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Aims and scope of the workshop 
 
Hyperbolic systems of conservation and balance laws are natural models for representing 
physical networks in many areas of engineering and sciences, such as hydraulic networks (for 
irrigation or navigation), road traffic networks, electrical line networks, gas transportation 
networks, communication networks, supply chains etc... This workshop aims at reporting recent 
advances and achievements on the control of physical networks described by hyperbolic systems 
with a special focus on controllability and boundary feedback stabilization. Both theoretical 
aspects and real life applications will be presented. The workshop will be single track with 
tutorial invited lectures. 
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Titles and abstracts 
 
Fabio ANCONA 
Title: On the Glimm functional for General Hyperbolic Systems 
 
Abstract: We consider the Cauchy problem for a general N-dimensional, strictly hyperbolic, 
quasilinear system u_t + A(u)u_x =0, in one space variable, where no assumption is made on the 
eigenvalues of the matrix A(u) besides requiring that they are real and distinct. We shall discuss 
how to construct a Glimm interaction functional that is quadratic with respect to the total 
variation of the solution. The construction of a functional of this type is fundamental for 
establishing sharp error estimates on the convergence of a Glimm scheme, and to analyze the 
large time behavior of the solutions. 
 
 
Georges BASTIN 
Title: On  boundary feedback stabilisation of linear hyperbolic systems of balance laws 
 
Abstract: We present some recent results obtained in collaboration with J-M Coron on the 
feedback stabilisation of linear hyperbolic systems of balance laws over a finite interval. In the 
first part, we present general stabilisation conditions for uniform systems under proportional and 
proportional-integral control. The analysis is illustrated with linearised Saint-Venant-Exner 
equations for open channels with moving bathymetry. In the second part, we are concerned with 
2x2 non-uniform systems. The main result is to show that the existence of a quadratic control 
Lyapunov function requires that the solution of an associated ODE is defined on the considered 
interval. This result is used to give explicit conditions for the existence of stabilising linear boundary 
feedback control laws. 
 
 
Fatih BAYAZIT 
Title: Nonautonomous flows in networks 
 
Abstract: Motivated by a question posed by Benedetto Piccoli in 2008 we study nonautonomous 
flows in networks in the spirit of M. Kramar and E. Sikolya (Math. Z. 249, 139−162, [ 2005 ]). 
We show wellposedness of the corresponding nonautonomous Abstract Cauchy Problem and 
discuss asymptotic behavior in the time periodic case. 



Alexandre BAYEN 
Title: Optimization formulations for inverse modeling problems, with applications to Mobile 
Sensing. 
 
Abstract: This talk describes a new method for solving inverse modeling problems in systems 
modeled by conservation laws, with applications to highway traffic flow estimation. The state of 
the system is written in the form of a scalar Hamilton-Jacobi (HJ) partial differential equation 
(PDE), for which the solution is fully characterized by a Lax-Hopf formula. Using the properties 
of the solution, we prove that when the data of the problem is prescribed in piecewise affine 
form, the constraints of the model are convex. This property enables us to identify a class of 
inverse modeling problems that can be formulated using convex programs. The inverse modeling 
algorithms presented in this talk are part of the Mobile Millennium traffic information system, 
launched recently by UC Berkeley, Nokia and Navteq. The purpose of this system is to use GPS 
data generated by the smartphones of the driving public of Northern California to estimate the 
state of traffic on highways and secondary roads. Numerical results will be presented using the 
current Mobile Milleninum system, operational and live in Northern California 
(http://traffic.berkeley.edu), which assimilates millions of data points everyday from phones, 
probe vehicles, radars, loops and a dozen other streaming data sources. 
 
 
Alberto BRESSAN 
Title: Controlling set-valued evolutions 
 
Abstract:  Mathematical models describing how a set evolves in time, and how its shape can be 
controlled, have a potentially rich field of applications.  This talk will focus on two specific 
models, both based on differential inclusions.  The first describes the region burned by a fire, 
confined by the construction of barriers in real time.  The second describes the region occupied 
by a flock of animals, whose collective motion is controlled by an external agent (such as a 
shepherd) with attractive or repelling influence. For these models, the existence of globally 
bounding controls and the properties of optimal strategies will be considered. 
 
 
Jean-Michel CORON 
Title: Some results on the controllability of 1-D hyperbolic systems 
 
Abstract: We start by recalling classical results (Tatsien Li and Bopeng Rao) on the boundary 
controllability 1-D hyperbolic systems when the characteristic speeds do not vanish. Then, we 
present our joint work with Olivier Glass and Zhiqiang Wang which deals with the case where a 
characteristic speed is vanishing. Finally, we deal with a model of a highly re-entrant 
manufacturing system, a case where the velocity is non local (joint work with Matthias Kawski 
and Zhiqiang Wang).  
 
 
 
 



Hélène FRANKOWSKA 
Title: Solutions to the Initial-Boundary Value Problem for Scalar Conservation Laws and 
Hamilton-Jacobi Equations 
 
Abstract: We consider the initial-boundary value problem for scalar conservation laws with a 
strictly convex smooth flux on the strip $[0,\infty) \times [0,1]$. We show that an associated 
Hamilton-Jacobi equation with appropriately defined initial and boundary conditions has a unique 
generalized solution $V$ that can be obtained as minimum of three value functions of the 
calculus of variation.  The gradient map  $V_x$ is a solution of scalar conservation laws and  the 
traces of the gradients $V_x$ satisfy generalized boundary conditions (as in LeFloch, 1988,  for 
the strip $(0,\infty) \times [0, \infty)$) in a pointwise manner when the initial and boundary data 
are continuous and in a weak sense when they are discontinuous.  Moreover  $V_x$ is continuous 
almost everywhere, and a result concerning the traces of the sign of $f'(V_x(t,\cdot))$ is proven. 
 
 
Mauro GARAVELLO 
Title: Conservation laws and boundary controls 
 
Abstract: Control theory for nonlinear conservation laws is a difficult issue, since solutions to 
these partial differential equations may develop discontinuities in finite time, even if the initial 
and boundary conditions are smooth. In the talk we present various possibilities to control 
nonlinear systems of conservation laws by means of boundary controls. More precisely, we are 
interested only in the existence and well posedness results for these equations. Our attention will 
be mainly focused on the following cases. 
1. A system of conservation laws coupled with a system of ordinary differential equations: the 
solution of the PDEs depends on the state of the ODEs and viceversa. 
2. The Aw-Rascle traffic model with a flux constraint at a single point: the constraint can act as a 
control for example to minimize queues and stop and go phenomena. 
3. The Lighthill-Whitham-Richards traffic model in a network, where solutions at nodes depend 
on time. Here the Riemann solvers at junctions can be seen as control functions. 
 
 
Paola GOATIN 
Title: Vehicular traffic management by conservation laws 
 
Abstract: Several realistic situations in vehicular traffic that give rise to queues can be modeled 
through conservation laws with boundary and unilateral constraints on the flux. We give a 
rigorous analytical framework for these descriptions, comprising stability with respect to the 
initial data, to the boundary inflow and to the constraint. We present a framework to rigorously 
state optimal management problems and prove the existence of the corresponding optimal 
controls. Specific cases are dealt with in detail through ad hoc numerical integrations. These are 
here obtained implementing the wave front tracking algorithm, which appears to be very precise 
in computing, for instance, the exit times. 
 
 



Simone GÖTTLICH 
Title: Solution techniques for time-continuous network problems  
 
Abstract: Many phenomena appearing in economics can be described by continuous models 
consisting of ordinary and partial differential equations. Typical application areas include supply 
chain management, scheduling problems and network flow problems in general. The focus is on 
the mathematical modelling as well as on techniques for simulation and optimization purposes. In 
fact, in various cases those models can be related to mixed-integer programming models. To 
ensure feasibility and to reduce the computational effort of large-scale instances, there is 
evidently need for suitable algorithms.   
 
 
Martin GUGAT 
Title: Control of Transient Gas Networks 
 
Abstract: We present results on stabilization by boundary feedback and on exact boundary 
controllability for the flow through a network of gas pipelines. The system dynamics are 
governed by a hyperbolic system of partial differential equations on each edge of the network 
graph and by algebraic coupling conditions at the nodes. The flow is controlled by compressor 
stations. The results on boundary feedback are based upon transformation to Riemann invariants 
and on Lyapunov functions. 
 
 
Michael HERTY 
Title: Optimal control and controllability for problems governed by nonlinear conservation laws 
 
Abstract: We are concerned with approaches for optimization problems governed by hyperbolic 
conservation laws. We still study controllability and optimal control problems. We present a new 
approach using relaxation and control of the relaxation system.  Concerning optimal control we 
consider the problem « \min_{u_{0}} J(u(\cdot,T), u_{d})  \mbox{ subject to } u_{t} + f(u)_{x} 
 = 0, \; u(x,t=0) = u_{0}(x) ». Contrary to existing work we consider a relaxation approximation 
as introduced by Jin and Xin.  This allows to preserve the hyperbolic structure on the expense of 
an additional equation and additional source terms. A discussion of the approximate discrete 
gradient is given and theoretical results on the numerical scheme are presented. Concerning 
controllability we consider boundary control problem for scalar nonlinear conservation laws and 
extend recent results by Coron et. al. We present theoretical and numerical results for a sample 
problem. 
 
 
 
 
 
 
 
 



Miroslav KRSTIC 
Title: Boundary control of unstable PDEs related to the Bastin-Coron-St. Venant system 
 
Abstract: The Saint-Venant model of shallow water waves has inspired several important recent 
results by Basin, Coron, d'Andrea-Novel, Prieur, Winkin and other collaborators on boundary 
control of 2 x 2 systems of first-order hyperbolic linear PDEs. I will present new results on full-
state feedback for a representative subclass of such systems that can have many unstable 
eigenvalues in open loop but are stabilized for any parametric values using full-state feedback 
with actuation on one end (rather than with collocated boundary feedback on both ends). This 
work was developed in 2005 by Rafael Vazquez, outside of the motivation by the St. Venant 
system, but was never published. I will then link this problem to more recent work with Andrey 
Smyshlyaev and Eduardo Cerpa on control of a class of unstable wave equations into which the 
linearized St. Venant system is transformable. This class includes "anti-damping" terms, which 
can result in the entire spectrum of the uncontrolled system being in the open RHP. A set of novel 
2 x 2 backstepping transformations for the (position, velocity)-state of the wave system is 
developed to convert, with the help of a boundary feedback, the unstable wave system into a 
stable wave system with an arbitrarily high level of damping. The anti-damping effect is not only 
possible in the wave PDE system but also in the Saint-Venant and Boussinesq systems where, as 
indicated to me several years ago by Xavier Litrico, it may model "undular tidal bore" 
instabilities in shallow water systems where waves travel up a river estuary.  
 
 
Günter LEUGERING  
Title: On controllability and optimal control of systems of hyperbolic balance equations on 
networks 
 
Abstract: Systems of hyperbolic balance laws on networks appear in many modern applications, 
like water supply- and waster-water management, gas-pipelines and also mechanical multi-link 
flexible structures which play, in turn, often an essential role for pressurized flow in networked 
pipes. In order to demonstrate the scope of the methods, we focus on water-management systems 
and on networks of nonlinear strings. We discuss issues of controllability, stabilizability and 
optimal control of such networks and provide examples along with real-time capable numerical 
evidence. 
 
 
Xavier LITRICO 
Title: Modeling and control of open-channel flow in irrigation canals: a frequency domain 
approach 
 
Abstract: We develop a frequency domain approach for the control of open-channel flow. Open-
channel flow is classically modeled by the Saint-Venant equations, a set of hyperbolic 
conservation laws. The in-depth study of the linearized Saint-Venant equations enables us to fully 
characterize the dynamic behaviour of the system around equilibrium points. The interconnection 
between pools is then considered with a decentralized approach. We illustrate the approach with 
simulation and experimental results on real canal pools.  



Christophe PRIEUR 
Title: Analysis of the stability and of the perturbation sensitivity for hyperbolic systems 
 
Abstract: The stability analysis of a system of conservation laws is first considered in this talk. To 
tackle this problem, different approaches have been suggested in the literature. Let us recall the 
Riemann coordinates approach and the computation of a Lyapunov function. The estimation of 
the sensitivity with respect to disturbances is also an important issue, and the robustness issue is a 
challenging problem, since, even for systems of finite dimension, the stability may be lost in 
presence of small time-varying perturbations. We will give some results on the robust stability 
analysis using the Riemann coordinates approach. Some results based on the computation of a 
Lyapunov function will be also given. In the latter approach, the robustness issue is solved 
computing a strict Lyapunov function. We conclude this talk by computing a strict Lyapunov 
function from a non-strict one for a class of partial differential equations. 
 
 
Mario SIGALOTTI 
Title: Switching feedback stabilization of star-shaped networks of vibrating strings 
 
Abstract: We consider a star-shaped network consisting of a single node with « N \geq 3 »  
connected arcs. The dynamics on each arc is governed by the wave equation. The arcs are 
coupled at the node and each arc is controlled at the other end. In order to achieve exponential 
decay to zero of the system velocity, it is not necessary that the system is controlled at all N 
exterior ends, but stabilization is still possible if, from time to time, one of the feedback 
controllers breaks down. We give sufficient conditions that guarantee that such a switching 
feedback stabilization is successful. 
 
 
Joseph WINKIN 
Title: LQ-Feedback Control of Hyperbolic Distributed Parameter Systems 
 
Abstract: The design problem of a state feedback control of LQ-type is studied for a class of 
distributed parameter systems that are described by hyperbolic partial differential equations. The 
analysis of the problem is performed on a nonlinear infinite-dimensional Hilbert state-space 
description. The dynamical properties of the linearized model around some equilibrium profile 
are studied. Next the general concept of state LQ-feedback is introduced. It turns out that any 
LQ-feedback is optimal from the input-output viewpoint and stabilizing. Any LQ-feedback 
operator is shown to be computable for such systems by spectral factorization or via the solution 
of a matrix Riccati differential equation (MRDE) in the space variable. For (approximately) 
reachable systems an LQ-feedback is unique and is necessarily optimal. The computed LQ-
feedback is applied to the nominal nonlinear model, and the resulting closed-loop system 
dynamical performances are reported. A criterion is given which guarantees that the chosen 
equilibrium profile is an asymptotically stable equilibrium of the closed-loop system. Moreover, 
under the same criterion, it is shown that the computed LQ-feedback control law is optimal for 
the nonlinear closed-loop model with respect to a modified LQ-cost criterion. The results are 
applied to a non-isothermal plug flow tubular reactor and illustrated by numerical simulations. 



 
 
Cheng-Zhong XU 
Title: Exponential Stability of Some Distributed Parameter Systems and Related Subjects: 
Observability and Observers 
 
Abstract: In this talk we will present some distributed parameter systems governed by hyperbolic 
partial differential equations. The background from chemical engineering processes will be 
exploited in order to better understand exponential stability of the systems under study. 
Meanwhile we explain how to extend Lyapunov’s direct method to prove exponential stability of 
these systems in a general context of Banach spaces. The extension is carried out first on a class 
of symmetric hyperbolic linear PDE systems of two independent variables and then investigated 
around some nonlinear ones and several examples of higher dimensions. These results have been 
obtained by our work of recent years en collaboration with A. Tchousso and G. Sallet. 
The second part of the talk speaks of different observabilities of distributed parameter sys- tems. 
We try to show how to construct Luenberger observers in that context. Based on some vibrating 
systems we show how observers are useful in the closed-loop stabilization via dyna- mical output 
feedback with delay and without delay. Finally we discuss perspectives of future research for 
these questions. 
 
 
Xu ZHANG  
Title: Observability and Controllability for Stochastic Hyperbolic Equations 
 
Abstract: Based on a fundamental identity for stochastic hyperbolic-like operators, we derive a 
global Carleman estimate (with singular weight function)  for stochastic hyperbolic equations. 
This leads to an observability estimate for stochastic hyperbolic equations with non-smooth lower 
order terms. An application to the exact controllability problem for backward stochastic wave 
equations is also given.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Schedule 
 
 
Monday 18 October  
 
10:30 Coffee and welcome address 
 
11:00 Günter Leugering: “On controllability and optimal control of systems of hyperbolic 
balance equations on networks”  
11:45 Jean-Michel Coron : “Some results on the controllability of 1-D hyperbolic systems” 
 
12:30 - 14:30 Lunch 
 
14:30 Fabio Ancona: “On the Glimm functional for general hyperbolic systems”  
15:15 Mario Sigalotti: “Switching feedback stabilization of star-shaped networks of vibrating 
strings” 
 
16:00 Coffee break 
 
16:30 Simone Göttlich: “Solution techniques for time-continuous network problems” 
17:15 Fatih Bayazit: “Nonautonomous flows in networks” 
 
 
Tuesday 19 October 
 
9:00 Michael Herty: “Optimal control and controllability for problems governed by nonlinear 
conservation laws” 
9:45 Martin Gugat: “Control of Transient Gas Networks” 
 
10:30 Coffee break 
 
11:00 Joseph Winkin: “LQ-Feedback Control of Hyperbolic Distributed Parameter Systems”  
11:45 Xu Zhang: “Observability and Controllability for Stochastic Hyperbolic Equations” 
 
12:30 - 14:30 Lunch 
 
14:30 Cheng-Zhong Xu: “Exponential stability of some distributed parameter systems and related 
subjects : Observability and observers”  
15:15 Xavier Litrico: “Modeling and control of open-channel flow in irrigation canals: a 
frequency domain approach” 
 
16:00 Coffee break 
 
 



 
16:30 Georges Bastin: “On boundary feedback stabilisation of linear hyperbolic systems of 
balance laws”  
17:15 Hélène Frankowska: “Solutions to the initial-boundary value problem for scalar 
conservation laws and Hamilton-Jacobi equations” 
 
19:30 Cocktail Dinner Party 
 
 
Wednesday 20 October 
 
9:00 Miroslav Krstic: “Boundary control of unstable PDEs related to the Bastin-Coron-St. Venant 
system”  
9:45 Alexandre Bayen: “Optimization formulations for inverse modeling problems, with 
applications to Mobile Sensing” 
 
10:30 Coffee break 
 
11:00 Mauro Garavello: “Conservation laws and boundary controls”  
11:45 Paola Goatin: “Vehicular traffic management by conservation laws” 
 
12:30 - 14:30 Lunch 
 
14:30 Christophe Prieur: “Analysis of the stability and of the perturbation sensitivity for 
hyperbolic systems”  
15:15 Alberto Bressan: “Controlling set-valued evolutions” 
 
16:00 Coffee break 
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Practical informations 
 
 
Workshop location 
Institut Henri-Poincaré (IHP),  
11, rue Pierre et Marie Curie 
Paris 75005 (France) 
 
 

 
 
The Institut Henri-Poincaré is marked by « A » in the following map : 
 

 
 
 
 



Cocktail Dinner Party 
19h30-21h  
Main Tour of the Jussieu Campus, 24th floor (with an unique view on Paris !) 
Place Jussieu 
Paris 
 
The Institut Henri-Poincaré is marked by « A », the Cocktail location is marked by « B ». The 
itinerary is given below, and the distance is around 1 km (less than 15 minutes by walk). 
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