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Anatomy

• 50 odorant receptor neurons (ORNs), activities based on concentration


• 50 projection neurons (PNs), activities are normalized


• 2000 neurons Kenyon cells (KCs), encoding sensory identity


• Anterior paired lateral (APL), one to all inhibition onto KCs


• 34 Mushroom body output neurons (MBONs), encoding valences. 







Similarity search

• How do you encode two odors are similar?


• Hence, probably should trigger similar responses?



Locality sensitive hashing

• A hash function  is locality sensitive if for any two points 
, we have .


• One can treat LSH as a solution to similarity search


• A common way to achieve LSH is to do random projection

h : ℝd → ℝm

p, q ∈ ℝd P(h(p) = h(q)) = sim(p, q)



Formal model

• There are  PNs,  KCs. 


•  and . 


• 


• , 

d = 50 m = 2000

Mji = 1 if xi connects to yj 0 otherwise

xi connects to yj with probability p

y = Mx z = WTAk(y)



This preserves distance in expectation



Concentration of variance



The ratio of ∥X∥4
4/∥X∥4









Novelty detection

• It has been shown that MBON  encodes novelty response


• How does the fly do it?

α′￼3











Formal model
•  is a random matrix with uniform distribution on all possible rows with 

exactly  entry being 1.


• 


• , 


• 


• Novelty response 

M
c

x ∈ {0,1}d,1 ⋅ x = b

y = Mx zi = 1 if yi ≥ c, 0 otherwise

wj = 0 if some z(i)
j = 1,1 otherwise

(w ⋅ z)/k



Main theorem



Simulation



Time sensitivity



Habituation



Formal model
• ORN activity , PN activities , synapses from LN1 to PN 


• 


• 


• , 


• 


•

s ∈ ℝd x ∈ ℝd w ∈ ℝd

xi = max(si − wi,0)

wt
i = wt−1

i + αxt−1
i − βwt−1

i

y′￼ = Mx yi = 1 if y′￼i ≥ τ, 0 otherwise

zi = 1 if yi ≥ c, 0 otherwise



Negative image is learned



Surpression post-habituation








