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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];

14
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ordered state
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FE 5 = critical point

IR FIRRE
disordered state
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7 = tre P
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(A) = ==

c EFRTIEH AZEIEZETEEF(or 175)

c BEVTFAHILOEZES ICIEYEEDIRRFESR

(4) =) AW (o

BRI EREN R
D TEZT\W (Alc) B W(c) B c-E)

- EFROZED "By c &EXINT S TEH W(C) &N

- BREESVCEEREAZIBALT TR © "84 ZEEIT D

Lmly

=~ - &35 (representation)
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£ FIEFIER (quantum lattice models)

- EFRAE VIEHY

JeY
H —

> (SHST+S7SH+J7 Y 8PS

(i,5) (1,9)

« J\)\— RIEE (EFIEFIMN)

H = —t1 Z C,LJCJJ + h. C + UanTnzl
(i,j)o

- ERFER A 2 RN AT 8E (Suzuki 1976)
c RFNI v T I BGMEER)FXILEITZREAT

=B

BITIERW = EifERHEZRR (Beard-Wiese 1996)
« RNFRUSRTF = HRRIEEF TEYINZ L

7=0



B RIS WA (negative sign problem)

« 7z )LIRIFFRIFORIAICT UT, KEFEHORTESHANE DS

TJTILIET - 7 )L OHEtE

- EFERBEIRRUCERICRFHIRET 5 EEADNEICTESD

CTISANL—YaVDBBIEFACVERDBAICHADEHNIEND

cEBADOLITICIRDDT, EREUVTERIT DI ENTERN

=T EVTAHINOKE TS RKDMERE!
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Spin ladder material NazFe2(C204)3(H20)2

: . , @ . . O
 Fe?* ions in octahedral crystal field R Z
P 1%
. . o) ¥ Se I,_ a % ‘oe\
= effective S=1 spins at low T R S

- Fitting experimental data by QMC results st g o u

Fe ® g “Ie ® '-'z.'. ~'.¢,) cw -
for several theoretical models (ladders, e, Py iy
Flde . T s, _—
< ‘4‘ ’r Res
' Q< e } ¢ 9 e
dimers, etc) R TP S .
D - P & -
C“.v [ l—*C
| | | | ! ! ! !
00000000, (@  H=100Oe
0.20 . 00000000,
_ 0.20 Hia |
T 015 : 4 . E
£ . o £
= y | ]
g &E)/ 0.15
£ 0.10 RN Ann g
é 108 XL v Sgas == SN ‘g
% % O 10 Mm“"‘.‘.‘;‘ hhhhhhhhhh AANNYYYIYIYWYWYYWN A A A A A AAAA—
A 0.05 Z . & Hla
® /A experiment 0.05 ¢ 4 A nt m
- calculation
5 10 15 20 25 30 5 10 15 20 25 30

Temperature (K) Temperature (K)
u

Yamaguchi, Kimura, Honda, Okunishi , Todo, Kindo, Hagiwara (2009)



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)

1

1, Y=,y

)
|

|
n
&

orbiton gap A
o
(@, —

| |

o
|

Jmix /Jz

0

van Rynbach, Todo, Trebst (2010)
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Supersolid in extended

Bose-Hubbard model

0.06

0.25
* Interacting soft-core bosons 02 |
t 0 1 . 015
H=- tE (aiaj + a,—aj) + VE nin; + EUE ni(n,—1)— ,LLE n, <
(i) (i) i i 1] N
. . 0.05
 Supersolid = co-existence of
O I I |
diagonal long-range order (=solid) and .04~ 0045 ‘3/-25 0055
- : 0.3
off-diagonal long-range order (=superfluid) 12)
- Experimental realization: optical lattice? 0-25 1 =1(2)g .
02 B =10) 0
v~ 0.15 ¢
0.1
0.05

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

1.4
1.2
1

0.8
0.6
0.4

Yamamoto, Todo, Miyashita (2009)

Ps
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MateriApps Live! - nttp://github.com/cmsi/MateriAppsLive
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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

29



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

30



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

31



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

- 2012558
« @ - JSTAT P05001 (2011)
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« XY =17 RV )T NFEE : Perl. Python. Ruby’d&
« Mac OS X ¥ Linux [ClE. #5MhUHA VA=l NTWDS
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« F—=LDIL—)L
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HEE ) EETENHDO—D RTFEER
'Y ESE FERDZDDSEHME, PF (=/\AL)DA>TWS RF7ZHL
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c FHDEENELNDH?
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37



import random

success_stay = 0

success_swap = 0

for i in range(1000):
bingo = random.randint(0,2)
choice = random.randint(0,2)
blank = []
for k in range(3):

if k != choice and k != bingo:
blank.append(k)

show = random.choice(blank)
remain =0 + 1 + 2 - choice - show

if choice == bingo:
success_stay += 1

if remain == bingo:
success_swap += 1

I

Pythonlc KD B ZE>fTc I a2 L — =

\l

swap

stay

10

SHATEIR

print i+1, bingo, choice, show, remain, success_stay, success_swap
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Buffon DEr (DD &)

cHROHITWVENS, HOFRLOETOIFEE x (& 0~ b/2 [ZH—ICnTa
cHHDDEDLDDEDAEE ¢ 1F 0 ~ /2 ICH—ICHTHE
. x < (a/2)cosp 5E. $iFEICH N D Nuis(z,¢) =1

b Jo " [7 A6 Nuws(,6) a2
fob/ZdCC O7r/2d¢ b T |

« COERBREZSEKIPTIYI L —YaryIhniE,
- EVFAH)OBES. EVFHIO- YT T

AZENKEK B!




BLEUC KBTI VT —

ca=b=10D&E

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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- BitKeeper - ™D T Linux D A—XJLDY —RERICELNTWE

- CVS (Concurrent Versions System) - v 7 —27 TOHAZEZEREE LIFHTDIN
—IaYVEEBIAT L, BETRL S EbhTWi

- Git - IR7E Linux DFEFEICELDNTWS, 78 UKRI MY
. Mercurial - Git D51 /\JLs DEELURI KU

- SCCS (Source Code Control System) - 70 ICNILIF CHE S NcEFRID/IN\—
S VEBYAT L, BERFEDLNZL

. Subversion - CVSOH BRI & UTHFE I Nz, HERHRE27—2? Mac OS X P%
<D Linux ICiETREIDNSAI VA M=l NTWS, Windows fR7Z 217> ~
(TortoiseSVN)H dp %
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Subversion OFBICEZIIDER

[T

« Subversion IC £B/\—Y gV EE

» http://todo.issp.u-tokyo.ac.jp/archive/subversion/book.html

'Subversion IC & Z/\—Y g VB, OFEHH
* http://todo.issp.u-tokyo.ac.jp/ja/members/wistaria/log/subversion-intro

'Subversion>T{A[?; = TURIKNY ) = I)X\—I3VEEBETIL) = T&R9D
9:1‘/7 Jh1 = "EXPNBEEYC7IL) = MEEIE—DOFEF = MExE
—ICERZMASZE] = 'TBOEEADHRE) = 'EELZODII v M)

- CVS/Subversionz{E->7z/\—3I 3 VEE (RifR . /\—Y g VEEDOER)

- http://sourceforge.jp/magazine/08/09/09/1038233

jun

+ CVS/SubversionZff > fc/X\—3 3 VEIE (1&iF - SYUNZE > fo/\—3Y 3 VEIE)
- http://sourceforge.jp/magazine/08/09/24/113215
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