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1. Introduction

This paper continues the investigations on the possibility of abstracting results
pertaining to the algebraization of deductive systems, as developed by Blok and
Pigozzi, and to the algebraization of sentential logics, as developed by Font and
Jansana, to the level of m-institutions. The motivation for this abstraction is two-
fold. On the one hand, it stems from a desire to handle the algebraization of some
well-known multi-signature logics with quantifiers in a way more natural than the
one traditionally used in classical algebraic logic. This is explained in more details
in the introductions of (Voutsadakis [23, 22]), the first two papers containing results
on this abstraction program. It has led to the algebraization of equational logic
(Voutsadakis [26, 24]) and to the algebraization of first-order logic without terms
(Voutsadakis [27, 25]) using a novel categorical method. The second motivating
factor comes from the hope that abstracting a framework that works well for some
restricted classes of logics may help in the investigation of other, perhaps not so
familiar, logics outside those classes. This direction parallels the motivation be-
hind the development recently of abstract, institution-independent, model theory by
Rédzvan Diaconescu (see, e.g., [8—10]). The added generality, serving the purposes
outlined above, on the logic side, is due to the fact that the w-institution framework
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can accommodate logics with multiple signatures and can incorporate substitutions
in the object language and, on the algebraic side, due to the fact that categorical,
instead of universal, algebras may be used for the algebraization process.

The theory of Blok and Pigozzi [3, 4] has as its primary object of study a deduc-
tive system 4 = (L, ). It consists of a language type £ together with a finitary
and structural consequence relation -5 P (Fmg(V)) x Fm,(V), where Fm (V)
denotes the set of all JL£-formulas over a fixed denumerable set of variables V.
A theory of 4§ is a set T of «L-formulas that is closed under the §-consequence,
i.e., such that, for all ¢ € Fmg(V), if T 4 ¢, then ¢ € T. The main and most
important tool of the theory is the Leibniz operator, which maps theories of the
deductive system 4 to L-congruences. It is formally defined by

QT) = {{a, B) : ¢, ) € Tiff p(B, V) € T,
for all (p, §) € Fme(V), 7 € Fm(V)}.

Q(T) turns out to be the largest congruence on the formula algebra that is com-
patible with the theory 7', in the sense that (o, 8) € Q(T) and @ € T imply that
B € T. The Leibniz operator may be introduced, more generally, as an operator
from the collection of §-filters on an L-algebra A = (A, L) to the collection of
congruences of the algebra. FF C A is an $-filter on A, if, for all ®U{¢} € Fm,(V)
and all homomorphisms /2 : Fmg(V) — A,

Oy and h(P) C F imply h(p) € F.
The pair A = (A, F) is called an $-matrix if F is an $-filter on A. In that case
Qa(F) ={{a,b) : p*(a,¢) € Fiff pA(b,7) € F,
forall ¢ (p, §) € Fm,(V), ¢ € A*}.

Again Q4 (F) is the largest congruence on A that is compatible with F.

Based on this notion of Leibniz operator and several of the properties that it may
or may not possess depending on the deductive system 4 under investigation, e.g.,
monotonicity, injectivity, continuity, etc., deductive systems are classified in sev-
eral steps of an algebraic hierarchy, whose main classes are the protoalgebraic [2],
the equivalential [20, 6] and the algebraizable [3] (see also [16-18]) deductive
systems. The book by Czelakowski [7] and the survey article by Font, Jansana and
Pigozzi [13] provide an overview of the theory and the resulting hierarchy.

After Blok and Pigozzi, the theory was elaborated on and further developed by
the Barcelona Algebraic Logic group. Their work is detailed in the monograph of
Font and Jansana [12]. One of the major modifications from the original model
theory is the adoption of abstract logics as models of sentential logics in place of
logical matrices. An abstract logic I over the signature £ is a pair L = (A, C),
where A = (A, £A) is an L-algebra and C is a closure operator on A. In this
case the abstract logic IL is a model of the sentential logic § = (£, F4) if, for all
P U{o} S Fme(V),

D5 ¢ implies h(¢) € C(h(D)),
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for every homomorphism 4 : Fm,(V) — A.

When one considers abstract logics, the place of the Leibniz operator, as it is
applied on logical matrices, is taken by the Tarski operator 2. It maps a closure
system C over an algebra A to the greatest logical congruence of the abstract logic
L = (A, C), i.e., the greatest congruence compatible with all closed sets of the
closure system induced by C. If one divides out both the algebra A and the closure
system C by the Tarski congruence of L, then the reduction L* = (A*, C*) of L is
obtained. In case this reduction consists of the collection Fis(A*) of all -filters on
the algebra A*, IL is said to be a full model of the sentential logic 4. Those models
of & of the form L = (A, Figz(A)), i.e., whose closure systems consist of the entire
collection of $-filters on the carrier algebra A, are called the basic full models of
the logic 4. Using that terminology, a full model of 4 is a model whose reduction
is a basic full model on the quotient algebra. The collection of all full models of a
sentential logic 4 on the algebra A is denoted by FMody A and it is ordered by the
natural ordering < on the corresponding closure operators, i.e.,

C<C iff C(X)CC'(X), forall X C A.

Font and Jansana go on to define the notion of an 4-algebra. An algebra A is an
§-algebra if the abstract logic consisting of all the §-filters on A is reduced. This is
tantamount to saying that A is the algebraic reduct of a reduced full model of 4. The
class of all §-algebras is denoted by Alg 4. The collection of all Alg §-congruences
on an algebra A, i.e., congruences on A whose quotient algebras lie in Alg 4, is
denoted, as usual, by Conajgs A. In the Isomorphism Theorem 2.30 of [12], it
is shown that, given an algebra A, the Tarski operator is an order-isomorphism
between (FModg A, <) and (Conaigs A, ). This result will be the focus of the
present work. More precisely, the concepts and results of [28] and [29], which
abstract corresponding concepts and results from [12], will be used to provide an
analog of Theorem 2.30 for the case of institutional logics. Some of the concepts
and the results that are needed for what follows are presented in the remainder of
this section.

First, recall the definitions of an institution [14, 15] and of a s -institution [11].
m-institutions play in the theory of categorical abstract algebraic logic [23, 22] the
role that sentential logics play in the theory of Blok and Pigozzi and of Font and
Jansana.

Let Sign be a category, SEN : Sign — Set a functor and N a category of natural
transformations on SEN, as defined in [28]. Given ¥ € |Sign|, an equivalence
relation 0 on SEN(X) is said to be an N-congruence if, for all o : SEN* — SEN
in N and all ¢, ¥ € SEN(X)F,

5 9; 1; imply 0’2(%) Ox Gz(lz)-
A collection 8 = {(X, 05) : ¥ € |Sign|} is called an equivalence system of SEN if

— 0O is an equivalence relation on SEN(X), for all ¥ € |Sign|,
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- SEN(f)2(621) C Oy, forall Xy, X, € |Sign|, f € Sign(Z;, X»).

If, in addition, N is a category of natural transformations on SEN and 6y, is an
N-congruence, for all ¥ € |Sign|, then 6 is said to be an N-congruence system of
SEN.

Let now { = (Sign, SEN, {Cx}scsign|) be a m-institution. An equivalence sys-
tem 6 of SEN is called a logical equivalence system of { if, for all ¥ € |Sign|,
¢, ¥ € SEN(%),

(¢.¥) €bs implies Cx(¢) = Cs(¥).

An N-congruence system of SEN is a logical N-congruence system of { if it is
logical as an equivalence system of {.

It is proven in [28] that the collection of all logical N-congruence systems of
a given m-institution 4 forms a complete lattice under signature-wise inclusion
and the largest element of the lattice is termed the Tarski N-congruence system
of { and denoted by QN (1). Theorem 4 of [28] fully characterizes the Tarski N-
congruence system of a m-institution. Tarski N-congruence systems correspond in
this framework to the Tarksi congruences of [12].

A m-institution J’, in this context, is a model of a w-institution £ if { is semi-
interpretable in ', in symbols {}-J4'. If N, N’ are categories of natural transfor-
mations on SEN, SEN’, respectively, then 4’ is said to be an (N, N')-model of
dvia (F,a) : 4 — S/ if (F,«) is an (N, N')-logical morphism, i.e., a single-
ton (N, N')-epimorphic semi-interpretation. It is said to be an (N, N’)-full model
of 1 via (F, a) if the reduction 4’V of £’ via its Tarski N'-congruence system
is the (N, N)-model of 4 via (F, n}v /a) with the least closure system, where
(Isign’» aN'y . 4/ + &'V is the natural projection interpretation. This was called
an (F, rr{,v 'oz)—min model of {. Min models correspond to the basic full models in
the sentential logic framework.

It is worth pausing here to add a parenthetical comment concerning a significant
difference between the notions of model, min model and full model in this context
and the corresponding ones of model, basic full model and full model, respectively,
in the theory of sentential logics of [12]. In the theory of sentential logics, a model
has to respect entailments under all possible translations (homomorphisms) from
the formula algebra into the carrier algebra of the model. In the categorical theory,
a model refers to one fixed translation from a r -institution to the one serving as its
model. For an explanation of the difficulties and the intuitive plausibility that led
to the adoption of this different approach in the categorical context the reader is
referred to [29].

The development of the categorical theory is continued in the present paper by
defining a notion of an ({, N)-algebraic system, an analog of an §-algebra, and
proving an isomorphism theorem, analogous to Theorem 2.30 of [12], relating full
models with logical congruence systems the algebraic reducts of whose quotients
are (I, N)-algebraic systems.
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For general categorical notation where needed, the reader is referred to any of
[1,5,19].

2. Algebraic Systems

Let 4 = (Sign, SEN, {Cx}xc|sign/) be a -institution and N a category of natural
transformations on SEN. From the definitions of reduced and full models [29], it
follows that the reduced full N-models of { are exactly those min (N, N’)-models
J’ that are N'-reduced, for some category N’ of natural transformations on the
sentence functor SEN'. This fact partly motivates the following definition of an
(£, N)-algebraic system. (4, N)-algebraic systems parallel, in the context of -
institutions, the concept of an §-algebra of a sentential logic 4, in the theory of
sentential logics of [12].

DEFINITION 1. If { is a 7 -institution, then a functor SEN’ : Sign’ — Set is said

to be an (4, N)-algebraic system if and only if there exists a category N’ of natural

transformations on SEN’ and a singleton (N, N')-epimorphic translation (F, o) :

4 —%¢ SEN’, such that the (F, a)-min (N, N’)-model {’ = (Sign’, SEN’, C’) of {

on SEN’ is N’'-reduced, i.e., iff 4’ is a reduced (N, N’)-full model of { via (F, o).
Let AlgN (4) denote the class of all ({, N)-algebraic systems.

It will now be shown that the N-quotient functor SEN" : Sign — Set for a
given m-institution { = (Sign, SEN, C), where N is a category of natural transfor-
mations on SEN, is an ({, N)-algebraic system.

PROPOSITION 2. Given a m-institution J = (Sign, SEN, C) and a category N
of natural transformations on SEN, SENY : Sign — Set is an ({, N)-algebraic
system.

Proof. Consider the category N of natural transformations on SEN" induced
by N. Then the N-reduct 4V = (Sign, SEN", C) is the (Isign, 7 )-min (N, N)-
model of £ on SEN" and it is N-reduced. O

The (£, N)-algebraic system SEN" is called the Lindenbaum—Tarski N-alge-
braic system of {.

Combining the definition of an ({, N)-algebraic system together with the defi-
nitions of min and full models from [29], we obtain

PROPOSITION 3. Let 4 = (Sign, SEN, C) be a m-institution and N a category
of natural transformations on SEN. If ' = (Sign’, SEN', C') is a m-institution
and N' a category of natural transformations on SEN', then the following are
equivalent:

(1) &' is an N'-reduced (N, N')-full model of 4 via (F, o).
(2) 4 is N'-reduced and C' is the (F, a)-min (N, N')-model of 4 on SEN'.
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(3) SEN' : Sign’ — Set is a ({, N)-algebraic system via (F,a) : I —*° SEN’
and C' is an (F, a)-min (N, N')-model of J on SEN'.

The definition of the class Alg" ({) motivates the following definition of an
Alg" (1)-congruence system of a given 7 -institution.

DEFINITION 4. Let 4 = (Sign, SEN, C) be a m-institution, SEN’ : Sign’ —
Set be a functor and N’ a category of natural transformations on SEN’. An N'-
congruence system 6 on SEN’ is an Alg" ({)-N'-congruence system if SEN" :
Sign’ — Set is an ({, N)-algebraic system via N*.

The collection of all Alg" ({)-congruence systems on SEN’ is denoted by

COHAlgN(l)(SEN/). By ConZ{gN(l)(SEN’) is denoted the subcollection of all

Alg" (1)-N’-congruence systems on SEN’, for some fixed category N’ of natural
transformations on SEN’.

The fact that tIEN '-reduct of an (N, N’)-full model of a m-institution { is, by
definition, an (N, N’)-min model of { yields that the Tarski N'-congruence system
of §”is an N'-logical congruence system of J' that is a member of Conn ;) (SEN).

PROPOSITION 5. Let 4’ = (Sign’, SEN', C’) be a full (N, N')-model of a
w-institution d = (Sign, SEN, C). Then SEN'V" . Sign’ — Set is an (I, N)-
algebraic system and, therefore, QN (1) is an N’ -logical congruence system in
Con v (4 (SEN).

The following result provides a characterization of ({, N)-algebraic systems
without recourse to the notion of a full model. Roughly speaking, it says that
the ({, N)-algebraic systems are exactly the underlying sentence functors of the
reduced models of {. This is the analog of Proposition 2.19 of [12].

PROPOSITION 6. Let 4 = (Sign, SEN, C) be a m-institution and N a category
of natural transformations on SEN. The class of all (I, N)-algebraic systems is the
class of all functors SEN’ : Sign’ — Set, such that, there exists a closure system
C’ on SEN/, such that §' = (Sign’, SEN', C’) is an N’-reduced (N, N')-model of
4, for some category N' of natural transformations on SEN'.

Proof. Suppose that SEN’ is an ({, N)-algebraic system. Then, by definition,
there exists a category N’ of natural transformations on SEN’, and a singleton
(N, N')-epimorphic translation (F,«a) : 4 — SEN/, such that the (F, a)-min
(N, N')-model 4’ = (Sign’, SEN’, C’) of 4 on SEN’ is N'-reduced.

Conversely, let SEN’ : Sign’ — Set be a functor, N’ a category of natural trans-
formations on SEN’ and C’ a closure system on SEN’, such that §'=
(Sign’, SEN/, C’) is an N'-reduced (N, N’)-model of { via (F, ) : 4)-*“4’. Then,
if C™" is such that ™" = (Sign’, SEN’, C™") is the (F, a)-min (N, N')-model
of 4 on SEN’, we get C™n < (C’, whence, by Corollary 9 of [28], §~2N/(1mi“) <
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QN (4'). Thus, since 4’ is N'-reduced, so is ™" and SEN’ is an ({, N )-algebraic
system. O

Suppose that SEN’ : Sign’ — Set and SEN” : Sign” — Set are (4, N)-
algebraic systems via the categories N’, N” of natural transformations, respec-
tively. SEN’ : Sign’ — Set and SEN” : Sign” — Set are said to be isomorphic iff
there exists a singleton (N’, N”)-epimorphic translation (F, a) : SEN’ —* SEN”
and a singleton (N”, N’)-epimorphic translation (G, 8) : SEN” —% SEN’ that
are inverses of one another. (F, «) and (G, 8) will be said to be (N, N”)- and
(N”, N')-isomorphisms, respectively, in that case.

The following proposition asserts that the class of all ({, N)-algebraic systems
AlgN (4) is closed under isomorphisms.

PROPOSITION 7. Let 4 = (Sign, SEN, C) be a m-institution and N a category
of natural transformations on SEN. If SEN’ : Sign’ — Set is an (4, N)-algebraic
system via N' and (F,a) : SEN" —*¢ SEN" is an (N’, N")-isomorphism, then
SEN” : Sign” — Set is also an (4, N)-algebraic system via N".

Proof. Suppose that (F,a) : SEN’ —%¢ SEN” is an (N’, N”)-isomorphism
and that C’ is a closure system on SEN’, such that ' = (Sign’, SEN’, C’) is an
N’-reduced (N, N')-min model of { via (M, u) : 4-¢4'. Let (G, B) : SEN” —*¢
SEN’ be the inverse isomorphism to (F, o).

(M, 1) (F.a)
J——
(G.B)

41G.8)

Then, by Proposition 5.3 of [29], £/°# is also an (N,N”)-min model of { via
(F,a)(M, u) and, by Proposition 3.2 of [29], the two m-institutions 4’ and £‘¢-#)
are isomorphic via (F,a) : 4 F*¢ 2P and (G, B) : 4!6F s¢ ', Hence,
by Theorem 21 of [28], since 4’ is N’-reduced, 4'°# is also N”-reduced and,
therefore, an (£, N)-algebraic system. O

The following proposition brings together several key definitions introduced in
the theory so far. In particular, it points out some of the connections between full
models, min models and algebraic systems.

PROPOSITION 8. Let 4 = (Sign, SEN, C) be a m-institution and N a category
of natural transformations on SEN. Suppose that 4’ = (Sign’, SEN', C') is also
a m-institution and N' a category of natural transformations on SEN'. Then the
following are equivalent:

(1) £ is afull (N, N')-model of 4 via (F,a) : J)-*°1'.

(2) SENV' . Sign’ — Set is an (4, N)-algebraic system via (F, nﬁ’/a) and J'N'
is an (F, n}v/a)-min (N, N')-model of 4 on SEN'V',
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(3) There exists an (N', N")-bilogical morphism (G, B), with G an isomorphism,
between 1’ and a m-institution ", such that SEN” : Sign” — Setisan ({, N)-
algebraic system via (GF, Bra) : SEN — SEN" and 1" is a (GF, Bra)-min
(N, N")-model of J on SEN".

Proof. This proof consists of putting together previously introduced definitions
and results on min models, full models and algebraic systems.

(1) = (2) Suppose that {’ is a full (N, N')-model of { via (F, «) : 4}-*4’.
Then, by definition, 4’ N"is an (F, }V /a)—min (N, W)—model on SEN'V' and, since
it is obviously N’-reduced, SEN'Y i Sign’ — Set is an (4, N)-algebraic system
via (F, 7l a).

(2) = (3) Now, suppose that SEN'Y' : Sign’ — Set is an (I, N)-algebraic
system via (F, n,’,\'/a) and 4’V is an (F, a)-min (N, N’)-model of { on SEN'V',
Then (Igigy, 7™') : 4/ ¢ &'V is an (N’, N')-bilogical morphism, with Iggy an
isomorphism, and, by hypothesis, SEN'Y i Sign’ — Set is an ({, N)-algebraic
system and 4’V is an (F, )-min (N, N’)-model on SEN'V,

(3) = (1) Finally, suppose there exists an (N’, N”)-bilogical morphism (G, ),
with G an isomorphism, between {’ and a m-institution {”, such that SEN” :
Sign” — Set is an ({, N)-algebraic system via (GF, Bra) : SEN — SEN” and
1" is a (GF, Bra)-min (N, N”)-model of 4 on SEN". Then, by Proposition 5.12
of [29], 4’ is a full (N, N’)-model of { via (F, a) : 44 . O

The following completeness theorem for m-institutions with respect to the
classes of full, min and reduced full models is the analog of the Completeness
Theorem 2.22 of [12] for sentential logics.

THEOREM 9 (Completeness Theorem). Every m-institution J = (Sign, SEN, C),
with N a category of natural transformations on SEN, is complete with respect to
the following classes of m-institutions:

(1) The class of all (N, N")-full models of J.
(2) The class of all (N, N')-min models of 4.
(3) The class of all N'-reduced (N, N')-full models of 4.

Proof. All three classes contain the model 4V via (Isign, 7V) : £ F¢ 4V, £ is
therefore complete with respect to all three by Proposition 4.9 of [29]. O

Finally, a monotonicity theorem for the classes of algebraic systems of two
m-institutions with the same sentence functor is presented. Roughly speaking, it is
shown that finer closure systems have more algebraic systems. This is the analog
of Proposition 2.27 of [12].

PROPOSITION 10. Let Sign be a category, SEN : Sign — Set be a functor, N a
category of natural transformations on SEN and C', C? two closure systems on
SEN, such that C' < C?. If 4! = (Sign, SEN, C') and 4> = (Sign, SEN, C?),
then Alg" (4%) € Alg" (4").
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Proof. Suppose that SEN’ : Sign’ — Set is in Alg" (£2). Then, by Proposition 6,
there exists a closure system C’ on SEN’, such that 4’ = (Sign’, SEN’, C’) is an
N'-reduced (N, N')-model of 42 via (F,a) : 42)-*°J’, for some category N’ of
natural transformations on SEN’. But then

q (Isign»t) I (F,a) 7

4" is an N'-reduced (N, N')-model of {! via (F,a) : 4'*“4’, which, again by
Proposition 6, yields that SEN’ : Sign’ — Set is in Alg" (41). o

3. Full Models and Algebraic Systems

In this section, the Isomorphism Theorem of Font and Jansana (Theorem 2.30
of [12]) between the lattice of full models (FMods(A), <) of a sentential logic
4 over an algebra A and that of the Alg(8)-congruences of A (Conags)(A), C)
is lifted to the m-institution level. Before describing the corresponding result intu-
itively, it may be useful to introduce some notation based on the concepts that have
already been discussed in [29] and in the previous section.

Let £ = (Sign, SEN, C) be a r-institution and N a category of natural transfor-
mations on SEN. Let also SEN’ : Sign’ — Set be a functor, N’ a category of natural
transformations on SEN" and (F, «) : 4 —%¢ SEN’ a singleton (N, N’)-epimorphic
translation. Denote by FMod (e (SEN/) the collection of all (N, N')-full models
of £ on SEN' via (F, ). Also denote by Con'* Al ( l)(SEN’ ) the collection of all

Alg" (1)-N’-congruence systems 6 on SEN’, where SEN" is an ({, N)-algebraic
system because the (F, nﬁa)—min model 4’ on SEN" is N"-reduced. These will
be referred to as Alg" (1)-N'-congruence systems on SEN’ via (F,a). Also by
QL) (C’) will be denoted the Tarski N'-congruence system "' (C’), where £’ =
(Sign’, SEN', C’) is an (N, N’)-full model of 4 via (F, «). This use of the Tarksi
congruence system symbol w111 be percelved as a Tarski operator from the collec-
tion FMod!"* (SEN’) into cOnAl " JD(SEN/)

Usmg the notation of the prev1ous paragraph, it will be shown that the collection
Con'f (SEN/) of all Alg (4)-N'-congruence systems on SEN’ via (F, ) forms

AlgV (0)
a lattice Con'” Alg N ( 1)(SEN’) which is isomorphic with the lattice FMod (e (SEN)

formed by all the (N, N’)-full models of £ on SEN' via (F, «).

Let £ = (Sign, SEN, C) be a m-institution, N a category of natural trans-
formations on SEN, SEN’ : Sign’ — Set a functor, N’ a category of natural
transformations on SEN’ and (F a) : 4 —*¢ SEN’ asingleton (N, N’)-epimorphic

translation. For all @ € Con"” Alg N ( JU(SEN’ ), define

r7(F.a) _ . /<6
AL 6) = (Sign', SEN', C'),
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where C'<? is the closure system on SEN’ generated by (Isgn', 7°) : SEN' — 1/,
where §' = (Sign’, SEN", C’) is the (F, w%a)-min model of 4 on SEN" (for
closure system generation see Section 3 of [29]).

With this notation, Proposition 3.2 of [29] yields immediately

PROPOSITION 11. (Iggy, %) : H{LS (0) F5¢ 8 is an (N, N")-bilogical mor-
phism.

Some properties of ﬁs(gNof) viewed as an operator from the collection

Cong;\)( 1)(SEN/ ) into FMod;F’a) (SEN’) are given in the following lemma, which

is an analog for m-institutions of Lemma 2.29 of [12].

LEMMA 12. Let 4 = (Sign, SEN, C) be a m-institution, N a category of
natural transformations on SEN, SEN’ : Sign' — Set a functor, N’ a cate-
gory of natural transformations on SEN' and (F,a) : 4 —*¢ SEN' a single-

ton (N, N')-epimorphic translation. Suppose 6 € Conggﬁu)(SEN’) and let §' =

(Sign’, SEN", C') be the (F, n%a)-min model of 4 on SEN". Then

(1) 9~i§: a logical N'-congruence system of ﬁég]’\?f>(9).
(2) ggE;?(e) /6 = (Sign', SEN”, C).
(3) HES (0) € FMod|"* (SEN').

SEN’
(4) The mapping 6 +—> Hégl’\?f) (0) is order preserving, i.e., if ' < 62, then

7 (F.a) g1 £y (F.o) (92
Hgpy' (07) = Hgpy' (07).
Proof. (1) 0 is, by definition, an N’-congruence system on SEN’. Therefore, it
suffices to show that 6 is logical, i.e., that, for all £ € |Sign’|, ¢, ¥ € SEN'(X),

(¢, ¥) € 0s implies C5P(p) =C5?).

Suppose (¢, ¥) € Ox. Then we have 7% (¢) = 7% (y) and, hence, Ci (1% () =
Cs (% (). But, then, by the definition of C'?, we get that C5" (¢) = C57 ().
(2) Let £ € |Sign'|, ® U ¢ € SEN'(S). Then

$/05 € C5 (®/05) iff ¢ € C0(D)
iff /05 € CL(D/0s).

Therefore ﬁégﬁ(@)/@ =4

(3) By hypothesis, (F,a) : 4 —% SEN' is a singleton (N, N)-epimorphic
translation. So, it suffices to show that (F, ) : 4-*¢(Sign’, SEN’, C'<?) is a semi-
interpretation and that (Sign’, SEN’, C'<?) is full. Let £ e |Sign|, ® U {¢} C
SEN(X). If ¢ € Cx (D), then

n?’(E) (as(®)) € C%(E) (7[?(2) (ax (D)),

whence a5 (¢) € Cy g, (ax(®)) and H{o' (6) isan (N, N')-model of 4 via (F, ).

It is full, by Proposition 5.10 of [29], since, by Proposition 5.8 of [29], {’ is a full
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model of £ via (F, 7fe), and, by Proposition 11, (Isigy, 7%) : Hipxo' (0) F*¢ & is
an (N, N’)-bilogical morphism.

(4) Suppose that 8! < 62 are two Alg" (4)-N’-congruence systems on SEN’
via (F,a). Let 4" = (Sign’, SEN"', C"!) and 42 = (Sign’, SEN?’, C?) be the
(F, ngl o)-min and (F, nﬁza)—min models of 4 on SEN"" and SEN"”, respectively.
Note that, if (Igigy, 7) : SEN”" —%¢ SEN"" is defined, for all = € |Sign’|, ¢ €
SEN'(X), by

% (¢/0y) = ¢ /0%,

1

aSign’ ST o ) 1
SEN’ SEN"
) (ISign/ )
(ISign’ T ¢ >
SEN"’

we have, for all ¥ € |Sign’|, ® U {¢} € SEN'(X),
¢/65 € Ci(®/63) implies ¢/05 € CF(D/63).
Therefore, for all ¥ € |Sign’|, ® U {¢} € SEN'(X),

¢ e Ct (D) iff 78 (¢) € CL(xl (@)
. . 1 , 1
implies 7722(7'[% (@) € Cgf(nz(JT% (P)))
iff 7l (p) € CE(nd (@)
iff ¢ € C(®).
Therefore H{f%(0') < HILS (02). O

It will now be shown that the poset Confl’g‘;‘} ® (SEN) of all AlgN ({)-N'-congru-

ence systems on SEN' via (F, «) under the <-ordering is isomorphic to the poset
FMod|"* (SEN') of all (N, N')-full models of 4 on SEN’ via (F, &) under the
<-ordering. These two orderings were formally defined in [28] (see Theorem 3
and Corollary 9 therein for more details). The Isomorphism Theorem that follows
is a w-institution analog of the corresponding Theorem 2.30 of [12] for sentential
logics. It should be emphasized, once more, that it is an analog and not a direct gen-
eralization of Theorem 2.30 of [12] due to the difference in the definitions of full
models and of algebraic systems between the sentential logic and the m-institution
frameworks. In sentential logics, full models and 4-algebras are homomorphism-
independent, whereas in s -institutions, full models and ({, N)-algebraic systems
are translation-specific. This difference was discussed in the comments towards
the end of Section 1. However, it will be shown at the end of this section how one
comes close to Theorem 2.30 of [12] using Theorem 13.
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THEOREM 13 (The Isomorphism Theorem). Let 4 = (Sign, SEN, C) be a
w-institution and N a category of natural transformations on SEN. Let also SEN' :
Sign’ — Set be a functor, N' a category of natural transformations on SEN" and
(F,a) : Jl —>Ae SEN' a singleton (N, N')-epimorphic translation. The Tarksi oper-
ator QSEN, is an order isomorphism between F Mod {Fo) (SEN") and

Con'" ALY ( 1)(SEN/) and H SEN

Proof. By Proposition 5, if 1/ (Sign’, SEN', C’) is an (N, N')-full model of 4
via (F,a) : J)-*°4’, then QSEN, CcH = Qv (1) is an Alg" (4)-N’-congruence
system on SEN' via (F, «). By Lemma 12, if the N’-congruence system 6 €

Con/j o) )(SEN'), then

/ is its inverse operator.

H{ES (6) € FMod| " (SEN).

Therefore, the two mappings ﬁé;ﬁ) and H."%

SN are well-defined. It suffices, there-
fore, to show that they are inverses of one another and order-preserving.

Suppose, first, that 4’ = (Sign’, SEN', C’) is an (N, N’)-full model of { via
(F,a) : J*¢1'. Then, by Proposition 5, SEN"Y' is an (4, N)-algebraic system
and QV /(1’) is an AlgN (4)-N’-congruence system on SEN’. Moreover, the clo-
sure system C’ on SEN’ is generated by (Igigy', aNy . SEN' —* ", where

= (Sign’, SEN'V', C") is the (F nF’ )-min (N, N’)-model of £ on SEN'V'.

Therefore we obtain 4" = SEN, (QSEN/ (4')), by the definition of HSgI\?f .

Next, suppose that & € Con Af'fv ( l)(SEN/) Then, if ' = (Sign’, SEN", C') is
the (F, JTFOl)—mln (N, N'”)-model of 4 on SEN", we conclude that ?ZN/G(JU) =

ASEN" Thus, by Theorem 21 of [28] and Proposition 11,
SSgev (e 00) = &Y€)
=" @ (1))
_ ne*I(ASEN’(*)
=0.

a)
EN’ SEN’

and H, El\ff are order-preserving by Corollary 9 of [28] and by Lemma 12, re-

This concludes the proof that ?2;;13) and H are inverse bijections. Both Qlf

spectlvely, whence they are order-isomorphisms between FMod IF“ (SEN’) and
Con'” Aly e 1)(SEN/) a

It will now be shown that the poset Con‘" Alg N ( 1)(SEN’) of all Alg (4)-N'-congru-

ence systems on SEN’ via (F, a) with the <-ordering is a complete lattice. Its meet
is signature-wise intersection.

THEOREM 14. Let 4 = (Sign, SEN, C) be a m-institution and N a category
of natural transformations on SEN. Let also SEN' : Sign' — Set be a functor,
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N' a category of natural transformations on SEN" and (F,a) : 4 —%¢ SEN' a
singleton (N, N')-epimorphic translation. Then Conflgjy( 1)(SEN/ ) is a complete
lattice under signature-wise inclusion, where meet is signature-wise intersection.

Proof. Suppose that {0'};c; is a non-empty family of Alg" ({)-N’-congruence
systems on SEN' via (F,a). Let & = (", 0', i.e, 05 = (), 0%, foral T €
|Sign'|. It will be shown that 6 is also an AlgN (£)-N’-congruence system on SEN’
via (F, «). Since #' is an AlgN (£)-N'-congruence system on SEN’ via (F, ), the
(F, 7% a)-min (N, N'*')-model 4" = (Sign’, SEN"", C') is N'* -reduced. Now
define (Igign', B') : SEN' /6 — SEN' /6", by

BL(¢/0s) = /6%, forall T € |Sign'|, ¢ € SEN'(D).

Since (Igigy'> B') is a surjective (N, N'"*')-logical morphism from the (F, 7%a)-
min (N, N”)-model 4’ = (Sign’, SEN", C') to 4", we have, by Proposition 8
of [28],

V' < g @ ()
_ ﬂrl(ASEN“)")‘
Therefore, for all ¥ € [Sign'|, ¢, ¥ € SEN'(X), if (¢/0x, ¥/05) € ﬁg/e (47, then
¢/6L = /6L, for all i € I, and, hence ¢/0s = /05, ie., 4’ is N%-reduced.

Hence 6 is also an AlgN (£)-N'-congruence system on SEN' via (F, a).
Finally, it suffices to show that Con'"% (SEN’) has a largest element. But

AlgN (4)
it is easy to see that VSEN is an N’ -congruence system on SEN’ and that the
/ . / SEN' | "
(F, JTFYSEN a)-min (N, N'V°™)-model of 4 on SEN"V"" is VSEN _reduced. O

Putting together the Isomorphism Theorem 13 and Theorem 14 we obtain

COROLLARY 15. Let 4 = (Sign, SEN, C) be a m-institution and N a category
of natural transformations on SEN. Let also SEN' : Sign’ — Set be a functor,
N’ a category of natural transformations on SEN" and (F,a) : 4 —*¢ SEN' a
singleton (N, N')-epimorphic translation. FMOdiF’O[)(SEN/) is a complete lattice
and the Tarski operator is a lattice isomorphism between FMod}F’D‘)(SEN’ ) and
. (F,a) /

the complete lattice Con Al (1) (SEN").

Finally, a result is presented on the relation of bilogical morphisms between
models of a given m-institution 4 with the corresponding Alg” ({)-congruence

system lattices. Theorem 16 is the analog for m-institutions of Proposition 2.33
of [12].

THEOREM 16. Let 4 = (Sign, SEN, C) be a m-institution and N a category
of natural transformations on SEN. Further, let ' = (Sign’, SEN', C’) be an
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(N, N')-full model of 4 via (M, u) and J" = (Sign”, SEN", C") be an (N, N")-
full model of 4 via (N, v), such that (F,a) : 4’ +¢ 4" is an (N', N")-bilogical
morphism, with F an isomorphism and (F, a){M, ) = (N, v).

/Y”

1/ S /

Then the mapping C* +— a~'(C®) is an isomorphism between the lattice of all
(N, N')-full models of J on SEN' via (M, i) extending 4’ and the lattice of all
(N, N")-full models of 4 on SEN” vza (N,v) extendmg 1” Moreover the prin-
cipal ideals of the lattices Con'* (SEN') and Con'" Al N 1)(SEN”) determined

W(C"y and QNVNCT, respectively, are

Alg N (1)
by the Tarski congruence systems QM
isomorphic.

Proof. That the mapping C* + a~'(C*) is an isomorphism between the lattice
of all (N, N')-models of £ on SEN’ via (M, 1) and the lattice of all (N, N”)-
models of £ on SEN” via (N, v) is a consequence of Corollary 18 of [28]. Each
of these models is a full model of { if and only if the other is, by Proposition 5.10
of [29]. Finally, the last part of the theorem follows from the Isomorphism Theo-
rem 13 and Corollary 15. O

SEN’ SEN’ !

In conclusion, it is shown, as a demonstration of the fact that Theorem 13
encompasses some general results from both Universal Algebra and Abstract Alge-
braic Logic, how one may obtain the formula algebra case of Theorem 2.30 of [12]
as a consequence of Theorem 13. Therefore, this also shows that the Isomorphism
Theorem 5.1 of [3] with A = Fm,(V) is also a special case of the Isomorphism
Theorem 13.

Consider the statement of Theorem 13. Let 4 = (Sign, SEN, C) be the
mw-institution with Sign the trivial one-element category, with object, e.g., a set
of denumerable propositional variables V and SEN(V) = Fm,(V), where £ is a
fixed but arbitrary universal algebraic signature. Suppose, also, that C is a structural
closure operator on Fm (V). Therefore { corresponds to a sentential logic in the
sense of Font and Jansana [12]. Take the category N of natural transformations
on SEN to be the clone of all algebraic operations generated by the signature L.
In that case an N-congruence system on SEN coincides with a universal algebraic
L-congruence on Fm,(V). Let now SEN’ = SEN, N’ = N and (F, a) = (Isign, )
be the identity surjective singleton (N, N)- epimorphic translation. Then Theo-

rem 13 ylelds that the Tarksi operator ng'fl" 1s an order isomorphism between

FMod, {Isign.) (SEN) and Con lif'g,'v' ( 1)(SEN) and HS ISt o its inverse operator. But,

in this context, a full model in FMod, {Isign.1) (SEN) coincides with a full model ac-
cording to [12] on the formula algebra Fm_,(V) and an AlgN (4)-N-congruence
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coincides with an Alg $-congruence on the formula algebra. Therefore, with this
special setup, we obtain the special case of the Isomorphism Theorem 2.30 of [12]
with A = Fm,(V).
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