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* e\t , Fig. 1 shows a complete 5-graph which has 1 inter-
21 - 62)3'2”2:‘:1(" e (n + 1) <§> e (6)  section, this being the minimum for n =5.

n
where, ¢* = (" — 1), for n odd
2

= 0, for n even.

Extracting (’;) from equation (6) we obtain the
expression :
-1
e(l — e23n 3 (—1)n(n + 1) (f)” o
n=1 2
But,
S (10 + 1) (2) o = 201 e
n=1 2

Hence, the coefficient of sin v is —2¢ for all n, and
the solution (5) may be expressed as :

n

M=y Zsiny +2(1 — 2% % (—1)nn + 1)
n=2 A=0

(3@ e 2

As from equation (2), we obtain as far as terms in
¢4, the usual expression :

where n 7% 2X + 1.

M = v — Zesinv + (i:f + %‘) gin2y — ?sin3v +

%sinlh
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The Complete n-Point Graph

A COMPLETE n-point graph consists of n points in a
plane (or on the surface of & sphere), each joined to all
the others by lines, not necessarily straight. The
problem of determining the minimum pumber of
intersections, m, for various values of n is being
investigated.

Fig. 1

f®, and so on.

The problem does not appear tractable analytieally,
so it was programmed for the University of London
Mercury computer. The programme was written on
the assumption that a minimum for n 4 1 points
can be obtained by adding an extra point in a suitable
place on a minimum solution for n points. However,
the computations have proved that this apparently
natural assumption is false : two different minimum
configuratiens for n =7, m =9 were taken and one led
t0 the true minimum n =8, m =18, while the other
lod to n =8, m=19.
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STATISTICS

A Basic Notion in the Theory of Cognitive
Systems

IN a previous communication! a network was
described which would resolve linear relations
among continuous input signals. It was indicated
that for times greater than the resolution time
(for some intrinsic error criterion) this net could
follow changing relations and thus, by means of
other nets, one could observe the relations between
relations and so on. The process described is essen-
tially that of ascending a secale of logical types.
To characterize this more generally, consider a binary
time series y(t) of discrete time ¢. If this contains
2r < 2m structures of length it can be described by a
Jogical function :

Y =) - - ytmy () Lm0} (D)
where it is supposed. that the variance u(x) has been
minimized. The a’s then describe, roughly speaking,
which of the 2r structures is under consideration.
But this by no means determines the function
uniquely; there is an enormous redundancy of some-
thing like 2¥"(2™/m) possibilities (as examination of
the periodic case, » =0, shows). However, for realiza-
tion, of logical functions it is well known that there are
nets which are minimal with respect to number v(f)
of connoxions required. In this case one may expect
to obtain effective unicity by requiring the minimiza-
tion of a function such as :

H(f, ) =log v(f) + log p (%) (2)

If H(f, )min. < log p(y) we say that (1) is a resolving
transformation f of type 1, written formally as :

y= f*x( 1) ( 1’ )
Clearly the process could be repeated on the variables
x to obtain higher types, but this requires a notion,
in & cortsin sonse dual to resolving transformation,
which. T call selective punctuation, y®. This is the
insertion of a sequence y of length m into the
signal and may be regarded as the formalization of an
experiment to test whether the & so generated by the
natural continuation of y® can be resolved into an
M. C. GoopaLL

Department of Biology,

Massachusetts Institute of Technology.
* Goodall, M. C., Nature, 185, 657 (1960),

© 1961 Nature Publishing Group



	STATISTICS
	A Basic Notion in the Theory of Cognitive Systems


