
 

510 

ȺɇȺɅɂɁ ɉɊɈɂɁȼɈȾɂɌȿɅɖɇɈɋɌɂ ɉɊɈȽɊȺɆɆɇɈ-

ɄɈɇɎɂȽɍɊɂɊɍȿɆɕɏ ɋȿɌȿɃ ȼ ɋɂɋɌȿɆȺɏ ɈȻɊȺȻɈɌɄɂ 
ɂ ɏɊȺɇȿɇɂə ȾȺɇɇɕɏ 

 
ȼ.ɇ. Ɍɚɪɚɫɨɜ, ɋ.ȼ. Ɇɚɥɚɯɨɜ 

 

ɉɨɜɨɥɠɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɢ ɢɧɮɨɪɦɚɬɢɤɢ 
 

Ⱦɚɧɧɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹщɟɧɚ ɜɢɪɬɭɚɥɢɡɚɰɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɤɥɚɫɬɟɪɨɜ, ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ ɩɪɨɝɪɚɦɦɧɨ-
ɤɨɧɮɢɝɭɪɢɪɭɟɦɵɯ ɫɟɬɹɯ (ɉɄɋ). Ɋɚɫɫɦɨɬɪɟɧ ɩɪɢɦɟɪ ɩɨɫɬɪɨɟɧɢɹ ɜɢɪɬɭɚɥɶɧɨɝɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɤɥɚɫɬɟɪɚ ɢ 
ɚɧɚɥɢɡ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɉɄɋ. Ɉɩɪɟɞɟɥɟɧɚ ɡɚɞɟɪɠɤɚ, ɜɧɨɫɢɦɚɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɬɨɤɨɥɚ OpenFlow. 

 
ȼɜɟɞɟɧɢɟ 

ɋɟɬɟɜɵɟ ɚɪɯɢɬɟɤɬɭɪɵ, ɜ ɤɨɬɨɪɵɯ ɭɪɨɜɧɢ ɭɩɪɚɜɥɟɧɢɹ (ɧɚɩɪɢɦɟɪ, ɨɩɪɟɞɟɥɟɧɢɟ 
ɦɚɪɲɪɭɬɚ ɢ ɤɚɱɟɫɬɜɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ) ɨɬɞɟɥɟɧɵ ɨɬ ɭɪɨɜɧɟɣ ɞɚɧɧɵɯ (ɬ.ɟ. ɩɟɪɟɫɵɥɤɚ 
ɩɚɤɟɬɚ ɫ ɨɞɧɨɝɨ ɩɨɪɬɚ ɧɚ ɞɪɭɝɨɣ ɨɪɝɚɧɢɡɨɜɚɧɚ ɫɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ ɤɨɦɦɭɬɚɰɢɢ) ɫɬɚɧɨɜɹɬɫɹ 
ɜɫɟ ɛɨɥɶɲɟ ɩɨɩɭɥɹɪɧɵɦɢ. ɋɪɟɞɢ ɝɥɚɜɧɵɯ ɚɪɝɭɦɟɧɬɨɜ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɬɚɤɚɹ 
ɚɪɯɢɬɟɤɬɭɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɭɸ ɩɪɨɝɪɚɦɦɧɭɸ ɫɪɟɞɭ ɞɥɹ ɪɚɡɜɢɬɢɹ 
ɜɫɟɣ ɫɟɬɢ, ɩɨɬɟɧɰɢɚɥɶɧɨ ɭɩɪɨщɚɹ ɭɪɨɜɟɧɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. ɍɩɪɚɜɥɟɧɢɟ ɩɟɪɟɞɚɱɟɣ 
ɞɚɧɧɵɯ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨщɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɬɚɤ 
ɧɚɡɵɜɚɟɦɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ, ɪɚɛɨɬɚɸщɟɝɨ ɧɚ ɨɬɞɟɥɶɧɨɦ ɫɟɪɜɟɪɟ, ɩɪɢ ɷɬɨɦ ɤɨɧɬɪɨɥɥɟɪ 
ɜɧɨɫɢɬ ɡɚɞɟɪɠɤɭ ɨɛɪɚɛɨɬɤɢ ɩɨɬɨɤɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɫɬɚɧɨɜɢɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɚ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɧɬɪɨɥɥɟɪɚ [1, 2]. 

ɉɪɨɝɪɚɦɦɧɨ-ɤɨɧɮɢɝɭɪɢɪɭɟɦɵɟ ɫɟɬɢ ɜ ɰɟɧɬɪɚɯ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 

Ɂɚɞɚɱɚ ɭɩɪɚɜɥɟɧɢɹ ɫɟɬɟɜɵɦɢ ɪɟɫɭɪɫɚɦɢ ɜ ɧɚɫɬɨɹщɟɦ ɜɪɟɦɟɧɢ ɜɨɡɧɢɤɚɟɬ ɜ ɥɸɛɨɣ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ, ɚ ɜ ɰɟɧɬɪɚɯ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɩɪɢɨɪɢɬɟɬɧɨɣ. Ɋɟɫɭɪɫɵ ɜ ɫɟɬɢ 
ɨɛɵɱɧɨ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɤɚɤ ɚɛɫɬɪɚɤɬɧɚɹ ɟɞɢɧɢɰɚ, ɤɨɬɨɪɚɹ ɤɚɤɢɦ-ɥɢɛɨ ɨɛɪɚɡɨɦ 
ɩɨɬɪɟɛɥɹɟɬɫɹ ɡɚɩɭщɟɧɧɵɦɢ ɡɚɞɚɱɚɦɢ ДγЖ. ɇɨ ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɧɟ ɭɱɢɬɵɜɚɟɬ ɫɩɟɰɢɮɢɤɭ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɟɫɭɪɫɨɜ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɢ ɫ ɫɟɬɟɜɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ. ɋɟɬɟɜɵɟ ɪɟɫɭɪɫɵ – 
ɪɟɫɭɪɫɵ ɞɨɫɬɭɩɧɵɟ ɱɟɪɟɡ ɤɨɦɩɶɸɬɟɪɧɭɸ ɫɟɬɶ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɫɟ, ɱɬɨ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɭɞɚɥɟɧɧɨ. ɋɚɦɵɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸщɢɟɫɹ ɪɟɫɭɪɫɵ ɜ ɰɟɧɬɪɚɯ ɨɛɪɚɛɨɬɤɢ 
ɞɚɧɧɵɯ – ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɦɨщɧɨɫɬɢ (ɩɪɨɰɟɫɫɨɪɧɨɟ ɜɪɟɦɹ), ɨɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ, 
ɞɨɥɝɨɜɪɟɦɟɧɧɚɹ ɩɚɦɹɬɶ (ɯɪɚɧɟɧɢɟ ɞɚɧɧɵɯ), ɤɚɧɚɥɵ ɫɜɹɡɢ. Ʉɚɠɞɵɣ ɢɡ ɷɬɢɯ ɪɟɫɭɪɫɨɜ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɜɨɢɦ ɨɛɪɚɡɨɦ ɢ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɞɪɭɝɢɟ ɪɟɫɭɪɫɵ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɟɫɬɶ 
ɤɨɫɜɟɧɧɵɟ ɪɟɫɭɪɫɵ, ɬɚɤɢɟ ɤɚɤ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨщɧɨɫɬɶ ɢ ɧɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ, ɹɜɥɹɸщɢɟɫɹ 
ɩɨɛɨɱɧɵɦ ɫɥɟɞɫɬɜɢɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɪɟɫɭɪɫɨɜ.  ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɤɪɭɩɧɵɯ 
ɩɪɨɟɤɬɨɜ ɩɨ ɫɨɡɞɚɧɢɸ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɐɈȾ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɐɈȾ ɡɚɜɢɫɢɬ, 
ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɨɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɪɚɜɢɥɶɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ 
ɪɟɲɟɧɢɣ. Ɉɞɧɚɤɨ, ɧɚ ɷɬɚɩɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɐɈȾ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɨɠɟɬ ɫɧɢɠɚɬɶɫɹ ɢɡ-ɡɚ 
ɩɨɜɵɲɟɧɢɹ ɧɚɤɥɚɞɧɵɯ ɪɚɫɯɨɞɨɜ ɧɚ ɩɟɪɟɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɟ, ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɫɯɟɦ, 
ɩɪɨɫɬɨɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɩɟɪɟɧɚɥɚɞɤɟ ɢ ɬ.ɞ. 

Ⱦɚɧɧɵɟ ɩɪɨɛɥɟɦɵ ɦɨɠɟɬ ɪɟɲɢɬɶ ɩɨɹɜɥɟɧɢɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɨɝɨ ɩɨɞɯɨɞɚ, 
ɧɚɡɵɜɚɟɦɨɝɨ ɩɪɨɝɪɚɦɦɧɨ-ɤɨɧɮɢɝɭɪɢɪɭɟɦɵɦɢ ɫɟɬɹɦɢ (ɉɄɋ – Software Defined Networks). 
ɉɄɋ-ɩɨɞɯɨɞ ɨɛɟщɚɟɬ ɫɞɟɥɚɬɶ ɜɫɟ ɫɟɬɢ ɞɟɲɟɜɥɟ ɢ ɩɪɨщɟ ɜ ɭɩɪɚɜɥɟɧɢɢ. ȼɥɢɹɧɢɟ ɉɄɋ-
ɩɨɞɯɨɞɚ ɛɭɞɟɬ ɨщɭщɚɬɶɫɹ ɜ ɰɟɧɬɪɚɯ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ (ɞɚɬɚ-ɰɟɧɬɪɚɯ), ɤɨɪɩɨɪɚɬɢɜɧɵɯ 
ɫɟɬɹɯ, АAN, ɫɨɬɨɜɵɯ ɫɟɬɹɯ, ɚ ɬɚɤɠɟ ɢ ɜ ɞɨɦɚɲɧɢɯ ɭɫɥɨɜɢɹɯ. Ɍɚɤ ɠɟ ɩɨɞɯɨɞ 
ɜɢɪɬɭɚɥɢɡɚɰɢɢ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɫɟɝɨɞɧɹ ɧɟ ɬɨɥɶɤɨ ɧɚ ɫɟɪɜɟɪɚ, ɧɨ ɢ ɧɚ ɫɟɬɢ, ɢ ɧɚ ɫɢɫɬɟɦɵ 
ɯɪɚɧɟɧɢɹ. ɋɪɟɞɫɬɜɚ ɉɄɋ ɩɨɡɜɨɥɹɸɬ ɷɮɮɟɤɬɢɜɧɟɟ ɢ ɩɪɨщɟ ɭɩɪɚɜɥɹɬɶ ɨɛɥɚɱɧɵɦɢ 
ɤɨɧɮɢɝɭɪɚɰɢɹɦɢ. Ⱦɥɹ ɤɨɪɩɨɪɚɬɢɜɧɨɝɨ ɫɟɤɬɨɪɚ ɷɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɢ 
ɨɩɬɢɦɢɡɚɰɢɢ ɫɥɨɠɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ, ɚ ɞɥɹ ɫɪɟɞɧɟɝɨ ɢ ɦɚɥɨɝɨ ɛɢɡɧɟɫɚ — ɢɧɫɬɪɭɦɟɧɬ 
ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɫ ɩɭɛɥɢɱɧɵɦɢ ɨɛɥɚɤɚɦɢ.  
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ȼ ɨɫɧɨɜɟ ɉɄɋ ɫɟɬɟɣ ɥɟɠɢɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ, ɤɚɤ ɫɟɬɢ, 
ɢɦɟɸщɟɣ «ɩɥɨɫɤɨɫɬɶ ɞɚɧɧɵɯ», ɤɨɬɨɪɚɹ ɨɬɜɟɱɚɟɬ ɡɚ ɩɟɪɟɫɵɥɤɭ ɩɚɤɟɬɨɜ ɧɚ ɨɫɧɨɜɟ 
ɫɨɫɬɨɹɧɢɹ ɜ ɤɚɠɞɨɦ ɤɨɦɦɭɬɚɬɨɪɟ, ɢ «ɩɥɨɫɤɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ», ɤɨɬɨɪɚɹ ɨɬɜɟɱɚɟɬ ɡɚ 
ɜɵɱɢɫɥɟɧɢɟ, «ɩɥɚɧɢɪɨɜɚɧɢɟ» ɢ ɭɩɪɚɜɥɟɧɢɟ ɩɟɪɟɫɵɥɤɨɣ.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɞɟɪɠɟɤ 
ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɩɨ 10 ɬɟɫɬɨɜɵɯ ɡɚɞɚɱ ɫ ɩɨɞɞɟɪɠɤɨɣ ɩɪɨɬɨɤɨɥɚ OpenFlow ɢ 

ɛɟɡ, ɞɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɩɪɨɬɨɤɨɥɚ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɢ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɨɜɟɞɟɧɢɹ ɩɚɤɟɬɨɜ ɛɵɥɨ ɪɟɲɟɧɨ ɩɨɫɬɪɨɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɟɝɦɟɧɬ ɫɟɬɢ (Ɋɢɫɭɧɨɤ 1).  

 
 

Ɋɢɫɭɧɨɤ 1 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɟɝɦɟɧɬ ɫɟɬɢ 
 

ɇɚ Server 1 ɭɫɬɚɧɨɜɥɟɧ ɤɨɧɬɪɨɥɥɟɪ OpenNebula [4], ɚ ɧɚ ɫɟɪɜɟɪɚ Node ɜɢɪɬɭɚɥɶɧɵɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɭɡɥɵ ɤɥɚɫɬɟɪɚ. ȼ ɤɚɱɟɫɬɜɟ OpenFlow ɤɨɧɬɪɨɥɥɟɪɚ (ɫɟɬɟɜɨɣ ɨɩɟɪɚɰɢɨɧɧɨɣ 
ɫɢɫɬɟɦɵ) ɭɫɬɚɧɨɜɥɟɧ Floodlight Open SDN Controller ɫ ɩɪɢɥɨɠɟɧɢɹɦɢ ɩɨ ɭɦɨɥɱɚɧɢɸ.  

ɇɚ ɫɟɪɜɟɪɚɯ, Node, ɛɭɞɟɬ ɪɚɡɜɟɪɧɭɬ ɜɢɪɬɭɚɥɶɧɵɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɥɚɫɬɟɪ, 
ɫɨɫɬɨɹщɢɣ ɢɡ 17-ɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡɥɨɜ, ɫ ɩɨɦɨщɶɸ OpenNebula (Ɋɢɫɭɧɨɤ β).  

Server β ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɡɚɯɜɚɬɚ ɬɪɚɮɢɤɚ ɫ ɩɨɦɨщɶɸ tcpdump, ɩɨɞɤɥɸɱɟɧɧɵɣ ɤ 
ɡɟɪɤɚɥɢɪɨɜɚɧɧɨɦɭ ɩɨɪɬɭ ɤɨɦɦɭɬɚɬɨɪɚ.  

 
 

Ɋɢɫɭɧɨɤ β – ȼɢɪɬɭɚɥɶɧɵɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɥɚɫɬɟɪ 
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ɉɨɞ ɜɢɪɬɭɚɥɶɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɭɡɥɵ ɜɵɞɟɥɟɧɵ ɫɥɟɞɭɸщɢɟ ɪɟɫɭɪɫɵμ Master – 
1CPU, ɈɁɍ 8ȽȻ ɢ Slave – 1CPU, ɈɁɍ 6ȽȻ. 

Ƚɟɧɟɪɚɰɢɹ ɬɪɚɮɢɤɚ 

Ɍɪɚɮɢɤ ɝɟɧɟɪɢɪɭɟɬɫɹ ɫ ɩɨɦɨщɶɸ ɭɬɢɥɢɬɵ ТЩОЫП, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɭɡɥɚɯ ɤɥɚɫɬɟɪɚ 
(Ɋɢɫɭɧɨɤ 3). Ɋɚɡɦɟɪ, ɝɟɧɟɪɢɪɭɟɦɵɯ ɩɚɤɟɬɚ ɩɨ ɭɦɨɥɱɚɧɢɸ 1500 ɛɚɣɬɚ. Ɉɛɦɟɧ ɞɚɧɧɵɦɢ 
ɦɟɠɞɭ ɦɚɲɢɧɚɦɢ, ɩɨ ɭɦɨɥɱɚɧɢɸ 10 ɫɟɤ. ɇɚ ɤɚɠɞɨɦ ɢɡ ɭɡɥɨɜ ɡɚɩɭщɟɧɚ ɭɬɢɥɢɬɚ iperf ɫ 
ɩɚɪɚɦɟɬɪɨɦ ɤɥɢɟɧɬɚ, ɤɨɬɨɪɚɹ ɝɟɧɟɪɢɪɭɟɬ ɬɪɚɮɢɤ ɜ ɧɚɩɪɚɜɥɟɧɢɟ ɭɡɥɚ Master. ɇɚ Master 
ɭɬɢɥɢɬɚ ɡɚɩɭщɟɧɚ ɫ ɩɚɪɚɦɟɬɪɨɦ ɫɟɪɜɟɪɚ. ɋ ɤɚɠɞɨɝɨ ɭɡɥɚ ɢɞɟɬ ɩɨ 4 ɩɨɬɨɤɚ ɧɚ ɩɨɪɬɵ ɭɡɥɚ 
Masterμ 80, 44γ, 145 ɢ 1γ7. Ɍɚɤ ɠɟ ɬɪɚɮɢɤ ɝɟɧɟɪɢɪɭɟɬɫɹ ɦɟɠɞɭ ɭɡɥɚɦɢ Slave ɜ ɨɞɢɧ ɩɨɬɨɤ 
ɧɚ ɩɨɪɬ 1γ7. Ɍɨɝɞɚ ɨɛщɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɨɤɨɜ ɡɚ ɨɞɢɧ ɬɟɫɬ ɫɨɫɬɚɜɥɹɟɬ γ04, ɚ ɡɚ 
ɷɤɫɩɟɪɢɦɟɧɬ γ040. 

 
 

Ɋɢɫɭɧɨɤ γ – ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɬɨɤɚ ɞɚɧɧɵɯ 
 

Ɍɪɚɮɢɤ ɞɨ Server 1 ɡɟɪɤɚɥɢɪɭɟɬɹ ɧɚ ɩɨɪɬ ɤɨɦɦɭɬɚɬɨɪɚ (#monitor all both mirror 1), ɢ 
ɡɚɯɜɚɬɵɜɚɟɬɫɹ tcpdump ɧɚ ɫɟɪɜɟɪɟ Server 2.  

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɧɚɞɨɛɢɬɫɹ ɨɛɪɚɛɨɬɚɬɶ ɮɚɣɥɵ ɥɨɝɨɜ ɜɵɩɨɥɧɟɧɢɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚ. ɇɚ Server β ɮɚɣɥɵ ɥɨɝɨɜ ɫɨɡɞɚɸɬɫɹ ɭɬɢɥɢɬɨɣ tcpdump. Ɂɚ ɞɜɟ ɱɚɫɬɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɮɨɪɦɢɪɨɜɚɥɨɫɶ β0 ɮɚɣɥɨɜ. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɮɚɣɥɨɜ ɩɨɬɪɟɛɭɟɬɫɹ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ MS Excel. 

1. Ⱦɚɧɧɵɟ ɩɨɥɭɱɟɧɧɵɟ ɛɟɡ ɩɨɞɞɟɪɠɤɢ ɩɪɨɬɨɤɨɥɚ OpenFlow. Ɂɚ 5γ,4γ ɫ. ɛɵɥɨ 
ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɜ ɫɪɟɞɧɟɦ 64γ81γ ɩɚɤɟɬɨɜ. ɋɪɟɞɧɟɟ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɫɨɫɬɚɜɥɹɟɬ 18,8 ɦɫ. 

2. Ⱦɚɧɧɵɟ ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɩɪɨɬɨɤɨɥɚ OpenFlow. Ɂɚ γ1,18 ɫ. ɛɵɥɨ 
ɡɚɮɢɤɫɢɪɨɜɚɧɨ 1β7670 ɩɚɤɟɬɨɜ. ɋɪɟɞɧɟɟ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɫɨɫɬɚɜɥɹɟɬ γ,6 ɦɫ. 

ȿɫɥɢ ɪɚɡɦɟɪ ɩɚɤɟɬɚ 1500 ɛɚɣɬ, ɬɨ ɨɛɴɟɦ ɢɧɮɨɪɦɚɰɢɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ SОЫЯОЫ 1 ɛɭɞɟɬ 
18γɆȻ ɫ ɩɨɞɞɟɪɠɤɨɣ OЩОЧFХШа ɢ λβ1ɆȻ ɛɟɡ. 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɡɚɞɟɪɠɤɢ ɦɟɠɞɭ ɞɜɭɦɹ ɱɚɫɬɹɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɦɨɬɪɟɬɶ ɩɨɬɨɤ ɞɚɧɧɵɯ ɧɚ ɨɞɢɧ ɩɨɪɬ ɫ ɪɚɜɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɚɤɟɬɨɜ. Ɇɚɤɫɢɦɚɥɶɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɛɨɬɚɧɧɵɯ ɩɚɤɟɬɨɜ ɧɚ 80 ɩɨɪɬɭ, ɫ ɩɨɞɞɟɪɠɤɨɣ ɩɪɨɬɨɤɨɥɚ OpenFlow, ɜ 
ɫɪɟɞɧɟɦ γ500. Ⱥ ɛɟɡ ɩɨɞɞɟɪɠɤɢ ɩɪɨɬɨɤɨɥɚ, ɬɚɤɢɯ ɩɚɤɟɬɨɜ, ɨɛɪɚɛɨɬɚɧɧɵɯ ɫɟɪɜɟɪɨɦ, 
ɫɨɫɬɚɜɢɥɨ ɜ ɫɪɟɞɧɟɦ β0000. ȼɨɡɶɦɟɦ ɪɚɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɤɟɬɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ 10 ɬɟɫɬɨɜ, 
ɤɚɤ ɫ OpenFlow, ɬɚɤ ɢ ɛɟɡ. Ȼɭɞɟɦ ɭɱɢɬɵɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɜɵɯ ɩɚɤɟɬɨɜ ɧɚ 80-ɵɣ ɩɨɪɬ, 
ɨɫɬɚɥɶɧɵɟ ɨɬɛɪɨɫɢɦ.  

ȼɵɜɨɞɵ 

Ɇɚɥɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɤɟɬɨɜ ɫ OpenFlow ɨɡɧɚɱɚɟɬ ɱɬɨ, ɩɨɫɥɟ ɨɛɭɱɟɧɢɹ ɤɨɦɦɭɬɚɬɨɪ 
ɩɟɪɟɫɬɚɟɬ ɨɬɩɪɚɜɥɹɬɶ ɩɚɤɟɬɵ ɤ ɤɨɧɬɪɨɥɥɟɪɭ.  

ɍɬɢɥɢɬɚ iperf ɝɟɧɟɪɢɪɭɟɬ ɬɪɚɮɢɤ, ɬɟɦ ɫɚɦɵɦ ɦɚɤɫɢɦɚɥɶɧɨ ɡɚɩɨɥɧɹɟɬ ɲɢɪɢɧɭ 
ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ ɤɚɧɚɥɚ. ɋ ɩɪɨɬɨɤɨɥɨɦ OpenFlow, ɭɬɢɥɢɬɚ iperf ɫɨɡɞɚɥɚ ɦɧɨɝɨ ɩɭɫɬɵɯ 
ɨɬɱɟɬ-ɮɚɣɥɨɜ. ɉɨɫɥɟ ɢɯ ɨɛɪɚɛɨɬɤɢ ɨɛɴɟɦ ɬɪɚɮɢɤɚ ɩɨɥɭɱɢɥɫɹ 8,5ȽȻ, ɚ ɛɟɡ ɩɪɨɬɨɤɨɥɚ γ8ȽȻ.  
ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɤɨɦɦɭɬɚɬɨɪɚ ɢ ɤɨɧɬɪɨɥɥɟɪɚ OpenFlow. 

Master

Slave-2Slave-1 Slave-16

 1 ɩɨɬɨɤ
4 ɩɨɬɨɤɚ



 

513 

Ɂɚɞɟɪɠɤɚ ɩɪɢ ɪɚɜɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɩɚɤɟɬɨɜ ɧɚ 80-ɵɣ ɩɨɪɬ, ɛɟɡ ɩɨɞɞɟɪɠɤɢ ɩɪɨɬɨɤɨɥɚ 
OpenFlow, ɪɚɜɧɚ γ,1β ɦɫ. ɑɬɨ ɦɟɧɶɲɟ ɧɚ 0,48 ɦɫ, ɱɟɦ ɫ ɩɨɞɞɟɪɠɤɨɣ ɩɪɨɬɨɤɨɥɚ. ɗɬɚ 
ɪɚɡɧɢɰɚ ɹɜɥɹɟɬɫɹ ɡɚɞɟɪɠɤɨɣ, ɜɧɨɫɢɦɚɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɬɨɤɨɥɚ OpenFlow. 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɥɚɫɬɟɪ ɫ ɩɪɨɬɨɤɨɥɨɦ 
OpenFlow ɧɟ ɫɩɪɚɜɢɥɫɹ ɫ ɩɪɟɞɥɨɠɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ. 
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