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Abstract

in this chapter, we will present a set of basic definitions on which we
base our solution to a set of examples that we worked on through three
elements : [a, b, c] and we made topologies 29 tabloids and extracted Interior
and closures in addition to mentioning the definition of Semi-open and
extracted Interior and closures for Semi-open At the end of the research, we
studied the probabilities that are the upper and lover on the tops that we

knew, in addition to the probabilities on the tops for Semi-open .

Vi



Introduction [1]

Topology is an important and interesting branch of mathematics.
Studying it not only introduces you to new concepts and theories, but also
puts you in the context of old concepts such as related functions. On the
other hand, the importance of topology can be seen through its clear
influence on almost all other branches of mathematics. This makes the study
of topology relevant to all who aspire to become mathematicians, whether
their first love is (or becomes) algebra, analysis, classification theory,
quantum mechanics, dynamics, engineering, industrial mathematics,
mathematical biology, mathematical economics, mathematical finance,
mathematical  presentation, mathematical physics, communication
mathematics, number theory, numerical mathematics, operations research or
statistics (The main bibliography at the end of this book suffices to show that
topology is indeed closely related to all of these topics and more).
Topological concepts such as compactness, coherence, and density are as
essential to mathematicians today as groups and functions were to

mathematicians of the last century.

Topology has several different branches - general topology (also known as
point-group topology), algebraic topology, differential topology and
topological algebra-first, general topology is the door to the study of the
other. I hope in this book to present a complete ground in general topology.
Anyone who studies the first ten chapters well and solves at least half of the

exercises will definitely get on this floor.



Chapter One : Topologies on The Sets
Containing Three Elements



Topologies on The Sets Containing Three 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 three elements, which are {a,b,c},
where we made 29 topologies and extracted (interiors and closures ) of Sets
-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
topologies for the(semi —open) set.

Definition 1.1 [2]

Let T be a collections of sabset of a set X'. Then t is said to be topology on
X iff:

(DY, Xer

(2)IFA,BetthenANBET

(3)IF T, T,,...,€ Tthen Ui T; € T a pair (X,1) is said to

be topological space and any member of t is said to be open set

If TS Xand A € tthenT is said to be open set.

Definition 1.2 [3]

The subset of X is colled set in the space x if its complement X /A is open
set we will denofed the family of closed sets

ifA € X and A € F then A closed set
Definition 1.3 [2]

Let X be a space and A <& X . The set
A=n{F|FisclosedinXand A c F) is the smallest closed set
containing A. This is called the closure of A, sometimes denoted by cl (A) .



Definition 1.4 [2]

Let (X,7) be a topological space and A € X . T pointx € A is called an
interior point of A iff 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) . i.e.,

A°={x€eA: AU eT;x€UCc A}

x€EA°o3JUET;xeEUCA

Definition 1.5 [2]

A subset T of a space X is said to be Semi-open if T € cl (int (T)) . And
the complement Semi-open is called Semi-closed set. And complement
T < cl(int (T)) :

Definition 1.6 [3]

Let (X, 1) be a topological space and let A € X .A point x € A 1is cald an
semi interior point of A iff there exists an a - open set semi — open set U €
T containing such that x € U € A .The set of all semi - int int of A is called
the interior of A and is denoted by semi — ° or semi — Int(A) i.e

AA={xeA:3U et A}
x€EA°—>3JUET,xEUCA

Definition 1.7 [3]

Let (X, 7) be a topological space and let A be a subset of X . Then the
intersection of all semi - closed containing the set A is called the semi
closure of A and denoted by semi - A or (A) or semi - Cl (A) . i.e Cl (A)
=N{F:F isclosed ,A C F}



Definition 1.8 [3]

number element of A°

1) p(d) =p(In4)) =

number element of X

number element of A

2)  p(A) = p(cl(A) =

number element of X
number element of semi—int(A)

3) B(semi (49) =

4 pAd)=p (semi(Z))

number element of X
__ number element of semi—cl(A)

number element of X



Tl = {@,X}
Tlc = {X, Q}
semi.T; = {X, 0}

semi.TY = {Q, X}

Tl {a} {b} {C} {a, b} {a' C} {b' C}
p(4) 0 0 0 0 0 0
- 3 3 3 3 3 3
p(4) 33 [ 3 [ 3 [ 3 | 3
3 3 3 3 3 3
p (semi (Ao)) 0 0 0 0 0 0
- 3 3 3 3 3 3
- (7 3 3 3 3 3 3
p|semi (A = =z - - - -
( ( )) 3 3 3 3 3 3




T, ={0,X,{a}}
T ={0,X,{b, c}}
semi.T, = {X, 0}

semi.Ty = {0,X}

TZ {a} {b} {C} {a, b} {a' C} {b' C}
p(A") 1 0 0 0 0 0
- 3 3 3 3 3 3
sa) | 3 | z | 2z | 3 [ 3] 2
3 3 3 3 3 3
p (semi (A°)) 0 0 0 0 0 0
- 3 3 3 3 3 3
—= (7 3 3 3 3 3 3
p|semi (A = =z = - - -
( ( )) 3 3 3 3 3 3




T; = {0,X,{b}}
TS ={X,0,{a c}}
semi.T; = {X, 0}

semi.Ty = {0, X}

T3 {a} {b} {C} {a, b} {a' C} {b' C}
p(A") 0 1 0 1 0 1
- 3 3 3 3 3 3
5(4) 2 3 [z 3 [z
3 3 3 3 3 3
p (semi (Ao)) 0 0 0 0 0 0
- 3 3 3 3 3 3
—= (7 3 3 3 3 3 3
p|semi (A = =z = - - -
( ( )) 3 3 3 3 3 3




T, = {9, X,{c}}
Tf ={X,0,{a, b}}
semi.T, = {X, 0}

semi.Ty = {0, X}

T4 {a} {b} {C} {a, b} {a' C} {b' C}
p(4) 0 0 1 0 1 1
- 3 3 3 3 3 3
5@ | 2 | 2 | 3 |z | 3|3
3 3 3 3 3 3
p (semi (Ao)) 0 0 0 0 0 0
- 3 3 3 3 3 3
- (7 3 3 3 3 3 3
p|semi (A = =z - - - -
( ( )) 3 3 3 3 3 3




Ts = {0, X,{a},{a, b}
TS = {X,9,{b, c},{c}}
semi.Ts = {X, 0}

semi.Ts = {0, X}

T5 {a} {b} {C} {a, b} {a' C} {b' C}
p(4) 1 0 0 2 1 0
- 3 3 3 3 3 3
5@ | 3 | 2 | L | 3| 3| 2
3 3 3 3 3 3
p (semi (A°)) 0 0 0 0 0 0
- 3 3 3 3 3 3
- (7 3 3 3 3 3 3
p | semi (A = =z - - - -
( )) 3 3 3 3 3 3

10




T6 = {@; X; {a}' {a, C}}
TS = {X,8,{b, c},{b}}
semi.Ts = {X, 0}

semi.T§ = {0, X}

T6 {a} {b} {C} {a, b} {a' C} {b' C}
p(A") 1 0 0 1 2 0
- 3 3 3 3 3 3
5(A) 31 [z [ 3 [ 3| 2
3 3 3 3 3 3
p (semi (Ao)) 0 0 0 0 0 0
- 3 3 3 3 3 3
—= (7 3 3 3 3 3 3
p|semi (A = =z = - - -
( ( )) 3 3 3 3 3 3

11




T, ={X,0,{a},{a, b}, {a, c}}
Tf ={0,X,{b, c},{c}, {b}}
semi.T, = {0, X}

semi.Ty = {X, 0}

T7 {a} {b} {C} {a, b} {a' C} {b' C}
p(4") 1 0 0 2 2 0
- 3 3 3 3 3
s | 3 | L | L[ 332
3 3 3 3
p (semi (Ao)) 0 0 0 0 0 0
- 3 3 3 3 3 3
- o 3 3 3 3 3 3
p|semi (A = =z - - - -
( ( )) 3 3 3 3 3 3

12




Ts = {X,9,{b},{a b}}
TBC = {@; X; {Cl, C}, {C}, }
semi.Tg = {0, X}

semi.T§ = {X, 0}

T8 {a} {b} {C} {a, b} {a' C} {b' C}
p(4") 0 1 0 2 0
- 3 3 3 3 3
5(4) 2 31 3 [z
3 3 3 3
p (semi (A°)) 0 0 0 0 0 0
- 3 3 3 3 3 3
—= (7 3 3 3 3 3 3
p|semi (A = =z = - - -
( ( )) 3 3 3 3 3 3

13




To = {X,,{b},{b, c}}
Tgc = {@; X, {Cl, C}r {Cl}, }
semi.Ty = {0, X}

semi.Ts = {X, D}

T9 {a} {b} {C} {a, b} {a' C} {b' C}
p(4") 0 0 0 2
- 3 3 3 3
7(4) [ I A R B
3 3 3 3
p (semi (Ao)) 0 0 0 0 0 0
- 3 3 3 3 3 3
—= (7 3 3 3 3 3 3
p|semi (A = =z = - - -
( ( )) 3 3 3 3 3 3

14




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

TS = {9.X,{a,c},{c}, {a}}

semi. Ty, = {0, X}

semi. T, = {X, 0}

T10 {a} {b} {C} {a, b} {a' C} {b' C}
pay | O [ L [0 2 [0 2
3 3 3 3 3 3
7(4) [ R S B R
3 3 3 3 3 3
p (semi (Ao)) 0 0 0 0 0 0
- 3 3 3 3 3 3
—= (7 3 3 3 3 3 3
p|semi (A = =z = - - -
( ( )) 3 3 3 3 3 3

15




Ty = {X,0,{c}{a,c}}
T1C1 = {@,X, {a, b}, {b},}
semi.Ty; = {0, X}

semi. T, = {X, 0}

T11 {a} {b} {C} {a, b} {a' C} {b' C}

p(4") 0 0 1 0 2 1

- 3 3 3 3 3 3
sa) | 2 | L | 3 |z [ 33

3 3 3 3 3

p (sime (A°)) 0 0 0 0 0 0
- 3 3 3 3 3 3
—( i a1 3 3 3 3 3 3
p | sime (A = =z = - - -
( ( )) 3 3 3 3 3 3

16




Ti2 = {X,0,{c},{b, c}}
T1C2 = {@,X, {a, b}, {a}}
semi.T;, = {0, X}

semi. T, = {X, 0}

T12 {a} {b} {C} {a, b} {a' C} {b' C}
p(4) 0 0 1 0 1 2
- 3 3 3 3 3 3
s@ | L | 2 | 3|z | 3|3
3 3 3 3 3 3
p (sime (Ao)) 0 0 0 0 0 0
- 3 3 3 3 3 3
—( i m 3 3 3 3 3 3
p|sime (A = =z - - - -
( ( )) 3 3 3 3 3 3

17




T13 = {X' ®' {C}' {a' C}' {b' C}}
TlcS = {Q)r X, {Cl, b}, {b}; {a}}
semi.T;, = {0, X}

semi.T5 = {X, 0}

T13 {a} {b} {C} {a, b} {a' C} {b' C}
p(4) 0 0 1 0 2 2
B 3 3 3 3 3 3
5(A) T 1 [ 3 [z [ 3 [3
3 3 3 3 3 3
p (semi (Ao)) 0 0 0 0 0 0
= 3 3 3 3 3 3
— (7 3 3 3 3 3 3
p|semi (A = =z = - - -
( ( )) 3 3 3 3 3 3

18




T4 = {X,0,{a, b}}

Ti = {Q)' X, {C}}

semi.Ty, = {0, X}

semi. T, = {X, 0}

T14- {a} {b} {C} {a, b} {a' C} {b' C}
p(4) 0 0 0 2 0 0
- 3 3 3 3 3 3
s | 3 | 3 | L | 3| 3|3
3 3 3 3 3 3
p (semi (Ao)) 0 0 0 0 0 0
- 3 3 3 3 3 3
- (7 3 3 3 3 3 3
p|semi (A = =z - - - -
( ( )) 3 3 3 3 3 3

19




Tis = {X,0,{b,c}}
TlcS = {Q),X, {a},}
semi.Tys = {0, X}

semi. T = {X, 0}

T15 {a} {b} {C} {ar b} {a' C} {b' C}
p(A°) 0 0 0 0 0 2
B 3 3 3 3 3 3
5() T3 [ 3 3 [ 33
3 3 3 3 3 3
p (semi (A°)) 0 0 0 0 0 0
- 3 3 3 3 3 3
— N 3 3 3 3 3 3
p (semi (A) 2 2 2 2 z 2
( ) 3 3 3 3 3 3

20




Ty = {X, ?,{a, c}}
Ti = {Q'X; {b}}

semi.Ty¢ = {0, X}

semi.T{ = {X, 0}

T16 {a} {b} {C} {a, b} {a' C} {b' C}
py | O [0 o o2 [
3 3 3 3 3 3
() 3 1 3 3 3 3
3 3 3 3 3
p (semi (Ao)) 0 0 0 0 0 0
- 3 3 3 3 3 3
—= (7 3 3 3 3 3 3
p|semi (A = =z = - - -
( ( )) 3 3 3 3 3 3

21




Ty = {X,0,{a}, {b}, {a, b}
TS = {0,X, {b, c},{a, c} {c}}
semi.Ty;(X) = {0,X,{a}, {b}}

semi . TS5 (X) = {X,0,{b, c},{a,c}}

T17 {a} {b} {C} {ar b} {a' C} {b' C}
p(4") 1 1 0 2 1
- 3 3 3 3 3
5(4) 2z 1 3 [z |z
3 3 3 3
p (semi (A°)) 1 1 0 1 1 1
- 3 3 3
—= (7 2 2 3 3 2 2
p|semi (A z z = - - —
( ( )) 3 3 3 3 3 3

22




Tys = {X,0,{a}, {c}, {a c}}
TS = {8,X,{b,c}, {a b}, {b}}
semi.Tyg = {0,X,{a}, {c}}

semi . TS = {X,0,{b,c},{a b}}

T18 {a} {b} {C} {ar b} {a' C} {b' C}
p(4) 1 0 1 2
- 3 3 3 3
5(A) 2 [ 1 [z [z | 3 [ 2
3 3 3 3 3 3
p (semi (A°)) 1 0 1 1 1 1
- 3 3
—= (7 2 2 2 2 3 2
p|semi (A z z z z - —
( ( )) 3 3 3 3 3 3

23




Tio = {X,0,{b},{c},{b,c}}
TS = {0,X,{a, c},{a, b}, {a}}
semi.Tyo = {0, X,{b},{c}}

semi . TS ={X,0,{a, c},{a b}}

T19 {a} {b} {C} {ar b} {a' C} {b' C}

p(4) 0 1 1 2

- 3 3 3 3

5(A) T [z [z [z [z |3

3 3 3 3 3 3

p (semi (A°)) 0 1 1 1 1 1
- 3 3

—= (7 2 2 2 2 2 3

p|semi (A z z z z - -

( ( )) 3 3 3 3 3 3

24




TZO = {X' ®1 {a}, {b}' {a' b}r {b' C}}
TZCO = {Q)' X, {b, C}, {Cl, C}, {C}, {a}}
semi.T,, = {(D, X, {a},{b, c}}

semi.T§, = {X,0,{b, c},{a}}

TZO {a} {b} {C} {ar b} {a' C} {b' C}
pcy | L [ L [0 2 [ L |z
3 3 3 3 3 3
5(4) Tz [ 13z [z
3 3 3 3
p (semi (A°)) 1 0 0 1 1 2
- 3 3 3 3 3
—= (7 1 2 2 3 3 2
p|semi (A _ z z - - —
( ( )) 3 3 3 3 3 3

25




T21 = {X' ®1 {a}, {C}' {a' C}' {b' C}}
TZCl = {Q)' X, {b, C}, {Cl, b}, {b}, {a}}
semi.T,; = {(D, X, {a},{b, c}}

semi.T§ = {X,0,{b,c},{a}}

T21 {a} {b} {C} {ar b} {a' C} {b' C}
p(A) 1 v 1 1 z z
3 3 3 3 3
5(A) T[T [ 2 [z [ 3|z
3 3 3 3 3
p (semi (A°)) 1 0 0 1 1 2
- 3 3 3 3 3
—= (7 1 2 2 3 3 2
p|semi (A _ z z - - —
( ( )) 3 3 3 3 3 3

26




T22 = {X' ®1 {b}' {C}' {br C}' {a' C}}
TZCZ = {Q)' X, {Cl, C}, {a, b}, {a}, {b}}
semi.T,, = {(D, X,{b},{aq, c}}

semi.T§, = {X,0,{a,c},{b}}

TZZ {a} {b} {C} {ar b} {a' C} {b' C}
p(4) 0 1 2 2
- 3 3 3 3
5(4) T Tz 2 [z
3 3 3 3 3
p (semi (A°)) 0 1 0 1 2 1
- 3 3 3 3 3 3
—= (7 2 1 2 3 2 3
p|semi (A z Z z - - -
( ( )) 3 3 3 3 3 3

27




T23 = {X, ¢r {a}, {br C}}
T$; ={0,X,{b,c},{a}}
semi.Ty3 = {0,X,{a},{b, c}}

semi.T§ = {X,0,{b,c},{a}}

T23 {a} {b} {C} {ar b} {a' C} {b' C}
p(A) 1 0 v 1 1 z
3 3 3 3 3 3
5(4) Tz [z 3 [ 3]z
3 3 3 3 3 3
p (semi (A°)) 1 0 0 1 1 2
- 3 3 3 3 3
—= (7 1 2 2 3 3 2
p|semi (A _ z z - - —
( ( )) 3 3 3 3 3 3

28




Tos = {X, 0, (b}, {b, c}}
T2C4 = {Q),X, {a, C}, {a}}

semi. Ty, = {0,X,{b},{b,c}}

semi . TS, = {X,0,{a, c},{a}}

T24- {a} {b} {C} {ar b} {a' C} {b' C}
p(4") 0 0 0 2
- 3 3 3 3
s@ | 1| 3 [z | 3|z |3
3 3 3 3 3 3
p (semi (A°)) 0 1 0 1 0 2
- 3 3 3 3 3 3
- o 2 1 2 3 2 3
p (semi (A) 2 - 2 2 z 2
( ) 3 3 3 3 3 3

29




Tos = {X,0,{c}, {a,c}}
TS = {0, X,{a, b}, {b}}
semi.T,s = {0, X}

semi .T5; = {X, 0}

T25 {a} {b} {C} {a, b} {a' C} {b' C}
p(A") 0 0 1 0 2 1
- 3 3 3 3 3 3
5@ | 2 | 2 | 3 |z | 3|3
3 3 3 3 3 3
p (semi (A°)) 0 0 0 0 0 0
- 3 3 3 3 3 3
- (7 3 3 3 3 3 3
p | semi (A = =z - - - -
( )) 3 3 3 3 3 3

30




T26 = {X' ®1 {a}, {b}' {a' b}r {ar C}}
TZC6 = {Q)' X, {b, C}, {Cl, C}, {C}, {b}}
semi.T,s = {(D, X,{b},{aq, c}}

semi. TS = {X,0,{a,c},{b}}

T26 {a} {b} {C} {ar b} {a' C} {b' C}

p(A) 1 1 v z z 1

3 3 3 3 3
5(4) 2 I S R R T R R
3 3 3 3
p (semi (A°)) 0 1 0 1 2 1
- 3 3 3 3 3 3
—= (7 2 1 2 3 2 3
p|semi (A z Z z - - -
( ( )) 3 3 3 3 3 3

31




T27 = {X' ®1 {a}, {C}' {a' C}' {a' b}}
TZC7 = {Q)' X, {b, C}, {Cl, b}, {b}, {C}}
semi.T,; = {(D, X, {c},{aq, b}}

semi.T§; = {X,0,{a, b}, {c}}

T27 {a} {b} {C} {ar b} {a' C} {b' C}
p(A") 1 0 1 2 2 1
B 3 3 3 3 3
5(A) 2z [ 1 [T [z [ 3 [z
3 3 3 3 3
p (semi (A°)) 0 0 1 2 1 1
- 3 3 3 3 3
— (T 2 2 1 2 3 3
p|semi (A z z _ z - -
( ( )) 3 3 3 3 3 3

32




T28 = {X' ®1 {b}' {C}' {br C}' {a' b}}
TZCB = {Q)' X, {Cl, C}, {a, b}, {a}, {C}}
semi.Tyg = {0,X,{a, b}, {b,c},{c}}

semi. Ty = {X,0,{c},{a},{a, b}}

T28 {a} {b} {C} {ar b} {a' C} {b' C}
p(4") 0 1 2 1 2
- 3 3 3 3 3
5(4) Tz 1z [z
3 3 3 3
p (semi (A°)) 0 0 1 2 1 2
- 3 3 3 3 3 3
—= (7 1 2 1 2 3 3
p|semi (A _ z _ z - -
( ( )) 3 3 3 3 3 3

33




T29 = {X' ®1 {a}' {b}' {C}r {ar b}r {ar C}' {br C}}
TZC9 = {Q)' X, {b, C}, {Cl, C}, {Cl, b}, {C}, {b}, {a}}
semi.T,g = {(D, X,{a},{b},{c},{a, b}, {b, c}{a, c}}

semi. Ty = {X,0,{b,c},{a c},{a b}, {c} {a}, {b}}

T29 {a} {b} {C} {ar b} {a' C} {b' C}
p(4) 1 1 2 2 2
- 3 3 3 3
5(4) Tz [z 2
3 3 3 3
p (semi (A°)) 1 1 1 2 2 2
- 3 3 3 3
—= (7 1 1 1 2 2 2
p|semi (A _ Z _ z - —
( ( )) 3 3 3 3 3

34
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