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This paper aims at gathering the capabilities of the tool DynIbex, in term of differential equations that can be handled, the facilities for constraint programming with differential equations, and the applications already done by the help of this tool. It collects all of our contributions produced on, or by the help of, DynIbex.

Capabilities of DynIbex

The main goal of DynIbex is to offer a set of validated numerical integration methods, based on Runge-Kutta schemes, to solve initial value problem (IVP) of ordinary differential equations (ODE) and for differential algebraic equations (DAE) in Hessenberg index 1 form. For this purpose, the Runge-Kutta schemes, explicit and implicit, are validated by a guaranteed bounding of their local truncation errors [START_REF] Chapoutot | Validated Explicit and Implicit Runge-Kutta Methods[END_REF][START_REF] Alexandre | Validated Explicit and Implicit Runge-Kutta Methods[END_REF]. With these validated schemes, DynIbex is able to solve initial value problems in a guaranteed way [START_REF] Sandretto | Validated Runge-Kutta Methods for Initial Value Problems[END_REF]. A specific method is also available to solve differential algebraic equations [START_REF] Alexandre | Validated Simulation of Differential Algebraic Equations[END_REF][START_REF] Alexandre | Validated Simulation of Differential Algebraic Equations with Runge-Kutta Methods[END_REF]. In order to reduce the complexity on the local truncation computation, and hence to increase the size of the problems being handled, a method based on automatic differentiation (a.k.a. algorithmic differentiation) is used for problems of dimension greater than 3 [START_REF] Mullier | Validated Computation of the Local Truncation Error of Runge-Kutta Methods with Automatic Differentiation[END_REF][START_REF] Mullier | Validated Computation of the Local Truncation Error of Runge-Kutta Methods with Automatic Differentiation[END_REF]. An approach based on contractor programming can be exploited to improve some algorithms. This approach proposes contraction, propagation and bisection capabilities on a computed simulation of ODE [START_REF] Alexandre | Contraction, propagation and bisection on a validated simulation of ODE[END_REF]. By combining DynIbex with geometrical techniques, it is possible to compute the reachability of IVPs whose initial value is given in term of polytopes [START_REF] Alexandre | Reachability analysis of nonlinear odes using polytopic based validated runge-kutta[END_REF].

Verification of cyber-physical systems

Some functionalities of DynIbex are specifically developped to study, verify or validate dynamical systems and cyber-physical systems. These functionalities exploit the constraint programming formalism [START_REF] Alexandre | DynBEX: a Differential Constraint Library for Studying Dynamical Systems[END_REF][START_REF] Alexandre | DynIBEX: une boîte à outils pour la vérification des systèmes cyber-physiques[END_REF][START_REF] Sandretto | Constraint-based framework for reasoning with differential equations[END_REF].

Applications done with DynIbex

DynIbex can be used for the synthesizing of controller parameters such as proportinal-integral controller [START_REF] Sandretto | Tuning PI controller in non-linear uncertain closed-loop systems with interval analysis[END_REF]. It is also a useful tool for the appropriate design of robots [START_REF] Sandretto | Appropriate Design Guided by Simulation: An Hovercraft Application[END_REF].

In term of invariant computation, DynIbex is used for the caracterization of the viability kernel [START_REF] Monnet | Viability kernel computation based on interval methods[END_REF][START_REF] Monnet | Inner and Outer Computation of the Viability Kernel based on Interval Analysis[END_REF][START_REF] Martin | Improving validated computation of viability kernels[END_REF].

A particular class of dynamical systems that are the switched systems can be considered in DynIbex. Indeed, the control synthesis of this kind of systems can be performed with this tool [START_REF] Le Coent | Control of Nonlinear Switched Systems Based on Validated Simulation[END_REF][START_REF] Le Coënt | An Improved Algorithm for the Control Synthesis of Nonlinear Sampled Switched Systems[END_REF].

The verification of robotic behavior can be done with DynIbex. It allows to build a robust motion planner based on Rapidly-exploring random tree method [START_REF] Sandretto | Formal Verification of Robotic Behaviors in Presence of Bounded Uncertainties[END_REF][START_REF] Sandretto | Formal Verification of Robotic Behaviors in Presence of Bounded Uncertainties[END_REF].

Another approach for motion planning, this time based on sliding horizon uses DynIbex [START_REF] Brendel | Robust Motion Planning Based on Sliding Horizon and Validated Simulation[END_REF].

A reliable model-predictive control for nonlinear dynamical systems using DynIbex is proposed in [START_REF] Sandretto | Reliable NonLinear Model-Predictive Control via Validated Simulation[END_REF].

In term of optimal control, the synthesis of optimal switching instants are performed for the control of hybrid systems in [START_REF] Sandretto | Optimal Switching Instants for the Control of Hybrid Systems[END_REF].