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match-to-sample task



Relational match-to-sample task



Analogy Is a variant of similarity with a focus on
shared relations while disregarding
misalignment in feature values



Similarity and categorization

* “The triggering of prior mental categories by some
kind of input Is an act of analogy-making.... some
amount of slippage must occur” (Hofstadter, 20006)

* “In general, we see that understanding a sentence
Involves finding the best match between what was
spoken and our current mental state” (Feldman,
2008)



Conceptual metaphor

* most of our concepts are understood in terms of other
concepts (Lakoff & Johnson, 1980)

- E.g. HAPPY is UP and SAD is DOWN
— That boosted my spirits

- My spirits rose

- I'm feeling down



Embodiment hypothesis

« *“all cognition is like soccer playing”

* Explain how higher-cognitive functions emerge from sensori-
motor operations

— Visual attention
- Relational reasoning
— Conceptual structure

- Mental mapping



Richland et al. (2006)






Intention . Intention " . . Intention Spatial
Resotwi O IR Intention Identify critical index ()—» Queried index_ Cued index Search @ Guidance Conceptual structure - production Target scene map Reject (O)—@ Spatial selection IoR Target production Target scene map Match WM Respond O—> Refpme Legend

|
; e —\ ) ject-Relati i
Intention s | EraEa o) Reeronce Intention Intention . mwach  Tmer  Match Detection [ Match Evaluatlon\ Hypothesis Relation £ OleeC.t Relation i () Perception
Encode O~ Encode Behavioral (e — Testing Prod. 1 Relation-  BINAING Prod. gejaion- () Spatial Selection
Conceptual structure - encoding  Base scene map. Organization Feature > Proceed Reject roa. 32 Target P. Reference P. Foat b ]
Spatial = ] g H:__ w5 | () Feature Processing
selection Target scene [ | . ] mi . N
4 I i+ erton (" Object ) HH- i« —>LHH | ) Relational Reasoning
Iiverss gjilc?;r?ge S Zverd E/Fx;;ﬁ'id = Concept e e ([ Conceptual Description
relation Mismatch . : :
Transformation o o 3 A Production anceptqal Description
) e 7 atn [qum Target Scene Map - Production
* _:H: Spatial Mental Ma
4 f Relation Relation = Se\peactli?m Production . P
Space-Size Reference Size prod. Target P ' | : : 3 Guidance
: : ) . : ognitive Contro
\ Space- Transformation - -
Relation-Con 2" . -
J SEOTER elation-Concept i . (3 Behavioral Organization
Expected Production «— | 5 [TTT Spatial Response
( \ B Relations n Queried 9blect  Queried index N Supra-threshold
Feature Reference Space Spatil  Proceed EHEHE: arget Prod Cue ias LI activation (Peak)

Guidance

selecton | search _ |

t 4

G ) Proceed

© Neural node (0D field)
search

Base scene map
A
Spatial proximity
Target scene map v /" Relation Relay\ Queried N Base Scene Map —— 1D neural field
\_ production ~ index s Reference
_—/

BE T

Expected
Features N
i . i —» Prod .
| Attended Relations " <> Relation (Relation- ) it R p ummi /7 2D neural field
— Concepts Conc ept C_)bject >
4<>_> A > o o Size Goncepts index ' 3D neural field
1 g Sy "= ]
- - J Spatial Concepts (ﬁ Discri fiel
Spatial Selection \ S8 B Relation - screte field
Proceed > ~ Expected \”;) o l—{ Index Object Self-sustaining
o H - )
encoding i Target size Target Space Features m P Relation field
atial roces e P "
= Cuobias Alended 5\ P O suton somn ] e "5 Binding Coordinate
Hypo. prod. J e — »Ine\am Varied K_\Object— - 7 - - <> transformation
Space-Feature Selection \ LA pens parameter Concept Target Truncated
Ymm——— . —— ——J i
Inhibition-of- —e. ' w conngctlons
Return /" Feature jec Excitatory
(~ Inputimage image ) rern Concepts || proindex L —>  connections
preprocessing Feature Relay Encoding Relation- Inhibitor
Base Scene  Target Scene T < Color Concepts Reference - y
Hue-space code & Saliency Map N o connections
cee A rate to space Céde Attended Color Attended Shape Attended Size > wolor «--- > scssse ;% l Patterned
* template matching ﬂ N N N Shape Concepts " > .
for shape and size 7 e = = A [ EEnE| L Ll === connections
\_ ) -/ = \_ et ) L o > y,

10



[ Describing ]

left-of (green, blue)

right-of (red, blue) proceed

? accept
[Dec:lde matche

Base scene  Target scene
o3 o1 02
03 01 02 -
® f' ’ Dist @
Generating

reject H[ Rejecting
the mapplng

03 01 02
A

left-of (

J

reset the
mapping

spatial response

o
)
L 4

11



[ Describing ]

left-of (green, blue)
ight-of (red, blue

proceed

?

[Dec:lde matche

Base scene

Target scene

reject H[

03 01 02
03 01 02 " A
® f' ’ Dist @
accept G(_eneratlng '
spatial response
Rejecting
the mapplng

reset the
mapping

12



: scene spatial :
selection A

I
I
i
)

i
A

- 9'
©
3
=
o
o =
-]
o - =
Q
=X
— N 2
. .
3 o _" >

= X

Scene
Space/Feature Selection €
e S s

(Grieben et al.,
2020)

—» blue pentagon

spatial_selection

hue_concepts

shape_concepts

13



Legend
[ Perception
[ Spatial Selection
() Feature Processing
() Relational Reasoning
(3 Conceptual Description

Conceptual Description
- Production
Mental Map

(3 Guidance

() Decision Making &
Cogpnitive Control

(3 Behavioral Organization

N Supra-threshold
activation (Peak)

© Neural node (0D field)

1D neural field

/7 2D neural field

/1] 3D neural field
4 P ]
: . 1111 Discrete field
T N\ Spatial Selection
Space-Feature Maps oo | ===~ Self-sustaining
i) e field
i~ o y/| : Z Tt Cuobias <> Coordinate
|/ Wpopod —  f L | / \! transformation
Space-Feature Selection Truncated
Inhibition-of- connt_acnons
Return Feature Excitatory
> :
(~  Input Image Image ) TRy Foature el Concepts connections
! e N d eature Relay e
Base Scene  Target Scene preprocessing < £ - Golor Goncepts |nh|b|t9|’y
Hue-space code & Saliency Map N connections
. - A rate to space code Attended Color Attended Shape Attended Size i Patterned
o0 " Shape Concepts R .
* o Snape and 25 A A A > connections
L y o =

14



[ Describing ]

left-of (green, blue)
right-of (red, blue)

Base scene

Target scene

03 o1 02
" A
Dist @

15



spatial_selection

>‘.
X

target
>.
/ X
4> >
reference
i n e

——»-Right-of (red diamond, blue pentagon)

ABOVE f\ u | |
BELOW  ( / " / » spatial relation match .
e O (Sabinasz et
v @ IR al., 2023)
spatial_relation
spatial_concepts
° L4 °
Ay <« »

16



size m:

.

Space-

Reference Size

ap

.

s

Ba

Reference Space

Spatial proximity

e scene map 3

Target scene map

production

—

=

Attended Relations )

\

|
Space-Feature Maps \J

4 Input Image Image )
reprocessin
Base Scene  Target Scene p P g
Hue-space code &
- A rate to space code
A 4 * template matching
for shape and size
\_

Spatial Selection \

Proceed
encoding

Target
prod

N

J/

Relation Relay

Relation
Concepts

Size Concepts

Cue bias

Hypo. prod

Inhibition-of-
Return

—
~
Target size Target Space
k A“:I;ged > /\—m X )

Saliency Map

L7

Attended Color
A

Attended Shape

B

whape

Spatial Concepts

Feature

Concepts
Feature Relay

Color Concepts

Shape Concepts

Legend
[ Perception
[ Spatial Selection
() Feature Processing
() Relational Reasoning
(3 Conceptual Description
Conceptual Description
- Production
Mental Map
(3 Guidance
() Decision Making &
Cogpnitive Control
(3 Behavioral Organization

A Supra-threshold
activation (Peak)

© Neural node (0D field)

1D neural field

/7 2D neural field

3D neural field
]

[T Discrete field

-==-7- Self-sustaining
i field

Coordinate
<> transformation
Truncated
connections
Excitatory
connections
Inhibitory
connections
Patterned
connections

l

17



[ Describing ]

left-of (green, blue)
right-of (red, blue)

Base scene

Target scene

03 o1 02
" A
Dist @

18



Base scene

03 01 02
o.’

Right-of ( red diamond, blue pentagon)
Left-of (green circle, blue pentagon)

blue pentagon - O1

red diamond
green circle

object_index

relation_index

con

oo Right-of -R1  R1-(O1 - Ref.) - (O2- Tar.)

03 | eft-of - R2 R2 - (Ol - Ref.) - (O3- Tar.)

fea con _ind

fea_rel ref

fea_rel tar
rel con_ind

e SN ® -




object_index

Base scene

03 01 02

blue pentagon - O1

red diamond - 02
greencircle - 03

fea con _ind

relation_index

con

co ¢ _>R|ght—of(red diamond, blue pentagon)

Left-of (green circle, blue pentagon)

Right-of -R1  R1 - (01 - Ref) - (02- Tar.)
Left-of - R2 R2 - (O1 - Ref.) - (O3- Tar.)

fea_rel ref fea_rel tar
rel con_ind




Autonomous generation of ordinal values
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Analogy Is a variant of similarity with a focus on
shared relations while disregarding misalignment
In feature values
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Accepting the mapping depends on how many relations and

objects need to be considered
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