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PROJECTE
LINE 1: Combinatorial and Topological Dynamics (UAB, UdG, UJI) 

1.5 -- Topological dynamics and rotation theory for the circle (Al - Ca)


LINE 2: Dynamical systems and Applications: Biology and Astrodynamics (UAB, UdG, URV)   

2.4 -- Ghosts from the complex: holomorphic dynamics after a fold bifurcation (Al - Ca - Fa)


LINE 3: Qualitative Theory of differential Equations (UAB, UdG, URV)


LINE 4: Dynamics of functions with essential singularities (UB) 

4.1 -- Non-preperiodic stable components and non-autonomous dynamical systems (Fa - Ja)


4.2 -- Topology and dynamics of invariant sets (Fa - Ja)


4.3 -- Transcendental functions of finite type: dynamical and parameter plane (Fa - Ja - Pa)


LINE 5: Real and complex rational dynamical systems (UB, URV, UJI) 

5.1 -- Numerical methods viewed as dynamical systems (Ca - Ga - Ja - Pa)


5.2 -- Singular perturbations (Ca - Ga - Ja- Pa)


5.3 -- Invariant objects under rational iteration (Ca - Fa - Ja - Ga)


LINE 6: Bifurcation diagrams in differential equations (URV) 

6.3 -- The separatrix graph of a rational vector field (Ga)


6.4 -- Bifurcations in rational vector fields (Ga - Vi)



LINE 1: Combinatorial and Topological Dynamics (UAB, UdG, UJI) 

Notorious families of circle maps: 
<latexit sha1_base64="Mr8qm01eBsW5FCZGM+1yMy4KPfU="></latexit>

Fa,b(✓) = ✓ + a+ b sin(✓) (mod 2⇡) (Arnold family, degree 1)

<latexit sha1_base64="EYlopE5ZINZWq4R2Ex1rxswpinQ="></latexit>

Fa,b(✓) = 2✓ + a+ b sin(✓) (mod 2⇡) (Double standard, deg 2)

Thesis Jordi Canela
• Blaschke family analogous to double standard

• Rotation numbers and tongues extended to degree >1 

• Complexification

• Relation to attracting periodic orbits

Project: 

1.5 -- Topological dynamics and rotation theory 
for circle maps                           (Alsedà + Canela) 

• Well-ordered attracting periodic orbits 

• Tongues of well-ordered orbits

• Quasi-conformal surgery



LINE 2: Dynamical systems and Applications: Biology and Astrodynamics (UAB, UdG, URV)   

Ecological system with facilitation

2.4 -- Ghosts from the complex: holomorphic 
dynamics after a fold bifurcation 
(Alsedà+Canela+Fagella+Sardanyés) 

<latexit sha1_base64="A0AWfeqk+eF82JE4W/1ybv/Fvz8="></latexit>

F (z) = z + µz2(1�D � z)� �z, z 2 C

Analysis of a saddle node bifurcation from

the complex ---> ghost effect

<latexit sha1_base64="N9147HVRLiQBxCfVrjPmGQ/zWWE=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEuiUnsRCvbgsYL9gDaWzXbTLt1s4u6mUEJ/hxcPinj1x3jz37htc9DWBwOP92aYmedFnClt299WZmV1bX0ju5nb2t7Z3cvvHzRUGEtC6yTkoWx5WFHOBK1rpjltRZLiwOO06Q1vp35zRKVioXjQ44i6Ae4L5jOCtZHc6k21S84c+zE5L026+YJdtGdAy8RJSQFS1Lr5r04vJHFAhSYcK9V27Ei7CZaaEU4nuU6saITJEPdp21CBA6rcZHb0BJ0YpYf8UJoSGs3U3xMJDpQaB57pDLAeqEVvKv7ntWPtl92EiSjWVJD5Ij/mSIdomgDqMUmJ5mNDMJHM3IrIAEtMtMkpZ0JwFl9eJo2LolMqXt5fFSrlNI4sHMExnIID11CBO6hBHQg8wTO8wps1sl6sd+tj3pqx0plD+APr8wfCYpDG</latexit>

D = Dc + 10�6

<latexit sha1_base64="jOrHGcQi8UB1Uvj5aUhtvc45EWE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokW9Vjw4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjrZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvunLVqJZr1TyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBd3+Mrg==</latexit>
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<latexit sha1_base64="FTo78tkYLV5ljoVu9uO2nhME3ro=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCXRoi4LblxWsA9oQ5hMJ+3QyYOZG7WE+CtuXCji1g9x5984TbPQ1gMXDufcO3fu8WLBFVjWt1FaWV1b3yhvVra2d3b3zP2DjooSSVmbRiKSPY8oJnjI2sBBsF4sGQk8wbre5Hrmd++ZVDwK72AaMycgo5D7nBLQkmtW00H+SPow5sAy/OieZq5Zs+pWDrxM7ILUUIGWa34NhhFNAhYCFUSpvm3F4KREAqeCZZVBolhM6ISMWF/TkARMOWm+N8PHWhliP5K6QsC5+nsiJYFS08DTnQGBsVr0ZuJ/Xj8B/8pJeRgnwEI6X+QnAkOEZ0ngIZeMgphqQqjk+q+YjokkFHReFR2CvXjyMumc1e2L+vlto9ZsFHGU0SE6QifIRpeoiW5QC7URRVP0jF7Rm/FkvBjvxse8tWQUM1X0B8bnDyzElRE=</latexit>x+

<latexit sha1_base64="gITE937ukpWUEkV+27yID4fg0Dc=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpJoUZcFNy4r2Ae0IUymk3bo5MHMjVpC/BU3LhRx64e482+cpllo64ELh3PunTv3eLHgCizr2yitrK6tb5Q3K1vbO7t75v5BR0WJpKxNIxHJnkcUEzxkbeAgWC+WjASeYF1vcj3zu/dMKh6FdzCNmROQUch9TgloyTWr6SB/JH0Yc2AZfnRPM9esWXUrB14mdkFqqEDLNb8Gw4gmAQuBCqJU37ZicFIigVPBssogUSwmdEJGrK9pSAKmnDTfm+FjrQyxH0ldIeBc/T2RkkCpaeDpzoDAWC16M/E/r5+Af+WkPIwTYCGdL/ITgSHCsyTwkEtGQUw1IVRy/VdMx0QSCjqvig7BXjx5mXTO6vZF/fy2UWs2ijjK6BAdoRNko0vURDeohdqIoil6Rq/ozXgyXox342PeWjKKmSr6A+PzBy/OlRM=</latexit>x�



LINE 4: Dynamics of functions with essential singularities (UB) 

4.1 -- Non-preperiodic stable components and 
non-autonomous dynamical systems

(Fagella+Jarque+Lazebnik ---- Benini+Evdoridou+Fagella+Rippon+Stallard -- Florido) 

• This is about WANDERING DOMAINS

• If f is transcendental and U is a WD, let
<latexit sha1_base64="y+4KOPebrWze8Ji8wB92w76zG/Y="></latexit>

L(U) = {a 2 Ĉ | fnk ◆ a for some nk ! 1}

Conjecture 1:   L(U) must contain a critical or asymptotic value of f

Conjecture 2:   L(U) must contain the point at 1

Goal 1: Construct a meromorphic example to show that Conj.1  
             is false for this class (quasiconformal folding)

Goal 2: Study dynamics in the interior and on the boundary of WD,  
             via sequences of inner functions.



LINE 4: Dynamics of functions with essential singularities (UB) 

4.1 -- Topology and dynamics of invariant sets

• We consider very general meromorphic functions (infinitely  
many singular values), but TAME at infinity. (Many Newton's methods!) 

Conjecture:   U invariant, unbounded, "tame" 
near infinity,  then the boundary is L.C.

Goal:    Prove the conjecture for attracting or 
parabolic basins, and for Baker domains of finite 
degree.

Baranski + Fagella + Jarque + Karpinska

• We study the local connectivity of the boundary of invariant Fatou 
components and also the local connectivity of the Julia set 

Tools / Steps:  
1. Construction of a metric expanding on a neighborhood of the Julia set. 
2. Deal with accesses to infinity 
3. Whyburn's theorem for global Local Connectivity



LINE 4: Dynamics of functions with essential singularities (UB) 

4.3 -- Transcendental functions of finite type: 
          dynamical and parameter plane

Theorems:    
1. J-stable parameters are dense

2. Virtual centers iff singular prepoles

Astorg + Benini + Fagella --- Florido, Paraschiv? 

• Finite type ---> finite number of singular values

• We study the PARAMETER PLANE of finite type 
families 
           {'� � f �  �}�2M , '�, �qc homeos

• If f is rational or entire, J-stable parameters 
are dense in bif. locus [MSS, EL]



LINE 5: Real and complex rational dynamical systems (UB, URV, UJI) 

5.1 -- Numerical methods viewed as  
          dynamical systems

Questions:    
1. Structure of dynamical and parameter planes

2. Simple connectivity of attracting basins

3. Hyperbolic components in paramter plane

4. Numerical applications?

Canela + Garijo + Jarque + Paraschiv + Vindel + Campos

• NEWTON'S METHOD: every Fatou 
component is simply connected.

• Other interesting methods are: 
 -- Traub's method 
 -- Chebyshev-Halley's method


   -- Secant's method (real plane)



LINE 5: Real and complex rational dynamical systems (UB, URV, UJI) 

5.2 -- Singular perturbations

Questions:    
1. Which connectivities can be achieved for a  
    given family?

2. How to relate different perturbations through 
    quasiconformal surgery

3. Transcendental perturbations of rational 
     maps?

Canela + Garijo + Jarque + Paraschiv 

• Singular perturbations are perturbations 
which change the function's nature  
(e.g. adding a pole)  [Devaney et al]

• Canela'18 proved the existence of Fatou 
components of arbitrary connectivity



LINE 5: Real and complex rational dynamical systems (UB, URV, UJI) 

5.3 -- Invariant objects in rational iteration
Aspenberg + Canela + Fagella + Garijo + Gardini + Jarque   

• Matings of rational maps: 
  Sierpinski carpet + polynomial?

• Rational maps with denominators

• Effects of the Gaus-Seidel method 
to global dynamics.



LINE 6: Bifurcation diagrams in differential equations (URV) 

6.3 -- The separatrix graph of a rational vector field 
6.4 -- Bifurcations in rational vector fields

Garijo + Dias + Villadelprat   

• (complex) rational vector fields are 
special types of planar vector fields

• Can be classified by their separatrix graph

Questions:    
1. Can every graph be realizable?

2. Are there invariants that allow us to study 
    bifurcations?
• Previous work for polynomial vector fields 

• Construction of abstract Riemann surfaces using canonical 
regions.



Thank you for your attention!!


