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ON THE FARTHEST POINTS
IN CONVEX METRIC SPACES
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Sangeeta and T. D. Narang
Communicated by Stevan Pilipovié

ABSTRACT. We prove some results on the farthest points in convex metric
spaces and in linear metric spaces. The continuity of the farthest point map
and characterization of strictly convex linear metric spaces in terms of farthest
points are also discussed.

1. Introduction

Consider the geometric problem: Given a nonempty bounded subset C' of a
metric space (X, p) and a point € X, does there exist a point y € C which is
farthest from z? Is such a y unique? Precisely speaking, we consider the existence
and uniqueness problem of a point y € C satisfying p(x,y) = sup{p(z,2) : z € C}.
Such a y is called a farthest point in C from x. The set of all such y € C' is denoted
by Fc(z) and when there is exactly one y satisfying p(x,y) = sup{p(z,2) : z € C}
then Fe(x) is denoted by qo(z). If C is a nonempty closed subset of a metric space
(X, p), then a nearest point in C' is defined analogously. A point z € C' is a nearest
point to z € X if p(x,z) = inf{p(z,y) : y € C}. The set of all such z € C is
denoted by Pco(z). The geometric nature of the space X is very much involved in
discussing farthest and nearest points.

Farthest points have applications in the study of extremal structure of sets,
characterization of compact convex sets, finding deviation of sets, and they are
important building blocks of convex sets which are extensively applied in program-
ming [11]. It is strange; rather unfortunate that very little has been done in the
theory of farthest points as compared to the theory of nearest points. Moreover,

2010 Mathematics Subject Classification: 46B20, 46B99, 46C15, 46C99, 41A65.

Key words and phrases: Chebyshev centre, convex metric space, externally convex metric
space, farthest point, farthest point map, M-space, strictly convex linear metric space, remotal
set, uniquely remotal set.

Partially supported by University Grants Commission, India (F. No. 39-480/2010(SR)) and
F. No. 8-3(116)/2011.

229



230 SANGEETA AND NARANG

most of the literature available in the theory of farthest points is either in Hilbert
spaces or in normed linear spaces (see e.g., [2/[3,[5,[8,10,11,[13] and references
therein). The development of farthest point theory in more general spaces is a
challenging one. Some attempts have been made in this direction. Ever since
Takahashi [17] introduced convex metric spaces, efforts are being made to extend
results from the theory of Hilbert spaces and normed linear spaces to convex metric
spaces [12/[14]. This paper is also a step in this direction, where we discuss some
results on farthest points in convex metric spaces and in linear metric spaces. The
continuity of the farthest point map and characterization of strictly convex linear
metric spaces in terms of farthest points are also discussed.

2. Notations and definitions

We begin with a few definitions and notations. For a metric space (X, p) and
the closed interval I = [0,1], a mapping W : X x X x I — X is said to be a convex
structure on X if for all z,y € X, A € I,

p(u, W(z,y, ) < Ap(u,z) + (1 = N)p(u,y)

holds for all w € X. The metric space (X, p) together with a convex structure is
called a convex metric space [L7].

Motivated by the linear case, Machado [9] defined multiple convex combina-
tions as follows. Let (X, p) be a convex metric space. For z1,z2,...,z, € X,
A, A2, Ay €0,1) and Y0 A =1, set

W(,Tl,,fg,...,l‘n,)\l,)\g,...,)\n)
)\1 /\2 )\nfl
= sy dn—1, ) sy ) nvl_ 'n,)
W(W(Il’““‘” e D WL W 1—)\n) . A
if \, #1 and W(x1,22,...,2,,0,0,...,1) = x,.
For a subset T of a convex metric space (X, p), define convex hull of T' [6] as
Conv(T) = | W(t1,ta, .. tn, Aty Ay M) = () WD),
neN neN
W™(T) = W(WNT)), n > 2, WHT) = {W(t,t2,\) : A € [0,1], t1,t2 € T
This implies (see [6]) that for every = € X,
p(xa W(t17t27 S 2F Ala )\27 SERE) )\n)) < Alp(xu tl) + )\2P(557t2) +...+ )\np(xatn)u

A =0, E?:l =1t €T.

A convex metric space (X, p) is called an M-space [7] if for every two points
z,y € X with p(z,y) = A, and for every r € [0, \], there exists a unique z, € X
such that Blz,r] N Bly, A\ — 7] = {2}, where Blz,r] = {y € X : p(z,y) < r}.

EXAMPLE 2.1. Let (X,p) be a closed ball of Sy, of radius n with 7r/4 <
n < 7r/2. Since X is convex and contains no diametral point pairs of the Ss ,,
(X, p) is an M-space. Here Sy, is the 2-dimensional spherical space of radius .
Its elements are all the ordered 3-tuples © = (x1,x2,x3) of real numbers with

Zle x? = r?, distance ‘p’ is defined for each pair of elements z, y to be the smallest



FARTHEST POINTS IN CONVEX METRIC SPACES 231

nonnegative number xy such that cos(zy/r) = r—?2 Zle x;y;. The space (X, p) is
an M-space [7].

A metric space (X, p) is called externally convez [7] if for all distinct points
x,y such that p(z,y) = A, and r > X there exists a unique z of X such that

p(@,y) + ply, z) = p(x,2) = 7.

EXAMPLE 2.2. Consider metric space (X, p) consisting of points on lines y = 1
and y = 2 in the cartesian plane with « > 0. Let the distance p(z,y) for © = (z1,y1)
and y = (z2,y2) be given by |z1 — xo| if y1 = y2 and 1+ |x1| + |z2| if y1 # y2. This
satisfies the condition of external convexity. It may be noted that the space X is
not a normed linear space as it is not a linear space [7].

If X is a strictly convex Banach space, then it is an externally convex M-
space [7].

If (X, p) is a convex metric space, then for each two distinct points x,y € X
and for every A € (0, 1) there exists a point z such that p(z, z) = (1 —X)p(z, y) and
p(z,y) = Ap(x,y). For M-space such a z is always unique.

A linear metric space (X, p) is said to be strictly conver [1] (see also [15]) if
forz,y € X, v #y, p(x,0) <r, p(y,0) < r imply p(#,()) <r,r>0.

A point x in a convex subset C of a linear metric space (X, p) is called an
extreme point if x1,x2 € C and x = Az1+(1—N)zg for 0 < A < 1imply 21 = x5 = a.
The set of extreme points of C' is denoted by ext C.

ExXAMPLE 2.3. If R? is given by the maximum norm

(€1, &2, &3)|| = max{|&1], |€2], [§3]}

then the unit ball is a cube. The extreme points are the eight vertices of the cube.

Let C be a bounded subset of a metric space (X, p) and x € X; then we define
the sets Fo(x) = {#z € C : z is a farthest point in C' from z} and far(C) = {z €
C': z is a farthest point in C' from some point in X }.

A nonempty subset T of a convex metric space (X, p) is said to be convez [17]
if W(z,y,\) €T for every z,y € T and A € I.

We shall denote by [z,y] the line segment joining the points x and y i.e.,
[z,y] = {2z € X : p(x,2) + p(z,y) = p(z,y)}. The set [z,y) = {z € X : p(z,y) +
p(y, z) = p(x, z)} denotes a half ray starting from z and passing through y i.e., it
is the union of the line segments [z, z] where [z,y] C [z, 2].

Throughout the paper cl(T') will stand for closure of T', 9T for boundary of T,
X N\ T for complement of T in X.

3. On nearest and farthest points

We have the following interesting relationship between the nearest and the
farthest points in convex metric spaces (for Banach spaces, see [10, Remark 2.2]).
Suppose C' is a nonempty bounded closed subset of an externally convex M-space
(X,p). If z € C is a farthest point from an x € X, then z is also a nearest
point in C. Indeed, z is a nearest point in C' from any point which is on the line
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connecting x and z and lies on the opposite side of z to z. So, if there exists no
nearest point in C', then there also exists no farthest point in C'. This is shown by
the following proposition.

PROPOSITION 3.1. Let C' be a nonempty bounded closed subset of an externally
convex M-space (X, p). If z € Fo(x) then z € Po(x') for every ' € [z, 2) \ [z, z].

PROOF. Suppose z € Fg(z) then p(x,2) > p(z,y) for all y € C. Let 2’ €
[z, 2) \ [z, z] be arbitrary. Consider

o, 2) = p(a ) — plz, 2) < pla's ) — plary) for all y € C
< pla’,y) + p(x,y) — pl,y) = p(a’,y) forally € C,
ie., p(',2) < p(a’,y) for all y € C. Hence z € Po(z'). O

COROLLARY 3.1. If there exists no nearest point in C, then there also exists
no farthest point in C i.e., if C is antiproziminal (very nonproximinal), then C is
antipodal.

REMARK 3.1. Edelstein and Thomson [4] gave an example showing that in
¢o (space of all convergent sequences converging to 0) with the usual norm, there
exists a nonempty bounded closed convex symmetric subset S which has no nearest
point and hence there exist no farthest points in S.

Concerning farthest points, the following two results were proved in [14]:

PROPOSITION 3.2. Let K be a bounded subset of an M-space (X, p) and ko €
Fi(zg) for xg € X; then ko € Fg(x) for all x € [ko, zo) \ [ko, zo].

PROPOSITION 3.3. Let K be a bounded subset of a convex metric space (X, p)
and g € X. Then kg € Fi(x0) iff ko is a farthest point from xo in [ko,y] for each
ye K.

Motivated by Propositions 3.2 and 3.3 the following property was considered
in farthest points. A bounded subset T of a convex metric space (X, p) is said to
have property (SF) (see [6[14]) if xp € X and ko € Fk (o) imply ko is a farthest
point from y for all y € [z, ko] i.e., ko € Fx (W (xo, ko, A)), 0 < A < 1. Concerning
property (SF), the following result was proved in [14].

PROPOSITION 3.4. A bounded subset K of a conver metric space (X,p) has
property (SF) iff K is a singleton.

In the light of the above three propositions, we discuss the following property in
convex metric spaces (in Banach spaces, this property was introduced by Baronti
[2]). Let (X,p) be a convex metric space and K a nonempty subset of X. We
say that P(x,d) is true for some d € (0,1) (see [2]) if y € Fx(z), ¥’ € [z,y] such
that p(y',y) = (1 — t)p(z,y), p(y',x) = tp(x,y), for 0 < t < d imply y € Fr(y')).
Equivalently, y € Fx(x) = y € Fp(W(z,y,t)), 0 <t < d ie., if y is the farthest
point from z in K, then y is also the farthest point from W (x,y,t) for 0 < ¢t < d.
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EXAMPLE 3.1. Let X = R~ {0} with the usual metric and K = [-1,1] \ {0}.
The property P(x,d) is true forz = 1,—land d =1/2. Fg(-1) =1, Fx(x)=1=
yforalle € [-1,0), Fr(ty+(1—t)z) = 1,0 <t <d. Fg(l)=—-1,Fg(z)=—-1=y
for all z € (0, 1], Fx(ty + (1 —t)z) = —1.

REMARK 3.2. Fix(—1) = 1 but Fx(z) # 1 for all z € [-1,1] i.e., for all
x € [-1,Fkg(-1)]. Fx(1) = —1 but Fx(z) # —1 for all x € [Fx(1),1].

EXAMPLE 3.2. Let K = {(z,y) : 2 = —\/1—32,—1 < y < 1} be a subset
of R? with the usual metric. Then P(z,d) is true for z = (1,0) and d = 1/2,
whereas P(z,d) is not true for z = (0,0).

The number r(T) = inf{r(T,z) : = € X} where r(T,x) = sup,cr p(z,y) is
called Chebyshev radius of T. A center or the Chebyshev center of T is a point c,
if it exists, such that »(T,¢) = r(T).

The following result shows that for a remotal set, property P(c,d) can not be
true if c is the center of the set.

PROPOSITION 3.5. If T is a remotal subset of a convex metric space (X, p),
then P(c,d), 0 < d <1 cannot be true if ¢ is the center of the set T'.

PROOF. Let P(c,d) be true where c is a center of T i.e., (T, ¢) = inf{r(T, z) :
x € X}, s0r(T,c) <r(T,x) for all z € X. Let y € Fr(c) and property P(c,d) is
true. Then for all ¥’ € [¢,y] such that p(y',y) = (1 — t)p(c,y), p(y',c) = tp(e,y),
for 0 < ¢ < d, we have y € Fr(y'). But this implies r(T,y") = p(v',y) < p(c,y) =
r(T, ¢), which is not true as r(7T, ¢) = inf{r(T,z) : z € X}. O

4. On remotality and unique remotality of convex hulls

A bounded subset T' of a metric space (X, p) is said to be remotal (uniquely
remotal) if for each x € X there exists at least one (exactly one) ¢ € T such that
p(x,t) = sup{p(z,y) : y € T} = 6(x,T). Such a point ¢ is called a farthest point
from z in T

For remotal sets in convex metric spaces, we have

PROPOSITION 4.1. A bounded subset T of a convex metric space (X, p) is re-
motal iff Conv(T) is remotal.

PrOOF. Let TV = Conv(T'), T be remotal, and = € X be arbitrary. Then
there exists at least one ¢t € T such that p(z,t) = sup{p(x,t1) : t1 € T} = 6(z,T).
Let t' € T be arbitrary. Then t' = W(t1,ta,...,tm, A1, A2, ..., A, for some
tisto, o stm €T, A, A2y oo, A € [0,1] and >°7"; A; = 1. Consider

p(xvt/) = p(xv W(tla Lo, s tm, )‘15 AQ} e A’m))
< /\1/)(175 tl) + /\Qp('rth) .o+ Amp(.f,tm)
< Aip(w,t) + Aep(z,t) + ...+ Amp(z, 1)
=M+ X+ .+ An)p(a,t) =0(x, T).
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Thus 6(x,T) = p(z,t) < sup{p(z,t’) : t' € T} < §(z,T). Hence §(x,T) =
sup{p(x,t’) : t' € T'} = p(z,t). Alsot € T implies t € T and so ¢ is farthest point
from = in 7. Hence T” = Conv(T) is remotal.

Conversely, suppose that T is remotal. Let z € X. Since T C T", sup{p(z,1) :
t e T} <sup{p(z,t’): ' € T'} ie, 0(x,T) < §(x,T"). Now let t/ € T" i.e., t =
W(tl,tz,...,tm,)\l,/\g,...,/\m), for some tq,ta,...,tm €T, A1, A2, ..., A\ € [O, 1]
and Y1, A\; =1, such that p(z,t”) = 6(x,T") = sup{p(z,t') : t’ € T'}. Consider

5($7T/) = p(.I,tN) = p(iE, W(t17t27 s tm, Alv )‘25 e )\m))
S Aip(,tr) + Xep(x,ta) + -+ Anp(@, tn)
< A0(z, T) + Xb(x, T) + - -+ A\ d (2, T)
=M +X+ -+ A2, T) =6(x, T).
ie, 6(z,T7) < 6(z,T). So, we have §(z,T') = 6(x,T). Now t” is the far-
thest point from « in 77. If ¢/ € T, then T is remotal. If ¢/ ¢ T, then t” =
W(tl,tg,...,tm,)\l,/\g,...,/\m) for some t1,to,...,tym € T, t1,ta,... tm 75 t”,
A A2, A, €00,1], and Y00 A =1 and p(z,¢;) < 0(x, T). Suppose p(z,t;) <
d(z,T) for at least one i. Consider
8z, T)=6(z, T") = p(x,t") = p(x, W(t1,t2, . tm, A, A2y o5 Am))
< )\lp(xatl) + )\QP(«/I:,tQ) +---+ )\mp(‘ru tm)
< Mo(x, T)+ Xd(x, T) + - - + A0 (2, T)
= ()\1 + X+ -+ /\m)5($,T) = 5(:E,T)
ie., 0(z,T) < §(x,T), which is not possible. Therefore our supposition is wrong

ie., p(x,t;) = 6(x,T) for every i and so all the ¢;’s are the farthest points from z
in T" and hence 7' is remotal. g

REMARK 4.1. It was remarked in [3] that a bounded subset T' of a normed
linear space is remotal iff Conv(T') is remotal.

A result similar to Proposition 4.1 is also true for uniquely remotal sets i.e., we
have:

PROPOSITION 4.2. A bounded subset T of a conver metric space (X,p) is
uniquely remotal iff Conv(T) is uniquely remotal.

PRrROOF. Let T’ = Conv(T). We first assume that T is uniquely remotal. Let
x € X be arbitrary and let ¢ € T'. Then t' = W (t1,t2,...,tm, A1, A2, ..., A ), for
some t1,t2, ..., tm €T, A, A2, ..., Ay € [0,1], and 31" | \; = 1. Consider
p(xvt/) = p(Ia W(t17t27 s 7t7TLv )‘15 AQ} R A’m))
< Ap(w,tr) + Aep(x,t2) + -+ Amp(, tn)
< Aip(w, qr () + Aep(w, qr (@) + -+ + Amp(, g7 (7))
= (M + A2+ 4+ A)p(2, g1 (7)) = p(2, 97 ().
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Thus p(z, qr(x)) < sup{p(t) : ' € T'} < p(z,qr(z)). Hence plz, ¢r(x)) =
sup{p(x,t’) : ¢’ € T'}. Also t € T implies t € T’ and so t is the farthest point from
2 in T'. Hence T = Conv(T) is remotal.

Now to prove that T’ is uniquely remotal. Let t” # qr(z) € T/, t" ¢ T
be any other element such that p(z,t”) = sup{p(z,t’) : ¢’ € T'} = p(z, qr(x)).
Therefore, t"" = W (t1,ta, ..., tm, A1, A2, ...y Am), for some t1,ta,. .., tm €T, A1, Ao,
o Am € 0,1], 7 N =1 and 7 # ti,ta, ..., by Also p(z,t;) < p(x, gr(x)).
Let p(x,t;) < p(x,gr(x)) for at least one 7. Consider

p(l’, QT(J:)) = p(x, tll) = p($, W(th o,y bms AL, Ao,y )‘m))
< Aip(,tr) + Xep(x,ta) + -+ Anp(@, tn)
< Mp(@,qr(@)) + Aep(z, qr (@) + - + Amp(@, qr(2))
=M+ e+ A+ Al qr(x)) = p(z, qr(2)).
ie., p(z,qr(z)) < p(z,qr(z)), which is not possible. Therefore our supposition is
wrong and so p(x,t;) = p(x,qr(z)) for every i and so all the ¢;’s are the farthest
points from z in T', which is also not true as 7' is uniquely remotal. Therefore our

supposition that t” ¢ T', t"" # gr(z) is also wrong and hence T” is uniquely remotal.
Conversely, suppose that T is uniquely remotal. Let x € X. Since T' C T”,

sup{p(z,t) : t € T} < sup{p(z,t’) : ¢’ € T'} ie., p(z,qr(z)) < p(z,qr(x)). If
qr(z) € T, then p(z,qr/(2)) < p(z,qr(x)) and if g (z) ¢ T, then g/ (z) =
W(tl,tQ, Ce ,tm,)\l, AQ, ey Am), for some ti,to, ...t €T, )\1,)\2, .. .,)\m S [0, 1],
and E?il /\z =1.

p(l‘, qr (,T)) = p(,T, W(tl, tg, Y . /\17 )\2, ceey )\m))
Ap(x,t1) + Aop(@,ta) + -+ + Amp(@, tm)
Ap(, qr(2)) + Aop(@, qr(z)) + - -+ + Amp(, gr (7))

=M+ X+ A+ Al qr(x)) = p(z, 4r(2)).

Therefore p(z, qr (x)) < p(z,qr(x)) and so p(z, qr(z)) = p(z, ¢r(x)). The same
argument as above shows that gr(z) = {g7/(z)}. Hence T is uniquely remotal. [

<
<

REMARK 4.2. It was remarked in [I1] that a bounded subset T' of a normed
linear space is uniquely remotal iff Conv(7T') is uniquely remotal.

5. On continuity of farthest point map

The set-valued map Fp : X — 27, where 27 is the collection of all subsets of T,
defined by Fr(z) = {t € T : p(x,t) = sup,cy p(,y)} is called the farthest point
map (f.p.m.). For uniquely remotal sets T, the f.p.m. Fr is single-valued and is
denoted by gr.

In the next result, we study the continuity of the farthest point map in exter-
nally convex M-spaces.

PROPOSITION 5.1. Let T be a uniquely remotal subset of an externally convex
M-space (X, p), then the f.p.m. qr is continuous at xq iff the restriction of qr to
E,, is continuous, where Ey, = {x € X : p(z, qr(x)) = p(xo, qr(x0))}.
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PROOF. Suppose that the restriction of ¢r to E,, is continuous. If T is sin-
gleton, say T = {t}, then gp(z) =t for all z € X. Let © € X be arbitrary with
p(x,x0) < d. Then p(gr(z), qr(xo)) = p(t,t) = 0 < ¢ for all e. Hence gr is contin-
uous at xg. So we can assume that 7" is not a singleton. Let V' be a neighborhood
of gr(zp). Then by the continuity of qT} Euy’ there is a neighborhood of z(, say

G, such that ¢r(Ey, NG) C V. Choose ¢ > 0, such that the open ball Bas(xo) is
contained in G, where Bas(zo) = {x € X : d(z,z9) < 26}. Let x € Bs(xo) \ Ey,
and y € [gr(z), z, —[ be such that p(y, gr(z)) = p(zo, gr(z0)). Consider

p(y,ar(x)) = py, ) + p(z, qr(x)) = p(y,x) + p(x,2) = p(y, z) for all z € T.

Thus gr(x) = qr(y). So, we get p(y,qr(y)) = p(xo,qr(zo)). This gives
y € E,. Consider

p(y, z0) < p(y, ) + p(x,20) = p(y, gr()) — p(z, g7 (x)) + p(z, o)
= p(wo, qr(w0)) — p(=, qr()) + p(, T0)
< p(xo, @) + p(x, g7 (20)) — p(2, 97 (2)) + P2, 20)
< plxo, x) + p(x, 20) = 2p(x, 20) < 20

ie., p(y,zo) < 20 implies y € Bas(zg) C G. So y € GN Ey, gives gr(y) € V.
Therefore gr(Bs(zo)) C V as x € Bs(xg) \ Ey, is arbitrary and ¢r(z) € V. Hence
qr is continuous at xg.

Conversely, suppose gr is continuous at xg. Since restriction of a continuous
map is continuous, qT’ Ea.g is continuous at xg. (I

REMARK 5.1. For normed linear spaces this proposition was proved in [13].

6. On unique remotality of closure of a set

PROPOSITION 6.1. Let T' be a nonempty uniquely remotal subset of a strongly
externally convex metric space (X, p). Then cl(T) =T is also uniquely remotal and
the farthest point maps qr : X — T and g7 : X — T coincide.

PROOF. Let x € X and set r = sup{p(x,2) : z € T} = sup{p(x, 2) : z € cl(T)}.
If r =0, then T' = cl(T') = {«} and hence the assertion of proposition holds. So let
r > 0 and suppose that y € cl(T) satisfy p(z,y) = r (i.e., y is the farthest point in
cl(T) from z). To show that cl(T) is uniquely remotal, we shall show that y € T
and hence y = qr(z). By external convexity, there exists a unique zg € X with

(6.1) p(w,w0) = r and p(y,z0) = p(y, ) + p(x,20) = 27

On the other hand, T' C Bz, r| implies p(xo,2) < p(zo,x) + p(z,z) < 2r for
all z € T. Hence p(zg, z) < 2r holds for every z € cl(T). Therefore (6.1) implies y
is a farthest point in cl(T") from xo.

Next, Let zo = gr(x¢) € T. Then, p(xg, z0) = 2r and hence

2r = p(xg, 20) < p(xo,x) + p(x, 20) < 2r
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holds(using (6.1) and T' C Blx,r]). Therefore, 2r = p(x0, z0) = p(x0, ) + p(z, 20).
Together with (6.1) and the uniqueness assertion in the definition of external con-
vexity, this implies y = 29 € T (as z¢ # x). O

REMARK 6.1. It was remarked in [11] that in strictly convex normed linear
spaces, the unique farthest point property is inherited by closure of the set.

7. A characterization of linear metric spaces

The geometric nature of the underlying space plays an important role in dis-
cussing nearest and farthest points. The following proposition shows that structure
of the set of farthest points can be used to characterize strictly convex linear metric
spaces.

PROPOSITION 7.1. Let (X, p) be a linear metric space; then the following are
equivalent:

(1) X is strictly convez.

(2) For a bounded closed convex subset C' of X, far(C) C ext(C).

(3) For a compact convex subset C' of X, far(C) C ext(C).

PROOF. (1) = (2) Let X be strictly convex and C a bounded closed convex
subset of X. Suppose far(C) ¢ ext(C) i.e., there exists 2’ € far(C) such that
' ¢ ext(C). Then there exist x,y € C,  # y such that 2’ is mid-point of =
and y ie., 2’ = Z¥ Now 2’ € far(C) implies 2/ € Fc(y') for some ' € X i.e.,
pa’,y') = sup{p(z,y') : z € C} = r. Since z,y € C, p(z,y') <7, ply,y) < r
and so the strict convexity of X implies p(2’,y’) < r, which is absurd. Hence
far(C) C ext(C).

(2) = (3) This is obvious.

(3) = (1) Suppose far(C) C ext(C) for every compact convex subset C' of X.
Let if possible, X be not strictly convex. Then there is a segment [a,b] on the
sphere S(0,7), a,b € X (see [16]). Let C = [a,b]; then C' C far(C) as every point
of [a,b] is farthest from 0 but y ¢ ext(C) for any y € (a,b), contradicting the fact
that far(C) C ext(C). Hence X is strictly convex. O

The following example shows that if X is not strictly convex, then a farthest
point in C need not be an extreme point of C.

EXAMPLE 7.1. Let X = R? be the metric space with p(z,y) = max{|z; — x|,
ly1 — y2|} where z = (21, 22) and y = (y1,92), and let C = {(-1,y): -1 <y < 1}.
Then z = (—1,0) is the farthest point from the origin (0,0) since its distance from
each element of C' is 1. Hence far(C) is nonempty as z € far(C) but z is not an
extreme point of C' [18].

REMARK 7.1. For normed linear spaces such a characterization of strictly con-
vex normed linear spaces was given in [10].
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