
2

,  a n d  p r i z e s

w e r e  o f f e r e d .  H o p f i e l d  a n d  B r o d y

r e v e a l e d  t h e  d e t a i l s  o f  t h e i r  m o d e l  o n l y

r e c e n t l y

s p i k e  t r a i n s  r e l a t i v e  t o  o n e  a n o t h e r .  E v e n

w e a k  e x c i t a t o r y  o r  i n h i b i t o r y  s y n a p t i c

i n p u t s  c a n  g e n e r a t e  s u c h  t e m p o r a l  s h i f t s

a n d  i n d u c e  s y n c h r o n y .  O n  t h e  o t h e r

h a n d ,  g e t t i n g  n e u r o n s  w i t h  d i f f e r e n t  f i r -

i n g  r a t e s  t o  f i r e  t o g e t h e r  r e p e t i t i v e l y

r e q u i r e s  a d d i n g  a n d  d r o p p i n g  s p i k e s ;  i t

a n d  b l u e  s p i k e  s e q u e n c e s ,  h a v e  s l i g h t l y

d i f f e r e n t  f i r i n g  r a t e s  t h a n  t h i s ,  d u e  t o  t h e

p r e s e n c e  o f  i n h i b i t o r y  s y n a p s e s  b e t w e e n

t h e  r e d  a n d  b l u e  n e u r o n s .  M o r e  i m p o r -

t a n t l y ,  t h e  s y n a p t i c  c o n n e c t i o n s  t e n d  t o

m a k e  t h e s e  t w o  n e u r o n s  f i r e  s y n c h r o -

n o u s l y ,  b u t  o n l y  i f  t h e i r  i n p u t s  a r e  n e a r -

l y  e q u a l .  T h e  g r e e n  s p i k e s  s h o w  t h e

r e s p o n s e  o f  a  h y p o t h e t i c a l  d o w n s t r e a m

n e u r o n  ( g r e e n )  t h a t  o n l y  g e n e r a t e s  a n

a c t i o n  p o t e n t i a l  i f  t h e  r e d  a n d  b l u e  n e u -

r o n s  f i r e  w i t h i n  f i v e  m i l l i s e c o n d s  o f  e a c h

o t h e r .  A s i d e  f r o m  s o m e  c h a n c e  c o i n c i -

d e n c e s ,  a  p e r i o d  o f  s y n c h r o n y  i s  i n d i c a t -

ed by a burst of action potentials from the

green coincidence-detecting neuron. This

b u r s t i n g  o n l y  o c c u r s  i f  t h e  r e d  a n d  b l u e

n e u r o n s  a r e  r e c e i v i n g  n e a r l y  i d e n t i c a l

inputs, inputs that would make them fire
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number of potential uses. A simplified
description of what Hopfield and Brody
did with this idea is provided by Fig. 2.
Suppose we wanted a neural circuit to
signal whether stimulus A was followed,
within a variable but limited time, by
stimulus B. In the spirit of their more
complex model, Hopfield and Brody
would arrange, using additional circuit-
ry, for the red and blue neurons in Fig. 1
to receive the input depicted by the red
and blue lines in Fig. 2. When stimulus
A is presented, the input to the blue neu-
ron (the blue line) jumps to a fixed value
and then decays slowly to zero. When
stimulus B appears, the input to the red
neuron (red line) jumps up similarly but
decays more quickly. The crossing of the
two input levels (green dot) signals that
the sequence AB has occurred, indepen-
dent, over a fairly broad range, of the
precise time interval between A and B.

ay and collaborators shows that the solu-
tion was obtainable (actually with n = 2;
Benjamin Rahn, a graduate student at
the California Institute of Technology
also came up with the solution), and is
an exceptionally clear example of the
type of reasoning Hopfield and Brody
wanted to foster. Hopfield and Brody
also set up the contest so that people
could think about the model and the
issues it raises on their own, even if
unsuccessfully, before having the solu-
tion presented to them. In this sense, the
real winners of the contest may not have
been the people who won the prizes.

Reactions to the contest format
through which Hopfield and Brody pre-
sented their work have been mixed. On
one side, the contest was stimulating,
challenging and fun. From my experi-
ence, it certainly made for a number of
lively conversations. On the other hand,
holding back knowledge somehow seems
contrary to the spirit of free scientific
discourse. The contest was proposed as
an educational device, and it illustrates
the difficulties inherent in mixing edu-
cational and research styles of presenta-
tion. Ironically, many commonly used
educational techniques, such as with-
holding information for the purpose of
challenging or testing students, clash
with the standards of equality and open-
ness that we strive for in scientific
research.

As with any work in theoretical neu-
roscience, the ultimate judgment is
whether the proposed mechanism is actu-
ally used in a biological system. It may
prove challenging to make the synchro-
nization and coincidence-detection
mechanisms work in as noisy an envi-
ronment as a cortical circuit, although
Hopfield and Brody report positive evi-
dence along these lines1,3. Independent
of the contest, the proposed mechanism
for detecting groups of neurons receiving
similar levels of sensory input is a valu-
able addition to our knowledge of the
computational capacity and strategies
that neural circuits could and might use.
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The crossing never occurs
for the sequence BA. Using
the idea discussed in the pre-
vious paragraph, the cross-
ing point for the two input
levels can be identified by a
downstream coincidence
detector, which thereby
serves as an interval- invari-
ant (over a finite range)


