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ѿ   

1.1 ̆ ̆ ῇַ҆ ̂2001-2005̃  

⌠ 20ҕ Ӝ ף Ȃ1998 ̆

⅞̂863 ⅞̃ñ òҺ ̂306Һ ̃ ׆ └

׆ ҉ Ȃ ҩ ԅ 5 ҩ Ҭ

̆ ԅ Ȃ 

ñ ԓò ̆ ⌠ԅ 863 ⅞ ѿ 2̆002 ꜚԅñ

ᴆò Ғ ̆ Ғ Һ ᴋⱵ └ 4ַ҆ ̆

῏ ̆ ⱬ 5-7ַ҆ ̂ Ҭ ̃̆

ѿ Ȃ׆ñ ԓò863⅞ ̆ ԅ ѿ

Ạ ̆ ῀ԅ Ԉ └̆ ᵬ Ȃ Ԉ ҍ ̆Ҭ

№≢ ԅ ᴋⱵ̆ ԈḆ ԅ ̆ ԅ Ȃ 

2003 ̆ ⱳ └ԅ 6800 ̆ ṿ ⌠ 5.3ַ҆

L̆inpack 4.183ַ҆ ̆ 2003 11 ҕ TOP500

Ҭ 14ᵝȂ 

 

 1 6800 TOP500 ӫ 

2004 ̆ ᾣ 4000A └ ⱳ̆ ṿ 11.2ַ҆ ̆Linpack

8.06ַ҆ ̆ 2004 6 ҕ TOP500Ҭ ↓ Ȃ Ҭ ⌠

Ȃ Ҭ ҹ ȁ ӊ ҈ҩ └ ַ҆

Ȃ 

   

 2 ᾩ 4000A TOP500 ӫ 

ң ԅ 863 Ғ Ȃ 6800 Ҭ Ḥ

Ҭ ̆ ᾣ 4000A ҉ Ҭ Ȃ ңҩҬ №≢ ҹ Ғ Ҭ



 

2 
 

Һ Һ Ȃ 

2005 12 21 ̆Ҭ Ҭ ᴆ ҍҬ Ҭ ת

Ҭ Ḥ Ҭ ҽ ̆ ᴋ   ҹҬ Ҭ ᴆ

ҍҬ Ҭ ̆ Ҭ Ȃ 

  

 3Ҳ Ҳ ᴀ  

̆ ԅ ᴆ CNGrid GOS̆ ῀ Ȃ

ᴆ ᶫԅ ҍᴋⱵ ȁ ῍֣ҍ └ȁ

ȁ Ⱶȁ ῃ └ȁ Ⱶȁ ҍᶏ

ⱳ Ȃ 

̆ ⱳ └ԅñ òȁñ └ òȁñҬ òȁñ

òȁñ òȁñ Ḥ ò 10 ҙ ̆ ѿ

Ȃΐᵣ ץ̔ └ȁ GRAPES 

ṿ ȁ ȁ ȁ└ └ ȁ

Ҋ ᴇ ᵣ ֟ ᴇ Ⱶȁ№ ῍֣

ȁ ԍ סּ ᴆȁ № ҙ

ȁ ᶫ ȁ ῍֣ ⱳ Ḥ ȁ ֟ ᴏ ȁ҉

֜ Ḥ Ⱶ Ȃ 

ꜜⱬҍ ̆Ҭ ῍֣ȁ Ⱶ ⌠

̆ № ȁ Ữ ᴆ ̆ ѿҩ ѿ

ȁ ԍᶏ ῍֣ Ȃᶭ ֟ Ҭ ԅ№

ῃ 8 ҩ ̂Ҭ Ḥ Ҭ ȁ҉ Ҭ ȁ

̂ ȁ̃ ȁ ֜ ȁҬ ȁ ֤

̃̆ ⱬ ⌠ 18ַ҆ ̆ Ữ 200TB̆ ῍֣ ᴆ 50 ҩ̆

150 ҩȂ Ҭ ⱬ ҕ ԋᵝȂ 

1.2 ̆ ̆ 1.2ַַ ̂2006-2015̃  

̆ ꜚ 863 ⅞ ñ Ⱶ ò ̆Ғ

92,355҆ᾝ̆ ᴋⱵ̆ ԅ ȁ Ⱶ

ҍ ҈ 41ҩ ̆ ῍ ᵝ 59ҩ ῒ̆Ҭ 22ҩ̆ 19ҩ̆

ᴑҙ 4ҩ̆ᴑҙ 7ҩ̆ ᵝ 7ҩȂ └ ַ҆ ↓ҹҺ



 

3 
 

ӊѿȂ׆ ⌠ ̆ѿ ӊ ̆ᵣ ԅ Ȃ

ⱬ Ҍֽ ṿ ̆ ̆

Ώ ̆ ̆ Ȃ ѿҺ

Ҭ ⱬ Ⱶ ̆ ῒ׆ ҹ Ⱶ ׆̆

Ȃ 

2007 12 11 ̆ Ҭ Ḥ Ҭ ҍ ñҬ ò

2007 ԋ Ȃ 

 

 4 Ҳ ԑ ӫ 

2008 Ҭ̆ №≢ └ 233ַ҆ ñ ᾣ5000Aò̂ ̃

157ַ҆ ñ 7000ò ַ҆ ̕ 

 

 5 ᾩ 5000A TOP500 ӫ 

   

 6 7000 TOP500 ӫ 

2009 ̆ ԅ 3 ַ҆ └̔ Ҭ

ᾣῈ ҹ Ҭ └ñ ᾣ 6000ò̆ Ὲ ҹ

Ҭ └ñ ѿ ò ̆ ҹ Ҭ └ñ ᾣò

Ȃ 

2010 5 ̆ ᾣ 6000 ᾣ Ԑ └ ⱳ̆ 2010 5 31 35 TOP500



 

4 
 

҉ ץ̆ 1.271PFlops Linpack ṿ ԋ̆

҉ Ȃ 

  

 7 ᾩ Ԝ TOP500 ӫ 

2010 8 ̆ñ ѿ ò └ ⱳ̕2010 10 28 ̆ñ ѿ ò

2̕010 11 17 ̆ ҕ  TOP 500 Ҭ̆ñ ѿ òץ ṿ

4700ַ҆ ȁ 2566ַ҆ ҕ ѿȂ 

 

 

 

 

 

 

 8 ᴑ Ӏ ְ ҿ ñ ò 

 

 9 ᴑ Ҳ  

  



 

5 
 

 

 10 ñ ҅ ò TOP500 ӫ 

2010 11 2 ̆ ֤ ԅ 863 ⅞ñ Ⱶ ò

ᴪȂ ᴋ ᾴ ӥ שּׂ ȁ ȁҬ ȁ

῏ ₮ ԅᴪ Ȃ Ḥ Ғ ȁ ȁ ȁ

₮ ԅᴪ Ȃ ᴪ Ҭ ԅñ ѿԓò 863 ⅞ñ

Ⱶ ò ַ҆ └ȁ Ⱶ ȁ

Ȃ ᵣҒ ԅ ṿ ⌠ 4700ַ҆ ȁ

⌠ 2500ַ҆ ñ ѿ ò ̆ ῒ ȁ

ȁ ȁ └̆ ≠Ḥ ȁ ᵣ Ȃ 

 

 11  ñ ꜙ ò ᴰ  

 

2010 12 ̆ ҈ ַ҆  ñ ᾣò └ ⱳ̆

Ҭ Ȃ 

 

 12 ᾩ  

 

⌠ 2010 ̆ ñ Ⱶ ò ҩ Ҋ̆ ԅ 14ҩ

Ⱶ ̆ ⱬ 3000ַ҆ ̆ 2005 167Ṑ̆ Ữ



 

6 
 

ⱬ 15PB̆ ԅ 450 ҩ ᴆҍ Ⱶ̆ ԅ 1100 ҍ Ȃ 

2013 ̆ ñ ԋԓò863⅞Ḥ ñ └ò Ҋ̆

ԋ └ ⱳȂ̐ 17 ̆ҕ TOP500 ҽ

̌̊̋̍ ᴪ҉̆ ԅ 41 ҕ ̏̊̊ ̆ ԋ

ץ ṿ 5.49ַַ ȁ 3.39ַַ ᴨ

ᵝ Ȃ 2010 └ ѿ   ̆ Ῥ ҉

ҕ ӊ ȂҬ῍Ҭ ӥ ȁ Һ ȁҬ ´ Һ ӟ └ ⱳ

ԋ Ạ₮ ̆ ѿ ̆ ⱴ └ᴋⱵ ῃᵣ

ץ ṜȂӟ ₮̆ ԋ └ ⱳ̆

ҕ ╠↓Ȃ 

≢ṿ ѿ ñ̆ ԋ ò ץ 33.86 ַ҆ 3 Έ ̂2013 -2015

̃β ↓ҕ TOP500 ᵝ̆ ҕ ╠↓Ȃ 

  

 13 ñ ԑ ò TOP500 ӫ 

 

2013 9 25 ̆ ҍ Ҋ̆ ⇔ Ȃ

ȁ ȁ ҈ҩ ᵣ ̆῍ ⇔ ̆Ḇ ҙ

̆ Ⱶ ᴪҍ ̆ ԊҙȂ 

 

14 ∕ ᴰ  

2014 2 20 ̆ñ ѿԓò 863 ⅞ñ Ⱶ ò ñ

Ⱶ ῏ ҍ ò ֤ ≠ ԅ Ȃ ñ̔

ᾢ ̆ ȁ ̆ ᵝ ̆ └ Ȃ ΐ Ⱶ

Ⱶ ȁ Ⱶ Ⱶ ᴆȁ҆
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ҍ ⇔ ̆Ḇ ԅ ҍ

̆ ᵣ ԍҕ ᾢ ↓Ȃ ᴪѿ Ȃò  

 

15ñ ꜙ ῗ ғ ò ᴰ 

 

2014 9 25 ̆ ⇔ ѿ ῃᵣᴪ ҉̆ Ⱶ

Ғ ת ꜚ̆ ֤̂Ҭ Ҭ ȁ̃ ̂ Ҭ ̃

̂ Ҭ ̃҈ҩ Ғ ῍֣̆

ᶫ ⱵȂ 

 

 16 ꜙ Ҙ ᴀ  

⌠ 2015 ̆ 15 ҩ ᵝ ̆

12PFLops̆ Ữ 34PBȂΐᵣḤ Ҋ ̔ 

 1 ᵣ Ḫ  

 ᵝ ’ 

1 Ҭ Ḥ Ҭ  2300TFlops̆ Ữ 6000TB 

2 ҉ Ҭ  400TFlops̆ Ữ 1000TB 

3 Ҭ  4700TFlops̆ Ữ 4000TB 

4 Ҭ  1100TFlops̆ Ữ 2000TB 

5 Ҭ  1271TFlops̆ Ữ 17200TB 
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6 Ҭ  1372TFlops̆ Ữ 1280TB 

7  104TFlops̆ Ữ 1000TB 

8  31TFlops̆ Ữ 130TB 

9 қ  20Tlops̆ Ữ 20TB 

10 ֜  15TFlops̆ Ữ 100TB 

11 Ҭ  240TFlops̆ Ữ 500TB 

12 Ҭ  288TFlops̆ Ữ 200TB 

13 Ҭ ᾢ  210TFolps̆ Ữ 500TB 

14 ֤ ҍ  40TFlops̆ Ữ 100TB 

15 Ҭ  40TFlops̆ Ữ 50TB 

1.3 ̆ ̆ 20ַַ ̂2016- ׂ̃ 

⅞ᵣ└ ̆ ⅞̂973 ⅞ ȁ̃

⅞̂863 ⅞ ȁ̃ ⅞ȁ ᵬҍ֜ Ғ ̆ ȁ

Ḥ ῍ ֟ҙ ҍ ̆῾ҙ ȁ 13ҩ Ὲ ҙ Ғ

̆ ѿҩ ⅞Ȃ ⅞ Ԋ῏ ᴪῈ ץ̆

Ԋ῏֟ҙ Ԉⱬȁ ᵣ Һ⇔ ⱬ ῃ ȁ ȁ╠ ȁ

῍ ῏ ֟ ̆ҹ ᴪ Һ ᶫ Ȃ 

2016 2 16 ̆ ⅞ Ғ ̆ ԅ

⅞ ׆⅞ ꜚ Ȃ 

2016 ̆ ⅞ñ ò Ғ ȁ ȁ ȁ

ȁ ᵀ ᴋⱵӥ ̆ Ҭ ≠ ԅñ ò

Ғ 19ҩ ᵬ̆ 10ҩ ᴋⱵ ԅ Ȃ Ғ ᵣ

E ̆ᶭ Һ ̆ └ E ̂ ַַ ̃

̆ᶏ ñ ҈ԓò Ḡ ҕ ᾢ Ȃ ѿ ῏ / ҙ

ᴆ̆ ᴆҬ ̆ Ȃ

ΐ ҕ ѿ ⱬ Ⱶ Ḇ̆ Ⱶҙ Ȃ E

└ȁ ᴆ ȁ 3ҩ ̆Ғ

῍ ԅ 21ҩ ᴋⱵ̆ 2020 Ȃ 

2016 6 20 ̆ ῌᾥ ҕ ᴪ҉̆ TOP500 ñ̆ ·

ӊᾣò ץ 93PFlops ӊ Ȃ 

https://baike.baidu.com/item/973%E8%AE%A1%E5%88%92
https://baike.baidu.com/item/863%E8%AE%A1%E5%88%92
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 17 · Ӑᾩ TOP500 ӫ 

2016 10 19 ̆Ҭ Ḥ Ҭ ̆ ⅞ñ ò

Ғ ñ Ⱶ └ҍ ᵣ ò ꜚᴪ ≠ Ȃ

ῤᴨ ̆ ᶫḂ ⱵȂ ñ ԋԓò

ᵬ ҉ ׆ ῀ ᴇ ‰ȁ Ⱶᴨ ȁ ᵣ ȁ ȁ

ᴇᵣ ₃ Ⱶ ῃ ᵬ̆ ΐ ȁ Ⱶ

̆ ⌠ E Ⱶ ̆ ᶫ ҩ Ⱶ̆

ῃ ꜚ Ⱶ ҉ Ȃ ₃ └

ᵣ└ ̆ ꞉ Ҭ ⱴ῀ ῍֣ ̆ ̆Ḇ

֟ ̆ ҙ ̆ Ḇᶏ׆ ⌠ Ⱶ

Ȃ 

 

 18 ñ ꜙ ┼ғ ᵩ ò ꜠ᴰ 
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2017 3 16 ̆ ҉ ҽ ԅҬ Ҭ ת ̆ Ҭ

Ҭ Ȃ ̆ ֤/ Ҭ ̆ ᴍ̆ Ⱶ

ⱴ Ḡ Ȃ 

 

 19 Ҳ Ҳ ᴀ  

2017 9 15 ̆ ⇔ Ҋץ̂ ñ ò̃ ≠ ῃᵣᴪ Ȃ

ᴪ ̆ҽ ԅҬ ⱴ῀ ת Ȃ Ҭ

҉ ֜ ̆ⱴ҉ӊ╠ⱴ῀ Ҭ Ҭ ̆Ҭ

ᵝ ⌠ 19 Ȃ 

 

 20 ⅎ  

2017 11 ̆ 50 ῃ TOP500 Ҹᵫ ῃ ᴪ̂SC17̃ ҉ ̆

ׅ Ҭ ñ · ӊᾣò̆ ñ  ò̕  ´ñ ԋ ò ῒ Ȃ

ⱴ҉ ╠ñ ԋ ò⇔ ñΈ  ò ̆Ҭ ԓ 10 ̂2013 -2017 ̃

Ȃ ̆ ᴍ Ҭ̆Ҭ ῃ 500 ᵝ 6ҩ ╠ 160

202 ̆ 169 143 Ȃ Ӟ 2016 6 Ҭ ᴍ ץ ᴨ167̂ל

̔165 ̃ ̆Ҭ Ῥ ̂202 ̔143 ̃̆ Ҍ Ҭ ₮Ȃ 
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 ╠̆ Ҭ ̆ 200PFlops̆ Ữ

167PB̆ ῤ 104TBȂ 

1.4  

20 Ҍ ҍꜜⱬ̆ ῀ԅѿҩ ׆̆

⌠ Ⱶ ῃ ᵝ ѿ ̆ ⱴ ̆ꜛⱬ ⇔ ̆ⱴ

ҙ ֟ҙ Ȃ 
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ԋ   

̂http://www.cngrid.org/̃ ԅ ῤᴨ ү

ᴆ ̆ ῍֣ ῃ ȁ ȁ֟ Ḥ ҩ

ᶫԅ ҍ Ⱶ̆ ԅ ᵩ ᵬ̆

∆ ԅ ̆ ҹ ȁ ᴪ ҬҌ №Ȃ 

Ҭ ╠ 19ҩ ᵝ̆ ̔Ҭ Ḥ Ҭ ȁ҉

Ҭ ȁ Ҭ ȁ Ҭ ȁ Ҭ ȁ

Ҭ ȁ Ҭ ȁ Ҭ ȁ ȁ ֤ ҍ

ȁ ֜ ȁҬ ȁ қ ȁҬ ᾢ ȁ Ҭ

ȁ҉ ֜ ȁ ȁ Ҭ Ҭ Ȃ ╠̆

200PF̆ Ữ 167PBȂ 

׃ Һ ȁ Һ Έ Ҭ ץ̆ ῃ ԅ

Ȃ 

2.1 Ҭ Ḥ Ҭ  

2.1.1 Ҭ  ׃

Ҭ Ḥ Ҭ ԍ 1995 3 ̆ Ҭ Ḥ ҍ Ḥ

ȁ ⱵḠ ̆Ḥ Ȃ1994 4 20 ̆ѿ

64K Ғ ׆ Ҭ ῀ Internet̆ ԅҬ ҍ Internet ῃⱳ ׆̆ Ҭ

ҹ 77 ҩ ῃⱳ Internet Ȃԋ ᵩ ̆ Ḥ Ҭ ҍ Ⱶῃ

Ḥ Ḥ ̆ Ḥ ̆ ԅ Ḥ ȁ ֜

ȁ ᴰ  Ḥ ᴰ ᾢ ᵬ ̆ ҹҬ Ḥ ȁ

Ḥ Ⱶ ѿ Ҭ ⱬ ̆ ҹ Ҭ Ḥ Ⱶ ѿ Ḥ Ҭ

Ȃ 

Ḥ Ҭ ԑ ӊѿ Ҭ ̂CSTNET̃̆

̆ҍ ῤ ԑ Һ ԑ ̆ Ҋ

ѿףԑ ᴋⱵ̆ ȁԐ ╠ ῤѿ ⱬ Ȃ

ᶫ Ⱶ̆ Ҭ Ҭ Һ ̆ Ҭ ⇔

ᵝ Ҭ Ҭ ̆ ȁ ᴆҍ ֲ

Ῑ ᵬ Ȃ Ҭ ȁ Ⱶ̆ ῤ

Ữ ̆ ҹ Ⱶ ⇔ Ҭ Ữ ᴍҬ Ȃ

Ὲ῍ Ⱶ ȁҬ ȁҬ ȁҬ

⅞ ̂ARP ȁ̃Ҭ ῍֣ Ⱶ ȁҬ ת ῍

֣ ȁҬ ȁ ȁ Ⱶҍ ῃḠ ᵬȂ 

ñ ҈ԓò ̆ Ḥ Ҭ Ҭ ñ ҈ԓòḤ ⅞ ᾟ̆№

Ḥ Ҭ ⇔ Ḡ ᵬ ̆ⱴ Ḥ ҍ ̆

http://www.cngrid.org/
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Ḥ ̆Ḇ ᴰ ̆ ⱬ ῙḤ ֜

´ֲ ̆ ҹḤ ȁ ȁ ⱵḠ ѿ Ḥ Ҭ ̆ Ҭ

Ḥ Ȃ  

 

׃ 2.1.2  

╠Ҭ Ⱶ ѿף ַ҆ ñᾝò ̆№ ̆ ѿ ȁ

Ȃ 

 

 21 Ҳ Ḫ Ҳ Ņᾣņ  

ѿ ᵣ ⱬ303.4Tflops,ῒҬCPU ṿ152.32Tflops̆ MIC GPU ṿ

151.08Tflops̆ ΐᵣ№ Ҋ̔ 

 ̧ ₴ ῍ 270 ᾣCB60-G16 ₴ ̆CPU ᵣ ṿ ⌠120.96TflopsȂ

₴ 2 Intel E5-2680 V2̂ Ivy Bridge | 10C | 2.8GHz̃ ̆64 GB DDR3 

ECC 1866MHzῤ Ȃ 

 ̧ GPGPU ῍ 30 ᾣI620-G15̆ GPU ṿ ⌠83.64Tflops̆ ῒҬCPU

ṿ13.44Tflops̆ GPU ṿ70.2TflopsȂ GPGPU 2 Nvidia Tesla K20 

GPGPU ̆2 Intel E5-2680 V2̂ Ivy Bridge | 10C | 2.8GHz̃ ̆64 GB DDR3 ECC 

1866MHzῤ Ȃ CUDAȁOpenACCȁOpenCL̆ GPU DirectȂ 

 ̧ MIC ῍ 40 ᾣI620-G15̆ MIC ṿ ⌠98.8Tflops̆ ῒҬCPU ṿ

17.92Tflops̆ MIC ṿ80.88TflopsȂ MIC 2 Intel Xeon Phi 5110P

̂8GBῤ ̃ 2̆ Intel E5-2680 V2̂ Ivy Bridge | 10C | 2.8GHz̃ 6̆4 GB DDR3 ECC 

1866MHzῤ Ȃ Xeon Phi Offload ȁSymmetricȁNative Ȃ 

 ̧ SGI UV2000 ῍ 32 Intel Xeon E5-4620 ῇ ̆Һ 2.60GHz̆ ῍֣ῤ

4TB̆ NUMA ̆ ѿ Ἕ̆ ṿ 5TflopsȂ 

 ̧ 1 56Gb FDR InfiniBand̆ ῃ ԑ Ȃ 

 ̧ 4 ̆ IP Ȃ 

ԋ Һ ԍ ᾣ TC4600E₴ W760-G20 Ⱶ ̆ CPU ⱬҹ
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550TflopsȂΐᵣ Ҋ̔ 

₴ ̆279 MIC ̆16 GPU Ȃ 

Intel Xeon E5-2680V3 ̂2.5GHzȁ12 ̃̆ CPU ⱬ0.96TflopsȂ 

₴ 256GBῤ ȁ Ⱶ 128GBῤ Ȃ 

100Gb EDR Infiniband ֜ ԑ Ȃ 

ñᾝò ΐ ѿ ᴆ ̆ ң Ȃ Stornext

ᴆ Ạ HOME Ὲ῍ ᴆ Ữ̆ ̆ 165TB̕ ᾣParastor200

Ạ ᵬ Ữ ̆I/O ̆ ҹ2.8PBȂ 
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2.2 ҉ Ҭ  

2.2.1 Ҭ  ׃

҉ Ҭ Ҋץ̂ ҉ ̃ ҉ Ḥ ᴪ Ԋҙ ᵝ̆ 2000

҉ ѿ ðð҉ Ḥ Һᵣ ӊѿ̆ ̆ΐ ῈḤⱬ ҈

Ὲ῍ Ⱶ Ȃ҉ ῤ ᾢ ȁ ҍ⇔ ȁ

ҍ ȁֲ Ῑ ⱳ ҹѿᵣ Ὲ῍ Ⱶ ̆ ῃ ᴪ ̆ ῍

֣̆ ѿ ̆ ҹ ף ҉ ⇔ ⱬ ñ ò̆

ⱬ ∆ ΐ ԈⱬȂ ȁҒҙ Ⱶȁ ̆҉ ⱬ

ԅ ҙ ⇔ ̆Ḇ ԅ ֟₮ ῏ ‗Ȃ

҉ ̆ ԅԐ ȁ ȁֲ ҙⱵ̆ ῐ ҍ

ԅ ̆ ԅ Ȃ 

҉ Ⱶ ҉ ̆ қ̆ ῃ ̆ ῃ

̆ ԅ ҙ Ⱶᵣ ̆ ԅѿ

ȁ ᴑҙ ֟ ̆Ḇ ԅ ȁ῏ ȁ ῃȁ

ѿ ↓ ‗̆ ȁ ȁ ȁ ȁ ȁ ȁ ȁ └ ȁ

ȁ Ṝȁ ȁ ȁ ȁ ȁ ȁ ȁ ҩ

Ỳ ԅѿ ̆ᾟ№ ԅῈ῍ Ⱶ ᵬ ̆֟ ԅ

ᴪ Ȃῒ ȁ ȁ Ȃ 

ѿ ԅ҉ ҙ ̆ ԅᴑҙ Һ ⇔ ⱬȂ ‗

ҙ ⇔ ⌠ԅ ᵬ ̆Ḇ ԅ҉ ҙᴑҙ ֟ ⇔ ̆

ῃ Ҭ Ҭΐ Ȃ ᵝҺ ҉

ᴑҙ ̆ Ҭ ȁҬ ȁ ȁ҉ ȁ қ ȁ҉ ȁ

Ҭ ҙȁ Ȃ 

ԋ ԅ Һ⇔ ̆ⱴ ԅ Ȃ ԅѿ

̆ └ȁ ῏ ᴆȁ ҍ ȁ ᴆ

̆ ‗ԅ Ҭ ̆ҹ ֟└ ԅ Ȃ 

҈ Ⱶԅ ̆ ԅ ⱬҍ ῃȂ ԅ҉

̆ ҉ ȁ҉ ῐ ȁ҉ ȁ҉

ȁ҉ ᾣ Ҋ ᵣ ȁ҉ ԋ ȁ ֤

̆ ᾢᴨ ԅ ̆ ԅ ῃ ̆ Ḡԅ ≠ ῃᶏ Ȃ 

Ḇ ԅ ⇔ Ỳ̆ ԅ ΐ ⱬ Ȃ ԅ 973ȁ863ȁ

⅞ȁ ⅞̆ ꜛ ֟ ԅ ҈ SCI ң

℮ ̂ ℮ ȇ Ȉȁȇ Ȉȁȇ Ȉȁȇ ᴪ

Ȉȁȇ ℮Ȉ̆ № ᶏ ҉ ҉ Ȃ̃

ᵝҺ ῤ Ғ ̆ ȁ ֤ ȁҬ ȁ

֤ ȁ ȁ҉ ֜ ȁ ȁҬ ҉ ȁҬ ҉
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ȁҬ ҉ ȁҬ ȁҬ ⱬ Ȃ 

ԓ ԅῈ Ԋҙ Ⱶ ̆ ԅῈ Ⱶ ⱬȂҹ Ṝȁ ȁ ȁ

ᶫԅ ṿ № Ⱶ̆ ‗ԅ ȁ ȁ ȁ ⁞

̆Һ ᵝ ҉ ȁ҉ Ⱶ ȁ҉ Ҭ ȁҬ

Ȃ 

̆҉ ԅҌ ᴋⱵȂῒҬ̆ 863

̆҉ ᵩ ̆ ᵝ ᵬ Ȃ ҩ

̆ ѿ ѿ ̆ԋ ҈ ̆҉ ѿ ҈ ̆ԋ

Ȃ 

׃ 2.2.2  

҉ 2000 ץ ̆ᾢ Έ ̆ñ Iòȁñ 64Pòȁñ ᾣ

4000Aòȁñ ̂ ᾣ 5000Ã ò̆ ñ 2òñ ò ̆ ԍ ̆╠ Ҋ Ȃῒ

Ҭñ Iò2000 ῤ Һ ̆ ṿ 3840҆ / ̕ ñ ᾣ 4000Aò

ñ ԓò ñ863ò ̆ ṿҹ 10ַ҆ / ̆2004 11 TOP500

Ҭ ̕ñ ̂ ᾣ 5000Ã ò ñ ѿԓò ñ863ò ̆ ṿҹ 230ַ҆ / ̆

2008 11 ҕ TOP500 ̆֒ ѿȂ ╠҉ ñ

2ò ñ ò ̆ñ 2òṿҹ 400ַ҆ / ̆Һ ԍ ̕ñ ò ṿҹ

30ַ҆ / ̆Ғ ԍ ҙ ⱵȂ 

҉ ҉ ̔ HPFȁFortran90ȁMPIȁPVM OpenMP̕

̔BLAS ף ȁPVM / MPI ScaLAPACKȁPETSc Ȃ ү

ᴆ ҉̆ ԅ ҙ ᴆ ╠/ ᴆ̔Fluentȁ

CFXȁStar-CDȁLS-DYNAȁPAM-CRASHȁANSYS MultiphysicsȁMSC/NastranȁMSC/MarcȁABAQUSȁ

FEKOȁHyperWorksICEM-CFDȁAI*EnvironmentȁGAMBITȁI-DEASȁMedina Ȃ

ᴆ ҩ ̆Һ ȁ ȁ ᵣȁ№ ꜚⱬ ̆ ȁ №

̆ ȁ ȁ ȁ ̆ ᵣⱬ ȁ № ̆ ȁ

Ȃῖ ᴆ A̔BINITȁCPMDȁCP2KȁNAMDȁNWCHEMȁSIESTAȁEGOȁGROMACSȁ

LAMMPS Ȃ 

҉ ῀ ᴰ ̆ҍҬ ҉ Һ ᾣ Ғ ̆

ҍ ҉ ֜ Һ ᾣ Ғ ץ̆ ҍᴑҙ Ғ ԑ ̆

⌠ᾟ№ Ḡ ̆ IPv6 ԑ Ȃ 

2005 8 ҉ ҹҬ Һ ̆

№̆ ԅ ̆ҹ ԅ ̆ҍῒזҬ

ԅ ̆ ⱬ Ȃ 
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2.3 Ҭ  

2.3.1Ҭ  ׃

Ҭ 2009 5 ‰ Ҭ ̆ 2010

11 ҕ TOP500 ѿ ľ ѿ Ŀ ̆ Ҭ ȁԐ Ҭ ȁ

ⱵҬ ,ҹῃ ȁ ȁ ᴑҙ ᶫԅ ȁ

Ԑ ȁ Ḥ ⱵȂ2013 10 ̆ Ҭ Ӟ ‰

ľ ҍ Ŀ̆ ῤ

Ȃ2016 7 ľ̆E ῏ Ŀ ̆ ꜚ └̆

2018 ҉ Ҭ ̆ Ԉ ѿףľ ↓Ŀ ַַ └̆

2020 ╠ Ȃ 

׃ 2.3.2  

ľ ѿ Ŀ CPU GPU ᵣ Ȃ ᴆ Һ

ȁԑ Ḥ ȁ ῀ ₮ ȁ ҍ Ȃ ᴆ Һ ᵬ

ȁ ȁ Ȃ ṿ 4.7PFlops̆

2.566PFlopŝ LINPACK ṿ Ȃ̃ 7168ҩ ̆ ҩ 2ҩ CPU

1ҩ GPŬ ῤ 262TB̆ Ữ 4PB̆ ԑ Ḥ 80GbpsȂ ῀

₮ Lustreῃ № ῍֣ I/O ̕ ᵬ 64ᵝ LINUX̕ CȁC++ȁ

Fortran77/90/95ȁJava ̆ OpenMPȁMPI ̆ ̆ CPU

GPU ⱬȂ 

2.3.3  2017 Ԋᴆ 

 ̧ 2017 6 29 30 ̆ Ҭ ҕ ᴪȂ ӥ

, ◐ӥ ȁ қ ῃ ◐Һ ȁ ҆ ԅҕ

Ғҙ ҳ Ҭ ̆ Ҭ Ȃ

Ҭ ץ ҕ ᴪҹ ̆ ȁԐ ȁ ȁ ҍֲ

̆ῃ ԑ ȁ ȁֲ ҍ ᵣ Ȃ 

 ̧ 2017 7 9 ̆ Ҭ ԅľ

ַַ ļ ҈ Ľ Ŀ ᴪȂ Ғ ´ ȁҬ ȁ

ȁ´Ԋ ȁ ľ Ғ ĿҒ ȁ ȁҬ ȁ

ᵝ 15ᵝҒ ̆ῒҬ 6ᵝ ̆´ ᴋ ̆ Һ

Ӟ ⱴ ȂҒ №ᾟױ ԅ Ҭ ľ ѿ Ŀ ץ ̆ ҹ

⇔ ֟ҙ Ⱶ ₮ Ȃ ѿ ҹ̆ ѿף ↓

̆ ꜚ ⇔ ⱬ̆

Ԉⱬ ӈ Ȃ 

 ̧ 2017 8 18 ľ֤̆ ῟ Ҭ Ŀ ꜚᴪ Ҭ ̆
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ľ֤ ῟ Ŀ ҉ѿҩ Ȃ ץ Ҭ ҹ

ľ֤ ῟ Ҭ Ŀ̆ ľ֤ץ ῟ Ŀ ҹ ̆

ҍԐ ѿᵣ Ȃ ľץ ѿ Ŀ

└ ѿףľ ↓Ŀ ҹ ̆ ⱬ ⌠ ַַ ̆

Ữ ⱬ EB̂1,000,000TB̃ ̆ ΐ E ⱬ EB ⱬ Һ

⇔ ̕ɰ ⇔ ҙ ⇔ ̆

ȁ ȁ ῃ ῍ ̆ ‗ ῏ ̆

⇔ Ⱶ ⱬ Ȃ ⇔ ᵬ └ ⇔ ̆ɰ

Ҭ ȁ֜ ȁ ҙȁ ȁ ẫ ȁ ҙ ᶫ ֟ҙ

Ⱶ̆ ֟ҙ ̆ ѿ ⇔ ҍ

Ȃ 

 ̧ 2017 11 22 ҉ ̆ Ҭ ľ ҙԐĿ2.0 ҉

ᴪ Ҭ Ȃľ ҙԐĿ2.0 Ḥ ȁ Ḥ ȁ

Ḥ ҍ Ҋ̆ Ҭ ̆ҹᴑҙ ⅞ȁ֟

ȁ ֟ȁ ȁ Ⱶ ᶫῃ ѿ Ԑ ⱵȂ ԍ Ҭ

̆ ȁԐ ̆ ᶫ ҩ ҙԐ ȁ

ᶫ ȁᴑҙ ȁ ҙ ȁ Ԑ Ⱶȁ ȁ֟ҙ ҂ ⱳ ̆ └

ȁ ΐ ȁ ҙ ҙ ̆ ᴨל ȁ ץ̆ ᵞᴑ

ҙ Ḥ ᶏ ̆ⱴ └ ҙ ᴠҹ Ȃ 

2.4 Ҭ  

2.4.1Ҭ  ׃

Ҭ Ҋץ̂ ҹ" Ҭ "̃ ‰ Έҩ ַ҆

Ҭ ӊѿ̆ 6ַᾝȂ Ҭ ԍ 2011 3 ꜚ ̆ 10 27

ᶫ ⱵȂ Ҭ ⱳ̆ ҹ ȁ ҈ҩ

Һ ַ҆ Ȃ2011 10 ̆ ̆ Ҭ

ᾣ ҹ 0.796PFlopŝ PetaFlops̆ ַ҆ / ̃̆ LINPACK

ҹ 74.4%̆ ⱳ 741MFlops/Ŵ ҆ / Å ̃̆ Ữ ҹ 2PBȂ ᵝ

9000 ҩ̆ 15҆ ̆ ⱳ ҕ ᾢ ̆

ԍ ׂҕ ᾢ ↓̆ ԅ ῏ Ḥ ñ Һ ò Ȃ 

ᾣ ΐ Ҋץ ̔ѿ ῃ ֟ CPŬ ῃ ֟ CPU

ַ҆ ԋ̕ ᾢ Ḡ̆ ҉‛ ðð ‛ ῤ

Һ ̆₃ӍҌ ғ ̕҈ ̆ѿҩ ד ῀ 1024ҩ CPŬ ַ҆

ֽ 9ҩ Ȃ ᾣ 2011 2012 Ҭ TOP100

Ҭᵝ ԋ ̕ 2013 Ҭ TOP100 Ҭᵝ ҈ Ȃ2015

Ҭ GJB9001B ´ ̆ ԅ ֟ ᵝ҈ Ḡ Ȃ 

ץ ̆ ᾣ ȁ ȁḤ ῃȁ ᴏ ȁ
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ᵣ ȁ № ȁ № ̆ ҹḆ ⇔

῏ ȁⱴ ᴑҙ ⇔ ΐȁ₀ ֲ ȁñ ᴧ⇔

ҙȁ҆ᴧ⇔ ò ᵣ Ȃ 

׃ 2.4.2  

Ҭ ᵝԍ ᴆ ̆ ᴆ B ̆

2300ᵩ ̆Һ ⱳ ̔Һ ȁ╠ ȁ ȁ ᵞ ȁUPS

ȂῒҬ ֟Һ ȁ ȁ Ữ ȁ└‛ ȁ ȁ ῏

Ȃ 

 2 ᴌ  

֟  

8704ҩ SW1600 ̆ ̔64ᵝ 16 ̆Һ

1.0-1.1GHz̆ ᵬҹ 4ҩ ᶏ ̆ ṿ 128GFlops̆ ῤ 16GB̆

⌠ 102.4GB/s 

 

7̔00ҩ₴ ̆ 2̔ 64ᵝ Intel Xeon X5675

Έ ̆Һ 3.06GHz̆ 36GB DDR3ῤ  

v3 3̔0ҩ₴ ̆ 2̔ Intel Xeon E5-2690 V3 

ԋ ̆Һ 2.6GHz̆ 128GB DDR3ῤ  

v4 3̔4ҩ₴ ̆ 2̔ Intel Xeon E5-2680 V4 

̆Һ 2.4GHz̆ 128GB DDR4ῤ  

 
10 ̆ ̔2 64ᵝ Intel Xeon X5650Έ ̆36G DDR3

ῤ  

Ữ  582TB̆ 1.57PB 

I/O  200GB/s 

Ữ  
InfiniBand QDR/FDR̆ 40/56Gbps̆ 69.6TB/s 

ץ̔ ̆ 10G/1Gbps 

ᵬ  ֟ñ ò ᵬ  

ᴆ  ᴆ SWGFS 

 ᴆ SWGFS 

 CȁC++ȁFortranȁMPIȁOpenMP 

ԑ ῀ 200M 100MҒ  
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 22  

̂2̃ ᴆ  

ᴆ / ᵬ ȁ ȁ ΐȁ ȁ

№ ̆ ᴆ̆ Ȃ 

1) ᴆ 

 3 ᴌ  
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2) ᴆ 

 4 ᴌ 

 

҉ץ̔ ↓ ᴆֽҹ №ҍ Ҭ ᴆ Ὶ ף ̆ ῒ

ᴆ ȁ ȁῚ ȁ Ȃױ ԍ ӯȁ / Ύȁ /

ᶏ ף ̆ Ҭ ҉ᶏ ף֓ ̆

ֽ Ҋ ̆ ֽ ԍ ᶏ ̆ғ Ȃ 

2.4.3  2017 Ԋᴆ 

2.4.3.1 Ҭ ᵬ  

̂1̃ E  

2016 6 ̆ñE ῏ ò ̆2017 ԅ╠ ȁ‛

̆ҹ 2018 E ԍ Ҭ Ạ ԅ‰ Ȃ 

̂2̃ ҍֲ  
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ҍֲ ȁ ẫ ȁ └ ҳ ȁ №

῍ ̆ ȁ ᵣ ȁֲ ȁ Һ ̆

ȁ ‗ ȁ № ȁ ᵣ№ ῏ ῏̆ Һ ֟

ȁ Ḥ ȁ ȁ ȁẫ ҍ ȁ

ῖ ֲ Ȃ Ԑ ȁԐ ῃ

ᴆȁ ȁֲ ̕ ȁ Ḥ ȁ

ἝԐ ȁ ȁ Ⱶ Ḥ ῃ ל Ȃ 

̂3̃ қ Ҭ ̂ Ҭ ̃ ⱳ῀ ѿ ȇ Ҭ Ȉ 

12 20 ̆ Ḥ ȁ ῏ԊⱵ ȁ ҈ ȇ῏ԍῈ Ҭ

Ȉ̆ қ Ҭ ̂ Ҭ ̃ ⱳ῀ ѿ ȇ

Ҭ ȈȂ Ҭ Ҍֽ ԅ PUÊ ̃ Ӟ̆ ȁ

ⱬ ῀ ̆ ⱴῃ ᵣ Ҭ Ȃ

҉̆ Ҭ ᾢ ̔ ȁ‛ ‛ ȁ

ᴨ ȁ ‛ ȁDcupsᶫ ȁ ⱬ ȁ ‛ ̆

҉ ᶏ Ҭ ̆҉ץ8% Ḡ ԅ

ȁ ȁ Ȃ Ҭ ̆ Ҭ

⇔ ̆ꜛⱬ Ҭ ֟ҙẫ ȁ Ȃ 

2.4.3.2 ᵬҍ ᴪ  

̂1̃ ҍ  

11 18 ̆ ҍ ҍ ꜚȂ

ץ ѿ ҍ Ҭ ҹ Ȃ ҍ ֤ ȁ ȁ

қ ȁ Ҭ ԓ ᵝ῍ ȇ῍ ñ ҍ

ò ᵬ Ȉ̆ ҍ Ȃ ҍ ץ

╠ ᵣ Һ ᴆ ҹ῏ ᴋⱵ ץ̆ ѿ

ҍ Ҭ ҹ ̆ ȁ ȁ ⅞

Ȃ ҍ ѿ ↓ ֟ҙ ᴋⱵ̆ ꜚ ֟ҙ ̆ᾟ№

ᴨ̆ל ᵝ ̆ Ⱶԍ Ȃ ҍ

Ҭ ȁ Ҭ ῍ ̆

̆ Ҭ Ⱶ ⱬ̆̓̀ Ⱶԍ ᴋ

ⱵȂ P ̆ E ᵣ ҹ̆ ᶫ ȁ

Ḡ Ȃ 

̂2̃ ѿ ֟ CPU ∆ ᴪ ⱳҽⱲȂ 

8 25 -8 27 ̆ Ғҙ ᴪȁҬ ᴪȁҬ

ᴪ Ғҙ ᴪҺⱲ̆ Ҭ ȁ

̂҉ ̃ Ҭ ᵝ Ⱳ̆Ҭ ᴪ № ȁ Ҭ ȁ

Ҭ ȁ ֤ ᴍ Ὲ Ⱳ ѿ ֟ CPU ∆ ᴪ

ⱳҽⱲȂ ֟ CPU ֟ CPU ᴆ ̆ ꞉

֟ҙ ֟ CPU ȁ⇔ ̆ ҍ ̆ ᴆҍ ᴆ῍ѿᵣ̆׆

ῖ ̆ Ῑ⇔ ֲ Ȃ ῍ ⌠ῃ 21ҩ ȁ81ҩ ᵝ 146 ᴝ 1̆6
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῀ ‗ ˻ ᴨ ԅᴧ ̆ ⱴ ׆⌠ ↓҉

ⱴ ̆ ᶏ ᴧ ⱴ ⱬ ᴧ ᴨ ̆ SIMDȁ פ ȁ Ḥ

ᴨ ̆ ѿ ̆ ԅ Ṑ⌠ң ṐҌ ⱴ Ȃ 

̂3̃11 2 ̆2017̂ ԓ ̃Ҭ Ҭ CEO ᴪ ҽ Ȃ 

ҹԅ ѿ ⱴ ῤ Ҭ ӊ ᵬҍ֜ ̆̓̀ Ҭ ⅞̆

֟ҙ ‰̆ қ Ҭ ̂ Ҭ Һ̃Ⱳ 2017

̂ ԓ ̃Ҭ Ҭ CEO ᴪ ҍ 11 2 ҽ Ȃ₮ ᴪ

֟ҙ ◐ ȁḤ ҍ ȁ ȁ қ

ȁ ҙ ̂ қ ̃ ◐ ̂ ̃ ȁ ῤ Ҭ Һᴋ Ȃ ᴪ

ף ñ ᵬ֜ ȁ ȁῖ ò Һ ֜ Ȃ Ҭ CEO№≢׃ ԅ

’̆ Ҭ ȁ E ӊ ȁ Ҭ ῍֣ҍ

ȁ ȁ≠ Ḇ ֲ ԅ

̆ ԅ῍ Ȃ CEO ᴪ ̆ ñ òױ ѿ ñ ò̆

῀ ᵬ ̆ ѿ Ҭ ̆ Ҭ Ⱶ ⱬ̆

̆ Ҭ Ԉⱬ̆Ḇ Ҭ ᵬҍ֜ ̆ ꜚ

̆Ḇ ᴪῃ ̆ ᴨ ȁ ⇔ ֟

Ȃ 

̂4̃12 14 ̆2017 ҽ  

ҹḆ ҍ ѿףḤ Ῑ֟ҙ ̆ қ ҺⱲ̆ қ

Ҭ ̂ Ҭ ̃ ᵝ῍ Ⱳ ñ2017 ò

ԍ 2017 12 14 ⱳ ȂҬ ̆ ῌ ᴪ Peter Hunter

̆ ᵬ ̆ қ ᾴ ӥ ̆ қ ᵬ

̆ ⅞ ᴪ◐Һᴋ ᾢ ̆ Fotis Sotiropoulos

̆ George Karniadakis̆ ₄ ῤ

60ᵩҩ ῏ ̆300ᵩ ȁ ȁ Ғ ȁ ⱴᴪ Ȃᴪ҉̆Ҭ

ҙ ̂ қ ̃ᾴ ӥ ῍ ҹ ҙ ̂ қ

ֲ̃ ̆ қ ῤ ֲ Ȃ қ Ҭ ̂

Ҭ Һ̃ᴋ ף Ҭ Fotis Sotiropoulos ף

῍ ԅȇ῍ ñҬ ⇔ Ҭ ò ᵬ Ȉ̆ Ҭ ⇔ Ҭ  

2.5 Ҭ  

2.5.1Ҭ  ׃

Ҭ ̂ Ԑ Ҭ ̃ԍ 2009 ‰ ̆ ⇔

ᴪ ᴑҙ Ԋҙ ᵝȂ ╠ ῃ ≠ ᵝ̆ 2015 ץ

≠ ⌠ѿ ȂҬ҉ץ80% 1.2҆ ̆ 4.34҆ ̆ῒҬ

1.2҆ ̆ 3.14҆ Ȃ 

Ҭ ֟ ᾣ 6000 ҕ̆ ᾣ 6000



 

25 
 

ҹ 1,271ַ҆ / ̆2010 ҕ ԋȂҬ ⇔ ԍԐ Ⱶ̆

ᶏ ̆ ᶫ Ԑ Ⱶ ⱬ̆ ԅ 2013

ԋ ̕Ҭ ῀ Ḥȁ ȁ ҈ ̆ ԅ 20G ₮ ̕Ҭ ᴆ

ῃ Ҭ ӊ ̆ Ḥ ҹῃ 5A ; 1ַᾝҹҬ

ᴆ̆ᶏҬ ҹ ῤ ╠ ҙ ᴆ ҍ Ҭ Ȃ 

Ҭ ҍ ₮̆ ȂҬ ҍ ῏ ᵝ ᵬ ҙԐ ̆ ԅ

Ԑ Ⱶ Ȃ ҙⱵ ҈ҩ ̆ ñ ҹȁ

Ҍҹò ̔ ȁ Ἕ ҙⱵ̕ ⱬ ȁ ȁ ȁ

ҙⱵ̕ ȁ № ȁֲ ҙⱵȂҬ ҍ Ⱶ̆

ԅ ȁ ȁ ȁ Ҭ ȁҬ ץ Ҭ ҹ

Ҭ Ȃ ᴨל ̆ ≢ ꜚ ̆ Ҭ 3Dꜚ

ȇ ₮ Ȉ̆ ֟ꜚ ᵝ̆ 2018 Ḡ ̕Ԑ

ҙⱵ Һȁ ȁ ᾝ ץ̆ Ԑ ð Ԑ Ὲ

῍ Ⱶ ҹ ץ̆ PaaS ҹ ̆ ῀ DaaS ῏ ̆ ᴑҙ ᴨ ֟

ԐῈ῍ Ⱶ ̆ Ԑȁẫ Ԑȁ ҙԐȁ ⱵԐȁ ⱵԐȁ Ԑȁ Ԑȁ

Ԑȁ Ԑȁ Ԑȁ Ԑȁ ᴍԐȁ Ԑץ ȁ ñ ҈Ԑѿ

ѿ ò ̆ᶏ ҹ ҙ ȁ Ⱶⱳ ῃȁ ᴧ ԐῈ῍ Ⱶ Ȃ 

Ҭ Ҭ ֲ ῍ Ғ≠ ֟ 36 ̆ 32 ̆

37 Ȃ2013 ð2015 ̆ Ҭ Ⱶ ҹ 1.6ַᾝ̆Ҭ ҹῃ

Ԋҙ ᵝ ᶫԅ 2.55ַᾝ ᾧ ⱵȂҬ ῀ 1.3ַᾝ̆҉ץῒҬֽ 0.7P

⇔ ԅ 2800 ҆ᾝ ̆ ῃ Ҭ Ȃ 

׃ 2.5.2  

Ҭ ̂ Ԑ Ҭ ̃ ᾣ6000ñԐò ΐ̆ ү

ȁ Ữ ̕ ̆ Ҭ ῀ԅᾟ ̆ ԅ Ḥ ῃ

ᵣ Ȃ 

 

2.5.3 2017 Ԋᴆ 

1. ẫ Ԑ ҉ ᶫ Ⱶ̆ 1500҆ ẫ ȁ68 600

Ȃẫ Ԑ ԅѿ ↓Ḃ ԑ Ⱶ̆ ԅҙῤᴨ

ᴆ Ⱶ ᾟ̆№ ₮ ╠ ῤ ѿ ñ ҈ ẫ Ⱶ ò Ⱶⱳ

ҍ ̆ ԅ ẫ Ḥ ñ ҍ ≠ ò ⇔ Ȃ 

2. 2016 ῀ ҈ԓ ⅞ Ҭ E ̆ ⇔ ᴪ

ҙҒ Ȃ 

3. Ҭ Ȃ Ⱶ ̆ Ԑ ҙⱵ

ῃ ̆ᶏ ῃ ̂1.2P̃ ҹ ̆ ᶏ

Ҭ ΐ 1000 ҉ץ Ⱶ Ԑ Ȃ 
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4. ҙ Ԑ Ⱶ Ғ Ȃ 

2.6 Ҭ  

2.6.1Ҭ  ׃

 

 23 Ҳ  

Ҭ ӊ ‰ ҈

Ҭ ̆ ῃ Ȃ 

Ҭ ᵝԍ ῤ̆ 43.25֡̆Һᵣ 26254 ̆

8.6 ַᾝ̕ ѿ ΐ̆ Ԑ Ҭ

ⱬȂ ľ ѿ Ŀ ̆ ԍ ῤᾢ Ȃ ԅ ↓

ᵣ ȁ ԑ Ḥȁ ȁ ԍ ῃ └ȁ

ȁ ȁ └ ѿ ↓῏ Ȃΐ ȁ

ȁ ῃ ᶏ ̆ ῀ҕ ╠↓Ȃ 

Ҭ ᵝҹ Ⱶ ῃ ᴪ Ὲ ȁῈ῍ Ⱶ ץ̆ ҹҺȁ

ҹ Ȃ ȁ ȁ ῃ ̆ Ⱶ ̆ҹ ᴪ Ὲᴧ

ᶫ Ⱶ̕ ҹ ȁ ⇔ ȁֲ Ῑҹѿᵣ ̆

ῃ ᴪ ᶫ ῍֣ Ⱶ Ὲ῍ Ⱶ Ȃѿ ҹ ȁ

ᶫ Ⱶ̕ԋ ҹ ȁ ȁ ≠ȁ ȁ ῃȁ֜ ȁ Ḡȁ ȁ

ᶫ № ȁ ȁ סּ ȁ Ḥ ῍֣ ҍ

Ữȁ Ⱶ Ⱶ̕҈ ҹ └ ҙȁ └ ȁ ȁ ȁ ᵣ ꜚ

└ᵬ ҙҍḤ ᴑҙ ᶫҒҙ ᴆ ҍԐ ⱵȂ 

2011 ̆ Ҭ ҹ ȁ ȁ ≠ȁ ȁ ῃȁ֜ Ὲ῍ Ⱶ ᶫԅ

Ⱶ̆ ȁῈ῍ Ⱶȁ ҙ֟ҙ ֟ҙ ȂҺ ≠

ԍ ῤ Ҭ Ҭ҉ ȂҬ ҍ ῤ ȁԐ ꜚ ԅ

ᵬ῏ ȂҬ ԅ ῤѿ ᾢ └ ᴏ ̆ ῤ ѿ֓ ᴑҙ

̆Ҭ ῃ └ ᴑҙ ᶫ ᴏ Ὲ῍ ⱵȂ 

׃ 2.6.2  

Ҭ ѿ Ҭ ԅ 3ҩ ȁ128ҩ Ữ ҍ Ⱶ Ⱶ ↓ȁ

64ҩ ↓ȁ4ҩ Ⱶ ȁ4ҩῇ Ⱶ 26ҩ I/O Ȃ 
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Һ Ҋ̔ 

 ̧ ῃ ṿ 1372ַ҆ ̆ῒҬ̆ῃ CPU ṿ 317.3ַ҆ ̆GPU

ṿ 1054.7ַ҆ ̕ῃ ῤ 108.5TB̆ ῍֣ 1.28PBȂ 

 ̧ ῃ ῍ 4586ҩ CPŬ ῒҬ 8 8 CPU 32ҩ̆2 6  8 CPU 4538ҩ̆4

6 CPU 16ҩ̆ῃ ῍ 2048ҩ GPUȂ 

 ̧ 2048ҩ₴ ↓Ȃ 2 6 Intel Xeon Westmere EP

̆Һ 2.93GHz̆ ῤ 48GB̆ ҩ 1ҩ Nvidia M2050 GPŬ ҩ

CPU ṿ 140.64GFlops̆ GPU ṿ 515GFlopsȂ 

 ̧ 128ҩ Ữ ҍ Ⱶ Ⱶ ↓Ȃ 2 6 Intel Xeon Westmere 

EP ̆Һ 2.93GHz̆ῤ 48GB̆ ҩ ṿ 140.64GFlopsȂ 

 ̧ 64ҩ ↓Ȃ 2 6 Intel Xeon Westmere EP

̆Һ 2.93GHz̆ ῤ 48GB̆ ҩ ṿ 140.64GFlops;

Nvidia M2050 ⱴ ̆ ṿ 515GFlopsȂ 

 ̧ 4ҩῇ Ⱶ ̆ 8 8 ̆ 8ҩ Intel Xeon Nehalem EX

̆Һ 2.27GHz̆ ῤ 256GB̆ ҩ ṿ 578.56GFlopsȂ 

 ̧ ↓ THNI └ Ḥԑ Ғ ̆ Ḥ 160Gb/s̆ ᶫ ᵞ

ḤȂ 

 ̧ ԑ /҆ᾠץ ֜ ̆ ֜ ᶫ 288ҩ ᾠ

24ҩ҆ᾠ ̆ ȁ ҍ Ⱶ ȁ ȁ

Ữ Ȃ 

 ̧ 26ҩ I/O Ữ̆ Ữᵣ ̆ Ғ

ԑ ̆̓̀ ֣ 384TB̕ Ữ № ↓ Ữ

SAN NAS Ữ ̆ ԑ ҍ ԑ ̆῍֣ ҹ

892.8TB̕ ῃ Ữ ҹ 1.28PBȂ 

 ̧ ῃ ⱳ 1.212MWȂ 

 ̧ ᵬ Linux ᵬ ̆ ‰ ̆ҍ Linuxԋ └Ὶ ̆

ᶫ ῃ ȁ └ ῃⱳ Ȃ 

 ̧ CȁC++ȁFortran77/90/95̕ MPI 3.0̆ OpenMP 3.0̆ MPI/OpenMP

Ȃ 

 ̧ ᶫ № ῍֣ ᴆ THGPFS HDFS̆ T ᴆ P

Ữ̆ ̆ ᴆ ̆ҹῃ ᶫ ѿ ᴆ Ȃ 

 ̧ ⱳ ̆ ᶫᵬҙ № ȁᵬҙ ȁ№ ȁ

└ȁ ⱳ ̕ ̕ ᶫῃ ̆

Ȃ 

 ̧ ᶫ ѿ ȁ ῏ ȁ ⱳ ̆

ῃ ̆ ҹ ᶫ Ḃ ȁ ȁ ΐ Ȃ 

 ̧ ̆ ῃ ȁ ᴆ ȁ ȁ

Ȃ 

 ̧ ᶫ ȁHadoop№ ȁ Ⱶȁ Ⱶ̆



 

28 
 

ץ Ⱶ ᴆ̆ ҈ ᴆȂ 

 ̧ 4ҩ Ⱶ ̆ 4 6 Intel Xeon Nehalem EX CPŬҺ 2.0GHz̆

ῤ 64GB̆ 300GB SAS ×2, ԑ ̆2ҩ ᾠץ Ȃ 

 

 24 Ҳ  

2.7 Ҭ Ҭ  

2.7.1Ҭ  ׃

Ҭ ñ ԋԓò ⇔ ̆

Ҋ̆ қ ֲ ȁ ֲ ȁ Ҭ ῍ ̆ ⇔

ꜚ Ⱶ ֟ҙ ̆ Ҭ ╠ ȁ

ȁ ᴪ ̆ ȁ Ⱶ ᴪ

̆ ñ ԋ ò ҍ ̆ ȁ

ȁ֜ ᵬȁ ⇔ ץ ֲ Ῑԓ ̆ Ṥñ ȁ ᵬȁ ȁ⇔ ò̆ ⱬԈ

ѿ ↓ ̆⇔ ΐ Ҭ ҕ ѿ Ҭ Ȃ 

׃ 2.7.2  

Ҭ ҙⱵҺ ñ ԋ ò ԋԓ863 ⅞

Ȃñ ԋ òѿ ṿ 5.49ַַ ȁ 3.39ַַ ȁ

19 ַ Ȃñ ԋ òԋ ñ ԋ Aò ԅ ֟ⱴ

Matrix 2000 ף Intel Xeon Phi ̆ñ ԋ Aò ṿ 9.50ַַ ̆ ῤ

3.4PB̆ ῃ Ữ 19PB̆ ԅ ֟ 14Ğ ῃ

Ȃñ ԋ ò ṿ ȁ ԍ ᾢ ᵝ̆

Ȃ 

2.7.3 2017 Ԋᴆ 

1) 2017 3 21-23 ñ̆Ҭ ð ᵬ ꜚᴪò Ҭ ̆ қ

ȁ ⇔ ȁ Ԋ ȁ ₄ ȁ Simula ȁ Ҭ

ᵝף ῍ Ҭ ̆῍ ̆ ῏ ԅ ῀ Ȃ 
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2) 2017 4 19 ̆ ≢ ѿ Ҭ ȂҬ

Ⱳ◐Һᴋֿ ȁ қ ⱲҺᴋ ֤ ȁ ◐ ӥ ₵ ȁ

⇔ ◐Һᴋ↔ ȁ ḍȁ◐ ȂҬ ᾴ ӥ ȁ

ḍȁ ȁ Ҭ Һᴋ ԅף ѿ Ȃ 

3) 2017 5 22 ̆ Ԋ ȁ қ ȁ Ҭ ҽ

Ⱳ ñ2017Ҭ ̂ ̃ ᵬ ᴪò Ҭ ̆ Ҭ ң

200 ȁᴑҙ ף ₮ ᴪ̆῍ №֣ ⇔ ̆

ᵬȁ ῍ Ȃ 

4) 2017 6 19 ̆ Ҭ ף ῌᾥ ⱴ ISC 2017̆ ᴪ

҉̆ñ ԋ ò◐ ȁ Ҭ Һᴋ ISC Fellow̆ ҹҬ ᵝ

̆ῃ ѿѿᵝ ISC FellowȂ 

5) 2017 6 30 7 4 ̆ Ҭ ⱳ ԅ ֲⱬ ᴪḠ

ꜛ Ғҙ ֲ 2017 ḱ ȇñ ԋ òԐ

ҍ ḱ Ȉ̆ ῍ ԅ ȁԐ ȁ ῏ ᵩᵝ

Ғҙ ֲ ֲ ҍȂ 

6) 2017 9 ñ̆ ԋ òԋ ñ ԋ Aò ԅ ֟ⱴ Matrix 2000 ף Intel Xeon 

Phi ̆ñ ԋ Aò ṿ 9.50ַַ ̆ ῤ 3.4PB̆ ῃ Ữ

19PB̆ ԅ ֟ 14Ğ ῃ Ȃ 

7) 2017 9 19-20 ̆ñ2017 ò̂ IHPCF 2017̃ ᴪ

ᴪ Ҭ ̆ ҺⱲ̆

Ҭ Ⱳ̆ ȁ ȁ ꜛ Ȃ ȁ ȁ ȁḇȁ

Ҭ ῤ Ԋ׆ └ȁ 150 Ғ ȁ ₮ ԅ

ᴪȂ ᴪ Ҭ ѿ ῀ ף̆ Ҭ

֜ ᵬ ҽ ̆ҹῃ ⇔ ԅ Ȃ 

8) 2017 10 ̆Ҭ Ҭ ꜚ 18 2 ̆ ҹ

Ҭ ᶫ 718ҩ ‰ ̆ ᶫ ԍ 180PB Ữ ᴆ̆ ᶫ Ⱶ Ԑ

ⱬȂ 

9) 2017 11 2 Ҋ ̆ Ҭ ֲ ᴪ׆ 2012

↓ ððñ ף ò̆ Ҭ Һᴋ ᵬñ ҍ ⇔ ò Ғ

̆ қ ȁ ֲ ף ̆ ⇔ ȁ ץ ֲ ᴪ ῏ 120ֲ

ԅ ̆῍ ȁ ҍ Ȃ 

10) 2017 11 14 ̆ 50 TOP500 ̆ ԋ ҹῃ ѿѿ TOP500ȁHPCG

ңҩ ╠҈ ̆ᵣ ῒ ᴨלȂ 

11) 2017 12 8 ̆ Ҭ Һᴋ ₮ 2017 ȇ Ȉῃ ñ └ ҍ

҆ ԑ ò№ ̆ҍ ᴪ 500 ᴑҙף └ ȁ ῃ

ȁ ᴪ ҍ ל Ȃ 

12) 2017 12 15 ̆ Ҭ 2017ñԋ ò ᴪ

Ȃ ȁҬ ȁ қ ȁ Һ ₮ ᴪ ̆

ῃ ȁ ᴑҙ 320 ᵝ ף ѿ Ȃ  
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13) 2017 12 24 ̆ - қ Ҭ Ғ 2017

֜ ᴪ Ҭ ̆ ◐Һᴋ ȁ қ

₮ ᴪ Ȃ 

2.8 Ҭ  

2.8.1Ҭ  ׃

Ҭ

‰ ̆ ȁ

҈ ῍ ȂҬ

Ҽ

̆ ҕ ҉

ṿ ַַ

ⱬ ððñ

· ӊᾣòȂ ñ ԋ

ԓò ñ863⅞ò ̆ Ҭ └̆ ῃ

ԅ Ҭ Һ └ ֟ñ 26010òᴧ Ȃñ

· ӊᾣòӞ ѿ ῃ ֟ ҕ ѿ Ȃ  

Ҭ Ԋҙ ᵝ̆ ҍ ῍ ̆

Ȃ Ҭ ᶭ ñ · ӊᾣò ̆ ȁ

҈ ȁ ῃ ȁ ῃ ̆ҍ ῤ Ғ ȁ ᵝ ℗ ᵬȂ ȁ

ȁ סּ ȁ Ṝ ȁ № ȁḤ ῃȁ ҙ ȁꜚ ᶫ

Ⱶ̆ ȁ ̆ҹ ⇔ ᶫ Ȃ 

Ҭ ≠ Ҭ ᴨל ̆ ñ ҈ԓ" ⅞ ₮ ⱬ ΐ

ῃ ⱬ ֟ҙ ⇔ Ҭ ΐ Ԉⱬ ᾢ └ ᵝ̆ ΐ

ҍ Ҭ ᾟ̆№ ᵬҹ ⇔ Ԉⱬ

ⱬ ᴇṿ̆ ҹ ῤ ֲ ῤ ᴆ ̆

Ҭ Ȃ 

׃ 2.8.2  

· ӊᾣ 40ҩ 8ҩ Ȃ ҩ

— ̆ ̆4 32 ᴆ № ῒҬȂ ҩ ᴆ 4ҩ

ѿ̆ҩ 2 ñ 26010ò Ȃѿ 1024 ̆

ñ · ӊᾣò̓̀ 40960 Ȃ ҩ ҩ 260ҩ ̆Һ ҹ ̆ ҩ

CPU ῤ ҹ 32GBDDR3-2133Ȃ 

 ̧ ṿ ̔125.436Pflops 

 ̧ ̔93.015Pflops 
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 ̧ ̔" 26010" ᴧ  

 ̧ ҩ ̔40960ҩ 

 ̧ ̔10649600ҩ 

 ̧ ῤ ̔1310720 GB 

 ̧ ᵬ ̔Raise Linux 

 ̧ ̔CȁC++ȁFortran 

 ̧ ̔MPIȁOpenMPȁOpenACC  

 ̧ SSD Ữ̔230TB 

 ̧ Ữ̔10PB̆ 288GB/s 

 ̧ Ữ̔10PB̆ 32GB/s 

ꜛ ̆Һ Ҋ̔ 

 ̧ ̔1Pflops 

 ̧ ῤ ̔160TB 

 ̧ 980ҩ ̔2 12 ȁҺ 2.5GHzȁῤ 128GB 

 ̧ 32ҩ ̔8 16 ȁҺ 2.2GHzȁῤ 1TB 

 ̧ 64ҩ IO Ⱶ ̔ ᶫ I/O ῍֣ Ⱶ 
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 ̧  

҈  ῏  

҈ԓ Ҋ̆ ‰῀ № ‰ȁ

ԍ ῃ ᴨ ȁ ȁ ҍ ῏ , ΐ

ȁ Ⱶ ̆ ⱬ̆ ᶫ ҩ

ⱵȂ 

3.1 Ⱶ ᴇ ̆∆ ‰῀ № ‰ᵣ

ȇ ᴇ ‰ ӥȈ 

Ⱶ Ⱶ ᴇᵣ ̆

ᴇ Ⱶ ȁ Ⱶ ҉̆ ӈ ᴇ

̆ ‰῀ȁ№ ‰̆ Ⱶ ᴆ ̆

ᶏ ̆ ῃ Ȃ ╠ ῏ ∆ ȇ

ᴇ ‰ ӥȈȂ 

Ⱶ ̆ Ҭ ̆

ԍ Ⱶ ̆ Ҭ Ҭ

҉̆№≢ Ⱶ Ⱶ Ȃ ԍ Ⱶ

̆ ₮ ̆Ҍ ȁ ̆ ῃ

Ȃ ԍ Ⱶ ̆ᾟ№ Ҍ ȁҌ ȁҌ ȁҌ

Ȃ Ҭ ’̆ ῖ Ȃ

҉̆ ԍ Ⱶ ̆ Ⱶ Ⱶ

̆ ҹ ӈ ᴇ ȁ ᶫḤ Ȃ  

ᴆ ᴆ ᶫ Ⱶ ̆ Ҭ ȁ

Ữ └ ѿ ᵣ ̆ ԍ Ҭ ׂ ⱴ῀⌠ Ҭ

̆ῒ ԍ ᵀ Ⱶ ⱬ̆ҹ ᶫ ̆ҹ ᶏ ᶫ Ȃ 

Ҭ Һ Ȃ ᴇ ᵣ ȁ

ȁ Ⱶ ץ̆ ῒ ԑ Ȃ ᵣ

ҩ ΐ ῤ ᵣȂ ↕ Ҋ̔ ↕̆ῖ ↕̆

↕̆ ȁ ᵬȁ ↕̆ꜚ ↕̆ ↕Ȃᶭ ᴇ ↕

̆ ᴇ ᵣ ȁ ȁ ȁ ῃ

ȁ ȁ Ⱶ , ѿ ᵣ ,Ҍֽ

ᴆ ȁ ȁ ̆Ӟ ₮ Ⱶ ᵞ̆ҹ

ᶫᶭ Ȃ 

ԍ ᵀ Ҭ ̆ ᴇᵣ Ȃ

ӥ ԍ └ ԅ ѿҩ ӈȁ ṿ ̕ ԍ

̆Ҍᵖ ̆ ԅ҈ ̂SPȁEPȁGP̃ ̕ ѿ֓
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‰ ̆ ñ ‰ ò ԅ ̆Ҍᵖ ԅῒ ̆

Ҭ ԅ ̆ ⌠ԅ└ ñ ȁ ᵬȁ ↕òȂ ӥ ῖ

↕ ᴇ ̆ ԅѿ Ȃ ԍ ̆

ӥҬ №ҹ ᴆ ȁ Ⱶ ᴇȂ 

ᴇ ̆ Ⱶ Ҋ Ҍ

ᴇ ̆ Ⱶ ҉̆ Ҭ

ң ̆ ȁ ⱳ ȁ ȁ ץ ῖ ,

ᴇ ̆ ӈ ᴇ Ȃ ‰ ̆

̆ ԍ ȁ Ⱶ ᵀ Ⱶ Ȃ

҉ ‰῀ȁ № ‰ҍ ̆ ‰῀ ̆ ҹ ᴇ ᶫ

ᶭ Ȃ  

╠ ӥҬ ᴇҬᶏ ⌠ ̆ ԅ

Ȃ ΐᵣ ᴇ ̆ ñ ṿò̆ ӥҬ ԅ Ȃ

ԍ ᴇ ̆ ӥҬ↓₮ԅ ᶫ ‰ ̆ ԍѿ֓ ̆

ӥҬ ᶫԅᴨ Ȃ 

Ⱶ ᴆ ̆ ױ ԅ Ⱶ ᴆ , Ⱶ

̆ ᴆ Ⱶ № ̆ ᶏ ̆

ῃ Ȃ ╠ ᴆ ᵬ ̆ ԅ∆ ᴆ ̆

ԅ Ȃ ԍ ̆ ԅ HPCCȁHPCGȁNPBȁSHOC ҩ Һ

̆ ȁ ȁῤ ȁ Ḥ ȁ IO

ҩ Ȃ ↕ ԅ ȁ ᾝ ȁLBM ȁ

Һ ̆ Ҍ Ҋ Ȃ 

3.2 ᵬҙ ̆ ᵬҙ № ῖ ᵬҙ

 

Ҭңҩ ᵝ ҈ҩ ҉ ᵬҙ ñ ᵬҙ

ҹ SWF Ȃ PWA ᶏ SWFҹ ᴋⱵ ῒ̆Ҭ

Ḥ ף Ḡ̆ ԅ Ḥ ῃȂ ԅ1993׆ ץ 38ҩ ̆

ҹҙ ᶏ ̆ ῏ 2000ᵩ ̆ ᴋⱵ ᵬҬ ⌠ԅ

ᵬ Ȃᵖ Ҭ ̂ ҹ 2015 ᾥ MetaCentrum ̃̆ Ӟ Ҭ

Ȃ ᴋⱵ ҹ̆ ᶫ ῃ

Ȃ 2017 10 24 ̆ Ҭңҩ ᵝ῍ 143҆ ᵬҙ

Ȃ ֓ Һ ᵬҙ ң №̔ ֓ᵬҙ ѿ № ̆

ѿ֓ ̆ᶛ ̔ 

1̃ № ̔ ᵬҙץ № ȁ№ ᵬҙ ԅ № ̆

ԍᵬҙ ̆ῒᵬҙ № ҹ № Ȃ 

2̃ ֜ᵬҙ ΐ ̆ ғ ң ᵬҙ̆ῒ

Ӟ Ȃ 
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3̃ ᵬҙΐ ╠ ῏ Ȃ 

ᴆ VASPҹῖ ̆ ᵬҙ Ҭ 3.5҆ҩ ᵬҙ

῀ № Ȃ VASP ᵬҙ ̆ ᵬҙ ̔̂ ĨCORENUM̔

ᵬҙ CPU ̂̕ IĨEXETIME̔ᵬҙ ̂̕ IIĨKPOINTS̔ ῤ ̕

̂VĨVOLUME̔ ᵣ Ȃ Ȃ ̆ , ӈԅ

ԍ ̂RF̃ ԋ IRPAȂ ѿ ̆ ҈ҩ №≢ ̕ ԋ ׆̆

⌠ ᾝ [preVal1,preVal2,preVal3,label]̆╠҈ҩṿҹ҈ҩ ṿ l̆abelҹ ᶃ

̕ ҩ ᾝ ѿҩ RF№ ̕ ҈ ̆ ᵬҙ̆ ₮ ҩ ̕

̆ᶏ ҈ҩ № ̆ ⱴ ⌠ Ȃ Ҋ ̔ 

 

 

. VASPᵬҙ  

 

 25 IRPA  

ԋ IRPA VASPᵬҙ ̆╠ 80%ᵬҹ ̆ 20%ᵬҹ

Ȃ ᴇ ‰ ‰ ̂ACC̃̔ ᵬҙ T ῤ ᶛ

̂REC̃ ̔ ᵬҙ T ῤ ⌠ ᶛȂT Ȃᵬҙ

Ҋ Ȃ 

VASP ᵬҙ

ᵬҙ ↓

̆
Ḡ

RFR

BRR

SVR

ᵬ
ҙ

ṿ1

ṿ2

ṿ3

RF

ṿ1

ṿ2

ṿ3

ṿ
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 26 Ғ Ὺᵲҟ RCC  

ᵬҙ ҉̆ ױ ԅ Ҭ ӊ ᴋⱵ └ ᵬȂ

ԍᴋⱵ Ҭ ҍ Ҭ ӊ ̆ ᴆ ᴆ ̆ ̆

ᴋⱵ Ȃ ̆ ױ ȁ ᵣⱬ ̆ ῖ ̆

LammpsȁQuantum ESPRESSOȁFluent ץ̆ ̆ ֓ ᴆ Ҭ

Ҭ ̆ Ȃ ╠ ԅ Lammps̆ Fluent ҩ ᶛ̆ Ҍ

̆Ҍ ᴆҊ Ȃׂ ῒ ῖ ̆

₮ᴋⱵ Ạ₮ Ȃ 

̆ ױ ѿҩ ᶏ ᴋⱵ ȂҌ ΐ Ҍ ᵬҙ

ԅ ᴋⱵ Ȃ Ҭ ӊ ᴋⱵ └ Ҍ̆

ᶫ Ḥ Ȃ Ҭ ᴋⱵ Agent ֜ᴋⱵ

Ḥ ȁ ȁ ֓Ḥ ȁ Ȃ ╠ ԍ TorqueᴋⱵ

̆ ԅ Lammps̆ FluentᴋⱵ Ȃ 

3.3 ̆

ҙⱵ  

≠ Ⱶ ̆

҉̆ ‗

ҍ ȁ ᴨ ȁ Ⱶ ȁ ῃ№ ȁ

№ ῏ ̆ Ḡ ҙⱵ

Ȃ 

̂1̃  

Ҭ ȁ № ̆ ҙⱵ ҹ

Ҍ ̆ ȁ ȁҬ ̆ ȁ ҙⱵ ץ

Ḥ ҙⱵ ꜚ ҍ ̆ ҹ ȁ

ⱬ̆ ̆ҹ ᴨ ҍ ȁ ҙⱵ№ ҍ ȁ Ԋᴆ ҍ ȁ

ҍ№ ⱳ ᶫḤ Ȃ 

<1hour <2hours

0.0

0.2

0.4

0.6

0.8

1.0

‰
 true time

 RFR

 BRR

 SVR

 PDR

 IRPA

‰

<1hour <2hours

0.0

0.2

0.4

0.6

0.8

1.0

 true time

 RFR

 BRR

 SVR

 PDR

 IRPA
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 27  

ԍ ȁ ȁҬ ̆ ȁ ҙⱵ ̆ Ҍ

ֲ Ḥ ̆ ҩ ̆

Ҭ ҉ ’ ꜚ ̆ Һ ̆ ̆

ꜚ ῏ ̆ ȁ ᴇ ’ Ȃ 

Ⱶ ῏ ’̆ ץ ̆ Ḥ ῃ

ȁ ץ̆ ꜛԅ ╠ ᴆ ᶏ ’Ȃ №

̆ ԍ ҙ Ғ ̆ ץ ҙ

₮ ̆ ₮ᴨ ꜛ ᴨ ᴆ ץ ᵣ ≠ Ȃ

̆ Ḡ ҹ ᴆ̆ Ḡ

̆ᶫ № ᶏ Ȃ 

 

 28 ⅎ  

№ №ץ ᴆ̆ Ҭ ȁῤ ȁ

̆ Ҭ ̆ ȁ‰ Ȃ

ᴆ ֲ ̆ ץ ԅ ҩ ̆

ᴆ ȁῤ ȁ № ’̆ ԍ ‰ № ̆ ֲ

ץ ᶫ ȁ Ȃ ᴆᴨ ֲ

̆ ‰ץ ԅ ̆ԅ ᴆ ᶭ ̆
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ᵝ ̆ ⌠ ᴨ Ȃ 

̂2̃ └ҍ  

ᶏ ’ ҉ ᾟ̆№ Ҭ ȁ

ȁ№ ̆ ᴇ └ ≢ ̆ Ⱶ

Ȃ ᶏ ’ ̆ ᶏ ’̆ ȁ Ữȁ

ᴆ ᶏ ᴆ ᶏ ᶏ Ḥ ȁ ץ Ȃ

҉ҹҌ ӈҌ ‰ ̆ ᶫ └ ᴇ └ ≢ ̆

ꜚ ȁ ⱴ῀ Ȃ ֲ ҹҌ ᶫҌ Ⱶ

≢̆ Ҍ ֲ ȁҌ Ⱶ Ҍ ↕̆ҹ ᶫ

ⱳ Ȃ ᶫ ᶏ ’ ҉ ⱬ ׆̆

Ⱶ ᴨ ̆ҹ Ⱶ Ⱶ ≢ ᶫḠ Ȃ 

 

 29 ∑ⅎ  

̂3̃ №  

Ҭ ȁҙⱵ Ҭ Ⱶ ȁ ӊ ֜ԑ ȁ

ҹ ῏ ̆ ₮ Ḥ ҍ ̆ ԍ Ḥ

№ ҍ ȁ ҹ№ ҍ ץ ҙⱵ № ҹ̆ ѿ

ȁ ȁ ᶫ Ȃ 

Ḥ ȁ ᴍ ΐ̆ Ҭ Ҍ ӊ Ữȁ ῏

Ȃ ̆ ԍ ӟ № Ҭ ҹ ̆ ҍ ╠

ҍ ̆№ ҹ ̆ל  Ȃל

Ḥ ҍ ̆ ⱴ ⌠ῒז Ҋ̆

ҍ Ȃ ҳ ȁ ᵞ

̆ ȁ ̆ ᶏ ῖ ⱴ ҍ ѿ

̆Ḡ ῃ ҍ Ȃ Ҭ Ḥ ⱴ Ḥ ̆

ᵞ ȁ ҍ Ữ ̆ ȁ ҍḂ

׆̆ ᵞ ᵣ ̆ ᶏ Ȃ 
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ΐ ⱳ ̆ ̆

Ȃ ⱳ Һ ⌠ ׆̆ Ҭ ̆ ₮

Ȃң ᴰ Ҭ ⱳ

ⱴ Ḡץ̆ ῃ Ȃ ᵬ ץ ֜ ̆

ᵬ ҍ └̆ ҍ Ȃ 

ԍ ӟ № Ҭ ҹ ̆ ҍ

ץ̆ ┴ ѿҩ ┴ ̆

ҹҍ ̆ ⌠ ҍῃ Ḥ Ȃ Ҭ̆

ԍ Ḥ ̆ ̆ҍ Ҭ Ḥ ҍ ̆∞

╠ ҹ ’̆№ ҹ ̆ל ҹ ̆

 Ȃל

̂4̃ ᵀȁ ҍ ΐ └ 

№ ҉̆ ҬҙⱵȁ №

ᵀ ̆ № ’ ̆ל ȁ

└ ΐ ץ̆ ≠ ȁ ᵞ ȁ ᴇ ᵣ Ȃ ̆

ῃ ȁ῏ Ḥ ᴍȁ ῏ └̆

ΐ̆Ḡ Ȃ   

ԍ ≠ ̆ ᵀ ȁ Ȃ

ҹ № ̆Ҍ ֲ ̆ Ȃ

ᴆ֒ẫ ҍ ᵝȁ ᵬ ҹ№ ץ Ḥ ҹ №

ΐ̆ Ҭ ᴆ I/O № ᵝȂ ף № ∞

̆ ҍ№ ⱳ Ȃ 

 

 30 ғⅎ  

ԍ ≠ ’ ≠ ̆ ╠ᶏ ҹ ≠

ң ̆ ѿ ᶏ ╠ѿ ≠ ṿᵬҹ ṿ ̆ ԍ

≠ ̆Ҍ ԍ ≠ Ҍ ̆ ҹ ꜚ ̆ ᵞ

‰ ̕ ԋ ╠ k ≠ ṿ ⱴ ᵬҹҊѿ ṿ ̆

ԍ ≠ Ҍ ̆ ԍ ≠ ↕ᴪ ᵞ ‰ Ȃ
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ԍ҉ץ Ҍ ԅ ԍ ≠ ’ ̆ ≠ ̆

ԍ ѿҩ ṿ ҩ ҹ 1̆ Ҍ ҩ ⱴ̆ ⌠ ⱴ

⌠ ṿȂ ԍ ֜ԑ ≠ Ṝ Ṝ ᶏ̆

ױ ⱴ Ȃ 

 
 31  

Ҭ ̆ ̆

̆ Ҍ ֲ ’Ҋ̆ ꜚ ҉ ’Ȃ ᴋⱵ Ḡ

└ ҹ№ ̆ ̆ Ȃ

ᴋⱵ̆ ₮҉Ҋ ῏ ῏ Ȃ

ҹ̆ ┴ Ȃ

ԍ ⌠ ῒҤ Ҍ ̆ № ץ ҉ № ̆ ᾧֲ

ȁ ̆⁞ ֲ Ȃ 

ᴆ֒ẫ ҍ ᵝ ̆ ᴰ ԍ ̆

ᴆ Ḥ ᴆ ̆ ᵝ‰ ̂ ⌠ñ ò̃ȁ ȁ ץ

ᵬҙ ᴨ̆ל Ḃȁ‰ ᵝ֒ẫ ᴆȂ 

 
 32 ᴌ֘ằ ғ ᵣ 

ᴆ ᵝ№ ̆ ñ ᵬ òȁñ ò ñ ↓ò ҈

̆ ῃ ȁ CPUȁ ҈ҩ ̆ ̆ ₮ ᴨ

ⱬ ΐ̆ ң ᵬ ̆ ‗ ᴆ ꜚ Ȃ 

ף ҹ№ ̆ ҍ ף ̆ ₮

№ ̆ ԍ ᵣ ῏ ̆ ₱ CPU ᶛ̆

ף ҍᴰ ̆ ₮ ף ₱ № ̆

҉ № ΐȂ № ΐ ’̆
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ҹ̆ ף₮ ₱ ҍᴰ ῏ ̆

ҍ№ Ȃ 

̂5̃ ᴆ  

ԍ҉ ȁ ΐ̆ ҉̆

ȁ Ⱶ ̆ ȁ ȁ

ῃ ȁ Ⱶ ̆ΐ ȁ ꜚ ȁ ȁ

ᵀ № ⱬ̆

Ⱶ Ȃ 

ᶫ ῃ ᵝⱳ ̆ ȁᵬҙ ᴆ ȁ

ȁ ҍ ȁ ֜ԑҍ ץ / ꜚ ̆ᶏ

ΐ ̆ ΐ ѿ ȁ ῃ Ȃ 

3.4 ᴆḤ Ⱶᴨ ȁ ѿ ̆ Ⱶ

֜ԑ  

̂1̃ Ḥ Ⱶᴨ  

╠̆ ᴆ SCE Ҭ Ḥ Ⱶ Ḥ ᴰ ҹ Ȃ╠

Ⱶ Ḥ ̆ҍ ̆ ̆↕ Ҭ

Ⱶ ̕Ҭ Ⱶ ⌠ Ḥ ̆ ̆ ̕╠ Ⱶ ⌠

̆ Ȃ E ’Ҋ̆ Ḥ ▲ ̆

Ḥ Ⱶ ҳ Ḥ ᴰ Ȃ ᵬ Ḥ Ⱶ ҍᴨ

̆ᴨ Ҋ₃ҩץ⌠ ̔ 

Õ Ȃ Ҭ ᵬҙ Ҭ̆ Ⱶ ҍ╠ Ⱶ ᵬҙ Ḥ Ḡ ѿ

1sץῤȂ 

Õ ᵞ Ȃ Ҭ ᵬҙ ̆ ᵞ Ḥ ᴰ Ȃ 

Õ ᵞ Ȃ⇔ TCP Ḥ ᴰ ̆ ̆ Ȃ 

Ҭ̆ Ḥ Ⱶ Ḥ Һ №ҹ҈ № ῒ̆

Ҭ Ḥ Ḥ Ȃץᵬҙ ҹᶛ̆

ᵬҙ ╠ ԅ 30% ̆ ᵬҙ Ḥ ╠׆ Ⱶ Ҭ Ⱶ №≢

ԅ 60% ̆ῒז № ԅ 10% Ȃ ᵬҙ Ḥ ̆ ᵬҙ

ѿ ȁ ѿ ̆ Ȃ ᵬ ᴨ ᵬҙ Ḥ ╠׆ Ⱶ

Ҭ Ⱶ №̆ № Ȃ 
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NODE1

SQL 
l og

Dat a changes

NODE2

Rel ay 
l og

Read

Wr i t e
Wr i t e

Read
Repal y

Bi nar y 
l og

Fi l t er

Sync- send

Sync- r cv

Sync- SQL

 

 33 Ḫ Ḫ ᴶ  

ᴨ Ḥ Ҭ̆ ԅ ѿ ȁ ῏ Ȃ Ḥ

̆╠ Ⱶ ̆ҍ ̆

̆↕ Ȃ Ḥ ⌠╠ Ⱶ ̆

Ḥ SQL ȁ ̆ⱴ Ҭ Ⱶ ȂҬ Ⱶ

Ӟ SQL ȁ ̆ⱴ ╠ Ⱶ Ȃ Ḥ ԅ

̆ ԅ SCE ᴆ ̆ ῤ Ҍ Ῥῃ ֜ Ҭ

Ⱶ ̆╠ Ⱶ Ӟ ץ ᶫ Ⱶ̆ Ḥ ῤῒז ̆⁞

ԅҬ Ⱶ ⱬȂ╠ Ⱶ ҍҬ Ⱶ Ҍ ̆

̆ ╠ Ⱶ ⌠Ҭ Ⱶ ҬȂ 

Ḥ Ḥ ȁ 1№ ҈

̆ ץ ₮̆Ḥ ᴨ ̆ ᴰ Ḥ ҹ 2000 ̆

50%̆ 1№ ᵞ 60%̆ ⁞ 90%̆ ᶏ ⌠

̆ ᴨ ԅ ᴆSCEҬḤ Ḥ ᴰ ȁ

ȁ ̆ ԅ ≠ Ȃ 

̂2̃ԋ ѿ №  

ᴰ ῏ ҳ Ữץ Ṝ ҳԅ ̆

⌠ԅҤ ̆ ₮ץ ԅѿ֓Ἕ Google BigTableȁYahoo PNUTSȁApache HBaseȁ

Cassandra Amazonôs Dynamoҹף ῖ NoSQL Ȃҹԅ ֓ NoSQL

ⱬȂ ҙ ֟ ԅ ̆Ἕ IHBase, ITBase, CCIndex, HIndex, Apache 

Phoneix, Diff-Index, LCIndex, CMIndex Ȃ ֓ Ҍ׆ NoSQL Һ

ⱬȂᵖ ױ ԅ ӊ ѿ Ȃҹԅ ѿ ̆ ױ

₮ѿ֓ ῏ ӈ ץ̆ ѿ ȁ Ώѿ ȁ ѿ ӈȂ 

̔ ҉ ᶫңҩ ᵬ̆№≢ҹ ᵬ C(v) Ώ ᵬ S(k,v)Ȃ ᵬ C(v) 

V Һ ̆ Һ Ҭ ⌠Vô̆ Vô V ̆

Vô =V̆C(v) ⱳ̆ ↕ ȂѿҩΏ ᵬ S(k,v) Ώѿ ⌠ Ҭ̆

̆ Ώ ⱳҍ ⱳ Ȃ 

(DAG)̔ѿҩ ↓ ѿҩ H̆ ѿ Ώ ᵬ ̆

ѿ Ώ ᵬ̆ ֓ ҉ ⱴѿҩẒ ŸHȂѿ v1ŸH v2׆ ᵬ v1 ᵬ

v2ӊ╠Ȃ Ҋ ̆ ױ ₮҈ ѿ ӈ̆ ѿ ̆ Ώѿ ̆ ѿ Ȃ 



 

42 
 

ѿ ̔ ԍᴋᵥѿҩ ↓ DAĞ ѿҩ ↓ SḠ DAGҬ ̆

̆ DAGҬ ᵬ O1 O2ӊ╠̆ Ӈ ↓ SҬ O1 O2ӊ╠Ȃ

̆ ѿҩΏ ᵬ S(k,v) ⱳ̆ ғ ᵬӊ ῒזΏ ᵬ̆ ӇҊѿҩ ᵬ C(v)

ⱳ̆ C(v) ⌠ Ȃ 

ѿ ̔ ѿҩ ᵬ ȹ> 0̆ ԍᴋᵥ ↓ DAG, ѿҩ ↓ S̆

ᶏ ῒҌѿ ԍȹȂ 

Ҍѿ ̔ ᴋᵥ ᵬ Ŏ ֓ ↓ DAG Ҭ Oӊ╠ ᵬ Oô̆

֓ ᵬ ↓ SҬ Oӊ Ȃ↕ ӈ ↓ Ҍѿ ҹÍÁØɴȿ,ÁÇ/ȿȂ 

Ώѿ ̔ ԍᴋᵥ ↓ DAĞ ѿҩ ↓ Ҍѿ ԍ ȹ̆ ғ

ԍ ѿҩ client̆ ↓Ḡ DAGҬ ѿ Ȃ 

ԅ҉ ѿ ҹ ̆ ױ ԅ№ Ȃ ҉ №ҹ globalԋ

local ԋ ̆ ҉ ̆ №ҹ 4 №≢ҹ syncȁasync-insertȁ

async-compactץ async-simpleȂ 

ᶏױ YCSB Ȃ ҹ 50% 50% ̆ ץ Ҍѿ Ҋ

̔ 

 

 

 34 ԑ ҅ ⅎ  

҉׆ ץ ₮ ̆ ̆async-insert

async-compact ΐ ᵌ ȂAsync-simple ᵞ̆ Ȃ 

ԍѿ ׆̆ CDF Ҭ ץ ₮̆ local global Ҭ ₮ ᵌ

ѿ Ȃ ԍҌ ̆ ΐ ѿ ̆ async-insert async

ᵞ ѿ Ȃ 

̕ ԍ ̆async-simple

async-insert ̆ᵖ ױ ᵌ ѿ ̕ global ̆ ԍ local

RPC ̆ ץ ᴰ Ȃ 

ᵬ ῏ NoSQLӊ ѿ ӊ ῏ Ȃ ױ ᾢ ѿ ̆ Ώ

ѿ ѿ ӈ̆ ₮Ҍѿ ѿ Ȃ ױ
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№ Ȃ ̔ ΐ

̆ᵖѿ ȂAsync-simple sync 10Ṑ̕async-simple

ΐ async-insert ̆ᵖ ΐ ᵌ ѿ ̕ ԍ ѿ

Ҋ ᵬ ̆localԋ ᴨԍ globalԋ Ȃ 

̂3̃ פ ᴨ  

ԍ פ ᴨ ԍ ҩ ᴆ̆ ῒ

ᴆȂץ Lammpsҹᶛ̆ ᴆ ̆ ᴆ ̆

ᴆȂ ԍ ᴆ Ҭ̆

⌠ №῏ ᵬ Ȃ 

 

 35 ԓ ת  

Ҭ̆modules ΐ̆ modules Ὲ῍ ᴆ

ȁ Ȃ ᵬṢ modules ̆ Ҭ̆Ṣꜛ

ӈ ̆ ӈ ׆̆ ץ

Ȃ 

ΐҬ̆ ץ ѿ ᴆ ӈѿ ̆

ҹ profileȂ profileҬ̆ ⱴץ Ὲ῍ MPI ̆ ̆

Ὲ῍ ῏ ̆ Ӟ ץ ӈ Ȃ ҉ Ҍ

≢ ᴆ ̆ ץ ӈ ҩ profilĕ Ȃ 

Profile Ҍ ӊ ӈȂɒ A Ҭ ᴆ ӈԅѿҩ profilĕ

ᶏ B ̆ profileҬⱴ ӈ BҬ ץ ⌠ ̆↕

ӈ profile ᶏ Ȃ פ ΐ̆ Ҍ

Ύ ӟ ̆ ҍ Ҭ ᴆ₃Ӎ ֜ԑᵣ Ȃ 

̆ Ӟ ֜ԑ פ ֜ԑᵣ ԅᴨ ̆ ‗ԅ פ

₮Ḥ פ ȂҺ ᴨ ԅ Ҭ ᵣ ץ̆

₮Ḥ 126kҹ ̆ פ ₮ ׆ 35sᴨ Ҍ⌠ 600ms̆ ᵣ

ᵬ Ȃ 

̂4̃Portal2.0 ҍ Ⱶ 

Portal2.0 ѿף ̆ ԅ׆ ⌠ ᵣ ῃ

ȂPortal2.0 ԅ Ⱶ ̆ ᶛ ̆ ȁ ץ̆ ῏

Ȃ 
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 36 Portal2.0 φ  

Portal2.0 ╠ ԅ ᵬҙ ֜ ⱳ ̆ ᵬ ҉̆ᴨ ԅ

̆Ḃ ԅ ֜ԑ ȂҺ ᵣ Ҋ₃ҩ ̔ 

Å ᵬҙ ֜ ῀҉ѿ ᶏ ̆ ᵬҙ ֜ Ḃ℗  

Å ᵬҙ ֜ ᵬҙ ֜ ̆Ҍ ҹ ̆ ғ Ҍ  

Å ᵬҙ ֜ ̆  

Å Ҍ ῃ ̆ Ҍ  

Å ᵬҙ↓ Ҭ ᵬҙ ᴆ ̆ ᴆ  

Å ᵬҙ ₮ ̆ ֜₮ ↓₮ΐᵣ ̆ ᵬҙ ̆

/ / ̆ ̆Һꜚ  

Å ᵬҙ ₮ ῏ ᵬ̆ ᵬҙ − ̆ / ᵬҙ ̆−

ᵬҙ Ȃ 

Å ᵬҙ↓ ̆ ₯ᵬҙ Ḥ ῀ᵬҙ ֜  

Portal2.0Ҭ ԅ ⱳ Ȃ ҍ ⱳ Һ ԍ Portal2.0 ֜

ԑ ̆ ᴋ ̆ ⌠ Ҭ ῏ ȁ ᴆ ȁᵬҙ ȁץ

ῒז ̆ Ҭ̆ᶫ ѿ Ȃ ԍ

ElasticSearch ̆ ᵣ Һ ҈ҩ №̔╠ Portal ῏ⱳ ȁ

ȁ ES Ⱶ ̆ Ҋ Ȃ 
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 37 Portal2.0  

Portal2.0Ҭ ұ ῀ ңҩ ѿ̔ҩ Ὲ῍ ᶷ ⱴѿҩ ῀

̕ ѿҩ Portal2.0 ̆ Ҍ ’Ҋ Ȃ ╠ Portal2.0 Ҭ

ѿҩ῍ №ֽ̆ ѿ ⱴ ̆ Ȃ 

Portal2.0 Һ Ҋ̔ 

Å ῏ ׃ ̆ ׃ ׃ ̆ ҩ

̆ѿҩ ≢ѿҩ ̆ ҩ ̆ ῒҬ ҩ ѿҩ ̆

₯ ῀ Ȃ 

Å ῏ ᵬҙ ֜ ̆ ҩ ̆ѿҩ ≢ѿҩ ̆ ҩ

̆ ῒҬ ҩ ѿҩ ̆ ₯ ῀ Ȃ 

Å ῏ ᵬҙḤ ̆ ᵬҙḤ ̆ 5 ̆ ₮ Ҋ

₮҉ѿ Ҋѿ Ȃ ₯̆ ῀ᵬҙ Ȃ 

Å ῏ ῒז ̆ ѿҩ ̆ ₯ ῀ Ȃ 

╠ ң № ╠̔ Ⱶ ⱵȂ╠ Ⱶ ѿ

̆ ⱴ ῏ URL̆῍֣ ѿ ȁ ⱳ ̆

̆ Ⱶ̆ Ⱶ Ȃ╠ Ⱶ

̆ ⱴ Ḥ ̂ ̆ ῏ anỹ ̆ Ⱶ Ȃ

Ⱶץ tomcat+servlet ᶫ ⱵȂ Ⱶ POST Ⱶ

Ώ῀ request Ҭ̆ Ⱶ ↕ response Ώ῀ Ȃ

Ⱶ ⱳ ElasticSearch ӈ ῒ̆Ҭ ≢ ӈ

ṿ ̔(u | any)̆ ῒ Ὲ῍ ֜ ᵬҙ ȂElasticSearch

Ⱶ פ ᴪ ̆ № ѿҩ № Ḥ

Ҭ ̆ ╠ Ⱶ̆ Ȃ 

3.5 № ₮Ԋᴆ̆ Ԋᴆ ҍ№  

Ԋᴆ ҍ№ ᵬҹ Ҭ ԍԊᴆ Ғ ῒ̆ ⱳ

ᴰ ȁ Ữҍ№ ⱳ Ȃ ױ Apache Kafkaᵬҹ № ̆

ӊ҉ Ԋᴆ ̆ Ҭ₃ Һ Ԋᴆῤ ȁ ȁ №

Ȃ ᶏױ Logstashᵬҹ ΐȂ ҹ Ԋᴆ ҍ№

Ȃ 
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 38 Ԑᴌ ғⅎ  

ᴆ Ԋᴆ ̆ ᴆ №≢ Ԋᴆ ῒ̆Ҭ ԅ

֟ Ԋᴆ Ȃ ̆ ῏ ֲ ῏ ѿ ⌠₃ Ԋ

ᴆȂ Ԋᴆ№ Ԋᴆ ҍ№ Ȃ ’

ᶏ ̆ ∆ױ Ԋᴆ⅞№ҹץҊ҂ ̔ 

ᵬ̔ ԅѿ ᵬ ̆ ȁ ֜ᵬҙȁᴰ

ᴆ ̕ 

ᵬ̔ Ԋᴆҹֽ ᵬ ̆ ȁḱ

̕ 

ᵬҙ ̔ Ԋᴆ ᵬҙ ԅ ̆ᶛ ᵬҙ‰ ȁᵬҙ ȁᵬҙ ץ̆

֜֟ ȁᵬҙ ȁᵬҙ Ԋᴆ̆ ῏ ץ Ԋᴆ Ҭ ᵬ

ҙ ᵬҙ̕ 

Һ̔ Ҭ ’ Һ̆ ȁ ȁ ̕ 

̔ ԍ ╠ ̆ ѿ Ⱶ ҍ

Ԋᴆ̆ ԅ ȁ ╠ᵬҙ ῏ ̕ 

Ԋᴆ̔ Ԋᴆף Ҭ֟ ԅ ̆ᶛ ₯ȁ

ȁῤ ₮ȁCPU ȁ ₮ ̆ ѿ ̕ 

̔ Ԋᴆ ̆ ӈ Ҭ

̆ ↕ ԍ ≢ ̆ ₮ ԅҌ ԍ

̆ ∞ └ ↕ ̆ ῒῤ ᵬҹ

ѿ Ԋᴆ └ ↕ ֲ Ȃ 

῏ Ԋᴆ ̆ ҂҉ץ ҹ Ȃ ԍ Ԋᴆ №⅞ΐᵣץ

’̆ ӈ Ⱳ Ȃ Ҭ ₮ ̆ Ӟױ

ץ Έ҉ץ Ԋᴆ ץ Ԋᴆ Ȃ 

Ԋᴆ ֟

Ԋᴆ

Kafka

Broker1

Broker2

Broker3

Logstash Logstash Logstash

ᵬ ᵬ

ᵬ
ҙ

№

Ԋᴆ
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Ҭ̆ Ҭ ᴆ ᴆ ץ ᵬ ҹ Ԋᴆ

֟ ̆ ֓ Ԋᴆ Ҍ ̆Ӟ ᶏץ ѿ ῒҬḤ Ȃ₮ԍ

̆ ױ Ԋᴆ ҍ№ Ҭ ⱴԅԊᴆ ȂԊᴆ Һ ԍ

Ԋᴆ̆ ᶏ ῒҬҺ ῤ ̆ ῤ Ԋ

ᴆ ѿ ̆ ֓ԊᴆḤ ҹ Ԋᴆ ѿ ҹ Ԋᴆ

Ȃ ῏ ⌠ Ԋᴆ ̆ Ԋᴆ ѿ ץ ῒҬ

῏ Ḥ Ȃ 

Ҍ ̆Ԋᴆ ῤ ҩ ᵬ ̆ ҩ ңҩ ̆

№≢ҹ ȂԊᴆ Ԋ̆ᴆ

ԍ Ȃ Һ ᵬ ̆

ѿ № ҹ ҩ ̆ ҩ ѿҩ(key, value) ṿ ̆keyף ̆ Ӟ

ԅ ӈ̆value ṿ̆Ӟ ῤ Ḥ Ȃᶛ ѿҩ₃Ӎ Ԋᴆ ̆

҉ ̆p Ҍ Ȃ ṿ №

₮ ѿ Ȃ 

╠ ∆ױ ԅ Ԋᴆ ҍ№ ҩ ⱳ ̆ ῒ ⌠ԅ

Ҭ Ȃ Ԋᴆ ԍ 100 ̆ ץ

ױ Ԋᴆ Ȃ 

3.6 ῃᵣ  

ῃ Ҍ ѿ ᵬȂ Һױ ׆ ᴆ ȁ ȁ└

҈ҩ ῃȂ 

 

 39 Ὴᵩ  

ᴆ ̆ ῃ ⌠ ᴆ ҩ ̆ SSL ῃᴰ ̆

῀ Ḥ ῃ ̆ ῀̆ ₮ ̆ ӈ ̆

ȁ Ȃ 

̆ ̆ ῏ Ⱶ Ⱶ ̆
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ҹ ῃ ̆ ᾧ ₯ ץ̆ ₯ Ҭ ӊ

Ȃ 

└ ̆ Ⱶ ICP /Ὲ ̆Ԋҙ ᵝ ̆ ᶭ

Ҭ ῤ ῤ ̆ ῃ Ȃ

└ ԅ ҹ Ḥ Ȃ 

3.7  

‰῀ № ‰ȁ ԍ ῃ ᴨ ȁ

ȁ ҍ ԅ ῀ ᵬ̆ ԅ ᴇ ‰

ӥ ∆ ̕ ᵬҙ ̆ ӟ ῖ ̆

ԅ ‰ ̕ ԅ ᵣ

̆ ԅ ̕ᴨ ԅ Ⱶ̆ Ⱶ ֜ԑ ̆ ѿ ԅ ֜

ԑ Ḃ ̕ Ԋᴆ ҍ№ ̆ ₮ Ԋᴆ ̕

ԅ ῃᵣ Ȃ 
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 ῖ  

ԅ ȁ ȁ҆ ȁ ҆ ᶛץ ῀ ľ ¥ Ŀ

5ҩ ῍ 49ҩ ῖ ԅ׃ Ȃ ֓ ῃ

ᵝ ᶫ Ȃ 

4.1  

4.1.1ΐ ԑᵬ  

̔  

ᵝ̔Ҭ ֲ  

̔  

ᴆ ̔ ᴆ 

̔  

 ̔׃

ԋ ΐ ̆ ҹ

ӊѿȂ ױ ῏ ̆ ̆ ԋ ᵣ

Ҍ ҹ̆ ᾣ Ҋ Ȃ ױֲ╠

ҹ Ҭ̆ ᶭ ῒ Ȃ ̆

ѿ ῃ 1̆0B Ҭ ᶭ

ꜚ Ȃ ̆ Ҋ ̆ Ҭΐ

̆ ⱬ ῐԋ Ȃ 

҉ Ҭ Ҭ ֲ ҍ ᵬ

ף ԋ ̂PtS2̃ ԋ ̂PtSe2̃ ԅ ↓

Ȃ ҌֽPtS2 1.6-1.8 eV ( )⌠0.25-0.48 eV (r )ӊ ̂

ã ̆ ⌠ᵣ PtSe2 ԅ׆ΐ 1.17 eV ᵣ⌠ Ȃ

₮ ᶭ Һ̆ ԍPt҉ d ᶏ̆ ῤPt-S 

(Se) ῇ ᵣ ̆S (Se) Ҭ Ҋ ҍ  pz ̆֟ ֜

Ȃ ̆ ᵬ ԅ ◄℗ ꜚ ( b)̆

ҹ ң ΐ ꜚ ̆ ԋ Ҭ ≢ Ȃ ̆

ԅ׆ d ₮ ̆ ԑᵬ ᶭ

ѿ ↕Ȃ Ҋ ᵬ̆ ѿ ԅ ԋ ̆
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ΐ Ҭ Ḡ Ȃ  PtS2  PtSe2 

Ҋ№≢ ⌠ ~100 cm2V-1s-1  210 cm2V-1s-1, ṿҍ

ғ ԍѿ ̂ c Ȃ̃ ̆ҍ Ҭ

Ҥ Ҍ ̆ Ҍ  O2 ғ ̆ Ҭ ̂ 1 ̆ d̃

֞ Ȃ ֓ᴨ ҹ ԅ Ȃ 

↓ ᵬҌֽ ԅѿ ῒ ̆ ԅ ԋ

Ȃ ԅ ᴨ ᶏ̆ῒ ҹ ⱬ

ᾣ Ȃ 

 

 40 Ί ԝᵲ  

4.1.2 ḱ  

̔  

ᵝ̔Ҭ  

̔  

ᴆ ̔ ᴆ 

̔  

 ̔׃

Ȃ Һ Һң Ҍ
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ᵣ ̆ ץ № Ҭ Ȃ ֓ ᵣ

̂1.2-1.6 eṼ Ḃԍץ ᾣ ȂῒҬ̆ ԋ

̂ ȁԋ ̃ ԍΐ ᾣ ᾣ ̆

ԍ ҬȂ 

҉ Ҭ Ҭ ҍ ᵬ ῖ Ẽ

ѿ ₱ ̆ ₮Ҍ ң Ҍ ᵣ ֽ̆ ֽ

̂ Һ ̃ ̂ Һ ̃ ̆

20%Ȃ ץ ⌠ῒ ԋ ҉̆ҹ

҉ ҉ ᶫԅ Ȃ 

̔ 

 

 41 ḷ  

4.1.3 ‟ — — — ñJanusò 

̔  

ᵝ̔Ҭ ҉  

̔  

ᴆ ̔ ᴆ 

̔  

 ̔׃

‟ ‛ ֟ ѿ ԍ
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ᵣῤ — ᵣ ֙ ⱳ Ȃ ԍ ‟ ‟ └ ꜛԍ —

ȁ — № Ȃ ̆ ҉ҕ 60 ף ‟

ץ ̆ ֲ ‟ └ ԅ ҩҕ Ȃp ̆ ֲ ‟

— └ѿ Ԉ ̆ ֓ ֲ ҹ ‟ Ḇ — ̆

ѿ֓ ֲ ҹ ‟ ץ └— Ȃ 

҉ Ҭ Ҭ ҉ ҍ ᵬ ‟

—  (ice-binding face) —  (non-ice-binding face)ΐ Ҍ

̆ ‟ ԍ ᵣ ̆ ԅ ‟ — ҍ —

— Ȃ ‟ Ҍ — ₮ ῃ —̔

Ḇ — ̆ — └— Ȃ 

№ ꜚⱬ ѿ ԅ ‟ — —

̆ ԅ— ҉ ↓ᶏ — ҉ — ׆̆ Ḇ

— ̕ — ҉ ᶷ ᶷ ᶏ̆ — ҉

׆̆ └— Ȃ ԅ ‟ — ñJanusò№ └Ȃ 

ⱴ ԅֲױ ‟ № ‟ └ ̆ ᴏ —

ᵞ Ḡ ӈȂ 

 

 42 ‫ ‚ ‚ ‚ ŅJanusņ  
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4.1.4 ᵣ TET ׃ Ẓ └ 

̔  

ᵝ̔Ҭ ҉  

̔  

ᴆ ̔ ᴆ 

̔  

 ̔׃

҉ Ҭ Ҭ ҉ ҍ

ᵬ ᵝ ԅ TET Ẓ └̆ ῒ ̂ ̃

ӈȂ ԍ 2015 10 29 ԍ ℮ȇ ȈȂ 

DNA Ҭ 4 ῖ ̔ ȁ ȁ Ȃ Ӳ

ꜚ ҉ᴪ֟ ḱ ̆ ҹ 5- (5mC, 5 )Ȃ

̆TET 5- ҹ 5- (5hmC, 6 )̆5-

(5fC, 7 )̆5- (5caC, 8 )Ȃ5-

̆ Ҭ ᵬ Ȃ TET ḱ ֟

Ҭ ̆Ӟ ᵬҹ ñ ò̆ ΐ ⱳ Ȃ

֓ñ ò ̆ҍᴧ ῏Ȃṿ ̆TET2 Ҧ ᴪ

Ȃ  

Ҭ 5hmC ғ̆ῒ ԍ 5fC 5caCȂp ѿ ѿ

Ȃ ≠ ̆ ̆

ԅ ѿ Ȃ T̆ET 5mCΐ (֟ 5hmC)̆ 5hmC(֟

5fC) 5fC(֟ 5caC) ᵞȂTET ҈ҩ ̆ Ҍ

’Ҋ̆ῒ Ҍ ( )Ȃ ̆5mC TET Ỳ Ҭ

ᶏ Ỳ Ҭ ḛ ҹ5hmCȂ5hmC 5fC ԍ ̆

ῒ Ỳ Ҭ └ᵟ̆Ҍ ѿ ̆ TET ң

ᵞȂ Ỳ ⱬ Ҋ̆TETᴪ ≠ 5mC֟ 5hmC̆ ѿ 5hmC֟ ̆

TET Ҍ ᶏῒ ѿ ҹ 5fC 5caC̆ ῤ 5hmC ̆ ғῒ

ԍ 5fC 5caCȂ Ҭ ̆TET ̆ᴪ

֟ TET̆ ҹ 5fC 5caCȂ ѿ ‗ԅ ᴰ

ѿҩ ̆Ӟҹ ῒז Ỳ № └ ᶫԅ Ȃ 



 

56 
 

 

 43 ᵩ TET ב ẘ ┼ 

4.1.5 C919 ṿᴏ  

ᵝ̔Ҭ Ὲ ҉  

̔  

ᴆ ̔ ҙ ᴆ 

̔  

 ̔׃

ҙ └ ҙ ῖ ף ̆ ҙ ȁ ⱬ

Ҭ ȂC919 Ҋ Ҭ ҙ ҉ΐ ӈ ѿ Ȃ

⅞ ̆ ѿ ↓ ᵬȂҬ ꜚ Ғҙ ҉

Һ ԅῃ ῃ CFD № ᵬȂ

̆ ᾢ └ ӊѿȂ҉

Ҭ ѿ ץ ҹ Ԋҙ ⱬ Ȃ 
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 44 C919 ẅᴕ  

4.1.6 № №  

ᵝ̔҉  

̔  

ᴆ ̔ ҙ ᴆ 

̔  

 ̔׃

№ Ꞌ֟ ѿҩ ̆ ꜚ

ῤ ᴆ Ҥ ⱬȂ ⱬ Ꞌ№ Ҭ̆

ᵬ ̆ № Ȃ ѿ CAE ̆

ῤ № ׆̆ ᴨ ̆ ԅ Ȃ

ṿ Ṣꜛ҉ Ҭ ̆ ԅ№ ̆ ҩ ᶛ

Ȃ 

 

 45 ⅎ ⅎ  

4.1.7 ԍ ᶷ ᴨ №  

ᵝ̔҉ ҕ Ὲ  

̔  

ᴆ ̔ ҙ ᴆ 

̔  

 ̔׃
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ᶷ E-NCAP ҉ ̆ ᶏ AE-MDB V3.9̆ᵖ ⱴ

100kğ 50mmȂ ⌠ 2018 ԓ ‰̆ ᴨ Ȃ CAE

№ ̆ ̆B ᷅῀ ̆ ғ ⁞ ̆Ẋֲᴴ ṿ ̆ҹᴑҙ

⁞ ̆ Ȃ₃Ӎ CAE№ ҉ Ҭ ̆҉ Ҭ ᴆ

ῃȁ ̆ҹ № ᶫḂ≠Ȃ 

 

 46 ԓ ᶽ ᴮ ⅎ  

4.1.8 - ṿ  

ᵝ̔҉ ֜ ҍ ꜚ  

̔  

ᴆ ̔ ҙ ᴆ 

̔  

 ̔׃

ԍ ᾝ № ᴨ ̆ ῤ ԍ Ҭ

№ ̆ ȁ ᾝ ȁ ̆

∆ ᴆ ᴆ ᾝ№ Ȃ - Ҭ ᵝ ⱬ

ҬҺ ҍ ֜ Ȃᴏ ҹ ẫ ῏ ᵝ Ꞌ№ ᶫ

ᶭ Ȃ ҉ Ҭ ñ ò ҙ ̆ ⱬ Ḡ ԅ Ȃ 

 

 47 - ẅ  
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4.1.9 ⱳ ҍ  

̔  

ᵝ̔  

̔ ȁ ȁ  

ᴆ ̔ ᴆȁᾧ ᴆ 

̔20 300~̂҉ץ ̃ 

 ̔׃

ҍ Ҭ Ҥ ̆p ҍ Ҍ ̆

ғ ֓ ᴆҊ Ҍ Ȃ Ӟ Ȃ

̆‚ ҙ Ҭ ̂ ̃ ̆ғ ῒז῍ ᶏ

̆ ѿ Ȃҹԅ׆№

└̆ ҍ№ ꜚⱬ ԅ Ҭ ȁҌ

ҍ ᵬ ҍ └Ȃ׆

└ҍ ץ̆└ Ҭ Һ ̆ Ҍ pHṿ ᴆҊ̆

Ȃ ԅ Ҍ ҍ ӊ ̆ № ԅ

ԍҌ pH ṿ ᴆҊ ’( 1)Ȃ ᵣ ᴨ

ᴆ ԍҬ pH ̆ ᴆ Ҍ≠ԍ ᵣ

Ȃ └ └῍ ᵬ Ȃ ̆ ԍ ҙ҉

̆ pH ̆ Ҭ Ҋ̆ ᶏ ⌠

Ȃ ᾝ ԍ Ҭ̆ ғ ԍ 50 °C҉ץ

ᵞ̆ ȁ ȁ└ ȁ ȁ ‚ ȁ ҙ

҉ ≠ ⌠ Ȃ№ ꜚⱬ

CaSO4 Ҭ Һ ( 2)Ȃ ̆Ҭ CaSO4 CaSO4

Ҭ CaSO4 ∆ ᾝȂ ԅ ԍ 120°C

Ȃ ̆ Ҭ Ҍѿ

Ԉ ῏ ̆ Ӟ CaSO4 ⌠ ᵣ̆ Ҍ CaSO4 ᵣȂCaSO4

Ҭ ѿ ↓ ꜛԍ CaSO4 Ҭ ⱬ ȁ ȁ

ץ└ Ҍ ӊ ῏ ̆ ғ ‗ΐ

Ṣ ӈȂ 

 

 48 Ҳ ғ -  

precursor

FeHAsO4
+

adsorption precipitation

colloids

Fe-oxides

Scorodite

FeAsO4ӎxH2O

associationFe(III) As(V)

aqueous phase

×

As(V) H+
Fe(III) OHī

Fe(III) As(V)

AsAsAs

Fe(III) H2O

or or

PH
Fe3+ ions

Fe colliods

Fe oxides

association

hydrophobicityFe-As

Fe-H2O

- H2OAs(V)

As(V) Removal Efficiency
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 49 Ҳ ғ ┼-  

4.1.10 ԍ ᴰ  

̔  

ᵝ̔  

̔ᴰ ̆  

ᴆ ̔ Perl ̆R  

̔20ҩ ̂ 200ҩ ̃ 

 ̔׃

ԍ Һ Ạԅңҩ Ȃ ѿҩ / ᵝ ῍ RCOS

ῒ R ᴆ cooccurNet Ȃ῍ ꜚⱬ̆῍ Ḥ

ץ ⱳ Ȃ ԍӊ╠ ῍ ̆ ᶫԅ

ᵝ ῍ RCOŜ Residue Co-Occurrence Score)̆ ғ ҍ῍

ҹ R ᴆ cooccurNet ̂ Ҋ 1 Ȃ̃RCOS Һ DNA

↓Ҭᵝ ӊ ῍ ̆ ԍ ҹ M̆ ↓ ҹ N ̆ῒ

ҹ N*M^2Ȃ ⌠ ҩ ̆ ᵝ Ḡ ṿ c1̆ ∞ ῍ ҍ

ṿ c2̆ ᵝ ̂ Ȃ̃

150ҩ ↓ ̆ ҩ ↓ ↓ № 74836̆⌠ 511׆

↓ № ׆ 50⌠ 200Ȃ ԍ ̆ ױ ҩ ԍ ̆

҉ ᶃ Ȃ ̆ҹԅ RCOS ̆ ԍ

ҩ ↓ ꜚ 1000 ̆ RCOS Ẋ Ҋ № Ȃ ױ ⌠ԅ

ҩ Ҋ ̆ ץ ꜛ ᶏ ᶃ Ȃ 
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 50 cooccurNet ғ ᵲ -  

ԋҩ ԍ H5N1 ץ

Ȃ H5N1 ԍ

‰ Ȃ׆ Һ ↓₮

̆ ԅ № ̂ Ҋ 2 ̃̆ ԍ

№ ҉ ῒҍ ῏ ̆

№ ῒ̆ ΐ ῍ Ȃ

ԍ └ ᶫѿ ᶭ Ȃ 

 

 51 H5N1  

4.1.11 ҍ ╕ ԑᵬ  

̔  

ᵝ̔Ҭ ⱬ  

̔ ⱬ  

ᴆ ̔ ᴆ 

̔480  

 ̔׃

ᵬҹ ᾧ ѿ ̆ ╕№ ҍ ῀ ԑᵬ ף

ԅ ∆ - ᵬ Ȃ ԑᵬ ‗ ԅ ῀ ȁ
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Ȃ ԍῒ ̆ № ῀ ⌠ ̆ ҍ

╕ ԑᵬ Ȃῒ ᵬ └ҍ ℗ ῏ Ӟ̆ᶭ ԍ

╕ № ȁꜚ ҹȁ ⱬ Ȃ 

  Ҭ ⱬ ⱬ ȁ ȁ◐

ῐ ҍ Zuo Yi ᵬ̆ № ꜚⱬ ̆

῀ ԅҌ ֪ / ╕ ԑᵬ

Ȃ ̆ ҍ ╕ ԑᵬ ῒ ῷ Ҍֽ̆

╕ ̆ № ֜ ȁҍ ԑᵬ ȁ

῀Ҍ ֟ Ȃ ѿ ̆ ᵀ ץ

ץ ҹ ᵣ ῀ ̆ - ╕ ᵣ

Ȃ 

973 ⅞ȁ ץ ⱬ ꜛȂ

῏ ԍ ACS Nano (Guoqing Hu, Bao Jiao, Xinghua Shi, Russell P. Valle, Qihui 

Fan, and Yi Y. Zuo. Physicochemical Properties of Nanoparticles Regulate Translocation across 

Pulmonary Surfactant Monolayer and Formation of Lipoprotein Corona. ACS Nano, 2013, 7, 

10525͠ 10533)Ȃ 

 

  52 ῇ ғ ╛ ԝᵲ  

 

 53 Ғ ғ ╛ ᵲ  
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4.1.12 ↓ ԍ Ỳ  

̔‼  

ᵝ̔  

̔  

ᴆ ̔ ҙ ᴆ 

̔120  

 ̔׃

└Ỳ ╕ Ỳ ╕ Ȃ ԍ ̆

└ ҍỲ ῏ ׅ ΐ Ȃ ꜚⱬ └

֜ ̆ ҉ └ ԅ CoO ↓Ȃ

№ № CoO ̆

ңҩ{100} ңҩ {111} ȂX CoO

ᵝȂDFT {111} ᵝ {100} {110} ᵞ 3 

eV̆ ԍ ᵝȂ҉ ᶏ CoO

↓ ԅᴨ ORR/OERỲ ̆ῒ ̂ORR̃ ORR

Pt̕ ῒ ₮ ̂OER̃ ᴨԍ RuO2Ỳ ╕ ῒ̕ ORR-OER

ⱳ Ỳ ËE=0.71 V Ҭ Ȃ 

ľ ѿ Ŀ CoO ᴨ Ỳ ҍῒ ℗ ῏̆

{111} ῀ ᵝ O2 ̕ ORR/OERỲ

Ҭ̆ Ҭ ᵣ ̕ ̆ {111} ῀ ᵝ CoO

Ҭ ⱴ ̆ ̆ Ỳ Ҭ Ȃ

ᵬ ԍ Nature Communications, 2016, 7, 12876Ȃ 

 

 54 ┼ ᴮ Ỹ ╛ 

4.2  

4.2.1 № ṿ  

ᵝ̔ ҍ  

̔  
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ᴆ ̔WRFȁROMS 

̔3960  

  ̔׃

ñң ѿ ò - - ѿ῏ ̆ ‰ ѿ

Ҍ Ḥ ̆ ῒ ̆ ꜚⱬ

ṿ ᵣ ̆ Ṝ ׆̆ ȁ

Ȃñң ѿ ò № ṿ ҍ

ȁ ῾ ȁ Ҭ CRESM ̆Һ ң ѿ

Ạ № ṿ ̆ ╠ ԍ ╠ Ȃ CRESM

№ №≢ WRF ROMS ̆ SWAM̆ ̆

№ Ӟ Ҍ ᾟ ̆ ֓№ ᶏῒ Ȃ ╠

№ № ҹ 27km̆ № № ҹ 9kmȂ № №

⌠ 9km̆ № ⌠ 3kmȂ 

 

 55  
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 56  

4.2.2ԋ ᾣ  

̔Ҁ ´ 

ᵝ̔Ҭ  

̔  

ᴆ ̔  

̔1536  

 ̔׃

Һ ԅ ԑᵬ ᴆ̆ ԅ≠

ᾣ Ȃ ΐ ȁ ȁ ‰ ᴨ Ȃ ╠

ױ ԅ № ῏ ԅ ῏ ̆ ѿ №

Ӟ ҬȂ ױ ⱴ῀ ץ̆ ̂ ȁMoS2 ̃

Ȃ 

╠ Ẓת ᾣ ⌠ ̆ ≠

ῤ ᾣ Ȃ ҬҌ ̆ ᾣ ѿ

̆ Ẓ ΐ ̂ Ҍ ԍ 6 eṼ ȁ Ҍΐ ᴆ̂Ҍ≠
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ԍ └̃ Ȃҹԅ ᾣ Ҍ ̆ ױ ᵬҹ ̆≠

ԑᵬ ᾣ Ȃῒ ᵬ ᾣ ѿ ̔1ȁ

ᵬ 2ȁ Ҭ ׆̆ ᾣ

ӊ ῏ Ȃ3ȁ≠ ׆̆ Ҭ ⌠ ᾣ Ȃ ױ

̆ ץ Ḡ ȁ ᵝ Ḥ Ȃ

ᴪ- қ ╠ ꜛҬ̆ ױ ԅ ȁ ȁ ȁ

̆ № Ȃ 

 

 57 ԑ ᾩ  

4.2.2 Ҋ Na-He  

̔  

ᵝ̔ ֤ Ҭ  

̔  

ᴆ ̔ ҙ ᴆȁ  

̔ 720  

 ̔׃

Һ ῏ ̆ ᴆҊ₮

Ȃ ̆ № ꜚⱬ ᴆҊ
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ҹ̆ ῒ Ȃ 

ᾝ ҉ ԋҩᾝ He ѿҩ ᾝ Ȃ Έ ᵣᾝ ӊѿȂ

He ᾝ Ҭ ̆ He ᾝ ץ Ȃ

He ֪ ₃Ӎ Ҍ⌠̆ HeӞ ץ ⌠ Ȃ ץ He

₀ ΐ ӈȂ 

 

 58 Ґ Na-He  

ױ He Ҋ ⌠ № ̆ He Ҋΐ ѿ ̆

ᵬ ᴇҹ ӥ ᵬȂ №ױ He Ṝ̆

Ҋ ⱬ ̆ ױ Ҋ ҌῬ

Ȃ ױ ԅҌ ̆ Ҍ ᵌ ᴪ ⌠ ῃҌ

̆ ױ ӈ Ҋ Ȃ 

ױ ҹ Na Ҋ ҹ ╕Ȃ ҍ ̆ K̆Rb̆

Cs s-d ̆ Ҍ Ӈ Ȃ ҍ Na Ne Ҋ

ᾝ Ȃ 

 

 59 2- ֪ Ҳ  

4.2.3 ԍ ӟ RNA ᵝ ≢  

̔  
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ᵝ̔´Ԋ ´Ԋ  

̔ ẫ  

ᴆ ̔ ᴆȁ  

̔ 1440  

 ̔׃

₮ѿ ԍ ӟ RNA ≢ ̆DeepRedȂDeepRed

TensorFlow ̆ ׆ ↓Ҭ ӟ RNA ̆Ҍ ᴋ

ᵥ ԍᾢ ̆ӞҌ SNP Ḥ ̆ᶏ RNA ≢ ȁ

̆ғ ץ ԍ SNPḤ Ҍῃ ҬȂ ᵀҬ̆DeepRed ԅ

97.81% 97.50% AUC̕ ԍ U87 ⅞ RNA-seq

̆ DeepRed ̆DeepRedΐ ‰ ȁ ̆

₮ art-of-the-state Ȃ 

҉̆ DeepRed ԍ SEQC ⅞ ׆̆ ≢‰

ᵀԅ ȁ ȁ ȁ ץ̆ ↓ ᴆ ᵝ

≢ ᴆ RNA ≢ Ȃ 

̆ DeepRed ԅֲ RNA ץ̆

RNA ̆ RNA ֲ

̆ Ҭ Ḡ Ȃ 

ѿ ̆ DeepRed ԍ GEUVADIS ⅞ ̆ ₮ԅֲ

RNA Ȃֲ׆ ȁ̓̀ ֣ ҈ҩ № RNA ̆̓̀ ≢₮146,175

ҩ A-to-I ᵝ ̆ ׆ № ԅֲ ῍ ̆ ԅ RNA

┴ ֲ ῤ ̆ ץ ֲ Ȃ 

̆ ≠ DeepRed ԍ ̆ ԅ ENCODEȁRoadmapȁ

modENCODEȁTCGA ⅞Ҭ ֲȁ ȁ ȁ ȁ ȁ ꜚ

ԋ ҩ ѿ҆ҩRNA-seq ̆ ֓ RNA ≢ ̆

django-Mysql ̆ ԅ ҆ RNA ᵝ 200T Ḥ dbRed

̆dbRED ҹ ᶫ Ḃ RNA ⱳ ⱵȂ 
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 60 ԓ ӥ RNA ᵣ ⌡  

4.2.4  

̔  

ᵝ̔Ҭ  

̔  

ᴆ ̔  

̔ 3000CPU  

 ̔׃



 

70 
 

ᾝ ᵝ ̙ ֓ ᵝ ָӇ̙ ֓ ׅ Ȃ

̆ ֓ ̆p ̆ ֓

107-30 Ȃ Ṣꜛ 2 ⱬ̆ Ҋץ) 5ҩ ῒז ᵬ

NSFC )̔ 

1ȁ 132Sn ԅ 129Pd 19/2+ Ҭ Ȃ

̆ ү Ḥ ȂҬ ѿ ̆

̆ Ҭ ᴇṿ̆ᵖ Ȃ 

2ȁ ‗ԅ 14C ȁ ȁ ȂҊ ץ ⌠

YSOX ԑᵬ ( ֲԍ 12 ₮) 4hw 14C ֓

Ȃ ̆ זῒץ2 ᵌ ҹ Ȃ 

3ȁ ӓ ȁ 17 ԅ 22
Si ̆

ֲ № ̆ ֲ 14 ₮ ԑᵬ ̆ ῤ ῃ

ṿȂ 

 

 61 -1 

4ȁ RIBF EURICA ᵬ 17 ԅ 140
I GT

̆ ҍ 136
I GT ≢ ̆ ֲ № ̆ ңҩ

Ȃ 

5ȁҬ ף ↔ 17 ԅ 223
Np ̆

ֲ № Ȃ Ҭ̆ ֲ ׆₮ № 223
Np

9/2
-

7/2
-̆ᵖ ₮ 9/2

-̆ ץ 9/2
- Ȃ 
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 62 -2 

4.2.5 סּ  

ᵝ̔ Ὲ  

̔ סּ  

ᴆ ̔  

̔3072  

 ̔׃

ԍ Ҭ ̆ סּ ῒ

̆ סּ № ̆ ᴇṿ ̆ Ҭ ̆

̆ ѿ ̆҉ץ50% סּ

῀֟₮ Ȃ 
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שּ 63   

4.2.6ⱳ ҍ  

̔ ḍ 

ᵝ̔Ҭ  

̔ⱳ  

ᴆ ̔ Ҭ ᶫ ҙ ᴆȁ Һ ᴆ 

̔100 900~̂҉ץ ̃ 

ᾣ ̇ ῃ└ Ữ ̔ ᾣ └ ΐ ╠ Ӟ̆ ᾣ

Ȃ ӄץ ᾣ └ Ả Ҍ╠ ῒ̆ ԍ ҍ

№ ԋ̆ ῃ Ȃ ԍ ᵣ ꜚⱬ ̆

ױ ԅѿ ľ҈ Ŀ ᵣ ̔ - - Ȃ └ԅ

└ ̆ ԅ ̆ ԅ ҩ ῃ└ ҍỮ ѿᵣ

(Nat. Commun. 2017, 8: 16049)Ȃ ᵬ ᴪ ̆ ȁҬ ȁ

ᵣ Ȃ 

 

 64 ꜗ -1 
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ⱳ ̔ ̆ ױ

ᵬ ԅ ᶏ Ҋ ԋ ᵣ ̆ ѿ

ᴪᶏ ԋ Ȃ ᵝ R-T ԅ

ԋ Ҭ ₮̆ ⌠ ῀ VO2 ҩ Ȃ

ױ ԅ ѿҩ ̔ ḱ ᵣ ֟

̆ ᾟ ꜚ (J. Phys. Chem. Lett. 2017, 8: 3129̕ Phys. Rev. B 

2017, 96: 125130)Ȃ ̆ᴰ ⱬ └

̆ ⇔ױ ₮≠ ᾣ ꜚ ᵣ ̆ ԅԋ MoTe2 ҈

ᵣ NaYF4 ᵣ̆ ѿ Ȃ ̆

ⱴ ֟ ̆ ꜚ ̆ ΐ

ᴨ ̆ ᾣ Ҋ Ҋ ̆ ᴪ ᾣ ꜚ

ꜚȂ ᾣ ΐ ֟ └ ᴨ  (Appl Mater 

Interfaces. 2017, 9:23309)Ȃ 

 

 65 ꜗ -2 

ԋ ԋ ᾣ ≢ ԋ ᵬ̔ҹ ̆ ꜚ Ḥ

ҹ ῏ Ȃ ᵥ ꜚ ̆ ῒ ȁ ȁ

№ ̆ ╠ Ȃ ╠ ῏ ‛‟ ̆ ᶭ ԍ Ҍ

Ḥ ԋ № Ȃ ׆ױ Ẽ ᶭ ῏ ₮ ̆

ԋ ᾣ ԋ ᾣ ᴨ ⇔̆ ₮ԅԋ ԋ ᾣ ̆ ԅḤ

ҍ ԋ çӊ cos4çᶭ ῏ ̆ ᴰ ԋ ᾣ cos2çᶭ

ԅѿṐ№ ̂J. Phys. Chem. Lett., 2017, 8: 1031Ȃ̃  
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 66 ꜗ -3 

4.2.7 ꜚ  

̔  

ᵝ̔Ҭ ꜚⱬ ̂ 608 ̃ 

̔ ᴏ  

ᴆ ̔ ҙ ᴆ ̔200ҩ 2000~̂҉ץ ̃ 

  ̔׃

҉ץ҆ 500 ᴏ ̆ᴨ ҉ץ3000҆

̆ ѿ ⱴ ᴆ̆ ₃ᵥ ̆ ҩ ᴆ ѿҩ

1 ̆ ҉Ҍ ̆ᴑҙ ̆ Ҭ 5 ̆̓̀ ľ

ᴏ Ŀץ └ ҙ ᵣ⇔ Ȃ 

 

 67 ꜠  
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4.2.8 ԍ ꜚ╕  

̔  

ᵝ̔Ҭ ҉  

̔  

ᴆ ̔  

̔2048  

 ̔׃

Ҭ ҉ ҍ Ҭ ̆ ľ ѿ Ŀ №

ȁꜚⱬ ׆̆ 20҆ҩ Ҭ ₮ 25ҩṜ № ̆ 9ҩ

KCNQ2 ꜚ╕ ῒ̆Ҭңҩ ң ꜚ Ҭ ₮ᴨ Ȃ ℮ Cell 

Research ԅ Ȃ 

̔  

 68 KCNQ2ғ ztz240  

4.2.9 ҍ ῃ №  

̔  

ᵝ̔Ҭ ≠  

̔ ῃ  

ᴆ ̔ Һ ᴆ PSDAP 

̔ ҆  

 ̔׃

ᶛ 1̔ 

" ҈ԓ" ⅞ Ҭ ΐף ̆

1600҆ ̆ ҹֽ ԍ҈ Ҭ ԋ ̆ҕ ҈ Ȃ

289m̆ 300m Ҭ ̆Ҭ ≠ ≠ Һ

ᴆ PSDAP ñ ѿ ò ԅ ῃ № ̆

250 ҆ ҈ ᵬ Ҋ ȁ ⱬȁ ̆
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ҹ ᶫᶭ Ȃ 

 

 69 - ᵩ ᵲ Ґ Ѓ Є 

 

 70 ᵲ Ґ Ⱶ 

 

ᶛ 2̔ 

֟ Ҭ ֽ ԍ҈ ̆ ̆

285.5m̆ 9 ̆ ῃ ῃ ῏ Ȃҹ

ᴴ ⱬ̆ ᵣ 2m ̆ ԅ

̆ 350 ҆̆ ԅ ȁ ȁ ᵣ

ᴴ № ȂҬ ≠ ≠ Һ

ᴆ PSDAP ñ ѿ ò ԅ № ̆ ԅҌ ≢

Ҋ ᵣ ᴴ ’̆ҹ ῃ ᶫᶭ Ȃ 






































































































































































