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1. Introduction. How to write a good scienti�c code ?

2. Neutr on transpor t equations

3. Constr aints/objectiv es for the librar y design

4. Gener ic Linear Algebr a System Solver (GLASS)

5. SPncode organization.

6. Conclusion. Success, failure, open questions
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How to write a good code ?

In an industr ial context, the a bility to maintain the codes become
essential.

Colla bor ativ e work is also a major issue. How to separ ate the different

scienti�c �elds ?

� Reactor Physics

� Numer ical Analysis

� Computer Science

Using librar ies helps a lot...
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Neutr on transpor t equation
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: Angular neutr on �ux

� Space :

�

�

� Energy :

�

� Angular direction :
�*�
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Sn discrete equations
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SPNequations (Mixed-Dual form)

Pn Method : Angular Flux � Legendr e polynomials basis expansion. The
Simpli�ed Pn method leads to :

For each har monic
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Sn/SPncompar ison

g
g'

h

l
l'

h'

i

i'

i

i'

Sn

SPn
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Stationnar y Problem (cr iticality)

One has to sove a gener alized eigen value problem (SN/SPN) :
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Multigr oup Equations

One has to sove a linear problem (SN/SPN) :
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Gauss-Seidel algor ithm :
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SPnMatr ix (A)

DSPNMatrix
Diagonal

DR
MonoGroupMatrix

Diagonal
DMonogroupMatrix

Dense
RMonoGroupMatrix

Special
DiffusionMatrix HarmonicCouplingMatrix

Special

A =
(g,g)

= +
(h,h) (h,h')

(g,g')

(h,h)

+ ScatteringMatrix
Dense

Diagonal
ScatteringMonogroupMatrix

Special
SpaceScatteringMatrix
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GLASS: Main Constraints/Objectiv es
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� � � and Vector s

� virtual/actual matr ices

� matr ix structur e (spar sity patter n) hierarch y must be re�ected
(diagonal is a banded is a sparse is a dense)

� Blocked version of algor ithms (Gauss-Seidel, PowerAlgo,..)
should be easy to read and write

� Flexibility to work for and from other codes ( � GLASS �)

� No a bstraction penalties

The code should be easier to debug/m aintain.
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GLASS: Matr ix De�nition Concept
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GLASSuser.
Thisclass must contain all the information requir ed to build evaluate

matr ix elements
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Example of use
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Matr ix structur es Hierach y

BandedMatrix

DenseMatrix

double bandedGetElement( i , j )
int nrows ()
int linf()
int lsup ()

double operator () ( i , j )
int nrows ()
int ncols()

double upperDiagonalGetElement( i )
double lowerDiagonalGetElement( i ) 
double diagonalGetElement( i )
int nrows ()

DiagonalMatrixTriDiagonalMatrix
double diagonalGetElement( i )
int nrows ()
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Nested Traits techniques

DenseMatrix

BandedMatrix

TriDiagonalMatrix DiagonalMatrix

DenseMatrix

BandedMatrix

TriDiagonalMatrix DiagonalMatrix
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Matr ix options
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Matr ix Options

�
�

�
�

�

�

�

�

� �
�

�

�
	

�

�

�
�

�

�

�

�
�

�

�

�

�

�

�

�

	

�
�

�

�

�

�

�

	 ��

�

	

�� �

�

�

�

	

�

� �

�
	

�

�

�
�

�
� �

�
�

�

�

�

�

�

�

�

�

�

�

�� �
� �

�
� �

�

� �

�

	

�

�� �

�

�

�

�

�

�

	 ��

�

	

� �
	

�

�

�
�

�

�

�

�

	

�

�

�

�
�

�

�

�

�

�

	 ��

�

	

�

�

�
	

�

�

�
�

�

�

�

���

�

�

�

� �

�
�

�
�

�

�

�

�
�

�

�

�

�
�

�
	

�

�

���

�

�
	

�

�

�
�

�

�

� �

�

�

�

�

�

�

�

�

�

�
	

�

�

�
�

�

�

�

�

�

�

	 � �

�
�

�
�

�

�

�

���

�

�

�

���

�
	

�

�

���

�

�
	

�

�

�
�

�

�

� �

�

�

�

�
�

�

�

�
	

�

�

�
�

�

�

�

���

�

�

�

�

�

�
	

�

�

�
�

�

�

�

�

�

�

	 � �

�

�
	

�

�

�
�

�

�

� �

�

�

�

���

�
� �

�

	

�

	

�

	

�

	

�
� �	� 
	�

�




�

�

�

�
	

�

�

�
�

�

�

�

�

�

�

	 � �

� �

�
	

�

�

�
�

�

�

�

	

�

	




�

�
�

�

�

�

�

� �

� �

�

�

� �

�

�
�

�

�

�
�

�
�

�

�

Gener ic Progr amming Experiments for SPnand SNtranspor t codes – p.18/26



Algor ithms

How does the Gauss-Seidel algor ithm look like ?
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GLASSiterativ e solvers implementation :

�

�

�

�

METHODCONTROL

||X-Xold||

ACCELERATIONITERATION

TCHEBYCHEV

METHOD
KRYLOVSPACE

CONJUGATE GRADIENT

GAUSS SEIDEL

JACOBI

ITERATIVE ALGORITHM

||AX-B||

ACCELERATION
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GLASSiterativ e solvers implementation :
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Iteration Contr ol
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Acceler ation Method
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Solver organization

GLASS

GenericMatrix GenericAlgosGenericVector

SNSolver

DiffusionMatrix SPNScatteringMatrix FissionMatrix

SPNSolver

Gener ic Progr amming Experiments for SPnand SNtranspor t codes – p.24/26



Performance compar ison

For the SPna ppr oximation, our reference is the MINOS code (C++).

� 3D IAEA benchm ark.

� The ph ysical gr id of size

�

�

�

�

�

�

�

� Calculation gr id of size

�� �

�

�� �

�

� �

.

� The benchm ark implies 2 ener gy groups .

� A simple SP1a ppr oximation is used with linear �nite elements .

� The calculations were carr ied out on a 2.8 GHz Intel Xeon processor .

code Iteration Number

�

EigenSolver duration (s)

Minos 65 1.02892 20,06 s

GLASSSPn 65 1.02892 19.09 s
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Conclusion

� Good Points

� Large fraction of codes shared betw een Sn and SPN

� No perf ormance penalties

� Lessbugs (no pointer , much less loops , -D BOUND CHECK)

� unitar y tests

� Bad Points

� Error message handling for numer ical analysis exper ts

� The code can' t be read follo wing your �nger . Some additionnal
debugging tools should help (matr ix browser)

� Stillsome work to handle cer tain tempor ary vector s

� new techniques , new product

� Open question : What a bout //ism.
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