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Elucidating synergistic motor learning mechanisms by distributed multiple
plasticity in the cerebellum

Yamazaki, Tadashi
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Long-term depression at parallel fiber-Purkinje cell synapses seems to play
the essential role in cerebellar motor learning, but recent experiments demonstrate multiple
plasticity mechanisms at distributed sites within the cerebellum. The present study aimed to clarify

the synergistic role of those plasticity mechanisms for motor learning from the theoretical view
point. We proposed a unified theoretical framework for cerebellar motor learning, and varidated our
theory by large-scale computer simulation. We also built a very large-scale realistic cerebellar
model on a supercomputer. Finally, we reconciled the computational principle of the cerebellum, and
suggested that the cerebellum with multiple plasticity mechanisms could perform much stronger
computation than that used to be considered as a perceptron.



o

@
®

*

€))

1982
(LTD)

2011 LTD

LTD

(OKR)

LTD LTP LTD
LTP LTP
1
/MR

R .
7 #kOMETREShE
o | OB
- REE
chL—z=v i
SRR
hIAAR FHECEmME N |
S B DIBAT
g | |- mmme
T o5 = chL—ZvUBI
RHREERR

B SMREFN B LR
ERIp > DBE

RERDO
BEEE

A LD
‘rozN

RERZ )R

BARE U AAicER

1. OKR

1 OKR

®



C) -

LTD/LTP
@ -
LTD/LTP -
LTD/LTP
OKR
LTD
LTP
LTP
2
LTP
LTD
30
PNAS
4
(A) 0.8 (B)ZO
Y ARER
L, | HEEFL ‘ £,
%“ t ‘ §0547

2
0 1 2 3 4 5 6 7 8
(=454

2_ OKR
Q)
« )
®)

9

0 1 2 3 4 5 6 7 8 9
N—=vrEH

( =+ SEM)

@)

LTD/LTP
OKR
100
GPU 4 1
1
3
2
€)
1 10
4
1
® ®)
’ ! Trainingaperiod (d:y) ° * e k 2Tvaininag periog (day) o 7
3.
OKR »)
®)
2
Arbln
® W ©
® O 1 O
®— \
©—i :K) O—i |||\1 \\ O
oS | S 1T 1N I
4.
A-C
1
1

®



C) -

7 -
5
Cart-Pole
GPU
7
(1) Tadashi  Yamazaki, Jun lgarashi,

Junichiro Makino, Toshikazu Ebisuzaki.

Realtime simulation of a cat-scale
artificial cerebellun on PEZY-SC
processors. International Journal of
High Performance Computing
Applications, In Press.

(2) Masato Gosui, Tadashi Yamazaki.
Real-world-time simulation of memory
consolidation in a large-scale
cerebellar model. Frontiers in
Neuroanatomy, 10: 21 (1-10), 2016.

® ) ,
34(8):889-891, 2016.

(4) Tadashi  Yamazaki, Soichi Nagao,
William Lennon, Shigeru Tanaka.
Modeling memory consolidation during
post-training periods in
cerebellovestibular learning.

Proceedings of the National Academy of
Sciences of the United States of
America, 112(11): 3541-3546, 2015.

(5) William Lennon, Tadashi Yamazaki,
Robert Hecht-Nielsen. A Model of In
Vitro Plasticity at the Parallel
Fiber-Molecular Layer Interneuron
Synapses. Frontiers in Computational
Neuroscience, 9:150, 2015.

®___ .

, 30(5): 639-646, 2015.

(7) William Lennon, Robert Hecht-Nielsen,
Tadashi Yamazaki. A spiking network
model of cerebellar Purkinje cells and

molecular layer interneurons
exhibiting irregular firing.
Frontiers in Computational

Neuroscience, 8, 157 (pp- 1-10), 2014.

12
(1) Tadashi Yamazaki . Cat-scale
artificial cerebellum on an
energy-efficient supercomputer Shoubu

( ). Workshop on
Brain-inspired Hardware, 2017 3
30 , Al (
)-
() . Shoubu
( )-
HOKUSAI
Shoubu , 2016 6
8 , ( )-
A3) .
( )-
2015 1 10 ,
( )-

(4) Tadashi  Yamazaki. Modeling the
cerebellum: Top-down approach and
bottom-up approach. 38

Top-down Bottom-up
, 2015 7 28-31 ,
( ).
(5) Tadashi Yamazaki. Building a 1 mm"3
cerebellar module on a computer

(Invited). Workshop3 *“ Neuromorphic
Computing and Challenges” , INCF
Congress Neuroinformatics 2015. Aug
20-22, 2015, Cairns (Australia).

(6) Masato Gosui, Tadashi Yamazaki.
Realtime  simulation of  memory
consolidation in a large-scale
cerebellar model. INCF Congress
Neuroinformatics 2015. Aug 20-22, 2015,
Cairns (Australia).

(7) Tadashi Yamazaki. Building a 1 mm"3
cerebellum on graphics processing
units. 25




2015 9 2-4 (
).
(8) )
.25
L2015 9 2-4
( )-
) , )
. 25
2015 9 2-4 (

)-
(10) Tadashi Yamazaki, Jun lgarashi.
One-million spiking neuron simulation
in realtime on multi GPUs. 24
(INNS2014),

2014 8 27-29 ,
( )-

(11) Tadashi Yamazaki . Realtime
simulation of one-million spiking
neurons in a realistic cerebellar
model using multiple GPUs ( )-
Advances in Neuroinformatics
(AINI2014), 2014 9 25,26

( )-

(12) William Lennon, Robert
Hecht-Nielsen, Tadashi Yamazaki. A
simulation of cerebellar function with
learning at parallel fiber - molecular
layer interneurons. Program No. 341.09.
2014 Neuroscience Meeting Planner.
Washington DC: Society for
Neuroscience, 2014. Online. 44th
Annual Meeting of Society for
Neuroscience, Nov 15-19, Washington
DC(USA).

2
(&Y) . . Annual Review
2016. . 1-6, 2016.

(2) Masao Ito, Kazuhiko Yamaguchi, Soichi
Nagao, Tadashi Yamazaki. Long-Term
Depression as a Model of Cerebellar
Plasticity. Progress in Brain Research,
210:1-30, 2014.

o

. 2015 3 3
http://www_uec.ac.jp/news/announcement/
2014/20150226-1.html

&) :

- . 2015 3 4
http://news.mynavi . jp/news/2015/03/04/1

81/

(3) UEC e-Bulletin vol.5, 2015: Motor
memory: the long and short of it. 2015

3 25

http://ww._ru.uec.ac.jp/e-bulletin/rese

arch-highlights/2015/the-1ong-and-short

-of-it.html

(4) MedicalXpress: Research explains the
formation of long-term motor memory.
2015 3 26

http://medicalxpress.com/news/2015-03-f

ormation-long-term-motor-memory.html

®

2015 4 24
http://www.jnss.org/150424-01/
(6) UEC eBulletin vol .8, 2015:
Neuroscience: Creating realistic

computational models of the cerebellum.
2015 12 25
http://ww._ru.uec.ac.jp/e-bulletin/topi
cs/2015/neuroscience.html
@) online:

2016 6 13
http://techon._nikkeibp.co.jp/atcl/news/
167061302534/
®) : Shoubu
. 2016 6 20
http://news.mynavi . jp/series/numericalb

rain/001/

@
YAMAZAKI, Tadashi
40392162
@
TANAKA, Shigeru
70281706
©)
*

GOSUI, Masato
FURUSHO, Wataru



