
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 
(ʧʦʚʥʘ ʥʘʟʚʘ ʽʥʩʪʠʪʫʪʫ/ʬʘʢʫʣʴʪʝʪʫ) 

ʂʘʬʝʜʨʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 
(ʧʦʚʥʘ ʥʘʟʚʘ ʢʘʬʝʜʨʠ) 

çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè 

ʋɼʂ ______________ 
ɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦ 

 ɺ.ʦ. ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ 

      

  __________    ʗʚʽʩʷ ɺ.ʉ.___    
     (ʧʽʜʧʠʩ)                (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

ñ___ò_____________2018_ʨ. 

 

 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 

ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ 

 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 172 ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘ, 
(ʢʦʜ ʽ ʥʘʟʚʘ) 

ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʄʦʙʽʣʴʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ 

ʥʘ ʪʝʤʫ: ʄʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ VNF ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʤʝʨʝʞʘʭ 

 

ɺʠʢʦʥʘʚ (-ʣʘ): ʩʪʫʜʝʥʪ (-ʢʘ) _2_ ʢʫʨʩʫ, ʛʨʫʧʠ ʊʄ-71ʤʧ   
(ʰʠʬʨ ʛʨʫʧʠ) 

                                         ʇôʷʥʪʢʦʚʩʴʢʘ ʅʘʪʘʣʷ ʆʣʝʛʽʚʥʘ __________   _________  
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ) (ʧʽʜʧʠʩ)  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ                    ɺʘʣʫʡʩʴʢʠʡ ʉ.ɺ.________________  _________  
(ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) (ʧʽʜʧʠʩ)  

ʂʦʥʩʫʣʴʪʘʥʪ    _______________________________  _________  
(ʥʘʟʚʘ ʨʦʟʜʽʣʫ) (ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, , ʧʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ) (ʧʽʜʧʠʩ)  

ʈʝʮʝʥʟʝʥʪ ________________________________________________  _________  
                    (ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) (ʧʽʜʧʠʩ)  

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ 

ʜʠʩʝʨʪʘʮʽʾ ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 

ʉʪʫʜʝʥʪ _____________ 
(ʧʽʜʧʠʩ) 

 

ʂʠʾʚ ï 2018 ʨʽʢ 

 



ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ 
ʜʦ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

 

ʥʘ ʪʝʤʫ: ʄʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ VNF ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʤʝʨʝʞʘʭ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʂʠʾʚ ï 2018 ʨʦʢʫ 



ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ɯʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 
                                    ( ʧʦʚʥʘ ʥʘʟʚʘ  ) 

ʂʘʬʝʜʨʘ  ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 
                                   ( ʧʦʚʥʘ ʥʘʟʚʘ  ) 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʜʨʫʛʠʡ (ʤʘʛʽʩʪʝʨʩʴʢʠʡ) ʟʘ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʶ 

ʧʨʦʛʨʘʤʦʶ 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 172 ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʘʜʽʦʪʝʭʥʽʢʘ 
                                             (ʢʦʜ ʽ ʥʘʟʚʘ) 

ʉʧʝʮʽʘʣʽʟʘʮʽʷ ʄʦʙʽʣʴʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ 
 

ɿɸʊɺɽʈɼɾʋʖ 

      ɺ.ʦ. ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ 

__________ʗʚʽʩʷ ɺ.ʉ. 
(ʧʽʜʧʠʩ)            (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

ç___è_____________2018 ʨ. 

 

ɿɸɺɼɸʅʅʗ 

ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʩʪʫʜʝʥʪʫ 

ʇôʷʥʪʢʦʚʩʴʢʦʾ ʅʘʪʘʣʽ ʆʣʝʛʽʚʥʠ 
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ) 

1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ  çʄʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ VNF ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭè 

ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ                          ɺʘʣʫʡʩʴʢʠʡ ʉ.ɺ.                     , 
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç___è ç___è 2018ʨ. ˉ ______ 

2. ʉʪʨʦʢ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽʾ  _____________________________  

3. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ  __________________________________________  

 _____________________________________________________________  

4. ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ _________________________________________  

 _____________________________________________________________  

5. ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ  

1. ɼʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʬʫʥʢʮʽʡ  ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʤʝʨʝʞʽ.  

2. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʥʠʞʝʥʥʷ .  



3. ʈʦʟʨʦʙʠʪʠ ʬʫʥʢʮʽʶ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʟ ɹʉ 

ʤʘʢʨʦʩʪʽʣʴʥʠʢʘ ʧʨʠ ʚʠʢʦʨʩʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʣʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʩʪʽʣʴʥʠʢʽʚ.  

6. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ  ___________________  

 _____________________________________________________________  

 _____________________________________________________________  

7. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʧʫʙʣʽʢʘʮʽʡ  ________________________________  

 _____________________________________________________________  

 _____________________________________________________________  

8. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʈʦʟʜʽʣ 
ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ  

ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʽʜʧʠʩ, ʜʘʪʘ 

ʟʘʚʜʘʥʥʷ  

ʚʠʜʘʚ 

ʟʘʚʜʘʥʥʷ 

ʧʨʠʡʥʷʚ 

    

    

    

    

    

    

9. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ  1 ʣʠʩʪʦʧʘʜʘ  

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 
ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʉʪʨʦʢ ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʽʚ 

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 
ʇʨʠʤʽʪʢʘ 

1 ɸʥʘʣʽʟ ʧʨʦʧʦʟʠʮʽʡ ʪʘ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʨʝʞʽ. 

4 ʣʠʩʪʦʧʘʜʘ 2017 ʚʠʢʦʥʘʣʘ  

2 ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʤʝʨʝʞʘʭ.  

20 ʙʝʨʝʟʥʷ  2018 ʚʠʢʦʥʘʣʘ 

3 ʈʦʟʛʣʷʜ ʪʝʭʥʦʣʦʛʽʾ VNF, 

ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ ʤʝʨʝʞ.̔  

17 ʪʨʘʚʥʷ 2018 ʚʠʢʦʥʘʣʘ 

4 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʦʧʠʩ 

ʪʝʭʥʦʣʦʛʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ VNF.  

28 ʞʦʚʪʥʷ 2018 ʚʠʢʦʥʘʣʘ 

5 ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʤʝʨʝʞʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʤʘʣʠʭ ʚʽʨʪʫʘʣʴʥʠʭ 

ʩʪʽʣʴʥʠʢʽʚ.  

8 ʣʠʩʪʦʧʘʜʘ 2018 ʚʠʢʦʥʘʣʘ 

6 ʇʦʙʫʜʦʚʘ ʛʨʘʬʠʢʽʚ ʪʘ ʚʠʩʥʦʚʢʠ 

ʱʦʜʦ ʨʦʙʦʪʠ.  

14 ʣʠʩʪʦʧʘʜʘ 2018 ʚʠʢʦʥʘʣʘ 

7 ʆʬʦʨʤʣʝʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ 

ʜʠʩʝʨʪʘʮʽʾ  

30 ʣʠʩʪʦʧʘʜʘ 2018 ʚʠʢʦʥʘʣʘ 



 

 

ʉʪʫʜʝʥʪ  ____________ ʇôʷʥʪʢʦʚʩʴʢʘ ʅ.ʆ. 
  (ʧʽʜʧʠʩ) (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ  ____________ ɺʘʣʫʡʩʴʢʠʡ ʉ.ɺ. 
  (ʧʽʜʧʠʩ) (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

 



ʈɽʌɽʈɸʊ 
 
 

ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ 
 
 

ʚʠʢʦʥʘʥʫ ʥʘ ʪʝʤʫ: ʄʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ VNF ʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞʘʭ. 

  



ɿʄɯʉʊ 
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ʇɽʈɽʃɯʂ ʉʂʆʈʆʏɽʅʔ  

AAA Authentication-Authorisation-Accounting 

API Application Programming Interface (a set of routines, protocols, and tools for 

building software applications) 

ASIC Application Specific Integrated Circuit 

BNG Broadband Network Gateway 

BRAS Broadband Remote Access Server 

BSS Business Support System 

CAPEX Capital expenditure 

CDN Content Distribution Network 

CG-NAT/NAT Carrier Grade Network Address Translation 

COTS Commercial off-the-shelf  

CPU Central Processing Unit 

DHCP Dynamic Host Configuration Protocol 

DMA Direct memory access 

DNS Domain Name Service 

DPDK Data Plane Development Kit 

DPI Deep Packet Inspection 

DSL Digital Subscriber Line (typically ADSL2/+, VDSL2, G.fast) 

Ecosystem Equipment and software vendors, integration services vendors,network 

operators, service providers, academia, etc. 

EMS Element Management System 

EPC Evolved Packet Core 

ETSI European Telecommunications Standards Institute (in practise 

ETSI has global membership, including the Americas and Asia) . 

HSS Home Subscriber Service 

HV Hypervisor 

I/O Input/Output 

IoT Internet of Things 

IMS IP Multimedia System 



Industry Standard High Volume Server A server built using standardised IT 

components (for example x86 architecture) and sold in the millions. 

InP Internet Provider 

IPR Intellectual Property Rights 

IPSec/SSL IP Security/ Secure Sockets Layer 

IPv6 Internet Protocol version 6 

ISG Industry Specification Group. An organisation under the auspices of the 

European Telecommunications Standards Institute (ETSI). 

ISSU In Service Software Upgrade 

IT Information Technology 

KVM Kernel based Virtual Machine 

LAN Local Area Network 

LB Load Balancer 

LXC Linux Containers 

MANO NFV management and organization 

M2M Machine-to-Machine communications 

MME Mobility Management Entity 

MVNO Mobile Virtual Network Operator 

NF Network Functions 

NFV Network Functions Virtualisation 

NFVI Network Functions Virtualisation Infractructure 

NGN Next Generation Network 

NIC Network Interface Controller 

NMS Network Management System 

NUMA Non-Uniform Memory Access 

OAM Operations Administration & Maintenance 

OGF Open Grid Forum 

ONF Open Networking Foundation 

OpenFlow Specifications developed by the Open Networking Foundation 

OpenNaaS Specifications developed by the OpenNaaS community 



OpenStack Specifications developed by the OpenStack Foundation 

OPEX Operating expense 

OSS Operations Support System 

PDN-GW Packet Data Network Gateway 

PE Router Provider Edge Router 

PoP Point of Presence 

QoE Quality of Experience 

SBC Session Border Controller 

SDN Software Defined Network 

SDO Standards Development Organisation 

SGSN/GGSN Serving GPRS support node/Gateway GPRS support node 

SLA Service Level Agreement 

SP Service Provider 

RGW RADOS GateWay  

TOMS Telecom Operators Management System 

TCP Transmission Control Protocol 

TE Traffic Engineering  

TSPs Telecommunication Service Providers 

VIM Virtualized Infrastructure Manager 

VM Virtual Machine 

VMWare Proprietary Hypervisor 

VNA Virtualised Network Appliance 

VNF Virtualised Network Functions 

VNFP Virtualised Network Functions Provider 

VPN Virtual Private Network 

vswitch Any Ethernet switch implemented in software alongside or inside a 

hypervisor. There are proprietary and open implementations of vswitch. 

WAN Wide Area Network 

Xen Proprietary Hypervisor 

https://www.nec.com/en/global/onlinetv/en/event/toms.html
https://www.nec.com/en/global/onlinetv/en/event/toms.html


ɺʉʊʋʇ 

ʉʫʯʘʩʥʝ ʩʫʩʧʽʣʴʩʪʚʦ ʚʘʞʢʦ ʫʷʚʠʪʠ ʙʝʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘʜʞʝ 

ʢʦʞʥʘ ʣʶʜʠʥʘ ʭʦʯ ʨʘʟ ʟʚʝʨʪʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʉʫʯʘʩʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʦʢʽʚ  ̔ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. 

ɯʥʬʦʨʤʘʮʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ, ʚʠʨʽʰʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ  ̔ʨʝʩʫʨʩʽʚ ʚ ʮʽʣʦʤʫ. ʆʩʢʽʣʴʢʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʘ 

ʽʥʜʫʩʪʨʽʷ ʚʩʪʫʧʘʻ ʚ ʝʧʦʭʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʣʴʪʨʘ-h ʠʨʦʢʦʩʤʫʛʦʚʠʤʠ 

ʤʝʨʝʞʘʤʠ ʪʘ ʧʦʚʥʠʤʠ ʟ'ʻʜʥʘʥʥʷʤʠ, ʪʨʘʜʠʮʽʡʥʽ ʧʦʩʣʫʛʠ ʛʦʣʦʩʦʚʦʛʦ 

ʩʧʽʣʢʫʚʘʥʥʷ, ʧʦʰʪʠ ʪʘ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʙʽʣʴʰʝ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʢʦʤʧʣʝʢʩʥʠʤ  ̔ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʤ ʚʠʤʦʛʘʤ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʆʩʢʽʣʴʢʠ ʤʦʙʽʣʴʥʽ 

ʤʝʨʝʞʽ ʨʦʟʰʠʨʶʶʪʴʩʷ, ʘ ʪʝʤʧ ʧʨʠʨʦʩʪʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ɯʥʪʝʨʥʝʪʫ ʪʘ 

ʧʽʜʢʣʶʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ IOT ʟʨʦʩʪʘʻ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʧʦʭʠ ʤʘʩʦʚʦʛʦ 

ʪʨʘʬʽʢʫ ʜʘʥʠʭ. ʊʝ, ʱʦ ʧʦʪʨʽʙʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ - ʮʝ ʨʦʟʚʠʥʝʥʘ 

ʮʠʬʨʦʚʘ ʤʝʨʝʞʘ, ʟʜʘʪʥʘ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʙʝʟ ʧʨʦʙʣʝʤ ʽ 

ʣʝʛʢʦ. ʎʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʩʣʫʛ ʟʚ'ʷʟʢʫ.  

ʅʠʥʽ ʙʽʟʥʝʩ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ, 

ʨʽʟʥʦʧʣʘʥʦʚʠʤ ʽ ʜʠʥʘʤʽʯʥʠʤ. ʊʘʢʽ ʯʠʥʥʠʢʠ ʷʢ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʧʝʨʩʦʥʘʣ, 

ʽʥʬʦʨʤʘʮʽʷ, ʢʘʧʽʪʘʣ, ʦʨʛʘʥʽʟʘʮʽʡʥʠʡ ʜʠʟʘʡʥ, ʢʦʤʫʥʽʢʘʮʽʾ ʰʚʠʜʢʦ ʟʤʽʥʶʶʪʴʩʷ 

ʟʫʤʦʚʣʶʶʯʠ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʨʠʥʢʽʚ. ʅʘ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ 

ʨʠʥʢʦʚʝ ʦʪʦʯʝʥʥʷ, ʚ ʷʢʦʤʫ ʬʫʥʢʮʽʦʥʫʻ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʘ ʪʘʢʦʞ ʡʦʛʦ 

ʦʩʦʙʣʠʚʦʩʪʽ. ɿʘ ʦʟʥʘʯʝʥʠʭ ʫʤʦʚ, ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʤʫʰʝʥʽ 

ʧʦʩʪʽʡʥʦ ʨʦʟʨʦʙʣʷʪʠ ʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʜʝʢʚʘʪʥʽ ʢʦʥʢʫʨʝʥʪʥʽ ʩʪʨʘʪʝʛʽʾ, ʱʦʙ 

ʟʘʡʥʷʪʠ ʩʪʽʡʢʫ ʢʦʥʢʫʨʝʥʪʥʫ ʧʦʟʠʮʽʶ ʥʘ ʨʠʥʢʫ. ɺʠʤʦʛʘ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ï ʟʘʚʞʜʠ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʚʠʤʦʛ ʪʝʭʥʽʯʥʦʛʦ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ, 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʛʨʝʩʫ ʽ ʰʚʠʜʢʦ ʟʤʽʥʶʚʘʪʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʽʡʥʠʭ 

ʤʽʥʣʠʚʠʭ ʫʤʦʚ. 



ʑʦʙ ʚʽʜʧʦʚʽʜʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʧʦʪʨʝʙʘʤ ʪʘ ʙʽʟʥʝʩ-ʟʘʜʘʯʘʤ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʢʦʤʧʘʥʽʡ, ʧʨʦʚʘʡʜʝʨʠ ʧʨʦʧʦʥʫʶʪʴ ʨʽʰʝʥʥʷ ʫ ʪʘʢʠʭ 

ʩʬʝʨʘʭ  ʷʢ ʙʝʟʜʨʦʪʦʚʠʡ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʜʦʩʪʫʧ, ʤʦʙʽʣʴʥʠʡ ʟʚ'ʷʟʦʢ, ʧʽʜʚʦʜʥʽ 

ʢʘʙʝʣʴʥʽ ʩʠʩʪʝʤʠ, ʨʽʰʝʥʥʷ ʱʦʜʦ ʦʧʝʨʘʮʽʡ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʤʠ 

(TOMS) ʪʘ SDN (Software-Defined Networking) / NFV (ʚʽʨʪʫʘʣʽʟʘʮʽʷ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ).  

ʊʝʭʥʦʣʦʛʽʾ SDN / NFV ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʷʢ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ 

ʧʦʪʨʝʙ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʧʦʩʣʫʛ ʟʚ'ʷʟʢʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ. ʆʧʝʨʘʪʦʨʠ ʚʝʜʫʪʴ ʢʦʥʢʫʨʝʥʮʽʶ ʚ ʥʘʜʘʥʥʽ ʢʦʤʝʨʮʽʡʥʠʭ ʨʽʰʝʥʴ SDN / 

NFV. ʊʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʜʦ ʤʝʨʝʞ, ʘʣʝ ʡ ʜʦ 

ʩʝʨʚʽʩʥʠʭ ʚʫʟʣʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʨʦʟʧʦʜʽʣʷʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʨʝʩʫʨʩʠ ʧʦ ʚʩʽʡ ʤʝʨʝʞʽ, ʱʦʙ ʚʧʦʨʘʪʠʩʴ ʽʟ ʟʤʽʥʦʶ ʦʙʩʷʛʫ ʪʨʘʬʽʢʫ.  ʊʝʭʥʦʣʦʛʽʾ 

SDN / NFV ʧʦʯʘʣʠ ʜʘʚʘʪʠ ʚʽʜʧʦʚʽʜʽ ʥʘ ʮʝʡ ʚʠʢʣʠʢ, ʘʣʝ ʥʘʩʪʫʧʥʠʤ ʚʘʞʣʠʚʠʤ 

ʢʨʦʢʦʤ ʻ ʧʦʚʥʝ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʷ ʮʠʭ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ ʩʝʨʚʽʩʽʚ ʪʘ ʾʭ ʛʦʪʦʚʥʽʩʪʴ 

ʜʦ ʤʘʩʰʪʘʙʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʘʨʪʥʝʨʽʚ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ 

ʤʝʨʝʞ ʪʘ ʧʦʩʣʫʛ ʩʪʘʣʘ ʙʽʣʴʰʝ, ʥʽʞ ʢʦʥʮʝʧʮʽʻʶ; ʚʦʥʘ ʻ ʜʽʣʦʚʦʶ ʚʠʤʦʛʦʶ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʧʝʨʝʚʽʨʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʨʽʰʝʥʴ, ʷʢʽ ʛʦʪʦʚʽ ʜʦ ʩʪʨʠʤʘʥʦʩʪʽ ʜʠʥʘʤʽʯʥʦʛʦ ʨʠʥʢʫ. 

ʅʘ ʱʦʨʽʯʥʠʭ ʚʩʝʩʚʽʪʥʽʭ ʬʦʨʫʤʘʭ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʻʜʠʥʝ ʨʽʰʝʥʥʷ ʜʣʷ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴ ʦʧʝʨʘʪʦʨʠ ʚʽʜ ʭʤʘʨʠ ʜʦ 

ʧʨʠʩʪʨʦʶ. ɿʘʚʜʷʢʠ ʬʽʣʦʩʦʬʽʾ ʭʤʘʨʥʦʩʪʽ, ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʚʽʜʢʨʠʪʦʩʪʽ, ʮʽ ʨʽʰʝʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʦʨʘʤ ʰʚʠʜʢʦ ʨʦʟʰʠʨʶʚʘʪʠʩʷ ʥʘ ʨʠʥʢʫ ʧʦʩʣʫʛ. ɭʜʠʥʠʡ 

ʙʘʛʘʪʦʨʽʚʥʝʚʠʡ ʧʦʨʪʘʣ ʦʙ'ʻʜʥʫʻ ʚʩʽ ʦʧʝʨʘʮʽʾ ʟ ʭʦʩʪʠʥʛʫ ʪʘ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʢʦʨʧʦʨʘʪʠʚʥʠʤ ʢʣʽʻʥʪʘʤ ʩʘʤʦʩʪʽʡʥʦ ʧʨʠʜʙʘʪʠ ʽ ʢʝʨʫʚʘʪʠ ʥʠʤʠ. 

ʆʧʝʨʘʪʦʨʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʦʟʫʤʥʽʰʽ, ʷʢʽʩʥʽ ʧʦʩʣʫʛʠ ʟʚ'ʷʟʢʫ 

ʩʚʦʾʤ ʢʦʨʧʦʨʘʪʠʚʥʠʤ ʢʣʽʻʥʪʘʤ, ʚʽʜʢʨʠʚʰʠ ʩʚʦʾ ʤʝʨʝʞʝʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʧʘʨʪʥʝʨʽʚ ʪʘ ʽʥʥʦʚʘʮʽʡʥʦ ʥʦʚʽ ʧʦʩʣʫʛʠ. ʂʦʣʠ ʧʝʨʝʚʽʟʥʠʢʠ ʟʤʦʞʫʪʴ 

ʽʥʪʝʛʨʫʚʘʪʠ ʩʣʫʞʙʠ ʢʦʤʫʥʽʢʘʮʽʾ ʚ ʧʦʪʦʢʠ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʨʦʮʝʩʠ ʨʦʙʦʪʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʨʦʧʦʥʫʶʯʠ ʙʝʟʜʦʛʘʥʥʠʡ, ʧʦʩʣʽʜʦʚʥʠʡ ʜʦʩʚʽʜ ʨʦʙʦʪʠ, ʚʦʥʠ 

ʟʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʩʚʦʾʤ ʢʦʨʧʦʨʘʪʠʚʥʠʤ ʢʣʽʻʥʪʘʤ ʧʨʘʮʶʚʘʪʠ ʝʬʝʢʪʠʚʥʦ ʪʘ 



ʦʧʝʨʘʪʠʚʥʦ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʦʧʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʜʦʟʚʦʣʠʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤ 

ʪʨʘʥʩʬʦʨʤʫʚʘʪʠʩʷ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. 

ʄʝʪʦʶ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʭʥʦʣʦʛʽʡ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʟʘʜʣʷ ʚʠʙʦʨʫ ʧʽʜʭʦʜʷʱʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʭʤʘʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

ɼʣʷ ʜoʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜoʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ oʩʥoʚʥʽ 

ʟʘʜʘʯʽ:  

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ.  

2. ɼʦʩʣʽʜʠʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ.  

3. ɼʦʩʣʽʜʠʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʚʽʨʪʫʘʣʴʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʭ ʬʫʥʢʮʽʡ ʪʘ 

ʨʦʟʛʣʷʥʫʪʠ ʦʩʥʦʚʥʽ ʨʽʰʝʥʷ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

4. ʈʦʟʛʣʷʥʫʪʠ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ɺʄʌ ʚ 

ʪʝʣʝʢʦʤʘʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ.  

5. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʢʝʪʠ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʧʨʠʜʘʪʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺʄʌ ʚ ʩʠʩʪʝʤʽ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ.  

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʪʫʧʘʶʪʴ ʚʽʨʪʫʘʣʴʥʽ ʬʫʥʢʮʽʾ ʤʝʨʝʞʽ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʩʝʨʚʝʨʠ, ʘ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ. 

 

  



ʈʆɿɼɯʃ 1. ɺɯʈʊʋɸʃɯɿɸʎɯʗ ʗʂ ʉʇʆʉɯɹ ʆʈɻɸʅɯɿɸʎɯɰ 

ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ɯʅʌʆʈʄɸʎɯʁʅʆ-ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁʅʀʍ 

ʄɽʈɽɾ 

ʊʝʨʤʽʥ "ʚʽʨʪʫʘʣʽʟʘʮʽʷ" ʜʝʩʷʪʠʣʽʪʪʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ ʽʥʬʦʨʤʘʪʠʢʠ: ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʩʝʨʚʝʨʽʚ (ʘʙʦ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ), 

ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʜʠʩʢʽʚ ʪʘ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʜʦʜʘʪʢʽʚ (ʥʘʧʨʠʢʣʘʜ, ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ 

Java) ʪʘ ʽʥʰʝ. ʗʢ ʧʨʘʚʠʣʦ, ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʧʨʝʜʩʪʘʚʣʷʻ ʰʘʨ ʘʙʩʪʨʘʢʮʽʾ ʤʽʞ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʨʝʩʫʨʩʦʤ, ʱʦ ʧʨʠʭʦʚʫ ̒ ʬʽʟʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʴʦʛʦ ʨʝʩʫʨʩʫ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʠʭ ʮʽʣʝʡ, ʷʢ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʣʝʛʢʽʩʪʴ 

ʫʧʨʘʚʣʽʥʥʷ. ʋ ʥʘʰʽʡ ʨʦʙʦʪʽ ʤʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ ʜʣʷ ʟʘʧʫʩʢʫ ʜʝʢʽʣʴʢʦʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʷʢʽ ʚʠʩʪʫʧʘʶʪʴ 

ʤʝʨʝʞʝʚʠʤʠ ʬʫʥʢʮʽʷʤʠ. ʌʽʟʠʯʥʽ ʨʝʩʫʨʩʠ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʮʝʩʦʨ ʪʘ ʧʘʤ'ʷʪʴ) 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ 

ʪʘ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʤʠ 

ʨʦʟʛʣʷʜʘʻʤʦ ʨʦʣʴ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʚ ʦʙʣʘʩʪʽ ʤʝʨʝʞʝʚʦʛʦ ʟʚ'ʷʟʢʫ ʪʘ ʢʦʨʦʪʢʦʯʘʩʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ NFV. 

ʉʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʩʫʯʘʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ɯʥʪʝʨʥʝʪʫ ʩʪʨʘʞʜʘʻ ʚʽʜ 

ʦʩʽʬʽʢʘʮʽʾ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʚʝʜʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʨʝʞʝʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʥʘ ʘʧʘʨʘʪʥʦʤʫ ʤʝʨʝʞʝʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʨʠʯʠʥ. ʇʦ-

ʧʝʨʰʝ, ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʝʞʝʥʫ 

ʧʨʦʛʨʘʤʫʚʘʥʽʩʪʴ, ʽ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʥʦʚʦʛʦ ʧʨʦʪʦʢʦʣʫ ʘʙʦ ʘʣʛʦʨʠʪʤʫ ʯʘʩʪʦ 

ʥʝʦʙʭʽʜʥʝ ʧʝʨʝʨʦʙʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ʇʦ-ʜʨʫʛʝ, ʘʧʘʨʘʪʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʪʝʩʪʫʚʘʥʥʽ ʥʘ ʪʦʤʫ ʞ ʫʩʪʘʪʢʫʚʘʥʥʽ, ʤʦʞʝ 

ʚʧʣʠʥʫʪʠ ʥʘ ʚʠʨʦʙʥʠʯʠʡ ʪʨʘʬʽʢ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ 

ʨʽʰʝʥʥʷ ʜʦ ʧʨʦʙʣʝʤʠ ʦʩʽʬʽʢʘʮʽʾ ʰʣʷʭʦʤ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʙʣʦʢʽʚ 

ʤʝʨʝʞʽ (ʪʦʙʪʦ ʚʫʟʣʽʚ ʽ ʧʦʩʠʣʘʥʴ). ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʨʪʫʘʣʴʥʘ ʤʝʨʝʞʘ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʚʫʟʣʽʚ ʽ ʧʦʩʠʣʘʥʴ, ʽʥʚʝʥʮʽʦʥʫʻ ʚ ʬʽʟʠʯʥʽʡ 

ʤʝʨʝʞʽ. ʂʨʽʤ ʪʦʛʦ, ʜʝʢʽʣʴʢʘ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞ (ʥʘʧʨʠʢʣʘʜ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ, ʚʠʨʦʙʥʠʯʽ ʪʦʱʦ) ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʽʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʪʽʡ 



ʞʝ ʬʽʟʠʯʥʽʡ ʤʝʨʝʞʽ, ʽ ʢʦʞʥʘ ʚʽʨʪʫʘʣʴʥʘ ʤʝʨʝʞʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʘ ʪʘ 

ʢʝʨʦʚʘʥʘ ʥʝʟʘʣʝʞʥʦ. ɸʙʩʪʨʘʢʮʽʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞ ʦʙʽʮʷʻ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ 

ʽʟʦʣʷʮʽʶ ʪʨʘʬʽʢʫ; ʜʚʽ ʥʝʦʙʭʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʦʩʽʬʽʢʘʮʽʾ. ʄʝʨʝʞʝʚʘ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʧʨʠʜʽʣʷ ̒ ʚʝʣʠʢʫ ʫʚʘʛʫ ʢʦʤʫʥʽʢʘʮʽʡʥʽʡ 

ʛʘʣʫʟʽ, ʜʝ ʥʘʡʙʽʣʴʰʽ ʧʦʩʪʘʯʘʣʴʥʠʢʠ, ʘ ʪʘʢʦʞ ʪʝʣʝʢʦʤ ʩʧʽʣʴʥʦʪʘ ʚʠʷʚʠʣʠ ʩʚʦʶ 

ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʫ ʪʝʭʥʦʣʦʛʽʷʭ. 

ɯʜʝʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʽ ʤʦʪʠʚʫʻ ʜʦʩʣʽʜʥʠʢʽʚ ʦʮʽʥʶʚʘʪʠ ʟʚʠʯʘʡʥʽ 

ʢʦʤʧ'ʶʪʝʨʠ ʜʣʷ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʙʽʣʴʰ ʧʨʦʛʨʘʤʦʚʘʥʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʘʧʘʨʘʪʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜʪʨʠʤʢʘ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞ ʣʝʛʢʦ ʜʦʩʪʫʧʥʘ ʥʘ 

ʧʨʦʜʫʢʪʦʚʠʭ ʩʝʨʚʝʨʘʭ. ɭ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʦʮʽʥʶʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ IP-

ʝʢʩʧʝʜʠʪʦʨʽʚ (ʪʦʙʪʦ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ) ʥʘ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ 

ʪʦʚʘʨʥʠʭ ʩʝʨʚʝʨʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʟʘʢʣʘʣʠ 

ʦʩʥʦʚʫ ʜʣʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ (NFV), ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʨʝʘʣʽʟʘʮʽʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ (IP forwarder, ʙʨʘʥʜʤʘʫʝʨ, 

ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʦʱʦ) ʥʘ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ ʪʦʚʘʨʥʠʭ ʩʝʨʚʝʨʘʭ. ʋ 

2012 ʨʦʮʽ ʩʪʘʥʜʘʨʪʥʘ ʨʦʟʨʦʙʢʘ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʦʾ ʬʫʥʢʮʽʾ (NFV) 

ʨʦʟʧʦʯʘʪʘ ʧʽʜ ʝʛʽʜʦʶ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ ʩʪʘʥʜʘʨʪʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

(ETSI). 

1.1. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʥʘ ʨʠʥʢʫ 

 

Network Function Virtualization (NFV) ʧʨʠʚʝʨʥʫʣʘ ʟʥʘʯʥʫ ʫʚʘʛʫ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʥʘʫʢʦʚʮʽʚ ʷʢ ʚʘʞʣʠʚʘ ʟʤʽʥʥʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ. ʈʦʟʛʣʷʜʘʶʯʠ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ (NFs) ʚʽʜ 

ʬʽʟʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʦ ʷʢʠʭ ʚʦʥʠ ʙʽʞʘʪʴ, ʫ NFV ʻ ʧʦʪʝʥʮʽʘʣ, ʘʙʠ ʧʨʠʚʝʩʪʠ ʜʦ 

ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ (OPEX) ʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ 

(CAPEX), ʷʢʽ ʧʦʣʝʛʰʫʶʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʥʦʚʠʭ ʧʦʩʣʫʛ ʟʽ ʟʙʽʣʴʰʝʥʦʶ 

ʛʥʫʯʢʽʩʪʶ ʟʘ ʯʘʩʦʤ ʪʘ ʚʽʜʥʦʩʥʦ ʾʚʘʨʪʦʩʪʽ. ʇʘʨʘʜʠʛʤʘ NFV ʚʩʝ ʱʝ ʥʝ ʨʦʟʢʨʠʪʘ, 

ʪʦʤʫ ʥʘʫʢʦʚʘ ʩʧʽʣʴʥʦʪʘ ʤʘʻ ʚʝʣʠʢʠʡ ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ ʘʙʠ ʨʦʟʚʠʚʘʪʠ ʥʦʚʫ 



ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ, ʦʮʽʥʶʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʠ ʽ ʢʦʤʧʨʦʤʽʩʠ ʚ ʨʦʟʨʦʙʣʝʥʥʽ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʾʾ ʫʩʧʽʰʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʫ ʬʽʟʠʯʥʫ ʤʝʨʝʞʝʚʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ʊʨʘʜʠʮʽʡʥʦ ʦʧʝʨʘʪʦʨʠ ʨʦʟʛʦʨʪʘʶʪʴ ʚʣʘʩʥʽ ʬʽʟʠʯʥʽ ʧʨʠʩʪʨʦʾ ʡ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʬʫʥʢʮʽʾ, ʷʢʘ ʻ ʯʘʩʪʠʥʦʶ ʜʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʩʝʨʚʽʩʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʩʫʚʦʨʝ ʬʦʨʤʫʚʘʥʥʷ ʣʘʥʮʶʞʢʘ ʽ / ʘʙʦ 

ʥʘʢʘʟʫʶʯʠ, ʱʦʙ ʮʝ ʙʫʣʦ ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʤʝʨʝʞʝʚʽʡ ʪʦʧʦʣʦʛʽʾ ʽ ʚ ʣʦʢʘʣʽʟʘʮʽʾ 

ʝʣʝʤʝʥʪʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʘʟʦʤ ʟ ʚʠʤʦʛʘʤʠ ʜʣʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʽ ʩʫʚʦʨʦʾ ʧʨʠʭʠʣʴʥʦʩʪʽ ʧʨʦʪʦʢʦʣʫ, ʧʨʠʚʝʣʠ ʜʦ ʜʦʚʛʠʭ ʮʠʢʣʽʚ ʧʨʦʜʫʢʪʫ, ʜʫʞʝ 

ʥʠʟʴʢʦʾ ʩʝʨʚʽʩʥʦʾ ʛʥʫʯʢʦʩʪʽ ʽ ʚʘʞʢʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʆʜʥʘʢ, ʢʦʨʠʩʪʫʚʘʯʽ ʟʙʽʣʴʰʫʶʪʴ ʚʠʤʦʛʠ ʱʦʜʦ ʙʽʣʴʰ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽ 

ʥʦʚʠʭ (ʥʝʪʨʠʚʢʠʭ) ʧʦʩʣʫʛ ʟ ʚʝʣʠʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʊʦʤʫ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʧʦʩʣʫʛ (TSPs) ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʥʦ ʽ 

ʙʝʟʧʝʨʝʨʚʥʦ ʢʫʧʫʚʘʪʠ, ʟʙʝʨʽʛʘʪʠ ʽ ʫʧʨʘʚʣʷʪʠ ʥʦʚʠʤ ʬʽʟʠʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʭʦʯʝ ʞ ʮʝ ʥʝ ʪʽʣʴʢʠ ʚʠʤʘʛʘʻ  ʰʚʠʜʢʦ ʟʤʽʥʶʚʘʪʠ ʥʘʚʠʯʢʠ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʱʦ ʧʨʘʮʶʻ ʽ ʢʝʨʫ ̒ ʮʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʘʣʝ ʪʘʢʦʞ ʽ ʚʠʤʘʛʘʻ 

ʱ̔ ʣʴʥʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʥʘʚʽʪʴ ʟ ʮʠʤ 

ʚʠʩʦʢʠʤ ʩʧʦʞʠʚʯʠʤ ʧʦʧʠʪʦʤ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʽʜʥʷʪʘ ʘʙʦʥʝʥʪʩʴʢʘ ʧʣʘʪʘ ʟʘ 

ʢʦʨʠʩʪʫʚʘʥʥʷ, ʱʦ ʟʘʚʜʘʻ ʟʙʽʣʴʰʝʥʥʷ ʢʘʧʽʪʘʣʫ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ 

ʧʨʦʚʘʡʜʝʨʘʤ, ʧʨʠ ʮʴʦʤʫ ʟʚʦʨʦʪʥʽʡ ʣʘʥʮʶʞʦʢ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʚʠʪʨʘʪ ʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʣʘʪʠ ʜʣʷ ʢʣʽʻʥʪʽʚ ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʦʩʪʘʥʥʽ 

ʙʫʜʫʪʴ ʚʽʜʤʦʚʣʷʪʠʩʴ ʚʽʜ ʧʦʩʣʫʛ. ʊʦʤʫ TSPs ʙʫʣʠ ʟʤʫʰʝʥʽ ʟʥʘʡʪʠ ʩʧʦʩʦʙʠ 

ʙʫʜʽʚʥʠʮʪʚʘ ʙʽʣʴʰ ʜʠʥʘʤʽʯʥʠʭ ʽ ʦʙʽʟʥʘʥʠʭ ʧʨʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʝʨʝʞ ʟ 

ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʮʠʢʣʽʚ ʨʦʙʦʪʠ ʧʨʦʜʫʢʪʫ ʪʘ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʽ 

ʧʦʣʽʧʰʝʥʥʷ ʩʝʨʚʽʩʥʦʾ ʛʥʫʯʢʦʩʪʽ. 

ʆʩʥʦʚʥʦʶ ʽʜʝʻʶ NFV ʻ ʚʽʜ'ʻʜʥʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʥʠʭ. ʎʝ ʦʟʥʘʯʘʻ, ʯʪʦ ʤʝʨʝʞʝʚʘ ʬʫʥʢʮʽʷ, 

ʤʦʞʝʪ ʙʫʪʠ ʚʽʜʧʨʘʚʣʝʥʘ ʜʦ TSP ʷʢ ʝʢʟʝʤʧʣʷʨ ʧʨʦʩʪʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙôʻʜʥʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʪʠʧʽʚ ʤʝʨʝʞʝʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʩʝʨʚʝʨʘʭ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʢʦʤʫʪʘʪʦʨʘʭ ʽ ʩʭʦʚʠʱʘʭ, ʷʢʽ ʤʦʞʫʪʴ 



ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʮʝʥʪʨʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʘʭ 

ʪʘ ʚ ʢʽʥʮʝʚʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʚʥʘ ʧʦʩʣʫʛʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʙʠʪʘ ʥʘ ʥʘʙʽʨ ʚʽʨʪʫʘʣʴʥʠʭ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ (VNF), ʷʢʽ ʧʦʪʽʤ ʙʫʜʫʪʴ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘ ʦʜʥʦʤʫ ʘʙʦ ʢʽʣʴʢʦʭ ʧʨʦʜʫʢʪʦʚʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʬʽʟʠʯʥʠʭ 

ʩʝʨʚʝʨʘʭ. ʇʦʪʽʤ VNF ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʤʽʱʝʥʽ ʪʘ ʽʥʩʪʘʣʴʦʚʘʥʽ ʚ ʨʽʟʥʠʭ 

ʤʝʨʝʞʘʭ (ʥʘʧʨʠʢʣʘʜ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʣʽʻʥʪʦʦʨʽʻʥʪʦʚʘʥʠʭ ʩʣʫʞʙ ʫ ʧʝʚʥʦʤʫ 

ʛʝʦʛʨʘʬʽʯʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ), ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʜʙʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

1.2. ʇʝʨʝʚʘʛʠ ʽʥʪʝʛʨʘʮʽʾ NFV 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʧʝʨʘʪʦʨʘʤʠ ʪʝʭʥʦʣʦʛʽʡ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʠʪʴ ʟ 

ʙʽʣʴʰʦʶ ʛʥʫʯʢʽʩʪʶ  ʧʽʜʚʠʱʫʚʘʪʠ ʾʭʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʧʦʩʣʫʛʠ ʤʝʨʝʞʽ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʰʦʛʦ ʪʘ ʜʝʰʝʚʰʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ ʘʙʦ ʧʽʜʪʨʠʤʢʠ ʥʦʚʠʭ ʤʝʨʝʞʝʚʠʭ ʧʦʩʣʫʛ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʱʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʷʢʦʩʪʽ. ʇʝʨʝʚʘʛʠ ʽʥʪʝʛʨʘʮʽʾ NFV ʧʨʦʢʣʘʜʘʻ ʰʣʷʭ 

ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʦʩʦʙʽʚ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʪʦʯʥʠʤʠ: 

- ɺʽʜ'ʻʜʥʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʤʝʨʝʞʝʚʠʡ ʝʣʝʤʝʥʪ ʙʽʣʴʰʝ ʥʝ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʝʚʦʣʶʮʽʷ ʦʙʦʭ ʥʝʟʘʣʝʞʥʠʭ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʎʝ ʜʘʻ ʦʢʨʝʤʫ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʪʘ 

ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ.  

- ʈʦʟʛʦʨʪʘʥʥʷ ʬʫʥʢʮʽʡ ʛʥʫʯʢʦʾ ʤʝʨʝʞʽ. ɺʽʜʦʢʨʝʤʣʝʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʧʦʤʘʛʘʻ 

ʧʝʨʝʧʨʠʟʥʘʯʠʪʠ ʪʘ ʨʦʟʧʦʜʽʣʷʪʠ ʨʝʩʫʨʩʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʨʘʟʦʤ, 

ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʤʦʛʣʦ ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʽ ʬʫʥʢʮʽʾ ʚ ʨʽʟʥʠʡ 

ʯʘʩ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʦʧʝʨʘʪʦʨʘʤ ʤʝʨʝʞʽ ʰʚʠʜʰʝ ʨʦʟʛʦʨʪʘʪʠ ʥʦʚʽ ʤʝʨʝʞʝʚʽ 

ʩʝʨʚʽʩʠ ʥʘ ʪʽʡ ʞʝ ʬʽʟʠʯʥʽʡ ʧʣʘʪʬʦʨʤʽ. ʊʦʤʫ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ 



ʜʝʤʦʥʩʪʨʫʚʘʪʠʩʷ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʧʨʠʩʪʨʦʾ ʟ ʧʽʜʪʨʠʤʢʦʶ NFV ʚ ʤʝʨʝʞʽ, ʽ ʾʭ 

ʟʚ'ʷʟʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʽ ʛʥʫʯʢʠʤ ʩʧʦʩʦʙʦʤ. 

- ɼʠʥʘʤʽʯʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʈʦʟʤʝʞʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʚ ʽʥʛʨʝʜʽʻʥʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʟʘʙʝʟʧʝʯʫʻ 

ʙʽʣʴʰʫ ʛʥʫʯʢʽʩʪʴ, ʘʙʠ ʤʘʩʰʪʘʙʫʚʘʪʠ ʬʘʢʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ VNF ʙʽʣʴʰ 

ʜʠʥʘʤʽʯʥʦ ʪʘ ʟ ʙʽʣʴʰ ʪʦʯʥʦʶ ʛʨʘʥʫʣʷʮʽʻʶ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʬʘʢʪʠʯʥʦʛʦ ʪʨʘʬʽʢʫ, ʜʣʷ ʷʢʦʛʦ ʦʧʝʨʘʪʦʨ ʤʝʨʝʞʽ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʧʦʪʫʞʥʽʩʪʴ. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʘʛʘʣʴʥʘ ʢʦʥʮʝʧʮʽʷ ʚʽʜ'ʻʜʥʘʥʥʷ NF ʚʽʜ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʠʤʘʛʘʻ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ TSP ʚʩʝ ʱʝ ʤʦʞʫʪʴ ʧʨʠʜʙʘʪʠ ʘʙʦ ʨʦʟʨʦʙʣʷʪʠ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʟʘʧʫʩʢʘʪʠ ʡʦʛʦ ʥʘ ʬʽʟʠʯʥʠʭ ʤʘʰʠʥʘʭ. ʈʽʟʥʠʮʷ ʚ ʪʦʤʫ, ʱʦ ʮʽ 

NF ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʨʦʜʫʢʪʦʚʠʭ ʩʝʨʚʝʨʘʭ. ʆʜʥʘʢ 

ʧʝʨʝʚʘʛʠ (ʪʘʢʽ ʷʢ ʛʥʫʯʢʽʩʪʴ, ʜʠʥʘʤʽʯʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ), ʦʯʽʢʫʚʘʥʽ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʬʫʥʢʮʽʡ ʫ 

ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ ʨʝʩʫʨʩʘʭ, ʻ ʜʫʞʝ ʩʠʣʴʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʧʨʦʜʘʞʽ NFV. ʅʝ 

ʚʘʨʪʦ ʟʘʙʫʚʘʪʠ, ʱʦ ʪʘʢʦʞ ʽʩʥʫʻ ʛʽʙʨʠʜʥʠʡ ʩʮʝʥʘʨʽʡ, ʜʝ ʬʫʥʢʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʥʘ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ ʨʝʩʫʨʩʘʭ, ʩʧʽʚʽʩʥʫʶʪʴ ʟ ʪʠʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʬʽʟʠʯʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ. ʊʘʢʽ ʛʽʙʨʠʜʥʽ ʩʮʝʥʘʨʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʘʞʣʠʚʠʤʠ ʚ ʧʨʦʮʝʩʽ 

ʧʝʨʝʭʦʜʫ ʜʦ NFV. 

1.3. ɸʨʭʽʪʝʢʪʫʨʘ NFV 

ETSI ʧʨʝʜʩʪʘʚʣʷʻ ʘʨʭʽʪʝʢʪʫʨʫ NFV ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʟ ʪʨʴʦʤʘ ʙʣʦʢʘʤʠ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ʇʝʨʰʠʡ ʙʣʦʢ ʥʘʟʠʚʘʻʪʴʩʷ NFV Infrastructure (NFVI). 

NFVI - ʮʝ ʥʘʙʽʨ ʘʧʘʨʘʪʥʠʭ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʨʝʩʫʨʩʽʚ. ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ, 

ʧʨʠʩʪʨʦʾ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʤʝʨʝʞʝʚʽ ʧʦʩʠʣʘʥʥʷ ʻ ʧʨʠʢʣʘʜʘʤʠ ʘʧʘʨʘʪʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʅʘ ʚʝʨʰʠʥʽ ʘʧʘʨʘʪʥʦʛʦ ʨʝʩʫʨʩʫ ʻ ʰʘʙʣʦʥ ʘʙʩʪʨʘʢʮʽʾ, ʷʢʠʡ ʚʽʨʪʫʘʣʽʟʫʻ 

ʘʧʘʨʘʪʥʽ ʨʝʩʫʨʩʠ. ɺʽʨʪʫʘʣʴʥʽ ʨʝʩʫʨʩʠ (ʪʘʢʽ ʷʢ ʚʽʨʪʫʘʣʴʥʽ ʧʨʦʮʝʩʦʨʠ ʪʘ 

ʚʽʨʪʫʘʣʴʥʽ NIC) ʚʠʜʽʣʷʶʪʴʩʷ ʚʽʨʪʫʘʣʴʥʠʤ ʤʘʰʠʥʘʤ, ʘ ʨʽʟʥʽ ʚʽʨʪʫʘʣʴʥʽ 

ʤʘʰʠʥʠ ʤʦʞʫʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ ʯʝʨʝʟ ʚʽʨʪʫʘʣʴʥʽ ʧʦʩʠʣʘʥʥʷ. 

ɼʨʫʛʠʡ ʙʣʦʢ ʘʨʭʽʪʝʢʪʫʨʠ NFV ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ 



(VNF) ʪʘ ʩʣʫʞʙ. ʄʝʨʝʞʝʚʘ ʬʫʥʢʮʽʷ ï ʮʝ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʚ ʤʝʞʘʭ 

ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [38]. ʅʘʧʨʠʢʣʘʜ, IP-ʝʢʩʧʝʜʠʪʦʨʠ, ʙʨʘʥʜʤʘʫʝʨʠ ʪʘ 

ʙʘʣʘʥʩʫʚʘʣʴʥʽ ʟʘʚʘʥʪʘʞʫʚʘʯʽ ʪʨʘʬʽʢʫ ʻ ʟʘʛʘʣʴʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ ʬʫʥʢʮʽʷʤʠ. 

VNF - ʮʝ ʨʝʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝʚʦʾ ʬʫʥʢʮʽʾ ʥʘʜ ʚʽʨʪʫʘʣʴʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. 

ʅʘʧʨʠʢʣʘʜ, ʤʝʨʝʞʝʚʘ ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʦʜʥʽʡ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥʘʭ. ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ, ʢʽʣʴʢʘ VNFs ʤʦʞʥʘ ʧʽʜʢʣʶʯʠʪʠ ʚ 

ʩʝʨʽʾ (ʣʘʥʮʶʞʦʢ), ʱʦʙ ʩʬʦʨʤʫʚʘʪʠ ʤʝʨʝʞʝʚʫ ʧʦʩʣʫʛʫ. ʊʦʯʥʝ ʯʠʩʣʦ VNF ʪʘ ʾʭ 

ʧʦʨʷʜʦʢ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʦʜʥʦʛʦ ʩʝʨʚʽʩʫ ʜʦ ʽʥʰʦʛʦ ʟʘʣʝʞʥʦ ʚʽʜ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ. ʊʨʝʪʽʡ ʙʣʦʢ ʚʽʜʦʤʠʡ ʷʢ NFV Management and 

Orchestration (NFV MANO). NFV MANO ʟʘʡʤʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʨʝʩʫʨʩʽʚ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷʤ VNF. ʅʘʧʨʠʢʣʘʜ, ʚʽʥ ʤʦʞʝ ʚʠʙʨʘʪʠ ʦʜʥʫ ʘʙʦ ʜʝʢʽʣʴʢʘ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ NFVI, ʱʦʙ ʚʽʜʦʙʨʘʟʠʪʠ ʤʝʨʝʞʝʚʫ ʬʫʥʢʮʽʶ. 

ʂʨʽʤ ʪʦʛʦ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʦʩʣʫʛ ʤʝʨʝʞʽ, ʚʢʣʶʯʘʶʯʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʜʘʣʝʥʥʷ 

VNF, ʻ ʧʨʠʢʣʘʜʦʤ ʟʘʚʜʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʝ ʚʠʢʦʥʫʻ VNF MANO. 

 

 

NFV Infrastructure (NFVI)  

NFVI ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʻʜʥʘʥʥʷ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴ ʩʝʨʝʜʦʚʠʱʝ, ʚ ʷʢʦʤʫ VNFs ʨʦʟʛʦʨʥʫʪʽ ʬʽʟʠʯʥʽ ʨʝʩʫʨʩʠ ʚʢʣʶʯʘʶʪʴ 

ʚ ʩʝʙʝ ʢʦʤʝʨʮʽʡʥʦ-ʦʬʬʰʝʣʴʬʦʚʽ (COTS) ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ, 



ʩʭʦʚʠʱʘ ʪʘ ʤʝʨʝʞʽ (ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʫʟʣʽʚ ʽ ʧʦʩʠʣʘʥʴ), ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʙʨʦʙʢʫ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ VNF.  

ɺʽʨʪʫʘʣʴʥʽ ʨʝʩʫʨʩʠ ī ʘʙʩʪʨʘʢʮʽʾ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʤʝʨʝʞʝʚʠʭ 

ʨʝʩʫʨʩʽʚ. ɸʙʩʪʨʘʢʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʘʨʫ ʚʽʨʪʫʘʣʽʟʘʮʽʾ (ʥʘ ʙʘʟʽ 

ʛʽʧʝʨʚʽʟʦʨʘ), ʷʢʠʡ ʚʽʜʦʢʨʝʤʣʶʻ ʚʽʨʪʫʘʣʴʥʽ ʨʝʩʫʨʩʠ ʚʽʜ ʙʘʟʦʚʠʭ ʬʽʟʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʋ ʩʝʨʝʜʦʚʠʱʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʨʝʩʫʨʩʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʘ ʦʙ'ʻʤʥʦʾ 

ʧʘʤ'ʷʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʝʨʤʽʥʘʭ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ (VM), ʪʦʜʽ ʷʢ ʚʽʨʪʫʘʣʴʥʽ ʤʝʨʝʞʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʚʽʨʪʫʘʣʴʥʠʭ ʟʚ'ʷʟʢʽʚ ʪʘ ʚʫʟʣʽʚ.  

ɺʽʨʪʫʘʣʴʥʠʡ ʚʫʟʦʣ - ʮʝ ʢʦʤʧʦʥʝʥʪ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʤʘʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʭʦʩʪʠʥʛʫ ʘʙʦ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʦʧʝʨʘʮʽʡʥʫ 

ʩʠʩʪʝʤʫ, ʽʥʢʘʧʩʫʣʴʦʚʘʥʫ ʫ ʚʽʨʪʫʘʣʴʥʫ ʤʘʰʠʥʫ. ɺʽʨʪʫʘʣʴʥʠʡ ʟʚ'ʷʟʦʢ ʻ 

ʣʦʛʽʯʥʠʤ ʚʟʘʻʤʦʟʚ'ʷʟʢʦʤ ʜʚʦʭ ʚʽʨʪʫʘʣʴʥʠʭ ʚʫʟʣʽʚ, ʱʦ ʟ'ʷʚʣʷʶʪʴʩʷ ʢ̫ ʧʨʷʤʠʡ 

ʬʽʟʠʯʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

 ɺʽʨʪʫʘʣʴʥʽ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʪʘ ʩʣʫʞʙʠ NF  

ɺʽʨʪʫʘʣʴʥʽ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʪʘ ʩʣʫʞʙʠ NF ī ʮʝ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʙʣʦʢ ʚ 

ʤʝʞʘʭ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʱʦ ʤʘʻ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʽ ʟʦʚʥʽʰʥʽ 

ʽʥʪʝʨʬʝʡʩʠ ʪʘ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʧʦʚʝʜʽʥʢʫ. ʇʨʠʢʣʘʜʠ NF ʻ 

ʝʣʝʤʝʥʪʘʤʠ ʜʦʤʘʰʥʴʦʾ ʤʝʨʝʞʽ, ʥʘʧʨʠʢʣʘʜ ʰʣʶʟ RGW; ʽ ʟʚʠʯʘʡʥʽ ʤʝʨʝʞʝʚʽ 

ʬʫʥʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ, DHCP-ʩʝʨʚʝʨʠ, ʤʽʞʤʝʨʝʞʝʚʽ ʝʢʨʘʥʠ ʪʦʱʦ. ʊʘʢʠʤ ʯʠʥʦʤ, 

VNF ʻ ʨʝʘʣʽʟʘʮʽʻʶ NF, ʪʦʙʪʦ ʨʦʟʛʦʨʥʫʪʽ ʥʘ ʚʽʨʪʫʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʪʘʢʽ ʷʢ VM. 

ʆʜʠʥ VNF ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʚʥʫʪʨʽʰʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʦʪʞʝ, ʚʽʥ 

ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʠʡ ʥʘ ʜʝʢʽʣʴʢʦʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥʘʭ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʢʦʞʝʥ VM ʨʦʟʤʽʱʫʻ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ VNF. 

ʉʝʨʚʽʩ ī ʮʝ ʧʨʦʧʦʟʠʮʽʷ, ʥʘʜʘʥʘ TSP, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ NF. ʋ ʚʠʧʘʜʢʫ ʟ NFV NF, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʩʣʫʞʙʫ, ʚʽʨʪʫʘʣʽʟʫʶʪʴʩʷ ʪʘ 

ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʥʘ ʚʽʨʪʫʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʪʘʢʽ ʷʢ VM. ʆʜʥʘʢ, ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʦʩʣʫʛʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʬʫʥʢʮʽʷʭ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ 

ʧʦʩʝʨʝʜʥʠʮʪʚʦʤ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʥʘ VMs, ʧʦʚʠʥʥʽ ʤʘʪʠ ʪʘʢʫ ʞ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʂʽʣʴʢʽʩʪʴ  ̔ ʪʠʧ ʟʘʤʦʚʣʝʥʥʷ VNF, ʷʢʽ ʡʦʛʦ ʩʢʣʘʜʘʶʪʴ, 



ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʪʘ ʧʦʚʝʜʽʥʢʦʚʦʶ ʩʧʝʮʠʬʽʢʘʮʽʻʶ ʩʝʨʚʽʩʫ. ʊʦʤʫ 

ʧʦʚʝʜʽʥʢʘ ʧʦʩʣʫʛʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥ ̫ʩʢʣʘʜʦʚʠʭ NFV. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ETSI NFV-ʝʪʘʣʦʥʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʚʠʟʥʘʯʘʻ ʧʦʯʘʪʢʦʚʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ ʪʘ ʦʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽ ʽʥʪʝʨʬʝʡʩʠ. ʇʨʦʪʝ ʦʙʩʷʛ ʨʦʙʦʪʠ 

ETSI - ʩʢʦʨʽʰʝ ʦʙʤʝʞʝʥʠʡ, ʚʠʢʣʶʯʘʶʯʠ ʪʘʢʽ ʘʩʧʝʢʪʠ, ʷʢ ʢʦʥʪʨʦʣʴ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʩʪʘʨʽʣʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. ʎʝ ʤʦʞʝ ʫʩʢʣʘʜʥʠʪʠ ʦʧʝʨʘʮʽʾ ʪʘ MANO 

ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʩʝʨʚʽʩʫ, ʱʦ ʚʢʣʶʯʘʻ ʷʢ ʫʩʧʘʜʢʦʚʘʥʽ ʬʫʥʢʮʽʾ, ʪʘʢ ʽ VNF. ʂʨʽʤ 

ʪʦʛʦ, ʩʪʘʥʜʘʨʪʠ ʪʘ / ʘʙʦ ʬʘʢʪʠʯʥʽ ʧʨʘʢʪʠʯʥʽ ʚʢʘʟʽʚʢʠ ʪʘ ʝʪʘʣʦʥ ʨʝʘʣʽʟʘʮʽʾ 

VNF, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ MANO ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʱʝ ʥʝ ʚʠʟʥʘʯʝʥʥʽ. 

ɿʦʢʨʝʤʘ, ʚʠʜʥʦ ʟ ʧʦʪʦʯʥʠʭ ʨʽʰʝʥʴ NFV ʱʦ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʤʘʶʪʴ ʨʽʟʥʽ ʽʜʝʾ 

ʱʦʜʦ ʪʦʛʦ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ NFVI ʽ VNF, ʽ ʷʢ ʾʭ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ. 

ɿʘʣʠʰʘʻʪʴʩʷ ʨʷʜ ʚʽʜʢʨʠʪʠʭ ʧʠʪʘʥʴ, ʪʘʢʠʭ ʷʢ:  

1. ʷʢʽ NF ʩʣʽʜ ʨʦʟʛʦʨʪʘʪʠ ʚ ʚʫʟʣʘʭ ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘ ʷʢʽ ʚ ʚʫʟʣʘʭ 

ʦʧʝʨʘʪʦʨʘ; 

2. ʷʢʽ ʬʫʥʢʮʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʽ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ 

ʤʘʰʠʥʘʭ ʽ ʷʢʽ ʚ ʢʦʥʪʝʡʥʝʨʘʭ; 

3. ʷʢʫ ʢʽʣʴʢʽʩʪʴ ʽ ʪʠʧʠ ʨʝʩʫʨʩʽʚ NFVI ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʟʘʧʫʩʢʘʪʠ ʧʝʚʥʽ 

ʬʫʥʢʮʽʾ;  

4. ʷʢʽ ʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʤʦʛʠ ʜʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʢʣʶʯʘʻ ʷʢ VNF, ʪʘʢ ʽ ʪʽ, 

ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʩʪʘʨʦʤʫ ʦʙʣʘʜʥʘʥʥʽ.  

ʆʩʢʽʣʴʢʠ ʷʢ ʧʦʩʪʘʯʘʣʴʥʠʢʠ, ʪʘʢ ʽ TSP ʚʞʝ ʟʥʘʯʥʦ ʙʘʛʘʪʦ ʚʢʣʘʣʠ ʢʦʰʪʽʚ 

ʚ NFV, ʩʧʽʣʴʥʦʪʘ ʜʽʡʰʣʘ ʜʦ ʪʦʛʦ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʧʦʚʝʨʥʫʪʠ ʥʘʟʘʜ ʢʦʥʢʨʝʪʥʽ 

ʨʽʰʝʥʥʷ. 

ETSI ʟʘʧʨʦʧʦʥʫʚʘʚ ʥʠʟʢʫ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ NFV 

NFV ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʠʤʽʱʝʥʴ ʢʣʽʻʥʪʽʚ 

(CPE) ʪʘ ʜʦ ʤʝʨʝʞʽ Evolved Packet Core (EPC). 

1) ʆʙʣʘʜʥʘʥʥʷ ʢʣʽʻʥʪʩʴʢʦʛʦ ʧʨʠʤʽʱʝʥʥʷ (CPE): ʥʘ ʨʠʩʫʥʢʘʭ 1 ʽ 2 ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʨʠʢʣʘʜ CPE, ʷʢ ̔ʽʣʶʩʪʨʫʁʪʴ ʝʢʦʥʦʤʽʶ ʤʘʩʰʪʘʙʫ ʟʘ ʨʘʭʫʥʦʢ 

NFV. ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʘ ʪʠʧʦʚʘ (ʧʦʪʦʯʥʘ) ʨʝʘʣʽʟʘʮʽʷ CPE, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʬʫʥʢʮʽʡ: ʧʨʦʪʦʢʦʣ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʾ ʭʦʩʪʘ 



(DHCP), ʧʝʨʝʘʜʨʝʩʘʮʽʷ ʤʝʨʝʞʝʚʠʭ ʘʜʨʝʩ (NAT), ʤʘʨʰʨʫʪʠʟʘʮʽʷ, 

ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʣʘʛʽʥ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ (UPnP), ʙʨʘʥʜʤʘʫʝʨ, ʤʦʜʝʤ, ʨʘʜʽʦ ʪʘ 

ʢʦʤʫʪʘʮʽʷ. ʋ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ ʦʜʥʘ ʩʣʫʞʙʘ (CPE) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʦʩʴʤʠ 

ʬʫʥʢʮʽʡ. ʎʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʤʘʪʠ ʧʝʨʝʚʘʞʥʽ ʚʠʤʦʛʠ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʮʽ ʬʫʥʢʮʽʾ ʻ ʯʘʩʪʠʥʦʶ ʩʝʨʚʽʩʥʦʛʦ ʣʘʥʮʶʛʘ 2, ʤʦʞʝ 

ʟʥʘʜʦʙʠʪʠʩʷ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʙʨʘʥʜʤʘʫʝʨʘ ʜʦ NAT. ɺ ʜʘʥʠʡ ʯʘʩ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʮʽ ʬʫʥʢʮʽʾ ʟʥʘʭʦʜʠʣʠʩʴ ʥʘ ʬʽʟʠʯʥʦʤʫ ʧʨʠʩʪʨʦʾ, 

ʨʦʟʪʘʰʦʚʘʥʦʤʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʢʦʞʥʦʛʦ ʟ ʢʣʽʻʥʪʽʚ 1 ʽ 2. ɿ ʪʘʢʦʶ ʨʝʘʣʽʟʘʮʽʻʶ, 

ʷʢʱʦ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʨʦʙʠʪʠ ʟʤʽʥʠ ʚ CPE, ʩʢʘʞʽʤʦ, ʜʦʜʘʚʘʥʥʷʤ, ʚʠʜʘʣʝʥʥʷʤ 

ʘʙʦ ʦʥʦʚʣʝʥʥʷʤ ʬʫʥʢʮʽʾ, ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ, ʱʦʙ ʩʧʝʮʽʘʣʽʩʪ ʚʽʜ ɯʥʪʝʨʥʝʪ-

ʧʨʦʚʘʡʜʝʨʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʦʙʛʦʚʦʨʶʚʘʚʟ ʢʣʽʻʥʪʦʤ ʟʤʽʥʠ. ʎʝ ʤʦʞʝ ʥʘʚʽʪʴ 

ʚʠʤʘʛʘʪʠ ʧʦʚʥʦʾ ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʠʩʪʨʦʾʚ ʫ ʚʠʧʘʜʢʫ ʜʦʧʦʚʥʝʥʴ. ʎʝ ʥʝ 

ʪʽʣʴʢʠ ʜʦʨʦʛʦ (ʦʧʝʨʘʪʠʚʥʦ) ʜʣʷ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʽʚ, ʘʣʝ ʽ ʜʣʷ ʢʣʽʻʥʪʽʚ. 

 

ʈʠʩʫʥʦʢ. ʊʨʘʜʠʮʽʡʥʘ ʤʦʜʝʣʴ ʦʨʛʘʥʽʟʘʮʽʾ ʤʝʨʝʞʽ ʟ CPE 



ʅʘ ʤʘʣʶʥʢʫ 2 ʤʠ ʧʦʢʘʟʫʻʤʦ ʤʦʞʣʠʚʫ ʨʝʘʣʽʟʘʮʽʶ ʥʘ ʦʩʥʦʚʽ NFV, ʚ ʷʢʽʡ 

ʜʝʷʢʽ ʬʫʥʢʮʽʾ CPE ʧʝʨʝʥʦʩʷʪʴʩʷ ʥʘ ʩʧʽʣʴʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚ ISP, ʱʦ ʪʘʢʦʞ 

ʤʦʞʝ ʙʫʪʠ ʮʝʥʪʨʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʎʝ ʨʦʙʠʪʴ ʦʧʠʩʘʥʽ ʚʠʱʝ ʟʤʽʥʠ ʣʝʛʰʠʤʠ, 

ʦʩʢʽʣʴʢʠ, ʥʘʧʨʠʢʣʘʜ, ʦʥʦʚʣʝʥʥʷ DHCP ʜʣʷ ʚʩʽʭ ʢʣʽʻʥʪʽʚ ʤʽʩʪʠʪʠʤʝ ʣʠʰʝ 

ʟʤʽʥʠ ʫ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘ. ʊʘʢʠʤ ʞʝ ʯʠʥʦʤ ʤʦʞʥʘ ʦʜʥʦʯʘʩʥʦ ʜʦʜʘʪʠ ʱʝ 

ʦʜʥʫ ʬʫʥʢʮʽʶ, ʪʘʢʫ ʷʢ ʙʘʪʴʢʽʚʩʴʢʠʡ ʢʦʥʪʨʦʣʴ ʜʣʷ ʚʩʽʭ ʘʙʦ ʯʘʩʪʠʥʠ ʢʣʽʻʥʪʽʚ. 

ʆʢʨʽʤ ʝʢʦʥʦʤʽʾ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʜʣʷ ʽʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘ, ʮʝ ʧʦʪʝʥʮʽʡʥʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʜʝʰʝʚʠʭ CPE, ʷʢʱʦ ʮʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʚʝʣʠʢʠʭ 

ʤʘʩʰʪʘʙʘʭ.  

 

ʈʠʩʫʥʦʢ. ʆʨʛʘʥʽʟʘʮʽʷ ʤʝʨʝʞʽ ʟ ʚʨʦʚʘʜʞʝʥʥʷʤ NFV 

 

ɺʽʨʪʫʘʣʽʟʘʮʽʷ EPC ʻ ʱʝ ʦʜʥʠʤ ʧʨʠʢʣʘʜʦʤ NFV, ʷʢʠʡ ʧʨʠʚʝʨʥʫʚ ʚʝʣʠʢʫ 

ʫʚʘʛʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. EPC - ʮʝ ʦʩʥʦʚʥʘ ʤʝʨʝʞʘ Long Term Evolution (LTE), 

ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 3GPP. ʅʘ ʣʽʚʽʡ ʩʪʦʨʦʥʽ ʨʠʩʫʥʢʘ 3 ʧʦʢʘʟʘʥʦ ʙʘʟʦʚʫ 

ʘʨʭʽʪʝʢʪʫʨʫ LTE ʙʝʟ NFV. ʂʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʝ ʦʙʣʘʜʥʘʥʥʷ (UE) ʧʽʜʢʣʶʯʝʥʦ 



ʜʦ EPC ʯʝʨʝʟ ʤʝʨʝʞʫ ʜʦʩʪʫʧʫ LTE (E-UTRAN). ʈʦʟʨʦʙʣʝʥʠʡ NodeB 

(eNodeB) ʻ ʙʘʟʦʚʦʶ ʩʪʘʥʮʽʻʶ ʜʣʷ ʨʘʜʽʦ LTE. EPC ʚʠʢʦʥʫʻ ʚʘʞʣʠʚʽ ʬʫʥʢʮʽʾ, 

ʚʢʣʶʯʘʶʯʠ ʚʽʜʩʪʝʞʝʥʥʷ ʧʽʜʢʣʶʯʝʥʴ, ʢʝʨʫʚʘʥʥʷ ʤʦʙʽʣʴʥʽʩʪʶ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ʩʝʘʥʩʘʤʠ. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ NF: Serving Gateway (S-GW), ʰʣʶʟ 

ʧʘʢʝʪʥʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (PDN) (P-GW), ʦʙ'ʻʜʥʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʤʦʙʽʣʴʥʽʩʪʶ 

(MME) ʪʘ (PCRF). ɺʽʥ ʪʘʢʦʞ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʟʦʚʥʽʰʥʽʭ ʤʝʨʝʞ, ʱʦ ʤʦʞʝ 

ʚʢʣʶʯʘʪʠ ʧʽʜʩʠʩʪʝʤʫ IP Multimedia Core Network Subsystem (IMS). ʋ 

ʧʦʪʦʯʥʽʡ EPC ʚʩʽ ʡʦʛʦ ʬʫʥʢʮʽʾ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʘʧʘʪʝʥʪʦʚʘʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ʊʦʤʫ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʽ ʟʤʽʥʠ ʜʦ ʧʝʚʥʦʾ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʟʘʤʽʥʠ 

ʦʙʣʘʜʥʘʥʥʷ. ʊʝ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʠʪʠ 

ʧʦʪʫʞʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ. ʅʘ ʧʨʘʚʽʡ ʩʪʦʨʦʥʽ, ʥʘ ʨʠʩʫʥʢʫ, ʤʠ ʧʦʢʘʟʫʻʤʦ ʪʫ ʩʘʤʫ 

ʘʨʭʽʪʝʢʪʫʨʫ, ʚ ʷʢʽʡ EPC ʚʽʨʪʫʘʣʽʟʫʻʪʴʩʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʘʙʦ ʚʩʽ ʬʫʥʢʮʽʾ ʚ 

EPC, ʘʙʦ ʣʠʰʝ ʜʝʷʢʽ ʟ ʥʠʭ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʩʧʽʣʴʥʫ (ʭʤʘʨʥʫ) 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ.  

 

ʈʠʩʫʥʦʢ . ɺʳʨʪʫʘʣʳʟʘʮʳʷ ɽʈʉ 



ɺʽʨʪʫʘʣʽʟʘʮʽʷ EPC ʤʦʞʝ ʧʦʪʝʥʮʽʡʥʦ ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʽʣʴʰʦʾ ʛʥʫʯʢʦʩʪʽ ʪʘ 

ʜʠʥʘʤʽʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʘ ʦʪʞʝ, ʜʦʟʚʦʣʠʪʴ TSP ʣʝʛʢʦ ʪʘ ʜʝʰʝʚʦ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʫ ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ. ʅʘʧʨʠʢʣʘʜ, ʷʢ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ 

ʩʝʨʚʝʨʽʚ, ʚʠʜʽʣʝʥʠʭ ʢʦʞʥʽʡ ʬʫʥʢʮʽʾ ʥʘ ʨʠʩʫʥʢʫ, ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʧʣʦʱʠʥʠ, ʥʝ ʚʧʣʠʚʘʶʯʠ ʥʘ ʧʣʦʱʠʥʫ 

ʢʝʨʫʚʘʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ VNFs, ʪʘʢʽ ʷʢ ʚʽʨʪʫʘʣʴʥʠʡ MME, ʤʦʞʫʪʴ 

ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʩʘʤʦʩʪʽʡʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʜʦ ʨʝʩʫʨʩʽʚ. 

ʊʦʯʥʦ ʪʘʢ ʩʘʤʦ, VNF, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʣʽʥʽʻʶ ʜʘʥʠʭ, ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʽʥʰʦʾ 

ʢʽʣʴʢʦʩʪʽ ʨʝʩʫʨʩʽʚ, ʥʽʞ ʪʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʣʠʰʝ ʩʠʛʥʘʣʽʟʘʮʽʾ. ʎʷ ʛʥʫʯʢʽʩʪʴ 

ʧʨʠʟʚʝʜʝ ʜʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʅʘʨʝʰʪʽ, ʮʝ ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʦʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʤʝʨʝʞʝʚʠʭ 

ʬʫʥʢʮʽʷʭ EPC, ʱʦ, ʦʪʞʝ, ʜʦʟʚʦʣʠʪʴ ʰʚʠʜʰʝ ʟʘʧʫʩʢʘʪʠ ʽʥʥʦʚʘʮʽʡʥʽ ʧʦʩʣʫʛʠ. 

1.4. ɹʽʟʥʝʩ-ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ  NFV 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʨʭʽʪʝʢʪʫʨʫ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩʫʥʢʫ, ʽ ʥʘ ʦʩʥʦʚʽ 

ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʽ ʪʘ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʤʠ ʚʠʟʥʘʯʘʻʤʦ 

ʧ'ʷʪʴ ʦʩʥʦʚʥʠʭ ʛʨʘʚʮʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ NFV ʪʘ ʧʨʦʧʦʥʫʻʤʦ ʝʪʘʣʦʥʥʫ ʙʽʟʥʝʩ-

ʤʦʜʝʣʴ, ʷʢʘ ʽʣʶʩʪʨʫʻ ʤʦʞʣʠʚʽ ʜʽʣʦʚʽ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʥʠʤʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʫ . ʄʠ ʪʘʢʦʞ ʦʙʛʦʚʦʨʶʻʤʦ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ ʜʠʟʘʡʥʫ ʩʠʩʪʝʤʠ NFV. 

A. ɹʽʟʥʝʩ-ʤʦʜʝʣʴ 

1) ʇʦʩʪʘʯʘʣʴʥʠʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (InP): InP ʨʦʟʛʦʨʪʘʻ ʪʘ ʫʧʨʘʚʣʷʻ 

ʬʽʟʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʫ ʬʦʨʤʽ ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʤʝʨʝʞʘʭ. 

ʅʘ ʚʝʨʰʠʥʽ ʮʠʭ ʨʝʩʫʨʩʽʚ ʚʽʨʪʫʘʣʴʥʽ ʨʝʩʫʨʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʪʘ 

ʦʨʝʥʜʦʚʘʥʽ ʯʝʨʝʟ ʦʜʠʥ ʘʙʦ ʙʽʣʴʰʝ ʽʥʪʝʨʬʝʡʩʽʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ TSP. InP ʤʦʞʝ 

ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ, ʷʢ ʮʝʡ ʧʫʣ ʟ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ ʚʠʜʽʣʷʶʪʴʩʷ ʜʣʷ TSP. ʋ NFV, 

ʧʨʠʢʣʘʜʠ InP ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤʠ ʮʝʥʪʨʘʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, 

ʪʘʢʠʤʠ ʷʢ Amazon ʘʙʦ ʧʨʠʚʘʪʥʠʤʠ ʩʝʨʚʝʨʘʤʠ, ʱʦ ʥʘʣʝʞʘʪʴ TSP. ʗʢʱʦ 

ʟʘʜʘʥʠʡ InP ʥʝ ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʥʘʜʘʚʘʪʠ ʨʝʩʫʨʩʠ ʜʣʷ ʧʝʚʥʠʭ 

TSP, ʽ, ʦʪʞʝ, ʤʦʞʫʪʴ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʽ ʢʦʘʣʽʮʽʾ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ InP, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʛʘʪʦʜʦʤʝʥʥʽ VNF. 



2) ʇʦʩʪʘʯʘʣʴʥʠʢ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ (TSP): TSPs 4 ʦʨʝʥʜʫʻ 

ʨʝʩʫʨʩʠ ʟ ʦʜʥʽʻʾ ʘʙʦ ʙʽʣʴʰʝ InP, ʷʢʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʘʧʫʩʢʫ VNFs. 

ɺʦʥʠ ʪʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴ ʧʦʻʜʥʘʥʥʷ ʮʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʩʣʫʛ ʜʣʷ 

ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʋ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, TSP ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠ 

ʩʚʦʾ ʚʽʨʪʫʘʣʴʥʽ ʨʝʩʫʨʩʠ ʚ ʩʫʙ-ʣʽʟʠʥʛ ʜʦ ʽʥʰʠʭ TSP. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʧʝʨʝʧʨʦʜʘʞ TSP ʟʘʡʤʝ ʨʦʣʴ InP. ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ InP ʻ ʧʨʠʚʘʪʥʦʶ ʘʙʦ 

ʚʣʘʩʥʦʶ, ʥʘʧʨʠʢʣʘʜ, ʥʘʜʘʥʽ ʤʝʨʝʞʝʚʠʤʠ ʚʫʟʣʘʤʠ ʘʙʦ ʩʝʨʚʝʨʘʤʠ TSP, ʪʦ InP ʽ 

TSP ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʽʻʶ ʦʨʛʘʥʽʟʘʮʽʻʶ. 

3) VNF Providers (VNFP) ʪʘ ʉʝʨʚʝʨʥʽ ʧʨʦʚʘʡʜʝʨʠ (SP): NFV ʧʦʜʽʣʷʻ 

ʨʦʣʴ ʪʨʘʜʠʮʽʡʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʪʘʢʠʭ ʷʢ Cisco, 

Huawei, HP ʪʘ Alcatel-Lucent) ʫ ʜʚʘ: VNFP ʪʘ SP. VNFPs ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʛʨʘʤ ʜʣʷ NF. ʎʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʘʙʦ ʥʘʜʘʥʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ TSP, ʘʙʦ VNFP ʤʦʞʝ ʥʘʜʘʪʠ ʾʭ InP, ʷʢʠʡ ʧʦʪʽʤ ʟʘʙʝʟʧʝʯʠʪʴ ʷʢ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʘ ʪʘʢʦʞ VNF ʜʣʷ TSP. ʊʘʢʦʞ ʤʦʞʣʠʚʦ, ʱʦ TSP ʨʦʟʨʦʙʣʷʶʪʴ 

ʩʚʦʾ ʚʣʘʩʥʽ NF (ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ VNFP ʪʘ TSP 

ʙʫʜʫʪʴ ʦʜʥʽʻʶ ʦʨʛʘʥʽʟʘʮʽʻʶ. 

ʊʦʯʥʦ ʪʘʢ ʩʘʤʦ, SP ʥʘʜʘʶʪʴ ʛʘʣʫʟʝʚʽ ʩʪʘʥʜʘʨʪʥʽ ʩʝʨʚʝʨʠ, ʥʘ ʷʢʠʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʽ VNF. ʎʽ ʩʝʨʚʝʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʘʥʽ InP (ʫ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʬʫʥʢʮʽʾ ʙʫʜʫʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʭʤʘʨʽ), ʘʙʦ TSP (ʷʢʱʦ ʬʫʥʢʮʽʾ ʙʫʜʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʴ ʫ ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʘʭ TSP). ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʽ ʦʙ'ʻʢʪʠ 

(VNFP ʪʘ SP) ʥʘʩʧʨʘʚʜʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʽʻʶ ʢʦʤʧʘʥʽʻʶ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʬʫʥʢʮʽʾ, ʷʢʽ ʚʦʥʠ ʥʘʜʘʶʪʴ, ʥʝ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʦʙʦʪʦʶ ʥʘ 

ʦʙʣʘʜʥʘʥʥʷʭ ʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʘʙʦ ʟʨʦʙʣʝʥʽ ʢʦʥʢʨʝʪʥʠʤ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, TSP ʤʦʞʝ ʧʨʠʜʙʘʪʠ VNF ʟ ʦʜʥʦʛʦ 

ʩʫʙ'ʻʢʪʘ, ʽ ʩʝʨʚʝʨʽʚ ʚʽʜ ʽʥʰʦʛʦ.  

4) ɹʨʦʢʝʨʠ: ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ TSP, ʤʦʞʣʠʚʦ, ʜʦʚʝʜʝʪʴʩʷ ʧʨʠʜʙʘʪʠ 

ʬʫʥʢʮʽʾ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʦʜʥʫ ʩʣʫʞʙʫ ʚʽʜ ʜʝʢʽʣʴʢʦʭ VNFP, ʪʘ / ʘʙʦ ʨʦʟʛʦʨʪʘʪʠ 

ʪʘ ʢʝʨʫʚʘʪʠ ʢʽʥʮʝʚʠʤʠ ʩʣʫʞʙʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʨʝʩʫʨʩʘʭ ʟ ʜʝʢʽʣʴʢʦʭ InP. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʤʦʞʝ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʙʨʦʢʝʨʩʴʢʫ ʨʦʣʴ. ɹʨʦʢʝʨʠ ʦʪʨʠʤʘʶʪʴ 

ʚʠʤʦʛʠ ʜʦ ʨʝʩʫʨʩʽʚ ʽ / ʘʙʦ ʬʫʥʢʮʽʡ ʚʽʜ TSP, ʘ ʧʦʪʽʤ ʩʪʚʦʨʶʶʪʴ, ʦʙʨʦʙʣʶʶʪʴ 



ʪʘ ʦʙ'ʻʜʥʫʶʪʴ ʨʝʩʫʨʩʠ ʪʘ ʬʫʥʢʮʽʾ ʟ ʜʝʢʽʣʴʢʦʭ InP, VNFP ʪʘ SP, ʱʦʙ ʟʘʧʫʩʪʠʪʠ 

ʾʭ ʷʢ ʩʣʫʞʙʫ ʜʦ TSP. ʎʷ ʨʦʣʴ ʣʠʰʝ ʚʢʣʶʯʝʥʘ ʚ ʤʦʜʝʣʴ ʜʣʷ ʧʦʚʥʦʪʠ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʘ ʤʦʞʝ ʥʝ ʟʥʘʜʦʙʠʪʠʩʷ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʝʢʦʩʠʩʪʝʤʠ NFV. 

5) ʂʽʥʮʝʚʠʡ ʢʦʨʠʩʪʫʚʘʯ: ʂʽʥʮʝʚʽ ʢʦʨʠʩʪʫʚʘʯʽ ʻ ʢʽʥʮʝʚʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ 

ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʶʪʴʩʷ TSP. ɺʦʥʠ ʩʭʦʞʽ ʥʘ ʢʽʥʮʝʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʩʥʫʶʯʦʛʦ 

ɯʥʪʝʨʥʝʪʫ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ ʽʩʥʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʧʦʩʣʫʛ ʚʽʜ ʢʦʥʢʫʨʫʶʯʠʭ 

TSP ʜʦʟʚʦʣʷʻ ʾʤ ʚʠʙʠʨʘʪʠ ʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʦʩʣʫʛ. ʂʽʥʮʝʚʽ ʢʦʨʠʩʪʫʚʘʯʽ 

ʤʦʞʫʪʴ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʢʽʣʴʢʦʭ TSP ʜʣʷ ʨʽʟʥʠʭ ʩʣʫʞʙ. 

ʉʪʨʽʣʢʠ ʥʘ ʨʠʩʫʥʢʫ  ʧʦʟʥʘʯʘʶʪʴ ʜʽʣʦʚʽ ʚʽʜʥʦʩʠʥʠ ʘʙʦ ʽʥʪʝʨʬʝʡʩʠ ʤʽʞ 

ʨʽʟʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ. ʅʘʧʨʠʢʣʘʜ, VNFP ʪʘ / ʘʙʦ SP ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʪʝʨʬʝʡʩʠ 

1 ʽ 2 ʜʣʷ ʚʝʜʝʥʥʷ ʧʝʨʝʛʦʚʦʨʽʚ ʪʘ / ʘʙʦ ʥʘʜʘʚʘʶʪʴ VNF ʪʘ ʪʦʚʘʨʥʽ ʩʝʨʚʝʨʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ TSP ʽ InP, ʪʦʜʽ ʷʢ TSP ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʪʝʨʬʝʡʩʠ 3 ʪʘ 4 ʜʣʷ ʾʭ 

ʚʟʘʻʤʦʜʽʾ ʟ ʙʨʦʢʝʨʘʤʠ ʪʘ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚʽʜʧʦʚʽʜʥʦ. 

 

ʈʠʩʫʥʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ NFV ʙʽʟʥʝʩ-ʤʦʜʝʣʴ 

 

ɹ. NFV Design Considerations 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʝ ʪʽʣʴʢʠ ʜʦʩʪʘʪʥʴʦ ʨʦʟʛʦʨʥʫʪʠ NF ʥʘʜ 

ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʤʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘʤʠ, ʦʩʢʽʣʴʢʠ ʢʦʨʠʩʪʫʚʘʯʽ ʤʝʨʝʞʽ, ʷʢ 



ʧʨʘʚʠʣʦ, ʥʝ ʩʪʫʨʙʦʚʘʥʽ ʩʢʣʘʜʥʽʩʪʶ ʙʘʟʦʚʦʾ ʤʝʨʝʞʽ. ʋʩʽ ʢʦʨʠʩʪʫʚʘʯʽ 

ʚʠʤʘʛʘʶʪʴ, ʱʦʙ ʤʝʨʝʞʘ ʥʘʜʘʣʘ ʾʤ ʜʦʩʪʫʧ ʜʦ ʧʦʪʨʽʙʥʠʭ ʧʨʦʛʨʘʤ, ʢʦʣʠ ʚʦʥʠ ʾʤ 

ʥʝʦʙʭʽʜʥʽ. ʊʦʤʫ NFV ʙʫʜʝ ʧʨʠʡʥʷʪʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ TSP, ʷʢʱʦ ʚʽʥ 

ʚʽʜʧʦʚʽʜʘʻ ʢʣʶʯʦʚʠʤ ʤʽʨʢʫʚʘʥʥʷʤ, ʱʦ ʚʢʘʟʘʥʽ ʥʠʞʯʝ. 

 1) ɸʨʭʽʪʝʢʪʫʨʘ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. ʑʦʙ ʙʫʪʠ ʧʨʠʡʥʷʪʥʠʤʠ, 

ʘʨʭʽʪʝʢʪʫʨʠ NFV ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʥʫʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʘʥʘʣʦʛʽʯʥʦʾ ʪʦʤʫ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʚʽʜ ʬʫʥʢʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʚʠʜʽʣʝʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ. ʎʝ ʚʠʤʘʛʘʻ, ʱʦʙ ʫʩʽ ʧʦʪʝʥʮʽʡʥʽ ʚʫʟʴʢʽ ʤʽʩʮʷ ʥʘ ʚʩʽʭ ʩʪʝʢ 

ʨʽʚʥʷʭʙʫʣʠ ʦʮʽʥʝʥʽ ʪʘ ʧʦʤ'ʷʢʰʝʥʽ. ʗʢ ʧʨʠʢʣʘʜ, ʷʢʱʦ VNF, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ 

ʦʜʥʽʻʾ ʩʣʫʞʙʠ, ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ VM, ʪʦ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʚʽʨʪʫʘʣʴʥʠʤʠ 

ʤʘʰʠʥʘʤʠ ʧʦʚʠʥʥʦ ʙʫʪʠ ʟ'ʻʜʥʘʥʥʷ, ʽ ʮʝ ʟ'ʻʜʥʘʥʥʷ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʩʪʽʡʢʠʡ ʦʙ'ʻʤʥʠʡ ʪʨʘʬʽʢ ʟ ʚʠʩʦʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ ʜʣʷ VNF.  

ɿ ʮʽʻʶ ʤʝʪʦʶ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʦ, ʘʙʠ ʤʝʨʝʞʘ ʤʦʛʣʘ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʧʝʨʝʚʘʛʘʤʠ ʟ'ʻʜʥʘʥʥʷ ʟ ʤʝʨʝʞʝʚʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʥʠʟʴʢʫ ʟʘʪʨʠʤʢʫ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʾ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʮʝʩʦʨʘ ʷʢ ʧʨʷʤʠʡ ʜʦʩʪʫʧ ʜʦ ʧʘʤ'ʷʪʽ (DMA) ʜʣʷ ʨʫʭʫ ʜʘʥʠʭ ʪʘ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ CRC. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʧʦʣʝ-ʧʨʦʛʨʘʤʫʚʘʣʴʥʽ ʤʘʪʨʠʮʽ (FPGA) ʧʽʜʚʠʱʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ VNF. 

ʅʘʨʝʰʪʽ, VNFs ʧʦʚʠʥʥʽ ʚʠʜʽʣʷʪʠ ʣʠʰʝ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʦʙʯʠʩʣʝʥʥʷ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʨʦʟʛʦʨʪʘʥʥʷ NFV ʤʦʞʝ ʧʦʪʨʝʙʫʚʘʪʠ ʙʽʣʴʰʝ 

ʨʝʩʫʨʩʽʚ, ʽ, ʦʪʞʝ, ʥʝʤʘʻ ʧʽʜʩʪʘʚ ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦ NFV. 

2) ɹʝʟʧʝʢʘ ʪʘ ʩʪʽʡʢʽʩʪʴ: ʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ NFV ʚʠʤʘʛʘʻ, ʱʦʙ 

ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʧʝʢʠ, ʧʦʣʽʪʠʢʠ, ʧʨʦʮʝʩʠ ʪʘ ʧʨʘʢʪʠʢʠ ʙʫʣʠ ʚʢʣʶʯʝʥʽ ʚ ʾʾ 

ʛʝʥʝʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ. ɿʦʢʨʝʤʘ, ʽʩʥʫʶʪʴ ʜʚʘ ʚʘʞʣʠʚʠʭ ʨʠʟʠʢʠ ʜʣʷ ʙʝʟʧʝʢʠ, ʷʢʽ 

ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʚ ʧʨʦʝʢʪʘʭ NFVI: (1) ʬʫʥʢʮʽʾ ʘʙʦ ʧʦʩʣʫʛʠ ʚʽʜ ʨʽʟʥʠʭ 

ʘʙʦʥʝʥʪʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʭʠʱʝʥʽ / ʽʟʦʣʴʦʚʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʎʝ ʜʦʧʦʤʘʛʘʻ 

ʟʘʙʝʟʧʝʯʠʪʠ, ʱʦʙ ʬʫʥʢʮʽʾ ʙʫʣʠ ʩʪʽʡʢʠʤʠ ʜʦ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʘ ʘʪʘʢ, ʦʩʢʽʣʴʢʠ 

ʧʦʨʫʰʝʥʥʷ ʘʙʦ ʧʦʨʫʰʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʦʜʥʽʡ ʬʫʥʢʮʽʾ / ʩʣʫʞʙʽ ʥʝ ʚʧʣʠʥʫʣʠ ʥʘ 

ʽʥʰʠʡ. (2) NFVI (ʬʽʟʠʯʥʽ ʪʘ ʚʽʨʪʫʘʣʴʥʽ ʨʝʩʫʨʩʠ) ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʭʠʱʝʥʠʡ ʚʽʜ 

ʥʘʜʘʥʠʭ ʘʙʦʥʝʥʪʩʴʢʠʭ ʧʦʩʣʫʛ. ʆʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ NFVI - 



ʨʦʟʛʦʨʪʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʙʨʘʥʜʤʘʫʝʨʽʚ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ NFV MANO ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ VNF, ʥʝ ʟʘʙʨʫʜʥʶʶʯʠ ʰʢʽʜʣʠʚʠʡ 

ʪʨʘʬʽʢ ʽʟ ʤʝʨʝʞ ʢʣʽʻʥʪʽʚ ʚ NFVI. ʅʘʨʝʰʪʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʝʣʘʩʪʠʯʥʽʩʪʴ 

ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʩʣʫʛ, ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ, ʱʦʙ ʬʫʥʢʮʽʾ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʦʜʠʥ ʽ 

ʪʦʡ ʞʝ ʩʝʨʚʽʩ, ʥʝ ʙʫʣʠ ʧʽʜ ʯʘʩ ʨʦʟʛʦʨʪʘʥʥʷ ʦʨʛʘʥʽʟʦʚʫʶʪʴʩʷ ʬʽʟʠʯʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʚ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʧʨʦʚʘʣʽ ʘʙʦ ʩʬʝʨʽ ʙʝʟʧʝʢʠ. 

3) ʅʘʜʽʡʥʽʩʪʴ ʪʘ ʥʘʷʚʥʽʩʪʴ: ʆʩʢʽʣʴʢʠ ʚ ʦʙʣʘʩʪʽ ɯʊ ʧʝʨʝʨʠʚʘʥʥʷ 

ʞʠʚʣʝʥʥʷ, ʧʨʦʤʽʞʥʽ ʩʝʢʫʥʜʠ ʜʦʧʫʩʪʠʤʽ, ʽ ʢʦʨʠʩʪʫʚʘʯ, ʷʢ ʧʨʘʚʠʣʦ, ʽʥʽʮʽʶʻ 

ʩʧʨʦʙʠ ʧʦʚʪʦʨʝʥʥʷ, ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ ʽʩʥʫʻ ʦʩʥʦʚʥʘ ʧʦʩʣʫʛʘ ʦʯʽʢʫʚʘʥʥʷ ʧʨʦ 

ʪʝ, ʱʦ ʚʽʜʢʣʶʯʝʥʥʷ ʙʫʜʫʪʴ ʥʠʞʯʠʤʠ ʟʘ ʚʧʽʟʥʘʚʘʥʠʡ ʨʽʚʝʥʴ (ʪʦʙʪʦ, ʫ ʧʦʨʷʜʢʫ, 

ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʤʽʣʽʩʝʢʫʥʜʘʭ), ʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʣʫʞʙʠ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ. ʂʨʽʤ ʪʦʛʦ, ʩʝʨʚʽʩʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʝʨʝʨʠʚʘʥʥʷ ʨʦʙʦʪʠ, 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙʤʝʞʝʥʽ ʧʝʚʥʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʥʘʧʨʠʢʣʘʜ, ʧʝʚʥʘ 

ʛʝʦʛʨʘʬʽʷ) ʪʘ ʚʽʜʢʣʶʯʝʥʥʷ ʤʝʨʝʞʝʚʠʭ ʤʝʨʝʞ ʥʝʧʨʠʡʥʷʪʥʠʤʠ. ʎʽ ʚʠʩʦʢʽ 

ʧʦʪʨʝʙʠ ʚ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʻ ʥʝ ʣʠʰʝ ʩʧʦʜʽʚʘʥʥʷʤʠ ʢʣʽʻʥʪʽʚ, ʘ ʡ 

ʯʘʩʪʦ ʥʦʨʤʘʪʠʚʥʠʤʠ ʚʠʤʦʛʘʤʠ, ʦʩʢʽʣʴʢʠ TSP ʚʚʘʞʘʻʪʴʩʷ ʯʘʩʪʠʥʦʶ ʢʨʠʪʠʯʥʦʾ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʽ ʽʩʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʶʨʠʜʠʯʥʽ ʟʦʙʦʚ'ʷʟʘʥʥʷ 

ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʣʫʛ / ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʙʽʟʥʝʩʫ. ʆʜʥʘʢ ʥʝ ʢʦʞʥʘ ʬʫʥʢʮʽʷ 

ʤʘʻ ʦʜʥʘʢʦʚʽ ʚʠʤʦʛʠ ʜʦ ʩʪʽʡʢʦʩʪʽ: ʥʘʧʨʠʢʣʘʜ, ʪʝʣʝʬʦʥʽʷ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʻ 

ʥʘʡʚʠʱʽ ʚʠʤʦʛʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʽʥʰʠʭ ʧʦʩʣʫʛ, ʥʘʧʨʠʢʣʘʜ, ʉʣʫʞʙʠ ʢʦʨʦʪʢʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ (SMS) ʤʦʞʝ ʤʘʪʠ ʥʠʞʯʽ ʨʽʚʥʽ ʜʦʩʪʫʧʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʘ ʢʣʘʩʽʚ ʜʦʩʪʫʧʥʦʩʪʽ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʩʠʩʪʝʤʦʶ 

NFV. ɿʥʦʚʫ ʞ ʪʘʢʠ, ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʽ ʟ ʨʝʟʝʨʚʫʚʘʥʥʷʤ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʙʦ ʘʧʘʨʘʪʥʽ ʟʙʦʾ. 

4) ʇʽʜʪʨʠʤʢʘ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ: ʦʩʥʦʚʥʠʡ ʧʫʥʢʪ ʧʨʦʜʘʞʫ NFV 

ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʦʟʨʠʚʽ ʙʘʨ'ʻʨʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʬʽʨʤʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʣʫʛ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʟʛʘʜʘʪʠ ʧʨʦ ʪʝ, ʱʦ 

ʚʽʜʢʨʠʪʽʩʪʴ ʽ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʙʫʜʫʪʴ ʚ ʷʜʨʦ ʫʩʧʽʭʫ NFV. ʊʦʤʫ ʇʣʘʪʬʦʨʤʘ 

NFV ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜʢʨʠʪʦʶ, ʩʧʽʣʴʥʦʶ ʩʝʨʝʜʦʚʠʱʝʤ, ʟʜʘʪʥʦʶ ʟʘʧʫʩʢʫ 

ʧʨʦʛʨʘʤ ʚʽʜ ʨʽʟʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ. InP ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʽʣʴʥʦ ʧʨʠʡʤʘʪʠ 



ʨʽʰʝʥʥʷ ʧʨʦ ʚʠʙʽʨ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʤʽʥʶʚʘʪʠ ʘʧʘʨʘʪʥʠʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʘ ʪʘʢʦʞ ʟʘʡʤʘʪʠʩʴ ʥʝʦʜʥʦʨʽʜʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ, 

ʪʘʢʽ ʧʣʘʪʬʦʨʤʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʭʠʩʪʠʪʠ VNF ʚʽʜ ʩʧʝʮʠʬʽʢʠ 

ʦʩʥʦʚʥʠʭ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʥʘʧʨʠʢʣʘʜ, ʦʧʪʠʯʥʠʡ, ʙʝʟʜʨʦʪʦʚʠʡ, ʜʘʪʯʠʢ 

ʪʦʱʦ). ʅʘʨʝʰʪʽ, ʽ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦ, ʧʣʘʪʬʦʨʤʠ ʧʦʚʠʥʥʽ ʜʦʟʚʦʣʷʪʠ ʩʝʨʚʽʩ "ʚʽʜ 

ʢʽʥʮʷ ʜʦ ʢʽʥʮʷ", ʷʢʠʡ ʙʫʜʝ ʩʪʚʦʨʝʥʠʡ ʥʘ ʙʽʣʴʰʝ, ʥʽʞ ʦʜʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʡ̔ 

ʦʙʣʘʩʪ ̔ʙʝʟ ʦʙʤʝʞʝʥʴ ʽ ʙʝʟ ʧʦʪʨʝʙ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʢʦʥʢʨʝʪʥʠʭ ʨʽʰʝʥʴ. ʇʦʢʠ 

ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ InP ʟʥʠʞʫʻ ʚʘʨʪʽʩʪʴ, ʟʘʙʝʟʧʝʯʫʻ ʤʽʞʩʝʨʚʝʨʥʠʡ 

NFV "ʚʠʨʦʙʥʠʮʪʚʦ" ʪʠʭ ʩʘʤʠʭ ʬʫʥʢʮʽʡ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʦʭʦʜʽʚ. ʗʢ ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʤʦʙʽʣʴʥʠʡ ʢʦʨʠʩʪʫʚʘʯ, ʷʢʠʡ ʧʽʜʧʠʩʘʚʩʷ ʥʘ ʜʘʥʫ TSP, ʧʝʨʝʡʜʝ ʜʦ ʦʭʦʧʣʝʥʥʷ 

ʽʥʰʦʛʦ TSP, ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʧʦʚʠʥʝʥ ʦʙʤʝʞʫʚʘʪʠʩʷ ʛʦʣʦʩʦʚʠʤʠ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ, ʜʘʥʠʤʠ ʪʘ ʧʨʦʩʪʠʤʠ ʩʣʫʞʙʘʤʠ ʦʙʤʽʥʫ ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. 

ʈʝʘʣʴʥʘ ʩʠʣʘ NFV ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʦ, ʷʢʱʦ ʪʘʢʠʡ ʢʦʨʠʩʪʫʚʘʯ ʟʤʦʞʝ ʚʠʙʨʘʪʠ 

ʙʨʘʥʜʤʘʫʝʨ ʘʙʦ ʩʣʫʞʙʫ ʙʝʟʧʝʢʠ ʟ ʧʦʪʦʯʥʦʛʦ TSP ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ a 

ʢʦʤʙʽʥʘʮʽʷ ʬʫʥʢʮʽʡ ʚʽʜ ʭʦʩʪʘ TSP ʪʘ ʽʥʰʠʭ ʟ ʪʦʡ, ʜʣʷ ʷʢʦʛʦ ʚʽʥ ʤʘʻ ʧʦʢʨʠʪʪʷ.. 

5) ʉʧʘʜʢʦʚʘ ʧʽʜʪʨʠʤʢʘ: ʟʚʦʨʦʪʥʘ ʩʫʤʽʩʥʽʩʪʴ ʟʘʚʞʜʠ ʩʪʘʥʝ ʧʨʦʙʣʝʤʦʶ, 

ʱʦ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ. NFV ʥʝ ʻ 

ʚʠʥʷʪʢʦʤ. ʎʝ ʥʘʚʽʪʴ ʜʣʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʛʘʣʫʟʽ ʚʘʞʣʠʚʽʰʝ, ʦʩʢʽʣʴʢʠ 

ʥʘʚʽʪʴ ʜʣʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʷʢʠʡ ʚʠʨʽʰʫʻ ʧʝʨʝʡʪʠ ʜʦ NFV, ʤʦʞʝ 

ʟʥʘʜʦʙʠʪʠʩʷ ʧʝʚʥʠʡ ʯʘʩ, ʱʦʙ ʮʝ ʙʫʣʦ ʧʦʚʥʠʤ, ʥʝ ʢʘʞʫʯʠ ʚʞʝ ʧʨʦ ʪʝ, ʱʦ ʜʝʷʢʽ 

ʦʧʝʨʘʪʦʨʠ ʮʝ ʟʨʦʙʠʪʴ ʰʚʠʜʰʝ, ʥʽʞ ʽʥʰʽ. ʊʦʤʫ ʧʽʜʪʨʠʤʢʘ ʷʢ ʬʽʟʠʯʥʠʭ, ʪʘʢ ʽ 

ʚʽʨʪʫʘʣʴʥʠʭ ʅʌ ʚʘʞʣʠʚʘ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʭʽʜ ʜʦ NFV, 

ʪʦʤʫ ʱʦ ʾʤ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʢʝʨʫʚʘʪʠ ʟʘʩʪʘʨʽʣʠʤʠ ʬʽʟʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ 

ʧʦʨʷʜ ʟ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʜʣʷ ʜʝʷʢʠʭ ʯʘʩ ʎʝ ʤʦʞʝ ʚʠʤʘʛʘʪʠ 

ʥʘʷʚʥʦʩʪʽ ʩʪʨʘʪʝʛʽʾ ʦʨʢʝʩʪʨʦʚʢʠ, ʷʢʘ ʟʘʢʨʠʚʘʻ ʨʦʟʨʠʚ ʤʽʞ ʟʘʩʪʘʨʽʣʠʤʠ 

ʩʣʫʞʙʘʤʠ ʪʘ NFV. ɺʘʞʣʠʚʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʰʣʷʭ ʤʽʛʨʘʮʽʾ ʜʦ NFV, ʟʙʝʨʽʛʘʶʯʠ 

ʧʦʪʦʯʥʽ ʽʥʚʝʩʪʠʮʽʾ ʚ ʤʝʨʝʞʫ ʦʧʝʨʘʪʦʨʽʚ. InPs ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʟʘ ʷʢʦʶ ʷʢ ʚʽʨʪʫʘʣʽʟʦʚʘʥʽ, ʪʘʢ ʽ ʬʽʟʠʯʥʽ 

ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʧʨʘʮʶʶʪʴ ʚ ʤʝʨʝʞʽ ʦʜʥʦʯʘʩʥʦ.  



6) ʄʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʤʝʨʝʞʽ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʚʥʠʭ 

ʧʝʨʝʚʘʛ NFV ʥʝʦʙʭʽʜʥʝ ʤʘʩʰʪʘʙʦʚʘʥʝ ʪʘ ʯʫʪʣʠʚʝ ʤʝʨʝʞʝʚʝ ʨʽʰʝʥʥʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʤʽʨʢʫʚʘʥʴ, NFV ʤʘʻ ʙʫʪʠ 

ʧʨʠʡʥʷʪʥʠʤ ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʱʦʙ ʤʘʪʠ ʟʤʦʛʫ ʧʽʜʪʨʠʤʫʚʘʪʠ ʤʽʣʴʡʦʥʠ 

ʘʙʦʥʝʥʪʽʚ. ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜ 

ʅʘʡʙʽʣʴʰ ʩʫʯʘʩʥʽ ʢʦʥʬʽʛʫʨʘʮʽʡʥʽ ʢʦʥʮʝʧʮʽʾ NFV ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʨʦʟʛʦʨʪʘʥʥʽ VM ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ VNF. ʊʦʯʥʦ ʪʘʢ ʩʘʤʦ, ʷʢ ʻʜʠʥʠʡ ʚʽʨʪʫʘʣʴʥʠʡ 

ʢʦʤʧ'ʶʪʝʨ ʤʦʞʝ ʥʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʧʝʚʥʦʾ ʬʫʥʢʮʽʾ, ʥʝ ʝʢʦʥʦʤʽʯʥʦ 

ʨʦʟʛʦʨʪʘʪʠ ʚʽʨʪʫʘʣʴʥʫ ʤʘʰʠʥʫ ʜʣʷ ʢʦʞʥʦʛʦ NFV, ʦʩʢʽʣʴʢʠ ʚʠʭʽʜʥʠʡ ʨʦʟʤʽʨ 

VM ʙʫʜʝ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʤ ʽ ʧʨʠʟʚʝʜʝ ʜʦ ʧʨʦʙʣʝʤ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʥʘ ʨʽʚʥʽ 

ʚʽʨʪʫʘʣʽʟʘʮʽʾ. ʇʨʦʪʝ NFV ʙʫʜʝ ʤʘʩʰʪʘʙʫʚʘʪʠ, ʣʠʰʝ ʷʢʱʦ ʚʩʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ. ʊʦʤʫ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʤʘʻ ʧʝʨʰʦʨʷʜʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʫʩʧʽʭʫ NFV. ʂʨʽʤ ʪʦʛʦ, ʧʦʪʨʝʙʘ ʫ ʜʠʥʘʤʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 

ʚʠʤʘʛʘʻ, ʱʦʙ VNF-ʬʘʡʣʠ ʤʦʛʣʠ ʙʫʪʠ ʨʦʟʛʦʨʥʫʪʽ ʪʘ ʚʠʜʘʣʝʥʽ ʟʘ ʚʠʤʦʛʦʶ ʪʘ 

ʤʘʩʰʪʘʙʦʚʘʥʽ, ʱʦʙ ʚʽʜʧʦʚʽʜʘʪʠ ʟʤʽʥʝʥʦʤʫ ʪʨʘʬʽʢʫ. 

 

ʏʝʨʝʟ ʚʠʤʦʛʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʥʝ ʜʦʨʦʛ ʧʦʩʣʫʛʠ, TSP ʙʫʣʠ ʟʤʫʰʝʥʽ ʰʫʢʘʪʠ ʥʦʚʽ ʩʧʦʩʦʙʠ 

ʜʦʩʪʘʚʢʠ ʮʠʭ ʧʦʩʣʫʛʽ ʫ ʛʥʫʯʢʠʭ ʩʧʦʩʦʙʘʭ, ʘ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʾ OPEX 

ʪʘ CAPEX. NFV ʩʪʘʚ ʤʦʞʣʠʚʠʤ ʧʽʜʭʦʜʦʤ, ʱʦʙ ʟʨʦʙʠʪʠ ʤʝʨʝʞʝʚʝ ʦʙʣʘʜʥʘʥʥʷ 

ʙʽʣʴʰ ʚʽʜʢʨʠʪʠʤ, ʘ ʦʪʞʝ, ʜʦʟʚʦʣʠʪʠ TSP ʩʪʘʪʠ ʙʽʣʴʰ ʛʥʫʯʢʠʤʠ, ʰʚʠʜʰʠʤʠ ʚ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʽʥʥʦʚʘʮʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (O & 

M) ʚʠʪʨʘʪʠ. ɿʨʦʟʫʤʽʣʦ, ʱʦ NFV ʨʘʟʦʤ ʟ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʠʤʠ ʪʘ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʤʠ ʦʙʣʘʩʪʷʤʠ SDN ʪʘ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʚʝʣʠʢʦʶ ʯʘʩʪʠʥʦʶ ʤʘʡʙʫʪʥʴʦʛʦ ʥʘʜʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʧʦʩʣʫʛ. ʋ 

ʮʴʦʤʫ ʜʦʢʫʤʝʥʪʽ ʤʠ ʧʨʝʜʩʪʘʚʠʣʠ NFV, ʦʧʠʩʘʣʠ ʾʾ ʘʨʭʽʪʝʢʪʫʨʫ, ʷʢ ʚʠʟʥʘʯʝʥʦ 

ETSI, ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʝʪʘʣʦʥʥʫ ʙʽʟʥʝʩ-ʤʦʜʝʣʴ ʪʘ ʚʠʚʯʠʣʠ ʚʘʞʣʠʚʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʤʽʨʢʫʚʘʥʥʷ. ʇʦʪʽʤ ʤʠ ʧʦʨʽʚʥʶʚʘʣʠ NFV ʟ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʠʤʠ 

ʦʙʣʘʩʪʷʤʠ, SDN ʪʘ ʭʤʘʨʥʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ, ʦʙʛʦʚʦʨʶʶʯʠ ʧʦʪʦʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʾʭ ʦʙ'ʻʜʥʘʥʥʷ. ʄʠ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʠʣʠ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʪʘ 



ʩʪʘʥʜʘʨʪʠʟʘʮʽʡʥʽ ʟʫʩʠʣʣʷ, ʜʦʩʣʽʜʥʠʮʴʢʽ ʧʨʦʝʢʪʠ, ʢʦʤʝʨʮʽʡʥʽ ʧʨʦʜʫʢʪʠ ʪʘ 

ʨʘʥʥʽʡ ʩʝʨʪʠʬʽʢʘʪ NFV ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʨʝʘʣʽʟʘʮʽʡ. ʅʘʨʝʰʪʽ, ʤʠ ʦʙʛʦʚʦʨʠʣʠ 

ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʙʫʜʫʪʴ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʫʩʧʽʭʫ NFV, ʘ 

ʪʘʢʦʞ ʜʣʷ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ICN ʪʘ IoT, ʘ ʪʘʢʦʞ ʧʽʜʩʫʤʫʚʘʣʠ ʨʝʟʫʣ ʴʪʘʪʠ 

ʦʧʠʪʫʚʘʥʥʷ. ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʜʦ ʪʦʛʦ, ʷʢ ʮʽ ʜʽʣʷʥʢʠ ʙʫʜʫʪʴ ʚʠʚʯʝʥʽ, TSP, ʷʢʽ 

ʨʦʟʛʦʨʪʘʶʪʴ NFV, ʤʦʞʫʪʴ ʧʦʢʣʘʩʪʠʩʷ ʥʘ ʟʘʭʠʩʪ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʱʦʙ 

ʚʠʨʽʰʠʪʠ ʮʽ ʧʨʦʛʘʣʠʥʠ, ʱʦ ʩʫʧʝʨʝʯʠʪʴ ʧʝʨʚʽʩʥʽʡ ʤʝʪʽ NFV. 

ɺʠʩʥʦʚʢʠ 

 

ʏʝʨʝʟ ʚʠʤʦʛʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʥʘ ʚʠʤʦʛʫ, 

ʦʥʣʘʡʥ, ʥʝʜʦʨʦʛʠʭ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʭ ʩʝʨʚʽʩʽʚ, TSP ʙʫʣʠ ʟʤʫʰʝʥʽ ʰʫʢʘʪʠ ʥʦʚʽ 

ʩʧʦʩʦʙʠ ʥʘʜʘʥʥʷ ʮʠʭ ʧʦʩʣʫʛ ʫ ʛʥʫʯʢʠʭ ʩʧʦʩʦʙʘʭ, ʘ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʾ 

OPEX ʪʘ CAPEX. NFV ʟ'ʷʚʠʚʩʷ ʷʢ ʤʦʞʣʠʚʠʡ ʧʽʜʭʽʜ, ʱʦʙ ʟʨʦʙʠʪʠ ʤʝʨʝʞʝʚʝ 

ʦʙʣʘʜʥʘʥʥʷ ʙʽʣʴʰ ʚʽʜʢʨʠʪʠʤ, ʘ ʦʪʞʝ, ʜʦʟʚʦʣʠʪʠ TSP ʩʪʘʪʠ ʙʽʣʴʰ ʛʥʫʯʢʠʤ, 

ʰʚʠʜʰʠʤ ʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʽʥʥʦʚʘʮʽʡ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʪʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (O & M). ɿʨʦʟʫʤʽʣʦ, ʱʦ NFV ʨʘʟʦʤ ʟ ʪʽʩʥʦ 

ʧʦʚ'ʷʟʘʥʠʤʠ ʪʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʤʠ ʦʙʣʘʩʪʷʤʠ SDN ʪʘ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ 

ʤʦʞʫʪʴ ʩʪʘʪʠ ʚʝʣʠʢʦʶ ʯʘʩʪʠʥʦʶ ʤʘʡʙʫʪʥʴʦʛʦ ʥʘʜʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʧʦʩʣʫʛ. 

  



ʈʆɿɼɯʃ 2. ɼʆʉʃɯɼɾɽʅʅʗ ɸʈʍɯʊɽʂʊʋʈʀ NFV: ɰɰ ʆʉʆɹʃʀɺʆʉʊɯ, 

ʇʀʊɸʅʅʗ ʑʆɼʆ ʇʃɸʅʋɺɸʅʅʗ ʊɸ ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʆʅʎɽʇʎɯɰ 

ɺɯʈʊʋɸʃɯɿɸʎɯɰ 

2.1. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʧʨʘʚ ʥʘ 

ʨʠʥʢʫ 

 

ʄʝʨʝʞʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʟʘʧʦʚʥʝʥʽ ʚʝʣʠʢʦʶ ʽ 

ʟʨʦʩʪʘʶʯʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʚʣʘʩʥʠʭ ʘʧʘʨʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʑʦʙ ʟʘʧʫʩʪʠʪʠ 

ʥʦʚʫ ʤʝʨʝʞʝʚʫ ʩʣʫʞʙʫ, ʯʘʩʪʦ ʧʦʪʨʽʙʥʦ ʱʝ ʦʜʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ, ʽ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʨʦʩʪʦʨʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʮʠʭ ʷʱʠʢʽʚ ʩʪʘʻ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʠʤ; 

ʧʦʩʠʣʶʻʪʴʩʷ ʟʨʦʩʪʘʶʯʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʝʥʝʨʛʽʶ, ʧʨʦʙʣʝʤʘʤʠ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʚʠʯʦʢ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʘʧʘʨʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɹʽʣʴʰʝ ʪʦʛʦ, ʘʧʘʨʘʪʥʽ ʧʨʠʣʘʜʠ ʰʚʠʜʢʦ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ, ʱʦ ʚʠʤʘʛʘʻ 

ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʮʠʢʣʫ çʟʘʢʫʧʽʚʝʣʴʥʦʛʦ ʜʠʟʘʡʥʫ - ʽʥʪʝʛʨʘʮʽʾ - ʨʦʟʛʦʨʪʘʥʥʷè, 

ʱʦ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟ ʥʝʚʝʣʠʢʦʶ ʘʙʦ ʤʘʡʞʝ ʥʝʧʨʠʙʫʪʢʦʚʦʶ ʚʠʛʦʜʦʶ. ʑʦ ʱʝ 

ʛʽʨʰʝ, ʘʧʘʨʘʪʥʽ ʞʠʪʪʻʚʽ ʮʠʢʣʠ ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʢʦʨʦʪʰʠʤʠ, ʦʩʢʽʣʴʢʠ ʪʝʭʥʦʣʦʛʽʾ 

ʪʘ ʧʦʩʣʫʛʠ ʽʥʥʦʚʘʮʽʡ ʧʨʠʩʢʦʨʶʶʪʴʩʷ, ʛʘʣʴʤʫʶʯʠ ʚʠʚʝʜʝʥʥʷ ʥʦʚʠʭ 

ʤʝʨʝʞʝʚʠʭ ʧʦʩʣʫʛ ʪʘ ʦʙʤʝʞʫʶʯʠ ʽʥʥʦʚʘʮʽʾ ʫ ʩʚʽʪ.̔ NFV ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʽʨʪʫʘʣʽʟʘʮʽʾ IT ʜʣʷ ʢʦʥʩʦʣʽʜʘʮʽʾ ʙʘʛʘʪʴʦʭ ʪʠʧʽʚ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ 

ʧʨʦʤʠʩʣʦʚʽ ʩʪʘʥʜʘʨʪʥʽ ʩʝʨʚʝʨʠ ʚʠʩʦʢʦʛʦ ʦʙʩʷʛʫ, ʢʦʤʫʪʘʪʦʨʠ ʪʘ ʩʭʦʚʠʱʘ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʜʘʪʘʮʝʥʪʨʘʭ, ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʘʭ ʪʘ ʚ ʦʙ'ʻʢʪʘʭ 

ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ.  

ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʦʞʫʪʴ ʙʫʜʠ 

ʟʘʩʪʦʩʦʚʥʽ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʧʣʦʱʠʥʠ ʜʘʥʠʭ ʪʘ ʢʝʨʫʚʘʪʠʩʷ ʧʣʦʱʠʥʦʶ ʚ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʬʽʢʩʦʚʘʥʦʾ ʪʘ ʤʦʙʽʣʴʥʦʾ ʤʝʨʝʞʽ. ʄʠ ʭʦʪʽʣʠ ʙ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ 

ʤʠ ʙʘʯʠʤʦ, ʱʦ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʥʘʙʘʛʘʪʦ ʢʨʘʱʝ ʜʦʧʦʚʥʶʶʪʴ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʝ ʤʝʨʝʞʝʶ (SDN). ʎʽ ʪʝʤʠ ʻ 

ʚʟʘʻʤʦʚʠʛʽʜʥʠʤʠ, ʘʣʝ ʥʝ ʟʘʣʝʞʘʪʴ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ 



ʙʫʪʠ ʚʽʨʪʫʘʣʽʟʦʚʘʥʽ ʪʘ ʨʦʟʛʦʨʥʫʪʽ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ SDN, ʽ 

ʥʘʚʧʘʢʠ. 

ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʙʝʟʣʽʯ ʧʝʨʝʚʘʛ, ʚʢʣʶʯʘʶʯʠ, ʘʣʝ ʥʝ ʦʙʤʝʞʫʶʯʠʩʴ ʥʠʤʠ: 

¶ ʉʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʢʦʥʩʦʣʽʜʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʝʢʦʥʦʤʽʾ ʥʘ ʤʘʩʰʪʘʙʽ ɯʊ-

ʽʥʜʫʩʪʨʽʾ. 

¶ ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ʪʠʧʦʚʦʛʦ ʮʠʢʣʫ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʨʝʞ. ɽʢʦʥʦʤʽʷ ʤʘʩʰʪʘʙʫ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʦʢʨʠʪʪʷ ʽʥʚʝʩʪʠʮʽʡ 

ʚ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ, ʙʽʣʴʰʝ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʨʦʟʚʠʪʦʢ ʽʥʰʠʭ ʬʫʥʢʮʽʡ. 

NFV ʧʦʚʠʥʥʘ ʜʦʟʚʦʣʠʪʠ ʦʧʝʨʘʪʦʨʘʤ ʤʝʨʝʞʽ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʮʠʢʣ 

ʜʦʟʨʽʚʘʥʥʷ. 

¶ ʅʘʷʚʥʽʩʪʴ ʙʘʛʘʪʦʧʨʦʮʝʩʦʨʥʦʛʦ ʪʘ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ ʤʝʨʝʞʝʚʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʻʜʠʥʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʨʽʟʥʠʭ 

ʧʨʦʛʨʘʤ, ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʦʨʝʥʜʘʨʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʘʤ ʤʝʨʝʞʽ 

ʨʦʟʧʦʜʽʣʷʪʠ ʨʝʩʫʨʩʠ ʤʽʞ ʨʽʟʥʠʤʠ ʩʣʫʞʙʘʤʠ ʪʘ ʨʽʟʥʠʤʠ ʢʣʽʻʥʪʩʴʢʠʤʠ ʙʘʟʘʤʠ. 

¶ ʄʦʞʣʠʚʝ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʚʪʽʣʝʥʥʷ ʧʦʩʣʫʛ ʥʘ ʦʩʥʦʚʽ ʛʝʦʛʨʘʬʽʾ ʘʙʦ 

ʥʘʙʦʨʫ ʢʣʽʻʥʪʽʚ. ʇʦʩʣʫʛʠ ʤʦʞʫʪʴ ʙʫʪʠ ʰʚʠʜʢʦ ʟʙʽʣʴʰʝʥʽ / ʟʤʝʥʰʝʥʽ ʧʦ ʤʽʨ̔ 

ʥʝʦʙʭʽʜʥʦʩʪʽ. 

¶ ɺʢʣʶʯʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʝʢʦʩʠʩʪʝʤ ʪʘ ʩʧʨʠʷʻ ʚʽʜʢʨʠʪʦʩʪʽ. ɺʽʥ 

ʚʽʜʢʨʠʚʘʻ ʨʠʥʦʢ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʜʣʷ ʯʠʩʪʠʭ ʘʙʽʪʫʨʽʻʥʪʽʚ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʤʘʣʠʭ ʛʨʘʚʮʽʚ ʪʘ ʥʘʫʢʦʚʠʭ ʢʽʣ, ʟʘʦʭʦʯʫʶʯʠ ʙʽʣʴʰʝ ʽʥʥʦʚʘʮʽʡ, 

ʱʦʙ ʰʚʠʜʢʦ ʧʨʠʥʦʩʠʪʠ ʥʦʚʽ ʧʦʩʣʫʛʠ ʪʘ ʥʦʚʽ ʜʞʝʨʝʣʘ ʜʦʭʦʜʽʚ ʪʘ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʠʡ ʨʠʟʠʢ. 

ʑʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʧʝʨʝʚʘʛʠ, ʽʩʥʫʻ ʨʷʜ ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ: 

- ɼʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʻ ʧʦʨʪʘʪʠʚʥʠʤʠ ʤʽʞ ʨʽʟʥʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʨʽʟʥʠʤʠ ʛʽʧʝʨʟʚ'ʷʟʢʘʤʠ. 



- ɼʦʩʷʛʥʝʥʥʷ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʘʧʘʨʘʪʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʧʣʘʪʬʦʨʤʘʭ, ʦʜʥʦʯʘʩʥʦ ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʠʡ ʰʣʷʭ ʤʽʛʨʘʮʽʾ ʜʦ ʧʦʚʥʽʩʪʶ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ ʧʣʘʪʬʦʨʤ, ʷʢʽ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʝʨʘʪʦʨʠ 

ʤʝʨʝʞʽ OSS / BSS. ʈʦʟʨʦʙʢʘ OSS / BSS ʧʦʚʠʥʥʘ ʧʝʨʝʡʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʽ ʩʘʤʝ ʪʘʤ ʜʝ SDN ʤʦʞʝ ʚʽʜʽʛʨʘʪʠ ʩʚʦʶ 

ʨʦʣʴ. 

- ʋʧʨʘʚʣʽʥʥʷ ʪʘ ʦʨʢʝʩʪʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ (ʦʩʦʙʣʠʚʦ ʧʦʨʷʜ ʽʟ ʟʘʩʪʘʨʽʣʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ), 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʙʝʟʧʝʢʫ ʚʽʜ ʘʪʘʢ ʪʘ ʥʝʧʨʘʚʠʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʙʫʜʝ ʤʘʩʰʪʘʙʫʚʘʪʠ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʚʩʽ 

ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ. 

 

ʈʠʩʫʥʦʢ 2. ɹʘʞʝʥʥʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʮʽʡ 

- ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʘʧʘʨʘʪʥʠʭ ʪʘ 

ʧʨʦʛʨʘʤʥʠʭ ʟʙʦʾʚ. 

- ɯʥʪʝʛʨʘʮʽʷ ʜʝʢʽʣʴʢʦʭ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʽʜ ʨʽʟʥʠʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ. ʄʝʨʝʞʝʚʽ ʦʧʝʨʘʪʦʨʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ "ʟʤʽʰʫʚʘʪʠ" ʽ 

"ʟʙʽʛʘʪʠ" ʦʙʣʘʜʥʘʥʥʷ ʟ ʨʽʟʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʛʽʧʝʨʚʽʟʦʨʽʚ ʚʽʜ ʨʽʟʥʠʭ 



ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʽ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʽʜ ʨʽʟʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʥʝ 

ʟʘʟʥʘʶʯʠ ʩʫʪʪʻʚʠʭ ʚʠʪʨʘʪ ʥʘ ʽʥʪʝʛʨʘʮʽʶ ʪʘ ʫʥʠʢʥʝʥʥʷ ʙʣʦʢʫʚʘʥʥʷ. 

NFV  ʤʘʻ ʥʘ ʤʝʪʽ ʧʝʨʝʪʚʦʨʠʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʤʝʨʝʞ ̔ ʦʧʝʨʘʪʦʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʢʠ ʩʪʘʥʜʘʨʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ IT ʜʣʷ ʢʦʥʩʦʣʽʜʘʮʽʾ 

ʙʘʛʘʪʴʦʭ ʪʠʧʽʚ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʨʦʤʠʩʣʦʚʽ ʩʪʘʥʜʘʨʪʥʽ ʩʝʨʚʝʨʠ 

ʚʠʩʦʢʦʛʦ ʦʙʩʷʛʫ, ʢʦʤʫʪʘʪʦʨʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʜʘʪʘʮʝʥʪʨʘʭ, ʤʝʨʝʞʝʚʠʭ ʚʫʟʣʘʭ ʪʘ ʚ ʢʽʥʮʝʚʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʣʽʟʘʮʽʶ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ, ʷʢʝ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʥʘ ʨʷʜʽ ʛʘʣʫʟʝʚʠʭ 

ʩʪʘʥʜʘʨʪʥʠʭ ʩʝʨʚʝʨʥʠʭ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ, ʽ ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʽ ʘʙʦ 

ʽʥʚʝʥʪʘʨʠʟʦʚʘʥʽ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʫ ʤʝʨʝʞʽ, ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʙʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

2.1.1. ɺʟʘʻʤʦʟʚʷʟʦʢ ʟ SDN 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3, ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ 

ʥʘʜʟʚʠʯʘʡʥʦ ʜʦʧʦʚʥʶʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʝ ʤʝʨʝʞʝʶ (SDN), 

ʘʣʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʴʦʛʦ (ʘʙʦ ʥʘʚʧʘʢʠ). NFV ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ SDN, ʭʦʯʘ ʮʽ ʜʚʘ ʧʦʥʷʪʪʷ ʪʘ ʨʽʰʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙ'ʻʜʥʘʥʽ ʪʘ ʧʦʪʝʥʮʽʡʥʦ ʙʽʣʴʰʘ ʮʽʥʥʽʩʪʴ ʥʘʨʘʭʦʚʫʻʪʴʩʷ.  

 

ʈʠʩʫʥʦʢ 3. ɺʟʘʻʤʦʟʚôʷʟʦʢ NFV ʟ SDN 



2.1.2. ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ 

ʎʽʣʽ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʽʚ 

SDN, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʤʝʪʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʘʥʠʡ ʯʘʩ ʫ ʙʘʛʘʪʴʦʭ 

ʮʝʥʪʨʘʭ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ɸʣʝ ʧʽʜʭʦʜʠ, ʱʦ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʚʽʜʦʢʨʝʤʣʝʥʥʷ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʷʢ ʮʝ ʧʨʦʧʦʥʫʻʪʴʩʷ SDN, ʤʦʞʫʪʴ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʩʧʨʦʩʪʠʪʠ ʩʫʤʽʩʥʽʩʪʴ ʽʟ ʽʩʥʫʶʯʠʤʠ ʨʦʟʛʦʨʪʘʥʥʷʤʠ ʪʘ 

ʧʦʣʝʛʰʠʪʠ ʧʨʦʮʝʜʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. NFV 

ʟʜʘʪʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠ SDN, ʥʘʜʘʶʯʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʥʘ ʷʢʽʡ ʤʦʞʥʘ ʟʘʧʫʩʪʠʪʠ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ SDN. ʂʨʽʤ ʪʦʛʦ, ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ 

ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʮʽʣʷʤʠ SDN ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʪʦʚʠʭ ʩʝʨʚʝʨʽʚ ʽ 

ʢʦʤʫʪʘʪʦʨʽʚ.  

2.2. ʇʦʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ  

ɺʽʨʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʧʣʦʱʠʥʠ 

ʦʙʨʦʙʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ ʧʘʢʝʪʘʤʠ ʜʘʥʠʭ ʬʫʥʢʮʽʷ ʚ ʤʦʙʽʣʴʥʠʭ ʽ ʬʽʢʩʦʚʘʥʠʭ 

ʤʝʨʝʞʘʭ. ʇʦʪʝʥʮʽʡʥʽ ʧʨʠʢʣʘʜʠ, ʷʢʽ ʤʦʞʥʘ ʚʢʘʟʘʪʠ, ʚʢʣʶʯʘʶʪʴ: 

- ʇʝʨʝʤʠʢʘʶʯʽ ʝʣʝʤʝʥʪʠ: BNG, CG-NAT, ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ. 

- ʄʦʙʽʣʴʥʽ ʚʫʟʣʠ ʤʝʨʝʞʽ: HLR / HSS, MME, SGSN, GGSN / PDN-

GW, RNC, ʚʫʟʦʣ B, eNode B. 

- ʌʫʥʢʮʽʾ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʜʦʤʘʰʥʽʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʪʘ ʥʘʙʽʨʥʠʭ 

ʢʦʨʦʙʢʘʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʫʜʠʥʢʫ. 

- ʊʫʥʝʣʴʥʽ ʝʣʝʤʝʥʪʠ ʰʣʶʟʫ: ʰʣʶʟʠ VPN / IPSec / SSL. 

- ɸʥʘʣʽʟ ʪʨʘʬʽʢʫ: ʚʠʤʽʨʶʚʘʥʥʷ DPI, QoE. 

- ʉʝʨʚʽʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛ SLA, ʪʝʩʪʫʚʘʥʥʷ ʪʘ 

ʜʽʘʛʥʦʩʪʠʢʘ. 

- ʉʠʛʥʘʣʽʟʘʮʽʷ NGN: SBC, IMS. 

- ʂʦʥʚʝʨʛʝʥʪʥʽ ʪʘ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʽ ʬʫʥʢʮʽʾ: ʩʝʨʚʝʨʠ AAA, 

ʧʣʘʪʬʦʨʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʣʽʪʠʢʠ. 

- ʆʧʪʠʤʽʟʘʮʽʷ ʨʽʚʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ: CDN, Cache Servers, Balancers 

ʟʘʚʘʥʪʘʞʝʥʥʷ, ʜʦʜʘʪʦʢ 



- ʇʨʠʩʢʦʨʶʚʘʯʽ 

- ʌʫʥʢʮʽʾ ʙʝʟʧʝʢʠ: ʙʨʘʥʜʤʘʫʝʨʠ, ʘʥʪʠʚʽʨʫʩʥʽ ʩʢʘʥʝʨʠ, ʩʠʩʪʝʤʠ 

ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʟʘʭʠʩʪ ʚʽʜ ʩʧʘʤʫ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʠʭ ʤʝʨʝʞʝʚʠʭ 

ʬʫʥʢʮʽʡ, ʜʣʷ ʷʢʠʭ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʜʘʻ ʥʘʡʙʽʣʴʰʫ ʢʦʨʠʩʪʴ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʤʦ ʚʠʧʘʜʢʠ, ʷʢʽ ʥʘʩ ʙʽʣʴʰ ʟʘ ʚʩʝ ʮʽʢʘʚʣʷʪʴ: 

- ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ DPI, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʰʠʨʝʥʽ ʘʥʘʣʽʟʠ 

ʪʨʘʬʽʢʫ ʪʘ ʙʘʛʘʪʦʚʠʤʽʨʥʫ ʟʚʽʪʥʽʩʪʴ, ʽ ʧʦʢʘʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ 

ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʬʘʢʪʠʯʥʠʭ ʨʽʚʥʷʭ ʣʽʥʽʡ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʙʘʟʽ DPI ʤʦʞʝ ʙʫʪʠ ʰʠʨʦʢʦ ʨʦʟʛʦʨʥʫʪʦ ʚ ʤʝʨʝʞʽ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʘʙʘʛʘʪʦ ʢʨʘʱʽ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ, ʘ ʪʘʢʦʞ ʧʨʦʩʪʽʰʽ 

ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ, ʦʥʦʚʣʝʥʥʷ, ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʥʘ 

ʟʤʽʥʠ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

- ʈʝʘʣʽʟʘʮʽʷ IP-ʚʫʟʣʽʚ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ - ʥʘʧʨʠʢʣʘʜ, ʘʣʝ ʥʝ 

ʦʙʤʝʞʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ CG-NAT ʪʘ BRAS ʥʘ ʩʪʘʥʜʘʨʪʥʠʭ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʩʝʨʚʝʨʘʭ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʦʧʠʪ ʥʘ ʪʘʢʽ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʚʠʚʘʻʪʴʩʷ. 

- ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʩʝʨʚʽʩʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ, ʷʢʽ ʥʘʨʘʟʽ ʧʦʪʨʝʙʫʶʪʴ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʘ ʧʨʠʤʽʱʝʥʥʷʭ ʢʣʽʻʥʪʘ (ʜʦʤʘʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʬʽʣʽʡ ʫ ʚʝʣʠʢʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ), 

ʚʢʣʶʯʘʶʯʠ, ʘʣʝ ʥʝ ʦʙʤʝʞʫʶʯʠʩʴ ʥʠʤʠ: ʙʨʘʥʜʤʘʫʝʨ, ʚʝʙ-ʙʝʟʧʝʢʘ, IPS / IDS, 

WAN ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʷ, ʽ ʬʫʥʢʮʽʾ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ 

ʜʦʤʘʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʢʣʶʯʘʻ ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʢʦʥʮʝʥʪʨʘʪʦʨʠ ʪʘ 

ʥʘʩʪʽʣʴʥʽ ʢʦʤʧ'ʶʪʝʨʠ, ʧʦʪʝʥʮʽʡʥʦ ʤʦʛʣʘ ʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʩʪʫ ʪʘ 

ʙʝʟʧʝʨʝʰʢʦʜʥʫ ʤʽʛʨʘʮʽʶ ʜʦ IPv6, ʟʤʝʥʰʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʫʥʠʢʥʫʪʠ 

ʧʦʩʣʽʜʦʚʥʠʭ ʦʥʦʚʣʝʥʴ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʢʦʣʠ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʧʨʦʛʨʘʤʠ ʪʘ ʧʦʩʣʫʛʠ. 

- ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʢʦʥʪʝʥʪʥʠʭ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʤʝʨʝʞ (CDN), ʟ 

ʧʦʯʘʪʢʦʚʦʶ ʤʝʪʦʶ ʨʦʟʰʠʨʝʥʥʷ ʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʣʫʞʙ ʜʦʩʪʘʚʢʠ ʢʦʥʪʝʥʪʫ, ʘ 

ʪʘʢʦʞ ʟ ʤʝʪʦʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʘʨʘʪʥʦʛʦ 



ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ PoPs ʰʣʷʭʦʤ ʤʦʞʣʠʚʦʩʪʽ ʽʥʩʪʘʣʷʮʽʾ ʽʥʰʠʭ ʧʨʦʛʨʘʤ ʩʣʫʞʙʠ 

ʜʦʩʪʘʚʢʠ (ʥʘʧʨʠʢʣʘʜ, ɺʝʙ ʇʨʠʩʢʦʨʝʥʥʷ) ʥʘ ʚʠʤʦʛʫ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ CDN ʪʘʢʦʞ 

ʜʦʟʚʦʣʠʪʴ ʭʦʩʪʠʥʛ ʧʦʩʣʫʛ CDN ʚʽʜ ʧʦʪʝʥʮʽʡʥʠʭ ʜʽʣʦʚʠʭ ʧʘʨʪʥʝʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʟʦʚʥʽʰʥʽ ʧʦʩʪʘʯʘʣʴʥʠʢʠ CDN. 

- ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʦʨʽʻʥʪʘʮʽʾ ʤʦʙʽʣʴʥʦʾ ʦʩʥʦʚʥʦʾ ʤʝʨʝʞʽ ʥʘ ʙʽʣʴʰ 

ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʝ ʚʠʨʦʙʥʠʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʘʤ 

ʤʝʨʝʞʽ ʩʧʨʘʚʣʷʪʠʩʷ ʽʟ ʟʨʦʩʪʘʶʯʠʤ ʧʦʧʠʪʦʤ ʥʘ ʪʨʘʬʽʢ ʫ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞʘʭ, ʘ 

ʪʘʢʦʞ ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʽʚ (ʚʢʣʶʯʘʶʯʠ ʝʢʦʥʦʤʽʶ 

ʝʥʝʨʛʽʾ), ʙʽʣʴʰ ʛʥʫʯʢʝ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ (ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʽʥʶʚʘʪʠ 

ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʚʝʨʩʽʡ), ʢʦʥʩʦʣʽʜʘʮʽʷ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʦʣʝʛʰʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʦʨʝʥʜʠ ʪʘ ʙʽʣʴʰ ʰʚʠʜʢʘ 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʥʦʚʠʭ ʧʦʩʣʫʛ. ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʚ ʤʦʙʽʣʴʥʠʭ 

ʤʝʨʝʞʘʭ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʝʢʟʝʤʧʣʷʨʽʚ, ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʜʣʷ ʧʝʚʥʠʭ ʩʣʫʞʙ, ʥʘʧʨʠʢʣʘʜ. ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʡ 

"ʤʘʰʠʥʘ-ʤʘʰʠʥʘ" (M2M). 

- ʂʦʦʨʜʠʥʦʚʘʥʘ ʨʝʘʣʽʟʘʮʽʷ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʨʝʞ ʜʣʷ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʧʦʥʫʚʘʪʠ ʧʦʩʣʫʛʠ ʥʘ ʚʠʤʦʛʫ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʘʧʽʪʘʣʫ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʢʣʽʻʥʪʽʚ ʪʘ 

ʦʧʝʨʘʪʦʨʽʚ ʤʝʨʝʞʽ. 

- ɻʽʙʨʠʜʥʽ ʚʦʣʦʢʥʦ-DSL ʚʫʟʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʛʣʠʙʦʢʦ ʚ ʟʦʚʥʽʰʥʽʡ 

ʤʝʨʝʞʽ ʚ ʚʫʣʠʯʥʠʭ ʰʘʬʘʭ, ʧʽʜ ʟʝʤʣʝʶ ʪʘ ʥʘ ʩʪʦʚʧʘʭ. ʎʽ ʚʫʟʣʠ ʤʘʶʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʴ ʜʫʞʝ ʥʠʟʴʢʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʽ ʜʫʞʝ ʥʠʟʴʢʠʤ / ʥʫʣʴʦʚʠʤ 

ʪʝʭʥʽʯʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʚʽʜʜʘʣʝʥʦʤʫ ʚʫʟʣʽ, ʟʘʦʱʘʜʞʫʶʯʠ 

ʝʥʝʨʛʽʶ ʪʘ ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʽʜʚʠʱʝʥʫ ʩʪʫʧʽʥʴ ʤʘʡʙʫʪʥʴʦʛʦ ʢʦʥʪʨʦʣʶ, ʢʦʣʠ 

ʧʦʩʣʫʛʠ ʨʦʟʚʠʚʘʪʠʤʫʪʴʩʷ. ʎʽ ʚʽʜʜʘʣʝʥʽ ʚʫʟʣʠ ʤʦʛʣʠ ʙ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʷʢ ʬʽʢʩʦʚʘʥʠʡ, ʪʘʢ ʽ ʙʝʟʜʨʦʪʦʚʠʡ ʜʦʩʪʫʧ, ʷʢʱʦ ʢʣʶʯʦʚʽ 

ʬʫʥʢʮʽʾ ʙʫʣʠ ʚʽʨʪʫʘʣʽʟʦʚʘʥʽ ʥʘ ʟʘʛʘʣʴʥʽʡ ʧʣʘʪʬʦʨʤʽ. 

- ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ ʟʘʟʚʠʯʘʡ 



ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ ʦʨʝʥʜʘʨʷʤʠ, ʪʠʤ 

ʩʘʤʠʤ ʧʽʜʪʨʠʤʫʶʯʠ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʚʝʨʩʽʡ ʪʘ ʚʘʨʽʘʥʪʽʚ ʤʝʨʝʞʝʚʦʾ 

ʧʦʩʣʫʛʠ (ʚʢʣʶʯʘʶʯʠ ʪʝʩʪʦʚʽ ʚʝʨʩʽʾ ʪʘ ʙʝʪʘ-ʚʝʨʩʽʾ). 

2.3. ʇʝʨʝʚʘʛʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ 

ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʫ ʚʽʨʪʫʘʣʽʟʘʮʽʾ 

ʧʨʠʥʦʩʠʪʴ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ ʦʧʝʨʘʪʦʨʘʤ ʤʝʨʝʞʽ, ʱʦ ʩʧʨʠʷʻ ʨʽʟʢʽʡ ʟʤʽʥʽ 

ʣʘʥʜʰʘʬʪʫ ʛʘʣʫʟʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ. ʇʝʨʝʚʘʛʠʤʠ ʧʝʨʝʜʙʘʯʘʻʤʦ ʚʢʣʶʯʘʪʠ: 

- ʉʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʝʨʝʟ ʢʦʥʩʦʣʽʜʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʥʦʤʽʾ ʥʘ 

ʤʘʩʰʪʘʙʽ ɯʊ-ʽʥʜʫʩʪʨʽʾ. 

- ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʭʦʜʫ ʽʥʥʦʚʘʮʽʡ ʥʘ ʨʠʥʢʦʢ ʰʣʷʭʦʤ 

ʤʽʥʽʤʽʟʘʮʽʾ ʪʠʧʦʚʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʦʧʝʨʘʪʦʨʘ. ɽʢʦʥʦʤʽʷ ʤʘʩʰʪʘʙʫ, ʥʝʦʙʭʽʜʥʘ 

ʜʣʷ ʧʦʢʨʠʪʪʷ ʽʥʚʝʩʪʠʮʽʡ ʚ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ, ʙʽʣʴʰʝ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʽʥʰʽ 

ʨʝʞʠʤʠ ʝʚʦʣʶʮʽʾ ʬʫʥʢʮʽʡ. ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʚ̔ ʨʪʫʘʣʽʟʘʮʽ ʾʧʦʚʠʥʥ ̔ʜʦʟʚʦʣʠʪʠ 

ʦʧʝʨʘʪʦʨʘʤ ʤʝʨʝʞʽ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʮʠʢʣ ʜʦʟʨʽʚʘʥʥʷ. 

- ʄʦʞʣʠʚʽʩʪʴ ʟʘʧʫʩʢʫ ʚʠʨʦʙʥʠʯʠʭ, ʢʦʥʪʨʦʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʪʽʡ 

ʞʝ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʟʘʙʝʟʧʝʯʫʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʧʝʨʝʚʽʨʢʫ ʪʘ 

ʽʥʪʝʛʨʘʮʽʶ, ʟʤʝʥʰʫʶʯʠ ʚʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ ʯʘʩ ʚʠʭʦʜʫ ʥʘ ʨʠʥʦʢ. 

- ʄʦʞʣʠʚʝ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʚʪʽʣʝʥʥʷ ʧʦʩʣʫʛ ʥʘ ʦʩʥʦʚʽ ʛʝʦʛʨʘʬʽʾ ʘʙʦ 

ʥʘʙʦʨʫ ʢʣʽʻʥʪʽʚ. ʇʦʩʣʫʛʠ ʤʦʞʫʪʴ ʙʫʪʠ ʰʚʠʜʢʦ ʟʙʽʣʴʰʝʥʽ / ʟʤʝʥʰʝʥʽ ʧʦ ʤʽʨ̔ 

ʥʝʦʙʭʽʜʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʰʚʠʜʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʢʨʘʱʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʜʘʣʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟ ʙʫʜʴ-

ʷʢʠʭ ʚʽʜʚʽʜʫʚʘʥʴ ʩʘʡʪʫ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

- ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʝʨʝʞʽ ʪʘ / ʘʙʦ ʪʦʧʦʣʦʛʽʾ ʚ 

ʥʘʡʙʣʠʞʯʦʤʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʦʩʥʦʚʽ ʬʘʢʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʨʘʬʽʢʫ / 

ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʧʦʧʠʪʫ ʥʘ ʧʦʩʣʫʛʠ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʥʘ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦ ʽ ʚ 



ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʚʽʜ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʙʝʟ ʽʥʞʝʥʝʨʥʦʾ ʧʦʚʥʦʾ 

ʧʨʫʞʥʦʩʪʽ 1 + 1. 

- ʇʽʜʪʨʠʤʢʘ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʦʨʝʥʜʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʘʤ 

ʤʝʨʝʞʽ ʥʘʜʘʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʩʣʫʛʠ ʪʘ ʟ'ʻʜʥʘʥʥʷ ʜʣʷ ʜʝʢʽʣʴʢʦʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʜʦʜʘʪʢʽʚ ʘʙʦ ʚʥʫʪʨʽʰʥʽʭ ʩʠʩʪʝʤ ʘʙʦ ʽʥʰʠʭ ʤʝʨʝʞʝʚʠʭ 

ʦʧʝʨʘʪʦʨʽʚ, ʚʩʽ ʚʦʥʠ ʩʧʽʚʽʩʥʫʶʪʴ ʥʘ ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʘʧʘʨʘʪʥʽʡ ʩʠʩʪʝʤʽ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʙʝʟʧʝʯʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʜʦʤʝʥʽʚ. 

- ɿʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʡ 

ʢʝʨʫʚʘʥʥʷ ʞʠʚʣʝʥʥʷʤ ʫ ʩʪʘʥʜʘʨʪʥʠʭ ʩʝʨʚʝʨʘʭ ʪʘ ʟʙʝʨʽʛʘʥʥʽ, ʘ ʪʘʢʦʞ 

ʢʦʥʩʦʣʽʜʘʮʽʾ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʪʘʰʫʚʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʤʝʪʦʜʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʦʩʝʨʝʜʠʪʠ 

ʨʦʙʦʯʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʩʝʨʚʝʨʽʚ ʚ ʥʝʧʽʢʦʚʽ ʛʦʜʠʥʠ 

(ʥʘʧʨʠʢʣʘʜ, ʧʨʦʪʷʛʦʤ ʥʦʯʽ), ʱʦʙ ʚʩʽ ʽʥʰʽ ʩʝʨʚʝʨʠ ʙʫʣʦ ʚʠʤʢʥʝʥʦ ʘʙʦ ʚʚʝʜʝʥʦ 

ʚ ʨʝʞʠʤ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ.  

ʇʦʣʽʧʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʚʘʛʠ ʙʽʣʴʰʦʾ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʣʘʪʬʦʨʤʠ ʬʽʟʠʯʥʦʾ ʤʝʨʝʞʽ ʪʘ ʡʦʛʦ ʦʜʥʦʨʽʜʥʦʩʪʽ ʟ ʽʥʰʠʤʠ 

ʧʣʘʪʬʦʨʤʘʤʠ ʧʽʜʪʨʠʤʢʠ: 

- ʄʝʭʘʥʽʟʤʠ ʫʧʨʘʚʣʽʥʥʷ ɯʊ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʝ 

ʚʩʪʘʥʦʚʣʝʥʥʷ, ʨʦʟʰʠʨʝʥʥʷ ʤʘʩʰʪʘʙʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ (VM) [4]. 

- ʋʩʫʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɹʘʟʘ 

ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʥʘʜ ʩʪʘʥʜʘʨʪʥʠʤʠ ɯʊ-ʩʝʨʚʝʨʘʤʠ ʚʠʩʦʢʦʛʦ ʦʙʩʷʛʫ ʟʥʘʯʥʦ 

ʙʽʣʴʰʘ ʽ ʤʝʥʰʝ ʬʨʘʛʤʝʥʪʦʚʘʥʠʡ, ʥʽʞ ʜʣʷ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

- ɿʥʠʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʽʥʩʪʨʫʤʝʥʪʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʨʪʫʘʣʽʟʘʮʽʾ. 

- ʄʦʞʣʠʚʽʩʪʴ ʪʠʤʯʘʩʦʚʦ ʚʽʜʥʦʚʠʪʠ ʟʙʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʝʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 



ʜʦʜʘʪʢʦʚʽ ʨʝʩʫʨʩʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʽʚ ɯʊ-ʦʨʢʝʩʪʨʦʚʢʠ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʦʧʝʨʘʮʽʡ ʥʘ 24/7, ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʤʝʥʰʫʶʯʠ ʟʙʦʾ. 

- ʇʦʪʝʥʮʽʘʣ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʞ ɯʊ ʪʘ ʤʝʨʝʞʝʚʠʤʠ 

ʦʧʝʨʘʮʽʷʤʠ. 

- ʄʦʞʣʠʚʽʩʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

(MSSU) ʟ ʣʝʛʢʦʶ ʨʝʚʝʨʩʽʻʶ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʦʾ ʚʝʨʩʽʾ 

ʚʽʨʪʫʘʣʽʟʦʚʘʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ ʧʨʠʩʪʨʦʶ (VNA) ʷʢ ʥʦʚʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ 

(VM). ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʪʨʘʬʽʢ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʠʡ ʟʽ ʩʪʘʨʦʾ ʚʽʨʪʫʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʥʘ ʥʦʚʫ ʚʽʨʪʫʘʣʴʥʫ ʤʘʰʠʥʫ ʙʝʟ ʧʝʨʝʨʠʚʘʥʥʷ ʩʣʫʞʙʠ. ɼʣʷ ʜʝʷʢʠʭ 

ʜʦʜʘʪʢʽʚ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʩʪʘʥ ʥʦʚʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟʽ 

ʩʪʘʨʦʶ ʚʽʨʪʫʘʣʴʥʦʶ ʤʘʰʠʥʦʶ. 

ʍʦʯʘ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʥʘʜʘʻ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ 

ʽʥʜʫʩʪʨʽʾ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ, ʚʦʥʘ, ʡʤʦʚʽʨʥʦ, ʪʨʘʥʩʬʦʨʤʫʻ ʣʘʥʜʰʘʬʪ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ. ʂʦʞʝʥ ʛʨʘʚʝʮʴ ʧʦʚʠʥʝʥ ʙʫʜʝ ʧʦʟʠʮʽʦʥʫʚʘʪʠ / ʧʝʨʝʩʪʘʚʠʪʠ 

ʩʝʙʝ ʥʘ ʥʦʚʠʡ ʨʠʥʦʢ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ. ʎʝ ʥʝ ʻ ʥʘʩʪʽʣʴʢʠ 

ʨʫʡʥʽʚʥʠʤ, ʷʢ ʤʦʞʝ ʟʜʘʪʠʩʷ, ʪʦʤʫ ʱʦ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʞʝ ʨʝʘʣʽʟʫʶʪʴ ʜʝʷʢʽ ʩʚʦʾ ʨʽʰʝʥʥʷ, ʦʙ'ʻʜʥʫʶʯʠ ʾʭ ʬʽʨʤʦʚʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʛʘʣʫʟʝʚʠʤʠ ʩʪʘʥʜʘʨʪʥʠʤʠ ʘʧʘʨʘʪʥʠʤʠ ʪʘ ʧʨʦʛʨʘʤʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘʣʝ ʥʘ ʚʣʘʩʥʠʡ ʨʦʟʩʫʜ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʬʽʨʤʦʚʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʘʧʘʨʘʪʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʘʥʜʘʨʪʥʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʝ ʩʪʘʪʠ ʟʥʘʯʥʦʶ ʤʦʞʣʠʚʽʩʪʶ ʜʣʷ 

ʽʩʥʫʶʯʠʭ ʛʨʘʚʮʽʚ, ʦʩʢʽʣʴʢʠ ʾʭ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʤʝʨʝʞʝʚʝ ʥʦʫ-ʭʘʫ ʻ 

ʨʝʘʣʴʥʦʶ ʮʽʥʥʽʩʪʶ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ. ɼʝʷʢʽ ʚʝʣʠʢʽ ʛʨʘʚʮʽ ʛʘʣʫʟʽ ʚʞʝ 

ʨʫʭʘʶʪʴʩʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʧʨʦʧʦʥʫʶʯʠ ʚʽʨʪʫʘʣʽʟʦʚʘʥʽ ʚʝʨʩʽʾ ʩʚʦʻʾ 

ʧʨʦʜʫʢʮʽʾ. ɺʠʢʣʠʢ ʤʝʨʝʞʝʚʠʤ ʦʧʝʨʘʪʦʨʘʤ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʷʢ ʧʝʨʝʥʝʩʪʠ ʩʚʦʶ 

ʦʧʝʨʘʮʽʡʥʫ ʙʘʟʫ ʪʘ ʤʘʡʩʪʝʨʥʽʩʪʴ ʥʘ ʤʝʨʝʞʝʚʝ ʩʝʨʝʜʦʚʠʱʝ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʝʪʝʣʴʥʦ ʧʝʨʝʦʨʽʻʥʪʫʶʯʠ ʽʥʚʝʩʪʠʮʽʾ, ʱʦʙ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʪʘ 

ʧʨʦʮʝʩʽʚ. 



2.4. ʄʦʞʣʠʚʦʩʪʽ ʜʣʷ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʚʽʨʪʫʘʣʽʟʘʮʽʾ 

2.4.1. ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ 

ʋ ʟʚôʷʟʢʫ ʽʟ ʟʥʘʯʥʠʤ ʧʦʰʠʨʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʟʨʦʩʣʘ 

ʨʦʣʴ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʧʨʠ ʧʦʙʫʜʦʚʽ ʭʤʘʨʥʠʭ ʜʦʜʘʪʢʽʚ, ʘʜʞʝ ʜʦʩʠʪʴ ʟʨʫʯʥʦ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʝʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʝʨʝʞʽ ʚʽʨʪʫʘʣʴʥʦ.  

ʈʽʰʝʥʥʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʧʨʠʜʘʪʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʩʽʭ ʤʦʜʝʣʷʭ ʭʤʘʨʥʠʭ 

ʩʝʨʚʽʩʽʚ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʧʨʠʡʥʷʪo ʚʠʜʽʣʷʪʠ ʪʨʠ oʩʥoʚʥʽ ʤoʜʝʣʽ oʙʩʣʫʛoʚʫʚʘʥʥʷ 

ʭʤʘʨʥʠʭ ʪʝʭʥoʣoʛʽʡ, ʷʢʽ ʽʥoʜʽ ʥʘʟʠʚʘʶʪʴ ʰʘʨʘʤʠ ʭʤʘʨʠ. ʄoʞʥʘ ʩʢʘʟʘʪʠ, ʱo 

ʮʽ ʪʨʠ ʰʘʨʠ - ʧoʩʣʫʛʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧoʩʣʫʛʠ ʧʣʘʪʬoʨʤʠ ʽ ʧoʩʣʫʛʠ ʜoʜʘʪʢʽʚ 

- ʚʽʜoʙʨʘʞʘʶʪʴ ʙʫʜoʚʫ ʥʝ ʪʽʣʴʢʠ ʭʤʘʨʥʠʭ ʪʝʭʥoʣoʛʽʡ, ʘ ʡ ʽʥʬoʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥoʣoʛʽʡ ʚ ʮʽʣoʤʫ. 

ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʚ̔ ʨʪʫʘʣʽʟʘʮʽ ʾʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ 

ʷʢ ʪʽ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ. ɺ ʦʩʥʦʚʽ ʮʠʭ ʭʤʘʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʣʝʞʘʪʴ ʤʝʭʘʥʽʟʤʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ: ʘʧʘʨʘʪʥʘ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʽʧʝʨʚʽʟʦʨʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ 

Ethernet (ʥʘʧʨʠʢʣʘʜ, vswitch) ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʪʨʘʬʽʢʫ ʤʽʞ ʚʽʨʪʫʘʣʴʥʠʤʠ 

ʤʘʰʠʥʘʤʠ ʪʘ ʬʽʟʠʯʥʠʤʠ ʽʥʪʝʨʬʝʡʩʘʤʠ. ɼʣʷ ʬʫʥʢʮʽʡ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ 

ʢʦʤʫʥʽʢʘʮʽʶ, ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʘ ʦʙʨʦʙʢʘ ʧʘʢʝʪʽʚ ʜʦʩʪʫʧʥʘ ʯʝʨʝʟ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ ʙʘʛʘʪʦʷʜʝʨʥʽ ʧʨʦʮʝʩʦʨʠ ʟ ʚʠʩʦʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʚʚʦʜʫ / ʚʠʚʦʜʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʘʨʪ-ʤʝʨʝʞ Ethernet NIC ʜʣʷ ʨʦʟʧʦʜʽʣʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ TCP ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʘʢʝʪʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚ ʧʘʤ'ʷʪʴ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʽ ʜʨʘʡʚʝʨʠ Ethernet ʚ ʨʝʞʠʤʽ ʦʧʠʪʫʚʘʥʥʷ 

(ʟʘʤʽʩʪʴ ʧʝʨʝʨʠʚʘʥʴ, ʥʘʧʨʠʢʣʘʜ, Linux NAPI ʪʘ Intel DPDK).  

ʍʤʘʨʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʽʚ ʦʨʢʝʩʪʨʦʚʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ, 

ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ 

ʤʝʨʝʞʽ, ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʰʣʷʭʦʤ ʧʨʠʟʥʘʯʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʘ ʢʦʨʝʢʪʥʠʡ ʧʨʦʮʝʩʦʨ, ʷʜʨʦ ʪʘ ʽʥʪʝʨʬʝʡʩʠ, ʧʦʚʪʦʨʥʘ ʽʥʽʮʽʘʣʽʟʘʮʽʷ 

ʥʝʚʜʘʣʝʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʤʦʤʝʥʪʘʣʴʥʽ ʟʥʽʤʢʠ ʩʪʘʥʫ ɺʄ ʪʘ 



ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ. ɯ ʥʘʨʝʰʪʽ, ʥʘʷʚʥʽʩʪʴ ʚʽʜʢʨʠʪʠʭ API ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʣʦʱʠʥʘʤʠ ʜʘʥʠʭ, ʷʢ-ʦʪ OpenFlow, OpenStack, 

OpenNaaS ʘʙʦ OGF's NSI, ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʠʡ ʩʪʫʧʽʥʴ ʽʥʪʝʛʨʘʮʽʾ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʪʘ ʭʤʘʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

2.5. ɺʠʢʣʠʢʠ ʜʣʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ 

ɯʩʥʫʻ ʨʷʜ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʚʽʨʪʫʘʣʽʟʘʮʽʾ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʚʠʨʽʰʝʥʥʷ ʩʧʽʣʴʥʦʪʠ, ʟʘʮʽʢʘʚʣʝʥʦʾ ʫ 

ʧʨʠʩʢʦʨʝʥʥʽ ʧʨʦʛʨʝʩʫ. ʗʢ ʮʽ ʟʫʩʠʣʣʷ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ, ʦʧʠʩʘʥʦ ʜʘʣʽ ʚ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ. ʇʨʦʙʣʝʤʠ, ʷʢʽ ʤʠ ʚʠʷʚʠʣʠ: 

- ʇʦʨʪʘʪʠʚʥʽʩʪʴ / ʩʫʤʽʩʥʽʩʪʴ. ʄʦʞʣʠʚʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʚʠʢʦʥʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʨʽʟʥʠʭ, ʘʣʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʥʘʜʘʥʠʭ ʨʽʟʥʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʜʣʷ 

ʨʽʟʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʻʜʠʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʷʢʠʡ 

ʯʽʪʢʦ ʚʽʜʦʢʨʝʤʣʶʻ ʝʢʟʝʤʧʣʷʨʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʙʘʟʦʶ ʘʧʘʨʘʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʽʨʪʫʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ ʪʘ ʾʭ ʛʽʧʝʨʟʚ'ʷʟʢʘʤʠ. 

ʇʦʨʪʘʪʠʚʥʽʩʪʴ ʪʘ ʩʫʤʽʩʥʽʩʪʴ ʜʫʞʝ ʚʘʞʣʠʚʽ, ʦʩʢʽʣʴʢʠ ʩʪʚʦʨʶʶʪʴ ʨʽʟʥʽ 

ʝʢʦʩʠʩʪʝʤʠ ʜʣʷ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 

ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʪʦʜʽ ʷʢ ʦʙʠʜʚ ̔ʝʢʦʩʠʩʪʝʤʠ ʯʽʪʢʦ ʧʦʚ'ʷʟʘʥʽ ʽ ʟʘʣʝʞʘʪʴ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʇʦʨʪʘʪʠʚʥʽʩʪʴ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʫ ʚʽʣʴʥʦ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ ʚʽʨʪʫʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʙʝʟ ʦʙʤʝʞʝʥʥʷ. 

- ʄʽʛʨʘʮʽʷ ʪʘ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʽʟ ʽʩʥʫʶʯʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. ʈʝʘʣʽʟʘʮʽʷ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʚ̔ ʨʪʫʘʣʽʟʘʮʽ ʾ ʧʦʚʠʥʥʘ ʩʧʽʚʽʩʥʫʚʘʪʠ ʟ ʟʘʩʪʘʨʽʣʠʤ 

ʤʝʨʝʞʝʚʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʤʝʨʝʞʝʚʠʭ ʦʧʝʨʘʪʦʨʽʚ ʪʘ ʙʫʪʠ ʩʫʤʽʩʥʦʶ ʟ ʾʭʥʽʤʠ 

ʽʩʥʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ, ʤʝʨʝʞʝʚʠʤʠ ʩʠʩʪʝʤʘʤʠ, OSS ʽ BSS, ʘ 

ʪʘʢʦʞ ʧʦʪʝʥʮʽʡʥʦ ʽʩʥʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ ɯʊ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʦʨʢʝʩʪʨʦʚʢʠ ʪʘ ɯʊ-ʦʨʢʝʩʪʨʦʚʢʠ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ 

ʟʤʽʥʠʪʠ, ʘʨʭʽʪʝʢʪʫʨʘ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʧʦʚʠʥʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʤʽʛʨʘʮʽʶ ʚʽʜ ʩʴʦʛʦʜʥʽʰʥʽʭ ʬʽʨʤʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʬʽʟʠʯʥʦʛʦ ʤʝʨʝʞʝʚʦʛʦ 



ʨʽʰʝʥʥʷ ʜʦ ʙʽʣʴʰ ʚʽʜʢʨʠʪʠʭ ʩʪʘʥʜʘʨʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʨʽʰʝʥʴ ʧʨʠʩʪʨʦʾʚ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʧʦʚʠʥʥʽ 

ʧʨʘʮʶʚʘʪʠ ʚ ʛʽʙʨʠʜʥʽʡ ʤʝʨʝʞʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʣʘʩʠʯʥʠʭ ʬʽʟʠʯʥʠʭ 

ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. ʊʦʤʫ ʚʽʨʪʫʘʣʴʥʽ 

ʧʨʠʣʘʜʠ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʩʥʫʶʯʽ ʽʥʪʝʨʬʝʡʩʠ North Bound (ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ) ʪʘ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʬʽʟʠʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴ ʦʜʥʘʢʦʚʽ ʬʫʥʢʮʽʾ. 

- ʋʧʨʘʚʣʽʥʥʷ ʪʘ ʦʨʢʝʩʪʫʚʘʥʥʷ. ʅʝʦʙʭʽʜʥʘ ʧʦʩʣʽʜʦʚʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʨʢʝʩʪʫʚʘʥʥʷ. ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʚ̔ ʨʪʫʘʣʽʟʘʮʽ ʾʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʤʦʞʣʠʚʽʩʪʴ ʯʝʨʝʟ ʛʥʫʯʢʽʩʪʴ, ʥʘʜʘʥʫ ʧʨʦʛʨʘʤʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, 

ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʚʽʜʢʨʠʪʽʡ ʪʘ ʩʪʘʥʜʘʨʪʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, ʜʣʷ ʰʚʠʜʢʦʛʦ 

ʚʠʚʝʜʝʥʥʷ ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʨʢʝʩʪʨʦʚʢʠ ʟʚ'ʷʟʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʜʦ ʯʽʪʢʦ 

ʚʠʟʥʘʯʝʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʘʙʩʪʨʘʢʪʥʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ. ʎʝ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʴ 

ʚʘʨʪʽʩʪʴ ʪʘ ʯʘʩ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʥʦʚʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʦʧʝʨʘʮʽʡʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʦʧʝʨʘʪʦʨʘ ʤʝʨʝʞʽ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʤʝʨʝʞʝʶ 

(SDN) ʜʘʣʽ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʮʝ, ʱʦʙ ʦʧʪʠʤʽʟʫʚʘʪʠ ʽʥʪʝʛʨʘʮʽʶ ʧʘʢʝʪʥʠʭ ʪʘ 

ʦʧʪʠʯʥʠʭ ʢʦʤʫʪʘʪʦʨʽʚ ʫ ʩʠʩʪʝʤʫ, ʥʘʧʨʠʢʣʘʜ, ʚʽʨʪʫʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʘʙʦ 

ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ. ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʽʨʪʫʘʣʽʟʘʮʽʻʶ ʤʦʞʝ ʢʝʨʫʚʘʪʠ 

ʬʽʟʠʯʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʧʝʨʝʩʠʣʘʥʥʷ ʧʝʨʝʤʠʢʘʯʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ SDN. 

- ɸʚʪʦʤʘʪʠʟʘʮʽʷ. ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʚ̔ ʨʪʫʘʣʽʟʘʮʽ ʾ ʙʫʜʝ 

ʤʘʩʰʪʘʙʫʚʘʪʠ, ʣʠʰʝ ʷʢʱʦ ʚʩʽ ʬʫʥʢʮʽʾ ʟʤʦʞʫʪʴ ʙʫʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʤʘʻ ʧʝʨʰʦʨʷʜʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʫʩʧʽʭʫ. 

- ɹʝʟʧʝʢʘ ʪʘ ʩʪʽʡʢʽʩʪʴ. ʄʝʨʝʞʝʚʽ ʦʧʝʨʘʪʦʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʧʝʚʥʝʥʽ, 

ʱʦ ʙʝʟʧʝʢʘ, ʩʪʽʡʢʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ʾʭʥʽʭ ʤʝʨʝʞ ʥʝ ʧʦʨʫʰʫʶʪʴʩʷ ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ. ʅʘʰʽ ʚʠʭʽʜʥʽ ʦʯʽʢʫʚʘʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ 

ʪʦʤʫ, ʱʦ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʧʦʢʨʘʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ 

ʤʝʨʝʞʽ, ʜʦʟʚʦʣʷʶʯʠ ʚʽʜʥʦʚʣʶʚʘʪʠ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʥʘ ʚʠʤʦʛʫ ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ 

ʣʘʜʫ. ɺʽʨʪʫʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʪʘʢʠʤ ʞʝ ʥʘʜʽʡʥʠʤ, ʷʢ ʽ ʬʽʟʠʯʥʠʡ 

ʧʨʠʩʪʨʽʡ, ʷʢʱʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʦʩʦʙʣʠʚʦ ʛʽʧʝʨʚʽʟʦʨ ʪʘ ʡʦʛʦ ʢʦʥʬʽʛʫʨʘʮʽʷ, ʻ 

ʙʝʟʧʝʯʥʦʶ. ʄʝʨʝʞʝʚʽ ʦʧʝʨʘʪʦʨʠ ʙʫʜʫʪʴ ʰʫʢʘʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘ 



ʧʝʨʝʚʽʨʢʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʛʽʧʝʨʚʽʟʦʨʘ. ɺʦʥʠ ʪʘʢʦʞ ʚʠʤʘʛʘʪʠʤʫʪʴ 

ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ ʛʽʧʝʨʚʽʟʦʨʽʚ ʪʘ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

- ʉʪʘʙʽʣʴʥʽʩʪʴ ʤʝʨʝʞʽ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʤʝʨʝʞʽ ʥʝ ʚʧʣʠʚʘʻ 

ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʪʘ ʦʨʢʝʩʪʨʘʮʽʾ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʽʞ 

ʨʽʟʥʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʛʽʧʝʨʟʚ'ʷʟʢʘʤʠ. ʎʝ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ, ʢʦʣʠ, ʥʘʧʨʠʢʣʘʜ, ʚʽʨʪʫʘʣʴʥʽ ʬʫʥʢʮʽʾ ʧʝʨʝʤʽʱʫʶʪʴʩʷ, ʘʙʦ ʧʽʜ ʯʘʩ 

ʧʦʚʪʦʨʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʘʧʘʨʘʪʥʽ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʙʦʾ) ʘʙʦ 

ʯʝʨʝʟ ʢʽʙʝʨ-ʘʪʘʢʫ. ʎʝʡ ʚʠʢʣʠʢ ʥʝ ʻ ʫʥʽʢʘʣʴʥʠʤ ʜʣʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ 

ʬʫʥʢʮʽʡ. ʇʦʪʝʥʮʽʡʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʤʦʞʝ ʪʘʢʦʞ ʽʩʥʫʚʘʪʠ ʚ ʽʩʥʫʶʯʠʭ 

ʤʝʨʝʞʘʭ ʟʘʣʝʞʥʦ ʚʽʜ ʥʝʙʘʞʘʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʜʽʶʯʠ ʥʘ ʦʩʥʦʚʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ 

ʘʙʦ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʚʠʱʠʭ ʰʘʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʫ ʜʦ ʧʦʪʦʢʫ, 

ʢʦʥʪʨʦʣʴ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ, ʜʠʥʘʤʽʯʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʪʘ ʨʦʟʧʦʜʽʣ, ʪʦʱʦ). ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʥʠʢʥʝʥʥʷ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʤʝʨʝʞʽ ʤʦʞʝ ʤʘʪʠ ʧʝʨʚʠʥʥʽ 

ʝʬʝʢʪʠ, ʪʘʢʽ ʷʢ ʥʝʙʝʟʧʝʢʘ, ʥʘʚʽʪʴ ʨʽʟʢʦ, ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʙʦ 

ʩʢʦʤʧʨʦʤʝʪʫʚʘʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ʄʝʭʘʥʽʟʤʠ, ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʝʨʝʞʽ, ʜʦʜʘʜʫʪʴ ʜʦʜʘʪʢʦʚʽ 

ʧʝʨʝʚʘʛʠ ʜʣʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ. 

1. ʇʨʦʩʪʦʪʘ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʪʦʛʦ, ʱʦ ʚʽʨʪʫʘʣʽʟʦʚʘʥʽ ʤʝʨʝʞʝʚʽ 

ʧʣʘʪʬʦʨʤʠ ʙʫʜʫʪʴ ʧʨʦʩʪʽʰʠʤʠ ʜʣʷ ʨʦʙʦʪʠ, ʥʽʞ ʪʽ, ʱʦ ʽʩʥʫʶʪʴ ʩʴʦʛʦʜʥʽ. 

ɿʥʘʯʥʦʶ ʽ ʘʢʪʫʘʣʴʥʦʶ ʩʧʨʷʤʦʚʘʥʽʩʪʶ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ ʤʝʨʝʞʽ ʻ ʩʧʨʦʱʝʥʥʷ 

ʙʝʟʣʽʯʽ ʩʢʣʘʜʥʠʭ ʤʝʨʝʞʝʚʠʭ ʧʣʘʪʬʦʨʤ ʪʘ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ, ʷʢʽ ʨʦʟʚʠʚʘʣʠʩʷ 

ʜʝʩʷʪʠʣʽʪʪʷʤʠ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʧʽʜʪʨʠʤʢʠ ʚʘʞʣʠʚʠʭ 

ʩʣʫʞʙ, ʱʦ ʛʝʥʝʨʫʶʪʴ ʜʦʭʽʜ.  

2.  ɯʥʪʝʛʨʘʮʽʷ. ɹʝʟʧʝʨʝʨʚʥʘ ʽʥʪʝʛʨʘʮʽʷ ʜʝʢʽʣʴʢʦʭ ʚʽʨʪʫʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʥʘ ʽʩʥʫʶʯʽ ʩʪʘʥʜʘʨʪʥʽ ʩʝʨʚʝʨʠ ʚʠʩʦʢʦʛʦ ʦʙʩʷʛʫ ʪʘ ʛʽʧʝʨʚʽʟʦʨʽʚ ʻ 

ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ. ʄʝʨʝʞʝʚʽ 

ʦʧʝʨʘʪʦʨʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʤʦʛʫ "ʟʤʽʰʫʚʘʪʠ ʽ ʧʽʜʙʠʨʘʪʠ" ʩʝʨʚʝʨʠ ʨʽʟʥʠʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʛʽʧʝʨʚʽʟʦʨʽʚ ʚʽʜ ʨʽʟʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʽ ʚʽʨʪʫʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʚʽʜ ʨʽʟʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ, ʥʝ ʟʘʟʥʘʶʯʠ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʥʘ 



ʽʥʪʝʛʨʘʮʽʶ ʪʘ ʫʥʠʢʥʝʥʥʷ ʙʣʦʢʫʚʘʥʥʷ. ɽʢʦʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ 

ʧʦʩʣʫʛʠ ʟ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʪʦʨʦʥʥʶ ʧʽʜʪʨʠʤʢʫ; 

ʧʦʚʠʥʥʦ ʙʫʪʠ ʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʧʠʪʘʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʤʽʞ ʢʽʣʴʢʦʤʘ ʩʪʦʨʦʥʘʤʠ. 

ɼʣʷ ʝʢʦʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʽ ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ. ɯʥʩʪʨʫʤʝʥʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ 

ʪʘ / ʘʙʦ ʩʪʚʦʨʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ. 

ɺʠʩʥʦʚʢʠ 

ʏʝʨʝʟ ʢʽʣʴʢʘ ʨʦʢʽʚ ʤʠ ʤʦʞʝʤʦ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʽʥʜʫʩʪʨʽʷ ʟʚ'ʷʟʢʫ ʙʫʜʝ 

ʚʠʛʣʷʜʘʪʠ ʽ ʚʽʜʯʫʚʘʪʠ ʩʝʙʝ ʩʭʦʞʦ  ʁʥʘ ɯʊ-ʽʥʜʫʩʪʨʽʶ. ʊʘʤ ʙʫʜʝ ʰʠʨʰʠʡ ʩʧʝʢʪʨ 

ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ, ʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʭ ʜʣʷ ʽʥʜʫʩʪʨʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʉʢʣʘʜʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʙʫʜʝ ʚʠʯʝʨʧʘʥʘ ʟʘʚʜʷʢʠ ʙʽʣʴʰ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʨʦʙʦʪʽ, ʽ 

ʩʘʤʦʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʷʚʠʱʝʤ. ʗʢ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʚ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʤʘʻ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ ʜʣʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʾʭ ʧʘʨʪʥʝʨʘʤ ʪʘ ʢʣʽʻʥʪʘʤ, ʦʜʥʦʯʘʩʥʦ 

ʥʘʜʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʪʠʧʠ ʝʢʦʩʠʩʪʝʤ, ʷʢʽ ʟʘʦʭʦʯʫʚʘʪʠʤʫʪʴ 

ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠʤʫʪʴ ʰʚʠʜʢʝ ʽʥʥʦʚʘʮʽʡʥʝ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʨʠʟʠʢʫ. ʑʦʙ ʩʢʦʨʠʩʪʘʪʠʩʷ ʮʠʤʠ ʧʝʨʝʚʘʛʘʤʠ, ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʷʢ ʦʧʠʩʘʥʦ 

ʚʠʱʝ, ʧʦʚʠʥʥʽ ʨʦʟʛʣʷʜʘʪʠʩʷ ʮʽʣʽʩʪʥʦ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ, ʱʦʙ ɯʊ ʪʘ ʤʝʨʝʞʝʚʽ 

ʛʘʣʫʟʽ ʦʙ'ʻʜʥʫʚʘʣʠ ʩʚʦʾ ʥʘʡʢʨʘʱʽ ʧʨʘʢʪʠʢʠ ʪʘ ʨʝʩʫʨʩʠ ʚ ʩʧʽʣʴʥʽ ʟʫʩʠʣʣʷ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʰʠʨʦʢʦʾ ʟʛʦʜʠ ʱʦʜʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʟʘʛʘʣʴʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʷʢʽ ʙ ʚʠʨʽʰʫʚʘʣʠ ʮʽ ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ ʽ ʷʢʽ ʻ ʩʫʤʽʩʥʠʤʠ ʽ 

ʝʢʦʥʦʤʥʽʰʽ. 

ʑʦʙ ʧʨʠʰʚʠʜʰʠʪʠ ʧʨʦʛʨʝʩ, ʧʽʜ ʝʛʽʜʦʶ ETSI ʩʪʚʦʨʶʻʪʴʩʷ ʥʦʚʘ ʛʨʫʧʘ 

ʝʢʩʧʝʨʪʽʚ ʟ ʛʘʣʫʟʝʚʦʾ ʩʧʝʮʠʬʽʢʘʮʽʾ (ISG) ʟ ʚʽʜʢʨʠʪʠʤ ʯʣʝʥʩʪʚʦʤ ʜʣʷ ʨʦʙʦʪʠ 

ʥʘʜ ʪʝʭʥʽʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʜʣʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ, ʷʢ 

ʟʘʟʥʘʯʝʥʦ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ. ʍʦʯʘ ETSI ʟʘʙʝʟʧʝʯʠʪʴ ʦʨʛʘʥʽʟʘʮʽʶ ʮʽʻʾ ʽʥʽʮʽʘʪʠʚʠ, 

ISG ʧʦʯʥʝ ʧʨʘʮʶʚʘʪʠ ʥʘʜ ʫʩʽʤʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʪʘ 

ʥʘʤʘʛʘʪʠʤʝʪʴʩʷ ʟʘʦʭʦʪʠʪʠ ʢʦʥʚʝʨʛʝʥʮʽʶ ɯʊ ʽ ʟʫʩʠʣʣʷ ʱʦʜʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ 

ʤʝʨʝʞʽ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʫ. 



  



ʈʆɿɼɯʃ 3. ɼʆʉʃɯɼɾɽʅʅʅʗ ɺɯʈʊʋɸʃɿɯʆɺɸʅʀʍ ʄɽʈɽɾɽɺʀʍ 

ʌʋʅʂʎɯʁ 

ʄʝʨʝʞʘ, ʷʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʘʧʘʨʘʪʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʨʽʟʥʽ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ (NF). ɿʘʩʪʦʩʫʚʘʥʥʷ NF 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʥʝ ʜʝʰʝʚʠʤ ʟʘʜʦʚʦʣʝʥʥʷʤ ʚ ʧʣʘʥʽ ʨʦʟʨʦʙʢʠ, ʽ 

ʯʘʩʪʦ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʚʘʪʠ ʱʝ ʜʝʷʢʝ ʦʙʣʘʜʥʘʥʥʷ, ʘʙʠ ʟʘʙʝʟʧʝʯʠʪʠ ʥʦʚʫ 

ʤʝʨʝʞʝʚʫ ʧʦʩʣʫʛʫ, ʪʘʢʠʤ ʯʠʥʦʤ ʮʝ ʫʩʢʣʘʜʥʶʻ ʜʦʩʪʫʧ ʦʧʝʨʘʪʦʨʽʚ ʤʝʨʝʞʽ ʜʦ 

ʥʦʚʠʭ ʤʝʨʝʞʝʚʠʭ ʧʦʩʣʫʛ ʟʘ ʥʠʟʴʢʦʶ ʮʽʥʦʶ. ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝʚʦʾ ʬʫʥʢʮʽʾ 

(NFV) - ʮʝ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʤʘʻ ʥʘ ʤʝʪʽ ʟʤʝʥʰʠʪʠ ʚʘʨʪʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʟʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʢʽʣʴʢʠ 

NFV ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ NF ʥʘ ʧʨʦʛʨʘʤʥʠʭ 

ʩʝʨʚʝʨʘʭ.  

ʎʝʡ ʤʝʭʘʥʽʟʤ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʤʝʨʝʞʽ ʯʝʨʝʟ ʥʝʜʦʩʷʞʥʽ ʤʽʩʮʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ, ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

NF ʻ ʨʝʘʣʽʟʘʮʽʷ ʚʩʝʨʝʜʠʥʽ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ (VM) ʷʢ ʚʽʨʪʫʘʣʽʟʦʚʘʥʽ 

ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ. ɺʽʜʦʢʨʝʤʣʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʻ ʱʝ ʦʜʥʽʻʶ ʧʨʦʙʣʝʤʦʶ, ʘ 

ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʥʫ ʚʽʨʪʫʘʣʴʥʫ ʤʘʰʠʥʫ ʥʝ ʧʦʚʠʥʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽʥʰʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʧʘʨʘʣʝʣʴʥʦ. ʆʜʥʘʢ ʚʘʞʢʦ ʟʘʙʝʟʧʝʯʠʪʠ ʽʟʦʣʷʮʽʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ 

ʢʦʥʬʣʽʢʪ ʨʝʩʫʨʩʽʚ ʥʘ ʧʨʦʜʫʢʪʦʚʦʤʫ ʩʝʨʚʝʨʽ. ʂʨʽʤ ʪʦʛʦ, ʨʽʟʥʽ NF ʤʘʶʪʴ ʨʽʟʥʽ 

ʚʠʤʦʛʠ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ(ʥʘʧʨʠʢʣʘʜ, ʩʝʨʝʜʥʷ ʧʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʘʙʦ 

ʦʙʤʝʞʝʥʘ ʟʘʪʨʠʤʢʘ ʧʘʢʝʪʽʚ), ʷʢʽ ʚʘʞʢʦ ʟʘʙʝʟʧʝʯʠʪʠ ʯʝʨʝʟ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʫ 

ʧʦʚʝʜʽʥʢʫ ʧʨʦʜʫʢʪʦʚʠʭ ʩʝʨʚʝʨʽʚ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʤʠ ʜʦʩʣʽʜʞʫʻʤʦ, ʷʢ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʮʝ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʝʨʝʞʝʚʦʛʦ ʜʦʜʘʪʢʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʂʨʽʤ ʪʦʛʦ, ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʧʦʛʣʠʙʣʝʥʝ 

ʧʦʨʽʚʥʷʥʥʷ ʚʽʨʪʫʘʣʽʟʘʮʽʾ KVM ʪʘ LXC ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʘʢ ʽ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʽʟʦʣʷʮʽʾ. 

ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʦʧʝʨʘʪʦʨʠ ʩʪʠʢʘʶʪʴʩʷ ʟ ʧʨʦʙʣʝʤʘʤʠ ʥʘʜʘʥʥʷ ʥʦʚʠʭ 

ʤʝʨʝʞʝʚʠʭ ʧʦʩʣʫʛ ʪʘ ʦʜʥʦʯʘʩʥʠʤ ʟʥʠʞʝʥʥʷʤ ʚʘʨʪʦʩʪʽ ʮʠʭ ʧʦʩʣʫʛ. ɺʝʣʠʢʽ 



ʦʧʝʨʘʪʦʨʩʴʢʽ ʤʝʨʝʞʽ, ʷʢ ʧʨʘʚʠʣʦ, ʦʙʣʘʜʥʘʥʽ ʨʽʟʥʠʤʠ ʘʧʘʨʘʪʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ, ʽ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʤʝʨʝʞʝʚʠʭ ʩʝʨʚʽʩʽʚ ʯʘʩʪʦ ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʠ 

ʱʝ ʦʜʥʫ ʯʘʩʪʠʥʫ, ʽ ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʟʚʠʯʘʡ 

ʜʦʨʦʛʝ, ʚʠʤʘʛʘʻ ʙʽʣʴʰʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʟʙʽʣʴʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʽʶ, ʘʣʝ ʞ 

ʚʦʥʦ ʤʦʞʝ ʙʫʪʠ ʥʝ ʚʠʢʦʨʠʩʪʘʥʠʤ ʧʨʦʪʷʛʦʤ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʯʘʩʫ, ʪʦʜʽ ʷʢ 

ʦʧʝʨʘʪʦʨʘʤ ʚʩʝ ʞ ʧʦʪʨʽʙʥʦ ʟʘʧʣʘʪʠʪʠ ʧʦʚʥʫ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ.  

ʂʨʽʤ ʪʦʛʦ, ʩʢʣʘʜʥʦ ʢʝʨʫʚʘʪʠ, ʦʥʦʚʣʶʚʘʪʠ ʪʘ ʨʦʟʛʦʨʪʘʪʠ ʚʝʣʠʢʫ ʤʝʨʝʞʫ, 

ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʨʽʟʥʠʭ ʘʧʘʨʘʪʥʠʭ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʚʠʨʦʙʣʝʥʠʭ 

ʢʽʣʴʢʦʤʘ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ. ʊʦʤʫ ʜʦʜʘʚʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʘʧʘʨʘʪʥʠʭ 

ʟʘʩʦʙʽʚ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʷʢ ʢʘʧʽʪʘʣʴʥʽ, ʪʘʢ ʽ ʦʧʝʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʧʦ ʤʝʨʝʞʽ. 

ʆʧʝʨʘʪʦʨʠ ʤʝʨʝʞʽ ʧʨʘʛʥʫʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʦʚʽ ʧʦʩʣʫʛʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʙ̔ ʣʴʰʦʛʦ ʧʨʠʙʫʪʢʫ, ʘʣʝ ʚʘʨʪʽʩʪʴ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʘʧʘʨʘʪʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨ ʩʪʘʶʪʴ ʚʫʟʴʢʠʤʠ ʤʽʩʮʷʤʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʘʧʘʨʘʪʥʠʤ ʮʽʣʷʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʟʘʛʘʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʘʭ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʻ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʜʽʣʝʥʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ. ɺʦʥʦ ʻ ʛʥʫʯʢʠʤ ʽ 

ʤʦʞʝ ʫʧʨʘʚʣʷʪʠʩʷ ʟʘ ʥʠʞʯʦʶ ʮʽʥʦʶ, ʽ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʜʝʾ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʝʨʝʞʝʚʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʚ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʚʘʨʪʦʩʪʽ ʪʘ ʩʢʣʘʜʥʦʩʪʽ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʫʢʪʫʨʫ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ 

(VNF)ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ / ʩʝʨʝʜʥʽʭ ʩʢʨʠʥʴʦʢ ʥʘ 

ʥʝʜʦʨʦʛʠʭ ʧʨʦʛʨʘʤʥʠʭ ʩʝʨʚʝʨʘʭ (ʥʘʧʨʠʢʣʘʜ, ʬʫʥʢʮʽʷʭ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ). 

ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʧʽʣʴʥʦ ʨʦʟʛʦʨʪʘʪʠ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ 

(ʥʘʧʨʠʢʣʘʜ, IP-ʝʢʩʧʝʜʠʪʦʨʘ, ʙʨʘʥʜʤʘʫʝʨʘ, ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

ʪʦʱʦ) ʷʢ ʜʦʜʘʪʢʠ ʥʘ ʻʜʠʥʦʤʫ ʩʝʨʚʝʨʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʚʘʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʠʪʴ ʨʽʰʝʥʥʷ ʙʽʣʴʰ ʛʥʫʯʢʠʤ, ʧʨʦʛʨʘʤʥʠʤ ʪʘ 

ʤʝʥʰ ʜʦʨʦʛʠʤ, ʥʽʞ ʡʦʛʦ ʘʥʘʣʦʛ ʦʙʣʘʜʥʘʥʥʷ. ɺʠʛʦʜʠ ʻ ʟʥʘʯʥʠʤʠ, ʽ ʪʦʤʫ 

ʤʝʨʝʞʝʚʽ ʦʧʝʨʘʪʦʨʠ ʪʘ ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʽʥʽʮʽʶʚʘʣʠ ʥʦʚʫ ʛʨʫʧʫ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ 

ʜʣʷ ʬʫʥʢʮʽʡ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ. 



ʂʦʥʮʝʧʮʽʷ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʯʘʩʪʦ ʧʦʻʜʥʫʻʪʴʩʷ ʟ 

ʭʤʘʨʥʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ ʷʢʘ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʩʪʘʣʘ ʚʠʜʘʪʥʦʶ 

ʢʦʤʧ'ʶʪʝʨʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ʍʤʘʨʥʝ ʦʙʯʠʩʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʫ 

ʧʝʨʝʜʘʚʘʪʠ ʩʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʤʦʛʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ. 

ɸʫʪʩʦʨʩʠʥʛ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʧʽʜʪʨʠʤʢʫ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʧʦʩʪʘʯʘʣʴʥʠʢ ʧʦʩʣʫʛ ʤʦʞʝ ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰʝ 

ʜʦʭʦʜʫ, ʧʨʦʧʦʥʫʶʯʠ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʜʝʢʽʣʴʢʦʤ ʢʣʽʻʥʪʘʤ ʦʜʥʦʯʘʩʥʦ.  

ʇʨʦʚʘʡʜʝʨ ʧʦʩʣʫʛ (ʦʧʝʨʘʪʦʨ ʤʝʨʝʞʽ) ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ 

ʩʝʨʚʝʨʽʚ, ʱʦʙ ʨʦʟʜʽʣʠʪʠ ʦʜʥʫ ʬʽʟʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʤʽʞ ʢʽʣʴʢʦʤʘ 

ʢʣʽʻʥʪʘʤʠ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʙʦʪʠ ʜʝʢʽʣʴʢʦʭ 

ʛʦʩʪʴʦʚʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʘ ʪʦʤʫ ʞ ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʽ 

ʜʦʟʚʦʣʷʶʪʴ ʢʦʞʥʦʤʫ ʛʦʩʪʶ ʟʘʧʫʩʢʘʪʠ ʧʝʚʥʫ ʩʣʫʞʙʫ (ʤʝʨʝʞʝʚʫ ʬʫʥʢʮʽʶ). 

ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʪʘʢʦʞ ʜʘʻ ʛʥʫʯʢʽʩʪʴ, ʪʘʢ ʱʦ ʧʦʩʪʘʯʘʣʴʥʠʢ ʧʦʩʣʫʛ ʤʦʞʝ 

ʜʦʜʘʚʘʪʠ ʘʙʦ ʚʠʜʘʣʷʪʠ ʨʝʩʫʨʩʠ ʟʘ ʨʽʟʥʠʤʠ ʚʠʤʦʛʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ. 

ɭ ʧʨʦʧʦʟʠʮʽʾ, ʢʦʣʠ ʧʦʩʪʘʯʘʣʴʥʠʢ ʭʤʘʨʥʠʭ ʧʦʩʣʫʛ (ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʦʧʝʨʘʪʦʨʦʤ ʤʝʨʝʞʽ) ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʷʢ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ, 

ʟʘ ʪʘʢʠʭ ʧʨʦʧʦʟʠʮʽʡ ʢʣʽʻʥʪ ʧʝʨʝʜʘʻ ʦʧʝʨʘʪʦʨʘʤ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʝʚʠʤʠ 

ʬʫʥʢʮʽʷʤʠ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʧʽʜʧʨʠʻʤʩʪʚʫ ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʢʝʨʫʚʘʥʥʷ 

ʤʝʨʝʞʝʶ. ʆʧʝʨʘʪʦʨ ʤʝʨʝʞʽ ʚʠʜʽʣʷʻ ʦʜʥʫ ʘʙʦ ʜʝʢʽʣʴʢʘ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʟʘʜʘʯ ʦʙʨʦʙʢʠ ʤʝʨʝʞʽ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʂʨʽʤ ʪʦʛʦ, 

ʦʧʝʨʘʪʦʨ ʤʝʨʝʞʽ ʧʽʜʪʨʠʤʫʻ ʙʘʛʘʪʦʚʝʢʪʦʨʥʽʩʪʴ ʽ ʩʧʽʣʴʥʦ ʢʝʨʫʻ ʢʽʣʴʢʦʤʘ 

ʤʝʨʝʞʝʚʠʤʠ ʬʫʥʢʮʽʷʤʠ (ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ), ʱʦ ʥʘʣʝʞʘʪʴ ʨʽʟʥʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʥʘ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʬʽʟʠʯʥʦʤʫ ʩʝʨʚʝʨʽ. 

ɯʜʝʷ ʘʫʪʩʦʨʩʠʥʛʫ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʻ ʧʨʠʚʘʙʣʠʚʦʶ, ʘʣʝ 

ʚʠʪʽʩʥʷʻ ʙʘʛʘʪʦ ʧʨʦʙʣʝʤ ʜʣʷ ʤʝʨʝʞʝʚʠʭ ʦʧʝʨʘʪʦʨʽʚ. ʇʝʨʰʠʤ ʟʘʚʜʘʥʥʷʤ ʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʦʙʨʦʙʢʘ ʧʘʢʝʪʽʚ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʚ ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ. ɸʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʧʦʪʫʞʥʽʩʪʴ ʧʨʦʜʫʢʪʦʚʠʭ ʩʝʨʚʝʨʽʚ ʟʨʦʩʪʘʻ, ʘ ʮʽʥʘ ʟʥʠʞʫʻʪʴʩʷ. ʅʘʧʨʠʢʣʘʜ, 

ʩʴʦʛʦʜʥʽ ʤʠ ʤʦʞʝʤʦ ʧʨʠʜʙʘʪʠ ʙʘʛʘʪʦʷʜʝʨʥʠʡ ʩʝʨʚʝʨ ʽʟ ʰʚʠʜʢʠʤ ʜʦʩʪʫʧʦʤ ʜʦ 



ʧʘʤ'ʷʪʽ (NUMA) ʽ ʚʠʩʦʢʦʶ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʚʦʜʫ / ʚʠʚʦʜʫ (PCI-

Express) ʟʘ ʜʦʩʪʫʧʥʦʶ ʮʽʥʦʶ. ʇʨʦʪʝ ʚʩʝ ʱʝ ʚʘʞʢʦ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ, ʦʩʢʽʣʴʢʠ ʚʫʟʴʢʽ ʤʽʩʮʷ ʨʦʙʦʪʠ ʤʦʞʫʪʴ 

ʧʝʨʝʙʫʚʘʪʠ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ, ʱʦ ʤʦʞʝ ʟʘʧʦʙʽʛʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʫ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʧʨʦʧʦʥʦʚʘʥʠʭ ʧʦʪʦʯʥʠʤ ʩʝʨʚʝʨʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. ʆʩʥʦʚʥʘ 

ʫʚʘʛʘ ʥʘʰʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʠʷʚʠʪʠ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦ ʰʣʷʭʫ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ ʥʘ ʩʝʨʚʝʨʽ, ʥʘ ʷʢʦʤʫ ʟʘʧʫʱʝʥʽ 

ʚʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ, ʽ ʜʦʩʣʽʜʠʪʠ, ʷʢ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʦʙʤʝʞʝʥʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ɺ ʽʜʝʘʣʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʜʥʽʻʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʥʝ ʧʦʚʠʥʥʘ 

ʚʧʣʠʚʘʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʰʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʧʘʨʘʣʝʣʴʥʦ, ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʚʽʜʦʤʘ ʷʢ ʽʟʦʣʷʮʽʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʜʥʘʢ 

ʜʦʩʷʛʥʝʥʥʷ ʽʟʦʣʷʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʪʠʤ, ʱʦ ʦʜʥʘ ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ ʤʦʞʝ ʥʘʤʘʛʘʪʠʩʷ ʟʘʨʝʟʝʨʚʫʚʘʪʠ ʚʩʽ ʜʦʩʪʫʧʥʽ 

ʩʠʩʪʝʤʥʽ ʨʝʩʫʨʩʠ (ʪʘʢʽ ʷʢ ʧʨʦʮʝʩʦʨ, ʧʘʤ'ʷʪʴ ʪʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ 

ʟʚ'ʷʟʢʫ), ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʣʷ ʽʥʰʠʭ ʚʽʨʪʫʘʣʴʥʠʭ 

ʤʘʰʠʥ. ʊʦʤʫ ʧʨʘʚʠʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʚʟʜʦʚʞ ʧʣʦʱʠʥʠ ʜʘʥʠʭ 

ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʽʟʦʣʷʮʽʾ ʚ ʪʦʡ ʞʝ ʯʘʩ. ʋ ʥʘʰʽʡ ʨʦʙʦʪʽ ʤʠ ʜʦʩʣʽʜʞʫʻʤʦ, ʷʢ ʪʘʢʝ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʩʫʨʩʘʤʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʽ ʷʢʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʚ ʤʝʨʝʞʫ ʜʦʧʦʤʘʛʘʶʪʴ 

ʜʦʩʷʛʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʨʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ. 

ɯʥʰʦʶ ʙʘʞʘʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʝʚʦʾ ʬʫʥʢʮʽʾ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʘʥʥʷ ʛʘʨʘʥʪʽʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʯʘʩʪʠʥʽ 

ʤʽʥʽʤʘʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʙʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ. 

ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʨʽʟʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥʘʭ, ʥʝʟʘʣʝʞʥʽ: 

ʤʦʞʝ ʩʪʘʪʠʩʷ, ʱʦ ʢʽʣʴʢʘ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʭʦʯʫʪʴ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʜʘʚʘʪʠ 

ʧʘʢʝʪʠ ʥʘ ʪʦʤʫ ʞ ʬʽʟʠʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ. ʗʢ ʥʘʩʣʽʜʦʢ, ʤʦʞʝ ʽʩʥʫʚʘʪʠ 

ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʟʚ'ʷʟʢʫ ʪʘ ʥʝ ʩʠʤʝʪʨʠʯʥʘ ʧʦʚʝʜʽʥʢʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʋ ʥʘʰʽʡ 



ʨʦʙʦʪʽ ʤʠ ʜʦʩʣʽʜʞʫʻʤʦ, ʷʢ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷʤ ʦʢʨʝʤʠʭ ʤʝʨʝʞʝʚʠʭ 

ʬʫʥʢʮʽʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʻʜʠʥʠʭ ʮʽʣʝʡ ʩʣʫʞʙʠ. 

ʋ ʮʴʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʢʦʤʧ'ʶʪʝʨʥʠʡ ʤʝʪʦʜ ʚʽʨʪʫʘʣʽʟʘʮʽʾ (ʪʦʙʪʦ, 

ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʩʝʨʚʝʨʘ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʘʨʘʣʝʣʴʥʦʛʦ ʟʘʧʫʩʢʫ ʜʝʢʽʣʴʢʦʭ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ ʥʘ ʦʜʥʽʡ ʘʧʘʨʘʪʫʨʽ. ʊʫʪ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʚʽʨʪʫʘʣʴʥʽ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ IP-ʧʝʨʝʩʠʣʘʥʥʷ ʷʢ ʧʨʠʢʣʘʜ ʤʝʨʝʞʝʚʠʭ 

ʬʫʥʢʮʽʡ. ʂʦʞʥʘ ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ ʦʩʥʘʱʝʥʘ ʚʣʘʩʥʠʤ ʥʘʙʦʨʦʤ ʤʝʨʝʞʝʚʠʭ 

ʨʝʩʫʨʩʽʚ (ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ ʽʥʪʝʨʬʝʡʩʽʚ (VIF), ʧʨʦʪʦʢʦʣʽʚ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʧʨʘʚʠʣ ʬʽʣʴʪʨʘʮʽʾ ʧʘʢʝʪʽʚ ʪʦʱʦ). ʅʘʚʽʪʴ ʷʢʱʦ ʚʽʨʪʫʘʣʴʥʘ 

ʤʘʰʠʥʘ ʩʧʽʣʢʫʻʪʴʩʷ ʯʝʨʝʟ ʚʽʨʪʫʘʣʴʥʽ ʽʥʪʝʨʬʝʡʩʠ, ʾʾ ʤʝʪʦʶ ʯʘʩʪʦ ʻ ʦʙʨʦʙʢʘ 

ʧʘʢʝʪʽʚ, ʱʦ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʘ ʬʽʟʠʯʥʠʭ ʽʥʪʝʨʬʝʡʩʘʭ ʫ ʩʝʨʝʜʦʚʠʱʽ ʭʦʩʪʫ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʧʘʢʝʪʽʚ ʤʽʞ ʬʽʟʠʯʥʠʤʠ ʪʘ ʚʽʨʪʫʘʣʴʥʠʤʠ 

ʽʥʪʝʨʬʝʡʩʘʤʠ ʧʦʪʨʽʙʝʥ ʤʝʭʘʥʽʟʤ. ʎʝ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʚʚʦʜʠʪʴ ʰʘʨ 

ʥʝʦʨʽʻʥʪʦʚʘʥʦʩʪʽ, ʷʢʠʡ ʚʽʜʩʫʪʥʽʡ ʫ ʥʝ ʚʽʨʪʫʘʣʴʥʽʡ (ʬʽʟʠʯʥʽʡ) ʩʠʩʪʝʤʽ. ʎʝ 

ʚʽʜʦʤʦ ʷʢ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʚʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ.  

3.1. ʇʨʦʙʣʝʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ VNF 

ɺʽʨʪʫʘʣʽʟʘʮʽʷ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʦʪʨʠʤʘʣʘ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʚ ʦʩʪʘʥʥʽ 

ʨʦʢʠ ʷʢ ʚ ʥʘʫʢʦʚʽʡ ʛʘʣʫʟʽ, ʪʘʢ ʽ ʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʛʘʣʫʟʽ. ɺʦʥʘ ʚʠʩʫʚʘʻ 

ʽʜʝʶ ʨʝʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ, ʱʦ ʧʨʘʮʶʻ 

ʥʘ ʟʚʠʯʘʡʥʠʭ ʢʦʤʧ'ʶʪʝʨʘʭ, ʟʘʤʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ ʚʠʜʽʣʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʤʝʨʝʞʝʚʦʾ ʬʫʥʢʮʽʾ (IP-ʝʢʩʧʝʜʠʪʦʨʠ, ʙʨʘʥʜʤʘʫʝʨʠ, WAN-

ʧʨʠʩʢʦʨʶʚʘʯʽ ʪʦʱʦ). ʈʽʟʥʽ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʧʘʨʘʣʝʣʴʥʦ 

ʷʢ ʚʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ / ʝʢʟʝʤʧʣʷʨʠ ʥʘ ʪʽʡ ʩʘʤʽʡ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʧʣʘʪʬʦʨʤʽ, ʪʠʤ 

ʩʘʤʠʤ ʨʦʟʧʦʜʽʣʷʶʯʠ ʚʘʨʪʽʩʪʴ ʘʧʘʨʘʪʫʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʦʭ ʤʝʨʝʞʝʚʠʭ 

ʬʫʥʢʮʽʡ. ʈʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʶʪʴ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʘʤʠ ʦʙʣʘʜʥʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʛʥʫʯʢʽʩʪʴ, ʣʝʛʢʽʩʪʴ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʤʝʥʰʫ ʚʘʨʪʽʩʪʴ. ʇʨʦʪʝ ʽʩʥʫʶʪʴ ʩʝʨʡʦʟʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʨʽʰʝʥʥʷʤʠ.  



1. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʻ ʧʝʨʰʠʤ ʽ ʥʘʡʙʽʣʴʰ ʦʯʝʚʠʜʥʠʤ ʚʠʢʣʠʢʦʤ, 

ʦʩʢʽʣʴʢʠ ʦʙʨʦʙʢʘ ʧʘʢʝʪʽʚ ʫ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʧʦʢʨʠʚʘʻ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ, 

ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʰʪʨʘʬʥʠʭ ʩʘʥʢʮʽʡ.  

2. ɯʟʦʣʷʮʽʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʻ ʱʝ ʦʜʥʽʻʶ ʧʨʦʙʣʝʤʦʶ, ʦʩʢʽʣʴʢʠ ʤʠ 

ʩʧʽʣʴʥʦ ʟʥʘʭʦʜʠʤʦ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʥʘ ʪʽʡ ʞʝ ʩʝʨʚʝʨʥʽʡ 

ʧʣʘʪʬʦʨʤʽ, ʽ ʧʦʚʝʜʽʥʢʘ ʦʜʥʽʻʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽʥʰʠʭ. ʎʝ ʤʦʞʝ ʧʦʪʝʥʮʽʡʥʦ ʫʩʢʣʘʜʥʠʪʠ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʪʘ 

ʛʘʨʘʥʪʽʡ ʨʦʙʦʪʠ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ. 

ʋ ʥʘʰʽʡ ʨʦʙʦʪʽ ʤʠ ʜʦʩʣʽʜʞʫʻʤʦ, ʷʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʬʫʥʢʮʽʾ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ. ʄʠ ʩʧʝʮʽʘʣʴʥʦ ʰʫʢʘʣʠ ʚʽʜʧʦʚʽʜʽ ʥʘ 

ʥʘʩʪʫʧʥʽ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ: ʷʢ ʤʝʨʝʞʝʚʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʥʘ ʚʽʨʪʫʘʣʽʟʫʚʘʪʠ ʚ 

ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ, ʽ ʷʢʽ ʢʦʤʧʨʦʤʽʩʠ ʤʽʞ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʚʽʨʪʫʘʣʽʟʘʮʽʾ? 

2. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽʟʦʣʷʮʽʾ: ʷʢ ʚʽʨʪʫʘʣʴʥʘ ʤʝʨʝʞʘ ʤʦʞʝ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʽ ʜʽʣʠʪʠʩʷ ʨʝʩʫʨʩʘʤʠ, ʥʝ ʚʧʣʠʚʘʶʯʠ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʜʠʥ ʦʜʥʦʛʦ, ʽ ʷʢʽ ʢʦʤʧʨʦʤʽʩʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʤʝʭʘʥʽʟʤʘʤʠ ʜʣʷ 

ʜʦʩ̫ʛʥʝʥʥʷ ʽʟʦʣʷʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ? 

3. ʉʝʨʚʽʩʥʽ ʛʘʨʘʥʪʽʾ: ʷʢ ʤʦʞʥʘ ʽʥʪʝʛʨʫʚʘʪʠ ʢʦʥʪʨʦʣʴ ʪʨʘʬʽʢʫ ʪʘ 

ʧʣʘʥʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ ʧʨʠ ʛʘʨʘʥʪʦʚʘʥʦʤʫ ʨʽʚʥʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʷʢʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ? ʋ ʨʝʰʪʽ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʤʠ ʜʝʪʘʣʽʟʫʻʤʦ ʢʦʞʥʝ 

ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʙʛʦʚʦʨʶʻʤʦ ʥʘʧʨʷʤʠ, ʷʢʽ ʤʠ ʙʝʨʝʤʦ ʚ ʥʘʰʽʡ 

ʨʦʙʦʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʠʪʘʥʴ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʠʥʽʰʥʽ ʘʧʘʨʘʪʥʽ ʧʣʘʪʬʦʨʤʠ ʤʦʞʫʪʴ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʤʝʨʝʞʽ, ʚʩʝ ʱʝ ʻ ʚʫʟʴʢʽ ʤʽʩʮʷ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʩʧʦʩʦʙʘʤʠ, ʷʢʠʤʠ ʦʨʛʘʥʽʟʦʚʘʥʘ ʦʙʨʦʙʢʘ ʧʘʢʝʪʥʠʭ ʧʨʦʛʨʘʤ ʫ ʦʧʝʨʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʽʨʪʫʘʣʽʟʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʠʡ ʤʽʩʪ ʜʣʷ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʧʘʢʝʪʽʚ ʤʽʞ 

ʚʽʨʪʫʘʣʴʥʦʶ ʤʘʰʠʥʦʶ ʪʘ ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʭʦʩʪʫ.  ɼʦʜʘʪʢʦʚʘ ʦʙʨʦʙʢʘ 



ʧʘʢʝʪʽʚ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʮʴʦʤʫ, ʻ ʥʘʢʣʘʜʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʚʽʨʪʫʘʣʽʟʘʮʽʶ, ʱʦ 

ʧʦʛʽʨʰʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʚʠʨʪʫʘʣʴʥʦʶ ʧʣʘʪʬʦʨʤʦʶ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʜʦʩʣʽʜʞʫʻʤʦ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʽʨʪʫʘʣʽʟʘʮʽʶ ʜʣʷ 

ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʪʝʭʥʦʣʦʛʽʡ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ  ̔ ʚʚʦʜʫ-

ʚʠʚʦʜʫ, ʪʘ ʚʠʚʯʘʻʤʦ, ʷʢ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʽʨʪʫʘʣʽʟʘʮʽʶ 

ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ. ʅʘʰʘ ʛʽʧʦʪʝʟʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞ (ʥʘʧʨʠʢʣʘʜ, ʤʝʨʝʞʝʚʠʭ ʽ ʚʽʨʪʫʘʣʴʥʠʭ 

ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ) ʻ ʟʥʘʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʟʘʛʘʣʦʤ ʥʝ ʨʦʟʨʦʙʣʝʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʧʣʦʱʠʥʠ ʜʘʥʠʭ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʮʝ 

ʢʦʤʙʽʥʘʮʽʷ ʜʝʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʤʦʜʫʣʽʚ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ 

ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ.  

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽʟʦʣʷʮʽʾ  

ʂʦʣʠ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʚʽʨʪʫʘʣʽʟʫʶʪʴʩʷ ʪʘ ʟʘʧʫʩʢʘʶʪʴʩʷ ʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʧʘʨʘʣʝʣʴʥʦ ʙʫʜʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʙʘʛʘʪʦ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʷʢ ʚʽʨʪʫʘʣʴʥʽ 

ʤʘʰʠʥʠ ʥʘ ʦʜʥʦʤʫ ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʽ, ʜʝ ʢʦʞʥʘ ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ 

ʤʦʞʝ ʥʘʣʝʞʘʪʠ ʽʥʰʦʤʫ ʢʣʽʻʥʪʫ. ʋ ʪʘʢʽʡ ʫʩʪʘʥʦʚʮʽ ʙʘʞʘʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʽʟʦʣʷʮʽʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʝʨʝʜ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ. ɺʠʢʦʥʘʥʥʷ ʽʟʦʣʷʮʽʾ ʻ 

ʚʣʘʩʥʽʩʪʶ ʚʽʨʪʫʘʣʽʟʦʚʘʥʦʾ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ ʥʝ ʧʦʚʠʥʥʘ 

ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽʥʰʠʭ. ʊʠʤ ʥʝ ʤʝʥʰ, ʚʘʞʢʦ ʟʙʝʨʝʛʪʠ ʽʟʦʣʷʮʽʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʩʠʩʪʝʤʥʽ ʨʝʩʫʨʩʠ ʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʚʽʨʪʫʘʣʴʥʠʤʠ 

ʤʘʰʠʥʘʤʠ, ʽ ʢʦʥʬʣʽʢʪ ʨʝʩʫʨʩʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʣʘʙʢʦʾ ʽʟʦʣʷʮʽʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʧʝʨʝʚʘʥʪʘʞʝʥʘ ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ ʤʦʞʝ 

ʧʝʨʝʧʦʚʥʶʚʘʪʠ ʟʘʛʘʣʴʥʫ ʯʝʨʛʫ ʧʘʢʝʪʽʚ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʧʘʢʝʪʽʚ 

ʜʣʷ ʽʥʰʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ. 

 ʊʝʭʥʦʣʦʛʽʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʚʥʠʡ ʨʽʚʝʥʴ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ ʽʟʦʣʷʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʣʷ ʬʫʥʢʮʽʡ ʚʽʨʪʫʘʣʴʥʦʾ 

ʤʝʨʝʞʽ. ʇʨʠʯʠʥʦʶ ʻ ʪʝ, ʱʦ ʩʝʨʝʜʦʚʠʱʝ ʭʦʩʪʫ (ʥʘʧʨʠʢʣʘʜ, ʷʜʨʦ ʦʧʝʨʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ ʤʝʨʝʞʝʚʽ ʽʥʪʝʨʬʝʡʩʠ), ʜʽʣʠʪʴʩʷ ʤʽʞ ʫʩʽʤʘ ʚʽʨʪʫʘʣʴʥʠʤʠ 



ʤʘʰʠʥʘʤʠ, ʘ ʪʘʢʦʞ ʤʝʨʝʞʝʚʠʡ ʪʨʘʬʽʢ ʥʘ ʮʴʦʤʫ ʨʽʚʝʥʴ ʥʝ ʘʩʦʮʽʶʻʪʴʩʷ ʟ 

ʚʽʨʪʫʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ, ʦʪʞʝ, ʥʝ ʽʩʥʫʻ ʞʦʜʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʧʦʣʽʪʠʢ ʨʝʟʝʨʚʫʚʘʥʥʷ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʥʘʜ ʪʨʘʬʽʢʦʤ ʚ ʩʧʽʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʷʜʨʘ ʪʘ 

ʭʦʩʪʠʥʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʣʘʙʢʦʾ ʽʟʦʣʷʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɺʭʽʜʥʠʡ ʪʨʘʬʽʢ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʭʦʩʪʠʥʛʫ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʤʝʨʝʞʝʚʽʡ ʯʝʨʟʽ, ʷʢʘ ʤʽʩʪʠʪʴ ʪʨʘʬʽʢ ʚʩʽʭ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ. ɺʭʽʜʥʠʡ ʧʘʢʝʪ ʤʦʞʝ ʙʫʪʠ ʩʢʠʥʫʪʠʡ ʯʝʨʝʟ ʢʦʥʬʣʽʢʪ ʫ 

ʯʝʨʟʽ ʱʝ ʜʦ ʪʦʛʦ, ʷʢ ʙʫʜʝ ʚʠʟʥʘʯʝʥʦ, ʜʦ ʷʢʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʥʘʣʝʞʠʪʴ 

ʪʨʘʬʽʢ. ʇʘʢʝʪʥʝ ʧʘʜʽʥʥʷ ʜʣʷ ʧʝʚʥʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʜʝʛʨʘʜʘʮʽʾ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ. ɿʥʠʞʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʯʝʨʝʟ ʢʦʥʬʣʽʢʪ ʨʝʩʫʨʩʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ʭʦʩʪʠʥʛʫ ʚʽʜʦʙʨʘʞʘʻ ʩʣʘʙʢʫ ʽʟʦʣʷʮʽʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ.  

ʄʠ ʧʝʨʝʜʙʘʯʘʻʤʦ, ʱʦ ʫʧʨʘʚʣʽʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤ ʤʝʨʝʞʝʚʠʤ 

ʪʨʘʬʽʢʦʤ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʽʟʦʣʷʮʽʾ. ʋ ʥʘʰʽʡ ʨʦʙʦʪʽ ʤʠ ʜʦʩʣʽʜʞʫʻʤʦ, ʷʢ ʥʘʜʭʦʜʞʝʥʥʷ 

ʪʨʘʬʽʢʫ ʜʣʷ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʚ ʟʘʨʝʟʝʨʚʦʚʘʥʫ ʯʝʨʛʫ 

ʤʝʨʝʞʽ ʚʩʝʨʝʜʠʥʽ NIC. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʤʠ ʚʠʚʯʘʻʤʦ, ʷʢ ʧʨʦʮʝʩʦʨʥʽ ʷʜʨʘ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʤʝʨʝʞʝʚʠʤʠ ʯʝʨʛʘʤʠ, ʱʦʙ ʧʦʰʠʨʠʪʠ ʨʦʙʦʯʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʫʥʠʢʥʫʪʠ ʩʫʧʝʨʝʯʦʢ ʟ ʙʦʢʫ CPE.  

ʉʝʨʚʽʩʥʽ ʛʘʨʘʥʪʽʾ 

ʋʛʦʜʘ ʧʨʦ ʨʽʚʝʥʴ ʩʝʨʚʽʩʫ (SLA) - ʮʝ ʜʦʛʦʚʽʨ ʤʽʞ ʢʣʽʻʥʪʦʤ ʪʘ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʧʨʦ ʨʽʚʝʥʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʥʘ ʷʢʠʡ ʩʧʦʞʠʚʘʯ ʤʦʞʝ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʽʜ ʧʦʩʪʘʯʘʣʴʥʠʢʘ. ʅʘʧʨʠʢʣʘʜ, SLA ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʛʘʨʘʥʪʽʶ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʥʽʤʘʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʝʨʝʞʽ ʘʙʦ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʟʘʪʨʠʤʢʠ ʧʘʢʝʪʽʚ. ʇʨʦʪʝ ʫ ʚʽʨʪʫʘʣʽʟʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʠʭ ʛʘʨʘʥʪʽʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ 

ʮʝ ʚʠʤʘʛʘʻ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʷʢ ʦʙʛʦʚʦʨʶʚʘʣʦʩʷ ʚʠʱʝ, 

ʘʣʝ ʡ ʥʘʣʝʞʥʽ ʟʘʩʦʙʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʨʽʚʥʽʚ ʛʘʨʘʥʪʽʡ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʋ ʧʝʚʥʽʡ ʤʽʨʽ ʧʨʦʙʣʝʤʘ ʩʭʦʞʘ ʥʘ ʧʨʦʙʣʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʩʣʫʛ ʫ ʥʝ ʚʽʨʪʫʘʣʴʥʠʭ IP-ʤʝʨʝʞʘʭ, ʜʝ ʨʽʟʥʽ ʧʦʪʦʢʠ ʤʝʨʝʞ ʢʦʥʢʫʨʫʶʪʴ ʟʘ 



ʬʽʟʠʯʥʽ ʨʝʩʫʨʩʠ, ʪʘʢʽ ʷʢ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʟʚ'ʷʟʢʫ ʪʘ ʙʫʬʝʨʥʠʡ ʧʨʦʩʪʽʨ. ʎʝ 

ʪʘʢʦʞ ʩʪʦʩʫʻʪʴʩʷ ʽ ʚʽʨʪʫʘʣʽʟʦʚʘʥʦʾ ʤʝʨʝʞʽ, ʘʣʝ, ʢʨʽʤ ʪʦʛʦ, ʽʩʥʫʻ ʪʘʢʦʞ 

ʢʦʥʢʫʨʝʥʮʽʷ ʜʣʷ ʨʝʩʫʨʩʽʚ ʦʙʯʠʩʣʝʥʴ ʭʦʩʪʘ ʩʝʨʝʜ ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʚʽʨʪʫʘʣʴʥʦʾ 

ʤʝʨʝʞʽ. 

ʂʨʽʤ ʪʦʛʦ, ʨʽʟʥʽ ʚʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ ʫ ʚʽʨʪʫʘʣʴʥʽʡ ʤʝʨʝʞʽ ʤʦʞʫʪʴ 

ʥʘʣʝʞʘʪʠ ʜʦ ʨʽʟʥʠʭ ʤʝʨʝʞʝʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʪʦʤʫ ʤʝʨʝʞʝʚʠʡ ʪʨʘʬʽʢ ʥʝ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʻʜʠʥʦʛʦ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʜʦʤʝʥʫ. ʊʦʤʫ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʪʨʘʬʽʢʫ ʨʽʟʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ 

ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʥʘʜʘʥʥʷ ʛʘʨʘʥʪʽʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʋ ʥʘʰʽʡ ʨʦʙʦʪʽ ʤʠ ʜʦʩʣʽʜʞʫʻʤʦ, ʷʢ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʛʘʨʘʥʪʽʾ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʟʘʪʨʠʤʢʠ ʜʣʷ ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ. ʅʘʰʘ 

ʛʽʧʦʪʝʟʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʷʤʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʦʪʦʢʦʤ ʤʝʨʝʞʝʚʦʛʦ 

ʪʨʘʬʽʢʫ ʢʦʞʥʦʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ 

ʛʘʨʘʥʪʽʾ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ, ʪʘʢ ʽ ʟʘʪʨʠʤʢʠ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʚʽʨʪʫʘʣʴʥʽ IP-ʤʝʨʝʞʽ ʚʞʝ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʛʘʨʘʥʪʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ ʜʣʷ ʨʽʟʥʠʭ ʢʦʥʢʫʨʫʶʯʠʭ ʤʝʨʝʞʝʚʠʭ ʧʦʪʦʢʽʚ, ʧʨʷʤʦ 

ʨʝʛʫʣʶʶʯʠ ʾʭ ʚʽʜʧʨʘʚʣʝʥʥʷ ʪʘ ʧʨʠʙʫʪʪʷ ʚ ʧʘʢʝʪ. ʋ ʮʴʦʤʫ ʨʝʛʽʦʥʽ ʪʘʢʽ 

ʤʝʭʘʥʽʟʤʠ, ʷʢ ʢʦʥʪʨʦʣʴ ʨʽʚʥʷ ʯʘʩʪʦʪʠ ʪʦʢʝʥʽʚ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʧʘʢʝʪʽʚ Weighted 

Fair Queuing, ʻ ʜʦʙʨʝ ʥʘʣʘʛʦʜʞʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʜʘʥʥʷ ʛʘʨʘʥʪʽʡ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ɺʠʩʥʦʚʢʠ 

ʄʠ ʚʽʜʟʥʘʯʠʣʠ, ʱʦ ʙʘʛʘʪʦ ʧʦʪʦʯʥʠʭ ʨʽʰʝʥʴ NFV, ʦʩʦʙʣʠʚʦ ʟ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʦʣʷʛʘʶʪʴ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʚ ʦʙ'ʻʜʥʘʥʥʽ ʨʝʩʫʨʩʽʚ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ, ʨʦʟʤʽʱʝʥʠʭ ʫ ʭʤʘʨʽ, ʘ ʥʝ ʥʘ ʨʝʘʣʴʥʽʡ ʧʽʜʪʨʠʤʮʽ 

ʛʥʫʯʢʦʩʪʽ, ʩʫʤʽʩʥʦʩʪʽ, ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʦʨʢʝʩʪʨʦʚʢʠ ʽ ʩʝʨʚʽʩʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ, ʱʦ ʻ ʦʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʣʷ NFV. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʪʘʢʽ 

ʨʝʘʣʽʟʘʮʽʾ ʙʫʜʫʪʴ ʧʨʦʜʦʚʞʫʚʘʪʠ ʟʨʦʩʪʘʪʠ, ʧʝʨʰ ʥʽʞ NFV ʩʪʘʥʝ ʧʦʚʥʽʩʪʶ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦ .ʁ ʆʩʢʽʣʴʢʠ NFV ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʟ ʣʘʙʦʨʘʪʦʨʽʡ ʽ PoCs ʥʘ 



ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʢʦʤʝʨʮʽʡʥʽ ʨʦʟʛʦʨʪʘʥʥʷ, ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʽʥʚʝʩʪʫʶʪʴ ʟʥʘʯʥʽ 

ʨʝʩʫʨʩʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʨʽʰʝʥʴ NFV.  

ʄʠ ʨʦʟʛʣʷʥʫʣʠ ʧʽʜʭʦʜʠ SDN ʪʘ NFV. ʄʠ ʟʘʙʝʟʧʠʣʠ ʦʩʥʦʚʫ ʜʣʷ 

ʬʦʨʤʘʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʷʢ ʤʘʡʙʫʪʥʴʦʾ ʨʦʙʦʪʠ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʣʠ 

ʧʨʦʪʦʪʠʧ ʙʽʟʥʝʩ-ʤʦʜʝʣʽ ʢʦʥʮʝʧʮʽʾ ʥʘʙʣʠʞʝʥʥʷ ʬʫʥʢʮʽʾ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ. 

  



ʈʆɿɼɯʃ 4. ʄɽʊʆɼ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʄɽʈɽɾɯ ɿɸ 

ʈɸʍʋʅʆʂ ɺʀʂʆʈʀʉʊɸʅʅʗ VNF 

ʄʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʤʝʨʝʞʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ 

ɺʽʨʪʫʘʣʽʟʘʮʽʶ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ (NFV) ʧʦʩʪʫʧʦʚʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ɯʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʠ (ISPs) ʫ ʾʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ (VNF), ʘʙʠ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʢʣʽʻʥʪʽʚ.  

ʄʦʪʠʚʘʮʽʻʶ ʜʦ ʮʠʭ ʟʤʽʥ ʻ ʧʽʜʚʠʱʝʥʥʷ ʢʝʨʦʚʘʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ 

ʧʨʦʩʪʦʨʫ, ʥʘʜʘʥʽ ʚʽʨʪʫʘʣʽʟʘʮʽʻʶ, ʟʘ ʮʽʥʦʶ, ʷʢʘ ʩʪʘʻ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʶ 

ʚʽʜʥʦʩʥʦ ʟʘʩʪʘʨʽʣʠʭ ʬʫʥʢʮʽʡ ʬʽʟʠʯʥʦʾ ʤʝʨʝʞʽ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʦʧʪʠʤʽʟʘʮʽʾ 

ʤʝʨʝʞʽ, ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʟʘ ʨʘʭʫʥʦʢ VNF ʯʝʨʝʟ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ 

ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ VNF ʱʦʜʦ ʩʫʯʘʩʥʦʛʦ ʨʽʚʥʷ: ʙʽʪʨʝʡʪ ʢʦʞʥʦʛʦ 

ʧʦʪʦʢʫ ʧʦʧʠʪʫ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʟʜʦʚʞ ʤʝʨʝʞʽ VNF, ʦʙʨʦʙʢʠ VNF, ʘ 

ʟʘʪʨʠʤʢʘ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʚʠʤʦʛʘʤʠ ʚʽʜʩʪʝʞʝʥʥʷ ʪʨʘʬʽʢʫ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʤʝʨʝʞʫ NFV, ʧʨʠʜʘʪʥʫ ʜʣʷ ʦʧʝʨʘʮʽʡ ʽʥʪʝʨʥʝʪ-

ʧʨʦʚʘʡʜʝʨʘ. ʄʠ ʚʠʟʥʘʯʘʻʤʦ ʟʘʛʘʣʴʥʫ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʤʝʨʝʞʽ ʯʝʨʝʟ VNF ʽ ʨʦʟʨʦʙʠʤʦ ʧʨʦʛʨʘʤʥʫ ʤʦʜʝʣʴ, ʟʨʦʙʠʤʦ ʚʠʩʥʦʚʢʠ ʧʨʦ 

ʤʦʞʣʠʚʽ ʢʦʤʧʨʦʤʽʩʠ ʤʽʞ ʜʦʩʷʛʥʫʪʠʤʠ ʮʽʣʷʤʠ ɯʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʘ, ʱʦ 

ʽʩʥʫʚʘʣʠ ʚ ʤʠʥʫʣʦʤʫ, ʪʘ ʥʦʚʽʪʥʽʤʠ ʮʽʣʷʤʠ TE-NFV ʯʝʨʝʟ ʤʦʜʝʣʶʚʘʥʥʷ ʥʦʚʠʭ 

ʪʦʧʦʣʦʛʽʡ ʜʣʷ ɯʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʽʚ. 

3.1. ʊʝʭʥʽʯʥʽ ʧʠʪʘʥʥʷ NFV 

 

ɿ ʧʦʷʚʦʶ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ (NFV) [1], [2] ʫʚʘʛʫ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʜʘʥʠʡ ʯʘʩ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʘʭ ʩʠʩʪʝʤ NFV ʯʝʨʝʟ  

Standards Developing Organizations  (SDO). ʂʣʶʯʦʚʽ ʘʩʧʝʢʪʠ, ʧʨʦ ʷʢʽ ʚʘʨʪʦ 

ʟʛʘʜʘʪʠ, ʪʘʢʽ: 

1. ʅʘʜʘʥʥʷ ʧʦʩʣʫʛ ʚʽʨʪʫʘʣʽʟʘʮʽʾ; 



2. ʆʨʢʝʩʪʨʘʮʽʷ ʧʨʦʮʝʩʽʚ  ʥʘʜ VNF ʚʫʟʣʘʤʠ ʷʢ ʬʫʥʢʮʽʷ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʦʧʠʪʽʚ ʜʦ ʽʩʥʫʶʯʠʭ ʣʘʥʮʶʛʽʚ VNF ʘʙʦ ʧʽʜʨʷʜʢʦʚʠʭ ʣʘʥʮʶʛʽʚ; 

3. ɿʤʽʥʠ ʚʭʽʜʥʠʭ / ʚʠʭʽʜʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʜʘʯʽ ʚ VNF ʯʝʨʝʟ 

ʢʦʥʢʨʝʪʥʽ VNF ʦʧʝʨʘʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʩʪʠʩʥʝʥʥʷ / ʜʝʢʦʤʧʨʝʩʽʷ); 

4. ʆʙʨʦʙʢʘ  VNF ʪʘ ʧʝʨʝʘʜʨʝʩʘʮʽʷ ʣʘʪʝʥʪʥʦʩʪʽ ʷʢ ʧʘʨʘʤʝʪʨʘ 

ʦʨʢʝʩʪʨʦʚʢʠ. 

ETSI ʜʝ-ʬʘʢʪʦ ʚʠʟʥʘʣʦ SDO ʝʪʘʣʦʥʥʦʶ ʩʧʝʮʠʬʽʢʘʮʽʻʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ NFV. ETSI ʚʠʟʥʘʯʘʻ ʪʨʠ ʨʽʚʥʽ ʜʣʷ ʘʨʭʽʪʝʢʪʫʨʠ 

NFV: ʚʽʨʪʫʘʣʴʥʽ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ (VNF), ʚʫʟʣʠ; NFV Infrastructure (NFVI), 

ʚʢʣʶʯʘʶʯʠ ʝʣʝʤʝʥʪʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʘʧʫʩʢʫ VNF, ʪʘʢʽ ʷʢ ʚʫʟʦʣ ʛʽʧʝʨʚʽʟʦʨʘ ʪʘ 

ʢʣʘʩʪʝʨʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ; ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʨʢʝʩʪʨʫʚʘʥʥʷ (MANO), ʦʙʨʦʙʢʘ 

ʦʧʝʨʘʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʟʘʧʫʩʢʫ, ʤʽʛʨʘʮʽʾ, ʦʧʪʠʤʽʟʘʮʽʾ ʚʫʟʣʽʚ ʽ ʤʝʨʝʞ VNF, 

ʟʚ'ʷʟʢʫ ʟ ʤʝʨʝʞʝʚʠʤ ʦʨʢʝʩʪʨʘʪʦʨʦʤ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ NFV ʜʣʷ ʤʝʨʝʞ ʦʧʝʨʘʪʦʨʽʚ ʻ ʚʽʨʪʫʘʣʴʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʠʤʽʱʝʥʴ ʢʣʽʻʥʪʽʚ (vCPE), ʷʢʝ ʻ ʩʧʨʦʱʝʥʦʶ ʤʦʜʝʣʣʶ CPE  

ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʤʝʨʝʞʝʚʠʭ 

ʬʫʥʢʮʽʡ, ʨʦʟʤʽʱʝʥʠʭ ʫ ʤʝʨʝʞʘʭ ʜʦʩʪʫʧʫ ʪʘ ʘʛʨʝʛʘʮʽʾ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1. ʆʧʝʨʘʮʽʾ MANO ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʠʡ ʭʘʨʘʢʪʝʨ 

ʘʨʭʽʪʝʢʪʫʨ NFV, ʪʘʢʠʭ ʷʢ ʣʘʪʝʥʪʥʽʩʪʴ / ʪʨʘʬʽʢ ʦʙʤʝʞʫʻʪʴʩʷ ʷʢ ʚʫʟʣʦʤ VNF, 

ʪʘʢ ʽ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʜʝʷʢʽ VNF ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʚʭʽʜʥʠʡ ʙʽʪʨʝʡʪ, 

ʩʪʠʩʢʘʶʯʠ ʘʙʦ ʨʦʟʧʘʢʦʚʫʶʯʠ ʡʦʛʦ ʽ ʪ. ʜ. ʋ ʮʴʦʤʫ ʥʘʰʘ ʨʦʙʦʪʘ ʥʝʩʝ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ: 

- ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʧʨʦʙʣʝʤʫ ʽ ʬʦʨʤʫʣʶʻʤʦ ʟʘ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ VNF (VNF-PR), ʚʢʣʶʯʘʶʯʠ ʦʙʤʝʞʝʥʥʷ 

ʩʪʠʩʥʝʥʥʷ / ʜʝʢʦʤʧʨʝʩʽʾ ʪʘ ʜʚʘ ʨʝʞʠʤʠ ʧʝʨʝʘʜʨʝʩʘʮʽʾ ʣʘʪʝʥʪʥʦʩʪʽ (ʟ ʽ ʙʝʟ 

ʰʚʠʜʢʦʛʦ ʰʣʷʭʫ), ʷʢ ʧʽʜ ʮʽʣʷʤʠ TE, ʪʘʢ ʽ NFV. 

- ʤʠ ʨʦʟʨʦʙʣʷʻʤʦ ʤʘʪʝʤʘʪʠʢʦ-ʝʚʨʠʩʪʠʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʥʘʤ ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʚʠʧʘʜʢʽʚ ʧʨʦʪʷʛʦʤ ʧʨʠʡʥʷʪʥʦʛʦ ʯʘʩʫ 

ʚʠʢʦʥʘʥʥʷ. 



-  ʤʠ ʦʮʽʥʶʻʤʦ ʥʘʰʝ ʨʽʰʝʥʥʷ ʥʘ ʨʝʘʣʽʩʪʠʯʥʠʭ ʥʘʣʘʰʪʫʚʘʥʥʷʭ. ʄʠ 

ʬʦʨʤʫʣʶʻʤʦ ʤʝʪʦʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ VNF ʱʦʜʦ ʩʪʨʘʪʝʛʽʡ 

ʨʦʟʛʦʨʪʘʥʥʷ NFV. 

 

ʈʠʩʫʥʦʢ 1. ɿ'ʻʜʥʘʥʥʷ VNF ʟ ʚʽʨʪʫʘʣʽʟʦʚʘʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʧʽʜ ʟʘʤʦʚʥʠʢʽʚ 

ʧʨʠʤʽʱʝʥʴ (vCPE) 

 

ɼʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʚ ʩʚʦʾʭ ʨʦʙʦʪʘʭ ʟ ʦʨʢʝʩʪʨʦʚʢʠ VNF ʩʭʠʣʴʥʽ 

ʩʢʦʥʮʝʥʪʨʫʚʘʪʠ ʮʶ ʧʨʦʙʣʝʤʫ ʥʘ ʧʨʦʙʣʝʤʽ ʚʙʫʜʦʚʘʥʦʩʪʽ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ 

(VNE). ʅʘʧʨʠʢʣʘʜ, VNF ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʷʢ ʟʚʠʯʘʡʥʽ ʚʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ 

(VM), ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʤʝʨʝʞʽ VM ʢʦʥʪʝʡʥʝʨʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ 

ʩʦʙʦʶ ʯʝʨʝʟ ʬʽʟʠʯʥʽ ʧʦʩʠʣʘʥʥʷ, ʷʢʽ ʤʽʩʪʷʪʴ ʣʦʛʽʯʥʽ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʠʤʦʛʠ 

ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʂʦʞʥʠʡ ʩʝʨʚʽʩʥʠʡ ʣʘʥʮʶʛ ʤʘʻ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ, 

ʟʦʢʨʝʤʘ, ʚʠʤʦʛʠ ʧʨʦ ʢʽʥʮʝʚʫ ʟʘʪʨʠʤʢʫ. 

ʈʦʟʤʽʱʝʥʥʷ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʤʝʨʝʞ ʟ VNF ʻ ʧʨʦʙʣʝʤʦʶ, ̫ʢʘ 

ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʦʙʣʝʤʠ VNE. ʗʢ ʽ ʫ VNE, ʚʫʟʣʠ ʚʽʨʪʫʘʣʴʥʦʾ 

ʤʝʨʝʞʽ ʧʦʪʨʽʙʥʦ ʧʦʤʽʩʪʠʪʠ ʚ ʦʩʥʦʚʥʫ ʬʽʟʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʆʜʥʘʢ, 



ʽʥʘʢʰʝ, ʥʽʞ VNE, ʚ ʤʝʨʝʞʘʭ VNF: (i) ʧʦʧʠʪ ʥʝ ʻ ʟʘʧʠʪʦʤ ʥʘ ʙʘʛʘʪʦʪʦʯʢʦʚʝ 

ʟ'ʻʜʥʘʥʥʷ ʟ ʤʝʨʝʞʝʶ, ʘ ʻ ʧʦʧʠʪʦʤ ʥʘ ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʧʦʪʦʯʥʦʛʦ ʜʞʝʨʝʣʘ 

ñʪʦʯʢʘ-ʪʦʯʢʘò ʪʘ (ii) ʩʧʝʮʠʬʽʯʥʽ ʘʩʧʝʢʪʠ NFV, ʪʘʢʽ ʷʢ ʧʝʨʝʘʜʨʝʩʘʮʽʷ ʟʘʪʨʠʤʢʠ, 

ʟʤʽʥʠ ʚʭʽʜʥʦʛʦ / ʚʠʭʽʜʥʦʛʦ ʙʽʪʨʝʡʪʫ, ʘ ʪʘʢʦʞ ʣʘʥʮʶʛʫʚʘʥʥʷ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʚ VNE, ʽ ʾʭ ʚʢʣʶʯʝʥʥʷ ʱʝ ʙʽʣʴʰʝ ʟʙʽʣʴʰʠʪʴ ʩʢʣʘʜʥʽʩʪʴ ʯʘʩʫ.  

ʋ ʮʴʦʤʫ ʩʝʥʩʽ ʧʨʦʙʣʝʤʘ ʟ'ʻʜʥʘʥʥʷ VNF ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʨʦʙʣʝʤ 

ʣʦʢʘʣʽʟʘʮʽʾ ʦʙ'ʻʢʪʘ, ʪʦʜʽ ʷʢ VNE ʻ ʧʨʦʙʣʝʤʦʶ ʚʽʜʦʙʨʘʞʝʥʥʷ. 

3.2. ʇʨʦʙʣʝʤʘʪʠʢʘ 

 

ʋ ʩʫʯʘʩʥʽʡ ʪʝʭʥʽʮʽ ʨʦʙʦʪʠ ʟ NFV ʦʨʢʝʩʪʨʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʧʨʦʙʣʝʤʫ ʧʨʦ ʚʙʫʜʦʚʫʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ (VNE). ʅʘʧʨʠʢʣʘʜ VNF 

ʦʙʨʦʙʣʷʶʪʴʩʷ ʷʢ ʟʚʠʯʘʡʥʽ ʚʽʨʪʫʘʣʴʥʽ ʤʘʰʠʥʠ (VM), ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʚʽʜʥʝʩʝʥʽ ʜʦ ʤʝʨʝʞʽ ʢʦʥʪʝʡʥʝʨʽʚ VM, ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ ʬʽʟʠʯʥʽ 

ʧʦʩʠʣʘʥʥʷ, ʷʢʽ ʤʽʩʪʷʪʴ ʣʦʛʽʯʥʽ ʧʦʩʠʣʘʥʥʷ ʚʠʤʦʛ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ. 

ɸʥʘʣʦʛʽʯʥʦ, ʤʦʞʣʠʚʝ ʨʦʟʤʽʱʝʥʥʷ VNF ʟ'ʻʜʥʘʥʴ, ʷʢʝ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ 

ʪʨʘʥʩʧʦʨʪʠʟʘʮʽʶ ʤʘʨʰʨʫʪʽʚ ʪʘ VNE ʣʘʥʮʶʛʽʚ, ʩʧʦʯʘʪʢʫ ʚʠʨʽʰʫʶʯʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ, ʘ ʧʦʪʽʤ - ʟʤʽʥʫ ʣʘʥʮʶʛʽʚ. ɼʦ ʪʦʛʦ ʞ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʩʧʘʜʢʦʚʫ 

ʧʨʦʙʣʝʤʫ VNEʙ ʷʢʘ ʤʘʻ ʜʚʽ ʩʢʣʘʜʦʚʽ: VNF-ʟ'ʻʜʥʘʥʥʷ ʪʘ VF-ʚʢʣʘʜʠ, ʜʝ ʚ 

ʣʘʥʮʶʞʢʫ ʧʦʩʣʫʛ ʚʙʫʜʦʚʘʥʦ VM, ʘ ʢʦʞʝʥ VM - ʨʦʟʪʘʰʦʚʘʥʠʡ  ʥʘ ʬʽʟʠʯʥʠʭ 

ʩʝʨʚʝʨʘʭ. ʂʦʞʥʝ ʩʝʨʚʽʩʥʠʡ ʣʘʥʮʶʛ ʤʘʻ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ, ʟʦʢʨʝʤʘ, - ʚʠʤʦʛʘ 

ʢʽʥʮʝʚʦʾ ʟʘʪʨʠʤʢʠ. 

ʈʦʟʤʽʱʝʥʥʷ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʷ VNF ʣʘʥʮʶʛʽʚ - ʮʝ ʧʨʦʙʣʝʤʘ, ʷʢʘ 

ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʨʦʙʣʝʤʠ VNE. ʗʢ ʽ ʫ VNE, ʚʫʟʣʠ ʚʽʨʪʫʘʣʴʥʦʾ 

ʤʝʨʝʞʽ ʧʦʪʨʽʙʥʦ ʧʦʤʽʩʪʠʪʠ ʚ ʦʩʥʦʚʥʫ ʬʽʟʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʇʨʦʪʝ, ʽʥʘʢʰʝ 

ʷʢ VNE, ʚ ʧʦʻʜʥʘʥʥʽ ʟ VNF: 

(i) ʧʦʧʠʪ ʥʝ ʻ ʟʘʧʠʪʦʤ ʤʝʨʝʞʽ ʟ ʤʥʦʞʠʥʥʠʤ ʯʠʩʣʦʤ ʪʦʯʦʢ, ʘ ʷʢ ʧʦʧʠʪ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʧʦʪʦʢʫ ʜʞʝʨʝʣʦ-ʧʨʠʟʥʘʯʝʥʥʷ ʪʦʯʢʘ-ʪʦʯʢʘ  

(ii) ʢʦʥʢʨʝʪʥʽ ʘʩʧʝʢʪʠ NFV, ʪʘʢʽ ʷʢ ʧʝʨʝʘʜʨʝʩʘʮʽʷ ʣʘʪʝʥʪʥʦʾ ʧʦʚʝʜʽʥʢʠ, 

ʟʤʽʥʘ ʙʽʪʨʝʡʪʫ ʚʭʽʜ / ʚʠʭʽʜ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ VNE, ʽ ʾʭ ʚʢʣʶʯʝʥʥʷ  



ʟʙʽʣʴʰʠʪʴ ʱʽʣʴʥʽʩʪʴ ʯʘʩʫ. ʋ ʮʴʦʤʫ ʩʝʥʩʽ ʧʨʦʙʣʝʤʘ VNF ʙʣʠʟʴʢʘ ʜʦ ʧʨʦʙʣʝʤʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ, ʪʦʜʽ ʷʢ VNE ʻ ʧʨʦʙʣʝʤʦʶ ʟôʻʜʥʘʥʴ. 

ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʩʧʦʩʽʙ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ NFV MANO ʧʦʣʷʛʘʻ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʧʨʦʙʣʝʤʠ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ VNF (VNF-PR), 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʜʘʧʪʦʚʘʥʦʾ ʜʦ ʩʝʨʝʜʦʚʠʱʘ NFV, ʟ ʤʝʪʦʶ ʱʽʣʴʥʦʩʪʽ ʯʘʩʫ, 

ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʝ ʪʘʢʦʞ 

ʧʽʜʭʽʜ, ʧʨʠʡʥʷʪʠʡ ʢʽʣʴʢʦʤʘ ʥʘʧʨʷʤʘʤʠ: 

- ʦʨʢʝʩʪʨʫʚʘʥʥʷ VNF, ʤʦʜʝʣʶʶʯʠ ʡʦʛʦ ʷʢ ʟʘʜʘʯʫ ʧʣʘʥʫʚʘʥʥʷ VNF 

ʽ ʧʨʦʧʦʥʫʶʯʠ ʤʘʰʪʘʙʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟʘ ʨʘʭʫʥʦʢ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ. 

- ʧʨʦʙʣʝʤʫ VNF-PR ʜʣʷ ʩʝʨʝʜʦʚʠʱ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ ʦʧʪʠʯʥʠʤʠ ʪʘ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʬʦʨʤʫʣʶʶʯʠ ʧʨʦʙʣʝʤʫ ʷʢ ʟʘʚʜʘʥʥʷ ʧʦʜʚʽʡʥʦʛʦ 

ʮʽʣʴʦʚʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʾʾ 

ʚʠʨʽʰʝʥʥʷ.  

- ʧʨʦʙʣʝʤʘ ʨʦʟʤʽʱʝʥʥʷ VNF ʚʫʟʣʘ ʟ ʢʦʥʢʨʝʪʥʦ ʚʠʟʥʘʯʝʥʠʤ 

ʜʦʢʣʘʜʥʠʤ ʘʥʘʣʽʟʦʤ ʧʘʢʝʪʽʚ (DPI), ʟ ʬʦʨʤʘʣʴʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʪʘ 

ʝʚʨʠʩʪʠʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʾʾ ʚʠʨʽʰʝʥʥʷ.  

3.3. ʆʧʠʩ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ 

ʅʠʞʯʝ ʤʠ ʥʘʜʘʻʤʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʙʣʝʤʠ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽ ʾ

VNF (VNF-PR) ʪʘ ʬʦʨʤʫʣʶʻʤʦ ʤʘʪʝʤʘʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʴ.  

A. ʇʨʦʙʣʝʤʘ. 

ʇʨʦʙʣʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʤʘʨʰʨʫʪʠʟʘʮʽʾ (VNF-PR) ʚʽʨʪʫʘʣʴʥʠʭ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ 

ɿʘʚʜʘʥʥʷ. ɿʘʜʘʥʠʡ ʛʨʘʬʫ ʤʝʨʝʞʽ G (N; A), ʜʝ N ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ 

ʚʫʟʣʽʚ, A ʥʘʙʽʨ ʜʫʛ ʤʽʞ ʚʫʟʣʘʤʠ, Nv  N īʩʫʢʫʧʥʽʩʪʴ ʚʫʟʣʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ 

ʧʽʜ NFVI ʩʝʨʚʝʨʥʽ ʢʣʘʩʪʝʨʠ . ɺʨʘʭʦʚʫʶʯʠ ʥʘʙʽʨ ʟʘʧʠʪʽʚ D, ʢʦʞʝʥ ʟʘʧʠʪ k  

D,  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ok, ʥʘʧʨʷʤʢʦʤ tk, ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ bk ʪʘ 

ʥʘʙʦʨʦʤ VNF ʨʽʟʥʠʭ ʪʠʧʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʢʨʘʡʦʚʽ ʧʦʪʦʢʠ, 

ʟʘʜʘʯʝʶ ʦʧʪʠʤʽʟʘʮʽʾ VNF-PR ʻ ʟʥʘʡʪʠ:  



- ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʚʫʟʣʽʚ VNF ʧʽʜ NFVI ʢʣʘʩʪʝʨʘʤʠ ;  

-  ʦʧʪʠʤʘʣʴʥʝ ʧʨʠʩʚʦʻʥʥʷ ʧʦʧʠʪʽʚ ʜʦ VNF ʣʘʥʮʶʛʽʚ ʥʘ ʧʨʝʜʤʝʪ: 

-  ʆʙʤʝʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ NFVI ʢʣʘʩʪʝʨʫ; 

-  ʆʙʤʝʞʝʥʥʷ ʩʪʠʩʥʝʥʥʷ / ʜʝʢʦʤʧʨʝʩʽʾ VNF ʧʦʪʦʢʫ; 

- ʆʙʤʝʞʝʥʥʷ ʧʝʨʝʘʜʨʝʩʘʮʽʟʘʪʨʠʤʢʠ VNF; 

- ʆʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ VNF ʚʫʟʣʘ  

 

ʄʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʧʦʰʫʢ  ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʷʢ ʥʘ ʨʽʚʥʽ 

ʤʝʨʝʞʽ, ʪʘʢ ʽ ʥʘ ʨʽʚʥʽ NFVI. ʋ ʥʘʰʽʡ ʤʝʨʝʞʝʚʽʡ ʤʦʜʝʣʽ ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʷʢ 

ʤʝʨʝʞʝʚʫ ʤʝʪʨʠʢʫ ʥʘ ʨʽʚʥʽ ʢʣʘʩʠʯʥʦʾ ʊɽ ʤʝʪʨʠʢʠ, ʪʦʙʪʦ ʤʽʥʽʤʽʟʘʮʽʶ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʘʢ ʽ ʤʝʪʨʠʢʫ ʨʽʚʥʷ NFVI ʷʢ ʤʽʥʽʤʽʟʘʮʽʶ 

ʚʠʜʽʣʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʤʠ ʧʨʠʧʫʩʢʘʻʤʦ ʱʦ: 

- ʜʝʢʽʣʴʢʘ VNFs ʦʜʥʦʛʦ ʪʠʧʫ ʤʦʞʝ ʙʫʪʠ ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʦʜʥʦʤʫ 

ʚʫʟʣʽ, ʘʣʝ ʢʦʞʝʥ ʟʘʧʠʪ ʥʝ ʤʦʞʝ ʨʦʟʧʦʜʽʣʠʪʠ ʧʦʪʽʢ ʥʘ ʢʽʣʴʢʘ VNF ʪʦʛʦ ʞ ʪʠʧʫ. 

- ʨʽʟʥʽ ʰʘʙʣʦʥʠ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ (VM) ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ VNF, 

ʢʦʞʝʥ ʽʟ ʷʢʠʭ ʤʘʻ ʨʽʟʥʽ ʦʙʯʠʩʣʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʥʘʧʨʘʚʣʝʥʽ ʥʘ 

ʟʘʪʨʠʤʢʫ ʧʝʨʝʜʘʯʽ VNF. 

- ʉʧʦʞʠʚʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ VNF ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʦ 

ʚ ʪʝʨʤʽʥʘʭ ʞʠʚʦʛʦ ʨʝʩʫʨʩʫ ʧʘʤ'ʷʪʽ (ʥʘʧʨʠʢʣʘʜ, ʆɿʇ) ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʨʦʮʝʩʦʨʽʚ (ʎʇ), ʧʨʦʪʝ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʱʦʙ 

ʽʥʪʝʛʨʫʚʘʪʠ ʽʥʰʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ. 

-  ɿʘʪʨʠʤʢʘ, ʚʚʝʜʝʥʘ VNF, ʤʦʞʝ ʩʣʽʜʫʚʘʪʠ ʦʜʥʦʤʫ ʟ ʜʚʦʭ 

ʥʘʩʪʫʧʥʠʭ ʨʝʞʠʤʽʚ (ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.2): 



 
ʈʠʩ 2. ʇʨʠʢʣʘʜ ʧʨʦʬʽʣʽʚ ʣʘʪʝʥʪʥʦʩʪʽ ʧʝʨʝʘʜʨʝʩʘʮʽʾ VNF. 

 

1.  ʉʪʘʥʜʘʨʪʥʠʡ: VNFs ʤʘʶʪʴ ʙʫʬʝʨʠ, ʱʦ ʥʘʧʨʘʚʣʝʥʘ ʟʘʪʨʠʤʢʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʬʨʘʛʤʝʥʪ  ʦʧʫʢʣʦʾ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʩʫʢʫʧʥʦʾ ʙʽʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʥʘ VNF. ʎʝ ʜʠʬʦʣʪʥʠʡ ʚʠʧʘʜʦʢ VNF ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟ ʟʘʤʽʥʦʶ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʩʦʢʝʪʥʠʭ ʙʫʬʝʨʽʚ. 

2. ʐʚʠʜʢʠʡ: VNF ʚʧʨʦʚʘʜʞʝʥʽ ʙʝʟ ʙʫʬʝʨʽʚ ʘʙʦ ʟ ʜʫʞʝ ʤʘʣʝʥʴʢʠʤ 

ʙʫʬʝʨʦʤ (1-2 ʧʘʢʝʪʠ), ʪʘʢ ʱʦ ʥʘʧʨʘʚʣʝʥʘ ʣʘʪʝʥʪʥʽʩʪʴ ʟʨʦʩʪʘʻ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʫʢʫʧʥʦʾ ʙʽʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ, ʧʽʩʣʷ ʷʢʦʾ ʧʘʢʝʪʠ ʩʢʠʜʘʶʪʴʩʷ. 

ʅʘ ʨʠʩʫʥʢʫ 2 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʧʝʨʝʘʜʨʝʩʘʮʽʾ ʥʘʧʨʘʚʣʝʥʦʾ ʟʘʪʨʠʤʢʠ 

ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʽʚ (ʟ ʜʚʦʤʘ ʰʘʙʣʦʥʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʝʩʪʽʚ). 

- ɼʣʷ ʢʦʞʥʦʛʦ ʟʘʧʠʪʫ ʪʘ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʘ NFVI ʤʦʞʝ ʙʫʪʠ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʪʽʣʴʢʠ ʦʜʠʥ VNF ʩʪʠʩʥʝʥʥʷ / ʜʝʢʦʤʧʨʝʩʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʪʨʠʤʘʪʠ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʥʘ ʧʨʠʡʥʷʪʥʦʤʫ ʨʽʚʥʽ, ʥʘʜʤʽʨʥʦ ʥʝ ʟʤʝʥʰʫʶʯʠ VNF 

ʨʦʟʤʽʱʝʥʥʷ. 

- ʂʦʞʝʥ ʤʝʨʝʞʥʠʡ ʚʫʟʦʣ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʡ ʟ NFVI ʢʣʘʩʪʝʨʥʠʤ 

ʚʫʟʣʦʤ. 

 



3.4. ʄʘʪʝʤʘʪʠʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʋ ʪʘʙʣʠʮʽ I ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʧʦʟʥʘʯʝʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʬʦʨʤʫʣʶʚʘʥʥʽ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟʤʽʰʘʥʦʛʦ 

ʮʽʣʦʛʦ ʯʠʩʣʘ (MILP) ʟʘʜʘʯʽ VNF-PR.  

Na  ʚʫʟʦʣ ʜʦʩʪʫʧʫ 

N`
a 

 

ɼʫʙʣʶʚʘʥʥʷ ʚʫʟʣʽʚ ʜʦʩʪʫʧʫ, ʽ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʧʠʪ 

Nc ɸʛʨʝʛʘʮʽʷ / ʦʩʥʦʚʥʽ ʚʫʟʣʠ 

Nv ɺʫʟʣʠ, ʚ ʢʦʪʨʠʭ ʟʥʘʭʦʜʷʪʴʩʷ VNF  

Nv= Na  Nc 

 

N  

 

ʅʘʙʽʨ ʚʩʽʭ ʚʫʟʣʽʚ 

N= Na  Nv 

A ʥʘʙʽʨ ʚʩʽʭ ʜʫʛ A NN 

D  ʧʦʧʠʪʠ 

R  ʪʠʧʠ ʨʝʩʫʨʩʽʚ (ʧʨʦʮʝʩʦʨ, ʦʧʝʨʘʪʠʚʥʘ ʧʘʤ'ʷʪʴ, ʧʘʤ'ʷʪʴ) 

F ʊʠʧʠ VNF 

Cf ʥʘʙʽʨ ʤʦʞʣʠʚʠʭ ʢʦʧʽʡ VNF ʪʠʧʫ f 

T ʥʘʙʽʨ ʢʦʥʬʽʛʫʨʘʮʽʡ ʰʘʙʣʦʥʽʚ VM 

ok ʧʦʭʦʜʞʝʥʥʷ ʧʦʧʠʪʫ k ệ D 

tk ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʧʠʪʫ k ệ D 

bk qt (ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ) ʧʦʧʠʪʫ k ệ D 

mkl 1, ʷʢʱʦ ʟʘʧʠʪ k ệ D ʚʠʤʘʛʘʻ VNF l ệ F 

iʝj  ʻʤʥʽʩʪʴ ʜʫʛʠ 

ɚij  ʣʘʪʝʥʪʥʽʩʪʴ ʟʚ'ʷʟʢʫ 

Mi ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʙʩʷʛ ʪʨʘʬʽʢʫ, ʷʢʠʡ ʤʦʞʥʘ ʟʤʽʥʠʪʠ 

ɻir ʻʤʥʽʩʪʴ ʚʫʟʣʘ i ệ N ʚ ʪʝʨʤʽʥʘʭ ʨʝʩʫʨʩʫ ʪʠʧʫ r ệ R 

rr rt  ʧʦʪʨʝʙʘ ʨʝʩʫʨʩʫ r ệ R ʜʣʷ VM ʪʠʧʫ t 



ɛf ʢʦʝʬʽʮʽʻʥʪ ʢʦʤʧʨʝʩʽʾ / ʜʝʢʦʤʧʨʝʩʽʾ ʜʣʷ VNF f ệ F 

Ὣ (b) j-ʷ ʬʫʥʢʮʽʷ ʣʘʪʝʥʪʥʦʩʪʽ f ệ F ʽ ʟʘʛʘʣʴʥʘ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ b, ʷʢʱʦ 

ʚʦʥʘ ʚʠʜʽʣʝʥʘ ʥʘ VM ʪʠʧʫ t, ʣʽʥʽʡʥʘ ʫ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ 

 

L  ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʣʘʪʝʥʪʥʽʩʪʴ ʜʣʷ ʧʦʧʠʪʫ 

ὼ  1, ʷʢʱʦ ʜʫʛʘ (i; j) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʧʠʪʫ k ệ D 

ᾀ  1, ʷʢʱʦ ʚʠʤʦʛʘ k ệ D ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʧʽʶ n-ʛʦ ʪʠʧʫ VNF ʪʠʧʫ f ệ F, 

ʨʦʟʤʽʱʝʥʫ ʥʘ ʚʫʟʣʽ i ệ Nc ʥʘ VM ʪʠʧʫ t 

 

ώ  1, ʷʢʱʦ n-ʡ ʧʨʠʤʽʨʥʠʢ ʪʠʧʫ VM t ʧʨʠʩʚʦʶʻʪʴʩʷ VNF 

ʪʠʧʫ f ệ F, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚʫʟʣʦʤ i ệ Nc 

‰  ʧʦʪʽʢ ʟʘ ʚʠʤʦʛʦʶ k ệ D ʥʘ ʜʫʛʫ (i; j) 

ʕ  ʇʦʪʽʢ ʟʘ ʚʠʤʦʛʦʶ k ệ D, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʚʫʟʦʣ i ʪʘ ʢʦʧʽʶʚʘʥʥʷ n 

VNF ʪʠʧʫ f ệ F 

ὰ ʟʘʪʨʠʤʢʘ, ʷʢʘ ʚʠʤʘʛʘʻ k ệ D 'ʩʪʨʘʞʜʘʻ', ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ VNF 

ʪʠʧʫ f ệ F, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚʫʟʣʦʤ i ệ Nc 

 

ʄʠ ʧʨʘʮʶʻʤʦ ʥʘʜ ʨʦʟʰʠʨʝʥʠʤ ʛʨʘʬʦʤ (ʜʣʷ ʨʦʟʨʽʟʥʝʥʥʷ ʤʽʞ ʚʫʟʣʘʤʠ 

ʧʦʭʦʜʞʝʥʥʷ / ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʚʫʟʣʘʤʠ NVFI), ʚ ʷʢʦʤʫ ʢʦʞʝʥ ʚʫʟʦʣ ʜʦʩʪʫʧʫ i 

ʜʫʙʣʶʻʪʴʩʷ ʚ ʚʫʟʣʽ i0. ɼʫʛʘ (i; i 0) ʙʫʜʝ ʜʦʜʘʥʘ ʜʦ j ʪʘ ʚʩʽ ʜʫʛʠ (i; j) ʧʦʭʦʜʷʪʴ ʟ 

ʚʫʟʣʘ ʜʦʩʪʫʧʫ i ʙʫʜʝ ʧʝʨʝʪʚʦʨʝʥʠʡ ʚ ʜʫʛʠ (i0; j). 

ɹʽʥʘʨʥʘ ʟʤʽʥʥʘ ὼ  ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʩʠʣʘʥʥʷ ʥʘ ʧʦʧʠʪ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ 

ʦʪʞʝ, ʽ ʰʣʷʭ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʧʠʪʦʤ. ɹʽʥʘʨʥʘ ʟʤʽʥʥʘ  

ώ  ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʧʽʶ VNF ʥʘ ʧʝʚʥʦʤʫ ʚʫʟʣ.̔ ɹʽʥʘʨʥʘ ʟʤʽʥʥʘ  

ᾀ  ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʩʚʦʻʥʥʷ ʟʘʜʘʥʦʛʦ ʟʘʧʠʪʫ ʧʝʚʥʽʡ ʢʦʧʽʾ VNF. ɸʙʠ 

ʚʧʨʦʚʘʜʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʪʠʩʢʫʚʘʥʥʷ / ʜʝʢʦʤʧʨʝʩʫʚʘʥʥʷ ʧʦʪʦʢʽʚ ʜʣʷ ʜʝʷʢʠʭ 

VNF ʥʘʤ ʧʦʪʨʽʙʥʦ ʚʚʝʩʪʠ ʷʚʥʫ ʟʤʽʥʥʫ ʧʦʪʦʢʫ  

‰   ʽ ʧʘʨʘʤʝʪʨ ʩʪʠʩʥʝʥʥʷ ɛf ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ VNFs. ʂʨʽʤ ʪʦʛʦ, ʟʤʽʥʥʘ kn 

ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʪʽʢ ʧʦʧʠʪʫ k, ʚʭʦʜʠʪʴ ʫ ʚʫʟʦʣ i ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʧʽʷ n 

VNF ʪʠʧʫ f.  

ʅʠʞʯʝ ʤʠ ʚʚʦʜʠʤʦ ʦʙʤʝʞʝʥʥʷ.  



ɹʘʣʘʥʩ ʧʦʪʦʢʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʦʜʥʦʤʫ ʰʣʷʭʫ: 

В ὼȡȟệ  В ὼȡȟệ   
ρ ÉÆ Ὥ έ

ρ
π ÏÔÈÅÒ×ÉÓÅ

 ÉÆ Ὥ ὸ   ═ὯệὈȟὭ ═ệ

ὔ (1) 

ʇʦʪʽʢ ʽ ʢʦʤʧʨʝʩʽʷ / ʜʝʢʦʤʧʨʝʩʽʡʥʠʡ ʙʘʣʘʥʩ ʜʣʷ ʚʫʟʣʽʚ NFVI ʪʘ ʜʣʷ 

ʢʦʞʥʦʛʦ ʟʘʧʠʪʫ: 

В ‰ệ ȡȟệ В ‰ệ ȡȟệ В ρ ╗█ệ ȟệ ‪  (2) 

 

ɹʘʣʘʥʩ ʧʦʪʦʢʫ ʜʣʷ ʚʫʟʣʽʚ ʜʦʩʪʫʧʫ: 

В ‰ệ ȡȟệ В ‰ệ ȡȟệ = ὦᶻ

 Б ệ ȡ

ὦ ὭὪ

Ὤ ὭὪ 
π ὭὪ 

Ὥ έ
Ὥ ὸ 

π έὸὬὩὶύὭίὩ
 ÉÆ Ὥ ὸ   ═ὯệὈȟ═░ệὔ  (3) 

 

ʂʦʛʝʨʝʥʪʥʽʩʪʴ ʤʽʞ ʟʤʽʥʠʤʠ ʰʣʷʭʫ ʪʘ ʧʦʪʦʢʫ: 

‰ ὓὼ ═ὯệὈȟ═░ȟ▒ệὃ (4) 

ὼ
Б ệ ȡ

‰  ═ὯệὈȟ═░ȟ▒ệὃ (5) 

 

ʆʙʤʝʞʝʥʥʷ ʣʽʥʝʘʨʠʟʘʮʽʾ ʢʦʤʧʨʝʩʽʾ / ʜʝʢʦʤʧʨʝʩʽʾ VNF: 

‪ ‰ ὓ ρ ᾀ

ệệ ȡȟệ 

 ═ὭệὔȟὯệὈȟὪệὊȟὲ ệ ὅ 

(6) 

 

 ‪ В ‰ ὓ ρ В ᾀệệ ȡȟệ  ═ὭệὔȟὯệὈȟὪệὊȟὲ ệ ὅ(7) 

 

 

‪ ὓ В ᾀệ  ═ệὔȟὯệὈȟὪệὊȟὲ ệ ὅ(8) 

 



ʊʽʣʴʢʠ ʦʜʠʥ ʢʦʤʧʨʝʩʽʡʥʠʡ / ʜʝʢʦʤʧʨʝʩʽʡʥʠʡ VNF ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʽ 

ʧʦʧʠʪʫ: 

 

В ᶻệ В ᾀ ρệ ȟệ ȡ ὃὯệὈȟ═░ệὔ (9) 

 

ʆʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ: 

В ὦὴὬὭệ Ὗ  ȟ═░ȟ▒ệὃ (10) 

 

ʗʢʱʦ ʥʝʤʘʻ VNF, ʥʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʙʫʜʴ-ʷʢʦʶ ʚʠʤʦʛʦ :ʁ 

ᾀ ώ  ὃὯệὈȟ═░ệὔ ═ὪệὊȟ═ὸệὝȟὲệὅὪ (11) 

ʗʢʱʦ ʪʨʘʬʽʢ ʥʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ VNF, ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ: 

ᾀ В ὼȡȟệ   ὃὯệὈȟ═░ệὔ ═ὪệὊȟ═ὸệὝȡά   (12) 

ʂʦʞʝʥ ʟʘʧʠʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʚʥʦ ʦʜʠʥ NVF ʢʦʞʥʦʛʦ ʪʠʧʫ, ʷʢʠʡ ʚʽʥ 

ʟʘʧʠʪʫʻ 

В В Вᾀ ρ ὃὯệὈȟὪệὊȡά  (13) 

ʅʘ ʢʦʞʝʥ ʚʫʟʦʣ, ʱʦʥʘʡʙʽʣʴʰʝ, VM ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʞʥʦʾ ʢʦʧʽʾ VNF 

ʧʝʚʥʦʛʦ ʪʠʧʫ: 

В ώệ ρ ═░ệὔ ═ὪệὊȟ═ὲệὅ(14) 

ɺʫʟʦʣ ʻʤʥʽʩʪʶ (ʫʪʠʣʽʟʘʮʽʷ VNF): 

В В Вᾀ ː  ═░ệὔȟ═ὸệὙ(15) 

ʃʽʥʝʘʨʠʟʘʮʽʷ ʬʫʥʢʮʽʾ ʟʘʪʨʠʤʢʠ: 

ὰ Ὣ В ‪ệ ὒ ρ  ὃὯᾀ ὃὯệὈȟ═░ệὔ ὪệὊȟ═ὸệὝȟὲệ

ὅὪȟὃὮệρȢȢὋ (16) 

ʄʘʢʩʠʤʘʣʴʥʘ ʣʘʪʝʥʪʥʽʩʪʴ: 

В ὼȡȟệ Вệ В ὰệ ὒ ὃὯệὈ (17) 

ɽʢʚ. (3) ʷʚʣʷʻ ʩʦʙʦʶ ʙʘʣʘʥʩ ʧʦʪʦʢʫ ʜʣʷ ʚʫʟʣʽʚ ʜʦʩʪʫʧʫ. ʋ ʧʫʥʢʪʽ 

ʧʨʠʟʥʘʯʝʥʥʷ ʚʫʟʣʘ ʢʽʣʴʢʽʩʪʴ ʧʦʪʦʢʽʚ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʽʚʥʦʶ ʧʦʧʠʪʫ, 

ʧʦʤʥʦʞʝʥʦʤʫ ʥʘ ʚʩʽ ʬʘʢʪʦʨʠ ʩʪʠʩʥʝʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ VNF. ɽʢʚ. (2) ʷʚʣʷʻ 



ʩʦʙʦʶ ʙʘʣʘʥʩ ʧʦʪʦʢʫ ʜʣʷ ʜʘʥʦʛʦ ʚʫʟʣʘ, ʷʢʠʡ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ 

VNFs. ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʧʨʠ ʥʘʜʘʥʥʽ ʚʫʟʣʘ i ʚʠʤʦʛʠ k ʪʘʢʠʡ ʧʦʧʠʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʢʩʠʤʫʤ VNF f ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʪʠʩʢʘʥʥʷ / ʜʝʢʦʤʧʨʝʩʽʾ ɛf = 1. 

ʗʢʱʦ ʧʦʧʠʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ VNF ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʢʦʤʧʨʝʩʽʾ ɛf, ʪʦ ʚʠʭʽʜʥʠʡ 

ʧʦʪʽʢ ʚʫʟʣʘ ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʭʽʜʥʦʤʫ ʧʦʪʦʢʫ: 

‰

ệ ȡȟệ 

Ὄ ‰

ệ ȡȟệ 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʤʽʥʥʫ z, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʨʦʟʧʦʜʽʣ ʧʦʧʠʪʫ ʥʘ VNF ʽ 

ʚʠʨʘʭʦʚʫʻ ʚʠʭʽʜʥʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʤʠ ʦʪʨʠʤʫʻʤʦ: 

В ‰ệ ȡȟệ  В ‰ В ‰ệ ȡȟệ ệ ȡȟệ В В Ὄ ρᾀ (18) 

ɿʤʽʥʥʘ ‪ , ʷʢʱʦ ʚʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʪʽʢ ʧʦʧʠʪʫ k, ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʦ 

ʚʫʟʣʘ i ʽ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʦʧʽʶ n VNF ʪʠʧʫ f (ʥʝʣʽʥʽʡʥʝ ʧʦʜʘʥʥʷ) 

‪ ‰

ệ ȡȟệ ệ

ᾀ

ệ

 

 

ʆʙʤʝʞʝʥʥʷ ʤʦʞʥʘ ʣʽʥʝʘʨʠʟʫʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (6) - (8), ʧʨʠʯʦʤʫ 

ʧʘʨʘʤʝʪʨ Mi ʜʦʨʽʚʥʶʻ В ɾệ ȡȟệ , ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʧʦʪʦʢʫ ʚʭʦʜʫ ʚ ʚʫʟʦʣ i.  

ʗʢ ʟʛʘʜʫʚʘʣʦʩʷ ʨʘʥʽʰʝ, ʤʠ ʨʦʟʛʣʷʜʘʻʤʦ ʜʚʽ ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʾ: 

- ʄʝʪʘ ʊɽ: ʤʽʥʽʤʽʟʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʦʛʦ 

ʧʦʩʠʣʘʥʥʷ: 

Min U (19) 

- ʄʝʪʘ NFV: ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʷʜʝʨ (CPU), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ VNFs: 

Min Вệ Вệ Вệ Вệ В ὶὶώ (20) 

ʇʝʨʰʘ ʤʝʪʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʚʽʜ'ʻʤʥʽ ʢʦʣʠʚʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʽʥʪʝʨʥʝʪ-ʪʨʘʬʽʢʦʤ, ,̔ ʪʘʢʠʤ ʯʠʥʦʤ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢ ʨʘʧʪʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ 

ʤʝʨʝʞʝʚʠʭ ʟʚ'ʷʟʢʽʚ. ʆʩʪʘʥʥʻ ʧʨʠʧʫʩʢʘʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʴʦʛʦʜʥʽ ʧʝʨʰʽ ʤʦʜʫʣʴʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʩʝʨʚʝʨʠ ʚʽʨʪʫʘʣʽʟʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʧʣʘʥʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʻ CPU. 



3.5. ɿʘʜʘʯʽ ʽ ʘʩʧʝʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʽʨʪʫʘʣʽʟʘʮʽʾ 

ʄʠ ʩʪʠʢʘʻʤʦʩʷ ʟ ʙʘʛʘʪʦʮʽʣʴʦʚʦʶ ʧʨʦʙʣʝʤʦʶ: ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʫʪʠʣʽʟʘʮʽʶ ʢʘʥʘʣʽʚ ʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʚʘʨʪʽʩʪʴ ʚʽʨʪʫʘʣʽʟʘʮʽʾ 

ʥʘ ʨʽʚʥʽ NFVI. ʎʽ ʜʚʽ ʮʽʣʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʢʦʥʢʫʨʝʥʮʽʾ; ʥʘʩʧʨʘʚʜʽ, ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

VNF. ʄʠ ʚʠʨʽʰʠʣʠ ʚʠʟʥʘʯʠʪʠ ʧʨʽʦʨʠʪʝʪʠ ʮʽʣʝʡ. ʄʠ ʤʽʥʽʤʽʟʫʻʤʦ ʧʦ-ʧʝʨʰʝ 

ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʥʘʣʫ, ʘ ʧʦʪʽʤ ʚʘʨʪʽʩʪʴ NFV, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ISP-

ʦʨʽʻʥʪʦʚʘʥʝ ʙʘʯʝʥʥʷ, ʱʦʙ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʜʦʩʚʽʜʫ (ʩʪʨʦʛʦ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʮʠʤ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʧʦʩʣʫʛ).  

ʅʘ ʧʨʘʢʪʠʮʽ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʨʦʙʠʪʠ ʚʩʝ ʤʦʞʣʠʚʝ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ 

ʜʨʫʛʦʾ ʤʝʪʠ ʽ ʜʦʟʚʦʣʷʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʛʨʘʥʠʯʥʫ ʧʨʠʙʫʪʦʢ, ʤʠ 

ʚʠʢʦʥʫʻʤʦ ʧʝʨʰʠʡ ʢʨʦʢ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦʙ ʟʥʘʡʪʠ ʢʨʘʱʝ ʨʽʰʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʧʝʨʰʦʾ ʤʝʪʠ, ʘ ʧʦʪʽʤ, ʟʙʝʨʽʛʘʶʯʠ ʢʨʘʱʝ ʟʥʘʯʝʥʥʷ, ʟʥʘʡʜʝʥʝ ʚ ʧʝʨʰʦʤʫ 

ʢʨʦʮʽ ʷʢ ʧʘʨʘʤʝʪʨ ʤʠ ʤʽʥʽʤʽʟʫʻʤʦ ʜʨʫʛʫ ʤʝʪʫ. ʅʘʩʧʨʘʚʜʽ, ʜʣʷ ʟʘʜʘʥʦʛʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʝʨʰʦʛʦ ʢʨʦʢʫ, ʤʦʞʣʠʚʽ  ʨʽʟʥʽ ʜʦʩʪʫʧʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʥʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʚʠʪʨʘʪ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʙʝʟ ʚʪʨʘʪʠ ʱʦʜʦ ʚʪʦʨʠʥʥʦʾ ʤʝʪʠ. 

 ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʚʘʨʪʦʩʪʽ, ʽʪʝʨʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ: ʙʫʜʝ ʟʥʘʡʜʝʥʘ 

ʟʨʦʩʪʘʶʯʘ ʢʨʦʢ ʟʘ ʢʨʦʢʦʤ ʜʦ ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʝʣʠʯʠʥʘ ʧʝʨʰʦʾ 

ʤʝʪʠ ʜʣʷ ʜʨʫʛʦʾ ʤʝʪʠ. ʊʘʢʘ ʽʪʝʨʘʪʠʚʥʘ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝ ʤʘʪʠ ʧʝʨʝʚʘʛʫ, 

ʥʘʜʘʶʯʠ ʥʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʘʣʽʟʦʚʘʥʝ ʨʽʰʝʥʥʷ (ʪʝʧʣʠʡ ʩʪʘʨʪ), 

ʷʢʠʡ ʫ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʯʘʩ 

ʦʧʪʠʤʽʟʘʮʽʾ. 

3.6. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ  

ʄʠ ʨʝʘʣʽʟʫʚʘʣʠ ʥʘʰ ʘʣʛʦʨʠʪʤ VNF-PR ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʨʠʧʪʽʚ CPLEX 

ʪʘ AMPL. ʄʠ ʦʙʤʝʞʠʣʠ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʥʘ 2 ʛʦʜʠʥʠ ʜʣʷ ʬʘʟʠ ʦʧʪʠʤʽʟʘʮʽʾ ʊɽ 

ʪʘ 3 ʛʦʜʠʥʠ ʜʣʷ ʬʘʟʠ ʦʧʪʠʤʽʟʘʮʽʾ NVF, ʷʢʽ ʜʦʩʷʛʣʠ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʯʘʩʫ 

ʦʧʪʠʤʘʣʴʥʠʡ ʜʣʷ ʊɽ-ʮʽʣʽ ʪʘ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʮʽʣʽ NFV.  



ʄʠ ʧʨʠʡʥʷʣʠ ʪʨʠʨʽʚʥʝʚʫ ʪʦʧʦʣʦʛʽʶ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩʫʥʢʫ 3, ʷʢ 

ʛʨʘʥʠʯʥʠʡ ʧʨʠʢʣʘʜ ʜʣʷ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨʽʚ. ʂʦʞʥʠʡ ʚʫʟʦʣ ʜʦʩʪʫʧʫ 

ʟ'ʻʜʥʘʥʠʡ ʟ ʜʚʦʤʘ ʚʫʟʣʘʤʠ ʘʛʨʝʛʘʮʽʾ, ʢʦʞʝʥ ʘʛʨʝʛʘʪʥʠʡ ʚʫʟʦʣ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ 

ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ, ʘ ʚʫʟʣʠ ʩʝʨʜʝʯʥʠʢʘ - ʧʦʚʥʽʩʪʶ ʟʯʝʧʣʝʥʠʤʠ. ʄʠ 

ʨʦʟʛʣʷʜʘʻʤʦ ʚʩʽ ʚʫʟʣʠ ʷʢ NFVI ʚʫʟʣʠ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʨʦʟʤʽʩʪʠʪʠ VNFs. 

ɺʠʤʦʛʠ ʩʪʚʦʨʶʶʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʚ ʽʥʪʝʨʚʘʣʽ [a; b], ʪʘʢ ʱʦ ʛʨʘʥʠʯʥʽ ʚʠʤʦʛʠ 

ʥʝ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʞʦʜʥʦʛʦ ʚʫʟʴʢʦʛʦ ʤʽʩʮʷ ʥʘ ʣʘʥʢʘʭ ʜʦʩʪʫʧʫ. ɿʚ'ʷʟʢʠ 

ʘʛʨʝʛʘʮʽʾ ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ, ʪʘʢ ʱʦ ʽʩʥʫʻ ʨʠʟʠʢ ʥʘʩʠʯʝʥʥʷ ʧʦʩʠʣʘʥʴ 

(ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʠʣʘʥʥʷ ʚʠʱʝ 100%), ʷʢʱʦ ʨʦʟʧʦʜʽʣ ʪʨʘʬʽʢʫ ʥʝ 

ʦʧʪʠʤʽʟʦʚʘʥʦ. ʆʩʥʦʚʥʽ ʧʦʩʠʣʘʥʥʷ ʪʘʢʽ, ʱʦ ʽʩʥʫʻ ʜʫʞʝ ʥʠʟʴʢʠʡ ʨʠʟʠʢ ʚʫʟʴʢʠʭ 

ʤʽʩʮʴ. ɿʘʪʨʠʤʢʠ ʧʦʩʠʣʘʥʥʷ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʧʦʨʘʪʠʩʷ ʟ 

ʨʽʟʥʠʤʠ ʛʝʦʛʨʘʬʽʯʥʠʤʠ ʤʝʞʘʤʠ: 1 ʤʩ ʜʣʷ ʣʽʥʽʡ ʜʦʩʪʫʧʫ, 3 ʤʩ ʜʣʷ ʟʚ'ʷʟʢʽʚ 

ʘʛʨʝʛʘʮʽʾ ʪʘ 5 ʤʩ ʜʣʷ ʦʩʥʦʚʥʠʭ ʣʽʥʽʡ (ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʣʝʛʰʫʻʪʴʩʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʯʝʨʝʟ ʦʩʥʦʚʥʽ ʧʦʩʠʣʘʥʥʷ). 

 

 
ʈʠʩʫʥʦʢ 4. ʈʦʟʧʦʜʽʣ ʚʫʟʣʘ VNF ʧʦ ʰʘʨʘʭ NFVI (ʩʪʘʥʜʘʨʪʥʠʡ ʚʠʧʘʜʦʢ). 

 

ɿʘʪʨʠʤʢʠ ʦʙʨʦʙʢʠ VNF ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʘʢ, ʷʢ ʥʘ ʨʠʩ. 2, ʜʣʷ 

ʰʚʠʜʢʦʜʽʶʯʠʭ ʪʘ ʩʪʘʥʜʘʨʪʥʠʭ ʚʠʧʘʜʢʽʚ. ʄʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʚʘ ʰʘʙʣʦʥʠ 

ʚʽʨʪʫʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʦʜʠʥ ʚʠʤʘʛʘʻ 1 ʧʨʦʮʝʩʦʨ ʽ 16 ɻɹ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ, ʘ 

ʦʜʠʥ ʚʠʤʘʛʘʻ 4 ʧʨʦʮʝʩʦʨʽʚ ʽ 64 ɻʙ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ. ʄʠ ʟʘʧʫʩʢʘʻʤʦ ʪʝʩʪʦʚʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʣʷ ʢʽʥʮʝʚʦʾ ʣʘʪʝʥʪʥʦʩʪʽ (L) ʟ ʩʫʚʦʨʠʤʠ ʪʘ ʚʪʨʘʯʝʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ (10 ʽ 20 ʤʩʝʢ).  



 
ʈʠʩʫʥʦʢ 3. ʇʨʠʡʥʷʪʘ ʪʦʧʦʣʦʛʽʷ ʤʝʨʝʞʽ ʪʘ ʧʨʠʢʣʘʜ ʨʽʰʝʥʥʷ ʟ  VNF-PR. 

 

ʑʦʙ ʥʝ ʚʚʦʜʠʪʠ ʥʝʧʦʪʨʽʙʥʫ ʩʢʣʘʜʥʽʩʪʴ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ 

ʨʽʟʥʠʤʠ ʚʠʧʘʜʢʘʤʠ, ʤʠ ʦʙʤʝʞʫʻʤʦʩʷ ʜʚʦʤʘ ʪʠʧʘʤʠ VNF ʥʘ ʚʠʤʦʛʫ: 

ʪʫʥʝʣʴʥʠʡ VNF (ʚʠʤʘʛʘʻ ʜʝʢʦʤʧʨʝʩʽʾ) ʽ ʙʨʘʥʜʤʘʫʝʨ, ʷʢ VNF. ʈʽʚʝʥʴ NFVI ʤʘʻ 

ʨʦʟʤʽʨ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʜʦʩʪʘʪʥʴʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦʙ ʦʢʨʝʤʦ 

ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʣʦʚʠʥʫ ʚʩʽʭ ʚʠʤʦʛ (ʪʦʙʪʦ, ʥʝ ʚʢʣʶʯʘʶʯʠ ʩʧʽʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ VNF); ʅʦʪʠ ʜʦʩʪʫʧʫ NFVI ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ, ʪʘʢ ʱʦ ʚʦʥʠ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ 5 ʧʨʦʮʝʩʦʨʽʚ, 80 ɻʙ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ ʥʘ ʢʦʞʥʦʤʫ ʚʫʟʣʽ 

ʜʦʩʪʫʧʫ, ʚʜʚʽʯʽ ʪʘ ʯʦʪʠʨʠ ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʮʶ ʢʽʣʴʢʽʩʪʴ ʟʘ ʘʛʨʝʛʘʮʽʻʶ ʪʘ 

ʚʫʟʣʘʤʠ ʩʝʨʜʝʯʥʠʢʘ, ʚʽʜʧʦʚʽʜʥʦ.  

ʂʦʞʥʘ ʩʧʨʘʚʘ ʝʤʫʣʴʛʫʻ 10 ʤʘʪʨʠʮʷʤʠ ʚʠʧʘʜʢʦʚʦʛʦ ʟʘʧʠʪʫ. ɼʣʷ 

ʙʫʬʝʨʠʟʦʚʘʥʦʛʦ ʚʠʧʘʜʢʫ VNF ʤʠ ʘʥʘʣʽʟʫʻʤʦ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʦʢʘʟʘʥʽ ʥʘ 

ʤʘʣʶʥʢʫ 4 (ʨʦʟʧʦʜʽʣ ʚʠʪʨʘʪ NFV), ʨʠʩ.5 (ʨʦʟʧʦʜʽʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʣʫʯʝʥʥʷ 

ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ), ʨʠʩ.6 (ʢʽʥʮʝʚʠʡ ʪʘ ʢʽʥʮʝʚʠʡ ʨʦʟʧʦʜʽʣ VNF ʝʢʩʧʝʜʠʮʽʾ). 

ʗʢ ʟʘʛʘʣʴʥʝ ʟʘʫʚʘʞʝʥʥʷ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʠ ʪʘ ʯʘʩʫ ʟʘʪʨʠʤʢʠ, ʚ ʚʫʟʣʘʭ 

ʜʦʩʪʫʧʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʽʩʥʫʻ VNF, ʽ ʢʽʣʴʢʽʩʪʴ ʤʝʨʝʞ ʙʨʘʥʜʤʘʫʝʨʘ ʪʘ 

ʪʫʥʝʣʶʚʘʥʥʷ VNF ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʛʨʝʛʘʮʽʾ ʪʘ ʦʩʥʦʚʥʠʭ 

ʩʝʛʤʝʥʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ, ʢʨʽʤ ʦʜʥʦʛʦ, ʙʽʣʴʰʝ ʪʫʥʝʣʴʥʠʭ VNFs, 



ʥʽʞ ʙʨʘʥʜʤʘʫʝʨ VNFs ʥʘ ʨʽʚʥʽ ʘʛʨʝʛʘʮʽʾ, ʪʦʜʽ ʷʢ ʽʥʚʝʨʩʽʷ ʪʨʠʤʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 

ʦʩʥʦʚʥʦʛʦ, ʱʦ, ʡʤʦʚʽʨʥʦ, ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʪʫʥʝʣʴʥʽ VNF ʰʪʦʚʭʘʶʪʴʩʷ ʚ 

ʙʽʢ ʢʨʘʶ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʱʦ ʚʽʜʧʦʚʽʜʥʝ ʟʙʽʣʴʰʝʥʥʷ ʚ ʪʨʘʬʽʢʫ. 

 ʄʠ ʧʨʦʧʦʥʫʻʤʦ ʜʦʢʣʘʜʥʠʡ ʘʥʘʣʽʟ ʟ ʜʚʦʭ ʪʦʯʦʢ ʟʦʨʫ: ʱʦ ʩʪʘʥʝʪʴʩʷ, 

ʢʦʣʠ ʤʠ ʪʘʢʦʞ ʨʦʟʛʣʷʥʝʤʦ ʚʘʨʪʽʩʪʴ NFV ʚ ʮʽʣʴʦʚʽʡ ʬʫʥʢʮʽʾ, ʽ ʱʦ ʩʪʘʥʝʪʴʩʷ, 

ʢʦʣʠ ʤʠ ʟʤʽʥʶʻʤʦ ʤʝʞʫ ʥʘ ʢʽʥʮʝʚʦʤʫ ʢʽʥʮʽ ʣʘʪʝʥʪʥʦʩʪʽ. ʊʦʜʽ ʤʠ ʧʦʨʽʚʥʷʻʤʦ 

ʩʪʘʥʜʘʨʪʥʫ ʩʠʪʫʘʮʽʶ ʟ ʚʠʧʘʜʢʦʤ ʰʚʠʜʢʦʛʦ ʰʣʷʭʫ. 

 

ɸ. TE ʧʨʦʪʠ ʯʫʪʣʠʚʦʩʪʽ ʮʽʣʝʡ TE-NFV 

  ʄʠ ʘʥʘʣʽʟʫʻʤʦ ʨʽʟʥʠʮʶ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟ ʦʙ'ʻʢʪʦʤ ʊɽ ʪʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʤʝʪʦʶ TE-NFV, ʧʦʨʽʚʥʶʶʯʠ ʾʭ ʜʣʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʣʘʪʝʥʪʥʦʩʪʽ (L). 

1. ɺʘʨʪʽʩʪʴ NFVI (ʨʠʩ.4): ʚʘʨʪʽʩʪʴ NFVI ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʟʘʚʜʷʢʠ ʮʽʣʽ TE-NFV. ɺʽʜʥʦʩʥʠʡ ʨʦʟʨʠʚ ʤʽʞ ʜʚʦʤʘ ʪʠʧʘʤʠ VNF 

ʟʤʝʥʰʫʻʪʴʩʷ, ʷʢʱʦ ʧʨʦʡʪʠ ʚʽʜ ʤʝʪʠ ʊɽ ʜʦ ʤʝʪʠ TE-NFV ʷʢ ʜʣʷ ʘʛʨʝʛʘʮʽʾ, ʪʘʢ 

ʽ ʜʣʷ ʦʩʥʦʚʥʠʭ ʰʘʨʽʚ. ʇʝʨʝʭʽʜ ʚʽʜ TE ʜʦ ʩʧʨʘʚʠ TE-NFV ʜʦʟʚʦʣʷʻ ʤʘʡʞʝ 

ʚʜʚʽʯʽ ʟʤʝʥʰʠʪʠ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ CPU, ʟʙʝʨʽʛʘʶʯʠ ʪʦʡ ʞʝ 

ʨʽʚʝʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ TE ʟʘʚʜʷʢʠ ʥʘʰʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʝʚʨʠʩʪʠʮʽ. 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʠʣʘʥʴ (ʤʘʣ.5): ʜʣʷ ʘʛʨʝʛʘʮʽʡʥʠʭ ʧʦʩʠʣʘʥʴ ʥʝʤʘʻ 

ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ. ʁʤʦʚʽʨʥʦ, ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʘʰʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʪʝʦʨʽʻʶ, ʷʢʘ 

ʚʧʝʨʰʝ ʦʧʪʠʤʽʟʫʻ ʮʽʣʴ ʊɽ, ʘ ʧʦʪʽʤ - ʚʠʪʨʘʪʠ NFV. ʆʩʥʦʚʥʽ ʧʦʩʠʣʘʥʥʷ, ʷʢ 

ʧʨʘʚʠʣʦ, ʤʝʥʰ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟ ʤʝʪʦʶ TE-NFV, ʘ ʧʨʠ ʟʘʪʨʠʤʮʽ 

ʚʩʪʘʥʦʚʣʝʥʦ 20 ʤʩ. 

3. ʈʦʟʧʦʜʽʣ ʣʘʪʝʥʪʥʦʩʪʽ (ʨʠʩ.6): ʟʘʛʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʣʘʪʝʥʪʥʦʩʪʽ 

ʧʨʠʙʣʠʟʥʦ ʝʢʚʽʚʘʣʝʥʪʥʠʡ, ʪʦʜʽ ʷʢ ʜʦʩʚʽʜʯʝʥʘ ʝʢʩʧʝʜʠʪʦʨʩʴʢʘ ʣʘʪʝʥʪʥʽʩʪʴ 

ʜʚʦʭ ʪʠʧʽʚ VNF ʟʨʦʩʪʘ ̒ʮʽʣʴ TE-NFV. ʁʤʦʚʽʨʥʦ, ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʘʨʪʽʩʪʶ VNF 

ʟʤʝʥʰʝʥʥʷ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ ʤʘʪʝʤʘʪʠʢʦ-ʝʚʨʠʩʪʠʯʥʦʛʦ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʪʦʢʽʚ ʥʘ ʤʝʥʰʽʡ ʯʘʩʪʦʪʽ VNF (ʜʠʚ. ʨʠʩ.4), 

ʣʘʪʝʥʪʥʽʩʪʴ ʷʢʦʛʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʨʘʬʽʢʫ ʚ 

ʙʫʬʝʨʥʽʡ ʩʠʪʫʘʮʽʾ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʠ, ʟʘʪʨʠʤʢʠ ʧʝʨʝʘʜʨʝʩʘʮʽʾ ʙʨʘʥʜʤʘʫʝʨʘ 



ʪʘ ʪʫʥʝʣʶʚʘʥʥʷ VNF ʙʣʠʟʴʢʽ ʽ ʛʣʦʙʘʣʴʥʦ ʟʥʘʯʥʦ ʥʠʞʯʽ, ʥʽʞ ʟʘʛʘʣʴʥʘ 

ʣʘʪʝʥʪʥʽʩʪʴ, ʚʨʘʭʦʚʫʶʯʠ ʥʝʟʥʘʯʥʫ ʚʘʛʫ ʣʘʪʝʥʪʥʦʩʪʽ ʧʦʩʠʣʘʥʴ. 

 

B. ɺʽʜʯʫʪʥʽʩʪʴ ʜʦ ʣʘʪʝʥʪʥʦʩʪʽ 

ʅʠʞʯʝ ʤʠ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʧʨʦʜʦʚʞʫʶʪʴ ʥʘʧʦʣʷʛʘʪʠ ʥʘ 

ʚʧʣʠʚʽ ʣʘʪʝʥʪʥʦʩʪʽ ʣʘʥʮʶʞʢʘ VNF, ʧʦʚ'ʷʟʘʥʦʛʦ L ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

  ? ɺʘʨʪʽʩʪʴ NVFI (ʨʠʩ.4): ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʫʚʦʨʦʾ ʟʘʪʨʠʤʢʠ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ NFV ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ VNF. ʍʦʯʘ ʫ 

ʚʠʧʘʜʢʫ ʊɽ ʩʪʨʦʛʠʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʟ ʟʘʪʨʠʤʢʦʶ (L = 10 ʤʩ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 30% 

ʥʠʞʯʦʾ ʚʘʨʪʦʩʪʽ NFVI, ʥʽʞ ʚʪʨʘʯʝʥʘ ʣʘʪʝʥʪʥʽʩʪʴ (L = 20 ʤʩ), ʫ ʚʠʧʘʜʢʫ ʊɽ-

NFV ʤʠ ʤʘʻʤʦ ʧʨʦʪʠʣʝʞʥʫ ʧʦʚʝʜʽʥʢʫ ʟ ʮʽʥʦʶ ʧʦʜʚʦʻʥʥʷ, ʧʝʨʝʭʦʜʷʯʠ ʚʽʜ 

ʩʪʨʦʛʦ ʜʦ ʟʙʠʪʢʦʚʦʾ ʣʘʪʝʥʪʥʦʩʪʽ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʢʨʦʢ NFV ʚ 

ʨʘʤʢʘʭ ʦʙ'ʻʢʪʠʚʫ TE-NFV ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʨʦʟʧʦʜʽʣʷʪʠ VNF ʤʽʞ ʨʽʟʥʠʤʠ 

ʚʫʟʣʘʤʠ NFVI, ʤʘʡʞʝ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ (ʘʛʨʝʛʘʮʽʾ ʘʙʦ ʷʜʨʘ), ʘ ʪʘʢʦʞ ʙʫʪʠ 

ʢʨʘʱʝ ʧʦʜʽʣʝʥʦ. 



 
 

ʈʠʩʫʥʦʢ 5. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʠʣʘʥʴ ʝʤʧʽʨʠʯʥʠʭ CDF (ʩʪʘʥʜʘʨʪʥʠʡ ʚʠʧʘʜʦʢ). 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʠʣʘʥʴ (ʤʘʣ.5): ʫʩʽ ʧʦʩʠʣʘʥʥʷ ʤʘʶʪʴ ʚʧʣʠʚ ʣʘʪʝʥʪʥʠʡ 

ʟʤʽʥʘ ʉʫʚʦʨʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʣʘʪʝʥʪʥʽʩʪʶ ʩʠʪʫʘʮʽʷ (L = 10 ms) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʚʠʧʘʜʢʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʣʽʥʢʽʚ ʜʦʩʪʫʧʫ ʪʘ ʘʛʨʝʛʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 10%, ʘ ʜʣʷ ʦʩʥʦʚʥʠʭ 

ʣʽʥʽʡ - ʥʘ 30%. 

? ʈʦʟʧʦʜʽʣ ʣʘʪʝʥʪʥʦʩʪʽ (ʤʘʣ. 6): ʦʯʝʚʠʜʥʦ, ʱʦ ʩʫʚʦʨʘ ʟʘʪʨʠʤʢʘ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʣʘʥʮʶʛʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʡʥʠʞʯʦʛʦ ʨʦʟʧʦʜʽʣʫ ʣʘʪʝʥʪʥʦʩʪʽ: 

ʟʘʪʨʠʤʢʘ ʚʽʜ ʢʽʥʮʷ ʜʦ ʢʽʥʮʷ ʽ ʟʘʪʨʠʤʢʘ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ VNF ʤʘʶʪʴ 

ʘʥʘʣʦʛʽʯʥʽ ʧʨʦʬʽʣʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʮʽʣʝʡ. ɿʘʤʽʩʪʴ ʮʴʦʛʦ ʜʣʷ ʚʽʣʴʥʦʛʦ ʚʠʧʘʜʢʫ 

(L = 20 ʤʩ), ʣʘʪʝʥʪʥʽʩʪʴ ʧʝʨʝʘʜʨʝʩʘʮʽʾ VNF ʚʠʱʝ ʜʣʷ ʦʙʦʭ ʪʠʧʽʚ. ʄʝʜʽʘʥʘ 












