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m Test, benchmark and compare

m data-driven (time-domain)
m model reduction techniques
m for (nonlinear) gas networks

m modularly and configurably.

m OCTAVE & MATLAB compatible.
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@ Modules

m Models
m Solvers
m Decouplers
m Reductors

m Networks & Scenarios
m Other
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@ Models

m Friction?
m Compressibility® (WIP)
m Gravity* (WIP)

m Linearized* (WIP)

m Descriptor

m

Herty Approximation*

2S. Grundel, L. Jansen, N. Hornung, T. Clees, C. Tischendorf, and P. Benner. Model order reduction of differential
algebraic equations arising from the simulation of gas transport networks. In Progress in Differential-Algebraic Equations,
Differential- Algebraic Equations Forum, pages 183-205. Springer Berlin Heidelberg, 2014.
S. Grundel, N. Hornung, and S. Roggendorf. Numerical aspects of model order reduction for gas transportation

networks. In S. Koziel, L. Leifsson, and X.-S. Yang, editors, Simulation-Driven Modeling and Optimization, pages 1-28.
Springer, 2016.

M. Herty, J. Mohring and V. Sachers. A new model for gas flow in pipe networks. Mathematical Methods in the Applied
Sciences 33(7): 845-855, 2010.
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m IMEX-1° (First Order Implicit-Explicit Runge-Kutta)
m IMEX-2° (Second Order Implicit-Explicit Runge-Kutta)

= Implicit: Passive Runge-Kutta’” (DIRK-2)

= Explicit: Strong Stability Preserving Runge-Kutta® (SSP-2)
m Generic

s MATLAB: odel5s®
s OCTAVE: ode2r0

55. Grundel and L. Jansen. Efficient simulation of transient gas networks using IMEX integration schemes and MOR
methods. In 54th IEEE Conference on Decision and Control (CDC), Osaka, Japan, pages 4579-4584, December 2015.

6L. Pareschi and G. Russo. Implicit-Explicit Runge-Kutta Schemes and Applications to Hyperbolic Systems with
Relaxation. Journal of Scientific Computing 25(1): 129-155, 2005.

7D. Franken and K. Ochs. Numerical stability properties of passive Runge-Kutta methods The 2001 IEEE International
Symposium on Circuits and Systems Ill: 473-476, 2001.

D.l. Ketcheson. Highly Efficient Strong Stability-Preserving RungeKutta Methods with Low-Storage Implementations.
SIAM Journal on Scientific Computing 30(4): 2113-2136, 2008.

9
https://mathworks.com/help/matlab/ref/ode16s.html
https://octave.sourceforge.io/odepkg/function/ode2r.html
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@ Decouplers

m Linear(ized)!!
m Quadratic? (WIP)
m Generic Nonlinear (WIP)

11G. Ali, N. Banagaaya, W.H.A. Schilders, and C. Tischendorf Index-Aware Model Order Reduction for Linear Index-2
DAEs with Constant Coefficients. SIAM Journal on Scientific Computing 35(3): A1487-A1510, 2013.

12N. Banagaaya, P. Benner, L. Feng, P. Meuris, and W. Schoenmaker. An index-aware parametric model order reduction

method for parameterized quadratic differential-algebraic equations. Applied Mathematics and Computation, In Press:1-16,
2017.
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@ @ Reductors

In structured and unstructured variants:

Proper Orthogonal Decomposition!® (POD)
Dynamic Mode Decomposition'* (DMD-Galerkin)
Empirical Balanced Truncation'®

Empirical Cross Gramian®® (¥*)

Empirical Non-Symmetric Cross Gramian'’

13P. Holmes, J.L. Lumley, G. Berkooz, and C.W. Rowley. Turbulence, coherent structures, dynamical systems and

symmetry. Cambridge Monographs on Mechanics. Cambridge University Press, Cambridge, 2012.

A. Alla and J.N. Kutz. Nonlinear model order reduction via dynamic model decomposition. arXiv e-print 1602.05080,
Cornell University, 2016. math.NA.

153. Lall, J.E. Marsden, and S. Glavaski. Empirical model reduction of controlled nonlinear systems. In Proc. of the IFAC
World Congress, volume F, pages 473-478, 1999.

C.H. and M. Ohlberger. Cross-Gramian based combined state and parameter reduction for large-scale control systems.
Mathematical Problems in Engineering, 2014(Article ID 843869):113, 2014.

17C.H. and M. Ohlberger. A note on the cross Gramian for non-symmetric systems. Systems Science and Control
Engineering, 4(1):199-208, 2016.
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@ Networks & Scenarios

Procedural pipeline
Forked network
Diamond network
Aze)O7'8 (WIP)
GruHKetal13%°
GruHJetal14%°
GruHR16* (WIP)
GasLib-58221 (WIP)

18T.P. Azevedo-Perdicoulis and G. Jank. Modelling Aspects of Describing a Gas Network Through a DAE Ssystem. In

IFAC Proceedings Volumes 40(20): 40-45, 2007.
S. Grundel, N. Hornung, B. Klaassen, P. Benner, and T. Clees. Computing surrogates for gas network simulation using

model order reduction. In S. Koziel and L. Leifsson, editors, Surrogate-Based Modeling and Optimization, pages 189-212.
Springer, New York, 2013.

S. Grundel, L. Jansen, N. Hornung, T. Clees, C. Tischendorf, and P. Benner. Model order reduction of differential
algebraic equations arising from the simulation of gas transport networks. In Progress in Differential- Algebraic Equations,
Differential-Algebraic Equations Forum, pages 183-205. Springer Berlin Heidelberg, 2014.

lhttp ://gaslib.zib.de
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m Tests for verification and validation
m Plain text intermediary formats:

= Network (csv)
= Scenario (ini)
m Configuration:
= Friction formula
= Compressibility formula
m etc.

m Utility library
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m json network parser

m Alternative Discretizations
m More networks:

= External compressors'®

= Internal compressors (777)
m More data-driven MOR methods:

= balanced POD? (bPOD)
= input-output DMD?® (ioDMD)

m Visualization

22C. W. Rowley. Model reduction for fluids, using bal d proper ortt | decomposition. Int. J. Bifurcat. Chaos,

15(3): 997-1013, 2005.

J. Annoni, P. Gebraad, and P. Seiler. Wind farm flow modeling using input-output dynamic mode decomposition. In
American Control Conference (ACC), pages 506-512, 2016.
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m Basic functionality is ready.

m Advanced features in development.
m Reusability is essential.
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