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7.1.2 GRAM-API

GRAM 45}Ó.�© API���[CÙ�{�j�Kj���EBÙ�{ API

45}Óç�C��{
	����¶]j����L>� API 45}Ó.={�=

Ö[]µ���û¯°�&'�Î¶] myjob L>� API 45}Ó.|Õj�K&¡

�����B���FGuyC
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globus_gram_client# ¡¢C

globus_gram_client_job_requestC}�j�< ¡��

globus_gram_client_job_statusC|Õ	�j����

globus_gram_client_job_cancelC�´={ãÚmú'�j�

globus_gram_client_callback_allow

globus_gram_client_callback_disallow

globus_gram_client_callback_checkCË�{��ú�#?ó@��Ô���¯��

globus_gram_client_job_callback_register

globus_gram_client_job_callback_unregisterCË�{��Cj����Û×/Íè�

¯��

globus_gram_myjob# ¡¢

globus_gram_myjob_size����	
��
��

globus_gram_myjob_rank����	
��
������

globus_gram_myjob_send���
������
�����
���� 

globus_gram_myjob_receive���
������
�����
����

globus_gram_myjob_kill� !"#$%&'()��$%�� 

globus_gram_ jobmanager# ¡¢

globus_gram_jobmanager_request_init�*+,
�-./�01��

globus_gram_jobmanager_request_destroy�23
�-./�01��

globus_gram_jobmanager_request��45678�01

globus_gram_jobmanager_request_cancel�9:
�01

globus_gram_jobmanager_request_check�;<
�=>&?@A01BC

7.2����
����DUROC

Globus ��KsÓ����EP>�#�}Ó]W�L>�¯°��={���

�E}Ó={û'Ö[�gj�}�ÊIï�þ���mBu95Ã'=5�����

�j��Q=5={���ÊÒ��co-allocator
kl�{����EÐÇ����ÎB

ß��¯°��À}Ó={�¯�Ö[�����ä/�{��EÐÇÃ'j�[22]B

7.2.1 DUROC"£�¤¥

={~�����ÊÒ��j�451�{��C=:ç����)�ä3ï={

j�uv��Ê�{��m�oVßÙ�ã:g�ª����)ËØ8oV�����

EK����)¶§={:ç�µ�oV����)�ä&'���Ê�bgj�	�

&'�·�ä
�Ê�{L>�����Em&'j�¯°B

��ª����)&'oV­�jm:����)�&=@�­B¦÷Þ#�&'

o#���­���&'¯c�}ÓÙ
#��ð
����¦k��?Th��ÉÊ

�j�Ã'nç1!Buy[�X��).g={�ª����)&'oV­�ËØ8

/�{oV���	�C

lower ( (count=5) ) -->



88

(+ (& (count=3) (resourceManagerContact=RM1 ))

(& (count=2) (resourceManagerContact=RM2 )))

DUROC��¦fÀ{���Ê���ÊÒ§�©gÉÊ���îïj<¨�ro

��B=i={���)��­�Q���ÊÒ��Àwï���)&'���ÊB/

])��y���;qÈ�û�����E&'���ß���ÊÒ��j��¯°^

¡:={��Ò§B;? GRAM,89}Ó��{����E���Ò§�|é�k

�#��À�8j�ðñ���Ò§�k�Z1���Ø�ÊY�j�¬1ðñ8�B

y[:={X�«üC

main :

��	�Ò§…

job_start_barrier ( )

…

user_operations ( )

RZ1���Ø�ÊY�job_start_barrier��¬�]^B#�/��j�ðñ��

�Ò§"5Û~�JC�1
;?j��Í=5¼·����#�,�Ã',¦äæ�Ò

§¶�2
job_start_barrier��¦#�/j��Í�ð�B��ÊD���
Y�¨��

�Ê���¶�3
job_start_barrier��¦�Þ­j��ò]����k#���Ê��

�B

DUROCk# RSL§tq����Ê�)ÆÙ�DUROC¦�µ��oV�
��

&'�)�b���ª����)²­={oV����)�Ë=5 DUROC¦���

&'ÐÇû'�ä3ï]±{����E&'�ÎBy[�X�g={j�K��{&

¡�ÊÊ�{01�JmÃ'C

( &(count=5) (executable=myprog)) -->

+(&(resourceManagerContact=RM1)(count=3)(executable=myprog.sparc))

(&(resourceManagerContact=RM2)(count=2)(executable=myprog.rs6000))

7.2.2 DUROC-API

DUROC45 API�R�Þ/�Rj�	��s< DUROC APIç�Y�j�	

���·8�{ GRAM	��ä�g4{	�}�< GRAM APIç�BZ1	�Ø8

�Y�ãfÊ={j�ðñ�@J�=ifÊj�	��@JY�j�ã¦^)Ã'.B

©u9J1j�ðñ�@J�QJ1+�3¼Z1���Ø���BDRUOC¶}Ó.

àÀ�]�ú �¯�j�ÐÇ&']�������Ê"#B¡9�ÖDUROC-API

}Ó���s-Cgj�	�
<��âÙ�broker
��}��	�&'BW��´

��mj�	���Êj������B

DUROC API ] Resouce Management API â©���©Eç. subjob-add�

subjob-delete K barrier-release Ò§�#?j�ÝÞS��@
Bß job-structure K

inter-subjob�]�Ò§<j�¸P }Ó.ûüBDUROC� API45��©CDuroc

Control-library API�DUROC runtime-library APIK DUROC bootstrap-library��à5F

GuyC

Duroc Control-library API�

globus_module_activate (LOBUS_DUROC_CONTROL_MODULE) C Î a
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DUROC control-library API��

globus_module_deactivate (GLOBUS_DUROC_CONTROL_MODULE)C�!

DUROC control-library API��

globus_duroc_control_initC�Þ­ globus_duroc_control_t�ª

globus_duroc_control_job_requestC	��§�Ê��

globus_duroc_control_subjob_addCEç={�j�

globus_duroc_control_subjob_deleteC�â={�j�

globus_duroc_control_barrier_releaseC/={�@J´�={j�	�K=

{ãÚ�j�	�måæ={&¡�¨�L>���

globus_duroc_control_job_cancelC´�={j�	�K={ãÚ�j�	�

måæ={&¡�¨�L>���

globus_duroc_control_subjob_statesC�Ê={j�K4{�j����

DUROC runtime-library API�

globus_module_activate (GLOBUS_DUROC_RUNTIME_MODULE) CÎa

DUROC runtime-library API��

globus_module_deactivate (GLOBUS_DUROC_RUNTIME_MODULE)C�!

DUROC runtime-library API��

globus_duroc_runtime_barrierC��j�ðñ����äÄ¯���&¡

globus_duroc_runtime_inter_subjob_structureC�Ê DRUOCj���¢

globus_duroc_runtime_inter_subjob_sendC
�={��C÷<§={�j

�

globus_duroc_runtime_inter_subjob_receiveC9�§={�j����C÷

globus_duroc_runtime_intra_subjob_rankC�Ê
��j�&¡���

globus_duroc_runtime_intra_subjob_sizeC�Ê�û�j�&¡�{�

globus_duroc_runtime_intra_subjob_sendC
���C÷< DUROC �j�

K�åq&¡

globus_duroc_runtime_intra_subjob_receiveC9� DUROC �j�K�åq

&¡���C÷

DUROC bootstrap-library API�

globus_module_activate(GLOBUS_DUROC_BOOTSTRAP_MODULE)CÎa

DUROC bootstrap-library API��

globus_module_deactivate(GLOBUS_DUROC_BOOTSTRAP_MODULE)C�

! DUROC bootstrap-library API��

globus_duroc_bootstrap_subjob_exchangeC�Ø�j�ÐÇ���

globus_duroc_bootstrap_master_sp_vectorCO¡={/4�J� Nexusðñ

JC÷�Nexus��^".


globus_duroc_bootstrap_ordered_master_sp_vectorC¼=ïçèO¡={/

4�J� NexusðñJC÷

7.3�������RSL

?&E:={�)���]#¦�ØÆÙ�q}Ó.={!"��Æ��)�¦#�
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P8æ ����)B����P>/ ?&E�)KÙ
Iï�ÎA;;./^G;8MÑCA?G8Ï��

4{Û�P®�§tDÌú�@� ú������ÌÒ§B/ %?9^G9����VW+

Oy�,�P>¦ k# ?&E �)�Ã'�Ì������By[:=�àÀ� RSL

X���·.uv���&'�)�Ë�45:<DE={Á�dN�RHD�y[�

�Y�L�Q1={�»��·B@�����)�âsÓuy=�>W��ò��C

(* this is a comment *)

& (executable = a.out (* <-- that is an unquoted literal *))

(directory = /home/nobody )

(arguments = arg1 "arg 2")

(count = 1)

RD{�Ò�/���)K�Õk#"�¦#&Ò�à­ RSLO¡C

& (rsl_substitution = (TOPDIR "/home/nobody")

(DATADIR $(TOPDIR)"/data")

(EXECDIR $(TOPDIR)/bin) )

(executable = $(EXECDIR)/a.out

(* ^-- implicit concatenation *))

(directory = $(TOPDIR) )

(arguments = $(DATADIR)/file1

(* ^-- implicit concatenation *)

$(DATADIR) # /file2

(* ^-- explicit concatenation *)

'$(FOO)' (* <-- a quoted literal *))

(environment = (DATADIR $(DATADIR)))

(count = 1)

�m) RSL�)Ã'�÷&Øäz�Û¨Y¯°� RSL�Ò�C

& (rsl_substitution = (TOPDIR "/home/nobody")

(DATADIR "/home/nobody/data")

(EXECDIR "/home/nobody/bin") )

(executable = "/home/nobody/bin/a.out" )

(directory = "/home/nobody" )

(arguments = "/home/nobody/data/file1"

"/home/nobody/data/file2"

"$(FOO)" )

(environment = (DATADIR "/home/nobody/data"))

(count = 1)

7.3.1 RSL�¦§¨©�ª«

zr�¦r

?&EÆ��ij:>W�.8?A;/9B
B>WgÛ�KÛ�®ÏWÚ��uóÛø>W

�={X�tøÑ8­87G;A^?8ÛAÎ9G;ø�qw¼.��	�K5Ã'�¡è �B/ ?&E

K1�{­8�ò8+O¦#��?�J>WO¡næ ����)�={:æò	�



91

�79OF9GB0Ñ.8ÆG89;9
�§={:®è��CA?G8Ñ98ÆG8B789
Bß� ?&EsÓ={ûü

¦�"Ù
Kè��Ò�÷BÑ

æò	��TàÀR�:ò��	��79B«GB7;y.8ÆG89;
Bò��	�¦#�
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)K�ò��	�:T)#�=Ì�u={àÀ�j���	�:=Ìò��	��]

)s-uy>W�CÃ'¡è� ���J��Ã'¡è�@��ä¼L>�B���

ij ?&EÆ�s-p��	��0/9«GB7;y.8ÆG89;
�Ë45#�
�àÀ>W�ÐÇ

:={$Wm�ÏWBhßRS�����P>J1k#p��	�BÑ

TY=Ìæò	��R�:�U	��OG?;/y.8ÆG89;
B�U	�45#? *Q?=8

KB*?Q=8:����W�K����ÊP>�¦������ä'k#B�U	��

R�]ò��	�Kp��	��,�Ðç451�JC¿À/�U	�KÙ
.�÷

HI�,H�Ë�¦g�÷�k#HIÍïÊ�U	��={�Ù�7?AG98
K�Ë�

åq��Ù,�ó�ÊóË{�÷¶§={,�Ðç:/���)KÙ
.,¦9�Õ

�B9By.80G7/^?8Ñ|8/.A.7|x
�,H�ß/ò��	�K�>W�¦�§:����

=Ìó9àø��U	�K��Ù¦�8�·tàÀ����)��òBË�Û?,�

�Ù�L�Û�,Q²­$Wm�pqBÑ

?&E Æ�KÛ�®�TàÀR�:�Ò�B#Ù»-Ú���Ò�¦sÓjv�

Ò�ßÛ�®#¦ #~�
��Ë"Û�®�jm:~�ïOB?&EÆ�#s-#�


�Û�®�ò�®è�®è�Æ�#?ïO�÷K¡è�@�BÑ

={ ?&E �Ò�s-=W�� ?&E ¶Ú�;9S8B
����whitespace
KÛ¨

�comments
B?&E ¶Ú¦ :I��Æ�R��u^Q
f��
mÜQ�J1Ù

»-Ú���ÒBI�Æ�¦={K�{Iã��ÒK)Ü�ÒB�c�Iã�Ò�1Ñ

óéøÑ Ñ óêøÑ Ñ óëøÑ Ñ óLøÑÑ Ñ óNøÑ

óÛøÑÑ Ñ óÎøÑ Ñ óÏøÑÑÑÑ óìøÑÑ Ñ ó×øÑ

ÑóÙøÑ Ñ óÞøÑÑ Ñ óíøÑÑ Ñ óßøÑÑÑ

Ë��Òª#?Iï�Æ�R��mE#/-»KB-»�Ò¦ :'-»mÀ-

»B?&EÆÙ�Û¨#óL®ø
�Sî�#ó®Nø
�YîBÑ

2 �� 

RSL �Ò�¦�&ØB]^k#"rsl_substitution''Û���Ò�&Ø�÷�string

substitution variable
�ïOt={Iã�>W��ß�Ë�ïOQÂÃ�=ò��	

��mp��	�
K��÷Ù#�#QÂÃ�U	�K�ò���p��
�	�B

4={�U	��D{�	�Ù
={Ñ��÷HI���÷ïOª/D{HI�B

/jv<ï�HI�����)K��÷ïO¼Üà�á�çèç�BTÕ��H

I����HIÀ�ç��ß�/��KïO¦E�Ñ�mnÑ��v��÷ïOB

�÷ïOK�÷Ù#ª�ç�=Õ�/ç�y={ïOÐS�À5��S[�ïO

���&'nÑB�÷ïOK�®¦�sÓ�S={ïO��÷�Ù#Bu9/�÷ç

�^¡K
��D{�÷�Ù#�¶��÷¶J1�ç��Ë#��Ò�Ò&�Ë{�

÷�Ù#B

3 ª«

RSL Æ�:¦J��B4={ Globus ����P>ØÙ
.Ôç�Û��¦�

RSL-aware �P>N�B;?�÷m���:IâDgZ1�Û��¼�BR={ RSL

�)�<D{��P>Y�qÀk#qN�¼��Û��hYggJ1N�¼��Û�

,üÔ�û�s<y={P>BË�¦g,��������Pò8={è�����

òBy[:�Þ/�����P>k#�Û� C
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6�RSLª«C

rsl_substitution

GRAMª«C

Arguments count directory hostCount

executable environment jobType maxTime

maxWallTime maxCpuTime gramMyjob stdin

stdout stderr queue project

dryRun maxMemory minMemory

DUROCª«C

Label resourceManager subjobStartType

Contact subjobCommsType

7.3.2 RSL�¦�¨©¬­

RSLÆ�¦#=Ì{Ô^� BNF&'�)By[: RSL�Æ��)K¶ÚÜQB

specification [RSL String]

=> relation

=> '+' spec-list [multi-request]

=> '&' spec-list [conjunct-request]

=> '|' spec-list [disjunct-request]

spec-list

=> '(' specification ')' spec-list

=> '(' specification ')'

relation

=> 'variables' = binding sequence [variable def’n s]

=> attribute op value-sequence [relation]

binding-sequence

=> binding binding-sequence

=> binding

binding

=> '(' string-literal simple-value ')' [variable def'n]

attribute

=> string-literal [attribute]

op

=> '=' | '!=' | '>' | '>=' | '<' | '<='

value-sequence

=> value value-sequence

=> value

value

=> '(' value-sequence ')'

=> simple-value

simple-value

=> string-literal

=> simple-value '#' simple-value [concatenation]
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=> implicit-concat

=> variable-reference

variable reference

=> '$(' string-literal ')' [variable ref.]

=> '$(' string-literal simple-value ')' [ref. w/ default]

implicit-concat

=> (unquoted-literal)? (implicit-concat-core)+ [implicit concat.]

implicit-concat-core

=> variable-reference

=> (variable-reference)(unquoted-literal)

string-literal

=> quoted-literal

=> unquoted-literal

quoted-literal 

=> ' ' ' (([^'])|(' '' '))* ' ' '

=> ' " ' (([^"])|(' "" '))* ' " '

=> '^' c(([^c])|(cc))* c                    [user delimiter] 

unquoted-literal 

=> ([^ \t\v\n+&|()=<>!"'^#$])+         [nonspecial chars] 

Comment 

==> '(*' (([^*])|('*'[^])))* '*)' [comment] 

7.3.3 GRAM RSL®¢

y[: %?6>�j���E#?ïXäk#��� ?&E@��ó®ø
�/ %?9^G9ØÎK

K¬1
�DEÜK¦ .·Ê/ %?9^G9����)45)È.���±�I�KÛ

�CÑ

ÐÑ (directory=value)ÑÑ

3ïj�Z/�`ÂÑ

áâ®C; zA;8S88F8.wï�RSr§`ÂBÑ

ØÑ (executable=value) ®%6&&Ñ8BA^?80ÑÑ®Ñ.8ÆG/.80ÑFA.AO8;8.Ñ®ÑÑ

 {�Ã'L> �Bu9Û�®:={ %6&&ÑQ?E�Q/j�Ã'S�Ã'

L>Q�äÊ {� zA99Ñ7A7|8 K��/j�+àY�Q�� zA99Ñ7A7|8

K�Ã'L>BÑ

áâ®CBÑ

<Ñ (arguments=value [value] [value] ...)ÑÑ

Ã'¡è��ó'@�Bu9�Ò�K1���Q5#Ù»-Ú�BÑ

X�wÑÑLÑA.zGO8B;9ÛÑÙAÑAB0Ñ^ÙÑ777Ñ0ÑNÑ

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑA.zC:Ð;ÛÙAÑAB0Ñ^ÙÑ

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑA.zC:Ø;ÛÙ777ÙÑ

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑA.zC:<;ÛÙ0ÙÑ

áâ®C=QEEÑ

DÑ (stdin=value) ®%6&&Ñ8BA^?80ÑÑ

 {Ã'¡è�¶2ä
�L> Bu9Ë{®:={ %6&&ÑQ?E�Q/j�
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Ã'S�ä
L>Q��Ê {� zA99Ñ7A7|8K��/j�+àY�/ {

zA99Ñ7A7|8K�ä
L>Q�Ó�BÑ

áâ®C=QEEÑ

ÍÑ (stdout=value) ®%6&&Ñ8BA^?80ÑÑ

 {Ã'¡è�¶2ä¼�L> Bu9Ë{®:={ %6&&ÑQ?E�Q/j�

Ã'S�ä¼L>Q��Ê {� zA99Ñ7A7|8K¶�/j�+àY�/ {

zA99Ñ7A7|8K�ä¼L>Q�Ó�BÑ

áâ®C=QEEÑ

ÏÑ (stderr=value) ®%6&&Ñ8BA^?80ÑÑ

 {Ã'¡è�¶2ë�ä¼�L> Bu9Ë{®:={ %6&&ÑQ?E�Që

�ä¼/j��Ã'�Çñ�û�ä<#�BÑ

áâ®C=QEEÑ

×Ñ (count=value)ÑÑ

Ã'¡è�{�Ñ

áâ®CÐÑ

ÝÑ (environment=(var value) [(var value)] ...)ÑÑ

�.j���E}Ó����÷Õ�Ôç�Ã'¡è����÷Ñ

X�wÑÑLÑ8BC/.9BO8B;ÛÑLH6?¿6ÑCA?G8¿ANÑNÑ

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑLÑ8BC/.9BO8B;ÛÑLï=<ÑOAOANL2'Ñ<ÎÐDÐÍNÑNÑ

8y9|8??�X�CÑ

ÑÑÑÑ98;8BCÑH6?¿6ÑCA?G8¿AÑ

ÑÑÑÑ98;8BCÑï=<ÑOAOAÑ

ÑÑÑÑ98;8BCÑ2'Ñ<ÎÐDÐÍÑ

°9G.B8Ñ9|8??�X�wÑ

ÑÑÑÑH6?¿6ÛCA?G8¿AðÑ8­F9.;ÑH6?¿6Ñ

ÑÑÑÑï=<ÛOAOAðÑ8­F9.;Ñï=<Ñ

ÑÑÑÑ2'Û<ÎÐDÐÍðÑ8­F9.;Ñ2'Ñ

áâ®C=QEEÑ

JÑ (maxTime=value)ÑÑ

À{Ã'¡è�T��mÃ'"ÇmT� 82Q"ÇB; %?6>¯°�îïÉÊ

±{"ÇB"ÇÀX:�8BÑ

áâ®CBÑ

ÐKÑ (maxWallTime=value)ÑÑ

À{Ã'¡è�T��mÃ'"ÇB"ÇÀX:�8Bu9 %?6>¯°�,�

Óï�m"Ç�QØ�={ë�BÑ

áâ®CBÑ

ÐÐÑ (maxCpuTime=value)ÑÑ

À{Ã'¡è�T� 82QÃ'"ÇB"ÇÀX:�8Bu9 %?6>¯°�,�

Óï 82Q"Ç�QØ�={ë�BÑ

áâ®CBÑ

ÐØÑ (jobType=single|multiple|mpi|condor)�Ñ

îïj���Euvðñj�BÑ

_pdqngÑÑÑáÑ
�bk 79GB;ÑÏÑÐ�ªðñ={&¡mü¡Ñ

fvncpmngÑáÑ
�ðñ 79GB;{&¡mü¡Ñ
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fmpÑÑ ÑáÑ
�k#êR���ðñ >2'¡èB>2'¡è�{�1 79GB;®

wïBÑ

tbd^blÑÑÑáÑ
�/Ù79B09.Ù��Kðñ 79B09.j�BÑ

áâ®CfvncpmngÑ

Ð<Ñ (gramMyJob=independent|collective)ÑÑ

Ë{®3ï. z.AOÑOx«9^9�Kðñ&¡K�'tBÑ

pd^gmgd^gdcÑáÑ
�bk 79GB;ÑÏÑÐ�ªðñ={&¡mü¡BÑ

tbnngtcpsgÑÑáÑ
��� z.AO¿Ox«9^¿79GB;LNÆØ�j�Kc{&¡��

`��� z.AO¿Ox«9^¿.ABSLNÆØ��û&¡�&¡»�/ KÊ 79GB;yÐÐÇ
Ñ

áâ®CtbnngtcpsgÑ

ÐDÑ (queue=value)ÑÑ

3ïj�Æ�5Ê¯°��±{Õ�KBÑ

áâ®CBÑ

ÐÍÑ (project=value)ÑÑ

3ïj�Æ�ÊÊ±{ò`-»KBÑ

áâ®CBÑ

ÐÏÑ (hostCount=value)ÑÑ

ª#?; &>2 �JO8�����K�u={ '°>Ñ&2W�B#?ïO�J�

 �ÊÙ79GB;Ù{&¡BÑ

áâ®CBÑ

Ð×Ñ (dryRun=yes|no)ÑÑ

u9 0.x.GB�? x89�Ëj���E,QÃ'j��ä8�Ø�BÑ

áâ®CB9Ñ

ÐÝÑ (minMemory=value)ÑÑ

3ïj�ú'=5�T��Þ���ÀX:Mege bytesB

áâ®CB

ÐJÑ (maxMemory=value)ÑÑ

3ïj�ú'=5�T��Þ���ÀX: >8z8Ñ^x;89BÑ

áâ®CBÑ

ØKÑ (save_state=yes|no) *ÑÑ

îïj���E:�gj���¼ÞÊ={éhÞßÓýKBu9j���E

ñò�Q#�¦UÑÃ'Ñ�j���E�ä��¼Þ�����ù´j�BÑ

áâ®CB9Ñ

ØÐÑ (two_phase=<int>) *ÑÑ

�j�}�Kj��8����üj�}�Ñ

¯°�4±²Cj���E¿À�Ê={�kj�}�BhY/}�j�S�

�¦#���»Btwo_phase�Û�®w¼j���ET��¦�"Ç�ÀX

t7
Bu9j���E/Üï"Ç�J1�Ê}��»�m#�
¼�´�

�
�Qj���EÆ��j�L>äó¼BÑ

¯°�4³�´µCj���E
¼ *==< m 16'E<*Ñ7A??^A7S��Y�ã�

¦#��}��»Bu9j���E�Ê�»Y�qÆ��L>L>ä^)ó

¼Bu9/<ï"Ç�J1�Ê�»� 9AC8¿9;A;8�? 8BA^?8�Q,��j

��L>L>�äó¼BR¼�uyë�"�j���E/ó¼"�,QÓ�

j���L>�:tq¦�¶QUÑÃ'BÑ
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ë�©�CÑ

GLOBUS_GRAM_PROTOCOL_ERROR_COMMIT_TIMED_OUT

GLOBUS_GRAM_PROTOCOL_ERROR_TTL_EXPIRED

GLOBUS_GRAM_PROTOCOL_ERROR_JM_STOPPED

GLOBUS_GRAM_PROTOCOL_ERROR_USER_PROXY_EXPIRED

áâ®CBÑ

ØØÑ (restart=<old JM contact>) *ÑÑ

ðñ={Ñ�j���E�ß,:}�={Ñ�j���"�Þ/�j�&'

ù´BÑ�j���EÆÃ S={]�j�L>�j���Ejy�j��

�L>Bu9Ñ�j���E
�Ë�L>�Ë¦���j�&'ù´�ä¦


�j�����K 9;09G;P8..���BRu9l�j���E¶Þ/�Q

Ø�ë�®BÑ

áâ®CBÑ

Ø<Ñ (stdout_position=<int>) *ÑÑ

(stderr_position=<int>)ÑÑ

:={ «9^Ñ.89;A.;Ñ?&E�=���#�w¼ 9;09G;P8..���=5UÑð

ñ�X5BÑ

áâ®C�Ñ

ØDÑ (remote_io_url=<url base>) *ÑÑ

g<ï� Q?EwC={L>�hYg %E=°Q&¿?<>=+<¿'=¿Q?EÛÎFA;|Ñ;9ÑI/?8Ï

�
j��Ã'��KBu9Ë§t «9^Ñ.89;A.;Ñ?&E�=���Ë=5nÑ

L>��\BË45#?#�Ò�¦�ñò²UÑðñ�"I�%6&& ���

�{�»¦�Ô����BÑ

:I]^k#���÷ %E=°Q&¿?<>=+<¿'=¿Q?Ek�j�¦ ÜL>��\K

�Ê G.?¿^A98BXu�G.?Ñ^A98��)R�uyCÑ

|;;F9wPP8F;ÎO79ÎAB?Îz9CwD<×DDÑ

Qj�¦�� G.?Ñ^A98�]^ %6&& m z?9^G9yG.?y79Fx�ó�Ê�{L>B

XuCÑÑ

ÑÑz?9^G9yG.?y79FxÑ|;;FwPP8F;ÎO79ÎAB?Îz9CwD<×DDP^/BP?9ÑôÑÑ

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑI/?8wP99O8P0/.P;.AB9I8..80¿?9Ñ

ÑÑP99O8P0/.P;.AB9I8..80¿?9Ñ

áâ®C�Ñ

7.4��

�_45FG. %?9^G9K����Ê������Êò ?&E�)�%?6>�45j

�:ç���	��Ã' ¡"#Ã'��Ê��K��añ��ä��01����

�g��nÑ��
�< >*&B#�¦�� ?&E�)�
¼j�	�ä�] %?6>ç�B

%?9^G9 K� ?&E â1IJ�q]^=�àÀ�Æ�Pòã¦ �)�Ìæ ����

��Ëi�û�¯.j���ÊK���û'Bß %?9^G9����ÊäJ1�Ò�1

���¯°�>�u 2°&�E&1�89B09.�
�ß:/qÈ�m[Íb={�ª����

=���Ì,���û��¯°�>B%?9^G9���Ê���y=@
��C:] `8^Ñ

&8.C/78$%+ò�k�`S����Ê�Ö[�»] `8^Ñ&8.C/78û'Ö[ñò�ä

}Ón��	a�Kñ��BÑ
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ÐÑ %?6>�IJKP8��:���Ñ

ØÑ 	�) RSL�Æ�K@�BÑ

<Ñ ÷/ LinuxW�mÍb={ GRAM�X�BÑ

DÑ ÷# %?6>y62'K *Q?=8y62'BdàÀ�"#¡èBÑ

ÍÑ &(/Windows Ò§W�muv�� GRAM�Ñ

ÏÑ ÷�pWeb Service] GRAM�>WBÑ

Ñ
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���������

Globus�����[9][16]Ñ:ØK;:ØÐ;45] ¡���ä[34][35][36]� ¡L> I/O

L>[30][33]B45�P8��1C�¢k�Þß��Ö%?9^A?Ñ677899Ñ;9Ñ&879B0A.xÑ

&;9.Az8ÑL%6&&N�Ñ�� 1+2 ��Ö%./01+2 K %?9^G9 æ���Ö%?9^G9Ñ?8F?/7AÑ

>ABAz8O8B;�B]^ %6&&¦à­/ %?9^G9��K"#¡è� ¡L> 'P=�Ò§�

k�k#Q='}K¶28ÆÙ'P=ú�"#¡è��,#Ôñã¦/%?9^G9��KÃ'B

%./01+2|é<���ä�ÊJ���ä'�ä�] %&'+ò���d·�-Þ�I�B

:��01��K����äroB%?9^G9 æ���:=�©«±"#¡èK=5A

;�U5'��;?Þ/��� ¡L>�û'B%?9^G9 æ�`ÂÖ%?9^G9Ñ?8F?/7AÑ

8A;A?9z]^g��L>��~�û�5/¤«±"#¡èTý�X5�k�«±"#

¡è¦QXû���&'û'B�_45
�Ë�{�[:ÐD;&'FGBÑ

8.1���� !"#�GASS

8.1.1 GASS¶


GASS��:ØD;45#�|é��01��y� ¡ I/O'��ß�
���01

��K�L>û'Ô�&'.,­|é�o1#�ú�����É3��\BÓ0

GASS�`¶,:5Íb={]#`�����L>W��ß:�y�¨����01

K)��»Ì I/OÔ�&'1!�|é�uM 8-1 [24]Z�
C�1
ªD(read-only)û'

c{L>Ô�CXuD�û�����ú�Ê5L>��"#¡èª=D�åK����

ß,=5�å&'{ÔB¦�Q1�{#��"�L>&'ªDû'�©;?,Q{Ô

L>�Z ,Þ/=g�'�B�2
$�d�shared write
û'À{L>Ô�CË:w

u9�{#��L>&'dÞ/�©L>�Th+9;TY={#�Zd���îïB

Xu={ä'"#¡èK�Z1&¡Ø²­L��+O�QqÈdÊ�={L>��\

:=��B/ËÌ��y�=g���àÀ�ª=/L>Ë=���ã¦ .B�3
ª

Ëç�Append-only
û'Ô�CXu�?={ÚÂ¡èañ��� log L>�u91

�{#��å&'dÒ§�Q¦��ä¼+9:õö�m:¼ÚÂçè�B�jmËÌ

��y�=g�#��àÀB�4
BÍ�Dd�unrestricted read/write
û'L>�ª1

={#�
Ô�C;?ª1={#��L>&'û'�Z ,Þ/=g�'�B

m)û'Ô�/=g�'�mØ��àÀ�,#A;�¢=g�'��Z GASS

���#L���\¼BGASS,A;uy�Ì I/OÒ§C�{#��={L>&'ä

'DdÒ§¶�{#�]^,££:ªËçÒ§�åqÒ§ò§²­={L>B̀ S�

ÄÅ45:t.à­ GASS���B

m)û'�)�§={IJ:Z1�Ò§Ø:
�c{L>&'��Ë�/À{D

Ò§]dÒ§ÐÇJ1]�BàÀû���?DÒ§�àÀûgc{L>����äÊ

D#�Z/�J�hY&'DÒ§¶�?dÒ§�#�d�ÐY�5gc{L>�äÊ

L>���X5BËk�m)Ò§,mêò?�ÜÔ���L>û'B© GASS #�

�.=���k�¦#�,­�ÜÔ���L>û'�Ë45V�/ GASS ���Ì

ñÄÅKL>-ÞÒ§m�y[���Æ���ÌñÄÅKL>-Þó&=@÷)B
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� 8-1 GASS�������	(a)-(c)
��
�����	(d)-(f)

8.1.2 GASS·¸"¢¹/º�	

;?��01��K���É31Í��o1ñ�K�3��IJ�Z GASS

�À
�Ë���&',­���äB@�����L>W��"#Ý
E��.��

�äÒ§�ß�=�ªC"#Ý
E}Ó�â �ß,:É3�ú���B

GASS]^}ÓL>-ÞÖfile cache�·îÉ3��'�BL>-Þ:={ó�ûø

k�ÞßW��45#?Þß ¡L>���B/áâ��y����Ì¶2ÄÅ/L

>õÝ"gL>���
L>-ÞK�/L>>ø"�gL>-ÞK�L>����B

GASSáâ���ÌñÄÅ451�{C

�	 1: /<=ÕtDÒ§ßõÝL>"gL>���Ê�ûä�
L>-ÞKB

�ûL>-Þ��W�¿À�Ë{L>:��ü/�û�u9J1Qgc{L>���

�^��hYõÝ�/�û�L>���ägL>�)ÒØ�<"#¡è�TYEçc

{�ûL>���Ù#0�BhY"#¡èã¦ ªû'�ûL>=�� ¡L>&'

û'BË{ÄÅêò?ä'01K�{&¡D�ä
L>���B;?=�=5D�c

{L>�Ë�n#m)ÄÅ¦1!ÎÏ�u�]�ÝèB©u9L>â��m�ûL>

-Þm��Q"#¡è¦�5�âF=ü"Ç¬�&'û'BËã=5A;åqÄÅ.B
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�	 2: TY�"#¡è�Zd�L>&'>ø"�L>-ÞK�L>��&'�

ää��BR={&'dÒ§� ¡L>�>ø"�L>-Þ��W��L>�Ù#0

�&'È|Zu90�®t 1�QL>��5�äÊL>� ¡X5�hYÜL>-Þ

KÓ�¶u90�®,t 1�QàÀûg0�®� 1BË{ÄÅ�â./�=X5��

{&¡� ¡L>�dÒ§ÝèB¼·dÐÇ�=g�1�ûL>W�m"#¡è�

8�ß�L>ª�ä=Õ�Z ]�Ýè��û�â.Bu9={ ¡L>#ÔçdÔ

�õÝ��L>/�ûL>-ÞKB���Qn#]�����u�? TCP socket
�

 ¡L>&'û'¦�n B

8.1.3 GASS»¼"¢¹½¾�	

GASS}Ó.�Ì��÷Þ¡è´����äÄÅ&'�­�äk�¡è´¦�I

ã��&'89��BË���45�t��©CL�¨����>Û¡èû'L>S

K¡è+à�L>û'Y���ç��à�L>û'#ç�KL>û'Yç�
BL>

û'#ç�KYç�����L>â1#BL>û'#ç��½?DÔ�L>õÝ¯

#�qkl/ cacheKB�"L>��"��Í=L>òä�äL>Ê�û�Ë�9y

��L> openÒ§¦89/�ûL>��m&'B���L>û'Yç��½?dÔ

�L>>ø¯#BË�{ç�¦/"#¡è�mÕ¯#Bu9/¡èÕ¯#�Q¦ Î

Ï�"#¡è��Ë&'{ÔB

µ���45:���ÌoV����äÄÅBµ�� cache��� cache�'t

}Ó.n�\°�ú�BXu�={#�¦wïv"vûL>¦� cacheBËÌ��â

U5�:t/ grid ��K�"#¡èû'�L>¦�â��Ë�n#@�����L

>W�ÄÅ�æ� cache��Ê#À�Ê�L>3¦�,m�ò�jBZ GASS÷Þ

/#�wï�û�-ÞL>���b�?À{L>mÀ{#�� cache��B

#��ú� cacheX5�<k{ ç:¦ £#�û���L>W���\BXu�

"#¡è¦]^ NFS�AFS�DFSm DPSS����L>W�û'-Þ�L>��BË

#Òò Globus ��ùC/�Ì�û��ÐmÍb={f3�����g�û���8

t={�=�cVB

8.1.4� Globus ¿ÀÁÂÃ34"Ä�

GASS��¦ ]åq Globus��&'�8BXu GRAM45#?�Ê01���

u9={"#¡è_/={ {��mú'¡è�q�ÀÀ�"� GRAM
¼	��

äw¼Ã'¡è� ��Ã'@��@�B]^ GASS ¦� GRAM &'J��k�

GRAM� API÷ÞÃ'¡è �¶2ä¼�¶2ä
Kë�ä¼�¦# URL�� �

ä� GASS¦gÃ'¡è-Þ/ GRAM�û�UïC¶2ä¼Kë�ä¼B

8.1.5 GASS-API

��"#¡è]^k# GASS�û' ¡L>�GASS�L>û'��] CÆÙú

K � ¶ 2 L > û ' � � © � � u globus_gass_open � globus_gass_close �

globus_gass_fopen�globus_gass_fclose
BË���&=@Ã'�?áâ���ÌñÄÅ
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� GASS��Ò§BÜ"#¡è��J��GASS� openK closeÒ§]¶2� UNIX

I/O Ò§K��"Ò§©��ª:# URL �)Ò&Û=��L> BßL>�)ÒK

�?L>�)Ò�DdÒ§] UNIX I/OÒ§K��"Ò§=�B

k#Iã� openK close��¯#~Úêu9k# GASS�ã5{ÔD�¡èB©

Ë�{ÔL�â��#:] GASS �L>�)ÆO=gBRh#¦n#UÑ�9ú$

%�Condorn#�$%
m]^Ò§W��i|é�DFSKWebFSn#�$%
�Î

Ï{Ô"#¡è�©ËEç.���æ �ä�¦ÌÂ�,èB

GASS� openÒ§# URL�) {L> �L>�þ�û|Kû'��êBË�

�={ ç:gL>����X5é�û
�¼��Ë�"#¡è¦k#D�ð
��

���{��&'ÉÊBu/M 8-2 [24]K�L> F3�æ�Ê�{,�����m�

,��&¡¦�ÉÊ¤qÈóTýø�L>��Bß� GASS ¦ û�Ì�ä�êu

FTP�HTTP�HPSS�DPSS��Ëk� ¡L>û'�	a�n�B

� 8-2 GASS����

GASS#}Ó.Ôç�µ� API�¦#���Iï����äKû'ÄÅBàßÙ

Ð�GASS}Ó.=W�� API��8�Ì��B

File Access API45}Ó¨��L>�)Òò�?L>����û'Ö[Bcaching

îï¸ñ�?õÝL>�@�BFile Access API:�? cache management API K client

implementation API����API�Ò§:�@Ò§B

Cache Management API45}Ó.Ò§�û cache�µ����q÷Þ#�89ú

�L
Ò§��Ò§�Ó�Ò§KÙ#0�Ò§�BAPI�Ò§"�@Ò§B

Client Implementation APIµ���÷Þ"#¡è´������ÉÊ�äÀX/

ú�k# proxy server�Bk# Cache Management API�Ò§45:ó@Ò§�45¦

 ]�û I/OÒ§&'U�� }¨ GASSÒ§���B

Server Implementation API µ���#��� GASS  ¡L>���B]^k#

Server Implementation API¦ ������� GASS ¡L>û'�ê�ä�"?"

#L>��ÒË ������BClient Implementation API K Server Implementation
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API$�={�=���|ÕÔ�BServer Implementation APIÒ§45:ó@�B

8.2 GRID FTP

Þ�"#¡èk#,��ÞßW��ä¦������ò&'Ò§B'h`SÞ/

D���ÞßW�u */9;./^G;80Ñ2A.A??8?Ñ&;9.Az8Ñ&x9;8OÑL*2&&N�R/z|Ñ28.I9.OAB78Ñ

&;9.Az8Ñ&x9;8OÑLR2&&N��©Ë�ÞßW�=�,�\�n#.,���êK�>:ÐÝ;B

u9"#¡è=5��{ÞßW�&'û'�Ë�Àn#�Ìû'��B={àÀ�ç

���:/Ë�Iã��äW�mÍb={�ª��©Ë�45Þ/�{'�C�Ð


��'�C;?Eç.={�ª��#ãEç.=�¡èÝè�ß����fW���

��ä�Ò½��¶�2
æ �'�CÍbK¼é#�|é�ÌÞßW�=5�÷�B

¡r§�ß�¼·|é�ÌÞßW��nÑK|é�ÌB¡ÆÙ#=5�÷�r§B

1J1=Ì��¥|é�ÌÞßW��²<#�}Ó={�=�û'Ö[��t

I�%?9^G9}¼.= %./01+2��:ÐÐ;�q�?ÜH� 1+2�ê�ä�å&'.�[

�J��|é���¨X����ä�¦ÎÏm[}Ê�'�B%./01+2ÉÊ 1+2�ê

§t�l�451�{�[��:C�Ð
FTP �ê:/ Internet ��KTÜH���

�ä�ê��T¦��� GRID���=5¶�2
FTP�ê1ê�÷8M����:¼

?�·��:���ä�¶2�êÐ=�o1�¯J��VW+O¶�3
̀ S�1
�

FTP�ê��÷J��êK���åK=��? GRID������äâ1#B

8.2.1 GridFTPJKÅÆ�ÇÈ

%./01+2�êL�? 1+2�ê1Þ�Ñ�IJ�åK=��ü8t¶2�¦@AL

¾ ?18JÍJ
B¿À GridFTP|é GSIK Kerberos�����/ %./01+2K|é	a¦

������K�c�È|Bß�#�¦ ú� GridFTP/,��Õm����c�B

GridFTP�������ïO/ RFC 2228, “FTP Security Extensions”K

ß� GridFTP |é<��ú�����äBt.�����]�K������

�À}Óü^���<��ú�����äBË�¦÷Þ={#�m"#¡è/Dûù

úåq�ûÐÇ����äB/ GridFTP��K�Eç. GSS-API��d·�Ë�¦

n¦�K��û|é<�����ä��B

/���ä�[�GridFTP|éä'���ä� ��strip
���äK��L>

�äB/�3���K�GridFTPk#�{ä'� TCP��}¨���ä�*�É3�

|é�? FTP�ä'���äK��]°J�B/ Globus��K��ÜÔ���¦�

��5/�{ÞßJm�Ë�Ðt ���Þß�GridFTP¦|éË�� ����ä

�}¨����äX°�Ë� GridFTP ����äX°KÉ3¦&=@EçBD�"

#¦�ª=5û'D{ ¡L>�=���Ë=5=ï����ä|é�GridFTP|é

ÜL>�j~X5ÝÞ�ä���¦1!û|é��L>�äB

ß� GridFTP¦¸ñ¯c TCP buffer/window���k#,­� TCP buffer/window

��Ó5¦1!�}¨���ä��BGridFTP�¶2� FTP�ê&'.J��
�o

V�L>��K©��¦ |é� GridFTPK TCP buffer/window���ûñK¸ñÓ

5BGridFTP¶|é¦��äK��U���?Þ�"#¡èßÙ��À¼·���ä

�¦���ä=5|é\ë����äBGridFTPJ��ð���ä�U��ägqJ

�ÊÑ���]°�êK�Ë�¦1!û|é¦��äK��U�B
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t . � � %./01+2 �ê � Globus ò ` 4 5� � . GridFTP � � ú

globus_ftp_control_libraryK globus_ftp_client_library �GridFTPÙ�{�GridFTP��
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ü; A¨#�È Bª �¦BI"�"# C#����(c)B< 1@�8ÐY�"# B�Ê

(b)K(c)�ß"# AK CØ:=5 BZ¨1�8¹ß�£�¦B< 2@�8Y�AK B&
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y=@�ß Cª �¦ÓÓ�c�@AuM 10-2Z��=$=5 6@¬��8B(ÛCË�

6ïª1R������"#¡èD=@�=�"¬&'�Ê�k�4 1@Ø1"#�»�

�yz�,Q¼��{"#ÎL¨1���������Üß´�.R8æ�� >B)
@A "# A "# B "# C

< 1@ (a) (b) �¦ (c)

< 2@ �¦ (b) (c) �¦

< 3@ (c) (d) (e) �¦

< 4@ (d) (e) �¦

< 5@ (a) (b) (e)

< 6@ (f)

� 10-2 ������������������

�/��/=ï¯°ÄÅwxy�¯°�ã�uM 10-3Z�B¦��ü^�¢A;�

�8 3{"#�*@Aý�t 4@�W��ú'!³��}¨B
@A "# A "# B "# C

< 1@ (a) (b) �¦ (c)

< 2@ (c) �¦ (a) (b) (e)

< 3@ (d) (e) (b) (c) (f)

< 4@ (d) (e)

� 10-3 ������������������

10.3.3 �


/À�ä'01�K�\ë:={U5�'��:tq;�{ç��>O8�Eç.

¼ë�¦��BßÞ�01j�²=5Q ���ú'¬��ÊTh+9�u9J1\ë�

Ô�jvKq¼��ÈÉãQkS[�01S�PRB

��:;�o�À�ä'01�#,¦�� Internet�9ß8�¼ë�,³�À�01

�5����u9J1=ï�\ë�Ô�ãJ1jv�#½®.B

/À�ä'01�K�È|J(Checkpointing)�k#:�S01ÈÉ�U5ûüBR0

14�8={KÇ@Amú'=ï"Ç�ãÆ���ú'��¼Þ/ÕÞK�ËãR8.=

{È|JBu9/y={È|JÊ�ÐS¼�.ÈÉ�ãÜÕÞKD¼m={È|J���

äæ��ú'��¥�ÜßÎÏ.Ü�ÝÞBÈ|J¥¦ /W��>����#¦ ;"

#¡è¸Õ��BSEê#[��©��()�D¶YEEç."#¡è�Bdæ °�©

��L�\¼�B

/����K��(m��¦ ]^�¢�È|J�����\ë�©å��D°�]

À�È|J,/�={�÷�mBc{���=5�¥��È|J��âD¼·qÈÐÇ�

=g�����={�=�"8ØD }ÓBã1Z1+J�»�"óÈ|J�;?���

ä=5"Ç�u9/ A�
¼´�ÐY! B��Ê´�ÐS¼Þ.={È|J���QË

 ´�Æ�È|JT��¡8���c��ò�B

nt¦'�����Þ/?���êK"#¡è�¸�ß,/µ\¾!�È|JmBã

���êßÙ�,£"��"�»È¼RSZ1¦#����¶"�b")È¼���!�

��BXu�Globusk#.ù´jU��Ô�VÄä'01��!���B�?jv�ê�
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\ë�Ôä(¦1¦B��?��ËÌæ �óOK�3��n:uIBÜË{~Om��

TCP/IP�ê"�1�m8��@HBInternetÐZ �»�#­ä�'�WX TCP/IP# CRC

Èë�#U
´ë�#Y�ü£Îë�/,¦�ü£m}Ó.¦����B

/����K�"#¡è�¸#"�o1\ë��Bu9={1�\,�ZJë��¢

q ï,:{ 1�B={ 1�"�6Ó4{01+JK���äØ1¦�¼ë�q"

��»È�¼Ë�ë���ä]^Ìu01�ûü#E^3��ãBP2P 01/\ëmZ

���8�ü����Br:={ð�B,�Ã#Õ/­�� SETI@home ¡è

(http://setiathome.ssl.berkeley.edu/) � ¶ : #  � G [ \ � Intel 6 * P2P ¡ è

(http://www.intel.com/cure/ )�Ø,Qwº4={y´¡è�#�ThØÆ}�^3�+9B

Z �qÈ�1ûüÈ4+9�^3��äg¼ëmJ1�æ���«ü�;åF#�&

'Ìu01ìì'hàÀ��()�#B"#¡èã"���£#���Ìu��Èëä

�ë�ÜßfÊ\ë�`�B

10.4 SF Express���������

��Ky=�<¼T1ÂÃ��{�������01"#�qÈV�.��01�%

��01�þî5\B��FG�"#�tµòí\
�(Synthetic Forces Express)�à�

SF Express[7]�q�?��Ô�.�f 10�{J9ÀX�§J¥[��¡.�23�7Ö

OÂB

10.4.1 ��

SF Express ò`Þ? 1996 ¬�:;P;;��yÛ�;�À&670eç

DARPA(Defense Advanced Research Projects Agency)�f�;ç£f]^�r±©kl�8

��å`¶:Ô�P¦���J9ÀXBDARPA=8��ÜÔ�íîÔ�()Á���:

tq�?íîwä��_���K÷�Ø1À�wx~OB

1996¬ 11í�SF Expressk#�1 1024{ç��� Intel Paragonä'��Ô�. 10,000

{J9ÀXB1997¬�SF ExpressJ�ÊIf 7{"c� 6���01��$k#. 1,094

{ç���Ô�. 50,000¬J9ÀXBË"�SF Express�ü�@oý��I��©qn#

ûrÊ5��������B�ê"����­�,�ñ�\ë�/��^¡Kã��¼Þ

�'�B

ÐY�SF Expressçè.] Globus�ñòB/¥��
���Ê5��������

����o���ù´K\ë��[Ø£#. Globus�ñ�����B1998¬ 3í 16��

SF Express �ò 13 �ä'01�Ð\�k#. 1,386 {ç���h?8�Ô�. 100,298

{J9�V���.C�mT�ÜÔ�JKÔ�BI"� SF Express�ü�»ê"���ñ

��­��»¸ñÉÊ���¸ñ}�¦Ã'ÒËKú'���¸ñ¯cú'���¸ñ`

a��K�¼ë��B

Ü SF Express �^�C¡��;À�ä'01�ËC�����Æ�»·î�'�Ü

ÔJ�.={�÷�Bßq] Globus �ñò¡°�îï.q������ê"�\BË�

Y���ÜÔ"#Br:1®�~O�B
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10.4.2 �����

SF Express�Ô��?����ÎÔ�~� DIS(Distributed Interactive Simulations)BDIS

:={��­�Ô����q|é�æ ûR�¨¼ð_bÍÔ�V(uFG�b4�x�

�)�Ô��¶|é³/�£(ð��³§tÔ��=��ç
Ê�����K)�Ô��JK

¥[¦ #¦´­r§i��¼�B

DIS�Ô��VÐÇ=5Ê�ö] )ÈJK�&¡�¥5CÕ
�¸¸X5K't�

�­�²59�|íK����­���uíÕ�¯ñ�x��'�1��BDIS]^/�

�m�ä¶2�ê��ÀÒ PDU(Protocol Data Units)��8]�Bu9J1Iã�ç��

���ê¥�æ °K�V�÷�Eç��VÐÇ�]�÷QgXEç�âQ���ãQ�

PDUc��ßä'01��ç��\Æ�·PB

1ù�:��VÐÇ�]�:1¢���BXu�=EFGª=5�hq��4K[

���í�ú'���ß,=5.· /m~(�Ý�db�¯°��BË��ã�gZ1

�V���©û�
Ê,��óe�ø��4{óe�ø��:èL>��ßóe�øÐÇ

:NL>��SF ExpressÓ0.uM 10-4Z��VW+O[5]�g=�óe�ø�/D��

�01�mú'�ß§=�óe�ø�Ê§Õ���01�mú'�Üß/J�.W�ÜÔ

��"ÎÏ.]�÷]w�EFB
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����� �����
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���

� 10-4 SF Express !"#

M 10-4K��+J�§#·¨uy[6]C

1 ���

ä'01����b���ç��Ø#§Ô���ú'¶2� ModSAF Ô�¡èB

ModSAF :={�'� DIS "#¡è�q}Óð�Áâè�íîÔ�B4{Ô���,�
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»Ô� 50-150{J9�V�oV�÷�î?íî'ñ�æ �!ç����\B

2 ���

£;�t=PÔ���s´�B4{Ô��,ÊC£;�ï&ZÔ���V���K

añ�²Ü£;���åFÔ��m�V���KañB/oV��"�¦�t=PÔ��

wf 3{£;��={kl89]yÛ�Ô��õ�Ê�={��01�PÔ���ÁMH

I�ß§={��ï&Z1�V�úñ��BË��4P£;��»â\¼û�� 1000Ê

2000{J9�VB

3 ��

�>:=ÌIã�£;��qkl�û£;�]åFä'01�ÐÇ�´��sB

4 �	
��

��CÔ��}Ó��ÞøKû'���qsÓ�\÷ÞøÓýK-pÓý�¼ÞûR

M���B

=5w¼�:�,�:Ô���£;��¶:�>�������Ø:#ä'01�

�ç������ª,^�¸�÷KZú'�¡è,�g.Bä'01�Z�Ô���V�

÷�î?q�ç��\�ôX���Intel Paragon��»Ô��9 18,000{J9�VB

SF Express£#m)��Õ�VW+O�()1£?M���K�]�÷Bõ{���

;?���Oe�t��h�¢�ç�«¤{�Õ�1�3�r�Ë��,Lã,=5
<

Z1�ÀX�ª=5
<��mmy��L>ÀX�}¨.+î!³B���/ SF Express

K�,���+J�Ê.,��j�C

ó��ÀXø:Ô���qÈ���û01ZÔ��4{�V�ÁMHI�äÆZ1

HIòä��Ê�Ô���cVÁMHI(uM 10-5Z�)�äÆË{HI!�V�añ��

ï&£;�+JB�"�qÈ#Ü£;�9ßç?åÁMHI���V�añ���ï&�

ä��ûRKañ��014{�V�y=@�ÄB

� 10-5 $%&'()*+�,-

óK�ÀXø:£;�+J�qÈÜ4{Ô��9ßÁMHI��ä¼ÞÊ={��

-ÞK�hYòä¼Zi��Ô���cVÁMHIämï�>+JBR£;��Êü�>

Ë
���¸åF£;��añï&�̄ Q��añ�
­ûJ:�×/D{Ô���ÁM
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HIÐK�îï:�Æ�ï&Ë
<�Ô��B

ó¨�ÀXø:�>+J�q:��Kä'01�ÐÇ���KËiK^Å�BqC

åFä'01���>
�����òÁMHI�ä���9�ä¼ÞåF01��ÁMH

IBu9�û={�V�añX5^ ×/D�ä'01��ÁMHIÐK�¬Æq�añ

ï&Ë
<�01�B����>u9�ÊåF01�
���Vañï&�Q��V�X

5=ïç?yÛD{�>�ÁMHIÐK�?:�>ãÆ�ï&Ë
<��>B

ãË��ü^����^Å�������m,Þ/B#���s�bk:Ô�. 10

�{�V#J1kW���Bb¯uI�DE¦�¶:QN�Ë{W�¶:âæ �:t�

>�£;��Ô��ÐÇÞ/Þ����Î�À:]���ïOÚ�ãâ��Bùú�:�

Ë:{�? DIS�W��Z1�añ��ï&Ø:#¶2� PDU����s��:ß��

à­.���Î^¡Bãb{�W��'h�>��\W��­�©�Ï���:�=��

/{G^¡KZüC���Ës�ª:t.`�>
Ê^3���³ûK�äJ1Eç�>

�¸�æ �B

10.4.3 � Globus���

1.m=���l��� SF Express b�ü³Êj8�tv¶=5 Globus�|é��

¢��`ÇÈÀÓ_=y�u9J1 Globus�SF Express���Æ1Ê��'�C

�
�������� ������� ���� !" #$%&'()*+,-./01�234

56789 �
��������:;<=>?@<ABC&'( DEFGHI)J4�K)LM

(�N�

*+O �
�������� PQRSTUV�	WXYZ#[9&'(\[]^_:`5ab

@<cd)efghiN�

*jkPQ89lPm)n[9&'(opqrstuv*wxyz{|}~)��=:

B� �
�������� ab|45)��(����VN�

*j���#[9( ��op��{������=:B�st��r�)�* �
�

������� k ����������������� ��� \¡¢ £¤¥¤¤¤ �¦§ ���)��¨© ª«�

�����¬­� $%&'( ��®op��¯� st°£±N�

*j²��³ [9&'(´µn¶�· ¸�)·¹º»¼o �
��������  ½9�

�=:ab¾¿B�ÀsÁb�·ÂÃ)ÄÅÆ»ÇÈÉN�

*+ÊË �
��������  89ÌjÍÎÏ�	:*jÐnÑÒ PQÓÔ)BCÌjÍ

ÎÏÆÕÖ×Øk�1 [9&'(\)Ù·efgO/0ÚmÛ5NÜÝ^ÞÕßÍàá

ân(� 89ãÞ)ä�?�åæ¿ ÀN�

çn)è¦$%&'(�éê-hëµ��ìe2o5)/ç�89èí ¸�N�

®?î)/ ïð��ñ��)ò� �
�������� kBCÌó\ 89®�op�ô�õ 

st)ö÷øùëú û-).üýÌjþ�¦�u���Ó��k���K��Ðn^	

 st~)B�
��=:b�Ðn=>)´µ �
�������� kBC[9(\ ¸��Õ?


J )�>�ì�� ��N�

Üm)��)¦ �¼�¤Ý Globus� SF Express'h#oý�8ïðj���Q�

©qáâê"�­�ó��ø�Ë��m�,3ï:­�¼�Ækq��kl�mBùú�

:�Globus:={?1ó��ø���KÇ>�ò�SF Express]^]q�+òÎÏ.m)

'�B

SF Express]Globus�+ò��uM 10-6Z��MKnT��:Globus���<B
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���&�����'()*+,�������������������-���./�	�0123

�������&���4567)*89�����������������2301:;�<=>?

@�����AB�����CDE��������������������$���FG����HI� 

��������&����+,)*�������������������%���JK� ��

�����L���MNOPQROSSMT��UOV
U��
WX
�V��NSQN
��YOSSYROVY��Z45[\,/]^_`abcd

����L����SYeX���
�YX�R
��SSYROVQYN��ONOf
��Z�SYeX�)*abghcd

���L�����
VORYP�XVQNf��Q�
RVY�M��
�iQR
�Zj<=klmnd

�	�L�����SYeX��	

RXVQYN��ONOf
P
NV�Z�SYeX�o�ghd

����L����SYeOS��RR
���VY��
RYNUO�M��VY�Of
�ZpqJKrsItcd

;�<=>

;�<=>

;�<=>

� 10-6 SF Express. Globus�",

/Globus��K�4{ä'01�m�Ð.���Ê���GRAM(Globus Resource

Allocation Manager)BGRAMkl���û���äg���ñ���)È<Ò01`Â�

�MDS(Metacomputing Directory Service)BË����K���ñ��­���¦ !")

ÈÊMDSmB;?�!�����Ê�Globus¶��}Ó.ñ�nÑ	�/ü���Ê�

DUROC(Dynamically-Updated Request Online Coallocator)�qkl]Z1�GRAMõ�ÊB

§	Ê�»���ÐY�ã¦ £#GlobusÃ'��GEM(Globus Execution

Management)Ô<gSF Express¦Ã'ÒËK�Þ��¸ñ��Ê4=�ä'01�m�ä

tqÈÓ5,���Þ@�B

;?MDS:ñ�nÑ��ãk�"#¡è/ú'^¡K�¦ ������­¸ñ¯

cú'���u9{�ä'01�¼���yë����ïð¡è¦ Æ=�ú'j�ËÌ

ÊåF01�m�Üß¼É.�¢�^)ú'B

ïð¡è�ä¼��!ú'^¡K²­��o�£#.Globus}Ó��¢û'k�Þø

�GASS(Global Access to Secondary Storage)���¸ñËÞÊwï�01�m�()�¯�

"ùú�̄ �ïð���K#¦´­roÆJK¥[�"û��¼��uM 10-7[25]Z�
B
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� 10-7 SF Express/0�1234

^:;? Globus�|é�SF Express¬oý.ê"�����­�ó��ø���Eè

.å�#�B

/� SF ExpressY�67K�¶÷M] Globus�]��� NexusL+ò[6]BNexus�

»�����]���!÷¸ñ§¼¯cB/ Nexus�|éy�SF Express,�¸ÕBd]

�¡èÒË�ß��Ô#MPIB¡B,^�1=�"#�u[57]

��Nexusä,:={

8��]�~��qmoU�heavy
.�Ë b`³�p.Ct��Y� SF Express] Nexus

+ò�î�,..Ð�t�� Globus/ÑS�K,�n# NexusÓÓ

10.5��� !��"# Cactus$%��

Globus :={O8���lÓÔ�~��q�§#LR?��Ò§W��wk���

����Uj�©q¤oV"#��¤¶�� Bu989�? Globus Bd"#¡è�ã

ª89k#µ� APIBdWindows¡è=����¢��t��,/ GlobusK"#¡èÐ

Ç±Í={����Cactus�q³�
[8]^:Ë�={��B1. Cactus �|é�Bd"

#¡è¤�ã,=5A;���oV'���� S�"#¡è¦ ,ç{Ôã�k#B

Cactusò`;r;*:+F67Z2sÝ
�@çÀXm���1�¬/0�W�f�ß"

#Ö[àÀ�:ßßÊàá>Û�8tT1ÂÃ���"#ò`Ð=BåÒ
�"#ã:10.1

�ZFG��·*:+F�¡äÔ�¼�V�úñÜ,�L>(L[2]/ 2001¬��01Q

ê(Supercomputing 2001)m��. Gordon Bellp[78]B

10.5.1 Cactus���

Cactus:=Ì�8��]#��Ý��Ë�01«±Kr¡'�·î��BCactus÷Þ
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#�Æ��/{³01�mÝ
�¡è(,�qÈ��:# C ÆÙ�C++d��¶:#

Fortran�Java ÆÙd�)�ËØ8�»/���ó��01�ømú'�ä'¡è¶Cactus

}Ó.àÀ��ª� API ¯#9��`a.W��æ I��Üßà­.#�Ö[���

âè�¦Ì5�¶Cactus�»/,�VW+O���mú'�uÀç�����01�Kå

FVW+O�ä'01�¶Cactuso1Þ�À&I��@uÀ&���01$%�¸ê"�

���­�ä' I/O��" ¡¦´­� ¡Òú�Web9
�[3]¶CactusK¶�8.Þ�

�8�8M"#Ô<�ª5}Ó�Þ��ä{Ô@��ã¦ �Ê01+9��â.UæÝ


��ª¶Cactus��¥¦ #���L�(K��·*:+F�¡�²¦ #/åF23�

@u�Vþ�±�­±r¡�6ªÔ���Ë«±�B

Cactus,£/�������01�mÍb.f��'��·���¶É�.=ÌxÑ

�ó�«±ø�_BXu��·��L�(Ë��'��,£=5¥]þ�±��L±��

±�¶=5¥]��1����r¡�01«±��Ë�:jv{³m�VØB�À_�8

�BCactus}Ó.={~��g,�±«��,�û3�«$r§Et+/=ÚBR={þ

�±ë^/67*:+F�¡�=ÌÑ�
f�"����pm¦�^/%#�·åKDÌ

nT�¡�n1!���ß01�«±ë^/#En1!�ä' I/O1��ß�>r¡m^

/Ý
=ÌÑ�ä'B¡����>­²«^/6�n¨!�ä'VW+O[1]ÓÓCactus

k³©%  M7Ö��\fÊ.SZ 1�¨°B

Cactus/å��m�#o1()_ÊÐçBCactus�q³�
Ë{ ��¸ãV�.q

���ÐOPC^ªq³�=��Cactus ;={4o�flesh
K�o­F/4om�uo

�thorn
O8�uo¦ j~�{�89Lm4oã�k#�uM 10-8Z�[9]B

Code

���

AMR
(GrACE��

I/O���

Globus	
��
�

����

MDS/��
��

�����

���������
����

 !"#$%

����&
...

Cactus'(

MPI���

����)

������

����	


� 10-8 Cactus�56789

4o: Cactus ��l�#¶2� CÆÙÝ
�}Ó=P API�å`�:kuo�»ñ

�û+ò/=ÚBtI�q=5�»ú�;±�uo�#vÌ���¡��s���v"Ã

'±�¡è���B={uo:={�>Ô<m=��¡è��ò�¦ #jv)��ÆÙ

Bd�u Fortran 77�Fortran 90�C�C++�Java�Perl! Python�Buo�t�©�=©

:01���KÇ>�XuC��MPI�PVM�SHMEM�ûñ¡è�ä' I/Oûñ¡è�

 !Web��|é¡è���ùúro�
�§=©:�Ì�8�"#¡è�XuõöÔ�

¡è�nT�¡�·¡è�
�qÈL
Ê4omb¦r§BîP�:� Cactus,:Íb/

Globus��lm��ß:Æ Globus§t Cactus�={uoL/4om�=i CactusLm.

Globusuo�k#MPI�"#¡èbbã¦ ,ç{Ôûú'?��ÐmB
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10.5.2 Cactus����

Ñ Ñ Cactus�VW+OuM 10-9Z�[2]B
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VW+OTm[�=�:"#��#ã:à]#�Z�ÁM��[CFÈª=5wï�

Þ���}��Þ���wï�·'��¥°��ã¦ �Ê01�+9�ß,=5A;�

�01:/����óO��K��+.�âñ�����#.����,­1��8�B

9y�ã: Cactus��q; Cactus4o!4oZñò��÷uoL>O8Buo�g

¦ �t�©C"#uoK��uoB"#uo#��8oV�«±01�����·DÌ

þ��¡B"#uo¦#)#�B¡ÆÙ�d��(m��,#A;���æ ���ª=

5
��ª�����B¡Bu9�"#uon9ý?oV�"#�Ú���uoQn9ý

?���¸�qÜ@��[�y������ n û|é"#�uä'��I/O�Web 9

��¦´­�¨��]����ÈÉ�B"#uoÐZ �»/�ª��Õm&'B¡��

a?��uo����ÏÐB

�y[: MPICH-G2�BMPICH-G2}Ó.] MPI��=g�ä'B¡Ö[�ª,^

q�üÜä'01�J�Ê.óO�����BMPICH-G2]MPICH-G=�ñ
. Globus

���
�����Ê�ú'������·����©q�]�!³n¨�çè.���

!÷�ú�B

�.]^MPICH-G2���=�B¡Ö[Õ�Cactus#]^89¯# Globus����

������.���·��]�¯°����Ô<B

Ty[: Globus�BMPICH-G2=5]^ñ�nÑ	�/ü���Ê� DUROC&'

������ÊBDUROC¥`a./,�ä'01�m�Ê������²`a.ðñ�

ù´K��&¡���BGlobus �������LR?��Ò§W��q���:nµ�

����u��
���·�#j !Þø�]�����'�B

10.5.3 Cactus��� !!"#$%

��*:+FL�(�R!÷â��/�����#P�ÆC��
­vw�/V
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Z1�þ!K�÷QC��ò8BÍ��={c3��tõöBË{c3È¥Ù\m��

jvþ!ØB�x³�s-ÃKåFR��ÉüØÆ��&Ë{c3K�õöÐ b;

Iß�B«±ëÈÑ4�4={/W�KjØ�â1={õöB��41�ÇÈ�(y

WKj�â1={!÷ 300�_?mz�õöB

õöI�67�:R��L±�*J'�Ð=B;?B�89��Êõö�ª Ü

=�Ç9�ª�·�q�Þ/B`S7ÖHI�^/�Í=�Ñ�Ù\H%4�BqÈ

¦]^È4õö!�²­�Ù\H��ef«±ë
�K67õöBI"���01ã

�é¸û.�q¦ îÀÔ�¼õö!�Z²­Ù\H�I�HRBË�HR,£�w

x�j�4�¶¦#���4+9&'È��ÊB«±ëÈdt���01�Ô�õö

!��Ñ�67�1¦�Ññ��þ�±&
={�Ñ�
��üB

�õö�Ô�:={@����'�C=�[�q=5â��01�\BXu�5

Ô�=�=��{õö�!��å01÷,:À���01�Z��8�BtI�ã�

À®f���g01j��·Ê����01�m¶§=�[�5k��/�û��,

��×é��67³´�»þ��§�ã�À1={�»/ñ����O��P K&

'��$�K��·î'��,$~�B£ÜË{~Om����#:�,¦â�B

£# Cactusä] Globus+òÔ�õö�ò`�:/r; Max PlanckÙ\þ�67

Z�b{[|I}*:+F67Z
�É2y�;r;KP;�{67�O$��8�B

/ Supercomputing 2001Qêm�FÈ��.TÑ89�ä��. Gordon BellpB¦ ��

Ë{ò`LRÙ³Û`B

CPU��: 120120 120120 240240 1020

NCSA Origin��� SDSC IBM SP �

���������	
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�������
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���!
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��� � �

M 10-10 õöÔ���MN+O

������MN+OuM 10-10[2]Z�B���=$k#.»�ä'01��q

È��/�{û�C��X?P;~£�+û Champaign-Urbana�;ë��01"#K

j NCSA(National Center for Supercomputing Applications)���: 128�128K 256{ CPU

� SGI Origin 2000��LÎÐÇk# Gigabit m��9�É3fÊ 100MB/s¶§=�X

?çû��û^���01Kj SDSC�San Diego Supercomputing Center
�q:o1 1024

{ CPU � IBM Power-SP �BNCSA K SDSC ÐÇk# OC-12 �ü�9�q�É3:

622Mb/s�©�j4÷!9,�_�ªfÊ 2.5MB/sB

Z1�ç��P8.={����ºF�V��B4�ä'�¿À/ XK Y�CØ

���². 5{K 12{ç���O8={ 5>12~[�hY�´��ç��*��Æ�

~[C Z�C 7BtI�NCSA��� SGI Origin���#. 5>12>2�5>12>2K

5>12>4{ç���SDSC� IBM Power-SP�#. 5>12>17{ç��BZ �ç��

���/út 5>12>25�#m�ç��*�t 1500B
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=501�'��¸¦ e�t 360>720>3345{�'��;? IBM Power-SP4

{ç���ç��\�9: SGI Origin 2000À{ç����_�È/ IBM��4{ç�

�m�. 70>60>155{�'��ß/ SGI�4{ç��mª�. 70>60>95{�'�B

;?'��¸�Iã��4{ç��ª=5]þ�q�ç��]�BË{I�k�

�"#()êò��Ê,��ä'01�mç��:tb����]�Øª
­/ä'

01����bk
­/ SGI Origin 2000�ÐÇ�'�#,��:tqÈÐÇ���É

3¨f 100MB/s�¸==5UJA;�'�: NCSATá
� 5>7ç����] SDSC

Tà
� 5>7ç����ÐÇ�]�!³'�Bî�m�Ë{'��·î#:��\¼

��ª=5<Ë�
�ç�����Ê�â�j�b¦B;?j�â�Z qÈ�]�

=�ãL�â�B

�ò`¶n#.åF=�ûü�,­��BXu�k# TCP/IP�êf%�3�&'

]�"�TCP Íb�9�"Ç()FBtI�¦ Eç��s����â
�Õ��Ü

ß}¨]�!³¶�u�Æ01+9��&'¦´­�#[Çö÷����'�B /

õöÙ\H:����¦ n#�ýY��ä����1"�ýY�â���÷�¨f

99%B;? Cactus()¼?J��ª=5Bd={�ýL>�äL
Ê Cactus4oKb

¦���ý��B

=5w¼�:�u9,­ª:
��ï�Ê5ûrwï��Q1�{'�C=�[

âDk,­@�^ ]�j��#Ê¶§=�[���K¨��01�/ú'^¡KQ

,Ê¼��ñ�ûr,­B�ê"�ñBtI��ò`£#. Globus�ñ�nÑ	�/

ü���Ê� DUROC(Dynamically-Updated Request Online Coallocator)�����.¸ê

",­ìì¸ñ��k´~��¸ñ����É3K" ,­Ê5KÓï]�@��¸

ñÉÊ�ý���/�ý�]�ýÝèÐÇ§¼~�
�¸ñ\ë���B

��+9
��,­Y�W�����,?,­SB,­S�"#¡è�cVú'

!³ª1 15%�ß,­Y�cV!³fÊ. 63%�1500{ CPU"
[10]BË{!³:Ë

�1¼��C

%3.63
/3061020/168480

/249 =
×+×

==
sMFlopsMFlop

sGFlop

t

t
E

tot

comp

åK�168MFlop/s:�"#/À{ SGI Origin 2000 ç��m�ú'X°�ËÌç�

�=$1 480{¶306MFlop/s:/À{ IBM Power-SPç��m�ú'X°�ËÌç��

=$1 1020{¶249GFlop/s:"#¡è/c{��m�ú'X°B

÷�K��÷^ªk#=� SGI Origin 2000�120{ CPU
K IBM Power-SP�1020

{ CPU
���y¨f 88%�k#!³�ËBr()&³B

M 10-11[3]��.Ô����+9B
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� 10-11 �����

P��ü()8��©§Edt�ò`¶Þ/=ï¢Í�C

1. q'hk#.»�ä'01��©;?åK��©�L��¸�=ûJ�,

�1:={æ �óO��Bß��1=ÙÚ:/ Cactus��p(LKJ1

�pû�¼��Cªk#��ä'01���Ê����285.5GFlop/s�Ë

{�®:Üå 88%�¨k#!³)Ñ¼��
�h�»��249GFlop/s
¶

¨B

2. W�ªk#. 1500 {ç���ÜÔ���,mD�À���01��uR

"² 7Ö<=� ASCI Whiteã�1 8192{ç��B:I�Ë{��ä,

���·����,%�B

3. ;?"#�Iã��ª:L�ç��ÐÇ=5]��:ß NCSAK SDSCÐ

Ç� ¡�9J18t={��É,�,­r§L�\¼B

4. ��r§ó�,»��Xu NCSA K SDSC ÐÇk#� OC-12 �üÉ3�

�j�ä��ª:�(®� 3%�=J�"RE¼å�:B

P�uI�ÇÈ¶:dt Cactus!å"#�:��
��m�={�¡�B

10.6 ��

'h01��01�\/^z� 50�¬�]w�EF�©01=��#$�nQ�À

���01�âD��=�Ñ�01=�B?:�01��¼�.Bqg��01j�¼@

A�¼��m¼���·8���j���ÊÊ,����01�mú1�Ü=ï¡°mG

�.01�\,��'�B

,^�ä,:#��g��01��9/=Úã�8.���¶�ÀÝ
=vKÇ>�

>ÆqÈñòÚ�BKÇ>�>=5��Z1������#ò��¯°ÄÅ&'���Ê�

#ê"�1��"����ñ��­B§Õ�/æ �óO��K¼�ë�:,¦ÎÏ��

=51\ë�ÔB

�_FG.�{@�������01"#C={:íîïð�§={:�LÔ�Bq

ÈØ�? Globus�,��:YE/ GlobusÐm¶1={"#|}~� CactusBCactus:�
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��01«±Kr¡'�·î���q��à­.Ý
��"#�D°B

���

1 ��/�ÜÔ«±01K�»�������B�

2 �?�����01ßÙ�±�$%:�>U5��

3 6Ó1�{"# A�BK C�qÈ�¸/,��ú'@A�$���(a)�(b)�(c)�(d)�

(e)K(f)�=�uyZ�C
@A "# A "# B "# C

< 1@ (a) (a) (b) (c) (e)

< 2@ (b) (c) (c) (d) (d) (f)

< 3@ (d) (e) (e) (a) (b)

1J1=Ì¯°�ã��Æ*V�8@Aú�/ 4@Ð��

Ñ �?ÛZ¶¼��jv=Ì¯°�ã�uv�Êq:�^3�

÷Bd={¡è�k��¯°ÄÅ�»¸ñ��B5�¡è�»é�¼Z1¦��T7

¯°�ã�	#IX§t4÷��B

4 SF Express #����M���m�]�÷� î�m�bkJ1���½�¦ �8

SF Express����t��q¶=5/ Globus�|éy����­�

5 Ûdt CactusT¥A��_:���
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���������	
��

�����W��Distributed Instrumentation System
:w ������/�û�.U

��W��}Ó ¡û'Kú����ûü�}¨���£#³����¯#��k#Bå

��^u11.1�ZFG�/��¼�ÐS�³Èã÷M]^��û'=���Óým���

��©R"���>��Ø,8M�ª���=�¾5�"#g.�ß��Æ�����W

��8.={()¼?��K1���W�BÍb�����W��!=�>§$%�I�

:��­�ö÷��Þø$%�:t4�.U��W��ññ:�÷����Ë�$%Æ/

11.2�FGB11.3�FG.={1Ò
�������W� XPortB

11.1��

ÇÈ  ¡�"tX�������É������­B

 ¡�"(Telemedicine):w:# ¡]�$% !01�$%}Ó�±!1>���

��qs-[27]C ¡RÊ(Remote Diagnosis)� ¡�"QR(Remote Consultation)� ¡¯

±(Distance Learning)� ¡�"����(Remote Medical Information Services)��B ¡�

",£1f?G�Ý ûc�"��á���D�¶¦ ]^ ¡QRK ¡¯±�ûü}

¨�"³~B

 ¡�"W�=�s- y¤��[28]C(1) ´Ê�Ú�k��³´�&'[�[�&

(¶(2)  ¡¼�W�!U5­�@�� ¡ù½W��k A û��ë���Ê B û�³

����&'È|!wx¶ (3)  ¡�É± (Teleradiology)KM«æÁ!]�W�

PACS(Picture Archiving and Communication System)W�B/Þ�¥ò XÃ«:={U5�R

Ê��B1. ¡�É±�|é�~ ûc��½³´ã¦ Æ�ÉÂb��­Y��<K

j�©�Ë�Kj�©��ëã¦ �êMb&'&(Bß PACS¦ Æ�±Âb&'1!

����¯�ûK ¡#��"|HB¦�� ¡�É±K PACS:�� ¡�"W��>

§$%B

 ¡�É±�ü1¤t¬�C�[29]BT�³È#?H�ä/�ûü��Mb�ä�_

�#�´�é� Xü�«�ÀYk#. 525üà]�´�! 945ü¨�»�´�§é�Ó

ý�+9
��´�ÂW�}Ó�Ô��»�Mb�»°D ��RÊ�=5B1970¬Y�

01�$%]�"8b$%�+ò����&. CTtÒ
�s- US�DSA�MR�


���8b$%�
�B1980¬Ò�/�äX³t 9600bits/s�¾X�m÷��ä 512>512

>8bits���­Âb�'hÂb¶,u��� Xü«��ä^¡#mF�©�üf¼.�

>U5�=@B� 1980¬ÒY��n#ÎÃW�D��«���­¡°¦fÊ 4090>4090

>12bits, ß01�­XÉü8bW� CR(computed radiography)��¦ ,�ü^�«Ë{

KÇ���89²­��­MbB§Õ�Ü�äm��DSÖ3��ä³¦f 44.736Mbits/sB

Z �¢"��ð^~Om� ¡�É±��l$%�ü8MB

hß� ¡�"£/	P
f;ë�D�~ ûck#����/Ç;n:����C

mö�"ä/QRKj? 1996¬µÝ]�ä;mö���©]����ûc³ª�©]^

ä/��QRB1997¬ 4í�ôõ�K�©]P;�±�ë]^�´QêW�t= K;

��&'.8��QR[30]B
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]å��ì\L�� ¡�"¶ ,»à!�7å�:�=�[:8�'��§=�[

:$%'�BÜ8�m�� ¡�"�!�©$%��"K��³´�@]�³\8�â¨B

§Õ�=5w5o.�Óý�k#Kº{Óý#=51�ç|é�̂ )ú'¶=5v#o.

�3É]�ü£BË�:­¡8 ¡�"�8��¨,y¶Ü$%m��u9 ¡�"��

�? Internet(I�: ��3É�)�Br�tq�à!Lm�����B©/,$����

ä�lÓÔm�¥Q¼������,Áï'�(u¼��c)�²1û'ú�K����'

��¶1ö÷ÞøK��È '����B$%'�u9�Êâ ·î� ¡�"�8�ã

Q��ë¾�Üß�Ùn��³@]åK�k��(Óý�³´�Mb��K�"�ã�)�

Ên �$�ÓÓ8�/Ë{ù�n�K¶Q&=@ë¾B

��/ ¡�"KÆ��Ë���BC��W��ÌÓý�ñ�¯°���}Ó��#

j���̧ ê"����c�}Óö÷����"ÞøKÈ ���/ÓýK ¡ÞøW�

ÐÇ}Ó�ä����ñ�¦´­K�p}Ó|é�|é� ¡���ú���8�×³´

ÐÇ��§B1.���|é� ¡�"W�ã¦ Íb/3É InternetÐm�ß,�v#

�#ü£��Ì���£#³ !�§³~#Æ�2}¨B

ý��¨;���±]W¨�c[\�WACN(West Anglia Cancer Network)^/Ïò&

'�?��� ¡�"÷��� 160�³�}Ó[\�"��[31]B�W�Æ|é��´Ê

��� !�ÉMb��"�ä�ÞøKÈ BI�û��W�Æ ¡9
�"Ô�01"

#¡è�ä��³ÚÂ&'���� �fÇ.îÄB1.�W��|é��³ã¦ ÊT

ý�[\�"���]^��9ß[\�ë�RÊK�"(uM 11-1[31]Z�)B

� 11-1 ��	�
�
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11.2�	
��
������

�������&'�"���=5��/µ�KKÇ>�}Ó|é[32]B�µ�ßÙ�

=51	a��ä����3��������#j���ä}Ó01�ÞøK]�� QoS

¼É�¶5}Óµ���������¶�KÇ>�ßÙ�=5}Ó]<��ö÷��Þø

W��9��äÍbÈ  Ù���������ú�01��O>&'¸ñùúK���

#�?ÄÅ�û'ú�(u QoS)|é��¯°K�Ê�}Ó���Ô�¼É���W���

c��}Ó|é ¡¼�K�§��"��V�Ô���B

11.2.1 ��������	
� HPSS

¤�:Z1�����W�Ø=5k#�?���ö÷ÞøW��ÐZ uI�::t

Ë���¤�ØQ²­�÷����ß�Ë���Ø=5Þø���ä|é�¸óû�û'�

Z k#��­ö÷ÞøW�:â¸h�ÉÊB

`S���'���­ö÷ÞøW�1¨��ÞøW�HPSS(High Performance Storage

System)K���ä'ÞøW� DPSS(Distributed-Parallel Storage System)��̀ S#/6��

�­�n�\÷�n¨�������(Data Grid)B

Ë�àÀFG=y HPSS�����j/< 12_FGB

³È�ö÷Þø�\K¨Xç��\�=�:J1���C1994 ¬��ÞøW��\

÷fÊ 10TB(1TB=1012 Bytes)�±²÷fÊ 10MB/s¶1997¬\÷fÊ 100TB�±²÷fÊ

100MB/s¶2000¬\÷fÊ 1PB(1PB=1015 Bytes)�±²÷fÊ 1GB/sB�/�³È²Cn¨

`¶E&�HPSS¯:åK�={�¡�B

HPSSò`Þ? 1993¬�;��Kr×ÖÏò6��`S�Ñ¼ 5{S�B@ç HPSS

ÏY��Of 20 �ë�s-P;��� DOE�P;;ë«±�ç NSF(National Science

Foundation)��01�Kj�A ,�(u IBM)�=�Ï ��KKM �±[33]BHPSS

`S�ü���n#B

HPSS:={�Õ­�ÞøW��45t¨��01²­�ö÷��(TB�� PB÷�)

}ÓQXÞø���ËÌ%�%âU�01�\] I/O ±²�\ÐÇ���(01�\4¬

}¨ 50%�ßÞø�\£t 20%)B

HPSS�45Ó0`¶:`ö÷���»/��­Þø�¨��01����01��

ö÷��úÐÇQX�sBXu�HPSS�» 1Gb/s�X°Ü�����9�È=���

¼�����¨�»°��"´ÊMb�sBHPSS1 yI�[34][35]C

1  ��tKj

HPSS "OK�Z101�KÞø+JØ89�9/��m���/}ÓE]=�E

ÐÇ89�s�B=ü^KÇ+JBHPSS �"OuM 11-2[36]Z�B¦ �¼�HPSS �

�: ��tKj�B
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� 11-2 HPSS�


2 ä'ç�

HPSSg���¥/�{+Jm�Ë�+Jä'�����:ß±²÷9ýË�+J±

²÷ÐKB

3 |éî�Ò§

HPSS|éî����Ò§ìì�?=ÕÒ§�5�Lµ�8�5���Êî�ÝÞÐ

S����Üß¼·.����c�B

4 Ô<­

HPSS:=��>Ô<��ò�4{Ô<wk={j��Ô<ÐÇ:¥8ò� API}

Ó¯#9��¦ ª±/�=�Pòk#B ;?��Ô<­�¦ â\¼û&ØåK��

>Ô<�#¦ â�¯ûg HPSS���ñ
ÊåF����W�KB

5 ¦Ì5�

HPSS,=5IïÒ§W��|é�q# ANSI C�d�¯# POSIX���:ß¦ ú

'/Þ�~�mB

6 ¦J��

HPSS ���¶¦ ñ�J��÷Þ�"ÆÑ�����È=���ÈÉ��ç
Ê

HPSS���Þø�K�Üß��,ÊEF�"#=�B

Ñ Ñ àÙÐ��?�����W�ßÙ�HPSS�»}Ó¨�����-pKÞø��ìì

\÷¨f PB÷��±²÷¨f GB/s÷�B

11.2.2�
���

/�����W�K������n�����ú�����Þø����01��¦

´­h{��ÌÓÔ�¥?�û�=5&'�¢�¯K���Ë�r§¦ ;��?�û�
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Ò�¡è��8B�.�8Iï���Õ�Ò�¡è�À��¢��ùú&'|éB

R���W�¼�ÈÉ"�ññâDM°±�¼.'��mE=5_µâ��"ÇK¥

\¬�M°BR���W����yë"�;?�����æ �K,Áï��ññâDE

ÊW��ÀÁZ/BË"�ã=5Ò�¡èwkÚ���ùú�j��qÈ�"ÚÂy4{

1ì/~O�î>�t�¢��"ùú}Ó|éBç?W���$�X5�Ò�¡è�¶=

5�D�>§��@�§yÚÂ�|é�W�����pK¯cB

11.2.3���������

�����W������()æ �q�!�¸,��O�X?,�û���{��

EK�{@]E�ß�,��ÓÔÞ¦.,��³k#��wï.,��4ÍBéh�,¦

�³r�84=Õ�4�#,¦�`#�ª51={�óã]'BµB

�� �·î+�:`Z1ÓÔ��1Eå¬���4LÁ�wï��4³�#��!�

k#S}�BW���û'ú��>kl��Z1Ë��4LÁ�ä/#�
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