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Recently the degree of integration of processor and developed rapidly. However, clock speed
is not increased, a situation that increases the number of cores in the processor. In this paper, we analyze
the performance of a typical Intel Xeon Phi of many core process used for the current operation accelerate.
Utilizing the Quantum ESPRESSO, which was calculated using the FFTW library. By varying the number
of ranks in MPI when running the benchmarks the performance Xeon Phi. The result shows a good
performance in the handling of four job on one physical core. However, four or more to expand the number
of MPI Rank is degraded. Through this convergence it was found to improve the performance of Quantum
ESPRESSO. It is possible to check the hardware characteristics of the Xeon Phi.
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<Table 1> Implementation Environment

Contents

Intel(R) Xeon(R) CPU E5-2697 v3 @ 2.60GHz,
32G Memory

Division

HOST

Coprocessor |Intel Xeon-Phi Coprocessor 3120 Series (rev 11)

Linux Xeon-Phi Host 2.6.32-431.el6.x86_64 #1
0S SMP Fri Nov 21 02:14:10 UTC 2013 x86_64
GNU/Linux

Intel Parallel Studio 2015 update 2 (cluster edition)

Compiler

Coprocessor

Driver MPSS 4.3.3

(Many Core software stack) :

3.2 7@ )
MPI of Zg] 70| 1 et
EBEEREREEEBISET RS

o] Z2ANER 47t ¥Alahe WAo]

AEo

9

Al

ol'
-
3

Hox o

B o
=]

-

lo

e [~

Gl
&

]_

olr

Q
a

)

# sudo scp ${Intel mpi directory}/mic/bin/* mic0:/bin/
mpiexec 100% 1161KB 1.0MB/s 00:00
pmi_proxy 100% 817 KB 800.4KB/s 00:00

# sudo scp ${Intel mpi directory}/mic/lib/* mic0:/1ib64/
libmpi.so.4.1 100% 4381KB 4.3MB/s 00:00
libmpigf.so.4.1 100% 323KB 320.8KB/s 00:00
libmpigc4.s0.4.1 100% 185KB 175.2KB/s 00:00

# sudo scp ${Intel compiler directory}/lib/mic/*
mic0:/1ib64/

libimf.so 100% 2517KB 2.5MB/s 00:01
libsvml.so 1002 4834KB 4.8MB/s 00:01
libintle.so.5 100% 129KB 129.1KB/s 00:00

[Fig. 2] Coping Intel MPI Library to Xeon Phi
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Extract Quantum ESPRESSO
Source Code

.

Intel Parallel Studio Compile
Environment Setting
.
Quantum ESPRESSO Compile
Environment Setting
.
Quantum ESPRESSO Hybrid MPI+
OpenMP Mode FFTW Configuration

'

Quantum ESPRESSO Automatic
Offload Mode Caonfiguration
.

Quantum ESPRESSO Compile &
Execution Binary Copying to Xeon Phi
'

Quantum ESPRESSO MPI Run

[Fig. 3] Xeon Phi Porting Process
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[Fig. 4] Extract Quantum ESPRESSO source code
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export FC=mpiifort

export F90=$FC

export MPIF90=$FC

export F77=$FC

export FFLAGS=$FCFLAGS

export FCFLAGS="-03 -mmic -xAVX -fno-alias
—ansi-alias —g -mkl ~-LSMKLROOT/include/fftw”

export CC=mpiicc

export CPP="icc -E"

export CFLAGS=$FCFLAGS

export BLAS_LIBS="-1mkl_cdft_Core -Imkl_Intel_Ip64
~Imkl_blas95_1p64 -Imkl_Core -lmkl_Intel_thread
~Ipthread  -1lm”

export LAPACK_LIBS="-1mkl_lapack95_lp64
~Imkl_blacs_Intelmpi_Ip64 "

export SCALAPACK_LIBS="-ImKkI_scalapack_Ip64”

export FFT_LIBS="-LSMKLROOT/Intel64”

[Fig. 6] Read the QE configuration environment
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CFLAGS = -03 -mmic -fno-alias -mkl —ansi-alias
~L/opt/¢18/composer_xe_2015.1.133/mkl
/include/tftw  $(DFLAGS) $(IFLAGS)

FIOFLAGS = $(FFLAGS) ~fpp -nomodule —openmp
$(FDFLAGS) $IFLAGS) $(MODFLAGS)

FFLAGS = -O3 -mmic -mkl -fno-alias —ansi-alias
~L/opt/¢18/composer_xe_2015.1.133/mkl/
include/fftw

LD = mpiifort

LDFLAGS = -openmp -mmic -L/opt/Intel/composer_
xe_2015.1.133/mkl/lib/mic

LD_LIBS =

BLAS_LIBS = -Imkl_Intel_Ip64 -1mkl_blas95_Ip64 -Imkl

_cdft_Core -lmkl_Intel_thread -lmkl

_Core -Ipthread -Im

BLAS_LIBS_SWITCH = external

LAPACK_LIBS= -lmkl_blacs_Intelmpi_Ip64 -Imkl_lapack
95_1p64
LAPACK_LIBS_SWITCH = external

ELPA_LIBS_SWITCH = disabled
SCALAPACK_LIBS = -Imkl_scalapack_Ip64

[Fig. 7] Edit Make.sys File
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[Fig. 8] Sample MPI Execution
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MPI @2 & &2 F0]2] 8H]

ol FE v ¢

|

ARte] EEHA d5S & Ao
59 [Fig. 101 MPL 92 527} Z71gloll u:}a} 2
Z

o¢] 24HH 1

il 9_3184 dsol Haskr] A# st

Intel MKL FFTW library

Speed up in the exeution time
o NN
w B o B R
o 8 8 8 8 &

12345678 91011121314151617181920212223242526272829

number of MPI process(on Xeon Phi)

[Fig. 10] Measurement Results(2)

QB 452 WA e 98 AL ol 2
R el AT el FuI2A *é

olf

ol wold # 4 990, ]_ A

shole] ol|elx17} 4 Way Sfols] 2l 9e A Ustu,
@ 50 Shel 4744 EAstel, 24 A
0] Shbg 4] A4S A B %
o 2ela e 0] G 4u ol

efSh A A HoA) @R Siae

oX o
ol of
Jr to
=
ful
=

o 2
o

o] &
ok

ufebr] o] AL ¢lel A2 sho]o] stglo] EAJe] 7]
A g Aow & 4 vk & o] st & MPI &=
FE VN o A% 5 Aso] Bolue $E 7 =
271 AR, o)l AEAXE Al Eojurirt 2470 o
o 7 Q38lH Adol Astas & < 3tk o=
s HER ARshs A ol B s wst



20  =gsists]=aA] ATE A5E

I MPI @2 & 7t &4l &b H]&o] t] Wolx 93]
# 5ol 9 AstEs & ok FF F ¢zl MKL
FFTW, FFTW3, 21 IPP, Numutils, Kiss-fft 5 & &
2% FFTW glol 82| 5S vl £45}e] A2 g}o]9|
A5 54 Aol tigk A7) AlgE oo & Aot

REFERENCES

[1] Asanovic, Krste, et al. "The Landscape of Parallel
Computing Research: A View from Berkeley”,
Technical Report UCB/EECS-2006-183, EECS,
Department, University of California, Berkeley, 2006

[2] H J. Lee, E. J Im, "SpMV on Xeon-Phi’,
Proceedings of the KIISE, pp. 42-44, 2014.

[3] Yang, Xiaoling, and Wenhua Yu. "Phi Coprocessor
Acceleration Tadmiques for Conputational Hectraragretics
Methods”, Applied Computational Electromagnetics
Society Journal, Vol. 29, Issue 12, 2014.

[4] Heinecke A, Vaidyanathan K, Smelyanskiy M, et al.
"Design and implementation of the linpack benchmark or
single and multi-node systems based on intel xeon
Phi coprocessor”, Parallel & Distributed Processing
(IPDPS), 2013 IEEE 27th International Symposium
on. IEEE, pp. 126 - 137, 2013.

[5] Liu Y, Maskell DL, Schmidt B. "CUDASW++:
optimizing Smith-Waterman sequence database
searches for CUDA-enabled graphics processing
units”, BMC Research Notes, 2, 73, 2009.

[6] Lan H, Liu W, Schmidt B, et al. "Accelerating
large—scale biological database search on Xeon
Phi-based neo—heterogenecous architectures”, Bioinformatics
and Biomedicine (BIBM), 2015 IEEE International
Conference on. IEEE, pp. 503 - 510, 2015.

[7]1 Lu M, Zhang L, Huynh HP, et al. "Optimizing the
mapreduce framework on intel xeon phi
coprocessor’, Big Data, 2013 IEEE International
Conference on. IEEE, pp. 125 - 130, 2013.

[8] M. Bernaschi M. Bisson, and F. Salvadore,
“Multi-Kepler GPU vs. multi-Intel MIC for spin
systems simulations”, Computer Physics Communications,
vol. 185, no. 10, pp. 2495 - 503, 2014.

[9] A Taflove and S. Hagress, “Conputational electromagnetics:
the finite-difference timedomain method”, 3rd ed.,
Artech House, Norwood, MA, 2005.

[10] W. Yu, X. Yang, Y. Liu, et al., “Parallel finite
difference time-domain method”, Artech House,
Norwood, MA, 2006.

[11] W. Yu, X. Yang, and W. Li, “VALU, AVX, GPU
acceleration techniques for parallel finite difference
time domain methods”, SciTech Publisher Inc.,
Raleigh, NC, 2013.

[12] A. Elsherbeni and V. Demir, “The finite difference
time domain method for electromagnetics: with
MATLAB simulations”, SciTech Publisher Inc.,
Raleigh, NC, 2009.

[13] J. M. Jin, “The finite element method in electromagnetics”,
(2nd edition), New York: John Wiley & Sons, 2002.

[14] M. Frigo, S. G. Johnson, "The Design and
Implementation of FFTW3", Proceedings of the
IEEE 93(2), pp. 216-231, 2005.

[15] Lan, Haidong, et al., "Parallel algorithms for
large-scale biological sequence alignment on
Xeon-Phi  based IEEE International
Conference on Bioinformatics and Biomedicine 2015
Washington, DC, USA. pp. 9-12, 2015.

clusters”,

A 27N
vk o $2(Young—Soo Park) [435]9]
- 199 2¢ @ gt =28t
e
<2001 d 2€ ¢ st giEe &
SEETRERIN
L0144 39 ~@A) : FO e o)

4 BFE A b




24 A1 9]

o]

)

2| 2= 9} A

v

UE ol 2~

v} 4 2 Koo—Rack Park)

wooon * S® B W
Ho = = ) i iy iy &
i i b3 o T w n
- - = b
oo Hoowow A ERC R
o o o Ho o ol B X o
= 5 = E E OsEw®E @
N ~ e N RO (= ofo
e %N)rﬁop)rﬁuu e =
@ o~ o A H A A
Reas@®iak % _BRRTE
W e A T ol =
12 T2 To iy
W W om kT T X mogom e
grgzsa v, 2X8=S5F¥
F S w s w g Soegwaw T

# % d(Dong—Hyun Kim)

=
]

&

al

FeA e, AR, AlE oA,

o]:> :

U

=]



