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Performance Evaluation of Astronomical Data Analysis Tools
on Grid Datafarm Architecture

Naotaka YAMAMOTO,† Osamu TATEBE †

and Satoshi SEKIGUCHI†

Aiming at a comprehensive study of archival data of astronomical observatories that has
a possibility of new science and new knowledge in the observational astronomical field, we
constructed a large-scale parallel and distributed data analysis environment using a Gfarm
reference implementation of the Grid Datafarm architecture. A set of data analysis tools in-
cluding data reduction tools and a source extractor tool, were successfully executed in parallel
on the Gfarm parallel file system, and the parallel I/O operations has achieved data transfer
rate of 1.5 GB/s using 59 cluster nodes. A FITS-file browser was also successfully executed
on the file system, which gave a fundamental environment of astronomical data analysis. On
the other hand, there is a scalability problem due to the concentration of filesystem metadata
accesses, which needs to be improved to realize much large-scale data analysis.
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í �  íA£ ° ×d¥f¢+�,� CfD � � ó>ô ,i¦ ÜIâ � è

�í � © ×�§�ú $ ò�%
Ô � & � ß#¨  í U ð ��© Ü  ó 
+��è=�Pè í�ª Ô �!«G¬ â $ ò ��� & i ×�­G®'�Pô
WCSTools9) ö FITS ráü s ×7qTÚLl WtX & n5��##ñ
(���� ç�è�
 ó���ôA;�¯�=�>)U ð � ö � ��ð�ì��#
 ;° X & �.� ( %]Ô=& �]ð1ì�rwí =G>W× �G� ú 
 � àãâ
SExtractor1) ö FITS �'�;! � ��
0í bi±�² p]ÿ.�
>
ê.®.� Þ4�Pô SAOImage ds911) ö FITS ³�´':
êµ � � Þ��0ô

2.3.1 WCSTools

WCSTools9) �
ö â WCS(World Coordinate Sys-

tem) í 3 y U ð � �O¶ Ü�l W¡X & FITS �.� ! � "�é� ë ò í�n���#2ñu(���� ç�è�
 ó���ô ���W! � "�é �
ë t�· ö�ê4!�:�ê�w¹¸ ç�è�
 ó�� (  '¡ ö�ê�!�:�ê'w
r�í Y93�×º;5»9¢ z &�óÙô Gfarm íT�]ü é¼ª Ô�×Ùò�óÙâ
main £ °AÜ gfarm initialize � gfarm terminate×�¢ z â n'#-��! � ú 
 � Ø9� ����ð � í � 	 ×�Ø �ß(ô �5� ç(è�
 ó�� n9��#�ñ¡í ;  gethead ö FITS

���W! � í�rTü s�t Ü�Þ�� <
ð�2�ð�ñ × ,�¦ í�½ � �¦ à p ��� ��( %1Ô � Þ4��ô
% gfrun gfarm:gethead FRAMEID gfarm:c0.fits

FRAMEID ö FITS �9��! � í¢�9��! � � �º¾ ú�W&�� � Ú
Suprime-Cam ��ö 0�B 
 è 
 ó���ßB>â � ífn¡��#Ûñ Ü ��� 
 Gfarm �'��! � � Þ��

gfarm:c0.fits
× �.	 �9��¿ í FITS �'��! � �W×À'�9� ��(.p�� �0ô

2.3.2 Á�Â�Ã�Ä)Å4a�Æ�����W�4���2Ü �W� 
 ¦ � ç�è ß ��ð
ì�í ß�B í ��#U ð � (�e�f�Ç Ü j�k ç�è�
 � àÈ;�¯�=�>�×�Ø�Ú4�
��(�pW� ��ô ø 3

Ü�U ð � í ; t � � í ò « ×�ù��Iô
A

3 U¹ÉOÊOËºÌQÍ7Î�MÐÏ
osmed ÑOÒWIºÓ SQÔ Î¹ÕMÖO×OØQÙ
arithimg ÑOÒ7ÚQÛOÜOÙ
skysb EºÝ¹NQÞºß�B¹ÕLCMàOÎ�MFIQá¹â
distcorr ÑOÒ¹ãOäOåOæ

gfarm:c0.fits
×�ç#Ü � � � ,�¦ í�è è � J 3 í

n��9##ñ × � Ø4�9��ô
% gfrun gfarm:osmed gfarm:c0.fits

gfarm:c0o.fits

% gfrun gfarm:arithimg gfarm:c0o.fits

/ gfarm::0:mflatc.fits gfarm:c0of.fits

% gfrun gfarm:skysb gfarm:c0of.fits

gfarm:c0ofs.fits
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% gfrun gfarm:distcorr gfarm:c0ofs.fits

gfarm:c0ofsd.fits�Iè,�0è í Ø�� ��� ú0ó Gfarm �'�;! � ×d� 	 ú â�����
.fits 	�
��wí
� Ü " � �9���Gü�� ×�� D 
=�>
Ø��W×�§��WÜ#ú 
 ó4�0ô

2.3.3 SExtractor

SExtractor1) (Source Extractor) ö ¨  í �A0 � �
! � � FITS �'�;! � ×�� � � � â�� y���� × ² pú/â���� y âTn���â ·�� �2ê4��ð
ì × w�ë�� n�o �4p
q �'��ô � Ø ö â ,�¦ í � Ú�Ü0Ø�Ú ô
% gfrun -G gfarm:c0of.fits gfarm:sex

-c gfarm:default.sex gfarm:c0of.fits

-CATALOG_NAME=gfarm:c0of.cat

� ú 
 ØTÚ ô �T� � â gfarm:default.sex ö �90 � �
! � í ;  � ÞGà â�� í4���W! � í��� Ü � à"! í$# í ��0 ���W! � (&% 0 ç�è ��ô�� è 
�í ��0 ���W!� öT­T<>ë��D�+�)! � � Gfarm �+�8! � × ��	 ú 
 �àãâT- 
 í
ÿ4� � ë�(�" ; í�����! � × ±�² ����ôT�0 ���W! � ö&'�( ú $ ò ç�è �
ß�B�â W Ó�Ô f 0 ��ö) � Ü�- 
 í�� Ø ï�ð�ñ Ü�¯�*2×�� 	 ú/â ��0 ����!� ªW��ð � � ���)! � "�é � ë�� &�� � Ú(Ü�ú 
 ó��(ô
Gfarm í ¬ ë.­+®�n]ð � �_ê#ü0ÿ�ª ÔWÜ ��� 
 � è

�í ��0 ���W! � í ±�² ö�>4��ð�� � ���W! � 67��ð
� &4��ô
gfrun n��'#Wñ ö�+ °#Ü
Þ4� Gfarm �'��! � ×�òó 
 ���H! � "���,�-�­.,�ð�ë5���9��ð�w�#�> ×(Ø�Ú ô��� � â -G gfarm:chip9.fits �/% 0Tú 
 ó�� í�ö â
ë��4���1ð � :�0 í Gfarm �'��! � ×&1WÜ % 04�'�ß�B í p ÿ ¬ s.#�� Þ4��ô

2.3.4 SAOImage ds9

C++
Ü �;� 
 w�� è�
 ó � FITS �'��! ��2 ³U ð � SAOImage ds911) (��2ü�é ×0ò2ó���� � Ü �à � �4�=�'� �;( ��3 ��x ß�ô�4 1 ö ds9 í4<�5
ÿ

	�54!+�1ð+�.� Þ.�Pô GUI
Ü � � �9��! � p ð1ÿ=#

í
% 0 � /gfarm::33:c0of.fits � �'�=� � Ü � àãâ
gfarm:c0of.fits

× �4	 �'� �- í FITS �'��! �
( 2 ³ ç�è ��ô b�c�d í4��ð�ì ���#Ü � ó 
 «76&8�9× �:,�ë
ÿ���! ú;��3�������< ö&=�> Ü�Ø�u è ��ô 2
³ U ð � í � � ( ��3 ��x ß9� � Ü � à Gfarm

� ��.�#×�?
@2Ü�ØGÚ4� ��( %1Ô � &�� �BA)z �0ô� è 
�í �4�#U ð � ( Gfarm í ¬ ë�­.®�n
ð � �
ê�ü(ÿ Ü �W� 
�� �����'� ��( ��3 ��x ß�� ��ö b�cd �
ð�ì ���2Ü � ó 
&C�D Ü ��[ &�� ��� Þ���ô W�EF 1'��ª ­�®2ß � Ú(Ü�â
���#U ð � ö � �¬ò2ó 
 è�
� à �¢>�ªHG ¯ ¦ àHI � è¢
 óT�Ýô Gfarm

� Ü ��x ���Ü
Þ�ß � 
 m ð�ë�n
ð�ñ/í ���'& wtx�y#z�(�Z�[��Þ���?�@�â � í 3�4KJ�L ( � � ß�� © ×&M�Úu%
Ô�N (Þ�� C�D ��ö &+� âT���#U ð � í 4 �'( Ø�u è ß�?�@
r2í :�=2Ü�� x &���< (�Z�[�� & � 
 ú��2Ú ô « Ü� ¡ í ¨  í U ð ��© í � ����3 ( Ø z ß'� ��� â "�ð� !4:4�1ð�ì ×;�4�.�'��O�P (
Q � ß ��A)z ��ô

R
1 SAOImage ds9 IHSHTHUWVXTON Q K/Y

3. Z\[^]�_a`\b\c
��E�� â l WtX &����#U ð � í � � ( ��3 ç�è ß'�
� ×�­G®Wß0ô @ ó 
 â Gfarm ����� çPè9
 ó.��� $
I/O
�'�;� � $ � Ø í N�Ô1Õ
ÖW×�ØýÚ ô
�
ð
ì �4� U ð � í�� ØWÜ���ú 
 Gfarm í N
Ô1ÕÖ2×(Ø�Ú�ß5B ø 4

Ü�ù��
Gfarm API í&8:9�z�/ ×��

f ú�ß(ôdJ 4 ö arithimg
×�ò2ó 
 � � � h C �  í

����! � ×:I���ú¡âd� � × FITS �¢�W! � Ü p�q ú�ß?�@ í1ÿ��4����! � � Þ���ô�� í�� Ø ö&d ; í FITS

����! � Ü�:�ú 
 � ØGú�ß�ô9=�> z4/�( 0 sec
Ü4& �


 ó.��Ø ö arithimg �
ö
e ò ç�è & � � ß API �Þ���ô e ò�ú�ß FITS ���W! � ö � 32MB � Þ�� �

 â open/read � 78.3 MB/s í � � � � N
Ô (�p 
� àãâ

59 �]ê+>.�=#9� Ü�:Mú 
 � � � � ×�� $ Ü �Øýú0ß�?�@
4.6GB/s í � � � ��� � (�e�f ç�è ��ô
A

4 UHg¹KOLONQPOR/h Gfarm API

Gfarm API ÊOËHi/j
gfs pio create 0.00097067 sec

gfs pio open 0.298279 sec

gfs pio close 0.135429 sec

gfs pio seek 0.000753485 sec

gfs pio read 0.519306 sec

gfs pio write 0.153871 sec

gfs pio getline 0 sec

gfs pio set view sec

tion 0.177625 sec

gfs stat 0 sec

gfs unlink 0 sec

@ ó 
 âA� $ � Ø zWí N�Ô f 0#×�Ø�Ú ô�N�Ô f 02×
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�,��� ö â �Iè=�Iè í FITS �9��! � ö �Iè=�Pè í
��ð � � �:,�ë�é Ü
Þ�� � Ú�Ü�� æ ú/âT- 
 í
ÿ�� �
ë (d� &+� ï7ðBñ)��� Ø çIè � � ÚIÜ�§Iù X & ëi�
���
ð'w.#�> ×0Ø � ß�ô

3.1 arithimg ���������
	
�;�¯�=�>)U ð �
� J
3�#í ;  � ú 
 ��� ç�è9
 ó� ³�´������ �tU ð � � Þ�� arithimg

×�ò#ó 
 ÿ��
�.� !�wT#�> ×ÙØ � ß(ô!=9> �X �ö CCD í��Ùé � ���� ®
ê ×�� © �'��ß�B�Ü���O ¸�³�´ � ��ê�ü'�u�:,�ð� ñ�����e�f���ð�ì ×������9� ª�í�� Þ4��ô ��ê�ü��
�.,Pð � ñ¡öW�T« � 	 ú¡â 10 ��í CCD

Ü7:5váú(ß
10

�Aí FITS ���7! � �H� 	 çÝè 
 óT� ô4� � � â Gfarm

URL % 0 í�	�
,� Þ � gfarm::0:mflatc.fits
×

$ ò ú(â
10 �áí FITS �9��! � ����	 ç�è�
 ó��

gfarm:mflatc.fits í Ú>î 0 �wí��9��! � × % 0ú0ß�ô n���##ñ÷ê4!9#�ö ,�¦ í � Ú�Ü.&4��ô
% gfrun gfarm:arithimg gfarm:c0o.fits

/ gfarm::0:mflatc.fits gfarm:c0of.fits

��ê#ü��L��,�ð � ñ/ö ��è'��è í CCD 	2ü(ÿ Ü�:�vú0ß ª�í ×�ò#ó.�
ß�B�â CCD 	Wü�ÿ�
 Ü � Ø4�'�0ô4
2 ö 59 �#í FITS �9��! � �Pè=�Pè �]í1ÿ �

���W! � í � � � Þ���ô���� ö open
Ü ��� � ß z4/

� � � 3 z ß ï1ðBñ)� â� !� ö J 4
ÜPùBúPß �Pè=�

è í Gfarm API í�ÿ������W! � í � � ×�" � �$# ß
ªPí4� Þ.�0ô
% 2 í � � ¦ í�& (others) ö â�J 4

Ü
Þ��

seek,write,read,create,view í @�� � Þ4��ô¯2Ü 2 ³ ú 
 ó�� open/close ö â open � close í
� �7í�'!( z /9� Þ �Iô total ö U ð � í main £° ��f 0�ú�ß � Ø�- ± í�z�/ ×�Jýú 
 � àãâ gfrun í) & ö â gfrun

× � ØBúPß é7ê ! "9#,� ï7ðGñ)�7í
8�94z4/ ×�JGú 
 ó4�0ô total �)
 gfrun

� �
í;/
ö - 
 í�ï�ð�ñ/í
ÿ�� � ë�(�*,+ ����� ��í f î z�/
� Þ.�Pô � í�� Ø#Ü � D � �'�;! � í p ð1ÿ=# â é

 0
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]

nodes

gfrun

total

open/close

others

R
2 arithimg X.-./HU/gOKOLMNQP

�]ð�0 ×21 � "1é � ë;z+/Wí @+� ö 195.0 39� ÞGàãâ
õWï�ðýñ8� 96MB

â�@.�
5664MB í��
ð1ì�í � ��w

x ×�Ø � 
 ó���ô � í � � â 59 ï�ð�ñ7� 1.5GB/s í

I/O
N�Ô ( � 
 è ß�ô9; �'� â�% 2 �#
 open/closeÜ z�/�( ! � à ª54 � ��� � 
 ó�� ï�ðýñu( Þ���� �

( · � ��ô¯�ÜÙâ b9± � p U ð � SExtractor
×ÙòAó 
 ÿT�T�.�

!�w�#�> ×�Ø � ß�� � ( 4 3 � Þ��(ô�% 3 ö â2% 2 �
"�62í�������ÿ���ü�� ú�ß ª�í�� â�� í U ð � ö ¨  
í �50 �+�H! � � â �¹ í FITS � �H! � × � � �t�(ô%

2 ��"26 open � close ��7 � &.� ï
ðMñ8(28:9ú 
 ó4��ô�%
2 ��ö�� &ýàãâ create

Ü ª-| ç & �0ð
é4(.p 
 � à N
Ô�; ¦ (�<+
 è ��ô
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total

gfrun

R
3 SExtractor X.-=/HUHgOKOL¹NQP

ÿ4�.�'�;!'w4#;> Ü � àãâ Gfarm API í ; t � �� (�7 �7&���>�0 ( ��3 ��x ß�ô�� è ö â ��ì��
ð
ì
�2ð��5r2í�?�@�(�?�@ ú 
 ó���� � Ü � � ª(í��5A uè �Pô � � � â 59 �wí]ÿ4� � ë × G ¯ � ØMú0ß�?G@
í�ÿ������W! � ×
4 4

Ü�ù�ú�ß�ô�%
2
â�%

3 ��"�6#í% � â total ö�� Ø z�/2í - ± � ÞTà others ö � fú�ß�J
4 í Gfarm API

- 
 í @.� � Þ.��ô
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Gfarm API

total

R
4 gfrun BDCD[=E�XDFOÉ.G=HJI.K iHIHU/gOKOLONQP

%
4 �]ö â�% 3 �ML ® 
 § 
�� Ü Gfarm API í

� Ø z./�(�N ó�ô 2 Ç2í�O ó ö â ÿ�� � ë4(�"�z Ü �Ø ç�è ß � â � ¯ � Ø ç�è ß �4� Þ���ô¢��ß0â �'�W!� "�é � ë
ö - 
 ��ð � � �:,�ë�é Ü�¯�*2×�þ  �4	
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� ú 
 ó���ß�B 1�ü���2�ð�é�"
é � ë�ö â ��ì4��ð�ì
��ð��9r�í ��� í5�T� Þ
�(ô E600 ëT!]ü¼	Ií N�Ô �¡
� z 
 ��ì���ð�ì��2ð���r2í4"�é � ë���1�ü���2�ð�é
(�?
@ ����� ��ö � z#
 è &�ó�ô � � � â ��ì4��ð�ì
�Wð�� (OpenLDAP)

×�� � ú 
 ó4� ï
ðýñ÷í CPU$ ò���× ��3Tú(ß � ���(â dual CPU ��ª Ü(â 60%
�

� í�e ò	�2×�ùýú 
 ó�ß�ô ��ð � #�ÿ���>�ê�®4� Þ��
slapd ö 40 � ���
� � ú 
 ó.�0ô �]ì+�
ð]ì��wð��
ï�ðýñ/í�ÿ�� � üL�#ö�}	� Ü ö�� ú 
 ó�&
ó ( â ��ì
��ð
ì���ð���(�ë���ð � í�}	� Ü x 
 ó�� ª(í'�5A uè ��ô

4. 
 � �
Grid Datafarm í ±�² ��x�� Þ�� Gfarm

×(ò2ó 

b�c4d ��ð�ì �4�#U ð � í � ����32×�Ø � ß�ô ¬ ë�­
®�n
ð � í��2ü�é7ª Ô2×�ò#ó���� � Ü � à â���� U ð� ×  	� Ü Gfarm �9��! � ×�q z � � Ú0Ü�Y�3ýú �Ø %7Ô � Þ+�,� �
( ��3 �fx ßIô4� � �7ö â4¯ ° í
FITS �¢�H! � ×7;  í Gfarm URL � ú 
76�8 ���� � Ü � àÈ� $ N�â ��� í�� Ø í&d���¸ ×�Ø�Ú4� ��(
p�� ��� ��( ��3 ç(è ß�ô
��� ���'(&d	��¸ ç�è ���
��ö â "�ð � !�:���ð�ì - 
 ×�:�0#Ü�����?�@'& i o° í FITS ���H! � ×W�������7?�@�Ü C:D Ü���ò � Þ��ô
���2×�?&@#Ü��)B 
 è ��� ��� â � à b4c4d X�	� Ü�� �  D � ó � ó z �0ô; � â �
ð�ì ���#U ð � í�:���ð�é s µ # Ü �W� 

��ìW��ðW��� ú 
W$ òTú 
 ó�� OpenLDAP í�ë5��ð
ê�6�wW­�,�ð�í��	��( § 
7��� & � ß(ô Gfarm öT��ð� � ���W! � "�é � ë × � >��'��� � Ü � à ���W! �
I/O í��G�G¸,( % 
 è=
 ó �Pô���P ��� Õ]Ö Ü � ó
 ª�ï�ð�ñ °2Ü�v���ß ë���ð
ê�6�w�­:,�( ��3 ç�è�
ó �

14)
ôGú � ú & (�
 â � � í "1ÿ,wd�7ð ¬ s4# Ü� ó 
�ç g'i � x �7&1ó �9��! � (

 �¡ í ?�@ ö â �
32MB) � �+	 çPè ß Gfarm �'�;! � Ü�: �,�
� �
w#x × =�> Ü�ØýÚ � Ú�&�?�@#Ü ö â ��ì���ð�ì�r2í�"
é � ë+(�=�� ú I/O

N1Ô ( ; ¦ �9�9� �;( § 
��'�& � ß�ô�� í��	� ×�¡� 4����ß�B �
ì���ð�ì��#ð�� ×
RDMS r æ x7y¡z ��� � � ³ ú 
 � à âW �! í¢w�wÙð
ë.���4x ������0 � Þ4��ô
W�"���ö â#¨  í���ð�ì �T�tU ð � Ü  ó 
 ­5®�ß(ô� è 
�í U ð � ( Gfarm

� � � �4�'�'� ��( ��3 �
x ß9� � Ü �;� 
 �.� í�cGe O�P (�Q � ß �BA�z �Pô 
! ö â j�k9�
ð�ì."
ð � !4:��)
 Gfarm �'�;! �¬ ë4­4®�r�� ¯ 6�8 ú7�4�W×�� B�����0 � Þ.��ô
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