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Abstract: A fuzzy set is an extension of an existing set using fuzzy logic. Soft set theory is a
generalization of fuzzy set theory. Fuzzy and soft set theory are good mathematical tools for dealing
with uncertainty in a parametric manner. The aim of this article is to introduce the concept of
makgeolli structures using fuzzy and soft set theory and to apply it to BCK/BCl-algebras. The notion
of makgeolli algebra and makgeolli ideal in BCK/BCl-algebras is defined, and several properties
are investigated. It deals with the relationship between makgeolli algebra and makgeolli ideal,
and several examples are given. Characterization of makgeolli algebra and makgeolli ideal are
discussed, and a new makgeolli algebra from old one is established. A condition for makgeolli
algebra to be makgeolli ideal in BCK-soft universe is considered, and we give example to show that
makgeolli ideal is not makgeolli algebra in BCI-soft universe. Conditions for makgeolli ideal to be
makgeolli algebra in BCI-soft universe are provided.

Keywords: BCK/BCl-soft universe; makgeolli structure; makgeolli algebra; makgeolli ideal

1. Introduction

There are many things inherently uncertain, inaccurate, and ambiguous in the real world.
Zadeh [1] pointed out: “Various problems in system identification involve characteristics which
are essentially nonprobabilistic in nature,” and he introduced fuzzy set theory as an alternative to
probability theory (see the work by the authors of [2]). Zadeh [3] outlined the uncertainty, which is an
attribute of information, by trying to address it more generally. It is difficult to deal with uncertainties
by traditional mathematical tools. However, one can use a wider range of existing theories, such as
theory of (intuitionistic) fuzzy sets, theory of interval mathematics, theory of vague sets, probability
theory, and theory of rough sets for dealing with uncertainties. However, Molodtsov [4] pointed
out all of these theories have their own difficulties. According to Maji et al. [5] and Molodtsov [4],
these difficulties can be attributed to the inadequacy of the parametric tools of theory. Molodtsov [4]
tried to overcome these difficulties. He introduced the concept of soft set as a new mathematical tool
for dealing with uncertainties, and pointed out several directions for its applications. Globally, interest
in soft set theory and its application has been growing rapidly in recent years. Soft set theory has
been applied to decision making problem (see works by the authors of [5-12]), groups, rings, fields
and modules (see works by the authors of [13-17]), BCK/BCl-algebras, etc. (see works by the authors
of [18-27]).

In this paper, we introduce the notion of makgeolli structures using fuzzy and soft set theory
and apply it to BCK/BCl-algebras. We define the concept of makgeolli algebra and makgeolli ideal in
BCK/BCl-algebras, and investigate several properties. We deal with the relation between makgeolli

Mathematics 2019, 7, 784; d0i:10.3390/math7090784 www.mdpi.com/journal/mathematics


http://www.mdpi.com/journal/mathematics
http://www.mdpi.com
https://orcid.org/0000-0002-2383-664X
https://orcid.org/0000-0001-5321-5919
http://dx.doi.org/10.3390/math7090784
http://www.mdpi.com/journal/mathematics
https://www.mdpi.com/2227-7390/7/9/784?type=check_update&version=2

Mathematics 2019, 7, 784 2 of 20

algebra and makgeolli ideal, and consider several examples. We discuss characterization of makgeolli
algebra and makgeolli ideal. We make a new makgeolli algebra from old one. We provide a condition
for makgeolli algebra to be makgeolli ideal in BCK-soft universe. We give example to show that
makgeolli ideal is not makgeolli algebra in BCI-soft universe, and provide conditions for makgeolli
ideal to be makgeolli algebra in BCI-soft universe.

2. Preliminaries

In 1978 and 1980, K. Iséki [28,29] introduced a BCK/BCl-algebra, which is an important class of
logical algebras.

By a BCl-algebra, we mean a set X with a a binary operation * and special element 0 which
satisfies the following conditions.

O (Vu,o,weX) ((uxv)*x(uxw))*x(w*v) =0),
(I (Vu,ve X) ((ux(uxv))*xv=0),

(II) (Vu e X) (uxu=0),

V) (Vu,ve X) (uxv=0,vxu=0 = u=no).

If a BCl-algebra X satisfies the following identity,
(V) VueX)(0*u=0),

then X is called a BCK-algebra. Any BCK/BCl-algebra X satisfies the following conditions.

(VueX)(ux0=u), 1)
(Vu,v,weX)(u<v = usxw<vxw, wxv<wku), (2)
(Vit, 0, € X) (1 %0) + 0 = (1 w) ) )

where u < vif, and only if, u x v = 0. A subset S of a BCK/BCl-algebra X is called a subalgebra of X if
uxv € Sforallu,v € S. A subset I of a BCK/BCl-algebra X is called an ideal of X if it satisfies

0€l, (4)
(VueX)(Moel)(uxvel = uecl). (5)

We refer the reader to the books by the authors of [30,31] for further information regarding
BCK/BCl-algebras.

Let U be a universal set and E a set of parameters, respectively. A pair («, E) is called a soft set
over a universe U (see [4]) where « is a mapping given by

a:E— PU).

In other words, a soft set over U is a parameterized family of subsets of the universe U. For € € A,
«(e) may be considered as the set of e-approximate elements of the soft set (¢, A). Clearly, a soft set is
not a set. For illustration, Molodtsov considered several examples in the work by the authors of [4].

Given a nonempty subset A of E, denote by (a, A) a soft set («, E) over U satisfying the
following condition.

a(x) = @forall x ¢ A. (6)

3. Makgeolli Structures

In what follows, let E be a set of parameters and U a universal set unless otherwise specified. We
say that the pair (U, E) is a soft universe.
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Definition 1. Let A and B be subsets of E. A makgeolli structure on U (related to A and B) is a structure of
the form

Mapuy = {{(a,b,x); Ma(a),Gg(b), £(x)) | (a,b,x) € Ax B x U} (7)
where My := (M, A) and Gg := (G, B) are soft sets over U and ¢ is a fuzzy set in U.

For the sake of simplicity, the makgeolli structure in (7) will be denoted by M 4 g 1) = (Ma, Gp, £).
The makgeolli structure M4 4 11y = (M4, G4, £) on U related to a subset A of E is simply denoted by
M(A,U) = (MA/ GA/ E)

Example 1. Miss K (say) and Mr. | (say) are going to buy a house to live in after marriage. They are looking for
the most reasonable house, considering its price, environment, and distance from the neighborhood (for example,
hospital). There are six houses U = {h; | i = 1,2,3,4,5,6}. They are considering two parameter sets
A ={e1,€,e3} and B = {61, 8, 03} where each parameter €; and 5;,i = 1,2,3, stands for

€1: expensive, ey: intermediate price, €3: cheap,

61: beautiful, Jp: green surround, J3: pristine area,

and consider the distance from the neighborhood given by

04 if x= hlr

0.7 if x = hy,

. 06 if x= hg,
0:U—[0,1], x— 02 if x=hy,
05 if x = ]’l5,

0.1 if x = hs.

Here, for example, ¢(hy) = 0.4 means that the distance from house to the neighborhood is 4 km. Suppose that

My(e1) = {h, ha}, Ma(e2) = {ho, h3,ha}, Ma(e3) = {h1,ha, he}, Gp(1) = {h2, ha, he}, Gp(d2) =
{h3, ha, hs} and Gp(03) = {h3, ha, hs, he} Then the makgeolli structure M4 11y = (Ma, Gp, £) on U is
given by Table 1.

Table 1. Tabular representation of the makgeolli structure M 4 p ;) = (Ma, G, {).

X hy hy hs hy hs he
(Mu(e1),Gg(61),€(x))  (1,0,04) (1,1,07) (0,0,0.6) (0,1,02) (0,0,05) (0,1,0.1)
(Ma(e1),Gg(52),¢(x))  (1,0,04) (1,0,07) (0,1,0.6) (0,1,02) (0,1,05) (0,0,0.1)
(Ma(e1),Gg(d3),¢(x))  (1,0,04) (1,0,07) (0,1,0.6) (0,1,02) (0,1,05) (0,1,0.1)
(Ma(e2),Gp(01), £(x))  (0,0,04) (1,1,0.7) (1,0,0.6) (1,1,02) (0,0,05) (0,1,0.1)
(Ma(e2),Gg(52), £(x))  (0,0,04) (1,0,0.7) (1,1,0.6) (1,1,02) (0,1,05) (0,0,0.1)
(Ma(e2), Gg(83),4(x))  (0,0,04) (1,0,07) (1,1,06) (1,1,02) (0,1,05) (0,1,0.1)
(Mal(es),Gg(61),6(x))  (1,0,04) (0,1,07) (0,0,06) (1,1,02) (0,0,05) (1,1,0.1)
(Mal(e3),Gg(d2),¢(x))  (1,0,04) (0,0,07) (0,1,06) (1,1,02) (0,1,05) (1,0,0.1)
(Mal(es),Gg(d3),(x))  (1,0,04) (0,0,07) (0,1,0.6) (1,1,02) (0,1,05) (1,1,0.1)

The Gothic component (1,1,0.2) in Table 1 means that the house hy is intermediate price, beautiful, and it is
2km away from the neighborhood (for example, hospital).
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Definition 2. Let (U, E) be a soft universe and let M4 g ;) = (Ma, Gp, ) and N g 1) = (Na, Hg, 1) be
makgeolli structures on U. The intersection of M, p 1) and N, (A,B,1) 1S defined to be a makgeolli structure
(M @N)(A,B,U) = (MAﬁNA, GgUHg, ¢ /\]) on U in which

MsNNy: A — P(U), ar— MA(LI) N NA(Q),
GgUHp : B — P(U), b— Gg(b) UHB(b),
CA7:U—[0,1], x — min{{(x),(x)}.

4. Applications in BCK/BCI-Algebras

A BCK/BCI-soft universe is defined as a soft universe (U, E) in which U and E are

"

BCK/BCl-algebras with binary operations “*” and “~+", respectively.

Definition 3. Let (U, E) be a BCK/BCI-soft universe and let A and B be subsets of E. A makgeolli structure
M apuy = (Ma, Gp, £) on U is called a makgeolli algebra over U if it satisfies:

(Va1,a2 c A) ((11 ~ay EA = MA(ﬂ1 s {12) 2 MA({11) ﬂMA(az)),

(Vb1,bs € B) (by ~ by € B = Gg(by ~ by) C Gp(b1) UGp(b)), ®)
(Vx,y € U)(Vt,r € (0,1]) (% €l el = mi:g,r} < E)

where § € { means £(x) > t.

Example 2. Assume that there are five houses in the universal set U, which is given by
U={hi|i=0,1,234}

Then (U, , ho) is a BCK-algebra in which the operation  is given by Table 2.

“

Table 2. Cayley table for the binary operation “*”.

* ho h hy hs hy
ho ho ho ho hyo ho
hy hy ho ho hy ho
hy hy hy ho hy ho
h3 h3 h3 h3 ho h3
hy hy hy hy hy ho

Let E = {¢0,¢€1,€2,€3} be a set of parameters in which each element ¢;,i = 0,1, 2,3, stands for
go: beautiful, €;: in good location, €;: cheap, e3: pristine area.
If we give a binary operation ~ to E by Table 3,

Table 3. Cayley table for the binary operation “~~".

> &0 &1 &) &3
€0 €0 €0 €0 €0
€1 €1 €0 €1 €1
€ & € €0 &

€3 €3 €3 €3 €0
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Then (E,~>,¢q) is a BCK-algebra. If we take two sets, A = {eg, €2,€3} and B = {eg, €3} of E, then A
and B are subalgebras of E. Let M5 g 11y = (Ma, G, ) be a makgeolli structure on U given as follows:

{hj|i=0,1,2,3,4} if x = ¢,

Mp:A—=PU), x— < {h]i=0,23} if x=¢,
{hi ‘ 1= 1,2,4} if x = &3,
{hs} if x = g,
Gp:B u, .
5:B—P(U) xH{ ) i x— o
0.8 if x = hy,
05 if x =hy,
:U=[0,1], x4 05 if x =y,
0.6 if x =hs,
03 if x = hy.

It is routine to check that M g 1) = (Ma, G, {) is a makgeolli algebra over U.

Proposition 1. Let (U, E) be a BCK/BCI-soft universe. For any subalgebras A and B of E, every makgeolli
algebra M4 g1y = (Ma, Gg, £) over U satisfies the following conditions.

(V(a,b,x) € A x B x U) (MA(a) C Ma(0), Ga(b) 2 Gp(0), 725 € g) . )

Proof. If wetakea; =ay =aand by =by, =bin(8),thena~~a=0¢€ Aand b~ b =0 € B. Hence
MA(O) = MA(EZ ~ LI) D) MA(LI) OMA(H) = MA(EZ),
Gg(0) = Gp(b~ b) C Gp(b) UGp(b) = Gp(b).

Sinceﬁ c€lforall x € U,wehaveﬁ = W c/lforallx e U. O

Theorem 1. Let (U, E) be a BCK/BCI-soft universe and let A and B be subsets of E. Then a makgeolli structure
Mapuy = (Ma, Gp, £) on U is an makgeolli algebra over U if and only if the following assertions are valid.
(Vay,ap € A) (a1~ ap € A = Mpy(ay ~ ap) D My(a;) N Ma(az)),

(Vb1,ba € B) (by ~ by € B = Gp(by ~ b2) € Gp(b1) UGs(b2)), (10)
(Vx,y € U) (€(x *y) > min{l(x), £(y)}) .-

Proof. Assume that

IR

el et = e/ (11)

min{t,r}

forall x,y € Uand t,r € (0,1]. Since TJ;) € ¢ and %y) € (forall x,y € U, it follows from (11) that

m € (. Thus {(x *y) > min{l(x),{(y)}.

Conversely, let x,y € Uand t,7 € (0,1] be such that £ € fand £ € ¢. Then {(x) > tand {(y) > r.

Hence ¢(x * y) > min{¢(x),¢(y)} > min{t,r}, and so mifj{fr} € (. This completes the proof. O

Proposition 2. Let (U, E) be a BCK/BCI-soft universe. For any makgeolli algebra M 4 g1y = (Ma, G, £)
over U related to subalgebras A and B of E, the following are equivalent.

(Vﬂ € A) (MA(IZ) = MA(O)),
)

1 (Vb € B) (Gp(b) = Gg(0)
(¥x € U) (£(x) = £(0)).

7
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(Vﬂl,ﬂz S A) (MA(HQ) - MA(al ~ le)),
(2) (Vbl,bz S B) (GB b2) D) GB(b1 ~ bz)),
(Vx,y e U) (((xxy) = L(y)).

Proof. Suppose that (1) is true. Using (10), we have

(Vay,ap € A) (Ma(az) = My (0) N Ma(az) = Ma(ay) N My(az) € Ma(ag ~ az)),
(Vbl,bzeB) (GB( ) ( )UGB(bz) :GB(bl)UGB(bz) D) GB(blwbz)),
(Vx,y € U) ((y) = min{£(0), £(y)} = min{{(x), £(y)} < £(x+y)).

Assume that (2) is valid. Since a ~~ 0 = a for all 2 € E, we have M4(0) C My(a ~ 0) = Ma(a)

foralla € A and Gg(0) O Gp(b ~» 0) = Gg(b) forall b € B. Since x *0 = x for all x € U, we have
£(0) < 4(x*0) = £(x) for all x € U. It follows from (9) that we have (1). O

Proposition 3. Let (U, E) be a BCI-soft universe. Then every makgeolli algebra M4 g1y = (Ma, Gg, £)
over U related to subalgebras A and B of E satisfies the following conditions.

(Vay,ay € A) (Ma(ar ~ (0~ az)) 2 Ma(ar) N Ma(az)),
(Vb],bz € B) (GB(bl ~ (0 ~ bz)) - GB(b1) U GB(bz)) , (12)
(Vx,y € U) (U(x* (0+y)) = min{{(x), £(y)}).

Proof. Using Proposition 1, we have

MA([ll ~ (0 ~ az)) D) MA(al) ﬂMA(O ~ az)
2 My(a1) N M4 (0) N Ma(az)

= Ma(ar) N Ma(az),

l(x* (0xy)) > min{l(x),£(0*y)} > min{/(x), min{¢(0),¢(y)}} = min{¢(x),{(y)}
forallay,ap € A, by,bp € Band x,y € U. O

Theorem 2. Let (U, E) be a BCK/BCI-soft universe and let My = (Ma,Gg, L) and N pu) =
(N4, Hg, 1) be makgeolli algebras over U related to subalgebras A and B of E. Then the intersection of M4 g 11
and N ) is a makgeolli algebra over U.

Proof. For any ay,a; € A, b1,by € Band x,y € U, we have

(MaNNg)(ar ~ az) = Ma(ay ~ az) N Na(ay ~ a2)
2 (Ma(a1) " Ma(az)) N (Na(a1) N Na(az))
= (Ma(a1) " Na(a1)) N (Ma(az2) " Na(az))
= (MaNNa)(a1) N (MaNNg)(az),



Mathematics 2019, 7, 784 7 of 20

(GpUHp)(by ~ by) = Gp(by ~ b2) U Hp(by ~ b2)
C (Gp(b1) U Gp(b2)) U (Hp(b1) U Hp(b2))
= (Gg(b1) UHp(b1)) U (Gg(b2) U Hp(b2))
= (GgUHp)(b1) U (GgUH3g)(by),

(EA7)(x*y) =min{l(x*y),j(x*y)}

(x), £(y)}, min{j(x),7(y)}}
> min{min{¢(x), ;(x) }, min{¢(y), 1 (y)}}
> min{(¢Ap)(x), (EA])(y)}-

Therefore (M MN) (4 pu) = (MaNNa, GgUHp, £ A7) is a makgeolli algebra over U. [

> min{min{¢(x),

Let (U, E) be a BCK/BCI-soft universe. Gin a makgeolli structure M 4 ;) = (M4, Gg, £) on U
related to A and B, consider the following sets.

Ea(My;a) ={a€ A|Ma(a

)2
Ep(Gp; B) = {b € B| Gp(b) C B},
U ={xel|Ll(x) >t}

%

where « and  are subsets of U and t € [0,1].

Theorem 3. Let (U, E) be a BCK/BCI-soft universe. Then a makgeolli structure M4 11y = (Ma, Gp, {) on
U related to subalgebras A and B of E is a makgeolli algebra over U if and only if the nonempty sets E4(Ma; )
and Eg(Gg; B) are subalgebras of E, and the nonempty set U (¢;t) is a subalgebra of U for all o, p € P(U) and
te[0,1].

Proof. Suppose that M4 p ;) = (Ma, Gp, £) is a makgeolli algebra over U. Let ay,a; € Ea(My;a),
by, by € Ep(Gp; B) and x,y € U(L;t) foralla, p € P(U) and t € [0,1]. Then M4 (a1) 2 a, My (az) D «,
Gp(by) C B, Gp(by) C B, £(x) > tand £(y) > t. It follows from (10) that

My(ag ~ az) 2 Ma(ar) " Ma(az) 2 «
GB(b1 ~ b2) - GB(bl) U GB(bz) ﬁ
(xxy) > min{l(x),L(y)} >t

Hence aj ~~ ap € E4(My; ), by ~ by € Eg(Gp; B) and x xy € U(L;t). Therefore, E4(My; ), Eg(Gp; B)
and U (¢; t) are subalgebras of U.

Conversely, let M 4 p 11y = (Ma, Gg, £) be a makgeolli structure on U such that the nonempty sets
Ea(My; a) and Ep(Gp; B) are subalgebras of E, and the nonempty set (¢; t) is a subalgebra of U for all
a,peP(U)andt € [0,1]. Letay,ap € A, by, by € Band x,y € Ube such that M4 (a1) = ag,, Ma(a2) =
&gy, Gp(b1) = By, G(b2) = Bp,, £(x) = ty and L(y) = t,. Taking & = &z Nag,, B = Bp, U Py,
and t = min{ty, t,} imply that aj,ap € E4(My; ), by, by € Ep(Gp;B) and x,y € U(L;t). Thus
ay ~ ap € E4(Ma; ), by ~ by € Eg(Gp; B), and x x y € U({; ), which imply that

Ma(ay ~ az) 2 & = ag Natg, = Ma(a1) N Ma(az),
Gp(by ~ b2) C B = By, U Py, = Gp(b1) UGg(b2),
((xxy) >t = min{ty, t,} = min{l(x),{(y)}.

Therefore M 4 g 1) = (Ma, Gp, £) is a makgeolli algebra over U by Theorem 1. [
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Let (U, E) be a soft universe. Given a makgeolli structure M (ABU) = (My, Gg, £) on U related to
subsets A and B of E, let ./\/12‘ ABU) = (Mj;, Gg, £*) be a makgeolli structure related to A and B where

Ma(x) if x € E4(Ma;u),

A
Ma > P(U), x> { 1 otherwise,

if x € Eg(Gg; P),

GE:B%P(U),XH{ Ga(x) .
0 otherwise

U [0,1], x4 LX) x UL,
k otherwise

where a, B,17,0 € P(U) and t,k € [0,1] with 7 € Mu(x), p 2 Gg(x) and k < £(x).

Theorem 4. Let (U, E) be a BCK/BCI-soft universe. If a makgeolli structure M5 g ;) = (Ma, Gp, ¢) on U
related to subalgebras A and B of E is a makgeolli algebra over U, then so is /\/l’(k ABU) = (M3, Gg, £7).
Proof. Assume that M, p1;) = (Ma,Gg,{) is a makgeolli algebra over U. Then the nonempty
sets £4(My; a) and Ep(Gp; B) are subalgebras of E, and the nonempty set U(/;t) is a subalgebra
of U forall o, p € P(U) and t € [0,1] by Theorem 3. Let aj,a, € A. If aj,ap € E4(My; ), then
a1 ~ ay € E4(My; ), and so

M (a ~ az) = Ma(ay ~ az) 2 Ma(ar) N My(az) = My (ar) N My (a2).

If ap ¢ Ea(My;a) or ayp & E4(My;a), then MY (aq) = 1 or M (ax) = 1. Hence M} (a1 ~~
112) on = MZ(al) ﬂMZ(ﬂg). Let by, by, € B. If by,by € 5B(GB,',B), then by ~ by € gB(GB,“B), which
implies that

Gg(bl ~ bz) = GB(bl ~ bz) - GB(bl) U Gg(bz) = Gg(bl) U Gg(bz)

If by & Ep(Gp; B) or by ¢ Ep(Gp; B), then G (b1) = p or Gi(b2) = p. Hence G(by ~ bp) C p
Gi(b1) UGE(by). Letx,y € U. If x,y € U(4;t), then xxy € U(L;t), and so £*(x xy) = L(x xy)
min{/(x),L(y)} = min{¢*(x),¢*(y)}. If x ¢ U((;t) of y & U(L;t), then £*(x) = k or £*(y) =
Hence ¢*(x * y) > k = min{¢*(x), £*(y) }. Therefore MTA,B,U) = (M}, Gy, £*) is a makgeolli algebra
over U. [

>~ 1V

The following example shows that the converse of Theorem 4 is not true in general.

Example 3. Consider a soft universe (U, E) in which U = Zjg = {a | a = 0,1,2,---,9} and
E = {eo, €1, €2, €3}. Define a binary operations “x”

*” on U by
axb=a—b+10 (13)
foralla,b € U. Then (U, *,0) is a BCI-algebra. Let ~ be a binary operation on E defined by Table 4.

Table 4. Cayley table for the binary operation “~~".

~ €0 €1 €2 &3
€0 €0 €1 & €3
€1 €1 €0 €3 €
€ & €3 €0 €1

€3 €3 € €1 €0
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Then (E, *,¢9) is a BCl-algebra. Let M g 1y = (M, G, £) be a makgeolli structure on U defined by

u if x =g,
{0,2,4,6,8} if x =¢q,
{2,5,6,8} if x =gy,
{4} if x = g3,
{6} if x = €0,
{0,5} if x =¢,
{0,4,6,8} if x = ¢y,
u if x =¢3,
09 if x=0,
0.7 if x € {2,4,6,8},
0:U—1[0,1], x =< 06 if xe{1,3},
04 if xe {57},
0.3 if x =09.

Mg :E— P(U), x+—

GE:E—-PU), x—

Then Eg(MEg; ) = {eo,e1} = Ep(GE; 1) and U (4;r) = {0,2,4,6,8} for v = {0,6,8}, 7 = {0,5,6}
and r € (0.6,0.7]. Let Mgy = (Mg, Gg, £*) be a makgeolli structure on U given as follows.
Mg(x) if x € Eg(ME; ),

M;  E u),
E = PU), x> { Q@ otherwise,

GE(x) if x € gE(GE,'T]),

Gi:E u),
E = P(U), x> { u otherwise,

C U [0, x o l(x) if x € Lf(&r),
0 otherwise,
that is,
u if x =g,

Mg :E—=PU), x— < {0,2,4,6,8} if x=¢,
@ if x € {e3,€3},

{0}  if x = ¢,
Gi:E—=P(U), x— < {0,5} if x=¢,
u if x € {e2,¢3},
09 if x=0,

U —[0,1], x— ¢ 07 if x €{2,4,6,8},
0 otherwise,

It is routine to verify that My ;) = (Mg, Gg, £*) is a makgeolli algebra over U. But Mg 1) = (ME,
Gg, 0) is not a makgeolli algebra over U since

and/or
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Definition 4. Let (U, E) be a BCK/BCl-soft universe. A makgeolli structure Mg, ;) = (Mg, Gg, £) on U is
called a makgeolli ideal over U if it satisfies

(Ve € E)(ME(0) 2 Mg(e), Ge(0) € Ge(e)), (14)

(Vx € U) (% € e) , (15)

(Vab < E) ( Mg (a) 2 Mg(a ~ b) N Mg(b) ) (16)
Ge(a) C Gg(a ~ b) U Gg(b)

(Vx,yeu)(w,re(0,1])(@66, tel = ﬁ{br}eé). (17)

Example 4. There are five woman patients in a hospital which is given by
U= {wl/ Wy, W3, Wy, ZUS}.

Communication between two patients w; and wj fori,j € {1,2,3,4,5} in the hospital is expressed as
w; x wj and the result is wy, i.e., w; * w; = wy for k = 1,2,3,4,5; this is what w; informs w; that the health

“,or

condition of wy is serious. In this case “x” is a binary operation given to U, where it is given as shown in Table 5.

“

Table 5. Cayley table for the binary operation “*”.

%k w1 wo w3 Wy ws
w1 wq wq w3 Wy ws
wp wp wq w3 Wy ws
w3 w3 w3 w1 wWs Wy
Wy Wy Wy ws w1 w3
ws ws ws Wy w3 w1

Then (U, *,wy) is a BCl-algebra. Let a set of parameters E = {¢e1,¢€,€3,€4,€5} be a set of status of
patients in which each parameter means

€1: “chest pain”; ey: “headache”; e3: “toothache”; e4: “mental depression”; e5: “neurosis”

with the binary operation “~~" in Table 6.

Table 6. Cayley table for the binary operation “~~".

~ €1 €2 &3 &4 €5
€1 €1 €1 €1 €4 €4
€ € €1 € €5 €4
€3 €3 €3 €1 €4 &4
€4 &4 €4 &4 €1 €1

&5 &5 €4 &5 € €1
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Then (E,~>,€1) is a BCI-algebra. Hence (U, E) is a BCI-soft universe. Let Mg 1y = (Mg, G, £) bea
makgeolli structure on U defined by

u if x =¢1,
£y
ME -E — P(u), X = {w1/w2/w3/w5} 1 X €2,
{w1, w3, ws} if x =e3,
{ws, ws} if x € {eg, €5},
{wl} if x= €1,
{w1, wo, w3} if x =¢y,
Gg:E— P(U), X = {wl,wz,w5} if x =e3,
{wy, wp, wy, w5} if x =gy,
u if x =es,

0.8 if x =wy,
0.7 if x = wy,
0:U—1[0,1], x — < 03 if x = w;,
0.3 if x = wy,
0.5 if x =ws,

It is routine to verify that Mg 1y = (Mg, Gg, £) is a makgeolli ideal over U.

Assume that (17) is true. Since é( ) € { and ( y € ¢ for all x,y € U, it follows from (17) that

W € ¢, that is,

(Vx,y € U) (6(x) > min{l(x +y), £(y)}) - (18)

Now, let x,y € Uand t,r € (0,1] such that =% € £ and £ € ¢. Then {(x xy) > t and {(y) >
If (18) holds, then
0(x) > min{l(xxy),£(y)} > min{t,r},

and so ﬁ € (. Therefore we have the following theorem.

Theorem 5. Let (U, E) be a BCK/BCl-soft universe. A makgeolli structure Mg ;) = (Mg, Gg, ) on U is
an makgeolli ideal over U if, and only if, it satisfies (14), (16), (18), and

(Vx € U) (£(0) > £(x)). (19)

Proposition 4. Let (U, E) be a BCK/BCI-soft universe. Every makgeolli ideal M g 1y = (Mg, Gg, £) over U
satisfies the following assertions.

(1) (Va,b€E) ( a<b = Mg(a) D ME(b), Ge(a) C Gg(b) )

() (VX,yEU)<x<y:>g )
(3) (Va,b,c €E) ( a~b<c { CDC]%\;IE(;j)UmG]ZI(igC) >
@ (ayzel) (vey<z =0 2mn{tw) ()} )

Proof. Leta,b € E be such thata < b. Then a ~» b = 0, so the conditions (14) and (16) imply that
ME(b) = Mg(0) N Mg (b) = Mg(a ~ b) N Mg(b) € Mg(a),

GE(b) = GE(O) U GE(b) = GE(IZ ~b)U GE(b) D) GE(Q>,
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If x <yforall x,y € U, then x x y = 0. It follows from (18) and (19) that
{(y) = min{/(0), £(y)} = min{{(x xy), £(y)} < £(x).
Assume thata ~» b < cforalla,b,c € E. Then (a ~> b) ~ ¢ =0, and so

ME(C) = ME(O) N ME(C) = ME((Q ~ b) ~ C) N ME(C) - ME(Q ~ b),

20
GE(C) = GE(O) U GE(C) = GE((EZ ~ b) ~ C) U GE(C) D) GE(LI ~ b) 20)

by (14) and (16). If x xy < z for all x,y,z € U, then (x xy) xz = 0. Using (18) and (19), we have
£(z) = min{¢(0),4(z)} = min{l((x*xy) *2),0(z)} < l(xx*y). (21)

It follows from (16) and (18) that

ME( ) D ME(ﬂ ~ b) ﬁME( ) 2> Mg (b) ﬂME(C),
Ge(a) € Ge(a ~ b) UGE(b) € Ge(b) U Gg(c),
0(x) > min{l(xxy),L(y)} > min{l(y), {(z)}.

This completes the proof. [

Proposition 5. Let (U, E) be a BCK/BCl-soft universe. Every makgeolli ideal M g 11y = (Mg, Gg, £) over U
satisfies the following assertions.

(Va,b,c € E) ( Mr(a > 5) 2 Me(a ~ €) N Me(c -~ b) ) (22)
Gg(a ~b) C Gg(a ~ ¢) UGg(c ~ b)

(Vx,y,z € U)(Vtr € (0,1)) (T €L et Toc z) (23)

(Va,b € E) ( Mg(a ~ b) = Mg(0) = Mg(a) 2 Mg(b) ) . (24)
Ge(a ~ b) = Gg(0) = Gg(a) € Gg(b)

(vryel) (j et = #et). (25)

Proof. Since (a ~» b) ~» (a ~> c) < c ~ bforalla,b,c € E, we have (22) by (3) in Proposition 4. Let
x,y,z € Uand t,r € (0,1] be such that ¥% € fand =¥ € (. Then {(x xz) > t and {(z xy) > r. Since
(x*xy)* (xxz) <zxyforall x,y,z € U, it follows from (4) in Proposition 4 that

l(xxy) >min{l(xxz),l(z*y)} > min{t,r}.

Hence ——/— € /, and (23) is valid. Consider a,b € E satisfying Mg(a ~ b) = Mg(0) and

min{t,r}

Ge(a ~ b) = Gg(0). Then

Mg(a) 2 Mg(a ~ b) N Mg(b) = Mg(0) N Mg(b) = Mg(b)

and
Ge(a) € Gg(a ~ b) UGEg(b) = Gg(0) U Mg(b) = Mg(D).

Suppose that % € (forall x,y € U. Then {(x xy) = ¢£(0), and so

(x) = min{{(x +y), £(y)} = min{£(0), £(y)} = £(y),

that is, ﬁ) € (. This completes the proof. [
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Proposition 6. Let (U, E) be a BCK/BCI-soft universe. For every makgeolli ideal M g 11y = (Mg, G, £) over
U, the following are equivalent.

Mg (a ~>b) O Mg((a ~ b) ~ D)
M

Va,b € E) ( Gg(a ~ b) C Gg((a ~ b) ~ b)

Vx,y e U) (U(xxy) > L((xxy) *y)).

Va,b,c € E) < Mg((a~c)~ (b~ c)) 2 Mg((a~b) ~c) )
Ge((a~c) ~» (b~ c)) € Ge((a~b) ~c)

Vx,y,z € U) (U((xx2) x (yx2)) > £((x*y) *2)).

(
(
@ !
(
Proof. Leta,b,c € E and assume that (1) is valid. Since
((a~s(b~c)) ) we=((a~c)~ (b)) we<(awb) =g
it follows from Proposition 4 that

Mg ((a ~ ) ~ (b~ ¢)) = Mg((a ~ (b~ c)) ~ )
> Me(((a (b~ ¢)) = ¢) ~ )
> Me((a~ b) ~ c)

and
Ge((a~c)~ (b~c)) =Ge((a~ (b~c))~c)
C Ge(((a~ (b~c)) ~c)~c)
C Ge((a~b) ~ o).

Using (1), (2), and (3), we get ((x* (y*z)) *z) xz < (x*y) *z for all x,y,z € X. Hence

U(xez) e (y2) = (xx (y*2)) #2) = (v (y#2) #2) %2) 2 L((xy) #2)

forall x,y,z € X.
Conversely, suppose that (2) is true. If we take b = c and y = z in (2), then

MEg(a~¢) = Mg((a~c)~ (c~¢)) D Mg((a~c)~c)
Ge(a~c) =Gg((a~c)~ (c~c)) CGe((a~c)~c)

and

Uxxz)=0((xxz)x(zxz)) > L((x*z)*z)
by (III) and (1). This proves (1). O
Theorem 6. In a BCK-soft universe (U, E), every makgeolli ideal is a makgeolli algebra.
Proof. Let M(E,U) = (Mg, G, ¢) be a makgeolli ideal over U. For any a,b € E and x,y € U, we have

Mg (a ~>b) O Mg((a ~ b) ~ a) N Mg(a) = Mg((a ~ a) ~ b) N Mg(a)
= ME(O ~ b) N ME(ﬂ) = ME(O) N ME(H) ) ME(a) N ME(b),

Ge(a~b) C Ge((a~b) ~ a)UGg(a) = Ge((a ~ a) ~ b) U Gg(a)
= Gg(0~ b) UGg(a) = G(0) U Gg(a) € Gg(a) U Ge(b),
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and

(xxy) > min{l((x*y) *x),0(x)} = min{l((x*x) *xy),£(x)}
=min{{(0*y),(x)} = min{£(0),¢(x)} > min{l(x), £(y)}.

Therefore M g ;) = (Mg, G, {) is a makgeolli algebra over U by Theorem 1. [

The following example shows that the converse of Theorem 6 is not true in general.

Example 5. Let U = P(N). Define a binary operation x on U by

(26)

(VA,BEU)<A*B_{@ if ACB )

A\ B otherwise

Then (U, x,D) is a BCK-algebra (see the work by the authors of [31]). Consider a BCK-algebra E = {0,1,2,3,4}
with the binary operation * in Table 7.

Table 7. Cayley table for the binary operation “x”.

= WO N PO %
= Wh—k, oo
W WNOO| -
WWOOO| N
— OO OO W
O OO OO

Then (U, E) is a BCK-soft universe. Let Mg 1y = (Mg, Gg, £) be a makgeolli structure on U defined by

N if x=0,
4N if x =1,
Mg:E—=PU), x— ¢ 2N if x =2,
3N if x =3,
8N if x =14,
12N if x =0,
3N if x=1,
Ge:E—PU), x—<{ 6N if x=2,
5N if x =3,
N if x =4,
0.8 if xe8§,
E.U—>[O,1],x»—>{o'3 ifxes

where S is a subalgebra of U. It is routine to verify that M g ;) = (Mg, Gg, £) is a makgeolli algebra over
U. But it is not a makgeolli ideal over U since Mg (4 % 2) N Mg(2) = Mg(3) N Mg(2) =3NN2N =6N ¢
8N = ME(4) and/or GE(4 * 2) N GE(Z) = GE(3) U GE(Z) =5NU6N 2 N= GE(4),

We provide a condition for a makgeolli algebra to be a makgeolli ideal in BCK-soft universe.

Theorem 7. Ina BCK-soft universe (U, E), let Mg ;) = (ME, GE, £) be a makgeolli algebra over U satisfying
the conditions (3) and (4) in Proposition 4. Then Mg 1y = (Mg, G, £) is a makgeolli ideal over U.
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Proof. By Proposition 1, we know that Mg(a) C Mg(0), Ge(b) 2 Gg(0) and % € {foralla € Eand
x € U. Sinea ~ (a~b) <band x* (xxy) < yforalla,b € Eand x,y € U, it follows from the
conditions (3) and (4) in Proposition 4 that Mg(a) O Mg(a ~» b) N Mg(b), Ge(a) € Gg(a ~» b) U Gg(b)
and £(x) > min{/(x x y), £(y) }. Therefore, M g ;) = (Mg, G, {) is a makgeolli ideal over U. [

The following example shows that Theorem 6 is not true in a BCI-soft universe (U, E).

Example 6. Consider the two BCI-algebras U = {0,1,a,b,c} and E = {0, a, b, ¢} with binary operation
and ~ given by Tables 8 and 9, respectively.

7z

Table 8. Cayley table for the binary operation “*”.

* 0 1 a b c
0 0 0 a b c
1 1 0 a b c
a a a 0 c b
b b b c 0 a
c c c b a 0

Table 9. Cayley table for the binary operation “~~".

~ 0 a b c
0 0 a b c
a a 0 c b
b b c 0 a
c c b a 0

Then (U, E) is a BCI-soft universe. Let M g ;) = (ME, G, {) be a makgeolli structure on U defined by

u if x=0,
{0,1,a} if x=a,
{01} if x=b,
{0} if x=c¢,
(0,1} ifx=0,
{0,1,b} if x =g,
{0,1,¢} if x=1,
u

Mg :E—PU), x—

Ge:E—-PU), x—

if x=¢,
09 if x=0,
08 ifx=1
?:U 0,1}, !
203X 05 it xe {ab),
06 if x=c.

It is routine to verify that M g ;) = (Mg, Gg, £) is a makgeolli ideal over U, but it is not a makgeolli
algebra over U since

Me(a) N Mg(b) = {0,1,a} N {0,1} = {0,1} € {0} = Mg(c) = Mg(a ~ b).

We provide a condition for Theorem 6 to be true in a BCI-soft universe (U, E).
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Theorem 8. In a BCI-soft universe (U, E), let Mg ;) = (Mg, G, ) be a makgeolli ideal over U satisfying
the following condition.

(Va € E,Vx € U)(Mg(0 ~ a) 2 Mg(a), Ge(0 ~ a) C Gg(a), g(*xx) ev). (27)

Then Mg,y = (Mg, G, £) is a makgeolli algebra over U.
Proof. Leta,b € E and x,y € U. Then
Mg(a ~ b) 2 Mg((a ~b) ~ a) N Mg(a) = Mg(0 ~~ b) N Mg(a) 2 Mg(a) N Mg(b),
Gg(a ~»b) C Ge((a ~> b) ~» a) U Gg(a) = Gg(0 ~» b) UGg(a) C Gg(a) U Gg(b),

and /(x xy) > min{{((x *xy) *x),¢(x)} = min{¢(0*y),¢(x)} > min{l(y),¢(x)}. It follows from
Theorem 1 that Mg ;) = (Mg, G, ¢) is a makgeolli algebra over U. [

Let (X, %,0) be a BCl-algebra and B(X) := {x € X | 0 < x}. For any x € X and n € N, we define
x" by

xl =, X" = x (0% x").

The element x of X is said to be of finite periodic (see the work by the authors of [32]) if there
exists n € N such that x" € B(X). The period of x is denoted by |x| and it is given as follows.

|x| = min{n € N | x" € B(X)}.

Theorem 9. Let (U, E) be a BCI-soft universe in which every element of U (resp., E) is of finite period. Then
every makgeolli ideal over U is a makgeolli algebra over U.

Proof. Let Mg ;) = (Mg, Gg, £) be a makgeolli ideal over U. For any a € E and x € U, assume that
|a| = m and |x| = n. Then a™ € B(E) and x" € B(U). Note that

(0 a™ ) g = (0 (0~ (0 a™ 1)) v a = (0 a) v (0 (0 a™ 1))

:Ow(aw(Owamfl))zowam:()

and
(0xx" V) sxx = (0% (0% (0%x" 1)) xx = (0xx) % (0% (0xx""1))
=0 (x*(0xx" 1)) =0xx" =0.

Hence ME((0 ~ a"~') ~» a) = Mg(0) 2 Mg(a), GE((0 ~ a"~ ') ~» a) = Gg(0) € Gg(a) and
(0% x™ 1) % x) = £(0) > £(x) by (14) and (19). It follows from (16) and (18) that

ME(IZ),

ME(0 ~» a™ 1) D Mg((0 ~» a™ 1) ~ a) N Mg(a) D
C Ge(a), (28)

GE(0 ~ a™ 1) C Gg((0 ~ a™ 1) ~» a) U Gg(a)
2005 x™ 1) > min{0((0% x" 1) x x), £(x)} > £(x).

Also, note that

(0~ a"2) wa= (0~ (0~ (0~ a"2))) v a= (0~ a)~ (0~ (0~ a"?)

=0~ (a~ (0~ a"2)) =0~ am!
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and

(0% x™ 2 s x = (0% (0% (0xx"2)))xx = (0% x) % (0% (0% x"2))
=0 (x% (0%x"2)) =0xx""1,

Using (28), we have

ME((0 ~ a™"2) ~>a) = Mg(0 ~ a"1) 2 Mg (a),
GE((0 ~ a™2) ~» a) = GE(0 ~ a™ 1) C Gg(a),
(02" 2) s x) = £(0% x" 1) > £(x).

It follows from (16) and (18) that

ME(0 ~ a™2) D Mg((0 ~ a™2) ~ a) N\ Mg (a) D
GE(0 ~ a™ %) C Gg((0 ~ a™2) ~ a) UGE(a) € G
0005 x™72) > min{l((0 % x"2) * x),£(x)} > £(x).

ME(IZ),
e(a),

Continuing this prosess, we get Mg (0 ~» a) 2 Mg(a), Gg(0 ~» a) C Gg(a) and (0 x) > £(x),
ie., ?(*—xx) € ¢. Hence Mg ;) = (Mg, Gg, {) satisfies the condition (27), and therefore M g ;) = (ME,
Gg, ) is a makgeolli algebra over U by Theorem 8. [J

Theorem 10. Let (U, E) be a BCK/BCI-soft universe. Then a makgeolli structure M g 1y = (Mg, Gg, £) on
U is a makgeolli ideal over U if and only if the sets Eg(Mg; a), Eg(Gg; B), and U(L; t) are ideals of E and U,
respectively, for all «, p € P(U) and t € [0,1].

Proof. Assume that Mg ;) = (Mg, Gg, ) on U is a makgeolli ideal over U. It is clear that 0 is
contained in Eg(Mg; a), Eg(Gg; B) and U (4; t) for all o, p € P(U) and ¢ € [0,1]. Leta, b € E be such
thata ~» b € E(Mg;a) and b € Eg(MEg; ) (resp., a ~» b € Eg(Gg; B) and b € Eg(Gg; B)). Then

ME(H) D) ME(LI ~ b) ﬂME(b) o

(respectively, Gg(a) C zgg(a ~» b) U Gg(b) C B), and thus a € Eg(Mg; ) (resp., a € E(Gg; B)). For
any x,y € U, letxxy € U((;t) and y € U(4;t). Then ¢(x xy) > tand £(y) > t. It follows from
Theorem 1 that ¢(x) > min{¢(x xy),¢(y)} > t. Hence x € U(¢;t). Therefore Ex(Mg; ), Eg(GE; B)
and U (¢; t) are ideals of E and U, respectively.

Conversely, suppose that the sets Eg(Mpg;a), Ep(Gg; B) and U((;t) are ideals of E and U,
respectively, for all v, € P(U) and t € [0,1]. Leta,b € E and x € U be such that Mg(a) = «,
Ge(b) = Band ¢(x) = t. Then Mg(a) = « € Mg(0), Ge(b) = B C Gg(0) and ¢(x) = t < £(0).
Leta,b € E and x,y € U be such that Mg(a ~> b) = ay, Mg(b) = ap (resp., Ge(a ~ b) = By,
Gg(b) = Bp)and £(x*y) = t1,L(y) = tp. If we take &« = g Ny (resp., p = B1 U Bz) and t = min{ty, fr},
thena ~» b € Eg(Mg;a), b € Eg(MEg; ) (resp.,a ~» b € Ep(Gg;a), b € Ep(Gg;a)) and x xy € U(4;1),
y € U(4;t). Tt follows that a € Eg(ME; ) (resp., a € E(Gg;a)) and x € U(4;t). Hence

ME(ﬂ) Da=wn1Nap = ME(Q ~ b) HME(b)
(resp., Ge(a) € B = B1U By = Ge(a ~ b) U Gg(b)) and
{(x) >t =min{t,t,} = min{l(x*y),L(y)}.

Therefore M g ;) = (Mg, Gg, ¢) on U is a makgeolli ideal over U by Theorem 1. [J
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5. Applications in Medical Sciences

Miss ] (say) has cancer and needs surgery. She tries to find a hospital with excellent medical skills,
low treatment costs, and friendly nurses. There are six hospitals, U = {hy, hy, h3, hy, hs, he} and there
are two parameter sets, A = {¢1,¢€, €3}, and B = {91, &, }, where each parameter ¢; fori = 1,2,3 and J;
for j = 1,2, stands for

£1: Medical expenses are low; €3: Medical expenses are intermediate
£3: Medical expenses are expensive

01: Nurses are kind; d,: Nurses are unkind

The medical skills of the hospital are indicated by the following functions.

0.1 if x =hy,

0.7 if x= ]/12,

. 0.3 if x = h3,
¢:U—[0,1], x — 09 if x =y
0.8 if x = s,

05 if x= l’l6,

where, the higher the number, the better the medical skill. Assume that Mu(e1) = {hy,ha},
Ma(e2) = {h3,he}, Ma(e3) = {hg,hs}, Gp(61) = {h2,hs, he} and Gp(d2) = {h1,h3,h5}. Then the
makgeolli structure M 4 11y = (Ma, Gg, £) on U is given by Table 10.

Table 10. Tabular representation of the makgeolli structure M, g ;) = (Ma, Gg, £).

X hy Iz hs ha hs he
(Ma(e1),Gp(51),£(x))  (1,0,01) (1,1,07) (0,0,03) (0,1,09) (0,0,0.8) (0,1,0.5)
(Ma(e1),Gg(52),6(x))  (1,1,01)  (1,0,07) (0,1,03) (0,0,09) (0,1,08) (0,0,0.5)
(Ma(ez),Gg(61),4(x))  (0,0,01) (0,1,07) (1,0,03) (0,1,09) (0,0,08) (1,1,0.5)
(Ma(e2),Gg(5),¢(x))  (0,1,01) (0,0,07) (1,1,03) (0,0,09) (0,1,08) (1,0,0.5)
(Ma(e3), Gg(51),£(x))  (0,0,01) (0,1,07) (0,0,03) (1,1,09) (1,0,0.8) (0,1,0.5)
(Ma(e3), Gp(52),¢(x))  (0,1,01) (0,0,07) (0,1,03) (1,0,09) (1,1,08) (0,0,0.5)

You know that, in the first row of Table 10, if you find a hospital that responds to the element
(1,1,0.9), the hospital has excellent medical skills, friendly nurses, and medical costs are also low,
but you cannot see it. However, you can see the element (1,1,0.7) in the first row of Table 10, and the
corresponding hospital is /1. Therefore, although the medical skill of h; is slightly lower than that of /14
and s, it can be found that the nurse is kind and also the treatment cost is cheap. Therefore Miss J will
choose hospital i for surgery. Even if the cost of treatment is high, if Miss ] find the hospital which
the medical skills are excellent and the nurses are kind, she can select the hospital /14 that corresponds
to (Ma(e3),Gp(d1),£(x)) = (1,1,0.9). We can see that the cost of treatment in the hospital () with
the best medical skills is the most expensive. If a mild cold patient tries to visit a hospital, he or she
does not need high-level medical skills. Regardless of the nurse’s kindness, he/she will try to find a
hospital where treatment costs are low. In this case, he or she can select the hospital #;.

6. Conclusions

Soft set theory, which was proposed by Molodtsov in 1999, is a generalization of fuzzy set theory.
It is a good mathematical tool for dealing with uncertainty in a parametric manner. Soft set has
many applications in medical diagnosis and decision making etc. As an extension of the classical
set, Zadeh introduced the fuzzy set in 1965, which has been applied in so many areas. In this paper,
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we have introduced the concept of makgeolli structures (see Definition 1) using fuzzy and soft set
theory and have applied it to BCK/BCl-algebras. We have defined the notion of makgeolli algebra
(see Definition 3) and makgeolli ideal (see Definition 4) in BCK/BCl-algebras, and have investigated
several properties. We have shown that every makgeolli ideal is a makgeolli algebra in BCK-soft
universes (see Theorem 6). We have considered an example to show that any makgeolli algebra may
not be a makgeolli ideal in BCK-soft universes (see Example 5). We have provided a condition for a
makgeolli algebra to be a makgeolli ideal in BCK-soft universes (see Theorem 7). We have considered
an example to show that any makgeolli ideal may not be a makgeolli algebra in BCI-soft universe
(see Example 6), and have provided a condition for a makgeolli ideal to be a makgeolli algebra in
BClI-soft universes (see Theorem 8). We have discussed characterization of makgeolli algebra and
makgeolli ideal (see Theorems 1, 3, 5, and 10). We have made a new makgeolli algebra from old one
(see Theorem 4). In the final section, we have considered an application in medical sciences. In the
forthcoming research and papers, we will continue these ideas and will define new notions in several
algebraic structures.
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