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A Study on GPU's Performance and Power 
Consumption 
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GPU has much higher performance than CPU. GPGPU is expected to be an promising 
method to achieve high performance. In this paper, we discuss the relation between 
GPU's performance and its power consumption with several memory accessing method. 
Our experimental results demonstrated that coalesced accesses and utilizing the shared 
memory improves both the performance and power consumption.  

 

 
 
 
 
 
 

  ࡟ࡵࡌࡣ࡟ࡵࡌࡣ࡟ࡵࡌࡣ࡟ࡵࡌࡣ .1

ᥥ⏬₇⟬ฎ⌮⿦⨨࡛ࡿ࠶ GPU (Graphic Processing Unit)ࡣ CPUࡶࡾࡼ㧗ࢡ࣮ࣆ࠸ᛶ

ࡿᚓࢆ⬟ᛶ࠸㧗࡟㠀ᖖࡤ࠼⾜ࢆ⌮ฎ࡚ࡋ៖⪄ࢆᛶ≉ࡢ࢔࢙࢘ࢻ࣮ࣁ㸪ࡾ࠾࡚ࡗᣢࢆ⬟

㸪GPUࡵࡓࡢࡑ㸬ࡿࡁ࡛ࡀ࡜ࡇ  GPGPU ࡿࡍ⏝౑࡟⟭ỗ⏝ィࡢᥥ⏬₇⟬ฎ⌮௨እࢆ
(General-purpose computing on graphics processing units)ᢏ⾡࡟㛵ࢃ⾜࡟ࢇ┒ࡀ✲◊ࡿࡍ

2010ᖺ ࡤ࠼㸪౛ࡾ࠾࡚ࡆୖࢆᡂᯝ࡞ࡁ኱ࡣ✲◊ࡢࡽࢀࡇ㸬ࡿ࠸࡚ࢀ 11᭶ࢫࡿࡅ࠾࡟

ࢢࣥ࢟ࣥࣛࢱ࣮ࣗࣆࣥࢥ࣮ࣃ࣮  TOP500 1) ୖ࡚࡟఩ 4  ࡢ㸪᪥ᮏࡕ࠺ࡢ࣒ࢸࢫࢩ
TSUBAME 2.0 ࡢ࡝࡞ NVIDIA GPU ࡀ࣒ࢸࢫࢩࡢ✀3 ࠸࡚ࡗ࡞࡜࣒ࢸࢫࢩࡿࡍ⏝౑ࢆ

ࡢ⏤⌮ࡿ࠸࡚ࡵ㞟ࢆ┠ὀ࡞ࡁ኱࡞࠺ࡼࡢࡇࡀ㸬GPGPUࡿ 1 ಶ࡟㸪ࡢࡑᾘ㈝㟁ຊ࠶ࡀ

㸬GPUࡿࢀࡽࡆ ࡣᾘ㈝㟁ຊࡢ CPU ࡀ⬟ᗘ࡛ᛶ⛬ࡿᅇୖࢆࢀࡑ㸪ࡀ࠸㧗ࡶ࡚ࡋẚ㍑࡜

㧗ࡃ㸪⤖ᯝⓗ࡟ GPUࡣ㟁ຊຠ⋡࡚࠸࠾࡟ඃࡿ࠸࡚ࢀ㸬┬࢚ࡢ࣮ࢠࣝࢿ㔜せᛶࡲࡍࡲࡣ

ࡶ㸪௒ᚋࡾ࠾࡚ࡗࡲ㧗ࡍ GPGPUࡢ㔜せᛶࡣ㧗ࡁ࠸࡚ࡗࡲ㸪GPUࡢᾘ㈝㟁ຊ࡟㛵ࡿࡍ

⪃ᐹࡸపᾘ㈝㟁ຊ໬ࡶ㔜せࡿࢀࡽ࠼⪄࡜ࡿࡃ࡚ࡗ࡞࡟㸬 
ᮏ✏࡛ࡣ GPUࡢᾘ㈝㟁ຊࡋ┠╔࡟㸪ྛ ࢵࣞࢫࡸᩘࢡࢵࣟࣈᡭἲ㸪ࢫࢭࢡ࢔࣓ࣜࣔ✀

  㸬ࡿࡍ㸪⪃ᐹࡋㄪᰝ࡚࠸ࡘ࡟ᾘ㈝㟁ຊ࡜⬟ฎ⌮ᛶࡿࡅ࠾࡟ᩘࢻ

2. GPGPU 

GPGPUࡣ GPU࡚࠸⏝ࢆᥥ⏬₇⟬ฎ⌮௨እࡢỗ⏝ィ⟬࠺⾜ࢆᢏ⾡࡛ࡿ࠶㸬 GPGPU
㸪NVIDIA࡚ࡋ࡜ቃ⎔ࢢ࣑ࣥࣛࢢࣟࣉ ࡿ࠸࡚ࡋᥦ౪ࡀ♫ CUDA 㸬CUDAࡿ࠶ࡀ ࠸⏝ࢆ

ࡶ࡚ࡃ↓ࡀ㆑▱࡞ᑓ㛛ⓗࡿࡍᑐ࡟⌮㸪ᥥ⏬₇⟬ฎࡾࡼ࡟࡜ࡇࡿ GPUࡓ࠸⏝ࢆỗ⏝ィ⟬

 㸬࠺⾜ࢆゎㄝ࡚ࡋ㝈ᐃ࡟㸬௨ୗ㸪CUDA GPUࡿ࡞࡜⬟ྍࡀ
CUDA GPU 㸪ᅗࡣ  1 㸪GPUࡕࢃ࡞ࡍ㸬ࡿ࠸࡚ࡋࢆᵓᡂ࡞ᵝࡢ ෆࡢᩘ「࡟ SM 

(Streaming Multiprocessor)ࡀᏑᅾࡋ㸪ྛ SM ෆ࡟ 8 ಶࡢ SP (Streaming Processor)ࡀᏑᅾ

ࡢࡽࢀࡇ㸬ࡿ࠸࡚ࡋ SPࡀฎ⌮⿦⨨ࡢ༢఩ࡿ࡞࡜㸬࣓ ࡟୺ࡣ࡚ࡋ࡜ࣜࣔ VRAM ࡜ Shared 
Memory 㸪VRAMࡋᏑᅾࡀ ࡢ඲࡚ࡣ SM 㸪Shared Memoryࡾ࠶࡛⬟ྍࡀࢫࢭࢡ࢔ࡽ࠿
ࡣ SM ෆ࡟Ꮡᅾྛࡋ SM ෆࡿ࠶࡛⬟ྍࢫࢭࢡ࢔ࡳࡢࡽ࠿㸬VRAM ࡣ Shared Memoryࡼ
ⓒᩘ)࠸ከࡀᐜ㔞ࡾ MB㹼ᩘ GB ⛬ᗘ)ࡀ㸪Shared Memory ࡜ẚ㍑࡟ࢫࢭࢡ࢔ࡋせࡿࡍ᫬

㛫ࡀ㛗࠸㸬Shared Memoryࡣ SP ࡃ࡞ᑡࡀ㸪ᐜ㔞ࡀࡿ࠶࡛⬟ྍࡀࢫࢭࢡ࢔㏿㧗ࡢࡽ࠿

(16KB)㸪࡚࢟ࣕࡋ࡜ࣗࢩࢵ౑⏝ࡀ࡜ࡇࡿࢀࡉከ࠸㸬ࡾࡲࡘ㸪」ᩘᅇࢹࡿࢀࡉࢫࢭࢡ࢔

ࢆࢱ࣮ VRAM ࡽ࠿ Shared Memoryࡋ࣮ࣆࢥ࡟㸪Shared Memory࡟ᑐࢆࢫࢭࢡ࢔࡚ࡋ⧞

  㸬ࡿࡍ⌧ᐇࢆ⦰▷ࡢ᫬㛫ࢫࢭࢡ࢔࣓ࣜࣔࡾࡼ࡟࡜ࡇࡍ㏉ࡾ
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㧗㏿ VRAM ࢧࢵࢭࣟࣉࡢ㸬GPUୖࡿ࠶ࡀࢫࢭࢡ࢔ࢫࣞ࢔ࢥ㸪࡚ࡋ࡜ᡭἲࢫࢭࢡ࢔

㐃ࡀࢫࣞࢻ࢔ࢫࢭࢡ࢔ࡢࢻࢵࣞࢫ㸪ྛ࡟ࡁ࡜࠺⾜ࢆࢫࢭࢡ࢔࡟࣓ࣜࣔ࡟᫬୪ิྠࡀ⩌

࡞ࡁ኱ࡣࢫࢭࢡ࢔࣓ࣜࣔࡢࡽࢀࡑࡤࢀ࠶࡛⥆ 1 ಶࢀࡽࡵ࡜ࡲ࡟ࢫࢭࢡ࢔࣓ࣜࣔࡢ 1 ᅇ

࡛ฎ⌮ࡿࢀࡉ㸬࡚ࢀࡉྜ⤖࡟࠺ࡼࡢࡇฎ⌮ࡿ࠶࡛ࢫࢭࢡ࢔ࢫࣞ࢔ࢥࡀࢫࢭࢡ࢔ࡿࢀࡉ㸬

㸪ࡾ࠶࡛⥆୙㐃ࡀࢫࣞࢻ࢔ࢫࢭࢡ࢔)ᡭἲ࠸࡞࡛ࢫࣞ࢔ࢥ㸪࡜ࡿ࠸⏝ࢆࢫࢭࢡ࢔ࢫࣞ࢔ࢥ

ಶࡀࢫࢭࢡ࢔ࡢࠎಶู࡟ฎ⌮࡜(ࡿࢀࡉẚ㍑࡚ࡋ㠀ᖖ࠸▷࡟᫬㛫࡛࣓ࣔࣜࢆࢫࢭࢡ࢔

㸬㠀ࡍ♧࡟ᅗ 2ࢆ౛ࡢࢫࢭࢡ࢔ࢫࣞ࢔ࢥ࡜ࢫࢭࢡ࢔ࡢ㸬㏻ᖖࡿ࡞࡜⬟ྍࡀ࡜ࡇࡿ࠼⤊

࠸࡚ࢀࡉಖ☜࡟㐃⥆ⓗࡀ㡿ᇦࡿࡍࢫࢭࢡ࢔ࡀࢻࢵࣞࢫ㸪ྛࡣ౛࡛ࡢࢫࢭࢡ࢔ࢫࣞ࢔ࢥ

ࢻࢵࣞࢫࡤ࠼㸬౛ࡿ A ࡢ➃ᕥࡣࡢࡿࡍࢫࢭࢡ࢔ࡀ 2 ྠࡀ⩌ࢻࢵࣞࢫ㸬ࡿ࠶࡛ࢡࢵࣟࣈ

᫬ࡣ⩌ࢡࢵࣟࣈࡿࡍࢫࢭࢡ࢔࡟㠀㐃⥆ࡾ࠾࡚ࡗ࡞࡜㸪ࡎࢀࡉྜ⤖ࡣࡽࢀࡇಶู࡟ฎ⌮

ࡣ㡿ᇦࡿࡍࢫࢭࢡ࢔ࡀࢻࢵࣞࢫ㸪ྛࡣ౛࡛ࡢࢫࢭࢡ࢔ࢫࣞ࢔ࢥ࡚ࡋᑐ࡟ࢀࡇ㸬ࡿࢀࡉ

୙㐃⥆ࡀࡿ࠸࡚ࡗ࡞࡜㸪ྠࡀ⩌ࢻࢵࣞࢫ᫬ࡣ⩌ࢡࢵࣟࣈࡿࡍࢫࢭࢡ࢔࡟ᅗࡢᵝ࡟㐃⥆

㡿ᇦࡿ࠸࡚ࡗ࡞࡜㸬ࡢࡇሙྜ㸪ࡣ⩌ࢫࢭࢡ࢔ࡢࡽࢀࡇ 1 ಶࡢ኱ࡉྜ⤖࡟ࢫࢭࢡ࢔࡞ࡁ

ࢀ 1 ᅇ࡛ฎ⌮ࡿࢀࡉ㸬 
㸪ᛶ⬟ྥୖᡭἲࡾ࠶ࡀ✺⾪ࢡࣥࣂ࡟పୗせᅉࡢ⬟ᛶࢫࢭࢡ࢔ 㸪Shared Memoryࡓࡲ

ࡢ㸬GPUࡿ࠶ࡀᅇ㑊ࡢ✺⾪ࢡࣥࣂ࡚ࡋ࡜ Shared Memoryࡣ 16ಶࡾࡼ࡟ࢡࣥࣂࡢᵓᡂ

㸪᭱኱࡚ࡗࡼ㸬ࡿ࠶࡛⬟సྍື࡟❧⊃ࡣࢡࣥࣂ㸪ྛࡾ࠾࡚ࢀࡉ 16ಶࢆࢡࣥࣂࡢ୪ิ࡟

౑⏝࡚ࡋ 1 ᫬(1ࢫࢭࢡ࢔ࢻࢵࣞࢫ ࡢ(౑⏝᫬ࢡࣥࣂ 16ಸࡢᛶ⬟ࢆᚓ࡞࡜⬟ྍࡀ࡜ࡇࡿ

࡟୪ิࡀࢻࢵࣞࢫࡢከᩘ࡟㸬㏫ࡿ Shared Memoryࡶ࡚ࡋ࡜ࡓࡗ⾜ࢆࢫࢭࢡ࢔ࡢ࡬㸪」

ヱࡣせồࡢࡽࢀࡑࡣࡁ࡜ࡓࡋ⾜Ⓨࢆせồࢫࢭࢡ࢔࡚ࡋᑐ࡟ࢡࣥࣂ୍ྠࡀࢻࢵࣞࢫࡢᩘ

ᙜࡾࡼ࡟ࢡࣥࣂ㡰ḟฎ⌮ࢀࡉ㸪ྠ᫬୪ิⓗࡣ࡟ฎ⌮࠸࡞ࢀࡉ㸬࡚ࡗࡼ㸪ࣥࣂࢫࢭࢡ࢔

࡜ࡿࡍ✺⾪ࡀࢡ Shared Memoryࢫࢭࢡ࢔ᛶ⬟ࡣపୗ࠺ࡲࡋ࡚ࡋ㸬ྛࡣࡽ࠿ࢻࢵࣞࢫ␗

ࡀ࡜ࡇࡿࡍసᡂࢆ࣒ࣛࢢࣟࣉ࡟ᵝࡿࢀࡉ⾜Ⓨࡀせồࢫࢭࢡ࢔ࡢ࡬ࢱ࣮ࢹࡢࢡࣥࣂࡿ࡞

ዲ࠸ࡋࡲ㸬 
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ᅗ 1 CUDA GPUࡢᵓ㐀 
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ᅗ 2 VRAM  ࢫࢭࢡ࢔ࢫࣞ࢔ࢥ

 

3.  ᐃ⎔ቃ ᐃ⎔ቃ ᐃ⎔ቃ ᐃ⎔ቃ 

ᮏ❶࡚࡟㸪ᮏ◊✲࡛⾜ࡓࡗ GPUᾘ㈝㟁ຊ ᐃࡢ ᐃ⎔ቃ࡚࠸ࡘ࡟ㄝ᫂ࡿࡍ㸬 
GPGPUࡣ㸪GPU࡚࠸⏝ࢆᥥ⏬₇⟬ฎ⌮௨እࡢỗ⏝ィ⟬࠺⾜ࢆᢏ⾡࡛ࡿ࠶㸬 

 
⾲ 1 ౑⏝ GPUࡢ௙ᵝ 

"GeForce 8800 GT"

  CUDA Driver Version 2.3

  CUDA Runtime Version 2.3

  CUDA Capability Major revision number 1

  CUDA Capability Minor revision number 1

  Total amount of global memory   536150016 bytes

  Number of multiprocessors 14

  Number of cores 112

  Total amount of constant memory   65536 bytes

  Total amount of shared memory per block   16384 bytes

  Total number of registers available per block : 8192

  Warp size 32

  Maximum number of threads per block 512

  Maximum sizes of each dimension of a block   512 x 512 x 64

  Maximum sizes of each dimension of a grid   65535 x 65535 x 1

  Maximum memory pitch   262144 bytes

  Texture alignment   256 bytes

  Clock rate   1.51 GHz  
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GPU ᅗ 3ࡣ⤥㟁ຊ౪ࡢ࡬ࢻ࣮࣎ 㸬1ࡿࢀࢃ⾜᪉ἲ࡛ࡢ㸰✀㢮࡟ᵝࡢ ࡀࡘ PCI-Express
࡚ࡌ㏻ࢆࢺࢵࣟࢫ MB(࣐ࢻ࣮࣮࣎ࢨ)ࡿࢀࡉ࡞ࡾࡼ㟁ຊ౪⤥࡛ࡾ࠶㸪࠺ࡶ 1 ࡀࡘ ATX
㟁※ࡽ࠿ᣑᙇ࣮࣎ࢻ⏝ 6pin 㟁※ࢆࢱࢡࢿࢥ㏻ࡿࢀࢃ⾜࡚ࡌ㟁ຊ౪⤥࡛ࡿ࠶㸬GPU ࡢ

ᾘ㈝㟁ຊࢆ ᐃࡣ࡟ࡿࡍ㸪ࡽࢀࡇ㸰ࡢࡘ౪⤥㟁ຊࢆ ᐃࡿࡍᚲせࡿ࠶ࡀ㸬 
ᡃࡣࠎᅗ 4㸪ᅗ 5ࡢᵝ࡞ᐇ㦂⎔ቃࢆᵓ⠏ࡋ౪⤥㟁ຊࢆ ᐃࡓࡋ㸬MB ࡢ PCI-Express

࡜ࢻ㸪GPU࣮࣎ࡣ㔞ࡢ㟁ຊࡿࢀࡉ⤥౪ࡽ࠿ࢺࢵࣟࢫ PCI-Expressࢺࢵࣟࢫ㛫ࢨ࢖ࣛ࡟

ࡼ࡟࡜ࡇࡿࡍ ィ࡛࣮ࢱ࣮࣓ࣉࣥࣛࢡࢆ㟁ὶࡿࢀὶ࡟ࢻ࣮࣮࢝ࢨ࢖ࣛࡳᣳࢆࢻ࣮࣮࢝

࡜ࢺࢵࣟࢫ㸪PCI-Express࠾࡞㸬ࡓࡋᐃ ࡾ GPU࣮࣎ࢻ㛫࡛ὶࡿࢀ㟁ὶࡣ࡟ 12V ࡜⥺

3.3V ⏝ࢻ㸬ᣑᙇ࣮࣎ࡿ࠶ࡀᚲせ࠺⾜ࢆ ィ࡟ࠎ㸪ูࡾ࠶ࡀ⥺ 6pin 㟁※ࡽ࠿ࢱࢡࢿࢥ

౪⤥ࡿࢀࡉ㟁ຊ㔞ࡣ㸪㟁ຊࢆ ATX 㟁※ࡽ࠿౪⤥ࡃ࡞ࡣ࡛ࡢࡿࡏࡉእ㒊㟁※ࡽ࠿౪⤥ࡉ

 㸬࠺⾜ࢆ ィ࡚࠸⏝ࢆ࣮࢝ࢵ࢙ࢳࢺࢵ㸪࣡ࡏ
 ᐃࡣ㸪NVIDIA GeForce 8800GT ࡓࡗ⾜࡚࠸⏝ࢆ㸬GeForce 8800 ࡢ௙ᵝ㸪ᛶ⬟ࡣ⾲ 

1  㸬ࡿ࠶࡛ࡾ㏻ࡢ

ATX電源

外部電源

Mother Board

電源

コネクタ

GPUボード

PCI-Expressスロット

6pin電源

コネクタ
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4. ᐇ㦂ᐇ㦂ᐇ㦂ᐇ㦂 

 ᾘ㈝㟁ຊ࡜⬟ᛶࡢᾘ㈝㟁ຊ࡜⬟ᛶࡢᾘ㈝㟁ຊ࡜⬟ᛶࡢᾘ㈝㟁ຊ࡜⬟ᛶࡢࢫࢭࢡ࢔ࢫࢭࢡ࢔ࢫࢭࢡ࢔ࢫࢭࢡ࢔࣓࣓࣓࣓ࣜࣔࣜࣔࣜࣔࣜࣔ 4.1
GPUࡣ࡟ VRAM ࡜ Shared Memoryࡿ࡞␗࡜✀㢮ࡀ࣓ࣜࣔࡢᦚ㍕ࡿ࠸࡚ࢀࡉ㸬ࡓࡲ㸪

VRAM 㸪Shared Memoryࡾ࠶ࡀࢫࢭࢡ࢔ࢫࣞ࢔ࢥ࡜ࢫࢭࢡ࢔ࡢ㏻ᖖࡣ࡟ᡭἲࢫࢭࢡ࢔
㸪ࡣ࡛❶㸬ᮏࡿ࠶ࡀᡭἲ࠸࡞ࡋ࡜ᡭἲࡿࡍ⏕Ⓨࡀࢺࢡࣜࣇࣥࢥࢡࣥࣂࡣ࡟ᡭἲࢫࢭࢡ࢔

⬟ᛶࡢ᫬ࢫࢭࢡ࢔࣓ࣜࣔࡢᾘ㈝㟁ຊ㸪ྛ✀ᡭἲ࡛࡜⬟ᛶࡢ᫬ࢫࢭࢡ࢔ࡢ࡬࣓ࣜࣔ✀ྛ

 㸬ࡿ࡭㏙࡚࠸ࡘ࡟ᾘ㈝㟁ຊ࡜
㸪VRAM࡟ึ᭱ ࡽ࠿ VRAM ࡧࡼ࠾⌮㌿㏦ฎࢱ࣮ࢹࡢ࡬ Shared Memoryࡽ࠿ VRAM

㸪VRAMࡣ㸬ᮏ ᐃ࡛ࡍ♧ࢆᾘ㈝㟁ຊ࡜⬟ᛶࡢ⌮㌿㏦ฎࢱ࣮ࢹࡢ࡬ ࡣࡓࡲ Shared 
Memory 4)ࢱ࣮ࢹᩘᩚࡽ࠿ ࢆࢀࡑ㸪ࡳ㎸ࡳㄞࢆ(ࢺ࢖ࣂ VRAM ࡾ⧞ࢆ⌮ฎࡴ㎸ࡁ᭩࡟

㏉ࡾࡼ࡟࡜ࡇࡍᛶ⬟࡜ᾘ㈝㟁㔞ࢆ ᐃࡓࡋ㸬࣓ࣔࣜࡣࢫࢭࢡ࢔ 1Warp(32ࢻࢵࣞࢫ)࡟
㸬VRAMࡍ♧࡟ᅗ 6ࢆ㸬 ᐃ⤖ᯝࡓࡗ⾜࡟୪ิࡾࡼ ࢫࢭࢡ࢔ࢫࣞ࢔ࢥࢆ᪉ἲࢫࢭࢡ࢔

࡟኱ᖜࢆࡳࡢ⬟ᛶࢫࢭࢡ࢔࣓ࣜࣔࡃ࡞࡜ࡇࡿࡏࡉ᪼ୖࢆ㸪ᾘ㈝㟁ຊࡾࡼ࡟࡜ࡇࡿࡍ࡟

ࢆඖࡳ㎸ࡳ㸪ㄞࡓࡲ㸬ࡓࢀࡉㄆ☜ࡀ࡜ࡇࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡏࡉୖྥ VRAM ࡽ࠿

Shared Memory࡟ኚ᭦ࡾࡼ࡟࡜ࡇࡿࡍ㸪ᾘ㈝㟁ຊࢆኚࢫࢭࢡ࢔࣓ࣜࣔ࡟ࡎ࠼ᛶ⬟ྥࢆ

ࡣ㸪ᮏᐇ㦂࡛ࡋࡔࡓ㸬ࡓࢀࡉㄆ☜ࡶ࡜ࡇࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡏࡉୖ Shared Memory౑
⏝᫬ࡶ᭩ࡁ㎸ࡣࡳ VRAM ࡣ㸪ᮏ ᐃ⤖ᯝࡵࡓࡿ࠸࡚ࡗ⾜࡚ࡋᑐ࡟ Shared Memoryࡳࡢ

 㸬࠸࡞ࡣ࡛⬟ᛶࡢሙྜࡓ࠸⏝ࢆ
㸬ྠࡍ♧࡟ᅗ 7ࢆࡢࡶࡓࡋ⟭᥮࡟⬟ᛶࡢࡾࡓ࠶༢఩ᾘ㈝㟁ຊࢆ⬟ᛶࡢࡽࢀࡇ ᅗࡽ࠿

࡜ࢫࢭࢡ࢔ࢫࣞ࢔ࢥࡶࡁ࡜ࡓ࠼⪄ࡽ࠿୧ഃ㠃ࡢᾘ㈝㟁ຊ࡜⬟㸪ᛶࡶ Shared Memoryࡢ
౑⏝ࡀ᭷ຠ࡞ᡭἲ࡛ࡀ࡜ࡇࡿ࠶☜ㄆࡓࢀࡉ㸬 

情報処理学会研究報告 
IPSJ SIG Technical Report

3 ⓒ2010 Information Processing Society of Japan

Vol.2010-ARC-192 No.1
Vol.2010-HPC-128 No.1

2010/12/16



 
 

  
 

ᮏᐇ㦂࡛ࡣ 1Warp ࡢ㸪ከᩘࢻࢵࣞࢫࡢ㸬ከᩘࡓࡗ⾜ࢆࢫࢭࢡ࢔࣓ࣜࣔ࡟୪ิࡾࡼ࡟

Warp࡚࡟୪ิࡓࡗ⾜ࢆࢫࢭࢡ࢔ሙྜࡣ㸪࣓ࣔࣜᚅࡕ᫬㛫୰࡟௚ࡢ Warpࡢฎ⌮࠸⾜ࢆ

㸪512࡟ࡵࡓࡢ⪄㸬ཧࡿࡁ㞃ⶸ࡛ࢆ㐜ᘏ᫬㛫ࢫࢭࢡ࢔࣓ࣜࣔ ࣓ࣜࣔ࡟୪ิ࡛ࢻࢵࣞࢫ

 㸬ࡍ♧࡟௜㘓ࢆᯝ⤖ࡢᐇ㦂ࡓࡗ⾜ࢆࢫࢭࢡ࢔
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ᅗ 7 ࣓ࣔࣜࡿࡅ࠾࡟࣮ࣆࢥ༢఩ᾘ㈝㟁ຊࡢࡾࡓ࠶㌿㏦㏿ᗘ 

ḟ࡟㸪Shared Memoryࡽ࠿ Shared Memoryࢱ࣮ࢹࡢ࡬㌿㏦ฎ⌮࡚࡟ᚓࡓࢀࡽᛶ⬟࡜

ᾘ㈝㟁ຊࡢ㛵ಀࢆᅗ 8ࡍ♧࡟㸬Shared Memoryࡣࢫࢭࢡ࢔㸪1Warp࡛୪ิࡓࡗ⾜࡟㸬

ᶓ㍈ࡢ౑⏝ࡣᩘࢡࣥࣂ୪ิ࡟౑⏝ࡿ࠶࡛ᩘࡢࢡࣥࣂࡓࡋ㸬౑⏝ࡀᩘࢡࣥࣂᑡࡁ࡜࠸࡞

ࡣ 32 ಶࡀࢫࢭࢡ࢔ࡢࢻࢵࣞࢫࡢᑡᩘ࡟ࢡࣥࣂࡢ㞟୰ࡀ✺⾪ࢡࣥࣂࡾ࠾࡚ࡋከࡃⓎ⏕

ࣥࣂ㸪ࡋసື࡟୪ิࡀࢡࣥࣂࡢࡃከࡣࡁ࡜࠸ከࡀᩘࢡࣥࣂ⏝㸬౑ࡿ࠶ἣ࡛≦ࡿ࠸࡚ࡋ

ᾘࡾࡼ࡟࡜ࡇࡿࡏࡉᅇ㑊ࢆ✺⾪ࢡࣥࣂ㸪ࡾࡼᯝ⤖ࡢ㸬ྠᅗࡿ࠶ἣ࡛≦࠸࡞ᑡࡶ✺⾪ࢡ

㈝㟁ຊࢆቑຍ࡟ࡎࡏࡉᛶ⬟ࢆ኱ࡀ࡜ࡇࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡏࡉୖྥࡃࡁ☜ㄆࡓࢀࡉ㸬 
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ᅗ 8 Shared Memory㛫ࢱ࣮ࢹ㌿㏦᫬ࡢᛶ⬟࡜ᾘ㈝㟁ຊ 
 

 ᾘ㈝㟁ຊ࡜⬟ᛶࡢ⟭ᾘ㈝㟁ຊ₇࡜⬟ᛶࡢ⟭ᾘ㈝㟁ຊ₇࡜⬟ᛶࡢ⟭ᾘ㈝㟁ຊ₇࡜⬟ᛶࡢ⟭₇ࢧࢵࢭࣟࣉࢧࢵࢭࣟࣉࢧࢵࢭࣟࣉࢧࢵࢭࣟࣉ 4.2
౑⏝࡜ᩘࢻࢵࣞࢫ౑⏝ࢆᩘࢡࢵࣟࣈኚ໬࡚ࡏࡉ㸪₇ࢧࢵࢭࣟࣉ⟬᫬ࡢᛶ⬟࡜ᾘ㈝㟁

ຊࡢ㛵ಀࢆㄪᰝࡓࡋ㸬⾜ࡓࡗฎ⌮ࡣ Monte Carloࡿ࠶࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩ㸬1 ㎶ࡢ㛗ࡉ

ࡀ 1 ồࢆ⋠☜ࡿධ࡟ෆ㒊ࡢᡪᙧࡀⅬࡢࡑ㸪ࡋ㑅ᢥࢆᗙᶆ࡟࣒ࢲࣥࣛࡽ࠿୰ࡢṇ᪉ᙧࡢ

ࡣ⌮㸪Ⓨ⏕ฎ࠸⾜ែ࡛≦ࡢࡳ῭⏕Ⓨࡣ㸬஘ᩘࡓࡵồࢆ⋠෇࿘ࡵ Monte Carlo࣑ࣞࣗࢩ

 㸬࠸࡞࠸࡚ࡵྵ࡟ࣥࣙࢩ࣮
ࡣᩘࢡࢵࣟࣈ ࡣᩘࢻࢵࣞࢫࡢࡾࡓ࠶ࢡࢵࣟࣈ㸪ࡏࡉኚ᭦࡜1,2,8,14,140,700,1400 1

ࡽ࠿ ࡟ᅗ 9ࢆ㛵ಀࡢ㸪ᛶ⬟㸪ᾘ㈝㟁ຊᩘࢻࢵࣞࢫ㸪ᩘࢡࢵࣟࣈ㸬ࡓࡏࡉኚ໬࡛ࡲ512

ቑຍࡣᾘ㈝㟁ຊ࡜ࡿ࠼ቑࡀ⬟㸪ᛶࡾ࠶ࡀ㛵┦࠸ᙉࡣ࡟ᾘ㈝㟁ຊ࡜⬟㸪ᛶࡾࡼ㸬ᅗࡍ♧

ࡓࡋ⏝㸬ᮏᐇ㦂࡛౑ࡓࢀࡉㄆ☜ࡀ࡜ࡇ࠸ᙉ࡟㠀ᖖࡀഴྥࡿࡍ GPUࡣ 14ಶࡢ SM ᣢࢆ

ࢆᩘࢡࢵࣟࣈ㸪ࡀࡿ࠸࡚ࡗ 1 ࡽ࠿ SM ࡶ࡜࡜ࡿࡍୖྥࡀ⬟ᛶ࡜ࡃ࠸࡚ࡏࡉቑຍ࡛ࡲᩘ

㸪SMࡁ࠸࡚ࡋୖྥࡶᾘ㈝㟁ຊ࡟ ᩘ௨ୖ࡟ቑຍ࡜ࡃ࠸࡚ࡏࡉᛶ⬟ࡍୖྥ࡟࠿ࡽࡔ࡞ࡀ

ᛶ⬟࡛ẚ୍ྠࡕࢃ࡞ࡍ㸬ࡓࡗ࡞࡜ᯝ⤖ࡃ࠸࡚ࡋῶᑡ࡟࠿ࡽࡔ࡞ࡀᾘ㈝㟁ຊ࡟ࡶ࡜࡜ࡿ
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㍑࡜ࡿࡍ㸪ከࡓ࠸⏝ࢆࢡࢵࣟࣈࡢࡃ᪉ࡀᾘ㈝㟁ຊࡀపࡿ࡞ࡃഴྥࡾ࠶ࡀ㸪ᛶ⬟ࢆపୗ

࡜ࡇ࠸ࡋࡲዲࡀ࡜ࡇࡿࡏࡉቑຍࢆᩘࢡࢵࣟࣈࡣ࡟ࡿࡏࡉపୗࢆࡳࡢᾘ㈝㟁ຊ࡟ࡎࡏࡉ

  㸬ࡓࡗ࠿ศࡀ
ࡾࡼ࡟࡜ࡇࡿࡍẚ㍑࡜ᯝ⤖ࡢ㸪๓⠇ࡓࡲ SP ࢫࢭࢡ࢔࣓ࣜࣔࡀ᪉ࡢ⌮ฎ⟭₇ࡿࡼ࡟

ฎ⌮ࡶࡾࡼከࡢࡃ㟁ຊࢆᾘ㈝ࡀ࡜ࡇࡿࡍศࡓࡗ࠿㸬 
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ᅗ 9 ₇⟬ฎ⌮ࡿࡅ࠾࡟ᛶ⬟࡜ᾘ㈝㟁ຊ 
 

ḟ࡟㸪Matrix Multiplicationฎ⌮ࡿࡅ࠾࡟ᛶ⬟࡜ᾘ㈝㟁ຊࡢ㛵ಀࢆㄪᰝࡓࡋ㸬 ᐃࡣ㸪

Shared Memory౑⏝᫬࡜ VRAM ࣞࢫྛ)ࢫࢭࢡ࢔ࢫࣞ࢔ࢥ㸪࠸⾜࡚ࡅศ࡟౑⏝᫬ࡳࡢ

ࡀ࣓ࣜࣔࢫࢭࢡ࢔᫬ྠࡢࢻࢵࣞࢫྛ࡜(⥆㐃ࡀ࣓ࣜࣔࢫࢭࢡ࢔᫬ྠࡢࢻࢵ 4 㛫ࢺ࢖ࣂ

㝸࡜ 7  ,"SKIP4"ࡢ㸬ᅗෆࡍ♧࡟ᅗ 10(a)(b)ࢆ㸬 ᐃ⤖ᯝࡓࡗ⾜࡚ࡋኚ᭦࡟㛫㝸ࢺ࢖ࣂ
"SKIP7"࣓ࣜࣔࢫࢭࢡ࢔ࡣ㛫㝸ࡀ 4 㸪7ࢺ࢖ࣂ 㸬ྠᅗࡿ࠸࡚ࡋព࿡ࢆ࡜ࡇࡿ࠶࡛ࢺ࢖ࣂ

(ࡋẚ㍑࡜ሙྜ࠸࡞ࡋ⏝౑ࢆShared Memory)ࡾࡼ࡟࡜ࡇࡿࡍ⏝౑ࢆShared Memoryࡾࡼ
ᛶ⬟ࡀ኱ᖜ࡟ࡶ࡜࡜ࡿࡍୖྥ࡟㸪ᾘ㈝㟁ຊࡀ࡜ࡇࡿ࠸࡚ࡋ᪼ୖࡶศࡿ࠿㸬๓⠇ࡢᐇ㦂

ࢆ࣓ࣜࣔ⏝㸪౑࡚࡟ VRAM ࡽ࠿ Shared Memory࡬ኚ᭦ࡾࡼ࡟࡜ࡇࡿࡍᾘ㈝㟁ຊୖྥࡢ

㸪ᮏ⠇ࡀࡓ࠸࡚ࢀࡽᚓࡀᯝ⤖ࡢ࡜ࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡏࡉୖྥࢆࡳࡢ⬟ᛶ࡟ࡎࢃకࢆ

ࡣᐇ㦂࡛ࡢ Shared Memoryࡢ౑⏝ࡾࡼ࡟ᾘ㈝㟁ຊࡿࡍୖྥࡀ⤖ᯝࡓࡗ࡞࡜㸬ࡣࢀࡇ

Shared Memoryࡢ౑⏝ࡾࡼ࡟ฎ⌮㏿ᗘࡋୖྥࡀ༢఩᫬㛫ࡢࡾࡓ࠶SPࡢฎ⌮㔞ࡀቑຍࡋ

࢔ࢥࡿ࠶࡛⥆㐃ࡀ㡿ᇦࢫࢭࢡ࢔᫬ྠࡢࢻࢵࣞࢫ㸪ྛࡓࡲ㸬ࡿࢀࡽ࠼⪄࡜ࡿ࠶࡛ࡵࡓࡓ

㊥ࡢ㛫ࢫࣞࢻ࢔ࢫࢭࢡ࢔㸪ࡾ࠾࡚ࢀඃ࡚࠸࠾࡟୧㠃ࡢᾘ㈝㟁ຊ࡜⬟ᛶࡀࢫࢭࢡ࢔ࢫࣞ
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௜㘓௜㘓௜㘓௜㘓 

௜㘓௜㘓௜㘓௜㘓 A.1 ࣓ࣔࣜࡢ࣮ࣆࢥ㌿㏦㏿ᗘ࡜ᾘ㈝㟁ຊ࣓ࣔࣜࡢ࣮ࣆࢥ㌿㏦㏿ᗘ࡜ᾘ㈝㟁ຊ࣓ࣔࣜࡢ࣮ࣆࢥ㌿㏦㏿ᗘ࡜ᾘ㈝㟁ຊ࣓ࣔࣜࡢ࣮ࣆࢥ㌿㏦㏿ᗘ࡜ᾘ㈝㟁ຊ(512ࢻࢵࣞࢫࢻࢵࣞࢫࢻࢵࣞࢫࢻࢵࣞࢫ) 
➨ 4.1 ⠇ ᅗ 6 ࢆᐇ㦂ࡢ୍ྠ࡜ 512 㸬ࡓࡋᐃ ࢆᾘ㈝㟁ຊ࡜⬟ᛶ࠸⾜࡚࡟ࢻࢵࣞࢫ

 ᐃ⤖ᯝࢆᅗ 2 ࢆᾘ㈝㟁ຊࡾࡼ࡟࡜ࡇ࠺⾜ࢆࢫࢭࢡ࢔ࢫࣞ࢔ࢥ㸪࡟㸬ᅗ 6ྠᵝࡍ♧࡟

 㸬ࡓࢀࡉㄆ☜ࡀ࡜ࡇࡿ࠶࡛⬟ྍࡀ࡜ࡇࡿࡏࡉୖྥࢆ⬟ᛶ࡟ࡎࡆୖ
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