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ȿŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ ůŮ ˊɞɚɨ-ˊɨɟɖɜɞɡɠ ŮˊŮɝŮɟɔŬůŰɏɠ ɐ ˊɞɚɨ-

ŮˊŮɝŮɟɔŬůŰɏɠ. ȿŮɘŰɞɡɟɔɘəɎ ɆɡůŰɐɛŬŰŬ ɔɘŬ əŬŰŬɜŮɛɖɛɏɜŬ ůɡůŰɐɛŬŰŬ.  

ȺɘůŬɔɤɔɐ ɛŮ ˊɞɘɞɘ ɐŰŬɜ ɞɘ əɚŬůůɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ 

ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰŬ 

Linux/Windows/Bsd əŬɘ ˊɤɠ ŰɟɞˊɞˊɞɘɐɗɖəŬɜ ɔɘŬ ɜŬ ɡˊɞůŰɖɟɑɕɞɡɜ 

ˊɞɚɨ-ŮˊŮɝŮɟɔŬůŰɏɠ. ȷɜɎɚɡůɖ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ Űɤɜ 

TOP500 ɡˊɞɚɞɔɘůŰɩɜ, Űɘ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ ŮəŰŮɚɞɨɜŰŬɘ əŬɘ 

ɔɘŬŰɑ. Ʉɤɠ űŬɑɜɞɜŰŬɘ ɧɚɞɘ ɞɘ ɡˊɞɚɞɔɘůŰɏɠ ůŬɠ ɏɜŬɠ ɡˊɞɚɞɔɘůŰɐɠ ɛŮ 

ŮɜɘŬɑɞ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (Ůˊɑůɖɠ mosix, beowulf) 

 

  

ɆɡɛˊɚɖɟɤɛŬŰɘəɐ ȸɘɓɚɘɞɔɟŬűɘəɐ 

ȺɟɔŬůɑŬ ɔɘŬ ŮˊɘˊɟɧůɗŮŰɖ ɓŬɗɛɞɚɞɔɑŬ 



ɄȺɅȽȺɉɃɀȺɁȷ 

· 1. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ɆȺ ɄɃȿɈȺɄȺɂȺɅũȷɆɇȺɆ 

Ɓ1.1 Ƀɟɘůɛɞɑ  

¶1.1.1 ȺˊŮɝŮɟɔŬůŰɐɠ 

¶1.1.2 ɄɞɚɡŮˊŮɝŮɟɔŬůŰɐɠ 

¶1.1.3 ȿŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ 

¶1.1.4 Ɇəɞˊɞɑ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

Ɓ1.2 ɆɨɔɢɟɞɜŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ 

¶1.2.1 ȷɟɢɘŰŮəŰɞɜɘəɐ ɛɘəɟɞˊɡɟɐɜŬ 

¶1.2.2 ɄɞɚɡɜɖɛɎŰɤůɖ 

¶1.2.3 ɆɡɛɛŮŰɟɘəɧɠ ˊɞɚɡˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ 
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ɄȺɅȽȺɉɃɀȺɁȷ 

¶1.2.4 ȾŬŰŬɜŮɛɖɛɏɜŬ ůɡůŰɐɛŬŰŬ 

· 2. ȷȿũɃɅȽŪɀɃȽ ȹɅɃɀɃȿɃũȼɆȼɆ 

Ɓ2.1 Ƀɟɘůɛɞɑ 

¶2.1.1 ȷɚɔɧɟɘɗɛɞɠ 

¶2.1.2 ɉɟɞɜɞŭɟɞɛɞɚɧɔɖůɖ 

¶2.1.3 ɇɨˊɞɘ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ 

¶2.1.4 ȾŬŰŬɜŮɛɖɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ 

¶2.1.5 ȷɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ 

¶2.1.6 ɉɟɧɜɞɠ Ɏűɘɝɖɠ  

¶2.1.7 ɉɟɧɜɞɠ ŮɝɡˊɖɟɏŰɖůɖɠ (Ts) 
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ɄȺɅȽȺɉɃɀȺɁȷ 

¶2.1.8 ɉɟɧɜɞɠ ɏɜŬɟɝɖɠ  

¶2.1.9 ɉɟɧɜɞɠ ɚɐɝɖɠ  

¶2.1.10 ɉɟɧɜɞɠ ˊŮɟɘůŰɟɞűɐɠ (Tr) 

¶2.1.11 ȾŬɜɞɜɘəɞˊɞɘɖɛɏɜɞɠ ɢɟɧɜɞɠ ˊŮɟɘůŰɟɞűɐɠ (Tr / Ts) 

Ɓ2.2 ȾɚŬůůɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ŮˊŮɝŮɟɔŬůŰɐ 

¶2.2.1 ɄɟɩŰɖ-ɛɏůŬ-ˊɟɩŰɖ-ɏɝɤ / First-in-first-out (FIFO) 

¶2.2.2 ȺɝɡˊɖɟɏŰɖůɖ Ůə ˊŮɟɘŰɟɞˊɐɠ / Round robin 

¶2.2.3 ȼ ůɡɜŰɞɛɧŰŮɟɖ ŭɘŮɟɔŬůɑŬ ɛŮŰɎ / Shortest process next 

¶2.2.4 ɆɡɜŰɞɛɧŰŮɟɞɠ ŮɜŬˊɞɛŮɑɜŬɜŰŬɠ ɢɟɧɜɞɠ / Shortest remaining time 

¶2.2.5 ɈɣɖɚɧŰŮɟɞɠ ɚɧɔɞɠ Ŭˊɧəɟɘůɖɠ ɛŮŰɎ / Highest response ratio 
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ɄȺɅȽȺɉɃɀȺɁȷ 

Ɓ2.3 ɉɟɞɜɞŭɟɞɛɞɚɧɔɖůɖ ůŮ ˊɞɚɡŮˊŮɝŮɟɔŬůŰɏɠ 

¶2.3.1 ȹɘŬɛɞɑɟŬůɖ űɧɟŰɞɡ / Load sharing 

¶2.3.2 ȹɟɞɛɞɚɧɔɖůɖ ɞɛɎŭŬɠ / Gang Scheduling 

¶2.3.3ȷűɘŮɟɤɛɏɜɖ ŬɜɎɗŮůɖ ŮˊŮɝŮɟɔŬůŰɐ / Dedicated processor 

assignment 

¶2.3.4  ȹɡɜŬɛɘəɐ ŭɟɞɛɞɚɧɔɖůɖ / Dynamic Scheduling 

· 3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 ɈɄɃȿɃũȽɆɇɋɁ 

Ɓ3.1 ɄŬɟɞɡůɑŬůɖ TOP500 ɡˊɞɚɞɔɘůŰɩɜ 

Ɓ3.2 ȿŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ 

¶3.2.1 BSD Based 
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ɄȺɅȽȺɉɃɀȺɁȷ 

¶3.2.2 Linux 

¶3.2.3 Unix 

¶3.2.4 Windows 

¶3.2.5 Mixed 

Ɓ3.3 ɇŬ Linux çəɡɟɘŬɟɢɞɨɜè ůŰɖ ɚɑůŰŬ ɛŮ Űɞɡɠ TOP500 ɡˊɞɚɞɔɘůŰɏɠ 

Ɓ3.4 Ƀɘ ɚɧɔɞɘ ˊɞɡ ŰŬ Linux çəɡɟɘŬɟɢɞɨɜè ůŰɖ ɚɑůŰŬ ɛŮ Űɞɡɠ TOP500 

ɡˊɞɚɞɔɘůŰɏɠ  

¶3.4.1 ȹɡɜŬŰɧŰɖŰŬ Ůɝɏɚɘɝɖɠ ɢɎɟɖ ůŰɖ ɚɞɔɘəɐ Űɞɡ open source 

¶3.4.2 ȷůűɎɚŮɘŬ 

¶3.4.3 ɄɞɘɧŰɖŰŬ 
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ɄȺɅȽȺɉɃɀȺɁȷ 

¶3.4.4  ɇŬɢɨŰɖŰŬ 

¶3.4.5 ȷˊɞŰŮɚŮůɛŬŰɘəɐ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ˊɧɟɤɜ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ 

· 4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

Ɓ4.1 Ƀɟɘůɛɞɑ  

¶4.1.1 ȾŬŰŬɜŮɛɖɛɏɜɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ 

¶4.1.2 ɈˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ ɄŮɚɎŰɖ / ȺɝɡˊɖɟɏŰɖ 

¶4.1.3 ȺɜŭɞŮˊŮɝŮɟɔŬůɑŬ - ɀŮŰŬɓɑɓŬůɖ ɛɖɜɡɛɎŰɤɜ 

¶4.1.4 ɃɛŬŭɞˊɞɘɖɛɏɜŬ ůɨɜɞɚŬ 

Ɓ4.2 ɄɚŮɞɜŮəŰɐɛŬŰŬ ɞɛŬŭɞˊɞɘɖɛɏɜɤɜ ůɡɜɧɚɤɜ (clusters) 
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ɄȺɅȽȺɉɃɀȺɁȷ 

· 5. ȺɁȽȷȽɃ ɆɈɆɇȼɀȷ ȷɅɉȺȽɋɁ 

Ɓ5.1 ȾŬŰŬɜŮɛɖɛɏɜɞ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (Distributed file system ï 

DFS) 

Ɓ5.2 çȹɘŬűŬɜɏɠè ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (Transparent file system ï TFS) 

Ɓ5.3 Ⱥɘəɞɜɘəɧ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (Virtual file System ï VFS) 

Ɓ5.4 Mosix 

Ɓ5.5 Beowulf 

 

 

 

 
9 



1. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ɆȺ 

ɄɃȿɈɄɈɅȼɁɃɈɆ ȺɄȺɂȺɅũȷɆɇȺɆ 

1.1 Ƀɟɘůɛɞɑ  

1.1.1 ȺˊŮɝŮɟɔŬůŰɐɠ 

 ȺˊŮɝŮɟɔŬůŰɐɠ ɞɟɑɕŮŰŬɘ Űɞ ɚɞɔɘəɧ əɨəɚɤɛŬ, Űɞ ɞˊɞɑɞ ŮɚɏɔɢŮɘ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɡˊɞɚɞɔɘůŰɐ əŬɘ ŮəŰŮɚŮɑ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ. 
[1] 
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1. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ɆȺ 

ɄɃȿɈɄɈɅȼɁɃɈɆ ȺɄȺɂȺɅũȷɆɇȺɆ 

1.1.2 ɄɞɚɡŮˊŮɝŮɟɔŬůŰɐɠ 

 ɄɞɚɡŮˊŮɝŮɟɔŬůŰɐɠ ɞɟɑɕŮŰŬɘ Űɞ ɞɚɞəɚɖɟɤɛɏɜɞ əɨəɚɤɛŬ ůŰɞ ɞˊɞɑɞ ɏɢɞɡɜ 

ŮɜůɤɛŬŰɤɗŮɑ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟɞɘ ŮˊŮɝŮɟɔŬůŰɏɠ ɛŮ ůŰɧɢɞ Űɖɜ ɓŮɚŰɑɤůɖ Űɖɠ 

Ŭˊɧŭɞůɖɠ, Űɖɜ ɛŮɑɤůɖ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ŮɜɏɟɔŮɘŬɠ əŬɘ Űɖɜ ˊɘɞ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɘ ŰŬɡŰɧɢɟɞɜɖ ŮˊŮɝŮɟɔŬůɑŬ.
[2] 
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1. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ɆȺ 

ɄɃȿɈɄɈɅȼɁɃɈɆ ȺɄȺɂȺɅũȷɆɇȺɆ 

1.1.3 ȿŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ 

 ȿŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ ɞɟɑɕŮŰŬɘ Űɞ ˊɟɧɔɟŬɛɛŬ Űɞ ɞˊɞɑɞ ŮɚɏɔɢŮɘ Űɖɜ 

ŮəŰɏɚŮůɖ Űɤɜ ŮűŬɟɛɞɔɩɜ əŬɘ ŮɜŮɟɔŮɑ ɤɠ ŮɜŭɘɎɛŮůɞ ɛŮŰŬɝɨ Űɤɜ ŮűŬɟɛɞɔɩɜ 

əŬɘ Űɞɡ hardware.
[3] 

1.1.4 Ɇəɞˊɞɑ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

 ɇɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ ɏɢŮɘ Űɞɡɠ ˊŬɟŬəɎŰɤ ůəɞˊɞɨɠ
[3]

: 

ƁȺɡəɞɚɑŬ ůŰɖ ɢɟɐůɖ Űɞɡ ɡˊɞɚɞɔɘůŰɐ 

ƁȷˊɞŰŮɚŮůɛŬŰɘəɐ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ˊɧɟɤɜ Űɞɡ ɡˊɞɚɞɔɘůŰɐ 

ƁȹɡɜŬŰɧŰɖŰŬ Ůɝɏɚɘɝɖɠ ɛɏůŬ Ŭˊɧ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬɜɎˊŰɡɝɖ, Űɞɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧ ɏɚŮɔɢɞ əŬɘ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮɘůŬɔɤɔɐ ɜɏɤɜ 

ɚŮɘŰɞɡɟɔɘɩɜ  12 



1. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ɆȺ 

ɄɃȿɈɄɈɅȼɁɃɈɆ ȺɄȺɂȺɅũȷɆɇȺɆ 

1.2 ɆɨɔɢɟɞɜŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ 

  ȼ ůɢŮŭɑŬůɖ Űɤɜ ůɨɔɢɟɞɜɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ ŮˊɖɟŮɎɕŮŰŬɘ 

əŬɗɞɟɘůŰɘəɎ Ŭˊɧ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ɢɟɖůŰɩɜ ɔɘŬ ŰŬɢɨŰɖŰŬ ůŰɖɜ ɢɟɐůɖ 

ˊɞɚɡɛŮůɘəɩɜ ŮűŬɟɛɞɔɩɜ, ůŰɖɜ ˊɟɧůɓŬůɖ əŬɘ ˊŮɟɘɐɔɖůɖ ůŰɞɜ ȹɘŬŭɑəŰɡɞ. 

 Ƀɘ ůɨɔɢɟɞɜŮɠ ŰŮɢɜɘəɏɠ ɞɟɔɎɜɤůɖɠ əŬɘ ůɢŮŭɑŬůɖɠ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ŮɑɜŬɘ
[3]

: 

ƁȷɟɢɘŰŮəŰɞɜɘəɐ ɛɘəɟɞˊɡɟɐɜŬ 

ƁɄɞɚɡɜɖɛɎŰɤůɖ 

ƁɆɡɛɛŮŰɟɘəɧɠ ˊɞɚɡˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ 

ƁȾŬŰŬɜŮɛɖɛɏɜŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ 
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1. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ɆȺ 

ɄɃȿɈɄɈɅȼɁɃɈɆ ȺɄȺɂȺɅũȷɆɇȺɆ 

1.2.1 ȷɟɢɘŰŮəŰɞɜɘəɐ ɛɘəɟɞˊɡɟɐɜŬ 

  ȼ ŬɟɢɘŰŮəŰɞɜɘəɐ ɛɘəɟɞˊɡɟɐɜŬ ŬɜŬɗɏŰŮɘ ˊŮɟɘɞɟɘůɛɏɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ůŰɞɜ 

ˊɡɟɐɜŬ, ɧˊɤɠ Űɖ ŭɘŬŭɘŮɟɔŬůɘŬəɐ ŮˊɘəɞɘɜɤɜɑŬ əŬɘ Űɖ ɓŬůɘəɐ ŭɟɞɛɞɚɧɔɖůɖ. 

1.2.2 ɄɞɚɡɜɖɛɎŰɤůɖ 

  ȼ ˊɞɚɡɜɖɛɎŰɤůɖ ŮɑɜŬɘ ɛɑŬ ŰŮɢɜɘəɐ ůŰɖɜ ɞˊɞɑŬ ɛɑŬ ŭɘŮɟɔŬůɑŬ, əŬŰɎ Űɖɜ 

ŮəŰɏɚŮůɖ ɛɑŬɠ ŮűŬɟɛɞɔɐɠ, ɡˊɞŭɘŬɘɟŮɑŰŬɘ ůŮ ɜɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ 

ŮəŰŮɚŮůŰɞɨɜ ŰŬɡŰɧɢɟɞɜŬ. 

 ɁɐɛŬ ŮɑɜŬɘ ɛɑŬ ɛɞɜɎŭŬ ŭɘŮɟɔŬůɑŬɠ ˊɞɡ ɡˊɧəŮɘŰŬɘ ůŮ ŭɘŮəˊŮɟŬɑɤůɖ. 

 ȹɘŮɟɔŬůɑŬ ŮɑɜŬɘ ɛɑŬ ůɡɚɚɞɔɐ Ŭˊɧ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ɜɐɛŬŰŬ əŬɘ Ŭˊɧ 

ůɡůɢŮŰɘɕɧɛŮɜɞɡɠ ˊɧɟɞɡɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 
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1. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ɆȺ 

ɄɃȿɈɄɈɅȼɁɃɈɆ ȺɄȺɂȺɅũȷɆɇȺɆ 

1.2.3 ɆɡɛɛŮŰɟɘəɧɠ ˊɞɚɡˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ 

  ȼ ůɡɛɛŮŰɟɘəɐ ˊɞɚɡŮˊŮɝŮɟɔŬůɑŬ (symmetric multiprocessing, SMP) 

ŮɝŬůűŬɚɑɕŮɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ əŬɘ ŬɝɘɞˊɘůŰɑŬ Ŭˊɧ Űɘɠ ŰŮɢɜɘəɏɠ ˊɞɡ 

ˊɟɞŬɜŬűɏɟɗɖəŬɜ. ȼ SMP ŬɜŬˊŰɨɢɗɖəŮ ɔɘŬ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ Űɖɠ 

Ůɝɐɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ: 

ƁɡˊɎɟɢɞɡɜ ˊɞɚɚŬˊɚɞɑ ŮˊŮɝŮɟɔŬůŰɏɠ 

Ɓɞɘ ŮˊŮɝŮɟɔŬůŰɏɠ ŭɘŬɛɞɘɟɎɕɞɜŰŬɘ Űɖɜ ɑŭɘŬ əɨɟɘŬ ɛɜɐɛɖ əŬɘ Űɘɠ ɡˊɖɟŮůɑŮɠ 

Ůɘůɧŭɞɡ/Ůɝɧŭɞɡ (Ⱥ/Ⱥ) 

Ɓɧɚɞɘ ɞɘ ŮˊŮɝŮɟɔŬůŰɏɠ ɛˊɞɟɞɨɜ ɜŬ ŮəŰŮɚɞɨɜ Űɘɠ ɑŭɘŮɠ ɚŮɘŰɞɡɟɔɑŮɠ. 

ȯɚɚɤůŰŮ, ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɖ ˊɞɚɡŮˊŮɝŮɟɔŬůɑŬ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɐ. 
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1. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ɆȺ 

ɄɃȿɈɄɈɅȼɁɃɈɆ ȺɄȺɂȺɅũȷɆɇȺɆ 

1.2.4 ȾŬŰŬɜŮɛɖɛɏɜŬ ůɡůŰɐɛŬŰŬ 

  ȰɜŬ əŬŰŬɜŮɛɖɛɏɜɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ (distributed operating 

system) ŮɛűŬɜɑɕŮɘ ůŰɞɡɠ ɢɟɐůŰŮɠ ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ ŬɜŮɝɎɟŰɖŰɞɡɠ 

ɡˊɞɚɞɔɘůŰɏɠ ɤɠ ɏɜŬ ɛɞɜŬŭɘəɧ ůɡɜŮəŰɘəɧ ůɨůŰɖɛŬ. ȼ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ, ɛŮ 

ɎɚɚŬ ɚɧɔɘŬ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ˊɞɚɨ-ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ, ɛɑŬ ɞɛɎŭŬ 

ŭɘŬűɞɟŮŰɘəɩɜ ɡˊɞɚɞɔɘůŰɩɜ, ˊɞɡ ɞ əŬɗɏɜŬɠ ɏɢŮɘ Űɖ ŭɘəɐ Űɞɡ əɨɟɘŬ əŬɘ 

ŭŮɡŰŮɟŮɨɞɡůŬ ɛɜɐɛɖ əŬɘ Űɘɠ ŭɘəɏɠ Űɞɡ ɡˊɖɟŮůɑŮɠ Ⱥ/Ⱥ. 

 ȰɜŬ Ůɡɟɏɤɠ ɔɜɤůŰɧ ˊŬɟɎŭŮɘɔɛŬ əŬŰŬɜŮɛɖɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ɞ 

ɄŬɔəɧůɛɘɞɠ ɘůŰɧɠ (world wide web), ɧˊɞɡ ŰŬ ˊɎɜŰŬ ŮɛűŬɜɑɕɞɜŰŬɘ ɤɠ 

ɏɔɔɟŬűŬ (ɘůŰɞůŮɚɑŭŮɠ).
 [4]
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.1 Ƀɟɘůɛɞɑ  

2.1.1 ȷɚɔɧɟɘɗɛɞɠ 

 ȷɚɔɧɟɘɗɛɞɠ ŮɑɜŬɘ ɛɑŬ ŬəɞɚɞɡɗɑŬ ˊŮˊŮɟŬůɛɏɜɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ɓɖɛɎŰɤɜ, 

ˊɞɡ ɛŮŰŬŰɟɏˊŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (Ůɑůɞŭɞ - input) ůŰɖɜ ɚɨůɖ 

Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (ɏɝɞŭɞ - output).
[5] 

 

 

17 



2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.1.2 ɉɟɞɜɞŭɟɞɛɞɚɧɔɖůɖ  

 ɉɟɞɜɞŭɟɞɛɞɚɧɔɖůɖ ŮɑɜŬɘ ɖ ŬɜɎɗŮůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ, ɏŰůɘ ɩůŰŮ ɜŬ 

ŮəŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɞɜ ŮˊŮɝŮɟɔŬůŰɐ ɐ Űɞɡɠ ŮˊŮɝŮɟɔŬůŰɏɠ əŬɘ ɜŬ 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɞɘ ŬɜŰɘəŮɘɛŮɜɘəɞɑ ůŰɧɢɞɘ Űɞɡ ůɡůŰɐɛŬŰɞɠ (ɛɘəɟɧɠ ɢɟɧɜɞɠ 

Ŭˊɧəɟɘůɖɠ əŬɘ ɡɣɖɚɐ ɟɡɗɛŬˊɧŭɞůɖ əŬɘ ŬˊɞŭɞŰɘəɧŰɖŰŬ ŮˊŮɝŮɟɔŬůɑŬɠ).
[3]
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.1.3 ɇɨˊɞɘ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ  

 Ƀɘ ˊɘɞ ůɡɜɖɗɘůɛɏɜɞɘ Űɨˊɞɘ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ŮɑɜŬɘ ɞɘ ˊŬɟŬəɎŰɤ
[3]

: 

ƁɛŬəɟɞˊɟɧɗŮůɛɖ ŭɟɞɛɞɚɧɔɖůɖ: ˊɟɞůɗɐəɖ ŭɘŮɟɔŬůɑŬɠ ůŰɖ ɚɑůŰŬ 

ŭɘŮɟɔŬůɘɩɜ ˊɞɡ ŮɑɜŬɘ ɏŰɞɘɛŮɠ ɔɘŬ ŮəŰɏɚŮůɖ 

ƁɛŮůɞˊɟɧɗŮůɛɖ ŭɟɞɛɞɚɧɔɖůɖ: ˊɟɞůɗɐəɖ ŭɘŮɟɔŬůɑŬɠ ůŰɖ ɚɑůŰŬ 

ŭɘŮɟɔŬůɘɩɜ ˊɞɡ ŮɑɜŬɘ ůŰɖɜ əɨɟɘŬ ɛɜɐɛɖ 

ƁɓɟŬɢɡˊɟɧɗŮůɛɖ ŭɟɞɛɞɚɧɔɖůɖ: ŮəŰɏɚŮůɖ ŭɘŮɟɔŬůɑŬɠ Ŭˊɧ Űɞɜ 

ŮˊŮɝŮɟɔŬůŰɐ ɐ Űɞɡɠ ŮˊŮɝŮɟɔŬůŰɏɠ 

ƁȺ/E ŭɟɞɛɞɚɧɔɖůɖ: ŮəŰɏɚŮůɖ ŭɘŮɟɔŬůɑŬɠ Ŭˊɧ ŭɘŬɗɏůɘɛɖ ůɡůəŮɡɐ Ⱥ/E 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.1.4 ȾŬŰŬɜŮɛɖɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ  

 ȾŬŰŬɜŮɛɖɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ ɞɟɑɕŮŰŬɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɡ ŬűɞɟɎ 

əŬŰŬɜŮɛɖɛɏɜŬ ůɡůŰɐɛŬŰŬ, ŭɖɚŬŭɐ ůɡůŰɐɛŬŰŬ ɧˊɞɡ Űɞ hardware əŬɘ Űɞ 

software, ŮˊɘəɞɘɜɤɜɩɜŰŬɠ ˊɎɜɤ Ŭˊɧ əŬɜɎɚɘŬ, ůɡɜŮɟɔɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ 

ŭɘŮəˊŮɟŬɑɤůɖ ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ.
[5]

 

2.1.5 ȷɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ  

 ȷɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ŮɑɜŬɘ ɞ əŬŰŬɜŮɛɖɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ 

ˊɞɡ əŬɗɞɟɑɕŮɘ ˊɤɠ ɔɑɜŮŰŬɘ ɖ ŮəŰɏɚŮůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ Ŭˊɧ Űɞɜ 

ŮˊŮɝŮɟɔŬůŰɐ ɐ Űɞɡɠ ŮˊŮɝŮɟɔŬůŰɏɠ ɐ Űɞ ŭɑəŰɡɞ ɡˊɞɚɞɔɘůŰɩɜ .
[5]

 

 

 
20 



2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.1.6 ɉɟɧɜɞɠ Ɏűɘɝɖɠ  

 ɉɟɧɜɞɠ Ɏűɘɝɖɠ ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ˊɟɞůɗɐəɖɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ 

ůŰɖɜ ɞɡɟɎ.  

2.1.7 ɉɟɧɜɞɠ ŮɝɡˊɖɟɏŰɖůɖɠ (Ts)  

  ɉɟɧɜɞɠ ŮɝɡˊɖɟɏŰɖůɖɠ (Ts) ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ 

ɩůŰŮ ɜŬ ŭɘŮəˊŮɟŬɘɤɗŮɑ.  

2.1.8 ɉɟɧɜɞɠ ɏɜŬɟɝɖɠ  

 ɉɟɧɜɞɠ ɏɜŬɟɝɖɠ ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ɏɜŬɟɝɖɠ Űɖɠ 

ŭɘŮəˊŮɟŬɑɤůɖɠ Űɖɠ.  
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.1.9 ɉɟɧɜɞɠ ɚɐɝɖɠ  

 ɉɟɧɜɞɠ ɚɐɝɖɠ ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ɚɐɝɖɠ Űɖɠ ŭɘŮəˊŮɟŬɑɤůɖɠ 

Űɖɠ.  

2.1.10 ɉɟɧɜɞɠ ˊŮɟɘůŰɟɞűɐɠ (Tr)  

 ɉɟɧɜɞɠ ˊŮɟɘůŰɟɞűɐɠ (Tr) ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ ŮɑɜŬɘ Űɞ ɎɗɟɞɘůɛŬ Űɞɡ ɢɟɧɜɞɡ 

ŬɜŬɛɞɜɐɠ ɛŮ Űɞ ɢɟɧɜɞ ŮɝɡˊɖɟɏŰɖůɖɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. (Tw+ Ts ) 

2.1.11 ȾŬɜɞɜɘəɞˊɞɘɖɛɏɜɞɠ ɢɟɧɜɞɠ ˊŮɟɘůŰɟɞűɐɠ (Tr / Ts) 

 ȾŬɜɞɜɘəɞˊɞɘɖɛɏɜɞɠ ɢɟɧɜɞɠ ˊŮɟɘůŰɟɞűɐɠ (Tr / Ts) ɞɟɑɕŮŰŬɘ ɞ ɚɧɔɞɠ Űɞɡ 

ɢɟɧɜɞɡ ˊŮɟɘůŰɟɞűɐɠ (Tr) əŬɘ Űɞɡ ɢɟɧɜɞɡ ŮɝɡˊɖɟɏŰɖůɖɠ (Ts). ɇɞ ɛɏɔŮɗɞɠ 

ŬɡŰɧ ŮəűɟɎɕŮɘ Űɖ ůɢŮŰɘəɐ əŬɗɡůŰɏɟɖůɖ ŭɘŮəˊŮɟŬɑɤůɖɠ ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ.  
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.2 ȾɚŬůůɘəɞɑ Ŭɚɔɧɟɘɗɛɞɘ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ŮˊŮɝŮɟɔŬůŰɐ 

 Ƀɘ ˊɘɞ Ůɡɟɏɤɠ ŮűŬɟɛɧůɘɛɞɘ Ŭɚɔɧɟɘɗɛɞɘ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ŮɑɜŬɘ ɞɘ 

ˊŬɟŬəɎŰɤ
[3]

: 

ƁɄɟɩŰɖ-ɛɏůŬ-ˊɟɩŰɖ-ɏɝɤ / First-in-first-out (FIFO) 

ƁȺɝɡˊɖɟɏŰɖůɖ Ůə ˊŮɟɘŰɟɞˊɐɠ / Round robin 

Ɓȼ ůɡɜŰɞɛɧŰŮɟɖ ŭɘŮɟɔŬůɑŬ ɛŮŰɎ / Shortest process next 

ƁɆɡɜŰɞɛɧŰŮɟɞɠ ŮɜŬˊɞɛŮɑɜŬɜŰŬɠ ɢɟɧɜɞɠ / Shortest remaining time 

ƁɈɣɖɚɧŰŮɟɞɠ ɚɧɔɞɠ Ŭˊɧəɟɘůɖɠ ɛŮŰɎ / Highest response ratio next 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.2.1 ɄɟɩŰɖ-ɛɏůŬ-ˊɟɩŰɖ-ɏɝɤ / First-in-first-out (FIFO) 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɄɟɩŰɖ-ɛɏůŬ-ˊɟɩŰɖ-ɏɝɤ / First-in-

first-out (FIFO) ɐ ɄɟɩŰɖ-ɐɟɗŮ-ˊɟɩŰɖ-ŮɝɡˊɖɟŮŰɐɗɖəŮ / First-come-

first-served (FCFS) ɞɟɑɕŮɘ ɛɑŬ Ŭˊɚɐ ůŰɟŬŰɖɔɘəɐ ŭɟɞɛɞɚɧɔɖůɖɠ, ůŰɖɜ 

ɞˊɞɑŬ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ ŮəŰɏɚŮůɖ ɖ ŭɘŮɟɔŬůɑŬ ɖ ɞˊɞɑŬ ɏɢŮɘ ˊŬɟŬɛŮɑɜŮɘ ůŰɖɜ 

ɞɡɟɎ ɔɘŬ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɄɟɩŰɖ-ɛɏůŬ-ˊɟɩŰɖ-ɏɝɤ / First-in-

first-out (FIFO) ɐ ɄɟɩŰɖ-ɐɟɗŮ-ˊɟɩŰɖ-ŮɝɡˊɖɟŮŰɐɗɖəŮ / First-come-

first-served (FCFS) ŮɑɜŬɘ ŬˊɞŭɞŰɘəɧŰŮɟɞɠ ɔɘŬ Űɘɠ ɛŮɔɎɚŮɠ ŭɘŮɟɔŬůɑŮɠ, ˊŬɟɎ 

ɔɘŬ Űɘɠ ɛɘəɟɏɠ. ȷɡŰɧ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ˊŬɟɎŭŮɘɔɛŬ: 
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ȹȽȺɅũȷɆȽȷ 
ɉɅɃɁɃɆ 

ȷūȽɂȼɆ 

ɉɅɃɁɃɆ 

ȺɂYɄ/ɆȼɆ 

(Ts)  

ɉɅɃɁɃɆ 

ȺɁȷɅɂȼɆ 

ɉɅɃɁɃɆ 

ȿȼɂȼɆ 

 

ɉɅɃɁɃɆ 

ɄȺɅȽɆɇɅ

ɃūȼɆ (Tr)  

Tr / Ts 

A 0 10 0 10 10 1,00 

B 1 5 10 15 14 2,80 

C 2 3 15 18 16 5,33 

D 3 10 18 28 25 2,50 

E 4 2 28 30 26 6,50 

ɀȺɆɃɆ ɃɅɃɆ 18,20 3,63 



2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.2.2 ȺɝɡˊɖɟɏŰɖůɖ Ůə ˊŮɟɘŰɟɞˊɐɠ / Round robin 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ȺɝɡˊɖɟɏŰɖůɖ Ůə ˊŮɟɘŰɟɞˊɐɠ / 

Round robin ɞɟɑɕŮɘ ɛɑŬ Ŭˊɚɐ ůŰɟŬŰɖɔɘəɐ ŭɟɞɛɞɚɧɔɖůɖɠ, ůŰɖɜ ɞˊɞɑŬ 

ůɡɜŭɡɎɕŮɘ Űɖ ůŰɟŬŰɖɔɘəɐ ŭɟɞɛɞɚɧɔɖůɖɠ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ 

ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɄɟɩŰɖ-ɛɏůŬ-ˊɟɩŰɖ-ɏɝɤ / First-in-first-out (FIFO) 

əŬɘ Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ Ůə ˊŮɟɘŰɟɞˊɐɠ. 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ȺɝɡˊɖɟɏŰɖůɖ Ůə ˊŮɟɘŰɟɞˊɐɠ / 

Round robin (RR) ŮɑɜŬɘ ŬˊɞŭɞŰɘəɧŰŮɟɞɠ ɔɘŬ Űɘɠ ɛɘəɟɏɠ ŭɘŮɟɔŬůɑŮɠ ůŮ ůɢɏůɖ 

ɛŮ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɄɟɩŰɖ-ɛɏůŬ-ˊɟɩŰɖ-ɏɝɤ / First-

in-first-out (FIFO). ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɞɜ əŬɗɞɟɘůɛɧ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ 

ɢɟɞɜɘəɞɨ əɓɎɜŰɞɡ (quantum), ůŰɞ ˊɏɟŬɠ Űɞɡ ɞˊɞɑɞɡ ɗŬ ˊɟɞəɨˊŰŮɘ ŭɘŬəɞˊɐ 

ŭɘŮəˊŮɟŬɑɤůɖɠ Űɖɠ ŰɟɏɢɞɡůŬɠ ŮəŰŮɚɞɨɛŮɜɖɠ ŭɘŮɟɔŬůɑŬɠ əŬɘ ŮəŰɏɚŮůɖ Űɖɠ 

ŮˊɧɛŮɜɖɠ ŭɘŮɟɔŬůɑŬɠ ůɨɛűɤɜŬ ɛŮ Űɖ ůŰɟŬŰɖɔɘəɐ ŭɟɞɛɞɚɧɔɖůɖɠ Űɞɡ 

Ŭɚɔɧɟɘɗɛɞɡ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɄɟɩŰɖ-ɛɏůŬ-ˊɟɩŰɖ-ɏɝɤ / First-in-

first-out (FIFO). 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ȺɝɡˊɖɟɏŰɖůɖ Ůə ˊŮɟɘŰɟɞˊɐɠ / 

Round robin (RR) ŮɑɜŬɘ ŬˊɞŭɞŰɘəɧŰŮɟɞɠ ɔɘŬ Űɘɠ ɛɘəɟɏɠ ŭɘŮɟɔŬůɑŮɠ. ȷɡŰɧ 

űŬɑɜŮŰŬɘ əŬɘ ůŰɞ Ŭɟɢɘəɧ ˊŬɟɎŭŮɘɔɛŬ əŬɘ ɔɘŬ ɢɟɞɜɘəɧ əɓɎɜŰɞ ɑůɞ ɛŮ 3: 
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ȹȽȺɅũȷɆȽȷ 
ɉɅɃɁɃɆ 

ȷūȽɂȼɆ 

ɉɅɃɁɃɆ 

ȺɂYɄ/ɆȼɆ 

(Ts)  

ɉɅɃɁɃɆ 

ȺɁȷɅɂȼɆ 

ɉɅɃɁɃɆ 

ȿȼɂȼɆ 

 

ɉɅɃɁɃɆ 

ɄȺɅȽɆɇɅ

ɃūȼɆ (Tr)  

Tr / Ts 

A 0 10 0 29 29 2,90 

B 1 5 3 19 18 3,60 

C 2 3 6 9 7 2,33 

D 3 10 9 30 27 2,70 

E 4 2 12 14 10 5,00 

ɀȺɆɃɆ ɃɅɃɆ 18,20 3,31 



2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.2.3 ȼ ůɡɜŰɞɛɧŰŮɟɖ ŭɘŮɟɔŬůɑŬ ɛŮŰɎ / Shortest process next 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɖ ɆɡɜŰɞɛɧŰŮɟɖ ŭɘŮɟɔŬůɑŬ ɛŮŰɎ / 

Shortest process next (SPN) ɞɟɑɕŮɘ ɛɑŬ Ŭˊɚɐ ůŰɟŬŰɖɔɘəɐ ŭɟɞɛɞɚɧɔɖůɖɠ, 

ůŰɖɜ  ɞˊɞɑŬ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ ŮəŰɏɚŮůɖ ɖ ŭɘŮɟɔŬůɑŬ ɖ ɞˊɞɑŬ ŬˊŬɘŰŮɑ Űɞ 

ɛɘəɟɧŰŮɟɞ ɢɟɧɜɞ ŮɝɡˊɖɟɏŰɖůɖɠ (Ts).  

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɖ ɆɡɜŰɞɛɧŰŮɟɖ ŭɘŮɟɔŬůɑŬ ɛŮŰɎ / 

Shortest process next (SPN) ŬˊɞŰŮɚŮɑ ɛɑŬ ŮˊɘŰɡɢɐ ˊɞɚɘŰɘəɐ ɛŮɑɤůɖɠ Űɞɡ 

ɢɟɧɜɞɡ ˊŬɟŬɛɞɜɐɠ Űɤɜ ɛɘəɟɩɜ ŭɘŮɟɔŬůɘɩɜ ůŰɞ ůɨůŰɖɛŬ. ȺɝɎɚɚɞɡ, ɛɑŬ 

ɛɘəɟɐ ŭɘŮɟɔŬůɑŬ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬˊɖŭɐůŮɘ ůŰɖɜ əŮűŬɚɐ Űɖɠ ɞɡɟɎɠ əŬɘ ɜŬ 

ˊɟɞůˊŮɟɎůŮɘ ŭɘŮɟɔŬůɑŮɠ ɛŮ ɛŬəɟɧŰŮɟɞ ɢɟɧɜɞ Ɏűɘɝɖɠ.  
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɖ ůɡɜŰɞɛɧŰŮɟɖ ŭɘŮɟɔŬůɑŬ ɛŮŰɎ / 

Shortest process next (SPN) ŮɑɜŬɘ ŬˊɞŭɞŰɘəɧŰŮɟɞɠ ɔɘŬ Űɘɠ ɛɘəɟɏɠ 

ŭɘŮɟɔŬůɑŮɠ. ȷɡŰɧ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ˊŬɟɎŭŮɘɔɛŬ: 
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ȹȽȺɅũȷɆȽȷ 
ɉɅɃɁɃɆ 

ȷūȽɂȼɆ 

ɉɅɃɁɃɆ 

ȺɂYɄ/ɆȼɆ 

(Ts)  

ɉɅɃɁɃɆ 

ȺɁȷɅɂȼɆ 

ɉɅɃɁɃɆ 

ȿȼɂȼɆ 

 

ɉɅɃɁɃɆ 

ɄȺɅȽɆɇɅ

ɃūȼɆ (Tr)  

Tr / Ts 

A 0 10 0 10 10 1,00 

B 1 5 15 20 19 3,80 

C 2 3 12 15 13 4,33 

D 3 10 20 30 27 2,70 

E 4 2 10 12 8 4,00 

ɀȺɆɃɆ ɃɅɃɆ 17,40 3,17 



2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.2.4 ɆɡɜŰɞɛɧŰŮɟɞɠ ŮɜŬˊɞɛŮɑɜŬɜŰŬɠ ɢɟɧɜɞɠ / Shortest remaining time 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɆɡɜŰɞɛɧŰŮɟɞɠ ŮɜŬˊɞɛŮɑɜŬɜŰŬɠ 

ɢɟɧɜɞɠ / Shortest remaining time (SRT) ɞɟɑɕŮɘ ɛɑŬ Ŭˊɚɐ ůŰɟŬŰɖɔɘəɐ 

ŭɟɞɛɞɚɧɔɖůɖɠ, ůŰɖɜ  ɞˊɞɑŬ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ ŮəŰɏɚŮůɖ ɖ ŭɘŮɟɔŬůɑŬ ɖ ɞˊɞɑŬ 

ɏɢŮɘ Űɞ ɛɘəɟɧŰŮɟɞ ɡˊɞɚŮɘˊɧɛŮɜɞ ɢɟɧɜɞ ŮˊŮɝŮɟɔŬůɑŬɠ.  

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɆɡɜŰɞɛɧŰŮɟɞɠ ŮɜŬˊɞɛŮɑɜŬɜŰŬɠ 

ɢɟɧɜɞɠ / Shortest remaining time (SRT) ŬˊɞŰŮɚŮɑ ɛɑŬ ŮˊɘŰɡɢɐ ˊɞɚɘŰɘəɐ 

ɛŮɑɤůɖɠ Űɞɡ ɢɟɧɜɞɡ ˊŬɟŬɛɞɜɐɠ Űɤɜ ɛɘəɟɩɜ ŭɘŮɟɔŬůɘɩɜ ůŰɞ ůɨůŰɖɛŬ. 

ɋůŰɧůɞ, ɡˊɎɟɢŮɘ əɑɜŭɡɜɞɠ ɔɘŬ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ ŭɘŮɟɔŬůɑŮɠ ɜŬ ˊŬɟŬɛŮɑɜɞɡɜ 

ůŰɖɜ ɞɡɟɎ ɔɘŬ ɛŮɔɎɚɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ.  
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɆɡɜŰɞɛɧŰŮɟɞɠ ŮɜŬˊɞɛŮɑɜŬɜŰŬɠ 

ɢɟɧɜɞɠ / Shortest remaining time (SRT) ŮɑɜŬɘ ŬˊɞŭɞŰɘəɧŰŮɟɞɠ ɔɘŬ Űɘɠ 

ɛɘəɟɏɠ ŭɘŮɟɔŬůɑŮɠ, ˊŬɟɎ ɔɘŬ Űɘɠ ɛŮɔɎɚŮɠ. ȷɡŰɧ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ˊŬɟŬəɎŰɤ 

ˊŬɟɎŭŮɘɔɛŬ: 

 

 

 

 

 

32 

ȹȽȺɅũȷɆȽȷ 
ɉɅɃɁɃɆ 

ȷūȽɂȼɆ 

ɉɅɃɁɃɆ 

ȺɂYɄ/ɆȼɆ 

(Ts)  

ɉɅɃɁɃɆ 

ȺɁȷɅɂȼɆ 

ɉɅɃɁɃɆ 

ȿȼɂȼɆ 

 

ɉɅɃɁɃɆ 

ɄȺɅȽɆɇɅ

ɃūȼɆ (Tr)  

Tr / Ts 

A 0 10 0 20 20 2,00 

B 1 5 1 11 10 2,00 

C 2 3 2 5 3 1,00 

D 3 10 20 30 27 2,70 

E 4 2 5 7 3 1,50 

ɀȺɆɃɆ ɃɅɃɆ 12,60 1,84 



2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.2.5 ɈɣɖɚɧŰŮɟɞɠ ɚɧɔɞɠ Ŭˊɧəɟɘůɖɠ ɛŮŰɎ / Highest response ratio next 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɈɣɖɚɧŰŮɟɞɠ ɚɧɔɞɠ Ŭˊɧəɟɘůɖɠ ɛŮŰɎ 

/ Highest response ratio next (HRRN) ɞɟɑɕŮɘ ɛɑŬ ůŰɟŬŰɖɔɘəɐ 

ŭɟɞɛɞɚɧɔɖůɖɠ, ůŰɖɜ  ɞˊɞɑŬ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ ŮəŰɏɚŮůɖ ɖ ŭɘŮɟɔŬůɑŬ ɖ ɞˊɞɑŬ 

ɏɢŮɘ Űɞɜ ɡɣɖɚɧŰŮɟɞ ɚɧɔɞ Ŭˊɧəɟɘůɖɠ R.  

R = (Tw + Ts) / Ts 

 ɀŮ Tw  ůɡɛɓɞɚɑɕŮŰŬɘ ɞ ɢɟɧɜɞɠ ŬɜŬɛɞɜɐɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ůŰɖɜ ɞɡɟɎ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

 Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɈɣɖɚɧŰŮɟɞɠ ɚɧɔɞɠ Ŭˊɧəɟɘůɖɠ ɛŮŰɎ 

/ Highest response ratio next (HRRN) ŮɑɜŬɘ ŬˊɞŭɞŰɘəɧŰŮɟɞɠ Űɧůɞ ɔɘŬ Űɘɠ 

ɛɘəɟɏɠ ŭɘŮɟɔŬůɑŮɠ, ɧůɞ əŬɘ ɔɘŬ Űɘɠ ŭɘŮɟɔŬůɑŮɠ ɛŮ ɛŮɔɎɚɞ ɢɟɧɜɞ ŬɜŬɛɞɜɐɠ 

Tw. ȷɡŰɧ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ˊŬɟɎŭŮɘɔɛŬ: 
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ȹȽȺɅũȷɆȽȷ 
ɉɅɃɁɃɆ 

ȷūȽɂȼɆ 

ɉɅɃɁɃɆ 

ȺɂYɄ/ɆȼɆ 

(Ts)  

ɉɅɃɁɃɆ 

ȺɁȷɅɂȼɆ 

ɉɅɃɁɃɆ 

ȿȼɂȼɆ 

 

ɉɅɃɁɃɆ 

ɄȺɅȽɆɇɅ

ɃūȼɆ (Tr)  

Tr / Ts 

A 0 10 0 10 10 1,00 

B 1 5 15 20 19 3,80 

C 2 3 12 15 13 4,33 

D 3 10 20 30 27 2,70 

E 4 2 10 12 8 4,00 

ɀȺɆɃɆ ɃɅɃɆ 17,40 3,17 



2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.3 ɉɟɞɜɞŭɟɞɛɞɚɧɔɖůɖ ůŮ ˊɞɚɡŮˊŮɝŮɟɔŬůŰɏɠ  

 ȼ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖ ůŮ ˊɞɚɡŮˊŮɝŮɟɔŬůŰɏɠ ɡˊɞŭɘŬɘɟŮɑŰŬɘ ůŰŬ 

ŬəɧɚɞɡɗŬ ɓɐɛŬŰŬ 
[3]

: 

ƁŬɜɎɗŮůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ůŰɞɡɠ ŮˊŮɝŮɟɔŬůŰɏɠ 

ƁŮűŬɟɛɞɔɐ ˊɞɚɡˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ůŮ ŬɜŮɝɎɟŰɖŰɞɡɠ ŮˊŮɝŮɟɔŬůŰɏɠ  

ƁŭɘŮəˊŮɟŬɑɤůɖ ŭɘŮɟɔŬůɘɩɜ 

 ȾŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖ ůŮ ˊɞɚɡŮˊŮɝŮɟɔŬůŰɏɠ 

ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ Űɧůɞ ɖ ŭɘŬůˊɞɟɎ Űɤɜ ŮűŬɟɛɞɔɩɜ, ɧůɞ əŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ 

ŭɘŬɗɏůɘɛɤɜ ŮˊŮɝŮɟɔŬůŰɩɜ. 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

 ȷɜɎɗŮůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ 

 Ƀɘ ŭɨɞ çŬəɟŬɑŮɠè ˊɟɞůŮɔɔɑůŮɘɠ ˊɞɡ ɏɢɞɡɜ ŮűŬɟɛɞůɗŮɑ ŮɑɜŬɘ ɖ 

əɡɟɑŬɟɢɞɡ/ŮɝɡˊɖɟŮŰɞɨɛŮɜɞɡ (master/slave) əŬɘ ɖ ɘůɧŰɘɛɖ (peer). 

 ɆŰɖɜ ˊɟɞůɏɔɔɘůɖ master/slave ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞɠ ŮˊŮɝŮɟɔŬůŰɐɠ (master) 

ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɠ ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ɓŬůɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ Űɞɡ 

ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ əŬɘ Űɖɜ ŭɟɞɛɞɚɧɔɖůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ůŰɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ ŮˊŮɝŮɟɔŬůŰɏɠ (slaves).  

 ɆŰɖɜ ˊɟɞůɏɔɔɘůɖ peer Űɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɚŮůŰŮɑ ůŮ 

əɎɗŮ ŮˊŮɝŮɟɔŬůŰɐ. ȾɎɗŮ ŮˊŮɝŮɟɔŬůŰɐɠ ŮɑɜŬɘ ŬɡŰɞŭɟɞɛɞɚɞɔɞɨɛŮɜɞɠ əŬɘ 

ŭɘŮəˊŮɟŬɘɩɜŮɘ ŭɘŮɟɔŬůɑŮɠ Ŭˊɧ Űɖɜ ŭŮɝŬɛŮɜɐ ŭɘŬɗɏůɘɛɤɜ ŭɘŮɟɔŬůɘɩɜ. 

 ȷůűŬɚɩɠ əŬɘ ɡˊɎɟɢɞɡɜ ŮɜŭɘɎɛŮůŮɠ ˊɟɞůŮɔɔɑůŮɘɠ.  
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

 ȺűŬɟɛɞɔɐ ˊɞɚɡˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ůŮ ŬɜŮɝɎɟŰɖŰɞɡɠ ŮˊŮɝŮɟɔŬůŰɏɠ  

 ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ŭɘŬůˊɞɟɎ Űɤɜ ŮűŬɟɛɞɔɩɜ, Űɧůɞ ˊɘɞ ŬˊŬɟŬɑŰɖŰɖ 

əɟɑɜŮŰŬɘ ɖ ɢɟɐůɖ ˊɞɚɡˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, əŬɗɩɠ əɎɗŮ ŬɜŮɝɎɟŰɖŰɞɠ 

ŮˊŮɝŮɟɔŬůŰɐɠ ŮˊɘŰɡɔɢɎɜŮɘ ɡɣɖɚɐ ɢɟɖůɘɛɞˊɞɑɖůɖ əŬɘ ɎɟŬ ɛŮɔŬɚɨŰŮɟɖ 

Ŭˊɧŭɞůɖ. 

 ȹɘŮəˊŮɟŬɑɤůɖ ŭɘŮɟɔŬůɘɩɜ 

 ȼ ŭɘŮəˊŮɟŬɑɤůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ əɚŬůůɘəɩɜ Ŭɚɔɞɟɑɗɛɤɜ 

ŭɟɞɛɞɚɧɔɖůɖɠ (ɧˊɤɠ ůɢŮŭɘɎůŰɖəŬɜ ɔɘŬ ɏɜŬɜ ŮˊŮɝŮɟɔŬůŰɐ) ɏɢŮɘ ɛɘəɟɧŰŮɟɖ 

Ŭˊɧŭɞůɖ ůŮ ůɡůŰɐɛŬŰŬ ˊɞɚɡŮˊŮɝŮɟɔŬůŰɩɜ. Ⱥˊɘˊɚɏɞɜ, ŰŬ ůɡůŰɐɛŬŰŬ 

ˊɞɚɡŮˊŮɝŮɟɔŬůŰɩɜ ŮˊɘŰɡɔɢɎɜɞɡɜ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ 

Űɖɠ ŭɟɞɛɞɚɧɔɖůɖɠ ɜɐɛŬŰɞɠ. 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

 ȼ ŮűŬɟɛɞɔɐ ŭɟɞɛɞɚɧɔɖůɖɠ ɜɐɛŬŰɞɠ ůŰŬ ůɡůŰɐɛŬŰŬ ˊɞɚɡŮˊŮɝŮɟɔŬůŰɩɜ ŮɑɜŬɘ 

ŬˊɞŭɞŰɘəɧŰŮɟɖ, ŭɘɧŰɘ ŰŬ ɜɐɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ŮəŰŮɚɞɨɜŰŬɘ ˊŬɟɎɚɚɖɚŬ ůŮ 

ŬɜŮɝɎɟŰɖŰɞɡɠ ŮˊŮɝŮɟɔŬůŰɏɠ. 

 Ƀɘ ɓŬůɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ůŰɖɜ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖ ɜɐɛŬŰɞɠ ůŮ ůɡůŰɐɛŬŰŬ 

ˊɞɚɡŮˊŮɝŮɟɔŬůŰɩɜ ŮɑɜŬɘ
 [3]

: 

ƁȹɘŬɛɞɑɟŬůɖ űɧɟŰɞɡ / Load sharing 

ƁɃɛŬŭɘəɐ ŭɟɞɛɞɚɧɔɖůɖ / Gang Scheduling 

ƁȷűɘŮɟɤɛɏɜɖ ŬɜɎɗŮůɖ ŮˊŮɝŮɟɔŬůŰɐ / Dedicated processor assignment 

ƁȹɡɜŬɛɘəɐ ŭɟɞɛɞɚɧɔɖůɖ / Dynamic Scheduling 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.3.1 ȹɘŬɛɞɑɟŬůɖ űɧɟŰɞɡ / Load sharing 

 ɆŰɖ ȹɘŬɛɞɑɟŬůɖ űɧɟŰɞɡ / Load sharing ɞ əɎɗŮ ŮˊŮɝŮɟɔŬůŰɐɠ ˊɞɡ ŮɑɜŬɘ 

ŬɜŮɜŮɟɔɧɠ ŬɜŬɚŬɛɓɎɜŮɘ ɜŬ ŭɘŮəˊŮɟŬɘɩůŮɘ ɏɜŬ Ŭˊɧ ŰŬ ŭɘŬɗɏůɘɛŬ ɜɐɛŬŰŬ. 

 ɄɟɩŰɖ-ɛɏůŬ-ˊɟɩŰɖ-ɏɝɤ / First-in-first-out (FIFO): ŰŬ ɜɐɛŬŰŬ əɎɗŮ ɜɏŬɠ 

ŭɘŮɟɔŬůɑŬɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɞ Űɏɚɞɠ Űɖɠ ɞɡɟɎɠ. ɀɧɚɘɠ əɎˊɞɘɞɠ 

ŮˊŮɝŮɟɔŬůŰɐɠ ɛŮɑɜŮɘ ŬɜŮɜŮɟɔɧɠ ŮˊɘɚɏɔŮɘ Űɞ ŮˊɧɛŮɜɞ ˊɟɞɠ ŭɘŮəˊŮɟŬɑɤůɖ. 

 Ƀ ɛɘəɟɧŰŮɟɞɠ Ŭɟɘɗɛɧɠ Ŭˊɧ ŰŬ ɜɐɛŬŰŬ ˊɟɩŰŬ / Smaller number of 

threads first (SNTF): ɖ ɞɡɟɎ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɏŰůɘ ɩůŰŮ ůŰɖɜ əŮűŬɚɐ Űɖɠ 

ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ŰŬ ɜɐɛŬŰŬ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ɛŮ Űɤɜ ɛɘəɟɧŰŮɟɞ Ŭɟɘɗɛɧ ɛɖ 

ŭɘŮəˊŮɟŬɘɤɛɏɜɤɜ ɜɖɛɎŰɤɜ. ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ 

çɘůɞɓŬɗɛɑŬè ɛŮŰŬɝɨ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ɔɑɜŮŰŬɘ Ůˊɘɚɞɔɐ əŬŰɎ FIFO.   
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ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

 ɄɟɞŮəɢɤɟɐůɘɛɞɠ ɞ ɛɘəɟɧŰŮɟɞɠ Ŭɟɘɗɛɧɠ Ŭˊɧ ŰŬ ɜɐɛŬŰŬ ˊɟɩŰŬ / 

Preemptive smaller number of threads first (PSNTF): ȽůɢɨŮɘ Ŭəɟɘɓɩɠ ɖ 

ɑŭɘŬ ůŰɟŬŰɖɔɘəɐ ɛŮ Űɞɜ (SNTF), ɛɧɜɞ ˊɞɡ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ (PSNTF), 

ŭɑɜŮŰŬɘ ˊɟɞŰŮɟŬɘɧŰɖŰŬ ůŰŬ ɜɐɛŬŰŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ɛŮ Űɤɜ ɛɘəɟɧŰŮɟɞ Ŭɟɘɗɛɧ 

ɛɖ ŭɘŮəˊŮɟŬɘɤɛɏɜɤɜ ɜɖɛɎŰɤɜ, Ŭəɧɛɖ əŬɘ ɏɜŬɜŰɘ ŬɡŰɩɜ ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ Űɖ 

ůŰɘɔɛɐ ŮəŮɑɜɖ.  Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ ɄɟɞŮəɢɤɟɐůɘɛɞɠ ɞ 

ɛɘəɟɧŰŮɟɞɠ Ŭɟɘɗɛɧɠ Ŭˊɧ ŰŬ ɜɐɛŬŰŬ ˊɟɩŰŬ / Preemptive smaller 

number of threads first (PSNTF) ŮɑɜŬɘ ɛɘŬ ɓŮɚŰɘɤɛɏɜɖ Ůəŭɞɢɐ Űɞɡ 

Shortest remaining time (SRT) ɔɘŬ ˊɞɚɡŮˊŮɝŮɟɔŬůŰɏɠ ɧɛɤɠ. 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.3.2 ȹɟɞɛɞɚɧɔɖůɖ ɞɛɎŭŬɠ / Gang Scheduling 

  H ȹɟɞɛɞɚɧɔɖůɖ ɞɛɎŭŬɠ / Gang Scheduling ŮɑɜŬɘ ɖ ŰŬɡŰɧɢɟɞɜɖ 

ŭɟɞɛɞɚɧɔɖůɖ Űɤɜ ɜɖɛɎŰɤɜ ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ. H ȹɟɞɛɞɚɧɔɖůɖ ɞɛɎŭŬɠ / 

Gang Scheduling əɟɑɜŮŰŬɘ ɘŭɘŬɑŰŮɟŬ ŬˊɞŭɞŰɘəɐ ɔɘŬ ŮűŬɟɛɞɔɏɠ ɢŬɛɖɚɐɠ əŬɘ 

ɛŮůŬɑŬɠ ŭɘŬůˊɞɟɎɠ, ůŰɘɠ ɞˊɞɑŮɠ ŬˊŬɘŰŮɑŰŬɘ ůɡɔɢɟɞɜɘůɛɧɠ əŬɘ ˊŬɟɎɚɚɖɚɖ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɜɖɛɎŰɤɜ ɛɑŬɠ ɐ ˊŬɟŬˊɎɜɤ ŭɘŮɟɔŬůɘɩɜ. ȺɝɎɚɚɞɡ, ɧˊɤɠ 

ŮɑɜŬɘ űŬɜŮɟɧ ɖ ȹɟɞɛɞɚɧɔɖůɖ ɞɛɎŭŬɠ / Gang Scheduling  çŮɡɜɞŮɑè Űɖɜ 

ɛɖ ŭɘŬəɞˊŰɧɛŮɜɖ ŮəŰɏɚŮůɖ Űɤɜ ŭɘŮɟɔŬůɘɩɜ, ɓŮɚŰɘɩɜɞɜŰŬɠ əŬŰɎ ŬɡŰɧɜ Űɞɜ 

Űɟɧˊɞ Űɖɜ Ůˊɑŭɞůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ əŬɘ ˊŮŰɡɢŬɑɜɞɜŰŬɠ ɡɣɖɚɐ Ŭˊɧŭɞůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.3.3 ȷűɘŮɟɤɛɏɜɖ ŬɜɎɗŮůɖ ŮˊŮɝŮɟɔŬůŰɐ / Dedicated processor 

assignment 

  H ȷűɘŮɟɤɛɏɜɖ ŬɜɎɗŮůɖ ŮˊŮɝŮɟɔŬůŰɐ / Dedicated processor 

assignment ŮɑɜŬɘ ɛɑŬ Ůɘŭɘəɐ ˊŮɟɑˊŰɤůɖ Űɖɠ ȹɟɞɛɞɚɧɔɖůɖɠ ɞɛɎŭŬɠ / 

Gang Scheduling. ɆŰɖɜ ȷűɘŮɟɤɛɏɜɖ ŬɜɎɗŮůɖ ŮˊŮɝŮɟɔŬůŰɐ / 

Dedicated processor assignment ɔɑɜŮŰŬɘ ŰŬɡŰɧɢɟɞɜɖ ŭɟɞɛɞɚɧɔɖůɖ Űɤɜ 

ɜɖɛɎŰɤɜ ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ ůŮ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ɞɛɎŭŬ ŮˊŮɝŮɟɔŬůŰɩɜ. ɀŮ 

ɎɚɚŬ ɚɧɔɘŬ, ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ɞɛɎŭŬ ŮˊŮɝŮɟɔŬůŰɩɜ ŬɜŬɚŬɛɓɎɜŮɘ Űɖɜ 

ŭɘŮəˊŮɟŬɑɤůɖ ɛɑŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮűŬɟɛɞɔɐɠ. ȾŬɗɞɟɘůŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ 

ŮɑɜŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ŮˊŮɝŮɟɔŬůŰɩɜ ˊɞɡ ŮɑɜŬɘ çŬűɘŮɟɤɛɏɜɞɘè ůŰɖɜ 

ŭɘŮəˊŮɟŬɑɤůɖ əɎɗŮ ŭɘŮɟɔŬůɑŬɠ. 
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ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

2.3.4  ȹɡɜŬɛɘəɐ ŭɟɞɛɞɚɧɔɖůɖ / Dynamic Scheduling 

  H ȹɡɜŬɛɘəɐ ŭɟɞɛɞɚɧɔɖůɖ / Dynamic Scheduling ŬəɞɚɞɡɗŮɑ Űɖɜ Ůɝɐɠ 

ůŰɟŬŰɖɔɘəɐ ɔɘŬ Űɖɜ ŭɘŮəˊŮɟŬɑɤůɖ ɛɑŬɠ ŭɘŮɟɔŬůɑŬɠ ˊɞɡ ŬˊŬɘŰŮɑ Űɖɜ 

ŮɝɡˊɖɟɏŰɖůɖ ɞɟɘůɛɏɜɤɜ ŮˊŮɝŮɟɔŬůŰɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ: 

1. ȷɜ ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛɞɘ ŮˊŮɝŮɟɔŬůŰɏɠ, ŬɜŬɚŬɛɓɎɜɞɡɜ Űɖɜ ŮəŰɏɚŮůɐ 

Űɖɠ. 

2. ȷɜ ŭŮɜ ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛɞɘ ŮˊŮɝŮɟɔŬůŰɏɠ, ŬɜŬŰɑɗŮŰŬɘ ůŮ ɏɜŬɜ 

ŬɜŮɝɎɟŰɖŰɞ ŮˊŮɝŮɟɔŬůŰɐ ɞ ɞˊɞɑɞɠ ŮəŰŮɚŮɑ ŭɘŮɟɔŬůɑŬ Űɖɜ ɞˊɞɑŬ ŬɜɏɚŬɓŮ 

ŰŬɡŰɧɢɟɞɜŬ ɛŮ Ɏɚɚɞɡɠ ŮˊŮɝŮɟɔŬůŰɏɠ. 
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2. ȷȿũɃɅȽŪɀɃȽ 

ɉɅɃɁɃȹɅɃɀɃȿɃũȼɆȼɆ 

3. ȷɜ ŭŮɜ ɡˊɎɟɢŮɘ əŬɛɑŬ ŭɡɜŬŰɧŰɖŰŬ ŮəŰɏɚŮůɖɠ Űɖɠ, ŰɧŰŮ ɛɏɜŮɘ ůŰɖɜ ɞɡɟɎ 

ɏɤɠ ɧŰɞɡ ɡˊɎɟɝŮɘ ŭɘŬɗɏůɘɛɞɠ ŮˊŮɝŮɟɔŬůŰɐɠ. 

4. ȳŰŬɜ ɏɜŬɠ ɐ ˊŮɟɘůůɧŰŮɟɞɘ ŮˊŮɝŮɟɔŬůŰɏɠ ɔɑɜɞɡɜ əŬɘ ˊɎɚɘ ŭɘŬɗɏůɘɛɞɘ, 

ŰɧŰŮ ɔɑɜŮŰŬɘ ŮˊŬɜɏɚŮɔɢɞɠ Űɖɠ ŭŮɝŬɛŮɜɐɠ ɛŮ Űɘɠ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ɖ 

ŭɘŮəˊŮɟŬɑɤůɐ Űɞɡɠ ŮəəɟŮɛŮɑ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŬɜŬŰɑɗŮŰŬɘ ɏɜŬɠ ŬɜŮɝɎɟŰɖŰɞɠ 

ŮˊŮɝŮɟɔŬůŰɐɠ ůŮ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ŭɘŮɟɔŬůɑŮɠ Űɖɠ ɚɑůŰŬɠ ŬɡŰɐɠ. ȼ 

əŬŰŬɜɞɛɐ Űɤɜ ŮɜŬˊɞɛŮɘɜɎɜŰɤɜ ŭɘŬɗɏůɘɛɤɜ ŮˊŮɝŮɟɔŬůŰɩɜ ůŰɖɠ 

ŭɘŮɟɔŬůɑŮɠ ɔɑɜŮŰŬɘ ɓɎůɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ɢɟɞɜɞŭɟɞɛɞɚɧɔɖůɖɠ First-in-

first-out (FIFO). 
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3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 

3.1 ɄŬɟɞɡůɑŬůɖ TOP500 ɡˊɞɚɞɔɘůŰɩɜ 

 ȼ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ əŬɘ ɖ əŬŰɎɟŰɘůɖ Űɖɠ ɚɑůŰŬɠ 

Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ ɔɑɜŮŰŬɘ ɓɎůŮɘ Űɤɜ ŮˊɘŭɧůŮɤɜ Űɞɡɠ ůŰɞ ŰŮůŰ 

Ŭɝɘɞɚɧɔɖůɖɠ LINPACK.
 
ȼ əŬŰɎɟŰɘůɖ Űɖɠ ɚɑůŰŬɠ Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ 

əŬɘ ɖ ŭɖɛɞůɑŮɡůɖ Űɖɠ ŭɨɞ űɞɟɏɠ ŮŰɖůɑɤɠ, ŬˊɞůəɞˊŮɑ ůŰɖɜ ŬɜŰɘəŮɘɛŮɜɘəɐ 

Ůɜɖɛɏɟɤůɖ Űɞɡ ŮɜŭɘŬűŮɟɧɛŮɜɞɡ əɞɘɜɞɨ ŬɜŬűɞɟɘəɎ ɛŮ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɤɜ 

ˊɟɤŰɞˊɧɟɤɜ ůɡůŰɖɛɎŰɤɜ, əŬɗɩɠ əŬɘ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ 

ŰŬ ɡˊɞůŰɖɟɑɕɞɡɜ.[6] ɁŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ˊɘɞ ˊɟɧůűŬŰɖ ɚɑůŰŬ (Ƚɞɨɜɘɞɠ 2012) 

Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɖ ůŰɖ ŭɘŮɨɗɡɜůɖ 

http://www.top500.org/lists/2012/06. 
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3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 

 ȺɜŭŮɘəŰɘəɎ, ŬəɞɚɞɡɗŮɑ ŬɜŬɚɡŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɤɜ 50 ˊɟɩŰɤɜ 

ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ Űɖɠ ɚɑůŰŬɠ Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ.[7] 

ȺˊŮɝɖɔɖɛŬŰɘəɎ Űɤɜ ˊɘɜɎəɤɜ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ əŬɘ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

Űɞɡ əɎɗŮ ɡˊɞɚɞɔɘůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ: 

ƁRank: ɖ ɗɏůɖ ˊɞɡ ɏɚŬɓŮ Űɞ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ ůŰɖɜ ɚɑůŰŬ Űɤɜ 

TOP500 ɡˊɞɚɞɔɘůŰɩɜ 

ƁName: Űɞ ɧɜɞɛŬ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

ƁTotal cores: Űɞ ˊɚɐɗɞɠ Űɤɜ ˊɡɟɐɜɤɜ ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ ɡˊɞɚɞɔɘůŰɘəɧ 

ůɨůŰɖɛŬ 
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3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 

ƁRmax: Űɞ ɛɏɔŮɗɞɠ ŬɡŰɧɠ ŮəűɟɎɕŮɘ Űɖɜ ɛɏɔɘůŰɖ ŮűɘəŰɐ Ŭˊɧŭɞůɖ Űɞɡ 

ɡˊɞɚɞɔɘůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ. ȼ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ ŮɑɜŬɘ Űɞ Gflop/s. ɇɞ 

Rmax ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ əɟɘŰɐɟɘɞ əŬŰɎŰŬɝɖɠ Űɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ ůŰɖɜ ɚɑůŰŬɠ Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ. 

ƁOperating system: Űɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ ˊɞɡ ɡˊɞůŰɖɟɑɕŮɘ  

ƁOS Family: ɖ çɞɘəɞɔɏɜŮɘŬè ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ ŬɜɐəŮɘ Űɞ 

ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ ˊɞɡ ɡˊɞůŰɖɟɑɕŮɘ (.́ɢ. Linux, Windows, BSD, 

ə.Ű.ɚ.) 
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3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 
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Rank Name 
Total 

Cores 
Rmax Operating System 

OS 

Family 

1 Sequoia 1572864 16324751 Linux Linux 

2   705024 10510000 Linux Linux 

3 Mira 786432 8162376 Linux Linux 

4 SuperMUC 147456 2897000 Linux Linux 

5 Tianhe-1A 186368 2566000 Linux Linux 

6 Jaguar 298592 1941000 Cray Linux Environment  Linux 

7 Fermi 163840 1725492 Linux Linux 

8 JuQUEEN 131072 1380393 Linux Linux 

9 Curie thin nodes 77184 1359000 
bullx SUperCOmputer Suite 

A.E.2.1 
Linux 

10 Nebulae 120640 1271000 Linux Linux 



3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 
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Rank Name 
Total 

Cores 
Rmax Operating System 

OS 

Family 

11 Pleiades 125980 1243000 Linux Linux 

12 Helios 70560 1237000 
bullx SUperCOmputer Suite 

A.E.2.1 
Linux 

13 Blue Joule 114688 1207844 Linux Linux 

14 TSUBAME 2.0 73278 1192000 Linux Linux 

15 Cielo 142272 1110000 Linux Linux 

16 Hopper 153408 1054000 Linux Linux 

17 Tera-100 138368 1050000 Linux Linux 

18 Oakleaf-FX 76800 1043000 Linux Linux 

19 Roadrunner 122400 1042000 Linux Linux 

20 DiRAC 98304 1035295 Linux Linux 



3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 
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Rank Name 
Total 

Cores 
Rmax Operating System 

OS 

Family 

21 Kraken XT5 112800 919100 Linux Linux 

22 Lomonosov 78660 901900 Linux Linux 

23 DARPA Trial Subset 39680 886400 Linux Linux 

24 HERMIT 113472 831400 Cray Linux Environment  Linux 

25 JUGENE 294912 825500 CNK/SLES 9 Mixed 

26 Sunway Blue Light 137200 795900 Linux Linux 

27 Zin 46208 773700 RHEL 6.2 Linux 

28 Tianhe-1A Hunan Solution 53248 771700 Linux Linux 

29 Zumbrota 65536 690197 Linux Linux 

30   65536 690197 Linux Linux 



3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 
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Rank Name 
Total 

Cores 
Rmax Operating System 

OS 

Family 

31 Avoca 65536 690197 Linux Linux 

32 HECToR 90112 660243 Cray Linux Environment  Linux 

33 Gaea C2 77824 565700 Cray Linux Environment  Linux 

34   24576 548996 AIX Unix 

35   24576 548996 AIX Unix 

36   49152 517648 Linux Linux 

37 Mole-8.5 29440 496500 Linux Linux 

38 Intrepid 163840 458611 CNK/SLES 9 Mixed 

39 Red Sky 42440 433500 CentOS Linux 

40 Ranger 62976 433200 Linux Linux 



3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 
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Rank Name 
Total 

Cores 
Rmax Operating System 

OS 

Family 

41 HA-PACS 20800 421600 Linux Linux 

42 Dawn 147456 415700 CNK/SLES 9 Mixed 

43   18432 411747 AIX Unix 

44   22048 396700 
SUSE Linux Enterprise Server 

11 
Linux 

45 
Bull Benchmarks 

SuperComputer II 
20480 360868 

bullx SUperCOmputer Suite 

A.E.2.1 
Linux 

46 Cab 20480 347400 Linux Linux 

47 Luna 20480 347400 RHEL 6.2 Linux 

48 Vulcan 32768 345098 Linux Linux 

49   32768 345098 Linux Linux 

50   32768 345098 Linux Linux 



3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 

 ɃɟɘůɛɏɜŬ ŮɜŭɘŬűɏɟɞɜŰŬ ˊɟɞɥɧɜŰŬ Űɖɠ ɛŮɚɏŰɖɠ Űɖɠ ɚɑůŰŬɠ Űɤɜ TOP500 

ɡˊɞɚɞɔɘůŰɩɜ, ŬɜŬűɞɟɘəɎ ɛŮ ŰŬ Ůˊɘɛɏɟɞɡɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ŮɑɜŬɘ[7] : 

ƁTotal cores: 1572864 ˊɡɟɐɜŮɠ ŮɑɜŬɘ ɞ ɛɏɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ˊɡɟɐɜɤɜ ˊɞɡ 

ŭɘŬɗɏŰŮɘ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ Űɖɠ ɚɑůŰŬɠ Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ 

(Sequoia, Rank: 1). 1280 ˊɡɟɐɜŮɠ ŮɑɜŬɘ ɞ ŮɚɎɢɘůŰɞɠ Ŭɟɘɗɛɧɠ ˊɡɟɐɜɤɜ 

ˊɞɡ ŭɘŬɗɏŰŮɘ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ Űɖɠ ɚɑůŰŬɠ Űɤɜ TOP500 

ɡˊɞɚɞɔɘůŰɩɜ (Earth Simulator, Rank: 145). Ⱥˊɘˊɚɏɞɜ, əŬŰɎ ɛɏůɞ 

ɧɟɞ, ŰŬ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ Űɖɠ ɚɑůŰŬɠ Űɤɜ TOP500 

ɡˊɞɚɞɔɘůŰɩɜ, ŭɘŬɗɏŰɞɡɜ ˊŮɟɑˊɞɡ 26856 ˊɡɟɐɜŮɠ. 
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3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 
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3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 

ƁRmax: 16324751 Gflop/s ŮɑɜŬɘ ɖ ɛɏɔɘůŰɖ Űɘɛɐ Űɞɡ Rmax ˊɞɡ ŬűɞɟɎ Űɖɜ 

ɛɏɔɘůŰɖ ŮűɘəŰɐ Ŭˊɧŭɞůɖ ɡˊɞɚɞɔɘůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɖɠ ɚɑůŰŬɠ Űɤɜ 

TOP500 ɡˊɞɚɞɔɘůŰɩɜ (Sequoia, Rank: 1). 60824,4 Gflop/s ŮɑɜŬɘ ɖ 

ŮɚɎɢɘůŰɖ Űɘɛɐ Űɞɡ Rmax ˊɞɡ ŬűɞɟɎ Űɖɜ ɛɏɔɘůŰɖ ŮűɘəŰɐ Ŭˊɧŭɞůɖ 

ɡˊɞɚɞɔɘůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɖɠ ɚɑůŰŬɠ Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ 

(Rank: 500). Ⱥˊɘˊɚɏɞɜ, əŬŰɎ ɛɏůɞ ɧɟɞ, ŰŬ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ Űɖɠ 

ɚɑůŰŬɠ Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ, ŮˊɘŰɡɔɢɎɜɞɡɜ Rmax ˊŮɟɑˊɞɡ 

246835,573 Gflop/s.  
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3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 
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3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 

3.2 ȿŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ 

 ɇŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ ůŰɞɡɠ TOP500 ɡˊɞɚɞɔɘůŰɏɠ 

Ŭɜɐəɞɡɜ ůŰɘɠ ˊŬɟŬəɎŰɤ ɞɘəɞɔɏɜŮɘŮɠ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ[7] : 

ƁBSD Based 

ƁLinux 

ƁUnix 

ƁWindows 

ƁMixed 

 

 

57 



3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 

3.2.1 BSD Based 

 ɇŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ɚŮɘŰɞɡɟɔɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ BSD Based (Berkeley Software Distribution) 

ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞ University of California, Berkeley əŬɘ ůŰɞ ŰɛɐɛŬ EECS 

(Electrical Engineering & Computer Science).[8] ɆŰɖɜ ɚɑůŰŬ Űɤɜ TOP500 

ɡˊɞɚɞɔɘůŰɩɜ Űɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Super-UX Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ 

ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ BSD Based ŮəŰŮɚŮɑŰŬɘ ůŰɞɜ Earth Simulator, 

Rank: 145. [7]   

 

 

58 



3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 

3.2.2 Linux 

 ɇŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ɚŮɘŰɞɡɟɔɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ Linux əŬɘ ŮəŰŮɚɞɨɜŰŬɘ ůŰŬ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ Űɖɠ 

ɚɑůŰŬɠ Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ ŮɑɜŬɘ[7] : 

ƁBullx SUperCOmputer Suite A.E.2.1 

ƁCentOS 

ƁCNL 

ƁCray Linux Environment 

ƁLinux 

ƁRHEL 6.1 

ƁRHEL 6.2 
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ƁRedHat Enterprise 5 

ƁRedhat Linux 

ƁSUSE Linux 

ƁSUSE Linux Enterprise Server 11 

ƁSLES10 + SGI ProPack 5  

 Ⱥˊɘˊɚɏɞɜ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ Űɞ əɞɟɡűŬɑɞ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ ůŮ 

Ŭˊɧŭɞůɖ əŬɘ ˊɟɩŰɞ ůŰɖɜ ɚɑůŰŬ Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ ŬɝɘɞˊɞɘŮɑ Űɖɜ 

ŰŮɢɜɞɚɞɔɑŬ Űɤɜ Linux (Sequoia, Rank: 1).  
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3.2.3 Unix 

 ɇŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ɚŮɘŰɞɡɟɔɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ Unix əŬɘ ŮəŰŮɚɞɨɜŰŬɘ ůŰŬ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ Űɖɠ ɚɑůŰŬɠ 

Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ ŮɑɜŬɘ[7] : 

ƁAIX 

ƁCell OS 

ƁOpen Solaris 

  ɀɎɚɘůŰŬ, Űɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ AIX Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ ɚŮɘŰɞɡɟɔɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ Unix ŮəŰŮɚŮɑŰŬɘ ůŰɞ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ Rank: 34. [7] 
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3.2.4 Windows 

 ɇŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ɚŮɘŰɞɡɟɔɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ Windows ŬɜŬˊŰɨůůɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ Microsoft. [9]  

ɆŰɖɜ ɚɑůŰŬ Űɤɜ TOP500 ɡˊɞɚɞɔɘůŰɩɜ Űɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Windows 

HPC 2008 Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ Windows ŮəŰŮɚŮɑŰŬɘ 

ůŰɞɜ Magic Cube, Rank: 94 əŬɘ ůŰɞɜ CSIRO GPU Cluster, Rank: 156. [7] 
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3.2.5 Mixed 

 ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ 

ˊɞɡ ůɡɜŭɡɎɕɞɡɜ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ ɞɘəɞɔŮɜŮɘɩɜ 

ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ. ɇɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ CNK/SLES 9 ŬɜɐəŮɘ 

ůŰɖɜ əŬŰɖɔɞɟɑŬɠ ŬɡŰɐ. ɇɞ CNK/SLES 9 ŬˊɞŰŮɚŮɑ ˊɟɞɥɧɜ Űɖɠ ůɡɜŮɟɔŬůɑŬɠ 

Űɖɠ IBM (CNK, Compute Node Kernel) əŬɘ Űɖɠ Linux (SLES 9, SUSE 

Linux Enterprise Server 9). ɀɎɚɘůŰŬ, ůŰɖɜ ɚɑůŰŬ Űɤɜ TOP500 

ɡˊɞɚɞɔɘůŰɩɜ Űɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ CNK/SLES 9 ŮəŰŮɚŮɑŰŬɘ ůŰɞɜ 

JUGENE, Rank: 25. [7] 
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3.3 ɇŬ Linux çəɡɟɘŬɟɢɞɨɜè ůŰɖ ɚɑůŰŬ ɛŮ Űɞɡɠ TOP500 

ɡˊɞɚɞɔɘůŰɏɠ  

 ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ŰŬ Linux 

çəɡɟɘŬɟɢɞɨɜè ůŰɖ ɚɑůŰŬ ɛŮ Űɞɡɠ TOP500 ɡˊɞɚɞɔɘůŰɏɠ. ȺɘŭɘəɧŰŮɟŬ:  

ƁBSD Based: (1 ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ, 0,2%) 

ƁLinux: (462 ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ, 92,4%) 

ƁUnix: (24 ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ, 4,8%) 

ƁWindows: (2 ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ, 0,4%) 

ƁMixed: (11 ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ, 2,2%) 
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 ȷɝɑɕŮɘ Ŭəɧɛɖ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɞɘ ˊɟɩŰɞɘ 24 əŬŰɎ ůŮɘɟɎ ɡˊɞɚɞɔɘůŰɏɠ Űɖɠ 

ɚɑůŰŬɠ ɛŮ Űɞɡɠ TOP500 ɡˊɞɚɞɔɘůŰɏɠ ŮəŰŮɚɞɨɜ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Űɖɠ 

ɞɘəɞɔɏɜŮɘŬɠ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ Linux. Ⱥˊɘˊɚɏɞɜ, ɞɘ 44 Ůə Űɤɜ 50 

ˊɟɩŰɤɜ əŬŰɎ ůŮɘɟɎ ɡˊɞɚɞɔɘůŰɏɠ ŮəŰŮɚɞɨɜ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Űɖɠ 

ɞɘəɞɔɏɜŮɘŬɠ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ Linux.  

 ɆŰɖ ůɡɜɏɢŮɘŬ ɏˊɞɜŰŬɘ ŰŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ 

ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ Unix ɛŮ 3 çŮəˊɟɞůɩˊɞɡɠè ůŰɖɜ ˊɟɩŰɖ 50ɎŭŬ 

əŬɘ 24 ůɡɜɞɚɘəɎ ůŰɖɜ ɚɑůŰŬ ɛŮ Űɞɡɠ TOP500 ɡˊɞɚɞɔɘůŰɏɠ.  

 ɇɟɑŰɖ əŬŰɎ ůŮɘɟɎ Ůˊɘɚɞɔɐ ŮɑɜŬɘ ŰŬ Mixed ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ ɛŮ 3 

çŮəˊɟɞůɩˊɞɡɠè ůŰɖɜ ˊɟɩŰɖ 50ɎŭŬ əŬɘ 11 ůɡɜɞɚɘəɎ ůŰɖɜ ɚɑůŰŬ ɛŮ Űɞɡɠ 

TOP500 ɡˊɞɚɞɔɘůŰɏɠ.  

 

 

67 



3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 

 ȼ ɞɘəɞɔɏɜŮɘŬɠ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ Windows əŬɘ Űɞ ɚŮɘŰɞɡɟɔɘəɧ 

ůɨůŰɖɛŬ Windows HPC 2008 ŮəŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɛɧɜɞ ɡˊɞɚɞɔɘůŰɘəɎ 

ůɡůŰɐɛŬŰŬ Űɖɠ ɚɑůŰŬɠ. 

 ɇɏɚɞɠ, ɖ ɞɘəɞɔɏɜŮɘŬɠ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ BSD Based əŬɘ Űɞ 

ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Super-UX ŮəŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɛɧɜɞ ɡˊɞɚɞɔɘůŰɘəɧ 

ůɨůŰɖɛŬ Űɖɠ ɚɑůŰŬɠ. 

 ɆŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ, űŬɑɜɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ 

ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɞɡɠ ɡˊɞɚɞɔɘůŰɏɠ Űɖ ɚɑůŰŬɠ, əŬɗɩɠ əŬɘ Űɞ ˊɚɐɗɞɠ 

Űɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ ɡˊɞůŰɖɟɑɕɞɡɜ.
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Operating System OS Family Super PCs 

Linux Linux 419 

AIX Unix 22 

CNK/SLES 9  Mixed 11 

SLES10 + SGI ProPack 5  Linux 8 

Cray Linux Environment Linux 7 

Bullx SUperCOmputer Suite A.E.2.1 Linux 5 

CentOS Linux 5 

CNL Linux 4 

RHEL 6.2 Linux 4 

Redhat Linux Linux 3 

SUSE Linux Enterprise Server 11 Linux 3 

RedHat Enterprise 5 Linux 2 

Windows HPC 2008  Windows 2 

Super-UX BSD Based 1 

RHEL 6.1 Linux 1 

SUSE Linux Linux 1 

Cell OS Unix 1 

Open Solaris Unix 1 
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3.4 Ƀɘ ɚɧɔɞɘ ˊɞɡ ŰŬ Linux çəɡɟɘŬɟɢɞɨɜè ůŰɖ ɚɑůŰŬ ɛŮ 

Űɞɡɠ TOP500 ɡˊɞɚɞɔɘůŰɏɠ  

 Ƀɘ ɚɧɔɞɘ ˊɞɡ ŰŬ Linux çəɡɟɘŬɟɢɞɨɜè ůŰɖ ɚɑůŰŬ ɛŮ Űɞɡɠ TOP500 

ɡˊɞɚɞɔɘůŰɏɠ ŮɑɜŬɘ[10][11][12][13][14][15] :  

ƁȹɡɜŬŰɧŰɖŰŬ Ůɝɏɚɘɝɖɠ ɢɎɟɖ ůŰɖ ɚɞɔɘəɐ Űɞɡ open source 

ƁȷůűɎɚŮɘŬ 

ƁɄɞɘɧŰɖŰŬ 

ƁɇŬɢɨŰɖŰŬ 

ƁȷˊɞŰŮɚŮůɛŬŰɘəɐ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ˊɧɟɤɜ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ
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3.4.1 ȹɡɜŬŰɧŰɖŰŬ Ůɝɏɚɘɝɖɠ ɢɎɟɖ ůŰɖ ɚɞɔɘəɐ Űɞɡ open source 

 ȼ ŭɘŬɟəɩɠ Ŭɜɞŭɘəɐ ˊɞɟŮɑŬ əŬɘ əŬɗɘɏɟɤůɖ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ 

Linux ɞűŮɑɚŮŰŬɘ ůŮ ůɖɛŬɜŰɘəɧ ɓŬɗɛɧ ůŰɖɜ ůŰɟŬŰɖɔɘəɐ Ůˊɘɚɞɔɐ Űɖɠ ɚɞɔɘəɐɠ 

Űɞɡ open source (ŬɜɞɘɢŰɞɨ əɩŭɘəŬ). ȺɘŭɘəɧŰŮɟŬ, Űɞ ŬɜŰŬɔɤɜɘůŰɘəɧ 

ˊɚŮɞɜɏəŰɖɛŬ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ Linux ŮɜŰɞˊɑɕŮŰŬɘ ůŰɖ 

ŭɡɜŬŰɧŰɖŰŬ Ůɝɏɚɘɝɖɠ ˊɞɡ ŮɝŬůűŬɚɑɕŮŰŬɘ ɢɎɟɖ ůŰɖ ɚɞɔɘəɐ Űɞɡ open source. 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɖ ŭɡɜŬŰɧŰɖŰŬ ɔɟɐɔɞɟɖɠ Ůɝɏɚɘɝɖɠ əŬɘ ˊɟɞůŬɟɛɞɔɐɠ 

ůɨɛűɤɜŬ ɛŮ ŰŬ ˊɘɞ ůɨɔɢɟɞɜŬ əŬɘ ŬˊŬɘŰɖŰɘəɎ ˊɟɧŰɡˊŬ ŬɟɢɘŰŮəŰɞɜɘəɐɠ 

ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɏɢŮɘ ůɡɛɓɎɚɚŮɘ əŬɗɞɟɘůŰɘəɎ ůŰɖɜ əɡɟɘŬɟɢɑŬ 

Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ Linux ůŰɖ ɚɑůŰŬ ɛŮ Űɞɡɠ TOP500 

ɡˊɞɚɞɔɘůŰɏɠ. 
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 Ⱥˊɘˊɚɏɞɜ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ, ɧŰɘ Ŭűɞɨ ŭŮɜ ɡˊɎɟɢɞɡɜ ˊŮɟɘɞɟɘůɛɞɑ ůŰɖɜ 

ŭɖɛɞůɑŮɡůɖ Űɞɡ əɩŭɘəŬ ŬˊɞəŰɎ ŮɝŬɘɟŮŰɘəɐ ůɖɛŬůɑŬ ɖ ŮɟɔŬůɑŬ ůŰɞ ɑŭɘɞ 

ˊŮɟɘɓɎɚɚɞɜ Űɧůɞ Űɤɜ ůɢŮŭɘŬůŰɩɜ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ɧůɞ əŬɘ 

Űɤɜ ŮɟŮɡɜɖŰɩɜ ŬɜɎˊŰɡɝɖɠ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ Linux.
[10]
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3.4.2 ȷůűɎɚŮɘŬ 

 ȼ ůŬűɐɠ ɡˊŮɟɞɢɐ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ȷůűɎɚŮɘŬɠ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ Linux ɏɜŬɜŰɘ Űɤɜ ŬɜŰŬɔɤɜɘůŰɩɜ çˊɖɔɎɕŮɘè Ŭˊɧ Űɞɡɠ 

ˊŬɟŬəɎŰɤ ˊŬɟɎɔɞɜŰŮɠ[11][12]: 

ƁɄɞɚɘŰɘəɐ ŭɘŬɢŮɑɟɘůɖɠ ŭɘəŬɘɤɛɎŰɤɜ 

ƁɈɣɖɚɐ ˊɟɞůŰŬůɑŬ ůŰɞ ŭɘŬŭɑəŰɡɞ 

ƁȷůűɎɚŮɘŬ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

ƁɇŬɢɨŰɖŰŬ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ çŮˊɘɗɏůŮɤɜè ůŰɞ ɚŮɘŰɞɡɟɔɘəɧ 

ůɨůŰɖɛŬ 

Ɓȿɞɔɘəɐ Űɞɡ open source 
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 ȼ ɄɞɚɘŰɘəɐ ŭɘŬɢŮɑɟɘůɖɠ ŭɘəŬɘɤɛɎŰɤɜ ůŰɖɟɑɕŮŰŬɘ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɤɜ 

ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ, əŬɗɩɠ ɞɘ ɢɟɐůŰŮɠ ŭŮɜ ɏɢɞɡɜ 

çŬˊŮɟɘɧɟɘůŰŬè ŭɘəŬɘɩɛŬŰŬ ŭɘŬɢŮɑɟɘůɖɠ ůŰɞ ůɨůŰɖɛŬ. ȾŬŰɎ ŬɡŰɧɜ Űɞɜ 

Űɟɧˊɞ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɡɣɖɚɧ ŮˊɑˊŮŭɞ ŬůűɎɚŮɘŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ 

ŰɑɗŮɜŰŬɘ ůŮ əɑɜŭɡɜɞ Ŭˊɧ ŮɜŭŮɢɧɛŮɜŮɠ çŮˊɘɗɏůŮɘɠè ɛɧɜɞ ŰŬ ŰɞˊɘəɎ ŬɟɢŮɑŬ 

əŬɘ ɞɘ ŮűŬɟɛɞɔɏɠ Űɤɜ ɢɟɖůŰɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ.  

 ȼ Ɉɣɖɚɐ ˊɟɞůŰŬůɑŬ ůŰɞ ŭɘŬŭɑəŰɡɞ çˊɖɔɎɕŮɘè əŬŰɎ əɨɟɘɞ ɚɧɔɞ Ŭˊɧ Űɖɜ 

ɄɞɚɘŰɘəɐ ŭɘŬɢŮɑɟɘůɖɠ ŭɘəŬɘɤɛɎŰɤɜ əŬɘ ŮˊɘŰɡɔɢɎɜŮɘ Űɖɜ ŬůűɎɚŮɘŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɏɜŬɜŰɘ Űɤɜ çŮˊɘɗɏůŮɤɜè ˊɟɞŮɟɢɞɛɏɜɤɜ Űɞɡ ŭɘŬŭɘəŰɨɞɡ (.́ɢ. 

ɖɚŮəŰɟɞɜɘəɐ ŬɚɚɖɚɞɔɟŬűɑŬ, ə.Ŭ.). 
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 ȼ ȷůűɎɚŮɘŬ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɓŬůɑɕŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ əɨɟɘɞɠ 

ůŰɧɢɞɠ Űɤɜ çŮˊɘɗɏůŮɤɜè ŮɑɜŬɘ ŰŬ ŭɖɛɞűɘɚɐ əŬɘ ˊɘɞ ŰɟɤŰɎ ɚŮɘŰɞɡɟɔɘəɎ 

ůɡůŰɐɛŬŰŬ, ɧˊɤɠ ŰŬ Windows. ȼ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ɢɟɖůŰɩɜ ɢɟɖůɘɛɞˊɞɑŮɘ 

ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Windows əŬɘ Űɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŬˊɞŰŮɚŮɑ əɑɜɖŰɟɞ ɔɘŬ 

Űɞɡɠ ŭɖɛɘɞɡɟɔɞɨɠ Űɤɜ çəŬəɧɓɞɡɚɤɜè ŮűŬɟɛɞɔɩɜ.  

 Ⱥˊɘˊɚɏɞɜ, ɖ ɇŬɢɨŰɖŰŬ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ çŮˊɘɗɏůŮɤɜè ůŰɞ 

ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ ŮɑɜŬɘ ŬˊɧɟɟɞɘŬ Űɖɠ ɞɛŬŭɘəɐɠ ŬɜɎˊŰɡɝɖɠ Űɞɡ 

ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ ˊɞɡ Űɞ ŭɘɏˊŮɘ ɖ ɚɞɔɘəɐ Űɞɡ open source. Ƀɘ 

ˊɞɚɡɎɟɘɗɛɞɘ ɢɟɐůŰŮɠ ˊɞɡ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Ůɝɏɚɘɝɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ŬɜŬɚŬɛɓɎɜɞɡɜ əŬɘ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ŰɎɢɘůŰŬ Űɘɠ çŮˊɘɗɏůŮɘɠè 

Űɤɜ çəŬəɧɓɞɡɚɤɜè ŮűŬɟɛɞɔɩɜ.  
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 ɇɏɚɞɠ, ɢɎɟɖ ůŰɖ ɚɞɔɘəɐ Űɞɡ open source ŮˊɘŰɡɔɢɎɜŮŰŬɘ Űɧůɞ ɖ 

ŰŮɚŮɘɞˊɞɑɖůɖ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ Ŭˊɧ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ŬůűɎɚŮɘŬɠ, 

ɧůɞ əŬɘ ɖ ŰŬɢɨŰɖŰŬ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ çŮˊɘɗɏůŮɤɜè ůŰɞ ɚŮɘŰɞɡɟɔɘəɧ 

ůɨůŰɖɛŬ. ȺɝɎɚɚɞɡ, ŰŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ Űɤɜ ŬɜŰŬɔɤɜɘůŰɘəɩɜ ɛŬɕɑ ɛŮ 

Űɖɜ çŬˊɧəɟɡɣɖè Űɞɡ əɩŭɘəŬ çŬˊɞəɟɨˊŰɞɡɜè əŬɘ Űɞ ˊɚɐɗɞɠ əŬɘ Űɖ 

ůɖɛŬůɑŬ Űɤɜ ŰɟɤŰɩɜ ůɖɛŮɑɤɜ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ.  
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3.4.3 ɄɞɘɧŰɖŰŬ 

 ɇŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ Linux ɡˊŮɟŰŮɟɞɨɜ ɏɜŬɜŰɘ Űɤɜ ŬɜŰŬɔɤɜɘůŰɘəɩɜ 

Űɞɡɠ əŬɘ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɄɞɘɧŰɖŰŬɠ. ȯɚɚɤůŰŮ, ŬɡŰɧ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ ɔɘŬ 

ɏɜŬ ˊɟɞɥɧɜ ɞɛŬŭɘəɐɠ ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ, ɧˊɤɠ Űɞ 

ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Linux, Űɞ ŭɘɏˊŮɘ ɖ ɚɞɔɘəɐ Űɞɡ open source. Ⱥˊɘˊɚɏɞɜ, 

ɖ ˊɟɞűŬɜɐɠ ŬɜɤŰŮɟɧŰɖŰŬ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɄɞɘɧŰɖŰŬɠ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ Linux ɏɜŬɜŰɘ Űɤɜ ŬɜŰŬɔɤɜɘůŰɩɜ ˊŮɟɘəɚŮɑŮŰŬɘ ůŰŬ ˊŬɟŬəɎŰɤ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ[12]: 

ƁɄɟɞůŬɟɛɞůŰɘəɎ ůŰɘɠ ŬɜɎɔəŮɠ Űɤɜ ɢɟɖůŰɩɜ 

ƁȺɚŮɡɗŮɟɑŬ ˊɟɧůɓŬůɖɠ ůŮ ɧɚŮɠ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ 

ƁȹɘŬɟəɐ ɡˊɞůŰɐɟɘɝɖ 
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 ȼ ɄɟɞůŬɟɛɞůŰɘəɎ ůŰɘɠ ŬɜɎɔəŮɠ Űɤɜ ɢɟɖůŰɩɜ ůŰɖɟɑɕŮŰŬɘ ůŮ ůɖɛŬɜŰɘəɧ 

ɓŬɗɛɧ ůŰɖɜ ɚɞɔɘəɐ Űɞɡ open source, əŬɗɩɠ ɞ ɢɟɖůŰɐɠ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞůŬɟɛɧůŮɘ Űɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ çůŰŬ ɛɏŰɟŬ Űɞɡè. ɇŬ ɚŮɘŰɞɡɟɔɘəɎ 

ůɡůŰɐɛŬŰŬ Linux ŭŮɜ ˊɟɞůűɏɟɞɡɜ ɛɑŬ çŬɜŮɚŬůŰɘəɐè əŬɘ Űɡˊɞˊɞɘɖɛɏɜɖ 

ɚɨůɖ ůŰɞɡɠ ɢɟɐůŰŮɠ ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ, ŬɚɚɎ ɛɑŬ ŮɡɏɚɘəŰɖ 

Ůˊɘɚɞɔɐ ˊɟɞůŬɟɛɞɕɧɛŮɜɖ ůŰɘɠ ŬɜɎɔəŮɠ əŬɘ Űɞɡɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ əɎɗŮ 

ɢɟɐůŰɖ. 
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 ȼ ȺɚŮɡɗŮɟɑŬ ˊɟɧůɓŬůɖɠ ůŮ ɧɚŮɠ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ŮɑɜŬɘ ɏɜŬ ŮɝŬɘɟŮŰɘəɐɠ 

ůɖɛŬůɑŬɠ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ 

Linux. ɇɖ ůŰɘɔɛɐ ˊɞɡ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ŬɜŰŬɔɤɜɘůŰɘəɎ ɚŮɘŰɞɡɟɔɘəɎ 

ůɡůŰɐɛŬŰŬ ˊŬɟɏɢɞɜŰŬɘ ůŮ ˊŬəɏŰŬ ɛŮ çɚŮɘŰɞɡɟɔɘəɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠè əŬɘ 

ŬɜŬɚɞɔɘəɎ ˊɟɞůŬɟɛɞůɛɏɜɞɡɠ ɛŮ Űɞ əɧůŰɞɠ Űɞɡɠ, ŰŬ ɚŮɘŰɞɡɟɔɘəɎ 

ůɡůŰɐɛŬŰŬ Linux ˊŬɟɏɢɞɡɜ ˊɚɐɟɖ ȺɚŮɡɗŮɟɑŬ ˊɟɧůɓŬůɖɠ ůŮ ɧɚŮɠ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ.  

 Ⱥˊɘˊɚɏɞɜ, ɖ ȹɘŬɟəɐ ɡˊɞůŰɐɟɘɝɖ ŮɑɜŬɘ ŬˊɧɟɟɞɘŬ Űɖɠ ɞɛŬŭɘəɐɠ ŬɜɎˊŰɡɝɖɠ 

əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ ˊɞɡ Űɞ ŭɘɏˊŮɘ ɖ ɚɞɔɘəɐ 

Űɞɡ open source əŬɘ Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ŮɑɜŬɘ ɧŰɘ ˊŬɟɏɢŮŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ 

ŭɤɟŮɎɜ.  
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3.4.4 ɇŬɢɨŰɖŰŬ 

 ɇŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ Linux ɡˊŮɟŰŮɟɞɨɜ ɏɜŬɜŰɘ Űɤɜ ŬɜŰŬɔɤɜɘůŰɘəɩɜ 

Űɞɡɠ əŬɘ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɇŬɢɨŰɖŰŬɠ. ȯɚɚɤůŰŮ, ŬɡŰɧ ŮɑɜŬɘ űŬɜŮɟɧ əŬɘ Ŭˊɧ 

çɛɑŬ ˊɟɩŰɖ ɛŬŰɘɎè ůŰɖ ɚɑůŰŬ ɛŮ Űɞɡɠ TOP500 ɡˊɞɚɞɔɘůŰɏɠ. ɆŰɖɜ ɚɑůŰŬ 

ɛˊɞɟŮɑ əɎˊɞɘɞɠ ɜŬ ŭŮɘ Űɖɜ ɡˊŮɟɞɢɐ ůŮ Ŭˊɧŭɞůɖ Rmax  Űɤɜ 

ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ ŮəŰŮɚɞɨɜ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Linux. 

ȰŰůɘ, Űɞ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ (Sequoia, Rank: 1) ɛŮ 16324751 Gflop/s 

ŮˊɘŰɡɔɢɎɜŮɘ Űɖ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ Űɘɛɐ Ŭˊɧŭɞůɖ Rmax. Ƀ ůɢŮŭɘŬůɛɧɠ əŬɘ ɖ 

ŭɘŬɟəɐɠ ŬɜɎˊŰɡɝɖ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ Linux ˊɟɞůŭɑŭɞɡɜ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ əŬɘ ŰŬɢɨŰŬŰɖɠ ˊɞɚɡŮˊŮɝŮɟɔŬůɑŬɠ ůŰɞ 

ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ.[13][14] 
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 ȯɚɚɤůŰŮ, Űɞ ˊɟɩŰɞ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ ˊɞɡ ɏůˊŬůŮ Űɞ ɧɟɘɞ Űɞɡ 1 

petaflop/s ɐŰŬɜ Űɞ ˊɟɞɥɧɜ Űɖɠ ůɡɜŮɟɔŬůɑŬɠ Űɖɠ IBM əŬɘ Űɖɠ Los Alamos 

(Ƚɞɨɜɘɞɠ 2008). ɇɞ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ ŬɡŰɧ ŮəɛŮŰŬɚɚŮɨŰɖəŮ Űɘɠ 

ŭɡɜŬŰɧŰɖŰŮɠ ˊɞɡ ˊɟɞůűɏɟŮɘ Űɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Linux əŬɘ əɡɟɑɤɠ ůŰɞɜ 

ŰɞɛɏŬ Űɖɠ ŰŬɢɨŰɖŰŬɠ.[15] 
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3. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ TOP500 

ɈɄɃȿɃũȽɆɇɋɁ 

3.4.5 ȷˊɞŰŮɚŮůɛŬŰɘəɐ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ˊɧɟɤɜ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ 

 ȼ ȷˊɞŰŮɚŮůɛŬŰɘəɐ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ˊɧɟɤɜ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ŬˊɧɟɟɞɘŬ Űɤɜ ŮɚɎɢɘůŰɤɜ ŬˊŬɘŰɐůŮɤɜ ůŮ Hardware Űɤɜ 

ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ Linux ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ ŬɜŰŬɔɤɜɘůŰɏɠ Űɖɠ, 

ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŰŬ çŬˊŬɘŰɖŰɘəɎè ɔɘŬ ŬɜŬɓŬɗɛɑůŮɘɠ Hardware, 

Microsoft Windows. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ŰŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ Linux 

Ŭɝɘɞˊɞɘɞɨɜ əɎɗŮ ŬɜŬɓɎɗɛɘůɖ Hardware ˊɟɞɠ ŮˊɑŰŮɡɝɖ ɛŮɔŬɚɨŰŮɟɖɠ 

ŰŬɢɨŰɖŰŬɠ ŮˊŮɝŮɟɔŬůɑŬɠ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ŭɖɚŬŭɐ Űɖɜ ɛɏɔɘůŰɖ Ŭɝɘɞˊɞɑɖůɖ 

Űɤɜ ˊɧɟɤɜ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ[12]. 
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

4.1 Ƀɟɘůɛɞɑ 

4.1.1 ȾŬŰŬɜŮɛɖɛɏɜɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ 

 ȰɜŬ əŬŰŬɜŮɛɖɛɏɜɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ (distributed operating 

system) ɞɟɑɕŮŰŬɘ Űɞ əɞɘɜɧ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ 

ŭɘŬɛɞɘɟŬɕɧɛŮɜɞ ůŮ ɏɜŬ ŭɑəŰɡɞ ɡˊɞɚɞɔɘůŰɩɜ. ȰɜŬ əŬŰŬɜŮɛɖɛɏɜɞ 

ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ ŮɛűŬɜɑɕŮɘ ůŰɞɡɠ ɢɟɐůŰŮɠ ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ 

ŬɜŮɝɎɟŰɖŰɞɡɠ ɡˊɞɚɞɔɘůŰɏɠ ɤɠ ɏɜŬ ɛɞɜŬŭɘəɧ ůɡɜŮəŰɘəɧ ůɨůŰɖɛŬ. ȼ 

ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ, ɛŮ ɎɚɚŬ ɚɧɔɘŬ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ˊɞɚɨ-ɡˊɞɚɞɔɘůŰɘəɧ 

ůɨůŰɖɛŬ, ɛɑŬ ɞɛɎŭŬ ŭɘŬűɞɟŮŰɘəɩɜ ɡˊɞɚɞɔɘůŰɩɜ, ˊɞɡ ɞ əŬɗɏɜŬɠ ɏɢŮɘ Űɖ 

ŭɘəɐ Űɞɡ əɨɟɘŬ əŬɘ ŭŮɡŰŮɟŮɨɞɡůŬ ɛɜɐɛɖ əŬɘ Űɘɠ ŭɘəɏɠ Űɞɡ ɡˊɖɟŮůɑŮɠ Ⱥ/Ⱥ.
[3]
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

4.1.2 ɈˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ ɄŮɚɎŰɖ / ȺɝɡˊɖɟɏŰɖ 

 ȰɜŬ ɈˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ ɄŮɚɎŰɖ / ȺɝɡˊɖɟɏŰɖ (Client / Server) ŮɑɜŬɘ 

ɛɑŬ ůɡůŰɞɘɢɑŬ ɡˊɞɚɞɔɘůŰɩɜ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɡˊɞɚɞɔɘůŰɏɠ - ˊŮɚɎŰŮɠ 

əŬɘ ɡˊɞɚɞɔɘůŰɏɠ - ŮɝɡˊɖɟɏŰŮɠ. Ƀɘ ˊŮɚɎŰŮɠ (clients) ŮɑɜŬɘ ůɡɜɐɗɤɠ 

ˊɟɞůɤˊɘəɞɑ ɡˊɞɚɞɔɘůŰɏɠ ɐ ůŰŬɗɛɞɑ ŮɟɔŬůɑŬɠ, ůŰɞɡɠ ɞˊɞɑɞɡɠ ŮəŰŮɚɞɨɜŰŬɘ 

ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ ɛŮ űɘɚɘəɧ interface ɔɘŬ Űɞɡɠ ɢɟɐůŰŮɠ Űɞɡɠ. Ƀɘ 

ŮɝɡˊɖɟɏŰŮɠ (servers) ˊŬɟɏɢɞɡɜ ɏɜŬ ůɨɜɞɚɞ əɞɘɜɩɜ ɡˊɖɟŮůɘɩɜ, ɧˊɤɠ  

ˊɟɧůɓŬůɖ ůŮ əɞɘɜɏɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ, ůŰɞɡɠ ɢɟɐůŰŮɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȼ 

ŭɘŬůɨɜŭŮůɖ Űɤɜ ɞɜŰɞŰɐŰɤɜ Űɞɡ ɈˊɞɚɞɔɘůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɄŮɚɎŰɖ / 

ȺɝɡˊɖɟɏŰɖ (Client / Server) ɔɑɜŮŰŬɘ ŮɑŰŮ ɛɏůɤ Űɞˊɘəɞɨ ŭɘəŰɨɞɡ ɐ ɛɏůɤ 

Ůɜɧɠ ŭɘŬŭɘəŰɨɞɡ Ŭˊɧ ŭɑəŰɡŬ. 
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

 ȰɜŬ ɈˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ ɄŮɚɎŰɖ / ȺɝɡˊɖɟɏŰɖ (Client / Server) 

ŭɘŬɗɏŰŮɘ, Ůˊɘˊɚɏɞɜ, ŰŬ ˊŬɟŬəɎŰɤ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ
[3]

: 

ƁȹɘŬůɨɜŭŮůɖ Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ŮűŬɟɛɞɔɩɜ (Applications 

programming interface, API): ůɨɜɞɚɞ ůɡɜŬɟŰɐůŮɤɜ əŬɘ əɚɐůŮɤɜ 

ˊɟɞɔɟŬɛɛɎŰɤɜ ˊɞɡ çɔŮűɡɟɩɜɞɡɜè Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ Űɤɜ ɄŮɚŬŰɩɜ 

(Clients) əŬɘ Űɤɜ ȺɝɡˊɖɟŮŰɩɜ (Servers). 

ƁȺɜŭɘɎɛŮůɞ ɚɞɔɘůɛɘəɧ (Middleware): ůɨɜɞɚɞ ɞŭɖɔɩɜ, APIs, ɐ Ɏɚɚɞ 

ɚɞɔɘůɛɘəɧ ˊɞɡ ɓŮɚŰɘɩɜŮɘ Űɖɜ ŭɘŬůɨɜŭŮůɖ ŬɜɎɛŮůŬ ůŰɞɡɠ ɄŮɚɎŰŮɠ 

(Clients) əŬɘ ůŰɞɡɠ ȺɝɡˊɖɟɏŰŮɠ (Servers). 
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

4.1.3 ȺɜŭɞŮˊŮɝŮɟɔŬůɑŬ - ɀŮŰŬɓɑɓŬůɖ ɛɖɜɡɛɎŰɤɜ 

 ȼ ŮɜŭɞŮˊŮɝŮɟɔŬůɑŬ ůŮ ɏɜŬ əŬŰŬɜŮɛɖɛɏɜɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ 

(distributed operating system) ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ŰŮɢɜɘəɩɜ 

ɀŮŰŬɓɑɓŬůɖɠ ɛɖɜɡɛɎŰɤɜ (Message passing). ȼ ɀŮŰŬɓɑɓŬůɖ 

ɛɖɜɡɛɎŰɤɜ (Message passing) ŮűŬɟɛɧɕŮŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɛɏůɤ Űɤɜ 

ˊŬɟŬəɎŰɤ ˊɟɞůŮɔɔɑůŮɤɜ
[3]

: 

ƁȾŬŰŬɜŮɛɖɛɏɜɖ ɛŮŰŬɓɑɓŬůɖ ɛɖɜɡɛɎŰɤɜ (Distributed message 

passing) 

ƁȾɚɐůɖ ŬˊɞɛŬəɟɡůɛɏɜɤɜ ŭɘŬŭɘəŬůɘɩɜ (Remote procedure call) 
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

 ɆŰɖɜ ȾŬŰŬɜŮɛɖɛɏɜɖ ɛŮŰŬɓɑɓŬůɖ ɛɖɜɡɛɎŰɤɜ (Distributed message 

passing) əŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŮəˊŮɟŬɘɤɗŮɑ ɛɑŬ ŭɘŮɟɔŬůɑŬ Ůɜɧɠ ɄŮɚɎŰɖ 

(Client) ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ˊŬɟŬəɎŰɤ ŭɘŬŭɘəŬůɑŬ: 

ƁɃ ɄŮɚɎŰɖɠ (Client) ˊɟŬɔɛŬŰɞˊɞɘŮɑ ŬˊɞůŰɞɚɐ ɛɖɜɨɛŬŰɞɠ (send) ˊɞɡ 

ˊŮɟɘɏɢŮɘ Űɞ ŬɑŰɖɛŬ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɟɞɠ Űɞɜ ȺɝɡˊɖɟɏŰɖ (Server).  

ƁɆŰɖ ůɡɜŮɢŮɑŬ, ɞ ȺɝɡˊɖɟɏŰɖɠ (Server) ˊɟŬɔɛŬŰɞˊɞɘŮɑ ˊŬɟŬɚŬɓɐ 

ɛɖɜɨɛŬŰɞɠ (receive), əŬŰɎ Űɖɜ ɞˊɞɑŬ ˊŬɟŬɚŬɛɓɎɜŮɘ Űɞ ŬɑŰɖɛŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ɞɟɑɕŮɘ Űɞɜ ŮɜŭɘɎɛŮůɞ ŬˊɞɗɖəŮɡŰɘəɧ ɢɩɟɞ, ůŰɞɜ ɞˊɞɑɞ 

ŬˊɞɗɖəŮɨŮŰŬɘ Űɞ ɛɐɜɡɛŬ ɏɤɠ Űɖɜ ŭɘŮəˊŮɟŬɑɤůɖ Űɞɡ ŬɘŰɐɛŬŰɞɠ.  
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

 ɆŰɖɜ Ⱦɚɐůɖ ŬˊɞɛŬəɟɡůɛɏɜɤɜ ŭɘŬŭɘəŬůɘɩɜ (Remote procedure call) 

əŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŮəˊŮɟŬɘɤɗŮɑ ɛɑŬ ŭɘŮɟɔŬůɑŬ Ůɜɧɠ ɄŮɚɎŰɖ (Client) 

ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ˊŬɟŬəɎŰɤ ŭɘŬŭɘəŬůɑŬ: 

ƁɃ ɄŮɚɎŰɖɠ (Client) ˊɟŬɔɛŬŰɞˊɞɘŮɑ ŬˊɞɛŬəɟɡůɛɏɜɖ əɚɐůɖ (call) ˊɞɡ 

ˊŮɟɘɏɢŮɘ Űɞ ɧɜɞɛŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ ˊɟɞɠ ŭɘŮəˊŮɟŬɑɤůɖ Ŭˊɧ Űɞɜ 

ȺɝɡˊɖɟɏŰɖ (Server). Ⱥˊɘˊɚɏɞɜ, ůŰɞ ɛɐɜɡɛŬ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ 

ŬˊɞɛŬəɟɡůɛɏɜɖ əɚɐůɖ (call) əŬɘ ŬˊɞůŰɏɚɚŮŰŬɘ ˊɟɞɠ Űɞ 

ŬˊɞɛŬəɟɡůɛɏɜɞ ůɨůŰɖɛŬ, ŮɛˊŮɟɘɏɢɞɜŰŬɘ əŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ 

ŭɘŮɟɔŬůɑŬɠ. ȼ ŬˊɞɛŬəɟɡůɛɏɜɖ əɚɐůɖ (call) ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Űɖɠ 

ɛɞɟűɐɠ: 

Call P (X, Y) 
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

 ɧˊɞɡ P Űɞ ɧɜɞɛŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ,  

   ɉ ɞɘ ˊŬɟɎɛŮŰɟɞɘ əŬɘ  

   Ɉ ɞɘ ŮˊɘůŰɟŮűɧɛŮɜŮɠ Űɘɛɏɠ 

ƁȳŰŬɜ ˊŬɟŬɚɖűɗŮɑ Űɞ ɛɐɜɡɛŬ Ŭˊɧ Űɞ ŬˊɞɛŬəɟɡůɛɏɜɞ ůɨůŰɖɛŬ, 

ŮɚɏɔɢŮŰŬɘ əŬɘ ŮəŰŮɚŮɑŰŬɘ ɛɑŬ Űɞˊɘəɐ Call P (X, Y) ůŰɞɜ ȺɝɡˊɖɟɏŰɖ 

(Server). 

ƁɆŰɖ ůɡɜɏɢŮɘŬ əŬɘ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ, ŬˊɞůŰɏɚɚŮŰŬɘ 

ŬˊɎɜŰɖůɖ ůŰɞɜ ɄŮɚɎŰɖ (Client), ɖ ɞˊɞɑŬ ˊŮɟɘɏɢŮɘ Űɘɠ ŮˊɘůŰɟŮűɧɛŮɜŮɠ 

Űɘɛɏɠ. 
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

4.1.4 ɃɛŬŭɞˊɞɘɖɛɏɜŬ ůɨɜɞɚŬ 

 ȼ ŬɟɢɘŰŮəŰɞɜɘəɐ Ůɜɧɠ ɞɛŬŭɞˊɞɘɖɛɏɜɞɡ ůɡɜɧɚɞɡ (Cluster) ˊŮɟɘɚŬɛɓɎɜŮɘ 

ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ ŭɘŬůɡɜŭŮŭŮɛɏɜɞɡɠ ɞɚɞəɚɖɟɤɛɏɜɞɡɠ ɡˊɞɚɞɔɘůŰɏɠ ï 

əɧɛɓɞɡɠ (nodes) ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ əŬɘ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ɛŬɕɑ ɤɠ ɏɜŬ ŮɜɘŬɑɞ 

ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ, Űɞ ɞˊɞɑɞ ŭɑɜŮɘ əŬɘ Űɖɜ Ŭɑůɗɖůɖ Ůɜɧɠ ɛɞɜŬŭɘəɞɨ 

ɡˊɞɚɞɔɘůŰɐ. 

 ȰɜŬɠ ɞɚɞəɚɖɟɤɛɏɜɞɠ ɡˊɞɚɞɔɘůŰɐɠ ï əɧɛɓɞɠ (node) Ůɜɧɠ 

ɞɛŬŭɞˊɞɘɖɛɏɜɞɡ ůɡɜɧɚɞɡ (Cluster) ŮɑɜŬɘ ɏɜŬ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ əŬɘ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ ɞɛŬŭɞˊɞɘɖɛɏɜɞ 

ůɨɜɞɚɞ (Cluster).
[3]
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

4.2 ɄɚŮɞɜŮəŰɐɛŬŰŬ ɞɛŬŭɞˊɞɘɖɛɏɜɤɜ ůɡɜɧɚɤɜ 

(clusters) 

 ȼ ůɢŮŭɑŬůɖ əŬɘ ɖ ŬɟɢɘŰŮəŰɞɜɘəɐ Ůɜɧɠ ɞɛŬŭɞˊɞɘɖɛɏɜɞɡ ůɡɜɧɚɞɡ (cluster) 

ŮɛűŬɜɑɕŮɘ ŬɟəŮŰɎ ɚŮɘŰɞɡɟɔɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ ɏɜŬɜŰɘ Űɤɜ ŬɜŮɝɎɟŰɖŰɤɜ 

ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ, ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ Ůə Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ
[3]

: 

ƁȷˊɧɚɡŰɖ əɚɘɛɎəɤůɖ 

ƁɆŰŬŭɘŬəɐ əɚɘɛɎəɤůɖ 

ƁɈɣɖɚɐ ŭɘŬɗŮůɘɛɧŰɖŰŬ 

ƁɈɣɖɚɧɠ ŭŮɑəŰɖɠ Űɘɛɐɠ/Ŭˊɧŭɞůɖɠ 
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

 ȺɘŭɘəɧŰŮɟŬ, ɖ ŬˊɧɚɡŰɖ əɚɘɛɎəɤůɖ (absolute scalability) ŮɑɜŬɘ 

ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ ůɨɜɗŮůɖɠ ɞɛŬŭɞˊɞɘɖɛɏɜɤɜ 

ůɡɜɧɚɤɜ (clusters), ɘůɢɡɟɧŰŮɟɤɜ ŬəɧɛŬ əŬɘ Ŭˊɧ ŰŬ ɘůɢɡɟɧŰŮɟŬ 

ŬɜŮɝɎɟŰɖŰŬ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ŭɖɛɘɞɡɟɔɑŬɠ ɞɛŬŭɞˊɞɘɖɛɏɜɤɜ ůɡɜɧɚɤɜ (clusters) ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ 

Ŭˊɧ ŭŮəɎŭŮɠ ɐ ŮəŬŰɞɜŰɎŭŮɠ ˊɞɚɡŮˊŮɝŮɟɔŬůŰɘəɎ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ.
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

 ȰɜŬ ŬəɧɛŬ ůɖɛŬɜŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɤɜ ɞɛŬŭɞˊɞɘɖɛɏɜɤɜ ůɡɜɧɚɤɜ 

(clusters) ŮɑɜŬɘ ɖ ůŰŬŭɘŬəɐ əɚɘɛɎəɤůɖ (incremental scalability), ɖ 

ɞˊɞɑŬ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŮˊɏəŰŬůɖɠ Űɤɜ ɞɛŬŭɞˊɞɘɖɛɏɜɤɜ 

ůɡɜɧɚɤɜ (clusters). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ůɢŮŭɑŬůɖ əŬɘ ɖ ŬɟɢɘŰŮəŰɞɜɘəɐ 

Űɤɜ ɞɛŬŭɞˊɞɘɖɛɏɜɤɜ ůɡɜɧɚɤɜ (clusters) ˊŬɟɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ŬɜŬɓɎɗɛɘůɖɠ - ˊɟɞůɗɐəɖɠ ɜɏɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ, Ůˊɘˊɚɏɞɜ 

ŭɖɚŬŭɐ Űɤɜ ɡˊŬɟɢɧɜŰɤɜ ɞɚɞəɚɖɟɤɛɏɜɤɜ ɡˊɞɚɞɔɘůŰɩɜ ï əɧɛɓɤɜ 

(nodes). 

 
ȼ ɡɣɖɚɐ ŭɘŬɗŮůɘɛɧŰɖŰŬ (high availability) ŮɑɜŬɘ ŬˊɧɟɟɞɘŬ Űɖɠ 

ŭɡɜŬŰɧŰɖŰŬ ŭɖɛɘɞɡɟɔɑŬɠ ɞɛŬŭɞˊɞɘɖɛɏɜɤɜ ůɡɜɧɚɤɜ (clusters) ˊɞɡ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭŮəɎŭŮɠ ɐ ŮəŬŰɞɜŰɎŭŮɠ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ. 
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4. ȿȺȽɇɃɈɅũȽȾȷ ɆɈɆɇȼɀȷɇȷ ũȽȷ 

ȾȷɇȷɁȺɀȼɀȺɁȷ ɆɈɆɇȼɀȷɇȷ 

 ȼ ɡɣɖɚɐ ŭɘŬɗŮůɘɛɧŰɖŰŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ əŬɗɩɠ ɖ ɨˊŬɟɝɖ ˊɞɚɚɩɜ 

ɞɚɞəɚɖɟɤɛɏɜɤɜ ɡˊɞɚɞɔɘůŰɩɜ ï əɧɛɓɤɜ (nodes), ŮɝŬůűŬɚɑɕŮɘ Űɖɜ 

ŬɜŰɞɢɐ Ůɜɧɠ ɞɛŬŭɞˊɞɘɖɛɏɜɞɡ ůɡɜɧɚɞɡ (cluster) əŬɘ Űɖɜ ŬůűŬɚɐ əŬɘ 

ŬˊɟɧůəɞˊŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ. ȯɚɚɤůŰŮ, ɖ ɓɚɎɓɖ Ůɜɧɠ əɧɛɓɞɡ ŭŮɜ ŮɑɜŬɘ 

ɘəŬɜɐ ɔɘŬ ɜŬ ˊɟɞəŬɚɏůŮɘ Űɖɜ ŬˊɞŰɡɢɑŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɞɛŬŭɞˊɞɘɖɛɏɜɞɡ 

ůɡɜɧɚɞɡ (cluster) ˊɞɡ ŬɜɐəŮɘ ɞ əɧɛɓɞɠ ŬɡŰɧɠ. 

 Ƀ ɡɣɖɚɧɠ ŭŮɑəŰɖɠ Űɘɛɐɠ/Ŭˊɧŭɞůɖɠ (superior price/ performance) 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ ůɨɜɗŮůɖɠ 

ɞɛŬŭɞˊɞɘɖɛɏɜɤɜ ůɡɜɧɚɤɜ (clusters), Űɞ ɞˊɞɑɞ ɗŬ ɏɢŮɘ Űɧůɞ ɛŮɔŬɚɨŰŮɟɖ 

Ŭˊɧŭɞůɖ Ŭˊɧ ɏɜŬ ŬɜŮɝɎɟŰɖŰɞ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ, ɧůɞ əŬɘ ɢŬɛɖɚɧŰŮɟɞ 

əɧůŰɞɠ. 
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5. ȺɁȽȷȽɃ ɆɈɆɇȼɀȷ ȷɅɉȺȽɋɁ 

5.1 ȾŬŰŬɜŮɛɖɛɏɜɞ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (Distributed file system ï DFS) 

 ȰɜŬ əŬŰŬɜŮɛɖɛɏɜɞ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (distributed file system ï DFS) 

ŮɑɜŬɘ ɛɑŬ ŮűŬɟɛɞɔɐ Ůɜɧɠ əŬŰŬɜŮɛɖɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ, ˊɞɡ ŮˊɘŰɟɏˊŮɘ ůŰɞɡɠ 

ɢɟɐůŰŮɠ əɎɗŮ ɞɚɞəɚɖɟɤɛɏɜɞɡ ɡˊɞɚɞɔɘůŰɐ ï əɧɛɓɞɡ (nodes) Űɞɡ 

ůɡůŰɐɛŬŰɞɠ Űɖɜ ˊɟɧůɓŬůɖ əŬɘ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŬɟɢŮɑɤɜ əŬɘ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŰɞɡɠ ŮɝɡˊɖɟɏŰŮɠ (servers) Űɞɡ 

ůɡůŰɐɛŬŰɞɠ.
 [16]

 

 ɇɞ əŬŰŬɜŮɛɖɛɏɜɞ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (distributed file system ï DFS) 

ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɑŬ əŬɘɜɞŰɞɛɑŬ Űɖɜ ɞˊɞɑŬ ŮɘůɐɔŬɔŮ ɖ Microsoft ůŰɞ 

ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Windows 2000. 
[17] 
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5. ȺɁȽȷȽɃ ɆɈɆɇȼɀȷ ȷɅɉȺȽɋɁ 

 Ⱥˊɘˊɚɏɞɜ ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ˊɤɠ ɖ ɇŮɢɜɞɚɞɔɑŬ Űɞɡ əŬŰŬɜŮɛɖɛɏɜɞɡ 

ůɡůŰɐɛŬŰɞɠ ŬɟɢŮɑɤɜ (distributed file system ï DFS) ŮˊɘŰɟɏˊŮɘ ůŮ 

ˊɞɚɚŬˊɚɞɨɠ ŮɝɡˊɖɟɏŰŮɠ (servers) Űɞɡ ůɡůŰɐɛŬŰɞɠ ɜŬ ŬˊɞɗɖəŮɨɞɡɜ 

ŭɘŬɛɞɘɟŬɕɧɛŮɜɞɡɠ əŬŰŬɚɧɔɞɡɠ ŬɟɢŮɑɤɜ əŬɘ ɞ ɢɟɐůŰɖɠ ɜŬ ɏɢŮɘ Űɖɜ 

ŮɜŰɨˊɤůɖ ˊɤɠ ŭɘŬɢŮɘɟɑɕŮŰŬɘ ɏɜŬ ŬɜŮɝɎɟŰɖŰɞ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ ɛŮ ɏɜŬ 

ŮɜɘŬɑɞ əŬɘ ɛɞɜŬŭɘəɧ əŬŰɎɚɞɔɞ ŬɟɢŮɑɤɜ.
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5. ȺɁȽȷȽɃ ɆɈɆɇȼɀȷ ȷɅɉȺȽɋɁ 

5.2 çȹɘŬűŬɜɏɠè ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (Transparent file system ï TFS) 

 ɀɘŬ ŮűŬɟɛɞɔɐ ůɡɜŮɘůűɞɟɎɠ (Contributory application) ŮˊɘŰɟɏˊŮɘ ůŰɞɡɠ 

ɢɟɐůŰŮɠ Ůɜɧɠ əŬŰŬɜŮɛɖɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ ɜŬ çŭɤɟɑůɞɡɜè Űɞɜ ŭɘŬɗɏůɘɛɞ 

ŬˊɞɗɖəŮɡŰɘəɧ ɢɩɟɞ Űɞɡ ɞɚɞəɚɖɟɤɛɏɜɞɡ ɡˊɞɚɞɔɘůŰɐ ï əɧɛɓɞ (node) 

Űɞɡɠ ůŮ ɏɜŬ əŬŰŬɜŮɛɖɛɏɜɞ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (Distributed file system ï 

DFS). ȼ ŮűŬɟɛɞɔɐ ɧɛɤɠ Űɖɠ ˊŬɟŬˊɎɜɤ ˊɟɧŰŬůɖɠ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖɠ 

ɏəŰŬůɖɠ ɔɘŬŰɑ ŬɜŰɘɛŮŰɤˊɑɕŮɘ ɞɟɘůɛɏɜŬ ˊɟɞɓɚɐɛŬŰŬ, Űɞ ůɖɛŬɜŰɘəɧŰŮɟɞ Ůə 

Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ ŭɘɎɗŮůɖ ɛŮɔɎɚɞɡ ˊɞůɞůŰɞɨ Űɞɡ ůɡɜɞɚɘəɞɨ 

ŬˊɞɗɖəŮɡŰɘəɞɨ ɢɩɟɞɡ Ůɜɧɠ ɞɚɞəɚɖɟɤɛɏɜɞɡ ɡˊɞɚɞɔɘůŰɐ ï əɧɛɓɞ 

(node). ȰŰůɘ ɞɘ ɢɟɐůŰŮɠ Űɤɜ əɧɛɓɤɜ ŮɑɜŬɘ ŮˊɘűɡɚŬəŰɘəɞɑ əŬɘ ŭɘůŰɎɕɞɡɜ ɜŬ 

Ůˊɘɚɏɝɞɡɜ Űɘɠ ŮűŬɟɛɞɔɏɠ ůɡɜŮɘůűɞɟɎɠ. 
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5. ȺɁȽȷȽɃ ɆɈɆɇȼɀȷ ȷɅɉȺȽɋɁ 

ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬ ŭɨɞ ɚɧɔɞɡɠ: 

ƁɉŬɛɖɚɧŰŮɟɖ Ŭˊɧŭɞůɖ əɧɛɓɞɡ 

ƁũŮɜɘəɐ ŬˊɟɞɗɡɛɑŬ ŭɘɎɗŮůɖɠ ŬˊɞɗɖəŮɡŰɘəɞɨ ɢɩɟɞɡ 

 ȯɚɚɤůŰŮ, ŮɑɜŬɘ űɡůɘəɧ ɜŬ ɛŮɘɤɗŮɑ ɖ Ŭˊɧŭɞůɖ Űɞɡ ɞɚɞəɚɖɟɤɛɏɜɞɡ 

ɡˊɞɚɞɔɘůŰɐ ï əɧɛɓɞ (node) ɧŰŬɜ ɞ ŭɘŬɗɏůɘɛɞɠ ŬˊɞɗɖəŮɡŰɘəɧ ɢɩɟɞɠ ŮɑɜŬɘ 

ɛɘəɟɧŰŮɟɞɠ. 

 ȷəɧɛɖ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧˊɤɠ ŮɑɜŬɘ ɚɞɔɘəɧ ɔŮɜɘəɐ ŬˊɟɞɗɡɛɑŬ ŭɘɎɗŮůɖɠ 

ŬˊɞɗɖəŮɡŰɘəɞɨ ɢɩɟɞɡ, ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŭɘɎɗŮůɖ ɔɘŬ Ŭɝɘɞˊɞɑɖůɖ Űɞɡ 

ŬˊɞɗɖəŮɡŰɘəɞɨ ɢɩɟɞɡ ɛŮɚɚɞɜŰɘəɎ əŬɘ ůŰɖɜ ŬůűɎɚŮɘŬ ˊɞɡ ˊŬɟɏɢŮɘ ɞ 

Ůˊɘˊɚɏɞɜ ɢɩɟɞɠ ŬɡŰɧɠ. 
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5. ȺɁȽȷȽɃ ɆɈɆɇȼɀȷ ȷɅɉȺȽɋɁ 

 ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɝŮˊŮɟŬůŰŮɑ Űɞ Ůɛˊɧŭɘɞ əŬɘ ɜŬ ŮˊɘɚɡɗŮɑ Űɞ ůɖɛŬɜŰɘəɧ ŬɡŰɧ 

ˊɟɧɓɚɖɛŬ ˊɟɞŰŮɑɜŮŰŮ Űɞ çȹɘŬűŬɜɏɠè ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (Transparent 

file system ï TFS). ȰɜŬ çŭɘŬűŬɜɏɠè ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (transparent 

file system ï TFS) ůɡɜŮɘůűɏɟŮɘ ŬˊɞɗɖəŮɡŰɘəɧ ɢɩɟɞ ɔɘŬ Űɘɠ ɞɘ ŮɟɔŬůɑŮɠ 

ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ ůŰɞ ůɨůŰɖɛŬ, ɢɤɟɑɠ ɜŬ ŮˊɖɟŮɎɕŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ 

ˊɟɧůɓŬůɖɠ ůŰŬ ŬɟɢŮɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɀɎɚɘůŰŬ, ɞ Cipar James et al 

(2007) ɡˊɞůŰɖɟɑɕŮɘ ˊɤɠ ɏɜŬ çŭɘŬűŬɜɏɠè ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (transparent 

file system ï TFS) ŮˊɘŰɡɔɢɎɜŮɘ ŭɘˊɚɎůɘŬ ŰŬɢɨŰɖŰŬ ůŰɘɠ ŭɘŬŭɘəŬůɑŮɠ 

ŬɜŰɘɔɟŬűɐɠ ŬɟɢŮɑɤɜ.
 [18] 
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 ɆɡɜɞɣɑɕɞɜŰŬɠ, ɏɜŬ çŭɘŬűŬɜɏɠè ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (transparent file 

system ï TFS) ŮɑɜŬɘ ɛɑŬ ŮűŬɟɛɞɔɐ Ůɜɧɠ əŬŰŬɜŮɛɖɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ, ɢɎɟɖ 

ůŰɖɜ ɞˊɞɑŬ ɞ əɎɗŮ ɞɚɞəɚɖɟɤɛɏɜɞɠ ɡˊɞɚɞɔɘůŰɐɠ ï əɧɛɓɞɠ (node) Űɞɡ 

ůɡůŰɐɛŬŰɞɠ çůɡɜŮɘůűɏɟŮɘè Ŭˊɧ Űɞ ŭɘəɧ Űɞɡ ŮɚŮɨɗŮɟɞ ŬˊɞɗɖəŮɡŰɘəɧ ɢɩɟɞ 

ɩůŰŮ ɜŬ ŮɝɡˊɖɟŮŰɖɗŮɑ Űɞ ŮɜɘŬɑɞ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. ȷůűŬɚɩɠ, Ŭˊɧ Űɖ ɛɑŬ ˊɚŮɡɟɎ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ 

ŮɝŬůűŬɚɑɕŮŰŬɘ ɘəŬɜɞˊɞɘɖŰɘəɧɠ ŬˊɞɗɖəŮɡŰɘəɧɠ ɢɩɟɞɠ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ 

ŮɜɘŬɑɞɡ ůɡůŰɐɛŬŰɞɠ ŬɟɢŮɑɤɜ, Ŭˊɧ Űɖɜ Ɏɚɚɖ ɧɛɤɠ ŭŮɜ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŭɘŬŰŬɟɎůůŮŰŬɘ ɖ ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɎɗŮ ɞɚɞəɚɖɟɤɛɏɜɞɡ ɡˊɞɚɞɔɘůŰɐ 

ï əɧɛɓɞ (node). 
[19]
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5.3 Ⱥɘəɞɜɘəɧ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (Virtual file System ï VFS) 

 ȰɜŬ Ůɘəɞɜɘəɧ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (Virtual file System ï VFS) ŬˊɞŰŮɚŮɑ 

ɛɑŬ ŭɞɛɐ ˊɞɡ ɡˊɞůŰɖɟɑɕŮɘ Űɖɜ əŬŰŬɜŮɛɖɛɏɜɖ ˊɟɧůɓŬůɖ Űɤɜ ɢɟɖůŰɩɜ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ Ŭˊɧ ɞˊɞɘɞŭɐˊɞŰŮ ɞɚɞəɚɖɟɤɛɏɜɞ ɡˊɞɚɞɔɘůŰɐ ï əɧɛɓɞ 

(node) ůŮ ůɡɔəŮəɟɘɛɏɜŬ ůɡůŰɐɛŬŰŬ ŬɟɢŮɑɤɜ ɛŮ ɞɛɞɘɧɛɞɟűɞ Űɟɧˊɞ. ũɘŬ 

ŬɡŰɧ Űɞ ɚɧɔɞ, ɞ ɢɟɐůŰɖɠ ŬɜŰɘɚŬɛɓɎɜŮŰŬɘ ɧŰɘ ŭɘŬɢŮɘɟɑɕŮŰŬɘ ɏɜŬ ɛɞɜŬŭɘəɧ 

ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ ɛŮ ŮɜɘŬɑɞ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ. ɇɞ Ůɘəɞɜɘəɧ ůɨůŰɖɛŬ 

ŬɟɢŮɑɤɜ (Virtual file System ï VFS) ŮűŬɟɛɧůŰɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ 

1885 Ŭˊɧ Űɖɜ Sun Microsystems ůŰɞ SunOS.
 [3][20] 
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5.4 Mosix 

 To Mosix ŮɑɜŬɘ ɏɜŬ əŬŰŬɜŮɛɖɛɏɜɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ (distributed 

operating system). ɇɞ Mosix ŬɜŬˊŰɨɢɗɖəŮ Űɞ 1977 ůŰɞ Hebrew 

University of Jerusalem Ŭˊɧ ɞɛɎŭŬ ŮɟŮɡɜɖŰɩɜ ɛŮ ŮˊɘəŮűŬɚɐ Űɞɜ əŬɗɖɔɖŰɐ 

Amnon Barak. ɄŬɟɧɚɞ ˊɞɡ ɞɘ ˊɟɩŰŮɠ ŮəŭɧůŮɘɠ Űɞɡ Mosix ɐŰŬɜ 

ɓŬůɘůɛɏɜŮɠ ůŰɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Unix, Ŭˊɧ Űɞ 1999 əŬɘ ɛŮŰɎ ɞɘ 

ŭɖɛɘɞɡɟɔɞɑ Űɞɡ ɏɢɞɡɜ ˊɟɞůŬɜŬŰɞɚɘůŰŮɑ ˊɚɏɞɜ ˊɟɞɠ ŰŬ ɞɛŬŭɞˊɞɘɖɛɏɜŬ 

ůɨɜɞɚŬ Linux (Linux clusters). ɇɞ ˊɘɞ ůɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ Űɞɡ Mosix 

ŮɑɜŬɘ ɧŰɘ ɞɘ ɢɟɐůŰŮɠ Űɞɡ əŬŰŬɜŮɛɖɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ŮəŰŮɚŮɑŰŬɘ 

ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ Ŭˊɧ ɞˊɞɘɞŭɐˊɞŰŮ ɞɚɞəɚɖɟɤɛɏɜɞ ɡˊɞɚɞɔɘůŰɐ ï 

əɧɛɓɞ (node).
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 Ⱥˊɘˊɚɏɞɜ, ɞɘ ɢɟɐůŰŮɠ Űɞɡ əŬŰŬɜŮɛɖɛɏɜɞɡ ůɡůŰɐɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ŮəŰŮɚŮɑŰŬɘ 

Űɞɡ Mosix ŭŮɜ ŮɑɜŬɘ ŬɜɎɔəɖ ɜŬ ɔɜɤɟɑɕɞɡɜ ůŮ ˊɞɘɞɜ ɞɚɞəɚɖɟɤɛɏɜɞ 

ɡˊɞɚɞɔɘůŰɐ ï əɧɛɓɞ (node) Űɟɏɢɞɡɜ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ, ɞɨŰŮ Űɞ ˊɞɡ ŮɑɜŬɘ 

ŬˊɞɗɖəŮɡɛɏɜŬ ŰŬ ŬɟɢŮɑŬ. ȺɝɎɚɚɞɡ, ɞɘ ɢɟɐůŰŮɠ ŬɜŰɘɚŬɛɓɎɜɞɜŰŬɘ Űɞ 

əŬŰŬɜŮɛɖɛɏɜɞ ůɨůŰɖɛŬ ůŬɜ ɏɜŬ ŬɜŮɝɎɟŰɖŰɞ ɡˊɞɚɞɔɘůŰɘəɧ ůɨůŰɖɛŬ əŬɘ 

ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ůɢŮŭɑŬůɖ Űɞɡ Mosix.
 [21] 
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5.5 Beowulf 

 To ˊɟɧɔɟŬɛɛŬ Beowulf ɝŮəɑɜɖůŮ Űɞ 1994 ɡˊɧ Űɖɜ ɢɞɟɖɔɑŬ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ Űɖɠ NASA, High Performance Computing and 

Communications, HPCC project. ɇɞ Beowulf  ŮɑɜŬɘ ɛɑŬ Ůɡɟɏɤɠ 

ŮűŬɟɛɞůɛɏɜɖ əŬɘ ŮɝŬɘɟŮŰɘəɐɠ ůɖɛŬůɑŬɠ ŰŮɢɜɞɚɞɔɑŬ ɔɘŬ ŰŬ ɞɛŬŭɞˊɞɘɖɛɏɜŬ 

ůɨɜɞɚŬ (clusters). ɇɞ ˊɟɧɔɟŬɛɛŬ Beowulf ŬɟɢɘəɎ ŬɜŬˊŰɨɢŰɖəŮ ɏŰůɘ 

ɩůŰŮ ɜŬ ɡˊɞůŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɞɡɠ ɞɚɞəɚɖɟɤɛɏɜɞɡɠ ɡˊɞɚɞɔɘůŰɏɠ ï 

əɧɛɓɞɡɠ (nodes) Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɜŮɝŬɟŰɐŰɤɠ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ ˊɞɡ ŮəŰŮɚɞɨɜ. ɋůŰɧůɞ, ɖ ˊɘɞ ŬˊɞŭɞŰɘəɐ ŮűŬɟɛɞɔɐ Űɞɡ 

Beowulf  ŮɑɜŬɘ ůŮ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ ˊɞɡ çŰɟɏɢɞɡɜè ɚŮɘŰɞɡɟɔɘəɎ 

ůɡůŰɐɛŬŰŬ Linux.
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 ɀɑŬ ŮɜŭŮɘəŰɘəɐ ŮűŬɟɛɞɔɐ Űɞɡ Beowulf ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ůŮ ɏɜŬ 

ɞɛŬŭɞˊɞɘɖɛɏɜɞ ůɨɜɞɚɞ (cluster), ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ɞɚɞəɚɖɟɤɛɏɜɞɡɠ 

ɡˊɞɚɞɔɘůŰɏɠ ï əɧɛɓɞɡɠ (nodes) ˊɞɡ ŮəŰŮɚɞɨɜ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ 

Linux. ɆŰɞ əŬŰŬɜŮɛɖɛɏɜɞ ůɨůŰɖɛŬ ŬɡŰɧ ůŮ əɎɗŮ ůŰŬɗɛɧ ŮɟɔŬůɑŬɠ ï 

əɧɛɓɞ (node) ɡˊɎɟɢŮɘ ɏɜŬɠ ŭŮɡŰŮɟŮɨɞɜ ŬˊɞɗɖəŮɡŰɘəɧɠ ɢɩɟɞɠ ˊɞɡ 

ˊɟɞůűɏɟŮŰŬɘ ɔɘŬ əŬŰŬɜŮɛɖɛɏɜɖ ˊɟɧůɓŬůɖ əŬɘ ŮɘŭɘəɧŰŮɟŬ ɔɘŬ əŬŰŬɜŮɛɖɛɏɜɖ 

ŭɘŬɛɞɑɟŬůɖ ŬɟɢŮɑɤɜ, əŬŰŬɜŮɛɖɛɏɜɖ ɘŭŮŬŰɐ ɛɜɐɛɖ ɐ əŬɘ ɔɘŬ ɎɚɚŮɠ 

əŬŰŬɜŮɛɖɛɏɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ. 
[3] 

107 



ȸȽȸȿȽɃũɅȷūȽȷ 

[1] Stallings William (2003) ɃɟɔɎɜɤůɖ & ŬɟɢɘŰŮəŰɞɜɘəɐ ɡˊɞɚɞɔɘůŰɩɜ. 

ȺəŭɧůŮɘɠ ɇɕɘɧɚŬ.  

[2] Rouse Margaret Multi-core processor [online] Available from: 

http://searchdatacenter.techtarget.com/definition/multi-core-processor 

[3] Stallings William (2003) ȿŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ Ŭɟɢɏɠ ůɢŮŭɑŬůɖɠ. ȺəŭɧůŮɘɠ 

ɇɕɘɧɚŬ.  

[4] Tanenbaum S. Andrew (2003) ȹɑəŰɡŬ ɈˊɞɚɞɔɘůŰɩɜ. ȺəŭɧůŮɘɠ 

ȾɚŮɘŭɎɟɘɗɛɞɠ.  

[5] ɀˊɞɕɎɜɖɠ ȹ. ɄŬɜŬɔɘɩŰɖɠ (2005) ȷɚɔɧɟɘɗɛɞɘ. ȺəŭɧůŮɘɠ ɇɕɘɧɚŬ.  

[6]TOP500 Introduction  and Objectives [online] Available from: 

http://www.top500.org/project/introduction 

 

108 

http://searchdatacenter.techtarget.com/definition/multi-core-processor
http://searchdatacenter.techtarget.com/definition/multi-core-processor
http://searchdatacenter.techtarget.com/definition/multi-core-processor
http://searchdatacenter.techtarget.com/definition/multi-core-processor
http://searchdatacenter.techtarget.com/definition/multi-core-processor
http://searchdatacenter.techtarget.com/definition/multi-core-processor
http://searchdatacenter.techtarget.com/definition/multi-core-processor
http://searchdatacenter.techtarget.com/definition/multi-core-processor
http://searchdatacenter.techtarget.com/definition/multi-core-processor
http://searchdatacenter.techtarget.com/definition/multi-core-processor
http://searchdatacenter.techtarget.com/definition/multi-core-processor
http://www.top500.org/project/introduction
http://www.top500.org/project/introduction
http://www.top500.org/project/introduction
http://www.top500.org/project/introduction
http://www.top500.org/project/introduction
http://www.top500.org/project/introduction
http://www.top500.org/project/introduction
http://www.top500.org/project/introduction


ȸȽȸȿȽɃũɅȷūȽȷ 

[7] TOP500 List ï June 2012 [online] Available from: 

http://www.top500.org/lists/2012/06 

[8]List of BSD operating systems [online] Available from: 

http://en.wikipedia.org/wiki/List_of_BSD_operating_systems 

[9][online] Available from: http://windows.microsoft.com/en-US/windows/home 

[10] Rikki Endsley Linux-based Supercomputers Land 462 Spots in TOP500 

List [online] Available from: https://www.linux.com/news/featured-

blogs/147:high-performance/593203:linux-based-supercomputers-land-

462-spots-in-top500-list 

[11] Noyes Katherine Why Linux Is More Secure Than Windows [online] 

Available from: 

http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more

_secure_than_windows.html 

 

109 

http://www.top500.org/lists/2012/06
http://www.top500.org/lists/2012/06
http://www.top500.org/lists/2012/06
http://www.top500.org/lists/2012/06
http://www.top500.org/lists/2012/06
http://www.top500.org/lists/2012/06
http://www.top500.org/lists/2012/06
http://www.top500.org/lists/2012/06
http://www.top500.org/lists/2012/06
http://www.top500.org/lists/2012/06
http://www.top500.org/lists/2012/06
http://en.wikipedia.org/wiki/List_of_BSD_operating_systems
http://en.wikipedia.org/wiki/List_of_BSD_operating_systems
http://en.wikipedia.org/wiki/List_of_BSD_operating_systems
http://en.wikipedia.org/wiki/List_of_BSD_operating_systems
http://en.wikipedia.org/wiki/List_of_BSD_operating_systems
http://en.wikipedia.org/wiki/List_of_BSD_operating_systems
http://en.wikipedia.org/wiki/List_of_BSD_operating_systems
http://windows.microsoft.com/en-US/windows/home
http://windows.microsoft.com/en-US/windows/home
http://windows.microsoft.com/en-US/windows/home
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
https://www.linux.com/news/featured-blogs/147:high-performance/593203:linux-based-supercomputers-land-462-spots-in-top500-list
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html
http://www.pcworld.com/businesscenter/article/202452/why_linux_is_more_secure_than_windows.html


ȸȽȸȿȽɃũɅȷūȽȷ 

[12] Noyes Katherine 10 Reasons Open Source Is Good for Business [online]   

Available from: 

http://www.pcworld.com/businesscenter/article/209891/10_reasons_open_

source_is_good_for_business.html  

[13] Vaughan-Nichols J. Steven The Best & Fastest Computers are Linux 

Computers [online] Available from: http://www.zdnet.com/blog/open-

source/the-best-and-fastest-computers-are-linux-computers/9121 

[14] Vaughan-Nichols J. Steven Fast, Faster, Fastest: Linux rules 

supercomputing [online] Available from: http://www.zdnet.com/blog/open-

source/the-best-and-fastest-computers-are-linux-computers/9121 

 

 
110 

http://www.pcworld.com/businesscenter/article/209891/10_reasons_open_source_is_good_for_business.html
http://www.pcworld.com/businesscenter/article/209891/10_reasons_open_source_is_good_for_business.html
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121
http://www.zdnet.com/blog/open-source/the-best-and-fastest-computers-are-linux-computers/9121



