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Pilar DELLUNDE

EQUALITY-FREE SATURATED MODELS

Saturated models are a powerful tool in model theory. The properties
of universality and homogeneity of the saturated models of a theory are
useful for proving facts about this theory. They are used in the proof of in-
terpolation and preservation theorems and also as work-spaces. Sometimes
we work with models which are saturated only for some sets of formulas, for
example, recursively saturated models, in the study of models of arithmetic
or atomic compact, in model theory of modules. In this article we intro-
duce the notion of equality-free saturated model, that is, roughly speaking,
a model which is saturated for the set of equality-free formulas. Our aim is
to understand better the role that identity plays in classical model theory,
in particular with regard to this process of saturation.

Given an infinite cardinal x, we say that a model is equality-free k-
saturated if it satisfies all the 1-types over sets of parameters of power
less than x, with all the formulas in the type that are equality-free. We
compare this notion with the usual notion of k-saturated model. We prove
the existence of infinite models 2, which are L~-|A|-saturated. From
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this last fact it follows that L~-saturated models have a different behavior
than usual saturated models. Several characterizations of models with this
property are given.

We pay special attention to reduced structures. It is said that a struc-
ture A is reduced if there are not different elements in 2 with the same
atomic equality-free type over 2. Examples of this type of structures are
all linear orders and the random graph. The importance of reduced struc-
tures in equality-free logic comes from the fact that any structure is a strict
homomorphic image of a reduced structure. Therefore, they satisfy exactly
the same equality-free sentences. One interesting result obtained is that,
for reduced structures, L~ -saturation implies strong homogeneity. The no-
tion of L~ -w-saturated model is considered independently by G. C. Nelson
in [19]. In his article this concept is studied in relation to the notion of
w-categorical theory for languages without equality.

The following notation will be used in this work. From now on L will
be a similarity type with at least one relation symbol. We denote also by L
the set of first-order formulas of type L and by L the set of quantifier-free
formulas of L. L™ and L; will be the set of all formulas of L and Ly,
respectively, that do not contain the equality symbol. Given L-structures
2 and B, we write A =~ B and A =; B to mean that A and B satisfy
exactly the same sentences of L™ and L, respectively. For any L-structure
2l and any set B C A, we denote by L(B) the similarity type obtained from
L by adding a new constant symbol for each element of B and we denote by
2p the natural expansion of 2 to L(B), where every new constant denotes
its corresponding element. For the sake of clarity we use the same symbol
for the constant and for the element that is denoted by the constant. |A]
denotes the power of the set A.

1. Reduced structures

The present interest for the study of languages without equality has its
origin in the works of J. Czelakowski, W. Blok and D. Pigozzi, (see [1], [2],
[3], [7]and [8]). They use two main concepts that allow the development
of this study, the notion of Leibniz congruence and the notion of relative
relation. The notion of Leibniz congruence dates back to 1949 when it was
defined by Los in the context of Lindenbaum matrices. Leibniz congruences
were extensively used by Wajcicki in [23] and by other logicians under the
name of the largest matrix congruence (see [9]) . Motivated by their works
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a general classical model-theoretical study of this logic was carried on in [4],
[10], [13] and [14]. Independently, in [18], [20] and [21], G. C. Nelson and
O. Neswan introduced the notion of quasi-isomorphism, which is equivalent
to the notion of relative relation. Now we present these notions and some
basic facts about them without proof.

Definition 1.1. If 2 and B are L-structures, it is said that an homo-
morphism h : A — B is strict if for any n-adic relation symbol R € L and
any ai,...,an € A,

{ai,...,a,) € R* <= (h(ay),...,h(a,)) € R™.

It is a well-known fact that if h : 2 — 9B is a strict homomorphism onto
B, then 20 =~ B and the kernel of A is a strict congruence of 2. Moreover,
for any strict congruence 6 of 2, the canonical homomorphism from 2 onto
/6 is strict. Given a class K of L-structures, we denote by Hg(K) the
class of all strict homomorphic images of members of K and by Hg'(K)
the class of all strict homomorphic counter-images of members of K.

Let 2 be an L-structure and B a subset of A. We expand the language
adding a new constant symbol for each element of B and also add new
variables. Given a cardinal &, it is said that a set p of formulas of L~ (B)
in the variables {z, : @ € Kk} is an L™ -k-type over B in 2 if p is consistent
with Th™ (%p). In addition, p is L™ -complete iff for any formula ¢ € L~ (B)
in the variables {z, : @ € K}, ¢ € p or =¢ € p. Observe that for any set p
of formulas of L™ (B), p is consistent with Th™(2p) iff p is consistent with
Th(2p). Therefore, a set p of formulas of L(B) is an L™ -k-type over B in
2A iff p is a k-type over B in 2 and all the formulas of p are equality-free.
Given a k-tuple @ = (aq : @ € k) of elements of A, the equality-free type of
@ over B in 2, in symbols tpy (@/B), is the set of all formulas of L™ (B) in
the variables {z, : o € K} satisfied by @. By atpy (a/B) we denote the set
of atomic formulas of tpy (a/B) and call it the equality-free atomic type of
@ over B in .

Definition 1.2. Given an L-structure 2, we define the relation Q(21)
on 2 as follows: (a,b) € Q(A) iff atpy (a/A) = atpy (b/A), for any a,b € A.

Q(2) is the greatest strict congruence relation on 2, that is, every strict
congruence relation refines it. It is called the Leibniz strict congruence of
2A. We say that a structure is reduced if there are no different elements
with the same equality-free atomic type over the structure, that is, if its
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Leibniz strict congruence is the identity. The quotient structure 2/(21)
is reduced and is denoted by 2*. This structure is called the reduction of
2. Observe that from the definition it follows that 2A* = (2*)*. Moreover,
it is easy to check that the canonical homomorphism from 2 onto 2* is
strict. It is easy to prove, by induction, that given a,b € A, (a,b) € Q(2A)
iff tpg (a/A) = tp (b/A).

Examples of reduced structures are all linear orders and the random
graph. There are theories without reduced models, for example the theory
of an equivalence relation with infinitely many classes all of them infinite be-
cause in any model of this theory, any two elements in the same equivalence
class have the same equality-free atomic type over the model. Observe also
that any theory axiomatized by a set of equality-free sentences has reduced
models and non-reduced ones.

Remark 1.3. For any theory T of L, the reduced models of T" are those
that omit the following set of formulas

Pred = {2 Ay} U {V5[¢(ﬂs, Z) = ¢(y,2)] 1 p € L™ atomic} )

It is easy to check that to isolate p,eq is a sufficient condition, for any
theory of L, for having non-reduced models. And in the case that L is
countable, by the classical Omitting Types Theorem, if T is a consistent
theory of L and pyeq is non-isolated in 1", then some models of T" are reduced.

Assume now that L is countable. It is a consequence of the Lowenheim-
Skolem-Tarski theorem that if a theory 7' has a non-reduced infinite model,
then it has such models in each infinite power. But the existence of a
reduced infinite model of T" may not imply the existence of reduced models
in each infinite power. It might be interesting to find the Hanf number of
the notion of reduced structure, that is to determine the least cardinal k
such that, for any theory T, the existence of a reduced model of T" of power
k implies the existence of such models in any infinite power. Some results
in this line will be obtained in next section.

Finally, as straightforward corollary of the following proposition, we ob-
tain an interesting result: for any closed theory T in a countable similarity
type, if T has reduced models and p,.q is non-isolated in 7', then the theory
of the reduced models of T is precisely T.

Proposition 1.4. Let L be countable and T a consistent closed theory
of L. Then p is non-isolated in T iff T = Th({A =T : A omits p}).

Proof. See [5], Proposition 1.3. O



EQUALITY-FREE SATURATED MODELS 7

To end this section we introduce the notion of relative correspondence,
which turns out to be the equivalent, for equality-free languages, to the
notion of isomorphism.

Definition 1.5. Let 2 and B be L-structures. A relation R C A x B
is a relative correspondence between 2 and B if dom(R) = A, rg(R) = B
and

(1) for any constant ¢ € L, c®* Rc®,
(2) for any n-adic function symbol f € L, any ay,...,a, € A and any
b1,...,b, € B such that a;Rb; for each i =1,...,n,

fm(al, e ,an)Rf%(bl, e ,bn),

(3) for any n-adic relation symbol S € L, any aq,...,a, € A and any
b1,...,b, € B such that a;Rb; for each i =1,...,n,

(ay,...,a,) € S™ <= (by,...,b,) € S®.

Two L-structures 2 and B are relatives, in symbols 2 ~ B, if there is
a relative correspondence between them. The relation of being either a
strict homomorphic image or a strict homomorphic counter-image is not
in general transitive. Its transitivization is precisely the relative relation,
as the following proposition shows. The proof of next proposition can be
found in [4].

Proposition 1.6. Let 2 and B be L-structures. The following are
equivalent:

i) A~ B,

ii) There aren € w and L-structures €, . .., &, such that A = &y, B = ¢,
and for any i < n, €;11 € Hg(&;) or €;41 € Hgl(ti).

iii) A, B € Hg(¢), for some €.
iv) A, B € Hg'(¢), for some ¢.
V) A* = BE.

vi) There are enumerations of A and B, @ = (a; : i € I) and b =
(b : i € I) respectively, such that the map h : A* — B* defined by:
h([ailo)) = [bilos), for any i € I, is an isomorphism.
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vii) There are enumerations of A and B, @ = (a; :i € I) and b= (b; :i €
I) respectively, such that (%,@) =, (B,b).

viii) There are enumerations of A and B, @ = (a; :i € I) and b= (b; : i €
I) respectively, such that (A,@) =~ (B,b).

2. Equality-free saturated models

Let & and B be L-structures and » C A x B a relation. For any formula
¢ € L(dom(r)), ¢ = ¢(Z, a1, ..., an), let X be the following set of formulas

of L(rg(r)):
{p(Z,b1,...,b,) € L(rg(r)) : for every i € {1,...,n}, (a;,b;) € r},

where ¢(z, b1, ..., by,) is obtained from ¢ by substituting b; for a;, for every
i € {1,...,n}. Given a set p of formulas of L(dom(r)), let p" = ¢, Tt
In particular, if 21 is an L-structure, D a subset of A and p a set of formulas
of L~(D), we denote by p* the set p”, where r C A x A* is the relation

defined by: r = {(d, [dlga) 1 d € D}. And we denote by D* the set

Remark 2.1. If @ = (a; : i € I) and b = (b; : i € I) are sequences
=~ (B,b), and r =
{{a;,b;) : i € I}, then for any set p of formulas of L™ (dom(r)), pis an L~-

of elements of A and B respectively, such that (2, a)

k-type over dom(r) in 2 iff p” is an L™ -k-type over rg(r) in B. Moreover
p" is L™ -complete if p is L~ -complete.

The notion of elementary substructure can be generalized to equality-
free logic in a natural way. By means of elementary substructures we will
give a characterization of L™- complete types.

Definition 2.2. If 2 and B are L-structures, 2 is an L~ -substructure
of 8B, in symbols 2 <~ B if A C B and for any ¢(z1,...,2,) € L~ and any
a1,...,0an € A,

AE=dlat,...,an) <= B E dlar,...,ay].

If 2 is an L™ -substructure of 9B, it is said that 9 is an L™ -extension of 2.
2A -~ 9B means that 2 is isomorphic to an L~ -substructure of 9.
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Proposition 2.3. Let 20 and B be L-structures. If A -~ B, then the
map j : A — B* defined by:

J(lalgy) = lalggs) »
for any a € A, is an embedding that preserves all the equality-free formulas.
Proof. See [11], Proposition 2.8. O

Proposition 2.4. Let A and B be L-structures. Then the following are
equivalent:

i) There is an enumeration of A, @ = (a; : @ € I), and a sequence of
elements of B, b= (b; : i € I), such that

(2,@) =" (8,b).
i) o -~ B*,
Proof. See [11], Proposition 2.8. O

Lemma 2.5. Let A be an L-structure, D a subset of A and k a cardi-
nal. For any set p of formulas of L~ (D) in the variables {x, : o € K}, the
following are equivalent:

i) p is an L™ -complete L™ -k-type over D in 2.

ii) There is A such that D C A" and A, = Th™(Ap) and there is
a sequence M = (mq : « € K) of elements of A’ such that p =
tpg, (M/ D).

iii) There is A" such that A <~ A" and there is a sequence M = (Mg : @ €
k) of elements of A" such that p = tpy, (m/D).

Proof. ii) = i) and iii) = i) are clear. i) = ii) is easy to prove using
the fact that p is consistent with Th(2p) and for i) = iii) we use the fact
that p is consistent with Th(2 ). O

Observe that in ii) of Lemma 2.5, we can take 2’ such that |A/| <
max(|D|,|L|,Ng). And in iii) we can take 2" such that |A’| < max(|A|,|L|,
Ng). If we consider reduced structures, we can obtain the following version
of Lemma, 2.5:
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Corollary 2.6. Let 2 be a reduced L-structure, D a subset of A and k a
cardinal. For any set p of formulas of L~ (D) in the variables {z, : o € K},
the following are equivalent:

i) p is an L™ -complete L~ -k-type over D in .

ii) There is a reduced L-structure A’ such that % <~ 2’ and there is
a sequence M = (mq : « € K) of elements of A’ such that p =
tpy (M/D).

Proof. ii) = i) is clear. i) = ii) Since p is an L™ -complete L™ -k-type
over D in 2, by Lemma 2.5, there is % such that 2 <= % and a sequence
I = (I, : @ € k) of elements of B such that p = tpy(I/D). Then, since 2 is
reduced, by Proposition 2.3, the map j : A — B* defined by: j(a) = [a]Q(%),
for any a € A, is an embedding that preserves all the equality-free formulas,
thus 2 -— B*. If k = (laloe) = o € k), clearly p* = tpg~(k/D*). With
standard arguments we can find an L-structure 2’ such that 2 <~ 2/ and
an isomorphism h : (A, a)qea — (B, [a]Q(%))aéA such that h =~ A = j.
Let m = (hfl([la]g(%)) : o € k). Clearly p = tpy,(m/D) and since B* is
reduced, 2’ is also reduced. O

Now we introduce the main concept of this article: equality-free satu-
rated models.

Definition 2.7. Given an L-structure 2l and a cardinal k, we say that 2
is L™-k-saturated iff for any D C A with |D| < k, 2 realizes every L~ -1-type
over D in . And we say that 2 is L~ -saturated iff A is L™-| A|-saturated.

Since any L~ -k-type can be extended to an L~ -complete L™ -x-type,
a model 2 is L™ -k-saturated if for any D C A with |D| < &, 2 realizes
every L~ -complete L™ -1-type over D in 2. Now we show that the relative
relation preserves the L~ -saturation of models:

Proposition 2.8. Let A be an L-structure and k a cardinal. Then, A
is L™ -k-saturated iff A* is L™ -k-saturated.

Proof. <) Assume that A* is L™ -x-saturated. Let E be a subset of A
of power less than k and p an L™-1-type over E in 2. Then, by Remark 2.1,
p*is an L™-1-type over E* in A*. Since 2* is L™ -k-saturated and |E*| < k,
there is an element x € A* that realizes p*. Let a € A be a member of the
equivalence class x. Clearly a is a realization of p in 2L.
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=) Assume that 2 is L™ -k-saturated. Let E be a subset of A* of power
less than x and p an L™ -1-type over F in A*. We choose for any equivalence
class e € E a representative a. € e. Let D = {a. : e € E}. For any formula
¢ € p, o= d(x,e1,...,e,), let ¢ be the formula of L(D) obtained from
¢ by substituting a., for e;, for i = 1,...,n. Let ¢ = {¢' : ¢ € p}, clearly
q* = p and, by Remark 2.1, ¢ is an L™ -1-type over D in 2. Since 2 is
L™ -k-saturated and |D| < k, there is an element a € A that realizes q.
Then [a]q g is clearly a realization of p in A*. 0

Corollary 2.9. Let k be a cardinal and 2 and B L-structures such that
A~ B. Then, A is L™ -k-saturated iff B is L™ -k-saturated.

Proof. Assume that 21 is L™ -k-saturated. By Proposition 2.8, A* is
L™ -k-saturated. Since 2 ~ 9B, by Proposition 1.6, 2A* =& B*. Therefore, B*
is L™-k-saturated, and again by Proposition 2.8, B is L ~-k-saturated. The
other direction is analogous. O

Let us see now that, for reduced structures and finite and relational
similarity types, the two concepts coincide:

Proposition 2.10. Let L be a finite and relational similarity type and
A a reduced L-structure. Then, A is L™ -saturated iff A is saturated.

Proof. <) is clear. =) Suppose that 2 is L™ -saturated. Let D be a
subset of A with |D| < |A| and p an 1-type over D in 2. Since L is finite
and relational and 2l is reduced, there is a finite set I' of formulas of the
form VZ [¢(z,Z) < ¢(y,Z)], where ¢ € L™ is atomic, such that, if ¢(z,y) is
the conjunction of all the formulas in I', then A = VaVy [z = y < ¥ (z,9)].
For any formula ¢ € L(D), let ¢’ € L~ (D) be the formula obtained from
¢ by replacing each appearance of a formula of the form ¢; = ¢35 by an
appearance of 1(t1,t2). Let p’ = {¢' : ¢ € p}. It is easy to check that p’ is
an L™-1-type over D in 2. Since 2 is L~ -saturated, there is a realization
of p/, a € A. Clearly, a is also a realization of p. O

Now, we present some results on the existence of L~ -saturated models.
First, we introduce the notion of L~ -complete theory. We say that a theory
T is L™ -complete iff for any sentence 0 € L=, T =0 or T = —o.

Proposition 2.11. If T is L™ -complete and X\ > max(|L|,Rg), then T
has a L™ -A-saturated model of power < 2.

Proof. Extend T to a complete theory T’and apply the analogous
result for logic with equality. O
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We can obtain a better result in stable theories. We say that a theory
T is L™ -A-stable if for any model A of T, for any X C A with |X| < A,
there are < A\ L™ -complete L™ -1-types over X in 2. It is said that T is
L~ -stable if for some A, T is L™ -A-stable.

Proposition 2.12. If T is L™ -complete, X is a reqular cardinal A >
max( |L|,Ng) and T is L™-A-stable, then T' has a L™ -\-saturated model of
power A.

Proof. We build an elementary chain (in the usual sense of logic with
equality) (2, : « € ), of models of T of power A. Let 2y be any model of
T. Assume that we have chosen 2, by L~ -A-stability, there are at most
A L7 -complete L™ -1-types over 2,. Let 2,41 be an elementary extension
of A, which realizes all these types. At limit ordinals, take unions. Let
A = UgerYa, since A is regular, it is easy to check that 2 is a L™-A-
saturated model of T' of power A. O

In stability theory, several improvements can be obtained in reference
to singular cardinals. The notion of L~ -stable is not studied in this work.
In view of Propositions 2.18 and 2.19, perhaps, it could be of some interest
to compare this notion with the usual one. The following existence theorem
for L™-w-saturated models is stated by G. C. Nelson in [19].

Theorem 2.13. Let T be L™ -complete. Then T has a L™ -w-saturated
model iff for eachn € w, T has only countably many L~ -types in n variables.

We have also the corresponding theorems with set-theoretically as-
sumptions, for example, for any A strongly inaccessible, every theory with
A > max(|L|,Ng) has a L™-A-saturated model of power A\. Now we state
some facts without proof. The proof of these statements is analogous to
the proof in the case of logic with equality.

Fact 2.14. (1) Given a cardinal K, if A is L™ -k-saturated, then for
any D C A with |D| < k, 2 realizes every L™ -r-type over D in 2.

(2) Given a cardinal k, any model has an L~ -extension that is L™ -k-
saturated.

(3) Any finite model is L™ -k-saturated, for any cardinal k.

(4) Any two L~ -equivalent L~ -saturated models of the same power are
relatives.



EQUALITY-FREE SATURATED MODELS 13

Observe that, from Fact (4), it follows that two reduced models of
the same power that are L™ -equivalent and L~ -saturated are isomorphic,
because any two reduced models which are relatives are isomorphic. This
is not true in general. Let us see now that the converse of Fact (3) is not
true, because there is a property of L~ -saturation that usual saturation
does not share: there are L-structures 2 that are L~ -|A|T-saturated. Let
us see an example:

Example 2.15. Let L = {P, : n € w}, where for any n € w, P, is
a unary relation symbol and 71" be the theory of the infinite independent
properties, that is, the set of consequences of the following set of sentences:

Jz(Pyx A... ANP,x N=Pjyx A ... NP} x),

for any distinct ig, . .., %n,jo,- -,k € w. Let A = (P(w), P>

> Ynew, where for
any X € P(w), X € P*iff n € X.

Clearly 2 is reduced. We show that 2 is L™-|A|t-saturated. Let D
be any subset of A and p an L~ -complete L™-1-type over D in 2. Since
2 is reduced, by Corollary 2.6, there are a reduced L-structure 2’ and an
element a € A’ such that 2 <7 A" and p = tpy,(a/D). Consider now
the set pg = atpy,(a/A’). All the formulas of py are of the form P,z,
for some n € w. Let Y = {n€w: P,z € pp}. Observe that ¥ € A and
atpy, (Y/A") = atpy, (a/A’). Therefore, since 2 is reduced, Y = a. Hence,
p is realized in 2. We conclude that 2 is L™-|A|t-saturated. However, 2
is not saturated because the following 2-type is not realized in A

p=A{x AytU{P,x < Py:necw}.

Now we give a characterization of L-structures 2 that are L—-|A|"-
saturated. We obtain the following result: 2 is L~-|A|"-saturated iff any
L™ -extension of 2 is relative of A. Later we will see that, if 2 is L™-
|A|"-saturated, intuitively speaking, A* is the greatest reduced model of
Th™ ().

Lemma 2.16. Let 2 and B be L-structures. Suppose that A <~ B ,
acAandbe B. Iftpy(b/A) = tpy(a/A), then atpy(b/B) = atpy(a/B).

Proof. Suppose that tpy(b/A) = tpy(a/A). Then, since for any
equality-free atomic formula ¢(z, z) € L, VZ(¢(a, 2) < ¢(y,2)) € tpy(a/A),
we have for any equality-free atomic formula ¢(z,z) € L,VZ(¢(a,z)
#(y,2)) € tpy(b/A), and thus, B = VzZ(¢(z, 2) < ¢(y, 2)) [a, b] . Therefore,
atpig b/ B) = atp (a/B). 0
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Lemma 2.17. Let 2 be an L-structure. If 2 is L™ -|A|" -saturated, then
for any B such that A <~ B and any b,b’ € B, the following are equivalent:

i) atpg (b/A) = atpg (¥ /A).
i) tpg (5/4) = tp (1//A).
iti) tpg(b/B) = tpg(V/B).

Proof. iii)=1i) is clear. i)=- ii) Suppose that atp(b/A) = atpy(b'/A).
Let p = tpy(b/A) and p’ = tpy (' /A). Since A is L™-|A|"-saturated and
A <~ 9B, there are a,a’ € A such that a is a realization of p and d’ is a
realization of p’. Therefore,

atpy (a/A) = atpy (b/A) = atpy (I /A) = atpy(a’/A),

and since A <X~ B, atpy (a/A) = atpy (a’/A). Thus, tpy (a/A) = tpy (a'/A)
and again since A <~ B, tpy(a/A) = tpy(a’/A). Consequently,

tpy (b/A) = tpg (a/A) = tpy(a'/A) = tpy (V'/A).

ii) = iii) Suppose that p = tpg(b/A) = tpy (b'/A). Since A is L™-|A|*-
saturated and A <~ B, there is a € A such that a is a realization of p.
Therefore, tpy(b/A) = tpg(a/A) = tpy(b//A). Then, by Lemma 2.16,
atpy (b/B) = atpy(a/B) = atpg(b//B) and thus tpy(b/B) = tpy(V//B).
g

Proposition 2.18. Let 2 be an L-structure. The following are equiva-
lent:

i) 2 is L™ -|A|"-saturated.
ii) For any B such that A <~ B and any b € B there is a € A such that
atpg (b/B) = atpz(a/B).
iii) For any B such that A X~ B, B ~ A,
iv) For any B such that A < B, B ~ 2.

Proof. iii) = iv) is clear. i) = ii) Let B be such that 24 <~ B and b €
B, consider p = tpy(b/A). By i), since A <~ B there is an element a € A
such that a is a realization of p. Therefore, by Lemma 2.16, atp4(b/B) =
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atpg (a/B). ii) = iii) Let B be such that A <~ 8. By ii), for any b € B— A,
we can choose a € A such that atpy(b/B) = atpg(ay/B). For any b € A,
let a, = b. Then (a, : b € B) and (b: b € B) are enumerations of A and B
respectively, such that (2, ap)sep =, (B, b)secp- By Proposition 1.6, B ~ 2.
iv) = i) Let B be an L-structure such that 2 < B and B is |A| " -saturated.
Then B is L™-|A|T-saturated. By iv), B ~ 2 and by Proposition 2.8, 2 is
L~-|A|"-saturated. O

Now we give another characterization of L ~-|A|"-saturated models:

Proposition 2.19. Let 2 be an L-structure. The following are equiva-
lent:

i) 2 is L™-|A|"-saturated.

i) 2 is L™ -w-saturated and for any B such that A <~ B and any b € B
there is a finite E C A such that for any c € B,

tpy(0/E) = tpg(¢/E)  iff  atpy(b/B) = atpg(c/B).

iii) There is an infinite cardinal k < |A| such that A is L™ -k-saturated
and for any B such that A <~ B and any b € B there is E C A with
|E| < k such that for any c € B,

tpy (b/E) = tpy(¢/E) iff atpy(b/B) = atpy(c/B).

Proof. ii) = iii) is clear. i) = ii) If % is L™-|A|"-saturated, then 2 is
L~ -w-saturated. Let B be such that A <~ 8 and b € B. Since 2 is L~-
|A|*-saturated, by Proposition 2.18, there is a € A such that atpg(b/B) =
atpy(a/B) and therefore, tpy(b/B) = tpy(a/B). Let E = {a} and sup-
pose that ¢ € B. If tpy(b/E) = tpg(c/E), then for any equality-free
atomic formula ¢(z,z) € L, since VZ(¢(a,z) < ¢(y,2)) € tpy(b/E) we
have that VzZ(¢(a, z) < ¢(y, z)) € tpy(c/E), and then, B = VZ(¢(z, 2) <~
#(y, 2)) [a, c] . Consequently,

atpy (¢/B) = atpg (a/B) = atpg (5/B).

Conversely, if atpy(b/B) = atpg(c/B), then tpy(b/B) = tpy(c/B) and
thus tpg (b/E) = tpg(¢/E).

iii) = i) Let p be an L™ -1-type over D C A in 2. Assume that p is
L~ -complete. By Lemma 2.5 there is B8 such that 2 <~ % and b € B such
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that p = tpg(b/D). By iii), there is E C A with |E| < k < |A] such that
for any ¢ € B,

tpy (0/E) = tpg(c/E) iff  atpy(b/B) = atpg(c/B).

Let ¢ = tpy(b/E). Since A is L™ -k-saturated and 2 <~ 9B, there is an
element a € A such that a is a realization of ¢q. Therefore, tpy(b/E) =
tpg (a/E), and then, by assumption, atpy(b/B) = atpy(a/B), consequent-
ly, tpy (b/D) = tpy(a/D) and a is a realization of p. Then, we can conclude
that 2 is L™-| A|"-saturated. O

Corollary 2.20. Let L be a similarity type such that the arity of all
the symbols in L is < 1. Then, any L~ -w-saturated structure 2 is L~-|A|"-
saturated.

Proof. Observe that, in case that the arity of all the symbols in L is
< 1, for any L-structure 9B, the following holds: atpg(b/0) = atpy(c/0) iff
atpy (b/B) = atpg(c/B), for any b,c € B. Consequently, by Proposition
2.19, for any L-structure 2, if 2 is L~ -w-saturated, then 2 is L -|A|T-
saturated. O

We end this section with some examples. First we see another example
of an structure 2 that is L™-|A|*-saturated, using Proposition 2.19.

Example 2.21. Let L = {R,, : n € w}, where for any n € w, R, is a
binary relation symbol. Consider the L-structure 2 = (“2, R?),c., where
for any n € w, RY is the equivalence relation defined by: (f,g) € R iff
f " n=g" n, forany f, g €“2.

We see that 2 is L™-|A|T-saturated. By Proposition 2.18, it is enough
to show that for any L-structure 9 such that 24 <= 98 and any b € B,
there is g €¥2 such that atpy(b/B) = atpy(g/B). Suppose that 2 <~ B
and b € B. Since for any n € w there are exactly 2" equivalence classes in
the partition by the relation R?, for any n € w there is f,, €¥ 2 such that
(fn,b) € RE. Then, consider the function g €¥2 defined as follows: for any
n € w, g(n) = fu(n). Clearly, for any n € w, (g,b) € R® and therefore,
atpa (b/B) = atpz (9/B).

Now we exhibit a theory without this kind of structures.

Example 2.22. Let L be as in Example 2.21 and % be the L-structure
(“w, R®)pew, where for any n € w, RY is the equivalence relation defined
by: (f,g) € R® iff f~n=g n,forany f,g €“w.
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There is no model 2 of the Th(B) which is L™-|A| " -saturated. Assume
that 2 is a model of Th(%B) and let X be the set of all equivalence classes
of R}. For any z € X we choose a representative a, € A. The following
L~-1-type over {a, :x € X} in A, p = {-Ryya, : x € X}, is not realized
in 2.

JFrom the universality properties of L ~-saturated models we can deduce
that if 2 is a L™-| A|T-saturated model of T', then 2* is the greatest reduced
model of Th™ ().

Proposition 2.23. Let 2l and B be L-structures. Then the following
are equivalent:

i) There is an enumeration of A, @ = (a; : i € I), and a sequence of
elements of B, b= (b; : i € I), such that

(2,@) =" (8,b).
i) o -~ B*,
Proof. See [11], Proposition 2.8. O

Proposition 2.24. Let 2 be an L-structure and k a cardinal. If 2 is
L~ -k-saturated, then for any B = Th™ () with |B| < k, 8% -~ A*.

Proof. Assume that 2 is L™ -x-saturated and let B be an L-structure
such that 8 = Th () and |B| = A < k. Let b = (by : @ € )) be
an enumeration of B without repetitions and p = tpg(b/0). Since B |
Th™(2), p is an L™ -A-type over () in A. Therefore, since A < k and 2 is
L~ -k-saturated, p is realized in 2. Let @ = (a, : @ € \) be a realization of
pin 2. Then, (A,@) = (B,b). Therefore, by Proposition 2.4, B* -~ 2*. O

Corollary 2.25. Let 2 be an L~ -|A|" -saturated model, then for any
B |= Th™(21), B* -~ oA*.

Proof. By Proposition 2.24. O

In [17] Morley proved that the Hanf number for the class of countable
stable theories was J,,. This bound allows us to obtain the following
existence result for models which have this phenomenon of supersaturation.

Proposition 2.26. Let T be a stable countable theory. If A is a reduced
L~ -| A" -saturated model of T, then |A| < 3.
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Proof. By Corollary 2.25, for any 8 =T, 8* -~ 2. a

Let us consider the class of stable countable theories axiomatized by
a set of equality-free sentences. From next proposition follows that the
Hanf number for the notion of reduced structure for this class it is the least
cardinal k such that any supersaturated reduced model of a theory of the
class is of power less than k.

Proposition 2.27. If T is a theory axiomatized by a set of equality-free
sentences, then, there is a reduced model 2 of T which is L™ -|A|T -saturated
of power X if and only if there is a reduced model of power A and any model
of T of power bigger than X\ is not reduced.

Proof. The direction =) is clear by Corollary 2.25. <) Let 2 be
model of T' ~-saturated, for some v > A. Then A* is a reduced model
of T, L™-y-saturated and, by assumption, of power < A. Therefore 2* is
L~-|A|*-saturated and by Corollary 2.25, for any reduced model B of T
B -~ A*. Since we have assumed that there is a reduced model B of power
A, 2% must be of power . O

In the previous propositions several improvements can be obtained us-
ing the results of Shelah and Hrushovski in [16], for superstable theories.
Finally we introduce the notion of strong L ~-homogeneity and compare
this notion with the usual notion of strong homogeneity.

Definition 2.28. Given an L-structure 2l and a cardinal x, we say
that 2 is L™-k-homogeneous iff for any two sequences @ = (a; : i € I) and
@ = (a : i € I) of elements of A such that |I| < x and (%,a) =~ (A,@),it

happens that for any d € A there is d’ € A such that (A, a,d) == (A,a’,d’).
We say that 2 is L™ -homogeneous if it is L™-|A]-homogeneous.

Definition 2.29. Given an L-structure 2l and a cardinal x, we say that
2 is strong-ly L~ -k-homogeneous iff for any two sequences @ = (a; : i € I)
and @ = (a] : ¢ € I) of elements of A such that |I| < x and (A, @) = (A,a),
there are enumerations d = (d; : j € J) and d = (d; : j € J) of Asuch
that (2,d) =~ (Ql,al) and @ C d and @ C d. We say that 2 is strongly
L~ -homogeneous if it is strongly L~-|A|-homogeneous.

By usual arguments we obtain the following fact:

Remark 2.30. Let 2 be an L-structure. 2l is L~ -homogeneous iff 2 is
strongly L~ -homogeneous.
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Proposition 2.31. Let 2 be an L-structure. If 2 is L™ -saturated, then
A 1s strongly L™ -homogeneous.

Proof. Suppose that @ = (a; : ¢ € I) and @ = (a] : i € I) are
sequences of elements of A such that (A,a) =~ (,a@’) and |I| < |A]. Let
r = {(a;,a}):i € I}. Given an element d € A, consider the type p =
tpg (d/dom(r)). Since (A,a@) =~ (A,a@’), by Remark 2.1, p” is an L™-1-type
over rg(r) in 2A. Since 2A is L~ -saturated, there is a realization d’ € A of
p". Then, (,a,d) == (A,a’,d"). Thus, 2 is L~ -homogeneous and by the
previous remark, 2 is strongly L~ -homogeneous. O

Proposition 2.32. Let 2 be a reduced L-structure. If 2 is strongly L~ -
homoge-neous, then A is strongly homogeneous.

Proof. Suppose that 2 is reduced and strongly L~ -homogeneous and
@ =(a;:i€l)and @ = (a, : i € I) are two sequences of elements of A
such that |I| < |A] and (%,a@) = (A,a@’). Then, (A,a) == (A,a’), and since
2 is strongly L~ -homogeneous, there are enumerations d = (dj 5 €J)
and d = (d; :j € J) of A, such that (,d) =" (A,d)anda C d and @ C
d. But since 2 is reduced, by Proposition 1.6, there is an automorphism
f 2% — A such that, for any j € J, f(d;) = dj. Therefore, (2, d) = (Ql,al).
Consequently, 2 is strongly homogeneous. O

Observe that, in Proposition 2.32 we can not delete the restriction that
2 is reduced.

Example 2.33. Let L = {E}, where E is a binary relation symbol
and A = (w1 + w, %), where E?* is the equivalence relation defined by:
(a, B) € E™ iff either (o < wy and 8 < wy) or (o > wy and B > wy), for
any o, € wy + w.

It is easy to check that 2 is non-reduced and that 20* is finite. Then, 2A*
is L™-saturated and consequently, 2 is L~ -saturated. But it is not strongly
homogeneous: take o < wy and 8 > wy and I the set of all finite partial
isomorphisms p such that p(a) = 3. It is easy to see that I : (2,a) =,
(2, ). Therefore, (A, ) = (A, 3). But, since the equivalence classes of «
and [ are of different power, there is no automorphism h : 2 — 2 such that

h(a) = .

There are counterexamples that show that the converse of Proposition
2.32 is not true.
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Example 2.34. Take L = {P, E, f}, where P is a unary relation sym-
bol, E a binary relation symbol and f a unary function symbol. Let
oA = (A, PYE* f*), where A = M UM uU{b}, M = {a,:n€w},
M ={a,:new}, b¢g MUM and M NM" =0. Let P* = {ag,ap} and
for any n € w, f*(ant1) = an, [*(a0) = ao, f*(a541) = an. [M(ag) = aq
and f*(b) = b. Finally, let

E* = [(M'U{b}) x (M"U{b})] U[M x M].

Clearly 2 is reduced. Observe that 2l is strongly homogeneous: suppose
that @ = (a; : @ € I) and @ = (a} : @ € I) are sequences of elements of
A such that (2,a@) = (A,a’). It is easy to check that, in this case, for any
i € I, a; = a}, therefore the identity is the desired automorphism. But
using back-and forth systems for equality-free logic it can be shown that 2
is not strongly L~ -homogeneous, for the details see ([10]).

Acknowledgments

The author wishes to thank Enrique Casanovas and Ramon Jansana
for reading a preliminary version of this paper and the referee for his/her
comments.

References

[1] W. J.Blok, D. Pigozzi, Protoalgebraic logics, Studia Logica, 45 (1986),
pp. 337-369.

[2] W. J. Blok, D. Pigozzi, Algebraic semantics for universal Horn logic
without equality, in: Universal Algebra and Quasigroups, A. Ro-
manowska, J. D. H. Smith (Eds.) , Heldermann Verlag 1992.

[3] W. J. Blok, D. Pigozzi, Algebraizable Logics, Memoirs of the Am.
Math. Soc. (1989), 396.

[4] E. Casanovas, P. Dellunde, R. Jansana, On elementary equivalence for
Equality-free Logic, Notre Dame Journal of Formal Logic, 37 (1996),
pp. 506-522.

[5] E. Casanovas, R. Farre, Omitting types in incomplete theories, The
Journal of Symbolic Logic, 61 (1996), pp. 236-245.



EQUALITY-FREE SATURATED MODELS 21

[6]

[7]

[15]

[16]

[19]

C. C. Chang, J. Keisler , Model theory. North-Holland, Studies in
Logic and the Fundations of Mathematics, 73, Amsterdam, 1991.

J. Czelakowski, Model-theoretic methods in metodology of proposi-
tional calculi, The Polish Academy of Sciences Institute of Philosophy
and Sociology, 1980.

J. Czelakowski, Reduced products of logical matrices, Studia Logica,
39 (1980), pp. 19-43.

J. Czelakowski, Protoalgebraic Logics , Trends in Logic - Studia Logica
Library, Kluwer Academic Publishers, Dordrecht, 2001.

P. Dellunde, Contributions to the Model Theory of Equality-Free Logic,
Ph.D. Thesis, Universitat de Barcelona.

P. Dellunde, Equality-free Logic: The Method of Diagrams and Preser-
vation Theorems, The Logic Journal of the IGPL , 7 (1999), pp.717-
732.

P. Dellunde, On definability of the equality in classes of algebras with
an equivalence relation, Studia Logica, 64 (2000), pp.345-353.

P. Dellunde, R. Jansana, Some Characterization Theorems for Infini-
tary Universal Horn Logic without equality, The Journal of Symbolic
Logic, 61 (1996), pp. 1242-1260.

R. Elgueta, Algebraic Model Theory for Languages without equality,
Ph.D. Thesis, Universitat de Barcelona, 1994.

W. Hodges , Model Theory, Cambridge University Press, 1993.

E. Hrushovski, S. Shelah , Stability and omitting types, Israel Journal
of Mathematics, 74 (1991), pp. 289-321.

M. Morley , Omitting classes of elements, in: The Theory of Models,
Proceedings of the Berkeley Symposium, J. Addison, L. Henkin and
A. Tarski (Eds.), Amsterdam, 1965, pp. 265-273.

G. C. Nelson , Preservation Theorems without Continuum Hypothesis,
Studia Logica, 60 (1998), pp. 343-355.

G. C. Nelson , Relationally indistinguishable models, Preprint, 1998.



22 PILAR DELLUNDE

[20] G. C. Nelson, O. Neswan, Model Theory without equality, Preprint,
1998.

[21] O. Neswan, Model Theory without equality, Ph.D. Thesis, University
of Towa, 1997.

[22] S. Shelah , Classification theory and the number of non-isomorphic
models, North-Holland, Amsterdam, 1978.

[23] R. Wojcicki , Theory of Logical Calculi. Basic Theory of Consequence
Operations, Kluwer Academic Publishers, Dordrecht - Boston - Lon-
don, 1988.

Area de Logica

Universitat Autonoma de Barcelona
08 193-Bellaterra (Barcelona)
Catalonia (Spain)

Pilar.Dellunde@uab.es



