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Outline

@ Chemotaxis Systems:
o Chemo-attraction-production
o Chemo-repulsion-production
@ Optimal Control Problems
o 2D case: linear and nonlinear production
o 3D case: linear production

© Other Cases
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Chemotaxis
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Introduction .
Chemotaxis model

Injection/extraction

Chemotaxis model [E.F. Keller, L.A. Segel, 1971]

Let Q C R", n= 2,3, be a bounded domain, with smooth boundary 8Q and (0, T) a
time interval.
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Introduction .
Chemotaxis model

Injection/extraction

Chemotaxis model [E.F. Keller, L.A. Segel, 1971]

Let Q C R", n= 2,3, be a bounded domain, with smooth boundary 8 and (0, T) a

time interval.

Otu — Au
Orv — Av + v
u(0, x)

ou

on
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= V- (uVv) in Q:=(0,T)xQ,

= h(u) in Q:=(0,T) xQ,

= w(x)>0, v(0,x)=v(x)>0 in (1)
= O,%:O on (0, T) x 0%,
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Introduction .
Chemotaxis model

Injection/extraction

Chemotaxis model [E.F. Keller, L.A. Segel, 1971]

Let Q C R", n= 2,3, be a bounded domain, with smooth boundary 8 and (0, T) a
time interval.

oru—Au = V-(uVv) in Q:=(0,T)xQ,
8tv—Av+v = h(u) in Q:=(0,T) xXQ,
u(0,x) = wo(x)>0, v(0,x)=w(x)>0 in Q (1)
Ou Ov
n o,afo on (0,T)x o9,

@ u:=u(t,x) > 0is cell density and v := v(t, x) > 0 is a chemical
concentration.
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Chemotaxis model

Injection/extraction

Chemotaxis model [E.F. Keller, L.A. Segel, 1971]

Let Q C R", n= 2,3, be a bounded domain, with smooth boundary 8 and (0, T) a
time interval.

Oru—Au = V-(uVv) in Q:=(0,T)xQ,
Otv—Av+v = h(u) in Q:=(0,T) xQ,
u(0,x) = wo(x)>0, v(0,x)=w(x)>0 in Q (1)
Ou Ov
n o,afo on (0,T)x o9,

@ u:=u(t,x) > 0is cell density and v := v(t, x) > 0 is a chemical
concentration.

@ h(u) > 0 represents the production term.

E. M.-Z., Universidad Catdlica del Norte, Antofagasta-Chile Control Chemo-repulsion Systems



Introduction .
Chemotaxis model

Injection/extraction

Chemotaxis model [E.F. Keller, L.A. Segel, 1971]

Let Q C R", n= 2,3, be a bounded domain, with smooth boundary 8 and (0, T) a
time interval.

Oru—Au = V-(uVv) in Q:=(0,T)xQ,
Otv—Av+v = h(u) in Q:=(0,T) xQ,
u(0,x) = wo(x)>0, v(0,x)=w(x)>0 in Q (1)
Ou Ov
n o,afo on (0,T)x o9,

@ u:=u(t,x) > 0is cell density and v := v(t, x) > 0 is a chemical
concentration.

@ h(u) > 0 represents the production term.

@ The term cuVv models the transport of cells:
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Chemotaxis model

Injection/extraction

Chemotaxis model [E.F. Keller, L.A. Segel, 1971]

Let Q C R", n= 2,3, be a bounded domain, with smooth boundary 8 and (0, T) a
time interval.

Oru—Au = V-(uVv) in Q:=(0,T)xQ,
Otv—Av+v = h(u) in Q:=(0,T) xQ,
u(0,x) = wo(x)>0, v(0,x)=w(x)>0 in Q (1)
Ou Ov
n o,afo on (0,T)x o9,

@ u:=u(t,x) > 0is cell density and v := v(t, x) > 0 is a chemical
concentration.

@ h(u) > 0 represents the production term.

@ The term cuVv models the transport of cells:
@ If o < 0, towards the higher concentrations of chemical signal

Chemo — attraction
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Introduction .
Chemotaxis model

Injection/extraction

Chemotaxis model [E.F. Keller, L.A. Segel, 1971]

Let Q C R", n= 2,3, be a bounded domain, with smooth boundary 8 and (0, T) a
time interval.

Oru—Au = V-(uVv) in Q:=(0,T)xQ,
Otv—Av+v = h(u) in Q:=(0,T) xQ,
u(0,x) = wo(x)>0, v(0,x)=w(x)>0 in Q (1)
Ou Ov
n o,afo on (0,T)x o9,

@ u:=u(t,x) > 0is cell density and v := v(t, x) > 0 is a chemical
concentration.

@ h(u) > 0 represents the production term.

@ The term cuVv models the transport of cells:
@ If o < 0, towards the higher concentrations of chemical signal

’ Chemo — attraction ‘

@ If & > 0, towards the lower concentrations of chemical signal

’ Chemo — repulsion ‘
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Chemotaxis model

Injection/extraction

Chemo-repulsion with potential production (h(u)

Otu — Au V- (uVv),
tv—Av+v = uP, pe]L2]. ‘
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Introduction .
Chemotaxis model

Injection/extraction

Chemo-repulsion with potential production (h(u)

oru—Au = V-(uVv),
tv—Av+v = uP, pe]L2].

@ p = 1: Linear production [Cieslak, Laurengot, Morales-Rodrigo, 2008]

@ 2D: Existence and uniqueness of classical solutions
@ 3D: Existence of weak solutions
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Introduction .
Chemotaxis model

Injection/extraction

Chemo-repulsion with potential production (h(u)

oru—Au = V-(uVv),
tv—Av+v = uP, pe]L2]. ‘

@ p = 1: Linear production [Cieslak, Laurengot, Morales-Rodrigo, 2008]
@ 2D: Existence and uniqueness of classical solutions
@ 3D: Existence of weak solutions
@ 1 < p < 2: Superlinear production [Guillén-Gonzalez, Rodriguez-Bellido,
Rueda-Gémez, 2020]

@ Existence of weak solutions in 2D and 3D domains
@ p = 2: Quadratic production [Guilléen-Gonzalez, Rodriguez-Bellido,
Rueda-Gémez, 2020]

@ 1D and 2D: Existence and uniqueness of weak solutions
@ 3D: Existence of weak solutions
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Chemotaxis model

Injection /extraction

Injection/extraction

oru—Au = V-(uVv) in Q,
Otv—Av+v = w4 fvlg. in Q,
u(0,x) = up(x), v(0,x)=w(x) in Q, (2)
ou ov
= 5 = T Q.
an an 0 on (0,7)xd |
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Injection/extraction

oru—Au = V-(uVv) in Q,
Otv—Av+v = w4 fvlg. in Q,
u(0,x) = up(x), v(0,x)=w(x) in Q, (2)
ou ov
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Introduction

Injection/extraction

Chemotaxis model
Injection /extraction

Otu — Au
Orv — Av + v
u(0, x)

ou

on

Q. CQ

Some properties of system (2):
d
o — =0 = t
dt </n “) /Q u(t)

L)t =L,

V- (uVv) in Q,

= w4 fvlg, in Q,

up(x), v(0,x) = w(x) in Q, (2)
ov

= a:0 on (0, T) x 69Q.

is a subdomain of control

:/U()::mo, Vvt > 0.
Q

+ fv
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Otu — Au
Orv — Av + v
u(0, x)

ou

on

Q. CQ

Some properties of system (2):
d
o — =0 = t
dt </n “) /Q u(t)

L)t =L,

+ fv /up:mo, forp=1
Q

V- (uVv) in Q,

= w4 fvlg, in Q,

up(x), v(0,x) = w(x) in Q, (2)
ov

= a:0 on (0, T) x 69Q.

is a subdomain of control

:/U()::mo, Vvt > 0.
Q
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rong solutions

Existence of solutions (A

Existence of Strong Solutions in 2D Domains

[Guillen-Gonzélez, M-Z, Rodriguez-Bellido, ESAIM COCV 2020 and SICON 2020]
[Guillén-Gonzalez, M-Z, Villamizar-Roa, Acta Appl. Math. 2020]
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Strong solutions

Existence of solutions A A

Existence of Strong Solutions in 2D Domains

[Guillen-Gonzélez, M-Z, Rodriguez-Bellido, ESAIM COCV 2020 and SICON 2020]
[Guillén-Gonzalez, M-Z, Villamizar-Roa, Acta Appl. Math. 2020]

Xq 1= {u € C([0, T|; W2=2/09) 0 LI(W?9) : 8w € LI(Q) := LI(LI)}
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Strong solutions

Existence of solutions A A

Existence of Strong Solutions in 2D Domains

[Guillen-Gonzélez, M-Z, Rodriguez-Bellido, ESAIM COCV 2020 and SICON 2020]
[Guillén-Gonzalez, M-Z, Villamizar-Roa, Acta Appl. Math. 2020]

Xq 1= {u € C([0, T|; W2=2/09) 0 LI(W?9) : 8w € LI(Q) := LI(LI)}

@ fcl5(Qc):=L5(L5(Re)), s>2
@ (up, o) € HY(Q) x W?22/55(Q), with tup >0 and vo >0 in Q
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rong solutions

Existence of solutions (A

Existence of Strong Solutions in 2D Domains

[Guillen-Gonzélez, M-Z, Rodriguez-Bellido, ESAIM COCV 2020 and SICON 2020]
[Guillén-Gonzalez, M-Z, Villamizar-Roa, Acta Appl. Math. 2020]

Xq 1= {u € C([0, T|; W2=2/09) 0 LI(W?9) : 8w € LI(Q) := LI(LI)}

@ fcl5(Qc):=L5(L5(Re)), s>2
@ (up, o) € HY(Q) x W?22/55(Q), with tup >0 and vo >0 in Q

Then, system (2) has a unique strong solution (u, v) € X> X Xs such that

(. )b xxs < C(T,

ol lIvollyyo—2ss.s Il s @e))
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Strong solutions

Existence of solutions (A

Keys of the proof
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Strong solutions
ak solutions

Existence of solutions

Keys of the proof

1. Leray-Schauder fixed-point Theorem:

(@, v) — (u,v)

solving

Otu—Au = V- (UsVv),
Ov—Av+v = TPHfvylg,
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Strong solutions

Existence of solutions -
Weak solutions

Keys of the proof

1. Leray-Schauder fixed-point Theorem:
(@, v) — (u,v)

solving
Otu—Au = V- (UsVv),
Ov—Av+v = TPHfvylg,

2. Energy estimates
1. Linear case: (In(u), —Av)

d

1
prm (/ ulnu+ EHVVH2) + 4| VVUl? + [|[Av])? + |Vv]? = — fvAv,
Q

Qc

s (b)) =m (o) (o) ()
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Strong solutions

Existence of solutions Neak solutions
Weak solutions

2. Energy estimates
2. Superlinear case 1 < p < 2: (pfllupfl, —%Av)

d 1 1 4
— (=" + =lIvv 2>+— V()|
= (p(p_1>” 12+ 551912 ) + 51922

1 1 1
+—lAv)?+ =||Vv|? = _7/ fvAv,
2p p pJa

c

s (h) + (h) = (o) (o) = () ()

Control Chemo-repulsion Systems
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Strong solutions
Weak solutions

Existence of solutions

2. Energy estimates
2. Superlinear case 1 < p < 2: (pfllupfl, —%Av)

d 1 1 4
— (=" + =lIvv 2>+— V()|
= (p(p_1>” 12+ 551912 ) + 51922

1 1 1
+—AV|?+ Z||VV|? = _7/ fvAv,
2p p pJa

o (L) (L) - (L) (L) (L) (1)

Problem: To estimate ([, u?)”
Key: Gagliardo-Nirenberg inequality implies

2
2
([ ) =nulis < 191+ cQlulie

3. Using a bootstrapping argument, via a LP-regularity result for the
heat-Neumann equation
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Strong solutions

Existence of solutions .
Weak solutions

Weak Solutions in 3D Domains: Linear case (p = 1)

[Guilléen-Gonzalez, M-Z, Rodriguez-Bellido, SICON 2020]
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Strong solutions
Weak solutions

Existence of solutions

Weak Solutions in 3D Domains: Linear case (p = 1)

[Guilléen-Gonzalez, M-Z, Rodriguez-Bellido, SICON 2020]

@ fe L4(Qc)
@ (up, vo) € LP(Q2) x H(Q) (po > 1), tup > 0 and vo > 0 in Q
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Strong solutions
Weak solutions

Existence of solutions

Weak Solutions in 3D Domains: Linear case (p = 1)

[Guilléen-Gonzalez, M-Z, Rodriguez-Bellido, SICON 2020]

@ fe L4(Qc)
@ (up, vo) € LP(Q2) x H(Q) (po > 1), tup > 0 and vo > 0 in Q

Then, system (2) has a weak-strong solution (u, v) such that
@ uc L5/3(Q) n L5/4(Wl'5/4), atu c LlO/Q((wl.lO)/)
@ v c L®(HY N L2(H?), 8ev € L53(Q)
@ The weak formulation holds for the u-equation

T T T
/ <8tu,ﬂ)+/ (VU,VE)+/ (uVv,VE) =0 Vo e LO(whio)
0 0 0

@ The v-equation holds pointwisely a.e. (t, x) € Q
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Strong solutions

Existence of solutions .
Weak solutions

Keys of the proof

@ Regularization: Ve € (0, 1) solution of

Orut — Aut = V- (ufVv(zF)) 3)
Orzf — Azf + 2z = uf 4 fv(zf)4 1q.,

with v& := v(z¢) the solution of

vE —eAveE = Z°
ove 0
On
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Existence of solutions

Keys of the proof

@ Regularization: Ve € (0, 1) solution of

Orut — Aut = V- (ufVv(zF))
{ e 3)

—AZf+ 28 = uF 4 fv(zf)4 1q.,

with v& := v(z¢) the solution of

vE —eAveE = Z°
ove 0
On

@ System (3) has a unique strong solution (u®, z°) € Xg/3 X Xyq/3, Via
Leray-Schauder fixed-point theorem

@ Energy estimates, independent of €
@ Passing to the limit as € — 0, one has existence of weak solutions
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Strong solutions

Existence of solutions .
Weak solutions

Problem: Lack of the regularity of the weak solutions
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Stro solutions
Weak solutions

Existence of solutions

Problem: Lack of the regularity of the weak solutions

Regularity Criterion

@ (up, vo) € W3/24(Q) x W3/24(Q)
@ (u, v) weak solution of (2) such that

Then (u, v) € X4 X Xy is also a strong solution of (2). Moreover, there exists a
positive constant K := K(T, ||uoll\y3/2.4. [[Voll\y3/24. [| Fll14) such that

(. ) lxyxxy < K
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Stro lutions

Existence of solutions y o
Weak solutions

Problem: Lack of the regularity of the weak solutions

Regularity Criterion

@ (up, vo) € W3/24(Q) x W3/24(Q)
@ (u, v) weak solution of (2) such that

Then (u, v) € X4 X Xy is also a strong solution of (2). Moreover, there exists a
positive constant K := K(T, ||uoll\y3/2.4. [[Voll\y3/24. [| Fll14) such that

(. ) lxyxxy < K

Key of the proof:
Bootstrapping argument
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Optimal Control Problems
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Optimalit
. Other (
Optimal Control Problems '

Optimal Control Problems

@ F C L5(Qc) is nonempty, convex and closed set

@ f € F is a bilinear control acting on the v-equation
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Optimal Control Problems

Optimal Control Problems

@ F C L5(Qc) is nonempty, convex and closed set

@ f € F is a bilinear control acting on the v-equation

Yu T Yv r
mind(u,v, f) = = [ u(t) = ug(t)IL + 5 [ llv(t) = va(®)]1?
vl 2 Jo )
Yf T s
+— [ IIF()lzs
s Jo
subject to (u, v) being a strong solution of
otu—Au = V-(uVv) (5)
Otv—Av+v = uP+fvlig,
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Optimalit
. Other Ca
Optimal Control Problems ' !

Optimal Control Problems

@ F C L5(Qc) is nonempty, convex and closed set
@ f € F is a bilinear control acting on the v-equation
T T

mind(u,v, ) = 2 u(e) = ug ()L + 2 [ V() - a2
vl 2 Jo )
yf
+— [ (o)l
S
subject to (u, v) being a strong solution of
otu—Au = V-(uVv) (5)
Otv—Av+v = uP+fvlig,
o 2 in 2D o >2 in 2D
"= 20/7 in 3D 5= 4 in 3D
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Optimal Control Problems

Optimal Control Problems

@ F C L5(Qc) is nonempty, convex and closed set
@ f € F is a bilinear control acting on the v-equation
T T

mind(u,v, ) = 2 u(e) = ug ()L + 2 [ V() - a2
vl 2 Jo )
yf
+— [ (o)l
S
subject to (u, v) being a strong solution of
otu—Au = V-(uVv) (5)
Otv—Av+v = uP+fvlig,
o 2 in 2D o >2 in 2D
"= 20/7 in 3D 5= 4 in 3D

In 3D we follows [E.Casas, K. Chrysafinos, 2016]
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Optimal Control Problems

Existence of Global Optimal Solution

Admissible set

Sag = {(u,v,f) € Xo x Xs x F : (u, v, ) is strong solution}
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Optimalit
Other Ca

Optimal Control Problems

Existence of Global Optimal Solution

Admissible set

Sag = {(u,v,f) € Xo x Xs x F : (u, v, ) is strong solution}

@ Either v > 0 or v = 0 and F is bounded in L°(Qc)
@ In3D, Sog # 0 (u € L297(Qc)) and v, > 0

Then, there exists a global optimal solution (E,V,?) via minimizing sequences and
the fact that J is weakly lower semicontinuous on S,y
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Optimalit
Other Ca

Optimal Control Problems

Existence of Global Optimal Solution

Admissible set

Sag = {(u,v,f) € Xo x Xs x F : (u, v, ) is strong solution}

@ Either v > 0 or v = 0 and F is bounded in L°(Qc)
@ In3D, Sog # 0 (u € L297(Qc)) and v, > 0

Then, there exists a global optimal solution (E,V,?) via minimizing sequences and
the fact that J is weakly lower semicontinuous on S,y

In 3D, S.q # 0 if the control acts on the whole domain (2 = Q) and vo > & > 0 in
Q.

v
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Optimality system
Other Cases
Optimal Control Problems Jther ta

Optimality System

We consider the spaces
Xi=Xo x Xs X L(Qc), Y= L3(Q) x L5(Q)

with )A<2 ={ue Xz : u(0) =0}, )A<5 ={u € Xs : u(0) =0} and the operator
G =(G1, G2) : X — Y given by

Gi(u,v,f) = 0Otu—Au—-V-(uVv)
Go(u,v,f) = Biv—Av—uP —friqg,
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Optimality system
Other Cases
Optimal Control Problems Jther ta

Optimality System

We consider the spaces
Xi=Xo x Xs X L(Qc), Y= L3(Q) x L5(Q)

with )A<2 ={ue Xz : u(0) =0}, )A<5 ={u € Xs : u(0) =0} and the operator
G =(G1, G2) : X — Y given by

Gi(u,v,f) = 0Otu—Au—-V-(uVv)
Go(u,v,f) = Biv—Av—uP —friqg,

Then, the optimal control problem (4)-(5) is reformulated as

min  J(u,v,f) subjectto G(u,v,f)=(0,0)
(u,v,f)eM

M := (0,7, ) + X2 x Xs X (F —F)
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Optimality system
Other Cases
Optimal Control Problems Jther ta

Step 1: Regular point

Let (7,7, 7) € Xz X Xs x L*(Qc) be a local optimal solution and (gu. gv) € Y. Then
X

C(f) is the unique solution of system

BU—AU-V - (UVV) =V -(@VV) = gu,
{ BV —AV+V—piPlU—FVig —FVlg, = 9v
U(O) V() = o
oV
an on 0.

where N N
C(f):={6(f—f):6>0, feF}
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Optimality system
Other Cases
Optimal Control Problems Jther ta

Step 2: Lagrange multipliers [Zowe, Kurcyusz, 1979]

There exists Lagrange multipliers (X, ) € L2(Q) x [L5(Q)]’ such that

nyu/OT/Q(a—ud)UJWV/OT/Q(V—vd)v+1fATAngn(?)\?|s-1F

T o~
+/0 /Q(@tU—AU—V~(UVv)—V-(uVV))A

T T
+/ /(BtvaV—i-prﬁ’:’_luffvmc)ﬁ—s-/ / Fon
JO Q 0 JQc

>0 V(U V., F)eXsxXs x C(F)
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Optimal Control Problems

Step 3: Existence of Strong Solutions of the Adjoint Problem

—OA— DA+ VA-VV—plPln = U
-0 —An—V-(UVA) +n—Ffnlg, = L
MT) = n(T)=0 (6)
ox  on
on ~ on
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Optimal Control Problems

Step 3: Existence of Strong Solutions of the Adjoint Problem

—OXN = AX+VX-VV—piPln = U
- —An—V - (GYN) +n—fnlg. = L
AT) = n(T)=0 (6)
ox  on
on  on )
{ (AmeEXaxXyin2D, 14 5=1 R
(A m) € Xa0/13 X Xa0/13 in 3D
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Optimality system

Optimal Control Problems

Step 3: Existence of Strong Solutions of the Adjoint Problem

—OXN = AX+VX-VV—piPln = U
- —An—V - (GYN) +n—fnlg. = L
AT) = n(T)=0 (6)
o on
on  on
{ (AmeEXaxXyin2D, 14 5=1 R
(A m) € Xa0/13 X Xa0/13 in 3D

Step 4: Regularity of the Lagrange Multipliers

(X, 7) is the very-weak solution of the adjoint problem (6). Also, the Lagrange
multiplier is unique and satisfies

1A = RI2 + Iln = A5, =o.

Therefore, (X, 7) has the strong regularity (7).

\
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Optimality System

(u, v, f, A\, m) such that
@ State equations

otu—Au = V-(uVv)
Otv—Av+4+v = uP4fviqg,
u(0) = wy, v(0)=w
du  Bv _
an  on
@ Adjoint system
A — AN+ VV - VA —ptP~ln = J
o —An—V-(OVN)+n—~fnlg, = J,
XNT) = n(T)=0
N oo
on on

@ Optimality condition

.
/ /(J’f—l-Vn)(Fff)zO VFeF
0 Qc
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Optimal Control Problems Qe Caes

Other Cases

@ Stationary Case with Linear Production [S. Lorca, E. Mallea-Zepeda, E.J.
Villamizar-Roa, Bull. Braz. Math. Soc. 2023]:

‘Q CR"n=1,23, and f € L3(Q) with [|f]|,5 << 1

—Au = V-(uVv) in Q
—Av+v = u+fvlg, in Q
ou ov
— = — =0 o9.
On on on
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Optimal Control Problems Qe Caes

Other Cases

@ Stationary Case with Linear Production [S. Lorca, E. Mallea-Zepeda, E.J.
Villamizar-Roa, Bull. Braz. Math. Soc. 2023]:

‘Q CR"n=1,23, and f € L3(Qc) with ||f]|,5 << 1

—Au = V-(uVv) in Q
—Av+v = u+fvlg, in Q
ou ov
— = — =0 o9.
On on on

@ Parabolic-Elliptic Case with Superlinear Production [A. Ancoma-Huarachi, E.
Mallea-Zepeda, Hacettepe J. Math. Stat. 2023]:

QCR? fel9),2<q< oo, with ||[f]ia << 1andpe€][l,?2]

Stu—Au = V-(uVv) in Q,
—Av+v = uP+1frlg, in Q
v(0,x) = w(x) in Q,
ou ov
— = — =0 o9Q.
on on on
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Optimal Control Problems

@ Parabolic-Elliptic Case with Linear Production [J. Cen, J. Huayta-Centeno, E.
Mallea-Zepeda, S. Zeng, Appl. Math. Optim. 2024]:

QCR?and f € L), 2 < q < oo, with ||f]|e << 1

Stu—Au = V-(uVv) in Q,
—Av+v = u+frig. in Q,
v(0,x) = w(x) in Q,
ou ov

— = == T Q.
o an 0 on (0,T)xd
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Optimal Control Problems

@ Parabolic-Elliptic Case with Linear Production [J. Cen, J. Huayta-Centeno, E.
Mallea-Zepeda, S. Zeng, Appl. Math. Optim. 2024]:

QCR?and f € L), 2 < q < oo, with ||f]|e << 1

Stu—Au = V-(uVv) in Q,
—Av+v = u+frig. in Q,
v(0,x) = w(x) in Q,
ou ov

=0 on (0, T)x0Q.

on an

@ Attraction-Repulsion Systems [J. Huayta-Centeno, E. Mallea-Zepeda, E.J.
Villamizar-Roa, Optim. Letters 2025]:

QCR? gel>(Qe), he 2H(Qy)

Otu—Au = =V -(uVv)+V-(uVw)+u(a—bu) in Q,
Otv—Av+v = u+4gvlg. inQ,
otw—Aw+w = up+hwlgd in Q.
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Optimal Control Problems

@ Stationary Case with Nonlinear Production [Y.R. Linares, E. Mallea-Zepeda, |.
Villarreal-Tintaya, Appl. Math. Optim. 2025]

QCR2 pe(1,2] and £ € L2(Qc) with ||,z << 1

—Au = V-(uVv) in Q,
—-Av+v = uP+frig. in Q
ou = @:O on 09Q.

On on
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Work in Progress

@ Parabolic-Neumann Problem in 3D domains and Superlinear Production [F.
Guillén-Gonzalez, E. Mallea-Zepeda, M.A. Rodriguez-Bellido, E.J.
Villamizar-Roa, 2025]:

@ |QCR3 p=1][1,5/3] and f € L52(L5/2F(Q.))

oru—Au = V-(uVv) in Q,
Otv—Av+v = w4 fvlg. in Q.

Control Chemo-repulsion Systems
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Work in Progress

@ Parabolic-Neumann Problem in 3D domains and Superlinear Production [F.
Guillén-Gonzalez, E. Mallea-Zepeda, M.A. Rodriguez-Bellido, E.J.
Villamizar-Roa, 2025]:

o [QCR3 p=1[1,5/3] and fe L¥2(L5/2+(Q.)) \

oru—Au = V-(uVv) in Q,
Orv — AV + v uP+frlg. in Q.

@ Logistic Problem: ‘ QCR3 p>1 and f e L52(L52H(Q.)) ‘

I
<

Oru — Au (uVVv)+ru—puP in Q,
Otv—Av+v = w4 fvlg. in Q.
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Empirical Research: Observing saddle points
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Empirical Research: Observing saddle points

E. M.-Z., Universidad Catdlica del Norte, Antofagasta-Chile Control Chemo-repulsion Systems



Optimality

Optimal Control Problems Qe Caes

Thank you very much for your friendship!
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