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Motivation

● How can we add other processes such as infiltration, sediment transport and morphodynamics, 

contamination transport?
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Object-oriented programming (OOP)

● OOP is a programming technique that supports objects, classes, and inheritance.
● OOP concepts:

● Class encapsulation
● Polymorphism
● Class inheritance
● Generic programming

● Aims to enable abstraction, modularity of code and reusability

● Some well known OOP languages: C++, Java, C#
● Languages that support OOP: Modern Fortran, MATLAB 
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Criticism of OOP

● Less efficient
● Encourage unneeded complexity
● Produces „bloated“ code base

● However: The high-performance scientific computing suite DUNE is written in C++ using OOP.
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Hydroinformatics Modeling System (hms)

● Java-based OOP modeling framework (suite)
● Focus on modeling of coupled processes related to shallow water flow
● Focus on enabling fast prototyping of methods

● Solvers and numerical algorithms have to be written in the most general way possible to apply 

them to as many physical processes as possible (modularity and reusability)

● Aim of this talk is to present the numerics module of hms, as an example of OOP design applied 

to modeling coupled processes.
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Shallow water flow and related processes
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hms: Encapsulation of physical processes
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hms: A generalized finite-volume solver

Note: Every cell and every edge is an object, stored in a list. State variables are stored in cell objects.

1. initialize state variables

2. preparation step prior to global loop

3. compute values of conserved variables (loop over cells)

4. compute flux terms (loop over edges)

5. compute source terms (loop over cells)

6. update independent state variables (loop over cells)

7. update dependent state variables (process coupling)
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hms: A generalized finite-volume solver

polymorphism
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Example: Dam-break flow over movable bed

● A numerical experiment by Cao et al. (2004) 
● Governing equations from (Simpson & Castelltort, 2006)
● Domain: 50,000 m long, 200 m wide
● Cell size: 10 m
● Manning coefficient: n = 0.03 ms-1/3

● Sediment diameter: d = 8 mm

© NASA : Betsiboka estuary
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Morphodynamics: Object-oriented solution

strategy pattern
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Results and discussion



Modeling of coupled processes | Özgen et al. | BIMoS Day 

Seite 17

Results and discussion
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Example: Tracer experiments in Thies catchment, Senegal

● Experiments have been carried out by Mügler et al. (2011)
● Domain: 10 m long by 4 m wide, with a 1% slope
● Rainfall intensity: 70 mm/h = 1.944 x 10-5 m/s (constant)
● Cell size: 0.05 m
● Variable Manning roughness: n=0.014 ms-1/3, d0=0.0045 m, e=0.1

● Infiltration rate: 7.36 x 10-6 m/s (constant)
● Tracer is injected after 300 sec, with a rate of 1 g/s for 30 sec
● Diffusion coefficient: 2.982 x 10-9 m2s-1
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Example: Tracer experiments in Thies catchment, Senegal

Mügler et al. (2011)
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Tracer transport and infiltration: Object oriented solution

strategy pattern
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Results and discussion
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Results and discussion

(Simons et al., 2014) (Adamczak, 2012)
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Discussion: computational efficiency

● Scientific code usually targets computational efficiency and is limited to compute a limited number 

of specific processes
● The benefit of OOP in maintenance cost and flexibility may outweigh the performance penalty

● Comparison of hms with the CLAWPACK suite (procedural code in Fortran) in several shallow 

water benchmarks suggests that CLAWPACK is up to 20 times faster than hms → coupling 

processes in CLAWPACK requires writing a new solver
● DUNE suite (OOP code in C++) utilizes template metaprogramming techniques and is a highly 

efficient high-performance code → basically unreadable
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Discussion: complexity of code

● Generalized solvers, generalized schemes, generalized data objects require generic programming 

(polymorphism)

● Writing everything as general as possible requires several levels of abstraction
● Perceived code complexity increases

● Factory patterns can be applied to provide simpler interfaces and hide complexity → might also 

increase code complexity (information hiding)

● How much abstraction do you need? or How general should your solver be? 

→ „Worse is better“ vs. „The MIT approach“
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Conclusions

● OOP enables a comfortable way to simulate coupled physical processes
● OOP increases the computational overhead and the complexity of code
● OOP increases the reusability and flexibility of the code
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