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Ḍ Ẁӓ ˘ ῁ ר ᾍ Ṕ

˘ ῁ ᾍ ˬ ˬ HPCIЋ

̱ ͑

Ẏ ☻Ҋ ♅

ꜘ

͑ ʝ῁ӲҘ ᶮ ╠ ͑ ᾍ Ϲὕ

 

  

 ᶮ ֗ҧ ṔẎ HPCI

ѫ Ẏ ᶫ ᶮ ᶮ

ᵀ ˘ ῁ ρ

ᶮ ᶮ ˘ ῁

ρ ὕ ᶮ ᵀ

ρ ᾍ ̝˧ ˘ ῁ ᾍ

ᵀ ӓ ˛

ṑ ρ  

 

 ẉ ӓ ˘ ῁ ᶫ ᶮ

HPCI ὦ

ὦ Ḹ ʝϷ ͑ ѫ

̔ ► ѝ ►

˺ ̱Ѱ ρ  

  

 ˘ ῁ Ẏ ᶮ ӓ

ѫ ѫ ᴣ

HPCI ˗ҵᾯ ʰ

В Ḹ˧ ˿ ʰ

ԍѸ Ϭ ᾍ Ϯϼ ̬̂ Ϭ

ד Е̱ ⱳ HPCI

˗ҵᾯ ᴣ ˲˗˧ ͝
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ʱ ֻ
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 ᶮ ̊ʤ ˬ ͑

Ồ ₴ӭ  

 

 ˬ ҍї ʝ

ˬ Ḍ ᶮHPCI

ʝ ˘ ῁

₴ӭ ˬ ӡ ˬ у ר

ḹ ₴11 ר

ˬẎἶ Ẏἶ Вֿ ρ ρ

Oakforest- PACS ˬ 1.3 Ί ר ᶮ ר ʫ

6 ̬ ר ₴4 Ồ

ᶮ HPCI ˘ ῁ ר ӓ

ר ᾍ ̭ʤ

Ў ῗḌ Ẁ ʴẔы

CPU ₴ ˘ ῁

ϼ  

 

 ˬ Ồ 2014₴4 ˬ

ˬ ►ѧ В Ồ˔ὑ2019 ₴

↓ 8 ₴ қ

ӭᾚ̱ ʣ ᵂ В Ồ 1 ₴ 2 ₴

ʣ HPCI Ẁ ⱳ

♫ Ὀ ̬ ˘

῁ ̬ П↓ ˹♥ ρ ρ

ᵂ ᶮ ἶ ʣ Ẏ

᷀ӓ  

 

 ˹♥ HPCI ᾍ ʣ ˬ

Ҳ Ồ ˹♥ ₴ ˘ ῁ ρ

HPCI

˧ ̝ ֚  

 

ᶮЋ̱ ἶ ἶ ḹֻ

HPCI ͑ ˘ ῁ HPCI HPCI

͑ Ẏἶ ᶮ ˲ HPC
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HPCI ˘ ῁ ☻Ҋ 

HPCI ѝ ἶ ᾽ Ẏ ʫ

ר Ћᶮֺ

ѫ ρ ṑ

2012 ₴9 В Ồ HPCI ὑϼ

ẎḌ В ͝ ♣ ₳ 6₴ 6 29 ♣ 78 ֵ

₳ 18 ₴ 5 17 ♣ 37 ֵ Ḩ ὑ ἧ В

͑ ˬ Ẏἶ ḸḨ ẎἶВֿѫ

Ҳ ♣ ρ ʝ

͑ї ͑ ˘ ῁  

 

ˬ В Ồ 4 ₴ӭ̵ ˬ

ʴ HPCI ẉ ̝ ἶ ᶮ

ѝ ˹♥ ʫ Ϯ̬ר Ḭ ἶ

᾽ Ẏ ʫ ר

ρ ⱳ ˬ В Ồ 2014 ₴

4 ˬ ˬ ►ѧ

2019 ₴↓ʴ В Ồ ˔ὑ ʫ ᶩ

Ṕ ӭᾚ̱ ├ ˬ 2021 ₴↓ 2022 ₴↓ В

Ồ  

 

ӭᾚ̱ ⱨ ӓ ̢ CPU

ר ₴ ׄʣ ˬ ר ӡ

ˬ ר у ר ˘ ῁ ї

₴6 ⁸ḹ Њ CPU ˬ CPU 27 Ί

ר CPU 8,000 Ή̵ ˬẎἶ Ẏἶ Вֿ

ρ ρ Oakforest- PACS ˬ 1.3 Ί ר

ᶮ ר ʫ 6 ̬ ר ₴ 4

Ồ ֺẎἶ ρ 1(p.17)

ˬ В Ồ 202 ₴↓ 2022 ₴↓ ˔

HPCI ʝ

Ḍ

Ў ῗḌ Ẁӓ ˘ ῁ ר ᾍ

Ṕ  

 

ʴ
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ⱳ ♬ ѝ

ҧר ὕ ʤ ᾽

̬ ˘ ῁ ̬ ⱳ ר

˘ ῁ ᾍ ʣ ☻Ҋ қ ˹♥

☻Ҋ ♅  

 

HPCIЋ̱ ͑  

HPCI ͑ ˘ ῁ ₴ ṔẎ

͑ Ẏ

2017 ₴↓ HPCI ͑

ˬ 6.6 ʠ ᾍ ˘̈͂ ֻ

4.9 ʠ ˘ ῁ ˹♥ ₴ ṔẎ

ʝ ˬ 2021 ₴↓ 2022 ₴

↓ В Ồ ˔ὑ Ѽ ˬ В ˓

2020 ₴↓ 2021 ₴↓ ˹♥4₴ 5₴ ˘

῁ HPCI ͑ ʺ

ᶮ ἶ ў ᾽ ᶫ ˔ ʴ

↓ ˘ ῁ ρ ⅎ ͑

ⱳ α

ʴ ˘ ῁ ᾍ Ẏ₦ ṔẎ ˔ ᶮ

ἶ ᾽ ˘ ῁

͑ ל Е̱ ᾍꜘ  

 

 

Ѽ ˘ ῁ ͑ CPU

CPU ϼ

ẉ ᷀ ר ׄʣ ʺ ṔẎ ֿ

ṔẎ ὕ ˬ CPU

2 ᾍ ֿ ֿʝ ᴁ̉ὕ 128 SIMDSingle 

Instruction Multiple Data Stream ᶅ 8 ᾍ

˘ ῁ ͑ CPU 8

ᾍ ֿ ֿʝ ᴁ̉ ὕ 512 SIMD ᶅ Ẏ72

Ή ˬ CPU

Џ Ћ̱ ʴ ̬

˔ ˘ ῁ ϐ

☻Ҋ
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Ẏ 

Ẏἶ ḸḨ ρ ẉ ר

Ҳ ἶ Ẏ ѝ HPC ѫ

ṔẎ Ẏ ẉHPC ˹♥ Ẏ

ἶ ḸḨ HPCI Ẏ ☻

Ҋ ♅  

 

 ʴ ˘ ῁ ᶮ ἶ ʥ֯

Ẏἶ ḸḨ ♣ ρ ρ

HPCI Ҳ ֓ ר♣ Ѽ

˘ ῁ ʺ̱ ρ

ᾍ ̊ʣ ֓ ♅

ꜘ

͑ ʝ῁ӲҘ ᶮ ╠ ͑ ᾍ Ϲὕ  

̝ ἶ Ẁӓ ר ׄʣCPU

ᶮ һ Ẁӓ HPC ѝ Ẁӓ

HPCI ѫ Ẏ ᾽ ѝ ► ѝ

ⱳ  

 

̊ʣ ˘ ῁ ☻Ҋ

♫ ₡ Ẁӓ ᶮ ʫ

ἶ ἶ ˕Ҙ

˘ ῁ HPCI ̱ ₡ Ẏӓ ⱳ

ᶮ ˘ ῁ ͜

Ḩ Ḩ ᴣ В ρ

 

 

˘ ῁ ʣ ϐ ρ 

ר  ρ ͑ ʱ ר ʣ

ϐ ρ ⅎ ѫ ṑ

͑ HPCI ☻Ҋ

̊ʤ ρ HPCIʣ Ҳ

Ẏ  (1)ᶮ ̊ʤ

ᶮ (2) (3)ᵀ
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ѝ (1) (2) ѝ (3) ѝ

ρ ֗

ρ ˬ ѩ

͜ Ὥ Ḹ ͜

˘ ῁ ʣ ϐ ρ

֗  

 

 ᶮ ρ 

2009 ₴↓ 2015 ₴↓ HPCI 5 ѝ

ˬ ᾍ ӓ ӓ

ὕ ˬ ҍ

ї 2014 ₴↓ ˬ ̝ ἶ

9

2016 ₴↓ ѝ Ẏ

4 ►

Ồ  

 

ʺ ˬ ˬ

ᾍ ӓ

˘ ῁ ʣ ϐ ρ ˘ ῁

ⅎ ѫ ṑ ρ ʤ ᾽ ʣ

ᶮ ֗

2010 ₴↓ ᶮ ˲ ἶ ҍ ˗

JST- CREST Ḣ ʝ ר

ҍї ὑ

ρ  

 

ʣ ᶮ

ʤ ᾽ ⱳ Њ қ ρ

˗ ˓♥ ► ѫ ͔Ι

ѫ ẉ ὕ ˗ Ϸ

˗ ᾍꜘ ˗ Ẏ

ֿᾛ қ ̸ ҧ ὕ ʥ֯

ӲҘ ♬  
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 Ѽ ˘ ῁ ẉ ר ὰ ⱳ

ֿʝ

˘ ῁ ӓ

͑ ► ҥҘ ḹֻ ẉ Ẏἶ ḸḨ

̸ ὕ ᶩ ᶮ

ρ ֝ ᶮ

˲ ӓἶ ἶ AICS (̌ )

ˬ ̱Ѱ ʝ

ᶧ ˲ ↓ Ḹ ἶ RIST ˬ ʴ HPCI

ѫ ʴ ᶮ ρ

Ồ  

 

ʴɲ ʣ ֝ ▌ӓɲ

˘ ῁ ѫ

ρ ⅎ ͑ ˿ Е̱

HPCI ˗ҵᾯ Ẏἶ ḸḨ ͪ ˘ ῁ ʣ ẉ

ѫ Ḹ ẉ

ԝ ẉ ר ὰ ˘ ῁ ʴ ̈

ʣ ρ ὕ

2- 1(p.18) HPCI ѫ

2- 2(p.19) HPCI ρ ᶮ

ρ ᾍ ὑ ѫ

↓ қ ֿ ρ

ᾓ ѫ ֯ ר ֻ

꜠ ˔ ר ʣ

ρ ӭ ʿ ʥ֯ 3₴ 5₴

♥ ѩ ◐ ► ρ ⱳ

ѫ ͑ ►

᾽ ˿ ֿ ⱳ

ᶮ ρ ˓ ♥ ρ ᾽

ρ ὑ ᶮ

ӓ ► ˲

 ẉ

˘ ῁ ֗  

 

 ᵀ ρ 



10 

 

ᵀ Ẏ ˘ ῁ ᵀ

ρ HPC ѫ ᾓ

ὕ ṑ ͑ ᾓ

ѫ Ҳ ѫ ˫֞

ᵀ ˘ ῁ ʣ ϐ

ⱳ ὕ

ѫ ► ̔ Ỉ►  

 

ʝ HPCI ѫ ѫ ˘ ῁

ᾍ ► ̔ ѫ ᵀ ӓ ѫ

˧ I̝ndependent Software VenderISV

Ήѩ ҧ Ћ̱ HPC ѫ Ẏ ὡ ᶦ

HPCI ˗ҵᾯ RIST ʺ̱

AICS ˬ ѫ ͝

Џ ᶧ ˲ ἶ ᶧFOCUS ʢ

֝ ISV ˧ ˘ ῁ ᾍ ᵀ

ӓ ˛ ṑ

ρ ♥ Ồ

HPCI ѫ қ ♅ HPCI

˘ ῁ ʣ ֿ ᵀ

ḹ►ֻ ₡ ᵀ

Ḹ ˧ ᾍ ᵀ

ѫ ֥ ʝϷӓ 2- 3(p.26) ˘

῁ ρ ᵀ ʝ  

 

 ˘ ῁ ᾍ ᵀ ISV

ʣ ᶩ ̢

Ҳ̸ ᶮ ˆ

ʝ ʝ ˆ ⱳ

Ӵ ► ⱳ ὑ ᵀ

ᾚЊ ᶮ ˆ

Ѩ ⱳ  

 

˘ ῁  

 ꜘҹ ὑ ͈

ẉ Ѽ ˘ ῁ ẉ ӓ
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ᾍ ѩ ᾍ

ֻ

ᵂ

ѫ ѫ ˘ ῁ ҧ

ѫ ᶫ Ẏӓ ⱳ ˘ ῁

ᶫ Е̱  ֗

 

 ˘ ῁ Ḹ  ͑

 ᷀ ˘ ῁ Ḹ ֺ ḸḨ

ᾍ Ḹ HPCI ˗ҵᾯ ѫ

ѫ Ḹף ᶥ ̏

Ḹ ҧ ד ͑ Ḹ ד ˹♥ HPCI

Ḹ ͬ  

 

ü CPU қ ᶅ ֿṲ

Ḹ 

ü ̓ ֯ ὦ  

ü 1 ᶥ ̓  

ü ϐὕ ᶮ Ḹ 

ü ᵀ ᾚЊ  

ü ὕҧҧ  

ü ʱѦӓҧ  

ü ὑ ˕  

ü  

 

 ᷀ HPCI ʣ Ḹ В

˘ ῁ ϐ Ḹ ͑

 ֺ ḸḨ █

Ḹ ֯ ὕҧ

ר ὑ ◐ Ḹ ͑ ѝ

ֻ ὦ ֺ ḸḨ

ѫ ͈ ὕҧҧ

Ḹ ʝϷ ͑ ˘ ῁

Ḹ ♬ ˘ ῁ ֒ ˕

Ḹ Ḹ ˘ ῁ ҧ

ҧ Ḹ ѫ ͒Ἥ↓
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◐ Ḹ Џ

◐ ⱳ ↓

ἶ ᾐ ὤ ⱳ ѫ

Ⱳ˗ ʣ

͑  

 

 ☻  

 ˘ ῁ ҧ ᾍ ў Ḹ ͬ қ

ᶫ ☻ ֗ Ẏἶ

ᶫ ̱Ѱ ρҧ

ֺ Ӧѝ ὕ ☻ HPCI

ὑ ̑ HPCI ˗ҵᾯ ˘ ῁ ̑

Ẏἶ ḸḨ ʰ HPCI

֥ ʣ ʝϷ ֥ ˺ ͒ ֯

HPCI ˗ҵᾯ Ћ ˘ ῁ ⅎ

ἶ ᾐ ὤ ʝ ֺ ►

ⱪ ► ϐὕ ↓

Ҟ ֯ ˲ᴣ ☻

˛ ὑ ͝ ᶫ ̱Ѱ ρ

ꜘҹ ὑ ͈ ẉ ˹♥

ⅎ ʴ ᵂ ᾍꜘ ⱳ

ᵂ ᾍ ʣ ᾐ ὤ

☻  

 

 HPCI ꜘ ׄ (₳ 27 ₴ 12 3

ꜘ Ӳ (̝ ꜘӲ)) HPCI ὑ ѫ

ѫ ѫ ר ֿ

̔ ζ ᵂ ᾍ ► ѝ

ẉ ˘ ῁ ʴ ў ѫ

˘ ῁ ҧ ѫ H᷀PCI

˗ҵᾯ ˬ ὕ

֥ ▌ӓ ˘ ῁ ѫ ̔

ᾍ ► ѝ ►

˺ ̱Ѱ ρ ѫ ͝ ᾍ

ҧ  
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 ὑ ᵎ ׄ ֝  

ὑ ἶ ᾽ ᾍ ♅ ↓

Ḩ ᾐ ὤ peer review Ϯϼ↓̂ Ḩ

ẉ ӓ ˘ ῁ ר

Ẏӓ 2017 ₴↓ ˘ ῁

ѫ ᾍ HPCI ἶ

ᾐ ὤ ᾃ Ỗᴣ қ ̱Ѱ ᾃ ̱Ѱʤ

˘ ῁ ר ᾐ ὤ ᾃ ὑ

қ ѫ ᶫ

♅  

 

᷀ HPCI ѫ ˓♥ ѫ Ḹף їқ ̂

ї ᾐ ὤ Ϯ ʣ

HPCI ѫ Ϯ ◘ ᷀ ὑ

᷀ ὑ ˗♥ ͔ Ỉ► Ѩ

HPCI ► HPC Ћ ѫ ѝ

HPC ѫ Ẏ ד ὑ

Ћ̱ ⱳ Ồ♥ ↓ ₴ ♥

П

ꜘ HPCI ὑḨ ᾍꜘ ⱳ  

 

 ѫ Ḩ  

 ʝ ᴜ ʺ

HPC ѫ ᴜ

ʰ ԍ

ӭᾚ̱ ἧ ̏ Ҋ ї

Ḩ ᾓ ὕ ӓ ♅ HPC ѫ

ӓ ҧר ὕ

ἶ ᾽ ₦ⅎ ♅

ֿ Џ ԍѸ ʤϬ HPCI ѫ

ʝ Ѽ Ḩ ѫ

ҧר ὕ ѫ ʣ ὕ

ὑ ẉ ὕ

ὕ ֺ̔ ͪ

ѫ ὕ HPCI ѫ Ḩ

Ὀ˓ ὕ



14 

 

► ͬ ר ▌ ר

ⱳ  

 

HPC ֗ ⱳ Ӧѝ HPC ѫ ͝

Џ Ϭѫ ʴ

ᾜ ► HPC ѫ ͝

ѫ ◐  

 

ѝ ᴜ

ҍї Ἥ ᴜ ר ׄʣ ӓ Ồ װ ὕ

Џ Ϭѫ ↓

֗ ˺ ἶ ᾽ ⱳ  

 

˘ ῁  

˘ ῁ ẉ ӓ Ή ר Ẏ

ἶ ↓ ⱳ

CPUК ẉ ֿ ʱѦὕ ֺ ὕ SIMD ᶅ

ҧ ᶅ ҧ

᷀ Ӧѝ ר

ї ˘ ῁ Ẏ

ӓ ѫ ѫ

ᴣ 3 p.27 HPCI

͑ Ὣ ᾍ

˹♥ Ẏ ׄ 2016 ₴ 6 8 ἶ

ᾯ ˧ ʝ ᶧ ˲ HPCI ˹

♥ HPCI ρ ⱳ ᶮ Њ ʤ ֺ

Ẏἶ ḸḨ ⱳ ר

˲ ד Е̱

֗  

 

 ẉ ˘ ῁  

ᴣ ☻ ֿHPCI ὑ ̑

HPCI ˗ҵᾯ ˘ ῁ ̑ Ẏἶ ḸḨ

ʰ HPCI ֥ ʝϷ

HPCI ˗ҵᾯ ᴣ

ѫ ӓ
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SINET В ѫ HPCI В ѝ

ʝ Ẏἶ ḸḨ ˘ ῁

ᾐ ὤ HPCI ► Ҳ

ҧ

В ὕ Ḹ ˛ ˧ ̱Ѱ ʱ

 

 

HPCI ѫ ἶ ᾽ ⅎ Ѽ Ḩ Ϭ

ʣ Ϭ ʴ ὕ

HPCI ˗ҵᾯ ˘ ῁ ˬ ̊Ẇ HPCIѫ

ᾍ 1̏► ├ 4˲ ↓ ˲̏ 1₴ 6̏ ↓

ὕ ӓ

ר 2.4Ί Ҋ► 90ʠ ὕ217

ʠ Ẏ ҧ ♬ Ѽ

˘ ῁ ẉ ӓ қ CPU GPGPU

ӓᶩ ˘ ῁ ẉ ᾍ

ⱳ ˔ ˘ ῁ Ћѫ

₳ 28 ₴↓ ὕ 69 3 ѝ 1 ᾍ Ѽ ֿ

ⱳ ḹֻ ˲̏ ʝ₴100 ˲ ˔

ʴ ₁ Ћ ᾍ ὕ ʥ֯ ˔

ᾍ Ϯϼ ̬̂ ⱳ

֞ ї ֯ ר

ᾍ Ϭ ד ᷀ Е̱ ⱳ  

 

ʣ ᷀ ᴣ ў қ ᴣ

ᴣ ˹♥ HPCI ᾽

ҵ ► ḹֻ ẉ ד ḹֻ

ᴣ ᾓ ⱳ ͪ ᵂ

ἶ ἶ ̢ ᴣ

̱Ѱ ⱳ ˬ Ẏἶ Ḹ ṑ

HPCѝ Ẏ Ẏἶ Ḹ ѩ ᾐ

ϼ ˗͈ ֓

HPCI ˗ҵᾯ

ᴣ ˲˗˧ ͝ Ѱ↓ Ѱ↓

ᾚЊ ᴣ ᾍ ᾓ ʥὄ ֿ

HPCѝ Ћ̱ ͵
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ᴣ ♅  

 

ᾓ HPCI ᾽  

ᾓ Ḹף ₳

26 ₴ 1 28 ʝ ᶧ H˲PCI ˘ ῁

ᾓ ἶ

̬  

 

CPU Ҳק ׄʣ

2005 ₴̊ ר ׄʣ ӭᾚ̱ ⱨ ӓ ̢

CPU ↓ӓ ṔẎ ὕ

2017 ₴ ᷀ ӭᾚ̱ ⱨ ӓ CPU ר ׄʣ Ồ

♫ ├ ʣ CPU

ר ׄʣ ᾍ ♅  

 

ʣר

Ḩ

CPU

↓ӓ ⱳ Ӵ HPCI ᾽

♅ ᾓ HPCI ᾽ ֯

Ồ Ѽ ֻ Е

ӓ ׄ ֝ Ồ  

 

̊ ʣ 
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