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Annex 1 

 

Call for applications for the award of 1 grant for the performance of research activities at the University of 

Udine on the topic "Numerical methods for complex functional equations” SSD: MAT/08 (principal 

investigator, Rossana Vermiglio) 

 

 

Art. 1 

A selection proceeding is hereby announced for the award of 1 research grant at the University of Udine for the 

performance of the research activity identified in Annex A, which forms an integral and substantial part of this call. 

The research grant is linked to the research project on which it is based and is subject to the corresponding 

financial coverage. 

 

The grant may be renewed with the winner in accordance with the provisions of Article 22 of Law no. 240 of 30 

December 2010 (in the text prior to Leg. Decree no. 36 of 30 April 2022, converted with amendments by Law no. 

79 of 29 June 2022) and the Regulations of the University of Udine for the awarding of research grants issued by 

Rector's Decree no. 182 of 31 March 2021, in the presence of a positive assessment by the scientific supervisor of 

the activity carried out by the research fellow, adequate scientific justification and related financial coverage, within 

the limits set out in Article 3, letters b) and c) below. 

 

The research grant does not entitle the successful candidate to any rights as regards access to University roles. 

 

Any personal communication to candidates relating to this selection will be sent exclusively to the email address 

indicated in the application form. 

 

Art. 2 

The activities covered by the research grant referred to in this call for competition and the admission requirements 

are indicated and described in Annex A. Failure to meet the admission requirements at the time of applying shall 

result in the exclusion of the candidate from the selection process. 
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Possession of a PhD qualification or equivalent qualification obtained abroad or, for the sectors concerned only, of 

a medical specialisation qualification accompanied by an adequate scientific production, constitutes a preferential 

requirement for the awarding of the grant envisaged for this selection, if it has not been mentioned as an 

admission requirement. 

 

The Selection Board shall assess, for the sole purpose of admission to the competition, the suitability of any 

qualification obtained abroad, without prejudice to the assessment of the medical specialisation qualification to 

which Article 38, paragraph 3.1 of Legislative Decree 165/2001, as amended, and the relevant Community 

regulations apply. 

 

The Board assesses the qualification obtained abroad based on the relevant documentation enclosed with the 

application to take part in the selection and may exclude the candidate if the submitted documentation does not 

provide sufficient elements for the assessment. 

Candidates are therefore invited to enclose all documentation in their possession relating to their qualifications in 

order to provide the Board with sufficient elements to assess their position. 

 

Candidates are admitted to the selection process subject to a reservation and their exclusion, for failure to meet 

the requirements, may be ordered at any time by reasoned decision. 

 

Art. 3 

The research grant referred to in this call cannot be awarded to the following subjects: 

a) Employees of Universities and the entities referred to in Article 22(1) of Law no. 240 of 30 December 2010 (in 

the text prior to Leg. Decree no. 36 of 30 April 2022, converted with amendments by Law no. 79 of 29 June 

2022). 

b) Recipients of previous research grants pursuant to Law no. 240 of 30 December 2010, for the maximum period 

allowed by the regulations, excluding the period in which the grant was received in conjunction with a PhD, up 

to the legal duration of the relevant course. 

c) Those who have already been awarded research grants and fixed-term researcher contracts pursuant to Law 

no. 240 of 30 December 2010 for a total of 12 years, even if not consecutive. 

d) Those who have a degree of kinship or relationship, up to and including the fourth degree, with: 

- The Rector, the Director General or a member of the Board of Directors of the University of Udine. 

- The principal investigator or a professor/researcher belonging to the department or structure of interest 

where the research grant activity takes place. 

 

The research grant referred to in this call cannot be cumulated with the following: 

a) Awarded scholarships of any kind, except those granted by national or foreign institutions useful for 

supplementing, by means of stays abroad, the fellow's training or research activities. 

b) Other research grants. 

c) Employment relationships, even if part-time, without prejudice to the provisions of the regulations for 

employees of public administrations. 

 

The grant referred to in this call is also incompatible with simultaneous attendance of degree courses, master's 

degrees, and PhDs with scholarships and medical specialisation, in Italy and abroad. 

 

Persons who have been convicted of a criminal offence resulting in disqualification from holding public office or 

inability to contract with the public administration as a secondary penalty are not eligible for selection. 
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Art. 4 

Applicants must submit, in the manner described in Article 5 below, the application to take part in the selection, 

duly signed in handwritten or digital form. An application without a signature will result in the exclusion of the 

candidate, except in the case of access through the use of the Public Digital Identity System (SPID) in which case 

the signature will not be necessary. 

The application must be uploaded in its entirety (i.e., every page), otherwise the applicant will be excluded from 

the selection. 

 

Applicants must enclose the following with their application for participation in the selection, under penalty of 

exclusion: 

1. The professional scientific curriculum vitae in Italian or English or one of the additional languages, if any, 

indicated in Annex A, highlighting the candidate's aptitude for carrying out and implementing the research 

programme. 

2. Copy of valid identity document or other identification document. Citizens of non-EU countries must enclose a 

copy of their passport. 

3. Limited to citizens of non-EU states residing or authorised to reside in Italy, a copy of their residence permit or 

authorisation to reside in Italy. 

4. For candidates who cannot provide a self-certification under the conditions set out below, documentation 

proving possession of the academic qualification required for admission to the selection. Possession of a 

higher academic qualification does not exempt the candidate from producing such documentation, which, if 

missing, will result in exclusion: 

▪ Candidates who are Italian citizens or citizens of a European Union Member State must submit a 

declaration in lieu of certification and, if necessary, a notarial deed regarding the academic qualification 

needed for admission (indicating the academic qualification, the academic institution awarding the 

qualification, the year it was awarded and the mark obtained) and the publications and other qualifications 

held, indicating for each one all the identification details necessary for the Board's assessment. The 

application for participation counts as a declaration in lieu of certification of the declared academic 

qualification. If the subject matter of the declaration is not clearly identified in terms of its nature, duration, 

time setting and institution concerned, the selection board will disregard it. The Administration reserves the 

right to carry out appropriate checks on the truthfulness of the content of the declarations made; in the 

event of a false declaration, the provisions of Article 76 of Presidential Decree no. 445/2000 and Articles 

483, 485, and 486 of the Italian Criminal Code shall apply. The University will not take into account any 

certificates attached by candidates who are Italian citizens or citizens of a state belonging to the European 

Union. 

▪ Citizens of a non-European Union State must submit documents and qualifications in Italian or English or 

one of the additional languages, if any, indicated in Annex A, under penalty of exclusion from the selection 

or, as the case may be, non-assessment. 

Documents and titles, originally in a different language, must be accompanied by a translation, made by the 

candidate under his or her responsibility, into Italian or English or any other language indicated in Appendix 

A. With reference to the dissertation only, the translation may be limited to an extended abstract. 

▪ Citizens of a non-EU State regularly residing in Italy may use declarations in lieu of certification only in 

respect of states, personal qualities or facts that can be certified or attested to by Italian public bodies, 

without prejudice to the special provisions contained in the laws and regulations governing immigration and 

the status of foreigners. 

▪ Citizens of non-EU states authorised to reside in Italy may use the aforementioned declarations in 

cases where they are produced pursuant to international conventions between Italy and the declarant's 

country of origin. 

 



 

 

RESEARCH SERVICES AREA 

Research Education Office 

Area manager: Sandra Salvador 

Person in charge of the proceedings: Sandra Salvador 

Drafter of the proceedings: Francesca Mion 

 

Applicants may also enclose with their application for assessment purposes their publications and any other 

qualification deemed useful to prove their qualification in relation to the research programme described in Annex A 

and to certify any research activity carried out in public and/or private entities (with the indication of the starting 

date and duration). The submission modalities are similar to those indicated in point 4 of the previous paragraph. 

 

Only the qualifications possessed by the candidate on the date of submission of the application for selection and 

presented in accordance with Article 5 will be assessed. 

 

Any exclusion from the selection procedure due to lack of eligibility requirements, absence of mandatory 

documents, failure to sign the application to take part in the selection or submission of the application in a manner 

other than that provided for in this call will be communicated to the parties concerned exclusively by email to the 

email address indicated in the application to take part in the selection. 

 

Art. 5 

Registration for this selection will begin on May 17, 2024 at 2:00 pm (Italian time) and will end on June 6, 2024 at 

2:00 pm (Italian time). 

 

The application to take part in the selection must be completed, under penalty of exclusion, using the appropriate 

online procedure, available at https://pica.cineca.it/. 

For those who do not already have a user account, the procedure involves a registration phase for the applicant, 

and a subsequent phase for completing the application online. 

 

Once completed, the application must be signed in the manner (handwritten signature, with attached identity 

document, or digital signature) described in the online procedure, under penalty of exclusion from the selection. 

The application does not have to be signed if the above-mentioned online procedure is accessed using the 

Sistema Pubblico di Identità Digitale (SPID - Digital ID Public System). In the case of a handwritten signature, the 

applicant must upload the application to the system in its entirety. The information entered in the application form 

shall constitute a declaration in lieu of certification and affidavit, pursuant to Articles 46 and 47 of Presidential 

Decree no. 445/2000. 

 

The qualifications referred to in Article 4 must be attached to the application in .pdf format. Individual files, in .pdf 

format, may not exceed 30MB in size. 

It is not permitted to submit attachments to the application in the form of links to files residing on "online 

storage/file sharing" services or web pages. Reference may not be made to documents or publications submitted 

to this or other administrations or documents attached to the application for participation in another selection 

procedure. 

 

The application for participation in the selection is automatically sent to the University of Udine with the final 

closure of the online procedure. 

 

The University Administration: 

- accepts no liability if it is impossible to read the submitted documentation in electronic format due to damaged 

files; 

- does not accept or take into consideration qualifications or documents received in paper form or by any other 

means than those specified in this article. 

 

https://pica.cineca.it/
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The Administration accepts no liability in the event of incorrect indication by the candidate of his/her email address 

or in the event of failure or delay in communicating a change in the email address indicated in the application, nor 

for any digital transmission errors attributable to third parties, unforeseeable circumstances or force majeure. 

 

Applicants are advised not to wait until the last few days before the deadline to submit their application. The 

University accepts no liability for any malfunctions due to technical problems and/or overloading of the 

communication line and/or application systems. 

 

Art. 6 

The selection test takes place according to the modalities set out in Annex A. 

 

The test will aim to ascertain the candidates' preparation, experience and research aptitude. It will consist of an 

assessment of the professional scientific curriculum, publications and titles submitted, and an interview, where 

applicable. 

 

Failure of the candidate to attend the interview will be considered as withdrawal from the selection, whatever the 

cause. 

 

Candidates who intend to avail themselves of the benefits provided for by Article 20 of Law no. 104 of 1992 (need 

for assistance, possible use of additional time for the performance of examination tests) in relation to their disability 

situation, must declare this and accompany the application with appropriate medical certification in order to allow 

the Administration to prepare in time the means and tools to guarantee the statutory benefits; failure to submit the 

medical certification exempts the Administration from any obligation in this regard. 

 

Art. 7 

The Competition Selection Board is identified in Annex A to this call, of which it forms an integral part. 

At its first meeting, the Board appoints the Chairperson and the Secretary taking the minutes, and establishes the 

criteria and procedures for assessing the qualifications and the interview, where applicable. 

 

The results of the assessment must be made known to the parties concerned at the interview, where provided for. 

 

The Board can attribute to the selection a total number of 100 points (one hundred hundredths). 

At the end of its work, the Board formulates the overall merit list based on the total marks obtained by each 

candidate and draws up the minutes of the competition operations. 

 

The grant may be awarded, subject to the ranking list, to candidates who have obtained a minimum overall mark of 

70/100 (seventy hundredths). 

 

The Board's judgement is final on the merits. 

 

The ranking list will be made public exclusively by publication on the University's official notice board; the outcome 

of the assessment will not be the subject of personal communication to candidates. 

 

Those who do not declare their acceptance of the research grant and do not present themselves at the structure 

where the research activities are to be carried out to sign the contract by the deadline communicated by the same 

to the email address indicated by the candidate in the application shall forfeit their right to the research grant, 

except for health reasons or reasons of force majeure duly documented and promptly notified. 
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Candidates holding qualifications obtained abroad, if successful, must submit the following, if not already attached 

to the application: 

▪ For degrees issued by a country that is a party to the Lisbon Convention (https://www.enic-naric.net/), 

the following documentation: 

- Supplement Diploma or similar certificate in English issued by the competent University. 

- "Certificate of Verification of Foreign Qualification - CIMEA" issued by CIMEA (Centre for Information on 

Academic Mobility and Equivalences) via the "diplome" service at https://cimea.diplo-

me.eu/udine/#/auth/login 

▪ For degrees issued by a country not party to the Lisbon Convention (https://www.enic-naric.net/), one 

of the following options: 

- Declaration of the on-site value of the qualification held and the certificate relating to the qualification with 

examinations and grades. The certificate in a language other than Italian or English must be accompanied by 

an official translation into one of those languages (certified by the competent diplomatic-consular authority or 

sworn at a court in Italy). 

- "Certificate of Comparability and Verification of Foreign Qualifications - CIMEA" issued by CIMEA (Centre for 

Information on Academic Mobility and Equivalences) via the "diplome" service at https://cimea.diplo-

me.eu/udine/#/auth/login 

 

If the aforementioned documentation is not available at the time of the conclusion of the contract, the candidate 

must prove that he or she has requested it and submit it as soon as possible; if it is not submitted within six 

months of the start of the contract, the candidate will forfeit the contract and will be required to repay any related 

sums received to date. 

 

Art. 8 

The research activity cannot be started before the contract defining the terms of the collaboration is signed. 

 

The activity covered by the research grant must have the following characteristics: 

a) Be carried out in the context of the research programme covered by the grant and not be a purely technical 

support to the same. 

b) Close connection with the implementation of the research programme that is the subject of the relationship with 

the winner. 

c) Having a continuous and in any case temporally defined character, not merely occasional, and in coordination 

with the overall activity of the University. 

d) Performance in a condition of autonomy, within the sole limits of the programme prepared by the Head of the 

same, without predetermined working hours. 

 

The research fellow is obliged to submit a detailed written report on the work carried out and the results achieved, 

together with the opinion of the scientific supervisor, to the reference structure within the deadlines laid down in 

the contract. The research fellow will also have to submit interim reports and time sheets if requested by the 

reference structure and/or the scientific supervisor. 

 

The research fellow is bound to strict confidentiality regarding the data and information to which he/she becomes 

privy in the course of his/her research activity. At the request of the scientific coordinator, he/she will be required to 

sign an appropriate confidentiality agreement. 

The industrial property rights to the results obtained by the research fellow in the performance of the research 

activity belong exclusively to the University, without prejudice to the moral right of the research fellow to be 

recognised as an author or inventor. 

 

https://cimea.diplo-me.eu/udine/%23/auth/login
https://cimea.diplo-me.eu/udine/%23/auth/login
https://cimea.diplo-me.eu/udine/%23/auth/login
https://cimea.diplo-me.eu/udine/%23/auth/login
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The University reserves the right to revoke this call for competition for reasons of public interest, should the 

research project and/or the financial backing on which the research grant is based cease to exist. Should these 

causes arise after the contract has been signed, the University may terminate the contract without notice. 

 

Art. 9 

The following apply to the grant under this call: 

- On tax matters, the provisions of Article 4 of Law no. 476 of 13 August 1984, as amended. 

- On social security matters, the provisions of Article 2(26) et seq. of Law no. 335 of 8 August 1995, as amended. 

- On compulsory maternity leave, the provisions of the Ministerial Decree of 12 July 2007. 

- On sick leave, the provisions of Article 1(788) of Law No 296 of 27 December 2006, as amended. 

 

During the period of compulsory maternity leave, the allowance paid by INPS pursuant to Article 5 of the 

Ministerial Decree of 12 July 2007 is supplemented by the University up to the full amount of the research grant. 

 

The grant will be paid in monthly instalments in arrears. 

 

Art. 10 

The data collected as part of the procedure referred to in Article 5 is necessary for the proper management of the 

selection procedure, for the possible subsequent management of the research grant and purposes related to the 

management of the services provided by the University. The University of Udine is the Data Controller. At any 

time, the data subject may request access, rectification and, compatibly with the institutional purposes of the 

University, cancellation and restriction of processing or may object to the processing of his/her data. He/she can 

always lodge a complaint with the Italian Data Protection Authority. The full information is available on the 

University of Udine website in the “Privacy” section accessible from the home page www.uniud.it Direct Link: 

https://www.uniud.it/it/it/pagine-speciali/guida/privacy 

 

Art. 11 

For any matters not expressly mentioned in this call, reference is made to the relevant regulations in force cited in 

the introduction and to the "Internal regulations for the award of research grants pursuant to Law no. 240 of 30 

December 2010" of the University of Udine issued by Rector's Decree no. 182 of 31 March 2021. 

 

Art. 12 

The official in charge of the proceeding is Dr. Sandra Salvador, Head of the Research Services Area of the 

University of Udine. 

 

The reference office at the University of Udine is the “Area Servizi per la Ricerca - Ufficio Formazione per la 

Ricerca”, Via Mantica 31 - 33100 Udine. 

 

To request information on the call, please complete the following form available on the University of Udine website: 

https://helpdesk.uniud.it/SubmitSR.jsp?type=req&accountId=universityofudine&populateSR_id=42105 

 

http://www.uniud.it/
https://www.uniud.it/it/it/pagine-speciali/guida/privacy
https://helpdesk.uniud.it/SubmitSR.jsp?type=req&accountId=universityofudine&populateSR_id=42105
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Annex A 
 
Responsabile scientifico della ricerca / Principal investigator: 
 
Nome e cognome / Name and surname: Rossana Vermiglio 
Qualifica / Position: Professoressa Ordinaria / Full Professor 
Dipartimento / Department: Scienze Matematiche, Informatiche e Fisiche (DMIF) / Mathematics, Computer 
Science and Physics 
Area MUR / Research field: 01 – Scienze matematiche e informatiche 
Settore concorsuale e Settore scientifico disciplinare / Scientific sector: 01/A5; MAT/08 – Analisi numerica 
 
Titolo dell’assegno di ricerca / Topic of the research fellowship “assegno di ricerca”: 
I bandi sono consultabili dal sito dell’Ateneo, del MUR e di Euraxess / The calls are available on the University, MUR and Euraxess 
websites 

 
Testo in italiano: 

Metodi numerici per equazioni funzionali complesse. 
 
Text in English: 

Numerical methods for complex functional equations. 
 
Obiettivi previsti e risultati attesi del programma di ricerca in cui si colloca l’attività dell’assegnista di 
ricerca / Foreseen objectives and results of the research programme performed by the research fellow 
“assegnista di ricerca”: 
I bandi sono consultabili dal sito dell’Ateneo, del MUR e di Euraxess / The calls are available on the University, MUR and Euraxess 
websites 

 
Testo in italiano: 

Abstract del progetto Il progetto di ricerca si propone di avanzare la ricerca nell’ambito dei 
metodi numerici per equazioni funzionali complesse, integro-differenziali o 
alle derivate parziali, con struttura o ritardo anche state-dependent. Si 
includono tra i possibili elementi caratterizzanti lo studio delle dinamiche 
periodiche e l’introduzione di elementi data-driven e stocastici. 

Obiettivi del progetto Si vogliono sviluppare metodi numerici avanzati e relativo software per la 
simulazione nel tempo e lo studio della dinamica di sistemi infinito-
dimensionali generati dalle classi di equazioni sopra menzionate. Tale 
obiettivo contribuirebbe ad un deciso arricchimento dei tool a disposizione 
per l’analisi di modelli complessi che emergono ad esempio nelle 
dinamiche di popolazione o nello studio di filiere di produzione, anche con 
riferimento a relative problematiche di controllo. 

Stato dell’arte Il Laboratorio di Dinamica Computazionale (CDLab http://cdlab.uniud.it/), 
dove si svolgerà l’attività di ricerca, possiede una comprovata esperienza 
nell’analisi numerica di sistemi dinamici infinito-dimensionali [1], sia per 
quanto concerne l’integrazione nel tempo di problemi ai valori iniziali o al 
contorno [2], sia nello studio di tecniche di riduzione dimensionale per 
rendere praticabili le analisi di stabilità e biforcazione [4]. In quest’ultimo 
settore il CDLab annovera adeguate competenze per affrontare i problemi 
citati sia sulla base del principio di linearizzazione [6] la cui applicabilità si 
regge sul calcolo delle orbite di interesse [3], sia sulla gestione diretta dei 
problemi nonlineari [7]. 

http://cdlab.uniud.it/
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Descrizione del progetto Il progetto vuole proseguire alcune direzioni di ricerca del CDLab 
estendendo le conoscenze menzionate e le relative metodologie a sistemi 
dinamici retti da equazioni funzionali caratterizzati da alcuni elementi di 
complessità che, per la loro difficoltà intrinseca, non sono ancora stati 
adeguatamente affrontati. Tra questi si includono la trattazione di problemi 
periodici nel caso di modelli con struttura o con ritardo state-dependent, 
partendo da recenti lavori per il calcolo di orbite periodiche, come soluzioni 
di problemi al contorno [2,3] o per l’analisi della loro stabilità attraverso la 
discretizzazione di operatori di monodromia [5] e, più in generale, 
l’integrazione nel tempo di problemi a valori iniziali con tecniche moderne 
che sfruttano un’opportuna riformulazione astratta dell’equazione di 
interesse. Oltre alle metodologie più tradizionali dell’analisi numerica (time-
stepping, discretizzazione di operatori), lo sviluppo del progetto non 
preclude il ricorso a tecnologie data-driven o la trattazione di termini 
perturbativi di carattere stocastico. Infine, l’analisi dei nuovi metodi 
proposti, oltre ad una necessaria fase di sviluppo e implementativa, sarà 
accompagnata dallo studio della bontà delle approssimazioni coinvolte 
nonché da opportuni test su modelli di interesse utilizzati nei campi 
applicativi di riferimento per le suddette classi di equazioni funzionali, quali 
possono essere le dinamiche di popolazione o le filiere di produzione per 
citare un paio di esempi. 
 
La/Il candidata/o dovrà essere familiare con il settore dell’analisi numerica 
delle equazioni di evoluzione e dei sistemi dinamici, della relativa analisi 
nonlineare e funzionale. Abilità computazionali e di programmazione sono 
apprezzabili in quanto sostegno dell’interazione pratica con le applicazioni. 
I risultati raggiunti daranno ragionevolmente luogo a pubblicazioni sulle 
maggiori riviste e alla divulgazione nelle più importanti conferenze dei 
settori della dinamica di popolazioni, dei sistemi dinamici applicati, 
dell’analisi numerica e della matematica applicata in genere. 

Possibili potenzialità applicative Lo studio di metodi numerici avanzati per la simulazione e l’analisi 
dinamica di modelli retti da equazioni funzionali complesse possono avere 
un enorme impatto a livello innanzitutto delle comunità scientifica 
numerico-computazionale. La realizzazione di software efficiente può 
portare poi nel lungo periodo ad una fruttuosa ricaduta anche negli ambiti 
più applicativi, permettendo a modellisti, bio-matematici, etc. di esplorare 
fenomeni più complessi attraverso modelli più adeguati a descrivere alcuni 
aspetti strategici dell’attuale società (ad es. come contrastare il diffondersi 
di una potenziale epidemia o come studiare processi di innovazione 
sostenibile). 

Bibliografia [1] A. Andò, D. Breda, D. Liessi, S. Maset, F. Scarabel and R. Vermiglio, 15 
years or so of pseudospectral collocation methods for stability and bifurcation 
of delay equations, in G. Valmorbida, W. Michiels and P. Pepe, eds., 
Accounting for Constraints in Delay Systems, Adv. Delays Dyn., Springer, 
Cham, 2022, pp. 127–149, DOI: 10.1007/978-3-030-89014-8_7 

[2] A. Andò and D. Breda, Piecewise orthogonal collocation for computing 
periodic solutions of renewal equations, Adv. Comput. Math., 49, 93 (2023), 
DOI: 10.1007/s10444-023-10094-4 

[3] A. Andò and D. Breda, Convergence analysis of collocation methods for 
computing periodic solutions of retarded functional differential equations, SIAM 
J. Numer. Anal., 58 (2020), pp. 3010–3039, DOI: 10.1137/19M1295015 

[4] D. Breda, S. De Reggi and R. Vermiglio, A numerical method for the 
stability analysis of linear age-structured models with nonlocal diffusion, SIAM 

https://doi.org/10.1007/978-3-030-89014-8_7
https://doi.org/10.1007/s10444-023-10094-4
https://doi.org/10.1137/19M1295015
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J. Sci. Comp., to appear, arXiv: 2304.10835 

[5] D. Breda and D. Liessi, Approximation of eigenvalues of evolution 
operators for linear renewal equations, SIAM J. Numer. Anal., 56 (2018), pp. 
1456–1481, DOI: 10.1137/17M1140534 

[6] F. Scarabel and R. Vermiglio, Equations with infinite delay: pseudospectral 
discretization for numerical stability and bifurcation in an abstract framework, 
SIAM J. Numer. Anal., to appear arXiv: 2306.13351 

[7] B. de Wolff, F. Scarabel, S. Verduyn Lunel and O. Diekmann, 
Pseudospectral approximation of Hopf bifurcation for delay differential 
equations, SIAM J. Appl. Dyn. Syst., 20 (2021), pp. 333–370, DOI: 
10.1137/20M1347577 

 
Text in English: 

Abstract The research project aims to advance the research of numerical methods 
for complex functional, integro-differential or partial differential equations, 
including structure and delay, possibly state-dependent. Among the 
distinguishing aspects are the study of periodic dynamics and the 
introduction of data-driven and stochastic elements. 

Objectives of the project We aim to develop advanced numerical methods and the corresponding 
software for the time integration and the dynamical analysis of infinite-
dimensional systems generated by the classes of equations mentioned 
above. This would result in a significant improvement of the tools for 
analyzing complex models, in particular those arising in population 
dynamics or in the study of supply chains, including associated control 
issues. 

State of the art The Computational Dynamics Laboratory (CDLab http://cdlab.uniud.it/) 
where the research activity will take place, has a proven expertise in the 
numerical analysis of infinite-dimensional dynamical systems [1]. These 
skills extend to both time integration of initial or boundary value problems 
[2] and dimensionality reduction techniques to make stability and 
bifurcation analyses feasible [4]. In this latter field, the members of CDLab 
possess adequate knowledge to address the mentioned problems by 
means of linearization principles [6], whose applicability relies on 
computing the orbits of interest [3], as well as through direct treatment of 
nonlinear problems [7]. 

Project description The project aims to extend the specific expertise and methodologies 
available at the CDLab to dynamical systems governed by functional 
equations which share some complex features that have not yet been 
adequately addressed. Key aspects include the analysis of periodic 
problems for models with structure or state-dependent delay, building upon 
recent works for computing periodic orbits as solutions to boundary value 
problems [2,3] or for analyzing their stability through the discretization of 
monodromy operators [5]. The project also involves time integration of 
initial value problems using modern techniques based on a suitable 
abstract reformulation of the equation of interest. Besides traditional 
numerical analysis methodologies such as time-stepping and operators’ 
discretization, the project can explore the use of data-driven technologies 
or the treatment of stochastic perturbative terms. Furthermore, the new 
methods will be implemented, tested on some relevant models and applied 
to various classes of functional equations as mentioned above. Examples 
of such application fields include population dynamics or supply chains, to 
cite a couple of examples. 
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The candidate is expected to be familiar with the field of numerical analysis 
of evolution equations and dynamic systems, as well as the related 
nonlinear and functional analysis. Computational and programming skills 
are valued as practical support for interaction with applications. The 
achieved results are expected to lead to publications in international 
journals and dissemination at the most important conferences in the fields 
of population dynamics, applied dynamic systems, numerical analysis, and 
applied mathematics in general. 

Possible application potentialities The study of advanced numerical methods for time integration and the 
study of the dynamics of mathematical models described by complex 
functional equations can have a significant impact, primarily within the 
numerical-computational scientific community. The development of 
efficient software can also lead to fruitful long-term outcomes in various 
applied fields, allowing modelers, bio-mathematicians, etc., to explore 
more complex phenomena through models better suited to describe 
certain strategic aspects of contemporary society (e.g., the spread of a 
potential epidemic or processes of sustainable innovation) 
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