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ABSTRACT

The aim of this paper is to introduce and study TL-sub near-fields, TL-ideals of near-fields over regular delta near-
rings and to obtain their characterizations. We define T-sum, T-difference, T-product of L-sub near-fields of a near-
field N over regular delta near-ring of a ring R and obtain their properties. The set of near-fields of TL-ideals of
anear-field N over —field regular delta near-ring of a ring R equipped with L-sub near-fields inclusion relation <
constitutes a complete lattice with L- sub near-field intersection as its meet is proved. The quotient near-field (N/u, +T,
*) is obtained and proved that it is isomorphic to the quotient near-field (N/Nu,+T,*). Also we obtain some
characterizations of homomorphism of TL-ideals of near-fields over regular delta near-rings.
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SECTION 1: INTRODUCTION

Near-field over a regular delta Near-Ring is a generalized structure of a near-field. Dr. N.V. Nagendram introduced the
notion of fuzzy N- sub-near-fields and fuzzy ideals of near-field spaces over a regular delta near-ring.

Dr. N.V. Nagendram also introduced fuzzy ideals and fuzzy cosets of fuzzy ideals of near-field spaces over regular
delta near-rings and extended the concept to TL-ldeals of near-field spaces over regular delta near-ring of a near-field.

As in near-ring theory it is interesting to fuzzify some substructures of near-field spaces over regular delta near-rings of
a near-ring. Hence our aim in this paper is to study TL-sub-near-field spaces and TL-ideals of near-field spaces.

The organization of this paper is as follows:

In section 2, some preliminary definitions are given.

In section 3, T-sum, T-difference and T-product of L-sub-near-field spaces of a near-field over regular delta near-
ring are defined. Also TL- sub-near-field space, TL- sub-near-field space and TL-ideals of a near-field space over
regular delta near-ring are defined and their properties are studied.

In section 4, the properties of homomorphism of TL-ideals of a near-field space over regular delta near-ring are studied.
Section 5 concludes the paper.

The theory of fuzzy sets was introduced by Zadeh [14]. Goguen [9] introduced the concept of L- fuzzy sets. Rosenfeld
[13] first introduced the fuzzification of the algebraic structures and defined fuzzy sub-groups. Anthony and Sherwood
[3], Asaad and Abou-zaid [4], Akgul [2], Das [6], Dixit, Bhambri and Kumar [7] contributed the theory of fuzzy

subgroups. Fuzzy ideals of ring are first defined by Liu. [11]. Cheng, Mordeson and Yandong [5] discussed TL-sub-
rings and TL-ideals of a ring.
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In depth study of various types of near-fields [10], Dr. N V Nagendram extended the TL ideal of near-fields over
regular delta near-ring in a near-field space by applying the topological applications making it into algebraic topology
in modern and abstract algebra for large scale scope of applications in algebra of mathematics. Algebraic topology is a
branch of mathematics that uses tools from abstract algebrato study topological spaces. The basic goal is to find
algebraic invariants that classify topological spacesup to homeomorphism, though usually most classify up
to homotopy equivalence.Although algebraic topology primarily uses algebra to study topological problems, using
topology to solve algebraic problems is sometimes also possible. Algebraic topology, for example, allows for a
convenient proof that any subgroup of a free group is again a free group

SECTION 2: PRELIMINARIES
In this section we recall some fundamental definitions for the sake of completeness in the sense of topology:

Definition (2.1) [10, 12]: By a near-ring we mean a non-empty set R with two binary operations ‘+* and ‘-’ satisfying
the following axioms:

(i) (R, +)isagroup,

(ii) (R, -) is a semi-group,

(liiyx-(y+z)=x-y+x-zforallx,y,zeR.

Precisely speaking, it is a left near-ring because it satisfies the left distributive law. We will use the word “near-
ring” instead of “left near-ring”. We denote xy instead of x-y. Note that X0 = 0 and X (-y) = -xy, but Ox #0 for
X,y eR.

Definition (2.2): A binary operation T on a lattice L is called a t-norm if it satisfies the following conditions:
(i) T(T(ah),c)=T(T(b,c)),
(i) T b)=T(b,a),
(iiiyb<c=>T(a, b)<T(a c),
(iv) T(a,1)=aforalla b,cinL.

Definition (2.3) [1, 8]: An ideal | of a near-ring R is a subset of R such that
(i) (I, +) is a normal subgroup of (R, +),
(i) RI <1,
(iii) (r+i)s-rselforallilandr, sR.

Note that if | satisfies (i) and (ii) then it is called a left ideal of R.
If | satisfies (i) and (iii) then it is called a right ideal of R.
SECTION 3: TL-IDEALS OF NEAR-FIELD SPACES OVER REGULAR DELTA NEAR - RINGS

In this section, | discuss about the operations known as T-sum, T- difference and T- product of L-sub-near-field
spaces of a near-field N over a regular delta near-ring. Now we shall define various operations on L- sub-near-field
spaces of a near-field N over regular delta near-ring R.

Let N be a near-field space over a regular delta near-ring and L be a complete lattice.
3.1 Definition: A function p: N — L is called an L-sub-near-field space of N.
The set of all L-sub-near-field spaces of N is called the L-power near-field space of N and is denoted by L".

3.2 Definition: Let y, LN and T be a t-norm on L. Then
D) M+T))=V{WT @) |y, ze R y+z=x}
(i) (=1 ) =) x).
(i E-T))=V{Y T @Iy zeN,y —z=x}.
(V) (L-T) )= V{MWT @)Y,z € N,y.z=x}, where x € N.

3.3 Remarks:
(i) p+T,u-Tand W Tare called T-sum, T-difference and T- product of pand respectively. —pis called the
negative of .
(ii) If T= A then p+T, p- T and p. T are known as the sum, difference and product of p and T respectively and are
denoted by p+, W - and p. respectively.
(i) p+ T=+Tpand u- T = p+ T (-) for all y, LR.As an elementary result we prove:
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3.4 Theorem: Letu, & e LN, Thenp (+&) <p + p &

3.5 Definition: For p, LN definen e n
D) =V{T (YD) T(@i)yi,zieN,1I<i<nneN,>yizi=x}xeN.i<l

3.6 Theorem: Letp, & e LY. Then () uT<p T (i) <E=2>puT<pTE

3.7 Definition: An L-sub-near-field space p of a near-field space N over regular delta near-ring is called a TL-sub-
near-field space of N if it satisfies the following conditions for all X, y eN:

) n@O@=1,

(i) p(-x)=p(x),

(i) p (X +y) = p(x) T p(y).

Now we shall define TL- sub-near-field space over a regular delta near-ring and TL-ideal of a near-field space over a
regular delta near-ring R as follows:

3.8 Definition: An L-sub-near-field space u of a near-field space over regular delta near-ring R is called a TL- sub-
near-field space over regular delta near-ring of R if it satisfies the following conditions:

() n()=1,

(i) W (-x) = px),

(iii) p (X +y) = p(x) T §(y),

(iv) H(xy) = p(x) T u(y), VX, y € N.

3.9 Remarks:

(i) When T= A, a TL-sub-near-field space over a regular delta near-ring is called L-sub-near-field space over a
regular delta near-ring.

(i) The set of all TL- sub-near-field space over regular delta near-rings of N and set of all L- sub-near-field spaces
over regular delta near-rings of N are denoted by TL (N) and L (N) respectively.

(ii) If L = [0, 1], TL- sub-near-field space over regular delta near-ring and L-sub- near-field space over regular
delta near-ring of N are known as T-fuzzy sub- near-field space over regular delta near-ring and fuzzy sub-
near-field space over regular delta near-ring of N respectively.

3.10 Definition: An L-sub- near-field space p over regular delta of a near-ring N is called a TL-ideal of N if
() u()=1,
(it) p () = p(x),
(iii) p (x +y) = p(x) T p(y),
(iv) uy+x-y) = p (x),
(V) H(xy) = p(y),
(Vi) M ((x+i)y -xy) > p(i) for all X, y, i € N.

3.11Note:

(1) If p satisfies (i), (ii), (iii), (iv) and (v) then it is TL-left ideal of near-field space N.

(2) If p satisfies (i),(ii),(iii),(iv) and (vi) then it is called TL-right ideal of near-field space N.

(3) When T= /A, a TL-left ideal and TL-right ideal are known as L-left ideal and L-right ideal respectively.

(4) The set of all TL- left ideals and TL-right ideals of N are denoted by TL, I(N) and TLI r (N) respectively. The
set of all L- left ideals and L-right ideals of N are denoted by LI I (N) and LI r(N) respectively.

(5) When L = [0, 1], TL-left ideals and TL-right ideals are known as T-fuzzy left ideals and T-fuzzy right ideals
of N respectively and when T= /\, they are known as fuzzy left ideals and fuzzy right ideals of N respectively.

3.12Example: Let R = {a, b, c, d} be a non-empty set with two binary operations ‘+’ and ‘-’ defined as follows:

+lalblcl|d .lalb|c|d
alalblc|d ajlalalaja
blblal|d]|c blala|a]a
c|lc|d|b|a clajala|a
dldlclalb d{ala|b|d

Then (R, +, ) is a near-ring. Define a fuzzy setpi: R L by u(c) = (d) <p(b) <p (@) = 1. Now define a binary
operation T on L by

T(X, y) = max (x+y-1, 0) forall x, y € R.

Then T is at-normon L and p defined above is a TL-ideal of R. From the definition immediately we can obtain the
following theorem:
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Theorem (3.13): Every TL-ideal of a near-field N over a regular delta near-ring R is a TL-sub near-field of N over a
regular delta near-ring of R.

Remark (3.14): The converse of the above theorem is not true. For this consider the following example:

Example (3.15): Let N={a, b, ¢, d} be a non-empty set with two binary operations and ‘-’ defined as follows:

+|la|b|c|d .la|b]c|d
alalblc|d alalalala
b|lbla|d]|c blala|la]a
clc|d|b|a clalala]a
djd|c|al|b dla|b|c|d

Then (N, +, -) is a near-field space over a regular delta near-ring.
Define afuzzysetp: N> Lbyp(c)=p(d)<p(b)<p(a)=1.
Define a binary operation T on L by T(x, y) = max (x+y-1, 0) for all x, y eN.

Then T is at-norm on L and u defined above is a TL- sub near-field of N over regular delta near-ring R but not a TL-
ideal of a near-field of N over regular delta near-ring Ras L ((c + b)d —cd ) = pu (d) < p (b).

Now we prove various properties of TL-ideals and TL-sub near-field of N over regular delta near-rings R. At the outset
we characterize TL-sub near-field of N over regular delta near-ring as:

3.16 Theorem: Let p L. Then p is a TL- sub near-field of N over regular delta near-ring R if and only if
1) u@©@=1,

() Hy)ZpE) Ty),
() H(XY)=pux)Tpu(y) forall X,y eN.

3.17 Theorem: Letpube aTL-ideal of anear-field of N over regular delta near-ring R. Then pu (x-y) = u (0)
implies p(x) =p(y) for all x, y € N.

In the following theorem we give a necessary and sufficient condition for pt and L™ to be fuzzy ideal of near-field space
N over regular delta near-ring R:

3.18 Theorem: Let L be a chain and p LR .Then a necessary and sufficient condition for pLI r (R) (resp. p LII (R)) is
that every pa (a L) is a right (or left) ideal of R.

Proof:= Let p LI r (N).
Let x, y € pa. Clearly pa is a non-empty sub near-field of N over a set of regular delta near-rings R.

Thenpu (x-y) =p(x+(-y)zp Uy =a
Sox-y e pdaforall x,y e pa.

Againasp LIr (R), p (X) =pu(y + x-y) forall X,y € N.

Now X pa = [ (X) > a =§ (y+X-y) >a = y+x-y Ja.
SLy+x-yepaV xpaandy e N.

Hence (ua, +) is a normal subgroup of (N, +).
Again since LI r (N), p(( x + i)y - xy) > u(i) forall x, y,i € N .

Letipa. Then p (i) >a.
SRRy -xy)Zp () = p((x+iy-Xxy) >a.

Thus, (X +1i) y-xy paforallipaand X,y € N.

Hence pa (a L) is a right ideal of N.
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Conversely let pa (a L) be a right ideal of € N.
If possible suppose that p LI r (N).

When p does not satisfy the condition p (0) = 1, then p (0) < 1, which implies that Ny is not a sub near-field space of N
over a regular delta near-ring R, which is a contradiction.

Again when p does not satisfy the condition pt (-x) > p(x) vV x € N.

Then there exists x N such that pt (- x) p(x).

Take p (X) = a.

Then x pa but -x pa, which is a contradiction.

Further, when p does not satisfy the condition p(x+y) > u(x) u(y) v x, y eN.
Then there exist x, y R such that p(x+y) p(x) u(y).

Take p(x) p(y) =a.

Then X, y pa, but x + y pa which implies that pa is not a sub near-field space of N over a regular delta near-ring R of
(N, +) and hence a contradiction.

Next when p does not satisfy the condition p(y + X - y) >u(x).

Then there exist x,y eN such that p(y+x-y) p(x). Take u(x) = a.

Then x pa but y + x - y pa, which is a contradiction.

When p does not satisfy the condition p ((x+i)y-xy) >u(i).

Then there exist x, y eN such that p ((X + i)y - xy) p(i).

Take u(i) = a.

Then i pa but (x + i)y - Xy pa, which is a contradiction.

Hence p is a L- right ideal of near-field space of N over a regular delta near-ring R i.e. p LI r (N).

<: Similarly p LII (N) if and only if pa (a L) is a left ideal of near-field space N over a regular delta near-ring R.

A necessary condition for p L to be fuzzy ideal of near-field space N over a regular delta near-ring R when L is a
chain is mentioned in the following theorem:

This completes the proof of the theorem.

3.19 Theorem: LetpL™and L be a chain. Then a necessary condition forp LI r(N)(resp.pu L, e I(N)) is that
p[a] (a L\{1}) is a right(resp. left) ideal of a near-field space N over regular delta near-ring R.

Proof: Let p e LN and L be a chain.
=: Suppose W LI r(N) and choose a L\ {1}.

To prove that u[a] is a right ideal of near-field space N over regular delta near-ring R.
(i) @ (0) =1 implies that 0 p[a].
(if) Letx pfa]. Thenp () >a and as W (- X) > p (X), M (- X) > a. Hence - x p[a] .
(iii) Again let x, y p[a] .
Then p (X +y) > pu(x) K(y) > a, which implies that x+y p[a].
(iv) Let x u [a].
Then p(y + x - y) > u(x) = y + x - y p[a] for all x pu[a] and y N.
(v) Letip[a] andx, y N.
Then p((x + 1)y -xy) = p ()= p((x +i)y - xy) >a
o (X +)y -xy u[a] foralli y[a] and X,y € N. y N.
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Hence p[a] is a right ideal of a near-field space N over a regular delta near-ring R.
<: Suppose W LI (N) and choose a L\{1}.
To prove that y[a] is a left ideal of a near-field space N over a regular delta near-ring R.
As in part (1), (ua, +) is a normal sub near-field space N over a regular delta near-ring of (N, +).
Lety N p[a]. Theny Np[a] implies y = r x where r N and x p[a] .
Again since p LI I (N), pt (rx) > u(x) for r N and x p[a] .

Thus p(y) = p (rx) = p(x) implies p(y) = p(rx) > a.
.y u[a] and hence Nu[a] € p[a] . Thus pfa] (a L) is a left ideal of near-field space N over a regular delta near-ring R.

This completes the proof of the theorem.

A sufficient condition for p e L™ to be fuzzy ideal of near-field space N over a regular delta near-ring R when L is
dense is proved in the following theorem:

3.20 Theorem: Letpe LNand L be dense near-field spaces. Then a sufficient condition for u LI r (N)
(resp. p LI 1(N)) is that p[a] (a L\{1}) is a right (or left) ideal of near-field space N over a regular delta near-ring R.

Proof: Let u e L™ and L be dense near-field spaces of N over a regular delta near-ring R.

= Suppose that every p[a] (a L\{1}) is a right ideal of near-field space of N over a regular delta near-ring R.

(i) Since 0 p[a] , u(0) > a for all a L\{1}.Therefore p (0) = 1.

(ii)letx e p[a].Thenx e p[a] = -xp[a] = p(-xX) >aVa e L1} Takingp (x) =a wegetu (-x) > (X) V x € N.
(iii) Now suppose X, y € M [a].

Letpu (x) A p(y)>a Thenp (x) = p (X) A R (Y)= x € p[al.

Similarly, y € p [a].

Hence x+y e p[a]Jand so p (x +y) > a.

Leta=p (x) Ap(y).

Ifa=0thenpu (X+y)=>0=p (X)AU(Y).

If a >0 then for any b € L, b< a we observe that p [b] is a right ideal of near-field space over regular delta near-ring R
andx,y e u[b] = x+y e p[bl.ie px+y)>h.

SLHx+ty)>V{blbel,b<a}

Since L isdense, V {b|b e L,b<a}=a
SR EY)Za=p ) A p(y).

(iv) Now let x, y € Nand p (x) = a.

Let a>0. Then for any b € L, b < a we observe that (u[b], +) is a normal sub near-field space of (N,+) and
XH=HU(y+Xx-y)>b.

Thuspu (y+x-y)> V{b|b eL,b<a}.Since Lisdense,V {b|bL,b<a}=a.
Hence p(y +x-y)>p (x) forall x,y € N.
(v) Finally, letip [a] and X, y eN.

If a=0then clearly p ((x + i) y - xy) > u (i).
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If a > 0then forany b € L, b < a we observe that u [b] is a right ideal of near-field space N over a regular delta near-
ring Rand x € i [b ] implies that p ((x + i)y - xy) > b.

Hence p ((x + i)y -xy) >V {b|b e L, b<a}.

Since Lisadense, V{b|b e L,b<a}=a
SR+ )y -xy) =a=p(i).

Hence p ((x + i)y - xy) > (i) forall x, y, i € N.

Thus, p LI r (R).

.<: : Similarly if y[a] (a € L\{1}) is a left ideal of near-field space N over a regular delta near-ring R then p LI [(N).
This completes the proof of the theorem.

For u TLIr (N), Nuis always right ideal of near-field space N over a regular delta near-ring R, is proved in the
following theorem:

3.21 Theorem: Let u TLIr (N) (or p TLI I(N)). Then Npis a right (or left) ideal of near-field space N over a regular
delta near-ring R.

When T is regular, Supp () is always an ideal of R is proved below:

3.22 Theorem: Let p TLI r (N) (resp. i TLI I (N)). Then Supp () is a right (resp. left) ideal of near-field space N over
a regular delta near-ring R when T is regular.

How to obtain a complete lattice from the set of TL-ideals of a near-field space N over a regular delta near-ring is
established in the following theorem:

3.23 Theorem: The set of near-field spaces of N, TLI r (N) (resp.TLI I (N)) equipped with L-sub near-field space of N
inclusion ‘<’ constitutes a complete lattice with L- sub near-field space of N intersection as its meet. Its maximal and
minimal elements are 1N and 1{0} respectively.

Further it is closed under L- sub near-field space of N T-intersection.

Proof: If part: Let uA TLI r (N), A where is any non empty index set. Then we observe the following points.
(i) pA (0) = 1 for all A .Therefore { uA (0)| A }= 1.

(i) Since pA (-x) > pr (X) VX e Nand V A.
S AP () A= {pd (X)[ A}, V X e N.

(i) Asuh (X +y) > pr (X) TpA (y), VX, ¥y e Nand V A,
S AR (xFy) =R () 2 HTHpA ()L ),V X,y eN.

(iv) Also pA (y + X -y) > pr (X) VX, Yy € Nand V A.
S ARMy + X -Y)|[ A} = {uh (X) A}V X, ye N.

(V) Again p ((x + a)y -xy) > p(a),vV x,y,ae Nand V & .
S {uMxta)y-xy)| A} = {pud () A})V X, y,a e N.
Hence {uX |A } TLIT (N).

As TLIr (N) LN and L is a complete lattice with L-sub near-field space of N over regular delta near-ring set inclusion
relation <.

.. TLIr (N) is a complete lattice with L- sub near-field space of N over regular delta near-ring inclusion relation <.

Lety, TLIr (N).Then ¥V x,y,a e N.
(HT)(0) = (0) T (0) =1T1=1.
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Clearly (UT )(-x) = p(x)T (x) =(uT )(x) V x € N.
(MT)(x+y) = LT (x+Y)=2(HE)T HE)T(KT (1))= ME)T ) TREIT (X))
= (HT)OITHT))-
Thus (UT) (x+y) = (UT) (X) T (UT) (Y) Y X,y € N.
Now (UT)(y+x-y) = H(y+x-y) T (y+x-y) = W(X)T (X) = (T ) (X) V X,y € N.
Thus (UT) (y+X-y) = (UT) (X) V X,y € N.
Again (UT) ((x+a) y-xy) = 1 ((x+a) y-xy) T ((x+a) y-xy) = u(@)T (a) = (uT) (a).
Therefore (uT) ((x+a) y-xy) > (T) () V X, y, a € N.

Hence uT TLIr(N) and TLI r(N) is closed under L- sub near-field space of N over regular delta near-ring T-
intersection.

} A r}, for x#0.
Finally 1N, 1{0} TLI r(N) and 1{0}(x) < n(x) <1IN(X) ¥ x € N.
i—lence 1N, 1{0} are the maximal and minimal elements of TLI r(N) respectively.
Iff Part: Let pA TLI I (N), X where is any non empty index set.
Then { pA (x)[A } is normal TL- sub near-field space of N over regular delta near-ring of (N,+).

Since ph (Xy) > ur (Y) VX, y e Nand V .
AR CYA = A (ML} V Xy eN.

Hence {puA | A} TLI (N).

As TLI 1 (N) < LM and L" is a complete lattice with L-sub near-field space of N over regular delta near-ring inclusion
relation <.

Therefore TLI1(N) is a complete lattice with L- sub near-field space of N over regular delta near-ring inclusion
relation <.

Lety, TLI1(N).Then forall x,y € N,
(HT)(xy) = L (YT (xy) = w(T (y) = (uT )(y) forall x, y € N.

Hence uT TLII(N) and TLI (N) is closed under L- sub near-field space of N over regular delta near-ring T-
intersection.

Clearly, 1y, 1oy TLI(N) and 1i0 (X) S p(x) <1gr (X) V x € N.

Hence 1y, 1 are the maximal and minimal elements of TLII(N) respectively. This completes the proof of the
theorem.

Now we prove a property of the directed family {ui |i I} of TL-ideals of N:

3.24 Theorem: Let {pi | i I} be a directed family of TL-right (or TL-left) ideals near-field space of N over regular delta
near-ring R where | is an index set.

Then {pi|i 1} TLIr(N) (or {pi|il}TLIH(N).
If N is a zero symmetric near-field space over a regular delta near-ring with unity then from the given L-sub near-field
space of N over a regular delta near-ring 1 over R we can obtain a TL-right ideal near-field space over a regular delta

near-ring R generated by p:

Theorem (3.25): Let N be a zero symmetric near-field space over a regular delta near-ring with unity. Letp e L™
Definey (x) =1ifx =0, such thaty (X) =v {Tyca H(Y) AN, 1< |A[ <0, X € <A >} Then < por=1.
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Proof: By definition of y we observe that

(i) v(0) = 1.
By taking A= {x} we get u(x) < y(x) for all x.
SO My
)y ExX)={Tuy) |AR, 1< |A| <o, - X <A> 1}
yeA
>{T ) |AR, 1< |A| <00, x ¢ A>T}
yeA
=7 (X)

Thus, y (-X) >y (X) vV x N.
(iii) Now we prove that y (x+y) >y (X )T vy (y).for all x, y € N. For this consider the following cases:

Case (1): If x=0, y=0.

Then in this case x+y=0 and therefore we get y (x+y) =1,

Hence y (x+y) >y (X) Ty (y).

Case (2): If x=0, y£0.

Then in this case x+y=y and therefore we get y (x+y) > 1T vy (y) =v (y)

Case (3): If x#0, y=0.

The proof is as case (2) and we get y (x+y) >y (X)T vy ().

Case (4): If x#0,y#0.Thenx +y #0.

Let x € <A>,, y € <B>,, where A, B are subsets of N, 1< |A| <o, 1< |B| < oo,
Then x € <A> ,, y € <B>,, implies that x+y x e <A U B>,.

Y (x+y) =T [U(2)] .
zeAuUB

h h
> ({ T HUIA S NASARex A T T ({T HW)IBS N 1<pBion,y € 198/ )
V ue A, v e B. Hence in all the cases we gety (x+y) >y (X) Ty (y) V X,y € N.
(iV)y (y+x-y) =v{Tu@) |AcBcNI<|AB|<w,y+x-y (AcB)},ze AcB
>v({Tu@E@)|AcN I<|Al<wo,xe <A>}=7y(X). ze A
Hence vy (y+x-y) >y (x) for all X, y € N.
(v) Nextletx,y e Nandi e <B> . Then (x+i) y -xy € <B>,.

v (( x+)y—xy) ={ T u(z)] B < N,1<B|<oo, ( x+H)y -xy € <B>,}.z € B
>{Tu(z)| BcN,1<|B|<x,iBr}=y(i).zeB

Thus y (( x+i)y-xy) >y (i) forall x, y, i € N.
Hencey € TLIr (N) and p<y.

Let& e TLIr (N) and p<é&.

First we prove that y <&.

If x=0, then &(x) =y(x) = 1.

Let us consider x # 0.

Let A={a; a, ------- ,an} N and x eN.
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x=Y [ (xi+ai)yi-xiyi] for some x; Xp, ------- y Xny WY1, Yo, === Yo R.
Since & TLIr (N) , we can write
Ex)=&( X[ (xi+ai)yi—xiyi])>T{E[(xi +ai) yi — xi yi]}> T &(ai).
L EX)={T&2)|AcCRIS|AI<K o, x € Xe AT} zeA

As u<E we get
Ex) ={T&2) |AcNI<|Al< o, x € Ar}. zeA

EX)>{TU(2)|AcN, 1< |A| <o, xe A1} =7 (X). zeA
Thus y (x) < &(x) for all x eN.

Hence y < & and therefore y = <> rT.

This completes the proof of the theorem.

Similarly we can obtain the following theorem:

Theorem (3.26): Let R be a zero symmetric near-{ing with unity. Let p LR. Definey (x) =1 if x =0,
={T uy) |y A, AR,I<|A|I<w0 , X <Af 1}, forall xR. Then < wIT =1.

Following theorem is an easy consequence of the above theorem.
(2) Lety, y TL(R) and x, Yy R.

Theorem (3.27): Let N be a zero symmetric near-field space over a regular delta near-ring with multiplicative identity
element. Letp, y e L.

(1) If y,y TL(R), then p+ T TL (R).

(2) IfuTLIIR) and y TL (R), then p+ T TL (R).

Proof: obvious

Theorem (3.28): Let R be an abelian near-ring and pu TLI (R). Then
(1) (R/u, + T, *) is a near-ring isomorphic to the quotient near-ring (R/R i, + T, *) where the binary operations
+ T, *are defined by (x+ W) + T (y+ W) = (x+y)+ pand (x+ W) * (y+ ) = xy+ pforall x, y R.
(2) If an L-subset p of R/p is defined by p (x+ ) = p(x), X R then p TLI(R).

Proof: Obvious.

SECTION 4: HOMOMORPHISM OF TL-IDEALS OF NEAR-FIELD SPACES OVER REGULAR DELTA
NEAR-RINGS: MAIN RESULT

In this section, | deduced theorem and is extended to near-field spaces with the in depth study over regular delta near-
rings in near-field space N. Further to prove that the homomorphic image of TL-ideal of near-field space N over regular
delta near —ring R is a TL- ideal of S:

4.1 Theorem (4.1): Let f: R S be a homomorphism of a near-field space N over a regular delta near-ring R onto a near-
field space M over a regular delta near-ring S, 0 € TLIr(N) (resp.u € TLII(N)). Then f (u)eTLIr(S)) (resp.
p e TLII(N)).

Proof: Let : N — M be an onto homomorphism of near-field spaces over regular delta near-rings R and S and
X,y eS.

Part (1): Let p TLI r(N).
(i) Clearly f (u)(0') = 1.
(i) f((-x) = V{uw)lw € N,f(w) = -x} = V{p(-w)l-w e N, f(-w) = x}.
>V{u(w)w eN,f(w) =x} =f()(x) Vx € S.

(i) f() (x-y) = V{u(w)lw € N, f(w) = x-y} > V{u(u-v)lu, v e N, f(u) = x, f(v)=y}

= V{uU)T p(W)lu, v € N, f(u) = x, f(v)=y}

> (V{u)lu e N, fu) =x HT(V{u ()l v e N, f(v)=y} = £ () ()T f()(y) V X, yeS.
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(iii) £ () (y+x-y) = V{uw)lw e N, f(w) = y+x-y}
= V{u(v+u-v) |u, v e N, f(u) =x, f(v)=y}.
2V {u(u) lu € N, f(u) =x3. . f()(y+x-y) = V{u(u)lu N, f(u) = x}.
Hence f(u)(y+x-y) = f(W)(X) vV x, y € S.
(V) f()((x+i)y-xy) = V{u(w)lw € N, f(w) = (x+i)y-xy}.
> V{u((urt)v-uv)lw € N, f(u) = x, f(v) =y, f(t) = i}.
> V{u@)|t e N, f(t)=i} = f()(i) for all x, y, i € S. Hence f(u) € TLI r(S).

Part (11): Let u e TLI I (N).Then clearly
(vi) Now f (u)(xy) = V{u(w)lw € N, f(w) =xy}
>V{u@uv)lu, v e N, f(u) = x, f(v) =y }
2V{uMW)Iv e N, f(v) =y 2> f(W)(y) vV x,y € S.
Hence from (i), (ii),(iii), (iv) and (vi); f(1) € TLI I(S).

About the inverse images of TL- ideals of a near-field space M over regular delta near-ring S:

4.2 Theorem: Let f: N(R) —> M(S) be a homomorphism of a near-field space N over regular delta near-ring R into
a near-field space M over regular delta near-ring S and TLIr(N) (resp. TLI I (N)). Then, f-1 () TLIr (M) (resp. f-1 ()
TLI I(M)).

Proof: Let f: N(R) — M(S) be a homomorphism of a near-field space N over regular delta near-ring R into a near-field
space M over regular delta near-ring S.

If Part: Let TLI r(S).
(i) f-1(m0)=H0)=(0)=1.
(i) -1 (1)(x) = H(-x) = (-fF(x)) = (F (X)) = -1 (y)(x) for all x € N(R).
(iii) f-1 (V)(x+y) = (f(x+y)) = (F)+F(y)) = (FCNT (F(y)). = (F-1(v) T (F-1 (n)(Y)) ¥V X, yeN(R).
(iv) f-1(1)(y-x+y) = (f(y+x-y)) = (F (x)) = -1 (v)(x) for all x, y € N(R)..
(V) f-1(y) (x+i)y-xy) = (F((x+i)y-xy)) = ((F)-F(D))f(y)- f(x) f(y) = f(i). = -1 (i) for all X, y, i € N(R).
Hence -1 (y) TLIr (N).

Iff Part: Let TLI I (S).
(vi) T-1 (y) (xy) = (f (xy)) = (f(x) f(y)) = f(y)) = f-1 (y)(y) for all X, yeN(R). Hence from (i), (ii), (iii), (iv) and (vi)
f-1(y) TLII(N).

For p LR and TL(N), f (i) is a TL-left ideal of near-field space N over a regular delta near-ring R as f (y):

4.3 Theorem: Let f: N(R) — M(S) be a homomorphism of a near-field space N over regular delta near-ring R into
a near-field space M over regular delta near-ring S. Let TL(N) and p be a TL- left ideal of a near-field space N over
regular delta near-ring R. Then f(u) is a TL-left ideal of a near-field space M over regular delta near-ring S f (y).

Proof: Part (1): Let p be a TL- right ideal of a near-field space N over regular delta near-ring R. Then f (1) and f (y)
are TL-sub near-field spaces groups of (N, +).Let X,y € S. Then
f(Wy+x-y) = V{uw)lw eN, f(w) =y+x-y}.

> V{u(v+u-v)lu, v eN, f(u) = x, f(v) = y}.

= V{u (Wu N, f(u) =x3=f (L)(x) forall x, y eN.

f)( (x+i)y-xy) = V{uw)w eN, f(w) =(x+i)y-xy}
>V {u((u+t)v-uv)|u, v, t eN, f((u+t)v-uv)) = (x+i)y-xy}
>V{UM®T (V) [ty € N, f(t)=i, f(y)=v}
= (V{u@®) [t eN, f{O=HTCV{V) ly eN, f(y)=v}).
=f (0 T )W)
Thus f (W)((x+i)y-xy) > (W)(i) T f()(y), forall x,y, i eN.

Hence f (u) is a TL-right ideal of a near-field space N over a regular delta near-ring R and f (y) is a TL-right ideal of
a near-field space M over regular delta near-ring S.

Part (11): Let p be a TL- left ideal of a near-field space N over a regular delta near-ring R.
f()(xy) = V{uw)iw € N, f(w) =xy}-.
= V{uuv)lu,v e N,f(u) =x, f(v) = y}.
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Then (i) £-1 >V{(W)T p(V)lu, v eN, f(u) =x, f(v) = y}. =(V{(U)l u € N, f(u) =x})T(V{uv) | v € N, f(v) =y}) = £ (1)
(X) T (W) (y) for all x, y eN. Hence f () is a TL-left ideal of f ().

If L LN, TL (N) then f (W) is a TL-left ideal of near-field space N over regular delta near-ring R and f (y) is proved in
the following theorem:

4.4 Theorem: Let f: N(R) — M(S) be a homomorphism of a near-field space N over regular delta near-ring R into
a near-field space M over regular delta near-ring S. Let TL(N) and and TL (M). If pis a TL-right (resp.left) ideal of
a near-field space M over regular delta near-ring S. Then f-1(u) is a TL-right (resp.left) ideal of a near-field space M
over regular delta near-ring S. f-1 (7).

Proof: Let f: N(R) — M(S) be a homomorphism of a near-field space N over regular delta near-ring R into a near-field
space M over regular delta near-ring S.

Clearly, p< = f -1(u) < f-1(y).
- F-1 (W) and f-1 (y) are TL-subgroups of R and f-1 (u) <f-1 (v).

If Part: Let p be a TL- right ideal of a near-field space N over regular delta near-ring R and X, y € N.
(W(0) = u (H(0) = (0 = 1.
(i) -1 (W(x) = u (OX) = p(F(x)) = p (F(x)) = -1 (W)(x) for all x e N.

(i) -1 () (x-y) = p (O (x-y) = W (f (x-y)) = W (F (x)-F(y))
Zp () TRECY)=F-1()) T -1 ()(y). Therefore f-1 (L)(x-y) = f-1 (W)(X) T f-1 (L)(Y)
forall X,y € N.
(IV)F-1 ()(y+x-y) = L Oy +x-y) = p (f(y)+f ()-fy)zp (f(x)) = -1 (W)(x). Therefore -1 ()(y+x-y) = -1 ()(x) for
all x,y e N.
W -1 (I)((x+i)y-xy) = W (O((x+i)y-xy) = u((fx) + (F(D)F(Y)- FC)(FO)).= n (F (1)) = F-1 () (D).
S F-L()((x+i)y-xy) > p(fii)) = £-1(u)(i) for all x, y, i € N.

Hence f -1(u) is a right ideal of a near-field space N over regular delta near-ring R and f-1 (y ) is a right ideal of a near-
field space M over regular delta near-ring S..

Iff Part: Let p be a TL- left ideal of a near-field space N over regular delta near-ring R. Then

(vi)f-1() (xy)=p (f(xy)) = H(FCF(Y)= (F (x) T p (f(y))= (F-1 ()(x) T (F-1 (L))
o F-1 (W(xy) = (F-1 ()X) T (F -1 (u)(y)) for all x, y eN.

Hence from (i), (ii) (iii) (iv) and (vi) f -1 (u) is a TL-left ideal of a near-field space N over regular delta near-ring R and
f-1 (y) is a TL-left ideal of a near-field space N over regular delta near-ring S. This completes the proof of the theorem.

Theorem (4.5): If an L-sub near-field space p of N/u is defined by p (x+ W) = p(x) for all x eN then i e TLI(N).

Proof: Let us define a function f: N/u — N/Np by f(x+u) = x+N p for all xeN. We shall prove that f is an onto
isomorphism.
(1) f((x+ ) + T (y+ ) = f((x+y)+u) = (x+y)+N p= (x+ N @) + (y+ N p) =f(x+ p) +f (y+ ).
(2) f((x+ W*(y+ p) = fixy+p) =xy+ N p=(x+ N p) * (y+ N p) =f(x+ p)*f(y+ p).
(3) Let f(x+ p) = f(y+ ) where x,y € N.
Then f(x+ ) = f(y+ ) = X+ Npu=y+NuU=x+t p=y+ .
Hence f is an isomorphism.
(4) Clearly fis an onto isomorphism.
(5) An L-sub near-field space N over a regular delta near-ring p of N/p is defined by p (x+ ) = p(x) for all xeN.
Then
() R =pO+p=p0) =1
(i) p(-x+ ) = u(-X) = J(x) = W (x+ p) for all x eN.
(i) p (et ) + T (y+ ) = L (Ot y) + 1) = p(x+y) > )T ply) =p (x+ T L (y+ W) V X, y eN.
(V) p((y+ ) + T (x+ ) + TEy+ W) = p((y+ x) + ) + TEy+ ).
= ((y+x) + 1) + Tyt ).
=W ((y+x-y)H)=H(y+X-y)
>p (X) = (x+p) forall x, y eN.
(V) KOt p*(y+ 1)) = | (Xy+ H) = H(XY) = p(y) = R (y+ 1) V X,y eN.
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(vi) PI(Oc+ ) + T (a+ W)))*(y+ p)- (x+ py*(y+ W] = 1 [(x+a)*(y+ W)- (x+ p)*(y+ wl.

= U [(x+a)y+ W)- (xy+u)].
= 1 [(x+a)y — xy)+l)].

= M ((x+a)y- xy).

> u (a).

=p(@at W) VXY aeN.

Therefore W is a TL- ideal of a near-field space over regular delta near-ring R. Hence g € TLI (N).

SECTION 5: CONCLUSION

Near-field space theory over regular delta near-rings under algebra of mathematics has many applications in the study
of permutation groups, block schemes and projective geometry. Near-field spaces over regular delta near-rings provide
a non-linear analogue to the development of Linear Algebra, combinatorial problems and useful for agricultural
experiments. In this paper | presented the notion of TL- ideals of near-field spaces over regular delta near-rings and
derived the properties of these ideals of near-field spaces over regular delta near-rings.
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