV T HEOFEERANVC, BORNIZEDN
NEBLLLEHEZIKESITRENIHLOTHS. ZDA
EOFLEIE, £ FMIEL (reaching) DEENIZIRY 235
D, BATEBLBLRICFEBILTENEESITESITS
L LY. Z LT, Woodward DFEATHFZIC X iuid,
ZOAEWOIIRE, F2, hEIHNRICIFEHBEL CTON
el WO ITEA % BERMAIZHER LAY (Woodward,
2005). Sommerville & DFFFED B #IL, FRE AV =05
FEMAIT A DORRERDY, Woodward (1998) & RIEEDHI{L/<
T EA DML BEROKS, OF Y MEITA DRI HE
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ERIETVERIETHZETH-72. T LT, EROFERE,
FRIILOMGBELZRBRLEHED 3 » ARET,
Woodward (1998) & RIEDEBROT X b EEFEZRB W TH
MBEZLV LFXNRERELRGF L. —F, FRITLD
KRB ERBR LR > T2 5B TIL, BIMEERICE VT,
WTNDRDT A NEREA~ORIFITR LN R0 EBIT,
ERBEOBLERICBIT DFHABRER~DORIFOEL
&, FETHRICEAL LR (REMRE) OMICEER
MERZ LNz, 2o ORI, RO BERRNITS
DR, i O BIEERNITAORMICEEY 525 2
LETFRBRTD. ZOXDRHRERHOND A, 1TAHD
B, »5VIEZOREER L, SHARLN DX
REITZ VD, FERICHBEVRETHD.

10. ¥¢&®

AL TIE, Amanda L. Woodward & % D IERAFFEE 12
B EOMRICEREYT, 0REICBITZERMEDR
e, FAUICEET AEMEICI OV TLE2— L7 LR
1%, % 3-5 2 AIZBWT, thEDITAO BEEREE
BALIIU D, HEMIEEER LV ENTREE% 912
7 BIZBWTC, Z0MiE X BB, »oZEiz LTy
X5 ThHs. Woodward (%, BEXMITAHOMFL, BT
B2bonb, X0 —kiZk, Z L THENRLDO~NEE
{£92% &0 9 BEZOBRREHV TS (Woodward, 2005) .
REOERFIZOWTIL, OSFE & DHFFEE ORA b
HEITHY, 5k, BABRFRBBIRbILDEEILR
5. LvL, HARIHERSNZEL OFERICEY, ZnE
THHICRET ENTW o7z 0 BIBOITEIHRIZ OV
TOT — 4 %124t L7 Woodward DIHEIZFEF I RE L.
ZOEEOMEORBNETETHFIND.

& Z AT, Woodward 72 b DBFFETIE, BIHL/ ST &1 A
FHOEERNFOLTH 720, BEREORBOHFETIZL,
BMEIS 2 I LEERICL ES<KHELZ . -2 2
£, Meltzoff (1995) 1%, 18 » ARIZXL, ENH S
MBBREELERTERVVERTERYE, AIUARE2ELL &
EOWRIEORIGEBE L. - 2 TR SN SRE
X, 72, E—XE2BLEEVNOLED Yy TIZAND
LS HDTHD GEETERVENS DL, ZDOHA,

E—XDU0bLEI v TIT)IELANLNRNZ LB IT).

IOEROER, (TANFEETERVERTFEZ BB LR
BN, ITANFERINT-DO% BB LB & RO K
T, MBBEEEZIRLIESREANT-. 2F D, 18
rARE, BEBLTWARWITOEETAZHRL, T4
EFHELEDOTHD. i, 18 » ARIZK T BED
BECHMOBVGEHILTHH L EZ LN TWVWA. Fiz, il
DIFFRE I L DEBROMER, FARORIGIE, 12 » ART
HR LNV (BETAOHRIZH & O BAIRRALNA
V) ZEDREN TS (Bellagamba & Tomasello, 1999°7) .
UL L722286, Carpenter i, XV Bflide HERMAIT
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HERR LI L EORBRIGE D &2, 12 » AIRTH-
Th, EDITHDEEEEMEL TNAZLERLTNS.
F 72, Gergely., Bekkering, & Kiraly (2002)*4%, 14 » A 1273,
L DITADFE L BREDBIRE, SEMAICE SO THEF
L, RUUZE-T, ZOBEXFBRTLIFEEZEXDH L
EZRLTND (FELEROBEER L, Lo ABEMRFEIC
L BRRDOHLDOER).

BBEOGIT, BRI ORI & 72 503, EEHEEE
DOHEZTHOT, 1 RULOFEHIZHEREN-ER
FEE, ZOEZEORRIZAVBZ ENTERW. DF Y,
B IE ZFIEICT 5 &, 207528 N 5 @R
FEFEL A= M —IZ A TOWARWILIE (Db o%15%) 218
MNFHMELTLUE D AR HD. LEEBoT, 728 2,
BEOS & BRSO BRI & 22T 5 K 5 RifFgen
VETHS.

BRI, METAOEMIIEFE T 5 LB IOV
T, SRETETHERNES, F-RFERVPERALTY
K EEZOND. BRI TIE, BbICHSHESDESE
PEIZONT D#ER, ERMREHA~ORBROFEIZOVTO
i, T L I T VAT AILOWVWTOHREBA LT
ITEDERFIEDOESS, MEIZEEDaTRL—v 3 (2
£oT, LVIKABOILIRD bHOFEL, F DR LS
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Quantum Chemical Study on the Structure of Ar,/NH; Van der Waals Trimer
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Abstract: The study of intermolecular interactions is a useful step toward gaining a basic understanding of the dynamic

behaviour of molecules in various environments. Especially, interactions of the ammonia (NH;) molecule with other

molecules provide valuable information on protein-protein interactions or protein-solvent interactions in biological

systems. From this point of view, high-level ab initio calculations [MP2] using correlation consistent basis sets of

Dunning [aug-cc-pVTZ] were carried out to study the structure and stability of Ar,/NH; Van der Waals trimer and to

clarify the nature of three-body interactions. The details of the potential energy surface and the effect of the basis set

superposition error (BSSE) are discussed.
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3ER Ar/NH; OFE{ERT—3 X —X, BSSE 2K THI
30%FREETH Y, 2 BiE AUNH, OFEIZ TR B8
[T e LAINE Do 7. E Tz, CPFHIEIC k> CHEAEER
IRV —DT 0T 7 A NVHEE EOLHEORELIET, CP
FHIEIZIT ZRIBIIFHC RS eh T

i, FTRBOHELIATIZ LICkY, RetlEs
PR R Z S 3 TE T, FERE OHEDTDRET S 3
&K (NeyNH;, HeyNHy)DLEMIER Rz, ZORER, 3 &
BORE I AR T RIEOMBE/ERIC L > TRIFT 5 Z & 28
HEALTZ. AryNH;, NeyNH; Tid, il AFRTREOHEEIER
X, 2E&fF An, Ne, DA L2 FAETHT=DIZXL,
Hey/NH; Cid, He BT HREDOHEIERIL, He, 2t &y
RN SWZ LA LT, 72, NeyNH; IZBILTIE, <A
7 OESMEN SRR SN T A EEREE KT, BEL TV
7o, LIehio T, Tibd 3 &AL Tid, MPaug-cc-pVIZ
DHENTTANAHNTND b DL EZ HIS.

SBOBEL LY, 48E 5EAEDLS REEREICE
VT BSSE OFIRBED L S22 50y, R YE T
5. ¥z, ZOBSSE #TE LTI F 5 HED—D&
LT, S fFHOPRICEER#EZ I, Whd midbond
function DEFFHSHIT IS, L LFEHRIZIZ, BSSE free & 72
DI OBRRPLETHS. £, MP HETE TR
DIALIREE LT, — RIS I LN THD, EEIORENS
EB3% LREOBEOHATTIUTIER L, KEVWRIZE->TE
HEVERBTR 2D, TS LT, BEIRTE (DFT
) 13EHE, FERRAEEICRW T, EFEER IR ATE
ke U BRSO AE DR EE LBHI R E WRIC
HITEA SN TV, 5 FRHEEEROFOSBIINELE,
FEMT UG IEREC RN CER WK ERH D, NI
DEBBEEN, TORNT VY —TEIE, 272D REVR
[N T O FREIRT e VOFENFTREL 725,
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Fragmentation of Cyclopropanol Systems

MR Bz BA i EEHZ
Masayuki KIRIHARA, Takuya NOGUCHI and Akihiko HATANO

Abstract: This review summarizes the synthetic reactions using the fragmentation of cyclopropanol systems developed

by author’s group.

1. [FEBHIC
vrmaFan)—AREDOFHEERE (1) 1%, /e e
RUBROBRRE D Bix RERILFRISDREE L LT,
ELAWBLBRTWS, Y7 urraxs) — oAk
xR bOPERBRENTETWAEN, AF L) L—]
ErruraAbT 5 HER, TATVET VT U E
BEFMF & 2 AOVTRIGSE D FER KA TH S
(Fig. 1), "

MO HO
; )\(Rz 1) cyclopropanation . Jﬂ/RZ
R
s 2) H30" R s
R R
lo) HO
)J\ + :\ Ti(Oi—Pr)4 ;
R'” “OR R?  C,HsMgBr R

RZ
Fig.1. 4 070/,8/ —LOARKE

vraran)—LEEE (1) OFTH, ¥ eTo
NRUBBHIOBR LHERL TWAILEWIL. BBARILE
EFRIAMESE < ZFORIGHERFE LRI TN S,
INETIZIND C,-CfEA (BhHa. C-CHA (&
Ab). C-CfEE (FBE o). xZTN TR
BRIGHEREERLTHS (Fig.2), V

RO

a3
1 c
2

Fig.2. ¥/ 070/ EBAROEBEBELTLSEEY

1:R=SiMe3 or H

Fx OMERIN—7Tb 1 ORBERISOIEEEITo
TEY., BEICHELREIGEWS ORI Z &Il L
T3, ARHETIZZALDOH A B A LEZRKISIZo0n
THRALTVL,, 2B, MOHEIN—FI2E > TRH
SNTERISICE LT, BRICEEMZRERAERE STy
50T, "EREBRLTWEEE 20,

20074 3 A 1 HX#
* HITEE WHEHAGRER
*ORADUIRITERT R ERTER

2. BRFEIVRARICKD VI ToELDY LT
—TILORARRE ?
2-1. Phenyliodine(IIl) Diacetate [C& 2o O07OFE
LY NI—FILORBRE Y
Rubottom & i, 1 (2%t U CHEEES P CIUEEERER 2 K S
HHE, EhalBEOMBEF L BEUMEINT, TAy
VEMLEFEO N R UEBEQBAERT B LWV ) KIS E#®
HEL TV (Fig.3), ¥

TMSO 0

Pb(OAc ,)\Coll,lt
\

1 2

Fig. 3. WEFENCK Do 070/ —LROBRRIE

ARIGIEAEBAERILE LERREIGTHD EEXDL
DN, BEEORWUFEL Z(LFEERI AW TH
BERBRVEVIRBERR S o7, EFr B ORIG
ERAVCT EZERELZES 1 OFHELIRIY FE
ol OFEEROBEHEELRLI-LE A, EKILRTLME
B 2 BELNRD ST,

a1, UEEELSh & BRI RIS Z R L, FE
BDE W) FME R oOBRFHaI vRRE O ICEFRL
T, 1 LDORIGEBRETHZ LT LT,

FalX 1T LT, BiBEDO L S5 727 a b g
THIRFiis vERELSEENE, E& a &fE b
ERICBETELO TRV EEXRFERB LR,

MIE e v FRHEL LTI phenyliodine(Il)
diacetate (PIDA)%Z FAVNT, EFFEIEEFEIR T 1 & 8 Il
RIGS®ie, Eltbini-o, MUEERSL % H WV TRSH
TTREBIT-> THTE, TORR, WThoORELES
a LFEE b Ok T, IWERL BRLEMQ)EED
Z LMW TETZ (Table 1),

E2TOHRAITB T PIDA AW, EES
ZRVERELV YL 2 OWERBEN-7-, £7-. PIDA
ERWIZEEIIT L A CRIERDBAER LRI 272D
LT, WEEEESh & AW e B & I3 E ORI £ h A R
L7z,

2) H,0



106

Table 1 EFEgiAEP TOPIDAE 1=(3Pb (0Ac) 4 Z LM =S4 1
TR/ =L RORRKG

R’ 1) 1.1eq. Phl(OAc), or Pb(OAc)s 0O

RO J.R2  AcOH,tt 8h <iijzg<R2
2) H,0 R
1 (R=TMS, H) 2
Entry Starting Material  Product Yield (%)  Yield (%)
PhI(OAC), Pb(OAC),
T™MSO
OH (n=1) 92 83
(n=1-3) _ (=2 % 92
(n=3) 84 70
)
H (n=1) 64 -
2 [:::f} (n=1-3) [:ji:”\\cf" (h=2) 73 =
(n=3) 65 2
T™MSO o
3 [ } OH 84 36
N N/\/
Co,Et CO4Et
TMSO
A
OTMS
Eﬂg 2.0
. 91 67°)
S HO N w?
¢o,Me CO,Me
T™MSO o
6 [:f} OH 85 51
=
7 OH b
80°) b)
TMSO
8 OH 82 65
=
TMSO
OH 74 73
=

) Not examined.

b) The yields of the corresponding methy! esters that were obtained
from diazomethane treatment of 3.

FICERERE, BRERE, v raru VR 4
FUTUVREFHOLLEVOEHE. T D DEHAMAHE T
& o7 (entries 3-7), F/=ZDRIGTIL, BBEERERE S
Filclgnwor a7 XU A X U7 VRITERIG L2
ZENHLNE IR 5T (entries 6-7),

Ebicvruru Ui BICEREY 1 OO (LAY
DG, endo BN H1X(2)-T N4 )8 (entry 8). exo
EOBIX(E)-T A7 o5 (entry 9) ASSLAKE BAYIC LR

Vol.15,2 0 0 7

THIERRD LN,
WIZF 2 1%, EFEELIAN ORI 2 AW T, 1 & PIDA @
i@t LTH- (Fig. 4),

1

0
TMSQ 1 r2 R2
g Phi(OAc),, solvent, rt, 8 h OR
R

1 CH2Cly: No Reaction
CH3CN: No Reaction
MeOH: 76-42% (R = Me)
EtOH: 68-56% (R = Et)
i-PrOH: No Reaction
t-BuOH: No Reaction
acetone-H0O: 81-66% (R = H)
CH3CN-H20: 69-59% (R = H)

Fig. 4. SEBEPTOPIDAZAVY I 0F0// —LRD
AR KRG

TOfRR, Pr/nuRrAF R8T = RIADES R
FET T b MR TIERISIEEIT LR WS, A% ) —
NREZH ) —ND XD e T va— i CIIRISHET L,
KIGTDTATNEET N = VEEFAMNED
o WRITEFET CORBICLE_XTE o2, 727
Na—)LThH, 2270 — R ¢+ 7% ) — LR TiEe
RIS EIT Lo 7z,

EDICKREEEE LTHOWDELRE Lz, AKEMT
31 BB LVWDT, NI I 62 o728,
EKRTE PUREKTE = MU AR TIIRIG L., BEEE
FTOBA & RIERIC 2#%6&t°_® BHINET
B 2RI & L CAHWRRA AT, ﬁ?ﬁmoto

2-2. RIGHHEY

Table 1 @ entry 8 B L9 IZBWVT, Wb Lk
BRI EIT L2 &b, ARG O R IGHEEIT
Fig. 5 ICRLIZE IR BOTERWNEHE L,

F£7 PIDA B#E&@) (C) -C; #8) b LLITEED)
(C)-CefEB) ERIELT, Yo7 a U BnpEEL
THAF Y=y FHRE (A,B) 43, S b
CVHRECBEE OB W e A THD 2- e
R =N T H ) — VR TIIRIEPET Lo T-D
T, ZOEMTHEE N OO b Rr—va itk b
PIDA OIEMHAERBLETH D EE X BB,

WIZ, XY =urtAFhfE (A B) XL T,
7u b MEEEAIM L TT v 2 — Ak (C,D) &
&5 FNWTI— R BUBBBET2 L bic, CD

BIXC -CaEA M. D DHFAILC, -C, A NI S,
@%m%avAo\:XT»(quJo\itiw»
R R=H) 25 (2B, BEADIIRIGOH%NLE
DB KEIMZ T2 T2 DI AN RBRIZ R ol e E 2 DR
%),
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R1O® (‘\,R1

RO P Me
-|1H

Me
Chn) =
=i
H OAc @Ac
B D
Fig. § E S h b RICHHE

2ABDREENEIM SN DBEIZCOFAIELC, -CoEAR
& C -IEENRT U FRY ST =Bl TRIET S
e, MERFRANCRIENEITL, BH—DT 7ok
B E 525, 1D DFPAD C -C, B & C -1
FEENT L FRY T F =B o TRIGT 728
FRRBICIGDETT 5,

Moriarty 5 1% 1 (Z PhIO & tetrabutylammonium fluoride
ZIEMEE 2L, BE a TUMPBZ o7k LA
b THUMINIBZ o T (LEMDIREMBHELN T BT &
ERELTOSFig. 7, 7

ZORERDL PIDAIZ L ABEKIE L AZi@D/NL— b
EBEBELIN—FOFEFTHEITLTWD EEZDLND,

Fig. 6. Phl0& n-BusNFIZ & 5 1DRIZ

TMSO_a

¥ _PhiO, n-Bu,;NF_
(C 2)n CH C|
1

2-3. BftICk S PIDA O O070/8/ —)LRE
HARIEDEEL Y

HEE L7 BUSHEEIZ L 0 . PIDA Ik % 1 OBEKG

Tix7’m b MEAEEC X B PIDA OIEHELAMLETH S

LEZBND, £ TRIERWICEERRE %N 2 WIERIE

DET LT RDZOTERONEEZ BT LT,

ZTORER, M) TFu R EZ AR CEE (TOH) %
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fRE L L TINZ 2D ERKIGNE L RES NS Z L A8
L 7= (Fig. 1),

1

R
TMSQ I -2 PhI(OA), cat. TFOH, 0 )
6 r.t, 5min C‘;O:Z<R
solvents R’

1

AcOH: 90-86% (R = H)
acetone-H,0: 90-86% (R = H)
MeOH: 92-88% (R = Me)
EtOH: 92-76% (R = Et)
i-PrOH: 89-65% (R = i-Pr)
t-BUOH: 77-57% (R = t-Bu)

Fig. 7. TIOHEIEFEETIZE TS o070/ —)L
RDOPIDAL DRIt

7'a b MR E RWZGA T, TR L ERR (5
57) TWERLBUSHEIT LIz, KT, AF )
=, = F )N EERERE LA, TOH Al
DIFET D L. EAME OB ST~ TR KIGIZH Lk
L7z, & I ERBE DRI 2 KGN B I bRho T,
2270 )= VR +TH )= VR THRIGHEIT L.,
ST DTZATINES X T,

2-4. PIDA LS OBRFEIVREE L/ Tons
J—LERORE Y
PIDA LA BRFflia v #FRIE L LT, phenyl
iodine(III) bistrifluoroacetate (PIFA), PhIO 73 & TNZ
iodylbenzene (PhIO2)% FAWT, 1 OBEKRISERETL
7= (Table 2),

Table 2 ZFEBRFHIAVERELORE

TMSO 0
Hypervalent lodine OR
e ————————————
solvents NS
3
AcOH MeOH i-PrOH t-BuOH
(R=H) (R=Me) (R=i-Pr) (R=tBu)
PhI(OCOCF3),  92% 64%2 81% 67%
(5 min) (5 min) (5 min) (5 min)
PhIO 96% N. R. N. R. N. R.
(8h)
PhIO + cat.TfOH 97% 90% 67% 33%
(5 min) (5 min) (5 min) (5 min)
PhIO, 90% N.R. N.R. N.R.
(8h)
PhIO,® + cat. TFOH 95% 90% 77% 46%
(5 min) (5 min) (5 min) (5 min)

a) With a catalytic amount of TfOH, the ester was obtained in
79% yield.
b) 55 mol% of reagent was used.

FifR & IWEIC L7 B aid. R TOBRE TRISIEMEIC

EITL, BRKRTEMLEMEE X, TALa—LRIE
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e ¢k, PhIO <° PhIO: & AW 7= 358 X RS ITHEFT L
otz LxL7ed 5 TfOH fi 2Nz 5 & G
TUL7z, PhIO2 ik 5fioa vRILEWHBRDOT, 1 IZxtL
T 55 mmol DRI E NN % 5 721 TRIGIXTER Lz,

2-5. E7YFEF7ILI—ILPTOPIDA £/=IEX PIFA &
vHoaFan) —LREDRE?
RIGHEOETHR~7- L ) IC, ARIGHEITT S 7=
DT, TTE—BETTa b2 X 5 PIDA OEMAL
BUHETHDEEXOND, Ziid TIOH i+ A5
L BEEDOTWA Y Tan) = AR T E ) — VB
ﬁ%& LTHWTHORIGDEITT S22 EnbbXFEIND,
T, BHEEEOVIREENMENE T v ET L3
*w¢fﬁm%ﬁok —BePE B O RS IEEIT T 503,
TEBMBDOTINATFE L ~DREKERBZ DI L
RBS, o7 e hMEE AR LEA LR
ZILEMBERT HOTIE RN EE X, £ T,
2,2,2-torifluoroethanol H <> 1,1,1,3,3,3-hexafluoro-2-
proanol F T 1 & PIDA < PIFA ORJEZBE LT
(Table 3),
Table3 &7 vERFZLI—LBTOIEPIDADRG

TMSO 0 0
Phi(OAc),
fluorinated alcohol * OAc
n r.t n
1 3 4
1 reaction condition yield of 3 yield of 4
n=1 CF3CHo0H, 8 h 8% 55%
n=2 CF3CH,0H, 8 h 9% 64%
n=3 CF3CH,0H, 8 h 60% 33%
n=3 CF3CH,0H, 57% 21%
cat. TfOH, 5 min
n=3 (CF3)2CHOH, 8 h 21% 63%
n=3 (CF3)2CHOH, 29% 45%
cat. TfOH, 5 min

ZFORFR A7 9ETNLI—LFTD1 L PIDA &0
FIGTiRy 7 v 7 a /R BO/RBEYE N —ERT T LR
IHY, =XV )R Q) EB-TERET MUK
@) DELNDZ Enbhote, FlEREWT &
TfOH ANz % &, RISEEEIEKRIEICERE S s
(5 LAN), AR ORE & F L3, O3B 5,
vy aTaRUROREWEN ZEHET RSN ds
Wy (T =V AT ME) T2 LR Loz,
ARRIEOEBIIRDO LI ICEZXTHD (Fig. 9),
EFFx Yz ) RGN ELNDEHEAIL, PIDA A C,
ERBELTC-C iR (FhHa) ZUKIL, XY =0 A
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FREANERT D, 2 TET v RET Va—)L i?k&
PEIZZ LW A ZRERIBT 2 ENTERY, £
7o a— RPN ANORBELTINELND,

Path (a)

H-

SUSPRL :
T, fi“—» of
oA (0Ac

A 3
Path (b) R'o"
. H—ORf
RG (\o\) @q,Ph 0
6 O—J'L (O
Ph—1 N OAc___
DAc o OAc
R+
o ..
AcOH 4
vﬂ/Ph
OAc
o o)
bee
3 P

Fig. 8. &7 v 7 /L3 —/LhTD1EPIDAD RIE D

—FB-TERMFVHY P UFE@ORELNDHEAIT
PIDA 78 Ce B L T Ci-CefEA (EA b) ZUIMTL.
FXY =0 AFEEQ)NERT D, ZOHBALET Y
RTNaA—)VIAZHE LWz I — RRUB ol
BEE EBIZT B PR UENBHLT 4 BERT D, 8-
TEREFIYT U@ R ) U E@) B REES
NTIRODNIEDE ZARL - TN,

WIZEZ7 vH#ETNVa—LH ZERTI1 L PIFA L DK
& & BRET LTz,

Table4 E7vHR7ILI—ILFTDIEPIFADRIG

TMSO (0]
PhI(OCOCF3), ORy
- fluorinated alcohol (ROH) - V
1 r.t. 5
1 reaction condition yield of §

n=1 CF3CH,0H, 5 min
n=2 CF3CH,0H, 5 min
n=3 CF3CH,0H, 5 min
n=3 (CF3)2CHOH, 5 min

27% (R=CH,CF3)
69% (R=CH,CF)
68% (R=CH,CF)
37% [R=CH(CF3),]

ZOHEFEFEOT 0 b BT TOBA L RED
RIGDET L, 7 a7 X BoeN Gk s
NT, AT NVEG)RE—DIEmE L THLNTE

(HBEINENRHE Y B oW, 2 AR s



HE TR R

REEMIZL DD THD) (Tabled),

PIFA & 1 L ORI OHE IR D L 5
9), £FTPIFA & 1 REIGEL T, C-C,fEE (B a) =
721X C-C &S (A b) BEIMEh TAF Y= Ao
ok (AAY) BERT S,

R13) H-ORf

1 (‘_IL Path _Pathta) ij/&|
Ph_' COCF;
1

ococn=3
o) ..
0, RfOH
ORf j—
-
/ Pz
5 B
.- — R’
VTP Sl
1
6 @‘JL Path (b) Ph
ph—/ CFp — = V/
OCOCF, M
1 A" OCOCF;
.
(5 rion
ORf ) —
VZ Pz
5 B

Fig.9. &7 vy &R 7L a—ILPTOIEPIFAD RIG D

Rica— Ry EVE N 7aaT7E by 7 =4
DFBEL & HIT, C-CefEB E 72T C-C, AN UK S
TT7 vV =v b A hEE (B) 2785, ZHlTkL
TEHET7vRTNVA—APEESTIZLIZLYZRTUE
GWBELDEEZLND,

2-6. XRMER~OEA "
BEFMIvEREICLSY /a7 a)—LROMR
HEGEIGALT, XY 7rhasf RTHHE=
Dy OB EEDORERREITR ) Z LIRS LI
(Fig. 10),

OH  PhI(OCOCF3),, cat. TFOH O
N%Me MeOZC\\\\‘- N RN

MeOH, r.t.

)
ts H Ts
69%, 96%ee
——— A
H
(-)-pinidine i .
81% Fig.10. () -E=CUDFEEHK

EBIZEHAITE) A > F U FP0 223AB3T) WOER
REARIC BRI LI,

3. JytEERELLI/OTOELVY LI —FILD
Rt

2% 2 b5 (Fig.
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3-1. Diethylaminosulfur trifluoride IC& 55 070
ELVULI—FILOTvRIERRE"™
Tan 12RO EHEBICFERIS DO EZBRLE LT
R (1994 ) OFFE T, 1O C -G e (A a)
R C -G e (FEb) ZRRMICHERET RIS
NEREINTEY, ARERILE~DOEAbL RSN T
23, 1 DCy,-Ci R (Ao ZHAETIRIGIE, ¥
s 7N ROBRRKISOMEREICET 5L 0N
FFREHEINTWERET T, AEERILERIG~DE H
ZHELEHRI2ITb T\ iehotz, D
F2IT 1R L T7 bk RIEK T 5 diethylamino-
sulfur trifluoride (DAST) "% fER &E 5 &, 1 D C,-C;

Table 5 DASTIZ& 39070/ — L ROEBER 7 vEILELRG

RO rR2 _DAST g__<R2
R' R? CH2C|2 R1
1
entry starting material products
; RO F 96% (R=TMS)
CH3(CH2)g CHa(H2C)g 71% (R=H)

N

TMSO,
F

OTMS CHaF
3 n‘ns/ 80%
4 moms CHZF 95%

Br Br. Br
TMSO Br
F 73%
5
TMSO
NesRver

2§ ¢

O

85% (1:6)
TMSQ _.CHy  CHsCHF | .
- od -

57% (1:1)

TMSO, CHoF F

82% (1:2)
TMSO CHaF
F
9
+
85% (7 : 2)
Me3Sio._/\ F A F
10
0 CO-Co
63% trace




110

A (FA o MBI L T vy RRFOEAZ
. TINTaT A REG )BPINERLSBFELNDZ L
ZRZ L7z (Table 5), —#k~7 w1kt (6) & k7 v
4 (6°) BEKT 2HEEIEL. ZHR7 v 1ki(6’) DI HE
FLi-(entry 6, 8, 9) AKISIZIT Y NVT7a T4 FEOR
WERIEIL D EEZDND, T INTRT A4 NE
1. EBICEBRTRERT MY VEMLE o, &7 v
FAREFEFELTOFEAGHIFTE S,

BIRRNZ L2, FEA 2 TORAITRBRY v &R
{EEISDSEIT LI, Yo7 a 7 aXr g EOBBRED o
~FI7FNETHIHEE, BEART v REBIZLAL

HEITET, Y UERNEOEE T v ETERINE,

TuniyuaraARRE LN TE % (Entry 10),
ARG D IS IRDO L H1EZTWD (Fig. 11),
3 trimethylsilyl fluoride DB L & (2 DAST OO0
NBZ B, KIZ diethylaminosulfino fluoride o Biff & >
saFa N ROBBENBZVT UMD TFF U BNER
L. 2T UNABFA AT LTI v {thA 42 NI
LCT UNMLT v BEBERT D, LN bHx
1AL a-F 7 FNED L S 28RN BT EENTTF
FETDHEIREAE. Y r/ara A b T4 RNEEL
ENDHEHBRBAREIBI LT, XL TT7 v{bA
FUNKBEL Ty a7l a N ARKNERT D,

F) /NEtz

Me;SiO R? / < 2
>A< Et;NSF, M F q‘>[f§<R

(o)

1l
-F, -Et;N—S—F o
ring cleavage EtzN lsl‘ —F
Hz e
l F \ F_
f \S F f R
R3

Fig. 11. DASTIZ &k Ao 7a// —LROBRH I v %
b RICDHEE

—#k7 ik (6) & kT vik® (6) TiX, Z#Hk7
VAt (6°) DI BB LImBix, RSB IR I F A
VBB THEITL TWAEERIFLTN S,

—HRICDASTIZ X AT Vv a— LD 7 v FELIGIL. SN2
HLUKIZ SN TEITTHEENTNDDT, 'O HARD
FA U ERE (SN THRGIEIREZ=—7 Th D,
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3-2. Diethylaminosulfur trifluoride [C&k 59 070
ELDIVILI—TFLOI7YvRERBIZEITSE
BEDEFHHR "

AIEI CTHIR 7= L DI, DAST & 1 & DRIEIZENT
TUNTuIA4 R (6,6) WERTEZr7uuy s
Ry () BERT 22T 1oy raraXr R EE
BEOBFHIMHEIIRESEFREND LEXLND, £
T .INDBIZDNTE HIZHMICHRETToZ Lz,

ETIMOHCERELEFT S 1ICBALT,DAST &
DRIG % L7z (Table 6), TORFBRYUYDOTELE
D, BREOBFHSHENDNIWERAR T v FL)E
TLTINTaTA4 R (6) BEKT DM, BEREDET
HEMEA KR E 2D IZHY, BREAERMMAI S TIem
vrmaranRy (1) BERT L CRo7,

Table 6. DASTE 1 EDRIE (1 LBEBREDEE)

TMSO DAST, F, ﬁ
>A CH,Cly Rv”\/F A
1 2 R
6 7

R! ] rt.

entry starting material productsa
OTMS )1\/
J< F 96
T CHy(CHpg CH3(CHy)g ’

OTMS

Cég

e
@)L

MeO F
MeO OTMS
59% (3:4)
OTMS
oy O)Q
MeO’
1%
MeO OTMS MeO F

ST

65%
OTMS

i sondive

45% 10%

®

63%

¢

MeO

W
W
W

/\

82
LK

Bl I 1 LBHENR 7 = oV EOBRAITIE. BN
@ﬁbf?)w7u74bﬁiﬁf5#(mwn‘m/
BURD oI A MXVENFETDE, TINTT
A RE&vmavrsaraXrREFERLTL S (entry

3o DI pALICA FFVENTFELEZY . oL & piL



A E TR FHCE

DEFIZA MR TVERHDHEIT, 7oy rasaxn
UEDOBNERT D (entry 4, 5), FT- IMEBRED -
T7%w%ﬁ&7unyﬁDfmﬂy¢@AﬁEWT5

EBEFHREMENEFTRWE-FT 7 FALEDEAEIE. T
W7D74F&7Dm/7ﬂfnﬂ/@@A% Z78%,

WIC 2L ERBEDREL R Ui, 2ALICE TR &
THHT XV INR=NVEEZFFO 13 LT DAST %
FIGSED &, WTFnoFabrra s as aR (K
DOFHVERK LT (Table 7), L7=23->T, 2HLIZEFK
BIENFEETRE, v ruru /X BoBERRMmE Sh
LT Enbhrol,

BE, B—OMEREFEZRISSETHE LA
ayzuZaN RIS EREEOREDIC o
(entry 6) , Z D Z ENIARIED B IVAR A F A4 & Tilk
TLTVAZLEZRIXFLTNS,

Table7. DASTE 1 LDRE (2B FRIIEEREDOHLE)

TMSO>AJJC°2Et DAST F. f E COZEt
1 2 CH2C|2 R1 ,

1
R 1 rt.
entry starting material products
OTMS
1 K wcoEt cu3(c+|2),,)<~~'°02Et
CH3(CH2)g 20/
(]
OTMS
2 COgEt Ej)ﬂwwﬁt

22%
MeO OTMS

MeO
3 ©/<NC02E1 d(lw CO,Et
5%

OTMS
/©)<LN CO,Et /©)<1M002Et
4
MeO 20%

OTMS

s oy OO o
84%

TMSO. F.
\<1‘C0 Et < CO,Et

g 0

45% 3:2 mixture of

single stereoisomer ¢
stereoisomers

111
TL, 7Inh7uao4 RRELNTE -,

FLZH|mTINANTRTIALR (6) L—HTINTaT
AR (6) Tix., ZHROLONRERLTER L,

Table 8. DASTE 1 &R (2 (1BFHEHBREOTEE)

TMSO, g2 —DAST
cuzm2 ,
g7 2 R

1 2_
R“=H, Me or Ph
MeO F
X
Me

quant (2:1)

entry starting material products

MeO OTMS MeO

1 Me

OTMS

OTMS

M Ph
MeO Me °

MeO OTMS

MeO MeO F
S
M

MeO eMeO Me

MeO F
65% (5:4:1) /@/%Me
MeO

oTmMs F
5 Lo
Me

80% (2 1) M°°/©/g

52% (2:1) Me©

WIZ, 2fLICEFHEEBIE (Me, Ph) 2801 &
DAST & DG Z 5T L7 (Table 8),

ZOBAITIEEAELRTOHRAT, BREAR Y v H#ik
BETLIEDOT, 2HICEFHREENPTFET LY/ m
TaNUROBRBMEESND LW T ENbhol,
Bz, IMBBRENRp-A FFVT7z2=LDBA, 24
NEBHEOFAII 7 oa 7 a7l a R ERELNE N
(Table 6 entry 4) 2 {iL{Z A F/LH (Table 8 entry 2) °7
x =)L (Table 8 entry 3) BIFET 2HEIIRBARNE

29% (2:1)
™SO F
| i Me Me =
72% (2:1)
D NEt
TMSO, R? TMSF NoNEt2
+ Et,NSF; — % -8,
R F70) R?

A R A R
e I "
F
R1/U\(F R1J; :—' R?
6 y 6'R2 ) 7
Fig. 12. RS HeHE
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e b 2 BHBREOEEICE L TiX, kL)
IZEZ TV (Fig. 12), T 1MOBHBRETHIHR, =
IO RBIHEERHD L/ u T u A TF A
(B) WEELEND-D, BEAZIIETES 7oy
su7aR () BAERT D RIC2HLEHRETH 508,
ZIWEFREENTFETDET INI T (AA)
BARZEMEINDTeDIZRARIIMH S hT7ony sy
n7ussRy (1) BEKT D, —FH. 2HLICE TGS
FETDHE, TINIF A (AA) BDEELLEINS-
WREARMEESNT, 7IA7854F (6, 6) M

ERRT D,
3-3. Diethylaminosulfur trifluoride &< 070 L
VULNI—FLOEBFEEFEKRILEMBE D
TORI : Freidel-Crafts 7 Y JLERES L U
Yoo 7obE R

Table 9 FERILEMBRPTDIEDASTEDRIG
Ar

TMSOA DAST Ar.
R! 2 ArH, rt, 5 min ’>—\—— or P\
1 R 1 Rz R1 RZ
entry 1 ArH products
o0 0
36%
CHs F
2 mE ©/
21%
OCH3
o (e X
o-isomer (7%)
p-isomer (88%)
o oCQ
0 P
95%
5 At /) = "i’
S N
67%
N(CH3),
Com (IRROTOD
64%
mixture of o- and p-isomers
TMSO
OCH;3; 5~OCH3
7 9
o-isomer (11%)
p-isomer (44%)
TMSO
8 /\ DX@
(6]
CH30
3 CH30 23%
TMSO
s B (]
O (o]
CH3;0 OCH3 CH30 OCHj3;

31%

Vol.15,2 0 0 7

INETHRRTEZLDIZ, 1 & DASTZRIGSHS
L TINATFFCL L Ev s e a v F AN
EWRT D, BEILINDDDF A NTT b1 A5
KELT, 7yRILERBONDZOTHEMN, bLZZ
WCRMDORBEREBFETIUL, Zhbd 7 v ERFOND

WCEATELZOTIH VWL EXRNEITo, £0D
R ARG EEFEERGEECAYEEF TITY &
Freidel-Crafts 07 U MbKIGEH LLIZ v 7 v 7 a eqk
RIEHREBZ DT L% RH L= (Table9),

NBR MR TIET v RILERES NS
ThHo7ei (entries 1,2), 7=Y—, 75, F47
=V NN-DAFAT =V Ui EOBFEEREFEL
A& R W5 & Freidel-Crafts B o K s S 4T L 7=
(entries 3-9),

ARG D BOSHAE X R D X 5 ITHEE LTV 5 (Fig. 13),
EF. 128 DAST ERIGELTT U NAF AL (A) £z
WZrrsaZa v hFAy (C) DERTS, Zhicd
ERLEMRKREB L CERMEE X5,

TMSO\E:@ oasT _ %

A

O l
S S3es

TMSO

)
/©)<] DAST /©/<]
—_—
CH30 CH;0
c
\
o

|

. @
7 -H ]
CH30 CH;0 b

Fig. 13. RIGHH

AR L7z & 912, DASTICL B 7 /va— LD 7 v#Eik
RIS, SN2 & L<IE S Ni THIFT 2L SR TWn3, ©
ERE, aLAT e — VDX RBEBEOT NI — L
DAST & DRIE% 7 5 > HT1T-> T, Freidel-Crafts &
DEIGITEL EITE T, 7 v EBRENESN AT T

DAST rt, 5§ min

»% (Fig. 14),
by
HO [& FY

¢} 56%

Fig.14. 75 2 TOa LA TA—)L EDAST & D RIG



FHRA TR

AEF A DR L2 KISIE, DAST ZHWA I ARG
FAURBHOKETHY, REZ=—IR2bDTh%,

4. NFTOOLEERMELBRERWN =200/

—LRORRRE 20
AT T L TERRFHEK T T0.1 248D VO(acac),

ERISSED &, C-C, A (A b) NBIRMICYIkrSh

T, B-tRaX L ThrB)EB-TUTh (9) BAERTDHILE

ﬁﬂjbf:(Table 10), 277 XUBENREEL T TS, B
IR BERELLEZ2WVLDITRIGLARNVWIES B LN

t,to?’: (entry 6),

Table 10 VO(acac) ittt L BFRICLk 2/ 070/ — LRRARERE

0 2 ]
OH 0
8 9

0.1eq. VO(acac),, Oy

EtOH, r.t, 20 h
1
entry  starting material products
TMSO o (o]
e @ @
OH o
41% 24%
RO (o] (o]
Me Me Me
2
OH o

R=TMS, H R=TMS (40%) R=TMS (25%)
R=H (36% R=H (39%
RO
t-Bu t-Bi o,
- Y R=TMS (25%) R=TMS (30%)
RETMS, H R= H(21£/o ? ReH )
TMSO
OH o
4
31% 33%
TMSO
° 6 é\ ii
75% 10%
TMSO
»e @
’ o]
29% 31%
TMSO
7 OH
47%
TMSO [0}

(o]
(¢
)
=
o
X

CoHqg
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BLOR R VN Z L 2. 5-(but-3-enyl)-1-trimethylsilyloxy-
bicyclo[4.1.0Theptane # AW T, BREFRFEKTTTO01 Y
B®D VO(acac), G I TH X T ARILLIZE D 2
fLaTe BT, -t rhrbg-Urhon
Fon-, T 0/ R X, 5-(but-3-enyl)-1-trimethyl-
silyloxy-bicyclo[4.1.0]heptane % A& M A 2 T Tk 8
(IMERIESED &, T ARLZLAYIE LN
LEWVSHE LIIXBMTH D (Fig. 15), 2V

[o} [o]
0.1 eq. VO(acac)y, O, on * o
TMSO EtOH, r. t, 20 h
~ 38% 30%

)

not obtained

7= = VAN

| 22eqFeCly Q/(

Fig. 15. % FLRILOHHA

ARISIE S ¥ H NV KIS CTHEITT 528,
BOBRICL-TELTETIDHIAR, BFRNOT LY
LRIGT DRNCBMER L USTHDO T nWhtELbN
D, FEEE. Fe(l)? Mn(IDfREEE AWVWARIGETYH, B
FHATCRISE®D L, FUTFARLIZE S bE
WIS AR T, B-tRax i b 8D BNERL
7= (Fig. 16),

HO
. . catal!
~ 0.1eq. catalyst, O, on o
EtOH, r. t,48h
Z =
FeCl; (trace) FeCl3 (39%)
Fe(acac); (trace) Fe(acac); (54%)

Fig. 16. Fe (111) fil8%oMn (1 1) A% %

AV-BETTORS Mn(acac); (36%)

Mn(acac); (4%)

B-tFuax i rh 2B RBR T T VO(acac), & Rt &
ETH B-UFhATELERLEDST-DT, B-ERaxy
ThoAdvraT o ) — VhLEEAERLTNDENDZER
Dirol- (Fig. 17),

0 (o]

o8 O~

Fig.17. B-E FOF L4 b o k/3F U LAIE-B R
DRI

0.1 eq. VO(acac)y, Oz y
EtOH,r.t,20h 7
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I 4 Blanco © 13 3-alkylbicyclo[r.1.0]alkanol (23t L T,
BB FRPESK T T Fe(acac); & 3 U A ZVIFTE TIC K R
2179 L. BB/ OLND Z L ERE LTV (Fig.
18)0 22)

R'O [0} OH

- Oitor @
0Oy R

Fig. 18. Fe(acac)3, > h 4L, BBRBFET TORESH

# « b . 3-alky-1-trimethylsilyloxylbicyclo[n.1.0]alkane
W2t LT, 0.1 & VO(acac), # BERFFHK T CRIG &
EHEB-E X T bl bITBB bR AERT
5T EaRH L (Table11),

Fe(acac)s, SiOy
hv, Oy, Et,0

Table 11 BB ERR G

TMSO
R R"
0.1 eq. VO(acac),, 3
Solvent, r.t., 20 h R

products

R'

*C%

entry starting material solvent

™SO
1 Me  EtOH
Me

o
e3P

45% 53%
TMSO (o]
Me
2 CF3CH,0H Me Me
OH
86% 10%
TMSO [o]
Bn
3 CF3CH,0H Bn Bn
OH
43% trace
TMSO (o]
4 Me Me
CF3CH,0H Me

43% 26%

B, RISES#EEE LT 2,2,2-hY7mmx¥ )—L
ERWD L BB OIENH E LT (entry 2-4),
BE LR LT 0.1 ¥ 8D VO(acac), * AR FHK T
TRIGEEDE, B-E Faxor b~ B+ sz L
Mb, B-BE Raxv s b0 pg-UF b iliigey %
RELTERLTWS EE X 5N 5 (Fig. 19),

OH o
0.1 eq. VO(acac);

s Ok
CH3 0y, EtOH, r.t, 20 h OH

75%
Fig. 19. BELMN S B-E FOF L7 FUADREG

Vol.15,2 0 0 7

RGO FOSHEITRD X 5 ICEZ TV, 33
VUL L T F ) — MO Y MERBI D, v
saruan ) =) RKIZD, TRRE HITNAF UYL
BICRVB b T, BAREZBI LI VAR ERT
5, ZDTVHINEBENRIE LT, WNWEFu#y
TR D, TR TFHNANIT XY —AERE S
&“‘@@m%WkﬁéoitﬁﬂvvtFm%v#F/
s )=V ERIGL, B~ kaxvr by ¥
TeNF O AR L BERIZ L o THAK L, B-T 4 Rz
2%, BMRFM ATV MMEBYR, vruaFar) —
IWEBLBRRET 2 Z LIC X » TAET B ERFEFMAF D

LMEEMITBRICL > TROEBILREBICBERILEIN S
(Fig. 20),
TMSO
@,R V(IV), EtOH 6,
V(IV) V()
Y 1 o
0, o

2
Cl V(IV), O, //
0 -H,0 (R=H) oH
Fig. 20. RIGHSHE R

WIZ, Yva7aXVREC hEV AR VES
Fo12HWT, =4 ) —/\VHBREFEEKT CHREE2IT
-7z (Table 12),

Table 12. ¥/ 07O/ VIBEIZT b ALRZLEEED

voaran) —LEORE
\)\kf\cozm

TMSO CO,Et
products

entry  starting material
™SO _sCO,Et o
84%

TMSO CO,Et
N CsH1’JL\“/A\cozEt
CoH1g

82%

0.1 eq. VO(acac),
EtOH, reflux, 3 h




I E TRARFACER

Table 12. 4 07O/ VIREICT bXF O HURZLEEFD
vooZFan) —ILERORG

TMSO COZEt

\/ﬂf 0.1 eq. VO(acac); )H/\COzEt
EtOH, reflux, 3 h \

entry  starting material products

TMSO

CO,Et
86%

TMSO CO,Et
4 6 CO4Et
90%
CO,Et
CO,Et
TMSO

5

90%

TMSO

COzEt
6 Me CO,Et
88%

ZOHENE C-C fEE (FA a) MWRIRAICEIN S,
BERRTITEAIN o7z, ARIETIE VO(acac), i
HpD A AR E LTHE, BREIRSITIIBEELTY
BRNEEZLND, EE, BREELXEFTORIEEZIT>T
b RO RIS HEST L7 (Fig. 21),

Tmso)<rr‘3°2Et 0.1 eq. VO(acac)y, Np j\/\
CoHyg EtOH, reflux >

CoH
M8 90%

CO,Et

Fig.21. 9070/ BEICT VARV EERED
o Fan =)L ROEBEREDRG
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The Preparation and the Practice of the Educational Program
“Exercises for Creation and Invention” in 2006

FEPIE, fiE BT, BOKERE™, iR

far2, MREEE2,

AL S, PAE 22, AR, BAILFHE, WATERERS, SEFRAIS

Shohei NIWA, Masaru SAKAKIDA, Shigeomi KOSHIMIZU,
Minoru DOHI, Satomi HATTORI, Jun NAKAGAWA, Rui NAKAMURA,
Kurima KOBAYASHI, Hideo SEKIYAMA, Tomiaki KAWAMURA and Toshinori SAKANO

Abstract: A new educational program which encourages creative ability and inventive genius of the
students has been introduced into the curricula of Shizuoka Institute of Science and Technology since
2003. This program is referred to as “Exercises for Creation and Invention.” This paper presents a
discussion about the preparation, organization, detailed policies and results of the program which was
conducted in 2006 as the third practice after a preliminary trial in 2003. This program includes such
creative work as the production of novel electrical and mechanical devices, the production of
competitive machines for contests involving various kinds of robots or electric vehicles, research on
specific subjects, and student work as volunteers in schools and homes for the aged or the handicapped.

1. [FC®HIZ

ERAE TR TR 10 4E (1998) (2 EAEDAIVETE
HOXEEZBAME LTAWEY 3 v 7RERR SNz, T D%,
TRk 11 FEENLRBENTZFH Y $ 2T KBV T—E
DARBENEASNT-. £, 2FB 2R354
=y PHYR 1L EENLEA S, FICEHMRE
ERHLIK D & DIE Y BRI B W THEESEOF AN
ERBREZIToTWVD.

AR 11 0 SRR 15 4 E T b ERIC Zh 6 0flE
RERBAEA B OB EH B LU L7 sMEE s i
DRENT 2,000 L% B2AHICEST-. 2NHORBEOEK
AMEEBME LT, FIRE TAIE - BR1 - 2) BF
% 15 ERRBOEH A Y ¥ 2T AIBWVWTEA SN, FERK
15 FEEITONT-SMFAR 80412 L ARITHI 2 FEhE D
FEREBEZ CHAE MAE - %R O5 5% 407 —~
N7 D ERENIER S, FRK 16 FEICITSINEELE
R AT 4 (BIEBGE S 208 £4) 12X 0 AR EREN
AH—hLT.

AWEE, PR I8FEED M4l - R OfERBIW
EfE DB BB T 2 RBB LUK RICHOVWTE~S &
EBIT, AFEICE > THEONZRECRIESAZIY £ &
W, WEELBEOERICBIT DHEOUFICETHI & &
BEgE LTW5.

2. BliE - (AREE ToozHNTOsS L] ORGE
2.1 [OSFENHNTOSTSLIORE

AREFZEONHT 2 EM RS, EEMICLFHICRDIFE
DHLDOVEY FEEDEFM TH D . RFEDRELED KIS,
Hilk D b OFE VD FEEBE ST THINE & L TEEL W
5. RFEOHE BT, i CIHETE 2 BN -HiFED
B TH-T, MHIRIZBE T, HskE Oz LA HA
FHEI1ZHEL TS,

20074 4 A 2 HZ
U TR, ERETRIER, W 2T A%
B UEERFER, SR

BEZ ORZZBOTHLOEY CAIEEZ T —~IC L
TeWbARIREE #HNROHEFEO—RE LTERY A
NCWD. BHRESHIRO L OIEY %L 2 —4 v MT
LIz AMBEREZ B L TV AARZIBN TS, AIREEIC
Lo THEEDRLHRRB/AEZHEL L T, BRESCHEEED
M\ L, AESOERK, MFEROM B EEAEDORENE—
BLmEXED IRbF 0T asIa) EHTE5AME
K7a T L EERL TS, BANITERIEE LY,
A=y, AIELEAM, SIST vy =/ |k,
BIETHEE, K707 47, REOETKRLZ EHFHBED
BIRR, E73H LWIEBIZBMAL, 70 T A &R Il5E
BEECE. EEZLIINOORBOBEE R E &
Wi-—EHK% Table.2 |ZR7.

INLORBBEOMRAMEZ B E LT, FHRE T4
WEeFRL - 2] PP 1 ERBOF Y X2T AIE
WCEAXNE., ERISEEETO [RHF Tl
T . BEREBIOFRE T4l - %R OFEKTEZ
BEREL LI, ROENNT ST A BDAEHEOFH
THERERNZR-T IR LB D.

Table.1 [RbLFW\WhFus T a BEERB ORR
v B0 x5 L (PR 16 EELURE)
- KBTS (REEVNTE ST A
- Fav= VLR

T AL B—yy S oo
o e — BINRE
4415& 2>y f‘;{:ﬁ‘%ﬁfﬁ.«
P2 D4
Al - A2 (2%F)
3FE U ey (RER)
AlE - R 1 (2%
2 A=y T (R
%8 | SIST 7uo=7 F (R - &7)
14E4 s TlyiawrIf— (2%FF)
’ AlE AR (k)
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Table. 2 TRLFENATOVSLIDKRERBEBBER

[RLFVNT YT 5| OENMERE S BIEE K

| BIE | SIST w | TV
BE% jj fj, T | 7wy ij’;: 747
7L AM | wb - TEE)
£F = 27 | &F
e | A% bl 2 | 4 |
XTI € ot . ¥ -3
. TR | VAR | TR | PR | TR | A
PRiaFE MAE [ 124 | 134 | 1346 | 114 a
BT | WAk | PR | TR | PR | PR
fsomm | 129 | 1240 | 135 1134 | 13 4F
oal | B | s | ps | ER | R
11
ﬁ 46 4 50
B | 53 88 19 | 160
% }g 57 98 | 192 | 57 | 46 | 450
Jite
ﬁi }g 62 109 | 179 | 80 53 | 483
B }g 78 106 | 217 | 123 | 62 | 586
qz‘_
53 }g 84 103 | 188 | 139 | 43 | 557
17
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A Report on the Internship Program in 2006,
For the Main Program on Career Education.
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Hisato TOMITA, Kousei KUWABARA, Tatsuo NOMURA, Toshiyuki WATANABE, Masayuki KIRTHARA,
Tomiaki KAWAMURA,Kazunori OISHI, Toshimitsu HOSHI and Tomohiro TAKESHITA

Abstract:

A practical education in cooperation with the local industries, which is referred to as the

internship, has been introduced into the curricula of Shizuoka Institute of Science and Technology since
1999. This paper presents the discussion about the preparation, the organization and the results of the
internship program conducted in 2006. This is SIST’s seventh full-scale program following the preliminary
trial in 1999. In 2006, eighty-two companies in the western part of Shizuoka Prefecture joined this plan by
providing their own internship programs for over one hundred sixty students. Forty-one students
participated in these programs and obtained varied experiences. The results of this program in eight years
are summarized and the future prospects of this program are also presented.
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