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A building-resolving simulation of sea breeze over Sendai downtown 

with a parallelized CFD model 

Guixing Chen, Weiming Sha, and Toshiki Iwasaki 

Department of Geophysics, Graduate School of Science, Tohoku University, Sendai, Japan 

Hiromu Seko and Kazuo Saito 

Meteorological Research Institute, Tsukuba, Japan 

In the study, we develop a parallelized CFD model to realize the building-resolving 

simulation for one whole city. The test run on Sendai downtown at a high resolution 

of 3 m is conducted by the NEC SX-9 supercomputer at the Cyberscience Center of 

Tohoku University. The experiment is designed to simulate the winds and temperature 

during a typical sea breeze event. The general features of turbulent flows in the urban 

canopy layer are well reproduced. The results suggest that this parallelized CFD 

model is promising for the high-resolution urban weather forecast in the future.  
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1. Introduction

In recent years, a research project of high performance numerical weather 

prediction, as one part of the Strategic Programs for Innovative Research of Japan, is 

initiated to achieve the high-precision mesoscale forecast [1]. As a part of this project, 

the building-resolving CFD model is developed to realize the super high-resolution 

mesoscale modeling of the urban weather [2]. The purpose is to simulate the winds 

and temperature for big city with every buildings resolved.  

One of the major difficulties we faced is the huge demand of calculation amount, 

and another is the memory limit at a single node. To solve these problems, we convert 

the source code of CFD model to support the high-performance calculation with the 

Message Passing Interface (MPI). This parallelized CFD model has been recently 

tested on the K computer at RIKEN Advanced Institute for Computational Science, 

for a large domain of 25 km with a resolution of 10 m. In this study, we transfer this 

CFD model to the NEC SX-9 supercomputer at the Cyberscience Center of Tohoku 

University. The test run on SX-9 is implemented to understand the performance of the 

CFD model at an even higher resolution of 3 m for the realistic complex building.  

2. System configuration and experiment design 

The CFD model used here is a local meteorological model based on large-eddy 

simulation [3]. The model is based on the Cartesian coordinate, with the block-off 

technique to treat the buildings and steep topography. The model equations are solved 

by an algorithm of the semi-implicit method for pressure-linked equation, and a full 

time-implicit scheme is applied. This CFD model has been applied to simulate the 

local flows and temperature on the small-scale buildings and street blocks [4]. The 

CFD code has been revised to support the MPI for parallel calculation. The parallel 

calculation is made at both X and Y directions, while the auto parallel split is applied 

at Z direction. 

�������	
��
��
������������



� 3 

The sea breeze is a typical weather phenomenon during the summer season that 

greatly influences the local winds and temperature at the coastal areas [5]. At 13 JST 

June 19, 2007, sea breeze blows over the Sendai City. In this study, the experiment is 

designed to study this sea breeze penetration over the Sendai downtown. The model 

domain is centered at Sendai station with a scale of about 3 km (Figure 1). The spatial 

resolution is 3 m for X, Y, and Z directions. The model top is 300 m, with 100 vertical 

levels. Therefore, the total grid points are one hundred millions. The forecast time is 

about 120 seconds. The initial conditions of atmosphere and ground temperature are 

provided the short-range forecast of non-hydrostatic model [6, 7] from the assimilated 

data [8]. On SX-9 supercomputer, we use 16 nodes to perform the parallel calculation. 

It takes about 14 minutes to complete the forecast. 

 

 

Figure 1. The buildings of Sendai downtown for the CFD model. (a) Full domain; (b) 

Sendai station 

(b) Sendai station 

(a) Full domain 

3 km 

3 km 

Sendai Station 
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3. Results 

 Figure 2 shows the general pattern of zonal wind over the Sendai downtown at 

forecast time T=120 seconds. The tails of low wind speed are elongated at the lees of 

the buildings, with an horizontal extension of about 2-3 times of the buildings height, 

which are often interrupted by the downstream buildings. As a whole, the buildings 

drag is clearly shown to slow down the wind speed. In the vicinity of some tall 

buildings, the local maximum of high wind speed can be easily identified. Broadly 

speaking, in the urban canopy, the air flow exhibits strong turbulent characteristics 

due to the complex buildings structures. Compared to the low wind speed within the 

urban canopy, the sea breeze exhibits a relatively fast penetration at the high layer 

from the southeastern regions.  

Figure 3 shows the spatial distribution of temperature near Sendai station. It is 

clearly shown that the air mass trapped in the urban canopy exhibits a strong turbulent 

feature near the major buildings. There are some warm bubbles that grow at the lees 

of the buildings, which are generally stretched downstream by sea breeze. Although 

the wind speed is some low in the urban canopy, there is an active vertical mixing that 

strongly transports warm air upward and cool air downward. Considering a relatively 

fast penetration of cool marine air above urban canopy, sea breeze helps to decrease 

the temperature near surface from top in the presence of strong vertical mixing. This 

suggests that sea breeze can bring an effective cooling to the urban areas, despite of 

the low wind speed by building drag. The cooling effect may be estimated by the 

wind speed of marine air above urban canopy and the vertical mixing within, which is 

usually related to the urban ventilation. 
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Figure 2. Spatial pattern of the zonal wind speed over Sendai downtown.  

Figure 3. Spatial distribution of the temperature near Sendai station.  

4. Summary 

 In this study, we have conducted the building-resolving CFD simulation on the 

sea breeze over the Sendai downtown. The general features of turbulent flows in the 

urban canopy are well simulated by the CFD model. The results suggest that the 

parallelized CFD model has a good performance at the very high resolution of 3 m. It 

should be emphasized that this is a realistic simulation of the weather conditions. 

With high-precision mesoscale forecast available to drive the CFD model, it seems 

reasonable to realize the high-resolution forecast of urban weathers for street corners 

in the coming years [1, 2]. In the ongoing works, we continue to perform more 

experiments and verify the system performance with intense observation network.  

m/s
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- Characteristics of shallower slow earthquakes occurring near the trench - 
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&8

(�VÞ)*23�+ó[õ�Øô

9	��^E��.3IQCuÐ

+o8.W-.ó��.3,EB�

�#.�^�uÐ+!�ÆÍ`3

U*U (Ø')� 

Ø'�[õ�Øô9	��^I�#J�^GuÐ+�

ÖF�Qq�F�ý [4]� 
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� VxE]
�EPó��,E�^�uÐ+!B��#J«�pÌ�
uJãi)�^�

uÐ+!��,EB��#*U�U�
FãiI®U3óC��*¥Ë������d�

Fijq�o]å-ó�Û�½���^F};�-F,�I®U3F�Ío�4J� 

 

�T�����{|�����

� ©��êH�
F��o]åuJ.�óij���'QÙ¬���ËPóïö [3] )e

wI-.�]
�EPóÝÞ�àd�)���g¦F��óå2Ì+�^F
|Æ�o�

Æ-�U slowness-lawo©�-. [5]���EQ�F�H�ÖoØ%IMu�xxEPQC


é�NûMF��,� (b Ë) o�×Jx)Iy23ó�
pÞ!�*J%®F��³o

��-.�xF%®F��³I®U3ó]
�EPó strong coupling model, weak coupling 

model )ä�x)IuJ� 

Ø%�strong coupling modelI�#J��EQ�F�H�ÖØ� !"P��EQ (U��

*uÐ+,�)ó#!"P��
EQ (�
)�^�uÐ+F$+1-) oMu�C�*%

&·KP��)QC�^F^_·I?ë-óstrong / weak (coupling model) I�U3ó�FË

Pó-3.8 / 9.8 [¡10-4] )-.�weak coupling modelI®U3Pó÷3F�áÙ¬���Pï

ö [3] )÷3Ú�)*23UJ� 
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�T����������.���{|���������

]
�F%®F

� � ³  (strong / 

weak coupling model) 

E�Æs5.��

)QC�^F�^

�uÐ+�Ö),

�I®U3óV5

ã5Ø7)�'I

Mu� 

Ø 7 F strong 

oupling model E

Pó !·I�U

3ó�	©��ê

)'(©��ê!

«¬�÷I�


-ó��)QC�

^F�Ió��,

E 2m _nFuÐ

+!B��#3U

Jx)!�bJ� 

� Ø E weak 

coupling model E

Pó�^�uÐ+

!��,EB��

#*U.�óC�

*��!
|-I

ÌU�^E?+ó

1944 F[���

^ [3] )�k�E

?J� 

Ø7�(n) strong (¼) weak coupling model I�#Jó�^�uÐ+ (Dseis) 

F�H�ÖØ�xxEPó3cm/sec y+rÝ*uÐ+)Q+-.�©�

�êHd�©N�«& (Cseis) �F�jPó(�^�uÐ+m) / ('ñò�

³FhuÐ+m) bWjÍ-.� 

�'�strong/ weak coupling modelEF��)QC�^F]å­� ��¡¢£t¤T̄  

úûÙ¬��� / ��³ strong coupling model weak coupling model 

�`H)��� 143 *Mw8.3 113 *Mw7.9 

Dseis, Csseis F
CË­+¯ 5.3m¦93% 3.4m¦74% 

,C· ��,EB��#J QC
é�NûM·F�Û 
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�T�����{|��¥�.ghxy`z{|�¦�§�

Ø(Ió�Û()�Û(F·
é�NûM- (Ø%o./) I�#JuÐ+ÝÞF�H0

1oMu�GH2 (Ó2) I®U3P��)QC�^F
|G3o�×G3)-3UJ�x

FØEPó4U!o-.Û�!å2Ì+�^I?ë-ó
|GHH)�56ÝÞ­7�8

!F9�bW1�J¯o�:�I	×J;!E�J� 

xxEóweak / strong coupling model E]ÐJ)ó�Û(P<mIC�*lP°W5*U

!óQC�^
|T. (G3! 03=) EF�Û(I>auJ)óweak coupling model EP

�
uJ9à!?W5J!ó�Û(EP !"F!!÷Ì*U�x5På2Ì+�^FO

@-o*A-ó,IðÜ.3 (Strike~0) EPVFctGH!�Ì*J9ë!4W5J� 

Ø(�B! weak coupling modelóC! strong coupling modelón!�Ûó¼!�ÛF·
é

�NûM- (Ø%) EFuÐ+ÝÞF�H01oMu�4!!å2Ì+�^óD!!�
I

?ëuJ�Ó2FGHPó��)QC�^F
|G3oß	)-óÒ2Fß	PØ%)Ú

9IQC
é�NûMFðÜIÙ½uJ� 

� ]EEPóweak / strong coupling model F%®oý)-3M-.!ó�I8�¥F¥Ë�

�����d�o��-.q�óQC
é�NûMKF��
EQ�!C�U«�óO@

-F%H!�Ìó¶·!�Ì*J9ë!4W5.�
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¨T©ª>

� (�Fq�I'�U3ó[õ

��=EF�½���^F};

)©��êH�
)FÄÅoØ

ºI,)�.� 

� [õ�Øô9	��^
|.

I�U3óå2Ì+�^F��

E?J�½���^F};I®

U3óFG�EPO@-!4W

5óHD�IG�J��EP}


--. [6]� 

� xFq�oØ(Ië3P�J

)óFG�.3EP©��êH

�
!ÓÔIpÌóHD�IG�

J��EPó©��êH�
!

FG�I]Ð3�Uó/KÛI

?ëuJ)Ö×W5J� 

� ,.ó�.F�fbW"Wb

Is5JFG�EFO@-Fc

t%H�óVF¶·F�!+b

Wó[õ�Øô9	��^EQ

CuÐ+o
|s�.¶·I®

U3ó©��êH�
!�5«

�pL*Fbo�QuJ�Mb

+)*E�� 

 

Øº�2011 3Z 11\F[õ�Øô9	��^F�^

GuÐ+�Ö [7] Ió2011 6Z 1\N11Z 1\EvO

s5.�½���^ (VLF event) F^Ü�Ö(4P) [8]ó

�^};F�Û!�� (Q!�) [9 Igarashi]ó]
�F¥

Ë������d�q�I'�Ì+R (�ØNF	�¶

·) oÕS.8F� 

 

� _ny+ó�Û�½���^F};oS�uJx)Eó©��êH�
FGH�-oq

�)U�O.*
©ª�0oó]
�F¥Ë������d�bW°Íux)!E�.� 

rs

� ]
�EPó[õClñòó�ñòô�é����)FeÚ
�Iy23�
s5.ó

SX-9ë#I
©-s5. FFTFij©ª«¬­¡��o¢�-.�x5Iy+óïöF�

�³y+8��.3EFij����o��--ó120TU8Fij����ofuJC�

�������d�oÝõuJx)!uj)*+ó+xÞFrUøt�*uÐ+{Vo�

ÆuJx)!E�.� 
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Building-Cube Method

1 2  
3 4  

 

 
Building-Cube Method

Building-Cube Method

Building-Cube Method
 

 

 
 

 

 

Lighthill
Curle

[1]

 (Linearized Euler Equation, LEE)
[2] LEE

 

Discontinuous Galerkin Method (DGM)

 

 (Building-Cube Method, BCM [3])
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	¥Fo/oV×*!WW�à3�IyJXloVäE�J�-b-*!WóYî��-PàF

4EPóúv3áo�5«��bÌ��--38ó�?IÄ-3PW�à3�F£¤P¹23-

,�.�óy+r®Þ*ç?F3+`U!æ,-U�/×3óZ+�IyJ+-EP
·Pà�

Iy23GHéû�©!PQ-3-,��x5WFx)y+ó®Þ[U+-oÝ��*�bsE

����!?+ó]
�EP\�ê4!��(Immersed Boundary Method, IBM)IyJúv�Æo�
UJ�

� ]EEPóBCM F
³sN�­I'�Ì LEE ¿³ó�o�U3���ô�ý�o�-.
Generic Inlet NàbWF]e56F+-o���]åFæ�P 50m ^ØI�#J Sound Pressure 
Level (SPL)�ÖE?+ó̂ ØEF�ë�F�QP Ffowcs Williams-Hawkings (FW-H)�Iy+���
ij¶·KF Point Per Wavelength (PPW)F�-óFW-H?FÙ½IyJ�-óß�³�+FPào
��--.�F�-oV5ã5]åuJx)Iy+ó]ij��F]e+-I�#Jf��o¯

_uJ�

%�� ij��

%�'� �N-Þò¬�ØVW(Linearized Euler Equations, LEE) 
]e56F9AØVWE?J LEEoW(1)ó(2)IMu�LEEPó6<�Þò¬�ØVWFúû�
¥ Qo Q=Q0+Q’Fy�I!5ãF9bg� Q0)�;g� Q’I�+uJx)E(W5J�(1)ó(2)
I�U3 HP9bg�F�H�;I®U3FoE?+óSPe_oE?J�,.ó�P] ]E?
J�ijF�Pó!5ãF9bg� Q0)e_o SoÎ×ó�;g� Q’FGH
`oijuJ� 

'Q E F G H S
t x y z

               (1) 

 

0 0 0 0 0 0
0

0 0
00

0
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0

0 0
0

0 0 0 0
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'
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'
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0

0
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0 0

0 0 0
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0

0 0 0
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0 0 0
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0
1' ' '
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0

0

v

v

v

0' p0v v

           (2) 
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BCM [3] BCM

1(a) Cube 2n

Cube 1(b) (Cell)
Cube Cube overlap Cell 3 overlap Cell

Cube 2 LEE

Runge-Kutta Cube
OpenMP BCM Cube Cell

Cube

1.Cube Cube
2.
3.Runge-Kutta Qsub

4.
4 Dispersion Relation Preserving (DRP) [4]

4 Damper
6 4 Low Dissipation Dispersion Runge-Kutta (LDDRK)[5]

LEE
buffer zone [6]

 
(a) Cube            (b) Cube (15 15Cell, 3 overlap Cells)

1
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Ø 2 LEEFij
³sN�­

%�7� \�ê4!��(Immersed Boundary Method, IBM) 
� ]
�E�UJ IBMP ghost cell (GC)) image point (IP)o�U.8FE?J[7]�,ÑóúvN
ào Stereo Lithography (STL)���)-3�á-óV5o�U3ij Cell!úvFKÛb/Ûb
oa´uJ�V-3óúvKÛF�baF Cell o GC )-3�UJ�V-3óGC bWúvcT
ØëIó
· CellF 1.5kF�sFÙ½I IPoQ+uJ�V-3 IPI�+F CellbWúûmo
dH-óIP EFËo�U3úv�?Ee+ç!���of.uy�I GCFúûmoPQuJ�
IP�FdHo���óyz{EP IPog¢3¡3¡3F27	o�U3hin/Õ�Iy23��(Ø
3)�

(a) GCFQ+) IP�FdH� � � � � � � � �     (b) IP�FdH
Ø 3 \�ê4!��

%�(� Cube!�EF����
C�sFF� CubeF!�EPPà	!j!23U*U.�IódHIy23����o���
�!?J�]
�EPrzF�oWdH�E?J¬«¬�ý�dHo�U.[8]�x5PóW(3)ó

( )' nQ

( )' n
subQ

( )' n
subQ

( 1)' nQ

, , , ,E F G H S

1q

2q

3q

4q

5q

6q

7q

8q

9qIPq
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(4)IMuinFÕ4Å¥o�U3dHo��8FE?J�

, ,
, ,

( ) ( ) ( )OC j k l j OC k OC l OC
j k l

Q Q w x w y w z    �       (3)

 
( ) ( ) ( )

( ) ,   ( ) ,   ( )
( ) ( ) ( )

OC i OC i OC i
j OC k OC l OC

j i k i l ii j i k i l

x x y y z zw x w y w z
x x y y z z

      (4)

xxEóQOCPoverlap CellEFúûmE?+óQj,k,lPéû��³EFúûmE?J�wj(xOC)ówk(yOC)ó
wl(zOC)P overlap Cell�FdHI�UJÕ4Å¥E?J�,.óxOCóyOCózOCP overlap CellF x,y,z
klE?+óxióyióziPdHI�UJéû��³FklE?J�

Ø 4P×z{EFdHI�UJéû��³A½oM-3UJ�Ø 4(a)P·sU CubebWC�U
Cube�FdHI�UJéû��³E?J�Overlap CellP 1JIæ-3 3®E?J!ó³�mÆ
�oV×J.�ódHI�UJéû��³!æn)*Jy�I Cube!�I
83U CellP 2¡2
	EFdHóVF� 2®P 4¡4	EFdHo���Ø 4(b)PC�U CubebW·sU Cube�Fd
HI�UJéû��³E?J�x�WP overlap Cell 2J�FdH	Iæ-3C�U CubeF 3¡3
	FÚ� CellFúûmo�U.dHo���

(a) ·sU CubebWC�U Cube�FdH� � (b) C�U CubebW·sU Cube�FdH
Ø 4 dHF�UJéû��³A½

%�º� e_F´QØ�

� Lo�]eF�áP Tyler) SofrinIy+\ps5. spinning mode�áIy+Î×J�x5Pó
Lo��;��O�F?|}~Iy23
|uJ]eo�-.8FE?+ó_¼FWIy23e

6�;oÎ×J8FE?J�

 
1'( , , , ) [ ( ) ( )]cos( )m r m r ap x r t a J k r c Y k r kt k x m        (5)

xxEóJm, YmPV5ã5 mzFq 1�ó2�F BesselÄ¥E?J�kaP axial wavenumberókrP

radial wavenumberE?J�krF nzF+P_¼FWIrçF!���oÎ×Jx)Iy+1,J�
 

[ ( )] [ ( )] [ ( )] [ ( )]
0m outer r m inner r m inner r m outer rd J r k d Y r k d J r k d Y r k

dr dr dr dr
      (6)

 
xxEórouterórinnerPs�êFK¿tó/¿tE?J�kaP_¼FWbWijs5J� 
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2 2

2 2

(1 )
1

1
r j

a j
j

k Mkk M
M k

        (7) 

 
xxEó+P&uklI�U3HØëI�¢�óvPÇØëI�¢�o�-3UJ�Å¥ c1 P_
¼FWIy+ijs5J� 

 

1
( / )[ ( )] ( / )[ ( )]
( / )[ ( )] ( / )[ ( )]

m outer r m inner r

m outer r m inner r

d dr J r k d dr J r kc
d dr Y r k d dr Y r k

       (8) 

%�¿� ^ØEF]eF�QØ�

� ]
�EP Ffowcs Williams-Hawkings (FW-H)�o�U3^Øeão�QuJ�FW-H�)Pó3
áFe_og¢wx?nFúûm���FGH�-o�U3ó^ØEFúûmFGH�-o�Q

uJij��E?J�xFwx?o FW-H ?)ä��^ØãF]e�QF.�FijF!5P_
¼Fy�I*J�,ÑóLo�?I spinning mode �áoÎ×J�V-3óLEE Iy+3áEF
]eF56o+-uJ�
.I FW-H�Iy+^ØEF]eF56o�QuJ�

7�� Generic Inlet�+F]e56+-
yz{2ænß�³NàE?J Generic Inlet bWF]e56o+--ó+-Ù¬���o�-

s�.ãiF^ØI�#J SPL �Öo]åuJ�,.óDGM o�U.wxFij¿³ó�E?
J ACTRAN/DGMIyJijq�)]åuJx)Eó]��Fij®ÞovOuJ�
ijæ�)*J Generic InletNàoØ 5IMu�ØKF	�PLo�?FÙ½E?J�,.ó

D�Pe¤¬òß�F´½Ù½oM-3UJ!ó�öF+-EP�U*U�ij¶·Fß	PØ

5(a)F z=0óy=0 FÙ½E?+óij¶·FC�s8Ø 5(a)FËoÏz{--3�U3UJ�
|
uJ]eF��¥P 1,578HzE?+óspinning modeP���(24,1)o�UJ�
� ijPào´QuJ�IP,Ñóe_Ù½)RA¶·oÖB-3ij¶·o´QuJ��öF

+-EPij¶·F y,zØëIÏz{�s 3FRA¶·oy�óVFðI¾ 80	FPà	o�U
J�x5WFÙ¬���Pó{zF
�bWa�*S{��oy23UJ)Ö×W5J[9]�+xØ
ëPxFkF¶·oy23UJ!ó-x ØëP¾ 1.5 FRA¶·ovX-3UJ�x5Pß�³o
ö|-3.ØIö+ê¢e�P�Ìóa�IS{s�Jx)!E�J)Ö×W5J.�E?J�

zIóe_�+F PPWo´Q-óV5Iy23�®F CubeF��¥oPQuJ��öF+-E
Pij¶·)RA¶·o"vIuJ.�ó,.óß�³�+FPàF��-o��x)oÖ×P

à	oA½-.�

� Ø 6Ióij¶·KF CubeA½oó� 1I+-I�U.Pà��oMu��öF+-EP Cube
¥! 708) 1,464F×®FA½)óCubeKF�=F��¥o 30) 40)-3óii 4��éF+
-o���Ø 6(a)FA½EP
8·sU CubeF!�I FW-H?o´½-óx5Iy+^ØEF]
eF�Qo���.g-ó-x ØëF!�Pß�³!}ª5JÙ½)uJ�´½-. FW-H ?y+
8/ÛIÙ½uJ Cube EPPàF+xÞ!<*Ux)Iy+]e!;<IS{uJbó,.P
buffer zone~Â!�Iy23S{s5J�Ø 6(b)IÄ-3PØ 6(a))Ú�Ù½I FW-H?o´½u
J!óxF)�-xØëF FW-H?EPPà!��-s53UJ.�óxF�g# FW-H?nFP
à	¥!o/-3UJ�sWI Case1 IÄ-3óFW-H ?FÙ½o�-s�3^ØEF�Qo�
Uóx5WFq�o Case1-2óCase1-3 )-.�FW-H ?FÙ½PóCase1,2,3,4 EP x=[-0.5,4.0]ó
y=[-3.0,3.0]óz=[-3.0,3.0]óCase1-2P x=[-0.5,2.5]óy=[-2.25,2.25]óz=[-2.25,2.25]óCase1-3P x=[-0.5,1.75]ó
y=[-1.6,1.6]óz=[-1.6,1.6]E?J�
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(a) (b) STL

5 Generic inlet

(a) Case1,3 

(b) Case2,4 
6 Cube

1

 Min. Cell size  Number of 
Cube 

Number of 
CCells in one 

Cube  
Total Number 

of Cells Max. PPW 

Caase1 0.0188 708 40×40×40 45,312,000 11.68 
Caase2 0.0094 1,464 40×40×40 93,696,000 23.37 
Case3  0.0250 708 30×30×30 19,116,000 8.76 
Case4  0.0125 1,464 30×30×30 39,528,000 17.53 
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� Ø 7IóCase1óCase2EFóz=0Ô?EF6á�;�ÖoMu�Ø 7 EPóRA¶·)*23
UJÛ�PîU3�+ó,.ó¼¿�IV5ã5FPà	F�Öo�	��IM-3UJ�Ø 7
o°J)óLo�?E
|-.]e!ß�³Kço5@+ó
Î�IÍÌEö|-3ó¿tØë

I56-3UJ9à!vOE�J�,.óCase2EP Case1)]å-3+xÞ!rU.�ó6á�
;FO��!r½eIP2�+)�53UJ�Ø 8P Case1EF6á�;�Öo+xØëbW°.
ØE?+óx kl@)IM-3UJ�
|-.]e!ö�-*!W��u¬�W5óV5o�#
J)¿tØëIC�Ì�!23UJ9à!vOE�J�Ø 8 EPLo�P�Giö+Iö�-3
UJ�6á�;FO��F¥Pr½eI 24U?+óspinning modeF�á���E?J(24,1)Iæ
Å-3UJx)!�bJ�

(a) Case1                         (b) Case2 
Ø 7 z=0Ô?EF6á�;�Ö

(a) x= -0.1                   (b) x= 0.9                  (c) x= 1.9 
Ø 8 +xØëbW°.6á�;�Ö(Case1) 

� � 2I FW-H�I�áuJ6á�;Fñ�©N�«Ø�oMu�xxEóTotal number of cycle
P FW-H�I�á)-3�U.iiF�%F¥E?J!ó�öF+-EP LEEEF+-F�I 10
�%�oÍá-óVF���o¡O�-3�U3UJ�^ØEFe6�;ofQuJÙ½PóØ

5(a)I°W5J	(1.5,0,0)oðö)-3¿t 50FÙ½I?J	E?J�y=0óz=0)*J	o 0 deg
)-3ó¿tØëI 150 deg,EfQ-.�
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(a) Case1                         (b) Case2 
7 z=0

(a) x= -0.1                   (b) x= 0.9                  (c) x= 1.9 
8 +x (Case1)



2 FW-H  

 Tootal ffaces oon 
FW--H surface  

Time step per 
oone cycle 

Total nnumber of 
cycle  

Case1  512,000 29 

70 
Caase1-22 268,800 29 
Caase1-33 139,400 29 

Case2  684,800 58 
Caase3 288,000 21 
Case4  385,200 42 

 
9 Case1, 2, 3  4 Case1,3 40 deg

0 deg 30 deg SPL PPW Case3
Case3

90 deg
Case3

ACTRAN/DGM 40 deg 120 deg Case1,3
0 deg 30 deg Case1 120 deg

Case1,3 SPL 40 deg
70 deg SPL

0 deg 30 deg 120 deg
 

Case1,2,3,4 Case1,3 PPW 12 Case3,4 9
PPW Case3 Case4 0 deg 30 deg

SPL

FW-H PPW Case3 Case4 Case1,2 40 deg
SPL ACTRAN/DGM 0 deg 30 

deg SPL  
10 Case1 Case1-2,1-3  120 

deg Case1 Case1-2,1-3 ACTRAN/DGM
Case1-2,1-3 FW-H

FW-H Case1-3  
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Ø 9 Case1,2,3�yW 4I�#J^Øã SPLF]å

Ø 10 Case1,1-2�yW 1-3I�#J^Øã SPLF]å

(�� q�

� Building-Cube MethodF
³sN�­I'�Ì�NÞò¬�ØVW¡��o�U3ó���ô�
ý�o�-.2ænß�³NàbWF]e56+-o�UóijPà�yW^Øã�QI�#J

�á���o�×.)�F^Øã SPLF]åó�yWóÓ��Pà�IyJq�)F]åo�2
.�VFq�o_¼IMu�

� Ó��Pà�EF+-)]åuJ)óuÐ3F��éI�U3 0 degbW 30 deg,EF SPL
! 20dB «�C�Ì*23UJ�x5P�FÛ�y+8l!»¼E?J�ß�³�+F Cube o
��--.ãiIPxF6gE SPLPS<F9ëoM-..�óÓ��Pà�I°W5Jy�Ió
xF.3I�#J SPLP]`óy+·s*ËoMu)Ö×W5J�.g-ó0 degbW 30 degE
F SPLP�FÙ½EFË)]å-3·sU.�óô�ý�bW
|uJ]eo��uJ�IPV
5«�C�U£¤P*U)Ö×W5J� 
� FW-H?FÙ½oß�³I3�#.ãiIPó120 deg_nFÙ½EF SPLI�-!°W5óÓ
��Pà�IyJq�I3.U.�FW-H ?F6g!·sÌ*J)óVF����m!·sÌ*
J.�óCase1-3F FW-H?FA½E8a�E?J)U�x)Pf�*q�E?J)Ö×W5J�
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9 Case1,2,3 4 SPL
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�I?.23PÚ����ÄÅyÙI@�b)@éáoU.gU.�,.óLEE ¡��F��ê
³-IPóNEC�éû­û�¤ªý�� �I� �� 9ó�Ì� �ô� 9F@éá)�hoU.g
U.�]
�Pk
�(21226018)F�.oú#.8FE?J�]
�E�U. Generic InletNàF
���óÓ��Pà�IyJij���P Fluid Dynamics and Acoustic Group, Institute of Sound and 
Vibration Research, University of SouthamptonbW\]s5.��-3�*o�u�

.Öí�
[1] �ú�W, “Building-Cube�o�U. JAXA¥���³F��ÛsF!v+-,” q24ö¥Ë!
vál��èýÀ­ÜÜ�í�(USB), Ó�, 2010 12Z. 

[2] Huang, X., et al. “Efficient computation of spinning modal radiation through an engine bypass duct,” 
AIAA Journal, Vol. 46, pp. 1413-1423, 2008. 

[3] Nakahashi, K., Kim, L-S. “High-Density Mesh Flow Computations by Building-Cube Method,” 
Computational Fluid Dynamics 2004,edited by C. Groth and D.W.Zinggm,Springer, pp. 121-126 2006. 

[4] Tam, C. K. W. “Recent advances in computational aeroacoustics,” Fluid dynamics research, Vol. 38, pp. 
591-615, 2006. 

[5] Berland, J. et al., “Low-dissipation and low-dispersion fourth-order Runge-Kutta algorithm,” 
Computers and Fluids, Vol. 35, pp. 1459-1463, 2006. 

[6] Richards, S. K., et al. “The Evaluation of Non-Reflecting Boundary Conditions for Duct Acoustic 
Computation,” Journal of Sound and Vibration, Vol. 270, pp. 539-557, 2004. 

[7] �â��W, “6<� Building Cube Method o�U.��+F Euler +-,” q 43ö!válÜ
Üº/����¥Ë������d�è»��èýÀ­ 2011, 2011 7Z.

[8] Ishida, T. “Study of High-order/High-Resolution Method for Flow Simulation with Cartesian Grid 
Method,” [õCl ���í, 2011. 

[9] HD��W, “Çª����)T�Pà) IB�o�U. LEE¡��F��,” \]����l
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x«¬­®¯^°m±²45&�³�´µª¶·

�ñ5 1,2, ú�� 2,��� 2, ���� 2, �ö[� 2

1��ClûlÛ, 2C�ClClÛ�l
�k

S_�U��

;;� Êé¡-¢£EP$ß¤é��³F¤üï¥¦ào§-úIÂy-3�UJ/-b-
*!WrÍF ÊéI¨s5J.�I$¥¦à! �©;oú#$ª:I·s*¥¦àbWC�
*¦à�)g�-$¢£ì�oy®�?7F½¼Iy+¢£�j!«-uJx)!C�*��E
?J/¤üï¥¦ào�ªÇédòê§-úIÂyuJx)Iy23xF «-o¬�IVäu
Jx)!ujE?Jx)!sò­®«³�©Iy23�Ês5. 1)/
I:Px5,EI�ªÇédòêÂy¤üï¢£F;¯�|��oq�ßû������d�
) álijo°4i@�Jx)Iy++"o��3�./2-4)�sWI$(W5.�°o{I$
y+æ,-U;¯�|ì�oy®¢£$,I¤üï¥¦àF±vE?J�ªÇédòê§-úF
±²8�23�. 5)/
�.FO³zI�#J;;�wãF¶C$ñ�zI�#J Êé�äFp-ÇoÖ×J)$¤

üïF¢�o¬�ISW-.y+r�j* Êé¢£F�
!æ,5J/r�*¤üïo�U*
U¢£)-3´§-ú¢£!fæE?Jx)!��s53UJ 6-8)/VxE$]
�EP´o�U
.;¯�|��oy®¢£F�
oa�-3$q�ßû álijIyJ
�o�2. 9)/Cu"
ò�ûNýÁ�ê¢£FO.*uj�o±²uJ.�I$´§-ú)-3EQ*$�òµ��ª
Çédòê��oy®§-úFEQ�)§-�¶{àdF?Øo$q�ßû ál�o�U3ì
guJx)o�4./x5,E$]
�«³�©EP9:*�ªÇédòê§-úF·v$�y
W¤üïF¸@+)*+�Jüï¢£F±²o�2.!$û�ijIyJq�!Ýþ)DUFU
o|�J8F!?J/ý×6 NOx¶{já8]å�%&E�$��-�uU Cu üïI®U3$
9:*·v�ªÇédòêð�F�¹--Íàdoij-.q�$ÆÝ�*§º�6¼I�U3
Cu P·v�ªÇédòêE?J LaFeO�ðI�¹-�uUq�)*2./-b-*!W$Ýþ�
IP-Í-..I��¹uJF!»¼E?Jx)!�Ês53UJ/xFãi$§-½g�I�
U3P Cu oÅ¢�ªÇédòêEPEQI)ç-�uU La2CuO4Ç$�*J��F§-úoN
g-3-,�.�g)Ö×W5J/VF.�$x5,EP ABO3)�ªÇédòê·vI®U3
Ö×W53�.!$O.I A2BO4)�ªÇédòê��o82.O�ò�ûNýÁ�ê¢£F�

Ff��!rU)Ò@5J/VxE$q�ßûij��I ál�*��o3+�5.ij�
������d�o�U3$A2BO4)�ªÇédòêo·v)-3$¤üïF§¸)-3 Cuüï
o�U.ò�ûNýÁ�ê¢£I®U3�:Fij�yWÖ¾o�×-./´oÅ¢�òµ��
ªÇédòê)-3§��* La2CuO4 I®U3��*
�o�U$ôàé��ê³I®U3P
GGAo�UJ)ó��Z¿�©o{·��uJ8FF$VF|gô�³Z�Ç$EQ�I®U3
P®Þ[Ì�ÆE�Jx)!"Wb)*2./VxE$GGAI'�U39:*�òµ��ªÇé
dòê��oy®§-úo·v)-3$CuF�¹-ÍIÄuJ0JÀUoq�ßû ál�Iy
+ij-./

V_�45¸¹�
�
ijIPC�Cl«³�©E�
-3UJ STATE-Senri (Simulation Tool for Atom 

Technology) o�U./]
�EÁÐJ÷3FijPq�ßûijÙ���ý�STATE 
(Simulation Tool for Atom TEchnology)�o�U3�2./xF¡��P[õClñòó�ñòô
�é����)FeÚ
�Iy+NEC SX-9nEF0����«o�U$b*+�&�IIJi
j!�@5J9I*23�3UJ/[ÞÂÄ¥û�(DFT) I'��$GGA E��?Äô�³Z
�o3�-./,.ßàj.3FKjÛ�Fèû��¿³P?Jd�êÞL¿ty+/(!H-
Ì�Æs5JÀ³ê¬¿Lê,èû��¿³o�U$�;Ä¥P9?�'��U3`�s5J/
9?�Fd�êÞLP 25Ry$ôà[ÞFd�êÞLPútIÅ�3 225Ry,400Ryo�U3UJ/
y:FútFijIPó³�F��³o�U$PàQ¥$��$ßàAJ$Ã�F��Pö|Ý
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þÇbW(W5.ÝþËo�íbW./-./,.§º�àP-lèû��¿³F'Ä!i�y
�IÅ��àEij-./A2BO4)�ªÇédòêF BñòêI¤üï!�¹uJãiP$Õ�
�ê�³ðF BñòêFßàF�®o¤üïI½�uJx)Iy23�Æ-3UJ/,.¤üï
o½�-38PàQ¥P{F·vútFÝþËEÆ�-dHP�@*b2./U:FÇ~üï§
-úF��
©-ijP NEC-SX9 F'¤��o�U3¥\VÞEÎ�uJ!$·vFÇ~üï
§-úo ABO3)) A2BO4)FF¥ÖB-..�¥aw+FijoÝ�uJ��!?J/ 

 
WTqJªuº��
 
La2CuO4, La2NiO4, La2CoO4, Sr2MnO4, Sr2TiO4, Sr2VO4 Sr2CrO4, Ca2MnO4Fy�òµ��ª
Çédòêo·v)-3$x5WF§-úð�F´ßàF�¹-Íàdo
�-./Ýþq�o
Ø'IMu/ 
xFØEP, Ó2P§ºF-lèû��¿
³, Ò2P, üï´o'Ä)-3, ´!§-
úðI�¹-.)�F?æ�*ô�³Z�
oM-3UJ. xFØbW@bJy�I
La2CuO4, �yW, La2CoO4o·v)uJ), 
Cuüï!-ÍuJFPb*+½U§ºF-
lèû��¿³½g�¼E?+, wÔF½
g�EP¶{-IÌUx)oM-3UJ/�
Ø$Sr2MnO4, �yW, Ca2MnO4o·v)u
J)$hI§-úðI�¹uJx)!¼-U
x)!@bJ/La2NiO4, Sr2VO4, Sr2CrO4, 
�yW, Sr2TiO4 o·v§-ú)uJ)$V
FðH�*àáE�¹--Ío$+1u)Ö
×W5$ò�ûNýÁ�ê¢£)-3Pfæ
E?J/x5WFq�P�íI,)�3ÈEð
E?J9)/  

�

nTq»�
�
q�ßûij��I ál�*��o3+�5.ij�������d�o�U3$A2BO4)

�ªÇédòêo·v)-3$¤üïF§¸)-3 Cu üïo�U.ò�ûNýÁ�ê¢£I®
U3�:Fij�yWÖ¾o�2./́ oÅ¢�òµ��ªÇédòê)-3§��* La2CuO4
I®U3��*
�o�U$ La2NiO4, Sr2VO4, Sr2CrO4, �yW, Sr2TiO4 o·v§-ú)uJ
)$VFðH�*àáE�¹--Ío$+1ufæ*¢£)*+(Jx)o°Ug-./ 
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T1

T1V T1

T2

1

�������	
��
��
��������� ����

�������	
�� 
����� ������������



T1

T1V

α = T1V / T1

P

P = 1 / ( (1− α) + α / β )

2

8 0

90

100

α

P

0 50 100

β

2

SX-9

32,768

SX-9

CPU

2 CPU

CPU

CPU

2

[1]

3.

3

3

FPSEID FEMTECK

QMAS SX-9

利 用 者

技 術 職 員 教 員

ベンダの技術者

これまでの運用実績，
研究成果に基づくプログラム
の開発・最適化
技術，知識の提供

問題の分析，それに基づく
適切な計算モデルの提示，

解決に向けた
新技術の研究開発

現システム利用上の問題分析

最適利用技術の研究・開発

現システムの
最適化高効率利用に
関する技術情報の共有

運用で得た知見
を基に次世代

スーパーコンピュータ
システムの共同研究開発

3

SX-9
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3.1 FPSEID (First-Principles Simulation tool

for Electron-Ion Dynamics)

3.1.1 FPSEID

FPSEID

( -Trotter )

[2] [3]

[4]

3.1.2

3

1 2 3

1 1

49.66

4

i2g

5

49.66 99.06

16.7

1
PROC
NAME

. EXCLUSIVE
TIME[sec] % MFLOPS

V.OP
RATIO

AVER.
V.LEN

BANK CONFLICT
CPU PORT NETWORK

orignal

modified

75.553

4.520

6.2

0.4 494.8

29.6 49.66

99.06

255.9

255.9

0.176

0.514

0.277

3.489

+
|
V

+------>  do ig=1,nxyz
|             jg=i2g(ig)
|             rhog(jg)=rhog(jg)*fdump(ig)
+------ enddo

4

icnt=1
V------>   do ig=1,nxyz
|             rhog_tmp(icnt)=rhog(i2g(ig))
|             fdump_tmp(icnt)=fdump(ig)
|             icnt=icnt+1
V------ enddo

V------>   do ig=1,nxyz
|             rhog_tmp(IG)=rhog_tmp(IG)*fdump_tmp(IG)
V------ enddo

icnt=1
V------>   do ig=1,nxyz
|             rhog(i2g(IG))=rhog_tmp(icnt)
|             icnt=icnt+1
V------ enddo

5

3.1.3

2 2

6

7

1,453 996 457

2
PROC
NAME

. EXCLUSIVE
TIME[sec] % MFLOPS

V.OP
RATIO

AVER.
V.LEN

BANK CONFLICT
CPU PORT NETWORK

orignal

modified

1453.723

996.058

41.5

34.9 19675.5

13481.2 99.62

99.63

255.9

255.9

255.084

234.856

821.097

466.970

V------>             DO 101 JG=1,NXYZ
V------ 101    RHO2(JG)=(0.D0,0.D0)

*VDIR NODEP(RHO1)
V------>             DO 100 IG=1,NXYZ
|                    JG=J2G(IG)
V------ 100    RHO1(JG)=P(IG)

CALL FFT3BX_ASL(NRX,NRY,NRZ,NXYZ,RHO1,RHO2,WSAVE_XYZ,IFAC_XYZ)
V------>          do ig=1,nxyz
|                 VG(ig)=VGG(ig)+Vloc(ig)
V------ enddo
V------>             DO 300 I=1,NXYZ
|                    fac=dt*dreal( vg(i) )
V------ 300    RHO2(I)=dcmplx( dcos(fac),-dsin(fac) )*RHO1(I)

CALL FFT3FX_ASL(NRX,NRY,NRZ,NXYZ,RHO2,RHO1,WSAVE_XYZ,IFAC_XYZ)
*VDIR NODEP(RHO2)

V------>             DO 110 IG=1,NXYZ
|                    JG=J2G(IG)
V------ 110    P(IG)=RHO2(JG)

6
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*VDIR NODEP
V------>          DO  IG=1,NXYZ
|                   JG=J2G(IG)
|                   RHO1_R(JG)=dble(P(IG))
|                   RHO1_I(JG)=aimag(P(IG))
V------ ENDDO

CALL FFT3BX_ASL_NEW(NRX,NRY,NRZ,NXYZ,
&   RHO1_R,RHO1_I,WSAVE_XYZ,IFAC_XYZ)

V------>       do I=1,nxyz
|                VG_R(I)=VGG(I)+Vloc(I)
|                fac=dt*VG_R(I)
|                RHO2_R(I)=(dcos(fac)*RHO1_R(I))-((-dsin(fac))*RHO1_I(I))
|                RHO2_I(I)=(dcos(fac)*RHO1_I(I))-((dsin(fac))*RHO1_R(I))
V------ enddo

CALL FFT3FX_ASL_NEW(NRX,NRY,NRZ,NXYZ,RHO2_R,RHO2_I ,WSAVE_XYZ,IFAC_XYZ)
*VDIR NODEP

V------>          DO  IG=1,NXYZ
|                   JG=J2G(IG)
|                   P(IG)=dcmplx(RHO2_R(JG),RHO2_I(JG))
|                   VG(IG)=dcmplx(VG_R(IG),0.0d0)
V------ ENDDO

7

3.1.4

3 3

3 1.2

1.2 98.99

219.190 0.095

3

PROC
NAME

. EXCLUSIVE
TIME[sec] % MFLOPS

V.OP
RATIO

AVER.
V.LEN

BANK CONFLICT
CPU PORT NETWORK

orignal

modified

219.190

0.095

12.5

0.0 0.0

4.1 1.20

98.99

248.1

248.0

0.395

0.017

0.057

0.061

3.1.5

-Cvopt

-Chopt

-Chopt

22

3.2 FEMTECK(Finite Element Method

based Total Energy Calculation Kit)

3.2.1 FEMTECK

FEMTECK

30

[5]

3.2.2

SX-9

(-pi)

(!cdir nodep)

stop if

stop

if

16

(!cdir expand)

256

(!cdir

unroll)

n

1/n

[1]
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FPSEID

-Cvopt -Chopt

3.4

92.23 99.17

39

3.3 QMAS(Quantum MAterials Simulator)

3.3.1 QMAS

QMAS Projector Augmente

d-Wave (PAW)

/

1CPU

[6]

3.3.2

4 QMAS

4

PROC
NAME

. EXCLUSIVE
TIME[sec] % MFLOPS

V.OP
RATIO

AVER.
V.LEN

BANK CONFLICT
CPU PORT NETWORK

orignal 203.045 10.0 25237.5 99.72 250.5 15.747 105.658

8

9

do ii=1,nbase
do ip=1,nprj(ika)
zzz=dcmplx(0.d0,0.d0)
do i=igbgn,min0(igend,ngk(ik))
zzz=zzz

+           +prg(i,ip,ika,ik)*vpr(kdidx(i,ik),ina)
+           *dconjg(vpr(kdidx(i,ik),inabs(ii))
+           *upg(i-igbgn+1,iibs(ii),katm(inabs(ii))))

end do
prjst(ip,ii,ina)=zzz

end do
end do

end do

do ii=1,nbase
zzz=dcmplx(0.d0,0.d0)

do i=igbgn,min0(igend,ngk(ik))
zzz=zzz

+       +vpr(kdidx(i,ik),inabs(ii))
+       *upg(i-igbgn+1,iibs(ii),katm(inabs(ii)))
+       *dconjg(vpr(kdidx(i,ik),inabs(jj))
+       *upg(i-igbgn+1,iibs(jj),katm(inabs(jj))))

end do

8

do ii=1,nbase
do i=igbgn,min0(igend,ngk(ik))

upg_tmp(ii)=
+    upg(i-igbgn+1,iibs(ii),katm(inabs(ii)))

dconjg_tmp(ii)=dconjg(vpr(kdidx(i,ik),inabs(ii))
+                         *upg_tmp(ii))

enddo
enddo

!cdir noloopchg
!cdir outerunroll=8

do ii=1,nbase
do i=igbgn,min0(igend,ngk(ik))
ztmp2(ii)=ztmp2(ii)

+       +prg(i,ip,ika,ik)*vpr(kdidx(i,ik),ina)
+       *dconjg_tmp(ii)

.

end do
enddo

!cdir noloopchg
!cdir outerunroll=8

do ii=1,nbase
do i=igbgn,min0(igend,ngk(ik))
ztmp2(ii)=ztmp2(ii)

+       +vpr(kdidx(i,ik),inabs(ii))
+       *upg_tmp(ii)
+       *dconjg_tmp(jj)

end do
enddo

9
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5

1.8

5

PROC
NAME

. EXCLUSIVE
TIME[sec] % MFLOPS

V.OP
RATIO

AVER.
V.LEN

BANK CONFLICT
CPU PORT NETWORK

orignal

modified

203.045

110.504

10.0

9.7 23257.0

25237.5 99.72

99.55

250.5

249.8

15.747

5.257

105.658

39.183

4.

SX-9

3

FPSEID, FEMTECK, QMAS 1.4

, 3.4 , 1.8

[2] FPSEID

FEMTECK

QMAS

[1] ,
5 (2011).

[2]
, http://www.aist.go.jp/

aist_j/press_release/pr2013/pr20130913/

pr20130913.html

[3]
http://www.aist.go.jp/aist_j/press_

release/pr2012/pr20120522/pr20120522.html

[4]
, http://www.aist.go.jp/

aist_j/press_release/pr2012/pr20120118/

pr20120118.html

[5]

Vol.11 (2009).

[6] What s QMAS , http://qmas.jp/
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2  HTTPS  

 
2.1 Google  

 
2.2  
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oopenssl s_client -cconnect www.tohoku.ac.jp:443 
–sshowcerts < /dev/null  
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6  Record Protocol  
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{̂dgi]neyg
|jm]gnĵkg
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再生紙と大豆の油を主成分とした
「ソイ･インキ」を使用しています。
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