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Abstract

In a recent paper, we have introduced the notion of standard single valued neutrosophic metric space as a
generalization of standard fuzzy metric spaces given by J.R. Kider and Z.A. Hussain. In this paper, we continue
our previous work by introducing the notions of complete standard single valued neutrosophic metric space
and compact standard single valued neutrosophic metric space. Furthermore, we give a number of properties
and characterizations of these notions and relationship between them.
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1 Introduction

In 1995, Smarandache proposed the notion of neutrosophic set, which was published in 1998 [10] as a gener-
alization of the notions of fuzzy set and intuitionistic fuzzy set. A neutrosophic set (NS) is a set where each
element of the universe has a degree of truth (T), indeterminacy (I) and falsity (F) in the non standard unit
interval. Further, Wang et al. [15] proposed the notion of single valued neutrosophic set (SVNS) as a subclass
of (NS). Single valued neutrosophic sets have been useful in many real applications in several branches (see
fore.g., [2,5,6,7,13] and [17]).

In the literature, there are several approaches to the notion of neutrosophic metric space. In [14], Tas et al. de-
fined the neutrosophic valued metric spaces and neutrosophic valued g-metric spaces. In this regard, we find
that other authors have adopted the same approach, such as Sahin et al. [8,9]. Later on, Kirisci and Simsek [4]
introduced neutrosophic metric space with neutrosophic numbers and they investigated some properties of
neutrosophic metric space such as compactness and completeness. In the present study, we introduce the no-
tion of standard single valued neutrosophic metric space and, from this notion, we introduce the notion of
complete standard single valued neutrosophic metric space and compact standard single valued neutrosophic
metric space. Furthermore, we give a number of properties and characterizations of these notions and relation-
ship between them.

This paper is structured as follows. In Section 2, we recall basic concepts and properties of single valued
neutrosophic sets. Moreover, we introduce the concept of standard single valued neutrosophic metric spaces
and some related notions that will be needed throughout this paper. In Section 3, we introduce the notion of
complete single valued neutrosophic metric space and we show its interesting properties. In Section 4, we
introduce the notion of compact single valued neutrosophic metric space with interesting characterizations and
properties and relationship between completeness and compactness. Finally, we present some conclusions and
we discuss future research in Section 5.

2 Preliminaries

This section contains the basic definitions and properties of single valued neutrosophic sets and some related
notions that will be needed throughout this paper.
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2.1 Single valued neutrosophic sets
The notion of fuzzy sets was first introduced by Zadeh [18].

Definition 2.1. [18] Let X be a nonempty set. A fuzzy set A = {(x, ua(x)) | x € X} is characterized by a
membership function p4 : X — [0, 1], where p14 () is interpreted as the degree of membership of the element
z in the fuzzy subset A for any z € X.

In 1983, Atanassov [1] proposed a generalization of Zadeh membership degree and introduced the notion
of the intuitionistic fuzzy set.

Definition 2.2. [1] Let X be a nonempty set. An intuitionistic fuzzy set (IFS, for short) A on X is an object
of the form A = {(x, ua(z),va(z)) | * € X} characterized by a membership function pg : X — [0, 1] and
a non-membership function v4 : X — [0, 1] which satisfy the condition:

0 < pa(z)+va(z) <1, forany x € X.

In 1998, Smarandache [10] defined the concept of a neutrosophic set as a generalization of Atanassov’s
intuitionistic fuzzy set. Also, he introduced neutrosophic logic, neutrosophic set and its applications in [11,12].
In particular, Wang et al. [15] introduced the notion of a single valued neutrosophic set.

Definition 2.3. [11] Let X be a nonempty set. A neutrosophic set (NS, for short) A on X is an object of the
form A = {(z, pa(x),04(x),va(x)) | # € X} characterized by a membership function p4 : X —]70,17]
and an indeterminacy function o4 : X —|~0, 1" [ and a non-membership function v4 : X —]~0,1"[ which
satisfy the condition:

0 < pa(z) +oa(z) +va(xr) <37, forany r € X.

Certainly, intuitionistic fuzzy sets are neutrosophic sets by setting o 4(x) = 1 — pa(z) — va(x).
Next, we show the notion of single valued neutrosophic set as an instance of neutrosophic set which can
be used in real scientific and engineering applications.

Definition 2.4. [15] Let X be a nonempty set. A single valued neutrosophic set (SVNS, for short) A on X is
an object of the form A = {(z, pa(z),04(x),va(x)) | x € X} characterized by a truth-membership function
wa : X — [0, 1], an indeterminacy-membership function o4 : X — [0, 1] and a falsity-membership function
vg: X —[0,1].

The class of single valued neutrosophic sets on X is denoted by SV N (X).

For any two SVNSs A and B on a set X, several operations are defined (see, e.g., [15,16]). Here we will
present only those which are related to the present paper.

() ACBifua(x) < pp(z)and oa(z) < op(z) and va(z) > vp(z), forallz € X,
(i) A=Bif pa(r) = pp(z) and oa(z) = op(x) and v4(z) = vp(x), forallz € X,
(i) ANB = {(x,pa(x) Apup(z),ca(x) Nop(z),valz) Vve(z)) |z e X},

(iv) AUB = {(z,pa(@) V up(x),04(2) Vop(z),va(e) ANvp(z)) |z € X},

W) A= {{z,1 = va(2),1 — o), 1 — pa(@)) | € X}.

2.2 Standard single valued neutrosophic metric spaces

In this Subsection, we extend the notion of standard fuzzy metric space introduced by J.R. Kider and Z.A.
Hussain [3] to the setting of single valued neutrosophic sets. Also, we discuss the main properties related to
this notion.

Definition 2.5. A quintuple (X, M, , <, ¢) is said to be a standard single valued neutrosophic metric space
(SSVN-metric space, for short) if X is an arbitrary set, *, < are a continuous ¢-norms, < is a t-conorm and M
is a continuous single valued neutrosophic set on X2 satisfying the following conditions:

() pam(x,y) >0, op(z,y) > 0and vy (z,y) < 1forall z,y € X;
(i) pa(z,y) =1, op(z,y) = 1and vy (z,y) = 0 if and only if z = y;
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(i) par(2,y) = par(y, ©), o (x,y) = onm(y, x) and var(z,y) = var(y, x) forall z,y € X;

(iv) [LM(I,Z) > ,lLM(l’,y) * ,U,M(y72), UM(‘TVZ) > O'M(xay) <]0'1\/1(y72’/) and VM(I?Z) < VM(I7y) <
VM(y7Z)'

The functions s (z,y), onm(x,y) and vy (z,y) denote the degree of nearness, the degree of neutralness and
the degree of non-nearness between x and y, respectively.

Remark 2.6. If the set X given in the previous definition is a metric space with an ordinary distance d, then
(X, M, *,<,0) is called an SSVN-metric space induced by (X, d).

Example 2.7. Let (X, d) be an ordinary metric space. Define the t-norms x x y = min{z,y}, t <y =
min{z,y} and the t-conorm x o y = maz{x,y}, forall z, y € [0, 1]. Define the single valued neutrosophic
set M on X? as:

e (2,) = ratey oM (@,y) = d(@,y), var(e,y) = Trpls.

Then, (X, M, *,<,¢) is an SSVN-metric space.

Definition 2.8. Let (X, M, x, <, ) be an SSVN-metric space. For 2 € X and r €]0, 1, the open ball B(z, r)
with radius r and center x is defined by

Blx,r)={y e X | pm(z,y) >1—7r, op(z,y) >1—randvy(z,y) <r}.

Definition 2.9. Let (X, M, *,<,¢) be an SSVN-metric space, a subset A of X is said to be an open set (OS,
for short) if for any « € A there exists r €]0, 1 such that B(x,r) C A. The complement of an open set is
called a closed set (CS, for short) in X.

Definition 2.10. Let (X, M, %, <, ¢) be an SSVN-metric space. Then

(i) asequence (z,,) in X is said to be convergent to a point € X if for any  €]0, 1], there exists k € N
such that

pr (@n, ) > 1 —riopy(Tn,x) >1—rand vy (e, x) <71, foralln > k.

(i) asequence (z,,) in X is said to be Cauchy sequence if for any r €]0, 1], there exists k¥ € N such that

wn (T ) > 1 =1 001 (T, ) > 1 — 1 and vay (2, ) < 7, foralln,m > k.

Definition 2.11. Let (X, M, *,<,¢) baan SSVN-metric space and let A C X then the closure of A is denoted
by A is defined by the set of all limit of sequences () in A.

Definition 2.12. Let (X, M, *,<, <) ba an SSVN-metric space and let A C X. A is said to be dense in X if
A=X.

Remark 2.13. Let 7,75 € [0,1]. If 7y > 7o, then there exist r3,74 €]0, 1] such that 1 x r3 > 7o and
r1 > 19 © 4. Moreover, for any r5 €]0, 1[, there exist rg, 77 €]0, 1] such that rg * rg > 75 and 77 o r7 < 7.

3 Completeness in SSVN-metric spaces

In this section, we will study some interesting properties of completeness in single valued neutrosophic metric
spaces. First, we introduce the notion of complete single valued neutrosophic metric space.

Definition 3.1. An SSVN-metric space in which every Cauchy sequence is convergent, is said to be complete.

Theorem 3.2. [f every Cauchy sequence in an SSVN-metric space (X, M, *,<,¢) has a convergent subse-
quences. Then (X, M, *,<, o) is complete.

Proof. Let (z,,) be a Cauchy sequence, and let (z;, ) be a subsequence of (z,,) where x;  converges to x. Take
r €]0, 1] such that

1-r«1-r)>1—a,(1-r)<(l—7r)>1—aandror <, forall a €]0,1|.
Since x;, converges to x, there exists ¢, € N such that
wn (s, ) > 1 =1, opm(zi,,x) > 1 —rand var(z;,,z) <r, forall i, > 1,.
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In fact that (z,,) is a Cauchy sequence, then there exists & € N where k& > 4, such that
U (T X)) > 1L =1, opg(T, ) > 1 —rand vy (zy,, ) <7, foralln, m > k.
Therefore, if n > i, then
g (@, ) > g (X, Tn) * ping (T, ) > (1=7) % (1 —7) > 1 —q,
oM (@p,x) > op(Tp, @) <oy (T, ) > (1L—1r)<(1—r)>1—«
and v (Tn, ) < v (T, Tm) © Vv (Tm, @) <ToOoT < (0.
Thus, we have z,, converges to x, and hence (X, M, *, <, ©) is complete. O

Next, we discuss the relationship between dense subset and completeness in SSVN-metric space. First, we
need to provide the following key result.

Lemma 3.3. Let A be an SSVN-metric space (X, M, x,<,0). If A is dense in X, then there exists a € A such
that
pr(z,a) > 1 —r op(x,a) > 1 —rand vy (x,a) < r, wherer €]0,1]and x € X .

Proof. Suppose that A is dense in X and let # € X. Then, x € A, and hence there exists a sequence (a,,) in
A such that a,, converges to z. Hence, for any r €]0, 1], there exists k& € N such that

pun(an, ) >1—7r op(an,x) >1—rand vy (an,z) <r, foralln > k.
Now, if we take a = ay, then
pur(a, ) >1—r op(a,z) >1—randvy(a,x) <r, forallk > N .
This is the desired result. O

Theorem 3.4. Let A be a dense subset of an SSVN-metric space (X, M, x,<, o). If every Cauchy sequence of
points of A converges in X then (X, M, *,<,¢) is complete.

Proof. Let (x,,) be a Cauchy sequence in X. On the one hand, since A is dense, it follows from Lemma
that for every z,, € X there exists a,, € A such that

wn (T, an) >1—38, op(xn,an) >1— sand vy (x,,a,) < s where s €]0, 1].
On the other hand, from Remark there exists t = 1 — e €]0, 1], such that
I—s)*x(1—=s)>t, (1—s)<a(l—s)>tandsos<ce.

We next show that the sequence (a,, ) is Cauchy.
Indeed, since (z,,) is Cauchy in X, it then follows that for any r €]0, 1], there exists k¥ € N such that

wn (T, Ton) >, opr (T, i) > tand vpy (Tp, ) < e forallm,m > k.
Therefore,
01 (s @) > png (G ) % ping (T am) > (1 —8) % (1 — ) > ¢,
UM(a7L7a7n) > UM(anaxn) <]O'M(mn;am) > (1 - S) d (1 - S) >t
and v (an, am) < var(an, n) o Var(Tn,am) < s0s < €.

Then (a,,) is Cauchy sequence and since A is dense of (X, M, %, <,¢) this implies that (a,,) is converges to
2 € X. On the other hand, pips (@, ) > ppr(Tn, an) * piar(an, ) > (1—8)x(1—38) > 1—¢, op(zn, ) >
oM (T, an)<dop(an, ) > (1—8)<(1—s) > 1—cand vy (xn, ) < vpr(Tp, an) ova(an, ) < (sos) <e
Then (x,,) is converges to x. Hence, (X, M, , <, <) is complete. O

Now, we introduce the notion of continuous mapping and uniformly continuous mapping in SSVN-metric
spaces.
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Definition 3.5. Let (X, Mx, *,<,¢) and (Y, M, *,<,¢) be two SSVN-metric spaces. A function f : X —
Y is said to be single valued neutrosophic continuous at a € X, if for every r €]0, 1], there exists § €]0, 1]
such that

par (f(@), f(a)) > 1 =1, o (f(2), f(a)) > 1 —rand var (f(2), fa)) <7,

whenever pa(x,a) >1—90, op(z,a) >1—dand vy (x,a) < 9.

Definition 3.6. Let (X, Mx,*,<,0) and (Y, M, *,<,¢) be two SSVN-metric spaces. A function f : X —
Y is said to be single valued neutrosophic uniformly continuous on X, if for every r €]0, 1], there exists
4 €]0, 1 such that

par (f(21), f(22)) > 1 =71, onr (f(21), f(22)) > 1 —rand var (f(21), f(22)) <7,

whenever s (z1,22) > 1— 96, op(T1,22) > 1 — 6 and vps(z1,22) < 0.

Theorem 3.7. Let f : (X, M, x,<,0) — (Y, M’,x,4,0) to be a one-to-one and uniformly continuous. If
f~Lis a single valued neutrosophic continuous and'Y is complete, then X is complete.

Proof. Suppose (x,,) is a Cauchy sequence and let the sequence y,, = f(x,). We show that (y,,) is a Cauchy
sequence. Since (z,,) is a Cauchy sequence, it follows that

pn(x1,29) > 1 =106, op(z1,22) > 1 — 9 and vps (21, 22) < 6,
for any ¢ €]0, 1[. This implies that
par (f (1), f2)) > 1 =7, oar (f(21), f(22)) > 1 —rand vy (f(21), f(22)) <7,
for any r €]0, 1] and, there exists k& € N such that m,n > k imply that
pnt (T, X)) > 1 =08, opr(Tpy @) > 1 — 6 and vay (g, ) < 0.
It follows that for m,n > k

Yy Ym) > 1 =1, onr (Y, Ym) > 1 — 1 and vag (Yn, ym) < 7.

Hence, (y,) is Cauchy sequence which implies that there exists a subsequence (yy, ) such that y,,, converge
to y, where y € Y. Since f~! is a single valued neutrosophic continuous mapping, it follows that x,, =
£~ (yn, ) converges to f~1(y) = z. According to Theorem[3.2] X is complete. O

4 Compactness in SSVN-metric spaces

In this section, we will study some interesting properties and characterizations of compactness in single valued
neutrosophic metric spaces.

4.1 Definitions

In this subsection, we introduce the notion of SVN-bounded subset, totally bounded subset and compact single
valued neutrosophic metric space.

Definition 4.1. Let (X, M, %, <, ©) be an SSVN-metric space and let A C X. A is said to be an SVN-bounded
if there exists r €]0, 1[ such that pps(z,y) > 1 —r, op(z,y) > 1 —rand vy (z,y) < r,forallz,y € A.

Definition 4.2. Let (X, M, x,<,¢) be an SSVN-metric space and let A C X.

A collection O of open sets is called an open cover of A if, A C UUOU .
€

Definition 4.3. Let (X, M, x, <, ¢) be an SSVN-metric space and let A C X. A is said to be a totally bounded
if there exists  €]0, 1 such that pps(z,y;) > 1—7, onp(x,y;) > 1 —rand vps(x,y;) < r, forallz € X and
yi € Awithi=1,... n.

Definition 4.4. Let (X, M, x,<,¢) be an SSVN-metric space.

n
X is said to be compact if, X = AU1UZ- | U; C O.In other words, if every open cover has a finite subcover.
i=
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4.2 Characterizations of compact SSVN-metric spaces

In this subsection, we provide interesting characterizations of compact SSVN-metric spaces.

Proposition 4.5. Let (X, M, *,<,9) be an SSVN-metric space and let A C X.
If A is a totally bounded, then A is an SVN-bounded.

Proof. Assume that A is a totally bounded subset of X, and consider an open cover {B(x,r),x € A} of A.
Since A is a totally bounded, there exist x1,xo, ...,z, € A such that A C _QlB(xi, r). Let z,y € A, then
x € B(z;,r) and y € B(xj,r), for some 1 < ¢, j < n. Consequently,
pn(xiyx) >1—r op(ziy,z) > 1 —rand vy (x,z) <7
and par(zj,y) > 1—r, op(zj,y) > 1 —rand vay(zy,y) <.
Due to the symmetry of the functions pips, o and vay (see (¢i¢) of Definition , it holds that
prr(zy i) >1—r, op(z,x) > 1 —randvy(z,2;) <r

and pr(y, z5) > 1—r, opm(y,z;) > 1 —rand va(y, z;) <.

Now, we put rg = min{uy(z,2;);1 < 4,5 < n}, 1 = min{oy(z,z;);1 < i,7 < n} and ro =
max{vys(z,z;);1 <1i,j <n}. Then there exists s €]0,1[suchthatrg >1—s>1—r,r; >1—-s>1—r
and o < s < r. Moreover, we obtain

par (T, y) > par (2, 23) * poag (w4, 05) * par (v, 0) > (L—=r) (1 =r) %m0 >1—5>1~—r,
om(z,y) > onm(z,25) Qon (s, 25) <opm(zj,z) > (1 —r)as(l—r)ar; >1—s>1—r
and var(z,y) <vam(x, @) ovm(x;, xj) ovm(zj,x) <rorory <s<r.

Therefore,
pr(z,y) >1—r op(x,y) >1—rand vy (z,y) < rforall z,y € A.

Hence, A is an SVN-bounded. O]

Proposition 4.6. Let (X, M, *,<,©) be an SSVN-metric space.
If X is compact, then X is totally bounded.

Proof. 1tis clear that for any given r €]0, 1], the collection O of all balls B(z, ) is an open cover of X, where
x € X. Let X be a compact SSVN-metric space. Since X is compact, it follows that O contains a finite
subcover. Hence, for r €]0, 1], there exists a finite number of open balls B(z;, ) which represents an open
cover of X, where i = 1,2, ..., n. Now, if we consider = € B(x;, ) then

un(x,zi) >1—r, op(x, ) > 1 —rand vy (x, ;) <r, fori =1,2,...,n.
Therefore, X is totally bounded. O

Combining Proposition .6/ and Proposition [4.5]easily leads to the following result.

Corollary 4.7. Let (X, M, *,<,¢) be an SSVN-metric space and let A C X.
If A is compact, then A is an SVN-bounded.

Proposition 4.8. Let (X, M, x,<,0) be an SSVN-metric space. If X is compact, then X is complete.

Proof. Suppose that X is compact and consider at the same time that X is not complete. Since X is not
complete, there exists a Cauchy sequence (z,,) not having a limit in X. Now, we assume that x € X. Since
(z,) does not converge to z, there exists 71 €]0, 1] such that

g (T, x) <1 =11, op(xn, ) <1—ryand vps(z,,x) > r forall z,y € A forany n € N.
In addition, as long as (x,,) is Cauchy, there exists an integer & € N such that n, m > k. This implies that

U (T X)) > 1 — 19, opg (T, ) > 1 — 1o and vpg (2, x4, ) < T2, Where ro €]0, 1].
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Next, we choose m > k for which
wn (T, ) > 1 =719, opr(Tm, ) > 1 — 19 and vy (T, x) < To.

Then, the open ball B(z, r2) contains x,, for only a finite number of values of n > k. Thus, it can be observed

that X = GXB(IC, r), which means that O = {B(x,r),x € X} is an open cover of X. The compactness of
S

X implies that this open cover contains a finite subcover O; = {B(x;,r;),z; € X,i =1,2,...,n}.

In conclusion, as each ball contains (x,,) for only a finite number of values of n > k, the balls are in O;. In

addition, X must contains (x,,) also for only a finite number of values of n > k which means that a Cauchy
sequence () have a limit in X . This, contradicts the hypothesis. Hence X is complete. O

Proposition 4.9. Ler (X, M, *,<,¢) be an SSVN-metric space. If X is totally bounded and complete, then X
is compact.

Proof. Suppose that X is totally bounded and complete and consider at the same time that X is not compact.
On the one hand, since X is not compact, then there exists an open cover U;, ¢ € I of X which does not contain
a finite subcover. On the other hand, since X is totally bounded, then it follows from Proposition that
X C B(x,r), forany x € X and r €]0, 1[. While it is clear that B(z,r) C X, this implies that X = B(z, ).

Now, Setting o, = 5. According to what we know that X being totally bounded can be covered by finite

many balls of radius a1, then from our hypothesis at least one of these balls, and so be it B(z1, a1 ), cannot be
covered by a finite number of sets U;. As B(x1, «q) is totally bounded, then we can find an 2o € B(z1, a1)
such that B(x2, ag) cannot be covered by a finite number of sets U;. Proceeding in this way, a sequence (z,,)
can be defined with the property that for each n, B(z,,, o, ) cannot be covered by a finite number of sets Uj;
and 2,41 € B(xp, ).
Next, we show that the sequence (z,,) is convergent. The fact that z,, 1 € B(z,, «,,) implies that
U (T Tpt1) > 1 — ap, o (T, Tnp1) > 1 — oy and vpr (g, Tpr1) < a,.
Similarly, ,,, € B(2m—1, ®m—1) implies that
M (Zm—1,Tm) > 1 = a1, OM(Tm—1,2m) > 1 — am_1 and vag(Tm—1, Tm) < Qm-1.

Let « €]0, 1] such that

(I—ap)* (1 —apy1) * .. x (1 —ame1) >1—a,

I—ap)<9(l—apt1)<..<(l—amo1) >1—«

and ay, 0 Q41 0. 0oy < .

Therefore,

M (Tns Tm) > pad (Try Tge1) * g (Tng1s Tng2) * oo ¥ Uar (Tim—1, Tm)
> (1—an)* (1 —apgr) * .. x (1 —apm_1)
>1—a,

Applying a similar reasoning, we find

Uk[(xnamm) Z UM(l'n»mn—&-l) < O—M(xn+1al'n+2) <...d O—M(xm.—laxm)
> (1= o) <9(l = apyr) <o (1 — qtp—q)
> 1— «and

U (T, Tm) < Vi (@, Tng1) O VM (Tnt1, Tng2) © oo © Vi (Zm—1, Tm)
< R OQptL]1 O .. 00y
< «.

O

Hence, (z,,) is a Cauchy sequence. Since X is complete, then (x,,) converges to y in X. As y € X, there
exists ig € I such thaty € U;,. As U,, is open, then it contains B(y, §) where 5 €]0, 1], and hence, for n so
large we have

wr (T, y) > 1 =0, op(zn,y) >1— Fand vy (z,,y) < fwithl —a,, >1— Fand o, < 3.
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Let x € B(zp, o). It holds that
pr (T, xn) > 1=, op(z,2n) > 1 — oy and vy (2, 2,) < v forany © € X .
Thus,

NM(xay) Zu]ﬂ(xvxn)*,u’M(znay) Z (176)*(17ﬂ) >1 -,
om(z,y) > op(x,xn) <o (n,y) > (1—-8)<(1—p5) >1—rand

vz, y) < vz, zn) ovap(zn,y) < o B <r.

This implies that © € B(y, ), and hence B(z,, o) C B(y,r). This means that B(x.,, o, ) admits U, as a
finite subcover. This is a contradiction. Hence X is compact.

Theorem 4.10. Let (X, M, *,<,©) be an SSVN-metric space. Then it holds that
X is compact if and only if X is totally bounded and complete.

Proof. Suppose that X is compact. From Proposition[4.6] it then follows that X is totally bounded. Moreover,
Proposition [4.8] then guarantees that X is complete. Thus, X is totally bounded and complete. The converse
implication, follows immediately from Proposition 4.9] O

5 Conclusion

In this paper, we have introduced the notions of complete standard single valued neutrosophic metric space
and compact standard single valued neutrosophic metric space and we have investigated their most interesting
properties and characterizations. In a future work, we plan to study other topological properties for standard
single valued neutrosophic metric space such as convexity, connexity and density. Moreover, we intend to use
these topological properties to study some fixed point theorems.
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