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Lattice XML File Model XML File
square lattice H=] 3 [8787+(5;S; +S; S7)/2]-h = SF

<ij>
<LATTICES>

. . . <MODELS>
<LATTICE name="square lattice" dimension="2">

<BASIS name="spin">

Parameter File <PARAMETER name="a" default:j'l:/> c <SITEBASIS name="spin">
<BASIS><VECTOR>a 0</VECTOR><VECTOR>0 a</VECTOR></BASIS> <PARAMETER name="local S" default="1/2"/>
</LATTICE> ) ) ) <QUANTUMNUMBER name="S" min="local S" max="local S"/>
LATTICE = "square lattice" <UNITCELL name="simple2d" dimension="2"> <QUANTUMNUMBER name="Sz" min="-S" Eax:"S"/> -
MODEL = "spin" <VERTEX/> <OPERATOR name="Sz" matrixelement="Sz"/>
L - 16 <EDGE> <OPERATOR name="Splus" matrixelement="sqrt (S* (S+1)-Sz* (Sz+1))">
IRy = i <SOURCE vertex="1" offset="0 0"/> <CHANGE quantumnumber="Sz" change="1"/>
Jz = 2 <TARGET vertex="1" offset="0 1"/> </OPERATOR>
SWEEPS = 10000 </EDGE> <OPERATOR name="Sminus" matrixelement="sqrt (S* (S+1)-Sz* (Sz-1))">
THERMALIZATION = 1000 <EDGE> <CHANGE quantumnumber="Sz" change="-1"/>
<SOURCE vertex="1" offset="0 0"/> </OPERATOR>
(T 0.1} <TARGET vertex="1" offset="1 0"/> </SITEBASIS>
{(T=0.2)}) </EDGE> </BASIS>
{T=0.5} </UNITCELL> <HAMILTONIAN name="spin">
(T 1.0 } <LATTICEGRAPH name="square lattice"> <PARAMETER name="J" default="1"/>
LFMCIFLAIEICITES ) <PARAMETER name="h" default="0"/>
<LATTICE J?ef:"gquare laFtlce"/> <BASIS ref="spin"/>
<EXTENT dimension="1" size="L"/> <STTETERM>
<EXTENT dimension="2" size="L"/> “h % Sz (i)
<BOUNDARY type="periodic"/> </SITETERM>
</FINITELATTICE>_ <BONDTERM source="i" target="j">
<UNITCELL ref="simple2d"/> J * (Sz(i)*Sz(j) + (Splus(i)*Sminus(j)+Sminus (i) *Splus(j)))/2
</LATTICEGRAPH> </BONDTERM>
parameteerm| </LATTICES> </HAMTILTONTAN>
</MODELS>
tool

Parameter XML File P Quantum Lattice Model

application programs Quantum Monte Carlo Exact Diagonalization DMRG DMFT

Python based evaluation tools
Plots < Outputs in HDF5 & XML
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Windows. Mac OS X

JI\NA T VAV AN—7

ALPS 20 vt Fod 24 —FEALDZF

CO —FI L, ALPS 2001 AL — ILERFLTLEET, for Mac OS X

|
ot Ty O 0 O @ alps DA YA R—JL
R TIn YA &5TFalps 1Y AR—FA

e e o = G T ALPS Project
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The ALPS project (Algorithms and Libraries for Physics Simulations)
aims at providing generic parallel algorithms for classical and quantum
lattice models and provides utility classes and algorithm for many other
problems. It strives to increase software reuse in the physics community.

for Windows
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Ur wWisTrails Builder - dmft-05-osmt vt* _ O] x|
File Edit View Run Vistrail Packages Help
B oA ® @ €| &€ &= NI N
Mew Open  Save Unhda  Fedo Execute Fipeline History  Guery  Exploration Select Pan Zoom
Modules B X | dmft-05-osmtvt I
@, I | x Methods
Persistence ﬂ oo > Q, |
eCarlo5olverParameters
E ALPS n Method | Signature
" DataSet = SheetReference
- Tools - MinColumnCount (Integer)
# Parameters - MinRowCount  (Integer)
- Lattices - - SheetName (String)
-- Models - Module
- Applications
- Dataset
vtlCreator Set Methods § X
Control Flow - MinColumnCount X
-- Boolean L
- Color Min FawCount Ly E
; GetResultFiles
ConcatenateString = hteger |2
- Consktant moooO 2
- Dictionary LoadAlpsMeasure ments _ SheetMName x
- Directory . || String [dmft-05
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- FHFEE: FI30A (74 EH) Measuring programming progress by lines of code is like
o measuring aircraft building progress by weight. — Bill Gates
« V=X —RODITH

EE T8
ALPS Libraries et 148,000
e 2YIRON 13,000
ALPS Applications |-t +..... 94000
Fortran i 11,000

examples, tutorials, tests | Fortran | 16,000
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- MediaWiki - http://www.mediawiki.org/wiki/MediaWiki [' » i]
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- Wiki & (1£?
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- git - https://qgit-scm.com 0 git
- MEERN—Y 3 VYEEVRAT A
» Linux A—XRILORARICES eHICHARE I NI
» T, subversion DEfkE U TEMRDIEATWNS

« GitHub - https://github.com

GitHub
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https://github.com
https://github.com/cmsi/MateriAppsLive
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- ALPS Library License, ALPS Application License
- GNU General Public License (GPL) Z#EAX & Lo 1t2X

1 (CFlFHR]gE

- Non-commercial academic use DHE BE
- Commercial use DS IFER/HK

- BRHICHEEMmA]
c A—HYRETELZBLIZI—RBBEUZAE XD T TCEHERA T

TR E NIRRT DIGEICIE acknowledgement & 5w D 5| FE

« ALPS%&E FB\N T2 ff
% ALPSZ1—HU—O—RDTAMNDHICESCIHFEZED)

1. In any scientific publication based wholly or in part on the Library,
the use of the Library must be acknowledged and the publications
listed in the accompanying CITATIONS.txt document must be cited.

23
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« ALPS Library ICBE9 55X

- B. Bauer et al. The ALPS project release 2.0: Open source software for strongly
correlated systems, J. Stat. Mech., P0O5001 (2011).

 A. F. Albuqgquerque et al. The ALPS project release 1.3: open source software for
strongly correlated systems, J. Mag. Mag. Mat. 310, 1187 (2007).

- . Alet et al. The ALPS Project: Open Source Software for Strongly Correlated
Systems, J. Phys. Soc. Jpn. Suppl. 74, 30 (2005).

- I ZT. ALPS Application & & IC5|FAXEDESH SN TS

cHE(ECEXT )T DEEEICEDZD? X DEEICEDH ZH?

» = KIEDFRE
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http://iopscience.iop.org/article/10.1088/1742-5468/2011/05/P05001/meta;jsessionid=A0E9EE8925E569A03F72B2963669FB37.c1
http://www.sciencedirect.com/science/article/pii/S0304885306014983
http://journals.jps.jp/doi/abs/10.1143/JPSJS.74S.30

ALPS 2.0 Paper

ournal of Statistical Mechanics: Theory and Experiment

An IOP and SISSA journal

The ALPS project release 2.0: open
source software for strongly correlated
systems

B Bauer', L D Carr?, H G Evertz®, A Feiguin®*, J Freire’,
S Fuchs®, L Gamper!, J Gukelberger!, E Gull’, S Guertler®,
A Hehn!, R Igarashi®!'’, S V Isakov!, D Koop’, P N Ma!,
P Mates'®, H Matsuo'!, O Parcollet!?, G Pawtowski'?,

J D Picon'?, L Pollet™!®, E Santos®, V W Scarola'®,

U Schollwéck!?, C Silva®, B Surer', S Todo'"!!, S Trebst'?,
M Troyer!?!, M L Wall?>, P Werner! and S Wessel'?-?

Abstract. We present release 2.0 of the ALPS (Algorithms and Libraries
for Physics Simulations) project, an open source software project to develop
libraries and application programs for the simulation of strongly correlated
quantum lattice models such as quantum magnets, lattice bosons, and strongly
correlated fermion systems. The code development is centered on common XML
and HDF5 data formats, libraries to simplify and speed up code development,
common evaluation and plotting tools, and simulation programs. The programs
enable non-experts to start carrying out serial or parallel numerical simulations
by providing basic implementations of the important algorithms for quantum
lattice models: classical and quantum Monte Carlo (QMC) using non-local
updates, extended ensemble simulations, exact and full diagonalization (ED),
the density matrix renormalization group (DMRG) both in a static version and
a dynamic time-evolving block decimation (TEBD) code, and quantum Monte
Carlo solvers for dynamical mean field theory (DMFT). The ALPS libraries
provide a powerful framework for programmers to develop their own applications,
which, for instance, greatly simplify the steps of porting a serial code onto a
parallel, distributed memory machine. Major changes in release 2.0 include
the use of HDF5 for binary data, evaluation tools in Python, support for the
Windows operating system, the use of CMake as build system and binary
installation packages for Mac OS X and Windows, and integration with the
VisTrails workflow provenance tool. The software is available from our web server
at http://alps.comp-phys.org/.

J. Stat. Mech. (2011) PO5001

x 7
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http://iopscience.iop.org/article/10.1088/1742-5468/2011/05/P05001/meta;jsessionid=A0E9EE8925E569A03F72B2963669FB37.c1
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- FIMS TR ZHHERICIZIBE LTS
- AT/ ES LK. BTEL. FHRIC

Debugging is twice as hard as writing the code in the first place.
Therefore, If you write the code as cleverly as possible, you are, by
definition, not smart enough to debug it. — Brian W. Kernighan

s RYID=45ATRREETTH>TLL

c BETW->TLKBRSE, 7OV MZNBEEITET
« VZTFA0RAL)PREZF > TLWAAKRESTEHD S

- EIRICEKEFRALLITTF—LZHEHD

- 77U® T&ZRL W TO30) FEEMD D)

29
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« GitHub. SourceForge. SlideShare. YouTube

- MateriApps http://ma.cms-initiative.jp/

- MateriApps web

- MateriApps LIVE!

- MateriApps Installer

- MateriApps Cloud (coming soon?)

e X351 —Ilc&LKBHR—K
« CMSI/\> XA >V EETR— K
Y Y 7N 7EENRTOV TV K

CitH A D F]
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MateriApps

f;ﬁzf HEETE N AT RE .
- RN ILHFFERKEETL) Effw~w
. 2015/10/09 (B E) 17:00 (JST) ABIFE S
- MateriApps http://ma.cms-initiative.jp/ja/listapps/hphi e
+ GitHub https://github.com/QLMS/HPhi/releases e S

[t always takes longer than you expect, even when you take

into account Hofstadter's Law, — Hofstadter's Law
31
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Computational Materials Science in Japan

CIT}IS1 - Computational Materials Science Initiative

- Promoting cutting-edge researches
on wide topics ranging from strongly
correlated electrons, electric devices,
molecules to structural materials

- State-of-the-art algorithms developed and optimized for massively
parallel supercomputers: the K computer, HPCI systems, etc.

- Faster, more stable, and more accurate simulations of larger systems

- Provides advanced functionality for leading-edge researches: conductivity,
excited states, extended ensembles, downfolding, etc.

CMSI Open-source Application Software

Electronic structure calculation P
. . O1) pixTaee]
(solid state physics) PR | memetnene |
- Performs electronic structure calculation for a wide range of materials
including crystals, interfaces, liquids, etc. For example, OpenMX is able
to deal with non-collinear magnetism and non-equilibrium Green's
function calculations for electron transport

Electronic structure calculation

FMO
(quantum chemistry) cxwess -

- Performs quantum-mechanical simulations of large molecular systems
efficiently, and calculates various information regarding the structure
and function of biopolymers, such as the interaction between a protein

and a ligand VT
W0
s

- Equipped with most of standard MD techniques including free energy
calculations based on thermodynamic integration method, and enables
investigations of large-scale real systems such as viruses, liposomes,
assemblies of proteins and micelles, and polymers

Molecular dynamics

Strongly correlated systems/
effective model calculation

- Performs simulations of strongly correlated systems such as magnetic
materials or correlated electrons. Heat capacities, susceptibilities,
magnetization processes in interacting spin systems, the density of states
of strongly correlated electrons, etc, can be calculated

Applications/Tools/Databases Introduced in MateriApps
Molecular Dynamics
AkaiKKR* FMO* ALPS*
OpenMX SMASH'* DSQSS
xTAPP* GAMESS* BLOCK
ABINIT* pc* DMRG++

@1

ANSYS Multiphysics CLUPAN TAPIOCA*™ MatNavi’
Octa ... ®) BSA  (25) ParaView(28) AFOWLIB" (3)

Bold: CMSI Applications Ye¢: included in MateriApps LIVE!

=[w] MateriApps a Portal Site for Materials Science Simulation  [w] % xl
http://ma.cms-initiative.jp/ l‘f%.,
1,

[®] Introducing MateriApps on You(T®)
¢ https://youtu.be/xfDpil Tcutw

a Portal to Materials Science Simulation

Current status and issues in Computational Materials Science

From Developers’ viewpoint:

- New algorithms should be implemented and used,
or it will be forgotten and lost

- “In-house” code will be left uncontrolled once the graduate
student or PostDoc leaves the group

- Costs too much to write and maintain the documents

- Development of software itself is hardly considered as
scientific achievements

- Little idea about potential “customers” and their needs

<«

“How and where can we distribute our codes?”’

Goal of MateriApps Project

Formation of community in the field of computational materials science
through the promotion of open-source software...

mismatch between
seeds and needs

From Users’ viewpoint:

- Trade-off between “initial cost” and “scalability, functionality,
accuracy, performance”

- What kind of applications? Who develops them?

- Which application should we use for our problem?

- Manual and documentation are not well prepared

- How can we evaluate the accuracy of the results?

“How and where can we find and learn the best Apps?”

Establishment of infrastructure for easily starting materials science simulations for
theoreticians, experimentalists, researchers in companies, students, and more...

Sustainable development of materials science applicationsfor future HPC

systems

Program verification,

ing, C
platform _ i
Select programs with good performance;
which make good development platforms.

Interpretation of
- exprimental results,
Verification of and use in modeling materiais
new theories and calculation methods Emphasis on usabilty and
Select high precision, feature ichness. Also emphasison
easily extensible programs quality assurance and support

Experimental
researchers &

Publishing

Theorists
software

company
researchers

p"’gram develope*®

Code development,
documentation, user support

The development of better programs,
and high ratings from

outside for the algorithms and
programs are important

HPC Hierarchy and MateriApps

including post-K flagship system and beyond...

What MateriApps will Provide

- To find application software
- catalog of application/tool on MateriApps web
- To learn application software
- CMSI hands-on session at Kobe and other places
- web tutorials, distant learning
- To start using application software
- MateriApps LIVE!
- MateriApps Cloud (comming soon!)
- To actively use application software
- MateriApps Instasller
- MateriApps Forum

Flagship system (K, post-K,...)

HPC infrastructure supercomputers in Japan ———+e

Supercomputers for shared-use in research fields — ‘g

Cloud computing, on-premises PC clusters -

Personal workstations, PCs ———————/®

AR
A4

ME."QEAP;‘,; on GitHub

http://cmsi.github.io/MateriAppsLive/

MateriApps Hands-on Installer Cloud > "deriay

Materi
(-“e—"APFIS Demo on YouTH
https://youtu.be/Pn5SH3ro6WgY

‘.!1 MateriApps Installer on GitHubh
i https://github.com/wistaria/MateriAppsinstaller

S. Todo'?, R. Igarashi?, S. Kasamatsu?, T. Kato?, N. Kawashima?, T. Kawatsu?, Y. Konishi?, H. Kouta?, H. Matsuo®, M. Noda’, S. Sasaki®,
Y. Terada’, S. Tsuchida®, K. Yoshimi?, K. Yoshizawa? (MateriApps collaboration) ('UTokyo, 2ISSP, 3*YCU, *RIST, *IMS, ¢Ageha, "IMR)

- Introduces materials science
applications/tools/databases

- Search from category, features, ' Yelcome to
targets, methods/algorithms

- Information of applications/tools

- brief introductions, links to homepage,
installation, usage, online hands-on,

developer’s voice, updates, license, etc. http://ma.cms-initiative.jp/

- Forum for exchanging experiences between users and developers

- Voice from users

“A lot of information, careful explanation ...” “Plain design and rich contents ...”

“.. able to know the applications | did not know before, ... nice to widely advertize
their own application software for developers ...”

“.._ hope that you can further lower the barrier to start materials simulation ...”

“.. would be great if one can connect to a supercomputer directly
and execute simulations just after trial on USB ...”

“... would like to see the comparison of simulation results for the same system
using different application software ...”

v/ 150+ applications/tools on the list
v/ 8000+PV, 1300+ unique visitors / months

/ Review articles on applications in each category will start soon

Materj 2
= e”Ap'r":T a Debian USB Live Linux System
- Bootable directly from USB stick (or in virtual machine)

- just boot and get ready for materials science simulations without installation!
- Version 1.7 was publishd in July 2015

- Pre-installed software

- ABINIT, AkaiKKR, ALPS, CP2K, Feram,
ERmod, GAMESS, Gromacs, OpenMX,’
Quantum ESPRESSO, SMASH, xTAPP,
and various visualization tools

v/ 800+ copies downloaded/distributed since July 2013

Mgb}ADpa Installer

- Collection of install scripts of MateriApps applications/tools

- together with sample job scripts

- Covers major supercomputers, workstations, PCs

V'K computer, ITC systems, ISSP/IMS/IMR supercomputer systems,
V cluster workstations, PCs, Mac OS X

https://github.com/wistaria/MateriAppsinstaller

MateriApps Cloud>

+/ on-demand execution of MateriApps applications
/ will start from Autumn 2015
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AkaiKKR* FMO™ ALPS*

OpenMX* SMASH* DSQSS
XTAPP* GAMESS™ BLOCK
ABINIT* DC* DMRG++
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ANSYS Multiphysics CLUPAN™ e
Octa ... (8) phonopy” (26)  TAPIOCA™ (28)
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« USBXEY NS EET— K TZES Linux X7 L (Debian Live Linux)

- Windows, Mac 7 & TH ]
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- 20158 HIRTE : ABINIT, AkaiKKR, ALPS,
CP2K, Feram ,ERmod, Gromacs, OpenMX.
Quantum Espresso, SMASH, xTAPP, VESTA %5

- GAMESS, VMDICIZB&11 VX b —7—% %1
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