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On Jonsson varieties and quasivarieties

In this paper, new objects of research are identified, both from the standpoint of model theory and from
the standpoint of universal algebra. Particularly, the Jonsson spectra of the Jonsson varieties and the
Jonsson quasivarieties are considered. Basic concepts of 3 types of convexity are given: locally convex
theory, ¢(z)-convex theory, J-¢(z)-convex theory. Also, the inner and outer worlds of the model of the
class of theories are considered. The main result is connected with the question of W. Forrest, which is
related to the existential closedness of an algebraically closed variety. This article gives a sufficient condition
for a positive answer to this question.
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This article is related to the new concepts of Jonsson varieties and quasivarieties. The interest in such classes
of structures lies in the fact that today the study of Jonsson theories are related exclusively to the problems of
the classical model theory and some of its modern sections. However, it seems to us, the use of the concepts
of varieties and quasivarieties will expand the area of application of the apparatus of Jonsson theories and,
accordingly, the content of the results on the study of Jonsson theories also within the framework of universal
algebra. Moreover, the well-known, already classical results on the description of model-theoretic questions,
both varieties, and quasivarieties, can be considered from the standpoint of studying Jonsson’s theories.

We give well-known definitions and results related to the description of various classes of varieties and
quasivarieties.

If an axiomatizable class K is closed concerning subsystems, from it is called universal, if it is closed for
homomorphic images, then it is called positive, and if it is closed to filtered products, then it is called Horn. We
will call a theory T" universal, positive, or Horn if it has a system of axioms consisting, respectively, of universal,
positive, or Horn sentences.

The following theorem can already be related to the classical Model Theory.

Theorem 1. (Tarski, Lyndon, Keisler) [1; 351]. Let K be some axiomatizable class of algebraic systems.
Then:

a) K is a universal if and only if the theory Th(K) is universal,

b) K is positive if and only if the theory Th(K) is positive;;

¢) K is Horn if and only if the theory Th(K) is Horn.

In what follows, the class of systems, if the context does not imply otherwise, we will understand the
"axiomatizable class of systems".

Most of the classes of systems considered in algebra have some of the listed closedness properties. If the
class K is a positive Horn universal, then K is called a variety. Examples of varieties are the classes of all
semigroups, all groups, Abelian groups, Boolean rings, nilpotent groups of steps < s. Universal Horn classes
are called quasivarieties. Quasivarieties are, for example, the class of torsion-free groups from any variety of
groups and the class of rings of characteristic 0. An example of a positive Horn class that is neither positive nor
universal is the class of atomless Boolean algebras.

Thus, we can formulate the well-known classical result:

Theorem 2. (Birkhoff) [2; 237] For a non-empty class K of algebraic systems to be a variety, it is necessary
and sufficient that the following conditions are satisfied:

1) the Cartesian product of an arbitrary sequence of K-systems is a K-system;

2) any subsystem of an arbitrary K-system is a K-system;
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3) any homomorphic image of an arbitrary K-system is a K-system;

i.e. it is necessary and sufficient that the class K be hereditary, multiplicatively, and homomorphically closed.

From this, we see, for example, that groups do not form varieties in signature with one multiplication; fields
do not form varieties in the ring signature, and so on.

In the well-known monograph of A.I. Maltsev [2], one can find the following definitions of varieties and
quasivarieties.

Varieties and quasivarieties of algebras are classes of algebras that can be specified using a collection of
identities or, respectively, quasi-identities (conditional identities). Since identities and quasi-identities are V-
formulas, varieties, and quasivarieties are particular types of universally axiomatizable classes of algebras.

Now, we define what the unit structure means.

For each signature Q2 there is a unique (up to isomorphism) unit system il, consisting of only one element
e for which

F(e,...e)=e¢, Ple,..,e)=T (F,P€Q).

Definition 1. [2] A subclass M of algebraic systems of signature o of some class K is called hereditary in K
if each K-subsystem of an arbitrary M-system is an M-system.

Theorem 3. [2; 271]. For the class of systems R to be a quasivariety, it is necessary and sufficient that the
class R is:

1) locally closed;

2) multiplicatively closed;

3) contained a unitary system.

Consequence 1. [2; 272] The class of systems R is a quasivariety if and only if R is

1) closed with respect to filtered products;

2) a hereditary;

3) contained a unitary system.

In [3-4], the question was raised about study of the class of Jonsson theories of a certain fixed class of
structures concerning the concept of cosemanticness, which is an equivalence relation. Such classes of Jonsson
theories form the Jonsson spectrum of a fixed class of structures of arbitrary signature. The main idea of this
article is to study the Jonsson spectra of such classes of structures that are varieties or quasivarieties, the
theory of whose classes is Jonsonian. On the one hand, this approach is new and naturally generalizes all higher
formulations of problems; on the other hand, it narrows the class of varieties or quasivarieties with the additional
condition of joint embedding and amalgam.

Let us give the following definitions.

Let K be the class of structures of countable signature o. Let’s introduce the notation:

VI(K) = Th(K)U{g | ¢ is a V3-sentence and ¢ UTh(K) is a consistent}.

Definition 2. We call a K Jonsson variety if:

1) K is a variety in the usual sense [2; 269];

2) V3(K) is a Jonsson theory.

Definition 3. We call a K Jonsson quasivariety if:

1) K is a quasivariety in the usual sense [2; 269];

2) V3(K) is a Jonsson theory.

Consider the JSpV (K) be Jonsson spectrum of the Jonsson varieties of class K, where K is the Jonsson
variety:

JSpV(K) ={T/T is a Jonsson theory, T'= Thy3(N), N C K, N is a subvariety of K'}.

Consider the JSpQV (K) be Jonsson spectrum of the Jonsson quasivarieties of the class K, where K is the
Jonsson quasivariety:

JSpQV (K) = {T/T is a Jonsson theory, T = Thy3(N), N C K, N is a subquasivariety of K}.

Then JSpQV (K)/w is denoting the factor set of the Jonsson spectrum of Jonsson quasivariety of the class
K by the relation .

It is clear that JSpQV (K) C JSp(A) for any model A € K, where JSp(A) is the Jonsson spectrum [3—4]
of the model A.
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We say that class K7 JSpQV-cosemantic to class Ko (K7 JSMQV Ks) it JSpQV (K1) /s = JSPQV (K2) /5.
P

Theorem 4. Let [T] € JSpV(K). K is a Jonsson variety of abelian groups, then Cip) € Ejp) its semantic
model of the center [T']* , and Cfr) be a divisible group and its standard Shmelev group is representable in the
form EBPZESZ’) ® QW) where ., B € wt, 2% = |Clpy].

We call the pair (ap,ﬁ)ém
Shmelian group A is representable as EBPZZ(,‘Q) @ QB where Cir is semantic model of [T] € JSpV (A)/pa.

Let K be the class of Jonsson variety of abelian groups. We define the following set {(a,, ﬁ)g{ - [T] €

the Jonsson invariant of the abelian group A if the standard group of the

JSpV(K) /s, for all prime p} as the Jonsson invariant of the factor-set of Jonsson variety JSpV (K)/s and
denote it by JInv(JSpV (K)/w)-

Let’s introduce the notation: Cx = {Ciqy | [T] € JSpV(K)}.

Theorem 5. Let K7 and Ko be an arbitrary classes of Jonsson variety of abelian groups, then the following
conditions are equivalent:

1) Ky JEZV Ko;

2) JInv(JSpV (K1) /) = JInv(JSpV (K2)/w)-

Proof. The proof follows from the above definitions and from the theorem [5].

Let ¢l be the closure operator of some pregeometry defined on all subsets of semantic model of considered
Jonsson theory.

Let [T] € JSpQV (A)/s. The center of Jonsson class [T] will be called an elementary theory [T]* of its
semantic model Ciyy, i.e. [T]* = Th(Cjp)) and [TT* = Th(Ca) for every A € [T7].

Denote by Ejzp = J Ea the class of all existentially closed models of the class [T] € JSpQV (A)/s. Note

A€[T]
that [ Ea # 9, since at least for every A € [T] we have Cir) € Ea.
A€[T]
Let A, B € K, where K is a variety (a quasivariety).
Definition 4. We say that a model A is JSpV-cosemantic to a model B (A JEEV B) if JSpV(A)/s =

JSpV (B)/sq. Accordingly, we say that a model A is JSpV-cosemantic to a model B regarding I', where ' C L
and write it A 53 Bif JSpV(A) foa = ISPV (B) oa:
P
Definition 5. We say that a model A is JSpQV-cosemantic to a model B (A JSI><1QV B) if JSpQV(A)/s =
P

JSpQV (B)/sq. Accordingly, we say that a model A is JSpQV-cosemantic to a model B regarding I', where
T C L and write it AJSDZQVB if JSPpQVr(A)/sa = JSPQVE(B) /e
P

Definition 6. The class [T] € JSpQV(K)/w is called elementarily closed regarding to K, if V[T] €
TSpQV (K) /et [T) # [T] = Ejr) N Byry = 0

Definition 7. The class [T] € JSpQV (K)/w is called locally convex regarding to K, if Thyz( (| Ea) is a

A€[T]
Jonsson theory and reflexcially convex if Thys(K) € JSpQV (K).

Definition 8. The class [T] € JSpQV (K) /s is called companion-convex regarding to K if the theory V =

Thya( () Ea) is a Jonsson theory and has a model companion.
A€[T]

We can define the completeness of the class [T] regarding Jonsson variety K (Jonsson quasivariety K)
as follows (Definition 7), and all four types of completeness are independent of each other and can combine.
An interesting problem is the transfer of results from the Jonsson spectrum to the Jonsson variety (Jonsson
quasivariety), when the completeness of the Jonsson theory is replaced by the following types of completeness
and their combinations.

Let [T] € JSpV(K) ([T] € JSpQV(K)), T C L.

Definition 9. The class [T is called a I';-complete class regarding to K, if the following i-conditions are true:

. r r
ll) VA,B € E[T], AJE’ZVB (AJS%VB);
i2) VA, B € Ejpy, AJE‘%VB (AJSI;%VB) and VA € [T], A —I'-complete;

is) Vo e, VA€ [T], Abpor AL —p < VA B e ModA, VYA € [T], A=r B;
i4)V(,0€F, VA,BGE[T},AFw®8F¢

Mathematics series. Ne 4(104),/2021 153



A .R. Yeshkeyev

The concepts of completeness and model completeness do not coincide, but as shown by [6], in the case of a
perfect Jonsson theory, these concepts coincide for the Jonsson theory under consideration. Therefore, in going
over to the problem of the Jonsson spectrum, we must take into account that in the case of an imperfect class,
these concepts do not coincide.

A Jonsson variety K (a Jonsson quasivariety K) will satisfy some model-theoretic notion P if each class
[T] € JSpV(K) ([T] € JSpQV (K)) satisfies the P property. Next, we define some particular cases of the
property P for the Jonsson variety K (the Jonsson quasivariety K) through an arbitrary class [T] € JSpV (K)
([T] € JSpQV(K)):

Definition 10. The class [T] is model complete if and only if YA € [T], A is model complete.

A Jonsson variety K (a Jonsson quasivariety K) is model complete, if any class [T] € JSpV(K) ([T] €
JSpQV (K)) is model complete if and only if V.A, B € Ej7|, V monomorphism f : A — B is elementary if and
onlyifVoe L, eVNI: [T]F (o ~9) [T F (p~¢) SVA[T,AF (¢~ ).

Lemma 1. If A € [T] and A is imperfect, then 3B € Ea, B € Eas for some A’ € [T7.

Definition 11. Two Jonsson variety (Jonsson quasyvariety) K1, K» existentially mutually model complete to
each other (K <> K3 ), if for any [T]; € K1, [T]2 € K5 follows that the classes [T]1, [T]2 existentially mutually

model complete to each other ([T]; <+ [Tz ), i.e. VB € Ejp),, IB € Eppy, : B 5 B’ and the converse is true.

Lemma 2. K1 & Ky & Thv(Kl) = Thv(Kg)

Let us consider some properties of the Jonsson spectrum at fixed completeness (a special case of Definition
9 (i2)).

Let K be a Jonsson variety (a Jonsson qvazyvariety).

T) € JSpV(K) ([T] € JSpQV (K)).

Mod[T) ={A € Modok /A E T;,VT; € [T]}.

Mod(JSpV(A)) = {B € Modok /B = T;,VT; € JSpV(A)} (Mod(JSpQV (A)) = {B € Modok/B =
T,,VT; € JSpQV (A))).

Mod(JSpV (A)/s) = {B € Modok /B = [T],V[T] € JSpV(A)/sa} (Mod(JSpQV (A)/sq) = {B € Modok /B |=
[T],V[T] € JSpQV (A)/sa})-

From above definitions, we can conclude the fact about elementarity: the E7) is elementary class if and
only if [T] has a model companion.

Definition 12. [T] has a model companion if any E7, will be an elementary class, T; € [T] .

Lemma 3. Ky 83y Ky & JSpQV(A) /g = JSpQV (B) /sq, VA € Eg, ,VB € Ek,.

Proof. The proof follows from Definitions 10-12.

JSpV(K) (JSpQV (K)) is a perfect, i.e. for any [T'] € JSpV(K) ([T] € JSpQV (K)) is true that the [T] is
perfect iff C7 is saturated.

Let JSpV(K) (JSpQV (K)) be a perfect, then for any [T] € JSpV (K) ([T] € JSpQV (K)) the following
conditions hold:

1)[T7] is complete iff VA, B € Ejq), A Jl>§p B.

2) By = UEr,.

el
) The [T] is ¥3-complete if and only if V.A, B € Eiz), A ¥ B,
p

4) A £3 Biff JSpQVa(A) s iff TSpQV(B) o

5) JSpQVya(A)/sq = {T | T is Y3-complete Jonsson theory, A = T'}.

Definition 13. The class of the theory [T] called existential prime, if:

1) it has a prime algebraic model and the class of all algebraically prime models; it is denoted by AP,

2) the class (Ejp)) of theory [T] has non-empty intersection with an AP class, i.e., [T]ap N Epp) # 0.

Definition 14. A set X is called a theoretical set, if X is Jonsson set, p(C) = X and the sentence VZ3gy(z, §)
defines some Jonsson theory.

A class [T] € JSp(M)/wq is called J-¢(x)-convex if all theories from class [T] are J-¢(x)-convex.

Definition 15. The class [T] will be called ¢(z)-convex if it is strong convex in the classical sense [1] and
for any existentially closed model N; of this class, there is a theoretical set Ap,, such that cl(An,) = N;

Definition 16. The class [T] with APy # @ will be called J-¢(7)-convex if it is convex in the classical sense
[1] and for any existentially closed model N; of this class, there is the Jonsson set Ay,, such that cl(Ayn,) = N;
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»(N;) = Ap, and r;Ni =M, M € EipN APy, Ni <s, Ci), where APp is the set of all algebraically prime
models of the class [T7].

The following definition defines the inner world (IW(y)(A)) of the model A of the class [T] when A € Ejpy.

Definition 17. Let [T] € JSpV(K) ([T] € JSpQV (K)). IWp)(A) = {A" € Ep| f is isomorphism,
[ A" = A Ac Ep}is called the inner world of the model A for [T7].

The following definition defines the outer world (OW(r)(A)) of the model A of the class [T] when A € Ejp).

Definition 18. [T] € JSpV(K) ([T] € JSpQV (K)). OW(A) = {B € Ejg : there exist A"= A, A’ C B}
is called the outer world of the model A for [T].

Just the world of the existentially closed model A will be the following set

W[T] (A) = IW[T] (A) U OW[T] (A)

Note that the above definitions can connect two different existentially closed models in the case of a convex
theory. As the following theorem is true.

Theorem 6. Let T be the perfect, strong convex Jonsson theory. Then for any models A, B € Er the following
is true:

1) OWr(A) N OWr(B) # 0,

2) IWr(A) N IWy(B) # 0.

Proof. By virtue of the perfectness of the theory T, Er = ModT™. All existentially closed models of the
theory T are models of the center of the theory T', therefore, property 1) is true due to the fact that models A
and B are existentially closed submodels of the semantic model C', where C' — semantic model of the theory T
Due to the strongly convexity of the theory T', the intersection of any two models is not empty. Condition 2) is
trivial and is performed due to the joint embedding property (JEP) of the theory T'. In particular, the model
C satisfies these conditions due to the T universality of the model C.

Suppose L is an algebraic language and A is an algebra of type L. If we attach the elements of A as constants
to L, then the new language will be denoted by L(A). Let K be a class of algebras of type L and A € K. We say
that A is existentially closed in the class K if every existential sentence ¢ in the language L(A) which is true
in some extention A C B € K, is also true in A. If we restrict ourself to the positive existential sentences, then
we obtain the definition of an algebraiclly closed algebra in the class K. Equivalently, A is existentially closed
in K, if and only if every finite set of equations and inequations with coefficients from A, which is solvable in
some B € K containing A, already has a solution in A itself. Similarly A is algebraically closed in K, if and
only if every finite set of equations with coefficients from A, which is solvable in some B € K containing A,
already has a solution in A.

The question from [7] which we can formulate as "For what varieties V' of algebras with AP is it the case
that every algebra A which is algebraically closed (in the sense of groups) is existentially closed?” We would
like to obtain a complete characterization of such varieties.

In this work, we found the sufficient conditions to above question under additional JE P-property.

Theorem 7. Let JSpV(K) be a Jonsson spectrum of the Jonsson variety K, then if K is perfect Jonsson
class, for any semantic model which algebraically closed of the class [T] € JSp(K). This model belongs to Ejp
also.

Proof. Suppose the opposite. There exists a model A € Mod([T)), [T] € JSpV (K ) such that A is algebraically
closed, but A ¢ Ej7). Then there exists a sentence § = 37—¢(7T) such that any B € Mod([T]) such that B 2 A
and B [ 0 follows that A ¥ 6, then A = =0, then A |= VZp(T). Since VA € [T], A-Jonsson theory, there exists
B' € Eppy such that A — B', B" — C, C is a semantic model of the class [T]. If B € Ejpy, then B =y3 B” and
the sentence ¢ in a particular case is a V3-sentence. If B ¢ Ejp), then there exists B" € Ejz, such that B — B”
n B” — B

Also, for all who have an interest in the particular case of the above-considered materials, one can find out
in the following resources [8-12].
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Axademur E.A. Boxemos amuvindazv. Kapazanodv ynusepcumemi, Kapazandwo, Kasaxcman

oHcoHabIK KONTYPJIJIK >KoHe KBAa3UKONTYPJIJIIK TypPaJbl

Makasaza MomenbIep TEOPUSIChl TYPFBICHIHAH J1a, oMOeban aarebpa TYPFBICHIHAH /14 XKaHa 3ePTTey 00beK-
Tisepi aHBIKTAJIABl. ATan aiTKaHIa, HOHCOHIBIK KOITYDJIUIK IIeH HOHCOHIBIK KBAa3UKONTYPJIITIKTIH HOH-
COHJIBIK, CIIEKTPJIEP] KapacThIpbLIFraH. JJeHecTimikTin 3 TypiHiH Heri3ri TycinikTepi GeplireH: JOKaJIb/Il JIOHEC
Teopust, ¢(x)-nenec teopus, J-p(x)-nenec reopusi. COHBIMEH KaTAp, TEOPHUIAD KIACHIHBIH, IMIK] 2KOHE CBIP-
TKbI osiemiepi 3eprresniren. Herisri notmke B.Doppectiy cyparbiMeH 0ailjIaHBICTBI, OJ1 aJre0pasblK TYHbIK
KOTITYPJILTIKTIH 9K3UCTEHITAAILI TYHBIKTAIYbIHA KATHICTHI. Makasaga aBToOpsl OYJI CYpaKKa OH, Kayarl 6epy
VIIIiH 2KeTKUTKTI MapTThl KeJITipreH.

Kiam cesdep: HOHCOHMIBIK, TEOPHSs, CEMAHTUKAJIBIK, MOJ€E/b, HOHCOHBIK CIEKTD, HOHCOHIBIK, KOITYPJIIK,
MOHCOHIBIK KBa3UKONTYPJIIK.
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A .P. Emikeesn

Kapazandunckul yrusepcumem umenu axademura E.A. Byxemosa, Kapazanda, Kazaxcman

O 1OHCOHOBCKHMX MHOT000pa3maX U KBa3MMHOT000pa3UIX

B crarbe onpenenensr HOBble OOBEKTHI UCCIEOBAHNS, KAaK C IO3UIMNA TEOPHUHU MOJENEH, TAK U C ITO3UIUN
YHUBEpCaJbHOI aiare6pel. B dacTHOCTH, pacCMOTPEHBI HOHCOHOBCKHE CIEKTDPBI HOHCOHOBCKHX MHOr00Opa-
3uit U HOHCOHOBCKUX KBAa3WMMHOT00Opa3uii. JlaHbl OCHOBHBIE MOHSITHS TPEX BUIOB BBIMYKJIOCTH: JIOKAJIBHO
BBIILYKJIasl TeOpHs, ¢(x)-BBIIyKJas Teopusd, J-¢(x)-BblnyKias Teopus. KpoMe TOro, n3ydeHbsl BHYTPEHHNE
¥ BHEIIHHE MUPBI Mojen Kiiacca teopuit. OCHOBHOM pe3ysbraT cBsidaH ¢ BorpocoMm Y. Doppecra, KOTOPHI
OTHOCUTCS K 9K3UCTEHIINAILHON 3aMKHYTOCTH AJIredpanvecku 3aMKHYTOTO MHOTOOOpa3us. ABTOPOM CTaThbu
IIPUBEJIEHO JIOCTATOYHOE YCJIOBHE JJIs TIOJIOKUTEIBHOIO OTBETa Ha JAHHBINA BOIIPOC.

Kamouesvie cro6a: HOHCOHOBCKAsi TEOPHs, CEMAHTHUIECKAs MOJIEJIb, WOHCOHOBCKHUI CIEKTP, HOHCOHOBCKOE
MHOT000pa3ne, HOHCOHOBCKOE KBA3MMHOT0OOpa3ue.
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