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1. Introduction.

Topological structures are mathematical models that can be used to analyze data without the concept of distance.
Topological structures, in our opinion, are a crucial adjustment for the extraction and processing of knowledge [2].
This publication provides a few topological fundamentals that are pertinent to our study. One of the most crucial
structures in discrete mathematics is the graph [1]. Two observations explain their pervasiveness. Graphs are
mathematically elegant, to start, from a theoretical standpoint. Although a graph merely has a set of vertices and a
relationship between pairs of vertices, it is a simple structure, yet graph theory is a vast and diverse field of study.
This is partially because graphs can be thought of as topological spaces, combinatorial objects, and many other
mathematical structures in addition to being relational structures [1]. This brings us to our second argument about
the significance of graphs: many ideas may be abstractly represented by graphs[3], which makes them very helpful
in real-world applications. Several earlier studies on the subject of topological graphs we can see in [4-11]. In this
paper we discuss a new method to generate topology top on graph by using new method of taking neighborhood is
determining a vertex on the digraph and calculate each vertex and its edges outdgree of it.
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2.Preliminaries

In this work, some basic notions of graph theory [1-2], and topology [2] are presented. A graph (resp., directed
graph or digraph) D = (V, E) consists of a vertex set V and an edge set E of unordered (resp., ordered) pairs of
elements of V. To avoid ambiguities, we assume that the vertex and edge sets are disjoint. We say that two vertices v
and w of a graph (resp., digraph D) are adjacent if there is an edge of the form vw (rsep., Wy or VW) joining them,
and the vertices v and w are then incident with such an edge. A subdigraph H of a digraph D is a digraph, each of
whose vertices belong to V and each of whose edges belong to E. The degree of a vertex v of D is the number of
edges incident with v, and written deg(v). A vertex of degree zero is an isolated vertex. In digraph, the outdegree, of
a vertex v of D is the number of edges of the form vw’and denoted by d*(v), similarly, the outdegree of a vertex v
of D is the number of edges of the form wv’, and denoted by d~(v). A vertex of out-degree and in-degree are zero is
an isolated vertex". A topology T on a set X is a combination of subset of X, called open, such that the union of the
member of any subset of 7 is a member of 7, the intersection of the members of any finite subset of 7 is a member of
7, and both empty set and X are in T and the ordered pair (X, t) is called topological space. The topology T = P(X)
on X is called discrete topology while the topology T = {X, @} on X is called indiscrete topology. A topology in which
arbitrary intersection of open set is open called Alexandroff space.

3. Out Digraphic Topology.

New, we introduce our new subbasis family to generated a topology on the set of edges E S,p of a digraph D = (V,E).

Definition 3.1 : Let D = (V,E) be_a digraph we defined Syp = {E | v € V}, where E is the set of all edges out
indgree from vwe have E = UVEVE Hence Sop, forms a subbasis for a topology Top on E, called out digraphic
topology (briefly odigtopology) of D.

Theorem 3.2: Let D = (V,E) be digraph then ( E, top ) is topological space .
prove: we will prove that tqy is topological graph,
1) Since E = U;¢; W; where W; € Bop such that 8, is abasis for a topological graph t,p,

then W; = N}L, S; where S; € Syp and  S; = (EZ, v; € V.then E = Uie,(E;) and so E€1typ. Also 0 € 1yp by
complement of E.

2) Let A;€1gp, A; = Uit W; where W; € Bop , W; =N, S; where S; € Spp, S; —Ev L Vi€V, then A; =
Ule,(ﬂ 1 E )where E _is the set edges out directed from the vertices 4; = U;e;(Nj= Ey ) € Top, Therefore
Uier 4 ETOD

3) Let Al,BirofD, A; = Ui W; where W; € Bop, W; = ﬂ 15 where S; € Spp, S; —Evl, v; €V then 4; =
ULE,(OJ 1?12 and B; = U;g; W; where W; € Bop, W; = Nj=; S; where S; € Sopy, S; = E,,, v; €V then Bl- =

LEI(n] 1 el ) then:
i) If there are no element in intersection i.e.,, 4; N B; = @ since @ € 7,p then 4; N B; € Typ.
ii) If there exist element in intersection U; N W; then we denote it H, v; €V since A; =

le,(ﬂ] 1EVL) and B; = Ukel(ﬂ Evl) ,Then E , one of these Posts. Therefore A; N B; € 7¢p .

Example 3.3: Let D = (V,E) be digraph as in Figure (3.1), such that V={vy, vy, Vs, V4, Vs, Ve} , E
:{eli @2: @3 ) @4 ) es ) e6} .

—

We have, E,=1{e; }, E,=1{eses ), E,=1fes ) E,.=fes } E.=(es } , E,.=0 . and
Sop ={0,{e1}, {e3} {es}{es}h{eze6}}

By taking finitely intersection the basis obtained is: {@, {e,}, {es}.{es}.{es}.{e2.€¢}}- Then by taking all unions the
topology can be written as:

Top ={E(D),0,{e,}, {es}{es}.{es}{e2.86}.{€1, €3}, {e1, €4}, {e1, €5}, {3, €4}, {e3, €5},
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{es es} {e1, €3 €4}, {e1, €35, 5}, {€3, €4, €5}, {€1, €4, €5}, {€1, €2, €6}, {€3, €2, 86},
{es €2, €6}, {€5, €2, €6}, {€1, €3, €4, €5}, {€1,€3,€2, €6}, {€1, €4, €2, €6}, {€1, €5, €2, €6},

{es,€4,€2, 66}, {€3, €5, 2,86}, {€4, €5, €2, €6}, {€1, €3, €4, €2, €6}, {€1, €3, €5, €2, €6}, {€1, €4, €5, €2, €6}, {€3, €4, €5, €2, €6 }}
Then tqp is topology is called odigtopology tqgp -

—— V3

Figure(3.1), Digraph shows digtopology.

Remark 3.4: Let C, be cyclic digraph if every edges are in the same directed then we get the odigtopology tgpon C,
is discrete, and if the edges are not all in the same direction we get the odigtopology topon C, is not discrete.This
remark illustrates in the next two examples.

Example 3.5: Let Cs be cyclic digraph such that every edges are in the same direction, show in figure (2).

Vs

¢5 (?1

Vo
V3
€3

Figure (2), Cs cyclic digraph it edges are same direction.

We have Evl = {‘?1}, Ey2={¢2} ) E\/3={¢3}' E\/4={¢4}' EV5={¢5}'
And Sop = {{5.31}' {ex). {es} {es}, {'.35}} .

Top={ E(D),?, {e1}, {e}.{es}, {ea}, {es}{er, e {er, s}, { e1, es}. {er, e} {ex, €3} {e2, €4},
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{ez s} {es e}, {e3, e}, {es, e}, {e1, €2, €3}, {e1, €z, 4}, {e1, €2, €5}, {e1, €3, 4}, {e1, €3, €5},
{e1, es €5} {€2, 3,64}, {€2, 63,85}, {€2, €4, €5}, {€3, €4, €5}, {€1, €2, €3, €4}, {€1, €2, €3, €5},
{e1, €2,€4, €5}, {e1, €3, €4, €5}, {€2, €3, €4, €5}} then we get the odigtopology Top of (s is discrete topology.

Example 3.6: Let C, be cyclic digraph such that edges are not all in the same direction, show in figure (3).

e
Ve C6
> V1
@5 el
V2
Vs
€4 €2
Va es V3

Figure (3), C cyclic digraph it edges are not same direction.

We have Ey1 = Q)’ Eyz N {@1:@2}: Ey3 :{ €3 }! Ev4 = Q) i Eys :{ €4 }! EVG = {eSJeG} . And SO’D =
{0 {esh {ead forea} fos e}

Top={ E(D), 0, {es}, {es}, {e1.e2}, {5, €6} {es 4} {e3, €1, €2}, {€3, €5, €6}, {€4, €1, €23,

{es es,e6) {es, e 1,62}, {es, €0, 65,86} , {€1,€2,€5.€6} , {€3,€1,€2. 65,86}, {€s,€1,€2.€5.66} } then we get the
odigtopology top of C¢ is not discrete .

Remark 3.7: Let P, be a path digraph if every edges are in the same directed then we get the odigtopology top on
P, is discrete, and if the edges are not all in the same direction we get the odigtopology top on P, is not discrete .This
remark illustrates in the next examples .

Example 3.8: Let P; be a path digraph, show in figure (4).

€1
Vi V2

\'2
€4

Figure(4), Ps path digraph it edges are same direction.
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We have E,, = {e}, E,, = {e2}, E,, = {es}, E,, = {es} E, = @ . And Sop = {® {ei} {e.}, {es}, {94}} Top =
{E(D), 9, {91}{92} {es} {ea) {e1, 62} {e1, €3}, {er, €4, {62, €3}, {e2, €4} {e3, €4,

{e1,e2,e3},{e1, e, €4}, {€2, €3, €, }}.We note the odigtopology tqy, is discret topology.

Example 3.9: Let P; be a path digraph, show in figure (5).

V2 Vs

\%
vy Y4

Figure (5), Ps path digraph it one edge is not same direction.

We have E, =0, EvZ = {en, €2}, Ev3 = {e} Ev4 {ed) = v5 = @ And Syp = {Q) {es}, {es}, {61'92}} Top =
{E(D), ®, {e3}, {e4} {e1, e5},{es, €4}, {€3, 61,65}, {e4, €1, €51} We note the odigtopology top is not discret topology.

Remark 3.10: Let S,, be a star digraph then:

)] if every edges are direction to center vertex then the odigtopology top is discreet topology.
(i) If every edges are not direction to center vertex then the odigtopology top is indiscreet topology.
(iii) If the edges are not same direction, then the odigtopology 1oy is not discrete topology.

This remark illustrates in the next examples.

Example 3.11: Let S5 be a star digraph ,show in figure(6), (A)and(B).

(A) | (B)

Figure (6), S5 star digraph,it edges are not same directed.
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In Figure(7)(A) every edges are directed to center vertex.
We have :EV1 =0, E‘/Z: {ed} , Ey3={¢2}' Ey4={¢3}' Ev5={¢4}: E\_/G:{‘?s}-
And Sop = {0, {e1}, {e2}, {es} {es}, {es}}
Top={ E(D),®, {e1}, {2}, {e3}, {es}, {es}{ €1, €2} e €3} {er, eal. {er, e} { €2, €3}, {e2, €4},

{ez,es}, {3, ea), {es, €5}, {es, €5} {e1, €2, €3}, {e1, €2, e} {e1, €2, €5} {e1, €3, €4}, {1, €3, €53,

{e1, es €5} {e2, €3, €4}, {€2, 03,65}, {€2, €4, €5}, {€3, €4, €5}, {€1, €2, €3, €4}, {€1, €2, €3, €5},

{e1,e2,€e4,€5}, {€1,€3,€4, €5}, {€2, €3, €4, €5}}. we get the odigtopology top of Sg is discrete topology. But in figure
(7)(B) every the edges not direction to center vertixe We note : E, = {ej, e, €3, €465}, E,,=0, E,,=0,E,,=
?,E.=0,E,=0.
And Spp = {8,E(D)}.
Top = { @, E(D)}then we get the odigtopology T is indiscrete topology.

Example 3.12: Let S, be a star digraph ,show in figure (7).

Figure (7), S, star digraph it edge be not same directed.

We note in figure (9), the edges is not same directed,E, = {e;, e3}, E,,= @, E,.={e,}, E,,=0 ,E, ={e,}.
And Sop = {0, {2}, {ea} , {61, €33}

Top = {E('D), 0, {e;} {es} {e1, €3} {ez, ea}. {ez, €4, '.33}}’ {es €1,e3}}. We get the odigtopology Top is not discret
topology .

Proposition 3.13: Suppose that 1 is the odigtopology of the a digraph D = (V,E), then {e} € 1op if T: * <I_év for
allé€eE.

Prove: Let e € E then (I_ev = {v} for some v € V and by hypothesis (I_ev * (I_év for all é € E then we get e is only edge
is directed to v and hence then E, = {e} and by definition odigtopology 1o, we get {e} € top .

Remark 3.14 : Let D = (V, E) be a digraph , then the odigtopology tp is not necessary to be discrete topology in
general. The example 3.3, illustrate remark 3.14.
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Corollary 3.15 : Let D = (V,E) be a digraph if T;v * T:; for every distance pair of edge e ,é € E,then
odigtopology tqp is discrete topology.

Prove: since T; +* (I_évfor every distance pair of edge in digraph D then by proposition 3.13, {e} € 1op forall e € E,
hence we get the odigtopology top is discrete topology.

Example 3.16: according to example 3.4 we note that (Ev ={v,}, T;y = {v,}, T;v = {v3}, T;U ={v,}, T;S_V = {vs}
ie I, # I; Ve,é € E hence odigtopology Ty is discrete topology.

Remark 3.17: If D = (V, E) be reflexive digraph then odigtopology top is not discrete topology .
The example illustrate remark 3.17 .

Example 3.18 : Let D = (V, E) be reflexive digraph ,show in figure(10).

Figure(10), reflexive digraph

We note E, ={ej e}, B, = f{esen}, E, = {es} . And Spp= {{@1; ez}, {es, €4}, {es}} - Top =
{E(D)’ (Z)v {'.31' 62}' {63' 64}' {‘?5}: {ell €2, @5}: {63! €4 es}j We get the odigtopology Top is not discret tOplOgy.

Proposition 3.19: Let D = (V, E) be reflexive digraph and d(v) < 2 then the odigtopology tqp is discrete topology .
Prove : since the D = (V, E) reflexive digraph and d(v) < 2 for all v €V there exist only loop on every vertex and
hence Vv €V we getE, = {e}, where ¢ = (v,v) and by definition odigtopology top implies {e} € top, for all ¢€ E,
thus odigtopology tqp is discrete topology. The example illustrate proposition 3.18.

Example 3.20 : Let D = (V, E) be reflexive digraph ,show in figure (11).

€1
Vi V2 €2

€4 Va4 V3 e3

Figure(11),reflexive digraph such that d(v) < 2
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Wenote E,, = {e;}, Ey,={e:}, Ey,={es}, Ey,={es}. And Sop = {{e1}, (€2}, {e3}, {ea}}.
TO'D={ E('D)!Q! {31}' {eZ}! {33}' {84},{ €1, eZ}’{ €1, 1?3}, { €1, e4}1{ €2, (?3}: {@2! (?4}: {@3! (?4},
{e1, e2,e3}, {e1, €2, €4}, {€1, €3, €4}, {€2, €3, €4}}. We get the odigtopology top is discrete topology.

Remark 3.21: Let D = (V,E) be a symmetric digraph, then digtopology 1oy not necessary to be discrete intopology
in general. Yhe following example show remark

Example 3.22: Let D = (V,E) be symmetric digraph in Figure (12) such that V={v;,v,,vs }, E={e;, e;,e3,€e,}

€1
Va

Figure(12), symmetric digraph

We have: E,, = {e,}, E,,={e1,e4}, Ey,={es}. Implies Spp = {{e,}, {es}. { e1, €4}}.

Top ={ E(D),D, {e,}, {es}.{ e1, e}, { €2, €3}.{€2, €1, €4}, {€3,€1,€4}}. We note the odigtopology Topis not discrete
topology.

Proposition 3.23 : If D = (V, E) be a symmetric digraph and d(v) < 2 for all v € V then the digtopology Ty is
discrete topology.

Prove: since D = (V, E) be a symmetric digraph and d(v) < 2 implies we get for all v € V there is more one edge
emerging from the v for all v € V [because, if there exsit two edge emerging from the v and d(v) < 2 implies D = (V,
E) is not symmetric] and hence I, # I; for all é € E, by proposition 3.11 then the odigtopology Top is discrete
topology. the following example show the proposition .

Example 3.24 : Let D = (V,E) be symmetric digraph in figure (12) such that V={v;,V,, V3, V4, Vs} ,E=
{enez.€3,€4, 85}

V1 V3
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Wenote E,, = {e,} , E,,={e.}, E,,={es}, Ey,={es}, E, ={es}
And Spp = {{e1}, {e2}, {es}, {ea} . {es}}
Top={ E(D),®, {e1}, {e2}, {es}, {ea}, {esh{ e, e} {e1 €3}, { €1, €4} {61, €5} {62, €3},
{ez e} {ea €5} {es, €0}, {ez, es} {en, €5} {e1, €2, €3}, {e1, €2, e} {e1, €2, €53, {e1, €3, €4},
{en es 65} {er, s €5}, {2, €3, €4}, {€2, €3, €5}, {€2, €4, €5}, {€3, €4, €5}, {€1, €2, €3, €4}, {€1, €2, €3, €5},
{e1, €2, €4, €5}, {€1, €3, €4, €5}, {€2, €3, €4, €5}}. we get the odigtopology Top is discrete topology.

Proposition 3.25 : The odigtopology space (E, top) of digraph D = (V, E) is Alexandroff space .

on “*V And by definition odigtopology Top we get @, E, € Top, then Nye4 E, is open

Ercﬁve : It iia sauate Lo &h w that arbitrary intersection of elements of Sgp is open, Let ACV :Nyes By =
EI({)CG the odlgtopo%gfl {01) {$%atisfies property of Alexandroff.

Definition 3.26 : In any digraph D = (V,E) since (E, top) is Alexandroff space, for each e € E, the intersection of all
open set containing ¢ is the smallest open set containing e and denoted by U, also the family Mp = {U.|e € E} is
the minimal basis for the odigtopology top -

Proposition 3.27 : In any digraph D = (V, E) , U, = E, where T: = {v}forevery e €E.

Prove : Here since every e € E then (I_;: = {v} for some v € V and by definition digtopology Ty, ,E, is open contain ¢
and by definition U, , then we get U, € E,

On the other hand since U, is open set and contain e then by definition odigtopology top, therg exist E, for some
vE€Vsuchthate €E, S Ue , and since eve U, implies é € E, whene € E,, then é¢& E, when [, = {v} thus E, € U,
when I, = {v}, thenU =E, where I, = {v} forevery e €E .

Remark 3.28: Let D = (V, E) be a digraph, if I * I forall é € E, thenU, = {e}.
Prove: Clear
—V

Theorem 3.29 : For any ¢,é € E in a digraph D = (V, E) we have Tev = Téviff e€lUsie U,={é€E| (I_ev = I

Prove : will prove it, let Tv = I " to prove e € U, Since I = (I_év = {v}, implies ¢,é € E, and by properties 3.26
U.=E, and Ug = Ev,andhenceU =Us=E, then e € Ug

To prove the inverse, lete € Ug and by proposmon 3.26 we getU; = E, where I = {v}, since e € Us we gete €
E, where I =T, = = {v} and hence I, = =T,
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Remark 3.30: The odigtopologytyp in any digraph D = (V, E) is not necessary T, in general.

Example 3.31: according to example 3.11 in figure (B) we get the odigtopology Top = { @, E(D)} is not T, because
e,,e; € E(D) But? openset Asuchthate, € Aande; € Aor e; EAande, ¢ A.

Remark 3.32 : Let C,, be a cyclic digraph such that every edges are in the same direction then we get the
odigtopology Tt;p is Ty and if the edges are not all in the same direction we get the odigtopology t;p is not Tj,.

The next example are illustrates the remark 3.32.
Example 3.33:

(). by according example 3.5, we note that the cyclic digraph Cs all edges in the same direction and hence we note
the odigtopology top on Csis T, .

(ii). By according example 3.6, we note that the cyclic digraph Cg all edges are not in the same direction and hence
we note the odigtopology top is not T,, becauseeg, es € Ebut 2 u € 1gp such thate; Euandes € uoreg &
uand eg Eu

Remark 3.34 : Let B, be a path digraph such that every edges are in the same direction then we get the
odigtopology top is Ty , and if the edges are not all in the same direction we get the odigtopology top is not Tj.

The next two example are illustrates the remark 3.34.
Example 3.35:

(i). By according example 3.7 we note that the path digraph Ps all edges in the same direction and hence we note
the digtopology top on Ps is T,

(ii). By according example 3.8 we note that the path digraph Ps all edges are not in the same direction and hence
we note the odigtopology topis not T,, becausee;, e, € Ebutd u € top such thate; Euande, € uore, ¢
uande, Eu

Remark 3.36 : Let S, be a star digraph such that every edges are indgree to the center vertex then we get the
odigtopology 1oy is Ty, and if the every edges are not indgree to the center vertex we get the odigtopology toyp is
not Tj. also,if the edges are not same direction then we have the odigtopology top is not Tj,.

The next example are illustrates the remark 3.36
Example 3.37 :

(). By according example 3.12 in figure (9)(A), we note that the star digraph S5 every edges are indgree to the
center vertex and hence we note the odigtopology top is T,

(ii). By according example 3.11 in figure (7)(B), we note that the star digraph S every edges are not indgree to the
center vertex we get the digtopologytypis not T,, becausee,, e, € Ebut? u € typ such thate, Euande, ¢
uore, €uande, € u.

Proposition 3.38 : The odigtopology top in any digraph D = (V,E) is T, if and only if T: * <I_év for every distinct
pair of edges e,é € E.

Prove: will prove it, Suppos the odigtopology toy is T, to prove I * TU for every distinct pair of edges e,é € E. If
I¢ = I then by theorem 3.28 e € U; and we get there exist u is open set such that é € uand e € uimplies the
odlgtopology Top is not Ty this contradlctlon then I * I for every distinct pair ofedges e, é € E.

And to prove that top is T,, since (I_e * (I_e for every distinct pair of edges then by corollary 3.14 odigtopology
Top is discrete implies the digtopology toqp is T; - The next example is illusteted this proposition 3.36.
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Example 3.39: Acorroding example 3.5, we note that T; * T:;for every distinct pair of edges

[since I = {v;}, {V(z}_ & {v3} {v4} —{vs}]then we get the odigtopology Top is Ty, and we note
that in the example 35 [, = {va}, I, —{Vz} I, —{V3} I, ={vs} I, —{V6} Ies ={v¢}]there exists Iel =
Ie2 and I = I. Jhence the odigtopology tgp isnot Ty .

Corollary 3.40 : The odigtopology top in any digraph D = (V, E) is T, if and only if itis discrete.
Prove : The proofis easy by properties 3.37 and corollary 3.14.
Remark 3.41:The odigtopology 1oy in any digraph D = (V,E) is not necessary T; in general.

Example 3.42: according to example 3.3 we get the odigtopology top is not T; because e; ,e; € E(D) But # open
setusuchthate; Eu,e; ¢u and e; Eu,e; u.

Remark 3.43 : Let C, be a cyclic digraph such that every edges are in the same direction then we get the
odigtopology tgp is T; , and if the edges are not all in the same direction we get the odigtopology tqp is not T;. The
next example are illustrates the remark 3.43.

Example 3.44 :

(i). By according example 3.4 we note that the cyclic digraph C; all edges in the same direction and hence we note
the odigtopology tgp on Cs is T;.

(ii). By according example 3.5 we note that the cyclic digraph (4 all edges are not in the same direction and hence
we note the odigtopology top is not Ty , because es, e € Ebut 2 u € top such thate; € u,eq € uandeg; Eu,es € u

Remark 3.45 : Let B, be a path digraph such that every edges are in the same direction then we get the
odigtopology tqp is Ty, and if the edges are not all in the same direction we get the odigtopology top is not Ty. This
remark illustrates in the next example.

Example 3.46:

(). By according example 3.7 we note that the path digraph P; all edges in the same direction and hence we note
the odigtopology top on Ps is T;.

(ii). By according example 3.8 we note that the path digraph Ps

all edges are not in the same direction and hence we note the odigtopology tgp is not T;. because e, e, € E but
Au € 1gp suchthate; Eu,e, €uande, € u,e; Eu.

Proposition 3.47 : The odigtopology top in any digraph D = (V, E) is T; if and only if T: * (I_év for every distinct
pairs of edges e,é € E.

Prove: will prove that, suppos the odigtopology top is T; to prove I * (I_v for every distinct pair of edges e,é €
E. If I = I then by theorem 3.29 e € Usand we get uis open set such that é € uand e € u implies the
odlgtopology Top is not Ty this contradiction, thus I * I for every distinct pair of edges e, é € E.

And prove tgpis Ty, let Te * Te for every distinct pair of edge by corallay 3.15 implies the odigtopology 1oy is
discrete and hence tgp is T;.

Corollary 3.48 : The odigtopology top in any digraph D = (V, E) is T; if and only if it is discrete .
Prove : The proofis easy by properties 3.44 and corollary 3.14.

Proposition 3.49: The odigtopology Ty in any digraph D = (V, E) is T, if and only if Tj;.
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Prove: by proposition 3.45 and proposition 3.40.

Corollary 3.50: Let D = (V,E) be a digraph, For every e € E we have Te = E_V where <I_¢U ={v}.

Prove: let e € E by proposition 3.27 we get U, = E, where T:J = {v} Therefor?e = E—V where T: = {v}.
Corollary 3.51 : given a digraph D = (V,E) . for every e € E, {e} c Te = E_V where ‘I_;] = {v}.

Prove:let u € @this implies U N {e} # @ for all open set U containing e. since {e} S U, this impliesU N U, # @

for all open set U containing ¢ . hence ¢ € U, and so, {e} & U,. then by corollary 3.42, {e} QTE_, =
E, where I, = {v}.

—v

Corollary 3.52 : for any ¢, é € E in a digraph D = (V, E) we have, é € E if and only if <I_¢U = I

Prove: é € E < U n{e} # @ forall open setU containing é & e €Uy & TJ = T; by corollary 3.27 .
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