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The notation and terminology used here are introduced in the following papers:
[12], [14], [7], [15], [17], [16], 8], [3], [10], [5], [6], [18], [4], [11], [13], [2], and [1].

1. REEXAMINATION OF POSET CONCEPTS

The scheme RelStrEx deals with a non empty set A and a binary predicate
P, and states that:
There exists a non empty strict relational structure L such that the
carrier of L = A and for all elements a, b of L holds a < b iff Pla, b]
for all values of the parameters.
Let A be a non empty relational structure. Let us observe that A is reflexive
if and only if:
(Def. 1)  For every element z of A holds z < z.
Let A be a relational structure. Let us observe that A is transitive if and
only if:
(Def. 2)  For all elements z, y, z of A such that 2 <y and y < z holds = < z.
Let us observe that A is antisymmetric if and only if:

(Def. 3)  For all elements x, y of A such that © <y and y < x holds x = y.
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One can check that every non empty relational structure which is complete
has L.u.b.’s and g.l.b.’s and every non empty reflexive relational structure which
is trivial is also complete, transitive, and antisymmetric.

Let = be a set and let R be a binary relation on {z}. Observe that ({z}, R)
is trivial.

Let us observe that there exists a relational structure which is strict, trivial,
non empty, and reflexive.

Let L be a non empty 1-sorted structure. Observe that there exists a subset
of L which is finite and non empty.

One can prove the following propositions:

(1) Let Py, P, be relational structures. Suppose the relational structure of
P, = the relational structure of P. Let a1, b1 be elements of P; and asg,
by be elements of P, such that a; = ay and b; = by. Then

(i) if a; < by, then ag < b, and
(ii) if a1 < by, then as < bo.
(2) Let Py, P, be relational structures. Suppose the relational structure of
P, = the relational structure of Py. Let X be a set, a; be an element of
Pp, and ao be an element of P, such that a; = as. Then
(i) if X <ay, then X < ag, and
(ii) if X > ay, then X > ao.
(3) Let P, P, be non empty relational structures. Suppose the relational
structure of P, = the relational structure of P, and P; is complete. Then
P, is complete.

(4) Let L be a transitive relational structure and z, y be elements of L.
Suppose = < y. Let X be a set. Then
(i) ify <X, thenz < X, and
(i) if 2 > X, then y > X.
(5) Let L be a non empty relational structure, X be a set, and = be an
element of L. Then
(i) x> X iff x > X N (the carrier of L), and
(i) x < X iff < X N (the carrier of L).
(6)  For every relational structure L and for every element a of L holds ) < a
and () > a.
(7)  Let L be a relational structure and a, b be elements of L. Then
(i) a<{b}iff a <b, and
(i) a>{b}iff b<a.
(8)  Let L be a relational structure and a, b, ¢ be elements of L. Then
(i) a<{byc}iff a<banda<c and
(i) a>{b,c}iff b<aand c<a.
(9) Let L be a relational structure and X, Y be sets. Suppose X C Y. Let
x be an element of L. Then
(i) if z <Y, then z < X, and
(i) if 2 >Y, then z > X.
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(10) Let L be a relational structure, X, Y be sets, and x be an element of
L. Then
(i) fz<Xand z <Y, then z < X UY, and
(i) ifx>Xandz>Y, thenax > X UY.
(11) Let L be a non empty transitive relational structure, X be a set, and
x, y be elements of L. If X <z and x <y, then X <.

(12) Let L be a non empty transitive relational structure, X be a set, and
x, y be elements of L. If X > x and x > y, then X > y.

Let L be a non empty relational structure. Note that €17 is non empty.

2. LEAST UPPER AND GREATEST LOWER BOUNDS

Let L be a relational structure. We say that L is lower-bounded if and only
if:
(Def. 4)  There exists an element = of L such that x < the carrier of L
We say that L is upper-bounded if and only if:
(Def. 5)  There exists an element z of L such that x > the carrier of L
Let L be a relational structure. We say that L is bounded if and only if:
(Def. 6) L is lower-bounded upper-bounded.
The following proposition is true
(13)  Let P, P, be relational structures such that the relational structure of
P, = the relational structure of P». Then
(i) if P; is lower-bounded, then P; is lower-bounded, and
(ii)  if P is upper-bounded, then P, is upper-bounded.
One can verify the following observations:
% every non empty relational structure which is complete is also bounded,

%  every relational structure which is bounded is also lower-bounded and
upper-bounded, and
% every relational structure which is lower-bounded and upper-bounded
is also bounded.
One can verify that there exists a non empty poset which is complete.
Let L be a relational structure and let X be a set. We say that sup X exists
in L if and only if the condition (Def. 7) is satisfied.
(Def. 7)  There exists an element a of L such that
(i) X <a,
(ii)  for every element b of L such that X < b holds b > a, and
(iii)  for every element ¢ of L such that X < ¢ and for every element b of L
such that X < b holds b > ¢ holds ¢ = a.

We say that inf X exists in L if and only if the condition (Def. 8) is satisfied.
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(Def. 8)  There exists an element a of L such that
(i) X >a,
(ii)  for every element b of L such that X > b holds b < a, and

(iii)  for every element ¢ of L such that X > ¢ and for every element b of L
such that X > b holds b < ¢ holds ¢ = a.

One can prove the following propositions:

(14)  Let Ly, Lo be relational structures. Suppose the relational structure of
L1 = the relational structure of Ly. Let X be a set. Then
(i) if sup X exists in L1, then sup X exists in Lo, and
(ii)  if inf X exists in Ly, then inf X exists in Ls.

(15)  Let L be an antisymmetric relational structure and X be a set. Then
sup X exists in L if and only if there exists an element a of L such that
X < a and for every element b of L such that X < b holds a < b.

(16) Let L be an antisymmetric relational structure and X be a set. Then
inf X exists in L if and only if there exists an element a of L such that
X > a and for every element b of L such that X > b holds a > b.

(17)  Let L be a complete antisymmetric non empty relational structure and
X be a set. Then sup X exists in L and inf X exists in L.

(18) Let L be a non empty antisymmetric relational structure and a, b, ¢ be
elements of L. Then ¢ = a Ub and sup {a,b} exists in L if and only if
¢ > a and ¢ > b and for every element d of L such that d > a and d > b
holds ¢ < d.

(19) Let L be a non empty antisymmetric relational structure and a, b, ¢ be
elements of L. Then ¢ = alb and inf {a, b} exists in L if and only if ¢ < a
and ¢ < b and for every element d of L such that d < a and d < b holds
c>d.

(20) Let L be a non empty antisymmetric relational structure. Then L has
Lu.b.’s if and only if for all elements a, b of L holds sup {a, b} exists in L.

(21) Let L be a non empty antisymmetric relational structure. Then L has
g.l.b.’s if and only if for all elements a, b of L holds inf {a, b} exists in L.

(22) Let L be an antisymmetric relational structure with L.u.b.’s and a, b, ¢
be elements of L. Then ¢ = a LIb if and only if the following conditions
are satisfied:

(i) c=>a,
(i) ¢>1b, and
(ili)  for every element d of L such that d > a and d > b holds ¢ < d.

(23) Let L be an antisymmetric relational structure with g.1.b.’s and a, b, ¢
be elements of L. Then ¢ = a M b if and only if the following conditions
are satisfied:

(i) c<a,
(i) ¢<b,and
(ili)  for every element d of L such that d < a and d < b holds ¢ > d.
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(24) Let L be an antisymmetric reflexive relational structure with Lu.b.’s
and a, b be elements of L. Then ¢ = a U b if and only if a > b.
(25) Let L be an antisymmetric reflexive relational structure with g.l.b.’s
and a, b be elements of L. Then a = aMb if and only if a < b.
Let L be a non empty relational structure and let X be a set. The functor
Ll;, X yielding an element of L is defined as follows:

(Def. 9) X < ||, X and for every element a of L such that X < aholds | |; X <a
if sup X exists in L.

The functor | | X yielding an element of L is defined as follows:

(Def. 10) X > [ ]2 X and for every element a of L such that X > aholdsa < [ |1 X
if inf X exists in L.

We now state a number of propositions:

(26) Let L1, Lo be non empty relational structures. Suppose the relational
structure of L1 = the relational structure of Ls. Let X be a set. If sup
X exists in Ly, then | |, X =[], X.

(27)  Let L1, Lo be non empty relational structures. Suppose the relational
structure of L; = the relational structure of Ly. Let X be a set. If inf X
exists in Ly, then [ |, X = [ |1, X.

(28)  For every complete non empty poset L and for every set X holds | |; X =
I_l([LL) X and |_‘LX = |_‘([LL)X-

(29) For every complete lattice L and for every set X holds ||, X =
l_lPosot(L) X and I_lLX = ’_IPoset(L)X'

(30) Let L be a non empty antisymmetric relational structure, a be an ele-
ment of L, and X be a set. Then a = | |; X and sup X exists in L if and
only if a > X and for every element b of L such that b > X holds a < b.

(31) Let L be a non empty antisymmetric relational structure, a be an ele-
ment of L, and X be a set. Then a = [ | X and inf X exists in L if and
only if a < X and for every element b of L such that b < X holds a > b.

(32) Let L be a complete antisymmetric non empty relational structure, a
be an element of L, and X be a set. Then a = [ |; X if and only if the
following conditions are satisfied:

(i) a>X, and
(ii)  for every element b of L such that b > X holds a < b.

(33) Let L be a complete antisymmetric non empty relational structure, a
be an element of L, and X be a set. Then a = [ | X if and only if the
following conditions are satisfied:

(i) a<X, and
(ii) for every element b of L such that b < X holds a > b.

(34) Let L be a non empty relational structure and X, Y be sets. Suppose
X CY and sup X exists in L and sup Y exists in L. Then | |, X < || Y.

(35) Let L be a non empty relational structure and X, Y be sets. Suppose
X CY and inf X exists in L and inf YV exists in L. Then [ |1 X > [ LY.
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(36) Let L be a non empty antisymmetric transitive relational structure and
X, Y be sets. Suppose sup X exists in L and sup Y exists in L and sup
X UY exists in L. Then | [ (X UY) =[], X U] Y.

(37) Let L be a non empty antisymmetric transitive relational structure and
X, Y Dbe sets. Suppose inf X exists in L and inf Y exists in L and inf
XUY existsin L. Then [ (X UY) =[] X N[ ]|.Y.

Let L be a non empty relational structure and let X be a subset of the
carrier of L. We introduce sup X as a synonym of | |; X. We introduce inf X as
a synonym of [ 5 X.

We now state several propositions:

(38)  Let L be a non empty reflexive antisymmetric relational structure and
a be an element of L. Then sup {a} exists in L and inf {a} exists in L.

(39) Let L be a non empty reflexive antisymmetric relational structure and
a be an element of L. Then sup{a} = a and inf{a} = a.

(40)  For every poset L with g.l.b.’s and for all elements a, b of L holds
inf{a,b} =anb.

(41)  For every poset L with lLu.b.’s and for all elements a, b of L holds
sup{a,b} = alUb.

(42) Let L be a lower-bounded antisymmetric non empty relational struc-
ture. Then sup () exists in L and inf the carrier of L exists in L.

(43)  Let L be an upper-bounded antisymmetric non empty relational struc-
ture. Then inf () exists in L and sup the carrier of L exists in L.

Let L be a non empty relational structure. The functor L yielding an
element of L is defined by:

(Def. 11)  Lp =[] 0.
The functor T yields an element of L and is defined by:
(Def. 12) T = [10.
The following propositions are true:

(44)  For every lower-bounded antisymmetric non empty relational structure
L and for every element x of L holds L < z.

(45)  For every upper-bounded antisymmetric non empty relational structure
L and for every element x of L holds z < Tp.

(46) Let L be a non empty relational structure and X, Y be sets. Suppose
that for every element x of L holds z > X iff x > Y. If sup X exists in L,
then sup Y exists in L.

(47)  Let L be a non empty relational structure and X, Y be sets. Suppose
sup X exists in L and for every element x of L holds x > X iff x > Y.
Then I_lLX = I_lL Y

(48) Let L be a non empty relational structure and X, Y be sets. Suppose
that for every element x of L holds x < X iff x <Y. If inf X exists in L,
then inf Y exists in L.
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(49) Let L be a non empty relational structure and X, Y be sets. Suppose
inf X exists in L and for every element x of L holds z < X iff x < Y.
Then [ 1 X = [ LY.

(50)  Let L be a non empty relational structure and X be a set. Then

(i) sup X exists in L iff sup X N (the carrier of L) exists in L, and
(ii)  inf X exists in L iff inf X N (the carrier of L) exists in L.

(51)  Let L be a non empty relational structure and X be a set. Suppose sup
X exists in L or sup X N (the carrier of L) exists in L. Then ||, X =
LI (X N (the carrier of L)).

(52) Let L be a non empty relational structure and X be a set. Suppose
inf X exists in L or inf X N (the carrier of L) exists in L. Then [ 1 X =
[ 1o (X N (the carrier of L)).

(53) Let L be a non empty relational structure. If for every subset X of L
holds sup X exists in L, then L is complete.

(54) Let L be a non empty poset. Then L has L.u.b.’s if and only if for every
finite non empty subset X of L holds sup X exists in L.

(55)  Let L be a non empty poset. Then L has g.1.b.’s if and only if for every
finite non empty subset X of L holds inf X exists in L.

3. RELATIONAL SUBSTRUCTURES

We now state the proposition
(56)  For every set X and for every binary relation R on X holds R = R|? X.
Let L be a relational structure. A relational structure is said to be a relational
substructure of L if:
(Def. 13)  The carrier of it C the carrier of L and the internal relation of it C the
internal relation of L.

Let L be a relational structure and let S be a relational substructure of L.
We say that S is full if and only if:

(Def. 14)  The internal relation of S = (the internal relation of L) |? (the carrier
of S).
Let L be a relational structure. Note that there exists a relational substruc-
ture of L which is strict and full.
Let L be a non empty relational structure. Observe that there exists a
relational substructure of L which is non empty, full, and strict.
One can prove the following two propositions:

(57)  Let L be a relational structure and X be a subset of the carrier of L.
Then (X, (the internal relation of L)|?(X)) is a full relational substructure
of L.

(58)  Let L be arelational structure and S1, Sy be full relational substructures
of L. Suppose the carrier of S; = the carrier of Sy. Then the relational
structure of S; = the relational structure of Ss.

87



88 GRZEGORZ BANCEREK

Let L be a relational structure and let X be a subset of the carrier of L. The
functor sub(X) yields a full strict relational substructure of L and is defined by:

(Def. 15)  The carrier of sub(X) = X.
The following propositions are true:

(59) Let L be a non empty relational structure and S be a non empty re-
lational substructure of L. Then every element of S is an element of
L.

(60) Let L be a relational structure, S be a relational substructure of L, a,
b be elements of L, and z, y be elements of S. If x = a and y = b and
z <y, then a <b.

(61) Let L be a relational structure, S be a full relational substructure of
L, a, b be elements of L, and x, y be elements of S. Suppose x = a and
y=2>band a <band x € the carrier of S and y € the carrier of S. Then
z < y.

(62) Let L be a non empty relational structure, S be a non empty full rela-
tional substructure of L, X be a set, a be an element of L, and = be an
element of S such that = a. Then

(i) ifa <X, then z < X, and
(i) if a > X, then x > X.

(63) Let L be a non empty relational structure, S be a non empty relational
substructure of L, X be a subset of S, a be an element of L, and = be an
element of S such that = a. Then

(i) ifz <X, then a < X, and

(i) if 2 > X, then a > X.

Let L be a reflexive relational structure. Note that every full relational
substructure of L is reflexive.

Let L be a transitive relational structure. Note that every full relational
substructure of L is transitive.

Let L be an antisymmetric relational structure. Note that every full relational
substructure of L is antisymmetric.

Let L be a non empty relational structure and let S be a relational substruc-
ture of L. We say that S is meet-inheriting if and only if the condition (Def. 16)
is satisfied.

(Def. 16)  Let z, y be elements of L. Suppose = € the carrier of S and y € the
carrier of S and inf {z,y} exists in L. Then inf{x,y} € the carrier of S.

We say that S is join-inheriting if and only if the condition (Def. 17) is satisfied.

(Def. 17)  Let z, y be elements of L. Suppose = € the carrier of S and y € the
carrier of S and sup {x,y} exists in L. Then sup{x,y} € the carrier of S.

Let L be a non empty relational structure and let S be a relational substruc-
ture of L. We say that S is infs-inheriting if and only if:

(Def. 18)  For every subset X of S such that inf X exists in L holds [ |1 X € the
carrier of §.

We say that S is sups-inheriting if and only if:
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(Def. 19)  For every subset X of S such that sup X exists in L holds | |; X € the
carrier of S.

Let L be a non empty relational structure. One can check that every rela-
tional substructure of L which is infs-inheriting is also meet-inheriting and every
relational substructure of L which is sups-inheriting is also join-inheriting.

Let L be a non empty relational structure. Note that there exists a relational
substructure of L which is infs-inheriting, sups-inheriting, non empty, full, and
strict.

Now we present two schemes. The scheme InfsInheritingSch concerns a non
empty transitive relational structure A, a non empty full relational substructure
B of A, a subset C of B, and a unary predicate P, and states that:

Inf C exists in B and | |3C = | |4C
provided the following conditions are met:
e For every subset Y of B such that P[Y] and inf YV exists in .A holds
[ 4Y € the carrier of B,

e P[C],

e Inf C exists in A.

The scheme SupsInheritingSch deals with a non empty transitive relational
structure A, a non empty full relational substructure B of A, a subset C of B,
and a unary predicate P, and states that:

Sup C exists in B and | |[gC = |4C
provided the following conditions are satisfied:
e For every subset Y of B such that P[Y] and sup Y exists in A holds
LI4Y € the carrier of B,

e P[C],

e Sup C exists in A.

One can prove the following propositions:

(64) Let L be a non empty transitive relational structure, S be an infs-
inheriting non empty full relational substructure of L, and X be a subset
of S. If inf X exists in L, then inf X exists in S and [ |sX = [ [t X.

(65) Let L be a non empty transitive relational structure, S be a sups-
inheriting non empty full relational substructure of L, and X be a subset
of S. If sup X exists in L, then sup X exists in S and | |¢ X = | |; X.

(66) Let L be a non empty transitive relational structure, S be a meet-
inheriting non empty full relational substructure of L, and x, y be elements
of S. Suppose inf {z,y} exists in L. Then inf {x,y} exists in S and
[Ns{z, v} = [ef=z, v}

(67) Let L be a non empty transitive relational structure, S be a join-
inheriting non empty full relational substructure of L, and x, y be el-
ements of S. Suppose sup {x,y} exists in L. Then sup {z,y} exists in S

and | g{z,y} = U {z,y}.

Let L be an antisymmetric transitive relational structure with g.l.b.’s. Note
that every non empty meet-inheriting full relational substructure of L has g.1.b.’s.
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Let L be an antisymmetric transitive relational structure with Lu.b.’s. Ob-

serve

L.u.b.

that every non empty join-inheriting full relational substructure of L has
9
S.

The following four propositions are true:

(68)

(69)

[1]
2]

3]

[4]
[5]

6]

7

8
[10]
[11]
12
13
[14]
[15]
[16]

[17]

Let L be a complete non empty poset, S be an infs-inheriting non
empty full relational substructure of L, and X be a subset of S. Then
[NsX =T L X.

Let L be a complete non empty poset, S be a sups-inheriting non empty
full relational substructure of L, and X be a subset of S. Then | |¢ X =

L X.

Let L be a poset with g.1.b.’s, S be a meet-inheriting non empty full
relational substructure of L, x, y be elements of S, and a, b be elements
of L. If a=x and b =y, then x My =alb.

Let L be a poset with l.u.b.’s, S be a join-inheriting non empty full
relational substructure of L, x, y be elements of S, and a, b be elements
of L. If a=x and b=y, then z Uy = alUb.
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