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Forcing companions of Jonsson AP-theories

This article is devoted to the study of the forcing companions of the Jonsson AP-theories in the enriched
signature. It is proved that the forcing companion of the theory does not change when expanding the theories
under consideration, which have some properties, by adding new predicate and constant symbols to the
language. The model-theoretic results obtained in this paper in general form are supported by examples
from differential algebra. An approach in combining a Jonsson and non-Jonsson theories is demonstrated.
In this paper, for the first time in the history of Model Theory. This will allow us to further develop the
methods of research of Jonsson theories and expand the apparatus for studying incomplete theories.
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Introduction

In recent years, Model Theory has increasingly revealed its potential in solving important problems
from various areas of mathematics. Thus, many significant facts concerning differential algebras, namely
differential fields of zero and positive characteristic, were established through the use of model-theoretic
methods in the studies of D. Marker, L. Blum, K. Wood, and others. At the same time, there is an
increasing need to develop their own apparatus of Model Theory, especially in the study of incomplete
theories. In the 1980s, among inductive theories, a special subclass of Jonsson theories was singled out,
which are incomplete. Examples of Jonsson theories are the theories of well-known classical algebras,
such as group theory, fixed characteristic field theory, linear order theory, etc. are provided. The
methods used in the study of this class largely demonstrate their usefulness due to the numerous
results obtained by B. Poizat, T.G. Mustafin, A.R. Yeshkeyev, E.T. Mustafin.

In [1], the authors began the study of the Jonsson differential algebras: results were obtained for
differential fields of characteristic 0 and p. Here we continue to develop this direction while expanding
the language of these theories and considering forcing companions in a new enrichment.

In the framework of the study of Jonsson theories, earlier works [2—4] considered theories obtained
as constructions of Jonsson theories. In this paper, we work with a theory that is a union of two
theories, where the first one is Jonsson and the other is not.

1 Preliminary information

We start with the main definitions and facts concerning the subject of the study. Recall the
definitions of a model companion and a forcing companion.

Definition 1. [5;156] Let T and Th;c be some L-theories. The theory Tysc is called a model
completion of the theory T if:

1) T and Th¢ are mutually model consistent, i.e., any model of the theory T' is embedded in the
model of the theory Th;c and vice versa;
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2) Thc is a model complete theory;
3)if AT, then Tyrc UD(A) is a complete theory. The theory Ty¢ is called a model companion
if conditions 1) and 2) hold.

Definition 2. [6; 129] Let T be a theory of the language L. A forcing companion of the theory T is
a theory T7 which is the set of all sentences of the language L weakly forced by 0.

The following results were proved by J. Barwise and A. Robinson:

Theorem 1. [6; 133| Let T; and T» be the theories of the language L. Then T} and T3 are mutually
model consistent if and only if Tlf =T 2f .

Theorem 2. [6; 134] Let T be mutually model consistent with some inductive theory 7”. Then
T' C T7. Therefore, if T is an inductive theory then T C T,

Definition 3. [5; 80] A theory T has the joint embedding property (JEP) if for any models U, B
of the theory T there exists a model M of the theory T and isomorphic embeddings f : U — M,
g:B— M.

Definition 4. [5; 68] A theory T has the amalgam property (AP) if for any models U, B;, By of
the theory T' and isomorphic embeddings f1 : U — By, fo: U — By there are M |= T and isomorphic
embeddings g1 : By =& M, go : Bo — M such that g; o f1 = g2 0 fo.

Since the work relates mainly to the study of the Jonsson theories, we will give the main definitions
concerning them. More detailed information about the Jonsson theories can be found mainly in [7].
In works [8-11], newer and more specific results have been published, and the apparatus for studying
Jonsson theories has been expanded.

We are working within the framework of the following definition of Jonsson theory published in the
Russian edition of [5].

Definition 5. |5; 80] A theory T is called Jonsson if:
1. the theory T has at least one infinite model;
2. T is an inductive theory;
3. T has the amalgam property (AP);
4. T has the joint embedding property (JEP).

Many classical objects from Algebra satisfied such conditions, and these theories are Jonsson
1) group theory;
2) theory of abelian groups;
3) theory of boolean algebras;
4) theory of linear orders;
5) field theory of characteristic p, where p is zero or a prime number;
6) theory of ordered fields;
7) theory of modules.
The following concepts and facts play a crucial role in the construction of a model-theoretic
apparatus associated with the study of Jonsson theories.

Definition 6. [7; 155] Let T be a Jonsson theory. A model Cr of power 2/71 is called to be a semantic
model of the theory T if Cr is a |T'|"-homogeneous |T|*-universal model of the theory T

Theorem 3. |7; 155] T is Jonsson if it has a semantic model Cy.
The following definition was introduced by T.G. Mustafin.
Definition 7. |7; 155] A Jonsson theory T is called perfect if its semantic model Cr is saturated.

Definition 8. [7; 161] The elementary theory of a semantic model of the Jonsson theory T is called
the center of this theory. The center is denoted by T%, i.e. Th(C) = T™*.
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Theorem 4. [7; 158] Let T be an arbitrary Jonsson theory. Then the following conditions are
equivalent:

1) the theory T is perfect;

2) T* = Th(C) is the model companion of the theory 7'

The following theorem is of particular importance for this study:

Theorem 5. |7; 162| Let T be a perfect Jonsson theory. Then the following statements are equivalent:
1) T* is the model companion of T

2) ModT™* = Er;

3) T* = T, where T/ is a forcing companion of the theory 7.

Theorem 6. [12; 1243] Let T be a Jonsson theory. Then for any model A € Ep theory TY(A) is
Jonsson, where T%(A) = Thys(A).

We can see that in the case of the perfectness of T its center T™ is also a Jonsson theory.
The following definition will help us to specify the class of Jonsson theories which we will deal with
in this paper.

Definition 9. [13; 120] A Jonsson theory is said to be hereditary if, in any of its permissible
enrichment, it preserves the Jonssonness.

As mentioned before, Jonsson theories should have joint embedding and amalgam properties. At
the same time, it is known from [14; 270] that these two properties are generally independent of each
other. However, theories with AP and JEP form special subclasses among inductive theories that
are of interest for studying the internal structure of their model classes. In work [1], A.R. Yeshkeyev
introduced the following concepts:

Definition 10. [1; 130] A theory T is called an AP-theory if, from the fact that it has the amalgam
property, it follows that T" also has the joint embedding property, i.e. AP — JEP.

Definition 11. [1; 130] A theory T is called a JEP-theory if T' has the joint embedding property
and this implies the presence of the amalgam property, i.e. JEP — AP.

Definition 12. [1; 130] We call a theory T an AJ-theory if the properties of the amalgam and the
joint embedding are equivalent for T, i.e. AP <> JEP.

Examples are various classes of unars [14; 270|. In addition, in [1], it is shown that the theory of
differential fields of characteristic 0 and the theory of differentially perfect fields of characteristic p,
which will be discussed later, are AP-theories.

2 Forcing companions of theories in an enriched signature

Now we move on to the problem statement. We consider the theories Ay, Ay, Ajg satisfy the
following conditions:

1) A; is an inductive theory that is not a Jonsson theory but has a model companion which is the
theory Ag,

2) Ag is a hereditary Jonsson AP-theory that has a model companion, which is also Ag.

Based on the conditions set, we can draw the following conclusions. All three theories are mutually
model consistent, because Ag is mutually model consistent with both Ay and As, for which Ag is the
model companion, which means that A; and As are mutually model consistent with each other. At
the same time, according to Theorem 1, the forcing companions of mutually model consistent theories
must coincide, which means that A{ = Ag. Ay is a perfect Jonsson theory, while A5 = Th(C) = As,
C' is a semantic model of Ay, which follows from Theorem 4. In addition, Theorem 5 gives us reason
to assert that Ag is also a forcing companion of As, i.e. Az = Ag. So we get A{ = Ag = Ag.
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Consider the following extensions of the theories A1, Ag, Ag in various language enrichment L by
adding new constant and predicate symbols ¢ and P. Let A; be a theory extending A; by enriching
the language L with the predicate symbol P as follows:

E:AlLJA{U{Pag}?

where { P, C} is an infinite list of 3-sentences and interpretation of P is an existentially closed submodel
in model of Aj.
Let Ay be a theory that extends Ay when a new constant symbol ¢ is added to the language L and
defined as follows:
KQ =AU Ag U Thvg(c, C),

where C' is a semantic model of Jonsson theory As. Since A is a hereditary Jonsson theory, As is also
a Jonsson theory.

Here we pose two questions:

1) How will the addition of new symbols P and ¢ to the language L and the subsequent expansion
of A1 and Ay affect the forcing companion of the received theories?

2) When combining the theories A and A, can a consistent theory be obtained and what will be
its forcing companion?

The answer to the first question is the following theorem.

Theorem 7. Ef = A{.

Proof. According to Theorem 2, because A; is an inductive theory, Ay C A{ . This means that
AL UAT = A{ = Aj. Therefore, Aj can be written as Az U {P, C}. Since the set {P, C} consists only
of existential formulas, theories Az and A; do not differ in universal formulas, which means they are
mutually model consistent. As is known from Theorem 1, the forcing companions in this case of these
two theories must be equal. At the same time, Az, which is a forcing companion of Ay and Ao, is
forcing-complete, because A§ = (A{)f = A{ = Ags. Hence, A§ = Ef = Ag, and Ef = A{.

Thus, we can conclude that the forcing companion of the inductive theory A; does not change
when enriching the language of this theory with a new predicate symbol P.

Theorem 8. A72f = Ag.

Proof. The proof is similar to the proof of Theorem 7. Since A, is a Jonsson theory, it is inductive,
which means by Theorem 2 A, C Ag and Ay U Ag = Ag = A3. So Ay = A3 U Thy3(C,c). All
the sentences in Thys(C, ¢) are V3-formulas, which means that theories Az and Ay do not differ in
universal formulas, i.e., they are mutually model consistent. We can conclude from this that their
forcing companions are equal, with A?{ = Kgf = As, and Kgf = Ag.

This means that the addition of the new constant ¢ to language L did not affect the forcing
companion when expanding theory A to As.

To answer the second question, we recall the Robinson’s consistency theorem.

Theorem 9. |5; 77| Let T be a complete theory of language L, languages L; and Lo are extensions
of language L such that Ly N Ls = L, and theories 77 and T5 are consistent extensions of theory 7" in
languages L1 and Lo respectively. Then T3 = T1 U T3 is a consistent theory.

Now we can formulate and prove the following result.
Theorem 10. i) The theory A; U A is consistent.
ii) (A UA,) = A =)
Proof. i) As noted above, A = Az U{P,C} and Ay = A3 U Thys(C,c). Applying Theorem 9,
we will consider Ag as the theory T, A as the theory T, acting as an extension of Ag by adding a
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new predicate symbol P to the language, and Th as the theory As, which is an extension of Az by
adding the constant symbol ¢ to the language. In this case, L = L1 N Lo, where L; is the language of
theory A1, Ls is the language of theory As. Therefore, the theory obtained as the union of A; U Ay is
consistent.

ii) Obviously, A; U Ay = A3 U {P,C} UThy3(C,c). Theorems 7 and 8 allow us to assert that the
forcing companion of theories Az U {P, C} U Thys(C,c) and Az is theory As. Hence, (A; U Ag)/ =
Al = AL

8 Application of the result to differential algebra

The results formulated above, described for the general situation in model theory, can be interpreted
using examples of differential algebra, namely, when considering the theory of differential fields of
characteristic 0, the theory of differentially closed fields of characteristic 0, the theory of differential
fields of characteristic p, the theory of differentially closed fields of characteristic p. First, we will give
the basic definitions and theorems concerning these theories. All concepts whose definitions are not
given here can be found in [1].

We use the following notation: DF for the theory of differential fields, DPF for the theory of
differentially perfect fields, DCF for the theory of differentially closed fields. The lower index 0 or p
indicates the corresponding characteristic of the underlying field.

Definition 13. [15; 7] The differentiation of the ring A is called the mapping a — D(a) rings A into
itself satisfying the relations
D(z +y) = D(z) + D(y),

D(zy) = xDy + yDx.

Definition 14. |15; 8] A differential ring is a commutative ring with a unit in which some differentiation
is given.

In the case where the differential ring is a field F', we will talk about a differential field. Differential
fields are models of the theory of differential fields DF, given by the axioms of field theory and the
following two sentences:

VaVy D(x +y) = D(z) + D(y),

VaVy D(zy) = xD(y) +yD(x),

where x,y € F.

The language used to study differential fields is the language L = {+,—,:,D,0,1}. Here the
differentiation operator D plays the role of a single functional symbol.

The concept of a differentially closed field was first proposed by A. Robinson [16; p. 2|. However,
A. Robinson did not formulate axioms for the theory of differentially closed fields, which was corrected
later by L. Blum for the case of characteristic 0. The situation with characteristic p was studied in
detail by C. Wood and looks similar.

Definition 15. [17; 9] A differential field F is called differentially closed if whenever f(z),g(z) €
F{X}, g(x) is nontrivial, has a nonzero value and the order of f(z) is greater than the order of g(z),
there exists a € F such that f(a) =0 and g(a) # 0.

Thus, the theory of differentially closed fields DC'F is a theory consisting of the axioms DF and
the following two axioms:

1) Each nonconstant polynomial from one variable has a solution.

2) If f(z) and g(x) are differential polynomials such that the order of f(x) is greater than the order
of g(x), g(z) is nontrivial, then f(x) has a solution not being the solution of g(z).
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The following are some basic facts about the theories of differential fields and differentially closed
fields of various characteristics.

Theorem 11. |18; 581| DCF, is complete and model-complete.

Theorem 12. [19; 131] DFj has the joint embedding and amalgam properties.

Theorem 13. [19; 128] The DCFy theory is a model completion of the DFj theory.

Theorem 14. [18; 578| The theory DF), of differential fields of characteristic p does not admit the
amalgam property.

The author notes that the main reason is the absence of roots of the p-th degree in some constant
elements of the field in the general case.

Theorem 15. |20; 92| DF, has a model companion, but does not have a model completion.

Definition 16. [20; 92| A differential field F is called differentially perfect if any of its extensions is
separable.

Theorem 16. |20; 92| In order for the differential field F' of characteristic p to be differentially
perfect, it is necessary and sufficient that p =0 or p > 0 and FP = C.

Thus, the theory DPF differentially perfect fields of characteristic p is given by the axioms DF
and the following axiom:
Vady (D(z) =0 — y* = x).
Theorem 17. |18; 579] DPF, is a model consistent extension of DF),.
Based on this fact, it is easy to see that theories DPF, and DF, are mutually model consistent,

since each differentially perfect field is a model of theory DF}, and there will always be some model of
theory DPF,, in which any differential field of characteristic p can be embedded.

Theorem 18. |18; 578| The theory DPF), of differentially perfect fields of characteristic p admits
the amalgam property.

Theorem 19. [18; 581| The theory DCF), of differentially closed fields of characteristic p is the
model companion of the theory DF), differential fields of characteristic p and the model completion for
the theory DPF, of differentially perfect fields of characteristic p.

In work [1], the following statements related to the theories described above were proved.
Theorem 20. [1; 131] DFy is a perfect Jonsson theory.

Theorem 21. |1; 131] DCFy is the center of the Jonsson theory DFj.

Theorem 22. |1; 131] DF, is not a Jonsson theory.

Theorem 23. |1; 132] DPF, is a perfect Jonsson theory.

Theorem 2. |1; 132] DCF,, is the center of the Jonsson theory DPF,.

In addition, DFy and DPF), are strongly convex theories in the classical Robinson sense, which
allows us to state the following:

Theorem 25. |1; 132] DFy and DPF,, are Jonsson AP-theories.

Due to the above facts, we can project the results described in the previous paragraph to the
case of differentially closed fields of zero and positive characteristic. However, while in the case of
characteristic 0 the results are trivial by virtue of Theorem 20, the situation with differential fields of
characteristic p is of greater interest. As the theory Ay, we can consider DF},, which is not Jonsson, as
stated in Theorem 22, but inductive (because of universality) and has a model companion according
to Theorem 19, which is DCF,. The role of the theory Ay will be played by the Jonsson AP-theory
DPF),, whose model completion (and, consequently, model companion) is DCF,. As is replaced by
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DCF),, which is the center and the forcing companion of DPF,,. We additionally impose a condition
on DCF,, considering it to be hereditary Jonsson theories with respect to enrichment with a new
constant symbol c. Since DCF), is the center of DPF),,, and also due to the saturation of the semantic
model C' of DPF,, the heredity of DCF), is sufficient for DPF), to be a hereditary Jonsson theory as
well. According to Theorem 17, DF,, and DPF, are mutually model consistent (which is also clear
from the fact that they have a common model companion). We obtain that, by virtue of mutual model
consistency, the forcing companions of the theories of differential fields and differentially perfect fields
of the characteristics of p are equal and represent DCF),:

! — ppFS —
DF! = DPFE! = DCF,.

Since we are going to add a new predicate symbol P later, it will not affect the mutual model
compatibility of these theories in any way, because P does not generate new elements in the models
DPF, and DCF),. The situation is similar with the new constant c: since the constant can be
represented as a single predicate symbol, mutual model compatibility is preserved for the new specified
theories.

Finally, by enriching the language of differential field theory with the new predicate symbol and
constant, as was done in Section 2, we can obtain the following theories:

DF, = DF, UDFJ U{P,C}, (1)

DPF, = DPF,UDPF/ UThys(C,c). (2)
Note that the equalities (1) and (2) can be written as

DF, = DCF, U{P,C},

DPF, = DCF, U Thys(C,c).
Thus, based on the reasoning and conclusions of the previous section, we can draw the following
conclusions:
Theorem 26. Dpr = DFJ.

Theorem 27. Wpr = DPFJ.
Theorem 28. i) DF, U DPF,, is consistent.
ii) (DF, UDPF,)/ = DF} = DPFE].
In the future, the authors plan to continue the study of theory A; U Ay obtained within the

framework of constructing the central types in the Jonsson theory and the Jonsson spectrum in the
sense of the works [21-23].
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A.P. Emkees!, 11.0. Tynrymo6aesa', M.T. Omaposal?

L Axademux E.A. Boxemos amwmdaew. Kapazandv ynusepcumemi, Kapazandw, Kasaxeman;
) ol ol
2 Kasmymuwnyodaew. Kapaeandv ynusepcumemi, Kapazandw, Kasaxcman

Moncouapik AP-teopusinapabis, ¢hopCHHI-KOMIIAHBOHIEPI

Makasa toHCOHABIK A P-TeopusiiapblHbIH, (POPCUHI KOMIIAHBOHIEPIH GANBITBIIFAH CUIHATYPAJIA 3epTTeyre
apHayiFaH. TeopusiHbIH (POPCHHT-KOMIIAHBOHBI TL/ITE YKaHA MPEeIUKATTHIK, KoHE TYPAKThI CUMBOJIIAPBIH KO-
Ccy apKbLIbl Oesrisi 6ip KacuerTepi 6ap KapacTHIPBHLILII OTBIPFAH TEOPUJIAPIBIH, KEHEIOIHE o3repMenTiHi
soutesiier . OChbl )KYMBICTA YKAJIIBI TYP/IE AJbIHFAH MOJIEJIb/Ii-TeOPETUKAJIBIK, HOTHKeJIep auddepenimal-
JTbI aJIrebpaHbIH MbICAIAAPbIMEH pacTasaabl. COHBIMEH KaTap MOJEbIIEP TEOPUSCHIHBIH TAPUXBIHIIA AJIFAIIL
peT HOHCOHIBIK *K9HE MOHCOHIBIK, eMeC TeOPHUsIapabl OipikTipyre meren ke3kapac kepcerinred. Byn iton-
COHJBIK, TEOPUJIAPIbl 3EPTTEY OJIICTEPIH O/IaH 9pi JAMBITYFa KOHE TOJIBIK €MeC TeOPHUsIap/bl 3epTTeyre
apHAJIFAH almapaTTbl KEHEUTyre MyMKIHIIK Gepei.

Kiam cesdep: HOHCOHIBIK, T€OpUsi, KEMEJ HOHCOHBIK Teopusi, A P-reopusi, Gopcunr, (popCUHI-KOMIIAHBOH,
CUTHATYpaHbl OAUBITY, TEOPUAHBI KEHENTY, nudpepeHnaibK, epic, auddepeHuaaibl TYHbIK epic, gud-
depeHImaI bl KeMe epic.
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1 o
Kapazandurckuti yrusepcumem umeny axademuxa FE.A. Bykemosa, Kapazanda, Kaszaxcman;
2 Kapazanduncrui ynusepcumem Kasnompebeowsa, Kapazanda, Kazaxcman

dopcuHr-KOMNnaHbOHBbI HTOHCOHOBCKNX A P-Teopmnii

CraTbsl OCBSIIEHa U3YYeHNIO (DOPCUHI-KOMIIAHBOHOB MOHCOHOBCKUX A P-Teopuii B 000raléHHON CUTHATY-
pe. Hokazano, 9To (pOpCUHT-KOMIIAHEOH TEOPUU HE MEHSIETCS [IPYU PACIIUPEHUH PACCMATPUBAEMBIX TEOPHIL,
00JIaaIoMMUX HEKOTOPBIMU CBOICTBaMM, C IIOMOIIBIO JOOABJIEHUS B SA3BIK HOBBIX IIPEINKATHOTO M KOH-
CTaHTHOTO CUMBOJIOB. TeOpeTHKO-MO/Ie/IbHBIE PE3YJIbTAThI, MTOJyYeHHbIE B TaHHOW paboTe B OOIIEM BHUJIE,
[IOJIKPEIJIEHBI puMepaMu 13 auddepeHnuaibHoli aaredpbl. ABTOpaMu CTAThbU BIIEPBBIE B HCTOPUU TEOPUN
MoJeseR POIeMOHCTPUPOBAHBI MIOAXO0, K KOMOMHUPOBAHUIO HOHCOHOBCKOI U HEMOHCOHOBCKO# Teopuit. 1o
IO3BOJIUT B JAJIbHEUIIEeM Pa3BUTh METO/IbI HCCIeJOBAHNUsI HOHCOHOBCKUX TE€OPUI U PACHINPUTD allllapaT JJisd
U3y4YCHUdA HEIOJIHbIX TCOPUI.

Kmouesvie caosa: HOHCOHOBCKAsI TEOPHUsI, COBEPIIEHHAs HOHCOHOBCKas Teopusi, A P-reopusi, dpopcunr, dpop-
CHHI-KOMITAHBOH, 0DOrallleHue CUTHATYDbI, paciiupenne teopud, auddepeHnuaibHoe mose, puddepeHm-
aJIBHO 3aMKHYTOE I0JIe, uddepeHnaIbHO COBEPIIEHHOE HOJIE.
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