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_Ap(m)u = )\f(:n,u)

Ap(ayu = div(|Vul[P®=2Tu)

p(z

o electrorheological fluids
o Ruzicka (1999, 2000), Acerbi-Mingione (2002),
Acerbi-Mingione-Seregin (2004)

o thermorheological fluids
o Antontsev-Rodrigues (2006)

o image restoration
o Levine (2005), Aboulaich-Meskine-Souissi (2008)
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B

Lebesgue and Sobolev spaces with variable exponents,

B

Variable Lebesgue Spaces: Foundations and Harmonic Analysis,
(2013), Birkhauser
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wir@) ()

B

Lebesgue and Sobolev spaces with variable exponents,

B

Variable Lebesgue Spaces: Foundations and Harmonic Analysis,
(2013), Birkhauser

[

Research group on variable exponent Lebesgue and Sobolev spaces
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Variable exponent spaces

nstant’s estimate
The problems
Notation

Q c RY open, bounded, p € C()

1 <p~:= inf p(z) < p(z) < p* = supp(z) < +oo
z€eQ z€Q
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Vanable exponent spaces

Q c RY open, bounded, p € C()

1 <p~ = inf p(z) < p(a) < p* = sup p() < +00
zeQ zeQ

LP@(Q) = {u Q — R : u measurable, p,(u / Ju(z)|P® d < +oo}
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Vanable exponent spaces

Q c RY open, bounded, p € C()

1 <p~ = inf p(z) < p(a) < p* = sup p() < +00
zeQ zeQ

LP@(Q) = {u Q — R : u measurable, p,(u / Ju(z)|P® d < +oo}

p(x)
Hﬂmmmw:mfk>0:/ iz < 1
JQ

u(x)
A
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Variable exponent spaces
Constan nate

t's estir

Wl,p(w)(Q) = {u = L[)(%)(Q) . ‘Vu| S LP(a:)(Q)}

||“\|W1m(w>(9) = ||“||Lr(w>(9) + H|V“H|Lp<m>(sz)
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Variable exponent spaces
C nate

nstant’s estim

Wl’P(‘”>(Q) = {u € L”““)(Q) DVl € LP@ (Q)}
||“\|W1m(w>(9) = ||“||Lr(w>(9) + H|V“H|Lv<m>(g)

1,p(x)
wore@) =cE@”

ull := [IVulllLee g
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Variable exponent spaces
C nate

onstant’s estimat

Wl’P(‘”>(Q) = {u € L”““)(Q) DVl € LP@ (Q)}
||“\|W1m(w>(9) = ||“||Lr(w>(9) + H|V“H|Lv<m>(g)

1,p(x)
wore@) =cE@”

ull := [IVulllLee g

Lr@)(Q), WP (Q) and Wol"p(I)(Q) are separable, reflexive and
uniformly convex Banach spaces.
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p- >N
I

compact

W@ o, W) o, CQ)

continuous compact

compact

Wo P (Q) = CO(Q)

there exists ¢y > 0 such that

[ullco(q)y < c0|\u||W01,p(m)(Q) DiffEq[&]APp.
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Constant’s estimate

estimate of constant for embedding W, 7™ (Q) — C°(Q)

Bonanno-C. -Complex Var. Elliptic Equ.

co < kp— (|9 + 1)
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Constant’s estimate

estimate of constant for embedding W, 7™ (Q) — C°(Q)

Bonanno-C. -Complex Var. Elliptic Equ.-

co < kp— (|9 + 1)

Wo " (Q) o, WP ()
|Q]+1 k__
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Constant’s estimate

stimate of constant for embedding W, *" (Q) — C°(Q)

Bonanno-C. -Complex Var. Elliptic Equ.-(2012)

co < kp— (|9 + 1)

Wy PP(Q) = WoP () = C%Q)
|Q]+1 k__

N » N\1¥ pm—1\'"" 11
k- < — - N p—
< 03 =) T
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Constant’s estimate

e of constant for embedding W, """ () < C°(Q) with respect || - ||

Vu(z)

(o2

p(x)
dr < 1}

() ‘=infqo >0:
Julygoier = int{or> 00 [
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Constant’s estimate

e of constant for embedding W, """ () < C°(Q) with respect || - ||

p(x)

Vu(z)

(o2

() ‘=infqo >0:
Julygoier = int{or> 00 [

| ]| is equivalent to || - ||«

ulla = inf{a >0: /QQ V“J(fr)

d:rgl}

p(x)

(o2

+ a(x)

p(x)
) dr < 1}
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Constant’s estimate

e of constant for embedding W, """ () < C°(Q) with respect || - ||

p(x)
lull e = inf{a >0: / Vu(z) dr < 1}
0 Q o
| ]| is equivalent to || - ||«
p(x) p(x)
fulle = intfo > 0. [ (\ T g o) D) e <1}
Q g o
£ - [a*}l/p +1
& <k_(Q+1) 2=y T2
5 < k-0 + 1) St
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Constant’s estimate

e of constant for embedding W, """ () < C°(Q) with respect || - ||

p(x)
lull e = inf{a >0: / Vu(z) dr < 1}
0 Q o
| ]| is equivalent to || - ||«
p(x) p(x)
fulle = intfo > 0. [ (\ T g o) D) e <1}
Q g o
£ - [a*}l/p +1
& <k_(Q+1) 2=y T2
5 < k-0 + 1) St

l[a_]i/p+1
[”’*h/p

lulla

[ullyyrre < llullyrpe <
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Constant’s estimate

< p" < +o0

Embedding's theorem

If p € C(Q) with p(z) > 1 for each z € Q and ¢ € C(Q) with

Np(z) if p(z) <N
1< < p* = N—p(z) wp
a(z) <p(@) { o0 if p(x) >N

for all z € Q
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Constant’s estimate

< p" < +o0

Embedding's theorem

If p € C(Q) with p(z) > 1 for each z € Q and ¢ € C(Q) with

Np(z) .
1<q@)<p(e)=4 ¥»@ N p(x) <N
o if p(z) >N

for all z € (, then there exists a compact embedding

wlp@) Q) — 1,4@) Q)
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Constant’s estimate

' < +00,estimate of constant for embedding W, ?*) () — L'(Q)

p~ < N, Bonanno-C. -J.M.A.A.-(2014)

p_ -1
=
P

kl S Cp**

Q (IQ/+1)
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Constant’s estimate

' < +00,estimate of constant for embedding W, ?*) () — L'(Q)

p~ < N, Bonanno-C. -J.M.A.A.-(2014)

p_ -1
=
P

kl S Cp**

Q (IQ/+1)

Wo Q) = WP () =, LHQ)
|2]+1 —*-1
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Constant’s estimate

1,p

¥ < 50 estimate of constant for embedding W, "' (Q) — L*(Q)

p~ < N, Bonanno-C. -J.M.A.A.-(2014)

—

1

b < epe 10T (191 +1)

WoPP(Q) = WP () o, LYQ)
|Q]+1

—*_q

= *
c _«|Q P
P

@ c,-- is the constant of the continuous embedding
Wo? () = L ()

[Applications of critical points results to existence and
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50,estimate of constant for embedding W, ") (Q) < L) (Q)

DiffEq[&]ApP

IApplications of critical points results to existence and



Constant’s estimate

P’ < +00,estimate of constant for embedding W, **) () — L) ()

g€ C(Q), p~ <N and ¢" <p~", Bonanno-C. -J.M.A.A.-(2014)

kg < (101 + 1)%e,- Q) 7t -
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P’ < +00,estimate of constant for embedding W, **) () — L) ()

g€ C(Q), p~ <N and ¢" <p~", Bonanno-C. -J.M.A.A.-(2014)

kg < (101 + 1)%e,- Q) 7t -

1,p(x) 1,p~ qt q(x)
W, Q) = W,? (Q) s LT (Q) — LI%¥(Q)
|Q]+1 IQ\%%; |Q]+1
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0,estimate of constant for embedding (WP (Q), || - [la) < L' (Q)
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Constant’s estimate

P < oo estimate of constant for embedding (WP (Q), || -

Q open and convex and p~ # N, Barletta-C. -E.J.D.E.-(2013)
4 l+fa]s

k< f€pq1(1 +12))(1 + llallo) [a_]1 ’

p

4
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Constant’s estimate

P < oo estimate of constant for embedding (WP (Q), || -

Q open and convex and p~ # N, Barletta-C. -E.J.D.E.-(2013)

_ - 1 1 + [a_];

ky < kp- 1 (1+ Q)1+ flaflo) ™ s
’ [a-]1
P

Lp(@) . 1Lp~ . 1
W, |- )() s 1) 2, EE)
(9141 (1+Hlall o)t/ A2 Ryt
DiffE[&]ApD

[Applications of critical points results to existence and



Constant’s estimate

P < oo estimate of constant for embedding (WP (Q), || -

Q open and convex and p~ # N, Barletta-C. -E.J.D.E.-(2013)

_ ~ 1 1 + [a_]l
k< kp- 1 (1+ Q)1+ flafloo) = s
[a-]1
p
Lp(z) | . Lp™ . 1
(WP 1la) (€2) = W20 1la) () -‘_>'L ()
(9141 (1+Hlall o)t/ A2 Fp 1
° lépf’l is the embedding's constant
W (@), - lla) = L' () )
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Constant’s estimate

=)' < |00 estimate of constant for embedding (W' ?(™)(Q), || - ||l«) < L9 (Q)

q € C(Q) and ¢* < p~ ™, Q open and convex and p~ # N,
Barletta-C. -E.J.D.E-(2013)

kg < Ep v (14 1221+ Jlaflo) 7 R
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=)' < |00 estimate of constant for embedding (W' ?(™)(Q), || - ||l«) < L9 (Q)

q € C(Q) and ¢* < p~ ™, Q open and convex and p~ # N,
Barletta-C. -E.J.D.E-(2013)

o < By g (L 12D (1 + falloo) P~ — =
whe@) (@) = Wh(Q) o, L7(Q) o, L@
_la_ly/p+l kpe ot |2]+1

(12141 1+ alloo) /7~ “AE
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Constant’s estimate

=)' < |00 estimate of constant for embedding (W' ?(™)(Q), || - ||l«) < L9 (Q)

q € C(Q) and ¢* < p~ ™, Q open and convex and p~ # N,
Barletta-C. -E.J.D.E-(2013)

T i o l+fa]s
kg < kpm gt (14 12)*(1 + lalloo) 7~ T]lp
1,p(z) 1,p~ gt a(d)
WHPE(Q) = WP () 2L Q) = L)
(\SZ|+1)(1+||(L||OO)1/P_[G[;11+§:1 By ot 12]+1

° l~<;p7,q+ is the constant for embedding

(WP~ (Q), | - [la) = LI ()
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Constant’s estimate

=)' < |00 estimate of constant for embedding (W' ?(™)(Q), || - ||l«) < L9 (Q)

q € C(Q) and ¢* < p~ ™, Q open and convex and p~ # N,
Barletta-C. -E.J.D.E-(2013)

_ - . a1 [a_];
kg < kp— g+ (14 [Q2))7(1 + [lalloo) »~ T]lp
whe@) (@) = Wh(Q) o, L7(Q) o, L@
_la_ly/p+1 R ot |Q+1

(12141 1+ alloo) /7~ “AE

° l~<;p7,q+ is the constant for embedding

(WP~ (Q), | - [la) = LI ()
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The problems

op >N
e Dirichlet problem
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e infinitely many solutions

e Neumann-type differential
inclusion

e multiple solutions
0 1<p <pt<+oo
e Dirichlet problem
e multiple solutions
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The problems

op >N
e Dirichlet problem

e multiple solutions
e infinitely many solutions

e Neumann-type differential © precise interval of
inclusion parameters A

e multiple solutions

0 1<p <pt<+oo

e Dirichlet problem
e multiple solutions

e Neumann problem

e multiple solutions
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The problems

op >N
e Dirichlet problem
e multiple solutions

e infinitely many solutions

e Neumann-type differential © precise interval of

inclusion parameters A

e multiple solutions o A depends on
0l<p < p+ < 400 constan'_c S
embedding

e Dirichlet problem
e multiple solutions

e Neumann problem

e multiple solutions
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Constant’s timate
The problem
Notation

o there exist zg € €2 and 7 > 0 such that
sup{6>0:B(z,6)CQ}

=
B(zg, sup §(x) ) CQ
zEQ

[z

0 w;:

=

vfZ
=ik
PRV

|2
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o there exist zg € €2 and 7 > 0 such that
sup{6>0:B(z,6)CQ}

—~~
B(zo,sup 5(x) ) CQ
zEQ

N
T 2
Frop

o fixed a > 0 and h € C(Q) we put

o wy:=71N

[a]” := max{a”", ah+} [a], :=min{a"" | ah+}
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o there exist zg € €2 and 7 > 0 such that
sup{6>0:B(z,6)CQ}

—~~
B(zo,sup 5(x) ) CQ
zEQ

N
N_m2
ST(5)’

o fixed a > 0 and h € C(Q) we put

0 Wy =T

[a]” := max{a”", ah+} [a], :=min{a"" | ah+}

o h:Q xR — R is a Carathéodory function,

3
H(z,§) ::/0 h(z,t) dt
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IApplications of critical points results to existence and



Multiple solutions for Dirichlet problem

DiffEq[&]ApP

Applications of critical points results to existence a
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B

On the structure of the critical set of non-differentiable functions
with a weak compactness condition,
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Multiple solutions for Dirichlet problem

B

On the structure of the critical set of non-differentiable functions
with a weak compactness condition,

N3
—Apyu = Af(z,u) in Q
(Dx,r)
u=0 on 90
DiffEq[&]App.
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Multiple solutions for Dirichlet problem

B

On the structure of the critical set of non-differentiable functions
with a weak compactness condition,

i3
—Apyu = Af(z,u) in Q
(Dx,r)
uw=0 on 0N
admits at least three weak solutions
DiffEq[&]ApP
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Multiple solutions for Dirichlet problem

o f:Q2 xR — R is a Carathéodory function

[fl@, )] < e+ ("), s e [1,p7
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Multiple solutions for Dirichlet problem

o f:Q2 xR — R is a Carathéodory function

[fl@, )] < e+ ("), s e [1,p7

0 essinf zeF (z,t) > 0 foreacht € R
o there exist > 0, § > 0 with r < p% [25]pr (1-5%):

-

= fBs

“essinf geaF(z,
o = / sup F(z,€) dx < b ezb&u; fVQ (2,9)
2 ¢1<corr (27 @Y -1
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Multiple solutions for Dirichlet problem

Bonanno, C.- Le Matematiche (2011)

for each X € A,.5 :=]3-, -, the problem (Dj ) admits at least three
weak solutions.

Difqu[&]App‘
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Multiple solutions for Dirichlet problem

Bonanno, C.- Le Matematiche (2011)

for each A € A, 5 : ]B ' o L[, the problem (D ;) admits at least three
weak solutions.

o ¢y is the embedding’s constant of W, *(*)(Q) < C°(Q)
° 1= [p“‘r]%

Difqu[&]App‘
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Infinitely many solutions for Dirichlet problem

—Apyu = Af(z,u) in Q

(Dx.f)
u=0 su 90N
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Infinitely many solutions for Dirichlet problem

—Apyu = Af(z,u) in Q

(Dx.r)
u=0 su 90N
—Ap@yu+ a(x)[ulP® 2y = Af(2,u) in Q
(D)\,a,f)
u=0 su 0N
Di-F-FEq[&]App‘
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Infinitely many solutions for Dirichlet problem

—Apyu = Af(z,u) in Q

(Dx.r)
u=0 su 90N
—Ap@yu+ a(x)|ulP® =2y = M\ f(z,u) in Q
(D)\,a,f)
u=0 su 0N
0 a € L*°(Q) with ess infga > 0
Di-F-FEq[&]App‘
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Infinitely many solutions for Dirichlet problem
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Infinitely many solutions for Dirichlet problem

B

Infinitely many solutions for a boundary value problem with
discontinuous nonlinearities, (2009)

B

A general variational principle and some of its applications, (2000)
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Infinitely many solutions for Dirichlet problem

B

Infinitely many solutions for a boundary value problem with
discontinuous nonlinearities, (2009)

B

A general variational principle and some of its applications, (2000)

I

—Ap@yu+ a(x)[ulP® 2y = Af(2,u) in Q

(Dxa,z)
u=0 on 0N
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Infinitely many solutions for Dirichlet problem

B

Infinitely many solutions for a boundary value problem with
discontinuous nonlinearities, (2009)

B

A general variational principle and some of its applications, (2000)

I
—Ap@yu+ a(x)[ulP® 2y = Af(2,u) in Q
(D/\,a,f)
u=0 on 00
admits infinitely many weak solutions DiffEq[&]ApP
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Infinitely many solutions for Dirichlet problem

N — 1N B T
o 0([) 7“\‘) T ENQ-p)rt lnfﬂe]oal[ uN (1—p)r™
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Infinitely many solutions for Dirichlet problem

- 1—aN . 1—p?

° o N) = mrtmr = el F
_ 1—a" : 1—p®

° o(p”\N) = it = Wluelol v it

DiffEq[&]ApP
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Infinitely many solutions for Dirichlet problem

- _gN . —u
°o o(pt,N) = ﬁi%]fiﬁ;¢’::lnfME]&l[;R%prjE?
_ 1—a? : =
o o(p™,N)= W = infyej0,1] W
o I(1,p) ::/ (7 — |z — wo)P™ da
B(xo,7)\B(z0,AT)

DiffEq[&]ApP
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Infinitely many solutions for Dirichlet problem

- 1—aN . 1—p?

° o N) = mrtmr = el F
_ 1—a" : 1—p®

° o(p”\N) = it = Wluelol v it

/ (7 — |z — xo)P® dx
B(zo,T)\B(zo,ﬂT)

o By = 2N gl (1 + #)

7" wr BN (r (1= )P

o(p” ,N I(7.p
o pim ¥ Hllalo (14 )

DiffEq[&]ApP
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Infinitely many solutions for Dirichlet problem

o f: QxR — Risan L'—Carathéodory function

F(z,t) d wo.nm F(@,6) dz
o A :=liminf fﬂ max|t‘§€7 (1) x’ B := limsup fB( 0,/47) T
e Z i &

o ¢ embedding's constant of (W™ (Q), || - l.) = C°(Q)

JApp,
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Infinitely many solutions for Dirichlet problem

o f: QxR — Risan L'—Carathéodory function

max F(z,t) dx wo.im F(@,8) dx
o A :=liminf fQ ltg{ (1) , B :=limsup fB( 0,/47) T
e Z i &

o ¢ embedding's constant of (W™ (Q), || - l.) = C°(Q)

Bonanno-C. - Complex Variables and Elliptic Equations - (2012)

4 1App,
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Infinitely many solutions for Dirichlet problem

o f: QxR — Risan L'—Carathéodory function

max F(z,t) dx wo.im F(@,8) dx
o A :=liminf fQ lt‘S{ (1) , B :=limsup fB( 0,/47) T
e Z i &

o ¢ embedding's constant of (W™ (Q), || - l.) = C°(Q)

Bonanno-C. - Complex Variables and Elliptic Equations - (2012)

ess inf cqF'(x,£) > 0 for each £ > 0

p
By ptsP wn iV
ﬂ—!—wﬂ'ﬂN
Bp~ ’pteipT A
admits a sequence of weak solutions which is unbounded in
Wol,p(w)(Q)

A<

for each A € A := ] [ the problem (Dy 4,r)

[Applications of critical points results to existence and

JApp,



Infinitely many solutions for Dirichlet problem

o f: QxR — Risan L'—Carathéodory function

ma; F(x,t) dz o oy F(2,6) dz
o A* :=liminf Jo Xlt‘éi (2,7) , B* := limsup fB("O’# ) —
£—0+ &p o+ 134

o ¢ embedding's constant of (Wol’p(m)(Q), |- 1la) = C°(Q)

JApp,

[Applications of critical points results to existence and



Infinitely many solutions for Dirichlet problem

o f: QxR — Risan L'—Carathéodory function
Jo max<¢ F(x, t) do

_F(z,6) dx
o A* := liminf - . B* := limsup fB(zo,M) _
£—0t 5? £s0+ fp

o ¢ embedding's constant of (W&’p(z)(Q), | lla) = C°(Q)

Bonanno-C. - Complex Variables and Elliptic Equations -(2012)

4 1App,
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Infinitely many solutions for Dirichlet problem

o f: QxR — R isan L'—Carathéodory function
F 7t d 0. AT F(ZB,&)dQI
o A* — liminf Ja max|t\§§+ (z,1) Bt = limsup JB@o.in ’
£—0t &p 0t v

o ¢ embedding's constant of (W&’p(z)(Q), | lla) = C°(Q)

Bonanno-C. - Complex Variables and Elliptic Equations -(2012)
ess inf cqF'(x,£) > 0 for each £ > 0

D
A< ———DB”*.
B-ptegptwe vl
_N
Wy 1
for each A € A* := pwv , the problem (Dy 4,f)

Bp~prep A
admits a sequence of distinct weak solutions which strongly
converges to zero in Wo ™) ().

/ 1App,

[Applications of critical points results to existence and



Multiple solutions for a Neumann-type differential inclusion
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Multiple solutions for a Neumann-type differential inclusion

B
[

J. Differential Equations 244 (2008), 3031-3059.

Appl. Anal., 89 (2010), 1-10.
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Multiple solutions for a Neumann-type differential inclusion

B
[

J. Differential Equations 244 (2008), 3031-3059.

Appl. Anal., 89 (2010), 1-10.

U
—Apyu + a(@)|ulP @2y € NOF (z,u) in Q
% =0 on 9N (M)
ov
admits at least three solutions _
D1-F-FEq[&]App‘
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Multiple solutions for a Neumann-type differential inclusion

o f(-,£) measurable for each £ € R;
o f(z,-) locally essentially bounded for each = € Q;
o there exist ¢ € C(Q), with 1 < ¢~ < ¢* < p~ and ¢ > 0 such that

|f(2,8)] < c(1 4 [¢]7™1)

for each (z,£) € Q x R.
o ¢y embedding’s constant of (WP (Q), |- |l.) — C°(Q)

o there exist r > 0, & € R with r < aj 12 [|€1]]p such that
p

/ sup F(z,8)dx < L/ F(z,&)dx
Q Q

le|<colrpt]t/P 12| at[|&1]]P
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Multiple solutions for a Neumann-type differential inclusion

D r
Qat |l [ F(z, &) da’ [ supigi < rp+yre F2,§) dz
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Multiple solutions for a Neumann-type differential inclusion

P r

A= ,
Qat[[61]]P [ F(x, &) dx’ [o supigi< /e F2,€) d

C., Livrea - Discrete and Continuous Dynamical Systems - (2012)

for each A € A, the problem (Ny) admits at least three distinct solutions.
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A critical point theorem via the Ekeland variational principle,
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Multiple solutions for Dirichlet problem

= o

B

A critical point theorem via the Ekeland variational principle,

I
—Apyu = Af(z,u) in Q
(Da,r)
u=0 on 9N
DiffEq[&]App.
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Multiple solutions for Dirichlet problem

= o

B

A critical point theorem via the Ekeland variational principle,

I
—Apyu = Af(z,u) in Q
(Dx,r)
u=0 on 0N
admits a non trivial weak solution
DiffEq[&]ApP
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Multiple solutions for Dirichlet problem

< p" < +o0

Bonanno-C. -J.M.A.A.-(2014)
o f:2 xR — R is a Carathéodory function

o there exist a,as €]0,+o0o[ and ¢ € C(Q), 1 < g(z) < p* (=) for
each = € Q such that |f(z,t)] < a1 + as|t|9®~1 VY(z,t) e A xR
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< p" < +o0

Bonanno-C. -J.M.A.A-(2014)
o f:2 xR — R is a Carathéodory function
o there exist a,as €]0,+o0o[ and ¢ € C(Q), 1 < g(z) < p* (=) for
each = € Q such that |f(z,t)] < a1 + as|t|9®~1 VY(z,t) e A xR
inf,cq F(z,t)

- -

o lim sup
t—0t

Difqu[&]App‘
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Multiple solutions for Dirichlet problem

< p" < +o0

Bonanno-C. -J.M.A.A.-(2014)
o f:2 xR — R is a Carathéodory function

o there exist a,as €]0,+o0o[ and ¢ € C(Q), 1 < g(z) < p* (=) for
each = € Q such that |f(z,t)] < a1 + as|t|9®~1 VY(z,t) e A xR

inf,cq F(z,t)

- -

o lim sup
t—0t

there exists \* > 0 such that for every A €]0, \*[ the problem
(Da, ) admits at least a non trivial weak solution.

[Applications of critical points results to existence and
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< p" < +o0

Bonanno-C. -J.M.A.A.-(2014)
o f:2 xR — R is a Carathéodory function

o there exist a,as €]0,+o0o[ and ¢ € C(Q), 1 < g(z) < p* (=) for
each = € Q such that |f(z,t)] < a1 + as|t|9®~1 VY(z,t) e A xR

inf,cq F(z,t)

- -

o lim sup
t—0t

there exists \* > 0 such that for every A €]0, \*[ the problem
(Da, ) admits at least a non trivial weak solution.

1
A= a at
atki(p) v + 22 [k (pF)»~
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Multiple solutions for Dirichlet problem

= o

B

Relations between the mountain pass theorem and local minima,

I
—Apyu = Af(z,u) in Q
(Da,r)
u=0 on 9N
DiffEq[&]App.
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Multiple solutions for Dirichlet problem

= o

B

Relations between the mountain pass theorem and local minima,

I
—Apyu = Af(z,u) in Q
(Dx.r)
u=0 on 0N
admits at least two distinct weak solutions
DiffEq[&]ApP
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Multiple solutions for Dirichlet problem

< p" < +o0

Bonanno-C. - J.M.A.A.- (2014)
o f: QxR — R isa Carathéodory function

o there exist a,a €]0,+00[ and ¢ € C(Q), 1 < g(z) < p*(x) for
each z € Q such that
|f(z,t)] < a1 + ap|t|?®) =1 for each (z,t) € Q x R;
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each z € 2 such that
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0< pF(z,8) <&f(x,&) for each x € Q, [£| > B;

there exists \* > 0 such that for every A €]0, \*[ the problem
(D, f) admits at least two distinct weak solutions.
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Bonanno-C. - J.M.A.A.- (2014)
o f: QxR — R isa Carathéodory function
o there exist a,a €]0,+00[ and ¢ € C(Q), 1 < g(z) < p*(x) for
each z € 2 such that
|f(z,t)] < a1 + ap|t|?®) =1 for each (z,t) € Q x R;
o there exist u > p™ and 3 > 0 such that
0< pF(z,8) <&f(x,&) for each x € Q, [£| > B;

there exists \* > 0 such that for every A €]0, \*[ the problem
(D, f) admits at least two distinct weak solutions.
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On the structure of the critical set of non-differentiable functions
with a weak compactness condition,
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Multiple solutions for Dirichlet problem

= o

B

On the structure of the critical set of non-differentiable functions
with a weak compactness condition,

N3
—Apyu = Af(z,u) in Q
(Dx,r)
u=0 on 90
DiffEq[&]App.
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Multiple solutions for Dirichlet problem

= o

B

On the structure of the critical set of non-differentiable functions
with a weak compactness condition,

i3
—Apyu = Af(z,u) in Q
(Dx,r)
uw=0 on 0N
admits at least three weak solutions
DiffEq[&]ApP
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< p" < +o0

Bonanno-C. - J.M.AA. - (2014)
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Multiple solutions for Dirichlet problem

< ph < +o00

Bonanno-C. - J.M.AA. - (2014)
o |f(z,8)] < a1+ axft|?™ 71, g € C(Q), 1 < ¢(z) < p*(2)
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< ph < +o00

Bonanno-C. - J.M.AA. - (2014)

o |f(z,t)] < a1 +aslt|?™®1, g€ C(Q), 1< q(z) < p*(z)
o Fz,t) <c(1+[t|'@), yeC(), 1 <y~ <yt <p~
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Multiple solutions for Dirichlet problem

< p" < +o0

Bonanno-C. - J.M.AA. - (2014)
o |f(z,t)] < ay+axt]?®~1 g€ C(Q), 1 < q(z) < p*(x)
° F(z,t) < c(1+[t'™), yeC(Q), 1 <y~ <ot <p~
o F(z,t) >0, V(z,t) € A x RT
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Multiple solutions for Dirichlet problem

< p" < +o0

Bonanno-C. - J.M.AA. - (2014)
o [f(z,t)] < a1+ aglt|?™~1, g€ C(), 1< q(z) < p*(x)
o F(z,t) <c(1+[t™®), ye C(Q), 1<y~ <~T <p~
o F(z,t) >0, V(z,t) € A x RT
o there exist » > 0 and ¢ > 0 such that

p~ infzeq F(x, )
(2] (2~ - 1)

r< A [2]0 (1- ) ar<

[Applications of critical points results to existence and
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< p" < +o0

Bonanno-C. - J.M.AA. - (2014)
o [f(z,t)] < a1+ aglt|?™~1, g€ C(), 1< q(z) < p*(x)
o F(z,t) <c(1+[t™®), ye C(Q), 1<y~ <~T <p~
o F(z,t) >0, V(z,t) € A x RT
o there exist » > 0 and ¢ > 0 such that

p~inf,ecq F(x, 6
T<#[?]pwf(1—2%) GT<WNE1))

[Z]"eY-y 4
p~ infyeq F(2,0)7

for each A € A, 5 ::} , the problem (D, ¢)

admits three weak solutions.

[Applications of critical points results to existence and
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Multiple solutions for Dirichlet problem

< p" < +o0

Bonanno-C. - J.M.AA. - (2014)
o |f(z,t)] < a1+ aglt|*™1, g € C(Q), 1< g(z) < p*(x)
o F(z,t) <c(1+ [t@), ye C(Q), 1 <y~ <yt <p~
o F(x,t) >0, V(z,t) € 2 x RT
o there exist » > 0 and § > 0 such that

p~ infzeq F(x, )
EP -1
[Z]"eY-y 4

p~ infycq F(z,0) ar

r< A [2]0 (1- ) ar<

for each A € A, 5 ::} [ the problem (D, ¢)

admits three weak solutions.
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[

J. Differential Equations 244 (2008), 3031-3059.
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Multiple solutions for Dirichlet problem

= o

[

J. Differential Equations 244 (2008), 3031-3059.

—Apyu = M f(z,u) + pg(z,u) in Q
(D)‘*,Mmfag)
u=0 on 90N
admits at least three weak solutions
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= o

H:={h:Q xR — Rlocally bounded : (m1), (mz2), (m3) hold }

h(-,t) measurable for each ¢t € R;
there exists Q¢ C Q with m(€o) = 0 such that the set

Dy, = U {t e R: h(z,-) is discontinuous at t}

z€Q\ Qo
has measure zero.
the functions
h™(z,2) := lim essinf |¢_,j<sh(z,&), h'(2,2) = lim esssup |¢_,<sh(z,&)
§—0+ §—0F

are superpositionally measurable i.e. A~ (-,u(-)) and At (-, u(-)) are
measurable provided u : 2 — R is measurable too DiffEQ[&]ApPp
\

[Applications of critical points results to existence and



Multiple solutions for Dirichlet problem

pt < +oo

°ofigeH
©qqv7€C), 1<q(x)<p'(z), 1<qx) <q" <p~,
pT < min{y~,p* " }:

0 0< f(2,6),g(x,t) < er(1+ (1) 1), Yz, 1) € @ x R;
0 0< fz,t) <&a(14+t1®1) Vo e Qand t > 0;
o limsup, o+ sup,cq % < +00;

o 3h > 0: infyeq F(x,h) > 0;

° Vu>0, fora. e x€QandVte DyUD,

(f + 1)~ (2,t) <0< (f + pg)* (2,t) = (f + pg)(z,t) =0

DiffEq[&]ApP
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Multiple solutions for Dirichlet problem

< p" < +o0

Bonanno-C. - Math. Nachr. - (2011)

i
inf,cq F(z,h)
for every p € [0, 0], the problem (D), ¢,4) admits at least three non

negative weak solutions.

2
For each A\ > p—_(2N -1 , there exists § > 0 such that,

Difqu[&]App‘
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= o
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B

A critical point theorem via the Ekeland variational principle,
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Multiple solutions for Neumann problem

= o

B

A critical point theorem via the Ekeland variational principle,

U
—Ap@yu+ a(x)[ulP® =2y = Af(2,u) in Q
(Nx.s)
% =0 suodf
Di-F-FEq[&]App‘
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Multiple solutions for Neumann problem

= o

B

A critical point theorem via the Ekeland variational principle,

(8
—Ap@yu+ a(x)|ulP® =2y = M\ f(x,u) in Q
(N, f)
% =0 sudf?
ov

admits at least a non trivial weak solution
DiffEq[&]ApP
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< p" < +o0

Barletta-C. - Electronic Journal of Differential Equations - (2013)
o 