Desirable Features of a Neocortically-Inspired
Ab Initio Model of Associative Memory

Alexander M. Duda

Advisor: Stephen E. Levinson
University of lllinois at Urbana-Champaign
Department of Electrical and Computer Engineering
Beckman Institute for Advanced Science and Technology
Language Acquisition and Robotics Group

09 February 2012
Language Acquisition and Robotics Group Research Meeting

Alex Duda Desirable Features of an Ab Initio Model of Associative Memory



Outline

© Introduction

© Features

Unreliable Neurotransmitter Release, Reliable Network
Preserves Topological Structure

Preserves Temporal Structure

Preserves Spectral Structure

Associative

Hierarchical

Online

© Conclusion

Alex Duda Desirable Features of an Ab Initio Model of Asso



Introduction

Introduction

Alex Duda irable Features of an Ab Initio Model of Associati



Introduction

Introduction

sea Perspectiv

@ Associative memory: mechanism for general intelligence

Desirable Features of an Ab Initio Model of Asso



Introduction

Introduction

sea Perspectiv

@ Associative memory: mechanism for general intelligence

@ Build model “from the beginning”

Desirable Features of an Ab Initio Model of Asso



Introduction

Introduction

sea Perspectiv

@ Associative memory: mechanism for general intelligence
@ Build model “from the beginning”

© State-of-the-art experimental neuroscience literature informs features

Desirable Features of an Ab Initio Model of Asso



Introduction

Introduction

sea Perspectiv

@ Associative memory: mechanism for general intelligence
@ Build model “from the beginning”
© State-of-the-art experimental neuroscience literature informs features

@ Identify features related to canonical computations in various brain regions

Desirable Features of an Ab Initio Model of Asso



Introduction

Introduction

sea Perspectiv

@ Associative memory: mechanism for general intelligence

@ Build model “from the beginning”

© State-of-the-art experimental neuroscience literature informs features

@ Identify features related to canonical computations in various brain regions

© Not interested in reverse-engineering a particular region of the brain

Desirable Features of an Ab Initio Model of Asso



Introduction

Introduction

sea Perspectiv

@ Associative memory: mechanism for general intelligence

@ Build model “from the beginning”

© State-of-the-art experimental neuroscience literature informs features

@ Identify features related to canonical computations in various brain regions
© Not interested in reverse-engineering a particular region of the brain

O Capture general features important in a model of associative memory

Desirable Features of an Ab Initio Model of Asso



Introduction

Introduction

esea Perspec

Associative memory: mechanism for general intelligence

Build model “from the beginning”

State-of-the-art experimental neuroscience literature informs features
Identify features related to canonical computations in various brain regions
Not interested in reverse-engineering a particular region of the brain
Capture general features important in a model of associative memory

Design a model that gives insight into how reliable brain states can arise
from neurons that communicate unreliably.

Alex Duda Desirable Features of an Ab Ir Model of Associative Memory



Introduction

Introduction

Research Perspective:

Associative memory: mechanism for general intelligence

Build model “from the beginning”

State-of-the-art experimental neuroscience literature informs features
Identify features related to canonical computations in various brain regions
Not interested in reverse-engineering a particular region of the brain
Capture general features important in a model of associative memory

Design a model that gives insight into how reliable brain states can arise
from neurons that communicate unreliably.

Examine candidate “information-bearing signals” (network-level features)

Alex Duda Desirable Features of an Ab Initio Model of Associative Memory



Introduction

Introduction

Research Perspective:

Associative memory: mechanism for general intelligence

Build model “from the beginning”

State-of-the-art experimental neuroscience literature informs features
Identify features related to canonical computations in various brain regions
Not interested in reverse-engineering a particular region of the brain
Capture general features important in a model of associative memory

Design a model that gives insight into how reliable brain states can arise
from neurons that communicate unreliably.

Examine candidate “information-bearing signals” (network-level features)

Integrate arbitrary sensory information from an embodied agent

Alex Duda Desirable Features of an Ab Initio Model of Associative Memory



Introduction

Introduction

Research Perspective:

Associative memory: mechanism for general intelligence

Build model “from the beginning”

State-of-the-art experimental neuroscience literature informs features
Identify features related to canonical computations in various brain regions
Not interested in reverse-engineering a particular region of the brain
Capture general features important in a model of associative memory

Design a model that gives insight into how reliable brain states can arise
from neurons that communicate unreliably.

Examine candidate “information-bearing signals” (network-level features)

Integrate arbitrary sensory information from an embodied agent

Alex Duda Desirable Features of an Ab Initio Model of Associative Memory



Unreliable Neurotransmitter Release, Reliable Network
Preserves Topological Structure
Temporal Structur

F
eatures Preserves Spectral Structure

Unreliable Neurotransmitter Release, Reliable Network

Alex Duda Model of Associative Memory



Unrellable Neurotransmitter Release, Reliable Network
opological Structure
s Temporal Structure

F
eatures s Spectral Structure

p
P
A
H
O

nl

Unreliable Neurotransmitter Release, Reliable Network

@ P(neurotransmitter released|neuron spikes) € (0.04,0.33) (mean
0.123 4 0.009, median 0.111) at room temperature (22 — 25°C) )[1]
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@ Stable brain states still achieved at network-level
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Examples of Information-Bearing Signal Candidates:

@ Phase Synchrony [4-6]: If high in P_,, then likely Ps,,_, affected
[5, 7, 8]; esp. when high between [6, 9-12].
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@ Phase Synchrony [4-6]: If high in P_,, then likely Ps,,_, affected
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o Input Signal: Frequency content of input signal should affect excitability
of spiking neuron

o Spiking Activity: Frequency content of spiking activity should affect
evolution of synaptic weights (evolution of neural pathways) — hence need
for STDP-like protocol.

o Interpopulation Communication: Should occur in directional narrowband
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Multisensory integration. If a phase trajectory is encoded with a multisensory
input, a similar phase trajectory should be traversed when only a subset of the
modalities of the signal are presented.

(1) Show a red apple and (2) say “red apple”. The visual and auditory signals
will be fed to their respective populations and will cause a network-level
trajectory to be traversed. When only one of the modalities is presented (1) or
(2), a similar network trajectory should be traversed.

Using characterization via " information-bearing signal”, such similarity becomes
more manageable to establish.
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Simple memories encoded at lower levels can be combined to make more
complex memories at higher levels. This is reminiscent of sequences of
sequences.
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There is some latency due to propagation time, refraction of membranes, etc.
However, in general, environmental information encoded in neocortical

structures are routed immediately to motor structures in a feedforward manner
[46-51].
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Pyr

Pyr

Figure: Basic Diagram of Signal Transduction Model (Layer 1). Each pair of
populations sharing a border will have neurons connected to one another. Those that
do not share a border will not have neurons that share a synapse.
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