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Summary. The aim of this paper is to formalize the second part of Chap-
ter I Section 1 (1.9-1.19) in [12]. Definitions of Scott’s auxiliary and approxima-
ting relations are introduced in this work. We showed that in a meet-continuous
lattice, the way-below relation is the intersection of all approximating auxiliary
relations (proposition (40) — compare 1.13 in [12, pp. 43-47]). By (41) a con-
tinuous lattice is a complete lattice in which < is the smallest approximating
auxiliary relation. The notions of the strong interpolation property and the in-
terpolation property are also introduced.

MML Identifier: WAYBEL_4.

The articles [21], [25], [19], [10], [23], [24], [20], [9], [3], [26], [28], [7], [8], [27],
2, [4, 22, (18], 1], [17], [13], [29], [14], [15], [5], [11], [16], and [6] provide the
notation and terminology for this paper.

1. AUXILIARY RELATIONS

Let L be a 1-sorted structure.
(Def. 1) A binary relation on the carrier of L is called a binary relation on L.

Let L be a non empty reflexive relational structure. The functor <, yields
a binary relation on L and is defined as follows:

(Def. 2) For all elements z, y of L holds (x, y) € <, iff v < y.

Let L be a relational structure. The functor <j, yielding a binary relation
on L is defined by:
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(Def. 3) <y, = the internal relation of L.

Let L be a relational structure and let R be a binary relation on L. We say
that R is auxiliary(i) if and only if:

(Def. 4) For all elements z, y of L such that (x, y) € R holds z < y.
We say that R is auxiliary(ii) if and only if:
(Def. 5) For all elements x, y, z, u of L such that u < z and (x, y) € Randy < z
holds (u, z) € R.
Let L be a non empty relational structure and let R be a binary relation on
L. We say that R is auxiliary(iii) if and only if:
(Def. 6) For all elements x, y, z of L such that (x, z) € R and (y, z) € R holds
(zUy, z) € R.
We say that R is auxiliary(iv) if and only if:
(Def. 7)  For every element x of L holds (L, ) € R.

Let L be a non empty relational structure and let R be a binary relation on
L. We say that R is auxiliary if and only if:

(Def. 8) R is auxiliary(i), auxiliary(ii), auxiliary(iii), and auxiliary(iv).

Let L be a non empty relational structure. Note that every binary relation
on L which is auxiliary is also auxiliary(i), auxiliary(ii), auxiliary(iii), and au-
xiliary(iv) and every binary relation on L which is auxiliary(i), auxiliary(ii),
auxiliary(iii), and auxiliary(iv) is also auxiliary.

Let L be a lower-bounded transitive antisymmetric relational structure with
L.u.b.’s. Note that there exists a binary relation on L which is auxiliary.

Next we state the proposition

(1) Let L be a lower-bounded sup-semilattice, A; be an auxiliary binary
relation on L, and z, y, z, u be elements of L. If (z, z) € A; and (y,
u) € Ay, then (x Uy, zUu) € A;.

Let L be a lower-bounded sup-semilattice. Observe that every binary relation
on L which is auxiliary is also transitive.

Let L be a relational structure. Note that <y, is auxiliary(i).

Let L be a transitive relational structure. One can verify that <; is auxi-
liary(ii).

Let L be an antisymmetric relational structure with l.u.b.’s. One can check
that <y, is auxiliary(iii).

Let L be a lower-bounded antisymmetric non empty relational structure.
Note that <y is auxiliary(iv).

In the sequel a will denote a set.

Let L be a lower-bounded sup-semilattice. The functor Aux(L) is defined as
follows:

(Def. 9) a € Aux(L) iff a is an auxiliary binary relation on L.

Let L be a lower-bounded sup-semilattice. Note that Aux(L) is non empty.
The following two propositions are true:
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(2) For every lower-bounded sup-semilattice L and for every auxiliary binary
relation A7 on L holds A; C <;,.
(3) For every lower-bounded sup-semilattice L holds T(Aux(L),C) = <L -

Let L be a lower-bounded sup-semilattice. Note that (Aux(L), C) is upper-
bounded.

Let L be a non empty relational structure. The functor AuxBottom(L) yields
a binary relation on L and is defined as follows:

(Def. 10) For all elements z, y of L holds (x, y) € AuxBottom(L) iff z = L.

Let L be a lower-bounded sup-semilattice. Observe that AuxBottom (L) is
auxiliary.

The following propositions are true:

(4) For every lower-bounded sup-semilattice L and for every auxiliary binary
relation A; on L holds AuxBottom(L) C A;.

(5) For every lower-bounded sup-semilattice L and for every auxiliary binary
relation A; on L holds L au(r),cy = AuxBottom(L).

Let L be a lower-bounded sup-semilattice. One can verify that (Aux(L), C)
is lower-bounded.

The following two propositions are true:

(6) Let L be a lower-bounded sup-semilattice and a, b be auxiliary binary
relations on L. Then a Nb is an auxiliary binary relation on L.

(7) Let L be a lower-bounded sup-semilattice and X be a non empty subset
of (Aux(L),C). Then () X is an auxiliary binary relation on L.

Let L be a lower-bounded sup-semilattice. Note that (Aux(L), C) has g.1.b.’s.

Let L be a lower-bounded sup-semilattice. Observe that (Aux(L), C) is com-
plete.

Let L be a non empty relational structure, let x be an element of L, and
let A; be a binary relation on L. The functor | A, yields a subset of L and is
defined by:

(Def. 11) |4, = {y,y ranges over elements of L: {(y, ) € A1}.
The functor { 4, % yielding a subset of L is defined by:
(Def. 12) 1, 2 = {y, y ranges over elements of L: (z, y) € A1}.

One can prove the following proposition

(8) Let L be a lower-bounded sup-semilattice, x be an element of L, and A;
be an auxiliary(i) binary relation on L. Then |4,z C |z.

Let L be a lower-bounded sup-semilattice, let x be an element of L, and let
Ap be an auxiliary(ii) auxiliary(iii) auxiliary(iv) binary relation on L. Observe
that |4, is directed lower and non empty.

Let L be a lower-bounded sup-semilattice and let A; be an auxiliary(ii)

auxiliary(iii) auxiliary(iv) binary relation on L. The functor | A; yields a map
from L into (Ids(L),C) and is defined by:

(Def. 13) For every element z of L holds ({A1)(x) = {4,.
We now state three propositions:
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(9) Let L be a non empty relational structure, A; be a binary relation on
L, a be a set, and y be an element of L. Then a € |4,y if and only if {a,
y) € A
(10) Let L be a sup-semilattice, A; be a binary relation on L, and y be an
element of L. Then a € 1, y if and only if (y, a) € Ay.

(11) Let L be a lower-bounded sup-semilattice, A; be an auxiliary binary
relation on L, and x be an element of L. If A; = the internal relation of
L, then |4,z = |z.
Let L be a non empty poset. The functor MonSet(L) yields a strict relational
structure and is defined by the conditions (Def. 14).
(Def. 14)(i)  a € the carrier of MonSet(L) iff there exists a map s from L into
(Ids(L), C) such that a = s and s is monotone and for every element z of
L holds s(x) C |z, and
(ii)  for all sets ¢, d holds (¢, d) € the internal relation of MonSet(L) iff
there exist maps f, g from L into (Ids(L),C) such that ¢ = f and d =g
and ¢ € the carrier of MonSet(L) and d € the carrier of MonSet(L) and
f<g
One can prove the following propositions:
(12) Let L be a lower-bounded sup-semilattice. Then MonSet(L) is a full
relational substructure of ((Ids(L), C))the carrier of L
(13) Let L be a lower-bounded sup-semilattice, A; be an auxiliary binary
relation on L, and z, y be elements of L. If x < y, then |4,z C {a,v.
Let L be a lower-bounded sup-semilattice and let A; be an auxiliary binary
relation on L. Note that [ A; is monotone.
Next we state the proposition
(14) Let L be a lower-bounded sup-semilattice and A; be an auxiliary binary
relation on L. Then [A; € the carrier of MonSet(L).
Let L be a lower-bounded sup-semilattice. Observe that MonSet(L) is non
empty.
Next we state several propositions:
(15) For every lower-bounded sup-semilattice L holds IdsMap(L) € the car-
rier of MonSet(L).

(16) For every lower-bounded sup-semilattice L and for every auxiliary binary
relation A; on L holds {A; < IdsMap(L).

(17) For every lower-bounded non empty poset L and for every ideal I of L
holds L7, € I.

(18) For every upper-bounded non empty poset L and for every filter ' of L
holds Ty, € F.

(19) For every lower-bounded non empty poset L holds |(Lr)={Ll.}.
(20) For every upper-bounded non empty poset L holds 1(Tr) ={Tr}.

In the sequel L is a lower-bounded sup-semilattice, A; is an auxiliary binary
relation on L, and z is an element of L.



AUXILIARY AND APPROXIMATING RELATIONS 183

The following propositions are true:
(21) The carrier of L — {11} is a map from L into (Ids(L), C).
(22) The carrier of L — {L1} € the carrier of MonSet(L).
(23) (the carrier of L — {11}, [ A1) € the internal relation of MonSet(L).

Let us consider L. Note that MonSet(L) is upper-bounded.
Let us consider L. The functor Rel2Map(L) yields a map from (Aux(L), C)
into MonSet(L) and is defined by:
(Def. 15) For every A; holds (Rel2Map(L))(A;) = [ A;.
The following propositions are true:
(24) For all auxiliary binary relations R, Ro on L such that Ry C Ry holds
LRy < Ry
(25) For all auxiliary binary relations R, Ro on L such that Ry C Ry holds
Iryz C gy
Let us consider L. One can verify that Rel2Map(L) is monotone.
Let us consider L. The functor Map2Rel(L) yields a map from MonSet(L)
into (Aux(L), C) and is defined by the condition (Def. 16).
(Def. 16) Let s be a set. Suppose s € the carrier of MonSet(L). Then there exists
an auxiliary binary relation A; on L such that
(i) A} = (Map2Rel(L))(s), and
(ii)  for all sets x, y holds {(z, y) € Ay iff there exist elements 2/, ¢’ of L and
there exists a map s’ from L into (Ids(L), C) such that 2’ =z and ¢/ =y
and s’ = s and 2’ € §' (/).
Let us consider L. One can check that Map2Rel(L) is monotone.
We now state two propositions:
(26) Map2Rel(L) - Rel2Map(L) = idqom Rel2Map(L)-
(27) Releap(L) ’ MapQRel(L) = idthe carrier of MonSet(L)+

Let us consider L. Observe that Rel2Map(L) is one-to-one.
The following three propositions are true:

(28) (Rel2Map(L))~! = Map2Rel(L).

(29) Rel2Map(L) is isomorphic.

(30) For every complete lattice L and for every element x of L holds ({I,I
ranges over ideals of L: x < sup [} = .

The scheme LambdaC’ concerns a non empty relational structure A, a unary
functor F yielding a set, a unary functor G yielding a set, and a unary predicate
P, and states that:
There exists a function f such that dom f = the carrier of A and
for every element = of A holds if P[], then f(z) = F(z) and if
not P[z], then f(z) = G(x)

for all values of the parameters.

Let L be a semilattice and let I be an ideal of L. The functor DownMap(I)
yields a map from L into (Ids(L),C) and is defined by:
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(Def. 17) For every element x of L holds if < sup I, then (DownMap([))(z) =
lzN T and if € sup I, then (DownMap(I))(z) = |x.
One can prove the following two propositions:
(31) For every semilattice L and for every ideal I of L holds DownMap(I) €
the carrier of MonSet(L).
(32) Let L be an antisymmetric reflexive relational structure with g.l.b.’s,
x be an element of L, and D be a non empty lower subset of L. Then

{z}ND=|zND.

2. APPROXIMATING RELATIONS

Let L be a non empty relational structure and let A; be a binary relation
on L. We say that A; is approximating if and only if:
(Def. 18) For every element z of L holds z = sup | 4,z.
Let L be a non empty poset and let m; be a map from L into (Ids(L), C).
We say that m; is approximating if and only if:
(Def. 19) For every element z of L there exists a subset i1 of L such that i; = m(z)
and x = sup ;.
Next we state two propositions:
(33) For every lower-bounded meet-continuous semilattice L and for every
ideal I of L holds DownMap(7) is approximating.
(34) Every lower-bounded continuous lattice is meet-continuous.
Let us mention that every lower-bounded lattice which is continuous is also
meet-continuous.
The following proposition is true
(35) For every lower-bounded continuous lattice L and for every ideal I of L
holds DownMap(I) is approximating.
Let L be a non empty reflexive antisymmetric relational structure. Observe
that <z, is auxiliary(i).
Let L be a non empty reflexive transitive relational structure. One can check
that <z, is auxiliary(ii).
Let L be a poset with L.u.b.’s. One can verify that <, is auxiliary(iii).
Let L be an inf-complete non empty poset. Note that <, is auxiliary(iii).
Let L be a lower-bounded antisymmetric reflexive non empty relational
structure. Observe that <, is auxiliary(iv).
Next we state two propositions:
(36) For every complete lattice L and for every element z of L holds |« ,z =
lz.
(37) For every lattice L holds <y, is approximating.
Let L be a lower-bounded continuous lattice. One can verify that <, is
approximating.
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Let L be a complete lattice. Observe that there exists an auxiliary binary
relation on L which is approximating.
Let L be a complete lattice. The functor App(L) is defined as follows:

(Def. 20) a € App(L) iff a is an approximating auxiliary binary relation on L.
Let L be a complete lattice. Note that App(L) is non empty.
Next we state three propositions:

(38) Let L be a complete lattice and m; be a map from L into (Ids(L), C).
Suppose m; is approximating and my € the carrier of MonSet(L). Then
there exists an approximating auxiliary binary relation A; on L such that
A1 = (Map2Rel(L))(mq).

(39) For every complete lattice L and for every element z of L holds
N{(DownMap(I))(x) : I ranges over ideals of L} = |x.

(40) Let L be a lower-bounded meet-continuous lattice and = be an element
of L. Then ({la,7, A1 ranges over auxiliary binary relations on L: A1 €
App(L)} = l=.

In the sequel L denotes a complete lattice.
Next we state two propositions:

(41) L is continuous if and only if for every approximating auxiliary binary
relation R on L holds < C R and <, is approximating.

(42) L is continuous if and only if the following conditions are satisfied:

(i) L is meet-continuous, and
(ii)  there exists an approximating auxiliary binary relation R on L such that
for every approximating auxiliary binary relation R’ on L holds R C R'.
Let L be a non empty relational structure and let A; be a binary relation
on L. We say that A; satisfies strong interpolation property if and only if:
(Def. 21) For all elements z, z of L such that (x, z) € A; and z # z there exists
an element y of L such that (z, y) € 4; and (y, z) € A; and = # y.
Let L be a non empty relational structure and let A; be a binary relation
on L. We say that A; satisfies interpolation property if and only if:
(Def. 22) For all elements z, z of L such that (z, z) € A; there exists an element
y of L such that (z, y) € 41 and (y, z) € A;.
Next we state two propositions:

(43) Let L be a non empty relational structure, A; be a binary relation on
L, and z, z be elements of L. If (z, z) € A; and = = z, then there exists
an element y of L such that (z, y) € 4; and (y, z) € A;.

(44) Let L be a non empty relational structure and A; be a binary relation
on L. Suppose A; satisfies strong interpolation property. Then Ay satisfies
interpolation property.

Let L be a non empty relational structure. Observe that every binary relation
on L which satisfies strong interpolation property satisfies also interpolation
property.
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In the sequel A; is an auxiliary binary relation on L and z, y, z are elements
of L.
The following four propositions are true:

(45) Let A; be an approximating auxiliary binary relation on L. If z £ vy,
then there exists an element u of L such that (u, ) € A; and u £ y.
(46) Let R be an approximating auxiliary binary relation on L. If (x, z) € R

and x # z, then there exists y such that x < y and (y, z) € R and = # y.
(47) Let R be an approximating auxiliary binary relation on L. Suppose z <
z and x # z. Then there exists an element y of L such that (z, y) € R
and (y, z) € Rand z # y.
(48) For every lower-bounded continuous lattice L holds <, satisfies strong
interpolation property.
Let L be a lower-bounded continuous lattice. Observe that < satisfies
strong interpolation property.
Next we state two propositions:
(49) Let L be a lower-bounded continuous lattice and z, y be elements of L. If
x < y, then there exists an element 2’ of L such that z < 2’ and 2/ < y.
(50) Let L be a lower-bounded continuous lattice and x, y be elements of L.
Then z < y if and only if for every non empty directed subset D of L
such that y < sup D there exists an element d of L such that d € D and
T L d.

3. EXERCISES

Let L be a relational structure, let X be a subset of L, and let R be a binary
relation on the carrier of L. We say that X is directed w.r.t. R if and only if:

(Def. 23) For all elements z, y of L such that z € X and y € X there exists an
element z of L such that z € X and (z, z) € R and (y, z) € R.

We now state the proposition

(51) Let L be a relational structure and X be a subset of L. Suppose X is
directed w.r.t. the internal relation of L. Then X is directed.

Let L be a relational structure, let X be a set, let « be an element of L, and
let R be a binary relation on the carrier of L. We say that x is maximal w.r.t.
X, R if and only if:
(Def. 24) z € X and it is not true that there exists an element y of L such that
y € X and y # = and (z, y) € R.

Let L be a relational structure, let X be a set, and let = be an element of
L. We say that = is maximal in X if and only if:

(Def. 25) =z is maximal w.r.t. X, the internal relation of L.
One can prove the following proposition
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(52) Let L be a relational structure, X be a set, and x be an element of L.
Then x is maximal in X if and only if the following conditions are satisfied:
(i) z€ X, and
(ii) it is not true that there exists an element y of L such that y € X and
x <y.
Let L be a relational structure, let X be a set, let « be an element of L, and
let R be a binary relation on the carrier of L. We say that z is minimal w.r.t.
X, R if and only if:
(Def. 26) z € X and it is not true that there exists an element y of L such that
y€ X and y # x and (y, =) € R.
Let L be a relational structure, let X be a set, and let = be an element of
L. We say that = is minimal in X if and only if:

(Def. 27) x is minimal w.r.t. X, the internal relation of L.
We now state several propositions:

(53) Let L be a relational structure, X be a set, and x be an element of L.
Then z is minimal in X if and only if the following conditions are satisfied:
(i) z€ X, and
(ii) it is not true that there exists an element y of L such that y € X and
x> y.
(54) If A; satisfies strong interpolation property, then for every x such that
there exists y which is maximal w.r.t. | 4,2, A1 holds (x, z) € A;.

(55) If for every x such that there exists y which is maximal w.r.t. {4,7, 4;
holds (z, ) € Ay, then A; satisfies strong interpolation property.

(56) If A; satisfies interpolation property, then for every x holds |4,z is
directed w.r.t. Aj.

(57) If for every = holds | 4,7 is directed w.r.t. Ay, then A; satisfies interpo-
lation property.

(58) Let R be an approximating auxiliary binary relation on L. Suppose R
satisfies interpolation property. Then R satisfies strong interpolation pro-
perty.

Let us consider L. One can verify that every approximating auxiliary bi-
nary relation on L which satisfies interpolation property satisfies also strong
interpolation property.
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2’s Complement Circuit
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Nagano Nagano

Summary. This article introduces various Boolean operators which are
used in discussing the properties and stability of a 2’s complement circuit. We pre-
sent the definitions and related theorems for the following logical operators which
include negative input/output: ’and2a’, ’or2a’, 'xor2a’ and 'nand2a’, 'nor2a’, etc.
We formalize the concept of a 2’s complement circuit, define the structures of
complementors/incrementors for binary operations, and prove the stability of the

circuit.

MML Identifier: TWOSCOMP.

The terminology and notation used here are introduced in the following articles:
[13], [15], [12], [1], [17], [5], [6], [16], [2], [4], [11], [14], [10], [8], [9], [7], and [3].

1. BOOLEAN OPERATORS

Let x be a set. Then (x) is a finite sequence with length 1. Let y be a set.
Then (z,y) is a finite sequence with length 2. Let z be a set. Then (z,y, z) is a
finite sequence with length 3.

Let n, m be natural numbers, let p be a finite sequence with length n, and
let ¢ be a finite sequence with length m. Then p ~ ¢ is a finite sequence with
length n + m.

Let S be an unsplit non void non empty many sorted signature, let A be a
Boolean circuit of S, let s be a state of A, and let v be a vertex of S. Then s(v)
is an element of Boolean.

Next we state two propositions:

(1) For every function f and for all sets z1, xo such that z; € dom f and
z2 € dom f holds f - (z1,22) = (f(z1), f(22)).

@ 1997 University of Bialystok
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(2) For every function f and for all sets x1, xq, 3 such that 21 € dom f and
x9 € dom f and z3 € dom f holds f - (z1,x9,23) = (f(z1), f(x2), f(23)).
The function ands from Boolean? into Boolean is defined by:
(Def. 1) For all elements z, y of Boolean holds anda((x,y)) =z A y.
The function ands, from Boolean? into Boolean is defined by:
(Def. 2) For all elements z, y of Boolean holds (anda,)((z,y)) = -z A y.
The function andsy, from Boolean? into Boolean is defined as follows:
(Def. 3) For all elements z, y of Boolean holds (andy)((z,y)) = -z A —y.
The function nand, from Boolean? into Boolean is defined by:
(Def. 4) For all elements z, y of Boolean holds nands({x,y)) = = (z A y).
The function nands, from Boolean? into Boolean is defined as follows:
(Def. 5) For all elements z, y of Boolean holds (nanda,)({x,y)) = = (- A y).
The function nands, from Boolean? into Boolean is defined as follows:
(Def. 6) For all elements z, y of Boolean holds (nands)((x,y)) = =(—z A —y).
The function ory from Boolean? into Boolean is defined by:
(Def. 7) For all elements z, y of Boolean holds ora({x,y)) =z V y.
The function org, from Boolean? into Boolean is defined as follows:
(Def. 8) For all elements z, y of Boolean holds (ora,)({x,y)) = —x V y.
The function ors, from Boolean? into Boolean is defined as follows:
(Def. 9) For all elements z, y of Boolean holds (org)((x,y)) = —a V —y.
The function nors from Boolean? into Boolean is defined by:
(Def. 10) For all elements z, y of Boolean holds nora({z,y)) = —(z V y).
The function nors, from Boolean? into Boolean is defined by:
(Def. 11) For all elements x, y of Boolean holds (nors,)({z,y)) = =(—x V y).
The function nory, from Boolean? into Boolean is defined as follows:
(Def. 12)  For all elements z, y of Boolean holds (norg)({x,y)) = —=(—z V —y).
The function xors from Boolean? into Boolean is defined by:
(Def. 13) For all elements z, y of Boolean holds xory((z,y)) =z @ y.
The function xors, from Boolean? into Boolean is defined as follows:
(Def. 14) For all elements x, y of Boolean holds (xory,)({(z,y)) = -z @ y.
The function xors, from Boolean? into Boolean is defined as follows:
(Def. 15) For all elements x, y of Boolean holds (xorg)({z,y)) = ~x & —y.
We now state a number of propositions:
(3) For all elements z, y of Boolean holds anda({z,y)) = zAy and (anda,)({z,
y)) =~z Ay and (andg)((z,y)) = ~2 A ~y.
(4) For all elements z, y of Boolean holds nandy((z,y)) = —(z A y) and
(nandaq)((z,)) = =(-z Ay) and (nandg)((z,y)) = —(-z A —y).
(5) For all elements z, y of Boolean holds ors({z,y)) = z Vy and (ory,)({z,
y)) =~z Vy and (orgp)((z,y)) = =z V —y.
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(6) For all elements x, y of Boolean holds nors({x,y)) = —(z V y) and
(noraq)((z,y)) = =(—2 Vy) and (norg)((z,y)) = ~(-z V —y).
(7)  For all elements x, y of Boolean holds xora((z,y)) = x@®y and (xora,)({z,
y)) = 7z @y and (xory)((z,y)) = "= & y.
(8) For all elements x, y of Boolean holds ands((x,y)) = (norg)({z,y)) and
(andzq)((z,)) = (noraq)((y, x)) and (andg)((x,y)) = nora((z,y)).
(9) For all elements x, y of Boolean holds ory({z,y)) = (nandg)({z,y)) and
(orzq)({z, y)) = (nandaq)({y, z)) and (org)((z,y)) = nands((z,y)).
(10) For all elements z, y of Boolean holds (xorsp)((x,y)) = xora({z,y)).
(11)(1) ands((0,0)) =0,

(ii) andy((0,1)) = 0
(i) ands((1,0)) =
(iv) andy((1,1)) = 1
(v)  (andy)((0,0)) =0,
vi)  (andge)((0,1)) =1,
(vii)  (ands,)((1,0)) =0,
(viii)  (andgs)({1,1)) =0,
(ix)  (andg)((0,0)) =1,
(x)  (and2)((0,1)) =0,
(xi) (andg)((1,0)) =0, and
(xii)  (andgp)((1,1)) = 0.
(12)3)  ora({0,0)) =0,
(i)  orz((0,1)) =1,
(i)  ory((1,0)) =1,
(iv) ora((1,1)) =1,
(v)  (orq)({0,0)) =1,
(vi)  (or2q)((0,1)) =1,
(vil)  (oraq)((1,0)) =0,
(viii)  (org)((1,1)) =1,
(ix)  (org)({0,0)) =1,
(x)  (org)((0,1)) =1,
(xi)  (orgp)((1,0)) =1, and
(xii)  (orgp)((1,1)) =0.
(13) xor((0,0)) = 0 and xorz((0,1)) = 1 and xors((1,0)) = 1 and xors((1,
1)) = 0 and (xorg,)((0,0)) = 1 and (x0ra,)((0,1)) = 0 and (xors,)((1,
0)) = 0 and (xorg,)((1,1)) = 1.

The function ands from Boolean® into Boolean is defined as follows:
(Def. 16) For all elements z, y, z of Boolean holds ands({x,y,2)) =z Ay A z.
The function ands, from Boolean® into Boolean is defined by:
(Def. 17) For all elements z, y, z of Boolean holds (ands,)((x,y,2)) = "z Ay A z.
The function ands, from Boolean® into Boolean is defined by:
(Def. 18) For all elements z, y, z of Boolean holds (andsp)({x,y, z)) = "z A—yA z.
The function ands. from Boolean® into Boolean is defined by:
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(Def. 19) For all elements z, y, z of Boolean holds (ands.)({(z,y, z)) = "z A-yA-z.
The function nands from Boolean® into Boolean is defined by:
(Def. 20) For all elements z, y, z of Boolean holds nands({x,y,z)) = ~(z Ay A z).
The function nands, from Boolean® into Boolean is defined as follows:
(Def. 21) For all elements x, y, z of Boolean holds (nands,)({z,y,2)) = —(-x A
YA z).
The function nands;, from Boolean® into Boolean is defined as follows:
(Def. 22) For all elements x, y, z of Boolean holds (nandsp)((z,y,2)) = —(-x A
-y A z).
The function nands. from Boolean® into Boolean is defined by:
(Def. 23) For all elements x, y, z of Boolean holds (nands.)((z,y,2)) = —(-x A
-y A —z).
The function ors from Boolean® into Boolean is defined by:
(Def. 24) For all elements z, y, z of Boolean holds ors((z,y,2)) =xVyV z.
The function ors, from Boolean® into Boolean is defined as follows:
(Def. 25) For all elements z, y, z of Boolean holds (ors,)((z,y,2)) = "z VyV z.
The function ors, from Boolean® into Boolean is defined as follows:
(Def. 26) For all elements z, y, z of Boolean holds (orsy)({z,y,2)) = "z V -y V z.
The function ors. from Boolean® into Boolean is defined as follows:
(Def. 27) For all elements z, y, z of Boolean holds (ors.)({x,y, z)) = ~xV -y V z.
The function nors from Boolean® into Boolean is defined by:
(Def. 28) For all elements z, y, z of Boolean holds nors({x,y,z)) = =(x VyV z).
The function nors, from Boolean® into Boolean is defined as follows:
(Def. 29) For all elements z, y, z of Boolean holds (nors,)((z,y, z)) = =(-zVyVz).
The function nors, from Boolean® into Boolean is defined by:
(Def. 30) For all elements x, y, z of Boolean holds (nors)({z,y, z)) = =(-xV-yV
z).
The function nors. from Boolean® into Boolean is defined by:
(Def. 31) For all elements z, y, z of Boolean holds (nors.)({z,y,2)) = =(-zV -yV
—z).
The function xors from Boolean® into Boolean is defined by:
(Def. 32) For all elements z, y, z of Boolean holds xors((z,y,2)) =z &y & 2.
Next we state a number of propositions:

(14) For all elements z, y, z of Boolean holds ands({z,y,2)) = 2 Ay A z and
(ands,)({z,y,2)) = =z Ay A z and (andsy)({z,y,2)) = =z A =y A z and
(ands.)({x,y, 2)) = "z A -y A —z.

(15) Let z, y, z be elements of Boolean. Then nands({x,y,z)) = ~(z Ay A z2)
and (nands,)({z,y,2)) = (-2 Ay A z) and (nandsp)((z,y, 2)) = =(—z A
-y A z) and (nands.)((z,y, z)) = ~(-x A =y A —z).
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(16) For all elements x, y, z of Boolean holds ors((z,y,z)) = = Vy V z and
(orsq)({(z,y, 2)) = 7xVyVz and (orgy)({x,y, z)) = ~xV-yVz and (ors.)({z,
y,z)) = "x V -y V oz

—(zxVyVz)and

—(mx V oy Voz)

(17) Let x, y, z be elements of Boolean. Then nors((z,y, z))
(norsa)({(z,y,2)) = ~(-z VyV z) and (norsy)((z,y, 2))
and (nors.)((z,y,2)) = =(—z V -y V —z2).

(18) For all elements z, y, z of Boolean holds xors((z,y,2)) =x @y ® z.

(19) For all elements z, y, z of Boolean holds ands({x,y,z)) = (nors.)({z,
y,z)) and (andga)((x,y,z>) = (DOI‘gb)(<Z,y,$>) and (andgb)(<x,y,z>) =
(nors,)((z,y,z)) and (ands.)((z,y, 2)) = nors({(z,y, 2)).

(20) For all elements z, y, z of Boolean holds ors({z,y, z)
y,2)) and (orzq)({(z,y,2)) = (nands)((z,y,2)) and (
(nands,)((z,y,z)) and (ors.)({z,y, z)) = nands((z,y, 2)).

(21) and3({0,0,0)) = 0 and ands3((0,0,1)) = 0 and and3((0,1,0)) = 0 and
and3((0,1,1)) = 0 and andg((l 0>) = 0 and and3((1,0,1)) = 0 and
ands((1,1,0)) and ands((1,1,1)) = 1.

(22) (andsq)((0,0,0)) = 0 and (andga)(<0 0,1)) = a
and (andga)(( 0,1,1)) = 1 and (a dga) (1,0, 0)) = 0 and (ands,)((1,0,
1)) =0 and (andga ((1,1,0)) = 0 and (a dsq)((1,1 >) 0.

(23) (and3)({0,0,0)) = 0 and (ands,)({0,0,1)) = 1 and (ands,)({0,1,0))
0 and (andgb ((0,1,1)) = 0 and (andgb)(< ,0, >) = and (andgb)(<1

1)) = 0 and (andz)((1,1,0)) = 0 and (andy) 0. 1>>

)

1,1
(24) (ands.)((0,0,0)) = >1 and (ands.)((0,0,1)) = (andgc)(<0 1,0)) =
) 1

) = (nands.)({z,
0r3b)(<x7y7z>) -

nd (ands,)((0,1,0)) =0

O

9

0 and (ands.)((0,1,1)) = 0 and (ands.)((1,0, 0)) = 0 and (andgc)(< ,
1)) = 0 and (ands.)((1,1,0)) = 0 and (ands.)((1,1, >) = 0.

(25) or3((0,0,0)) = 0 and ors((0,0,1)) = 1 and 0r3(< ,0)) = 1 and ors((0,
1,1)) = 1 and or3((1,0,0)) = 1 and or3((1,0,1)) = 1 and or3((1,1,0)) =1
and orz((1,1,1)) = 1.

(26) (orse)((0,0,0)) =1 and (or3,)((0,0,1)) =1 and (ors,)({0,1,0)) =1 and
(or34)((0,1,1)) =1 and (orze)((1,0,0)) = 0 and (ors,)((1,0,1)) = 1 and
(or3q)((1,1,0)) =1 and (ors,)((1,1,1)) = 1.

(27) (orsp)((0,0,0)) =1 and (ors)((0,0,1)) = 1 and (orsp)((0,1,0)) =1 and
(orsy)({0,1,1)) = 1 and (orgy)((1,0,0)) = 1 and (orsp)((1,0,1)) = 1 and
(ora)({1,1,0)) = 0 and (ora)({1,1, 1)) = 1.

(28) (ors.)({0,0,0)) =1 and (or3.)({0,0,1)) = 1 and (ors.)((0,1,0)) =1 and
(or3:)({0,1,1)) = 1 and (ors.)((1,0,0)) = 1 and (ors.)((1,0,1)) = 1 and
(or3)((1,1,0)) =1 and (ors.)((1,1,1)) = 0.

(29) xor3((0,0,0)) = 0 and xor3((0,0,1)) = 1 and xor3({0,1,0)) = 1 and
xorg((0,1,1)) = 0 and xors((1,0,0)) = 1 and xor3((1,0,1)) = 0 and
xors((1,1,0)) = 0 and xorg((1,1,1)) =1
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2. 2’sS COMPLEMENT CIRCUIT PROPERTIES

Let x, b be sets. The functor CompStr(zx, b) yields an unsplit non void strict
non empty many sorted signature with arity held in gates and Boolean denota-
tion held in gates and is defined by:

(Def. 33) CompStr(x,b) = 1GateCircStr((z, b),x0ra,).

Let z, b be sets. The functor CompCirc(x,b) yields a strict Boolean circuit

of CompStr(x,b) with denotation held in gates and is defined as follows:
(Def. 34) CompCirc(zx,b) = 1GateCircuit(z, b, xora, ).

Let x, b be sets. The functor CompOutput(z,b) yielding an element of

InnerVertices(CompStr(z, b)) is defined by:
(Def. 35) CompOutput(z,b) = {((z,b), xora, ).

Let z, b be sets. The functor IncrementStr(z, b) yielding an unsplit non void
strict non empty many sorted signature with arity held in gates and Boolean
denotation held in gates is defined by:

(Def. 36) IncrementStr(x,b) = 1GateCircStr((z, b), ands,).

Let =, b be sets. The functor IncrementCirc(z,b) yields a strict Boolean
circuit of IncrementStr(z,b) with denotation held in gates and is defined as
follows:

(Def. 37) IncrementCirc(x,b) = 1GateCircuit(z, b, ands,).

Let x, b be sets. The functor IncrementOutput(z,b) yields an element of

InnerVertices(IncrementStr(z, b)) and is defined by:
(Def. 38) IncrementOutput(z,bd) = ((z,b), andy, ).

Let x, b be sets. The functor BitCompStr(z, b) yielding an unsplit non void
strict non empty many sorted signature with arity held in gates and Boolean
denotation held in gates is defined as follows:

(Def. 39) BitCompStr(x,b) = CompStr(z, b)+- IncrementStr(z, b).
Let z, b be sets. The functor BitCompCirc(x,b) yielding a strict Boolean
circuit of BitCompStr(z,b) with denotation held in gates is defined by:
(Def. 40) BitCompCirc(z, b) = CompCirc(x, b)+- IncrementCirc(z, b).
One can prove the following propositions:

(30) For all non pair sets z, b holds InnerVertices(CompStr(z, b)) is a binary
relation.

(31) For all non pair sets =, b holds = € the carrier of CompStr(z,b) and
b € the carrier of CompStr(z,b) and ((z,b), xora,) € the carrier of
CompStr(z,b).

(32) For all non pair sets z, b holds the carrier of CompStr(z,b) = {z,b} U
{{{z,b), xor2a .

(33) For all non pair sets z, b holds InnerVertices(CompStr(z,b)) = {{(z, b),
XO0Tgq ) }.
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(34) For all non pair sets x, b holds ((z,b), xorg, ) €
InnerVertices(CompStr(z, b)).

(35) For all non pair sets x, b holds InputVertices(CompStr(z, b)) = {z, b}.

(36) For all non pair sets z, b holds = € InputVertices(CompStr(z,b)) and
b € InputVertices(CompStr(z, b)).

(37) For all non pair sets x, b holds InputVertices(CompStr(x, b)) has no pairs.

(38) For all non pair sets z, b holds InnerVertices(IncrementStr(z, b)) is a
binary relation.

(39) For all non pair sets z, b holds x € the carrier of IncrementStr(z,b) and
b € the carrier of IncrementStr(x,b) and ((z,b), andy, ) € the carrier of
IncrementStr(z, b).

(40) For all non pair sets x, b holds the carrier of IncrementStr(z,b) = {x,b}U
{{(,b), andag ).

(41) For all non pair sets z, b holds InnerVertices(IncrementStr(x, b)) = {((z,
b), anda, ) }.

(42) For all non pair sets x, b holds ((z,b), andg, ) €
InnerVertices(IncrementStr(z, b)).

(43) For all non pair sets x, b holds InputVertices(IncrementStr(x,b)) =
(44) For all non pair sets z, b holds z € InputVertices(IncrementStr(x,b))
and b € InputVertices(IncrementStr(x,b)).
pairs.
(46) For all non pair sets z, b holds InnerVertices(BitCompStr(z,b)) is a
(47) Let x, b be non pair sets. Then
(i) =z € the carrier of BitCompStr(z,b),
(ii) b € the carrier of BitCompStr(z, b),
iii)  ((x,b), xory, ) € the carrier of BitCompStr(z,b), and
)
(48) For all non pair sets z, b holds the carrier of BitCompStr(x,b) = {z,b}U
{({z,b), x0rzq ), ((2,b), andaa ) }-
b), xora, ), ((x,b), anda, ) }.
(50) For all non pair sets x, b holds ((z,b), xore, ) €
InnerVertices(BitCompStr(z, b)).
(51) For all non pair sets x, b holds Input Vertices(BitCompStr(z, b)) = {z, b}.
)
b € InputVertices(BitCompStr(z, b)).
(53) For all non pair sets x, b holds InputVertices(BitCompStr(z, b)) has no

{z,b}.

(45) For all non pair sets x, b holds InputVertices(IncrementStr(z, b)) has no
binary relation.

(iv)  ((z,b), anda, ) € the carrier of BitCompStr(z,b).

(49) For all non pair sets x, b holds InnerVertices(BitCompStr(x,b)) = {((z,
InnerVertices(BitCompStr(z,b)) and ((z,b), ands, ) €

(52) For all non pair sets x, b holds « € InputVertices(BitCompStr(x,b)) and
pairs.

195
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(54) For all non pair sets x, b and for every state s of CompCirc(z,b)
holds (Following(s))(CompOutput(z, b)) =  (xorsa)((s(x), 5(5))) and
(Following(s))(z) = s(z) and (Following(s))(b) = s(b).

(55) Let z, b be non pair sets, s be a state of CompCirc(z,b), and
ap, ay be elements of Boolean. If a; = s(x) and as = s(b), then
(Following(s))(CompOutput(z, b)) = —a; @ as and (Following(s))(z) = a1
and (Following(s))(b) = as.

(56) For all non pair sets =, b and for every state s of BitCompCirc(zx,b)
holds (Following(s))(CompOutput(z,b)) = (xora,)((s(x),s(b))) and
(Following(s))(x) = s(z) and (Following(s))(b) = s(b).

(57) Let z, b be non pair sets, s be a state of BitCompCirc(z,b), and
aj, az be elements of Boolean. If a; = s(x) and as = s(b), then
(Following(s))(CompOutput(z, b)) = —a; ® as and (Following(s))(z) = a1
and (Following(s))(b) = as.

(58) For all non pair sets x, b and for every state s of IncrementCirc(zx,b)
holds (Following(s))(IncrementOutput(z,b)) = (andz,)({s(z),s(b))) and
(Following(s))(x) = s(z) and (Following(s))(b) = s(b).

(59) Let =z, b be non pair sets, s be a state of IncrementCirc(z,b),
and aj, ay be elements of Boolean. If a1 = s(z) and ay =
s(b), then (Following(s))(IncrementOutput(z,b)) = -a; A ay and
(Following(s))(z) = ay and (Following(s))(b) = as.

(60) For all non pair sets =, b and for every state s of BitCompCirc(zx,b)
holds (Following(s))(IncrementOutput(z,b)) = (anda,)({s(z),s(b))) and
(Following(s))(z) = s(z) and (Following(s))(b) = s(b).

(61) Let x, b be non pair sets, s be a state of BitCompCirc(z,b),
and aj, ay be elements of Boolean. If a3 = s(z) and ay =
s(b), then (Following(s))(IncrementOutput(z,b)) = -a; A a2 and
(Following(s))(x) = ay and (Following(s))(b) = as.

(62) Let z, b be non pair sets and s be a state of BitCompCirc(z,b).
Then (Following(s))(CompOutput(z,)) =  (xorsa)({s(z), 5(b))) and
(Following(s))(IncrementOutput(z, b)) = (anda,)({s(z), s(b))) and
(Following(s))(x) = s(z) and (Following(s))(b) = s(b).

(63) Let x, b be non pair sets, s be a state of BitCompCirc(z,b),

and aj, ay be elements of Boolean. Suppose a3 = s(z) and
a; = s(b). Then (Following(s))(CompOutput(z,b)) = -a; &
ay and (Following(s))(IncrementOutput(z,b)) = -—a; A a2 and

(Following(s))(z) = a; and (Following(s))(b) = as.
(64) For all non pair sets x, b and for every state s of BitCompCirc(z, b) holds
Following(s) is stable.
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Summary. The class of continuous lattices can be characterized by infi-
nitary equations. Therefore, it is closed under the formation of subalgebras and
homomorphic images. Following the terminology of [18] we introduce a continu-
ous lattice subframe to be a sublattice closed under the formation of arbitrary
infs and directed sups. This notion corresponds with a subalgebra of a continuous
lattice in [16].

The class of completely distributive lattices is also introduced in the paper.
Such lattices are complete and satisfy the most restrictive type of the general
distributivity law. Obviously each completely distributive lattice is a Heyting
algebra. It was hard to find the best Mizar implementation of the complete di-
stributivity equational condition (denoted by CD in [16]). The powerful and well
developed Many Sorted Theory gives the most convenient way of this formaliza-
tion. A set double indexed by K, introduced in the paper, corresponds with a
family {z;x : j € J,k € K(j)}. It is defined to be a suitable many sorted function.
Two special functors: Sups and Infs as counterparts of Sup and Inf respectively,
introduced in [38], are also defined. Originally the equation in Definition 2.4 of
[16, p. 58] looks as follows:

/\jeJVkeK(]’)ka = erM/\jeij,f(j)v
where M is the set of functions defined on J with values f(j) € K(j).

MML Identifier: WAYBEL_5.

The articles [30], [37], [12], [15], [35], [10], [11], [1], [4], [29], [36], [5], [2], [28],
[13], [9], [32], [21], [22], [33], [19], [24], [27], [20], [25], [31], [3], [26], [23], [6], [17],
[38], [14], [7], [8], and [34] provide the terminology and notation for this paper.
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1. THE CONTINUITY OF LATTICES

In this paper z, y are arbitrary, X denotes a set, and L denotes an up-
complete semilattice.
One can prove the following propositions:

(1) L is continuous if and only if for every element x of L holds |z is an
ideal of L and z < sup |z and for every ideal I of L such that x < sup [
holds |z C I.

(2) L is continuous if and only if for every element x of L there exists an
ideal I of L such that x < sup/ and for every ideal J of L such that
xz <sup.J holds I C .J.

(3) For every continuous lower-bounded sup-semilattice L holds SupMap(L)
has a lower adjoint.

(4) For every up-complete lower-bounded lattice L such that SupMap(L) is
upper adjoint holds L is continuous.

(5) For every complete semilattice L such that SupMap(L) is infs-preserving
and sups-preserving holds SupMap(L) has a lower adjoint.

Let J, D be sets and let K be a many sorted set indexed by J. A set of
elements of D double indexed by K is a many sorted function from K into
Jr— D.

Let J be a set, let K be a many sorted set indexed by J, and let S be a 1-
sorted structure. A set of elements of S double indexed by K is a set of elements
of the carrier of S double indexed by K.

We now state the proposition

(6) Let J, D be sets, K be a many sorted set indexed by J, F be a set of
elements of D double indexed by K, and j be arbitrary. If j € J, then
F(3j) is a function from K (j) into D.

Let J, D be non empty sets, let K be a many sorted set indexed by J, let
F be a set of elements of D double indexed by K, and let j be an element of J.
Then F(j) is a function from K (j) into D.

Let J, D be non empty sets, let K be a non-empty many sorted set indexed
by J, let F' be a set of elements of D double indexed by K, and let j be an
element of J. One can check that rng F'(j) is non empty.

Let J be a set, let D be a non empty set, and let K be a non-empty many
sorted set indexed by J. One can check that every set of elements of D double
indexed by K is non-empty.

Next we state four propositions:

(7) For every function yielding function F' and for arbitrary f such that
f € domFrege(F') holds f is a function.

(8) For every function yielding function F' and for every function f such that
f € dom Frege(F) holds dom f = dom F' and dom F' = dom(Frege(F))(f).
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(9) Let F be a function yielding function and f be a function. Suppose
f € domFrege(F). Let i be arbitrary. If i € dom F, then f(i) € dom F'(4)
and (Frege(F))(f)(i) = F(i)(f(i)) and F(i)(f(i)) € rng(Frege(F))(f).

(10) Let J, D be sets, K be a many sorted set indexed by J, F' be a set of ele-
ments of D double indexed by K, and f be a function. If f € dom Frege(F),
then (Frege(F'))(f) is a function from J into D.

Let f be a non-empty function. Note that dom, f(k) is non-empty.

Let J, D be sets, let K be a many sorted set indexed by J, and let F' be a
set of elements of D double indexed by K. Then Frege(F') is a set of elements
of D double indexed by [[(dom, F(k)) — J.

Let J, D be non empty sets, let K be a non-empty many sorted set indexed
by J, let F' be a set of elements of D double indexed by K, let G be a set of
elements of D double indexed by [[(dom, F'(k)) — J, and let f be an element
of [[(dom, F(k)). Then G(f) is a function from J into D.

Let L be a non empty relational structure and let F' be a function yielding
function. The functor | | F' yields a function from dom F' into the carrier of L
and is defined as follows:

(Def. 1) For every z such that « € dom F' holds (L], F)(z) = |, ().

The functor ﬁLF yields a function from dom F' into the carrier of L and is
defined by:

(Def. 2)  For every x such that 2 € dom F holds ([, F)(z) = [.F ().

Let J be a set, let K be a many sorted set indexed by J, let L be a non
empty relational structure, and let F' be a set of elements of L double indexed
by K. We introduce Sups(F') as a synonym of | | F. We introduce Infs(F) as a

synonym of ﬁL F.

Let I, J be sets, let L be a non empty relational structure, and let F' be
a set of elements of L double indexed by I — J. We introduce Sups(F’) as a
synonym of uL F. We introduce Infs(F') as a synonym of ﬁL F.

The following four propositions are true:

(11) Let L be a non empty relational structure and F', G be function yielding
functions. If dom F' = dom G and for every x such that x € dom F' holds
U Fz) =, G(z), then | | F=|] G.

(12) Let L be a non empty relational structure and F', G be function yielding
functions. If dom F' = dom G and for every x such that x € dom F' holds
[LF(z) = [ 1G(z), then [ |, F =[], G.

(13) Let L be a non empty relational structure and F' be a function yielding
function. Then

(i) yerng |_|L F iff there exists « such that € dom F and y = | |, F(x),
and
(i) y€rng[], F iff there exists z such that z € dom F and y = [ L F(x).

(14) Let L be a non empty relational structure, J be a non empty set, K be
a many sorted set indexed by J, and F' be a set of elements of L double
indexed by K. Then
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(i) 2 € rngSups(F) iff there exists an element j of J such that z =
Sup(F(j)), and

(i) « € rnglnfs(F) iff there exists an element j of J such that z =
Inf(F(j)).

Let J be a non empty set, let K be a many sorted set indexed by J, let L
be a non empty relational structure, and let F' be a set of elements of L double
indexed by K. Observe that rngSups(F’) is non empty and rngInfs(F') is non
empty.

For simplicity we follow the rules: L is a complete lattice, a, b, ¢ are elements
of L, J is a non empty set, and K is a non-empty many sorted set indexed by
J.

One can prove the following propositions:

(15) Let F be a function yielding function. If for every function f such that
f € domFrege(F') holds [ |, (Frege(F))(f) < a, then Sup([ |; Frege(F')) <
a.

(16) For every set F of elements of L double indexed by K holds
Inf(Sups(F')) > Sup(Infs(Frege(F))).

(17) If L is continuous and for every c such that ¢ < a holds ¢ < b, then
a<b.

(18) Suppose that for every non empty set J such that J € the universe
of the carrier of L and for every non-empty many sorted set K indexed
by J such that for every element j of J holds K(j) € the universe of
the carrier of L and for every set F' of elements of L double indexed by
K such that for every element j of J holds rng F'(j) is directed holds
Inf(Sups(F')) = Sup(Infs(Frege(F'))). Then L is continuous.

(19) L is continuous if and only if for all J, K and for every set F of elements
of L double indexed by K such that for every element j of J holds rng F'(j)
is directed holds Inf(Sups(F')) = Sup(Infs(Frege(F"))).

Let J, K, D be non empty sets and let F' be a function from [ J, K | into
D. Then curry F' is a set of elements of D double indexed by J — K.

We follow a convention: J, K, D will denote non empty sets, j will denote
an element of J, and k will denote an element of K.

One can prove the following four propositions:

(20) For every function F from [.J, K ] into D holds domcurry F' = J and
dom(curry F)(j) = K and F({j, k)) = (curry F)(5) (k).

(21) L is continuous if and only if for all non empty sets J, K and for every
function F' from [J, K] into the carrier of L such that for every ele-
ment j of J holds rng(curry F)(j) is directed holds Inf(Sups(curry F')) =
Sup(Infs(Frege(curry F))).

(22) Let F be a function from [.J, K] into the carrier of L and
X be a subset of L. Suppose X = {a,a ranges over ele-
ments of L: Vf: non-empty many sorted set indexed by J (f € (Fln K)J N
\/G’:set of elements of L double indexed by f (/\j,a: (.%' € f(]) = G(])(.%’) -
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F({(j, z))) N a=Inf(Sups(G))))}. Then Inf(Sups(curry F')) > sup X.
(23) L is continuous if and only if for all J, K and for every

function F from [J, K| into the carrier of L and for every

subset X of L such that X = {a,a ranges over elements

. : J
of L: \/f: non-empty many sorted set indexed by J (f € (Fln K) N

\/G’:set of elements of L double indexed by f (/\j,az (x € f(j) = G(-])(x) =
F({j, x))) N a=1Inf(Sups(G))))} holds Inf(Sups(curry F')) = sup X.

2. COMPLETELY-DISTRIBUTIVE LATTICES

Let L be a non empty relational structure. We say that L is completely-
distributive if and only if the conditions (Def. 3) are satisfied.

(Def. 3)(i) L is complete, and
(ii)  for every non empty set J and for every non-empty many sorted set K
indexed by J and for every set F' of elements of L double indexed by K
holds Inf(Sups(F')) = Sup(Infs(Frege(F))).
In the sequel J will denote a non empty set and K will denote a non-empty
many sorted set indexed by J.
One can check that every non empty poset which is trivial is also completely-
distributive.
One can verify that there exists a lattice which is completely-distributive.
Next we state the proposition

(24) Every completely-distributive lattice is continuous.

Let us observe that every lattice which is completely-distributive is also
complete and continuous.
Next we state two propositions:

(25) Let L be a non empty antisymmetric transitive relational structure with
g.l.b.’s, x be an element of L, and X, Y be subsets of L. Suppose sup X
exists in L and sup Y exists in L and Y = {z My, y ranges over elements
of L: y € X}. Then 2 Msup X > supY.

(26) Let L be a completely-distributive lattice, X be a subset of L, and z be
an element of L. Then zMsup X = | |; {z My, y ranges over elements of L:
ye X}

Let us note that every lattice which is completely-distributive is also Heyting.

3. SUB-FRAMES OF CONTINUOUS LATTICES

Let L be a non empty relational structure. A continuous subframe of L is an
infs-inheriting directed-sups-inheriting non empty full relational substructure of
L.

We now state three propositions:
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(27) Let F be a set of elements of L double indexed by K. If for every element
j of J holds rng F'(j) is directed, then rng Infs(Frege(F')) is directed.

(28) If L is continuous, then every continuous subframe of L is a continuous
lattice.

(29) For every non empty poset S such that there exists a map from L into
S which is infs-preserving and onto holds S is a complete lattice.

Let J be a set and let y be arbitrary. We introduce J = y as a synonym
of J —y.

Let J be a set and let y be arbitrary. Then J —— y is a many sorted set
indexed by J. We introduce J = y as a synonym of J — y.

Let A, B, J be sets and let f be a function from A into B. Then J = f is
a many sorted function from J —— A into J — B.

We now state four propositions:

(30) Let A, B be sets, f be a function from A into B, and g be a function
from B into A. If g- f =1idy, then (J = g)o (J = f) =idj—a.

(31) Let J, A be non empty sets, B be a set, K be a many sorted set indexed
by J, F be a set of elements of A double indexed by K, and f be a function
from A into B. Then (J = f)oF is a set of elements of B double indexed
by K.

(32) Let J, A, B be non empty sets, K be a many sorted set indexed by J, F’
be a set of elements of A double indexed by K, and f be a function from
A into B. Then dom,((J = f) o F')(k) = domy, F(k).

(33) Suppose L is continuous. Let S be a non empty poset. Suppose there exi-
sts a map from L into S which is infs-preserving, directed-sups-preserving,
and onto. Then S is a continuous lattice.

ACKNOWLEDGMENTS

The author is greatly indebted to Grzegorz Bancerek for his inspiring in-
fluence during the preparation of this paper. Thanks are also due to the whole
Mizar team in Bialtystok for collaboration.

REFERENCES

[1] Grzegorz Bancerek. Curried and uncurried functions. Formalized Mathematics, 1(3):537—
541, 1990.

[2] Grzegorz Bancerek. Konig’s theorem. Formalized Mathematics, 1(3):589-593, 1990.

[3] Grzegorz Bancerek. Tarski’s classes and ranks. Formalized Mathematics, 1(3):563-567,
1990.

[4] Grzegorz Bancerek. Cartesian product of functions. Formalized Mathematics, 2(4):547—
552, 1991.

[5] Grzegorz Bancerek. Complete lattices. Formalized Mathematics, 2(5):719-725, 1991.

[6] Grzegorz Bancerek. Bounds in posets and relational substructures. Formalized Mathe-
matics, 6(1):81-91, 1997.

[7] Grzegorz Bancerek. Directed sets, nets, ideals, filters, and maps. Formalized Mathematics,
6(1):93-107, 1997.

[8] Grzegorz Bancerek. The “way-below” relation. Formalized Mathematics, 6(1):169-176,
1997.

[9] Jézef Biatas. Group and field definitions. Formalized Mathematics, 1(3):433-439, 1990.



THE EQUATIONAL CHARACTERIZATION OF ...

Czestaw Bylinski. Functions and their basic properties. Formalized Mathematics, 1(1):55—
%%ei?a%fl).Byliﬁski. Functions from a set to a set. Formalized Mathematics, 1(1):153-164,
bgzgegiaw Bylinski. Some basic properties of sets. Formalized Mathematics, 1(1):47-53,
%}9z9eg.1aw Bylinski. Products and coproducts in categories. Formalized Mathematics,

2(5):701-709, 1991.

Czestaw Bylinski. Galois connections. Formalized Mathematics, 6(1):131-143, 1997.
Agata Darmochwal. Finite sets. Formalized Mathematics, 1(1):165-167, 1990.

G. Gierz, K.H. Hofmann, K. Keimel, J.D. Lawson, M. Mislove, and D.S. Scott. A Com-
pendium of Continuous Lattices. Springer-Verlag, Berlin, Heidelberg, New York, 1980.
Adam Grabowski and Robert Milewski. Boolean posets, posets under inclusion and pro-
ducts of relational structures. Formalized Mathematics, 6(1):117-121, 1997.

Peter T. Johnstone. Stone Spaces. Cambridge University Press, Cambridge, London, New
York, 1982.

Malgorzata Korolkiewicz. Homomorphisms of many sorted algebras. Formalized Mathe-
matics, 5(1):61-65, 1996.

Jarostaw Kotowicz, Beata Madras, and Malgorzata Korolkiewicz. Basic notation of uni-
versal algebra. Formalized Mathematics, 3(2):251-253, 1992.

Beata Madras. Product of family of universal algebras. Formalized Mathematics, 4(1):103—
108, 1993.

Beata Madras. Products of many sorted algebras. Formalized Mathematics, 5(1):55-60,

1996.
Michal Muzalewski. Categories of groups. Formalized Mathematics, 2(4):563-571, 1991.

Yatsuka Nakamura and Grzegorz Bancerek. Combining of circuits. Formalized Mathema-
tics, 5(2):283-295, 1996.

Yatsuka Nakamura, Piotr Rudnicki, Andrzej Trybulec, and Pauline N. Kawamoto. Preli-
minaries to circuits, I. Formalized Mathematics, 5(2):167-172, 1996.

Bogdan Nowak and Grzegorz Bancerek. Universal classes. Formalized Mathematics,
1(3):595-600, 1990.

Beata Padlewska and Agata Darmochwal. Topological spaces and continuous functions.
Formalized Mathematics, 1(1):223-230, 1990.

Yozo Toda. The formalization of simple graphs. Formalized Mathematics, 5(1):137-144,

1996.
Andrzej Trybulec. Binary operations applied to functions. Formalized Mathematics,

1(2):329-334, 1990.
Andrzej Trybulec. Tarski Grothendieck set theory. Formalized Mathematics, 1(1):9-11,

1990.
Andrzej Trybulec. A Borsuk theorem on homotopy types. Formalized Mathematics,

2(4):535-545, 1991.

Andrzej Trybulec. Many-sorted sets. Formalized Mathematics, 4(1):15-22, 1993.
Andrzej Trybulec. Many sorted algebras. Formalized Mathematics, 5(1):37-42, 1996.
Andrzej Trybulec. Moore-Smith convergence. Formalized Mathematics, 6(2):213-225,

1997.
Andrzej Trybulec and Agata Darmochwal. Boolean domains. Formalized Mathematics,

1(1):187-190, 1990.
Wojciech A. Trybulec. Partially ordered sets. Formalized Mathematics, 1(2):313-319,

1990.
Edmund Woronowicz. Relations and their basic properties. Formalized Mathematics,

1(1):73-83, 1990.
Mariusz Zynel and Czestaw Bylinski. Properties of relational structures, posets, lattices
and maps. Formalized Mathematics, 6(1):123-130, 1997.

Received October 25, 1996



206 MARIUSZ ZYNEL



FORMALIZED MATHEMATICS
Volume 6, Number 2, 1997
University of Bialystok

Miscellaneous Facts about Relation
Structure!

Agnieszka Julia Marasik
Warsaw University
Biatystok

Summary. In the article notation and facts necessary to start with for-
malization of continuous lattices according to [5] are introduced.

MML Identifier: YELLOW_5.

The papers [1], [3], [4], [2], [6], and [7] provide the terminology and notation for
this paper.

1. INTRODUCTION

One can prove the following propositions:

(1) For every reflexive antisymmetric relational structure L with Lu.b.’s and
for every element a of L holds a U a = a.

(2) For every reflexive antisymmetric relational structure L with g.1.b.’s and
for every element a of L holds alla = a.

(3) Let L be a transitive antisymmetric relational structure with L.u.b.’s and
a, b, ¢ be elements of L. If aL1b < ¢, then a < c.

(4) Let L be a transitive antisymmetric relational structure with g.1.b.’s and
a, b, ¢ be elements of L. If ¢ < aMb, then ¢ < a.

(5) Let L be an antisymmetric transitive relational structure with l.u.b.’s
and g.l.b.’s and a, b, ¢ be elements of L. Then alb < allc.
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1336.
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(6) Let L be an antisymmetric transitive relational structure with g.l.b.’s
and a, b, ¢ be elements of L. If a < b, then allec< blMe.

(7) Let L be an antisymmetric transitive relational structure with lL.u.b.’s
and a, b, ¢ be elements of L. If a < b, thenallc < blUec.

(8) For every sup-semilattice L and for all elements a, b of L such that a <b
holds a LIb = b.

(9) For every sup-semilattice L and for all elements a, b, ¢ of L such that
a<cand b< choldsallb<c.

(10) For every semilattice L and for all elements a, b of L such that b < a
holds ab =b.

2. DIFFERENCE IN RELATION STRUCTURE

We now state the proposition

(11) For every Boolean lattice L and for all elements =, y of L holds y is a
complement of x iff y = —z.

Let L be a non empty relational structure and let a, b be elements of L. The
functor a \ b yielding an element of L is defined as follows:

(Def. 1) a\b=am-b.

Let L be a non empty relational structure and let a, b be elements of L. The
functor a—=b yields an element of L and is defined as follows:

(Def. 2) a=b=(a\b)U(b\ a).
Let L be an antisymmetric relational structure with g.l.b.’s and l.u.b.’s and
let a, b be elements of L. Let us notice that the functor a—b is commutative.

Let L be a non empty relational structure and let a, b be elements of L. We

say that a meets b if and only if:
(Def. 3) amb# Lp.
We introduce a misses b as an antonym of a meets b.

Let L be an antisymmetric relational structure with g.l.b.’s and let a, b
be elements of L. Let us note that the predicate a meets b is symmetric. We
introduce a misses b as an antonym of a meets b.

Next we state a number of propositions:

(12) Let L be an antisymmetric transitive relational structure with g.l.b.’s
and L.u.b.’s and a, b, ¢ be elements of L. If a < ¢, then a \ b < c.

(13) Let L be an antisymmetric transitive relational structure with g.l.b.’s
and L.u.b.’s and a, b, ¢ be elements of L. If a < b, then a\ ¢ < b\ c.

(14) Let L be an antisymmetric transitive relational structure with g.l.b.’s
and L.u.b.’s and a, b be elements of L. Then a \ b < a.

(15) Let L be an antisymmetric transitive relational structure with g.l.b.’s
and Lu.b.’s and a, b be elements of L. Then a \ b < a=b.
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(16) For every lattice L and for all elements a, b, ¢ of L such that a\ b < ¢
and b\ a < ¢ holds a~b < c.

(17) For every lattice L and for every element a of L holds a meets a iff
a# 1r.

(18) Let L be an antisymmetric transitive relational structure with g.l.b.’s
and l.u.b.’s and a, b, ¢ be elements of L. Then aM (b\¢) =alb\ c.

(19) Let L be an antisymmetric transitive relational structure with g.l.b.’s.
Suppose L is distributive. Let a, b, ¢ be elements of L. If aNbUalec = a,
then a < bUec.

(20) For every lattice L such that L is distributive and for all elements a, b,
cof LholdsallbMe= (alUb)M(alc).

(21) For every lattice L such that L is distributive and for all elements a, b,
cof L holds (aUUb)\c= (a\c)U(b\ c).

3. LOWER-BOUND IN RELATION STRUCTURE

Next we state a number of propositions:

(22) Let L be a lower-bounded non empty antisymmetric relational structure
and a be an element of L. If a < L, then a = 1.

(23) Let L be a lower-bounded semilattice and a, b, ¢ be elements of L. If
a<banda<cand bMc= 1y, thena= 17 .

(24) Let L be alower-bounded antisymmetric relational structure with Lu.b.’s
and a, b be elements of L. If allb= 1, thena= 1y and b= 1.

(25) Let L be a lower-bounded antisymmetric transitive relational structure
with g.l.b.’s and a, b, ¢ be elements of L. If a < b and bMc¢ = 1L, then
allc = LL.

(26) For every lower-bounded semilattice L and for every element a of L holds
LL \ a = LL.

(27) Let L be a lower-bounded antisymmetric transitive relational structure
with g.1.b.’s and a, b, ¢ be elements of L. If a meets b and b < ¢, then a
meets c.

(28) Let L be a lower-bounded antisymmetric relational structure with g.1.b.’s
and a be an element of L. Then aM Ly = 1.

(29) Let L be a lower-bounded antisymmetric transitive relational structure
with g.1.b.’s and l.u.b.’s and a, b, ¢ be elements of L. If ¢ meets bl ¢, then
a meets b.

(30) Let L be a lower-bounded antisymmetric transitive relational structure
with g.l.b.’s and Lu.b.’s and a, b, ¢ be elements of L. If a meets b\ ¢, then
a meets b.

(31) Let L be a lower-bounded antisymmetric transitive relational structure
with g.1.b.’s and a be an element of L. Then a misses .
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(32) Let L be a lower-bounded antisymmetric transitive relational structure
with g.l.b.’s and a, b, ¢ be elements of L. If a misses ¢ and b < ¢, then a
misses b.

(33) Let L be a lower-bounded antisymmetric transitive relational structure
with g.1.b.’s and a, b, ¢ be elements of L. If a misses b or a misses ¢, then
a misses bTec.

(34) Let L be a lower-bounded lattice and a, b, ¢ be elements of L. If a < b
and a < ¢ and b misses ¢, then a = L.

(35) Let L be a lower-bounded antisymmetric transitive relational structure

with g.I.b.’s and a, b, ¢ be elements of L. If a misses b, then a N ¢ misses
bMe.

4. BOOLEAN LATTICES

We adopt the following rules: L will denote a Boolean non empty relational
structure and a, b, ¢, d will denote elements of L.
Next we state a number of propositions:

36) ambUbMcUcMNa=(alb)M1(bUc)M(cUa).
37) alM—-a=_1lpand al-a=Ty.
38) Ifa\b<c thena<bUec.
39) —(aUb) =-am-band =(aMb) = —all—b.
40) If a < b, then —b < —a.
41) Ifa < b, then c\b< c\ a.
42) Ifa<band c<d, thena\d<b\ec.
43) Ifa<bUc,thena\b<canda)c<b.
44) —a < =(aMb) and =b < =(aMb).
45) =(aUb) < —a and —(a Ub) < —b.
46) Ifa<b\a,thena= 1p.
< b, thenb=alU(b\ a).

48
49
0
1
2
3
4
55
56
o7

a\b:LL iff a <0b.
Ifa<bUcand ale= 1y, then a <b.
alb=(a\b)Ub.

a\(aUb)=1r.

a\alb=a\b.

(a\b)nb=1p.

all(b\a)=alUb.

aflblU(a\b) =a.
a\(b\c)=(a\b)UalMec.

a\ (a\b)=amb.
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MISCELLANEOUS FACTS ABOUT RELATION STRUCTURE

8) (alUb)\b=ua\b.

9) anb=_1piffa\b=a.

0) a\(bUc)=(a\b)M(a\ec).

1) a\bMNec=(a\b)U(a)\ ).

2) anl(b\c)=aMb\alec.

3) (aUb)\aNb=(a\b)L(b\ a).
4) a\b\c=a\ (bUc).

5) —(Llp)=Tr.

6) —(Tp)=1Lr.

7) a\a=lp.

8) a\LL:a.

9) —(a\b)=-alb.

0) afb misses a\ b.

) a\ b misses b.

) If a misses b, then (a Ub)\ b= a.
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Summary. The paper introduces the concept of a net (a generalized se-
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The notation and terminology used here are introduced in the following papers:
[30], [36], [35], [13], [31], [14], [37], [38], [11], [12], [10], [26], [9], [1], [2], [33], [23],

[24], [3], [4], [25], 18], [20], [39], [15], [27], [32], [21], [34], [5], [28], [6], [7], [17],
[19], [29], [8], and [22].

1. PRELIMINARIES

The scheme SubsetEq deals with a non empty set A, subsets B, C of A, and
a unary predicate P, and states that:
B=C
provided the following conditions are met:
e For every element y of A holds y € B iff P[y],
e For every element y of A holds y € C iff P[y].
We now state the proposition
(1) For all sets X, = holds X —— x is constant.
Let X, = be sets. Note that X —— x is constant.
Let f be a function. Let us assume that f is non empty and constant. The
value of f is defined by:

(Def. 1) There exists a set = such that z € dom f and the value of f = f(z).

!This work was partially supported by the Office of Naval Research Grant N00014-95-1-
1336.
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Let us note that there exists a function which is non empty and constant.
Let f be a non empty constant function. Then the value of f can be charac-
terized by the condition:

(Def. 2) There exists a set = such that € dom f and the value of f = f(z).
The following propositions are true:
(2) For every non empty set X and for every set  holds the value of X ——
T =1
(3) For every function f holds rng f C dom f.

Let us note that every set which is universal is also transitive and a Tarski
class and every set which is transitive and a Tarski class is also universal.
In the sequel x, X will be sets and T will be a universal class.
Let us consider X. The universe of X is defined as follows:
(Def. 3) The universe of X = T(X*¢).
We now state the proposition
(4) T(X) is a Tarski class.
Let us consider X. Note that T(X) is a Tarski class.
Let us consider X. Observe that the universe of X is transitive and a Tarski
class.
Let us consider X. One can check that the universe of X is universal and
non empty.
One can prove the following proposition
(5) For every function f such that dom f € T and rng f C T holds [[ f € T.

2. TOPOLOGICAL SPACES

Next we state the proposition
(6) Let T be a non empty topological space, A be a subset of T, and p be

a point of T. Then p € A if and only if for every neighbourhood G of p
holds G meets A.

Let T be a non empty topological space. We introduce 1" is Hausdorff as a
synonym of T" is T5.

One can verify that there exists a non empty topological space which is
Hausdorff.

One can prove the following two propositions:

(7) Let X be a non empty topological space and A be a subset of the carrier
of X. Then Qx is a neighbourhood of A.

(8) Let X be a non empty topological space, A be a subset of the carrier of
X, and Y be a neighbourhood of A. Then A CY.
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3. 1-SORTED STRUCTURES

The following proposition is true

(9) Let Y be a non empty set, J be a l-sorted yielding many sorted set
indexed by Y, and 7 be an element of Y. Then (support J)(i) = the carrier
of J(i).
Let us note that there exists a function which is non empty, constant, and
1-sorted yielding.
Let J be a 1-sorted yielding function. Let us observe that J is nonempty if
and only if:
(Def. 4) For every set ¢ such that ¢ € rngJ holds ¢ is a non empty 1-sorted
structure.

We introduce J is yielding non-empty carriers as a synonym of J is nonempty.

Let X be a set and let L be a 1-sorted structure. Observe that X —— L is
1-sorted yielding.

Let I be a set. Observe that there exists a 1-sorted yielding many sorted set
indexed by I which is yielding non-empty carriers.

Let I be a non empty set and let J be a relational structure yielding many
sorted set indexed by I. One can verify that the carrier of [] J is functional.

Let I be a set and let J be a yielding non-empty carriers 1-sorted yielding
many sorted set indexed by I. Observe that support J is non-empty.

Next we state the proposition

(10) Let T be a non empty 1-sorted structure, S be a subset of the carrier
of T, and p be an element of the carrier of 7. Then p ¢ S if and only if
pE—S.

4. RELATIONAL STRUCTURES

Let T be a non empty relational structure and let A be a lower subset of T'.
Observe that — A is upper.

Let T be a non empty relational structure and let A be an upper subset of
T. Observe that —A is lower.

Let N be a non empty relational structure. Let us observe that N is directed
if and only if:

(Def. 5) For all elements x, y of N there exists an element z of N such that z < z
and y < z.

Let X be a set. Note that 2% is directed.

Let us mention that there exists a relational structure which is non empty,
directed, transitive, and strict.

Let M be a non empty set, let N be a non empty relational structure, let
f be a function from M into the carrier of NV, and let m be an element of M.
Then f(m) is an element of N.
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Let I be a set. Note that there exists a relational structure yielding many
sorted set indexed by I which is yielding non-empty carriers.

Let I be a non empty set and let J be a yielding non-empty carriers relational
structure yielding many sorted set indexed by I. Observe that [] J is non empty.

Next we state the proposition

(11) For all relational structures Ry, Rz holds Qi g, gr,3 = [ Qr,)s Qry) -

Let Y1, Y5 be directed relational structures. Observe that [ Y7, Y5 ] is direc-
ted.
Next we state the proposition

(12) For every relational structure R holds the carrier of R = the carrier of
R~.
Let S be a 1-sorted structure and let N be a net structure over S. We say
that N is constant if and only if:

(Def. 6) The mapping of N is constant.

Let R be a relational structure, let T be a non empty 1-sorted structure, and
let p be an element of the carrier of T'. The functor R — p yielding a strict net
structure over 7' is defined by the conditions (Def. 7).

(Def. 7)(i)  The relational structure of (R — p) = the relational structure of R,
and

(ii)  the mapping of (R —— p) = (the carrier of (R +—— p)) — p.

Let R be a relational structure, let T" be a non empty 1-sorted structure,
and let p be an element of the carrier of T'. Note that R — p is constant.

Let R be a non empty relational structure, let 7' be a non empty 1-sorted
structure, and let p be an element of the carrier of T'. One can verify that R —— p
is non empty.

Let R be a non empty directed relational structure, let T" be a non empty
1-sorted structure, and let p be an element of the carrier of T'. Note that R —— p
is directed.

Let R be a non empty transitive relational structure, let T" be a non empty
1-sorted structure, and let p be an element of the carrier of T. One can check
that R —— p is transitive.

We now state two propositions:

(13) Let R be a relational structure, 7' be a non empty 1-sorted structure, and
p be an element of the carrier of 7. Then the carrier of (R — p) = the
carrier of R.

(14) Let R be a non empty relational structure, 7" be a non empty 1-sorted
structure, p be an element of the carrier of 7', and ¢ be an element of the
carrier of (R — p).Then (R p)(q) = p.

Let T' be a non empty 1l-sorted structure and let N be a non empty net
structure over T'. Observe that the mapping of N is non empty.
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5. SUBSTRUCTURES OF NETS

One can prove the following propositions:
(15) Every relational structure R is a full relational substructure of R.
(16) Let R be a relational structure and S be a relational substructure of R.
Then every relational substructure of S is a relational substructure of R.
Let S be a 1-sorted structure and let N be a net structure over S. A net
structure over S is called a structure of a subnet of N if:

(Def. 8) It is a relational substructure of N and the mapping of it = (the mapping
of N)[(the carrier of it).

Next we state two propositions:

(17) For every 1-sorted structure S holds every net structure N over S is a
structure of a subnet of V.

(18) Let @ be a 1-sorted structure, R be a net structure over @, and S be
a structure of a subnet of R. Then every structure of a subnet of S is a
structure of a subnet of R.

Let S be a 1-sorted structure, let N be a net structure over S, and let M be
a structure of a subnet of N. We say that M is full if and only if:

(Def. 9) M is a full relational substructure of N.

Let S be a 1-sorted structure and let N be a net structure over S. Note that
there exists a structure of a subnet of N which is full and strict.

Let S be a 1-sorted structure and let N be a non empty net structure over
S. Note that there exists a structure of a subnet of N which is full, non empty,
and strict.

One can prove the following three propositions:

(19) Let S be a 1-sorted structure, N be a net structure over S, and M be a
structure of a subnet of N. Then the carrier of M C the carrier of V.

(20) Let S be a l-sorted structure, N be a net structure over S, M be a
structure of a subnet of N, z, y be elements of N, and ¢, j be elements of
the carrier of M. If z =4 and y = j and ¢ < j, then z < y.

(21) Let S be a 1-sorted structure, N be a non empty net structure over S,
M be a non empty full structure of a subnet of N, z, y be elements of N,
and i, j be elements of the carrier of M. If x =i and y = j and = < v,
then 7 < j.

6. MORE ABOUT NETS

Let T be a non empty 1-sorted structure. One can verify that there exists a
net in 7" which is constant and strict.
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Let T be a non empty 1-sorted structure and let N be a constant net struc-
ture over T'. One can verify that the mapping of N is constant.

Let T be a non empty 1-sorted structure and let N be a net structure over
T. Let us assume that N is constant and non empty. The value of N yields an
element of 7" and is defined as follows:

(Def. 10) The value of N = the value of the mapping of N.
Let T be a non empty 1-sorted structure and let NV be a constant non empty
net structure over 7. Then the value of NV can be characterized by the condition:
(Def. 11) The value of N = the value of the mapping of N.
Next we state the proposition
(22) Let R be a non empty relational structure, 7' be a non empty 1-sorted
structure, and p be an element of the carrier of T. Then the value of
R+—p=np.
Let T be a non empty 1-sorted structure and let N be a net in T'. A net in
T is said to be a subnet of N if it satisfies the condition (Def. 12).
(Def. 12) There exists a map f from it into N such that
(i)  the mapping of it = (the mapping of N) - f, and
(ii) for every element m of N there exists an element n of it such that for
every element p of it such that n < p holds m < f(p).
We now state several propositions:
(23) For every non empty 1-sorted structure 7' holds every net N in T is a
subnet of N.

(24) Let T be a non empty 1l-sorted structure and Ny, Na, N3 be nets in 7.
Suppose Np is a subnet of Ny and Ny is a subnet of N3. Then Ny is a
subnet of N3.

(25) Let T be a non empty 1-sorted structure, N be a constant net in 7', and
i be an element of the carrier of N. Then N (i) = the value of N.

(26) Let L be a non empty 1-sorted structure, N be a net in L, and X, Y be
sets. If IV is eventually in X and eventually in Y, then X meets Y.

(27) Let S be anon empty 1-sorted structure, N be a net in S, M be a subnet
of N, and given X. If M is often in X, then N is often in X.

(28) Let S be a non empty 1-sorted structure, N be a net in S, and given X.
If N is eventually in X, then N is often in X.

(29) For every non empty 1-sorted structure S holds every net in S is even-
tually in the carrier of S.

7. THE RESTRICTION OF A NET

Let S be a 1-sorted structure, let N be a net structure over S, and let us
consider X. The functor N~!(X) yields a strict structure of a subnet of N and
is defined by:
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(Def. 13) N71(X) is a full relational substructure of N and the carrier of
N~YX) = (the mapping of N)~1(X).
Let S be a 1-sorted structure, let N be a transitive net structure over S,
and let us consider X. One can verify that N~1(X) is transitive and full.
We now state three propositions:
(30) Let S be a non empty 1-sorted structure, N be a net in S, and given X.
If N is often in X, then N~1(X) is non empty and directed.

(31) Let S be a non empty 1-sorted structure, N be a net in S, and given X.
If N is often in X, then N~!(X) is a subnet of N.

(32) Let S be a non empty 1-sorted structure, N be a net in S, given X, and
M be a subnet of N. If M = N=1(X), then M is eventually in X.

8. THE UNIVERSE OF NETS

Let X be a non empty 1-sorted structure. The functor NetUniv(X) is defined
by the condition (Def. 14).
(Def. 14) Let given z. Then x € NetUniv(X) if and only if there exists a strict
net NV in X such that N = z and the carrier of N € the universe of the
carrier of X.
Let X be a non empty 1-sorted structure. One can check that NetUniv(X)
is non empty.

9. PARAMETRIZED FAMILIES OF NETS, ITERATION

Let X be a set and let T' be a 1-sorted structure. A many sorted set indexed
by X is said to be a net set of X, T if:

(Def. 15) For every set i such that ¢ € rngit holds ¢ is a net in 7.
The following proposition is true

(33) Let X be a set, T be a 1-sorted structure, and F' be a many sorted set
indexed by X. Then F is a net set of X, T if and only if for every set 7
such that ¢ € X holds F'(i) is a net in 7.

Let X be a non empty set, let T' be a 1-sorted structure, let J be a net set
of X, T, and let ¢ be an element of X. Then J(i) is a net in 7.

Let X be a set and let T" be a 1-sorted structure. One can check that every
net set of X, T is relational structure yielding.

Let T be a 1-sorted structure and let Y be a net in 7. Observe that every
net set of the carrier of Y, T is yielding non-empty carriers.

Let T be a non empty 1-sorted structure, let Y be a net in 7', and let J be a
net set of the carrier of Y, T'. One can check that [] J is directed and transitive.
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Let X be a set and let T" be a 1-sorted structure. Observe that every net set
of X, T is yielding non-empty carriers.
Let X be a set and let T be a 1-sorted structure. One can check that there
exists a net set of X, T which is yielding non-empty carriers.
Let T be a non empty 1-sorted structure, let Y be a net in T, and let J be
a net set of the carrier of Y, T'. The functor Iterated(.J) yielding a strict net in
T is defined by the conditions (Def. 16).
(Def. 16)(i)  The relational structure of Iterated(J) =Y, [[ /], and
(ii)  for every element ¢ of the carrier of Y and for every function f such
that ¢ € the carrier of Y and f € the carrier of [[ J holds (the mapping
of Tterated(J))(i, f) = (the mapping of J(7))(f(7)).
We now state four propositions:

(34) Let T be a non empty l-sorted structure, ¥ be a net in 7', and J be
a net set of the carrier of Y, T'. Suppose Y € NetUniv(7") and for every
element 7 of the carrier of Y holds J(i) € NetUniv (7). Then Iterated(J) €
NetUniv(T).

(35) Let T be a non empty 1-sorted structure, N be a net in T, and J be
a net set of the carrier of N, T'. Then the carrier of Iterated(J) = [ the
carrier of N, []supportJ ].

(36) Let T be a non empty 1-sorted structure, N be a net in 7', J be a net set
of the carrier of N, T, i be an element of the carrier of IV, f be an element
of the carrier of [ J, and = be an element of the carrier of Iterated(J). If
x = (i, [), then (Iterated(J))(x) = (the mapping of J(2))(f(7)).

(37) Let T be a non empty 1-sorted structure, Y be a net in 7', and J be a
net set of the carrier of Y, T. Then rng (the mapping of Iterated(.J)) C
(J{rng (the mapping of J(i)): ¢ ranges over elements of Y }.

10. POSET OF OPEN NEIGHBOURHOODS

Let T be a non empty topological space and let p be a point of T". The open
neighbourhoods of p constitute a relational structure and is defined as follows:
(Def. 17) The open neighbourhoods of p = ({({V,V ranges over subsets of T: p €
V A Visopen}, C))~.
Let T be a non empty topological space and let p be a point of T'. One can
check that the open neighbourhoods of p is non empty.
One can prove the following propositions:

(38) Let T be a non empty topological space, p be a point of T', and x be an
element of the carrier of the open neighbourhoods of p. Then there exists
a subset W of T such that W =z and p € W and W is open.

(39) Let T be a non empty topological space, p be a point of T, and z be a
subset of the carrier of T'. Then = € the carrier of the open neighbourhoods
of p if and only if p € x and x is open.
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(40) Let T be a non empty topological space, p be a point of T, and z, y be
elements of the carrier of the open neighbourhoods of p. Then z < y if
and only if y C x.
Let T be a non empty topological space and let p be a point of T'. Note that
the open neighbourhoods of p is transitive and directed.

11. NETS IN TOPOLOGICAL SPACES

Let T be a non empty topological space and let N be a net in T". The functor
Lim N yields a subset of T" and is defined as follows:
(Def. 18) For every point p of T holds p € Lim N iff for every neighbourhood V
of p holds N is eventually in V.

The following four propositions are true:

(41) For every non empty topological space T and for every net N in T" and
for every subnet Y of N holds Lim N C LimY.

(42) For every non empty topological space T and for every constant net N
in T holds the value of N € Lim N.

(43) Let T be a non empty topological space, N be a net in 7', and p be a
point of T'. Suppose p € Lim N. Let d be an element of N. Then there
exists a subset S of T such that S = {N(c), c ranges over elements of N:
d<c}andpeS.

(44) Let T be a non empty topological space. Then T' is Hausdorff if and only
if for every net N in T and for all points p, ¢ of T such that p € Lim N
and ¢ € Lim N holds p = q.

Let T be a Hausdorff non empty topological space and let N be a net in T'.
Observe that Lim N is trivial.

Let T" be a non empty topological space and let N be a net in T. We say
that N is convergent if and only if:

(Def. 19) Lim N # 0.
Let T be a non empty topological space. Observe that every net in 7" which
is constant is also convergent.
Let T be a non empty topological space. Note that there exists a net in T’
which is convergent and strict.
Let T be a Hausdorff non empty topological space and let N be a convergent
net in T'. The functor lim N yielding an element of T is defined as follows:
(Def. 20) lim N € Lim N.
One can prove the following propositions:

(45) For every Hausdorff non empty topological space T and for every con-
stant net N in 7" holds lim N = the value of V.
(46) Let T be a non empty topological space, N be a net in 7', and p be a

point of T. Suppose p ¢ Lim N. Then it is not true that there exists a
subnet Y of V and there exists a subnet Z of Y such that p € Lim Z.
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(47) Let T be a non empty topological space and N be a net in 7". Suppose
N € NetUniv(T). Let p be a point of T'. Suppose p ¢ Lim N. Then there
exists a subnet Y of N such that Y € NetUniv(T') and it is not true that
there exists a subnet Z of Y such that p € Lim Z.

(48) Let T be a non empty topological space, N be a net in T', and p be a
point of T'. Suppose p € Lim N. Let J be a net set of the carrier of N, T'.
Suppose that for every element i of the carrier of N holds N (i) € Lim J (7).
Then p € Lim Iterated(.J).

12. CONVERGENCE CLASSES

Let S be a non empty 1-sorted structure. Convergence class of S is defined
as follows:

(Def. 21) It C [ NetUniv(S), the carrier of S .

Let S be a non empty 1-sorted structure. Note that every convergence class
of S is relation-like.

Let T be a non empty topological space. The functor Convergence(T') yiel-
ding a convergence class of T is defined as follows:

(Def. 22) For every net N in T and for every point p of T holds (N, p) €
Convergence(T') iff N € NetUniv(7T') and p € Lim V.
Let T be a non empty 1-sorted structure and let C be a convergence class

of T. We say that C' has (CONSTANTS) property if and only if:

(Def. 23) For every constant net N in T such that N € NetUniv(7T') holds (NN, the
value of N) € C.
We say that C' has (SUBNETS) property if and only if the condition (Def. 24)
is satisfied.

(Def. 24) Let N be anet in T and Y be a subnet of N. Suppose Y € NetUniv(T).
Let p be an element of the carrier of T. If (N, p) € C, then (Y, p) € C.

We say that C' has (DIVERGENCE) property if and only if the condition
(Def. 25) is satisfied.

(Def. 25) Let X be a net in 7" and p be an element of the carrier of T'. Suppose
X € NetUniv(T) and (X, p) ¢ C. Then there exists a subnet Y of X such
that Y € NetUniv(7') and it is not true that there exists a subnet Z of YV’
such that (Z, p) € C.

We say that C' has (ITERATED LIMITS) property if and only if the condition
(Def. 26) is satisfied.

(Def. 26) Let X be anet in T and p be an element of the carrier of T'. Suppose (X,
p) € C. Let J be a net set of the carrier of X, T'. Suppose that for every
element i of the carrier of X holds (J (i), X (7)) € C. Then (Iterated(J),
p) e C.
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Let T be a non empty topological space. Note that Convergence(T") has
(CONSTANTS) property, (SUBNETS) property, (DIVERGENCE) property,
and (ITERATED LIMITS) property.

Let S be a non empty 1-sorted structure and let C' be a convergence class
of S. The functor ConvergenceSpace(C') yielding a strict topological structure
is defined by the conditions (Def. 27).

(Def. 27)(1)  The carrier of ConvergenceSpace(C') = the carrier of S, and
(ii)  the topology of ConvergenceSpace(C) = {V,V ranges over subsets of
the carrier of S: /\p:element of the carrier of S (p ev = /\N:net in S (<N7
p) € C = N is eventually in V))}.
Let S be a non empty 1-sorted structure and let C' be a convergence class
of S. Observe that ConvergenceSpace(C') is non empty.
Let S be a non empty 1-sorted structure and let C' be a convergence class
of S. Note that ConvergenceSpace(C') is topological space-like.
One can prove the following proposition

(49) For every non empty 1-sorted structure S and for every convergence class
C of S holds C' C Convergence(ConvergenceSpace(C)).

Let T be a non empty 1-sorted structure and let C be a convergence class
of T'. We say that C' is topological if and only if:

(Def. 28) C has (CONSTANTS) property, (SUBNETS) property, (DIVER-
GENCE) property, and (ITERATED LIMITS) property.

Let T be a non empty 1-sorted structure. One can check that there exists a
convergence class of 7" which is non empty and topological.

Let T be a non empty 1-sorted structure. One can verify that every conver-
gence class of T which is topological has (CONSTANTS) property, (SUBNETS)
property, (DIVERGENCE) property, and (ITERATED LIMITS) property and
every convergence class of 7" which has (CONSTANTS) property, (SUBNETS)
property, (DIVERGENCE) property, and (ITERATED LIMITS) property is
topological.

The following propositions are true:

(50) Let T be a non empty 1-sorted structure, C' be a topological convergence
class of T, and S be a subset of ConvergenceSpace(C') qua non empty
topological space. Then S is open if and only if for every element p of
the carrier of T such that p € S and for every net N in T such that (N,
p) € C holds N is eventually in S.

(51) Let T be a non empty 1-sorted structure, C' be a topological convergence
class of T, and S be a subset of ConvergenceSpace(C') qua non empty
topological space. Then S is closed if and only if for every element p of
the carrier of T and for every net N in T such that (N, p) € C and N is
often in S holds p € S.

(52) Let T be a non empty 1-sorted structure, C' be a topological conver-
gence class of T', S be a subset of ConvergenceSpace(C'), and p be a point
of ConvergenceSpace(C'). Suppose p € S. Then there exists a net N in
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ConvergenceSpace(C) such that (N, p) € C' and rng (the mapping of N)
C S and p € Lim N.

(53) Let T be a non empty 1-sorted structure and C' be a convergence class
of T. Then Convergence(ConvergenceSpace(C)) = C if and only if C' is
topological.
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The articles [15], [18], [19], [21], [20], [7], [8], [10], [1], [2], [6], [14], [11], [16], [12],
[17], [3], [4], [23], [9], [5], [22], and [13] provide the terminology and notation for
this paper.
Let L be a relational structure. We introduce L°P as a synonym of L>.
We now state several propositions:
(1) For every relational structure L and for all elements z, y of L°P holds
<y iff x> Ay
(2) Let L be arelational structure, x be an element of L, and y be an element
of L°P. Then
(i) z<wvyiff 27 >y, and
(i) z>»~yiff 27 <y.
3

3)
(4) For every relational structure L holds L is reflexive iff L°P is reflexive.
()

5

For every relational structure L holds L is empty iff L°P is empty.

For every relational structure L holds L is antisymmetric iff L°P is anti-
symmetric.

(6) For every relational structure L holds L is transitive iff L°P is transitive.

(7) For every non empty relational structure L holds L is connected iff L°P
is connected.

Let L be a reflexive relational structure. One can check that L°P is reflexive.

Let L be a transitive relational structure. One can check that L°P is transi-
tive.

Let L be an antisymmetric relational structure. Note that L°P is antisym-
metric.
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1-1336.
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Let L be a connected non empty relational structure. Observe that L°P is
connected.
One can prove the following propositions:
(8) Let L be a relational structure, = be an element of L, and X be a set.
Then
(i) z<Xiff 27> X, and
(i) z>Xiff 2~ < X.
(9) Let L be a relational structure, 2 be an element of L°P, and X be a set.
Then
(i) <X iff nz > X, and
(i) z> X iff nz<X.
(10) Let L be a relational structure and X be a set. Then sup X exists in L
if and only if inf X exists in L°P.
(11) Let L be a relational structure and X be a set. Then sup X exists in
L°P if and only if inf X exists in L.
(12) Let L be a non empty relational structure and X be a set. If sup X
exists in L or inf X exists in LP, then | |, X = [ Jzony X.
(13) Let L be a non empty relational structure and X be a set. If inf X exists
in L or sup X exists in L°P, then [ [ X = |_|(Lop) X.
(14) For all relational structures L, Lo such that the relational structure of
L, = the relational structure of Ly and Lq has g.1.b.’s holds Ly has g.1.b.’s.
(15) For all relational structures L;, Lo such that the relational structure of
L1 = the relational structure of Ly and L1 has l.u.b.’s holds Lo has l.u.b.’s.

(16) For every relational structure L holds L has g.1.b.’s iff L°P has Lu.b.’s.

(17) For every non empty relational structure L holds L is complete iff L°P
is complete.

Let L be a relational structure with g.l.b.’s. Note that L°P has l.u.b.’s.

Let L be a relational structure with L.u.b.’s. One can check that L°P has
g.l.b.’s.

Let L be a complete non empty relational structure. One can check that L°P
is complete.

The following propositions are true:

(18) Let L be a non empty relational structure, X be a subset of L, and Y be
a subset of L°P. If X =Y/ then fininfs(X) = finsups(Y’) and finsups(X) =
fininfs(Y").

(19) Let L be a relational structure, X be a subset of L, and Y be a subset
of L°?. If X =Y, then | X =1Y and 1X = |Y.

(20) Let L be a non empty relational structure,  be an element of L, and y
be an element of L°P. If x = y, then |x = Ty and Tz = |y.

(21) For every poset L with g.l.b.’s and for all elements z, y of L holds
zMNy=z Uy~
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(22) For every poset L with g.l.b.’s and for all elements z, y of L°P holds
Az ay =z Uy.
(23) For every poset L with Lu.b.’s and for all elements x, y of L holds
zUy=x My~
(24) For every poset L with Lu.b.’s and for all elements z, y of L°P holds
Uy =xly.
(25) For every lattice L holds L is distributive iff L°P is distributive.
Let L be a distributive lattice. One can check that L°P is distributive.
Next we state a number of propositions:
(26) Let L be a relational structure and z be a set. Then z is a directed subset
of L if and only if x is a filtered subset of L°P.
(27) Let L be a relational structure and z be a set. Then z is a directed subset
of L°P if and only if z is a filtered subset of L.
(28) Let L be a relational structure and x be a set. Then x is a lower subset
of L if and only if x is an upper subset of L°P.
(29) Let L be a relational structure and x be a set. Then x is a lower subset
of L°P if and only if  is an upper subset of L.
(30) For every relational structure L holds L is lower-bounded iff L°P is upper-
bounded.
(31) For every relational structure L holds L°P is lower-bounded iff L is upper-
bounded.
(32) For every relational structure L holds L is bounded iff L°P is bounded.
(33) For every lower-bounded antisymmetric non empty relational structure
L holds (J;L)v = TLop and J\(TLop) = LL.
(34) For every upper-bounded antisymmetric non empty relational structure
L holds (TL)V = J_Lop and ﬁ(J_Lop) = TL.
(35) Let L be a bounded lattice and z, y be elements of L. Then y is a
complement of x if and only if ¥~ is a complement of z™.
(36) For every bounded lattice L holds L is complemented iff L°P is comple-
mented.
Let L be a lower-bounded relational structure. One can verify that L°P is
upper-bounded.
Let L be an upper-bounded relational structure. Note that L°P is lower-
bounded.
Let L be a complemented bounded lattice. One can check that L°P is com-
plemented.
Next we state the proposition
(37) For every Boolean lattice L and for every element x of L holds —(z~) =
—x.
Let L be a non empty relational structure. The functor -y yields a map
from L into L°P and is defined as follows:

(Def. 1) For every element x of L holds -y (x) = —.
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Let L be a Boolean lattice. Observe that —r, is one-to-one.
Let L be a Boolean lattice. One can verify that —, is isomorphic.
The following propositions are true:

(38) For every Boolean lattice L holds L and L°P are isomorphic.

(39) Let S, T be non empty relational structures and f be a set. Then

(i) fis a map from S into T iff f is a map from S°P into T,

(ii)  f is a map from S into 7" iff f is a map from S into T°P, and

(iii)  f is a map from S into 7" iff f is a map from S°P into T°P.

(40) Let S, T be non empty relational structures, f be a map from S into T,
and g be a map from S into T°P such that f = g. Then

(i)  f is monotone iff g is antitone, and

(ii)  f is antitone iff g is monotone.

(41) Let S, T be non empty relational structures, f be a map from S into
T°P and g be a map from S°P into 7T such that f = ¢g. Then

(i)  f is monotone iff g is monotone, and

(ii)  f is antitone iff ¢ is antitone.

(42) Let S, T be non empty relational structures, f be a map from S into T,
and g be a map from S°P into T°P such that f = g. Then

(i)  f is monotone iff g is monotone, and

(ii)  f is antitone iff ¢ is antitone.

(43) Let S, T be non empty relational structures and f be a set. Then

(i)  f is a connection between S and T' iff f is a connection between S

and T,

(ii)  f is a connection between S and T iff f is a connection between S and
T, and

(iii)  f is a connection between S and T iff f is a connection between S~
and T

(44) Let S, T be non empty posets, fi be a map from S into T', g; be a map
from T into S, fo be a map from S~ into T, and g» be a map from
T~ into S™. If f1 = fo and g1 = g9, then (f1, g1) is Galois iff (g2, f2) is
Galois.

(45) Let J be a set, D be a non empty set, K be a many sorted set inde-
xed by J, and F be a set of elements of D double indexed by K. Then
dom, F(k) = K.

Let J, D be non empty sets, let K be a non-empty many sorted set indexed
by J, let F' be a set of elements of D double indexed by K, let j be an element
of J, and let k£ be an element of K(j). Then F(j)(k) is an element of D.

One can prove the following propositions:

(46) Let L be a non empty relational structure, J be a set, K be a many
sorted set indexed by J, and = be a set. Then x is a set of elements of L

double indexed by K if and only if x is a set of elements of L°P double
indexed by K.
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(47) Let L be a complete lattice, J be a non empty set, K be a non-empty
many sorted set indexed by J, and F' be a set of elements of L double
indexed by K. Then Sup(Infs(F')) < Inf(Sups(Frege(F))).

(48) Let L be a complete lattice. Then L is completely-distributive if and
only if for every non empty set J and for every non-empty many sorted
set K indexed by J and for every set F' of elements of L double indexed
by K holds Sup(Infs(F)) = Inf(Sups(Frege(F))).

(49) Let L be a complete antisymmetric non empty relational structure and
F be a function. Then | |, F' = [|zor)F" and [ |oF" = |00 I

(50) Let L be a complete antisymmetric non empty relational structure and
F be a function yielding function. Then uLF = H(Lop) Fand [ F =
LJ (LoP) F.
One can check that every non empty relational structure which is completely-
distributive is also complete.
Let us observe that there exists a non empty poset which is completely-
distributive, trivial, and strict.
The following proposition is true

(51) For every non empty poset L holds L is completely-distributive iff L°P
is completely-distributive.
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The articles [29], [25], [1], [15], [28], [30], [31], [9], [23], [2], [24], [4], [11], [12],
[10], [13], [3], [27], [21], [22], [5], [18], [6], [14], [33], [19], [20], [8], [17], [32], [26],

and [7] provide the notation and terminology for this paper.

1. PRELIMINARIES

In this paper L denotes a lattice and [ denotes an element of L.

The scheme NonUniqEzD1 concerns a non empty relational structure A, a
subset B of A, a non empty subset C of A, and a binary predicate P, and states
that:

There exists a function f from B into C such that for every element
e of Aif e € B, then there exists an element u of A such that
u € C and u = f(e) and Ple, u]
provided the following requirement is met:
e For every element e of A such that e € BB there exists an element
u of A such that u € C and Ple, u.

Let L be a lattice, let A be a non empty subset of the carrier of L, let f be
a function from A into A, and let n be an element of N. Then f is a function
from A into A.

!This work has been partially supported by the Office of Naval Research Grant N00014-95-
1-1336.
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Let L be a lattice, let C', D be non empty subsets of the carrier of L, let
f be a function from C into D, and let ¢ be an element of C. Then f(c) is an
element of L.

Let L be a non empty poset. One can check that every chain of L is filtered
and directed.

Let us observe that there exists a lattice which is strict, continuous, distri-
butive, and lower-bounded.

Next we state three propositions:

(1) Let S, T be semilattices and f be a map from S into 7. Then f is
meet-preserving if and only if for all elements z, y of S holds f(zMy) =
f@) 1 (y).

(2) Let S, T be sup-semilattices and f be a map from S into 7. Then f is
join-preserving if and only if for all elements z, y of S holds f(z U y) =
fl@)uf(y).

(3) Let S, T be lattices and f be a map from S into 7. Suppose T is distri-
butive and f is meet-preserving, join-preserving, and one-to-one. Then S
is distributive.

Let S, T be complete lattices. Observe that there exists a map from S into
T which is sups-preserving.
The following proposition is true
(4) Let S, T be complete lattices and f be a sups-preserving map from S into

T. Suppose T is meet-continuous and f is meet-preserving and one-to-one.
Then S is meet-continuous.

2. OPEN SETS

Let L be a non empty reflexive relational structure and let X be a subset of
L. We say that X is open if and only if:

(Def. 1) For every element = of L such that © € X there exists an element y of
L such that y € X and y < x.
The following two propositions are true:
(5) Let L be an up-complete lattice and X be an upper subset of L. Then
X is open if and only if for every element x of L such that x € X holds
N X #0.
(6) Let L be an up-complete lattice and X be an upper subset of L. Then
X is open if and only if X = J{fz, 2 ranges over elements of L: x € X}.
Let L be an up-complete lower-bounded lattice. Note that there exists a
filter of L which is open.
The following three propositions are true:
(7)  For every lower-bounded continuous lattice L and for every element x of
L holds {z is open.
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(8) Let L be a lower-bounded continuous lattice and z, y be elements of L.
If x < y, then there exists an open filter ' of L such that y € F and
F C 1z

(9) Let L be a complete lattice, X be an open upper subset of L, and z be
an element of L. If z € — X, then there exists an element m of L such that
xz < m and m is maximal in —X.

3. IRREDUCIBLE ELEMENTS

Let G be a non empty relational structure and let g be an element of G. We
say that g is meet-irreducible if and only if:

(Def. 2) For all elements x, y of G such that g =2 My holds x = g or y = g.
We introduce g is irreducible as a synonym of g is meet-irreducible.
Let G be a non empty relational structure and let g be an element of G. We
say that g is join-irreducible if and only if:
(Def. 3) For all elements x, y of G such that g =z Uy holds x =g or y = g.
Let L be a non empty relational structure. The functor IRR(L) yielding a
subset of L is defined as follows:
(Def. 4) For every element z of L holds = € IRR(L) iff z is irreducible.
The following proposition is true
(10) For every upper-bounded antisymmetric non empty relational structure
L with g.l.b.’s holds T, is irreducible.
Let L be an upper-bounded antisymmetric non empty relational structure
with g.1.b.’s. Observe that there exists an element of L which is irreducible.
We now state four propositions:
(11) Let L be a semilattice and = be an element of L. Then z is irreducible if
and only if for every finite non empty subset A of L such that x = inf A
holds x € A.
(12) For every lattice L and for every element [ of L such that 71\ {l} is a
filter of L holds [ is irreducible.
(13) Let L be a lattice, p be an element of L, and F be a filter of L. If p is
maximal in —F), then p is irreducible.
(14) Let L be a lower-bounded continuous lattice and z, y be elements of
L. Suppose y £ x. Then there exists an element p of L such that p is
irreducible and x < p and y £ p.

4. ORDER GENERATING SETS

Let L be a non empty relational structure and let X be a subset of L. We
say that X is order-generating if and only if:
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(Def. 5) For every element x of L holds inf TzNX exists in L and x = inf(TzNX).
The following propositions are true:
(15) Let L be an up-complete lower-bounded lattice and X be a subset of L.

Then X is order-generating if and only if for every element [ of L there
exists a subset Y of X such that [ = [ [LY.

(16) Let L be an up-complete lower-bounded lattice and X be a subset of
L. Then X is order-generating if and only if for every subset Y of L such
that X CY and for every subset Z of Y holds [ | Z € Y holds the carrier
of L=Y.

(17) Let L be an up-complete lower-bounded lattice and X be a subset of L.
Then X is order-generating if and only if for all elements I1, I of L such
that ls € [ there exists an element p of L such that p € X and [; < p and
la £ p.

(18) Let L be a lower-bounded continuous lattice and X be a subset of L. If
X =1IRR(L) \ {Tr}, then X is order-generating.

(19) Let L be a lower-bounded continuous lattice and X, Y be subsets of L.
If X is order-generating and X C Y, then Y is order-generating.

5. PRIME ELEMENTS

Let L be a non empty relational structure and let [ be an element of L. We
say that [ is prime if and only if:
(Def. 6) For all elements z, y of L such that My <[ holds z <l or y < .
Let L be a non empty relational structure. The functor PRIME(L) yielding
a subset of L is defined by:
(Def. 7) For every element = of L holds € PRIME(L) iff x is prime.

Let L be a non empty relational structure and let [ be an element of L. We
say that [ is co-prime if and only if:
(Def. 8) [~ is prime.
We now state two propositions:
(20) For every upper-bounded antisymmetric non empty relational structure
L holds T, is prime.
(21) For every lower-bounded antisymmetric non empty relational structure
L holds Ly, is co-prime.
Let L be an upper-bounded antisymmetric non empty relational structure.
Note that there exists an element of I which is prime.
The following propositions are true:
(22) Let L be a semilattice and [ be an element of L. Then [ is prime if and
only if for every finite non empty subset A of L such that [ > inf A there
exists an element a of L such that a € A and [ > «a.
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(23) Let L be a sup-semilattice and x be an element of L. Then z is co-prime
if and only if for every finite non empty subset A of L such that x < sup A
there exists an element a of L such that a € A and z < a.

(24) For every lattice L and for every element [ of L such that [ is prime holds
[ is irreducible.

(25) Let given [. Then [ is prime if and only if for arbitrary = and for every
map f from L into Q{Cx} such that for every element p of L holds f(p) =0
iff p <1 holds f is meet-preserving and join-preserving.

(26) Let L be an upper-bounded lattice and ! be an element of L. If [ # T,
then [ is prime iff —|[ is a filter of L.

(27) For every distributive lattice L and for every element ! of L holds [ is
prime iff [ is irreducible.

(28) For every distributive lattice L holds PRIME(L) = IRR(L).

(29) Let L be a Boolean lattice and [ be an element of L. Suppose | # Tr.
Then [ is prime if and only if for every element x of L such that x > [
holds x = T.

(30) Let L be a continuous distributive lower-bounded lattice and [ be an
element of L. Suppose [ # T. Then [ is prime if and only if there exists
an open filter /' of L such that [ is maximal in —F.

(31) Let L be a relational structure and X be a subset of the carrier of L.

Then Xx the carrier of 7 18 @ map from L into 2{3}.

(32) Let L be a non empty relational structure and p, = be elements of L.
Then X_ | the carrier of £(z) = 0 if and only if = < p.

(33) Let L be an upper-bounded lattice, f be a map from L into 2{C@}, and

p be a prime element of L. Suppose X_|, the carrier of L = f- Then f is
meet-preserving and join-preserving.

(34) For every complete lattice L such that PRIME(L) is order-generating
holds L is distributive and meet-continuous.

(35) For every lower-bounded continuous lattice L holds L is distributive iff
PRIME(L) is order-generating.

(36) For every lower-bounded continuous lattice L holds L is distributive iff
L is Heyting.

(37) Let L be a continuous complete lattice. Suppose that for every element
[ of L there exists a subset X of L such that [ = sup X and for every
element x of L such that x € X holds x is co-prime. Let [ be an element
of L. Then | = | |, ({I " PRIME(L°P)).

(38) Let L be a complete lattice. Then L is completely-distributive if and
only if the following conditions are satisfied:

(i) L is continuous, and
(ii) for every element [ of L there exists a subset X of L such that | = sup X
and for every element x of L such that x € X holds z is co-prime.
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(39) Let L be a complete lattice. Then L is completely-distributive if and
only if L is distributive and continuous and L°P is continuous.
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The notation and terminology used in this paper are introduced in the following
articles: [22], [25], [8], [24], [19], [26], [27], [7], [11], [6], [20], [10], [15], [21], [23],
[1], [21, 3], [14], [9], [16], [17], [5], [4], [18], and [13].

1. THE LATTICE OF SUBSETS

One can prove the following propositions:
(1) For every complete lattice L and for every ideal I of L holds L, € I.

(2) For every upper-bounded non empty poset L and for every filter F' of L
holds T € F.

(3) For every complete lattice L and for all sets X, Y such that X C Y
holds I_ILX < |—|LY and ’_‘LX > HLY

(4) For every set X holds the carrier of 2% = 2.

(5) For every bounded antisymmetric non empty relational structure L holds
L is trivial iff T, = Lj,.
Let X be a set. Note that Qé is Boolean.

Let X be a non empty set. Note that 2& is non trivial.
We now state three propositions:

!This work has been partially supported by the Office of Naval Research Grant N00014-95-
1-1336.
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(6) For every upper-bounded non empty poset L holds {Tr} = 1(Tp).
(7) For every lower-bounded non empty poset L holds {11} = |(Lz).
(8) For every lower-bounded non empty poset L and for every filter F' of L
holds F' is proper iff 1 ¢ F.
One can verify that there exists a lattice which is non trivial, Boolean, and
strict.
Let L be a non trivial upper-bounded non empty poset. One can check that
there exists a filter of L which is proper.
Next we state several propositions:
(9) For every set X and for every element a of 2% holds —a = X \ a.
(10) Let X be a set and Y be a subset of 2&. Then Y is lower if and only if
for all sets z, y such that z C y and y € Y holds x € Y.
(11) Let X be a set and Y be a subset of 2. Then Y is upper if and only if
for all sets x, y such that z Cy and y C X and x € Y holds y € Y.
(12) Let X be aset and Y be a lower subset of 25. Then Y is directed if and
only if for all sets x, y such that z € Y and y € Y holds z Uy € Y.
(13) Let X be a set and Y be an upper subset of 2&. Then Y is filtered if
and only if for all sets x, y such that z € Y and y € Y holds x Ny € Y.
(14) Let X be a set and Y be a non empty lower subset of 2&. Then Y is
directed if and only if for every finite family Z of subsets of X such that
Z CY holds | JZ €Y.
(15) Let X be a set and Y be a non empty upper subset of 25. Then Y is

filtered if and only if for every finite family Z of subsets of X such that
Z CY holds Intersect(Z) € Y.

2. PRIME IDEALS AND FILTERS

Let L be a poset with g.l.b.’s and let I be an ideal of L. We say that I is
prime if and only if:
(Def. 1) For all elements x, y of L such that My €I holdsz € [ or y € I.
One can prove the following proposition
(16) Let L be a poset with g.1.b.’s and I be an ideal of L. Then I is prime if
and only if for every finite non empty subset A of L such that inf A € I
there exists an element a of L such that a € A and a € 1.
Let L be a lattice. Note that there exists an ideal of L which is prime.
Next we state the proposition
(17) Let Ly, Lo be lattices. Suppose the relational structure of L; = the
relational structure of Lo. Let x be a set. If x is a prime ideal of L1, then
x is a prime ideal of Lo.
Let L be a poset with Lu.b.’s and let F' be a filter of L. We say that F' is
prime if and only if:
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(Def. 2) For all elements x, y of L such that z Uy € F holds z € F or y € F.
Next we state the proposition
(18) Let L be a poset with l.u.b.’s and F' be a filter of L. Then F is prime if
and only if for every finite non empty subset A of L such that sup A € F
there exists an element a of L such that a € A and a € F.
Let L be a lattice. One can verify that there exists a filter of L which is
prime.
The following propositions are true:
(19) Let Ly, Lo be lattices. Suppose the relational structure of L; = the
relational structure of Lo. Let x be a set. If z is a prime filter of Ly, then
x is a prime filter of Lo.
(20) Let L be a lattice and « be a set. Then z is a prime ideal of L if and
only if x is a prime filter of L°P.
(21) Let L be a lattice and = be a set. Then x is a prime filter of L if and
only if x is a prime ideal of L°P.
(22) Let L be a poset with g.l.b.’s and I be an ideal of L. Then I is prime if
and only if one of the following conditions is satisfied:
(i) —Iis afilter of L, or
(i) —-I=40.
(23) For every lattice L and for every ideal I of L holds I is prime iff I €
PRIME((Ids(L), C)).
(24) Let L be a Boolean lattice and F' be a filter of L. Then F' is prime if and
only if for every element a of L holds a € F or —a € F.
(25) Let X be a set and F be a filter of 2%. Then F is prime if and only if
for every subset A of X holds A€ For X\ A€ F.

Let L be a non empty poset and let F' be a filter of L. We say that F is
ultra if and only if:

(Def. 3) F is proper and for every filter G of L such that F' C G holds F' = G or
G = the carrier of L.

Let L be a non empty poset. Note that every filter of L which is ultra is also
proper.
The following propositions are true:

(26) For every Boolean lattice L and for every filter F' of L holds F' is proper
and prime iff F' is ultra.

(27) Let L be a distributive lattice, I be an ideal of L, and F' be a filter of
L. Suppose I misses F. Then there exists an ideal P of L such that P is
prime and I C P and P misses F'.

(28) Let L be a distributive lattice, I be an ideal of L, and = be an element
of L. If z ¢ I, then there exists an ideal P of L such that P is prime and
ICPandz¢P.

(29) Let L be a distributive lattice, I be an ideal of L, and F' be a filter of
L. Suppose I misses F'. Then there exists a filter P of L such that P is
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prime and F' C P and I misses P.

(30) Let L be a non trivial Boolean lattice and F' be a proper filter of L.
Then there exists a filter G of L such that F' C GG and G is ultra.

3. CLUSTER POINTS OF A FILTER OF SETS

Let T be a topological space and let F', x be sets. We say that x is a cluster
point of F', T' if and only if:
(Def. 4) For every subset A of T such that A is open and z € A and for every
set B such that B € F' holds A meets B.
We say that = is a convergence point of F', T if and only if:
(Def. 5) For every subset A of T' such that A is open and x € A holds A € F.

Let X be a non empty set. Note that there exists a filter of 2% which is
ultra. -
We now state several propositions:

(31) Let T be a non empty topological space, F' be an ultra filter of
2tche carrier of T “and p be a set. Then p is a cluster point of F, T if and
only if p is a convergence point of F, T'.

(32) Let T be a non empty topological space and z, y be elements of (the to-
pology of T', C). Suppose z < y. Let F be a proper filter of 2tghe carrier of T'
Suppose x € F. Then there exists an element p of T such that p € y and
p is a cluster point of F', T.

(33) Let T be a non empty topological space and z, y be elements of (the to-
pology of T', C). Suppose x < y. Let I be an ultra filter of 2the carrier of 7'
Suppose x € F. Then there exists an element p of T such that p € y and
p is a convergence point of F, T'.

(34) Let T be a non empty topological space and z, y be elements of (the
topology of T', C). Suppose that

(i) xCy, and

(i)  for every ultra filter F' of 2the carrier of T qyych that x € I there exists
an element p of T such that p € y and p is a convergence point of F, T.
Then z < y.

(35) Let T be a non empty topological space, B be a prebasis of T', and =z,
y be elements of (the topology of T, C). Suppose z C y. Then = < y if
and only if for every subset F' of B such that y C |J F there exists a finite
subset G of F' such that z C |JG.

(36) Let L be a distributive complete lattice and x, y be elements of L. Then
x < y if and only if for every prime ideal P of L such that y < sup P
holds = € P.

(37) For every lattice L and for every element p of L such that p is prime
holds |p is prime.
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4. PSEUDO PRIME ELEMENTS

Let L be a lattice and let p be an element of L. We say that p is pseudoprime
if and only if:
(Def. 6) There exists a prime ideal P of L such that p = sup P.
We now state several propositions:

(38) For every lattice L and for every element p of L such that p is prime
holds p is pseudoprime.

(39) Let L be a continuous lattice and p be an element of L. Suppose p is
pseudoprime. Let A be a finite non empty subset of L. If inf A < p, then
there exists an element a of L such that a € A and a < p.

(40) Let L be a continuous lattice and p be an element of L. Suppose that

(i) p# Tpor Tr is not compact, and

(ii)  for every finite non empty subset A of L such that inf A < p there
exists an element a of L such that a € A and a < p.
Then (fininfs(—|p) misses |p.

(41) Let L be a continuous lattice. Suppose T, is compact. Then

(i)  for every finite non empty subset A of L such that inf A < T, there
exists an element a of L such that a € A and a < T, and

(i)  Tfininfs(—|(T 1)) meets L(T ).

(42) Let L be a continuous lattice and p be an element of L. Suppose
Tfininfs(—|p) misses |p. Let A be a finite non empty subset of L. If
inf A < p, then there exists an element a of L such that a € A and
a < p.

(43) Let L be a distributive continuous lattice and p be an element of L. If
Tininfs(—|p) misses |p, then p is pseudoprime.

Let L be a non empty relational structure and let R be a binary relation on
the carrier of L. We say that R is multiplicative if and only if:

(Def. 7) For all elements a, x, y of L such that (a, ) € R and (a, y) € R holds
(a, xMy) € R.
Let L be a lower-bounded sup-semilattice, let R be an auxiliary binary re-
lation on L, and let = be an element of L. Observe that { z is upper.
We now state several propositions:

(44) Let L be a lower-bounded lattice and R be an auxiliary binary relation
on L. Then R is multiplicative if and only if for every element x of L holds
Tp is filtered.

(45) Let L be a lower-bounded lattice and R be an auxiliary binary relation
on L. Then R is multiplicative if and only if for all elements a, b, x, y of
L such that (a, ) € R and (b, y) € R holds (aMb, zMy) € R.

(46) Let L be a lower-bounded lattice and R be an auxiliary binary rela-
tion on L. Then R is multiplicative if and only if for every full relational
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substructure S of [ L, L] such that the carrier of S = R holds S is meet-
inheriting.

(47) Let L be a lower-bounded lattice and R be an auxiliary binary relation
on L. Then R is multiplicative if and only if | R is meet-preserving.

(48) Let L be a continuous lower-bounded lattice. Suppose <, is multiplica-
tive. Let p be an element of L. Then p is pseudoprime if and only if for all
elements a, b of L such that aMb < p holds a < p or b < p.

(49) Let L be a continuous lower-bounded lattice. Suppose <, is multiplica-
tive. Let p be an element of L. If p is pseudoprime, then p is prime.

(50) Let L be a distributive continuous lower-bounded lattice. Suppose that
for every element p of L such that p is pseudoprime holds p is prime. Then
&1, is multiplicative.
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The articles [18], [20], [16], [10], [21], [7], [19], [13], [8], [1], [17], [2], [3], [12], [22],
[4], [9], [6], [11], [14], [5], and [15] provide the notation and terminology for this
paper.

1. THE SUBSET OF ALL COMPACT ELEMENTS

Let L be a non empty reflexive relational structure. The functor
CompactSublatt(L) yields a strict full relational substructure of L and is defined
as follows:

(Def. 1) For every element x of L holds = € the carrier of CompactSublatt(L) iff
T is compact.
Let L be a lower-bounded non empty reflexive antisymmetric relational
structure. Observe that CompactSublatt(L) is non empty.
Next we state three propositions:

(1) Let L be a complete lattice and z, y, k be elements of L. If x < k and
k <y and k € the carrier of CompactSublatt(L), then z < y.

(2) Let L be a complete lattice and z be an element of L. Then Tz is an
open filter of L if and only if = is compact.

(3) For every lower-bounded non empty poset L with Lu.b.’s holds
CompactSublatt(L) is join-inheriting and L1; € the carrier of
CompactSublatt(L).

Let L be a non empty reflexive relational structure and let = be an element
of L. The functor compactbelow(z) yielding a subset of L is defined by:
(Def. 2) compactbelow(z) = {y,y ranges over elements of L: © > y A yis
compact }.
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We now state three propositions:

(4) Let L be a non empty reflexive relational structure and x, y be elements
of L. Then y € compactbelow(z) if and only if the following conditions
are satisfied:

(i) x>y, and
(ii)  y is compact.
(5) For every non empty reflexive relational structure L and for every

element z of L holds compactbelow(z) = |z N the carrier of
CompactSublatt(L).

(6) For every non empty reflexive transitive relational structure L and for
every element z of L holds compactbelow(z) C .

Let L be a non empty lower-bounded reflexive antisymmetric relational
structure and let  be an element of L. Note that compactbelow(z) is non
empty.

2. ALGEBRAIC LATTICES

Let L be a non empty reflexive relational structure. We say that L satisfies
axiom K if and only if:

(Def. 3) For every element x of L holds x = sup compactbelow(z).

Let L be a non empty reflexive relational structure. We say that L is algebraic
if and only if:

(Def. 4) For every element x of L holds compactbelow(z) is non empty and di-
rected and L is up-complete and satisfies axiom K.

We now state the proposition
(7) Let L be a lattice. Then L is algebraic if and only if the following con-
ditions are satisfied:
(i) L is continuous, and

(ii)  for all elements x, y of L such that x < y there exists an element k of
L such that k € the carrier of CompactSublatt(L) and z < k and k < y.

Let us observe that every lattice which is algebraic is also continuous.

Let us note that every non empty reflexive relational structure which is
algebraic is also up-complete and satisfies axiom K.

Let L be a non empty poset with lub.’s. One can check that
CompactSublatt(L) is join-inheriting.

Let L be a lattice. We say that L is arithmetic if and only if:

(Def. 5) L is algebraic and CompactSublatt(L) is meet-inheriting.
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3. ARITHMETIC LATTICES

Let us note that every lattice which is arithmetic is also algebraic.
Let us note that every lattice which is trivial is also arithmetic.
Let us note that there exists a lattice which is trivial and strict.
We now state a number of propositions:

(8) Let Ly, Ly be non empty reflexive antisymmetric relational structures.
Suppose the relational structure of L1 = the relational structure of Ly and
L is up-complete. Let x1, y; be elements of L; and x2, y2 be elements of
Lo. If 21 = 29 and y; = y2 and z1 < y1, then zo < y9.

(9) Let Ly, Ly be non empty reflexive antisymmetric relational structures.
Suppose the relational structure of L1 = the relational structure of Ly and
Ly is up-complete. Let x be an element of L1 and y be an element of Ls.
If x = y and z is compact, then y is compact.

(10) Let Ly, Ly be up-complete non empty reflexive antisymmetric relational
structures. Suppose the relational structure of L = the relational struc-
ture of L. Let x be an element of L and y be an element of Lo. If x = y,
then compactbelow(z) = compactbelow (y).

(11) Let Ly, Lo be relational structures. Suppose the relational structure of
L, = the relational structure of Lo and Lq is non empty. Then Lo is non
empty.

(12) Let Lq, Ly be non empty relational structures. Suppose the relational
structure of L; = the relational structure of Ly and L; is reflexive. Then
Lo is reflexive.

(13) Let L;, Ly be relational structures. Suppose the relational structure
of L1 = the relational structure of Lo and Lj is transitive. Then Lo is
transitive.

(14) Let Ly, Ly be relational structures. Suppose the relational structure of
L, = the relational structure of Ls and L; is antisymmetric. Then Lo is
antisymmetric.

(15) Let Lj, Lo be non empty reflexive relational structures. Suppose the
relational structure of L = the relational structure of Lo and Lq is up-
complete. Then Lo is up-complete.

(16) For all up-complete non empty reflexive antisymmetric relational struc-
tures Lq, Lo such that the relational structure of L; = the relational
structure of Ly and L, satisfies axiom K and for every element x of Lq
holds compactbelow (x) is non empty and directed holds Lo satisfies axiom

K.

(17) Let Ly, Lo be non empty reflexive antisymmetric relational structures.
Suppose the relational structure of L1 = the relational structure of Ly and
L, is algebraic. Then Ly is algebraic.
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(18) Let Ly, Lo be lattices. Suppose the relational structure of L; = the
relational structure of Ly and Lj is arithmetic. Then L, is arithmetic.

Let L be a non empty relational structure. Observe that the relational struc-
ture of L is non empty.

Let L be a non empty reflexive relational structure. One can check that the
relational structure of L is reflexive.

Let L be a transitive relational structure. Note that the relational structure
of L is transitive.

Let L be an antisymmetric relational structure. Observe that the relational
structure of L is antisymmetric.

Let L be a relational structure with g.1.b.’s. Note that the relational structure
of L has g.l.b.’s.

Let L be a relational structure with l.u.b.’s. One can check that the relational
structure of L has l.u.b.’s.

Let L be an up-complete non empty reflexive relational structure. One can
check that the relational structure of L is up-complete.

Let L be an algebraic non empty reflexive antisymmetric relational structure.
Note that the relational structure of L is algebraic.

Let L be an arithmetic lattice. One can verify that the relational structure
of L is arithmetic.

Next we state several propositions:

(19) Let L be a non empty transitive relational structure, S be a non empty
full relational substructure of L, and X be a subset of S. Suppose sup X
exists in L and | |; X is an element of S. Then sup X exists in S and
supX =[], X.

(20) Let L be a non empty transitive relational structure, S be a non empty
full relational substructure of L, and X be a subset of S. Suppose inf X
exists in L and [ ]oX is an element of S. Then inf X exists in S and
inf X = [|pX.

(21) For every algebraic lattice L holds L is arithmetic iff CompactSublatt(L)
is a lattice.

(22) For every algebraic lower-bounded lattice L holds L is arithmetic iff <,
is multiplicative.

(23) Let L be an arithmetic lower-bounded lattice and p be an element of L.
If p is pseudoprime, then p is prime.

(24) Let L be an algebraic distributive lower-bounded lattice. Suppose that
for every element p of L such that p is pseudoprime holds p is prime. Then
L is arithmetic.

Let L be an algebraic lattice and let ¢ be a closure map from L into L. Note
that there exists a subset of Im ¢ which is non empty and directed.

We now state three propositions:
(25) Let L be an algebraic lattice and ¢ be a closure map from L
into L. If ¢ is directed-sups-preserving, then c®(QcompactSublatt(r)) <

QCompactSublatt (Ime)-
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(26) Let L be an algebraic lower-bounded lattice and ¢ be a closure map from
L into L. If ¢ is directed-sups-preserving, then Im ¢ is an algebraic lattice.

(27) Let L be an algebraic lower-bounded lattice and ¢ be a closure map from
L into L. If ¢ is directed-sups-preserving, then c®(QcompactSublatt(L)) =

QCompactSublaﬂ;t (Ime)-

4. BOOLEAN POSETS AS ALGEBRAIC LATTICES

Next we state several propositions:
(28) For all sets X, x holds x is an element of Qé iff x C X.

(29) Let X be a set and z, y be elements of 2%. Then x < y if and only if
for every family Y of subsets of X such that y C [JY there exists a finite
subset Z of Y such that = C |J Z.

(30) For every set X and for every element z of 2% holds z is finite iff  is
compact. -

(31) For every set X and for every element 2 of 2% holds compactbelow(z) =
{y : y ranges over finite subsets of x}. B

(32) For every set X and for every subset F' of X holds F' € the carrier of
CompactSublatt(2%) iff F is finite.

Let X be a set and let  be an element of Qé . Observe that compactbelow ()
is lower and directed.
The following proposition is true

(33) For every set X holds Qé is algebraic.
Let X be a set. Observe that Qé is algebraic.
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Summary. We discuss here some methods for reconstructing special se-
quences which generate special polygonal arcs in £%. For such reconstructions
we introduce a "mid” function which cuts out the middle part of a sequence; the
”]” function, which cuts down the left part of a sequence at some point; the ”|”
function for cutting down the right part at some point; and the ”||” function for
cutting down both sides at two given points.

We also introduce some methods glueing two special sequences. By such
cutting and glueing methods, the speciality of sequences (generatability of special
polygonal arcs) is shown to be preserved.

MML Identifier: JORDAN3.

The papers [12], [15], [14], [8], [1], [9], [10], [2], [3], [13], [4], [16], [7], [11], [6],
and [5] provide the notation and terminology for this paper.

1. PRELIMINARIES

We adopt the following convention: n, ¢, i1, i2, j denote natural numbers
and D denotes a non empty set.
We now state a number of propositions:

(1) For all natural numbers i, 41 such that ¢ > iy ori—"iy > 1ori—i; > 1
holds 4 —! ’il =17 — ’il.

(2) For every natural number n holds n —" 0 = n.

(3) For all natural numbers i1, i holds iy — is < i1 —' is.

(4) For all natural numbers n, i1, is such that iy < ip holds n—"iy < n—'i;.

!The work has been done while the second author was visiting Nagano in autumn 1996.
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(5) For all n, iy, iy such that i1 < iy holds i1 —' n < iy —'n.

(6) For all natural numbers i, 41 such that ¢ > i; ori—"iy > 1ori—i; > 1
holds 7 —" 41 + 41 = 3.

(7) For all natural numbers iy, i such that i; < iz holds iy —' 1 < is.

(8) For every i holdsi—"2=4¢—"1-"1.

(9) For all i, iy such that i1 + 1 < ig holds i; < i and i1 —' 1 < iy and
21 —'2 < 19 and 71 < 19.

(10) Let given iy, io. Suppose i1 +2 < ig or i1 + 1+ 1 <ig. Then iy + 1 < 9
and (il—i—l)—,l < i9 and (’i1—|—1)—/2 <idgandi;+1 <igandip—"14+1 < 49
and (i1 —'1+1)—"1 < i and i; < iy and iy —' 1 < ip and i1 —' 2 < iy and
11 < 12.

(11) For all iy, ip such that iy < iy or i3 < ip —' 1 holds iy < i3 + 1 and

i1 <ig+landig <ig+1+1andi; <io+1+1andi; < i+ 2 and

11 < i+ 2.

(12) For all iy, ip such that iy < iz or iy + 1 < iy holds 4 < iy —' 1.

(13) For all i, iy, ig such that ¢ > 41 holds i > iy — is.

(14) For all i, 7; such that 1 <7 and 1 <41 — holds 41 —" 7 < 43.

(15) For all finite sequences p, ¢ and for every i such that lenp < i but

i <lenp+lengori<len(p ™ q) holds (p ™~ q)(i) = q(i — lenp).

(16) Let = be arbitrary and f be a finite sequence of elements of D. Then
len(f~(x)) =len f+1andlen({(x)" f) =len f4+1and (f~(z))(len f4+1) =
x and ((x) ™ f)(1) = =.

(17) Let z be arbitrary and f be a finite sequence of elements of D. Suppose
1< len f. Then (f ~ (@))(1) = f(1) and (f ~ (@))(1) = mf and ((z) ~
en f+1) = f(len f) and ({x) = f)(len f + 1) = Ten 7 f-

(18) For every finite sequence f of elements of D such that len f = 1 holds
Rev(f) = /.

(19) For every finite sequence f of elements of D and for every natural number
k holds len(f;) =len f —' k.

(20) Let f be a finite sequence of elements of D and k be a natural number.
If 1 <kand k<nandn <lenf, then (fIn)(k) = f(k).

(21) For every finite sequence f of elements of D and for all natural numbers
I, lp holds fy, [lo ="y = (fll2)y, -

2. MIDDLE FUNCTION FOR FINITE SEQUENCES

Let us consider D, let f be a finite sequence of elements of D, and let k1,
ko be natural numbers. The functor mid(f, k1, k2) yields a finite sequence of
elements of D and is defined by:

(Def. 1)(1) mid(f, k1, kz) = flkl—/l f(kg —ky + 1) if k1 < ko,
(ii) mid(f, k1, ko) = ReV(kaQ,/l f(/ﬁ ~" ko + 1)), otherwise.
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The following propositions are true:

(22) Let f be a finite sequence of elements of D and kj, ko be natural
numbers. If 1 < k; and k1 < lenf and 1 < ko and k9 < len f, then
Rev(mid(f, k1,k2)) = mid(Rev(f),len f — ko + 1,len f —" k3 + 1).

(23) Let n, m be natural numbers and f be a finite sequence of elements of
D.If 1 <m and m +n < len f, then f,(m) = f(m+n) and f|,(m) =
f(n+m).

(24) Let i be a natural number and f be a finite sequence of elements of D.
If 1 <iand i <lenf, then (Rev(f))(i) = f((len f — ) + 1).

(25) For every finite sequence f of elements of D and for every natural number

k such that 1 < k holds mid(f,1,k) = f k.

(26) For every finite sequence f of elements of D and for every natural number

k such that k < len f holds mid(f,k,len f) = fix_r1.

(27) Let f be a finite sequence of elements of D and k1, k2 be natural numbers.

Suppose 1 < k1 and k1 <len f and 1 < k9 and ks < len f. Then

(1) (mld(f7 klakQ))(l) - f(kl)v

(i) if k1 < ko, then lenmid(f,k1,k2) = ko — k1 + 1 and for every
natural number i such that 1 < ¢ and ¢ < lenmid(f, ki, k) holds
(mld(f7 k1, kQ))(Z) = f((Z + k1) ~ 1)7 and

(i)  if ky > ko, then lenmid(f, k1,k2) = k1 —' ko + 1 and for every
natural number i such that 1 < ¢ and ¢ < lenmid(f, ki, k) holds
(mid(f, k1, /{?2))(2) = f(kl i+ 1).

(28) For every finite sequence f of elements of D and for all natural numbers
k1, ko such that 1 < len f holds rng mid(f, k1, k2) C rng f.

(29) For every finite sequence f of elements of D such that 1 < len f holds
mid(f,1,len f) = f.

(30) For every finite sequence f of elements of D such that 1 < len f holds
mid(f,len f,1) = Rev(f).

(31) Let f be a finite sequence of elements of D and ki, ks, i be natu-
ral numbers. Suppose 1 < k1 and k1 < ko and ko < lenf and 1 < ¢
and ¢ < ko —" k1 +1ori < (ke —k1)+1ori < (kg+1)— k1. Then
(mid(f, k1, /{?2))(2) = f((Z + /{?1) ! 1) and (mid(f, k1, /{?2))(2) = f(Z 14 /{?1)
and (mid(f, kl,kz))(i) = f((Z + kl) — 1) and (mid(f, kl,kz))(i) = f((Z —

(32) Let f be a finite sequence of elements of D and k, i be natural numbers.
If1<iandi<kandk <lenf, then (mid(f,1,k))(7) = f(7).

(33) Let f be a finite sequence of elements of D and k1, k2 be natural numbers.
If 1 < kp and k; < kg and ko < len f, then len mid(f, k;, k2) < len f.

(34) For every finite sequence f of elements of £} such that 2 < len f holds

f(1) € L(f) and 71 f € L(f) and f(len f) € L(f) and Ten ff € L(f).

(35) For every finite sequence f of elements of £F and for every natural num-

ber i holds L(f,i) C L(f).
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(36) For every finite sequence f of elements of £} such that len f > 2 holds

f(1) € L(f) and w1 f € L(f) and f(len f) € L(f) and men £ f € L(f).

(37) For all points p1, p2, q1, g2 of 5% such that (p1)1 = (p2)1 or (p1)2 = (p2)2
but ¢1 € L(p1,p2) but g2 € L(p1,p2) holds (g1)1 = (g2)1 or (q1)2 = (¢2)2-

(38) For all points p1, p2, 1, g2 of 5% such that (p1)1 = (p2)1 or (p1)2 = (p2)2
but £(q1,92) € L(p1,p2) holds (1)1 = (g2)1 or (q1)2 = (g2)2-

(39) Let f be a finite sequence of elements of £2 and n be a natural number.
If 2 < n and f is a special sequence, then f[n is a special sequence.

(40) Let f be a finite sequence of elements of £2 and n be a natural number.
Suppose n < len f and 2 < len f —' n and f is a special sequence. Then
fin is a special sequence.

(41) Let f be a finite sequence of elements of €% and kj, k2 be natural num-
bers. Suppose f is a special sequence and 1 < k; and k1 < len f and 1 < ks
and ko < len f and ky # ko. Then mid(f, k1, k2) is a special sequence.

3. A CONCEPT OF INDEX FOR FINITE SEQUENCES IN £2

Let f be a finite sequence of elements of £% and let p be a point of 2. Let
us assume that f is a special sequence and there exists a natural number i such
that 1 < i and i+ 1 <len f and p € L(f,4). The functor Index(p, f) yielding a
natural number is defined as follows:

(Def. 2) 1 < Index(p, f) and Index(p, f) + 1 < len f and p € L(f,Index(p, f))
and p # f(Index(p, f) + 1) or Index(p, f) =len f and p = f(len f).

One can prove the following propositions:
(42) Let f be a finite sequence of elements of E% and p be a point of E%.

Suppose f is a special sequence and p € E( f). Then 1 < Index(p, f) and
Index(p, f)+1 < len f and p € L(f,Index(p, f)) and p # f(Index(p, f)+1)
or Index(p, f) =len f and p = f(len f).

(43) Let f be a finite sequence of elements of 5% and p be a point of 5%.
Suppose f is a special sequence and there exists a natural number ¢ such
that 1 <iand i+ 1 <lenf and p € L£(f,7). Then 1 < Index(p, f) and
Index(p, f) <len f.

(44) Let f be a finite sequence of elements of 5% and p be a point of 5%.
Suppose f is a special sequence and there exists a natural number ¢ such
that 1 < i and i+ 1 < lenf and p € L(f,i) and p # f(len f). Then
Index(p, f) < len f.

(45) Let f be a finite sequence of elements of £2, p be a point of 5%, and
given 1. Suppose that

(i)  f is a special sequence,
(ii)  there exists a natural number ¢ such that 1 < i and i 4+ 1 < len f and
p € L(f,i), and
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(i) 1<iyandig+1<lenfandpe L(f,i1)and p # f(i1+1)ori; =len f
and p = f(len f).
Then i; = Index(p, f).

(46) Let f be a finite sequence of elements of €% and p be a point of E2.
Suppose f is a special sequence and there exists a natural number ¢ such
that 1 < iand i+ 1 < lenf and p € L(f,i7) and p = f(len f). Then
Index(p, f) = len f.

(47) Let f be a finite sequence of elements of £%, p be a point of £2, and
given 7. If f is a special sequence and 1 < ¢; and 47 < len f and p = f(i1),
then Index(p, f) = 1.

(48) Let f be a finite sequence of elements of £%, p be a point of £2, and
given i1. Suppose f is a special sequence and 1 < 4y and i1 + 1 < len f
and p € L(f,i1). Then iy = Index(p, f) or i1 + 1 = Index(p, f).

Let g be a finite sequence of elements of 5% and let py, p2 be points of 5%.
We say that g is a special sequence joining p, po if and only if:
(Def. 3) g is a special sequence and g(1) = p; and g(len g) = po.
One can prove the following propositions:

(49) Let g be a finite sequence of elements of 5% and p1, p2 be points of 5%.
Suppose 1 < leng and g is a special sequence joining p1, p2. Then Rev(g)
is a special sequence joining po, p1.

(50) Let f, g be finite sequences of elements of 5%, p be a point of 5%, and
given j. Suppose that

(i)  f is a special sequence,
(ii)  there exists a natural number i such that 1 < ¢ and i+ 1 < len f and

p € L(f,1),
(iii) p# f(len f),
(iv) g = (p) " mid(f,Index(p, ) + 1,len f),
(v) 1<y, and
(vi) j+1<leng.

Then L(g,j) € L(f, (Index(p, f) +7) =" 1).

(51) Let f, g be finite sequences of elements of 5% and p be a point of 5%.
Suppose that
(i)  f is a special sequence,
(ii)  there exists a natural number i such that 1 < ¢ and i+ 1 < len f and
p e L(f,7),
(iii) p+# f(len f), and
(iv)  g=(p) " mid(f,Index(p, f) + 1,len f).
Then g is a special sequence joining p, ey 7 f.
(52) Let f, g be finite sequences of elements of 5%, p be a point of 5%, and
given j. Suppose that
(i)  f is a special sequence,
(ii)  there exists a natural number i such that 1 < ¢ and i + 1 < len f and

p € L(f,1),
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() 1</,
(iv) j+1<lengy,

(v) if p# f(Index(p, f)), then g = (mid(f,1,Index(p, f))) ~ (p), and
(vi) if p = f(Index(p, f)), then g = mid(f, 1, Index(p, f)).

Then L(g,7) € L(f])-
(53) Let f, g be finite sequences of elements of £2 and p be a point of £2.
Suppose that
(i)  f is a special sequence,
(ii)  there exists a natural number ¢ such that 1 < i and ¢ + 1 < len f and
p € L(f,1),
(i) p# f(1),
(iv) if p # f(Index(p, f)), then g = (mid(f, 1, Index(p, f))) "~ (p), and
(v) if p= f(Index(p, f)), then g = mid(f, 1, Index(p, f)).

Then g is a special sequence joining 1 f, p.

4. LEFT AND RIGHT CUTTING FUNCTIONS FOR FINITE SEQUENCES IN £2

Let f be a finite sequence of elements of 5% and let p be a point of 5%. The
functor | p, f yielding a finite sequence of elements of 5% is defined as follows:

(Def. 4) | p, f = (p) " mid(f,Index(p, f) + 1,len f).

The functor | f,p yields a finite sequence of elements of £3 and is defined as
follows:

(Def. 5)(i) | f,p = (mid(f,1,Index(p, f))) ~ (p) if p # f(Index(p, f)),
(ii) | f,p = mid(f,1,Index(p, f)), otherwise.
Next we state four propositions:

(54) Let f be a finite sequence of elements of £2% and p be a point of E2.
Suppose f is a special sequence and p € E( f) and p # f(len f). Then
(I p, £)(1) = p and for every i such that 1 < ¢ and i < (len f—Index(p, f))+
1 holds (| p, f)(7) = f((Index(p, f) +1i) — 1).

(55) Let f be a finite sequence of elements of 5% and p be a point of 5%.
Suppose f is a special sequence and p € /:'(f) and p # f(1). Then
(1 fyp)(len | f,p) = p and for every i such that 1 < i and i < Index(p, f)
holds (| f,p)(1) = £(i).

(56) Let f be a finite sequence of elements of 5% and p be a point of 5%. If
f is a special sequence and p € E(f) and p # f(len f), then len | p, f =
(len f — Index(p, f)) + 1.

(57) Let f be a finite sequence of elements of £2 and p be a point of 2 such
that f is a special sequence and p € L(f). Then

(i) if p # f(Index(p, f)), then len | f,p = Index(p, f) + 1, and
(ii) if p = f(Index(p, f)), then len | f,p = Index(p, f).
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Let p1, p2, q1, g2 be points of 5%. The predicate LE(q1, g2, p1,p2) is defined
by the conditions (Def. 6).
(Def. 6)(1) a1 € L(p1,p2),

(ii) g2 € L(p1,p2), and
(iii)  for all real numbers ri, 7o such that 0 < r; and r; < 1 and ¢ =

(I—=7r1)-pr+ri-peand 0 <ryand ro <1 and go = (1 —r2) - p1 + r2 - po
holds r; < rs.
Let p1, p2, q1, g2 be points of 5%. The predicate LT (g1, g2, p1,p2) is defined
as follows:

(Def. 7)  LE(q1,42,p1,p2) and g1 # go.
Next we state several propositions:

(58) For all points pi, p2, q1, g2 of E% such that LT(qi,q2,p1,p2) holds
LE(q1,q2,p1,p2)-

(59) For all points p1, p2, qi, g2 of €% such that LE(q1,q2,p1,p2) and
LE(q2, q1,p1,p2) holds ¢1 = ¢a.

(60) For all points pi, pe, q1, g of &2 such that ¢ € L(p1,p2) and
g2 € L(p1,p2) and p1 # p2 holds LE(qg1, g2, p1,p2) or LT(g2, q1,p1,p2) but
LE(q1, g2, p1,p2) but LT(q2, q1,p1, p2).

(61) Let f be a finite sequence of elements of E% and p, g, p1, p2 be points of
E2.If f is a special sequence and p € L(f) and q € L(f) and Index(p, f) <
Index(q, f), then ¢ € E(J p, f).

(62) For all points p, g, p1, p2 of £2 such that LE(p, ¢, p1, p2) holds ¢ € L(p, p2)
and p € L(p1,q).

(63) Let f be a finite sequence of elements of 5% and p, q, p1, p2 be points of
5%. Suppose f is a special sequence and p € Z(f) and q € E(f) and p #
q and Index(p, f) = Index(q, f) and LE(pa q, Tndex(p, f) f> 71-Index(zr),f)—i-lf)‘
Then g € Z(J D, f)-

5. CUTTING BOTH SIDES OF A FINITE SEQUENCE AND A DISCUSSION OF
SPECIALITY OF SEQUENCES IN £2

Let f be a finite sequence of elements of £2 and let p, ¢ be points of £2. The
functor || p, f, q yielding a finite sequence of elements of 8% is defined by:

(Def. 8)i)  Ilp.fia = Llpfia if p € L(f) and ¢ € L(f)
and Index(p,f) < Index(q,f) or Index(p,f) = Index(q, f) and

LE(p7 q, 7-"Index(p,f)fa 7TIndex(p,f)+1f)7
(11) J Lpa f7 q= ReV(LJ q, f,p), otherwise.

The following propositions are true:
(64) Let f be a finite sequence of elements of 5% and p be a point of 5%.

Suppose f is a special sequence and p € Z( f) and p # f(len f). Then
I p, f is a special sequence joining p, e s f-



262 YATSUKA NAKAMURA AND ROMAN MATUSZEWSKI

(65) Let f be a finite sequence of elements of €% and p be a point of E2.

Suppose f is a special sequence and p € L(f) and p # f(len f). Then
| p, f is a special sequence.

(66) Let f be a finite sequence of elements of €% and p be a point of E2.
Suppose f is a special sequence and p € /:'(f) and p # f(1). Then | f,pis
a special sequence joining 71 f, p.

(67) Let f be a finite sequence of elements of 5% and p be a point of 5%.

Suppose f is a special sequence and p € E(f) and p # f(1). Then | f,p is
a special sequence.

(68) Let f be a finite sequence of elements of E% and p, ¢ be points of E%.

Suppose f is a special sequence and p € E(f) and q € Z(f) and p # q.
Then || p, f,q is a special sequence joining p, q.

(69) Let f be a finite sequence of elements of E% and p, ¢ be points of E%.

Suppose f is a special sequence and p € /:'(f) and g € E(f) and p # q.
Then || p, f,q is a special sequence.

(70) Let f, g be finite sequences of elements of £2. Suppose f(len f) = g(1)

and f is a special sequence and g is a special sequence and E( fin Z(g) =
{g(1)}. Then f " mid(g,2,len g) is a special sequence.

(71) Let f, g be finite sequences of elements of £%. Suppose f(len f) = g(1)
and f is a special sequence and g is a special sequence and E( fin Z(g) =
{g(1)}. Then f "~ mid(g,2,len g) is a special sequence joining m; f, Tien ¢9-

(72) For every finite sequence f of elements of £2 and for every natural num-
ber n holds Z(fln) C L(f).

(73) Let f be a finite sequence of elements of 5% and p be a point of 5%. If
pE E(f) and p # f(len f) and f is a special sequence, then E(J p, f) C
L(f)-

(74) Let f, g be finite sequences of elements of £% and p be a point of £2.
Suppose f(len f) = g(1) and p € L(f) and f is a special sequence and g
is a special sequence and L(f) N L(g) = {g(1)} and p # f(len f). Then
(I p, f) " mid(g,2,len g) is a special sequence joining p, Tien 49.

(75) Let f, g be finite sequences of elements of 5% and p be a point of 5%.
Suppose f(len f) = g(1) and p € E(f) and f is a special sequence and g
is a special sequence and £(f) N L(g) = {g(1)} and p # f(len f). Then
(I p, f) " mid(g,2,len g) is a special sequence.

(76) Let f, g be finite sequences of elements of £%. Suppose f(len f) = g(1)
and f is a special sequence and ¢ is a special sequence and Z( in E(g) =
{g(1)}. Then (mid(f,1,len f =" 1)) " g is a special sequence.

(77) Let f, g be finite sequences of elements of £2. Suppose f(len f) = g(1)

and f is a special sequence and ¢ is a special sequence and Z( in E(g) =
{g(1)}. Then (mid(f,1,len f —" 1)) ~ g is a special sequence joining 7 f,
Tlen g4g-
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(78) Let f be a finite sequence of elements of £2 and p be a point of £2. If
pe L(f) and p # f(1) and f is a special sequence, then £(| f,p) C L(f).

(79) Let f, g be finite sequences of elements of 5% and p be a point of 5%.
Suppose f(len f) = g(1) and p € Z(g) and f is a special sequence and
g is a special sequence and L(f) N L(g) = {g(1)} and p # g(1). Then
(mid(f,1,len f =" 1)) 7 | g,p is a special sequence joining 71 f, p.

(80) Let f, g be finite sequences of elements of 5% and p be a point of 5%.
Suppose f(len f) = g(1) and p € L(g) and f is a special sequence and
g is a special sequence and L£(f) N L(g) = {g(1)} and p # g(1). Then
(mid(f,1,len f =" 1)) ~ | g, p is a special sequence.
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The notation and terminology used in this paper have been introduced in the
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1. PRELIMINARIES

We adopt the following convention: n, m denote natural numbers, r, p, ¢
denote elements of C, and s, s’, s; denote complex sequences.
The following propositions are true:
(1) If g # Oc and r # Oc, then [g7! — 771 = Bi:l\
(2) For every n there exists a real number r such that 0 < r and for every
m such that m < n holds |s(m)| < r.
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2. CONJUGATE SEQUENCES

Let us consider s. The functor s* yields a complex sequence and is defined
by:
(Def. 1) For every n holds s*(n) = s(n)*.
We now state several propositions:
3

If s is non-zero, then s* is non-zero.

e R e
SN
— — — ~— —

(rs)*=r*s*
(ss")* = s* '™,
If s is non-zero, then (s*)~! = (s71)*.

s/

If s is non-zero, then (%)* = *+.

3. BOUNDED COMPLEX SEQUENCES

Let us consider s. We say that s is bounded if and only if:
(Def. 2) There exists a real number r such that for every n holds |s(n)| < 7.
Let us observe that there exists a complex sequence which is bounded.
Next we state the proposition
(8) s is bounded iff there exists a real number r such that 0 < r and for
every n holds |s(n)| < r.

4. CONVERGENT COMPLEX SEQUENCES

Let us consider s. We say that s is convergent if and only if:
(Def. 3) There exists g such that for every real number p such that 0 < p there
exists n such that for every m such that n < m holds |s(m) — g| < p.
Let us consider s. Let us assume that s is convergent. The functor lim s
yields an element of C and is defined as follows:
(Def. 4) For every real number p such that 0 < p there exists n such that for
every m such that n < m holds |s(m) — lim s| < p.
One can prove the following two propositions:
(9) If there exists g such that for every natural number n holds s(n) = g,
then s is convergent.
(10) For every g such that for every natural number n holds s(n) = ¢ holds
lims = g.
Let us observe that there exists a complex sequence which is convergent.
Let s be a convergent complex sequence. Observe that |s| is convergent.
One can prove the following proposition
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(11) 1If s is convergent, then lim |s| = |lim s|.

Let s be a convergent complex sequence. Observe that s* is convergent.
We now state the proposition

(12) 1If s is convergent, then lim(s*) = (lim s)*.

5. MAIN THEOREMS

The following propositions are true:

(13) 1If s is convergent and s’ is convergent, then s + s’ is convergent.

(14) 1If s is convergent and s’ is convergent, then lim(s + s’) = lim s + lim s’
(15) If s is convergent and s’ is convergent, then lim |s + s'| = |lim s + lim /.
(16) 1If s is convergent and s’ is convergent, then lim((s + ')*) = (lim s)* +

(lim s’)*.

(17) If s is convergent, then r s is convergent.

(18) 1If s is convergent, then lim(r s) = r - lims.

(19) 1If s is convergent, then lim |r s| = |r| - |lim s|.

(20) If s is convergent, then lim((r s)*) = r* - (lim s)*.

(21) If s is convergent, then —s is convergent.

(22) 1If s is convergent, then lim(—s) = —lim .

(23) If s is convergent, then lim |—s| = |lim s|.

(24) 1If s is convergent, then lim((—s)*) = —(lim s)*.

(25) If s is convergent and s’ is convergent, then s — s’ is convergent.

(26) If s is convergent and s is convergent, then lim(s — s’) = lims — lim s’
(27) If s is convergent and s is convergent, then lim |s — §'| = | lim s — lim &/|.
(28) 1If s is convergent and s’ is convergent, then lim((s — s')*) = (lim s)* —

(lim s’)*.
Let us mention that every complex sequence which is convergent is also
bounded.
Let us note that every complex sequence which is non bounded is also non
convergent.
One can prove the following propositions:
(29) 1If s is a convergent complex sequence and s’ is a convergent complex
sequence, then s s’ is convergent.
(30) 1If s is a convergent complex sequence and s’ is a convergent complex
sequence, then lim(ss’) =lim s - lim s’

(31) 1If s is convergent and s’ is convergent, then lim|s s'| = [lim s| - | lim §'|.
(32) If s is convergent and s’ is convergent, then lim((ss')*) = (lims)* -
(lim s’)*.

(33) If s is convergent, then if lims # Oc, then there exists n such that for
every m such that n < m holds UIQLS' < |s(m)].
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(34) If sis convergent and lim s # Oc and s is non-zero, then s~

1is convergent.

(35) If s is convergent and lims # Oc and s is non-zero, then lim(s~!) =

(lim 5)~ 1.

(36) If s is convergent and lims # Oc and s is non-zero, then lim |s~!| =

|lim s| 1.

(37) If s is convergent and lim s # Oc and s is non-zero, then lim((s~1)*) =

((lim s)*)~L.

(38) If s’ is convergent and s is convergent and lim s # O¢ and s is non-zero,

r.
then % is convergent.

39) If ' is convergent and s is convergent and lim s # Oc¢ and s is non-zero,
g g

. ’ . ’
then lim(%) = IIIIIHTZ

40) If s’ is convergent and s is convergent and lim s # Oc and s is non-zero,
g g

[lim s
[lim s|

|

then lim || =

(41) 1If ' is convergent and s is convergent and lim s # Oc and s is non-zero,

then lim((£)*) = dms)"

— (lims)* *

(42) If s is convergent and s; is bounded and lim s = Oc, then s s; is conver-

gent.

(43) If s is convergent and s; is bounded and lim s = Oc, then lim(s s;) = Oc.

(44) 1If s is convergent and s; is bounded and lim s = Oc, then lim |s 1| = 0.

(45) If s is convergent and s; is bounded and lim s = Oc, then lim((s s1)*) =

1]
2]

3]
[4]

[5]
[6]
[7]

8]

Oc.
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1. PRELIMINARIES

Let L be a non empty relational structure. One can check that id;, is mono-
tone.

Let S, T be non empty relational structures and let f be a map from .S into
T. Let us observe that f is antitone if and only if:

(Def. 1) For all elements x, y of S such that = < y holds f(x) > f(y).
Next we state several propositions:

(1) Let S, T be relational structures, K, L be non empty relational structu-
res, f be a map from S into T', and g be a map from K into L. Suppose
that

(i)  the relational structure of S = the relational structure of K,

!This work was partially supported by the Office of Naval Research Grant N00014-95-1-
1336.
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(ii)  the relational structure of 7' = the relational structure of L,

(i) f =g, and

(iv)  f is monotone.

Then g is monotone.

(2) Let S, T be relational structures, K, L be non empty relational structu-
res, f be a map from S into T', and g be a map from K into L. Suppose
that

(i)  the relational structure of S = the relational structure of K,
(ii)  the relational structure of T' = the relational structure of L,
(iii) f =g, and

) [ is antitone.

Then g is antitone.

(3) Let A, B be 1-sorted structures, F' be a family of subsets of A, and G
be a family of subsets of B. Suppose the carrier of A = the carrier of B
and F' = G and F'is a cover of A. Then G is a cover of B.

(4) For every antisymmetric reflexive relational structure L with L.u.b.’s and
for every element x of L holds Tz = {x} L Qy.

(iv

(5) For every antisymmetric reflexive relational structure L with g.l.b.’s and
for every element x of L holds |z = {x} M Qy.

(6) For every antisymmetric reflexive relational structure L with g.1.b.’s and
for every element y of L holds (y MO)°Ty = {y}.

(7) For every antisymmetric reflexive relational structure L with g.1.b.’s and
for every element z of L holds (z MO)~}({z}) = Tz.

(8) For every non empty l-sorted structure T holds every non empty net
structure N over T is eventually in rng (the mapping of N).

Let L be a non empty reflexive relational structure, let D be a non empty
directed subset of L, and let n be a function from D into the carrier of L. One
can verify that (D, (the internal relation of L) |? D, n) is directed.

Let L be a non empty reflexive transitive relational structure, let D be a
non empty directed subset of L, and let n be a function from D into the carrier
of L. One can check that (D, (the internal relation of L) |? D, n) is transitive.

The following propositions are true:

(9) For every non empty reflexive transitive relational structure L such that
for every element x of L and for every net NV in L such that N is eventually-
directed holds z M sup N = sup{z} M rngnetmap(N, L) holds L satisfies
MC.

(10) Let L be a non empty relational structure, a be an element of L, and N
be anet in L. Then aM N is a net in L.

Let L be a non empty relational structure, let z be an element of L, and let
N be anet in L. Then x M N is a strict net in L.

Let L be a non empty relational structure, let z be an element of L, and let
N be a non empty reflexive net structure over L. Observe that M is reflexive.
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Let L be a non empty relational structure, let x be an element of L, and
let N be a non empty antisymmetric net structure over L. Note that z M N is
antisymmetric.

Let L be a non empty relational structure, let x be an element of L, and let
N be a non empty transitive net structure over L. Note that z M N is transitive.

Let L be a non empty relational structure, let J be a set, and let f be a
function from J into the carrier of L. Observe that FinSups(f) is transitive.

2. THE OPERATIONS DEFINED ON NETS

Let L be a non empty relational structure and let NV be a net structure over
L. The functor inf N yielding an element of L is defined as follows:

(Def. 2) inf N = Inf(the mapping of ).
Let L be a relational structure and let NV be a net structure over L. We say
that sup N exists if and only if:

(Def. 3) Sup rng (the mapping of N) exists in L.
We say that inf N exists if and only if:
(Def. 4) Inf rng (the mapping of N) exists in L.

Let L be a relational structure. The functor (L;id) yields a strict net struc-
ture over L and is defined by:

(Def. 5) The relational structure of (L;id) = the relational structure of L and
the mapping of (L;id) = idy,.
Let L be a non empty relational structure. Observe that (L;id) is non empty.
Let L be a reflexive relational structure. One can check that (L;id) is refle-
xive.
Let L be an antisymmetric relational structure. Note that (L;id) is antisym-
metric.
Let L be a transitive relational structure. Observe that (L;id) is transitive.
Let L be a relational structure with L.u.b.’s. One can verify that (L;id) is
directed.
Let L be a directed relational structure. Note that (L;id) is directed.
Let L be a non empty relational structure. One can verify that (L;id) is
monotone and eventually-directed.
Let L be a relational structure. The functor (L°P;id) yields a strict net
structure over L and is defined by the conditions (Def. 6).

(Def. 6)(1) The carrier of (L°P;id) = the carrier of L,
(ii)  the internal relation of (L°P;id) = (the internal relation of L)~, and
(ili)  the mapping of (L°P;id) = idy.
Next we state the proposition

(11) For every relational structure L holds the relational structure of L~ =
the relational structure of (L°P;id).
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Let L be a non empty relational structure. One can check that (L°P;id) is
non empty.

Let L be a reflexive relational structure. Observe that (L°P;id) is reflexive.

Let L be an antisymmetric relational structure. Observe that (L°P;id) is
antisymmetric.

Let L be a transitive relational structure. Note that (L°P;id) is transitive.

Let L be a relational structure with g.1.b.’s. Note that (L°P;id) is directed.

Let L be a non empty relational structure. Note that (L°P;id) is antitone
and eventually-filtered.

Let L be a non empty 1-sorted structure, let N be a non empty net structure
over L, and let i be an element of N. The functor N [ yields a strict net structure
over L and is defined by the conditions (Def. 7).

(Def. 7)(i)  For every set = holds x € the carrier of N |7 iff there exists an element
y of N such that y =z and 7 < y,
(ii)  the internal relation of N|i = (the internal relation of N)|? (the carrier
of N[i), and
(iii)  the mapping of N|i = (the mapping of N)[(the carrier of N [7).
We now state three propositions:

(12) Let L be a non empty 1-sorted structure, N be a non empty net structure
over L, and i be an element of N. Then the carrier of N|i = {y,y ranges
over elements of N: i < y}.

(13) Let L be a non empty 1-sorted structure, N be a non empty net structure
over L, and i be an element of N. Then the carrier of N[i C the carrier

of N.

(14) Let L be a non empty 1-sorted structure, N be a non empty net structure
over L, and ¢ be an element of N. Then N i is a full structure of a subnet

of N.

Let L be a non empty 1-sorted structure, let N be a non empty reflexive net
structure over L, and let ¢ be an element of N. Note that N7 is non empty and
reflexive.

Let L be a non empty 1-sorted structure, let N be a non empty directed net
structure over L, and let ¢ be an element of N. Note that N[i is non empty.

Let L be a non empty 1-sorted structure, let N be a non empty reflexive
antisymmetric net structure over L, and let ¢ be an element of N. Observe that
N[t is antisymmetric.

Let L be a non empty 1-sorted structure, let N be a non empty directed
antisymmetric net structure over L, and let ¢ be an element of N. Note that
N i is antisymmetric.

Let L be a non empty 1-sorted structure, let N be a non empty reflexive
transitive net structure over L, and let ¢ be an element of N. One can verify
that N i is transitive.

Let L be a non empty 1-sorted structure, let N be a net in L, and let ¢ be
an element of N. Note that N |7 is transitive and directed.

Next we state three propositions:
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(15) Let L be a non empty 1-sorted structure, N be a non empty reflexive
net structure over L, i, x be elements of IV, and x1 be an element of N 3.
If x = 24, then N(z) = (NTi)(z1).

(16) Let L be a non empty l-sorted structure, N be a non empty directed
net structure over L, i, x be elements of IV, and x1 be an element of N 3.
If x = 24, then N(z) = (NTi)(z1).

(17) Let L be a non empty l-sorted structure, N be a net in L, and i be an
element of N. Then NJi is a subnet of N.

Let T be a non empty 1-sorted structure and let N be a net in T. Observe
that there exists a subnet of N which is strict.

Let L be a non empty 1-sorted structure, let N be a net in L, and let ¢ be
an element of V. Then N |7 is a strict subnet of N.

Let S be a non empty 1-sorted structure, let T be a 1-sorted structure, let
f be a map from S into T, and let N be a net structure over S. The functor
f+ N yielding a strict net structure over 7' is defined by the conditions (Def. 8).

(Def. 8)(i)  The relational structure of f- N = the relational structure of N, and

(ii)  the mapping of f- N = f - the mapping of N.

Let S be a non empty 1-sorted structure, let 7" be a 1-sorted structure, let
f be amap from S into T', and let NV be a non empty net structure over .S. One
can verify that f - N is non empty.

Let S be a non empty 1-sorted structure, let T be a 1-sorted structure, let f
be a map from S into 7', and let NV be a reflexive net structure over S. Observe
that f - IV is reflexive.

Let S be a non empty 1-sorted structure, let T be a 1-sorted structure, let
f be a map from S into T, and let N be an antisymmetric net structure over
S. Observe that f - N is antisymmetric.

Let S be a non empty 1-sorted structure, let T be a 1-sorted structure, let
f be a map from S into T', and let N be a transitive net structure over S. Note
that f - N is transitive.

Let S be a non empty 1-sorted structure, let 7" be a 1-sorted structure, let
f be a map from S into T, and let N be a directed net structure over S. Note
that f- N is directed.

One can prove the following proposition

(18) Let L be a non empty relational structure, N be a non empty net struc-
ture over L, and x be an element of L. Then (z M 0)- N =z M N.

3. THE PROPERTIES OF TOPOLOGICAL SPACES

The following two propositions are true:
(19) Let S, T be topological structures, F' be a family of subsets of S, and G
be a family of subsets of T'. Suppose the topological structure of S = the
topological structure of 7" and F' = G and F is open. Then G is open.
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(20) Let S, T be topological structures, F' be a family of subsets of S, and G
be a family of subsets of 1. Suppose the topological structure of S = the
topological structure of 7" and F' = GG and F' is closed. Then G is closed.

Let a be a set. Note that {a}p is discrete.

We consider FR-structures as extensions of topological structure and rela-
tional structure as systems

( a carrier, a internal relation, a topology ),
where the carrier is a set, the internal relation is a binary relation on the carrier,
and the topology is a family of subsets of the carrier.

Let A be a non empty set, let R be a relation between A and A, and let T
be a family of subsets of A. Note that (A, R,T) is non empty.

Let x be a set, let R be a binary relation on {z}, and let T be a family of
subsets of {z}. Note that ({z}, R,T) is trivial.

Let X be a set, let O be an order in X, and let T" be a family of subsets of
X. Observe that (X,0,T) is reflexive transitive and antisymmetric.

Let us observe that there exists a FR-structure which is trivial, reflexive,
non empty, discrete, strict, and finite.

A TopLattice is a reflexive transitive antisymmetric topological space-like
FR-structure with g.l.b.’s and Lu.b.’s.

Let us observe that there exists a non empty TopLattice which is strict,
trivial, discrete, finite, compact, and Hausdorff.

Let T be a Hausdorff non empty topological space. One can check that every
non empty subspace of T" is Hausdorff.

One can prove the following propositions:

(21) For every non empty topological space 1" and for every point p of 7" holds
every element of the open neighbourhoods of p is a neighbourhood of p.

(22) Let T be a non empty topological space, p be a point of T, and A, B be
elements of the open neighbourhoods of p. Then A N B is an element of
the open neighbourhoods of p.

(23) Let T be a non empty topological space, p be a point of T, and A, B be
elements of the open neighbourhoods of p. Then A U B is an element of
the open neighbourhoods of p.

(24) Let T be a non empty topological space, p be an element of the carrier
of T', and N be a net in T'. Suppose p € Lim N. Let S be a subset of the
carrier of T'. If S = rng (the mapping of N), then p € S.

(25) Let T be a Hausdorff non empty TopLattice, N be a convergent net in
T, and f be a map from T into T'. If f is continuous, then f(lim N) €
Lim(f - N).

(26) Let T be a Hausdorff non empty TopLattice, N be a convergent net in
T, and z be an element of T. If x M [ is continuous, then z Mlim N €
Lim(z 1 N).

(27) Let S be a Hausdorff non empty TopLattice and x be an element of S.
If for every element a of S holds a M is continuous, then Tz is closed.
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(28) Let S be a compact Hausdorff non empty TopLattice and x be an element
of S. If for every element b of S holds b is continuous, then |z is closed.

4. THE CLUSTER POINTS OF NETS

Let T be a TopLattice, let N be a non empty net structure over 7', and let
p be a point of T'. We say that p is a cluster point of N if and only if:

(Def. 9) For every neighbourhood O of p holds N is often in O.
Next we state several propositions:

(29) Let L be a non empty TopLattice, N be a net in L, and ¢ be a point of
L. If ¢ € Lim N, then c is a cluster point of V.

(30) Let T be a compact Hausdorff non empty TopLattice and N be a net in
T. Then there exists a point ¢ of T" such that c is a cluster point of N.

(31) Let L be a non empty TopLattice, N be a net in L, M be a subnet of
N, and c be a point of L. If ¢ is a cluster point of M, then c is a cluster
point of V.

(32) Let T be a non empty TopLattice, N be a net in T, and = be a point of
T. Suppose z is a cluster point of N. Then there exists a subnet M of N
such that z € Lim M.

(33) Let L be a compact Hausdorff non empty TopLattice and N be a net in
L. Suppose that for all points ¢, d of L such that ¢ is a cluster point of N
and d is a cluster point of NV holds ¢ = d. Let s be a point of L. If s is a
cluster point of IV, then s € Lim N.

(34) Let S be a non empty TopLattice, ¢ be a point of S, N be a net in S,
and A be a subset of S. Suppose ¢ is a cluster point of N and A is closed
and rng (the mapping of N) C A. Then ¢ € A.

(35) Let S be a compact Hausdorff non empty TopLattice, ¢ be a point of
S, and N be a net in S. Suppose for every element z of S holds x M J
is continuous and N is eventually-directed and c is a cluster point of .
Then ¢ = sup N.

(36) Let S be a compact Hausdorff non empty TopLattice, ¢ be a point of
S, and N be a net in S. Suppose for every element x of S holds x M is
continuous and NV is eventually-filtered and c is a cluster point of N. Then
¢ =inf N.
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5. ON THE ToOPOLOGICAL PROPERTIES OF MEET-CONTINUOUS LATTICES

Next we state several propositions:

(37) Let S be a Hausdorff non empty TopLattice. Suppose that
(i)  for every net N in S such that N is eventually-directed holds sup N
exists and sup NV € Lim N, and
(ii)  for every element z of S holds z MO is continuous.
Then S is meet-continuous.

(38) Let S be a compact Hausdorff non empty TopLattice. Suppose that for
every element x of S holds x M is continuous. Let N be a net in S. If N
is eventually-directed, then sup NN exists and sup NV € Lim V.

(39) Let S be a compact Hausdorff non empty TopLattice. Suppose that for
every element x of S holds x M is continuous. Let N be a net in S. If N
is eventually-filtered, then inf N exists and inf N € Lim N.

(40) Let S be a compact Hausdorff non empty TopLattice. If for every element
x of S holds x M is continuous, then S is bounded.

(41) Let S be a compact Hausdorff non empty TopLattice. Suppose that for
every element x of .S holds zM is continuous. Then S is meet-continuous.
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The papers [23], [27], [16], [1], [28], [14], [9], [13], [2], [26], [17], [3], [4], [10], [6],
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terminology and notation for this paper.

1. PRELIMINARIES

One can prove the following propositions:

(1) Let I be a set, f be a function, and F, G be many sorted functions
indexed by I. If rng f C I, then (Go F)-f= (G- f)o(F - f).

(2) Let S be a non empty non void many sorted signature, o be an operation
symbol of S, V be a non-empty many sorted set indexed by the carrier of
S, and x be a set. Then z is an argument sequence of Sym(o, V) if and
only if = is an element of Args(o, Free(V)).

Let S be a non empty non void many sorted signature, let V' be a non-empty
many sorted set indexed by the carrier of .S, and let 0o be an operation symbol
of S. Note that every element of Args(o, Free(V)) is decorated tree yielding.

Next we state two propositions:

(3) Let S be a non empty non void many sorted signature and Aj, Ay
be algebras over S. Suppose the sorts of A; are transformable to the
sorts of As. Let o be an operation symbol of S. If Args(o, A1) # ), then
Args(o, Ag) # 0.
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(4) Let S be a non empty non void many sorted signature, o be an operation
symbol of S, V' be a non-empty many sorted set indexed by the carrier of S,
and = be an element of Args(o, Free(V')). Then (Den(o, Free(V)))(z) = (o,
the carrier of S)-tree(z).

Let S be a non empty non void many sorted signature and let A be a non-
empty algebra over S. One can check that the algebra of A is non-empty.
Next we state three propositions:

(5) Let S be a non empty non void many sorted signature and A, B be
algebras over S. Suppose the algebra of A = the algebra of B. Let o be an
operation symbol of S. Then Den(o, A) = Den(o, B).

(6) Let S be a non empty non void many sorted signature and A, As, By,
Bs be algebras over S. Suppose the algebra of A; = the algebra of By and
the algebra of A; = the algebra of Bs. Let f be a many sorted function
from A; into As and g be a many sorted function from B; into By. Suppose
f = g. Let o be an operation symbol of S. Suppose Args(o, A1) # () and
Args(o, Ag) # 0. Let = be an element of Args(o, A1) and y be an element
of Args(o, By). If z = y, then f#x = g#vy.

(7) Let S be a non empty non void many sorted signature and A;, As, By,
By be algebras over S. Suppose that

(i) the algebra of A; = the algebra of B,

(ii)  the algebra of Ay = the algebra of By, and

(iii)  the sorts of A; are transformable to the sorts of As.

Let h be a many sorted function from Ay into A,. Suppose h is a homo-
morphism of A; into As. Then there exists a many sorted function A’ from
B into By such that A/ = h and A’ is a homomorphism of B; into Bs.

Let S be a many sorted signature. We say that S is feasible if and only if:
(Def. 1) If the carrier of S = (), then the operation symbols of S = (.
The following proposition is true

(8) Let S be a many sorted signature. Then S is feasible if and only if
dom (the result sort of S) = the operation symbols of S.

One can verify the following observations:

% every many sorted signature which is non empty is also feasible,

* every many sorted signature which is void is also feasible,

x every many sorted signature which is empty and feasible is also void,
and

% every many sorted signature which is non void and feasible is also non
empty.

Let us note that there exists a many sorted signature which is non void and

non empty.
One can prove the following propositions:
(9) Let S be a feasible many sorted signature. Then idihe carrier of § and

idthe operation symbols of § form morphism between S and S.
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(10) Let Sq, S2 be many sorted signatures and f, g be functions. Suppose f
and g form morphism between S; and S5. Then
(i)  fis a function from the carrier of Sy into the carrier of Ss, and
(ii) g is a function from the operation symbols of S; into the operation
symbols of S5.

2. SUBSIGNATURES

Let S be a feasible many sorted signature. A many sorted signature is said
to be a subsignature of S if:
(Def 2) idthe carrier of it and idthe operation symbols of it form morphism between it

and S.
We now state the proposition

(11) Let S be a feasible many sorted signature and T' be a subsignature of
S. Then the carrier of T' C the carrier of S and the operation symbols of
T C the operation symbols of S.

Let S be a feasible many sorted signature. Note that every subsignature of
S is feasible.
Next we state several propositions:

(12) Let S be a feasible many sorted signature and 7" be a subsignature of S.
Then the result sort of 7' C the result sort of S and the arity of T' C the
arity of S.

(13) Let S be a feasible many sorted signature and 7" be a subsignature of S.
Then

(i)  the arity of T'= (the arity of S)[(the operation symbols of T"), and
(ii)  the result sort of T' = (the result sort of S)[(the operation symbols of
T).
(14) Let S, T be feasible many sorted signatures. Suppose that
(i)  the carrier of T' C the carrier of S,
(ii)  the arity of T' C the arity of S, and
(iii)  the result sort of 7' C the result sort of S.
Then T is a subsignature of S.
(15) Let S, T be feasible many sorted signatures. Suppose that
(i)  the carrier of T' C the carrier of S,
(ii)  the arity of T' = (the arity of S)[(the operation symbols of T'), and

(iii)  the result sort of T'= (the result sort of S)[(the operation symbols of

T).
Then T is a subsignature of S.
(16) Every feasible many sorted signature S is a subsignature of S.

(17) For every feasible many sorted signature S; and for every subsignature
S of Sp holds every subsignature of S5 is a subsignature of Sy.
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(18) Let S; be a feasible many sorted signature and Sy be a subsignature of
S1. Suppose 57 is a subsignature of S3. Then the many sorted signature
of S; = the many sorted signature of Ss.

Let S be a non empty many sorted signature. Observe that there exists a
subsignature of S which is non empty.

Let S be a non void feasible many sorted signature. One can verify that
there exists a subsignature of S which is non void.

One can prove the following three propositions:

(19) Let S be a feasible many sorted signature, S’ be a subsignature of S, T'
be a many sorted signature, and f, g be functions. Suppose f and g form
morphism between S and T'. Then f [the carrier of S’ and g[the operation
symbols of S’ form morphism between S’ and T'.

(20) Let S be a many sorted signature, T' be a feasible many sorted signature,
T’ be a subsignature of T, and f, g be functions. Suppose f and g form
morphism between S and T’. Then f and g form morphism between S
and T.

(21) Let S be a many sorted signature, 7" be a feasible many sorted signature,
T’ be a subsignature of T, and f, g be functions. Suppose f and g form
morphism between S and T and rng f C the carrier of 77 and rng g C the
operation symbols of 77. Then f and g form morphism between S and T”.

3. SIGNATURE REDUCTS

Let S1, S5 be non empty many sorted signatures, let A be an algebra over Sy,
and let f, g be functions. Let us assume that f and g form morphism between
S and S,. The functor A[( f,g)Sl yields a strict algebra over S; and is defined
by the conditions (Def. 3).

(Def. 3)(1)  The sorts of Al .51 = (the sorts of A) - f, and

(ii)  the characteristics of Al ,yS1 = (the characteristics of A) - g.

Let S, S1 be non empty many sorted signatures and let A be an algebra over
So. The functor A[S; yields a strict algebra over S; and is defined as follows:

(Def 4) Arsl = Ar(idme carrier of S1s1dthe operation symbols of Sl)Sl'
We now state two propositions:

(22) Let Sy, Se be non empty many sorted signatures and A, B be algebras
over So. Suppose the algebra of A = the algebra of B. Let f, g be functions.
If f and g form morphism between S; and S5, then A[(f,g)Sl = Bl(f,¢)51-
(23) Let S, So be non empty many sorted signatures, A be a non-empty
algebra over So, and f, g be functions. If f and g form morphism between

S1 and Sy, then A[(; ;)51 is non-empty.
Let S5 be a non empty many sorted signature, let S; be a non empty subsi-
gnature of Sy, and let A be a non-empty algebra over Sy. Observe that A[S] is

non-empty.
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The following propositions are true:

(24) Let S, Sz be non void non empty many sorted signatures and f, g be
functions. Suppose f and g form morphism between S; and S3. Let A
be an algebra over Ss, 07 be an operation symbol of S, and 02 be an
operation symbol of Sy. If 09 = g(01), then Den(ol,A[(ﬁg)Sl) = Den(o0q,
A).

(25) Let S1, S2 be non void non empty many sorted signatures and f, g be
functions. Suppose f and g form morphism between S7 and S3. Let A be an
algebra over Sa, 01 be an operation symbol of S7, and 0y be an operation
symbol of Sy. If 02 = g(01), then Args(oz, A) = Args(o1, A[(44)51) and
Result(o1, Al(f,4)51) = Result(oz, A).

(26) Let S be a non empty many sorted signature and A be an algebra over

S. Then A S = the algebra of A.

(27) For every non empty many sorted signature S and for every algebra A
over S holds A[S = the algebra of A.

(28) Let Sy, S2, S3 be non empty many sorted signatures and fi, g1 be func-
tions. Suppose f1 and g; form morphism between S; and S3. Let fs, g9
be functions. Suppose fo and go form morphism between Sy and S3. Let
A be an algebra over S3. Then A[(fQ,ngQ,gl)Sl = A[(f27g2)52[(f17gl)51.

(ldthe carrier of Ssid¢he operation symbols of S)

(29) Let S; be a non empty feasible many sorted signature, Sy be a non empty
subsignature of S, S3 be a non empty subsignature of So, and A be an
algebra over S7. Then A[S3 = A[S3[Ss.

(30) Let Sy, S2 be non empty many sorted signatures, f be a function from
the carrier of S into the carrier of S5, and g be a function. Suppose f
and ¢ form morphism between S; and Sy. Let Ay, Ay be algebras over So
and h be a many sorted function from the sorts of Ay into the sorts of As.
Then h - f is a many sorted function from the sorts of Ay [(1,9)51 into the
sorts of Ag [(f,g)Sl.

(31) Let S; be a non empty many sorted signature, So be a non empty subsi-
gnature of S1, Ay, As be algebras over S, and h be a many sorted function
from the sorts of A; into the sorts of As. Then h[the carrier of S5 is a
many sorted function from the sorts of A;[Ss into the sorts of As[Ss.

(32) Let Sy, Sz be non empty many sorted signatures and f, g be functions.
Suppose f and g form morphism between S; and S,. Let A be an algebra
over SZ- Then idthe sorts of A * f = idthe sorts of Al St

(33) Let S} be a non empty many sorted signature, Sy be a non empty subsi-
gnature of Sy, and A be an algebra over S7 Then idtpe sorts of A [the carrier
of SZ - idthe sorts of A[S2-

(34) Let S, Sz be non void non empty many sorted signatures and f, g be
functions. Suppose f and g form morphism between S; and S3. Let A, B
be algebras over Ss, ho be a many sorted function from A into B, and h; be
a many sorted function from Af s yS1 into B[y 4)S1. Suppose hy = ha - f.
Let 01 be an operation symbol of S; and 02 be an operation symbol of Ss.
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Suppose 02 = g(01) and Args(og, A) # 0 and Args(oe, B) # (). Let 25 be
an element of Args(og, A) and z1 be an element of Args(o1, Al (s4)51). If
To9 = x1, then hi#x1 = hotxo.

(35) Let S, S’ be non empty non void many sorted signatures and A, Ay be
algebras over S. Suppose the sorts of A; are transformable to the sorts
of As. Let h be a many sorted function from A; into As. Suppose h is
a homomorphism of A; into As. Let f be a function from the carrier of
S’ into the carrier of S and g be a function. Suppose f and g form mor-
phism between S’ and S. Then there exists a many sorted function A’ from
A1l(sg)S" into Azl (s 4)S" such that i = h- f and ' is a homomorphism
of Ay [(f,g)S’ into Ao [(f,g)S’.

(36) Let S be a non void feasible many sorted signature, S’ be a non void
subsignature of S, and A, As be algebras over S. Suppose the sorts of
A; are transformable to the sorts of As. Let h be a many sorted function
from A; into A,. Suppose h is a homomorphism of A; into As. Then
there exists a many sorted function A’ from A;[S’ into A[S’ such that
h' = h|the carrier of S’ and I’ is a homomorphism of A;[S’ into As[S".

(37) Let S, S’ be non empty non void many sorted signatures, A be a non-
empty algebra over S, f be a function from the carrier of S’ into the carrier
of S, and g be a function. Suppose f and g form morphism between S’ and
S. Let B be a non-empty algebra over S’. Suppose B = A[ ;5" Let s,
s9 be sort symbols of S’ and ¢ be a function. Suppose ¢ is an elementary
translation in B from s; into ss. Then t is an elementary translation in A
from f(s1) into f(s2).

(38) Let S, S’ be non empty non void many sorted signatures, f be a function
from the carrier of S’ into the carrier of S, and g be a function. Suppose
f and g form morphism between S’ and S. Let s1, s be sort symbols of
S’. If TranslRel(S”) reduces s; to sg, then TranslRel(S) reduces f(s1) to
f(s2).

(39) Let S, S” be non void non empty many sorted signatures, A be a non-
empty algebra over S, f be a function from the carrier of S’ into the carrier
of S, and g be a function. Suppose f and g form morphism between S’
and S. Let B be a non-empty algebra over S’. Suppose B = A[(LQ)S’. Let
s1, s2 be sort symbols of S’. Suppose TranslRel(S”) reduces s1 to s3. Then
every translation in B from s into s9 is a translation in A from f(s;) into

f(s2).

4. TRANSLATING HOMOMORPHISMS

The scheme GenFuncEz concerns a non empty non void many sorted signa-
ture A, a non-empty algebra B over A, a non-empty many sorted set C indexed
by the carrier of A, and a binary functor F yielding a set, and states that:
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There exists a many sorted function h from Free(C) into B such
that
(i)  his a homomorphism of Free(C) into B, and
(ii)  for every sort symbol s of A and for every element x of
C(s) holds h(s)(the root tree of (x, s)) = F(z,s)
provided the parameters meet the following requirement:
e For every sort symbol s of A and for every element x of C(s) holds
F(x,s) € (the sorts of B)(s).
One can prove the following proposition
(40) Let I be a set, A, B be many sorted sets indexed by I, C' be a many
sorted subset of A, F' be a many sorted function from A into B, and ¢
be a set. Suppose i € I. Let f, g be functions. Suppose f = F(i) and
g=(F [ C)(i). Let x be a set. If z € C(i), then g(x) = f(z).

Let S be a non void non empty many sorted signature and let X be a non-
empty many sorted set indexed by the carrier of S. Note that FreeGenerator(X)
is non-empty.

Let S1, S5 be non empty non void many sorted signatures, let X be a non-
empty many sorted set indexed by the carrier of Ss, let f be a function from the
carrier of Sy into the carrier of Ss, and let g be a function. Let us assume that f
and ¢ form morphism between S; and Sy. The functor hom(f, g, X, S1, S2) yields
a many sorted function from Free(X - f) into Free(X)[ ;451 and is defined by
the conditions (Def. 5).

(Def. 5)(i)  hom(f,g,X,S51,52) is a homomorphism of Free(X - f) into
Free(X)[(4,4)51, and
(ii)  for every sort symbol s of S; and for every element x of (X - f)(s)
holds (hom(f, g, X, S1,52))(s)(the root tree of (x, s)) = the root tree of
(z, £(5))-
We now state several propositions:

(41) Let Sy, Sy be non void non empty many sorted signatures, X be a non-
empty many sorted set indexed by the carrier of S3, f be a function from
the carrier of Sy into the carrier of S5, and g be a function. Suppose f and
g form morphism between S; and S,. Let o be an operation symbol of Sy,
p be an element of Args(o, Free(X - f)), and ¢ be a finite sequence. Suppose
g = hom(f,g,X,S1,S52)#p. Then (hom(f,g, X, S1,S2))(the result sort of
0)({o, the carrier of Sp)-tree(p)) = (g(0), the carrier of Sy)-tree(q).

(42) Let Sy, Sy be non void non empty many sorted signatures, X be a non-
empty many sorted set indexed by the carrier of S3, f be a function from
the carrier of Sp into the carrier of S5, and ¢ be a function. Suppose f and
g form morphism between 57 and Ss. Let t be a term of S; over X - f.
Then (hom(f, g, X, S1, S2))(the sort of ¢)(¢) is a compound term of Sy over
X if and only if ¢ is a compound term of S7 over X - f.

(43) Let Si, Sz be non void non empty many sorted signatures, X be a
non-empty many sorted set indexed by the carrier of So, f be a func-
tion from the carrier of S; into the carrier of Ss, and g be an one-to-
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one function. Suppose f and g form morphism between S; and S,. Then
hom(f, g, X, S1,S3) is a monomorphism of Free(X - f) into Free(X) [(£,9)51

(44) Let S be a non void non empty many sorted signature and
X be a non-empty many sorted set indexed by the carrier
of S. Then hom(idthe carrier of S idthe operation symbols of S Xa S, S) =

id¢he sorts of Free(X)-

(45) Let S1, S2, S3 be non void non empty many sorted signatures, X be a
non-empty many sorted set indexed by the carrier of S3, f1 be a function
from the carrier of 57 into the carrier of Ss, and g; be a function. Suppose
f1 and g1 form morphism between S; and Ss. Let f5 be a function from the
carrier of Sy into the carrier of S3 and g9 be a function. Suppose fs and go
form morphism between S, and S5. Then hom(fs - f1,92 - 91, X, S1,53) =
(hom(f2, g2, X, S2,53) - f1) o hom(f1, g1, X - f2, 51, 52).
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1. PRELIMINARIES

One can prove the following propositions:
(1) For all sets X, A, B such that A € Fin X and B C A holds B € Fin X.

(2) For every set X and for every family F' of subsets of X such that F' C
Fin X holds () F € Fin X.

Let X be a non empty set. Let us observe that X is trivial if and only if:
(Def. 1) For all elements x, y of X holds z = y.

!This work was partially supported by the Office of Naval Research Grant N00014-95-1-
1336.
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2. FAMILIES OF COMPLEMENTS

We now state a number of propositions:
(3) For every set X and for every family F' of subsets of X and for every
subset P of X holds P° € F¢iff P € F.
(4) For every set X and for every family F' of subsets of X holds F' ~ F*°.
(5) For all sets X, Y such that X ~ Y and X is countable holds Y is
countable.
(6) For every set X and for every family F of subsets of X holds (F°)¢ = F.
(7) For every set X and for every family F' of subsets of X and for every
subset P of X holds P° € F¢iff P € F.
(8) For every set X and for all families F, G of subsets of X such that
F°¢ C G° holds F C G.
(9) For every set X and for all families F', G of subsets of X holds F* C G
ifft F C G°.
(10) For every set X and for all families F', G of subsets of X such that
F°=G° holds F = G.
(11) For every set X and for all families F', G of subsets of X holds (FUG)® =
FeuUGe.
(12) For every set X and for every family F' of subsets of X such that F' =
{X} holds F° = {0}.
Let X be a set and let F' be an empty family of subsets of X. Observe that
F¢ is empty.
The following propositions are true:
(13) Let X be a 1-sorted structure, F' be a family of subsets of X, and P be
a subset of the carrier of X. Then P € F° if and only if —P € F.
(14) Let X be a l-sorted structure, F' be a family of subsets of X, and P be
a subset of the carrier of X. Then —P € F° if and only if P € F.
(15) For every 1-sorted structure X and for every family F' of subsets of X
holds Intersect(F¢) = —J F.

(16) For every l-sorted structure X and for every family F' of subsets of X
holds | J(F¢) = —Intersect(F).

3. TOPOLOGICAL PRELIMINARIES

One can prove the following four propositions:

(17) Let T be a non empty topological space and A, B be subsets of the
carrier of T'. Suppose B C A and A is closed and for every subset C' of the
carrier of T such that B C C and C is closed holds A C C. Then A = B.
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(18) Let T be a topological structure, B be a basis of T, and V' be a subset of
T.If V is open, then V' = | J{G, G ranges over subsets of T: G € B A G C
V.

(19) Let T be a topological structure, B be a basis of T, and S be a subset
of T. If S € B, then S is open.

(20) Let T be a non empty topological space, B be a basis of T', and V' be a
subset of T'. Then Int V' = [ J{G, G ranges over subsets of T: G € B A G C
V}.

4. BAIRE SPACES

Let T be a non empty topological structure and let = be a point of 7. A
family of subsets of T" is called a basis of z if it satisfies the conditions (Def. 2).
(Def. 2)(i) It C the topology of T,
(ii) x € Intersect(it), and
(iii)  for every subset S of T such that S is open and x € S there exists a
subset V of T such that V € it and V C S.
Next we state three propositions:

(21) Let T be a non empty topological structure,  be a point of 7', B be a
basis of x, and V be a subset of T. If V € B, then V is open and z € V.

(22) Let T be a non empty topological structure,  be a point of 7', B be a
basis of x, and V be a subset of the carrier of T. If x € V and V is open,
then there exists a subset W of T such that W € B and W C V.

(23) Let T be a non empty topological structure and P be a family of subsets
of T. Suppose P C the topology of T" and for every point x of T there
exists a basis B of x such that B C P. Then P is a basis of T.

Let T be a non empty topological space. We say that T' is Baire if and only
if the condition (Def. 3) is satisfied.

(Def. 3) Let F be a family of subsets of T. Suppose F' is countable and for
every subset S of T such that S € F holds S is everywhere dense. Then
Intersect(F’) is dense.

We now state the proposition

(24) Let T be a non empty topological space. Then T is Baire if and only if
for every family F' of subsets of T such that F'is countable and for every
subset S of T such that S € F holds S is nowhere dense holds [J F' is
boundary.

5. SOBER SPACES

Let T be a topological structure and let S be a subset of T. We say that S
is irreducible if and only if the conditions (Def. 4) are satisfied.



292 ANDRZEJ TRYBULEC

(Def. 4)(i) S is non empty and closed, and
(ii)  for all subsets S, Sy of T such that S; is closed and S9 is closed and
S =51US55 holds S =85 or S5 = S.
Let T be a topological structure. Observe that every subset of 7" which is
irreducible is also non empty.
Let T be a non empty topological space, let S be a subset of the carrier of
T, and let p be a point of T. We say that p is dense point of S if and only if:
(Def. 5) pe Sand S C {p}.
We now state two propositions:

(25) Let T be a non empty topological space and S be a subset of the carrier
of T'. Suppose S is closed. Let p be a point of T'. If p is dense point of S,
then S = {p}.
(26) For every non empty topological space T" and for every point p of T" holds
{p} is irreducible.
Let T be a non empty topological space. Observe that there exists a subset
of T" which is irreducible.
Let T be a non empty topological space. We say that T is sober if and only
if the condition (Def. 6) is satisfied.

(Def. 6) Let S be an irreducible subset of T'. Then there exists a point p of T
such that p is dense point of S and for every point ¢ of T" such that ¢ is
dense point of .S holds p = q.

We now state four propositions:
(27) For every non empty topological space T" and for every point p of T" holds
p is dense point of m
(28) For every non empty topological space 1" and for every point p of 7" holds
p is dense point of {p}.
(29) Let T be a non empty topological space and G, F' be subsets of T. If G
is open and F' is closed, then F'\ G is closed.
(30) For every Hausdorff non empty topological space T holds every irredu-
cible subset of T is trivial.
Let T be a Hausdorff non empty topological space. Observe that every subset
of T" which is irreducible is also trivial.
We now state the proposition
(31) Every Hausdorff non empty topological space is sober.
Let us note that every non empty topological space which is Hausdorff is
also sober.
One can verify that there exists a non empty topological space which is
sober.
The following two propositions are true:
(32) Let T be a non empty topological space. Then T' is Tj if and only if for
all points p, ¢ of T such that @ = @ holds p = gq.
(33) Every sober non empty topological space is Tj.
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Let us note that every non empty topological space which is sober is also
To.

Let X be a set. The functor CofinTop X yields a strict topological structure
and is defined as follows:

(Def. 7) The carrier of CofinTop X = X and (the topology of CofinTop X)¢ =
{X} UFin X.
Let X be a non empty set. Note that CofinTop X is non empty.
Let X be a set. Note that CofinTop X is topological space-like.
Next we state two propositions:

(34) For every non empty set X and for every subset P of CofinTop X holds
P is closed iff P = X or P is finite.

(35) For every non empty topological space T such that T" is a Ty space and
for every point p of T holds {p} = {p}.

Let X be a non empty set. Note that CofinTop X is a Ty space.

Let X be an infinite set. One can check that CofinTop X is non sober.

Let us observe that there exists a non empty topological space which is a T
space and non sober.

6. MORE ON REGULAR SPACES

One can prove the following two propositions:

(36) Let T be a non empty topological space. Then T is a T3 space if and
only if for every point p of T" and for every subset P of the carrier of T
such that p € Int P there exists a subset () of T" such that @ is closed and
Q CPandpelnt@.

(37) Let T be a non empty topological space. Suppose T is a T3 space. Then
T is locally-compact if and only if for every point x of T there exists a
subset Y of T such that z € IntY and Y is compact.
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1. PRELIMINARIES

In this article we present several logical schemes. The scheme SubrelstrFEx
concerns a non empty relational structure A, a set B, and a unary predicate P,
and states that:

There exists a non empty full strict relational substructure S of
A such that for every element x of A4 holds = is an element of S
if and only if P[z]
provided the following conditions are met:
. P,
e BB € the carrier of A.

The scheme RelstrEq deals with non empty relational structures A, B, a

unary predicate P, and a binary predicate Q, and states that:
The relational structure of A = the relational structure of B
provided the following conditions are met:
e For every set z holds z is an element of A iff P[z],
e For every set x holds z is an element of B iff P[z],
e For all elements a, b of A holds a < b iff Q[a,b],
e For all elements a, b of B holds a < b iff Q[a, b].

!This work has been partially supported by the Office of Naval Research Grant N00014-95-
1-1336.
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The scheme SubrelstrEql deals with a non empty relational structure A,
non empty full relational substructures B, C of A, and a unary predicate P, and
states that:

The relational structure of B = the relational structure of C
provided the following conditions are satisfied:
e For every set z holds z is an element of B iff P[z],
e For every set z holds z is an element of C iff P[z].

The scheme SubrelstrEq2 concerns a non empty relational structure A, non
empty full relational substructures B, C of A, and a unary predicate P, and
states that:

The relational structure of B = the relational structure of C
provided the parameters have the following properties:

e For every element z of A holds x is an element of B iff P[x],

e For every element z of A holds x is an element of C iff P[x].

The following four propositions are true:

(1) For all binary relations R, @ holds R C Q iff R~ C @~ and R~ C Q iff
RCQ~.
For every binary relation R and for every set X holds (R|?X)~ = R~|?X.

)

) Let L, S be relational structures. Then

i) S is arelational substructure of L iff S°P is a relational substructure of

L°P and

(ii)  S°P is a relational substructure of L iff S is a relational substructure of
L°P.

(4) Let L, S be relational structures. Then

(i) S is a full relational substructure of L iff S°P is a full relational sub-
structure of L°P, and

(ii)  S°P is a full relational substructure of L iff S is a full relational sub-

structure of L°P.

2
(3
(

Let L be a relational structure and let S be a full relational substructure of
L. Then S°P is a strict full relational substructure of L°P.

Let X be a set and let L be a non empty relational structure. Observe that
X +—— L is nonempty.

Let S be a relational structure and let T' be a non empty reflexive relatio-
nal structure. One can verify that there exists a map from S into 7" which is
monotone.

Let L be a non empty relational structure. One can check that every map
from L into L which is projection is also monotone and idempotent.

Let S, T be non empty reflexive relational structures and let f be a monotone
map from S into T'. One can verify that f° is monotone.

Let L be a 1-sorted structure. Note that id; is one-to-one.

Let L be a non empty reflexive relational structure. One can check that idp,
is sups-preserving and infs-preserving.

The following proposition is true
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(5) Let L be a relational structure and S be a subset of L. Then idg is a
map from sub(S) into L and for every map f from sub(S) into L such
that f =idg holds f is monotone.

Let L be a non empty reflexive relational structure. Note that there exists
a map from L into L which is sups-preserving, infs-preserving, closure, kernel,
and one-to-one.

One can prove the following proposition

(6) Let L be a non empty reflexive relational structure, ¢ be a closure map
from L into L, and x be an element of L. Then c(z) > =.

Let S, T be 1-sorted structures, let f be a function from the carrier of S
into the carrier of T', and let R be a 1-sorted structure. Let us assume that the
carrier of R C the carrier of S. The functor f[R yields a map from R into T
and is defined by:

(Def. 1)  fIR = f[the carrier of R.
One can prove the following propositions:

(7) Let S, T be relational structures, R be a relational substructure of S,
and f be a function from the carrier of S into the carrier of T. Then
fITR = f[the carrier of R and for every set x such that x € the carrier of
R holds (fIR)(x) = f(x).

(8) Let S, T be relational structures and f be a map from S into T'. Suppose
f is one-to-one. Let R be a relational substructure of S. Then f[R is one-
to-one.

Let S, T be non empty reflexive relational structures, let f be a monotone
map from S into 7', and let R be a relational substructure of S. Note that f[R
is monotone.

One can prove the following proposition

(9) Let S, T be non empty relational structures, R be a non empty relational
substructure of S, f be a map from S into 7', and g be a map from 7" into
S. Suppose f is one-to-one and g = f~!. Then g|Im(f[R) is a map from
Im(f|R) into R and g|Im(fIR) = (fIR)" .

2. THE LATTICE OF CLOSURE OPERATORS

Let S be a relational structure and let T be a non empty reflexive relational
structure. Note that MonMaps(.S,T) is non empty.
Next we state the proposition
(10) Let S be a relational structure, T" be a non empty reflexive relational
structure, and x be a set. Then z is an element of MonMaps(S,T") if and
only if x is a monotone map from S into 7T'.
Let L be a non empty reflexive relational structure. The functor ClOpers(L)
yields a non empty full strict relational substructure of MonMaps(L, L) and is
defined by:
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(Def. 2) For every map f from L into L holds f is an element of ClOpers(L) iff
f is closure.
The following propositions are true:

(11) Let L be a non empty reflexive relational structure and = be a set. Then
x is an element of ClOpers(L) if and only if z is a closure map from L into
L.

(12) Let X be a set, L be a non empty relational structure, f, g be functions
from X into the carrier of L, and z, y be elements of LX. If x = f and
y=g, then x <y iff f <g.

(13) Let L be a complete lattice, ¢, c2 be maps from L into L, and z, y be
elements of ClOpers(L). If z = ¢; and y = ¢, then x < y iff ¢; < ¢a.

(14) Let L be a reflexive relational structure and S, Se be full relational
substructures of L. Suppose the carrier of S1 C the carrier of S5. Then S}
is a relational substructure of Ss.

(15) Let L be a complete lattice and c1, ¢o be closure maps from L into L.
Then c¢; < ¢o if and only if Im ¢y is a relational substructure of Im ¢ .

3. THE LATTICE OF CLOSURE SYSTEMS

Let L be a relational structure. The functor Sub(L) yields a strict non empty
relational structure and is defined by the conditions (Def. 3).

(Def. 3)(i) For every set x holds z is an element of Sub(L) iff x is a strict relational
substructure of L, and
(ii)  for all elements a, b of Sub(L) holds a < b iff there exists a relational
structure R such that b = R and a is a relational substructure of R.

One can prove the following proposition

(16) Let L, R berelational structures and x, y be elements of Sub(L). Suppose
y = R. Then x < y if and only if z is a relational substructure of R.

Let L be a relational structure. One can verify that Sub(L) is reflexive an-
tisymmetric and transitive.

Let L be a relational structure. Observe that Sub(L) is complete.

Let L be a complete lattice. Note that every relational substructure of L
which is infs-inheriting is also non empty and every relational substructure of L
which is sups-inheriting is also non empty.

Let L be a relational structure. A system of L is a full relational substructure
of L.

Let L be a non empty relational structure and let S be a system of L. We
introduce S is closure as a synonym of .S is infs-inheriting.

Let L be a non empty relational structure. Observe that sub(§2r) is infs-
inheriting and sups-inheriting.
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Let L be a non empty relational structure. The functor ClosureSystems(L)
yields a full strict non empty relational substructure of Sub(L) and is defined
by the condition (Def. 4).

(Def. 4) Let R be a strict relational substructure of L. Then R is an element of
ClosureSystems(L) if and only if R is infs-inheriting and full.

Next we state two propositions:

(17) Let L be a non empty relational structure and = be a set. Then z is an
element of ClosureSystems(L) if and only if = is a strict closure system of
L.

(18) Let L be a non empty relational structure, R be a relational structure,
and z, y be elements of ClosureSystems(L). Suppose y = R. Then z < y
if and only if x is a relational substructure of R.

4. ISOMORPHISM BETWEEN CLOSURE OPERATORS AND CLOSURE SYSTEMS

Let L be a non empty poset and let h be a closure map from L into L. Note
that Im h is infs-inheriting.
Let L be a non empty poset. The functor CllmageMap(L) yields a map from
ClOpers(L) into (ClosureSystems(L))°P and is defined as follows:
(Def. 5) For every closure map c from L into L holds (CllmageMap(L))(c) = Ime.
Let L be a non empty relational structure and let S be a relational substruc-
ture of L. The closure operation of S is a map from L into L and is defined
by:
(Def. 6) For every element x of L holds (the closure operation of S)(x) = [ |o(TzN
the carrier of ).
Let L be a complete lattice and let S be a closure system of L. One can
verify that the closure operation of S is closure.
Next we state two propositions:
(19) Let L be a complete lattice and S be a closure system of L. Then Im (the
closure operation of S) = the relational structure of S.
(20) For every complete lattice L and for every closure map ¢ from L into L
holds the closure operation of Ime = c.
Let L be a complete lattice. One can check that CllmageMap(L) is one-to-
one.
One can prove the following propositions:
(21) For every complete lattice L holds (CllmageMap(L))~! is a map from
(ClosureSystems(L))°P into ClOpers(L).
(22) Let L be a complete lattice and S be a strict closure system of L. Then
(CllmageMap(L))~!(S) = the closure operation of S.
Let L be a complete lattice. One can verify that CllmageMap(L) is isomor-
phic.
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The following proposition is true

(23) For every complete lattice L holds ClOpers(L) and (ClosureSystems(L))°P
are isomorphic.

5. ISOMORPHISM BETWEEN CLOSURE OPERATORS PRESERVING DIRECTED
SUPS AND SUBALGEBRAS

We now state three propositions:

(24) Let L be a relational structure, S be a full relational substructure of L,
and X be a subset of S. Then
(i) if X is a directed subset of L, then X is directed, and
(ii) if X is a filtered subset of L, then X is filtered.

(25) Let L be a complete lattice and S be a closure system of L. Then the clo-
sure operation of S is directed-sups-preserving if and only if S is directed-
sups-inheriting.

(26) Let L be a complete lattice and h be a closure map from L into L. Then
h is directed-sups-preserving if and only if Im A is directed-sups-inheriting.

Let L be a complete lattice and let S be a directed-sups-inheriting closure
system of L. Observe that the closure operation of S is directed-sups-preserving.

Let L be a complete lattice and let h be a directed-sups-preserving closure
map from L into L. Observe that Im h is directed-sups-inheriting.

Let L be a non empty reflexive relational structure. The functor ClOpers* (L)
yields a non empty full strict relational substructure of ClOpers(L) and is defined
by the condition (Def. 7).

(Def. 7) Let f be a closure map from L into L. Then f is an element of
ClOpers*(L) if and only if f is directed-sups-preserving.

Next we state the proposition

(27) Let L be a non empty reflexive relational structure and = be a set. Then
x is an element of ClOpers* (L) if and only if x is a directed-sups-preserving
closure map from L into L.

Let L be a non empty relational structure. The functor Subalgebras(L) yields
a full strict non empty relational substructure of ClosureSystems(L) and is de-
fined by the condition (Def. 8).

(Def. 8) Let R be a strict closure system of L. Then R is an element of
Subalgebras(L) if and only if R is directed-sups-inheriting.

The following two propositions are true:

(28) Let L be a non empty relational structure and = be a set. Then x is
an element of Subalgebras(L) if and only if x is a strict directed-sups-
inheriting closure system of L.

(29) For every complete lattice L holds Im(ClImageMap(L)| ClOpers* (L)) =
(Subalgebras(L))°P.
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Let L be a complete lattice. Note that (CllmageMap(L)[ ClOpers*(L))° is

isomorphic.

The following proposition is true

(30) For every complete lattice L holds ClOpers*(L) and (Subalgebras(L))°P

[1]
2]

[3]
[5]
[6]
[7]
8]
[9]
[10]
[11]

[12]
[13]

[14]
[15]

[16]
[17]

18]
[19]
[20]
21]
22]
23]
24]
[25]

are isomorphic.
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1. PRELIMINARIES

Let I be a set and let A, f be functions. The functor f[;A yielding a many
sorted function indexed by I is defined by:
(Def. 1) For every set i such that ¢ € I holds (f[;A)(:) = fTA(7).
One can prove the following propositions:

(1) For every set I and for every many sorted set A indexed by I holds
idUnionA f]A - ldA

(2) Let I be a set, A, B be many sorted sets indexed by I, and f, g be
functions. If rng,.(f[;A)(k) C B, then (¢- f)[;A = (9];B) o (f4).

(3) Let f be a function, I be a set, and A, B be many sorted sets indexed
by I. Suppose that for every set i such that i € I holds A(i) C dom f and
f°A(i) € B(i). Then f[;A is a many sorted function from A into B.

(4) Let A be a set, 7 be a natural number, and p be a finite sequence. Then
p € A' if and only if lenp = ¢ and rngp C A.

(5) Let A be a set, i be a natural number, and p be a finite sequence of
elements of A. Then p € A® if and only if lenp = 1.

(6) For every set A and for every natural number i holds A* C A*.

(7) For every set A and for every natural number i holds i # 0 and A = @
iff A* = 0.

@ 1997 University of Bialystok
303 ISSN 14262630
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(8) For all sets A, z holds © € A! iff there exists a set a such that a € A
and z = (a).
(9) For all sets A, a such that (a) € A holds a € A.
(10) For all sets A, = holds # € A? iff there exist sets a, b such that a € A
and b € A and = = (a,b).
(11) For all sets A, a, b such that {(a,b) € A% holds a € A and b € A.
(12) For all sets A, z holds = € A3 iff there exist sets a, b, ¢ such that a € A
and b € A and ¢ € A and x = (a, b, c).
(13) For all sets A, a, b, ¢ such that {(a,b,c) € A% holds a € A and b € A and
ce A

Let A be a function. We say that A is mutually-disjoint if and only if:
(Def. 2) For all sets z, y such that = # y holds A(x) misses A(y).

Let S be a non empty many sorted signature and let A be an algebra over
S. We say that A is empty if and only if:

(Def. 3) The sorts of A are empty yielding.
We say that A is disjoint if and only if:
(Def. 4) The sorts of A are mutually-disjoint.

Let S be a non empty many sorted signature. Note that every algebra over
S which is non-empty is also non empty.

Let S be a non empty non void many sorted signature and let X be a non-
empty many sorted set indexed by the carrier of S. One can check that Free(X)
is disjoint.

Let S be a non empty non void many sorted signature. Observe that there
exists an algebra over S which is strict, non-empty, and disjoint.

Let S be a non empty non void many sorted signature and let A be a non
empty algebra over S. One can verify that the sorts of A is non empty yielding.

One can verify that there exists a function which is non empty yielding.

2. SIGNATURE OF A CATEGORY

Let A be a set. The functor CatSign(A) yielding a strict many sorted signa-
ture is defined by the conditions (Def. 5).
(Def. 5)(i)  The carrier of CatSign(A) = [ {0}, A?],
(ii)  the operation symbols of CatSign(A) = [ {1}, A'JU {2}, 4],
(ili)  for every set a such that a € A holds (the arity of CatSign(A))({(1,
(a))) = £ and (the result sort of CatSign(A))((1, (a))) = (0, {(a,a)), and
(iv)  for all sets a, b, ¢ such that a € A and b € A and ¢ € A holds (the arity
of CatSign(A))((2, (a,b,c))) = ({0, (b,c)), (0, (a,b))) and (the result sort
of CatSign(A))((2, (a,b,c))) = (0, (a,c)).
Let A be a set. Observe that CatSign(A) is feasible.
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Let A be a non empty set. Observe that CatSign(A) is non empty and non
void.

Instead of a feasible many sorted signature we will use a signature.

Let S be a signature. We say that S is categorial if and only if:

(Def. 6) There exists a set A such that CatSign(A) is a subsignature of S and
the carrier of S = [ {0}, A%].

Let us note that every non empty signature which is categorial is also non
void.

One can check that there exists a signature which is categorial, non empty,
and strict.

A cat-signature is a categorial signature.

Let A be a set. A signature is said to be a cat-signature of A if:

(Def. 7) CatSign(A) is a subsignature of it and the carrier of it = [ {0}, A?].
One can prove the following proposition

(14) For all sets Ay, A2 and for every cat-signature S of A; such that S is a
cat-signature of Ay holds Ay = As.

Let A be a set. Note that every cat-signature of A is categorial.

Let A be a non empty set. Note that every cat-signature of A is non empty.

Let A be a set. Observe that there exists a cat-signature of A which is strict.

Let A be a set. Then CatSign(A) is a strict cat-signature of A.

Let S be a many sorted signature. The functor underlay S is defined by the
condition (Def. 8).

(Def. 8) Let x be a set. Then = € underlay S if and only if there exists a set a
and there exists a function f such that (a, f) € (the carrier of S) U (the
operation symbols of S) and z € rng f.

One can prove the following proposition
(15) For every set A holds underlay CatSign(A) = A.

Let S be a many sorted signature. We say that S is d-concrete if and only if
the condition (Def. 9) is satisfied.

(Def. 9) There exists a function f from N into N such that

(i)  for every set s such that s € the carrier of S there exists a natural
number i and there exists a finite sequence p such that s = (i, p) and
lenp = f(i) and [ {i}, (underlay $)7® ] C the carrier of S, and

(ii)  for every set o such that o € the operation symbols of S there exists a
natural number i and there exists a finite sequence p such that o = (i, p)
and lenp = f(i) and [ {i}, (underlay S)7® ] C the operation symbols of
S.

Let A be a set. One can check that CatSign(A) is é-concrete.

Observe that there exists a cat-signature which is d-concrete, non empty,
and strict. Let A be a set. One can check that there exists a cat-signature of A
which is §-concrete and strict.

The following propositions are true:
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(16) Let S be a é-concrete many sorted signature and = be a set. Suppose
x € the carrier of S or x € the operation symbols of S. Then there exists
a natural number ¢ and there exists a finite sequence p such that = = (i,
p) and rng p C underlay S.
(17) Let S be a d-concrete many sorted signature, i be a set, and py, pa be
finite sequences. Suppose that
(i) (i, p1) € the carrier of S and (i, p2) € the carrier of S, or
(ii) (4, p1) € the operation symbols of S and (i, p2) € the operation sym-
bols of S.
Then len p; = len po.
(18) Let S be a d-concrete many sorted signature, ¢ be a set, and pj, pa be
finite sequences such that len ps = len p; and rngps C underlay S. Then
(i) if (4, p1) € the carrier of S, then (7, p2) € the carrier of S, and
(i) if (¢, p1) € the operation symbols of S, then (i, p2) € the operation
symbols of S.
(19) Every d-concrete categorial non empty signature S is a cat-signature of
underlay S.

3. SYMBOLS OF CATEGORIAL SIGNATURES

Let S be a non empty cat-signature and let s be a sort symbol of S. Note
that sg is relation-like and function-like.

Let S be a non empty d-concrete many sorted signature and let s be a sort
symbol of S. Observe that sg is relation-like and function-like.

Let S be a non void d-concrete many sorted signature and let o be an ele-
ment of the operation symbols of S. One can verify that og is relation-like and
function-like.

Let S be a non empty cat-signature and let s be a sort symbol of S. One
can verify that so is finite sequence-like.

Let S be a non empty d-concrete many sorted signature and let s be a sort
symbol of S. Observe that s is finite sequence-like.

Let S be a non void d-concrete many sorted signature and let o be an element
of the operation symbols of S. Observe that o2 is finite sequence-like.

Let a be a set. The functor idsym a is defined as follows:

(Def. 10) idsyma = (1, (a)).
Let b be a set. The functor homsym(a, b) is defined as follows:
(Def. 11) homsym(a,b) = (0, (a,b)).
Let ¢ be a set. The functor compsym(a, b, ¢) is defined as follows:
(Def. 12) compsym(a,b,c) = (2, (a,b,c)).
Next we state the proposition
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(20) Let A be a non empty set, S be a cat-signature of A, and a be an element
of A. Then
(i) idsyma € the operation symbols of S, and
(ii)  for every element b of A holds homsym(a,b) € the carrier of S and for
every element ¢ of A holds compsym(a, b, c) € the operation symbols of S.

Let A be a non empty set and let a be an element of A. Then idsym a is an
operation symbol of CatSign(A). Let b be an element of A. Then homsym(a, b)
is a sort symbol of CatSign(A). Let ¢ be an element of A. Then compsym(a, b, ¢)
is an operation symbol of CatSign(A).

We now state several propositions:

(21) For all sets a, b such that idsyma = idsym b holds a = b.

(22) For all sets ai, by, ag, by such that homsym(aq,as) = homsym(b,b2)
holds a1 = b1 and ay = bs.

(23) For all sets aj, by, ag, be, as, by such that compsym(aj,as,as) =
compsym (b, ba, bs) holds a1 = by and ay = by and as = bs.

(24) Let A be a non empty set, S be a cat-signature of A and s be a sort sym-
bol of S. Then there exist elements a, b of A such that s = homsym(a,b).

(25) For every non empty set A and for every operation symbol o of
CatSign(A) holds 01 = 1 and len(o2) = 1 or 01 = 2 and len(o2) = 3.

(26) Let A be a non empty set and o be an operation symbol of CatSign(A).
If 04 = 1 or len(o2) = 1, then there exists an element a of A such that
o = idsyma.

(27) Let A be a non empty set and o be an operation symbol of CatSign(A).
If 01 = 2 or len(o2) = 3, then there exist elements a, b, ¢ of A such that
o = compsym(a, b, ¢).

(28) For every non empty set A and for every element a of A holds
Arity(idsym a) = € and the result sort of idsym a = homsym(a, a).

(29) For every non empty set A and for all elements a, b, ¢ of A holds
Arity (compsym(a, b, c)) = (homsym(b,c), homsym(a,b)) and the result
sort of compsym(a, b, ¢) = homsym(a, c).

4. SIGNATURE HOMOMORPHISM GENERATED BY A FUNCTOR

Let Cy, Cs be categories and let F' be a functor from C7 to Cy. The functor
Y yields a function from the carrier of CatSign(the objects of C7) into the
carrier of CatSign(the objects of C3) and is defined as follows:

(Def. 13)  For every sort symbol s of CatSign(the objects of C) holds Tr(s) = (0,
ObJ F- 82).

The functor Ur yields a function from the operation symbols of CatSign(the

objects of C7) into the operation symbols of CatSign(the objects of C5) and is
defined as follows:
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(Def. 14) For every operation symbol o of CatSign(the objects of Cj) holds
Ur(o) = (01, Obj F - 02).
The following propositions are true:

(30) For all categories C7, Cy and for every functor F' from C; to Cy and for
all objects a, b of C} holds T r(homsym(a, b)) = homsym(F'(a), F'(b)).
(31) For all categories C}, Cy and for every functor F' from C; to Cy and for

every object a of C; holds ¥ (idsyma) = idsym F'(a).
(32) Let C1, Cy be categories, F' be a functor from C; to Cs, and a, b, ¢ be
objects of C1. Then W p(compsym(a,b,c)) = compsym(F'(a), F(b), F(c)).
(33) Let C1, Co be categories and F' be a functor from Cy to Co. Then T and
U form morphism between CatSign(the objects of C7) and CatSign(the
objects of Cy).

5. ALGEBRA OF MORPHISMS

Next we state the proposition

(34) For every non empty set C' and for every algebra A over CatSign(C') and
for every element a of C holds Args(idsyma, A) = {e}.

The scheme CatAlgEzr deals with non empty sets A, B, a binary functor F
yielding a set, a 5-ary functor G yielding a set, and a unary functor H yielding
a set, and states that:

There exists a strict algebra A over CatSign(.A) such that
(1) for all elements a, b of A holds (the sorts of
A)(homsym(a, b)) = F(a,b),
(ii)  for every element a of A holds (Den(idsyma, A))(e) =
H(a), and
(ili)  for all elements a, b, ¢ of A and for all elements
f, g of B such that f € F(a,b) and g € F(b,c) holds
(Den(compsym(a, b, C)v A))((g, )= g(a7 b,¢, g, f)
provided the parameters have the following properties:
e For all elements a, b of A holds F(a,b) C B,
e For every element a of A holds H(a) € F(a,a),
e For all elements a, b, ¢ of A and for all elements f, g of B such
that f € F(a,b) and g € F(b,c) holds G(a,b,c,g, f) € F(a,c).

Let C be a category. The functor MSAlg(C) yielding a strict algebra over

CatSign(the objects of C) is defined by the conditions (Def. 15).
(Def. 15)(i)  For all objects a, b of C holds (the sorts of MSAlg(C'))(homsym(a, b)) =
hom(a, b),
(ii)  for every object a of C holds (Den(idsym a, MSAlg(C)))(e) = id,, and
(ili)  for all objects a, b, ¢ of C' and for all morphisms f, g of C' such
that dom f = a and cod f = b and domg = b and codg = ¢ holds
(Den(compsym(a, b, ), MSAlg(C)))((g, f)) = g - [.
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The following propositions are true:

(35) For every category A and for all objects a, b of A holds (the sorts of
MSAlg(A))(homsym(a,b)) = hom(a,b).

(36) For every category A and for every object a of A holds
Result(idsym a, MSAlg(A)) = hom(a, a).

(37) For every category A and for all objects a, b, ¢ of A
holds Args(compsym(a,b, c), MSAlg(A)) = [[(hom(b,c),hom(a,b)) and
Result(compsym(a, b, c), MSAlg(A)) = hom(a, c).

Let C be a category. Note that MSAlg(C) is disjoint and feasible.
One can prove the following propositions:

(38) Let C, Cy be categories and F' be a functor from Cj to Cy. Then
Frthe carrier of CatSign(the objects of C’l)the sorts of MSA]g(Cl) is a many sor-
ted function from MSAlg(Cy) into MSAlg(C2)[(y, v, CatSign(the ob-
jects of C1).

(39) Let C be a category, a, b, ¢ be objects of C, and x be a set. Then
x € Args(compsym(a, b, ¢), MSAlg(C)) if and only if there exist morphisms
g, f of C such that x = (g, f) and dom f = a and cod f = b and domg = b
and cod g = c.

(40) Let Cy, Cy be categories, F' be a functor from C; to Cy, a, b, ¢ be ob-
jects of C4, and f, g be morphisms of C;. Suppose f € hom(a,b) and
g € hom(b, c). Let = be an element of Args(compsym(a,b, c), MSAlg(Ch)).
Suppose x = (g, f). Let H be a many sorted function from MSAlg(C)
into MSAlg(C2)[ (v, v,) CatSign(the objects of Cp). Suppose H =
Frthe carrier of CatSign(the objects of Cl)the sorts of MSAIg(Cl) Then H#x =
(F(g), F(f))-

(41) For every category C and for every object a of C' holds (Den(idsym a,
MSAlg(C)))(0) = id,.

(42) Let C be a category, a, b, ¢ be objects of C, and f, g be morphisms
of C. If f € hom(a,b) and g € hom(b,c), then (Den(compsym(a,b,c),
MSAIg(C)) (g, f)) =g f.

(43) Let C be a category, a, b, ¢, d be objects of C, and f, g, h
be morphisms of C. Suppose f € hom(a,b) and g € hom(b,c)
and h € hom(c,d). Then (Den(compsym(a,c,d), MSAlg(C)))((h,
(Den(compsym(a, b, ), MSAlg(C)))((g, f)))) = (Den(compsym(a,b,d),
MSAlg(C)))({(Den(compsym(b, ¢, d), MSAlg(C)))((h, 9)), f))-

(44) Let C be a category, a, b be objects of C', and f be a morphism of C. If
f € hom(a,b), then (Den(compsym(a,b,b), MSAlg(C)))((idp, f)) = f and
(Den(compsym(a, a, b), MSAlg(C)))((f,ids)) = f.

(45) Let Cy, Cy be categories and F be a functor from C; to Cj.
Then there exists a many sorted function H from MSAlg(C}) into
MSAlg(C2) [ (v ,.,w,) CatSign(the objects of C1) such that

(1) H = Flie carrier of CatSign(the objects of Cl)the sorts of MSAlg(Cl)7 and
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(ii)  H is a homomorphism of MSAlg(Cy) into MSAlg(C2) [ (v, w,) CatSign(the
objects of C1).
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Summary. In the article we continue the formalization in Mizar of [15,
98-105]. We work with structures of the form

L= <C7 < T>7

where C' is the carrier of the structure, < - an ordering relation on C and 7 a
family of subsets of C'. When (C, <) is a complete lattice we say that L is Scott,
if 7 is the Scott topology of (C, <). We define the Scott convergence (lim inf co-
nvergence). Following [15] we prove that in the case of a continuous lattice (C, <)
the Scott convergence is topological, i.e. enjoys the properties: (CONSTANTS),
(SUBNETS), (DIVERGENCE), ITERATED LIMITS). We formalize the the-
orem, that if the Scott convergence has the (ITERATED LIMITS) property, the
(C, <) is continuous.

MML Identifier: WAYBEL11.

The terminology and notation used in this paper are introduced in the following
articles: [29], [35], [37], [25], [12], [14], [36], [10], [11], [9], [3], [8], [33], [23], [27],
[38], [28], [26], [41], [17], [30], [2], [24], [1], [22], [34], [4], [5], [6], [16], [40], [13],
(18], [19], [20], [7], [39], [32], [21], and [31].

1. PRELIMINARIES

The scheme Irrel deals with non empty sets A, B, a unary functor F yielding
a set, a binary functor F yielding a set, and a unary predicate P, and states
that:

!This work was partially supported by the Office of Naval Research Grant N00014-95-1-
1336.
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{F(u),u ranges over elements of A : Plu]} = {F(i,v
over elements of B,v ranges over elements of A : Plv]}
provided the following condition is met:
e For every element ¢ of B and for every element u of A holds
F(u) = F(i,u).

One can prove the following three propositions:

1 ranges
)s g

(1) Let L be a complete non empty lattice and X, Y be subsets of the carrier
of L. If Y is coarser than X, then [ |1 X <[] Y-

(2) Let L be a complete non empty lattice and X, Y be subsets of the carrier
of L. If X is finer than Y then | |, X <| ], Y.

(3) Let T be a relational structure, A be an upper subset of T, and B be a
directed subset of T'. Then A N B is directed.

Let T be a reflexive non empty relational structure. Observe that there exists
a subset of T which is non empty, directed, and finite.
Next we state the proposition

(4) For every non empty poset 7" with Lu.b.’s and for every non empty
directed finite subset D of T" holds sup D € D.

Let us observe that there exists a relational structure which is trivial, refle-
xive, transitive, non empty, antisymmetric, finite, and strict and has L.u.b.’s.
Let us observe that there exists a 1-sorted structure which is finite, non
empty, and strict.
Let T be a finite 1-sorted structure. Note that every subset of T is finite.
Let R be a relational structure. Note that @i is lower and upper.
Let R be a trivial non empty relational structure. Note that every subset of
R is upper.
One can prove the following propositions:
(5) Let T be a non empty relational structure, x be an element of 7', and A
be an upper subset of T. If x ¢ A, then A misses |x.
(6) Let T be a non empty relational structure, = be an element of 7', and A
be a lower subset of T'. If x € A, then |x C A.

2. ScorT TOPOLOGY

Let T be a non empty reflexive relational structure and let S be a subset of
T. We say that S is inaccessible by directed joins if and only if:
(Def. 1) For every non empty directed subset D of T" such that sup D € S holds
D meets S.
We introduce S is inaccessible as a synonym of S is inaccessible by directed
joins. We say that S is closed under directed sups if and only if:
(Def. 2) For every non empty directed subset D of T' such that D C S holds
supD € S.
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We introduce S is directly closed as a synonym of .S is closed under directed sups.
We say that S is property(S) if and only if the condition (Def. 3) is satisfied.

(Def. 3) Let D be a non empty directed subset of T'. Suppose sup D € S. Then
there exists an element y of T" such that y € D and for every element x of
T such that x € D and = > y holds z € S.

We introduce S has the property (S) as a synonym of S is property(S).

Let T be a non empty reflexive relational structure. One can check that (p
is property(S) and directly closed.

Let T be a non empty reflexive relational structure. Observe that there exists
a subset of T which is property(S) and directly closed.

Let T be a non empty reflexive relational structure and let S be a property(S)
subset of T'. One can verify that —5 is directly closed.

Let T be a reflexive non empty FR-structure. We say that T is Scott if and
only if:

(Def. 4) For every subset S of T holds S is open iff S is inaccessible and upper.

Let T be a reflexive transitive antisymmetric non empty finite relational
structure with l.u.b.’s. Note that every subset of T is inaccessible.

Let T be a reflexive transitive antisymmetric non empty finite FR-structure
with l.u.b.’s. Let us observe that T is Scott if and only if:

(Def. 5) For every subset S of T" holds S is open iff S is upper.

Let us mention that there exists a non empty strict TopLattice which is
trivial, complete, and Scott.
Let T be a non empty reflexive relational structure. Observe that Qp is
directly closed and inaccessible.
Let T be a non empty reflexive relational structure. Note that there exists
a subset of T" which is directly closed, lower, inaccessible, and upper.
Let T be a complete non empty TopLattice and let S be an inaccessible
subset of T'. Note that —S is directly closed.
Let T be a non empty reflexive relational structure and let S be a directly
closed subset of T'. One can check that —S' is inaccessible.
One can prove the following propositions:
(7) Let T be a complete Scott non empty TopLattice and S be a subset of
T. Then S is closed if and only if S is directly closed and lower.
(8) For every complete non empty TopLattice T' and for every element = of
T holds |z is directly closed.
(9) For every complete Scott non empty TopLattice T' and for every element
x of T holds {z} = |.
(10) Every complete Scott non empty TopLattice is a Tp-space.

(11) For every complete Scott non empty TopLattice T" and for every element
x of T holds |z is closed.

(12) For every complete Scott non empty TopLattice T" and for every element
x of T holds — |z is open.
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(13) Let T be a complete Scott non empty TopLattice,  be an element of T,
and A be an upper subset of T'. If z ¢ A, then — | is a neighbourhood of
A.

(14) Let T be a complete Scott non empty TopLattice and S be an upper
subset of T'. Then there exists a family F of subsets of T such that S = (| F
and for every subset X of T' such that X € F holds X is a neighbourhood
of S.

(15) Let T be a Scott non empty TopLattice and S be a subset of T'. Then §
is open if and only if S is upper and property(S).

Let T be a complete non empty TopLattice. Observe that every subset of T'
which is lower is also property(S).
One can prove the following proposition

(16) Let T be a non empty transitive reflexive FR-structure. Suppose the
topology of T' = {5, S ranges over subsets of T: S has the property (S)}.
Then T is topological space-like.

3. ScorT CONVERGENCE

In the sequel R will be a non empty relational structure, N will be a net in
R, and i, j will be elements of the carrier of N.

Let us consider R, N. The functor liminf N yielding an element of R is
defined by:

(Def. 6) liminf N = | |z{[ |[r{N(¢) : i > j} : j ranges over elements of the carrier
of N}.

Let R be a reflexive non empty relational structure, let IV be a net in R,
and let p be an element of the carrier of R. We say that p is S-limit of N if and
only if:

(Def. 7)  p < liminf N.
Let R be a reflexive non empty relational structure. The Scott convergence
of R yields a convergence class of R and is defined by the condition (Def. 8).
(Def. 8) Let N be a strict net in R. Suppose N € NetUniv(R). Let p be an
element of the carrier of R. Then (N, p) € the Scott convergence of R if
and only if p is S-limit of N.

The following two propositions are true:

(17) Let R be a non empty complete lattice, N be a net in R, and p, ¢ be
elements of the carrier of R. If p is S-limit of N and N is eventually in |gq,
then p < gq.

(18) Let R be a non empty complete lattice, N be a net in R, and p, ¢ be
elements of the carrier of R. If N is eventually in Tq, then liminf N > q.

Let R be a reflexive non empty relational structure and let IV be a non empty
net structure over R. Let us observe that NN is monotone if and only if:
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(Def. 9) For all elements 7, j of the carrier of N such that ¢ < j holds N (i) < N(j).

Let R be a non empty relational structure, let S be a non empty set, and let
f be a function from S into the carrier of R. The functor NetStr(S, f) yielding
a strict non empty net structure over R is defined by the conditions (Def. 10).

(Def. 10)(i)  The carrier of NetStr(S, f) = S,
(ii)  the mapping of NetStr(S, f) = f, and
(iii)  for all elements ¢, j of NetStr(S, f) holds i < j iff (NetStr(S, f))(7) <
(NetStr (S, f))(4)-
The following two propositions are true:

(19) Let L be a non empty l-sorted structure and N be a non empty net
structure over L. Then rng (the mapping of N) = {N(i) : i ranges over
elements of the carrier of N}.

(20) Let R be a non empty relational structure, S be a non empty set, and
f be a function from S into the carrier of R. If rng f is directed, then
NetStr(S, f) is directed.

Let R be a non empty relational structure, let S be a non empty set, and let
f be a function from S into the carrier of R. Note that NetStr(.S, f) is monotone.

Let R be a transitive non empty relational structure, let .S be a non empty
set, and let f be a function from S into the carrier of R. Note that NetStr(.S, f)
is transitive.

Let R be a reflexive non empty relational structure, let S be a non empty set,
and let f be a function from S into the carrier of R. Observe that NetStr(S, f)
is reflexive.

We now state the proposition

(21) Let R be a non empty transitive relational structure, S be a non empty
set, and f be a function from S into the carrier of R. If S C the carrier of
R and NetStr(S, f) is directed, then NetStr(S, f) € NetUniv(R).

Let R be a non empty lattice. One can check that there exists a net in R
which is monotone, reflexive, and strict.

The following propositions are true:

(22) For every non empty complete lattice R and for every monotone reflexive
net N in R holds liminf N = sup N.

(23) For every complete non empty lattice R and for every constant net N in
R holds the value of N = liminf N.

(24) For every complete non empty lattice R and for every constant net N in
R holds the value of N is S-limit of V.

Let .S be a non empty 1-sorted structure and let e be an element of the carrier
of S. The functor NetStr(e) yielding a strict net structure over S is defined as
follows:

(Def. 11) The carrier of NetStr(e) = {e} and the internal relation of NetStr(e) =
{{e, e)} and the mapping of NetStr(e) = idy}.

Let S be a non empty 1-sorted structure and let e be an element of the

carrier of S. Observe that NetStr(e) is non empty.
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One can prove the following propositions:

(25) Let S be a non empty 1-sorted structure, e be an element of the carrier
of S, and z be an element of NetStr(e). Then z = e.

(26) Let S be a non empty 1-sorted structure, e be an element of the carrier
of S, and z be an element of NetStr(e). Then (NetStr(e))(z) = e.

Let .S be a non empty 1-sorted structure and let e be an element of the carrier
of S. Observe that NetStr(e) is reflexive transitive directed and antisymmetric.
We now state several propositions:

(27) Let S be a non empty 1-sorted structure, e be an element of the carrier
of S, and X be a set. Then NetStr(e) is eventually in X if and only if
e € X.

(28) Let S be a reflexive antisymmetric non empty relational structure and e
be an element of the carrier of S. Then e = liminf NetStr(e).

(29) For every non empty reflexive relational structure S and for every ele-
ment e of the carrier of S holds NetStr(e) € NetUniv(S).

(30) Let R be a non empty complete lattice, Z be a net in R, and D be a
subset of R. Suppose D = {[ [r{Z(k), k ranges over elements of the carrier
of Z: k > j} : j ranges over elements of the carrier of Z}. Then D is non
empty and directed.

(31) Let L be a non empty complete lattice and S be a subset of L. Then
S € the topology of ConvergenceSpace(the Scott convergence of L) if and
only if S is inaccessible and upper.

(32) Let T be a non empty complete Scott TopLattice. Then the topological
structure of 7' = ConvergenceSpace(the Scott convergence of T').

(33) Let T be a non empty complete TopLattice. Suppose the topological
structure of T'= ConvergenceSpace(the Scott convergence of T'). Let S be
a subset of T'. Then S is open if and only if S is inaccessible and upper.

(34) Let T be a non empty complete TopLattice. Suppose the topological
structure of T' = ConvergenceSpace(the Scott convergence of T'). Then T
is Scott.

Let R be a complete non empty lattice. Note that the Scott convergence of
R has (CONSTANTS) property.

Let R be a complete non empty lattice. Observe that the Scott convergence
of R has (SUBNETS) property.

The following proposition is true
(35) Let S be a non empty 1-sorted structure, N be a net in S, X be a set,

and M be a subnet of N. If M = N~!(X), then for every element i of the
carrier of M holds M (i) € X.

Let L be a non empty complete lattice. The functor sigma L yielding a family
of subsets of L is defined as follows:

(Def. 12) sigma L = the topology of ConvergenceSpace(the Scott convergence of
L).
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One can prove the following propositions:

(36) For every continuous complete Scott TopLattice L and for every element
x of L holds 7z is open.

(37) For every non empty complete TopLattice 7" such that the topology of
T = sigmaT holds T is Scott.

Let R be a continuous non empty complete lattice. Observe that the Scott
convergence of R is topological.
We now state a number of propositions:

(38) Let T be a continuous non empty complete Scott TopLattice, = be an
element of the carrier of 7', and N be anet in T'. If N € NetUniv(7'), then
x is S-limit of IV iff x € Lim .

(39) Let L be a complete non empty poset. Suppose the Scott convergence of
L has (ITERATED LIMITS) property. Then L is continuous.

(40) Let T be a complete Scott non empty TopLattice. Then T is continuous
if and only if Convergence(7") = the Scott convergence of 7.

(41)?  For every complete Scott non empty TopLattice T and for every upper
subset S of T such that S is open holds S is open.

(42) Let L be a non empty relational structure, S be an upper subset of L,
and x be an element of L. If x € S, then T2 C S.

(43) Let L be a non empty complete continuous Scott TopLattice, p be an
element of L, and S be a subset of L. If S is open and p € S, then there
exists an element ¢ of L such that ¢ < p and g € S.

(44) Let L be a non empty complete continuous Scott TopLattice and p be
an element of L. Then {}¢, g ranges over elements of L: ¢ < p} is a basis
of p.

(45)  For every complete continuous Scott non empty TopLattice 7" holds {f :
x ranges over elements of T'} is a basis of 7.

(46)> Let T be a complete continuous Scott non empty TopLattice and S be
an upper subset of 7. Then S is open if and only if .S is open.

(47) For every complete continuous Scott non empty TopLattice 7" and for
every element p of T" holds IntTp = 1p.

(48) Let T be a complete continuous Scott non empty TopLattice and S be
a subset of T. Then Int S = [ J{?z, x ranges over elements of T: {z C S}.
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Summary. In this paper Exercise 3.43 from Chapter 1 of [14] is solved.
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The terminology and notation used in this paper have been introduced in the
following articles: [23], [27], [2], [28], [10], [11], [8], [13], [25], [9], [1], [4], [21],
[26], [29], [12], [17], [22], [3], [5], [16], [6], [30], [18], [19], [7], [15], [20], and [24].

1. PRELIMINARIES

Let T be a topological structure and let A be a subset of the carrier of T.
Then Int A is a subset of T

Let T be a topological structure and let P be a subset of the carrier of T'.
Let us observe that P is closed if and only if:

(Def. 1) —P is open.
Let T be a non empty topological space and let F' be a family of subsets of
T. We say that F' is dense if and only if:
(Def. 2) For every subset X of T such that X € F holds X is dense.
The following proposition is true
(1) Let L be a non empty 1-sorted structure, A be a subset of L, and z be
an element of L. Then x € —A if and only if x ¢ A.
Let us observe that there exists a 1-sorted structure which is empty.
Let S be an empty 1-sorted structure. Note that the carrier of S is empty.
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Let S be an empty 1-sorted structure. Note that every subset of S is empty.

One can check that every set which is finite is also countable.

Let us note that there exists a set which is empty.

Let S be a 1-sorted structure. One can verify that there exists a subset of .S
which is empty.

One can verify that there exists a set which is non empty and finite.

Let L be a non empty relational structure. Observe that there exists a subset
of L which is non empty and finite.

Let us note that N is infinite.

Let us note that there exists a set which is infinite and countable.

Let S be a 1-sorted structure. One can verify that there exists a family of
subsets of S which is empty.

One can prove the following propositions:

(2) For all sets X, Y such that X <Y and Y is countable holds X is
countable.
(3) For every infinite countable set A holds N ~ A.

(4) For every non empty countable set A there exists a function f from N
into A such that rng f = A.

(5) For every 1-sorted structure S and for all subsets X, Y of S holds —(X U
Y)=(-X)n-Y.

(6) For every 1-sorted structure S and for all subsets X, Y of S holds —X N
Y=-XU-Y.

(7) Let L be a non empty transitive relational structure and A, B be subsets
of L. If A is finer than B, then |A C |B.

(8) Let L be a non empty transitive relational structure and A, B be subsets
of L. If A is coarser than B, then TA C 1B.

(9) Let L be a non empty poset and D be a non empty finite filtered subset

of L. If inf D exists in L, then inf D € D.

(10) Let L be a lower-bounded antisymmetric non empty relational structure
and X be a non empty lower subset of L. Then 1 € X.

(11) Let L be a lower-bounded antisymmetric non empty relational structure
and X be a non empty subset of L. Then 1 € | X.

(12) Let L be an upper-bounded antisymmetric non empty relational struc-
ture and X be a non empty upper subset of L. Then Ty € X.

(13) Let L be an upper-bounded antisymmetric non empty relational struc-
ture and X be a non empty subset of L. Then T € TX.

(14) Let L be alower-bounded antisymmetric relational structure with g.1.b.’s
and X be a subset of L. Then X M{Llr} C {Ll.}.

(15) Let L be a lower-bounded antisymmetric relational structure with g.1.b.’s
and X be a non empty subset of L. Then X N{Ly} ={L.}.

(16) Let L be an upper-bounded antisymmetric relational structure with
Lu.b.’s and X be a subset of L. Then X U{T.} C{T}.



ON THE BAIRE CATEGORY THEOREM 323

(17) Let L be an upper-bounded antisymmetric relational structure with
Lu.b.’s and X be a non empty subset of L. Then X U{T.} ={T.}.

(18) For every upper-bounded semilattice L and for every subset X of L holds
{T L} nx =2X.

(19) For every lower-bounded poset L with L.u.b.’s and for every subset X of
Lholds {1l }UX =X.

(20) Let L be a non empty reflexive relational structure and A, B be subsets
of L. If A C B, then A is finer than B and coarser than B.

(21) Let L be an antisymmetric transitive relational structure with g.l.b.’s,
V be a subset of L, and z, y be elements of L. If 2 < y, then {y} MV is
coarser than {z} N V.

(22) Let L be an antisymmetric transitive relational structure with lLu.b.’s,
V be a subset of L, and x, y be elements of L. If < y, then {z} UV is
finer than {y} U V.

(23) Let L be a non empty relational structure and V', S, T' be subsets of L.
If S is coarser than T and V is upper and T C V, then S C V.

(24) Let L be a non empty relational structure and V', S, T' be subsets of L.
If S is finer than T and V is lower and T'C V, then S C V.

(25) For every semilattice L and for every upper filtered subset F' of L holds

FNF=F
(26) For every sup-semilattice L and for every lower directed subset I of L
holds TU T = 1.

(27) For every upper-bounded semilattice L and for every subset V' of L holds
{x, x ranges over elements of L: V I {z} C V} is non empty.

(28) Let L be an antisymmetric transitive relational structure with g.1.b.’s and
V be a subset of L. Then {x,z ranges over elements of L: V M {z} C V'}
is a filtered subset of L.

(29) Let L be an antisymmetric transitive relational structure with g.l.b.’s
and V' be an upper subset of L. Then {z,z ranges over elements of L:
V i {z} CV} is an upper subset of L.

(30) For every poset L with g.l.b.’s and for every subset X of L such that X
is open and lower holds X is filtered.

Let L be a poset with g.l.b.’s. Observe that every subset of L which is open
and lower is also filtered.
Let L be a continuous antisymmetric non empty reflexive relational struc-
ture. One can verify that every subset of L which is lower is also open.
Let L be a continuous semilattice and let  be an element of L. Note that
—lx is open.
We now state two propositions:
(31) Let L be a semilattice and C be a non empty subset of L. Suppose that
for all elements x, y of L such that x € C'and y € C holds x < y or y < .
Let Y be a non empty finite subset of C. Then [ 1Y € Y.
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(32) Let L be a sup-semilattice and C' be a non empty subset of L. Suppose
that for all elements x, y of L such that z € C and y € C holds x < y or
y < z. Let Y be a non empty finite subset of C. Then | |; Y €Y.

Let L be a semilattice and let F' be a filter of L. A subset of L is called a
generator set of F' if:
(Def. 3) F = Tfininfs(it).
Let L be a semilattice and let F' be a filter of L. One can verify that there
exists a generator set of F' which is non empty.
The following propositions are true:

(33) Let L be a semilattice, A be a subset of L, and B be a non empty subset
of L. If Ais coarser than B, then fininfs(A) is coarser than fininfs(B).
(34) Let L be a semilattice, F' be a filter of L, G be a generator set of F,
and A be a non empty subset of L. Suppose G is coarser than A and A is

coarser than F. Then A is a generator set of F.

(35) Let L be a semilattice, A be a subset of L, and f, g be functions from
N into the carrier of L. Suppose rng f = A and for every element n of N
holds g(n) = [ |.{f(m), m ranges over natural numbers: m < n}. Then A
is coarser than rngg.

(36) Let L be a semilattice, F' be a filter of L, G be a generator set of F', and
f, g be functions from N into the carrier of L. Suppose rng f = G and
for every element n of N holds g(n) = [ [L{f(m), m ranges over natural
numbers: m < n}. Then rngg is a generator set of F.

2. ON THE BAIRE CATEGORY THEOREM

The following propositions are true:

(37) Let L be a lower-bounded continuous lattice, V' be an open upper subset
of L, F be a filter of L, and v be an element of L. Suppose VI F C V and
v € V and there exists a non empty generator set of F' which is countable.
Then there exists an open filter O of L such that O C V and v € O and
FCoO.

(38) Let L be a lower-bounded continuous lattice, V' be an open upper subset
of L, N be a non empty countable subset of L, and v be an element of L.
Suppose VTN C V and v € V. Then there exists an open filter O of L
such that {v} MN C O and O CV and v € O.

(39) Let L be a lower-bounded continuous lattice, V' be an open upper subset
of L, N be a non empty countable subset of L, and z, y be elements of L.
Suppose VIIN C V and y € V and « ¢ V. Then there exists an irreducible
element p of L such that z < p and p ¢ T({y} M N).

(40) Let L be a lower-bounded continuous lattice, = be an element of L, and
N be a non empty countable subset of L. Suppose that for all elements n,
y of L such that y € x and n € N holds y Mn € x. Let y be an element
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of L. Suppose y £ x. Then there exists an irreducible element p of L such
that x < pand p ¢ T({y} M N).

Let L be a non empty relational structure and let u be an element of L. We
say that u is dense if and only if:

(Def. 4) For every element v of L such that v # L holds uMv # L.

Let L be an upper-bounded semilattice. Note that T, is dense.

Let L be an upper-bounded semilattice. Note that there exists an element
of L which is dense.

The following proposition is true

(41) For every non trivial bounded semilattice L and for every element x of
L such that x is dense holds = # 1.

Let L be a non empty relational structure and let D be a subset of L. We
say that D is dense if and only if:

ef. or every element d o such that d € olds a 1s dense.
Def. 5) F 1 d of L such that d € D holds d is d
We now state the proposition
(42) For every upper-bounded semilattice L holds {T 1} is dense.

Let L be an upper-bounded semilattice. Note that there exists a subset of
L which is non empty, finite, countable, and dense.
Next we state several propositions:

(43) Let L be alower-bounded continuous lattice, D be a non empty countable
dense subset of L, and u be an element of L. Suppose u # 1. Then there
exists an irreducible element p of L such that p # Ty and p ¢ T({u} D).

(44) Let T be a non empty topological space, A be an element of (the topology
of T, C), and B be a subset of T. If A = B and —B is irreducible, then A
is irreducible.

(45) Let T be a non empty topological space, A be an element of (the
topology of T, C), and B be a subset of T. Suppose A = B and
A # T (the topology of T, C)- Lhen A is irreducible if and only if —B is irre-
ducible.

(46) Let T be a non empty topological space, A be an element of (the topology
of T, C), and B be a subset of T. If A = B, then A is dense iff B is
everywhere dense.

(47) Let T be a non empty topological space. Suppose T is locally-compact.
Let D be a countable family of subsets of T'. Suppose D is non empty,
dense, and open. Let O be a non empty subset of T'. Suppose O is open.
Then there exists an irreducible subset A of T' such that for every subset

VofTifVeD,then ANONV (.

Let T be a non empty topological space. Let us observe that T is Baire if
and only if the condition (Def. 6) is satisfied.

(Def. 6) Let F be a family of subsets of 7. Suppose F' is countable and for
every subset S of T such that S € F holds S is open and dense. Then
Intersect(F) is dense.
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Next we state the proposition

(48) For every non empty topological space T such that T is sober and locally-
compact holds T is Baire.
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