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Abstract. In this paper, the concept of ideal in bounded equality algebras is introduced. With respect to this
concepts, some related results are given. In particular, we prove that there is an one-to-one corresponding
between congruence relation on an involutive equality algebra and the set of ideals on it. Also, we prove
the first isomorphism theorem on equality algebras. Moreover, the notions of prime and Boolean ideals in
equality algebras are introduced. Finally, we prove that ideal I of involutive prelinear equality algebra E is
a Boolean ideal if and only if £ is a Boolean algebra.

1. Introduction

Fuzzy type theory (FTT) has been developed by Novék as a fuzzy logic of higher order, the fuzzy
version of the classical type theory of the classical logic of higher order. BL-algebras, MTL-algebras, MV-
algebras are the best known classes of residuated lattices [3, 4] and since the algebra of truth values is no
longer a residuated lattice, a specific algebra called an EQ-algebra [7] by Novédk and De Baets. EQ-algebras
generalize the residuated lattices that have three binary operations meet, multiplication, fuzzy equality and
a unit element. If the product operation in EQ-algebras is replaced by another binary operation smaller
or equal than the original product we still obtain an EQ-algebra, and this fact might make it difficult to
obtain certain algebraic results. For this reason, equality algebras were introduced by Jenei [5], which the
motivation cames from EQ-algebras [7]. These algebras are assumed for a possible algebraic semantics
of fuzzy type theory. It was proved [2, 5], that any equality algebra has a corresponding BCK- meet-
semilattice and any BCK(D)-meet-semilattice (with distributivity property) has a corresponding equality
algebra. Filter theory plays an important role in studying these algebras and some types of filters such as
(positive) implicative, fantastic, Boolean and prime filters in equality algebras are introduced by Borzooei
etal [1]. This motivates us to introduce the notion of ideals in equality algebras and investigate the relations
ideals, and the other types of ideals in bounded equality algebras. In particular, we prove that there is
an one-to-one corresponding between congruence relation on an involutive equality algebra and the set of
ideals on it. Also, we prove the first isomorphism theorem on involutive equality algebras. Moreover, the
notions of prime and Boolean ideals in equality algebras are introduced. Finally, we prove that ideal I of
involutive prelinear equality algebra E is a Boolean ideal if and only if £ is a Boolean algebra.
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2. Preliminaries

In this section, we give some fundamental definitions and results. For more details, refer to the
references.

Definition 2.1. [5] Analgebra (E, A, ~, 1) of the type (2,2, 0) is called an equality algebra if it satisfies the following
conditions, for all x,y,z € E:

(E1) (E, A, 1) is a meet-semilattice with top element 1,

(E2)x~y=y~x,

(E3) x ~x=1,

(E4)x~1=x,

(ES)x <y <zimpliesx ~z<y~zandx ~z<x~y,

(E6)x ~y<(xAz)~(yAz),

(E7)x~y<(x~2z)~(y~2).

The operation A is called meet (infimum) and ~ is an equality operation. We write x < y if and only if
x Ay =x, forall x,y € E. Also, other two operations are defined, called implication and equivalence operation,
respectively:

x=>y=x~(xAy) @
xeoy=x->yAlY—x) (I0)

An equality algebra (E, ~, A, 1) is bounded if there exists an element 0 € E such that 0 < x, forallx € E. In
a bounded equality algebra E, we define the negation” — “on Eby,x™ =x - 0=x ~0, forall x € E. If
x~~ = x, for all x € E, then the bounded equality algebra E is called involutive. Equality algebra E is called
prelinear, if 1 is the unique upper bound of the set {x — y,y — x}, for all x, y € E. A lattice equality algebra is
an equality algebra which is a lattice.

The following propositions provide some properties of equality algebras.

Proposition 2.1. [5] Let (E, A, ~, 1) be an equality algebra. Then the following properties hold, for all x,y,z € E:
(E8) x > y=1ifandonly ifx <y,

(E9Y1->x=x,x>1=1,x—>x=1,

(F10)x <y — x,

(E1l)x<(x—>y) >y,

(E12)x s y<(y—2) — (x = 2),

(E3)x~y<xeoys<x—y,

Ed)x->(y—-2=y—(x—>2).

Proposition 2.2. [8] Let (E, A, ~, 1) be an equality algebra. Then for all x,y,z € E, the following statements hold:
(E15)x <yimpliesy 5 z<x—>z,z—>x<z—>1Y,

(El6)x s y=x—> (xAY),

El7)x > y<@z—-x)> (-,

(E18) x » y < (x Az) = (Y A 2).

Proposition 2.3. [8] Let E be a bounded lattice equality algebra. Then, for all x,y € E, the following statements
hold:

(E19)x <x7,

(E20)(xVy)  =x" Ay

Theorem 2.1. [8] Any prelinear equality algebra is a distributive lattice.

Definition 2.2. [6] Let (E,~, A, 1) be an equality algebra and F be a non-empty subset of E.
Then F is called a deductive system or filter of E, if for all x, y € E, we have

() 1€F

(i) ifx € Fand x <y, then y € F,

(ili)ifxe Fand x ~y € F, then y € F.
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Proposition 2.4. [2, 6] Let (E, ~, A, 1) be an equality algebra and F be a non-empty subset of E. Then F is a filter of
Eifand only if, forall x,y € E,

(i) 1eF,

(ii) ifxandx —» y € F, theny € F.

Definition 2.3. [1] A proper filter F of E is called a prime filter if x - y € Fory — x € F, forall x,y € E.

Definition 2.4. [1] Let E be a bounded equality lattice. A filter F of E is called a Boolean filter if, for all x € E,
xVx~ €F

Definition 2.5. [6] Let (E, A, ~, 1) be an equality algebra. A subset O of E X E is called a congruence relation of E,
if it is an equivalence relation on E and, for all x, y, z, w € E such that (x, z), (y, w) € 0, it holds that (x Ny, z Aw) € O
and (x ~ y,z ~ w) € 0. Denote Con(E), the set of all congruence relations of E.

From now on, in this paper (E, A, ~, 1) (or simply E) is an equality algebra, unless otherwise stated.

3. Ideals in Bounded Equality Algebras

In this section we introduce concept of ideals in bounded equality algebras and we give some related
results.

Definition 3.1. Let E be a bounded equality algebra and I a nonempty subset of E. Then I is called an ideal of E, if it
satisfies:

(D ifx<yandy €I, then x € I, for every x,y € E,

(ii) for every x,y e [, x- - y e L

Denote Id(E) the set of all ideals of a bounded equality algebra E.

Example 3.1. [1] Let (E =1{0,a,b,c,d, 1}, <) be a lattice with the following diagram. Define the operations ~ and —
on E by

Table 1. Table 2.
~|0]la|blc|d|l > |0|la|b|c|d]|1l
0|1|d|c|blal|O0 O (111|111
a|ld|1l|a|d|c|a a dl1|lalc|lc]1
blclal|l]0|d|b b c|1|1]|clc]1
c|b|d|0|1|a]c c bla|b|1l|a]|l
d|lalc|d|a|l]|d d a|llal|l1]1]|1
1|10la|blc|d|1l 1 Ola|blc|d]|1l

Then, by routine calculations, we can see that (E, A, ~,0,1) is a bounded equality algebra. Now, let I = {0, b}.
Then I is an ideal of E.

Theorem 3.1. Let [ be a nonempty subset of bounded equality algebra E. Then I is an ideal of E if and only if it
satisfies:

(Hoel

(ii) Forevery x,y € E,ifx e land (x™ - y~)" €I, theny € L
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Proof. Let I be an ideal of bounded equality algebras E. Since I is a nonempty subset of E, there exists
x € E, such that x € [ and since E is a bounded equality algebra, we have 0 < x. Hence, by Definition 3.1,
0 €l Now, letx,(x™ = y)~ €, for x,y € E. Then by Definition 3.1, (x — (x~ — y~)7) € [ and by (E14),
((x™ = y7) = x77) € L. Since by (E14),

y= (" =y )=x7) = (@ oy)=> o)
@ =y) = 2y
=1

By (E8), y < (x~ = y7) = x~~ and since (x™ = y~) = x7) € I, we get that y € ] by Definition 3.1.
Conversely, let x < yand y € I, for x,y € E. Then by (E15), y < x” and so (y~ — x7)” = 0 € I and since
y € I, by (ii), we get that x € I. Note that by (E11), x < x™~ and if x™~ € [ and [ is an ideal of E, then x € I.
Now, let x € I. Then by (E8), (E9) and (E11), (x™ = x )" =1"=0€,andsox ™ € I. Now, letx,y € L.
Then by (E11), (E12) and (E15),

G -0 -2y) s 2>y <x
and since x € I, we get that x™™ € land so (y~ — (x™ — y)7)” € . Hence, by (ii), x™ - yel. O

Lemma 3.1. In any bounded equality algebra E, for all x,y € E,
Hx =x""
() (x sy )y =x" -y

Proof. (i) Let x € E. Then by (E11), x < x™~ and so by (E15), ™~ < x~. Now, by (E14),
X —x T =x —-x =1

So x~ < x . Therefore, x~ = x~
(i) By (E11),x™ - y~ < (x~ = y~) ~, for x, y € E. Now, by (E14),

K —y) >0 —y) X = (= y)T = y)

X oy 2y )T)
x>y - —>y)) by()
X = (= y)—=y)

- y)-> @ —>y)

= 1

Hence, (x™ = y7)™~ < (x™ = y7). Therefore,(x™ -y )" =x" -y~ O

Definition 3.2. Let (E, ~, A, 1) be a bounded equality algebra and X any subset of E. Then the set of complement
elements (with respect to X) is denoted by N(X) and is defined by

NX)={x€eE|x € X}
Proposition 3.1. Let I be an ideal of bounded equality algebra E. Then N(I) is a filter of E.

Proof. Let I be an ideal of bounded equality algebra E. Then by Theorem 3.1, 0 € I and since 1 = 07,
we have 1 € N(I). Let x,x - y € N(I), for x,y € E. Then (x — y)~ € I and x~ € I and by (E12),
(x—=y)<(y — 0) = (x > 0) and so by (E15), (y~ — x7)” < (x = y)~ € I. Hence, (y~ — x7)~ € I and since
by Lemma 3.1(), x~ = x™~~, we get that (y~ — x™~7)~ € [ and so by (E14), (x*~ — y~~)~ € I. Now, since
x~ € I and I is an ideal of E, by Theorem 3.1, we have y~ € I and so y € N(I). Therefore, N(I) is a filter of
E. O

Proposition 3.2. Let F be a filter of bounded equality algebra E. Then N(F) is an ideal of E.
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Proof. Let F be a filter of bounded equality algebra E. Since 1 € F, we get that 0 = 17 € N(F). Let
x € N(F)and (x™ = y7)” € N(F), forx,y € E. Then (x™ — y7)™~ € Fand x~ € F. Since by Lemma 3.1(ii),
X" =y =" =y ), thenx” — y~ € F. Now, since F is a filter of E and x~ € F, we have y~ € F. Hence,
y € N(F). Therefore, N(F) is an ideal of E.

U

Theorem 3.2. Let I be an ideal of bounded equality algebra E. Then the binary relation — on E which is defined by
x—ry ifandonlyif (x" -y ) €l and (y~ > x7)" €l
is a equivalence relation on E.

Proof. Let I be an ideal of E. Since by (E9), (x™ — x7)” = 0 € I, we have x — x, for every x € E and so —
is a reflexive relation. By definition —j, —; is a symmetric relation. Now, we prove that — is transitive
relation. Letx,y,z € E,x —jyandy —;z. Then(x™ -y )" €, (y” - x )" €land (y = z7)” €1,
(z~ = y7)” €1. By Lemma 3.1 (ii), (E15) and (E17),

(@ =) =@ =) = (@ oY) =)

y~—=z) el

IA

Since [ is an ideal of E, we have ((x™ = y7)™™ — (x™ — z7)77)” € I and since (x™ — y~)~ € [, by Theorem
3.1, we conclude (x~ — z7)~ € I. By similar way, (z~ — x7)~ € I. Therefore, — is a transitive relation and
so — is a equivalence relationon E. [J

Note that, if x —; y, then (x™ = y7)” €I, (y~ — x7)” € [ and so by (E12) and (E15),

Ty )y Sy X))

And since (y~ — x7)” € [, we have (x™~ — y™~)~ € [ and by similar way (y~~ — x™7)~ € I. Hence, x™ —; y~.
Moreover, by Lemma 3.1 (i), (x™ > x ") " =0€land (x ™~ = x7)" =0 €l Hence, x —; x™~

Open Problem 3.1. Is the equivalence relation (—1) which is defined in Theorem 3.3, congruence relation?
Theorem 3.3. Let I be an ideal of involutive equality algebra E. Then the binary relation ~; on E which is defined by
x~ry ifandonlyif (x” ~y7) €l

is a congruence relation on E.

Proof. Let I be an ideal of involutive equality algebra E. Since (x~ ~ x7)” = 0 € I, we have x ~; x, for every
x € E and so ~j is a reflexive relation. Since by (E2), (x™ ~ y7)” = (y~ ~ x7)7, for every x,y € E, we have
x ~; y if and only if ¥ ~; x. Hence, ~; is a symmetric relation. Letx,y,z € E, x ~; y and y ~; z. Then
(x ~y7)" €land (y~ ~z7)” €, and so by (E13) and (E15),

((~y) @ ~2)) S (@ ~y) T~ ~2)T)
= ((x ~y")~(x ~z7))”, Since E is involutive
(y~ ~z7)", by (E7) and (E15)

IN

Since (y~ ~z7)" €, wehave ((x” ~y™)"~ = (x~ ~z7)7")” € [ and since (x™ ~ y7)~ € I, by Theorem 3.1, we
get that (x™ ~ z7)™ € I. Therefore, ~; is a transitive relation and so ~; is a equivalence relation on E. Now,
we prove that ~; is compatible with ~ and A. Let x,y,z € E, x ~; y. Then (x™ ~ y7)~ € I and by (E6) and
(E7),

(xAz)" ~(yA2)7) = (yrz)~(xAz)”
< (x~y)”
= (¥~ ~y )7, Since E is involutive
< ~x)

(" ~y) el
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Hence, ((x Az)” ~ (y Az)")” € L. Therefore, (x A z) ~1 (¥ A 2).
Moreover, by (E7),

(~2" ~(~2) < (W~ ~@~2)
< (x~y)°
= (x~ ~y )", Since E is involutive
< ~x)
= (@ ~y) el

Hence, ((x ~ z)~ ~ (y ~ 2)7)” € I. Therefore, (x ~ z) ~; (y ~ z). Thus, ~ is a congruence relationon E. [J

Proposition 3.3. Let I be an ideal of involutive equality algebra E. Then
(i) [0] = {x € E | x ~; O} is an ideal of E. Moreover, [0] = L
(ii) If 0 is a congruence on E, then [0]g = {x € E | (x,0) € 0} is an ideal of E.

Proof. (i) Let I be an ideal of involutive equality algebra E. Then

[0] = {x€E|x~0}
= {xeE|(x ~07) el}
= xe€eE|x " el}
= {xe€eE|xel}
= 1

Therefore, [0] is an ideal of E.

(i) Let 0 be a congruence on E and x,y € E such that x < y and y € [0]s. Then (y,0) € 0 and since 0 is a
congruence on E, we have (x,x) € 6 and so (x A y,x A 0) € 6. Hence, (x,0) € 8. Therefore, x € [0]p.

Now, let x,y € [0]g. Then (x,0),(y,0) € 6 and since (0,0) € 0 and 0 is a congruence on E, we get that
(x ~0,0~0) € 6. Hence, (x,1) e 0 and so (x” Ay,1 Ay) € 0. Therefore, (x™ A y,y) € 0. Moreover, since
(x",1) € Oand (x” Ay, y) € 0, we conclude (x™ ~ y,1 ~y) € 6 and (x~ ~ (x” Ay),x~ ~ y) € 6. Hence,
(x™ ~(x~ Ay),y) € Oand since (y,0) € 9, wehave (x™ ~ (x” Ay),0) € Oandsox™ = y =x" ~ (x~ Ay) € [0]p.
Therefore, [0]p is an ideal of E. O

Theorem 3.4. Let E be an involutive equality algebra E. Then there is a one-to-one correspondence between Id(E)
and Con(E).

Proof. Define ¢ : Con(E) — Id(E) by 1(0) = [0le, for all 8 € Con(E). Since by Proposition 3.3 (ii), [0] is an
ideal of E, then 1(0) € Id(E). Moreover, ¢ is well defined. In fact, if 61 = 6,, the [0]p, = [0]g,. If x € [0]g,, then
(x,0) € 61 = 0 and so (x,0) € O,. Hence, x € [0]g, and so [0]p, € [0]e,. By similarly, [0]g, € [0]e,. Therefore,
[0]s, = [0lp, and so Y(61) = P(6,). Thus, ¢ is a well defined mapping. Now, we prove 8 =~yg,, for every
0 € Con(E). Let (x, y) € 0. Since 0 is a congruence on E, we have (x”,y") € @andso (x™ ~y~,y~ ~y~) € 0.
Hence, (x™ ~y~,1) € 0 and so ((x~ ~ y7)7,17) € 0. Therefore, (x™ ~ y~)~ € [0]g and since by Proposition
3.3(ii), [0]p is an ideal of E, we get taht x ~[o}, ¥ and so (x, y) €~(g},- Thus, 0 C~(g},. Conversely, if (x, y) €~(o},,
then x ~[o}, y and so (x™ ~ y~)~ € [0]y. Hence, (x™ ~y7)7,0) € O and so ((x” ~ y~)"~,07) € 0 and since E is
an involutive equality algebra, we have ((x™ ~ y7),1) € 6. Moreover, since 0 is a congruence on E, we get
taht (0" ~y ) ~x",1~x")ebOandso((x ~y ) ~x)Ay ,x Ay )eBandsincey < (y ~x7) ~x7,
we have (y~,x~ A y~) € 0. By similar way, (x~,x~ A y~) € 0 and since 0 is a transitive relation, we conclude
(x",y")eBOandso (x~",y ") € 0. Hence, (x, y) € 0 and so ~|o},C 0. Therefore, 0 =~[g},. Now, we prove ¢ is
an one-to-one mapping. Let 01, 6> € Con(E) such that {(61) = ¢(62). Then [0]o, = [0]o, and so ~[o}, =~[0],, -
Hence, 61 = 0,. Therefore, ¢ is an one-to-one mapping. Moreover, if I € Id(E), then x € [ if and only if
(x~ ~07)” =x7~ =x e lif and only if x ~; 0 if and only if (x,0) €~y if and only if x € [0].,. Hence, I = [0]-,
and since by Theorem 3.3, ~j€ Con(E) and I = [0]., = {(~7), we get that 1 is an onto mapping. Therefore, 1
is an one-to-one correspondence between Id(E) and Con(E). O
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Let (E, A, ~,1) be an involutive equality algebra and I be an ideal of E. Define % = {[x] | x € E}, where

[x] = {y € E | x ~; y}. We define the following operations on %:
[XJA [yl =[x Ayl [x]~[yl:=[x~y]

Theorem 3.5. Let (E, A, ~,1) be an involutive equality algebra and I be an ideal of E. Then (%,/\,~, [1]) is an

involutive equality algebra which is called quotient equality algebra with respect to 1.

Proof. The proof is straight forward. [

4. Homomorphisms in Equality Algebras
In this section the concept of homomorphism is defined in equality algebras.

Definition 4.1. Let (E1, A1, ~, 1E,) and (Ep, Ay, ~2, 1,) be two equality algebras. Then a mapping f : Ey — Ej is
called an equality homomorphism, if for all x,y € Eq:

(i) f(x Ary) = f(X) A2 f(Y),

(i) f(x ~1 y) = f(x) ~2 f(y).

Moreover, if Eq,E; are two bounded equality algebras, then an equality homomorphism f is called bounded, if
f(01) = 02. An equality homomorphism f is called equality (epimorphism)monomorphism, if f is an (onto)one-to-one
mapping and an equality homomorphism f is called an equality isomorphism, if f is an one-to-one and onto mapping.

Lemma 4.1. Let (E1, A1, ~1, 1g,) and (Ep, Ay, ~2,1,) be two equality algebras and f : Ey — E; be an equality
homomorphism. Then for all x,y € E:

(i) fix =1 ) = f() =2 f1).

(i) f(x &1 y) = f(x) o2 f).

(i) f(1g,) = 1p,.

(iv) f(x7) = (f(x))~, where Eq, E; are two bounded equality algebras and f is a bounded equality homomorphism.

Proof. It follows form Definition 4.1. [J

Proposition 4.1. Let f : E; — Ej be a bounded equality homomorphism and I be an ideal of equality algebra E,.
Then f~Y(I) is an ideal of E;.

Proof. Let f is a bounded equality homomorphism. Then f(0;) = 0, and since I is an ideal of equality
algebra E», we get that 0, € I. Hence, 0; € f'(I). Now, let (x™ - y7)” € f}(I) and x € fI(I), for x,y € E;.
Then by Lemma 4.1, ((f(x))~ = (f(y))")~ € I and f(x) € I. Hence, by Theorem 3.1, f(y) € and so y € f~'(I).
Therefore, f~(I) is an ideal of E;. [

Note that, if f : E; — E; is a bounded equality homomorphism, then by Proposition 4.1, kerf = {x € E |
f(x) = 02} = £71({02}), is an ideal of E;.

Remark 4.1. Given a equality homomorphism f : Ey — Ep, the Imf = {f(x) | x € E1} is sub equality algebra of E,

Theorem 4.1. Let E1, E; be two involutive equality algebras and f : Ey — E; be a bounded equality homomorphism.
Then
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Proof. Let ¢ : kf_rlf — Imf defined by ¢([x]) := f(x), for any [x] € kf_rlf' Then ¢ is a well defined mapping.

Since for every x1,x2 € Ey, if [x1] = [x2], then x1 ~krf X2 and so ((x1)” ~ (x2)7)” € kerf. Hence, f(((x1)” ~
(x2)7)7) = 0and by Lemma 4.1, ((f(x1))” ~ (f(x2))7)” = 0and so ((f(x1))” ~ (f(x2))")~~ = 1 and since E; is an
involutive equality algebra, then (f(x1))™ ~ (f(x2))” = 1. Therefore, by (E13), (f(x1))™ = (f(x2))” =1 and so
(f(x1))” < (f(x2))~. Now, by (E15), (f(x2))"~ < (f(x1))" and so f(x2) < f(x1). By similar way, f(x1) < f(x2).
Thus, f(x1) = f(x2) and so ¢([x1]) = ¢([x2]). Therefore, ¢ is a well defined mapping. By definition of ¢,
¢ is an equality homomorphism. Moreover, ¢ is an one-to-one. If ¢([x1]) = ¢([x2]), then f(x1) = f(x2)
and so f(x1)” = f(x2)". Now, by Lemma 4.1, f(((x1)~ ~ (x2)7)7) = 0. Hence, ((x1)~ ~ (x2)7)” € kerf and
SO X1 ~kerf X2. Therefore, [x1] = [x2] and so ¢ is an equality monomorphism. That is ¢ is onto is clear by
construction of ¢. Therefore, ¢ is an equality isomorphism and so

E; _
@zlmf

5. Prime and Boolean ideals in Equality Algebras

In this section, the notions of prime and Boolean ideals in bounded equality algebras are introduced
and some of theirs properties are investigated.

Definition 5.1. Let (E, A, ~, 1) be a bounded equality algebra and P be an ideal of E. Then P is called a prime ideal
of E, if it satisfies for every x,y € E, (x = y)" € Por (y = x)~ € P.

Example 5.1. [1] Let (E = {0,4,b,c, 1}, <) be a lattice with the following diagram. Define the operations ~ and —
on E as follows,

Table 3. Table 4.
~ O|lc|la|b]|1 — O|lc|lal|b|1
0 1/0[{0|0]0 0 1711 (1]1
c 0|1|bla]c c O|1]1]1]1
a O|b|1|c|a a 0O|b|1]|b]|1
b Olal|lc|1]|D b Ola|al|l]|1
1 O|lcla|b]|1 1 O|lclal|b|1

Then by routine calculations, we can see that (E, A, ~,0, 1) is a bounded equality algebra and I = {0} and | = {0, c}
are prime ideals of E.

Proposition 5.1. Let E be a bounded equality algebra. Then
(i) If P is a prime ideal of E, then N(P) is a prime filter of E.
(ii) If F is a prime filter of E, then N(F) is a prime ideal of E.
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Proof. (i) Let P be a prime ideal of E. Then by Proposition 3.1, N(P) is a filter of E. Now, since (x — y)~ € P
or (y = x)~ € P, for every x,y € E, we have x — y € N(P) or y — x € N(P), for every x,y € E. Therefore,
N(P) is a prime filter of E.

(ii) Let F be a prime filter of E. Then by Proposition 3.2, N(F) is an ideal of E. Now, since x — y € F or
y — x € F, for every x,y € E and since by (E19), x > y < (x = y)"" and y = x < (y — x)™~, we get that
(x >y~ €For(y — x)~ €F, forevery x,y € E,. Hence, (x = y)~ € N(F) or (y — x)~ € N(F), for every
x,y € E. Therefore, N(F) is a prime ideal of E. [

Theorem 5.1. Let P be an ideal of involutive equality algebra E. Then P is a prime ideal if and only if % is a
chain(equivalently <p is totally ordered)

Proof. Let P be a prime ideal of involutive equality algebra E. Then for every x,y € E, (x = y)~ € Por (y —
x)” € P. Hence, by Lemma 3.1(i), (x = y) "~ ~07) " =(x > y) " €Por((y > x) ~07)" =(y = x)~ € P, for
every x,y € Eand so [(x = y)"] = [0] or [(y — x)7] = [0]. Hence, [(x = y)"] =[0"]or [(y — x)™"] = [07]
and since E is an involutive equality algebra, then [x — y] = [1] or [y — x] = [1], for every x, y € E and so

[x] = [y] = [1] or [y] — [x] = [1], for every x, y € E. Therefore, [x] <p [y] or [y] <p [x], for every [x],[y] € IEJ

E E E
and so — is a chain. Conversely, let — be a chain. Then [x] <p [y] or [y] <p [x], for every [x], [y] € P and so
[x = yl=[1]or[y = x] =[1]. Hence, (x = y)" ~17)" € Por((y > x)" ~17)" € Pandso(x » y)”~ € Por
(y = x)77~ € P, for every x,y € E. Now, since E is an involutive equality algebra, we get that (x — y)~ € P
or (y — x)~ € P, for every x,y € E. Therefore, P is a prime ideal of E. [

Theorem 5.2. Let P be a proper ideal of bounded prelinear equality algebra E. Then P is a prime ideal of E if and
only ifx Ay € P implies x € P or y € P, for every x,y € E.

Proof. Let P be a prime ideal of E. Then for every x,y € E, (x = y)” € Por (y = x)” € P. Now, letx Ay € P
and (x — y)~ € P, for x, y € E. Then by (E12), (E15) and (E16),

((xAy)” —»x7) < (x—=>xAy)
= (x—>y)S

Since P is an ideal of E, x A y € P and (x — y)~ € P, by Theorem 3.1, we conclude x € P. By similar way;, if
(y — x)~ € P, then y € P. Conversely, since E is a prelinear equality algebra, we have (x = y) V(y = x) =1,
for every x, y € E and so by (E20), (x —» y)" A(y = x)” =0 € P, for every x,y € E. Hence, (x = y)~ € Por
(y — x)~ € P, for every x, y € E. Therefore, P is a prime ideal of E.

O

Proposition 5.2. Let f : E — Ej be a bounded equality homomorphism and P be a prime ideal of Ey. Then f~'(P)
is a prime ideal of E;.

Proof. Let f : Ey — E; be a bounded equality homomorphism and P be a prime ideal of E;. Then by
Proposition 4.1, f71(P) is an ideal of E;. Now, let x, y € E;. Then f(x), f(y) € E, and since P is a prime ideal
of E;, we get that (f(x) — f(y))” € Por (f(y) — f(x))~ € P. Hence, by Lemma 4.1, f((x — y)”) € P or
f((y > x)")ePand so (x > y)~ € f1(P) or (y — x)~ € f"1(P). Therefore, f'(P) is a prime ideal of E;. [

Proposition 5.3. (Extension property for prime ideals) Let E be a bounded equality algebra and P a prime ideal of E.
Then every ideal | of E containing P is also prime.

Proof. Let P be a prime ideal of E and | an ideal of E such that P C J. Since (x = y)~ € Por (y — x)~ € P, for
every x,y € E, we get that (x - y)~ € Jor (y = x)~ € ], for every x,y € E. Therefore, | is a prime ideal of
E. O

Proposition 5.4. Let P be a prime ideal of bounded prelinear equality algebra E. Then I N | C P implies I C P or
J € P, for any two ideals I and ] of E.
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Proof. Let P be a prime ideal of prelinear equality algebra E and I, | be two ideals of E such that N ] C P. If
I'¢ Pand | € P, then there exist x € [\Pand y € [\Pand sincex Ay < x,y, wehavex Ayelandx Ay € .
Hence, x Ay € IN] C Pand so x Ay € P. Now, by Theorem 5.2, x € P or y € P, which is a contradiction.
Therefore, ICPor JCP. O

Definition 5.2. Let I be an ideal of bounded equality algebra E. Then I is called a Boolean ideal of E, if x Ax™ € I,
forany x € E.

Example 5.2. In Example 5.1, I = {0} is a Boolean ideal.
Example 5.3. In Example 3.1, 1 = {0,d, c} is a Boolean ideal.

Proposition 5.5. Let I be an ideal of lattice equality algebra E and F be a filter of E. Then
(i) I is a Boolean ideal of E if and only if N(I) is a Boolean filter of E.
(ii) If F is a Boolean filter of E, then N(F) is a Boolean ideal of E.

Proof. (i) Let I be a Boolean ideal of E. Then by Proposition 3.1, N(!) is a filter of E. Since I is a Boolean ideal,
thenx™ A(x™)” € [, for any x € E and since E is a lattice equality algebra, we get that (x Vx™)" =x"A(x7)” € L.
Hence, x vV x~ € N(I), for any x € E. Therefore, N(I) is a Boolean filter of E. Conversely, let N(I) be a Boolean
filter of E. Then x V x~ € N(I), for any x € E. Hence, (x Vx~)~ € I and so x™ A (x”)” € I. Now, since I is an
ideal of Eand x < x™~, wehavex” Ax <x~ Ax"~ andsox~ Ax €I, for any x € E. Thus, I is a Boolean ideal
of E.

(i) Let F be a Boolean filter of E. Then x V x~ € F, for any x € E. By Proposition 3.2, N(F) is an ideal of E
and since x” Vx™~ = (x Ax7)" and x~ Vx~~ € F, we have x A x~ € N(F), for any x € E. Therefore, N(F) is a
Boolean ideal of E.

O

Remark 5.1. If E is an involutive lattice equality algebra and F is a filter of E, then F is a Boolean filter of E if and
only if N(F) is a Boolean ideal of E.

Proposition 5.6. Let f : E; — E, be a bounded equality homomorphism and I be a Boolean ideal of E5. Then f~1(I)
is a Boolean ideal of E;.

Proof. Let f : E; — E; be a bounded equality homomorphism and I be a Boolean ideal of E;. Then by
Proposition 4.1, f‘l(I) is an ideal of E;. Now, let x € E1. Then f(x) € E; and since I is a Boolean ideal of E,,
we get that f(x) A (f(x))” € I. Hence, by Lemma 4.1, f(x A x~) €  and so x A x~ € f~I(I). Therefore, f~1(I) is
a Boolean ideal of E;. O

Theorem 5.3. Let I be an ideal of involutive prelinear equality algebra E. Then I is a Boolean ideal of E if and only if

E
7 is a Boolean algebra.

Proof. Let I be a Boolean ideal of involutive prelinear equality algebra E. Then by Theorem 2.1, E is a
distributive lattice equality algebra and for every x,y € E,x Vy = ((x = v) = y) A ((y — x) — x). Hence,

by Theorem 3.5, 7 is a distributive lattice equality algebra and for every [x], [y] € ?,
Vvl =xvyl=[((x=y) = A((y—=x) =] =[x] = [v]) = [yD A ([y] = [x]) = [x])
And since [ is a Boolean ideal of E, we have x A x~ € [, for every x € E. Hence,
(xAXT) " ~0) =(xAx ) =xAx €l
and so [x A x7] = [0]. Therefore, [x] A [x]” = [0] and since by Theorem 3.5, % is an involutive lattice equality
algebra, then ([x] A [x]7)” = [0]” and so [x]™ V [x] = [1]. Therefore, ? is a complemented lattice and so % is
a Boolean algebra.

E
Conversely, let T be a Boolean algebra. Then [x]A[x]™ = [0] and so [xAx~] = [0]. Hence, xAx™ = (xAx™)™™ =
((xAx7)" ~07)" € Iand sox Ax~ €], for any x € E. Therefore, I is a Boolean ideal of E. [
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6. Conclusion

The results of this paper are devoted to introduce ideals in bounded equality algebras. We presented

a characterization and several important properties ideals. In particular, we proved that is an one-to-one
corresponding between congruence relation on an involutive equality algebra and the set of ideals on it.
Also, we proved that the first isomorphism theorem on equality algebras. Moreover, the notions of prime
and Boolean ideals in equality algebras were introduced. Finally, we proved that ideal I of involutive
prelinear equality algebra E is a Boolean ideal if and only if £ is a Boolean algebra.
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