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Development of parallelization strategy and speedup technique for 2D quamntum system
on many-core parallel machines

Yamada, Susumu
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In this research, we have developed the parallelization strategy and the speedup t
echnique for the simulation code of the many-body quantum system. Especially, we propose the communication
algorithm in consideration of the network architecture of the many-core machines and the property of the
qguantum system, and then, we demonstrated that the algorithm can realize the high performance communicatio
ns. Moreover, we simulate the real quantum problems using our developing codes and discussed the property

of the problem by using the simulation results.



all-to-all
all-to-all



—~

12000

Q)

@

all-to-all

1(b)

1(c)

20000y Il 64 cores [ 128 cores

1024

180001 I 256 cores [ 512 cores ————

— 160007 [ 1024 cores

1401

120

10000

8000

6000

4000
2000
0

200 220

@) all-to-all

200
18000+ B 64 cores [l 128 cores

16000+ I 256 cores [l 512 cores
14000+ ] 1024 cores

10000

8000

6000

4000t
2000t

200 220

all-to-all

20000+ I 64 cores [l 128 cores
18000

~160007 7 1024 cores

240

I 256 cores M 512 cores ———

14000

12000

©

1 T2K

DMRG

R fiEl (F9)
w s
o o (@]

B
N
o

&
o

o
o

3.0

32*4  G4*4 128*4 256%4 512%4
I 5 # (MPI*OMP)

@

2.5
2.0
15

ik 1.0 |

o5

0.0

e ()

32%4  64*4 128*4 256*4 512*4
ifi 51| £k (MPI1*OMP)

(b)

2-leg 2x 20



0.012
- 0.01
= 0.008

Uit 0.006
5 0.004
é 0.002
o) 0
&
%
b2

I 1l L,

A

+AHS
Q)

3 () v

HA-HE

©)

7
Yamada, Masahiko Okumura,
Toshiyuki Imamura and Masahiko
Machida, Direct extension of the
density-matrix renormalization group
method toward two-dimensional large
quantum lattices and related
high-performance computing, Japan
Journal of Industrial and Applied
Mathematics, , Vol. 28, No. 1,
pp- 141-151, 2011.
DOI: 10.1007/s13160-011-0027-2
Keita Kobayashi, Masahiko Okumura,
Yukihiro Ota, Susumu Yamada, and
Masahiko Machida, Nontrivial Haldane
Phase of an Atomic Two-Component Fermi
Gas Trapped in a 1D Optical Lattice,
Phys. Rev. Lett., , 109, 235302
(2012)
DOI: 10.1103/PhysRevLett.109.235302
H. Matsumoto, T. Koyama, M. Machida,
Y. Ota , and S. Yamada, Revisit to
terahertz wave emission with motions
of Josephson vortices, ,
Physica C: Superconductivity, Vol.
491, pp. 40-43, 2013.
DOI: 10.1016/j -physc.2012.12.010
Keita Kobayashi, Yukihiro Ota,
Masahiko Okumura, Susumu Yamada,
Masahiko Machida, Quantum phases in

Susumu

H %R

o

@

p-orbital degenerated attractive
one-dimensional fermionic optical
lattices, Phys. Rev. A, , 89,

023625, 2014.

DOI: 10.1103/PhysRevA.89.023625
Susumu Yamada, Toshiyuki Imamura,
Masahiko Machida, Parallel Computing
Design for Exact Diagonalization
Scheme on Multi-band Hubbard Cluster
Models, Parallel Computing:
Accelerating Computational Science
and Engineering, , Vol. 25,
427-436, 2014.

DOI: 10.3233/978-1-61499-381-0-427

S. Yamada, T Imamura, M. Machida,
Parallelization design on multi-core
platforms in density matrix
renormalization group toward 2-D
quantum strongly-correlated systems,
SC11, Seattle (USA).

S. Yamada, T Imamura, M. Machida,
Dynamical Variation of Eigenvalue
Problems in Density-Matrix
Renormalization-Group Code, 15th S1AM
Conference on Parallel Processing for
Scientific Computing, Savannah (USA).

4 QPBLAS
194 137
HOKKE-20
su(n) DMRG
68
( )

S. Yamada, T. Imamura, and, M. Machida,
Parallel Computing Design for Exact
Diagonalization Scheme on Multi-band

Hubbard Cluster Models, Parco2013,
Technische Universitat Miinchen,
Germany.

YAMADA, Susumu

80360436

MACHIDA, Masahiko

60360434



®

OHASHI, Yoji
60272134
MATSUMOTO, Hideki

40209648

IMAMURA, Toshiyuki

60361838



