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Isogeometric Analysis (IGA) is a recent idea (see [1,2]) introduced to bridge the gap between
Computational Mechanics and Computer Aided Design (CAD). The key feature of IGA is to
extend the finite element method representing the geometry by functions - such as NURBS -
typically used by CAD systems, and then invoking the isoparametric concept to define
field variables. Thus, the computational domain exactly reproduces the CAD description of
the physical domain, and, also thanks to the high regularity properties of the employed
functions, numerical testing in different situations has shown a substantial increase, with
respect to standard finite elements, of the ratio between accuracy and number of degrees-of-
freedom. In particular, the advantage of IGA over standard finite elements appears to be
remarkably evident in the approximation of spectra (e.g., in the case of structural vibration
studies) and of dynamics problems (cf. [3-8]).

A novel interesting family of isogeometric approaches is represented by collocation methods
(see [9]), which have been proven to be a viable low-cost alternative to standard isogeometric
Galerkin methods, able to drastically increase the ratio between accuracy and computational
time, in particular for higher order approximations (cf. [10]). Isogeometric collocation
methods have been shown to attain good and promising results in many fields: Among them,
it is worth to highlight here the applications in the context of explicit elastodynamics (see
[11]), or for the solution of the Cahn-Hilliard equation describing the dynamics of the phase
separation process of immiscible fluids (see [12]), for which isogeometric collocation
represents an accurate, efficient, and geometrically flexible option.

Within this framework, the present work aims at giving an overview of all the topics
mentioned above, with a special focus on the spectral results discussed in [8] and on the
implications these may have in the solution of elliptic boundary-value, parabolic initial-value,
and hyperbolic initial-value problems.

REFERENCES

[1] T.J.R. Hughes, J.A. Cottrell, Y. Bazilevs. Isogeometric analysis: CAD, finite elements,
NURBS, exact geometry, and mesh refinement. Computer Methods in Applied
Mechanics and Engineering, vol. 194, pp. 4135-4195, 2005.

[2] J.A. Cottrell, T.J.R. Hughes, Y. Bazilevs. Isogeometric Analysis. Towards integration of



Alessandro Reali, John A. Evans and Thomas J.R. Hughes

CAD and FEA. Wiley, 2009.

[3] J.A. Cottrell, A. Reali, Y. Bazilevs, T.J.R. Hughes. Isogeometric Analysis of Structural
Vibrations. Computer Methods in Applied Mechanics and Engineering, vol. 195, pp.
5257-5296, 2006.

[4] A. Reali. An Isogeometric Analysis Approach for the Study of Structural Vibrations.
Journal of Earthquake Engineering, vol. 10, s.i. 1, pp. 1-30, 2006.

[5] Y. Bazilevs, V.M. Calo, J.A. Cottrell, T.J.R. Hughes, A. Reali, G. Scovazzi. Variational
Multiscale Residual-based Turbulence Modeling for Large Eddy Simulation of
Incompressible Flows. Computer Methods in Applied Mechanics and Engineering, vol.
197, pp. 173-201, 2007.

[6] T.J.R. Hughes, A. Reali, G. Sangalli. Duality and Unified Analysis of Discrete
Approximations in Structural Dynamics and Wave Propagation: Comparison of p-
method Finite Elements with k-method NURBS. Computer Methods in Applied
Mechanics and Engineering, vol. 197, pp. 4104-4124, 2008.

[7]1 J.A. Evans, T.J.R. Hughes. Discrete spectrum analyses for various mixed discretizations
of the Stokes eigenproblem. Computational Mechanics, vol. 50, pp. 667-674, 2012.

[8] T.J.R. Hughes, J.A. Evans, A. Reali. Finite Element and NURBS Approximations of
Eigenvalue, Boundary-value, and Initial-value Problems. Published online on Computer
Methods in Applied Mechanics and Engineering, doi:10.1016/j.cma.2013.11.012, 2013.

[9] F. Auricchio, L. Beirdo da Veiga, T.J.R. Hughes, A. Reali, G. Sangalli. Isogeometric
Collocation Methods. Mathematical Models and Methods in Applied Sciences, vol. 20,
pp. 2075-2107, 2010.

[10] D. Schillinger, J.A. Evans, A. Reali, M.A. Scott, T.J.R. Hughes. Isogeometric
Collocation: Cost Comparison with Galerkin Methods and Extension to Adaptive
Hierarchical NURBS Discretizations. Computer Methods in Applied Mechanics and
Engineering, vol. 267, pp. 170-232, 2013.

[11]F. Auricchio, L. Beirdo da Veiga, T.J.R. Hughes, A. Reali, G. Sangalli. Isogeometric
collocation for elastostatics and explicit dynamics. Computer Methods in Applied
Mechanics and Engineering, vol. 249-252, pp. 2-14 (2012).

[12] H. Gomez, A. Reali, G. Sangalli. Accurate, efficient, and
(iso)geometrically flexible collocation methods for phase-field models. To appear on
Journal of Computational Physics (2014).



