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ALPS = Algorithms and Libraries for Physics Simulations l
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Parameter XML Files Lattice XML File Model XML File
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2= FIRFER (Quantum Lattice Models)

- EF A VIRR (XXZ RRY)
J*Y + Q— — Q+t z zZ QZ
5 > (SFST+ 878 +J7) SES
(4,9) (4,3)
- Hubbard 2% (fermionic / bosonic)

H = —t Z cwcja—l—hc ‘|‘UZ"%TTM
(1,)0

H =
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- t-J 1REY

H = —t Z (C;-rJCjJ -+ hC) + JZ(SZ . Sj — nm]/él)

(i,5)0 0J
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 Fe?* ions in octahedral crystal field

= effective S=1 spins atlow T

- Fitting experimental data by QMC results

for several theoretical models (ladders,

dimers, etc)
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Jin

=151l: Orbital ordering in eg orbital systems

- Mott insulators with partially filled d-shells

- Non-trivial interplay of charge, spin, and

orbital degrees of freedom \a:z _ y2>

- Effective Hamiltonian for orbital degrees of freedom (120° model)

Higo = — Z 1 [J Ty + 31T,

1,Y=I,Y

i (T2 T, + T2TE)] — SO LTET,

1

orbiton gap A
n

0.5 %‘
. % % T polarlzed
0 % %

123

Jmix /Jz

van Rynbach, Todo, Trebst (2010)
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sEFEE1: Supersolid in extended Bose-Hubbard model
* Interacting soft-core bosons 025
1 0.2 |
H = — tz (a:aj —+ Clia;) + VZ ”inj + EUE ni(ni - 1) - ILLE n;, 0.15 |
(ij) ij) i i 2 o
 Supersolid = co-existence of 005 |
diagonal long-range order (=solid) and 0
off-diagonal long-range order (=superfluid) 0 U a
- Experimental realization: optical lattice? 0.5 | gn&ﬂgg ¢ 112
on(L=12) o | 1
ps(L=10) o

1 0.8

Ps

~ 106
104
102
» 0
(c) /U

http://www.uibk.ac.at/th-physik/qo Yamamoto, Todo, Miyashita (2009)


http://www.uibk.ac.at/th-physik/qo

ALPS ZFRA U 73t

+ 600 U EDFHX T ALPS WIS N TWS @5 1 ML DB 2015FE8 B LIE)

* First-order commensurate-incommensurate magnetic phase transition in the
coupled FM spin-1/2 two-leg ladders

- Critical behavior of the site diluted quantum anisotropic Heisenberg model in two
dimensions

- Dimerized ground states in spin-S frustrated systems

* Practical, Reliable Error Bars in Quantum Tomography

- Fulde-Ferrell-Larkin-Ovchinnikov pairing as leading instability on the square lattice
- Mott Transition for Strongly-Interacting 1D Bosons in a Shallow Periodic Potential
- Pair Correlations in Doped Hubbard Ladders

- Theoretical investigation of the behavior of CuSe205 compound in high magnetic
fields

- FLEX+DMFT approach to the d -wave superconducting phase diagram of the two-
dimensional Hubbard model

» Transport properties for a quantum dot coupled to normal leads with a pseudogap

ht’[p://alps..comp—phys.org/mediawiki/index.|ohp/Pa|oers.TaIks22
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ALPS D4FES
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XML 74—~V MC KB IEFEEDERE

« 1Y b EILDEDRUICK BB FERK

- RFEEREOBRI 77 (EREIDER) EUTERIT DI & HAEE
- FEDNILEZ7 Y (1RRY)

XML 74 —<X v N LBDEFH. BETOER

s BRICKBNIINZTVDEE
- IRARBRERITDOEEE (7 7Y — 3V):. ED. CMC. QMC. DMRG. DMFT
c 2 TCDALPS 77— g vicHBO AN
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PS DT —2 70—

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




AL

]
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(K

DS DR,

tools

applications

domain-specific
libraries

numerics

generic C++

C / Fortran

XML manipulation Python binding GUI
MC QMC ED DMRG DMFT
lattice  model observables scheduler

random ublas iterative eigenvalue solver
Boost library

graph serialization XML/XSLT

BLAS LAPACK  MPI
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- Boost C++ Library
-EE. 7. YUTIE. BRELZDERBIAT T UE

- HDF5 (Hierarchical Data Format)
« 7oy N7 A —LIERFD/INAF U T 74 )LD

- MPI (Message Passing Interface)
- WHFTEDIH DAy — JiBE

» BLAS, LAPACK
- RIEE (1T7IN AL, FEEDHER L)
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ALPS/alea 514 7Y

- VILATVEHICKITEFIE. o8l BCHEZHAEISZ1T77 Y

alps::RealObservable mag2("Magnetization”2");

mag2 << m * m; // at each MC step

By RAWCFEE. T —. 8BS HERRE O

std::cout << mag2 << std::endl;

* th7]

Magnetization®2: 3.142 +/- 0.001; tau = 10.3

« Iv v I FA T EERWERIZED TS —5Hi

alps::RealObsEvaluator binder =
std::cout << binder.mean() <<

mag2 * mag2 / mag4;
/ << binder.error() << ‘\n’;
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ALPS/lattice 51 7Y

"RFES FRENICIE 757, TRETED

 site & vertex

* bond & edge
- Boost Graph Library [cX4 9% 5 v /\—; ZigH
* XML e &3 "FEE) DALA
A=y bl LB BDBRUBEDIERE
- BEIE. NU T o, ERFRIT NILREDREKE
- HEDUDHHAESNTVBIRF

« “hain lattice”. “square lattice”. “triangular lattice”. “honeycomb

lattice”. “simple cubic lattice”. & &
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XML 1€ K BIETFDES

<LATTICE 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>
1 1
: : O O
<LATTICEGRAPH name = "chain lattice"> ol 1 ol 2

<FINITELATTICE>
<LATTICE ref="chain lattice"/>
<PARAMETER name="L"/>
<EXTENT size ="L"/>
<BOUNDARY type="periodic"/>
</FINITELATTICE> 1

0 w
Q&
OR)

Q
OJ

0o

<UNITCELL ref="simple1d"/>
</LATTICEGRAPH>



ALPS/model 514 75

XML Z{E>T/IN\ZIIINZTFVETEET S
c ETHVEETDER
c IVRU Y IRBRKREZFEST, NSNS0 NEVPRY RIEZTESE

Jz*Sz(1)*Sz(j)+Ixy/2*(Splus(i)*Sminus(j)+Sminus(i)*Splus(j))

cERUTEBRI/\Z )L Z 7 T OFTERD HE5
« 750y NEREDLZ YA Mchc2BEERICIEZRITI

« ALPS Model HOWTO: http://alps.comp-phys.org/mediawiki/ index.php/
Tutorials:ModelHOWTO/ja

- HEDMUHAEETNTNBERE: “spin”, “boson Hubbard”, “hardcore boson”.
“fermion Hubbard”. “alternative fermion Hubbard”, “spinless fermions”. “Kondo
lattice”. “t-J” . it

31


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

XML ICLBETILDESE

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

zZ Qz ‘]513 — —
H="> [J.SS; TQ(S,ij + 5,5
(i,d)

)= 2 _hS;
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F ERAIT

« XML, HDF5ICc &5 AL/
- At (R—Y EJ T )
- HAOREROZELRG - RN —BHERA
cC++ VXU o 7007307
- EERE - FBFIAME
- SmEAId— ROEB

cC++ZEZATZ), BoostZ1 77U, U—RKNX—FT1—Z414TFYDFE

- ARDAE—RT7 vV
- FRRBEET LT U X L
« MPI + OpenMP (C & %3514k
« 27 YU 7 K EEB(Python)lC &K BRR ~ALE
- ERHEEEDEODDA VT ZARNT I F v —
c =T —=ZADY—)LDFFE

lII.IJ
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XML D EEfE

« XML = eXtensible Marckup Landuage

- BEMXEZFRT HDICELTWS
"5, ZmEST. XEDEEZ RN

+ AXF ENXFIEXABIE NS

« XML OFl: HTML (XHTML)

an attribute

<html> /
<h1 align="center”>Header</h1>
<p>A paragraph... And below it an image</p>

<img src="img.jpg"/> \ contents
/html>

opening tag »~~

closing tag ~_
S empty element (no contents)
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XML D3

"BWRY 7 ICIEWINT D HRTY T B E
c HBDEXRD THIgY T ERTYTIIHBEORE / —RICEXNLZITNIEZSEW
« XML @ TK) &R

<html> htlml

<h1 align="center”>Header</h1> | | |
<p>A paragraph... And below it an image</p> —> h D img
<img src="img.jpg"/> | ‘

</html> | |

align="center" Header A paragraph... src="img.jpg"

* XML T, I—UH BT T (BXRDAH) Z2EEKI 22 & O AJEE
(2% Document Type Definition (DTD). XML Schema)
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It XML Z{ED DH?

plain text file XML file
# parameters <PARAMETER name=“L">10</PARAMETER>
10 0.5 T0000 1000 <PARAMETER name="“T">0.5</PARAMETER>
# mean, error <PARAMETER name=“SWEEPS”">10000</PARAMETER>
-10.451 0.043 <PARAMETER name=“THERMALIZATION">1000</PARAMETER>

<AVERAGE name="Energy”>
<MEAN> -10.451T </MEAN>
<ERROR> 0.043 </ERROR>
</AVERAGE>

- ABICIZE B SHFHAP T LN?
- I IZE B S L AP T LN?
s WFRICTRATEETZESDIFE >E?
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7 — ¥ DILRME

LW X—FZEINT 5

# parameters <PARAMETER name="L">10</PARAMETER>

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

# RNG <PARAMETER name=“"SWEEPS”>10000</PARAMETER>

“lagged fibonacci” <PARAMETER name="THERMALIZATION"”>1000</PARAMETER>
# mean, error <PARAMETER name="SEED”>12</PARAMETER>

-10.451 0.043 <RNG name="lagged fibonacci”/>

<AVERAGE name=“Energy”>
<MEAN> -10.451 </MEAN>
<ERROR> 0.043 </ERROR>
</AVERAGE>

- FEZNEROBE., ThETOTOYSAEENIEL BB
* XML DIFEITIFBEERWN (REDRW/INT X —=F [EFRENGW)
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C (Fortran) vs C++

« C++ X C D(IFIFEER)RA—/\—t v b
- BEREF YYD
I1—YERE (U ZX)

- #E (inheritance). {RZERBI%(virtual function)
BETF(+ *LL)DOBER. BROZEER
TV 7L—h

PN, etc... Modern C++ Design

Generic Programming
and Design Patterns Applied

C++ Template
Metaproorammmo

Co pis, Toc
B00s 'd Beyond

David Abrahams
Aleksey Gurtovoy

Andrel Alexandrescu
wd by Scott Me
rd by John Viis

=9 LN
i

C++In- Dgpth Suus + Bjarne Stroustrup




A - ERERDE DA

class Complex {
public:
Complex(double r, double i) { re=r; im=i; } // #HARTE

double real() const { return re; } // X2/\E#

double imag() const { return im; }
double abs() const { return sqrt(re*re + im*im); }
Complex& operator=(const Complex& rhs) {

re = rhs.re; im = rhs.im;

y /] RANEBEF

Complex operator+(const Complex& c) const {
return Complex(re + c.re, im + c.im);

= A

Yy // +HEE T
//

private:

double re, im; // X/ (AEHSIEBEET 7 AARH)
}i

Complex a(l,0), b(0,1); // 7V ZAComplex®DA >V AY > Ra,bZz{ERK

Complex ¢ = a+tb;
cout << c.real() << ‘ ‘ << c.imag() << ‘ * << c.abs; // &7
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I A ZE DS

XA W) [OI=3" |4

T EZNICKT DIREOREEN T
T—5 DATEILE

s BEDT I 20EXREDHICT S
IS EROESS
» R & RBRE R

cBBUSAEI SR, BEI SIS, FUSA(REY SA)EERT 2 ENT

=5, XVI\EHEIEEV ZADHDMMHESI NS
« IRET ZRICEK D ERRPRIC) EEZ B 08
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iR & R AEREEL

/! BEETV R

class Number {
public:
virtual double abs();

}i
/] RET X1

class RealNumber
public:
double abs() { return val; }
double val;

}i
/] RET T X2

class Complex

public:
double abs() { return c.abs(); }
Complex c;

}i

public Number {

public Number {

/ / 1&&:\5’59&@1%%15_'

void output (Number& num) {
cout << num.abs();

}

RealNumber rn;
ComplexNumber cn;

//

// RealNumber: :abs ()N I3
output(rn);

// ComplexNumber: :abs ()D I3

output(cn);
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Class/Function Template

c TV TL—KBD/INTA=5 (—HEDTIO??)
c JSATVTL—hK

template<class T> Complex {
public:

T real() const { return re; }

T abs() const { sgrt(re*re + im*im); }
private:

T re, im;

}i

Complex<double> c; // THEPFD T N double TEZZZASND

-BEARTVTL—h

template<class T>
T abs(const Complex<T>& c) {
return c.abs();

}
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subroutine sort(n, a)
dimension a(n)
do i = n, 2, -1

do j =1, i-1

if (a(j).lt.a(j+1l)) then
b = a(j)
a(j) = a(j+1)
a(j+l) = b
endif
enddo
enddo
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function less(i,3])
logical less

common /sortdata/n,a(n)
return (a(i).lt.a(3j))

subroutine swap(i,])
common /sortdata/n,a(n)

b = a(i)
a(i) = a(3J)
a(j) =b

subroutine sort(n, less, swap)
logical less
do i = n, 2, -1
do Jj =1, i-1
if (less(j,j+1)) then
call swap(j,Jj+1)
endif
enddo
enddo
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class sort array {

public:
virtual bool less(int i, int j);
virtual void swap(int i, int j);

}i

class sort a : public sort array {
public:
bool less(int i, int j) {
return a(i) < a(j);

}
void swap(int i, int j) { ... }
double a[];

i

void sort(int n, sort array& a) {
for (int i = n-1, 1 > 0; --1)
for (int j = 0; J < 1i; ++3)
if (a.less(3j,J+1))
a.swap(Jj,J+1);
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Kt

emplateZz ALV 75

- B¥sontD5|#¥xT> 7L — Kt template<class A>
void sort(int n, A& a) {

. S, 0 EEX for (int 1 = n-1, 1 > 0; --1)
less & swapZz X V/\—B#E LTHRDY for (int i = 04 3 < i+ 449)
TADA VATV ATHNIE. sortAEE if (a.less(j,j+1))

a.swap(j,Jj+t1l);
cRHEDYT ZADEMET DNERL }
class myarray {
public:

bool less(int i, int j) {
return a(i) < a(j);
}
void swap(int i, int j) { ...
double al];
i

myarray a;
//..

sort(n, a);
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emplate Metaprograming

- TV 7L —RMIIEUCIZE. class UACHEEEHZ (int)PiEEE(bool)H I8 E FIRE

template<int I, bool b> class myclass { /* ...

*/ };

c FRIN—=I 3V ETFEITDIENTES

template<class T> myclass { /* ... */ };
template<> myclass<double> { /* ... */ };

- TVT7L—bhZHWT, BEBEPFH X =XIRE 08
=TV L— XY 7O 2329
« £ TCOAVINAIVIFICER. fMiisnd
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Static Factorial (N!)

// —iRD N F
template<int N> class Factorial {
public:
enum {
value = N * Factorial<N-1>::value
}i
}i

// N=1 FA%al/\—2 3>

template<> class Factorial<l> {
public:
enum {
value = 1;
}
i

Factorial<5>::value; // AYVI/NAILEFIC 120 EFHiEI 5
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ALPS Python

» Boost.Python 21 72U OFF

» C++D T 7 AVEEZ Python D5 FFEA]

c VZa L=V arvEROFEAMAK TEVTHILOT—Y DIERFENIEDzH D
Python €32 —JU (pyalps) % 2t

c INTA—=FDEfF - V2L —Y3>VDET%Z Python 5175 2 EHH]
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pyalps & matplotlib [CKDFFEERD 7AW

import pyalps
import pyalps.plot as alpsplot
import matplotlib.pyplot as pyplot

data = pyalps.loadMeasurements(pyalps.getResultFiles(prefix="'parm9a'),
'Magnetization Density”™2')

for item in pyalps.flatten(data):
item.props['L'] = int(item.props['L'])

magnetization2 = pyalps.collectXY(data, x='T"',
y='Magnetization Density”2', foreach=['L'])
magnetization2.sort(key=lambda item: item.props['L'])

pyplot.figure()

alpsplot.plot(magnetization2)

pyplot.xlabel( 'Temperture STS')

pyplot.ylabel( 'Magnetization Density Squared $Sm"2$')
pyplot.legend(loc="'best"')
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