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Specialization is for 
Insects

(R. Heinlein)









Mind as Turing 
Machine:

A Broken Metaphor



Sequential Access





















Brittleness





“[Bring me a] SLAB!”

http://www.logicomix.com



If a lion could speak ...

Wittgenstein [Derek Jarman, 1993]



The Beetle in the 
Box

Suppose everyone had a box with something in it: we call it a “beetle”.
No one can look into anyone else’s box, and everyone says he knows
what a beetle is only by looking at his beetle. – Here it would be quite
possible for everyone to have something different in his box. One might
even imagine such a thing constantly changing. – But suppose the word
“beetle” had a use in these people’s language? – If so it would not be
used as the name of a thing. The thing in the box has no place in the
language-game at all; not even as a something: for the box might even
be empty. – No, one can ’divide through’ by the thing in the box; it
cancels out, whatever it is. That is to say: if we construe the grammar
of the expression of sensation on the model of ’object and designation’
the object drops out of consideration as irrelevant.
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Vector Symbolic 
Architectures



What is a Symbol?
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What is a Symbol?
Vector Spaces

0 +1-1



What is a Symbol?
Vector Spaces

+1-1

One dimension, two vectors



What is a Symbol?
Vector Spaces

+1,-1-1,-1

Two dimensions, four vectors

-1,+1 +1,+1



What is a Symbol?
Vector Spaces

Three dimensions, eight vectors



What is a Symbol?
Vector Spaces

• N dimensions yields 2N vectors (candidate 

symbols)

• Exponentially many  nearly-orthogonal vectors 

(Hecht-Nielsen 1994)

• For large N (> 10,000), can degrade over 30% 

and still recover (Kanerva 2009): symbols as 

attractor basins  (Hopfield 1982)



Self-Canceling

 A ⊗ A ⊗ B = B
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Associative, 
Commutative, 

Distributive

 A⊗(B⊗A + C⊗A)



Associative, 
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Associative, 
Commutative, 

Distributive

 A⊗(B⊗A + C⊗A)
 (A⊗B⊗A + A⊗C⊗A)
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Associative, 
Commutative, 

Distributive

 A⊗(B⊗A + C⊗A)
 (A⊗B⊗A + A⊗C⊗A)
 (A⊗A⊗B + A⊗A⊗C)

 (B + C)



Constant-Time 
Queries

"John is short, Mary is short,  and 

Bill is tall. "
J⊗S + M⊗S + B⊗T



"Who is short?"

S ⊗ (J⊗S + M⊗S + B⊗T)
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S ⊗ (J⊗S + M⊗S + B⊗T)

Constant-Time 
Queries
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"Who is short?"

S ⊗ (J⊗S + M⊗S + B⊗T)

Constant-Time 
Queries

 (S ⊗J⊗S + S ⊗M⊗S + S ⊗B⊗T)
 (S⊗S ⊗J + S⊗S ⊗M + S ⊗B⊗T)

 (J + M + S ⊗B⊗T)



"Who is short?"

S ⊗ (J⊗S + M⊗S + B⊗T)

Constant-Time 
Queries

 (S ⊗J⊗S + S ⊗M⊗S + S ⊗B⊗T)
 (S⊗S ⊗J + S⊗S ⊗M + S ⊗B⊗T)

 (J + M + S ⊗B⊗T)
 (J + M + noise)



Behavior-Based Robotics





Learning a "Rule"

This was our paradox: no course 
of action could be determined 
by a rule, because every course 
of action can be made out 
toaccord with the rule.

- Investigations 201 (Trans. 
Anscombe)



VSA & Ravens Matrices 
(Rasmussen & Eliasmith 

2011) 



Software Demos

tinyurl.com/wittvsa

tinyurl.com/vsarobot
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