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ʇʨʝʜʠʩʣʦʚʠʝ 

ʀʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʥʠʢʣʠ ʚ ʥʘʰʫ ʞʠʟʥʴ ʥʘ-

ʩʪʦʣʴʢʦ ʛʣʫʙʦʢʦ, ʯʪʦ ʤʳʩʣʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚʥʝ ʢʦʥ-

ʪʝʢʩʪʘ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʚʷʟʠ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ. 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʢʦʤʧʘʥʠʷ ʇɸʆ çʈʦʩʪʝʣʝʢʦʤè 

ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʣʶʯʝʚʳʤ ʠʛʨʦʢʦʤ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʩʚʷʟʠ, ʥʦ ʠ 

ʦʙʨʘʟʮʦʤ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʩʧʝʨʝʙʦʡ-

ʥʦʡ ʨʘʙʦʪʳ ʢʨʫʧʥʝʡʰʠʭ ʧʦ ʩʚʦʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʩʝʪʝʡ ʩʚʷʟʠ, ʨʘʩʧʦʣʦ-

ʞʠʚʰʠʭʩʷ ʦʪ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʜʦ ʀʨʘʥʘ, ʦʪ ʃʦʥʜʦʥʘ ʜʦ ʊʦʢʠʦ, ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ, ʣʝʞʘʱʝʡ ʥʘ ʥʘʰʠʭ ʩʦʪʨʫʜʥʠʢʘʭ. ʇʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘ-

ʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʥʝ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʠ ʜʦʩ-

ʢʦʥʘʣʴʥʦ ʠʟʫʯʠʪʴ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ ʥʘʡʪʠ ʩʠʣʳ ʜʣʷ ʧʦʠʩʢʘ 

ʥʦʚʳʭ ʨʝʚʦʣʶʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ï ʚʦʪ ʵʪʦ ʠ ʝʩʪʴ ʚʳʩʰʘʷ ʮʝʣʴ, ʩʪʦʷʱʘʷ ʧʝ-

ʨʝʜ ʩʦʟʜʘʪʝʣʷʤʠ ʘʢʪʫʘʣʴʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ.  

ʆʙʲʝʜʠʥʷʷ ʣʫʯʰʝʝ ʦʪ ʧʨʘʢʪʠʢʠ ʠ ʪʝʦʨʠʠ, ʘʚʪʦʨʳ ʧʦʩʪʘʨʘʣʠʩʴ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʢʦʤʧʘʢʪʥʦ ʠ ʷʨʢʦ ʠʟʣʦʞʠʪʴ ʤʝʭʘʥʠʟʤʳ, ʧʨʦʪʦʢʦʣʳ ʠ ʪʨʝʙʦʚʘʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʝʡ IP/MPLS.  

ʈʫʢʦʚʦʜʩʪʚʦ ʇɸʆ çʈʦʩʪʝʣʝʢʦʤè ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʚʩʝʤʫ 

ʢʦʣʣʝʢʪʠʚʫ ʘʚʪʦʨʦʚ ʟʘ ʧʨʦʚʝʜʝʥʥʫʶ ʨʘʙʦʪʫ ʠ ʞʝʣʘʝʪ ʚʩʝʤ ʩʣʫʰʘʪʝʣʷʤ ʫʢ-

ʨʝʧʠʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʠ ʜʦʩʪʦʡʥʦ ʚʩʪʨʝʪʠʪʴ ʚʩʝ ʚʳʟʦʚʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʢʘʨʴʝʨʳ. 

 
ɺʠʮʝ-ʧʨʝʟʠʜʝʥʪ ï ɼʠʨʝʢʪʦʨ ʤʘʢʨʦʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʬʠʣʠʘʣʘ çʉʝʚʝʨʦ-ɿʘʧʘʜè ʇɸʆ çʈʦʩʪʝʣʝʢʦʤè  

ɸ. ɺ. ɹʘʣʘʮʝʥʢʦ 
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ʆʙʝʩʧʝʯʝʥʠʝ ʟʘʥʷʪʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʩʧʦʩʦʙʥʳʤ ʦʪʨʘʟʠʪʴ 

ʘʢʪʫʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʚʦʧʨʦʩʦʤ ʚ ʧʦʜʭʦʜʝ ʢ ʧʦʩʪʨʦʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʋʯʝʙʥʦʝ ʧʦʩʦ-

ʙʠʝ çʊʨʘʥʩʧʦʨʪʥʳʝ ʩʝʪʠ IP/MPLS. ʊʝʭʥʦʣʦʛʠʷ ʠ ʧʨʦʪʦʢʦʣʳè ʷʚʣʷʝʪʩʷ 

ʢʨʘʪʢʠʤ ʦʪʨʘʞʝʥʠʝʤ ʤʠʨʦʚʦʛʦ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ IP/MPLS ʠ 

ʦʙʲʷʩʥʷʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʘʢʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʝʪʝʡ ʩʚʷʟʠ, 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʦʩʪʨʦʝʥʠʠ ʦʧʝʨʘʪʦʨʩʢʠʭ ʩʝʪʝʡ.  

ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʚʩʝ 

ʥʦʚʳʝ ʦʪʨʘʩʣʠ ʵʢʦʥʦʤʠʢʠ, ʧʦʨʦʞʜʘʝʪ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʩʝʪʷʤ ʩʚʷʟʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʩʦʙʠʡ ʧʦ ʪʝʭʥʦʣʦʛʠʷʤ IP/MPLS 

ʫʩʪʘʨʝʣʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʪʘʥ-

ʜʘʨʪʦʚ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ, ʨʘʟʚʠʪʠʝ ʦʙʣʘʯʥʳʭ ʫʩʣʫʛ, ʩʝʪʝʡ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪ-

ʢʠ ʜʘʥʥʳʭ ʠ ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʪʨʘʬʠʢʘ ï ʚʩʝ ʚʤʝʩʪʝ ʪʨʝʙʫʝʪ 

ʘʢʪʫʘʣʠʟʘʮʠʠ ʧʦʥʠʤʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ IP/MPLS. ɼʘʥʥʦʝ ʧʦʩʦʙʠʝ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠ̫ ʤ ʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʦʩʣʝʜʥʠʝ ʥʦʨ-

ʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʦʪʨʘʩʣʠ. 
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1. ВВЕДЕНИЕ В СОВРЕМЕННЫЕ СЕТЕВЫЕ 

ТРАНСПОРТНЫЕ ТЕХНОЛОГИИ 

ʇʝʨʚʦʝ ʜʝʩʷʪʠʣʝʪʠʝ XXI  ʚ. ʦʟʥʘʤʝʥʦʚʘʣʦʩʴ ʚʩʝʩʪʦʨʦʥʥʠʤ ʧʨʦʥʠʢʥʦ-

ʚʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ 

ʯʝʣʦʚʝʯʝʩʪʚʘ. ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʝʰʘʝʤʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʧʦʜ-

ʢʣʶʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʦʙʲʝʤʦʚ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʚ ʢʦʨʥʝ ʠʟʤʝʥʠʣʦ 

ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʩʣʫʛ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ ʩʚʷʟʠ.  

ʊʨʘʜʠʮʠʦʥʥʳʝ ʫʩʣʫʛʠ ʩʚʷʟʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʠʥʬʦʢʦʤ-

ʤʫʥʠʢʘʮʠʡ ʙʦʣʴʰʝ ʥʝ ʷʚʣʷʶʪʩʷ ʣʦʢʦʤʦʪʠʚʦʤ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʠ ʩʦʩʪʘʚ-

ʣʷʶʪ ʧʨʦʮʝʥʪʥʦʝ ʤʝʥʴʰʠʥʩʪʚʦ ʧʦ ʧʨʠʙʳʣʴʥʦʩʪʠ ʠ ʧʦʧʫʣʷʨʥʦʩʪʠ ʩʨʝʜʠ 

ʘʙʦʥʝʥʪʦʚ. ʋʩʣʫʛʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʟʘʤʝʥʷʶʪʩʷ ʤʦʙʠʣʴʥʳʤʠ, ʘ 

ʧʝʨʝʜʘʯʘ ʛʦʣʦʩʘ ʟʘʤʝʥʷʝʪʩʷ ʧʝʨʝʜʘʯʝʡ ʚʠʜʝʦʢʦʥʪʝʥʪʘ. ʈʘʩʪʫʪ ʩʢʦʨʦʩʪʠ 

ʜʦʩʪʫʧʘ ʠ ʦʙʲʝʤʳ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺʦʟʥʠʢʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʣʫʛ, ʨʝʘʣʠ-

ʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʪʨʝʙʫʝʪ ʦʪ ʦʧʝʨʘʪʦʨʘ 

ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ.  

ɽʩʣʠ ʨʘʥʴʰʝ ʦʧʝʨʘʪʦʨ ʷʚʣʷʣʩʷ ʤʦʥʦʧʦʣʠʩʪʦʤ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʫʩʣʫʛ, 

ʪʦ ʩʝʡʯʘʩ ʦʥ ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʤʝʩʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʢʦʤʧʘ-

ʥʠʷʤ, ʩʦʟʜʘʶʱʠʤ ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʤʝʥʘ ʰʠʨʦ-

ʢʠʤ ʩʧʝʢʪʨʦʤ ʪʠʧʦʚ ʠʥʬʦʨʤʘʮʠʠ (ʩʦʦʙʱʝʥʠʷ, ʬʦʪʦ, ʚʠʜʝʦ, ʠʛʨʳ ʠ ʪ. ʜ.). 

ʋʩʧʝʭ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ (facebook, vk.com, Myspace), 

ʦʧʝʨʘʪʦʨʦʚ ʧʦʪʦʢʦʚʦʛʦ ʚʠʜʝʦʚʝʱʘʥʠʷ (NetFlix), ʩʣʫʞʙ forsqaure, Instagram 

ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʳʚʘʶʪ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʫʩʣʫʛʠ ʠ ʨʝʰʝʥʠʷ 

ʚ ʤʘʩʰʪʘʙʘʭ ʤʥʦʛʦʤʠʣʣʠʦʥʥʳʭ ʘʫʜʠʪʦʨʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʧʝʨʘʪʦʨ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦ ʥʝ ʤʦʞʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʦʥʢʫʨʝʥʪʥʳʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʦʥʣʘʡʥ-ʩʝʨʚʠʩʦʚ.  

ʉʤʝʱʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʚ ʩʪʦʨʦʥʫ ʠʟʚʝʩʪʥʦʡ çʙʠʪʦʚʦʡè ʪʨʫʙʳ ʟʘʩʪʘʚʣʷʝʪ 

ʦʧʝʨʘʪʦʨʘ ʧʝʨʝʦʩʤʳʩʣʠʚʘʪʴ ʩʚʦʶ ʨʦʣʴ, ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʠ ʧʣʘ-

ʥʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʪʨʝʙʥʦʩʪʴʶ ʨʳʥʢʘ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʥʘʟ-

ʥʘʯʝʥʳ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠ 

ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʚ ʠʥʪʝʛʨʘʮʠʠ ʩʚʦʠʭ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʡ (ʜʣʷ ʧʝʨʝʜʘʯʠ ʛʦʣʦʩʘ, 

ʚʠʜʝʦ, ʪʨʘʬʠʢʘ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʜʘʥʥʳʭ) ʚ ʝʜʠʥʫʶ ʤʘʛʠʩʪʨʘʣʴ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʦʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʦʚ ʥʘ ʧʦʩʪʨʦʝ-

ʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʵʪʠʭ ʤʘʛʠʩʪʨʘʣʝʡ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʨʘʟʚʦʨʘ-

ʯʠʚʘʥʠʶ ʩʣʦʞʥʳʭ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʠ ʩʝʪʝʡ ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ.  
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ɺʘʞʥʝʡʰʠʝ ʤʝʭʘʥʠʟʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʝʪʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘʤʠ ʪʨʘʬʠʢʘ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ SLA ʠ QoS ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ, ʘ ʪʘʢʞʝ ʥʘ ʠʥ-

ʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʨʝʩʫʨʩʘʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ. 

ɼʠʥʘʤʠʯʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʚʳʩʦʢʦʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʢ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʝʪʷʤ ʧʦʩʪʦ-

ʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʜ-

ʢʣʶʯʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ.  

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ 

ʷʚʣʷʝʪʩʷ ʦʧʳʪ ʆɸʆ çʈʦʩʪʝʣʝʢʦʤè.  

ɺ 2006 ʛ. ʢʦʤʧʘʥʠʷ ʆɸʆ çʈʦʩʪʝʣʝʢʦʤè (ʜʘʣʝʝ çʈʦʩʪʝʣʝʢʦʤè) ʥʘʯʘʣʘ 

ʩʪʨʦʠʪʴ ʬʝʜʝʨʘʣʴʥʫʶ ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘ-

ʢʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ 2007 ʛ. ʩʝʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ IP/MPLS ʈʦʩʪʝʣʝʢʦʤ 

ʙʳʣʘ ʧʨʠʥʷʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʉʝʛʦʜʥʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʝʪʠ ʩʦʩʪʘʚʣʷʝʪ 

ʙʦʣʝʝ 40 ʪʳʩ. ʢʤ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ 10 ʦʧʦʨʥʳʭ ʠ ʩʚʳʰʝ 100 ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʫʟʣʦʚ ʠ ʩʚʳʰʝ 350 ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʌ. 

ʉʝʪʴ IP/MPLS ʈʦʩʪʝʣʝʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʝʪʴʶ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʦʚʝʨʭ ʧʝʨʚʠʯʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ɺʆʃʉ SDH ʠ DWDM. ʇʨʝʜ-

ʥʘʟʥʘʯʝʥʘ ʦʥʘ ʜʣʷ ʢʦʥʚʝʨʛʝʥʮʠʠ ʫʩʣʫʛ ʧʦ ʧʝʨʝʜʘʯʝ ʚʠʜʝʦ, ʨʝʯʠ ʠ ʜʘʥʥʳʭ ʠ 

ʧʨʠʟʚʘʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʥʪʝʣʣʝʢ-

ʪʫʘʣʴʥʳʭ ʩʝʪʝʡ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ IP/MPLS ʈʦʩʪʝʣʝʢʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʪʦʯʢʘʭ ʦʙʤʝʥʘ 

ʪʨʘʬʠʢʦʤ, ʠʤʝʝʪ ʩʝʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ɼʘʪʘ-ʮʝʥʪʨʦʚ ʚ ʄʦʩʢʚʝ, 

ɽʢʘʪʝʨʠʥʙʫʨʛʝ, ʂʨʘʩʥʦʷʨʩʢʝ ʠ ʍʘʙʘʨʦʚʩʢʝ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʩʣʫʛʠ L2 VPN 

ʠ VPLS. 

ʉʝʪʴ ʠʤʝʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʘʨʰʨʫʪʠʟʘʮʠʶ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʦʪʦʢʦʣʳ 

IPv4, IPv6, MPLS Fast Reroute ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʨʘʬʠʢʘ ʜʣʷ ʤʫʣʴʪʠʤʝʜʠʘ, ʛʦʣʦʩʘ, ʜʘʥʥʳʭ, ʚʠʜʝʦ, 

ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʫʩʣʫʛ ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʥʳʭ ʩʝʪʝʡ ʠ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ IP-ʤʘʛʠʩʪʨʘʣʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ ʨʝʩʫʨʩʦʚ ʩʦʙʩʪʚʝʥ-

ʥʦʡ ʧʝʨʚʠʯʥʦʡ ʩʝʪʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ MPLS (Multi-protocol Label Switching), 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʥʚʝʨʛʝʥʮʠʶ ʫʩʣʫʛ ʧʦ ʧʝʨʝʜʘʯʝ ʚʠʜʝʦ, ʨʝʯʠ ʠ ʜʘʥʥʳʭ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʩʝʪʠ: 

¶ ʧʦʢʨʳʪʠʝ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʈʌ: 24 ʫʟʣʘ ʫʨʦʚʥʷ ʷʜʨʘ ʠ 110 ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʨʘʩʧʨʝʜʝʣʷʶʱʠʭ ʫʟʣʦʚ; 

¶ ʩʚʳʰʝ 350 ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʌ; 

¶ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ IP MPLS ï 7,8 ʊʙʠʪ/ʩ; 

¶ ʟʘʨʫʙʝʞʥʳʡ ʩʝʛʤʝʥʪ ʚ ɽʚʨʦʧʝ ʠ ɸʟʠʠ ʝʤʢʦʩʪʴʶ 1,5 ʊʙʠʪ/ʩ; 

¶ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʫʟʣʘʭ ʜʦʩʪʫʧʘ: ʚ ʉʪʦʢʛʦʣʴʤʝ, ʃʦʥʜʦʥʝ, 

ɻʦʥʢʦʥʛʝ, ʌʨʘʥʢʬʫʨʪʝ ʠ ɸʤʩʪʝʨʜʘʤʝ; 
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¶ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʦʯʢʘʭ ʦʙʤʝʥʘ ʠʥʪʝʨʥʝʪ-

ʪʨʘʬʠʢʦʤ; 

¶ ʩʘʤʦʝ ʩʦʚʨʝʤʝʥʥʦʝ ʚ ʈʦʩʩʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʤʘ-

ʛʠʩʪʨʘʣʴʥʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ Juniper T1600 ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 

1,6 ʊʙʠʪ/ʩ; ʧʦʛʨʘʥʠʯʥʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ Juniper MX960, Juniper MX480, 

Juniper ʄ320, Juniper M40); 

¶ ʥʘʣʠʯʠʝ ʩʝʨʪʠʬʠʢʘʪʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʝʪʠ ʪʨʝʙʦʚʘʥʠʷʤ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʌʉʊʕʂ; 

¶ ʩʝʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ɼʘʪʘ-ʮʝʥʪʨʦʚ ʚ ʄʦʩʢʚʝ, ʂʘʟʘʥʠ, ɽʢʘʪʝʨʠʥʙʫʨʛʝ, 

ʅʦʚʦʩʠʙʠʨʩʢʝ, ʍʘʙʘʨʦʚʩʢʝ. 
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2. ИСТОРИЧЕСКОЕ РАЗВИТИЕ  

ТЕХНОЛОГИЙ ТРАНСПОРТНЫХ СЕТЕЙ СВЯЗИ 

ʆʙʲʝʜʠʥʝʥʠʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʢʦʤʤʫʪʘʮʠʠ ʚ ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. 

ʇʦʷʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ IP-switching.  

ʊʝʭʥʦʣʦʛʠʷ ʤʥʦʛʦʧʨʦʪʦʢʦʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ MPLS ʷʚʠ-

ʣʘʩʴ ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʠʷʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʠʟʦʙʨʝʪʝʥʳ ʚ ʩʝʨʝʜʠʥʝ 1990-ʭ ʛʛ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʘʷ ʠʟ ʥʠʭ (ʭʦʪʷ ʠ 

ʥʝ ʧʝʨʚʘʷ, ʫʚʠʜʝʚʰʘʷ ʰʠʨʦʢʠʡ ʩʚʝʪ) ʙʳʣʘ ʥʘʟʚʘʥʘ ʝʝ ʠʟʦʙʨʝʪʘʪʝʣʷʤʠ ï 

ʢʦʤʧʘʥʠʝʡ Ipsilon ï IP Switching. ʈʘʥʝʝ ʢʦʤʧʘʥʠʷ Toshiba ʫʞʝ ʦʧʠʩʘʣʘ 

ʧʦʭʦʞʠʡ ʤʝʭʘʥʠʟʤ ï Cell Switching Router (CSR), ʘ ʚʩʢʦʨʝ ʙʳʣʠ ʦʙʥʘʨʦ-

ʜʦʚʘʥʳ ʩʚʝʜʝʥʠʷ ʠ ʦ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʪ-

ʤʝʪʠʤ Tag Switching (Cisco Systems) ʠ ARIS (IBM). ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʠʤʝʶʪ 

ʨʷʜ ʦʙʱʠʭ ʯʝʨʪ. ɺʩʝ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʝʨʝʩʳʣʢʠ ʧʘʢʝʪʦʚ ʧʨʦʩʪʦʡ 

ʤʝʪʦʜ ʟʘʤʝʥʳ ʤʝʪʦʢ ʠ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʜʣʷ ʀʥʪʝʨʥʝʪʘ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚ-

ʣʝʥʠʷ, ʪ. ʝ. IP-ʘʜʨʝʩʘ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʪʦʢʦʣʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ 

OSPF ʠ BGP.  

ʉ ʥʘʯʘʣʘ 1990-ʭ ʛʦʜʦʚ ʤʦʱʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʢʦʤʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ ʙʳʣʠ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʨʦʪʦ-

ʢʦʣʦʚ IP ʠ ATM. ʇʦʵʪʦʤʫ ʥʘ ʠʩʪʦʨʠʶ MPLS ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʘ 

ʩʣʦʞʠʚʰʘʷʩʷ ʪʦʛʜʘ ʩʠʪʫʘʮʠʷ ʚʦʢʨʫʛ ʧʨʦʙʣʝʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʘʢʝʪʦʚ IP 

ʧʦ ʩʝʪʷʤ ATM. ʇʦʧʳʪʢʠ ʨʘʟʚʠʚʘʪʴ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʘʥʜʘʨʪʳ ʧʨʦ-

ʪʦʢʦʣʦʚ ATM ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʝʱʝ ʨʘʥʴʰʝ ï ʚ ʢʦʥʮʝ 1980-ʭ ʛʛ. ʋʞʝ ʪʦʛʜʘ 

ʥʝʦʧʨʘʚʜʘʥʥʦ ʧʨʝʫʚʝʣʠʯʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʪʝʭʥʦʣʦʛʠʠ ATM ʦʙʫʩʣʦʚʠʣʠ 

ʥʘʯʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʘ IP-ʧʘʢʝʪʦʚ ʧʦ ʩʝʪʷʤ ATM. ʕʪʦʡ 

ʧʨʦʙʣʝʤʦʡ ʟʘʥʷʣʠʩʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʯʠʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʢʦʤʠʪʝʪʘ 

IETF, ʘ ʥʘ ʨʫʙʝʞʝ 1993ï1994 ʛʛ. ʠʤʠ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʚʘ ʚʘʞʥʳʭ 

ʜʦʢʫʤʝʥʪʘ ʩʝʨʠʠ RFC. 

ʇʝʨʚʳʡ ʩʪʘʥʜʘʨʪ, ʧʦʩʚʷʱʝʥʥʳʡ IP-ʧʦʚʝʨʭ-ATM (IPoATM), ʦʧʠʩʘʥ 

ʚ RFC 1483 ʠ ʢʘʩʘʝʪʩʷ ʧʨʦʩʪʦʡ ʧʨʦʙʣʝʤʳ: ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʢʘʧʩʫʣʠʨʦʚʘʪʴ 

IP-ʜʝʡʪʘʛʨʘʤʤʳ (ʠ ʧʘʢʝʪʳ ʜʨʫʛʠʭ ʧʨʦʪʦʢʦʣʦʚ) ʚ ʢʘʥʘʣ ATM. ɺʪʦʨʦʡ 

ʩʪʘʥʜʘʨʪ, ʦʧʠʩʘʥʥʳʡ ʚ RFC 1577, ʦʧʨʝʜʝʣʷʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ 

ʧʝʨʝʜʘʯʠ IP-ʧʘʢʝʪʦʚ ʧʦ ʩʝʪʠ ATM ʠ ʧʨʦʪʦʢʦʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʜʨʝʩʦʚ 

ATMARP. ʂʣʘʩʩʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ 

ʧʘʢʝʪʦʚ IP ʠ ʭʦʩʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʜʩʝʪʠ (ʪ. ʝ. ʩʝʪʝʚʳʝ ʠ 

ʧʦʜʩʝʪʝʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʭ ʘʜʨʝʩʦʚ ʦʜʠʥʘʢʦʚʳ), ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʦʚʘʪʴ ʯʝʨʝʟ ʵʪʫ ʧʦʜʩʝʪʴ. ɽʩʣʠ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʧʦʜʩʝʪʷʭ, ʪʦ ʜʣʷ 

ʧʝʨʝʩʳʣʢʠ ʧʘʢʝʪʘ ʦʪ ʧʦʜʩʝʪʠ ʦʪʧʨʘʚʠʪʝʣʷ ʢ ʧʦʜʩʝʪʠ ʧʦʣʫʯʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤ 

ʝʱʝ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ IP-ʧʦʚʝʨʭ-ATM ʙʳʣʦ ʧʨʠʟʥʘʥʦ, ʯʪʦ IP-ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʧʦʜʢʣʶ-

ʯʘʪʴʩʷ ʢ ʦʙʱʝʡ ʩʝʪʠ ATM (ʥʘʧʨʠʤʝʨ, ʢ ʢʨʫʧʥʦʡ ʩʝʪʠ ATM, ʧʨʠʥʘʜʣʝ-
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ʞʘʱʝʡ ʦʧʝʨʘʪʦʨʫ ʩʝʪʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ) ʠ ʧʨʠ ʵʪʦʤ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʜ-

ʩʝʪʷʭ, ʢʦʪʦʨʳʝ ʚ ʵʪʫ ʦʙʱʫʶ ʩʝʪʴ ʥʝ ʚʭʦʜʷʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʨʝʜ-

ʣʦʞʝʥʘ ʠʜʝʷ ʣʦʛʠʯʝʩʢʦʡ ʧʦʜʩʝʪʠ IP (LIS), ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʭʦʩʪʦʚ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ IP-ʧʘʢʝʪʦʚ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʦʙʱʝʡ ʩʝʪʠ ATM ʠ 

ʠʤʝʶʱʠʭ ʦʙʱʠʡ ʘʜʨʝʩ ʩ IP-ʩʝʪʴʶ ʠ ʩ ʧʦʜʩʝʪʴʶ.  

ɼʦʢʫʤʝʥʪ RFC 1577 ʩʧʝʮʠʬʠʮʠʨʫʝʪ ʪʦʣʴʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʫʪʨʠ 

LIS ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʠʟ ʦʜʥʦʡ LIS ʚ ʜʨʫʛʫʶ ʦʥ 

ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʦʙʝʠʤ LIS. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʩʚʷʟʠ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝ-

ʜʫʶʱʝʝ. ʆʥʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʜʚʘ IP-ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʩʝʪʠ ATM, ʥʦ ʯʝʨʝʟ ʨʘʟʥʳʝ ʧʦʜʩʝʪʠ LIS, ʥʝ ʩʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʦʙʤʝʥʘ IP-ʜʝʡʪʘʛʨʘʤʤʘʤʠ ʝʜʠʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʢʘʥʘʣ VC, ʧʨʦʭʦʜʷʱʠʡ 

ʯʝʨʝʟ ʩʝʪʴ ATM. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥʠ ʙʫʜʫʪ ʚʳʥʫʞʜʝʥʳ ʧʝʨʝʜʘʚʘʪʴ ʧʘʢʝʪʳ 

ʯʝʨʝʟ ʦʪʜʝʣʴʥʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʤʥʦʛʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ 

ʢʘʟʘʣʩʷ ʪʦʛʜʘ ʥʝʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ, ʦʩʦʙʝʥʥʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʪʦʪ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʚʰʠʭʩʷ ʢʦʤʤʫʪʘʪʦ-

ʨʦʚ ATM ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʚʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʛʣʦ 

ʙʳ ʩʪʘʪʴ ʚʚʝʜʝʥʠʝ ʧʨʘʚʠʣʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʩʝʪʴ ATM ʜʦʣʞʥʘ ʧʨʝʜ-

ʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʦʜʥʫ LIS, ʪʘʢʦʡ ʚʘʨʠʘʥʪ ʯʘʩʪʦ ʪʨʫʜʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦ ʦʨ-

ʛʘʥʠʟʘʮʠʦʥʥʳʤ ʧʨʠʯʠʥʘʤ. ʅʘʧʨʠʤʝʨ, ʤʘʣʦʚʝʨʦʷʪʥʦ, ʯʪʦ ʜʚʝ ʩʦʚʝʨʰʝʥʥʦ 

ʨʘʟʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʦʜʥʦʡ ʩʝʪʠ ATM ʦʙʱʝʛʦ ʧʦʣʴʟʦ-

ʚʘʥʠʷ, ʟʘʭʦʪʷʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʚʦʠʭ IP-ʘʜʨʝʩʦʚ ʦʙʱʝʝ ʘʜʨʝʩʥʦʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ. ɼʘʣʝʝ, ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʦʙʱʝʡ ʢʦʥʮʝʧʮʠʠ LIS ʚ RFC 1577 ʦʧ-

ʨʝʜʝʣʝʥ ʢʣʶʯʝʚʦʡ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ 

IP-ʫʩʪʨʦʡʩʪʚʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʦʜʥʫ ʧʦʜʩʝʪʴ LIS, ï ʧʨʦʪʦʢʦʣ ATMARP. 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʜʨʝʩʦʚ ARP ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ IP-ʫʩʪʨʦʡʩʪʚʘʤ ʧʦʣʫʯʘʪʴ ʘʜʨʝʩʥʫʶ ʠʥʬʦʨ-

ʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ, ʥʘʧʨʠʤʝʨ ʘʜʨʝʩʘ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ Ethernet. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ATMARP 

ʧʦʟʚʦʣʷʝʪ ʜʚʫʤ IP-ʫʩʪʨʦʡʩʪʚʘʤ ʫʟʥʘʪʴ ATM-ʘʜʨʝʩʘ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʧʨʦʪʦʢʦʣ 

ATMARP ʙʳʣʦ ʚʚʝʜʝʥʦ ʥʦʚʦʝ ʧʦʥʷʪʠʝ ARP-ʩʝʨʚʝʨʘ ʧʦʜʩʝʪʠ LIS, ʢʦʪʦʨʳʡ 

ʧʨʝʦʙʨʘʟʫʝʪ IP-ʘʜʨʝʩʘ ʚ ʘʜʨʝʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʝʪʠ ATM ʜʣʷ ʜʘʥʥʦʡ LIS. 

ʂʘʞʜʦʝ IP-ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʩʝʪʠ LIS ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘ ARP-ʩʝʨʚʝʨʝ ʠ 

ʧʦʣʫʯʘʝʪ ʝʛʦ ʘʜʨʝʩ ʚ ʩʝʪʠ ATM ʠ ʝʛʦ IP-ʘʜʨʝʩ. ʇʦʩʣʝ ʵʪʦʛʦ ʣʶʙʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ LIS ʤʦʞʝʪ ʟʘʧʨʦʩʠʪʴ ʫ ARP-ʩʝʨʚʝʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ IP-ʘʜʨʝʩʘ ʚ ʘʜʨʝʩ 

ʩʝʪʠ ATM, ʘ ʫʞʝ ʩʥʘʙʞʝʥʥʦʝ ʘʜʨʝʩʦʤ ʩʝʪʠ ATM ʫʩʪʨʦʡʩʪʚʦ ʩʤʦʞʝʪ 

ʩʦʟʜʘʪʴ ʚʠʨʪʫʘʣʴʥʳʡ ʢʘʥʘʣ ʢ ʵʪʦʤʫ ʘʜʨʝʩʫ, ʠʩʧʦʣʴʟʫʷ ʩʠʛʥʘʣʠʟʘʮʠʶ ATM, 

ʠ ʟʘʪʝʤ ʧʝʨʝʜʘʪʴ ʩʚʦʠ ʜʘʥʥʳʝ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ATM ʢ IP-ʫʩʪʨʦʡ-

ʩʪʚʫ ʜʨʫʛʦʡ LIS, ʦʪʩʫʪʩʪʚʫʶʱʝʝ ʚ RFC 1577, ʚʟʷʣʘ ʥʘ ʩʝʙʷ ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ 
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ROLC ʚ ʩʦʩʪʘʚʝ IETF. ʇʨʝʜʣʦʞʝʥʥʳʡ ʝʶ ʤʝʭʘʥʠʟʤ ï ʧʨʦʪʦʢʦʣ Next Hop 

Resolution Protocol (NHRP). ʇʨʦʪʦʢʦʣ NHRP ʧʦʟʚʦʣʷʝʪ IP-ʫʩʪʨʦʡʩʪʚʫ 

ʦʜʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʧʦʜʩʝʪʠ IP ʫʟʥʘʪʴ ATM-ʘʜʨʝʩ ʜʨʫʛʦʛʦ IP-ʫʩʪʨʦʡʩʪʚʘ, 

ʩ ʢʦʪʦʨʳʤ ʝʤʫ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ, ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ 

ʩʣʝʜʫʶʱʝʡ ʧʝʨʝʩʳʣʢʠ (Next Hop Server) ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʡ ʢʘʥʘʣ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʠʩʧʦʣʴʟʫʷ ʩʠʛʥʘʣʠʟʘʮʠʶ ATM.  

ʆʜʥʘʢʦ ʚʦ ʚʩʝʭ ʵʪʠʭ ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʭ MPLS ʨʘʙʦʪʘʭ ʥʝ ʧʦʜʚʝʨʛʘʣʩʷ 

ʩʦʤʥʝʥʠʶ ʙʘʟʦʚʳʡ ʧʨʠʥʮʠʧ: ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʤʘʨʰʨʫ-

ʪʠʟʘʮʠʠ, ʘ ʢʦʤʤʫʪʘʪʦʨʳ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʢʦʤʤʫʪʘʮʠʠ, ʠ ʫʩʪʨʦʡʩʪʚʘ 

ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ ʚʩʝʛʜʘ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʦʨʦʟʥʴ. ʇʨʠ ʵʪʦʤ ʠʤʝʶʪʩʷ ʚ ʚʠʜʫ 

ʥʝ ʪʦʣʴʢʦ IP-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠ ɸʊʄ-ʢʦʤʤʫʪʘʪʦʨʳ, ʥʦ ʠ ʩʘʤʦ ʧʨʘʚʠʣʦ 

ʨʘʟʜʝʣʝʥʠʷ ʬʫʥʢʮʠʡ ʫʨʦʚʥʝʡ 3 ʠ 2 ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ.  

ʂʦʤʧʘʥʠʷ Toshiba ʧʨʘʢʪʠʯʝʩʢʠ ʚʧʝʨʚʳʝ ʧʦʜʚʝʨʛʘʣʘ ʩʦʤʥʝʥʠʶ ʵʪʦʪ 

ʧʨʠʥʮʠʧ ʠ ʚ 1994 ʛ. ʘʥʦʥʩʠʨʦʚʘʣʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʢʦʤʤʫʪʘʮʠʠ ʷʯʝʝʢ CSR 

(Cell Switching Router). ɺ ʘʨʭʠʪʝʢʪʫʨʝ CSR ʨʝʘʣʠʟʦʚʘʥʘ ʠʜʝʷ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʤ ʧʦʣʝʤ ATM-ʢʦʤʤʫʪʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʦʚ IP, ʘ 

ʥʝ ʧʨʦʪʦʢʦʣʦʚ ʩʠʛʥʘʣʠʟʘʮʠʠ ʩʝʪʠ ATM ʪʠʧʘ Q.2931. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ, 

ʙʫʜʫʯʠ ʜʦʚʝʜʝʥʥʳʤ ʜʦ ʣʦʛʠʯʝʩʢʦʛʦ ʟʘʚʝʨʰʝʥʠʷ, ʩʤʦʛ ʙʳ ʩʚʝʩʪʠ ʥʘ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ATM ʠ ʚʩʝʭ 

ʬʫʥʢʮʠʡ ʤʵʧʧʠʥʛʘ ʤʝʞʜʫ IP ʠ ATM. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʩʪʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ ATM ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ CSR. ʅʘ-

ʧʨʠʤʝʨ, CSR ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʜʩʝʪʷʤʠ LIS, ʫʩʪʨʘ-

ʥʷʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʪʦʢʦʣʝ NHRP. ʇʨʦʝʢʪ CSR ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʦʙʩʫʞʜʝʥʠʝ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʢʦʤʠʪʝʪʘ IETF ʚ 1994 ʛ., ʘ ʥʝʤʥʦʛʦ ʧʦʟʞʝ, 

ʚ ʥʘʯʘʣʝ 1995 ʛ., ï ʥʘ ʪʝʭʥʠʯʝʩʢʦʡ ʩʝʩʩʠʠ BOF ʢʦʤʠʪʝʪʘ IETF, ʦʜʥʘʢʦ 

ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʪʦʛʜʘ ʙʳʣ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʤ.  

ʂʦʤʧʘʥʠʠ Ipsilon (ʧʦʟʜʥʝʝ ʙʳʣʘ ʧʨʠʦʙʨʝʪʝʥʘ Nokia) ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ 

ʧʦʣʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʩʧʝʮʠʬʠʢʘʮʠʷʤ IP Switching ʠ ʥʘʣʠʯʠʶ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʘ IP switch ʦʙʳʯʥʦ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʯʝʩʪʴ ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʡ ʧʦ-ʥʘʩ-

ʪʦʷʱʝʤʫ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ MPLS-ʧʦʜʦʙʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʧʦ ʤʝʪ-

ʢʘʤ ʚ ʩʝʪʷʭ IP, ʧʦʣʫʯʠʚʰʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʧʨʠʟʥʘʥʠʝ, ʥʝʞʝʣʠ ʪʝʭ-

ʥʦʣʦʛʠʷ CSR. ʉʘʤ IP Switch ʩʦʩʪʦʷʣ ʠʟ ATM-ʢʦʤʤʫʪʘʪʦʨʘ ʠ ʢʦʥʪʨʦʣʣʝʨʘ 

IP-ʢʦʤʤʫʪʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʣ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ. ʂʦʥʪʨʦʣʣʝʨ IP-

ʢʦʤʤʫʪʘʪʦʨʘ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʣʩʷ ʦʪʜʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʧʝʨʝʩʳʣʢʠ ʜʘʥʥʳʭ.  

ʉʨʝʜʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʣʴʟʫ ʪʝʭʥʦ-

ʣʦʛʠʠ IP Switching ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʘʨʛʫʤʝʥʪ: IP Switching 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʦʡʩʪʚʫ, ʦʙʣʘʜʘʶʱʝʤʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ATM-ʢʦʤʤʫʪʘʪʦʨʘ, ʚʳʧʦʣʥʷʪʴ ʪʘʢʞʝ ʠ ʨʘʙʦʪʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʘ ʤʵʧʧʠʥ-

ʛʫ ʤʝʞʜʫ IP ʠ ATM ï ʚʦʦʙʱʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʝ ʧʨʦʪʦʢʦʣʳ 
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ATM. ɺ ʤʘʝ 1996 ʛ. ʚʳʰʝʣ ʜʦʢʫʤʝʥʪ RFC 1953 çIpsilon Flow Management 

Protocol Specification for Ipv4. Version 1.0è, ʘ ʚ ʘʚʛʫʩʪʝ ʪʦʛʦ ʞʝ ʛʦʜʘ ï RFC 

1987 çIpsilonôs General Switch Management Protocol Specification. Version 

1.1è. ʕʪʠ ʧʫʙʣʠʢʘʮʠʠ ʧʦʟʚʦʣʠʣʠ ʢʦʤʧʘʥʠʠ Ipsilon ʦʬʠʮʠʘʣʴʥʦ ʟʘʷʚʠʪʴ, ʯʪʦ 

ʠʭ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʦʡ, ʧʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʥʝʡ ʙʘʟʦ-

ʚʳʝ ʧʨʦʪʦʢʦʣʳ ʦʙʱʝʜʦʩʪʫʧʥʳ. ʂʦʤʤʫʪʘʮʠʷ ʧʦ ʤʝʪʢʘʤ ʚ IP Switching 

ʬʘʢʪʠʯʝʩʢʠ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʪʦʢʦʚ ʧʦ ʪʘʢʠʤ ʧʘʨʘʤʝʪ-

ʨʘʤ, ʢʘʢ IP-ʘʜʨʝʩ ʠ ʥʦʤʝʨ ʧʦʨʪʘ ʦʪʧʨʘʚʠʪʝʣʷ, IP-ʘʜʨʝʩ ʠ ʥʦʤʝʨ ʧʦʨʪʘ 

ʧʦʣʫʯʘʪʝʣʷ, ʪʠʧ ʧʨʦʪʦʢʦʣʘ. ʇʦʪʦʢʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠʩʴ ʢʘʢ ʫʩʪʦʡʯʠʚʳʝ 

(ʧʝʨʝʩʳʣʢʘ ʬʘʡʣʦʚ ʧʦ ʧʨʦʪʦʢʦʣʫ FTP, ʪʨʘʬʠʢ HTTP, Telnet ʠ ʜʨ.) ʠ ʢʘʢ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ (ʦʙʨʘʱʝʥʠʷ ʢ ʩʠʩʪʝʤʝ ʠʤʝʥ ʜʦʤʝʥʦʚ DNS, ʩʦʦʙʱʝʥʠʷ 

ʧʨʦʪʦʢʦʣʘ SNMP ʠ ʧʨʦʪʦʢʦʣʘ ʩʝʪʝʚʦʛʦ ʚʨʝʤʝʥʠ NTP). ʇʨʦʪʦʢʦʣ Ipsilon 

Flow Management Protocol (IFMP) ʦʪʥʦʩʠʣ ʪʨʘʬʠʢ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʢʣʘʩ-

ʩʫ ʠ ʧʦʤʦʛʘʣ ʩʦʟʜʘʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʡ ʢʘʥʘʣ, ʪʨʝʙʫʶʱʠʡʩʷ ʜʣʷ ʧʝʨʝʩʳʣʢʠ 

ʪʨʘʬʠʢʘ ʵʪʦʛʦ ʢʣʘʩʩʘ, ʘ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʢʦʤʤʫʪʘʮʠʦʥʥʦʝ 

ʧʦʣʝ ATM-ʢʦʤʤʫʪʘʪʦʨʘ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʪʦʢʦʣ Generic Switch Manage-

ment Protocol (GSMP), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʜʦʙʘʚʣʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʢʦʥ-

ʪʨʦʣʣʝʨʘ ʧʨʝʚʨʘʪʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʢʦʤʤʫʪʘʪʦʨ ATM ʚ ʢʦʤʤʫʪʘʪʦʨ 

ʧʘʢʝʪʦʚ IP. ʄʝʭʘʥʠʟʤ IP Switching ʙʳʣ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʰʘʛʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʣʘʛʘʣ ʞʠʟʥʝʩʧʦʩʦʙʥʫʶ ʧʘʨʘʜʠʛʤʫ ʟʘʤʝʥʳ ʤʝʪʦʢ, ʘ ʪʘʢʞʝ 

ʚʚʦʜʠʣ ʤʝʪʦʜ ʢʣʘʩʩʠʬʠʢʘʮʠʠ IP-ʪʨʘʬʠʢʘ. 

ɺʩʢʦʨʝ ʢʦʤʧʘʥʠʷ Cisco Systems ʘʥʦʥʩʠʨʦʚʘʣʘ ʩʚʦʡ ʚʘʨʠʘʥʪ ʪʝʭʥʦʣʦ-

ʛʠʠ ʢʦʤʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʢʦʤʤʫʪʘʮʠʷ ʧʦ ʪʝʛʘʤ (Tag 

Switching), ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʦʰʣʘ ʦʪ ʜʚʫʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ 

ʪʝʭʥʦʣʦʛʠʡ IP Switching ʠ CSR. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʙʣʠʮ ʧʝʨʝ-

ʩʳʣʢʠ ʚ ʢʦʤʤʫʪʘʪʦʨʝ ʦʥʘ ʥʝ ʦʧʠʨʘʣʘʩʴ ʥʘ ʧʦʪʦʢ ʪʨʘʬʠʢʘ ʜʘʥʥʳʭ ʠ ʢ ʪʦʤʫ 

ʞʝ ʙʳʣʘ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʘ ʜʣʷ ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʡ ʫʨʦʚʥʷ 2, ʦʪʣʠʯʥʳʭ 

ʦʪ ATM. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ Tag Switching ʦʢʘʟʘʣʘʩʴ ʥʘʤʥʦʛʦ 

ʙʣʠʞʝ ʢ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʢʦʥʮʝʧʮʠʠ MPLS, ʯʝʤ ʤʝʭʘʥʠʟʤ IP Switching. 

ɹʦʣʝʝ ʪʦʛʦ ʪʝʭʥʦʣʦʛʠʷ MPLS ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʳʰʣʘ ʠʟ ʤʝʭʘʥʠʟʤʘ 

Tag Switching. ʉʘʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʪʝʛ, ʪ. ʝ. ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʠʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʜʨʝʩʘʮʠʠ, ʚʦ ʤʥʦʛʦʤ ʘʥʘʣʦʛʠʯʝʥ ʤʝʪʢʝ MPLS. 

ʄʝʭʘʥʠʟʤ Tag Switching ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩ ʨʷʜʦʤ 

ʧʨʦʪʦʢʦʣʦʚ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ ʠ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʧʨʦʪʦʢʦʣ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʛʦʚ (Tag Distribution Protocol, TDP). ʂʘʢ ʠ ʚ MPLS, ʤʝʭʘʥʠʟʤ Tag 

Switching ʧʦʜʜʝʨʞʠʚʘʣ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʝʢʘ ʪʝʛʦʚ. ʅʦʚʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ 

ʥʝ ʪʦʣʴʢʦ ʦʩʫʱʝʩʪʚʣʷʣʠ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʧʦʠʩʢ ʘʜʨʝʩʘ, ʥʦ ʠ ʤʦʛʣʠ ʦʙʩʣʫ-

ʞʠʚʘʪʴ ʚʳʟʦʚʳ ʧʦ-ʨʘʟʥʦʤʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ (ʧʨʠ ʧʝʨʝʜʘʯʝ ʨʝʯʠ, ʚʠʜʝʦ ʠ ʠʟʦʙʨʘʞʝʥʠʡ). ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʤʘʨ-

ʰʨʫʪʠʟʘʪʦʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ Cisco, ʚ ʢʦʪʦʨʳʭ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ Tag 

Switching, ʙʳʣʠ ʧʦʟʞʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʳ ʠ ʩʤʦʛʣʠ ʧʦʜʜʝʨʞʠʚʘʪʴ MPLS.  
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ʂʘʢ ʠ Ipsilon, Cisco Systems ʚʳʧʫʩʪʠʣʘ RFC, ʚ ʢʦʪʦʨʦʤ ʙʳʣʘ ʦʧʠʩʘʥʘ 

ʧʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ Ipsilon ʢʦʤʧʘʥʠʷ Cisco 

ʦʙʲʷʚʠʣʘ ʦ ʩʚʦʝʤ ʥʘʤʝʨʝʥʠʠ ʧʨʦʚʝʩʪʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʠ Tag 

Switching ʯʝʨʝʟ IETF. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʧʨʦʝʢʪʦʚ ʠʥʪʝʨʥʝʪ-ʩʪʘʥʜʘʨʪʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʟʥʳʝ ʘʩʧʝʢʪʳ ʪʝʭʥʦʣʦʛʠʠ 

Tag Switching, ʚʢʣʶʯʘʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʩʝʪʠ ATM, ʩ ʧʨʦʪʦʢʦʣʘʤʠ 

PPP ʠ ʢʘʥʘʣʘʤʠ 802.3, ʧʦʜʜʝʨʞʢʫ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʬʫʥʢʮʠʡ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ RSVP.  

ʇʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ Cisco ʦʧʫʙʣʠʢʦʚʘʣʘ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʪʝʭʥʦʣʦʛʠʠ Tag Switching ʠ ʦʙʲʷʚʠʣʘ ʦʙ ʝʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʪʘʥʜʘʨʪʠ-

ʟʘʮʠʠ ʚ IETF, ʦʪ ʢʦʨʧʦʨʘʮʠʠ IBM ʧʦʩʪʫʧʠʣʠ ʧʨʦʝʢʪʳ ʠʥʪʝʨʥʝʪ-ʩʪʘʥʜʘʨ-

ʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʣʘʩʴ ʜʨʫʛʘʷ ʪʝʭʥʦʣʦʛʠʷ ʢʦʤʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ ï 

Aggregate Route-based IP Switching (ARIS). ʄʝʭʘʥʠʟʤ ARIS ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ATM- ʠ FR-ʢʦʤʤʫʪʘʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʢʦʤʤʫʪʘʮʠʠ ʥʘ ʫʨʦʚʥʝ 2 ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ. ʋʩʪʨʦʡʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ ARIS, ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ARIS Integrated Switch 

Router (ISR). ʊʝʭʥʦʣʦʛʠʷ ARIS ʠʤʝʝʪ ʙʦʣʴʰʝ ʦʙʱʠʭ ʯʝʨʪ ʩ ʪʝʭʥʦʣʦʛʠʝʡ Tag 

Switching, ʥʝʞʝʣʠ ʩ ʜʨʫʛʠʤʠ ʫʞʝ ʫʧʦʤʠʥʘʚʰʠʤʠʩʷ ʪʝʭʥʦʣʦʛʠʷʤʠ, ï ʚ ʦʙʝʠʭ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʙʣʠʮ ʧʝʨʝʩʳʣʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʬʠʢ ʫʧʨʘʚʣʷʶʱʝʡ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʘ ʥʝ ʪʨʘʬʠʢ ʜʘʥʥʳʭ, ï ʥʦ ʧʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʷ ARIS ʠʤʝʝʪ ʥʝʢʦ-

ʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʦʪ Tag Switching. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ARIS ʦʩʥʦʚʘʥ ʥʘ ʤʘʨʰʨʫʪʘʭ, ʘ ʥʝ ʥʘ ʧʦʪʦʢʘʭ. ʄʘʨʰʨʫʪʳ ʚ ʜʦ-

ʤʝʥʝ ARIS ʩʪʨʦʷʪʩʷ ʥʘ ʙʘʟʝ ʚʳʭʦʜʥʦʛʦ ʫʟʣʘ. ʂʦʥʬʠʛʫʨʠʨʫʶʪʩʷ ʚʳʭʦʜʥʳʝ 

ʫʟʣʳ ʜʦʤʝʥʘ ARIS, ʘ ʟʘʪʝʤ ʦʪ ʥʠʭ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʤʘʨʰʨʫʪʳ ʚ ʩʪʦʨʦʥʫ 

ʚʭʦʜʥʳʭ ʫʟʣʦʚ. ɺʳʭʦʜʥʦʡ ʫʟʝʣ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʨʷʜʦʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ: 

ʧʨʝʬʠʢʩʦʤ ʧʦʣʫʯʘʪʝʣʷ ʧʨʦʪʦʢʦʣʘ IPv4, IP-ʘʜʨʝʩʦʤ ʚʳʭʦʜʥʦʛʦ ʤʘʨʰʨʫʪʠ-

ʟʘʪʦʨʘ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ OSPF ʠʣʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʧʘʨʳ 

ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʧʝʨʝʜʘʯʠ. ʄʘʨʰʨʫʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʪʦ-

ʢʦʚ ʧʘʢʝʪʦʚ. ʄʥʦʛʠʝ ʠʟ ʠʜʝʡ ʪʝʭʥʦʣʦʛʠʠ ARIS ʧʝʨʝʰʣʠ ʚ ʦʢʦʥʯʘʪʝʣʴʥʳʡ 

ʩʪʘʥʜʘʨʪ MPLS.  

ɽʱʝ ʦʜʥʦʡ ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʝʡ MPLS ʪʝʭʥʦʣʦʛʠʝʡ ʷʚʣʷʝʪʩʷ IP Navi-

gator, ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʤʧʘʥʠʝʡ Cascade. Cascade ʙʳʣʘ ʟʘʪʝʤ ʢʫʧʣʝʥʘ ʢʦʤ-

ʧʘʥʠʝʡ Ascend, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʪʘʣʘ ʯʘʩʪʴʶ Lucent Technologies. 

ɺ ʪʝʭʥʦʣʦʛʠʠ IP Navigator ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʥʦʛʠʝ ʠʜʝʠ ʢʦʤʤʫʪʘʮʠʠ 

ʚ IP-ʩʝʪʷʭ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʨʘʥʝʝ ʢʦʤʧʘʥʠʷʤʠ Toshiba, Ipsilon, Cisco ʠ IBM. 

ʇʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʧʝʨʚʦʡ ʩʝʨʠʠ ʧʨʦʝʢʪʦʚ ʩʪʘʥʜʘʨʪʦʚ Tag Switching 

9ï13 ʜʝʢʘʙʨʷ 1996 ʛ. ʚ ʉʘʥ-ɼʠʝʛʦ, ʂʘʣʠʬʦʨʥʠʷ, ʩʦʩʪʦʷʣʘʩʴ ʨʝʢʦʨʜʥʘʷ 

ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ IETF ʧʦ ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʝʩʩʠʷ BOF, ʥʘ ʢʦʪʦʨʦʡ Cisco 

Systems, IBM ʠ Toshiba ʧʨʦʚʝʣʠ ʧʨʝʟʝʥʪʘʮʠʠ ʩʚʦʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʦʡ 

ʠʥʪʝʨʝʩ, ʘ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʪʦʣʴ ʤʥʦʛʦ ʚʝʜʫʱʠʭ ʢʦʤʧʘʥʠʡ ʨʘʟʨʘʙʦʪʘʣʠ 
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ʚʦ ʤʥʦʛʦʤ ʙʣʠʟʢʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʝʜʣʦʞʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, 

ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʦʯʝʚʠʜʥʳʡ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʪʴ ʜʣʷ ʩʪʘʥ-

ʜʘʨʪʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʢʦʤʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ ʩʧʝʮʠʘʣʴʥʫʶ ʛʨʫʧʧʫ. ɺ ʘʧ-

ʨʝʣʝ 1997 ʛ. ʚ ʄʝʤʬʠʩʝ, ʊʝʥʥʝʩʠ, ʩʦʩʪʦʷʣʦʩʴ ʧʝʨʚʦʝ ʟʘʩʝʜʘʥʠʝ ʵʪʦʡ ʨʘ-

ʙʦʯʝʡ ʛʨʫʧʧʳ MPLS WG. ʉʘʤʦ ʥʘʟʚʘʥʠʝ Multiprotocol Label Switching 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ ʪʦʡ, ʫʞʝ ʫʧʦʤʷʥʫʪʦʡ ʥʘʤʠ ʧʨʠʯʠʥʝ, 

ʯʪʦ ʥʘʟʚʘʥʠʷ IP Switching ʠ Tag Switching ʘʩʩʦʮʠʠʨʦʚʘʣʠʩʴ ʩ ʧʨʦʜʫʢʪʘʤʠ, 

ʚʳʧʫʩʢʘʝʤʳʤʠ ʢʦʥʢʨʝʪʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʠ ʪʨʝʙʦʚʘʣʩʷ ʥʝʡʪʨʘʣʴʥʳʡ 

ʪʝʨʤʠʥ (ʨʠʩ. 2.1).  
 

 
 

ʈʠʩ. 2.1. ʕʚʦʣʶʮʠʷ ʪʝʭʥʦʣʦʛʠʡ 

 

ɸʨʭʠʪʝʢʪʫʨʘ MPLS ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʘ ʚ ʜʦʢʫʤʝʥʪʝ RFC 3031 çMulti -

protocol Label Switching Architectureè (ʪʘʙʣ. 2.1). ʉʝʛʦʜʥʷ ʚʦʧʨʦʩʘʤʠ MPLS 

ʧʨʦʜʦʣʞʘʶʪ ʟʘʥʠʤʘʪʴʩʷ ʨʘʙʦʯʠʝ ʛʨʫʧʧʳ IETF (Routing Area Working 

Group ï ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ ʧʦ ʤʘʨʰʨʫʪʠʟʘʮʠʠ; MPLS Working Group ï ʨʘʙʦ-

ʯʘʷ ʛʨʫʧʧʘ ʧʦ MPLS) ʠ ʚ ATM Forum (Traffic Management Working Group ï 

ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʪʨʘʬʠʢʦʤ; ATM-IP Collaboration Working 

Group ï ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ ʧʦ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʩʝʪʝʡ ATM ʠ IP).  
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ʊʘʙʣʠʮʘ 2.1 

ɼʦʢʫʤʝʥʪʳ ʩʝʨʠʠ RFC, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʤʠʪʝʪʦʤ IETF ʧʦ MPLS 

RFC ʆʧʠʩʘʥʠʝ 

RFC 

2702 

Requirements for Traffic Engineering over MPLS ï ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ ʚ ʩʝʪʠ MPLS ʠ ʘʣʛʦʨʠʪʤʳ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʥʘʜʝʞʥʳʭ 

ʩʝʪʝʚʳʭ ʦʧʝʨʘʮʠʡ ʚ ʜʦʤʝʥʝ MPLS. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ ʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦ-

ʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʜʘʚʘʝʤʳʤ ʪʨʘʬʠʢʦʤ     

RFC 

3031 

MPLS Architecture ï ʩʧʝʮʠʬʠʮʠʨʫʝʪ ʘʨʭʠʪʝʢʪʫʨʫ ʤʥʦʛʦʧʨʦʪʦʢʦʣʴʥʦʡ ʢʦʤ-

ʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ MPLS  

RFC 

3032 

MPLS Label Stack Encoding ï ʩʧʝʮʠʬʠʮʠʨʫʝʪ ʢʦʜʠʨʦʚʘʥʠʝ ʩʪʝʢʘ ʤʝʪʦʢ, ʘ 

ʪʘʢʞʝ ʧʨʘʚʠʣʘ ʠ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʳʭ ʧʦʣʝʡ ʩʪʝʢʘ ʤʝʪʦʢ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʝʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨ LSR ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʥʘʙʞʝʥʥʳʭ ʤʝʪʢʘʤʠ ʧʘʢʝʪʦʚ 

ʧʦ ʟʚʝʥʴʷʤ ʜʘʥʥʳʭ ʧʨʦʪʦʢʦʣʘ ʜʚʫʭʪʦʯʝʯʥʦʡ ʩʚʷʟʠ PPP, ʟʚʝʥʴʷʤ ʜʘʥʥʳʭ 

ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʠ, ʚʦʟʤʦʞʥʦ, ʧʦ ʜʨʫʛʠʤ ʟʚʝʥʴʷʤ ʜʘʥʥʳʭ 

RFC 

3033 

The Assignment of the Information Field and Protocol Identifier in the Q.2941 

Generic Identifier and Q.2957 User-to-User Signaling for the IP ï ʩʧʝʮʠʬʠʮʠ-

ʨʫʝʪ ʥʘʟʥʘʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʧʨʦʪʦʢʦʣʘ ʚ 

ʦʙʱʝʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʝ Q.2941 ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ çʧʦʣʴʟʦʚʘʪʝʣʴ-ʧʦʣʴʟʦʚʘʪʝʣʴè 

ʧʦ Q.2957 ʜʣʷ IP  

RFC 

3034 

Use of Label Switching on Frame Relay Networks Specification ï ʦʧʨʝʜʝʣʷʝʪ 

ʤʦʜʝʣʴ ʠ ʪʠʧʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ MPLS ʚ ʩʝʪʷʭ Frame Relay. 

ʈʘʩʰʠʨʷʝʪ ʠ ʫʪʦʯʥʷʝʪ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʳ MPLS ʠ ʧʨʦʪʦʢʦʣʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ LDP ʚ ʧʣʘʥʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʪʷʭ Frame Relay  

RFC 

3035 

MPLS using LDP and ATM Virtual Channel (VC) Switching ï ʩʧʝʮʠʬʠʮʠʨʫʝʪ 

ʧʨʦʮʝʜʫʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʪʦʢ ʢ/ʦʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ 

ATM-LSR, ʢʦʛʜʘ ʵʪʠ ʤʝʪʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʣʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʝʨʝ-

ʩʳʣʢʠ (FEC), ʜʣʷ ʢʦʪʦʨʳʭ ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ 

ʦʧʨʝʜʝʣʝʥʳ ʤʘʨʰʨʫʪʳ çʧʦ ʫʯʘʩʪʢʘʤè. ʉʧʝʮʠʬʠʮʠʨʫʝʪ ʪʘʢʞʝ ʠʥʢʘʧʩʫʣʷ-

ʮʠʶ MPLS, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʥʘʙʞʝʥʥʳʭ ʤʝʪʢʘʤʠ 

ʧʘʢʝʪʦʚ ʢ/ʦʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ATM-LSR 

RFC 

3036 

LDP Specification ï ʦʧʨʝʜʝʣʷʝʪ ʥʘʙʦʨ ʧʨʦʮʝʜʫʨ ʧʨʦʪʦʢʦʣʘ LDP, ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʢʦʪʦʨʦʛʦ LSR ʨʘʩʧʨʝʜʝʣʷʶʪ ʤʝʪʢʠ ʜʣʷ ʧʝʨʝʩʳʣʢʠ ʧʘʢʝʪʦʚ MPLS 

RFC 

3037 

LDP Applicability ï ʦʧʠʩʳʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʨʦʪʦʢʦʣʘ LDP  

RFC 

3038 

Virtual Channel ID (VCID) Notification over ATM link for LDP ï ʩʧʝʮʠʬʠʮʠ-

ʨʫʝʪ ʧʨʦʮʝʜʫʨʳ ʦʙʤʝʥʘ ʟʥʘʯʝʥʠʷʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʢʘʥʘʣʘ 

VCID ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ATM-LSR  

RFC 

3107  

Carrying Label Information in BGP-4 ï ʩʧʝʮʠʬʠʮʠʨʫʝʪ ʩʧʦʩʦʙ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʪʦʨʦʛʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʠʚʷʟʢe ʤʝʪʢʠ ʢ FEC ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʘʨʰʨʫ-

ʪʘ ʚʢʣʘʜʳʚʘʝʪʩʷ ʚ ʪʦ ʞʝ ʩʦʦʙʱʝʥʠʝ ʧʨʦʪʦʢʦʣʘ BGP, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʨʘʩʩʳʣʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʘʤʦʤ ʤʘʨʰʨʫʪʝ. ʂʦʛʜʘ ʜʣʷ ʚʳʙʦʨʘ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʤʘʨʰʨʫʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ BGP, ʦʥ ʤʦʞʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʤʝʪʢʠ MPLS, ʢʦʪʦʨʘʷ ʥʘʟʥʘʯʝʥʘ ʜʣʷ ʵʪʦʛʦ ʤʘʨʰʨʫʪʘ 
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3. ТЕХНОЛОГИЯ КОММУТАЦИИ ПО МЕТКАМ 

MPLS ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ, 

ʨʘʙʦʪʘʷ ʩʦʚʤʝʩʪʥʦ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʚʢʫ ʧʘʢʝʪʦʚ ʦʪ ʦʪʧʨʘʚʠʪʝʣʷ ʢ ʧʦʣʫ-

ʯʘʪʝʣʶ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ, ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʩʧʦʩʦʙʦʤ. ɺ MPLS 

ʜʣʷ ʧʝʨʝʩʳʣʢʠ ʧʘʢʝʪʦʚ ʥʘ ʫʨʦʚʥʝ 2 ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʤʫʪʠʨʫʝʤʳʝ ʧʦ ʤʝʪ-

ʢʘʤ ʪʨʘʢʪʳ LSP, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʦʚ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ ʫʨʦʚʥʷ 3.  

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣ. 3.1 ʨʘʩʩʤʦʪʨʠʤ ʝʱʝ ʥʝʢʦʪʦʨʳʝ 

ʙʘʟʦʚʳʝ ʧʦʥʷʪʠʷ, ʚʘʞʥʳʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʠ 

MPLS, ʪʘʢʠʝ ʢʘʢ ʧʝʨʝʩʳʣʢʘ, ʢʦʤʤʫʪʘʮʠʷ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʷ. 
ʊʘʙʣʠʮʘ 3.1 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

ʇʦʥʷʪʠʝ ʇʦʷʩʥʝʥʠʝ 

FEC (Forwarding Equivalence 

Class) ï ʢʣʘʩʩ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʩʪʠ ʧʝʨʝʩʳʣʢʠ  

ʄʥʦʞʝʩʪʚʦ ʧʘʢʝʪʦʚ, ʢʦʪʦʨʳʝ ʧʝʨʝʩʳʣʘʶʪʩʷ ʦʜʠʥʘʢʦʚʦ, 

ʥʘʧʨʠʤʝʨ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʦʝ QoS  

Label ï ʤʝʪʢʘ ʂʦʨʦʪʢʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ, ʦʧʨʝ-

ʜʝʣʷʶʱʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʘʢʝʪʘ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ FEC  

Label swapping ï ʟʘʤʝʥʘ ʤʝʪʦʢ  ɿʘʤʝʥʘ ʤʝʪʢʠ ʧʨʠʥʷʪʦʛʦ ʫʟʣʦʤ ʩʝʪʠ MPLS ʧʘʢʝʪʘ ʥʦʚʦʡ 

ʤʝʪʢʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʤ ʞʝ FEC, ʧʨʠ ʧʝʨʝʩʳʣʢʝ ʵʪʦʛʦ 

ʧʘʢʝʪʘ ʢ ʥʠʞʝʩʪʦʷʱʝʤʫ ʫʟʣʫ 

LER (MPLS edge router ï 

ʧʦʛʨʘʥʠʯʥʳʡ ʫʟʝʣ ʩʝʪʠ MPLS) 

ʇʦʛʨʘʥʠʯʥʳʡ ʫʟʝʣ ʩʝʪʠ MPLS, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʷʝʪ 

ʜʦʤʝʥ MPLS ʩ ʫʟʣʦʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚʥʝ ʵʪʦʛʦ ʜʦʤʝʥʘ 

Loop detection ï ʚʳʷʚʣʝʥʠʝ 

ʟʘʢʦʣʴʮʦʚʘʥʥʳʭ ʤʘʨʰʨʫʪʦʚ  

ʄʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʧʘʢʝʪ ʧʨʦʰʝʣ 

ʯʝʨʝʟ ʫʟʝʣ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʘʟʘ 

Loop prevention ï ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʢʦʣʴʮʦ-

ʚʘʥʥʳʭ ʤʘʨʰʨʫʪʦʚ 

ʄʝʪʦʜ ʚʳʷʚʣʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʟʘʢʦʣʴʮʦʚʘʥʥʳʭ 

ʤʘʨʰʨʫʪʦʚ  

LSP (Label Switched Path) ï 

ʢʦʤʤʫʪʠʨʫʝʤʳʡ ʧʦ ʤʝʪʢʘʤ 

ʪʨʘʢʪ  

ʇʫʪʴ ʯʝʨʝʟ ʦʜʠʥ ʠʣʠ ʙʦʣʝʝ LSR, ʧʦ ʢʦʪʦʨʦʤʫ ʩʣʝʜʫʶʪ 

ʧʘʢʝʪʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ FEC 

LSP-ER (explicitly routed 

LSP) ï LSP ʩ ʷʚʥʦ ʟʘʜʘʥʥʳʤ 

ʤʘʨʰʨʫʪʦʤ  

ʊʨʘʢʪ LSP, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʩʧʦʩʦʙʦʤ, ʦʪʣʠʯʥʳʤ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʘʢʝʪʦʚ IP 

LSR (Label Switching Router) ï 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʢʦʤʤʫʪʘʮʠʠ 

ʧʦ ʤʝʪʢʘʤ  

ʄʘʨʰʨʫʪʠʟʘʪʦʨ, ʩʧʦʩʦʙʥʳʡ ʧʝʨʝʩʳʣʘʪʴ ʧʘʢʝʪʳ ʧʦ ʪʝʭ-

ʥʦʣʦʛʠʠ MPLS 

MPLS domain ï ʜʦʤʝʥ MPLS  ʉʦʚʦʢʫʧʥʦʩʪʴ ʫʟʣʦʚ MPLS, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʫʱʝʩʪʚʫʶʪ 

ʥʝʧʨʝʨʳʚʥʳʝ LSP  

MPLS egress node ï ʚʳʭʦʜ-

ʥʦʡ ʫʟʝʣ ʩʝʪʠ MPLS  

ʇʦʩʣʝʜʥʠʡ MPLS-ʫʟʝʣ ʚ LSP, ʥʘʧʨʘʚʣʷʶʱʠʡ ʠʩʭʦʜʥʳʡ 

ʧʘʢʝʪ ʢ ʘʜʨʝʩʘʪʫ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚʥʝ MPLS-ʩʝʪʠ   

MPLS ingress node ï ʚʭʦʜʥʦʡ 

ʫʟʝʣ ʩʝʪʠ MPLS 

ʇʝʨʚʳʡ MPLS-ʫʟʝʣ ʚ LSP, ʧʨʠʥʠʤʘʶʱʠʡ ʠʩʭʦʜʥʳʡ 

ʧʘʢʝʪ ʠ ʧʦʤʝʱʘʶʱʠʡ ʚ ʥʝʛʦ ʤʝʪʢʫ MPLS 
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ʄʘʨʰʨʫʪʠʟʘʮʠʷ ï ʵʪʦ ʚʳʙʦʨ ʤʘʨʰʨʫʪʘ ʠʣʠ ʪʦʛʦ ʝʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʚʝʜʝʪ ʢ ʙʣʠʞʘʡʰʝʤʫ ʫʟʣʫ, ʚʭʦʜʷʱʝʤʫ ʚ ʵʪʦʪ ʤʘʨʰʨʫʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʫʥʢ-

ʮʠʷ ʫʨʦʚʥʷ 3 ʤʦʜʝʣʠ OSI. ʆʯʝʥʴ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʚʦʩʧʨʠʥʷʪʴ ʵʪʦ ʧʦʥʷʪʠʝ, 

ʧʦʪʦʤʫ ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ MPLS ʜʦʧʦʣʥʷʝʪ ʝʛʦ ʦʙʱʝʧʨʠʥʷʪʫʶ ʪʨʘʢʪʦʚʢʫ ʠ 

çʚʢʣʠʥʠʚʘʝʪʩʷè ʤʝʞʜʫ ʩʝʪʝʚʳʤ ʫʨʦʚʥʝʤ 3 ʠ ʫʨʦʚʥʝʤ ʟʚʝʥʘ ʜʘʥʥʳʭ 2. 

ʄʘʨʰʨʫʪʠʟʘʮʠʷ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʩʤʳʩʣʝ, ʙʝʟ MPLS, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʫʯʘʩʪʢʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʜʦʣʞʝʥ ʧʦʡʪʠ 

ʧʘʢʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʫʯʘʪʝʣʷ, ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʟʘʛʦʣʦʚʢʘ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ. 

ʇʨʦʮʝʩʩ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʢʘʞʜʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʪʦʢʦʣʳ ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʤʘʨʰʨʫʪʦʚ ʠ 

ʩʦʟʜʘʥʠʷ ʪʘʙʣʠʮʳ ʧʝʨʝʩʳʣʢʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʞʝ ʚ ʧʣʦʩʢʦʩʪʠ 

ʧʝʨʝʩʳʣʢʠ ʜʘʥʥʳʭ.  

ʂʦʤʤʫʪʘʮʠʷ ï ʵʪʦ ʚʳʙʦʨ ʠʩʭʦʜʷʱʝʛʦ ʧʦʨʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴ-

ʪʘʪʦʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʩʦʟʜʘʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʚʭʦʜʷʱʠʤ ʠ ʚʳʙʨʘʥʥʳʤ 

ʠʩʭʦʜʷʱʠʤ ʧʦʨʪʘʤʠ, ʪ. ʝ. ʩʦʟʜʘʥʠʝ ʚʥʫʪʨʠ ʫʟʣʘ ʫʩʣʦʚʠʡ (ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʚʥʫʪʨʠʫʟʣʦʚʦʛʦ ʧʫʪʠ) ʜʣʷ ʦʪʧʨʘʚʢʠ ʧʘʢʝʪʘ ʧʦ ʫʞʝ ʚʳʙʨʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʬʫʥʢʮʠʷ ʫʨʦʚʥʷ 2 ʤʦʜʝʣʠ OSI. ɺ ʪʨʘʜʠʮʠʦʥʥʦʤ ʩʤʳʩʣʝ 

ʢʦʤʤʫʪʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪ ʧʘʢʝʪʳ 

ʚʦ ʚʭʦʜʥʳʭ ʧʦʨʪʘʭ, ʘʥʘʣʠʟʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʟʘʛʦʣʦʚʢʘ ʫʨʦʚʥʷ 2 (ʟʚʝʥʘ 

ʜʘʥʥʳʭ), ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʠ ʚʥʫʪʨʝʥʥʠʝ ʪʘʙʣʠʮʳ ʢʦʤʤʫʪʘʮʠʠ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ 

ʫʩʣʦʚʠʷ ʜʣʷ ʦʪʧʨʘʚʢʠ ʧʘʢʝʪʦʚ ʢ ʥʘʜʣʝʞʘʱʠʤ ʚʳʭʦʜʥʳʤ ʧʦʨʪʘʤ. ʆʙʳʯʥʦ 

ʢʦʤʤʫʪʘʪʦʨʳ ʨʘʙʦʪʘʶʪ ʙʳʩʪʨʝʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʥʦ ʠʤʝʶʪ ʤʝʥʴʰʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ɼʦʙʘʚʣʝʥʠʝ ʚ ʢʦʤʤʫʪʘʪʦʨ ʬʫʥʢʮʠʡ MPLS 

ʧʨʝʚʨʘʱʘʝʪ ʝʛʦ ʚ LSR.  

ʇʝʨʝʩʳʣʢʘ ï ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʟʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʤʫʪʘʮʠʠ 

ʫʩʣʦʚʠʡ (ʚʥʫʪʨʠʫʟʣʦʚʦʛʦ ʧʫʪʠ) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʜʘʪʴ ʧʘʢʝʪ ʠʟ ʚʭʦʜʷ-

ʱʝʛʦ ʧʦʨʪʘ ʧʦ ʫʧʦʤʷʥʫʪʦʤʫ ʤʘʨʰʨʫʪʫ ʯʝʨʝʟ ʚʳʙʨʘʥʥʳʡ ʧʨʠ ʢʦʤʤʫʪʘʮʠʠ 

ʠʩʭʦʜʷʱʠʡ ʧʦʨʪ. 

ʕʪʦ ʥʝʩʢʦʣʴʢʦ ʫʧʨʦʱʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ, ʥʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʝʡ 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʪʦʛʦ, ʯʪʦ ʞʝ ʪʘʢʦʝ 

ʤʝʪʢʠ MPLS, ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʠ ʢʘʢ ʧʦ ʥʠʤ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʢʦʤʤʫʪʘʮʠʷ. 
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4. КЛАССЫ ЭКВИВАЛЕНТНОСТИ ПЕРЕСЫЛКИ FEC 

ʈʘʙʦʯʠʤʠ ʛʨʫʧʧʘʤʠ, ʫʧʦʤʷʥʫʪʳʤʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʦʧʨʝʜʝʣʝʥʳ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ ʪʝʭʥʦʣʦʛʠʠ MPLS: FEC ï Forwarding Equivalency 

Class ï ʢʣʘʩʩ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʝʨʝʩʳʣʢʠ, LSR ï Label Switching Router ï 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʢʦʤʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ ʠ LSP ï Label Switched Path ï ʢʦʤ-

ʤʫʪʠʨʫʝʤʳʡ ʧʦ ʤʝʪʢʘʤ ʪʨʘʢʪ. ʅʘʯʥʝʤ ʩ ʢʣʘʩʩʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʝʨʝʩʳʣʢʠ. 

ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʘʢʝʪʘ ʯʝʨʝʟ ʩʝʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʚ ʫʨʦʚʥʝ 3 ʧʨʦʪʦʢʦʣʘ, ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʛʦ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʘʞʜʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʧʘʢʝʪʘ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʢ ʢʘʢʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ ʧʝʨʝʩʣʘʪʴ ʵʪʦʪ 

ʧʘʢʝʪ ʜʘʣʴʰʝ (ʩʧʦʩʦʙ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ hop-by-hop). ʀʥʘʯʝ ʛʦʚʦʨʷ, ʚ ʢʘʞ-

ʜʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʧʘʢʝʪʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʝʛʦ ʟʘʛʦʣʦ-

ʚʦʢ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʘʥʛʣʠʡʩʢʦʝ ʩʣʦʚʦ hop ï ʧʨʳʞʦʢ, ʩʢʘʯʦʢ, ï ʘ ʚ ʪʝʨʤʠʥʘʭ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ï 

çʦʜʥʘ ʧʝʨʝʩʳʣʢʘè. ʇʦʜ ʧʝʨʝʩʳʣʢʦʡ ʧʘʢʝʪʘ ʧʦʥʠʤʘʝʪʩʷ ʝʛʦ ʧʝʨʝʜʘʯʘ ʢ ʙʣʠ-

ʞʘʡʰʝʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ ʠʟ ʪʝʭ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʦʟʤʦʞʥʦʤ ʧʫʪʠ 

ʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʧʘʢʝʪʘ, ʪ. ʝ. ʩʣʦʚʦ çʧʝʨʝʩʳʣʢʘè ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʵʢʚʠ-

ʚʘʣʝʥʪ ʘʥʛʣʠʡʩʢʦʛʦ ʩʣʦʚʘ forwarding. 

ɺ ʟʘʛʦʣʦʚʢʝ ʧʘʢʝʪʘ ʩʦʜʝʨʞʠʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ, ʯʝʤ 

ʥʫʞʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʙʨʘʪʴ ʩʣʝʜʫʶʱʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ʕʪʦʪ ʚʳʙʦʨ 

ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʱʝ ï ʧʫʪʝʤ ʚʳʧʦʣʥʝʥʠʷ ʜʚʫʭ ʬʫʥʢʮʠʡ. ʆʜʥʘ ʠʟ ʥʠʭ 

ʩʦʩʪʦʠʪ ʚ ʨʘʟʜʝʣʝʥʠʠ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʠʙʳʚʘʶʱʠʭ ʧʘʢʝʪʦʚ ʥʘ ʢʣʘʩʩʳ, 

ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʢʣʘʩʩʘʤʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʝʨʝʩʳʣʢʠ FECs (Forwar-

ding Equivalence Classes). ɺʪʦʨʘʷ ʩʪʘʚʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʞʜʦʤʫ FEC 

ʦʧʨʝʜʝʣʝʥʥʦʝ çʥʘʧʨʘʚʣʝʥʠʝè ʧʝʨʝʩʳʣʢʠ (ʩʣʦʚʦ çʥʘʧʨʘʚʣʝʥʠʝè ʥʘʧʠʩʘʥʦ 

ʚ ʢʘʚʳʯʢʘʭ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʩʝʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʠʤ hop-by-hop, ʠ ʨʘʟʥʳʝ 

ʧʘʢʝʪʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ FEC ʤʦʛʫʪ ʧʝʨʝʩʳʣʘʪʴʩʷ ʢ ʨʘʟʥʳʤ ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʘʤ, ʪ. ʝ. ʬʠʟʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʩʳʣʢʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʤʠ). 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʙʦʨʘ ʩʣʝʜʫʶʱʝʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʚʩʝ ʧʘʢʝʪʳ, ʧʨʠʥʘʜ-

ʣʝʞʘʱʠʝ ʦʜʥʦʤʫ FEC, ʥʝʨʘʟʣʠʯʠʤʳ.  

ʀʜʝʷ ʢʣʘʩʩʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʘ, ʯʝʤ MPLS. ʇʨʠ 

ʪʨʘʜʠʮʠʦʥʥʦʡ IP-ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʪʦʪ ʠʣʠ ʠʥʦʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʪʦʞʝ ʤʦʞʝʪ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʜʚʘ ʧʘʢʝʪʘ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʫʩʣʦʚʥʦʤʫ ʢʣʘʩʩʫ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʝʩʣʠ ʚ ʝʛʦ ʪʘʙʣʠʮʘʭ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʢʠʡ 

ʘʜʨʝʩʥʳʡ ʧʨʝʬʠʢʩ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʧʦʣʘ-

ʛʘʝʤʳʝ ʤʘʨʰʨʫʪʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʵʪʠʭ ʜʚʫʭ ʧʘʢʝʪʦʚ ʩʦʚʧʘʜʘʶʪ ʥʘʠʙʦʣʝʝ 

ʜʦʣʛʦ. ʇʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʧʘʢʝʪʘ ʧʦ ʩʝʪʠ ʢʘʞʜʳʡ ʩʣʝʜʫʶʱʠʡ ʤʘʨ-

ʰʨʫʪʠʟʘʪʦʨ ʘʥʘʣʠʟʠʨʫʝʪ ʝʛʦ ʟʘʛʦʣʦʚʦʢ ʠ ʧʨʠʧʠʩʳʚʘʝʪ ʵʪʦʪ ʧʘʢʝʪ ʢ ʪʘʢʦʤʫ 

ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ (ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʣʴʢʦ ʚ ʜʘʥʥʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ) ʢʣʘʩʩʦʚ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ ʞʝ ʥʘʧʨʘʚʣʝʥʠʶ. 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʧʨʦʪʦʢʦʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ MPLS 

ʧʘʢʝʪ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʣʘʩʩʫ FEC ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ, ʢʦʛʜʘ 

ʦʥ ʧʦʧʘʜʘʝʪ ʚ ʩʝʪʴ. ʕʪʦʤʫ FEC ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʤʝʪʢʘ ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʚʤʝʩʪʝ ʩ ʧʘʢʝʪʦʤ, ʢʦʛʜʘ ʪʦʪ ʧʝʨʝ-

ʩʳʣʘʝʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚ ʦʩʪʘʣʴʥʳʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʟʘʛʦʣʦʚʦʢ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʥʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ. ʄʝʪʢʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦʛʨʘʥʠʯʥʳʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʧʨʠ ʚʭʦʜʝ ʧʘʢʝʪʘ ʚ MPLS-

ʩʝʪʴ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʫʢʘʟʘʪʝʣʴ ʚʭʦʜʘ ʪʘʙʣʠʮʳ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʦʯʝ-

ʨʝʜʥʦʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʜʣʷ ʧʝʨʝʩʳʣʢʠ ʢ ʥʝʤʫ ʧʘʢʝʪʘ, ʘ ʪʘʢʞʝ ʥʦʚʫʶ ʤʝʪʢʫ 

ʜʣʷ FEC, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʧʘʢʝʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʩ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʝʨʝʩʳʣʢʠ FEC ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʫʧʧʳ ʧʘʢʝʪʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʥʘ-

ʧʨʘʚʣʝʥʠʶ ʠʭ ʧʝʨʝʜʘʯʠ, ʪ. ʝ. ʚʩʝ ʧʘʢʝʪʳ ʚ ʪʘʢʦʡ ʛʨʫʧʧʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ 

ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʦʜʠʥʘʢʦʚʦ ʠ ʦʜʠʥʘʢʦʚʦ ʩʣʝʜʫʶʪ ʢ ʧʫʥʢʪʫ ʥʘʟʥʘʯʝʥʠʷ. 

ʇʨʠʤʝʨʦʤ FEC ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚʩʝ IP-ʧʘʢʝʪʳ ʩ ʘʜʨʝʩʘʤʠ ʧʫʥʢʪʦʚ ʥʘʟʥʘ-

ʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʝʢʦʪʦʨʦʤʫ ʧʨʝʬʠʢʩʫ, ʥʘʧʨʠʤʝʨ 212.18.6. ɺʦʟ-

ʤʦʞʥʳ ʪʘʢʞʝ FEC ʥʘ ʦʩʥʦʚʝ ʧʨʝʬʠʢʩʘ ʘʜʨʝʩʘ ʠ ʝʱʝ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʧʦʣʷ 

IP-ʟʘʛʦʣʦʚʢʘ (ʥʘʧʨʠʤʝʨ, ʪʠʧ ʦʙʩʣʫʞʠʚʘʥʠʷ ï ToS). ʂʘʞʜʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʩʝʪʠ MPLS ʩʦʟʜʘʝʪ ʪʘʙʣʠʮʫ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʠʤ ʦʙ-

ʨʘʟʦʤ ʜʦʣʞʝʥ ʧʝʨʝʩʳʣʘʪʴʩʷ ʧʘʢʝʪ. ʕʪʘ ʪʘʙʣʠʮʘ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʙʘʟʦʡ ʤʝʪʦʢ LIB, ʩʦʜʝʨʞʠʪ ʠʩʧʦʣʴʟʫʝʤʦʝ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʢ ʠ 

ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ï ʧʨʠʚʷʟʢʫ çFEC-ʤʝʪʢʘè. ʄʝʪʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʘʨ-

ʰʨʫʪʠʟʘʪʦʨʦʤ LSR ʧʨʠ ʧʨʠʚʷʟʢʝ çFEC-ʤʝʪʢʘè, ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶ-

ʱʠʝ ʢʘʪʝʛʦʨʠʠ:  

ǒ ʥʘ ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʦʩʥʦʚʝ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʷ ʤʝʪʦʢ ʫʥʠʢʘʣʴʥʳ ʧʦ ʚʩʝʤʫ 

ʪʨʘʢʪʫ LSʈ; ʤʝʪʢʠ ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʦʙʱʝʛʦ ʧʫʣʘ ʤʝʪʦʢ, ʠ ʥʠʢʘʢʠʝ ʜʚʝ ʤʝʪʢʠ, 

ʨʘʩʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʨʘʟʥʳʤ ʠʥʪʝʨʬʝʡʩʘʤ, ʥʝ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʡ; 

ǒ ʥʘ ʠʥʪʝʨʬʝʡʩʥʦʡ ʦʩʥʦʚʝ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʷ ʤʝʪʦʢ ʩʚʷʟʘʥʳ ʩ ʠʥʪʝʨʬʝʡ-

ʩʘʤʠ: ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʡ ʧʫʣ ʤʝʪʦʢ, ʠʟ ʢʦ-

ʪʦʨʦʛʦ ʜʣʷ ʵʪʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʚʳʙʠʨʘʶʪʩʷ ʤʝʪʢʠ. ʇʨʠ ʵʪʦʤ ʤʝʪʢʠ, ʥʘʟʥʘ-

ʯʘʝʤʳʝ ʜʣʷ ʨʘʟʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤʠ. 

ʄʝʪʦʜ ʧʝʨʝʩʳʣʢʠ ʧʘʢʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʚʷʟʢʠ çFEC-ʤʝʪʢʘè, ʧʨʠʥʷʪʳʡ 

ʚ MPLS, ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʤʝʪʦʜʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʘʥʘʣʠʟʝ 

ʟʘʛʦʣʦʚʢʘ ʙʣʦʢʦʚ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʝʩʳʣʢʫ ʧʦ ʤʝʪʦʜʫ MPLS 

ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʯʠʪʘʪʴ ʠ ʟʘʤʝʥʷʪʴ 

ʤʝʪʢʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʣʠʙʦ ʚʦʦʙʱʝ ʥʝ ʩʧʦʩʦʙʥʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʘʛʦʣʦʚʢʠ 

ʙʣʦʢʦʚ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ, ʣʠʙʦ ʥʝ ʩʧʦʩʦʙʥʳ ʜʝʣʘʪʴ ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ.  

ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʜʝʡʩʪʚʠʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ LSR ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʯʝʥʠʷ 

ʤʝʪʢʠ, ʢʦʪʦʨʫʶ ʦʥ ʧʨʠʥʠʤʘʝʪ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ LSR. ʌʘʢʪʠʯʝʩʢʠ ʜʝʡ-

ʩʪʚʠʷ, ʚʳʧʦʣʥʷʝʤʳʝ LSR, ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʳ ʚ Next Hop Level Forwarding 

Entry (NHLFE), ʫʢʘʟʳʚʘʶʱʝʤ ʩʣʝʜʫʶʱʠʡ ʫʯʘʩʪʦʢ, ʦʧʝʨʘʮʠʶ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ 



19 

ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩʦ ʩʪʝʢʦʤ ʤʝʪʦʢ, ʠ ʢʦʜʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʜʣʷ ʩʪʝʢʘ ʚ ʠʩʭʦʜʷʱʝʤ ʪʨʘʢʪʝ. ɺʳʧʦʣʥʷʝʤʘʷ ʩʦ ʩʪʝʢʦʤ ʦʧʝʨʘʮʠʷ 

ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʚ ʪʦʤ, ʯʪʦ LSR ʜʦʣʞʝʥ ʠʟʤʝʥʠʪʴ ʤʝʪʢʫ ʥʘ ʚʝʨʰʠʥʝ ʩʪʝʢʘ. 

ʕʪʘ ʦʧʝʨʘʮʠʷ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ, ʯʪʦʙʳ LSR ʧʨʦʩʪʦ ʚʳʪʦʣʢʥʫʣ ʚʝʨʭʥʶʶ 

ʤʝʪʢʫ ʠʟ ʩʪʝʢʘ, ʠʣʠ ʚʳʪʦʣʢʥʫʣ ʠ ʟʘʤʝʥʠʣ ʝʝ ʥʦʚʦʡ, ʠʣʠ ʧʨʦʩʪʦ ʧʦʤʝʩʪʠʣ 

ʥʦʚʫʶ ʤʝʪʢʫ ʥʘʜ ʪʦʡ, ʢʦʪʦʨʘʷ ʜʦ ʵʪʦʛʦ ʙʳʣʘ ʚʝʨʭʥʝʡ, ʥʠʯʝʛʦ ʥʝ ʚʳʪʘʣ-

ʢʠʚʘʷ ʠ ʥʝ ʟʘʤʝʥʷʷ. ʉʣʝʜʫʶʱʠʤ ʫʯʘʩʪʢʦʤ ʜʣʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʘʢʝʪʘ 

ʩ ʤʝʪʢʘʤʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʠ ʪʦʪ ʞʝ ʩʘʤʳʡ LSR. ɺ ʵʪʦʤ ʩʣʫʯʘʝ LSR ʚʳ-

ʪʘʣʢʠʚʘʝʪ ʚʝʨʭʥʶʶ ʤʝʪʢʫ ʩʪʝʢʘ ʠ ʧʝʨʝʩʳʣʘʝʪ ʧʘʢʝʪ ʩʘʤʦʤʫ ʩʝʙʝ. ɺ ʵʪʦʪ 

ʤʦʤʝʥʪ ʧʘʢʝʪ ʤʦʞʝʪ ʠʤʝʪʴ ʝʱʝ ʦʜʥʫ ʤʝʪʢʫ, ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʘʥʘʣʠʟʠʨʦ-

ʚʘʪʴ, ʠʣʠ ʦʢʘʟʘʪʴʩʷ ʙʝʟ ʤʝʪʦʢ, ʪ. ʝ. ʠʩʭʦʜʥʳʤ ʧʘʢʝʪʦʤ IP. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ 

ʧʘʢʝʪ ʧʝʨʝʩʳʣʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʝʡ IP.  

ɽʩʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʙʥʘʨʫʞʠʚʘʝʪ, ʯʪʦ ʦʥ ʦʢʘʟʘʣʩʷ ʧʨʝʜʧʦʩʣʝʜʥʠʤ 

LSR ʚ ʪʨʘʢʪʝ, ʪʦ ʦʥ ʜʦʣʞʝʥ ʫʜʘʣʠʪʴ ʚʝʩʴ ʩʪʝʢ ʠ ʧʝʨʝʜʘʪʴ ʧʘʢʝʪ ʚ ʧʦʩʣʝʜʥʠʡ 

LSR. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʦʙʲʝʤ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʫʶ ʜʦʣʞʝʥ 

ʚʳʧʦʣʥʠʪʴ ʧʦʩʣʝʜʥʠʡ LSR. ʊʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ LSR ʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʦʥ 

ʚ ʜʘʥʥʦʤ ʪʨʘʢʪʝ ʧʨʝʜʧʦʩʣʝʜʥʠʡ, ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ ʠ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ. ʅʦ ʧʨʝʞʜʝ ʧʦʷʩ-

ʥʠʤ, ʯʪʦ ʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʪʦʪ ʪʨʘʢʪ. 
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5. КОММУТИРУЕМЫЕ ПО МЕТКАМ ТРАКТЫ LSP 

ʇʫʪʴ ʩʣʝʜʦʚʘʥʠʷ ʧʦʪʦʢʘ ʧʘʢʝʪʦʚ ʚ ʩʝʪʠ MPLS ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ FEC, 

ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʵʪʦʛʦ ʧʦʪʦʢʘ ʚʦ ʚʭʦʜʥʦʤ LSR. ʊʘʢʦʡ ʧʫʪʴ ʥʦʩʠʪ 

ʥʘʟʚʘʥʠʝ ʢʦʤʤʫʪʠʨʫʝʤʦʛʦ ʧʦ ʤʝʪʢʘʤ ʪʨʘʢʪʘ LSP (Label-Switched Path) ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʤʝʪʦʢ ʚ LSR, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʧʦʪʦʢʘ ʦʪ ʦʪʧʨʘʚʠʪʝʣʷ ʢ ʧʦʣʫʯʘʪʝʣʶ. 

LSP ʦʨʛʘʥʠʟʫʶʪʩʷ ʣʠʙʦ ʧʝʨʝʜ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ (ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦ-

ʛʨʘʤʤʦʡ), ʣʠʙʦ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ.  

ʄʝʪʢʠ ʚ LSP ʥʘʟʥʘʯʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝ-

ʪʦʢ LDP (Label Distribution Protocol), ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʨʘʟʜʝʣʝ 6, ʧʨʠ-

ʯʝʤ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʪʘʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʪʦʢʦʣʘ RSVP-TE. ʇʦʜʛʦʪʘʚ-

ʣʠʚʘʶʪ ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ ʧʨʦʪʦʢʦʣʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʪʘʢʠʝ 

ʢʘʢ OSPF, IS-IS ʠʣʠ BGP. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʩʦʟʜʘʝʪʩʷ çʜʨʝʚʦè ʩʝʪʠ, ʥʘ ʢʦʪʦʨʦʝ çʨʘʟʚʝʰʠʚʘʶʪʩʷè ʤʝʪʢʠ.  

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ ï ʵʪʦ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʦʙʩʣʫʞʠʚʘ-

ʥʠʝ ʪʨʘʢʪʦʚ LSP, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʞʜʦʡ ʧʨʠʚʷʟʢʠ çFEC-ʤʝʪʢʘè 

ʚ ʢʘʞʜʦʤ LSR ʪʨʘʢʪʘ LSP. ʄʘʨʰʨʫʪʠʟʘʪʦʨ LSR ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʪʦʢʦʣ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ, ʯʪʦʙʳ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʦ ʧʨʠʚʷʟʢʝ çFEC-ʤʝʪʢʘè ʚʳʰʝʩʪʦʷ-

ʱʠʡ LSR. ʅʠʞʝʩʪʦʷʱʠʡ LSR ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʦʙʱʘʪʴ ʦ ʧʨʠʚʷʟʢʝ 

çʤʝʪʢʘ-FECè ʚʳʰʝʩʪʦʷʱʝʤʫ LSR, ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʚʷʟʢʦʡ ʧʦ ʠʥʠʮʠʘʪʠ-

ʚʝ ʥʠʞʝʩʪʦʷʱʝʛʦ (unsolicited downstream). ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʠʟʚʝʱʝ-

ʥʠʝ ʦ ʧʨʠʚʷʟʢʝ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʥʠʞʝʩʪʦʷʱʠʤ ʧʦ ʪʨʝʙʦʚʘʥʠʶ (downstream 

on demand), ʢʦʛʜʘ ʚʳʰʝʩʪʦʷʱʠʡ LSR ʟʘʧʨʘʰʠʚʘʝʪ ʧʨʠʚʷʟʢʫ ʫ ʥʠʞʝʩʪʦʷ-

ʱʝʛʦ LSR. ʆʨʛʘʥʠʟʫʝʤʳʡ LSP ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʩʪʦʨʦʥʥʠʤ. ʊʨʘʬʠʢ 

ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʜʝʪ ʧʦ ʜʨʫʛʦʤʫ LSP.  

ʊʝʭʥʦʣʦʛʠʷ MPLS ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʜʚʘ ʚʘʨʠʘʥʪʘ ʩʦʟʜʘʥʠʷ LSP:  

ǒ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʧʦ ʫʯʘʩʪʢʘʤ ʤʘʨʰʨʫʪʘ (hop-by-

hop routing) ï ʢʘʞʜʳʡ LSR ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʠʨʘʝʪ ʩʣʝʜʫʶʱʠʡ ʫʯʘʩʪʦʢ 

ʤʘʨʰʨʫʪʘ ʜʣʷ ʜʘʥʥʦʛʦ FEC. ʕʪʘ ʤʝʪʦʜʦʣʦʛʠʷ ʩʭʦʜʥʘ ʩ ʪʦʡ, ʯʪʦ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʩʝʡʯʘʩ ʚ IP-ʩʝʪʷʭ. LSR ʠʩʧʦʣʴʟʫʝʪ ʠʤʝʶʱʠʝʩʷ ʧʨʦʪʦʢʦʣʳ ʤʘʨʰʨʫ-

ʪʠʟʘʮʠʠ, ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ OSPF;  

ǒ ʷʚʥʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ (ER) ï ʩʭʦʜʥʘ ʩ ʤʝʪʦʜʦʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʩʦ ʩʪʦʨʦʥʳ ʦʪʧʨʘʚʠʪʝʣʷ. ɺʭʦʜʥʦʡ LSR (ʪ. ʝ. LSR, ʦʪ ʢʦʪʦʨʦʛʦ ʠʩʭʦʜʠʪ 

ʧʦʪʦʢ ʜʘʥʥʳʭ ʚ ʩʝʪʠ MPLS) ʩʧʝʮʠʬʠʮʠʨʫʝʪ ʮʝʧʦʯʢʫ ʫʟʣʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʧʨʦʭʦʜʠʪ ER-LSP. ʉʧʝʮʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʨʘʢʪ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝ ʦʧʪʠ-

ʤʘʣʴʥʳʤ. ɺʜʦʣʴ ʪʨʘʢʪʘ ʤʦʛʫʪ ʨʝʟʝʨʚʠʨʦʚʘʪʴʩʷ ʨʝʩʫʨʩʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʘʜʘʥʥʦʛʦ QoS ʪʨʘʬʠʢʘ ʜʘʥʥʳʭ. ʕʪʦ ʦʙʣʝʛʯʘʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʨʘʬʠʢʘ ʧʦ ʚʩʝʡ ʩʝʪʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʪʦʢʘʤ ʪʨʘʬʠʢʘ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʥʷʪʳʭ ʧʨʘʚʠʣ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ. 
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ʈʘʩʩʤʦʪʨʠʤ ʣʦʛʠʯʝʩʢʠ ʟʘʚʝʨʰʝʥʥʳʡ (ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʘʚʪʦ-

ʥʦʤʥʳʡ) ʜʦʤʝʥ ʩʝʪʠ MPLS, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 5.1. ɿʘʚʝʨʰʝʥʥʦʩʪʴ ʵʪʦʛʦ 

ʜʦʤʝʥʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʠʤʝʝʪ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʤʢʥʫʪʫʶ 

ʛʨʘʥʠʮʫ, ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʝʥʦ ʯʝʪʳʨʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʧʦʛʨʘʥʠʯʥʳʭ 

ʫʟʣʘ MPLS (MPLS edge nodes ʠʣʠ, ʢʘʢ ʠʭ ʝʱʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ, LER ï 

Label Edge Router), ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʘ ʨʠʩ. 2.1 ʢʘʢ LSR1, LSR5, LSR6, LSR7. 

ʇʦʤʠʤʦ ʵʪʠʭ ʫʟʣʦʚ, ʚʥʫʪʨʠ ʜʦʤʝʥʘ ʩʝʪʠ MPLS (ʢʦʛʜʘ ʵʪʦ ʥʝ ʚʳʟʳʚʘʝʪ 

ʜʚʦʷʢʦʛʦ ʪʦʣʢʦʚʘʥʠʷ, ʤʳ ʙʫʜʝʤ ʜʣʷ ʫʜʦʙʩʪʚʘ ʥʘʟʳʚʘʪʴ ʝʛʦ ʧʨʦʩʪʦ MPLS-

ʩʝʪʴʶ) ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʩ ʦʩʪʘʣʴʥʳʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʧʦʛʨʘʥʠʯʥʳʤʠ ʫʟʣʘʤʠ) 

ʣʠʙʦ ʧʨʷʤʳʝ, ʣʠʙʦ ʢʦʤʤʫʪʠʨʫʝʤʳʝ ʩʚʷʟʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʢʦʤʤʫʪʘ-

ʮʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʩʚʷʟʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʨʫʛʠʤʠ ʤʘʨ-

ʰʨʫʪʠʟʘʪʦʨʘʤʠ ʠʟ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ ʧʦ-

ʛʨʘʥʠʯʥʳʤʠ ʫʟʣʘʤʠ MPLS ʠ ʤʦʛʫʪ ʥʝ ʠʤʝʪʴ ʬʫʥʢʮʠʡ LSR. ɹʦʣʝʝ ʪʦʛʦ, 

ʥʝʢʦʪʦʨʳʝ ʢʦʤʤʫʪʠʨʫʝʤʳʝ ʩʚʷʟʠ ʤʝʞʜʫ LSR ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʜʩʝʪʠ, 

ʚʩʪʨʦʝʥʥʳʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ MPLS-ʩʝʪʴ, ʥʦ ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ 

ʬʫʥʢʮʠʠ MPLS. ʆʥʠ, ʨʘʟʫʤʝʝʪʩʷ, ʥʝ ʧʦʢʘʟʘʥʳ ʚ ʧʨʠʤʝʨʝ ʥʘ ʨʠʩ. 5.1 ʛʜʝ 

ʠʟʦʙʨʘʞʝʥʳ ʪʦʣʴʢʦ ʪʨʠ ʚʥʫʪʨʝʥʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ LSR2, LSR3 ʠ LSR4.  
 

 

ʈʠʩ. 5.1. ʇʨʠʤʝʨ ʜʦʤʝʥʘ MPLS-ʩʝʪʠ 

 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʥʘ ʨʠʩ. 5.1 ʠʟʦʙʨʘʞʝʥ ʣʠʰʴ ʫʧʨʦʱʝʥʥʳʡ ʜʦʤʝʥ MPLS-

ʩʝʪʠ. ʇʘʢʝʪʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʥʝʛʦ, ʤʦʛʫʪ ʧʨʠʭʦʜʠʪʴ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʪ ʦʪʧʨʘʚʠʪʝʣʝʡ (ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.1), ʪʘʢ ʠ ʠʟ ʩʤʝʞʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ MPLS-ʩʝʪʴʶ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ (ʪ. ʝ. ʩʦʜʝʨʞʘʪʴ ʚ ʩʝʙʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʜʦʤʝʥ). ʕʪʠ ʧʘʢʝʪʳ ʧʨʠʥʠʤʘʶʪʩʷ ʧʦʛʨʘʥʠʯʥʳʤ ʫʟʣʦʤ 

MPLS (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ LSR1), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʠʤ 

ʧʘʢʝʪʘʤ ʚʭʦʜʥʳʤ MPLS-ʫʟʣʦʤ. ʇʘʢʝʪʳ, ʥʘʧʨʘʚʣʷʝʤʳʝ ʩʝʪʴʶ ʚ ʜʨʫʛʫʶ ʩʤʝʞ-

ʥʫʶ ʩʝʪʴ, ʧʝʨʝʜʘʶʪʩʷ ʪʫʜʘ ʜʨʫʛʠʤ ʧʦʛʨʘʥʠʯʥʳʤ ʫʟʣʦʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʠʤ ʧʘʢʝʪʘʤ ʚʳʭʦʜʥʳʤ MPLS-ʫʟʣʦʤ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

LSR5). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʩʝ ʧʘʢʝʪʳ, ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʝ ʯʝʨʝʟ MPLS-ʩʝʪʴ 

ʦʪ ʚʭʦʜʥʦʛʦ MPLS-ʫʟʣʘ LSR1 ʢ ʚʳʭʦʜʥʦʤʫ MPLS-ʫʟʣʫ LSR5, ʧʨʠʥʘʜʣʝʞʘʪ 
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ʦʜʥʦʤʫ FEC ʠ ʩʣʝʜʫʶʪ ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʚʠʨʪʫʘʣʴʥʦʤʫ ʢʦʤʤʫʪʠ-

ʨʫʝʤʦʤʫ ʧʦ ʤʝʪʢʘʤ ʪʨʘʢʪʫ LSP, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ 

LSR ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʙʝʟ ʬʫʥʢʮʠʡ LSR. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ MPLS-ʩʝʪʠ ʠʤʝʶʪʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʜʚʫʭ ʪʠʧʦʚ: 

ʧʦʛʨʘʥʠʯʥʳʝ LSR ʠ ʪʨʘʥʟʠʪʥʳʝ LSR. ʇʦʛʨʘʥʠʯʥʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ LSR 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʰʣʶʟʳ ʠʥʪʝʨʬʝʡʩʦʚ ʩʝʪʝʡ ʨʘʟʥʳʭ ʚʠʜʦʚ 

(ʥʘʧʨʠʤʝʨ, Frame Relay, ATM ʠʣʠ Ethernet) ʠ ʧʝʨʝʩʳʣʘʶʪ ʠʭ ʪʨʘʬʠʢ 

ʚ MPLS-ʩʝʪʴ ʧʦʩʣʝ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʢʪʦʚ LSP, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʷʶʪ 

ʪʨʘʬʠʢ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠ ʚʳʭʦʜʝ ʝʛʦ ʠʟ MPLS-ʩʝʪʠ. ʂ ʵʪʦʤʫ 

ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʣʶʙʦʡ MPLS-ʩʦʚʤʝʩʪʠʤʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʜʦʣʞʝʥ 

ʙʳʪʴ ʩʧʦʩʦʙʝʥ ʧʨʠʥʠʤʘʪʴ ʚ ʣʶʙʦʤ ʩʚʦʝʤ ʠʥʪʝʨʬʝʡʩʝ ʧʘʢʝʪ ʩʦ ʚʩʪʘʚʣʝʥʥʦʡ 

ʤʝʪʢʦʡ, ʦʪʳʩʢʠʚʘʪʴ ʝʝ ʚ ʪʘʙʣʠʮʝ ʢʦʤʤʫʪʘʮʠʠ, ʚʩʪʘʚʣʷʪʴ ʥʦʚʫʶ ʤʝʪʢʫ 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʬʦʨʤʘʪʝ ʠ ʟʘʪʝʤ ʦʪʧʨʘʚʣʷʪʴ ʧʘʢʝʪ ʯʝʨʝʟ ʜʨʫʛʦʡ ʠʥʪʝʨ-

ʬʝʡʩ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʦʛʨʘʥʠʯʥʳʡ LSR ʤʦʞʝʪ ʢʦʤʤʫʪʠʨʦʚʘʪʴ ʧʘʢʝʪ ʩ ʤʝʪ-

ʢʦʡ ʦʪ ʣʶʙʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʢ ʣʶʙʦʤʫ ʜʨʫʛʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʩ ʟʘʤʝʥʦʡ ʤʝʪʢʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʛʦʨʘʟʜʦ ʛʠʙʯʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ATM, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʦʛʨʘʥʠʯʝʥ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʥʘʣʘʤʠ ʧʝʨʝʜʘʯʠ ʷʯʝʝʢ. ʇʦʛʨʘʥʠʯʥʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ 

ʚʳʧʦʣʥʷʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʥʘʟʥʘʯʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʤʝʪʦʢ, ʢʦʛʜʘ 

ʪʨʘʬʠʢ ʧʦʩʪʫʧʘʝʪ ʚ MPLS-ʩʝʪʴ ʠʣʠ ʚʳʭʦʜʠʪ ʠʟ ʥʝʝ.  

ʇʨʠ ʵʪʦʤ ʧʦʣʝʟʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʶʙʦʡ ʪʨʘʥʟʠʪʥʳʡ LSR ʩʧʦʩʦʙʝʥ 

ʧʨʠʥʠʤʘʪʴ ʧʘʢʝʪʳ ʙʝʟ ʤʝʪʦʢ, ʪ. ʝ. ʩ ʦʙʳʯʥʳʤʠ IP-ʟʘʛʦʣʦʚʢʘʤʠ. ɼʦʚʦʣʴʥʦ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʚʥʫʪʨʠ ʜʦʤʝʥʘ MPLS 

ʧʘʢʝʪʳ ʤʝʞʜʫ ʪʨʘʥʟʠʪʥʳʤʠ LSR ʤʘʨʰʨʫʪʠʟʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʧʦ ʤʝʪʢʘʤ, 

ʥʝ ʩʦʚʩʝʤ ʚʝʨʥʦ. ɼʣʷ ʦʙʳʯʥʦʛʦ MPLS-ʪʨʘʬʠʢʘ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʘʢ, ʥʦ 

ʩʣʫʞʝʙʥʳʝ ʩʦʦʙʱʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ IP-ʟʘʛʦʣʦʚʢʦʚ.  

ʂ ʚʳʭʦʜʥʦʤʫ ʫʟʣʫ LSR5 (ʨʠʩ. 5.1) ʧʦʩʪʫʧʘʶʪ ʧʦʪʦʢʠ ʧʘʢʝʪʦʚ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʚʭʦʜʥʳʭ ʫʟʣʦʚ (ʦʪ LSR1, LSR6 ʠ LSR7). ɺ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʧʦʪʦʢʦʚ ʤʦʛʫʪ çʩʣʠʚʘʪʴʩʷè, ʪ. ʝ. ʦʙʲʝ-

ʜʠʥʷʪʴʩʷ ʚ ʦʜʠʥ ʦʙʱʠʡ ʧʦʪʦʢ ʧʘʢʝʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʪʘʶʪ ʚ ʵʪʦʡ ʪʦʯʢʝ 

ʩʣʠʷʥʠʷ ʦʙʱʠʡ FEC. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʞʝʩʪʚʦ ʪʨʘʢʪʦʚ LSP, ʠʜʫʱʠʭ 

ʢ ʦʜʥʦʤʫ ʚʳʭʦʜʥʦʤʫ ʫʟʣʫ, ʦʙʨʘʟʫʝʪ ʚʝʪʚʷʱʝʝʩʷ ʜʝʨʝʚʦ, ʢʦʨʝʥʴ ʢʦʪʦʨʦʛʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʵʪʦʤ ʚʳʭʦʜʥʦʤ ʫʟʣʝ.  

ʂʘʞʜʳʡ ʠʟ ʯʝʪʳʨʝʭ ʧʦʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ ʚʳʧʦʣʥʷʝʪ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, 

ʬʫʥʢʮʠʠ ʠ ʚʭʦʜʥʦʛʦ, ʠ ʚʳʭʦʜʥʦʛʦ ʫʟʣʘ, ʪʘʢ ʯʪʦ ʚ ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 5.1 

MPLS-ʩʝʪʠ ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʜʝʨʝʚʘ ʪʘʢʦʛʦ ʨʦʜʘ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩʦ-

ʜʝʨʞʘʪ 4 Ā (4 ï 1) = 12 ʪʨʘʢʪʦʚ LSP. ʗʩʥʦ, ʯʪʦ ʯʝʨʝʟ ʦʜʠʥ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ LSR ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʥʝʩʢʦʣʴʢʦ LSP, ʚ ʪʦʤ ʯʠʩʣʝ LSP, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʜʝʨʝʚʴʷʤ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ ʪʦʧʦʣʦʛʠʷ 

ʩʝʪʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʦʧʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʩʝʪʠ LSP (ʠ ʝʱʝ ʨʘʟ ʚʩʧʦʤʥʠʪʴ 

ʧʨʦ ʨʝʞʠʤ hop-by-hop), ʪʦ ʩʪʘʥʝʪ ʷʩʥʦ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ 

ʩʣʫʯʘʠ çʟʘʢʦʣʴʮʦʚʳʚʘʥʠʷè ʧʫʪʝʡ ʧʨʦʭʦʞʜʝʥʠʷ ʧʘʢʝʪʦʚ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚ MPLS-ʩʝʪʷʭ ʥʫʞʥʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʤʝʨʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ/ʠʣʠ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʷ ʪʘʢʠʭ ʩʣʫʯʘʝʚ.   
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6. ПРОТОКОЛ LDP 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʝʯʴ ʧʦʡʜʝʪ ʦ ʪʦʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʢ ʧʦ ʚʩʝʤ LSR ʩʝʪʠ MPLS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ 

LDP (Label Distribution Protocol).  

ɺ ʩʧʝʮʠʬʠʢʘʮʠʠ LDP ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʪʠʧʘ 

ʵʣʝʤʝʥʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ FEC:  

ǒ Address Prefix ï ʘʜʨʝʩʥʳʡ ʧʨʝʬʠʢʩ ʣʶʙʦʡ ʜʣʠʥʳ ʦʪ ʥʫʣʷ ʜʦ ʧʦʣʥʦʛʦ 

ʘʜʨʝʩʘ; 

ǒ Host Address ï ʧʦʣʥʳʡ ʘʜʨʝʩ ʭʦʩʪʘ. 

ʈʝʰʝʥʠʷ ʦ ʥʘʟʥʘʯʝʥʠʠ ʤʝʪʦʢ ʤʦʛʫʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʢʨʠʪʝʨʠʷʭ ʧʝʨʝ-

ʩʳʣʢʠ, ʪʘʢʠʭ ʢʘʢ ʦʜʥʦʘʜʨʝʩʥʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʢ ʧʦʣʫʯʘʪʝʣʶ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʬʠʢʘ ʚ ʩʝʪʠ, ʤʥʦʛʦʘʜʨʝʩʥʘʷ ʨʘʩʩʳʣʢʘ, ʚʠʨʪʫʘʣʴʥʘʷ ʯʘʩʪ-

ʥʘʷ ʩʝʪʴ VPN, ʤʝʭʘʥʠʟʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ QoS ʠ ʜʨ. 

ʉʧʝʮʠʬʠʢʘʮʠʷ ʞʝ ʧʨʦʪʦʢʦʣʘ LDP ʦʧʨʝʜʝʣʷʝʪ ʧʨʘʚʠʣʘ, ʧʦ ʢʦʪʦʨʳʤ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʧʘʢʝʪʦʤ ʠ ʝʛʦ LSP. 

ɼʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʥʳʝ ʤʝʪʦʜʳ:  

ǒ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʪʦʧʦʣʦʛʠʠ (topology-based method) ï ʠʩʧʦʣʴʟʫʝʪ 

ʩʪʘʥʜʘʨʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ (ʥʘʧʨʠʤʝʨ, OSPF ʠ BGP) 

ǒ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʟʘʧʨʦʩʦʚ (request-based method) ï ʠʩʧʦʣʴʟʫʝʪ ʦʙʨʘʙʦʪ-

ʢʫ ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʨʦʪʦʢʦʣʘ ʥʘ ʦʩʥʦʚʝ ʟʘʧʨʦʩʦʚ (ʥʘʧʨʠʤʝʨ, ʧʨʦʪʦʢʦʣʘ RSVP); 

ǒ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʪʨʘʬʠʢʘ (traffic-based method) ï ʟʘʧʫʩʢʘʝʪ ʧʨʦʮʝ-

ʜʫʨʫ ʧʨʠʩʚʦʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʘʢʝʪʘ. 

ʄʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʪʦʧʦʣʦʛʠʠ ʠ ʟʘʧʨʦʩʦʚ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʘʤʠ ʧʨʠʚʷʟ-

ʢʠ ʤʝʪʦʢ ʢ FEC, ʫʧʨʘʚʣʷʝʤʦʡ ʦʪ ʧʨʦʛʨʘʤʤʳ, ʘ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʪʨʘʬʠʢʘ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʧʨʠʚʷʟʢʠ, ʫʧʨʘʚʣʷʝʤʦʡ ʜʘʥʥʳʤʠ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʘʨʭʠʪʝʢʪʫʨʦʡ MPLS ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ, ʯʪʦ ʥʘʟʥʘʯʝʥʠʝ ʤʝʪʢʠ, ʪ. ʝ. ʝʝ ʧʨʠ-

ʚʷʟʢʫ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ FEC, ʧʨʦʠʟʚʦʜʠʪ LSR, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʳʤ 

ʧʦʛʨʘʥʠʯʥʳʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʜʣʷ ʧʘʢʝʪʦʚ ʵʪʦʛʦ FEC. ʇʦ-ʘʥʛʣʠʡʩʢʠ ʪʘ-

ʢʦʡ LSR ʥʘʟʳʚʘʝʪʩʷ downstream LSR, ʪ. ʝ. ʨʘʩʧʦʣʦʞʝʥʥʳʡ çʥʠʞʝ ʧʦ ʪʝʯʝ-

ʥʠèʁ, ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʝʛʦ ʥʠʞʥʠʤ ʠʣʠ ʥʠʞʝʩʪʦʷʱʠʤ LSR, ʘ ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʡ çʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶè ï upstream LSR ï ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʚʝʨʭʥʠʤ 

ʠʣʠ ʚʳʰʝʩʪʦʷʱʠʤ LSR. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʟʥʘʯʝʥʠʝ ʤʝʪʦʢ ʚʩʝʛʜʘ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʩʥʠʟʫ, ʪ. ʝ. ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʪʨʘʬʠʢʘ. 

ʅʠʞʥʠʡ LSR ʠʥʬʦʨʤʠʨʫʝʪ ʩʦʩʝʜʥʠʝ ʚʝʨʭʥʠʝ LSR ʦ ʪʦʤ, ʢʘʢʠʝ ʤʝʪʢʠ ʦʥ 

ʧʨʠʚʷʟʘʣ ʢ ʢʘʞʜʦʤʫ FEC ʧʦʩʪʫʧʘʶʱʠʭ ʢ ʥʝʤʫ ʧʘʢʝʪʦʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʠ 

ʥʘʟʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʝʪʦʢ, ʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʧʨʦʪʦʢʦʣ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʤʝʪʦʢ LDP (Label Distribution Protocol). 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ MPLS ʥʝ ʪʨʝʙʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʨʠʤʝ-

ʥʝʥʠʷ LDP. ɼʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʤʦʜʠʬʠʢʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʪʦʢʦʣʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʪʢʘʭ, ʥʘʧʨʠʤʝʨ ʧʨʦʪʦʢʦʣ BGP.  
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ʈʠʩ. 6.1. ʇʨʠʤʝʨ ʬʨʘʛʤʝʥʪʘ MPLS-ʩʝʪʠ 

 

ʇʨʦʪʦʢʦʣ RSVP ʪʘʢʞʝ ʠʤʝʝʪ ʨʘʩʰʠʨʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʜʜʝʨʞ-

ʢʫ ʦʙʤʝʥʘ ʤʝʪʢʘʤʠ ʩ ʫʚʝʜʦʤʣʝʥʠʝʤ. ʆʜʥʘʢʦ ʧʨʦʪʦʢʦʣ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝ-

ʪʦʢ LDP ʙʳʣ ʧʨʠʟʥʘʥ ʢʦʤʠʪʝʪʦʤ IETF ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʤ ʠ, ʯʪʦ ʝʱʝ 

ʚʘʞʥʝʝ, ʭʦʨʦʰʦ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥ ʠʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʦ ʨʘʩʰʠʨʝʥʠʝ 

ʙʘʟʦʚʦʛʦ ʧʨʦʪʦʢʦʣʘ LDP ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʷʚʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ QoS ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ ʊɽ ï 

ʧʨʦʪʦʢʦʣ LDP ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʫʩʣʦʚʠʡ CR-LDP (Constraint-Based 

LDP). ʂʦ ʚʩʝʤʫ ʧʨʦʯʝʤʫ, LDP ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʘʜʝʞʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʦʝ-

ʜʠʥʝʥʠʷ ʩʦ ʩʤʝʞʥʳʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ LSR ʧʦ ʧʨʦʪʦʢʦʣʫ TCP, ʧʨʠʯʝʤ 

ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʝʞʜʫ ʜʚʫʤʷ LSR ʥʘʜʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝʩʢʦʣʴʢʦ 

LDP-ʩʝʘʥʩʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʝ TCP-ʩʦʝʜʠʥʝʥʠʝ. 

ʀʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʭʝʤʳ ʦʙʤʝʥʘ ʤʝʪʢʘʤʠ: 

¶ LDP ï ʧʨʝʦʙʨʘʟʫʝʪ ʚ ʤʝʪʢʠ IP-ʘʜʨʝʩʘ ʧʦʣʫʯʘʪʝʣʷ ʧʨʠ ʦʜʥʦʘʜʨʝʩʥʦʡ 

ʧʝʨʝʜʘʯʝ; 

¶ RSVP ʠ CR-LDP ï ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʨʘʬʠʢʘ ʚ ʩʝʪʠ ʠ ʜʣʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ; 

¶ BGP ï ʨʘʙʦʪʘʝʪ ʩ ʚʥʝʰʥʠʤʠ ʤʝʪʢʘʤʠ VPN. 

ɺʩʝ ʵʪʠ ʩʭʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʘʣʝʝ.  
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7. ОСНОВЫ ПРОТОКОЛА LDP 

ʇʨʦʪʦʢʦʣ LDP ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʠʪʝʪʦʤ IETF ʚ ʨʘʙʦʯʝʡ ʛʨʫʧʧʝ ʧʦ MPLS 

ʩ ʮʝʣʴʶ ʩʧʝʮʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʜʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ MPLS. ɺ ʩʚʷʟʠ 

ʩ ʪʝʤ ʯʪʦ ʧʨʦʪʦʢʦʣ LDP ʪʝʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʢʦʣʘʤʠ ʚʥʫʪʨʝʥʥʝʡ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ IGP, ʝʛʦ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʧʨʦʪʦʢʦʣʦʤ ʧʝʨʝʩʳʣʢʠ ʧʦ ʫʯʘʩʪ-

ʢʘʤ. ʇʨʦʪʦʢʦʣ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ LDP ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʧʨʦ-

ʮʝʜʫʨ ʠ ʩʦʦʙʱʝʥʠʡ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ LSR ʦʨʛʘʥʠʟʫʶʪ ʪʨʘʢʪʳ ʢʦʤ-

ʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ (LSP), ʦʙʤʝʥʠʚʘʷʩʴ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʨʠʚʷʟʢʝ ʤʝʪʦʢ ʢ FEC 

ʩ çʩʦʩʝʜʥʠʤʠè LSR, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʠ ʧʨʝʢʨʘʱʘʶʪ LSP-ʩʝʘʥʩʳ.  

ʈʝʯʴ ʠʜʝʪ ʠʤʝʥʥʦ ʦʙ ʦʙʤʝʥʝ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʪʦʢʦʣ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʝʪ ʜʚʫʩʪʦʨʦʥʥʠʡ ʜʠʘʣʦʛ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ LSR, ʷʚʣʷʶʱʠʭʩʷ 

ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʦʜʥʦʨʘʥʛʦʚʳʤʠ ʫʟʣʘʤʠ LDP. ʕʪʦʪ ʜʠʘʣʦʛ ʥʘʟʳʚʘʝʪʩʷ 

LDP-ʩʝʘʥʩʦʤ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʢʘʞʜʳʡ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ LSR ʧʦʣʫ-

ʯʘʝʪ ʩʚʝʜʝʥʠʷ ʦ ʧʨʠʚʷʟʢʝ ʤʝʪʦʢ ʢ FEC ʚ ʜʨʫʛʦʤ LSR. ɺ ʧʨʦʪʦʢʦʣʝ ʦʧʨʝ-

ʜʝʣʝʥ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʫʚʝʜʦʤʣʝʥʠʡ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚ LSP ʟʘ-

ʢʦʣʴʮʦʚʘʥʥʳʭ ʤʘʨʰʨʫʪʦʚ. 

ʀʪʘʢ, ʧʨʦʮʝʜʫʨʳ ʧʨʦʪʦʢʦʣʘ LDP ʧʦʟʚʦʣʷʶʪ LSR, ʚʳʧʦʣʥʷʶʱʝʤʫ ʵʪʦʪ 

ʧʨʦʪʦʢʦʣ, ʩʦʟʜʘʚʘʪʴ ʪʨʘʢʪʳ LSP. ʂʦʥʝʯʥʦʡ ʪʦʯʢʦʡ ʪʘʢʦʛʦ ʪʨʘʢʪʘ ʷʚʣʷʝʪʩʷ 

ʣʠʙʦ ʩʤʝʞʥʳʡ LSR, ʠʤʝʶʱʠʡ ʧʨʷʤʫʶ ʩʚʷʟʴ ʩ ʜʘʥʥʳʤ LSR, ʣʠʙʦ ʚʳʭʦʜ-

ʥʦʡ LSR, ʜʦʩʪʫʧʥʳʡ ʵʪʦʤʫ LSR ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʟʠʪʥʳʭ 

LSR. ʇʨʦʮʝʩʩʳ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʥʝʯʥʳʭ ʪʦʯʝʢ ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ ʥʘʟʳʚʘʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩʦʤ ʙʘʟʦʚʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʦʮʝʩʩʦʤ ʨʘʩʰʠʨʝʥ-

ʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. LDP ʩʦʟʜʘʝʪ ʜʚʫʩʪʦʨʦʥʥʶʶ ʩʚʷʟʴ ʜʚʫʭ ʩʤʝʞʥʳʭ LSR, 

ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʦʜʥʦʨʘʥʛʦʚʳʤʠ ʫʟʣʘʤʠ LDP ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ LDP-ʩʝʘʥʩʘ. ʇʨʠ ʦʙʤʝʥʝ ʤʝʞʜʫ LSR ʠʥʬʦʨʤʘʮʠʝʡ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʧʨʠʚʷʟʢʦʡ çʤʝʪʢʘ-FECè, ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ ʢʘʪʝʛʦʨʠʠ ʩʦʦʙ-

ʱʝʥʠʡ LDP: 

¶ ʩʦʦʙʱʝʥʠʷ ʦʙʥʘʨʫʞʝʥʠʷ (discovery messages), ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʦʙʲʷʚʠʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ LSR ʚ ʩʝʪʠ; 

¶ ʩʝʘʥʩʦʚʳʝ ʩʦʦʙʱʝʥʠʷ (session messages), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʦʟ-

ʜʘʥʠʷ, ʧʦʜʜʝʨʞʢʠ ʠ ʧʨʝʢʨʘʱʝʥʠʷ LDP-ʩʝʘʥʩʦʚ ʤʝʞʜʫ LSR; 

¶ ʩʦʦʙʱʝʥʠʷ-ʦʙʲʷʚʣʝʥʠʷ (advertisement messages), ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʠ ʦʪʤʝʥʳ ʧʨʠʚʷʟʢʠ ʤʝʪʢʠ ʢ FEC; 

¶ ʫʚʝʜʦʤʣʷʶʱʠʝ ʩʦʦʙʱʝʥʠʷ (notification messages), ʩʦʜʝʨʞʘʱʠʝ ʚʩʧʦ-

ʤʦʛʘʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʰʠʙʢʘʭ. 

ʍʦʪʷ çʨʘʟʜʘʝʪè ʤʝʪʢʠ ʚʩʝʛʜʘ ʥʠʞʥʠʡ LSR, ʠʥʠʮʠʘʪʦʨʦʤ ʠʭ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʦʥ. ʇʨʦʮʝʩʩ ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʠ ʚʝʨʭ-

ʥʠʡ LSR, ʥʘʧʨʘʚʠʚ ʢ ʥʠʞʥʝʤʫ LSR ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʧʨʦʩ. ʊʘʢʦʡ ʨʝʞʠʤ 

ʥʘʟʳʚʘʝʪʩʷ downstream on-demand. ɺ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʝʪʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʢ ʣʠʙʦ ʪʦʣʴʢʦ ʧʦ ʟʘʧʨʦʩʘʤ ʩʚʝʨʭʫ, ʣʠʙʦ ʪʦʣʴʢʦ ʧʦ 

ʠʥʠʮʠʘʪʠʚʝ ʥʠʞʥʝʛʦ LSR (unsolicited downstream), ʣʠʙʦ ʠ ʪʦ ʠ ʜʨʫʛʦʝ ʚʤʝʩʪʝ. 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʳʤ ʠʣʠ ʫʧʦʨʷʜʦʯʝʥʥʳʤ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ LSR ʤʦʞʝʪ ʫʚʝʜʦʤʠʪʴ ʚʳʰʝʩʪʦʷʱʠʡ LSR ʦ ʧʨʠʚʷʟʢʝ ʤʝʪ-

ʢʠ ʢ FEC ʜʦ ʪʦʛʦ, ʢʘʢ ʧʦʣʫʯʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʚʷʟʢʝ ʦʪ ʥʠʞʝʩʪʦʷʱʝʛʦ 

LSR. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚʳʩʳʣʘʪʴ ʧʦʜʦʙʥʦʝ ʫʚʝʜʦʤʣʝʥʠʝ çʥʘʚʝʨʭè ʨʘʟʨʝ-

ʰʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʚʝʜʝʥʠʡ çʩʥʠʟʫè. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʠʞʥʠʡ LSR ʨʘʩʧʨʝʜʝʣʷʝʪ ʤʝʪʢʠ ʥʝ ʪʦʣʴʢʦ ʧʦ ʪʝʤ ʚʝʨʭ-

ʥʠʤ LSR, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩ ʥʠʤ ʧʨʷʤʳʝ ʩʚʷʟʠ. ʇʨʦʪʦʢʦʣ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʝʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʜʣʷ ʜʠʘʣʦʛʘ ʜʚʫʭ LSR, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʢʦʤʤʫʪʠʨʫʝʤʘʷ ʩʚʷʟʴ, ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʠʟ ʜʚʫʭ ʨʝʞʠʤʦʚ, ʣʠʙʝʨʘʣʴʥʦʤ ʠʣʠ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʤ, ʨʘʙʦʪʘʝʪ ʚʝʨʭʥʠʡ LSR. 

ʂʦʥʩʝʨʚʘʪʠʚʥʳʡ ʨʝʞʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʩʦʦʙʱʝ-

ʥʠʷ-ʦʙʲʷʚʣʝʥʠʷ ʦ ʧʨʠʚʷʟʢʝ çʤʝʪʢʘ-FECè, ʧʦʣʫʯʘʝʤʳʝ ʦʪ ʥʝʩʤʝʞʥʳʭ LSR, 

ʥʝ ʧʨʠʥʠʤʘʶʪʩʷ ʠ ʦʪʙʨʘʩʳʚʘʶʪʩʷ. LSR ʧʨʠʚʷʟʳʚʘʝʪ ʤʝʪʢʫ ʢ FEC ʪʦʣʴʢʦ 

ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʳʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʠʣʠ ʝʩʣʠ ʦʥ 

ʧʦʣʫʯʠʣ ʩʦʦʙʱʝʥʠʝ ʦ ʧʨʠʚʷʟʢʝ ʦʪ ʩʤʝʞʥʦʛʦ ʩ ʥʠʤ LSR. ʊʘʢʦʡ ʨʝʞʠʤ 

ʧʦʟʚʦʣʷʝʪ LSR ʦʙʩʣʫʞʠʚʘʪʴ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʤʝʪʦʢ. 

ʃʠʙʝʨʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʧʨʠʚʷʟʢʘ 

ʤʝʪʢʠ, ʚʳʜʘʥʥʘʷ ʪʝʤ ʥʠʞʥʠʤ LSR, ʩ ʢʦʪʦʨʳʤ ʥʝʪ ʧʨʷʤʦʡ ʩʚʷʟʠ, ʟʘʧʦʤʠ-

ʥʘʝʪʩʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʊʘʢʦʡ ʨʝʞʠʤ ʫʜʦʙʝʥ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ 

ʩʝʪʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʤʝʪʢʦʡ ʠ FEC ʩʦʭʨʘʥʷʝʪʩʷ, ʜʘʞʝ ʝʩʣʠ ʩʚʷʟʴ ʩ LSR, 

ʦʧʨʝʜʝʣʠʚʰʠʤ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʠʝ, ʩʪʘʣʘ ʥʝ ʢʦʤʤʫʪʠʨʫʝʤʦʡ, ʘ ʧʨʷʤʦʡ. ʅʝʜʦ-

ʩʪʘʪʦʢ ʣʠʙʝʨʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʚʝʨʭʥʝʤ LSR ʧʨʠʭʦʜʠʪʩʷ 

ʭʨʘʥʠʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʤʝʞʜʫ ʤʝʪʢʘʤʠ ʠ FEC.  

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʤʝʪʢʘ ʚʩʝʛʜʘ ʣʦʢʘʣʴʥʘ, ʪ. ʝ. ʦʙʦʟʥʘʯʘʝʪ ʥʝʢʦʪʦ-

ʨʳʡ FEC ʪʦʣʴʢʦ ʜʣʷ ʧʘʨʳ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʠʤʝʝʪʩʷ 

ʧʨʷʤʘʷ ʠʣʠ ʢʦʤʤʫʪʠʨʫʝʤʘʷ ʩʚʷʟʴ, ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʝʨʝʩʳʣʢʝ ʧʘʢʝʪʦʚ 

ʵʪʦʛʦ FEC ʦʪ ʪʦʛʦ ʠʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʜʘʥʥʦʡ ʧʘʨʳ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʚ ʥʝʡ ʚʝʨʭʥʠʤ (upstream LSR), ʢ ʪʦʤʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʠʞʥʠʤ (down-

stream LSR). ɼʣʷ ʧʝʨʝʩʳʣʢʠ ʧʘʢʝʪʦʚ ʪʦʛʦ ʞʝ FEC ʢ ʩʣʝʜʫʶʱʝʤʫ ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʨʫʛʘʷ ʤʝʪʢʘ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʘʷ ʵʪʦʪ FEC ʜʣʷ 

ʥʦʚʦʡ ʧʘʨʳ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʚ ʢʦʪʦʨʦʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʙʳʚʰʠʡ ʚ ʧʨʝ-

ʜʳʜʫʱʝʡ ʧʘʨʝ ʥʠʞʥʠʤ, ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʘʪʫʩ ʚʝʨʭʥʝʛʦ, ʘ ʩʪʘʪʫʩ ʥʠʞʥʝʛʦ 

ʧʦʣʫʯʘʝʪ ʚʪʦʨʦʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʵʪʦʡ ʥʦʚʦʡ ʧʘʨʳ. ʆʪʩʶʜʘ ʷʩʥʦ, ʯʪʦ ʢʘʞ-

ʜʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ MPLS-ʩʝʪʠ ʜʦʣʞʝʥ ʭʨʘʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʚʭʦ-

ʜʷʱʠʤʠ ʠ ʠʩʭʦʜʷʱʠʤʠ ʤʝʪʢʘʤʠ ʜʣʷ ʚʩʝʭ FEC, ʢʦʪʦʨʳʤʠ ʦʥ ʦʧʝʨʠʨʫʝʪ.  

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʫʥʢʮʠʡ ʧʨʦʪʦʢʦʣʘ LDP ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ 

ʧʝʪʝʣʴ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʧʦʣʷ ʚ ʩʦʦʙʱʝʥʠʷʭ Label 

Request ʠ Label mapping (ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʨʘʟʜʝʣʘʭ 6 ʠ 7), ʘ ʠʤʝʥʥʦ Path 

Vector ʠ Hop Count.  
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ʇʦʣʝ Path Vector ʩʦʜʝʨʞʠʪ ʩʧʠʩʦʢ LSR-ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ (ʧʝʨʚʳʝ 4 

ʦʢʪʝʪʘ LDP-ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ), ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʪʝʤ LSR, ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʧʨʦʰʣʦ ʩʦʜʝʨʞʘʱʝʝ ʝʛʦ ʩʦʦʙʱʝʥʠʝ. ɽʩʣʠ LSR ʧʦʣʫʯʘʝʪ ʩʦʦʙʱʝʥʠʝ ʠ ʦʙ-

ʥʘʨʫʞʠʚʘʝʪ ʚ ʧʦʣʝ Path Vector ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ LSR-ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʦʥ 

çʧʦʥʠʤʘʝʪè, ʯʪʦ ʚʦʟʥʠʢʣʘ ʧʝʪʣʷ. ɺ ʧʨʦʪʦʢʦʣʝ LDP ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʷ Path Length, 

ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʦʛʦ ʪʦʞʝ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʝʪʣʠ.  

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ï ʧʦʣʝ Hop Count, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʩʯʝʪʯʠʢ LSR, 

ʧʨʦʡʜʝʥʥʳʭ ʩʦʦʙʱʝʥʠʝʤ LSR. ʂʘʞʜʳʡ ʧʨʦʡʜʝʥʥʳʡ LSR ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʥʘ ʝʜʠʥʠʮʫ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ, ʦʙʥʘʨʫʞʠʚʰʠʡ, ʯʪʦ ʩʯʝʪʯʠʢ ʜʦʩʪʠʛ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ, ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʦʦʙʱʝʥʠʝ, ʢʘʢ ʩʜʝʣʘʚ-

ʰʝʝ ʧʝʪʣʶ.  
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8. ПРОТОКОЛ СR-LDP 

ʇʨʦʪʦʢʦʣ LDP ʤʦʞʝʪ ʩʣʝʜʦʚʘʪʴ ʪʦʣʴʢʦ ʪʘʙʣʠʮʘʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ IP. 

ʏʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʰʠʨʝʥʠʝ LDP, 

ʥʘʟʚʘʥʥʦʝ CR-LDP.  

ʇʨʦʪʦʢʦʣ CR-LDP ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪʦʤ LDP, ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʳ 

ʤʝʭʘʥʠʟʤʳ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʪʨʘʢʪʦʚ LSP ʩ ʷʚʥʦ ʟʘʜʘʥʥʦʡ ʪʨʘʩʩʦʡ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʨʘʢʪʘ CR-LSP ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ, ʯʝʤ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʚʥʫʪʨʝʥʥʝʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. CR-LDP 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ MPLS, ʢʘʢ TE ʠ QoS, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʘʨʰʨʫʪʘʭ. ɺ ʵʪʦʤ ʧʨʦʪʦʢʦʣʝ ʟʘʧʨʦʩ ʤʝʪʢʠ 

ʤʦʞʝʪ ʥʝ ʩʣʝʜʦʚʘʪʴ ʩʣʝʧʦ ʚʜʦʣʴ ʜʝʨʝʚʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʘʜʨʝ-

ʩʘʪʘ, ʪʘʢ ʢʘʢ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦ ʩʦʦʙʱʠʪʴ, ʢʘʢ ʦʥ ʜʦʣʞʝʥ 

ʩʣʝʜʦʚʘʪʴ, ʚʢʣʶʯʠʚ ʚ ʩʦʦʙʱʝʥʠʝ ʷʚʥʦ ʟʘʜʘʥʥʳʡ ʤʘʨʰʨʫʪ. ʇʨʠ ʵʪʦʤ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ CR-LDP ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʟʘʧʨʦʩʘ 

ʪʘʙʣʠʮʳ ʧʝʨʝʩʳʣʢʠ, ʘ ʤʘʨʰʨʫʪʠʟʠʨʫʝʪ ʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʜʝʨʞʘʱʠ-

ʤʠʩʷ ʚ ʩʦʦʙʱʝʥʠʠ ʠʥʩʪʨʫʢʮʠʷʤʠ.  

ʇʨʦʪʦʢʦʣ CR-LDP ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʷʚʥʦ 

ʟʘʜʘʚʘʝʤʳʭ ʤʘʨʰʨʫʪʦʚ, ʧʦʵʪʦʤʫ ʩʚʝʜʝʥʠʷ ʦ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʠ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴʩʷ ʚ ʚʝʱʘʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʧʨʦʪʦʢʦʣʦʚ OSPF ʠʣʠ IS-IS, ʠʣʠ ʚ ʠʟʚʝʱʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʢʘʥʘʣʦʚ LSA. 

ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʤʝʭʘʥʠʟʤʳ, CR-LDP ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʠ ʨʝʟʝʨʚʠʨʦʚʘʪʴ ʧʨʦ-

ʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ɼʦʩʪʫʧʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʧʨʦʩʦʤ, ʠ ʝʝ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʩʳʣʘʝʪʩʷ ʜʨʫʛʠʤ ʫʟʣʘʤ ʩ ʧʦ-

ʤʦʱʴʶ ʨʘʩʰʠʨʝʥʠʡ ʧʨʦʪʦʢʦʣʦʚ OSPF ʠ IS-IS, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ 

ʥʠʞʝ. ʅʦʚʳʝ ʤʘʨʰʨʫʪʳ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʟʘʪʝʤ ʩ ʫʯʝʪʦʤ ʧʨʠʥʷʪʳʭ ʦʛʨʘ-

ʥʠʯʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʪʦʢʦʣ CR-LDP ʧʦʣʫʯʘʝʪ ʚ ʩʚʦʝ ʨʘʩʧʦʨʷʞʝʥʠʝ ʷʚʥʳʡ ʤʘʨʰʨʫʪ ʜʣʷ ʦʨʛʘ-

ʥʠʟʘʮʠʠ LSP. ʊʨʘʢʪ ʩʦʟʜʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʧʨʦʩʘ ʤʝʪʢʠ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʜʠʥʘʤʠʯʝʩʢʠ ʚʳʯʠʩʣʷʝʤʳʡ ʷʚʥʳʡ ʤʘʨʰʨʫʪ.  

ʇʨʦʪʦʢʦʣ CR-LDP ʠʤʝʝʪ ʪʘʢʞʝ ʜʨʫʛʠʝ, ʥʦʚʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʦʡ 

ʚʝʨʩʠʝʡ LDP ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

ï ̫ ʚʥʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʩ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʠ ʩʚʦʙʦʜʥʳʤʠ ʤʘʨʰʨʫ-

ʪʘʤʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʘʨʰʨʫʪ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʨʫʧʧ 

ʫʟʣʦʚ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʚ ʛʨʫʧʧʝ ʫʢʘʟʘʥʦ ʙʦʣʝʝ ʦʜʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʷʚʥʦʛʦ ʤʘʨʰʨʫʪʘ ʚʦʟʤʦʞʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʛʠʙʢʦʩʪʴ; 

ï ʩʧʝʮʠʬʠʢʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʬʠʢʘ (ʥʘʧʨʠʤʝʨ, ʧʠʢʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʝ-

ʨʝʜʘʯʠ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠ ʜʦʧʫʩʪʠʤʘʷ ʚʘʨʠʘʮʠʷ ʟʘʜʝʨʞʢʠ); 

ï ʟʘʢʨʝʧʣʝʥʠʝ ʤʘʨʰʨʫʪʘ (route pinning), ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʟʤʝʥʷʪʴ ʪʨʘʩʩʫ LSP ʥʝʞʝʣʘʪʝʣʴʥʦ, ʥʘʧʨʠʤʝʨ ʚ 

ʩʝʛʤʝʥʪʘʭ ʩʦ ʩʚʦʙʦʜʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʝʡ, ʢʦʛʜʘ ʚ ʵʪʦʤ ʩʝʛʤʝʥʪʝ ʩʪʘʥʦ-

ʚʠʪʩʷ ʜʦʩʪʫʧʥʳʤ ʣʫʯʰʠʡ ʤʘʨʰʨʫʪ; 
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ï ʤʝʭʘʥʠʟʤ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ LSP ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʧʨʠ-

ʦʨʠʪʝʪʦʚ ʩʦʟʜʘʥʠʷ ʠ ʫʜʝʨʞʘʥʠʷ. ʈʘʥʞʠʨʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʨʘʢʪʳ LSP 

(ʧʨʠʦʨʠʪʝʪ ʫʜʝʨʞʘʥʠʷ) ʠ ʥʦʚʳʝ ʪʨʘʢʪʳ LSP (ʧʨʠʦʨʠʪʝʪ ʩʦʟʜʘʥʠʷ) ʩ ʪʝʤ, 

ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʤʦʞʝʪ ʣʠ ʥʦʚʳʡ LSP ʚʳʪʝʩʥʷʪʴ ʩʫʱʝʩʪʚʫʶʱʠʡ LSP. 

ɼʣʷ ʧʨʠʦʨʠʪʝʪʦʚ ʧʨʝʜʣʦʞʝʥ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʦʪ 0 (ʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ) 

ʜʦ 7 (ʥʠʟʰʠʡ ʧʨʠʦʨʠʪʝʪ);  

ï ʥʦʚʳʝ ʢʦʜʳ ʩʦʩʪʦʷʥʠʡ LSR; 

ï LSPID ï ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʪʨʘʢʪʘ CR-LSP ʚ ʩʝʪʠ; 

ï ʢʣʘʩʩʳ (ʮʚʝʪʘ) ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʥʘʟʥʘʯʘʝʤʳʝ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʝʪʠ.  

ɺ ʧʨʦʪʦʢʦʣʝ CR-LDP ʥʝ ʧʦʷʚʠʣʦʩʴ ʥʦʚʳʭ ʩʦʦʙʱʝʥʠʡ, ʥʦ ʤʦʜʠʬʠʮʠ-

ʨʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʩʦʦʙʱʝʥʠʷ ʙʘʟʦʚʦʡ ʚʝʨʩʠʠ (ʥʘʧʨʠʤʝʨ, Label Request, 

Label Mapping), ʘ ʥʝʢʦʪʦʨʳʝ ʦʩʪʘʣʠʩʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ (Label Release, Label 

Withdraw, Label Abort Request).  

ɼʦʙʘʚʣʝʥ ʨʷʜ ʥʦʚʳʭ TLV, ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʦʦʙ-

ʱʝʥʠʷʭ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʥʝʦʙʷʟʘʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʜʨʫʛʠʭ ʩʦʦʙʱʝʥʠʷʭ:  

TLV ʷʚʥʦʛʦ ʤʘʨʰʨʫʪʘ (Explicit route TLV) ï ʩʧʝʮʠʬʠʮʠʨʫʝʪ ʪʨʘʩʩʫ ʩʦʟ-

ʜʘʚʘʝʤʦʛʦ ʪʨʘʢʪʘ LSP, ʩʦʜʝʨʞʠʪ ʦʜʥʦ ʠʣʠ ʙʦʣʝʝ ʧʦʣʝʡ Explicit route hop TLV; 

TLV ʩʝʪʝʚʳʭ ʫʟʣʦʚ ʷʚʥʦʛʦ ʤʘʨʰʨʫʪʘ (Explicit route hop TLV) ï ʩʝʨʠʷ 

ʧʦʣʝʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʫʢʘʟʳʚʘʝʪʩʷ ʘʜʨʝʩ ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʘ(ʦʚ); 

TLV ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʬʠʢʘ (Traffic parameters TLV) ï ʦʧʠʩʳʚʘʝʪ ʧʘʨʘ-

ʤʝʪʨʳ ʪʨʘʬʠʢʘ;  

TLV ʚʳʪʝʩʥʝʥʠʷ (Preemption TLV) ï ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦ ʧʨʠʦʨʠʪʝʪʘʭ 

ʩʦʟʜʘʥʠʷ ʠ ʫʜʝʨʞʘʥʠʷ; 

LSPID TLV ï ʩʦʜʝʨʞʠʪ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ LSP, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʚʭʦʜʥʦʛʦ LSR (ʠʣʠ ʝʛʦ IP-ʘʜʨʝʩʘ) ʠ ʣʦʢʘʣʴʥʦ ʫʥʠʢʘʣ-ɹ

ʥʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ LSP ʜʣʷ ʵʪʦʛʦ LSR; 

ʧʦʣʝ ʢʣʘʩʩʘ (ʮʚʝʪʘ) ʨʝʩʫʨʩʘ (Resource class (color) TLV) ï ʦʧʨʝʜʝʣʷʝʪ, 

ʢʘʢʠʝ ʪʠʧʳ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʧʨʠʝʤʣʝʤʳ ʜʣʷ LSP. ɺʳʨʘʞʘʝʪʩʷ 32-ʙʠʪʦ-

ʚʳʤ ʢʦʜʦʤ;   

TLV ʟʘʢʨʝʧʣʝʥʠʷ ʤʘʨʰʨʫʪʘ (Route pinning TLV) ï ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠ-

ʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʟʘʧʨʦʩʘ ʟʘʢʨʝʧʣʝʥʠʷ ʤʘʨʰʨʫʪʘ. 
 

 

8.1. Аспекты безопасности LDP 

ʇʦʩʣʝ ʢʨʘʪʢʦʛʦ ʦʧʠʩʘʥʠʷ CR-LDP ʫʜʝʣʠʤ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʪʦʢʦʣʘ LDP.  
 

8.1.1. ʅʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʜʝʡʩʪʚʠʷ 

ʀʤʝʝʪʩʷ ʜʚʘ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦ ʧʨʦʪʦʢʦʣʫ LDP, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʩʪʘʪʴ ʦʙʲʝʢʪʦʤ ʘʪʘʢʠ ʩʦ ʩʪʦʨʦʥʳ ʥʘʨʫʰʠʪʝʣʝʡ. 

ʉʦʦʙʱʝʥʠʷ ʦʙʥʘʨʫʞʝʥʠʷ, ʧʝʨʝʥʦʩʠʤʳʝ ʧʦ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʪʦʢʦʣʫ 

UDP. LSR, ʩʚʷʟʘʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʘ ʫʨʦʚʥʝ ʟʚʝʥʘ ʜʘʥʥʳʭ, ʦʙʤʝʥʠʚʘʶʪʩʷ 
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ʙʘʟʦʚʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ Hello. ʋʛʨʦʟʘ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʦʦʙʱʝʥʠʡ 

Hello ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʧʫʪʝʤ ʧʨʠʝʤʘ ʙʘʟʦʚʳʭ ʩʦʦʙʱʝʥʠʡ Hello ʪʦʣʴʢʦ 

ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩʳ, ʧʨʷʤʦ ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʤʠ LSR, ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʜʦʚʝʨʷʪʴ, 

ʠ/ʠʣʠ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʙʫʜʫʪ ʠʛʥʦʨʠʨʦʚʘʪʴʩʷ ʙʘʟʦʚʳʝ ʩʦʦʙʱʝʥʠʷ Hello, 

ʥʝ ʘʜʨʝʩʦʚʘʥʥʳʝ çʂʦ ʚʩʝʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤè ʚ ʛʨʫʧʧʝ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʨʘʩ-

ʩʳʣʢʠ ʜʘʥʥʦʡ ʧʦʜʩʝʪʠ. LSR, ʢʦʪʦʨʳʝ ʥʝ ʩʚʷʟʘʥʳ ʧʨʷʤʳʤ ʟʚʝʥʦʤ ʜʘʥʥʳʭ, 

ʤʦʛʫʪ ʠʟʚʝʱʘʪʴ ʦ ʩʚʦʝʡ ʛʦʪʦʚʥʦʩʪʠ ʫʩʪʘʥʦʚʠʪʴ LDP-ʩʝʘʥʩ ʨʘʩʰʠʨʝʥʥʳʤʠ 

ʩʦʦʙʱʝʥʠʷʤʠ Hello (Extended Hello). LSR ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʨʠʩʢ ʧʦʷʚʣʝʥʠʷ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʨʘʩʰʠʨʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ Hello ʧʫʪʝʤ ʠʭ ʬʠʣʴʪʨʘ-

ʮʠʠ ʠ ʧʨʠʝʤʘ ʪʦʣʴʢʦ ʪʝʭ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʠʩʭʦʜʷʪ ʦʪ ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶ-

ʯʝʥʥʳʭ ʚ ʩʧʠʩʦʢ ʨʘʟʨʝʰʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʧʨʦʮʝʜʫʨʘ ʬʠʣʴʪʨʘ-

ʮʠʠ ʦʪʥʠʤʘʝʪ ʤʥʦʛʦ ʨʝʩʫʨʩʦʚ LSR. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʝʘʥʩʝ, ʧʝʨʝʥʦʩʠʤʘʷ ʧʦ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʪʦʢʦʣʫ 

TCP. ʇʨʦʪʦʢʦʣ LDP ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʧʮʠʠ ʩʠʛʥʘʪʫʨʫ TCP 

Message Digest 5 (MD5). ʕʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʚʝʜʝʥʠʝ ʠʤʠʪʠʨʦʚʘʥʥʳʭ ʩʝʛ-

ʤʝʥʪʦʚ TCP ʚ LDP-ʩʝʘʥʩʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʛʥʘʪʫʨʳ TCP MD5 ʚ ʧʨʦʪʦ-

ʢʦʣʝ LDP ʘʥʘʣʦʛʠʯʥʦ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʨʦʪʦʢʦʣʝ BGP (ʩʧʝʮʠʬʠʮʠʨʦ-

ʚʘʥʦ ʚ RFC 2385 çProtection of BGP Sessions via the TCP MD5 Signature 

Optionè). ʉʘʤ ʘʣʛʦʨʠʪʤ MD5 ʧʨʝʜʩʪʘʚʣʝʥ ʚ RFC 1321 çThe MD5 Message-

Digest Algorithmè. ʆʜʥʘʢʦ LDP ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʣʶʙʫʶ ʜʨʫʛʫʶ ʤʝ-

ʪʦʜʠʢʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʟʘʱʠʪʫ TCP-ʩʦʦʙʱʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʛʜʘ 

ʙʫʜʝʪ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʙʦʣʝʝ ʩʠʣʴʥʘʷ, ʯʝʤ MD5, ʧʨʦʪʦʢʦʣ LDP 

ʤʦʞʥʦ ʙʫʜʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ. 
 

8.1.2. ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ 

ʇʨʦʪʦʢʦʣ LDP ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʠʢʘʢʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ, ʥʦ ʩʘʤ ʤʝʭʘ-

ʥʠʟʤ, ʛʘʨʘʥʪʠʨʫʶʱʠʡ ʘʫʪʝʥʪʠʯʥʦʩʪʴ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʩʦʦʙʱʝʥʠʡ ʧʨʦʪʦʢʦʣʘ 

LDP, ʜʘʝʪ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʥʝ ʭʫʞʝ ʪʦʛʦ, ʢʦʪʦʨʳʡ ʜʘʶʪ ʧʨʦʪʦʢʦʣʳ ʤʘʨ-

ʨhʫʪʠʟʘʮʠʠ.  

ʀʟʚʝʩʪʥʳ ʚʳʩʢʘʟʳʚʘʥʠʷ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʛʨʦʟʳ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥ-

ʥʳʭ ʜʝʡʩʪʚʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʢ ʪʨʝʙʫʝʪ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ 

ʪʘʢʘʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʥʝ ʟʘʱʠʪʠʪ ʦʪ ʠʤʠʪʘʮʠʠ ʤʝʪʦʢ, ʧʦʩʢʦʣʴʢʫ ʧʘ-

ʢʝʪʳ ʜʘʥʥʳʭ ʧʝʨʝʥʦʩʷʪ ʤʝʪʢʠ ʚ ʷʚʥʦʤ, ʥʝʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ. ɹʦʣʝʝ ʪʦʛʦ, 

ʪʘʢʦʛʦ ʨʦʜʘ ʘʪʘʢʠ ʚʦʟʤʦʞʥʳ ʠ ʙʝʟ ʟʥʘʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ ʢʦʥʢʨʝʪʥʦʡ 

ʧʨʠʚʷʟʢʠ ʤʝʪʢʠ ʢ FEC. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʤʠʪʘʮʠʠ ʤʝʪʦʢ ʥʝʦʙʭʦʜʠʤʘ 

ʛʘʨʘʥʪʠʷ ʪʦʛʦ, ʯʪʦ ʧʘʢʝʪʳ ʧʦʣʫʯʘʶʪ ʤʝʪʢʠ ʦʪ ʥʘʜʝʞʥʳʭ ʠ ʜʦʩʪʦʚʝʨʥʳʭ 

LSR, ʠ ʯʪʦ ʵʪʠ ʤʝʪʢʠ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʤʘʨʰʨʫʪʠ-

ʟʘʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʠʭ ʥʘʟʥʘʯʘʶʪ. 
 

8.1.3. ʆʪʢʘʟ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ 

LDP ʠʤʝʝʪ ʜʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʤʠʰʝʥʠ ʜʣʷ ʘʪʘʢ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʪʢʘ-

ʟʘʤ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ.  
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ʀʟʚʝʩʪʥʳʡ (well-known) UDP-ʧʦʨʪ ʜʣʷ ʧʨʦʮʝʜʫʨ ʦʙʥʘʨʫʞʝʥʠʷ. ɸʜʤʠ-

ʥʠʩʪʨʘʪʦʨ LSR ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʛʨʦʟ ʧʝʨʝʜʘʯʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʙʘʟʦʚʳʭ ʩʦʦʙʱʝʥʠʡ Hello, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʪʢʘʟʘʤ 

ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʛʘʨʘʥʪʠʨʫʷ, ʯʪʦ LSR ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʢʣʶʯʝʥ ʪʦʣʴʢʦ 

ʢ ʥʘʜʝʞʥʳʤ ʫʟʣʘʤ, ʦʪ ʢʦʪʦʨʳʭ ʥʝʣʴʟʷ ʦʞʠʜʘʪʴ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ 

ʘʪʘʢ. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʥʘʜʝʞʥʘʷ ʠ ʜʦʩʪʦʚʝʨʥʘʷ ʦʙʣʘʩʪʴ MPLS, ʪʦ ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʛʨʘʥʠʮʝ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʟʘʱʠʪʳ ʚʥʫʪʨʝʥʥʠʭ LSR ʦʪ ʬʘʪʘʣʴʥʳʭ ʘʪʘʢ. 

ʀʟʚʝʩʪʥʳʡ TCP-ʧʦʨʪ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ LDP-ʩʝʘʥʩʘ. ʇʦʜʦʙʥʦ ʜʨʫʛʠʤ 

ʫʧʨʘʚʣʷʶʱʠʤ ʧʨʦʪʦʢʦʣʘʤ, ʢʦʪʦʨʳʝ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʪʦʢʦʣʘ 

ʠʩʧʦʣʴʟʫʶʪ TCP, ʧʨʦʪʦʢʦʣ LDP ʤʦʞʝʪ ʩʪʘʪʴ ʤʠʰʝʥʴʶ ʘʪʘʢ, ʧʨʠʚʦʜʷʱʠʭ 

ʢ ʦʪʢʘʟʫ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʥʘʧʨʠʤʝʨ SYN-ʘʪʘʢ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ LDP ʫʷʟ-

ʚʠʤ ʚ ʪʦʡ ʞʝ ʩʪʝʧʝʥʠ, ʯʪʦ ʠ ʜʨʫʛʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʧʨʦʪʦʢʦʣʳ, ʠʩʧʦʣʴʟʫʶ-

ʱʠʝ ʧʨʦʪʦʢʦʣ TCP. ʇʨʠʤʝʥʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ MPLS ʩʧʠʩʢʦʚ 

ʜʦʩʪʫʧʘ (ʩʧʠʩʢʦʚ ʨʘʟʨʝʰʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ) ʩʧʦʩʦʙʦʤ, ʘʥʘʣʦʛʠʯʥʳʤ 

ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚʳʰʝ ʜʣʷ ʨʘʩʰʠʨʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ Hello, ʧʦʟʚʦʣʷʝʪ ʟʘʱʠ-

ʪʠʪʴ ʚʥʫʪʨʝʥʥʶʶ ʦʙʣʘʩʪʴ MPLS ʦʪ ʘʪʘʢ ʠʟ-ʟʘ ʧʨʝʜʝʣʦʚ ʦʙʣʘʩʪʠ. 
 

 

8.2. Сигнализация LDP 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʩʮʝʥʘʨʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ LDP. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ LSR ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʙʦ 

ʥʝʟʘʚʠʩʠʤʳʡ, ʣʠʙʦ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʩʧʦʩʦʙ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ. ʇʨʠ ʥʝʟʘ-

ʚʠʩʠʤʦʡ ʨʘʟʜʘʯʝ ʤʝʪʦʢ LSR ʤʦʞʝʪ ʦʙʲʷʚʣʷʪʴ ʤʝʪʢʠ ʦʜʥʦʨʘʥʛʦʚʳʤ ʦʙʲʝʢʪʘʤ 

LDP ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʦʞʝʣʘʝʪ, ʪ. ʝ. ʤʦʞʝʪ ʧʝʨʝʜʘʪʴ ʩʦʦʙʱʝʥʠʝ 

Label Mapping ʚ ʚʳʰʝʩʪʦʷʱʠʡ LSR ʜʦ ʧʦʣʫʯʝʥʠʷ ʩʦʦʙʱʝʥʠʷ Label Map-

ping ʦʪ ʥʠʞʝʩʪʦʷʱʝʛʦ LSR. ʇʨʠ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʨʘʟʜʘʯʝ LSR ʤʦʞʝʪ 

ʦʙʲʷʚʣʷʪʴ ʤʝʪʢʫ ʚʳʰʝʩʪʦʷʱʠʤ LSR ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥ ʠʤʝʝʪ ʧʨʠʚʷʟʢʫ 

çFEC-ʤʝʪʢʘè ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʫʯʘʩʪʢʘ, ʠʣʠ ʢʦʛʜʘ ʩʘʤ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʳʤ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ MPLS. 

ɽʩʣʠ ʤʳ ʢʦʤʙʠʥʠʨʫʝʤ ʨʝʞʠʤ çʥʠʞʝʩʪʦʷʱʠʤ-ʧʦ-ʪʨʝʙʦʚʘʥʠʶè ʩ ʫʧʦʨʷ-

ʜʦʯʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʨʘʟʜʘʯʠ ʤʝʪʦʢ, ʪʦ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʭʦʜʥʦʡ LSR ʧʝʨʝʜʘʝʪ ʩʦʦʙʱʝʥʠʝ Label Request 

ʚ ʥʠʞʝʩʪʦʷʱʠʡ LSR, ʠ ʵʪʦ ʩʦʦʙʱʝʥʠʝ ʙʫʜʝʪ ʧʨʦʜʚʠʛʘʪʴʩʷ ʧʦ ʩʝʪʠ ʜʦ ʚʳ-

ʭʦʜʥʦʛʦ LSR. ɺʳʭʦʜʥʦʡ LSR ʦʪʚʝʯʘʝʪ ʩʦʩʝʜʥʝʤʫ ʚʳʰʝʩʪʦʷʱʝʤʫ LSR ʩʦ-

ʦʙʱʝʥʠʝʤ Label Mapping. ʕʪʦʪ ʚʳʰʝʩʪʦʷʱʠʡ LSR ʟʘʧʦʤʠʥʘʝʪ ʧʨʠʚʷʟʢʫ 

çFEC-ʤʝʪʢʘè ʜʣʷ ʩʚʦʝʛʦ ʚʳʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʩʦʟʜʘʝʪ ʥʦʚʫʶ ʧʨʠʚʷʟʢʫ 

çFEC-ʤʝʪʢʘè ʜʣʷ ʩʚʦʝʛʦ ʚʭʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ ʠʥʬʦʨʤʠʨʫʝʪ ʦʙ ʵʪʦʡ ʧʨʠ-

ʚʷʟʢʝ ʩʣʝʜʫʶʱʠʡ ʚʳʰʝʩʪʦʷʱʠʡ LSR ʩ ʧʦʤʦʱʴʶ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ 

Label Mapping. ʇʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʭʦʜʥʦʡ LSR ʥʝ ʧʦ-

ʣʫʯʠʪ ʩʦʦʙʱʝʥʠʝ Label Mapping ʚ ʦʪʚʝʪ ʥʘ ʩʚʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʟʘʧʨʦʩ.  
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LDP ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʚ ʢʘ-

ʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ LSR, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʩʪʘʪʴ ʝʛʦ ʦʜʥʦʨʘʥʛʦʚʳʤʠ ʫʟʣʘʤʠ, ʢʘʢ ʧʨʦʪʦʢʦʣ UDP, ʪʘʢ ʠ ʧʨʦʪʦʢʦʣ TCP. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʪʦʢʦʣ UDP ʠʩʧʦʣʴʟʫʝʪʩʷ LSR ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʩʦʦʙʱʝʥʠʡ ʦʙʥʘʨʫʞʝʥʠʷ, ʠʥʬʦʨʤʠʨʫʶʱʠʭ ʜʨʫʛʠʝ LSR ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ 

LSR ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʥʘ ʨʦʣʴ ʦʜʥʦʨʘʥʛʦʚʦʛʦ ʫʟʣʘ LDP, 

ʘ ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʪʦʢʦʣ TCP ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʩʝʭ ʜʨʫʛʠʭ ʩʦʦʙ-

ʱʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʦʦʙʱʝʥʠʡ Session, Advertisement ʠ Notification, ʢʦʪʦ-

ʨʳʤ ʪʨʝʙʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʥʘʜʝʞʥʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠʭ ʜʦʩʪʘʚʢʠ, ʯʪʦ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ TCP. 

UDP-ʧʦʨʪʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ ʩʦʦʙʱʝʥʠʡ Hello ʧʨʦʪʦʢʦʣʘ LDP ʷʚʣʷ-

ʝʪʩʷ ʧʦʨʪ 646. TCP-ʧʦʨʪʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ ʚʩʝʭ ʜʨʫʛʠʭ ʩʦʦʙʱʝʥʠʡ 

ʧʨʦʪʦʢʦʣʘ LDP ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʦʨʪ 646. 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʧʨʦʪʦʢʦʣ LDP ʜʦʣʞʝʥ ʦʙʥʘʨʫʞʠʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ LSR, 

ʩ ʢʦʪʦʨʳʤʠ ʚʦʟʤʦʞʥʘ ʦʨʛʘʥʠʟʘʮʠʷ LDP-ʩʝʘʥʩʦʚ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʚ LDP 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʘ ʤʝʭʘʥʠʟʤʘ: ʙʘʟʦʚʳʡ ʠ ʨʘʩʰʠʨʝʥʥʳʡ. ɹʘʟʦʚʳʡ ʤʝʭʘʥʠʟʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʥʘʨʫʞʝʥʠʝ LSR ʧʫʪʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ 

Hello ʢ UDP-ʧʦʨʪʫ 646 ʧʦ IP-ʘʜʨʝʩʫ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʨʘʩʩʳʣʢʠ çɺʩʝ ʤʘʨ-

ʰʨʫʪʠʟʘʪʦʨʳ ʧʦʜʩʝʪʠè (224.0.0.2). ʈʘʩʰʠʨʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ LSR, ʥʝ ʠʤʝʶʱʠʭ ʧʨʷʤʦʡ ʩʚʷʟʠ (ʥʘ ʫʨʦʚʥʝ ʟʚʝʥʘ ʜʘʥ-

ʥʳʭ) ʩ ʜʘʥʥʳʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. ʇʨʠ ʵʪʦʤ ʧʘʢʝʪʳ Hello ʧʝʨʝʜʘʶʪʩʷ 

ʧʦ IP-ʘʜʨʝʩʫ ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ LSR.  

ɺ ʩʦʦʙʱʝʥʠʷʭ Hello ʧʝʨʝʜʘʝʪʩʷ LDP-ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʤʝʪʦʢ, ʢʦʪʦʨʦʝ LSR, ʧʝʨʝʜʘʶʱʠʡ ʵʪʠ ʩʦʦʙʱʝʥʠʷ, ʥʘʤʝʨʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ ï ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʦʝʜʠ-

ʥʝʥʠʷ ʤʝʞʜʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʧʦ ʧʨʦʪʦʢʦʣʫ TCP, ï ʘ ʪʘʢʞʝ ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ. ʉʚʝʜʝʥʠʷ ʦ ʩʤʝʞʥʳʭ LSR, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʦʦʙʱʝʥʠʡ Hello, ʜʝʡʩʪʚʠʪʝʣʴʥʳ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʟʘʜʘʥʥʦʛʦ ʚ ʵʪʠʭ 

ʩʦʦʙʱʝʥʠʷʭ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʘʥʥʫʣʠʨʦ-

ʚʘʥʳ, ʦ ʯʝʤ ʠʥʠʮʠʘʪʦʨ ʜʦʣʞʝʥ ʠʟʚʝʩʪʠʪʴ ʚʩʪʨʝʯʥʳʡ LSR ʫʚʝʜʦʤʣʷʶʱʠʤ 

ʩʦʦʙʱʝʥʠʝʤ Notification Message, ʝʩʣʠ ʪʦʣʴʢʦ ʪʘʡʤʝʨ ʥʝ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʙʝʩ-

ʢʦʥʝʯʥʦʩʪʴ, ʠʣʠ ʝʩʣʠ ʜʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʘʡʤʝʨʘ ʥʝ ʧʦʣʫʯʝʥʦ ʜʨʫʛʦʝ ʩʦʦʙ-

ʱʝʥʠʝ Hello. 
ʇʦʩʣʝ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ Hello, ʦʜʥʦʨʘʥʛʦʚʳʝ ʫʟʣʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

TCP-ʩʦʝʜʠʥʝʥʠʝ ʯʝʨʝʟ ʧʦʨʪʳ 646. ʉʝʘʥʩ TCP-ʩʚʷʟʠ ʠʥʠʮʠʠʨʫʝʪʩʷ ʪʝʤ 
ʠʟ ʜʚʫʭ LSR, ʯʝʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʘʜʨʝʩ (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʪʦʢ) 
ʢʦʨʦʯʝ. LSR, ʠʥʠʮʠʠʨʦʚʘʚʰʠʡ TCP-ʩʦʝʜʠʥʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ (master) 
ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʩʝʘʥʩʘ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ TCP-ʩʦʝʜʠʥʝʥʠʝ ʩʦʟʜʘʥʦ, ʦʙʘ LSR ʧʦ ʠʥʠʮʠʘʪʠʚʝ 
ʚʝʜʫʱʝʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʦʦʙʱʝʥʠʷʤʠ Initialization. ʕʪʠʤʠ 
ʩʦʦʙʱʝʥʠʷʤʠ ʦʥʠ ʠʥʬʦʨʤʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ ʦ ʚʝʨʩʠʠ ʧʨʦʪʦʢʦʣʘ LDP, 
ʦ ʞʝʣʘʪʝʣʴʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ, ʦ ʜʠʘʧʘʟʦʥʘʭ ʟʥʘʯʝʥʠʡ 
ʤʝʪʦʢ ʜʣʷ ATM (VPI/VCI) ʠ Frame Relay (DLCI), ʦ ʟʥʘʯʝʥʠʠ ʪʘʡʤʝʨʘ 
KeepAlive, ʘ ʪʘʢʞʝ ʦ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ TRV.  
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ʕʪʘʧ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʩʝʘʥʩʘ ʩʚʷʟʠ ʟʘʚʝʨʰʘʝʪʩʷ ʦʙʤʝʥʦʤ ʤʝʞʜʫ LSR 

ʩʦʦʙʱʝʥʠʷʤʠ KeepAlive. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʨʭ TCP-ʩʦʝʜʠʥʝʥʠʷ ʦʨʛʘʥʠ-

ʟʫʝʪʩʷ LDP-ʩʝʘʥʩ. ʇʨʠ ʥʘʣʠʯʠʠ ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʠ ʧʨʦʙʣʝʤ 

ʩ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ LSR ʧʝʨʝʜʘʝʪ ʫʚʝʜʦʤʣʝʥʠʝ ʦʙ ʦʰʠʙʢʝ, ʠ LDP-ʩʝʘʥʩ 

ʨʘʟʨʫʰʘʝʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʜʫʱʠʡ LSR ʤʦʞʝʪ ʧʨʝʜʧʨʠʥʷʪʴ, ʥʦ ʥʝ ʨʘʥʝʝ 

ʯʝʤ ʯʝʨʝʟ 15 ʩ, ʧʦʚʪʦʨʥʫʶ ʧʦʧʳʪʢʫ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ, ʧʨʠʯʝʤ ʧʨʠ ʥʝʩʢʦʣʴ-

ʢʠʭ ʦʪʢʘʟʘʭ ʧʦʜʨʷʜ ʚʳʜʝʨʞʢʘ ʚʨʝʤʝʥʠ ʢʘʞʜʳʡ ʨʘʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ 

ʤʘʢʩʠʤʘʣʴʥʦ 2 ʤʠʥ. 

ʋʩʪʘʥʦʚʠʚ LDP-ʩʝʘʥʩ, ʢʘʞʜʳʡ LSR ʚʝʜʝʪ ʤʦʥʠʪʦʨʠʥʛ ʧʨʠʭʦʜʘ ʩʦʦʙʱʝ-

ʥʠʡ LDP ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʩʝʘʥʩʘ. ɽʩʣʠ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʪʘʡʤʝʨʦʤ KeepAlive, ʦʪ ʩʤʝʞʥʦʛʦ ʫʟʣʘ ʥʝ ʧʦʣʫʯʝʥʦ ʥʠʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

LSR ʟʘʢʨʳʚʘʝʪ LDP-ʩʝʩʩʠʶ, ʨʘʟʨʫʰʘʷ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʦʧʦʚʝ-

ʱʘʷ ʦʙ ʵʪʦʤ ʚʩʪʨʝʯʥʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʩʦʦʙʱʝʥʠʝʤ Shutdown. ʂʘʞʜʳʡ 

ʨʘʟ, ʢʦʛʜʘ ʦʪ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ʧʨʠʥʠʤʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ, ʪʘʡʤʝʨ KeepAlive 

ʩʙʨʘʩʳʚʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʫʯʘʩʪʥʠʢʘ ʩʦʝʜʠʥʝʥʠʷ ʜʦʣʞʥʳ ʦʙʝʩʧʝ-

ʯʠʚʘʪʴ ʧʝʨʝʜʘʯʫ ʣʶʙʦʛʦ ʧʨʦʪʦʢʦʣʴʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʚʥʫʪʨʠ ʠʥʪʝʨʚʘʣʘ ʚʨʝ-

ʤʝʥʠ, ʟʘʜʘʥʥʦʛʦ ʪʘʡʤʝʨʦʤ. ɽʩʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝ ʠʤʝʝʪ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʦʥ ʜʦʣʞʝʥ ʧʝʨʝʜʘʚʘʪʴ ʩʦʦʙʱʝʥʠʝ KeepAlive.  

ʀʪʘʢ, LDP-ʩʝʘʥʩ ʦʨʛʘʥʠʟʦʚʘʥ, ʠ ʪʝʧʝʨʴ LSR ʤʦʞʝʪ ʟʘʧʨʦʩʠʪʴ ʤʝʪʢʫ, 

ʧʝʨʝʜʘʚ ʩʦʦʙʱʝʥʠʝ Label Request. ʕʪʦ ʩʦʦʙʱʝʥʠʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʛʨʘʥʠ-

ʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʝʨʝʩʳʣʦʢ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʙʝʩʢʦʥʝʯʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʟʘʧʨʦʩʘ ʧʦ ʩʝʪʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʘʢʦʣʴʮʦʚʘʥʥʳʭ ʤʘʨʰʨʫ-

ʪʦʚ. ʆʙʷʟʘʪʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʩʦʦʙʱʝʥʠʷ Label Request ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ 

FEC TLV, ʫʢʘʟʳʚʘʶʱʠʡ, ʜʣʷ ʢʘʢʦʛʦ FEC ʟʘʧʨʘʰʠʚʘʝʪʩʷ ʤʝʪʢʘ. ɺ ʩʦʩʪʘʚ 

ʩʦʦʙʱʝʥʠʷ Label Request ʤʦʞʝʪ ʪʘʢʞʝ ʚʭʦʜʠʪʴ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʚʝʢ-

ʪʦʨ ʪʨʘʢʪʘ (Path Vector), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʧʝʨʝʯʝʥʴ ʚʩʝʭ ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʦʰʣʦ ʵʪʦ ʩʦʦʙʱʝʥʠʝ. 

ɽʩʣʠ ʚ ʵʪʦ ʚʨʝʤʷ ʢʘʢʦʡ-ʣʠʙʦ ʫʟʝʣ ʩʪʦʣʢʥʝʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥ-

ʥʳʤʠ ʩ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʩʫʨʩʦʚ ʠ ʪ. ʜ., ʚʳʰʝʩʪʦʷʱʝʤʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ, ʟʘʧʨʘʰʠʚʘʶʱʝʤʫ ʤʝʪʢʫ, ʙʫʜʝʪ ʧʝʨʝʜʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʝ ʫʚʝʜʦʤʣʝʥʠʝ, ʠ ʦʥʦ ʙʫʜʝʪ ʧʝʨʝʩʳʣʘʪʴʩʷ ʜʘʣʴʰʝ ʧʦ ʮʝʧʦʯʢʝ, ʧʦʢʘ 

ʥʝ ʜʦʡʜʝʪ ʜʦ ʚʭʦʜʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʵʪʦʛʦ, ʝʱʝ ʥʝ ʩʦʟʜʘʥʥʦʛʦ ʪʨʘʢʪʘ ʙʫʜʫʪ ʨʘʟʨʫʰʝʥʳ. ɽʩʣʠ 

ʩʦʦʙʱʝʥʠʝ Label Request ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ ʙʣʘʛʦʧʦʣʫʯʥʦ ʜʦʡʜʝʪ ʜʦ ʚʳʭʦʜ-

ʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (ʧʨʠ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʨʝʞʠʤʝ), ʚ ʚʳʭʦʜʥʦʤ ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʝ ʙʫʜʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʩʦʦʙʱʝʥʠʝ Label Mapping, ʩʦʜʝʨʞʘʱʝʝ ʤʝʪʢʫ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʣʦʢʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ʤʝʞʜʫ ʚʳʭʦʜʥʳʤ ʠ ʩʦʩʝʜʥʠʤ 

ʩ ʥʠʤ ʚʳʰʝʩʪʦʷʱʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ. ɽʩʣʠ ʥʘ ʚʩʝʭ ʩʣʝʜʫʶʱʠʭ ʜʘʣʝʝ 

ʚʳʰʝʩʪʦʷʱʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʫʩʧʝʰʥʦ ʧʨʦʡʜʝʪ ʧʨʠʚʷʟʢʘ ʤʝʪʦʢ ʢ FEC, 

ʪʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʦ ʚʭʦʜʥʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʩʦʦʙʱʝʥʠʷ 

Label Mapping, ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʩʦʩʝʜʥʝʛʦ ʩ ʥʠʤ ʥʠʞʝʩʪʦʷʱʝʛʦ ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʘ, ʪʨʘʢʪ LSP ʙʫʜʝʪ ʩʦʟʜʘʥ. 
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9. ТЕХНОЛОГИЯ MPLS VPN.  

ЧАСТНЫЕ СЕТИ И ТРАНСПОРТНЫЕ СЕТИ 

ʆʙʱʠʝ ʧʨʝʜʧʦʩʳʣʢʠ VPN ʪʨʘʜʠʮʠʦʥʥʦ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʪʠʧʦʚʳʤʠ ʧʨʠʤʝʨʘʤʠ. ʇʨʝʜʩʪʘʚʠʤ ʛʠʧʦʪʝʪʠʯʝʩʢʫʶ ʩʝʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʛʣʦʙʘʣʠʟʦʚʘʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʆʬʠʩʳ ʨʘʟʙʨʦʩʘʥʳ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, 

ʩʦʪʥʠ ʠʣʠ ʪʳʩʷʯʠ ʩʦʪʨʫʜʥʠʢʦʚ ʨʘʙʦʪʘʶʪ ʚ ʢʦʤʘʥʜʠʨʦʚʢʘʭ, ʩʦʪʥʠ ʠʣʠ ʪʳ-

ʩʷʯʠ ʩʦʪʨʫʜʥʠʢʦʚ ʨʘʙʦʪʘʶʪ ʜʦʤʘ ï ʠ ʚʩʝ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʝʜʠ-

ʥʫʶ ʩʝʪʴ. ʇʨʠʯʝʤ ʥʝ ʧʨʦʩʪʦ ʦʙʲʝʜʠʥʠʪʴ, ʘ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ, ʨʘʟʜʝʣʠʪʴ ʧʦʣʥʦʤʦʯʠʷ, ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. ɽʩʪʝʩʪʚʝʥʥʦ, ʤʦʞʥʦ ʧʨʦʣʦʞʠʪʴ ʢʘʥʘʣʳ, ʫʩʪʘʥʦʚʠʪʴ ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦʩʪʫʧʘ, ʪ. ʝ. ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʯʘʩʪ-

ʥʫʶ ʩʝʪʴ ʩʚʷʟʠ. ʇʨʝʜʧʨʠʷʪʠʝ, ʠʤʝʶʱʝʝ ʪʘʢʫʶ ʩʝʪʴ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʧʝʨʘ-

ʪʦʨʦʚ ʩʝʪʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʦʩʪʫʧʘ 

ʢ ʫʩʣʫʛʘʤ, ʤʦʞʝʪ ʩʪʨʦʠʪʴ ʚʩʝ ʯʪʦ ʫʛʦʜʥʦ ʠ ʥʘ ʯʝʤ ʫʛʦʜʥʦ.  

ʉʝʪʴ MPLS VPN ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʦʙʣʘʩʪʠ: IP-ʩʝʪʠ ʢʣʠʝʥʪʦʚ ʠ ʤʘ-

ʛʠʩʪʨʘʣʴ ʧʨʦʚʘʡʜʝʨʘ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ MPLS L3VPN ʩʦʩʪʦʠʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʛʨʘʥʠʯʥʳʝ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʧʨʦʚʘʡʜʝʨʘ LER, 

ʦʙʨʘʱʝʥʥʳʝ ʢ ʢʣʠʝʥʪʩʢʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ CE, ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ LSR ʚ ʜʦʤʝʥʝ MPLS.  

ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʚʭʦʜʝ ʠʣʠ ʚʳʭʦʜʝ MPLS-ʩʝʪʠ 

ʥʘʟʳʚʘʶʪʩʷ LER (ʘʥʛʣ. Label Edge Router ï ʛʨʘʥʠʯʥʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʝʪʦʢ). 

LER ʥʘ ʚʭʦʜʝ ʚ MPLS-ʩʝʪʴ ʜʦʙʘʚʣʷʶʪ ʤʝʪʢʫ MPLS ʢ ʧʘʢʝʪʫ ʜʘʥʥʳʭ, ʘ LER 

ʥʘ ʚʳʭʦʜʝ ʠʟ MPLS-ʩʝʪʠ ʫʜʘʣʷʝʪ ʤʝʪʢʫ MPLS ʠʟ ʧʘʢʝʪʘ ʜʘʥʥʳʭ.  

ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʚʳʧʦʣʥʷʶʱʠʝ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ, ʦʩ-

ʥʦʚʳʚʘʷʩʴ ʪʦʣʴʢʦ ʥʘ ʟʥʘʯʝʥʠʠ ʤʝʪʢʠ, ʥʘʟʳʚʘʶʪʩʷ LSR (ʘʥʛʣ. Label Swit-

ching Router ï ʢʦʤʤʫʪʠʨʫʶʱʠʡ ʤʝʪʢʠ ʤʘʰʨʫʪʠʟʘʪʦʨ).  

LDP (ʘʥʛʣ. Label Distribution Protocol) ï ʧʨʦʪʦʢʦʣ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ LSR-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʜʣʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʝʪʢʘʭ. ʇʨʝʜʦʩ-

ʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ ʠ ʫʩʪʘʥʘʚ-

ʣʠʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ.  

LSP (ʘʥʛʣ. Label Switch Path) ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ LSR, ʢʦʪʦʨʳʝ ʢʦʤ-

ʤʫʪʠʨʫʶʪ ʧʦʤʝʯʝʥʥʳʡ ʧʘʢʝʪ ʯʝʨʝʟ ʩʝʪʴ MPLS. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʤʘʨʰʨʫʪ 

ʩʣʝʜʦʚʘʥʠʷ ʧʘʢʝʪʦʚ ʯʝʨʝʟ ʩʝʪʴ MPLS.  

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ MPLS L3VPN ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʠʟʦʣʷʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʣʠʝʥʪʩʢʠʭ IP-ʩʝʪʝʡ ʚ ʨʘʤʢʘʭ VPN, ʪ. ʝ. ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʦʙʤʝʥ ʧʘʢʝʪʘʤʠ ʤʝʞʜʫ IP-ʩʝʪʷʤʠ ʦʜʥʦʡ VPN.  

ʂʘʞʜʘʷ VPN ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʘ ʩ ʦʜʥʠʤ ʠʣʠ ʙʦʣʝʝ ʢʦʤʧʣʝʢʩʦʚ ʤʘʨ-

ʰʨʫʪʠʟʘʮʠʠ ʠ ʧʝʨʝʩʳʣʢʠ (VRF). VRF ʦʧʨʝʜʝʣʷʝʪ ʯʣʝʥʩʪʚʦ ʚ VPN ʧʦʜʩʝʪʠ 

ʟʘ ʫʟʣʦʤ CE, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ PE. ʀʥʪʝʨʬʝʡʩʳ PE ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, 

ʦʙʨʘʱʝʥʥʳʝ ʢ CE, ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ VRF.  
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VPN (ʘʥʛʣ. Virtual Private Network ï ʚʠʨʪʫʘʣʴʥʘʷ ʯʘʩʪʥʘʷ ʩʝʪʴ) ï ʦʙʦʙ-

ʝɦʥʥʦʝ ʥʘʟʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʩʝʪʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʣʦʛʠʯʝʩʢʫʶ ʩʝʪʴ) ʧʦʚʝʨʭ ʜʨʫʛʦʡ ʩʝʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʥʘʟʥʘʯʝʥʠʷ VPN ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʝ-

ʜʠʥʝʥʠʷ ʪʨʝʭ ʚʠʜʦʚ: ʫʟʝʣ-ʫʟʝʣ, ʫʟʝʣ-ʩʝʪʴ ʠ ʩʝʪʴ-ʩʝʪʴ.  

VRF ï ʵʪʦ ʦʙʲʝʢʪ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ:  

¶ ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʬʝʡʩʦʚ PE, ʢ ʢʦʪʦʨʳʤ ʧʦʜʢʣʶʯʘʶʪʩʷ CE ʠʟ 

ʦʜʥʦʛʦ VPN;  

¶ VRF-ʪʘʙʣʠʮʘ. 

ɸʪʨʠʙʫʪʳ ʠ ʧʨʘʚʠʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

VRF ʣʦʢʘʣʝʥ ʜʣʷ ʢʘʞʜʦʛʦ ʫʩʪʨʦʡʩʪʚʘ PE. ʇʦʥʷʪʠʝ VPN ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʝʪʩʷ ʥʘ ʚʩʶ ʩʝʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, VPN ʥʝ ʨʘʚʥʦ VRF. VRF ï ʵʪʦ, ʩʢʦʨʝʝ, 

ʦʧʠʩʘʥʠʝ VPN ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ PE.  

ʆʧʨʝʜʝʣʷʶʪʩʷ ʜʚʘ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʘ ʚ VRF: RD (ʘʥʛʣ. Route Dis-

tinguisher ) ʠ RT (ʘʥʛʣ. Route Target ).  

RD ï ʫʥʠʢʘʣʴʥʳʡ ʜʣʷ ʢʘʞʜʦʛʦ VRF ʠʜʝʥʪʠʬʠʢʘʪʦʨ (ʦʥ ʤʦʞʝʪ ʙʳʪʴ 

ʪʦʣʴʢʦ ʦʜʠʥ), ʢʦʪʦʨʳʡ ʧʨʝʚʨʘʱʘʝʪ ʤʘʨʰʨʫʪ IPv4 ʚ ʫʥʠʢʘʣʴʥʳʡ ʜʣʷ ʚʩʝʡ ʩʝʪʠ 

ʧʨʦʚʘʡʜʝʨʘ ʤʘʨʰʨʫʪ VPNv4. ʌʘʢʪʠʯʝʩʢʠ ʠʤʝʥʥʦ ʦʥ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʧʝʨʝʩʝʢʘʶʱʫʶʩʷ ʘʜʨʝʩʘʮʠʶ ʫ ʢʣʠʝʥʪʦʚ (ʜʘ ʠ ʩʝʪʠ ʦʧʝʨʘʪʦʨʘ ʪʦʞʝ).  

RT ï ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʝ ʧʦʣʝ ʧʨʠ ʨʘʩʩʳʣʢʝ 

ʤʘʨʰʨʫʪʦʚ ʚʥʫʪʨʠ ʩʝʪʠ ʦʧʝʨʘʪʦʨʘ ʧʦ MP-BGP ʠ ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ, ʚ ʪʘʙ-

ʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʢʘʢʦʛʦ ʠʣʠ ʢʘʢʠʭ VRF ʵʪʦʪ ʤʘʨʰʨʫʪ ʧʦʧʘʜʝʪ.  

MP-BGP (ʘʥʛʣ. MultiProtocol BGP) ï ʵʪʦ ʨʘʩʰʠʨʝʥʠʝ ʜʣʷ BGP, ʢʦʪʦ-

ʨʦʝ ʜʦʙʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʤʘʨʰʨʫʪʘʤʠ VPNv4 ʠ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʩʦʟʜʘʥʠ ̫MPLS VPN.  
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10. ПРЕИМУЩЕСТВА ОРГАНИЗАЦИИ VPN  

НА БАЗЕ MPLS 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ VPN ʥʘ ʙʘʟʝ MPLS ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ: ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʧʝʨʝʩʝʯʝʥʠʝ ʘʜʨʝʩʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʫʟʣʦʚ, 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ VPN, ʠʟʦʣʠʨʦʚʘʥʠʝ ʪʨʘʬʠʢʘ VPN ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʥʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ OSI.  

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʧʦʜʢʣʶʯʝʥʠʝ ʥʦʚʦʛʦ 

ʫʟʣʘ ʚ ʩʫʱʝʩʪʚʫʶʱʠʡ VPN ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʧʝʨʝʥʘʩʪʨʦʡʢʦʡ ʦʜʥʦʛʦ 

PE, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʘʝʪʩʷ ʜʘʥʥʳʡ ʫʟʝʣ. 

ɺ ʨʘʟʣʠʯʥʳʭ VPN ʘʜʨʝʩʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʛʫʪ ʧʝʨʝʩʝʢʘʪʴʩʷ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʣʝʟʥʳʤ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʧʝʨʘʪʦʨʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʦʩʪʘʚʠʪʴ VPN ʥʝʩʢʦʣʴʢʠʤ ʢʣʠʝʥʪʘʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʦʜʠʥʘʢʦʚʦʝ ʧʨʠ-

ʚʘʪʥʦʝ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʋʩʪʨʦʡʩʪʚʘ P(LSR) ʧʨʠ ʢʦʤʤʫʪʘʮʠʠ ʘʥʘʣʠʟʠʨʫʶʪ ʪʦʣʴʢʦ ʚʥʝʰʥʶʶ 

ʤʝʪʢʫ, ʦʧʨʝʜʝʣʷʶʱʫʶ LSP ʤʝʞʜʫ PE, ʠ ʥʝ ʘʥʘʣʠʟʠʨʫʶʪ ʟʘʛʦʣʦʚʦʢ IP-ʧʘ-

ʢʝʪʘ, ʪʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʚʳʧʦʣʥʷʶʪ 

ʬʫʥʢʮʠʠ ʢʦʤʤʫʪʘʮʠʠ ʥʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ OSI. ʋʩʪʨʦʡʩʪʚʘ PE ʪʘʢʞʝ 

ʨʘʟʜʝʣʷʶʪ ʤʘʨʰʨʫʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʠʥʪʝʨʬʝʡ-

ʩ,r ʥʘʧʨʘʚʣʝʥʥʳʝ ʚ ʩʪʦʨʦʥʫ ʫʩʪʨʦʡʩʪʚ CE, ʤʝʞʜʫ VRF. ʊʝʤ ʩʘʤʳʤ ʧʨʦ-

ʮʝʩʩʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʨʘʟʥʳʭ VPN ʧʦʣʥʦʩʪʴʶ ʨʘʟʜʝʣʷʶʪʩʷ, ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʪʨʘʬʠʢʘ ʦʪ ʨʘʟʥʳʭ VPN ʥʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ OSI.  

ɺʩʝ ʩʝʪʠ VPN, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʥʘʯʘʣʝ ʨʘʟʜʝʣʘ, ʦʙʣʘʜʘʶʪ ʦʙʱʠʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ: ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ, ʥʘʣʠʯʠʝʤ ʩʨʝʜʩʪʚ 

ʫʧʨʘʚʣʝʥʠʷ, ʟʘʱʠʪʦʡ ʠ ʦʙʨʘʙʦʪʢʦʡ ʯʘʩʪʥʳʭ ʘʜʨʝʩʦʚ 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ï ʢʨʘʡʥʝ ʧʦʣʝʟʥʦʝ ʜʣʷ VPN ʩʚʦʡʩʪʚʦ, ʧʦʩʢʦʣʴʢʫ 

ʵʪʠ ʩʝʪʠ ʯʘʩʪʦ ʥʫʞʜʘʶʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ ʩ ʨʦʩʪʦʤ ʙʠʟʥʝʩʘ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʝʪʠ VPN ʜʦʣʞʥʳ ʙʳʪʴ ʫʧʨʘʚʣʷʝʤʳʤʠ, ʯʪʦʙʳ ʠʭ ʤʦʞʥʦ ʙʳʣʦ ʢʦʥʬʠ-

ʛʫʨʠʨʦʚʘʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʠʩʷ ʙʠʟ-

ʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ. ɺʘʞʥʳʤ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ 

ʫʯʝʪʦʤ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʣʷ ʮʝʣʝʡ ʥʘʯʠʩʣʝʥʠʷ ʦʧʣʘʪʳ ʠ 

ʜʨʫʛʠʭ ʘʩʧʝʢʪʦʚ. ɿʘʱʠʪʘ ʷʚʣʷʝʪʩʷ ʩʚʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʩʦʭʨʘʥʷʝʪ ʙʫʢʚʫ P 

ʚ ʘʙʙʨʝʚʠʘʪʫʨʝ VPN ʠ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʩʝʪʝʚʳʭ ʢʦʤ-

ʤʫʥʠʢʘʮʠʷʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʛʨʦʟ ʧʦʭʠʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʘʪʘʢ 

ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʦʙʩʪʚʝʥʥʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ VPN ʚ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ IP, ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʯʘʩʪʥʳʭ ʘʜʨʝʩʦʚ, 

ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʫʥʠʢʘʣʴʥʦʩʪʴ IP-ʘʜʨʝʩʘ, ʪʘʢʞʝ ʚʘʞʥʘ. 

ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʧʦʥʷʪʠʝ LSP-ʪʫʥʥʝʣʝʡ ʩʦʩʪʘʚ-

ʣʷʝʪ ʚʘʞʥʳʡ ʘʩʧʝʢʪ MPLS VPN, ʪʘʢ ʢʘʢ ʧʨʠʣʘʛʘʪʝʣʴʥʦʝ çʯʘʩʪʥʳʡè ʚ VPN 

ʥʘ ʙʘʟʝ MPLS ʦʪʥʦʩʠʪʩʷ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʪʨʘʬʠʢʘ ʤʝʞʜʫ LSP-

ʪʫʥʥʝʣʷʤʠ. ʕʪʦ ʚʝʩʴʤʘ ʧʦʭʦʞʝ ʥʘ ʩʧʦʩʦʙ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ 
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ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʣʷ VPN-ʧʨʠʣʦʞʝʥʠʡ ATM ʠ FR. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚ ʦʙʣʘʩʪʠ ʩʝʪʝʡ MPLS VPN ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ: BGP/ 

MPLS VPN ʠ VPN ʩ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʥʘ ʙʘʟʝ IP.  

ʗʜʨʦ ʩʝʪʠ ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʟʦʚʳʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ MPLS, ʥʘʟʳʚʘʝʤʳʭ 

ʚʥʫʪʨʝʥʥʠʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʧʨʦʚʘʡʜʝʨʘ P ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʤ VPN ʥʝ ʥʘʧʨʷʤʫʶ, ʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʛʨʘʥʠʯʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʟʘʢʘʟʯʠʢʘ CE (Customer Edge router) ʠ ʛʨʘ-

ʥʠʯʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʨʦʚʘʡʜʝʨʘ PE (Provider Edge router). 

CE ʤʦʛʫʪ ʙʳʪʴ ʩʪʘʪʠʯʝʩʢʠ ʧʦʜʩʦʝʜʠʥʝʥʳ ʢ PE ʧʨʦʚʘʡʜʝʨʘ ʯʝʨʝʟ ʟʘʢʨʝʧ-

ʣʝʥʥʳʝ ʢʘʥʘʣʳ ʠʣʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʤʫʪʠʨʫʝʤʳʝ ʣʠʥʠʠ ʩʚʷʟʠ. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ CE ʢ PE ʤʦʛʫʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴʩʷ ʢʘʥʘʣʳ ʣʶʙʦʛʦ 

ʪʠʧʘ, ʥʘʧʨʠʤʝʨ, ATM, FR, Ethernet, PPP, ʘ ʪʘʢʞʝ ʪʘʢʠʝ ʤʝʭʘʥʠʟʤʳ ʪʫʥ-

ʥʝʣʠʨʦʚʘʥʠʷ, ʢʘʢ ʫʧʦʤʠʥʘʚʰʠʝʩʷ IPSec, L2TP ʠʣʠ GRE (Generic Route 

Encapsulation), ʨʠʩ. 10.1.  
 

 

ʈʠʩ. 10.1. ʕʪʘʣʦʥʥʘʷ ʤʦʜʝʣʴ MPLS VPN 

 

ʆʙʘ ʤʝʪʦʜʘ MPLS VPN ʩʭʦʜʥʳ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʡ 

ʧʨʦʚʘʡʜʝʨʦʤ ʫʩʣʫʛʠ VPN. ɺ ʦʜʥʦʤ ʤʝʪʦʜʝ ʧʨʦʪʦʢʦʣ BGP ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʰʠʨʝʥʥʳʭ ʘʜʨʝʩʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʦʚ ʯʝʨʝʟ 

ʷʜʨʦ MPLS, ʘ ʚ ʜʨʫʛʦʤ ï VR ʭʨʘʥʷʪ ʦʪʜʝʣʴʥʳʝ ʪʘʙʣʠʮʳ ʧʫʪʝʡ MPLS ʜʣʷ 

ʢʘʞʜʦʡ VPN. ʌʘʢʪʠʯʝʩʢʘʷ ʞʝ ʨʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʜʚʫʭ ʤʝʪʦʜʦʚ ʩʦʚʝʨʰʝʥʥʦ 

ʨʘʟʣʠʯʥʘ, ʘ ʚʳʙʦʨ ʤʝʪʦʜʘ ï ʨʝʰʝʥʠʝ ʧʨʦʚʘʡʜʝʨʘ ʫʩʣʫʛ VPN ʥʘ ʦʩʥʦʚʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʠʪʫʘʮʠʠ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʝʪʝʡ ʠ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ. ʉʦʟʜʘʥʘ ʥʦʚʘʷ ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ IETF, ʥʘʟʚʘʥʥʘʷ Provider-Provi-

sioned VPNs (PPVPNs), ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ ʩʝʪʝʡ VPN. 
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11. СЕТИ MPLS/BGP VPN 

ʄʦʜʝʣʴ MPLS/BGP VPN (ʨʠʩ. 11.1) ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʩʰʠʨʝʥʠʷʭ ʧʨʦ-

ʪʦʢʦʣʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚʥʝʰʥʝʛʦ ʰʣʶʟʘ BGP, ʥʘʟʳʚʘʝʤʳʭ ʤʥʦʛʦʧʨʦʪʦʢʦʣʴ-

ʥʳʤʠ ʨʘʩʰʠʨʝʥʠʷʤʠ BGP ʠ ʢʘʩʘʶʱʠʭʩʷ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʰʠʨʝʥʥʳʭ ʘʜʨʝ-

ʩʦʚ. ʕʪʠ ʘʜʨʝʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʜʦʩʪʫʧʥʦʩʪʠ 

ʤʝʞʜʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ PE ʪʦʣʴʢʦ ʤʝʞʜʫ ʯʣʝʥʘʤʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ VPN. 

ʂʘʞʜʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ PE ʚ MPLS/BGP VPN ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʪʜʝʣʴʥʫʶ 

ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ VRF (VPN Routing and Forwarding table). ʂʘʞʜʘʷ 

VRF ʩʦʜʝʨʞʠʪ ʚʩʝ ʤʘʨʰʨʫʪʳ ʜʣʷ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʜʥʦʡ VPN, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʫʶ ʠʟʦʣʷʮʠʶ ʩʝʪʝʡ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʢʨʳʪʠʝ ʯʘʩʪʥʳʭ IP-ʘʜʨʝʩʘʮʠʡ ʨʘʟʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ.  
 

 

ʈʠʩ. 11.1. ʄʦʜʝʣʴ ʩʝʪʠ MPLS/BGP VPN 

 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʵʪʦʛʦ ʪʠʧʘ ʨʝʘʣʠʟʘʮʠʠ MPLS VPN ï ʧʦʟʚʦʣʠʪʴ ʧʨʦ-

ʚʘʡʜʝʨʫ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʟʘʢʘʟʯʠʢʫ ʢʦʥʬʠʛʫʨʘʮʠʶ VPN. ɿʘʢʘʟʯʠʢʦʤ 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʧʨʠʷʪʠʝ, ʛʨʫʧʧʘ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʤ 

ʥʫʞʥʘ ʩʝʪɹ ʕʢʩʪʨʘʥʝʪ, ʜʨʫʛʦʡ ʩʝʨʚʠʩ-ʧʨʦʚʘʡʜʝʨ ʠʣʠ ʜʘʞʝ ʜʨʫʛʦʡ ʧʨʦʚʘʡ-

ʜʝʨ VPN, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ MPLS-ʧʨʠʣʦʞʝʥʠʝ ʩ ʮʝʣʴʶ 

ʧʦʩʪʨʦʠʪʴ ʩʝʪʴ VPN ʩʚʦʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʢʣʠʝʥʪʘʤ. ʄʦʜʝʣʴ VPN ʧʦʟʚʦʣʠʪ 

ʟʘʢʘʟʯʠʢʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʪʝʚʳʝ ʫʩʣʫʛʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦ ʠ ʛʠʙʢʦ, ʘ ʧʨʦ-

ʚʘʡʜʝʨʫ ï ʫʧʨʦʩʪʠʪʴ ʤʝʥʝʜʞʤʝʥʪ, ʟʘʱʠʪʫ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ VPN. ʉʧʝʮʠʬʠ-

ʢʘʮʠʷ MPLS/BGP VPN ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʢʘʢ RFC 2547 çBGP/ 

MPLS VPNsè, ʘ ʧʦʟʞʝ ʧʝʨʝʩʤʦʪʨʝʥʘ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʨʘʙʦʯʝʡ ʛʨʫʧʧʦʡ. 
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12. ВИРТУАЛЬНАЯ СЕТЬ  

НА БАЗЕ MPLS IP (MPLS VPN) 

ɼʨʫʛʘʷ ʧʦʧʫʣʷʨʥʘʷ ʤʦʜʝʣʴ MPLS VPN ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʨ-

ʰʨʫʪʠʟʘʪʦʨʦʚ VR (ʨʠʩ. 12.1). ʄʘʨʰʨʫʪʠʟʘʪʦʨ VR ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʣʦʛʠ-

ʯʝʩʢʠʭ (ʚʠʨʪʫʘʣʴʥʳʭ) ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. ʂʘʞʜʳʡ VR ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʚʦʶ 

ʩʦʙʩʪʚʝʥʥʫʶ ʥʝʟʘʚʠʩʠʤʫʶ ʪʘʙʣʠʮʫ ʜʣʷ ʢʘʞʜʦʡ VPN. ʗʩʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ 

ʨʝʰʝʥʠʠ ʜʣʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʩʪʫʧʥʦʩʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ BGP ʥʝ ʪʨʝʙʫʝʪʩʷ.  
 

 

ʈʠʩ. 12.1. ʄʦʜʝʣʴ VPN ʥʘ ʙʘʟʝ MPLS IP 

 

ʂʦʥʮʝʧʮʠʷ VR ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʨʰʨʫʪʠʟʘ-

ʪʦʨʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ VR. ʂʘʞʜʳʡ VR ʠʩʧʦʣʴʟʫʝʪ ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʷ, 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʯʠʩʣʝʥʠʷ ʧʣʘʪʳ ʠ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ. ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ VR 

ʤʦʛʫʪ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʦʙʲʝʢʪʳ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʢʘʞʜʳʡ VR ʠʤʝʝʪ ʩʚʦʡ 

ʩʦʙʩʪʚʝʥʥʳʡ ʦʙʲʝʢʪ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʩ-

ʪʫʧʥʦʩʪʠ VPN ʩʨʝʜʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ VR, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʘʥʥʦʡ VPN. 

ʇʨʠ ʵʪʦʤ VPN ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʡ ʧʨʦʪʦʢʦʣ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʜʦʩʪʫʧʥʦʩʪʠ VPN ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʦʛʦ ʩʧʝʮʠ-

ʘʣʴʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʢ ʧʨʦʪʦʢʦʣʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʊʘʢʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ VPN 

ʤʦʛʫʪ ʙʳʪʴ ʦʯʝʥʴ ʛʠʙʢʠʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʪʦʛʦ, ʢʘʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ VR 

ʩʦʝʜʠʥʝʥʳ ʚ ʦʧʦʨʥʦʡ ʩʝʪʠ, ʵʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ ʜʦʧʫʩʢʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʩʮʝʥʘʨʠʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʧʦʨʥʦʡ ʩʝʪʠ: ʧʨʦʚʘʡʜʝʨ VPN MPLS ʤʦʞʝʪ ʙʳʪʴ 

ʚʣʘʜʝʣʴʮʝʤ ʦʧʦʨʥʦʡ ʩʝʪʠ, ʠʣʠ ʞʝ ʧʨʦʚʘʡʜʝʨ ʫʩʣʫʛʠ VPN ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʫʛʠ ʦʧʦʨʥʦʡ ʩʝʪʠ ʦʪ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʜʨʫʛʠʭ 

ʧʨʦʚʘʡʜʝʨʦʚ MPLS. 
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Организация MPLS VPN 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫ ʢʣʠʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʦʙʦ-

ʩʦʙʣʝʥʥʳʭ IP-ʩʝʪʝʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʩʝʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʊʘʢʠʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʝʪʝʚʳʝ ʵʣʝʤʝʥʪʳ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʝʪʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʩʘʡʪʘʤʠ. ʇʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʤʫ ʢʣʠʝʥʪʫ ʩʘʡʪʳ ʦʙʤʝʥʠʚʘʶʪʩʷ IP-ʧʘʢʝ-

ʪʘʤʠ ʯʝʨʝʟ ʩʝʪʴ ʧʨʦʚʘʡʜʝʨʘ ʠ ʦʙʨʘʟʫʶʪ ʚʠʨʪʫʘʣʴʥʫʶ ʯʘʩʪʥʫʶ ʩʝʪʴ ʵʪʦʛʦ 

ʢʣʠʝʥʪʘ. ʂʘʞʜʳʡ ʩʘʡʪ ʠʤʝʝʪ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʛʨʘʥʠʯʥʳʭ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ CE, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʦʜʥʠʤ ʠʣʠ ʙʦʣʝʝ ʛʨʘʥʠʯ-

ʥʳʤʠ ʧʨʦʚʘʡʜʝʨʩʢʠʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ PE ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʥʘʣʦʚ PPP, 

ATM, Ethernet, Frame Relay ʠ ʪ. ʧ.  

CE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʨʘʟʣʠʯʥʳʭ ʩʘʡʪʦʚ ʥʝ ʦʙʤʝʥʠʚʘʶʪʩʷ ʤʘʨʰʨʫʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ ʜʘʞʝ ʤʦʛʫʪ ʥʝ ʟʥʘʪʴ ʜʨʫʛ ʦ ʜʨʫʛʝ. ɸʜʨʝʩ-

ʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʜʩʝʪʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ VPN, ʤʦʛʫʪ ʧʝʨʝʢʨʳʚʘʪʴʩʷ, 

ʪ. ʝ. ʫʥʠʢʘʣʴʥʦʩʪʴ ʘʜʨʝʩʦʚ ʜʦʣʞʥʘ ʩʦʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥ-

ʢʨʝʪʥʦʡ ʧʦʜʩʝʪʠ. ʕʪʦʛʦ ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ IP-ʘʜʨʝʩʘ ʚ VPN- 

IP-ʘʜʨʝʩ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ MP-BGP ʜʣʷ ʨʘʙʦʪʳ ʩ ʵʪʠʤʠ ʘʜʨʝʩʘʤʠ.  

ʂʘʞʜʳʡ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʜʦʣʞʝʥ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʪʦʣʴʢʦ ʪʘʙʣʠʮ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʩʢʦʣʴʢʦ ʩʘʡʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʥʝʤʫ ʧʦʜʩʦʝʜʠʥʝʥʦ, ʪ. ʝ. 

ʥʘ ʦʜʥʦʤ ʬʠʟʠʯʝʩʢʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʦʨʛʘʥʠʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʠʨʪʫʘʣʴ-

ʥʳʭ. ʇʨʠ ʵʪʦʤ ʤʘʨʰʨʫʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʩʘʶʱʘʷʩʷ ʢʦʥʢʨʝʪʥʦʡ VPN, 

ʩʦʜʝʨʞʠʪʩʷ ʪʦʣʴʢʦ ʚ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʩʦʝʜʠʥʝʥʳ ʩʘʡʪʳ 

ʜʘʥʥʦʡ VPN. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʥʝʠʟ-

ʙʝʞʥʦ ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʦ ʚʩʝʭ ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʘʭ ʩʝʪʠ ʦʧʝʨʘʪʦʨʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ CE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʪʥʦʩʠʪʩʷ 

ʢ ʦʜʥʦʤʫ ʩʘʡʪʫ, ʥʦ ʩʘʤ ʩʘʡʪ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʢ ʥʝʩʢʦʣʴʢʠʤ VPN. ʂ PE-

ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʦ ʥʝʩʢʦʣʴʢʦ CE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʩʘʡʪʘʭ ʠ ʜʘʞʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʥʳʤ VPN.  
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13. МАРШРУТИЗАЦИЯ MPLS VPN 

13.1. Таблицы маршрутизации в PE-маршрутизаторах 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʘ ʢʘʞʜʳʡ 

ʧʦʜʢʣʶʯʝʥʥʳʡ ʩʘʡʪ ʧʦ ʦʜʥʦʡ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʥʠʤ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫ-

ʪʠʟʘʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʩʝʪʴ, ʚ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ: 

PE1, PE2 ʠ PE3. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʦʜʥʠʤ ʠʟ CE-ʤʘʨʰʨʫʪʠ-

ʟʘʪʦʨʦʚ: CE1, CE2 ʠ CE3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ CE1, CE2 ʠ CE3 ʧʨʠ-

ʥʘʜʣʝʞʘʪ ʩʘʡʪʘʤ, ʚʭʦʜʷʱʠʤ ʚ ʦʜʥʫ VPN. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ PE1 ʠʩʧʦʣʴʟʫʝʪ 

ʧʨʦʪʦʢʦʣ MP-BGP, ʯʪʦʙʳ ʧʝʨʝʜʘʪʴ PE2 ʠ PE3 ʩʚʝʜʝʥʠʷ ʦ ʤʘʨʰʨʫʪʘʭ, ʢʦ-

ʪʦʨʳʝ ʦʥ ʧʦʣʫʯʠʣ ʦʪ CE1. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, PE2 ʠ PE3 ʚʥʦʩʷʪ ʵʪʠ ʤʘʨ-

ʰʨʫʪʳ ʚ ʩʚʦʠ ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʩʘʡʪʘʤʠ, ʚ ʢʦ-

ʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ CE2 ʠ CE3. ɽʩʣʠ ʩʘʡʪ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʥʝʩʢʦʣʴʢʠʤ VPN, ʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʪʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ PE ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ 

ʤʘʨʰʨʫʪʳ ʚʩʝʭ ʵʪʠʭ VPN.  

ɽʩʣʠ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʦʣʫʯʠʣ ʦʪ ʩʘʡʪʘ ʧʘʢʝʪ ʩ ʘʜʨʝʩʦʤ, ʢʦʪʦʨʦʛʦ 

ʥʝʪ ʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʪʦ ʣʠʙʦ ʦʥ ʦʪʙʨʦʩʠʪ ʜʘʥ-

ʥʳʡ ʧʘʢʝʪ, ʣʠʙʦ, ʝʩʣʠ ʦʧʝʨʘʪʦʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʩʣʫʛʠ ʜʦʩʪʫʧʘ ʚ Internet 

ʯʝʨʝʟ ʵʪʫ VPN, ʧʨʦʠʟʦʡʜʝʪ ʦʙʨʘʱʝʥʠʝ ʢ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ Internet. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʠʟʦʣʷʮʠʠ ʦʜʥʦʡ VPN ʦʪ ʜʨʫʛʦʡ ʚʘʞʥʦ, 

ʯʪʦʙʳ ʥʠ ʦʜʠʥ ʠʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʛʠʩʪʨʘʣʴʥʫʶ ʩʝʪʴ 

MPLS (Backbone Router), ʥʝ ʧʨʠʥʠʤʘʣ ʧʘʢʝʪʳ ʩ ʤʝʪʢʘʤʠ ʦʪ ʤʘʨʰʨʫʪʠʟʘ-

ʪʦʨʦʚ, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʘʥʥʦʡ ʩʝʪʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʝʨʭ-

ʥʷʷ ʤʝʪʢʘ ʩʪʝʢʘ ʙʳʣʘ ʫʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ, ʚʭʦʜʷʱʠʤ 

ʚ ʤʘʛʠʩʪʨʘʣʴʥʫʶ ʩʝʪʴ MPLS. ʇʨʠ ʵʪʦʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʪʦʡ ʤʝʪʢʠ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʘʢʝʪ ʧʦʢʠʥʝʪ ʩʝʪɹ ʜʦ ʪʦʛʦ, ʢʘʢ ʙʫʜʫʪ 

ʦʙʨʘʙʦʪʘʥʳ ʦʩʪʘʣʴʥʳʝ ʤʝʪʢʠ ʩʪʝʢʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ IP-ʟʘʛʦʣʦʚʦʢ.  

ɸʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ PE ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ 

ʜʣʷ ʧʘʢʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʩ PE ʩʘʡʪʦʚ, ʠ, 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʤʘʨʰʨʫʪʦʚ ʢ ʦʜ-

ʥʦʡ ʩʠʩʪʝʤʝ, ʧʨʠʯʝʤ ʤʘʨʰʨʫʪ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʘʡʪʦʤ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʧʘʢʝʪ ʧʦʧʘʣ ʚ ʤʘʛʠʩʪʨʘʣʴʥʫʶ ʩʝʪʴ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʘʡʪ ʢʣʠʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʠʤ ʥʘ ʥʝʩ-

ʢʦʣʴʢʦ ʚʠʨʪʫʘʣʴʥʳʭ ʩʘʡʪʦʚ, ʥʘʧʨʠʤʝʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ VLAN. ʊʘʢʠʝ ʚʠʨ-

ʪʫʘʣʴʥʳʝ ʩʘʡʪʳ ʤʦʛʫʪ ʙʳʪʴ ʯʣʝʥʘʤʠ ʨʘʟʣʠʯʥʳʭ VPN, ʘ PE ʜʦʣʞʝʥ ʧʦʜ-

ʜʝʨʞʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʘʙʣʠʮʳ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʩʘʡʪʘ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ RFC 2917.  

 

13.2. Маршрутная информация по BGP 

PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ BGP ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʨʫʛ ʜʨʫʛʫ ʤʘʨ-

ʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. BGP-ʩʧʠʢʝʨ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ 

ʪʦʣʴʢʦ ʦʜʠʥ ʤʘʨʰʨʫʪ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʘʜʨʝʩʥʦʛʦ ʧʨʝʬʠʢʩʘ, ʥʦ 
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ʣʶʙʘʷ VPN ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠ ʦʜʠʥ 

ʠ ʪʦʪ ʞʝ ʘʜʨʝʩ ʤʦʞʝʪ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʥʳʭ VPN. ɼʣʷ ʫʩʪʨʘ-

ʥʝʥʠʷ ʵʪʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʙʳʣʦ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʦ ʥʦʚʦʝ ʩʝʤʝʡʩʪʚʦ ʘʜʨʝʩʦʚ 

VPN-IPv4 Address Family.  
ɸʜʨʝʩ VPN-IPv4 ʠʤʝʝʪ ʜʣʠʥʫ 12 ʙʘʡʪʦʚ, ʧʝʨʚʳʝ ʚʦʩʝʤʴ ʠʟ ʢʦʪʦʨʳʭ 

ʟʘʥʠʤʘʝʪ ʧʨʝʬʠʢʩ, ʥʘʟʳʚʘʝʤʳʡ ʨʘʟʣʠʯʠʪʝʣʝʤ ʤʘʨʰʨʫʪʦʚ RD (Route Dis-

tinguisher), ʘ ʦʩʪʘʚʰʠʝʩʷ 4 ʙʘʡʪʘ ʩʦʜʝʨʞʘʪ IPv4-ʘʜʨʝʩ. ɼʘʞʝ ʝʩʣʠ ʚ ʜʚʫʭ 

VPN ʙʫʜʫʪ ʩʦʚʧʘʜʘʶʱʠʝ IPv4-ʘʜʨʝʩʘ, ʪʦ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʨʝʦʙʨʘʟʫʝʪ 

ʠʭ ʚ ʫʥʠʢʘʣʴʥʳʝ VPN-IPv4-ʘʜʨʝʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʫʩʪʘ-

ʥʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʨʰʨʫʪʦʚ ʢ ʫʩʪʨʦʡʩʪʚʘʤ, ʠʤʝʶʱʠʤ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

IP-ʘʜʨʝʩ, ʥʦ ʧʨʠʥʘʜʣʝʞʘʱʠʤ ʨʘʟʣʠʯʥʳʤ VPN.  

ʉʘʤ RD ʥʝ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠ ʩʣʫʞʠʪ ʣʠʰʴ ʜʣʷ ʮʝʣʝʡ ʩʦʟ-

ʜʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʦ ʦʙʱʝʤʫ IPv4-ʘʜʨʝʩʥʦʤʫ ʧʨʝ-

ʬʠʢʩʫ. ʊʘʢʞʝ RD ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʟʣʠʯʥʳʭ ʤʘʨʰʨʫʪʦʚ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʩʝʪʝʚʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʧʫʪʝʤ 

ʩʦʟʜʘʥʠʷ ʜʚʫʭ ʦʪʣʠʯʥʳʭ VPN-IPv4-ʘʜʨʝʩʦʚ, ʠʤʝʶʱʠʭ ʦʙʱʫʶ IPv4-ʯʘʩʪʴ.  
 

 
 

ʈʠʩ. 13.1. ʂʦʜʠʨʦʚʘʥʠʝ Route Distinguisher 

 

ʈʘʟʣʠʯʠʪʝʣʠ ʤʘʨʰʨʫʪʦʚ RD ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʢʘʞʜʦʤʫ 

ʧʨʦʚʘʡʜʝʨʫ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʪʴ ʩʚʦʝ ʩʦʙʩʪʚʝʥʥʦʝ çʥʦʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦè, 

ʥʝ ʢʦʥʬʣʠʢʪʫʷ ʧʨʠ ʵʪʦʤ ʩ RD, ʥʘʟʥʘʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʧʨʦʚʘʡʜʝʨʘʤʠ. RD 

ʩʦʩʪʦʠʪ ʠʟ 2-ʙʘʡʪʦʚʦʛʦ ʧʦʣʷ ʪʠʧʘ, ʧʦʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ (Administrator) ʠ 

ʧʦʣʷ ʥʘʟʥʘʯʝʥʥʦʛʦ ʥʦʤʝʨʘ (Assigned Number). ʇʨʠʯʝʤ ʟʥʘʯʝʥʠʝ ʧʦʣʷ ʪʠʧʘ 

ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʥʫ ʦʙʦʠʭ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʩʝʤʘʥʪʠʢʫ ʧʦʣʷ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ. ʇʦʣʝ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪ ʘʚʪʦʨʩʪʚʦ ʥʦʤʝʨʘ, ʘ ʧʦʣʝ 

ʥʘʟʥʘʯʝʥʥʦʛʦ ʥʦʤʝʨʘ ʩʦʜʝʨʞʠʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʛʦ ʟʥʘʯʝʥʠʝ. ɼʘʥʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʨʘʟʣʠʯʠʪʝʣʷ ʤʘʨʰʨʫʪʦʚ ʧʦʣʥʦʩʪʴʶ ʠʛʥʦʨʠʨʫʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ BGP, 

ʢʦʛʜʘ ʦʥ ʩʨʘʚʥʠʚʘʝʪ ʜʚʘ ʪʘʢʠʭ ʘʜʨʝʩʥʳʭ ʧʨʝʬʠʢʩʘ. ʆʥʘ ʠʤʝʝʪ ʩʤʳʩʣ 

ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʚʘʡʜʝʨʘ ʫʩʣʫʛ. ɽʩʣʠ ʞʝ ʧʦʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʠ ʥʘʟʥʘʯʝʥ-

ʥʦʛʦ ʥʦʤʝʨʘ ʟʘʧʦʣʥʝʥʳ ʥʫʣʷʤʠ, ʪʦ ʘʜʨʝʩ ʠʤʝʝʪ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʠ 

ʦʙʳʢʥʦʚʝʥʥʳʡ IPv4-ʘʜʨʝʩ, ʠ ʦʥʠ ʙʫʜʫʪ ʩʨʘʚʥʠʤʳ ʜʣʷ BGP. 

ʂʦʥʢʨʝʪʥʘʷ ʘʩʩʦʮʠʠʨʦʚʘʥʥʘʷ ʪʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʙʫʜʝʪ ʠʤʝʪʴ 

ʪʦʣʴʢʦ ʦʜʠʥ VPN-IPv4-ʤʘʨʰʨʫʪ ʜʣʷ ʣʶʙʦʛʦ ʟʘʜʘʥʥʦʛʦ IPv4-ʧʨʝʬʠʢʩʘ. 
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ʂʦʛʜʘ ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ VPN-IPv4-ʤʘʨʰʨʫʪʦʤ, 

ʪʦ ʩʦʦʪʥʦʩʠʪʩʷ ʪʦʣʴʢʦ IPv4-ʯʘʩʪʴ. PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʜʦʣʞʝʥ ʘʩʩʦʮʠʠʨʦ-

ʚʘʪʴ ʤʘʨʰʨʫʪʳ, ʚʝʜʫʱʠʝ ʢ ʢʦʥʢʨʝʪʥʦʤʫ CE ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ RD. ʇʨʠ ʵʪʦʤ 

PE ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʪʘʢ, ʯʪʦʙʳ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʚʩʝ ʤʘʨʰʨʫʪʳ, 

ʚʝʜʫʱʠʝ ʢ ʦʜʥʦʤʫ CE, ʩ ʦʜʥʠʤ RD ʠʣʠ ʩ ʨʘʟʥʳʤʠ RD.  

 

 

13.3. Распространение маршрутной информации 

13.3.1. ɸʪʨʠʙʫʪ ʮʝʣʝʚʦʡ VPN 

ʂʘʞʜʦʡ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ PE-ʤʘʨʰʨʫʪʠʟʘ-

ʪʦʨʘʭ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʘʪʨʠʙʫʪʦʚ ʮʝʣʝʚʦʡ VPN (Target 

VPN). ʂʦʛʜʘ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʩʦʟʜʘʝʪʩʷ ʤʘʨʰʨʫʪ VPN-IPv4, ʦʥ ʘʩʩʦ-

ʮʠʠʨʫʝʪʩʷ ʩ ʦʜʥʠʤ ʠʣʠ ʙʦʣʝʝ ʘʪʨʠʙʫʪʘʤʠ Target VPN. ʆʥʠ ʧʝʨʝʥʦʩʷʪʩʷ 

ʧʨʦʪʦʢʦʣʦʤ BGP ʢʘʢ ʘʪʨʠʙʫʪʳ ʤʘʨʰʨʫʪʘ. ʂʘʞʜʳʡ ʤʘʨʰʨʫʪ, ʘʩʩʦʮʠʠʨʦ-

ʚʘʥʥʳʡ ʩ Target VPN çʊè, ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʲʷʚʣʝʥ ʚʩʝʤ PE-ʤʘʨʰʨʫʪʠʟʘ-

ʪʦʨʘʤ, ʠʤʝʶʱʠʤ ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʫʶ ʩ Target VPN 

çʊè. ʂʦʛʜʘ ʪʘʢʦʡ ʤʘʨʰʨʫʪ ʧʨʠʥʠʤʘʝʪʩʷ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ, ʦʥ ʠʤʝʝʪ 

ʧʨʘʚʦ ʙʳʪʴ ʚʢʣʶʯʝʥʥʳʤ ʚ ʣʶʙʫʶ ʠʟ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʪʘʙʣʠʮ ʤʘʨʰʨʫ-

ʪʠʟʘʮʠʠ, ʠʤʝʶʱʠʭ ʘʪʨʠʙʫʪ Target VPN çTè.  

ʉʫʱʝʩʪʚʫʝʪ ʥʘʙʦʨ ʘʪʨʠʙʫʪʦʚ Target VPN, ʢʦʪʦʨʳʤʠ PE-ʤʘʨʰʨʫʪʠʟʘ-

ʪʦʨ ʩʥʘʙʞʘʝʪ ʤʘʨʰʨʫʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʩʘʡʪʘ çSè. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ 

ʝʩʪʴ ʥʘʙʦʨ ʘʪʨʠʙʫʪʦʚ Target VPN, ʢʦʪʦʨʳʡ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʧʨʘʚʝ ʤʘʨʰʨʫʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʜʨʫʛʦʛʦ PE, ʙʳʪʴ 

ʚʢʣʁʯʝʥʥʳʤ ʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʫʶ ʩ ʩʘʡʪʦʤ çSè ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

ʕʪʠ ʜʚʘ ʥʘʙʦʨʘ ʘʪʨʠʙʫʪʦʚ ʥʝʟʘʚʠʩʠʤʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. 

ʌʫʥʢʮʠʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʘʪʨʠʙʫʪʦʤ Target VPN, ʩʭʦʞʠ ʩ ʬʫʥʢʮʠʷʤʠ 

BGP Communities Attribute, ʦʜʥʘʢʦ ʬʦʨʤʘʪ ʧʦʩʣʝʜʥʝʛʦ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʪʦʣʴʢʦ 2-ʙʘʡʪʦʚʦʝ ʥʦʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʂʦʛʜʘ BGP-ʩʧʠʢʝʨ ʧʦʣʫʯʘʝʪ 2 ʤʘʨʰʨʫʪʘ ʜʣʷ ʦʜʥʦʛʦ VPN-IPv4-ʘʜʨʝʩ-

ʥʦʛʦ ʧʨʝʬʠʢʩʘ, ʦʥ ʚʳʙʠʨʘʝʪ ʦʜʠʥ ʩʦʛʣʘʩʥʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʨʘʚʠʣʘʤ ʧʨʝʜ-

ʧʦʯʪʝʥʠʷ ʤʘʨʰʨʫʪʦʚ ʚ ʧʨʦʪʦʢʦʣʝ BGP.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʨʰʨʫʪ ʤʦʞʝʪ ʠʤʝʪʴ ʪʦʣʴʢʦ ʦʜʠʥ RD, ʥʦ 

ʥʝʩʢʦʣʴʢʦ ʘʪʨʠʙʫʪʦʚ Target VPN. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʦʜʠʥ ʤʘʨʰʨʫʪ ʩ ʥʝʩʢʦʣʴ-

ʢʠʤʠ ʘʪʨʠʙʫʪʘʤʠ, ʚ BGP ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʫʣʫʯʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʚʘʨʠʘʥʪʦʤ, ʢʦʛʜʘ ʩʦʟʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ. ɺʩʝʛʜʘ ʦʩ-

ʪʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʙʨʘʪʴ ʘʪʨʠʙʫʪ Target VPN, ʩʦʟʜʘʚ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩ-

ʪʚʦ ʤʘʨʰʨʫʪʦʚ, ʥʦ ʫʭʫʜʰʠʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ PE, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʪʨʠʙʫʪʦʚ Target VPN, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʘʩʩʦʮʠʠʨʦʚʘʪʴ 

ʩ ʜʘʥʥʳʤ ʤʘʨʰʨʫʪʦʤ. PE ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʪʘʢ, ʯʪʦʙʳ ʘʩʩʦʮʠʠ-

ʨʦʚʘʪʴ ʚʩʝ ʤʘʨʰʨʫʪʳ, ʚʝʜʫʱʠʝ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʩʘʡʪʫ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 
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ʘʪʨʠʙʫʪʦʤ Target VPN. ʀʣʠ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʯʘʩʪʴ ʤʘʨʰʨʫʪʦʚ, ʚʝʜʫʱʠʭ ʢ ʜʘʥ-

ʥʦʤʫ ʩʘʡʪʫ, ʩ ʦʜʥʠʤ Target VPN, ʘ ʜʨʫʛʫʶ ʯʘʩʪʴ ï ʩ ʦʪʣʠʯʥʳʤ Target VPN. 

ʊʘʢʞʝ ʚʦʟʤʦʞʝʥ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ CE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʦʪʧʨʘʚʣʷʷ ʤʘʨʰʨʫʪ-

ʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ, ʟʘʜʘʝʪ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʨʰʨʫʪʘ 

ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʘʪʨʠʙʫʪʦʚ Target VPN. ʇʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ ʧʝʨʝʜʘʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ VPN. ʇʨʠ ʵʪʦʤ ʞʝʣʘʪʝʣʴʥʦ 

ʦʩʪʘʚʠʪʴ ʟʘ PE ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʣʶʯʘʪʴ ʣʶʙʳʝ Target VPN, ʟʘʧʨʝʱʝʥʥʳʝ 

ʩʦʛʣʘʩʥʦ ʢʦʥʬʠʛʫʨʘʮʠʠ PE, ʘ ʪʘʢʞʝ ʜʦʙʘʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ Target VPN, 

ʷʚʣʷʶʱʠʝʩʷ ʜʣʷ ʢʘʢʦʛʦ-ʣʠʙʦ PE ʦʙʷʟʘʪʝʣʴʥʳʤʠ. 

13.3.2. ɸʪʨʠʙʫʪ VPN-ʠʩʪʦʯʥʠʢ 

ʄʘʨʰʨʫʪ VPN-IPv4 ʤʦʞʝʪ ʙʳʪʴ ʦʧʮʠʦʥʘʣʴʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʘʪʨʠ-

ʙʫʪʦʤ VPN-ʠʩʪʦʯʥʠʢʘ (VPN of Origin). ʕʪʦʪ ʘʪʨʠʙʫʪ ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠ-

ʬʠʮʠʨʫʝʪ ʛʨʫʧʧʫ ʩʘʡʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʨʰʨʫʪ, ʦʙʲʷʚʣʝʥʥʳʡ ʦʜʥʠʤ 

ʠʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʪʠʭ ʩʘʡʪʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʠ-

ʤʝʥʝʥʠʡ ʜʘʥʥʦʛʦ ʘʪʨʠʙʫʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʣʘ-

ʜʝʶʱʝʛʦ ʩʘʡʪʦʤ, ʢ ʢʦʪʦʨʦʤʫ ʚʝʜʝʪ ʤʘʨʰʨʫʪ, ʠʣʠ ʩʝʪʠ Intranet, ʢ ʢʦʪʦʨʦʡ 

ʦʥ ʧʨʠʥʘʜʣʝʞʠʪ. ʊʦʯʥʝʝ ʙʳʣʦ ʙʳ ʥʘʟʚʘʪʴ ʵʪʦʪ ʘʪʨʠʙʫʪ ʠʩʪʦʯʥʠʢʦʤ ʤʘʨʰʨʫʪʘ, 

ʪʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʤ ʛʨʫʧʧʘ ʩʘʡʪʦʚ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʩʪʘʚʣʷʝʪ VPN. 

13.3.3. ɸʪʨʠʙʫʪ ʩʘʡʪ-ʠʩʪʦʯʥʠʢ 

ʕʪʦʪ ʘʪʨʠʙʫʪ Site of Origin ʫʥʠʢʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʩʘʡʪ, 

ʦʪ ʢʦʪʦʨʦʛʦ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʧʦʣʫʯʠʣ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʥʥʦʤ ʤʘʨʰʨʫʪʝ. 

ɺʩʝ ʤʘʨʰʨʫʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʩʘʡʪʘ, ʜʦʣʞʥʳ ʙʳʪʴ ʘʩʩʦʮʠʠ-

ʨʦʚʘʥʳ ʩ ʢʦʥʢʨʝʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʵʪʦʛʦ ʘʪʨʠʙʫʪʘ, ʜʘʞʝ ʝʩʣʠ ʩʘʡʪ ʠʤʝʝʪ 

ʥʝʩʢʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʜʥʠʤ PE ʠʣʠ ʩʦʝʜʠʥʝʥ ʩ ʥʝʩʢʦʣʴʢʠʤʠ PE. ɼʣʷ 

ʨʘʟʥʳʭ ʩʘʡʪʦʚ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʥʳʝ ʘʪʨʠʙʫʪʳ Site of Origin. 
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14. ПЕРЕДАЧА МАРШРУТНОЙ ИНФОРМАЦИИ  

МЕЖДУ PE 

ɽʩʣʠ ʜʚʘ ʩʘʡʪʘ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʦʜʥʦʡ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʝ AS, ʪʦ ʠʭ 

PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʤʦʛʫʪ ʦʙʤʝʥʠʚʘʪʴʩʷ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ IBGP 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠʣʠ, ʢʦʛʜʘ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ, 

ʯʝʨʝʟ ʦʪʨʘʞʘʪʝʣʴ ʤʘʨʰʨʫʪʦʚ. ʆʪʨʘʞʘʪʝʣʠ ʤʘʨʰʨʫʪʦʚ ʧʦʟʚʦʣʷʶʪ ʩʦʦʙ-

ʱʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ IBGP ʤʘʨʰʨʫʪʳ ʜʨʫʛʠʤ ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʘʤ IBGP, ʪ. ʝ. çʦʪʨʘʞʘʪʴè ʠʭ, ʫʤʝʥʴʰʘʷ ʪʝʤ ʩʘʤʳʤ ʢʦʣʠʯʝʩʪʚʦ 

ʩʚʷʟʝʡ ʚʥʫʪʨʠ AS. 

ɽʩʣʠ ʞʝ ʩʘʡʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ AS (ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʥʠ ʧʦʜʩʦʝ-

ʜʠʥʝʥʳ ʢ ʨʘʟʥʳʤ ʧʨʦʚʘʡʜʝʨʘʤ), ʪʦ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʜʦʣʞʝʥ ʙʫʜʝʪ ʧʝʨʝ-

ʜʘʪʴ ʤʘʨʰʨʫʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ IBGP ʛʨʘʥʠʯʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ ASBR 

ʠʣʠ ʦʪʨʘʞʘʪʝʣʶ ʤʘʨʰʨʫʪʦʚ, ʢʣʠʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ASBR. ɿʘʪʝʤ 

ASBR ʜʦʣʞʝʥ ʙʫʜʝʪ ʧʦ EBGP ʧʝʨʝʜʘʪʴ ʤʘʨʰʨʫʪʳ ASBR, ʥʘʭʦʜʷʱʝʤʫʩʷ 

ʚ ʜʨʫʛʦʡ AS. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝ ʩʘʡʪʦʚ 

ʢ ʨʘʟʣʠʯʥʳʤ ʧʨʦʚʘʡʜʝʨʘʤ, ʥʦ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʟʘʢʣʶʯʝʥʦ ʜʦʚʝʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ, ʪʘʢ ʢʘʢ ʤʘʨʰʨʫʪʳ ʠʟ ʛʣʦ-

ʙʘʣʴʥʦʡ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʧʦ ʫʤʦʣʯʘʥʠʶ ʥʝ ʧʨʠʥʠʤʘʶʪʩʷ.  

ʂʦʛʜʘ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʤʘʨʰʨʫʪʳ ʧʦ BGP, ʦʥ ʠʩ-

ʧʦʣʴʟʫʝʪ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʘʜʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ BGP_Next_Hop. 

ʊʘʢʞʝ ʦʥ ʥʘʟʥʘʯʘʝʪ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʤʝʪʢʫ MPLS: ʬʘʢʪʠʯʝʩʢʠ PE 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʥʝ VPN-IPv4-ʤʘʨʰʨʫʪʳ, ʘ çʧʦʤʝʯʝʥʥʳʝè VPN-IPv4-

ʤʘʨʰʨʫʪʳ, ʥʦ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʜʦʢʫʤʝʥʪʳ IETF, ʩʧʝʮʠʬʠʮʠʨʫʶʱʠʝ 

ʧʝʨʝʥʦʩ ʤʝʪʦʢ MPLS ʧʨʦʪʦʢʦʣʦʤ BGP-4, ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʪʫʩʝ draft. ʂʦʛʜʘ 

PE ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʡ ʧʘʢʝʪ, ʠʤʝʶʱʠʡ ʪʘʢʫʶ ʤʝʪʢʫ ʥʘʚʝʨʭʫ ʩʪʝʢʘ, 

ʦʥ ʠʟʚʣʝʢʘʝʪ ʩʪʝʢ ʠ ʦʪʧʨʘʚʣʷʝʪ ʧʘʢʝʪ ʩʘʡʪʫ, ʢ ʢʦʪʦʨʦʤʫ ʚʝʜʝʪ ʤʘʨʰʨʫʪ. 

ʆʙʳʯʥʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥ ʧʦʰʣʝʪ ʧʘʢʝʪ CE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ, ʦʙʲʷʚʠʚ-

ʰʝʤʫ ʝʤʫ ʜʘʥʥʳʡ ʤʘʨʰʨʫʪ. ʄʝʪʢʘ ʪʘʢʞʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʠʥʢʘʧʩʫʣʷʮʠʶ 

ʪʨʘʬʠʢʘ ʟʚʝʥʘ ʜʘʥʥʳʭ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʝʪʢʘ, ʧʨʠʩʚʦʝʥʥʘʷ PE-ʦʪʧʨʘʚʠʪʝʣʝʤ, ʦʙʝʩʧʝ-

ʯʠʪ ʜʦʩʪʘʚʢʫ ʧʘʢʝʪʘ ʧʨʷʤʦ ʢ CE, ʠ PE-ʧʦʣʫʯʘʪʝʣʶ ʥʝ ʧʨʠʜʝʪʩʷ ʘʥʘʣʠʟʠ-

ʨʦʚʘʪʴ ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ. ʆʜʥʘʢʦ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʨʠʩʚʦʝʥʠʝ ʤʝʪʢʠ, 

ʦʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʝʡ ʢʦʥʢʨʝʪʥʫʶ ʪʘʙʣʠʮʫ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʢ ʢʦ-

ʪʦʨʦʡ PE-ʧʦʣʫʯʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʩʳʣʢʠ 

ʧʘʢʝʪʘ. ɿʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ MPLS-VPN ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʣʶʙʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʦʪʨʘʞʘʪʝʣʝʡ ʤʘʨʰʨʫ-

ʪʦʚ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʧʨʠʥʠʤʘʶʪ ʪʦʣʴʢʦ ʪʘʢʠʝ 

ʦʙʲʷʚʣʝʥʠʷ ʦ ʤʘʨʰʨʫʪʘʭ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʥʠʤ VPN, 

ʘ P-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ, ʪ. ʝ. ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ MPLS-ʷʜʨʘ, ʚʦʦʙʱʝ ʥʝ ʧʨʠʥʠ-

ʤʘʶʪ ʩʦʦʙʱʝʥʠʡ ʦ VPN-IPv4-ʤʘʨʰʨʫʪʘʭ, ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ MPLS-VPN-ʨʝʰʝʥʠʡ.  
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14.1. Пересылка данных по магистральной сети 

ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠ ʥʝ ʠʤʝʶʪ ʩʚʝʜʝʥʠʡ ʦ ʤʘʨʰʨʫ-

ʪʘʭ ʢ ʩʘʡʪʘʤ VPN, ʘ ʧʝʨʝʩʳʣʢʘ ʧʘʢʝʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭ-

ʥʦʣʦʛʠʠ MPLS ʩ ʜʚʫʭʫʨʦʚʥʝʚʳʤ ʩʪʝʢʦʤ ʤʝʪʦʢ. PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ (ʘ ʪʘʢʞʝ 

ASBR, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝ ʘʜʨʝʩʘ VPN-IPv4) ʜʦʣʞʥʳ ʜʦʙʘʚʣʷʪʴ ʩʚʦʠ ʘʜʨʝʩ-

ʥʳʝ ʧʨʝʬʠʢʩʳ ʚ ʤʘʨʰʨʫʪʥʳʝ ʪʘʙʣʠʮʳ IGP ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠ. ʕʪʦ ʧʦʟ-

ʚʦʣʷʝʪ MPLS ʥʘ ʢʘʞʜʦʤ ʫʟʣʝ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠ ʥʘʟʥʘʯʠʪʴ ʤʝʪʢʫ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʤʫ ʤʘʨʰʨʫʪʫ ʢ ʢʘʞʜʦʤʫ ʠʟ PE. 

ʇʦʣʫʯʠʚ ʧʘʢʝʪ ʦʪ ʦʜʥʦʛʦ ʠʟ CE, PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʙʨʘʱʘʝʪʩʷ ʢ ʥʝ-

ʢʦʪʦʨʦʡ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ɽʩʣʠ ʧʘʢʝʪ ʧʨʝʜʥʘʟʥʘ-

ʯʘʝʪʩʷ CE-ʫʟʣʫ, ʧʦʜʩʦʝʜʠʥʝʥʥʦʤʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ 

PE, ʦʥ ʥʝʤʝʜʣʝʥʥʦ ʦʪʩʳʣʘʝʪʩʷ ʵʪʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʦʣʝ BGP_Next_Hop, ʘ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʝʤʫ ʤʝʪʢʘ ʠ ʧʦʤʝʱʘʝʪʩʷ ʥʘʚʝʨʭ ʩʪʝʢʘ ʤʝʪʦʢ. ɿʘʪʝʤ PE ʠʱʝʪ IGP-ʤʘʨʰʨʫʪ 

ʢ BGP_Next_Hop ʠ ʤʝʪʢʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʣʝʜʫʶʱʝʡ ʧʝʨʝʩʳʣʢʝ IGP. 

ʕʪʘ ʤʝʪʢʘ ʪʘʢʞʝ ʜʦʙʘʚʣʷʝʪʩʷ ʥʘʚʝʨʭ ʩʪʝʢʘ, ʠ ʧʘʢʝʪ ʦʪʩʳʣʘʝʪʩʷ ʥʘ ʘʜʨʝʩ 

ʩʣʝʜʫʶʱʝʡ ʧʝʨʝʩʳʣʢʠ IPG (ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʘʜʨʝʩʘ ʩʣʝʜʫʶʱʝʛʦ ʫʟʣʘ ʜʣʷ 

IGP- ʠ BGP-ʤʘʨʰʨʫʪʦʚ ʩʦʚʧʘʜʘʶʪ, ʤʦʞʝʪ ʥʘʟʥʘʯʘʪʴʩʷ ʪʦʣʴʢʦ ʧʝʨʚʘʷ ʤʝʪ-

ʢʘ). ʇʦʩʣʝ ʧʝʨʝʩʳʣʢʠ ʧʦ MPLS-ʩʝʪʠ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʫʜʘʣʷʝʪ ʤʝʪʢʫ ʠ 

ʦʪʩʳʣʘʝʪ ʧʘʢʝʪ CE-ʧʦʣʫʯʘʪʝʣʶ, ʘʥʘʣʠʟʠʨʫʶʱʝʤʫ ʪʦʣʴʢʦ ʟʘʛʦʣʦʚʦʢ IP-ʧʘʢʝʪʘ. 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʩʠʣʫ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʩʪʝʢʘ 

ʤʝʪʦʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠ ʤʦʛʫʪ ʜʘʞʝ ʥʝ ʠʤʝʪʴ ʤʘʨʰʨʫ-

ʪʦʚ ʜʦ CE, ʘ ʪʦʣʴʢʦ ʜʦ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ.  
 

 

14.2. Передача маршрутной информации между CE и PE 

PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʧʦʜʩʦʝʜʠʥʝʥʥʳʡ ʢ ʢʦʥʢʨʝʪʥʦʡ VPN, ʜʦʣʞʝʥ ʟʥʘʪʴ, 

ʢʘʢ ʘʜʨʝʩʘ ʵʪʦʡ VPN ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʝʝ ʩʘʡʪʘʤ. ɽʩʣʠ CE-ʫʩʪʨʦʡʩʪʚʦ 

ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʝʡ (host) ʠʣʠ ʢʦʤʤʫʪʘʪʦʨʦʤ (switch), ʵʪʦʪ ʥʘʙʦʨ 

ʘʜʨʝʩʦʚ ʙʫʜʝʪ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴʩʷ ʥʘ ʦʙʩʣʫʞʠʚʘʶʱʝʤ ʝʛʦ PE-ʤʘʨʰʨʫʪʠʟʘ-

ʪʦʨʝ. ɽʩʣʠ ʞʝ CE-ʫʩʪʨʦʡʩʪʚʦ ï ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʦʟ-

ʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʜʘʥʥʦʛʦ ʥʘʙʦʨʘ ʘʜʨʝʩʦʚ.  

PE ʧʨʝʦʙʨʘʟʫʝʪ ʵʪʠ ʘʜʨʝʩʘ ʚ VPN-IPv4-ʘʜʨʝʩʘ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʠʪʝʣʴ 

ʤʘʨʰʨʫʪʦʚ RD. ɼʘʣʝʝ PE ʠʩʧʦʣʴʟʫʝʪ ʵʪʠ VPN-IPv4-ʘʜʨʝʩʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʭʦʜʝ BGP. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʭʥʠʢʠ ʦʙʤʝʥʘ ʤʘʨʰʨʫʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ PE ʠ CE ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ CE ʢ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ çʪʨʘʥʟʠʪʥʦʡ VPNè ʠʣʠ ʥʝʪ. ʊʨʘʥʟʠʪʥʘʷ VPN ï ʵʪʦ VPN, ʩʦ-

ʜʝʨʞʘʱʘʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʧʨʠʥʠʤʘʶʱʠʡ ʤʘʨʰʨʫʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʤʘʨ-

ʰʨʫʪʠʟʘʪʦʨʦʚ (ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʜʘʥʥʦʡ VPN, ʥʦ ʪʘʢʞʝ ʥʝ ʷʚʣʷʶʱʠʭʩʷ 

PE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ) ʠ ʧʝʨʝʜʘʶʱʠʡ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ PE-ʤʘʨʰʨʫʪʠʟʘ-
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ʪʦʨʫ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ VPN ʷʚʣʷʝʪʩʷ ʪʫʧʠʢʦʚʦʡ VPN (stub VPN), ʥʘʟʳ-

ʚʘʝʤʦʡ ʠʥʦʛʜʘ ʰʣʝʡʬʥʦʡ VPN. ɹʦʣʴʰʘʷ ʯʘʩʪʴ VPN, ʚʢʣʶʯʘʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʦʧʘʜʘʝʪ ʚ ʨʘʟʨʷʜ stub VPN.  

ɸ ʪʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʧʦʩʦʙʳ ʦʙʤʝʥʘ ʤʘʨʰʨʫʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ. ʉʪʘʪʠʯʝʩʢʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ, ʪ. ʝ. ʥʘʟʥʘʯʘʝʤʘʷ ʘʜʤʠʥʠʩʪʨʘ-

ʪʦʨʦʤ ʩʝʪʠ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ stub VPN.  

ʄʘʨʰʨʫʪʠʟʘʪʦʨʳ PE ʠ CE ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʨʘʥʛʦʚʳʤʠ ʫʟʣʘʤʠ ʧʨʦʪʦ-

ʢʦʣʘ RIP. ʊʦʛʜʘ CE ʩʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ PE-ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʩʪʫʧʥʳʭ 

ʘʜʨʝʩʥʳʭ ʧʨʝʬʠʢʩʘʭ, ʠʩʧʦʣʴʟʫʷ RIP.  

ʊʦʯʥʦ ʪʘʢ ʞʝ PE- ʠ CE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʨʘʥʛʦʚʳʤʠ 

ʫʟʣʘʤʠ ʧʨʦʪʦʢʦʣʘ OSPF. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʘʡʪ ʷʚʣʷʣʩʷ 

ʦʪʜʝʣʴʥʦʡ ʟʦʥʦʡ OSPF, CE ʙʳʣ ABR ʚ ʵʪʦʡ ʟʦʥʝ, ʘ PE ï ABR ʚ ʜʨʫʛʦʡ 

ʟʦʥʝ. ʕʪʦʪ ʩʧʦʩʦʙ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ stub VPN. 

PE- ʠ CE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʨʘʥʛʦʚʳʤʠ ʫʟʣʘʤʠ ʧʨʦ-

ʪʦʢʦʣʘ BGP, ʠ CE ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ BGP (ʚ ʯʘʩʪʥʦʩʪʠ, EBGP), ʯʪʦʙʳ 

ʦʙʲʷʚʣʷʪʴ PE ʦ ʜʦʩʪʫʧʥʳʭ ʘʜʨʝʩʥʳʭ ʧʨʝʬʠʢʩʘʭ. ɼʘʥʥʘʷ ʪʝʭʥʠʢʘ ʧʨʠʛʦʜʥʘ 

ʢʘʢ ʜʣʷ ʪʨʘʥʟʠʪʥʳʭ, ʪʘʢ ʠ ʜʣʷ stub VPN ʠ ʩ ʯʠʩʪʦ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʚ ʦʪʣʠʯʠʝ ʦʪ IGP-ʪʝʭʥʠʢʠ, 

ʦʥʘ ʥʝ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʚ PE ʤʦʜʫʣʝʡ ʧʦʜʜʝʨʞʢʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʢʦʣʦʚ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʣʷ ʦʙʱʝʥʠʷ ʩ ʨʘʟʥʳʤʠ CE. ʕʪʦ ʠ ʧʦʥʷʪʥʦ, ʪʘʢ ʢʘʢ BGP 

ʠʟʥʘʯʘʣʴʥʦ ʩʦʟʜʘʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʤʝʥʘ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʦ ʘʜʤʠʥʠʩʪʨʠʨʫʝʤʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ BGP 

ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ CE ʣʝʛʢʦ ʧʝʨʝʜʘʚʘʪʴ PE ʘʪʨʠʙʫʪʳ ʤʘʨʰʨʫʪʦʚ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʙʦʪʘ ʩ ʧʨʦʪʦʢʦʣʦʤ BGP ʤʦʞʝʪ ʥʝ ʧʦʜʜʝʨʞʠ-

ʚʘʪʴʩʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ CE, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ, ʢʦʥʝʯʥʦ, ʩʣʫʯʘʝʚ, ʢʦʛʜʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʫʩʣʫʛ VPN ʩʘʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʦʤ.  

ɽʩʣʠ ʩʘʡʪ ʥʘʭʦʜʠʪʩʷ ʥʝ ʚ ʪʨʘʥʟʠʪʥʦʡ VPN, ʪʦ ʦʥ ʤʦʞʝʪ ʥʝ ʠʤʝʪʴ 

ʫʥʠʢʘʣʴʥʦʛʦ ʥʦʤʝʨʘ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ASN, ʠ ʵʪʦʪ ʥʦʤʝʨ ʤʦʞʝʪ ʚʳ-

ʙʠʨʘʪʴʩʷ ʠʟ ʯʘʩʪʥʦʛʦ ʧʣʘʥʘ ʥʫʤʝʨʘʮʠʠ ASN. ʇʝʪʣʠ ʤʘʨʰʨʫʪʦʚ ʧʨʠ ʵʪʦʤ 

ʧʨʝʜʦʪʚʨʘʱʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʪʨʠʙʫʪʘ Site of Origin, ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ. 

ɽʩʣʠ ʛʨʫʧʧʘ ʩʘʡʪʦʚ ʦʙʨʘʟʫʝʪ ʪʨʘʥʟʠʪʥʫʶ VPN, ʪʦ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʝʝ 

ʢʘʢ BGP-ʢʦʥʬʝʜʝʨʘʮʠʶ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ VPN ʙʳʣʘ 

ʩʢʨʳʪʘ ʦʪ ʣʶʙʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʥʝ ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ VPN. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʩʘʡʪ ʚ VPN ʜʦʣʞʝʥ ʙʫʜʝʪ ʠʤʝʪʴ ʜʚʘ BGP-ʩʦʝʜʠʥʝʥʠʷ 

ʢ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠ, ʦʜʥʦ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ, ʘ ʚʪʦʨʦʝ ï ʚʥʝʰʥʠʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ BGP-ʢʦʥʬʝʜʝʨʘʮʠʠ. ɺ ʩʪʘʥʜʘʨʪʥʳʝ ʚʥʫʪʨʠʢʦʥʬʝʜʝʨʘʮʠʦʥ-

ʥʳʝ ʧʨʦʮʝʜʫʨʳ ʩʣʝʜʫʝʪ ʚʥʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʯʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʩʝʪʠ ʠ ʚ ʩʘʡʪʘʭ ʨʘʟʣʠʯʥʳʭ 

ʩʝʪʝʚʳʭ ʧʦʣʠʪʠʢ.  

ʇʨʝʞʜʝ ʯʝʤ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ VPN-IPv4-ʤʘʨʰʨʫʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʩʘʡʪʘ, 

PE ʜʦʣʞʝʥ ʧʨʠʩʚʦʠʪʴ ʤʘʨʰʨʫʪʘʤ ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʪʨʠʙʫʪʳ Site of Origin, 

VPN of Origin ʠ Target VPN. 
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ʊʝʧʝʨʴ ʦʙʩʫʜʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ PE 

ʢ CE. ʈʘʟʫʤʝʝʪʩʷ, CE-ʫʩʪʨʦʡʩʪʚʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʦ ʙʳʪʴ ʤʘʨʰʨʫʪʠ-

ʟʘʪʦʨʦʤ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ PE ʤʦʞʝʪ ʦʙʲʷʚʣʷʪʴ ʉɽ ʣʶʙʦʡ ʤʘʨʰʨʫʪ, ʥʘʭʦ-

ʜʷʱʠʡʩʷ ʚ ʝʛʦ ʪʘʙʣʠʮʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʩʘʡʪʦʤ, ʩʦʜʝʨ-

ʞʘʱʠʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ CE. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦ ʦʛʨʘʥʠʯʝʥʠʝ: 

ʤʘʨʰʨʫʪ, ʠʤʝʶʱʠʡ ʘʪʨʠʙʫʪ Site of Origin, ʥʠʢʦʛʜʘ ʥʝ ʜʦʣʞʝʥ ʦʙʲʷʚʣʷʪʴʩʷ 

CE-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ, ʧʨʠʥʘʜʣʝʞʘʱʠʤ ʩʘʡʪʫ, ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʤʫ ʵʪʠʤ 

ʘʪʨʠʙʫʪʦʤ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ PE ʢ CE ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝ ʞʝ ʧʨʦʮʝʜʫʨʳ, ʯʪʦ ʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʦʪ CE ʢ PE. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʫʜʝʪ, ʦʜʥʘʢʦ, ʫʜʦʙʥʦ ʥʘʟʥʘʯʠʪʴ PE ʤʘʨʰʨʫʪ 

ʧʦ ʫʤʦʣʯʘʥʠʶ ʢ CE, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʪʘʢʞʝ ʠ ʦʪ CE ʢ PE. 
 

 

14.3. Поддержка СЕ-маршрутизатором MPLS 

ɽʩʣʠ CE ʧʦʜʜʝʨʞʠʚʘʝʪ MPLS ʠ ʭʦʯʝʪ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʩʝʙʝ ʚʩʝ ʤʘʨ-

ʰʨʫʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʝʛʦ VPN, PE ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʝʤʫ ʤʝʪʢʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʤʘʨʰʨʫʪʦʚ. ʂʦʛʜʘ PE ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ ʦʪ CE ʧʘʢʝʪʳ 

ʩ ʧʦʜʦʙʥʳʤʠ ʤʝʪʢʘʤʠ, ʦʥ ʜʦʣʞʝʥ ʟʘʤʝʥʷʪʴ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʝʪʢʘ-

ʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ BGP, ʠ ʜʦʙʘʚʣʷʪʴ ʥʘʚʝʨʭ ʩʪʝʢʘ ʤʝʪʢʫ ʜʣʷ ʩʣʝʜʫʶʱʝʡ 

ʧʝʨʝʩʳʣʢʠ BGP (BGP Next Hop).   
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15. ИНЖИНИРИНГ ТРАФИКА  

В ТРАНСПОРТНЫХ СЕТЯХ. MPLS-TE 

ɿʘʜʘʯʘ ʤʘʧʧʠʥʛʘ (ʘʥʛʣ. Mapping ï ʥʘʣʦʞʝʥʠʝ, ʧʨʦʝʮʠʨʦʚʘʥʠʝ) ʧʦʪʦʢʦʚ 

ʪʨʘʬʠʢʘ ʜʘʥʥʳʭ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʝʪʝʚʳʝ ʪʦʧʦʣʦʛʠʠ ʥʘʟʳʚʘʝʪʩʷ ʠʥʞʠ-

ʥʠʨʠʥʛʦʤ ʪʨʘʬʠʢʘ (TE). TE-ʤʝʭʘʥʠʟʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʧʝ-

ʨʝʥʦʩʫ ʧʦʪʦʢʦʚ ʪʨʘʬʠʢʘ ʩ ʤʘʨʰʨʫʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ IGP-ʧʨʦʪʦʢʦʣʘʤʠ ʥʘ 

ʤʘʨʰʨʫʪʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʷʚ-

ʣʷʶʪʩʷ ʤʝʥʝʝ ʟʘʛʨʫʞʝʥʥʳʤʠ.  

ʀʥʞʠʥʠʨʠʥʛ ʪʨʘʬʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʪʨʘʬʠʢʘ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʬʠʢʦʤ ʩ ʪʝʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʥʫʞʥʦʝ ʢʘʯʝʩʪʚʦ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʫʪʝʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ ʟʘ ʩʯʝʪ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʠʭ ʟʘʛʨʫʟʢʠ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʝ-

ʯʠʩʣʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʨʘʬʠʢʘ, ʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʠʝʤ ʪʨʘʬʠʢʘ, ʦʧʪʠʤʠʟʘʮʠʝʡ ʪʨʘʬʠʢʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʪʨʘʬʠʢʘ, 

ʫʧʨʘʚʣʝʥʠʝʤ ʪʨʘʬʠʢʦʤ. ɹʦʣʝʝ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʟʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʝ ʨʘʟʥʦ-

ʪʠʧʥʳʤ ʪʨʘʬʠʢʦʤ, ʪʘʢ ʢʘʢ ʦʥʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʩʚʷʟʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʜʝʩʴ 

ʤʝʭʘʥʠʟʤʦʚ ʩ ʟʘʜʘʯʝʡ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʥʦʝ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (QoS) 

ʪʨʘʬʠʢʘ ʨʘʟʥʳʭ ʪʠʧʦʚ, ʥʦ ʚ ʜʘʥʥʦʤ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʫ  ʁʧʨʷʤʫ  ʁʢʘʣʴʢʫ ʩ ʘʥʛʣʠʡʩʢʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ï 

Traffic Engineering (TE). 

ʍʦʪʷ ʤʝʪʦʜʳ ʊɽ ʧʦʷʚʠʣʠʩʴ ʨʘʥʴʰʝ ʪʝʭʥʦʣʦʛʠʠ MPLS, ʠʤʝʥʥʦ ʵʪʘ 

ʪʝʭʥʦʣʦʛʠʷ ʦʯʝʥʴ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ, ʤʦʞʝʪ ʧʨʝ-

ʜʦʩʪʘʚʠʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʬʫʥʢʮʠʡ ʊɽ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ (ʚ ʩʨʘʚʥʝ-

ʥʠʠ ʩ ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʨʝʰʝʥʠʷʤʠ) ʮʝʥʝ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʯʪʦ ʚ MPLS 

ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ. ɼʣʷ ʚʩʝʛʦ ʵʪʦʛʦ 

ʥʫʞʥʦ ʪʦʣʴʢʦ ʦʜʥʦ ï ʧʨʦʪʦʢʦʣʳ ʩʠʛʥʘʣʠʟʘʮʠʠ MPLS ʜʦʣʞʥʳ ʫʤʝʪʴ ʧʝ-

ʨʝʥʦʩʠʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚ-

ʣʝʥʠʷ ʪʨʘʬʠʢʦʤ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʨʠʢʣʘʜʥʦʤ ʫʨʦʚʥʝ, ʘ ʪʘʢʞʝ çʧʨʦʢʣʘ-

ʜʳʚʘʪʴè ʪʨʘʢʪʳ LSP ʧʦ ʷʚʥʦ ʟʘʜʘʥʥʳʤ ʤʘʨʰʨʫʪʘʤ. ʇʨʠ ʵʪʦʤ ʚ MPLS ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʯʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʠʙʢʦʩʪʠ, ʪʘʢ ʢʘʢ ʤʘʨʰʨʫʪ ʤʦʞʥʦ 

ʟʘʜʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʪʨʦʛʦ, ʥʦ ʠ ʥʝ ʩʪʨʦʛʦ, ʪ. ʝ. ʛʨʫʧʧʘ ʫʟʣʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʜʘʥʘ ʢʘʢ çʘʙʩʪʨʘʢʪʥʳʡ ʫʟʝʣè, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʠʟʚʝʩʪʥʘʷ 

ʩʚʦʙʦʜʘ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘ. 

ʀʥʞʠʥʠʨʠʥʛ ʪʨʘʬʠʢʘ ʚ MPLS ʦʩʥʦʚʘʥ ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʥʘʙʦʨʘʤʠ ʘʪʨʠ-

ʙʫʪʦʚ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʩʦʟʜʘ-

ʚʘʝʤʳʭ ʚ MPLS-ʩʝʪʠ LSP ʠ LSP-ʪʫʥʥʝʣʝʡ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʜʩʠʩʪʝʤʳ ʊɽ ʷʚʣʷʶʪʩʷ: 

¶ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʩʝʪʠ 

ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴ ʧʦʣʠʪʠʢʦʡ TE;  
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¶ IGP-ʢʦʤʧʦʥʝʥʪ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ 

ʠ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ;  

¶ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʦʛʨʘʥʠʯʝʥʠʡ ï ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦ-

ʜʠʪ ʨʘʩʯʝʪ ʤʘʨʰʨʫʪʘ ʚ ʩʝʪʠ MPLS ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ 

ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʠ IGP-ʢʦʤʧʦʥʝʥʪʘ; 

¶ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʠʟʘʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ LSP (ʠʣʠ LSP-

ʪʫʥʥʝʣʷ), ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ LSP (LSP-ʪʫʥʥʝʣʝʤ) ʠ ʜʣʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʩʝʪʝ-

ʚʳʭ ʨʝʩʫʨʩʦʚ;  

¶ ʢʦʤʧʦʥʝʥʪ ʧʝʨʝʩʳʣʢʠ ʜʘʥʥʳʭ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʝʪ ʩʘʤʘ 

ʩʝʪʴ MPLS. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ TE ï ʵʪʦ ʤʝʭʘʥʠʟʤ ʦʧʪʠʤʠʟʘʮʠʠ ʩʝʪʠ, ʠ ʧʦʪʦʤʫ ʩʝʪʝ-

ʚʳʝ ʫʟʣʳ ʥʘʨʷʜʫ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʤʘʨʰʨʫʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʛʨʘʥʠʯʝʥʠʡ ʜʦʣʞ-

ʥʳ ʫʤʝʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʘʨʰʨʫʪʳ ʩʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ SPF. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʪʠ MPLS ʨʘʩʰʠʨʝʥʥʳʝ ʤʘʨʰʨʫʪʥʳʝ IGP-

ʧʨʦʪʦʢʦʣʳ, ʪʘʢʠʝ ʢʘʢ OSPF-TE ʠ IS-IS-TE, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪ ʚ ʩʝʪʠ ʩʣʝ-

ʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʠ ʩʦʩʪʦʷʥʠʠ ʨʝʩʫʨʩʦʚ: 

¶ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʟʚʝʥʘ; 

¶ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʜʦʩʪʫʧʥʘʷ ʜʣʷ ʨʝʟʝʨʚʠʨʦ-

ʚʘʥʠʷ ʟʚʝʥʘ; 

¶ ʨʝʟʝʨʚʠʨʦʚʘʥʥʘʷ ʜʣʷ ʟʚʝʥʘ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ; 

¶ ʪʝʢʫʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ; 

¶ çʮʚʝʪè ʨʝʩʫʨʩʘ. 

ʇʦʩʢʦʣʴʢʫ ʩʦʩʪʦʷʥʠʝ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ ʠʟʤʝʥʷʝʪʩʷ ʥʘʤʥʦʛʦ ʯʘʱʝ, ʯʝʤ 

ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ, ʵʪʠ ʨʘʩʰʠʨʝʥʥʳʝ ʚʝʨʩʠʠ ʧʨʦʪʦʢʦʣʦʚ OSPF ʠ IS-IS ʩʦʟʜʘʶʪ 

ʚ ʩʝʪʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʩʣʫʞʝʙʥʳʡ ʪʨʘʬʠʢ, ʥʝʞʝʣʠ ʙʘʟʦʚʳʝ ʧʨʦʪʦʢʦʣʳ, 

ʦʜʥʘʢʦ ʵʪʦ ʦʧʨʘʚʜʘʥʥʳʝ ʟʘʪʨʘʪʳ.  

ʇʨʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷʭ (CSPF-ʤʘʨʰʨʫʪʠ-

ʟʘʮʠ)̫, ʤʦʜʫʣʴ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚʳʯʠʩʣʷʝʪ ʤʘʨʰʨʫʪ ʚ ʩʝʪʠ, ʠʩʧʦʣʴʟʫʷ ʠʥ-

ʬʦʨʤʘʮʠʶ, ʭʨʘʥʷʱʫʶʩʷ ʚ TED. ʈʘʩʯʝʪ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʪʠʯʝʩʢʠʤ ʠʣʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ.  

ʊʘʢʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʡ ʠʣʠ 

ʧʝʨʝʛʨʫʟʦʢ ʥʘ ʤʘʨʰʨʫʪʝ, ʠ ʚʤʝʩʪʦ ʤʘʨʰʨʫʪʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ, ʥʘʧʨʠʤʝʨ, 

IGP-ʧʨʦʪʦʢʦʣʦʤ, ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʥ ʦʙʭʦʜʥʳʡ TE-LSP.  

ʉʪʨʘʪʝʛʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥ ʥʘ online- ʠ offline-ʤʘʨ-

ʰʨʫʪʠʟʘʮʠʶ. ʇʨʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ online-ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚʩʝ ʤʘʨʰʨʫʪʳ 

TE-LSP (ʠʣʠ ʊɽ-ʪʫʥʥʝʣʝʡ) ʚʳʯʠʩʣʷʶʪʩʷ ʤʝʞʜʫ ʛʨʘʥʠʯʥʳʤʠ ʫʟʣʘʤʠ MPLS- 

ʜʦʤʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ, ʧʨʠʯʝʤ ʚʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʷʶʪ 

ʩʘʤʠ ʫʟʣʳ.  

ʉʪʨʘʪʝʛʠʯʝʩʢʘʷ offline-ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ online-ʤʘʨʰʨʫ-

ʪʠʟʘʮʠʠ ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʩʝʭ ʤʘʨʰʨʫʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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ʦʪʜʝʣʴʥʳʡ ʩʝʨʚʝʨ, ʠʤʝʶʱʠʡ ʦʙʱʝʝ ʚʠʜʝʥʠʝ ʩʝʪʠ ʠ ʝʝ ʨʝʩʫʨʩʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ offline-ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢ ʢʘʢ ʚ ʩʝʪʠ ʥʝ ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʟʘʧʨʦʩʦʚ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʘ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʤʘʨʰʨʫʪʘ 

ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʠ ʦʩʪʘʣʴʥʳʝ TE-LSP (ʊɽ-ʪʫʥʥʝʣʠ).  

ʅʦ online-ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʙʳʩʪʨʝʝ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ, ʧʨʦʠʩ-

ʭʦʜʷʱʠʤ ʚ ʩʝʪʠ, ʧʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʵʪʠ ʜʚʘ ʧʦʜʭʦʜʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʦʚʤʝʩʪʥʦ: TE-LSP ʨʘʩʩʯʠʪʳʚʘʝʪ offline-ʩʝʨʚʝʨ, ʘ online-ʤʘʨʰʨʫʪʠʟʘʮʠʷ 

ʟʘʧʫʩʢʘʝʪʩʷ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ TE-LSP ʧʝʨʝʩʪʘʶʪ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʥʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʠʣʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪ-

ʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩʳ offline- ʠ online-

ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʤʦʛʫʪ ʟʘʧʫʩʢʘʪʴʩʷ ʩ ʨʘʟʥʳʤ ʧʝʨʠʦʜʦʤ, ʧʨʠʯʝʤ ʧʝʨʚʳʡ 

ʠʟ ʥʠʭ, ʠʤʝʶʱʠʡ ʙʦʣʴʰʠʡ ʧʝʨʠʦʜ, ʚʳʯʠʩʣʷʝʪ ʤʘʨʰʨʫʪʳ, ʘ ʚʪʦʨʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪ ʠʭ ʢʦʨʨʝʢʮʠʶ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʨʰʨʫʪʳ ʜʣʷ TE-LSP ʧʦʟʚʦʣʷʶʪ ʦʨʛʘ-

ʥʠʟʦʚʘʪʴ ʚ MPLS-ʩʝʪʠ ʩʘʤʠ ʵʪʠ ʪʨʘʢʪʳ. ʄʦʜʫʣʴ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʝʨʝʜʘʝʪ 

ʚ ʩʠʛʥʘʣʴʥʳʡ ʤʦʜʫʣʴ ʜʘʥʥʳʝ ʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʙʩʪʨʘʢʪʥʳʭ ʫʟʣʦʚ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʘʞʜʦʛʦ TE-LSP ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʧʨʦʪʦʢʦʣʴʥʳʤʠ ʩʦʦʙʱʝ-

ʥʠʷʤʠ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʚʜʦʣʴ ʤʘʨʰʨʫʪʘ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʢʠ ʠ ʨʝ-

ʟʝʨʚʠʨʫʶʪʩʷ ʩʝʪʝʚʳʝ ʨʝʩʫʨʩʳ. ʄʦʛʫʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ 

ʩʦʟʜʘʚʘʝʤʳʭ LSP, ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚʳʪʝʩʥʝʥʠʝ ʥʠʟʢʦʧʨʠʦʨʠʪʝʪʥʦʛʦ ʪʨʘʬʠʢʘ 

ʠ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʩʠʪʫʘʮʠʠ ʩʦʧʝʨʥʠʯʝʩʪʚʘ ʟʘ ʨʝʩʫʨʩʳ.  

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʩʝ TE-LSP ʩʦʟʜʘʥʳ, ʧʦʜʩʠʩʪʝʤʘ TE ʧʨʦʜʦʣʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʭ ʧʦʜʜʝʨʞʠʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʚʦʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ. ɿʜʝʩʴ ʥʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʦ ʪʘʢʦʡ ʬʫʥʢʮʠʠ, ʢʘʢ ʙʳʩʪʨʘʷ ʨʝʤʘʨ-

ʰʨʫʪʠʟʘʮʠʷ FRR (Fast ReRoute). ʇʦʩʢʦʣʴʢʫ ʩ ʧʦʷʚʣʝʥʠʝʤ ʤʦʱʥʳʭ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʚʦʟʤʦʞʥʦʩʪʠ MPLS, ʫʧʨʦʱʘʶʱʠʝ ʧʨʦ-

ʮʝʩʩ ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʧʦʩʪʝʧʝʥʥʦ ʦʪʭʦʜʷʪ ʚ ʪʝʥʴ, ʦʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩ-

ʪʚʘʤʠ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʦʚʷʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʭʦʞ-

ʜʝʥʠʝʤ ʪʨʘʬʠʢʘ (ʩʦʙʩʪʚʝʥʥʦ, ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ TE) ʠ, ʚʦ-ʚʪʦʨʳʭ, ʠʤʝʥʥʦ FRR.  

ɺʘʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʨʝʤʘʨʰʨʫʪʠʟʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʜʣʷ ʦʧʝʨʘ-

ʪʦʨʘ ʚʝʩʴʤʘ ʦʧʘʩʥʳ ʧʦʪʝʨʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʟʚʝʥʘ. ʈʘʟʫʤʝʝʪʩʷ, ʦ ʪʘʢʦʡ 

ʩʠʪʫʘʮʠʠ ʙʫʜʝʪ ʠʥʬʦʨʤʠʨʦʚʘʥ ʦʢʦʥʝʯʥʳʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʦʥ ʧʨʝʜʧʨʠʤʝʪ 

ʧʦʧʳʪʢʫ ʩʦʟʜʘʪʴ ʥʦʚʳʡ LSP (LSP-ʪʫʥʥʝʣʴ) ʚ ʦʙʭʦʜ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʩʝʪʠ, ʥʦ ʠʟ-ʟʘ ʟʘʜʝʨʞʝʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʴʥʳʭ ʩʦʦʙʱʝ-

ʥʠʡ ʢ ʦʢʦʥʝʯʥʦʤʫ ʫʟʣʫ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʥʦʚʦʛʦ ʤʘʨʰʨʫʪʘ ʤʦʛʫʪ 

ʧʨʦʠʟʦʡʪʠ ʦʱʫʪʠʤʳʝ ʧʦʪʝʨʠ ʜʘʥʥʳʭ ʚ ʥʝʠʩʧʨʘʚʥʦʤ ʟʚʝʥʝ. FRR ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʪ ʵʪʠʭ ʧʦʪʝʨʴ, ʨʝʤʘʨʰʨʫʪʠʟʠʨʫʷ ʪʨʘʬʠʢ, ʧʨʦʭʦʜʷʱʠʡ ʧʦ 

LSP, ʚ ʦʙʭʦʜ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʟʚʝʥʘ. ʇʨʠ ʵʪʦʤ ʨʝʰʝʥʠʝ ʦ ʨʝʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʧʨʠʥʠʤʘʝʪʩʷ ʫʟʣʦʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʝʜʠʥʝʥʥʳʤ ʩ ʥʝʠʩʧʨʘʚʥʳʤ ʟʚʝʥʦʤ. 

ʊʘʢʘʷ ʣʦʢʘʣʴʥʘʷ ʨʝʤʘʨʰʨʫʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʜʘʣʴʥʝʡʰʫʶ 

ʧʦʪʝʨʶ ʧʘʢʝʪʦʚ ʠ ʚʳʠʛʨʘʪʴ ʚʨʝʤʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʦʢʦʥʝʯ-

ʥʳʡ ʫʟʝʣ ʠ ʩʦʟʜʘʪʴ ʥʦʚʳʡ LSP.   
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16. СРАВНЕНИЕ ПРОТОКОЛОВ CR-LDP И RSVP-TE 

16.1. Сравнение функциональных возможностей 

ʉʣʝʜʫʝʪ ʩʨʘʟʫ ʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʪʦʢʦʣʘ ʦʪʚʝ-

ʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʢʫʤʝʥʪʘ RFC 2702 ʢ ʩʠʛʥʘʣʠʟʘʮʠʠ MPLS. ʆʜʥʘʢʦ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ CR-LDP ʠ RSVP-TE ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʤʝʭʘʥʠʟʤʳ, ʭʦʪʷ ʠ ʩʭʦʞʝʛʦ ʚ ʨʝʘʣʠʟʘʮʠʠ ʨʷʜʘ ʬʫʥʢʮʠʡ ʦʯʝʥʴ ʤʥʦʛʦ. ɺ ʵʪʦʤ 

ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʚʘʨʠ-

ʘʥʪʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʚʦʝʥʠʷ ʠ ʧʝʨʝʥʦʩʘ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʬʠʢʘ ʠ QoS 

ʚ RSVP-TE ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʜʘʯʠ ʚ ʩʦʦʙʱʝʥʠʷʭ ʥʝʧʨʦʟʨʘʯʥʳʭ 

ʜʘʥʥʳʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ. CR-LDP 

ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʨʘʚʠʣʘ ʜʣʷ ʧʦʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ (edge rules) ʠ ʨʝʢʦʤʝʥ-

ʜʘʮʠʠ ʜʣʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʝʨʝʩʳʣʦʢ (per hop behaviors), ʙʘʟʠʨʫʶʱʠʝʩʷ 

ʥʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʥʘ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʟʚʝʥʘ ʠ ʥʘ ʚʝʩʘʭ, 

ʧʨʠʩʚʦʝʥʥʳʭ ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ.  

ʆ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʨʦʪʦʢʦʣ RSVP-TE ʠʟʚʝʱʘʝʪ ʩʦʦʙʱʝʥʠʝʤ ʦʙ ʦʰʠʙʢʝ, 

ʥʦ ʤʦʤʝʥʪ ʝʛʦ ʦʪʧʨʘʚʢʠ ʟʘʚʠʩʠʪ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʘʡʤʝʨʦʚ ʜʣʷ 

ʦʙʥʦʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ. CR-LDP ʞʝ ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʚʝʱʝʥʠʷ ʦ ʥʝʠʩʧʨʘʚ-

ʥʦʩʪʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʪʦʢʦʣʘ TCP.  

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʨʦʪʦʢʦʣ RSVP-TE ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʨʝʤʘʨʰʨʫʪʠʟʘʮʠʝʡ ʪʫʥʥʝʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ çmake-before-

brakeè, ʢʦʛʜʘ ʩʥʘʯʘʣʘ ʩʦʟʜʘʝʪʩʷ ʥʦʚʳʡ LSP, ʟʘʪʝʤ ʚ ʥʝʛʦ ʧʝʨʝʚʦʜʠʪʩʷ ʪʨʘ-

ʬʠʢ, ʠ ʣʠʰʴ ʧʦʩʣʝ ʵʪʦʛʦ ʨʘʟʨʫʰʘʝʪʩʷ ʥʝʠʩʧʨʘʚʥʳʡ ʪʨʘʢʪ. CR-LDP ʧʦʟʚʦʣʷʝʪ 

ʟʘʜʘʪʴ ʧʦʣʠʪʠʢʫ ʦʙʨʘʙʦʪʢʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʢʘʞʜʦʤ ʠʟ ʫʟʣʦʚ, ʯʝʨʝʟ ʢʦʪʦ-

ʨʳʝ ʧʨʦʭʦʜʠʪ LSP.  

ʆʙʥʘʨʫʞʝʥʠʝ ʟʘʢʦʣʴʮʦʚʘʥʥʳʭ ʤʘʨʰʨʫʪʦʚ ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʜʣʷ ʥʝ ʩʪʨʦʛʦ 

ʟʘʜʘʥʥʳʭ ʤʘʨʰʨʫʪʦʚ ʠ ʚ RSVP-TE ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʙʲʝʢʪʘ RRO. 

ʇʨʦʪʦʢʦʣ CR-LDP ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʵʪʦʛʦ ʪʨʘʜʠʮʠʦʥʥʳʡ ʜʣʷ LDP ʦʙʲʝʢʪ 

Path_Vector_TLV. ʆʙʘ ʵʪʠʭ ʦʙʲʝʢʪʘ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʪʦʛʦ, ʢʘʢʦʡ ʤʘʨʰʨʫʪ ʠʩʧʦʣʴʟʫʝʪ LSP.  

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʢʪʘʤʠ ʚ ʦʙʦʠʭ ʧʨʦʪʦʢʦʣʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʷ ʢʘʞʜʦʛʦ LSP ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ LSP ID. ʇʨʠ ʵʪʦʤ RSVP-TE ʤʦʞʝʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʪʫʥʥʝʣʴ (Tunnel ID), ʧʦʟʚʦʣʷʷ ʧʝʨʝʚʝʩʪʠ ʝʛʦ ʠʟ ʦʜʥʦʛʦ 

LSP ʚ ʜʨʫʛʦʡ.  

ʆʙʘ ʧʨʦʪʦʢʦʣʘ ʧʦʜʜʝʨʞʠʚʘʶʪ ʬʫʥʢʮʠʶ ʚʳʪʝʩʥʝʥʠʷ ʚʳʩʦʢʦʧʨʠʦʨʠ-

ʪʝʪʥʳʤ ʪʨʘʬʠʢʦʤ ʥʠʟʢʦʧʨʠʦʨʠʪʝʪʥʦʛʦ. ɺ ʦʙʦʠʭ ʧʨʦʪʦʢʦʣʘʭ ʵʪʦ ʜʦʩʪʠʛʘʝʪ-

ʩʷ ʧʨʠʩʚʦʝʥʠʝʤ ʧʨʠʦʨʠʪʝʪʦʚ ʫʜʝʨʞʘʥʠʷ ʠ ʟʘʭʚʘʪʘ ʨʝʩʫʨʩʘ.  

ʈʘʟʫʤʝʝʪʩʷ, ʦʙʘ ʧʨʦʪʦʢʦʣʘ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʜʣʷ ʪʨʘʢʪʘ ʷʚʥʦ ʟʘʜʘʥ-

ʥʳʡ ʤʘʨʰʨʫʪ, ʧʨʠʯʝʤ ʦʙʘ ʦʥʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʘʙʩʪʨʘʢʪʥʳʤʠ ʫʟʣʘʤʠ ʠ 

ʩʦ ʩʪʨʦʛʦ ʠ ʥʝ ʩʪʨʦʛʦ ʟʘʜʘʥʥʳʤʠ ʤʘʨʰʨʫʪʘʤʠ.  
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16.2. Сравнение технических характеристик 

ʂʣʶʯʝʚʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʤʝʞʜʫ ʧʨʦʪʦʢʦʣʘʤʠ CR-LDP ʠ RSVP ʷʚʣʷʶʪ-

ʩʷ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʤ ʠ ʜʨʫʛʠʤ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʪʦʢʦʣʳ ʠ ʪʦ, ʚ ʢʘʢʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ï ʧʨʷʤʦʤ ʠʣʠ ʦʙʨʘʪʥʦʤ ï ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ 

ʨʝʩʫʨʩʦʚ. ʀʟ ʨʘʟʣʠʯʠʷ ʧʦ ʵʪʠʤ ʜʚʫʤ ʧʨʠʟʥʘʢʘʤ ʚʳʪʝʢʘʶʪ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʨʘʟʣʠʯʠʷ ʵʪʠʭ ʧʨʦʪʦʢʦʣʦʚ. ɺ ʯʝʤ ʩʭʦʜʥʳ ʠ ʯʝʤ ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʦʪʦʢʦʣʳ 

CR-LDP ʠ RSVP ʩ ʧʦʜʜʝʨʞʢʦʡ LSP-ʪʫʥʥʝʣʝʡ, ʧʦʢʘʟʳʚʘʝʪ ʪʘʙʣ. 16.1.  

ʊʘʙʣʠʮʘ 16.1  

ʉʨʘʚʥʝʥʠʝ ʧʨʦʪʦʢʦʣʦʚ CR-LDP ʠ RSVP-ʊɽ 

ʇʘʨʘʤʝʪʳ CR-LDP RSVP-ʊɽ 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ 

ʧʨʦʪʦʢʦʣ       

TCP ʀʩʭʦʜʥʳʡ IP 

ʅʘʜʝʞʥʦʩʪʴ ʦʧʝʨʘʪʦʨʩʢʦʛʦ 

ʢʣʘʩʩʘ 

ʅʝʪ ɼʘ 

ʇʦʜʜʝʨʞʢʘ ʪʨʘʬʠʢʘ çʤʥʦʛʦ 

ʪʦʯʝʢ ï ʪʦʯʢʘè 

ɼʘ ɼʘ 

ʇʦʜʜʝʨʞʢʘ ʚʝʱʘʪʝʣʴʥʦʡ 

ʨʘʩʩʳʣʢʠ               

ʅʝʪ ʅʝʪ 

ʇʦʜʜʝʨʞʢʘ ʩʣʠʷʥʠʷ LSP ɼʘ ɼʘ 

ʗʚʥʘʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʉʦ ʩʪʨʦʛʠʤʠ ʠ ʩ ʥʝʩʪʨʦʛʠʤʠ 

ʫʯʘʩʪʢʘʤʠ ʤʘʨʰʨʫʪʘ 

ʉʦ ʩʪʨʦʛʠʤʠ ʠ ʩ ʥʝʩʪʨʦʛʠʤʠ 

ʫʯʘʩʪʢʘʤʠ ʤʘʨʰʨʫʪʘ 

ʈʝʤʘʨʰʨʫʪʠʟʘʮʠʷ LSP ɼʘ ɼʘ 

ɿʘʢʨʝʧʣʝʥʠʝ ʤʘʨʰʨʫʪʘ  ɼʘ ɼʘ, ʧʫʪʝʤ ʟʘʧʠʩʠ ʤʘʨʰʨʫʪʘ 

ɺʳʪʝʩʥʝʥʠʝ ʧʦʪʦʢʦʚ ʚ LSP   ɼʘ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʦʨʠʪʝʪʘ ɼʘ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʦʨʠʪʝʪʘ 

ʉʨʝʜʩʪʚʘ ʙʝʟʦʧʘʩʥʦʩʪʠ  ɼʘ ɼʘ 

ɿʘʱʠʪʘ LSP   ɼʘ ɼʘ 

ʉʦʩʪʦʷʥʠʝ LSP  ɾʝʩʪʢʦʝ ʅʝʞʝʩʪʢʦʝ 

ʈʝʛʝʥʝʨʘʮʠʷ ʩʦʩʪʦʷʥʠʷ LSP ʅʝ ʪʨʝʙʫʝʪʩʷ ʇʝʨʠʦʜʠʯʝʩʢʘʷ, ʧʦ 

ʫʯʘʩʪʢʘʤ 

ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ 

ʅʝʪ ɼʘ 

ʆʙʤʝʥ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʘʬʠʢʘ   ɼʘ ɼʘ 

ʋʧʨʘʚʣʝʥʠʝ ʪʨʘʬʠʢʦʤ   ɺ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ɺ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ɸʚʪʦʨʠʟʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ  ʅʝʷʚʥʘʷ ʗʚʥʘʷ 

ʀʥʜʠʢʘʮʠʷ ʧʨʦʪʦʢʦʣʘ ʫʨʦʚʥʷ 3 ʅʝʪ ɼʘ 

ʆʛʨʘʥʠʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʣʘʩʩʘ ʨʝʩʫʨʩʘ 

ɼʘ ʅʝʪ 

 

ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʨʘʟʣʠʯʠʝʤ ʧʨʦʪʦʢʦʣʦʚ CR-LDP ʠ RSVP, ʧʦʢʘʟʘʥ-

ʥʳʤ ʚ ʪʘʙʣʠʮʝ, ʷʚʣʷʝʪʩʷ ʪʦ, ʢʘʢʦʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʪʦʢʦʣ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʟʘʧʨʦʩʦʚ ʤʝʪʦʢ. RSVP ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣ IP, 

ʥʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʩʦʝʜʠʥʝʥʠʝ. CR-LDP ʠʩʧʦʣʴʟʫʝʪ ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦ-

ʪʦʢʦʣ UDP, ʥʦ ʪʦʣʴʢʦ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʜʥʦʨʘʥʛʦʚʳʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ 
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ʩʝʪʠ MPLS; ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʨʦʪʦʢʦʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʳʝ ʥʘ ʩʦʝʜʠʥʝʥʠʝ TCP-ʩʝʘʥʩʳ. ɺ RSVP ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʚʩʝ 

ʧʨʠʥʷʪʳʝ ʧʘʢʝʪʳ IP, ʧʝʨʝʥʦʩʷʱʠʝ ʩʦʦʙʱʝʥʠʷ ʧʨʦʪʦʢʦʣʘ RSVP, ʜʦʩʪʘʚ-

ʣʷʣʠʩʴ ʢ ʤʦʜʫʣʶ ʧʨʦʪʦʢʦʣʘ ʙʝʟ ʩʩʳʣʢʠ ʥʘ ʬʘʢʪʠʯʝʩʢʠʡ IP-ʘʜʨʝʩ ʧʦʣʫʯʘ-

ʪʝʣʷ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʧʘʢʝʪʝ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʚʥʝʩʝ-

ʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʘʣʠʟʘʮʠʶ IP. ʀʤʝʶʪʩʷ ʜʚʘ ʥʝʛʘʪʠʚʥʳʭ 

ʘʩʧʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʦʤ CR-LDP ʪʨʘʥʩʧʦʨʪʘ TCP. ɺʦ-ʧʝʨʚʳʭ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ TCP ʤʝʭʘʥʠʟʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʫʟʢʠ ʤʦʞʝʪ ʟʘ-

ʤʝʪʥʦ ʪʦʨʤʦʟʠʪʴ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ɺʦ-ʚʪʦ-

ʨʳʭ, ʢʦʛʜʘ ʤʝʞʜʫ ʜʚʫʤʷ LSR ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦ TCP-ʩʦʝʜʠʥʝʥʠʝ, TCP 

ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʚʚʦʜʠʪ ʜʠʩʮʠʧʣʠʥʫ FIFO ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʯʝʨʝʜʝʡ ʩʦʦʙʱʝ-

ʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʣʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʡʪʠ ʢ ʘʜʨʝʩʘʪʫ ʨʘʥʴʰʝ ʤʝʥʝʝ ʚʘʞʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʦʪ-

ʧʨʘʚʣʝʥʦ ʧʝʨʚʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʛʜʘ ʪʝʨʷʝʪʩʷ ʢʘʢʦʡ-ʣʠʙʦ ʧʘʢʝʪ, ʚʩʝ ʩʦʦʙ-

ʱʝʥʠʷ, ʩʣʝʜʫʶʱʠʝ ʟʘ ʵʪʠʤ ʧʘʢʝʪʦʤ, ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʥʝ ʙʫʜʝʪ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʝʥʘ ʝʛʦ ʧʦʚʪʦʨʥʘʷ ʧʝʨʝʜʘʯʘ. 

ʇʨʦʪʦʢʦʣ CR-LDP ʥʘʩʣʝʜʫʝʪ ʚʩʝ ʬʫʥʢʮʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʝʩʪʴ ʫ ʧʨʦʪʦʢʦʣʘ TCP. ʂ ʩʦʞʘʣʝʥʠʶ, TCP ʫʷʟʚʠʤ ʩʦ ʩʪʦʨʦʥʳ ʘʪʘʢ, 

ʠʤʝʶʱʠʭ ʮʝʣʴ ʥʘʨʫʰʠʪʴ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ TCP-ʩʝʘʥʩʘ ʤʦʛʫʪ ʩʝʨʴʝʟʥʦ ʧʦʩʪʨʘʜʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦ-

ʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʧʦʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʧʨʦʪʦʢʦʣʘ 

CR-LDP. ɸʜʨʝʩʘʪʦʤ ʩʦʦʙʱʝʥʠʡ Path ʧʨʦʪʦʢʦʣʘ RSVP ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʦʡ 

LSR, ʘ ʥʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ LSR. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ IPSec (ʩʝʨʠʷ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʭ ʢʦʤʠʪʝʪʦʤ IETF ʧʨʦʝʢʪʦʚ ʩʪʘʥʜʘʨʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʟʘʱʠʪʳ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʧʨʦʪʦʢʦʣʫ IP ʧʘʢʝʪʦʚ ʧʫʪʝʤ ʰʠʬʨʦʚʘʥʠʷ) ʥʝ ʤʦ-

ʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʤʝʞʫʪʦʯʥʳʝ LSR ʙʫʜʫʪ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʦʦʙʱʝʥʠʷʭ Path. ʅʦ RSVP 

ʠʤʝʝʪ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʝʨʷʪʴ ʧʦʣʥʦʤʦʯʠʷ ʢʘʞʜʦʛʦ ʦʪʧʨʘʚʠʪʝʣʷ ʩʦʦʙ-

ʱʝʥʠʡ ʠ ʥʝ ʜʦʧʫʩʢʘʪʴ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʠʣʠ ʟʣʦʥʘʤʝʨʝʥʥʦʛʦ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ɸʥʘʣʦʛʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʩʧʝ-

ʮʠʬʠʮʠʨʦʚʘʥʳ ʠ ʜʣʷ ʧʨʦʪʦʢʦʣʘ CR-LDP, ʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʩʦʝʜʠ-

ʥʝʥʠʝ ʭʘʨʘʢʪʝʨ TCP-ʩʝʘʥʩʘ ʜʝʣʘʝʪ ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʳʤ, ʪʘʢ 

ʢʘʢ TCP ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʩʪʘʥʜʘʨʪʥʳʡ ʢʨʠʧʪʦʛʨʘʬʠ-

ʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ.  

IP-ʪʨʘʬʠʢ çʪʦʯʢʘ ï ʤʥʦʛʦ ʪʦʯʝʢè ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʦʪʦʢʦʣʘʤʠ 

CR-LDP ʠ RSVP-TE. ʅʦ ʙʘʟʦʚʳʡ ʧʨʦʪʦʢʦʣ RSVP ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʟʨʘ-

ʙʘʪʳʚʘʣʩʷ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʟʝʨʚʠʨʦʚʘʪʴ ʨʝʩʫʨʩʳ ʜʣʷ ʜʝʨʝʚʴʝʚ 

ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʨʘʩʩʳʣʢʠ ʧʦ ʧʨʦʪʦʢʦʣʫ IP, ʪʘʢ ʯʪʦ ʝʛʦ ʧʨʦʱʝ ʨʘʩʰʠʨʠʪʴ 

ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʤʥʦʛʦʘʜʨʝʩʥʦʛʦ ʪʨʘʬʠʢʘ.
 
ʇʦʜʜʝʨʞʢʘ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʨʘʩ-

ʩʳʣʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʦʧʨʝʜʝʣʝʥʘ ʥʠ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 
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ʧʨʦʪʦʢʦʣʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ, ʥʦ 28 ʷʥʚʘʨʷ 2004 ʛ. ʚ ʨʘʙʦʯʝʡ ʛʨʫʧʧʝ 

MPLS IETF ʙʳʣ ʧʨʝʜʣʦʞʝʥ draft-ʜʦʢʫʤʝʥʪ, ʢʦʪʦʨʳʡ, ʝʩʣʠ ʦʥ ʙʫʜʝʪ ʧʨʠʥʷʪ, 

ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʩʰʠʨʝʥʠʶ ʧʨʦʪʦʢʦʣʘ RSVP-TE ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʨʝʞʠʤʘ çʪʦʯʢʘ ï ʤʥʦʛʦ ʪʦʯʝʢè. ʊʘʢ ʯʪʦ ʫ ʧʨʦʪʦʢʦʣʘ RSVP-TE 

ʤʦʞʝʪ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʧʦʷʚʠʪʴʩʷ ʬʫʥʢʮʠʷ ʤʥʦʛʦʘʜʨʝʩʥʦʡ ʨʘʩʩʳʣʢʠ. 

ɽ ʝɦ ʚʦ ʚʨʝʤʷ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʨʦʪʦʢʦʣʘ RSVP ʚʦʟʥʠʢʣʠ ʩʦʤʥʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʨʫʧʥʳʭ ʩʝʪʷʭ ʠʟ-ʟʘ ʥʝʜʦʩ-

ʪʘʪʦʯʥʦʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ʕʪʠ ʩʦʤʥʝʥʠʷ ʙʳʣʠ ʚʳʟʚʘʥʳ ʪʝʤ ʬʘʢʪʦʤ, 

ʯʪʦ RSVP ʨʝʟʝʨʚʠʨʫʝʪ ʨʝʩʫʨʩʳ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ çʤʠʢʨʦʧʦʪʦʢʦʚè, ʪ. ʝ. 

ʜʣʷ ʧʦʪʦʢʦʚ ʪʘʢʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʧʨʠʣʦʞʝʥʠʶ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʤʫ ʥʘ ʧʘʨʝ ʨʘʙʦʯʠʭ 

ʩʪʘʥʮʠʡ. ʏʠʩʣʦ çʤʠʢʨʦʧʦʪʦʢʦʚè, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʦʜʠʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʚ ʢʨʫʧʥʦʡ IP-ʩʝʪʠ, ʠʟʤʝʨʷʝʪʩʷ ʤʠʣʣʠʦʥʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʝʜʲʷʚʠʪʴ ʩʝʨʴʝʟ-

ʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʲʝʤʫ ʧʘʤʷʪʠ ʠ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦ-

ʨʦʚ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠʥʦʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʪʚʝʨʞʜʝʥʠʶ ʦ ʩʣʘʙʦʡ ʤʘʩʰʪʘ-

ʙʠʨʫʝʤʦʩʪʠ RSVP. ʅʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʳ ʛʦʚʦʨʠʤ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʭʦʨʦʰʝʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ RSVP ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʙʘʟʦʚʳʡ RSVP 

ʠʩʧʦʣʴʟʫʝʪʩʷ, ʯʪʦʙʳ ʨʝʟʝʨʚʠʨʦʚʘʪʴ ʨʝʩʫʨʩʳ ʜʣʷ çʤʠʢʨʦʧʦʪʦʢʦʚè ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʘ ʢʦʛʜʘ ʧʨʦʪʦʢʦʣ RSVP-TE ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʷʚʥʦ ʟʘʜʘʥʥʳʭ ʪʨʘʢʪʦʚ LSP, ʪʘʢʦʝ çʤʠʢʨʦʨʝ-

ʟʝʨʚʠʨʦʚʘʥʠʝè ʥʝ ʜʝʣʘʝʪʩʷ. ɼʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʧʨʦʪʦʢʦʣʘ ʩʦʟʜʘʥʠʷ LSP, ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʩʦʟʜʘʚʘʝʤʳʭ 

ʪʨʘʢʪʦʚ LSP, ʢʦʪʦʨʦʝ, ʨʘʟʫʤʝʝʪʩʷ, ʦʪ ʧʨʦʪʦʢʦʣʘ ʥʝ ʟʘʚʠʩʠʪ.  

ɺʩʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʪʦʢʦʣʳ ʪʨʝʙʫʶʪ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʷʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʥʘ ʦʢʦʥʝʯʥʳʭ LSR, ʪʘʢ ʠ ʥʘ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʭ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʪʦʢʦʣʘ RSVP-TE ʪʨʝʙʦʚʘʥʠʷ ʚʦ ʤʥʦ-

ʛʦʤ ʩʭʦʞʠ ʚʦ ʚʩʝʡ ʩʝʪʠ, ʧʦʪʦʤʫ ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʜʦʣʞʥʘ 

ʭʨʘʥʠʪʴʩʷ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʥʦʚʣʷʪʴʩʷ ʚ ʢʘʞʜʦʤ LSR. ɺ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ 

ʚʢʣʶʯʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʪʨʘʬʠʢʘ, ʜʘʥʥʳʝ ʦ ʨʝʟʝʨʚʠʨʦʚʘʥʥʳʭ ʨʝʩʫʨʩʘʭ ʠ ʦʙ 

ʷʚʥʦ ʟʘʜʘʥʥʳʭ ʤʘʨʰʨʫʪʘʭ. ʆʙʲʝʤ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

500 ʙʘʡʪʦʚ ʥʘ ʦʜʠʥ LSP. 

ʇʨʦʪʦʢʦʣ CR-LDP ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ LSR ʭʨʘʥʠʣʠ 

ʩʭʦʜʥʳʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ, ʚʢʣʶʯʘʷ ʧʘʨʘʤʝʪʨʳ ʪʨʘʬʠʢʘ ʠ 

ʜʘʥʥʳʝ ʦʙ ʷʚʥʦ ʟʘʜʘʥʥʳʭ ʤʘʨʰʨʫʪʘʭ. ʉʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩ-

ʪʦʷʥʠʠ, ʪʨʝʙʫʝʤʳʡ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʘ CR-LDP, ʩʦʩʪʘʚʣʷʝʪ 

ʥʘ ʦʢʦʥʝʯʥʳʭ ʫʟʣʘʭ ʪʦʞʝ ʧʦʨʷʜʢʘ 500 ʙʘʡʪ. ɺ ʧʨʦʤʝʞʫʪʦʯʥʳʭ LSR ʚʦʟ-

ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʦʙʲʝʤ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʨʥʦ ʜʦ 200 ʙʘʡʪ ʟʘ ʩʯʝʪ 

ʦʪʢʘʟʘ ʦʪ ʬʫʥʢʮʠʠ ʤʦʜʠʬʠʢʘʮʠʠ LSP, ʪ. ʝ. ʦʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʤʘʨʰʨʫ-

ʪʠʟʘʮʠʠ LSP ʠʣʠ ʦʪ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʡ ʨʝʩʫʨʩʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʙʫʬʝʨʳ ʧʝʨʝʩʳʣʢʠ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥ-

ʥʦʛʦ QoS ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʦ LSP, ʙʫʜʫʪ ʠʤʝʪʴ ʥʘʤʥʦʛʦ ʙʦʣʴʰʠʡ ʨʘʟʤʝʨ, ʯʝʤ 
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ʦʙʲʝʤ ʧʘʤʷʪʠ, ʥʫʞʥʳʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʨʦʪʦʢʦʣʘʤʠ RSVP ʠ CR-LDP ʚ ʩʝʪʠ MPLS, ʥʝ ʪʨʝʙʫʶʱʝʡ 

ʧʦʜʜʝʨʞʢʠ ʤʦʜʠʬʠʢʘʮʠʠ LSP, ʤʝʥʝʝ ʩʫʱʝʩʪʚʝʥʥʦ.  

ʇʦʜ ʥʘʜʝʞʥʦʩʪʴʶ ʦʧʝʨʘʪʦʨʩʢʦʛʦ ʢʣʘʩʩʘ ʧʦʥʠʤʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʛʦʪʦʚʥʦʩʪʠ ʚ çʧʷʪʴ ʜʝʚʷʪʦʢè, ʪ. ʝ. 99,999 %. ɺʳʩʦʢʘʷ ʛʦʪʦʚʥʦʩʪʴ ʜʦʩʪʠ-

ʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ (ʠʣʠ, ʚ ʢʨʘʡʥʝʤ ʩʣʫʯʘʝ, ʪʦʣʴʢʦ ʤʠʥʠʤʘʣʴʥʦʛʦ) ʥʘʨʫʰʝʥʠʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʚʫʯʝʩʪʠ LSP ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʠʣʠ ʘʧʧʘʨʘʪʥʳʭ ʦʪʢʘʟʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʠ ʵʪʠ ʚʦʧʨʦʩʳ ʦʙʷʟʘʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʨʝʰʘʪʴ ʢʘʞʜʳʡ ʧʦʩʪʘʚʱʠʢ 

ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ MPLS.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ ʯʪʦ ʧʨʦʪʦʢʦʣ RSVP ʠʩʧʦʣʴʟʫʝʪ ʪʨʘʥʩʧʦʨʪʥʳʡ ʤʝʭʘʥʠʟʤ 

ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʦʥ ʭʦʨʦʰʦ ʧʨʠʩʧʦʩʦʙʣʝʥ ʢ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦʡ ʢ ʘʧʧʘʨʘʪʥʳʤ ʦʪʢʘʟʘʤ ʠʣʠ ʩʙʦʷʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʉʚʝʜʝʥʠʷ ʦ ʣʶʙʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʜʝʡʩʪʚʠʷʭ, ʪʝʨʷʶʱʠʝʩʷ ʚʦ 

ʚʨʝʤʷ ʘʚʘʨʠʡʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘ ʨʝʟʝʨʚʥʫʶ ʩʠʩʪʝʤʫ, ʤʦʛʫʪ ʙʳʪʴ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʧʨʦʪʦʢʦʣ RSVP-TE ʤʝʭʘʥʠʟʤʘ ʨʝ-

ʛʝʥʝʨʘʮʠʠ ʩʦʩʪʦʷʥʠʷ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʪʦʢʦʣ CR-LDP ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʜʝʞʥʫʶ ʜʦʩʪʘʚ-

ʢʫ ʫʧʨʘʚʣʷʶʱʠʭ ʩʦʦʙʱʝʥʠʡ ʠ ʧʦʵʪʦʤʫ ʦʥ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʘʚʘʨʠʡ-

ʥʳʤ ʧʝʨʝʢʣʶʯʝʥʠʷʤ ʥʘ ʨʝʟʝʨʚ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʦʪʦʢʦʣ TCP ʦʯʝʥʴ ʩʣʦʞʥʦ 

ʩʜʝʣʘʪʴ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʤ, ʠ ʧʦʵʪʦʤʫ ʘʚʘʨʠʡʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʨʝ-

ʟʝʨʚʥʳʡ ʩʪʝʢ ʧʨʦʪʦʢʦʣʦʚ TCP ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ TCP-ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʘʷ 

ʩʠʪʫʘʮʠʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʧʨʦʪʦʢʦʣʦʤ CR-LDP ʢʘʢ ʦʪʢʘʟ ʚʩʝʭ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ LSP, ʢʦʪʦʨʳʝ ʥʘʜʦ ʩʦʟʜʘʚʘʪʴ ʟʘʥʦʚʦ ʦʪ ʚʭʦʜʥʦʛʦ LSR. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʪʦʢʦʣ RSVP ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʣʫʯ-

ʰʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʝʪʝʡ MPLS ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʛʦʪʦʚʥʦʩʪʠ. ʉʠʪʫʘʮʠʶ 

ʩ CR-LDP ʠʩʧʨʘʚʣʷʝʪ ʜʦʢʫʤʝʥʪ RFC 3479, ʩʧʝʮʠʬʠʮʠʨʫʶʱʠʡ ʤʝʭʘʥʠʟʤʳ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʘ. ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʵʪʠʭ ʨʘʩʰʠ-

ʨʝʥʠʡ CR-LDP ʧʨʠʙʣʠʟʠʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʛʦ-

ʪʦʚʥʦʩʪʠ ʢ ʧʨʦʪʦʢʦʣʫ RSVP. 

ʉ ʥʘʜʝʞʥʦʩʪʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʦʙʥʘʨʫʞʝʥʠʝ ʦʪʢʘʟʦʚ ʚ ʟʚʝʥʴʷʭ 

ʠ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ. ɽʩʣʠ ʜʚʘ LSR ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʜʚʫʭʪʦʯʝʯ-

ʥʳʤ ʢʘʥʘʣʦʤ, ʥʘʧʨʠʤʝʨ ʢʘʥʘʣʦʤ ATM, ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʚ LSP ʤʦʞʥʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʙʥʘʨʫʞʠʪʴ ʧʫʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ LSP. ʅʘ-

ʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʢʘʥʘʣʝ ATM ʧʨʦʧʘʜʘʝʪ ʩʠʛʥʘʣ, ʪʦ ʠ ʧʨʦʪʦʢʦʣ CR-LDP, ʠ 

ʧʨʦʪʦʢʦʣ RSVP ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʚʝʜʦʤʣʝʥʠʝ ʦʙ ʦʪʢʘʟʝ ʚ ʠʥʪʝʨʬʝʡʩʝ 

ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʢʘʟʘ LSP. ɽʩʣʠ ʜʚʘ LSR ʩʦʝʜʠʥʝʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ 

ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʫʶ ʩʨʝʜʫ ʧʝʨʝʜʘʯʠ, ʥʘʧʨʠʤʝʨ Ethernet, ʠʣʠ ʩʦʝʜʠ-

ʥʝʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʘ ʯʝʨʝʟ ʦʙʣʘʢʦ WAN, ʪʦ ʦʥʠ 

ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʣʫʯʘʶʪ ʫʚʝʜʦʤʣʝʥʠʝ ʦʙ ʦʪʢʘʟʝ ʟʚʝʥʘ ʠʟ ʢʘʥʘʣʴʥʦʛʦ 
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ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʢʘʟʦʚ LSP ʧʝʨʝʢʣʘ-

ʜʳʚʘʝʪʩʷ ʥʘ ʩʨʝʜʩʪʚʘ, ʠʤʝʶʱʠʝʩʷ ʚ ʧʨʦʪʦʢʦʣʘʭ ʩʠʛʥʘʣʠʟʘʮʠʠ. ʇʨʦʪʦʢʦʣ 

CR-LDP ʠʩʧʦʣʴʟʫʝʪ ʦʙʤʝʥ ʩʦʦʙʱʝʥʠʷʤʠ Hello ʠ Keepalive ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ, ʯʪʦ ʩʤʝʞʥʳʡ LSR ʠ ʟʚʝʥʦ ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʠʚ-

ʥʳʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʧʨʦʪʦʢʦʣ TCP ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʫʶ ʩʠʩʪʝʤʫ ʧʦʜ-

ʜʝʨʞʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʦʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʣʠʰʢʦʤ ʤʝʜʣʝʥʥʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʫʞʜ LSP ʩʝʪʠ MPLS, ʨʝʘʛʠʨʫʝʪ ʥʘ ʦʪʢʘʟʳ ʚ ʟʚʝʥʝ ʠ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ. 

ɺ ʧʨʦʪʦʢʦʣʝ RSVP ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʩʦʩʪʦʷ-

ʥʠʷ ʩʦʦʙʱʝʥʠʷ Path ʠ Resv ʦʙʨʘʟʫʶʪ ʬʦʥʦʚʳʡ ʪʨʘʬʠʢ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦ, ʯʪʦ ʟʚʝʥʦ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ. ʆʜʥʘʢʦ ʜʣʷ 

ʩʚʝʜʝʥʠʷ ʢ ʤʠʥʠʤʫʤʫ ʵʪʦʛʦ ʪʨʘʬʠʢʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ ʩʝʪʠ ʜʣʷ 

ʪʘʡʤʝʨʘ ʨʝʛʝʥʝʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝ-

ʥʠʝ. ɺ ʧʨʦʪʦʢʦʣʝ RSVP-TE ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ ʟʚʝʥʘ ʠ ʩʤʝʞʥʦʛʦ LSR ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʤʝʥ ʩʦʦʙʱʝ-

ʥʠʷʤʠ Hello. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʢʘ ʠ ʙʳʩʪʨʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʢʘʟʦʚ 

ʚ ʦʙʦʠʭ ʩʨʘʚʥʠʚʘʝʤʳʭ ʧʨʦʪʦʢʦʣʘʭ ʩʭʦʞʠ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʣʷʤʙʜʘ-ʩʝʪʝʡ ʧʦʜʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ MPLS ʚ ʦʧʪʠʯʝʩʢʦʡ 

ʩʝʪʠ. ɺʩʝʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʢʦʤʤʫʪʘʮʠʷ LSP ʚʳʧʦʣʥʷʝʪʩʷ ʘʧʧʘʨʘʪ-

ʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʙʝʟ ʧʦʤʦʱʠ ʇʆ. ʏʠʩʣʦ ʚʦʣʥ, ʦʜʥʘʢʦ, ʩʣʠʰʢʦʤ ʤʘʣʦ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʨʦʷʪʥʳʤ ʯʠʩʣʦʤ LSP. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʡ 

ʚʦʣʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʦʙʳʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʦʜʥʦʛʦ LSP, ʧʦʵʪʦʤʫ 

ʦʨʛʘʥʠʟʘʮʠʷ ʚʟʘʠʤʥʦ-ʦʜʥʦʟʥʘʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ ʙʳʣʘ ʙʳ ʥʝ-

ʧʦʟʚʦʣʠʪʝʣʴʥʦ ʨʘʩʪʦʯʠʪʝʣʴʥʦʡ ʪʨʘʪʦʡ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ. ʈʘʙʦʯʝʡ ʛʨʫʧʧʦʡ 

IETF ʧʦ ʚʦʧʨʦʩʘʤ MPLS ʚʳʧʫʱʝʥʳ ʜʦʢʫʤʝʥʪʳ RFC, ʩʦʜʝʨʞʘʱʠʝ ʥʝʦʙ-

ʭʦʜʠʤʳʝ ʜʦʧʦʣʥʝʥʠʷ ʢʘʢ ʜʣʷ ʧʨʦʪʦʢʦʣʘ RSVP-TE, ʪʘʢ ʠ ʜʣʷ CR-LDP, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʣʷʤʙʜʘ-ʩʝʪʷʭ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧ-

ʮʠʠ GMPLS, ʦ ʯʝʤ ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʦʥʪʝʢʩʪʝ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʬʠʢʦʤ ʧʨʦʪʦʢʦʣʳ 

CR-LDP ʠ RSVP-TE ʚʳʧʦʣʥʷʶʪ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʥʘ ʨʘʟʥʳʭ ʩʪʘ-

ʜʠʷʭ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ LSP.  

ʇʨʦʪʦʢʦʣ CR-LDP ʧʝʨʝʥʦʩʠʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʪʨʘ-

ʬʠʢʘ ʚ ʩʦʦʙʱʝʥʠʠ ʟʘʧʨʦʩʘ ʤʝʪʢʠ Label Request. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʘʞʜʦʤʫ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ ʩʝʪʠ MPLS ʫʧʨʘʚʣʷʪʴ ʪʨʘʬʠʢʦʤ ʧʨʠ ʩʦʟʜʘʥʠʠ LSP. ʇʘ-

ʨʘʤʝʪʨʳ ʪʨʘʬʠʢʘ ʤʦʛʫʪ ʩʦʛʣʘʩʦʚʳʚʘʪʴʩʷ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʩʦʟʜʘʥʠʷ LSP, ʘ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʶʪʩʷ ʚ ʦʙʨʘʪ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʦʦʙʱʝʥʠʠ ʥʘʟʥʘʯʝʥʠʷ ʤʝʪʢʠ Label Mapping, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʚ ʢʘʞʜʦʤ LSR 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʩʦʟʜʘʚʘʪʴ LSP ʧʦ ʤʘʨʰʨʫʪʫ, 

ʢʦʪʦʨʳʡ ʥʝ ʠʤʝʝʪ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʦʩʪʘʪʦʯʥʳʭ ʨʝʩʫʨʩʦʚ. 
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ʇʨʦʪʦʢʦʣ RSVP-TE ʧʝʨʝʥʦʩʠʪ ʚ ʩʦʦʙʱʝʥʠʠ Path ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ 

ʪʨʘʬʠʢʘ ʚ ʚʠʜʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʦʪʧʨʘʚʠʪʝʣʷ Tspec. ʕʪʘ ʩʧʝ-

ʮʠʬʠʢʘʮʠʷ ʦʧʠʩʳʚʘʝʪ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʧʦ LSP. ʊʨʘʥ-

ʟʠʪʥʳʝ LSR ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʧʨʠʥʠ-

ʤʘʪʴ ʨʝʰʝʥʠʷ ʦ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʦʦʙʱʝʥʠʝ 

Path ʜʦʡʜʝʪ ʜʦ ʚʳʭʦʜʥʦʛʦ LSR, ʩʧʝʮʠʬʠʢʘʮʠʷ Tspec ʙʫʜʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʘ 

ʚ ʩʧʝʮʠʬʠʢʘʮʠʶ Flowspec, ʢʦʪʦʨʘʷ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʦʦʙʱʝʥʠʝʤ Resv ʠ ʚ ʢʦʪʦʨʦʡ ʜʘʶʪʩʷ ʜʝʪʘʣʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, 

ʪʨʝʙʫʶʱʠʭʩʷ ʜʣʷ LSP. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʦʦʙʱʝʥʠʝ Resv ʥʝ ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʩʝʪʴ, ʘ ʨʝʟʫʣʴʪʘʪʦʤ 

ʤʦʞʝʪ ʩʪʘʪʴ ʪʦ, ʯʪʦ ʥʘ ʚʳʙʨʘʥʥʦʤ ʤʘʨʰʨʫʪʝ ʩʦʟʜʘʪʴ LSP ʥʝ ʫʜʘʩʪʩʷ ʠʟ-ʟʘ 

ʥʝʭʚʘʪʢʠ ʨʝʩʫʨʩʦʚ.  

ʇʨʦʪʦʢʦʣ RSVP-TE ʩʦʜʝʨʞʠʪ ʥʝʦʙʷʟʘʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ Adspec, ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʦʦʙʱʠʪʴ ʦ ʜʦʩʪʫʧʥʳʭ ʨʝʩʫʨʩʘʭ ʚ ʩʦʦʙʱʝʥʠʠ Path. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʭʦʜʥʦʤʫ LSR ʫʟʥʘʪʴ, ʢʘʢʠʝ ʨʝʩʫʨʩʳ ʜʦʩʪʫʧʥʳ, ʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʧʝʮʠʬʠʢʘʮʠʶ Flowspec, ʧʝʨʝʥʦʩʠʤʫʶ 

ʚ ʩʦʦʙʱʝʥʠʠ Resv. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʘ ʬʫʥʢʮʠʷ ʥʝ ʪʦʣʴʢʦ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʝʝ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʚʩʝ LSR ʥʘ ʤʘʨʰʨʫʪʝ, ʥʦ ʪʘʢʞʝ ʠʤʝʝʪ ʪʦʪ ʦʯʝʚʠʜʥʳʡ ʥʝ-

ʜʦʩʪʘʪʦʢ, ʯʪʦ ʨʝʩʫʨʩʳ, ʩʚʝʜʝʥʠʷ ʦ ʢʦʪʦʨʳʭ ʥʝʩʝʪ ʩʦʦʙʱʝʥʠʝ Path, ʢ ʪʦʤʫ 

ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʩʦʦʙʱʝʥʠʝ Resv, ʫʞʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʟʘ-

ʥʷʪʳʤʠ ʜʨʫʛʠʤ LSP. 

ʏʘʩʪʠʯʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʜʣʷ LSR, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʨʦʪʦʢʦʣ 

RSVP, ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʨʝʘʣʠʟʘʮʠʠ: ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʦʙʱʝʥʠʷ Path. ʕʪʦ ʨʝʟʝʨʚʠʨʦ-

ʚʘʥʠʝ ʙʫʜʝʪ ʣʠʰʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʧʝʮʠʬʠ-

ʢʘʮʠʶ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʦʪʧʨʘʚʠʪʝʣʷ Tspec, ʘ ʥʝ ʥʘ ʩʧʝʮʠʬʠʢʘʮʠʶ Flowspec, 

ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʠʪʴ ʧʦʣʦʞʝʥʠʝ.  

ʇʨʦʪʦʢʦʣ CR-LDP ʧʨʝʜʣʘʛʘʝʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʞʝʩʪʢʠʡ ʧʦʜʭʦʜ ʢ ʫʧ-

ʨʘʚʣʝʥʠʶ ʪʨʘʬʠʢʦʤ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʪʷʭ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʢʫ.  

ʇʨʦʪʦʢʦʣ RSVP-TE ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʦʩʠʪʴ ʚ ʩʦʦʙʱʝʥʠʷʭ Path ʠ Resv 

ʦʙʲʝʢʪ ʘʚʪʦʨʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʥʝʧʨʦʟʨʘʯʥʳʤ ʩʦʜʝʨʞʠʤʳʤ. ʕʪʘ ʠʥ-

ʬʦʨʤʘʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʦʙʱʝʥʠʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʪʝʩʥʦ ʧʨʠʚʷʟʘʪʴ 

ʧʨʦʪʦʢʦʣ RSVP-TE, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʢ, ʢ ʧʨʦʪʦʢʦʣʘʤ 

ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʥʘʜʟʦʨʘ, ʥʘʧʨʠʤʝʨ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ RFC 2749 ï ʢ COPS 

(Common Open Policy Service). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣ CR-LDP ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʥʦʩʠʪʴ ʚ ʥʝʷʚʥʦʤ 

ʚʠʜʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʶ ʘʚʪʦʨʠʟʘʮʠʠ ʚ ʬʦʨʤʝ ʘʜʨʝʩʦʚ ʧʦʣʫʯʘʪʝʣʷ ʠ ʢʣʘʩ-

ʩʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʨʝʩʫʨʩʘ ʚ ʧʘʨʘʤʝʪʨʘʭ ʪʨʘʬʠʢʘ. 

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʨʦʪʦʢʦʣʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʠ ʚ ʠʥʜʠʢʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ 

ʫʨʦʚʥʷ 3. ʍʦʪʷ LSP ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴ ʣʶʙʳʝ ʜʘʥʥʳʝ, ʙʳʚʘʶʪ ʩʣʫʯʘʠ, 

ʢʦʛʜʘ ʪʨʘʥʟʠʪʥʦʤʫ ʠʣʠ ʚʳʭʦʜʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ ʩʝʪʠ MPLS ʤʦʞʝʪ 
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ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʪʦʢʦʣʝ ʫʨʦʚʥʷ 3. ɽʩʣʠ ʪʨʘʥʟʠʪʥʳʡ LSR 

ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʜʦʩʪʘʚʠʪʴ ʧʘʢʝʪ (ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʦʪʢʘʟʘ ʨʝʩʫʨʩʘ), ʦʥ ʤʦʞʝʪ 

ʧʝʨʝʜʘʪʴ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʜʣʷ ʧʨʦʪʦʢʦʣʘ ʫʨʦʚʥʷ 3 

ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ, ʫʚʝʜʦʤʣʷʶʱʝʝ ʦʪʧʨʘʚʠʪʝʣʷ ʜʘʥʥʳʭ ʦ ʚʦʟʥʠʢʰʝʡ 

ʧʨʦʙʣʝʤʝ. ʏʪʦʙʳ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʘʣ, LSR, ʢʦʪʦʨʳʡ ʚʳʷʚʣʷʝʪ ʦʰʠʙʢʫ, 

ʜʦʣʞʝʥ ʟʥʘʪʴ, ʢʘʢʦʡ ʠʤʝʥʥʦ ʧʨʦʪʦʢʦʣ ʫʨʦʚʥʷ 3 ʠʩʧʦʣʴʟʫʝʪʩʷ. ʀʥʬʦʨʤʘʮʠʷ 

ʦ ʧʨʦʪʦʢʦʣʝ ʫʨʦʚʥʷ 3 ʤʦʞʝʪ ʪʘʢʞʝ ʧʦʤʦʯʴ ʚʳʭʦʜʥʦʤʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ 

ʧʝʨʝʩʳʣʘʪʴ ʧʘʢʝʪʳ ʜʘʥʥʳʭ. 

RSVP-TE ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʦʜʠʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ 

ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ LSP, ʥʦ CR-LDP ʠ ʵʪʦʛʦ ʜʝʣʘʪʴ 

ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ. ɼʘʞʝ RSVP ʥʝ ʤʦʞʝʪ ʧʦʤʦʯʴ, ʢʦʛʜʘ ʚ ʦʜʠʥ LSP ʥʘʧʨʘʚ-

ʣʷʝʪʩʷ ʪʨʘʬʠʢ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʛʦ ʧʨʦʪʦʢʦʣʘ. 

ʊʨʘʢʪʳ LSP, ʩʦʟʜʘʥʥʳʝ ʩ ʚʳʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʚ ʩʝʪʠ, 

ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴʩʷ ʥʘ ʠʭ ʚʭʦʜʝ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʥʘ ʠʭ ʚʳʭʦʜʝ ʩ ʧʦ-

ʤʦʱʴʶ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ MIB ʩʝʪʠ MPLS. ʕʪʘ MIB ʚ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ, ʠ ʚ ʨʘʙʦʯʝʡ ʛʨʫʧʧʝ ʥʘ ʵʪʫ ʪʝʤʫ ʩʫʱʝʩʪʚʫʝʪ 

ʨʷʜ ʧʨʦʝʢʪʦʚ draft. ɺ ʩʚʷʟʠ ʩ ʚʝʩʴʤʘ ʧʝʩʩʠʤʠʩʪʠʯʝʩʢʠʤʠ ʧʣʘʥʘʤʠ ʨʘʙʦʪʳ 

ʥʘʜ CR-LDP ʵʪʠ ʧʨʦʝʢʪʳ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʫʜʫʪ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʜ-

ʜʝʨʞʢʫ RSVP-TE, ʭʦʪʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ MIB ʧʨʝʜ-

ʧʦʯʪʝʥʠʝ ʦʪʜʘʚʘʣʦʩʴ ʢʘʢ ʨʘʟ CR-LDP. 
 

 

16.3. Служебный трафик в RSVP-TE и CR-LDP 

ʆʙʘ ʧʨʦʪʦʢʦʣʘ ʩʦʟʜʘʶʪ ʧʦʪʦʢʠ ʩʣʫʞʝʙʥʳʭ ʩʦʦʙʱʝʥʠʡ ʜʣʷ ʨʘʟʜʘʯʠ 

ʤʝʪʦʢ, ʧʝʨʝʜʘʯʠ ʩʢʚʦʟʥʦʛʦ ʟʘʧʨʦʩʘ ʠ ʩʢʚʦʟʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʟʘʧʨʦʩ. ʇʨʦʪʦʢʦʣ 

RSVP ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ çʥʝʞʝʩʪʢʦʝ ʩʦʩʪʦʷʥʠʝè ʤʘʨʰʨʫʪʦʚ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʧʨʦʪʦʢʦʣ ʜʦʣʞʝʥ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʙʥʦʚʣʷʪʴ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ LSP ʤʝʞʜʫ 

ʩʤʝʞʥʳʤʠ ʫʟʣʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ 

ʚ ʜʝʨʝʚʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʦʪʦʢʦʣ 

RSVP ʠʩʧʦʣʴʟʫʝʪ IP-ʜʝʡʪʘʛʨʘʤʤʳ, ʪʘʢ ʯʪʦ ʫʧʨʘʚʣʷʶʱʠʝ ʩʦʦʙʱʝʥʠʷ ʤʦʛʫʪ 

ʪʝʨʷʪʴʩʷ, ʠ ʩʤʝʞʥʳʡ ʫʟʝʣ, ʥʝ ʧʦʣʫʯʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʚʝʜʦʤʣʝʥʠʷ, 

ʤʦʞʝʪ ʧʨʝʢʨʘʪʠʪʴ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʈʝʛʝʥʝʨʘʮʠʷ ʩʦʩʪʦʷʥʠʷ LSP ʛʘʨʘʥʪʠʨʫʝʪ, 

ʯʪʦ ʦʥʦ ʥʘʜʣʝʞʘʱʠʤ ʦʙʨʘʟʦʤ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʦ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʫʟʣʘʤʠ. 

ʅʘʛʨʫʟʢʘ ʥʘ ʩʝʪʴ ʦʪ ʪʘʢʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʙʥʦʚʣʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʢ ʦʪʢʘʟʘʤ, ʢʦʪʦʨʘʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʳʙʦʨʦʤ ʟʥʘʯʝʥʠʷ ʪʘʡʤʝʨʘ ʨʝ-

ʛʝʥʝʨʘʮʠʠ (ʦʙʥʦʚʣʝʥʠʷ). ʉʦʦʙʱʝʥʠʝ Path ʧʨʦʪʦʢʦʣʘ RSVP ʙʫʜʝʪ ʠʤʝʪʴ ʜʣʠʥʫ 

ʧʦʨʷʜʢʘ 128 ʙʘʡʪ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʥʘ 16 ʙʘʡʪ ʚ ʢʘʞʜʦʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʘʨʰʨʫʪ. ʉʦʦʙʱʝʥʠʝ Resv ʙʫʜʝʪ ʠʤʝʪʴ ʜʣʠʥʫ 

ʧʦʨʷʜʢʘ 100 ʙʘʡʪ. ʇʨʠ 10 000 LSP ʚ ʤʝʞʫʟʣʦʚʦʤ ʟʚʝʥʝ ʠ ʧʝʨʠʦʜʝ ʨʝʛʝ-

ʥʝʨʘʮʠʠ 30 ʩ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʙʫʜʝʪ ʧʦʪʨʝʙʣʷʪʴʩʷ ʩʚʳʰʝ 600 ʢʙʠʪ/ʩ ʧʨʦ-

ʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʚʝʥʘ. ʄʥʦʛʦ ʵʪʦ ʠʣʠ ʥʝʪ ï ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʚʝʥʘ ʠ ʦʪ ʪʦʛʦ, ʢʘʢʫʶ ʵʪʦ ʩʦʩʪʘʚʣʷʝʪ ʜʦʣʶ ʦʪ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ ʥʝʤʫ ʪʨʘʬʠʢʘ.  
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ʇʨʦʪʦʢʦʣ CR-LDP ʥʝ ʪʨʝʙʫʝʪ ʦʪ LSR ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʛʝʥʝʨʘʮʠʠ 

ʢʘʞʜʦʛʦ LSP ʧʦʩʣʝ ʝʛʦ ʩʦʟʜʘʥʠʷ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚ ʢʘ-

ʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ ʧʨʦ-

ʪʦʢʦʣʘ CR-LDP ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ TCP. ʇʨʦʪʦʢʦʣ CR-LDP ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʫʶ ʜʦʩʪʘʚʢʫ ʩʦʦʙʱʝʥʠʡ Label Request ʠ Label Mapping. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʪʦʢʦʣʘ TCP ʚ ʪʨʘʢʪʝ ʩʠʛʥʘʣʠʟʘʮʠʠ ʥʠʢʘ-

ʢʦʡ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʪʦʪ ʪʨʘʢʪ ʥʝ ʚʥʦʩʠʪ, ʘ ʪʦʣʴʢʦ ʜʦʙʘʚʣʷʝʪ 

20 ʙʘʡʪ ʢ ʜʣʠʥʝ ʢʘʞʜʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʩʦʦʙʱʝʥʠʷ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʚʷʟ-

ʥʦʩʪʠ ʩʦ ʩʤʝʞʥʳʤʠ ʫʟʣʘʤʠ ʧʨʦʪʦʢʦʣ CR-LDP ʠʩʧʦʣʴʟʫʝʪ ʩʦʦʙʱʝʥʠʷ Hello, 

ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʥ ʫʜʦʩʪʦʚʝʨʷʝʪʩʷ, ʯʪʦ ʩʤʝʞʥʳʝ ʫʟʣʳ ʧʨʦʜʦʣʞʘʶʪ 

ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʠʚʥʳʤʠ, ʠ ʩʦʦʙʱʝʥʠʷ Keepɸlive ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ TCP-ʩʦʝ-

ʜʠʥʝʥʠʡ. ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʦʙʤʝʥ ʵʪʠʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤʠ ʩʦʦʙʱʝ-

ʥʠʷʤʠ ʚʝʜʝʪʩʷ  ʜʣʷ ʚʩʝʛʦ ʟʚʝʥʘ, ʘ ʥʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ LSP, 

ʧʦ ʥʝʤʫ ʧʨʦʭʦʜʷʱʠʭ, ʠ ʧʦʪʦʤʫ ʵʪʠ ʩʦʦʙʱʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʟʚʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʪʦʢʦʣ CR-

LDP, ʚ ʧʨʠʥʮʠʧʝ, ʚʥʦʩʠʪ ʤʝʥʴʰʫʶ ʥʘʛʨʫʟʢʫ ʚ ʩʝʪʴ, ʯʝʤ ʧʨʦʪʦʢʦʣ RSVP. 

ʅʦ IETF ʩʧʝʮʠʬʠʮʠʨʦʚʘʣ ʜʦʢʫʤʝʥʪ RFC 2961, ʚ ʢʦʪʦʨʳʡ ʚʦʰʣʠ ʠʜʝʠ 

ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʩʦʦʙʱʝʥʠʡ ʨʝʛʝʥʝʨʘʮʠʠ, ʪʨʝʙʫʝʤʳʭ ʧʨʦʪʦʢʦʣʦʤ RSVP. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʠ ʜʝʪʘʣʠ-

ʟʠʨʦʚʘʥʥʦʝ ʚ ʨʘʙʦʯʠʭ ʛʨʫʧʧʘʭ MPLS ʠ RSVP ʚ ʩʦʩʪʘʚʝ ʢʦʤʠʪʝʪʘ IETF.  

ʉ ʫʯʝʪʦʤ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʘʜʝʞʥʦʡ ʜʦʩʪʘʚʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʨʦʮʝʜʫʨʳ ʨʝʛʝʥʝʨʘʮʠʠ, ʦʜʥʠʤ ʠʟ ʰʘ-

ʛʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʝʛʝʥʝʨʘʮʠʠ ʤʦʛʣʦ 

ʙʳ ʩʪʘʪʴ ʜʦʙʘʚʣʝʥʠʝ ʚ ʧʨʦʪʦʢʦʣ RSVP ʤʝʭʘʥʠʟʤʘ ʥʘʜʝʞʥʦʡ ʜʦʩʪʘʚʢʠ ʩʦ-

ʦʙʱʝʥʠʡ. ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʳ ʦʙʲʝʢʪʦʚ ʧʨʦʪʦʢʦʣʘ 

RSVP, ʘ ʠʤʝʥʥʦ ʦʙʲʝʢʪʦʚ MESSAGE_ID ʠ MESSAGE_ID_ACK. ʕʪʠ ʦʙʲʝʢʪʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʜʝʞʥʫʶ ʜʦʩʪʘʚʢʫ ʩʦʦʙʱʝʥʠʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʝʜ-

ʧʦʣʦʞʠʤ, ʯʪʦ ʫʟʝʣ LSR1 ʠʤʝʝʪ ʩʦʦʙʱʝʥʠʝ ʧʨʦʪʦʢʦʣʘ RSVP, ʧʨʝʜʩʪʘʚʣʷ-

ʶʱʝʝ ʥʦʚʫʶ ʯʘʩʪʴ ʩʦʩʪʦʷʥʠʷ, ʥʘʧʨʠʤʝʨ ʥʦʚʦʝ ʩʦʦʙʱʝʥʠʝ PATH, ʢʦʪʦʨʦʝ 

ʦʥ ʜʦʣʞʝʥ ʧʝʨʝʜʘʪʴ ʢ ʩʦʩʝʜʥʝʤʫ ʫʟʣʫ LSR2. ʋʟʝʣ LSR1 ʩʦʟʜʘʝʪ ʣʦʢʘʣʴʥʦ 

ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʤʝʱʘʝʪ ʵʪʦʪ ʠʜʝʥʪʠʬʠ-

ʢʘʪʦʨ ʚ ʦʙʲʝʢʪ MESSAGE_ID ʠ ʜʦʙʘʚʣʷʝʪ ʝʛʦ ʢ ʩʦʦʙʱʝʥʠʶ ʧʨʦʪʦʢʦʣʘ 

RSVP, ʫʩʪʘʥʦʚʠʚ ʚ ʦʙʲʝʢʪʝ ʬʣʘʛ çʪʨʝʙʫʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝè. ʇʦʣʫʯʠʚ 

ʩʦʦʙʱʝʥʠʝ, LSR2 ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʧʦʣʫʯʝʥʠʝ, ʧʝʨʝʜʘʚʘʷ ʢ LSR1 ʩʦʦʙʱʝ-

ʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʦʙʲʝʢʪ MESSAGE_ID_ACK ʩ ʪʝʤ ʞʝ ʠʜʝʥʪʠʬʠ-

ʢʘʪʦʨʦʤ. ɽʩʣʠ LSR2 ʫʞʝ ʠʤʝʝʪ ʢʘʢʦʝ-ʣʠʙʦ ʩʦʦʙʱʝʥʠʝ, ʧʦʜʣʝʞʘʱʝʝ ʧʝʨʝ-

ʜʘʯʝ ʢ LSR1, ʦʥ ʧʨʦʩʪʦ ʚʢʣʶʯʘʝʪ ʦʙʲʝʢʪ MESSAGE_ID_ACK ʚ ʵʪʦ 

ʩʦʦʙʱʝʥʠʝ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʝʤʫ ʥʘʜʦ ʙʫʜʝʪ ʧʝʨʝʜʘʪʴ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟ-

ʜʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ACK. ʕʪʦʪ ʧʨʦʩʪʦʡ ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʪʴ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʙʦʣʴ-

ʰʠʤʠ ʦʙʲʝʤʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʨʝʛʝʥʝʨʘʮʠʠ. ʋʟʝʣ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ RSVP, 
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ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʯʝʥʴ ʢʦʨʦʪʢʠʡ ʪʘʡʤʝʨ ʨʝʛʝʥʝʨʘʮʠʠ ʜʣʷ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʠʤ ʩʦʦʙʱʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʧʦʣʫ-

ʯʝʥʠʠ ʦʪ ʩʦʩʝʜʥʝʛʦ ʫʟʣʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʦʛʦ, ʯʪʦ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʦʥ ʤʦʞʝʪ ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʥʘ ʦʯʝʥʴ ʜʣʠʥʥʳʡ ʪʘʡʤʝʨ ʨʝʛʝʥʝʨʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʥʠʞʘʝʪʩʷ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ.  

ʇʨʠ ʵʪʦʤ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ çʞʝʩʪʢʦʛʦ ʩʦʩʪʦʷʥʠʷè, ʧʦ-

ʩʢʦʣʴʢʫ ʩʦʦʙʱʝʥʠʷ ʨʝʛʝʥʝʨʘʮʠʠ ʚʩʝ ʨʘʚʥʦ ʜʦʣʞʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʝʨʝʜʘ-

ʚʘʪʴʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠʩʫʱʠʝ ʥʝʞʝʩʪʢʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʩʚʦʡʩʪʚʘ çʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷè, ʚʢʣʶʯʘʷ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʦʪʢʘʟʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʦʙʣʘʜʘʝʪ ʦʙʨʘʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʪ. ʝ. ʥʝ ʩʦʟ-

ʜʘʝʪ ʥʠʢʘʢʠʭ ʧʨʦʙʣʝʤ, ʝʩʣʠ ʚ ʦʜʥʠʭ ʫʟʣʘʭ ʦʥ ʨʝʘʣʠʟʦʚʘʥ, ʘ ʚ ʜʨʫʛʠʭ ï ʥʝʪ.  

ɼʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʨʝʛʝʥʝʨʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʩʦʢʨʘʱʝʥʥʦʡ ʠʣʠ ʫʩʢʦʨʝʥʥʦʡ 

ʨʝʛʝʥʝʨʘʮʠʝʡ (summary refresh). ʉʫʪʴ ʝʛʦ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʠʜʝʥ-

ʪʠʬʠʢʘʪʦʨ ʩʦʦʙʱʝʥʠʷ ʫʞʝ ʧʨʠʚʷʟʘʥ ʢ ʩʦʦʙʱʝʥʠʶ ʧʨʦʪʦʢʦʣʘ RSVP, ʜʣʷ 

ʨʝʛʝʥʝʨʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʜʘʚʘʪʴ ʩʥʦʚʘ ʠ ʩʥʦʚʘ ʧʦʣ-

ʥʦʝ ʩʦʦʙʱʝʥʠʝ, ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʜʝʣʘʝʪʩʷ. ʋʟʝʣ ʤʦʞʝʪ ʧʨʦʩʪʦ ʧʝʨʝʜʘʚʘʪʴ 

ʩʘʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʦʦʙʱʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʘ ʫʧʘʢʦʚʢʘ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩʦʦʙʱʝʥʠʡ ʚ ʦʜʥʦ ʩʦʦʙʱʝʥʠʝ, ʪʘʢ ʯʪʦ 

ʦʜʥʦ-ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʧʨʦʪʦʢʦʣʘ RSVP ʤʦʞʝʪ ʦʙʥʦʚʣʷʪʴ ʮʝʣʳʡ 

ʨʷʜ ʩʦʩʪʦʷʥʠʡ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʝʟʥʘ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʦ ʪʨʝʙʫʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʪʦʣʴʢʦ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩʦʦʙʱʝʥʠʷ 

ʚ ʧʨʦʮʝʩʩʦʨ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʚʝʣʠʢʦ ʵʪʦ 

ʩʦʦʙʱʝʥʠʝ, ʠʣʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʚʳ ʟʘʪʨʘʪʳ ʥʘ ʦʙʨʘʙʦʪʢʫ ʝʛʦ ʩʦʜʝʨʞʠʤʦʛʦ. 

ɼʣʷ ʧʦʜʜʝʨʞʢʠ ʤʝʭʘʥʠʟʤʘ ʩʦʢʨʘʱʝʥʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʙʳʣʦ ʦʧʨʝʜʝ-

ʣʝʥʦ ʥʦʚʦʝ ʩʦʦʙʱʝʥʠʝ ʧʨʦʪʦʢʦʣʘ RSVP ï ʩʦʦʙʱʝʥʠʝ SREFRESH. ʇʨʠ 

ʘʜʨʝʩʘʮʠʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʵʪʦ ʩʦʦʙʱʝʥʠʝ ʩʦʜʝʨʞʠʪ ʧʨʦʩʪʦ 

ʧʝʨʝʯʝʥʴ ʨʘʥʝʝ ʧʝʨʝʜʘʥʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʩʦʦʙʱʝʥʠʡ. ʋʟʝʣ, ʧʦʣʫʯʘ-

ʶʱʠʡ ʪʘʢʦʝ ʩʦʦʙʱʝʥʠʝ, ʚʝʜʝʪ ʩʝʙʷ ʪʘʢ, ʢʘʢ ʝʩʣʠ ʙʳ ʦʥ ʧʦʣʫʯʠʣ ʥʘʙʦʨ 

ʩʦʦʙʱʝʥʠʡ ʨʝʛʝʥʝʨʘʮʠʠ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʠʜʝʥʪʠʯʥʦ ʩʦʦʙʱʝʥʠʶ, ʚ ʢʦ-

ʪʦʨʦʤ ʙʳʣ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʝʨʝʜʘʥ ʦʙʲʝʢʪ MESSAGE_ID, ʪ. ʝ. ʦʥ ʩʙʨʘʩʳ-

ʚʘʝʪ ʪʘʡʤʝʨ ʨʝʛʝʥʝʨʘʮʠʠ.  

ʆʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤ ï ʧʦʣʫʯʝʥʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

MESSAGE_ID, ʢʦʪʦʨʳʡ ʥʝ ʨʘʩʧʦʟʥʘʝʪʩʷ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ, ʝʩʣʠ ʩʣʝ-

ʜʫʶʱʠʡ ʫʯʘʩʪʦʢ ʤʘʨʰʨʫʪʘ ʠʟʤʝʥʠʣʩʷ, ʥʦ ʧʝʨʝʜʘʶʱʠʡ ʫʟʝʣ ʵʪʦ ʠʟʤʝʥʝʥʠʝ 

ʥʝ ʦʙʥʘʨʫʞʠʣ. ɼʣʷ ʚʳʭʦʜʘ ʠʟ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠʥʠʤʘʶʱʠʡ ʫʟʝʣ, ʥʝ ʨʘʩ-

ʧʦʟʥʘʚʰʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʦʦʙʱʝʥʠʷ, ʤʦʞʝʪ ʧʝʨʝʜʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʝ MESSAGE_ID_NAK. ʇʝʨʝʜʘʶʱʠʡ ʫʟʝʣ, ʧʨʠʥʷʚʰʠʡ ʪʘʢʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ, ʜʦʣʞʝʥ ʧʝʨʝʜʘʪʴ ʧʦʣʥʦʝ ʩʦʦʙʱʝʥʠʝ ʧʨʦʪʦʢʦʣʘ RSVP, ʢ 

ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʣʩʷ MESSAGE_ID.  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʭ ʵʪʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʙʳʣʠ ʨʝʰʝʥʳ ʧʨʦʙʣʝʤʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ RSVP ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ MPLS. 

ʇʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʨʝʩʫʨ-

ʩʦʚ ʠ ʪʨʘʢʪʦʚ LSP ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʦʙʲʝʤʝ ʪʨʘʬʠʢʘ ʨʝʛʝʥʝʨʘʮʠʠ.  

ʇʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ʧʝʨʝʜʘʚʘʝʤʦʡ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʚ RSVP-TE ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʥʘʤʠ ʩʪʦʣʴ ʧʦʜʨʦʙʥʦ ʧʦʪʦʤʫ, ʯʪʦ ʦʙʳʯʥʦ ʦʜʥʠʤ 

ʠʟ ʘʨʛʫʤʝʥʪʦʚ ʧʨʦʪʠʚʥʠʢʦʚ RSVP-TE ʙʳʣ ʠʤʝʥʥʦ ʪʨʘʬʠʢ ʦʙʥʦʚʣʝʥʠʷ ʩʦʩ-

ʪʦʷʥʠʡ. ʊʝʧʝʨʴ ʞʝ ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʦʪʦʢʦʣʝ RSVP ʤʝʭʘ-

ʥʠʟʤʘ, ʩʦʢʨʘʱʘʶʱʝʛʦ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʨʝʛʝʥʝʨʘʮʠʠ, ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

RSVP-TE ʠ CR-LDP ʧʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ.  
 

 

16.4. Сравнение ремаршрутизации в RSVP-TE и CR-LDP 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʠʟʤʝʥʝʥʠʷ ʤʘʨʰʨʫʪʘ ʜʣʷ LSP ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ 

ʫʚʝʜʦʤʣʝʥʠʷ ʦʙ ʦʪʢʘʟʝ ʠʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ. ʇʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʨʝʟʝʨʚʥʳʭ (ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ) ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʪʨʘʢʪʘ 

LSP ʥʘʟʳʚʘʝʪʩʷ ʟʘʱʠʪʦʡ LSP. ʗʚʥʦ ʟʘʜʘʥʥʳʡ LSP ʤʦʞʝʪ ʙʳʪʴ ʨʝʤʘʨʰʨʫ-

ʪʠʟʠʨʦʚʘʥ ʪʦʣʴʢʦ ʚʭʦʜʥʳʤ LSR ï ʦʪʧʨʘʚʠʪʝʣʝʤ ʜʘʥʥʳʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʙ ʦʪʢʘʟʝ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ LSP ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʬʦʨʤʠʨʦʚʘʥ ʚʭʦʜʥʦʡ LSR, ʠ 

ʧʨʠ ʵʪʦʤ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʨʫʰʘʝʪʩʷ ʚʝʩʴ LSP. ʆʜʥʘʢʦ ʥʝʩʪʨʦʛʦ ʩʧʝʮʠʬʠ-

ʮʠʨʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ LSP ʩ ʷʚʥʳʤ ʤʘʨʰʨʫʪʦʤ ʠ ʣʶʙʘʷ ʯʘʩʪʴ LSP, ʤʘʨʰʨʫʪ 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʘʜʘʚʘʣʩʷ ʧʦ ʫʯʘʩʪʢʘʤ, ʤʦʛʫʪ ʙʳʪʴ ʨʝʤʘʨʰʨʫʪʠʟʠʨʦʚʘʥʳ, 

ʝʩʣʠ ʦʙʥʘʨʫʞʝʥ ʦʪʢʘʟ ʟʚʝʥʘ ʠʣʠ ʩʤʝʞʥʦʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (ʣʦʢʘʣʴʥʦʝ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ), ʠʣʠ ʝʩʣʠ ʩʪʘʣ ʜʦʩʪʫʧʝʥ ʣʫʯʰʠʡ ʤʘʨʰʨʫʪ, ʠʣʠ ʝʩʣʠ ʨʝʩʫʨʩʳ 

LSP ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ LSP ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ 

(ʧʨʠʦʨʠʪʝʪʥʦʝ ʚʳʪʝʩʥʝʥʠʝ). ɺʳʰʝ ʫʞʝ ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʣʫʯʘʡ, 

ʢʦʛʜʘ ʩʝʪʴ ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʫʥʢʮʠʶ Fast ReRoute. 

ʈʝʤʘʨʰʨʫʪʠʟʘʮʠʶ, ʫʧʨʘʚʣʷʝʤʫʶ ʚʭʦʜʥʳʤ ʫʟʣʦʤ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʘʢ 

ʧʨʦʪʦʢʦʣ CR-LDP, ʪʘʢ ʠ ʧʨʦʪʦʢʦʣ RSVP-TE, ʭʦʪʷ ʠʤʝʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʪʦʤ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ LSR, ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʦʪʦʢʦʣ RSVP-TE, ʤʦʞʝʪ ʦʧʨʝ-

ʜʝʣʠʪʴ ʥʦʚʳʡ ʤʘʨʰʨʫʪ, ʢʘʢ ʪʦʣʴʢʦ ʩʪʘʥʝʪ ʜʦʩʪʫʧʥʳʤ ʠ/ʠʣʠ ʧʦʪʨʝʙʫʝʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʘʨʰʨʫʪ, ʧʨʦʩʪʦ ʧʫʪʝʤ ʦʙʥʦʚʣʝʥʠʷ LSP, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʚʳʙʠʨʘʝʪʩʷ ʜʨʫʛʦʡ ʩʣʝʜʫʶʱʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ʉʪʘʨʳʡ ʪʨʘʢʪ ʧʨʠ ʵʪʦʤ 

ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦʩʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ  ʪʘʡʤʝʨʘ, ʧʦʩʢʦʣʴʢʫ 

ʩʦʦʙʱʝʥʠʷ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦ ʥʝʤʫ ʙʦʣʴʰʝ ʥʝ ʧʝʨʝʜʘʶʪʩʷ. ʗʩʥʦ, ʯʪʦ ʧʨʠ ʪʘ-

ʢʦʤ ʩʧʦʩʦʙʝ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ ʪʨʘʪʷʪʩʷ ʨʝʩʫʨʩʳ ʩʪʘʨʦʛʦ LSP.  

ʕʪʦʛʦ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʧʝʨʝʜʘʚ ʧʦ ʷʚʥʦ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ ʩʦʦʙʱʝ-

ʥʠʝ PathTear ʠʣʠ ResvTear. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʩ ʚʢʣʶʯʝ-

ʥʠʝʤ ʥʦʚʦʛʦ ʪʨʘʢʪʘ ʜʦ ʨʘʟʨʳʚʘ ʩʪʘʨʦʛʦ (make-before-break), ʪ. ʝ. ʤʝʭʘʥʠʟʤ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʘʨʳʡ ʪʨʘʢʪ ʧʨʦʜʦʣʞʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ (ʠ ʦʙʥʦʚʣʷʪʴʩʷ) ʚʩʝ 
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ʚʨʝʤʷ, ʧʦʢʘ ʩʦʟʜʘʝʪʩʷ ʥʦʚʳʡ ʪʨʘʢʪ, ʘ ʧʦʩʣʝ ʝʛʦ ʩʦʟʜʘʥʠʷ LSR, ʧʨʦʠʟʚʦ-

ʜʷʱʠʡ ʨʝʤʘʨʰʨʫʪʠʟʘʮʠʶ, ʚʳʧʦʣʥʷʝʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʥʦʚʳʡ ʪʨʘʢʪ ʠ ʨʘʟ-

ʨʫʰʘʝʪ ʩʪʘʨʳʡ ʪʨʘʢʪ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʜʚʦʡʥʦʛʦ ʨʝʟʝʨʚʠʨʦ-

ʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʢʘʢ ʚ ʧʨʦʪʦʢʦʣʝ CR-LDP (ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʷ modify 

ʬʣʘʛʘ ʜʝʡʩʪʚʠʷ ʚ ʩʦʦʙʱʝʥʠʠ Label Request), ʪʘʢ ʠ ʚ ʧʨʦʪʦʢʦʣʝ RSVP-TE 

(ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʦʚ ʧʨʠ ʩʪʠʣʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ Shared-Explicit). 

ɺ ʥʝʩʪʘʙʠʣʴʥʳʭ ʩʝʪʷʭ ʠʥʪʝʥʩʠʚʥʳʡ ʩʣʫʞʝʙʥʳʡ ʪʨʘʬʠʢ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʡ ʨʝʤʘʨʰʨʫʪʠʟʘʮʠʶ ʥʝʩʪʨʦʛʦ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ LSP ʥʘ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʭ LSR ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʣʫʯʰʠʭ ʤʘʨʰʨʫʪʦʚ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʝʨʝʛʨʫʟʦʢ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʵʪʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ, ʥʝʩʪʨʦʛʦ 

ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ ʤʘʨʰʨʫʪʘ ʤʦʞʝʪ ʟʘʢʨʝʧʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 

ɺ ʧʨʦʪʦʢʦʣʝ CR-LDP ʵʪʦ ʜʝʣʘʝʪʩʷ ʧʨʦʩʪʦ ʧʫʪʝʤ ʧʦʤʝʪʢʠ ʥʝʩʪʨʦʛʦʛʦ 

ʫʯʘʩʪʢʘ ʷʚʥʦ ʟʘʜʘʥʥʦʛʦ ʤʘʨʰʨʫʪʘ ʢʘʢ ʟʘʢʨʝʧʣʝʥʥʦʛʦ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʢ 

ʪʦʣʴʢʦ ʤʘʨʰʨʫʪ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥ, ʢ ʥʝʤʫ ʙʫʜʫʪ ʦʪʥʦʩʠʪʴʩʷ, ʢʘʢ ʢ ʩʪʨʦʛʦ 

ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʪʴʩʷ ʥʝ ʤʦʞʝʪ. 

ɺ ʧʨʦʪʦʢʦʣʝ RSVP ʟʘʢʨʝʧʣʝʥʠʝ ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʇʫʩʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥ ʩ ʥʝʩʪʨʦʛʠʤ 

ʫʯʘʩʪʢʦʤ. ʏʪʦʙʳ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʚʭʦʜʥʦʡ LSR ʦ ʚʳʙʨʘʥʥʦʤ ʤʘʨʰʨʫʪʝ, 

ʚ ʩʦʦʙʱʝʥʠʷʭ Path ʠ Resv ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʲʝʢʪ Record Route (RRO). ɺʭʦʜ-

ʥʦʡ LSR ʤʦʞʝʪ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝ-

ʜʘʯʠ ʩʦʦʙʱʝʥʠʷ Path, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʩʪʨʦʛʦ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥ-

ʥʳʡ ʷʚʥʳʡ ʤʘʨʰʨʫʪ. 

ʀ RSVP-TE, ʠ CR-LDP ʠʩʧʦʣʴʟʫʶʪ ʛʠʙʢʠʡ ʧʦʜʭʦʜ ʢ ʨʝʤʘʨʰʨʫʪʠʟʘ-

ʮʠʠ LSP ʠ ʢ ʧʨʠʤʝʥʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʥʦʚʦʛʦ LSP ʜʦ ʨʘʟʨʳʚʘ 

ʩʪʘʨʦʛʦ. ʇʨʦʪʦʢʦʣ CR-LDP ʦʧʠʨʘʝʪʩʷ ʥʘ ʚʥʝʩʝʥʥʦʝ ʚ ʝʛʦ ʩʧʝʮʠʬʠʢʘʮʠʶ 

ʜʦʙʘʚʣʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʢʣʶʯʝʥʠʝ ʥʦʚʦʛʦ ʜʦ ʨʘʟʨʳʚʘ ʩʪʘ-

ʨʦʛʦ, ʘ ʧʨʦʪʦʢʦʣ RSVP-TE ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ 

ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʤʘʨʰʨʫʪʘ.   

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʦʜʠʥ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʦʪʦʢʦʣʘ CR-LDP, ʩʚʷʟʘʥʥʳʡ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ TCP ʜʣʷ LDP-ʩʝʩʩʠʡ. ʇʨʠ ʨʘʙʦʪʝ CR-LDP 

ʠʤʝʶʪ ʤʝʩʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʪʥʦʰʝ-

ʥʠʷ ʩʤʝʞʥʦʩʪʠ ʤʝʞʜʫ ʜʚʫʤʷ LSR. ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʩʤʦʛʫʪ 

ʠʥʠʮʠʠʨʦʚʘʪʴ LDP-ʩʝʘʥʩ, ʦʥʠ ʜʦʣʞʥʳ ʧʨʦʡʪʠ ʧʨʦʮʝʜʫʨʫ ʚʭʦʞʜʝʥʠʷ ʚ ʩʚʷʟʴ 

ʧʦ ʧʨʦʪʦʢʦʣʫ TCP. ʕʪʦ ʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʦʪʦʢʦʣʫ RSVP-TE, ʢʦʪʦʨʳʡ 

ʥʝ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʮʝʜʫʨʳ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʤʝʪʦʢ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʪʦʢʦʣ RSVP ʠʤʝʝʪ çʦʙʣʝʛʯʝʥʥʳʝ ʦʪ-

ʥʦʰʝʥʠʷ ʩʤʝʞʥʦʩʪʠè, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʥʦʚʳʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʙʳʩʪʨʦ, ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʀ ʵʪʦ ʚʘʞʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʙʳʩʪʨʦʡ ʨʝʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

ʄʦʜʠʬʠʢʘʮʠʷ LSP, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʬʠʢʘ ʚ LSP, 

ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʝʡ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʨʝʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʭʦʪʷ ʧʨʠ ʤʦʜʠʬʠʢʘ-
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ʮʠʠ LSP ʠʟʤʝʥʝʥʠʝ ʤʘʨʰʨʫʪʘ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʵʪʘ ʬʫʥʢʮʠʷ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʨʦʪʦʢʦʣʝ RSVP-TE ʠ ʙʫʜʝʪ ʧʨʠʩʫʪ-

ʩʪʚʦʚʘʪʴ ʚ ʧʨʦʪʦʢʦʣʝ CR-LDP ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʪʦʢʦʣʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʟʥʘʯʝʥʠʝ modify ʬʣʘʛʘ ʜʝʡʩʪʚʠʷ ʚ ʩʦʦʙʱʝʥʠʷʭ Label Request 

(ʜʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʨʘʥʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʘ ʤʦʜʠʬʠʢʘʮʠʶ LSP ʥʝ ʧʦʜ-

ʜʝʨʞʠʚʘʶʪ). 

ɿʘʱʠʪʘ LSP ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʨʝʟʝʨʚʥʳʭ ʧʫʪʝʡ ʜʣʷ 

ʪʨʘʢʪʘ LSP ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʥʘ ʨʝʟʝʨʚʥʳʡ ʪʨʘʢʪ ʧʨʠ ʦʪ-

ʢʘʟʝ ʦʩʥʦʚʥʦʛʦ ʪʨʘʢʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʩ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʪʘ ʬʫʥʢʮʠʷ ʪʘʢʞʝ ʘʥʘʣʦʛʠʯʥʘ ʨʝʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʟʘʱʠʪʘ LSP ʦʙʳʯʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʚʘʞʥʘʷ ʦʧʝʨʘʮʠʷ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʦʧʝʨʘʪʠʚʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʥʦʚʳʡ ʪʨʘʢʪ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʧʨʝ-

ʨʳʚʘʥʠʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ LSP (ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʯʝʪʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʨʝʨʳʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʝʝ 50 ʤʩ). ɺ ʦʙʦʠʭ ʩʨʘʚʥʠʚʘʝʤʳʭ ʧʨʦʪʦʢʦʣʘʭ 

ʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʟʘʱʠʪʳ LSP. 

ʇʨʦʩʪʝʡʰʠʤ ʚʠʜʦʤ ʟʘʱʠʪʳ LSP ʷʚʣʷʝʪʩʷ ʧʦʧʳʪʢʘ ʚʭʦʜʥʦʛʦ ʠʣʠ ʪʨʘʥ-

ʟʠʪʥʦʛʦ LSR ʚʳʧʦʣʥʠʪʴ ʨʝʤʘʨʰʨʫʪʠʟʘʮʠʶ LSP ʥʝʤʝʜʣʝʥʥʦ ʧʦ ʧʦʣʫʯʝʥʠʠ 

ʫʚʝʜʦʤʣʝʥʠʷ ʦʙ ʦʪʢʘʟʝ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʚ ʦʙʦʠʭ ʧʨʦʪʦʢʦ-

ʣʘʭ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʜʘʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʠʛʥʘʣʴʥʳʝ 

ʩʦʦʙʱʝʥʠʷ ʘʚʘʨʠʡʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʥʦʚʳʡ ʤʘʨʰʨʫʪ ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ (ʦʙʳʯʥʦ ʵʪʦ ʟʘʥʠʤʘʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ). 

ʊʘʢʘʷ ʥʝʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʝʧʨʠʝʤʣʝʤʘ ʜʣʷ IP-ʪʝʣʝʬʦʥʠʠ ʠ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʡ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʅʘʤʥʦʛʦ ʙʦʣʝʝ ʙʳʩʪʨʦʡ ʟʘʱʠʪʳ LSP ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʝʩʣʠ ʟʚʝʥʦ 

ʤʝʞʜʫ ʜʚʫʤʷ LSR ʟʘʱʠʱʝʥʦ ʩʭʝʤʦʡ ʟʘʱʠʪʳ ʥʘ ʫʨʦʚʥʝ 2. ʊʘʢʘʷ ʟʘʱʠʪʘ 

ʧʨʦʟʨʘʯʥʘ ʜʣʷ LSP ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩ ʣʶʙʳʤ ʠʟ ʜʚʫʭ ʩʨʘʚʥʠʚʘʝʤʳʭ 

ʧʨʦʪʦʢʦʣʦʚ. ɺʧʨʦʯʝʤ, ʨʝʘʣʠʟʘʮʠʷ ʟʘʱʠʪʳ ʥʘ ʫʨʦʚʥʝ 2 ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʜʦʨʦʛʠʤ ʜʝʣʦʤ, ʠ ʩʘʤʘ ʟʘʱʠʪʘ ʦʛʨʘʥʠʯʝʥʘ ʫʯʘʩʪʢʦʤ LSP ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʦʩʝʜʥʠʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʂ ʪʦʤʫ ʞʝ, ʟʘʱʠʪʘ ʟʚʝʥʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʟʘʱʠʪʳ ʦʪ ʦʪʢʘʟʘ ʦʪʜʝʣʴʥʳʭ LSR. 
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17. РАЗВИТИЕ MPLS. GMPLS. ЦЕНТРАЛИЗОВАННОЕ 

УПРАВЛЕНИЕ ОПТИЧЕСКИМИ СЕГМЕНТАМИ 

ТРАНСПОРТНЫХ СЕТЕЙ СВЯЗИ 

ʕʪʘ ʠʜʝʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʧʘʨʘʜʠʛʤʫ ʟʘʤʝʥʳ ʤʝʪʦʢ 

MPLS ʥʘ ʥʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ 

ʩʧʝʮʠʬʠʢʘʮʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʚʳʤʠ ʧʫʪʷʤʠ, ʠʣʠ ʦʧʪʠʯʝʩʢʠʤ ʩʣʝʜʘʤʠ. 

ʂʘʞʜʳʡ ʫʟʝʣ OXC (Optical Cross-Connect) ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʧʦʜʦʙʥʦ MPLS 

LSR ʩ ʧʣʦʩʢʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ. ʄʝʞʜʫ ʩʦʩʝʜʥʠʤʠ OXC ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʦʪʜʝʣʴʥʳʡ ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ IP. ʉʚʝʪʦʚʳʝ ʧʫʪʠ ʩʪʘʥʦʚʷʪʩʷ ʧʫʪʷʤʠ LSP, ʘ 

ʚʳʙʦʨ ʣʷʤʙʜ ʠ ʧʦʨʪʦʚ ʢʨʦʩʩ-ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ, ʘʥʘʣʦʛʠʯʥʳʤ 

ʥʘʟʥʘʯʝʥʠʶ ʤʝʪʦʢ ʠ ʩʚʷʟʦʢ ʤʝʪʢʘ-FEC. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, MPLS ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʢ GMPLS ʧʫʪʝʤ ʨʘʩʰʠʨʝʥʠʷ 

(ʛʝʥʝʨʘʣʠʟʘʮʠʠ) ʧʦʥʷʪʠʷ ʤʝʪʢʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʢʦʤʤʫʪʘʮʠʦʥʥʳʝ ʧʨʠʣʦʞʝ-

ʥʠʷ: ʚʨʝʤʝʥʥʦʝ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ TDM, ʯʘʩʪʦʪʥʦʝ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘ-

ʥʠʝ FDM ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ SDM. ʄʝʪʢʠ ʙʦʣʴʰʝ 

ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʦʣʷʤʠ ʚ ʟʘʛʦʣʦʚʢʝ ʧʘʢʝʪʘ 

ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 2, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʦʧʪʠ-

ʯʝʩʢʠʤʠ ʣʷʤʙʜʘʤʠ ʠ ʪ. ʧ. 

ʉʫʱʝʩʪʚʫʶʪ ʯʝʪʳʨʝ ʢʣʘʩʩʘ ʧʫʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʩʠʛʥʘʣʠʟʘʮʠʠ GMPLS: 

¶ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʥʳʝ ʧʫʪʠ ï ʦʙʳʯʥʳʝ ʧʘʢʝʪʳ MPLS, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʟʘʛʦʣʦʚʦʢ; 

¶ ʧʫʪʠ TDM ï ʢʘʞʜʳʡ ʚʨʝʤʝʥʥʦʡ ʢʘʥʘʣ ʷʚʣʷʝʪʩʷ ʤʝʪʢʦʡ; 

¶ ʧʫʪʠ FDM ï ʢʘʞʜʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʯʘʩʪʦʪʘ (ʪ. ʝ. ʜʣʠʥʘ ʩʚʝʪʦʚʦʡ 

ʚʦʣʥʳ) ʷʚʣʷʝʪʩʷ ʤʝʪʢʦʡ; 

¶ ʧʫʪʠ SDM ï ʤʝʪʢʦʡ ʷʚʣʷʝʪʩʷ ʧʦʟʠʮʠʷ, ʥʘʧʨʠʤʝʨ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʚʦʣʦʢʥʘ ʚ ʧʫʯʢʝ. 

ʊʝʭʥʦʣʦʛʠʷ GMPLS ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʘ ʚ ʜʦʢʫʤʝʥʪʝ RFC 3471, ʦʧʠʩʳ-

ʚʘʶʱʝʤ ʩʘʤʫ ʪʝʭʥʦʣʦʛʠʶ, ʘ ʪʘʢʞʝ ʚ RFC 3472, ʧʦʩʚʷʱʝʥʥʦʤ ʩʠʛʥʘʣʠʟʘʮʠʠ 

CR-LDP, ʠ RFC 3473, ʦʧʠʩʳʚʘʶʱʝʤ ʧʨʦʪʦʢʦʣ RSVP-TE. ɺʩʝ ʪʨʠ ʜʦʢʫʤʝʥ-

ʪʘ ʠʤʝʶʪ ʩʭʦʞʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʦ ʝʩʣʠ ʚ RFC 3471 ʩʧʝʮʠʬʠʮʠʨʫʶʪʩʷ ʪʦʣʴʢʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʣʷ ʩʦʦʙʱʝʥʠʡ, ʪʦ ʚ ʜʚʫʭ ʜʨʫʛʠʭ ʜʦʢʫʤʝʥʪʘʭ ʵʪʠ ʧʦʣʷ 

ʚʜʦʙʘʚʦʢ ʦʙʨʘʤʣʷʶʪʩʷ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʪʦʢʦʣʘ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʠʪʴ ʝʱʝ ʦʜʥʫ ʪʨʘʢʪʦʚʢʫ ʩʣʦʚʘ Generalized ʚ ʥʘʟ-

ʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ. ʈʝʯʴ ʠʜʝʪ ʦ ʪʦʤ, ʯʪʦ GMPLS ʨʘʩʰʠʨʷʝʪ ʠ ʯʠʩʣʦ ʚʦʟ-

ʤʦʞʥʳʭ ʪʠʧʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ MPLS-ʩʝʪʠ. ʋʥʠʚʝʨʩʘʣʴ-

ʥʦʩʪʴ ʥʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

LSR, ʥʝʩʧʦʩʦʙʥʳʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʘʛʦʣʦʚʢʠ ʧʘʢʝʪʦʚ, ʥʦ ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ 

ʤʘʨʰʨʫʪʠʟʘʮʠʶ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʜʣʠʥʘʭ ʚʦʣʥ ʠʣʠ 

ʬʠʟʠʯʝʩʢʠʭ ʧʦʨʪʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ LSR, ʘ ʪʦʯʥʝʝ ï ʠʥʪʝʨʬʝʡʩʳ ʥʘ LSR, 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ: 
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¶ ʠʥʪʝʨʬʝʡʩʳ Packet-Switch Capable (PSC), ʩʧʦʩʦʙʥʳʝ ʨʘʟʣʠʯʘʪʴ ʛʨʘʥʠ-

ʮʳ ʧʘʢʝʪʦʚ ʠ ʷʯʝʝʢ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʘʨʰʨʫʪʠʟʘʮʠʶ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʦʜʝʨ-

ʞʘʥʠʠ ʠʭ ʟʘʛʦʣʦʚʢʦʚ, ʥʘʧʨʠʤʝʨ, ʦʙʳʯʥʳʝ LSR ʠʣʠ ATM-ʢʦʤʤʫʪʘʪʦʨʳ; 

¶ ʠʥʪʝʨʬʝʡʩʳ Time-Division Multiplex Capable (TDM), ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʤʘʨʰʨʫʪʠʟʠʨʫʶʪ ʜʘʥʥʳʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʥʘʧʨʠ-

ʤʝʨ ʠʥʪʝʨʬʝʡʩʳ SDH ʠʣʠ ʚʭʦʜʳ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʮʠʬʨʦʚʦʡ ɸʊʉ;  

¶ ʠʥʪʝʨʬʝʡʩʳ Lambda Switch Capable (LSC), ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʦʩʫʱʝ-

ʩʪʚʣʷʝʪʩʷ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʜʣʠʥʳ ʚʦʣʥʳ, ʪ. ʝ. ʠʥʪʝʨʬʝʡʩʳ ʦʧʪʠ-

ʯʝʩʢʠʭ ʣʷʤʙʜʘ-ʢʦʤʤʫʪʘʪʦʨʦʚ; 

¶ ʠʥʪʝʨʬʝʡʩʳ Fiber-Switch Capable (FSC), ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʤʘʨʰʨʫʪʠʟʠ-

ʨʫʶʪʩʷ ʜʘʥʥʳʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʭ ʨʝʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ ʧʝʨʝʥʦʩʘ, 

ʥʘʧʨʠʤʝʨ ʠʥʪʝʨʬʝʡʩʳ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʫʨʦʚʥʝ 

ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. 

ʆʪʤʝʪʠʤ, ʯʪʦ PSC-ʠʥʪʝʨʬʝʡʩʳ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ MPLS-ʩʝʪʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʠʞʝ ʙʫʜʝʤ ʨʘʟʣʠʯʘʪʴ PSC- ʠ ʥʝ-

PSC-ʠʥʪʝʨʬʝʡʩʳ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʥʘʣʠʯʠʝ ʧʦʩʣʝʜʥʠʭ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʧʦʷʚʣʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʧʮʠʡ GMPLS. 

ʋʞʝ ʦʙʩʫʞʜʘʚʰʠʡʩʷ ʚʳʰʝ ʧʨʠʥʮʠʧ ʚʣʦʞʝʥʥʳʭ LSP ʧʦʟʚʦʣʷʝʪ 

ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ, ʬʦʨʤʠʨʫʷ ʠʝʨʘʨʭʠʶ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ʅʘʚʝʨʭʫ 

ʠʝʨʘʨʭʠʠ ʨʘʩʧʦʣʦʞʘʪʩʷ FSC-ʠʥʪʝʨʬʝʡʩʳ, ʟʘ ʥʠʤʠ ï LSC, ʧʦʪʦʤ TDM ʠ 

ʥʘʢʦʥʝʮ PSC. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, LSP, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪʩʷ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ 

ʥʘ PSC-ʠʥʪʝʨʬʝʡʩʝ, ʤʦʞʝʪ (ʚʤʝʩʪʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʜʨʫʛʠʤʠ LSP) ʙʳʪʴ 

ʧʦʤʝʱʝʥ ʚ LSP, ʥʘʯʠʥʘʶʱʠʡʩʷ ʠ ʟʘʢʘʥʯʠʚʘʶʱʠʡʩʷ ʥʘ TDM-ʠʥʪʝʨʬʝʡʩʝ. 

ʊʘʢʞʝ LSP ʫʨʦʚʥʷ TDM ʠ ʜʨʫʛʠʭ ʫʨʦʚʥʝʡ ʤʦʛʫʪ ʙʳʪʴ ʚʣʦʞʝʥʳ ʚ LSP, 

ʠʝʨʘʨʭʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʳʰʝ.  

ʇʦ ʧʨʠʯʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ GMPLS ʠʥʪʝʨʬʝʡʩʦʚ, ʦʪʣʠʯʥʳʭ ʦʪ PSC, 

ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ LSP. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʥʬʣʠʢʪʥʦʡ ʩʠʪʫʘʮʠʠ ʟʘʭʚʘʪʘ 

ʨʝʩʫʨʩʦʚ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ LSP ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʩʠʛʥʘʣʴʥʳʤ ʩʝʩʩʠʷʤ; ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʜʫʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʩʣʝ ʩʙʦʝʚ ʥʘ ʥʝ-PSC ʦʙʦʨʫʜʦʚʘʥʠʠ. ʊʘʢʞʝ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ LSP ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʥʴʰʝʛʦ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʧʨʠ ʠʭ ʫʩʪʘʥʦʚʣʝʥʠʠ ʠ ʤʝʥʴ-

ʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʩʦʦʙʱʝʥʠʡ.  

ɺ ʪʝʭʥʦʣʦʛʠʠ GMPLS ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʚʦʟʤʦʞʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʢʘʥʘʣʦʚ ʜʘʥʥʳʭ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʪʝʭʥʦʣʦʛʠʡ, ʛʜʝ 

ʩʠʛʥʘʣʴʥʳʡ ʪʨʘʬʠʢ ʥʝ ʤʦʞʝʪ ʧʦʩʳʣʘʪʴʩʷ ʚʤʝʩʪʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʝʡ. ʊʘʢʞʝ GMPLS ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦ-

ʪʦʢʦʣʦʚ ʩʠʛʥʘʣʠʟʘʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʢʦʥ-

ʢʨʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

GMPLS ʦʧʨʝʜʝʣʷʝʪ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ MPLS ʚ ʦʧʪʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʚ ʯʠʩʣʦ 
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ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʩʚʷʟʳʚʘʥʠʝ ʢʘʥʘʣʦʚ, ʥʝʥʫʤʝʨʦʚʘʥʥʳʝ ʢʘʥʘʣʳ ʠ ʥʦʚʳʡ 

ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ IP ʧʨʦʪʦʢʦʣ LMP (Link-Management Protocol). ʉʚʷʟʳʚʘ-

ʥʠʝ ʢʘʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʝ ʘʪʨʠʙʫʪʦʚ ʢʘʥʘʣʦʚ ʙʦʣʝʝ 

ʯʝʤ ʦʜʥʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʚ ʝʜʠʥʳʡ ʧʫʯʦʢ ʢʘʥʘʣʦʚ. ɺʳʠʛʨʳʰ ʦʪ 

ʪʘʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʫʤʝʥʴʰʝʥʠʠ ʚʝʣʠʯʠʥʳ ʙʘʟʳ ʜʘʥʥʳʭ ʩʦʩʪʦʷ-

ʥʠʡ ʢʘʥʘʣʦʚ ʠ ʫʣʫʯʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʩʰʪʘʙʠʨʦ-

ʚʘʥʠʷ. ʅʝʥʫʤʝʨʦʚʘʥʥʳʝ ʢʘʥʘʣʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʢʘʥʘʣʳ, ʢʦʪʦʨʳʝ ʥʝ ʩʢʦʥ-

ʬʠʛʫʨʠʨʦʚʘʥʳ IP-ʘʜʨʝʩʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʢʘʥʘʣʦʚ ʫʧʨʦʱʘʝʪ ʤʥʦʛʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʥʘʣʘʤʠ. ɺʥʦʚʴ ʧʨʝʜʣʦ-

ʞʝʥʥʳʡ ʥʝʥʫʤʝʨʦʚʘʥʥʳʡ ʪʝʛ ʢʘʥʘʣʘ ʷʚʣʷʝʪʩʷ ʢʦʨʪʝʞʝʤ çʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ/ʥʦʤʝʨ ʢʘʥʘʣʘè. LMP ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʪʦʢʦʣ ʫʧʨʘʚ-

ʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ ʦʩʦʙʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʫʟʣʘʤʠ. LMP 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʨʠʬʠʢʘʮʠʶ ʩʚʷʟʥʦʩʪʠ ʢʘʥʘʣʦʚ, ʢʦʨʨʝʣʷʮʠʶ ʩʚʦʡʩʪʚ ʢʘʥʘ-

ʣʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʫʧʨʘʚʣʷʶʱʠʤʠ ʢʘʥʘʣʘʤʠ ʠ ʣʦʢʘʣʠʟʘʮʠʶ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 
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18. TP-MPLS и T-MPLS 

T-MPLS (Transport Multiprotocol Label Switching ï ʪʨʘʥʩʧʦʨʪʥʘʷ ʤʥʦʛʦ-

ʧʨʦʪʦʢʦʣʴʥʘʷ ʢʦʤʤʫʪʘʮʠʷ ʧʦ ʤʝʪʢʘʤ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʶ, 

ʨʘʟʨʘʙʦʪʥʘʥʥʫʶ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʘʢʝʪʥʳʭ ʪʨʘʩʧʦʨʪʥʳʭ ʩʝʪʷʭ 

ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘʥʠʷ, T-MPLS ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʭʥʦ-

ʣʦʛʠʠ MPLS. ʈʘʙʦʪʘ ʥʘʜ ʥʘʙʦʨʦʤ ʩʪʘʥʜʘʨʪʦʚ T-MPLS ʙʳʣʘ ʥʘʯʘʪʘ ʚ ʬʝʚ-

ʨʘʣʝ 2006 ʛ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ ʩʦʟʜʘʥʠʝ ʨʷʜʘ ʩʪʘʥʜʘʨʪʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʧʦʩʪʨʦʝʥʠʝ ʧʘʢʝʪʥʦʡ ʩʝʪʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʩʦʝʜʠʥʝʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ 

T-MPLS ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʷʜʘ ʩʪʘʥʜʘʨʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʫʧʨʦ-

ʱʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ MPLS. ʋʧʨʦʱʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʩʪʠ, ʥʝ ʩʚʷʟʘʥʥʦʡ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʩʦʝʜʠʥʝʥʠʷ ʧʘʢʝʪʥʦʡ 

ʩʝʪʴʶ (ʫʧʨʦʱʝʥʠʝ ʩʘʤʦʡ ʪʝʭʥʦʣʦʛʠʠ MPLS), ʠ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠ ̫ʤʝʭʘ-

ʥʠʟʤʦʚ, ʢʨʠʪʠʯʥʳʭ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ (ʫʧʨʦʱʝʥʠʝ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʢʝʪʥʦʡ ʩʝʪʠ). 

ʈʘʙʦʪʘ ʥʘʜ ʨʘʟʚʠʪʠʝʤ ʩʪʘʥʜʘʨʪʦʚ T-MPLS ʙʳʣʘ ʧʨʝʢʨʘʱʝʥʘ ITU-T 

ʚ ʜʝʢʘʙʨʝ 2008 ʛ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʠʜʝʡ, ʟʘʣʦʞʝʥʥʳʭ 

ʚ T-MPLS, ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʝʡ MPLS-TP. 

ɺ T-MPLS ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝ ʞʝ ʩʘʤʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʘʨʭʠ-

ʪʝʢʪʫʨʳ ʩʝʪʠ, ʯʪʦ ʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ SDH ʠʣʠ OTN. ɺʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʦʩʪʨʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ T-MPLS, ʙʣʠʟʢʦʡ ʢ ʪʝʭʥʦʣʦʛʠʷʤ SDH ʠ OTN ʦʙʫʩ-

ʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʧʝʨʘʪʦʨʳ ʩʚʷʟʠ ʠʤʝʶʪ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʠ ʨʘʙʦʯʠʝ ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʝʡ ʩʚʷʟʠ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʘʥʜʘʨʪʦʚ T-MPLS ʠʟ ʪʝʭʥʦʣʦʛʠʠ MPLS ʙʳʣʠ ʫʜʘ-

ʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʝʪʝʚʦʤʫ ʫʨʦʚʥʶ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʥʘ ʚʩʝʤ ʫʯʘʩʪʢʝ ʩʝʪʠ T-MPLS ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʮʝʣʦʩʪʥʦʩʪʴ 

OA&M ʧʘʢʝʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʟʘʱʠʪʥʦʛʦ ʧʝʨʝʢʣʶʯʝ-

ʥʠʷ ʪʫʥʥʝʣʝʡ. 

ʆʪʣʠʯʠʝʤ T-MPLS ʦʪ MPLS ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚ ʩʪʘʥʜʘʨʪʝ T-MPLS 

ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ: 

¶ ʫʜʘʣʝʥʠʝ MPLS ʤʝʪʢʠ ʥʘ ʧʨʝʜʧʦʩʣʝʜʥʝʤ ʫʟʣʝ ʩʝʪʠ (PHP, Penulti-

mate Hop Popping); 

¶ ʦʙʲʝʜʠʥʝʥʠʝ LSP, ʢʦʛʜʘ ʚʝʩʴ ʪʨʘʬʠʢ, ʧʦʩʳʣʘʝʤʳʡ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʩ ʦʜʥʦʛʦ ʫʟʣʘ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʫ ʠ ʪʫ ʞʝ MPLS ʤʝʪʢʫ; 

¶ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʤʘʨʰʨʫʪʳ ʨʘʚʥʦʡ ʩʪʦʠʤʦʩʪʠ (ECMP, Equal Cost 

Multiple Path); 

¶ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ LSP. ɺ ʩʪʘʥʜʘʨʪʝ T-MPLS ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ LSP. 

ʇʨʠ ʫʜʘʣʝʥʠʠ MPLS-ʤʝʪʢʠ ʥʘ ʧʨʝʜʧʦʩʣʝʜʥʝʤ ʫʟʣʝ ʚ ʦʙʳʯʥʦʡ MPLS-

ʩʝʪʠ ʧʦʩʣʝʜʥʝʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʤʘʨʰʨʫʪʝ LSP ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʦʪʦʢʦʣʝ IP, ʘ 

https://ru.wikipedia.org/w/index.php?title=OA%26M&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=OTN&action=edit&redlink=1
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ʥʝ ʥʘ MPLS. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʥʦ 

ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ OA&M-ʧʘʢʝʪʦʚ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʫʟʣʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ ʠ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ MPLS-ʤʝʪʢʠ ʪʝʨʷʝʪʩʷ. 

ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʙʳʣʘ ʫʜʘʣʝʥʘ ʠʟ ʩʪʘʥʜʘʨʪʘ T-MPLS, ʪʘʢ ʢʘʢ ʦʥʘ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʩʦʝʜʠʥʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʝ. 

ʆʙʲʝʜʠʥʝʥʠʝ LSP ʪʘʢʞʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʩʦʝʜʠʥʝ-

ʥʠʷ ʘʨʭʠʪʝʢʪʫʨʝ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʟʘʪʨʫʜʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ 

ʪʨʘʬʠʢʘ, ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ OA&M-ʧʘʢʝʪʘʤʠ ʠ ʤʦʥʠʪʦʨʠʥʛʦʤ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʌʫʥʢʮʠʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʤʘʨʰʨʫʪʦʚ ʨʘʚʥʦʡ ʩʪʦʠʤʦʩʪʠ (ECMP) ʪʘʢʞʝ 

ʙʳʣʘ ʫʜʘʣʝʥʘ ʠʟ ʩʪʘʥʜʘʨʪʘ T-MPLS, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʣʘ ʪʨʘʬʠʢʫ ʚʥʫʪʨʠ 

ʦʜʥʦʛʦ LSP ʧʝʨʝʜʘʚʘʪʴʩʷ ʧʦʚʝʨʭ ʥʝʩʢʦʣʴʢʠʭ ʧʫʪʝʡ. ʕʪʦ ʫʩʣʦʞʥʷʣʦ ʦʙʨʘ-

ʙʦʪʢʫ IP-ʟʘʛʦʣʦʚʢʦʚ, MPLS-ʤʝʪʦʢ ʠ ʤʝʭʘʥʠʟʤʳ OA&M ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʠʯʠʥʘ ʦʪʢʘʟʘ ʦʪ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ LSP ʚ ʩʪʘʥʜʘʨʪʝ T-MPLS ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ T-MPLS ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ ʪʨʘʥʩ-

ʧʦʨʪʥʦʡ ʩʝʪʠ ʦʧʝʨʘʪʦʨʘ. ʊʨʘʥʩʧʦʨʪʥʳʝ ʩʝʪʠ ʦʙʩʣʫʞʠʚʘʶʪ ʜʚʫʥʘʧʨʘʚʣʝʥ-

ʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʵʪʦʤʫ T-MPLS ʨʘʙʦʪʘʝʪ ʩ ʧʘʨʘʤʠ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ 

LSP, ʩʣʝʜʫʶʱʠʭ ʯʝʨʝʟ ʦʜʥʠ ʠ ʪʝ ʞʝ ʫʟʣʳ ʠ ʩʦʝʜʠʥʝʥʠʷ. ɼʚʫʥʘʧʨʘʚʣʝʥʥʳʝ 

LSP ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ ʪʨʘʬʠʢʘ, ʦʩʥʦʚʘʥ-

ʥ ʝr ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʪʣʠʯ-

ʥʳʝ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ MPLS ʙʳʩʪʨʦʡ ʧʝʨʝʤʘʨʰʨʫʪʠʟʘʮʠʠ (FRR ï Fast 

Reroute). 

MPLS-TP, ʠʣʠ MPLS Transport Profile, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤʠ 

ʫʩʠʣʠʷʤʠ ITU-T ʠ IETF. ʀʟʥʘʯʘʣʴʥʦ ʧʦʩʪʘʚʱʠʢʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʠʣʠ ʦʙʣʝʛʯʝʥʥʫʶ ʚʝʨʩʠʶ MPLS, ʩʦʜʝʨʞʘʱʫʶ ʪʦʣʴʢʦ 

ʪʫ ʯʘʩʪʴ MPLS, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʫʥʥʝʣʷ, ʦʨʠʝʥʪʠʨʦʚʘʥ-

ʥʦʛʦ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʉʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʫʧʨʦʩʪʠʪʴ IP/MPLS, ʘ ʩ ʜʨʫʛʦʡ ï ʜʦʙʘʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʝʪʝʡ ʬʫʥʢʮʠʠ ʠ ʩʜʝʣʘʪʴ ʪʝʭʥʦʣʦʛʠʶ IP/MPLS ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʩʠʛʥʘʣʴʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ IP-ʤʘʨʰʨʫʪʠʟʘʮʠʠ (ʦʪʜʝʣʠʪʴ ʧʣʦʩʢʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʜʚʠ-

ʞʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʩʝʪʴʶ ʩʝʪʝʚʳʭ ʩʣʫʞʙ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʫʨʦʚʥʝʡ). ʕʪʦ ʧʨʝʜʣʦʞʝʥʠʝ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ITU, ʦʥʦ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ 

T-MPLS. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʙʳʣʘ ʫʧʨʦʩʪʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʥʦʡ ʚʝʨʩʠʝʡ MPLS, ʯʪʦ ʦʙʝʱʘʣʦ ʧʨʠʚʝʩʪʠ ʠ ʢ ʫʜʝʰʝʚ-

ʣʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʥʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ 

ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ MPLS ʟʘʩʪʘʚʣʷʝʪ ITU ʚʝʨʥʫʪʴ ʚ T-MPLS 

ʠʩʭʦʜʥʳʝ ʬʫʥʢʮʠʠ MPLS. ɺ ʘʧʨʝʣʝ 2008 ʛ. ʩʦʟʜʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʥʘʷ ʨʘ-

ʙʦʯʘʷ ʛʨʫʧʧʘ ʩ IETF ʜʣʷ ʧʨʦʨʘʙʦʪʢʠ ʚʦʧʨʦʩʦʚ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʈʝʟʫʣʴʪʘʪ: 

ʚ ʠʶʥʝ ʪʦʛʦ ʞʝ ʛʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʦʬʠʮʠʘʣʴʥʳʡ ʦʪʢʘʟ ʦʪ T-MPLS ʚ ʧʦʣʴʟʫ 

ʥʦʚʦʛʦ ʧʨʦʪʦʢʦʣʘ MPLS-TP. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ MPLS-TP ʙʫʜʝʪ ʦʩʥʦʚʳ-
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ʚʘʪʴʩʷ ʥʘ ʪʝʭ ʞʝ ʩʘʤʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʠʥʮʠʧʘʭ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʩʝʪʝʚʳʝ 

ʫʨʦʚʥʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʘʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ ʧʦʜʦʙʥʦ SDH, SONET ʠ OTN. ʊʝʭʥʦʣʦʛʠʷ ʙʫʜʝʪ ʟʘʠʤʩʪʚʦʚʘʪʴ 

ʦʪ MPLS ʬʫʥʢʮʠʠ ʩʦʟʜʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʥʠʤ ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʜʝʨʞʢʫ ʢʨʠ-

ʪʠʯʝʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʌʘʢʪʦʨ ʰʠʨʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʦʩʪʠ MPLS-ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʝʪ ʚ ʧʦʣʴʟʫ ʵʪʦʛʦ ʧʦʜʭʦʜʘ, ʦʜʥʘʢʦ ʩʢʝʧ-

ʪʠʢʠ ʦʧʘʩʘʶʪʩʷ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ MPLS-TP ʤʦʞʝʪ ʩʪʘʪʴ ʪʘʢʦʡ ʞʝ ʩʣʦʞʥʦʡ, 

ʛʨʦʤʦʟʜʢʦʡ ʠ ʜʦʨʦʛʦʡ, ʢʘʢ ʠ ʠʩʭʦʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ MPLS. 
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19. ДАЛЬНЕЙШАЯ ЭВОЛЮЦИЯ  

ТРАНСПОРТНЫХ СЕТЕЙ СВЯЗИ 

ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʴ ʦʙʩʫʞʜʘʣʘ ʧʦʣʴʟʫ 

ʦʪ ʩʦʟʜʘʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʷʭ. ʊʘʢ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʜʚʠʛʘʪʴʩʷ ʵʚʦʣʶʮʠʦʥʥʦ, ʨʘʟʚʠʚʘʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩʧʝʰʥʳʡ 

MPLS. GMPLS ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʘʢ ʥʘʙʦʨ MPLS-ʧʨʦʪʦʢʦʣʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʠʭ ʥʘ ʩʧʝʮʠʬʠʢʫ ʨʘʙʦʪʳ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ 

ʢʘʥʘʣʦʚ. ʉʧʝʮʠʘʣʠʩʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠ ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʧʣʘʥʠ-

ʨʦʚʘʣʠ ʨʘʟʚʠʚʘʪʴ ʧʨʦʪʦʢʦʣʳ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʢ, ʯʪʦʙʳ 

ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʡʪʠ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʠ ʫʥʠʬʠ-

ʮʠʨʦʚʘʥʥʦʤʫ ʫʨʦʚʥʶ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʩʝʪʷʤʠ ʩ ʨʘʟʥʳʤʠ ʧʨʠʥʮʠ-

ʧʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʧʘʢʝʪʳ, ʪʘʡʤ-ʩʣʦʪʳ, ʜʣʠʥʳ ʚʦʣʥ ʠ ʪ. ʜ.). 

GMPLS ʥʝ ʩʪʘʣ ʪʝʭʥʦʣʦʛʠʝʡ-ʨʝʚʦʣʶʮʠʝʡ ʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʥʝ ʧʦʣʫʯʠʣ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ 

ʨʘʙʦʪʫ ʠ ʦʙʩʫʞʜʝʥʠʷ ʚʝʜʫʱʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ: ITU, IETF ʠ OIF.  

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʝʤʝʡʩʪʚʘ MPLS/GMPLS 

ʦʧʠʨʘʝʪʩʷ ʥʘ ʫʞʝ ʨʘʙʦʪʘʶʱʫʶ ʩʝʪʴ ʩ ʤʘʨʰʨʫʪʠʟʘʮʠʝʡ OSPF, IS-IS ʠʣʠ 

EIGRP. ɼʘʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʩʝʪʝʚʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦ-

ʫʨʦʚʥʝʚʳʤʠ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʠ ʦʪʢʘʟʘ ʥʘ ʩʝʪʠ, ʧʦʜʢʣʶʯʝʥʠʷ ʥʦʚʳʭ ʫʟʣʦʚ ʠʣʠ ʥʘʩʪʨʦʡʢʠ ʦʛʨʘʥʠʯʝ-

ʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʫʟʣʘʤʠ, ʚʦʟʥʠʢʘʶʪ 

ʧʨʦʙʣʝʤʳ ʩʦ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʙʳʩʪʨʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʩʝʪʠ. ʅʘʧʨʠʤʝʨ, ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʫʩʣʫʛʠ MPLS VPN ʜʣʷ 

ʥʦʚʦʛʦ ʩʘʡʪʘ ʯʝʨʝʟ ʩʝʪʴ OSPF ï ʥʝ ʧʨʦʩʪʘʷ ʟʘʜʘʯʘ. ʉʢʚʦʟʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʧʦʜʢʣʶʯʝʥʠʷ ʪʘʢʠʭ ʫʩʣʫʛ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ ʠ 

ʧʨʘʚʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ OSS/BSS-ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʨʷʜ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣ ʧʦʩʚʷʱʝʥ ʧʨʦʙʣʝʤʝ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʩʝʪʷʭ. ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʉʪʵʥʬʦʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦʩʚʷʱʝʥʥʦʤ 

ʫʥʠʬʠʢʘʮʠʠ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʝʪʷʤʠ, ʚʳʥʦʩʠʪʩʷ ʪʝʟʠʩ 

ʦ ʪʦʤ, ʯʪʦ ʧʨʦʪʦʢʦʣʳ ʫʧʨʘʚʣʝʥʠʷ MPLS (ʩʠʛʥʘʣʠʟʘʮʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝ-

ʪʦʢ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʴʶ ʥʝ ʧʦʜ-

ʭʦʜʷʪ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʠʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʠʭ ʘʜʘʧʪʘʮʠʷ ʥʝ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʡ, ʪʘʢ ʢʘʢ ʧʫʪʴ ʫʩʣʦʞʥʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʪʥʦʤʫ ʵʬʬʝʢʪʫ: ʫʚʝ-

ʣʠʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʦʪʦʢʦʣʦʚ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʩʣʦʞ-

ʥʷʝʪ ʨʘʙʦʪʫ ʩʝʪʝʚʳʭ ʫʟʣʦʚ, ʩʥʠʞʘʝʪ ʛʠʙʢʦʩʪʴ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʩʝʪʠ ʠ 

ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʙʦʷʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʛʠʙʢʦʝ, ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʝ ʠ ʟʦʥʪʠʯʥʦʝ ʨʝʰʝ-

ʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʝʜʠʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ. 
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ɺʥʝʜʨʝʥʠʝ ʥʦʚʦʛʦ ʨʝʰʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʴʶ ʠ ʩʝʪʝ-

ʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʀʥʪʝʨʬʝʡʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʝʜʠʥʳʤ ʫʨʦʚʥʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʦʧʝʨʘʪʦʨʘ, ʨʦʚʥʦ, ʢʘʢ ʠ ʩʝʪʴʶ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʦʪʢʨʳʪʳʤʠ. ʀʥʘʯʝ ʦʧʝʨʘʪʦʨ ʨʠʩʢʫʝʪ ʙʳʪʴ ʟʘʚʠʩʠʤʳʤ ʦʪ ʬʫʥʢʮʠ-

ʦʥʘʣʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʦʜʥʠʤ ʚʝʥʜʦʨʦʤ.  

ʉʦʟʜʘʥʠʝ ʧʦʜʭʦʜʘ ʝʜʠʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ, ʤʘʢʩʠʤʘʣʴʥʦ ʙʝʟʙʦ-

ʣʝʟʥʝʥʥʦʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʛʠʙʢʦʛʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ, ʝʩʪʴ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʦʪʨʘʩʣʠ ʩʚʷʟʠ.  

ɽʜʠʥʩʪʚʝʥʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʝʜʠʥʳʤ 

ʫʨʦʚʥʝʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ ʧʨʦʛʨʘʤʤʥʦ-ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʝʪʝʡ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʦʨʠʛʠʥʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʥ-

ʮʝʧʮʠʠ SDN ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ Stanford ʠ UC Berkley ʩ ʩʝʨʝ-

ʜʠʥʳ 2000-ʭ ʛʛ., ʪʦʛʜʘ ʩʘʤ ʪʝʨʤʠʥ ʩʪʘʣ ʧʨʦʥʠʢʘʪʴ ʚ ʦʙʠʭʦʜ. ʀʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʦʝ ʧʦʥʠʤʘʥʠʝ SDN ʩʘʤʠʤʠ ʩʦʟʜʘʪʝʣʷʤʠ ʢʦʥʮʝʧʮʠʠ ʤʦʞʥʦ ʚʳʨʘ-

ʟʠʪʴ, ʧʨʦʮʠʪʠʨʦʚʘʚ ʄʘʨʪʠʥʘ ʂʘʩʘʜʦ, ʦʜʥʦʛʦ ʠʟ ʛʣʘʚʥʳʭ ʠʜʝʦʣʦʛʦʚ ʧʦʜʭʦ-

ʜʘ: çSDN ï ʵʪʦ ʩʝʪʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʦʪʜʝʣʝʥ 

ʦʪ ʫʨʦʚʥʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, SDN ʩʪʘʚʠʪ ʩʚʦʝʡ ʟʘʜʘʯʝʡ ʩʦʟʜʘʪʴ ʪʘʢʫʶ ʘʨʭʠʪʝʢʪʫʨʫ 

ʩʝʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʝʪʴ ʦʪʢʨʳʪʘ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤʫ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʤʫ ʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ.  

ʉʝʡʯʘʩ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʜʭʦʜʘ ʢ ʨʝʘʣʠʟʘʮʠʠ SDN. 

ʆʜʠʥ ʠʟ ʥʠʭ ʨʘʟʚʠʚʘʝʪʩʷ ʢʦʥʩʦʨʮʠʫʤʦʤ Open Network Foundation, ʜʨʫʛʦʡ 

ʨʘʟʚʠʚʘʝʪʩʷ IETF. ʇʦʜʭʦʜʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʷ OpenFlow (OF) ʠ PCE 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ONF ʦʧʨʝʜʝʣʷʝʪ OF ʢʘʢ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺʝʩʴ ʧʦʪʝʥʮʠʘʣ SDN ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʩʢʨʳʪʴ ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʪʦʢʦʣʫ, ʧʦ ʩʫʪʠ ʧʝʨʝʥʦʩʷʱʝʤʫ ʪʘʙʣʠʮʳ (ʧʨʘʚʠʣʘ) ʜʝʡʩʪʚʠʡ ʩ ʫʨʦʚʥʷ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. OF ʥʝ ʛʦʚʦʨʠʪ, ʢʘʢ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʭ ʩʘʤʳʭ ʧʨʘ-

ʚʠʣ ʠ ʪʘʙʣʠʮ ʫʧʨʘʚʣʝʥʠʷ. OF ʦʪʢʨʳʚʘʝʪ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʜʚʫʤʷ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʤʠ ʫʨʦʚʥʷʤʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ SDN. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ IETF ʧʦʟʠʮʠʦʥʠʨʫʝʪ PCE ʢʘʢ ʵʚʦʣʶʮʠʦʥʥʦʝ 

ʨʘʟʚʠʪʠʝ ʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʧʨʠʚʝʩʪʠ ʢʦ ʚʩʝʤ ʙʣʘʛʘʤ SDN. 

ɺ ʩʚʦʠʭ ʜʦʢʣʘʜʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʦʜʭʦʜʘʤʠ, IETF 

ʦʪʤʝʯʘʝʪ, ʯʪʦ OpenFlow ʦʪʢʨʳʚʘʝʪ ʣʠʰʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦ-

ʛʨʘʤʤʠʨʫʝʤʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʢʦʤʤʫʪʘʮʠʠ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ. 

ʇʦʧʨʦʙʫʝʤ ʧʦʥʷʪʴ, ʚ ʯʝʤ ʩʫʪʴ ʧʦʜʭʦʜʘ, ʧʨʝʜʣʘʛʘʝʤʦʛʦ IETF. PCE ï 

ʵʪʦ ʵʣʝʤʝʥʪ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ SDN, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʚʳʯʠʩʣʝʥʠʝ ʤʘʨʰʨʫ-

ʪʦʚ LSP. ʕʣʝʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʨʦʫʪʝʨ, ʯʘʩʪʴ OSS ʩʠʩʪʝʤʳ 

ʠʣʠ ʢʘʢ ʚʠʨʪʫʘʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʧʦʜʥʷʪʳʡ ʚ ʦʙʣʘʯʥʦʡ ʩʨʝʜʝ. 
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʦʜʭʦʜʘ IETF ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʝʪʝʚʦʡ ʪʨʘʥʩ-

ʧʦʨʪʥʳʡ ʫʟʝʣ ʧʨʠ ʧʨʦʢʣʘʜʢʝ ʤʘʨʰʨʫʪʘ ʦʙʨʘʱʘʝʪʩʷ ʢ PCE, ʪʦʪ, ʟʥʘʷ ʚʩʶ 

ʩʝʪʝʚʫʶ ʪʦʧʦʣʦʛʠʶ ʠ ʩʪʘʪʫʩ ʩʝʪʠ, ʚʳʯʠʩʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ. 

ɺʳʯʠʩʣʠʚ ʤʘʨʰʨʫʪ PCE, ʚʦʟʚʨʘʱʘʝʪ ʫʟʣʫ (Explicit Route Object) ʜʘʥʥʳʝ 

ʜʣʷ LSP, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪʩʷ ʜʘʣʴʰʝ ʧʦ ʩʝʪʠ ʩ ʧʦʤʦʱʴʶ ʩʠʛʥʘʣʴʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ RSVP.   

ʅʘ ʨʠʩ. 19.1 ʚʠʜʥʦ, ʯʪʦ ʧʦʜʭʦʜʳ ʧʦ ʩʚʦʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʨʭʠʪʝʢ-

ʪʫʨʝ ʨʝʘʣʠʟʫʶʪ ʛʣʘʚʥʳʝ ʧʨʠʥʮʠʧʳ SDN: ʨʘʟʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʠ ʬʫʥʢʮʠʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʫʧʨʘʚʣʝʥʠʷ. 
 

 

ʈʠʩ. 19.1. ʇʦʜʭʦʜʳ IETF ʠ OF 

 

ʆʯʝʚʠʜʥʦʝ ʦʪʣʠʯʠʝ ʚ ʪʦʤ, ʯʪʦ OF ʟʘʙʠʨʘʝʪ ʚʩʝ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʟʘʜʘʯʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʩ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʝʨʝʥʦʩʠʪ ʥʘ ʫʨʦʚʝʥʴ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ PCE ʦʪʩʪʘʚʣʷʝʪ ʯʘʩʪʴ ʬʫʥʢʮʠʡ ʧʨʠʥʷʪʠʷ ʨʝ-

ʰʝʥʠʡ ʩʘʤʠʤ ʩʝʪʝʚʳʤ ʫʩʪʨʦʡʩʪʚʘʤ.  

ʋʧʨʘʚʣʝʥʠʝ ʚ GMPLS ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʦ ʩʝʪʠ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʢʘʞʜʦʤ 

ʩʝʪʝʚʦʤ ʵʣʝʤʝʥʪʝ ʥʝʟʘʚʠʩʠʤʦ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ ʬʦʨ-

ʤʠʨʫʶʪ ʧʦʜʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. ʄʦʜʫʣʴ HAL, ʫʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 19.2, 

ʠʩʧʦʣʴʟʫʝʪ SNMP ʜʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʉ ʧʦʤʦʱʴʶ 

OSPF-TE ʤʘʨʰʨʫʪʠʟʘʪʦʨ GMPLS ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʦ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘ ʩʝʪʠ 

ʠ ʠʭ ʘʪʨʠʙʫʪʳ ʜʣʷ ʙʘʟʳ ʜʘʥʥʳʭ traffic engineering (TE Database). ʉ ʧʦ-

ʤʦʱʴʶ ʤʦʜʫʣʷ Path Computation ʨʝʘʣʠʟʫʝʪʩʷ ʨʘʩʯʝʪ ʤʘʨʰʨʫʪʘ LSP, ʘ 

RSVP-TE ʨʝʘʣʠʟʫʝʪ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʜʣʷ LSP.  
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ʈʠʩ. 19.2. ʋʧʨʘʚʣʝʥʠʝ ʚ GMPLS 

 

ʈʝʘʣʠʟʘʮʠʷ ʝʜʠʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ Open Flow 

ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʨʠʩ. 19.3). ɺʩʝ ʬʫʥʢʮʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʚʳʥʝʩʝʥʳ ʥʘ ʫʨʦʚʝʥʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʠ 

ʩʚʷʟʘʥʳ ʩ ʫʨʦʚʥʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ OpenFlow. ʋʪʦʯʥʠʤ, 

ʯʪʦ ʬʫʥʢʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʘʤʦʤ 

ʢʦʥʪʨʦʣʣʝʨʝ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʚʳʥʝʩʝʥʳ ʚ ʦʪʜʝʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠʣʠ 

ʢʦʤʧʦʥʝʥʪ OSS. 
 

 
 

ʈʠʩ. 19.3. ɻʠʙʨʠʜʥʘʷ ʩʭʝʤʘ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, OpenFlow ʨʘʟʜʝʣʷʝʪ ʫʨʦʚʝʥʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʮʝʥ-

ʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʌʫʥʢʮʠʠ Discovery ʩʦʙʠʨʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦ-

ʧʦʣʦʛʠʠ ʩʝʪʠ, ʝʝ ʩʪʘʪʫʩʝ, ʘ ʪʘʢʞʝ ʦ ʩʚʷʟʥʦʩʪʠ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʌʫʥʢʮʠʷ 

Routing ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʠ ʚʳʯʠʩʣʝʥʠʷ ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ. 

ʆʪʤʝʪʠʤ, ʯʪʦ Routing ʚ OpenFlow ʦʪʣʠʯʝʥ ʦʪ ʧʨʠʚʳʯʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʧʘʢʝʪʦʚ: ʝʩʣʠ ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʧʘʢʝʪʦʚ ʦʧʝʨʠʨʫʝʪ ʟʘʛʦʣʦʚʢʘʤʠ ʧʦʣʝʡ ʧʨʦʪʦ-

ʢʦʣʘ IP, ʪʦ OpenFlow ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʟʘʛʦʣʦʚʢʦʚ ʧʨʦʪʦʢʦ-

ʣʦʚ ʦʪ ʢʘʥʘʣʴʥʦʛʦ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘʤʠ. 

Flow processor ï ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʟʘʧʠʩʠ ʦ ʧʦʪʦʢʘʭ ʧʨʦʭʦʜʷʱʠʭ ʜʘʥʥʳʭ, 

ʬʦʨʤʠʨʫʝʪ ʜʣʷ ʥʠʭ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ ʜʘʣʴʰʝ ʙʫʜʫʪ ʧʝʨʝʜʘʥʳ ʯʝʨʝʟ 

OpenFlow ʥʘ ʩʝʪʝʚʳʝ ʵʣʝʤʝʥʪʳ ʫʨʦʚʥʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.  

ʉʜʝʣʘʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ GMPLS ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʨʠʯʠʥʘʤ ʩʣʦʞʥʦʩʪʠ ʠ ʟʘʢʨʳʪʦʩʪʠ 

ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʘ ʥʘ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʘʭ. ɺʦʟ-

ʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʡ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʫʩʣʫʛ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ.  

OpenFlow ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ 

ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ ʠ ʧʦʷʚʣʝʥʠʷ ʥʦʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ. ɺʦʧʨʦʩ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʧʦʣʫʯʠʪʩʷ ʣʠ ʩʦʟʜʘʪʴ ʧʨʠʣʦʞʝʥʠʷ SDN ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʨʫʧʥʳʤʠ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʝʪʷʤʠ? ʋʩʧʝʭ ʥʘ ʨʳʥʢʝ ʨʝʰʝʥʠʡ SDN ʧʦʢʘ ʟʘʚʦʝʚʳʚʘʶʪ 

ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ IP/Ethernet ʩʝʪʷʤʠ ʢʘʤʧʫʩʦʚ, ʮʝʥʪʨʦʚ ʦʙ-

ʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʨʦʯʠʤʠ ʣʦʢʘʣʴʥʳʤʠ ʩʝʪʷʤʠ.  

ʉʦʟʜʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ ʧʦʢʘ 

ʥʝ ʤʦʞʝʪ ʧʦʭʚʘʩʪʘʪʴʩʷ ʥʠʢʪʦ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʚ ʠʛʨʫ ʟʘ ʦʙʣʘʜʘʥʠʝ ʪʘʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʦʜʢʣʶʯʘ-

ʶʪʩʷ ʚʝʜʫʱʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʝʪʝʚʳʭ ʨʝʰʝʥʠʡ. ʆʜʥʘʢʦ ʠʭ ʢʦʥʝʯʥʘʷ ʮʝʣʴ ï 

ʦʢʫʧʠʪʴ ʩʚʦʠ ʠʥʚʝʩʪʠʮʠʠ ʠ ʦʩʣʘʙʠʪʴ ʧʦʟʠʮʠʠ ʢʦʥʢʫʨʝʥʪʦʚ ʚ ʙʦʨʴʙʝ ʟʘ ʜʦʣʶ 

ʨʳʥʢʘ. ʊʘʢ, ʚʦʟʤʦʞʥʦ, ʟʜʝʩʴ ʦʢʘʥʯʠʚʘʝʪʩʷ çʦʪʢʨʳʪʦʩʪʴè SDN ʠ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʦʧʨʠʝʪʘʨʥʦʩʪʴ OpenFlow.  

ʈʘʩʩʤʦʪʨʠʤ ʢʦʤʧʨʦʤʠʩʩʥʳʡ ʚʘʨʠʘʥʪ, ʦʙʩʫʞʜʘʝʤʳʡ ʯʘʩʪʴʶ ʥʘʫʯʥʦ-

ʠʥʞʝʥʝʨʥʦʛʦ ʢʦʤʴʶʥʠʪʠ SDN. ʇʦʧʨʦʙʫʝʤ ʩʜʝʣʘʪʴ ʵʚʦʣʶʮʠʦʥʥʳʡ ʚʘʨʠʘʥʪ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʝʚʦʣʶʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʇʦʯʝʤʫ ʥʝʣʴʟʷ ʚʟʷʪʴ 

ʣʫʯʰʝʝ ʦʪ OF ʠ PCE?    

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ PCE ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦ-

ʪʘʪʴ ʚ ʨʘʟʥʳʭ ʜʦʤʝʥʘʭ. ɼʦʧʫʩʪʠʤ ʫ ʥʘʩ ʝʩʪʴ ʜʚʘ ʧʨʦʚʘʡʜʝʨʘ ʦʜʠʥ ʠʟ ʥʠʭ 

ʩʤʦʛ ʧʦʩʪʘʚʠʪʴ ʨʝʰʝʥʠʝ OF ʜʣʷ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʠʤ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʫʯʘʩʪʢʦʤ. ɸ ʝʛʦ ʧʘʨʪʥʝʨ ʧʦ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʦʛʨʘʥʠʯʝʥʥʦ 

ʠʩʧʦʣʴʟʫʝʪ GMPLS ʙʝʟ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʜʝʩʴ 

ʪʝʨʷʝʪʩʷ ʘʚʪʦʥʦʤʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ LSP, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʫʧʨʘʚʣʝʥʠʶ ʫʨʦʚʥʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ.  
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ɺʳʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʛʠʙʨʠʜʥʦʝ ʨʝʰʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʭʨʘʥʠʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʠ OF ʠ ʨʘʟʨʝʰʠʪʴ ʨʘʙʦʪʘʪʴ ʧʨʦʪʦʢʦʣʘʤ PCE ʠ RSVP. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʙʣʝʤʘ çʦʙʨʘʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠè ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʧʘʜʝʪ ʩʘʤʘ ʩʦʙʦʡ. 

ʆʙʲʝʜʠʥʠʚ ʬʫʥʢʮʠʠ ʦʪ PCE ʠ OpenFlow ʥʘ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʦ-

ʭʨʘʥʠʚ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ GMPLS, ʤʳ ʧʦʣʫʯʘʝʤ ʚʘʨʠʘʥʪ ʙʦʣʝʝ 

çʞʠʟʥʝʩʧʦʩʦʙʥʳʡè, ʯʝʤ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʘʨʠʘʥʪʳ. 

ʀʤʝʥʥʦ ʦʙʲʝʜʠʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʫʨʦʚʥʝ Northbound, 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʣʶʯʦʤ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʪʦʛʦ, ʢʘʢ ʦʧʝʨʘʪʦʨ 

ʩʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴ ʩʚʦʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʵʨʫ ʧʨʦʛʨʘʤʤʥʦ-

ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʝʪʝʡ. 
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