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1. Introduction

Dr. Florentin Smarandache created the idea of neutrosophy in the 1990s as a reaction to
these difficulties, providing a broader perspective on uncertainty. Neutrosophy aims to analyse
and portray systems, phenomena, and concepts that involve ambiguity, incompleteness, and

indeterminacy.

The Neutrosophic Set [1], a mathematical structure that expands on the idea of fuzzy sets [2]
and conventional crisp sets, is one of the core ideas of Neutrosophy. Three different elements
can occur in a neutrosophic set’s membership: truth, falsity, and indeterminacy. Neutosophic
sets are used in a variety of real-world contexts, including decision-making, artificial intel-
ligence, medical diagnosis, image processing, and pattern identification. By considering the
interplay between truth, falsity, and indeterminacy, neutrosophic sets offer a more robust and
flexible approach to modeling real-world uncertainties, making it a valuable tool for addressing

complex and contradictory data.
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In 2006, [10] F. Samarandache and W.B. Vasantha Kanasamy introduced the concept of
neutrosophic algebraic structures. Mahapatra and Bera [7] were the first to introduce the
neutrosophic soft linear space. Neutrosophic soft norm linear space, metric, convexity [11],
and Cauchy sequence were examined by Bera and Mahapatra [8]. The purpose of the current
paper is to change the intuitionistic fuzzy normed space of the structure into neutrosophic
normed space. The Cauchy sequence has been studied on neutrosophic normed space in an

attempt to investigate some beautiful results in this structure.

Mursaleen [14] introduced and presented the concept of statistical convergence with regard
to the intuitionistic fuzzy normed (Saadati and Park [15]). Khan [12] recently defined I-
convergence and [-Cauchy sequence in intuitionistic fuzzy normed. Kirigci and Simsek [4] inves-
tigated the statistical convergence in neutrosophic normed space.. Since neutrosophic normed
space is a generalisation of intuitionistic fuzzy normed (IFNS), this statistical convergence is
an important area for research. This piqued our interest in studying I-convergence in neutro-
sophic normed space. For further detail on ideal and statistical convergence, see [13,16-18].

Other important aspects of the neutrosophic norm can be found in [4,5,(7,/8].

Kizmaz [20] developed the concept of difference sequence spaces by studying the difference
sequence spaces X = loo(A), c(A), co(A).

Some novel sequence spaces were introduce by means of varius matrix transformation in
[19,21,22] and [23-25]. As seen below, Kizmaz [20] defines the difference sequence spaces

using the difference matrix.

X(A)={¢=G:ACe X}

for X = ¢, loo, co, where A, = ¢, — (o1 and A shows the difference matrix A = (App)
defined by
- ifn<m<n+1
Ap = (=) (1.1)
0, if0<m<n.
Definition 1.1. [28] A function f : [0,00) — [0,00) is called a modulus function if the
following conditions are met,
(a) f({)=0+= (=0,
(b) f(G+¢) < f(Q)+ f(&2),
(c) f is non-decreasing, and

(d) f is continuous from the right at zero.
Since |f(¢1) — f(¢2)| < f(|¢ — ¢2]), condition (4) implies that f is continuous on R* U {0}.
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Moreover, from condition (2) we have f(n¢) < n f(¢), Vn € N, and so f(¢) = f(n¢()).
Hence 1 f(¢) < f(%) Vn € N.

It is possible for the modulus function to be either bounded or unbounded. Consider the

following example: f({) = i, then f(({) is bounded. If f({) = {d ,0 < d < 1, then the
1+¢

modulus function f(¢) is unbounded.
In this study, we present the neutrosophic I-convergent difference sequence spaces I ((Zg( f)

and [ (0 B])( f) defined by modulus function and investigate some of its topological properties.

Definition 1.2. [5] A binary operation % on [0, 1] is referred to as CTN if (a) * is associative,
commutative and continuous, (b) u = u* 1 for any p € [0,1] and (c) for each p1, po, s, g €
[0,1], if pg > p1 and prg > pp then piz x prg > puy * po.

A binary operation o on [0, 1] is referred to as CTCN if (a) o is associative, commutative and
continuous, (b) = po0 for any p € [0,1] and (c) for each py, po, ps, pra € [0,1], if pg > vy
and pg > po then ps o pg > pg o po.

Definition 1.3. [1] Let X # ¢ and Y C X Then,
Yns = {< C,U(C),V(C),W(C) > C € X}7
where U((),V((),W(() : X — [0,1], U({) = Truth, V({) = Indeterminacy, and W({) =

Falsehood respectively.

0<UQ)+ V() +W(() <3
The components of neutrosophic are U(¢), V(¢) and W(() independent of each other.

Definition 1.4. [427] Assume X is a real vector space, x and ¢ are CTN and CTCN, respectively,
and Y = {< (,U((),V({),W({) >: ¢ € X} be a neutrosophic set s.t J : X x (0,00) — [0, 1].
The four-tuple (X, Y, *,¢) is called a neutosophic normed space (NNS) if the subsequent terms
holds; V (,y € X and s,7 > 0

(1) 0<U,s)<1,0<V(¢s) <1,0<W((s)<1,s€RT,
(ii) U(¢,s) + V(¢ 8) + W((,s) < 3, for s € RT,
(iii) U(¢,s) =1iff ¢ =0
(iv) UG, s) = UG 137)s

(v) UG, s) xU(y, ) U +y,s+7),
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vi) U(C, *) is continuous non-decreasing function

(vii) lim U(¢,s) =1

S—00

(vii) V(C,8) = 0iff ¢ =0
(ix) VA, 8) = V(¢ i)y
(x) V(¢,s)oV(y,s) 2V +y,s+7),
(xi) V(¢,©) is continuous non-increasing function,

(xii) lim V(¢,s) =0,

§—00

(xiil) W(¢,s) = 0iff ¢ =0

(xiv) W, 8) = W(C, 13,

(xv) W(C,5) o W(y,5) 2 W(C + 5,5 +7),
(xvi) W((,©) is continuous non-increasing function,

(xvii) lim W((,s) =0,

S§—00

(xviil) If s <0, then U(¢,s) =0, V(¢,s) =1, W((,s) = 1.
In such case, Y = (U, V, W) is called a neutrosophic normed (NN).

Example 1.1. [27] Suppose (X, || . ||) be a normed space, where ||y|| = |y|, Vy € R. Give the
function as ( oy = ¢ + y — Cy and define { x y = min(¢, y), For s > [|y||,

; I _lidl
s Ve = e e

U, s) =

vV (,y€ X and s > 0.
If we take s < ||C|], then

(1.2)

Z/{(C78) = OaV(C7$) =1 and W(Cv 3) =1

Hence, (X, ), 0,%) is neutrosophic norm space s.t ) : X x Rt — [0,1].
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Definition 1.5. [5,29] Let (X,),*,¢) be a NNS. A sequence x = {x,} in X is said to
convergent to o with regard to NN-) <= for each v > 0, e € (0,1), 3 N € N s.t

u(l‘n —0617'7) > 1 _67V(xn _0417'7) < 67W(mn _05177) <e, VneN.
i.e, v > 0, we have

lim U(z, —a1,7) =1, lim V(z, —aq,7) =0 and lim W(x, —aq,7v) =0.

n—o0 n—oo n—oo

We specify Y — limz,, = a;.

Theorem 1.1. Let (X,Y,*,0) be a NNS. Then, a sequence x = {x,} in X is convergent to
a € X if and only if lim U(zp—a,y) =1, lim V(z,—a,7) =0 and lim W(z,—a,vy) = 0.
n—oo n—oo n—o0

Definition 1.6. [3,6,9] Assemblage of subsets I C 2" is known as an ideal in N if I satisfies
these condition;

eI

(2) H,K € I = HUK € I, (additive);

3)Hel,KCH= K e I. (hereditary);

If I # 2N then I C 2V is called nontrivial [13]. A mnontrivial ideal I C 2N is said to be
admissible if I includes every singleton subset of N.

If there isn’t a non-trivial ideal K # I, then I is the maximum non-trivial ideal such that
ICK.

Definition 1.7. [27] Assemblage of subsets F' C 2" is known as a filter in N if I satisfies
these condition:

(1) 0gF,

(2) For HKe FF = HNKEF,

(3) If H € F and K D H implies K € F.

Definition 1.8. [27] Suppose {z,} be a sequence in (X, Y, *,0). A sequence {x,} is said to
be ideally convergent to o with regard to NN-)), if, for every € > 0 and v > 0

P={neN:U(x,—a,y)<1l—cor V(r,—a,y) > eW(x, —a,y)>e} €I (1.3)
It is denoted by Iy —limz, = « or x, — «.

Definition 1.9. [27] Suppose {z,} be a sequence in (X, Y, *,¢). A sequence {x,} is said to
ideally Cauchy sequence with regard to NN-) if, for every ¢ > 0 and v > 0, 3 k € N s.t

Q={neN:U(x, —xp,7) <1—cor V(r, —zk,7) > €, W(xy,—xp,7) > €} €1
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2. Main Results

In this study, we created and examined various topological aspects of neutrosophic ideal con-
vergent difference sequence spaces defined by modulus function, a variant of ideal convergent

sequence spaces. Let w be the space containing all real sequences.

I?g)(f) ={z={e.} €w:{neN: f(Z/I(Amn,fy)> <l-ceor f(V(Axn,*y)> > e,f(W(A:Un.,’y)> >e}el}
(2.1)

I((Zi(f) ={z={1.} €w:{neN:forsomey€R, f(l/{(Aa:n —a,y)) <l-ecor f(V(A.Tn —a,y)) > €,
f(W(Axn—a,'y)> 26}6[}
(2.2)

We describe an open ball with a radius € € (0,1) and a center at x with regard to the

neutrosophic v > 0 parameter, indicated by B(z,¢€,) as follows:

B(z,e,7) = {y ={yn} € I((X;(f) :{neN: f(L{(Axn — Ayn,’y)) <l-cor f(V(ALEn — Aym'y)) > e,
f(W(Axn — Ayn,’y)) >et € I}

(2.3)

Theorem 2.1. The inclusion relation I?E;)(f) C I((Z;(f) holds.

The inverse of an inclusion relation is not true. To defend our claim, take a look at the

examples below.

Example 2.1. Suppose (R,|.]|) be a normed space s.t |z|| = sup|zg|, and x1 * zo =
k

min{zi,z2} and z1 ¢ o = max{zy,z2}, V1,22 € (0,1). For f > ||z||, now define norms

Y= (U,V,W) on R? x (0,00) as follows;

B ]
= , V(z,B) = and W(z, ) = —-.
R R Y R
Then (R, Y, x,¢) is a NNS. Consider the sequence (xx)={1}. It is easy to observe that (zy) €

I
I(OA}g(f) and zj, —5 1, but z, ¢ I?g})(f).

]

I/I(x,ﬁ)

Lemma 2.1. Let z = {x,} € I((Z;(f). Then V € € (0,1) and v > 0, the following claims are

equivalent ,

(a) IX)(f)-lim(z) = o,

(b) {neN: f(U(Axn—a,’y)) <l—eor f(V(Axn—a,’y)> > 6,f(W(Axn—oz,’y)) >e} el
(

(c) {nEN:f(Z/{ Amn—a,’y)) >1—¢ and f(V(Axn—a,'y)) < 6,f(W(Axn—a,’y)> <6} €
F(I)
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(d) I-lim f(Z/I(A:Un - a,’y)) =1, I-lim f(V(Aacn - oz,’y)) =0 and /-lim f(W(Aa:n -
a,'y)) =0.

Theorem 2.2. The spaces I((Zg(f) and I(()E)J)(f) are linear spaces.

Proof. We know that I?S)))(f) C I((Z;(f) Then we show the outcome for I((yg(f). The proof

of linearity of the space I ?8})( f) follows similarly.

Let {xr}, {yr} € I((Zg(f) and aq, g be scalars. The proof is trivial for oy = 0 and a2 = 0.
Now we take a; # 0 and a9 # 0. For a given € > 0, take r > 0 st (1 —¢)x (1 —¢€) > (1 —7)

and ece <.

Plz{nGN:f( (Ax,— a1,2| |)>§lfeorf( (Ax,— a1,2| |))>e f(W(Axn a1,2| |)>26}€I,

PZZ{TLEN:f< (Az,— 042,2' |))<1 eorf(V(Aa:n a2,2‘ ‘))> f(W(Axn a2,2"y‘))26}61.

Now, we take the complement of P, and P

Pf:{neN:f( (Azy,— a1,2‘ |))>1—eandf( (Azy,— a1,2| |)><e,f( (Azx,— 0(172|’y|))<€}€F(I)7

Py = {n eN: f(Ll(Aacn—ozg7 ﬁ)) > 1—e and f(V(Aa:n—ag, ﬁ)) < qf(W(Axn—o% ﬁ)) < e} € F(I);

Consequently, set P = P; UP; produces P € I. Thus, P€ is a set that is not empty in F(I).

We'll illustrate this for each {z,}, {y,} € I(Xg(f)

Pe C {n e N: f( (uAxy, + vAY,) — (poy + 1/042,7)) >1—r and f(V(uAacn + vAy,) —

(e -+ vz, ) < 1] (W(tke + ) — (e +veiz)) <1
Let ¢ € P¢. In this case,

f(Ll(Aacz aq, )) >1—¢cand f(V(Aa:i - o1, L ‘)) < 6,f<W(A.Z‘Z' —al,ﬁo <€

2/l 2/ul

F (WA= a2, )] > 1 = cand [ (V(Ay: s,
Consider

f(U(uAaci + vAy;) — (poy + Vag,’y)> > f(L{(qui — pa, %)) * f(Z/{(I/AyZ- — vao, %))
= f(U(Aa:Z o1, o ‘)) *f( (Ay; — ao, ﬁ))

>(1—e)*x(1—€)>1—1r

ap)) <6 (WA~ 5) < e
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— f(U(qui + vAy;) — (poa + VO%’Y)) >1-—r

and
f(V(,uA:ci + vAy;) — (poq + Vozg,'y)> < f(V(MAxi — pay, %)) o f(V(VAyi —vas, g))
= f(V(Axi —aq, ﬁ)) o f<V(Ayi — ano, ﬁ))

<eve<lr

— f(V(uA:m + vAYy;) — (pag + VO%W)) <r

and

f(W(MAl“i +vAy;) — (pon + Va2>7)) <

<evoe<r

= f(W(,uA:ri + vAy;) — (pag + 1/042,7)) <r
Thus
Pe C {n e N: f(Z/{(qun + vAy,) — (pog + Vag,’y)) > 1—r and f(V(uAa:n + vAy,) —

(o + I/Oég,’}/)) <, f(W(,qun + vAyy,) — (pag + 1/042,7)> < r}
Since P¢ € F(I), Thus By the properties of F(I) we have,

{n e N: f(U(,uAazn + vAy,) — (poq + VOQ,’Y)) >1—r and f(V(,qun + vAy,) — (pog +

1/042,7)) < r,f(W(uAa:n + vAy,) — (pag + 1/042,7)) < r} € F(I). Hence I((Zg(f) is a linear

space. [

Theorem 2.3. Every closed ball B¢(z,¢€,v) is an open in I((Z’)v’w)(f), where neutrosophic

parameter v > 0 with centre at x and radius 0 < e < 1.

Proof. Suppose that B(x,~,€) is an open ball with a radius of 0 < ¢ < 1 and a neutrosophic

parameter v > 0, with its centre at x = (z,) € I((Zg(f).

Bz, e, () = {y € IX) () : F(U(ar = Ay, 7)) < 1= cor f(V(Az = Ay,7)) 2
F(W(Aaz = Ay,7)) 2 e e 1)
Then
Bé(w, e, )(f) = {y € IX)() : (U(Dz = Ay,7)) > 1= cand f(V(Az— Ay,7)) <e,

f(W(Ax _ Ay,*y)) <e € F(I)}

suppose y € B¢(x,v,¢€). Then, For
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f(L{(Aa: — Ay, 7)) >1—¢€and f(V(Ax — Ay, w)) <€, f(W(Ax — Ay, 'y)) <€,
so there exists vy € (0,7) such that
f(Z/{(Aa: — Ay,’yo)> >1—€ and f(V(Ax — Ay,fyo)) <€, f(W(Aa: — Ay,fyo)> < €.

Let ¢g = f(Z/I(A:E—Ay,yo)), we have ¢g > 1—¢e. Then 3 p € (0,1) such that g > 1—p > 1—e.
For ¢y > 1 — p, we can have €;, €9,€3 € (0,1) such that egxe; >1—p, (1 —¢p) o (1 —€2) <p.
and (1 —eg) o (1 —e€3) <p.

Let 4 = max{ey, €2, e3}. Then (1—p) < egxer < egxeq and (1—eg)o(l—eq) < (1—€g)o(l—€2) < p.
Consider the closed ball B¢(y,y — 70,1 — €4) and B(z,~,€).
We prove that B(y,y — v0,1 — €4) C B(z,7,¢€). Let z = {z,} € B°(y,y — 0,1 — €4). Then
F(U(ay=2z9=70)) > e and f(V(Ay=2z,7=70)) < 1=ex, f(W(Ay=22,7=70)) < 1-s
Therefore
F(Uae = 829)) = F(Uas = dy.0)) « F(UBY = Bz, =)
> €) k€4 > €KX €]

>(1-p)> (1—¢

f(V(Aw — Az, 7)) < f(V(Ax — Ay, 70)) o f(V(Ay —Az,y = 70))
<(1—e)o(l—€) <eoer

<p< €

and
f(Waz = az9)) < f(WAz = Ay.0) o f(W(AY = Az, =70))
<eoes < €oeg

<p< e

Therefore the set {f(Z/{(Aa:—Az,fy)) > 1l—eand f(V(Aa:—Az, ’y)) <€, f(W(A:c—Az, ’y)) <
e} € F(I).

= z=(2) € B%x,7,¢)

= Bc(yﬁ — 7,1 — 64) - Bc(zc,'y, e). 0O

Remark 2.2. It is clear that [ ((Xg (f) is a neutrosophic normed space with respect to neutro-
sophic norms Y = (U, V, W). Define
Now define a collection T((Z; (f) of a subset of I ((Z;( f) as follows:

T((K))(f) ={PcC I((Xg(f) : for every x = (z,) € P 3y > 0and € € (0,1) s.t B(z,7,€) C P}.
Then T((K;(f) is a topolopgy on I((Z;(f)
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Theorem 2.4. The topology T((X))(f) on the space I((Z;(f) is first countable.

Proof. For every z = {z,} € I(y (f), suppose the set B = {B%z,1, 1)} : n =

‘mon
1,2,3,4, ...},which is a local countable bas&s at T € I((X;(f). As a result, the topology T((X))(f)

on the space I ?g;)( f) is first countable.

Theorem 2.5. The spaces I((Z;(f) and I?B})(f) are Hausdorff spaces.

Proof. We know that I?O)))(f) C I((Zg(f), We will only show the solution for I((Z;(f)

Let x = (), y = (yn) € I((Zg(f) such that = # y. Then

0< f<Z/l(A:c . Ay,fy)) <1,0< f(V(A:z: - Ay,y)) <1and 0 < f(W(A:v . Am)) <1

Putting €; = f(U(Ax - Ay,7)>, €= f(V(Aaf - Ay,v)) , €3 = f(W(Aﬂc - Ay,v))
and € = max{ej, 1 — €2, 1 — €3}. Then for each ¢y € (¢, 1) there exist €4, €5, €5 € (0,1) such that
eaxeg €, (1—es)0o(l—e5) < (1—¢)and (1 —€s)o(1—e) <(1—e€p).

Once again putting e; = max{e4, 1 — €5, 1 — €g, }, think about the closed balls. B¢(x,1 — €7, %)
and B°(y,1 — ey, %) respectively centred at x and y.

Then it is obvious that B(x,1 — €7, %) NB(y,1 — ez, %) = ¢.

If possible let z = {2, } € B(z,1 — e7,%) N B(y,1 — €7, 7). Then we have,

€1 = f(U(Ax — Ay, 7))
> f(u(m ~ Az, %)) X f<u(Az ~ Ay, %)) (2.4)
> €7k €7 > €4 K% €4 > €Q > €]

2= f(V(Ax — Ay 7))

< f(V(Ax ~ Az 1)) o f(V(Az ~ Ay, %))

(2.5)
< (1 — 67) (1 — 67) (1 — 65) (1 — 65)
< (1 — 60) < €9

and
< f<W(A:L" — Az, 1)) o f<W(AZ — Ay, 7)) (2.6)
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We have a contradiction from equations 1} 1) and 1' Therefore, B¢(x,1 — €7, %) N
B¢(y,1 — ez, %) = ¢. Hence the space I((Zg(f) is a Hausdorff space.

)

Theorem 2.6. Suppose TA (f) be a topology on a neutrosophic norm spaces I((K;(f) , then

)
a sequence r = {x,} € I((Zg(f) such that (xy,) is A-convergent to Axg with regard to NN-
(V),if and only if f(Ll(Axn — Axg,’y)) — l,f(V(Axn - A:co,’y)) — 0 and f(W(Aacn —

Amo,'y)> — 0 as n — oo.

Proof. Let B(zg,7,€) be an open ball with centre zy € I((Zg(f) and radius € € (0,1) with
v >0, ie.
B(zo,6,7)(f) = {z ={zn} € I((Zg(f) :{neN: f(Z/{(Axn - Aﬂco,fy)) <l-—cor f(V(Amn - Axo,'y)) >,

(W20 - Ayaim) = e} € 1)
(2.7)

Consider a sequence {x,} € I ((Xg (f) is A-convergent to Axy with respect to neutrosophic norm

(), then for € € (0,1),y >0 3 ng € N such that {x,} € B(xg,7,€), ¥V n > ng. Thus

{n eN: f(u(Axn—Ax0,7)> > 1 f(V(Amn—Axo,wD < e,f(W(Aa:n—A:ro,y)) < e} e F(I).
So

1—f(u(Axn—Ax0,y)) > e, f(V(Axn—Amo,fy)) <e, and f(W(Ag;n—Axo,y)) < eVn > no.
f(u(Axanxo,w)) S, f(V(Amn—Axo,7)> 0, and f(W(Amn—Ax0,7)> 50 asn — 0o
Conversly, if V 7 > 0,

f(u(Axn—Axo,y)) 1, f(V(Amn—A:vo,fy)> 0, and f(W(Axn—Axo,y)) 50 asn — o0
Then for each € € (0,1), 3 ng € N s.t.

1—f<Ll(Aa:n—A:c0,v)) > e f(V(Axn—Aa:O,v)) <, and f(W(Aa:n—Axo,y)) < eVn > no.
So,

f(L{(Axn _ Axg,’y)> S1—e f(V(Aa:n — Axo,’y)> <e f(W(Agcn _ Axg,fy)) <eVn>n.

Hence {z,,} € B%(x0,7,€)(f), ¥ n > ng. This proves that a sequence (z,) is A-convergent to
Axg with regard to the NN-()).

Theorem 2.7. Let x = {z,} € w be a sequence. If 3 a sequence y = {yn} € I((Kg(f) such that
F(A(zy)) = f(A(yn)) for almost all n relative to neutrosophic I, then x € I((Z;(f).
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Proof. Consider f(A(xn)) = f(A(yn)) for almost all n relative to neutrosophic 1. Then
{neN: f(A(zyn)) # (yn))} € I. This implies. {n € N: f(A(zy)) = f(A(yn))} € F(I)
Therefore for n € F(I) Vv > 0,

fAa
v
) = _ 7Y = _ ) =
F (a2 = Byn, 3)) =1, f(V(A2n = Aya, 2)) = 0 and f(W(Az, = Aya, 3)) =0
Since {yn} € I(Z)(f), let (yn) is A-convergent to . Then for any € € (0,1) and v > 0,

={neN: f(L{ Ay, —a, ) > 1—€ and f(V(Ayn—oz, %)) < 6,f(W(Ayn—oz, %) < 6) e F(I).

Consider the set,

_ : a7 _ o X —aJ
AQ—{nEN.f(Z/I(A:Un a,2)> >1—¢and f(V(Axn a,2)) <e,f(W(Axn a,2)<e).
We show that A; C As. So for n € A; we have,

F(Udan = a.m) = F(UAT, = Ay D)) # f (U Dy = 0, D)

>1x(l—€¢) = 1—c¢
f(V(az, —am) < F(V(Dz, = Aya, 1)) 0 F (Vg — . D))
<0oe= ¢

and

f(W@az, = am) < f(WAdz, = Ay 2)) o F(W(AY, - . 3))

<0¢e= ¢

= n € Ay and hence A; C Ag. Since A; € F(I), therefore Ay € F(I). Hence z = {z,,} €
1)(N)- g

3. Conclusions

In the current study, using the concept of difference sequence and modulus function, we
extend the intriguing idea of I-convergence to the context of neutrosophic norm spaces via
difference sequences by modulus function. Also, we have introduce the new notion of I-
convergent difference sequence in neutrosophic normed spaces by modulus function and some

fundamental properties are examined.
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