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Numerical Recipes

¢ William H. Press, Saul A. Teukolsky, William
T. Vetterling, Brian P. Flannery

o 1986-2007

o “Kucharka” numerickych metod

o Linearni algebra, interpolace, integrace,
nahodna Cisla, FFT, statistika, diferencialni
rovnice....

o Pascal, Fortran 77, 90, C++ ...
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Numerical Recipes

o Neformalni, Citelny text, bez vét a dukazu

o Zameéreno na praktické techniky, vcetné
implementace v daném jazyce

o Nejprodavanéjsi kniha v oblasti vedeckého
programovani, 3000+ citaci




Pro¢ ne NR?

o Copyright

o Implementace algoritmu nejsou efektivni
(neobsahuji “rucni” optimalizace)

o Ne vSechny algoritmy jsou aktualni, obcas
chyby




Copyright

o If you are the individual owner of a copy of
this book, we hereby authorize you to type
into your computer, for your own personal
and noncommercial use, one machine-
readable copy of each program. You are not
authorized to transfer or distribute a
machine-readable copy to any other person.




Copyright

¢ Many people, including the Numerical
Recipes authors, believe that there ought to
be good sources of non-copyrighted
numerical software available. Indeed, there
are such sources. However, Numerical
Recipes is not one of them! When people
want to create freely redistributable
programs, we urge them to use these other,
freeware, program libraries.




L.icence NR

o Licenci NR porusite pokud :
o Nevlastnite knihu
o Algoritmus zkopirujete na svuj druhy pocitac

o Nechate nékoho, kdo nevlastni knihu,
prepsat za vas algoritmy z knihy do PC

o Pouzivate dva monitory (single screen
license)

o Cena licence pro VSB : cca 75000 K&/romi

o Mate dobré pravniky?

Ally McBeal
VONDLY SHEPARD




Efektivita implementace

¢ Whaley, R. Clint; Petitet, Antoine; and
Dongarra, Jack J.; "Automated empirical
optimization of software and the ATLAS
project," Parallel Computing 27, 3-35
(2001).

0 Rozdélenim maticovych operaci do bloku
(vs. trikrat vnorené cykly) Ize 1épe vyuzit
pamét cache a urychlit maticové operace
~10x




Alternativy k NR

¢ BLAS+LAPACK/ATLAS
¢ GNU Scientific Library (C/C++)
o Trilinos




Algoritmy pro vl. ¢isla, vl.
vektory

Vypocet vlastnich Cisel a vlastnich vektoru
komplexni Hermitovské matice (a; = a;")

Subrutina DEVCHF v MULTIDYN zabira vétsSinu
procesorového ¢asu

|| 36.1% | 5196.1|285.9| 5.2% |devchf$math_

|| 26.7% | 3841.7|258.3| 6.3% | _CABS

|| 11.1% | 1596.1|130.9| 7.6% |calculate_hh$hamilton_
| 7.3%| 1049.4|101.6| 8.8% | COSS VW

|| 5.9% | 856.9| 83.1| 8.8% |get_topical vec$eldyn
|| 4.4% | 635.5| 86.5| 12.0% |deriv_h$nucdyn_




¢ You have probably gathered by now that the
solution of eigensystems is a fairly
complicated business. It is. It is one of the

few subjects covered in this book for which
we do not recommend that you avoid
canned routines.




Algoritmy

¢ Jacobi

o Tridiagonalizace+QR

¢ Dividide and Conquer

¢ Relative Robust Representation
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Obr. 23.1 Matice a jeji spektrum.




Jacobiho algoritmus

o Carl Gustav Jacob Jacobi, 1846
o Pouzito v MULTIDIS

¢ Transformace matice na podobnou
diagonalni matici QDQT

o Q - ortogonalni matice rovinné rotace, ktera
vynuluje jeden prvek matice

o Jednou vynulovany prvek se muze znova stat
nenulovy

o Presnost, nejpomalejsi




Tridiagonalizace

o Ortogonalni transformace na podobnou
tridiagonalni matici

o Konecny pocet kroku

o Transformace

o Givensovy (stejné jako u Jacobiho metody)

o Householderovy - matice zrcadleni, polovicni
pocet operaci




QR algoritmus

o Nalezeni vl. Cisel a vl. vektord pomoci QR
rozkladu

o A=RQ,U=1

0 Apaq = Rka, U1 = U Qy

o A, konverguje k horni trojuhelnikové matici s
vl. Cisly na diagonale, U, vlastni vektory




Divide and conquer

¢ Nova metoda, 90. Iéta
o Rychlejsi nez QR

o Rekurzivni rozdéleni matice na diagonalni
bloky + doplnék

o Diagonalizace bloku (napr. pomoci QR)

o ReSeni plivodni dlohy - sekularni rovnice
(Newtonova metoda)

o Problémy s konvergenci v MULTIDIS




Relatively Robust
Representation

o Nejnovéjsi metoda, O(n?)
o Nejrychlejsi
o VI. ¢isla pomoci DQDS

o VI. Vektory pomoci LDL' reprezentaci

o "A new O(n”2) algorithm for the symmetric
tridiagonal eigenvalue/eigenvector
problem”, by Inderjit Dhillon, Computer
Science Division Technical Report No.
UCB/CSD-97-971, UC Berkeley, May 1997.




Méreni - diagonalizace
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Diagonalizace matice

6000 X 6000

Jacobi NR 61321 (17h)
QR LAPACK 1413 43x
Divide and 998 61x

Conquer LAPACK
MRRR LAPACK 898 (15min) 68x
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Mereni - MULTIDIS

—time LAPACK

A
A




Vyhled do budoucna

o VyzkousSet dalSi metody
o Vyuzit specialnich vlastnosti Hamiltonianu




Reference

¢ http://www.nr.com/ oficialni stranka

o http://en.wikipedia.org/wiki/Numerical Rec
pes

0 http://mingus.as.arizona.edu/~bjw/softwar
e/boycottnr.ntml| Boycott Numerical Recipes

¢ http://www.uwyo.edu/buerkle/misc/wnotnr.
ntml Why not use Numerical Recipes
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