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Abstract: In this paper, we introduce and examine n-cylindrical neutrosophic almost M-continuous respective open and closed
mappings in n-cylindrical neutrosophic topological spaces, and we study several properties of n-cylindrical neutrosophic M-
continuous mappings.
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1. Introduction

Following Zadehs introduction of the fuzzy set (fs) in 1965 [23], Chang [6] developed fuzzy topological
spaces (fts), prompting many researchers to adapt classical topological concepts to the fuzzy setting. Atanassov’s
intuitionistic fuzzy set (if's) (1986) [4] constituted a major generalization of fuzzy sets, and Coker [7] subsequently
defined intuitionistic fuzzy topological spaces (ifts) based on ifs. Jeon et al. [9] later studied intuitionistic fuzzy
continuity and pre-continuity within this framework.

With Smarandache’s advent of neutrosophy and neutrosophic sets [17, 16], uncertainty modeling broadened
further. Salama and Alblowi [12] introduced neutrosophic crisp sets and neutrosophic topological spaces (Nts),
extending ifts by assigning membership, indeterminacy, and non-membership degrees to each element. This
neutrosophic approach has since become a foundation for theories that generalize both crisp and fuzzy structures.

Smarandache also discussed dependence degrees among fuzzy and neutrosophic components. Arokiarani et
al. [3] proposed a neutrosophic set (NS) formulation where the sum of the three membership values does not exceed
3. In the same year, Veereswari [22] introduced neutrosophic topological spaces (Nts) and examined their basic
operations.

More recently, Saranya et al. [13] introduced n-cylindrical neutrosophic sets (n-CyNS), in which the
components & and y are dependent while f is independent. Aside from NS, n-CyNS provides the most extensive
generalization of fuzzy sets (fs). In this framework the positive (@), neutral (f), and negative (y) membership
functions satisfy 0 < 8, <1 and 0 < a}(x) + v (x) < 1,n > 1, where n is an integer greater than 1.

Saranya et al. [15] later defined n-CyN continuity for maps between n-cylindrical neutrosophic topological
spaces (n-CyNts), and introduced the n-CyN interior (n-CyNint) and n-CyN closure (n-CyNcl) of subsets in n-
CyNts.

Separately, El-Maghrabi and Al-Juhani [8] introduced M -open sets in classical topological spaces and
explored their properties. The class of M-open sets has proven useful across various mathematical contexts and
applications. Padma et al. [11] studied M-open sets in nano topological spaces, while Vadivel et al. [18, 19, 20]
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examined related open-set concepts in fuzzy nano and neutrosophic nano topologies. Kalaiyarsan et al. [10] and
Vadivel et al. [21] further extended M-open sets to fuzzy and neutrosophic nano topological settings.

The remainder of this paper is organized as follows. Section 2 reviews essential definitions for intuitionistic
fuzzy sets (if's), neutrosophic sets (NS), n-cylindrical neutrosophic sets (n-CyNS), and mappings on n-cylindrical
neutrosophic topological spaces (n-CyNts). Sections 3 and 4 introduce n-CyN almost M-continuous maps (n-
CyNAlmMCts) and n-CyN almost M -irresolute maps (n-CyNAlmMIrr) in n-CyNts and explore their basic
properties with illustrative examples. Section 5 concludes with a summary of the main results.

2. Preliminaries

This section covers some basic definitions and examples that will be useful in subsequent discussions.

Definition 2.1 /23] A fuzzy set (briefly, fs) A in X is defined by membership function pyu: A — [0,1]
whose membership value p,(x) shows the degree to which x € X includes in the fuzzy set A, for all x € X.

Definition 2.2 /6] A fuzzy topological space (briefly, fts)is a pair (X,T), where X is any set and T is a
family of fuzzy sets in X satisfying following axioms:

1. ¢,X€ET,
2. If A B€ert,then ANBinT,
3. If A; €t foreach i € I,then UA4; € t.

Definition 2.3 /4] An intuitionistic fuzzy set (briefly, ifs) A on X is an object of the form A =
{(x, a0(x),va(x): x € X)} where ay(x) € [0,1] is called the degree of positive membership of x in A, y,(x) €
[0,1] is called the degree of negative membership of x in A, and where a,(x) and y,(x) satisfy (for all x € X)
(aa(x) +y4(x) £ 1) ifs(X) denotes the set of all the ifs’s on X.

Definition 2.4 [17] An neutrosophic set A on X is an object of the form A=

{(x, aa (%), Ba(x), va(x)): x € X}, where a,(x), Ba(x),¥a(x) € [0,1],0 < @y (x) + Ba(x) +ya(x) <3, for all x €
X. a,(x) is the degree of positive membership, B,(x) is the degree of neutral and y,(x) is the degree of negative
membership. Here, a,(x) and y,(x) are dependent components and B,(x) is an independent component.

Definition 2.5 [12] An neutrosophic topology (Nt) on a non-empty set X is a family Tty of neutrosophic
subsets in X satisfying the following axioms:

l. ON’ 1N € TN?
2. G, NG, €1y forany Gy, G, € Ty,
3. UG; €Ty, forall {G;:i €]} < 1y.

In this case the pair (X,7y) is called a neutrosophic topological spaces (briefly, Nts) and any
neutrosophic set in 7 is known as neutrosophic open set (briefly, Nos) in X. The elements of 7y are called
neutrosophic open sets. A neutrosophic set F is closed if and only if C(F) is neutrosophic open.

Definition 2.6  [13] An n-cylindrical neutrosophic set (briefly, n-CyNS) A on X is an object of the form
A = {(x,a,(x), Ba(x),va(x)): x € X}, where a,(x) € [0,1] called the degree of positive membership of x in A,
Ba(x) € [0,1] called the degree of neutral membership of x in A and y,(x) € [0,1] called the degree of negative
membership of x in A, which satisfies the condition: (for all x € X) (0 < B4(x) < 1) and 0 < aj(x) +yi(x) <
1,n>1, is an integer. Here, a,(x) and y,(x) are dependent neutrosophic components and B,(x) is 100%
independent.

For the convenience, {@4(x), B4(x),v4a(x)) is called as n-cylindrical neutrosophic number (briefly,n-
CyNN) and is denoted as A = {{a4, £a,V4)}-

Definition 2.7 [13] Let {A;:i €1} be an arbitrary family of n-CyNS in X. Then, NA; =
{{x, inf (aa, (%)), inf (Ba; (X)), sup (v, (x))): x € X}. U A; = {(x, sup(ay, (x)), sup(Ba; (X)), inf (v4,(x))): x € X}.
Definition 2.8 /73] O¢yy = {(x,0,0,1):x € X} and 1cyy = {{x,1,1,0): x € X}

Definition 2.9 /3] (The Basic Connectives) Let ¢,y (X) denote the family of all n-CyNS’s on X.
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1. Inclusion: For every two 4, B € T¢yy(X), the inclusion of two n-CyNS’s A and B is A € B iff
(forall x € X, a,(x) < ag(x) and f,4(x) < Bp(x) and y,(x) = yz(x)) and (A € B and B € A).

2. Union: For every two A, B € 7¢yy(X), the union of two n-CyNS’s A and B is AU B(x) =
{{x, max(a, (%), ap(x)), max(B4(x), Bp(x)), min(y,(x), vs(x))): x € X}.
3. Intersection: For every two A, B € 7,y (X), the intersection of two n-CyNS’s A and B is
AN B(x) = {{x, min(a,(x), ap(x)), min(Bs(x), Bz (x)), max(y4(x), vz (x))): x € X}.
4. Complementary: For every A € 7¢yy(X), the complement of an n-CyNS A is A =
{6 va(0),1 = Ba(x), as(x)):x € X}.
Remark 2.1 [13]
1. fASBand B<SC then A S C,
2. AUB=BUA&ANB=BNA,
3. AUB)UC=AUBUO)&MANB)INC=ANn(Bn0),
4. (AUB)NC=ANCOOUBNO&MANBUC=AUC)N(BNC),
5. ANA=A&AUVUA=A,
6. De Morgan’s Law for A& B ie., (AUB) = A°NB° & (AN B)° = A°U B°.

Definition 2.10 /15] An n-cylindrical neutrosophic topology (briefly, n-CyNt) on a non-empty set X is
a family, Tcyy, of n-CyNS in X which satisfies the following conditions: L. Ocynsloyn € Teyn, 2. AN
A; € Teyn,

3. UA; € 1¢yy, for any arbitrary family A; € tcyp, i € 1.

The pair (X, 7¢yy) is called an n-cylindrical neutrosophic topological Spaces (briefly, n-CyNts) and any
n-CyNS belongs to ¢,y is called an n-cylindrical neutrosophic open set (briefly, n-CyNos) and the complement
of n-CyNos is called n-cylindrical neutrosophic closed set (briefly, n-CyNcs) in X. Like classical topological
spaces and fuzzy topological spaces, the family {Oc,y, 1cyn} is called indiscrete n-CyNts and the topology
containing all the n-CyN subsets is called discrete n-CyNts.

Remark 2.2 [15] Obviously any fuzzy topological spaces or intuitionistic fuzzy topological spaces or
Pythagorean fuzzy topological spaces is an n-CyNts as any subsets of the fuzzy spaces, intuitionistic fuzzy space,
and Pythagorean fuzzy space can be viewed as n-CyN subsets.

Definition 2.11  [/15] Let A and B be two n-cylindrical neutrosophic subsets of an n-CyNts. B is called
neighbourhood of A if there exists an n-CyNos, O such that A € O C B.

Proposition 2.1 [15] A © X is n-cylindrical neutrosophic open in (X,Tcyy) if and only if it carries a
neighbourhood of its subsets.

Definition 2.12  [15] Let (X, T¢yn) be an n-CyNts and let A = {{x, ay(x), Ba(x),va(X)):x € X} is an
n-CyNS in X. Then, the n-cylindrical neutrosophic interior (briefly, n-CyNint) is defined as the n-CyN union of
all n-CyN open subsets of X. ie, n-CyNint(A) = U {G:G € t¢yy and G < A}.

Clearly, n-CyNint(A) is the biggest n-CyNos that is contained by A.

Definition 2.13  [15] Let (X, T¢yn) be an n-CyNts and let A = {{x, ay(x), Ba(x),va(X)):x € X} is an
n-CyNS in X. Then, the n-cylindrical neutrosophic closure (briefly, n-CyNcl) is defined as the n-CyN intersection
of all n-CyN closed subsets of X. ie, n-CyNcl(A) =N {K:K € t¢,y and A € A}.

Clearly, n-CyNcl(A) is the smallest n-CyNcs that contains A.

Definition 2.14 [14] Let (X,t,) and (Y,1;) be two n-CyNts and let f:(X,71) = (Y,1,) be a n-CyN
function. Then, f said to be n-CyN continuous (briefly, n-CyNCts) map if for any n-cylindrical neutrosophic
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subset A of X and for any neighbourhood B of f(A) there exists a neighbourhood U of A such that f(U) C B.

Definition 2.15 /1] Let (X,t¢cyn) be an n-CyNts and A be an n-CyNS. Then, A is said to be an n-
CyN

1. regular open set (briefly, n-CyNros), if A = n-CyNint(n-CyNcl(4)),
2. regular closed set (briefly, n-CyNrcs), if A = n-CyNcl(n-CyNint(4)).

Definition 2.16 /1] Let (X,7¢yn) be an n-CyNts and A = {{x, a4 (x), Ba(X),Va(X)): x € X} be an n-
CyNS in X. Then, the n-cylindrical neutrosophic §-interior of A and the n-cylindrical neutrosophic §-closure of
A are denoted by n-CyN{§int(A) and n-CyN6Scl(A) are defined as follows:

1. n-CyNdint(A) = U {G|Gisann-CyNros and G € A},
2. n-CyNdcl(A) =N {K|K isann-CyNrcsand A € K}.

Definition 2.17 /1] Let (X,T¢yy) be an n-CyNts and A = {(x, ay(x), fa(x),va(x)): x € X} be an n-
CyNS in X. Then, the n-cylindrical neutrosophic 0-interior of A and the n-cylindrical neutrosophic 0-closure of
A are denoted by n-CyNOint(A) and n-CyNOcl(A) are defined as follows:

1. n-CyNOint(A) =U {n—CyNint(B):B S A&Bisan— CyNcs in X},
2. n-CyNOcl(A) =N {n—CyNcl(B):A S B&Bisan— CyNosinX}.

Definition 2.18 /1] Let (X,7¢yy) be an n-CyNts and A = {(x, ay(x), B4 (%), v4a(x)): x € X} be an n-
CyNS in X. A set A is said to be n-CyN

1. &-open set (briefly, n-CyNdos), if A = n-CyNéint(4),

&-pre open set (briefly, n-CyNéPos), if A € n-CyNint(n-CyNdécl(A)),

&-semi open set (briefly, n-CyNé&Sos), if A € n-CyNcl(n-CyNdint(A)),

6-open set (briefly, n-CyN@os), if A = n-CyNOint(A),

6-semi open set (briefly, n-CyN68Sos), if A € n-CyNcl(n-CyN@int(A)),

e-open set (briefly, n-CyNeos), if A =n-CyNcl(n-CyN§int(A)) U n-CyNint(n-CyNdScl(A)),
M-open set (briefly, n-CyNMos), if A € n-CyNcl(n-CyN@int(A)) U n-CyNint(n-CyNécl(A)).

NS kR

The complement of a n-CyNMos (resp. n-CyNdos, n-CyNSPos, n-CyNéSos, n-CyNBos, n-CyNOSos
& n-CyNeos) is called a n-CyNM (resp. n-CyN§, n-CyNS6P, n-CyNSS, n-CyN@, n-CyNOS & n-CyNe)
closed set (briefly, n-CyNMcs (resp. n-CyNécs, n-CyNSéPcs, n-CyNéScs, n-CyNOcs, n-CyNOScs & n-
CyNecs)) in X.

The family of all n-CyNMos (resp. n-CyNéos, n-CyN§Pos, n-CyNdSos, n-CyNBos, n-CyNOSos &
n-CyNeos) of X is denoted by n-CyNMOS(X), (resp. n-CyNMCS(X), n-CyNSOS(X), n-CyNé6CS(X), n-
CyNSPOS(X), n-CyNSPCS(X), n-CyNSSOS(X), n-CyNSSCS(X), n-CyNOOS(X), n-CyNoCS(X), n-
CyNOS0S(X), n-CyNOSCS(X), n-CyNeOS(X) & n-CyNeCS(X)).

Definition 2.19 /1] Let (X,7¢cyn) be an n-CyNts and A = {(x, ay(x), fa(x),va(x)): x € X} be an n-
CyNS in X. Then, the n-CyN

1. M-interior (resp. n-CyN§-interior, n-CyNJ&P -interior, n-CyN§S -interior, n-CyN@ -interior, n-
CyN@S-interior & n-CyNe-interior) of A (briefly, n-CyNMint(A) (resp. n-CyNdint(A), n-CyNSéPint(A), n-
CyNé&Sint(A), n-CyN6 int(A), n-CyNOSint(A) & n-CyNeint(A)) is defined by n-CyNMint(A) (resp. n-
CyNéint(A), n-CyNSPint(A), n-CyNéSint(A), n-CyNOint(A), n-CyNOSint(A) & n-CyNeint(4)) =
U {G:G S A and G is a n-CyNMos (resp. n-CyNdos, n-CyNéPos, n-CyNdSos, n-CyNb@os, n-CyNOSos &
n-CyNeos) in X},

2. M-closure (resp. n-CyN§-closure, n-CyN3§P -closure, n-CyNJ§S -closure, n-CyN@ -closure, n-
CyN@S -closure & n-CyNe-closure) of A (briefly, n-CyNMcl(A) (resp. n-CyNécl(A), n-CyNS§Pcl(A), n-
CyNé&Scl(A), n-CyNOcl(A), n-CyNOScl(A) & n-CyNecl(A)) is defined by n-CyNMcl(A) (resp. n-CyNdécl(A),
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n-CyN38Pcl(A), n-CyNS§Scl(A), n-CyNOcl(A), n-CyNOScl(A) & n-CyNecl(A)) =N {K:K<S A and K is a
n-CyNMcs (resp. n-CyNdcs, n-CyNSPcs, n-CyNdScs,n-CyNbOcs, n-CyNOScs & n-CyNecs) in X}.

Definition 2.20 /2] Let (X,7;) and (Y,t,) be any two n-CyNts’s. Amap f:(X,7,) = (Y, 1,) issaid to
be a n-CyN

1. &-continuous map (briefly, n-CyN§Cts map), if the inverse image of every n-CyNos in (Y, t,) is
a n-CyNdos in (X,1q),

2. §-pre continuous map (briefly, n-CyNdPCts map), if the inverse image of every n-CyNos in
(Y,t,) isa n-CyNS§Pos in (X,1;),

3. &-semi continuous map (briefly, n-CyN&SCts map), if the inverse image of every n-CyNos in
(Y,1,) isa n-CyNdSos in (X,1,),

4. B-continuous map (briefly, n-CyNOCts map), if the inverse image of every n-CyNos in (Y, t,) is
a n-CyNBos in (X,1;),

5. B@-semi continuous map (briefly, n-CyN6Sos map), if the inverse image of every n-CyNos in
(Y,7,) isa n-CyNOSCts in (X,1,),

6. e-continuous map (briefly, n-CyNeCts map), if the inverse image of every n-CyNos in (Y, 1,) is
a n-CyNeos in (X, 1),

7. M-continuous map (briefly, n-CyNMCts map), if the inverse image of every n-CyNos in (Y, 1)
isa n-CyNMos in (X,1,).

Definition 2.21 /2] Let (X,71) and (Y, t,) be any two n-CyNts’s. Amap f:(X,ty) = (Y, 1) is said
to be a n-CyN

1. §-irresolute map (briefly, n-CyNS8Irr map), if f~1(B) is a n-CyNSos in (X,7;) for every n-
CyNéos B of (Y,1,),

2. §&-pre irresolute map (briefly, n-CyNSPIrr map), if f~1(B) isa n-CyNSPos in (X,1,) for every
n-CyNéPos B of (Y,1,),

3. §-semi irresolute map (briefly, n-CyNS8SIrr map), if f~1(B) is a n-CyNS8Sos in (X,1;) for
every n-CyNéSos B of (Y, 1,),

4. @-irresolute map (briefly, n-CyNOIrr map), if f~1(B) is a n-CyN8os in (X,1;) for every n-
CyN6os B of (Y,1,),

5. B-semi irresolute map (briefly, n-CyN@SIrr map), if f~1(B) is a n-CyN8Sos in (X,t,) for
every n-CyN6Sos B of (Y,1,),

6. e-irresolute map (briefly, n-CyNelrr map), if f~1(B) is a n-CyNeos in (X,t;) for every n-
CyNeos B of (Y,1,),

7. M-irresolute map (briefly, n-CyNMIrr map), if f~1(B) is a n-CyNMos in (X,t;) for every n-
CyNMos B of (Y,1,).

3. Almost M-continuous maps in n-CyNts

We will introduce n-cylindrical neutrosophic almost M-continuous maps and look at some of its feature in
this section.

Definition 3.1 Let (X,71) and (Y,t,) be any two n-CyNts’s. Amap f:(X,t) = (Y, 7,) issaid to be a
n-CyN almost

1. continuous map (briefly, n-CyNAlmCts map), if the inverse image of every n-CyNros in (Y,1;,)
isa n-CyNos in (X,1;),

2. ¢6-continuous map (briefly, n-CyNSAlmCts map), if the inverse image of every n-CyNros in
(Y,7,) isa n-CyNéos in (X, 1),
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3. &-pre continuous map (briefly, n-CyNAImSPCts map), if the inverse image of every n-CyNros in
(Y,t,) isa n-CyNS§Pos in (X,1;),

4. §-semi continuous map (briefly, n-CyNAImdSCts map), if the inverse image of every n-CyNros
in (Y,1,) isa n-CyNdSos in (X, 1,),

5. O@-continuous map (briefly, n-CyNAIm6OCts map), if the inverse image of every n-CyNros in
(Y,t,) isa n-CyNfos in (X,1,),

6. 0-semi continuous map (briefly, n-CyNAlmOSos map), if the inverse image of every n-CyNros in
(Y,t,) isa n-CyN6Sos in (X,1,),

7. e-continuous map (briefly, n-CyNAlmeCts map), if the inverse image of every n-CyNros in
(Y,t,) isa n-CyNeos in (X,7,),

8. M-continuous map (briefly, n-CyNAImMCts map), if the inverse image of every n-CyNros in
(Y,t,) isa n-CyNMos in (X, 1,).

Example 3.1 Let X = {x;,x,} =Y = {y;,¥,} and the n-cylindrical neutrosophic sets A,,A,, A3, A, in
(X,ty) and By, B, in (Y,t,) are defined as

A, = {(x1,0.1250732,0.50,0.1850738), (x, 0.1450734,0.50,0.1650736)},
Ay = {{x;,0.1150731,0.50,0.1950739), (x5, 0.1350733,0.50,0.1750737)},
As = {{x;,0.1950739,0.50,0.1150731), (x5, 0.1750737,0.50,0.1350733)},
Ay = {(x;,0.1250732,0.50,0.1850738), (x,, 0.1350733,0.50,0.1750737)},
By = {(y,,0.1150731,0.50,0.1950739), (5, 0.1350733,0.50,0.1750737)},
B, = {(y;,0.1950739,0.50,0.1150731), (y,,0.1750737,0.50,0.1350733)}.

Then, t; = {0y, 1x,4,,4,,43, 4,4} and 7, = {0y, 1y, By, B,}. Let f:(X,7,) = (Y,7,) be an identity map. We
claim f is n-CyNAlmMCts map. Every n-CyNros set of (Y,t,) - namely Oy, 1y, By, B, - has an n-CyNMos
inverse image in (X,7;) - namely Oy, 1y, A,, A3 respectively. By Definition 3.1 (viii), this property is precisely the
requirement for f to be an n-CyNAImMCts. Therefore f is n-CyNAImMCts.

Proposition 3.1
The statements are true, but the converse need not be true.
1. Every n-CyNAlm6OCts map is a n-CyNAIlmCts map,
Every n-CyNAIlmOCts map is a n-CyNAImOSCts map,
Every n-CyNAImOSCts map is a n-CyNAlmMCts map,
Every n-CyNAIlmé&Cts map is a n-CyNAImCts map,

2.

3

4

5. Every n-CyNAImé&Cts map is a n-CyNAImSPCts map,
6. Every n-CyNAIméCts map is a n-CyNAImSSCts map,
7. Every n-CyNAIm&SCts map is a n-CyNAlmeCts map,
8. Every n-CyNAIm&PCts map is a n-CyNAImMCts map,
9. Every n-CyNAImMCts map is a n-CyNAlmeCts map.

Proof.

1. Let B be a n-CyNros in (Y,7,). Since, f is n-CyNAIlmOCts map, f~*(B) is n-CyNfos in
(X, 7). Since, every n-CyNfos are n-CyNos. f~*(B) is n-CyNos in (X,t;). Hence, f is a n-CyNAlmCts
map.

2. Let B be a n-CyNros in (Y,7,). Since, f is n-CyNAlmOCts map, f~*(B) is n-CyNfos in
(X, 1) . Since, every n-CyNfos are n-CyNOSos. f~1(B) is n-CyN@Sos in (X,7,). Hence, f is a n-
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CyNAlmOSCts map.

3. Let B be a n-CyNros in (Y,1,). Since, f is n-CyNAImOSCts map, f~1(B) is n-CyNOSos in
(X,7,). Since, every n-CyNOSos are n-CyNMos. f~1(B) is n-CyNMos in (X,7;). Hence, f is a n-
CyNAlmMCts map.

4. Let B be a n-CyNros in (Y,1;). Since, f is n-CyNAlm&Cts map, f~1(B) is n-CyN&os in
(X, 7). Since, every n-CyNSos are n-CyNos. f~1(B) is n-CyNos in (X,t;). Hence, f is a n-CyNAlmCts
map.

5. Let B be a n-CyNros in (Y,t,). Since, f is n-CyNAlmSCts map, f~1(B) is n-CyNSos in

(X, 7). Since, every n-CyNG&os are n-CyNSPos. f~1(B) is n-CyNSPos in (X,t;). Hence, f is a n-
CyNAIm&PCts map.

6. Let B be a n-CyNros in (Y,7,). Since, f is n-CyNAImSCts map, f~1(B) is n-CyNSos in
(X,7,). Since, every n-CyN&os are n-CyNSSos. f~1(B) is n-CyNS8Sos in (X,7,). Hence, f is a n-
CyNAlmd§SCts map.

7. Let B be a n-CyNros in (Y,1;). Since, f is n-CyNAImSSCts map, f~1(B) is n-CyNSSos in
(X,1,). Since, every n-CyN8Sos are n-CyNeos. f~1(B) is n-CyNeos in (X,1,). Hence, f is a n-CyNAlmeCts
map.

8. Let B be a n-CyNros in (Y,1,). Since, f is n-CyNAImSPCts map, f~1(B) is n-CyNSPos in
(X,7,). Since, every n-CyN§Pos are n-CyNMos. f~(B) is n-CyNMos in (X,t;). Hence, f is a n-
CyNAlmMCts map.

9. Let B be a n-CyNros in (Y,t,). Since, f is n-CyNAImMCts map, f~*(B) is n-CyNMos in
(X,7,). Since, every n-CyNMos are n-CyNeos. f~1(B) is n-CyNeos in (X,T,). Hence, f is a n-CyNAlmeCts
map.

It is also true for their respective closed sets

Remark 3.1  From the results above, we obtain the following diagram.

n-C'y N AlmBCts map s n-Cly N AlmC'ts map
n-C'yN AlmASC'ts map n-C'y N AlmdC'ts map
_--""'-'-'_-f
T
—
n-Cy N AlmdPCts map
_--""'-'-F_.
T
P
- - - e - f. -
n-C'yN M AlmC'ts map n-CyN AlmaSCts map
x"“-___ da-’"f

A ) e
n-C'y N AlmeC'ts map
Note: A — B denotes A implies B, but not conversely.

Note: A — B denotes A implies B, but not conversely.

Example 3.2 Let X = {x1,x,} =Y = {y,,y,} and the n-cylindrical neutrosophic sets A,,A,, A3, A, in
(X,ty) and By,B,, B3 in (Y,t,) are defined as
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Ay = {{x;,0.1250732,0.50,0.1850738), (xx, 0.1450734,0.50,0.1650736)},
A, = {(x,,0.1150731,0.50,0.1950739), (x,, 0.1350733,0.50,0.1750737)},
As = {(x;,0.1950739,0.50,0.1150731), (x,, 0.1750737,0.50,0.1350733)},
A, = {(x,,0.1250732,0.50,0.1850738), (x,,0.1350733,0.50,0.1750737)},
B, = {{y1,0.1150731,0.50,0.1950739), (y,, 0.1350733,0.50,0.1750737)},
B, = {{y;,0.1950739,0.50,0.1150731), (y,, 0.1750737,0.50,0.1350733)},
By = {(y;,0.1250732,0.50,0.1850738), (,, 0.1350733,0.50,0.1750737)}.

Let ©; ={0y,1x,41,4,,43,4,} and 71, = {0y, 1y, By, B,, B3} and let f:(X,7;) = (Y,7,) be an identity map.
Then, f is n-CyNAImCts map but not n-CyNAlmOCts map, since f~1(B;) = A, is an n-CyNos but fails to be
an n-CyN@6os.

Example 3.3 Let X = {x,x,} =Y = {y,,y,} and the n-cylindrical neutrosophic sets A{,A,, A3, A, in
(X,ty) and By, B, in (Y,t,) are defined as

A, = {(x1,0.1150731,0.50,0.1950739), (x, 0.1350733,0.50,0.1750737)},
Ay = {{x;,0.1950739,0.50,0.1150731), (x5, 0.1750737,0.50,0.1350733)},
As = {(x,,0.1250732,0.50,0.1850738), {x,, 0.1350733,0.50,0.1750737)},
A, = {(x,,0.1850738,0.50,0.1250732), {x,, 0.1750737,0.50,0.1350733)},
By = {(y1,0.1150731,0.50,0.1950739), (y,, 0.1350733,0.50,0.1750737)},
B, = {{y,,0.1850738,0.50,0.1250732), (y,, 0.1750737,0.50,0.1350733)}.

Let 7, = {0y, 14, A4, A4, A3} and 7, = {0y, 1y, By, B,} and let f: (X,7,) = (Y,7,) be an identity map. Then, f is
n-CyNAlmOSCts map but not n-CyNAImOCts map, since f~1(B,) = A, is an n-CyN8Sos but fails to be an n-
CyN@os.

Example 3.4 Let X = {x,x,} =Y = {y,,y,} and the n-cylindrical neutrosophic sets A{,A,, A3, A, in
(X,ty) and By, B, in (Y,t,) are defined as

A; = {(x,,0.1250732,0.50,0.1850738), (x,, 0.1450734,0.50,0.1650736)},
A, = {(x,,0.1150731,0.50,0.1950739), (x,, 0.1350733,0.50,0.1750737)},
As = {(x,,0.1950739,0.50,0.1150731), (x,, 0.1750737,0.50,0.1350733)},
Ay = {(x,,0.1250732,0.50,0.1850738), (x,, 0.1350733,0.50,0.1750737)},
By = {(y1,0.1950739,0.50,0.1150731), (y,, 0.1750737,0.50,0.1350733)},
B, = {{y1,0.1250732,0.50,0.1850738), (y,, 0.1350733,0.50,0.1750737)}.

Let 7, = {0y, 14, A4, 4,,45,A,} and 1, = {0y, 1y, By, By}, and let f: (X, 1) = (Y, 7,) be an identity map. Then, f
is an n-CyNAlmMCts map but not n-CyNAImOSCts map, since f~1(B,) = A, is a n-CyNMos but not an n-
CyN6Sos.

Example 3.5 Let X ={xy,x,} =Y ={y;,¥,} and the n-cylindrical neutrosophic sets A,,A,, A; in
(X,ty) and B in (Y,t,) are defined as

A; = {{(x,,0.1250732,0.50,0.1850738), (x,, 0.1450734,0.50,0.1650736)},

A, = {(x,,0.1150731,0.50,0.1950739), (x,, 0.1350733,0.50,0.1750737)},

As = {(x,,0.1250732,0.50,0.1850738), (x;,,0.1350733,0.50,0.1750737)},

B = {{y,,0.1250732,0.50,0.1850738), (y,,0.1350733,0.50,0.1750737)}.
Let 7, = {0y, 14, A4, 4,43} and 7, = {0y, 1y, B}, and let f: (X,7;) = (Y,7,) be an identity map. Then, f is an
n-CyNAImCts map but not an n-CyNAlmSCts map, since f~1(B) = A; is an n-CyNos but not an n-CyNJos.
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Example 3.6 Let X = {x;,x,} =Y ={y,,y,} and the n-cylindrical neutrosophic sets A;,A,, A5 in
(X,71) and B in (Y,t,) are defined as

Ay = {{x;,0.1250732,0.50,0.1850738), (xx, 0.1450734,0.50,0.1650736)},
A, = {(x,,0.1950739,0.50,0.1150731), (x,,0.1750737,0.50,0.1350733)},
As = {(x,,0.1250732,0.50,0.1850738), (x,,0.1350733,0.50,0.1750737)},
B = {(y,,0.1250732,0.50,0.1850738), (y,, 0.1350733,0.50,0.1750737)}.

Let 7, = {0, 14, A4, 45,43} and 7, = {0y, 1y, B}, and let f: (X, 7;) = (Y, 7,) be an identity map. Then, f is an
n-CyNAImSPCts map but not an n-CyNAImSCts map, since f~1(B) = A; is an n-CyN§Pos but not an n-
CyNdos.

Example 3.7 Let X = {x,x,} =Y = {y,,y,} and the n-cylindrical neutrosophic sets A{,A,, A3, A, in
(X,71) and By,B, in (Y,t,) are defined as

A, = {(x1,0.1150731,0.50,0.1950739), (x, 0.1350733,0.50,0.1750737)},
Ay = {{x;,0.1950739,0.50,0.1150731), (x5, 0.1750737,0.50,0.1350733)},
As = {(x,,0.1250732,0.50,0.1850738), {x,, 0.1350733,0.50,0.1750737)},
A, = {(x,,0.1250732,0.50,0.1850738), (x,, 0.1450734,0.50,0.1650736)},
By = {(y1,0.1250732,0.50,0.1850738), (y,, 0.1450734,0.50,0.1650736)},
B, = {{y1,0.1250732,0.50,0.1850738), (y,, 0.1350733,0.50,0.1750737)}.

Let 7, = {0y, 14, A4, 4,43} and 7, = {0y, 1y, By, B,} and let f: (X,7,) = (Y,7,) be an identity map. Then, f is
an n-CyNAlmG&SCts map but not an n-CyNAImSCts map, since f~1(B;) = A, is an n-CyN&Sos but not an n-
CyNéos.

Example 3.8 Let X = {x,x,} =Y = {y,,y,} and the n-cylindrical neutrosophic sets A{,A,, A3, A, in
(X,ty) and By, B, in (Y,t,) are defined as

A; = {(x;,0.1250732,0.50,0.1850738), (x,, 0.1450734,0.50,0.1650736)},
A, = {(x,,0.1150731,0.50,0.1950739), (x,, 0.1350733,0.50,0.1750737)},
As = {(x,,0.1950739,0.50,0.1150731), (x,, 0.1750737,0.50,0.1350733)},
Ay = {(x,,0.1250732,0.50,0.1850738), (x,, 0.1350733,0.50,0.1750737)},
By = {(y1,0.1950739,0.50,0.1150731), (y,, 0.1750737,0.50,0.1350733)},
B, = {{y1,0.1250732,0.50,0.1850738), (y,, 0.1350733,0.50,0.1750737)}.

Let 7, = {0y, 14, A4, 4,,45,A,} and 1, = {0y, 1y, By, B,} and let f: (X,7;) = (Y, T,) be an identity map. Then, f
is n-CyNAlmeCts map but not n-CyNAlm&SCts map, since f~1(B,) = A, is a n-CyNeos but not an n-
CyNéSos.

Example 3.9 Let X = {x,x,} =Y = {y,,y,} and the n-cylindrical neutrosophic sets A{,A,, A3, A, in
(X,ty) and By, B, in (Y,t,) are defined as

A; = {(x,,0.1150731,0.50,0.1950739), (x,, 0.1350733,0.50,0.1750737)},
A, = {(x4,0.1950739,0.50,0.1150731), (x,,0.1750737,0.50,0.1350733)},
Az = {(x4,0.1250732,0.50,0.1850738), (x,,0.1350733,0.50,0.1750737)},
A, = {(x4,0.1850738,0.50,0.1250732), (x,,0.1750737,0.50,0.1350733)},
B, = {{(y1,0.1250732,0.50,0.1850738), (y,,0.1350733,0.50,0.1750737)},
B, = {{(y,,0.1850738,0.50,0.1250732), (y,, 0.1750737,0.50,0.1350733)}.
Let t; = {0y, 1x,44,4,,43} and 7, = {0y, 1y, B;, B,} and let f: (X,7,) = (Y, T,) be an identity map. Then, f is
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n-CyNAlmMCts map but not n-CyNAImSPCts map, since f~1(B,) = A, is an n-CyNMos but not an n-
CyNéPos.

Example 3.10 Let X ={x;,x,}=Y ={y,,y,} and the n -cylindrical neutrosophic sets
Ay, Ay, Az, Ay, As in (X, 11) and By, B, in (Y,t,) are defined as

Ay = {(x,,0.1250732,0.50,0.1850738), (x,, 0.1450734,0.50,0.1650736)},
A, = {(x,,0.1150731,0.50,0.1950739), (x,,0.1350733,0.50,0.1750737)},
As = {(x,,0.1950739,0.50,0.1150731), (x,,0.1750737,0.50,0.1350733)},
A, = {(x,,0.1250732,0.50,0.1850738), (x,,0.1350733,0.50,0.1750737)},
As = {(x;,0.1450734,0.50,0.1250732), (x,, 0.1450734,0.50,0.1450734)},
B, = {(y1,0.1250732,0.50,0.1850738), (y,, 0.1350733,0.50,0.1750737)},
B, = {(v1,0.1450734,0.50,0.1250732), (y,, 0.1450734,0.50,0.1450734)}.

Let 7, = {0y, 14,44, 4,,45,A,} and 1, = {0y, 1y, By, B,} and let f: (X,7;) = (Y, T,) be an identity map. Then, f
is n-CyNAlmeCts map but not n-CyNAlmMCts map, since f~1(B,) = A, is a n-CyNeos but not an n-
CyNMos.

Theorem 3.1 A4 map f:(X,t1) = (Y,7,) is n-CyNAImMCts map iff the inverse image of each n-
CyNrcs in (Y,t,) is n-CyNMcs in (X,14).

Theorem 3.2 Let f:(X,71) = (Y,13) be a n-CyNAImMCts map and g:(Y,t,) = (Z,73) be a n-
CyNAlmCts map, then go f. (X,11) = (Z,13) is a n-CyNAImMCts map.

Theorem 3.3 Let f:(X,ty) = (Y,73) be a n-CyNAImMCts map. The following conditions are then

satisfied [(i)]

1. f(n-CyNMcl(A))S n-CyNcl(f(A)), for all n-CyNrcs(4) in (X,1,),

2. n-CyNMcl(f~*(B)) € f~1(n-CyNcl(B)), for all n-CyNrcs(B) in (Y, t,).

Proof.

1. Since, n-CyNMcl(f(4)) is a n-CyNMcs in (Y,7,) and f is n-CyNAlmMCts map, then
f1(n-CyNMcl(f(A))) is n-CyNMos in (X,7;). Now, since A S f~1(n-CyNcl(f(A))), n-CyNMcl(A) S
ft(n-CyNMcl(f (A))). Therefore, f(n-CyNMcl(A)) € n-CyNcl(f(A)).

2. By replacing A with B in (i). We obtain f(n-CyNMcl(f~1(B))) € n-CyNcl(f(f~(B))) &€ n-
CyNcl(B). Hence, n-CyNMcl(f~1(B)) € f~1(n-CyNcl(B)).

Theorem 3.4 If f is n-CyNAImMCts map iff f~1(n-CyNint(B)) € n-CyNMint(f~1(B)), for all n-
CyNcs(B) in (Y,1,).

Proof. Let f be a n-CyNAImMCts map and B € (Y,7,). n-CyNint(B) is n-CyNros in (Y,t,) and
hence, f~1(n-CyNint(B)) is n-CyNMcs in (X,t;). Therefore, n-CyNMint(f~*(n-CyNMint(B)) = f~(n-
CyNint(B)) . Also, n - CyNint(B) € B , implies that f~1(n - CyNint(B)) € f~(B) . Therefore, n -
CyNMint(f~*(n-CyNint(B))) € n-CyNMint(f*(B)). Thatis, f~*(n-CyNint(B)) S n-CyNMint(f ~*(B)).

Conversely, let f~1(n-CyN(B)) € n-CyNMint(f ~1(B)), for all subset B of (Y,t,). If B is n-CyNros
in (Y, 7,), then n-CyNint(B) = B. By assumption, f~1(n-CyNint(B)) € n-CyNMint(f~1(B)). Thus, f~1(B) C
n-CyNMint(f ~1(B)). But n-CyNMint(f ~*(B)) € f~*(B). Therefore, n-CyNMint (f~*(B)) = f~1(B). That is,
f~Y(B) is n-CyNMos on (X,t;), for all n-CyNros(B) in (Y,7,). Therefore, f is n-CyNAImMCts map on
(X, Tl)'
4. Almost M-open mappings in n-CyNts

In this section, we introduce the concept of n-cylindrical neutrosophic almost M -open mappings and
examine some of their fundamental properties.

Definition 4.1 Let (X, 1) and (Y,7,) be any two n-CyNts’s. Amap f:(X,7,) = (Y, 1) is said to be a
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n-CyN almost [(i)]

1. open mapping (briefly, n-CyNAImO map), if the image of every n-CyNros in (X,t,) is a n-
CyNos in (Y, 1),

2. &-open mapping (briefly, n-CyNAIm&0O map), if the image of every n-CyNros in (X,1,) isa n-
CyNéos in (Y,1;),

3. &-pre open mapping (briefly, n-CyNAImSPO map), if the image of every n-CyNros in (X, 1) is
a n-CyNéPos in (Y,1;),

4. §&-semi open mapping (briefly, n-CyNAImdSO map), if the image of every n-CyNros in (X, 1;)
isa n-CyNdSos in (Y, 1;),

5. 0-open mapping (briefly, n-CyNAImB0O map), if the image of every n-CyNros in (X,t,) is a n-
CyN6@os in (Y,1,),

6. O-semi open mapping (briefly, n-CyNAImOSO map), if the image of every n-CyNros in (X, 1)
isa n-CyN8Sos in (Y, 1,),

7. e-open mapping (briefly, n-CyNAlmeO map), if the image of every n-CyNros in (X,7;) is a n-
CyNeos in (Y,1,),

8. M-open mapping (briefly, n-CyNAImMO map), if the image of every n-CyNros in (X,1,) isa n-
CyNMos in (Y,1,).

Example 4.1 Let X = {x1,x,}, Y = {y,,y,} and the n-cylindrical neutrosophic sets A,A, in (X,7;1)
and By, B;,B3,B, in (Y,1,) are defined as

Ay = {(x,,0.1150731,0.50,0.1950739), (x,, 0.1350733,0.50,0.1750737)},
A, = {(x,,0.1950739,0.50,0.1150731), (x,,0.1750737,0.50,0.1350733)},
B, = {(y1,0.1850738,0.50,0.1250732), (y,, 0.1650736,0.50,0.1450734)},
B, = {(1,0.1950739,0.50,0.1150731), (y,, 0.1750737,0.50,0.1350733)},
By = {(y1,0.1150731,0.50,0.1950739), (y,, 0.1350733,0.50,0.1750737)},
B, = {(y;,0.1850738,0.50,0.1250732), (5, 0.1750737,0.50,0.1350733)}.

Let 7; = {0y, 14,44,4,} and 1, = {0y, 1y, By, By, B3, B;}. Consider the identity mapping f:(X,7;) = (¥, 1,).
Then, f is n-CyNAImCMO map. We claim f is n-CyNAImMO map. Every n-CyNros set of (X,7;) - namely
Ox,1x,41,A, - has an n-CyNMos image in (Y, t,) - namely Oy, 1y, B,, B3 respectively. By Definition 3.1 (viii),
this property is precisely the requirement for f to be an n-CyNAImMO. Therefore f is n-CyNAImMO.

Theorem 4.1  The statements are hold but the converse does not true.
1. Every n-CyNAIm60 mapping is a n-CyNAImO mapping,
Every n-CyNAImOO mapping is a n-CyNAImOSO mapping,
Every n-CyNAImOSO mapping is a n-CyNAImMO mapping,
Every n-CyNAImSO mapping is a n-CyNAImO mapping,

2.

3

4

5. Every n-CyNAIm&0 mapping is a n-CyNAImSPO mapping,
6. Every n-CyNAIm&O mapping is a n-CyNAImSSO mapping,

7. Every n-CyNAlm&SO mapping is a n-CyNAlmeO mapping,

8. Every n-CyNAImd&PO mapping is a n-CyNAImMO mapping,
9. Every n-CyNAImMO mapping is a n-CyNAlmeO mapping.

Proof. Only (viii) is proven; the others are similar.
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[(viii))] Let A be a n-CyNros in (X,7,). Since, f is n-CyNAImSPO mapping. f(A) is a n-
CyNé&Pos in (Y,7,). Since, every n-CyNS§Pos is a n-CyNMos, f(A) is a n-CyNMos in (Y,7,). Hence, f is a
n-CyNAImMO mapping.

Remark 4.1  From the above mentioned results. We get the diagram below.

n-Cy N AlmAS0 map n-Cy N Almdd) map

n-Cy N Alm MO map n-C'yN AlmdS O map

— P
— I
T— T
- [

n-C'y N Alme( map

Note: A — B denotes A implies B, but not conversely.

Note: A — B denotes A implies B, but not conversely.

Example 4.2  Let X ={x1,x,}, Y ={y,,y,} and the n-cylindrical neutrosophic sets Ay, A, A3 in
(X,ty) and By,B,,B3,B, in (Y,1;) are defined as

A, = {(x1,0.1150731,0.50,0.1950739), {x,, 0.1350733,0.50,0.1750737)},
Ay = {{x;,0.1950739,0.50,0.1150731), (x,, 0.1750737,0.50,0.1350733)},
As = {{x;,0.1250732,0.50,0.1850738), (x5, 0.1350733,0.50,0.1750737)},
By = {{(y,,0.1250732,0.50,0.1850738), (y,, 0.1450734,0.50,0.1650736)},
B, = {(y,,0.1150731,0.50,0.1950739), (y,, 0.1350733,0.50,0.1750737)},
Bs = {(y,,0.1950739,0.50,0.1150731), (y,,0.1750737,0.50,0.1350733)},
B, = {{y;,0.1250732,0.50,0.1850738), (5, 0.1350733,0.50,0.1750737)}.

Let 7, = {0y, 1x,A4,45,43,} and 7, = {0y, 1y, By, B, B3, B,}. Consider the identity mapping f: (X,t,) = (Y, 12).
Then, f is a n-CyNAImO map but not n-CyNAImOO map, since f~1(43) = B, is a n-CyNos but not n-
CyN@os.

Example 4.3 Let X = {x1,x,} =Y = {y1,¥,} and the n-cylindrical neutrosophic sets A;,A, in (X, 1)
and By, B, B3, B, in (Y,7,) are defined as

Ay = {(x1,0.1150731,0.50,0.1950739), {x,, 0.1350733,0.50,0.1750737)},
A, = {{x;,0.1850738,0.50,0.1250732), (x5, 0.1750737,0.50,0.1350733)},
By = {(y1,0.1150731,0.50,0.1950739), (y,, 0.1350733,0.50,0.1750737)},
B, = {{y1,0.1950739,0.50,0.1150731), (y,, 0.1750737,0.50,0.1350733)},
By = {{y,0.1250732,0.50,0.1850738), (y,, 0.1350733,0.50,0.1750737)},
B, = {{y1,0.1850738,0.50,0.1250732), (y,, 0.1750737,0.50,0.1350733)}.

Let 7; = {0y, 14,44,4,} and 1, = {0y, 1y, By, By, B3, B;}. Consider the identity mapping f:(X,7;) = (¥, 1,).
Then, f is an n-CyNAImOSO map but not n-CyNAImOO map, since f~*(4,) = B, is a n-CyNSos but not an
n-CyN@os.

476



Example 4.4 Let X = {x1,%x,} =Y = {y;,¥,} and the n-cylindrical neutrosophic sets A;,A, in (X, 1)
and By, B, B3, B, in (Y,1,) are defined as

Ay = {{x;,0.1950739,0.50,0.1150731), (x,, 0.1750737,0.50,0.1350733)},
A, = {(x,,0.1250732,0.50,0.1850738), (x,,0.1350733,0.50,0.1750737)},
B, = {(y1,0.1250732,0.50,0.1850738), (y,, 0.1450734,0.50,0.1650736)},
B, = {{y;,0.1150731,0.50,0.1950739), (y,, 0.1350733,0.50,0.1750737)},
By = {(y;,0.1950739,0.50,0.1150731), (y,, 0.1750737,0.50,0.1350733)},
B, = {(y1,0.1250732,0.50,0.1850738), (y,, 0.1350733,0.50,0.1750737)}.

Let 7; = {0y, 14,4;,4,} and 1, = {0y, 1y, By, By, B3, B;}. Consider the identity mapping f:(X,7;) = (¥, 1,).
Then, f is an n-CyNAImMO map but not n-CyNAImOSO map, since f~1(A,) = B, is a n-CyNMos but not an
n-CyN6Sos.

Example 4.5 Let X = {x,x,} =Y = {y,,y,} and the n-cylindrical neutrosophic sets A in (X,t,) and
Bi,B,,Bsz in (Y,t,) are defined as

A = {{x,0.1250732,0.50,0.1850738), (x5, 0.1350733,0.50,0.1750737)},
By = {(y1,0.1250732,0.50,0.1850738), (y,, 0.1450734,0.50,0.1650736)},
B, = {{y1,0.1150731,0.50,0.1950739), (y,, 0.1350733,0.50,0.1750737)},
By = {{y,0.1250732,0.50,0.1850738), (y,, 0.1350733,0.50,0.1750737)}.

Let 7, = {0y, 14, A} and 7, = {0y, 1y, B;, By, B3}. Consider the identity mapping f: (X,t;) = (Y, 7;). Then, f is
an n-CyNAlmO map but not n-CyNAImS0 map, since f~1(A) = B; is a n-CyNos but not n-CyN§os.

Example 4.6 Let X = {xy,x,}, Y = {y1,¥.} and the n-cylindrical neutrosophic sets A in (X,t,) and
Bi,B,,Bsz in (Y,t,) are defined as

A = {{x,,0.1250732,0.50,0.1850738), (x,, 0.1350733,0.50,0.1750737)},
By = {{y,,0.1250732,0.50,0.1850738), (y,, 0.1450734,0.50,0.1650736)},
B, = {(y,,0.1950739,0.50,0.1150731), (y,,0.1750737,0.50,0.1350733)},
Bs = {(y,,0.1250732,0.50,0.1850738), (y,,0.1350733,0.50,0.1750737)}.

Let 7, = {0y, 14, A} and t, = {0y, 1y, B;, By, B3}. Consider the identity mapping f: (X,t;) = (Y, 7;). Then, f is
an n-CyNAImS&PO map but not n-CyNAImSO map, since f~1(4) = B; is a n-CyNSPos but not n-CyN§os.

Example 4.7 Let X = {x,x,}, Y = {y1,¥,} and the n-cylindrical neutrosophic sets A, A, in (X,71)
and By,B;,B3,B, in (Y,t,) are defined as

A, = {{x;,0.1250732,0.50,0.1850738), (xx, 0.1450734,0.50,0.1650736)},
A, = {(x,,0.1250732,0.50,0.1850738), (x,, 0.1350733,0.50,0.1750737)},
B, = {{y1,0.1150731,0.50,0.1950739), (y,, 0.1350733,0.50,0.1750737)},
B, = {(y1,0.1950739,0.50,0.1150731), (y,, 0.1750737,0.50,0.1350733)},
By = {(y1,0.1250732,0.50,0.1850738), (,, 0.1350733,0.50,0.1750737)},
B, = {(y1,0.1250732,0.50,0.1850738), (y,, 0.1450734,0.50,0.1650736)}.

Let 7, = {0y, 14,44,45,} and 7, = {0y, 1y, B;, By, B3}. Consider the identity mapping f: (X, 7;) = (¥, ;). Then,
f is n-CyNAImSSO map but not n-CyNAIm&0 map, since f~1(4;) = B, isa n-CyNSSos but not n-CyN§os.

Example 4.8 Let X = {x,x,}, Y = {y1,¥,} and the n-cylindrical neutrosophic sets A, A, in (X,7;1)
and By,B;,B3,B, in (Y,t,) are defined as

Ay = {{x,,0.1950739,0.50,0.1150731), {x,, 0.1750737,0.50,0.1350733)},
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A, = {(x;,0.1250732,0.50,0.1850738), (x,, 0.1350733,0.50,0.1750737)},
B, = {(y1,0.1250732,0.50,0.1850738), (y,, 0.1450734,0.50,0.1650736)},
B, = {(1,0.1150731,0.50,0.1950739), (y,, 0.1350733,0.50,0.1750737)},
By = {(y;,0.1950739,0.50,0.1150731), (y,, 0.1750737,0.50,0.1350733)},
B, = {(y1,0.1250732,0.50,0.1850738), (y,, 0.1350733,0.50,0.1750737)}.

Let 7; = {0y, 14,44,4,} and 1, = {0y, 1y, By, By, B3, B;}. Consider the identity mapping f:(X,7;) = (¥, 1,).
Then, f is n-CyNAlmeO map but not n-CyNAImSSO map, since f~1(A4,) = B, is a n-CyNeos but not n-
CyNéSos.

Example 4.9 Let X = {x1,x,} =Y = {y;,¥,} and the n-cylindrical neutrosophic sets A;,A, in (X, 1)
and By, B, B3, B, in (Y,7,) are defined as

A; = {{x,,0.1250732,0.50,0.1850738), {x,, 0.1350733,0.50,0.1750737)},
A, = {{x;,0.1850738,0.50,0.1250732), (x5, 0.1750737,0.50,0.1350733)},
B, = {{y,,0.1150731,0.50,0.1950739), (,, 0.1350733,0.50,0.1750737)},
B, = {(y,,0.1950739,0.50,0.1150731), (y,,0.1750737,0.50,0.1350733)},
Bs = {(y;,0.1250732,0.50,0.1850738), (y,,0.1350733,0.50,0.1750737)},
B, = {(y,,0.1850738,0.50,0.1250732), (5, 0.1750737,0.50,0.1350733)}.

Let 7, = {0y, 14, A4, 4} and t, = {0y, 1y, By, By, B3}. Consider the identity mapping f: (X, 7;) = (Y, 7). Then,
f is n-CyNAImMO map but not n-CyNAImSPO map, since f~1(4,) = B, isa n-CyNMos butnot n-CyNSPos.

Example 4.10 Let X = {x;,x,}, Y = {y,,¥,} and the n-cylindrical neutrosophic sets Ay, A, in (X,7;1)
and By, B,,Bs,B,, Bs in (Y,1,) are defined as

Ay = {(x,,0.1250732,0.50,0.1850738), (x,, 0.1350733,0.50,0.1750737)},
Ay = {(x,,0.1450734,0.50,0.1250732), (x,, 0.1450734,0.50,0.1450734)},
B, = {(y1,0.1250732,0.50,0.1850738), (y,, 0.1450734,0.50,0.1650736)},
B, = {(y1,0.1150731,0.50,0.1950739), (y,, 0.1350733,0.50,0.1750737)},
By = {(v1,0.1950739,0.50,0.1150731), (,, 0.1750737,0.50,0.1350733)},
B, = {{y;,0.1250732,0.50,0.1850738), (5, 0.1350733,0.50,0.1750737)},
Bs = {{y,0.1450734,0.50,0.1250732), (,, 0.1450734,0.50,0.1450734)}.

Let 7; = {0y, 14,44,4,} and 1, = {0y, 1y, By, By, B3, B;}. Consider the identity mapping f:(X,7;) = (¥, 1,).
Then, f is n-CyNAlmeO map but not n-CyNAImMO map, since f~1(A,) = Bs is a n-CyNeos but not n-
CyNMos.

Theorem 4.2 A4 mapping f:(X,71) = (Y, 1) is n-CyNAImMO mapping iff for every n-CyNros A of
(X,11), f(n-CyNrint(A)) € n-CyNMint(f (4)).

Proof. Necessity: Let f be a n-CyNAImMO mapping and A be a n-CyNros in (X,7,). Now, n-
CyNrint(A) € A implies f(n-CyNrint(A)) € f(A). Since, f is a n-CyNAImMO mapping. f(n-CyNrint(4))
is n-CyNMos in (Y,t,) such that f(n - CyNrint(A)) € f(A) . Therefore, f(n - CyNrint(A)) S n -
CyNMint(f(A)).

Sufficiency: Assume, A is a n-CyNros of (X,7,). Then, f(A) = f(n-CyNrint(A)) S n-CyNM
int(f(A)). But n-CyNMint(f (4)) S f(A). So, f(4) = n-CyNMint(A) which implies f(A4) is a n-CyNMos of
(Y,t,) and hence, f isa n-CyNAImMO mapping.

Theorem 4.3 If f:(X,7,) = (Y,7;,) is a n-CyNAImMO mapping then n-CyNrint(f~1(A)) € f~1(n-
CyNMint(A)) for every n-CyNros A of (Y,1,).
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Proof. Let A bea n-CyNros of (Y,7,). Then n-CyNrint(f~1(A)) isa n-CyNros in (X, ;). Since, f
is n-CyNAImMO mapping. f(n-CyNrint(f~1(4))) is n-CyNMos in (Y,t,) and hence, f(n-CyNrint
(f~1(4))) € n-CyNMint(f (f~1(A))) € n-CyNMint(A). Thus, n-CyNrint(f~1(A)) € f~1(n-CyNM int(A

Theorem 4.4 4 mapping f: (X, 1) = (Y,1,) is n-CyNAImMO mapping iff for each n-CyNS B of
(Y,7,) and for each n-CyNrcs A of (X,t,) containing f~(B) thereis a n-CyNMcs C of (Y,t,) suchthat B S
A and f71(C) € A.

Proof. Necessity: Assume f is a n-CyNAImMO mapping. Let B be the n-CyNrcs of (Y, t,) and A
is a n-CyNrcs of (X,7,) such that f~1(B) € A. Then, C = (f~1(A)°)¢ is n-CyNMcs of (Y,7,) such that
f1(c) c A.

Sufficiency: Assume A is a n-CyNros of (X,7;). Then, f~1((f(A))°) € A and A° is n-CyNrcs in
(X,71). By hypothesis, there is a n-CyNMcs C of (Y,t,) such that (f(A))¢ € C and f~1(C) € A°. Therefore,
A< (f71(€))°. Hence C° < f(A) < f((f~1(C))°) € € which implies f(A) = C°. Since, C¢ is n-CyNMos of
(Y,1,). f(A) is n-CyNMos in (Y,1,) and thus f is n-CyNAImMO mapping.

Theorem 4.5 A mapping f:(X,7,) = (Y, 73) is n-CyNAImMO mapping iff f~1(n-CyNMcl(B)) € n-
CyNrcl(f~1(B)) for every n-CyNS B of (Y,T,).

Proof. Necessity: Assume, f is a n-CyNAImMO mapping. For any n-CyNS B of (Y,1,), f~1(B €
n-CyNrcl (f~1(B)). Therefore, by Theorem 4.4, there exists a n-CyNMcs A in (Y,7,) such that B € A and
f1(A) € n-CyNrcl(f~1(B)). Therefore, we obtain that f~1(n-CyNMcl(B)) € f~1(4) € n-CyNrcl(f~1(B)).

Sufficiency: Assume, B is a n-CyNS of (Y,t,) and A is a n-CyNrcs of (X,7;) containing f~1(B).
Put C = n-CyNrcl(B), then B S C and C is n-CyNMcs and f~1(C) € n-CyNrcl(f~1(B)) € A. Then, by
Theorem 4.4, f is a n-CyNAImMO mapping. Theorem 4.6 If f: (X,7;) = (Y,13) and g:(Y,7,) =
(Z,713) be two mappings and go f:(X,71) = (Z,13) is n-CyNAImMO mapping. If g:(Y,1,) = (Z,13) is a n-
CyNMIrr mapping, then f:(X,71) = (Y,1,) is n-CyNAImMO mapping.

Proof. Let A be a n-CyNros in (X, 7). Then, (g ° f)(A) isa n-CyNMos of (Z,73) because go f is
a n-CyNAImMO mapping. Since, g is a n-CyNMIrr mapping and (g e f)(4) is a n-CyNMos of (Z,13),
g Y ((g e H(A) = f(A) isa n-CyNMos in (Y,t,). Hence, f isa n-CyNAImMO mapping.

Theorem 4.7 If f:(X,71) = (Y, 1) is n-CyNAImO mapping and g:(Y,1,) = (Z,13) is a n-CyNMO
mapping, then g o f:(X,t1) = (Z,13) is a n-CyNAImMO mapping.

Proof. Let A be a n-CyNros in (X,7;). Then, f(A) is a n-CyNos of (Y,t,) because f is a n-
CyNAlmO mapping. Since, g is a n-CyNAImMO mapping. g(f(4)) = (g f)(A) is a n-CyNMos of (Z,13).
Hence, g o f isa n-CyNAImMO mapping.

5. Almost M-closed mappings in n-CyNts

We will introduce n-cylindrical neutrosophic almost M-closed mappings and look at some of its feature in
this section.

Definition 5.1 Let (X, 1) and (Y,7,) be any two n-CyNts’s. Amap f:(X,7,) = (Y,1,) is said to be a
n-CyN almost

1. closed mapping (briefly, n-CyNAlmC map), if the image of every n-CyNrcs in (X,7,) is a n-
CyNcs in (Y, 1),

2. &-closed mapping (briefly, n-CyNAImS§C map), if the image of every n-CyNrcs in (X, t,) isa n-
CyNécs in (Y,15),

3. &-pre closed mapping (briefly, n-CyNAImSPC map), if the image of every n-CyNrcs in (X, 1)
isa n-CyNéPcs in (Y,1,),

4. 6-semi closed mapping (briefly, n-CyNAIm&SC map), if the image of every n-CyNrcs in (X, 1)
isa n-CyNd&Scs in (Y, 1,),

5. 0-closed mapping (briefly, n-CyNAImOC map), if the image of every n-CyNrcs in (X,71) isa n-
CyN@cs in (Y,1,),
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6. 0-semi closed mapping (briefly, n-CyNAImOSC map), if the image of every n-CyNrcs in (X, 1;)
isa n-CyN8Scs in (Y,1,),

7. e-closed mapping (briefly, n-CyNAlmeC map), if the image of every n-CyNrcs in (X,7;) isa n-

CyNecs in (Y,1,),

8. M-closed mapping (briefly, n-CyNAImMC map), if the image of every n-CyNrcs in (X,7,) is a

n-CyNMcs in (Y, 1;).

Theorem 5.1

The statements are hold but the converse does not true.

1. Every n-CyNAImOC mapping is a n-CyNAImC mapping,

o © =2 kWD

Every n-CyNAImOC mapping is a n-CyNAImOSC mapping,
Every n-CyNAImOSC mapping is a n-CyNAImMC mapping,
Every n-CyNAIm§C mapping is a n-CyNAImC mapping,
Every n-CyNAIm§C mapping is a n-CyNAImSPC mapping,
Every n-CyNAImS§C mapping is a n-CyNAIm4&SC mapping,
Every n-CyNAIméSC mapping is a n-CyNAlmeC mapping,
Every n-CyNAImSPC mapping is a n-CyNAImMC mapping,
Every n-CyNAImMC mapping is a n-CyNAlmeC mapping.

Proof. Only (viii) is proven; the others are similar.

[(viiD)]

Let A be a n-CyNrcs in (X,1;,). Since, f is n-CyNAImSPC mapping. f(A) is a n-

CyNéPcs in (Y,1,). Since, every n-CyNdPcs is a n-CyNMcs, f(A) is a n-CyNMcs in (Y, t,). Hence, f is a
n-CyNAImMC mapping.

Example 5.1
(Y, 7).

Example 5.2
mapping in (Y, T,).

Example 5.3
mapping in (Y, ;).

Example 5.4
(Y, 7).

Example 5.5
mapping in (Y, ;).

Example 5.6
in (Y,1,).

Example 5.7
in (Y, Tz).

Example 5.8
mapping in (Y, T,).

Example 5.9
mapping in (Y, T,).

Theorem 5.2

In Example 4.2, A° is n-CyNAImC mapping in (X,7,) but not n-CyNAImOC mapping in

In Example 4.3, A¢ is n-CyNAlmOSC mapping in (X,7,) but not n-CyNAImOC

In Example 4.4, A° is n-CyNAImMC mapping in (X,t,) but not n-CyNAImOSC

In Example 4.5, A° is n-CyNAImC mapping in (X,7,) but not n-CyNAImSC mapping in

In Example 4.6, A° is n-CyNAImSPC mapping in (X,t,) but not n-CyNAlmSC

In Example 4.7, A€ is n-CyNAIm&SC mapping in (X,t,) but not n-CyNAImSC mapping

In Example 4.8, A€ is n-CyNAlmeC mapping in (X,7,) but not n-CyNAImSSC mapping

In Example 4.9, A is n-CyNAImMC mapping in (X,t,) but not n-CyNAImSPC

In Example 4.10, A° is n-CyNAlmeC mapping in (X,7,) but not n-CyNAImMC

A mapping f:(X, 1) = (Y,13) is n-CyNAImMC mapping iff for each n-CyNros B of

(Y,t,) and for each n-CyNros A of (X,t,) containing f~1(B) there is a n-CyNMos C of (Y,1,) such that
B CC and f~1(C) € A
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Proof. Necessity: Assume f is a n-CyNAImMC mapping. Let B be the n-CyNrcs of (Y,7,) and A
is a n-CyNros of (X,7;) such that f~1(B) € A. Then, C = 1, — f"1(A)¢ is n-CyNMos of (Y,t,) such that
() € A.

Sufficiency: Assume A is a n-CyNrcs of (X, t1). Then, (f(4))¢ is a n-CyNS of (Y,1,) and A€ is n-
CyNros in (X,7;) such thatf~1((f(A4))¢) € A°. By hypothesis, there is a n-CyNMos C of (Y,7,) such that
(f(A)¢cC and f~1(C) € A°. Therefore, A < (f71(C))°. Hence C° < f(C) < f((f 1)) € C¢ which
implies f(A) = C¢. Since, C¢ is a n-CyNMcs of (Y,t,). f(4) is a n-CyNMcs in (Y,7,) and thus f is a n-
CyNAImMC mapping.

Theorem 5.3 If f:(X,7,) = (Y, 1) is a n-CyNAImMC mapping, then n-CyNMcl(f(A)) € f(n-
CyNrcl(A)) for every subset A of (X,1,).

Proof. Let A be a subset of (X, 7;). By definition, n-CyNrcl(A) isa n-CyNrcs in (X, t,). Since f isa
n-CyNAImMC mapping, f(n-CyNrcl(A4)) isa n-CyNMcs in (Y, 1,).

Now, A € n-CyNrcl(A4) implies f(A) € f(n-CyNrcl(A)). Taking n-CyNM-closure on both sides, n-
CyNMcl(f(A)) € n-CyNMcl(f (n-CyNrcl(A))). But f(n-CyNrcl(A)) is itself a n-CyNMcs in (Y,t,), so n-
CyNMcl(f (n-CyNrcl(A))) = f(n-CyNrcl(4)).

Therefore, n-CyNMcl(f (A)) € f(n-CyNrcl(4)).

Theorem 54 If f:(X,ty) = (Y,73) is a n-CyNAImC mapping and g:(Y,t,) = (Z,13) is a n-CyNMC
mapping. Then, go f:(X,11) = (Z,13) is a n-CyNAImMC mapping.

Proof. Let A be a n-CyNrcs in (X,7,). Then, f(A) is n-CyNcs of (Y,t,) because f is n-CyNAlmC
mapping. Now, (g o f)(4) = g(f(A)) is n-CyNMcs in (Z,t3) because g is a n-CyNMC mapping. Thus, g o f
is a n-CyNAImMC mapping. Theorem 5.5 Let f: (X,71) = (Y, 1) and g:(Y,7,) = (Z,13) are n-
CyNAImMC mapping. If every n-CyNMcs of (Y,t,) is a n-CyNrcs then gof:(X,ty) = (Z,73) is a n-
CyNAImMC mapping.

Proof. Let A be a n-CyNrcs in (X,7;). Then, f(4) is a n-CyNMcs of (Y,7,) because f is n-
CyNAIlmMC mapping. By hypothesis, f(A) is a n-CyNrcs of (Y,7;). Now, g(f(4) =(ge°f)(A) is n-
CyNMcs in (Z,t3) because g isa n-CyNAImMC mapping. Thus, g o f isa n-CyNAImMC mapping.

Theorem 5.6 Let f:(X,71) = (Y,1,) be a bijective mapping. Then, the following statements are
equivalent:

1. f isa n-CyNAImMO mapping,
2. f isa n-CyNAImMC mapping,
3. f7!isa n-CyNAImMCts mapping.
Proof.
i. — (ii): Assume f isa n-CyNAImMO mapping. Let A bea n-CyNrcs in (X,t;). Then, 1y — A is
a n-CyNros in (X,7;). By assumption, f(1y — A) is a n-CyNMos in (Y,t,). Since f is bijective, f(1y —A) =

1y — f(A), and hence 1y, — f(A) is a n-CyNMos in (Y,t,). That is, f(A) is a n-CyNMcs in (Y, t,). Since A
was an arbitrary n-CyNrcs in (X,t,), f isa n-CyNAImMC mapping.

ii - (iii): Assume f is a n-CyNAImMC mapping. By Theorem 4.1, f~1:(Y,1,) - (X,7,) is a n-
CyNAlmMCts mapping if and only if (f~1)7(A) is a n-CyNMcs in (Y, 7,) for every n-CyNrcs A of (X,7,).
Since f is bijective, (f1)71(4) = f(A). By (ii), f(A) is a n-CyNMcs in (Y, t,) for every n-CyNrcs A of
(X,71). Hence (f~1)71(A4) is n-CyNMcs in (Y,1,) for every n-CyNrcs A of (X,7,), and therefore, by Theorem
4.1, f~1 isa n-CyNAlmMCts mapping.

iii. — (i): Assume f~! is a n-CyNAlmMCts mapping. Let A be a n-CyNros in (X,7,), so that
1y — A is a n-CyNrcs in (X,7;). By Theorem 4.1, (f"1)"1(1y — A) is a n-CyNMcs in (Y,7;,). Since f is
bijective, (f ") 1(1x —A4) = f(1x —A) =1, — f(A), so 1, — f(A) is a n-CyNMcs in (Y,7,), i.e., f(A) is a
n-CyNMos in (Y,1,). Since A was an arbitrary n-CyNros in (X,7,), f isa n-CyNAImMO mapping

6. Conclusion
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In this paper we discussed the concepts of n-CyNAImMCts mappings, n-CyNAImMO mappings, and n-

CyNAImMC mappings in n-cylindrical neutrosophic topological spaces. For future research, we aim to investigate
n-cylindrical neutrosophic almost contra M-open mappings and n-cylindrical neutrosophic almost contra M-closed
mappings.
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    A 3 = { 〈   x 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,
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    A 4 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,
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    A 2 = { 〈   x 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    A 3 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    A 4 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1450734 , 0 . 50 , 0 . 1650736 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1450734 , 0 . 50 , 0 . 1650736 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } .


    𝜏 1 = {  0  X ,  1  X ,   A 1 ,   A 2 ,   A 3 }
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    A 2 = { 〈   x 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    A 3 = { 〈   x 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    A 4 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } .


    𝜏 1 = {  0  X ,  1  X ,   A 1 ,   A 2 ,   A 3 ,   A 4 }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )
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    A 1 ,   A 2 ,   A 3 ,   A 4


  ( X ,   𝜏 1 )


    B 1 ,   B 2


  ( Y ,   𝜏 2 )


    A 1 = { 〈   x 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    A 2 = { 〈   x 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    A 3 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    A 4 = { 〈   x 1 , 0 . 1850738 , 0 . 50 , 0 . 1250732 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1850738 , 0 . 50 , 0 . 1250732 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } .


    𝜏 1 = {  0  X ,  1  X ,   A 1 ,   A 2 ,   A 3 }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M C t s


  n


  C y N A l m 𝛿 𝒫 C t s


    f  − 1 (   B 2 ) =   A 4


  n


  C y N M o s


  n


  C y N 𝛿 𝒫 o s


  X = {   x 1 ,   x 2 } = Y = {   y 1 ,   y 2 }


  n


    A 1 ,   A 2 ,   A 3 ,   A 4 ,   A 5


  ( X ,   𝜏 1 )


    B 1 ,   B 2


  ( Y ,   𝜏 2 )


    A 1 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1450734 , 0 . 50 , 0 . 1650736 〉 } ,


    A 2 = { 〈   x 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    A 3 = { 〈   x 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    A 4 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    A 5 = { 〈   x 1 , 0 . 1450734 , 0 . 50 , 0 . 1250732 〉 , 〈   x 2 , 0 . 1450734 , 0 . 50 , 0 . 1450734 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1450734 , 0 . 50 , 0 . 1250732 〉 , 〈   y 2 , 0 . 1450734 , 0 . 50 , 0 . 1450734 〉 } .


    𝜏 1 = {  0  X ,  1  X ,   A 1 ,   A 2 ,   A 3 ,   A 4 }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m e C t s


  n


  C y N A l m M C t s


    f  − 1 (   B 2 ) =   A 4


  n


  C y N e o s


  n


  C y N M o s


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m M C t s


  n


  C y N r c s


  ( Y ,   𝜏 2 )


  n


  C y N M c s


  ( X ,   𝜏 1 )


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m M C t s


  g : ( Y ,   𝜏 2 ) → ( Z ,   𝜏 3 )


  n


  C y N A l m C t s


  g ∘ f


  ( X ,   𝜏 1 ) → ( Z ,   𝜏 3 )


  n


  C y N A l m M C t s


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m M C t s


  f


  n


  C y N M c l ( A )


  ⊆ n


  C y N c l ( f ( A ) )


  n


  C y N r c s ( A )


  ( X ,   𝜏 1 )


  n


  C y N M c l (   f  − 1 ( B ) ) ⊆   f  − 1 ( n


  C y N c l ( B ) )


  n


  C y N r c s ( B )


  ( Y ,   𝜏 2 )


  n


  C y N M c l ( f ( A ) )


  n


  C y N M c s


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M C t s


    f  − 1 ( n


  C y N M c l ( f ( A ) )


  n


  C y N M o s


  ( X ,   𝜏 1 )


  A ⊆   f  − 1 ( n


  C y N c l ( f ( A ) ) )


  n


  C y N M c l ( A ) ⊆   f  − 1 ( n


  C y N M c l ( f ( A ) ) )


  f ( n


  C y N M c l ( A ) ) ⊆ n


  C y N c l ( f ( A ) )


  A


  B


  f ( n


  C y N M c l (   f  − 1 ( B ) ) ) ⊆ n


  C y N c l ( f (   f  − 1 ( B ) ) ) ⊆ n


  C y N c l ( B )


  n


  C y N M c l (   f  − 1 ( B ) ) ⊆   f  − 1 ( n


  C y N c l ( B )


  f


  n


  C y N A l m M C t s


    f  − 1 ( n


  C y N i n t ( B ) ) ⊆ n


  C y N M i n t (   f  − 1 ( B ) )


  n


  C y N c s ( B )


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M C t s


  B ∈ ( Y ,   𝜏 2 )


  n


  C y N i n t ( B )


  n


  C y N r o s


  ( Y ,   𝜏 2 )


    f  − 1 ( n


  C y N i n t ( B ) )


  n


  C y N M c s


  ( X ,   𝜏 1 )


  n


  C y N M i n t (   f  − 1 ( n


  C y N M i n t ( B ) ) =   f  − 1 ( n


  C y N i n t ( B ) )


  n


  C y N i n t ( B ) ⊆ B


    f  − 1 ( n


  C y N i n t ( B ) ) ⊆   f  − 1 ( B )


  n


  C y N M i n t (   f  − 1 ( n


  C y N i n t ( B ) ) )


  ⊆ n


  C y N M i n t (   f  − 1 ( B ) )


    f  − 1 ( n


  C y N i n t ( B ) ) ⊆ n


  C y N M i n t (   f  − 1 ( B ) )


    f  − 1 ( n


  C y N ( B ) ) ⊆ n


  C y N M i n t (   f  − 1 ( B ) )


  B


  ( Y ,   𝜏 2 )


  B


  n


  C y N r o s


  ( Y ,   𝜏 2 )


  n


  C y N i n t ( B ) = B


    f  − 1 ( n


  C y N i n t ( B ) ) ⊆ n


  C y N M i n t (   f  − 1 ( B ) )


    f  − 1 ( B ) ⊆ n


  C y N M i n t (   f  − 1 ( B ) )


  n


  C y N M i n t (   f  − 1 ( B ) ) ⊆   f  − 1 ( B )


  n


  C y N M i n t


  (   f  − 1 ( B ) ) =   f  − 1 ( B )


    f  − 1 ( B )


  n


  C y N M o s


  ( X ,   𝜏 1 )


  n


  C y N r o s ( B )


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M C t s


  ( X ,   𝜏 1 )


  𝑴


  𝒏


  𝑪 𝒚 𝑵 𝒕 𝒔


  n


  M


  ( X ,   𝜏 1 )


  ( Y ,   𝜏 2 )


  n


  C y N t s


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N


  n


  C y N A l m O


  n


  C y N r o s


  ( X ,   𝜏 1 )


  n


  C y N o s


  ( Y ,   𝜏 2 )


  𝛿


  n


  C y N A l m 𝛿 O


  n


  C y N r o s


  ( X ,   𝜏 1 )


  n


  C y N 𝛿 o s


  ( Y ,   𝜏 2 )


  𝛿


  n


  C y N A l m 𝛿 𝒫 O


  n


  C y N r o s


  ( X ,   𝜏 1 )


  n


  C y N 𝛿 𝒫 o s


  ( Y ,   𝜏 2 )


  𝛿


  n


  C y N A l m 𝛿 𝒮 O


  n


  C y N r o s


  ( X ,   𝜏 1 )


  n


  C y N 𝛿 𝒮 o s


  ( Y ,   𝜏 2 )


  𝜃


  n


  C y N A l m 𝜃 O


  n


  C y N r o s


  ( X ,   𝜏 1 )


  n


  C y N 𝜃 o s


  ( Y ,   𝜏 2 )


  𝜃


  n


  C y N A l m 𝜃 𝒮 O


  n


  C y N r o s


  ( X ,   𝜏 1 )


  n


  C y N 𝜃 𝒮 o s


  ( Y ,   𝜏 2 )


  e


  n


  C y N A l m e O


  n


  C y N r o s


  ( X ,   𝜏 1 )


  n


  C y N e o s


  ( Y ,   𝜏 2 )


  M


  n


  C y N A l m M O


  n


  C y N r o s


  ( X ,   𝜏 1 )


  n


  C y N M o s


  ( Y ,   𝜏 2 )


  X = {   x 1 ,   x 2 }


  Y = {   y 1 ,   y 2 }


  n


    A 1 ,     A 2


  ( X ,   𝜏 1 )


    B 1 ,     B 2 ,     B 3 ,     B 4


  ( Y ,   𝜏 2 )


    A 1 = { 〈   x 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    A 2 = { 〈   x 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1850738 , 0 . 50 , 0 . 1250732 〉 , 〈   y 2 , 0 . 1650736 , 0 . 50 , 0 . 1450734 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 3 = { 〈   y 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 4 = { 〈   y 1 , 0 . 1850738 , 0 . 50 , 0 . 1250732 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } .


    𝜏 1 = {  0  X ,    1  X ,     A 1 ,     A 2 }


    𝜏 2 = {  0  Y ,    1  Y ,     B 1 ,     B 2 ,     B 3 ,     B 4 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m 𝒞 M O


  f


  n


  C y N A l m M O


  n


  C y N r o s


  ( X ,   𝜏 1 )


   0  X ,  1  X ,   A 1 ,   A 2


  n


  C y N M o s


  ( Y ,   𝜏 2 )


   0  Y ,  1  Y ,   B 2 ,   B 3


  f


  n


  C y N A l m M O


  f


  n


  C y N A l m M O


  n


  C y N A l m 𝜃 O


  n


  C y N A l m O


  n


  C y N A l m 𝜃 O


  n


  C y N A l m 𝜃 𝒮 O


  n


  C y N A l m 𝜃 𝒮 O


  n


  C y N A l m M O


  n


  C y N A l m 𝛿 O


  n


  C y N A l m O


  n


  C y N A l m 𝛿 O


  n


  C y N A l m 𝛿 𝒫 O


  n


  C y N A l m 𝛿 O


  n


  C y N A l m 𝛿 𝒮 O


  n


  C y N A l m 𝛿 𝒮 O


  n


  C y N A l m e O


  n


  C y N A l m 𝛿 𝒫 O


  n


  C y N A l m M O


  n


  C y N A l m M O


  n


  C y N A l m e O


  A


  n


  C y N r o s


  ( X ,   𝜏 1 )


  f


  n


  C y N A l m 𝛿 𝒫 O


  f ( A )


  n


  C y N 𝛿 𝒫 o s


  ( Y ,   𝜏 2 )


  n


  C y N 𝛿 𝒫 o s


  n


  C y N M o s


  f ( A )


  n


  C y N M o s


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M O


  A   →   B


  A


  B


  X = {   x 1 ,   x 2 }


  Y = {   y 1 ,   y 2 }


  n


    A 1 ,     A 2 ,     A 3


  ( X ,   𝜏 1 )


    B 1 ,     B 2 ,     B 3 ,     B 4


  ( Y ,   𝜏 2 )


    A 1 = { 〈   x 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    A 2 = { 〈   x 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    A 3 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1450734 , 0 . 50 , 0 . 1650736 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 3 = { 〈   y 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 4 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } .


    𝜏 1 = {  0  X ,  1  X ,   A 1 ,   A 2 ,   A 3 , }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 ,   B 3 ,   B 4 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m O


  n


  C y N A l m 𝜃 O


    f  − 1 (   A 3 ) =   B 4


  n


  C y N o s


  n


  C y N 𝜃 o s


  X = {   x 1 ,   x 2 } = Y = {   y 1 ,   y 2 }


  n


    A 1 ,   A 2


  ( X ,   𝜏 1 )


    B 1 ,   B 2 ,   B 3 ,   B 4


  ( Y ,   𝜏 2 )


    A 1 = { 〈   x 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    A 2 = { 〈   x 1 , 0 . 1850738 , 0 . 50 , 0 . 1250732 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 3 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 4 = { 〈   y 1 , 0 . 1850738 , 0 . 50 , 0 . 1250732 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } .


    𝜏 1 = {  0  X ,  1  X ,   A 1 ,   A 2 }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 ,   B 3 ,   B 4 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m 𝜃 𝒮 O


  n


  C y N A l m 𝜃 O


    f  − 1 (   A 2 ) =   B 4


  n


  C y N 𝜃 𝒮 o s


  n


  C y N 𝜃 o s


  X = {   x 1 ,   x 2 } = Y = {   y 1 ,   y 2 }


  n


    A 1 ,   A 2


  ( X ,   𝜏 1 )


    B 1 ,   B 2 ,   B 3 ,   B 4


  ( Y ,   𝜏 2 )


    A 1 = { 〈   x 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    A 2 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1450734 , 0 . 50 , 0 . 1650736 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 3 = { 〈   y 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 4 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } .


    𝜏 1 = {  0  X ,  1  X ,   A 1 ,   A 2 }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 ,   B 3 ,   B 4 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M O


  n


  C y N A l m 𝜃 𝒮 O


    f  − 1 (   A 2 ) =   B 4


  n


  C y N M o s


  n


  C y N 𝜃 𝒮 o s


  X = {   x 1 ,   x 2 } = Y = {   y 1 ,   y 2 }


  n


  A


  ( X ,   𝜏 1 )


    B 1 ,   B 2 ,   B 3


  ( Y ,   𝜏 2 )


  A = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1450734 , 0 . 50 , 0 . 1650736 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 3 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } .


    𝜏 1 = {  0  X ,  1  X , A }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 ,   B 3 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m O


  n


  C y N A l m 𝛿 O


    f  − 1 ( A ) =   B 3


  n


  C y N o s


  n


  C y N 𝛿 o s


  X = {   x 1 ,   x 2 }


  Y = {   y 1 ,   y 2 }


  n


  A


  ( X ,   𝜏 1 )


    B 1 ,   B 2 ,   B 3


  ( Y ,   𝜏 2 )


  A = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1450734 , 0 . 50 , 0 . 1650736 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 3 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } .


    𝜏 1 = {  0  X ,  1  X , A }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 ,   B 3 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m 𝛿 𝒫 O


  n


  C y N A l m 𝛿 O


    f  − 1 ( A ) =   B 3


  n


  C y N 𝛿 𝒫 o s


  n


  C y N 𝛿 o s


  X = {   x 1 ,   x 2 }


  Y = {   y 1 ,   y 2 }


  n


    A 1 ,   A 2


  ( X ,   𝜏 1 )


    B 1 ,   B 2 ,   B 3 ,   B 4


  ( Y ,   𝜏 2 )


    A 1 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1450734 , 0 . 50 , 0 . 1650736 〉 } ,


    A 2 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 3 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 4 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1450734 , 0 . 50 , 0 . 1650736 〉 } .


    𝜏 1 = {  0  X ,  1  X ,   A 1 ,   A 2 , }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 ,   B 3 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m 𝛿 𝒮 O


  n


  C y N A l m 𝛿 O


    f  − 1 (   A 1 ) =   B 4


  n


  C y N 𝛿 𝒮 o s


  n


  C y N 𝛿 o s


  X = {   x 1 ,   x 2 }


  Y = {   y 1 ,   y 2 }


  n


    A 1 ,   A 2


  ( X ,   𝜏 1 )


    B 1 ,   B 2 ,   B 3 ,   B 4


  ( Y ,   𝜏 2 )


    A 1 = { 〈   x 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    A 2 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1450734 , 0 . 50 , 0 . 1650736 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 3 = { 〈   y 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 4 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } .


    𝜏 1 = {  0  X ,  1  X ,   A 1 ,   A 2 }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 ,   B 3 ,   B 4 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m e O


  n


  C y N A l m 𝛿 𝒮 O


    f  − 1 (   A 2 ) =   B 4


  n


  C y N e o s


  n


  C y N 𝛿 𝒮 o s


  X = {   x 1 ,   x 2 } = Y = {   y 1 ,   y 2 }


  n


    A 1 ,   A 2


  ( X ,   𝜏 1 )


    B 1 ,   B 2 ,   B 3 ,   B 4


  ( Y ,   𝜏 2 )


    A 1 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    A 2 = { 〈   x 1 , 0 . 1850738 , 0 . 50 , 0 . 1250732 〉 , 〈   x 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 3 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 4 = { 〈   y 1 , 0 . 1850738 , 0 . 50 , 0 . 1250732 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } .


    𝜏 1 = {  0  X ,  1  X ,   A 1 ,   A 2 }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 ,   B 3 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M O


  n


  C y N A l m 𝛿 𝒫 O


    f  − 1 (   A 2 ) =   B 4


  n


  C y N M o s


  n


  C y N 𝛿 𝒫 o s


  X = {   x 1 ,   x 2 }


  Y = {   y 1 ,   y 2 }


  n


    A 1 ,   A 2


  ( X ,   𝜏 1 )


    B 1 ,   B 2 ,   B 3 ,   B 4 ,   B 5


  ( Y ,   𝜏 2 )


    A 1 = { 〈   x 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   x 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    A 2 = { 〈   x 1 , 0 . 1450734 , 0 . 50 , 0 . 1250732 〉 , 〈   x 2 , 0 . 1450734 , 0 . 50 , 0 . 1450734 〉 } ,


    B 1 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1450734 , 0 . 50 , 0 . 1650736 〉 } ,


    B 2 = { 〈   y 1 , 0 . 1150731 , 0 . 50 , 0 . 1950739 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 3 = { 〈   y 1 , 0 . 1950739 , 0 . 50 , 0 . 1150731 〉 , 〈   y 2 , 0 . 1750737 , 0 . 50 , 0 . 1350733 〉 } ,


    B 4 = { 〈   y 1 , 0 . 1250732 , 0 . 50 , 0 . 1850738 〉 , 〈   y 2 , 0 . 1350733 , 0 . 50 , 0 . 1750737 〉 } ,


    B 5 = { 〈   y 1 , 0 . 1450734 , 0 . 50 , 0 . 1250732 〉 , 〈   y 2 , 0 . 1450734 , 0 . 50 , 0 . 1450734 〉 } .


    𝜏 1 = {  0  X ,  1  X ,   A 1 ,   A 2 }


    𝜏 2 = {  0  Y ,  1  Y ,   B 1 ,   B 2 ,   B 3 ,   B 4 }


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m e O


  n


  C y N A l m M O


    f  − 1 (   A 2 ) =   B 5


  n


  C y N e o s


  n


  C y N M o s


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m M O


  n


  C y N r o s


  A


  ( X ,   𝜏 1 )


  f ( n


  C y N r i n t ( A ) ) ⊆ n


  C y N M i n t ( f ( A ) )


  f


  n


  C y N A l m M O


  A


  n


  C y N r o s


  ( X ,   𝜏 1 )


  n


  C y N r i n t ( A ) ⊆ A


  f ( n


  C y N r i n t ( A ) ) ⊆ f ( A )


  f


  n


  C y N A l m M O


  f ( n


  C y N r i n t ( A ) )


  n


  C y N M o s


  ( Y ,   𝜏 2 )


  f ( n


  C y N r i n t ( A ) ) ⊆ f ( A )


  f ( n


  C y N r i n t ( A ) ) ⊆ n


  C y N M i n t ( f ( A ) )


  A


  n


  C y N r o s


  ( X ,   𝜏 1 )


  f ( A ) = f ( n


  C y N r i n t ( A ) ) ⊆ n


  C y N M


  i n t ( f ( A ) )


  n


  C y N M i n t ( f ( A ) ) ⊆ f ( A )


  f ( A ) = n


  C y N M i n t ( A )


  f ( A )


  n


  C y N M o s


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M O


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m M O


  n


  C y N r i n t (   f  − 1 ( A ) ) ⊆   f  − 1 ( n


  C y N M i n t ( A ) )


  n


  C y N r o s


  A


  ( Y ,   𝜏 2 )


  A


  n


  C y N r o s


  ( Y ,   𝜏 2 )


  n


  C y N r i n t (   f  − 1 ( A ) )


  n


  C y N r o s


  ( X ,   𝜏 1 )


  f


  n


  C y N A l m M O


  f ( n


  C y N r i n t (   f  − 1 ( A ) ) )


  n


  C y N M o s


  ( Y ,   𝜏 2 )


  f ( n


  C y N r i n t


  (   f  − 1 ( A ) ) ) ⊆ n


  C y N M i n t ( f (   f  − 1 ( A ) ) ) ⊆ n


  C y N M i n t ( A )


  n


  C y N r i n t (   f  − 1 ( A ) ) ⊆   f  − 1 ( n


  C y N M


  i n t ( A


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m M O


  n


  C y N S


  B


  ( Y ,   𝜏 2 )


  n


  C y N r c s


  A


  ( X ,   𝜏 1 )


    f  − 1 ( B )


  n


  C y N M c s


  C


  ( Y ,   𝜏 2 )


  B ⊆ A


    f  − 1 ( C ) ⊆ A


  f


  n


  C y N A l m M O


  B


  n


  C y N r c s


  ( Y ,   𝜏 2 )


  A


  n


  C y N r c s


  ( X ,   𝜏 1 )


    f  − 1 ( B ) ⊆ A


  C = (   f  − 1 ( A  )  c  )  c


  n


  C y N M c s


  ( Y ,   𝜏 2 )


    f  − 1 ( C ) ⊆ A


  A


  n


  C y N r o s


  ( X ,   𝜏 1 )


    f  − 1 ( ( f ( A )  )  c ) ⊆   A  c


    A  c


  n


  C y N r c s


  ( X ,   𝜏 1 )


  n


  C y N M c s


  C


  ( Y ,   𝜏 2 )


  ( f ( A )  )  c ⊆ C


    f  − 1 ( C ) ⊆   A  c


  A ⊆ (   f  − 1 ( C )  )  c


    C  c ⊆ f ( A ) ⊆ f ( (   f  − 1 ( C )  )  c ) ⊆   C  c


  f ( A ) =   C  c


    C  c


  n


  C y N M o s


  ( Y ,   𝜏 2 )


  f ( A )


  n


  C y N M o s


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M O


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m M O


    f  − 1 ( n


  C y N M c l ( B ) ) ⊆ n


  C y N r c l (   f  − 1 ( B ) )


  n


  C y N S


  B


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M O


  n


  C y N S


  B


  ( Y ,   𝜏 2 )


    f  − 1 ( B ⊆ n


  C y N r c l


  (   f  − 1 ( B ) )


  n


  C y N M c s


  A


  ( Y ,   𝜏 2 )


  B ⊆ A


    f  − 1 ( A ) ⊆ n


  C y N r c l (   f  − 1 ( B ) )


    f  − 1 ( n


  C y N M c l ( B ) ) ⊆   f  − 1 ( A ) ⊆ n


  C y N r c l (   f  − 1 ( B ) )


  B


  n


  C y N S


  ( Y ,   𝜏 2 )


  A


  n


  C y N r c s


  ( X ,   𝜏 1 )


    f  − 1 ( B )


  C = n


  C y N r c l ( B )


  B ⊆ C


  C


  n


  C y N M c s


    f  − 1 ( C ) ⊆ n


  C y N r c l (   f  − 1 ( B ) ) ⊆ A


  f


  n


  C y N A l m M O


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  g : ( Y ,   𝜏 2 ) → ( Z ,   𝜏 3 )


  g ∘ f : ( X ,   𝜏 1 ) → ( Z ,   𝜏 3 )


  n


  C y N A l m M O


  g : ( Y ,   𝜏 2 ) → ( Z ,   𝜏 3 )


  n


  C y N M I r r


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m M O


  A


  n


  C y N r o s


  ( X ,   𝜏 1 )


  ( g ∘ f ) ( A )


  n


  C y N M o s


  ( Z ,   𝜏 3 )


  g ∘ f


  n


  C y N A l m M O


  g


  n


  C y N M I r r


  ( g ∘ f ) ( A )


  n


  C y N M o s


  ( Z ,   𝜏 3 ) ,


    g  − 1 ( ( g ∘ f ) ( A ) ) = f ( A )


  n


  C y N M o s


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M O


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m O


  g : ( Y ,   𝜏 2 ) → ( Z ,   𝜏 3 )


  n


  C y N M O


  g ∘ f : ( X ,   𝜏 1 ) → ( Z ,   𝜏 3 )


  n


  C y N A l m M O


  A


  n


  C y N r o s


  ( X ,   𝜏 1 )


  f ( A )


  n


  C y N o s


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m O


  g


  n


  C y N A l m M O


  g ( f ( A ) ) = ( g ∘ f ) ( A )


  n


  C y N M o s


  ( Z ,   𝜏 3 )


  g ∘ f


  n


  C y N A l m M O


  𝑴


  𝒏


  𝑪 𝒚 𝑵 𝒕 𝒔


  n


  M


  ( X ,   𝜏 1 )


  ( Y ,   𝜏 2 )


  n


  C y N t s


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N


  n


  C y N A l m C


  n


  C y N r c s


  ( X ,   𝜏 1 )


  n


  C y N c s


  ( Y ,   𝜏 2 )


  𝛿


  n


  C y N A l m 𝛿 C


  n


  C y N r c s


  ( X ,   𝜏 1 )


  n


  C y N 𝛿 c s


  ( Y ,   𝜏 2 )


  𝛿


  n


  C y N A l m 𝛿 𝒫 C


  n


  C y N r c s


  ( X ,   𝜏 1 )


  n


  C y N 𝛿 𝒫 c s


  ( Y ,   𝜏 2 )


  𝛿


  n


  C y N A l m 𝛿 𝒮 C


  n


  C y N r c s


  ( X ,   𝜏 1 )


  n


  C y N 𝛿 𝒮 c s


  ( Y ,   𝜏 2 )


  𝜃


  n


  C y N A l m 𝜃 C


  n


  C y N r c s


  ( X ,   𝜏 1 )


  n


  C y N 𝜃 c s


  ( Y ,   𝜏 2 )


  𝜃


  n


  C y N A l m 𝜃 𝒮 C


  n


  C y N r c s


  ( X ,   𝜏 1 )


  n


  C y N 𝜃 𝒮 c s


  ( Y ,   𝜏 2 )


  e


  n


  C y N A l m e C


  n


  C y N r c s


  ( X ,   𝜏 1 )


  n


  C y N e c s


  ( Y ,   𝜏 2 )


  M


  n


  C y N A l m M C


  n


  C y N r c s


  ( X ,   𝜏 1 )


  n


  C y N M c s


  ( Y ,   𝜏 2 )


  n


  C y N A l m 𝜃 C


  n


  C y N A l m C


  n


  C y N A l m 𝜃 C


  n


  C y N A l m 𝜃 𝒮 C


  n


  C y N A l m 𝜃 𝒮 C


  n


  C y N A l m M C


  n


  C y N A l m 𝛿 C


  n


  C y N A l m C


  n


  C y N A l m 𝛿 C


  n


  C y N A l m 𝛿 𝒫 C


  n


  C y N A l m 𝛿 C


  n


  C y N A l m 𝛿 𝒮 C


  n


  C y N A l m 𝛿 𝒮 C


  n


  C y N A l m e C


  n


  C y N A l m 𝛿 𝒫 C


  n


  C y N A l m M C


  n


  C y N A l m M C


  n


  C y N A l m e C


  A


  n


  C y N r c s


  ( X ,   𝜏 1 )


  f


  n


  C y N A l m 𝛿 𝒫 C


  f ( A )


  n


  C y N 𝛿 𝒫 c s


  ( Y ,   𝜏 2 )


  n


  C y N 𝛿 𝒫 c s


  n


  C y N M c s


  f ( A )


  n


  C y N M c s


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M C


    A  c


  n


  C y N A l m C


  ( X ,   𝜏 1 )


  n


  C y N A l m 𝜃 C


  ( Y ,   𝜏 2 )


    A  c


  n


  C y N A l m 𝜃 𝒮 C


  ( X ,   𝜏 1 )


  n


  C y N A l m 𝜃 C


  ( Y ,   𝜏 2 )


    A  c


  n


  C y N A l m M C


  ( X ,   𝜏 1 )


  n


  C y N A l m 𝜃 𝒮 C


  ( Y ,   𝜏 2 )


    A  c


  n


  C y N A l m C


  ( X ,   𝜏 1 )


  n


  C y N A l m 𝛿 C


  ( Y ,   𝜏 2 )


    A  c


  n


  C y N A l m 𝛿 𝒫 C


  ( X ,   𝜏 1 )


  n


  C y N A l m 𝛿 C


  ( Y ,   𝜏 2 )


    A  c


  n


  C y N A l m 𝛿 𝒮 C


  ( X ,   𝜏 1 )


  n


  C y N A l m 𝛿 C


  ( Y ,   𝜏 2 )


    A  c


  n


  C y N A l m e C


  ( X ,   𝜏 1 )


  n


  C y N A l m 𝛿 𝒮 C


  ( Y ,   𝜏 2 )


    A  c


  n


  C y N A l m M C


  ( X ,   𝜏 1 )


  n


  C y N A l m 𝛿 𝒫 C


  ( Y ,   𝜏 2 )


    A  c


  n


  C y N A l m e C


  ( X ,   𝜏 1 )


  n


  C y N A l m M C


  ( Y ,   𝜏 2 )


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m M C


  n


  C y N r o s


  B


  ( Y ,   𝜏 2 )


  n


  C y N r o s


  A


  ( X ,   𝜏 1 )


    f  − 1 ( B )


  n


  C y N M o s


  C


  ( Y ,   𝜏 2 )


  B ⊆ C


    f  − 1 ( C ) ⊆ A


  f


  n


  C y N A l m M C


  B


  n


  C y N r c s


  ( Y ,   𝜏 2 )


  A


  n


  C y N r o s


  ( X ,   𝜏 1 )


    f  − 1 ( B ) ⊆ A


  C =  1  Y −   f  − 1 ( A  )  c


  n


  C y N M o s


  ( Y ,   𝜏 2 )


    f  − 1 ( C ) ⊆ A


  A


  n


  C y N r c s


  ( X ,   𝜏 1 )


  ( f ( A )  )  c


  n


  C y N S


  ( Y ,   𝜏 2 )


    A  c


  n


  C y N r o s


  ( X ,   𝜏 1 )


    f  − 1 ( ( f ( A )  )  c ) ⊆   A  c


  n


  C y N M o s


  C


  ( Y ,   𝜏 2 )


  ( f ( A )  )  c ⊆ C


    f  − 1 ( C ) ⊆   A  c


  A ⊆ (   f  − 1 ( C )  )  c


    C  c ⊆ f ( C ) ⊆ f ( (   f  − 1 ( C )  )  c ) ⊆   C  c


  f ( A ) =   C  c


    C  c


  n


  C y N M c s


  ( Y ,   𝜏 2 )


  f ( A )


  n


  C y N M c s


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M C


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m M C


  n


  C y N M c l ( f ( A ) ) ⊆ f ( n


  C y N r c l ( A ) )


  A


  ( X ,   𝜏 1 )


  A


  ( X ,   𝜏 1 )


  n


  C y N r c l ( A )


  n


  C y N r c s


  ( X ,   𝜏 1 )


  f


  n


  C y N A l m M C


  f ( n


  C y N r c l ( A ) )


  n


  C y N M c s


  ( Y ,   𝜏 2 )


  A ⊆ n


  C y N r c l ( A )


  f ( A ) ⊆ f ( n


  C y N r c l ( A ) )


  n


  C y N M


  n


  C y N M c l ( f ( A ) ) ⊆ n


  C y N M c l ( f ( n


  C y N r c l ( A ) ) )


  f ( n


  C y N r c l ( A ) )


  n


  C y N M c s


  ( Y ,   𝜏 2 )


  n


  C y N M c l ( f ( n


  C y N r c l ( A ) ) ) = f ( n


  C y N r c l ( A ) )


  n


  C y N M c l ( f ( A ) ) ⊆ f ( n


  C y N r c l ( A ) )


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  n


  C y N A l m C


  g : ( Y ,   𝜏 2 ) → ( Z ,   𝜏 3 )


  n


  C y N M C


  g ∘ f : ( X ,   𝜏 1 ) → ( Z ,   𝜏 3 )


  n


  C y N A l m M C


  A


  n


  C y N r c s


  ( X ,   𝜏 1 )


  f ( A )


  n


  C y N c s


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m C


  ( g ∘ f ) ( A ) = g ( f ( A ) )


  n


  C y N M c s


  ( Z ,   𝜏 3 )


  g


  n


  C y N M C


  g ∘ f


  n


  C y N A l m M C


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  g : ( Y ,   𝜏 2 ) → ( Z ,   𝜏 3 )


  n


  C y N A l m M C


  n


  C y N M c s


  ( Y ,   𝜏 2 )


  n


  C y N r c s


  g ∘ f : ( X ,   𝜏 1 ) → ( Z ,   𝜏 3 )


  n


  C y N A l m M C


  A


  n


  C y N r c s


  ( X ,   𝜏 1 )


  f ( A )


  n


  C y N M c s


  ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M C


  f ( A )


  n


  C y N r c s


  ( Y ,   𝜏 2 )


  g ( f ( A ) ) = ( g ∘ f ) ( A )


  n


  C y N M c s


  ( Z ,   𝜏 3 )


  g


  n


  C y N A l m M C


  g ∘ f


  n


  C y N A l m M C


  f : ( X ,   𝜏 1 ) → ( Y ,   𝜏 2 )


  f


  n


  C y N A l m M O


  f


  n


  C y N A l m M C


    f  − 1


  n


  C y N A l m M C t s


  →


  f


  n


  C y N A l m M O


  A


  n


  C y N r c s


  ( X ,   𝜏 1 )


   1  X − A


  n


  C y N r o s


  ( X ,   𝜏 1 )


  f (  1  X − A )


  n


  C y N M o s


  ( Y ,   𝜏 2 )


  f


  f (  1  X − A ) =  1  Y − f ( A )


   1  Y − f ( A )


  n


  C y N M o s


  ( Y ,   𝜏 2 )


  f ( A )


  n


  C y N M c s


  ( Y ,   𝜏 2 )


  A


  n


  C y N r c s


  ( X ,   𝜏 1 )


  f


  n


  C y N A l m M C


  →


  f


  n


  C y N A l m M C


    f  − 1 : ( Y ,   𝜏 2 ) → ( X ,   𝜏 1 )


  n


  C y N A l m M C t s


  (   f  − 1  )  − 1 ( A )


  n
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