WTA (Winner-Take-All)

A WTA mechanism is a device that determines
the identity and sometimes the amplitude, of its
largest input. This mechanism is necessary to
enforce competition between different possible
outputs of a network. A variant, called softmax,
assigns each input a weight so that all weights
sum to 1 and the largest input has the largest
weight. The WTA is the limiting case of the
softmax.

]

-
(<]

Output activity

ol
o

100

08t Input

=)
-3

Unit activity
o
£

0.2

Current-Mode WTA Circuit

A continuous-time analog circuit that receives
analog inputs and implements the WTA function. It
was originally designed by Lazzaro et al. in 1989.
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A 2-cell WTA
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V. follows the higher of V, and V,
V. encodes max(V,,V,)

A 2-cell WTA
PN

Il Ioutl Ioutz I2
v v V. encodes max(l,,1,)
1 2
What happens
\ V. | when 1,<I,?

\ \
.

Iout2=0’ I0ut1=|b

A 2-cell WTA

If 1,>1,, V. encodes |,

Iy

Va

V2 V1 out

A 2-cell WTA

Iin2

l.
in2 Iinl

| outl out2

WTA Circuit

Assume inputs are initially equal,
thatis, ., =1.,=1.

i1 = lin2

Now let I, = 1 +Al,
positive change in voltage at node V,,
(also negative change in voltage at node V,,)
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An N-cell WTA
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Andreou et al (1991)
Starzyk and Fang (1993) - Simulations
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Lazzaro et al (1989)

A 2-cell WTA

DeWeerth and Morris (1995)

A 2-cell WTA

Indiveri (1997)
Morris, Horiuchi, DeWeerth (1998)




Softmax WTA
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Liu (2003)

Softmax WTA
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Pseudoconductance
Pseudo: being apparently rather than actually as stated
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Pseudoconductanc%

A single pFET has forward and
reverse currents
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I; and I, are independent
Each depends only on voltage on its terminal and gate
(This analysis only valid for subthreshold)

Current divider
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Pseudo-resistive (diffusor) network
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Current divider
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Drains saturated

Current divider
What if gates are at different potentials?

I| = I|1_||2

= eK(V‘_VI)(Itl - It2)

t “transverse”
| “lateral”

Pseudoconductance! ‘

Various aWTA circuits

Lazzaro et al (1989) — Winner-take-all networks of O(n)
complexity

Andreou et al (1991) - Subthreshold signal processing
Starzyk and Fang (1993) — CMOS current mode WTA
circuit with both excitatory and inhibitory feedback
DeWeerth and Morris (1995) — CMOS current mode
WTA circuit with distributed hysteresis

Indiveri (1997) — WTA networks with lateral excitation
Morris, Horiuchi, and DeWeerth (1998) - Object-based
selection system

Indiveri (2001) — A current-mode hysteretic WTA network
with excitatory and inhibitory coupling

Liu (2003) — A normalizing aVLSI Network with
controllable WTA properties

VLSI Systems that use aWTA circuits

¢ Mahowald and Delbruck (1988) — Marr-Poggio stereo
algorithm

* Lazzaro et al (1989) — Winner-take-all networks of O(n)
complexity

¢ Andreou et al (1991) - Subthreshold signal processing

¢ Mead et al (1991) - Binaural hearing

« Fang et al (1992) - VLSI processor for image data-compression

¢ Morris, Horiuchi, and DeWeerth (1998) - Object-based
selection system

¢ Horiuchi and Niebur (1999) - 1D attentional system doing
serial search using feature conjunction and IOR

 Indiveri, Murer, and Kramer (2001) — Active vision using
aVLSI model of selective attention




