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Theoretical study on understanding the information processing mechanism in
electrosensory system as a system
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We studied the stimulus geometry and neural coding in discrimination of
object’ s shapes in electrosensory system. We investigated the computation ability of a GPGPU method
and the accuracy of single-precision calculations. The GPGPU computation provides several
advantages in reduction of computation time and accuracy of single-precision calculations. We also
found from the calculation of electric field around a weakly electric fish that the difference
between object’ s shapes is represented by the difference in the maximum amplitude and width of the
electric-field modulations caused by object rotation. Furthermore, we found that in receptors and
the hindbrain object information is encoded in the firing patterns just before an object returns to
the original form in the rotation.



¥ XL C—19, F—-19—1, Z—19, CK—19 (dm)

1. WFZERG S GO 5
AW OIFRIT, TR L ATE 2 LT

TNz, BOITENIEET 5 ERAIPIIEIL,

KELIFRD 2 >OFECHFEIND, —D
W, N E F RIS ST A TENC R 5 SR
MRFZECH 5, MhIFIE, BRI IGT 2 Mo
BENL TOIE D EHENERTH
%o LU, BERIEH EATENCE T 2 EE G
WRMANTED X Ic— Kb L TLEE X
TWDDODIELERRARENR L, ZNHD
R LITENOR MBI IEIT Yy v 721D
D, R LATE RS Y AT A TRBFZED
EHTH D,

2. WHEOHBY

B LTI DY AT ABRMEAZ HIEL T, A
W FE Tl RUE TR R O W R FN 3 o R EIZ 1
D fHTe, F9ERMOBRRT ORI ONT
1Z. W. Heiligenberg OiRAE [FHEATENZ B3
5 BRI 7 ZE 13 & 2 03 1], RO ENLATED
[ZOWTIE, B HEA TV, ARiF
ZECIE. BRIEHRIZ L 2WIRDOIIRATE D
MR A B =X L L2 OiEER) & ORRIZON
THF7ET %,

3. WrFED L

WIEDFIEIZHOWTIE, LT LB TH D,
(1) FEXRADEHOELHE
FERMLZT D EfE72ELORIIRIERE %
5T, KAENOMA & AN OREE .
JEH OMIRICRT T 2 EH OB ET LV EE
L7z, ZOFETNAEARERETHRE, A
DIRFHE O IEME/REIG 2 FHE Lz,

(2) GPGPU 512 % 7 L O L Al

A7 B2 3 0 TR HURER B8 L 70 7= i
HEwhw{bd 5 BT, GPGPU ft&HE T AT
LEHEE LT, Fo, HOMEY AT Lhod
HADIGHES 2, Bix ke T okt
% AHERE) DR 21T 5 7,

(3) =&, BMOET NMAERK

WikOTIR (M, IE5E, E=AF, EHE.
FE) OBHRNR ED K 9 IZZ BB D
MiEx Yy hU—Z 2k a—FREhTnd
DIRD T80, ZRw L BHOMRET V%
e LTz, A+ LT, Brandman et
al. DFEFNVLRNCHESWTER LT, 77,
HMIZ DUV TCiL, Doiron et al. [3] »EF L
WZHADWTHERR L T2,

4. WFFERR
(1) GPGPU FHH Y AT LD L HHEREI O
A

BT O RBIRGH R 2 T, GPGPU FH5
VAT AERE L, 4 DO=a2—a L ETIL
(Leaky integrate—and-fire (LIF) model,
Izhikevich model, Hodgkin-Huxley
(H-H)model, 2-compartment model) Z-D\»
T, =a—a 2t - 22 OB LT

Open MP & GPGPU DE BRI % iz L7-, LA

TDOZ ENGhoiz,

(a) = = —na R D (N <2 5
A%, Open MP D5 3 EHEIEEI A )N >
=N FLl b= o2 —a 8T GPGPU
DOIFHREFHEREM N E» -T2 (K1), ==
— B 2 U, GPGPU FHELO 5
FERRICE L TR TH B,

(b) GPGPU OF — Z BEhOFHHEREMIZ 3T 5
WRERRDI2O, T — 2 BEE G0
BLEEERVGEAORMERIR LT, &
DFER. T —HBENN WG E I XFH R
RIDEEE L I o7z, UL, GPGPU Ef
BIZBWCT —#BE 7 ot 203 GHHEE
MEMIIRESEET LI ZLEZRLTY
Do

1000

. =& LIF(OpenMP)
L —¥—LIF[ GPGPU)
E 100 Open MP
=
c
L
= 10 F GPGPU
-
=
g 1
5 ~ 211
© ¥
01 A, AN
100 1000 10000 100000 1000000

Neuron number

1.GPGPU & Open MP @ LIF neuron
model (Zxf7 5 FHRFEH O Lo,

(2) GPGPU FHELIZ L 2 HREEE G O W5 B AT
GPGPU G I A YER) | B FE FHRLI o8 L 7%
7o TEY, =a—a v OHFE CTHEE
HENEOREAZTH B 0E, FERRS
BEICBWCEHEERMETH D, AR TIE,
(1) THRA7Z RN U THME B & (5 h5 315
FATWEDORERZ I LT, oz fE R,
BUEMICHREE S ERBEOREITIFER D
OTIFRL, =2—uarDOREIZITIFLEAL
HELNLEDTHD, o, FKFELAN
A 7RI E A N7 T LIZHONTHEE DR
EEEICEIIE U ol TDOZEF. =
2—F )%y U —7 OFHE TIE GPGPU % [
W B EESEE SRR E R O STH
i FETHDHZ L ERLTWD,

(3) MR DTARIEH 2 K T B E A DR
FEIANWKRERE Eo X 9@ LT
WA, TOA N ALEERDT-, KFEN
DOIFELRMBOEREEIC L CEOREEOEY
EARERIECL VA L, EAFEDIKIC
%LU CHHBEICE A 1T FDHEEEZIRE LT
W5 [4], EEOREFESKFICE L TIL,
ZEM DA v v a2 DY R TIHEEN
Bohnianiz, H OB =My EEE



FEH LT,
ZOHBIZLSTUTDZ B3> 7=,
(a) BN (H, EFF. EZAK, E
ﬁ% *H)%ﬁO%W®%%%4%%
¥ (FORRE TR S LD EEZEH)
i ZNODIRIZERIR S T 7 AR D2
HERT, ZOZ L, fAITE DA A
— VU TIHBROBHIN TE /W L& E
%?é
Eﬁ%ﬁi)ﬂlcm J:Uj(é‘<f£%) LB D
RARIERITE L B35, 202 LI,
WiED “ERAIHEA DY dem FRETH D
EV ) FERFER & —ET 5 [5],

(¢) TARDENT, Wik 2 e i 1 [mliis &
oL EDEZDT T AL uﬂﬁ)ﬂikﬂ%fllaa

PEEOEIZABND, K21TmT &
B0, EFFETIE. Mﬁﬁ%ﬂl%mf
1%” convex—concave” FAIRT M. FEEE
WL 72D L 60° F T ORI %
R, — . AT, RKRIRIED M
AR AT, BEEEAES 25 T
%7 convex—concave H A RT (X 3),

T AEFOYAENEIZ SOV TIXIE S E &
E=AF TIERERIIZEEEL L T b0,
TEMTCIZ R B RO 2372880 (9842) 7
U DA EIZIRTEIROFENRFRND,

(A) (B)

10]

S 0gf
£

Slitth
sz

0 10 20 3p 40 S0 &0 70 80
Rotation (degree)

70°

B2  IEFEOEEACE S EHDORK
EIEZEA), EO—&k#>B), YiRE
HL DR E (C)

(A)

20 40 &0 80
Rotation (degree)

A

: \'/

0° 45°

2 2 2 =
S 8§ B =

Peak amplitude

=

100 120

X3 Z=MAFOEERII LD B OKRK
IRIEZALA), £ DO—KsrB), WiKE
HA DR {E(C)

(1) ZELZBZBT IWEEROMREa—T
a4
EHAETELNET XIS &, iK%
fIHE 5n/12 [rad/s]“(lﬁl%%é“@t)\j}f“‘
B B W L CERL L. IE= AT,
ﬁ%’ﬂ?émg%ﬁ“toXA4ﬁih%
v JNE— s LA T OREIEZEAL % 1T
\Za—RFL7z, M4lzrmansd Lo %flli
N—[alls L7 & & xﬁ%é¢®%k4®ﬁ
MMZGIE, KBRS R 2 — v &R L
77o TESTETIZ. 100° DDA B T
@%L&%O:k JERWEHIFH OF8 K HE % 7~
L7, —FH. ZARTIE, §100° DGO
ZAIZRHER 72 E’%ﬁ BNz, ARA 7
MR OFEFH A TR & e =BT e o T2,
(5) HBIZB T DWIETEROMEa—T ¢
N
ZAEIEFITH LT, FERICEE 5 MO
MR Y FU =7 BT IVICKT BIE & il
Rf-, B = 2 —a T, ZAERRIIE LT ON
HO—OFF B OfEA A L TW5, 7.
ANA JNIN—RA I RZ—2 %R T, K5IT
FRBOREMME L E R~ ZAFIZONT
IIREAREWTRVW, EAFETIE, B—2
D FTARBEML, ZAFEDOFENRN
BfEIC 72> TV D, BIRTITZAIR TR
RO T A M E BT, RO
HHROZEE LY AfEIC LT\,

25000

20000

15000

#Spikes

10000

H

5000

(1]
0 100 200 300

£ [ (deg)

M4 ZR&GOVKRRRIZAE S FE RO
IR ZEAE

10010
9010
8010
7010
6010

Spikes

5010
4010
3010

2010

1010

10

[1] 100 200 300

P (deg)

5 ®“M==o—nr OWIREEIZFE S $
KEIRDEFHRIFIZEAL



< 5| H3THk >
1.W. Heiligenberg, Neural Nets in Electric

Fish, MIT Press Cambridge, 1991
2. Brandman, R., Nelson ME., A simple model

of long—term spike train regularization,

Neural Comput, Vol. 14, pp. 1575-1597,
2002

3.Doiron, B et al., Ghostburtsting: A
novel neuronal burst mechanism, J Compu
Neurosci, vol. 12, pp. 5-25, 2002

4,K. Fujita, Y. Kashimori, Modeling the
electric image produced by objects with
complex impedance in weakly electric
fish, Biol Cybern, Vol. 103, pp. 105-118,
2010

5. von der Emde et al., 3—dimensional scene
perception during active
electrolocation in a weakly electric
fish, Front Behav Neurosci, Vol.4,
Article 26, pp. 1-13
DOI:10. 3389/fnbeh. 2010. 00026

5. %fx%i‘%‘AX 5
(WFFEREFH . DHIE0 138 e ORI EE 12
(=)

CMEREms) GGt 61F)

1. K. Fuyjita, S. Okuno, Y. Kashimori,
Evaluation of the computer efficacy in
GPU-accelerated simulation of spiking
neurons, Computation, in press, 7wt
A, 2018,
https://doi.org/10.1007/s00607-018-059
0-0

2. S. Okuno, K. Fujita, Y. Kashimori,

Computational efficacy of
GPGPU-accelerated simulation for
various neuron models, Lecture Notes
in Computer Science, % 7t A, vol.

10638, 2017, pp.802-809,

https://doi.org/10.1007/978-3-319-7013
9-4 81

3. K. Fujita, Y. Kashimori, Neural

representation of object’s shape at the
electroreceptor afferents on
electrolocation, Lecture Notes 1in
Computer Science, & atf, vol. 10636,
2017, pp.877-884,
https://doi.org/10.1007/978-3-319-7009
0-8 89

4. T. Shimemura, K. Fujita, Y. Kashimori,

1.

A  neural mechanism of taste
perception  modulated by  odor
information, Chemical Senses, & #HiA,
vol. 41, No. 7, 2016, pp.579-589,

https!//doi.org/10.1093/chemse/bjw062

A. Kamiyama, K. Fujita, Y. Kashimori,
A neural mechanism of dynamic gating
of task-relevant information by
top-down influence in primary visual
cortex, BioSystems, ##tf, vol. 150,
2016, pp. 138-148,
https://doi.org/10.1016/].biosystems.20
16.09.009

K.Fujita,Y.Kashimori,GPU-accelerated
simulations of an electric stimulation
and neural activities in electrolocation,
Lecture Notes in Computer Science, &
AT, vol. 9950, 2016, pp.213-220,
https://doi.org/10.1007/978-3-319-4668
1-1 26

(Fa¥R) Gt 141

R —FF &M5$§\W%%@®y¢

2 b= a VBT BAEENDO LA T
v 7 AT 2 BIRE INEUREL DO RS E DR
B oa—narta—7 4 VTS,
WA, 2018

R. Tani, S. Yano, Y. Kashimori,
Top—down influence on V1 responses on
perceptual behavior by reinforcement
learning. The 6% RIEC International
Symposium on Brain Functions and Brain
Computer, Miyagi, Sendai, 2018

WPy sE, PRH—F, BREEE. HEX
ROEBLQENIZIBIT 2RI O =
—F 4T ﬁ%%é{§$§(IEICE Technical
Report), Vol 117, 2017, pp.41-46
., REPRERRES, BREREEE. MR
BOBIEATENAE D — KBTI ~D |~ v
THET RO LR, B
(IEICE Technical Report), Vol 117,
2017, pp. 23-38

K. Fujita, Y. Kashimori, What features
of an electric image received by a
weakly electric fish represent the
shape of an object? The 40" Annual
Meeting of the Japan Neuroscience
Society, 2017

S. Okuno, Y. Kashimori, K. Fujita,

Evaluation of computing speed and
accuracy of a GPGPU-simulation method

for large -scale spiking neural



10.

11.

12.

13.

14.

networks. The 40th Annual Meeting of

the Japan Neuroscience Society, 2017
ORI, BRGEE. WEETENIC
B 2 IRERTEEE & RBPAR ORERE 1%
FL Bk BVES, 2017

R. Tani, S. Yano, Y. Kashimori, A
neural mechanism of gating of
task-relevant information by
cross—coupling of brain rhythms, The
40th Annual Meeting of the Japan
Neuroscience Society, 2017

Y. Kashimori, Associated dynamics
between inferior temporal and
prefrontal cortices in categorization
task, The 40th Annual Meeting of the

Japan Neuroscience Society, 2017

K. Fujita, Y. Kashimori,
GPU-accelerated simulations of an
electric stimulus and neural

activities in electrolocation, The 26"
International Conference of Neural
Information Processing (ICONIP 2016),
2016

K. Fujita, Y. Kashimori,
GPU-accelerated calculation of an
electric field generated by an
electric fish and neural activities of
the electroreceptor system, Annual
Meeting of Society for Neuroscience
(Neuroscience 2016), 2016

fEH—%F, #B&L5EE. GPU ZHWE
SERAEOFHE O EE, %3 9EA
ApRFE R, 2016

WP, R, BAELEE. GPGPU
Wk AEax =2 —m BT ADYI 2
L— 3 a Ol & FHEREE ORI,
—a—maryta—7 4TRSS,
2016

BEH 7, BIESHis, /NEFFbik, 124

EE. GPGPU T X 2RI H> & 4FkiE )
FTCAHEBETAYI2L— 3 OEHKE
b, =a—varta—7 1 VRS,

2016

(K#F) GF 0 fF)
(PESEIA PEHE)
Otk Gt 0 )

LY.
LR
MR

T -
E5
HFEFEH H .
E N DR

Ok Gt 0 )

HFR
I
HEFIZ -
T -
E5
B4R B -
E N DR

(% Dfth)
R B s

6. WFIEE
(1) W7 s

gy 5= ( KASHIMORI Yoshiki)

RAUBIE A + A0 TR -
e ¢ 70233707

(@) W R

WrgeE&5

(3) HHEAFTEE

BEH —% ( FUJITA Kazuhisa )
B EHER MR - RE BT F -
e85 - 80462141

(4) Wrget 11

Hix

Gl



