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Motivation

THE CASE OF H.M. (HENRY MOLAISON, AND MANY
OTHERS) TELLS US THAT SHORT-TERM MEMORIES
ARE FORMED IN THE HIPPOCAMPUS, BUT STORED,
FOR THE LONG-TERM, ELSEWHERE.

EVIDENCE SHOWS THAT THALAMIC SPINDLES,
HIPPOCAMFAL RIPPLES AND CORTICAL SLOW
OSCILLATIONS ACT LIKE A COMMUNICATION
CHANNEL THAT FACILITATES MEMORY
CONSOLIDATION.

CLEARLY, IN A NEUROMORPHIC CIRCUIT, WE
MIGHT ALSO WANT TO COPY SYNAPSES FROM
ONE PLACE TO ANOTHER.
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- BACKGROUND: SYNFIRE CHAINS

® SYNFIRE-GATED SYNFIRE CHAINS FOR
GRADED INFORMATION PROPAGATION

-® HOW TO COMPUTE WITH SGSCS

«» | FARNING

-» TRANSFERRING SYNAPSES
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Synfire-gated synfire chains

| xmmmq

: MM;MSN

P e BB L

WANG, SORNBORGER, TAO
PLOS COMP BIO (2016)

A

A A

5
| \,;0

i

QI' | AA‘A

/]
'\ /"\ I.\ ’I;\ l’j\\\\

Action Potentials, Graded Synfire Chain

—r SN
., AR
TEPREERTTR

_ OA &
NNV
ARV ATRNANRY
e

P S 2 S
SAESRL AT Sl 2
SR ,_—‘-ﬁ%ﬁéﬁx‘-’ Aoy

Current, Attractor Synfire Chain_

NN

- d

E 3

Action Potentials, Attractor Synfire Chain

= -
. by
¥ o
-

®

6

Time (msec)

80




1 ; | l | | T | lamﬁlmmm_r——“;
- o ]
SGSC: A mean field model e q

mufmi“"ﬁi AR e e e

0.5 i | | i
DOWNSTREAM - .
i N EGRATEL) ]
CUBBENE

' SUB THRESHOLD |

0.1 | , :
| GATING PULSE |
09 ok L NG e e e b e .
| | | |
0 / 0.004 0.008 \ 0.012 0.016
UPSTREAM -
UPSTREAM -
SUB THRESHOLD PULSE-GATED FIRING
Cl N

SORNBORGER, WANG, TAO, JCNS (2015)




S WD e B [ T S S s ) PR e
WASE

AR

SGSCs | T o i

el N g e B

IMPLICATIONS:

» SERPARATION OF
INFORMATION CONTROL - GATING PULSES
INFORMATION CONTENT - GRADED FIRING RATES

» SGSCS MAY BE USED AS BUILDING BLOCKS
FOR CONSTRUCTING NEURAL CIRCUITS
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A SIMPLE EXAMIPLE: AN AUTOREGRESSIVE (AR) PROCESS

NEED NEURAL CIRCUITS TO

o ESTIMATE COVARIANCE MATRIX

o ESTIMATE PROCESS COEFFICIENTS FROM COVARIANCE
o PREDICT FUTURE PROCESS VALUES
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“BURN IN” OF PROCESS COEFFICIENTS WITH HEBBIAN SYNAPSES
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Synaptic Copy
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WE WILL USE ESSENTIALLY
THE SAME MECHANISMS
THAT WE USED TO LEARN
AN AR PROCESS IN THE
SYNAPTIC COPY CIRCUIT,

WITH ONE ADDITION.
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Conclusions

-® USING PULSE-GATING TO PRECISELY CONTROL INFORMATION
PROPAGATION, WE HAVE IMPLEMENTED A CIRCUIT CAPABLE OF FIRST
LEARNING A STOCHASTIC PROCESS, THEN TRANSFERRING THE LEARNED
SYNAPSES TO A SECONDARY CIRCUIT.

-®THE TRANSFER CIRCUIT MAKES USE OF NESTED OSCILLATIONS AND
OPERATES INDEPENDENTLY OF THE PROCESS USED TO LEARN THE
INFORMATION THAT IS TRANSFERRED, TWO CHARACITERISTICS OF SLEEP
CONSOLIDATION OF MEMORY
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