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A Learning Method for SpikeProp Suppressing Redundant Spikes
—Reduce Dependency of Learning Performance for Network Structure—

og g™
Takashi Matsumoto

oo oo *
Haruhiko Takase

1 0000
dooooooooobobobobbobbooooogogog
000000000000 000o0guoSNNOOooOo
goooooobobooboboboboboboobooobbobboon
gooooooooobbbbbobbbobobooboboon
O0doooooSNNOOOOoooooooooooo
O0oooooooooooSNNOOooooooooo
goooooobobobobobboboooooobobooon
gobodboobboobuooobboobooboboo
goooboobbooboooobboooboooboo
goooboobboobuooobboobooboboo
goodddddddduoooooooooo [1]|:|
O00000d00Do0o0oooOoooo SNNOO
0000000000000 00O00O0O0O0 2000
00 Booij0OOOOOODOOO SpikeProp 00O [3]0
0000OBohte 00D OO0DDOO SpikeProp[4] 00O
000000000BohteDOOOOUOOOOODOOO
JodoooooDoODODbO 10000000000000
BooijOOOODOOOOODOOOOODDOOODODOOO
goodobbooboooobooboobooooo
gooobooobobooboooobobooobooooo
goodobooobooooooooboooboooooa
goooooobooobobobobobobbobbbbobboon
000000000000000000Booij 00000
goooobooooooboboooooobboboon
goddooogooooobobbbboboobooooooo
goooooooooobobooobbobobbbobooon
gboobboboboobobuogbuoobobuoobbo
0ooooo SpikeProp OO ODO0OOOOOOOODOO
oo ooooooooooo
O000000000Booij 00 000O0ODOO0ODOOO
goodobooobooobooooooobooooa
gooboboooboboobobooobobbooobooga
0000000000000 oDOooooo [5 6,700
0000000000 D0O00O00O0DO0OoOo Blooo
goooooooooobobbbobobboboboobooon
0000000000 DO0O0O0oO0OD plob0bD0ODoOoo
000000000 700000000 oOOoooo

*0000000 ooooo

oo oo~ oo oo~

Hiroharu Kawanaka Shinji Tsuruoka

s E

ANE

HAHE

01 0000 SpikeProp0 00000000

0000000000000 0D0D0OOOo0O0o0onono
0000000000000 0D00O000O0O0onono
oooo
2 0000

00000 Booij UOODOOOOOOO SpikeProp O
0000000000000000000000000
0oo0oo0oooon
2.1 SpikeProp

SpikeProp D00 DO000OOO0ODOODOOOOOOOO
0000000000000 00000000n0ono
0000000000000 0OD0OD0O0000onono
00000 10000000000000000000
000000 10000000000000000D00O0
0000000000000 000D0000000no
0000000000000000 k00000000
ooodiod?o ---0dm 0000000000040
0000000 k0000000000000w,; O
0000000000000000000 (1)00000
00000000 (2)0000000000000000
000000000 (3)00000000oOoO0O0O0Oon
00000000000 00000000D0DDDOooOO
00000D000000000 0000000000
0oo0DD0OO0000oDoooo

31 7 Copyright © 2015 by Information Processing Society of Japan and

250

The Institute of Electronics, Information and Communication Engineers
All rights reserved.



FIT2015 (%5 14 EHEHMBSEAN 74 —5 L)

x;(t) = Z K (t—tf)

f;: DO whe (t —t] - d’“) (1)
i€litler; *

e(t) = (exp (;) — exp (i)) H(t) (2)

K(t) = —fexp (-f) Ht) 3)

O0D0D0OH(¢)ODODOOO0ODOD0OD0O0OO00D0o0oooot<o
ooooOoO00O0 10000000 7, 75, 0000
ooooooo0o0oooOooO0oOooDooOoOoooF 00
ooo+:00000000000DO0O0ODOO00ODOOOf
goboooooooono t{DDDDFiDDDDDiDD
goooooooobooooboooobooboobooboobobooooo
gboboooboooooboobobooobooobooDbooon
gobooooobooooobobOobgoobooboDon
oobo0o -1000oooooog
000000000000 00DOo0DOooDOooO (40
gobooobooooboooooood

2
E=y YN (-n) @
peEP jeJ 1
0000JO0000000000000POO0OOODO
Dooooooooood!, #'o0oo0poooo
0000 j0!000000000000000000
000000000D00000000000000000
0000 wj;0000 Aw); 00 (55000000000

ubobOpOOoOOOCOO0OOOCO0OOOOOODOOOO0
oboooooooobooooooboocoboooooOoooa
goooooooooooooboocobooooooooo
oobooooooooooboooobooooooooon
22 J0OO0O0O0OO0ODOOOOOOOO

ooobooooobooboooobooobobooo
gooooooon
2.2.1 00000

Booij0ODODOODODO (4)00000000DOOO
gobobooooboooooooooboooooooon
oboooooobooooobooOooooOoboOooobooan
gobooOoooobOooooboocOoooobocOonoooon
0000000000000 (00DO00D0O00) O Booij
000000000000000000000BooijO0
O00o0oooo XoROODOoOOoOoOoODOOooOODoOD
gobooooobooooobobOobooobooDon

AA1 L -t
0

AAH2 1 1 >t
0 6
0 10

02 000000000000 0000 SpikeProp
oooooo

0000000000000000000000 (0 2)0
0010000000200060000000000
0000000 1000000000000000000
00000000000000
2.2.2 00 WD

0000000000000000000000000
0000D0D0000000000000D00000000
0000000000000000WD: Weight Decayl
0[5)0000000000000 [6000000000
000 (700000000

00 WDOOOOOOOOO0OO0O0O 00000000
(6) 000000000000 F 0000 E0D0OD
0000000000 SpikeProp000 EOOODOD
0000000000000000000E 00000
0000000000000000000000000
ooooooog

P 2
E=E+-> w (6)
nweW
00oo0woDoooooooDooooooDoooopO
gofdoobdooboooooooooooo
000000 (50000000 (7)00000000
0oooo

Awk, oK

ij

nd p000000D0O0OO0O0OOODOODOOOODOOO
gboboboboooooobooboo
223 0000O0OO0OO0OO0OOOOO

00 [fl00b0000b0000DoOooooooo
ooooooooocooooowbooooooooo
gooooooooobobbbobbboooooooo
gogboobooboooboobuooooboobooon
gobooboooobooobboooboooooooo
gboboboboooooooboobo

1. 000o00oO0o0oooDoboooobooboboo

31 8 Copyright © 2015 by Information Processing Society of Japan and

$F2

The Institute of Electronics, Information and Communication Engineers

éj\ -FH} All rights reserved.



FIT2015 (% 14 ERHEFEEM 74— L)

A= BliE S (BRSEN)

| [ S

B B | ims 2ims] . k-1[ms] |Kms]

AN AL O O (@) x

AAL RA2 O O - x 2

ASN smEmMa O O e x x k[ms]l&
AN M | O O - O | x PRERR.

03 ODooooooooooooo-0o0000

- Bl4EE i
B Bl (H’*fﬁaj)E#’L)
B B |ims 2ms] | klims] Kms]
wEL oA | O O | ox x
w2 | O O | x x
chfim-1 A1 o O - x x k-1[ms], k[ms]i&
wRM AL | O O BREFAR.

04 000O00O0D0OO0OO0O0OO0O0OO0-0D000O

2.0000000D0O0O0O0000O0ODODDOOOODOOO
gobooobgooobo

3. 00 FOOOOO E;00000000000400
obobOooooog sgno

4. 00000000000D0000O00O0D00O0OO0O
god

5. 0o0wbOooopoopoopoooooo 1oo

2.24 000000000

00 [7]00000000000000000000
0000000000 WDOOOOOO0O000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000 (7)000000000000000000000
0000000000000000000000000
0000000000000000000000000
000 30040000000000030000000
0000000000000000000000000
0000000000000000000000000
0000x00000000000000000000
00 kms] 0000000x000000000000
000000000000000000 kms] 0000
000000000000000 40000000000
000000000000000 kms]000 k — 1[ms]
0000000000000000000000000
000000000000

01 0D0O0000O00O0DoO0oO0O0DOoO0OO (DO WD)

gooooooon
8 12 16
ooooon 5 96 96
ooooog 10 76 80
15 72 82 X

02 000000O0O000DODO0OO0OOOOO (DO WD)

00000000
8 12 16
ooooo 5| 1,639 1,548
00000 10| 2,484 3,868
15| 2,595 5,541

03 0D000O00o0o0ooOoooOooDooDO (Do
wD+OO0OOOoooooo)

oooooooo
8 12 16
ooooo 5 92 94
ooogoog 10 80 90
15 72 90 X

04 00O0DOOODDODOOUDDOOODD (O
WD+ O00O00O0DOOooo)

00000000
8 12 16
ooooo 5| 1,657 1,452
ooooo 10| 2,591 3,224
15| 2,581 3,996

23 0OO0OO0OODOOOODOO

000000000000 0O0O0O0DOOOoOooDO (O
0000 400000)00000000DO0OOOOOD
oooooooooooooooooowboooono
0oooooooooooog L3, 500000000
2,4, 6000000000000000O0O00O000O0O 0.8
goooobo0obooooobOoooooooooobooon
ooooO00 1500000000000 0D0000O
gboboboooobobob xbooo

O0wbOOoOoOoOOoooOoOoOoo 1020000000
gboooooooboobOooobooobOoobOOoobooon
gboobooboobooooboobooobocOooboon
OwbOOOOOOoOOOOOOOoOooODoDooooOooo
30400000 WDOOOOOOODOOODOOODOODO
gbooooboooooooooooobooboooobooon
ooooooooooooooooooooo wboOo

31 9 Copyright © 2015 by Information Processing Society of Japan and

250

The Institute of Electronics, Information and Communication Engineers
All rights reserved.



FIT2015 (% 14 ERHEFEEM 74— L)

05 0000000000000000000 (00
WD+000000)

oooooooo
8 12 16
ooooo 5 88 92 92
ooooo 10 92 80 78
15 78 64 66

06 D0O00O00DDO0O00OO0OODOOO00 (OO
WD+0D00000)

00000000
8 12 16

ooooo 5| 1,615 2,035 1,956
0DO0oo0 10| 2,625 2,625 1,967
15| 2,82 3509 3,045

gooooooooOOOOOOOB600000 WD
gbooobooooobooboooooobooDbooon
goooooobooooobobOoDOooobooDoon
goooo
cobooooboooboooOoobooooooooOooo
gbooobooooobooboooocboooooooon
gobooooooOooooooobobocOooooboOooobooOn
oboooooooboobocoobobOoboOooobooooon
gooooo
3 O0OO0O0O0oOoOooboooobooon
Oo0O0O00 SpikeProp00000O0O0O0OOOODODO
goooooboooooooooooobooooooooo
goooooobooooobobOoDOooobooDoon
goboooooogno
23000000000000O0O0O0O0O0O0O0ODOO
gboooboo0ooboobOobOOoboOoboOobOoo0ooooon
oobooooobooooooboocOoooooboboOoOooon
oboooboooobooboobOOooOoocOooboOooooon
gbooooboobooooboooboboboboobonoon
gboooboooboobooboooboobobooobooon
goboooooooooooobooo
oooboooOobooooooooboooboDbOooo
gboooooobooocoobobonoooooooon
gobooooobooooobooooooooooan
gbooooooobobocoobobOoboOooobooooon
gobooooobooOoooobobocOooooOoOoOooooon
oobooooood
cooooOocoooooooooboooooboboon
obooooboobooobocooboboooboon
00000o00oooo (7)0o 100o0000DOOO
gboooooobooboobooooooobooooooon

gbooooobOooboobOoocoobOOobboOo0obOonoon
gbOoooocOooooboobOoooboobOoooobooon
oboooooooooobooboobooooooooon
gbooooooooboobooooobooboooobooon
gbobooooobooobooobooboDbooboon
goooooo0oboobDOoooooooooooooon
gboooboooooboobooooobooooon
gbobOoooboobocooboobOoboooooooon
gbooooboobooooboobboooboOoooooon
gobooocooooono

cooboobOoooboobooooboooboobOoonoo
ooboogno

l. 0000O000000O0oOoOOO0o0O0O0Ooooooon
ooooocooo

2.00rFrO00O0OCOOO0OOOOCOCOOOOODOOCO
ooooooooooooo

3. 00 FO F,O0000000CO040000000
oooosod

4. 0000000ooooooOo0Oooooooooog
ooooooobOooooboobDOooooobogooDo
o500

5.0 (7)000O000DO0DOOODOO

6.0 ()00 100000000000 DOOOOOO
obooooboobOOoooocbOoobOobocOoobOoonoo
ooooocoobooong

r.000o00o0o0oo0OO0ooOooooooooooo 1
od

00

0000000000000000000000000
0000000000004100000000000
00420000000000000000000000
0000000000000000000000004.3
0000000000000000000000000
00000000000000000000000
41 0000

000000 [300000000000000000
0000000 XOROOOOODODOOOO0OO0O0D0D0DO
00000000000000000 (00000000
1000000000 0)00000000000000
000000000200 1000000000 (300
00000000000000 00000000000
000000000000 30000000000400
0000000000000000000000000
00000000000000000 70000000
000000000000 (3000000800000
000D000000-0000000000000000
00D [05000000000000000 [-1,0000

320 Copyright © 2015 by Information Processing Society of Japan and

$F2

The Institute of Electronics, Information and Communication Engineers

éj\ -FH} All rights reserved.



FIT2015 (% 14 ERHEFEEM 74— L)

07 000 XOROO

oo oo
0 0 0] 16
0 0 61| 10
0 6 0] 10
0 6 6| 16

08 ODOOOOoOooooooo
gbobooboo 3

Oo0oD000O0 5,10, 15
Dooooooooooogd | (1,2, 3)
Ooo0oDooo 1
10000000000 6, 12, 16
000-0000000000 | [-1,5 00000
000-0000000000 | [-1,5 00000
0OkODDOOOOO d* k

0ooooo () 7.0

000 (7m, Ts, ) 5,10,10

09 obooooood

0o WD NH, ML 0.005, ng /4
PH, PL 0.2, prr /4
Euwt, B, | 1.5, 0.7

ogoooooooo Ey 1.0

gboooboooooooooooooboobooooon
oobooooo9ooooooooooo
ooooO0OO0OO0OO0ODOE<1IOODOODOOODDOODD
00000000 1000000 (DOboooOooooo
00000)00000000O0O00 1000D0O0O
000000oooooooooDoooooonbo 0000
gobooooooooooooboooooboo
4.2 0OO0O0OO0O0OO0OOOOOOOODOOOO0ODOOO
3.5000000000000000000O0O0DOO
gobooooobooooobobOoboooboDon
oo0b10,1100000000000000000DO
gobooodoobooooooooooooooooan
gbooooboobooobooobobbooooooon
gboooobooboooobocobooooboOoooobooon
oooo0oo0Oo0oo0O0o0ooO0o00oo0090000 1000
gobooooooooobooboboooooOooOoonooon
gbooobooobooboobOoobobooboooooon
gbooobooobooboobOobooboobOobooooon
oobooooooooboobooobooooooooon
coobooooobooooboobooobOoonoo

010 DOO00DO0O0O0DO0O0OO0DOO0O0D (DoD)

oooooooo
8 12 16
ooooon 5 88 92 90
ooooog 10 92 86 78
15 90 70 78

011 00D000D0O0O0OO0OODDOOO0ODOOOOO (Doo)

00000000
8 12 16

ooooo 5| 1,839 2,035 1,960
ooooo 10| 2,641 2,625 2,248
15| 2931 3,707 3,371

oobOooooooooobooobooobooboOoDo
oobooooooooooo
4.3 DODOOO0ODOOOODOOO
oooboobOobOooOoooboooboobOoDbOooo
gbobooobooboobooooooooobooooon
goboooooooooooo
coooooooooooooooboooooooOoo
gbooobocooOooboobOOoooobocOoobOOooobooon
gboooooboobooboooOoooooobocooOooobooon
gboooooobooooobooboooboooboon
120000000000000000000D00DB0OO
goboooooooooboboooboono
000000D0o000D0o0oooobOoo-0o00 (I-H)
0000000000000 D0O0Oo-000 (H-0)oo
gbooooboooboobooboooboobooooon
00000000 (DODo0oooO0oOooooooon)
00000D00OoO0o(oo12)ooooooooooo
ooooo 1oooooOoOoboooooboooboboo 12000
gobooOooooooooooocoooboooooooon
ooooooooocooooooowboooooono
gbooboooobooboooboboboboobooooon
gboooooooooooobooobooboboobooon
oooowboOoooOooOOoOoooooooooooo
oo0o00o0ooooo0o0oooooooowWbooo
gboooooobooobooboooboooooooboon
gboooooooboooboooooboobOoooobooon
ooooboooooooooooooooo 100000
cooooobooobooobobooo,b0bo0o0oo0o
gbooOoooooocoobooboboonbooooooon
goooooo
ooooobooooobobooooobooooobobooo
ooboooooooooo

32 1 Copyright © 2015 by Information Processing Society of Japan and

$F2

The Institute of Electronics, Information and Communication Engineers

éj\ -FH} All rights reserved.



FIT2015 (% 14 ERHEFEEM 74— L)

012 000000000000

0oo oooo oooo O

ooooo | 0O (FH) | 00 (H-0) O

00 OO0 |00 00 |00 OO0
(10,8) | 98 98 | 80 80 | 43 43
(10,12) | 92 99 | 91 89 | 43 41
(10,16) | x 9.8 | 91 89 | 42 43
(15,8) | 149 148 | 80 80 | 41 41
(15,12) | 135 147 | 9.1 87 | 40 40
(15,16) | x 148 | 92 88 | 41 4.1
5 000

OO0O0O0O0SpikePropO 00000 OOOOOOOOO
gooboooobboobbooobbooobooboooo
gooooboooooooooboobbbbbbbon
Ooowbooo wbhb+O0O0OOO0ODOODOOOO0DO WDO
goboobopooboobooobobboboboon

goobobooobboobobooobobbooobog

goooopoobobobobobobobobooobbbobobboon
goooooboboboboboboboboboooobbboboboon
000000000 ooooooooooo wbooo
gooooobobooooooobbobbbboboboon
godbodbobooboboobooboobobooobooon
pgoodoooooobbotbooobbbbbbbououoo
pgodddooooobbotooooooobbbouooo
g ouoooooooo

good

[1] Sander M. Bohte: The evidence for neural informa-
tion processing with precise spike-times : A survey,
Natural Computing, Vol.3, pp.195-206 (2004).
Andrzej KASNISKI and Filip PONULAK: Com-
parison of Supervised Learning Methods for Spike

S

Time Coding in Spiking Neural Networks, Interna-
tional Journal of Applied Mathematics and Com-
puter Science, Vol.16, No.1, pp.101-113 (2006).
Olaf Booij, Hieu tat Nguyen: A gradient descent
rule for spiking neurons emitting multiple spikes,
Information Processing Letters, Vol.95, pp.552-558
(2005).

S. M. Bohte, J. N. Kok, and J. A. La PoutréJ Error-
backpropagation intemporally encoded networks of
spiking neurons, Neurocomputing, Vol.48, pp.17-37
(2002).
000,000,0000,0000,0000: 00
SpikeProp 00000000000 O0OOOO — O
OowboOoooooDooooo — 0d 2600 0O

$F2

322

éj\

it

000000000000000000, J5-1, (2014).
000,000,0000,0000,0000: 00
000000000000000000000000
0000000000 —000000000000
00000, 03000000000000000
0, pp.190-195, (2014)
000,000000000000000 SpikeProp
0000000000000000000 —O000
000000000 — 0000000000000
0 0NC), Vol.114, No. 362, pp.49-53 (2014).

Copyright © 2015 by Information Processing Society of Japan and
The Institute of Electronics, Information and Communication Engineers
All rights reserved.



