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What I’m going to tell you…

n Focus is moving away from ROCOTILLO and toward 
SERRANO.
u Milestone driven development.
u What are these codes?  What do they do?

n SQI
u What is the Capsaicin Team doing? Why?
u What else is there? How we decide what to do?

n Preliminary results
u MMS & example problem.

n Capsaicin Roadmap
u What are our goals?
u How do we few incremental component/application 

development?
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Last time our focus was on 
ROCOTILLO

n At Workshop IV:
u Kent Budge reported on ROCOTILLO.

u Benchmark a code that solves the streaming plus 
collision operator.

u Triangular meshes, domain decomposition.

Square High Aspect Random
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Today our focus is on SERRANO

n SERRANO has the following features:
u Solves 1st order form of the time dependent radiative 

transfer equation.
u Discrete ordinates angular discretization.
u LLD spatial discretization (Morel)

F 2nd order accurate,  good diffusion limit, no flux dip

u Track ion, electron and radiation temperatures (but no 
electron conduction yet).

u Use analytic and tabular opacity models.
u Thompson scattering, linearized Planck emission.
u Reflective, source, vacuum boundaries.
u Parallel sweep and parallel block-Jacobi algorithms.
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SERANO solves the 3T problem

n 3T radiative transfer equations.
n Discretized to be implicit in time, multi-group, discrete 

ordinates, and Morel’s LLD for RZ triangles.
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Capsaicin Software Quality
SQ[AEIOU] – What we are doing right now:

n Use documentation to take control of project
u Vision, scope, elicitation, requirements, design 

specification, implementation plan, release note.
u Physics manual, users manual, developer notes, 

project process documents.
n Reviews

u Design and code reviews, pair programming.
u Refactor only when required.

n From project initiation, 
u Design is parallel, object-oriented, levelized.
u Automatic documentation.
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More SQE buzz-words…

n Testing
u Design-by-Contract
u Integrated (physics) and unit (software) testing.
u Regression (delta over time) testing and application 

(code-to-code, gold standard, analytics) testing.
n Revision Control

u Source is under CVS control
u Documents under change management (SF)

We use an iterative staged delivery process.
u Bug tracking.  Fixes tied to specific release.

n SQE should empower a project to learn from mistakes, 
make educated decisions and save time.
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Code Metrics and Levelized Design

n Code Metrics
u 20000 lines of code
u 6600 lines of test code (++)
u 1000 contract specifications
u 20000 lines of comments

n Instrumentation
u Purify, Insure++
u STLport
u Code coverage reports tied to 

testing.

n 3rd party vendors
u MPI, mpich, LA-MPI 

communication models.
u Draco, Trilinos, Metis, 

LAPACK, LANL materials 
libraries.
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Heat flow demonstration problem

• Demonstration problem only.  

• Not a verification problem.

• Source T= 1 keV

• Reflective BC on L/R.

• Unstructured mesh with 
random cell-set groups.

• Use Warsa’s python mesh 
generator.

• Ready to run analytic 
Marshak (w/o DSA) – but 
lets not get ahead of 
ourselves – incremental 
feature testing.

• Large i/e coupling.

• Source is 1 keV at 
the bottom. 

• Vacuum BC at top

• Reflective BC at 
right.

• Cv = 1e8 erg/g/K

• ρ = 1 g/cm3

• σa = 10 cm2/g

• σs = 0 cm2/g

• S2 quadrature
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Manufactured Solutions

n MMS is to dream up a solution I, evaluate the corresponding source 
S analytically, then feed S to the sweeper to see if we recover a 
good solution of the original manufactured solution I. 

n Should be used when it is easy to obtain S from I but hard to go 
from I to S.

n For example, let the solution be

n So that the driving source must be

n Now run the code with the provided Q to see if it can compute I.
n ROCOTILLO obtains the correct solution but appears 1st order 

accurate.  Why?
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MMS & Truncation Error Analysis

n Choice of MS is unfortunate.  It is not a smooth 
solution.  Try a periodic solution for this measure.

[ ]( , ) cos(2 )cos(2 ) 1 cos(2 ) cos(2 )I r z r z r zπ π µ π π= + −

n Using manufactured solutions we 
have demonstrated that SERRANO 
is 2nd order accurate in space (XY 
and RZ) and angle.

n Be careful when using MMS!

Truncation Error Analysis
MMS – smooth & periodic
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Code Roadmap

n Now – Oct 1, 2004
u Verification , release and report.
u DSA implementation.

n FY05
u ASC Milestone.
u Stand alone diffusion solver.
u Better time step controller.
u Hybrid (triangles plus quadrilaterals) mesh support?

n Long term
u Electron conduction model, Compton scattering model.
u 3D tetrahedral, adaptive in angle
u Can we use subzone mapping to treat polygon meshes 

and other special mesh feature treatments.
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Research Roadmap

n Continue to examine properties of lumped LD 
discretizations.
u Are lumped discretizations needed for time 

dependent radiative transfer? 
u What are the real (dis)advantages of lumped 

methods? Are there alternatives?
n Parallel block-Jacobi solutions.

u We need to understand why this method breaks 
down for small cells as Np becomes large.

n Can we treat all meshes with triangles?
u Conformal sub-zone meshes.
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Results of LD Lumping Study

20222121Fully-lumped

22*222121Mass-lumped

22222222Unlumped

3D1D3D1D3D1D3D1D

RandomOrthogonalRandomOrthogonal

Hexahedral MeshTetrahedral Mesh

* not confirmed.
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What I just told you (in case you were 
sleeping)

n Focus is moving away from ROCOTILLO and 
toward SERRANO.
u Milestone driven development.
u What are these codes?  What do they do?

n SQI
u What is the Capsaicin Team doing? Why?
u What else is there? How we decide what to do?

n Preliminary results
u MMS & example problem.

n Capsaicin Roadmap


