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Partially Ordered Pattern Algebras

Endre Varmonostory*

Abstract

A partial order < on a set A induces a partition of each power A™ into
“patterns” in a natural way. An operation on A is called a <-pattern opera-
tion if its restriction to each pattern is a projection. We examine functional
completeness of algebras with <-pattern fundamental operations.

Keywords: majority function, semiprojection, ternary discriminator, dual
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1 Preliminaries

A finite algebra A = (A; F) is called functionally complete if every (finitary) opera-
tion on A is a polinomial operation of A. An n-ary operation f on A is conservative
if f(ay,...,2n) € {21,...,2,} for all z1,...,z, € A. An algebra is conservative if
all of its fundamental operations are conservative.

A possible approach to the study of conservative operations is to consider them
as relational pattern functions or p-pattern functions. Given a k-ary relation p C
Ak two n-tuples (x1,...,2,), (Y1,...,Yn) € A™ are said to be of the same pattern
with respect to p if for all 41,...,4 € {1,...,n} the conditions (x;,,...,2;,) € p
and (Yi,,...,¥i,) € p mutually imply each other. An operation f : A" — Ais a
p-pattern function if f(x1,...,x,) always equals some x;, i € {1,...,n} where i
depends only on the p-pattern of (z1,...,2,). In fact, any conservative operation
is a p-pattern function for some p — see [11]. An algebra A is called a p-pattern
algebra if its fundamental operations (or equivalently its term operations) are p-
pattern functions for the same relation p on A. Several facts about functional
completeness were proved, for the cases where p is an equivalence [9], a central
relation [10, 14], a graph of a permutation [13], a bounded partial order [12], or a
regular relation [8] on A. These relations appear in Rosenberg’s primality criterion
[6].

In particular if < is a partial order or a linear order on A, then a =<-pattern
algebra is called a partially ordered pattern algebra or a linearly ordered pattern
algebra. Throughout the paper such algebras will be called <-pattern algebras.
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The aim of this article is to continue research on functional completeness of
finite partially ordered pattern algebras.

In case when the relation p on A is the identity the p-pattern algebra is called
pattern algebra. The basic operations of pattern algebras are called pattern func-
tions. Pattern functions were first introduced by Quackenbush [5]. B. Csakany [1]
proved that every finite pattern algebra (4; f) with |A| > 3 is functionally com-
plete if f is an arbitrary nontrivial pattern function. The most known examples
of pattern algebras are (4; f) and (A;g) where f is the ternary discriminator [4]
(f(z,y,2) =z itz =y and f(z,y,2) =z if © # y) and g is the dual discriminator
2] (g, 4, 2) = @ if & =y and g(z,y,2) = = if 3 £ y).

We need the following definitions and results.
An n-ary relation p on A is called central iff p #£ A™ and

(a) there exists ¢ € A such that (ay,...,an) € p whenever at least one a; = ¢
(the set of all such ¢’s is called the center of p);

(b) (ai,-...,a,) € p implies that (aix,...,ans) € p for every permutation 7 of
{1,...,n} (p is totally symmetric);

(¢) (a1,...,an) € p whenever a; = a; for some i # j (p is totally reflexive).

Let A be a finite and nonempty set, k,n > 1, f a k-ary function on A and
p C A™ an arbitrary n-ary relation. The operation f is said to preserve p if p is a
subalgebra of the nth direct power of the algebra (A; f); in other words, f preserves
p if for any k x n matrix M with entries in A, whose rows belong to p, the row
obtained by applying f to the columns of M also belongs to p. Adding this extra
row to M we get a so-called f-matrix [3].

A ternary operation f on A is a majority function if f(x,z,y) = f(z,y,x) =
fly,z,x) = holds for all z,y € A. An n-ary i-th semiprojectionon A (n > 3,
1 < 4 < n)isan operation f with the property that f(z1,z2,...,2z,) = x; when-
ever at least two of the elements z1,...,x, are equal. The following proposition
was obtained in [13] from Rosenberg’s fundamental theorem on minimal clones [7].

Proposition 1. The clone of the term operations of every montrivial finite p-
pattern algebra A with at least three elements contains a nontrivial binary p-pattern
function, or a ternary majority p-pattern function, or a nontrivial p-pattern func-
tion, which is a semiprojection.

Now we formulate the following theorem (which was got from Proposition 4 in [13]).

Theorem 2. Let A = (4; f) be a finite p-pattern algebra with |A| > 3. The algebra
(A4; f) is functionally complete iff

(a) f is monotonic with respect to no bounded partial order on A,
(b) f preserves no binary central relations on A,

(c) f preserves no nontrivial equivalences on A.
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2 Results

Theorem 3. Let (A; =) be a finite poset with at least three elements that has a
least or a greatest element. If f is an arbitrary binary <-pattern function on A,
then the algebra (A; f) is not functionally complete.

Proof. Let a be the least or the greatest element of (A4; <). Let p be the nontrivial
equivalence on A with blocks {a}, A\{a}. Now f preserves p and apply Theorem 2.
O

Remark. Let n = {0,1,...,n — 1} be an at least three-element set, and let < be
a linear order on n such that 0 < ¢ < n — 1 holds for each ¢ € n. If a,b € n and
a =X bbut a # b then we write a < b. Now the following statement is true.

If 7 and o are two different permutations of the set {1,2, ..., k} then the k-tuples
(a1rs A2y -+ k), (@15, Q20, - .., Gke) are not in the same pattern with respect to
=< where aq,a9,...,ar €n with a1 < as < ... < ag.

Now we can formulate the following theorem.

Theorem 4. Let (A4;X) be a finite linearly ordered set with |A| =n >4, and let f
be a <-pattern function that is a majority function on A. Then the algebra (A4; f)
is functionally complete iff for arbitrary elements aq,a92,a3 € A with a1 < ay < as
ezxactly one of the following statements holds:

(a) there exist permutations w,0 of the set {1,2,3} for which the wvalues
flar,az2,a3), f(air,a2r,a3:), f(a1s,a2¢,a3,) are pairwise distinct,

(b) flaix,asr,as:) € {a1,as} for every permutation ™ of {1,2,3}, and there
exists a permutation ©' of {1,2,3} for which f(a1xr, a2nr, a3x) # f(a1,a2,a3).

Proof. We will use Theorem 2. We may suppose, without loss of generality, that
A = n. First, we prove that if one of the conditions (a) or (b) hold for the algebra
(n; f) then f preserves neither the bounded partial orders nor the binary central
relations on n. We need the following claims.

Claim. Let < be an arbitrary bounded partial order on n with the least element m
and the greatest element M, then f does not preserve <.

Proof of Claim. If a € n, a # m, M, then f(m,a, M) =m or f(m,a, M) = M or
flm,a, M) = a. Consider the following f-matrices

m m m a
a a a a
a M M M
f(m’ a’? a) f(m7 a? M) f(m7 a? M) f(a7 a? M)

where f(m,a,a) = f(a,a,M) = a. If f(m,a, M) = m, then the first f-matrix
shows that f does not preserve <. If f(m,a, M) = M, then by the second f-matrix
f does not preserve <. If f(m,a, M) = a, then by (a) or (b) we get that at least
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one of the elements f(m, M, a), f(M,m,a), f(M,a,m), f(a,m,M), f(a, M, m) is
equal to m or M. In this case we can get the suitable f-matrix by permuting the
first three rows of one of the two f-matrices above. Now from this f-matrix we get
that f does not preserve <. The proof of the claim is complete.

Claim. If 7 is an arbitrary binary central relation on n, then f does not preserve
T.

Proof of Claim. If ¢ € n is a central element of 7 and a,b € n so that (a,b) & 7,
then consider the following matrices

a a a a
b b b b
c b c a
f(a,b,c)  f(a,b,b) fla,b,c)  f(a,b,a)

where f(a,b,b) = b and f(a,b,a) = a. If f(a,b,c) = a, then the first f-matrix
shows that f does not preserve 7. If f(a,b,c) = b, then the second f-matrix will be
used. If f(a,b,c) = ¢, then by (a) or (b) we see that f(a,c,b), f(b,a,c), f(b,c,a),
fle,a,b) or f(e,b,a) is equal to a or b. Now we can also get the suitable f-matrix
by permuting the first three rows of one of the two f-matrices above. In this case
from this f-matrix we get that f does not preserve 7. The proof of the claim is
complete.

Now we will prove that if one of the conditions (a) or (b) holds for the algebra
(n; f), then f does not preserve the nontrivial equivalences on n.

Claim. If p is an arbitrary nontrivial equivalence on n, then f does not preserve
p.

Proof of Claim. Now there exist elements a, b, ¢ € n with a # b, (a,b) € p,

(a,¢) & p.
First, suppose that (a) holds. If f(a,b,c¢) = ¢, then we can use the following
f-matrix to show that f does not preserve p

a a
a b
c c
a ¢

where f(a,a,c) = a. If f(a,b,c) = aor f(a,b,c) =b, then by (a) f(a,c,b), f(b,a,c),
f(b,c,a), f(c,a,b) or f(c,a,b) equals c. In this case we get the suitable f-matrix
by permuting the first three rows of the f-matrix above. From this f-matrix we
get that f does not preserve p.
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Now we suppose that () is true.

(i)

(iii)

First, we suppose that a < b < ¢. If f(a,b,c) = ¢, then the f-matrix above
does the job. If f(a,b,c¢) = a, then by (b) f(a,c,b), f(b,a,c), f(b,c,a),
f(e,a,b) or f(e,b,a) equals c. We get the suitable f-matrix by permuting the
first three rows of the f-matrix above.

Secondly, we suppose that ¢ < a < b. If f(c,a,b) = ¢ then we get the
suitable f-matrix by permuting the first three rows of the f-matrix above.
If f(c,a,b) = b, then by (b) f(e,b,a), f(a,b,c), f(a,c,b), f(b,a,c), f(b,c,a)
equals c¢. For example, if f(c,b,a) = ¢, then the following f-matrix shows
that f does not preserve p

c c
b a
a a
c a .

In the remaining cases we get the suitable f-matrices by permuting the first
three rows of the f-matrix above.

If there do not exist elements a,b,c € n with a # b, (a,b) € p, (a,c¢) & p for
which @ < b < c or ¢ < a < b hold, then it is easy to see that p has a unique
nonsingleton block, namely {0,n —1}. Now |A| > 4 and we can suppose that
a=0,b=n—-1and {c1,...,chn2} =n\{a,b}.

First, assume f(a,c1,c2) = a. If f(b,c1,c2) = c1, then the following f-matrix

a b

C1 C1
C2 (2
a C1

will be used. If f(b,c1,¢2) = b, then f(co,a,c1) = co since the patterns
(b, c1,¢2) and (co, a, ¢1) are the same with respect to <. We need the following
f-matrices

C2 C2 C2 C2
a b a b
C1 C1 C1 C1
C2o C1 Co b

If f(ca,b,c1) = c1, then the first f-matrix shows that f does not preserve p.
If f(co,b,c1) = b, then the second f-matrix does the job.
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Secondly, assume f(a,c1,c2) = co. Now we will use the following f-matrices

a b a b
C1 C1 C1 C1
C2 Co Co C2
Co C1 C2 b

If f(b,c1,c2) = ¢1, then the first f-matrix shows that f does not preserve p.
If f(b,c1,c2) = b, then the second f-matrix will be used.

The proof of the claim is complete.

From now we show that the algebra (n; f) is not functionally complete if (a)
and (b) are not satisfied. Further also suppose that a;, as,a3 € n and a1 < as < as.
We have the following three cases:

If a; = f(a1,a2,a3) = f(air,a2r,asr) equalities hold for every permutation
of {1,2,3}, then f preserves one of the three binary central relations 71, 72, 73 on
A defined below:

For i = 1, let the center of 71 be C' = {0,1,...,n —3} and (n —2,n — 1) € 71,

for i = 2, let the center of 75 be C ={1,2,...,n—2} and (0,n — 1) & 7o,

for i = 3, let the center of 73 be C ={2,3,...,n—1} and (0,1) & 73.

Now let f(a1r, a2z, asz) € {a1,as} be for every permutation 7 of {1, 2,3} (or let
f(a1r, azr, asy) € {az,as} be for every permutation 7 of {1, 2, 3}), and suppose that
there exists a permutation 7’ of {1, 2, 3} for which f(air/, asr,as:) # f(a1,az,as).
Then it is easy to show that f preserves the nontrivial equivalence with a unique
nonsingleton block, namely {0,1,...,n —2} (or {1,2,...,n—1}).

O

Proposition 5. Let A = {0,1,2} be a linearly ordered set with 0 < 1 < 2, and
let f be a <-pattern function, which is a majority function on A. Then the algebra
(A; f) is functionally complete iff there exist permutations w,o of A for which the
values £(0,1,2), f(Om, 17, 27), f(0o,1c,20) are pairwise distinct.

Proof. Suppose that there exist permutations m,0 of A for which the values
£(0,1,2), f(0m, 1w, 27), f(0c, 10, 20) are pairwise distinct. Then the algebra (A4; f)
is functionally complete. (Let us observe that the proof of this statement is included
in the proof of Theorem 4, since in the case (a) of Theorem 4 every f-matrix has
exactly three elements.)

If £(0,1,2) = f(Om, 1w, 27) for every permutation 7 of A, then we obtain that
f preserves one of the three binary central relations 71, 7,73 on A defined below:

For f(0,1,2) = 0 let the center of 71 be {0}, and (1,2) & 7,

for f(0,1,2) =1 let the center of 75 be {1}, and (0,2) & m,

for f(0,1,2) = 2 let the center of 73 be {2}, and (0,1) & 73.
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Now let assume that at least one of the inclusions: f(0x, 1w, 27) € {0,1},
fOm, 17, 27) € {1,2}, f(Orm, 17, 27w) € {0,2} holds for every permutation 7 of A,
and suppose that there exists a permutation n’ of A for which f(07',17,27") #
£(0,1,2). Then it is also easy to observe that f preserves the nontrivial equivalence
with unique nonsingleton block, namely {0,1}, {1,2} or {0,2}. Using Theorem 2,
the proof is complete. O

Theorem 6. Let (A, <) be an arbitrary finite poset with 3 < |A|. Let f be a
=<-pattern function, which is a majority function on A, and for which there ezist
permutations 7, o of {1,2,3} such that the values f(a1,az2,a3), f(air, a2z, a3r),
flars,a20,a3,) are pairwise distinct, then the algebra (A; f) is functionally com-
plete.

Proof. Such an operation f always exists. (For example: f(x,z,y) = f(z,y,x) =
fly,z,x) =z, and f(z,y,2) =z if x,y, z are pairwise different). Now it is easy to
prove that such operations do not preserve the bounded partial orders, the binary
central relations and the nontrivial equivalences on A. Applying Theorem 2, the
proof is complete. O

Theorem 7. Let (A; <) be an arbitrary finite poset with 3 < |A|. Then for every k
with 3 < k < |A| there exists a k-ary S-pattern function f, which is a semiprojection
and the algebra (A; f) is functionally complete.

Proof. It 3 < k < |A|, then the k-ary =<-pattern function

x1 if the elements x1,xo, ..., are pairwise distinct and

fk($1,$27--~,33k)= Tp—1 A Tk,
xp otherwise

is a semiprojection on A. By Lemma 7 of [3] f; has no compatible bounded partial
order on A.

Let 7 be an arbitrary binary central relation on A, let ¢ € A be a central element
of 7, and let a,b € A be so that (a,b) & 7. We will need the following matrices

a a a a
d d d d
e e e e
c b b b
b b c b
a b a b

where the entries above the line in the first column are pairwise distinct in both
fr-matrices.

If ¢ £ b, then we will use the first fr-matrix. If ¢ < b, then the second fr-matrix
will work. In both cases we get that f; does not preserve the relation 7.
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Let p be an arbitrary nontrivial equivalence, and let a,b,c € A with a £ b,
(a,b) € p and (a,c) ¢ p. Now we will use the following fr-matrix to show that f
does not preserve p

QO
QO

-~ o -
SIS

o
IS

where the entries above the line in the first column of the fi-matrix are pairwise
distinct. Using Theorem 2 we get that the algebra (A; fx) is functionally complete.
O

Remark. Let (A; <) be a finite linearly ordered set with 3 < |A|, and let f be a
nontrivial k-ary =<-pattern function, which is a semiprojection on A. If for any ele-
ments ai,...,ar € A with a; < ... < ag, and for any permutations = of {1,...,k}
one of the following conditions is satisfied:

(a) a; = flarr, ... akz), 3 <k <|A|, or
(b) flaim,...,ax) € {a1,a2,...,ap—2}, 4 < k < |A], or
(¢) flatmy..-,akr) € {ag,as,...,ap-1}, 4 <k <|A|, or
(d) flair, .. apr) € {as,aa, ..., an}, 4 <k < |A]
then the algebra (A; f) is not functionally complete.
Proof of Remark. We may suppose, without loss of generality, that A = n. If

condition (a) holds, then f preserves one of the binary central relation 7y, 72, 75 on
A defined below:

(1) for ¢ =1, let the center of 7 be C ={0,1,...,n—=3} and (n—2,n—1) € 7,

(2) for 1 < i < k, let the center of 5 be C' = {1,2,...,n—2} and (0,n—1) & 7o,
(3) for i = k, let the center of 73 be C'={2,3,...,n — 1} and (0,1) & 73.

It is also easy to see that if (b) holds, then f preserves the central relation 7. If

(¢) (or (d)) holds, then f preserves the central relation 7o (or 73). Using Theorem

2, the proof of the remark is complete.
O
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Let (A; =) be an arbitrary finite bounded poset with at least three elements.
Define the following two operations on A:

tx,y,z) = .
(z,9,7) x otherwise,

{z if =y,

] <
d(x,y,z>{w i =3y

z otherwise.

The operation t is the ternary order-discriminator, and d is the dual order-discrimi-
nator. The algebras (A;t), (A;d) are called order-discriminator algebras. In [12]
we proved that the order-discriminator algebras (A;t) and (A;d) are functionally
complete. The following theorem is a generalization of this result.

Theorem 8. If (A; <) is an arbitrary finite poset with at least three elements, then
the order-discriminator algebras (A;t) and (A;d) are functionally complete.

Proof. Tt is sufficient to prove that ¢ and d do not preserve the relations (a), (b),
and (c) in Theorem 2.

(a) Let < be an arbitrary bounded partial order on A with the least element m
and the greatest element M. Now we show that the operations ¢, d do not preserve
the bounded partial order < on A. Let a € A be an arbitrary element different
from m and M. The following two t-matrices and two d-matrices will be used

m
m
M

I|lge 3
S|z 3 e
S ERSES
s|3 e e
I13° &5
sz o e
SIER

M

If @ < m then the first t-matrix, if a £ m then the second t-matrix shows that ¢
does not preserve <. If a < M then the first d-matrix, if a # M then the second
d-matrix shows that d does not preserve <.

(b) Let 7 be an arbitrary central relation on A, and let a,b,c € A so that a # b,
(a,b) ¢ 7 and c is a central element of 7. We may suppose that a 4 b. Consider
the following t-matrix and d-matrix

a ¢ a a
b ¢ a c
c b c b
a b a b

The first t-matrix shows that the operation ¢ does not preserve 7. If a A ¢ then
by the d-matrix we see that the operation d does not preserve 7. If a < ¢, then by
permuting the first two rows of the d-matrix we get again that d does not preserve 7.
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(¢) Let € be an arbitrary nontrivial equivalence on A, and let a,b,c € A so
that (a,b) € € and (a,c) € . We will need the following two t-matrices and two
d-matrices:

a b a a a b a a
a a a b a a a b
c ¢ c c c c c ¢
c b c a a c a c

If @ < b, then by the first t-matrix, if @ £ b, then by the second ¢t-matrix we get that
the operation ¢t does not preserve the relation . If a < b, then the first d-matrix, if
a A b, then the second d-matrix does the job. In all cases we see that the operations
t and d do not preserve e. O
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