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SIAM = Society for Industrial and Applied Mathematics

from SIAM News, Volume 33, Number 4

The Best of the 20th Century: Editors Name Top 10 Algorithms

By Barry A. Cipra

Algos is the Greek word for pain. Algor is Latin, to be cold. Neither is the root for algorithm, which stems instead from al-
Khwarizmi, the name of the ninth-century Arab scholar whose book al-jabr wa’l mugabalah devolved into today’s high school
algebra textbooks. Al-Khwarizmi stressed the importance of methodical procedures for solving problems. Were he around today,
he’d no doubt be impressed by the advances in his eponymous approach.

Some of the very best algorithms of the computer age are highlighted in the January/February 2000 issue of Computing in Science
& Engineering, a joint publication of the American Institute of Physics and the IEEE Computer Society. Guest editors Jack Don-garra of the
University of Tennessee and Oak Ridge National Laboratory and Fran-cis Sullivan of the Center for Comput-ing Sciences at the Institute for
Defense Analyses put togeth-er a list they call the “Top Ten Algorithms of the Century.”

“We tried to assemble the 10 al-gorithms with the greatest influence on the development and practice of science and engineering
in the 20th century,” Dongarra and Sullivan write. As with any top-10 list, their selections—and non-selections —are bound to be
controversial, they acknowledge. When it comes to picking the algorithmic best, there seems to be no best algorithm.

Without further ado, here’s the CiSE top-10 list, in chronological order. (Dates and names associated with the algorithms should be read
as first-order approximations. Most algorithms take shape over time, with many contributors.)

1946: John von Neumann, Stan Ulam, and Nick Metropolis, all at the Los Alamos Scientific Laboratory, cook up the Metropolis
algorithm, also known as the Monte Carlo method.

The Metropolis algorithm aims to obtain approximate solutions to numerical problems with unmanageably many degrees of freedom
and to combinatorial problems of factorial size, by mimicking a random process. Given the digital computer’s reputation for
“ deterministic calculation, it’s fitting that one of its earliest applications was the generation of random numbers.

http://www.siam.org/news/news.php?id=637

* Other algorithms:
Quicksort, fast Fourier transform (FFT), QR algorithm, Krylov subspace
iteration methods, simplex method for linear programming, Fortran
optimizing compiler, etc
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import math
import random
success = 0
for i in range(10000):
x = 0.5 * random.random()
phi = (math.pi/2) * random.random()
if (x < 0.5 * math.cos(phi)):
success += 1
print i, success / float(i+1)
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Condensed Matter > Statistical Mechanics

Difficult Sudoku Puzzles Created by Replica Exchange
Monte Carlo Method

Hiroshi Watanabe
(Submitted on 8 Mar 2013 (v1), last revised 11 Mar 2013 (this version, v2))

An algorithm to create difficult Sudoku puzzles is proposed. An Ising spin-glass like Hamiltonian
describing difficulty of puzzles is defined, and difficult puzzles are created by minimizing the
energy of the Hamiltonian. We adopt the replica exchange Monte Carlo method with
simultaneous temperature adjustments to search lower energy states efficiently, and we succeed
in creating a puzzle which is the world hardest ever created in our definition, to our best

knowledge. (Added on Mar. 11, the created puzzle can be solved easily by hand. Our definition
of the difficulty is inappropriate.)

Comments: 6 pages, S figures. Remarks were added
Subjects:  Statistical Mechanics (cond-mat.stat-mech)
Cite as: arXiv:1303.1886 [cond-mat.stat-mech]
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Spin ladder material NazFe2(C204)3(H20)2
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Orbital ordering in eg orbital systems

« Mott insulators with partially filled d-shells

- Non-trivial interplay of charge, spin, and
orbital degrees of freedom \372 — 92>

- Effective Hamiltonian for orbital degrees of freedom (120° model)
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van Rynbach, Todo, Trebst (2010)
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Supersolid in extended

Bose-Hubbard model

0.06

0.25
* Interacting soft-core bosons 02 |
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O I I |
diagonal long-range order (=solid) and .04~ 0045 ‘3/-25 0055
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off-diagonal long-range order (=superfluid) 12)
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THE JOURNAL OF CHEMICAL PHYSICS VOLUME 21, NUMBER 6 JUNE, 1953

Equation of State Calculations by Fast Computing Machines

NicHorAs METROPOLIS, ARIANNA W. ROSENBLUTH, MARSHALL N. ROSENBLUTH, AND AucUstA H. TELLER,
Los Alamos Scientific Laboratory, Los Alamos, New Mexico

AND

EpwarD TELLER,* Depariment of Physics, University of Chicage, Chicago, Illinois
(Received March 6, 1953)

A general method, suitable for fast computing machines, for investigating such properties as equations of
state for substances consisting of interacting individual molecules is described. The method consists of a
modified Monte Carlo integration over configuration space. Results for the two-dimensional rigid-sphere
system have been obtained on the Los Alamos MANTAC and are presented here. These results are compared
to the free volume equation of state and to a four-term virial coefficient expansion.
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1YV ITEREBICNTEHVI

X kAR RE Metropolis

for (int m = 0; m < total mcs; ++m) ({
for (int s = 0; s < num sites; ++s) {
double delta = 0;

JEHETT IV

// loop over Monte Carlo steps
// loop over lattice sites

for (int j = 0; j < num neighbors; ++j) {

int v = neighbor(s, j);
delta += 2 * J * spin[s] * spin[Vv];
}
if (random() < exp(-beta * delta))
spin[s] = -1 * spin[s];
}

// measure physical quantities

}
A% heat bath

VAR N

// calculate energy difference

// accept/reject trial configuation

if (random() < (1 + tanh(-beta * delta / 2)) / 2)

spin[s] = -1 * spin[s];
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- AERZ5Z 51T .
7= lim Cf(m) dr  f(x) -
— T) = N L
c—oo J cosh x
« A VT — RIREUBREDE .
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c Wy NAT c DfE
O 2 o
. 53 5:/ daz</ de™ dy = de~°

cosh x
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E

et > 7Y > (1) (random sampling)

- [0,c] & [0,2] D—H kD FHH 5 KRt L

DR (X,y) Z M $HAER
cfX) D FICASTEBEINZAV Y
2¢ X N
T~ 2c X —
M
M i9(E e
100 4.8 1.3
10000 3.12 0.11
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100000000 3.1396 0.0011
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T ETiREDE

THILABESHERICEHMMmL TWBSERD

/ / d:z: dy (9¢ i y < f(x) BRI
(x,y) O(z,y) = < .
0 otherwise Ho Bl

N

\
» W ETERZE D FHI
-

- ST DB IHiESR (success probability) g ~ o
c

- —EIORTOFEmean) p=2cXq+0x(1—¢q)=mn

+ 8 (variance) s% = (2¢)%-q+0°- (1 —q) — p* = 2cm — 7° = 4c?q(1 — q)
- =20 DI

g~ 0.0785 s°~116
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N M!
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s IO ZE E > TRY—=) VT DRKZEFES
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-mICEALTEIEn ORD TTREXTEHA
l0g p(m) =~ — g (m — 7 + O((m — 7)°)
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-y ICEAULTHSHM U HERD 5
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[ 2@ de= ;Y ertn

p(r) = - > 1
M FiI(E AR

100 3. 0.8 05
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100000000 | 3.1407 0.0008 0
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RICDWLLY (curse of dimensionality)
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40



FELONT Y > (importance sampling)
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- 7511, [Todo-Matsuo-Shitara (2013)]
- RIEEETH B 1F

1% T35t % A — % —Ni% [Fukui-Todo (2009)]

46



Quantum Mechanics in a Nutshell

- HIRGYEEB): FOMNE & EHSE)Z R ICIEEICHIET 5 2 EETE R0
NHEEMERIE (Uncertainty Principle)

s TRILF—REFEFLEEEL) S5

- Y18 DIRRE LR ENEIEX (wave function) IC K D EERMICKIEI NS
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- DETIREEDED FICLD ZDEAFNLFIEEDLS
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x
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- B18 : Gaussian. VASP. WIEN2k. .
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ALPS 7037

* http://alps.comp-phys.org/

c EFRFIRBEFAEVR. EFR)DEEOHOUAINNVZa2 -3y T T 7/
WA — DR

-HRMSATIZY) - TV T3V e )—T 7 ELTRH
* ﬁ& 79:*%@-‘: j\j-—g—%ﬁ& 79: :/ E 1 I/ o Parameter XML Files Lattice XML File Model XML File

a7V XLDAS - 5FEFER%Z \ \ /

Quantum Lattice Model

XML FE THE—RYIC A A RJEEIC

Outputs in XML Format
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he ALPS project

ALPS = Algorithms and Libraries for Physics Simulations

* International collaboration for developing open-source softwares for
simulation of quantum lattice models, such as quantum spin systems,

electron systems, etc
« ALPS Libraries = collection of generic C++ libraries

- ALPS Applications = collection of application packages using modern
algorithms such as QMC, DMRG, ED, etc

« ALPS Framework = environment for executing large-scale parallel simulations
iIncluding XML schemas, tools, scheduler, etc
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arget audience

- Experimental physicists
« Use “canned codes” to model materials

- Determine microscopic parameters by fitting experimental data to
simulations

 Theoretical physicists
* Quick check of theoretical ideas using many modern algorithms
- Monte Carlo, Diagonalization, DMRG, ...
» Also useful for debugging

- Libraries simplify and accelerate code development
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AL

PS libraries and applications

tools

applications

domain-specific
libraries

numerics

generic C++

C / Fortran

XML manipulation ~ GUI  database

MC QMC ED DMRG

lattice model observables scheduler

random ublas iterative eigenvalue solver

Boost library
graph serialization XML/XSLT

BLAS LAPACK  MPI
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AL

PS Lattice XML

periodic chain with length L

<LLATTICE name="chain lattice" dimension="1">
<BASIS><VECTOR> 1 </VECTOR></BASIS>
</LATTICE>

<UNITCELL name="simple1d" dimension="1" vertices="1">
<EDGE>
<SOURCE vertex="1" offset="0"/><TARGET vertex="1" offset="1"/>
</EDGE>
</UNITCELL>

<LATTICEGRAPH name = "chain lattice"> col1 | cal2 |

<FINITELATTICE>
<LATTICE ref="chain lattice"/>
<PARAMETER name="L"/>
<EXTENT size ="L"/>
<BOUNDARY type="periodic"/>

</FINITELATTICE>

<UNITCELL ref="simple1d"/>

</LATTICEGRAPH>

~

o -
Ol\)
O w
o
(:)Ul

”~
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Model XML for describing Hamiltonian

XXZ spin model with two types of bonds (e.g. nearest and next nearest neighbor interactions)

<HAMILTONIAN name="spin”>
<PARAMETER name="Jz" default="J"/>
<PARAMETER name="Jxy” default="J"/>
<PARAMETER name="J" default="1"/>
<PARAMETER name="Jz"" default="J""/>
<PARAMETER name="Jxy'” default="J""/>
<PARAMETER name="J"" default="0"/>
<PARAMETER name="h" default="0"/>
<BASIS ref="spin”/>
<SITETERM site="1"> -h * Sz(i) </SITETERM>
<BONDTERM type="0" source="i" target="j">
Jz * Sz(l) * Sz() + Jxy * (Splus(x)*Sminus(y)+Sminus(X)*Splus(y)) / 2
</BONDTERM>
<BONDTERM type="1" source="1" target="j">
Jz' * Sz(i) * Sz() + Ixy' * (Splus(x)*Sminus(y)+Sminus(x)*Splus(y)) / 2
</BONDTERM>
</HAMILTONIAN>

zZ Qz JCU — — <
W= [J.575 + U Sy +5757)] =D _hsS;
(i,5) ¢
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Simulations with AL

PS5

Parameter XML Files

Lattice XML File Model XML File

~\ /

Quantum Lattice Model

Quantum Monte Carlo

Exact Diagonalization DMRG

Outputs in XML Format
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ALPS Version 2.1

The ALPS project release 2.0:
open source software for strongly correlated systems
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EEE % AE Boot menu

Live (amd64 LANG=ja KBD=jp)
Live (amdb4d LANG=ja KBD=us=)
Live (amdb4 failsafe)
Install

Graphical install

Advanced options

Press ENTER to boot or TAB to edit a menu entry
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