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1 Introduction |f/(x)] < M for all x € (a,b), the inequality

1 (X—%b)z

<lzt b-a)? (b—a)M, (1)

mathematics. The subject is perhaps the last field that i
comprehended and used by mathematicians that work i
all the areas of that noble science. Since the seminal work
inequalities [13] of Hardy, Littlewood and Polya polds for everyx € (a,b). The constant is the best

mathematicians have labored to extend and sharpen the ible in th nse that it cannot be replaced b
earlier classical inequalities. New inequalities are POSsIbie € sehse that T cannot be repraced by a

discovered every year, some for their intrinsic interests.'maller constant, The '”eq.t“’?"'t”('s _vveII known in the
whilst others flow from results obtained in various Ilteraturg as the Ostrowski mquahty. Recently, seyeral
branches of mathematics. The study of inequalitiesgeneral'zat'ons of the Ostrowski inequality for mappings

reflects the many and various aspects of mathematic of bounded varie}tion and for Lipsphitzian, 'monotgnic,
There is, on the one hand, the systematic search for thgbsolytely %ﬁntlnuous i antd fn-tlmes dlﬁerelntlable

basic principles and the study of inequalities for their own ma:jpp}mgs, Wwith- error es ||ma esd otr somel speﬁla mgans
sake. On the other hand, there are many applications in gnd for some numerical quadrature ruies, have been

wide variety of fields from mathematical physics to con'\s/lldered by mz;ny a';']thors'. iderabl .
biology and economics. In this article we will present the any researchers have given considerable attention to

counterparts fostrongly reciprocally convex functior the inequality {) and several generalizations, extensions

two well-known inequalities: those known as Ostrowski &1d refated results have appeared in the literature. For
and Simpson (inequalities). some results WhICh generalize, improve, and extend the
In 1938, Alexander Markovich Ostrowski (sepg)  aPove inequality, se®[1,3,5,10,11,23. _
proved the following integral inequalityl). Ostrowski One of the two goal of this paper is to establish an
considered the problem of estimating the deviation of aOstrowski type inequality for strongly reciprocally conve
function from its integral mean. To be precise, for any functions.
continuous function f on [a,b] € R which is One of the fundamental results in numerical
differentiable on (a,b) and with the property that integration is the Simpson’s inequality which states:

Inequalities continue to play an essential role in 1 /b
if(x)—ba/ f(x)dx
- a
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Theorem 1([34)). Let f: [a,b] — R be a four times f has a unique minimum on every closed subinterval of

continuously differentiable mapping orfa,b) with I ([24, p. 268]). Any strongly convex function defined on

[f@]o := sup [f*)(x)] < . Then the following a real interval admits a quadratic support at every interior
x(ab) point of its domain.

inequality holds: Strongly convex functions play an important role in

17f(a)+ f(b) atb 1 b opt!mization theory and mathematic_al economics. T_he
’5{ 5 +2f( 5 )} - b—a/a f(x)dx notion of strongly convex function is of great use in
optimization problems, as it can significantly increase the

< LHf(‘l)Hw(b_ayl, (2) rate of convergence of first-order methods such as
2880 projected subgradient descetf], or more generally the
This inequality gives an error bound for the classical forward-backward algorithng] Example 27.12].

Simpson quadrature formula, which is one of the most ~ The following result states the relation between convex

used quadrature formulae in practical applications. It isand strongly convex functions.

well known that if the functionf is neither four times Theorem 2([25]). Let D be a convex subset Bfand let
differentiable nor its fourth derivative is bounded on c be a positive constant. A function b — R is strongly

(a,b), then we cannot apply the classical Simpsonqnyex with modulus c if and only if the functiofxg=
quadrature formula. f(x) — cx is convex.

For recent results and generalizations concerning
Simpson’s inequality see2[7,8,11,6,12,15,20,21,31, In [33], E. Set et al. proved the following result on
32,36,35,27,28] and the references therein. Ostrowski's type inequality for strongly-convex

Another goal of this paper is to establish a Simpson-functions.

type inequality for strongly reciprocally convexfunct®n  Theorem 3Let f:1 C R — R be a differentiable mapping
The setup of this paper is as follows. In sectwe  on |° such that f € L[a,b], where ab e | with a < b. If |¢/|
review the necessary background on strongly convejs strongly-convex ofa, b] with respect to ¢ 0, |f'| <M

functions and on strongly reciprocally convex function. c(x—a)? c(b—x)? ]
Next, in section 3 we prove our main results. and M> max 5 6 } then the following
inequality holds;
S b
2 Preliminaries ‘f(x)_bi/ f(u)du
—alJa

Convexity is one of the most natural, fundamental, and _ (x—a)? c(x—a)?\ (b—x)2 c(b—x)?
important notions in mathematics whose applications go = 2(b—a) < 6 ) 2(b—a) < 6 )
down to the times of Archimedes (Circa 287 B.D.).
Convex functions were introduced by(J. L. W. V. JenS()anfora” x,y € [a,bland te (0,1).
over 100 years ago and since then they have been a Given to numbers,y in an intervall C R\{0} the
subject of intensive investigations. In recent years sdver quantity
extensions and generalizations have been given for this Xy
classical notion. tx+ (1-t)y

A function f : [a,b] C R — R is said to be convexif is known as the harmonic mean wfandy. Recently, in
whenever x,y € [a,b] and t € [0,1], the following  [17], Iscan introduced the notion of harmonically convex
inequality holds: function, which is defined as follows.

ftx+(1-t)y) <tf(x) + (1 -t)f(y). Definition 2.Let | C R\ {0} be a real interval. A function

A significant generalization of the notion of convex f :! — R is said to be harmonically convex, if
functions is that of Strongly convex function introduced Xy
by B. Polyak in R9]. <m> <tf(y)+(1-t)f(x)

Definition 1(See [14,22,29,30]). Let | be a interval ofR forallx,yelandte (0,1).
andlet c> 0. Afunction f: | — R is called strongly convex

with modulus c if In [4], we introduced the notion of strongly

reciprocally convex function:
fx+ (1-0y) <tF )+ (1-0f(y) ~ct@-)(x-YB)  pefinition 3.Let | be an interval iR \ {0} and let
forallx,y €l andte [0,1]. c € (0,:). A function f: 1 — R is said to bestrongly
reciprocally convexvith modulus c on I, if the inequality
The usual notion of convex function correspond to the case X 1 1\2
¢ = 0. The followings facts are well known (see e 30]): f <+) <tf(y)+(1—t)f(x)—ct(1—t) <— - —) 4
If fis strongly convex, then it is bounded from below, its tx+(1-ty Xy
level sets{x € | : f(x) < A} are bounded for each and  holds, forallxy € l and te [0, 1].
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The symbol SRg ) will denote the class of functions  where 7 < 1, c > b > 0 and
that satisfy the inequality4]. We obtained the following rxry)

properties for this kind of functions:

Theorem 4Let f,g:1 C R\{0} — R be two functions and
let ci,co,k € Ry. Then

1.If f €SRG, ¢,) and g€ SRG; ¢,), then

f +9€ SRG, ¢, 1c,) NSRG) ;) "SRG ), -
21f f €SRG, ¢), then kfe SRG ¢ In addition, if
k> 1, then &feSRQLC).

Moreover, in f], we also obtained the following

complete characterization:

Theorem5Let | ¢ R\{0} be a real interval and
€ (0,).

LIf f €SRG, ), then f es harmonically convex.
2.feSRG ) t)and only if the function gl — R, defined

by gx) := f(x) — % es harmonically convex.

3.If f €SRG, ), then the functio = f + & €SRG, ¢,
for any constants. If f : [a,b] C R\ {0} — R and if

we consider the function g[%, ﬂ — R, defined by
git):=f (%) then fESRG,p ) if and only if g is

strongly convex i 11
gly b'al’

3 Main results

In this section, we derive our main results. We establish
some inequalities of Ostrowski and Simpson type for

strongly reciprocally convex functions.

Ostrowski type inequalities

For the reader’s convenience, we recall

definitions of hypergeometric functions that are employed

in the following discussion.

Definition 4([19]). For the real or complex numbersla c
other than0,-1,-2,...,
and c is defined by

the hypergeometric series ofta

2Fi(abic;2) = 1+_._+W§+

Here,(a)m::{a(a+1)'__(a+m_1)’
has the integral form:

oF1(a,b;c;z) = m A

1
/ P31 —t)*P~1(1 — zt)~2dt,

B(xy) := = /Oltx‘l(l—t)y‘ldt.

r(x+y)

We will need the following lemma, whose proof can
be found in [L§].

Lemma 1([18]). Let f: 1 c R\ {0} — R be a
differentiable function on°land ab € I, with a< b. If
f’ € L[a b, then

b
f(x)— %/a %du

ab 1 t , ax
- ﬁ{(x_a)z/o (ta+(1—t)x)2f (at+(1—t)x) dt
t

‘(b_x)z/(;l CENcEnraA (bt+ (le—UX) dt} '

Theorem 6Let | C (0,) be anrealintervaland fl — R
be a differentiable function orfl Suppose that,® < 1°
with a< b, and that f € L[a,b]. If |f'|9 € SRGa¢) for
g > 1, then for all x [a,b], we have

’f(x)—%/j%du’

ab
< o { -2 Ma(ax a0 f'(99+ dz(ax.6.0) (@)
41
1 1)\? a
_C(a_;) )\3(a7xvq7q)

+(b—x)?[Aa(b,x,0,0)| ()| +As(b. x. 0. 0) | f' (D)

-1
1 1)\? ‘
_C(;_B) /\G(a7x7q7q) }7

where
A(a,x,v,p) = B(pszva,l) oFq (2v7p+2;p+3;1— ;)
Azx(a,x,v,p) i= B(pszLvl,Z) 2F1 <2v,p+1;p+3;1— ;),
here the As(ax,v,p) = w oF1 <2v,2;p+4;1— ;)
Ag(b,x, v, p) = w -oFq (2v,1;p+3;1 g),
As(b,x,v,p) :i= B(ZEJFZJV+ o) oFq <2v,2;p+3;1— :,)7
As(b,x,V,p) = B(Zgz’fz) o1 (2v,2:p+411- E)

T,

Proof From Lemmal, for all x € [a,

ab [P f(u)

a b—a/a w2
ab o 1 t , ax

b—a{(x_a) /0 G a=o2 (at+(1—t)x) dt

_(b_x)z/(;l (tb+ (1t—t)x)2 : (bt+ (blx—t)x) dt}‘ 7

applying Holder inequality to the integral on the rightesid
of the above inequality, we obtain

| , we have
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ax
(1-1)

ab(x—a)?
b—a

)
0

(fa)

(/ 1‘“)17% M((tm(

[ e (s [o]

= L o (o)

| om0+ a-nlr @
44

b wra

- ab(x—a)?
1-t)x
—ct(l—t)(i
1-t)x
7]

b—a
+ab(bfx)2
Thus, by simple calculations, we have:

f/
ta+
r(

1
/o<ta+lt

t
1-1)x)?

bx

ab(b—x)2
+ thr (10

b—a

ab(x—a)?
b—a

i)

bx
(1-t)x

1
td g

1-t)x)2

5 [t (x

5 LT 00T+ (1-1)[F'(b)[2

b—a

1

—ct(1-t) (; "

1 o+l
A1(a,x,0,q) :/0 m *
21)
1 ( t)
A2(a,%,9,q) 7/0 (tat+(1— t))2q
(0+1,2)
_ qX2q 2F1(29.9+1;0+3;1- 7)
1% (1-1)
As(a,x,q,q) —/0 (tat+ (1— t))zq
(0+2,2)
. qxzq P (200t 20441 ).
1 ta+t
Aa(b,x,0,q) :/0 b+ a-a™
~ B(1,9+2)
— b2q 2F1(29,1;.9+3; 1_5>
1 t9(1-1)
As(b,x,q,0) */0 M-t
2q+1 o (2020431 1),
-1 tQt
26(b,%,0,q) :/0 mdt
_ B2a+2)

b2 2oF1 (2q,2;q+4;1— g) .

Substituting these values into the inequaligy, (we
obtain the desired result. This completes the proof.

Simpson type inequality

The following facts have been greatly motivated by

important work of Iscan J6]. The purpose of this

subsection is to give an inequality of Simpson type
strongly reciprocally convex functions.

el

In order to prove our main results we need the
following lemma.

Lemma2Llet f: 1 C R\{0} — R be a differentiable
function on P and ab e | with a< b. If ' € L[a,b] then
for A €[0,1]:

<a><
YR

where A=tb+ (1—

f(a)

ab(b a) al

A

< M

(6)

t)a.

The proof of this lemma can be found ibg].

Now using Lemma we prove the second main result

®  of this paper.

Theorem 7Let f: | C (0,0) — R be a differentiable
function on P, a,b € | with a < b, and suppose that
f' e Llab]. If [f'|9 €SRGp ¢ for g > 1 then the
following inequality holds foA € [0,1]:

(1-A)f +A - LI
e (F5) () s LR

< m{c[q()\;a,b) [C2(A;a,b)|f'(a)|9+C3(A;a,b)| ' (b)|d

2ab
a+b

f(a)+ f(b)
2

ab
b—a

1
11

’°<a b>zc4()\;a,b)} !

+Ciié (A;b,a) [C(A;b,a)|f'(a)|f+Ca(A;b,a) | f(

1

b)[*

2 q
,c@f%) C4(/\;b.,a)} } @)
where
. o 1 [A(v—u)+2u)(3u+v) 2u(u+v)
Gi(Aiuv) = (v—u)? [74 u(u+v) 7LZIrl([)\(vfu)+2u]2>]’
_ 2
CaAiuy) = ﬁ [[A(vfu)+4u]ln (%)
~[A(v—u)+2uj(5u+3v) +7u+v],
u+v
Cs(A;u,v) = Cl()\'u V) —=Ca(A;u,v),
) . [A(b—a)+2a?
Ca(A;u,v) = [{)\ a®)+2a(a+20)]In (W)
[a2+10ab+5b2][/\(b a)+2a)  7a?+30ab+ 3p?
- 2a+h) + 4
[A(b—a)+2a?
oo,
with u,v > 0.
the

ProofLet Ay = bt+ (1—t)a, witht € [0,1]. From Lemma

f
Or2 and using the Holder inequality, far € [0, 1] and%) :
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_ 2
11 e get Co(Miab) = (b_la)3 A (b—a)+4a]In 7[)\(251(:):@261] )
q [Ab-a) Zjﬂ(5a+3b) +7a+b}’
b
’ - (2—b> ( )*%/ﬁ %d’(’ Ca(A;ab) =Ci(A;a,b) —Cy(A;ab).
1 L, Similarly,
_ ab(b a) {02 AAg (i?) /%12 /:2 2tf,<a£>dt}
- ab(bz—a) {/0 AZ (K)‘dt /21 =2 -2, ( )M Cahiab) = /O‘% IAfmAIIZ(lft)dt:/o'% [\A ;Zz\t P —A?t\tz]dt
2
bb—a) | 13 /1A -2 % A —2t] % (@b = {A )+2a(a+2b)]In Ab—a)+2a
= 2 - {/02< A ) ( A ) f(%)‘dt [az+l[lab+5b2][)\( a)+2a 75%22;21232 )

IN

IN

2(a+b) 2

f/(a;)m} FYSTES

2

LA -2\ P [[2-A—2A|\ 3
*/< ” )( ” )

This concludes the proof.

1 1 1 a g
M 2t| —2t)\1]|,, /ab
(] 9l ~
4 Some applications
P
|2— )\ 2t|
M </% ( ) Corollary 1.With the same hypotheses and notations of
Theorens, if, in addition, | f'(x)| <M, x € [a,b], then for

</11[(|2 A 2t|>% V(%P)‘ ) } allx € [a,b],

2 b

1 f(x) _ a_b mdu
q q b—a u?

ab(b—a) {( 2 A - 2t|dt> ( ( ) dt) a

R ’ " < 22 Lx-aMa(@x a M+ do(ax g M

. _
12— )\ 2t| a o\ 1
+</% dt) E)‘ dt) } —c(} - })ZAs(a X,q Q)] q
a X e ¥

ab(b— a) 2 A — 2t|dt

2 +(b—x)?[A4(b,x 6. GM% + As(b.x,g, )M

A—at 11y )¢ 1 1)? %
(/027‘ % l{t\f &)+ (1— 1) /()" —ct(1— t)<—75>}dt> _C(B_Q) As(a,x.0,0)| ¢

1-1
T2—A -2 q
+</1 2 dt)
Iy TR
o L 2 \4) ° Comments
x</%‘ ’A[; L 1#(8)[9+ (1— )] /() F— ct(1—1) (5’5) }dt) }

(7) holds when we make the choice

The main contributions of this paper has been establish
some new Ostrowski and Simpson type inequalities for
the class of strongly reciprocally convex functions. We

1A =2 A A—2t expect that the ideas and techniques used in this paper
(Aia,b) / A2 7/0 mdt may inspire interested readers in to explore some new
: applications of these functions in various fields of pure
Co(A;a,b) = /2 A _22t|tdt7 and applied sciences.
o A
_ 3 A —2t(1—t)
Golhiab) /0 N References
7 A —2tt(1—t
Cs(A;a,b) :/o %dt' [1] ALOMARI, M., DARUS, M., DRAGOMIR, S., AND
CERONE, P. Ostrowski’s inequalities for functions whose
Now it can easily be shown that derivatives ares—convex in the second senseGMIA Res.
1 [A(b—a)+2a](3a+b) Rep. Coll., 122009), Supplement, Article 15.
Ci(Aa,b) = W {_4 a(a+b) [2] ALOMARI, M., AND HUSSAIN, S. Two inequalities of

2a(a+b) Simpson type for Quasi-convex functins and applications.
+2In A(b—a) + 242 Applied Mathematics E-Notes, {2010), 110-117.

(@© 2017 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

1284 NS 2 M. Bracamonte et al.: Ostrowski and simpson type ineqesiliti

[3] BARNETT, N., CERONE, P., DRAGOMIR, S., RNHEIRO, [21] Liu, Z. An inequality of Simpson typeProc. R. Soc. A 461

M., AND SoOFo, A. Ostrowski type inequalities for (2005), 2155-2158.

functions whose modulus of derivatives are convex and[22] MERENTES N., AND NIKODEM, K. Remarks on strongly
applications. RGMIA Res. Rep. Coll., 5(Z2002), Article convex functions. Aequationes mathematicae,Volume 80,
1. Issue 1(2010), 193—199.

[4] BRACAMONTE, M. GIMENEZ, J., AND MEDINA, J. [23] MITRINOVIC, D., PECARIC, J.,AND FINK, A. Inequalities
Sandwich theorem for strongly reciprocally convex involving functions and their integrals and derivatives
functions. Submitted for publicatio2016). Editor's Preface. Springer-Science+Business media, B.V,

[5] CERONE, P., DRAGOMIR, S.,AND ROUMELIOTIS, J. An 1991.
inequality of Ostrowski type for mappings whose second [24] NicuLEscu, C.,AND PERSSON L. Convex Functions and
derivatives are bounded and applicatioR&EMIA Res. Rep. their Applications A Contemporary Approach, CMS Books
Coll., 1(1)(1995), Article 4. in Mathematics, vol. 23, Springer, New York, 2006.

[6] DRAGOMIR, S. SAND TOADER, G. Some inequalities  [25] NikobeM, K., AND PALES, Z. Characterizations of inner
for m—convex functions Studia Univ. Babes-Bolyai Math., product spaces by strongly convex functionBanach J.
38(1)(1993), 21-28. Math. Anal. 5(1)(2011), 83-87.

[71DRAGOMIR, S.  On Simpson's quadrature formula for 56] 0strowsk, A.  Uber die absolutabweichung einer
differentiable mappings whose derivatives belongl o differentiebaren funktion vonihrem integralmittelwert.
spaces and applicationd. KSIAM, 2(1998), 57-65. Comment. Math. Helv. 1(1938), 226-227.

[8] DRAGOMIR, S. On Simpson’s quadrature formula for [27] DZDEMIR, M., AND YILDIZ, C.
Lipschitzian mappings and applications. Soochow J.
Mathematics, 2%1999), 175-180.

[9] DRAGOMIR, S.,AND FITZPATRICK, S. The Hadamard’s
inequality for s—convex functions in the second sense.
Demonstr. Math. 32(4(1995), 687-696.

[10] DRAGOMIR, S.,AND SOFO, A. Ostrowski type inequalities
for functions whose derivatives are convehternational
Conference on Modelling and Simulation. November 11-
13. Proceedings of the 4th. Victoria University, Melbourne
Australia. RGMIA Res. Rep. Coll., @002), Supplement,
Article 30.

[11] DRAGOMIR, S., AND WANG, S. Applications of
Ostrowski’s inequality to the estimation of error bounds fo

some special means and some numerical quadrature rulegl] SAR'.KAYA ’ I'\:l Z"f g.ET' E., ,A’\iD O?DEN”R' Mf' E.t_On
Appl. Math. Lett., 111998), 105—-109. new inequalities of Simpson’s type fer-convex functions.

Computers & Mathematics with Applications, vol. 60, no. 8
12] E., E., AKDEMIR, A. O., AND KAVURMACI, H. On

[12] (2010), 2191-2199.

[32] SARIKAYA , M. Z., SET, E.,AND OZDEMIR, M. E. On new

New inequalities for
Hermite-Hadamard and Simpson type with applications.
Tamkang Journal of Mathematics Volume 44, Number 2
(2013), 209-216.

[28] PECARIC, J.,AND VAROSANEC, S. A note on Simpson’s
inequality for functions of bounded variation.Tamkang
Journal of Mathematics, Volume 31, Number 3, Autumn
(2000), 239-242.

[29] POLYAK, B. Existence theorems and convergence
of minimizing sequences in extremum problems with
restrictions.Dokl. Akad. Nauk. SSSR 168966), 287—290.

[30] ROBERTS A., AND VARBERG, D. Convex Functions
Academic Press, New York-London, 1973.

the Simpson’s inequality for convex functions on the co-
ordinates.Turkish Journal of Analysis and Number Theory,

Vol. 2, No. 5(2014), 165-169. inequa_lities on Simpson’s type for functions whose s_econd
[13] HARDY, G., LITTLEWOOD, J., AND POLYA, G. derlvatlve§ absquFe yalues are conv@aurnal of Applied

Inequalities Cambridge Univ. Press., 1934. Mathematics, Statistics and Informatics, 9, \eD13), 37—
[14] HIRIART-URRUTY, J., AND LEMARECHAL, C. 45. .

Fundamentals of Convex Analysis Springer-Verlag, [33] SET, E., OZDEMIR, M., SARIKAYA, M., AND AKDEMIR,

Berlin-Heidelberg, 2001. A. O. On the Hermite-Hadamard inequality and other
[15] HUSSAIN, S.,AND QAISAR, S. More results on Simpson’s integral inequalities involving two functions. Cornell

type inequality through convexity for twice differentiabl University Librery(2012), 1-10.

continuous mappingsSpringer Plug2016), 5:77. [34] SULI, E.,AND MAYERS, D. An Introduction to Numerical
[16] ISCAN, |.  Hermite-Hadamard type inequalities for Analysis Cambridge Univ. Press., 2003.

harmonically (a,m)-convex functions. Contemp. Anal.  [35] TSENG, K., YANG, G., AND DRAGOMIR, S. tn weighted

Appl. Math., 1 (2(2013), 253-264. Simpson type inequalities and applicationslournal of
[17] IscAN, . Hermite-Hadamard type inequalities for mathematical inequalities, Vol. 1, numbe(2007), 13-22.

harmonically convex functions. Hacettepe Journal of [36] TUNg, M., YILDIZ, C., AND EKINCI, A. On some

Mathematics and Statistics Volume 43 (&)14), 935 —942. inequalities of Simpson’s type via—convex functions.
[18] IscaN, I. Ostrowski type inequalities for harmonically Hacettepe Journal of Mathematics and Statistics Volume 42

s-convex functions. Konuralp Journal of Mathematics, (4) (2013), 309-317.

Volume 3 No. 1(2015)), 63 — 74.

[19] KiLBAS, A., SRIVASTAVA, H., AND TRUJILLO, J.
Theory and applications of fractional differential equats
Elsevier B.V., Amsterdam, Netherlands, 2006.

[20] KYRMACY, U. Inequalities for differentiable mappings
and applications to special means of real numbers and to
midpoint formula. Appl. Math. Comput. 1472004), 137—
146.

(@© 2017 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.11, No. 5, 1279-1285 (2017)www.naturalspublishing.com/Journals.asp %ﬁ NS :F’)ﬂ 1285

Mireya R. Bracamonte Jesus Medina
P. is Associate Professor is Assistant Professor
of Mathematical at University in the Department of

Centroccidental Lisandro Mathematics at the University
Alvarado, Barquisimeto, Centroccidental Lisandro
Venezuela, and Invited Alvarado, Venezuela.
Professor in Escuela Received the academic
Superior  Politecnica  del degree of Magister
Litoral (ESPOL), Guayaquil \ ) Scientiarum in  Sciences
Ecuador. She received her Mention Optimization at

Ph.D. from the Universidad de los Andes, Mérida, the University Centroccidental Lisandro Alvarado
Venezuela (2012). His main research interests are: reaMenezuela). His main research interests are: optimizatio
and complex analysis and operator theory. theory, convex analysis and nonlinear analysis.

Jos P. Giménez.
Received his Ph.D.degree
from The University
of lowa in 2000. He
is full professor at the
Math Department, Faculty
of Sciences of Universidad de
los Andes, Mérida,Venezuela.
His fields of interest are
Real and Complex Analysis,
Functional Analysis and

Operator Theory.

(@© 2017 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

	Introduction
	Preliminaries
	Main results
	Some applications
	Comments

