Seven neurons memorizing

sequences of alphabetical images
via spike-timing dependent plasticity
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Notation Definition
b The bias of neuron j
Vije The ¢-th LTD weight from neuron i to neuron j (¢ € [1,L])

Ui jk The k-th LTP weight from neuron i to neuron j (k € [1,K])




FEUTCTULWDERF

H_—_"z":":":"zf

(a) Before training

(e) After 130,000 periods of training
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(e) After 130,000 periods of training (f) Color map



FEUTCLWRWRIINIENS EFKRRE TS
O XNRJLODEWVERERE LTS
O ZEFRMOBOMITLEZRL TULD.

g & 8§ ¢

g &

2

0

TEH%E L IEHLE




DS — > ADEB

EiEITDIFNIMNDEESZDE, HEDS -2 A Z2ERKT D
O > XbFBEEE, FBEI (Celigibility tracez)7w 57— 93

THIC¥BTBIET, MADIA—S2FE  HRlEy ===
O ZENFAND, BHERUIA A~ ERIEE) = ="="=

O RECHWADAA—ZZZERTEDLDICIED

23 (CHhh o 28FREIE22393 (178584 5iteration)

L™ L")
o |
—i —i
mE ﬁm
' _i_"-

T
-

K TlE, —BIFEZBUTIEKR T DI CTxziterationEMATULND

III
H*a
e O

—_
-~

o
>
2
<}
9
* —
9
=
&
b
=



SNICS—T0 2 ADOBFE

HEEOHT—ETNES TR Z2BFEIEEE, BEILDE
EDEBVERE (K Tl3dperiods) TEBNTES

’

. T Y
400000 - forward

+ backward

350000+

300000t

250000+

200000}

150000¢

100000f

Number of steps in the last iteration

50000 Y b

0 | a
10° 10! 10° 10° 10* 10° 10°
Number of iterations



(f) After 900,000 periods of training
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(a) Before training (b) After 10 periods of training

(e) After 4,000 periods of training (f) After 5,000 periods of training
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Dynamic Boltzmann machineDEE
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Notation Definition
N The number of neurons
L The number of neural eligibility traces for each neuron
K The number of synaptic eligibility traces for each pair of neurons
d; j The delay from neuron i to neuron j
Wy The decay rate of the ¢-th neural eligibility trace (¢ € [1,L])
Ak The decay rate of the k-th synaptic eligibility trace (k € [1,K])
T Temperature
(a) Structural parameters
Notation Definition
b; The bias of neuron j
Vij The ¢-th LTD weight from neuron i to neuron j (¢ € [1,L])
Ui jk The k-th LTP weight from neuron i to neuron j (k € [1,K])
(b) Learnable parameters
Notation Definition
xg] The value of neuron j at time ¢
q/][t]é The ¢-th neural eligibility trace of neuron j at time ¢
(xl.[z]. X The k-th synaptic eligibility trace from neuron i to neuron j at time ¢

(c) Variables
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