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The loop algorithm for quantum Monte Carlo simulations is a powerful tool to treat large
quantum spin systems. The core of this algorithm is the union-find algorithm, which is
popular in graph theory. But, compared to usual scientific calculations, such as matrix
operation, the union-find algorithm requires of different type performance. In this talk, I
will present our development of the loop algorithm, which is aiming to execute an extremely

large-scale simulation on the 640,000 cores.

BT UHENIT v TT— DL TR O

1. W—TF7ILTYXLEFEVTHLOE

N—FTNLIY) RAEFECTF I ARENNLE
FREMERD L I 2L —2 a v HFEORTHRESH K
KR AT DY A ARWR D FIETHD. AL
Z1OTOT v 7T TAEIRBEOEST
HAaFEOT LY XN TR JR O R
NABERBAGOL I 2 L— g UIFEELY. F0UT
T O 7T S AT T OB A IR I
EL<oTLEW, 37V IR EFE WhiaL
20, ELWHEEEZE LN 2> TLEI DD
ThH. N—TTNLITY AATFYI2L—T g
THRENLONDT T AX—IZHEIL, ThEN

T AR BT SERT

Institute for Solid State Physics, The University of Tokyo

AT T D, ZOT=OIEFICKREIRDEER
ROV I 2 b —varvbiafgleo T3,
FTex DI N—FTRHNL—TT L IT) X L%EKH
BEFE L, 240 E T T2K - PEmF O System
B 72 £ C#9 10,000 = 7 HAL DA SN FHR 24T > 7=
INBDOREE LT spin-4 @ Haldane ¥ ¥ v 78
L OB ENRS b7z, BIfEIX spin-5 @ Haldane
¥y v TOFHEIZHT, KarBa—% ETorm
7T LOMFEREZIT> TN D.

2. ALPS/looper 7Oz Yk
N—=TTNTY A LERETDIHITHLY

(© 2012 Information Processing Society of Japan



High Performance Computing Symposium 2012

ALPSRlE WO A —F L VT =T F5A4T 5
EZRAL TS, ALPS 3BT IO I 2 1
—a UEAT O To DI THEECH AE o XML
TER o A H, 55 R0 XML <=2 HDF5 Bl To i
H1, WEEHEATEAT O O ORISR, 32— 3
VEATOIDTEODART T a— T BRI LTV,
Fio, BT THERICET 20F0REN R I 2
L—va kR ELET Y r—va VLR
LD, FTx O N—TRERFEEIT-> TN D
looper 1ZZDT SV r—a D1 OTHD.

3. MPI/OpenMP [Z&% Union-Find 7)LTYX
L0 it Hi{E

N—TTNIYXLTEAEEI LEHDHH
ANC X OO 7 A% —% AR L, Ff&mIZiE
VAT BEWLODONDT T AE—IIHET . ek
DN—FTNITY XLOEETITZDOEEC
union-find 7/ 23U X A &ZFHL TwaH.
Union-find 72V XADEHEEIT O(a @), o
M7 v —~ oMk, L2 ERMbN
TW5. Thbby 2T A% A X5 L TRIERT
REHEELRY, TAIT) RAOURBICLDEHER
DYETHEVLEDRN. T2 THAITVI 2 L—
va TR R A S EIT 25 LV &R
{bZA1T- 7. BRI Cid MPI 2 X 53041k %
fToTCW5. FHREEITIEEO 2 A N 2RI IEE R
DOFEXZHHIT 5. ZD=DFHEEIZ OV TIIMPI
TaE AR THETEDL. AT YDOFEHEICONT
bRk EI SN D, —J, RZERFAIZOWTIE
OpenMP 2 X 2% A LV v RS 24T - 7=.
Compare and swap 5 ZFIH LIERBA L v R
WEHE[Bl 2475 Z L T o7 I U X AOE#H{L
WCEREH LTz, 1 Y7y &= TIRIEIE = 7THERE
DAr—J VT4 L2o>TND.

4. MPIEEEBOREL

H &b & MPI I FIOBEREIE AR 7
HEORFEERHL W, EarBa—40Dx
v RT—27 hARBRY—X3RILI—FATHY, =
AUCKIIE T & 5 L 9 Lot 5 [~ M@ E M7
ZHTNAY XNTEL LT,

5. THHRS—)LRNRAVARITTHRE
BUED A2 1 flops EE EEFRE S 2 DR

HPCS2012
2012/1/24

TF. Flops EDOHRNT F U r—3 9 o OBISH
MBEDOBE DT R — D AR a R
TEXHZERBNEREEL LW E B NET.

6. BHBbHYIZ

KEEONRITT /) 0B/ 7 RFx Loy K
W R T o aih (BRELE BEE
1B) TIT-o CEX WIS DT,

2 E X M

[1] H. Evertz “The loop algorithm” Adv. Phys., 52, 1,
pp1-66, Nov 2010

[2] B. Bauer et al. "The ALPS project release 2.0: open
source software for strongly correlated systems” J. Stat.
Mech., P05001 (2011)

[3] KEFEZ, BEEEIR, “Union-find 7LV X ADIE
[FHEIA Ly FAFIME”, HPCS2011 #wSCHR

(© 2012 Information Processing Society of Japan



