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Companions of (n,ng)-Jonsson theory

In given work are considered model-theoretical properties of companions of (n1,n2)-Jonsson theory. Also
were considered a communications between center and (n1, n2)-Jonsson theory. Herewith considered theories
is perfect in the sense of the existence of appropriate model companion. In given article introduced new
concepts: (n1,n2)-Jonsson theory, D — a-model companion. New results are shown with respect to model
companions of a-Jonsson theory and 1-perfect 1-Jonsson theory.

Keywords: Jonsson theory, model complete, n-model complete, nearly n-model complete, D — a-model
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In the work [1] were determined generalized Jonsson theories and in the language of the introduced definitions
were given a descriptions of all generalized Jonsson theories of Boolean algebras. In [2] were defined the concepts
of 1-model completeness and near model completeness, and in this work, it was pointed out about the possibility
of transferring these two concepts to arbitrary n. In fact, there is a direct connection between these two works
are related to model completeness, thereby determining a utensils of essence of given works to one of classical
directions in the model theory, determined by the studies of Abraham Robinson. In general, the development
of this subjects after the beginning of the 70 was naturally suspended due to the fact that the main trends of
development of model theory were based on technology and concepts, related to the study of complete theories.
On the other hand, the main ideas of Robinson’s directions relate to the study of inductive theories, which
generally are not complete. The special subclass of inductive theories is the class of Jonsson theories. Toward
this class can be attributed basic algebraic examples of theories, which are play important role in the various
modern sections of mathematics. For example, theories of groups, theories of Abelian groups, theories of fields
of fixed characteristic, theories of Boolean algebras, theories of polygons, etc. The given examples of theories
show the relevance of studying model-theoretical properties of Jonsson theories.

In the classic textbook, in the form of reference book [3] can find the definition of Jonsson theory, later on,
the study of Jonsson theories was developed in the following list of works: [4-6].

In [1], the concept of a semantic model is used in a substantial way, and this concept by its existence is
connected with an additional axiom about the existence of a strongly unattainable cardinal to the existing system
of axioms of Zermelo-Frenkel set theory. In the work [7] a new definition of the semantic model was given, in the
framework of which developed and develops the further research of Jonsson theories [8-10]. In this definition
of the semantic model in work [7] is no requirement about the existence of a strongly unattainable cardinal.
The greatest success at the study of Jonsson theories can be achieved in case of saturation of semantic model.
As it was determined, in [11] such theories, by analogy with [1], will be called perfect Jonsson theories. These
theories have many good semantic properties related to the theory. For example, the theory of algebraically
closed fields of a fixed characteristic is model companion of theory of fields of the same characteristic. A concept
of model companion was defined by A. Robinson and this concept is closely related with the concept of model
completeness.

In connection with the above, we want to consider the properties of Jonsson theories, which use the concept
of n-model completeness from work [2] for some n and the corresponding concept of a model companion, using
the results from [1], but within the framework of a new approach to Jonsson theories [11-14] using the new
definition of semantic model and companions in study of model completeness from [2].

We give the necessary definitions of concepts which we will use.

We will start with definition of Jonsson theory.

Definition 1 [11]. A theory T is called Jonsson if the following conditions are satisfied:

1) T has infinite models;

2) T is inductive;

3) T has the joint embedding property (JEP);
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4) T has the amalgam property (AP).

Following definitions (1-5) and facts (theorems 1-2) allows the reader to get acquainted with the inner
structure of semantic model as part of the definition from [7].

Definition 2 [7]. Let £ > w. A model M of theory T is called x-universal for T if every model T of strictly
less power k isomorphically embedded in 9.

Definition 3 [7]. Let k > w. A model M of theory T is called k-homogeneous for T if for any two models
2 and 2 of theory T, which are submodels of 9, power strictly less, than , and isomorphic f : 2 — 2, for
every extension B of model 2, which is submodel of 9t and model of T of strictly less power x exists extension
51 of model 2y, which is submodel of 91, and isomorphic g : B — B4, continuing f.

Definition 4 [7]. k-homogeneous-universal model for theory T of power x, where k > w, is called homogeneous-
universal model for T

Theorem 1 [7]. Every Jonsson theory T has xT-homogeneous-universal model of power 2%. Inversely, if T is
inductive, has infinite model and has w™-homogeneous-universal model, then a theory T is Jonsson theory.

Theorem 2 [7]. Let T be a Jonsson theory. Two models 9t and 9% x-homogeneous-universal for T are
elementary equivalent.

Definition 5 [7]. wt-homogeneous-universal model of theory T is called semantic model Cr of Jonsson
theory T'.

For any Jonsson theory a semantic model always exists, therefore it plays an important role as a semantic
invariant.

From definition of semantic model follows that:

Proposition 1 [15]. Any two semantic models of Jonsson theory T is elementary equivalent between themselves.

Lemma 1 [15]. Semantic model Cp of Jonsson theory T is T-existential closed.

Definition 6 [15]. Elementary theory of semantic model C' of Jonsson theory T is called semantic completion
(center) T™ of this T, i.e. T* = Th(Cr).

As we have already noticed, greatest progress in learning of Jonsson theories, as a rule, can be achieved
provided that of perfection of Jonsson theory.

Definition 7 [15]. A Jonsson theory T is called perfect if every semantic model of T is saturated model
of T*.

It is well know, that only at work with perfect Jonsson theories a class of existential closed models of
considered theory is elementary.

Theorem 3 [15]. Let ET be a class of all existential closed models of theory T. If a Jonsson theory T is
perfect, then Ep = Mod T™*, where T* = Th(Cr).

A concept of model completeness introduced by A. Robinson is played large role in the study of model
companions of various types of classical algebras.

Definition 8 [2]. A theory T is model complete if for any B, D € ModT and B is a submodel of D, then
B < D.

Definition 9 [2|. B C; D satisfied if B is a submodel of D, for every V-formulas (equivalently, 3-formulas)
¥() and for every b € B will performed B = 1(b) provided that D k= 1(b).

Generalization of definition 8 of model completeness, namely, definition 10, was consider in [2] by the authors
using the concept (definition 9).

Definition 10 [2]. A theory T is 1-model complete if for any B, D € ModT and B C; D, then B < D.

One of the interesting properties of classical model theory is a property of quantifier eliminable which is also
associated with a special case of model companion. In [2] was determined generalization of concept of quantifier
eliminable, namely, definition 11.

Definition 11 [2]. A theory T is nearly model complete if for any formulas ¢ (T) exists a formula ¢(Z) which
is Boolean combination of V-formulas such that T }= VZ[y) <> ¢].

Moreover in work [2] criterion was obtained (proposition 2.).

Proposition 2 [2]. A theory T is 1-model complete iff for any formulas (%) exists a formula ¢(Z) which is
a V-formulas such that T' = VZ[¢) < ¢].

On the other hand, in work [1] was considered a generalization of Jonsson theory and the main tool of this
generalization was a concept of I'-embedding which is generalizated a concept of isomorphic embedding with
respect to considered formulas. Instead of boolean combination of atomic formulas is considered a formulas with
quantifier prenix of length «. In place of Boolean combination of atomic formulas we consider a formulas with
quantifier prenix of length a. Under I' we understand a kind of formulas, for example, I' = I,,.

A set of all formulas (is a view of formula V3...4) denote by II,,, ¥, = {¢| « € 11, }.
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Definition 12 [1]. A map f: A — B is called a I'-embedding if for any @ € A and (Z) € T from A = ¢(a)
implies B = ¢(f(a)).

A concept of model companion was determined by A. Robinson, and it is played important role in the study
of various types of algebras, theories of which has model companion [1] (chapter 4).

Definition 13 [3]. A theory T is called model companion of T if:

1) T and T* are mutually model consistent;

2) T* is model complete.

Using next theorem we understand a value of concept of model companion for any Jonsson theory, semantic
model of which is saturated.

Theorem 4 [15]. Let T be arbitrary Jonsson theory, then the following conditions are equivalent:

1) T is perfect;

2) T* is model companion of 7.

Using concept of finite diagram from work [16], T.G. Mustafin is determined a concept of model completion
for generalized Jonsson theory. In the future on throughout of all paper in the results concerning work [1], as a
semantic model we use a model as part of the definition 5.

Definition 14 [1]. 1. A set D(B) = U, <o {Th(B,b)| b € |B|"} is called finite diagram of system 5.

2. Algebraic system 2 is called a D(B)-system if satisfied Th(2() = Th(8B) and D(2() C D(B).

3. If T is arbitrary theory, then any this model is called a D(T")-model.

In the future we will consider that D = D(T") or D = D(®8) for some model B of theory 7'

Using I'-embeddings at work [1] was determined special case of a-model companion, namely, of concept of
a-model completion which can be obtained from definitions 15 and 16 from work [1].

Definition 15 [1]. We say that a theory T is D — a-model complete if a theory TUThr (B, |B]) is complete
with respect to D for any model B = T.

Definition 16 [1]. Let Ty, T» be arbitrary theories of one language. A theory T is called D — a-model
completion of 77 if:

1) any model of T} is II,-embeddable in some D-model of T, and conversely, every D-model of Ty is
I1,-embeddable in suitable (or some) model of T7;

2) Ty is D — a-model complete;

3) a theory To U Thy, (B,|B]) is complete with respect to D for any model B of T;.

In the future we will say that if satisfied condition (1) from definition 16, then considered theories are
D — II,-mutually model consistent, where D = D(T) or D = D(B) for some model B of theory T.

This theorem is a-Jonsson generalization of criterion of perfectness of Jonsson theory (theorem 4).

Proposition 3 [1]. Let T be arbitrary a-Jonsson theory, then the following conditions are equivalent:

1) T is perfect;

2) T* is a-model completion of T

Proceed to the main result of given paper. For this we must define a concept of (n1, ne)-Jonsson theory. Let
n1, N9 be arbitrary natural numbers.

Definition 17. Theory T is called (n1,ns)-Jonsson theory if it is ni-model complete and nearly ns-model
complete theory.

It is clear from definition 17 that ny > ns. If no = 0, then ax center of Jonsson theory T admit elimination
of quantifiers. If n;=0, then Jonsson theory 7™ is model complete theory. Note that (0,n)-Jonsson theory is
perfect for any natural n.

In other words, ni-model completeness denote by the index n1, but near model completeness denote by the
index no. It is clear that it 2 various indices, and they may be dependentes, i.e. considered theories can be with
one index or simultaneously with two indices.

We determine a concept of a-model companion of a-Jonsson theory.

Definition 18. Let T1,T5 be a-Jonsson theories of one language. A theory T5 is called D —a-model companion
of T1 if:

1) any model of Ty is II,-embeddable in some D-model of T, and conversely, every D-model of Ty is
II,-embeddable in suitable (or some) model of T7;

2) Ty is D — a-model complete.

Theorem 5. Every a-Jonsson theory 7' has no more than one a-model companion.

Proof. Let’s say on the contrary, i.e. a-Jonsson theory has as minimum two various a-model companion,
or example, T7,T,. Hence, theory T is perfect. Then by definition a theories 77 and T are mutually model
consistent. By criterion of perfectness of a-Jonsson theory we can conclude that theories 77 and 715 are mutually

Cepust «Maremarukas. Ne 4(96)/2019 7



A.R. Yeshkeyev, M.T. Omarova

model consistent with 7%, where T is center of theory T'. And this means that 7T} and T5 are cosemantic among
themselves, and means they are equal.

By criterion of perfectness (proposition 3.) we can be conclude that a-Jonsson theory (when a=1) is 1-perfect
if the theory has 1-model companion.

Next theorem allows you to get a description of 1-perfect 1-Jonsson theory in the sense of work [1].

Theorem 6. 1-Jonsson theory is 1-perfect iff the following conditions are equivalence:

1) a theory T has 1-model companion T™ in sense of work [1];

2) a theory T™ = T, where T° is a center of theory T}

3) a theories T™ = T and T are D — II;-mutually model consistent, where D = D(C), is semantic model
of theory T. A theory T™ is 1-model complete in sense of work [2].

Proof. From (1) to (2) and from (2) to (1) follows from proposition 3 at a=1.

We prove from (1) to (3). Since a theory T has 1-model companion 7™, then by definition 18, when a=1,
we have that T™ is D — 1-model complete, where D = D(C'), and C is semantic model of theory T'. A theory T™
is D — 1-model complete if a theory T'U Thyy, (C, |C]) is complete. Since any model of theory T' isomorphically
embedded in model C, then easy to notice that by universality of formulas II; and D — 1-model completeness
all models of theory T with respect to II;-sentences are elementary equivalent. We need to show that from what
A C; B follows that A < B for any A, B € ModT. Suppose the contrary. This means that there are such that
A,B € ModT, but it is not true that A £ B. This is equivalent to that B ¢ ModD(A), but it is not true, since
D(A) € D(C) and B is a model D(C) by D — 1-model completeness of theory T'.

We prove from (3) to (1). Suppose the contrary. This means that a theory 7" is not 1-perfect, and this means
that it is non-perfect in sense of work [1] (proposition 3.), i.e. she does not have D — 1-model completion. But
by (3) a theories T™ and T are D — II;-mutually model consistent, where D = D(C), C is semantic model of
theory T, moreover 7™ is 1-model complete in sense of work [2]. But then we can use a criterion (proposition
2.), which say that: a Jonsson theory T is 1-model complete iff for any formulas ¢ (T) exists a formula () which
is a V-formulas such that T' = VZ[¢ <> ¢]. 1-nonperfectness is means that there is such type p, consisting from
universal formulas with constants from some subset X of model C, which is not implemented in C'. Without
loss of generality, we can assume that X is contained in some model A of theory T™. Since a type p is consistent
set, then there is elementary extension A’ of model A, which is implemented a type p. But since p is consisted
from V-formulas, then p is implemented and in A. By D — II;-model compatibility A is invested in C, and this
means, that a type p is implemented and in C. And from that one we can conclude about avalibility of the
contradiction.
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A.P. Emkees, M.T. Omaposa

(n1,n9)-VloHCOH TEOPUSICHIHBIH, KOMIIAHBOHIAPbI

Maxkasana (ni,n2)-HOHCOH TEOPHACH KOMIIAHLOHIEPIHIH MOJEJIbIIK-TEOPETHKABIK, KAaCUeTTepi KapacThbl-
pourran. Conbiven Gipre (11, N2 )-HOHCOH TEOPUACBIMEH OPTAJIBIK APACHIHJIAFBI GAMIAHBIC 3epTTENreH. Byt
peTTe KapacThIPBLIBII OTHIPFAH TEOPUSLIAP MOJIEIb/II KOMIAHBOHHIH, MarblHACBIHA COiKeC Kesrei. ABTopsap
’KaHa YFBIMJAD €Hri3ai, aran afTkanga: (11, ng)-HOHCOH TeopUsCH; D — q-MOJeIIb/Ii KOMIAHBOH. (:-HOHCOH
2KoHe 1-Kemes1 1-HIOHCOH TeOPHUSICHIHBIH, MOJE/IbIIK-KOMITAHBOHIAPhIHA KATHICTHI YKAHA HOTHXKEJIeP KOPCETLI-
TeH.

Kiam cosdep: HOHCOHIBIK TEOPHSI, MOJEJIbII TOJBIK, N-MOJEIbI TOJIBIK, AEPJIiK N-MOIEIbI] TOJBIK, 1D — -
MOZIE/IBl KOMIIAHBOH, MOJIEJIb/II TOJBIKTBIPY, (11, N2 )-HOHCOHIBIK TEOPUSI.

A.P. Emikees, M.T. Omaposa

KomnaHboHbI (11, ng)-IHIOHCOHOBCKUX TEOPUii

B craThe paccMOTPEHBI TEOPETHKO-MOETBHBIE CBONCTBA KOMIIAHBOHOB (711, N2 )-HOHCOHOBCKOM Teopuu. Tak-
K€ M3YYEHBI CBA3U MEXKJY IIEHTPOM U (N1, N2 )-HOHCOHOBCKO# Teopueii. IIpu 3ToM paccMaTprBaeMble TEOPUN
SIBJISIIOTCS] COBEPIIEHHBIMH B CMBICJIE CYIIECTBOBaHMSI COOTBETCTBEHHOI'O MO/JIEJILHOIO KOMIIAHbOHA. ABTOpa-
MU BBEJICHBI HOBBIE TIOHSTHS, a MUMEHHO: (n1,7Ns2)-HOHCOHOBCKas Teopus; DD — q-MOJEIbHBIN KOMIAHBOH.
IlokazaHbl HOBBIE PE3YIbTATHI OTHOCUTEIHHO MOJIETbHBIX KOMIIAHBOHOB (:-HIOHCOHOBCKOW U 1-COBepIIEHHOM
1-itoHCOHOBCKOIT Teopuil.

Kmouesvie crosa: HOHCOHOBCKasi TEOPUSI, MOJIETBHO TIOJIHASI, N-MOJIEJIbHO TOJJIHAS, TIOYTH N-MOJEIbHO I10JI-
Hast, D — q-MOJIe/IbHBII KOMITAHBOH, MOJEJIbHOE MOIOJIHEHNUE, (nl, N2 )-HOHCOHOBCKasi T€OPUs.
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