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Phase 1 - Training:

State Prediction Error
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Phase 2 - Motivational shift:
Hungry Sated

Phase 3 - Test:
(extinction)

From Niv, Joel & Dayan, TICS, 2006 (artwork by B. Balleine)
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The Curse of Dimensionality
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The Blessing of Abstraction
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Steps to Goal
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Task goal prepare a snack
Immediate take a cookie pour the milk
goal =N,
reach to grasp transport lift
Action location item item item
/\ =

extend preshape close fingers maintain
Movements the arm the hand for grip fingertip force

Hamilton & Grafton, J Neurosci, 2006

Superordinate actions

make a cup of tea

Basic actions

putteabag  pour hot water put milk pour tea

. F put sugar stir tea
in teapot into teapot in cup into cup in cup
Subordinate actions
lift teapot move teapot tilt teapot
to cup

until tea pours

Humpheys & Forde, Cog. Neuropsych., 2001
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Spatial Rule

Conditional Rule

White & Wise, Exp Br Res, 1999
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Stimulus features

Prefrontal cortex

Miller & Cohen, Ann. Rev. Neurosci, 2001

Responses



Third-order
abstraction

Fourth-order
abstraction

control

Badre and Despoaido (2007

Koachin af al, (2003

From Badre, TICS, 2008
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Net normalized =
n activity -
o Mmeanac ty 2

== Preferred
.98 == Not Preferred

Bonini et al., J. Neurosci., 2011
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Schoenbaum, et al. J Neurosci. 1999
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Total Eamed: $1.10

Diuk, et al., J Neurosci, 2013
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Ribas-Fernandes et al., Neuron, 2011
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From Yeung, et al., 2005
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The Burden of Abstraction




1. What should be learned?

2. Do people learn it?

3. How?
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1. What should be learned?

2. Do people learn it?

3. How?




Hot Dog Stand

Computer Store

Post Othece

City Docks

ABC

School

Hospital

Carlos Diuk  DebbieYee

Movie Theater Coffee Shop
: s
-
Diner Park

Solway et al., PLoS Comp. Biol., 2014



Carlos Diuk  DebbieYee

Solway et al., PLoS Comp. Biol., 2014



Ciick on locations that are along the path between start and goal IN ANY ORDER.
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1. What should be learned?

2. Do people learn it?

3. How?
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Schapiro et al., Nature Neurosci, 2013
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Mahadevan & Maggioni, 2005



ITEEEN
2 22 %3
IS8 88
SR8 eN
IS8 EEN
T3

Stachenfeld, Botvinick & Gershman, NIPS, 2014



HENSEASNANS N
ESANRNNINNAR
LA R I 2 I S
I I S S A e
NMENIESEN
U<4<NENESENNAE
ERSlANESENNS
N O S I N TR
ElRIENERSANE
EFNESENENEEREN
I I P O O I I I =
EESI=AMSRENE

Olshausen & Field, Nature, 1996



Add sugar

-2

Add cocoa

1.5

0.5F

-0.5F

~1.5F

-2 -1 0 1 2 3 4

Botvinick & Plaut, Psych Review, 2004



Conclusions

%w The scaling problem in RL
Hierarchy can help

@ Model-free versus model-based HRL

Task decomposition, bottlenecks, community detection

Prospective coding and structure discovery

eeeeeeeeee

Hierarchy as compression
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