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Abstract

J. F. C. Kingman (1967) proved that if {¢.}, n =1,2,--+, N is any set of Radon-Nikodym
derivatives of A, w.r.t. u,, when A,, u,, are the restrictions of A, u respectively to a sub o-algebra
G, of G then

. ﬁ ér dh = A(X) [ﬁ;—%r

where b, Z0V, and B = Z)_, b,.
This paper simplifies Kingman’s proof and finds upper and lower bounds for the integral
when the b,’s can assume negative values.

Introduction

Let A, u be positive measures on a o-algebra ¢ of subsets of X and
%'C% be a sub o-albegra of 4. Also define A’, 1’ to be the respective
restrictions of A, u to %'. If A’ is absolutely continuous with respect to i’ then
there exists a unique ¢’, the Radon-Nikodym derivative of A’ w.r.t. u’', with
&' — 4’ measurable and

A(E)= L ¢'dy’ forall E€ .

Kingman (1967) proved that if {¢.},n=1,2,---,N is any set of
Radon-Nikodym derivatives of A, w.r.t. u, where A,, . are the restrictions
of A, . tespectively to a sub o-algebra 4, of ¢ then

1= [ 1] srar=aco [2Q]°

where b, =0 for all n and B = Z7_, b..
In this paper we simplify Kingman's proof, especially for the case of
equality and then find upper and lower bounds for I when the b.’s can assume
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negative values. The latter problem was pointed out to the author by
Professor J. Darroch and Miss H. F. Wang of Flinders University who needed
an upper bound to help solve a contingency table problem.

For convenience we define

- _ LB - _{4»" if b, Z0
B Z ,bn |7 Cn B ’ p go Cn, ‘Yn - :| ]f bn < .

Kingman’s inequality

If we assume that b, = 0 for all n and we use Holder’s Inequality and the
harmonic mean less than or equal to the geometric mean result, we have

L U¢ﬁ"%z fx (2 C.(pi‘)_ A(X)— [f E ntpn‘)‘(x)]w.

However, dA = ¢.du on 4, and X, C, =1 and therefore we have

X B
: 12a00 [209)
@ X |56
To show when equality holds in this result, we need examine only (1) as
the final step is actually an equality. We have equality in the first stage of (1) if
and only if ¢. = f a.e. [A] for all n. [Mitrinovi¢ (1970) p. 76].
On substituting ¢, = f into (1) we obtain

[.rimzl] i)

From Holder’s Inequality the only possibility remaining for equality (ignoring
b, = 0 for all n) is that f = constant a.e. [A]. By substituting ¢, = C into (2) it
follows that equality holds if and only if

- MX)
b w (X) a.e.[A] forall n

Some bounds for I

To find bounds for I when b, € R we assume that A is absolutely
continuous w.r.t. u. Such an assumption means that the Radon-Nikodym
derivative ¢ of A w.r.t. u exists and that unique R-N derivatives of A w.r.t.
u exists for every sub o-algebra of 4.

LEMMA. Suppose ¢, ¢’ are non-negative integrable functions such that ¢’
is 4’ measurable and
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3) f o'dy = L edu VEE Y.
E

Let h be a convex function on [0, ) such that h(¢), h{¢’) are § measurable
and summable on X. Then

(@) L h(e)dp = L h(p)du.

The above inequality is more general than we need for our purposes. In fact
we are interested only in the case h(x)= x" The general form given above
was postulated and proved by Leon Simon of Stanford University to whom
the author is very grateful.

Proor. It suffices to prove the theorem subject to the assumption
&) [h(t)-h(1)|=K|t—1t], t t€E€(0,°), K constant

because any convex function can be pointwise approximated by an increasing
sequence of such functions.

First we choose a sequence of simple functions {s,} of the form
S = 228 AL xegm where {E{} C ¢’ form a partition of X, yx is the charac-
teristic function of the set E and

©) f s, —¢@'| du —0 as n—wo
Now
N(n) N(n)
@) [ neoan =3 [ heode = 3 har)eEe),

But by (5), we have

N(n)
>
k=1

h2) - h{wEOT [ o du} [uED)

®)

A

N(n)
K> ]Az"m(E‘:’)— fm«a'du\
k=1 E;

IIA

K| |s.—e¢'|du.

»

Combining (6), (7) and (8) we then have

[ nrdn = 3 wEen sflwEon [ etau) e

where ¢, —> 0 as n — o,
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Then by (3) and Jensen’s Inequality,

N(n)
[ heodu= 3 [ h@rdute= [ herduten
X k=1 JEx X

Letting n — o« we have (2).
We note that each of our Radon-Nikodym derivatives, ¢,, satisfy the
preconditions of ¢’, and consequently qualify for this lemma.

THEOREM 1. If b, € R for all n, then,

pf ¢"d)t+(1—p)f ¢ %dr for B=z=1
X X

I=
PL ¢°dr + (1- p)A(X) [Aﬂ(%]s 0=B=1.

PRrROOF.
Jo Matan= [ (Ioe) = [ im (3 cot)” o

But for 0=t = B, B/t 2 1, and the power mean result (Mitrinovi¢) gives
Igf > CoyZda= Cf d2dr + cf ¢-2dA.
X n nz=0 n<0

Now because dA = ¢.dp on 4. and ¢.'% ¢+ 2 are convex for B =1 the
above Lemma gives the required result for B=1. For0=B =1, ¢,"? is still

convex and
[ oty ([, et - (389 omo

THEOREM 2. If b, ER for all n,

A COP [(l—p) L $Pd\ + pA(X) [fﬁ%ﬂ 0=B=1

~
v

peor [a-p) [ sansmeo]” B2

Proor.

[[Tersbzrc0([ Temar]
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and utilising Theorem 1

-1

©) Iz[AX)] [(l—p) fx #°dA +pJX ¢“’d)«] for Bzl
(10) T = [A(XY [(1—p)fx 6®d\ + pA(X) [/ﬁ%r]l 0=B=1.

However, an alternative lower bound can be found using the power mean
inequality and Holder’s Inequality as follows:

J Hd’",\(X) jx (Hy;c")ia%
= [ (Ze) 56
=], Tersisl

=[S ef o5t 2.0, vt]

n:n<0

and since the power is negative we use the upper bound for [x ¢.dA from the
lemma to obtain

-B

(1) r200re [a-p) [ ddr+pucx)]

A simple comparison of (9), (10), (11) using Holder’s inequality shows that for
0=B =1 (10) gives a tighter lower bound whereas (11) is preferable for
B=1. Q.E.D.

Conclusion

By an argument similar to that given in our proof of Kingman’s
inequality it can be shown that equality holds in (11), if and only if

¢, =1ae. [A] for all n and f ddr = A(X) O<p<l
- AX) f I LY C.9)
b (%) ae. [A] or all n and L bdA 2 (X) p=0

bn —%?% a.e. [A] for all n p=1

Unfortunately cases of equality for (9), (10) and Theorem 1 are more difficult
to analyse. At present we can say no more that if p = 0,1 all bounds are
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attained when ¢ = A(X)/u(X) a.e. [A] and if 0<p <1 we must restrict
é=1ae. [A]

Finally, note that I is independent of ¥ and ¢. To obtain our best bounds
for I we must, in each theorem, minimise {x h(¢)du where h is some convex
function on (0, ). The lemma shows that this can be done by choosing ¢ as
the smallest o -algebra satisfying the given conditions, i.e. 4 should be chosen
as the smallest o-algebra generated from U, 4.
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