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Abstract

The main objective of our work is to find some topologies

on the set containing four elements, then we extracted
the interior and closure and then we extracted weak sets
using definition pre open set and we calculate the
interior and closure, then we calculated upper and lower
probability for the some topologies and pre open set.
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Introduction

In mathematics, general topology (or point set topology) is the
branch of topology that deals with the basic set-theoretic defi-
nitions and constructions used in topology. It is the foundation
of most other branches of topology, including differential to-
pology, geometric topology, and algebraic topology.

The fundamental concepts in point-set topology are continuity,
compactness, and connectedness

The terms 'nearby’, 'arbitrarily small', and 'far apart' can all be
made precise by using the concept of open sets. If we change the
definition of 'open set', we change what continuous functions,
compact sets, and connected sets are. Each choice of definition
for 'open set' is called a topology. A set with a topology is called a
topological space.[5]



Chapter One

Some Topologies on The Sets Containing
Four Elements



Chapter One

In this chapter , we will show set of basic definitions on which our
solutions are based, to a set of questions that we worked on through four
elements, which are {a, b, ¢, d }, where we made 10 topologies and
extracted ( interior and closure ) of pre open at the end of research, we
studied the probabilities that are (upper and lower ) on the topologies
that we knew, in addition to the probabilities on the topologies for that
pre open set.

Definition 1.1 [2]
Let X be a nonempty set and T be a family of subsets X( i.e. T SIP(x)).
We say T is topology on X if satisfy the following conditions :

1. X,0€T
2. If UVeTt,thenUnVErT

The finite intersection of elements from t is again an element of T.
3.IfU, et;ae ANthen Uyep U, ET V aE A.

The arbitrary ( finite or infinite ) uinion of elements of T is again an
element of T.

We called a pair (X, T ) topological space.
Definition 1.2 [4]

Let (X ,t) be a topological space . The subset of X belong to T are called
open set in the space X i.e.,

If AEX and A€ T then A open set .



Definition 1.3 [4]

Let (X,) be a topological space. The subset of X is called closed set in the
space X if its complement X \A is open set. We will denoted the family of
closed sets by T .i.e.,

If A X and A € then A closed set

Definition 1.4 [3]

Let (X,1) be a topological space and let AcX. A point x€A is called an
interior point of A iff there exists an open set Uet containing x such that
x€UCA.The set of all interior points of A is called the interior of A and is
denoted by A° or Int(A) i.e,.

A°={x€A:qJUET, xecUC A}

xeA°—>3JUert;xelUCA.

Definition 1.5 [4]

Let (X, 7) be a topological space and let A be a subset of X . Then the

intersection of all 7-closed containing the set A is called the closure of A
and denoted by A or CI(A). i.e. Cl(A)=A°° .

Definition 1.6 [1]
A subset A of a space X is said to be pre-open if AC int (cl(A)) And the

complement pre-open is called pre-closed set.



Definition 1.7 [1]

Let (X,1) be a topological space and let ACX. A point x€A is called an
pre-interior point of A iff there exists an pre-open set UeT containing x
such that xeUCA .

The set of all Pre-interior point of A is called the pre-interior of A and is
denoted by pre-A° or pre-Int(A) i.e.

Pre-A°={x€A:3UET,xc UC A}

x€Pre-A°—>3JUet;xeUCA

Definition 1.8 [1]

Let (X, 7) be a topological space and let A be a subset of X . Then the
intersection of all pre-closed containing the set A is called the pre-
closure of A and denoted by

pre- A or pre-CI(A). i.e pre-Cl(A)=A°°¢.

Definition 1.9

« (4°) =P ((4A) _number element of A°

number element of X

number element of A

« p(A) =p (cl(A)) =

numer element of X

number element of Pre—int(A)

e pre. (4°) = E(pre. int(A))=

number element of X

number element of Pre—cl(A)

e pre. p_( A) = ﬁ(pre. Cl(A))=

number element of X



Example 1

T1={X,Q)7 {a},{C},{a,C}}
17={X, 0, {b,c,d} ,{a,b,d}, {b,d}}

pre. T1={X, 0, {a} ,{c} {a,b} ,{a,c} ,{a,d} ,{b,c} ,{c,d} ,{a,b,c} ,{a,b,d}
i{a,c,d},{b,c,d}}

pre . 7= {X,0, {b,c,d},{a,b,d},{c,d},{b,d},{b,c},{a,d}.{a,b},{d}.{c}.{b}
J{a}}

Ty |{a} |{b} {c} |{d} |{ab} |{ac} |{ad} |{bc} |{bd} |{cd} |{abec} |{abd} |{acd} | {bcd}
S N I I I O I R O S B
- 4 1 4 (4|1 | 4 4 4 4 4 4 4 4 4 4

312|312 3 4 3 3 2 3 4 3 4 3
N A o R i R O i I A R R
pre- 110 1,0 2 2 2 2 0 2 3 3 3 3
L 7 A I A R A R A A
pre- | 1 | 1 | 1|1 | 2 4 2 2 2 2 4 3 4 3
S I A [ A O i i O e R A R A R




Example 2
T2= {Xa Q) {b},{b,C}}
5={X, 0, {a,c,d},{a,d}}

pre. 7,=1X, @, {b},{c},1a,b},{a,c},{b,c},{b,d},{c,d},{a,b,c},{a,b,d},{a,c,d}
Ab,c,d}}

pre .t5= {X,0,{a}, {b},{c},{d},{a,b},{a,c},{a,d],{b,d},{c,d},{a,b,d},{a,c,d}}

Ty | {a} {b} {c} {d} {ab} | {ac} |{ad} |{bc} | {bd} |{cd} |{abc} |{abd} | {acd} | {bc.d}
o 0 1 1 0 1 1 0 2 1 1 2 1 1 2
ER 4 4 4 4 4 4 4 4 4 4 4 4 4 4

2 3 3 2 3 3 2 4 3 3 4 3 3 4
PR 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Erzl-] 0 1 1 0 2 2 0 2 2 2 3 3 3 3
ER 4 4 4 4 4 4 4 4 4 4 4 4 4 4
pre- 1 1 1 1 2 2 2 4 2 2 4 3 3 4
FR 4 4 4 4 4 4 4 4 4 4 4 4 4 4




Example 3
T3 ={X)®3 {C},{d}a{cad}}

5={X,0, {a,b,d},{a,b,c},{a,b}}

pre .73=X,0,{c},1d},{a,c},{a,d},ib,c},{b,d},{ic,d},{a,b,c},{a,b,d} {a,c,d},

{b,c,d}}

pre .t5=1X,0, {a},{b},{c},{d},{a,b},{a,c},{a,d},{b,c},{b,d},{a,b,c},{a,b,d}}

T3 |{a} {b} {c} {d} {ab} |{ac} |{ad} |{bc} |{bd} | {cd} |{abc} | {abd}| {acd} | {bcd}
] 0 0 1 1 0 1 1 1 1 2 1 1 2 2
L O I N i I I i i A i I A

2 2 3 3 2 3 3 3 3 4 3 3 4 | 4
S A i i A A I I A A i i A I
pre- 0 0 1 1 0 2 2 2 2 2 3 3 3 3
e e i i R i i I e
pre- | 1 1 1 1 2 2 2 2 2 4 3 3 4 4
A A O O I O e I I R R




Example 4

Ty ={X>®7 {C},{a,b},{a,b,C}}
14=1X,0 ,{d},{c,d},{a,b.d}}

Pre .7,={X, 0,{c},{a,b},{c,d},{a,b,c} {a,b,d}}
Pre .75={X,0,{c},{d},{a,b},{c,d},{a,b,d}}

Ty [{a} [{} |f&} |{ |{ab} |{ac} |{ad} |{be} | {bd} |{cd} |{ahc} |{abd} | {acd} | {bcd}
0] 0] 1]0]2]1]0]1]01]|3]2]1]1
PAY | 4 | 4 | 4 | 4| 4| 4] 4| 4| 4| 4] 4| 4| 4|4
33213 4|34 |3 214 ]3] 4] 4
PN | 4 | 4 | 4 | 4| 4| 4| 4| 4| 4| 4|4 4| 4] 4
0 0|1 0] 2 1]0|1]0] 23 [3]2]2
A
2 |2 1124343243 4]4
re- |\ 4 | 4 | 4 | 4 | 4| 4| 4| 4| 4| 4] 4] 4] 4|4
0 4 4




Example 5

Ts ={Xa® ,{C},{a,d},{a,c,d}}
75=1X,®, {b},{b,c},{a,b,d}}

pre .t ={X, @, {c},{a,d},{b,c},{a,b,d},{a,c,d}}

pre .7s={X,0, {b},{c},{a,d},{b,c},{a,b,d}}

Ts | {a} {b} {c} {d} {ab} |{ac} | ({ad} | {bc} | {bd} | {cd} | {abc}| {abd} | {acd} | {bcd}
olo|1[o0]o0o 12101 [1|23]1
PEY 4 | 4 | 4| 4| 4| 4| 44| 4|4)|4]|4]|4]4
3112334323443 4a]4
4| 4| 4|44 |4|4]4|4|4 4|4 4)]|24
olo]1[o]o 1220123 3]2
e 4| 4| 4] 44444 444|444
2 1123422344 |3]4]4
e | 4 4 | 4 | 4| 4| 4| 44| 4|4 4]|4]|4]4

FA)

10




Example 6
Te ={X>®7 {C},{b,d},{b,c,d}}
16=1X,0,{a},{a,c},{a,b,d}}

pre . 1,={X,0, {c},{a,c},{b,d},{a,b,d},{b,c,d}}
pre . 7¢={X, 0, {a},{c},{a,c},{b,d},{a,b,d}}

Te |fa} |6} [{c} |} |[fab} |{ac} |f{ad} |{bc} |{bd} |{cd} |{abc}|{abd} | {acd |{bcd}
e o,o0o;1;,0,0;1}0}1}{2|1]1}2 1|3
i 4 1414 |4 44 4 44 44444

13233234 |3 |4 |4 |3 | 4|4
"l 4 1414 |4 44 4 44 44444
Erz; o,o;}1;,0,02|0}1}2/|1]2)|3 )| 2|3
a 4 1414 |4 4 4 4 44 44444
pre- (1 2 | 1|2 |3 |2 |3 |42 4|4, 3|44
"l 4 |1 4 | 4| 4|4 |4 4|4 4|4 4|4 44

11




Example 7

T7 ={X) @, {d}a{a’d}}

75={X,0, {b,c},{a,b,c}}

pre .t;=1X,0,{d},{a,d},{b,d},{c,d},{a,b,d}{a,c,d},{b,c,d}}

pre .75={X,0 ,{a},{b},{c},{a,b},{a,c},{b,c},{a,b,c}}

T7 |{a} {b} {c} {d} {ab} | {ac} |{ad} |{bc} |{bd} |{cd} |{abc}|{abd} | {acd} | {bc.d}
] 0 0 0 1 0 0 2 0 1 1 0 2 2 1
M2 122|222 2|2 2|2 3|2 2|12
3 2 2 4 3 3 4 2 4 4 3 1 1 1
N A i i I
pre- 0 0 0 1 0 0 2 0 2 2 0 3 3 3
L A o I i A B
pre- 1 1 1 4 2 2 4 2 4 4 3 4 4 4
S A i B A O I I A A i i A I

12




Example 8
15={X,0,{d},{b,d}}

75={X,0, {a,c}{a,b,c}}

pre .7g=1X, @ ,{d},{a,d},{b,d},{c,d},{a,b,d},{a,c,d},{b,c,d}}

pre .t§={X,0,{a},{b},{c},{a,b},{a,c},{b,c},{a,b,c}}

Tg | {a} {b} {c} {d} {ab} | {ac} |{ad} |{bc} |{bd} |{cd} |{abc}|{abd} | {acd} | {bc.d}
] 0 0 0 1 0 0 1 0 2 1 0 2 1 2
L o A A I i A B

2 3 2 4 3 2 4 3 4 4 3 4 4 4
S A i i A R I I A A i i i I
pre- 0 0 0 1 0 0 2 0 2 2 0 3 3 3
W22 2|22 |2 2|2 2|2 3|2 2|12
pre- 1 1 1 4 2 2 4 2 4 4 3 4 4 4
A B A O I I I I I R R

13




Example 9

T9={X)® >{d}9{cyd}}
15={X, 0, {a,b},{a,b,c}}

pre .79=1X, @, {d},{a,d},{b,d},{c,d},{a,b,d},{a,c,d},{b,c,d}}

pre .t5={X,0, {a},{b},{c},{a,b},{a,c},{b,c},{a,b,c}}

To |fa} |[{b} |{c} |{d} |{ab} |{ac} |{ad} |{bc} |{bd} |{cd} |{abc} | {abd}| {acd} | {bcd}
] 00 0 1 0 0 1 0 1 2 0 1 2 2
S A O O A O A i I O I

2 2 314 | 2 3|4 | 3 4 | 4 3 4 | 4 | 4
S N B A O I I I S S R
pe- \ 0 1O 0O} 1 0y 0} 2]0}2 203 3| 3
L A O o A A i I O I
pre- | 1 1 1 |4 | 2 2 | 4| 2 4 | 4 3 4 | 4 | 4
S N B I I I e I I R R

14




Example 10

T10 ={Xa ®, {d},{a,b,C}}

TfO :{X,Q), {d},{a,b,C}}

pre -T10={X,®,{d},{a,b,C}}
pre 'T](fOz{X) Q, {d},{a,b,C}}

T10 {a} {b} {c} {d} {ab} | {ac} |{ad} |{bc} |{bd} |{cd} | {abc} | {abd} | {acd} | {bcd}
] 0 0 0 1 0 0 1 0 1 1 3 1 1 1
2 l2 2|22 2|2 2|23 |2|2|2|2]|z2

3 3 3 1 3 3 4 3 4 4 3 4 4 4
S A i i A R O I A A i i i I
pre- 0 0 0 1 0 0 1 0 1 1 3 1 1 1
L o A i i o A B s i i i
pre- 3 3 3 1 3 3 4 3 4 4 3 4 4 4
S A i i A R I I A A R i i I

15
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