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Introduction 
   In the literature of General Topology, weak forms of open(closed) sets , called preopen (preclosed) sets, semiopen (semiclosed)sets, (-open((-closed) sets and semipreopen(semipreclosed) sets were available .Again , there is a very vast developed field of sets and their  neighbourhoods in general topology ,is the  field of generalized open sets and generalized closed sets of the above said sets respectively. This theory was extensively developed in the 1990’s.Since in 1970 ,N.Levine [125 ] introduced  the concepts of generalzed open sets , generalized closed sets and T1/2 spaces  .After 20 years  , the theory of weaker  forms of these  generalized open sets and generalized closed sets were  investigated in the literature .In the theory of computer graphics due to  Khalimsky  et al [ 122 &124]  to which , Julian Dontchev , M.Ganster and H. Maki [ 63&71  ]   have encountered the notions of the digital line and the digital plane  . According to Khalimsky et al the digital line is an example of T1/2 space  due to N.Levine .But ,recently Dontchev et al  [ 63 ] have investigated the notion of T3/4 spaces which lies between T1and T1/2 spaces and fails to be T1 space.               

                    In this article, we  updated  all most all  definitions regarding the basics, separation axioms, covering axioms,  mappings etc. of the sets-Semiopen, preopen , (-open , semipreopen  and their generalized open and generalized closed  forms .Collection of all definitions  of sets, neighbourhoods etc ., is  available in Section –I  .In Section –II , collection of definitions concern with the separation axioms is made .Definitions concern with the mappings /functions are available in Section –III .Some definitions concerned with the mappings and their  related  properties are not included in this article since reader can refer the most recent paper on “On variations of continuity” by David Gauld, Sina Greenwood and Ivan Reilly, which is available at Topology Atlas –Survey Articles Section ;URL:http:at.yorku.ca/t/a/i/c/32.aim/1.htm .  In this survey article  we made an attempt of bringing all available definitions  under   single umbrella,called  “Definition Bank” in General Topology . We also suggest some new  definitions  w.r.t  the above discussions , marked in the list as             “ DefinitionNEW “. Hence , one can obsrve  the  new definitions. Regarding the “Definition Bank:  “ ,suggestions , corrections or additions to either list would be gratefully received .

  SECTION – I : SETS AND NEIGHBOURHOODS
(A) Regular open  and regular closed sets.

Definition 1 : An open set  U is called regular open if U=int clU .A closed set F is called a regular closed set if F=cl intF.The family of all regular open (regular closed )sets of a space X is denoted by RO(X) (resp. RF(X))[182]

Definition 2 : Given a topological space (X,(), the collection of all regular open sets forms a base for a topology (s ,coarser than (,called  the semiregularization. In case when ( = (s , the space (X,() is called semi-regular[182].

Note [63] : The complements of all the members of (s form the co-semiregularization of (X,(). 

Definition 3 [38] : A subset A of a space X is called regular semiopen if there is a regular open set U such that U(A(clU . The family of all regular semiopen sets of X is denoted by RSO(X)

Note : In [38] it is observed that (i) the closure of a semiopen set is regular closed ,(ii) every regular closed set is semiopen set.

Definition 4[227] : A point x is said to be the (-adherent point of a set A in a space X if the interior of every closed neighbourhood of x intersect A , or equivalently, every regular open set containing x has non-empty intersection with A, or equivalently, a point x(X is called a (-adherent point of A if int clV (A (( for each open set V containing x. Thus, a subset A is called  in X ,(-clA , if the set of all (-adherent points of A coincides with A itself.Equivalently, the set (-clA or cl((A) , the set of all (-adherent points of a set A, it is called the (- closure of A , and hence a set A is said to be (-closed if A= cl((A) or A=(-clA.

              The complement of a (-closed set is called the (-open set.Also, we note in M.Mrsvevic et al [ 156a  ] have used the terms star open set and star closed set for  ( –open set and (-closed set  respectively.

Definition 5 [227] :A point x (X is said to be a (-adherent point of A(X, if cl(U)(A(( for every open neighbourhood U of x in X.The set of all (-adherent points of A is denoted by cl((A) or (-clA , is called the (-closure of A. A set A is said to be (-closed if A=cl((A) or A=(-clA. The complement of a (-closed set is called an (-open set.

Definition 6 [229]: A subset A of a space X is said to be nowhere dense if int clA=(.

Defintion  7 [ 30]: A subset A of a space X is said to be locally closed if it is the intersection of  an open set and a closed set i.e. if A = U(F, where U is an open set and F is closed set , or ,equivalently , if  A= U(clA for some open set U .

Definition 8[ 94] :  A subset A of a space X is said to be co-locally closed if  X- A is locally closed, or , A = U ( F where U is open and F is closed and nwd(=no where dense ) set  [76].

Definition 9 [ 187 ] : A subset S of a topological space X is said to be an A- Set  if  S= U–V , where U is an open set and V is a regular open set . 

Definition 10 [ 107 ] :Let f:X( Y be a real valued continuous function .Then the set {x(X | f(x) = 0 } is called  a zero set of f and is denoted by Z(f) .

                  The complement of a zero set is called cozero set of f .

Definition 11[88] : A subset W of a space X is called weakly open if there is an open set O such that clW=clO.

Note: All semiopen sets are weakly open sets.

                 We define the following .

DefinitionNEW (1) : A subset W of a space X is called weakly (-open if there is an open set  O such that  cl(W =cl(O.

DefinitionNEW (2): A subset W of a space X is called weakly (-open if there is an open set  O such that  cl(W =cl(O.

Definition 12 [2a]: Let A(X, then (i) x(X is called a weak limit point of A , if each open neighbourhood Nx off x ,(clNx-{x})(A((. The set of all weak limit points of A , denoted by A’’ and is called weak derived set of A    .We denote it by wd(A).

(ii) A  is said to be weakly closed set if wd(A)(A , weak closedness implies closedness.

Definition 13 [153]: Let A(X , then (i) the weak closure  , denoted by A~ of  A is the set  A(wd(A), (ii) A  set A is weak dense in X if A~ =X , (iii) the strong interior  Aos of A is the  set (X-A~) .

(B)Semi(Pre, (, Semipre)- Sets and their Neighbourhoods

Definition 1 : A subset A of (X,() is called semiopen ( preopen ,(-open and semipreopen)if A(cl intA[ 126 ](resp.A( int clA [  153 ], A ( int cl intA [ 175a   ] and A(cl int clA [ 6 ] ) .

                    The complement of a semiopen (preopen, (-open and semipreopen ) set  is called  semiclosed  [ 27  ] ( resp. preclosed [ 153  ] , (-closed [ 133 ] and semipreclosed  [ 6   ] ) set . The family of all semiopen( preopen , (-open  and semipreopen ) sets of X is denoted by  SO(X) (resp. PO(X),((X) and SPO(X)). 

Definition 2 [192] : A subset A of a space X is said to be some what preopen (= some what nearly open) if in clA(( . 

Definition 3 [  7] : A subset S of a topological space X is called b-open or sp-open if A ( cl intA ( int clA.

Note : Every preopen set and every semiopen set is b-open set and every b-open set is semipreopen set .Also, every sg-open set is b-open set [6]

                    The family of all b-open sets of a space X is denoted by BO(X) [ 7 ].

Definition 4 :Let X be a topological space and A ( X.Then A is called a semi- neighbourhood [28] (pre- neighbourhood [ 158 & 193  ], (- neighbourhood [165] and semipre- neighbourhood [166]) of a point x in X, if there exist a semiopen  (resp.preopen   , (-open  and  semipreopen ) set U in X such that x ( U ( A.

Definition 5 :The union of all semi-open(preopen, (-open and semipreopen)  sets contained in A is called the semi-interior of A ,denoted by sint(A) [ 48 ] (resp. pre interior of A, A* [ 158   ] , (-interior of A, I((A)  [ 165  ]    and semipre-interior of A, spint (A)  [  6  ] ) .

Definition 6:The intersection of all semi-closed ( preclosed , (-closed  and semipreclosed ) sets containing A is called the semi-closure of A  , denoted by  scl(A) [ 48&44 ](resp.preclosure of A , A* [ 87&158 ] ,(-closure of A,  C( (A) [ 165 ] and semipreclosure of A  , spcl(A) [ 6  ] ) .

                     We define the following

DefinitionNEW (1): A subset A of a topological space X is said to be semi-p-open set if there exists a preopen set U in X such that U ( A ( U*.The family of all semi-p-open sets of X is denoted by S-PO(X)
DefinitionNEW (2): A subset A of a topological space X is said to be semi-(-open if there exists a (-open set U in X such that U ( A ( clU.The family of all semi-(-open sets of X is denoted by S((X).

Definition 7 : A point x (X is said to be a semi-limit point [ 48 ]  ( prelimit point  [  158 ] ,(-limit point [ 165  ] and semiprelimit point [166  ]  )  of A ( X iff  U (SO(X) (resp. U ( PO(X),U(((X) and  U(SPO(X)) implies U ( (A-{x}) ( (.

Definition 8 : The set of all semi-limit  ( prelimit , (-limit and semiprelimit ) points of A  ( X is called  the semiderived set [ 48 ] ( resp. prederived set [ 158  ], (-derived set [165  ] and semiprederived set [  166] ) of A  and is denoted by Asl  ( resp. pd(A), D((A) and spd(A) ).

Definition 9 : The set sclA-sintA  (resp. A*-A*  , C( - I(  and spclA - spintA  ) is called the semifrontier[48&82]  (resp. prefrotier [158], ( -frontier[165] and semiprefrontier[166] ) of A is denoted by  Asf (resp. pf(A) , F((A), and spf(A)) .
Note : A subset of a space (X,() is semiclosed ( preclosed, (-closed and semipreclosed )iff A = sclA(resp. A=pclA, A=C(A  and A=spclA).

Definition 10 :  A subset A of a space (X,() is called ( -set  [ 100 ] ( resp. ( - open  [63  ]  , ) if A(B  (PO(() for all B (PO(() (resp.if A is union of (-closed sets ).

Note [63] : The complement of (-open sets are called (-closed.
                          We define the following.

DefinitionNEW (3):A subset A of  a space (X,() is called ( -open(semi-(-open and semi-(-open ) if A is union of (-closed sets(resp.A is union of semi-(-closed sets and A is union of semi-(-closed sets) .The complement of (-open(semi-(-open and semi-(- open) sets are called ( -closed(resp.semi-(-closed and semi- ( -closed )sets..

Definition 11 [133] : In a topological space  A set is said to be feebly open if there exists a open set U such that U ( A ( sclU .

Definition  12[ 195 &133 ] : A set A in a topological space X is said to be feebly closed  iff there exists a closed set F such that   sintF ( A ( F .

Definition 13 [195 ] : Let x be a point of a topological space X . A subset V of X is said to be feebly-neighbourhood of x in X if there exists a feebly open set U (X such that x(U (V.

Definition 14 [195] : Intersection of all feebly-closed sets containing set B is the feeble –closure of B and is denoted by fcl(B).

Definition 15 [ 54 ] : A subset  A of  a space X is said to be semi-regular if it is semiopen set  and semiclosed set .

Defintion 16 [158]: A subset A of a space X is said to be pre-regular if it is preopen set  and preclosed set .

Definition 17[149]: A subset A of a topological space X is said to be semizero set of X if there exists a semicontinuous function f:X(R such that A={x(X|f(x)=0}. And it is denoted by SZ(f).

                 A subset of X is called cosemizero set of X if its complement is semizero set.

DefinitionNEW (4): A subset A of a topological space X is said to be prezero (resp. (-zero and semipre-zero ) set of X if there exists a precontinuous(resp. (-continuos and semipre continuous ) function f:X(R such that A={x(X|f(x)=0}. And it is denoted by PZ(f)(resp.(Z(f) and SPZ(f)).

                 A subset of X is called coprezero(resp.co-(-zero and co-semipre-zero) set of X if its complement is prezero (resp. (-zero and semiprezero ) set.

Definition 18 [153]: A set A is called weak preopen if A(int(A~) .

(C) Semi-(-closed sets and pre-(-closed sets

Definition 1 [54] : A point x of X is said  to be semi-(-closure of A, denoted by scl(, if A(sclU(( for every U(SO(X) containing x. A subset A is said to be semi-(-closed if scl( A = A . The complement of a semi-(-closed set is said to be semi-(-open .

Definition 2 [ 119 ] : (In the sense of Joseph and Kwack)- Let A be a subset of a space (X,().A point x (X is said to be in the (-semiclosure of A , denoted by (-sclA , if A(clU (( for every U(SO(X) containing x.If (-sclA= A , then A is called (-semiclosed set . The complement of a (-semiclosed set is called (-semiopen set .

Definition 3 [54] : A filter base F is said to be SR-accumulate at x(X if V(F (( for every F(F and every V(SR(X) containing x.

Definition  4 [188]: A set A of a space X is said to be semi-(-neighbourhood of x(X if there exists a U(SO(X) containing x such that sclU(A .

(D) Generalized open(semiopen, preopen, (-open etc. ) and Generalized closed (semiclosed,preclosed ,(-closed  etc.) sets.

Definition 1 : A subset A of a space (X ,() is called a generalized closed i.e.g-closed[ 125  ] (semi generalized closed i.e ., sg-closed [ 25 ], generalized semiclosed i.e. gs-closed [ 9 ] , generalized (-closed i.e.g(-closed [ 144 ] , ( -generalized closed i.e. (g-closed [146 ] ,regular generalized closed i.e.r-g-closed [187 ] , generalized preclosed i.e. gp-closed  [ 22 ], generalized semipreclosed i.e. gsp-closed [ 61 ] and (-generalized closed((-g-closed) [63 ] )set if  clA( U(resp. sclA ( U,  sclA (U , C( A (U , C( A (U , clA ( U  , A* ( U  , spclA ( U and  cl( A( U  )  whenever A ( U  and U is open (resp. semiopen, open ,(-open, open, regular open, open,  open and open ) set . 

Defintion 1a [ 22] : A subset A of a space X is said to be pre-generalized closed set (= pg-closed ) if pclA(U whenever  A(U  and U is preopen set. 

 Note[141 ] :

                    Recall that the kernel of a set A denoted by A^ , is the intersection of all super sets of A i.e., A^ =({U :U(A,U((}.
Definition  2 : A subset of A of a space X is called ^ - set if A = A^ [141].

Definition  3: The complement of a  ^ -set is called  v- set [141].

Definition 2 a [141] : A set A is called generalized ^ -closed set  if A^ (F,whenever A(F and F is (-closed set . 

Definition 3 : The  complement of a  generalized ^ -closed set  is called generalized ^- open set [141] .

                      Recently , in [34 ] , we found the following generalizations :

Definition 4 [ 34 ] : Let B be a subset of a space X .We define the subsets  B^s  and Bvs  as  follows :

                              B^s   = ( { O | B( O ,O(SO(X)}

                              Bvs  = ( { F| F ( B , F(SF(X)} .

Note that B^s    is called the semi-kernel of B.

Definition 5[34]: In a topological space X , a subset B is called a g.^s set of X if 

B^s   ( F whenever B(F and F is semiclosed set .

                           The complement of a g.^s set is called g.vs set of X.

Definition  3: A subset A of a space (X ,() is called  (-closed if A = L ( F, where L is ^ -set and F is closed set . The complement of a (-closed set is called (-open set   [17].

                                 Using the  terminology of the the above the defintion , we have the following .

Definition 4  [ 66 ] : A subset A of a space X is said to be semi-(-closed if A=L(F , where L is a semi-^ -set and F  is semiclosed set.

                          Recall that a set  B is called ^ -set (resp. semi-^ -set ) if B  is intersection of  open(resp. semiopen ) sets .

                          The complements of semi-(-closed sets will called semi-(-open sets .

Defintion  4 [ 175 ] : A subset A  of a space X is called simply-open if A = U(N , where U is open and N is nowhere dense subset of X.

                           In [94  ] , Ganster et al showed that  a set A is simply open iff it is intersection of semiopen and semiclosed set.

Note  [ 82 ] : Simply open sets some times called as semi-locally closed sets / (-sets / NDB-sets. 
Definition 4 [ 68 ] : A subset A of a   space  X  is  called   p(-closed  if A = A^ (pcl(A). The complements of p(-closed sets will be called p(-open .

Definition 5 [ 68] : A  subset A  of a space  X is called pre-(-closed if A=L(F , where L is a pre-^ -set and F is a preclosed set .

                    A subset B is called pre-^-set if B=pker(B).Complements of pre-(-closed sets are  called pre-(-open sets.

Definition  6 : A subset A of a space (X,() is called ( -generalized closed ((-g-closed) set  if cl(A ( U  whenever A(U and U is open in X [ 67&179 ].

Definition  7 : If every subset of A is also sg-closed in (X,() , then A is called hereditarily sg-closed(=hsg-closed) set [ 64 ] .
Definition 8:(t- set & B-set ) . A subset A is called t-set if inclA=intA.  A subset A is said to be a B-set if A=U ( V , where U is open and V is semiclosed     (= t-set) [  221] .

Definition 9: A subset A is called  a weak B-set if pint A = intA [96 ].

Definition  10 [146] : A subset A of a space X is called a generalized (**-closed set i.e. g(**-closed set if (clA (int clU  whenever A(U and U is (-open .

Definition 11 [146  ]: A subset A of X is called (**-generalized closed set (written as (**-g-closed set) if cl((A) ( intclU and U is open in X.

Definition 12[106 ]:A subset A of a space X  is called generalized preregular closed set (i.e.gpr-closed set )if pclA(U whenever A(U and U is regular open set  in X.

Definition 13[ 225 ]:A subset A of X is called a g*-closed set   if clA(U whenever A  (  U and U is g-open  set in X .

                                  A subset A of X is called a g*-open set if its complement is a g*-closed set of X.

Definition NEW 1 : A subset A  of X is called a sg*-closed (resp.g*s –closed ,     g*( - closed  , (g* –closed , g*p –closed ,g*sp –closed , (-g*-closed and (-g*-closed )set if sclA ( U (resp.sclA ( U, cl( ( U ,cl( ( U, pclA ( U,spclA ( U ,cl( ( U and cl( ( U   )  whenever A ( U and U is sg-open(resp. gs-open , g(-open , (g-open , gp-open , gsp-open ,(-g-open and (-g-open) set in X.

 DefinitionNEW 2 : A subset A of X is called a sg*-open (resp.g*s –open , g*( - open , (g* –open , g*p –open ,g*sp –open , (-g*-open and (-g*-open) if its complement is a sg*-closed (resp.g*s –closed , g*( - closed  , (g* –closed , g*p –closed ,g*sp –closed , (-g*-closed and (-g*-closed).

Definition 14 [ 226 ]: A subset A of a space  X is said to be semi-pre generalized closed set (spg-set ) if spcl(A)(U whenever A(U and U is semiopen. 

Definition 15 [ 185 ] : A subset A of a space X  is said to be (-semi-pregeneralized closed set ( (spg-closed set ) if spclA( U whenever A ( U and U((( .

                                 In the following we have proposed new class of set called (-semi-generalized closed sets.

Definition NEW 3: A subset A of a space X is called an (-semi-generalized closed set (i.e. (sg-closed set ) if sclA(U  whenever A( U and U((( .

Definition16 [185]:A subset A of a space X is called a pre-semi-pre-generalized closed i.e.,pspg-closed (resp. a  semi-pre-semi-pre-generalized closed i.e., spspg-closed )  set if spclA ( U whenever A(U and U(PO(X) (resp. U (SPO(X)) .

   SECTION II : SEPARATION AXIOMS
(A)Weaker forms of  separation Axioms

Definition 1 : A space X is said to be semi-T0 [ 130 ] ( pre-T0​ [ 120&43] , (-T0 [ 165 ] and spre-T0 [173 ] ) if  for each pair of distinct points in X, there exists a semiopen (resp. preopen, (-open and 

semipreopen ) set of X containing one point but not the other .

Definition 2 : A space X is said  to be semi-T1 [ 130 ] ( pre- T1 [120&43  ], (- T1  [ 165 ] and spre-T1 [173  ] ) if  for  each pair of distinct points x and y of X , there exist  semiopen ( resp. preopen, (-

     open and semipreopen ) sets U and V containing x and y resp. such that y(U and  x(V.

Definition 3 : A space X is said to be semi-T2 [ 130] (pre-T2  [ 120 ], (- T2  [ 165 ] and spre- T2 [ 173 ] )  if for  each pair of distinct points x and y in X , there exist disjoint semiopen(resp. preopen , (-open and semipreopen) sets U and V in X such that x (U and y(V.

Definition3a[140]:A space X is said to be (-T2 if for each pair of distinct points x and y  in X , there exist U((O(X,x) and V((O(X,y) such that U(V=(.

Definition 4 :A space X is said to be semi-R0 [ 116 & 139]( pre- R0 [159 ] ) iff for each semiopen ( resp. preopen ) set G and x(G  , scl{x}(G(resp.pcl{x}(G)

Definition  5 [138] : A space X is called feebly-R0  if for each feebly open set G, x(G  implies fcl{x}(G.

                  We define the following.

DefinitionNEW (1):A space X is said to be (-R0 (resp. semipre-R0)if for each  (-open set(resp. semipreopen set ) G in X  and x(G such that C({x} ( G (resp. spcl{x} ( G ).

                   Recall that a space X is said to be weakly-R0[ 55] iff  (x(X cl{x}=(.

     Definition 5a[10 ]: A space X is said to be semi-weakly R0 iff (x(X scl{x}=(.

                          We have the following.

    DefinitionNEW(2) : A space X is said to be pre-weakly R0(resp. (-weakly R0 

     and semipro-weakly R0)   iff   (x(X pcl{x}=(   (resp. (x(X cl({x}=(  and   

         (x(X spcl{x}=(.).

Definition 6 : A space X is said to be  semi- R1 [ 73 ] ( pre- R1 [159 ])iff for x,y   (X such that  scl{x}(scl{y} ( resp. {x}*({y}*) there exist disjoint semiopen(resp. preopen ) set Uand V such that  scl{x}(U  & scl{y}( V (resp.  {x}*(  U & {y}*(V).

                    We define the following

   DefinitionNEW (2)):A space X is said to be (-R1 (resp. semipre-  R1)iff for x,y (X such that C( {x}( C( {y} (resp. spcl{x}(spcl{y} )there exist disjoint (-open and semipreopen ) set U and V such that  C( {x}(U & C( {y}( V and spcl{x} (U & spcl{y} ( V)

Definition 7 : A space X is said to be s-symmetric i.e., semi-symmetric    [ 33 ](p-symmetric[ 169] ) iff for x and y (X  , x(scl{y} implies y(scl{x}(resp. x({y}* implies y({x}*).

                    We define the following .
DefinitionNEW (3):A space X is said to be (-symmetric (resp.sp-symmetric ) iff for x and y ( X , x (C({y} implies y(C({x} (resp.x(spcl{y} implies y(spcl{x}).

                       In 1970 , N.Levine [125  ] defined the T1/2-space , a space X is called T1/2-space if every g-closed set is closed  , or equivalently , if every singleton is open or closed  ( proved by W.Dunham,in [84  ] ). After 17 years the notion of T1/2 –spaces is regeneralized into the various following classes: 

Definition 8 :A space X  is said to be semi-T1/2 [ 25 ] ( pre-T1/2  [146a ] ,  semi-pre-T1/2  [ 61] ) iff every sg-closed ( resp. gp-closed , g(-closed and gsp-closed ) set is semiclosed (resp.preclosed , (-closed and semipreclosed) set.

Definition 9 [ 144 ]: A space X  is said to be (-T ½ or (T1/2 if (X,(() is a T1/2. And, a space X is said to be (T1 if (X,(() is a T1.

Definition 10 [ 52 ] : A space X is said to be an (Td  (resp.( Tb ) if every (g-closed set is  g-closed (resp. closed )

Definition 10a[106]:A space X is called pre-regular –T1/2 if every gpr-closed set is preclosed set. Note that a subset A is called gpr-closed whenever pclA(U whenever A(U and U is regular open.

                  Now , we define the following .

DefinitionNEW (4):A space X is said to be Tg( space  iff every g(-closed set is (g-closed set.

DefinitionNEW (5):A space X is said to be T(g-space iff every (g-closed set is g(-closed set .

                        As an applications of g*-closed sets dute to [190a] , the following four more separation axioms were introduced :

Definition 11[ 225]: A space X is called a T*1/2 –space (resp.  (Tc-space  ,*T1/2-space and Tc-space) if every g*-closed set(resp. (g-closed set ,g-closed set and gs-closed set   ) of X  is a closed set  (resp. g*-closed set , g*-closed set and  g*-closed set ).

Definition 12 [141  ] :( Tv-spaces): A space X is said to be Tv-space if every (^-open set is g.v-set .

Definition 13 [ 51 ] : A space X is called a Tb-space if every gs-closed set is closed.

Definition 14 [ 51 ]:  A space X is called a Td-space if every gs-closed set is g-closed.

Definition 15[ 145 ] : ( T gs -spaces ):  A space X is called a Tgs –space if every gs-closed set is sg-closed set .

Definition 16 [17 ] : ( T1/4-spaces):A space X is called a T1/4-space if for every finite subset F of X and every y(F, there exists a set Ay containing F and disjoint from {y] such that Ay is either open or closed.

Definition 16a[226]: A space X is called a semi-pre-T1/4 space if every spg-closed set in it is semipreclosed .

Definition 16b[185 ] : A space X is called a semi-pre- (T1/4 space if every (spg-closed set in it is semipreclosed

Definition 17 [ 63 ]: ( T3/4-spaces) : A topological space (X,() is called a T3/4- space if every singleton is either closed or regular open.

Definition 18 : A space X is said to be US-space if every sequence in X converges to a unique   point  [ 228 ]

Definition 19 : A sequence <xn> is said to s-conversge [12] (p-converge    [ 161] , (-converge, and  sp-converge  ) to a point x if < xn> is eventually in every semiopen (resp. preopen , (-open and semipreopen  )  set containing x .

NoteNEW: (-converging and sp-converging sequences are NEW definitions.

Definition 20 : A space X is said to be   semi-US [ 12]     (resp. pre –US      [ 161 ] , (-US and sp-US  ) if every sequence in X  s-converges ( resp. p-converges )  to a unique point .

NoteNEW : The definitions of (-US and sp-US spaces are  NEW.
Definition 21 : A set B is said to be sequentially semiclosed [12] ( resp. sequentially preclosed [ 161 ] , sequentially (-closed  and sequentially sp-closed )  if every sequence in B  s-converges ( resp. p-converges , (- converges and sp-converges )   to a point  in B  .

NoteNEW : The definitions of sequentially (-closed and sequentially sp-closed sets are NEW
Definition 22 : A subset Y of a space X is said to be sequentially s-compact [ 12]( sequentially p-compact [161 ] , sequentially (-compact   and sequentially sp-compact ) if every sequence in Y has a subsequence which s-converges(resp. p-converges, (-converges and sp-converges )  to a point  in Y.

NoteNEW:The definitions of seq.(-compact and seq.sp-compact sets are NEW.
Definition 23 [78]:A space (X,() is s-weakly Hausdorff iff for each pair of points x,y (X such that cl{x} (cl{y} , there exist disjoint semiopen sets U and V such that x(U and y(V .

Definition 24 : A space X is said to be weakly – Hausdorff  if (X,(s) is T1 or equivalently {x} =({K: x(K(RF(X)} for each x(X [ 213 ].

Definition 25 : A space X is called almost weakly Hausdorff space [63]if the semiregularization of X is T1/2  i.e. if every singleton is (-open or (-closed set. 

Definition 26 : A space X is called mildly Hausdorff [ 70] space if  the  (-closed sets form a network for its topology.

    Definition 27 [ 144 ]  : A topological space (X,() is called :

     (i)an (Ti-space if (X,(() is T1- space for I= 0,1/2 and 1 .

(ii)an  (T1/2 –space if every g(**-closed set is (-closed in (X,().

(iii) an (Tm- space if every g(**-closed set is closed in (X,() .

Definition 28 : A door space is a topological space in which every subset is either open  or closed [121 ] .

Definition 29 : A topological space ( X,() is called a semi-door space if every subset of X is either semiopen or semiclosed [ 218 ].

                    We define the following.

DefinitionNEW (6): A topological space (X ,() is called a pre-door space if every subset of X is either preopen or preclosed .

Definition 30 [214] : A topological space (X,() is called hyperconnected if the intersection of two non –empty open sets is non-empty.

Note : In [30, Chapt. 2 ] Hyperconnected spaces are called irreducible spaces. 

Definition 31 [157] : A topological space (X,() is called semi-Hausdorff if every two disjoint points can be separated by disjoint semiopen sets i.e., sets who lie between an open set and its closure.

                         Recall that a  P-space X is said to be P-closed if it is closed in every P-space in which it can be embedded.

Definition 31a[12a]: An s-Urysohn space X is said to be s-Urysohn -closed  if it is closed in every s-Urysohn space in which it can be embedded.

Definition 31b[12a]: A P-space (X ,() is said to be minimal P if does not exist a topology (’  on X such that (X,(’) is a P-space   and (’ ( or ( (.

Definition 31c [12a]: An s-regular space X is said to be s-regular –closed if it is closed in every s-regular space in which it can be embedded.

Definition 32 : A topological space (X,() is called TF-space if singletons are either (-kernelled or (-closed  [  20  ].

Definition 33 : A topological space (X,() is called a TES-space if every singleton is either closed or open  [ 151 ] .

Definition 34 [ 192 ] : A space X is said to be Urysohn if whenever x(y in X , there are neighbourhoods U of x and V of y with clU ( clV=(.

Definition 35. A space X is said to be semi - Urysohn [12  ] ( resp.s-Urysohn[12] pre- Urysohn [170] , (-Urysohn   and sp-Urysohn  ) if for any two distinct points x and y of X, there exist semiopen (resp. preopen , (-open and semipreopen ) sets U and V containing x and y  respectively such that sclU ( sclV =( (resp.clU (cl ==(,  U* ( V* =(, C( (U ) ( C( (V) =( and spclU ( spcl V = ( ).

NoteNEW: The definitions of (-Urysohn and sp-Urysohn spaces are NEW.
Definition 36[32] :Let X be a topological space .A subset S(X is called a semi-difference set ( = sD –set ) if there are two semiopen sets O1,O2 in X such that O1 (X and S=O1 \  O2 .

 Note [32] : Every semiopen set is sD-set.
Definition 37 [ 32] : A topological space X is said to be semi-D0(resp.semi-D1) if for x,y (X with x(y , there exists an sD-set of X containing x but not y or(resp. and ) an sD-set containing y but not x .

Definition 38 [32] : A topological space X is said to be semi-D2 if for x,y (X and x(y, there  exist disjoint sD-sets S1 and S2 such that x(S1 and y(S2.

                      We define the following .

DefinitionNEW (7 ):  Let X be a topological space .A subset S(X is called a pre -difference set ( = pD –set ) if there are two preopen sets O1,O2 in X such that O1 (X and S=O1 \  O2 .

 Note  : Every pre open set is pD-set.

DefinitionNEW (8): A topological space X is said to be pre-D0 (resp.pre-D1) if for x,y (X with x(y , there exists an sD-set of X containing x but not y or (resp. and ) an sD-set containing y but not x .

DefinitionNEW (9): A topological space X is said to be pre -D2 if for x,y (X and x(y, there  exist disjoint sD-sets S1 and S2 such that x(S1 and y(S2.

     Definition 39 [229] :  Let R be the equivalence relation on the space (X,() defined by xRy iff cl{x}=cl{y} .Then T0-indetification of (X,() is (X0,Q(T)) where X0 is the set of equivalence classes and Q(T) is the decomposition topology on X0 , which is T0.

    Definition 40[  73 ]:  Let R be the equivalence relation on the space (X,() defined by xRy iff scl{x}=scl{y} .Then semi-T0-indetification of (X,() is (X0,Q(T)) where X0 is the set of equivalence classes and Q(T) is the decomposition topology on X0 , which is T0.

  Definition 41 [133] : A space X is said to be regular-semi-T0  if  for each pair of distinct points in X, there exists a regular semiopen  set of X containing one point but not the other .

  Definition 42[133] : A space X is said  to be regular semi-T1  if  for  each pair of distinct points x and y of X , there exist  regular semiopen sets U and V containing x and y resp. such that y(U and  x(V.

  Definition 43[133] : A space X is said to be regular semi-T2   if for  each pair of distinct points x and y in X , there exist disjoint regular semiopen sets U and V in X such that x (U and y(V.

Definition 44[ 11] : A topological space X is said to be rT0 if for any two distinct points of X, there exists a regularly open set containing one of the points but not the other , or equivalently, there exists a (-open set containing one of the points but not the other.

Definition 45 [11]: A space X is said to be rT1 if whenever x and y are distinct points in X, there exists a regularly open set containing x but not y , or equivalently , there exists a (-open set  containing x but not y.

Definition 46[11]: In a topological space (X,()  the (-kernel of a point x of X is the set (Ker{x}={y : x ( (cl{y}} ; the (-kernel of a subset A of X is the set of all (Ker A= {U : U is (- open and A(U}

Definition 47 [138] : A space X is said to be feebly -T0  if  for each pair of distinct points in X, there exists a feebly open set of X containing one point but not the other .

  Definition 48 [138] : A space X is said  to be feebly -T1  if  for  each pair of distinct points x and y of X , there exist  feebly open sets U and V containing x and y resp. such that y(U and  x(V.

  Definition 49[138] : A space X is said to be feebly -T2   if for  each pair of distinct points x and y in X , there exist disjoint feebly open sets U and V in X such that x (U and y(V.

Definition 50[14] : A space X is said to be semi-TD space( in the sense of Arya and Bhamini) if the derived set cl{x}-{x} is semiclosed  for each x(X .

Definition 51 [83] : A space X is said to be semi-TD space(in the sense of Dube and Sengar) if the semiderived set scl{x}-{x} is semiclosed.

Definition 52 [95]:We have the following definitions  :

(i)A space X is called cid if every countable infinite subspace  of X is discrete.

(ii) Separation axioms:

       A space X is called,CI0-space if for each countable infinite subset C (X and each x(C there is an open set such that x(U , C(U=( or C(U , x(U.

CI1-space if for each countable infinite subset C(X and each x(C there are open sets U and V such that x(U,C(V and x(V , C(U=(.

CI2-space (resp.CI21/2-space) if for each countable infinite subset C(X and each x(C there  are open sets U and V such that x(U ,C(V and U ( V=((resp.clU(clV =().

CI’2-space (resp.CI4-space) if for each pair of countable infinite subsets C,D (X with C(D=( there are open sets U and V such that C(U,D(V and U(V=((resp. clU(clV=() .

CIcr-space if for each countable infinite subset C(X and each x(C there is a continuous function f :X([0,1]  such that f ( x ) = 0 and f (C ) =1 and ,

CIn-space if for each pair of countable infinite subsets C,D (X with C(D=(  there is a continuous functions f:X([0,1] such that f ( C ) =0 and f(D)=1 .

(B)Regularity Axioms

                      Recall the following (i) a space X is called almost regular      [ 206 ]if for each regular closed set F  and a point x(F , there  are disjoint open sets U and V such that F(U  and x(V, (ii) a space X is called almost completely regular [207]if each regular closed set F and for each point x(F, there exists a continuous function  f:X([0,1] such that f(x)= 1 and f(F)=0  and (iii) a space X is called weakly regular[206] if for every point x and every regular open set U containing  x , there is an open set V such that x(V(clV(U.  

    Definition 1 : A space X is said to be s-regular [ 131 ] ( p-regular  [ 87 ] , (-regular[172]  and sp-regular [ 189 ] ) if for each closed set F of X and each x ( X-F , there exist disjoint semiopen (resp. preopen , (- open and semipreopen ) sets U and V such that x(U and F(V .

Definition 2 : A space X is said to be almost –p-regular [ 148 ] (almost -(-regular[172] and almost –sp-regular[172 ] ) if  for each regular closed set and x(F , there exist disjoint preopen( resp.(-open and semipreopen) sets U and V such that x(U and F( V.

Definition 3 : A space X is said to be s-completely regular [ 149 ] ( p-completely regular [ 148 ] , (-completely regular [172] and sp-completely regular[172 ] ) if for each closed set F and each point x (X-F, there exists a  semicontinuous (resp. precontinuous ,(-continuous and semiprecontinuous) function  f : X ( [0,1] such that f(x)= 0 and f(y)= 1 for each y(F.

Definition 4 : A space X is  said to be almost –s-completely regular [ 150  ]( almost-p-completely regular [ 148  ] , almost - (-completely regular[172]  and  almost –sp-completely regular[172] )  if  for each regular closed set F and x(F, there exist a semicontinuous ( resp. precontinuous,(-continuous and semiprecontinuous )  function f : X ( [0,1] such that f(x)=0 and f(y)= 1 for each y(F .

Definition  6[164]:  (ii) A space X is said to be strongly regular if for each preclosed set F and each point x(F, there exist disjoint preopen sets U and Vsuch that x(U and F( V.

Definition 5 : A space X is said to be strongly s-regular if for any closed A ( X and any any point x (X-A   there  is an  F(RF(X)  with x(F and F(A=( [91].

Definition 6 [102] : A space X is said to be semi-g-regular if for each sg-closed set G and x(G, there exist disjoint semiopen sets M and N such that G(M and x(N.

Definition 7 [173] : A space X is said to be generalized s –regular (i.e., gs-regular ) if for each gs-closed set G and x(G, there exist disjoint semiopen sets M and N such that G(M and x(N.

Definition 8[162]: A space X is said to be cp-regular if for every connected set A (X and every point x(X-A , there  exist disjoint preopen sets U and V such that A(U and x(V.

( C ) Normality Axioms

                          Recall the following that (i)a space X is  said to be almost normal[207]  if every pair of disjoint sets, one of which is closed and the other is regularly closed , can be strongly separated,(ii) a space X  is said to be mildly normal [ 209 ] if for every pair of disjoint regularly closed subsets F1 and  F2 of X, there exist disjoint  open sets U and V such that F1( U and F2 (V and (iii)a space X is called nearly normal [79] iff for each pair of disjoint (s –closed sets A and B , there exist disjoint open sets U and V such that A(U and B(V.

Definition 1 : A space X is said to be s-normal[132](pre-normal[115], (-normal [174]and sp-normal[174] )if for every two disjoint closed subsets A and B of X, there exist two disjoint semiopen(resp.preopen , (-open and semipreopen) sets U and V such that A(U and B(M.

Definition 2 : A space X is said to be semi-normal [ 76 ]  if for every two disjoint semiclosed (resp. preclosed ) A and B of X ,there exist two disjoint semiopen sets U and V such that A(U and B(V. 

Definition 2a [164] : ( i)A space X is said to be strongly normal  if for each pair of disjoint preclosed sets of X are separated by preopen sets .

                            In [144], recall the following , a space X  is called  (i)p-normal if for every pair of disjoint closed sets A and B , there  exist disjoint preopen sets U and V such that A(U and B(V, (ii) almost p-normal if for each closed set A and each regular closed set B such that A(B=( , there exist disjoint preopen setsU and V such that A(U and B(V , (iii) mildly p-normal if for each pair of disjoint regular closed sets A  and B of X, there exist disjoint preopen sets U and V such that A(U and B(V and (iv) a weakly p-regular if for each point x and a regular open set U containing cl{x} , there exists a preopen set V such that x(V(clV(U.

Definition 2b [111]:Any two subsets A and B of X are called strongly (-separated if there exist disjoint  (-open sets U and V such that  A(U and B(V.

Definition 2c [111]: A space X is said to be strongly (-normal if for disjoint  (-closed subsets A and B of X, there exist disjoint (-open sets U and V  such that A(U  and B(V.

Definition 3 : A space X is said to be open-normal if for any two disjoint open sets A and B there exist disjoint closed sets FA and FB such that  A(FA  and B(FB [ 199 ].

Definition 4 [102]: A space X is said to be semi-g-normal  if for  every pair of disjoint sg-closed sets A and B of X , there exist disjoint semiopen sets U and V of X such that A(U and B(V.

Definition 5 [173] : A space X is said to be generalized s-normal (i.e.,gs-normal)   if for  every pair of disjoint gs-closed sets A and B of X , there exist disjoint semiopen sets U and V of X such that A(U and B(V.

Definition 6[162]: A space X is called cp-normal if given two disjoint connected subsets A and B of X , there exist two disjoint preopen sets U and V such that A(U and B(V.

( D) Compactness

Definition 1 : A space X is called Go-compact if every cover of X by g-open sets has a finite subcover [ 21  ].

Definition 2: A topological space (X,() is called SGO-compact if every cover of X by sg-open sets has a finite subcover [ 50 ].

Definition 2[50 ] :A  topological space (X,() is called GSO-compact if every cover of X  by gs-open sets has a finite subcover  .

Definition 3[ 8 ]: A  topological space (X,() is called GPO-compact if every cover of X  by gp-open sets has a finite subcover  .

Definition 4 [227a]: A subset A of a topological space X is called C-compact if every (-open cover of  cl((K) has a (|A finite proximate subcover of K, where K is a (|A closed subset of A.

Definition 5 [205 ]: A space X is called nearly C-compact  if given a regularly closed set A and an open cover u   of A there exists  a finite subfamily {Oi|i=1,2,3….n} of  u such that  A( ({clOi |i=1,2,3,…n} .

Definition 6 [ 105 ] : A topological space X  is said to be SC-compact if  for each closed subset A of X and (-semiopen cover u of A , there exists a finite subfamily of elements of   u  , say Vi  , 1 (  i ( n with A ( Ui n clVi.

                                    We propose the following .

DefinitionNEW (1): A space X is called sgC-compact(resp.gsC-compact) if for each closed set A of X and (-sg-open(resp.(-gs-open) cover   u  of A , there  exists a finite subfamily of elements of  u , say,Vi , 1 (  i ( n with A ( Ui n clVi.

DefinitionNEW (2) : A space X is called nearly sgC-compact (resp.nearly gsC-compact) if given a regularly closed set A and an sg-open(resp..gs-open) cover u   of A there exists  a finite subfamily {Oi|i=1,2,3….n} of  u such that  A( ({clOi |i=1,2,3,…n}
Definition 7[ 210 ] : A space X is said to be nearly compact if every regular open cover of X has a finite subcover.

Definition  8 [37] :A subset A of a space X is called I-compact relative to X , if every cover of A by regular closed subsets of X has a finite subfamily whose interiors cover A.

Equivalently, in [105] , it is given that , “A subset A of a space X is I-compact relative to X if every cover of A by semiopen sets of X has finite subfamily the interiors of whose closures cover A.

Definition 9[41]:A subset   A of a space X is N-closed if every cover of A by regular open sets of X has a finite subcover . In other words, a subset S of a space X is said to be N-closed relative to X if for each cover {U(| ((A} of S by open sets, there exists a finite subfamily Ao  ( A such that S (U{clX(U() |((Ao}.

DefinitionNEW(3): A subset   A of a space X is r.g-closed if every cover of A by regular generalized- open(i.e.r.g-open) sets of X has a finite subcover . In other words, a subset S of a space X is said to be r.g-closed relative to X if for each cover {U(| ((A} of S by r.g-open sets, there exists a finite subfamily Ao  ( A such that S (U{clX(U() |((Ao}.

Definition 10 [ 23  ] : A subset B of a space X is called M-closed   relative to ( if any cover of  B by (-open sets  has a countable subfamily ,  the (-interior of the (-closures of its members cover the B .

Definition 11 [23]: A  space X is said to be nearly lindeloff iff it is M-closed.

Definition 12 :  A space X is said to be semi compact [ 49 ] (resp. semi-countably compact[ 31] ) if every cover (resp. countable cover ) of X by semiopen sets has a finite subcover.

Definition  13: A space X is called strongly Lindeloff [ 152 ](resp. strongly  compact [152 & 19  ], ) if every preopen cover of X admits a countable  (resp. a finite) subcover . 

Definition 14 [2]: A space X is said to be (-compact  if every cover of X by (-open sets has a finite subcover.

Note : (-open sets are known as semipreopen sets.

Definition 15 [ 92 ] : A space X is said to satisfy condition (C1) if every infinite subset of X has nonempty interior.

                            A space X is said to satisfy condition (C2) if every infinite subset is  somewhat preopen set.

Definition 16 [ 103 ]: A space X is called d-Lindeloff  if every cover of (X,() by dense subsets has a countable subcover [  ].

Definition 17 [186 ] : A space (X ,() is called almost lindeloff if every open cover  has a countable subfamily whose union is dense in (X,().
Definition 18: A space X is said to be almost rc-lindeloff if every regular closed  cover of X admits a countable subfamily  the union of whose members is dense in (X,() [ 56 ] . 

Definition 19 : If X is a finite set  and if ( denotes the discrete topology on X then (X,() is called maximally semi-compact space  [101 ].

Definition  20 : A topological space (X,() in which compact sets are finite is called anti-compact space [  24 ].

Definition 21: A space X is anti-paracompact if the only paracompact subsets are the finite subsets [ 69 ].

Definition 22[104] : Let A  and B  be families of subsets of X .We say that B refines   A  if each member of  B is contained in some member of  A.

Definition 23[110]: We call a pairwise disjoint collection of non-empty open sets in (X,() is called cellular family .

Note : The cardinality of a set X is denoted by |X|.A cardinal number is the set of all ordinals which precedes it. Usually, ( will always denote an infinite cardinal number.

Definition 24[104] :A space X is called  (-compact (resp.semi-(-compact ) if every open cover (resp. semiopen cover) of (X,() admits a subcover of cardinality < (.

( E ) S-closed spaces

Definition 1[224&54   ] : A subset A of a space X is S-closed(s-closed ) relative to X if every cover of A by semiopen sets of X has a finite subfamily whose closures( resp. semiclosures) cover A.

Definition 3  : A space( X,() is called S-closed [  57 ]  (resp. countably S-closed [ 58 ])if every cover(resp.countable cover) of X  by the regular closed sets has a finite subcover.

                                    We define the following.

DefinitionNEW(1) : A subset A of a space X is SG-closed(sg-closed ) relative to X if every cover of A by s.g-open sets of X has a finite subfamily whose closures( resp. semiclosures) cover X.

DefinitionNEW(2): A  space X is SG-closed(sg-closed )  if every cover of X by s.g-open sets of X has a finite subfamily whose closures( resp. semiclosures) cover A.

Definition 4 [37]:A subset A of a space X is Quasi H-closed i.e. Q.H.C relative to X if every cover of A by open sets of X has a finite subfamily whose closures cover A.

( F ) Connected spaces

Definition 1:A space X is said to be Go-connected if X cannot be written as a disjoint union of two non-empty g-open sets.  

                     A subset of X is Go-connected if it is Go-connected as a subspace [  21 ].

Definition 2: A space X is called p-connected if it is not the union of two sets A and B  with A(B*=A*(B=( [ 193].

Definition 3 : A space X is said to be locally p-connected if for each point x (X and each open neighbourhood U of x , there exists an open p-connected set G such that x (G(U[162  ].

Definition 4 [82] : Two non-empty subsets A and B of a topological space X are said to be semiseparated iff A(sclB=sclA(B=(  .

Definition 5 [82&75] : (Semi -connected space)- In a topological space (X,() , a set  which cannot be expressed as the union of two semiseparated sets is called a semi-connected set . The topological space (X,() is said to be semi-connected iff X is semi-connected .

Definition 6 [82 ] : A topological space (X,() is called locally semi-connected at x(X iff for every semiopen set U containing x , there exists a semi-connected open set C such that x(C(U. (X,() is called locally semi-connected iff it locally semi-connected at every point of X.

Definition 7 [82]: Let (X,() be a topological space and x(X .The semi-component of  x , denoted by S.C.(x) , is the union of all semi-connected subsets of X containing x. The sets like S.C(x) are called semi-components of X.

Definition 8[182]: A space X is said to be (-connected if X can not be expressed as the union of  two non-empty (-open sets.

(G) Extremally Disconnected spaces ,Submaximal  and Resolvable spaces

Definition  1 : A space X is called an Extremally Disconnected (E.D.) space if closure of each open set is open [30  ].

Definition  2 : A space X is called almost e.d if (U=clU-U is finite for every U(RO(X) [ 57  ]

Definition 3 : A space X is called resolvable if there  is a subset D of X such that D and X-D are both dense in X [109  ].

Definition 4 : A subset A is called resolvable if the subspace (A,(|A) is resolvable[  ].

Definition 5 : A space (X,() is called irresolvable if it is not resolvable[91a ].

Definition 6 : A space X is said to be hereditarily irresolvable if it does not contain a nonempty resolvable subset [ 91a ].

Definition 7 : A space X is called submaximal [30] (resp. g-submaximal [ 35 ] ) if each dense subset is open (resp. g-open)

Definition 8 : A space X is called semiregular if ( = (s  [216].

Definition 9 : A space X is called semi-irreducible [  89  ] if every disjoint family of  nonempty open sets is finite.

Definition 10[118]: A space X is said to be (-irreducible if every pair of non –empty regular closed sets of X has a non-empty intersection.

                         Recall that a space X is called Alexandroff space[2a ] in which each element is contained in a smallest open set or equivalently, the spaces where arbitray intersections of open sets are open

Definition 11 [13a]:A space X is called generalized Alexandroff(=g-Alexandroff) space if any intersection of open sets is g-open.

Definition 12 [13a]: A space X is called semigeneralized Alexandroff(=sg-Alexandroff ) space if any intersection of open sets is semiopen.

                         We give the following .

Definition NEW(1) : A space  X is called (-generalized Alexandroff i.e. (-g-Alexandroff (resp. (-generalized  Alexandroff i.e.(-g-Alexandroff)space if any  intersection of open sets is (-open (resp.(-open).

  SECTION  III : MAPPINGS/ FUNCTIONS
(A) Continuity ,openness and its allied definitions

Definition 1 : A function f : X(Y is called R-map if inverse image of each regular open set of Y is regular open set  in X  [ 41a ].

Definition 2: A function f : X(Y is called completely continuous if inverse image of each open set of Y is regular open in X [ 9a ] .

Definition 3 : A function f : X(Y is called strongly continuous if inverse image of each subset of Y is clopen set in X [ 9a ] .

Definition 3a [ 115]: A function f :X(Y is called totally continuous if the inverse image of each open subset of Y is  a clopen subset of X.

Definition 4 : A function f : X( Y is called LC-continuous if the inverse image of any open set in Y is locally closed in X [99].

Definition 5 : A function f : X ( Y is called sub-LC- continuous  if there is a subbase (or equivalently a base ) Bof Y such that f-1(V) is locally closed in X for each V(B [99].
Definition 6 [127] : A function f : X ( Y is said to be weak*-continuous if for each open set V of Y, f-1(FrV) is closed  in X , where FrV =clV-int V.

Definition 7 [196] : A function f:X ( Y is rarely continuous at x(X if for each open set V (Y containing f(x)  there exists a rare set RV  with cl(RV)(V=( and open set U(X containing x such that f (U)( V ( RV.

                         The function f:X(Y is rarely continuous if it has this property in any point of x(X .

Definition 8 : A function f:X(Y is said to be weakly continuous [ 127] ( resp.S-almost continuous [ 194 ] ) at x(X if for each open set V (Y containing f(x) , there exists an open set U (X containing x such that f(U)(clV (resp. f(U)( int clV ) .

Definition 9 [ 5 ] : A ( surjective) function f:X(Y is said to be optimally continuous if X has the pre-image topology.

Definition 10 [208] : A function f:X ( Y is called almost open (resp. almost closed ) if the image of each regular open set (resp. regular closed set ) of X , is open (resp. closed ) set  in Y.

Definition 11 [201]: A function f :X(Y is called almost open in the sense of D.A. Rose(written as a.o.R) if for each open set  U of X, f(U) ( int cl (f(U)) .

Definition 12  [ 128 ] : Let X and Y be topological spaces .Then f :X (Y is faintly continuous if for each x(X and (-open set V containing f(x) , there exists an open set U containing x such that f(U)(V.

                       Recall that for a function f:X(Y , the subset  {(x,f(x))| x(X} ( XxY  is called the graph of f and is denoted by G(f) .

Definition 13 [ 129 ] :The graph of f:X(Y is called strongly –closed if for each (x,y)(G(f) there exist open sets U and V containing x and y , respectively, such that (UxclV)(G(f) =(.

Definition 14 [ 128 ] : The graph G(f) of f:X(Y is extremely –closed if for each (x,y) (G(f) there exists an open set U containing x and a (-open set V  containing y such that (UxV)(G(f) =(. 

Definition 15 [  29] :Let f:( X,()((Y,() .Set Sf ={x(X| there is a base  A   of neighbourhoods of f(x) such that for every V( A and for each neighbourhood U of x, the set f-1(V) \ intf-1(V) is not dense in U } . If the set Sf is dense in X , then f is said to be mildly continuous function .

Definition 16 [156] : A mapping f:X( Y is said to be weak-homeomorphism if f is bijective and both f and f-1 are almost continuous (i.e.a.c.S = almost continuous in the sense  of Singal and Singal ).

Definition 17 [148]: A mapping f :X ( Y is said to be open weak –homeomorphism  if f is weak –homeomorphism and both f and f-1 are open.

Definition 18 [150]: A mapping f :X ( Y is said to be almost open weak –homeomorphism  if f is weak –homeomorphism and both f and f-1 are a.o.R.

Definition 19 : A function f :X(Y is said to be (-continuous [ 89 ] if for each x(X and each open set U containing x such that  f(clU)(cl(V).

Definition 20 [181] : A function f:X(Y is called quasi-(-continuous if inverse image of each (-open set of Y is (-open set in X.

 ( B )   Weak forms of continuity , openness and allied definitions

Definition 1 : A function f  : X ( Y is said to be :

(i) a precontinuous if f-1(V) is preopen in X  for each open set V in Y [153  ] ,

(ii) a semicontinuous if f-1(V) is semiopen in X for each open set V in Y [ 126 ],

(iii)an (-continuous if  f-1(V) is (-open  in X for each open set V in Y [ 155 ],

(iv) a ((= semipre continuity) if f-1(V) is (-open (=semipreopen) in X for each open set V in Y [  1  &171  ].

(v)  a preopen [ 153 ] (resp. semiopen [ 26 ]  , (-open [155 ], semipreopen     [ 34a ] , (- open [ 1 ] ) if f(U) is  preopen (resp. semiopen , (-open , semipreopen, (-open ) in Y for each open set U in X.

(vi) a preclosed [ 87 ] (resp. semiclosed [ 27 ] , (-closed [ 155 ], semipreclosed[171] , (- closed[111]  ) if f(F) is preclosed (resp. semiclosed , (-closed , semipreclosed , (-closed ) set in Y for each closed set F in X .

Definition 2 : A function f: X ( Y is said to be preirresolute [ 200 ] (resp. irresolute [ 45 ] , and (-irresolute [ 137] ) if f-1(V) is preopen (resp. semiopen and (-open) set in X for each preopen (resp. semiopen and (-open ) set of Y.

Definition  3 : A function f :X ( Y is said to be quasi-irresolute[53](strongly –irresolute[80] ) if for each x(X and each V(SO(Y) containing f(x), there exists U(SO(X) containing x such that f(U) ( scl(V) (resp. f(sclU( V) .

Definition 4 : A function f: X ( Y is said to be (i)   almost irresolute  [34a]  if        f-1(V)(SO(X)  for each regular semiopen set V of Y, (ii)weakly irresolute [ 80 ] if for each x(X  and each semineighbourhood  V of f(x) , there exists a semineighbourhood U of  x such that f(U) (sclV .
Definition 5 : A function f : X ( Y is said to be ( - irresolute if for each x (X and each V(SO(Y) containing  f(x) , there exists U(SO(X) containing x such that       f (scl(U))( scl(V) [ 123 ] .

Definition 6 : A function f : X ( Y is called M-preclosed if the image of each preclosed set of X is preclosed  in Y[ 154 ]..

Definition 7: A function f : X(Y is called completely preirresolute if inverse image of each preopen set of Y is regular open in X [ 160].

Definition 8 : A function f : X ( Y is said to be strongly (-irresolute (i.e., s.(.i) , if for each x  (X and each (-open set L ( Y containing f(x) , there exists W(( such that  x(W and f(W) ( L [90 ] .

Definition 8a[174a]:A function f:X(Y is called almost preirresolute if for each x(X and for each pre-neighbourhood V of f(x), (f-1(V))* is a pre-neighbourhood of x .

Definition 9 [13] : A function f :X (Y is said to be almost semicontinuous at x(X if for each open set M containing f(x) , there exists a semiopen set U containing x such that f(U)(inclM.

                              A function f: X ( Y which is almost semicontinuous at each x(X is said to be almost semicontinuous.

Definition10[13] : A function f :X ( Y is said to be (-semicontinuous at x(X  if for each open set M containing f(x) , there exists a semiopen set  U containing x such that f(sclU) ( clM .

                              A function f: X(Y  which is (-semicontinuous at eachx(X is said to be (-semicontinuous.
Definition 11 [13] : A function f: X(Y is said to be  weakly semicontinuous at x(X if for each open set M containing f(x) , there exists a semiopen set containing x such that f(U)(clM.

                              A function which is weakly semicontinuous at each x(X is said to be weakly semicontinuous.

Definition 12 [ 133 ] : A function f:X(Y is said to be feebly continuous if the inverse image by f of each open set V of Y is feebly open in X.

Definition 13 [195] : (Pointwise definition of feebly continuity): The function f:X(Y is feebly continuous at the point x (X if for any open set G(Y such that f(x)(G, there is  a feebly open set U (X such that x(U and f(U)(G . 

                                 The function f :X(Y is feebly continuous if it has this property in any point x (X.

Definition  14 [197] : A function  f : X(Y is called almost feebly continuous if the inverse image of every regular open set of Y is feebly open in X.

Definition 15[ 195] : A function f : X( Y is called feebly  closed  if the image of each closed set in X is feebly closed set in Y.

Definition 16 [193] : A function f : X(Y is called almost A-continuous  if for each regular open set V(Y , f-1(V) is an A-set.

Definition 17 [194] : The function f:X ( Y is complementary weakly continuous if for each open set V(Y, f –1(FrV) is preclosed in X .

Definitinion 18 [194] : The function f:X ( Y is complementary S-almost continuous if for each open set V (Y , f-1[cl(int(clG)-G)] is preclosed in X .

Definition 19[180] : A mapping f :X(Y is called semi-weakly continuous if for each x(X and each open set V containing f(x) , there exists a semiopen set U containing x such that f(U)( scl(V).

Definition 20 [ 42  ] : A function f : X( Y is called semi-weakly continuous (i.e., sem.w.c)iff for f(x)( V , open in Y, then there exists semiopen set U in X containing x and f (U)(clV.

Definition 21 [223] : A function f:X( Y is called (i) strongly (-open (resp. strongly semiopen , strongly preopen ) if the image of each (-open (resp. semiopen , preopen ) set in X is a (-open (resp. semiopen , preopen ) set in Y .

Definition 22 [223] : A function f : X( Y is called (i) quasi (-open (resp. quasi semiopen , quasi preopen) if the image of each (-open ( resp. semiopen, preopen) set in X is open set in Y.

Definition 22a[163]: A function f :X (Y is called quasi-(-closed if the image of each (-closed set in X is closed set in Y.

Definition 22b[163] A function f :X (Y is called strongly -(-closed if the image of each (-closed set in X is (- closed set in Y.

Definition 22c [163]: A function f:X(Y is  said to be weakly (-irresolute if for each x(X and each (-open set U (Y containing f(x) , there is  a V(SO(X) such that x(V and f(V)(U.

Definition 22d [162]: A function f:X(Y is said to be p-irresolute provided that for each x(X and each preopen set V of Y such that f(x)(V and Y-V is connected  , there is a preopen set U of X such that x(U and f(U)(V.

Definition 22e [162]: A function f:X(Y is said to be ultra p-continuous  if f-1(V) is open for each preopen set V in Y with connected complement.

Definition 22f [162]: A function f :X(Y is p-open(resp.p-closed ) if f(U) is open (resp.closed ) for each preopen (resp.preclosed ) set U of X.

Definition 22e [162]: A function f:X(Y is said to be ultra p-quotient map provided that f-1(U) (PO(X) iff U(PO(Y) .

Definition 23 [ 93  ] :A function f:X(Y is called weakly -(-irresolute , if for each x(X and each  V(SO(Y,f(x)) , there exists U(SO(X,x) such that f(U)(cl V.

                                  A function f:X(Y is called strongly -(-irresolute , if for each x(X and each V(SO(Y,f(x)) , there exists U(SO(X,x) such that f(clU)(V.

Definition 24 [123] : A function f:X (Y is said to be (-irresolute (in the sense of Khedr and Noiri) if for each x(X and each V(SO(Y,f(x)) , there exists U(SO(X,x) , such that f(clU)(clV.
Definition 25 [40  ] : A function f:X(Y is said to be s-continuous if f-1(V) (( for each V(SO(Y).

Definition 26 [198] : A function f:X(Y is said to be weakly-quasi-continuous if for each x(X , each open set U containing x and each open set V containing f(x) there exists open set G in X such that ( (G(U and f(G)(clV.

Definition 27[111]:  A function f:X(Y is called (-quasi-irresolute ((-q.i) if for each x(X  and each V(SO(Y,f(x)) , there exists U((O(X,x) such that f(U)(clV, where (O(X,x) is the set of all ( -open sets of X  containing point x.

Definition 28 : A function f :X(Y is said to be ((,s)-continuous [ 119 ] (resp. (p,s)-continuous [113], (-quasi-irresolute  [112] ) if for each x (X and each V(SO(Y,f(x)) , there exists an open (resp.preopen , (-open )set U containing x such that f(U)(clV.

Definition 29[111]: The graph G(f) of a function f:X(Y is said to be    (-quasi-closed if for each (x,y) ((XxY)-G(f), there exist U((O(X,x) and V(SO(Y,y) such that [UxclV](G(f)=(.

Definition 30[111]:A function f:X(Y is said to be (-irresolute if for each V((O(Y,f(x) , there exists U((O(X,x) such that f(clU)(V.

Definition 31[111 ] : A function f:X(Y is said to be  always (-open if f(V)((O(Y) for each V((O(X).

Definition 32 [111]: A function f:X(Y is said to be strongly (-closed if the image of a (-closed set in X is (-closed in Y.

Definition 33 : A function f:X ( Y is called  strongly M-precontinuous (=SMPC)[202] if the inverse image of each preopen set is open .

Note : The SMPC functions are called strongly precontinuous functions in [99A].

Definition 34 : A function f:X (Y is called presemiopen[46] (resp.presemiclosed [211 ]) if f(F) is semiopen (resp. semiclosed ) set  in Y for each  semiopen set F (resp.semiclosed set F) in X.

Definition 35 [181]: A function f :X (Y is said  to be faintly semicontinuous (resp. faintly precontinuous , faintly (-continuous ) if for each x(X and each (-open set V of Y containing f(x) , there exists a semiopen set (resp.preopen set ,(-open set) U of X containing x such that f(U)( V. 

Definition 36[183] : A function f:X (Y is called totally semicontinuous if the inverse image of each open subset of Y is a semiclopen subset of X.

Definition 37[183] : A function f:X(Y is called strongly  semicontinuous iff  the inverse image of every subset of Y is a semi-clopen subset of X.

Definition 38[184]: A function f:X(Y is called  slightly semicontinuous if for each x(X and  every clopen subset V of Y containing f(x) , there exists a semiopen subset U of X such that   x(U  and f(U) (V.

Definition 39[190]: A function f:X(Y is called quasi precontinuous at x(X if for each open set V containing f(x), there exists  a preopen set U such that x(U and f(U)(clV.

                 A function f:X(zY is quasi precontinuous iff  f is quasi precontinuous at each point of X.

Definition 40[190]: A function f:X(Y is called quasi* precontinuous iff for every open set V of Y, f-1(Fr(V)) is  preclosed set in X, where Fr(V) is the frontier of V. 

Definition 41[191]: If A(X , then a mapping f :X(A is called quasi precontinuous retraction if f is quasi precontinuous and fA is the identity mapping on A .

Definition  42 [191]: For a function f:X(Y , the graph G(f) is said to be strongly preclosed if for each (x,y) ((XxY)-G(f)  there exist U(PO(X) and V(PO(Y) such that x(U ,y(V and f[U](pclV=(.

Definition 43 [ 81 ] : For a function f:X(Y , the graph G(f) is said to be strongly semiclosed if for each (x,y) ((XxY)-G(f)  there exist U(PO(X) and V(PO(Y) such that x(U ,y(V and f[U](sclV=(.

 Definition 44[ 46 ] : A function f:X(Y is called semihomeomorphism if f is irresolute and presemiopen .

Definition 45 [ 154 ]: Two topological spaces are  called prehomeomorphic or pre topological equivalent if there exists a bijective map f:X(Y such that f is M-precontinuous and M-preopen .Such a map  f is called prehomeomorphism .

M-precontinuous = preirresolute in the sense of Reilly et al . 

 (C ) Weak forms of generalized continuity and generalized  openness and allied definitions

Definition 1 : A function f:X( Y is said to be :

(i)  a semigeneralized  continuous i.e.sg-continuous [ 217 ]( resp. generalized semicontinuous i.e. gs- continuous [ 51 ], g-continuos [ 21 ], (-continuous   [ 17 ], gp-continuous [ 8 ] , (g-continuous [ 106] and gsp-continuous [ 61 ] ) if f-1(V) is sg-closed set(resp. gs-closed set, g-closed ,(-closed , gp-closed set ,(g-closed set  and gsp-closed set ) in X for each closed subset V of Y,

(ii)  semigeneralized closed i.e.sg-closed [ 51 ](g-closed [ 147&143 ],gs-closed  [51  ]) if f(V) is sg-closed (resp. g-closed , gs-closed ) set in Y for  each closed set V in X ,

(iii)  sg-open [ 51] ( resp. gs- open [ 51 ] , g-open [ 143 ] ) if f (V) is sg-open set (resp. gs-open set and g-open set ) in Y for each open set V in X,

(iv) sg-irresolute [ 217 ] ( gp-irresolute[8  ] , g-irresolute[ 21 ] , gs-irresolute       [ 50] , gc-irresolute [ 21 ] gsp-irresolute [ 61 ] and (g-irresolute[ 52 ] ) if       f-1(V) is sg-closed (resp.gp-closed, g-closed, gs-closed , g-closed, gsp-closed , (g-closed  )set  in X  for each  sg-closed (resp.gp-closed, g-closed, gs-closed , g-closed, gsp-closed , (g-closed) set  in Y.

Definition 2 : A function f:X(Y is called  rg-continuous[ 187 ] (resp.gpr-continuous  [106  ] if f-1(V) is a rg-closed (resp.gpr-closed ) set of X for each closed set V of  Y.

Definition 3 : A function f : X(Y is called strongly gp-continuous if the inverse image of each gp-closed set of Y is open in X [ 8 ].

Definition 4 : A function f: X( Y is called perfectly gp-continuous if the inverse image of each gp-closed set of Y is clopen in X [ 8 ].

Definition 5 : A function f : X ( Y is called pre-sg-continuous if f-1(F) is sg-closed in  X for every semi-closed subset F(Y [178  ] .

Definition 6 [173] : A function f:X(Y is called :

(i)strongly sg-continuous if the inverse image of each sg-open set of Y is open in X.

(ii)perfectly sg-continuous if the inverse image of every sg-open set (sg-closed ) set of Y is clopen set in X .

(iii) strongly gs-continuous if the inverse image of each gs-open set of Y is open in X.

(iv) perfectly gs-continuous if the inverse image of each gs-open(gs-closed) set of Y is clopen set in X.

(v) weakly sg-continuous if the inverse image of each sg-open set of Y is semiopen set in X.

(vi) weakly gs-continuous if the inverse image of each gs-open set of Y is semiopen set in X.

(vii) sg*-continuous if the inverse image of each semiopen set of Y is sg-open set in X , and 

(viii) gs*-continuous if the inverse image of  each semiopen set of Y is gs-open set in X.

Defintion 7[72] : We say that a mapping f:X( Y is said to be pre-semi-continuous  (resp.semipre  continuous) if for each   open set V of Y ,f-1(V) (PSO(X)    (resp.      f-1(V)(SPO(X)), where PSO(X) is nothing but semipreopen set .

                   The definitions of SPO(X) and PSO(X) are defined as below:

(i) spintA=A((cl intA(int clA)

(ii) SPO(X) ={A(X : A=spintA}

(iii) psint A =A(cl int clA

(iv) PSO(X) ={ A(X :  A =psint A}.

Definition 8 [ 146 ]:A function f: X (Y is called (**g-continuous if f-1(V) is an (**g-closed set of X whenever V is a closed set of Y.

Definition 8 [72]:A function f:X( Y is called quasi-sg-continuous if the preimage of every open set   of Y   is sg-closed set in X.

Definition 9[68]: A function f:X(Y is called p(-continuous   if f-1(V) is p(-closed in X for every closed subset V of Y.

Definition 10 [225] :A function f :X(Y is called g* -continuous if  f-1(V) is a g*-closed set of X for every closed V of Y.

Definition NEW (1):A function f:X(Y is called sg*-continuous (resp.g*s – continuous, g*( - continuous , (g* – continuous , g*p –continuous,g*sp – continuous , (-g*- continuous  and (-g*-continuous  ) if  f -1(F) is a sg*-closed(resp. g*s –closed , g*( - closed, (g*–closed , g*p –closed ,g*sp –closed , (-g*-closed and (-g*-closed ) set of X for every closed F of Y.

Definition 11 [225]: A function f :X(Y is called g* -irresolute if  f-1(V) is a g*-closed set of X for every g*- closed set V of Y.

Definition NEW (2) : A function f :X(Y is called sg* -irresolute(resp. g*s – irresolute , g*( - irresolute  , (g* – irresolute  , g*p – irresolute ,g*sp – irresolute  , (-g*- irresolute   and (-g*- irresolute)  if  f-1(F) is a sg*-closed (resp. g*s – closed , g*( - closed  , (g* – closed  , g*p – closed ,g*sp – closed  , (-g*- closed   and (-g*- closed ) set of X  for every sg*- closed (resp. g*s – closed , g*( - closed  , (g* – closed  , g*p – closed ,g*sp – closed  , (-g*- closed   and (-g*- closed ) set  F of Y.

Definition 12[63]:A function f :X ( Y is called (–g-continuous (resp. (-g-irresolute ) if f-1(V) is (-g-closed set in X for each closed set V(resp. (-g-closed ) set of Y.

Definition 13[67]:A function f:X(Y is called (i)(-g-continuous(resp.(-g-irresolute)if f-1(V) is (-g-closed set in X for every closed (resp.(-g-closed ) set V of Y  .

Definition 14[50]: A bijection map f:X(Y is called a semi-generalized homeomorphism i.e,sg-homeomorphism(resp.generalized semi homeomorphism i.e., gs-homeomorphism ) if f is both sg-continuous and sg-open map(resp.if   f is both gs-continuous and gs-open).

Definition 15[50]: A bijection map f:X(Y is called a sgc-homeomorphism (resp.gsc- homeomorphism ) if f is  sg-irresolute and its inverse f –1 is also sg-irresolute map(resp.if   f is  gs-irresolute  and its f-1 is also  gs-irresolute).

                  Finally , we give the following .

DefinitionNEW(3): Let X and Y be topological spaces, let f:X(Y be a function, and let p(X .Then f is said to be semi generalized C-continuous (= sgC-continuous ) at p  provided if U is an open subset of Y containing f(p) such that Y-U is SGO-compact, there is an sg-open subset V of containing p such that f(V)(U.

DefinitionNEW(4): Let X and Y be topological spaces, let f:X(Y be a function, and let p(X .Then f is said to be  generalized semi C-continuous (= gsC-continuous ) at p  provided if U is an open subset of Y containing f(p) such that Y-U is GSO-compact, there is an gs-open subset V of containing p such that f(V)(U.
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