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TabLE 1.—Scale factors (¢} to convert from
logarithmic basc a to base b,

i
b 2 e 10
 JURU R ' 1.442695 | 3.321928
e, 0.693147 |..... ... . 2.302583
10..... .. 0.301030 | 0.434294 | - ...

necessary multiplieation of the integers
and factorials, The calculation of log

i
n! a8 =T Iog wm is not without disad-
m=1%

vantage, however, even on a computer.
Regardless of the aceuracy of each eal-
culation of log m, there iz some flnite
error associated wilh 1t. These crrors,
however small, are heing summed, and
generally result in-a low approximation
of fog n!. Using eight significant figures
throughout the calculations, the ealenla-
tion of oy #! by the summing of loga-
rithms may accumulate an error in the
sixth significant figure well helow n =
50. The use of “double precision”
compiter arithmetic sorves to delay the
appearanee of the error, but it may do
s0 at considerable cost in computer sior-
age and time. The use of the logarith-
mic form of Stirling’s formula for ap-
proximation of factorials:

log nt! =: (n4-%) log n+% log2r—nloge
: (5)

{Belby, 1%65: 240) allows one to esti-
mate the fog #n! valune desired in one
algebraic computation. While thigz ap-
proximation is good only for large =,
the related formula:

log n! - I(H-H) log n+% log 2x —
1

(n——+4
12n

) log e (B)

360n*

(I'isher and Yates, 1983: 129) can es-
timate log »!, for n as small az 4, ac-
curate to at least the 6th significant
figure (=1 through n = 2000 havec
been tested). It matural logatithms are
uzed, log « — 1 and the equation is some-
what simplified. It may alse be noted
that » need not he an integer to be
used in thig formula.
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If the data are a large random sam-
pe, the standard error of H':

S.E. (H)} = [zp; log* p, — (H'}*1/N
(7
(Basharin, 195%) may he caleulated

readily as:
3K (H) —=
5

— ¥ =En, log* n, — {2n, log n,)%2N
N
(8)

Algo of interest is the determination of
the maxirowm divergity possible with
the given & and &. This may be calen-
lated as:

Hu.' = log s (9}
or
¢
Hywr = — [log N! — (g1) log D! —
T log (l\DI+1)!] (10)

wlere I is the integer part of ¥/s and
=N — ¢D.
The evenncss of the collection (Pielowu,
1966c) iz J = FI/H,,,. using the Bril-
louin measnre, and J° : H'/H_,, nsing
Shannon’s formula, )

The minimum diversity possible is
given as;

o
bGP o | logN! —logQ! {11}
or
C B .
Hyw' = \I_ N logN —Q logQ | (12)

where =% — (¥ —1). The redundan-

oy, I, is:

1y —H

R = (13)

Hmax - Hm In

and of course B may he computed in an
analogous fashion using Shannon type
measures throughout. One may also ar-
rive at an index of heterogeneity for
the collection as

By=1—HK or RS —1—-FR'

A FORTRAN IV computer program
has been prepared which ecaleulates H,







