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Principle 2: Transformation

'A' neuron spikes

'B' neuron spikes

Input signal, x(t)
f̂(x)

δ(t− tn)

encoding
�

n δi(t− tn) = Gi(ei · x(t))

decoding f̂(x) =
�

i,n hi(t− tn)φf(x)
i

time

x(t)δi(t− tn) spikes from neuron i at time tn

Gi neuron model generating spikes
ei preferred direction vector

x(t) stimulus signal

f̂(x) computed function of stimulus
hi(t− tn) PSCs convolved with spikes

φf(x)
i optimal linear weights for f(x)

f(x) = 2x

h(t− tn)φf(x)



A  c o m m u n i c a t i o n  c h a n n e l

A Bx y=f(x)=x

we need these weights



C o n n e c t i o n  w e i g h t s

Define the representations of both pops:

Define the computation: y=f(x)=x

Substitute our estimate of x into b repn

ai(x) = Gi [Ji(x)]

= Gi

�
αiφ̃ix + Jbias

i

�

x̂ =
�

i

ai(x)φx
i

bj(y) = Gj [Jj(y)]

= Gj

�
αj φ̃jy + Jbias

j

�

ŷ =
�

j

bj(y)φy
j

NB: e and    are the same!φ̃



C o n n e c t i o n  w e i g h t s

Substituting:

bj(x) = Gj

�
αj φ̃jx + Jbias

j

�

= Gj

�
αj φ̃j

�

i

ai(x)φx
i + Jbias

j

�

= Gj

�
�

i

ωjiai(x) + Jbias
j

�

y = x ≈ x̂

ωji = αj φ̃jφ
x
i



W i t h  s p i k e s *

Write the spiking estimate

Then do the same substitution:

x̂(t) =
�

i

ai(x(t))φx
i

=
�

i,n

hi(t− tin)φx
i .

bj(x(t)) = Gj

�
αj φ̃jx(t) + Jbias

j

�

= Gj



αj φ̃j

�

i,n

hi(t− tin)φx
i + Jbias

j





= Gj




�

i,n

ωjihi(t− tin) + Jbias
j







A d d i n g  s c a l a r s



D o i n g  t h e  m a t h

Volunteer?

ck(x + y) = Gk

�
αkφ̃k(x + y) + Jbias

k

�

= Gk



αkφ̃k




�

i

ai(x)φx
i +

�

j

bj(y)φy
j



 + Jbias
k





= Gk




�

i

ωkiai(x) +
�

j

ωkjbj(y) + Jbias
k





ωki = αkφ̃kφx
i ωkj = αkφ̃kφy

j



R e c i p e  f o r  l i n e a r  t r a n s . *
1. Define the repn (enc/dec) for all variables 
involved in the operation.

2. Write the transformation in terms of these 
variables.

3. Write the transformation using the decoding 
expressions for all variables except the output 
variable. 

4. Substitute this expression into the encoding 
expression of the output variable. 



Ve c t o r s

Nothing new.  Representation:

Transformation

ai(x) = Gi

�
αi

�
φ̃ix

�

m
+ Jbias

i

�

x̂ =
�

i

ai(x)φx
i

z = C1x + C2y



Ve c t o r s

Substitution

ωki = αkC1

�
φ̃kφx

i

�

m
ωkj = αkC2

�
φ̃kφy

j

�

m

ck(C1x + C2y) = Gk

�
αk

�
φ̃k(C1x + C2y)

�

m
+ Jbias

k

�

= Gk



αk

�
φ̃k



C1

�

i

ai(x)φx
i + C2

�

j

bj(y)φy
j




�

m

+ Jbias
k





= Gk




�

i

ωkiai(x) +
�

j

ωkjbj(y) + Jbias
k







Ve c t o r  a d d i t i o n

a) vector space; b) components



2 5 D  Ve c t o r  R e p r e s e n t a t i o n



R e p r e s e n t a t i o n a l  h i e r a r c h y *


