Memristive Networks that Learn
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Outline

Memristive Nano / CMOS
nanodevices hybrids
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Outline

Memristive Nano / CMOS Cortical
nanodevices hybrids circuits
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Memristive nanodevices




Memristive nanodevices

RESISTOR CAPACITOR
v=2Ri qg=Cv
INDUCTOR

o=Li

Greg Snider 8/18/2009
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Memristive nanodevices

Leon Chua
1971
RESISTOR CAPACITOR
v=2Ri qg=Cv

INDUCTOR MEMRISTOR
o=Li e=Mq
A

the missing circuit element

L. O. Chua, “Memristor - the missing circuit element,” IEEE Trans. Circuit Theory 18, 507-519 (1971).
L.O.

Chua and S. M. Kang, "Memristive devices and systems," Proc. IEEE, 64 (2), 209-23 (1976). Greg Snider 8/18/2009
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Memristive nanodevices

Leon Chua
1971
RESISTOR CAPACITOR
v=2Ri qg=Cv

Generalized memristor (1976)
(memristive device):

— 00— UL~
INDUCTOR MEMRISTOR dW f (W V)

o=Li e=Mq —

| =g(w,V)v

analog memory!

L. O. Chua, “Memristor - the missing circuit element,” IEEE Trans. Circuit Theory 18, 507-519 (1971).
L.O.

Chua and S. M. Kang, "Memristive devices and systems," Proc. IEEE, 64 (2), 209-23 (1976). Greg Snider 8/18/2009
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Memristive nanodevice as binary switch
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Memristive nanodevice as binary switch
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Memristive nanodevice as binary switch
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Constructive iterference of “pre” and “post” spikes.
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Memristive nanodevice as binary switch

e — O

-

Constructive iterference of “pre” and “post” spikes.
Threshold? Not really:

dw _ o, Sinh L Jexp| —exp| — Y~ %on W
dt lon W, b/ w.

Pickett et al, “Switching Dynamics in a Titanium Dioxide Memristive Device”

Greg Snider 8/18/2009 16



So how do you learn?

T

dw _ fon sinh(;jexp[— exp[—w_—ao'“—MJ—ﬂ}
dt lon W, b)) w.

dw
—=gy(X—w
m &y( )

Greg Snider 8/18/2009 17



So how do you learn?

v
? T

dw
—=gy(X—w
m &y( )

Constructive spike interference + population coding

dw _ fon sinh(;jexp[— exp[—w_—ao'“—MJ—ﬂ}
dt lon W, b)) w.

GS Snider, “Self-organized computation with unreliable, memristive nanodevices,”
Nanotechnology 2007
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Example: Instar learning with memristive circuits

Instar learning law:

dWij
W — W(Xij _Wij)

If you fix x;; and sety =1,
Wi € X

Greg Snider 8/18/2009 19
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bipartite graphs > crossbars = layout
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CMOS neurons, memristive synapses
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Memristive / CMOS hybrid chip
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Cortical circuit
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hypercolumn

minicolumn

00100011 | 10010101 | 01110100 = 11100001 | 10101101 | 01101100 ' 10110110 ' 00100000 ' 01100011

“spike” packet switching
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Cortical circuit
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Hypercolumn

bipole fields top-down packet bottom-up packet
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Simulation: simple & complex cells D

Simulation time: 1.0 |
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Summary

Memristors:
synapses
neuron adaptation
>1010/ cm?

CMOs:
Neurons
other processes...




