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1 HP Superdome ÑÑÑÖÖÖìììVVVããã

¥I�ÆEâ�Æ�?$�¥%���S��z�¸�O�Uå�z¦ 1920 ·

g HP Integrity Superdome ÑÖì£±e{¡ Superdome ÑÖì¤u 2003 cï¤§

�o�§z��äNëê�µ

• 32 � 1.5GHz Itanium 2 Madison 64  ?nì§Ù¥ 01 - 03 ÒÅ�z��

� 64GB S�§04 Ò��� 128GB S�

• �;µSAN p��äë� 4TB Nþ� HP EVA8000

• ¸�O�Uåµz¦ 3840 ·g

• ö�XÚµHP-UX

• ?ÈìµHP aC/C++ Fortran ?Èì

• êÆ¼ê¥µHP MLIB

• ¿1�¸µHP MPI§|± MPI §S¶|±��S��§S§'X OpenMP

• ��+nµPlatform LSF

��HÌ�òé3 Superdome ÑÖìþ?1?È±9$1����Ä�0�§

�[&E�ëw�A��H§��¥%�ò�^rI�Jø7��Eâ|±"

2 ^̂̂rrr���¹¹¹���©©©���DDDÑÑÑ

SuperdomeÑÖìö�XÚ� HP UX 11i V2 B.11.23§^rI± ssh½ telnet�ª

�¹þdXÚ�?1?È!$1�ö�£ïÆæ^ ssh �Æ§^r3 MS Windows e

�|^ putty1 �|± ssh �Æ�^�?1�¹¤§^rêâK�±|^ ftpÚ sftp �

Æ?1DÑ£ïÆ3�rà��¦^S�� sftp �Æ¤"

^r�¹?5�%@� shell � /usr/bin/sh§�±|^ rlogin �¹�+n

!:(hpsadmin)þ$1 chsh ·-?U�gCU�� shell£bash SC3 /usr/lo-

cal/bin/bash¤§?U�è�±3�¹!:(hpsuser)þ$1 yppasswd ·-£|

^ passwd ·-3�¹!:þ?U�èÃ�¤"

1putty e1µhttp://scc.ustc.edu.cn/download/putty.exe
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HP-UX � UNIX XÚ��«§�±^ man ·-£5¿ L«��¤½ö·-

\ -h ½ –help �À�5�wT·-��[^{§�[&E�ë� HP-UX Ãþ§��

ë��� UNIX Ú Linux Ãþ"

HP-UX�']�µhttp://scc.ustc.edu.cn/docs/doc-main.php?id=superdome
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3 GGG111999 OpenMP §§§SSS???ÈÈÈ

SuperdomeÑÖìþ�$1 C/C++!Fortran�G1§S§±9�OpenMPÚMPI(

Ü�¿1§S"?È�§^r�I�3�¹!:þ±�A�?È·-ÚÀ�?1?È

=�"�cSC�?È�¸�µ

• C/C++ ?ÈìµHP aC++ Compiler for Linux

• Fortran ?ÈìµHP Fortran Compiler for Linux

• MPI ¿1�¸µHP MPI

�!Ì�0�G1§SÚ OpenMP §S�?È§MPI �?Èò3�¡0�"

3.1 C/C++ §§§SSS���???ÈÈÈ

3.1.1 HP aC++/HP C ???ÈÈÈììì{{{000

HP aC++/HP C?Èì´�é HP-UX²��p5U�p??Èì§�^umu

E,��?1�þO��§S§��é Fortran §S?1�ómN^§�cSC��

�� A.06.10"HP aC++ ?Èì|± C++ ?§�ó� ISO/IEC 14882 IO§SC8

¹3 /opt/aCC"HP ANSI C ?Èì|± ANSI ?§�ó C � ISO 9899:1990 IO"

HP aC++/C ?ÈXÚÌ��¹e¡�SNµ

• aCCµ?È C++ §S

• ccµ?È C §S

• c89µ?ÈÎÜ C89 IO� C §S

• c99µ?ÈÎÜ C99 IO� C §S

,	�
 HP aC++ ·-�µ

• C++filtµ¶i�£O?èì§§¢y¶i£O?è�{£?è¼ê¶!a¶9

ëêÚ¶i¤

• ldµó�ì§ó���1©�ÚMï��¥
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HP aC++ $1�¥µ

• C++ IO¥µ

– /usr/lib/hpux32/libstd.so£32  ����¤

– /usr/lib/hpux32/libstd.a£32  ����¤

– /usr/lib/hpux64/libstd.so£64  ����¤

– /usr/lib/hpux64/libstd.a£64  ����¤

• C++ |±¥µ

– /usr/lib/hpux##/libCsup.so

– /usr/lib/hpux##/libstd.so

– /usr/lib/hpux##/libstd v2.so

– /usr/lib/hpux##/librwtool.so

– /usr/lib/hpux##/librwtool v2.so

– /usr/lib/hpux##/libstream.so

Ù¥ ## � 32 ½ 64§�kéA� .a ©�§� HP-UX Ø%XÚ��Ü©"

• C++ IO¥µ

– /usr/lib/hpux32/libstream.so£32  ����¤

– /usr/lib/hpux32/libstream.a£32  ����¤

– /usr/lib/hpux64/libstream.so£64  ����¤

– /usr/lib/hpux64/libstream.a£64  ����¤

ù
¥¼ê�Þ©���3 /opt/aCC/include"

3.1.2 ÑÑÑ\\\ÑÑÑÑÑÑ©©©������MMM���aaa...���'''XXX

©���M�a.�'X�L 1"
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L 1: Ñ\©��M�a.�'X

©�¶ )º Ä�

filename.c C ©� D�?Èì

filename.C C++ ©� D�?Èì

filename.a

filename.so
¥©� D4�ó�ì

filename.i ý?n©� D4�IOÑÑ

filename.o 8I©� D4�ó�ì

filename.s ®?©� D4�®?ì

3.1.3 aCC ???ÈÈÈÞÞÞ~~~

• ?È¿�½)¤���1©�¶µ

aCC -o prog prog.C

• ?È¤�NÁ���1©�µ

aCC -g prog.C

• �?È¤8I©�Øó�µ

aCC -c prog.C

• ó�8I©�¤��1©�µ

aCC file1.o file2.o file3.o

• ?È¤ O2 ?O`z���1©�§¿w«�[?È&Eµ

aCC -O2 -v prog.C

• ?È)¤��¥µ

aCC +z -c prog.C

aCC -b -o mylib.sl prog.o

1�1?Èò �Ã'�è(PIC)?È?8I©�§1�1ò��1�è?È?

��¥ mylib.sl"
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3.1.4 ���???ÈÈÈÀÀÀ���

���?Èì± - m©L«À�ØÓ§HP aCC/C ?ÈìkÜ©Õk�À�

± + m©"

• -AC89µ± ANSI C89 oN�ª?È"

• -AC99µ± ANSI C99 oN�ª?È"

• -Aeµ¦ aC++ �� ANSI C ?Èì§¿O\
é HP C �ó�*Ð"

• -Ag++µ± GNU C++ oN�ª?È"

• -Agccµ± GNU C oN�ª?È"

• -bµ)¤Ä�ó�¥Ø´��1©�"

• -cµ=?È¤8I©�£.o ©�¤"

• -CµB�é5º¬¥�?1ý?n§I�� -tp é^"

• +dµ?È��NÁ§S�B�ÐmSé¼ê§Ã{3Sé¼êS��ä:NÁ

��~k^"

• +DDdata modelµdata model�±� 32Ú 64§©OL«?È¤ 32 (ILP32µint!

long!pointer � 32  )Ú 64  (LP64µint � 32  §long!pointer � 64  )�

��1©�§%@� 32  "5¿µXJØI� 64  Ï��m§Ø�?È

¤ 64  §64  �¬' 32  �ú"

• -Dname[=def]µ�½ý?n¥���ÎÒ¶"

• +DOosnameµ?È¤�éö�XÚ��`z���1©�§é�cXÚÃI�

½§½ö^ +DO11.23"

• +DSmodelµ?È¤�éM�XÚ�-NÝ��`z���1©�§é�cXÚ

ÃI�½§½ö^ +DSitanium2"

• -dynamicµ)¤Ä��½���1©�"

• -execµ¤k)¤�8I©�Ñ�^u)¤��1©�"
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• +e Ú -extµ+e Ú ext �d§L«|± 64  �ê£long long Ú unsigned long

long¤Ú #assert!#unassert ý?n�-"

• -fastµ²ï?È�m���z��§S��Ý�`z?O§� +Ofast �d"

• +FPmodeµ��§SéÄ�XÛÓ¼2:É~�$1�¸§��iÎéÄp

Ó§��B�pÓ§äN��wÃþ"

• -gµ�¹��NÁ&E"

• -g0µ�¹�ÜNÁ&E"

• -g1µ� -g aq�)��NÁ&E§�¬^,«�{±ü$E&E"

• +[no]gprofµ´ÄO�^ gprof ?1§SV�©Û8I©�"

• -Hµw«?È�Þ©��N^^S"

• +helpµw«·-��[^{"

• -ipoµ?1L§m`z(Interprocedural Optimizations-IPO)"

• -I<Þ©�8¹>µ�²Þ©��|¢´»"

• -I-µ� -I<Þ©�8¹>(Ü�±�²Þ©��|¢^SØ´¦^%@�|¢

^S"

• +inline level numµ�²Sé¼ê�Ðm?O§�±� 0 - 9"

• -L<¥8¹>µ�²¥�|¢´»"

• -lnameµ�²¤Ió��¥¶§X¥¶� libxyz.a§K�^ -lxyz �½"

• +noehµB�§S�~	?n"X�mdÀ�§§S¥� throw Ú try ¬���

�Ø"

• +[no]objdebugµ+objdebug À�¦�NÁ&E�;38I©�Ø´��1©

�¥§HP WDB NÁì�±Ö�8I©��ENÁ&E"+noobjdebug òNÁ

&E�;38I©�¥¿ó����1©�¥§HP WDB NÁì�±Ö���

1©��ENÁ&E"+objdebug �%@À�§é�§S5`§�±¯�ó�¿

~���1©����"
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• +O[no]openmpµ´Ä?È¤ OpenMP §S§%@� +Onoopenmp"

• +O<?O>µ�½`z?O§%@�+O2§-O�+O2�Ó§í�¦^"+O0B

�?Û`z¶+O1 �)©|`z!Ã��è�Ø!�¯�5þ©�!�-

NÝÚ½�`z`z¶+O2 3 +O1 Ä:þO\éü�©�¥�Ü¼ê�

`z¶+O3 �3 +O2 Ä:�þO\�¹3��©�¥�¤kf§S�`

z¶+O4 3 +O3 �Ä:þO\é��§S�`z"

• +O[no]allµ´Ä?1���U���5U�`z"

• +O[no]aggressiveµ´Ä?1-?`z"

• -Oµ�du +O2"

• +Ofastµ� -fast �d"

• +Ofasterµ' +Ofast �-?�`z§J,`z?O� O4"

• +Oprofile=[use|collect]µ?1Äu§SV�©Û�`z(Profile Based Optimiza-

tion)"

• +O[no]infoµ´Äw«`z&E"

• +O[no]report[=report type]µ´Äw«`z�w§report type�� loop!privateÚ all"

• +pµB�#N¤k�è¥�L�(�"

• -Pµ�k3·-1¥·¶�©�ØÚåÙ{�ã�ý?n�¦^"ò�)�M

� .i �éA©�"

• -Sµ?È¤®?�è©�Ø´8I©�"

• -tx,nameµ?È�^ name ?n x§x �±� a!c!C!f!l!p!u!x§©OL

«?n®?�§'X aCC -ta,/users/sjs/myasmb file.s"

• -Unameµ�Øý?n¥�,�½Â�ÎÒ"

• -vµw«�[?È&E"

• -Vµw«�[?Èì��&E"
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• -wµ?È�Øw«?Û´w§�w«�Ø"

• +wµ?È�w«?Ûk¦¯�´w§ØV\dÀ��{§%@Ì��w«�(

½�´w"

• +wendianµ�½�è¦^�´ little-endian �´ big-endian"

ïÆc[ww?ÈìÃþ¥'u§S`z�Ü©§AO´ IPO �Ü©§õ\ÿ

Á§ÀJ·ÜgC§S�?ÈÀ�±Jp5U"

3.1.5 C/C++ §§§SSS???ÈÈÈÞÞÞ~~~

• cc -o yourprog yourprog.c

ò C §S yourprog.c ?È���1§S yourprog"

• aCC -o yourprog yourprog.C

ò C++ §S yourprog.C ?È���1§S yourprog"

• cc -o yourprog-omp +Oopenmp yourprog.c

ò OpenMP � C §S yourprog-omp.c ?È���1§S yourprog-omp"

3.1.6 ���''']]]���

• ��¥%Ì�þ� HP aC++/C ANSI ?Èì©�µhttp://scc.ustc.edu.cn/

docs/doc-main.php?id=superdome

• HP aC++/C ANSI?Èì©�µhttp://docs.hp.com/en/dev.html#aC%2B%2B%

20for%20Itanium-based%20Systems

• HP aC++/C ANSI?ÈìØ�µhttp://forums11.itrc.hp.com/service/forums/

categoryhome.do?categoryId=150

3.2 Fortran §§§SSS���???ÈÈÈ

3.2.1 HP Fortran ???ÈÈÈììì{{{000

HP Fortran?Èì´�«�é HP-UXXÚ�p5U�p??Èì§|± Fortran

77/90/95§�^umuE,��?1�þO��§S§��é C/C++ §S?1�
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ómN^"HP Fortran ?ÈìSC3 /opt/fortran90 e§Fortran §S�?È·-

� f90"

3.2.2 ÑÑÑ\\\ÑÑÑÑÑÑ©©©������MMM���aaa...���'''XXX

Ñ\©���M�a.�'X�L 2"

L 2: Ñ\©��M�©�a.�'X

©�¶ )º

filename.f90 gd�ª� Fortran �è

filename.f �½�ª� Fortran �è

filename.F �½�ª� Fortran ©�§gÄ� Fortran ?Èìý?n�2�?È

filename.i90 .f90 ©�lý?n��)�gd�ªÑÑ

filename.i .f ©�lý?n��)��ªÑÑ

3.2.3 ���???ÈÈÈÀÀÀ���

���?Èì± - m©L«À�ØÓ§HP Fortran ?ÈìkÜ©Õk�À��

± + m©"

• +[no]autodblµ´ÄJ,�.!Ü6.Ú¢.��Ý� 8  §V°ÝÚEê.

� 16  "%@� +noautodbl"

• +[no]autodbl4µ´ÄJ,�.!Ü6.Ú¢.��Ý� 8  §Eê.� 16  §

�¿ØJ,V°ÝÚV°ÝEê."%@� +noautodbl4"

• -cµ=?È¤8I©�£.o ©�¤"

• +check=[all|none]µ´Äu�ê|eI§%@� +check=none"

• -cpp=[yes|no|default]µyes é¤k©�?1ý?n§default é¤k .F ©�?1

ý?n§no é¤k©�ÑØ?1ý?n"

• -[no]cpp keepµ�3½�Ñéý?n(J��3"XJ©�� file.F ½ file.f§

KÑÑ� file.i¶XJ©�� file.F90 ½ file.f90§KÑÑ� file.i90"
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• +DDdata modelµdata model�±� 32Ú 64§©OL«?È¤ 32 £ILP32µint!

long!pointer� 32 ¤Ú 64 £LP64µint� 32 §long!pointer� 64 ¤

���1©�§%@� 32 "5¿µXJØI� 64 §Ø�?È¤ 64 §64 

�¬' 32  �ú"

• +[no]Dlinesµ´Ä@�¤k1��� d ½ D m©�13?È��@��(²

1§%@� +noDlines§?È��@��5º1"

• -Dname[=def]µ�½ý?n¥���ÎÒ¶"

• +DOosnameµ?È¤�éö�XÚ��`z���1©�§é�cXÚÃI�

½§½ö^ +DO11.23"

• +DSmodelµ?È¤�éM�XÚ�-NÝ��`z���1©�§é�cXÚ

ÃI�½§½ö^ +DSitanium2"

• -execµ¤k)¤�8I©�Ñ�^u)¤��1©�"

• +externals=fileµ|^	Ü©� file �½�@��	Ü¼ê�¼ê¶"

• +[no]escapeµ´Äò \ w�� C aq�=ÂÎ§%@� +noescape"

• +[no]extend sourceµ´Ä*Ð©��°Ý� 254 �iÎ§%@�½�ª�

©�°Ý� 72§gd�ª©��°Ý� 132"

• +FPflagsµ��§SéÄ�XÛÓ¼2:É~�$1�¸§��iÎéÄpÓ§

��B�pÓ§äN��wÃþ"

• +[no]fp exceptionsµ´Ä#N2:É~"

• -gµ�¹��NÁ&E"

• +[no]gprofµ´ÄO�^ gprof ?1§SV�©Û8I©�"

• +i2µ?È�ò 4 i!��ê!Ü6~ê!SÜÚ^rCþ� 2 i!"

• +i8µ?È�ò 4 i!��ê!Ü6~ê!SÜÚ^rCþ� 8 i!"
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• +[no]implicit noneµ�½è¥vk�²a.�Cþ��½Â�´®½Â§%@

� +noimplicit none"ïÆ3�è¥V\ implicit none �é§±;�dua.

E¤��Ø"

• +O[no]infoµ´Äw«`z&E"

• +O[no]inlineµ��¤kf§S´ÄÑ�±Sé"

• -I<Þ©�8¹>µ�²Þ©��|¢´»"

• -I-µ� -I<Þ©�8¹>(Ü�±�²Þ©��|¢^SØ´¦^%@�|¢

^S"

• -L<¥8¹>µ�²¥�|¢´»"

• -lnameµ�²¤Ió��¥¶§X¥¶� libxyz.a§K�^ -lxyz �½"

• +langlvl=[90|default]µw«¤k Fortran 90 IO�	�*Ð´w&E§%@

� +langlvl=default #N*Ð"

• +moddir=directoryµ�� .mod ©����´»§%@3�c8¹e"

• +[no]onetripµ¤kdOê��� DO Ì����1�g§%@� +noonetrip"

• +[no]objdebugµ+objdebug À�¦�NÁ&E�;38I©�Ø´��1©

�¥§HP WDB NÁì�±Ö�8I©��ENÁ&E"+noobjdebug òNÁ

&E�;38I©�¥¿ó����1©�¥§HP WDB NÁì�±Ö���

1©��ENÁ&E"+objdebug �%@À�§é�§S5`§�±¯�ó�¿

~���1©����"

• +O[no]openmpµ´Ä?È¤ OpenMP §S§%@� +Onoopenmp"

• +O<?O>µ�½`z?O§%@�+O2§-O�+O2�Ó§í�¦^"+O0B

�?Û`z¶+O1�)©Ä�¬`z!©|`z!�-NÝ`z¶+O23+O1Ä

:þO\XÚ5þì©�!aACþÚrÝü$!Ï^fL�ª�Ø!Ì��

Cz�èÄ�!��/E�`z!�¦^Cþ�Ø!êâ6©Û!^�6Y�

ö�!IþO�Ú¦Ú5�`z�¶+O3 �3 +O2 Ä:�þO\L§m�`

z!�¹��ÚSéÚÌ�C�±JpS�5U§Ì��)Ì��KÜ��

15



�¶+O4 3 +O3 �Ä:þ�)^r�è�x0L«§¿������©�¥§

I� +Oprofile=use é^"

• +Ooptlevel=name1 [,name2. . . ]µéA½¼êü$`z?O� optlevel"

• +O[no]allµ´Ä?1���U���5U�`z"

• +O[no]aggressiveµ´Ä?1-?`z"

• -Oµ�du +O2"

• +[no]ppuµ´Ä3	Ü��ÎÒ��¡V\ey�§%@� +noppu§XJ?È

�w«éØ�¼ê¶�§éA�¼ê¶�¡key�§�±�ÄV\ +ppu À

�ww"

• +[no]pipelineµ´Ä?16Y�`z"

• +[no]profµ´ÄO�^ prof ?1§SV�©Û8I©�"

• +Oprofile=[use| collect]µ?1ÄuV��`z(Profile Based Optimization)"

• +O[no]optimizationµ¦^½öB�ýk½Â��«`zaO�iÎG optimiza-

tion ?1`z"

• -pµ�)^ prof ?1§SV�©Û8I©�"

• +pµÄulêâ¥©� flow.data uy�§SV�©Ûêâ?1`z"

• +pre include=fileµ?È�ýk�¹©� file"

• +pic=[short|long|no]µ?È¤�±\\��¥¥� �Ã'��è"��

^ +pic=short =�§�3Ñyêâó�LL��I�^ +pic=long"+z �d

u +pic=short§+Z �du +pic=long"

• +r8µò 4 i!�¢ê!SÜÚ^rCþC� 8 i!"

• -R4µ��¢êÚEê� 4 i!§�du +real constant=single"

• -R8µ��¢êÚEê� 8 i!§�du +real constant=double"
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• +real constant=[single|double]µ��%@�ü°Ý¢êÚEê�ü°Ý�´

V°Ý§%@�+real constant=single§dÀ�éu²((²�Cþ½^ +au-

todbl ½ +autodbl4 ?ÈÀ��½�CþÃ�"

• +[no]saveµ3f§S¥��/Cþ��´Ä�3"

• +[no]sharedµ��dó�ì)¤©��´ÄIP���§%@� +shared"

• +source=[fixed|free|default]µ�½©�´�½�ª�´gd�ª�§%@

� +source=default §d��ªd�Mû½µé .f90 §S�@��gd�ª�§

�M� .f Ú .F §S§K�@���½�ª�"

• -Sµ?È¤®?�è©�Ø´8I©�"

• -tx,pathµ?È�^ pathe�f?§?n x§x�±� a!c!C!f!l!p!u!x§

©OL«?n®?�§'X f90 -ta,/users/sjs/myasmb file.s"

• -Unameµ�Øý?n¥�,�½Â�ÎÒ"

• +[no]uppercaseµò¤k	Ü¼ê�¶iÑw�´���´���§%@

� +nouppercase"

• +usageµw«d?È·-��[^{"

• -vµw«�[?È&E"

• -Vµw«�[?Èì��&E"

• +versionµ�[w«?Èì��&E"

• +O[no]vectorizeµ´ÄéÌ�N^�þ¥§=3 +O3 9±þ`z?O�k�"

• +whatµ�[w«?Èì��&E§�)Ö¶Ò�"

• -wµ?È�Øw«?Û´w§�w«�Ø"

• +wµ?È�w«?Ûk¦¯�´w§ØV\dÀ��{§%@Ì��w«�(

½�´w"

• +zµ�du +pic=short"
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• +Zµ�du +pic=long"

ïÆc[ww?ÈìÃþ¥'u§S`z�Ü©§AO´ IPO!PGO Ú HLO Ü

©§õ\ÿÁ§ÀJ·ÜgC§S�?ÈÀ�±Jp5U"

3.2.4 Fortran §§§SSS???ÈÈÈÞÞÞ~~~

• f90 -o yourprog yourprog.f

ò�½�ª� Fortran §S yourprog.f ?È���1§S yourprog"

• f90 -o yourprog yourprog.f90

ògd�ª� Fortran §S yourprog.f90 ·�?È���1§S yourprog"

• f90 -o yourprog-omp +Oopenmp yourprog.f90

òOpenMP�gd�ª Fortran§S yourprog-omp.f90?È���1§S yourprog-

omp"

3.2.5 ���''']]]���

• ��¥%Ì�þ� HP Fortran ?Èì©�µhttp://sfc.ustc.edu.cn/docs/

doc-main.php?id=superdome

• HP Fortran ?Èì©�µhttp://docs.hp.com/en/dev.html#Fortran

• HP Fortran?ÈìØ�µhttp://forums11.itrc.hp.com/service/forums/categoryhome.

do?categoryId=150

3.3 OpenMP §§§SSS���???ÈÈÈ���$$$111

HP aC++/C Ú Fortran ?Èì|± OpenMP ¿1§�I�|^?È·-(

Ü +Oopenmp ?ÈÀ�?1?È=�§'Xµ

• cc -o yourprog-omp +Oopenmp yourprog.c

ò OpenMP � C §S yourprog-omp.c ?È���1§S yourprog-omp"

• f90 -o yourprog-omp +Oopenmp yourprog.f90

òOpenMP�gd�ª Fortran§S yourprog-omp.f90?È���1§S yourprog-

omp"
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OpenMP�$1��´3$1cÏL���¸CþOMP NUM THREADS5

��?§ê§'X3 bash ¥|^ export OMP NUM THREADS=2 ��½3 C

shell ¥|^ setenv OMP NUM THREADS 2 ��5^ 2 �?§$1"
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4 MPI ¿¿¿111���¸̧̧µµµHP MPI

SuperdomeÑÖìþSC�MPI�¿1�¸�HP MPI§SC3 /opt/mpie"HP

MPI ïá3 MPICH1 �þ§^{�Ä��Óu MPICH"

4.1 MPI ¿¿¿111§§§SSS���???ÈÈÈ

HP MPI �¹�?È·-Ì��µmpicc!mpiCC Ú mpif90§éu¿1§S§

©�a.Ú?È·-�éA'XXeµ

• mpicc -o yourprog-mpi yourprog-mpi.c

ò C �ó� MPI §S yourprog-mpi.c ?È���1§S yourprog-mpi"

• mpiCC -o yourprog-mpi yourprog-mpi.C

ò C++ �ó� MPI §S yourprog-mpi.C ?È���1§S yourprog-mpi"

• mpif90 -o yourprog-mpi yourprog-mpi.f

ò�½�ª� Fortran �ó� MPI §S yourprog-mpi.f ?È���1§

S yourprog-mpi"

• mpif90 -o yourprog-mpi yourprog-mpi.f90

ògd�ª� Fortran �ó� MPI §S yourprog-mpi.f90 ?È���1§

S yourprog-mpi"

HP MPI ¥�?È·-¢Sþ´N^ HP aC++/C Ú Fortran ?1?È§äN`

zÀ��§�ëw HP aC++/C Ú Fortran �Ãþ"

4.2 MPI ¿¿¿111§§§SSS���$$$111

3 Superdome ÑÖìþ§MPI ¿1§SI(Ü��NÝXÚ LSF ���J�

·- bsub 5$1§Ä�^{� bsub -q queue1 -o log -e err file -a hpmpi -n 4

./yourprog-mpi§7LV\ -a hpmpi À�±L«¦^ HP MPI ¿1�¸§�[^{

ò3��NÝÜ©?1`²"
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4.3 MPI ¿¿¿111§§§SSSNNNÁÁÁ

ÑÖì"y;��¿1§SNÁóä§¿1§S�NÁ��5`�U|^�<�

é5ÅÚ½ �Ø§ïÆ|^¦þ��?§ê5NÁ±�B?1Jl"

4.4 ���''']]]���

• ��¥%Ì� HP MPI ©�µhttp://scc.ustc.edu.cn/docs/doc-main.php?

id=superdome

• HP MPI©�µhttp://docs.hp.com/en/dev.html#Developer%20Tools%20and%

20Libraries

• HP MPIØ�µhttp://forums11.itrc.hp.com/service/forums/categoryhome.

do?categoryId=150

• MPICH1Ì�©�µhttp://www-unix.mcs.anl.gov/mpi/mpich1/download.html
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5 êêêÆÆÆ¼¼¼êêê¥¥¥µµµHP MLIB

Superdome ÑÖìþSC�êÆ¼ê¥Ì�k HP p5UêÆ¥(MLIB)§^r

�±��N^§±Jp5U!\¯mu"

5.1 MLIB ÌÌÌ���SSSNNN

MLIB Ì��¹8�|¤Ü©µ

• VECLIBµ�¹Ä��5�ê¥(BLAS)ÚFá�C�§S(FFT)

• LAPACKµ�5�ê¥

• ScaLAPACKµ�*Ð5�5�ê¥

• SuperLUµ�¹©ÙªlÑ�5XÚ¦)¥(Sparse Linear System)

• SOLVERSµ�¹��lÑ�5XÚ¦)¥(Direct Sparse Linear System Solvers)Ú

ãy©§S(Graph Partitioning)§�^ué¡õ?ne�XÚ"

• VMATHµ�þêÆ¥(Vector Math Routines)§�¹ C!C++ Ú Fortran 90 ~

^��
IþêÆ¼ê"©�ü�¥µ4 i!�ê� VMATH Ú 8 i!�ê

� VMATH8"

5.2 MLIB 888¹¹¹SSSNNN

MLIB �Ì�8¹SNXe�L 3"

5.3 óóó��� MLIB

e¡± VECLIB �~0�3§S¥ó� MLIB ¥§Ù{¥aq"

kA«�ª�±ó� VECLIB§Ï~�±3 f90!cc!c89 ·-¥|^ -lveclib À

���ó�§%@ó� 32  �¥"�¹k -aarchive shared À��ó������

¥(.a)"XJd¥Ø�3§K}Áó���¥(.so)"XJ�¹k -aarchive shared Ú -

ashared archive§ò%@ó���¥"
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L 3: MLIB 8¹SN

8¹ )º

<MLIB dir> MLIB Ì8¹µ/opt/mlib

<MLIB dir>/lib/hpux32/liblapack.# 32   LAPACK ¥

<MLIB dir>/lib/hpux32/libscalapack.# 32   ScaLAPACK ¥

<MLIB dir>/lib/hpux32/libsolvers.# 32   SOLVERS ¥

<MLIB dir>/lib/hpux32/libsuperlu dist.# 32   SuperLU ¥

<MLIB dir>/lib/hpux32/libveclib.# 32   VECLIB ¥

<MLIB dir>/lib/hpux32/libvmath.# 32   VMATH

<MLIB dir>/lib/hpux64/liblapack# 64   LAPACK ¥

<MLIB dir>/lib/hpux64/liblapack8# 64   8 i!�ê LAPACK ¥

<MLIB dir>/lib/hpux64/libscalapack# 64   ScaLAPACK ¥

<MLIB dir>/lib/hpux64/libscalapack8# 64   8 i!�ê ScaLAPACK ¥

<MLIB dir>/lib/hpux64/libsolvers# 64   SOLVERS ¥

<MLIB dir>/lib/hpux64/libsolvers8# 4   8 i!�ê SOLVERS ¥

<MLIB dir>/lib/hpux64/libsuperlu dist# ©Ùª 64   SuperLU ¥

<MLIB dir>/lib/hpux64/libsuperlu dist8# ©Ùª 64   8 i!�ê SuperLU ¥

<MLIB dir>/lib/hpux64/libveclib# 64   VECLIB ¥

<MLIB dir>/lib/hpux64/libveclib8# 64   8 i!�ê VECLIB ¥

<MLIB dir>/lib/hpux64/libvmath# 64   VMATH

<MLIB dir>/lib/hpux64/libvmath8# 64   8 i!�ê VMATH

<MLIB dir>/share/man/man3.Z man 3�©�

<MLIB dir>/include ¤I��Þ©�

Ù¥ # �±� a!so§©OéA·�Ú��ó��¤I��¥©�"
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• Ä�ó��ªµ

– f90 [options] file . . . -Wl,-aarchive shared -lveclib

– cc [options] file . . . -Wl,-aarchive shared -lveclib -lcl -lm

– aCC [options] file . . . -CWl,-aarchive shared -lveclib -lcl -lm

• �²¥´»�ó��ªµ

– f90 [options] file . . . /opt/mlib/lib/[hpux32|hpux64]/libveclib.a

– cc [options] file . . . /opt/mlib/lib/[hpux32|hpux64]/libveclib.a -lcl -lm

– aCC [options] file . . . /opt/mlib/lib/[hpux32|hpux64]/libveclib.a -lcl -lm

XJ^ -libveclib.so �O -libveclib.a§Kò¦^�����¥"

• � Wl,-aarchive shared,L/opt/mlib/lib/[hpux32|hpux64] (Ü¦^µ

– f90 [+DD32|+DD64] [options] file . . .Wl,-aarchive shared,L/opt/mlib/lib/[hpux32|hpux64]

-lveclib

– cc [+DD32|+DD64] [options] file . . .Wl,-aarchive shared,L/opt/mlib/lib/[hpux32|hpux64]

-lveclib -lcl -lm

– aCC [+DD32|+DD64] [options] file . . .Wl,-aarchive shared,L/opt/mlib/lib/[hpux32|hpux64]

-lveclib -lcl -lm

• �� LDOPTS�¸Cþ�¹ -aarchive shared,L/opt/mlib/lib/[hpux32|hpux64]±

ó�§'X export LDOPTS=”-aarchive shared,-L/opt/mlib/lib/hpux32”§,�

^ -lveclib À�ó�µ

– f90 [options] file . . . -lveclib

– cc [options] file . . . -lveclib -lcl -lm

– aCC [options] file . . . -lveclib -lcl -lm

• |^+DD64À�ó�VECLIB8¥)¤ 64 ��1§S§¿�(Ü+i8!+autodblÚ+au-

todbl4µ

– f90 +DD64 +i8 [options] file . . .Wl,-aarchive shared -lveclib8
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– cc +DD64 [options] file . . .Wl,-aarchive shared -lveclib8 -lcl -lm

– aCC +DD64 [options] file . . .Wl,-aarchive shared -lveclib8 -lcl -lm

Ù{ LAPACK!ScaLAPACK!©Ùª SuperLU!SOLVERS Ú VMATH§aq

�±©OÏL -llapack!-lveclib!-lscalapack!-lsuperlu dist!-lsolvers!-lvmath ½ -

llapack8!-lveclib8!-lscalapack8!-lsuperlu dist8!-lsolvers8 lvmath8 �ó�§äN�

�w HP MLIB Ãþ"

5.4 ���''']]]���

• ��¥%Ì�� HP MLIB ]�µhttp://scc.ustc.edu.cn/docs/doc-main.

php?id=superdome

• HP MLIB©�µhttp://docs.hp.com/en/dev.html#Developer%20Tools%20and%

20Libraries

• HP MLIBØ�µhttp://forums11.itrc.hp.com/service/forums/categoryhome.

do?categoryId=150
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6 ������+++nnnXXXÚÚÚ

Superdome ÑÖì|^ Platform úi� LSF ?1]Ú��+n§¤kI�$

1���þ7LÏL��J�·- bsub J�§J���|^�'·-�Î��G�

�"�
|^ bsub J���§I�3 bsub ¥�½�À�ÚI��1�§S"

5¿µ

• Ø�3�¹!:��$1£?ÈØ	¤§±�K�Ù{^r��~¦^

• XJØÏL��NÝXÚ��3O�!:þ$1ò¬�io?§��àK

6.1 JJJ���������µµµbsub

^rI�|^ bsubJ���§ÙÄ��ª� bsub [options] command [argu-

ments]§Ù¥ options Ú arguments ©O����è�!CPU ê��À�Ú����

¤I��ëê§e¡ò�Ñ~^�A«J��ª"

6.1.1 JJJ������AAA½½½èèè���µµµbsub -q

SuperdomeÑÖì���e�§�o�§z�¹k 32� Itanium2 CPU§Ù¥ 01

- 03 ÒÅ� 64GB S�§04 ÒÅ 128GB S�"|^ -q À��±�½J��=�è

�§yk�è�©�üaµ

• queue1 - queue7µ©OéAA�:Æ�§�káud:Æ��^râ�¦^

éA�è�§äNéA'X§�5¿�¹��J«"

• idleµ?Oé$�è�§?Û^r�¦^§��$1��Ó^�Æ��s]§

��ÓÆ�I¦^�§ògÄ!å§ïÆ$1���§idle è��äNüÑ¬�

â$1�¹?1N�§�[&E�±|^ bqueues �w"

'X�J�� queue1 è�$1G1§S executable1§�±µ

bsub -q queue1 executable1

XJJ�¤õ§òw«aqe¡�ÑÑµ

Job <79722> i s submitted to d e f au l t queue <queue1 >.

Ù¥ 79722 �d�����Ò§±��|^d��Ò5?1�Î9ª��ö�"

26



6.1.2 ���²²²¤¤¤III������ CPU êêêµµµbsub -n

|^ -n À��½��½¤I�� CPU ê£Superdome ÑÖì��#N$1�ü

��� CPUê� 16¤§'Xe¡�½|^ 4� CPU£d -n 4�½¤$1MPI£d -a

hpmpi �½¤§Sµ

bsub -q queue1 -a hpmpi -n 4 executable-mpi1

6.1.3 $$$111 MPI ������µµµbsub -a hpmpi

XJI�$1 MPI ��§I�V\ -a hpmpi À�§¿^ -n À��½¤I

� CPU ê§'Xe¡�½|^ 16 � CPU $1 MPI §S executable-mpi1µ

bsub -q long -a hpmpi -n 16 executable-mpi1

6.1.4 $$$111������SSS���������µµµbsub -n

SuperdomeÑÖì���S�e�§�±$1��S��§S§'X OpenMP§

S§���� OpenMP ¤I���¸Cþ OMP NUM THREADS � -n �½

� CPU ê�Ó=�£Superdome ÑÖì��#N$1�ü��� CPU ê� 16¤§

'Xe¡�½|^ 4 � CPU£d -n 4 �½¤$1 OpenMP §Sµ

bsub -q queue1 -n 4 executable-omp1

6.1.5 ���²²²ÑÑÑÑÑÑ!!!ÑÑÑÑÑÑ©©©���$$$111µµµbsub -i -o -e

���Ñ\©�!�~¶4ÑÑ��©�Ú�Ø¶4ÑÑ�©��±|

^ -i!-o Ú -e À�5©O�½§$1��±ÏL�w�½�ù
ÑÑ©�5

�w$1G�"'X�½ executable1 �Ñ\!�~Ú�Ø¶4ÑÑ©�©O

�µexecutable1.input!executable1.log Ú executable1.errµ

bsub -q queue1 -i executable1.input -o executable1.log -e executable1.err

executable1

6.2 ªªª���������µµµbkill

|^ bkill ·-�±ª�,�$1¥½öüè¥���§'Xµ

bkill 79722

$1¤õ�§òw«aqe¡�ÑÑµ
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Job <79722> i s be ing terminated

6.3 !!!ååå������µµµbstop

|^ bstop ·-���!å,���±4O���k$1§~Xµ

bstop 79727

$1¤õ�§òw«aqe¡�ÑÑµ

Job <79727> i s be ing stopped .

d·-�±òü3è�c¡�����!å§±4�¡���k$1"ïÆ

Ø��Bé$1¥���?1!åö�§XJ$1¥���Ø2�UY$1§�

^ bkill ª�"

6.4 UUUYYY$$$111���!!!ååå���������µµµbresume

|^ bresume ·-�UY$1,�!å,���§~Xµ

bresume 79727

$1¤õ�§òw«aqe¡�ÑÑµ

Job <79727> i s be ing resumed .

6.5 ���������������kkk$$$111µµµbtop

|^ btop ·-��k$1üè¥�,���§~Xµ

btop 79727

$1¤õ�§òw«aqe¡�ÑÑµ

Job <79727> has been moved to po s i t i o n 1 from top .

6.6 ������������������$$$111µµµbbot

|^ bbot ·-��½��$1üè¥�,���§~Xµ

bbot 79727

$1¤õ�§òw«aqe¡�ÑÑµ
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Job <79727> has been moved to po s i t i o n 1 from bottom .

6.7 ???UUUüüüèèè¥¥¥���������ÀÀÀ���µµµbmod

|^ bmod ·-�?Uüè¥�,����À�§'X�òüè¥�$1��

Ò� 79727 �����1·-?U� executable2 ¿��� queue1 è�§�±µ

bmod -Z ”executable2” -q ”queue1” 79727

Parameters o f job <79727> are being changed .

6.8 ���www���������üüüèèèÚÚÚ$$$111���¹¹¹µµµbjobs

|^ bjobs �±�w���$1�¹§'Xk=
��3$1§=
3üè§,

���$13=�!:þ§±9��ovk$1�§~Xµ

bjobs

JOBID USER STAT QUEUE FROM HOS EXEC HOST JOB NAME SUBMIT TIME
79726 hmli RUN queue1 hpsuser 2∗hpsd01 ∗ executab1 Apr 27 19 :20
79727 hmli PEND i d l e hpsuser ∗ executab2 Apr 27 19 :20

þ¡w«�� 79726 3$1§3 hpsd01 þ$1 2 �?§¶�� 79727 ?uü

è¥§ÿ�$1§�w�$1��Ï�±|^µ

bjobs -l 79727µ

Job Id <79727>, User <hmli >, Pro j e c t <de fau l t >, Status <PEND>,
Queue <i d l e > , Command <executab2>

Sun Apr 27 1 4 : 1 5 : 0 7 : Submitted from host <hpsuser >,
CWD <$HOME>, Requested Resources <type==any && swp>35>;
PENDING REASONS:
SCHEDULING PARAMETERS:

r15s r1m r15m ut pg i o l s i t tmp swp mem
loadSched − 0 .7 1 .0 − 4 .0 − − − − − −
loadStop − 1 .5 2 .5 − 8 .0 − − − − − −

6.9 ���www$$$111¥¥¥���������¶¶¶444���~~~ÑÑÑÑÑÑµµµbpeek

|^ bpeek ·-��w$1¥���¶4�~ÑÑ§~Xµ
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bpeek 79727

<< output from stdout >>

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
Radius (nm) : 300 .000

XJ3$1¥^ -o Ú -e ©O�½
�~Ú�Ø¶4ÑÑ§K�±ÏL���w

�½�©��SN5�w¶4ÑÑ"

6.10 ���www���!!!:::���$$$111���¹¹¹µµµlsload

|^ lsload ·-��w�c�!:�$1�¹§~Xµ

lsload

HOST NAME sta tu s r15s r1m r15m ut pg l s i t tmp swp mem
hpsuser ok 1 .0 1 .0 1 .0 0% 1 .7 0 174 56G 1878M 762M
hpsadmin ok 1 .0 1 .0 1 .0 0% 0 .0 0 53035 57G 2044M 650M
hpsd01 ok 17 .0 17 .0 17 .1 50% 0 .0 0 9480 54G 4096M 50G
hpsd03 ok 22 .2 21 .9 22 .0 65% 157 .9 0 52864 54G 4096M 58G
hpsd02 ok 27 .8 28 .5 29 .1 90% 11 .1 0 53024 26G 4096M 45G
hpsd04 ok 30 .5 30 .0 28 .8 88% 339 .2 0 53024 50G 4096M 99G

ut �L«|^Ç"

6.11 ���www���!!!:::������sss���¹¹¹µµµbhosts

|^ bhosts ·-��w�c�!:��s�¹§~Xµ

bhosts

HOST NAME STATUS JL/U MAX NJOBS RUN SSUSP USUSP RSV
hpsadmin c l o s ed − 2 0 0 0 0 0
hpsd01 ok − 32 16 16 0 0 0
hpsd02 c l o s ed − 32 32 32 0 0 0
hpsd03 ok − 32 21 21 0 0 0
hpsd04 ok − 32 30 30 0 0 0
hpsuser ok − 2 0 0 0 0 0

STATUS �¥� ok L«�±�Â#��§closed L«®²�Ó÷"

6.12 ���wwwèèè������¹¹¹µµµbqueues

|^ bqueues �±�wykè�&E§~Xµ
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bqueues

QUEUENAME PRIO STATUS MAX JL/U JL/P JL/H NJOBS PEND RUN SUSP
queue1 53 Open : Active 32 8 − − 88 72 16 0
queue2 43 Open : Active 16 − − − 0 0 0 0
queue3 43 Open : Active 16 − − − 32 16 16 0
queue4 43 Open : Active 16 − − − 48 32 16 0
queue5 43 Open : Active 16 − − − 13 0 13 0
queue6 43 Open : Active 16 − − − 14 0 14 0
queue7 43 Open : Active 16 − − − 16 0 16 0
normal 30 Closed : Act ive − 6 − − 0 0 0 0
i d l e 10 Open : Active 8 8 − − 8 0 8 0

Ù¥§Ì���¹Â�µ

• QUEUE NAMEµè�¶

• PRIOµ`k?§êi��`k?�p

• STATUSµG�"Open:Active L«®-¹§�¦^¶Closed:Active L«®'

4§Ø�¦^

• MAXµè�éA��� CPU ê§- L«Ã�§±eaq

• JL/Uµü�^rÓ��±$1� CPU ê

• NJOBSµüè!$1Ú�!å�o��¤Ó� CPU ê

• PENDµüè¥���¤I� CPU ê

• RUNµ$1¥���¤Ó� CPU ê

• SUSPµ�!å���¤Ó� CPU ê

6.13 ���www^̂̂rrr&&&EEEµµµbuser

|^ buser �±�w^r&E§~Xµ

busers hmli

USER/GROUP JL/P MAX NJOBS PEND RUN SSUSP USUSP RSV
hmli − − 40 32 8 0 0 0
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6.14 ���''']]]���

• ��¥%Ì�� LSF]�µhttp://scc.ustc.edu.cn/docs/doc-main.php?id=

superdome

• Platformúi LSF]�µhttp://www.platform.com/Products/platform-lsf-family
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7 EEEâââ|||±±±

¥I�ÆEâ�Æ�?$�¥%Ì��µhttp://scc.ustc.edu.cn"�?$�¥

%ò�^rJø�A�Eâ|±§XkI��éXµ

o¬¬

• >{µ0551-3602248

• >eµhmli@ustc.edu.cn
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