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 ࡟ࡵࡌࡣ࡟ࡵࡌࡣ࡟ࡵࡌࡣ࡟ࡵࡌࡣ 1
 ᥥ ⏬ ₇ ⟬ ฎ ⌮ ⿦ ⨨ ࡛ ࠶ ࡿ GPU(Graphics 
Processing Unit)ࡣ CPU ࢆ⬟ᛶࢡ࣮ࣆ࠸㧗ࡶࡾࡼ

ᣢࡕ㸪ࡢ࢔࢙࢘ࢻ࣮ࣁ≉ᛶ࡚ࡋ࠿⏕ࢆฎ⌮ࢆ⾜

㸬ࡿࡁ࡛ࡀ࡜ࡇࡿࡍⓎ᥹ࢆ⬟ᛶ࠸㧗࡟㠀ᖖࡤ࠼

ࡑ ࡢ ࡓ ࡵ GPU ࢆ ỗ ⏝ ┠ ⓗ ࡟ ౑ ⏝ ࡍ ࡿ

GPGPU(General-Purpose computing on GPU)ᢏ⾡࡟

㛵ࡿ࠸࡚ࢀࢃ⾜࡟ࢇ┒ࡀ✲◊ࡿࡍ㸬GPGPUࡇࡀ

ࡢ⏤⌮ࡿࡵ㞟ࢆ┠ὀ࡞ࡁ኱࡞࠺ࡼࡢ 1 ಶ࡟㸪ࡑ

㸬GPUࡿࢀࡽࡆ࠶ࡀᾘ㈝㟁ຊࡢ ࡣᾘ㈝㟁ຊࡢ

CPU ᗘ࡛⛬ࡿᅇୖࢆࢀࡑ㸪ࡀ࠸㧗ࡶ࡚ࡋẚ㍑࡜

ᛶ⬟ࡀ㧗ࡃ㸪⤖ᯝⓗ࡟ GPU ࡓ࠶༢఩ᾘ㈝㟁ຊࡣ

  㸬ࡿ࡞ࡃ㧗ࡀ⬟ᛶࡢࡾ
 ᮏ✏࡛ࡣ GPGPUࡢᾘ㈝㟁ຊࡋ┠╔࡟㸪ྛ✀࣓

࡟ᩘࢻࢵࣞࢫࡸᩘࢡࢵࣟࣈᡭἲ㸪ࢫࢭࢡ࢔ࣜࣔ

ᐹ⪄࡚࠸ࡘ࡟㛵ಀࡢᾘ㈝㟁ຊ࡜⬟ฎ⌮ᛶࡿࡅ࠾

 㸬ࡿࡍ
2     GPGPU(General Purpose computing on GPU) 
 GPGPUࢢ࣑ࣥࣛࢢࣟࣉ⎔ቃ࡚ࡋ࡜㸪NVIDIA
ࡿ࠸࡚ࡋᥦ౪ࡀ♫ CUDA 㸪ࡣ࡛✏㸬ᮏࡿ࠶ࡀ

CUDA ࡜ࢫ࢖ࣂࢹ CUDA ⎔ቃ࡚࠸⏝ࢆ⪃ᐹࢆ⾜

 㸬࠺
 ࢫࢭࢡ࢔ࢫࣞ࢔ࢥࢫࢭࢡ࢔ࢫࣞ࢔ࢥࢫࢭࢡ࢔ࢫࣞ࢔ࢥࢫࢭࢡ࢔ࢫࣞ࢔ࢥ 2.1
 GPU ࡟࣓ࣜࣔ࡟᫬୪ิྠࡀ⩌ࢧࢵࢭࣟࣉࡢୖ

ࢫࢭࢡ࢔ࡢࢻࢵࣞࢫ㸪ྛ࡟ࡁ࡜࠺⾜ࢆࢫࢭࢡ࢔

ࢫࢭࢡ࢔࣓ࣜࣔࡽࢀࡑࡤࢀ࠶࡛⥆㐃ࡀࢫࣞࢻ࢔

࡞ࡁ኱ࡣ 1 ಶࢀࡽࡵ࡜ࡲ࡟ࢫࢭࢡ࢔࣓ࣜࣔࡢ 1
ᅇ࡛ฎ⌮ࡿࢀࡉ㸬࡜ࢫࢭࢡ࢔ࢫࣞ࢔ࢥࡣࢀࡇ࿧

࡛ࢫࣞ࢔ࢥ㸪ࡾ࠶ᡭἲ࡛ࢫࢭࢡ࢔࣓ࣜࣔࡿࢀࡤ

㸪ࡾ࠶࡛⥆୙㐃ࡀࢫࣞࢻ࢔ࢫࢭࢡ࢔)ࢫࢭࢡ࢔࠸࡞

ಶ࡟ࠎูࡀࢫࢭࢡ࢔ࡢࠎฎ⌮࡜(ࡿࢀࡉẚ㍑࡚ࡋ

⬟ྍࡀ࡜ࡇࡿ࠼⤊ࢆࢫࢭࢡ࢔᫬㛫࡛࣓ࣔࣜ࠸▷

 㸬ࡿ࡞࡜
2.2 Shared Memory 
 GPUࡣ㸪඲࡛ࢧࢵࢭࣟࣉඹ᭷ࡿࡍ VRAM  ௚ࡢ
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㸪ྠ୍࡟ SM(Streaming Multiprocessor)ෆࡢ 8ಶࡢ

SP(Streaming Processor)࡛ ඹ ᭷ ࡍ ࡿ "Shared 
Memory”࠺࠸࡜ᑠᐜ㔞ࢆ࣓ࣜࣔࡢಖᣢࡿ࠸࡚ࡋ㸬

Shared Memoryࡣ VRAM ྛ࡚ࡋẚ㍑࡜ SPࡢ㏆ࡃ

㸪VRAMࡵࡓࡿ࠸࡚ࢀࡉ⨨㓄࡟ ᫬㛫࡛▷ࡶࡾࡼ

㸪VRAM࡚ࡗࡼ㸬ࡿ࠶࡛⬟ྍࡀࢫࢭࢡ࢔ ㄞࡽ࠿

ࢆࢱ࣮ࢹࡔࢇ㎸ࡳ Shared Memoryࡋ࣮ࣆࢥ࡟ḟᅇ

௨㝆ࡣ Shared Memoryࢆࢱ࣮ࢹࡽ࠿ㄞࡳ㎸࡜ࡇࡴ

㸪ẖᅇࡾࡼ࡟ VRAM ᡭἲࡴ㎸ࡳㄞࢆࢱ࣮ࢹࡽ࠿

 㸬ࡿ࡞࡜⬟ྍࡀࢫࢭࢡ࢔ࢱ࣮ࢹ࡞㏿㧗࡭ẚ࡜
3    ᾘ㈝㟁ຊィ ᾘ㈝㟁ຊィ ᾘ㈝㟁ຊィ ᾘ㈝㟁ຊィ  

GPUࡢ࡬ࢻ࣮࣎㟁ຊ౪⤥ࡣᅗ 1 ࡟ᵝࡢ 2 ✀㢮

㸬1ࡿ࠸࡚ࢀࢃ⾜᪉ἲ࡛ࡢ ࡀࡘ PCI-Expressࣟࢫ

࡚ࡌ㏻ࢆࢺࢵ MB(ࢻ࣮࣮࣎ࢨ࣐)ࡿࢀࡉࡾࡼ㟁ຊ

౪⤥࡛ࡾ࠶㸪࠺ࡶ 1 ࡀࡘ ATX 㟁※ࡽ࠿ᣑᙇ࣮࣎

⏝ࢻ 6pin 㟁※ࢆࢱࢡࢿࢥ㏻ࡿࢀࢃ⾜࡚ࡌ㟁ຊ౪

㸬GPUࡿ࠶࡛⤥ ࡇ㸪ࡣ࡟ࡿࡍᐃ ࢆᾘ㈝㟁ຊࡢ

ࡽࢀ 2 㸬ࡿ࠶ࡀᚲせࡿࡍ ィࢆ⤥㟁ຊ౪ࡢࡘ

ᡃࡣࠎᅗ 2,ᅗ 3 ౪⤥㟁ࡋᵓ⠏ࢆᐇ㦂⎔ቃ࡞ᵝࡢ

ຊ㔞ࢆ ᐃࡓࡋ㸬MB ࡢ PCI-Express࠿ࢺࢵࣟࢫ

㸪GPUࡣ㔞ࡢ㟁ຊࡿࢀࡉ⤥౪ࡽ ࡜ࢻ࣮࣎ PCI-
Expressࢺࢵࣟࢫ㛫ࢆࢻ࣮࣮࢝ࢨ࢖ࣛ࡟ᣳ࢖ࣛࡳ

࡛࣮ࢱ࣮࣓ࣉࣥࣛࢡࢆ㟁ὶࡿࢀὶ࡟ࢻ࣮࣮࢝ࢨ

ィ ࡾࡼ࡟࡜ࡇࡿࡍ ᐃྍ⬟࡛ࡿ࠶㸬࠾࡞㸪

PCI-Express࡜ࢺࢵࣟࢫ GPUࢻ࣮࣎㛫࡛ὶࡿࢀ㟁

ὶࡣ࡟ 12V⥺࡜ 3.3V⥺ࡾ࠶ࡀ㸪ู࡟ࠎィ ࢆ⾜

⏝ࢻ࣮࣎㸬ᣑᙇ[1]ࡿ࠶ࡀᚲせ࠺ 6pin 㟁※ࢡࢿࢥ

ࢆ㸪㟁ຊࡣ㟁ຊ㔞ࡿࢀࡉ⤥౪ࡽ࠿ࢱ ATX 㟁※࠿

㸪ࡏࡉ⤥౪ࡽ࠿※እ㒊㟁ࡃ࡞ࡣ࡛ࡢࡿࡏࡉ⤥౪ࡽ

ࡁ࡛ ィࡾࡼ࡟࡜ࡇࡿ࠸⏝ࢆ࣮࢝ࢵ࢙ࢳࢺࢵ࣡

 㸬ࡿ
   ᐃ ࡣ 㸪 NVIDIA GeForce 8800GT(SP 112
ᇶ),Fedora 10(Linux 2.6.27-5),CUDA2.3 ࡚࠸⏝ࢆ⾜
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ᅗ 4 ᛶ⬟࡜ᾘ㈝㟁ຊ(࣓࣮ࣔࣜࣆࢥ) 

 
4    ᐇ㦂ᐇ㦂ᐇ㦂ᐇ㦂 
 ᾘ㈝㟁ຊ࡜⬟ᛶࡢ࣮ࣆࢥᾘ㈝㟁ຊ࣓ࣔࣜ࡜⬟ᛶࡢ࣮ࣆࢥᾘ㈝㟁ຊ࣓ࣔࣜ࡜⬟ᛶࡢ࣮ࣆࢥᾘ㈝㟁ຊ࣓ࣔࣜ࡜⬟ᛶࡢ࣮ࣆࢥ࣓ࣜࣔ    4.1
 VRAM ࡽ࠿ VRAM ࡧࡼ࠾⌮㌿㏦ฎࢱ࣮ࢹࡢ࡬

Shared Memoryࡽ࠿ VRAM ⌮㌿㏦ฎࢱ࣮ࢹࡢ࡬

㸬ᮏᐇࡓࡗ⾜ࢆㄪᰝ࡚࠸ࡘ࡟ᾘ㈝㟁ຊ࡜⬟ᛶࡢ

㦂࡛ࡣ㸪VRAM ࡣࡓࡲ Shared Memoryᩘᩚࡽ࠿

ࢆࢀࡑ㸪ࡳ㎸ࡳㄞࢆ(ࢺ࢖ࣂ4)ࢱ࣮ࢹ VRAM ᭩࡟

ᾘ㈝㟁࡜⬟ᛶࡾࡼ࡟࡜ࡇࡍ㏉ࡾ⧞ࢆ⌮ฎࡴ㎸ࡁ

ຊࢆ ᐃࡓࡋ㸬࣓ࣔࣜࡣࢫࢭࢡ࢔ 1Warp(32ࣞࢫ

ᅗࢆ㸬 ᐃ⤖ᯝࡓࡗ⾜࡟୪ิࡾࡼ࡟(ࢻࢵ 4 ♧࡟

 㸬ࡍ
ᅗ 4 ໬㸪ࢫࣞ࢔ࢥࡢࢫࢭࢡ࢔㸪࣓ࣔࣜࡾࡼ

Shared Memoryࡢά⏝ࡾࡼ࡟㸪ྠ⛬ᗘࡢᾘ㈝㟁ຊ

ࡇࡿࡏࡉୖྥࢆࡳࡢ⬟ᛶࢫࢭࢡ࢔࣓ࣜࣔࡲࡲࡢ

 㸬ࡓࢀࡉㄆ☜ࡀ࡜ࡇࡿ࠶࡛⬟ྍࡀ࡜
ḟ࡟㸪Shared Memoryࡽ࠿ Shared Memoryࢹ࡬

ࡘ࡟ᾘ㈝㟁ຊ࡜⬟ᛶࡓࢀࡽᚓ࡚࡟⌮㌿㏦ฎࢱ࣮

㸪ࡣࢫࢭࢡ࢔㸬Shared Memoryࡓࡗ࡞⾜ࢆㄪᰝ࡚࠸

1Warp ࡛୪ิࡓࡗ⾜࡟㸬ᶓ㍈ࡢ౑⏝ࡣᩘࢡࣥࣂ

୪ิ࡟౑⏝ࡿ࠶࡛ᩘࡢࢡࣥࣂࡓࡋ㸬౑⏝ࢡࣥࣂ

ࡣࡁ࡜࠸࡞ᑡࡀᩘ 32 ಶࡀࢫࢭࢡ࢔ࡢࢻࢵࣞࢫࡢ

ᑡᩘ࡟ࢡࣥࣂࡢ㞟୰ࡀ✺⾪ࢡࣥࣂࡾ࠾࡚ࡋከࡃ

Ⓨ⏕ࡿ࠸࡚ࡋ≧ἣ࡛ࡿ࠶㸬 ᐃ⤖ᯝࢆᅗ 5 ♧࡟
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ᅗ 5 㸪ྠ⛬ᗘࡾࡼ࡟ቑຍࡢᩘࢡࣥࣂ⏝㸪౑ࡾࡼ

࡜ࡇࡿࡏࡉୖྥࢆࡳࡢ⬟㸪ᛶࡲࡲࡢᾘ㈝㟁ຊࡢ

 㸬ࡓࢀࡉㄆ☜ࡀ࡜ࡇࡿ࠶࡛⬟ྍࡀ
 ᾘ㈝㟁ຊ࡜⬟ᛶࡢ⟭₇ࢧࢵࢭࣟࣉᾘ㈝㟁ຊ࡜⬟ᛶࡢ⟭₇ࢧࢵࢭࣟࣉᾘ㈝㟁ຊ࡜⬟ᛶࡢ⟭₇ࢧࢵࢭࣟࣉᾘ㈝㟁ຊ࡜⬟ᛶࡢ⟭₇ࢧࢵࢭࣟࣉ    4.2
 ౑⏝࡜ᩘࢻࢵࣞࢫ౑⏝ࢆᩘࢡࢵࣟࣈኚ໬ࡏࡉ

࡚㸪₇ࢧࢵࢭࣟࣉ⟬᫬ࡢᛶ⬟࡜ᾘ㈝㟁ຊࡢ㛵ಀ

ࡣ⌮ฎࡓࡗ⾜㸬ࡓࡋㄪᰝࢆ Monte Carlo࣑ࣞࣗࢩ

ᅗࢆ㸬 ᐃ⤖ᯝࡿ࠶࡛ࣥࣙࢩ࣮ 6 㸬ᅗࡍ♧࡟ 6
㸪SMࡾࡼ ࡏࡉቑຍࢆᩘࢡࢵࣟࣈࡣ࡛ࡲ(14)ᩘࡢ

௨ࢀࡑ㸪ࡋቑຍࡀᾘ㈝㟁ຊ࡜⬟ᛶ࠸࡞ࡶ࡜࡟ࡿ

㝆ࡣᾘ㈝㟁ຊྠࢆ⛬ᗘ࡟ಖࡲࡲࡓࡗᛶ⬟ࢆࡳࡢ

 㸬ࡓࢀࡉㄆ☜ࡀ࡜ࡇࡿࢀࡽࡏࡉୖྥ
 ࡵ࡜ࡲࡵ࡜ࡲࡵ࡜ࡲࡵ࡜ࡲ 5
 ᮏ✏࡛ࡣ㸪GPGPUࡅ࠾࡟ࢢࣥ࢕ࢸ࣮ࣗࣆࣥࢥ

 㸬ࡓࡋᐹ⪄࡚࠸ࡘ࡟㛵ಀࡢ⬟ᛶ࡜ᾘ㈝㟁ຊࡿ

ᐃࡾࡼ㸪࣓ࣔࣜࢫࣞ࢔ࢥࡢࢫࢭࢡ࢔໬㸪Shared 
Memory ᾘ㈝㟁ࡾࡼ࡟ቑຍࢆᩘࢡࢵࣟࣈ౑⏝㸪ࡢ

ຊྠࢆ⛬ᗘ࡟ಖࡲࡲࡓࡗᛶ⬟ࢀࡽࡏࡉୖྥࡳࡢ

ᩘ「㸪ࡣ㸬௒ᚋࡓࢀࡉㄆ☜ࡀ࡜ࡇࡿ GPU ⎔ቃ࡛

 㸬ࡿ࠶ணᐃ࡛࠺⾜ࢆᐹ⪄ࡢ
 
ㅰ㎡ㅰ㎡ㅰ㎡ㅰ㎡ 
ᮏ◊✲ࡣ⛉◊㈝㸦22700039㸧ࡢຓᡂࡶࡓࡅཷࢆ

 㸬ࡿ࠶࡛ࡢ
ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ཧ⪃ᩥ⊩ 
[1] 㛗ᆏ ோ, ୸ᒣ ┤ஓ, 㢠⏣ ᙲ, 㐲⸨ ᩄኵ, ᯇᒸ 
⪽: GPUࡿࡅ࠾࡟ᛶ⬟࡜ᾘ㈝㟁ຊࡢ┦㛵ᛶࡢゎᯒ, 
᝟ሗฎ⌮Ꮫ఍◊✲ሗ࿌ 2009-HPC-121(SWoPP 
2009) (2009). 
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