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Abstract

In this paper, the basic properties of the convex fuzzy metric space will be presented. In particular, the proof of
the fixed-point theorem for the fuzzy contraction single valued functions will be discussed. Furthermore, the
solution system of linear equations, Volterra equations and Fredholm integral equations will be obtained as a direct
application of the fixed-point theorem.
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1. Introduction and preliminaries

The common fixed-point theorems in fuzzy metric spaces are presented and proved in [1]. These theorems improve
known results generalize and it was a generalization. In addition, some common fixed-point theorems for
occasionally weakly compatible mappings in fuzzy metric spaces are stated and proved in [2]. The fixed-point
theorem for complete fuzzy metric spaces is proved in the sense of George and Veeramani [3]. The notions of -
y-fuzzy contractive mapping and a-¢@-fuzzy contractive mapping is introduced and proved two theorems, which
ensure the existence and uniqueness of a fixed point for these two types of mappings [4]. These theorems extend,
generalize and improve the corresponding known results. Further, the convex fuzzy distance from a point to a set
as well as between two sets is introduced using the convex fuzzy metric. Moreover, some of basic theorems for
convex fuzzy metric space are proved [5].

Here, we deal with new type of fuzzy metric space known as convex fuzzy metric space [6]. After that, we stated
and proved fixed-point theorem for fuzzy contraction single valued function.

2. The convex fuzzy metric space

Definition 1 [6]:

If the fuzzy set m: U x U —[0, 1] fulfills:

(i) m(p, q) € [0, 1];

(i)m(p. q)=0= p=gq;

(i) m(p, g) = m(q, p);

(iv) dm(p, z) + pm(z, g) =2 m(p, 4);

Forall 6,8 € (0,1)with § + §=1land p, g,3 € U # @. Then (U, m) is convex fuzzy metric space ( simply
c-FMS).

60
DOI: https://doi.org/10.54216/1]INS.250306
Received: February 11, 2024 Revised: May 10, 2024 Accepted: September 15, 2024



https://doi.org/10.54216/IJNS.250306
mailto:jehad.r.kider@uotechnology.edu.iq

International Journal of Neutrosophic Science (IINS) V0l 25, No. 03, PP. 60-69, 2025

Remark 1 [6]:

If u, o € [0, 1] then (Bu +(1—pB)o) € [0, 1] for any S € [0, 1], or (6u +Bo) € [0, 1] for all &, B € [0, 1] with & +
B =1.

In general if g;, 05, ...,0, € [0, 1] then (y 0, + V,0, + ...+ Y 0y) € [0, 1] for any y4, 5,

.Yk € (0, 1) with y,+ yot+ ...+ y,=1.

Example 1 [6]:

Consider my(y, w) = iff’;ﬁ) forall ¢, w e U If (U, d) is a MS then (U, m,) is c-FMS.

Definition 2 [6]:

If (U, m) is c-FMS then

(1) B(u, y) ={yeU: m(u, ¢) < y}is an convex fuzzy open ( or simply CFO) ball;
(2) B(u, y) ={ycU: m(u, ¢) < y}is convex fuzzy closed ball;

with radius y €(0, 1) and center «eU.

Definition 3 [6]:

If (U, m) isac-FMC then W < U is convex fuzzy open ( or simply CFO) set if B(w,y) € W,V w € W and
for some y €(0, 1).

Definition 4 [6]:

If (U, m) isac-FMC then

(1) If € €U and €€ is CFO then € is convex fuzzy closed;

(2) €=n{DO is convex fuzzy closed and € € O }.

Definition 5 [6]:

The set D of U is convex fuzzy dense in U if D=U when (U, m) is a c-FMS.

Theorem 1 [6]:

In c-FMS (U, m) every CFO ball B(w, y) is a CFO set.

Definition 6 [6]:

In c-FMS (U, m), a sequence (u;,) is fuzzy converge to 4 in U(or simply «;, — «, or IP_TO w, =) if for each 0<
y <1,3 N with m(uy, ) < y,Vk=N.

Proposition 1 [6]:

In c-FMS (U, m), u;, — w ifand only if m(wy, u) —0.

Definition 7 [6]:

In c-FMS (U, m), a sequence () is fuzzy Cauchy if vV 0< y <1, 3 IV satisfying

m(y, u)<y, VK n=N.

Definition 8 [6]:

A c-FMS (U, m) is fuzzy complete if v fuzzy Cauchy sequence (u;) in U then 3 « € U fulfills «;, — .
Theorem 2 [6]:

In c-FMS (U, m), if u, » u € U then (u,) is fuzzy Cauchy.

Definition 9 [6]:

Inc-FMS (U, m)

(1)The set D = @ in U is convex fuzzy bounded ( or simply CFB) if 3 y €(0, 1) with D c B(«, y) for some «
€ U.
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(2) The sequence (d;) in U is CFB if 3y €(0, 1) satisfies (d;) € B(w, y), for some « € U.
Theorem 3 [6]:

In c-FMS (U, m)

(D)if py, = p € U with (py) € U then (py) is CFB.

(2)if p, » p € Uand p;, —» z € U with (py) € U as k— oo then p=3.

(3) if (uy) € U with «,, » « and (d) € U with m(uy, d;) - 0as k— oo. Then & - u.
Theorem 4 [6]:

In c-FMS (U, m) if D c U then

(1) 3 (dy) € D satisfying dy— 4,

(2 deD;

Avre equivalent.

Definition 10 [6]:

fv0<y<l1 30<o0 <1, satisfying my[T(w), T(4)] <y as & € U and when mqy(w, &) < o then the
function T:U—V is fuzzy continuous at « € U. Whenever (U, my) and (V, my,) are two c-FMS.

Theorem 5 [6]:
If (U, my), (V, my) are two c-FMS and T:U—7V is a function. Then

1) Tu)=»Tu)inVifu, - uwinlU.
(2) T:U—V is fuzzy continuous at « € U

Are equivalent.
Theorem 6 [6]:

In c-FMS (U, m) if (p,) € U with p, — p € U as k- oo and (y;) € U with ¢, — ¢ € U as k— o. Then
m(pr, yr) = m(p, y) as k— oco.

Theorem 7 [6]:

If (U, my) and (V, my) are two c-FMS and T:U—V is a function. Then

()T (D) is CFO in U, V¥ CFO subset D of V;

(2) T:U—V is fuzzy continuous on ;

(3) 771() is convex fuzzy closed in U for all convex fuzzy closed subset & of V;
Are equivalent.

Theorem 8 [6]:

If (U, my), (V, my) and (W, myy,) are c-FMS and T:U—V, §:V—W are fuzzy continuous functions. Then §
o T U—W is a fuzzy continuous function.

Definition 11 [6]:

Ifv0<y<1,30<o0<1,satisfies my[T (u), T(6)] <y, when my(w, &) < o,V u, & € U then the function
T:U—7V is uniformly fuzzy continuous on U. Whenever (U, my) and (V, m,,) are two c-FMS.

Theorem 9 [6]:

Let (U, my), (V, my) be two c-FMS and T:U—V is uniformly fuzzy continuous on U. If (wy) is a fuzzy Cauchy
sequence in U then so is (T (wy)) in V.

Definition 12 [6]:
If Ag:R —[0, 1] is a fuzzy set fulfills
(i) Ar(8) € [0, 1];

(ii) Ar(r)=0 & y=0;
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(iii) Ag () - Ar(8) = AR (v9);
(iv) 0AR(y) +u AR(8) = Ar(y + 9);

Forall0<o,u <1lwith c+pu=1landVy, § € R. Then (R, Ag) is convex fuzzy absolute value space ( simply
c-FAVS).

Example 2 [6]:

Let U = C[a, b] where a, b € R, define, m(#, £) = maxqejqp) Arl#(a)— €(a)] forall 4, £ € U. Then (U, m)
is c-FMS.

3. Results and Discussion

Definition 13:
Let (U, m) be c-FMS and T:U—U be a function. A point « € U is called a fixed point (FP) for T if T (1) = .
Definition 14:

Let (U, m) be c-FMS then the function 7:U—U is a fuzzy contraction (FC) on U if there exist a €(0, 1)
satisfying m [T (p), T (y)] < a m(p,y), forall p,y € U.

Theorem 10:
Let (U,m) be c-FMS then T:U—TU is fuzzy continuous if T isa FC on U
Proof:

If T is fuzzy contraction function then T is uniform fuzzy continuous function this is clear. As well as if T is
uniform fuzzy continuous function then 7 is fuzzy continuous function this follows directly. Hence fuzzy
contraction of 77 implies fuzzy continuous of T . l

Theorem 11:

The function T7: U - U has exactly one fixed point if T is a fuzzy contraction where (U,m) is fuzzy complete c-
FMS as well as U # 9.

Proof:
Step 1: Existences
Choose u, € U and define

T (uo)=uq, T(uy)=T2(ug)= Uy, ..., T¥(ug)= ug. 1)
Notice that
M(Upr1, W) = MT (), T(ug-1)] < a@ m(uy, ug—1) =a m[T (ug-1), T (Ug-2)]
< a? m(ug_y, e—z) =a® m[T (ug_z), T (—3)]-
We have

MUy, Ug) < @ m(uy, ug). )

Hence when k > j > N with N € N, we get
muj, ug) < 0;m(Uj, Ujgq) + 051U, Ujgo) T oo 0k j M(Ugeq, Uy),
Where
Oj+ Oj 1t ... Top_;=1, with g}, 0,4, ... o_j @ €(0, 1).

Thus

m(uj, u) < [Ujaj+‘7j+1 altl+ TOk-—j a* T m(uy, u),

m(u;, ) < [oal+o a/*+ . +o a¥ ] m(uy, u,), where o=max {oj, 0j,, ... ,Ok_;}
i (1—ak-Ty
m(u;, uy) < [oa’ W]m(uly Up). 3)
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j (—ak)

Now choose y €(0, 1), so that [ca =

Im(ug, uo) <v.

Thus m(u;, uy) <y,Vvn>j = N. Therefore, (u,) is a fuzzy Cauchy . 3 « € U satisfies u, — «.
Using
m(u, T(u)) < dm(u, uy) + fm(ug, T(w)) [where , g € [0, 1] with § + f=1]
< dm(u, wy) + pm(uy, T (w))
< dm(u, uy) + a fm(u,_q, u).
Thus

klim m(u,T(u)) <6 klim m(u,u) +a klim m(ug, T(w))

< 6(0) + a(0)=0.
Hence m(w, T (1))=0, we get T () =u.
Step 2: The uniqueness
If T(p) = p and T(3) = z then
m(p, 5)=m(T (p), T (2)) < a m(p, ).
Hence m(p,z)= 0= p = z since a € (0, 1). [ |

Corollary 1:

In Theorem 11, if T(«) = u, then uy, = «. Thus the error estimates are the prior
m, 1) < [25 ] muo, uy). (4)
And the posterior estimates
mw;, V) < -] m(y-q, ) ®)
Proof:
From Eq. (3),

i (—ak))
m(u;, uy) < [oa’ W]m(ul, Ug).

Using a €(0, 1) implies (1 — a*~/) €(0, 1), thus using k — oo getting Eq. (4)

oal

m(u;, U) < [(1_a) 1m(uy, uy), where o=max {g;, j,1, ... ,0x_j}-

Thus Eqg. (5) becomes with j = 1 and putting y, for u, and y; for u,, then Eq. (4) implies,

mi, ) < [

1 m(yo, y1)-

@)
Taking yo=u;_, implies y;= T (y,)=u;, and hence Eqg. (5) is achieved. l
Theorem 12:

If m(ug, T(uy)) <(1—a)u and for a €(0, 1) with m[T («), T(w)] < a m(u, w) forall u, w € B(uy, u) then
(ug) = u € B(uy, ), where T'(«) = and « is the unique FP of T in B(u,, 1). When T:U—U is a function as
well as (U, m) is c-FMS.

Proof:
In Eq. (3) put j = 0 and use m (uy, T (uy)) < (1 —a)u we have
m(ug, un) < [0/((1—a)) [m(ug,uy) <[0/(A-a)](A-a)u< op<p

Hence (uy) € B(ug, 1) also, . € B(uyg, 1), since (uy) = « and B(ug, p) is CFC. Thus Theorem 11 implies w is
the only FP of 7" in B(u,, 1).
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Corollary 2:

Let (U, m) be fuzzy complete c-FMS and T:U—U be a function. If m[T*(p), T*(y)] < a m(p,y), for all
2,4 € U, and some ke N. Then T has only one FP..

Proof:

Put Tk=L, we have m[L(p), L(y)] < a m(p,y), for all p, 4 € U, using Theorem 11, L(w)=wr. Therefore
LMw)=w.

Againusing Th. 11, V« € U, L™(u) - w when h— oo,
Specially, «= T (u) because L™= 7™ implies

w=lim L"Tw = lim TL™w = lim Tw=Tw.

n—o n-oo n-oo
Thus T (w)=wr.

But if T (w)=w implies L(w)=w hence w is the only fixed point of T. l
Theorem 13:

If m: R? —I defined by m.(s, t)=Ag(s — t) V s, t € R, then (R, m) is c-FMS.
Proof:
(1) m(s, t) €l, Vs, t € Rsince Ag(s — t) €l.
Q) m(s,t)=0= Ar(s —t)J0e=s—-t=0=ifs=t.
(3) m(s, t) =Ag(s — t) =Agr(t — s) = m(t, s).
4) m(s, t)=Ar(s —t)=Ar(s — 23+ 3 —t) < BAR(S — 3) + YAR(Z — 1)
< pm(s, z) +ty m(z, t),
where S8,y € [0, 1] with g+ y=1.
Hence (R, ) is c-FMS. [ |
Theorem 14:
If m(s, t)=Agr(s —t), V s, t € Rthen c-FMS, (R, m) is a fuzzy complete.
Proof:

If (ay ) is a fuzzy Cauchy sequence in R, then Ag (e, — ay) < u, V. m, k=N and some u €(0, 1) as well as (ay )
has a monotonic subsequence (ak].) but (a ) is a CFB. Hence (“ki) is a CFB and thus ay > a€R that is there

isN € N with Ay (ay, — a) < .
Thusforn = N, Ag (ay, — an) < p.
HenceVn =N
Ag(ay, — @) < Ag(an, — ap, + o, —a) < B Ag (a, — Ay, ) +y Ag (ag, —a)
SPutyu=B+yn=wun
Therefore, a,, » a € R. Thus (R, m) is a fuzzy complete. I
Theorem 15:
If m: R™ —lisdefined by m(p, g)= max, Ag(o, —py) for all p =(o4, 05, ..., ,),
q =(p1, P2, ---, Pn) € R™ Then (R", m) is c-FMS.
Proof:
(1) m(p, g) €l forall p, g € R™.
(2) m(p, 4)=0 & max;, Ar(0, —pr)=0 < Ar(ox —px)=0,
Vk=1,2,..n 0, —p,=0,Vk=1,2, ..n S 0, = p,Vk=1,2, ..n & p=g.
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() m(p, g) =max; Ag(ox —px) =maxy, Ar(px —0x) = m(q, p).
(4) m(p, )= max, Ar(ox —px) =maxy Ar(ox — i + i —Pr)
< maxy B Ar(ox — k) +maxy v Ar(x —pPx)
=p max;, Ar(oy — py) +y max, Ar(tr —pr)
< B mlp. z) ty m(z, 4),
where z =(iy, ly, ..., iy) € R™. Hence (R", m) is c-FMS. [
Theorem 16:
If m: R™ —l, is defined by m(p, ¢)= max, Ar(ox —py) for all p =(oy, 05, ..., 0,), g=
(p1, P2, ---, Pn) € R™ then the c-FMS (R", m) is fuzzy complete
Proof:

Let (u,) be afuzzy Cauchy sequence in R™ and let u,=(u;x, Uzk, ---tnk), TOr k = 1,2,---. Using (uy) is fuzzy
Cauchy then for all o € (0, 1), there exist Ne N with

m(u, uj) = max; Ag(Ui — i) < 0 (6)
Forall k,j = Nandi=1,2,..,n. Itfollows Ag(uy — w;j) <o.

Thus for i=1,2,... the sequence (i1, Uiz, --- ) is a fuzzy Cauchy sequence in (R, 7). Using R is fuzzy complete
by Theorem 14, then u;; — u; € Ras k— oo,

Now, put u = (uq, U, --., Uy) thisimplies u € R™. From Eq. (6) by lettingj — oo, we have

m(uy, U)=m(uy, ]ll)fglo w;j)=max; Ar(iir — 1) <0

Thus u;, = u. Therefore (R", m) is fuzzy complete. l

Theorem 17:

If U = C[a, b], then (U, m) is fuzzy complete where (g, #) = max,ciqp) Arlg(t) - £(D)]
Proof:

Consider a fuzzy Cauchy sequence (¢;) in C[a, b], therefore V 0< u <1, there exist N € N satisfying for k, n >
N

M(Eye, €n) = MaXeepap) ArlEi() - n (0] < p. )

Thus for fixed = t, € [a, b], Ar[€k(to) - £n(to)] < u. Hence (£4(t,), £2(to), -..) is fuzzy Cauchy sequence in (R,
m). Using (R, m) is fuzzy complete by Theorem 14, then €, (t,) — #(t,). Hence V t € [a, b] 3 a unique £(t) €
R. Hence ¢ : [a, b] — R and to prove ¢ € C[a,b] and £, — £. From Eq. (7) with n — co we have max;c(q )
Ar[£, () -2 <p,V k=N.ThusVvt € [a,b], Ar[fr(t) -2(D)] <u, Vk=N.

Therefore £, (t)— £(t) uniformly on [a, b]. Because all () € C[a, b], hence £ € C[a, b]. As well as £, - %.
Therefore the prove is complete.

4. Applications
Definition 15:

If (R, Ag) is c-FAVS and Ag[A(T) - A(p)] < k Agr(r - p), V T, p € R then the function 4: R — R is said to be
satisfying a fuzzy Lipschitz condition.

Theorem 18:

Let £:D— R? be fuzzy continuous function where D = {(t, u): [t — to] < @, |u — ug| < e}and Ag(A(t, U)< u
for all (t,u) € D. If Agr[A(t, u) -A(t, V)] < k Ag(u- v), V (t,u),(t,v)) € D then the initial value problem

Z—It‘= A(t,u), u(ty)=u, has only one solution in [t, - &,t, + 6] where § <min{«, E %}.

Proof:
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Consider the c-FMS C(J) be the c-FMS when | =[t, - 6, t, + 6] with m.(#, g)= max,c;Agr[#(r)—¢(7)]. Then by
Theorem 16 and Theorem 17, (C(J), m) is fuzzy complete c-FMS. Let € ={ € C(J): Agr(u(t)— uo) < ué Y= C()),
as well as C is convex fuzzy closed in C(J). C is fuzzy complete.

Z—?: A(t,w) after integration is u = T'(w) with 7: € - €, T (u(t)) = up + ftto A(t,u(z))dr. Hence T is defined
v u € C because < &, therefore, if u € € then p € J and (p, u(p)) € D.
Since Ag[T (U(t)— uo]< Agl fttoh('[,u(p)dp] < uAglt—to] < pus. Then, 7: € - C.
And
Agl[T (u®))— T (v()] = Am[f;[ﬁ(ﬁ,u(ﬂ)) —A(p,v(p)ldp
< Aglt—to] max,e k Ar[u(p) — v(p)]
< kfm(u,v).

Taking the maximum on the left, we get m [T (u), T (v)] < A m(u, v) where 1 = kS. By Theorem 11, T has one
FP € C,u = T (u). Which means that

u(t) =uy + f:o A(r,u(r)dr (8)
Because (p, u(p)) € D, then from Eq. (8) we have Z—I:: A (L, u), u(ty)= up.
For the converse any solution of Z—I:: #(t,u), u(ty)= uy must satisfy Eq. (8). l
Theorem 19:
If u=Cu + d, (C=(cy)), d isgiven) the system of n linear equations in
Ay, Ag, ..., Uy, (U=(aq, ay, ..., ay)) full fits
Z‘;{lzlA]R (Cik) <1 (l = 1, 2, ,n).
Then it has unique solution u when u® — y and u@*Y=cu®+d, (i = 0,1, ... ).

where
mu®, u) < [(% )1 and mut—, u®) < [(% Nmu®, u®)
are error bounds.

Proof:

Let p=(uq, Uz, ..., Up), g=(01, 02, ..., 0,) € R™ From Theorem 15 and Theorem 16, we get (R", m) is fuzzy
complete c-FMS. Let us defined 7: R™ - R" by = T'(u) = Cu + b where C = (¢;;) € M,(R) and d € R™.

To prove T isa FC, y;=Y 5= Cix @;+ T; Where d = (14, Ty, ..., Ty). Take S(w)=z with z =(8,, &, ..., &y).
Now
m(p, z)= m(T (W), T(w))=max;Ar(u; — ;) = max;Ag (=1 cjx (@; — ;)
< max;Ag(a; — ;) max;(Xji-1 Ar(Cji))-
Thus m(p, 3) < a m(u, w) where a=max; (Y-, Ar(cji))-
Hence, the other steps holds by applying Theorem 11. [ |
Theorem 20:
If v in Volterra integral equation
v(t) =u(t) - A f, k(t, Du(r)dr )
v :J > R where J = [a, b] is fuzzy continuous and k: R —» R? where R={(t, 7): a < T < t,a < t < b} is fuzzy

continuous. Then Eq. (9) has one solution u on J for every A.
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Proof:
At first, let us rewrite Eq. (9) by u = T (w) with T: C(J) — C(J) defined by
T(u(t)) = v(t) + A [ k(t,Du(r)dr.

Due to k is fuzzy continuous on R and R is convex fuzzy closed also, Agr(k(t, 7)) < € for all (t,7) € R. Thus
Yu,v €C()

AR[Tu(t) = Tv(t)] = Ap(A) Aglf, k(t, D) — v(1))d1]
< Ag(D) e m(u, V) [, dr= Ag(d) e m(u,v) (¢t — a) (10)
By induction, we can prove that
As [T4u(), TFo(0)] < Ag(D) *e* E2L mu,v) (11)

When putting k = 1 in the equation above, we can get Eq. (10).

Assume that the equation (11) holds for any k we obtain

Ag [T*u(t), T (0)]= Ap(d) Apl[] k(t, )T u(r) — T*v(x))d1]

t k .k (t—a)k
S Ap() e [ Ap(D) *e - drm(u,v)

(t—a)k+1
< A]R(l) k+1€k+1 W m(u, 17).

Then

_mk
m(T*u, T*v) < rom(u, v) where r,=Ag (1) ¥c* %
Follows by taking the maximum over t € J on the left we obtain from Eq. (11)

For A fixed and k large implies r, < 1. Thus 7% isa FC on C(J). The other steps of the proof holds by Theorem
11.

Theorem 21:
Letk:J xJ -» Rand v :J xJ - Rin the Fredholm integral equation

v(t) = u(t) — p [, k(t, Du)de (12)

be fuzzy continuous where J = [d, b] and let u satisfies

1
g(b—-d)’

Ag(u) < (13)
Where
Agr(k(t,7)) <&V (t,T) €EG. (14)

This implies that Eq. (12) has one solution u on J, where (ug, u4, ...)= u, when u, : /] = Ris any fuzzy continuous
forn=0,1,....

Uni1(t) = V(D) +1 f k(t, Dun(Tdr (15)
Proof:
Let v € C[d, b] rewriting Eq. (12) by T (u) = u where
Tw) = v(t) +uf, k(t, Du()de (16)
Hence

m(T(u), T(y)) = maxee; Ap[Tu(t) - Ty(t)]

= Ag(w) maxee Aglf) k(& p)[u(p) — y(p)]dp
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< Ag(w) maxee; [} Artk(t, p)[u(p) — y(p)1}dp
< Ap(w) maxee; [} Aplk(t, p}Ar{[u(p) — y(p)}dz
< An(K) & maxoe; A[u(8) - ¥(0)] [; dp

< Ar(u) e m(u, y)(b — d).

Rewrite this by m.(T'(u), T (y)) < r m(u,y) where r = Ag(u) (b — d). Thus T becomes a fuzzy contraction
from Eq. (13). Using Theorem 11, T has aone FP u onJ. Where the iterative sequence (ug, U4, ...) converge to
u where u, is any initial solutionon J forn =0, 1, ...

b
i1 (0= VOO +1 [, k(g (D)d.
5. Conclusion

Here we have proved that the fixed point theorem for a single valued function in the convex fuzzy metric space.
We also applied this theorem to find the solution for Fredholm integral equation and Volterra integral equation.
For future work the authors can be prove the fixed theorem for multi-variable function in this space.

References

[1] M. A. Ahmed, Fixed point Theorems in fuzzy metric spaces, Journal of the Egyptian Mathematical
Society, 22, 59-62, 2014.

[2] https://www.sciencedirect.com/science/article/pii/S1110256X13000588.

[3] C. T. Aage and J. N. Salunke, On Fixed point Theorem in Fuzzy metric spaces, int. J. open problems
Computer Math.,VoL.3, No.2, June, 2010,123-131.
http://www.ijopcm.org/\VVol/10/1JOPCM(vol.3.2.2.J.10).pdf.

[4] Valentin Gregori, Almanzor Sapena, On Fixed point Theorems in Fuzzy metric spaces, VoL125, Issue 2,
16, Janaruy, 2002, 145-2520

[5] https://www.sciencedirect.com/science/article/abs/pii/S0165011400000889.

[6] D. Gopal and C. Vetro, Some New Fixed Point Theorems in Fuzzy Metric Spaces, Iranian Journal of
Fuzzy Systems Vol. 11, No. 3, (2014) pp. 95-107
https://ijfs.usb.ac.ir/article_1572_740863f7048bb3b06e2248e1d0f2984e.pdf.

[7] Eidi, Jaafer Hmood , Hameed, Ehsan Mejeed & Kider, Jehad R. Convex fuzzy distance between two
convex fuzzy compact set, Journal of Interdisciplinary Mathematics, 27:4, 953-963, {2024)
DOI: 10.47974/JIM-1916.

[8] Jehad R. Kider, The Convex Fuzzy Metric Space, AIP Conf. Proc. 3097, 080016 (2024).
https://doi.org/10.1063/5.0209483.

69

DOI: https://doi.org/10.54216/1]INS.250306
Received: February 11, 2024 Revised: May 10, 2024 Accepted: September 15, 2024


https://doi.org/10.54216/IJNS.250306
https://www.sciencedirect.com/science/article/pii/S1110256X13000588
http://www.ijopcm.org/Vol/10/IJOPCM(vol.3.2.2.J.10).pdf
https://www.sciencedirect.com/science/article/abs/pii/S0165011400000889
https://ijfs.usb.ac.ir/article_1572_740863f7048bb3b06e2248e1d0f2984e.pdf
https://doi.org/10.47974/JIM-1916
https://doi.org/10.1063/5.0209483

