Learning Multi-Stability in Plastic Neural Networks
Simulated using the

Auryn simulator
ithub.com /frenke /auryn F. Zenke, E. J. Agnes, W. Gerstner
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Multi-Stability Needs Non-Linearity Additional Fixed Point: Heterosynaptic Plasticity Result: Emergence of Multi-Stability

Ingredients
e Excitatory recurrent feed-back (Hopfield, 1982)
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e Non-linearity (e.g. inhibitory feedback (Amit & dw
Brunel, 1997) and STP (Mongillo et al. , 2012)) — =y (y — k) = &)y
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How is the connectivity learned- Recurrent case: 0
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where % > 4. Experimental support Lee et al. (2012)
Qualitative agreement with Chen et al. (2013)

Recurrent Spiking Network with STDP
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e Short term plasticity (Tsodyks Markram
Model: 7t = 0.6s, 74 = 0.2s, U = 0.2)

e Two inhibitory populations

Stimuli
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Without "inh 1”

e Triplet STDP with heterosynaptic plastic-
ity

e Can learn symmetric connectivity
Adapted from Pfister & Gerstner (2006), o Assemblies activate at high rates
Data from Sjéstrom et al. (2001)
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e Networks become unstable
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e Can account for symmetric connectivity

Correlated Input Leads to Formation of Cell Assemblies:

Inhibitory Plasticity

4000 4000 . -
3500 3500
3000 3000 R f
a) a
= 2500 = 2500 e erences
5 2000 5 2000 - Amit, Daniel J., & Brunel, Nicolas. 1997. Model of global
2 1500 3 1500 4 mit, Daniel J., & Brunel, Nicolas. . Model of global sponta-
. neous activity and local structured activity during delay peri-
1000 1000 . dwlnh ods in the cerebral cortex. Cereb Cortex, 7(3), 237-252.
" . ST | Chen, Jen-Yung, Lonjers, Peter, Lee, Christopher, Chistiak
e e e e I - - en, Jen-Yung, Lonjers, Peter, Lee, ristopher, istiakova,
0 0 | | | | | pre t dt OC a{x —I_ /By ajy /y Marina, Volgushev, Maxim, & Bazhenov, Maxim. 2013. Het-
9 100 105 110 115 120 1200 1205 1210 1215 1220 1225 1230 pos erosynaptic Plasticity Prevents Runaway Synaptic Dynamics.
i Time [s] Time [s] J. Neurosci., 33(40), 15915-15929. PMID: 24089497.
Trl Iet - 50 Clopath, Claudia, Biising, Lars, Vasilaki, Eleni, & Gerstner, Wul-
. p r_% r_% ® I m plemented dsS ST D P ru |e fram. 2010. Connectivity reflects coding: a model of voltage-
H O m Trl p I et S E § based STDP with homeostasis. Nat Neurosci, 13(3), 344-52.
g g o D|S— N h | b|ts neurons W|th N the same pattern Hopfield, John J. 1982. Neural networks and physical systems with
pre pOSt & s emergent collective computational abilities. Proc Nat/ Acad
& & ] . . . Sci US A, 79(8), 2554.
.E E | ® Cross_ln h I blts neu rons In d Iffe rent patterns , Christopher M., Stoelzel, Carl, Chistiakova, Marina, & Vol-
dw A - — . ) gushev, Maxim. 2012. Heterosynaptic plasticity induced by
- T — K \ | | | \ | | | | | | \ intracellular tetanization in layer 2/3 pyramidal neurons in
d T 77 y y 95 100 105 110 115 120 1200 1205 1210 1215 1220 1225 1230 rat auditory cortex. J Physiol, 590(10), 2253-2271. PMID:
t Time [s] Time [s] 22371479.
| | | | | 0.22 - 0.7 - Mongillo, Gianluigi, Hansel, David, & van Vreeswijk, Carl. 2012.
0.2 | . — S Bistability and Spatiotemporal Irregularity in Neuronal Net-
' Y 0.6 —— - works with Nonlinear Synaptic Transmission. Phys. Rev. Lett.,
].0 15 20 25 30 + 0.18 o 057 = — 108(15), 158101.
5 0.16 S . . . . .
§ 0.14 § 0-4 Funding: This project has received funding from the European Pfister, Jean-Pascal, & Gerstner, Wulfram. 2006. Triplets of Spikes
. ' 0.3 . , . in a Model of Spike Timing-Dependent Plasticity. J Neurosci,
Recurrent case: ]/pre — VpOSt g 012 i Union’s Seventh Framework Programme for research, technological 26(38), 0673-9682.
0.1 = 5 .
dw 9 0.08 ——— ] development and demonstration under grant agreement no 237955 Sjéstrom, Per Jesper, Turrigiano, Gina G, & Nelson, Sacha B.
— . 2001. Rate, Timing, and Cooperativity Jointly Determine Cor-
— ( — /f) : : ; : 0.06 —— | ' | | ' 0 | ' ' | FACETS-ITN), no 269921 (BrainScales) and the European Re- : ic Plastici -
dt ny \y e.g.: Triplet model (Pfister & Gerstner, 2006), voltage-based triplet o5 100 105 110 115 120 1200 1205 1510 Lo1s 1920 Loys 1930 ( | ), ( ) P tical Synaptic Plasticity. Neuron, 32(6), 1149-1164.
(Clopath et al. , 2010) Time [s] Time [s] search Council under grant agreement no. 268689 (MultiRules).

ETEX TikZposter



