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On the isomorphism problem for ultraproducts of
C∗-algebras in continuous model theory

AKIHIKO ARAI

Abstract: In classical model theory, the Keisler–Shelah theorem establishes a fun-
damental connection between the elementary equivalence of structures and the
isomorphism of their ultrapowers. Motivated by this, one may ask whether an
analogous relationship holds in the framework of continuous model theory, which
naturally encompasses metric structures such as C∗ -algebras. In this paper, we
investigate the isomorphism problem for ultraproducts of operator algebras from
a model-theoretic perspective. We prove that, assuming the negation of the con-
tinuum hypothesis, there exist two elementarily equivalent infinite-dimensional
unital C∗ -algebras A and B , whose density characters are at most c , such that
for all non-principal ultrafilters U ,V on ω , the ultrapowers AU and BV are not
isomorphic. This result provides a continuous analogue of certain classical theo-
rems concerning ultraproducts and demonstrates that the model-theoretic behavior
of C∗ -algebras is closely related to set-theoretic principles such as the continuum
hypothesis.

2020 Mathematics Subject Classification: 03C20, 46L05, 03C90, 03C98, 03E50
(primary)

Keywords: model theory, continuous logic, C∗ -algebras, ultraproduct, continuum
hypothesis

1 Introduction

The ultraproduct construction is a significant object of study in both model theory and
operator algebras. The model-theoretic notion of ultraproducts was introduced by Łoś
in [22] in the 1950s, and Robinson made use of it to develop nonstandard analysis
(cf. [24]). Around the same time, an ultraproduct-like construction appeared in the
context of operator algebras in the work of Kaplansky and Wright [29]. Subsequently,
Sakai introduced the ultraproduct of II1 factors in [25], and McDuff [23] discovered
its significance. Later, Connes [5] and Kirchberg [21] applied this construction to the
classification theory of operator algebras. However, no essential connection between
these two perspectives seems to have been recognized at the time.
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2 A Arai

In model theory, the isomorphism of ultraproducts of two structures is closely related to
the notion of elementary equivalence. One of the earliest results in this direction is due
to Keisler [20], who showed that, under the assumption of the continuum hypothesis,
for any L-theory T in a countable language L and any two models M and N of T of
cardinality at most c, M and N are elementarily equivalent (i.e., M ≡ N ) if and only
if they have isomorphic ultrapowers with respect to an ultrafilter on ω . Furthermore,
Shelah [26] (see also [27]) generalized this result by weakening the assumption on the
ultrafilter from ω to sufficiently large cardinals, thereby showing that the theorem holds
in ZFC. This is known as the Keisler–Shelah theorem. Thus, the following question
naturally arises.

Question 1.1 Assume the continuum hypothesis fails. For which L-theories T in a
countable language L, do there exist models M and N of T of size at most c (or ℵ0 )
such that M and N are elementarily equivalent, but MU and NV are not isomorphic
for all non-principal ultrafilters U ,V on ω?

Several concrete results, as well as sufficient conditions for Question 1.1, have been
obtained by Golshani and Shelah [15, 16], Tsuboi [28], and Goto [17].

In recent years, continuous model theory, a generalization of classical model theory to
the setting of metric structures, has gained increasing attention as a powerful tool for
analyzing ultraproducts of operator algebras. For example, Farah, Hart, and Sherman
showed in this framework that all countable ultrapowers of a separable C∗ -algebra A
are isomorphic if and only if the continuum hypothesis holds [9, Theorem 5.1].

Accordingly, we are interested in the following problem, which is an extension of
Question 1.1 to the framework of continuous model theory, particularly in the case of
the theory of operator algebras. (It is mentioned by Farah, Hart, and Sherman in [11,
§4] in the case of II1 factors.)

Question 1.2 Assume the continuum hypothesis fails. For which L-theories T with
χ(T,L) ≤ ℵ0 do there exist models M and N of T of density character at most c (or
ℵ0 ) such that M ≡ N , but MU 6∼= NV for all non-principal ultrafilters U ,V on ω?

In this paper, we study this problem in the setting of C∗ -algebras. For Question 1.2,
we obtain the following result:

Theorem 1.3 Assume the continuum hypothesis fails. Then there exist C∗ -algebras
A and B of density character at most c such that A ≡ B, but AU and BV are not
isomorphic for any non-principal ultrafilters U ,V on ω .
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We describe the overall outline of this paper. In Section 2, we present preliminaries,
including several basic results in continuous model theory.

In Section 3, we provide a sufficient condition for Question 1.1 via Theorem 3.1. This
result applies to general continuous languages, and in the classical setting it yields
several known results; see Remark 3.3.

In Section 4, we prove Theorem 1.3 based on the results of Section 3. In particular,
Lemma 4.1 provides a concrete example of a theory satisfying Theorem 1.3.

In Section 5, we discuss a topological application of the results obtained in Section 4.
Finally, in Section 6, we propose several related open problems as directions for future
research.
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2 Preliminaries

In this section, we present several basic results in continuous model theory, without
proofs. For detailed proofs and further discussion, we refer the reader to Hart [18],
Farah, Hart, and Sherman [10], Farah et al. [8], and Ben Yaacov, Berenstein, Henson,
and Usvyatsov [1].

Notation 2.1

• We denote ordinals by α, β, γ, . . . and cardinals by κ, λ, . . . .

• For a cardinal κ, we denote by κ+ the successor cardinal of κ, that is, the least
cardinal greater than κ.

• We denote by ωα the initial ordinal of cardinality ℵα . In particular, ω0 , which
is the set of all natural numbers, is simply denoted by ω .
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• We denote the cardinality of the continuum 2ℵ0 by c. The continuum hypothesis
(CH) is the statement c = ℵ1 . Thus, ¬CH is equivalent to ℵ1 < c, and hence to
ℵ2 ≤ c.

• For a set X equipped with a binary relation R, the cofinality of (X,R), denoted
by cf(X,R), is the least cardinality of a cofinal subset of (X,R).

• We denote by βI \ I the set of all non-principal ultrafilters on a set I .

We use the notation of continuous model theory introduced by Hart in [18]. From
now on, unless otherwise specified, we assume that L is a language (in the sense of
continuous model theory), and that T is a complete theory with χ(T,L) ≤ ℵ0 .

Many fundamental results in classical model theory admit natural analogues in con-
tinuous model theory. For the reader’s convenience, we list below several relevant
theorems together with references:

• Łoś’ theorem (see Ben Yaacov, Berenstein, Henson, and Usvyatsov [1, Theorem
5.4] for a complete proof),

• The downward Löwenheim–Skolem–Tarski theorem (see [18, Theorem 5.6] and
[10, Theorem 4.6]),

• The Tarski’s elementary chain theorem (cf. [18, Proposition 5.10]).

• A characterization of definable sets (see [18, Theorem 8.2]).

• The existence of saturated models (see [18, Proposition 7.8]).

Finally, we conclude this section with some remarks.

Remark 2.2 Let (Mα)α<γ be an elementary chain of L-structures, and let M =⋃
α<γ Mα . The continuous analogue of Tarski’s elementary chain theorem states that

the completion of M is an elementary extension of Mα for all α < γ . However, if
cf(γ) > ℵ0 , then M is automatically complete. Therefore, M itself is an elementary
extension of Mα for all α < γ .

The following result is not stated explicitly in [18], so we include its statement and
proof here.

Lemma 2.3 Let M be an L-structure and let A ⊆ M . For a set t(x̄) of LA -formulas
with free variables x̄ , the following are equivalent:

(1) t(x̄) is (the kernel of) a type over A; that is, there exist a model N � M and a
tuple b̄ ∈ N such that ϕN(b̄) = 0 for all ϕ(x̄) ∈ t(x̄).
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(2) t(x̄) is approximately finitely satisfiable in M . i.e., for every finite subset
t0(x̄) ⊆ t(x̄) and every ε > 0, there exists b̄ ∈ M such that

∣∣ϕM(b̄)
∣∣ < ε for all

ϕ(x̄) ∈ t0(x̄).

Proof The implication (2) =⇒ (1) follows immediately from the compactness
theorem for continuous model theory (see [18, Theorem 6.4]).

We show (1) =⇒ (2). By (1), there exists a model N � M such that t(x̄) is realized
in N . Fix a finite subset t0(x̄) ⊆ t(x̄). The LA -sentence

inf
x̄

max {|ϕ(x̄)| : ϕ(x̄) ∈ t0(x̄)}

belongs to Th(N) = Th(MA). Thus, for every ε > 0, there exists some b̄ ∈ M such
that

∣∣ϕM(b̄)
∣∣ < ε holds for all ϕ(x̄) in t0(x̄), which completes the proof of (2).

3 Main Result for General Setting

In this section, we give a sufficient condition on T for Theorem 1.3 in the general
setting of continuous model theory.

Theorem 3.1 Assume that T has a definable set X relative to T and a (possibly
definable) formula ϕ(x̄, ȳ) satisfying the following conditions:

• ϕ takes discrete values {0, 1} on X . That is, for every M |= T, we have
ϕM(ā, b̄) ∈ {0, 1} for all ā, b̄ ∈ X(M).

• ϕ defines an asymmetric relation on X . That is, for every M |= T and all
ā, b̄ ∈ X(M), if ϕM(ā, b̄) = 0, then ϕM(b̄, ā) = 1.

• For any M |= T, any n < ω , and any āi ∈ X(M) (i < n), there exists b̄ ∈ X(M)
such that ϕM(āi, b̄) = 0 for all i < n.

Then, under the failure of the continuum hypothesis, there exist models A,B |= T with
density characters at most c such that AU 6∼= BV for all U ,V ∈ βω \ ω .

Proof We take a κ-saturated model M of T for sufficiently large cardinals κ.

For ā, b̄ ∈ X(M), define ā C b̄ by ϕM(ā, b̄) = 0. Let ā E b̄ denote ā C b̄ or ā = b̄.

For ordinals α ≤ c, we define āα ∈ M and Mα � M inductively that satisfy the
following conditions:
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• For all α < c, we have Mα � Mα+1 and χ(Mα) ≤ |α|+ ℵ0 .

• For all α < c, we have āα ∈ X(Mα+1) and ā C āα for all ā ∈ X(Mα).

• For every limit ordinal γ ≤ c, we have Mγ =
⋃
α<γ Mα .

One can find a separable elementary submodel M0 of M by the downward Löwenheim–
Skolem–Tarski theorem. Suppose that Mα has already been defined. Consider the set
of formulas

t(x̄) := {d(x̄,X)} ∪ {ϕ(ā, x̄) : ā ∈ X(Mα)} .

By the assumptions on ϕ, t(x̄) is approximately finitely satisfiable. Thus, by Lemma 2.3,
t(x̄) is a type over M . By the saturation of M , we can choose āα ∈ M realizing t(x̄).
By the downward Löwenheim–Skolem–Tarski theorem, we can take Mα+1 � M such
that Mα ∪ {āα} ⊆ Mα+1 and χ(Mα+1) ≤ χ(Mα) + ℵ0 . For a limit ordinal γ ≤ c, we
note that Mγ � M by the Tarski’s elementary chain theorem.

In this setting, the following holds:

Claim For every uncountable regular cardinal κ ≤ c and every U ∈ βω \ω , we have

cf
(
X(MUκ ),E

)
= κ.

Proof of claim. First, we show that cf(X(MUκ ),E) ≤ κ. Let

C := {[(āα)n] : α < κ} ⊆ X(MUκ ).

Obviously, |C| ≤ κ. We show that C is cofinal in (X(MUκ ),E). Let d̄ ∈ X(MUκ ).
Since definable sets commute with ultraproducts, we may assume that d̄ = [(d̄n)n]U ,
where d̄n ∈ X(Mκ) for all n < ω . By the regularity of κ and Remark 2.2, for each
n < ω we may choose αn < κ such that d̄n ∈ X(Mαn). Let α := supn<ω αn and
define c̄ := [(āα)n<ω]U ∈ C . Since κ is a regular cardinal, we have α < κ, and hence
āα ∈ X(Mκ). For all n < ω , we have d̄n E āα Therefore, by the Łoś’ theorem, we
obtain d̄ E c̄.

Next, we show that κ ≤ cf(X(MUκ ),E). Let C ⊆ X(MUκ ) be a subset with |C| < κ.
Write C = {c̄α : α < λ}, where λ := |C| < κ, and c̄α = [(c̄αn )n]U with c̄αn ∈ X(Mκ)
for each n < ω and α < λ. By the regularity of κ and Remark 2.2, for each n < ω and
α < λ, we can take βαn < κ such that c̄αn ∈ Mβα

n
. Let β := sup {βαn : n < ω,α < λ}

and d̄ := [(āβ)n]U . Since κ is regular and λ < κ, we have β < κ, and hence
āβ ∈ X(Mκ). For each α < λ and every n < ω , we have c̄αn C āβ , and hence c̄α C d̄
by the Łoś’ theorem. Since C is an asymmetric relation, it follows that d̄ 6E c̄α for all
α < λ.
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Assume the continuum hypothesis fails. Then we have ω2 ≤ c. Thus, by the claim
above, letting A := Mω1 and B := Mω2 , we obtain

cf(X(AU ),E) = ω1 6= ω2 = cf(X(BV ),E)

for any U ,V ∈ βω \ ω , thereby completing the proof.

The above result can be regarded as a generalization of [15, Theorem 2.1] and the
results obtained in [28, §3].

Remark 3.2 The conditions of Theorem 3.1 can be described in terms of formulas as
follows:

• T |= supx̄,ȳ∈X min{|ϕ(x̄, ȳ)| , |1− ϕ(x̄, ȳ)|}.

• T |= supx̄,ȳ∈X max{0, 1− ϕ(ȳ, x̄)− ϕ(x̄, ȳ)}.

• For all n < ω , we have

T |= sup
x̄0∈X

. . . sup
x̄n−1∈X

inf
ȳ∈X

max
i<n

ϕ(x̄i, ȳ).

Consequently, since T is assumed to be complete, if these conditions hold in some
model of T, then they hold in every model of T.

Remark 3.3 In the classical setting, condition (1) of Theorem 3.1 is not needed,
so conditions (2) and (3) suffice. In this case, several known results follow from
Theorem 3.1:

• Th(Q, <) ([15, Theorem 2.1]), with ϕ(x, y) ≡ x < y.

◦ More generally, any (strictly) directed set satisfies the conditions of Theo-
rem 3.1.

• The theory of random graphs ([28]) : ϕ((x, y), (u, v)) ≡ ¬(xRv) ∧ yRu.

• The theory of atomless Boolean algebras ([17]) :

ϕ((a, b), (a′, b′)) ≡ (ab′ 6= 0 ∧ a(1− b′) 6= 0) ∧ (a′b = 0 ∨ a′(1− b) = 0).

Remark 3.4 It is known that Goldbring and Keisler proved that the Keisler–Shelah
theorem also holds in the continuous setting [14]. Therefore, the result of Theorem 3.1
indicates that the failure of the continuum hypothesis affects the cardinalities of the
index sets of ultrapowers.
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4 Proof of Theorem 1.3

In order to prove Theorem 1.3, it suffices to find a theory of unital C∗ -algebras that
satisfies the conditions of Theorem 3.1. For a C∗ -algebra A, P(A) denotes the set of
all projections in A. For p ∈ P(A) \ {0}, p is said to be minimal if, for any q ∈ P(A)
with 0 ≤ q ≤ p one has q = 0 or q = p.

Lemma 4.1 Let T be a theory of unital C∗ -algebras A satisfying the following
conditions:

• For all p, q ∈ P(A), we have pq = qp.

• A has no minimal projections. That is, for every p ∈ P(A) \ {0}, there exists
q ∈ P(A) such that 0 � q � p.

Then, there exists a formula that satisfies the conditions in Theorem 3.1.

Proof Let X(·) := P(·) \ {0, 1}. We note that X is a definable set relative to the
theory of unital C∗ -algebras (cf. [18, Example 8.5]).

Define the formulas ϕ(x, y) and ψ((x, y), (x′, y′)) by

ϕ(x, y) := max{1− ‖xy‖ , 1− ‖x(1− y)‖},
ψ((x, y), (x′, y′)) := max{ϕ(x, y′), 1− ϕ(x′, y)}.

By the commutativity of projections, both pq and p(1 − q) are projections for all
p, q ∈ X(A). Hence, ϕ and ψ take only the discrete values {0, 1} on X . Moreover, it
is easy to check that ψ is asymmetric on X2 .

To show that ψ satisfies condition (3) of Theorem 3.1, it suffices to prove the following
claim:

Claim For every n < ω and pi ∈ X(A) (i < n), there exist q, r ∈ X(A) such that

ϕA(pi, q) = 0 and ϕA(r, pi) = 1

for all i < n.

We now prove this claim. Let n < ω and let pi ∈ X(A) for i < n.

For each σ ∈ 2n , we define pσ ∈ X(A) by

pσ :=
∏
i<n

[(1− σ(i))pi + σ(i)(1− pi)] .

Journal of Logic & Analysis 18:4 (2026)
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Since A has no minimal projections, for each σ ∈ 2n with pσ 6= 0, we can choose
qσ ∈ X(A) such that 0 � qσ � pσ , and define q :=

∑
σ qσ . Since the sum of all

pσ is equal to the unit 1, there exists σ ∈ 2n such that pσ 6= 0, and thus q 6= 0.
Moreover, since the pσ are mutually orthogonal, the qσ are also mutually orthogonal,
and hence q ∈ X(A). For each i < n, we have piq =

∑
σ:σ(i)=0 qσ 6= 0 and

pi(1− q) =
∑

σ:σ(i)=0(pσ − qσ) 6= 0. Therefore, ϕA(pi, q) = 0 for all i < n.

Next, define r := pσ ∈ X(A) for some σ ∈ 2n with pσ 6= 0. For each i < n, if
σ(i) = 0, then r = pσ ≤ pi , and hence r(1 − pi) = 0. Similarly, if σ(i) = 1, then
rpi = 0. Therefore, ϕA(r, pi) = 1 for all i < n.

The following is our main result.

Theorem 4.2 Suppose that T satisfies the conditions in Lemma 4.1. Then, under
the failure of the continuum hypothesis, there exist unital C∗ -algebras A,B |= T with
density characters at most c such that AU 6∼= BV for all U ,V ∈ βω \ ω .

Proof This immediately follows from Theorem 3.1 and Lemma 4.1.

Finally, we conclude this section by giving a concrete example of Theorem 1.3.

Example 4.3 Let X be the Cantor space 2ω . The C∗ -algebra A = C(X) is an
abelian unital C∗ -algebra with no minimal projections. Thus, the theory of A satisfies
the conditions in Lemma 4.1. More generally, for any abelian unital C∗ -algebra
A = C(X), where X is a compact Hausdorff space, A has no minimal projections if and
only if the Boolean algebra clop(X) consisting of all clopen subsets of X is atomless.

A nonabelian example is obtained by tensoring a unital nonabelian C∗ -algebra with no
nontrivial projections such as the Jiang–Su algebra Z . Namely, for X as above, the
theory of Z ⊗ C(X) satisfies the conditions in Lemma 4.1.

5 Applications to General Topology

In this section, we discuss applications of Theorem 1.3 to general topology in the
commutative case.
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Definition 5.1 Suppose that X is a topological space. We say that X is totally
disconnected if all connected components of X are singleton sets. We say that X is
0-dimensional if clop(X) forms a basis for X . When X is a compact Hausdorff space,
the conditions of being totally disconnected and being 0-dimensional are equivalent.
A compact Hausdorff space satisfying these conditions is called a Stone space.

We note that Gelfand duality implies that, for compact Hausdorff spaces X and Y ,
X and Y are homeomorphic if and only if C(X) ∼= C(Y) as C∗ -algebras. Similarly,
Stone duality, as discussed by Farah [7, §1.3.1], implies that, for Stone spaces X and
Y , X and Y are homeomorphic if and only if clop(X) ∼= clop(Y) as Boolean algebras.
Moreover, a compact Hausdorff space X is a Stone space if and only if C(X) is an
abelian C∗ -algebra of real rank zero.

Lemma 5.2 (Eagle and Vignati [6, Lemma 5.7]) Let X be a compact Hausdorff
space, and U be an ultrafilter. Then C(X)U ∼= C(

∑
U X), and clop(X)U ∼= clop(

∑
U X)

where
∑
U X is the ultracopower of X and clop(X)U is the classical model-theoretic

ultrapower of Boolean algebra clop(X).

For a topological space X , the weight of X , denoted by w(X), is the least cardinality
of a basis for X .

By applying Theorem 4.2 to C(2ω), we obtain the following result:

Corollary 5.3 Under the failure of the continuum hypothesis, there exist Stone spaces
X and Y satisfying the following properties:

(1) w(X),w(Y) ≤ c.

(2) There exist a set I and non-principal ultrafilters U ,V ∈ βI \ I such that
∑
U X

and
∑
V Y are homeomorphic.

(3) For any U ,V ∈ βω \ ω ,
∑
U X and

∑
V Y are not homeomorphic.

Proof Suppose that the continuum hypothesis fails. By Theorem 4.2 with M =

C(2ω), there exist A,B |= Th(M) such that χ(A), χ(B) ≤ c and AU 6∼= BV for all
U ,V ∈ βω \ ω . By the Keisler–Shelah theorem, there exist a set I and non-principal
ultrafilters U ,V ∈ βI \ I such that AU ∼= BV .

Note that M is a unital abelian C∗ -algebra of real rank zero. Since the class of real
rank zero C∗ -algebras is elementary (see [8, Example 2.4.2]), A and B are also unital
abelian C∗ -algebras of real rank zero. Thus, there exist Stone spaces X and Y such
that A ∼= C(X) and B ∼= C(Y).
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Since, for every infinite Hausdorff space Z , the density character of C(Z) coincides
with w(Z) (see [12, Lemma 1.2]), we have w(X),w(Y) ≤ c; that is, condition (1) holds.
Moreover, conditions (2) and (3) also hold for X and Y , by the properties of A and B
and by Lemma 5.2.

6 Conclusion

In conclusion, we discuss generalizations of Theorem 3.1 and Theorem 4.2. We
note that if a theory T is stable (in the sense of continuous model theory; cf. [10,
Definition 5.2]), then all ultrapowers of models of T with density character at most c
are isomorphic without assuming the continuum hypothesis, since they are c-saturated
(cf. [10, Theorem 5.6 (1)]). Thus, we are led to consider the following question:

Question 6.1 Assume the continuum hypothesis fails. Let T be an unstable L-theory.
Do there exist A,B |= T with χ(A), χ(B) ≤ c such that AU 6∼= BV for all U ,V ∈ βω\ω?

We note that the assumptions of Theorem 3.1 immediately imply that the theory T has
the order property (cf. [10, Definition 5.2]), which is equivalent to T being unstable
(see [10, Theorem 5.5]). It is known that for any unital infinite-dimensional C∗ -algebra
A, the theory Th(A) has the order property (see [9, Lemma 5.3]). Therefore, as a special
case of the above question, the following question is also of interest.

Question 6.2 Assume the continuum hypothesis fails. Let T be the theory of a unital
infinite-dimensional C∗ -algebra. Do there exist A,B |= T with χ(A), χ(B) ≤ c such
that AU 6∼= BV for all U ,V ∈ βω \ ω?

In the construction given in the proof of Theorem 4.2, the density characters of A and
B are controlled only up to ≤ ℵ1 and ≤ ℵ2 , respectively. Therefore, the case where A
and B are separable is still unsolved.

Question 6.3 Assume that the continuum hypothesis fails. Does there exist a theory
T of C∗ -algebras with separable models A,B |= T such that AU 6∼= BV for all U ,V ∈
βω \ ω?

In the classical setting of Question 6.3, Shelah [27] gave a result for the theory of graphs.
By the discussion of Corollary 5.3, the abelian C∗ -algebra case of Question 6.3 can be
reformulated as the following question:
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Question 6.4 Assume the continuum hypothesis fails. Do there exist Stone spaces X
and Y satisfying the following properties?

(1) w(X),w(Y) ≤ ℵ0 , that is, X and Y are second countable.

(2) There exist a set I and non-principal ultrafilters U ,V ∈ βI \ I such that
∑
U X

and
∑
V Y are homeomorphic.

(3) For any U ,V ∈ βω \ ω ,
∑
U X and

∑
V Y are not homeomorphic.

Remark 6.5 By the Riesz–Markov–Kakutani theorem, for a compact Hausdorff space
X , C(X) is separable if and only if X is metrizable. Hence, in Question 6.4 the
requirement that X and Y are second countable can be replaced with the requirement
that X and Y are metrizable.
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[27] S Shelah, Vive la différence. I. Nonisomorphism of ultrapowers of countable models,
from: “Set theory of the continuum (Berkeley, CA, 1989)”, Math. Sci. Res. Inst. Publ.
26, Springer, New York (1992) 357–405; https://doi.org/10.1007/978-1-4613-9754-
0 20

[28] A Tsuboi, Some results related to Keisler-Shelah isomorphism theorem, from: “RIMS
Kokyuroku”, (H Kikyo, editor), volume 2218, Kyoto University Research Institute for
Mathematical Sciences, Kyoto, Japan (2022) 35–39

[29] F B Wright, A reduction for algebras of finite type, Ann. of Math. (2) 60 (1954)
560—570; https://doi.org/10.2307/1969851

Graduate School of Science and Engineering, Chiba University
1-33 Yayoicho, Inage-ku, Chiba-shi, Chiba, 263-8522 Japan

23wd0105@student.gs.chiba-u.jp

Received: 6 February 2026 Revised: 25 May 2026

Journal of Logic & Analysis 18:4 (2026)

https://doi.org/10.1515/9781400884223
https://doi.org/10.1007/BF02771574
https://doi.org/10.1007/978-1-4613-9754-0_20
https://doi.org/10.1007/978-1-4613-9754-0_20
https://doi.org/10.2307/1969851
mailto:23wd0105@student.gs.chiba-u.jp

	1 Introduction
	2 Preliminaries
	3 Main Result for General Setting
	4 Proof of Theorem 1.3
	5 Applications to General Topology
	6 Conclusion
	Bibliography

