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Prospection




The capacity to anticipate the future




Prospection

U

Anticipation
Prediction
Intention
Planning
Simulation
Episodic future thinking
Future oriented cognition

K. K. Szpunar, R. N. Spreng, and D. L. Schacter, A taxonomy of prospection: introducing an
organizational framework for future-oriented cognition, PNAS 111(52), 18414-18421, 2014.




“The brain constantly attempts to

anticipate future events”







The Future

Cognition: breaking free of the present and the limitations of perception




The Future

Timescale increases through cognitive development




Episodic Memory

Past events are
reconstructed ...




Episodic Memory

The Future

Past events are To allow the agent
reconstructed ... to pre-experience the future




Episodic Future Thinking

The Future

Past events are To allow the agent
reconstructed ... to pre-experience the future

C. M. Atance and D. K. O'Neill, “Episodic future thinking,” Trends in Cognitive Sciences, val. 5, no. 12, pp. 533-539, 2001.




Constructive Episodic Simulation Hypothesis

The Future

Past events are To allow the agent
reconstructed ... to pre-experience the future

D. L. Schacter and D. R. Addis, “The cognitive neuraoscience of constructive memory: Remembering the past and imagining the
future,” Philosophical Transactions of the Royal Society B, val. 362, pp. 773-786, 2007.




Episodic < » Semantic

The Future

K. K. Szpunar, R. N. Spreng, and D. L. Schacter, A taxonomy of prospection: introducing an
organizational framework for future-oriented cognition, PNAS 111(52), 18414-18421, 2014.




Episodic < » Semantic

Procedural

The Future

K. K. Szpunar, R. N. Spreng, and D. L. Schacter, A taxonomy of prospection: introducing an
organizational framework for future-oriented cognition, PNAS 111(52), 18414-18421, 2014.




Cognitive systems continually predict

The need for action
(self and others]

The outcome of those actions




Everyday activities: apparently routine but often complex and demanding




Anticipate the needs of others




Interact, assist, and collaborate with others




“Actions are goal-directed
and

are guided by prospective information”

Claes von Hofsten




The Future




How do we accomplish this?




Internal Simulation Hypothesis

Efference copy

G. Hesslow. Conscious thought as simulation of behaviour and perception. Trends in Cognitive Sciences, 6(6).242-247, 2002.
G. Hesslow.The current status of the simulation theory of cognition. BrainResearch, 1428:71- 79, 2012.




Construct generative internal models




Internal Generative Models

Hidden Markov Model

Observed { Yi2

Sensory states
(observations)

/

Hidden {xtz — X

s

System states
(world states)




Internal Generative Models

Joint distribution of time series of sensory inputsy,
latent states z, internal states x, and motor signals u.

Internal states Sensory inputs

p (X9 Z’ y9 u)

Latent states )
Motor signals

D. McNamee and D. M. Wolpert. Internal models in biological control. Annual Review of Control,
Raobotics, and Autonomous Systems, 2:339-364, 2018.




Internal Generative Models

Inverse Model

Goal —

Percept ———»

Pinv (ll | g)

...froma
"pseudo-observation"
of desired outcome

Infer an action ...

Adapted from D. McNamee and D. M. Wolpert. Internal models in biological contral. Annual
Review of Control, Robotics, and Autonomous Systems, 2:339-364, 2019.




Internal Generative Models

Forward Model

Action ——>
—> Percept

Percept ———

Ptw (y |

\ .

and action

Infer an observed .. from an observed initial state

outcome ...

Adapted from D. McNamee and D. M. Wolpert. Internal models in biological contral. Annual
Review of Control, Robotics, and Autonomous Systems, 2:339-364, 2019.




Internal Generative Models

Sensory states
(observations)

/

Observed { Y2 Vi1

1T

LSS

Actions Uy




Prediction
verification
(att+1)

Prediction
verification
(att+1)

M1 Prediction
B1 > verification

Perception II> [ jActioan:> II> Perceptio N

Inverse Model Forward Model

Goal )

——> Percept

Percept ——p|

Y. Demiris and B. Khadhouri. Hierarchical attentive multiple models for execution and
recognition (HAMMER). Robotics and Autonomous Systems, 54:361— 369, 2006.




The Situation Model Framework

Behavioural episode

*  Joint perception-action representation Object
*  Captures causal relationships between Scene

objects, scenes, actions, action outcomes

Goal )
— i > >
Percept —— Action Percept
— [R—

W. X. Schneider, J. Albert, and H. Ritter. Enabling cognitive behavior of humans, animals, and
machines: A situation model framework. ZiF-Mitteilungen, pages 21-34, 2020.

Mechanisms for
constructing,
simulating,
enacting,
refining, and
assimilating
behavioural
episodes




What formalisms should we use?




Reasoning with Knowledge  vs. Associative Mechanisms




The CRAM Cognitive Architecture

Meta cognition

Introspection

Wha[] Why .
' Koy,

Self programming
through transformational
planning and learning

question answering

AOSWer

; body mo-
Plan Executive tion query

perception
learning

Generalised action plan

motion
specifica-
tion

Action designator

Generalised motion plan T

episodic memories

Perception Executive Action Executive

M. Beetz, D. Jain, L. Mdsenlechner, and M. Tenorth. Towards Performing Everyday Manipulation Activities. Robotics and Autonomous Systems, 58(9):1085-1095, 2010.




The CRAM Cognitive Architecture

Meta cognition

Introspection

g oy,

Self programming
through transformational
5 saeg0d |earning

question answering
4’78[4,6 " —
logicbased language

Ontology &

Axiomatizations body mo-
tion query

perception
learning

specifica-

recording
episodic memories

Action Executive

M. Beetz, D. Jain, L. Mdsenlechner, and M. Tenorth. Towards Performing Everyday Manipulation Activities. Robotics and Autonomous Systems, 58(9):1085-1095, 2010.




The CRAM Cognitive Architecture

Meta cognition

question answering

logicbased language

learning

Use a generative model to identify
the motions that are most likely to
yield success when the action is
executed

recording
episodic memories

Action Executive

M. Beetz, D. Jain, L. Mdsenlechner, and M. Tenorth. Towards Performing Everyday Manipulation Activities. Robotics and Autonomous Systems, 58(9):1085-1095, 2010




The CRAM Cognitive Architecture

Meta cognition

question answering

logic-based language

learning

recording
episodic memories

High-fidelity VR & physics
engine simulation
Action Executive

M. Beetz, D. Jain, L. Mdsenlechner, and M. Tenorth. Towards Performing Everyday Manipulation Activities. Robotics and Autonomous Systems, 58(9):1085-1095, 2010.




CRAM Cognitive Architecture
[Beetz et al. 2010], et seq.
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Global Workspace Cognitive Architecture

SC Sensory Cortex

~ \ MC Motor Cortex
= \’ BG Basal Ganglia
(action selection)

AC Association Cortex

Higher-order
Internal simulation sensorimotor loop Am Amygdala (affect)

WORLD

M. P. Shanahan. Cognition, action selection, and inner rehearsal. In Proceedings IJCAl Workshop on Modelling Natural Action Selection, pages 92-99, 2005.
M. P. Shanahan. A cognitive architecture that combines internal simulation with a global workspace. Consciousness and Cognition, 15:433-449, 2006.




Internal Simulation Hypothesis

Efference copy

G. Hesslow. Conscious thought as simulation of behaviour and perception. Trends in Cognitive Sciences, 6(6).242-247, 2002.
G. Hesslow.The current status of the simulation theory of cognition. BrainResearch, 1428:71- 79, 2012.




How are these generative internal models organized?




Collaborative Research Center in Everyday Activity Science and Engineering (EASE)

The Socio-physical Model of Activities (SOMA) is an
ontological modeling approach for autonomous robotic

agents performing everyday manipulation activities.

A knowledge ontology grounded in experience and encapsulated in narrative-enabled episodic memories

https://ease-crc.github.io/soma/



Narrative-enabled Episodic Memory
NEEM

Symbolic description & sub-symbolic experiential knowledge

NEEM = experience + narrative

Sub-symbolic percepts Symbolic description of Based on concepts defined in
based on exteroceptive the tasks, the context, the the SOMA ontology

and proprioceptive intended goals, and the

sensory data and sub- observed outcome Organized in several
symbolic control signals hierarchies

Describe the physical and
the social context of an
activity




Narrative-enabled Episodic Memory
NEEM

monitered

. < . d . ?
time-series data ‘é\?ﬁ 1
— \' )

i Sensorimotor
data

structured

) +Contact LI -Contact .. +Flow
annotations

defines defines defines
Grasping Lifting Pouring

Narrative

defines defines is-task-of r .
annotation

Opening Picking Up Item
is-task-of is-task-of . has-rolets

Container Fridge Source Item Milk

has-rolet has-rolet, has-role,




Reasoning with Knowledge  vs. Associative Mechanisms




Reasoning with Knowledge  vs. Associative Mechanisms




Hierarchical organization of
Internal generative models

that can be

Constructed adaptively

Queried semantically

Navigated associatively




The Cybernetic Bayesian Brain:
From Interoceptive Inference to Sensorimotor Contingencies

"A rich repertoire of counterfactually explicit
probability densities encoding the mastery of SMCs"

A. Seth, "The Cybernetic Bayesian Brain: From Interoceptive Inference to Sensorimotor Contingencies",
in T. Metzinger & J. M. Windt (Eds). Open MIND: 35(T). Frankfurt am Main: MIND Group,1-24, 2015.




Expanded version of
Free Energy Principle

Organisms minimize
an upper bound on
the entropy of
sensory signals

Minimize surprisal ...

Prediction

Minimize the long-
run prediction error
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Prediction Prediction error

A. K. Seth. Interoceptive inference, emotion, and the embodied self. Trends in Cognitive Sciences,
17(11):565-573, November 2013.




"Passively"

Change the model to
fit the perceptual data

Prediction

Predictive Processing
Perceptual Inference
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Prediction Prediction error

A. K. Seth. Interoceptive inference, emotion, and the embodied self. Trends in Cognitive Sciences,
17(11):565-573, November 2013.




"Passively"
"Actively"

Change the model to

fit the perceptual data Change the sampling

to suit the prediction

Prediction

Predictive Processing Active inference

Perceptual Inference
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Prediction Prediction error

A. K. Seth. Interoceptive inference, emotion, and the embodied self. Trends in Cognitive Sciences,
17(11):565-573, November 2013.




>

Prediction error
Prediction

Active inference;

Confirming sensory predictions /

The usual view

Seeking "disruptive" actions

that test current predictions .
New view:

| counterfactually-equipped
and/or predictive models

Disambiguate competing predictions |

A. Seth, "The Cybernetic Bayesian Brain: From Interoceptive Inference to Sensorimotor Contingencies",
in T. Metzinger & J. M. Windt (Eds). Open MIND: 35(T). Frankfurt am Main: MIND Group,1-24, 2015.
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https://unsplash.com/photos/-TQUERQGUZ8?utm_source




proprioceptive
predictions

interoceptive
predictions

exteroceptive
)\ predictions

"The purpose of cognition (including perception and action)
is to maintain the homeostasis of essential variables and of
internal organization (ultrastability)"

A. Seth, "The Cybernetic Bayesian Brain: From Interoceptive Inference to Sensorimotor Contingencies",
in T. Metzinger & J. M. Windt (Eds). Open MIND: 35(T). Frankfurt am Main: MIND Group,1-24, 2015.




Cognition




Cognition

47 »

Autonomy




The Research Challenge

_ Ontological organization
A unified account of Generative Internal Models d d

prospective goal-directed action

/Symboc reasoning
| / Assaociative recall

O NS P Hierarchical self-organization

B Ay = \
4 N lg‘?l‘lll-' \
Rt} : \Fewshot learning

Anticipation
Prediction
Intention
Planning
Simulation
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Counterfactual predictive processing and active inference

Autonomous self-maintenance & development

e e
R i T OV

e

o M =



Prospection o /\

T ¢ Robotics
David Vernon % f COIIDQUIa

Institute for Artificial Intelllgence | L [ A
University of Bremen ‘ // ]C ;
T\{ . : U«

4 ’

hank you fo?‘ watching

m

[



