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(Learning Catcgorization with a Race Model)

Erain: Democracq or stock market?

e\Whatis a Race Network?

Race networks are the time-based counterpart to
Neural networks. T|1cg don't wait for all the inputs
before malcing adecision. Instcad, the outputs react on
the first few inPuts, the fastest. As such, it is 423
Moclcl. It has a threshold that says how much evidence

must be collected. As suci'n, itis axL"C”m”Iator
Model.

Allcurrent neural networks are built
around a central operator: the sum. Is this
ocgcrator absolute y necessary?

Ncura| thworks:
A aradigm
witE

an unqucstion

ris it there simplg for convenience (in
the inner Procluct)?

Ags an historical remnant?

assumption:

T he sum.

]n oti-ncrwords, canwe replace it with
another oPcrator and still have a
functional network?
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Wlﬂy the sum?

Its lcarning ru]c, the redefined Dclta Ru]c, orA rule,
distributes the blame on an error bg:

Rcducing the scnsibilit}j of a connection that
contributed to fill the Fau]tg accumulator. As aresult,

this connection will take Iongcr to fire if an inputis
Prcscnted again.

The answeris Yes.

Alternatives to build networks on

a- Strcngtl-l-basccl networks: b- Timc-basccl network:
A Democracy A Stock market

(or “wcightchsum model") (or "winner-take-all" model)
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Incrcasing strcngth hclps concentrate on the

relevant inPuts‘ Thc “Strcnpthﬂ-basecl network
uses the standard inner product.
I~T=I1_T
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Comparing Back Fropagation thworks to Racc thworks on a XOK Problcm

Hig}q noise, no rcclundancy ngh noise, hlg]ﬁ rséundancy We comParch a classic Poack Fropagation

Increasing the size of the lcaultg accumulator.
This simplc lcaming rule is very efficient (see be]ow)‘

Futurc Works

Wc Plan to test an alternative to thefd rule, the
(rcde)cinecl) Hebbian Iearning rule. Such a Race
Network will become equiva]cnt to a nsupervised
Ncura] thworlgsancl identical to a KOhOﬂCn
thwork

Incrcasing availabi]itﬂ |1e|Ps concentrate on the
relevant inputs. T he “Time+based network uses a
redefined dot Proéuct.

No noise, no rec]undancy

(nonc, 3 times) 133 duPlicatingthe input

P(e) E(e) The Back Fropagation network can
—g ! Le’alrns %@@ accommodate high noise or high rcdunclancg
0.8 08 f “' Ty g “ T | (hot shown) but not both. Theirioint effects
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v 04 0.4 \ T|1e Race network can accommodate l‘ngh

g rcclunclancg (not shown) but not high noise.
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Note: 1 ePoch = 10 trials; RMSE.: Squared error; P(e): Percent oferror

other: |1igh noise is not a ProHcm if
COmPCﬂSatcd b‘lj i'llgi'l rcdundancg.

ith the A rule) to a Race network
SE RM SE network (wit

8 REA = REA 1 (with the A rule above).

ﬁ 8 08 Because imPencect transmission of information

%Q 0. N is I‘nighlg likelg, we manipulatcc{ noise (nonc,

8" 06 06 high) bg adding random values to each input. ]n
Di 04 0.4 addition, because the human brain is Iikelq to
3% 02 0.2 involve a Iarge amount of redundant
D& Epoch T connections, we manipu]atcd rcdundancq
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channels and the connections prior to Ieaming

However, thcirjoint effects are c.an(:elingJ each

Applications of the Race Network
a~ chognizing utterances of the cligits "O" to "9

nOncn

u:;ing aucliograms, the inputs are the moment at which a
given Frcqucncg occurs for the first time.

b- Rccognizing visual letters
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The inputs are simPIc features. The final size of the accumulatd
indicates how many features are sufficient to recognize a letter
As such, this system suppoﬂsmmaﬁm

c- Friming of responsecs

Race networks Preéict that prime duration, prime energy and
prime complcxitg all have an impact on Response T imes.

One model, with no changc, does it alll

Modeling Psgcho]ogical P|1enomcna is easy with the Race netwyork.
Magbc tfnc neural networks are a local minima in the search Foxc
foundations of human cognition? ,
According to I stes, to have a model, you need to prove the necesity of

the assumptions. We showed here that the weighted sum assumptior8not
nccessar‘lj.




