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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 g -open set then we calculated
interior and closure of g -open set, and then we extracted
the upper and lower probability for some topologies and g
-open set.



Introduction

The science of topology extends its roots to the era of the Greek
civilization, where the Greeks studied the concept of continuous, but the
science of topology did not appear in its current state until the beginning
of this century when Frechet published in 1906 -his thesis that dealt with
the function of distance and relationship There is a difference between it
and the concept of continuity, but the two scholars Ries, Haus, and Dorff
later showed that there is no need for this conjunction, and continuity can
be studied without referring to the distance coupling, and with this, what
is called general topology appeared. In general, any group whose
elements fulfill some hypotheses constitutes a mathematical system that
IS consistent (consistent if its arguments, results, and hypotheses are not
contradictory (this method was born in the past in the subject of
Euclidean geometry). In recent years, mathematics has developed rapidly
after the group theory was known at the beginning of the twentieth
century. Whereas, any group whose elements fulfill certain hypotheses is
called a mathematical sentence that fulfills the hypotheses, and in this
case there is more than one mathematical system such as groups, rings,
Euclidean geometry, metric spaces, topological spaces. (topological
spaces). Topology is a word translated from the English word topology,
and the word topology is divided into two syllables, the first syllable
(Topo) which is of Greek origin to topo's (which means "place™), and the
second syllable is (logy). Which is of Greek origin (Logos) which means
"study”, if we make the process of linking the meanings in the word, we
find that topology is modern engineering in the study of all the structures
and components of the different spaces. | began to study the subject of

topology on the set of real numbers and then on the Euclidean level.[2]



Chapter One

Some Topologies on The Sets Containing Four
Elements



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 the
four elements, which are {a, b, c, d, },where made 10 topologies and
extracted (interiors and closures) of § - open at the end of the 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 g -

open set.
Definition 1.1 [5]

Let X be a nonempty set and = be a family of subsets X (i.e. T € IP (X)).

We say t is topology on X if satisfy the following conditions:
I.X,0e7

2.1fUVerthenUnVeErT

The finite intersection of elements from t is again an element of T.
3. If U €t; a€A then Uren U, \U, € TV a EA.

The arbitrary (finite or infinite) uinion of elements of t is again an

element of 7.

We called a pair (X, t) topological space.



Definition 1.2 [5]

Let (X, 1) be a topological space .The subsets of X belonging to 7 are

called open set in the space X .i.e.,

If AC X and A€ t then A open set

Definition 1.3 [5]

Let (X, 1) 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 F.i.e.,
IfA € X and A € F then A closed set
Definition 1.4 [1]

Let (X, 1) be a topological space and let ASX. A point x € A is called an
interior point of A if there exists an open set U € t containing x such that
X € U €A. The set of all interior points of A is called the interior of A
and is denoted by A° or Int(A)l. e,.

A°={xe A:dUet:x €U € A}
X eA° o FUer:eU € A
Definition 1.5 [1]

Let (X, 1) be a topological space and let A be a subset of X. Then
the intersection of all T -closed containing the set A is called the closure

of A and denoted by 4 or CI(A). i.e. CI(A)=AC € .
Definition 1.6[2]

A subset A of a space X is said to be S -open if Ac A" and the
complacent S-open is called S -closed set.



Definition 1.7 [4]

Let (X, t) be a topological space and let ASX. A point X€A is
called an g - interior point of A iff there exists an 8 - open set Ue t
containing x such that XeU < A The set of all g -interior point of A is
called the g -interior of A and is denoted by S -Ac or 8 —Int (A) i.e..

BA ={xe A:qUE 1;X€UCA}
XeEPL o A° & AUer: XeU € A
Definition 1.8 [4]

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

intersection of all 8 -closed containing the set A is called the £ -closure

of A and denoted - by 8 -4 or B -CI(A). i €., B -CI(A=A)C €

Definition 1.9

o p(Ao) — B (int(A)) :number elements of A°

number elements of X

number elements of A

o p(A)=p(cL(4)) =

° ,3 . B-(A°):£( ,8 in (A)) — number elements of B.int (A)

number elements of X

number elements of X

o ,3 p_ (/T): p_ (( ﬁC|(A)) - number elements of 5.cl(A)

number elements of X




Example 1

le{Xl(p}:) Tf={X,(]5}

B.T1(X)

={X,¢,{a} b} {c}{d} {a b} {a c}{b,d}{a d}{b,c} {c d},

{a,b,c},{a,b,d},{b,c,d}}

.11 =
(X, ¢ {a},{b},{c},{d}{a, b}, {a,c}, {b,d}{a,d}, {b,c}, {c, d}{ab.c},
{ab,d}{a,c,d}{b,c,d}}

T, fa} b} e} (o} fab} |{a <} {ad} b} b} od} fab.c} fabd} facd} fbed)
p(4°) 0/01]0 (O 0 0 0 0 0 0 0 0 0 0
P ilajz|a |2 |2 |2 |3|a|2| 3|1 |71
_ = 4 14|44 4 4 4 4 4 4 4 4 4 0
R Il I i i A A A
B P(A) 1111 2 2 2 2 2 2 3 3 3 3
a R I I o A S S A S (R B

TN 11111 2 2 2 2 2 2 3 3 3 3
e B O I S S S S A S A B A




Example 2

72 ={X ¢, {a}}

5={¢,X,{bcd}}

B.t, ={X,¢,{a},{a b}, {ac}{ad}{ab,c}{a b,d}{a,c d}}

p.75=1{X,¢ {b,c,d}{c,d}{bd}{b,c}{d}{c} {b}}

T, {a} {b} [{c} [{d} Ka,b} |{a.c} Ka.d} {b.c} Kb,d} {c.d} Kab.c} fa,b,d} fa,c.d} {b,c,d}
o 1 010 1|0 1 1 1 0 0 0 1 1 1 0
pay | L o001 1o oo 1o 1o 10
- 4 4 14 |4 4 4 4 4 4 4 4 4 4 4
= 4 313 3 4 4 4 3 3 3 4 4 4 3
PA 70202023 2 |22 |3 |32 3| 3| 3|z
. 1 01010 2 2 2 0 6 0 3 3 3 0
Bp@ | 2 1glzlzlz| 3 |23 2|32| 3| 32| 3]|3
B_p (4) 4 1011 2 4 412121 o0 4 4 4 3
4 | 4|44 4 4 4 | 4 4 4 4 4 4 4




Example 3

73 = { X, ¢,{b}}

5 ={¢,X.{acd}}

B.ts ={X,¢,{a},{a b}, {bc}{b,d},{a b, c}{a b,d},{b c d}}

p.t5 ={X,¢{b,cd}{cd}{ad}{ac}{d}{c}{a}}

T, {a} Kb} Hc} Kd} Ka.b} [{a.c} Ka,d} fb.c} Kb,d} [c.d} Kab.c} {a,b,d} [{ac,d} [b.c,d}

o 0 1/0 (0 1 0 0 1 1 0 1 1 0 1
pay |10 0o oyt 1o 1 0t
- 4 4 14 |4 4 4 4 4 4 4 4 4 4 4
= 3 4 131|313 4 3 3 4 4 3 4 4 3 4
PA ' ylzlzlal s 3 |2 l3l2lz]l 3| 2| 1| 3
. 1 0/l01|O0 2 1 1 2 2 0 3 3 1 3
PR \3lzlzlala | 3 |2|3|3|2| 3 | 1| 3|13
,8 (A 1 31111 4 2 2 3 3 2 4 4 4 4
-PA) 2zl zl 2 1 |33 3|3 3 2 2 2




Example 4

7, = {X, ¢,{d}}

5 ={¢.X,{abc}}

B.t,=1{X,¢,{d},{b,d} {a d}{c,d},{a b,d} {a c,d},{b,c, d}}

p.ti={¢X{ab,c}{achi{bc}{ad}{c}{b}{a}}

T, {a} {b} Kc} Kd} Kab} [{a.c} {a.d} {b.c} Kb,d} Kc.d} Kab.c} ab,d} {ac.d} [b.c,d}

o 0 010 1 0 0 1 0 1 1 0 1 1 1
pay (2100 oo o0t 11
- 4 4 14 |4 4 4 4 4 4 4 4 4 4 4
= 313|31|4 3 3 4 3 4 4 3 4 4 4
PA Nglzlalalzl 2z 2|3 32lzl 2| 2|3 | 3
o 010|011 0 0 2 0 2 2 0 3 3 3
Bopay (22|20 020z pay 03 s 3
- 4 14 | 4| 4 4 4 4 4 4 4 4 4 4 4
B " 1 1 11 4 2 2 4 2 4 4 3 4 4 4
_p( ) 4 4 | 4 4 4 4 4 4 4 4 4 4 4 4




Example 5

75 = { X, ¢,{a}, {a,b}}

s ={¢,X,{b,cd}{cd}

B.(x5) = {X,¢,{a}{a Db} {ac}{a d}{ab,c}{ab,d}{ac d}}
p.(z) ={ ¢, X,{b,c,d},{c,d}, {b,d},{b,c}{d}{c}, {b}}

7o |{a} b} e} [} ab) [{a .} Kad} [{b.c} b,d} e} Kab.c} Kab.d} Kacd} [{b,c,d}
o 17010 |0 2 1 1 0 0 0 2 2 1 0
p(4°) Zl=l= = | Z e = - - -
4 1 4 |4 |4 4 4 4 4 4 4
_ = 4 131|122 4 4 4 3 3 2 4 4 4 3
R I I I I i A o i A A
1701010 2 2 2 0 0 0 3 3 3 0
A —_ | - = = — — — — — — — — — —
'B_ 2( ) 4 1 4|4 4 4 4 4 4 4 4 4 4
,B _(K) 411111 4 4 4 2 2 2 4 4 4 3
P 4 4 2| 4 | 1 4 4 4 4 4




Example 6

76 = {X, ¢, {a}.{a,C}}

e ={¢,X,{bcd}{bd}}

B-(t6) = {X, ¢ ,{a}{a b}{a,c}{a d}{a,b,c}{a b, d}{a,c, d}}
p.(xs) ={¢.X,{b,c,d},{c,d}, {b,d},{b,c}{d},{c}, (b}}

T, {a} {b} {c} {d} Kab} |{a,c} Kad} {b,c} Kb,d} Kc.d} Kab,c} Kab,d} Kac,d} Kb,c,d}

o 1700 (0 1 2 1 0 0 0 2 1 2 0

paay |22 212z 22702122 2z 2
414 (4 |4 4 4 4 4 4 4

= 4121|132 4 4 4 2 2 2 4 4 4 3

PA lglz|z|z| 2|z |3z |3|a|z |7 |7]|3

o 110010 2 2 2 0 0 0 3 3 3 0

A — |- = = — — — — — — — — — —
3—2( ) 414 |4 4 4 4 4 4

ﬁ — 41111 4 4 4 2 2 2 4 4 4 3

-PA) |5 4 4| 3 | 3 4 4 | 2 | 3 | 1

10




Example 7

7; = {X, ¢,{a},{a,d}}

w7 ={¢,X ,{bcd}{bc}}

B.(t7) ={X,¢ {a}{a b}{a c}{a d}{a,b,c}{a b,d}{a,c d}}
p.(x5) ={¢. X,{b,c,d},{c,d}, {b,d},{b,c}{d},{c}, (b}}

T, {a} b} [{c} iy Kab} [{a .} Wad) [{b.c} [b.d} [{c.d} Hab.c} lfab,d} Ha.cd} b.c.d}

. 1lololo |1 | 1 2l ol o] ol 1 2 2 0

pay | L0010 L L 2 00 o 1220
= ) 2 ) 2| 2| 2 )

o al202031 4] 4 | 4| 2]3/|3]| 4 4 4 3

PA glz|ala|a |z 7|22z 3|7 |7]|3

l1lololol 2] 2 1210l o0olo]l 3 3 3 0

A _ — — — — — — _ — _ — — _ —
B-p) ) 2| 2| 2 )

P alal1|1)l 4] a4 | al|l2]21|2]| 4 4 4 3

-PA) | 713 2| 2 | 2| 2|2 |32]| 2 ) ) 2

11




Example 8

TS = {X' d)' {a}, {a, b, C}}

Tg ={¢,X,{b,c,d},{d}}

:8' (1"8) = { X' d) ’ {a}, { a, b}, {a, C}, {a, d}, {ar b, C}, {a, br d}r {ar C d}}
p.(rs) ={ ¢, X {acd}{cd}{bd}{b c}{d}{c} {b}}

7o {a} b} Hch [d} Kb} {a.c} Kad} {{b.c} Kb,d} Hc,d} {ab,c} ab,d} fac,d} fb,c,d}
o 1100 |0 1 1 1 0 0 0 3 1 1 0
paay | 212222 22222222
- 4 | 4 14 |4 4 4 4 4 4 4
_ = 4 13131 4 4 4 3 3 3 4 4 4 3
PA glz|a|a|z| 3 |a|a|3|3| 2|z |32 |1
o 1]10]0]0 2 2 2 0 0 0 3 3 3 0
A A R A _ _ _ _ — — _ _ _ _
'B_E( ) 414 |4 4 4 4 4 4 4 4 4 4
,3 5 (A 4111111 4 4 4 4 2 2 4 4 4 3
-P@A) |7 4 2| 2 | 2|12 4 4 4 4

12




Example 9

T9 = {X' d)' {a}, {a, b, d}}

Tg ={¢,X,{b,C,d},{C}}

B.-(t9) = {X,¢ ,{a},{a,b},{a,c}{a,d},{a,b,c}{a,b,d},{a,c d}}

p.(x§) ={ ¢, X,{b,c,d},{c,d},{b,d},{b,c}{d},{c}, (b}}

To  [{a} b} Kc} {d} Hab} [{a.c} Kad} {b.c} Kb,d} Kc,d} Ha,b,c} Kab,d} Ka.c,d} b,c,d}

o 1701(0 |0 1 1 1 0 0 0 1 3 1 0
pay | 1121210 L L 0o Lo s L0
- 414 |4 |4 | 4 4 4 4 4 4 4 4 4 4
paiy |H|3L|3 4 4 |43 334443
414 14| 4 4 4 4 4 4 4 4 4 4 4

| 110100 2 2 2 0 0 0 3 3 3 0
PE@)g|ala|la| 2| 3 |2 |3 |3 |a| 2|3 |33
—— 4|11 1 4 4 4 2 2 2 4 4 4 3
PP®gl3lala|a| 3 |33 |a|1 |3 | 3|31 1

13




Example 10

TlO = {X, ¢l {a}; {b, C, d}}
TgO = {d),X,{b,c,d},{a}}

B-(T10)

={X, ¢ .,{a}, { b}, {c},{d},{a, b}, {a,c},{a,d},{b,c},{b,d},{c,d},{a, b, c},{a,b,d}

Aa,c,d},{b,c,d}}

.3-(1'(1:0)
={¢ X, {b,cd}{acd}{ab,d},{ab,c}{cd},{b d} {b, c}{a,d} {a,c} {a b}
{a,0},{d}.{c} {b} {a}}
Tyo  a} {o} c} Ko} Hab} [{a.c} {ad} {{b.c} [{b.d} c.d} fab.d} Kab.c} Kac,d} Kb.c.d}
pay |Ll0f0fof1 1 f 1o ool 11|03
4 | 4 |4 |4 4 4 4 4 4 4 4 4 4 4
- 113313 4 4 4 4 3 3 4 4 4 3
PA 2iglzlzl 2l 3 |2 3|3|3 3| 3| 7|3
LA I E R
_— 1 (11111 2 2 2 2 2 2 3 3 3 3
BP@® \zlzlalzla | 3 |23 |2|3| 3|3 |37]| 3

14
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