EVERY m-PERMUTABLE VARIETY SATISFIES THE
CONGRUENCE IDENTITY af3, = ay

PAOLO LIPPARINI

ABSTRACT. It is known that m-permutable varieties satisfy non-
trivial lattice identities; however, the identities discovered so far
are rather artificial and seem to have little intrinsic interest.

We show here that every m-permutable variety satisfies the well
known and well studied lattice identity a8, = a~y. By the way, in
Section 2, we get a new condition equivalent to m-permutability
(Proposition 2.4).

1. INTRODUCTION

It has been proved about ten years ago that every m-permutable
variety )V satisfies a non-trivial lattice identity. Partial results were
known before: A. Day and J. B. Nation (see [J, Lemma 3.10]) showed
that if some algebra A is 2m-permutable, and has a semilattice oper-
ation then Con A satisfies the identity (8 + 7v) < afom + ayam. As
usual, (3, and -, are defined as follows:

Bo="%=0

ﬂn-ﬁ-l = ﬁ + oYy Yny1 =7+ O‘ﬁn

G. Czédli [C] weakened to meet semidistributivity the assumption
of the existence of a semilattice operation: he showed that an m-
permutable variety )V is congruence meet semidistributive if and only
if, for some n, V satisfies the congruence identity a(8 + v) = 3,. He
also proved the dual result.

D. Hobby and R. McKenzie [HMK, Theorem 9.19] showed that for
every locally finite m-permutable variety V there is a non-trivial lattice
identity satisfied in V. Finally, the assumption that V is locally finite
has been removed in [L1]; moreover, the identity found in [L1] depends
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only on m and does not depend on V. More identities have been found
in [L2]. However, the identities obtained in [L1, L2] are ad hoc and
rather weak. For the most part, such identities simply state that a
certain small interval in the congruence lattice is modular; they say
almost nothing about the global shape of the congruence lattice.

In the present paper we show that every m-permutable variety sat-
isfies a lattice identity similar to the identities found by A. Day, J. B.
Nation and G. Czédli and mentioned at the beginning. It is not the
case that all m-permutable varieties satisfy, say, a(5 + 7v) = (,, since
there are non semidistributive m-permutable varieties. However, we
show here that every m-permutable variety satisfies the related identity
aryp, = afy, for an appropriate h depending only on m (Theorem 3.5).
Notice that the three identities avy, < G, ay, = afy, and G, = Opy1
are lattice theoretically equivalent.

The terms (3, and 7, are well known and have been frequently used
in lattice theory and universal algebra. B. Jénsson and I. Rival [JR]
proved that a variety of lattices is (both meet and join) semidistributive
if and only if for some n it satisfies (58 + ) = af, = oy, as well as
the dual identity. The term [, played a fundamental role in D. Hobby
and R. McKenzie’s deep analysis of finite algebras and locally finite
varieties (see [HMK, Chapter 9]). For example, they proved that a
locally finite variety of algebras is congruence meet semidistributive if
and only if it satisfies a(3 0 y) C 3, for some n.

In [L3] we showed that every congruence variety satisfying oy, = a3,
satisfies more identities, which do not follow from it lattice-theoretically.
This appears to be the first example of a non trivial congruence im-
plication involving identities weaker than modularity, and, together
with the results presented here, confirms the importance of the identity
ayp, = afy. Furthermore, we have results suggesting that varieties sat-
isfying oy, = a3, satisfy many of the good properties of m-permutable
varieties (see also Problem 3.6). Notice that ay, = afs is an identity
equivalent to modularity, thus avy, = af) can be seen as a generaliza-
tion of modularity.

Let us mention that the dual identity ay" = a8", too, has proven
particularly important. K. Kearnes [K1] showed that a locally finite
variety ) satisfies some non trivial lattice identity if and only if there
is k such that V satisfies ay* = a8*. Thus, locally finite m-permutable
varieties satisfy also ay* = a3*, for some k, by the results proved here,
or simply by [HMK, Theorem 9.19]. The k given by the proof seems
to depend on V, not just on m. The result we prove is stronger, since
there are varieties which for some k satisfy ay* = a*, but for no n
satisfy oy, = af, (see [K1, p. 385], [L3, p. 606]). Let us also recall
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that, in the meantime, many results proved under the assumption of
local finiteness have been proved without such an assumption.

Our proof of Theorem 3.5 splits into two neatly separated parts. In
the first step, in Section 2, we get an identity similar to a8, = avs,
except that the lattice operation + is replaced by o3 (see below for
definitions). Theorem 3.5 is then obtained by a quite straightforward
application of the commutator theory developed in [L1, L4]. Notice
that Section 2 is commutator-free. At the end of each Section some
problems are stated.

Here are the notations we use. «, denote congruences on some
algebra A. Join and meet in the lattice Con A of all congruences of A
are denoted, respectively, by + and juxtaposition. We use juxtaposition
also to denote intersection.

Relational product is denoted by o, and « o, 3 is a shorthand for
aoffoaofo..., with n+1 occurrences of o. Two congruences «, 3 are
said to m-permute if and only if a o, = (3 o,,, a (thus, in particular,
a+ 0 = ao,, 3). An algebra A is m-permutable if and only if every pair
of congruences in A m-permute. A variety V is m-permutable if and
only if every algebra in V is m-permutable. 2-permutability is simply
called permutability.

2. A NICE PROPERTY OF m-PERMUTABLE VARIETIES

In this section we shall prove that every m-permutable variety sat-
isfies the identity introduced in the following definition.

Definition 2.1. If «, 3,7, are congruences on some algebra, and m
is a natural number, we shall denote by (X,,) the following identity.

a(foa(yoa(fo...a(y*oca(f*oadof*)or®)...0ofB)oy)of3) =
a(yoa(foa(yo...a(f*ca(y*oador®)oB%)...0v)0B) o)

with exactly m open brackets (and exactly m closed brackets) on each
side, where 3* = 3, 7* = v it mis odd, and 3* = v, v* = B if m is
even.

If (ag,by) belongs to the left-hand side of (X,,) then agaby, and
there are elements aj, by such that apBay, b18by and (a1,b1) € a(y o
a(fo...a(y*oa(f*oado ) oq*)...00) o), with m — 1 open
brackets. Repeating this argument m times, we get that (ag, by) belongs
to the left-hand side of (X,,) if and only if there are further elements
ai,as, ..., a, and by, by, ... b, such that
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a;ab;, fort=20,...,m,

A 0by,,s
a;Ba;yi1, biBbiy1, for ¢ even, 0 <7 <m — 1,
a;Yis1, bivbisq, foriodd, 0 <i<m—1.

The conditions asserting that (ag, by) belongs to the right-hand side of
(X,n) are similar, with § and 7 interchanged.
The situation is better represented by a diagram:

Qo bo Qo bo
B B v bl
(e} (7
a1 by & dy
Y Y 1] 1]
(e} (7
as ba Co dy
B B = 24 Y
’Y. ,y. ﬁ. ﬁ.
(e} (07
Am—1 bm—l Cm—1 dm—l
ﬁ. ﬁ. ,yl ,7.
ad ad
am bm Cm dm

where, as above, §* = (3, v* = vy if mis odd, and 3* = v, 7* = [
if m is even. (X,,) asserts that the pair (ag,by) can be extended to a
sequence (a;,b;) (0 < i < m) satisfying the conditions represented in
the left-hand side of the above diagram if and only if (ag,by) can be
extended to a sequence as in the right-hand side.

We say that the algebra A satisfies (X,,,) if and only if (X,,,) holds for
every congruences «, 3,7,0 of A, and we say that a variety V satisfies
(X if and only if every algebra in V satisfies (X,,,). Notice that (X,,)
is not a lattice identity, due to the occurrence of composition in it.

Theorem 2.2. If every subalgebra of A? is m-permutable then A sat-
isfies (Xon).
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Proof. Suppose that every subalgebra of A2 is m-permutable, and
a, 3,7v,0 € Con A.

Suppose that ag,by € A, and that (ag,by) belongs to the left-hand
side of (X,,). It is enough to show that (ag,by) belongs to the right-
hand side. The reverse inclusion is obtained by symmetry.

Since (ag, by) belongs to the left-hand side of (X,,) we have elements
a1,0a9,...,0, and by,by, ... b, € A as in the left-hand side of the
diagram in Definition 2.1. We want to obtain elements ¢y, cs, ..., ¢
and dy,ds,...,d,, as in the right-hand side.

Let B be the congruence a, considered as a subalgebra of A2, that is,
B = {(a,b)|a,b € A, and aab}. Notice that the pairs (ag, by), (a1, b1),
..« y(@m, b)) belong to B. Moreover, working in B, ((ai, bi), (@it1, bi+1)) €
(B x B)s for i even, 0 <7 < m, and ((ai,bi), (ai+1,bi+1)) €(yxv)B
for i odd, 0 < ¢ < m. Thus, ((ao,bo),(@m.bn)) € (B % BB om
(v x 7)B- Since, by the assumption, B is m-permutable, we have
((a0,b0), (@m,bm)) € (¥ X ¥)iB om (B % B)B. This means that in B
there are pairs (co,dy) = (ag,bo), (c1,d1), (co,da), ..., (Cmo1,dm—1),
(¢msdm) = (@m,by), such that ((ci,dl-), (C¢+1,d¢+1)) € (v x ) for i
even, and ((¢;, d;), (¢iv1,diy1)) € (B x ) for i odd, 0 <@ < m.

Translating the above relations in the algebra A we get that ¢;yc; 1
and d;yd;, for 7 even, as well as ¢;0¢; 11 and d;(d;,1 for ¢ odd. More-
over, ¢;ad; for 0 < i < m, by the definition of B, and since (¢;, d;) € B.
Finally, ¢y = ag, dy = by, and ¢, = a,,0b,, = d,,, thus the elements c¢;,
d; satisfy the desired relations. 0

The above proof gives slightly more.

Theorem 2.3. (i) If every congruence of A, thought of as a subalgebra
of A%, is m-permutable then A satisfies (X,,).

(i1) If every subalgebra of A% generated by m + 1 elements is m-
permutable then A satisfies (X,,); actually, A satisfies the stronger
version of (X,,) in which « is only supposed to be a compatible relation
on A, and ¢ is any relation on A.

Proof. The first statement is immediate from the proof of Theorem 2.2.

The second statement is proved in the same way by taking B to be
the subalgebra of A? generated by (ag,bo), (a1,b1) ... (Gm,bn). Since
apady, ..., a,af,, and since « is compatible, we have that cad, when-

ever (c,d) € B. O

If we do not care about the value assumed by the index, Property
(X,n) characterizes m-permutability.
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Proposition 2.4. For every variety V, the following are equivalent:
(i) V is n-permutable for some n, and
(1) V satisfies (X,,) for some m.

Proof. By Theorem 2.2, if V is n-permutable then V satisfies (X, ), thus
(i)=-(ii) is proved.

For (ii)=-(i), notice that every algebra satisfying (X,,) is 2m — 1-
permutable: just take a =1 and 6 = 0 in (X,,). O

Problem 2.5. Is the relationship between n and m given by the above
proof optimal?

As far as small values of m and n are concerned, we know that for
no m (X,,) is equivalent to permutability. Moreover, (X3) is equivalent
to 3-permutability.

Our original proof of Theorem 2.2 used Hagemann and Mitschke’s
terms [HM] and was valid only for varieties. The present proof is
simpler and provides a result which holds locally. However, our original
proof provided a stronger inclusion, which holds for arbitrary relations,
not only for congruences. We state it here in the hope for further
applications. See [L5] for a proof.

Proposition 2.6. If A belongs to an m-permutable variety, Ry, ..., Ry,
are relations, Sy,...,Sm,T1,..., T, are reflexive relations on A, then

Ro(S10Ri(S30Re(S30... Ryp1(Smo RyoTy,) --0T3)0Ty)0T)) C
Ro(Sy o Ry (Syo0 Ry(Syo... Ry (Spo RyoTy,)...0Ty) oTy) o T7)

where we put ( X denoting the least compatible relation containing X ):

R;:Ri_lLJRZ'URZ'_;_l, forizl,...,m—l,
i = S_Q, Tll = TQ; Srln = ©Pm—1, T7/n =11,
SZ{:Si—loSi—i-l; TZ:E—HOT’Z'—M fm“z':2,...,m—1,

3. APPLYING COMMUTATOR THEORY

We first recall the definitions of some commutators from [L1]. The
actual definitions shall not be used in the present paper: we shall use
only the properties stated in Theorem 3.2 below, as well as the trivial
properties of

(monotonicity) a<a’and < B imply [, 8] < [a’, 5]

(submultiplicativity) [, B] < af
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Definition 3.1. Let A be any algebra, and let «, 5,7 € Con(A).
M (a, ) is the set of all matrices of the form

t(a,b) t(a,b’

t(@',b) t(a’,bv')

where @,a’ € A", b,b’ € A™, for some m,n > 0, t is an m+ n-ary term
operation of A, and aaa’, bGb’. Further, we set

e 0i) = { ol |7 4] € Mt 5). for some oy

[, Bl0] = 0a,  [a, Bln + 1] = Cg(K(e, §; [, BIn])),
where C'g means “the congruence generated by”.
In the results that follow, [”!] denotes the integer part of ™.

Theorem 3.2. (i) If 3, m-permute then for every n [B + 7, a|n] <
B

(i1) If V is an m-permutable variety then there is a ternary term d
such that

d(b,b,a) = a=d(a,b,b) (mod [, |n])

for every algebra A € V, every congruence o € Con A and elements

aab € A, and where n = [mT_l]

Clause (i) in Theorem 3.2 is from [L1, Lemma 1(i)]. Condition (ii)
is an easy corollary of the proof of [T, Theorem 2|, as noticed in [L1,
Lemma 2, and Remark (c) on p. 162]. Full details are given in the
proof of [L.2, Theorem 1.2(c)]. Replace n, s, t, m there by, respectively,

m—2, [m;2]7 [mTil]v L.

Proposition 3.3. Let m > 3 and V be an m-permutable variety, and

put k =m[™2]. Then for all j >k —1 all algebras in V' satisfy

5j+1 = B o ary; o B

Proof. By Theorem 3.2(ii) and by [L4, Lemma 3.1(iii)] with F'(J) =

[0,6|n], and n =[], we get

(*) 0 +e=([6,0|n] + [e,en]) o o e o ([6,8|n] + [e,|n])

for every pair of congruences § and ¢ in every algebra in V.

By Theorem 3.2(i), [ + v,a|n] < af,,. Hence, by monotonic-
ity, and since, for all j, ay; < a(f + 7v), we have [ay;, ay;n] <
(8 + ), a(B+7)[n] < [8+ 7, aln] < af < B, for all j.
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Thus, by submultiplicativity and (x) above,

Bir1 = B4ay; = (8, BIn]+[ary;, avysln]) oBoary;o([8, Bln]+|ary;, av;|n])
C (B4, avjln]) oarjo (B+[ays, ayiln]) € (B+06k)oay;o(B+5;) =
(B+B+ay-1)oayjo(B+ B+ ay_1)=Froayopb

For the reverse inclusion, notice that, trivially, 311 > a;, and 341 >
Bk, since 7 > k — 1, thus 311 > B + ay; 2 B o ay; o B O

Proposition 3.4. Let m > 3 and V be an m-permutable variety, and
m—1

put k = m[™=]. Then for all n > 0 all algebras in V satisfy

Brin = Broa(yroa(fBro...a(ypoa(BroayroBr) o). ..o Bk) o) o b

with exactly n — 1 open brackets and where By = Br, Yo = Yk if n is
odd, and By = Vi, Vi = Bk if n is even.

Proof. By Proposition 3.3 with j = k, we get afr+1 = a0k o ayg o Bk)
and, by symmetry, ayp11 = a(yk 0 af 0 ).
By the above identity, and by taking j = k + 1 in Proposition 3.3

we have Brio = Bk 0 aYpq1 0 B = Pr o a(yk 0 afy o ) o Bk, and
afrro = a(Br o a(ye o afy o y) o Bk), as well as the symmetrical
identities.

The proposition is obtained by iterating the above arguments. [

Notice that, so far, we have not used the results of Section 2.
Theorem 3.5. For m > 3, every m-permutable variety satisfies the
congruence identity o, = oy, for h = m[ZH] — 1

Proof. First notice that if k = m[™] then h = m[™H]—1 = m[™]+

m — 1=k +m — 1. By Proposition 3.4 with n = m, and by Theorem
2.2 with B, v, and v; in place of, respectively, 3, v and d, we have
afn = afrrm-1 < Abpim =
a(fBroa(yoa(fro .. .alyoalfioaroby)on) . . oBk)ove)ofk)
a(yoa(froalyro ... affyoalygoariong) o). .. o) o fr) o)
a(ypoa(Broalyko .. a(By o ay o Br)... o) 0Bk o)
AVk+m—1 = QVh

since the last two lines are equal because of Proposition 3.4 with n =
m — 1 and ~ in place of 3.

Thus, we have proved that af, < av,. By symmetry avy, < af,
from which we reach the conclusion. ]
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In the particular case of locally finite m-permutable varieties, the
value n = [”-1] in Theorem 3.2(ii) can be improved to n = 1, because
of [HMK, Theorems 9.8 and 9.14], and of the result stated in the last
line of [L1, p. 163]. K. Kearnes [K2] has communicated us results which
imply that Theorem 3.2(ii) holds with n = 1 for every m-permutable
variety. Thus, modulo the above results, Theorem 3.5 holds for h =
2m — 1.

Can h be improved further?

Considering small values of m suggests that h can be actually im-
proved. Permutable and 3-permutable varieties are congruence mod-
ular, hence they satisfy affs = ay,. We know that an m-permutable
variety V satisfies a3,, = av,, if at least one of the following conditions
is satisfied: (a) m =4 or m =5 (no use of commutator theory); (b) V
is semidistributive [K2]; (¢) V has a difference term for [, a|1] (that
is, a term satisfying condition (ii) in Theorem 3.2 with n = 1 and with
one “=” replaced by “=").

The proof of Theorem 3.5 applies to a more general context. First,
notice that, in the proof of 3.5, in place of (X,,), it is enough to assume
the following weaker property (X,,)*:

a(foa(yoa(Bo...a(y*ca(f*oadof®)or®)...08)oy)of) C
<a(voa(ﬁoa(vo...a(ﬁ'oa(y'oa(?oy')oﬁ')...oy)oﬂ)oy)>*

with m normal-sized open parenthesis on each side, where * denotes
transitive closure.

We have a long technical proof showing that if a variety satisfies
(X;n)* then for some n and k the commutator [a, 3|n| satisfies [ +
v, a|n] < af, and there exists a term d as in condition (ii) in Theorem
3.2. Thus we get: If a variety V satisfies (X,,)* for some m then there
is some h (depending on V) such that V satisfies a5, = aryp,.

Is the converse true?

Problem 3.6. Is it true that if V satisfies a3, = a~y;, for some h then
V satisfies (X,,)* for some m?
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