. 1
—— g0 =-

S -
@ =0 yin 2

p=1/2

gere 15 nothing to choose between the two locations for the
. point? since the sum of the two probabilities is 1.
1 o edivision, the probability of a shiftis alzo 1/2, regardless of the
ation, since it is equally likely that the numerator will be
. than or smaller than the denominator (though of course the
] wiring may be slightly different in the two cases).
e place where the choice does make a difference is in fixed-
. double-precision multiplication by 1,000 <+ ar 0100 « - <,
then there is a loss of the last
wcant digit on the right, whereas when the point is behind

. the binary point is in lrout,

o i= no such loss for any product. This is because the double-

L.

hoaccumulator usually has a guard position an the left end to
i care of everflow in addition.
'.1 conclusion, there appear to be only slight engincering dilfer-
. between the two choices as fur as bardware is concerned.
{ ¢ humans learn binary arithmetic by analogy with the already
raed decimal arithmetie, it seems that placing the binary point
| o the first digit should be considered for humane reasons al-
B ih the change from current practice will cause a good deal of
! porary confusion, .

: ! This is true for any positive integer hase.

i

.ngent “Separated’ Paths and Loops in an N Cube
D, W. DAVIES

W, L. Black! describes two kinds of combination Jock emploviug
«wt of switches as input and a single-bit store. The operation of
form of lock can be described as [ollows. The state of the n
sitches corresponds to a point of an u cube. If one switch is moved
ta time, the sequence of moves corresponds to a path on the # culie,
oving from vertex to adjacent vertex along a cube edge. The single-
it store is set at one end of the path and deared i the state of the
witeches strays from the chosen path. The other end of the path is
he goal. If it is reached with the single-hit store sef, the lock opens,
L. Black's other kind of combination lock,

Y m—

TR T A

An examination of \W.
nd o realization that to ensure that only one switch moves at a
the switches must be regarded as three state devices or addi-
storage provided, shows that the fornt of lock described above
v not be the best practical one. But the study of paths on an
= tube suitable for such a lock is interesting in itself.

To avoid the possibility of éheating the lock, the states of the
“witches must correspond to a path on the » cube which never
pproaches within a distance less than 2 of itsell. Otherwise,
he operation of a single switch could jump across the gap. More
recisely stated, if d(7, j) is the distunce Letween the fth and jth
woints on the path, which are numbered in sequence from i=0 to

‘\\’hure P is the number of edges in the path, then
. T

di, )y =1 for |i—jl

iy =1 for |i—j] >1

Inuacript received September 20, 1064 revized Decetnber 28, 1904,

wauthor is \\uh the National I’ In sical bl Teddington, Middlesex, England.
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The interesting problem suggested by this lock is: what is the
maximum length /7 of a path having this “separation” property
for each value of #? In a similar way, a loop of length L can be de-
fined, and we are interested in the longest “separated” loop.

A program was made for a Ferranti Hermes computer which
obtained the answers by enumeration for valves of n up to six.
The numher of different paths and loops of the maximum size was
The multiplicity of occurrences of paths and loops of
to permutation of axes was avoided, All the
paths examined had the first occurrence of edges aligned with any
of the » axes in a prescribed order, That is, the kth axis could not be
axes =1, k=2, ..., 1 had already Dbeen used.
Any remaining unnecessary multiplicity would be due to describing

counted,
maximum size due

used yuless the
the paths or loops in opposite directions or, in the case of loops only,

starting the description at a diflerent point. The results of the
Hermes runs are given in the following Table I For n=1, the loop is

010,
tase . 437

| Pae | Ve | g | Nubeof
o _l_ o | o 1 - |- o 1 = 2 -______l_ o

2 ! 2 ‘ 1 4 1

3 | 4 1 6 1

1 7 ‘ 1 8 7

5 ’ 13 s 14 335

6 i 26 : 1 2G 130

The path of length 26 on the 6 cube is remarkable, It is
12342154165124313521542643

where the numibers specify the axes of the 6 enhe with which sue-
cessive edges of the path are aligned. The computer enumeration
shawed no other essentially different separated path of this lergth
on the 6 cube.

This path was the only path or loop among those examined in
which there was a spare vertex of the cube distant more tin unity
fronn all points of the path or loop. However, only ane or two ol the
paths or loops of each sct were examined, and others that were not

examined might possibly have such an isolated vertex,

The results give rise to the conjecture that for n greater than 2,
Liax(n=H1)=2P0x(n). can he further conjectured that longest
separated loops can be formed from two separated paths of one
lower dimension joined at the ends.

E. N. Gilbert® treated paths and loops on the n cube without
the separation property. He regarded them as representing Gray
codes for encoding angles and displacements with protection against
gross errors due to ambiguity in the changing digits. The separated
paths and loops correspond to particular Gray codes with redundancy
which provides single error correction except, of course, when the
error lies in one of the two digits which can validly change. A single
dizital error will at worst cause a small analog error. Paths and loops
with a greater separation property can be defimed and will give
security against multiple ercors.

These results are presented in the hope that they may stimulate
a systematic theory of paths and loops with the separation property.
They niight find application in telemetry and in combination locks
designed to guard against accidental operation in remote control.
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