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We extend the Neyman factorization theorem to the cases of localizable
and locally localizable dominating measures and prove that a subfield has a
Neyman factorization if and only if it is pairwise sufficient and contains car-
riers (PSCC for short). Thus the additional assumption, which was assumed
by Ghosh, Morimoto and Yamada ([3]), that the dominating measure is equi-
valent to the family of probability measures considered was removed. It is
proved that locally localizable measure can be extended in some sense to a
localizable measure on an enlarged sigma-field, without the assumption of
finite subset property of the measure. And this constitutes an important step
of the proof of the above theorem. Furthermore an extended notion of carrier
plays a remarkable role in the proof.

1. Introduction

We assume that each element in the family of probability measures con-
sidered has a density w.r.t. a common measure, called a dominating measure,
which is not necessarily sigma-finite. The Neyman factorization theorem,
in case that the dominating measure is sigma-finite, says that a particular fac-
torization (see Definition 4 below, and hereafter we call this a Neyman factori-
zation) of the densities of probability measures is equivalent to sufficiency of a
subfield. Ghosh, Morimoto and Yamada ([3], which is hereinafter refered as
the “previous paper”) extended this Neyman factorization theorem to the
cases where the dominating measures are localizable and locally localizable
(we call them weak domination and local weak domination respectively). In
those cases it was shown that the same factorization is equivalent to a property
of a subfield called PSCC, which is somewhat weaker than sufficiency, under
the additional assumption that the dominating measure is equivalent to the
family of probability measures considered.

In the case of weak domination the general case could be “reduced” to
the case of an equivalent dominating measure in the following way. Namely
if there exists a localizable dominating measure then there exists an equivalent
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localizable dominating measure ([6] Lemma 2.9 (2)). And the previous paper
([3]) did not show the Neyman factorization theorem about the densities w.r.t.
a general localizable dominating measure, but an equivalent localizable domi-
nating measure. Moreover in the case of local weak domination it is not even
known whether there exists an equivalent locally localizable dominating mea-
sure.

It is the purpose of this paper to establish the Neyman factorization theorem
generally, removing these restrictions, for the cases of weak domination and
local weak domination. Though weak domination is a part of local weak domi-
nation, the results are stated in separate Theorems (Theorem 1 and Theorem
2) for reasons that the measurability of a function appearing in the Neyman
factorization differs slightly in those two cases, and that we first show the result
for weakly dominated case then extend it to the locally weakly dominated case.
The definition of “a carrier of a probability measure” appearing in the Theorem
is given by Definition 3 below. In the case of equivalent dominating measure
such as in the previous paper, Definition 3 is equivalent to [p(x, P) >0], where
p(x, P) is a version of the density of a probability measure P ([3] Remark 1.1
(c)). However in the general case some carriers in the sense of Definition 3
are not the type of [p(x, P)>0]. If we ignore the fact, we cannot prove the
Theorems (see Example below).

We prove in Lemma 3 an intersting fact that locally localizable measure
can be extended in some sense to a localizable measure on the sigma-field of
locally measurable sets. This fact was proved in the previous paper under the
additional assumption that the measure has the finite subset property ([3] Lemma
2.4). Any equivalent dominating measure has the finite subset property, but
general dominating measure may not have this property. So the result without
this assumption is useful here and in fact it is an essential measure theoretical
tool when we extend the theorem under localizable dominating measure to
that under locally localizable dominating measure.

2. Definitions and notations

We give some definitions and notations which will be used in the sequel.
Let X be a set and 4 be a sigma-field of subsets of X. Let & be a family of
probability measures on (X, ). We call the triplet (X, A, &) a statistical
structure. If there exists a measure m on (X, _f) such that each P in & has a
non-negative density w.r.t. m, we call this measure a dominating measure for
(X, A, P). Thenitis clear that all P in & is absolutely continuous w.r.t. m and
this is denoted by P« m. dP|/dm(x) denotes any fixed version of the density of P
w.r.t. m. Every statistical structure considered in the sequel will be assumed to
have a dominating measure. We denote by N(m) the set of all m-null sets
and by N(%) the set of all 4 in A with A€ N(P)for all Pin . If a dominating
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measure m for (X, A, P) satisfies N(m)=N(P) then m is called to be equivalent
to P and it is written ~m. For any measure m on (X, 4) we define J(m)=
{ded; m(A)<co}, and A (m)={AcX; ANE€ for all E in A(m)}. It
is easy to see that ,(m) is a sigma-field. Elements of f,(m) are called locally
A-measurable w.r.t. m.

Let us define a function 7 on J,(m) by m(A)=sup {m(ANE); E< A(m)},
AeJd(m). 'That m is a measure on (X, A,(m)) is noted by Diepenbrock ([2]
Section 1) (see also Berberian ([1] p. 32, Theorem 1)).

DeriNiTION 1. ([3]) A measure m on (X, ) is said to be localizable (resp.
locally localizable) if for any subfamily & of _A(m) there exists an “ess-sup &’
w.r.t. m in A (resp. A,(m)) such that

(a) m(F—ess-sup F)=0 for all F in &, and

(b) For any 4 in A (resp. A,(m)) such that m(F—A)=0 for all F in &,
it follows that m (ess-sup F—A)=0 (resp. 7 (ess-sup F—A)=0).

It is easy to see that a localizable measure is locally localizable.

DEFINITION 2. A statistical structure (X, A, P) is said to be weakly domi-
nated (resp. locally weakly dominated) if there exists a localizable (resp. locally
localizable) dominating measure for (X, 4, P).

RemARK 1. Assuming that there exists an equivalent locally localizable
dominating measure, the previous paper showed a Neyman factorization theorem
for such a dominating measure. However whether the following two condi-
tions are equivalent is not known: 1) There exists a locally localizable dominating
measure for (X, A, P). 2) There exists an equivalent locally localizable do-
minating measure for (X, A, ). That we can prove now is the following:
Let m be a locally localizable dominating measure for (X, .4, &) which is not
necessarily equivalent to . Then there exists an equivalent dominating measure
n for (X, A, L) such that the completion of # is locally localizable on the com-
pleted sigma-field w.r.t. z.

A subfield (i.e., sub-sigma-field) B of 1 is said to be sufficient for (X,
A, P) if for any A4 in ] there exists a B-measurable function g(x) such that

P4 nB)ng g(x)dP(x), for all Bin B and P in P. A subfield B is said to

be pairwise sufficient for (X, A, P) if it is sufficient for (X, A, {P,, P,}) for
each pair {P), P,} from L. Let m be a measure on (X, J4) and II(x) be any
propositional function of x. Then [II(x)] denotes the set of all points x in X
which satisfy II(x). And II(x) [m] means that there exists a set N in N(m) such
that X—[II(x)]C V.

DrriniTiON 3. ([3]) Let C be a set in f and let PEP. 1If the following
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two conditions are satisfied then we say that C=C(P) is a carrier of P (w.r.t. P):
(a) P(C)=1, and
(b) A€, AcC and P(4)=0 imply A= N(XP).
If a subfield B contains a carrier C(P) for each P in P, then we shall say that
B contains carriers of P.
A subfield B is said to be PSCC if it is pairwise sufficient for (X, A, P)
and contains carriers of 2.

DeriniTION 4. ([3]) A subfield B is said to have a Neyman factorization
when for each P in @ dP|dm(x) is factored as

dP[dm(x) = g(x, P)h(x) a.e.,

where g(x, P) is a non-negative B-measurable function and A4(x) is a non-negative
function which is independent of P.

The measure to which “a.e.” refers and the measurability of A(x) vary
from context to context.

3. Weakly dominated case

Let (X, A, 2P) be a statistical structure and T be a set in 4. Then we
define TN A={T'NA4; A€ A} and P|;= {P|;; PEP}, where P|,; is a
measure on (T, T'N JA) which is defined by P| (TN A)=P(T'N4), A A. For
any measure m on (X, A), m|, is defined in the same manner. If f(x) is a
function on X we denote f|;(x) as the restriction of f(x) on T.

The following two Theorems in [3] are quoted here as Lemmas.

Lemma 1 (Ghosh, Morimoto and Yamada, [3] Theorem 1). Let a sta-
tistical structure (X, A, L) have a dominating measure m such that P~m. Suppose
that a subfield B has a Neyman factorization

dP|dm(x) =g(x, P)h(x) [m],

where g(x, P) is a non-negative B-measurable function for each P in P and h(x) is
a non-negative functiors such that h(x)>0 [m].
Then B is PSCC.

Lemma 2 (Ghosh, Morimoto and Yamada, [3] Theorem 4 and Remark
2.3). Let (X, A, P) be weakly dominated (resp. locally weakly dominated by a
localizabie (resp. locally localizable) dominating measure m such that P~m. Sup-
pose that a subfield B is PSCC. Then it has a Neyman fa-torization:

dP[dm(x) = g(x, P)h(x) [m] (resp. [m]),

where g(x, P) is a non-negative B-measurabl. function for each P in P and h(x) is



NEeYMAN FACTORIZATION THEOREMS 625

a non-negative A-measurable (resp. A ,(m)-measurable) function.

Theorem 1. Let a statistical structure (X, A, P) have a localizable dominat-
ing measure m. Then a subfield B is PSCC if and only if it has a Neyman factori-
2ation:

dPldm(x) = g(x, P(x)  [m], e (1)

where g(x, P) is a non-negative B-measurable function for each P in P and h(x)
1s a non-negative _A-measurable function.

Proof. “Only if” part. For any P in & we denote T p,=[dP/dm(x)>0].
Since m is localizable and each T, is a sigma-finite set w.r.t m it is easy to show

the family {T»; P€ %} has an essential supremum 7' w.r.t. m belonging to
A. It follows that, for each P in &,

P(X—T) = P(X—T)N T5)+P(X—T) N (X—T5))
< P(Tp—T)+P(X—T;) =0,

by m(Tp—T)=0 and P<Km. Therefore P|; is a probability measure on (7,
TNA), and hence (T, TN A, P|;) is a statistical structure. Clearly we have
P|r&Lm|;. Conversely let us assume that P|(TNA4)=0 for all P in L.
Then P(4)=0, and m(T » N A)=0 for each P in & by the definition of T',. Since
T is an essential supremum of {T,;Pc P} w.rt. m, we have m(TNA)=
m(T—(X—A))=0. Hence we have P|r~m]| .

Next we shall prove that m|; is localizable. Take any subfamily & of
TN A(m|z), which is the family of sets 4 in T'N A such that m|r(4)<<oo.
Then there exists an ess-sup F €A w.r.t. m because F C J(m) and m is locali-
zable. Denote S=T N (ess-sup F). Then S belongs to T'N A, and we have
for each Fin &F,

m| (F—S) = m(F—S) = m(F—ess-sup F) = 0. .- 2)

Take any 4 in T'N A such that m|(F—A4)=0 for all Fin &. Then it follows
that

m|(S—A) =m(S—A)<m (ess-supF—A4)=0. oo 3)

From (2) and (3) S is an essential supremum of & w.r.t. m|,. Hence m|; is
localizable.

Since it is clear that each P|; has a density w.r.t. m|,, (T, TN A, L|7)
is weakly dominated by an equivalent localizable dominating measure m| .

Let B be a subfield of A which is PSCC. Then TN 3= {T NB; B€ B}
isa subfield of TN A. Weshow that T'N B contains carriers of P|,. Take any
P in @ and let C(P) be a carrier of P which belongs to 8. Then we have
C'(P)=TNCP)eTNSB and P|(C'(P))=P(C(P)NT)=P(C(P))=1. Let 4
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be any set such that ACC'(P), A€ TN and P|;(A)=0. Then it follows
that Q(4)=0 for all O m % because it holds that ACC(P) and P(4)=0.
Therefore Q|(A4)=0 forall Q in P. Thus C’'(P) is a carrier of P|; which
belongs to T'N 3.

We can easily show that TN is pairwise sufficient for (T, TN A, P| 7).
Hence TN is PSCC for (T, TNA. P|;). So, from Lemma 2, we have a
Neyman factorization for T'N B: for each P in & it follows that

dP|rjdm| (x) = g'(x, P|)W'(x)  [mlg], e *)

where g'(x, P|;) is a non-negative T'N B-measurable function on T and A'(x)
is a non-negative 7' .{-measurable function on 7. Define a function A(x) on
X by

h(x) =H(x) if x€T,
=0 if xeX—T.

Then h(x) is a non-negative _{-measurable function on X. K.P.S.B. Rao and
B.V. Rao ([7], p. 5) showed if (X, ) is a measurable space, Y CX, f is areal
measurable function on (Y, ¥ N A) then there is a real measurable function f’
on (X, A) such that f=f" on Y. We can take a finite valued function as
g'(x, P|;), because in the previous paper ([3] Theorem 4) we showed that any
B-measurable version of the density of P|, w.r.t. a “pivotal measure” served
as the g'(x, P|;). Hence there exists a non-negative B-measurable function
&(», P) on X which is an extension of g'(x, P|;) to X. Since dP/dm|(x), which
is the restriction of dP/dm(x) on T, is a version of the density of P|; w.r.t. m|,
we have from (4)

dP|dm| 1(x) = g'(x, P|1)l'(x) = g(x, P)h(x) ~ [m|7]. - (5)

Since m(T» N (X—T))=0 and A(x)=0 on X—7T, we have (1) on X—T. But
on T we have the relation (5). So (1) holds true on 7. Therefore (1) holds
true on X.

“If” part. The first half of the proof of this part is the same as the pioof
of Lemma 1 ([3]). In fact, for the proof of pairwise sufficiency, the assumptions
P~m and h(x) >0 [m] were not used. We sketch here the proof for the sake of
self-containedness. For any two measures P, and P, in & define a $-measur-
able function k(x) as follows:

k(x) = 8(x, P) if the denominator is positive,
&(x, Pr)+g(x, P)

=0. otherwise.

Take any set 4 in A and let B be a subset of 4 defined by
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B = AN[dP,/dm(x)-+dP,/dm(x)>0] N [g(x, P,)+g(x, P;)>0]
N [dP,/dm(x) = g(x, P)h(x), i =1, 2] .

Then it can be proved that B€ ] and (P,+P,)(A—B)=0. Further A(x) is
positive on B. Hence

k(x) = dP,[dm(x)
dP, |dm(x)+ dP,|dm(x)
on B, so that
- dP, |dm(x)
S AP AP) = Ss dP, |dm(x)+ dP,/dm(x) APt Fy)

= P(B) = P\(4).

Hence 3 is sufficient for (X, A, {P;, P,}.
To prove that B contains carriers of P we use A-measurability of A(x)
instead of A(x) >0 [m] assumed in [3]. Take any P in &, and define

p(x, P) = dP|dm(x)  if dP[dm(x)>0, g(x, P)>0
=1 if dPldm(x)=0, g(x, P)>0

=0 otherwise.

Note that [p(x, P)>0]=[g(x, P)>0] belongs to B. As we have assumed that
any density is non-negative, it follows that

[dP|dm(x) £p(x, P)] = [dP[/dm(x)>0, g(x, P)=0]
U [dP/dm(x)=0, g(x, P)>0]C N, U [h(x)=0]
cN;UN,

where N, is a set in N(m) such that NpD[dP|dm(x)=g(x, P)h(x)], and N is
a set in N(m) such that [A(x)=0]=X—[h(x)>0]CN. Therefore we have
m([dP|dm(x) +=p(x, P)])=0. Hence p(x, P) is a version of the density of P w.r.t.
m such that [p(x, P) >0]€ 3.

We will show [g(x, P)>0] itself is a carrier of P which belongs to B using
A-measurability of A(x). Takeany Pin . Itis clear from (1) that P([g(x, P)>
0])=1. Let 4 be any set in A such that AC[g(x, P)>0] and P(A)=0. Then
it follows that

0= P(4) = g g(x, PYh(x)dm(z)

ANLdPram(x)>0]

S an [h(x)>0]g(x’ P)(x)dm(x) ,

because, if we write Np=[dP/dm(x) +g(x, P)h(x)],
(X—N;) N AN [dP[dm(x)>0] = (X—Np) N AN [k(x)>0]
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holds true by AcC[g(x, P)>0]. So we have m(AN[h(x)>0])=0. In these
few lines we used A-measurability of k(x). For any Q in @ it is clear that
O([h(x)=0])=0, so it follows that Q(A4 N [A(x)=0])=0 and hence Q(A4)=0.
This completes the proof.

To show that B contains carrier of P in Lemma 1, Ghosh, Morimoto
and Yamada proved a carrier of a special type of [p(x, P)>0] belongs to 3.
In fact, under the assumption that P~m, B contains carriers of & in the
sense of Definition 3 if and only if for each P in 9 there exists a version p(x, P)
of the density of P w.r.t. m such that [p(x, P)>0]€B ([3] Remark 1.1 (c)).
However if we drop the assumption that P~m, it may happen that B con-
tains carriers of & in the sense of Definition 3 but there does not exist a version
p(x, P) such that [p(x, P)>0]€B for some P in P. Therefore to prove the
“if”” part of Theorem 1, it is essential to use such a broader concept of carrier

as in Definition 3. The following example illustrating this point is due to
B.V. Rao.

ExampLE. Let X be the real line and .4 be the power set of X. Let =
{P;; x X, x 0} be the family of unit probability measures P, on x 0.
Then the counting measure m on (X, _A) is a localizable dominating measure
for (X, A, L). And m is not equivalent to L. Let B be the subfield of A
which is defined by B={4e ;0,14 or 0,1 A4}. Then, as is easily
shown, the set C(P,) defined by

CP)={0,1} if x=1,
= {«} if x=+0,1,

is a carrier of P, which belongs to B and B is pairwise sufficient. However
the unique density of P, w.r.t. m is the following:

dPjdm(x) =1 if x=1,
=0 if w1,
And [dP,/dm(x)>0]={1} E3B.

RemaRk 2. The above Example also gives a counter example for the
following result of Mussmann ([5] Lemma 2.2) in case that the dominating
measure is not necessarily equivalent to P: Let a statistical structure (X, A, P)
have an equivalent dominating measure m. Let B be sufficient for (X, A, &P).
Then for each P in & there exists a version p(x, P) of the density of P w.r.t. m
such that [p(x, P)>0]€B. In fact the subfield B in the above Example is
sufficient.

RemARK 3. Halmos and Savage ([4] Corollary 1) showed, in the result in the
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case of domination which corresponds to the “only if” part of Theorem 1,
that we can take A(x) satifying

mAN[AE)>0) =0 e (6)

for all 4 in N(%). Here domination of a statistical structure means that it
has a sigma-finite dominating measure.

~ Even if the dominating measure m is not sigma-finite, the relation (6)
holds true if m is equivalent to L. In either case m has the finite subset property
(Mussamnn, [6] Lemma 2.9 (1)); that is, for any 4 in A such that m(4)>0
there exists a set B in (4 such that BC 4 and 0<m(B)<co. Actually, as the
following proposition shows, the relation (6) can be proved generally under
the assumption that m has the finite subset property.

Proposition. Let (X, A, P) be weakly dominated by a localizable measure
m and let m have the finite subset property. Then a subfield B is PSCC if and
only if it has the following Neyman factorization:

dP|dm(x) = g(x, P)h(x) [m],

where g(x, P) is a non-negative B-measurable function for each P in P and h(x)
is a non-negative _A-measurable function which satisfies

m(A N [A(x)>0]) =0
for all A in N().

Proof. “If” part has been proved in Theorem 1. We only need to prove
“only if” part. Let m be an equivalent localizable dominating measure for
(X, A, P) such that there exists a B-measurable version g(x, P) of the density
of P w.r.t. n for each Pin &. The existence of such a measure, called a pivotal
measure, is guaranteed by Lemma 2.3 a) and Theorem 2 in the previous paper
([3]). For any set A which is sigma-finite w.r.t. m let k(x, A) be a non-negative
version of the density on 4 of n w.r.t. m. Define a function A(x, 4) on X by

h(x, A) = k(x, A) if x€4,
=0 if xeX—A.

Then it follows that {A(x, A); A is sigma-finite w.r.t. m} is an m-cross section;
that is, for any 4, and A4, which are sigma-finite w.r.t. m, it follows that I(x, A4, N
A)h(x, A))=1(x, A, N A)h(x, A;) [m], where I(x, A) is the indicator function of
A. Then, since m is localizable and has the finite subset property, there exists
a non-negative /-measurable function A(x) such that A(x)I(x, A)=h(x, A) [m]
for all 4 which is sigma-finite w.r.t. m (the previous paper [3] Lemma 2.2).

Take any version dP[/dm(x) of the density of P w.r.t. m. The restriction
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of m on [dP|dm(x)>0] is sigma-finite. Hence we have dP/dm(x)=dP|dn(x)
X dn|dm(x)=q(x,P)h(x) [m] on [dP|dm(x)>0].
We will denote

M, = {X—[dP|dm(x)>0]} N [q(x, P)>0] N [A(x)>0]

and show that m(M,)=0. For, suppose that m(Mp)>0. Then there exists a
set B in 4 such that BC M, and 0<<m(B)< oo because m has the finite subset
property. Hence we have h(x)I(x, By=h(x, B) [m]. Because of this relation
and by 0=k(x, B)=h(x, B) if x& BN [k(x, B)=0] we have

mBOkx,B)=0)=0. e @)
On the other hand
0= P(M;) = SMP g(x, P)dn(x)

implies that n(Mp)=0 and hence n(B)=0. So we have
m(BN[k(x, B)>0])=0. e (8)

From (7) and (8) it follows that m(B)=0. This is a contradiction. Hence we
have m(M;)=0.

Therefore B has a Neyman factorization on X: dP/dm(x)=q(x, P)h(x) [m].

Take any set 4 in N(P). If m(AN[h(x)>0])>0 then there exists a set
B in A such that BC A N[A(x)>0] and 0<m(B)<<co because m has the
finite subset property. Denote Ny=BN [A(x)I(x, B) &h(x, B)]. 'Then we have
m(BN [A(x, B)=0])<m(Nz)=0. So it follows that m(BN[k(x, B)>0])>0
because m(B)>0. On the other hand BC 4 and $P~n imply that

0 = n(B) = SB k(x, B)dm(x) = SB h(x, B)dm(x) .

Hence m(BN [h(x, B)>0])=0. This is a contradiction. Thus it follows that
m(A N [A(x)>0])=0. This completes the proof.
4. Locally weakly dominated case

The next lemma has been proved in the previous paper ([3] Lemma 2.4)
under the additional assumption that m has the finite subset property.

Lemma 3. If m is a locally localizable measure on (X, A) then i is localiz-
able on (X, A,(m)).

Proof. Let & be any family of sets in J4,(m) which have finite 7-measure.
For any Fin & there exists a set E in {, which is sigma-finite w.r.t. m, such that
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m(F)=mFNE), e )

by the definition of 7. It is clear that m(E)=m(E) for all E in J(m). Hence
it follows that

mFNEg)=mFNE;). e (10)
Denote = {FNE;; FEJ}. Since F is a subfamily of A(m) and m is

locally localizable, there exists an essent’al supremum S of & in ,(m) w.r.t. m.

We prove that S is also an essential supremum of & w.r.t. m. For any set F in
& we have

m(F—S)<m(F—FNEz)U(FNE;—S8))
<#(F—FNFe)+m(FNE—S) =0,

by (9), (10) and the definition of S. Let 4 be any set in A,(m) such that
m(F—A)=0 for all Fin &. Then we have

m(F N Ep—A) = m(F \ Ep— A)<m(F—A) = 0

for all FNE; in &. Hence it follows that 7(S—A4)=0 by the definition of S.
This proves that 7 is localizable on A,(m).

Theorem 2. Let (X, A, L) be locally weakly dominated by a locally localiz-
able measure m. Let B be a subfield of A. Then B is PSCC if and only if it has
a Neyman factorization:

dP[dm(x) = g(x, P)h(x)  [m],

where g(x, P) is a non-negative B-measurable function for each P in P and h(x)
is a non-negative A (m)-measurable function.

Proof. “Only if” part. Let us take any P in L. We define a probability
measure P on (X, J(m)) by P(A)=P(ANT,), where Tp=[dP|dm(x)>0].
Since ANTrE A and | gnr,=m| gn7, o0 (ANTp, (AN Tp) N A) for all 4 in
Aj(m), where 7| 407, is the measure on (ANTp, (ANTp)NA) defined by
| anr(B)=m(B) for all B€(ANTp)NA, P is an extension of P to A (m)
and dP/dm(x) is also a version of the density of P w.r.t. 7. By above Lemma
3, therefore, M is a localizable dominating measure for (X, JA,(m), P), where
P={P; PeP}.

Next we shall prove that B is PSCC for (X, A (m), ). The proof that
B is pairwise sufficient for (X, A (m), P) is the same as the first half of the
proof of Lemma 2.7 in the previous paper ([3]). However we need a change
on carrier. So we sketch a proof for the sake of completeness. Take any two
measures P, and P, in @ and a B-measurable version f(x) of the density of P,
w.rt. PP, Ty and Tp, are sigma-finite w.r.t. m, and so AN(Tp UTp,)EA
for all 4 in A (m). Hence it follows that f(x) is a version of the density of
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P, w.rt. P/+P, So B is pairwise sufficient for (X, A, (m), P).

Let C(P) be a carrier of P w.r.t. ? which belongs to 8. Then P(C(P))=
P(C(P))=1. Let 4 be any set in A,(m) such that Ac C(P) and P(4)=0 hold.
Then it follows that P(ANTp)=0 and 4 N TpC C(P), which imply that
ANT,EN(2P) by the definition of a carrier. So for any Q in & we have

OANT-NTY)=0. e (11)

On the other hand we have P(AN(X—Tp)NTo)=0and AN(X—Tp)NTeC
C(P). Therefore AN(X—Tp) N ToeN(LP), and hence

0UNX—=Tp)NT)=0.  eeeee (12)

From (11) and (12), it follows that O(4)=Q(AN To)=0. Therefore C(P) is a
carrier of P w.r.t. @. By Theorem 1, we have the desired Neyman factoriza-
tion.

“If” part. Since (X, A,(m), P)is weakly dominated by # and each dP/dm
(%) is a version of the density of P w.r.t. %, from Theorem 1 again, B is PSCC
for (X, A (m), P). Then, because each P is an extension of P to A,(m), it
is clear that B is PSCC for (X, A, P). This completes the proof.
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