
224

CORRESPONDENCE.

ON MR. G. F. HARDY'S PLAN FOR THE COMPUTATION OF
ME. WOOLHOUSE'S METHOD OF GRADUATION.

To the Editor of the Journal of the Institute of Actuaries.

SIB,—Having recently been led to give some attention to the
different methods which have from time to time been proposed for
applying Mr. Woolhouse's formula to the actual graduation of a table
of mortality, I have carefully perused the account of the discussion
upon Mr. J. A. Higham's paper on this subject, read before the
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Institute on 24 April 1882, and have discovered one or two misprints
in the report of Mr. G. F. Hardy's speech, which I think it may be
as well to point out for the benefit of other readers. On page 352 of
the Journal, vol. xxiii, line 10 from the top, the last term in that line
should be 14u9, in place of 14u7; and again, four lines lower down,
the last two terms of the formula there given should be 12,–3u13, –2u
in place of – 2un—3u2.

I have also discovered two errors* in the table given by Mr. Ackland
in his paper on the same subject, which immediately follows Mr.
Higham's. On page 355 of the same volume of the Journal, the
figures opposite ages 72 and 77 respectively, in col. (5), should be
30,697 and 28,915, in place of 30,597 and 29,015. It follows that,
in col. (7), the numbers should he 41,911 and 39,310; in col. (10),
31,294 and 29,554; and in col. (11), 2,5035 and 2,3643. The
sums of the columns will not be altered, as the errors balance one
another. I t was in the course of working out Mr. G. P. Hardy's
method of applying Mr. Woolhouse's formula to the HM Table, that
I was led to the discovery of these discrepancies in Mr. Ackland's
results. I append the entire working by that method, from which it
will be seen that columns (7), (8), and (9), agree exactly, from age
17 onwards, with Mr. Ackland's columns (5), (10), and (11). I
have also added, in column (11), the numbers-living as they appear
in Mr. Woolhouse's final adjustment of the table ; and a comparison
of this column with the previous one will at once show the amount
of the further adjustments made by him. It will thus be seen that
at age 70 the difference is as much as 12. At age 77 it is 10, and at
a number of other points adjustments of a smaller amount have been
made. The various differences of a single unit may be disregarded,
being evidently due in some way to the decimals. So far as I can
gather from Mr. Woolhouse's remarks on page xci of the Institute of
Actuaries Life Tables, he seems to have differenced the numbers-
living, as derived directly from his formula, as far as second differences,
and then, noticing the points where any marked irregularities occurred,
removed them by the application of the rule given in his paper on
" Interpolation", in the Journal, vol. xii, p. 140. To illustrate the
application of this rule, I have differenced the numbers-living as
given in col. (10), and the result is shown in the following table:—

* These errors were pointed out by Mr. J. A. Higham, in a note to his paper
"On the Adjustment of Mortality Tables", p. 44, ante.—ED.
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From the above, it will be seen that at several points there are
marked irregularities in the progression of the differences, and at
these points Mr. Woolhouse made a further adjustment. To take an
example :—The three second differences of which that opposite age 57
is the central one, are —66, —59, and —68. The rule in question
requires the first and third of these numbers to be separately subtracted
from the second, and the two remainders added together; then one-sixth
of the sum will be the correction to be applied to the number-living.
In this case we shall have 7 + 9=16, which divided by 6 gives + 3 as
the correction ; and this, being added to the number derived from
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the formula, as per column (10), will be found to give exactly the
number in the HM Table, as per col. (11). At some of the other
points in the table, however, the application of this rule gives a result
differing by a unit in excess or defect from the correction which
Mr. Woolhouse has actually made use of; and at certain ages, such
as at 70 and 72, the effect of the several corrections gets involved in
a manner which renders it difficult to discover the exact method by
which Mr. Woolhouse produced his final results.

Yours, &c.,

Sydney, N.S.W.,
17 May 1883.

D. CARMENT.
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