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Forking and independence for fragments of Jonsson sets

The concept of independence plays a very important role in Model Theory for classification of a fixed
complete theory. In this paper, we study the Jonsson theories, which, generally speaking, are not complete.
For such theories, the concept of forking is introduced axiomatically in the framework of the study of the
Jonsson subsets of the semantic model of this theory. Equivalence of forking by Shelah, by Laskar-Poizat and
an axiomatically given forking for existential types over subsets of the semantic model of the Jonsson theory
is given. Further, as and for complete theories, independence is defined through the notion of non-forking.
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One of the most important concepts of modern Model Theory is the concept of forking. With the help of this
concept, we can evaluate the dependence of the properties of an element on each other in a first-order language.
It should be noted that this concept was introduced by S. Shelah [1] to solve a very important problem of the
spectrum of an arbitrary complete theory. Over time, experts in the theory of models, evaluating the depth
and significance of the concept of forking, began to seek new approaches for its simpler explanation. One of the
well-known sources in this direction is the well-known work of French mathematicians D.Laskar and B.Poizat [2],
in which the concept of forking was redefined in the framework of a certain order. Later, other mathematicians
observed that it is possible to consider the abstract properties of the independence of the model elements from
each other and to associate this with the properties of the first order of the types of these elements for the
subject of non-forking. In particular, as an example, we can cite the following monograph by D. Baldwin [3],
where he considered a system of axioms that defines an abstract property of independence.

The study of Jonsson theories is inherently back to the tasks of the so-called «eastern» Model Theory,
founded by Abraham Robinson, who lived on the eastern coast of the United States, unlike Alfred Tarski, who
lived on the west coast of the United States. And accordingly, the tasks that were determined at the time by
A.Tarsky’s theoretical-model problems became the basis for the so-called «Westerns> Model Theory. All the main
differences between these two trunk directions of Model Theory of that time can be found in the well-known
book by J. Barwise [4].

The Jonsson theories, generally speaking, are not complete and the morphisms that serve them, as a rule, are
isomorphic embeddings and homomorphisms. At the same time, the semantic aspect of these theories, in view
of certain theoretical-model circumstances, reflects the class of existential-closed models of the Jonsson theory
under consideration. In [5], homomorphisms in positive Model Theory were defined. In [6], a variant of the
study of the Jonsson theories was proposed in the framework of the positive Model Theory. In an earlier work,
A R. Yeshkeyev [7] considered positive analogs of Jonsson theories and their particular cases - the Robinson
theories.

Let’s give the basic definitions necessary to understand the content of this article.

Definition 1 [4]. The theory T is called Jonsson if:

1) T has an infinite model;

2) T is inductive, i.e. T is equivalent to the set V3-propositions;

3) T has the joint embedding property (JEP), that is, any two models 2 = T and B |= T are isomorphically
embedded in a certain model € = T

4) T has the property of amalgamation (AP), that is, if for any 2,B,¢ = T such that f; : 2 — B,
f2 : A — € are isomorphic embeddings, exist D = T and isomorphic embeddings g1 : B — D, g2 : € — D such
that g1 f1 = g2 fo.

Definition 2 [8]. Let £ > w. The model M of theory T is said to be k-universal for T if every model T of
cardinality is strictly less than x is isomorphically embedded in 9.

Definition 3 [8]. Let k > w. The model M of theory T is said to be xk-homogeneous for T if for any two
models 2l and 2(; of T, which are submodels of 9, the cardinality is strictly less than k, and the isomorphism
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f 2 — Ay, for each extension B of the model 2, which is a submodel of 9 and a model T of cardinality
strictly less than k, there exists an extension 87 of the model 2(;, which is a submodel of 91, and an isomorphism
g B — B, that extends f.

A homogeneous-universal model for T" is a x-homogeneous-universal model for T of cardinality x, where
K2 Ww.

Definition 4 [8]. The semantic model C' of Jonsson theory T is the w'-homogeneous-universal model of
theory T'.

Definition 5 [8]. The Jonsson theory T is said to be perfect if its semantic model C' is saturated.

The central concept of this paper is the notion of a fragment of the Jonsson set that was defined in [9] and
some of its model-theoretic properties were considered in [10-12]. In this paper we carry over the main results
from [13, 14|, and, as can be seen from the following definition, the concept of the Jonsson set is very well
coordinated with the concept of a basis of a linear space. We note that linear spaces are a particular case of
modules, and the theory of modules is a Jonsson theory.

In definition 6 we changed the point a), in contrast to the definition of the Jonsson set in [15]. In the original
definition there was a requirement of the existential definability of this set, now we require simply definability.

Definition 6 [8]. The set X is called the Jonsson set in the theory T if it satisfies the following properties:

a) X is a definable subset of C, where C is the semantic model of the theory T;

b) del(X) is the carrier of some existentially closed submodel of C, where dcl(X) is the definable closure of
the set X.

Definition 7 [5]. We say that all V3-consequences of an arbitrary theory create a Jonsson fragment of this
theory if the deductive closure of these V3-consequences is a Jonsson theory.

Consider the countable language L, complete for existential sentences the perfect Jonsson theory 7' in the
language L and its semantic model C. Let X be the Jonsson set in 1" and M an existentially closed submodel of
the semantic model C, where dcl(X) = M. Then let Thy3(M) = Fr(X), where F'r(X) is the Jonsson fragment
of the Jonsson set X.

Since the concept of forking is central to stability theory, it is natural to want to study it from different
points of view. For this purpose, we first describe forking axiomatically. We recall the definition of forking.

Definition 8. a) It is said that formula ((Z,b) divide over A, if there exists a sequence (b, : n < w) and a
number k < w, satisfying the following conditions: 1) b, =4 b, n < w; 2) {¢(F,b,) : n < w} k-inconsistent.

b) It is said that the type p (not necessarily complete) forks over A, if there exists a finite set 3 of formulas
that are divisible over A such that pF V{p:p € X};

Let T be Jonsson theory, S”(X) be the set of all existential complete n-types over X, that are compatible
with T, for each finite n.

Definition 9. We say that the Jonsson theory T is J-A-stable if for any T-existentially closed model A, for
any subset X of the set 4, | X| < A = |S/(X)| < \. We will call the Jonsson theory J-stable if it is J-A-stable
for some A.

Let A be the class of all subsets of the semantic model 9, P be the class of all existential complete types,
JNF C P x A is some binary relation. We write in the form of axioms some conditions imposed on JNF.

Aziom 1. If (p, A) € JNF, f: A — B are isomorphic embeddings, then (f(p), f(4)) € JNF.

Aziom 2. If (p, A) € JNF, q C p, then (¢,A) € JNF.

Aziom 8. f ACBCC,pe S7(C), then (p,A) € JNF < (p,B) € JNF & (p| B,A) € JNF.

Aziom 4. If AC B, dom(p) C B, (p,A) € JNF, then 3¢ € S'(B) (p C q & (¢, A) € JNF).

Aziom 5. There exists a cardinal p such that if A C B C C, p € S/(B), (p,A) € JNF, then
{q € S/ (C):pCq& (¢, A) € INF}| < p.

Aziom 6. There exists a cardinal s such that Vp € P, A € A if (p,A) € JNF, then 3A; C A,
(|A1‘ <& (p,Al) S JNF)

Aziom 7. If p € S7(A), then (p, A) € JNF.

Let F' be the fragment of some Jonsson set D, where D is a subset of the semantic model 9t of some Jonsson
theory T, i.e. F = Thys(dcl(D)), dcl(D) = M’ € Er.

Theorem 1. The following conditions are equivalent:

1. In the theory I, the relation JNF satisfies axioms 1-7.

2. T* is stable for any p € P, A€ A ((p,A) € JNF < p does not fork over A), where T* = Th(M').

Proof. It follows from Theorem 10 [14].

Consider the strengthening of Lemma 19.7 from [13|. For this we give the following known definitions.
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Definition 10. f AC M NN, pe S(M), g€ S(N), then p >4 ¢ means that Vo(Z,7) € L(A)
GmeMp>sp@,m)=3IneN q3p(@,n));p~aqmeans that p >4 ¢ & ¢ >4 p.

P  ={¢:3IN=T, g S(N), p~aq}.

It is easy to understand that the relation >4 induces an analogous relation between classes, which is a partial
order relation. If A = @&, then the index A for >4 and ~4 will be omitted. Each equivalence class in ~4 is
uniquely determined by the set of formulas from L(A), representable in each type of this class.

Definition 11. The formula ¢(Z,5) € L(A) is said to be representable in p € S(M), A C M ecom Im € M
(p F @(&,mm)). Obviously, in this way, the number of equivalence classes in ~ 4 is at most 214! = 2lLI-A],

The equivalence classes with respect to ~4 will be denoted by 4. If p € S(A), then €, denotes the partially
ordered set ({€*:3M 2 A, p1 € S(M), pCp1, pr € £} 2).

The following results are known, their proof can be extracted from [13].

Lemma 1. In €, there is a maximal element.

Lemma 2. If T is stable, p € S(M), M C B, p’ € S(B) is the successor of p, then p ~j; p'.

Lemma 8. If T is stable, p € S(M), M C B, g € S(B), p C q and p ~s g, then ¢ is the successor of p.

Lemma 4. fACMNN,pe S(M),qe S(N), plA=q[A and p, q do not fork over A, then p ~4 gq.

Lemma 5. If T is stable, p € S(A), then Q, has a unique maximal (i.e., greatest) element.

The following definition belongs to A.E.Yeshkeyev.

If T is a J-stable, existentially complete Jonsson theory, p € S7(A), then 87 (p) is the largest element of €2,,.

Now we can introduce the following relation JNFLP (Jonsson non-forking by Lascar-Poizat) on P x A.

Definition 12. Let T be a J-stable, existentially complete Jonsson theory.

1.Ifpe S/(B), AC B, then (p,A) € INFLP < 37(p) = 8/ (p A).

2. If p is an arbitrary existential type, then (p, A) € JNFLP < there exists a p’ € S7(A U dom(p)) such
that p C p’ and (p’, A) € JNFLP.

Theorem 2. In the J-stable existentially complete Johnson theory, the relation JNFLP satisfies axioms 1-7.

The axioms 1, 2, 3, 4, 7 are trivially verified. Axiom 6 is satisfied for sc = |L|*. Suppose the contrary. Let
p € S7(A) and VA; C A, if |A1] < s, then (p, A1) ¢ JNFLP. Obviously, |A| > 3 = |L|*. There exists a
sequence (A, : < |L|T) such that |A,| < |L|, Ap C Ag for a« < 8 < |L|" and (p| Aa+1,An) € JNFLP. Let
M D |J A, be an arbitrary existentially closed submodel of the semantic model of the theory T of cardinality

IT|, pa 2 | Aq such that p, € S7(M) and [pa]*= is the largest element in Qy4,). Then ({po : o < [L[T};>)
is strictly decreasing sequence. Hence, there exist the formulas ¢, (Z, 9,) € L, a < |L|™ such that ¢, (Z, Jo) is
representable in p,, but is not representable in pq1. It is clear that for o # v 9o (Z, Ja) # ©~(Z, J,) since there
is no power set > |L| of formulas of the language L. Contradiction.

Axiom 5 is satisfied for p = (2|T|)+. In fact, let p € S7(B), (p,A) € JNFLP, A C B C C. By axiom 6,
there exists is A9 C A such that |Ag| < |L]|, (p, 4o) € JNFLP.

1 case: Let C' be an existentially closed submodel of the semantic model 9 of the theory T. C |=T.
Let Ay € My <p, C. If p' € S/(C), p C 9, (p/,B) € JNFLP, then (p',Ay) € JNFLP. Therefore,
(p',My) € JNFLP . Hence p’ is the successor of p’ | My. There are no more such types than |S7(Mp)| < 2!71.

2 case: C £ T. Then we take N € Ep such that N2 C. [{g€ S/ (C):pCq& (¢,A) € INFLP}| <
<|{q € S/(N):pCq& (q,A) € INFLP}| <2171,

The following theorem is an extension of Theorem 19.8 of [13] and is the main result of this paper.

Theorem 8. If F is J-stable, then the concepts of JNF and JNFLP are the same.

The proof follows from Theorem 1 and Theorem 2.

Next, we define the concept of independence. Non-forking extensions will in some sense be «frees, i.e.
independent. So in what follows we will talk about the concept of forking when we are dealing with some type
in the Jonsson theory, which satisfies the relation JNF. We will follow the following definition.

Definition 13. We say that a does not depend on B over A if tp(a/A) does not fork over A(J B. We denote
this fact by al 4 B.

In particular, one can note that the concept of independence for Jonsson sets has many good properties:
monotonicity, transitivity, finite basis, symmetry, etc., similarly to complete theories.

Forking, as in Theorem 1, can be used to give the notion of independence in J-w-stable theories [§].

Summarizing, we note that in [14] was obtained a result, where for the Jonsson theories the binary relation
JNF was determined and it was proved that the notion JNF in the class of J-stable theories coincides with
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the concept of non-forking in stable theories in the sense of S. Shelah. In this paper we obtain the following
result: for a fixed fragment of a certain Jonsson subset of the semantic model of some fixed J-stable existentially
complete Jonsson theory, we prove both equivalences of the binary relations JNF and JNFLP. Moreover, for
JNF in this class of theories, we have obtained a more detailed version of Theorem 10 [14]. Namely, we get the
assertion that the binary relation JNF is also equivalent to the condition obtained in [13] with respect to some
definable closure of the Jonsson subset of the semantic model of the Jonsson theory under consideration. The
results obtained with these binary relations provide an additional opportunity to characterize the behavior of
existential types in the framework of the study of the examined fragment of the Jonsson subset of the semantic
model of this Jonsson theory.
All concepts that are not defined here can be extracted from [8].
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O.1. Vubpuxr

oHcoHABIK >KUBIHAAPABIH, (pparMeHTTepl YIIiH
dopKuHT neH ToyeJiCci3aiK

Toyencismik yFbIMBI GEKITIITEH TOJBIK TEOPUSIHBIH MOJEIbIAEPIl KIACCU(MUKAIUIIAY TEOPUSICHIHIA ©Te
MaHBI3IbI POJIiH aTkapaiabl. MakaJaia HOHCOHIBIK TEOPHSIAp KAPACTBIPBLIILI, OJIap, »KaJIlbl alTKAHIA,
TOJIBIK, eMec 6oJIbI TabbLIaabl. MyH i Teopusiiap yiiniH GOPKUHT YFBIMBI OEPIiIreH TEOPUSHBIH, CEMaHTH-
KaJIbIK, MOJEJIiHIH, HOHCOH/IBIK, IMKi >KUBIHIAPBIHBIH, 3€PTTEY AsChIHIa aKCMOMATHUKAJIBIK, TYPAE EHTi3iaei.
[lenax, Jlackap-Ilyasa ¢dpopKuHTI KoHE HOHCOHIBIK, TEOPUSTHBIH, CEMAHTHKAJIBIK, MOJIE/IiHIH, HOHCOH/IBIK, 1I11-
Ki YKUBIHIAPBIHBIH 9K3UCTEHINAJIIBI TYPJIEP] VIIIIH aKCHOMATUKAJBIK Typie 6epiireH pOpKUHTIHIH SKBUBaA-
JIEHTTLIIr KeaTipiami. Opi Kapail, TOJBIK TeOpUsIapAaFbIIail, TOyeICi3miK (POPKUHT eTe aaIMaidThIHIBLIbI-
JIBIK, YFBIMBI aPKbBLIbI aHBIKTAJIAIbI.

Kiam cesdep: MOHCOHMBIK, TEOPUsl, CEMAHTUKAJIBIK, MOJIE/Th, S9K3UCTEHIINAIbI TYDP, HOHCOHIBIK, XKIbIH, HOH-
COHJIBIK, 2KUBIHHBIH, (DparMeHTi, (GOPKUHT, TOYEICI3IiK.

O.1. Vubpuxr

DopKUHT 1 HE3aBUCUMOCTD JIJIsI (pparMeHTOB
MTOHCOHOBCKUX MHOXKECTB

IlonsiTne He3aBHUCMMOCTH UI'DaeT OYE€Hb BasKHYIO POJIb B TEOPUHU KJIacCUMUKAIUN Mojesieil (DUKCHPOBAHHOMN
MOJTHOM Teopuu. B cTaThbe M3ydeHbl HOHCOHOBCKME TEOPUM, KOTOPBIE, BOOOIIE TOBOPsI, HE TMOIHBI. {151 Takux
Teopuit AKCMOMATUIeCKN BBOJIUTCS MTOHATHE (POPKUHTA B pAMKAX M3y UeHUsI HOHCOHOBCKUX ITOAMHOXKECTB Ce-
MaHTHYEeCKOI MoJiesin faHHoil Teopun. [IpuBeena sksuBaseHTHOCTH popkunra 1o Ilenaxy, Jlackapa-Ilyaza
W aKCHOMATUYIECKU 3aJAHHOTO (DOPKUHTA, JIJIsT SK3UCTEHIINAIBLHBIX TUIIOB HAJ MOAMHOXKECTBAMHU CEMAHTU-
9eCKOM MOJeIn HOHCOHOBCKOM Teopuu. Jlajee, KaK W JjIsl MIOJIHBIX TEOPHil, OIPEIEIsIeTCs HE3aBUCUMOCTD
4Jepe3 NOHATHE HEDOPKYEMOCTH.

Karouesvie cao6a: HOHCOHOBCKAasI TEOPUs, CEMAHTHIECKAT MOJEJb, 9K3UCTEHIIMAILHBIN THUII, HTOHCOHOBCKOE
MHOXKeCTBO, (pparMeHT HOHCOHOBCKOTO MHOYXKECTBA, (POPKUHT, HE3ABUCHMOCTD.
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