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The ALPS project

Algorithms and Libraries for Physics Simulations

* open source data formats, mia -
libraries and simulation codes
for quantum lattice models

Welcome to the ALPS project.

e download codes from website

http://alps.comp-phys.org



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

Simulation codes of
quantum lattice models

* The status quo

* model-specific implementations

* growing complexity of methods

individual codes

 ALPS

community codes
generic implementations
simplified code development

common file formats

Key Technologies

Generic Programming in C++
» flexibility

* high-performance

Standard C++ Libraries
* fast development

XML / XSLT for Input/Output
* portability
* self-explanatory

MPI/OpenMP for Parallelization



Three tiers of ALPS

1. Standard data formats and interfaces to facilitate
* exchange, archiving and querying of simulation results

* exchange of simulation and analysis tools

2. Libraries
* to support standard data formats and interfaces

* to ease building of parallel simulation programs

3. Applications
* to be used also by non-experts

* implement modern algorithms for a large class of models



The ALPS project

Algorithms and Libraries for Physics Simulations

e The stmulation codes include

e (lassical and Quantum Monte Carlo
* Exact and Full Diagonalization

* Density Matrix Renormalization Group (DMRG)

e Motivation

* established algorithms

¢ increased demand for reliable simulations from theorists and
experimentalists



What is XML

* eXtensible Markup Language
* We mix text with “tags” defining the function of the text
* Example: HITML

S

<HTML>

<Hl>Header</H1> / wontents

<P>A paragraph ....
...... . And below it an image</P>
<IMG source=*image.jpg”/>

</HTML> \ .
\ Tag ending with / is both opening and closing

Opening tag

An attribute

Closing tag starts with /



Why use XML?

XML:
e Plain text file:

<PARAMETER name=“L">10</PARAMETER>

# first row parameters <PARAMETER name=“T"”>0.5</PARAMETER>

10 0.5 10000 1000 <PARAMETER name=“SWEEPS”>10000</PARAMETER>

# mean, error <PARAMETER name=“THERMALIZATION”>1000</PARAMETER>
-10.451 0.043 <AVERAGE name=“Energy’”>

<MEAN> -10.451 </MEAN>
<ERROR> 0.043 </ERROR>
</AVERAGE>

e WWhich is easier to understand?
e Which is better machine-readable?

®*  Which one will you understand in a few years?



Why use XML?

e Extending the data format: let’s add random number generator type and seed

e Plain text file: Al

. <PARAMETER name=“L">10</PARAMETER>
# first row parameters

10 0.5 10000 1000 12 <PARAMETER name=“T">(0.5</PARAMETER>

2 eomdlem e generator <PARAMETER name=“SWEEPS”>10000</PARAMETER>
e SOl <PARAMETER name=*“THERMALIZATION”>1000

# mean, error </PARAMETER>

-10.451 0.043

<PARAMETER name=“SEED”>12</PARAMETER>
<RNG name=“Mersenne Twister”/>
<AVERAGE name=“Energy”>

<MEAN> -10.451 </MEAN>

<ERROR> 0.043 </ERROR>
</AVERAGE>

* The change in the text file format might break your program
* The additional XML tag is no problem



Calculating v
e We calculated =

<RNG name=“RanF"” />
<AVERAGE name=“Pi">

<MEAN> 3.1566 </MEAN>
<ERROR> 0.0048 </ERROR>
<COUNT> 33554432 </COUNT>

</AVERAGE>

* Now that we know that RanF is a bad generator we know
which data to throw away



XSLT transformations

But the XML file is ugly to look at ...

No problem, it is meant only for the computer’s eyes

XSLT transforms (“stylesheets”) allow conversions into any
format

¢ Other XML
e HTML

¢ Plain text

I’ll show an example ...



Why use XML?

Contents marked up with context
* Reduces data rot

* Increases portability of data
Extensible

* (Can add new contents without breaking old programs

XSLT

* (Can use “stylesheets” to display/convert contents into any other
format

ISO standard

* Many tools available: editors, browsers, databases, ...



Simulations with ALPS

Lattice

<LATTICEGRAPH name = "square lattice">
<FINITELATTICE>
<LATTICE dimension="2"/>
<EXTENT dimension="1" size="L"/>
<EXTENT dimension="2" size="L"/>
<BOUNDARY type="periodic"/>
</FINITELATTICE>
<UNITCELL>
</UNITCELL>
</LATTICEGRAPH>

Model

<BASIS>
<SITEBASIS name="spin">
<PARAMETER name="S" default="1/2"/>
<QUANTUMNUMBER name="Sz" min="-S" max="S"/>
</SITEBASIS>
</BASIS>

<HAMILTONIAN name="spin">
<BASIS ref="spin"/>
<SITETERM> -h*Sz </SITETERM>
<BONDTERM source="i" target="7j">
Jxy/2*(Splus(i)*Sminus(j)+Sminus(i)*Splus(Jj))
+ Jz*Sz(1)*Sz(3)
</BONDTERM>
</HAMILTONIAN>

Parameters
LATTICE = “square lattice”
L = 100

MODEL =
Jxy =1
Jz =1
h =0

“Spin”
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The ALPS lattice library

A lattice

<LATTICEGRAPH name = "square lattice">
<FINITELATTICE>
<LATTICE dimension="2"/>

<EXTENT dimension="1" size="L"/>
<EXTENT dimension="2" size="L"/>
<BOUNDARY type="periodic"/>
</FINITELATTICE>
<UNITCELL>
<VERTEX/>

<EDGE type=“1">
<SOURCE vertex="1" offset="0 0"/>
<TARGET vertex="1" offset="0 1"/>

</EDGE>

<EDGE type=“2">
<SOURCE vertex="1" offset="0 0"/>
<TARGET vertex="1" offset="1 0"/>

</EDGE>

</UNITCELL>
</LATTICEGRAPH>




The ALPS model library

A model

Hy == Z(S S+ +J, Y8587 - hZSZ
(i.j) (i.J)

<BASIS>
<SITEBASIS name="spin">
<PARAMETER name="S" default="1/2"/>
<QUANTUMNUMBER name="Sz" min="-S" max="S"/>
</SITEBASIS>
</BASIS>

<OPERATOR name="Splus" matrixelement="sqrt(S*(S+1)-Sz*(Sz+1l))">
<CHANGE quantumnumber="Sz" change="1"/>

</OPERATOR>

<OPERATOR name="Sminus" matrixelement="sqrt(S*(S+1)-Sz*(Sz-1))">
<CHANGE quantumnumber="Sz" change="-1"/>

</OPERATOR>

<OPERATOR name="Sz" matrixelement="Sz"/>

<HAMILTONIAN name="spin'">
<BASIS ref="spin"/>
<SITETERM> -h*Sz </SITETERM>
<BONDTERM source="i" target="7j">
Jxy/2*(Splus(i)*Sminus(j)+Sminus(i)*Splus(j))+ JTJz*Sz(i)*Sz(])
</BONDTERM>
</HAMILTONIAN>




Current applications

Classical Monte Carlo

* local and cluster updates for classical spin systems, M. Troyer

Quantum Monte Carlo

* stochastic series expansions (SSE), F. Alet, L. Pollet, M. Troyer
* Joop code for spin systems, S. Todo

* continuous time worm code, S. Trebst, M. Troyer

* extended ensemble simulations, S. Wessel, N. Stoop
Exact diagonalization

* full and sparse, A. Honecker, A. Lauchli, M. Troyer
DMRG

* single particle, S. Manmana, R. Noack, I. McCulloch

* interacting particles, A. Feiguin



Quantum spin ladders
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Mn-84 molecules

Vassilis Tangoulis, in preparation

* How can we microscopically model interactions in Mn-84?

ALPS MC codes

Numerical evaluation of susceptibility for full molecule:
Fit of magnetic interaction strength.



Low-dimensional quantum magnets

C.P. Landee et al., Phys. Rev. B 65, 144412 (2002)

* How to characterize newly synthesized materials?

0.06
005t
”‘é 0.04 |
‘”:e: 0.03 ¢
Q 002f ¢
0.01 | o]
O 1 | |
0 5 10 15 20
T (K)
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Numerical evaluation of susceptibility for 2D QHAF:
Fit of magnetic interaction strength.



