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Abstract

The present thesis, which contains 6 chapters, an introduction and some references, is based on 45
selected papers written by the author (as single author or as co-author) and also on results selected from
two research monographies signed by the author [GIO1], [GIO2] (all mentioned at references).

Complex Analysis is a classical field of mathematics which has its origins in the XIX-th century papers,
some even written earlier, great mathematicians such as Euler, Gauss, Cauchy, Riemann, Weierstrass
playing an important role in the development of this field. The main topic of this field is studying
complex valued analytic functions which are divided in two large classes, holomorphic and meromorphic
functions but the study of non-analytic functions is also considered.

Complex Analysis is a field of mathematics where Romanian mathematicians such as D. Pompeiu,
Gh. Calugareanu, P.T. Mocanu have important contributions and it is also a part of mathematics
with many applications in different fields of sciences and techniques. An important part of Complex
Analysis is Geometric Function Theory. Some of the main topics of Geometric Function Theory are
geometric interpretation of certain mathematical properties expressed in analytic form and also finding
analytical interpretation of certain geometric properties. Geometric Function Theory begun to develop
as an individual branch of Complex Analysis in the XX-th century when the first important papers
in this field were published by P. Koebe [Koe], .W. Alexander [Alx], L. Bieberbach [Bie]. In 1916 L.
Bieberbach stated the famous conjecture which could not be proved until 1984 when it was surprisingly
proved by Louis de Branges when some experts were rather trying to disprove it. Bieberbach’s Conjecture
stimulated research in this field for almost a century.

One of the directions followed was the introduction of certain classes of univalent functions, such as
starlike functions, convex functions, Mocanu functions (a-convex) for which Bieberbach’s Conjecture to
hold.

The problem of finding conditions to add to f/(z) # 0, V z € D (which ensures local univalence) such
that the global univalence of function f in domain D to be ensured, naturally appeared. Necessary and
sufficient conditions for univalence are preferred. For the case when D is a disc, such conditions were
proved for the first time in 1931 by Romanian mathematician Gh. Calugédreanu [Cal] who founded the
School of Geometric Function Theory at Babeg-Bolyai University, later headed by P.T. Mocanu.

Necessary and sufficient conditions for univalence are usually given in the form of differential in-
equalities and each sufficient condition for univalence defined a certain class of univalent functions. New
methods of research appeared and developed in the field of Complex Analysis such as Loewner’s paramet-
ric method, integral representation method, differential subordinations method (also known as admissibile
functions method) and differential superordinations method.

The method of differential subordinations was elaborated by S.S. Miller and P.T. Mocanu in [Mi-Mol1]
and [Mi-Mo2]. Using this method, important results in Geometric Function Theory of complex-valued
functions could be obtained but also classical results of this field could be proved more easily. Many
extensions and generalizations of those classical results could also be obtained due to this theory.

The method of differential superordinations was introduced as a dual method of differential subordi-
nations by S.S. Miller and P.T. Mocanu in [Mi-Mo9].

The scientific activity, started with the doctoral thesis ”The study of certain classes of univalent
functions” presented at Babes-Bolyai University, Faculty of Mathematics and Computer Science, 2006,
scientific advisor prof. univ. dr. Grigore St. Salagean, runs in the field of Geometric Functions Theory of
analytic functions (univalent functions) and of non-analytic functions and concerns mainly the following
themes:

1. The study of certain classes of univalent functions obtained using some differential operators and
the study of certain differential subordinations and superordinations in those classes.

2. The introduction of certain classes of univalent functions which extend the class of Mocanu Func-
tions (a-convex).



3. The study of certain new differential operators and that of certain new classes of univalent functions
using them.

4. The study of certain integral operators on classes of univalent functions.

5. Elaborating the theory for the notion of strong differential subordination as an extension of the
notion of differential subordination.

6. Elaborating the theory of the notion of strong differential superordination as a dual problem of the
notion of strong differential subordination.

7. Obtaining some sufficient conditions for univalence using the linear strong differential subordina-
tions.

8. Obtaining some sufficient conditions for univalence using the nonlinear strong differential subordi-
nations.

The main contributions related to the 8 themes contained in the present habilitation thesis are:

In the first chapter, ”Second order differential subordinations”, in paragraphs 1.1, 1.2, 1.3, 1.4, 1.5, the
fundamental notions related to the method of differential subordinations of admissible functions method
are presented. Those notions can be found in [Mi-Mo8] or in the articles cited in this thesis.

The method of differential subordinations can be formulated shortly as follows:

Let ©Q and A be two subsets of C. Let p be an analytic function in the unit disc U, with p(0) = a and
let 9 (r,s,t;2) : C3 x U — C. For this method, implications of the following form are studied:

(1.1.1) P(p(2), 2p'(2), 2°p" (2);2) C @ = p(U) C A.

If Q@ and A are simply connected domains in C, different from C and a € A, then there exist the
conformal mappings ¢ : U — A, q(U) = A, ¢(0) =aand h: U — Q, h(U) = Q, h(0) = ¥(a,0,0;0) and
if ¢ is holomorphic in U, then (1.1.1) can be written as:

(1.1.2) (p(2), 2p'(2), 2°p" (2); 2) < h(2) = p(2) < q(2).

In paragraph 1.6 notions related to Briot-Bouquet differential subordinations are presented and also
the most important theorems used in studying Briot-Bouquet differential subordinations.

In paragraf 1.7 the first personal contribution to the study of certain classes of univalent functions
obtained using the operator DY f introduced in [Al-O] appears. Using this operator, the class of univalent
functions denoted by R"™(\, ) is defined.

Definition 1.7.1. [ALO] For 0 < a <1, A >0, n € N, we let R"(), ) denote the class of functions
f € A which satisfy the inequality

Re Dy f(2)] > a, 2 €U,

where
DY f(z) = (1= ADRf(2) + Az[DRf(2)], z€U

D;LH f is called Sélagean differential operator,

D"f(z) = Z—G—Zj”ajzj, zeU.
=2

The main result obtained in paperp [GIO-GhO2] is the following:
Theorem 1.7.1. [GIO-GhO2| Let

14+ R2a—1)z

h(z) T+ 2

, zeU,

be a convex function in U with h(0) =1, 0 < o < 1.
IfA>0,neN, feA, and verifies the differential subordination

DY f(2) < h(z), z €U,

then
2(1 — ) 1

A (1
ZO'/\

D}f()) < q(z) =20 — 1+



where o is given by

(1.7.1) L /zt“dt 2el
A o 1+t

The function q is convex and is the best dominant.
From this theorem, the following inclusion property is easily obtained:
Corollary 1.7.1. [GIO-GhO2] We have

R™ (o, \) € R"1(5,\)

where

1 1
d=0(Na)=2a—1+2(1 a))\a(}\),
and o is given by (1.7.1).
Using the same differential operator, the class of univalent functions denoted by Sy («, 8,n) is defined
as follows:
Definition 1.7.2. [GIO-GhO3] If & > 0,0 < 8 <1, A > 0, and n € N = N* U {0}, denote by
Sx(a, 8,n) the class of functions f € A, which satisfy the inequality

Re [0 DAF2G) DY) (-80S

. a .
A f(®) f(z) A f(z)
Remark 1.7.1. a) For a =0, n =0, § =0 and A = 1, we obtain
2f'(2)
Re >0, zeU,
f(z)

the class of starlike functions.
b) Fora=0,n=0,0<8<1gi A#1 we obtain

2f'(2)

Re )

> 06, z€U,

the class of starlike functions of order f3.
c)For A\=1,0>0,0< <1, neN"U{0}, we obtain

D) DR ()
TCRNC) <1 )

the class S(a, 8,n) studied in [GIO3].

Several interesting differential subordinations are studied in this class and the following property is
obtained:

Corollary 1.7.3. [GIO-GhO3] We have the following inclusion:

Re |«

>}>B,z€U,

S)\(Oé, 53 TL) C S)\(Oéa 57 TL)

5—251+2(1;5)a<1>,

«

1 e —1
0’<)_/ dt, z € U.
o o 1+t

Definition 1.7.3. [GIO-GhO4] If 0 < v < 1, A > 0, n,m € N* U {0}, let R"(\, ) denote the class
of functions f € A,, which satisfy the inequality

where

Re DY f(2)] >, 2z €U,

where
DPf(2) = (1= NDYf(2) + D F ()]s 2 € U,

Remark 1.7.5. This class of univalent functions is a generalization of previously studied classes of
functions as follows:



a) For0<a<1,A>0,n=1,meN*U{0}, we obtain
Re[D"f(2)] > a,

the class studied in [AL-O].
b) For 0 <a<1,n=1, m=1, we obtain

Re[f'(z) + Azf"(2)] > a, z €U,

the class studied by Ponnusamy in [Pon].
¢) Fora=0,n=1,m=0, A\ =0, we obtain

Ref'(z) >0, z €U,

which is the well-known univalence criteria.

The important result related to this class is contained in the following theorem:

Theorem 1.7.4. [GIO-GhO4] The set R (A, @) is convex.

Several interesting differential subordinations were studied in this class as it can be seen in the
following theorems:

Proposition 1.7.6. [GIO-GhO4] Let n,m € N, A >0, c € C, Rec > 0 and w a real number given by

~n?+ e+ 22 —|n? — 2¢— 4
B 4nRe (¢ + 2)

Let h be an analytic function in U, with h(0) = 1 and suppose that

Re ZZ/;S) +1>w
If f € SP(\, @) and
F(z) = L(f) = Cztf /OZth(t)du Ree > 0, (1.7.3)
then
[DXf(2)] < h(2), z €T,
implies

[DXF(2)] < q(2), z€ T,

where q is the solution of the differential equation

2q'(z) = h(z), h(0) =1

a(2) + c+2

given by
. c+2 Z et2 4

Moreover q is the best dominant.
If we use in this theorem the function

h(z) = 14+ 2a—-1)z

1+2
we obtain the following (interesting) result:

Corollary 1.7.4. [GIO-GhO4] If a < 1, n,m € N, A >0, Rec > 0 and I. is defined by (1.7.8), then
L[ST (A, a)] € ST (A, 6), where

0= lnln_n1 Req(z)

and

c+1 /zt%_l_ L+ @Qo—1)t
0

Q(’Z) = nz(ct2)/n 1+t
and this result is sharp. Moreover

(c+2)(2-20a) .U(c+2

0=2a—1+

z txfl
) , where o(x) / dt
o T+t

n



The class S, (8) was defined in paper [Ta-GIO-Se] as follows:
Definition 1.7.4. [T4-GIO-Se] If 0 < 8 < 1 and n € N, we let S,,(8) stand for the class of functions
f € A, which satisfy the inequality
Re(S"f(z)) > B, z €U,

where S™ f(z) is Saldgean differential operator.
The following results were obtained related to this class:
Theorem 1.7.8. [Ta-GIO-Se] The set S,,(8) is convet.
Theorem 1.7.9. [T4-GIO-Se] Let q be a convex function in U, with ¢(0) = 1, and let

h(z) = q(2) + 2q'(2), z € U,

c+1

where ¢ is a complex number, with Rec > —2.
If f € Sp(B) and F = I.(f), where

F(z)=1.(f)= cz:ff /O t°f(t)dt, Rec > —2

then [S™f(2)]" < h(z), z € U, implies
[S"F(2)] < 4(z), 2€U

and this result is sharp.
In paragraph 1.8 the differential operator denoted by DY is presented. It was introduced as a convex
combination using Saldgean and Ruscheweyh differential operators.
Definition 1.8.1. [GIO-GhO5] Let @ > 0, A > 0. Also let D¢ denote the operator given by
Dy A— A
DSf(z)=(1—=XN)SYf(z) + AR“f(z), z€ U.

Here S and R“ are Salagean and Ruscheweyh differential operators, respectively.

Remark 1.8.1. a) For A =0, D§ f(z) = S*f(z), Saldgean operator.

b) For A =1, D¢ f(z) = R*f(z), z € U, Ruscheweyh operator.

¢) For a = 0, DYJ(2) = (1~ NSO (2) + AR (=) = (1— N f(2) + Af(2) = ().

d) Fora =1, D} f(2) = (1=N)S"f(2)+AR f(2) = (1=N)zf'(2)+ A2 f'(2) = 2f'(2) = R f(2) = S* f(2),
zeU.

The important result obtained in this paper is:

1+ 2a—-1
Proposition 1.8.1. [GIO-GhO5] Let h(z) = 14+ Za-lz be a convex function in U, with h(0) =1,

142
0<p <.
Suppose that a > 0, A > 0 and f € A satisfies the differential subordination

Aaz[Rf(2)]"

DS N + ~E T <),

then
[DSf(2)] <4q(2), z€ U,

whereq(z)zQﬁ—1+2(1—6)-M,zGU.

The function q is convex and is the best dominant.

Using this differential operator, the class ¥(a, A,n + 1) is defined as follows:

Definition 1.8.2. [GIO-C&-GhO] If 0 < a< 1, A >0 and n € N, let X(a, A,n + 1) denote the class
of functions f € ¥ which satisfy the inequality

Re {[D;\H_lg(z)]/ + Azn[Rng(Z)]N} > a,

n+1

where 1
f(z) = ;+a0+a1z+a222+...

g(z) =22f(2) =24 a2+ + ..., zeU.

For this class of functions, the following property was proved:



Theorem 1.8.4. [GIO-Ca-GhO] If 0 < a <1, A >0 and n € N, then
S(a,A,n+1) C X6, A\, n+1),

where § = §(a) =2a—1+2(1 —a)In2.
Interesting differential subordinations are studied in this paper.
The results presented in paragraph 1.9 were obtained by using the following differential operator:

o1 _ (n+k—2) &
Doty = e 3 e
k= m+p

with the property
(n+p)D"P f(2) = 2[ D" (2)] + 0D P f(2), 2 €U,

for the functions from class A,,(p). A (p) is the class of functions of the form:

f)y=2"+ > ap¥, pmeN={1,2,3,}
k=m+p

This operator is called Ruscheweyh operator of order (n + p — 1). Using this operator, interesting
differential subordinations were studied in paper [GIO-GhO-Ow]. The main result of this paper is given
in the following theorem:

Theorem 1.9.1. [GIO-GhO-Ow] Let q be a convex function in U and let function h be given by

h(z) =q(z) + %zq’(z), zeU,

with h(0) =1, m e N, pe {1,2,...}. If f € A,(p) and satisfies the following differential subordination

1 (D))

e <),

then
D)

po <q(z), z€U,

and the result is sharp.
In paragraph 1.10 results obatined using the Dziok-Srivastava operator are presented. This operator
is given by:

n— z
(1101) H}n(alva?a"'aal;ﬁlaﬁ%---75771 _Z“‘Z ( l) ! cAp

where o; € C,i=1,2,...,1, 3; e C\{0,—-1,-2,...}, 7 =1,2,...,m, f € A
For simplicity, we write

(1.10.2) H [a1)f(2) = H] (o1, 02, ..., 005 B1, Bay - -, Brn) f(2).

This operator has the property:
(1.10.3) a1 B oy +11f(2) = 2L HL [aa [ f(2)Y + (o — DHL [ (2), = € U.

The main result of this paper is given in the following theorem which gives an univalence criteria
expressed using the Dziok-Srivastava operator for functions f € A.

Theorem 1.10.1. [GIO10] Let I,m € {0,1,2,...}, ] < m+1, oy € C, i = 1,2,...,1,
B; € C\{0,-1,-2,...}, j = 1,2,....,m and H] [o1]f(2), the Dziok-Srivastava differential operator
given by (1.10.1).

Hl
If feA a; >0 and M # 0 in U, and verifies the differential subordination
z

2{HL [0 + 1]f(2)]) H! Jag +1]f(2

H! o1 4+ 1]f(2) HL [alf(2) +a1 — 1< h(2),




where
_ 1+2 2z

M) = T Y i on s s a =4

, 0<v<1, z€U,

then
H! Jay +1)f(2) 1+2

Hollf(z) 12 7€V

1
and q(z) = i +

Remark 1.10.1. For m = 0,1 =1, oy = 1, H}[2]f(2) = f(2), Hi[2]f(2) = 2f'(2), the differential
subordination

z
1s the best dominant.
z

len[al + 1]f(2’) 142
HLJnlf(z) 1-2

2f'(2)
f(z)
In paper [GIO-GhO7], using the same operator the following differential subordination was obtained
Hy,[an +1]f(2) n JHula +1Jf(2) 1-2

Hi, [aa]f(2) [H}[oa] £ (2)) 1+2
which is equivalent to the condition

2f'(2) < Zf”(Z))}
Re [(1 =X + A1+ > 0,
e 72

the condition needed in order for a function f € A to belong to class M), (the class of Mocanu functions).
In paragraph 1.11 the study of certain differential subordinations in the right half-plane is presented,
study done by using the differential inequalities:

Re [A(2)2p/(2) + B(2)p*(2) + C(2)p(2) + D(2)] > 0

is equivalent to Re > 0, hence f € S*.

(1=2)

and
Re [A(2)p*(2) — B(2)(2p'(2))* + C(2)2p(2) + D(2)] > 0.
Remark 1.11.1. The results obtained in Theorem 1.11.1 and 1.11.2 give sufficient conditions for
univalence such as starlikeness, convexity, alpha-convexity (Mocanu functions), close-to-convexity if the
following functions are used:

Zf’(Z)’ p(2) = 2f"(2) ') (Zf”(Z)
f(z) f'(2) f(z) f'(2)
In capter 2, ”Second-order differential superordination”, in paragraphs 2.1, 2.2, 2.3 the basic notions
of the method of differential superordinations introduced by S.S. Miller and P.T. Mocanu [Mi-Mo9] are
presented. This method can be presented shortly as follows:
Let Q and A be any sets in C, let p be analytic in the unit disc U and let ¢(r,s,t;2) : C3 x U — C.
For this method, implications of the following form are studied:

(2.1.1) Q C {op(2), 20/ (2),2%p"(2);2) : 2€ U} = A C p(U).

p(2) = +1,p(z) =(1-a)

+ 1) , p(2) = f(2), z€U.

If Q and A are simply connected domains in C, then there exist the conformal mappings ¢ : U — A,
q(U)=A,q(0)=p(0)and h: U — Q, h(U) = Q, h(0) =4 (p(0),0,0;0). Furthermore, if functions p and
»(p(2), 2p'(2), 22p"(2); z) are univalent in U, then (2.1.1) can be written as:

(2.1.2) h(z) < @(p(2), 20/ (2), 22p" (2); 2) = q(2) < p(2).

My personal contributions related to the mentioned themes using the Dziok-Srivastava differential
operator can be found in paragraph 2.4.

In [GIOG6] first order differential superordinations were defined and several results related to them
were obtained. Here is such a result:

Theorem 2.4.1. [GIO6] Let @ C C, Q # C, q € H[a,n], a1 > 0 and let ¢ € D,[Q,q]. If

HololI ) ¢ 1) ana (H[al]f(z), Hplon + Hf(z);z> is univalent in U, then
Oc {(p (an[al]f(z)’ H,,[on + 1]f(2)>}



implies
PLACIC

q(z , z €U,
where HY [a1]f(2) is given by (1.10.2).

Using the same differential operator, differential superordinations were obtained in paper [GIO10].
Here is a result:

Theorem 2.4.5. [GIO10] Let I,m € Ng = {0,1,2,...}, I <m+1, o, € C, i =1,2,...,1, 5 €
C\{0,-1,-2,...},i=1,2,...,m and H. [o1]f(2) the Dziok-Srivastava linear operator.

Ifpe H[1,1)NnQ, p(U) C D and

2{H,,lon +1]f(2)}
H,lon +1]f(2)

Hy, o +1]£(2)

Hlolf(z) !

—|—(1—a1)

1s univalent in U, then

H! o1 +1]f(2)
H} [ea]f(2)

s Al + 1)

+a; —1
T+y+2 H! [on]f(2) '

1+2z+ +(1—ay)
mmplies
Hj,lon +1]/(2)

H S Tl ()

, 2€U, 720

and q(z) = 1+ z is the best dominant.
In paragraph 2.5, differential superordinations obtained by using the integral operator

1
(25.1) 1()(2) = F(2) = [5” / f"(t)t’*‘ldt] "
0
are presented. The results were published in paper [GhO-GIO2], a sandwich-type result being obtained:

2F'(z)
1+ Rz < F0o) <142 Re(0,1], zeU.

The main result can be seen in this theorem:
Theorem 2.5.5. [GIO5] Let R € [0,1] and let h be convex in U, with h(0) = 1, defined by

zR
2f'(z) 2F'(2) 2f'(z)
If f € A and 75 is univalent, F02) e H[L1NQ, h(z) < ) then
q(z)zl—i—Rz<ZFFES)7 zeU,

where F' is given by (2.5.1).
The function q is the best dominant.
In paragraph 2.6 differential subordinations obtained using Ruscheweyh differential operator are pre-
sented.
1+ (2a—1)z

Theorem 2.6.1. [GhO-GIO6] Let h(z) = 11 be convex in U, with h(0) = 1. Let f € A,

and suppose that [D™FL f(2)] is univalent in U, and [D™f(2)] € H[1,1] N Q. If
h(z) < [D"Hf ()],

then
q(z) < [D™f(2)], z €U,

where

m+1 1 + t

nz n
The function q is convex and is the best subordinant.

1 14+ (20— 1)t me
a(z) = 2F / + 20 Dtymay g,
0



In chapter 3, ”The univalent differential and integral operators” my personal contributions related to
theme 5 mentioned at the beginning are shown.

In paragraph 3.1 the integral operator I(f1, fa,..., fn) is presented.

Definition 3.1.1. [GIO7] Let n,m € NU {0}, i € {1,2,3,...,m}, a; € C, a € C, with Rea > 0,
A" =AXx Ax...x A. Welet I : A™ — A be the integral operator given by

(3.1.1) I(fi fas- s fm)(2) = F(2)

e (B (B ()]

where f; € A, i €{1,2,3,...,m}, and R"™ is the Ruscheweyh differential operator.
This operator is a generalization of previously introduced integral operators.
Forn=0m=1L,a=1L,a=1,as=a3=...=a, =0and f € A, we obtain Alexander integral
operator introduced in 1915 in [Alx]:

I(z):/ozfit)dt7 zeU.

Forn=0,m=1,a=1, a1 =8€0,1], aa =3 =...=a,;, =0and f € S we obtain the integral
operator
z B
t
I(z):/ [f(t)} dt, zeU
0

introduced by Miller-Mocanu-Reade [Mi-Mo-Re3].
1
Forn=1,m=1,a=1,a; =8 €C, || SZ’ ay=a3=...=a, =0, RHf(2) = 2f(2), 2 € U,
f € S, we obtain the integral operator

I(z) = / PP, 2 e,

studied in [Pa-Pe].
Forn=0,meNU{0},a=1,a; >0,i€ {1,2,...,m}, we obtain the integral operator

(1o fore s f)(2) = F(2) = /0 [fl(t)r {fm(t)r dt

t 4

studied in [Br-Br].
For n,m e NU{0}, a =1, a; € R, i € {1,2,...,m} with o; > 0, we obtain the integral operator
studied in [GIO-GhO6],

I(fl,fz,...,fm)(z)/oz <W>al...(w>amdt.

t t
Forn=0m=1, a0 =1a,=... =a,; =0, a € C with Rea > 3, we obtain the integral operator
studied in [Pesl], [Pes2]
1
z t o
Gu(z) = [a/ et (g()> dt] .
0 t
Forn=1,m=1,a€C,Rea>0,a; =1, as = ... = a,, = 0, we obtain the integral operator

Q=

Fu(z) = [oz /O ot f’(t)dt] ,

studied in [Pes2], [Pes4].
In paper [GIO7], necessary and sufficient conditions for the operator I(fi, fa,..., fm)(2) to be univa-
lent, are obtained.
Theorem 3.1.1. [GIO7] Let a € C, with Rea > 0, f; € A, a; € C, ¢ € {1,2,...,m}, with
loa| + || + ..o+ |am] < 1.
If
2[R fi(2))

l‘gl, zeU, ie{l,2,...,m},



then F(z) given by (3.1.1) belongs to the class S.

Sufficient conditions for univalence of this operator were obtained in [GIOS8], [GIO9].

Theorem 3.1.6. [GIO9] Let n,m € NU {0}, u > 0, @ and ¢ be complex numbers with Rea > 0,
le] <1,c¢# -1 andlet f; € A, ar, €C, k€ {1,2,...,m}. If
) o+ Jaal 4 -+ o] < (1~ [e) Tl
- L+ p(1+ |af)’
i) |R" fr(2)| < 1;
m) 1— |Z|2a [ZQ(Rnfk(Z))/ B 1:|

(R"fi(2))?

where R™ is the Ruscheweyh differential operator, then the function F given by (3.1.1) belongs to the
class S.

The paper [GIO9] appeared in the IST Journal of Mathematical Inequalities (2009).

In paper [Se-GIO] univalence conditions for the operator

GmM@):[jzAzﬁﬁl[w?}L;d%% (3.1.2)

were obtained by using Ahlfors, Becker and Pascu criterion.
Theorem 3.1.7. [Se-GIO| Let M > 1, o with Rea > 0 be a complex number, o # 1 and ¢ be a
complex number, with |c| <1, ¢ # —1. Let the function g € A, satisfy the conditions

29(x) . 1
92(2) —3M -2’

<1,zeU, ke{l,2,...,m},

~1
’g(Z)‘ <3M 2, Bla—1] _

lof T

z €U and || +
z

then the function Go, m given by (3.1.2) belongs to the class S.

Remark 3.1.1. This integral operator is a generalization of previously introduced operators studied
in [Pasl], [Pas2], [Pesl], [Pes2].

In paragraph 3.2 the operators I,(8,m,n;\,l) and L are presented and also a class denoted by
Sy (B,m,m; A D).

Definition 3.2.1. [GIO23] For [, A, € R,1>0,8>0,A>0,n,p € N,m € NU{0} and f € A(p,n),
we define the multiplier transformation I,(5,m,n; A, 1) on A(p,n) by the following infinite series
(3.2.1)

(m+k—1)0177°
00 (1—)\)(p—k)+l+ﬁ E—1)!
L(B,mn; A D f(2) = 22+ p+l—k+(m+7knf 1)! = (m:ﬂk! ).a’“zk’ 2l

k=p+n

A(p,n) is the class of functions of the form

flz)=2"+ Z arz®, 2 € U.
k

=p+n

This operator is a generalization of a great number of known differential operators.
Definition 3.2.2. [GIO23]| Let 0 < a <1, m e NU{0}, p,n e N, L\, BE€R I>0,A>0,5>0. A
function f € A(p,n) is said to be in the class Sp'(8,m, n; A, ) if it satisfies the following inequality

(3.2.2) Re (B, m,n;\,1)f(z) > a, z€U,

where I,(8, m,n; A, 1) f(z) is the operator given by (3.2.1).
Theorem 3.2.1. [GIO23]| f0 < a <1, meNU{0},neN, L, \NBeR I>0,A>0 682>0,

feA(l,n)=A,, Elm. L k)

\ > 0, where

B (m+k—1)!
(3.2.3) E(m,l,k‘) =14+1l-k+ m

then S¢(8+ 1,m,n; A\, 1) C S¢(6, m,n; A1), unde

55@#mmhhM2a1+%1®EWmLMU{MmJWq

An AN
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and
E(m,l,k) 1

E FtT A T
[Bmea e,
An 0 1+t

Definition 3.2.3. [GIO23] Let 0 < a < 1, m € NU{0}, pn e N LA B R, A >1,8 >0,
f € A(p,n). We denote by L : A(p,n) — A(P,n) the integral operator defined by L(f ) Where Fis
given by

B B p+ E(m, k) RIESLIGRESSS

(3.2.4) L(f)=F(z) = p(17>\)+Em,l,k =1 f dt

with E(m,l, k) given by (3.2.3).
Remark 3.2.3. a) Forp=1,1=0,m=1,A=1, f € A,

_ [T f®)
= [ 104

we obtain the Alexander operator [Alx].
b)Forp=1,m=1,A=1,1=1, f€ A,

. % /O " p)at

we obtain the Libera operator [Lib].
c)Forp=1,1>0,m=1, =1, fe A,

Fio) =" [ pyetae

we obtain the Bernardi operator [Ber].

Using the integral operator given by (3.2.4), the next theorem is proved:

Theorem 3.2.2. [GIO23] Let 0 < a <1, me NU{0lp=1,neN, L k,FeR, A>1,3>0 and
f € A,. Then [ belongs to the class SY(B8, m,n; A\, 1) if and only if F defined by (8.2.4) belongs to the
class S¢(B+ 1, m,n; A\ 1).

In paragraph 3.3 the starlikeness of Bernardi operator is studied.

In papers [Le-Mi-Zl] and [Pas2] it has been proved that:

i) L,[S*] c S*, (ii) L,[K] C K, (ili) L,(C) C C,
where S* is the class of starlike functions, K is the class of convex functions, C is the class of close-to-
convex functions and

v+1

(3.3.1) L [f)(z) = F(z) = e 1dt

is the Bernardi operator.
In paper [GIO14], this property was extended to starlike functions of negative order:

1y 7) s
$(g5)={rea Do me S az)

Theorem 3.3.1. [GIO14] Let f € A, @ #£0,zeU,y>1. If

) 1
e T Ty

then F' € S*, where F is given by (3.53.1).
1
In paper [GIO13] it has been proved that if f € K (—27), v > 1, then F given by (3.3.1) is convex.
Theorem 3.3.2. [GIO13] Let f € A, v > 1. If

v ensl

11



then F' given by (3.3.1) is conve.
In paragraph 3.4, conditions for the image of a convex function f through the integral operator

(3.4.1) 1) = F() = o [ gl w)do

to be convex, where ¢ € C with Rec > 0, are shown.
Theorem 3.4.1. [GIO-GhOS8] Let I be the integral operator defined by

1 ? c—1 1
)FAfWMM ¢ (w)du,

(3.4.1) 1) =F@) =

zeU, f,g e H(U), and suppose that
/
(i) Re c29'(2) >0, z€ U, Rec>0,

9(2)
y 29" () (c+1)z9'(2)
(Z’L) Re ( g’(z) +1) >RGT, ZEU,

(i) 1(C) C C.
Then I(K) C K.

In paragraph 3.5, necessary conditions such that the image of function f € A through the integral
operator

(3.5.1) Mﬁ@F@Qé?mﬁ

to be a convex functions, are presented.
Theorem 3.5.2. [GhO-GIO5] Let M € [0, My, where My = 0,41284489 is the positive root of the
equation:
TM® + 14M" + A8M® + 30M° + 67TM* + 18 M3 + 18M? +2M — 8 = 0.

If f € A and satisfies the inequality

2f'(2) ‘
-1 <M
f(z)
!
then Re zlf/‘((z)) +1 >0, where F' is given by (3.5.1).
z

In paragraph 3.6, conditions such that the image of a function f € #H[1, 1] through Bernardi operator
to be a convex function, are shown.
Theorem 3.6.1. [GIO21] Let f € H[1,1], v > 1 and

(3.6.1) L,[A)(:) = o) = - /0 OOt zeU.

If

2f"(z 1
Re [ f,( )+1] >——, z€U,
f'(z) 2y
then F given by (53.6.1) is convet.
In chapter 4, ”Classes of univalent functions which extend the class of Mocanu functions”, several
classes which extend the class of Mocanu functions (a-convex functions)

M, = {feA, Re {(1—a)zﬁg) +a<Z}f,/;S) +1)} >0, z € U},

are presented.
The duality theorem for this class is well-known:
Theorem. [Mo-Bu-Si| If o > 0, then f € M, < F € S*, where

Zf’(Z)} :
f) |
In paper [GhO-GIO3], the class of functions denoted by M, s is introduced as follows:

(4.1.1) F(z) = f(2) [

12



I
Definition 4.1.1. [GhO-GIO3] Let o, 8 € R and f € A with F&) /1) # 0 for z € U. We say that

z
the function f belongs to the class M, g if the function F': U — C, defined by

o (]

(4.1.2) F(z) =z [

is starlike in U.
Remark 4.1.1. a) If $ =1, a > 0, then

Tl

and My 1 = M,, i.e. the class M, 1 coincides with the class of a-convex functions (Mocanu functions).
b) If a =5 =1, F(z) = 2f'(2), z € U and My1 = K, i.e. the class M; 1 coincides with the class of
convex functions.
The important results proved for this class can be seen in the following theorems.
Theorem 4.1.1. [GhO-GIO3] Let « € R and 8 > 1. Then M, g C S*.
Theorem 4.1.2. [GhO-GIO3| Let o, 8 € R with o > 0, > 1 and let XA € (0, A1), where

Fo =10

:2ﬂ—a—2+\/(25—a—2)2+8aﬂ

(4.1.3) A1 1

A€ (O, 1).

If f € My, then f € S*(X).
In paper [GhO-GIO4] first order differential subordinations were studied and the best dominant for a
function f € M, g is given.
Theorem 4.1.5. [GhO-GIO4| Let a,8,A € R, a > 0, 8 > 1, A € (0,\1), where A1 is given by
(4.1.3). If f € My g, then
2f'(2)

f(2)

Cfsa=xn et 1T
‘I(Z)[ PG )/0(1_72)3‘4 -\

The function q is the best dominant.

In paper [GIO11] the class M 5(0) was defined.

Theorem 4.1.3. [GIO11] Let a, 8,6 € R, 1 = 8 <6 < 1. Then M} 5(5) C S*.

Theorem 4.1.4. [GIO11] Let o, 3,0 € R with « >0, 8 >0, 0 < < 1, let n be a positive integer
and let A € (0, A1), where

<(1=XNq(z)+ A

where q is given by

25428 -2—an++/(20+28 —2— an)?> +8afn

(4.1.4) A v

, A1 € (O, 1)

If f € M 5(6) then f € S*(N).

In paper [GIO12] certain differential subordinations for functions from class M/} 5(5) were studied and
the best dominant was given in the theorem:

Theorem 4.1.6. [GIO12] Let n be a positive integer, «, 8,8, \ be real numbers with o > 0, > 1,
0<d§d<1, Ae(0,)\1), where

26428 —-2—an++/(20+28 —2— an)? + 8afn

N # ;A e0,1).
If f € M7 4(0), then
ZJ{(S) < (1= Ng(2) +1
where q is given by B peke g 1T
o [B(la N )f/O 0 _t;}j] T

The function q is the best dominant.
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In chapter 5, ”Strong differential subordinations”, the notion of strong differential subordination is
defined. This notion was first introduced by J.A. Antonino and S. Romaguera in [An-Ro] and only applied
by them to the special case of Briot-Bouquet differential subordinations.

Definition 5.1.1. [Ant], [An-Ro] Let H(z,&) be analytic in U x U and let f(z) be analytic and
univalent in U. The function H(z, £) is strongly subordinate to f(z), written H(z,§) << f(z), if for each
¢ € U, the functions of zm H(z,£) is subordinate to f(z).

Remark 5.1.1. a) Since f(z) is analytic and univalent, Definition 5.1.1 is equivalent to H(0,&) = f(0)
and H(U x U) C f(U).

b) If H(z,§) = H(z), then the strong subordination becomes the usual subordination.

In paper [GIO-GhO9] the general theory of strong differential subordinations was developed and it
can be stated as follows:

Let ,A C C, let p be analytic in U, with p(0) = a, a € C and ¢ : C*> x U — C. Implications of the
following form are studied:

(5.1.1) {¥(p(2), 20/ (2), 2%p"(2); 2,€) | z € U, £ € U} € Q= p(U) C A,

If Q and A are simply connected domains with  # C, then (5.1.1) can be written in terms of strong
subordination as

(5.1.2) P(p(2), 20 (2), 2°p"(2); 2,€) << h(U) = p(2) < q(2),

where h(U) = Q, ¢(U) = A, with h, ¢ conformal mappings.

Adapted to the new notion, several definitions, lemmas and theorems used in the study of strong
differential subordinations are presented.

In paragraph 5.2, the notion of linear strong differential subordinations is presented.

Definition 5.2.1. [GIO-GhO10] A strong differential subordination of the form

A(2,8)2p'(2) + B(2,6)p(2) << h(2), z€ U, £€U, A,B:UxU —C,

where A(z,8)zp/(2) + B(z,£)p(2) is analytic in U for all £ € U and h(z) is analytic in U is called first
order linear strong differential subordination.

Linear strong differential subordinations are studied in a disc centered in origin of radius M and in
the right half-plane.

In the case of the disc, the following result was obtained:

Theorem 5.2.1. [GIO-GhO10] Let p € H[0,n], A, B: U x U — C, with A(z,&)zp'(2) + B(z,&)p(2)
analytic in U for all € € U and

Re[nA(z,€) + B(z,€)] > 1, Re A(2,€) > 0.
If
A(z,€)2p'(2) + B(z,p(2) << Mz, z €U, €U,
then
p(z) < Mz, ze U, M > 0.

In the case of the right half-plane, the following result was obtained:
Theorem 5.2.2. [GIO-GhO10] Let p € H[1,1], A, B : U x U — C, with A(z,&)2p'(2) + B(z,£)p(2),
a function of z, analytic in U for all € € U and Re (z,£) > 0, Im B(z,§) < nRe A(2,§). If

Re[A(z,§)zp'(2) + B(2,6)p(2)] >0, 2z €U, £ €U

then Rep(z) >0, z € U.
In paragraph 5.3, second order linear strong differential subordonations are presented.
Definition 5.3.1. [GIO17] A strong differential subordination of the form

A(z,6)2°p" (2) + B(2,€)2p' () + C(2,€)p(2) + D(2,€) <= h(z2),

where A, B,C,D : U x U — C and A(z,£)2%p"(2) + B(z,€)zp'(2) + C(2,8)p(2) + D(2,€) is an analytic
function of z for all ¢ € U and function A is analytic and univalent in U, is called second order linear
strong differential subordination.

The second order linear strong differential subordinations are also studied in the case of a disc centered
at origin and in the right half-plane. The case of the right half-plane was studied in paper [GIO17].

14



If p € H[1,n] satisfies the strong differential subordination

Az, €)229"(2) + B(2,6)2p'(2) + C(2, O)p(z) + D(2,€) << 1 2

,2€U, €U
then Rep(z) > 0, z € U and sufficient conditions for univalence are obtained for starlike functions, convex
functions, close-to-convex functions and Mocanu functions by replacing:
z2f'(z 2f"(z z2f'(z
p(e) = T pay =14 200 &)
f(z) f'(z) f(2)
and p(z) = f'(z), z € U, in the unit disc.
In paragraph 5.4, second-order non-linear strong differential subordinations are presented.
Definition 5.4.1. [GIO-GhO11] A strong differential subordination of the form

p(z) = (1-a)

+a {1 + zf”(z)]

f'(z)

A(2,6)2%p"(2) + B(2,)2p'(2) + C(2,)p(2) + D(2,€)p*(2) + E(2,€) <= h(2),

where 4,B,C,D,E: U x U — C, A(,€)2%"(2) + B(z,&)2p'(2) + C(2.E)p(2) + D(z, p*(2) + E(x,€)
is a function of z, analytic for all £ € U and function h is analytic and univalent in U, is called second
order non-linear strong differential subordination.

Those special strong differential subordinations are studied in the case of a disc centered in origin and
in the right half-plane.

The case of the right half-plane was studied in [GIO-GhO11].

If p € H[1,n] and satisfies inequality

Re[A(z,€)2%p"(2) + B(2,8)2p' (2) + C(2,€)p(2) + D(2,€)p*(2) + E(2,£)] >0, z€ U, £ €U,

then
Rep(z) >0, z € U.

From this study, sufficient conditions for univalence are obtained for starlike functions, convex func-
tions, close-to-convex functions and Mocanu functions by replacing:

B O RN L C R [ B A ) N
p0) = e =14 L e — - F B v (14 2L ) = p10), s e

in the unit disc.

Classes of functions with holomorphic functions of £ variable as coefficient are presented in paragraph
5.5. Those classes were introduced in paper [GIO20] as follows:

Let

H*[a,n, ] = {f €EHU xU) | f(2,€) = a+ an(()2" + an1(§)2" T +..., z€U, €T},
with ay,(€) holomorphic functions in U, k > n,
Ho(U x U) = {f € H*[a,n,€] | f(2,€) is univalent in U, for all £},
A&, = {f(2,6) €H(U xTU) | f(2,6) =2+ anp1(6)2" T ..., z€ U, €U},
with a(£) holomorphic functions in U, k > n + 1 and A& = A€,
Ho(U) = {f(2,€) € Hela,n] | f(2,€) is univalent in U, for all £ € U},
S¢ = {f(2,€) € A&, | f(2,€) is univalent in U, for all £ € U},

of

S5 = A Rza@v’f) 0, €U, €T
=1 f(2,6 € AL | QW> ,2€U, €€ )

denote the class of normalized starlike functions in H(U x U),

0%f(2,€)

Kt = f(z7<)eA§|Reaf(9732+1>o, el €U,
&(z,f)
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denote the class of normalized convex functions in H(U x U),

A)E = (20 eHWU XT) | f(z,6) =2"+ Y an(€)z, peN, 2€U, £€Uy,
k=p+1

and A(1)¢ = AE.

In paper [GIO24], non-linear strong differential subordinations of the following form were studied:

A(z,6)2p(2) + B(2,)p(2) + C(2,€)p*(2) + D(2,€) << h(2),

where A(z,&)zp'(2) + B(2,8)p(2) + C(2,€)p?(2) + D(z,€) is a function of 2, analytic for all £ € U, and
function A is analytic and univalent in U.
From the following non-linear strong differential subordination studied in the right half-plane

Re [A(z, )29/ (2) + B(2,§)p(2) + C(2,§)p*(2) + D(2,€)] > 0

which implies Rep(z) > 0, sufficient conditions for univalence for starlike functions, convex functions,
Mocanu functions (a-convex), close-to-convex functions are obtained by replacing

2'(2) ) - AL o (14 270

Pl) = Ty P = 1 Ty ) )

and p(z) = f'(2), z € U, in the unit disc.

In paragraph 5.6, the study of Briot-Bouquet strong differential subordinations is presented. The
theorems used in the development of this study are proved and dominants and the best dominant for
such strong differential subordinations are given.

First, strong differential subordinations published in [GIO22] and obtained by using the following
integral operators are presented:

o = 55 [ gt
and -
(6 = 2 [ o

In chapter 6, ”Strong differential superordinations”, the results obtained in paper [GIO16] are pre-
sented. In this paper, I have introduced for the first time the notion of strong differential superordination
as a dual concept to that of strong differential subordination following the pattern of introducing the
notion of differential superordination given by professors Miller and Mocanu in [Mi-Mo10]. The general
form of this theory can be presented shortly as follows:

Let Q and A be any sets in C, let p be analytic in the unit disc U, and let ¢ : (r, s,¢; &) : C3xUxU — C.

In developing this theory, implications of the following form are studied:

(6.1.1) QC {p(p(2), 20'(2), 2" (2):2,) : 2 €U, £€U} = ACp(U).

If Q and A are simply connected domains with Q, A # C, then there are the conformal mapings
q:U— A qU)=A,q0)=p0)and h: U — Q, h(U) = 2, h(0) = ¢(p(0),0,0;0,¢). If in addition, the
functions p and ¢(p(2), 2p'(2), 22p" (2); 2, £) are univalent in U, then (6.1.1) can be rewritten as

(6.1.2) h(z) << o(p(2), 2p'(2), 2°p"(2); 2,€) = q(2) < p(z), z € U.

Remark 6.1.1. The implication (6.1.2) also has meaning if h and ¢ are analytic and not necessarily
univalent.

Next, the definitions, lemmas and theorems used in the development of this theory are given. They
were introduced in the same paper [GIO16].

I mention here the definition of the class of admissible functions.

Definition 6.1.3. [GIO16] Let © be a set in C and ¢ € H[a,n], with ¢’(z) # 0. The class of
admissible functions denoted by ®,,[(2, g], consists of those functions ¢ : C3 x U x U — C that satisfy the
admissibility condition:

(4 p(r,s,t,¢,€) €Q
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/
where r = ¢q(2), s = 2 (2)

1 1
Re E—|—1 < —Re zq(z)+17
s m 7 (2)
zeU,£eU,{€dU\E(q) and m>n>1. When n =1, we write ®;[Q,¢] = ®[€2, ¢].
If ¢ : C2 x U x U — C, then the admissibility condition (A’) reduces to

(4”) o <q<z>, 2, c:g) €0

m

where 2 € U, ( € U \ E(q), £ €U and m >n > 1.
Theorem 6.1.1. [GIO16] Let @ C C, ¢ € H[a,n] and let ¢ € ©,[Q,q]. If p € Qa) and
o(p(2), 20 (2), 22p" (2); 2, €) is univalent in U, for all ¢ € U, then

Q C {o(p(2),2p'(2), 2°p"(2)); 2 € U, £ € U}

implies
q(z) << p(z), z € U.

In paragraph 6.2, first order strong differential superordinations are presented.
Definition 6.2.1. [GIO15] A strong differential superordinarion of the form

(6.2.1) h(z) << A(z,8)2p'(2) + B(2,€)p(z), 2 €U, £ €U,

where h is analytic in U, and A(z,&)zp'(2) + B(z,€)p(z) is univalent in U, for all £ € U, is called first
order strong differential superordination.
Remark 6.2.1. If A(z,£) = B(z,£) = 1, then (6.2.1) becomes

h(z) < zp'(2) +p(z2), 2€U

the differential superordination studied in [Mi-Mo10].
If A(2,£) =1 and B(z,£) =0, then (6.2.1) becomes

h(z) < zp'(2), z € U,

the differential superordination studied in [Mi-Mo10].
Next, several theorems related to this notion are presented, such as:
Theorem 6.2.1. [GIO15] Let Q@ C C, ¢ € Hla,n], ¢ : C> x U

0(q(2),t2¢'(2);¢,€) € Q, for 2 € U, ( € U\ E(q), £ € U and 0 < t <
o(p(2), zp'(2); 2,€) is univalent in U, for all £ € U, then

Q C{e(p(2),2p'(2):2), 2 €U, £ €U}

U — C and suppose
< 1. Ifp € Q(a) and

implies
q(z) < p(2).

In paragraph 6.3 different strong differential superordinations are presented which were obtained using
as method for the proofs Loewner subordination chains method.

Definition 6.3.1. [GIO18] The function L : U x U x [0,00) — C is a strong subordination (or a
Loewner) chain if L(z,;t) is analytic and univalent in U for £ € U, t > 0, L(z,&;t) if continuously
differentiable on RT for all z € U, £ € U and L(z,&;s) << L(z,&;t), where 0 < s < t.

Lemma 6.3.1. [GIO18] The function L(z,&;t) = ay(&,t) + ao(&,1)2% + ..., with a1 (&,t) # 0, for all
£ecU,t>0 and tlggo la1(&,t)] = o0, is a strong subordination chain if

OL(z,&;1)/0z

Rz 5LC.e0) ot

>0, z€U £€cU, t>0.
In this paper, strong differential superordinations were studied using functions from the classes of

functions defined in [GIO20]. B
Theorem 6.3.1. [GIO18] Let q(z,&) € H*[a,1,£], let ¢ : C?> x U x U — C and let

0(q(2,€),2¢'(2,9) = h(2,€), z€U, £€U.
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If L(2,&t) = p(q(2,€),t2¢'(2,€)) is a strong subordination chain, and p € H*[a,1,&] N Q¢, then

h(z,€) == @(p(2,€), 2p'(2,€))

mmplies -
q9(z,§) <= p(z,§), z€U, £€U.
Furthermore, if p(q(2,€),2q'(2,€)) = h(z,£) has an univalent solution q(z,¢&) € Qe¢, then q(z,&) is the
best subordinant.
In paragraph 6.4, using the integral operators shown in paragraph 5.7, strong differential superordi-
nations of the following form are presented. -
Theorem 6.4.1. [GIO22] Let h(z,&) be convex in U for all £ € U, h(0,§) = a. Suppose that the
differential equation
q(z,6) + ——===h(2,¢), z€U, £€U
(=8) q(z,€) (8)
has an univalent solution q(z,§) that satisfies ¢(0,£) = a and q(z,&) << h(z,&).
zp’(2,§)

If p(z,€) € Hla, 1] N Q¢ and p(z,§) + 6 is univalent in U for all € € U, f(z,£) € A€, then

L7 f(2,€) N 2[L7 f(2,6)],

: Irfe

h(z, &) <<

implies (e 6)
m 2,

q(z,€) << 2 . ,2z€U, £cU.

The function q(z,&) is the best subordinant.

The relevance of the results contained in the present thesis is proved by the great number of papers
which cite those results. Over 80 papers written by Romanian and foreign researchers published in ISI
indexed journals cite the papers published by myself as single author or as co-author, 42 of which have
the impact factor greater than 0,500. Other over 80 papers published in International Databases indexed
journals by Romanian or foreign researchers also cite the papers where the notions contained in the
present thesis where first introduced.

I propose that my future studies continue studying the properties of stelarity and convexity for differ-
ential and integral operators and the notions of strong differential subordinations and strong differential
superordinations. The notions of strong differential subordination and strong differential superordination
proved to be of great interest for the researchers in the field of differential subordinations and superordina-
tions, the papers where those notions were introduced and studied, [GIO-GhO9] and [GIO16] respectively,
being cited by over 50 and 30 papers, respectively.
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