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䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹®®®® Cluster Studio XECluster Studio XECluster Studio XECluster Studio XE 2012201220122012
䜽䝷䝇䝍䞊䝅䝇䝔䝮䜽䝷䝇䝍䞊䝅䝇䝔䝮䜽䝷䝇䝍䞊䝅䝇䝔䝮䜽䝷䝇䝍䞊䝅䝇䝔䝮ྥྥྥྥ䛡䛾䛡䛾䛡䛾䛡䛾⥲ྜ㛤Ⓨ⥲ྜ㛤Ⓨ⥲ྜ㛤Ⓨ⥲ྜ㛤Ⓨ䝒䞊䝹䝒䞊䝹䝒䞊䝹䝒䞊䝹

LibraryLibraryLibraryLibrary

AnalyzerAnalyzerAnalyzerAnalyzer
䜽䝷䝇䝍䞊 䝅䝇䝔䝮ྥ䛡䚸䝅䞁䜾
䝹䝜䞊䝗ྥ䛡䛾ᛶ⬟ゎᯒ䝒䞊䝹䚹
䝟䝣䜷䞊䝬䞁䝇ၥ㢟䜢䜾䝷䝣䜱䜹䝹
䛻⾲♧

ᩘ್₇⟬䝷䜲䝤䝷䝸䞊: 䜲䞁䝔䝹® MKL
᭱㐺䛥䜜䛯MPI: 䜲䞁䝔䝹® MPI
C++ྥ䛡୪ิ䝷䜲䝤䝷䝸䞊: 䜲䞁䝔䝹® TBB
䝬䝹䝏䝯䝕䜱䜰䝷䜲䝤䝷䝸䞊: 䜲䞁䝔䝹® IPP

CompilerCompilerCompilerCompiler

᭱㐺䚸୪ิ䛾䛯䜑䛾 C/C++䚸Fortran 䝁䞁䝟䜲䝷䞊
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䝗䜻䝳䝯䞁䝖䝗䜻䝳䝯䞁䝖䝗䜻䝳䝯䞁䝖䝗䜻䝳䝯䞁䝖ซซซซ䚸䚸䚸䚸⏝ㄒ⏝ㄒ⏝ㄒ⏝ㄒ

icc 䜲䞁䝔䝹® C ࣮ࣛࣃࣥࢥ

icpc 䜲䞁䝔䝹® C++ ࣮ࣛࣃࣥࢥ

ifort 䜲䞁䝔䝹® Fortran 䝁䞁䝟䜲䝷䞊

mpiicc mpicc 䛾䜲䞁䝔䝹® C++ 䝁䞁䝟䜲䝷䞊∧

mpiicpc mpic++, mpicxx 䛾䜲䞁䝔䝹® C++ 䝁䞁䝟䜲䝷䞊∧

mpiifort mpif77,mpif90 䛾䜲䞁䝔䝹® Fortran 䝁䞁䝟䜲䝷䞊∧

<Install dir> ྛ〇ရ䛾䜲䞁䝇䝖䞊䝹䝕䜱䝺䜽䝖䝸䞊
: <VTune Install dir> = /opt/intel/vtune_amplifier_xe/
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䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹®®®® Cluster Studio XE 2012Cluster Studio XE 2012Cluster Studio XE 2012Cluster Studio XE 2012 䛾䛾䛾䛾ᵓᡂヲ⣽ᵓᡂヲ⣽ᵓᡂヲ⣽ᵓᡂヲ⣽
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䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹® C++䚸䚸䚸䚸Fortran 䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊䛾䛾䛾䛾≉㛗≉㛗≉㛗≉㛗

• 䜲䞁䝔䝹䛚䜘䜃䚸䜲䞁䝔䝹䝥䝻䝉䝑䝃䞊䛻ᑐᛂ䛧䛯ᵝ䚻䛺᭱㐺

– 䝹䞊䝥䛾᭱㐺

– 䝧䜽䝖䝹

– 䝥䝻䝅䞊䝆䝱㛫䛾᭱㐺

– 䝥䝻䝣䜯䜲䝹䛻ᇶ䛵䛟᭱㐺 (PGO)

– ⮬ື୪ิ

– 䜺䜲䝗䛝⮬ື୪ิ (GAP)

– 䝥䝻䝣䜯䜲䝹ᶵ⬟ (䝹䞊䝥䚸䝉䜻䝳䝸䝔䜱) 䛺䛹

• Sandy Bridge-EP 䛻ᑐᛂ

• OpenMP 3.1 䜢䝃䝫䞊䝖

• x86䚸x86_64 䛻ᑐᛂ

• GCC (Windows ∧䛿 Visual Studio) 䛸䛾䝞䜲䝘䝸䞊

• C/C++ゝㄒ䛸 Fortran ゝㄒ䛾䚸ΰᅾゝㄒ㛤Ⓨ䛜ྍ⬟
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䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹® Fortran 䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊 12.1 䛾䛾䛾䛾ᵝᵝᵝᵝ䛸䛸䛸䛸᪂ᶵ⬟᪂ᶵ⬟᪂ᶵ⬟᪂ᶵ⬟

• 䝟䝣䜷䞊䝬䞁䝇䛜䛝䛟ྥୖ

• Co-array Fortran 䛺䛹䚸Fortran 2008 (ISO/IEC 1539-2:2004 ) 䛾

ᶵ⬟䜢ᐇ

• Fortran IV/77/90/95/2003 䜢䝃䝫䞊䝖
(Fortran 2008䛿せᶵ⬟䜢䝃䝫䞊䝖)

– ISO 1539-1980䚸
ISO/IEC 1539:1991䚸
ISO/IEC 1539-1:1997䚸
ISO/IEC1539-1:2004䚸
ANSI X3.0-1966䚸
ANSI X3.9-1978䚸
ANSI X3.198-1992䚸
ANSI X3J3/96-007 䜢䝣䝹䝃䝫䞊䝖

– ISO/IEC 1539-2:2004 䛾せᶵ⬟䜢䝃䝫䞊䝖
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䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹® C++ 䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊 12.1 䛾䛾䛾䛾ᵝᵝᵝᵝ䛸䛸䛸䛸᪂ᶵ⬟᪂ᶵ⬟᪂ᶵ⬟᪂ᶵ⬟

• 䝟䝣䜷䞊䝬䞁䝇䛜䛝䛟ྥୖ

• 䝷䝮䝎㛵ᩘ䛺䛹䚸C++11 (ISO/IEC 14882:2011) 䛾ᶵ⬟䜢ᐇ

• ᾋືᑠᩘⅬᩘ₇⟬ᶆ‽䛷䛒䜛 IEEE 754-2008 䜢䝃䝫䞊䝖

• 䜲䞁䝔䝹® 䛾᪂䛧䛔୪ิᡭἲ (䜲䞁䝔䝹 Cilk Plus) 䛻ᑐᛂ

• C/C++䚸C99䜢䝃䝫䞊䝖※

(C++11䛿せᶵ⬟䜢䝃䝫䞊䝖)

– ISO/IEC 9899:1990䚸
ISO/IEC 9899:1999※䚸
ISO/IEC 14882:1998) 䜢䝣䝹䝃䝫䞊䝖

– ISO/IEC 14882:2011䛾せᶵ⬟䜢䝃䝫䞊䝖
※128bit ⾲グ䛾 long double 䛿䝃䝫䞊䝖䛥䜜䜎䛫䜣
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䜲䞁䝔䝹䝋䝣䝖䜴䜶䜰䜲䞁䝔䝹䝋䝣䝖䜴䜶䜰䜲䞁䝔䝹䝋䝣䝖䜴䜶䜰䜲䞁䝔䝹䝋䝣䝖䜴䜶䜰䜢䜢䜢䜢⏝⏝⏝⏝䛩䜛䛯䜑䛾䛩䜛䛯䜑䛾䛩䜛䛯䜑䛾䛩䜛䛯䜑䛾⎔ቃኚᩘ⎔ቃኚᩘ⎔ቃኚᩘ⎔ቃኚᩘ䜢䜢䜢䜢タᐃタᐃタᐃタᐃ

ࡿࡍࢆቃኚᩘ⎔ࡋ⾜ᐇࢆࢺࣉࣜࢡࢫ

– x86_64x86_64x86_64x86_64 ®®®®ࣝࢸࣥࣝࢸࣥࣝࢸࣥࣝࢸࣥ ࣮ࣜࣛࣈ࣮ࣛࣜࣛࣈ࣮ࣛࣜࣛࣈ࣮ࣛࣜࣛࣈࣛ®®®®ࣝࢸࣥࣝࢸࣥࣝࢸࣥࣝࢸࣥࠊࠊࠊࠊ࣮ࣛࣃࣥࢥ࣮ࣛࣃࣥࢥ࣮ࣛࣃࣥࢥ࣮ࣛࣃࣥࢥ

source <composer Install dir>/bin/compilervars.sh intel64

ࡣࡓࡲ

source <icc Install dir>/bin/iccvars.sh intel64

source <ifort Install dir>/bin/ifortvars.sh intel64

– x86_64x86_64x86_64x86_64ࣝࢸࣥࣝࢸࣥࣝࢸࣥࣝࢸࣥ®®®® MPIMPIMPIMPI

source <Intel MPI Install dir>/bin64/mpivars.sh

– ®®®®ࣝࢸࣥࣝࢸࣥࣝࢸࣥࣝࢸࣥ VTuneVTuneVTuneVTune AmplifierAmplifierAmplifierAmplifier XEXEXEXE

source <VTune Install dir>/amplxe-vars.sh

– ®®®®ࣝࢸࣥࣝࢸࣥࣝࢸࣥࣝࢸࣥ TraceTraceTraceTrace Analyzer/CollectorAnalyzer/CollectorAnalyzer/CollectorAnalyzer/Collector

source <TA/TC Install dir>/bin/itacvars.sh

䞉䞉䞉䞉 composercomposercomposercomposer 䛿䛿䛿䛿 iccicciccicc 䛸䛸䛸䛸 ifortifortifortifort 䛾䛾䛾䛾୧᪉୧᪉୧᪉୧᪉䛾䛾䛾䛾⎔ቃタᐃ⎔ቃタᐃ⎔ቃタᐃ⎔ቃタᐃ䛜䛜䛜䛜⾜⾜⾜⾜䛺䜟䜜䜛䛺䜟䜜䜛䛺䜟䜜䜛䛺䜟䜜䜛
䞉䞉䞉䞉CCCC䝅䜵䝹䝅䜵䝹䝅䜵䝹䝅䜵䝹䛾䛾䛾䛾ሙྜሙྜሙྜሙྜ䛻䛿䛻䛿䛻䛿䛻䛿 ....shshshsh 䛾䛾䛾䛾௦௦௦௦䜟䜚䛻䜟䜚䛻䜟䜚䛻䜟䜚䛻 ....cshcshcshcsh 䜢䜢䜢䜢⏝⏝⏝⏝
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䝁䞁䝟䜲䝹䝁䞁䝟䜲䝹䝁䞁䝟䜲䝹䝁䞁䝟䜲䝹 䝁䝬䞁䝗䝁䝬䞁䝗䝁䝬䞁䝗䝁䝬䞁䝗䛾䛾䛾䛾グ㏙᪉ἲグ㏙᪉ἲグ㏙᪉ἲグ㏙᪉ἲ

• ⏝⏝⏝⏝ࢻࢵࣞࢫࢳ࣐ࣝࢻࢵࣞࢫࢳ࣐ࣝࢻࢵࣞࢫࢳ࣐ࣝࢻࢵࣞࢫࢳ࣐ࣝࠊࠊࠊࠊࢻࢵࣞࢫࣝࢢࣥࢩࢻࢵࣞࢫࣝࢢࣥࢩࢻࢵࣞࢫࣝࢢࣥࢩࢻࢵࣞࢫࣝࢢࣥࢩ
C: icc <ࣝࣇ> [ࣥࣙࢩࣉ࢜]
C++: icpc <ࣝࣇ> [ࣥࣙࢩࣉ࢜]
Fortran: ifort <ࣝࣇ> [ࣥࣙࢩࣉ࢜]

• MPI(MPI(MPI(MPI(ࢻࢵࣞࢫࢳ࣐ࣝࢻࢵࣞࢫࢳ࣐ࣝࢻࢵࣞࢫࢳ࣐ࣝࢻࢵࣞࢫࢳ࣐ࣝࠊࠊࠊࠊࢻࢵࣞࢫࣝࢢࣥࢩࢻࢵࣞࢫࣝࢢࣥࢩࢻࢵࣞࢫࣝࢢࣥࢩࢻࢵࣞࢫࣝࢢࣥࢩ))))⏝⏝⏝⏝
C: mpiicc <ࣝࣇ> [ࣥࣙࢩࣉ࢜]
C++: mpiicpc <ࣝࣇ> [ࣥࣙࢩࣉ࢜]
Fortran: mpiifort <ࣝࣇ> [ࣥࣙࢩࣉ࢜]

※ <ࣝࣇ> ࣝࣇࢺࢡ࢙ࢪࣈ࢜ࡧࡼ࠾ࣝࣇࢫ࣮ࢯࡣ

※ [ࣝࣇࢺࢡ࢙ࢪࣈ࢜] <ࣝࣇࢫ࣮ࢯ> [ࣥࣙࢩࣉ࢜] ⬟ᣦᐃྍព௵ࡣ㡰ᗎࡢ

:ࢻ࣐ࣥࢥ
icc -O3 -xAVX -ipo main.c func1.c func2.c obj_c.o
icpc main.cpp func1.cpp func2.cpp obj_cpp.o
ifort -O3 -xSSE4.2 prog.f90 sub.f -o my_prog_name.out
※ୖグ obj_c.o ࡣ .c ࠊࢺࢡ࢙ࢪࣈ࢜ࡢ obj_cpp ࡣ .cpp ࢺࢡ࢙ࢪࣈ࢜ࡢ
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⏝㢖ᗘ⏝㢖ᗘ⏝㢖ᗘ⏝㢖ᗘ䛾䛾䛾䛾㧗㧗㧗㧗䛔䛔䛔䛔䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁 (Linux ∧∧∧∧)

⮬ື୪ิ(䝬䝹䝏䝇䝺䝑䝗) mpiicc -parallel <ࣝࣇ>

OpenMP: mpiicc -openmp <ࣝࣇ>

䝹䞊䝥䛾᭱㐺 mpiicc -O3 <ࣝࣇ>

䝧䜽䝖䝹 (SandyBridge ᑐᛂ) mpiicc -xAVX <ࣝࣇ>

䝥䝻䝅䞊䝆䝱㛫䛾᭱㐺 mpiicc -ipo <ࣝࣇ>

䝧䜽䝖䝹䝺䝫䞊䝖 mpiicc -vec_report3 <ࣝࣇ>

䜲䞁䝔䝹® Trace Collector 䜢䝸䞁䜽 mpiicc -trace -g <ࣝࣇ>

᥎ዡタᐃ:

mpiicc -O3 -xAVX -ipo [-openmp] [-parallel] <ࣝࣇ>
※ mpiicc 䛾䛻䚸icc䜔ifort, mpiicpc, mpiifort 䜢⏝䛧䛯ሙྜ䜒ྠᵝ

(䛯䛰䛧 -trace 䛿mpiicc, mpiicpc, mpifort 䛾䜏ᑐᛂ)

※ヲ⣽䛿䜲䞁䝔䝹® Trace Analyzer/ Collector 䛾⏝᪉ἲ䛻䛶ㄝ᫂



Copyright© 2011, XLsoft K.K. All rights reserved. 11

せせせせ䛺䛺䛺䛺䝁䞁䝟䜲䝷䞊䜸䝥䝅䝵䞁䝁䞁䝟䜲䝷䞊䜸䝥䝅䝵䞁䝁䞁䝟䜲䝷䞊䜸䝥䝅䝵䞁䝁䞁䝟䜲䝷䞊䜸䝥䝅䝵䞁୍ぴ୍ぴ୍ぴ୍ぴ (Linux ∧∧∧∧)

䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁 ᴫせᴫせᴫせᴫせ

-O0 䛶䛾᭱㐺䜸䝥䝅䝵䞁䜢↓ຠ䛻䛩䜛

-O1, -O2, -O3 䝹䞊䝥䛾᭱㐺 (3䛜᭱䜒ᙉຊ)

-x, -ax, -m 䝧䜽䝖䝹䚸ྛ䝥䝻䝉䝑䝃䞊ྥ䛡䛾᭱㐺

-ipo 䝥䝻䝅䞊䝆䝱㛫䛾᭱㐺

-openmp OpenMP 䜢⏝

-parallel ⮬ື୪ิ

-prof_gen, -prof_use 䝥䝻䝣䜯䜲䝹䛻䜘䜛᭱㐺 (Profile Guided Optimization 䛊PGO䛋)

-guide 䜺䜲䝗䛝⮬ື୪ิ

-vec_report<Number> 䝧䜽䝖䝹䛾䝺䝫䞊䝖 (ᩘᏐ䛿1,2,3,4,5 㑅ᢥྍ)

-par_report<Number> ⮬ື୪ิ䛾䝺䝫䞊䝖 (ᩘᏐ䛿1,2,3 㑅ᢥྍ)

-fast -ipo䚸-O3䚸-no-prec-div䚸-static䚸-xHOST 䜢᭷ຠ䛻䛩䜛

-fp-model <model> ᾋືᑠᩘⅬᩘ₇⟬䛾⢭ᗘ䜢ไᚚ
(model䛿䚸strict, precise, fast ➼㑅ᢥྍ)

ཧ⪃ཧ⪃
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せせせせ䛺䛺䛺䛺䝁䞁䝟䜲䝷䞊䜸䝥䝅䝵䞁䝁䞁䝟䜲䝷䞊䜸䝥䝅䝵䞁䝁䞁䝟䜲䝷䞊䜸䝥䝅䝵䞁䝁䞁䝟䜲䝷䞊䜸䝥䝅䝵䞁୍ぴ୍ぴ୍ぴ୍ぴ䛴䛵䛝䛴䛵䛝䛴䛵䛝䛴䛵䛝 (Linux ∧∧∧∧)

䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁 ᴫせᴫせᴫせᴫせ

-prec-div ᾋືᑠᩘⅬᩘ₇⟬䛾⢭ᗘ䜢ྥୖ䛥䛫䜛

-static-intel, -shared-intel 䜲䞁䝔䝹® 䝷䜲䝤䝷䝸䞊䛾䝸䞁䜽᪉ἲ䜢ᣦᐃ(ึᮇ್䛿static)

-mkl[=lib]

⏝:
-mkl=cluster

䜲䞁䝔䝹® MKL 䜢䝸䞁䜽䛩䜛 (=lib 䛿௨ୗ䜢㑅ᢥྍ⬟)

parallel

䝬䝹䝏䝇䝺䝑䝗䛥䜜䛯䜲䞁䝔䝹® MKL 䛾䝇䝺䝑䝗䜢䝸䞁䜽
䛩䜛䚹lib ᮍᣦᐃ䛾䝕䝣䜷䝹䝖

sequential

䝅䞁䜾䝹䝇䝺䝑䝗䛾䜲䞁䝔䝹® MKL 䛾䝇䝺䝑䝗䜢䝸䞁䜽䛩䜛

cluster

䜽䝷䝇䝍䞊䛻ᑐᛂ䛧䛯㛵ᩘ䛾䜲䞁䝔䝹® MKL 䛸䚸䛭䛾䝅
䞁䜾䝹䝇䝺䝑䝗䛾䜲䞁䝔䝹® MKL 䜢䝸䞁䜽䛩䜛

ཧ⪃ཧ⪃



Copyright© 2011, XLsoft K.K. All rights reserved. 13

䝇䝺䝑䝗䝇䝺䝑䝗䝇䝺䝑䝗䝇䝺䝑䝗䞉䞉䞉䞉䜰䝣䜱䝙䝔䜱䞊䜰䝣䜱䝙䝔䜱䞊䜰䝣䜱䝙䝔䜱䞊䜰䝣䜱䝙䝔䜱䞊䛾䛾䛾䛾ㄪᩚㄪᩚㄪᩚㄪᩚ

• OpenMP* 䝇䝺䝑䝗䜢≀⌮䜒䛧䛟䛿ㄽ⌮䝁䜰䜈䛾䜚ᙜ䛶䜢ㄪᩚ

- export KMP_AFFINITY=

• physical ㄽ⌮䝁䜰䜈䜚ᙜ䛶䜛䜎䛷䛻䛩䜉䛶䛾
≀⌮䝁䜰䜢⏝ (䝝䜲䝟䞊䝇䝺䝑䝕䜱䞁䜾)

• compact ྠ䛨䝋䜿䝑䝖䛾㐃⥆䛧䛯䝁䜰䜈䜚ᙜ䛶
(ඹ᭷䜻䝱䝑䝅䝳䜢ຠ⋡䜘䛟⏝)

• scatter 䝋䜿䝑䝖䛤䛸䛻䛻䜚ᙜ䛶
(䝯䝰䝸䞊ᖏᇦ䜢᭱㝈䛻ά⏝)

- 䝯䝰䝸䞊䜔䜻䝱䝑䝅䝳䛾䜰䜽䝉䝇᭱㐺䛻ᙺ❧䛴

- 䝝䜲䝟䞊䝇䝺䝑䝕䜱䞁䜾䛜᭷ຠ䛾ሙྜ≉䛻㔜せ

- ヲ⣽䛿䝁䞁䝟䜲䝷䞊䛾䝗䜻䝳䝯䞁䝖䜢ཧ↷
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䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹䜲䞁䝔䝹® Composer XE 2011

᭱㐺᭱㐺᭱㐺᭱㐺䜽䜲䝑䜽䜽䜲䝑䜽䜽䜲䝑䜽䜽䜲䝑䜽䞉䞉䞉䞉䝸䝣䜯䝺䞁䝇䝸䝣䜯䝺䞁䝇䝸䝣䜯䝺䞁䝇䝸䝣䜯䝺䞁䝇䞉䞉䞉䞉䜺䜲䝗䜺䜲䝗䜺䜲䝗䜺䜲䝗

• ᭱㐺䛾ᡭ㡰䛸䚸ᇶᮏⓗ䛺䜸䝥䝅䝵䞁䛜୍ぴ䛻䛺䛳䛯䝗䜻䝳䝯䞁䝖
http://jp.xlsoft.com/documents/intel/compiler/qr_guide_jp.pdf

1. 䝹䞊䝥䛾᭱㐺

2. 䝧䜽䝖䝹

3. 䝥䝻䝅䞊䝆䝱㛫䛾᭱㐺 (IPO)

䝥䝻䝣䜯䜲䝹䛻ᇶ䛵䛟᭱㐺(PGO)

4. 䜺䜲䝗䛝⮬ື୪ิ(GAP)

5. 䜲䞁䝔䝹® VTune™ Amplifier XE䛾⏝
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㧗ᗘ㧗ᗘ㧗ᗘ㧗ᗘ䛺䛺䛺䛺᭱㐺᭱㐺᭱㐺᭱㐺: -O3

䠄䠄䠄䠄High-Level Optimization: HLO䠅䠅䠅䠅

• 䝹䞊䝥䛾᭱㐺

– 䝹䞊䝥䛾䜰䞁䝻䞊䝹䚸୪䜉᭰䛘䚸䝥䝸䝣䜵䝑䝏䝱䛾ᤄධ

– ⮬ື䝧䜽䝖䝹䜸䝥䝅䝵䞁䠄-x, -ax䠅䛸ే⏝䛩䜛䛣䛸䛻䜘䜚

ᙉຊ䛺䝕䞊䝍౫Ꮡゎᯒ䜢⾜䛔䚸䝧䜽䝖䝹䛾ྍ⬟ᛶ䜢㧗䜑䜛

䝁䞁䝟䜲䝷䞊䜸䝥䝅䝵䞁

-O0 ᭱㐺䜢↓ຠ䛻䛩䜛

-O1 ᐇ⾜㏿ᗘ䛾᭱㐺䠄䝁䞊䝗䝃䜲䝈䛾ቑຍ䛺䛧䠅

-O2 ᐇ⾜㏿ᗘ䛾᭱㐺䠄䝕䝣䜷䝹䝖䠅

-O3 㧗ᗘ䛺᭱㐺
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䝥䝻䝅䞊䝆䝱䝥䝻䝅䞊䝆䝱䝥䝻䝅䞊䝆䝱䝥䝻䝅䞊䝆䝱㛫㛫㛫㛫䛾䛾䛾䛾᭱㐺᭱㐺᭱㐺᭱㐺: -ipo

䠄䠄䠄䠄Inter Procedural Optimization: IPO䠅䠅䠅䠅

• 」ᩘ䝋䞊䝇䝣䜯䜲䝹㛫䛷䛾ཧ↷㛵ಀ䜢⪃៖䛧䚸䝥䝻䜾䝷䝮య
䛾ᵓᡂ䜢᭱㐺
– 㛵ᩘ䛾䜲䞁䝷䜲䞁ᒎ㛤䚸ᐃᩘఏ䚸せ䛺ฎ⌮䛾๐㝖䛺䛹

– 䜶䜲䝸䜰䝇ゎᯒ䛺䛹䛻䜘䜚䚸⮬ື䝧䜽䝖䝹䜢ಁ㐍

䝁䞁䝟䜲䝹䛸᭱㐺

䝁䞁䝟䜲䝹䛸᭱㐺

䝁䞁䝟䜲䝹䛸᭱㐺

䝁䞁䝟䜲䝹䛸᭱㐺

file1.cfile1.c

file2.cfile2.c

file3.cfile3.c

file4.cfile4.c

IPO䜢䜢䜢䜢⏝⏝⏝⏝䛧䛺䛔䛧䛺䛔䛧䛺䛔䛧䛺䛔ሙྜሙྜሙྜሙྜ

䝁䞁䝟䜲䝹䛸᭱㐺

file1.cfile1.c

file4.cfile4.c file2.cfile2.c

file3.cfile3.c

IPO䜢䜢䜢䜢⏝⏝⏝⏝䛧䛯䛧䛯䛧䛯䛧䛯ሙྜሙྜሙྜሙྜ
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⮬ື୪ิ⮬ື୪ิ⮬ື୪ิ⮬ື୪ิ: -parallel 䠄䠄䠄䠄Parallelizer䠅䠅䠅䠅

• 䝹䞊䝥ᩥ䜢ゎᯒ䛧䚸䝬䝹䝏䝇䝺䝑䝗䛥䜜䛯䝁䞊䝗䜢⏕ᡂ

– Ᏻᛶ䠖 ྛ䛻౫Ꮡᛶ䛜䛒䜛䛸୪ิ䛧䛺䛔

– ຠ⋡ᛶ䠖 ฎ⌮㔞䛜ᑠ䛥䛔ሙྜ䛻䛿୪ิ䛧䛺䛔

• 䝺䝫䞊䝖䜸䝥䝅䝵䞁䛻䛶䚸୪ิ䛾ᡂྰ䜢☜ㄆྍ⬟

– -par_report[n] n 䛿 0,1,2,3 䛾䛔䛪䜜䛛

• ຠ⋡ᛶ䛻䛴䛔䛶䛿䚸䛧䛝䛔್䛻䜘䜛ㄪᩚ䛜ྍ⬟
– -par-threshold[n] n 䛿 0䡚100 䛾㛫

int_sin.cpp(74): (col. 4) remark: 䝹䞊䝥䛿୪ิ䛥䜜䜎䛫䜣䛷䛧䛯: ୪ิ౫Ꮡ
㛵ಀ䛜Ꮡᅾ䛧䛶䛔䜎䛩䚹.

int_sin.cpp(92): (col. 6) remark: 䝹䞊䝥䛿୪ิ䛥䜜䜎䛫䜣䛷䛧䛯: ィ⟬㔞䛜
㊊䛧䛶䛔䜎䛩䚹.

int_sin.cpp(74): (col. 4) remark: 䝹䞊䝥䛿୪ิ䛥䜜䜎䛫䜣䛷䛧䛯: ୪ิ౫Ꮡ
㛵ಀ䛜Ꮡᅾ䛧䛶䛔䜎䛩䚹.

int_sin.cpp(92): (col. 6) remark: 䝹䞊䝥䛿୪ิ䛥䜜䜎䛫䜣䛷䛧䛯: ィ⟬㔞䛜
㊊䛧䛶䛔䜎䛩䚹.

int_sin.c(92): (col. 6) remark: 䝹䞊䝥䛜⮬ື୪ิ䛥䜜䜎䛧䛯䚹.int_sin.c(92): (col. 6) remark: 䝹䞊䝥䛜⮬ື୪ิ䛥䜜䜎䛧䛯䚹.
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⮬ື⮬ື⮬ື⮬ື䝧䜽䝖䝹䝧䜽䝖䝹䝧䜽䝖䝹䝧䜽䝖䝹: -m, -x, -ax 䠄䠄䠄䠄Vectorizer䠅䠅䠅䠅

• 䝇䜹䝷䞊₇⟬䜢 SIMD䠄Single Instruction Multiple Data䠅₇⟬䛻

⮬ືኚ䛧䛶䚸ฎ⌮ຠ⋡䛾Ⰻ䛔䝁䞊䝗䜢⏕ᡂ

for ( i=0; i<MAX; i++ )for ( i=0; i<MAX; i++ )for ( i=0; i<MAX; i++ )for ( i=0; i<MAX; i++ )
c[ic[ic[ic[i] = ] = ] = ] = a[ia[ia[ia[i] + ] + ] + ] + b[ib[ib[ib[i];];];];

for ( i=0; i<MAX; i++ )for ( i=0; i<MAX; i++ )for ( i=0; i<MAX; i++ )for ( i=0; i<MAX; i++ )
c[ic[ic[ic[i] = ] = ] = ] = a[ia[ia[ia[i] + ] + ] + ] + b[ib[ib[ib[i];];];];

A8 A7 A5A6 A4 A3 A1A2

B8 B7 B5B6 B4 B3 B1B2

C8 C7 C5C6 C4 C3 C1C2

+ + + + + + + +

A

B

C

+

-xAVX 䠄Intel AVX ௧䜢⏝䠅-xAVX 䠄Intel AVX ௧䜢⏝䠅-no-vec 䠄䝧䜽䝖䝹䜢䛧䛺䛔䠅-no-vec 䠄䝧䜽䝖䝹䜢䛧䛺䛔䠅

䝇䜹䝷䞊₇⟬䠖1௧䛷1⤖ᯝ×MAX ᅇ SIMD₇⟬䠖1௧䛷8⤖ᯝ×䠄MAX/8䠅ᅇ

䠅

※ AVX 䚸float 䛾ሙྜ
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⮬ື⮬ື⮬ື⮬ື䝧䜽䝖䝹䝧䜽䝖䝹䝧䜽䝖䝹䝧䜽䝖䝹䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁 -m, -x, -ax 䛾䛾䛾䛾㐪㐪㐪㐪䛔䛔䛔䛔

䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁 ᴫせᴫせᴫせᴫせ

-x<code>

<code>=Host,AVX,SSE4.

2,SSE4.1,SSE3_ATOM,SS

SE3,SSE3,SSE2

䜲䞁䝔䝹䝥䝻䝉䝑䝃䞊ᑓ⏝䛾᭱㐺䜢⾜䛔䚸AVX䚸
SSE4.2䛺䛹䛾௧䝉䝑䝖䜢⏕ᡂ䛩䜛
: -xAVX 䛿 AVX䚸SSE4.2䚸SSE4.1䚸SSSE3䚸SSE3䚸SSE2䚸
SSE䜢⏕ᡂ

-ax<code>

<code>=AVX,SSE4.2,SSE

4.1,SSSE3,SSE3,SSE2

䜲䞁䝔䝹䝥䝻䝉䝑䝃䞊ᑓ⏝䛾᭱㐺䛸䚸AFX䜔SSE4.2 ➼

䛸䚸ỗ⏝௧䝉䝑䝖䜢⏕ᡂ䛩䜛
: -axAVX 䛿 AVX䚸SSE4.2䚸SSE4.1䚸SSSE3䚸SSE3䚸SSE2䚸
SSE䛸䚸ỗ⏝䝁䞊䝗䜢⏕ᡂ

-m<code>

<code>=ia32, sse2, sse3, 

ssse3, sse4.1

䜲䞁䝔䝹䝥䝻䝉䝑䝃䞊䛻ᑐᛂ䛩䜛䚸ia32䚸sse2௧

䝉䝑䝖䜢⏕ᡂ䛩䜛
: -mSSE4.1 䛿 SSE4.1䚸SSSE3䚸SSE3䚸SSE2䚸SSE 䜢⏕ᡂ
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-ax 䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁⿵㊊⿵㊊⿵㊊⿵㊊

• 」ᩘ䛾䝥䝻䝉䝑䝃䞊䛻ᑐᛂ䛥䛫䛯䛔ሙྜ䚸ᑐ㇟䝥䝻䝉䝑䝃䞊䜢
」ᩘタᐃ䛩䜛䛣䛸䛜䛷䛝䜛

: -axAVX,SSE4.2,SSE3  䛿௨ୗ䛾䜘䛖䛻ືస䛩䜛

�AVX 䜢䝃䝫䞊䝖䛩䜛䝥䝻䝉䝑䝃䞊: AVX 䜎䛷䜢ᐇ⾜

� SSE4.2 䜢䝃䝫䞊䝖䛩䜛䝥䝻䝉䝑䝃䞊: SSE4.2 䜎䛷䜢ᐇ⾜

� SSE4.1 䜢䝃䝫䞊䝖䛩䜛䝥䝻䝉䝑䝃䞊: SSE3 䜎䛷䜢ᐇ⾜

� SSE2 䜢䝃䝫䞊䝖䛩䜛䝥䝻䝉䝑䝃䞊: ỗ⏝䝁䞊䝗䜢ᐇ⾜
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䜺䜲䝗䜺䜲䝗䜺䜲䝗䜺䜲䝗䛝䛝䛝䛝⮬ື୪ิ⮬ື୪ิ⮬ື୪ิ⮬ື୪ิ: -guide

䠄䠄䠄䠄Guided Auto Parallelization: GAP䠅䠅䠅䠅

• 䝁䞁䝟䜲䝷䞊䛜᭱㐺䛻㛵䛩䜛䜰䝗䝞䜲䝇䜢ᥦ౪

– ⮬ື䝧䜽䝖䝹 -guide-par

– ⮬ື୪ิ -guide-vec

– 䝕䞊䝍ᵓ㐀䛾ᨵⰋ -guide-data-trans

• 䝯䝑䝉䞊䝆䠄⮬ື䝧䜽䝖䝹䛻䛴䛔䛶䠅

gap_vec.c(8): remark #30536: (LOOP) ᚲせ䛻ᛂ䛨䛶䚸-fargument-noalias 䜸䝥䝅䝵䞁䜢㏣ຍ䛧䛶䝁
䞁䝟䜲䝷䞊䛻䜘䜛ᆺ䝧䞊䝇䛾୍⩏ゎᯒ䜢ྥୖ䛷䛝䜎䛩 (䜸䝥䝅䝵䞁䛿䝁䞁䝟䜲䝹య䛻㐺⏝
䛥䜜䜎䛩)䚹䛣䜜䛻䜘䜚䚸⾜ 8 䛾䝹䞊䝥䛜䝧䜽䝖䝹䛥䜜᭱㐺䛜ྥୖ䛧䜎䛩䚹[☜ㄆ] 䝁䞁䝟䜲䝹
య䛷䛣䛾䜸䝥䝅䝵䞁䛾䝉䝬䞁䝔䜱䜽䝇䛻ἢ䛳䛶䛔䜛䛣䛸䜢☜ㄆ䛧䛶䛟䛰䛥䛔䚹[ู䛾᪉ἲ] 䝹䞊䝏
䞁 "matrix_mul_matrix" 䛾䛩䜉䛶䛾䝫䜲䞁䝍䞊ᆺ䛾ᘬᩘ䛻 "restrict" 䜻䞊䝽䞊䝗䜢㏣ຍ䛩䜛䛣䛸
䛷ྠᵝ䛾ຠᯝ䛜ᚓ䜙䜜䜎䛩䚹䛣䜜䛻䜘䜚䚸⾜ 8 䛾䝹䞊䝥䛜䝧䜽䝖䝹䛥䜜᭱㐺䛜ྥୖ䛧䜎䛩䚹
[☜ㄆ] "restrict" 䝫䜲䞁䝍䞊ಟ㣭Ꮚ䛾䝉䝬䞁䝔䜱䜽䝇䛻ἢ䛳䛶䛔䜛䛣䛸䜢☜ㄆ䛧䛶䛟䛰䛥䛔䚹䝹䞊

䝏䞁䛻䛚䛔䛶䚸䛭䛾䝫䜲䞁䝍䞊䛻䜘䛳䛶䜰䜽䝉䝇䛥䜜䜛䛩䜉䛶䛾䝕䞊䝍䛿䚸䜋䛛䛾䝫䜲䞁䝍䞊䛛
䜙䛿䜰䜽䝉䝇䛷䛝䜎䛫䜣䚹
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ᾋືᑠᩘⅬᩘ₇⟬ᾋືᑠᩘⅬᩘ₇⟬ᾋືᑠᩘⅬᩘ₇⟬ᾋືᑠᩘⅬᩘ₇⟬䛾䛾䛾䛾⢭ᗘ⢭ᗘ⢭ᗘ⢭ᗘ: -fp-model

• ᾋືᑠᩘⅬᩘ䛾₇⟬䛿䚸䝁䞁䝟䜲䝷䞊䛾᭱㐺䛻䜘䜚
␗䛺䛳䛯⤖ᯝ䜢⏕䛨䜛ሙྜ䛜䛒䜛

• precise 䜔 strict 䜢ᣦᐃ䛧䛯ሙྜ䛿䚸୍㒊䛾䝧䜽䝖䝹䛜ᢚไ䛥䜜䜛

䠄䝟䝣䜷䞊䝬䞁䝇䛸⢭ᗘ䛿䝖䝺䞊䝗䜸䝣䠅

䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁䜸䝥䝅䝵䞁 ຠᯝຠᯝຠᯝຠᯝ

-fp-model fast

䠄䝕䝣䜷䝹䝖䠅
₇⟬㡰ᗎ䛾ኚ᭦䜢ྵ䜐ᵝ䚻䛺᭱㐺䜢⾜䛖

-fp-model precise ₇⟬㡰ᗎ䜢ኚ᭦䛧䛺䛔䚸䛭䛾䛾᭱㐺䛿⾜䛖

-fp-model strict ₇⟬㡰ᗎ䜢ኚ᭦䛫䛪䚸ཝᐦ䛻ィ⟬䛩䜛

t0 = 4.1f + t1 + t2t0 = 4.1f + t1 + t2t0 = 4.1f + t1 + t2t0 = 4.1f + t1 + t2t0 = 4.1f + t1 + t2t0 = 4.1f + t1 + t2t0 = 4.1f + t1 + t2t0 = 4.1f + t1 + t2

t0 = (4.1f + t1) + t2t0 = (4.1f + t1) + t2t0 = (4.1f + t1) + t2t0 = (4.1f + t1) + t2t0 = (4.1f + t1) + t2t0 = (4.1f + t1) + t2t0 = (4.1f + t1) + t2t0 = (4.1f + t1) + t2

t0 = (((4.0f + 0.1f) + t1) + t2)t0 = (((4.0f + 0.1f) + t1) + t2)t0 = (((4.0f + 0.1f) + t1) + t2)t0 = (((4.0f + 0.1f) + t1) + t2)t0 = (((4.0f + 0.1f) + t1) + t2)t0 = (((4.0f + 0.1f) + t1) + t2)t0 = (((4.0f + 0.1f) + t1) + t2)t0 = (((4.0f + 0.1f) + t1) + t2)

float t0, t1, t2float t0, t1, t2float t0, t1, t2float t0, t1, t2
t0 = 4.0f + 0.1f + t1 + t2t0 = 4.0f + 0.1f + t1 + t2t0 = 4.0f + 0.1f + t1 + t2t0 = 4.0f + 0.1f + t1 + t2

float t0, t1, t2float t0, t1, t2float t0, t1, t2float t0, t1, t2
t0 = 4.0f + 0.1f + t1 + t2t0 = 4.0f + 0.1f + t1 + t2t0 = 4.0f + 0.1f + t1 + t2t0 = 4.0f + 0.1f + t1 + t2
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