N

HAL

open science

On some Fraissé limits with free amalgamation

Yvon Bossut

» To cite this version:

‘ Yvon Bossut. On some Fraissé limits with free amalgamation. 2024. hal-04501440v1

HAL Id: hal-04501440
https://hal.science/hal-04501440v1

Preprint submitted on 12 Mar 2024 (v1), last revised 25 Sep 2024 (v2)

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.science/hal-04501440v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

ON SOME FRAISSE LIMITS WITH FREE AMALGAMATION

Yvon BossuT

Abstract : In the first section of this work we discuss some curiosities around stable Kim-forking. In
the second section we give a general way of building some known and some new examples of NSOP1
theories as the limit of some Fraissé class satisfying some strong conditions. These limits will satisfy
existence, | =] ® and | f=_| M over arbitrary sets, and they come with a stationary independence
relation. This study is based on the results of Baudish, Ramsey, Chernikov and Kruckmanﬂ

1 About stable Kim-forking

1.1 In General

We work here in T a complete theory, all sets of parameters and elements are assumed to be in a monster
model M of T. We will write | ¥ for Kim-forking independence and 1 for forking independence.

Definition 1.1.1. Say a theory T has stable Kim-forking over models if whenever a J, ]I\gN for M C N
models there is a stable formula ¢(x,y) € L and n € N such that a |= ¢(z,n) and o(x,n) Kim-forks
over M. Same for stable forking with a Jf. &N.

Definition 1.1.2. Say a theory T has weak stable Kim-forking over models if whenever a [/, ]\K4N for
M C N models there is a stable formula p(x,y,m) € Ly, (i.e. the formula with fized m € M is stable)
and n € N such that a = ¢(x,n,m) and p(x,n,m) Kim-forks over M. Same for weak stable forking
with a J, i/[N.

It is known that a theory with stable forking is simple (see [0, Proposition 1.3]). We show that a theory
with stable Kim-forking over models is simple and that a theory with weak stable Kim-forking over
models is NSOP1 and not necessarily simple. We also show that a theory with weak stable forking
over models is simple.

Lemma 1.1.3. Let M C N be models of a theory T with weak stable Kim-forking over models. For
any type p = tp(a/N) we have a J/J\K/[ N if and only if for every stable formula ¢(x,y, m) with m € M
the canonical parameter Cb(dpxe(z,y,m)) is in acl®(M).

Proof. [ =] If for some stable formula ¢(z, y, m) with m € M the canonical parameter Cb(d,z¢(x,y, m))
is not in the bounded closure of the basis M, so in particular if ¢ is a representative then ¢ ¢ M and
we can take an infinite M coheir Morley sequence in tp(c/M), the type of a over this sequence would
then divide since its ¢(z,y, m)-type would have different definitions, so p Kim-forks over M. This way
does not use the hypothesis.

[ <= | Conversely assume that p Kim-forks over M and that M contains the canonical parameters.
Then there is a stable formula ¢(z,y,m) with m € M and ng € N such that ¢(z,ng,m) € p and
o(x,ng, m) Kim-forks over M. So there is an M coheir Morley sequence (n;);<., such that {¢(x, n;, m)
: ¢ < w} is inconsistent. Now since Cb(dpxzp(x,y,m)) € acl®(M) by indiscernibility we have |=
dyxp(x,n;,m) for all i < w, so {¢(x,n;,m) : i < w} is satisfied by any realisation of a non-forking
extension of p to N(n;);<w, a contradiction. O
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In the same fashion and with a similar proof we have the following :

Lemma 1.1.4. Let M C N be models of a theory T with weak stable forking over models. For any
type p = tp(a/N) we have a J/g/[ N if and only if for every stable formula ¢(x,y,m) with m € M the
canonical parameter Cb(dpzp(z,y, m)) is in acl®(M).

Proposition 1.1.5. Let T be a theory with weak stable Kim-forking over models, then T is NSOPI.

Proof. We use here the second point of [16, Theorem 3.9]. Assume that T" has weak stable Kim-forking
and that we have (M;);<x for K = |T|T a continuous increasing sequence of models of size |T| and a
tuple a such that a J. AK/[iMiH for all i < k. Write M = |J,.,. M;. For every i < k the number of stable
formulas with parameters in M; is at most |T'|, so since & is regular there is a smaller index «; > i such
that for every stable formula p(z,y,e) with e € M;, if we write p = tp(a/M), Cb(dpzp(z,y,€)) € My,.
Now let us consider (53;)i<. defined by induction by Sy = 0 and Bj11 = ag,. Take 8 = ;. Bi, we
have that ag = 3, so by Lemma a \L]\K@ M, which contradicts a f, ]\K45M5+1. O

Proposition 1.1.6. Let T be a theory with weak stable forking over models, then T is simple.

Proof. We show that L/ satisfies local character. Let a be a finite tuple, M a model, p = tp(a/M).
We consider the set Cy = {Cb(dpzp(z,y)) : p(x,y) € L a stable formula}. Now we take a model
My € M such that |[My| = |T'| and My contains a representative of every element of Cy. We iterate
the process taking Cj11 = {Cb(dpxzp(x,y,e)) : ¢(z,y,e) € L. a stable formula with e € M;} and
M; C M;y1 € M such that |M;y1| = |T| and M, contains a representative of every element of Cjq.
Now if we set M’ = J,_,, by Lemma a L&, M and M’ has size |T)|. O

Corollary 1.1.7. Let T be a theory with stable Kim-forking over models, then T is simple.

Proof. By Proposition[l.1.5]we know that T"is NSOP1, now if T" is non-simple we can build an arbitrary
long sequence of Kim-forking extensions with an instance of TP2 (as in [4, Proposition 3.6]). Now we
can run the same proof as in [0, Proposition 1.3] : we have a stable formula with a dividing chain of
infinite length and hence with the tree property, which is not possible. O

1.2 In a theory with existence

We assume that the theory T has existence, now we can define weak stable Kim-forking over arbitrary
sets in a similar fashion.

Definition 1.2.1. Say a theory T with existence has weak stable Kim-forking if whenever a J. J{J(B for
E = acl(E) C B there is a stable formula ¢(x,y,e) € L¢(i.e. the formula with fized e € E is stable)
and b € B such that a |= ¢(x,b,e) and p(z,b,e) Kim-forks over E.

Lemma 1.2.2. Let E = acl(E) C B in a theory T with weak stable Kim-forking. For any type
p = tp(a/B) we have a |5 B if and only if for every stable formula ¢(x,y,e) with e € E the
canonical parameter Cb(dpzp(z,y,e)) is in acl®(E).

Proof. The proof is the same as the one of Lemma [[.1.3] we just replace coheir Morley sequences by
Morley sequences over E. O

An example of such a theory is the theory of parameterized equivalence relations (see [10, Section
6.3] and [3]). This theory has two sorts O for objects and P for parameters, it has existence, and for
arbitrary sets £ C A, B we have that :



1. A X Bif AnB = FE and O(A) \L%(Ef O(B) for every p € P(E) where [P is forking
independence in the theory T, of an equivalence relation with an infinite number of classes all
infinite.

2. AL Biff AnB=E and O(A) O(B) for every p € P(B).

P
O(E)
The first condition is witnessed by stable formulas (namely equalities). For the second one, the dif-
ference between Kim-forking and forking here is that in the first case the parameter in inside of the
basis. For a given parameter p the formula ¢(z,y) = (x =, y) is stable since it defines an equivalence
relation, so Kim-forking is always witnessed by stable formulas in this theory. Now if we do not fix p,
the formula ¢ (z,yz) := (x =, y) is unstable, so forking in not always witnessed by stable formulas in
this theory (which we already knew from Proposition .

The theory of vector spaces of infinite dimension over a field with weak stable Kim-forking (so in
particular over a stable field) and the model companion of the empty theory with a symbol for a
binary function (see [I8] the characterisation of Kim-forking in this theory) are other examples. A
difference with the previous example is that in these two cases there is a non-trivial algebraic closure,
and that Kim-forking independence is computed for algebraically closed structures E = acl(E) C A =
acl(A), B = acl(B) and is clearly witnessed by stable formulas in this case, so one could think that
something different might happen if we consider arbitrary sets. It is not the case thanks to the two
following facts, first in an NSOP1 theory with existence A J/g B if and only if acl(EA) ffd(E)
acl(EB) for every sets E, A, B, and secondly :

Remark 1.2.3. [J, Remark 1.2] Let o(x,y,e) be a stable formula (with some parameters e). If
O(v,z,e) - F="x0(v,z,e) then (v, y,e) = Fx(0(v,x,e) A p(z,y,e)) is also stable.

This means that we can get a stable formula from another one by replacing our variables by something
'bigger’ in the sense of the algebraic closure : Assume that a f, fcl(E)b, then acl(Ea) fd(E)acl(Eb),

so there is a stable formula ¢(z,y,e) with e € acl(E) and @ € acl(Ea), b € acl(Eb) such that
= ¢(@,b,e) and ¢(z,b,e) Kim-divides over E. We can assume that @ € acl(ea), b € acl(eb). Then
using Remark we can find a stable formula ¢ (2,9, €) such that | ¥ (a,b,e) and ¢ (x,b,e) Kim-
divides over acl(E) (for this last condition we take a formula @ isolating the type of b over acl(E)b).

Remark 1.2.4. If T is an NSOP1 theories with existence, weak stable Kim-forking and elimination
of hyperimaginaries then T has weak canonical bases in the sense of [17, Definition 4.1]. More
generally, without the last assumption, if T is an NSOP1 theory with existence, weak stable Kim-
forking and elimination of imaginaries, then given some tuples E = acl®(E) C B = acl®(B) and a
there is a smaller subset E C By = acl®(By) C B such that a J/go B, in the sense that given any
E C B' = acl®(B') C B such that a J/g/ B we have that By C B'.

1.3 Imaginaries :

We adapt some results of the section 2 of [5] where it is shown that if a theory T has stable forking so
does T to our context, but we cannot get a similar result (at least for the moment).

Lemma 1.3.1. Let T = T be a theory with existence such that whenever a [, IE(N for N a model
and E C N there ise € E, n € N, p(x,y,e) a stable formula such that = ¢(a,n,e) and o(z,n,e)
Kim-forks over E. Then T has weak stable Kim-forking.

Proof. Let a, C C B such that a J ‘gB. Let N be a model containing B such that a \Lé N.
So there is a stable formula v (x,y,e) such that ¥ (x,n,e) Kim-forks over E for some n € N. Then
b = Cb(dpxyp(x,y,e)) € acl®(B) \ acl®(E). Let us write x(y,b,e) = dpxtp(z,y, e), then this formula



is stable since it is equivalent to a generalised 1 (z,y,e) ! formula. Now there is b € B and (v, w, e)
such that 6(v,w,e) F 3="wh(v,w, e) and = 6(b,b',e). Then ¢(y,v,e) = Fw(B(v,w,e) A x(y,w,e)) is
also stable by Remark Now the formula Yy(¢(z,y,e) <> ¢(y,v,e)) is stable, = Vy(¢¥(a,y,e) <
o(a,b,e)), and Yy(¢(x,y,e) < ¢(x,b,e)) Kim-forks over E. O

Proposition 1.3.2. [3, Proposition 2.2] If T' has weak stable Kim-forking and existence, then T has
weak stable Kim-forking over real parameters, meaning that whenever ar J, gB for E C B sets of real
elements and ap € M® the F class of a there is a stable formula ¢(x,y,e) € Le fore € E and b € B
such that a = p(z,b,e) and o(x,b,e) Kim-forks over E.

Proof. Let a, F, B be as in the statement. We choose a saturated model M O B such that ap €
dcl®l(M) and there is a representative a of ar such that a \pr M (using existence). Then a J £ B.
By assumption there is a stable formula ¢(z,y,e) for e € E, and a tuple b € B such that = ¢(a,b,e)
and ¢(z,b,e) Kim-forks over E. Write p the ¢(z,y,e)-type of a over B. Then p has a definition
dyzp(z,y,e) which is an instance of a stable formula. p does not Kim-fork over ap so its canonical
basis dg is in acl®(ap). For some x(w,y,e) € L, x(dg,y) defines p. Since dyzp(z,y,e) = x(dH,y)
there is some u(z) € tp(dp/E) such that the formula y(w,y) A p(w) is stable. W.l.o.g. w.c.a. that
x(w,y) is stable.

Claim : If ¢(w) = tp(dy/F), then Kim-forks over E.

Proof. Assume not, now if we consider an E Morley sequence (b;)i<,, in tp(b/E) inside of M. We have
that ¢(w) U{x(w,b;) : i < w{ is consistent, and hence there is a realisation d’; of this type. dy =g dy
so there is a sequence (b;)i<w in M such that dg(b))icw =5 djy(bi)icw. Then = x(b;, dg) for all i < w,
so ¢(z,b;,e) € pand a = {p(z,b;,¢e) : © < w}, which contradicts that ¢(z,b,e) Kim-forks over E, so
{o(z,bi,€) : i <w} is k-inconsistent for some k < w. O

With the claim we can choose p(w) € g(w) such that x(w, b) A u(w) Kim-forks over E. Then x'(w,y) =
x(w,b) Ap(w) is stable and Kim-divides over E, witnessed by an E-Morley sequence (bi);<,, in tp(b/E).
Since di € acl®(ap) there is a formula 6(v, w) € £ and an n < w such that = 0(ar, dy) and 0(v, w) -
F="wh(v, w). Let ¥(v,y) = Jw(B(v,w) A x'(w,y)). Then this formula is stable (by Remark and
the sequence (b;);<,, witnesses that it Kim-divides over E. O

Our problem now is that given some set of imaginaries F and some set of representatives E’ we cannot
move from a stable formula ¢(x,y, ¢’) with real parameters ¢’ € E’ to a stable formula ¢p(z,y, ef;) with
R a definable equivalence relation such that e/, € acl®(FE) in an obvious way.

Some questions about this :

1. Does existence and weak stable Kim-forking over models imply weak stable Kim-forking over
arbitrary sets?

2. [5, Proposition 2.3] : If T¢? has weak stable Kim-forking over real parameters and existence, then
does T%? has weak stable Kim-forking?

3. More specifically, can we prove that if a simple theory 7" has weak stable forking then 77 also
have weak stable forking?

4. Is there an NSOP1 theory that does not have weak stable Kim-forking? Either over models or
algebraically closed sets if it has existence.



2 Adding generic structure to a Fraissé class with free amalgamation

2.1 Properties of the limit

The bases of this study are [10, Section 6.3] and [2]. Baudisch’s construction works in a way more
general context, but what we focus on here is the study of independence relations, which appears in
his paper under some stronger hypothesis (namely in [2], Theorem 4.1]). In this section we consider a
countable language L and a class K of countable L-structures with the following properties :

1. (HP.): If AC B € K is a substructure then A € K.

2. (Free Amalgamation) : If C' C A, B are structures in K (where we allow C' = () when the language
does not have any constants) there is D € K and some embeddings i4,ip of A and B respectively
to D satisfying ia|c = iB|c, ia(A) Nip(B) =1i4(C), D is generated by the images of A and B
and such that given any morphism of L-structures ¢4 : A — D', g : B — D' to D’ € K there
is a unique morphism ¢ : D — D’ such that 4 = ¢ -i4 and pp = ¢ -ig. We will write A &¢ B
for this structure D.

3. (Generic extension) : If A € K and V is a sort there is an extension A @y (x) € K generated by
a single element x € V over A such that for every morphism ¢ : A — A’ € K and every element
a’ € V(A’) there is a unique morphism ¢ : A @y (z) — A’ extending ¢ by sending x to a'.

4. K is axiomatisable : if the isomorphism class of an L-structure A is not inside of K there is a
quantifier free formula ¢ and a finite tuple a € A such that A = ¢(a) and A’ £ p(a’) for every
adeAekK.

5. Any limit of K has Q.E. : for every quantifier free formula ¢(x,y) satisfied in some structure of
K there is a quantifier free formula ¢ (x) such that if a € A € K and A |= ¢(a) then there is
A C B € K an extension and b € B such that B = ¢(a,b).

6. (3 Amalgamation for algebraically independent extension) : Given a commutative diagram in K
as on the left, where the arrows are embeddings, ¢p,(B;) N4, (A) = va, - 1a(E) = ¢p, - ip,(E)
for i = 0,1 and ¥p,(Bo) N ¥p,(B1) = ¥, - ip,(E) = ¢¥p, - ip,(E), we can complete it inside
of K into a commutative diagram as on the right (where the arrows are embeddings) such
that SODq',(Di) N SOB(B) = ¥D; - QDBz'(Bi) = ¥B- Q/)Bz(Bl) for i = 0,1 and SODo(DO) N 90D1(D1) =
©Dy - PA,(A) = ¢p, - pa, (A) (the blank arrows of the right diagram are those of the left diagram,
i did not write the names for clarity).

D; Dy 7D D
%AW / I AO
A Pag Dy A Dy ¥B
¥Bg T T
iA By e B By B
1
/31 Ao / /
E By E By

iBg

Notice that we do not assume (E.C.), i.e. that there are countably many isomorphism class, nor that
the structures in K are finitely generated, also to check the condition 5 for a formula it is enough
to check it for a strengthening of this formula that is also realised in K. 6 is a strengthening of 3-
amalgamation for | ¢, in the usual 3 amalgamation we would ask that D; or B are generated by the



image of the two embeddings from A and B; or from By and B; respectively, here however we allow
ourselves to take an extension of the generated structure. We will refer to the conditions 1 —6 as (H).

We begin by constructing a limit of K and presenting its properties. We assume the continuum
hypothesis for the reason that we need an uncountable cardinal x such that 2<% = k and that it is
convenient to take N; as such.

Definition 2.1.1. Let K be a class of countable structures in some language L. An L structure M
is K-Nq-saturated if the collection of its countable substructures correspond up to isomorphism to K
and if for every U,B € K countable and every embeddings fo : U — M, fi : U — B there is some
embedding g : B — M such that g - f1 = fo.

Proposition 2.1.2. There exist an L structure M which is K-Xq-saturated and has cardinal X1. When
L does not have any constants every structure of age included in K and of cardinal < Xy embeds into
M, and M is unique up to isomorphism. Otherwise the age of M is the set of structures in K that
have the same isomorphism type for the structure generated by the constants, and any such structure
of cardinal < Ny embeds in M.

Proof. Let (B;)i<x, enumerate the elements of K up to isomorphism. We construct by induction an

chain (U;)i<n, of Lp-structures in K. For every i,k < Nj let ( sz»/{i7k)j<}ql enumerate the embeddings

of U; in By, (eventually if these structure do not agree on the constants there are none). Let Uy = By.

Assume that U; is defined for every i < X. By (Free Amalgamation) there is a structure U} extending

both |J U; and By. We define a chain (U*)r<y of Lp-structures extending U, let U® = U}. Assume
<A

that every U* is defined for every k < p. We define U* as the union of a chain (U!');< of L p-structures,

i
Uy v

let U = i</\[%€< UF. Assume U! is defined for every i < v, we consider the embeddings fj ‘U, — By

for j < A\ Z/{,’,‘ ?s constructed as the union of yet another continuous chain (U};)j<x. U} := kgﬂbl,‘; ,

if U} ; is defined for every j < e let Ut = U U, ; and write f = UV by S.A.P. there is a structure
j<e

Ul'e € K extending U;/+ and an embedding g = gi‘“’” : B, — Ul such that g - f : U, — U} is the

inclusion. We now set Uy = J U’ and M = |J U;.

<A <Ny
/
e —— C—— Ul
C g
U, ———— B,

We now show that M is K-Nj-saturated and has age inside of K. Let U be a countable structure of
M, U C U; for some i < Ny so by (H.P.) U € K. Now lets consider an embedding f: U — B € K. B is
isomorphic to By for some k < X; via ¢ : B — Bi. By (Free Amalgamation) we can find some k' < ¥
and some embeddings ¢ : By — By and f' : U; — By such that ¢ - - f = f. Now f' : U; — B
is equal to flu ok for some | < Ny, and if we choose a large enough j, by construction, there is a
h = glu“k, : By — M such that h- f’ is the inclusion U4; € M. Then k-1 - ¢ is the embedding we want.
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For the second point we proceed like as in Fraissé theory and only use the property of K-saturation
and the fact that we can amalgamate over either the empty set or the structure generated by the
constants : if M’ is a structure of age inside of K and of cardinal < ¥; we fix an enumeration (m;);<x,
and we define by induction an increasing sequence of embeddings f; : (m<;) — M, and the union

f= U fi : M = M is our embedding. We need to amalgamate over the empty set for the first
I<N1

step of our induction : take some a € M, and consider {(a) C M, we can embed (a) into (a) By (mo),

by saturation we can find some substructure (my) C M isomorphic to (mg) and we take fy to be

this isomorphism. In a similar fashion, to show uniqueness we construct an isomorphism by back and

forth. O

Definition 2.1.3. Let T be the theory of M and M be a monster model of T. When L does not have
constants this theory is entirely determined by the data of K by the last part of Proposition and
we will refer to T as the theory of the limit of K. Otherwise we will refer to the theory of M as a
limit of K, in that case each limit correspond to an isomorphism type of the structure generated by the
constants.

Remark 2.1.4. J.E.P. holds in K if and only if all the structures of K agree on the structure generated
by the constants.

Remark 2.1.5. A consequence of the (Free Amalgamation) property is that dcl(A) = acl(A) = (A)
for every small set A C M.

Lemma 2.1.6. T has Q.E. in L.

Proof. This is clear from the condition 5, if we consider any Nj-saturated model it is K-N;-saturated,
so partial isomorphism between finitely generated structures have the back and forth property. ]

Lemma 2.1.7. The relation |.* defined on subsets of M the monster model of a limit by A | §, B
if acl(EA) Nacl(EB) = acl(E) satisfies the independence theorem, i.e. that if E, A;, B; C M for
i€{0,1}, Ao =g A1, Ai L% B; for everyi € {0,1} and By |4 B1 there is an A such that A =p, A;
for every i € {0,1} and A | % BoBi.

Proof. If we consider F, A, By and B; as in the statement we have to show that Diagpg,({A¢By)) U
Diagp, ((A1B1)) U{t(a) ¢ (BoBi) : for all terms ¢ such that ¢(a) ¢ E} is consistent, by compactness
is it enough to consider finitely generated structures F, A, By, and in that case we get the consistency
by just applying 6. O

Definition 2.1.8. We define an independence relation on small subsets of the monster model : for
E C A, B say that A \L% B if the structure generated by A and B, written (AB) and the inclusions
ia:A— (AB), ip : B — (AB) satisfies the universal property written as A ®g B, i.e. every common
extension of A and B factorises uniquely thought (AB).



Lemma 2.1.9. Full existence : For every E C A, B C M such that AN B = E there is A’ =g A such
that A" 1% B.

Proof. We want to construct an L structure D extending B and an embedding i4 : A — D such
that if A’ :=is(A), D = (A’B) and A’ |}, B. Consider the set of the L terms with parameters in
A, B, E viewed as constant symbols, to each of those terms ¢t we associate a variable x;. We consider
the equivalence relation E of X defined by E[t(a,b,€),t(a,b,€)] if and only if for some countable
substructures E’, A’ and B’ of E, A and B respectively these two terms computed in the structure
A’ ©p B’ are equal. To show the F is transitive we need to look at the canonical map A” ®©g» B”
to A ®p B’ where B C E', A” C A/, B” C B’ and E' = A’ N B’. We describe it in the following
diagram. This map assures us that the system of the A’ ® g B’ we are considering is directed and the
structure we are constructing can also be presented as its limit.

A/ @El B/

a~
13l

\
/

A 2 @E” B/l B
A" >< £ >< B”
\ . /
Now we give to X/E the natural structure : for a function symbol f set fP([z7]) := [z f({)] and for

a relation symbol R set RP([z7]) if for some countable substructures E’, A’ and B’ of A, A and B
respectively the terms ¢ computed inside of A’ @ B’ satisfies R. This is well defined by the same
argument as previously and we get our structure D. By assumption the diagram of D over B is finitely
satisfied in M, so we can assume that B C D C M, and the function that to a € A associates the F
class of x, is an embedding from A to D over E. So we have two embeddings i4,ip from A and B
respectively to D, with ig the inclusion, let A" = i4(A) (so it is the set of the classes of the terms
in A). D is generated by A’ and B, now if we have D', p4 and ¢p as in the statement the map
¢ : D — D’ which associates to Tyzpe) the element t(pa(@), op(b), ¢E(€)) is well defined and is a
morphism (by the same argument as previously, we go through A’ &g B’), and it is naturally the
unique map satisfying the universal statement. O

The difference with the previous free amalgam notion is that it was defined for the elements of K
only, which corresponds to the countable substructures of M, whereas this notion is defined for small
substructures. Also since our class K is axiomatisable every countable substructure of M is inside

of K so there is no problem in considering the structures A’ ®p B’ for any countable substructures
E', A’ B’ of M.

Proposition 2.1.10. The relation A J/TE B defined for structures E C A, B is invariant, symmetric,
satisfies existence, extension, monotonicity, finite character, stationarity, base monotonicity, transi-
tivity, implies | * and implies non dividing (and non-forking by extension,).

Proof. By existence here we mean that for every extension £ C A we have A LE E. The properties
of symmetry, existence and the fact that it implies | ® are immediate. For monotonicity assume that
A \LE B and consider F C C C B a substructure (this is enough by symmetry). We consider the free
amalgam D of A and C and the associated embeddings i4,ic. Now let us consider the free amalgam
of D and B over C and its associated embeddings jp, jp. There is a unique morphism ¢p : D — (AB)



such that pp -ig =ids and ¢p - ic = idc. There is a unique morphism ¢p : D' — (AB) such that
opr-jp = wp and @pr-jg = idg. So Ypr-jp-is = id4, and we get that D’ is generated by the images
of A and B and that ¢pr is an isomorphism. We know that D is generated by the images of A and C,
and that it is sent to (AC) C (AB) by jp, so ¢pr - jp : D — (AC) is an isomorphism, and A | 1, C.

(x
JD
D
A
ic
E

(AB

)
x v
2
For transitivity, given structures £ C A,C, C C B such that A L% C and (AC) \Lg B we want to
show that A LE B. For this we use the universal property Proposition|2.1.10, Consider a structure D
and two embeddings ¢4, pp that coincide in E from A and B respectively to D. Then the embeddings
¢4 and pp|c coincide over F, and by assumption there is a unique map ¢ 4¢y : (AC) — D such that
YBIc = PAC) | and YA = @acy|,- Now we consider the two maps ¢acy and pp which coincide
over C. Since (AC) | ¢, B there is a unique map ¢ : ((AC)B) = (AB) — D such that ¢ 5 = ¢p and

©|(ac) = P(ac), so in particular |4 = pa. This proof consist just in saying that the square formed
by two adjacent pushouts forms a pushout.

/N

N
7

A

N

For extension and stationarity, given structures £ C A, C, C C B such that A \LE C' we can form the
free amalgam of (AB) and C over B inside of M thanks to Lemma this allows us to find some
A’ such that (A'C) = (AC) (since the free amalgam defines a unique isomorphism type), so by Q.E.
A'=p Aand (A'B) |% C,s0 A" |} C by transitivity, and this gives us a unique type over C for
the same reason. Finite character is also a direct consequence of the universal property : assume that
AJ g B, so there is a structure D and two embeddings ¢4, ¢p from A and B respectively to D that
coincide in E such that there is no map ¢ : (AB) — D satisfying ¢4 = |4 and ¢p = ¢|p. This is



equivalent to saying that the function that to an element ¢(a@,b) € (AB) associates t(pa(a), op(b)) is
not well defined (since this function is the only candidate) or that it is not a morphism. In either of
those cases we can find some finite tuples @ € A, b € B such that the same thing is happening with
the function that to an element t(a’,B') € (Eab) associates t(¢a (@), LpB(BI)), soa ) Kb.

For base monotonicity, given structures £ C A, C, C C B such that A LE B we want to show that
(AC) Lg B. We take the same notations as for transitivity. As previously A J/E C' (by monotonicity
this time). For this we use the universal property Proposition [2.1.10} Consider a structure D and two
embeddings ¢ (4cy, pp from (AC) and B respectively to D that coincide in C'. Then the embeddings
¢acy) 4, and pp coincide over E, by assumption there is a unique map ¢ : (AB) = ((AC)B) — D

such that ¢4 = pac)|, and p|p = ¢p. Then we also have that ¢jc = ¢pic = P(AC) | > SO since

A J/E C we have that ¢| 40y = p(ac)- This proof consist just in saying that if the square formed by
two adjacent squares is a pushout and the left one also is then the right one is also a pushout.

(AB)

AN
v

Now we want to show that A J/% B implies that A J/% B. Let (B;)i<w be an E-indiscernible
sequence. We begin by showing that we can assume that for every i < w B; | ¢ B<;, then the proof is
straightforward using Proposition [2.2.1.12] Begin by adding a negative part to the sequence (By)kez,

by extension we can assume that A | j ((Bg)kez). Now set E' = ((By)r<o) the structure generated
by the negative part. Consider the structures B; = (E'B;) for i < w. They form an E’-indiscernible
sequence, define A’ = (E’A), by base monotonicity we have A" | L, ((B});<.). Now if b; € B! is also

in (B.;) then it has to be in E’ by indiscernibility of (Bj)rez (thls is the point of adding the negative
part : algebraic relations happening in the sequence are already happening inside of the negative part).
So, replacing A by A, E by E’ and (B;)i<w by (B})i<w we get our first point.

Now assume that B; J/% B_; for every i < w. Since By =g B; these is some A; such that ABy =g A;B;.
We define by induction on i < w a sequence of structures A’ such that A, | %, B<; and for all j <
ABy =g AB;. Let Ay = A = A. If A, has been defined we have A, | % B<;, Aix1 1% Bit1,
B L‘ZE B, and A, =g A;, so by Proposition [2.2.1.12| we can find a suiting A;H. By compactness
there is an A’ such that A’B; =g ABy, so A |4 B. O

Corollary 2.1.11. T has existence, is NSOP1 and | K= % over arbitrary sets.

Proof. Existence is a direct consequence of Proposition We use the Kim-Pillay theorem for
Kim-forking [9, Theorem 5.1], by [I8, Lemma 2.7] | ® satisfies extension, existence, monotonicity,
symmetry, strong finite character, and witnessing. By Lemma it satisfies the amalgamation
theorem, and it is clear that it satisfies transitivity. We now show that it satisfies the local character
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condition. Let @ be a finite tuple, x an uncountable regular cardinal, (4;);<x a continuous increasing

sequence of structure of cardinal smaller than x and A, = |J A;. We want to show that there is an
1<K
i < k such that (A;a) L%Z Ay. We choose some ig < k. If (A;ya) [ “AZ_O Ay the set (A;,a) N Ag is
non empty and has cardinal smaller than &, so it is contained in A;; for some i; > ig. We iterate this
process to define a sequence (i;);<, and set ¢ = |J i; which is smaller than & by regularity. Now if
I<w

a € (A;a) U A it is in (A;;@) U A, for some j < w so by construction it is inside of A C A;. O

Tj+1 =
Remark 2.1.12. By [17, Theorem 2.7] we know that when applying the amalgamation theorem to
E; Ay, Ay, By, By (as in the statement of the amalgamation theorem) for J/K i an NSOP1 theory
with existence we can take A such that AB; \LBz' BoBy for i =0,1. In our setting by Lemma
and (3 Amalgamation for algebraically independent extension) we also have ABy J/f ABj, however i
do not know if this is true in general. Also notice that in order to get this result we only need 1 — 5
and Lemma to hold and not the full generality of (3 Amalgamation for algebraically independent
extension).

The following proposition is a general fact for theories such that algebraic independence satisfies the
independence theorem, a proof can be found in [I8, Proposition 3.22]. This fact is part of some
more general results about deducting weak elimination of imaginaries from the properties of some
independence relations (see [12], Section 4.4] for example).

Proposition 2.1.13. The theory T has weak elimination of imaginaries.

Definition 2.1.14. We define M -independence | M by “forcing base monotonicity” on | @ : A \LAE/[ B
if A L% B for every EC C C B.

Proposition 2.1.15. In M we have that | M satisfies extension, so Lf:\Ld:J/M over arbitrary
sets.

Proof. Consider E C A, B C M such that A J/%[ B and B C B’. We can find A’ such that A’ =5 A
and (A'B) | B', let us write D’ = (A’B’). We show that A’ | ¥ B’. Consider C’ C B’ and define
C = C' N B, we want to show that (A’'C") N B’ = C’. By 6, since (A'C)NC" =C, (A/C)nB =C
(because A | M B) and BN C’" = C, the following diagram with the solid arrows, where (A’C") is the
structure generated by A’ and C’ in D', can be completed with the dashed arrows and a structure D¢

such that wp (B') N ey ((A'C) = o (C) = parcr (C7).

Py
<A’C”)/ < ') Do
c i ¢
/ 1\ ”/’/ <p<A/B> /
/ / . /
(A'C) (A'B) S ew
Cl 1\ N B//

[ e

There is a unique map ¢ such that ¢|apy = @ap) and ¢|lpr = ppr. The two maps ¢arcry and
¢l(arcry coincide on the sets C" and (A'C), and these sets generates (A’'C"), so ¢|(arcry = @rarcry- I
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we have some equality between two terms t(a’, ) = t/(t/) for «’ € A’, ¢ € C' and I/ € B’ inside of
D' then by applying ¢ we get that @ acry(t(a’, ') = pp:(t'(V')), so by 6 there is a ¢ € C” such that
aren(c) = oren(t(a', ') and ppi(c) = pp:(t'(b)). Since the maps ¢p and parcry are embeddings
we get that t(a/,c) =t/(t/) € B', so (A'C")u B =C".

Now for the second part of the statement it is always true that \Ld — | M. Toshow that | ¥ — J/f
it is sufficient to show that | » = | ¢ by extension, and for this we can run the same proof as the

one of | V' = | ¢ in Proposition [2.1.10 O

2.2 The parameterized class
2.2.1 The base case

In this section we consider a Fraissé class Ky and a limit Ty satisfying the conditions (H), we show
that we can 'parameterize’ this class to get a new class K of structures in a new language that also
satisfies (H), and that in some cases the structure we get by constructing a limit of K is not simple,
and so strictly NSOP1 by Corollary We need the assumption that any of the structures of Ky
can be embedded together, or equivalently that the structures of Ky agree on what the isomorphism
type of structure generated by the constants is. This can be done by restricting Ky to a smaller class.

Let Ly be a countable language and Ky a Fraissé class of finite Lo-structures satisfying (H), so :

1. (H.P.) : If AC B € K is a substructure then A € K

2. (Free Amalgamation) : If C' C A, B are substructures, there is D € Ky and embeddings i4,ip of
A and B respectively to D satisfying ia|c = i|c, ta(A)Nip(B) =i4a(C), D is generated by the
images of A and B and such that given any morphism of L-structures o4 : A — D', pg: B — D’
to D' € Ky there is a unique morphism ¢ : D — D’ such that p4 = ¢ -i4 and pp = ¢ -ip. We
will write A ©&¢ B for this structure D.

3. (Generic extension) : If A € Ky and V is a sort there is an extension A @y (x) € K\ generated by
a single element z € V over A such that for every morphism ¢ : A — A’ € K and every element
a’ € V(A’) there is a unique morphism v : A @y (x) — A’ extending ¢ by sending x to a'.

4. Ky is axiomatisable : if the isomorphism class of an L-structure A is not inside of K there is a
formula ¢ and a finite tuple a € A such that A = p(a) and A’ £ ¢(d’) for every o’ € A’ € K.

5. Any limit of Ky has Q.E. : for every quantifier free formula ¢(z,y) satisfied in some structure of
Ky there is a quantifier free formula v (z) such that if a € A € Ky and A |= ¢ (a) then there is
A C B € Kj an extension and b € B such that B = ¢(a,b).

6. (3 Amalgamation for algebraically independent extension). Given a commutative diagram in K
as on the left, where the arrows are embeddings, ¢p,(B;) N4, (A) = pa, - 1a(E) = ¢p, - ip,(E)
for i = 0,1 and ¥p,(Bo) N ¥p,(B1) = ¢¥p, - ip,(E) = ¢¥p, - i, (F), we can complete it inside
of Ky into a commutative diagram as on the right (where the arrows are embeddings) such
that ¢p,(Di) Np(B) = ¢p, - ¢B,(Bi) = ¢p - ¥p,(B;) for i = 0,1 and ¢p,(Do) Nep,(D1) =
PDy - Pa0(A) = oDy - 4, (A).

12



A Pag Dy A > Dy ¥B
© B, T T
iA By » B By B
¥,
/31 4?0 / /
E » By E By

iBg

Write Tj the theory of some fixed limit of Ky and let My be a monster model of Ty. By the previous
section we know that Ty has Q.E., satisfies that acl(A) = dcl(A) = (A) and that | * satisfies the
independence theorem over arbitrary sets, which implies that Ty is NSOP1 and that 1LE=19 over
arbitrary sets in M.

Definition 2.2.1.1. Let L be a new language built from Ly by adding a new sort P (we will refer to
the sorts of Ly as the object sorts and write them O) and replacing every symbol of constant ¢ in Lg
of sort O by a function symbol c_: P — O, every function symbol f : [[;c, Oi = [l;cn O; by and
function symbol f_: P x [[..,, Oi = [l,c,, Oi and similarly for relation symbols. For an L structure
A and p € P(A) we write Ay to denote the Lo-structure induced by p on O(A). For a set of objects
A and a tuple of parameters p we will write (A)y for the structure generated by (A,Dp), we will also
write (A) for the structure generated by a set A (eventually containing parameters and objects), so

(4) = (O(A)) pay-

Definition 2.2.1.2. Let K be the class of countable L-structures A such that A, € Ko for every
p € P(A).

Let us set some notations : we will write A @y (Z) for the structure freely generated over A C M by a
tuple T of distinct elements. Such an extension exists by the (Generic extension) assumption. For an
Lo-formula ¢ and a parameter p we will write ¢, for the L-formula parameterized by p.

Remark 2.2.1.3. The class K is axiomatisable : if an L-structure A is not in K then for some
parameter p € P(A) there is some p € A such that A, ¢ Ko, so there is an Lo-formula ¢ such that
Ap = ¢ and such that no structures in Kq satisfy ¢. So A = ¢, and no structure in K satisfy this
formula.

Lemma 2.2.1.4. The class K satisfies the condition of (Free Amalgamation).

Proof. Consider the structures £ C A, B € K. We will construct an L-structure in K satisfying the
(Free Amalgamation) universal property. Let us write £ = (O(E), P(E)), A = (O, P4) and B =
(Op, Pg). We begin by defining P(D) := (P(A) \ P(FE))U(P(B) \ P(E)) which will be the parameter
sort of the free amalgam in K. Let (p;)i<, enumerate P(D). We define a sequence ((DF);<,)r<. of
tuples of countable Lo-structures indexed by Pp by induction. Let D%, := AU B.

We define D). := (Apl ®E, Bp,) o (DY \(AUB)) if p; € P(E), D). := Ap, @y (D5 \A> if
p; € P(A )\P( ), Dy = By, EB@( DY \B> if p; € P(B) \ P(F), and finally Dgi ::EOGS@( : 1>1f
pi € P(D)\ (P(A)U ( )). Then set D0 U D0 If D is defined for some 1 < k < w we set D’;;rl
bo)

<w

similarly if Dk, is defined for some 1 <1i < w we set D]’jtll DSZH g (DFH! \Dﬁi).

Dy @y (D*\ D
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Every D’; is an Lg-structure for the parameter p. We set O(D) = |J D, this set is countable and
k<w
has an Lo-structure for the parameter p given by D, = J D;f € Ky, so D € K. This defines an L

k<w
structure D = (O(D), P(D)) € K which extends A and B, and such that AN B = F inside of D. Also

if A and B are generated by (@, P(A)) and (b, P(B)) respectively then (ab, P(A), P(B)) generates D.

Now that we constructed the structure D we show that is satisfies the right property. Consider
D € K, pg:A— D and pp : B — D’ as in the statement, and write g their restriction to E.
The uniqueness of ¢ is clear from the fact that D is generated by the images of A and B. To prove
existence we construct an increasing sequence of tuples of morphism of Lg-structures indexed on P(D)
: ((gp’;i : D;fi — Dfpp(pi))i<w)k<w Let us begin by defining ¢ on the parameters, let ¢(p;) = pp(p;) if
pi € P(E), ¢(pi) = pa(pi) if pi € P(A) \ P(E) and ¢(p;) = ¢p(pi) if pi € P(B) \ P(E).

For k =0, if p; € P(F) we take the unique morphism wgi : Dgi — D:OE(pi) that extends ¢4 (p,-) : Ap —
DZPE(pi p;) and sends any element d € DY) to @) (d). If p; € P(A)\ P(E)
we take the unique morphism gogi : Dgi — D:p ) that extends pa(p,-) : A, — D:O (s
any element d € DgF , to (pgi71<d), similarly if p; € P(B) \ P(E) we take the unique morphism
en. © D). — D:PB( ) that extends oB(p,-) : By, — DZPB(

o Dpi pi
(ppifl (d) '

Assume that for every i < w the functions gplg : D;,f — D:D () have been defined. Define gp’l‘jgrl : D’If;“ L

yand @p(p,-) : By — D:DE(

K3

) and sends

) and sends any element d &€ DgF , to

D’ as the unique morphism extending gp’;o : D]],f — D' by sending z € D]]ji to @];i (x) for every i < w.
We just repeat the same steps for the other parameters. Once all these functions are constructed we
consider ¢ = J go’pf for every p € P(D). This function defines a map in K from D to D’ such that

k<w
its restrictions to A and B are ¢4 and @p respectively, and it is a morphism of Lg-structure since
= U <p]; Dy — Dfp ) is a morphism of Ly-structure for every parameter p € P(D). O

k<w

Remark 2.2.1.5. This means that K seen as a category has pushouts for pairs of monomorphisms.
The proof also implies that the construction of D does not depend (up to isomorphism) on the choices
of the bases of A and B and on the enumeration of the parameters : given the same construction for
a different enumeration D* = D;’k we can show that D* also has this universal property with a
1<w

similar proof.

Remark 2.2.1.6. From the proof of Lemma|2.2.1.4|it is clear how to show that K satisfies the (Generic
extension property), we begin with a sort among the object sorts, we fiz some enumeration (p;)i<. of the

parameters, we begin by adding one object x in the right sort and consider the associated Lg-structure
AS = A@y (x), then Agi+1 =A@y (A5, \ A), A’;;ll = A’;iH By (AL+1 \A’;Hl) and so on. When adding
a generic parameter p we consider the Lg-structure Ey it generates, i.e. the structure generated by the
constants, and form A &y (Eo,p) the same way but with adding a parameter p before the enumeration
(pi)i<w of P(A) for which we consider the structure freely generated by A over Ey, Ey @y (A). We can
indeed send p to any parameter because any parameter agree with p on the structure generated by the

constants.

A substructure of a finitely generated structure is not necessarily finitely generated : an Lp structure
with only one parameter is the same as an Lg-structure, so depending on Tj (if it is uniformly locally
finite for example) by removing all parameters except one we can find examples of this fact. With the
properties of K we have proven so far we can construct a limit M with Proposition and consider
its theory T" and M a monster model of it.
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Lemma 2.2.1.7. K satisfies 4 : for every quantifier free formula o(z,y) satisfied in some structure
of K there is a quantifier free formula ¥(x) such that if a € A € K and A = (a) then there is
A C B € K an estension and b € B such that B = ¢(a,b).

Such a formula ¢(z,y) can be decomposed the following way : take z = 2/, p, y = y'q with 2/, ¢’ in the

object sorts and p, g in the parameters, then ¢(z,y) is implied by a formula of the form A ¢; p, (2/,¥/) A
i<n

A <p;~7qj (z',y') where the ;, ¢} are quantifier free Lo-formulas and the parameters p; and g; are all
j<m
distinct. By assumption if ¢; is the formula associated to p;(z’,3’) then the formula A v, (z") A

<n

N (pi # p;) satisfies our condition : if (a’,p') € A’ € K satisfies it by assumption there are
1#i'<n
Lo-structures (B;)i<n and b € Bj such that A, C B E ¢;(a’,b}). For j < m we can find some
bfb € By, € Ko containing the objects of A" such that By; = ¢’ (d’, b;],). We can build B’ an L structure
extending A" with parameters P(A") U {g; : j < m} by amalgamating all of these Lo-structure freely
over AU (as in the proof of Lemma [2.2.1.4]), we then have that B’ = ¢(a’,b"). Once this condition

is satisfied we can show with the same proof as in Lemma that 7" has Q.E. in L.
Proposition 2.2.1.8. T proves the following statements :

1. If @ is a finite tuple of objects and m;(T) is a finitary type in Ty for every i < m such that
T b xj # xy for j # j' there exist an infinite number of tuples of parameters (p;)i<n such that
= mi(ay,) for every i < n.

2. If D = po,..,pn is a finite tuple of parameters and m;(Z, Epi) is a type in My, over a tuple of
objects b such that the induced type in any of the x; is non algebraic and that m; & x; # xj for
J # j' then there is a tuple of objects @ such that |= m;(@p,, bp,) for every i <n.

Proof. Consider the structure M from Proposition a finite tuple of object @ € M and a finite
set of types m;(Z) as in the first point of the statement. We can build a structure A € K containing a
and with parameters (p;)i<n such that = m;(a,,) for every i < n. Then by saturation we can embed
this structure A inside of M over @ and find the parameters. The second point is similar : consider the
structure B generated by b,p and types 7;(%, Bpi) as in the statement. We can extend B into B’ € K
that contains a tuple of objects @ such that @b has the right type for the parameter p; for every i and
then embed B’ into M over B to find the right objects. O

Corollary 2.2.1.9. The theory T has I.P. if there is two distinct non algebraic types in Ty and is non-
simple if the generated structure in Ko is non trivial, in the sense that we can find ¢ € (ab) \ ({(a) U (b))
for some a,b € M.

Proof. For L.P. consider two distinct T-types 7; in T for ¢ = 0, 1. Now if we consider a sequence (p;)i<w
of distinct parameters in M then by [2.2.1.8| for every I C w we can find @; such that = mg(ay) if and
only if i € I.

Now for simplicity let ¢(z,y) be a Lo-term such that t(a,b) ¢ (a) U (b) and consider a tree of param-
eters all distinct (p,),en<e. Lets now consider a tree of distinct objects (a,),c,< and the formulas
o(x,y, ap~i,pp) = tp, (x,y) = a,~; along this tree. Clearly {yp(x,y, ay~i,pu) 1 i < w} is 2-inconsistent
for every p € w<¥, and by every path is consistent. O

Remark 2.2.1.10. The relation |V in M does not necessarily satisfy local character (otherwise it
would satisfy all conditions of the Kim-Pillay theorem) : take some distinct objects © = 01, 02,03 and
a set P = (p;)i<x of parameters for k = |Tp|T such that o3 € (0102)p, for every i < k and o; & (P) for
every j € {0,1,2}. Then there is no subset Py of cardinal |T'| of P such that o \LEO pP.
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Remark 2.2.1.11. In the case where we can find in Ky some ¢ = t(a,b) € (ab) \ ((a) U (b)) then the
relation | ® in M does not admit 4-amalgamation : take 3 distinct parameters pg, p1,p2 and distinct
objects by, b1, by such that b;,b; & (pi) for every i,j, k such that {i,j,k} = {0,1,2} and such that
tpo (bl, bg) = tm (bo, bg), tpl (bo, b2) = tp2 (bo, bl) and tpo (bl, bg) 7& tp2 (bl, bg). Then the type tp(po/ble) U
tp(p1/bob2) U tp(pa/boby) is inconsistent.

Since the theory Tj has Q.E., is "one based for | % and since the algebraic closure and the generated
structure coincide in My we can represent non-Kim-forking extension as commutative squares in the
following way : the arrows are embeddings, the structure D is generated by the images f(A) and g(B),
and f(A)Ng(B) = f-j(E) =g-i(F). Then the isomorphism type of D over B gives us a type over
D which correspond to a non-forking extension of tp(A/E). We will refer to such squares as strong
amalgams. However for the (3 Amalgamation for algebraically independent extension) the squares we
are considering consists in an extension of such a square, meaning that we compose with an embedding

from D to some D’ € Kj.
A D

EFE— B

S AN
]

Proposition 2.2.1.12. K satisfies (3 Amalgamation for algebraically independent extension).

Proof. Consider the following diagram in K, which is as in the definition of (3 Amalgamation for
algebraically independent extension) and where for simplicity we take the embeddings to be inclusions.
We want to complete it, for this we begin by choosing a completion for every parameter. Fix an
enumeration (p;)i<w of P(D) := P(Dy)U[P(D;) \ P(A)|U[P(B) \ P(By)UP(B1))], we will take this
set as the set of parameters of our structure D. Looking at the Lg-structure indexed by any of the
parameters p; € P(E) we can find an Lo-structure D;}O as in the right diagram.

Dy D1, e » Dy’
A A, Do Ap, Do p, ¥B
] T
ia B; o » B By, > By,
E i » By Ey, > Bop,

These sets D;;O for p; € P(E) are also equipped with the L-structure on the sets pg(B) and ¢p,(D;)
for ¢ = 0,1 induced by the embeddings. We now define their equivalent for the parameters of D; and
B. Let p; € P(A)\ P(E). We consider the Lo-structure D;;.O = [Dop, DA, D1yl @9 (B\ (Bo U
By)) with the natural mappings from Dy, D; and B to D;;.O. Similarly if p; € P(B;) \ P(E) set
D;;.O = [Do ®B, B] ®y (D1 \ (AU By)) with the natural mappings from Dy, D; and B to D;;.O. If
pj € P(Dy)\ (P(A)UP(By)), set D;;;O = Do, ©p ((B\ Bo)U(D1\ A)) with the natural mappings from
Dy, Dy and B to D;;.O and similarly for p; € P(D1)\ (P(A)UP(By)). If pj € P(B)\ (P(Bo)UP(By)),
set D;;;O = By, @y ((Do \ Bo) U (D1 \ By)) with the natural mappings from Dy, D1 and B to D;;O.
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Now that we have all of our Lg-structures we will just put them together in a canonical way : we
define an increasing sequence of tuples of Lg-structures ((D]’;j )j<w)k<w- Let Dgo = D;;g)o, if ng has

been defined for some j < w let ng+1 = D;ﬂrl Dy <ng \ (Do U Dy U B))) where we assimilate Dy, D;

and B with their image in ng. Once ng has been defined for every j < w we set D = | ng. If D*
’ i<w ’

is defined we let DEFY = DY @y (D*\ Dy ). Now assume that D’If;rl is defined for some k < w,j < w,

we set DEYL = DF @, (D];;rl \ D];j+1>. Then take D = |J D’;j with the Lg-structure induced for

Pj+1 Pj+1
k<w
every j < w, this defines an L-structure, the natural mappings we had from Dy, Dy and B to D are
embeddings for the L-structure we put on D and they satisfy the conditions. O

Finally we can state that the class K satisfies the conditions of (H), and so that 7" is an NSOP1 theory
with existence such that | K= @ over arbitrary sets.

2.2.2 Some structure on the parameters

In this subsection we describe how we can generalise the previous part by having some structure on the
parameters, the proof are essentially similar so we wont give as much details. Let Ky be a class of Ly
structures as in the previous section : it satisfies (H) and there is only one isomorphism type for the
structure generated by the constants. Let us consider an other class Kp of one-sorted L p-structures
satisfying (H).

Definition 2.2.2.1. Let L be a new language built from Lo and Lp by adding a new sort P (we will
refer to the sorts of Ly as the object sorts and write them O) to Lo which we equip with Lp, and
replacing every symbol of constant ¢ in Lo of sort O by a function symbol c_: P — O, every function
symbol f : 11, ., Oi = [Lic, O; by and function symbol f_: P x T, ., Oi = [lic,, O; and similarly for
relation symbols. For an L structure A and p € P(A) we write A, to denote the Lo-structure induced
by p on O(A). For a set of objects A and a tuple of parameters p we will write (A)p for the structure
generated by (A, D), we will also write (A) for the structure generated by a set A (eventually containing
parameters and objects), so (A) = (O(A))p(a)-

Definition 2.2.2.2. Let K be the class of countable L-structures A such that P(A) € Kp and A, € Ky
for every p € P(A). In particular the previous section corresponds to the case of Kp being the class of
countable sets with the equality.

Remark 2.2.2.3. The class K is axiomatisable : if an L-structure A is not in K then either for some
parameter p € P(A) there is some p € A such that A, ¢ Ky, in which case the same argument as in
Remark applies, or P(A) ¢ Kp, which is then also expressed by a formula by 4 in Kp. Also
K clearly satisfies (H.P.).

Lemma 2.2.2.4. K satisfies 4 : for every quantifier free formula o(z,y) satisfied in some structure
of K there is a quantifier free formula 1(x) such that if a € A € K and A | ¢(a) then there is
A C B € K an extension and b € B such that B |= ¢(a,b).

Proof. Such a formula ¢(x,y) can be decomposed the following way : take z = 2/,p, y = ¢'q with

x’,y" in the object sorts and P, q in the parameters, then ¢(z,y) is implied by a formula of the form

e@DN N pip (@ YIN N ¢ . (z',y') where ¢ a quantifier free L p-formula, the ¢;, ¢ are quantifier
i<n j<m

free Lo-formulas and the parameters p; and ¢; are all distinct. By assumption if 1 is the formula

associated to ¢ by 5 in Kp and ; is the formula associated to ¢;(z’,y’) by 5 in K then the formula

Y(P) N N ip,(x') satisfies our condition : if (a/,p') € A’ € K satisfies it by assumption there is
i<n
G € Bp O P(A") an Lp structure such that B, = ¢(p,q). We also have Lo-structures (B});<, and

b; € Bj such that A, C B} = @i(a’,b;).
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Now we construct some extension B’ of A’ in K from all of these pieces. We set P(B’) = B, for every
j < m we choose some Lo-structure By, € Ko containing O(A) Ub’ such that By, = ¢j(d’, bg), for any
other ¢ € P(B’) we choose some Lg-structure B, € K containing O(A) U and then we build O(B’)
by amalgamating all of these Lo-structure over AUV, we get that B’ = ¢(d’, V). O

Lemma 2.2.2.5. The class K satisfies the conditions of (Free Amalgamation) and (Generic exten-
sion).

Proof. Consider the structures £ C A, B € K. We will construct an L-structure in K satisfying
the (Free Amalgamation) universal property. Let us write £ = (O(E), P(E)), A = (Oa, P4) and

= (Op, Pp). We begin by forming the free amalgam P(D) := P(A) ©pg) P(B) € Kp which will
be the parameter sort of the free amalgam in K.

Let (p;)i<w enumerate P(D). We define a sequence ((D¥);<.)k<w of tuples of countable Lo-structures
indexed by Pp by induction. Let D°, := AU B and let Ej be the structure generated by the constants
inside of Ky (which is unique).

We define D), := (A, O, Bp) © o (D). \(AUB)) if p; € P(E), D), = Ay, &y (DY) \A> if
pi € P(A)\ P(E), DY, = By, @ (DY, \ B if p; € P(B)\ P(E), and finally DY, = Ey @y (DS, ) if
pi € P(D)\ (P(A)U ( ). Then set D° = |J D). If D* is defined for some 1 < k < w we set D;;;’l
2

i<w

similarly if Df is defined for some 1 < i < w we set DL = Df @y @ (DIT1\ DE ).

Dy @g (D*\ DE

Every D{; is an Lo-structure for the parameter p. We set O(D) = |J D, this set is countable and
k<w

has an Lg-structure for the parameter p given by D, = J D]],f € Ky, so D € K. This defines an L
k<w
structure D = (O(D), P(D)) € K which extends A and B, and such that AN B = E inside of D. Also

if A and B are generated by (@, P(A)) and (b, P(B)) respectively then (ab, P(A), P(B)) generates D.

Now that we constructed the structure D we show that is satisfies the right property. Consider D’ € K,
pa:A— D' and pp : B — D' as in the statement, and write ¢ their restriction to E. The uniqueness
of ¢ is clear from the fact that D is generated by the images of A and B. By free amalgamation in Kp
there is a unique morphism ¢p of K p-structures from P(D) to P(D’) such that the diagram commutes.
For existence we construct an increasing sequence of tuples of morphism of Lg-structures indexed on
P(D) : (( Dk - D;P(p))i<w)k<w-

For k = 0, if p; € P(E) we take the unique morphism (pgi : Dgi — D’ that extends @a(p,-) : Ap —
D:OP( . and vp(p,-) : By — D:DP(pi) and sends any element d € DY | to ¢y, (d). If p; € P(A)\ P(E)

we take the unique morphism gogi : Dgi — D:O (03 that extends pa(p,-) : Ap — D’ ) and sends

op(pi

any element d € DO__1 to cpgi_l(d), similarly if p; € P(B) \ P(E) we take the unique morphism
@n. o DY — D,w () that extends ¢p(p,-) : By, — D(’pp(pi) and sends any element d € DY to

¢y, (d), and finally if p; € P(D) \ (P(A) U P(B)) we take the unique morphism gogi : Dgi — D;P(pi)

0 0
that sends any element d € D), | to ¢, (d).

Assume that for every i < w the functions ¢F : D¥ — D’ have been defined. Define @t : DEFL — D/
as the unique morphism extending gppo : D]’; — D’ by sending x € D’Ifi to <ppi( x) for every i < w.
We just repeat the same steps for the other parameters. Once all these functions are constructed

we consider ¢ = (J <p for every p € P(D). This function defines a map in K from D to D’ such
k<w
that its restrictions to A and B are ¢4 and @p respectively, and it is a morphism of Lg-structure
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since ¢ = |J go’; : Dy — D:D(p) is a morphism of Ly-structure for every parameter p € P(D) and
k<w
op: P(D) — P(D’) is a morphism of L p-structure.

The proof of (Generic extension) carries over similarly. O
Proposition 2.2.2.6. K satisfies (3 Amalgamation for algebraically independent extension).

Proof. The proof carries over verbatim, we form the amalgam for the parameter sort to find P(D),
then for every p € P(D) we choose some Ly-structures Dg, using (3 Amalgamation for algebraically
independent extension) in Ky when the parameter p is in the basis, and we put all of these in common
by amalgamating them freely as we did in Lemma [2.2.2.5 O

2.3 Examples and non-examples

One example of a class K satisfying (H) is the class of countable vector spaces over a finite (or
countable) field (which is in the language). A trivial one is the class of countable sets with no structure,
and an other one is the class of countable graphs (or countable sets with a binary relation). In the
case where a limit Tj of the class Kj is a stable theory we get that | =] '. We will describe now
how adding generic structure to the class Ky might affect the conditions (H) and some properties of
the theory.

2.3.1 Adding a generic predicate

Definition 2.3.1.1. Consider a new symbol U for a unary predicate in some sort S, we define Ly =

LU{U} and the class Ky of Ly-structures consisting of a structure A in Ky equipped with a subset
U(A) C S(A).

Proof. The conditions 1 — 4 are satisfied in Ky, we just take U(A &g B) := U(A) U U(B) and
U(A @y (x)) := U(A), similarly for 6. For 5 consider a finitely generated structure (a,b) € Ky
and a quantifier free Ly formula ¢ such that = p(a,b). W.lLo.g. w.ca. that o(z,y) = ¢'(z,y) A

A Uti(z,y)) A \ ~U(ti(z,y)) where ¢'(2,y) is an Lo-formula and the ¢; and t; are Lo-terms. By
lt?lﬁing a strengtﬁzging of ¢ we can assume that ¢'(z,y) - /\ ti(x,y) # tj(z,y) for every i < n. Now
we consider the formula v/(z) associated to the Lo—formulazi;’(a:,y) N A (ti(x,y) # tj(x,y)) by 5 in
Ky. If for some o’ € A’ € K we have that A" = ¢(a’) then by assum;;]t?gn we can find some b’ € B’

an extension of A’ in Ky such that B' = ¢'(a’,0') A A (ti(a',') & (tj(a’,V))j<n)). Define the subset
i<n

U on B’ to be U(A") U{t;(d’,V))j<n}, we get that B’ = U (t.(a’, V') for all i < n, so B' = p(d', V'),

and B’ is an extension of A" in K. O

Remark 2.3.1.2. If there is some a,b € A € K and ¢ =t(a,b) € (ab) \ ({(a) U (b)) the theory Ty of a
limit of Ky is non stable, in fact the formula U(t(z,y)) would then have the order property.

Definition 2.3.1.3. Let Lgr = L U{R} a new unary predicate symbol. We define the class Kgr of
Lr-structures consisting of a structure A in Ky equipped with a substructure R(A).

Proposition 2.3.1.4. If the structures of Ky are uniformly locally finite the class Kgr satisfies 1 — 5.
However if the generated structure in Ko is non trivial the condition (6) need not to hold.

Proof. The conditions 1—4 are still true by the same arguments as before, we will need some assumption
on Ky to get 5. We take P(A®g B) := (P(A)P(B)) and P(A®y(x)) := P(A). For 5 consider a finitely
generated structure (a,b) € Kr and a quantifier free Ly formula ¢ such that (a,b) = ¢(a,b). W.lo.g.
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w.c.a. that ¢(z,y) = ¢'(z,y) A N\ R(ti(z,y)) A \ —R(t)(z,y)) where ¢'(z,y) is an Lo-formula, for all
i<n i<n

¢ € R({ab)) there is some ¢ < n such that ¢ = t;(a,b) and for all ¢ € (ab) \ R((ab)) there is some i < n

such that ¢ = t}(a, ). Since our theory is uniformly locally finite the condition t}(x,y) & ((¢;(z,y))j<n)

is definable. Now we consider the formula ’(x) associated to the Lo-formula ¢'(z,y) A A (ti(z,y) &
i<n
((tj)j<n)) by 5 in Kj, and then the formula ¢(z) := ¢'(z) A A\ R(ti,(z)) A N\ —R(t;, (x)), where
k<m k<m
ti, (z) enumerates the terms ¢ such that R(t(a)) and t{ (r) enumerates the terms ¢’ such that ~R('(a)).
Now if for some o’ € A’ € K we have that A’ |= ¢(a’) then by assumption we can find some b’ such
that (a't)) = ¢'(a/,0) N A (t(a', V) & (tj(a',V))j<n)). Define the substructure R on (a't’) to be
i<n

(t;(a', V) j<n), we get that (a'b) = —R(t,(a/,V)) for all i < n, so (a'V') = ¢(d/,b), and this property
still holds in B' := A" @,y (a’b’), which is an extension of A as an Lg-structure.

Now about 6 : By 6 in the class Ky we can find some structure D € K{ and some embeddings as in
the statement. We want to define R(D). We know that in any case (R(Dy) U R(D1) U R(B)(C R(D),
however it might happen that for some b € (B \ R(B)) we have that b € (R(Do) U R(D1) U R(B)), and
in that case the Lg-embedding ¢p can not be an Lgr-embedding. O

To give a simple example of this last fact, let us look at some vector space over a finite field with
some a predicate for a subspace. Take some independent vectors ag, a1, by, b1 as in the statement of
the independence theorem for | * such that ~R(ag +bo), R(a1 —b1) and R(bg+ by) are satisfied. Then
if a satisfies tp(a;/b;) for i = 0,1 we have that R(a + bp) is satisfied, which is a contradiction. In that
case a limit of Kp still exist, and it might be NSOP1, however in that case we have that | %] ¢ in
this limit.

Remark 2.3.1.5. If we assume that the class K is uniformly locally finite we can restrict it to the
class of finite structures in K and have a Fraissé class in the usual sense, to each isomorphism type
of the structure generated by the constants correspond a limit, and this limit is w-categorical.

As we have seen in the previous section the condition 6 puts a strong restriction in what we can add to
the structure, and some classes with an NSOP1 limit can satisfy the conditions 1 to 5 and not satisfy
6. For example the class of finite equivalence relation, with limit the (stable) theory of the equivalence
relation with an infinite number of classes all infinite (which we will write T), or its parameterized
version (see [15] or [3]) which is strictly NSOP1, satisfies existence and that LEY=17=_11 over
arbitrary sets.

Definition 2.3.1.6. Consider a new symbol E for a binary predicate in some sort S, we define the
language Ly = LU{V, E,p} where V is a new sort, E a binary relation on S, and p a unary map
form S to V. Define the class Kg of Lg-structures consisting of a structure A in Ko equipped with an
equivalence relation E4 C S(A)?, a new sort V(A) and a map p : S(A) — V(A) realizing the quotient.

Proposition 2.3.1.7. The class Kg satisfies (H).

Proof. If we do not add the quotient to the structure the conditions 1 — 5 are satisfied but condition 6
is not, also if we ask for the map p to be surjective the condition 3 will not hold. It is easy to see that
the conditions 1 — 5 are satisfied in Kg : the only structure on the quotient is equality and we can do
'in parallel’ free amalgamation in K and in the quotient. For 6 we proceed similarly by forming the
amalgam in K on one end and the amalgam of the quotient on the other end. O

This construction is the same as adding a new sort V' with no structure other than equality and then
some function from S to V.
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2.3.2 Adding generic functions

Definition 2.3.2.1. Consider a new symbol f for a binary function, we define Ly = L U {f} and

the class Ky of Ly-structures consisting of a structure A in Ko equipped with a binary function fa :
Ax A— A

Proposition 2.3.2.2. The class Ky satisfies (H).

Proof. The conditions 1 and 4 are clearly satisfied in K. For the condition 3 we construct some L -
structure D using the properties of K. Assume we have our two extensions of L -structures £ C A, B.
We define an increasing sequence of Lg-structures (D;);<. equipped with a partial binary function
fi+1 : D? = D;i1. Let Dy := A®g B and fy = fg. Now set Dy := Dy &g (D¢ \ (A% U B?)) and
consider fi : D3 — Dj defined the following way : if (x,y) € A2, fi(z,y) = fa(z,y), if (v,y) € B,
fi(z,y) := fp(x,y) and else (x,y) is sent to the element of D; with the corresponding label. We iterate
this process : if D, fit1 are defined for i > 0 we let D; 11 := D; &y (DZ2 \ (D?fl», and f;11 extends
fi by sending (z,y) € D?\ (D2_,) to the element of D;;; with the corresponding label. We then set
D:= |J D; and f:= |J f; : D> = D. This structure satisfies the universal property : it is generated
1<w <w
by the images of A and B as an Lj-structure, given D’ and embeddings g4 : A — D', op: B — D' as
in the statement we can define an increasing sequence of morphism of Lo-structures ; : D; — D’ in a
canonical way and show that its union is a morphism of L-structure. The construction of A @y (z)
follows the same method.

The condition 6 is easy to check, we just apply 6 inside of Ky, find the embeddings, take fp] p2 to be
the image of fp, by ¢p,, similarly for B, and we can set f to be anything outside of Di2 and B2. Now
for condition 5 consider a structure (ab) € Ky and some qf-L ¢-formula ¢ such that (ab) = ¢(a,b). B
replacing every instance of f in ¢ by a new variable and separating the instances of f applied only to
elements of (a) from the other ones we can reshape (z,y) in the following form :

@I(xamgﬂ’hyaygn)/\ /\ (xl — f(si(xa$<i) iE x<’L /\ /\ :L' y L<m, Y, y<l)7tz(x T<m, Y, y<2)))

<m 1<n

¢’ is an Lo-gf-formula and the t;, s;,t}, s are Lo-terms. By strengthening the formula ¢ we can assume
that, if we define by induction zy(a) = f(sk(a, z<k(a)), si.(a, z<x(a))) and

yk(a7 b) = f(ti(aa xgm(a)7 b, y<i(a> b))v t;(aa xSm(a)> ba y<i(av b)))

, and if yk(a7 b) 7é yk'(a, b)a then 90/($> T<m, Y, ygn) speciﬁes that (tk(xa T<m, Y, y<k)7 t;f(ma T<m, Y, y<k)) 7é
(te (@, T<m, ¥y Y<i)s 1, (T, T<m, Y, Y<k)), and similarly for xy, z7, and g, y .

Now consider the Lo-formula ¢ (z, z<y,) associated by 5 in Ky to ¢'(z, 2<m, Y, y<n) and then the L-
formula ¢'(z) := ¢/ (z,2<m) A N\ (zi = f(si(z,2<4),si(z,2<;))). Assume that for some a’ € A" we
i<m
have that A" = ¢(a’). By assumption there is an Lo-extension A’ C B" and V/, b, € B’ such that
B = ¢(d,d.,,, b, b,) A 4\ (a7 = f(si(d’,al;), si(a’,al;))). We just need to define a binary function
i<m
fpr on B’ extending far such that by = f(t;(d’,a,,, 0", b_,), ti(d',a’,, b/, b ;) for every k < n. We
begin by setting these values, this is possible thanks to the strengthening we had, and we can let fp/
be whatever outside of this, we write B} for the L-structure defined on B’, then B} = ¢(d, ). O

Remark 2.3.2.3. Adding a generic binary function assures us that the theory of any limit is strictly
NSOP1, as proven in [18, Section 3]. Also we get that the generated structure is non-trivial. With the
same construction we can add generic functions of any arity.
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Definition 2.3.2.4. We define Ly = LU{r, 7'} new symbols of unary functions and the class K, of
L-structures consisting of a structure A in Ko equipped with a bijection w4 of inverse function Wzl.

Proposition 2.3.2.5. The class K, satisfies (H).

Proof. The conditions 1 and 4 are clearly satisfied in K, for the conditions 5 and 6 we can proceed as
previously. Now we describe what to pick as the free amalgam for 2. Let £ C A, B be two extensions
in K .

In the same fashion as previously we construct an increasing sequence of Lg-structures (D;);<,, and
an increasing sequence of subsets H; C D; and two increasing sequences of functions m;, 7;” Yy H; — D;

such that D; C H; 1 and 741 -771-_1 = 7r-_+11 -m; = idp, for every i <w. Let Dy := A®g B, Hy= AUDB,

7
and my = mAUmp, T, = 1,  Unmg'. Dy := Do @y (Do \ (AU B)lkez\{oy), i-e., we consider the
Ly-structure freely generated over Dy by copies of Dy \ (AU B) indexed on Z \ {0}, we see the element

of Do\ (AU B) as those corresponding to the copy of index 0. Set Hy = Do U |J [Do\ (AU B)Ji.
keZ\{0}
We define 7 as the extension of 7y that send an element of [Dy \ (A U B)]i to its copy of index
k+ 1, ie. it sends t(a,b)g to t(a,b)s 1, similarly for m; ! which sends an element of [Dg \ (AU B)]g
to its copy of index k — 1. Assume that D; 1,H; and m;, 7, ! have been defined for i > 0. We set
Dy = D; dy <[Dz \ Di—l]iGZ\{O}>7 Hiy1 :=D; U U [D, \ Di—l]k and take ;11 to be the function
k<w
extending 7; that sends an element of [D; \ D;_1]i to its copy of index k + 1, similarly for 7, ! which
sends an element of [D; \ D;_1] to its copy of index k& — 1. Once this is done we take D := |J D,
1<w
mp = U m and 7751 = U 77;1. This defines an L -structure of bijection mp, and D satisfies the
i<w i<w
universal property : it is generated by the images of A and B as an Ly-structure, given D’ and
embeddings ¢4 : A — D', op : B — D’ as in the statement we can define an increasing sequence of
morphism of Lg-structures o; : D; — D’ in a canonical way and show that its union is a morphism of
Lr-structure. We take ¢; : Dy — D’ to be the only morphism of Lg-structure such that ;|4 = ¢4 and
il = ¢p. If p; : Dy — D' is defined we take ¢;1+1 : Di11 — D’ to be its unique morphism extending
¢; that sends 75 (¢) to 7%, (p(t)) for every t € D;. Set ¢ := |J ¢, it is a morphism of Lo-structure

1<w
and by construction it commutes with 7, so it is a morphism of L,-structures. The construction of
A @y (x) follows the same method. O

Definition 2.3.2.6. We define L, = LU{0, 07!} new symbols of unary functions and the class K, of
L, -structures consisting of a structure A in Ko equipped with an automorphism o4 of inverse function
021.

In K, the condition 1—4 are easy to check : we use the universal property to show thatif E C A, B € K,
then there is an (unique) automorphism o4, 5 of A® g B extending 04 and op and (AGg B,0Ag,B)
satisfies the universal property. For 3 we consider the Lo-structure A @y ((xi)icz) equipped with the
unique automorphism that extends o4 and sends zj to zpy1 for every k € Z. As for the generic
substructure we need the structures of Ky to be uniformly locally finite for 5 to hold, in this case the
proof follows the same method. Also the condition 6 need not to hold even in this case for similar
reasons as in Kp. A limit of K, still exist, and it might be NSOP1, however in that case we have that

LK1 in this limit.
2.3.3 Some questions

1. Can we give a more general context that could fit in the case of classes satisfying (H) and the
case of Fraissé classes satisfying S.A.P. in a relational language from [10, Section 6.3], allowing
L to be different from | @ in T, by relaxing 6 for example.
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2. Let K be a class satisfying (H) and T be the theory of its limit. Is a group definable in the limit
Tp of the parameterization of K (without any structure on the parameters) necessarily definably
isomorphic to a product of groups definable in 77

2.3.4 Some strictly NSOP1 theories with strong amalgamation

The theory T of a limit of some K satisfying (H) is not a free amalgamation theory in the sense of
[11], our strong independence relation | ' does not in general satisfies the closure condition (which
is defined as : if C C A, B are algebraically closed and A | , B then AU B is algebraically closed).
The proof of Corollary can be generalised to show that in any theory 7" with some stationary
independence relation | satisfying Proposition and such that | ® satisfies the independence
theorem over arbitrary sets, | implies Lf , so that T is NSOP1, has existence and | *=_| ¥ over
arbitrary sets.

Remark 2.3.4.1. There are other known examples of NSOP1 theories admitting a strong independence
relation satisfying Proposition |[2.1.1() :

1. The theory of parameterized equivalence relation Tpeq (see [15]), with the relation LV defined as
s forCC A B, A J/g B if C = AN B and for every parameter p in A or B, O(A) J/g(c) O(B).
This correspond to the symmetrization of forking independence, since there are no algebraic
closure in this theory the condition of closure mentioned before is satisfied and Tpeq s a free
amalgamation theory in the sense of [11)].

2. The theory of w-free PAC fields of characteristic 0(see [§] and [7]) with the the relation | 1
defined as : for C C A,B, A Lgl BifA Llé” B and acl(AB) = AB. This relation is named
strong independence in [6, Definition 4.5], written as here in [8, Section 3.6/, but this definition
is not the same as the strong independence of [7, Definition 1.2].

3. The theory of vector spaces of infinite dimension over an ACF with a non degenerate bilinear
form with the relation |V (see [1], [I3] or [3] for the definition of |.V). This is not a free
amalgamation theory because of the closure condition.

4. The theory ACFG of an ACF with a generic multiplicative subgroup, see strong independence in
[14, Section 2.2] and the remark following [14, Section 4.4].

5. The model companion of the empty theory in a language with a binary function T with the
relation | © defined in [I8, Section 38.2]. On this topic see the remark following [19, Definition
4.9].

Definition 2.3.4.2. Let (G,+) be a group definable over E in a model M of an NSOP1 theory with
existence. For E C B a set of parameters we say that an element a € G is Kim-generic in G over B
if for every b € G such that a \Lg b we have a + b \Lg b.

Remark 2.3.4.3. We consider Ml a monster model of the theory of parameterized vector space over
a countable field F'. For every p € O finite tuple consider the group My = ], My, which definable
over p. Then if p € B C M and if a € My is such that @ \Lg B, then, for every b € Mg such that
a J/g b we have 64—55 Lg b (where E—i-pg is the tuple (a; +p, bi)i<n), so @ is Kim-generic over B for
the group M.

Proof. Let @ be as in the statement, write ’ = P(B) and b be such that @ \Lg b. Assume that there is
some a’' € (B,a+5b)N(B,b)\ B. We can show by induction on the length of a term ¢(B,@+3b) that by
removing elements of O(B) at every level of the term we can get a term only in E—f—f,g and the parameters
of B, i.e. we can assume that o’ = t(a —1—55, 7'). With the same argument by subtracting —,,b; at every
level of the term we get that t(a,p) € (B,b). In fact we can show that there is a term #(b,p’) such that
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t@+30,9) = t(a,p') +p t(b,p) for some p’ € p'. By a L% b this implies that t(a,p) € B, but since
a J/g B by base monotonicity of I" ap’ J/g, B and the only terms in a with parameters from B being

inside of B are the ones being equal to some element ¢'(p’) € (p) = ((0p)pep)p- Using the universal
property and the morphism @ — @ +5 b over B this implies that a’ = t(a 4+, b,p) = t/(p') € B, which is

a contradiction. O
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