CMAEF-CIO: Report 2015

Here is a selection of topics of our activity in 2015.

Nonlinear PDEs and Applications

e Free boundary problems and phase change problems.

e Analysis of ground states of coupled Schrédinger systems.

e Cauchy problem for nonlinear coupled Schrédinger equations.

e Riemann problem for the Brio system with a Dirac mass and collision of 6 and &" waves.

e Mathematical methods in dislocation models: (i) Beltrami decomposition of symmetric tensors in
Lebesgue spaces, (ii) functional approach to the incompatibility operator.

e A nonstationary mathematical model for a non-Newtonian Fluid, anisotropic, non dilating, in the
presence of nonlinear forces.

e Linear conservation laws with bounds on the gradient of the solution.

Operations Research

o Reformulation of layered graphs for problems of vehicle routing (in partnership with researchers
from the University of Vienna).

e Network design (in partnership with a researcher from the University of Montreal): relations
between discretized models.

e Project and planning with limited resources (ongoing PhD).

e Design of network with restrictions; design of trees with diameter restrictions (also in collaboration
with the University of Vienna).

e Combinatorial optimization problems with uncertainty (in collaboration with researchers from the
Karlsruhe Institute of Technology, the Technical University of Catalunya, and the University of
Valencia).

Within an applications-oriented trend we studied models of:

e Planning of rescue operations in passenger ship accidents (in collaboration with the portuguese
Navy): an ongoing PhD thesis.

e Routing of fishing fleet survey vessels (in collaboration with the Instituto Portugués do Mar e da
Atmosfera — Portuguese Institute for Sea and Atmosphere): one master’s thesis.

e Scheduling of service drivers: meta-heuristics for sectorization in routing problems (a project for the
municipality of the city of Seixal).

e Routing in networks operating under the protocol “Multiple Spanning Tree” (one doctoral thesis in
the FUB (Free University of Brussels) co-supervised by a team member).

e Allocation of surgery blocks in hospitals (2 master’s thesis).

e Scheduling of production in a lubricants refinery.

e Fuel blending in oil refineries (in collaboration with institutions from Iran and China).

Some group members have organized prestigious international events (e.g. NetOpt 2015).

Geometry

e Discretization of symmetry-preserving variational field theories.

e Classification of meromorphic rank-2 conexions within the complement of a cusp.

e Construction with straightedge and compass of a total spherical perspective with application to
computer visualization.



e Riemann-Hilbert correspondence for twistor D-modules. Construction of the RHAS reconstruction
functor. Characterization of S-perverse sheaves with perverse dual.

Some group members have organized international conferences in Padova and at the FCUL (Faculty of
Sciences of the University of Lisbon).

Differential Equations and Dynamical Systems

e Epidemiology problems via PDEs: the role of heterogeneity.

e Kepler problem with drag.

e Singular problems: chaotic dynamics in the Kepler problem; Dirichlet and homoclinic solutions.

e Delay differential equations with impulses: global stability. Persistence and extinction.

e Lyapunov exponents of linear cocycles: big deviations towards singular analytic quasi-periodic
cocycles. New results on SRB measures in polygonal dissipative billiards, evolutionary games, and
graphs (isospectral theory).

e General theory of iterative functional equation systems.

Stochastic Analysis and Mathematical Physics

e Bifurcations in a Boltzmann model for alignment.

e No-arbitrage in 2 models with volatility driven by fractional noise.

e Explicit algebraic constructions of harmonic spheres in Lie groups and in symmetric spaces. Patterns
of equations for the first non-trivial formulas.

e Isometric embedding of a Kdhler manifold.

e Improvements on the estimates of the Varadhan convergence rate.

e Microscopic and mesoscopic limits in the dynamic Widom-Rowlinson model.

The group has organized an international conference at Universidade do Minho.

Mathematical Logic

Regarding the scientific work of 2015, we may emphasize the following. In Model Theory, a way of
developing the formalism for the six Grothendieck operations on sheaves over semi-bounded and o-
minimal structures was achieved; and the current project goal is to transfer the process for the Loeser
and Hrushovski framework. In Proof Theory, we pursued the research in atomic polymorphism (on
matters of “faithfulness”, normalization, “instantiation overflow”, etc.) and also in functional
interpretations (particularly with relation to recent interpretations of non-standard arithmetic).

A member of the group has organized international workshops at Faculdade de Ciéncias da Universidade
de Lisboa.

Biomathematics and Statistics

We studied the propagation and epidemiology of dengue. Using available data from the DenVaxia
vaccine of Sanofi-Pasteur, we studied its impact, leading to surprising negative results on account of
vaccine administration procedures recommended by the WHO. The positive impact was observed only
under monitoring of the receivers’ serological condition.

The group’s experience in using mathematical models with complex dynamics and stochastic modelling
including Bayesian statistics has allowed the correct evaluation of experimental data. Within the former



CMAF and presently CMAF-CIO, the group has been applying mathematical models to public health
issues, engaging interdisciplinary research with international teams and publishing in journals of high
impact factor.

We undertook statistical approaches (mixed and simple generalized linear models, and time series) to
problems in the subjects of health, ecology and insurance.

On a more theoretical vein we developed, among others, spatial-temporal models based on jumps and
polynomial waiting times for human mobility as a factor in disease dynamics, using fractional calculus as
a model for superdiffusion.

In 2015 we organized the 6th edition of the DSABNS international workshop at the University of Lisbon.

Papers 2015

Nonlinear partial differential equations and applications

Papers in international journals/book

G. Maggiani, R. Scala, N. Van Goethem, A compatible-incompatible decomposition of symmetric tensors
in LP with application to elasticity, Math. Meth. Appl. Sc.,38 (2015), 5217-5230.
http://onlinelibrary.wiley.com/doi/10.1002/mma.3450/abstract

N. Van Goethem, Cauchy elasticity with dislocations in the small strain assumption, Appl. Math.Lett., 96
(2015), 94-99. http://www.sciencedirect.com/science/article/pii/S0893965915000610

V.V.Shelukin and N.V. Chemetov, Global solvability of the one-dimensional Cosserat-Bingham fluid
equations, J. Math..Fluid Mech.,17 (2015), 495
511. http://link.springer.com/article/10.1007%2Fs00021-015-0212-y 8.

S. Correia, Blowup for the nonlinear Schrodinger equation with an inhomogeneous damping term in the
L% —critical case,Commun. Contemp. Math., 17 (2015) 1450030 [16 pages]
http://www.worldscientific.com/doi/abs/10.1142/5S0219199714500308 .

Cazenave, S. Correia, F. Dickstein, F.B. Weissler, A Fujita-type blowup result and low energy scattering
for a nonlinear Schrédinger equation, Sdo Paulo Journal of Mathematical Sciences, 9 (2015), 146-161.
http://link.springer.com/article/10.1007/s40863-015-0020-6

H.B. de Oliveira, Anisotropically diffused and damped Navier-Stokes equations . Discrete Contin. Dyn.
Syst, 2015 Suppl. , (2015), 349-358.
https://aimsciences.org/journals/displayPaperPro.jsp?paperiD=11889

J.C.M. Duque, S.N. Antontsev and R.M.P Almeida, Application of the moving mesh method to the
porous medium equation with variable exponent, Math. Comp. Simul.,118 (2015),177-185.
http://www.sciencedirect.com/science/article/pii/S0378475414003267 ?np=y

S. N. Antontsev and S. Shmarev, On the Cauchy problem for evolution p(x)-Laplace equation, Port.
Math.,72 (2015),125-144.
https://www.ems-ph.org/journals/show_abstract.php?issn=0032-5155&vo0l=72&iss=2&rank=5

J.F. Rodrigues. On the mathematical analysis of thick fluids. J. Math. Sci. (N.Y.), 210 (2015), 835—
848.http://www.mathnet.ru/php/archive.phtml?wshow=paper&jrnid=znsl&paperid=6024&option_lang
=eng
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J.F.Rodrigues and L. Santos, Solutions for linear conservation laws with gradient constraint. Port.
Math., 72 (2015), 161-192. http://www.ems-ph.org/journals/show_abstract.php?issn=0032-
5155&vo0l=72&iss=2&rank=7

C.O.R. Sarrico, The Riemann problem for the Brio system: a solution containing a Dirac mass obtained
via a distributional product. Russ. J. Math. Phys. , 22 (2015), 518-527.
http://link.springer.com/article/10.1134%2FS1061920815040111

C.O.R. Sarrico and A.Paiva, Products of distributions and collision of a §-wave with a §-wave in a
turbulent model. J. Nonlinear Math. Physics, 22 (2015), 381-394.
http://www.tandfonline.com/doi/abs/10.1080/14029251.2015.1079421

Paulo Rocha, Frank Raischel, Jodo Pedro Boto, Pedro G. Lind, Optimal models of extreme volume-prices
are time-dependent, Journal of Physics: Conference Series 574 (2015)http://iopscience.iop.org/1742-
6596/574/1/012148

L.M.R.Saraiva, Etienne Bézout in Portugal: the reform of the Portuguese University and beyond (1772—
1838). Historia Math. 42 (2015), 14-46.
http://www.sciencedirect.com/science/article/pii/50315086014000536

Biographical paper:

H. Beirdo da Veiga and J.F. Rodrigues.To the jubilee of Jodo Paulo de Carvalho Dias on the occasion of his
seventieth anniversary, Port. Math. , 72 (2015), 81-82. http://www.ems-
ph.org/journals/show_abstract.php?issn=0032-5155&vol=72&iss=2&rank=1

Book:

Antontsev S.N., Shmarev S.1., Evolution PDEs with nonstandard growth conditions. Existence,
Uniqueness, Localization, Blow-up. Series: Atlantis Studies in Differential Equations, Vol. 4, 2015, XIV,
393 p. 1illus. ISBN 978-94-6239-111-6. http://www.springer.com/us/book/9789462391116

Operations Research

Botton, Q., Fortz, B., Gouveia, L., "On the hop-constrained survivable network design problem with
reliable edges ", Computers & Operations Research, November 2015, vol. 64, pages 159-167.
doi.org/10.1016/j.cor.2015.05.009

Gouveia, L., Ruthmair, M., "Load-dependent and precedence-based models for pickup and delivery
problems", Computers & Operations Research, November 2015, vol. 63, pages 56-71. DOI:
10.1016/j.cor.2015.04.008

Catanzaro, D., Gouveia, L., Labbé, M. “Improved integer linear programming formulations for the job
Sequencing and tool Switching Problem” European Journal of Operational Research, vol. 244, Issue 3, 1
August 2015, Pages 766—777

http://www.sciencedirect.com/science/article/pii/50377221715001198

Constantino, M., Gouveia, L., Mourdo, M.C., Nunes, A.C., " The mixed capacitated arc routing problem
with non-overlapping routes", European Journal of Operational Research, Volume 244, Issue 2, 16 July
2015, Pages 445-456 doi.org/10.1016/j.ejor.2015.01.042

Gouveia, L., Leitner, M., Ljubié, I. “The two-level diameter constrained spanning tree problem”
Mathematical Programming, April 2015, vol. 150, Issue 1, pp 49-78
http://link.springer.com/article/10.1007%2Fs10107-013-0743-z
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Benavent, E., Corberdn, A., Gouveia, L., Mourdo, M.C., Pinto, L.S. “Profitable mixed capacitated arc
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Cortinhal, M.J., M.J. Lopes, M.T. Melo, “Dynamic design and re-design of multi-echelon, multi-product logistics
networks with outsourcing opportunities: A computational study” Computers & Industrial Engineering 90
(2015), pp 118-131. http://dx.doi.org/10.1016/j.cie.2015.08.019

Gouveia, L., M.J. Lopes, A. Sousa, “Single PON network design with unconstrained splitting stages” European
Journal of Operational Research, vol. 240, Issue 2, 16 January 2015, Pages 361-371.
http://dx.doi.org/10.1016/j.ejor.2014.07.006

Marques. |., M.E. Captivo, ‘Bicriteria elective surgery scheduling using an evolutionary algorithm’,
Operations Research for Health Care 7 (2015),14-26. http://dx.doi.org/10.1016/j.0rhc.2015.07.004.

Girdao-Silva R., J. Craveirinha, J. Climaco, M.E. Captivo, ‘Multiobjective Routing in Multiservice MPLS
Networks with Traffic Splitting — A Network Flow Approach’, Journal of Systems Science and Systems
Engineering (2015), ISSN: 1004-3756 (Paper) 1861-9576 (Online). http://dx.doi.org/10.1007/s11518-
015-5262-4

Marques, I., M.E. Captivo, M. V. Pato, ‘A bicriteria heuristic for an elective surgery scheduling problem’,
Health Care Management Science 18 (2015), issue 3, 251-66. http://dx.doi.org/10.1007/s10729-014-
9305-z

Neves, M., C. Proencga P. Martins, "Interdependence or reaction when the background is the financial
crisis: The case of Portuguese Stock Market", International Journal of Economic Perspectives, 9 (2015).
(http://www.econsociety.org/ijep_contents 9.4.php#)

A. Bautzer, L. Gouveia, A. Paias, J. Pires “Models for a Steiner multi-ring network design problem with
revenues”, TOP. (Published online, July 2015). http://dx.doi.org/ 10.1007/s11750-015-0388-6

M. Mesquita, M. Moz, A. Paias, M. Pato, " A decompose-and-fix heuristic based on multi-commodity
flow models for driver rostering with days-off pattern”, European Journal of Operations Research, vol.
245, issue 2 (2015), pp. 423-437. http://dx.doi.org/10.1016/j.ejor.2015.03.030

Captivo, M.E., I. Marques, M. Moz, "ORAHS 2014 for better practices in health care management",
Operations Research for Health Care, 7 (2015), pp 1-2.
http://www.sciencedirect.com/science/article/pii/S2211692315000296

P. Borges, |. Martins, E. Bergseng, T. Eid and T. Gobakken. Effects of site productivity on forest harvest
scheduling subject to green-up and maximum area restrictions, Scandinavian Journal of Forest Research,
2015. http://www.tandfonline.com/doi/pdf/10.1080/02827581.2015.1089931

I. Correia, F. Saldanha da Gama, "Facility location under uncertainty" ", in G. Laporte, S. Nickel, F.
Saldanha da Gama (editors), "Location science", chapter 8, Springer, 2015.
http://link.springer.com/chapter/10.1007%2F978-3-319-13111-5 8

S. Nickel, F. Saldanha da Gama, "Multi-period facility location", in G. Laporte, S. Nickel, F. Saldanha da
Gama (editors), "Location science", chapter 11, Springer, 2015.
http://link.springer.com/chapter/10.1007%2F978-3-319-13111-5 11

I. Correia, F. Saldanha da Gama, "A note on ‘Branch-and-price approach for the multi-skill project
scheduling problem’", Optimization Letters 9 (2015), 1255-1258.


http://link.springer.com/article/10.1007%2Fs11750-014-0336-x
http://dx.doi.org/10.1016/j.cie.2015.08.019
http://dx.doi.org/10.1016/j.ejor.2014.07.006
http://dx.doi.org/10.1016/j.orhc.2015.07.004
http://dx.doi.org/10.1007/s11518-015-5262-4
http://dx.doi.org/10.1007/s11518-015-5262-4
http://dx.doi.org/10.1007/s10729-014-9305-z
http://dx.doi.org/10.1007/s10729-014-9305-z
http://www.econsociety.org/ijep_contents_9.4.php
http://dx.doi.org/%2010.1007/s11750-015-0388-6
http://dx.doi.org/10.1016/j.ejor.2015.03.030
http://www.sciencedirect.com/science/article/pii/S2211692315000296
http://www.tandfonline.com/doi/pdf/10.1080/02827581.2015.1089931
http://link.springer.com/chapter/10.1007%2F978-3-319-13111-5_8
http://link.springer.com/chapter/10.1007%2F978-3-319-13111-5_11

http://link.springer.com/article/10.1007%2Fs11590-014-0804-0

Ferreira, L., Constantino, M., Borges, J.G., Garcia-Gonzalo, J. (2015). Addressing Wildfire Risk in a
Landscape-Level Scheduling Model: An Application in Portugal. Forest Science, Volume 61, Number 2,
pp. 266-277, DOI: http://dx.doi.org/10.5849/forsci.13-104

Gouveia, L., Patricio, P., de Sousa, A., ‘Lexicographical minimization of routing hops in hop-constrained
node survivable networks’, Telecommunication Systems, 2015 http://dx.doi.org/10.1007/s11235-015-
0083-9

Pedro M. Castro. New MINLP Formulation for the Multiperiod Pooling Problem. AIChE J. 61 (2015),
3728-3738.

Hossein Mostafaei, Pedro M. Castro and Alireza Ghaffari-Hadigheh. A Novel Monolithic MILP Framework
for Lot-Sizing and Scheduling of Multiproduct Tree-like Pipeline Networks. Ind. Eng. Chem. Res. 54
(2015), 9202-9221.

Pedro M. Castro, Bruno Custddio, Henrique A. Matos. Optimal Scheduling of Single Stage Batch Plants

with Direct Heat Integration. Computers and Chemical Engineering 82 (2015), 172-185.

Pedro M. Castro, Inés Marques. Operating Room Scheduling with Generalized Disjunctive Programming.
Computers and Operations Research 64 (2015), 262-273.

André Malheiro, Pedro M. Castro, Ricardo Lima, Ana Estanqueiro. Integrating Sizing and Scheduling of
Wind/PV/Diesel/Battery Isolated Systems. Renewable Energy 83 (2015), 646-657.

Pedro M. Castro. Tightening Piecewise McCormick Relaxations for Bilinear Problems. Computers &
Chemical Engineering 72 (2015), 300-311.

Book chapters:

B. Bastos, T. Heleno, A. Trigo e P. Martins, “Web based application for home care visits’ optimization of
health professionals’ teams of Health Centers. In: J.P. Almeida, J.F. Oliveira, A.A. Pinto (Eds.),
Operational Research. CIM Series in Mathematical Sciences, Vol. 4, Springer International Publishing
Switzerland, pp. 37-52, 2015. (DOI: 10.1007/978-3-319-20328-7_3)

Helenice de Oliveira Florentino, Margarida Vaz Pato, Dylan Jones and Daniela Renata Cantane,
“Production and Management of Sugarcane Biomass: Process Optimization”, Chapter 2, Biomass
Production and Uses, Eduardo Jacob-Lopes and Leila Queiroz Zepka (eds.), open access publication,
InTech, pp. 11-28, 2015, ISBN 978-953-51-2181-7, http//dx.doi.org/10.5772/61533.

I. Martins, F. Alvelos, M. Constantino. Decompositions and a matheuristic for a forest harvest scheduling
problem, Operational Research, Oliveira J.F. AlImeida J.P., Pinto A.A. (Eds.), CIM Series in Mathematical
Sciences, 4 (2015), 237-260, Springer International Publishing Switzerland.
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Geometry

F.E. Burstall, U. Hertrich-Jeromin, W. Rossman and S. Santos, “Discrete special isothermic surfaces”,
Geometriae Dedicata, 174 (2015), 1-11 http://dx.doi.org/10.1007/s10711-014-0001-4

Ana Rita Martins and Orlando Neto , On the group of germs of contact transformations. Portugaliae
Math, Volume 72, Issue 4, 2015, pp. 393-406
DOI: 10.4171/PM/1972

Ordinary differential equations and dynamical systems

T. Faria and Y. Muroya, Global Attractivity and Extinction for Lotka-Volterra systems with infinite delay
and feedback controls, Proc. Roy. Soc. Edinburgh Sect. A, 145 (2015), 301-330.
http://doi.org/10.1017/50308210513001194

Oliveira, C. P. ; Buescu, Jorge Mixed integral identities involving unit spheres and balls in complex
context. Internat. J. Math. 26 (2015), no. 14, 1550115, 11 pp. 32A50 (33C55 42B35 43A90 45P05

47A13)

Serpa, Cristina ; Buescu, Jorge Non-uniqueness and exotic solutions of conjugacy equations. J.
Difference Equ. Appl. 21 (2015), no. 12, 1147-1162.

DO0I:10.1080/10236198.2015.1062002 http://www.tandfonline.com/doi/full/10.1080/10236198.2015.
1062002

Serpa, Cristina ; Buescu, Jorge Piecewise expanding maps and conjugacy equations. Nonlinear maps
and their applications, 193—-202, Springer Proc. Math. Stat., 112, Springer, Cham, 2015.

Serpa, Cristina ; Buescu, Jorge Explicitly defined fractal interpolation functions with variable
parameters. Chaos Solitons Fractals 75 (2015), 76-
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0302

Hassan Najafi Alishah, Pedro Duarte, Telmo Peixe, Conservative and Dissipative Polymatrix Games.
Journal of Dynamics and Games, vol. 2, no. 2 (2015), 157-185.
(http://aimsciences.org/journals/displayArticlesnew.jsp?paper|D=12075 )

Hassan Najafi Alishah, Pedro Duarte, Hamiltonian Evolutionary Games Journal of Dynamics and Games,
vol. 2, no. 1 (2015), 33-49.

Pedro Duarte, Maria Joana Torres, Eigenvectors of isospectral graph transformations. Linear Algebra and
its Applications 474 (2015), 110-123.
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A. Margheri, C.Rebelo, M.G.M. Gomes, On the correlation between variance in individual susceptibilities
and infection prevalence in populations, Journal of Math. Biol., 71,(2015) 1643-1661. DOI
10.1007/s00285-015-0870-7, URL http://dx.doi.org/10.1007/s00285-015-0870-7 .
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