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A Lead investigators and current team members:
I Kenneth A. De Jong, Giorgio A. Ascoli, and Alexei V. Samsonovich (presenter

A Research areas of interest, which are also areas of qualification and
unigue capabilities:

I Cognitive and metacognitive architecturésamsonovich, De Jong & Kitsantas,
International Journal of Machine Consciousnésd.11130, 2009)

I Connectionist modeling of the hippocampal formatiGGamsonovich &
McNaughton JJN1997; Samsonovich & Ascdlearn&Meml2, 193208, 2005)

I Semantic cognitive mapping of natural languagamsonovich & Ascoli,
Frontiers in Al & Application$57, 111124, 2007PLoS Onainder review)

A Specific capabilities our group is seeking are:
I Robust learning in agents based on a cognitiveetacognitive architecture (CMA)
I Spatial learning / navigation based on cognitive mapping in a spiking neural network

I Automated semantic mapping of arbitrary data (text, images, internal representations
of knowledge) based on given or detected relations of synonymy and antonymy




M Meta-Cognitive Architectures:
From GMU BICA to CMA

Working memory
m N g
—»ﬁjt-\é/' e %\@ m, / *Stimulus
output | memory |-Past: / *Scenario |-Imagine: satisfaction
5 *Past *Analysis \ *Intermediate
. . Cognitive experience \ goal situation
Procedural ——  map Semantic ' | \oroqpective [N -Previous:
memory o Vi N\ memory, mermaries Wﬁ' l-Now:
'>/—.‘< >—Ly¢ *Visual input o Ihiewt:
Driving ", Reward *Intent sScheduled action
engingy & punish; *Expectation
" IShePastPrey—BhePast | HeNow [——{HeNowI-Now|
CMA
_____________________________________ -
’\ N - N\
Iconic memory Working memory Episodic memory

(symbolic interface) (mental states) (mental state

N assemblies) |
K\—] | |-Meta>| I-imag ™! 1-Goal K—> I-iImag

I
I

I

A 1

I

e 5 . Y T A !
/\ He-Now < I-Now[—>1 I-next 1-past £t | 1

k I-Past /I
I

I

I

I

I

I

T 3¢ 1 i

Procedural memory Semantic memory Value system /
(primitives) (schemas, maps) (drives & values)




NeuroNavigatorl: A microcircuit
designed under SyNAPSE progral

The NN1 microcircuit implements
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the core of the navigator. e
A The architecture of the NN1 network is %
a three-layer perceptron. 5 _—
A Every layer is made of N=22 neurons, 2 :
each representing a distinct location. § k // psiyid modile
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cortex to receive sensory information
and send motor directions.

Salient features of NN1

Parameters: 3N =66 neurons, 2N 2 = 968 synapses (N=22)
The architecture is scalable to larger N (e.g., 10°).
CA3-to-CA1l learning rules are (j is presynaptic neuron):
round (1:] * max{l—-tr;?ldjpj}) ew |1 ifneuronj spikes
10 + %7 7 10.905 p}‘?‘ld otherwise
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Simulated agent behavior
driven by NN1 dynamics

Our target is a network of 1,000,000 neurons with 10,000 synapses each



Migss  Semantic cognitive mapping of language
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Examples of semantic twisting

validation Robustness of the map with respect to noise



