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prity are fundamental human aspirations, and

& played by science and technology towards

th;;se ends is vast.

For the development of science and technology, The Science
and Technology Foundation of Japan presents Japan Prize to
promote the comprehensive spread and development of science
and technology. Commemorative Lectures by the Prize Laureates
are held annually during the Japan Prize Week.

The Japan Prize honors those who are seen to have made
original and outstanding achievements in science and technology,
and thus to the peace and prosperity of mankind.

The first Japan Prize was presented in 1985.

This year, 1996, the 12th Japan Prize will be presented to the
following two laureates :

Category: Information, Computer and Communication Systems
Laureate: Dr. Charles K. Kao (U.S.A))
Vice-Chancellor and President, The Chinese University '
of Hong Kong
Category: Neuroscience
Laureate: Dr. Masao Ito (Japan)
Japan, System Director-General, Frontier Research
System, The Institute of Physical and Chemical
Research (RIKEN) ;
President, Science Council of Japan
The two laureates have been invited to give Commemorative
Lectures to the general public.
We sincerely hope that these Lectures provide inspirations and
encouragement to those who will be leaders in science and
technology in future generations.

Prof. Jiro Kondo

Chairman
The Science and Technology Foundation of Japan
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April 25[Thu.]
Science Council of Japan Hall

Openmg Remarks
Prof. Jiro Kondo

. Chairman
The Science and Technology Foundation of Japan

i Introduction of the Laureate

Dr. Hiroshi Inose
¢ Director General

. National Center for Science Information Systems

"The Dawning of an Information Age"

- Dr. Charles K. Kao

Break (20 min.)

5 Introduction of the Laureate
Dr. Tsutomu Hiroshige
;- Professor Emeritus

" Hokkaido University

16:25 Lecture:
"Functional Principles and Neural Mechanisms of
the Brain Studied in the Cerebellum”
Dr. Masao Ito

17:15 Closing.
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" Dr. Charles K. Kao
(U.S.A)

Vice-Chancellor and Preside'nt':- '
The Chinese University o
- Hong Kong

Category of information, Computer and
Communtcatlon Systems

Reasons for Award :
For pioneering research on wide-band,
low-loss optical fiber communications

The research on optical communications, which is
expected to bring forth extensive social innovation,
has been substantially started from 1960 with the
invention of the laser, followed by studies on light
source, transmission line and photodetector. Dr. Kao
predicted in specific terms the possibility of realizing
large capacity optical communications using optical
fiber, at an earlier phase, based on his own reasoning
for the applicability of optical fiber to the large
capacity transmission, and estimation of possible
transmission range on the basis of presupposed loss
and tolerable photoelectric power level. He played
pioneering and leading roles in the exploitation of
optical fiber transmission lines and his works are
dearly appreciated in the international communities
as having exerted a significant impact to the
subsequent development of optical communication

technology.
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The Dawning of an Information Age

Charles K. Kao

After the industrial revolution came the post-
industrial revolution age. We coined the terms,
"industrialised nations" and “an industrialised
society”. Recently, we talked about the
information society in an information age. I
wrote about ten years ago, my perception of an
information society: "A society in which the very
existence of its members is intimately dependent
on its ability to harness information.”

Are we already in an information age? Are we
an information society? Or are we merely trying
to make better use of information to improve our
productivity per capita, so that our economy can
grow and can lead us to have a higher quality of
life. Probably we are merely attempting to cope
with the shortage of the supply of our natural
resources, and the increasing demand on the
resources by an expanding population.

Whatever we like to call the emerging age, we
need to collate and disseminate information on a
global scale, efficiently and speedily. Optical
fibers, satellites, and computers, aliow the
development of the information networks
necessary for any-one, any-time, and any-where
communication services. Gradual
implementation, on a regicnal and global basis of
such communication facilities, is anticipated.

All this development is currently impeded by
vested commercial interests and the huge
investment involved in the installed hardware-
base of the industry. It needs help from better
international co-operations. At the same time, it
needs a will to resolutely introduce deregulatory
measures for new and existing information
services. The laws on information usage rights
and protection must aiso be extended and made
more appropriate for the future scenario.

Hong Kong is in the vanguard in the use of

information technology. In its pursuit of success
in commerce and industries, it has built the
world's most advanced communication and
information service infrastructure in a highly
deregulated operational environment. The future
prospects of this place growing into a pioneering
information society is expected soon to be more
concrete,

The impact of any-time, any-place, any-person
comununication is ubiquitous. Not only will it
generate a desire to be always reachable, but it
will also prompt us to seek ways to communicate
with inanimate objects such as our TV's, heaters,
door locks, etc. This will require a
communication capability on all products and
will generate a host of new information services.
The result will undoubtedly improve our
productivity. So far, apart from wireless
telephones, the opportunities and threats are
elusive and lead only to speculative hypes and
early business failures. It just shows that
opportunities that are intimately associated to
human needs mature slowly and gradually.

The media and entertainment industries can be
considered as a part of the communication
business. If this is so, this is the only sector in
which information technology enabled major
expansions. A whole new industry grew up and \
which is now knbwn as the "cable TV networks",
It probably represents the only new successful
information business.

On the technology front, the challenges are
many but are expected to be met in the course of
time. For improving our ability to process
information, we need even more powerful CPU's
for our computers. The continuing reduction of
the size of semiconductor devices, by a factor of

two every two years, will continue over the next




ten years. There is good hope for faster switches
and for solving the propagation delay problem.
This meaﬁ that we can count on the emergence
of CPU's, with up to five orders of magnitude
increase in power. Likewise, we should see great
improvement in information storage devices.

For massive storage devices, the challenges are
in the organization of intelligence rather than in
the achievement of sheer size. Generic solutions
are difficult since the requirements are highly
application specific. Artificial intelligence,
neural network and many other schemes have so
far run against unsurmountable difficulties in
éttempting the emulation of human intelligence.

The I/O devices made significant advances
towards better human and machine interfaces.
The realization of pattern recognition, voice
recognition, auto-translation [C chips facilitate
input coupling. The flat panel display and
projection technology improve the output
interface. The digital signal processing reduces
transmission capacity requirement while
retaining high fidelity sound reproduction and
high resolution picture quality, However the
performances are stiil short of the ultimate
expectations.

The range and the number of new information
services that can be and that will be introduced
are large. What should come first and why
should they be introduced are knotty questions to
be answered carefully. There are riches to be
made and there are real contributions to be made
to the global economy via productivity
improvements.

Optical fiber being one of the most important
parts of the infrastructure will undoubtedly
continue to play a critical and major role.

Eventually, there will be fibers to each home. It

will be an unbelievable situation when we have

the super-highway all the way to each person's’
door step. It will also present to network
designers and planners a number of important
traffic management issues that make current
traffic congestion problems on our motorways or
on the Internet so trivial.

When it comes to old habits of human beings,
they die hard. This is particularly noticeable in
our normal communication habits. When the
telephone was introduced, the letter writers
predicted the demise of the art of writing. When
the television arrived, the faithful radio listeners
swore allegiance to the pure joy of listening and
resented the images intruding into their parlours.
What the impact of the information technology
on mankind is difficult to predict. The onslaught
of new information services will be resisted
vehemently by individuals and by company
boards. What can be predicted is that the
resistance will be highest when the service and
our working habit differ the most.

Despite of our innate reluctance to change, our
in-born inquistiveness and our darign spirit shall
propel us to spearhead changes. New
information services will be developed and
adopted. The spirit of the information age is

knocking at the door.
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- Dr. Masao lto
(Japan)

System Director-General,
Frontier Research Program,
The Insntute of Physncal and

Category of Neuroscnence

Reasons for Award
Elucidation of the functional principles and
neural mechanisms of the cerebellum

Dr. Masao {to has tried over 40 years to olucidate
neural mechanisms of the brain by using combination
of neurophysiological, cell-biological, system-
theoretical, and molecular biological approaches. In
particular, he successfully revealed several basic
features of cerebellar function, such as inhibitory
output of the Purkinje cells which is mediated by y-
aminobutyric acid. He also found that the flocculus of
the cerebellum plays a key role in adaptive control of
the vestibulo-ocular reflex, a basic reflex circuit, by
way of a synaptic plasticity, the long-term depression,
which is the basic of the learning capability of
cerebellar cortical neural circuits. Furthermore, he
and his collaborators elucidated molecular processes
underiying the long-term depression. They
succeeded in inducing a reversible learning deficit by
temporally inactivating the long-term depression. The
recent model he proposed aims at explaining a
certain categery of mental function, implicit memory,
as function of the newest part of the cerebellum. His
success gave a great impetus to researches of
neuroscience discipline. '




ZJ°fed (S5 SRR DB BE IR 38 &t R 148

i IES

BOELF TR AL E OB F
TAEWENBRUNMEE R A LTI
PO EWIER MEERRE LR L Twa,
HEEBREOBEIMOF ORI X b i
BACEL Y, FRFNEE 58> T 5,
ZD L) HERNKEIEOLENYE-
TYED LT A% S 2 7 4 O X A O
MR S v, MEEBEOTIELZEL
THROREFRBL ZOAA =X L85
ETBOFRROBEREDOEER FER
D—DTHb,

AR EEDIEIZI0% % O, 2=—
7 iR 5O Tw5, EREEBAEER
RO DB & o THETT—HETH 575,
ROFRET 5 BN REEIZEHTH Y,
EALERICBILLTE R, DX LS%H
2igE T, PO MBERBEHEOEE & ik
DEHL I —ICERT 22 LINEE
DEHETH S,

NEREEOWMBE B ICIISTEHOEESR
MRS Y. TR0 TR FENREL
WEHE L. @ELEo T bhe ZOHEE
BB EOEEIZSRBED I = ITE D
MABEE AW CHEMICH SRS,
19604 IC 2 % & | THTEM/NERE AV
T/ O EERI I & £ 02 & #E o
BEAHERLR, BEE, HFHEOX,
BEVROBENEAL. RRAFARE
FEIZBW T, Ito and Yoshida (1964), Ito,
Yoshida and Obata (1964)i3/NiiE EDES %
BREHIES L THANERZ A2 70 F v 24
BoY 7 AR HHETHZZLER
WML, FHMCBT 200 FTAD
TETEIX 19524 Eccles S I L W R E =45, K
Re LTHEMEO KBS IZBEEE T, /)
Bl ORE5  th@ M B 3 B 7L B9 IS HEIE T B
HZEBRbhTwi, 7vdFrififan k)
e REEC/NR B E —E 4§ A 4k

FYREENE Ebh Tz, Eio
RRIIUFGOEZ A RE{BETLIOT
Hol, -
MNEEERAD Y F 7 AVERIZDWTD1960
FRDOW IR R T D T EITAR [FEER
& LTD/E] ABccles, Tto and Szentagothai
WX BI96TE NS Y DX Ty it L Y
IR S hi, CORBROBERER L
YD L THREOBEELHEE L, 1969F
Marr, 19714EAlbusiZ & A /NMBEER 4T85 &
nize SThoOBBFIITRL S VF
BB AT AL F TANTEETHRL, =
NPE—REBOTEERBL L TH I LORED
EIZHAELTENT W, Y F7ATEYE
EHEHIKEL T 7 SATOEREE
TEHPRHEMCELLTLHEETH LD, 4
FRIZSEBRE 2RI LIZEBRAS 2 TRt &
LTEEE R, ThF Tl E L
L PTHREO " EEO A Ao BEHS Y
TTAEZITTBY, EEHEEDET LT
ITREDEFFITTIAICEIELES L
TEDLE, PMHEEDIL TN 2 Tilifg~
D2 F T AMEEFFFRINCEC T HA, =
DBEMarriL{5EZ RIS WINT 5, Albusid %
DT HEREL TREEI T,

EDH. ZOYFTATEEZ RH TR
HWEIDPDOMAEETHE SN L %
Moli, EEFNROREF TR £ HE
AT I LOMELIERROBIYHIFIEE
LE R 7z, M, Ito, Highstein and Fukuda
(197001 3/ MR D FEE L FRIER BB D T L *
v IHLATRIERRE 0 b OF 5 % FITsAE
TAHLTETE—H, 2O HEREICM
&L CRTEEIER R o Fh Bk AS & SRS A
TERRHE L, £/, Al &Simpson
(1973) EAWELLDEFIFREIZEER
HEENMLTEONLZEARM L, E5IT,
Gonshor & Melvill-Johnes  {1976) = X h ariE

p “ﬁk‘;‘ﬂ"

S




BIRESOFOZE L v dEin s R S,
HMEFCNOLOMAEZHRELTRELALA
RS (o 1982) . FES V¥ » il
DY T ATMBEFHERDS O DREFEFIC
LOERB S, TR L o CHIEER 4T
PHEEHCHBH SN ETHHDTHS,
ZDH, FEPETOBLHMANLIEEGT
% L RIESHHR T O BISEAEET A 2 &,
FEINVZ: Y LHIADESRIT D85 v
REBBEFOEIEEETLTTFHRNE
b+ sz LFFRENT,
FEERRLBEDFRIEZ. FEOHRIZY
F AT D L BER RIS R
LTwiz, ZHIZBERDIT 5N Tlio, Sakurai
and Tongroach (1982){XFFFE & FElr, RE T
VF 2 LA O R EMFEDRIBUIAT T 5 K
EHHIEED 6 OB RS L DB AEHE
B LD FEFEICEET T A 2 R RB LA
C AT RO R 2 EERIGFELTH B,
EHi, BEREOEFTLRBFIZILY 2
VEEEERKEICL Y SNVF MRS
ié&f&#?;mﬁmﬁwyiy@@%
HAETTAZ LT OREL., REIER
TN I VEFEROBREORRGERET
itk B EFEmLl7.

19904E R4 X Y Crepel (44) . Konnerth
(#) | Linden (GK) & b REHIEDOFZIC
mbh, IThiielFHloETmEai
DEAIHEATL, EEHEIZBILETRITOH
LWHFEZEIC# Y, Karachot & 3288 12 KA

- MED B EER TEH < HOILFH 2 R#

ImkoT, ANEEREOEEICh - TEL

MELFRLCECZFIERBITHEDOHEE -

Al BT A2y Z7GMPE T Y
I UBSEEOT TZA PN THHAMPAY
HAGDOETIREIAICE 2% L RENE
CRMUEILEREITENERSL Z LG
PY, COFERFOBRERHEDESE

EREOHEOEEL—DOHFN L kol
BWMEDOLD Y FRAy Vv — LRVTT
b B EHRALFEREIBIC oW TIE T A FH
DEHHPEKE N, TOBRRERIIBENT
EITRMESF T RUDETNG 3 VBSE
& (AMPAZBIEOTE) FHELINT
BRI ZOBRSZEFET L-RBICHRA

- HDEEDbNL, TOAMPAZEEONEEE

% BRI LER RS 5HIRS (1995)
DEFFEHFRI L TWb, AMPAREMRD T
I/ BESIORTHEEIFEZY ) 51
YEEFURTFNEZEAERL, £0%
TF vy FF—¥CLCOM A THERLE
NAENRTF F12%2BATEFOERILEA
b D~DRFEPARI2PI%E5 120 ANEEDEY]
F%xir4 2 v 7 GMPEZ AMPATALEHIZ
FE L TRAMELZRE T &, FITHED
OV F T ARSNGB T IVE L BROEIR
EHETRD >+ TA TR Z Ok Cilik

Na, RELFHLBIZAZ THRIOEW
&R0 ETR L-RBME YT
5ZOMBDOERIEAETARNCT S, 0
FEEAROFBEREEZRELTLEI0L
LTHFEINL, MROBEOEZIZIEE
BRI o o BEIIBE
B OMMEI L I IE N BN E Fhhs
TVEy IMREOETERT BABELE
WRTEE AR, 5L, SRk
HED ATT %N 2 TR BN R Ak &
FEOY, /NRMOERERLL L Z 2 7oy Z D EAfL
e RIEBASKRT, S 2M5T
BDTH Do MHIL19844 [The Cerebellum
and Neural Control] # B L. % { O FEHE
B RATHRITO & ) A IS O [ER I/
B D BB N E AR AAFEA S L, RO
EOREFHRBLTEERIELTEHE
IZRDOVER EAICHICEL SR GEE

HEOPEE LTH L OoR—B 2 BRRE




ALz

LaL., B EL L TRIRERDOMS
THOMBEEBRARETS L. [HAR] &
AN BN EE RO DEVE & RS
L7k TH5,
TERZFE L CWPE ZIVEBRT 5 &
EHI) IS hot, BRI HAE
BAOBHBHEETNVEED, EEOERFE
BRI 74— F28v 78k Th/A
BEF NV EBBLNEDT 4 — FNw 712k
ofkTﬁTwLEﬁ&ﬂmfé & A

¥5 L% Z 7z (Ito 1970, 1984) o

AN R BRSPS KB R & 36525
AdNh, KiEDOB{by &2T2L0FEZIE
HAS (1987) (ZX DEESI Nz, ZDEE,
INBIZTERL S B E IV E B & oS
BMErRETLI LI D, WE, JIAS

(1995) X/ OBEBEREO SV v 1

ML DESFETHFERICIRIRO BB FFE %

LTnwhAZ LA LTWA,

BRI 7O L BT 7OV I ME OB 4
DEF TR L TW AT iEYH 5, BFHE
EFNVEHNET 4 — FoNw 2 v—TEBR
YL, BZIE-7-F £ CTIEHELRERHIH
RELHTTBA, K. HERREE TV
BRBOMTHZERDLY) L, EELTEP
L THERLZESFHEL LTS
LiEES NG,

TESRANIR I EB ORI L ZTELONT
&A%, & b O/ O SMENER (& KB E A ER
DEZEEFITLTREZLTRBY, 4 0E
TERBLTOEHWBIIEEEFEZSL
%\, Dow (1996) S IZ/AVEFIERE
DFHFEL TR EFELL, EFELED
MEEFTNOEZ 2EIZ, RIEO—EA
DEEHIHT 2HEIHBEET T L
BMEREFVOEZNSECIETAI L2
L7z, BEICEL TIIRNOMEMNES

BAILBMERFTIILAHER,

BRI SRR & 2 b, HIAREE ST A
R BHS, THUNEBIFEE TV,
WEEHEF L L LT E, ﬁbﬂéht

BEZLZHEMNIIEERONIIET IS &
Jicfli s B, BEHRY burx
IV VIV IERTITAREIDIDEZE
EHT AT R A Raichle (1993) HiZ X h#
HFEnhTwi,

BT IEE S TROMBOEFTITDNTH,
MO EEEEEL AL, 2OB{EREYL
BEdZeh, RMOLHEADEREEZ I
THEHTHALABEELIEZ S, LDPLE
D 72213 o] B iR E O EBRM TN £
f@%%@ﬁ@rﬁﬁaﬁﬁmmﬂoﬁm
BB AP LBETHAILREEA LV,




Functional principles and neural mechanisms

of the brain studied in the cerebellum

Masao lto

In each region of the brain, numerous neurons
interconnect to form elaborate neuronal
networks. Neuronal networks having various
structures and functions are combined to form a
neural system which is an essential component of
brain function. A major methodology of modern
neuroscience is to investigate the brain's
functional principles and mechanisms through
studies of neuronal networks.

The cerebellum is a unique part of the brain
comprising about 10% of the total brain volume.
Its neuronal network structure is highly uniform,
but it is involved in brain's diverse functions. My
intention has been to explain this diversity based
on unified functional principles and mechanisms
of cerebellar neuronal networks and systems,

Five types of neurons are distributed and
interconnected in the cerebellar cortex in
geometrical regularity as depicted earlier by
Cajal (1911). Researchers in the 1960's identified
the excitatory and inhibitory nature of synaptic
connections and neurotransmitters utilized in the
cerebellum. Working in the Department of
Physiology, University of Tokyo, Yoshida and I
(1964) and Yoshida, Obata and I (1964) found
that Purkinje cells, large neurons known for their
magnificent dendritic arbor and serving a sole
output from the cerebellar cortex, directly supply
inhibitory synapses to their target neurons in the
medulla and deep interior of the cerebellum. This
discovery implying the exclusive inhibitory
nature of Purkinje cells was unexpected becaunse
it was generally thought at that time that the vast
majority of neurons are excitatory with only '
some neurons extending short axons being

specialized for inhibition as discovered by Eccles
et al. (1952) in the spinal cord.
Eccles, Ito and Szentdgothai summarized the

advances in the 1960's in the monograph "The
Cerebellum as a Neuronal Mechine" which drew
the attention of theorists interested in elucidating
the structure of the brain. Marr (1969) and Albus
(1971) formulated thoeries of the cerebellar
neuronal networks based on the assumption that
Purkinje cells retain synaptic plasticity as a basis
for memory and learning functions associated
with the cerebellum although at that time this
assumption lacked the s{.tpporl of experimental
evidence. Synaptic plasticity implies that
transmission efficacy at a synapse is modifiable
due to its experienced activity. Purkinje cells
receive two distinct inputs, one from climbing
fibers and the other from parallel fibers, When
the two inputs are received simultaneously and
repcatedly; the transmission cffeicac} from
parallel fibers to Purkinje cells is assumed to
continually change. Marr assumed that it
increases, while Albus assumed that it decreases.

While the synaptic plasticity assumption failed

- to be supported by results of research conducted

in many laboratories. I tried to establish an
experimental system for testing memory/learning
functions of the cerebellum in a clear-cut .
manner. Highstein, Fukuda and I (1970) found a
direct projection of flocculus Purkinje cells to

relay neurons of the vestibuloocular reflex

'(VOR). Maekawa and Simpson (1973) found a

retinal climbing fiber pathway to the flocculus.
Gonshﬁr and Melvill-Jories (1976) demonstrated
adaptability of the VOR. Based on these findings
early in the 1970's. I proposed (1982) the
"Flocculus Hypothesis of VOR Control" which
holds that by synaptic plasticity driven by
climbing fiber signals encoding retinal errors,
Purkinje cells adaptively control the VOR. This
hypothesis is supported by the abolition of VOR




adaptation after lesioning of the flocculus or its
climbing fiber pathway, and by changes in
di'scharge patterns of flocculus Purkinje cells in
parallel with VOR adaptation.

Consistency of the flocculus hypothesis with
the experimental data implies the existence of the
type of synaptic plasticity postulated by Albus in
the flocculus, Sakurai, Tongraoch and I (1982)
discovered that parallel fiber-mediated responses
of Purkinje cells to vestibular nerve stimulation
are persistently depressed by conjunctive
stimulation of climbing fibers and the vestibular
nerve, the first evidence of long-term depression
(L.TD). We also found that the magnitude of
responses of Purkinje cells to iontophoretically
applied glutamate was reduced after conjunctive
application of glutamate and climbing fiber
stimutation, and concluded that LTD is due to
persistent reduction of glutamate receptor
sensitivity in Purkinje cells.

From around 1990, the laboratories of Crepel
(France). Konnerth (Germany) and Linden
(USA) also studied LTD, and our understanding
of signal transduction processes underlying LTD
advanced markedly. At RIKEN to which I
moved in 1989, Karachot and I developed a
chemical stimulation method to induce LTD in a
cerebellar slice by applying substances related to
induction of LTD. For example, combined
application of cGMP and AMPA induces LTD-
equivalent changes. This became a basic method
in later studies of LTD. Although there is still
much to learn before we understand in detail the
roles of second messengers in induction of LTD,
it seems certain that at the end of complex
reactions involving many receptors and second
messengers, phosphorylation causes sensitivity

reduction of AMPA-selective glutamate

receptors in parallel fiber synapses. Nakazawa et

al. (1995) raised an antibody against a peptide
indentical to part of the GluR2 subunit of the |
AMPA recptor coveriﬁg the 696 serine residue
which could be a phosphorylation site. 12P3
labels parallel fiber synapses postsynapticaily in
cGMP/AMPA-treated cerebellar slices. We are
trying to label synapses with this antibody under
miore natural stimulus conditions, and expect that
this method will enable us to visualize memory
traces in the cerebellum.

In considering mechanisms of the cerebetlum
in light of adaptive control theories, I specified a
functional unit, the corticonuclear microcomplex
(CNMC) as an assembly of a cortical microzome
(Oscasson 1979), a nuclear cell group, an inferior
olive neuronal group supplying climbing fibers,
and a precerebeliar nuclear neuronal group
supplying mossy fibers. A CNMC can be
inserted into any system to afford it adaptability.
In the monograph "The Cerebellum and Neural
Control" (1984). I developed a concept in which
a CNMC connected to a reflex or a compound
reaction system acts as an adaptive controller
v;!hich improves the system's performance by
reducing its control errors.

CNMCs are also inserted into the cerebral
cortical systems. I proposed in 1970 that a
CNMC acts as a model mimicking dynamics of a
skeletomuscular system and that the cerebral
cortex accurately performs voluntary controls
relying on internal feedback through a CNMC
model, even without using external feedback.
The idea that CNMC is inserted parallel to, and
functionally replaces, the cerebral cortex was
proposed by Kawato et al. (1987). In this case, a
CNMC mp@%ents an inverse dynamics model of

a skeletomuscular system. Kawano et al. (1995)




reported a case where in the cerebellar ventral

paraflocculus involved in eye movement control,
Purkinje cells represents inverse dynamics of
éyeballs.

The cerebellum has been regarded as a motor
center; however, the most lateral part of the
human cerebellum evolved in conjunction with
the cerebral association cortex. Leiner, Leiner
and Dow (1986} proposed its involvement in
mental function. I pointed (1993) out the close
analogy between movement and thought as
control system functions and proposed that the
cerebellum works in conjunction with the
cerebral cortex to enables us to automatically
conduct a thought process which is repeatedly
exercised.

Studies of neuronal networks and system
should lead to clarification of brain mechanisms
of thought and behavior. Further advances in this
field require close integration of experimental

and thoretical studies.




