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ɄȺɅȽȺɉɃɀȺɁȷ 

 

Å ȹɘŬŭɘəŬůɑŬ ɞɚɞəɚɐɟɤůɖɠ ɛɘŬɠ ŮɜŰɞɚɖɠéééééééééé.é26 
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ɄȺɅȽȺɉɃɀȺɁȷ 



ȺȽɆȷũɋũȼ 

Å ȰɜŬɠ Űɡˊɘəɧɠ superscalar ŮˊŮɝŮɟɔŬůŰɐɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑ                                                                          

ŬɜɎəɚɖůɖ əŬɘ Ŭˊɞəɤŭɘəɞˊɞɑɖůɖ ˊɞɚɚɩɜ ŮɜŰɞɚɩɜ ůŮ əɎɗŮ                                                                   

əɨəɚɞ ɟɞɚɞɔɘɞɨ. ɀɏɟɞɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɜɎəɚɖůɖɠ ŮɜŰɞɚɩɜ ŮɑɜŬɘ əŬɘ ɖ ˊɟɧɓɚŮɣɖ Űɞɡ 

ŬˊɞŰŮɚɏůɛŬŰɞɠ Űɤɜ ɡˊɧ ůɡɜɗɐəɖ ŮɜŰɞɚɩɜ ŭɘŬəɚɎŭɤůɖɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɡˊɎɟɢŮɘ ɛɘŬ 

ůɡɜŮɢɐɠ, ɛɖ ŭɘŬəɞˊŰɧɛŮɜɖ ɟɞɐ ŮɜŰɞɚɩɜ. ȼ ɟɞɐ ŮɜŰɞɚɩɜ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɞɜ 

ŮˊŮɝŮɟɔŬůŰɐ ɡűɑůŰŬŰŬɘ ŬɜɎɚɡůɖ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɡɢɧɜ ŮɝŬɟŰɐůŮɤɜ ŭŮŭɞɛɏɜɤɜ 

ɛŮŰŬɝɨ Űɤɜ ŮɜŰɞɚɩɜ əŬɘ ɏˊŮɘŰŬ ɞɘ ŮɜŰɞɚɏɠ əŬŰŬɜɏɛɞɜŰŬɘ ůŰɘɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɛɞɜɎŭŮɠ. ɆŰɖ 

ůɡɜɏɢŮɘŬ, ɞɘ ŮɜŰɞɚɏɠ ŬˊɞůŰɏɚɚɞɜŰŬɘ ɔɘŬ ˊŬɟɎɚɚɖɚɖ ŮəŰɏɚŮůɖ, ɛŮ ɓɎůɖ ůɡɜɐɗɤɠ Űɖɜ 

ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɞɡɠ ŰŮɚŮůŰŬɑɞɡɠ Űɤɜ ŮɜŰɞɚɩɜ əŬɘ ɧɢɘ Űɖɜ 

Ŭɟɢɘəɐ ŬəɞɚɞɡɗɑŬ Űɤɜ ŮɜŰɞɚɩɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ.  

Å ȳŰŬɜ ɞɘ ŮɜŰɞɚɏɠ ɞɚɞəɚɖɟɤɗɞɨɜ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰɎ Űɞɡɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɝŬɜɎ ůŰɖɜ Ŭɟɢɘəɐ 

ůŮɘɟɎ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ ɏŰůɘ ɩůŰŮ ɖ əŬŰɎůŰŬůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ɜŬ 

ŬɜŬɜŮɩɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ əŬɜɞɜɘəɐ ɟɞɐ ŮɜŰɞɚɩɜ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. ɀŮ ŬɡŰɧɜ Űɞɜ 

Űɟɧˊɞ ɞ ŮˊŮɝŮɟɔŬůŰɐɠ ɛˊɞɟŮɑ ɜŬ ɢŮɘɟɘůŰŮɑ ɢɤɟɑɠ ɚɎɗɖ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ 

ůɡɛɓŬɑɜɞɡɜ ŭɘŬəɞˊɏɠ (interrupts). ȺˊŮɘŭɐ ɞɘ ɝŮɢɤɟɘůŰɏɠ ŮɜŰɞɚɏɠ ŬˊɞŰŮɚɞɨɜ ɞɜŰɧŰɖŰŮɠ 

ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ ˊŬɟɎɚɚɖɚŬ, ɞɘ superscalar ŮˊŮɝŮɟɔŬůŰɏɠ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɘ Űɖɜ ɘŭɘɧŰɖŰŬ 

Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ ˊŬɟŬɚɚɖɚɘůɛɧɠ Ůˊɘˊɏŭɞɡ ŮɜŰɞɚɩɜ (instruction level 

parallelism, ILP). 
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ɇɃ ȷȾɃȿɃɈŪȽȷȾɃ ɀɃɁɇȺȿɃ 

ȺȾɇȺȿȺɆȼɆ 

 

Å Ƀɘ ɡˊɞɚɞɔɘůŰɏɠ ŬɟɢɘəɎ ɡɚɞˊɞɘɐɗɖəŬɜ ɛŮ ɓɎůɖ Űɞ ŬəɞɚɞɡɗɘŬəɧ ɛɞɜŰɏɚɞ ŮəŰɏɚŮůɖɠ 

Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ. ɀŮ ɓɎůɖ Űɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜɎəɚɖůɖ ɛɑŬɠ 

ŮɜŰɞɚɐɠ Ŭˊɧ Űɖ ɛɜɐɛɖ, ɖ ŮɜŰɞɚɐ ŮəŰŮɚŮɑŰŬɘ, əŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮəŰɏɚŮůɐɠ Űɖɠ ɞ 

ŮˊŮɝŮɟɔŬůŰɐɠ ɛˊɞɟŮɑ ɜŬ űɞɟŰɩůŮɘ ɐ ɜŬ ŬˊɞɗɖəŮɨůŮɘ ŭŮŭɞɛɏɜŬ ůŰɖɜ əɨɟɘŬ ɛɜɐɛɖ 

əŬɗɩɠ əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ Űɞɡɠ əŬŰŬɢɤɟɖŰɏɠ ˊɞɡ ŭɘŬɗɏŰŮɘ. ɀŮŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɖɠ 

ŮɜŰɞɚɐɠ, ɔɑɜŮŰŬɘ ŬɜɎəɚɖůɖ Űɖɠ ŮˊɧɛŮɜɖɠ ŮɜŰɞɚɐɠ əɞə.                                                   

ȼ ŬəɞɚɞɡɗɘŬəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŮɜŰɞɚɩɜ ŭɘŬəɧˊŰŮŰŬɘ                                                 

ɧŰŬɜ ŮəŰŮɚŮɑŰŬɘ ɛɑŬ ŮɜŰɞɚɐ ɎɚɛŬŰɞɠ ɐ ɡˊɧ ůɡɜɗɐəɖ                                              

ŭɘŬəɚɎŭɤůɖɠ, əŬɘ ɖ ŮəŰɏɚŮůɖ ɜŬ ɛŮŰŬűɏɟŮŰŬɘ ůŰɖɜ ŮɜŰɞɚɐ                                            

ˊɞɡ ɞɟɑɕŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ.  

 

Å ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ŮəŰɏɚŮůɖ                                                                Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɟɏˊŮɘ ɜŬ ŭɘŬəɞˊŮɑ əŬɘ ɜŬ ůɡɜŮɢɘůŰŮɑ                                           

ŬɟɔɧŰŮɟŬ, ɖ Ŭəɟɘɓɐɠ əŬŰɎůŰŬůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ Űɖ                                                                   

ůŰɘɔɛɐ Űɖɠ ŭɘŬəɞˊɐɠ ˊɟɏˊŮɘ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ. 
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ɇɃ ɄȷɅȷȿȿȼȿɃ ɀɃɁɇȺȿɃ 

ȺȾɇȺȿȺɆȼɆ 

 

Å Ƀɘ superscalar ŮˊŮɝŮɟɔŬůŰɏɠ, ɔɘŬ ɜŬ ŮˊɘŰɨɢɞɡɜ ɡɣɖɚɧŰŮɟɖ Ŭˊɧŭɞůɖ, 

ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ŬəɞɚɞɡɗɘŬəɐ ŮəŰɏɚŮůɖ, əŬɗɩɠ ˊɞɚɚɏɠ ŮɟɔŬůɑŮɠ ˊɟɏˊŮɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ˊŬɟɎɚɚɖɚŬ. ȰɜŬɠ ůɨɔɢɟɞɜɞɠ superscalar ŮˊŮɝŮɟɔŬůŰɐɠ 

ŭɖɛɘɞɡɟɔŮɑ ɛɘŬ ˊŬɟɎɚɚɖɚɖ ɏəŭɞůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɖ ɞˊɞɑŬ ɗŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 

ɡɣɖɚɧŰŮɟɖ Ŭˊɧŭɞůɖ. ɋůŰɧůɞ, ɞ ŮˊŮɝŮɟɔŬůŰɐɠ ŭɘŬŰɖɟŮɑ Űɖɜ ŮɝɤŰŮɟɘəɐ ŮɘəɧɜŬ Űɖɠ 

ŬəɞɚɞɡɗɘŬəɐɠ ŮəŰɏɚŮůɖɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 
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ȷɅɉȽɇȺȾɇɃɁȽȾȺɆ SUPERSCALAR  

 

Å Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ ŮˊŮɝŮɟɔŬůŰɏɠ ɔŮɜɘəɞɨ ůəɞˊɞɨ əŬɘ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ůɐɛŮɟŬ ŮɑɜŬɘ 

ɓŬůɘůɛɏɜɞɘ ůŰɞ ůɢŮŭɘŬůŰɘəɧ ˊɟɧŰɡˊɞ Űɞɡ ɡˊŮɟɓŬɗɛɤŰɞɨ ŮˊŮɝŮɟɔŬůŰɐ ɛŮ ŮəŰɏɚŮůɖ 

ŮəŰɧɠ ůŮɘɟɎɠ. ȼ ŬɟɢɘŰŮəŰɞɜɘəɐ ŬɡŰɐ ŮəɛŮŰŬɚɚŮɨŮŰŬɘ ůŮ ɧůɞ ɔɑɜŮŰŬɘ ɛŮɔŬɚɨŰŮɟɞ ɓŬɗɛɧ 

Űɞ ˊŬɟŬɚɚɖɚɘůɛɧ Ůˊɘˊɏŭɞɡ ŮɜŰɞɚɩɜ. ɋɠ ɓŬůɘəɐ ɘŭɏŬ ɚŮɘŰɞɡɟɔɑŬɠ ɏɢŮɘ Űɞ ɜŬ 

ŮˊɘŰɟɏˊŮɘ ůŮ əɎɗŮ ůŰɎŭɘɞ Űɖɠ ɞɛɞɢŮɘɟɑŬɠ(pipeline) Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ɜŬ ɢŮɘɟɑɕŮŰŬɘ 

ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɑŬ ŮɜŰɞɚɏɠ əŬɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɚŮɑ ŮɜŰɞɚɏɠ ɛŮ ŭɘŬűɞɟŮŰɘəɐ ůŮɘɟɎ 

Ŭˊɧ ŬɡŰɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. ȿŮɘŰɞɡɟɔɩɜŰŬɠ ɏŰůɘ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɢɤɟɑɕɞɜŰŬɠ Űɖɜ 

ŮəŰɏɚŮůɖ Űɖɠ ŮɜŰɞɚɐɠ ůŮ ˊɞɚɚŬˊɚɎ ůŰɎŭɘŬ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ Ŭɡɝɐůɞɡɜ Űɖ 

ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ, ɞɘ superscalar ŮˊŮɝŮɟɔŬůŰɏɠ ŮɑɜŬɘ ɛɎɚɚɞɜ Ŭˊɧ Űɘɠ əŬɚɨŰŮɟŮɠ 

ůɢŮŭɘɎůŮɘɠ ɔŮɜɘəɞɨ ůəɞˊɞɨ ůɐɛŮɟŬ.  

 

Å ɄŬɟŬŭɞůɘŬəɎ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɘɞ Ŭˊɚɞɑ , ɛŮ ŮəŰɏɚŮůɖ ŮɜŰɧɠ ůŮɘɟɎɠ ŮˊŮɝŮɟɔŬůŰɏɠ 

ůŮ ŮɜůɤɛŬŰɤɛɏɜŬ ůɡůŰɐɛŬŰŬ (embedded systems) ɛŮ ůəɞˊɧ Űɞ ɛɘəɟɧŰŮɟɞ əɧůŰɞɠ 

ŬɚɚɎ əŬɘ Űɖ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ , ŬɡŰɧ ŰŮɑɜŮɘ ɜŬ ŬɚɚɎɝŮɘ Ŭűɞɨ ɞɘ ůɨɔɢɟɞɜŮɠ 

ŮűŬɟɛɞɔɏɠ ɏɢɞɡɜ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟŮɠ ŬˊŬɘŰɐůŮɘɠ. 
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ȷɅɉȽɇȺȾɇɃɁȽȾȺɆ SUPERSCALAR (1) 

ʅ˔ʷʵʽˇ ʶ˄ˈˌ generic superscalar processor 
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ɆŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɘəɧɜŬ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɏɜŬɠ superscalar ŮˊŮɝŮɟɔŬůŰɐɠ ůŰɖ ɔŮɜɘəɐ Űɞɡ ɛɞɟűɐ. 
ɀˊɞɟɞɨɛŮ ŭɘŬɘůɗɖŰɘəɎ ɜŬ ɢɤɟɑůɞɡɛŮ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɡˊɞɚɞɔɘůŰɐ ůŮ ŰɟɑŬ ɓŬůɘəɎ ɛɏɟɖ:  

 

Å Űɞ front-end Űɞ ɞˊɞɑɞ ˊɟɞɛɖɗŮɨŮɘ ɛŮ ɜɏŮɠ ŮɜŰɞɚɏɠ ˊɟɞɠ ŮəŰɏɚŮůɖ Űɞɜ ŮˊŮɝŮɟɔŬůŰɐ ˊɞɡ 
ŮˊɘŰŮɚŮɑ ŭɨɞ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ɞɘ ɞˊɞɑŮɠ ɏɘɜŬɘ: 

 
ï ȼ ŬɜɎəɚɖůɖ ŮɜŰɞɚɩɜ Ŭˊɧ Űɖɜ ɛɜɐɛɖ (fetch) 

ï ȼ əɤŭɘəɞˊɞɑɖůɖ Űɤɜ ŮɜŰɞɚɩɜ (decoding) 

 

Å Űɞ back-end, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ                                                                
ŮəŰɏɚŮůɖ Űɤɜ ŮɜŰɞɚɩɜ ŬɡŰɩɜ əŬɘ Űɖɜ Ůɜɖɛɏɟɤůɖ                                                                    
Űɖɠ əŬŰɎůŰŬůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ                                                                           
Űɤɜ ŮəŰŮɚŮůɗɏɜŰɤɜ ŮɜŰɞɚɩɜ . 

 

Å Űɖɜ ɘŮɟŬɟɢɑŬ ɛɜɐɛɖɠ ɖ ɞˊɞɑŬ ɏɢŮɘ ůəɞˊɧ ɜŬ                                                              
ɓŮɚŰɘůŰɞˊɞɘɐůŮɘ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛɜɐɛɖɠ.   

ȷɅɉȽɇȺȾɇɃɁȽȾȺɆ SUPERSCALAR (2) 
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SUPERSCALAR  PIPELINE 

 

ȼ superscalar pipeline  ɛˊɞɟŮɑ ɜŬ ɢŮɘɟɘůŰŮɑ ˊɎɜɤ Ŭˊɧ ɛɑŬ ŮɜŰɞɚɏɠ ůŮ ŭɘŬűɞɟŮŰɘəɎ 

ŮˊɑˊŮŭŬ pipeline əŬɘ ɛɏůŬ ůŰŬ ɑŭɘŬ ŮˊɑˊŮŭŬ pipeline.ȼ ɢɤɟɖŰɘəɧŰɖŰŬ ɛɑŬɠ pipeline Ůɜɧɠ 

superscalar ŮˊŮɝŮɟɔŬůŰɐ ŮɑɜŬɘ ŭɨɞ ŮɜŰɞɚɏɠ ŬɜɎ əɨəɚɞ. 
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ȷɈɂȼɆȼ ɇȷɉɈɇȼɇȷɆ 

ȺɄȺɂȺɅũȷɆɇȼ ȾȷȽ ɀɁȼɀȼɆ 

 

Å ɀŮ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ (ɢɤɟɘůɛɧɠ Űɞɡ pipeline ůŮ ˊɞɚɚŬˊɚɎ ůŰɎŭɘŬ, ɓŮɚŰɑɤůɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ 
ˊɡɟɘŰɑɞɡ), ɞɘ ůɢŮŭɘŬůŰɏɠ ůɡůŰɖɛɎŰɤɜ ɏɢɞɡɜ əŬŰŬűɏɟŮɘ ɜŬ Ŭɡɝɐůɞɡɜ Űɖ ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ 
əŬɘ Űɖ ŰŬɢɨŰɖŰŬ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ, ɧɛɤɠ ŭŮ ɛˊɞɟɞɨɛŮ ɜŬ ˊɞɨɛŮ Űɞ ɑŭɘɞ əŬɘ ɔɘŬ Űɖ ɛɜɐɛɖ. ȷɡŰɧ 
ɧɛɤɠ ůɖɛŬɑɜŮɘ ɧŰɘ əɎɗŮ ˊɟɧůɓŬůɖ ůŰɖ əɨɟɘŬ ɛɜɐɛɖ ŬˊŬɘŰŮɑ əŬɘ ɏɜŬ ɛŮɔɎɚɞ ɢɟɧɜɞ ŬɜŬɛɞɜɐɠ ɔɘŬ 
Űɞɜ ŮˊŮɝŮɟɔŬůŰɐ. ɇɞ Ůɨɚɞɔɞ ɗŬ ɐŰŬɜ ɜŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ˊɞɚɨ ɔɟɖɔɞɟɧŰŮɟŮɠ ɛɜɐɛŮɠ, ɧɛɤɠ əŬŰɎ 
əŬɜɧɜŬ ɧůɞ ɔɟɖɔɞɟɧŰŮɟɖ ɖ ɛɜɐɛɖ, Űɧůɞ ŬəɟɘɓɧŰŮɟɖ əŬɘ ɛɘəɟɧŰŮɟɖ ůŮ ɛɏɔŮɗɞɠ.  

 

Å ȳɛɤɠ ůɡɛɓŬɑɜŮɘ Űɞ Ůɝɐɠ: ŮɑŰŮ ůŮ əɩŭɘəŬ                                                                                                                 
assembly ɔɟŬɛɛɏɜɞ ŬˊŮɡɗŮɑŬɠ Ŭˊɧ                                                                                         
Ɏɜɗɟɤˊɞ , ŮɑŰŮ ˊŬɟŬɔɧɛŮɜɞ Ŭˊɧ əɎˊɞɘŬ                                                                              
ɛŮŰŬɔɚɩŰŰɘůɖ əɎˊɞɘŬɠ higher-level ɔɚɩůůŬɠ                                                                                      
ˊŬɟŬŰɖɟŮɑŰŬɘ ˊɤɠ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɘŬ                                                                                             
ɗɏůɖ ɛɜɐɛɖɠ ˊɞɡ ˊŮɟɘɏɢŮɘ instructions ɐ                                                                                                
ŭŮŭɞɛɏɜŬ, ŬɡŰɐ ŮɑɜŬɘ ˊɞɚɨ ˊɘɗŬɜɧɜ ɜŬ                                                                                     
ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɝŬɜɎ ˊɞɚɨ ůɨɜŰɞɛŬ ůŰɞ                                                                                    
ɛɏɚɚɞɜ. ȺˊɘˊɟɞůɗɏŰɤɠ , ŮɑɜŬɘ ˊɞɚɨ ˊɘɗŬɜɧ                                                                                                  
ɧŰɘ ɗŬ ɢɟŮɘŬůɗŮɑ ɛɘŬ ɗɏůɖ ɛɜɐɛɖɠ əɞɜŰɎ ůŮ                                                                                                 
ŬɡŰɐ. ȷɡŰɧ Űɞ űŬɘɜɧɛŮɜɞ ɞɜɞɛɎɕŮŰŬɘ                                                                                              
ɢɟɞɜɘəɐ əŬɘ ɢɤɟɘəɐ ŰɞˊɘəɧŰɖŰŬ. 
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Å ȷɡŰɧ Ŭəɟɘɓɩɠ ŮəɛŮŰŬɚɚŮɨŮŰŬɘ ɖ ɘŮɟŬɟɢɑŬ ɛɜɐɛɖɠ, ˊɟɞůˊŬɗɩɜŰŬɠ ɜŬ ŮˊɘŰɨɢŮɘ Űɞ 99% 

Űɖɠ ŰŬɢɨŰɖŰŬɠ ɛɘŬɠ ˊɞɚɨ ɔɟɐɔɞɟɖɠ əŬɘ Ŭəɟɘɓɐɠ ɛɜɐɛɖɠ , ůŰɞ 1% Űɞɡ əɧůŰɞɡɠ Űɖɠ. 

 

 

 

 

 

 

 

 

ȽȺɅȷɅɉȽȷ ɀɁȼɀȼɆ 

Å ɉɟɖůɘɛɞˊɞɘŮɑ ŭɖɚŬŭɐ ˊɞɚɚŬˊɚɎ ŮˊɑˊŮŭŬ ɛɜɐɛɖɠ, Űɞ əŬɗɏɜŬ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞ 

ŮˊɧɛŮɜɞ ůŮ ɢɤɟɖŰɘəɧŰɖŰŬ , ŬɚɚɎ əŬɘ ˊɞɚɨ ŰŬɢɨŰŮɟŬ. ȰŰůɘ ɧˊɞŰŮ ɞ ŮˊŮɝŮɟɔŬůŰɐɠ 

ɗɏɚŮɘ ɜŬ ˊɟɞůˊŮɚɎůŮɘ ɛɘŬ ɗɏůɖ ɛɜɐɛɖɠ , ŬɜŬŰɟɏɢŮɘ ůŰɞ ɔɟɖɔɞɟɧŰŮɟɞ ŮˊɑˊŮŭɞ Űɖɠ 

ɘŮɟŬɟɢɑŬɠ. ȺɎɜ ɓɟŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ɗɏɚŮɘ ŰŬ ˊŬɑɟɜŮɘ ůŮ ˊɞɚɨ ɛɘəɟɧ ɢɟɧɜɞ , 

Ŭɚɚɘɩɠ ŬɜŬŰɟɏɢŮɘ ůŰɞ ŮˊɧɛŮɜɞ ŮˊɑˊŮŭɞ ůɡɜŮɢɑɕɞɜŰŬɠ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɛɏɢɟɘ Űɖɜ 

əɨɟɘŬ ɛɜɐɛɖ. ȳˊɞŰŮ ŭŮ ɓɟɑůəŮɘ ŰŬ ŭŮŭɞɛɏɜŬ (cache miss)  ůŮ ɏɜŬ ŮˊɑˊŮŭɞ ɛɜɐɛɖɠ 

ůɖɛŬɑɜŮɘ əŬɘ Ůˊɘˊɚɏɞɜ ɢɟɧɜɞ ɔɘŬ ɜŬ Űɞ ɓɟŮɘ ůŰɞ ŮˊɧɛŮɜɞ, Ůɜɩ ɔɘŬ Űɞ ˊɞɘŬ Ŭəɟɘɓɩɠ 

ŭŮŭɞɛɏɜŬ ɛŬɠ ůɡɛűɏɟŮɘ ɜŬ ɓɟɑůəɞɜŰŬɘ əɎɗŮ ůŰɘɔɛɐ ůŰɖɜ cache ɏɢɞɡɜ ɔɑɜŮɘ 

ŮəŰŮɜɏůŰŬŰŮɠ ɛŮɚɏŰŮɠ ˊɞɡ ŭŮɜ ŮɑɜŬɘ Űɞɡ ˊŬɟɧɜŰɞɠ. 
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PROCESSOR FRONT END(1) 

 

Å ɇɞ front -end  Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ŮˊɘŰŮɚŮɑ ŭɨɞ ɓŬůɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ. ȼ ɛɑŬ ŮɑɜŬɘ ɖ ŬɜɎəɚɖůɖ 

Űɤɜ ŮɜŰɞɚɩɜ Ŭˊɧ Űɖ ɛɜɐɛɖ əŬɘ ɖ Ɏɚɚɖ ŮɑɜŬɘ ɖ ɛŮŰŬŰɟɞˊɐ Űɤɜ ŮɜŰɞɚɩɜ ůŮ ɛɘŬ ɛɞɟűɐ 

ŮɡəɞɚɧŰŮɟɖ ɔɘŬ Űɞɜ ŮˊŮɝŮɟɔŬůŰɐ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ. ɇɖɜ ŬɜɎəɚɖůɖ Űɤɜ ŮɜŰɞɚɩɜ ŬɜŬɚŬɛɓɎɜŮɘ 

ɖ ɛɞɜɎŭŬ ŬɜɎəɚɖůɖɠ ɖ ɞˊɞɑŬ ŭɘŬɓɎɕŮɘ ŮɜŰɞɚɏɠ Ŭˊɧ Űɖ ɛɜɐɛɖ. ũɘŬ Űɖɜ ŬəɟɑɓŮɘŬ ŭŮɜ 

ŭɘŬɓɎɕŮɘ ŮɜŰɞɚɏɠ Ŭˊɧ Űɖɜ əɨɟɘŬ ɛɜɐɛɖ  Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ, Ŭűɞɨ ŬɡŰɐ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ Ŭɟɔɐ 

ŮɎɜ Űɖ ůɡɔəɟɑɜŮɘ əŬɜŮɑɠ ɛŮ Űɖ ŰŬɢɨŰɖŰŬ                                                                                       

Űɞɡ processor core.  

 

Å ȰŰůɘ, ɖ ɛɞɜɎŭŬ ŬɜɎəɚɖůɖɠ ˊɟɞůˊŬɗŮɑ                                                                                           

ɜŬ ŭɘŬɓɎůŮɘ Ŭˊɧ Űɖɜ ɛɜɐɛɖ əɞɟɡűɐɠ                                                                                    

(cache) ŮɜŰɞɚɩɜ, ŭɖɚŬŭɐ Űɖɜ l-cache                                                                                                       

Űɞɡ Ůˊɘˊɏŭɞɡ 1. ȺɎɜ ŭŮ ɓɟŮɘ ŮəŮɑ Űɖɜ                                                                                           

ŮɜŰɞɚɐ ˊɞɡ ɣɎɢɜŮɘ ˊɟɞɢɤɟɎŮɘ ůŰɞ                                                                                              

ŮˊɧɛŮɜɞ ŮˊɑˊŮŭɞ Űɖɠ ɘŮɟŬɟɢɑŬɠ,                                                                                         

űŰɎɜɞɜŰŬɠ ůŰɖ ɢŮɘɟɧŰŮɟɖ ˊŮɟɑˊŰɤůɖ                                                                                       

əŬɘ ɛɏɢɟɘ Űɖɜ əɨɟɘŬ ɛɜɐɛɖ Űɞɡ                                                                                         

ɡˊɞɚɞɔɘůŰɐ.  
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Å ȽŭŮŬŰɎ Űɞ front-end Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ˊɟɏˊŮɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ ŰɧůŮɠ ŮɜŰɞɚɏɠ 
ůŰɞ execution core Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ɧůŮɠ ŬɡŰɧ ɢɟŮɘɎɕŮŰŬɘ əŬɘ ɛŮ ůŰŬɗŮɟɧ Űɟɧˊɞ. ɆŮ 
ŬɡŰɧ ŭɟɞɡɜ ɧɛɤɠ ŬɜŬůŰŬɚŰɘəɎ ɞɘ ŮɜŰɞɚɏɠ Űɞɡ control flow (conditionals, returns, 
calls) ɞɘ ɞˊɞɑŮɠ ŬɚɚɎɕɞɡɜ Űɖ ɟɞɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ.  

 

Å  ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ Ŭˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ ɗŬ ɔɑɜŮɘ Űɞ fetch  Űɖɠ ŮɜŰɞɚɐɠ ŬɡŰɐɠ ɛɏɢɟɘɠ 
ɧŰɞɡ ɜŬ ɘəŬɜɞˊɞɘɖɗɞɨɜ ŰŬ dependencies  Űɖɠ ŮɜŰɞɚɐɠ, ɜŬ ŮəŰŮɚŮůŰŮɑ əŬɘ ɜŬ űŰɎůŮɘ ůŰɞ 
ůŰɎŭɘɞ Űɞɡ commit ɧˊɞɡ ɛˊɞɟɞɨɛŮ ɜŬ ɔɜɤɟɑɕɞɡɛŮ ɛŮ ŬəɟɑɓŮɘŬ Űɖ ɗɏůɖ ɛɜɐɛɖɠ ůŰɖɜ 
ɞˊɞɑŬ ůɡɜŮɢɑɕŮŰŬɘ Űɞ execution flow , ɛŮůɞɚŬɓŮɑ ɏɜŬ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ əŬŰɎ Űɞ ɞˊɞɑɞ 
ɖ fetch unit ŭŮ ɔɜɤɟɑɕŮɘ ˊɞɘŮɠ ŮɜŰɞɚɏɠ ɜŬ ŬɜŬəŬɚɏůŮɘ Ŭˊɧ Űɖ ɛɜɐɛɖ.  

 

Å ȼ ɚɨůɖ ůŮ ŬɡŰɧ ɚɏɔŮŰŬɘ ˊɟɧɓɚŮɣɖ ŭɘŬəɚŬŭɩůŮɤɜ, ɛɘŬ ɞɘəɞɔɏɜŮɘŬ ŰŮɢɜɘəɩɜ ɛŮ Űɘɠ 
ɞˊɞɑŮɠ ɓɎůŮɘ Űɞɡ ˊŬɟŮɚɗɧɜŰɞɠ Űɞɡ dynamic execution stream ɔɑɜŮŰŬɘ ɖ ˊɟɧɓɚŮɣɖ 
Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ ɛɘŬɠ ŮɜŰɞɚɐɠ flow control ɢɤɟɑɠ ɜŬ ŮəŰŮɚŮůŰŮɑ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ 
ůɡɜŮɢɑɕŮŰŮ ɖ ŬɜɎəɚɖůɖ əŬɘ ɖ ŮəŰɏɚŮůɖ ŮɜŰɞɚɩɜ Ŭˊɧ Űɖ ɛɜɐɛɖ, əŬɘ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ 
ŬˊɞŭŮɘɢŰŮɑ ɛŮ Űɖ ˊɟŬɔɛŬŰɘəɐ ŮəŰɏɚŮůɖ Űɞɡ control statement ˊɤɠ ɖ ˊɟɧɓɚŮɣɖ ŮɑɜŬɘ 
ɚɎɗɞɠ, ŬˊɚɎ ŭŮ ɚŬɛɓɎɜɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮɜŰɞɚɩɜ ˊɞɡ ŮəŰŮɚɏůɗɖəŬɜ 
ɡˊɞɗŮŰɘəɎ əŬɘ ůɡɜŮɢɑɕŮŰŮ ɖ ŮəŰɏɚŮůɖ ůŰɞ ůɤůŰɧ path. 
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PROCESSOR FRONT END(2) 



PROCESSOR FRONT END(3) 

 
Å Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ŮɜŰɞɚɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ űŮɟɗŮɑ ůŮ əɎɗŮ əɨəɚɞ Ŭˊɧ Űɖ ɛɜɐɛɖ ɖ ɛɞɜɎŭŬ 
ŬɜɎəɚɖůɖɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ ɑůɞɠ ɐ əŬɘ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ Űɞ ˊɚɎŰɞɠ Űɞɡ 
ŮˊŮɝŮɟɔŬůŰɐ . ɇɞ fetch width ˊɟŮˊŮɘ ɜŬ ŮɑɜŬɘ ŭɘˊɚɎůɘɞ Ŭˊɧ Űɞ ˊɚɎŰɞɠ Űɞɡ ɡˊɧɚɞɘˊɞɡ 
ŮˊŮɝŮɟɔŬůŰɐ, ɩůŰŮ ˊŬɟɎ ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɟɧůɓŬůɖɠ ůŰɖ cache əŬɘ ŰŬ taken 
branches ˊɞɡ ŭɘŬəɧˊŰɞɡɜ Űɖ ɟɞɐ Űɤɜ ŮɜŰɞɚɩɜ Ŭˊɧ Űɖ cache ɜŬ ɏɢɞɡɜ ɛɘəɟɧŰŮɟɞ 
ŬɜŰɑəŰɡˊɞ ůŰɖɜ Ŭˊɧŭɞůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ. 

 

Å ɇɞ ŭŮɨŰŮɟɞ ɓŬůɘəɧ ůɖɛŮɑɞ Űɞɡ front-end ŮɑɜŬɘ Űɞ ůŰɎŭɘɞ Űɖɠ Ŭˊɞəɤŭɘəɞˊɞɑɖůɖɠ. ɆŰɞ 
ůŰɎŭɘɞ ŬɡŰɧ Ŭˊɧ Űɖ ŭɡŬŭɘəɐ ɛɞɟűɐ Űɖɠ əɎɗŮ ŮɜŰɞɚɐɠ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ ɞɘ əŬŰŬɢɤɟɖŰɏɠ 
Ůɘůɧŭɞɡ / Ůɝɧŭɞɡ əŬɗɩɠ əŬɘ ɞ Űɨˊɞɠ Űɖɠ ŮɜŰɞɚɐɠ(ŮɜŰɞɚɏɠ ŬəɏɟŬɘŬɠ ˊɟɧůɗŮůɖɠ, 
űɧɟŰɤůɖɠ ůŰɖ ɛɜɐɛɖ). Ⱥɜɩ ŮɎɜ ɛɘɚɎɛŮ ɔɘŬ ŮˊŮɝŮɟɔŬůŰɏɠ Űɨˊɞɡ Complex 
Instruction Set Computer  ɞɘ ɞˊɞɑɞɘ ŮˊɘűŬɜŮɘŬəɎ ŭɘŬŰɖɟɞɨɜŮ Űɖɜ Instruction Set 
Architecture ɚɧɔɤ ůɡɛɓŬŰɧŰɖŰŬɠ, ůŮ ŬɡŰɧ Űɞ ůŰɎŭɘɞ ɛŮŰŬŰɟɏˊɞɡɜ Űɘɠ ŮɜŰɞɚɏɠ Űɨˊɞɡ 
CISC ůŮ ŮɜŰɞɚɏɠ Űɨˊɞɡ RISC.(ɞɘəɞɔɏɜŮɘŬ x86  INTEL / AMD). 

 

Å ɇɏɚɞɠ, ůŰɞ ůŰɎŭɘɞ Űɞɡ decode ɔɑɜŮŰŬɘ ɖ Ɏɟůɖ Űɤɜ ɣŮɡŭɩɜ ŮɝŬɟŰɐůŮɤɜ(war - waw) 
ɛɏůɤ ɛɘŬɠ ŰŮɢɜɘəɐɠ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ ɛŮŰɞɜɞɛŬůɑŬ əŬŰŬɢɤɟɖŰɩɜ. ɀŮŰɎ ɖ ŮɜŰɞɚɐ 
ˊɟɞɢɤɟɎŮɘ (ɚɏɛŮ ɧŰɘ ɔɑɜŮŰŬɘ dispatch Űɖɠ ŮɜŰɞɚɐɠ) ůŰɞ back-end Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ɔɘŬ 
ɜŬ ŮəŰŮɚŮůŰŮɑ. 
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PROCESSOR BACK END -

INSTRUCTION WINDOW  

 

Å ȼ əŬɟŭɘɎ Űɞɡ back -end  Ůɜɧɠ superscalar ŮˊŮɝŮɟɔŬůŰɐ ŮɑɜŬɘ Űɞ instruction window 

(Ŭɚɚɘɩɠ ůŰɞɡɠ ůɖɛŮɟɘɜɞɨɠ ŮˊŮɝŮɟɔŬůŰɏɠ reorder buffer ɐ ROB). Ƀ reorder buffer 

ˊŮɟɘɏɢŮɘ ɧɚŮɠ Űɘɠ ŮɜŰɞɚɏɠ ˊɟɞɠ ŮəŰɏɚŮůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ, ɛŮ ɚɑɔŬ ɚɧɔɘŬ ɧůŮɠ ŮɜŰɞɚɏɠ 

ɏɢɞɡɜ ɔɑɜŮɘ dispatch  ŬɚɚɎ ŭŮɜ ɏɢɞɡɜ ɞɚɞəɚɖɟɤɗŮɑ ŬəɧɛŬ (ŭŮɜ ɏɢɞɡɜ űŰɎůŮɘ ůŰɞ 

ůŰɎŭɘɞ Űɞɡ commit) ɓɟɑůəɞɜŰŬɘ ɛɏůŬ ůŰɞ reorder buffer, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ůɢŮŭɘŬůɛɏɜɞɠ 

ůŬɜ ɛɘŬ FIFO ɞɡɟɎ ɔɘŬ ɜŬ ŭɘŬŰɖɟŮɑ Űɖ ůŮɘɟɎ ˊɟɞɔɟɎɛɛŬŰɞɠ, ɛŬɕɑ ɛŮ Ůˊɘˊɚɏɞɜ 

ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ ůŰɎŭɘɞ ˊɞɡ ɓɟɑůəɞɜŰŬɘ, Űɘɠ Ůɘůɧŭɞɡɠ əŬɘ Űɘɠ Ůɝɧŭɞɡɠ Űɞɡɠ. 

 

Å Ƀɘ ŮɜŰɞɚɏɠ ɛɏůŬ ůŰɞ reorder buffer ɛˊɞɟɞɨɜ ɜŬ ɢɤɟɘůŰɞɨɜ ůŮ ŭɡɞ ɓŬůɘəɏɠ 

əŬŰɖɔɞɟɑŮɠ: 

 

ï ȺɜŰɞɚɏɠ ˊɞɡ ɏɢɞɡɜ ŮəŰŮɚŮůŰŮɑ ŬɚɚɎ ŭŮɜ ɏɢɞɡɜ ŬəɧɛŬ ŮɜɖɛŮɟɩůŮɘ Űɞ ůɨůŰɖɛŬ (registers, 

ɛɜɐɛɖ) ɛŮ Űɘɠ ŬɚɚŬɔɏɠ ˊɞɡ ˊɟɞəɎɚŮůŬɜ 

ï ȺɜŰɞɚɏɠ ˊɞɡ ˊŮɟɘɛɏɜɞɡɜ ɜŬ ɘəŬɜɞˊɞɘɖɗɞɨɜ ɞɘ ŮɝŬɟŰɐůŮɘɠ Űɞɡɠ ɔɘŬ ɜŬ Ŭɟɢɑůɞɡɜ Űɖɜ ŮəŰɏɚŮůɖ 

Űɞɡɠ (issue stage) 
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PROCESSOR BACK END - ISSUE 

AND WRITEBACK  

 

Å ɆŮ əɎɗŮ əɨəɚɞ ŮˊɘɚɏɔɞɜŰŬɘ (ŬɜɎɚɞɔŬ ɛŮ Űɞ scheduling) ŮɜŰɞɚɏɠ ˊɞɡ ŮɑɜŬɘ ɏŰɞɘɛŮɠ ɜŬ 

Ŭɟɢɑůɞɡɜ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡɠ əŬɘ ŬɜŬŰɑɗŮɜŰŬɘ ůŰɘɠ ɛɞɜɎŭŮɠ ŮəŰɏɚŮůɖɠ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ, 

ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮəŰŮɚɞɨɜŰŬɘ əŬɘ ŮɜŰɞɚɏɠ ŮəŰɧɠ ůŮɘɟɎɠ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŬɟəŮɑ ɜŬ ɛɖɜ 

ɏɢɞɡɜ ŮɝŬɟŰɐůŮɘɠ Ŭˊɧ ŮɜŰɞɚɏɠ ˊɞɡ ŭŮɜ ɏɢɞɡɜ ŮəŰŮɚŮůŰŮɑ ŬəɧɛŬ. Ⱥɜɩ ɖ ŰŮɚɘəɐ 

ŬɜŬɓɎɗɛɘůɖ Űɖɠ əŬŰɎůŰŬůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ɔɑɜŮŰŬɘ ůɡɜɐɗɤɠ 

ŮɜŰɧɠ ůŮɘɟɎɠ ˊɟɞɔɟɎɛɛŬŰɞɠ. 

 

Å ɆŰɞ ůŰɎŭɘɞ issue  (ŮəŰɏɚŮůɖɠ) ɞɘ ŮɜŰɞɚɏɠ ŬɜŬŰɑɗŮɜŰŬɘ ůŮ ɚŮɘŰɞɡɟɔɘəɏɠ ɛɞɜɎŭŮɠ ɞɘ ɞˊɞɑŮɠ 

ŬɜŬɚŬɛɓɎɜɞɡɜ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ŮəŰɏɚŮůɖ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ Űɖɠ ŮɜŰɞɚɐɠ, Űɘɠ ˊɟɞůɓɎůŮɘɠ 

ůŰɖɜ data cache əŬɘ ůŰɖ ɛɜɐɛɖ. ȳŰŬɜ ɖ ŮəŰɏɚŮůɖ                                                                          

ŰŮɚŮɘɩůŮɘ ůŮ ɏɜŬɜ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ əɨəɚɞɡɠ, Űɞ ŮˊɧɛŮɜɞ                                                                        

ůŰɎŭɘɞ Űɞɡ pipeline ŮɑɜŬɘ Űɞ writeback . Ƀɘ ŮɜŰɞɚɏɠ ˊɞɡ                                                             

űŰɎɜɞɡɜ ůŰɞ writeback ŬɜŬɓŬɗɛɑɕɞɡɜ Űɖɜ əŬŰɎůŰŬůɖ Űɞɡ                                                                   

reorder buffer ɩůŰŮ ɜŬ ŮˊɘŰɟɏˊɞɡɜ ůŰɘɠ ŮɜŰɞɚɏɠ ˊɞɡ                                                           

ŬɜŬɛɏɜɞɡɜ Űɖɜ ɘəŬɜɞˊɞɑɖůɖ Űɤɜ dependencies  Űɞɡɠ ɜŬ                                                                    

ɛˊɞɟɞɨɜ ɜŬ ɝŮəɘɜɐůɞɡɜ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ ɜŬ ŮəŰŮɚɞɨɜŰŬɘ.  
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Å ɇɞ ŰŮɚɘəɧ ůŰɎŭɘɞ ŮɑɜŬɘ Űɞ commit stage , əŬŰɎ ůŰɞ ɞˊɞɑɞ ɛŮ Űɖ ůŮɘɟɎ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɞɘ 

ŮɜŰɞɚɏɠ ůŰɞ reorder buffer ŮɜɖɛŮɟɩɜɞɡɜ Űɖɜ əŬŰɎůŰŬůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

(architectural state) əŬɘ ɓɔŬɑɜɞɡɜ Ŭˊɧ Űɞ instruction window. Ƀ ˊŮɟɘɞɟɘůɛɧɠ Űɞɡ 

commit ůŮ ůŮɘɟɎ ˊɟɞɔɟɎɛɛŬŰɞɠ ůɖɛŬɑɜŮɘ ɓɏɓŬɘŬ ɧŰɘ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ˊɟɩŰɖ 

ŮɜŰɞɚɐ Űɞɡ ROB ŭŮɜ ŮɑɜŬɘ ɏŰɞɘɛɖ, ůŰŬɛŬŰɎŮɘ ɧɚɞ Űɞ commit ɛɏɢɟɘ ɧŰɞɡ ɜŬ ŰŮɚŮɘɩůŮɘ ɖ 

ŮəŰɏɚŮůɐ Űɖɠ. 

 

Å ȷˊɧ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Ůɜɧɠ ŰɏŰɞɘɞɡ ŮˊŮɝŮɟɔŬůŰɐ ŮɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ əŮɜŰɟɘəɧ ɟɧɚɞ ˊŬɑɕŮɘ 

Űɞ instruction window , ŮɘŭɘəɎ ůŰɞ ɜŬ                                                                                           

ŬˊɞəŬɚɨɣŮɘ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ                                                                                              

ˊŬɟŬɚɚɖɚɘůɛɞɨ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ                                                                                               

ůŮ ŮˊɑˊŮŭɞ ŮɜŰɞɚɩɜ (ILP) ŬɚɚɎ ɧˊɤɠ                                                                                            

əŬɘ ˊŬɟŬɚɚɖɚɘůɛɧ ůŮ ŮˊɑˊŮŭɞ ɛɜɐɛɖɠ                                                                                         

(MLP: Memory level parallelism). 
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PROCESSOR BACK END - COMMIT 

STAGE 



ɈɊȼȿȼɆ ȷɄɃȹɃɆȼɆ 

SUPERSCALAR ȺɄȺɂȺɅũȷɆɇȺɆ 

 

 ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɡɣɖɚɧŰŮɟɖ Ŭˊɧŭɞůɖ ůɖɛŬɑɜŮɘ ɗŬ ˊɟɏˊŮɘ ɏɜŬ ŭŮŭɞɛɏɜɞ 

ˊɟɧɔɟŬɛɛŬ ɜŬ ŮəŰŮɚŮůŰŮɑ ůŮ ɚɘɔɧŰŮɟɞ ɢɟɧɜɞ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŮɑŰŮ ɛŮɘɩɜɞɜŰŬɠ Űɖɜ 

əŬɗɡůŰɏɟɖůɖ əɎɗŮ ŮɜŰɞɚɐɠ ɝŮɢɤɟɘůŰɎ ŮɑŰŮ ɛŮ Űɖɜ ŮəŰɏɚŮůɖ ˊŮɟɘůůɧŰŮɟɤɜ ŮɜŰɞɚɩɜ 

ˊŬɟɎɚɚɖɚŬ. Ƀɘ superscalar ŮˊŮɝŮɟɔŬůŰɏɠ ŮˊɘəŮɜŰɟɩɜɞɜŰŬɘ ůŰɞɜ ŭŮɨŰŮɟɞ Űɟɧˊɞ. ũɘŬ 

ɜŬ ŮˊɘŰŮɡɢɗŮɑ ˊŬɟɎɚɚɖɚɖ ŮəŰɏɚŮůɖ ŮɜŰɞɚɩɜ ŬˊŬɘŰŮɑŰŬɘ əŬɗɞɟɘůɛɧɠ Űɤɜ ůɢɏůŮɤɜ 

ŮɝɎɟŰɖůɖɠ ɛŮŰŬɝɨ Űɤɜ ŮɜŰɞɚɩɜ, ŮˊŬɟəŮɑɠ ˊɧɟɞɘ ɡɚɘəɞɨ, əŬɗɞɟɘůɛɧɠ Űɖɠ ŬəɞɚɞɡɗɑŬɠ 

Űɤɜ ŮɜŰɞɚɩɜ, əŬɗɩɠ əŬɘ ŰŮɢɜɘəɏɠ ɔɘŬ Űɖ ŭɘɎŭɞůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ŭˊɧ Űɖ ɛɑŬ 

ŮɜŰɞɚɐ ůŰɖɜ ŮˊɧɛŮɜɖ.  

 

ȿŮɘŰɞɡɟɔɑŮɠ Ůɜɧɠ superscalar  ŮˊŮɝŮɟɔŬůŰɐ 

 

Å ɆŰɟŬŰɖɔɘəɏɠ ŬɜɎəɚɖůɖɠ ŮɜŰɞɚɩɜ ɞɘ ɞˊɞɑŮɠ űɞɟŰɩɜɞɡɜ ŰŬɡŰɧɢɟɞɜŬ ˊɞɚɚɏɠ ŮɜŰɞɚɏɠ 

Ŭˊɧ Űɖɜ ɛɜɐɛɖ, ˊɟɞɓɚɏˊɞɜŰŬɠ Űɞ ŬˊɞŰɏɚŮůɛŬ ɡˊɧ ůɡɜɗɐəɖ ŮɜŰɞɚɩɜ ŭɘŬəɚɎŭɤůɖɠ 

əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɩɜŰŬɠ ŬɜɎəɚɖůɖ ˊɏɟŬ Ŭˊɧ ŬɡŰɏɠ. 
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ȿŮɘŰɞɡɟɔɑŮɠ Ůɜɧɠ superscalar  ŮˊŮɝŮɟɔŬůŰɐ é 
 

Å ɀŮɗɧŭɞɡɠ ɔɘŬ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ŮəŰɏɚŮůɖɠ ˊɞɚɚŬˊɚɩɜ ŮɜŰɞɚɩɜ ˊŬɟɎɚɚɖɚŬ. 

 

Å ɀŮɗɧŭɞɡɠ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ůɢɏůŮɤɜ ŮɝɎɟŰɖůɖɠ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ Űɤɜ 
əŬŰŬɢɤɟɖŰɩɜ əŬɘ ɛɖɢŬɜɘůɛɞɨɠ ɔɘŬ Űɖɜ əɞɘɜɞˊɞɑɖůɖ ŬɡŰɩɜ Űɤɜ Űɘɛɩɜ ɧˊɞɡ ŮɑɜŬɘ 
ŬˊŬɟŬɑŰɖŰɞ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮəŰɏɚŮůɖɠ. 

 

Å Ʉɧɟɞɡɠ ɔɘŬ ˊŬɟɎɚɚɖɚɖ ŮəŰɏɚŮůɖ ˊɞɚɚɩɜ ŮɜŰɞɚɩɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ˊɞɚɚɩɜ 
ɚŮɘŰɞɡɟɔɘəɩɜ ɛɞɜɎŭɤɜ əŬɘ ɘŮɟŬɟɢɘɩɜ ɛɜɐɛɖɠ ɘəŬɜɩɜ ɜŬ ŮɝɡˊɖɟŮŰɞɨɜ ŰŬɡŰɧɢɟɞɜŬ 
ˊɞɚɚŬˊɚɏɠ ŬɜŬűɞɟɏɠ ůŰɖ ɛɜɐɛɖ. 

 

Å ɀŮɗɧŭɞɡɠ ɔɘŬ Űɖɜ əɞɘɜɞˊɞɑɖůɖ Űɤɜ Űɘɛɩɜ ŭŮŭɞɛɏɜɤɜ ɛɏůɤ ŮɜŰɞɚɩɜ űɧɟŰɤůɖɠ əŬɘ 
ŬˊɞɗɐəŮɡůɖɠ, əŬɗɩɠ əŬɘ ŭɘŮˊŬűɏɠ ɛɜɐɛɖɠ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɖ ŭɡɜŬɛɘəɐ əŬɘ ůɡɢɜɎ 
ŬˊɟɧɓɚŮˊŰɖ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ɘŮɟŬɟɢɘɩɜ ɛɜɐɛɖɠ. Ƀɘ ŭɘŮˊŬűɏɠ ŬɡŰɏɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 
ůɤůŰɎ ŰŬɘɟɘŬůɛɏɜŮɠ ɛŮ Űɘɠ ůŰɟŬŰɖɔɘəɏɠ ŮəŰɏɚŮůɖɠ ŮɜŰɞɚɩɜ. 

 

Å ɀŮɗɧŭɞɡɠ ɔɘŬ Űɖɜ ŬɜŬɜɏɤůɖ Űɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ əŬŰɎůŰŬůɖɠ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ɛŮ Űɖ ůɤůŰɐ 
ůŮɘɟɎ. Ƀɘ ɛɖɢŬɜɘůɛɞɑ ŭɘŬŰɖɟɞɨɜ Űɖɜ ŮɝɤŰŮɟɘəɐ ŮɘəɧɜŬ Űɖɠ ŬəɞɚɞɡɗɘŬəɐɠ ŮəŰɏɚŮůɖɠ Űɤɜ 
ŮɜŰɞɚɩɜ. 
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SUPERSCALAR ȺɄȺɂȺɅũȷɆɇȺɆ 

- ȿȺȽɇɃɈɅũȽȺɆ 



ȺɂȷɅɇȼɆȺȽɆ ȺȿȺũɉɃɈ ɆɇȼɁ 

ɄȷɅȷȿȿȼȿȼ ȺȾɇȺȿȺɆȼ(1) 

 

Å ȾŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ Ůɜɧɠ ˊɟɞɔɟɎɛɛŬŰɞɠ Ŭɜ ɞɘ ŮɜŰɞɚɏɠ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ŮəŰŮɚŮůŰɞɨɜ 

ŮɑɜŬɘ ůɡɜŮɢɧɛŮɜŮɠ, ɖ ˊɟɞůɗɐəɖ Űɞɡɠ ůŰɖɜ ŬəɞɚɞɡɗɑŬ ɔɑɜŮŰŬɘ ŬɡɝɎɜɞɜŰŬɠ Űɞɜ 

ŬˊŬɟɘɗɛɖŰɐ ˊɟɞɔɟɎɛɛŬŰɞɠ ɩůŰŮ ɜŬ ŭŮɑɢɜŮɘ ůŰɖɜ ŮˊɧɛŮɜɖ ŮɜŰɞɚɐ. ȼ ɨˊŬɟɝɖ ɛɑŬɠ 

ŮɜŰɞɚɐɠ ɎɚɛŬŰɞɠ ɐ ŭɘŬəɚɎŭɤůɖɠ ŭɖɛɘɞɡɟɔŮɑ ŮɝŬɟŰɐůŮɘɠ Ůɚɏɔɢɞɡ Ŭˊɧ Űɘɠ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ŮɜŰɞɚɏɠ Űɖɠ ŬəɞɚɞɡɗɑŬɠ, ŭɘɧŰɘ ɖ ɟɞɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ əŬɗɞɟɑɕŮŰŬɘ 

Ŭˊɧ Űɘɠ ŮɜŰɞɚɏɠ ˊɞɡ ˊɟɞɖɔɞɨɜŰŬɘ. ɈˊɎɟɢɞɡɜ ŭɨɞ ɛɏɗɞŭɞɘ ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ Űɘɛɐɠ 

ůŰɞɜ ŬˊŬɟɘɗɛɖŰɐ ˊɟɞɔɟɎɛɛŬŰɞɠ, ɖ Ŭɨɝɖůɖ əŬɘ ɖ ŬɜŬɜɏɤůɖ. 

 

Å Ƀɘ ŮɝŬɟŰɐůŮɘɠ Ůɚɏɔɢɞɡ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Ŭɨɝɖůɖ Űɞɡ ŬˊŬɟɘɗɛɖŰɐ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ŮɑɜŬɘ ɞɘ ˊɘɞ Ŭˊɚɏɠ əŬɘ ɔɘŬ ɜŬ ɝŮˊŮɟŬůŰɞɨɜ ɛˊɞɟŮɑ Űɞ ˊɟɧɔɟŬɛɛŬ ɜŬ ɗŮɤɟɖɗŮɑ                                             

ɤɠ ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ ɓŬůɘəɎ ŰɛɐɛŬŰŬ ɧˊɞɡ ɏɜŬ ɓŬůɘəɧ ŰɛɐɛŬ                                                          

ŮɑɜŬɘ ɏɜŬ ůɡɜŮɢɧɛŮɜɞ ŰɛɐɛŬ ŮɜŰɞɚɩɜ, ɛŮ ɏɜŬ ůɖɛŮɑɞ Ůɘůɧŭɞɡ                                         

əŬɘ ɏɜŬ ůɖɛŮɑɞ Ůɝɧŭɞɡ. ȳŰŬɜ ɖ ŬɜɎəɚɖůɖ ŮɜŰɞɚɩɜ ŬɟɢɑůŮɘ ɜŬ                                                                  

ɔɑɜŮŰŬɘ ůŮ ɏɜŬ ɓŬůɘəɧ ŰɛɐɛŬ, ɧɚŮɠ ɞɘ ŮɜŰɞɚɏɠ Űɞɡ ɓŬůɘəɞɨ                                               

ŰɛɐɛŬŰɞɠ ŰŮɚɘəɎ ɗŬ ŮəŰŮɚŮůŰɞɨɜ ˊŬɟɎɚɚɖɚŬ ɛŮ ɛɧɜɞ                                            

ˊŮɟɘɞɟɘůɛɧ Űɘɠ ŮɝŬɟŰɐůŮɘɠ. 
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Å ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ ˊŬɟŬɚɚɖɚɘůɛɞɨ ˊɟɏˊŮɘ ɜŬ ɝŮˊŮɟŬůŰŮɑ ɖ ŮɝɎɟŰɖůɖ Ůɚɏɔɢɞɡ. ɀɑŬ 

ɛɏɗɞŭɞɠ ŮɑɜŬɘ ɖ ˊɟɧɓɚŮɣɖ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ ɛɘŬɠ ŮɜŰɞɚɐɠ ŭɘŬəɚɎŭɤůɖɠ ɡˊɧ 

ůɡɜɗɐəɖ əŬɘ ɖ ŬɜɎəɚɖůɖ ŮɜŰɞɚɩɜ Ŭˊɧ Űɞ ɛɞɜɞˊɎŰɘ ŮɜŰɞɚɩɜ ˊɞɡ ˊɟɞɓɚɏűɗɖəŮ ɧŰɘ ɗŬ 

ŬəɞɚɞɡɗɖɗŮɑ.  

 
ï ȷɜ ɖ ˊɟɧɓɚŮɣɖ ŬɟɔɧŰŮɟŬ ŮˊŬɚɖɗŮɡŰŮɑ, ŰɧŰŮ ɞɘ ŮɜŰɞɚɏɠ ˊŬɨɞɡɜ ɜŬ ɗŮɤɟɞɨɜŰŬɘ ɧŰɘ Ŭɜɐəɞɡɜ ůŮ ɏɜŬ ˊɘɗŬɜɧ 

ɛɞɜɞˊɎŰɘ əŬɘ Űɞ ŬˊɞŰɏɚŮůɛɎ Űɞɡɠ ɧůɞɜ ŬűɞɟɎ Űɖɜ əŬŰɎůŰŬůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ŮɑɜŬɘ Űɞ ɑŭɘɞ ɛŮ ɞˊɞɘŬŭɐˊɞŰŮ 

Ɏɚɚɖ ŮɜŰɞɚɐ. 

ï  ȷɜ ɧɛɤɠ ɖ ˊɟɧɓɚŮɣɖ ŬˊɞŭŮɘɢɗŮɑ ɚŬɜɗŬůɛɏɜɖ, ŰɧŰŮ ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɡɜ ŮɜɏɟɔŮɘŮɠ ɩůŰŮ ɖ ŭɘŬɛɧɟűɤůɖ Űɖɠ 

əŬŰɎůŰŬůɖɠ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ɜŬ ɛɖɜ ŮˊɖɟŮŬůŰŮɑ Ŭˊɧ Űɘɠ ŮɜŰɞɚɏɠ Űɞɡ ɚŬɜɗŬůɛɏɜɞɡ ɛɞɜɞˊŬŰɘɞɨ. 

 

Å Ƀɘ ŮɝŬɟŰɐůŮɘɠ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɢɞɡɜ ɛŮŰŬɝɨ 

ŭɘŬűɞɟŮŰɘəɩɜ ŮɜŰɞɚɩɜ ɞɘ ɞˊɞɑŮɠ ˊɟɞůˊŮɚŬɨɜɞɡɜ ɔɘŬ ŬɜɎɔɜɤůɖ ɐ ŮɔɔɟŬűɐ Űɘɠ ɑŭɘŮɠ 

ˊŮɟɘɞɢɏɠ ŬˊɞɗɐəŮɡůɖɠ (ůŮ əŬŰŬɢɤɟɖŰɏɠ ɐ ůŰɖ ɛɜɐɛɖ). ȳŰŬɜ ŭɘŬűɞɟŮŰɘəɏɠ ŮɜŰɞɚɏɠ 

ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ɑŭɘŬ ˊŮɟɘɞɢɐ ŬˊɞɗɐəŮɡůɖɠ ɗŬ ˊɟɏˊŮɘ ɖ ˊŮɟɘɞɢɐ ŬˊɞɗɐəŮɡůɖɠ ɜŬ 

ˊɟɞůˊŮɚŬůŰŮɑ ɛŮ Űɖ ůɤůŰɐ ůŮɘɟɎ ɩůŰŮ ɜŬ ɛɖɜ ɡˊɎɟɝɞɡɜ ůűɎɚɛŬŰŬ. 

ȺɂȷɅɇȼɆȺȽɆ ȺȿȺũɉɃɈ ɆɇȼɁ 

ɄȷɅȷȿȿȼȿȼ ȺȾɇȺȿȺɆȼ(2) 
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Å ɈˊɎɟɢɞɡɜ ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ŮɝŬɟŰɐůŮɤɜ ɞɘ ɞˊɞɑŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ŬɜɎɛŮůŬ ůŰɘɠ    

ŮɜŰɞɚɏɠ əŬɘ ůɡɜŬɜŰɩɜŰŬɘ ɛŮ ŰŬ ɞɜɧɛŬŰŬ RAW, WAW, WAR.  

 
ï RAW : ȼ ˊɟɩŰɖ ŮɜŰɞɚɐ ɔɟŬűŮɑ ůŮ ɛɘŬ ɗɏůɖ ɛɜɐɛɖɠ Űɖɜ ɞˊɞɑŬ əŬɘ ŭɘŬɓɎɕŮɘ ɛɘŬ ŮˊɧɛŮɜɖ ŮɜŰɞɚɐ. 

ï WAW : ȹɡɞ ŮɜŰɞɚɏɠ ɗɏɚɞɡɜ ɜŬ ɔɟɎɣɞɡɜ ŭɘŬŭɞɢɘəɎ ůŰɖɜ ɑŭɘŬ ɗɏůɖ ɛɜɐɛɖɠ. 

ï WAR : ȼ ˊɟɩŰɖ ŮɜŰɞɚɐ ŭɘŬɓɎɕŮɘ Ŭˊɧ ɛɘŬ ɗɏůɖ ɛɜɐɛɖɠ ůŰɖɜ ɞˊɞɑŬ ɔɟŬűŮɑ ɖ ŮˊɧɛŮɜɖ ŮɜŰɞɚɐ. 

 

Å ɀŮŰɎ Űɖɜ Ůˊɑɚɡůɖ Űɤɜ ŮɝŬɟŰɐůŮɤɜ, ɞɘ ŮɜŰɞɚɏɠ ŮɑɜŬɘ ɏŰɞɘɛŮɠ ɜŬ ŮəŰŮɚŮůŰɞɨɜ 

ˊŬɟɎɚɚɖɚŬ. ɇɞ ɡɚɘəɧ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ˊɟɧɔɟŬɛɛŬ ˊŬɟɎɚɚɖɚɖɠ ŮəŰɏɚŮůɖɠ Űɞ ɞˊɞɑɞ 

ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɞɡɠ ŬˊŬɟŬɑŰɖŰɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ, ɧˊɤɠ ŮɑɜŬɘ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ 

ŮɝŬɟŰɐůŮɘɠ əŬɘ ɞɘ ˊŮɟɘɞɟɘůɛɞɑ ˊɧɟɤɜ ɡɚɘəɞɨ (ɚŮɘŰɞɡɟɔɘəɏɠ ɛɞɜɎŭŮɠ əŬɘ ɛɞɜɞˊɎŰɘŬ 

ŭŮŭɞɛɏɜɤɜ). 

ȺȽȹȼ ȺɂȷɅɇȼɆȺɋɁ 
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Å ȼ ɨˊŬɟɝɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊŬɟɎɚɚɖɚɖɠ ŮəŰɏɚŮůɖɠ ůɖɛŬɑɜŮɘ ɧŰɘ ɞɘ ŮɜŰɞɚɏɠ 

ɞɚɞəɚɖɟɩɜɞɡɜ Űɖɜ ŮəŰɏɚŮůɐ Űɞɡɠ ɛŮ ůŮɘɟɎ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ ŬɡŰɐ Űɞɡ ŬəɞɚɞɡɗɘŬəɞɨ 

ɛɞɜŰɏɚɞɡ ŮəŰɏɚŮůɖɠ əŬɘ ɧŰɘ ɞɟɘůɛɏɜŮɠ ŮɜŰɞɚɏɠ ɗŬ ɞɚɞəɚɖɟɩůɞɡɜ Űɖɜ ŮəŰɏɚŮůɐ Űɞɡɠ 

Ůɜɩ ŭŮ ɗŬ ɏˊɟŮˊŮ ɜŬ ŮəŰŮɚŮůŰɞɨɜ. ɆɡɜŮˊɩɠ, ɖ əŬŰɎůŰŬůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ŭŮɜ 

ɛˊɞɟŮɑ ɜŬ ŬɜŬɜŮɤɗŮɑ Ŭɛɏůɤɠ ɧŰŬɜ ɞɘ ŮɜŰɞɚɏɠ ɞɚɞəɚɖɟɩɜɞɡɜ Űɖɜ ŮəŰɏɚŮůɐ Űɞɡɠ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŮɜŰɞɚɩɜ ˊɟɏˊŮɘ ɜŬ űɡɚɎůůɞɜŰŬɘ ˊɟɞůɤɟɘɜɎ ɏɤɠ ɧŰɞɡ ɖ 

əŬŰɎůŰŬůɖ ɛˊɞɟŮɑ ɜŬ ŬɜŬɜŮɤɗŮɑ. ɆŰɞ ɛŮŰŬɝɨ, ɔɘŬ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɡɣɖɚɐ ɖ Ŭˊɧŭɞůɖ, 

ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɏˊŮɘ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ŭˊɧ ŮɜŰɞɚɏɠ ˊɞɡ ŰŬ 

ɢɟŮɘɎɕɞɜŰŬɘ.  

Å ɇŮɚɘəɎ, ɧŰŬɜ əŬɗɞɟɘůŰŮɑ ɧŰɘ                                                                                                            

ɛɑŬ ŮɜŰɞɚɐ ɗŬ ɏˊɟŮˊŮ ɜŬ ŮəŰŮɚŮůŰŮɑ                                                                                         

ůɨɛűɤɜŬ ɛŮ Űɞ ŬəɞɚɞɡɗɘŬəɧ ɛɞɜŰɏɚɞ,                                                                                                 

ŰŬ ˊɟɞůɤɟɘɜɎ ŬˊɞŰŮɚɏůɛŬŰɎ Űɖɠ ɔɑɜɞɜŰŬɘ                                                                                                       

ɛɧɜɘɛŬ ŬɜŬɜŮɩɜɞɜŰŬɠ Űɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ                                                                                                  

əŬŰɎůŰŬůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ. ȷɡŰɐ ɖ                                                                                                  

ŭɘŬŭɘəŬůɑŬ ɞɜɞɛɎɕŮŰŬɘ ɞɚɞəɚɐɟɤůɖ Űɖɠ                                                                                 

ŮɜŰɞɚɐɠ.  

 

ȹȽȷȹȽȾȷɆȽȷ ɃȿɃȾȿȼɅɋɆȼɆ 

ɀȽȷɆ ȺɁɇɃȿȼɆ(1) 
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Å ɆɡɜɞɣɑɕɞɜŰŬɠ ɞɘ ŮɜŰɞɚɏɠ ɞɟɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŬ ůŰŬŰɘəɧ ˊɟɧɔɟŬɛɛŬ əŬɘ ɖ 

ŬɜɎəɚɖůɖ əŬɘ ɖ ˊɟɧɓɚŮɣɖ Űɤɜ ŮɜŰɞɚɩɜ ŭɘŬəɚɎŭɤůɖɠ ɡˊɧ ůɡɜɗɐəɖ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ɟɞɐɠ ŭɡɜŬɛɘəɩɜ ŮɜŰɞɚɩɜ. ȰˊŮɘŰŬ 

ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɞɘ ŭɘɎűɞɟŮɠ ŮɝŬɟŰɐůŮɘɠ Ůɜɩ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰŬ ɓŬůɘəɎ 

ŰɛɐɛŬŰŬ ŮəŰɏɚŮůɖɠ. ȷˊɧ Űɞ ɓŬůɘəɧ ŰɛɐɛŬ ŮəŰɏɚŮůɖɠ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ ŮɜŰɞɚɏɠ ˊɞɡ 

ɗŬ ŮəŰŮɚŮůŰɞɨɜ ɛŮ ůŮɘɟɎ ˊɞɡ əŬɗɞɟɑɕɞɡɜ ɞɘ ˊɟŬɔɛŬŰɘəɏɠ ŮɝŬɟŰɐůŮɘɠ ŭŮŭɞɛɏɜɤɜ                                                                     

əŬɘ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ˊɧɟɤɜ Űɞɡ                                                                                   

ɡɚɘəɞɨ. ɇɏɚɞɠ, ɛŮŰɎ Űɖɜ ŮəŰɏɚŮůɖ, ɞɘ                                                                       

ŮɜŰɞɚɏɠ əŬŰɎ ɛɑŬ ɏɜɜɞɘŬ ŮˊŬɜɏɟɢɞɜŰŬɘ                                                                                

ůŰɖɜ Ŭɟɢɘəɐ ŬəɞɚɞɡɗɘŬəɐ ůŮɘɟɎ ˊɞɡ                                                                                 

ɞɟɑɕŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ əŬɗɩɠ                                                                                       

ɞɚɞəɚɖɟɩɜɞɜŰŬɘ. 
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ȹȽȷȹȽȾȷɆȽȷ ɃȿɃȾȿȼɅɋɆȼɆ 

ɀȽȷɆ ȺɁɇɃȿȼɆ(2)  



ȷɅɉȽɇȺȾɇɃɁȽȾȼ ɇɈɄȽȾɃɈ 

ȺɄȺɂȺɅũȷɆɇȼ SUPERSCALAR (1) 

 
Å ɇŬ əɨɟɘŬ ůɖɛŮɑŬ Űɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ ŮɑɜŬɘ:  

 

ï ȷɜɎəɚɖůɖ ŮɜŰɞɚɩɜ əŬɘ ˊɟɧɓɚŮɣɖ ŭɘŬəɚŬŭɩůŮɤɜ. 

ï ȷˊɞəɤŭɘəɞˊɞɑɖůɖ əŬɘ ŬɜɎɚɡůɖ ŮɝŬɟŰɐůŮɤɜ əŬŰŬɢɤɟɖŰɩɜ. 

ï Ⱥˊɘɚɞɔɐ Ŭˊɧ Űɞ ˊŬɟɎɗɡɟɞ ŮəŰɏɚŮůɖɠ əŬɘ ŮəŰɏɚŮůɖ. 

ï ȷɜɎɚɡůɖ ŮɟɔŬůɘɩɜ ɛɜɐɛɖɠ əŬɘ ŮəŰɏɚŮůɖ. 

ï ȺˊŬɜŬűɞɟɎ Űɤɜ ŮɜŰɞɚɩɜ ůŰɖɜ Ŭɟɢɘəɐ ůŮɘɟɎ. 

ï Ƀɚɞəɚɐɟɤůɖ Űɤɜ ŮɜŰɞɚɩɜ. 

 

Å ȹɖɚŬŭɐ ɞɘ superscalar ŮˊŮɝŮɟɔŬůŰɏɠ ŭɘŬɗɏŰɞɡɜ : 
 

ï MɞɜɎŭŬ ŬˊɧəŰɖůɖɠ ŮɜŰɞɚɩɜ ɖ ɞˊɞɑŬ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬˊɧəŰɖůɖɠ ˊɞɚɚɩɜ ŮɜŰɞɚɩɜ ŰŬɡŰɧɢɟɞɜŬ 

ï ɀɞɜɎŭŬ Ŭˊɞəɤŭɘəɞˊɞɑɖůɖɠ ŮɜŰɞɚɩɜ, ɖ ɞˊɞɑŬ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜɑɢɜŮɡůɖɠ ŬɜŮɝŬɟŰɐŰɤɜ ÕŮŰŬɝɨ Űɞɡɠ 
ŮɜŰɞɚɩɜ 

ï ɄɞɚɚŬˊɚɏɠ ÕɞɜɎŭŮɠ ŮəŰɏɚŮůɖɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮəŰŮɚɞɨɜ ˊŬɟɎɚɚɖɚŬ ŮɜŰɞɚɏɠ ɧŰŬɜ ŬɡŰɧ 
ŮɑɜŬɘ ŭɡɜŬŰɧɜ 

ï ɆŰɘɠ ÕɞɜɎŭŮɠ ŮəŰɏɚŮůɖɠ ŮűŬɟÕɧɕŮŰŬɘ ɖ ŰŮɢɜɘəɐ pipeline ɔɘŬ ˊŮɟɘůůɧŰŮɟɖ ŰŬɢɨŰɖŰŬ. 
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ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŬɟɢɘŰŮəŰɞɜɘəɐ, Ůɜɧɠ Űɡˊɘəɞɨ superscalar ŮˊŮɝŮɟɔŬůŰɐ. 

ȷɅɉȽɇȺȾɇɃɁȽȾȼ ɇɈɄȽȾɃɈ 

ȺɄȺɂȺɅũȷɆɇȼ SUPERSCALAR (2) 
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ȷɁȷȾȿȼɆȼ ȺɁɇɃȿɋɁ ȾȷȽ 

ɄɅɃȸȿȺɊȼ ȹȽȷȾȿȷȹɋɆȺɋɁ 

 

Å ȼ űɎůɖ ŬɜɎəɚɖůɖɠ ŮɜŰɞɚɩɜ ŮɑɜŬɘ Űɞ ŰɛɐɛŬ Űɖɠ superscalar ŮˊŮɝŮɟɔŬůɑŬɠ ˊɞɡ 
ˊɟɞɛɖɗŮɨŮɘ ɛŮ ŮɜŰɞɚɏɠ Űɘɠ ŮˊɧɛŮɜŮɠ űɎůŮɘɠ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ. ɀɑŬ əɟɡűɐ ɛɜɐɛɖ 
ŮɜŰɞɚɩɜ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɛɑŬ ɛɜɐɛɖ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɘɠ ˊɟɧůűŬŰŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑůŮɠ 
ŮɜŰɞɚɏɠ, ɔɘŬ ɜŬ ɛŮɘɤɗŮɑ ɖ əŬɗɡůŰɏɟɖůɖ əŬɘ ɜŬ ŬɡɝɖɗŮɑ Űɞ Ůɨɟɞɠ ɕɩɜɖɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 
ŬɜɎəɚɖůɖɠ ŮɜŰɞɚɩɜ. ȺɑɜŬɘ ɞɟɔŬɜɤɛɏɜɖ ůŮ ŰɛɐɛŬŰŬ ɐ ɔɟŬɛɛɏɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 
ŬɟəŮŰɏɠ ůɡɜŮɢɧɛŮɜŮɠ ŮɜŰɞɚɏɠ 

 

Å ȼ űɎůɖ ŬɜɎəɚɖůɖɠ ŮɜŰɞɚɩɜ ˊɟɏˊŮɘ ɜŬ ɡˊɞůŰɖɟɑɕŮɘ Űɖɜ ŬɜɎəɚɖůɖ ˊɞɚɚŬˊɚɩɜ 
ŮɜŰɞɚɩɜ ŬɜɎ əɨəɚɞ Ŭˊɧ Űɖɜ əɟɡűɐ ɛɜɐɛɖ. Ɇɡɜɐɗɤɠ ɏɢɞɡɛŮ ɝŮɢɤɟɘůŰɏɠ əɟɡűɏɠ 
ɛɜɐɛŮɠ ɔɘŬ ŮɜŰɞɚɏɠ əŬɘ ŭŮŭɞɛɏɜŬ. 

 

Å ɆŮ əɎɗŮ ŬɜɎəɚɖůɖ ŮɜŰɞɚɩɜ ŬɡɝɎɜŮŰŬɘ ɞ ŬˊŬɟɘɗɛɖŰɐɠ ˊɟɞɔɟɎɛɛŬŰɞɠ əŬŰɎ Űɞɜ Ŭɟɘɗɛɧ 
Űɤɜ ŮɜŰɞɚɩɜ ˊɞɡ ŬɜŬəɚɐɗɖəŬɜ əŬɘ ůɡɜŮɢɑɕŮɘ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ɔɘŬ Űɖɜ ŬɜɎəɚɖůɖ Űɞɡ 
ŮˊɧɛŮɜɞɡ ŰɛɐɛŬŰɞɠ ŮɜŰɞɚɩɜ. ȷɜ ɡˊɎɟɢɞɡɜ ŮɜŰɞɚɏɠ ŭɘŬəɚɎŭɤůɖɠ ɞɘ ɞˊɞɑŮɠ 
ŬɜŬəŬŰŮɡɗɨɜɞɡɜ Űɖ ɟɞɐ Ůɚɏɔɢɞɡ ɞ ɛɖɢŬɜɘůɛɧɠ ŬɜɎəɚɖůɖɠ ˊɟɏˊŮɘ Ůˊɑůɖɠ ɜŬ 
ŬɜŬəŬŰŮɡɗɡɜɗŮɑ ɩůŰŮ ɖ ŬɜɎəɚɖůɖ ɜŬ ůɡɜŮɢɘůŰŮɑ Ŭˊɧ Űɞ ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ ɞŭɖɔŮɑ ɖ 
ŭɘŬəɚɎŭɤůɖ. ȼ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŮɜŰɞɚɩɜ ŭɘŬəɚɎŭɤůɖɠ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ 
ŮˊɑŰŮɡɝɖ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ůŰɞɡɠ superscalar ŮˊŮɝŮɟɔŬůŰɏɠ. 
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Å ȼ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŮɜŰɞɚɩɜ ŭɘŬəɚɎŭɤůɖɠ ɡˊɧ ůɡɜɗɐəɖ ɛˊɞɟŮɑ ɜŬ ɢɤɟɘůŰŮɑ ůŰŬ 

ŬəɧɚɞɡɗŬ ɛɏɟɖ: 

 
ï  ȷɜŬɔɜɩɟɘůɖ ɧŰɘ ɛɑŬ ŮɜŰɞɚɐ ŮɑɜŬɘ ŮɜŰɞɚɐ ŭɘŬəɚɎŭɤůɖɠ ɡˊɧ ůɡɜɗɐəɖ. 

ï Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɖɛŮɑɞɡ ůŰɞ ɞˊɞɑɞ ɞŭɖɔŮɑ ɖ ŮɜŰɞɚɐ ŭɘŬəɚɎŭɤůɖɠ. 

ï ɀŮŰŬűɞɟɎ Űɞɡ Ůɚɏɔɢɞɡ ɛŮ ŬɜŬəŬŰŮɨɗɡɜůɖ Űɖɠ ŬɜɎəɚɖůɖɠ ŮɜŰɞɚɩɜ 

 (ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ŭɘŬəɚɎŭɤůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ). 

ï ȾŬɗɞɟɘůɛɧɠ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ Űɖɠ ŭɘŬəɚɎŭɤůɖɠ  

 (Ŭɜ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɐ ɧɢɘ). 

 

Å ũɘŬ Űɖ ŭɘŬɢŮɑɟɘůɖ əŬɗŮɜɧɠ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ɛɏɟɖ  

 ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ ŰŮɢɜɘəɏɠ. 

 

ɄŬɟŬəɎŰɤ ɗŬ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɖɜ ɚŮˊŰɞɛŮɟɐ ŬɜɎɚɡůɖ ŬɡŰɩɜ  

Űɤɜ ɛŮɟɩɜ. 

ɄɅɃȸȿȺɊȼ ȹȽȷȾȿȷȹɋɆȺɋɁ(1) 
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Å ȷɜŬɔɜɩɟɘůɖ Űɤɜ ŮɜŰɞɚɩɜ ŭɘŬəɚɎŭɤůɖɠ ɡˊɧ ůɡɜɗɐəɖ 

  

 ɄɟɧəŮɘŰŬɘ ɔɘŬ Űɞ ˊɟɩŰɞ ɓɐɛŬ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɔɟɐɔɞɟɖɠ ˊɟɧɓɚŮɣɖɠ ŭɘŬəɚŬŭɩůŮɤɜ. 

ȼ ŬɜŬɔɜɩɟɘůɖ ɧɚɤɜ Űɤɜ Ůɘŭɩɜ ŮɜŰɞɚɩɜ əŬɘ ɧɢɘ ɛɧɜɞ Űɤɜ ŮɜŰɞɚɩɜ ŭɘŬəɚɎŭɤůɖɠ 

ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŬɢɡɜɗŮɑ Ŭɜ ɞɟɘůɛɏɜŮɠ Ŭˊɧ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɞəɤŭɘəɞˊɞɑɖůɖɠ Űɖɠ 

ŮɜŰɞɚɐɠ űɡɚɎůůɞɜŰŬɘ ůŰɖɜ əɟɡűɐ ɛɜɐɛɖ ŮɜŰɞɚɩɜ ɛŬɕɑ ɛŮ Űɘɠ ŮɜŰɞɚɏɠ. 

 

Å Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɖɛŮɑɞɡ ůŰɞ ɞˊɞɑɞ ɞŭɖɔŮɑ ɖ ŮɜŰɞɚɐ ŭɘŬəɚɎŭɤůɖɠ 

 

 Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɖɛŮɑɞɡ ůŰɞ ɞˊɞɑɞ ɞŭɖɔŮɑ ɖ ŮɜŰɞɚɐ ŭɘŬəɚɎŭɤůɖɠ ůɡɜɐɗɤɠ ŬˊŬɘŰŮɑ 

ɛɑŬ ˊɟɧůɗŮůɖ ŬəŮɟŬɑɤɜ. ɆŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ŬɟɢɘŰŮəŰɞɜɘəɏɠ Űɞ ůɖɛŮɑɞ ŬɡŰɧ ŭɑɜŮŰŬɘ 

ůɢŮŰɘəɎ ɤɠ ˊɟɞɠ Űɖɜ ŬˊŬɟɘɗɛɖŰɐ ˊɟɞɔɟɎɛɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɑŬ Űɘɛɐ ŭɘŬűɞɟɎɠ 

(offset) ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŬˊɞɗɖəŮɡɛɏɜɖ ůŰɖɜ ŮɜŰɞɚɐ. Ⱥˊɘˊɚɏɞɜ, ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɢɞɡɜ 

əɎˊɞɘŮɠ ŮɜŰɞɚɏɠ ŭɘŬəɚɎŭɤůɖɠ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ˊŮɟɘŮɢɧɛŮɜŬ əŬŰŬɢɤɟɖŰɩɜ ɔɘŬ ɜŬ 

ɡˊɞɚɞɔɘůŰŮɑ Űɞ ůɖɛŮɑɞ ůŰɞ ɞˊɞɑɞ ɞŭɖɔŮɑ ɖ ŭɘŬəɚɎŭɤůɖ. 

 

 

ɄɅɃȸȿȺɊȼ ȹȽȷȾȿȷȹɋɆȺɋɁ(2) 
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Å ɀŮŰŬűɞɟɎ Űɞɡ Ůɚɏɔɢɞɡ 

 

 ȳŰŬɜ ɛɑŬ ŭɘŬəɚɎŭɤůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɡɜɐɗɤɠ ɡˊɎɟɢŮɘ ɛɑŬ əŬɗɡůŰɏɟɖůɖ ɚɧɔɤ 

Űɖɠ ŬɜŬɔɜɩɟɘůɖɠ Űɖɠ , Űɖɠ Űɟɞˊɞˊɞɑɖůɖɠ Űɞɡ ŬˊŬɟɘɗɛɖŰɐ ˊɟɞɔɟɎɛɛŬŰɞɠ əŬɘ Űɖɠ 

Ŭɟɢɐɠ Űɖɠ ŬɜɎəɚɖůɖ ŮɜŰɞɚɩɜ Ŭˊɧ Űɖɜ ɜɏŬ ŭɘŮɨɗɡɜůɖ. ȷɡŰɐ ɖ əŬɗɡůŰɏɟɖůɖ ɛˊɞɟŮɑ ɜŬ 

ɞŭɖɔɐůŮɘ ůŮ əŮɜɎ ůŰɞ pipeline Ŭɜ ŭŮɜ ɚɖűɗɞɨɜ ɛɏŰɟŬ. ȼ ˊɘɞ əɞɘɜɐ ɚɨůɖ ŮɑɜŬɘ ɖ ɢɟɐůɖ 

Űɞɡ ŬˊɞɗɖəŮɡŰɘəɞɨ ɢɩɟɞɡ ŮɜŰɞɚɩɜ . 

 

 

ɄɅɃȸȿȺɊȼ ȹȽȷȾȿȷȹɋɆȺɋɁ(3) 
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Å ȾŬɗɞɟɘůɛɧɠ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ Űɖɠ ŭɘŬəɚɎŭɤůɖɠ 

 

 ɇŬ ŭŮŭɞɛɏɜŬ ɛŮ ɓɎůɖ ŰŬ ɞˊɞɑŬ ɗŬ ˊŬɟɗŮɑ ɖ ŬˊɧűŬůɖ ɔɘŬ Űɖ ŭɘŬəɚɎŭɤůɖ ŭŮɜ ŮɑɜŬɘ 

ŭɘŬɗɏůɘɛŬ ɚɧɔɤ ŮɝɎɟŰɖůɖɠ ŬɜɎɛŮůŬ ůŰɖɜ ŮɜŰɞɚɐ ŭɘŬəɚɎŭɤůɖɠ əŬɘ ůŮ ŮɜŰɞɚɏɠ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ˊɞɡ ŭŮɜ ɏɢɞɡɜ ŮəŰŮɚŮůŰŮɑ. ɇɧŰŮ Űɞ ŬˊɞŰɏɚŮůɛŬ ɛɘŬɠ ŭɘŬəɚɎŭɤůɖɠ ɡˊɧ 

ůɡɜɗɐəɖ ɛˊɞɟŮɑ ɜŬ ˊɟɞɓɚŮűɗŮɑ ɛŮ Űɞɜ ɛŮŰŬɔɚɤŰŰɘůŰɐ, ɞ ɞˊɞɑɞɠ ɛˊɞɟŮɑ ɜŬ ɡˊɞŭŮɑɝŮɘ 

Űɖɜ ˊɘɗŬɜɧŰŮɟɖ əŬŰɎɚɖɝɖ Űɖɠ ŭɘŬəɚɎŭɤůɖɠ ɛŮ ɓɎůɖ Űɖ ɔɜɩůɖ ˊɞɡ ŭɘŬɗɏŰŮɘ ɔɘŬ Űɖ 

ɔɚɩůůŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŬɚɚɎ əŬɘ ɛŮ Űɖ ɢɟɐůɖ ůŰŬŰɘůŰɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ.   

 

 ȯɚɚɞɘ ɛɖɢŬɜɘůɛɞɑ ˊɟɧɓɚŮɣɖɠ ɚŮɘŰɞɡɟɔɞɨɜ ŭɡɜŬɛɘəɎ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɚɖɟɞűɞɟɑŬ 

ˊɞɡ ɔɑɜŮŰŬɘ ŭɘŬɗɏůɘɛɖ əŬɗɩɠ Űɞ ˊɟɧɔɟŬɛɛŬ ŮəŰŮɚŮɑŰŬɘ. ɇɖɜ ˊɚɖɟɞűɞɟɑŬ Űɖɜ 

ˊŬɑɟɜɞɡɛŮ Ŭˊɧ Űɞ ɘůŰɞɟɘəɧ Űɤɜ ŭɘŬűɧɟɤɜ ŮɜŰɞɚɩɜ ŭɘŬəɚɎŭɤůɖɠ Űɞ ɞˊɞɑɞ 

ŬˊɞɗɖəŮɨŮŰŬɘ ůŮ ɏɜŬɜ ˊɑɜŬəŬ ɘůŰɞɟɘəɞɨ. ɆŰɞɜ ˊɑɜŬəŬ ŬɡŰɧ əŬŰŬɔɟɎűɞɜŰŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞɖɔɞɨɛŮɜɤɜ ŮəŰŮɚɏůŮɤɜ Űɤɜ ŮɜŰɞɚɩɜ ŭɘŬəɚɎŭɤůɖɠ ůɢɖɛŬŰɑɕɞɜŰŬɠ 

ɛɘəɟɞɨɠ ɛŮŰɟɖŰɏɠ ɏŰůɘ ɩůŰŮ ɜŬ ůɡɜɞɣɑɕɞɡɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɟəŮŰɩɜ ˊɟɞɖɔɞɨɛŮɜɤɜ 

ŮəŰŮɚɏůŮɤɜ əɎɗŮ ŮɜŰɞɚɐɠ ŭɘŬəɚɎŭɤůɖɠ. 

ɄɅɃȸȿȺɊȼ ȹȽȷȾȿȷȹɋɆȺɋɁ(4) 
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ȷɄɃȾɋȹȽȾɃɄɃȽȼɆȼ ȺɁɇɃȿɋɁ 

 

 

Å Ƀ ɟɧɚɞɠ Űɖɠ Ŭˊɞəɤŭɘəɞˊɞɑɖůɖɠ ŮɑɜŬɘ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɔɘŬ əɎɗŮ ŮɜŰɞɚɐ ɛɑŬ ɚɑůŰŬ ɖ 

ɞˊɞɑŬ əŬɗɞɟɑɕŮɘ: 

 

ï Űɖɜ ŮɟɔŬůɑŬ ˊɞɡ ɗŬ ŮəŰŮɚŮůŰŮɑ 

ï Űɖɜ ŰŬɡŰɧŰɖŰŬ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬˊɞɗɐəŮɡůɖɠ  

      ɧˊɞɡ ɓɟɑůəɞɜŰŬɘ ɞɘ ŰŮɚŮůŰŬɑɞɘ  

ï ɞɘ ŰɞˊɞɗŮůɑŮɠ ůŰɘɠ ɞˊɞɑŮɠ ɗŬ ŰɞˊɞɗŮŰɖɗŮɑ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŮɜŰɞɚɐɠ.  

 

Å ɆŰɞ ůŰŬŰɘəɧ ˊɟɧɔɟŬɛɛŬ, ŰŬ ůŰɞɘɢŮɑŬ ŬˊɞɗɐəŮɡůɖɠ ŮɑɜŬɘ ŰŬ ŬɟɢɘŰŮəŰɞɜɘəɎ ůŰɞɘɢŮɑŬ, 

ˊɟɞəŮɘɛɏɜɞɡ ɧɛɤɠ ɜŬ ɝŮˊŮɟŬůŰɞɨɜ ɞɘ əɑɜŭɡɜɞɘ WAR əŬɘ WAW əŬɘ ɜŬ ŬɡɝɖɗŮɑ ɞ 

ɓŬɗɛɧɠ ˊŬɟŬɚɚɖɚɑŬɠ ůɡɢɜɎ ɡˊɎɟɢɞɡɜ űɡůɘəɎ ůŰɞɘɢŮɑŬ ŬˊɞɗɐəŮɡůɖɠ ŰŬ ɞˊɞɑŬ 

ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟɞɡɜ Ŭˊɧ ŰŬ ɚɞɔɘəɎ ůŰɞɘɢŮɑŬ ŬˊɞɗɐəŮɡůɖɠ. ɇŬ ɚɞɔɘəɎ ůŰɞɘɢŮɑŬ 

ŬˊɞɗɐəŮɡůɖɠ ɛˊɞɟɞɨɜ ɜŬ ɗŮɤɟɖɗɞɨɜ ůŬɜ ɏɜŬ Ŭˊɚɧ ɛɏůɞ Űɞ ɞˊɞɑɞ ɓɞɖɗɎ ůŰɖɜ 

ˊŮɟɘɔɟŬűɐ Űɞɡ Űɘ ˊɟɏˊŮɘ ɜŬ əɎɜŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ. 
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Å ȳŰŬɜ ɛɑŬ ŮɜŰɞɚɐ ŭɖɛɘɞɡɟɔŮɑ ɛɑŬ ɜɏŬ Űɘɛɐ ɔɘŬ ɏɜŬɜ ɚɞɔɘəɧ 

əŬŰŬɢɤɟɖŰɐ, ɖ űɡůɘəɐ ŰɞˊɞɗŮůɑŬ ˊɞɡ ŰɞˊɞɗŮŰŮɑŰŬɘ ɖ Űɘɛɐ 

ɚŬɛɓɎɜŮɘ ɏɜŬ çɧɜɞɛŬè ɔɜɤůŰɧ Ŭˊɧ Űɞ ɡɚɘəɧ. ɆŮ 

ɞˊɞɘŬŭɐˊɞŰŮ ŮˊɧɛŮɜɖ ŮɜŰɞɚɐ ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑ Űɖɜ Űɘɛɐ 

ŬɡŰɐ ůŬɜ Ůɑůɞŭɞ ɔɜɤůŰɞˊɞɘŮɑŰŬɘ Űɞ ɧɜɞɛŬ Űɖɠ űɡůɘəɐɠ 

ˊŮɟɘɞɢɐɠ ŬˊɞɗɐəŮɡůɖɠ.  

 

Å ȷɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŰɖɜ űɎůɖ 

Ŭˊɞəɤŭɘəɞˊɞɑɖůɖɠ/ɛŮŰɞɜɞɛŬůɑŬɠ/ˊɟɞɩɗɖůɖɠ 

ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɞɜ ɚɞɔɘəɧ əŬŰŬɢɤɟɖŰɐ ˊɞɡ ɞɟɑɕŮɘ ɖ ŮɜŰɞɚɐ 

ɛŮ Űɞ ɜɏɞ ɧɜɞɛŬ Űɖɠ űɡůɘəɐɠ ˊŮɟɘɞɢɐɠ ŬˊɞɗɐəŮɡůɖɠ. Ƀ 

əŬŰŬɢɤɟɖŰɐɠ ŰɧŰŮ ɚɏɛŮ ɧŰɘ ɛŮŰɞɜɞɛɎɕŮŰŬɘ. 
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ɀȺɇɃɁɃɀȷɆȽȷ ȺɁɇɃȿɋɁ(1) 



 

Å ȹɨɞ ŮɑɜŬɘ ɞɘ ŭɖɛɞűɘɚɏůŰŮɟŮɠ ɛɏɗɞŭɞɘ ɛŮŰɞɜɞɛŬůɑŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɢɜɎ. ɆŰɖɜ 

ˊɟɩŰɖ ɛɏɗɞŭɞ, ɡˊɎɟɢŮɘ ɏɜŬ űɡůɘəɧ ŬɟɢŮɑɞ əŬŰŬɢɤɟɖŰɩɜ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ Űɞ ɚɞɔɘəɧ 

ŬɟɢŮɑɞ əŬŰŬɢɤɟɖŰɩɜ. ȰɜŬɠ ˊɑɜŬəŬɠ ŬɜŰɘůŰɞɑɢɖůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŬɜŰɘůŰɞɘɢɘůŰŮɑ 

ɏɜŬɠ űɡůɘəɧɠ əŬŰŬɢɤɟɖŰɐɠ ɛŮ Űɖɜ ŰɟɏɢɞɡůŬ Űɘɛɐ Ůɜɧɠ ɚɞɔɘəɞɨ əŬŰŬɢɤɟɖŰɐ.  

 

Å ȼ Ŭˊɞəɤŭɘəɞˊɞɑɖůɖ Űɤɜ ŮɜŰɞɚɩɜ əŬɘ ɖ ɛŮŰɞɜɞɛŬůɑŬ Űɤɜ əŬŰŬɢɤɟɖŰɩɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ɓɎůɖ Űɖɠ ŬəɞɚɞɡɗɘŬəɐɠ ůŮɘɟɎɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ. ȾŬŰɎ Űɖɜ Ŭˊɞəɤŭɘəɞˊɞɑɖůɖ ɛɘŬɠ 

ŮɜŰɞɚɐɠ, ɞ ɚɞɔɘəɧɠ əŬŰŬɢɤɟɖŰɐɠ ɧˊɞɡ ɗŬ ŰɞˊɞɗŮŰɖɗŮɑ Űɞ ŬˊɞŰɏɚŮůɛŬ ŬɜŰɘůŰɞɘɢɑɕŮŰŬɘ ůŮ 

əɎˊɞɘɞɜ űɡůɘəɧ əŬŰŬɢɤɟɖŰɐ ɛɏůɤ ɛɑŬɠ ɚɑůŰŬɠ ŮɚŮɨɗŮɟɤɜ əŬŰŬɢɤɟɖŰɩɜ (free list), ɖ 

ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɡɠ űɡůɘəɞɨɠ əŬŰŬɢɤɟɖŰɏɠ ˊɞɡ ŭŮɜ ɏɢɞɡɜ ŬɜŰɘůŰɞɘɢɘůŰŮɑ ůŮ 

əɎˊɞɘɞɜ ɚɞɔɘəɧ əŬŰŬɢɤɟɖŰɐ əŬɘ ɞ ˊɑɜŬəŬɠ ŬɜŰɘůŰɞɑɢɖůɖɠ ŰɟɞˊɞˊɞɘŮɑŰŬɘ ɩůŰŮ ɜŬ ŭŮɑɢɜŮɘ 

Űɖɜ ɜɏŬ ŬɜŰɘůŰɞɑɢɖůɖ. 
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ɀȺɇɃɁɃɀȷɆȽȷ ȺɁɇɃȿɋɁ(2) 



 

Å Ⱥˊɑůɖɠ, ɞ űɡůɘəɧɠ əŬŰŬɢɤɟɖŰɐɠ ŬűŬɘɟŮɑŰŬɘ Ŭˊɧ Űɖ ɚɑůŰŬ.  

 ɆŬɜ ɛɏɟɞɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɛŮŰɞɜɞɛŬůɑŬɠ, ɞɘ ɚɞɔɘəɞɑ  

 əŬŰŬɢɤɟɖŰɏɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŮɜŰɞɚɐ  

 ɧŰɘ ɓɟɑůəɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ Űɖɠ ŮɜŰɞɚɐɠ 

  ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ɓɟŮɗɞɨɜ ɞɘ űɡůɘəɞɑ əŬŰŬɢɤɟɖŰɏɠ  

 ůŰɞɡɠ ɞˊɞɑɞɡɠ ɓɟɑůəɞɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ (ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ˊɑɜŬəŬ  

 ŬɜŰɘůŰɞɑɢɖůɖɠ). ȷˊɧ ŬɡŰɞɨɠ Űɞɡɠ əŬŰŬɢɤɟɖŰɏɠ ɗŬ űɞɟŰɤɗɞɨɜ ɞɘ Űɘɛɏɠ Űɤɜ ŰŮɚŮůŰŬɑɤɜ Űɖɠ 
ŮɜŰɞɚɐɠ. 

 

Å ȳŰŬɜ ɏɜŬɠ űɡůɘəɧɠ əŬŰŬɢɤɟɖŰɐɠ ŭɘŬɓŬůŰŮɑ ɔɘŬ ŰŮɚŮɡŰŬɑŬ űɞɟɎ, ɛˊɞɟŮɑ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ɝŬɜɎ ůŰɖ 
ɚɑůŰŬ ŮɚŮɨɗŮɟɤɜ əŬŰŬɢɤɟɖŰɩɜ ɩůŰŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɧ ɎɚɚŮɠ ŮɜŰɞɚɏɠ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ 
ɡɚɞˊɞɑɖůɖ, ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ŬˊŬɘŰŮɑ Ŭˊɧ Űɞ ɡɚɘəɧ Űɖ ŭɘŬŰɐɟɖůɖ ɚɘɔɧŰŮɟɤɜ ɐ ˊŮɟɘůůɧŰŮɟɤɜ 
ůŰɞɘɢŮɑɤɜ ɢɟɐůɖɠ Űɞɡ əŬŰŬɢɤɟɖŰɐ. 

 

Å ɀɑŬ Ŭˊɚɐ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ɖ ŬɜŬɛɞɜɐ ɏɤɠ ɧŰɞɡ ɞ ŬɜŰɑůŰɞɘɢɞɠ ɚɞɔɘəɧɠ əŬŰŬɢɤɟɖŰɐɠ ɧɢɘ ɛɧɜɞ ɏɢŮɘ 
ɛŮŰɞɜɞɛŬůŰŮɑ Ŭˊɧ ɛɑŬ ŮˊɧɛŮɜɖ ŮɜŰɞɚɐ, ŬɚɚɎ ɖ ŮɜŰɞɚɐ ŬɡŰɐ ɏɢŮɘ ɚɎɓŮɘ Űɖɜ Űɘɛɐ Űɖɠ əŬɘ ɏɢŮɘ 
ɞɚɞəɚɖɟɤɗŮɑ . 

 

Å ɆɡɜɞɣɑɕɞɜŰŬɠ , ɖ ɛŮŰɞɜɞɛŬůɑŬ əŬŰŬɢɤɟɖŰɩɜ ŬűŬɘɟŮɑ Űɘɠ ŰŮɢɜɖŰɏɠ ŮɝŬɟŰɐůŮɘɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ 
WAW əŬɘ WAR əɘɜŭɨɜɞɡɠ, ŬűɐɜɞɜŰŬɠ ɛɧɜɞ Űɘɠ ˊɟŬɔɛŬŰɘəɏɠ RAW ŮɝŬɟŰɐůŮɘɠ ɛŮŰŬɝɨ 
əŬŰŬɢɤɟɖŰɩɜ. 

 

 

ɀȺɇɃɁɃɀȷɆȽȷ ȾȷȽ ɄɅɃɋŪȼɆȼ 

ȺɁɇɃȿɋɁ 
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ȺȾɇȺȿȺɆȼ ȺɁɇɃȿɋɁ ȾȷȽ 

ɄȷɅȷȿȿȼȿȼ ȺȾɇȺȿȺɆȼ 

 

Å ɇɞ ŮˊɧɛŮɜɞ ɓɐɛŬ ŮɑɜŬɘ ɜŬ ŬˊɞűŬůɘůŰŮɑ ˊɞɘŮɠ ŮɜŰɞɚɏɠ ɛˊɞɟɞɨɜ ɜŬ Ŭɟɢɑůɞɡɜ ɜŬ 

ŮəŰŮɚɞɨɜŰŬɘ, ŮɝŮŰɎɕɞɜŰŬɠ Űɖ ɚɑůŰŬ əɎɗŮ ŮɜŰɞɚɐɠ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɞɜɞɛɎɕŮŰŬɘ issue  

əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ ɞ ɏɚŮɔɢɞɠ ŭɘŬɗŮůɘɛɧŰɖŰŬɠ ŭŮŭɞɛɏɜɤɜ əŬɘ ˊɧɟɤɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ŮəŰɏɚŮůɖɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɩůŰŮ ɜŬ əŬɗɞɟɘůŰŮɑ ˊɞɘŮɠ ŮɜŰɞɚɏɠ ɛˊɞɟɞɨɜ ɜŬ 

Ŭɟɢɑůɞɡɜ ɜŬ ŮəŰŮɚɞɨɜŰŬɘ.  

 

Å ɀɑŬ ŮɜŰɞɚɐ ŮɑɜŬɘ ɏŰɞɘɛɖ ɜŬ ŮəŰŮɚŮůŰŮɑ Űɖ ůŰɘɔɛɐ ˊɞɡ ɞɘ ŰŮɚŮůŰŬɑɞɘ Ůɘůɧŭɞɡ Űɖɠ ɔɑɜɞɡɜ 

ŭɘŬɗɏůɘɛɞɘ. ɄŬɟô ɧɚŬ ŬɡŰɎ, ɡˊɎɟɢɞɡɜ ˊŮɟɘɞɟɘůɛɞɑ ˊɞɡ Ůɛˊɞŭɑɕɞɡɜ Űɖɜ ŮəŰɏɚŮůɖ ɛɑŬɠ 

ŮɜŰɞɚɐɠ, ɧˊɤɠ ŮɑɜŬɘ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ ˊɧɟɤɜ ɧˊɤɠ ŮɑɜŬɘ ɞɘ ɛɞɜɎŭŮɠ ŮəŰɏɚŮůɖɠ, ɞɘ 

ŭɘŬɗɏůɘɛŮɠ ŭɘŬůɡɜŭɏůŮɘɠ əŬɘ ɞɘ ɗɨɟŮɠ Űɞɡ ŬɟɢŮɑɞɡ əŬŰŬɢɤɟɖŰɩɜ.  ȯɚɚɞɘ ˊŮɟɘɞɟɘůɛɞɑ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ɞɟɔɎɜɤůɖ Űɤɜ ŬˊɞɗɖəŮɡŰɘəɩɜ ɢɩɟɤɜ ɧˊɞɡ űɡɚɎůůɞɜŰŬɘ ɞɘ ɚɑůŰŮɠ 

ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɔɘŬ əɎɗŮ ŮɜŰɞɚɐ. 

 

Å ɆŰɖ ůɡɜɏɢŮɘŬ ŬɜŬűɏɟɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŭɘɎűɞɟɞɘ Űɟɧˊɞɘ ɔɘŬ Űɖɜ ɞɟɔɎɜɤůɖ Űɤɜ 

ŬˊɞɗɖəŮɡŰɘəɩɜ ɢɩɟɤɜ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ issue. 
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Å ɀɏɗɞŭɞɠ Ŭˊɚɐɠ ɞɡɟɎɠ 

 

ȷɜ ɡˊɎɟɢŮɘ ɛɑŬ Ŭˊɚɐ ɞɡɟɎ, əŬɘ ŭŮɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮəŰɏɚŮůɖ ŮəŰɧɠ ůŮɘɟɎɠ, ŰɧŰŮ ɖ 

ɛŮŰɞɜɞɛŬůɑŬ əŬŰŬɢɤɟɖŰɩɜ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ əŬɘ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ŰŮɚŮůŰŬɑɤɜ 

ɛˊɞɟŮɑ ɜŬ ŮɚŮɔɢɗŮɑ ɛŮ ɞɟɘůɛɏɜŬ bits  əɟɎŰɖůɖɠ ůŮ əɎɗŮ əŬŰŬɢɤɟɖŰɐ.  

 

ȰɜŬɠ əŬŰŬɢɤɟɖŰɐɠ ŮɑɜŬɘ əŬŰŮɘɚɖɛɛɏɜɞɠ ɧŰŬɜ ɛɑŬ ŮɜŰɞɚɐ ˊɞɡ ŰɟɞˊɞˊɞɘŮɑ Űɞɜ əŬŰŬɢɤɟɖŰɐ 

ŬɟɢɑɕŮɘ ɜŬ ŮəŰŮɚŮɑŰŬɘ əŬɘ ˊŬɨŮɘ ɜŬ ŮɑɜŬɘ əŬŰŮɘɚɖɛɛɏɜɞɠ ɧŰŬɜ ɖ ŮɜŰɞɚɐ ŮəŰŮɚŮůŰŮɑ. ɀɑŬ ŮɜŰɞɚɐ 

ɛˊɞɟŮɑ ɜŬ ŬɟɢɑůŮɘ ɜŬ ŮəŰŮɚŮɑŰŬɘ Ŭɜ ɞɘ əŬŰŬɢɤɟɖŰɏɠ ɧˊɞɡ ɓɟɑůəɞɜŰŬɘ ɞɘ ŰŮɚŮůŰŬɑɞɘ Űɖɠ ŭŮɜ 

ŮɑɜŬɘ əŬŰŮɘɚɖɛɛɏɜɞɘ. 

 

ɇɅɃɄɃȽ ũȽȷ ɇȼɁ ɃɅũȷɁɋɆȼ ɇɋɁ 

ȷɄɃŪȼȾȺɈɇȽȾɋɁ ɉɋɅɋɁ(1) 
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Å ɀɏɗɞŭɞɠ ˊɞɚɚŬˊɚɩɜ ɞɡɟɩɜ 

 

ȳŰŬɜ ɡˊɎɟɢɞɡɜ ˊɞɚɚŬˊɚɏɠ ɞɡɟɏɠ, ɞɘ ŮɜŰɞɚɏɠ Ŭˊɧ əɎɗŮ ɞɡɟɎ Ŭɟɢɑɕɞɡɜ ɜŬ ŮəŰŮɚɞɨɜŰŬɘ ɛŮ 

Űɖ ůŮɘɟɎ, ŬɚɚɎ ɖ ŮəŰɏɚŮůɖ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮəŰɧɠ ůŮɘɟɎɠ ɧŰŬɜ ŬɜŬűŮɟɧɛŬůŰŮ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ɞɡɟɏɠ. ȼ əɎɗŮ ɞɡɟɎ ɞɟɔŬɜɩɜŮŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ Űɤɜ ŮɜŰɞɚɩɜ.  

 

ɆŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ, ɖ ɛŮŰɞɜɞɛŬůɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ˊŮɟɘɞɟɘůɛɏɜɖ ɏəŰŬůɖ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, ɛˊɞɟɞɨɜ ɜŬ ɛŮŰɞɜɞɛŬůŰɞɨɜ ɛɧɜɞ ɞɘ əŬŰŬɢɤɟɖŰɏɠ ˊɞɡ űɞɟŰɩɜɞɜŰŬɘ Ŭˊɧ Űɖ 

ɛɜɐɛɖ. ȷɡŰɧ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɞɡɟɎ ŮɜŰɞɚɩɜ űɧɟŰɤůɖɠ/ŬˊɞɗɐəŮɡůɖɠ ɜŬ ˊɟɞɖɔɞɨɜŰŬɘ Űɤɜ 

ɡˊɞɚɞɑˊɤɜ ɞɡɟɩɜ ŮɜŰɞɚɩɜ, ˊɟŬɔɛŬŰɞˊɞɘɩɜŰŬɠ ŬɜɎəɚɖůɖ ŭŮŭɞɛɏɜɤɜ ˊɟɘɜ ŬɡŰɎ 

ŬɜŬɕɖŰɖɗɞɨɜ Ŭˊɧ əɎˊɞɘŮɠ ŮɜŰɞɚɏɠ. 

ɇɅɃɄɃȽ ũȽȷ ɇȼɁ ɃɅũȷɁɋɆȼ ɇɋɁ 

ȷɄɃŪȼȾȺɈɇȽȾɋɁ ɉɋɅɋɁ(2) 
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Å ɆŰŬɗɛɞɑ əɟɎŰɖůɖɠ 

 

ɀŮ Űɞɡɠ ůŰŬɗɛɞɨɠ əɟɎŰɖůɖɠ ɞɘ ŮɜŰɞɚɏɠ ɛˊɞɟɞɨɜ ɜŬ ŮəŰŮɚɞɨɜŰŬɘ ŮəŰɧɠ ůŮɘɟɎɠ. ȹŮɜ 

ɡˊɎɟɢŮɘ ŬɡůŰɖɟɐ FIFO ŭɘɎŰŬɝɖ. ɆɡɜŮˊɩɠ, ɧɚɞɘ ɞɘ ůŰŬɗɛɞɑ əɟɎŰɖůɖɠ Ůɚɏɔɢɞɡɜ 

ŰŬɡŰɧɢɟɞɜŬ Űɞɡɠ ŰŮɚŮůŰŬɑɞɡɠ ˊɖɔɐɠ ɔɘŬ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ.  

 

Ƀ ˊɘɞ ůɡɜɖɗɘůɛɏɜɞɠ Űɟɧˊɞɠ ɔɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ ŮɑɜŬɘ ɖ əɟɎŰɖůɖ Űɤɜ ŰŮɚŮůŰŬɑɤɜ ůŰɞ 

ůŰŬɗɛɧ əɟɎŰɖůɖɠ. ȳŰŬɜ ɖ ŮɜŰɞɚɐ ˊɟɞɤɗŮɑŰŬɘ ůŰɞ ůŰŬɗɛɧ əɟɎŰɖůɖɠ, ɞˊɞɘŮůŭɐˊɞŰŮ ɐŭɖ 

ŭɘŬɗɏůɘɛŮɠ Űɘɛɏɠ ŰŮɚŮůŰŬɑɤɜ ŭɘŬɓɎɕɞɜŰŬɘ Ŭˊɧ Űɞ ŬɟɢŮɑɞ əŬŰŬɢɤɟɖŰɩɜ əŬɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ 

ůŰɞ ůŰŬɗɛɧ əɟɎŰɖůɖɠ. ȼ ɚɞɔɘəɐ Űɞɡ ůŰŬɗɛɞɨ əɟɎŰɖůɖɠ ůɡɔəɟɑɜŮɘ Űɞ ɧɜɞɛŬ Űɤɜ 

əŬŰŬɢɤɟɖŰɩɜ ůŰɞɡɠ ɞˊɞɑɞɡɠ ŭŮɜ ɏɢɞɡɜ ŰɞˊɞɗŮŰɖɗŮɑ ŬəɧɛŬ ŰŬ ŭŮŭɞɛɏɜŬ ɛŮ Űɞ ɧɜɞɛŬ Űɤɜ 

əŬŰŬɢɤɟɖŰɩɜ ůŰɞɡɠ ɞˊɞɑɞɡɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ŮɜŰɞɚɩɜ ˊɞɡ ŰŮɚŮɘɩɜɞɡɜ 

Űɖɜ ŮəŰɏɚŮůɐ Űɞɡɠ. ȳŰŬɜ ɡˊɎɟɢŮɘ ŰŬɑɟɘŬůɛŬ Űɞ ŬˊɞŰɏɚŮůɛŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ 

ɗɏůɖ ůŰɞ ůŰŬɗɛɧ əɟɎŰɖůɖɠ. ȳŰŬɜ ɧɚɞɘ ɞɘ ŰŮɚŮůŰŬɑɞɘ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞɘ ůŰɞ ůŰŬɗɛɧ 

əɟɎŰɖůɖɠ, ɖ ŮɜŰɞɚɐ ɛˊɞɟŮɑ ɜŬ ŬɟɢɑůŮɘ ɜŬ ŮəŰŮɚŮɑŰŬɘ. Ƀɘ ůŰŬɗɛɞɑ əɟɎŰɖůɖɠ ɛˊɞɟɞɨɜ ɜŬ 

ɢɤɟɘůŰɞɨɜ ɐ ɜŬ ŬˊɞŰŮɚɞɨɜ ɏɜŬ ŮɜɘŬɑɞ ůɨɜɞɚɞ. 

ɇɅɃɄɃȽ ũȽȷ ɇȼɁ ɃɅũȷɁɋɆȼ ɇɋɁ 

ȷɄɃŪȼȾȺɈɇȽȾɋɁ ɉɋɅɋɁ(3) 
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Å Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ ɛɜɐɛɖɠ ŬˊŬɘŰɞɨɜ Ůɘŭɘəɐ ɛŮŰŬɢŮɑɟɘůɖ ůŰɞɡɠ superscalar ŮˊŮɝŮɟɔŬůŰɏɠ. 

ũɘŬ Űɖ ɛŮɑɤůɖ Űɖɠ əŬɗɡůŰɏɟɖůɖɠ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ ɛɜɐɛɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ɘŮɟŬɟɢɑŮɠ ɛɜɐɛɖɠ. ɆɢŮŭɧɜ ɧɚɞɘ ɞɘ ŮˊŮɝŮɟɔŬůŰɏɠ ˊŮɟɘɏɢɞɡɜ ɛɑŬ əɟɡűɐ ɛɜɐɛɖ 

ŭŮŭɞɛɏɜɤɜ. ɈˊɎɟɢɞɡɜ ˊɞɚɚŬˊɚɎ ŮˊɑˊŮŭŬ əɟɡűɩɜ ɛɜɖɛɩɜ ŭŮŭɞɛɏɜɤɜ ůɡɜɐɗɤɠ 

ŭɡɞ. 

 

Å Ƀɘ ˊŮɟɘɞɢɏɠ ɛɜɐɛɖɠ ˊɞɡ ɗŬ ˊɟɞůˊŮɚŬůŰɞɨɜ Ŭˊɧ Űɘɠ ŮɜŰɞɚɏɠ űɧɟŰɤůɖɠ əŬɘ 

ŬˊɞɗɐəŮɡůɖɠ ŬɜŬɔɜɤɟɑɕɞɜŰŬɘ ɛŮŰɎ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ŮəŰɏɚŮůɖɠ (issue) Űɖɠ ŮɜŰɞɚɐɠ. 

ũɘŬ ɜŬ əŬɗɞɟɘůŰŮɑ ɖ ˊŮɟɘɞɢɐ ɛɜɐɛɖɠ ˊɞɡ ɗŬ ˊɟɞůˊŮɚŬůŰŮɑ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɞ 

ɡˊɞɚɞɔɘůɛɧɠ ŭɘŮɨɗɡɜůɖɠ. ɀŮŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ, ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ɢɟŮɘŬůŰŮɑ ɛɑŬ 

ɛŮŰɎűɟŬůɖ ŭɘŮɨɗɡɜůɖɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŬɟŬɢɗŮɑ ŰŮɚɘəɎ ɖ űɡůɘəɐ ŭɘŮɨɗɡɜůɖ. ɀɑŬ 

əɟɡűɐ ɛɜɐɛɖ ˊɞɡ ŭɘŬŰɖɟŮɑ Űɞɡɠ ˊŮɟɘɔɟŬűŮɑɠ Űɤɜ ůŮɚɑŭɤɜ  

      ˊɞɡ  ˊɟɞůˊŮɚɎůŰɖəŬɜ ˊɟɧůűŬŰŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

      ŮˊɘŰɎɢɡɜůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɛŮŰɎűɟŬůɖɠ. ȳŰŬɜ ɖ ɏɔəɡɟɖ 

      ŭɘŮɨɗɡɜůɖ ɛɜɐɛɖɠ ɏɢŮɘ ˊɚɏɞɜ ˊŬɟŬɢɗŮɑ, ɛˊɞɟŮɑ ˊɚɏɞɜ ɜŬ  

      ŬɟɢɑůŮɘ ɖ ˊɟɞůˊɏɚŬůɖ Űɖɠ ɛɜɐɛɖɠ. 
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ȿȺȽɇɃɈɅũȽȺɆ ɀɁȼɀȼɆ ȾȷȽ ȷɁȷɁȺɋɆȼ 

ȷɅɉȽɇȺȾɇɃɁȽȾȼɆ ȾȷɇȷɆɇȷɆȼɆ(1) 



 

Å ȺɑɜŬɘ ŮˊɘɗɡɛɖŰɧ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ɛɜɐɛɖɠ ɜŬ ŮəŰŮɚɞɨɜŰŬɘ ůŮ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɚɘɔɧŰŮɟɞ 

ɢɟɧɜɞ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮɘɩɜɞɜŰŬɠ Űɖɜ əŬɗɡůŰɏɟɖůɖ Űɞɡɠ ɛɏůɤ ŮəŰɏɚŮůɖɠ 

ˊɞɚɚŬˊɚɩɜ ɚŮɘŰɞɡɟɔɘɩɜ ŰŬɡŰɧɢɟɞɜŬ ŮˊɘəŬɚɨˊŰɞɜŰŬɠ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ 

ɛɜɐɛɖɠ ɛŮ ɎɚɚŮɠ ɚŮɘŰɞɡɟɔɑŮɠ, əŬɘ ˊɘɗŬɜɩɠ ŮˊɘŰɟɏˊɞɜŰŬɠ ůŰɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ɛɜɐɛɖɠ ɜŬ 

ŮəŰŮɚɞɨɜŰŬɘ ŮəŰɧɠ ůŮɘɟɎɠ.  

 

Å Ƀɟɘůɛɏɜɞɘ superscalar ŮˊŮɝŮɟɔŬůŰɏɠ ŮˊɘŰɟɏˊɞɡɜ ɛɧɜɞ ɛɑŬ ɚŮɘŰɞɡɟɔɑŬ ɛɜɐɛɖɠ ůŮ əɎɗŮ 

əɨəɚɞ. ȰŰůɘ ɧɛɤɠ ˊŮɟɘɞɟɑɕŮŰŬɘ ůɖɛŬɜŰɘəɎ ɖ Ŭˊɧŭɞůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ. Ⱥˊɘˊɚɏɞɜ, ɞɘ 

ɛŮŰŬűɞɟɏɠ Ŭˊɧ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ ůŰɖɜ əɟɡűɐ ɛɜɐɛɖ ˊɟɩŰɞɡ Ůˊɘˊɏŭɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɡɜɐɗɤɠ ɛŮ Űɖ ɛɞɟűɐ ɔɟŬɛɛɩɜ, ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɏɢɞɡɜ ˊɞɚɚŬˊɚɏɠ 

ůɡɜŮɢɧɛŮɜŮɠ ɚɏɝŮɘɠ ŭŮŭɞɛɏɜɤɜ. ũɘŬ ɜŬ ɛˊɞɟɞɨɜ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ɛɜɐɛɖɠ ɜŬ 

ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ ɎɚɚŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ɖ ɘŮɟŬɟɢɑŬ ɛɜɐɛɖɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɖ 

ˊŬɟŮɛˊɞŭɘůŰɘəɐ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ Ŭɜ ɛɑŬ ŬɑŰɖůɖ ɛɜɐɛɖɠ ŭŮ ɓɟŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ůŰɖ 

əɟɡűɐ ɛɜɐɛɖ ŭŮŭɞɛɏɜɤɜ, ɎɚɚŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ Ůɝɏɚɘɝɖ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Ůˊɘˊɚɏɞɜ ŬɘŰɐůŮɤɜ ɛɜɐɛɖɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ 

ůɡɜŮɢɑůɞɡɜ Űɖɜ ŮəŰɏɚŮůɐ Űɞɡɠ. 
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ȿȺȽɇɃɈɅũȽȺɆ ɀɁȼɀȼɆ ȾȷȽ ȷɁȷɁȺɋɆȼ 

ȷɅɉȽɇȺȾɇɃɁȽȾȼɆ ȾȷɇȷɆɇȷɆȼɆ(2) 



 

Å ȷˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ ɖ ɚŮɘŰɞɡɟɔɑŬ ɏɢŮɘ ˊɟɞɤɗɖɗŮɑ ˊɟɞɠ Űɖɜ ɘŮɟŬɟɢɑŬ ɛɜɐɛɖɠ, ɛˊɞɟŮɑ 

ɜŬ ɡˊɎɟɢŮɘ ŮɑŰŮ ŮɡůŰɞɢɑŬ ŮɑŰŮ ŬůŰɞɢɑŬ ůŰɖɜ əɟɡűɐ ɛɜɐɛɖ ŭŮŭɞɛɏɜɤɜ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬůŰɞɢɑŬɠ, ɖ ɔɟŬɛɛɐ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ˊɟɞůˊŮɚŬɨɜŮŰŬɘ 

ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ůŰɖɜ əɟɡűɐ ɛɜɐɛɖ. ɄŮɟŬɘŰɏɟɤ ˊɟɞůˊŮɚɎůŮɘɠ ůŰɖɜ ɑŭɘŬ 

ɔɟŬɛɛɐ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɛɏɜɞɡɜ, ŬɚɚɎ ˊɟɞůˊŮɚɎůŮɘɠ ůŮ ɎɚɚŮɠ ɔɟŬɛɛɏɠ ɛˊɞɟɞɨɜ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ.  

 

Å ɇɞ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ əɎɗŮ ŮɜŰɞɚɐɠ ŮɑɜŬɘ ɖ űɎůɖ ŭɘɎˊɟŬɝɖɠ ɐ Ŭˊɧůɡɟůɖɠ (commit ɐ 

retire), ɧˊɞɡ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮɜŰɞɚɐɠ ɛˊɞɟɞɨɜ ˊɚɏɞɜ ɜŬ Űɟɞˊɞˊɞɘɐůɞɡɜ Űɖɜ 

ŬɟɢɘŰŮəŰɞɜɘəɐ əŬŰɎůŰŬůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ɩůŰŮ ɜŬ ŭɘŬŰɖɟɖɗŮɑ ɖ ˊɟɞɠ ŰŬ ɏɝɤ 

ŮɛűɎɜɘůɖ Űɖɠ ŬəɞɚɞɡɗɘŬəɐɠ ŮəŰɏɚŮůɖɠ .  

 

Å ɈˊɎɟɢɞɡɜ ŭɨɞ ɛɏɗɞŭɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŬɜɎəŰɖůɖ ɛɑŬɠ Ŭəɟɘɓɐɠ 

əŬŰɎůŰŬůɖɠ. ȾŬɘ ůŰɘɠ ŭɨɞ ŬˊŬɘŰŮɑŰŬɘ ɖ ŭɘŬŰɐɟɖůɖ ŭɨɞ Ůɘŭɩɜ əŬŰɎůŰŬůɖɠ:  
ï Űɖɠ əŬŰɎůŰŬůɖɠ ˊɞɡ ŬɜŬɜŮɩɜŮŰŬɘ əŬɗɩɠ ɞɘ ŮɜŰɞɚɏɠ ŮəŰŮɚɞɨɜŰŬɘ 

ï Űɖɠ əŬŰɎůŰŬůɖɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜɎəŰɖůɖ. 

 

ȿȺȽɇɃɈɅũȽȺɆ ɀɁȼɀȼɆ ȾȷȽ ȷɁȷɁȺɋɆȼ 

ȷɅɉȽɇȺȾɇɃɁȽȾȼɆ ȾȷɇȷɆɇȷɆȼɆ(3) 
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Å ɆŰɖɜ ˊɟɩŰɖ ɛɏɗɞŭɞ, ɖ əŬŰɎůŰŬůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ůɩɕŮŰŬɘ ůŮ ŭɘɎűɞɟŬ ůɖɛŮɑŬ əŬɘ 

ŬˊɞɗɖəŮɨŮŰŬɘ ůŮ ɏɜŬɜ ŬˊɞɗɖəŮɡŰɘəɧ ɢɩɟɞ ɘůŰɞɟɘəɞɨ. ȾŬɗɩɠ ɞɘ ŮɜŰɞɚɏɠ ŮəŰŮɚɞɨɜŰŬɘ 

ŬɜŬɜŮɩɜɞɡɜ Űɖɜ əŬŰɎůŰŬůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ əŬɘ ɧŰŬɜ ŬˊŬɘŰŮɑŰŬɘ ɛɑŬ Ŭəɟɘɓɐɠ 

əŬŰɎůŰŬůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ, ŬɜŬəŰɎŰŬɘ Ŭˊɧ Űɞɜ ŬˊɞɗɖəŮɡŰɘəɧ ɢɩɟɞ ɘůŰɞɟɘəɞɨ. ɆŮ 

ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɖ ɛɧɜɖ ŮɜɏɟɔŮɘŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŰɖ űɎůɖ 

ŭɘɎˊɟŬɝɖɠ (commit) ŮɑɜŬɘ ɖ ŭɘŬɔɟŬűɐ Űɞɡ ɘůŰɞɟɘəɞɨ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ˊɚɏɞɜ ŬˊŬɟŬɑŰɖŰɞ. 

 

Å ȼ ŭŮɨŰŮɟɖ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɖɠ əŬŰɎůŰŬůɖɠ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ůŮ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ: Űɖ űɡůɘəɐ əŬŰɎůŰŬůɖ əŬɘ Űɖ ɚɞɔɘəɐ əŬŰɎůŰŬůɖ. ȼ űɡůɘəɐ 

əŬŰɎůŰŬůɖ ŬɜŬɜŮɩɜŮŰŬɘ Ŭɛɏůɤɠ ɧŰŬɜ ɞɘ ŮɜŰɞɚɏɠ ɞɚɞəɚɖɟɩɜɞɜŰŬɘ. ȼ ŬɟɢɘŰŮəŰɞɜɘəɐ 

əŬŰɎůŰŬůɖ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ŬɜŬɜŮɩɜŮŰŬɘ ɓɎůɖ Űɖɠ ŬəɞɚɞɡɗɘŬəɐɠ ůŮɘɟɎɠ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ. 
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ɀȺŪɃȹɃȽ ũȽȷ ȷɁȷȾɇȼɆȼ ɀȽȷɆ 

ȷȾɅȽȸȼɆ ȾȷɇȷɆɇȷɆȼɆ 



Ƀ ɅɃȿɃɆ ɇɋɁ ɄɅɃũɅȷɀɀȷɇɋɁ ɆɇȼɁ 

ȷɈɂȼɆȼ ɇȼɆ ȷɄɃȹɃɆȼɆ 

Å ȷɜ əŬɘ ɞɘ superscalar ŮˊŮɝŮɟɔŬůŰɏɠ ůŰɞɢŮɨɞɡɜ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ ɐŭɖ 

ɡˊŬɟɢɧɜŰɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ, ɖ Ŭˊɧŭɞůɖ ɛˊɞɟŮɑ ɜŬ ŬɡɝɖɗŮɑ Ŭɜ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɜɏŬ, 

ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜŬ ˊɟɞɔɟɎɛɛŬŰŬ. Ƀ ˊɟɞɔɟŬɛɛŬŰɘůŰɐɠ ɛˊɞɟŮɑ ɜŬ ɓɞɖɗɐůŮɘ Űɞɜ 

ŮˊŮɝŮɟɔŬůŰɐ, ɔɟɎűɞɜŰŬɠ Űɞ ˊɟɧɔɟŬɛɛŬ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɖ ŬɜɎəɚɖůɖ əŬɘ ɖ 

ŮəŰɏɚŮůɖ Űɤɜ ŮɜŰɞɚɩɜ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɘɞ ŬˊɞŭɞŰɘəɎ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ: 
ï ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɛɑŬ ɞɛɎŭŬ ŮɜŰɞɚɩɜ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɚŮůŰŮɑ ˊŬɟɎɚɚɖɚŬ  

ï ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɛɑŬ ŮɜŰɞɚɐ ɜŬ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɛɏɜŮɘ Űɞ ŬˊɞŰɏɚŮůɛŬ əɎˊɞɘŬɠ ˊɟɞɖɔɞɨɛŮɜɖɠ 

ŮɜŰɞɚɐɠ.  

Å ȾŬŰɎ Űɖ ůɡɔɔɟŬűɐ Űɞɡ əɩŭɘəŬ, ɔɟɎűɞɜŰŬɠ Űɘɠ ŮɜŰɞɚɏɠ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɛɑŬ 

ɞɛɎŭŬ ŮɜŰɞɚɩɜ ɜŬ ŰŬɘɟɘɎɕŮɘ ɛŮ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ ˊŬɟɎɚɚɖɚɖɠ ŮəŰɏɚŮůɖɠ Űɞɡ 

ŮˊŮɝŮɟɔŬůŰɐ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɞ ˊɟɩŰɞɠ ůŰɧɢɞɠ. Ƀɘ ˊŮɟɘɞɟɘůɛɞɑ ŬɡŰɞɑ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

Űɘɠ ůɢɏůŮɘɠ ŮɝɎɟŰɖůɖɠ ɛŮŰŬɝɨ Űɤɜ ŮɜŰɞɚɩɜ əŬɘ Űɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ ˊɧɟɤɜ Űɞɡ 

ŮˊŮɝŮɟɔŬůŰɐ. Ƀ ŭŮɨŰŮɟɞɠ ůŰɧɢɞɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŰɞˊɞɗŮŰɩɜŰŬɠ ůŰɞɜ əɩŭɘəŬ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ɛɑŬ ŮɜŰɞɚɐ, Űɖɠ ɞˊɞɑŬɠ Űɞ ŬˊɞŰɏɚŮůɛŬ ŰɟɞűɞŭɞŰŮɑ ɛɑŬ Ɏɚɚɖ ŮɜŰɞɚɐ, 

ˊɞɚɨ ˊɟɘɜ Űɖɜ ŮɜŰɞɚɐ-əŬŰŬɜŬɚɤŰɐ. 
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ȸȺȿɇȽɆɇɃɄɃȽȼɆȼ ɈɄȺɅȸȷŪɀɋɇɃɈ 

ɄɅɃũɅȷɀɀȷɇȽɆɀɃɈ 

  

Å ŪŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɞ ɔɜɤůŰɧɠ Ŭɚɔɧɟɘɗɛɞɠ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ ˊɘɜɎəɤɜ, ɛɘŬ əɞɘɜɐ 

ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖ ˊŬɟŬɚɚɖɚɞˊɞɑɖůɖ ŬɡŰɞɨ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ, əŬɘ ɏˊŮɘŰŬ ɗŬ ˊŬɟŬɢɗŮɑ 

ɛɘŬ ˊɚɐɟɖ ˊɟɞůɏɔɔɘůɖ ůɨɛűɤɜŬ ɛŮ Űɖ cache ɔɘŬ Űɖ ˊŬɟŬɚɚɖɚɞˊɞɑɖůɖ ŬɡŰɞɨ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ. Ƀ ůəɞˊɧɠ ŬɡŰɐɠ Űɖɠ ŬɜɎɚɡůɖɠ ŮɑɜŬɘ ɜŬ ŭɘŭɎɝŮɘ ɛɘŬ ɛŮɗɞŭɞɚɞɔɑŬ ɔɘŬ Űɞ 

ˊɩɠ ɜŬ ŮɟɛɖɜŮɡŰɞɨɜ ŰŬ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ůɡɔəŮɜŰɟɩɗɖəŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɤɜ ŭɞəɘɛɩɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ˊɩɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŬɡŰɏɠ ɖ ŮɟɛɖɜŮɑŮɠ ůŰɖ 

ɓŮɚŰɑɤůɖ Űɞɡ ˊŬɟɎɚɚɖɚɞɡ əɩŭɘəŬ.  

 

Å ŪŬ ŮɝŮŰŬůŰŮɑ ˊɩɠ ɛˊɞɟŮɑ ɜŬ ŬɜɏɚɗŮɘ ɏɤɠ əŬɘ 80x ɖ ŮəŰɏɚŮůɖ Űɞɡ ˊŬɟɎɚɚɖɚɞɡ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ  ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ ɛɧɜɞ ŮˊŮɝŮɟɔŬůŰɐ(4 ˊɡɟɐɜŮɠ ɛŮ HT ),ŬɚɚɎ 

əŬɘ ɛɏůɤ ɛɘŬɠ Ŭˊɚɐɠ ůŮɘɟɘŬəɐɠ ɛŮɗɧŭɞɡ ůŰɞ ɑŭɘɞ ůɨůŰɖɛŬ.  
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ɄɃȿȿȷɄȿȷɆȽȷɆɀɃɆ ɄȽɁȷȾɋɁ 

 
 

Å Ƀ Ŭɚɔɧɟɘɗɛɞɠ ˊɟɞůŮɔɔɑɕŮŰŬɘ əŬɘ ůŮɘɟɘŬəɎ əŬɘ ˊŬɟɎɚɚɖɚŬ ɔɘŬ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɧ Űɞ 

ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ ɡˊŮɟɓŬɗɛɤŰɞɨ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɏɜŬɜŰɘ Űɞɡ ůŮɘɟɘŬəɞɨ. 

 

Å ɇɞ ˊɟɧɔɟŬɛɛŬ ŬɡŰɧ ɏɢŮɘ ŮəŰŮɚŮůŰŮɑ ůŮ ɏɜŬɜ ŮˊŮɝŮɟɔŬůŰɐ ŰŮůůɎɟɤɜ ˊɡɟɐɜɤɜ  əŬɘ 

ɏɢŮɘ ůɡɜŰŬɢɗŮɑ ůŮ C++. 

 

Å ɀŮŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ əɩŭɘəŬ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɞ ˊŬɟŬɚɚɖɚɞˊɞɘɖɛɏɜɞɠ Ŭɚɔɧɟɘɗɛɞɠ 

ŮɑɜŬɘ əŬŰɎ ˊɟɞůɏɔɔɘůɖ 1.97x űɞɟɏɠ ˊɘɞ ɔɟɐɔɞɟɞɠ. 

 

Å ɄŬɟŬəɎŰɤ ŭɑɜɞɜŰŬɘ ɞ ˊŬɟɎɚɚɖɚɞɠ əŬɘ ɞ ůŮɘɟɘŬəɧɠ əɩŭɘəŬɠ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɗɩɠ 

əŬɘ ɞɘ ůɡɔəɟɑůŮɘɠ Űɞɡɠ. 
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Å ɀɑŬ Űɡˊɘəɐ ɛɏɗɞŭɞɠ ůŮɘɟɘŬəɞɨ ɡˊɞɚɞɔɘůɛɞɨ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ ˊɘɜɎəɤɜ ɔɘŬ ɏɜŬɜ 

ŰŮŰɟŬɔɤɜɘəɧ ˊɑɜŬəŬ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

 

50 

ɆȺȽɅȽȷȾȼ ɀȺŪɃȹɃɆ 



 

 

Å Ƀ ˊŬɟŬˊɎɜɤ əɩŭɘəŬɠ ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɖɜ ˊŬɟŬɚɚɖɚɞˊɞɘɖɛɏɜɖ ɛɞɟűɐ Űɞɡ, ɖ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘŮɑ collection parallel_for . 
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ɄȷɅȷȿȿȼȿȼ ɀȺŪɃȹɃɆ 

 



ȺūȷɅɀɃũȼ ɆɇɃ MSDN 

  

 ɇɞ MSDN ŬɜɏűŮɟŮ Ŭɨɝɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ ůŮ ɏɜŬ ůɨůŰɖɛŬ 4 
ŮˊŮɝŮɟɔŬůŰɩɜ ɔɘŬ ˊɞɚɚŬˊɚŬůɘŬůɛɧ  750 x 750 ˊɘɜɎəɤɜ ɤɠ Ůɝɐɠ: 

Å ɆŮɘɟɘŬəɧ:      3853 (ticks) 

Å ɄŬɟɎɚɚɖɚɞ: 1311 (ticks) 

 ɄŮɟɑˊɞɡ 2.94x Ŭɨɝɖůɖ ŰŬɢɨŰɖŰŬɠ. 

 

 ȷɡŰɧ ŭŮɜ ŮɑɜŬɘ ɛɘŬ ɘŭŬɜɘəɐ əŬŰɎůŰŬůɖ əɚɘɛɎəɤůɖɠ ůŰɖɜ ɞˊɞɑŬ ŭŮɜ 
ˊŬɟɎɔŮŰŬɘ ɛɘŬ 4x Ŭɨɝɖůɖ ŰŬɢɨŰɖŰŬɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 4 ŮˊŮɝŮɟɔŬůŰɏɠ. 
ȳɛɤɠ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ ˊɟɏˊŮɘ ɜŬ ɡˊɎɟɢŮɘ ɛɘŬ ŮˊɘɓɎɟɡɜůɖ ůŰɖɜ 
ŮɔəŬŰɎůŰŬůɖ, ɖ Ŭɨɝɖůɖ ŰŬɢɨŰɖŰŬɠ 2.94x ŭŮɜ ŮɑɜŬɘ əŬɘ Űɧůɞ əŬəɐ ůŮ ŬɡŰɧ 
Űɞɜ ɛɘəɟɧ ˊɑɜŬəŬ.  

      
       ȷɠ ɔɑɜŮɘ ɔɜɤůŰɧ ɧŰɘ ɡˊɎɟɢŮɘ ɛɧɜɞ 25% Űɞɡ ɢɩɟɞɡ ŭɘŬŰŮɗŮɘɛɏɜɞ ɔɘŬ ɓŮɚŰɑɤůɖ. 
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ȷɁȷȿɈɆȼ ɆɇɃȽɉȺȽɋɁ 

 

Å ȼ ŬɜɎɚɡůɖ ŬɡŰɐ ŭŮɜ ůɢŮŭɑŬůŮ Űɖɜ əɚɘɛɎəɤůɖ ɤɠ ůɡɜɎɟŰɖůɖ Űɞɡ Ɂ (ɖ ɛɑŬ 

ŭɘɎůŰŬůɖ Űɞɡ ŰŮŰɟŬɔɤɜɘəɞɨ ˊɑɜŬəŬ), ɏŰůɘ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ŭɩůŮɘ  Űɖɜ ɛɞɟűɐ Űɖɠ 

əŬɛˊɨɚɖ Űɞɡ əɏɟŭɞɡɠ Ŭˊɧŭɞůɖɠ ɤɠ ůɡɜɎɟŰɖůɖ Űɞɡ Ɂ. 

 

 

Å ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ŬɜɎɚɡůɖ ŬɡŰɐ ɔɟɎűŰɖəŮ ɔɘŬ ɜŬ ŰɞɜɑůŮɘ Űɖ ɢɟɐůɖ Űɞɡ 

parallel_for ůŰɞ ŰŬɡŰɞɢɟɞɜɘůɛɧ MS, ɏɜŬɠ ˊɟɞɔɟŬɛɛŬŰɘůŰɐɠ ˊŬɟɎɚɚɖɚɞɡ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ  ɛˊɞɟŮɑ ɜŬ ɏɢŬɜŮ ˊɟɞɓɎŭɘůɛŬ ůŰɖɜ ˊŬɟŬŭɞɢɐ ɧŰɘ ŬɡŰɧ Űɞ 

ˊŬɟɎŭŮɘɔɛŬ ŬˊŮɘəɞɜɑɕŮɘ ɛɘŬ ˊŬɟɎɚɚɖɚɖ ůɡɜɎɟŰɖůɖ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ ˊɘɜɎəɤɜ. 

ɀŮŰɎ Ŭˊɧ ɧɚŬ ŬɡŰɎ, ɖ ŬɜɎɚɡůɖ ˊŮɟɘɔɟɎűŮɘ ɛɘŬ ˊŬɟɎɚɚɖɚɖ ɛɏɗɞŭɞ ɔɘŬ Űɞɜ 

ˊɞɚɚŬˊɚŬůɘŬůɛɧ ˊɑɜŬəŬ  (ɔɟɎűŰɖəŮ ůŮ ɏɜŬ Ɏɟɗɟɞ MSDN - ɛɘŬ ɏɔəɡɟɖ ˊɖɔɐ). 
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ɄɅɃɆȷɅɀɃũȼ ɆȺ QUICKTHREAD (1) 

 

Å ȹŮɜ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Űɞɡ Visual Studio 2010, ɞˊɧŰŮ ɞ əɩŭɘəŬɠ ɏɢŮɘ 

ˊɟɞůŬɟɛɞůŰŮɑ ɔɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ QuickThread  

Å ȼ ˊɟɞůŬɟɛɞɔɐ ŮɑɜŬɘ ůɢŮŰɘəɎ Ůɨəɞɚɖ. ȰɔɘɜŬɜ ŬɚɚŬɔɏɠ Űɤɜ include ŬɟɢŮɑɤɜ əŬɘ 

ɡˊɐɟɢŬɜ ɛɘəɟɏɠ ŭɘŬűɞɟɏɠ ůŰɞ ůɡɜŰŬəŰɘəɧ. 
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Å ɆŰɖ ɔɚɩůůŬ QuickThread, ɖ parallel_for ˊŮɟɜɎŮɘ Űɞ ɛɘůɧ ŬɜɞɘɢŰɧ Ůɨɟɞɠ  ɤɠ ɧɟɘůɛŬ 

ůŰɖɜ ůɡɜɎɟŰɖůɖ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ parallel_for Űɞɡ VS 2010 Űɖ ůɡɚɚɞɔɐ 

ŰŬɡŰɞɢɟɞɜɘůɛɞɨ ˊɞɡ ˊŮɟɜɎ Űɞɜ ŮɜɘŬɑɞ ŭŮɑəŰɖ ɛɏůŬ ůŰɞ ůɩɛŬ Űɖɠ ůɡɜɎɟŰɖůɖɠ.  

       

      ȼ QuickThread ŮˊɏɚŮɝŮ ɜŬ ˊŮɟɎůŮɘ Űɞ ɐɛɘůɡ ŬɜɞɘəŰɧ Ůɨɟɞɠ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ ɏɜŬ ŮɜɘŬɑɞ 

ŭŮɑəŰɖ, ŭɘɧŰɘ ɔɜɤɟɑɕɞɜŰŬɠ Űɞ Ůɨɟɞɠ, ɞ ˊɟɞɔɟŬɛɛŬŰɘůŰɐɠ ɐ / əŬɘ ɞ ɛŮŰŬɔɚɤŰŰɘůŰɐɠ 

ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘůŰɞˊɞɘɐůŮɘ əŬɚɨŰŮɟŬ Űɞɜ əɩŭɘəŬ ŮɜŰɧɠ Űɞɡ ɓɟɧɢɞɡ. ȷɡŰɧɠ ɞ ɓɟɧɢɞɠ 

ɗŬ ɛˊɞɟɞɨůŮ Űɧůɞ ŮɨəɞɚŬ ɏɢŮɘ ɔɟŬűŰŮɑ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ OpenMP ɐ Cilk + +, ɐ ɇȸȸ. 
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ɄɅɃɆȷɅɀɃũȼ ɆȺ QUICKTHREAD (2) 



 

ɄȷɅȷȿȿȼȿȼ ȹȽȷȾɈɀȷɁɆȼ (1) 

 
 

Å ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ Űɟɞˊɞˊɞɘɖɛɏɜɞ əɩŭɘəŬ QuickThread ɞ ɞˊɞɑɞɠ  ŰɟɏɢŮɘ ůŮ 

Windows XP x64 əŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬɜ ŮˊŮɝŮɟɔŬůŰɐ Intel Q6600 4 Core ɢɤɟɑɠ 

Hyper Threading,  ˊɟɞəɨˊŰŮɘ ɖ Ůɝɐɠ əɚɘɛɎəɤůɖ : 
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Å ɈˊɎɟɢŮɘ ɛɘŬ ŭɘŬəɨɛŬɜůɖ Űɖɠ ŰɎɝɖɠ Űɤɜ 3.77x Ŭˊɧ Ɂ ɛŮŰŬɝɨ Űɞɡ 128 əŬɘ Űɞɡ 1024. ȾŬɘ 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ŰŬ ŰɏůůŮɟŬ ɜɐɛŬŰŬ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ, Űɞ ˊɎɜɤ ŭɘɎɔɟŬɛɛŬ  

ŭŮɑɢɜŮɘ Űɖ ˊŬɟɎɚɚɖɚɖ ɏəŭɞůɖ Űɞɡ ůŮɘɟɘŬəɞɨ əɩŭɘəŬ ŬˊɞŭɑŭɞɜŰŬɠ ɏɜŬ ůɡɜŰŮɚŮůŰɐ 

ˊɟɞůŬɨɝɖůɖɠ 0.94(ɛɏɔŮɗɞɠ/Ŭɟɘɗɛɧɠ ˊɡɟɐɜɤɜ). ȷɡŰɧɠ ŮɑɜŬɘ ɏɜŬ ŬɟəŮŰɎ əŬɚɧɠ 

ůɡɜŰŮɚŮůŰɐɠ əɚɘɛɎəɤůɖɠ. 

 

Å ɇɞ ɛɞɜŰɏɚɞ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ ŭŮɜ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ɔɘŬ Űɞ ŰŮůŰ Űɞɡ  Visual Studio ɔɘô ŬɡŰɧ 

ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ŮɘˊɤɗŮɑ ɞ ɚɧɔɞɠ ɔɘŬŰɑ Űɞ Quick Thread ŬˊɞŭɑŭŮɘ 3.77x ɓŮɚŰɑɤůɖ ůŮ 4 

ˊɡɟɐɜŮɠ, Ůɜɩ Űɞ VS ŬˊɞŭɑŭŮɘ 2.94x ɓŮɚŰɑɤůɖ ůŮ 4 ŮˊŮɝŮɟɔŬůŰɏɠ. 

 

Å ɄɟɩŰɞ ɓɐɛŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ŮɑɜŬɘ ɖ Ůˊɘɚɞɔɐ Ůɜɧɠ ˊɟɧůɗŮŰɞɡ(ŭɘŬűɞɟŮŰɘəɞɨ) 

ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ Űɞɡ ŭŮɑɔɛŬŰɞɠ.  
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ȷɁȷȿɈɆȼ ɄȷɅȷȿȿȼȿȼɆ ȹȽȷȾɈɀȷɁɆȼɆ 

(1) 

 



 

Å ȼ Ŭˊɧŭɞůɖ ůŮ ɏɜŬɜ ŮˊŮɝŮɟɔŬůŰɐ ɡˊɞůŰɐɟɘɝɖɠ L3 cache əŬɘ Hyper Threading (HT): 

Å ɀŮ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ůŮ ɏɜŬɜ  Intel Core i7 920, 4 ˊɨɟɖɜɞ ɛŮ HT (8 

ɡɚɘəɎ ɜɐɛŬŰŬ- ŬɚɚɎ ɛɧɜɞ 4 əɡɛŬɘɜɧɛŮɜŬ ɛɞɜɞˊɎŰɘŬ ŮɜŰɞɚɩɜ) ˊɟɞəɨˊŰŮɘ ɛɘŬ ŰŮɚŮɑɤɠ 

ŭɘŬűɞɟŮŰɘəɐ ɔɟŬɛɛɐ ŰɎůɖɠ: 
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ɄȷɅȷȿȿȼȿȼ ȹȽȷȾɈɀȷɁɆȼ (2) 

 



Å ɄɟɞəɨˊŰɞɡɜ ɞɟɘůɛɏɜŬ ŮɟɤŰɐɛŬŰŬ. 

ï ũɘŬŰɑ ɡˊɎɟɢŮɘ ˊŰɩůɖ ɧŰŬɜ Űɞ Ɂ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 350 ůŮ 570? 

ï ȳŰŬɜ ɖ Ŭˊɧŭɞůɖ ŬɜŬəɎɛˊŰŮɘ, ɔɘŬŰɑ ɡˊɎɟɢŮɘ ɓŮɚŰɑɤůɖ 4x ŬɜŰɑ ɔɘŬ  8x? 

ï ũɘŬŰɑ ɡˊɎɟɢŮɘ ɞŭɞɜŰɤŰɐ ɔɟŬɛɛɐ(ɗɧɟɡɓɞɠ) ˊɟɞɠ ɢŬɛɖɚɧŰŮɟŬ Ɂ? 

 

Å ȼ ́Űɩůɖ ɞűŮɑɚŮŰŬɘ ůŮ ŮəŭɘɩɝŮɘɠ Űɖɠ cache  ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɜɐɛŬ ˊɞɡ 
ŮˊɘŭɟɎŮɘ ŬɟɜɖŰɘəɎ ɛŮ ŰŬ ɎɚɚŬ ɜɐɛŬŰŬ. 

Å ɈˊɎɟɢŮɘ ɚɑɔɞ ˊɎɜɤ Ŭˊɧ 4x ŮˊɘŭɧůŮɘɠ ŮˊŮɘŭɐ ɞ Core i7 920 ŮɑɜŬɘ ɏɜŬɠ ŰŮŰɟŬˊɨɟɖɜɞɠ 
ŮˊŮɝŮɟɔŬůŰɐɠ ɘəŬɜɧɠ  ɔɘŬ 4 ɟŮɨɛŬŰŬ ŮəŰɏɚŮůɖɠ əɘɜɖŰɐɠ ɡˊɞŭɘŬůŰɞɚɐɠ(Ŭɜ əŬɘ ɏɢŮɘ 8 
ɡɚɘəɎ ɜɐɛŬŰŬ ɔɘŬ ɟŮɨɛŬŰŬ ŬəɏɟŬɘɖɠ ŮəŰɏɚŮůɖɠ). ɆŰɘɠ ɡɣɖɚɏɠ Űɘɛɏɠ Űɞɡ Ɂ ɗŬ űŬɑɜŮŰŬɘ 
ɧŰɘ ɛŮɔɘůŰɞˊɞɘɞɨɛŮ Űɘɠ ɘəŬɜɧŰɖŰŮɠ Űɞɡ ŮˊŮɝŮɟɔŬůŰɐ, 4 ˊɡɟɐɜŮɠ == 4x Ŭɨɝɖůɖ Űɖɠ 
Ŭˊɧŭɞůɖɠ. 

Å ȼ ɔɟŬɛɛɐ ŰɎůɖɠ ŮɑɜŬɘ ŬəŬɜɧɜɘůŰɖ, ɚɧɔɤ ɧŰɘ ɛɧɜɞ ɏɜŬ Űɟɏɢɞɜ ŭŮɑɔɛŬ ɏɢŮɘ ɚɖűɗŮɑ əŬɗɩɠ 
əŬɘ ɚɧɔɤ Űɤɜ ɛɘəɟɩɜ ɢɟɧɜɤɜ ɚŮɘŰɞɡɟɔɑŬɠ, ɧŰŬɜ Űɞ Ɂ ŮɑɜŬɘ ɢŬɛɖɚɧ. ȷəɧɛŬ, ɖ 
ɛŮŰŬɓɚɖŰɐ  ɔŮɜɘəɎ ůŰɖɜ ɏɜŬɟɝɖ Űɖɠ ɞɛɎŭŬɠ Ŭˊɧ ŰŬ ɜɐɛŬŰŬ(ŰɩɟŬ 8 ɜɐɛŬŰŬ) ŮɑɜŬɘ ˊɘɞ 
ŬɘůɗɖŰɐ ůŰɖɜ ŬɟɘůŰŮɟɐ ˊɚŮɡɟɎ Űɖɠ əŬɛˊɨɚɖɠ. ȾŬŰɎ ɛɏůɞ ɧɟɞ ɏɜŬɠ ɛŮɔŬɚɨŰŮɟɞɠ 
Ŭɟɘɗɛɧɠ Űɤɜ ɔɨɟɤɜ ɗŬ ŮɝɞɛɎɚɡɜŮ ŬɡŰɐ Űɖ ɔɟŬɛɛɐ, ŬɚɚɎ ŬɡŰɧ əŬŰŬɜŬɚɩɜŮɘ ˊŮɟɘŰŰɧ 
ɢɟɧɜɞ Ŭˊɧ Űɞɜ developer. ȺˊɘˊɟɧůɗŮŰŬ, ɖ ɛŮɔɎɚɖ ŬəɑŭŬ ˊŮɟɑˊɞɡ ůŰɞ 250 ŭŮɑɢɜŮɘ ɧŰɘ 
ɖ ůŮɘɟɘŬəɐ Ůəŭɞɢɐ ˊɐɟŮ ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɡˊɞŭɘŬɑɟŮůɖɠ ůŮ əŮɑɜɞ Űɞ ůɖɛŮɑɞ ɚɧɔɤ 
Űɤɜ ŮɝɤŰŮɟɘəɩɜ ůɡɜɗɖəɩɜ Ůɚɏɔɢɞɡ Űɖɠ ŮűŬɟɛɞɔɐɠ (ŮˊɏəŰŬůɖ Űɞɡ ŬɟɢŮɑɞɡ ůŮɚɑŭŬɠ ɐ 
Ɏɚɚɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɔɘŬ Űɞ ůɨůŰɖɛŬ. 
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ȷɁȷȿɈɆȼ ɄȷɅȷȿȿȼȿȼɆ ȹȽȷȾɈɀȷɁɆȼɆ 

(2) 
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Å ɈˊɎɟɢŮɘ Űɟɧˊɞɠ  ɔɘŬ ɜŬ ɓŮɚŰɘɤɗɞɨɜ ŬɡŰɏɠ ɞɘ ŮˊɘŭɧůŮɘɠ ɐ əŬɘ ɜŬ ŭɘɞɟɗɤɗŮɑ  ɖ ˊŰɩůɖ 

ůŰɖɜ Ŭˊɧŭɞůɖ ɔɘŬ Ɂ ɛŮŰŬɝɨ 350 əŬɘ 570? 

 

Å ɇɞ əɨɟɘɞ ɡˊɞɚɞɔɘůŰɘəɧ ŰɛɐɛŬ Űɞɡ əɩŭɘəŬ Űɧůɞ ɔɘŬ ůŮɘɟɘŬəɐ əŬɘ ˊŬɟɎɚɚɖɚɖ ŮɑɜŬɘ Űɞ 

ɑŭɘɞ: 

 

 

 

 

 

 

 

 



 

Å ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ŭɐɚɤůɖ Űɞɡ ŬˊɞŰŮɚɏůɛŬŰɞɠ Űɞɡ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ  

 

 

 

      ɢɟɖůɘɛɞˊɞɘŮɑ  k ɔɘŬ ɜŬ ŭŮɑɝŮɘ Űɖ ůŰɐɚɖ Űɞɡ ˊɑɜŬəŬ m1 əŬɘ Űɖ ɔɟŬɛɛɐ Űɞɡ ˊɑɜŬəŬ  m2.  

  

 ȷɡŰɧ Űɞ ɛɞŰɑɓɞ ˊɟɧůɓŬůɖɠ ɏɢŮɘ ŭɨɞ ˊɟɞɓɚɐɛŬŰŬ: 

  ȹŮɜ ŮɑɜŬɘ űɘɚɘəɧ ˊɟɞɠ Űɖ cache. 

  ȹŮɜ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůŮɘ ŬɜŰɘəŮɑɛŮɜɞ ŭɘŬɜɡůɛŬŰɞˊɞɑɖůɖɠ Ŭˊɧ Űɞɜ compiler .  

      

  ȷɠ ŭɞɨɛŮ Űɞɜ əŬɗɞɟɘůɛɧ ŬɡŰɩɜ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ. 
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ȸȺȿɇȽɋɆȼ ȺɄȽȹɃɆȺɋɁ (2) 



ȹȺȽũɀȷɇȷ CLICK++ 

 

Å ɆŰŬ ŭŮɑɔɛŬŰŬ ˊɟɞɔɟŬɛɛɎŰɤɜ Click++ , ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ (ɐ ɗŬ ŮɑɜŬɘ) ŭɘŬɗɏůɘɛŬ ůŰɖɜ Intel 

Parallel Studio , ɡˊɎɟɢŮɘ ɏɜŬ ŭŮɑɔɛŬ ˊɟɞɔɟɎɛɛŬŰɞɠ  ˊɞɡ ŭŮɑɢɜŮɘ űɘɚɘəɐ ůɡɛˊŮɟɘűɞɟɎ 

ˊɟɞɠ Űɖ cache ůŰɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ Űɤɜ ˊɘɜɎəɤɜ: 
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Å Ƀɘ ɛŮŰŬɓɚɖŰɏɠ itn (i times n) əŬɘ ktn(k times n) əɎɜɞɡɜ ɛŮɔɎɚŬ ɓɐɛŬŰŬ ɛɏůŬ Ŭˊɧ Űɞɡɠ 

ˊɑɜŬəŮɠ. Ƀɘ ŭŮɑəŰŮɠ Űɞɡ ˊɑɜŬəŬ ŭŮɑɢɜɞɡɜ ůŮ ɛɞɜɞŭɘɎůŰŬŰɞɡɠ ˊɑɜŬəŮɠ ˊɞɡ ŮɑɜŬɘ ůŮ 

ůŮɘɟɎ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ əɎɗŮ ɔɟŬɛɛɐ ŮˊɘůɡɜɎˊŰŮŰŬɘ ůŰɖ ˊɟɞɖɔɞɨɛŮɜɖ ɔɟŬɛɛɐ ůŮ 

ɏɜŬɜ ɛŮɔɎɚɞ ŮɜɘŬɑɞ ɛɞɜɞŭɘɎůŰŬŰɞ ˊɑɜŬəŬ. Ƀ ɞˊɞɑɞɠ ůŰɖ ůɡɜɏɢŮɘŬ ŬɜŬˊɟɞůŬɟɛɧɕŮŰŬɘ 

ɛŮ Űɞ i*n əŬɘ/ɐ Űɞ k*n.  

 
Å Cilk + + ŭɖɚɩůŮɘɠ ůɡɜŬɟŰɐůŮɤɜ : 

 

 
                  ɆɖɛŮɘɩůŰŮ ɧŰɘ ŰŬ double * ůŰɞ ŭɘůŭɘɎůŰŬŰɞ ˊɑɜŬəŬ ŮɑɜŬɘ ŭŮɑəŰŮɠ. 
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ȷɁȷȿɈɆȼ ȹȺȽũɀȷɇɋɁ CLICK++  

- ȹȼȿɋɆȺȽɆ ɆɈɁȷɅɇȼɆȺɋɁ 



ȹȼȿɋɆȺȽɆ ɆɈɁȷɅɇȼɆȺɋɁ 

 

Å ɆŮɘɟɘŬəɏɠ əŬɘ ˊŬɟɎɚɚɖɚŮɠ ŭɖɚɩůŮɘɠ ůɡɜŬɟŰɐůŮɤɜ: 

 

 

 

 

 

     ɆɖɛŮɘɩůŰŮ ɧŰɘ ŰŬ double ** ůŰɞ ŭɡůŭɘɎůŰŬŰɞ ˊɑɜŬəŬ ŮɑɜŬɘ ŭŮɑəŰŮɠ 

 

Å H ɏɜɤůɖ Űɤɜ ɔɟŬɛɛɩɜ əɎɜŮɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɏɜŬ ŮɡŮɟɔŮŰɘəɧ ˊɟɎɔɛŬ ůŰɞ 

ˊɟɧɔɟŬɛɛɎ .  H ɏɜɤůɖ Űɤɜ ɔɟŬɛɛɩɜ ŮɝŬɚŮɑűŮɘ ɛɘŬ űɏɟɞɡůŬ ɛɜɐɛɖ Ůɜɧɠ ŭŮɑəŰɖ ůŰɖ 

ɔɟŬɛɛɐ (ɧˊɤɠ ɔɑɜŮŰŬɘ ɛŮ Űɞɡɠ ˊɑɜŬəŮɠ Űɤɜ ŭŮɘəŰɩɜ Űɤɜ ɔɟŬɛɛɩɜ).  ȷɡŰɧ ɢɟɖůɘɛɞˊɞɘŮɑ 

ɚɘɔɧŰŮɟŮɠ Ⱥɘəɞɜɘəɏɠ ɀɜɐɛŮɠ ɀŮŰɎűɟŬůɖɠ ɀɏůɤ Űɤɜ Buffers. ȾŬɘ ŬɡŰɧ ɓŮɚŰɘɩɜŮɘ Űɖ 

ɢɟɐůɖ Űɖɠ cache . 
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ɉɅȼɆȼ TLB's 

 

Å XɟɐůŮɘɠ :  1 TLB ɔɘŬ Űɞ əɩŭɘəŬ + 1 TLB ɔɘŬ Űɞ ůɤɟɧ(could be 0) + 1TLB ɔɘŬ m1 
ˊɑɜŬəŬ ɔɟŬɛɛɩɜ + 1 TLB ɔɘŬ m1 ŭŮŭɞɛɏɜɤɜ + 1 TLB ɔɘŬ  m2 ˊɑɜŬəŬ ɔɟŬɛɛɩɜ + 1 
TLB ɔɘŬ m2 ŭŮŭɞɛɏɜɤɜ = 6 (or 5) TLB's. 

 

 

 

Å ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ ɛɏɗɞŭɞ ɏɜɤůɖɠ Űɤɜ ɔɟŬɛɛɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞ 
Click++ :  

Å ɉɟɐůŮɘɠ :  1 TLB ɔɘŬ Űɞ əɩŭɘəŬ + 1 TLB ɔɘŬ Űɞ ůɤɟɧ(could be 0) + 1 TLB ɔɘŬ m1 
ŭŮŭɞɛɏɜɤɜ + 1 TLB ɔɘŬ m2 ŭŮŭɞɛɏɜɤɜ = 4 (or 3) TLB's. 

 

 
Å ȼ ɛŮɑɤůɖ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ TLB ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŬɟɎɔŮɘ ɏɜŬ 
ˊɚŮɞɜɏəŰɖɛŬ. 
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ȹȽȷũɅȷɀɀȷ ȷɄɃȹɃɆȼɆ INTEL 

Q6600 
 

Å ɇɞ ŬɜŰɑůŰɞɘɢɞ ŭɘɎɔɟŬɛɛŬ: 
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