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      Creation of the Team: 2015 June 01, updated into Project-Team: 2017 April 01
Section: Team, Visitors, External Collaborators
Research Scientists
Martin Vohralík [Team leader, Inria, Senior Researcher, HDR] 
François Clément [Inria, Researcher] 
Alexandre Ern [Ecole Nationale des Ponts et Chaussées, Researcher, HDR] 
Jean-Luc Guermond [Inria International Chair, HDR] 
Michel Kern [Inria, Researcher] 
Jan Papež [Inria, Starting Research Position, from Jul 2019] 
Géraldine Pichot [Inria, Researcher] 
Pierre Weis [Inria, Senior Researcher, until May 2019] 
Post-Doctoral Fellows
Guillaume Delay [Ecole Nationale des Ponts et Chaussées, until Sep 2019] 
Omar Duran [Ecole Nationale des Ponts et Chaussées, from Nov 2019] 
Kenan Kergrene Profit [Inria] 
Seyed Mohammad Zakerzadeh [Inria, until Jul 2019] 
PhD Students
Jad Dabaghi [Inria, until Jan 2019] 
Joëlle Ferzly [IFPEN, from Oct 2019] 
Nicolas Pignet [EDF, until Oct 2019] 
Frédéric Marazzato [CEA] 
Riccardo Milani [EDF] 
Idrissa Niakh [EDF, from Nov 2019] 
Ani Miraci [Inria] 
Stefano Piccardo [Ecole Nationale des Ponts et Chaussées, from Oct 2019] 
Technical staff
Sébastien Furic [Inria, Engineer, until Jul 2019] 
Florent Hédin [Inria, Engineer] 
Intern and Apprentice
Théo Kaprélian [Inria, from Sep 2019] 
Administrative Assistant
Derya Gök [Inria] 
Visiting Scientists
Roland Becker [University of Pau, Professor, Apr 2019] 
Théophile Chaumont-Frelet [Inria Sophia Antipolis, Researcher, Feb, Apr, Jun, Sep & Dec 2019] 
Quaanling Deng [Curtin University, PostDoc, from May 2019 until Jun 2019] 
Gregor Gantner [Vienna University of Technology, PostDoc, Feb & Sep 2019] 
Thirupathi Gudi [Indian Institute of Science, Bangalore, Professor, Jun 2019] 
Dirk Praetorius [Vienna University of Technology, Professor, Mar 2019] 
Sergio Rojas [Curtin University, PostDoc, Sep 2019] 
Ivan Yotov [University of Pittsburgh, Inria invited Professor, Sep – Dec 2019] 
External Collaborators
Hend Ben Ameur [IPEST and ENIT-Lamsin (Tunisia), Professor, HDR] 
Erik Burman [University College London, Professor, HDR] 
Guy Chavent [Univ Paris-Dauphine, Professor (retired), HDR] 
Jad Dabaghi [CEA, post-doc, from Sep 2019] 
Jérôme Jaffré [Inria, Senior Researcher (retired), HDR] 
Caroline Japhet [Univ Paris-Nord, Associate Professor] 
Vincent Martin [Univ de technologie de Compiègne, Associate Professor] 
Jean-Elizabeth Roberts [Inria, Senior Researcher
(retired), HDR] 
Pierre Weis [Inria, Senior Researcher (retired), from Jun 2019] 
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        Section: 
      Overall Objectives

        Overall Objectives

        The project-team SERENA is concerned with numerical methods for environmental problems. The main topics are the conception and analysis of
models based on partial differential equations, the study of
their precise and efficient numerical approximation, and implementation
issues with special concern for reliability and correctness of
programs. We are in particular interested in guaranteeing the quality of the overall simulation process. SERENA has taken over the
project-team POMDAPI2 which ended on May 31, 2015. It has been given an
authorization to become a joint project-team between Inria and ENPC at the
Committee of Projects, September 1st, 2016, and was created as project-team on April 10, 2017.
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        Multiphysics coupling

        Within our project, we start from the conception and analysis of models
based on partial differential equations (PDEs). Already at the PDE
level, we address the question of coupling of different models;
examples are that of simultaneous fluid flow in a discrete network of
two-dimensional fractures and in the surrounding three-dimensional
porous medium, or that of interaction of a compressible flow with the
surrounding elastic deformable structure. The key physical
characteristics need to be captured, whereas existence, uniqueness, and
continuous dependence on the data are minimal analytic requirements that we
seek to satisfy. At the modeling stage, we also develop model-order reduction
techniques, such as the use of reduced basis techniques or proper generalized
decompositions, to tackle evolutive problems, in particular in the nonlinear
case, and we are also interested in developing reduced-order methods
for variational inequalities such as those encountered in solid
mechanics with contact and possibly also friction.
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        Discretization by hybrid high-order and discrete element methods

        We consequently design numerical methods for the devised model.
Traditionally, we have worked in the context of finite element, finite
volume, mixed finite element, and discontinuous Galerkin methods. Novel
classes of schemes enable the use of general polygonal and polyhedral meshes with nonmatching interfaces, and we develop them in
response to a high demand from our industrial partners (namely EDF, CEA, and
IFP Energies Nouvelles). In the lowest-order case, our focus is to design
discrete element methods for solid mechanics. The novelty is to
devise these methods to treat dynamic elastoplasticity as well as
quasi-static and dynamic crack propagation. We also develop
structure-preserving methods for the Navier–Stokes equations,
i.e., methods that mimic algebraically at the discrete level
fundamental properties of the
underlying PDEs, such as conservation principles and preservation of
invariants. In the higher-order case, we actively
contribute to the development of hybrid high-order
methods. We contribute to
the numerical analysis in nonlinear cases (obstacle problem, Signorini
conditions), we apply these methods to challenging problems from
solid mechanics involving large deformations and plasticity, and
we develop a comprehensive software implementing them.
We believe that these methods belong to the future generation of numerical
methods for industrial simulations; as a concrete example, the
implementation of these methods in an industrial software of EDF
has been completed in 2019 in the framework of the PhD thesis of Nicolas
Pignet.


      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      Research Program

        Domain decomposition and Newton–Krylov (multigrid) solvers

        We next concentrate an intensive effort on the development and analysis of
efficient solvers for the systems of nonlinear algebraic equations that
result from the above discretizations. We have in the past developed Newton–Krylov solvers like the adaptive inexact Newton method, and we place
a particular emphasis on parallelization achieved via the domain
decomposition method. Here we traditionally specialize in Robin
transmission conditions, where an optimized choice of the parameter has
already shown speed-ups in orders of magnitude in terms of the number of
domain decomposition iterations in model cases. We concentrate in the SERENA
project on adaptation of these algorithms to the above novel discretization
schemes, on the optimization of the free Robin parameter for challenging
situations, and also on the use of the Ventcell transmission conditions.
Another feature is the use of such algorithms in time-dependent problems in
space-time domain decomposition that we have recently pioneered. This
allows the use of different time steps in different parts of the
computational domain and turns out to be particularly useful in porous media
applications, where the amount of diffusion (permeability) varies abruptly,
so that the evolution speed varies significantly from one part of the
computational domain to another. Our new theme here are Newton–multigrid solvers, where the geometric multigrid solver is tailored to the specific problem under consideration and to the specific
numerical method, with problem- and discretization-dependent restriction,
prolongation, and smoothing. Using patchwise smoothing, we have in particular recently developed a first multigrid method whose behavior is both in theory and in practice insensitive of (robust with respect to) the approximation polynomial degree. With patchwise techniques, we also achieve mass balance at each iteration step, a highly demanded feature in most of the target applications.
The solver itself is then adaptively steered at each execution step by
an a posteriori error estimate (adaptive stepsize, adaptive smoothing).
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        Reliability by a posteriori error control

        The fourth part of our theoretical efforts goes towards guaranteeing the
results obtained at the end of the numerical simulation. Here a key
ingredient is the development of rigorous a posteriori estimates that
make it possible to estimate in a fully computable way the error between the
unknown exact solution and its numerical approximation. Our estimates also
allow to distinguish the different components of the overall error, namely the errors coming from modeling, from the discretization
scheme, from the nonlinear (Newton) solver, and from the linear algebraic
(Krylov, domain decomposition, multigrid) solver. A new concept here is that
of local stopping criteria, where all the error components are balanced
locally within each computational mesh element. This naturally connects all
parts of the numerical simulation process and gives rise to novel fully
adaptive algorithms. We also theoretically address the question of
convergence of the new fully adaptive algorithms. We identify theoretical conditions so that the error diminishes at each adaptive loop iteration by a contraction factor and we in particular derive a guaranteed error reduction factor in model cases. We have also proved a numerical optimality of the derived algorithms in model cases in the sense that, up to a generic constant, the smallest possible computational effort to achieve the given accuracy is needed.
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        Safe and correct programming

        Finally, we concentrate on the issue of computer implementation of scientific
computing programs. Increasing complexity of algorithms for modern scientific
computing makes it a major challenge to implement them in the traditional
imperative languages popular in the community. As an alternative, the
computer science community provides theoretically sound tools for safe
and correct programming. We explore here the use of these tools to
design generic solutions for the implementation of the class of scientific
computing software that we deal with. Our focus ranges from high-level
programming via functional programming with OCaml  through safe and
easy parallelism via skeleton parallel programming with Sklml  to
proofs of correctness of numerical algorithms and programs via mechanical proofs with Coq .
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        Multiphase flows and transport of contaminants in the subsurface

        
          	
             subsurface depollution after chemical leakage

          

          	
             nuclear waste disposal in deep underground repositories

          

          	
             flow in large scale discrete fracture networks

          

          	
             production of oil and gas
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      Application Domains

        Industrial risks in energy production

        
          	
             Stokes and Navier–Stokes flows related to nuclear reactor operation

          

          	
             seismic wave propagation for detection and protection

          

          	
             electromagnetism for interfaces between dielectrics and negative metamaterials
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      Application Domains

        Nonlinear mechanics

        
          	
             quasi-static and dynamic elastoplastic evolutions with small and large deformations

          

          	
             quasi-static and dynamic crack propagation

          

          	
             nonlinear contact and friction conditions

          

          	
             application to engineering components mainly related to nuclear reactor operation and safety analysis

          

        

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      Application Domains

        Computational quantum chemistry

        
          	
             guaranteed bounds for ground-state energy (eigenvalues) and ground-state density
matrix (eigenvectors) in first-principle molecular simulation

          

          	
             application to Laplace, Gross–Pitaevskii, Kohn–Sham, and Schrödinger models
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      Highlights of the Year

        Highlights of the Year

        Many new results of the ERC GATIPOR project in the ERC GATIPOR Gallery.
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      New Software and Platforms

        CELIA3D

        Keywords:  Fluid mechanics - Multi-physics simulation

        Functional Description:  The CELIA3D code simulates the coupling between a compressible fluid flow and a deformable structure. The fluid is handled by a Finite Volume method on a structured Cartesian grid. The solid is handled by a Discrete Element method (Mka3d scheme). The solid overlaps the fluid grid and the coupling is carried out with immersed boundaries (cut cells) in a conservative way.

        
          	
             Partners: Ecole des Ponts ParisTech - CEA

          

          	
             Contact: Laurent Monasse

          

          	
             URL: http://cermics.enpc.fr/~monassel/CELIA3D/

          

        

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      New Software and Platforms

        DiSk++

        
          Discontinuous Skeletal C++ Library
        

        Keywords:  High order methods - Polyhedral meshes - C++

        Scientific Description:  Discontinuous Skeletal methods approximate the solution of boundary-value problems by attaching discrete unknowns to mesh faces (hence the term skeletal) while allowing these discrete unknowns to be chosen independently on each mesh face (hence the term discontinuous). Cell-based unknowns, which can be eliminated locally by a Schur complement technique (also known as static condensation), are also used in the formulation. Salient examples of high-order Discontinuous Skeletal methods are Hybridizable Discontinuous Galerkin methods and the recently-devised Hybrid High-Order methods. Some major benefits of Discontinuous Skeletal methods are that their construction is dimension-independent and that they offer the possibility to use general meshes with polytopal cells and non-matching interfaces. The mathematical flexibility of Discontinuous Skeletal methods can be efficiently replicated in a numerical software: by using generic programming, the DiSk++ library offers an environment to allow a programmer to code mathematical problems in a way completely decoupled from the mesh dimension and the cell shape.

        Functional Description:  The software provides a numerical core to discretize partial differential equations arising from the engineering sciences (mechanical, thermal, diffusion). The discretization is based on the "Hybrid high-order" or "Discontinuous Skeletal" methods, which use as principal unknowns polynomials of arbitrary degree on each face of the mesh. An important feature of these methods is that they make it possible to treat general meshes composed of polyhedral cells. The DiSk ++ library, using generic programming techniques, makes it possible to write a code for a mathematical problem independently of the mesh. When a user writes the code for his problem using the basic operations offered by DiSk ++, that code can be executed without modifications on all types of mesh already supported by the library and those that will be added in the future.

        
          	
             Author: Matteo Cicuttin

          

          	
             Partner: CERMICS

          

          	
             Contact: Matteo Cicuttin

          

          	
             Publication: Implementation of Discontinuous Skeletal methods on arbitrary-dimensional, polytopal meshes using generic programming

          

          	
             URL: https://github.com/wareHHOuse/diskpp
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        NEF-Draw

        
          Numerical Experiments involving Fractures -Visualisation
        

        Keyword:  Fracture network

        Scientific Description:  This version includes Matlab vectorization of the operations which makes it possible to load flow solution on meshes with more than one million fractures.
It includes a text menu allowing the user to choose between different visualisation options (geometry, mesh together with the aspect ratio or together with the flow solution).
A selective visualisation of fractures is also possible, by loading only the fractures that carry most of the flow.

        Functional Description:  This software is a visualization tool of discrete fractured networks. It allows the visualization of the network geometry, the mesh of the network together with several quantities of interest (mesh quality, flow solution including wells) computed with the software NEF-Flow.

        News Of The Year:  Add vizualization of new quantities (a posteriori estimators, velocity fields,...).
New features for user-friendly usage of NEF-Draw.

        
          	
             Participant: Géraldine Pichot

          

          	
             Contact: Géraldine Pichot

          

          	
             URL: https://gitlab.inria.fr/gpichot/NEF
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        NEF-Flow

        Keywords:  Hydrogeology - Numerical simulations - 3D

        Scientific Description:  NEF-Flow is a Matlab software for the simulation of steady state single phase flow in Discrete Fracture Networks (DFNs) using the Mixed Hybrid Finite Element (MHFEM) method for conforming and non conforming discretizations.
It includes:
wells, sink/source terms boundary conditions,
implementation of RT0 and P1 non conforming finite elements,
data structures to save the information local to each fracture,
a set of non regression tests to check the solution on the Inria continuous integration platform,
wells and sink/sources boundary conditions in the function that check the solution.

        Functional Description:  The software NEF-Flow solves the problem of an incompressible fluid flowing through a network of fractures. The software is interfaced with different mesh generators, among which BLSURF from the GAMMA3 team. A mixed hybrid finite element method is implemented.

        News Of The Year:  The last version includes new features (new APP v1.1):
a full documentation of the code,
new 2D test cases with analytical solutions to study the convergence of the non-conforming (Mortar) method,
new organization of the non regression tests and automatic run on the Inria continuous integration platform,
a refactoring of the solver parts,
new developments of an iterative solver to solve flow in fractures networks (research work with Pr. Ludmil Zikatanov, PennState University),
the computation of the velocity fields with P1 non conforming FE.

        
          	
             Participants: Géraldine Pichot, Jean-Raynald De Dreuzy and Jocelyne Erhel

          

          	
             Contact: Géraldine Pichot

          

          	
             Publication: A mixed hybrid Mortar method for solving flow in discrete fracture networks

          

          	
             URL: https://gitlab.inria.fr/gpichot/NEF
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        NEF++

        Keywords:  Fracture network - Finite element modelling - High order methods

        Scientific Description:  NEF++ is able to solve in a very efficient way flow in large scale fractures networks using the HHO method.

        Functional Description:  The software NEF++ allows to solve flow problems in fractured rocks. It is based on a hybrid high order (HHO) method. It is based on the C++17 standard. It relies on the Eigen library, which is a C++ template library for linear algebra and on the DiSk++ library for HHO https://bil.inria.fr/fr/software/view/3143/tab. The linear systems can be solved with direct solvers or with iterative solvers like the preconditioned conjugate gradient or multigrid solvers.

        Release Functional Description:  Work in progress, no production release yet.

        News Of The Year:  NEF++ has been successfully tested on networks that contain up to 500,000 fractures.
The following two direct solvers can be called: Pardiso from Intel MKL library or SuiteSparse. Both solvers support tasks parallelism, either using OpenMP or Intel TBB and support SIMD (Single Instruction, Multiple Data) vectorization.
The input parameters are JSON files.
The mesh data are in .vector files (see Appendix A, publication hal-00735675).
The outputs are written in HDF5 files.

        
          	
             Participants: Florent Hedin, Géraldine Pichot, Alexandre Ern and Nicolas Pignet

          

          	
             Contact: Géraldine Pichot

          

          	
             Publication: A hybrid high-order method for flow simulations in discrete fracture networks.

          

          	
             URL: https://gitlab.inria.fr/nef/NEFpp
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        NEF-Flow-a-posteriori

        Keyword:  A posteriori error estimates

        Scientific Description:  The a posteriori error estimates that are implemented are the ones described in the publication https://hal.archives-ouvertes.fr/hal-00019800/document.

        Functional Description:  Compute a posteriori estimators for diffusion problems.

        News Of The Year:  New software:
implementation of the estimators,
management of input files with Json.

        
          	
             Participants: Géraldine Pichot and Martin Vohralík

          

          	
             Contact: Géraldine Pichot

          

          	
             Publication: A posteriori error estimates for lowest-order mixed finite element discretizations of convection-diffusion-reaction equations

          

          	
             URL: https://gitlab.inria.fr/gpichot/nef-flow-a-posteriori
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      New Software and Platforms

        SBM

        
          Skew Brownian Motion
        

        Keywords:  Monte-Carlo methods - Skew Brownian Motion

        Functional Description:  SBM is a code allowing exact or approximated simulations of the Skew Brownian Motion. This code is used for the simulation, with a Monte-Carlo approach, of a 1D diffusion process with a discontinuous diffusion coefficient. Several benchmark tests are also implemented.

        News Of The Year:  - Refactoring and Cmake compilation
- Automatic non regression tests on ci-inria.fr
- Full documentation
- Open source project on gitlab-inria

        
          	
             Authors: Antoine Lejay and Géraldine Pichot

          

          	
             Contact: Antoine Lejay

          

          	
             Publication: Simulating diffusion processes in discontinuous media: Benchmark tests

          

          	
             URL: https://gitlab.inria.fr/lejay/sbm
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        Hybrid high-order methods for nonlinear mechanics

        Participants :
	Alexandre Ern, Nicolas Pignet.

        
          
            
          
          
            Figure
	1. Torsion of a square-section bar: Equivalent plastic strain p (values between 0 (blue) to 0.49 (red)) for HHO with polynomial degree k=1 at the quadrature points for different rotation angles Θ. From left to right: Θ=0∘, Θ=90∘, Θ=180∘, Θ=270∘, and Θ=360∘
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        Our team contributes actively to the development of hybrid high-order (HHO) methods for nonlinear solid mechanics. Within the PhD of Nicolas Pignet in collaboration with EDF we have addressed several nonlinearities, including plasticity,
large deformations, contact, and (Tresca) friction [15], [14], [49]. The advantage with respect to conforming finite elements is the robustness with respect to volumetric locking. The advantage with respect to mixed approaches is computational efficiency avoiding saddle-point formulations and additional unknowns. The advantage with respect to discontinuous Galerkin methods is avoiding the integration of the nonlinear behavior law at face quadrature nodes and the use of symmetric tangent matrices within Newton's method. The torsion of a square-section elastoplastic bar is presented in Figure 1. The color filling reports the equivalent plastic strain. The solution is obtained with the HHO method using the polynomial degree k=1 for the face and the cell unknowns.
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        A hybrid high-order method for flow simulations in discrete fracture networks

        Participants :
	Florent Hédin, Géraldine Pichot, Alexandre Ern.

        
          
            
          
          
            Figure
	2. Examples of DFN: (left) B1: 19,007 fractures; (center) B2: 152,399 fractures ; (right) B3: 508,338 fractures.
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        In [36], we are interested in solving flow in large trimensional Discrete Fracture Networks (DFN) (cf Figure 2) with the hybrid high-order (HHO) method. The objectives of this paper are: (1) to demonstrate the benefit of using a high-order method for computing macroscopic quantities, like the equivalent permeability of fracture rocks; (2) to present the computational efficiency of our C++ software, NEF++ , which implements the solving of flow in fractures based on the HHO method.
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        Analytic expressions of the solutions of advection-diffusion problems in 1D with discontinuous coefficients

        Participants :
	Antoine Lejay, Lionel Lenôtre, Géraldine Pichot.

        In [30], we provide a method to compute analytic expressions of the resolvent kernel of differential operators of the diffusion type with discontinuous coefficients in one dimension. Then we apply it when the coefficients are piecewise constant. We also perform the Laplace inversion of the resolvent kernel to obtain expressions of the transition density functions or fundamental solutions. We show how these explicit formula are useful to simulate advection-diffusion problems using particle tracking techniques.
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        An exponential timestepping algorithm for diffusion with discontinuous coefficients

        Participants :
	Antoine Lejay, Lionel Lenôtre, Géraldine Pichot.

        In [29], we present a new Monte Carlo algorithm to simulate diffusion processes in presence of discontinuous convective and diffusive terms. The algorithm is based on the knowledge of close form analytic expressions of the resolvents of the diffusion processes which are usually easier to obtain than close form analytic expressions of the density. In the particular case of diffusion processes with piecewise constant coefficients, known as Skew Diffusions, such close form expressions for the resolvent are available. Then we apply our algorithm to this particular case and we show that the approximate densities of the particles given by the algorithm replicate well the particularities of the true densities (discontinuities, bimodality, ...) Besides, numerical experiments show a quick convergence.

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      New Results

        Polynomial-degree-robust multilevel algebraic error estimator & solver

        Participants :
	Ani Miraci, Jan Papež, Martin Vohralík.

        In [58], we devise a novel multilevel a posteriori estimator of the algebraic error. It delivers a fully computable, guaranteed lower bound on the error between an unknown exact solution of a system of linear algebraic equations and its approximation by an algebraic solver. The bound is also proved to be efficient, i.e., it also gives an upper bound on the algebraic error. Remarkably, the quality of these bounds is independent of the approximation polynomial degree.
The derived estimates give immediately rise to a multilevel iterative algebraic solver whose contraction factor is independent of the polynomial degree of the approximation. We actually prove an equivalence between efficiency of the estimator and contraction of the solver.
The estimator/solver are based on a global coarsest-level solve of lowest-order (p=1), followed by local patchwise p-degree problems solved on the other levels. It corresponds to a V-cycle geometric multigrid solver with zero pre- and one post-smoothing step via block-Jacobi. A salient feature is the choice of the optimal step size for the descent direction.

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      New Results

        Local- and global-best equivalence, simple projector, and optimal hp approximation in 𝐇( div )

        Participants :
	Alexandre Ern, Thirupathi Gudi, Iain Smears, Martin Vohralík.
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	3. Equivalence between global-best and local-best approximation for any 𝐇( div ) function 𝐯 with zero normal flux over part of the boundary and piecewise polynomial divergence
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        In [53], we prove that a global-best approximation in 𝐇( div ), with constraints on normal component continuity and divergence, is equivalent to the sum of independent local-best approximations, without any constraints, as illustrated in Figure 3. This may seem surprising on a first sight since the right term in Figure 3 is seemingly much smaller (since the minimization set is unconstrained and thus much bigger). This result leads to optimal a priori hp-error estimates for mixed and least-squares finite element methods, which were missing in the literature until 2019. Additionally, the construction we devise gives rise to a simple stable local commuting projector in 𝐇( div ), which
delivers approximation error equivalent to the local-best approximation and applies under the minimal necessary Sobolev 𝐇( div ) regularity, which is another result that has been sought for a very long time.
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Translating Simulink Models to Modelica using the Nsp Platform, February 2019, working paper or preprint.
https://hal.archives-ouvertes.fr/hal-01948681

            	[48]

            	T. Chaumont-Frelet, A. Ern, M. Vohralík.
On the derivation of guaranteed and p-robust a posteriori error estimates for the Helmholtz equation, July 2019, working paper or preprint.
https://hal.inria.fr/hal-02202233

            	[49]

            	F. Chouly, A. Ern, N. Pignet.
A Hybrid High-Order discretization combined with Nitsche's method for contact and Tresca friction in small strain elasticity, September 2019, working paper or preprint.
https://hal.archives-ouvertes.fr/hal-02283418

            	[50]

            	M. Cicuttin, A. Ern, T. Gudi.
Hybrid high-order methods for the elliptic obstacle problem, May 2019, working paper or preprint.
https://hal.archives-ouvertes.fr/hal-01718883

            	[51]

            	J. Dabaghi, V. Martin, M. Vohralík.
A posteriori estimates distinguishing the error components and adaptive stopping criteria for numerical approximations of parabolic variational inequalities, August 2019, working paper or preprint.
https://hal.archives-ouvertes.fr/hal-02274493

            	[52]

            	J. Erhel, M. Oumouni, G. Pichot, F. Schoefs.
Analysis of continuous spectral method for sampling stationary Gaussian random fields, April 2019, working paper or preprint.
https://hal.archives-ouvertes.fr/hal-02109037

            	[53]

            	A. Ern, T. Gudi, I. Smears, M. Vohralík.
Equivalence of local-and global-best approximations, a simple stable local commuting projector, and optimal hp approximation estimates in H(div), August 2019, https://arxiv.org/abs/1908.08158 - working paper or preprint.
https://hal.inria.fr/hal-02268960

            	[54]

            	A. Ern, M. Vohralík, M. Zakerzadeh.
Guaranteed and robust L2-norm a posteriori error estimates for 1D linear advection problems, April 2019, working paper or preprint.
https://hal.archives-ouvertes.fr/hal-02105418

            	[55]

            	A. Ern, P. Zanotti.
A quasi-optimal variant of the hybrid high-order method for elliptic PDEs with H−1 loads, April 2019, working paper or preprint.
https://hal.archives-ouvertes.fr/hal-02114715

            	[56]

            	F. Marazzato, A. Ern, L. Monasse.
A consistent discrete element method for quasi-static and dynamic elasto-plasticity, November 2019, https://arxiv.org/abs/1911.00738 - working paper or preprint.
https://hal.archives-ouvertes.fr/hal-02343280

            	[57]

            	R. Milani, J. Bonelle, A. Ern.
Compatible Discrete Operator schemes for the steady incompressible Stokes and Navier-Stokes equations, December 2019, working paper or preprint.
https://hal.archives-ouvertes.fr/hal-02417514

            	[58]

            	A. Miraçi, J. Papež, M. Vohralík.
A multilevel algebraic error estimator and the corresponding iterative solver with p-robust behavior, July 2019, working paper or preprint.
https://hal.archives-ouvertes.fr/hal-02070981

            	[59]

            	J. Papež, U. Rüde, M. Vohralík, B. Wohlmuth.
Sharp algebraic and total a posteriori error bounds for h and p finite elements via a multilevel approach. Recovering mass balance in any situation, December 2019, working paper or preprint.
https://hal.inria.fr/hal-01662944

            	[60]

            	J. Papež, M. Vohralík.
Inexpensive guaranteed and efficient upper bounds on the algebraic error in finite element discretizations, January 2020, working paper or preprint.
https://hal.inria.fr/hal-02422851
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        Section: 
      Partnerships and Cooperations


        International Research Visitors


        
        Visits of International Scientists


        
          		
             Hend Ben Ameur,
Professor at IPEST and member of ENIT-Lamsin, Tunis, Tunisia,
November 4–15.


          


          		
             Gregor Gantner, Vienna University of Technology. Collaboration on IGA methods. September 23–27.


          


          		
             Thirupathi Gudi, Indian Institute of Science, Bangalore. Collaboration on local-global approximations. June 10–17.


          


          		
             Dirk Praetorius, Vienna University of Technology. Collaboration on cost-optimality of fully adaptive algorithms. March 21–23.


          


          		
             Ivan Yotov, Professor, University of Pittsburgh. Inria Paris invited professor, September 1–December 15, 2019. Collaboration on multilevel and space-time domain decomposition methods.


          


        


        
        Internships


        Théo Kaprélian, internship at Ecole Centrale de Lyon, from September 2019 to February 2020, supervised by Martin Vohralík.


        
        Visits to International Teams


        
        Research Stays Abroad


        		
           Géraldine Pichot was invited for a one week stay at Pennstate University, USA for a collaboration with Pr. Ludmil Zikatanov.


        


        		
           Géraldine Pichot was invited for a one week stay at University of Bergen, Norway for a collaboration with Pr. Florin Radu.
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        Section: 
      Partnerships and Cooperations


        International Initiatives


        
        Inria International Partners


        
        Informal International Partners


        Erik Burman, Professor, University College London, unfitted methods.


        Ulrich Rüde, Professor, University of Erlangen-Nürnberg, multigrid methods.


        Iain Smears, Lecturer, University College London, local-global approximations.


        Benjamin Stamm, Professor, RTWH Aachen University, eigenvalue problems (first-principle molecular simulation).


        Barbara Wohlmuth, professor, Technical University Munich, multigrid methods.


        
        Participation in Other International Programs


        
        Inria International Chairs


        
          		
            
               
              IIC GUERMOND Jean-Luc
            


          


          		
             Title: Curved H(div), H(curl) elements, and magnetohydrodynamics & Approximation of hyperbolic systems


          


          		
             International Partner (Institution - Laboratory - Researcher):


            
              		
                 Texas A&M University (United States)
- Department of Mathematics - Jean-Luc Guermond


              


            


          


          		
             Duration: 2019 - 2023


          


          		
             Start year: 2019


          


          		
             See also: https://www.math.tamu.edu/~guermond/


          


          		
             The program is articulated around two themes: (1) Theoretical aspects in finite elements and applications to multi-physics magneto-hydrodynamics; (2) Finite element approximation of hyperbolic systems and applications. The results from this research will have applications in problems related to porous media flows, magnetohydrodynamics, water management, and compressible and incompressible fluid flows.
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        Section: 
      Partnerships and Cooperations


        Regional Initiatives


        
          		MILC (DMI RFSI, 2018–2019):


          		
             “Mesure et Intégrale de Lebesgue en Coq”,
with
LIPN (Université de Paris 13),
and Toccata  (Inria Saclay - Île-de-France).
SERENA representants are François Clément and Vincent Martin (UTC).


          


          		GiS:


          		
             scientific collaboration network between ten public institutions from the Paris (Ile-de-France) region, focused on natural
resources and environment. The project-team SERENA is a member.
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        Section: 
      Partnerships and Cooperations


        European Initiatives


        
        FP7 & H2020 Projects


        
          		
             ERC GATIPOR: “Guaranteed fully adaptive algorithms with tailored
inexact solvers for complex porous media flows”. The subject of this
consolidator grant are new approaches to porous media multiphase flows: inexact
Newton-multigrid solvers, local stopping criteria, adaptivity, and a
posteriori error control. The goal is to guarantee the overall simulation
error and to speed-up importantly the present-day simulations. SERENA
representant is M. Vohralík (grant leader, 75% commitment), period 2015–2020.


          


          		
             ERC EMC2: “ Extreme-scale Mathematically-based Computational Chemistry”. The goal of this project is to develop physical and chemical models in chemistry, condensed matter physics, molecular biology, materials science, and nanosciences, altogether with mathematically-certified and numerically-efficient algorithms, and to implement them in a scalable way on various computer architectures. There are 4 principal investigators and a little more than 10 co-investigators. SERENA representant is M. Vohralík (co-investigator, 10% commitment), period 2019–2025.
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