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┠ḟ┠ḟ┠ḟ┠ḟ

• ຠ⋡ⓗ䛺䝧䜽䝖䝹໬䚸᭱㐺໬䛾䛯䜑䛾䝁䞊䝗グ㏙᪉ἲ
– 䝧䜽䝖䝹໬䛾௙ᵝ

– 䜻䝱䝑䝅䝳䝷䜲䞁

– 㓄ิ䛾䜰䝷䜲䞁䝯䞁䝖

– ᵓ㐀య䛾䜰䝷䜲䞁䝯䞁䝖

• 䝥䝻䝅䞊䝆䝱㛫䛾᭱㐺໬

• 䝥䝻䝣䜯䜲䝹䛻ᇶ䛵䛟᭱㐺໬ (PGO)
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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䛾᭱㐺໬᭱㐺໬᭱㐺໬᭱㐺໬䛸䛸䛸䛸ᵓ㐀ᵓ㐀ᵓ㐀ᵓ㐀

Inter-procedural

Optimizer (IPO)

Inter-procedural

Optimizer (IPO)

High-level

Optimizer (HLO)

High-level

Optimizer (HLO)

VectolizerVectolizer

Code GeneratorCode Generator

C++ Front EndC++ Front End
Fortran

Front End

Fortran

Front End

Profile Guided

Optimizer (PGO)

Profile Guided

Optimizer (PGO)

」ᩘ䝣䜯䜲䝹㛫䛾䜲䞁䝷䜲䞁䚸
㛵ᩘ㛫䛾ᐃᩘఏ᧛䚸
䝁䞊䝗⨨䛝᥮䛘䚸䝕䞊䝍⨨䛝᥮䛘

」ᩘ䝣䜯䜲䝹㛫䛾䜲䞁䝷䜲䞁䚸
㛵ᩘ㛫䛾ᐃᩘఏ᧛䚸
䝁䞊䝗⨨䛝᥮䛘䚸䝕䞊䝍⨨䛝᥮䛘

㛵ᩘ䛾ศ๭䚸䝹䞊䝥᭱㐺໬䚸
ᇶᮏ䝤䝻䝑䜽䛾㡰␒䚸䜲䞁䝷䜲䞁䚸
䝺䝆䝇䝍䞊䞉䜰䝻䜿䞊䝅䝵䞁

㛵ᩘ䛾ศ๭䚸䝹䞊䝥᭱㐺໬䚸
ᇶᮏ䝤䝻䝑䜽䛾㡰␒䚸䜲䞁䝷䜲䞁䚸
䝺䝆䝇䝍䞊䞉䜰䝻䜿䞊䝅䝵䞁

䝹䞊䝥䜰䞁䝻䞊䝹䛸䝻䞊䝗䛾᭱㐺໬䚸
䝕䞊䝍䞉䝥䝸䝣䜵䝑䝏䚸
䝺䝆䝇䝍䞊䞉䝤䝻䝑䜻䞁䜾䚸
䝹䞊䝥ኚ᥮䚸䝧䜽䝖䝹₇⟬䛺䛹
䝯䝰䝸䞊㝵ᒙ䛾᭱㐺໬䚸୪ิ໬

䝹䞊䝥䜰䞁䝻䞊䝹䛸䝻䞊䝗䛾᭱㐺໬䚸
䝕䞊䝍䞉䝥䝸䝣䜵䝑䝏䚸
䝺䝆䝇䝍䞊䞉䝤䝻䝑䜻䞁䜾䚸
䝹䞊䝥ኚ᥮䚸䝧䜽䝖䝹₇⟬䛺䛹
䝯䝰䝸䞊㝵ᒙ䛾᭱㐺໬䚸୪ิ໬

PallalelizerPallalelizer
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High Performance Optimizer (HPO) 
」ᩘ」ᩘ」ᩘ」ᩘ䛾䛾䛾䛾᭱㐺໬ᶵ⬟᭱㐺໬ᶵ⬟᭱㐺໬ᶵ⬟᭱㐺໬ᶵ⬟䛜䛜䛜䛜」ྜⓗ」ྜⓗ」ྜⓗ」ྜⓗ䛻䛻䛻䛻㐺⏝㐺⏝㐺⏝㐺⏝

subroutine matmul(a,b,c,n)
real(8), dimension(n,n) :: a,b,c

c=0.d0                               ! 4
!$omp parallel do           ! 5
do i=1,n                            ! 6
do j=1,n                          ! 7
do k=1,n                       ! 8
c(j,i)=c(j,i)+a(k,i)*b(j,k)

enddo
enddo

enddo
end

matmul.f90(5): (col. 7) : OpenMP DEFINED LOOP WAS 
PARALLELIZED

High Level Optimizer Report (matmul_)

matmul.f90(4): (col. 1) : LOOP WAS VECTORIZED.

matmul.f90(7): (col. 3) : PERMUTED LOOP WAS VECTORIZED.

LOOP INTERCHANGE in loops at line: 7 8 

Loopnest permutation ( 1 2 3 ) --> ( 1 3 2 )

Block, Unroll, Jam Report:

(loop line numbers, unroll factors and type of transformation)

Loop at line 7 blocked by 111  

Loop at line 8 blocked by 111  

Loop at line 6 blocked by 111  

Loop at line 6 unrolled and jammed by 4  

Loop at line 8 unrolled and jammed by 4

᭱㐺໬䝺䝫䞊䝖䠄⡆␎䠅

OpenMP 䛻䜘䜛୪ิ໬䚸䝧䜽䝖䝹໬䚸䝹䞊䝥ゎᯒ䛾᭱㐺໬䛜䛩䜉䛶㐺⏝䛥䜜䛶䛔䜛
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䝹䞊䝥䝹䞊䝥䝹䞊䝥䝹䞊䝥䛾䛾䛾䛾䝧䜽䝖䝹䝧䜽䝖䝹䝧䜽䝖䝹䝧䜽䝖䝹໬໬໬໬䛻䛻䛻䛻ᚲせᚲせᚲせᚲせ䛺䛺䛺䛺᮲௳᮲௳᮲௳᮲௳

•⊂❧ᛶ
– 䛷䛝䜛㝈䜚䚸䝹䞊䝥཯᚟䛾౫Ꮡ㛵ಀ䜢᤼㝖䛩䜛

•䝹䞊䝥䛻㛵䛩䜛ไ㝈: 

– 䝹䞊䝥ෆ䛾ኚᩘ䛿᫂☜䛷䛺䛡䜜䜀䛺䜙䛺䛔
– ୍㒊䛾౫Ꮡ䝹䞊䝥䛿䝧䜽䝖䝹໬䛜ྍ⬟
– 䜲䞁䝷䜲䞁ᒎ㛤䛥䜜䛶䛔䛺䛔㛵ᩘ䛿䝧䜽䝖䝹໬䛷䛝䛺䛔
– ୍㒊䛾᮲௳ศᒱ䛿䝧䜽䝖䝹໬䜢ጉ䛢䜛
– 䝹䞊䝥䛿䜹䜴䞁䝖ྍ⬟䛷䛺䛡䜜䜀䛺䜙䛺䛔
– 䝛䝇䝖䛩䜛䝹䞊䝥䛾እ㒊䝹䞊䝥䛿䝧䜽䝖䝹໬䛷䛝䛺䛔
– ΰᅾ䝕䞊䝍ᆺ䛿䝧䜽䝖䝹໬䛷䛝䛺䛔
– 䛭䛾௚
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౫Ꮡ㛵ಀ౫Ꮡ㛵ಀ౫Ꮡ㛵ಀ౫Ꮡ㛵ಀ䛾䛾䛾䛾౛౛౛౛: 䝣䝻䞊䝣䝻䞊䝣䝻䞊䝣䝻䞊౫Ꮡ౫Ꮡ౫Ꮡ౫Ꮡ

• ᭩䛝㎸䜏ᚋ䛾ㄞ䜏ྲྀ䜚䠄RAW䠅

• 䝹䞊䝥㛫䛾䝣䝻䞊౫Ꮡ: 

• ኚᩘ䜢᭩䛝㎸䜣䛷䛛䜙
ู䛾䝹䞊䝥䛷ㄞ䜏ྲྀ䜛

for (j=1; j<MAX; j++) {

A[j]=A[j-1];

}

A[1]=A[0];

A[2]=A[1];

䝁䞁䝟䜲䝷䞊䛿䜰䞁䝻䞊䝹䜔䝹䞊䝥ኚ᥮䛺䛹䜢ά⏝䛧䛶䝧䜽䝖䝹໬䛧䜘䛖䛸䛩䜛
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float a[Y+1][X+1];

a[1][0]

~

a[1][X]

a[1][0]

~

a[1][X]

a[2][0]

~

a[2][X]

a[2][0]

~

a[2][X]

a[Y][0]

~

a[Y][X]

a[Y][0]

~

a[Y][X]

䞉䞉䞉䞉

a[0][0], a[0][1], a[0][2], a[0][3],…..

㐃⥆㐃⥆㐃⥆㐃⥆䛧䛯䛧䛯䛧䛯䛧䛯䝯䝰䝸䞊䜰䜽䝉䝇䝯䝰䝸䞊䜰䜽䝉䝇䝯䝰䝸䞊䜰䜽䝉䝇䝯䝰䝸䞊䜰䜽䝉䝇

a[0][0]

~

a[0][X]

a[0][0]

~

a[0][X]

䝧䜽䝖䝹໬䛻䛚䛔䛶䜒䚸䝯䝰䝸䞊ୖ䛻㐃⥆䛧䛯䝕䞊䝍㓄⨨䛜᭷ຠ

i 䛜 1䛵䛴ቑຍ䛩䜛ሙྜ䚸

C/C++ゝㄒࡣ a[ j][ i] ㏿㧗ࡀ
Fortran ゝㄒࡣ a( i , j) ㏿㧗ࡀ
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䝴䝙䝑䝖䝇䝖䝷䜲䝗䝴䝙䝑䝖䝇䝖䝷䜲䝗䝴䝙䝑䝖䝇䝖䝷䜲䝗䝴䝙䝑䝖䝇䝖䝷䜲䝗䛸䛸䛸䛸㠀㠀㠀㠀䝴䝙䝑䝖䝇䝖䝷䜲䝗䝴䝙䝑䝖䝇䝖䝷䜲䝗䝴䝙䝑䝖䝇䝖䝷䜲䝗䝴䝙䝑䝖䝇䝖䝷䜲䝗䛾䛾䛾䛾౛౛౛౛

for (i=0;i<=MAX;i++)

for (j=0;j<=MAX;j++) {

c[i][j]+=1;   // // // // ࣘࢻ࢖ࣛࢺࢫࢺࢵࢽࣘࢻ࢖ࣛࢺࢫࢺࢵࢽࣘࢻ࢖ࣛࢺࢫࢺࢵࢽࣘࢻ࢖ࣛࢺࢫࢺࢵࢽ

c[j][i]+=1;   // 㠀ࣘࢻ࢖ࣛࢺࢫࢺࢵࢽ

A[j*j]+=1;   // 㠀ࣘࢻ࢖ࣛࢺࢫࢺࢵࢽ

A[B[j]]+=1; // 㠀ࣘࢻ࢖ࣛࢺࢫࢺࢵࢽ

if (A[MAX-j]=1) last1=j; // 㠀ࣘࢻ࢖ࣛࢺࢫࢺࢵࢽ

}

•㠀ࣘࡢࢱ࣮ࢹ࣮ࢱࢡ࣋ࡣࢻ࢖ࣛࢺࢫࢺࢵࢽㄞࡳ㎸ࡳ᫬㛫ࡀ
₇⟬᫬㛫ୖࢆᅇࢱ࣮ࢹࠊࡾㄞࡳ㎸ࡳᚅࡀࡕከⓎࡿࡍ

࠸࡞ࡋ໬ࣝࢺࢡ࣋ࢆ⟭₇࡞⋠㠀ຠࡣ࣮ࣛ࢖ࣃࣥࢥ•
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䜻䝱䝑䝅䝳䝷䜲䞁䜻䝱䝑䝅䝳䝷䜲䞁䜻䝱䝑䝅䝳䝷䜲䞁䜻䝱䝑䝅䝳䝷䜲䞁䛾䛾䛾䛾ศ๭ศ๭ศ๭ศ๭

• ᐃ⩏: 䝕䞊䝍せ⣲䛜䜻䝱䝑䝅䝳ቃ⏺䜢䜎䛯䛠䛣䛸

• ᙳ㡪: 䛭䛾䝕䞊䝍せ⣲䛻䜰䜽䝉䝇䛩䜛䛻䛿䚸1 ᅇ䛷䛿䛺䛟 2 ᅇ䛾䝯

䝰䝸䞊䜰䜽䝉䝇䛜ᚲせ䛻䛺䜛䛯䜑䚸䝟䝣䜷䞊䝬䞁䝇䛜పୗ䛩䜛

• 䜻䝱䝑䝅䝳䝷䜲䞁䛿 64 䝞䜲䝖

Index 0

Index 0䠄䠄䠄䠄⥆⥆⥆⥆䛝䛝䛝䛝䠅䠅䠅䠅 Index 1 Index 15 Index 16

䜻䝱䝑䝅䝳䝷䜲䞁䜻䝱䝑䝅䝳䝷䜲䞁䜻䝱䝑䝅䝳䝷䜲䞁䜻䝱䝑䝅䝳䝷䜲䞁

䜻䝱䝑䝅䝳䝷䜲䞁ศ๭䛾≧ែ 䜻䝱䝑䝅䝳䝷䜲䞁䜢䜎䛯䛜䛺䛔≧ែ

䜻䝱䝑䝅䝳䝷䜲䞁䜻䝱䝑䝅䝳䝷䜲䞁䜻䝱䝑䝅䝳䝷䜲䞁䜻䝱䝑䝅䝳䝷䜲䞁
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䜰䝷䜲䞁䝯䞁䝖䜰䝷䜲䞁䝯䞁䝖䜰䝷䜲䞁䝯䞁䝖䜰䝷䜲䞁䝯䞁䝖

• movdqa ࿨௧䛿䚸16䝞䜲䝖ቃ⏺䛻䜰䝷䜲䞁䝯䞁䝖䛥䜜䛶䛔䜛䝕䞊

䝍䜢㧗㏿㌿㏦䛩䜛䛣䛸䛜䛷䛝䜛

• 䜻䝱䝑䝅䝳䝷䜲䞁䛾ศ๭䛸ྠᵝ䛻䚸㧗㏿₇⟬䛾䛯䜑䛻䛿16䝞䜲

䝖ቃ⏺䜢䜎䛯䛜䛺䛔㓄ิ䛾☜ಖ䛜᭷ຠ

• AVX ౑⏝᫬䛻䛿 32䝞䜲䝖 (256bit) 䛾䜰䝷䜲䞁䝯䞁䝖䛜᭷ຠ

__declspec(align(16)) float A[100][1024];

real*4 A(1024,100)

!DEC$ATTRIBUTES ALIGN: 16:: A
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᭱㐺໬᭱㐺໬᭱㐺໬᭱㐺໬䛾䛯䜑䛾䛾䛯䜑䛾䛾䛯䜑䛾䛾䛯䜑䛾㓄ิ㓄ิ㓄ิ㓄ิ䛾䛾䛾䛾☜ಖ☜ಖ☜ಖ☜ಖ

• float 䜎䛯䛿 real*4 䛷 1250*1250 㓄ิ䜢☜ಖ䛩䜛ሙྜ

float A[1250][1250]; 䜻䝱䝑䝅䝳䝷䜲䞁䛸 16, 32䝞䜲䝖ቃ⏺䜢䜎䛯䛠

real*4 A(1250,1250) 䜻䝱䝑䝅䝳䝷䜲䞁䛸 16, 32䝞䜲䝖ቃ⏺䜢䜎䛯䛠

• ㄪᩚศ(padding bytes)䛾 4䝞䜲䝖 14せ⣲ศ(56䝞䜲䝖ศ) 䜢㏣ຍ

4 * 1264 = 2 * 2 * 16 * 79

float A[1250][1264];

real*4 A(1264,1250)

ከࡢࡃሙྜࣉ࣮ࣝࠊෆ࡛⧞ࡾ㏉࡚ࡋ౑⏝ࡿࢀࡉ㓄ิࠊࡣ
ࢆࣥ࢖ࣛࣗࢩࢵࣕ࢟ࠊࢺ࣓ࣥࣥ࢖ࣛ࢔ࡢ⏺ቃࢺ࢖ࣂ(32)16
⪃៖ࡓࡋ☜ಖࡀ࡜ࡇࡿࡍࢆ㧗㏿໬ࡿࡀ࡞ࡘ࡟
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䝧䜽䝖䝹䝧䜽䝖䝹䝧䜽䝖䝹䝧䜽䝖䝹໬໬໬໬䛾䛯䜑䛻䛾䛯䜑䛻䛾䛯䜑䛻䛾䛯䜑䛻䚸䚸䚸䚸㓄ิ㓄ิ㓄ิ㓄ิ䛜䛜䛜䛜䜰䝷䜲䞁䜰䝷䜲䞁䜰䝷䜲䞁䜰䝷䜲䞁䛥䜜䛶䛔䜛䛣䛸䜢䛥䜜䛶䛔䜛䛣䛸䜢䛥䜜䛶䛔䜛䛣䛸䜢䛥䜜䛶䛔䜛䛣䛸䜢
䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊䝁䞁䝟䜲䝷䞊䛻䛻䛻䛻ఏఏఏఏ䛘䜛䛘䜛䛘䜛䛘䜛

㓄ิ䛜ᐉゝ䛥䜜䛶䛔䜛䝋䞊䝇䝣䜯䜲䝹䛸䚸౑⏝䛥䜜䜛䝋䞊䝇䝣䜯䜲
䝹䛜␗䛺䜛ሙྜ䚸䝁䞁䝟䜲䝷䞊䛻 䜰䝷䜲䞁䛥䜜䛶䛔䜛䛣䛸䜢ఏ䛘䛶

᭱㐺໬䜢⿵ຓ䛩䜛

C,C++

#pragma vector aligned

for (i=0; i<n; i++){

C[i] = A[i] * B[i];

}

Fortran

!DIR$ VECTOR ALIGNED

DO I=1, N

C(I) = A(I) * B(I)

ENDDO
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ᵓ㐀యᵓ㐀యᵓ㐀యᵓ㐀య䛾䛾䛾䛾䜰䝷䜲䞁䝯䞁䝖䜰䝷䜲䞁䝯䞁䝖䜰䝷䜲䞁䝯䞁䝖䜰䝷䜲䞁䝯䞁䝖䛸䛸䛸䛸䚸䚸䚸䚸 ቃ⏺ቃ⏺ቃ⏺ቃ⏺䛾䛾䛾䛾ᣦᐃᣦᐃᣦᐃᣦᐃ

#pragma pack(push,thepack,1)

struct PackedStr {

char     Data; 

intptr_t Next;         /*Pointer */

int      ExtraInfo;    /*int*/

};

#pragma pack(pop,thepack)

䜎䛯䛿䚸䛩䜉䛶䛾ᵓ㐀య䜢䝟䝑䜽䛩䜛䝁䞁䝟䜲䝷䞊䞉䜸䝥䝅䝵䞁䜢౑⏝䛩䜛

Linux* Windows*

-Zp[n] /Zp[n]

1䚸2䚸4䚸8䚸䜎䛯䛿 16 䝞䜲䝖ቃ⏺䛷ᵓ㐀య䜢䜰䝷䜲䞁䛩䜛
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ᵓ㐀యᵓ㐀యᵓ㐀యᵓ㐀య䛾䛾䛾䛾䝟䝕䜱䞁䜾䝟䝕䜱䞁䜾䝟䝕䜱䞁䜾䝟䝕䜱䞁䜾᪉ἲ᪉ἲ᪉ἲ᪉ἲ

Struct Astruct {

char A; // 1 1

//Pad 0 0

char B; // 1 1

//Pad 2 6

void *B;// 4 8

//Pad 0 0

char C; // 1 1

//Pad 3 7

} //Total 12 Byte 24 Byte

x86 x86_64

䝁䞁䝟䜲䝷䞊䛿⮬ືⓗ䛻䝟䝕䜱䞁䜾䝞䜲䝖䜢ྵ䜑䚸ᵓ㐀య䜢᭱㐺໬䛩䜛
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┠ḟ┠ḟ┠ḟ┠ḟ

• ຠ⋡ⓗ䛺䝧䜽䝖䝹໬䚸᭱㐺໬䛾䛯䜑䛾䝁䞊䝗グ㏙᪉ἲ
– 䝧䜽䝖䝹໬䛾௙ᵝ

– 䜻䝱䝑䝅䝳䝷䜲䞁

– 㓄ิ䛾䜰䝷䜲䞁䝯䞁䝖

– ᵓ㐀య䛾䜰䝷䜲䞁䝯䞁䝖

• 䝥䝻䝅䞊䝆䝱㛫䛾᭱㐺໬

• 䝥䝻䝣䜯䜲䝹䛻ᇶ䛵䛟᭱㐺໬ (PGO)
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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໬

䞉௚䛾䜸䝥䝅䝵䞁䛸ే⏝䛩䜛䛣䛸䛷䛭䛾᭱㐺໬䜢ᨭ᥼䛩䜛

䞉䜲䞁䝷䜲䞁ᒎ㛤௨እ䛻ከ䛟䛾฼Ⅼ䜢ᥦ౪

– 䝥䝻䝅䞊䝆䝱䞊㛫䛷䛾ᐃᩘఏ᧛

– 䝺䝆䝇䝍䞊䛷䛾ᘬᩘ䛾ཷ䛡Ώ䛧

– 䝹䞊䝥୙ኚ䝁䞊䝗䛾⛣ື

– ୙せ䝁䞊䝗䛾᤼㝖

– 㒊ศⓗ䛺䜲䞁䝷䜲䞁ᒎ㛤

– 䝧䜽䝖䝹໬䜔䝯䝰䝸䞊䛾᫂☜໬䜢ᨭ᥼

-ip: ༢୍䝣䜯䜲䝹䛾䝁䞁䝟䜲䝹䛷䝥䝻䝅䞊䝆䝱䞊㛫䛾
᭱㐺໬䜢᭷ຠ䛻䛩䜛

-ipo: 」ᩘ䝣䜯䜲䝹䛻䜟䛯䜛䝥䝻䝅䞊䝆䝱䞊㛫䛾
᭱㐺໬䜢᭷ຠ䛻䛩䜛

-ip: ༢୍䝣䜯䜲䝹䛾䝁䞁䝟䜲䝹䛷䝥䝻䝅䞊䝆䝱䞊㛫䛾
᭱㐺໬䜢᭷ຠ䛻䛩䜛

-ipo: 」ᩘ䝣䜯䜲䝹䛻䜟䛯䜛䝥䝻䝅䞊䝆䝱䞊㛫䛾
᭱㐺໬䜢᭷ຠ䛻䛩䜛
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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

2 䝇䝔䝑䝥䝇䝔䝑䝥䝇䝔䝑䝥䝇䝔䝑䝥䛻䜘䜛䛻䜘䜛䛻䜘䜛䛻䜘䜛ฎ⌮ฎ⌮ฎ⌮ฎ⌮

䝸䞁䜽

Linux icc -ipo main.o func1.o func2.o

Windows icl /Qipo main.o func1.o func2.o

䝟䝇 1䝟䝇 1

䝟䝇 2䝟䝇 2

௬᝿䝣䜯䜲䝹 .o

ᐇ⾜䝣䜯䜲䝹

䝁䞁䝟䜲䝹

Linux* icc -c -ipo main.c func1.c func2.c

Windows* icl -c /Qipo main.c func1.c func2.c

※ ୍᪦䚸༢୍䛾௬᝿

䝣䜯䜲䝹䜢సᡂ

※෌ᗘゎᯒ䜢⾜䛖
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䜲䞁䝷䜲䞁䜲䞁䝷䜲䞁䜲䞁䝷䜲䞁䜲䞁䝷䜲䞁ᒎ㛤ᒎ㛤ᒎ㛤ᒎ㛤䛾䛾䛾䛾౛౛౛౛
ᆒ୍ᆒ୍ᆒ୍ᆒ୍䛺䛺䛺䛺஧ḟඖ㟁Ⲵศᕸ஧ḟඖ㟁Ⲵศᕸ஧ḟඖ㟁Ⲵศᕸ஧ḟඖ㟁Ⲵศᕸ䛻䜘䜚䛻䜘䜚䛻䜘䜚䛻䜘䜚㟼㟁఩㟼㟁఩㟼㟁఩㟼㟁఩䜢䜢䜢䜢ィ⟬ィ⟬ィ⟬ィ⟬

for (i=1;i<nx;i++) {
x = x0 + i*h;
sumx = sumx + func(x,y,xp,yp);

}  

float func(float x, float y, float xp, float yp) 
{

float denom;
denom = (x-xp)*(x-xp) + (y-yp)*(y-yp);
denom = 1./sqrt(denom);
return denom; }

࿧࿧࿧࿧䜃䜃䜃䜃ฟฟฟฟ䛧䛧䛧䛧ඖඖඖඖ䛻䛻䛻䛻㛵ᩘ㛵ᩘ㛵ᩘ㛵ᩘ䛾䛾䛾䛾䝁䞊䝗䝁䞊䝗䝁䞊䝗䝁䞊䝗䜢䜢䜢䜢ᒎ㛤ᒎ㛤ᒎ㛤ᒎ㛤

for (i=1;i<nx;i++) {
x = x0 + i*h;
sumx = sumx +1./sqrt((x-xp)*(x-xp) + (y-yp)*(y-yp));

}  
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┠ḟ┠ḟ┠ḟ┠ḟ

• ຠ⋡ⓗ䛺䝧䜽䝖䝹໬䚸᭱㐺໬䛾䛯䜑䛾䝁䞊䝗グ㏙᪉ἲ
– 䝧䜽䝖䝹໬䛾௙ᵝ

– 䜻䝱䝑䝅䝳䝷䜲䞁

– 㓄ิ䛾䜰䝷䜲䞁䝯䞁䝖

– ᵓ㐀య䛾䜰䝷䜲䞁䝯䞁䝖

• 䝥䝻䝅䞊䝆䝱㛫䛾᭱㐺໬

• 䝥䝻䝣䜯䜲䝹䛻ᇶ䛵䛟᭱㐺໬ (PGO)
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䝥䝻䝣䜯䜲䝹䝥䝻䝣䜯䜲䝹䝥䝻䝣䜯䜲䝹䝥䝻䝣䜯䜲䝹䛻䛻䛻䛻ᇶᇶᇶᇶ䛵䛟䛵䛟䛵䛟䛵䛟᭱㐺໬᭱㐺໬᭱㐺໬᭱㐺໬
Profile Guided Optimization (PGO)

• ᐇ⾜᫬䛾䝣䜱䞊䝗䝞䝑䜽᝟ሗ䜢౑⏝䛧䛶᭱㐺໬䜢⾜䛺䛖
࿨௧䜻䝱䝑䝅䝳䚸䝨䞊䝆䞁䜾䚸ศᒱண 䜢ᨭ᥼

• ᭷ຠ䛺᭱㐺໬:

– 䝬䝹䝏䝟䝇䛾᭱㐺໬䚸ᇶᮏ䝤䝻䝑䜽䛾୪䜃᭰䛘

– 㐺ษ䛺䝺䝆䝇䝍䞊䛾๭䜚ᙜ䛶

– 㛵ᩘ䛾䜲䞁䝷䜲䞁໬䛻䛚䛡䜛ⓗ☜䛺ุ᩿

– 㛵ᩘ䛾୪䜃᭰䛘

– 䝇䜲䝑䝏ᩥ䛾᭱㐺໬

– 䝧䜽䝖䝹໬䛻䛚䛡䜛ⓗ☜䛺ุ᩿

ᐇ⾜᫬䛻ྲྀᚓ䛧䛯
䝕䞊䝍

ḟ䛾䝁䞁䝟䜲䝹䛻
཯ᫎ䛧䛶᭱㐺໬
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䝥䝻䝣䜯䜲䝹䝥䝻䝣䜯䜲䝹䝥䝻䝣䜯䜲䝹䝥䝻䝣䜯䜲䝹䛻䛻䛻䛻ᇶᇶᇶᇶ䛵䛟䛵䛟䛵䛟䛵䛟᭱㐺໬᭱㐺໬᭱㐺໬᭱㐺໬: -prof_gen/-prof_use

䠄䠄䠄䠄Profile-Guided Optimization: PGO䠅䠅䠅䠅

• 䜰䝥䝸䜿䞊䝅䝵䞁䛾ᐇ⾜䝥䝻䝣䜯䜲䝹᝟ሗ䛻ᇶ䛵䛟᭱㐺໬
– ศᒱண 䝭䝇䛾పῶ䚸䝁䞊䝗䝃䜲䝈䛾⦰ᑠ䛺䛹

– ຠ⋡ᛶ䜢⪃៖䛧䛯⮬ື䝧䜽䝖䝹໬䜔㛵ᩘ䛾䜲䞁䝷䜲䞁ᒎ㛤

ศᯒ䝁䞊䝗䛾ᇙ䜑㎸䜏䠄-prof_gen䠅

icc -prof_gen prog.c

ศᯒ䝁䞊䝗䛾ᇙ䜑㎸䜏䠄-prof_gen䠅

icc -prof_gen prog.c

䜲䞁䝇䝖䝹䝯䞁䝖῭䜏ᐇ⾜䝣䜯䜲䝹䜢ᐇ⾜
䠄඾ᆺⓗ䛺䝕䞊䝍䝉䝑䝖䜢౑⏝䠅

䜲䞁䝇䝖䝹䝯䞁䝖῭䜏ᐇ⾜䝣䜯䜲䝹䜢ᐇ⾜
䠄඾ᆺⓗ䛺䝕䞊䝍䝉䝑䝖䜢౑⏝䠅

䝣䜱䞊䝗䝞䝑䜽䝁䞁䝟䜲䝹䠄-prof_use䠅

icc -prof_use prog.c

䝣䜱䞊䝗䝞䝑䜽䝁䞁䝟䜲䝹䠄-prof_use䠅

icc -prof_use prog.c

ືⓗ䝥䝻䝣䜯䜲䝹᝟ሗ: 
12345678.dyn ※

ືⓗ䝥䝻䝣䜯䜲䝹᝟ሗ: 
12345678.dyn ※

䜲䞁䝇䝖䝹䝯䞁䝖῭䜏ᐇ⾜
䝣䜯䜲䝹: prog.out

䜲䞁䝇䝖䝹䝯䞁䝖῭䜏ᐇ⾜
䝣䜯䜲䝹: prog.out

ືⓗ᝟ሗ䝃䝬䝸䞊䝣䜯䜲䝹: 
pgopti.dpi

ືⓗ᝟ሗ䝃䝬䝸䞊䝣䜯䜲䝹: 
pgopti.dpi

Step 1

Step 2

Step 3

᭱㐺໬῭䜏ᐇ⾜䝣䜯䜲䝹: 
prog.outprog.outprog.outprog.out

᭱㐺໬῭䜏ᐇ⾜䝣䜯䜲䝹: 
prog.outprog.outprog.outprog.out※※※※ 」ᩘ」ᩘ」ᩘ」ᩘ䛾䛾䛾䛾 .dyn䝣䜯䜲䝹䝣䜯䜲䝹䝣䜯䜲䝹䝣䜯䜲䝹䛜䛒䜛䛜䛒䜛䛜䛒䜛䛜䛒䜛ሙྜሙྜሙྜሙྜ䛿䛿䛿䛿ᖹᆒ໬ᖹᆒ໬ᖹᆒ໬ᖹᆒ໬䛥䜜䜛䛥䜜䜛䛥䜜䜛䛥䜜䜛
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PGO: ฼Ⅼ฼Ⅼ฼Ⅼ฼Ⅼ䜢䜢䜢䜢ᚓᚓᚓᚓ䜙䜜䜛䜙䜜䜛䜙䜜䜛䜙䜜䜛䝥䝻䜾䝷䝮䝥䝻䜾䝷䝮䝥䝻䜾䝷䝮䝥䝻䜾䝷䝮౛౛౛౛

䝬䝹䝏䝟䝇䝬䝹䝏䝟䝇䝬䝹䝏䝟䝇䝬䝹䝏䝟䝇䛾䛾䛾䛾᭱㐺໬᭱㐺໬᭱㐺໬᭱㐺໬

•୍㈏ᛶ䛾䛒䜛䝩䝑䝖䝟䝇

•ከᩘ䛾 if ᩥ䜎䛯䛿 switchᩥ

•䝛䝇䝖䛥䜜䛯 if ᩥ䜎䛯䛿 switchᩥ

CPU䛻ㄞ䜏㎸䜎䜜䛶䜒ᐇ⾜䛥䜜䛺䛔

䝁䞊䝗䛿䜸䞊䝞䞊䝦䝑䝗䛻䛺䜚㐜ᘏ䜢

ᣍ䛟 (⤖ᯝⓗ䛻ศᒱண 䝭䝇)

ከ኱䛺ຠᯝ ከᑡ䛾ຠᯝ

for (i=0; i < NUM_BLOCKS; i++) 
{

switch (check3(i))   {

case 3: case 3: /* 25% *//* 25% */

x[i] = 3;  break;x[i] = 3;  break;

case 10:case 10: /* 75% *//* 75% */

x[i] = 10;  break;x[i] = 10;  break;

default:         /* 0% */default:         /* 0% */

x[i] = 99;  break;  }x[i] = 99;  break;  }

}

ከ኱䛺ຠᯝ䛾䛒䜛䝁䞊䝗౛
※CPU䛿᭩䛔䛶䛒䜛㏻䜚䛻ㄞ䜏㎸䜐

䛣䛾ሙྜ PGO䛿 case 3 䛸 case 10 䜢ධ䜜᭰
䛘䚸75%䛾☜❧䛷ṇ䛧䛔ศᒱ䜢ᐇ⾜䛥䛫䜛
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᭱㐺໬᭱㐺໬᭱㐺໬᭱㐺໬䛻䛻䛻䛻㛵㛵㛵㛵䛩䜛䛩䜛䛩䜛䛩䜛ὀព஦㡯ὀព஦㡯ὀព஦㡯ὀព஦㡯
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