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ʦʙʣʘʩʪʠ ʥʦʚʠʭ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. 
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Abstract: The subject of this dissertation is the development of an infrastructure model 

for e-education, based on the concept and technologies of software defined networks as 

well as development of an educational module for learning software defined networks. 

The main problem discussed in the thesis is to investigate the possibilities of applying 

the concept of software defined networks within cloud computing infrastructure of 

educational institutions and the creation of adequate educational module for software 

defined networks. 

 

The main hypothesis examined in the dissertation is that the application of the 

developed infrastructure model and the educational module has a positive impact on the 

efficiency of the educational process. The thesis presents the structure of the proposed 

model, which includes elements of educational systemôs infrastructure and architecture 

and integration possibilities with the educational services.  

 

The thesis describes the process of design of cloud infrastructure based on the concept 

of software defined networks, and modeling of key performance indicators of 

educational infrastructure. Bearing in mind the importance of education in the field of 

information and communication technologies, the thesis also presents the process of 

design of educational module for learning software defined networks. 

 

In the experimental part of the doctoral thesis, the proposed education module for 

learning software defined networks is developed and implemented within the 

educational process. The model evaluation was performed in the Laboratory for e-

business of the Faculty of Organizational Sciences, University of Belgrade. The testing 

and measuring of relevant parameters that affect the efficiency of the proposed model is 

realized. The research results showed that the proposed model improves the learning 

process in the field of software defined networks. The model can be easily adapted and 



 

 

applied in the process of education in various fields, and is particularly suitable for 

education in domain of new information and communication technologies. 
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1. ʋɺʆɼ 
 

ʀʥʬʦʨʤʘʮʠʦʥʠ ʩʠʩʪʝʤʠ ʚʠʩʦʢʦʰʢʦʣʩʢʠʭ ʠʥʩʪʠʪʫʮʠʿʘ ʤʦʨʘʿʫ ʜʘ ʦʜʛʦʚʦʨʝ ʥʘ 

ʩʪʨʦʛʝ ʟʘʭʪʝʚʝ ʫ ʧʦʛʣʝʜʫ ʜʦʩʪʫʧʥʦʩʪʠ, ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʠ ʙʝʟʙʝʜʥʦʩʪʠ. ʇʦʨʝʜ ʪʦʛʘ, 

ʠʤʘʿʫ ʟʘʜʘʪʘʢ ʜʘ ʧʦʜʨʞʝ ʚʝʣʠʢʠ ʙʨʦʿ ʨʘʟʣʠʯʠʪʠʭ ʦʙʨʘʟʦʚʥʠʭ ʩʝʨʚʠʩʘ. ʊʘʢʦʹʝ, 

ʚʝʣʠʢʠ ʙʨʦʿ ʦʙʨʘʟʦʚʥʠʭ ʠʥʩʪʠʪʫʮʠʿʘ ʨʝʘʣʠʟʫʿʝ ʿʝʜʘʥ ʜʝʦ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʮʝʩʘ 

ʧʨʠʤʝʥʦʤ ʝ-ʦʙʨʘʟʦʚʘˁʘ, ʧʘ ʿʝ ʧʠʪʘˁʝ ʧʨʠʤʝʥʝ ʘʜʝʢʚʘʪʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʦʜ 

ʠʟʫʟʝʪʥʦʛ ʟʥʘʯʘʿʘ. 

 

ɱʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʟʘʭʪʝʚʘ ʝ-ʦʙʨʘʟʦʚʘˁʘ ʿʝʩʪʝ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʦʙʨʘʟʦʚʥʠʭ ʧʨʦʮʝʩʘ 

ʠ ʩʘʜʨʞʘʿʘ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʭʪʝʚʠʤʘ ʩʪʫʜʝʥʘʪʘ ʠ ʥʘʩʪʘʚʥʦʛ ʦʩʦʙˀʘ [1]. ʂʦʤʧʣʝʢʩʥʦʩʪ 

ʦʚʠʭ ʟʘʭʪʝʚʘ ʿʝ ʫʪʠʮʘʣʘ ʥʘ ʨʘʟʚʦʿ ʠ ʥʝʦʧʭʦʜʥʦʩʪ ʧʨʠʤʝʥʝ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. 

ʉloud computing ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʝʬʠʢʘʩʥʦ ʨʝʰʝˁʝ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʩʘ ʚʠʨʪʫʝʣʠʟʦʚʘʥʠʤ ʨʝʩʫʨʩʠʤʘ [2] ʠ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʥʘʣʘʟʠ 

ʧʨʠʤʝʥʫ ʫ ʤʥʦʛʠʤ ʦʙʨʘʟʦʚʥʠʤ ʠʥʩʪʠʪʫʮʠʿʘʤʘ. 

 

ʈʘʟʚʦʿ ʥʦʚʠʭ ʦʙʨʘʟʦʚʥʠʭ ʩʝʨʚʠʩʘ ʠ ʘʧʣʠʢʘʮʠʿʘ ʧʦʩʪʘʚˀʘ ʚʠʩʦʢʝ ʢʨʠʪʝʨʠʿʫʤʝ ʢʦʿʝ 

ʦʙʨʘʟʦʚʥʠ ʩʠʩʪʝʤʠ ʤʦʨʘʿʫ ʜʘ ʠʩʧʫʥʝ. ɼʘ ʙʠ ˁʠʭʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʙʠʣʘ ʥʘ ʚʠʩʦʢʦʤ 

ʥʠʚʦʫ, ʥʝʦʧʭʦʜʥʘ ʿʝ ʧʨʠʤʝʥʘ ʜʠʥʘʤʠʯʢʦʛ ʦʢʨʫʞʝˁʘ ʠ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ [3], ʢʦʿʝ 

ʤʦʛʫ ʜʘ ʧʦʜʨʞʝ ʙʫʜʫ˂ʠ ʨʘʟʚʦʿ ʘʢʘʜʝʤʩʢʦʛ ʦʢʨʫʞʝˁʘ, ʫʟ ʜʦʜʘʪʥʠ ʟʘʭʪʝʚ ʫ ʧʦʛʣʝʜʫ 

ʿʝʜʥʦʩʪʘʚʥʝ ʧʨʠʤʝʥʝ ʨʝʰʝˁʘ. ʅʘʚʝʜʝʥʝ ʟʘʭʪʝʚʝ ʤʦʞʝ ʜʘ ʠʩʧʫʥʠ ʪʝʭʥʦʣʦʛʠʿʘ 

ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ (ʝʥʛʣ. Software Defined Networking ï SDN). 

ʂʦʥʮʝʧʪ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫʚʦʜʠ ʚʠʰʠ ʩʪʝʧʝʥ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ 

ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʦʤʦʛʫ˂ʘʚʘ ʜʠʥʘʤʠʯʢʫ ʜʦʜʝʣʫ ʧʦʪʨʝʙʥʠʭ ʨʝʩʫʨʩʘ [4].  

 

ʀʥʪʝʛʨʘʮʠʿʦʤ ʢʦʥʮʝʧʪʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʠ ʩloud computing 

ʪʝʭʥʦʣʦʛʠʿʘ ʤʦʛʫ˂ʝ ʿʝ ʢʨʝʠʨʘʪʠ ʦʙʨʘʟʦʚʥʦ ʦʢʨʫʞʝˁʝ ʚʠʩʦʢʝ ʜʦʩʪʫʧʥʦʩʪʠ ʠ 

ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʢʦʿʝ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʮʝʩʘ ʫʯʝʩʥʠʮʠʤʘ ʫ 

ʥʘʩʪʘʚʠ. ɼʘ ʙʠ ʦʙʨʘʟʦʚʥʠ ʧʨʦʮʝʩ ʙʠʦ ʝʬʠʢʘʩʘʥ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʘʨʘʣʝʣʥʦ ʩʘ 

ʨʘʟʚʦʿʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʨʘʜʠʪʠ ʥʘ ʨʘʟʚʦʿʫ ʦʙʨʘʟʦʚʥʠʭ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ ʥʦʚʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. 

 



 

2 

 

1.1. ɼʝʬʠʥʠʩʘˁʝ ʧʨʝʜʤʝʪʘ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʨʦʿʝʢʪʦʚʘˁʝ ʠ ʨʝʘʣʠʟʘʮʠʿʘ 

ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ, ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʢʦʥʮʝʧʪʫ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʢʘʦ ʦʩʥʦʚʠ ʟʘ ʝʬʠʢʘʩʥʫ ʠ ʝʬʝʢʪʠʚʥʫ ʨʝʘʣʠʟʘʮʠʿʫ ʧʦʩʣʦʚʥʠʭ ʠ 

ʦʙʨʘʟʦʚʥʠʭ ʧʨʦʮʝʩʘ ʫ ʘʢʘʜʝʤʩʢʦʤ ʦʢʨʫʞʝˁʫ. ɼʠʩʝʨʪʘʮʠʿʘ ʩʝ ʙʘʚʠ ʧʨʦʙʣʝʤʦʤ 

ʝʜʫʢʘʮʠʿʝ ʫ ʦʙʣʘʩʪʠ ʥʦʚʠʭ ʤʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʧʘ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ 

ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʦʙʫʭʚʘʪʘ ʤʝʪʦʜʦʣʦʰʢʠ ʧʨʠʩʪʫʧ ʟʘ ʢʨʝʠʨʘˁʝ ʦʙʨʘʟʦʚʥʠʭ 

ʤʦʜʫʣʘ ʠʟ ʦʙʣʘʩʪʠ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʠ cloud computing-ʘ. 

 

ɸʢʘʜʝʤʩʢʝ ʤʨʝʞʝ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʝ ʫʩʣʦʚʝ ʟʘ ʢʚʘʣʠʪʝʪʥʫ ʨʝʘʣʠʟʘʮʠʿʫ ʦʙʨʘʟʦʚʥʦʛ 

ʧʨʦʮʝʩʘ ʠ ʜʘ ʧʦʚʝʞʫ ʬʘʢʫʣʪʝʪʝ, ʠʩʪʨʘʞʠʚʘʯʢʝ ʮʝʥʪʨʝ, ʥʘʩʪʘʚʥʦ ʦʩʦʙˀʝ ʠ ʩʪʫʜʝʥʪʝ 

ʢʦʿʠ ʩʫ ʘʥʛʘʞʦʚʘʥʠ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʿʝʢʪʠʤʘ. ʇʨʦʤʝʥʝ ʫ ʦʙʨʘʟʦʚʥʦʤ ʧʨʦʮʝʩʫ ʠ 

ˁʠʭʦʚʘ ʜʠʥʘʤʠʢʘ, ʢʘʦ ʠ ʧʦʿʘʚʘ ʥʦʚʠʭ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʟʘʟʦʚ ʠ ʧʦʩʪʘʚˀʘʿʫ ʥʦʚʝ ʟʘʭʪʝʚʝ ʧʨʝʜ ʩʠʩʪʝʤ ʟʘ ʝ-

ʦʙʨʘʟʦʚʘˁʝ [5]. ʉʠʩʪʝʤ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʤʦʨʘ ʜʘ ʧʨʫʞʠ ʤʦʛʫ˂ʥʦʩʪ ʙʨʟʦʛ ʠ 

ʿʝʜʥʦʩʪʘʚʥʦʛ ʫʚʦʹʝˁʘ ʥʦʚʠʭ ʦʙʨʘʟʦʚʥʠʭ ʩʘʜʨʞʘʿʘ ʠ ʩʪʫʜʠʿʩʢʠʭ ʧʨʦʛʨʘʤʘ ʠ 

ʢʚʘʣʠʪʝʪʥʫ ʨʝʘʣʠʟʘʮʠʿʫ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʮʝʩʘ ʧʨʠʣʘʛʦʹʝʥʦʛ ʧʦʪʨʝʙʘʤʘ ʠ ʟʘʭʪʝʚʠʤʘ 

ʩʪʫʜʝʥʘʪʘ ʠ ʥʘʩʪʘʚʥʦʛ ʦʩʦʙˀʘ. ʇʨʝʜʫʩʣʦʚ ʟʘ ʪʦ ʿʝ ʧʦʩʪʦʿʘˁʝ ʘʜʘʧʪʠʙʠʣʥʝ ʀʊ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʠ ʧʦʜʨʰʢʫ ʟʘ ʨʘʟʣʠʯʠʪʝ ʘʧʣʠʢʘʮʠʿʝ ʠ 

ʩʝʨʚʠʩʝ ʫ ʘʢʘʜʝʤʩʢʠʤ ʤʨʝʞʘʤʘ. ɼʘ ʙʠ ʩʝ ʨʝʘʣʠʟʦʚʘʣʘ ʦʚʘʢʚʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʫ ʘʢʘʜʝʤʩʢʝ ʤʨʝʞʝ ʫʥʝʪʠ ʚʠʩʦʢ ʩʪʝʧʝʥ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ 

ʧʦʚʝ˂ʘʣʘ ʝʬʠʢʘʩʥʦʩʪ ʨʝʘʣʠʟʘʮʠʿʝ ʧʨʦʮʝʩʘ ʫ ʘʢʘʜʝʤʩʢʦʤ ʦʢʨʫʞʝˁʫ. 

 

ʇʦʩʪʦʿʝ˂ʝ ʘʢʘʜʝʤʩʢʝ ʤʨʝʞʝ ʩʫ ʟʘʩʥʦʚʘʥʝ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ, ʭʠʿʝʨʘʨʭʠʿʩʢʦʤ 

ʤʦʜʝʣʫ ʠ ʤʦʛʫ ʜʘ ʧʦʜʨʞʝ ʩʝʨʚʠʩʝ ʠ ʘʧʣʠʢʘʮʠʿʝ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʩʪʘʥʜʘʨʜʥʦʿ ʢʣʠʿʝʥʪ-

ʩʝʨʚʝʨ ʢʦʤʫʥʠʢʘʮʠʿʠ [6]. ʆʥʝ ʟʘʭʪʝʚʘʿʫ ʧʦʟʥʘʚʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʤʨʝʞʥʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʚʝ˂ʝʛ ʙʨʦʿʘ ʫʨʝʹʘʿʘ ʜʘ ʙʠ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʦ ʿʝʜʘʥ 

ʩʝʨʚʠʩ. ʂʘʨʘʢʪʝʨʠʰʝ ʠʭ ʧʦʩʪʦʿʘˁʝ ʙʨʦʿʥʠʭ ʥʝʩʪʘʥʜʘʨʜʥʠʭ ʨʝʰʝˁʘ, ʰʪʦ ʩʠʩʪʝʤ ʟʘ 

ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʦʤ ʯʠʥʠ ʢʦʤʧʣʝʢʩʥʠʤ ʠ ʩʘ ʠʟʨʘʞʝʥʠʤ ʧʨʦʙʣʝʤʦʤ 

ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪʠ ʦʧʨʝʤʝ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʠʟʚʦʹʘʯʘ. ɺʝʣʠʢʠ ʙʨʦʿ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʜʝʬʠʥʠʩʘʥʠʭ ʫ ʭʘʨʜʚʝʨʫ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʚʠʩʦʢʫ ʮʝʥʫ 



 

3 

 

ʨʝʘʣʠʟʘʮʠʿʝ ʤʨʝʞʥʝ ʘʨʭʠʪʝʢʪʫʨʝ, ʜʫʛʦʪʨʘʿʘʥ ʧʨʦʮʝʩ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʝ ʧʨʦʪʦʢʦʣʘ ʠ 

ʥʝʜʦʚʦˀʘʥ ʩʪʝʧʝʥ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ, ʰʪʦ ʫʩʧʦʨʘʚʘ ʧʨʦʮʝʩ ʫʚʦʹʝˁʘ ʥʦʚʠʭ 

ʘʧʣʠʢʘʮʠʿʘ ʠ ʩʝʨʚʠʩʘ. ʇʨʦʿʝʢʪʦʚʘˁʝ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-

ʦʙʨʘʟʦʚʘˁʝ ʫ ʘʢʘʜʝʤʩʢʦʤ ʦʢʨʫʞʝˁʫ ʧʦʩʪʘʣʠ ʩʫ ʢʦʤʧʣʝʢʩʥʠ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ 

ʧʦʨʘʩʪ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʫ ʤʦʜʝʨʥʠʤ ʤʨʝʞʘʤʘ ʠ ʧʦʩʪʦʿʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʤʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. ʅʘʚʝʜʝʥʠ ʥʝʜʦʩʪʘʮʠ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʘʟʣʦʛ ʟʘ ʫʚʦʹʝˁʝ ʜʠʥʘʤʠʯʢʝ ʘʨʭʠʪʝʢʪʫʨʝ ʫ ʧʦʩʣʦʚʘˁʫ ʦʙʨʘʟʦʚʥʠʭ 

ʠʥʩʪʠʪʫʮʠʿʘ [1]. 

 

ɼʠʥʘʤʠʯʢʘ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ ʪʝʭʥʠʢʘ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʤʨʝʞʥʠʭ 

ʨʝʩʫʨʩʘ ʠ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʟʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦ ʫʧʨʘʚˀʘˁʝ 

ʚʠʨʪʫʝʣʥʦʤ ʠ ʬʠʟʠʯʢʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ [7]. ɸʫʪʦʤʘʪʠʟʘʮʠʿʦʤ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʫ 

ʮʝʣʦʿ ʤʨʝʞʠ ʧʨʦʮʝʩ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʥʦʚʠʭ ʩʝʨʚʠʩʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʟʥʘʪʥʦ ʫʙʨʟʘʥ ʠ 

ʧʦʿʝʜʥʦʩʪʘʚˀʝʥ, ʘ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ ʩʤʘˁʝʥʠ. ɼʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʦ 

ʢʦʥʪʠʥʫʘʣʘʥ ʨʘʜ ʫ ʘʢʘʜʝʤʩʢʦʿ ʤʨʝʞʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʠ ʝʬʠʢʘʩʘʥ 

ʤʝʭʘʥʠʟʘʤ ʟʘ ʙʨʟʫ ʜʝʪʝʢʮʠʿʫ ʠʥʮʠʜʝʥʪʥʠʭ ʩʠʪʫʘʮʠʿʘ ʫ ʤʨʝʞʠ ʠ ʧʨʝʫʩʤʝʨʘʚʘˁʝ 

ʩʘʦʙʨʘ˂ʘʿʘ, ʘ ʙʝʟ ʫʪʠʮʘʿʘ ʥʘ ʩʝʨʚʠʩʝ ʢʦʨʠʩʥʠʢʘ. ɼʘ ʙʠ ʧʦʩʪʦʿʝ˂ʠ ʨʝʩʫʨʩʠ ʙʠʣʠ 

ʠʩʢʦʨʠʰ˂ʝʥʠ ʥʘ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʨʝʘʣʠʟʘʮʠʿʝ 

ʦʧʪʠʤʘʣʥʦʛ ʨʫʪʠʨʘˁʘ ʠ ʙʘʣʘʥʩʠʨʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʘʧʣʠʢʘʪʠʚʥʦʤ ʥʠʚʦʫ. ʃʦʛʠʯʢʘ 

ʮʝʥʪʨʘʣʠʟʘʮʠʿʘ ʠ ʧʨʠʤʝʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʪʨʝʙʘ ʜʘ ʦʤʦʛʫ˂ʠ 

ʝʬʝʢʪʠʚʥʦ ʧʨʘ˂ʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʩʠʩʪʝʤʘ, ʫʦʯʘʚʘˁʝ ʥʝʨʝʛʫʣʘʨʥʦʩʪʠ ʠ 

ʠʥʮʠʜʝʥʪʥʠʭ ʩʠʪʫʘʮʠʿʘ, ʛʨʘʥʫʣʘʨʥʫ ʧʨʠʤʝʥʫ ʙʝʟʙʝʜʥʦʩʥʠʭ ʧʦʣʠʩʘ ʥʘ ʥʠʚʦʫ 

ʩʝʨʚʠʩʘ ʠ ʘʧʣʠʢʘʮʠʿʘ ʫʟ ʬʣʝʢʩʠʙʠʣʥʦ ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʧʦʩʣʦʚʥʠʤ ʠ ʦʙʨʘʟʦʚʥʠʤ 

ʧʦʪʨʝʙʘʤʘ ʢʦʨʠʩʥʠʢʘ ʘʢʘʜʝʤʩʢʠʭ ʤʨʝʞʘ. 

 

ʉloud computing ʩʝ ʧʦʢʘʟʘʦ ʢʘʦ ʝʬʠʢʘʩʥʦ ʨʝʰʝˁʝ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʤʦʜʝʣʘ 

ʩʢʘʣʘʙʠʣʥʝ ʠ ʘʧʩʪʨʘʭʦʚʘʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʩʘ ʚʠʨʪʫʝʣʠʟʦʚʘʥʠʤ ʨʝʩʫʨʩʠʤʘ [8], ʧʘ 

ʫʥʠʚʝʨʟʠʪʝʪʠ ʰʠʨʦʤ ʩʚʝʪʘ ʨʘʟʚʠʿʘʿʫ ʧʨʠʚʘʪʥʫ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʢʦʿʫ ʢʦʨʠʩʪʝ 

ʟʘ ʠʟʛʨʘʜˁʫ ʩʠʩʪʝʤʘ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ. ʄʝʹʫʪʠʤ, ʢʦʤʧʣʝʢʩʥʠ ʟʘʭʪʝʚʠ, ʢʘʦ ʰʪʦ ʿʝ 

ʚʠʰʠ ʩʪʝʧʝʥ ʩʘʨʘʜˁʝ, ʨʘʟʤʝʥʘ ʚʝʣʠʢʠʭ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʘʢʘ ʠ ʨʘʟʚʦʿ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ, ʥʘʤʝ˂ʫ ʧʦʪʨʝʙʫ ʜʘ ʩʝ ʫ ʘʢʘʜʝʤʩʢʝ ʤʨʝʞʝ ʫʥʝʩʝ ʚʠʰʠ ʩʪʝʧʝʥ 

ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ ʧʨʠʤʝʥʦʤ ʢʦʥʮʝʧʪʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. 
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ʉʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʤʨʝʞʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʘʤʘ ʠ ʩʝʨʚʠʩʠʤʘ 

ʘʧʩʪʨʘʭʦʚʘˁʝʤ ʥʠʞʠʭ ʩʣʦʿʝʚʘ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ [9]. ʂʦʥʮʝʧʪ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ 

ʨʘʟʜʚʘʿʘˁʫ ʧʨʦʮʝʩʘ ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʦʤ ʦʜ ʧʨʦʩʣʝʹʠʚʘˁʘ ʧʦʜʘʪʘʢʘ, ʯʠʤʝ ʩʝ 

ʩʤʘˁʫʿʝ ʢʦʤʧʣʝʢʩʥʦʩʪ ʘʨʭʠʪʝʢʪʫʨʝ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʧʨʠʥʮʠʧʠʤʘ 

ʮʝʥʪʨʘʣʠʟʘʮʠʿʝ, ʘʧʩʪʨʘʢʮʠʿʝ ʠ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ, ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʤʨʝʞʝ 

ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʨʘʯʫʥʘʨʩʢʠʤ ʤʨʝʞʘʤʘ ʧʨʝʜʫʟʝ˂ʘ, ʫ data ʮʝʥʪʨʠʤʘ, ʫ ʤʨʝʞʘʤʘ 

ʩʝʨʚʠʩ ʧʨʦʚʘʿʜʝʨʘ, ʢʘʦ ʠ ʫ ʘʢʘʜʝʤʩʢʦʤ ʦʢʨʫʞʝˁʫ. 

 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʿʝ ʜʠʥʘʤʠʯʢʘ ʜʦʜʝʣʘ ʤʨʝʞʥʠʭ 

ʨʝʩʫʨʩʘ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʭʪʝʚʠʤʘ ʢʦʨʠʩʥʠʢʘ, ʘ ʙʝʟ ʧʦʪʨʝʙʝ ʜʘ ʢʦʨʠʩʥʠʮʠ ʧʦʟʥʘʿʫ 

ʤʨʝʞʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʬʠʟʠʯʢʫ ʪʦʧʦʣʦʛʠʿʫ ʤʨʝʞʝ [10]. ʂʨʝʠʨʘˁʝ ʚʠʨʪʫʝʣʥʦʛ 

ʤʨʝʞʥʦʛ ʦʢʨʫʞʝˁʘ ʥʝʟʘʚʠʩʥʦ ʦʜ ʬʠʟʠʯʢʝ ʪʦʧʦʣʦʛʠʿʝ ʦʤʦʛʫ˂ʘʚʘ ʣʘʢʫ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʠ ʪʝʩʪʠʨʘˁʝ ʥʦʚʠʭ ʩʝʨʚʠʩʘ ʟʘ ʧʦʜʨʰʢʫ ʦʙʨʘʟʦʚʥʠʤ ʠ ʥʘʫʯʥʦ-

ʠʩʪʨʘʞʠʚʘʯʢʠʤ ʧʨʦʮʝʩʠʤʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʢʨʝʠʨʘ ʬʣʝʢʩʠʙʠʣʥʦ ʤʨʝʞʥʦ 

ʦʢʨʫʞʝˁʝ ʢʦʿʝ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʧʨʠʣʘʛʦʹʘʚʘ ʨʘʟʣʠʯʠʪʠʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠʤ 

ʟʘʭʪʝʚʠʤʘ ʟʘ ʩʚʘʢʫ ʦʜ ʦʙʣʘʩʪʠ ʢʦʿʘ ʩʝ ʠʟʫʯʘʚʘ ʥʘ ʩʪʫʜʠʿʩʢʠʤ ʧʨʦʛʨʘʤʠʤʘ. 

ɱʝʜʥʦʩʪʘʚʥʦ ʫʚʦʹʝˁʝ ʥʦʚʠʭ ʧʨʝʜʤʝʪʘ ʢʦʿʠ ʩʫ ʟʘʩʥʦʚʘʥʠ ʥʘ ʥʦʚʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ, 

ʢʘʦ ʰʪʦ ʩʫ ʤʦʙʠʣʥʦ ʧʦʩʣʦʚʘˁʝ, ʠʥʪʝʨʥʝʪ ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʫʨʝʹʘʿʘ, enterprise 

networking ʠ big data, ʦʣʘʢʰʘʚʘ ʦʙʨʘʟʦʚʥʠ ʧʨʦʮʝʩ ʠ ʩʪʫʜʝʥʪʠʤʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʥʘ 

ʙʨʟ ʠ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ ʫʩʚʦʿʝ ʥʦʚʘ ʧʨʘʢʪʠʯʥʘ ʟʥʘˁʘ ʠ ʠʩʢʘʞʫ ʢʨʝʘʪʠʚʥʦʩʪ ʫ 

ʨʘʟʚʦʿʫ ʥʦʚʠʭ ʘʧʣʠʢʘʮʠʿʘ ʠ ʩʝʨʚʠʩʘ. 

 

ʋ ʧʨʦʮʝʩʫ ʢʨʝʠʨʘˁʘ ʦʙʨʘʟʦʚʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʠ ʩʝʨʚʠʩʘ ʿʝ ʟʥʘʯʘʿʥʘ ʧʨʠʤʝʥʘ 

ʠʥʪʝʨʬʝʿʩʘ ʦʪʚʦʨʝʥʦʛ ʩʪʘʥʜʘʨʜʘ ʠ ʩʦʬʪʚʝʨʘ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ [11] ʧʦʰʪʦ ʜʦʧʨʠʥʦʩʠ 

ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ, ʘ ʫʪʠʯʝ ʠ ʥʘ ʩʤʘˁʝˁʝ ʪʨʦʰʢʦʚʘ 

ʨʝʘʣʠʟʘʮʠʿʝ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ɸʢʘʜʝʤʩʢʦ ʦʢʨʫʞʝˁʝ ʢʘʨʘʢʪʝʨʠʰʫ ʦʥʣʘʿʥ 

ʩʘʨʘʜˁʘ ʠ ʨʘʟʤʝʥʘ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ. ʇʦʿʘʚʘ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ, 

ʦʜʥʦʩʥʦ big data, ʟʘʭʪʝʚʘ ʚʠʰʠ ʩʪʝʧʝʥ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʧʨʠʩʪʫʧ ʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ ʥʘʧʨʝʜʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʟʘ 

ʦʙʨʘʜʫ ʦʚʠʭ ʧʦʜʘʪʘʢʘ. ɿʘʪʦ ʿʝ ʧʦʪʨʝʙʥʦ ʦʙʝʟʙʝʜʠʪʠ ʝʬʠʢʘʩʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, 

ʢʦʿʘ ʩʝ ʜʠʥʘʤʠʯʢʠ ʧʨʠʣʘʛʦʹʘʚʘ ʟʘʭʪʝʚʠʤʘ ʢʦʨʠʩʥʠʢʘ. ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʿʘ ʿʝ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʦʥʮʝʧʪʠʤʘ cloud computing-ʘ ʠ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ, 
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ʤʦʞʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʦʜʛʦʚʦʨʠʪʠ ʥʘ ʧʦʩʪʘʚˀʝʥʝ ʢʦʤʧʣʝʢʩʥʝ ʟʘʭʪʝʚʝ ʫʟ 

ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʝ ʧʨʦʮʝʩʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʠ ʠʥʪʝʛʨʘʮʠʿʝ ʫ ʦʢʚʠʨʫ ʩʠʩʪʝʤʘ ʝ-

ʦʙʨʘʟʦʚʘˁʘ. 

 

ʉʠʩʪʝʤ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʯʠʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʦʜʥʦʩʥʦ ʦʜʨʝʹʝʥʝ ʭʘʨʜʚʝʨʩʢʝ ʠ 

ʩʦʬʪʚʝʨʩʢʝ ʢʦʤʧʦʥʝʥʪʝ, ʘʣʠ ʠ ʢʘʜʨʦʚʠ. ʅʝʜʦʩʪʘʪʘʢ ʢʘʜʨʦʚʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ 

ʧʨʝʜʩʪʘʚˀʘ ʤʦʪʠʚʘʮʠʿʫ ʟʘ ʨʘʟʚʦʿ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. ʆʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʤʦʨʘ ʥʘ ʿʝʜʥʦʩʪʘʚʘʥ, ʘʣʠ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ 

ʜʘ ʧʨʫʞʠ ʩʪʫʜʝʥʪʠʤʘ ʥʝʦʧʭʦʜʥʘ ʟʥʘˁʘ, ʢʦʿʘ ˂ʝ ʤʦ˂ʠ ʜʘ ʧʨʠʤʝʥʝ ʫ ʨʝʘʣʥʠʤ 

ʤʨʝʞʥʠʭ ʦʢʨʫʞʝˁʠʤʘ. ɿʘʪʦ ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʤʦʨʘ ʜʘ ʠʤʘ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʠ 

ʢʘʨʘʢʪʝʨ ʠ ʜʘ ʧʦʨʝʜ ʦʩʥʦʚʥʠʭ ʟʥʘˁʘ ʦ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʨʘʯʫʥʘʨʩʢʠʤ ʤʨʝʞʘʤʘ, 

ʩʪʫʜʝʥʪʠʤʘ ʦʤʦʛʫ˂ʠ ʫʩʚʘʿʘˁʝ ʟʥʘˁʘ ʠ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʠʨʘˁʘ, ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ, 

cloud computing-ʘ ʠ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. 

 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʢʨʝʠʨʘʥ ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ 

ʤʨʝʞʘ ʥʘ ʧʨʦʿʝʢʪʦʚʘʥʦʤ ʤʦʜʝʣʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʢʦʿʠ ʿʝ   

ʟʘʩʥʦʚʘʥ ʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ ʠ cloud computing-ʫ. ʅʘʚʝʜʝʥʦ 

ʨʝʰʝˁʝ ʿʝ ʝʚʘʣʫʠʨʘʥʦ ʫ ʦʢʚʠʨʫ ʨʘʯʫʥʘʨʩʢʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʂʘʪʝʜʨʝ ʟʘ 

ʝʣʝʢʪʨʦʥʩʢʦ ʧʦʩʣʦʚʘˁʝ ʌʘʢʫʣʪʝʪʘ ʦʨʛʘʥʠʟʘʮʠʦʥʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ɹʝʦʛʨʘʜʫ. 

 

 

1.2. ʎʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʇʨʠʤʘʨʥʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʨʘʟʚʦʿ ʤʦʜʝʣʘ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

ʚʠʩʦʢʦʰʢʦʣʩʢʝ ʫʩʪʘʥʦʚʝ, ʢʦʿʠ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ ʠ 

ʨʘʟʚʦʿ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. ʎʠˀ ʨʘʜʘ ʩʝ 

ʨʝʘʣʠʟʫʿʝ ʢʨʦʟ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘ ʝ-

ʦʙʨʘʟʦʚʘˁʝ ʙʘʟʠʨʘʥʦ ʿʥʘ cloud computing ʪʝʭʥʦʣʦʛʠʿʠ ʠ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ 

ʤʨʝʞʘʤʘ. ʎʠˀʝʚʠ ʢʦʿʠ ʩʝ ʧʦʩʪʠʞʫ ʫ ʦʢʚʠʨʫ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʤ ʨʘʜʫ ʩʫ: 
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¶ ʇʨʦʿʝʢʪʦʚʘˁʝ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ 

ʤʨʝʞʘʤʘ ʥʝʦʧʭʦʜʥʝ ʟʘ ʝʬʠʢʘʩʥʫ ʨʝʘʣʠʟʘʮʠʿʫ ʧʦʩʣʦʚʥʠʭ ʠ ʦʙʨʘʟʦʚʥʠʭ 

ʧʨʦʮʝʩʘ ʫ ʘʢʘʜʝʤʩʢʦʤ ʦʢʨʫʞʝˁʫ. 

¶ ʇʦʚʝ˂ʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʧʦʫʟʜʘʥʦʩʪʠ, ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʠ ʙʝʟʙʝʜʥʦʩʪʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʢʦʨʠʰ˂ʝˁʝʤ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ 

ʤʨʝʞʘ. 

¶ ʇʦʚʝ˂ʘˁʝ ʩʪʝʧʝʥʘ ʜʦʩʪʫʧʥʦʩʪʠ ʩʠʩʪʝʤʘ ʝ-ʦʙʨʘʟʦʚʘˁʘ ʠʟʛʨʘʜˁʦʤ ʧʦʫʟʜʘʥʝ 

ʠ ʩʢʘʣʘʙʠʣʥʝ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

¶ ʉʤʘˁʝˁʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʿʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʠ ʦʙʨʘʟʦʚʥʠʭ 

ʩʝʨʚʠʩʘ ʧʨʠʤʝʥʦʤ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ. 

¶ ʇʨʦʿʝʢʪʦʚʘˁʝ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʢʦʿʘ ʟʘʭʪʝʚʘ ʤʘˁʝ 

ʢʘʧʠʪʘʣʥʝ ʠ ʦʧʝʨʘʪʠʚʥʝ ʪʨʦʰʢʦʚʝ. 

¶ ʈʘʟʚʦʿ ʤʦʜʝʣʘ ʝʚʘʣʫʘʮʠʿʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ. 

¶ ʈʘʟʚʦʿ ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʢʦʿʠ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʤʦʞʝ 

ʤʠʛʨʠʨʘʪʠ ʫ ʜʨʫʛʘ ʘʢʘʜʝʤʩʢʘ ʦʢʨʫʞʝˁʘ. 

¶ ʆʙʝʟʙʝʹʠʚʘˁʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʢʦʿʘ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ 

ʤʦʪʠʚʠʩʘʥʦʩʪʠ ʩʪʫʜʝʥʘʪʘ ʟʘ ʫʯʝˁʝ ʠ ʧʦʩʪʠʟʘˁʘ ʙʦˀʠʭ ʨʝʟʫʣʪʘʪʘ. 

¶ ʈʘʟʚʦʿ ʤʦʜʝʣʘ ʠ ʧʨʦʿʝʢʪʦʚʘˁʝ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. 

¶ ʀʥʪʝʥʟʠʚʥʦ ʫʢˀʫʯʠʚʘˁʝ ʩʪʫʜʝʥʪʘ ʫ ʧʨʦʮʝʩʝ ʚʝʟʘʥʝ ʟʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ 

ʧʨʠʤʝʥʫ ʥʦʚʠʭ ʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʢʦʥʮʝʧʪʠʤʘ ʥʘʧʨʝʜʥʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʨʠʰ˂ʝˁʝʤ ʤʦʜʝʨʥʝ cloud 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ. 

 

ɿʘ ʦʩʪʚʘʨʝˁʝ ʧʦʩʪʘʚˀʝʥʠʭ ʮʠˀʝʚʘ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʩʣʝʜʝ˂ʘ ʠʩʪʨʘʞʠʚʘˁʘ: 

¶ ɸʥʘʣʠʟʘ ʧʦʩʪʦʿʝ˂ʠʭ ʤʦʜʝʣʘ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʫʪʚʨʹʠʚʘˁʝ 

ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʠʤʝʥʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ ʘʢʘʜʝʤʩʢʠʤ 

ʤʨʝʞʘʤʘ. 

¶ ʄʦʜʝʣʠʨʘˁʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ 

ʤʨʝʞʘʤʘ ʫ ʦʢʚʠʨʫ ʦʙʨʘʟʦʚʥʝ ʠʥʩʪʠʪʫʮʠʿʝ. 
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¶ ʄʦʜʝʣʠʨʘˁʝ ʢˀʫʯʥʠʭ ʠʥʜʠʢʘʪʦʨʘ ʧʝʨʬʦʨʤʘʥʩʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘʩʥʦʚʘʥʝ 

ʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ. 

¶ ʄʦʜʝʣʠʨʘˁʝ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

ʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ. 

¶ ʇʨʠʤʝʥʘ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ ʫ ʦʙʨʘʟʦʚʥʦʤ ʧʨʦʮʝʩʫ ʠ ʤʝʨʝˁʝ ʨʝʟʫʣʪʘʪʘ 

ʧʨʠʤʝʥʝ. 

 

ʅʘʫʯʥʠ ʮʠˀ ʨʘʜʘ ʩʝ ʦʛʣʝʜʘ ʫ ʜʝʬʠʥʠʩʘˁʫ ʤʦʜʝʣʘ ʠ ʤʝʪʦʜʘ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 

ʢʦʥʮʝʧʪʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʟʘ 

ʨʝʘʣʠʟʘʮʠʿʫ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. 

ʂʦʥʘʯʥʠ ʨʝʟʫʣʪʘʪʠ ʪʨʝʙʘ ʜʘ ʜʘʿʫ ʜʦʧʨʠʥʦʩ ʬʦʨʤʘʣʠʟʘʮʠʿʠ ʠ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʠ 

ʧʨʦʮʝʩʘ ʧʨʦʿʝʢʪʦʚʘˁʘ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʠ 

ʧʨʦʮʝʩʘ ʨʘʟʚʦʿʘ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. 

 

 

1.3. ʇʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ 

 

ɻʣʘʚʥʘ ʭʠʧʦʪʝʟʘ ʢʦʿʘ ˂ʝ ʙʠʪʠ ʪʝʩʪʠʨʘʥʘ ʫ ʨʘʜʫ ʛʣʘʩʠ: 

 

ʈʘʟʚʦʿʝʤ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ, ʢʦʿʠ ʿʝ 

ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʠ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ, ʢʚʘʣʠʪʘʪʠʚʥʦ ʩʝ ʧʦʚʝ˂ʘʚʘ 

ʝʬʠʢʘʩʥʦʩʪ, ʧʦʫʟʜʘʥʦʩʪ, ʩʢʘʣʘʙʠʣʥʦʩʪ ʠ ʙʝʟʙʝʜʥʦʩʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤʘ ʝ-

ʦʙʨʘʟʦʚʘˁʘ. ʌʣʝʢʩʠʙʠʣʥʦ ʤʨʝʞʥʦ ʦʢʨʫʞʝˁʝ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʟʘ ʝʬʠʢʘʩʥʦ 

ʫʚʦʹʝˁʝ ʥʦʚʠʭ ʦʙʨʘʟʦʚʥʠʭ ʩʘʜʨʞʘʿʘ ʠ ʩʪʫʜʝʥʪʠʤʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʥʘ ʙʨʟ ʠ ʝʬʠʢʘʩʘʥ 

ʥʘʯʠʥ ʫʩʚʦʿʝ ʥʦʚʘ ʟʥʘˁʘ ʯʠʤʝ ʩʝ ʧʦʙʦˀʰʘʚʘʿʫ ʢʦʥʘʯʥʠ ʨʝʟʫʣʪʘʪʠ ʦʙʨʘʟʦʚʥʦʛ 

ʧʨʦʮʝʩʘ.  

 

ʅʘ ʦʩʥʦʚʫ ʜʝʬʠʥʠʩʘʥʦʛ ʧʨʝʜʤʝʪʘ ʠʩʪʨʘʞʠʚʘˁʘ ʤʦʞʝ ʩʝ ʠʟʜʚʦʿʠʪʠ ʥʝʢʦʣʠʢʦ 

ʧʦʩʝʙʥʠʭ ʭʠʧʦʪʝʟʘ: 
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ʍ0.1. ʄʦʛʫ˂ʝ ʿʝ ʨʘʟʚʠʪʠ ʩʠʩʪʝʤ ʝʬʠʢʘʩʥʝ, ʧʦʫʟʜʘʥʝ, ʩʢʘʣʘʙʠʣʥʝ ʠ ʙʝʟʙʝʜʥʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ, ʢʦʿʠ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʠ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

 

ʍ0.2. ʉʠʩʪʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʧʨʠʤʝʥʠ ʢʦʥʮʝʧʪʘ 

ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʦʧʨʠʥʦʩʠ ʧʦʙʦˀʰʘˁʫ 

ʢʚʘʣʠʪʝʪʘ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʮʝʩʘ. 

 

ʍ0.3. ʄʦʛʫ˂ʝ ʿʝ ʨʘʟʚʠʪʠ ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ 

ʤʨʝʞʘ. 

 

ɼʘˀʠʤ ʧʨʝʮʠʟʠʨʘˁʝʤ ʥʘʚʝʜʝʥʠʭ ʧʦʩʝʙʥʠʭ ʭʠʧʦʪʝʟʘ, ʬʦʨʤʫʣʠʰʫ ʩʝ ʧʦʿʝʜʠʥʠ 

ʝʣʝʤʝʥʪʠ ʢʦʿʠ ʩʫ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ: 

 

ʍ0.1.1. ʇʨʠʤʝʥʦʤ ʢʦʥʮʝʧʪʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʠ cloud computing-ʘ 

ʤʦʛʫ˂ʝ ʿʝ ʨʝʘʣʠʟʦʚʘʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʢʦʿʘ ʿʝ ʧʨʠʣʘʛʦʹʝʥʘ 

ʧʦʪʨʝʙʘʤʘ ʩʪʫʜʝʥʘʪʘ ʠ ʥʘʩʪʘʚʥʦʛ ʦʩʦʙˀʘ. 

 

ʍ0.1.2. ʇʨʠʤʝʥʦʤ ʢʦʥʮʝʧʪʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ cloud ʦʢʨʫʞʝˁʫ 

ʤʦʛʫ˂ʝ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʚʝ˂ʠ ʢʚʘʣʠʪʝʪ ʦʙʨʘʟʦʚʥʠʭ ʩʝʨʚʠʩʘ ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ 

ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

 

ʍ0.1.3. ʇʝʨʬʦʨʤʘʥʩʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ 

ʤʨʝʞʘʤʘ ʟʘʜʦʚʦˀʘʚʘʿʫ ʟʘʭʪʝʚʝ ʫ ʧʦʛʣʝʜʫ ʧʦʫʟʜʘʥʦʩʪʠ, ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʠ 

ʙʝʟʙʝʜʥʦʩʪʠ. 

 

ʍ0.2.1. ʄʦʛʫ˂ʝ ʿʝ ʨʝʘʣʠʟʦʚʘʪʠ ʝʚʘʣʫʘʮʠʿʫ ʤʦʜʝʣʘ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʢʦʥʮʝʧʪʫ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. 

 

ʍ0.2.2. ʉʪʫʜʝʥʪʠ ʦʩʪʚʘʨʫʿʫ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ ʧʨʠʣʠʢʦʤ ʝʚʘʣʫʘʮʠʿʝ ʩʘʚʣʘʜʘʥʦʛ 

ʛʨʘʜʠʚʘ ʢʘʜʘ ʢʦʨʠʩʪʝ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʟʘʩʥʦʚʘʥʫ ʥʘ 

ʢʦʥʮʝʧʪʫ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. 
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ʍ0.3.1. ʄʦʛʫ˂ʝ ʿʝ ʫʪʚʨʜʠʪʠ ʢʚʘʣʠʪʝʪ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ 

ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʥʘ ʦʩʥʦʚʫ ʧʦʩʪʠʛʥʫʪʠʭ ʨʝʟʫʣʪʘʪʘ ʩʪʫʜʝʥʘʪʘ. 

 

ʍ0.3.2. ʆʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʧʦʟʠʪʠʚʥʦ 

ʫʪʠʯʝ ʥʘ ʤʦʪʠʚʘʮʠʿʫ ʠ ʠʥʪʝʨʝʩʦʚʘˁʝ ʩʪʫʜʝʥʘʪʘ ʟʘ ʫʯʝˁʝ ʥʦʚʠʭ ʠʥʬʦʨʤʘʮʠʦʥʦ-

ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. 

 

 

1.4. ʄʝʪʦʜʝ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʇʨʠʣʠʢʦʤ ʠʟʨʘʜʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʦʜ ʦʧʰʪʠʭ ʥʘʫʯʥʠʭ ʤʝʪʦʜʘ ʢʦʨʠʩʪʝ ʩʝ ʤʝʪʦʜʝ 

ʧʨʠʢʫʧˀʘˁʘ ʠ ʘʥʘʣʠʟʝ ʥʘʫʯʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʤʦʜʝʣʠʨʘˁʝ, ʘʥʘʣʠʪʠʯʢʦ-ʜʝʜʫʢʪʠʚʥʘ ʠ 

ʩʪʘʪʠʩʪʠʯʢʘ ʤʝʪʦʜʘ. ʄʦʜʝʣʠʨʘˁʝ ʩʝ ʢʦʨʠʩʪʠ ʧʨʠʣʠʢʦʤ ʠʟʨʘʜʝ ʤʦʜʝʣʘ cloud 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ 

ʠ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. ɸʥʘʣʠʪʠʯʢʦ-

ʜʝʜʫʢʪʠʚʥʝ ʤʝʪʦʜʝ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʚʨʰʝˁʝ ʘʥʘʣʠʟʝ ʧʦʜʘʪʘʢʘ ʦ ʧʦʩʪʦʿʝ˂ʠʤ 

ʨʝʰʝˁʠʤʘ, ʦ ʪʝʭʥʦʣʦʛʠʿʘʤʘ ʟʘ ʨʘʟʚʦʿ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ, ʢʘʦ 

ʠ ʦ ʫʯʝʩʥʠʮʠʤʘ ʫ ʧʨʦʮʝʩʫ ʝ-ʦʙʨʘʟʦʚʘˁʘ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʄʝʨʝˁʝ 

ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʩʝ ʚʨʰʠ ʧʦʤʦ˂ʫ 

ʩʪʘʥʜʘʨʜʥʠʭ ʩʪʘʪʠʩʪʠʯʢʠʭ ʤʝʪʦʜʘ.  

 

ʋ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʜʝʣʫ ʿʝ ʠʟʚʨʰʝʥʘ ʝʚʘʣʫʘʮʠʿʘ ʨʘʟʚʠʿʝʥʦʛ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ 

ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ ʦʢʚʠʨʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-

ʦʙʨʘʟʦʚʘˁʝ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʝʣʝʢʪʨʦʥʩʢʦ ʧʦʩʣʦʚʘˁʝ ʥʘ ʌʘʢʫʣʪʝʪʫ 

ʦʨʛʘʥʠʟʘʮʠʦʥʠʭ ʥʘʫʢʘ ʫ ɹʝʦʛʨʘʜʫ. ʋ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʨʝʘʣʠʟʦʚʘʥʫ 

ʧʨʠʤʝʥʦʤ OpenStack-ʘ, ʠʥʪʝʛʨʠʩʘʥ ʿʝ ʢʦʥʮʝʧʪ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

ʢʦʨʠʰ˂ʝˁʝʤ OpenDaylight ʨʝʰʝˁʘ. ɽʚʘʣʫʘʮʠʿʘ ʿʝ ʠʟʚʨʰʝʥʘ ʩʘ ʦʙʨʘʟʦʚʥʦʛ 

ʘʩʧʝʢʪʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʪʨʝʙʘ ʜʘ ʧʦʪʚʨʜʝ ʛʣʘʚʥʫ ʭʠʧʦʪʝʟʫ ʦ 

ʧʦʙʦˀʰʘˁʫ ʢʚʘʣʠʪʝʪʘ ʠ ʝʬʠʢʘʩʥʦʩʪʠ ʩʠʩʪʝʤʘ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ. 

 

ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʨʝʟʝʥʪʦʚʘʥʠ ʪʝʢʩʪʫʘʣʥʦ, ʦʧʠʩʠʚʘˁʝʤ ʠ ʧʨʠʢʘʟʘʥʠ 

ʢʨʦʟ ʚʠʰʝ ʪʘʙʝʣʘ, ʩʣʠʢʘ ʠ ʜʠʿʘʛʨʘʤʘ ʩʘ ʫʧʦʨʝʜʥʦʤ ʘʥʘʣʠʟʦʤ. ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ 
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ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʦ, ʿʝʨ ʫʢˀʫʯʫʿʝ ʥʘʫʯʥʝ ʜʠʩʮʠʧʣʠʥʝ: ʤʝʪʦʜʦʣʦʛʠʿʫ, 

ʨʘʯʫʥʘʨʩʪʚʦ, ʠʥʬʦʨʤʘʪʠʢʫ, ʩʪʘʪʠʩʪʠʢʫ, ʧʝʜʘʛʦʛʠʿʫ ʠ ʜʨʫʛʝ ʥʘʫʯʥʝ ʜʠʩʮʠʧʣʠʥʝ.  
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2. ɸʅɸʃʀɿɸ ʇʆʉʊʆɱɽɴʀʍ ʈɽʐɽɳɸ 

 

2.1. ʆʩʥʦʚʥʠ ʢʦʥʮʝʧʪʠ ʝ-ʦʙʨʘʟʦʚʘˁʘ 

 

ʈʘʟʚʦʿ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠʤʘʦ ʿʝ ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʥʘ 

ʧʨʦʮʝʩ ʦʙʨʘʟʦʚʘˁʘ. ʇʦʿʘʚʘ ʠʥʪʝʨʥʝʪʘ ʠ ʨʘʟʚʦʿ ʠʥʪʝʨʥʝʪ ʪʝʭʥʦʣʦʛʠʿʘ ʦʤʦʛʫ˂ʠʣʠ ʩʫ 

ʟʥʘʯʘʿʘʥ ʥʘʧʨʝʜʘʢ ʫ ʦʙʣʘʩʪʠ ʫʯʝˁʘ ʥʘ ʜʘˀʠʥʫ, ʢʘʦ ʠ ʝ-ʦʙʨʘʟʦʚʘˁʝ. 

 

ʋʯʝˁʝ ʥʘ ʜʘˀʠʥʫ ʧʨʝʜʩʪʘʚˀʘ ʥʘʩʪʘʚʥʠ ʧʨʦʮʝʩ ʢʦʜ ʢʦʛʘ ʿʝ ʧʣʘʥʠʨʘʥʦ ʫʯʝˁʝ 

ʧʨʦʩʪʦʨʥʦ ʦʜʚʦʿʝʥʦ ʦʜ ʧʨʦʮʝʩʘ ʧʨʝʜʘʚʘˁʘ ʠ ʢʦʿʠ ʟʘʭʪʝʚʘ ʧʦʩʝʙʥʝ ʪʝʭʥʠʢʝ 

ʧʣʘʥʠʨʘˁʘ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʮʝʩʘ, ʩʧʝʮʠʿʘʣʥʝ ʤʝʪʦʜʝ ʧʨʝʜʘʚʘˁʘ, ʧʦʩʝʙʥʝ ʪʝʭʥʠʢʝ 

ʢʦʤʫʥʠʢʘʮʠʿʝ ʧʨʠʤʝʥʦʤ ʝʣʝʢʪʨʦʥʩʢʠʭ ʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʢʘʦ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʘ 

ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘ ʧʨʠʣʘʛʦʹʘʚʘˁʘ [12]. ʅʘ ʧʦʯʝʪʢʫ, ʫʯʝˁʝ ʥʘ ʜʘˀʠʥʫ ʩʝ ʦʜʚʠʿʘʣʦ 

ʧʫʪʝʤ ʧʦʰʪʝ, ʨʘʜʠʿʘ, ʪʝʣʝʚʠʟʠʿʝ ʠ ʘʫʜʠʦ-ʪʨʘʢʘ [13]. ɼʘʥʘʩ, ʩʘ ʨʘʟʚʦʿʝʤ ʠʥʪʝʨʥʝʪ 

ʪʝʭʥʦʣʦʛʠʿʘ ʧʨʠʤʝʥʘ ʝ-ʦʙʨʘʟʦʚʘˁʘ ʧʦʩʪʘʿʝ ʩʚʝ ʟʥʘʯʘʿʥʠʿʘ. ɽ-ʦʙʨʘʟʦʚʘˁʝ (ʝʥʛ. 

electronic education, e-education ʠʣʠ e-learning) ʧʨʝʜʩʪʘʚˀʘ ʚʠʜ ʨʝʘʣʠʟʘʮʠʿʝ 

ʥʘʩʪʘʚʥʦʛ ʧʨʦʮʝʩʘ ʢʦʨʠʰ˂ʝˁʝʤ ʝʣʝʢʪʨʦʥʩʢʠʭ ʤʝʜʠʿʘ ʟʘ ʠʩʧʦʨʫʢʫ ʨʘʟʣʠʯʠʪʠʭ 

ʥʘʩʪʘʚʥʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʛʨʘʤʘ ʫʯʝˁʘ [14]. ɼʨʫʛʘ ʜʝʬʠʥʠʮʠʿʘ 

ʥʘʚʦʜʠ ʜʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʠʩʧʦʨʫʢʫ ʨʘʟʣʠʯʠʪʠʭ ʣʝʢʮʠʿʘ, ʠʥʩʪʨʫʢʮʠʿʘ ʠ 

ʢʫʨʩʝʚʘ ʧʨʠʤʝʥʦʤ ʠʥʪʝʨʥʝʪ ʪʝʭʥʦʣʦʛʠʿʘ [15]. ɽ-ʦʙʨʘʟʦʚʘˁʝ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, 

ʦʧʠʩʫʿʝ ʫʯʝˁʝ ʫʟ ʧʦʤʦ˂ ʨʘʯʫʥʘʨʘ, ʘʣʠ ʩʘ ʨʘʟʚʦʿʝʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʦʚʘʿ ʚʠʜ 

ʫʯʝˁʘ ʧʦʜʨʘʟʫʤʝʚʘ ʠ ʢʦʨʠʰ˂ʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʧʨʝʥʦʩʠʚʠʭ ʫʨʝʹʘʿʘ, ʢʘʦ ʰʪʦ ʩʫ 

ʤʦʙʠʣʥʠ ʪʝʣʝʬʦʥʠ, ʪʘʙʣʝʪʠ ʠʪʜ. [16]. ɽ-ʦʙʨʘʟʦʚʘˁʝ ʩʝ ʫ ʧʨʘʢʩʠ ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʦʙʨʘʟʦʚʘˁʝʤ, ʧʨʠ ʯʝʤʫ ʩʝ ʜʦʙʠʿʘ Ăblended 

learningñ ʢʦʥʮʝʧʪ [17], [18] ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʝʬʠʢʘʩʥʠʿʝ ʦʢʨʫʞʝˁʝ ʟʘ ʫʯʝˁʝ ʠ 

ʧʨʝʜʘʚʘˁʝ. 

 

ʆʩʥʦʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʘ ʝ-ʦʙʨʘʟʦʚʘˁʘ ʿʝ ʩʠʩʪʝʤ ʟʘ ʫʧʨʘʚˀʘˁʝ ʫʯʝˁʝʤ (ʝʥʛ. 

Learning Management Systems ï LMS). ʉʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚˀʘˁʝ ʫʯʝˁʝʤ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʦʬʪʚʝʨʩʢʦ ʨʝʰʝˁʝ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʝ-ʦʙʨʘʟʦʚʘˁʘ ʠ ʠʤʘʿʫ ʟʘʜʘʪʘʢ ʜʘ 

ʦʙʝʟʙʝʜʝ ʩʢʫʧ ʘʣʘʪʘ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʠ ʫʧʨʘʚˀʘˁʝ ʧʨʦʮʝʩʦʤ ʦʙʨʘʟʦʚʘˁʘ [19].  
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ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʃʦʥʜʦʥʫ ʿʝ 1858. ʛʦʜʠʥʝ ʫʚʝʦ ʫʯʝˁʝ ʥʘ ʜʘˀʠʥʫ [20], ʘ ʜʘʥʘʩ ʚʝʣʠʢʠ 

ʙʨʦʿ ʫʥʠʚʝʨʟʠʪʝʪʘ ʨʝʘʣʠʟʫʿʝ ʥʘʩʪʘʚʥʠ ʧʨʦʮʝʩ ʧʨʠʤʝʥʦʤ ʦʚʦʛ ʢʦʥʮʝʧʪʘ. ɱʝʜʘʥ ʜʝʦ 

ʩʚʝʪʩʢʠʭ ʫʥʠʚʝʨʟʠʪʝʪʘ ʨʝʘʣʠʟʫʿʝ ʠ ʙʝʩʧʣʘʪʥʝ ʦʥʣʘʿʥ ʢʫʨʩʝʚʝ ʧʨʠʤʝʥʦʤ ʢʦʥʮʝʧʪʘ 

ʝ-ʦʙʨʘʟʦʚʘˁʘ [21]. 

 

ʂʨʘʿˁʠ ʮʠˀ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʮʝʩʘ ʿʝ ʧʦʚʝ˂ʘʪʠ ʥʠʚʦ ʟʥʘˁʘ ʠ ʤʦʪʠʚʠʩʘʥʦʩʪʠ 

ʩʪʫʜʝʥʘʪʘ ʠ ʦʣʘʢʰʘʪʠ ʧʨʠʧʨʝʤʫ ʠ ʨʝʘʣʠʟʘʮʠʿʫ ʥʘʩʪʘʚʥʦʛ ʧʨʦʮʝʩʘ ʥʘʩʪʘʚʥʦʤ 

ʦʩʦʙˀʫ, ʘ ʧʨʠʤʝʥʘ ʢʦʥʮʝʧʪʘ ʫʯʝˁʘ ʥʘ ʜʘˀʠʥʫ ʠ ʝ-ʦʙʨʘʟʦʚʘˁʘ ʫʪʠʯʝ ʥʘ 

ʧʦʙʦˀʰʘˁʝ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʮʝʩʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʧʨʠʩʪʫʧʦʤ [22]. 

 

 

2.2. ʇʦʿʘʤ ʠ ʜʝʬʠʥʠʮʠʿʘ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʩʚʘʢʦʛ ʩʠʩʪʝʤʘ, ʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʛʣʘ 

ʧʦʩʤʘʪʨʘˁʘ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʝ ʤʦʞʝ 

ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʿʝʜʠʥʩʪʚʝʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʨʘʟʚʦʿ ʠ ʠʟʚʨʰʘʚʘˁʝ ʘʧʣʠʢʘʮʠʿʘ, ʢʦʿʘ 

ʦʙʫʭʚʘʪʘ ʩʚʝ ʤʨʝʞʥʝ ʫʨʝʹʘʿʝ ʠ ˁʠʭʦʚʝ ʢʦʥʝʢʮʠʿʝ [23]. ʄʨʝʞʥʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʠ 

ʧʦʩʤʘʪʨʘʿʫ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʢʘʦ ʩʢʫʧ ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ, ʜʦʢ ʿʝ ʟʘ ʧʨʦʛʨʘʤʝʨʝ 

ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʨʘʟʚʦʿ ʘʧʣʠʢʘʮʠʿʘ [24]. ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʯʠʥʝ ʩʣʝʜʝ˂ʠ ʝʣʝʤʝʥʪʠ: ʀʊ ʢʦʤʧʦʥʝʥʪʝ, ˀʫʜʩʢʠ ʨʝʩʫʨʩʠ, ʀʊ ʩʝʨʚʠʩʠ ʠ 

ʘʧʣʠʢʘʮʠʿʝ [25]. 

 

ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʦʚʥʠʭ ʠʥʩʪʠʪʫʮʠʿʘ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʧʦʜʨʞʠ ʚʝʣʠʢʠ ʙʨʦʿ 

ʦʙʨʘʟʦʚʥʠʭ ʩʝʨʚʠʩʘ ʠ ʘʧʣʠʢʘʮʠʿʘ ʠ ʦʤʦʛʫ˂ʠ ʨʝʘʣʠʟʘʮʠʿʫ ʥʘʩʪʘʚʥʦʛ ʧʨʦʮʝʩʘ ʠ 

ʩʘʨʘʜˁʫ ʩʪʫʜʝʥʘʪʘ ʠ ʥʘʩʪʘʚʥʦʛ ʦʩʦʙˀʘ. ʇʦʨʝʜ ʧʦʜʨʰʢʝ ʟʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠ 

ʥʘʩʪʘʚʥʠ ʧʨʦʮʝʩ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʩʪʦʿʘˁʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʢʦʿʘ ʤʦʞʝ ʜʘ ʧʦʜʨʞʠ ʠ 

ʫʯʝˁʝ ʥʘ ʜʘˀʠʥʫ ʠ ʝ-ʦʙʨʘʟʦʚʘˁʝ. ɿʘʪʦ ʩʝ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʧʦʩʚʝ˂ʫʿʝ ʨʘʟʚʦʿʫ ʠ 

ʠʟʛʨʘʜˁʠ ʘʢʘʜʝʤʩʢʠʭ ʤʨʝʞʘ, ʘ ʧʨʝ ʩʚʝʛʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʈʘʟʣʦʛ ʟʘ 

ʪʦ ʿʝ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʚʝʣʠʢʠ ʙʨʦʿ ʘʢʘʜʝʤʩʢʠʭ ʛʨʘʹʘʥʘ, ʘʣʠ ʠ ʥʘ ʜʨʫʰʪʚʦ ʫ 

ʮʝʣʠʥʠ [26]. 
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2.2.1. ʂʦʤʧʦʥʝʥʪʝ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ ʭʘʨʜʚʝʨʘ ʠ ʩʦʬʪʚʝʨʘ, ʢʦʿʠ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ 

ʦʙʝʟʙʝʜʠ ʨʘʟʣʠʯʠʪʝ ʩʝʨʚʠʩʝ ʢʨʘʿˁʠʤ ʢʦʨʠʩʥʠʮʠʤʘ. ʅʘ ʩʣʠʮʠ 1 ʩʫ ʧʨʠʢʘʟʘʥʝ 

ʦʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʘʨʭʠʪʝʢʪʫʨʝ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

 

ɸʇʃʀʂɸʎʀɱɽ/ʉɽʈɺʀʉʀ

ɺʀʈʊʋɽʃʀɿɸʎʀɱɸ

ɹɽɿɹɽɼʅʆʉʊ

ʂʆʈʀʉʅʀʏʂʀ ʋʈɽɫɸɱʀ

ʉʂʃɸɼʀʐʊɸ

ʉɽʈɺɽʈʀ

ʈɸʏʋʅɸʈʉʂɸ ʄʈɽɾɸ

ɽʌʀʂɸʉʅʆʉʊ

ɼʆʉʊʋʇʅʆʉʊ

ʌʠʟʠʯʢʝ ʢʦʤʧʦʥʝʥʪʝ ʂʚʘʣʠʪʘʪʠʚʥʝ ʢʦʤʧʦʥʝʥʪʝ
 

ʉʣʠʢʘ 1: ʂʦʤʧʦʥʝʥʪʝ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

 

ʈʘʟʣʠʢʫʿʫ ʩʝ ʜʚʝ ʛʨʫʧʝ ʢʦʤʧʦʥʝʥʪʠ: ʬʠʟʠʯʢʝ ʠ ʢʚʘʣʠʪʘʪʠʚʥʝ. ʌʠʟʠʯʢʝ ʢʦʤʧʦʥʝʥʪʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚʫ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʿʝʜʥʦʛ ʩʠʩʪʝʤʘ, ʘ ʫ ʦʚʫ ʛʨʫʧʫ ʩʧʘʜʘʿʫ: 

ʨʘʯʫʥʘʨʩʢʘ ʤʨʝʞʘ, ʩʝʨʚʝʨʠ, ʩʢʣʘʜʠʰʪʘ ʠ ʢʨʘʿˁʠ ʢʦʨʠʩʥʠʯʢʠ ʫʨʝʹʘʿʠ. 

 

ʀʟʤʝʹʫ ʩʣʦʿʘ ʭʘʨʜʚʝʨʘ ʠ ʩʦʬʪʚʝʨʘ ʩʝ ʥʘʣʘʟʠ ʩʣʦʿ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ, ʢʦʿʠ ʚʨʰʠ 

ʩʠʤʫʣʘʮʠʿʫ ʦʜʨʝʹʝʥʦʛ ʤʨʝʞʥʦʛ ʨʝʩʫʨʩʘ. ʆʚʘʿ ʩʣʦʿ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʧʦʚʝ˂ʘ ʩʪʝʧʝʥ 

ʝʬʠʢʘʩʥʦʩʪʠ ʢʘʦ ʢʚʘʣʠʪʝʪ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ [27]. 

 

ʂʚʘʣʠʪʘʪʠʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʦʧʠʩʫʿʫ ʢʚʘʣʠʪʝʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʘ ʤʝʹʫ ˁʠʤʘ ʩʝ 

ʠʟʜʚʘʿʘʿʫ: ʜʦʩʪʫʧʥʦʩʪ, ʝʬʠʢʘʩʥʦʩʪ ʠ ʙʝʟʙʝʜʥʦʩʪ. ɼʦʩʪʫʧʥʦʩʪ ʜʘʿʝ ʦʜʛʦʚʦʨ ʥʘ 
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ʧʠʪʘˁʝ ʜʘ ʣʠ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ ʧʝʨʬʦʨʤʘʥʩʠ ʫ 

ʜʝʬʠʥʠʩʘʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ. ʆʜʥʦʩ ʥʠʚʦʘ ʧʝʨʬʦʨʤʘʥʩʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʠ ʥʝʦʧʭʦʜʥʠʭ ʨʝʩʫʨʩʘ ʧʨʝʜʩʪʘʚˀʘ ʝʬʠʢʘʩʥʦʩʪ. ʇʦʩʝʙʥʦ ʿʝ ʚʘʞʥʘ ʙʝʟʙʝʜʥʦʩʪ ʀʊ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʧʦʰʪʦ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʟʘʰʪʠʪʠ ʢʦʤʫʥʠʢʘʮʠʿʫ, ʧʦʜʘʪʢʝ ʠ ʫʨʝʹʘʿʝ. 

ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʧʦʪʨʝʙʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʠ ʟʥʘʯʘʿ ʧʨʠʤʝʥʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ, ʢʘʢʦ ʙʠ ʙʠʣʠ 

ʠʩʧʫˁʝʥʠ ʟʘʭʪʝʚʠ ʫ ʧʦʛʣʝʜʫ ʜʦʩʪʫʧʥʦʩʪʠ, ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʙʝʟʙʝʜʥʦʩʪʠ ʿʝʜʥʦʛ 

ʩʠʩʪʝʤʘ [28]. 

 

 

2.3. ʉloud computing ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

 

ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʦʚʥʠʭ ʠʥʩʪʠʪʫʮʠʿʘ ʠʤʘ ʢʦʤʧʣʝʢʩʘʥ ʟʘʜʘʪʘʢ ʜʘ ʦʜʛʦʚʦʨʠ 

ʥʘ ʨʘʟʣʠʯʠʪʝ ʟʘʭʪʝʚʝ ʩʪʫʜʝʥʘʪʘ ʠ ʥʘʩʪʘʚʥʦʛ ʦʩʦʙˀʘ. ɱʝʜʥʘ ʦʜ ʚʘʞʥʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʚʘʢʚʦʛ ʦʢʨʫʞʝˁʘ ʿʝʩʪʝ ʩʢʘʣʘʙʠʣʥʦʩʪ. ʊʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʯʫʥʘʨʩʢʝ 

ʤʨʝʞʝ, ʨʝʘʣʠʟʦʚʘʥʝ ʧʨʠʤʝʥʦʤ ʭʠʿʝʨʘʨʭʠʿʩʢʦʛ ʤʦʜʝʣʘ, ʤʦʛʫ ʩʘʤʦ ʫ ʠʟʚʝʩʥʦʿ ʤʝʨʠ 

ʜʘ ʠʩʧʫʥʝ ʦʚʘʿ ʟʘʭʪʝʚ [29]. ʄʝʹʫʪʠʤ, ʩʘ ʨʘʟʚʦʿʝʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʧʦʿʘʚʠʣʦ ʩʝ 

ʙʦˀʝ ʨʝʰʝˁʝ ʫ ʚʠʜʫ ʩloud computing ʪʝʭʥʦʣʦʛʠʿʝ [30]. ʆʚʦ ʨʝʰʝˁʝ ʤʦʞʝ ʜʘ 

ʧʨʝʚʘʟʠʹʝ ʧʨʦʙʣʝʤʝ ʢʦʿʠ ʥʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʦʚʝ˂ʘˁʘ ʙʨʦʿʘ ʢʦʨʠʩʥʠʢʘ 

ʦʙʨʘʟʦʚʥʦʛ ʩʠʩʪʝʤʘ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʥʦʚʠʭ ʩʝʨʚʠʩʘ, ʧʦʚʝ˂ʘˁʘ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ 

ʠ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʮʝʩʘ, ʢʘʦ ʰʪʦ ʩʫ ʤʦʜʝʣʠʨʘˁʝ, ʩʠʤʫʣʘʮʠʿʝ, ʠʥʪʝʨʘʢʪʠʚʥʠ ʚʠʜʝʦ ʠ 

ʚʠʨʪʫʝʣʥʠ ʩʚʝʪʦʚʠ [2]. ʋʧʨʘʚʦ ʠʟ ʦʚʠʭ ʨʘʟʣʦʛʘ ʩloud computing ʥʘʣʘʟʠ ʧʨʠʤʝʥʫ ʫ 

ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʘʢʘʜʝʤʩʢʠʭ ʤʨʝʞʘ [8]. 

 

Cloud computing ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ, ʘʣʠ ʦʥʦ ʰʪʦ ʿʝ 

ʩʫʰʪʠʥʘ ʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ ʿʝʩʪʝ ʘʧʩʪʨʘʢʮʠʿʘ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ ʜʦʩʪʫʧʥʠʭ Ăʥʘ 

ʟʘʭʪʝʚñ ʢʦʨʠʰ˂ʝˁʝʤ ʠʥʪʝʨʥʝʪʘ [31]. ɼʨʫʛʘ ʜʝʬʠʥʠʮʠʿʘ ʢʘʞʝ ʜʘ ʿʝ ʩloud ʛʨʫʧʘ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʨʘʯʫʥʘʨʘ ʢʦʿʠ ʧʨʫʞʘʿʫ ʧʦʪʨʝʙʥʝ ʤʨʝʞʥʝ ʨʝʩʫʨʩʝ, ʢʘʦ ʠ ʩʝʨʚʠʩʝ 

ʧʨʝʤʘ ʟʘʭʪʝʚʫ ʧʫʪʝʤ ʤʨʝʞʥʦʛ ʤʝʜʠʿʘ [8]. ɺʘʞʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ 

ʿʝʩʪʝ ʯʠˁʝʥʠʮʘ ʜʘ ʢʨʘʿˁʠ ʢʦʨʠʩʥʠʮʠ ʥʝ ʤʦʨʘʿʫ ʙʠʪʠ ʫʧʦʟʥʘʪʠ ʩʘ ʣʦʢʘʮʠʿʦʤ 

ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ ʠ ʨʝʩʫʨʩʘ ʢʦʿʠʤʘ ʧʨʠʩʪʫʧʘʿʫ. ɸʤʝʨʠʯʢʠ ʅʘʮʠʦʥʘʣʥʠ ʠʥʩʪʠʪʫʪ ʟʘ 

ʩʪʘʥʜʘʨʜʝ ʠ ʪʝʭʥʦʣʦʛʠʿʫ ʜʝʬʠʥʠʰʝ ʩloud ʢʘʦ Ăʤʦʜʝʣ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʩʚʝʧʨʠʩʫʪʥʠ 
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ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʨʠʩʪʫʧ ʤʨʝʞʠ Ăʥʘ ʟʘʭʪʝʚñ ʜʝˀʝʥʦʤ ʩʢʫʧʫ ʨʘʯʫʥʘʨʩʢʠʭ ʨʝʩʫʨʩʘ 

(ʢʘʦ ʰʪʦ ʩʫ ʤʨʝʞʘ, ʩʝʨʚʝʨʠ, ʩʢʣʘʜʠʰʪʘ, ʘʧʣʠʢʘʮʠʿʝ ʠ ʩʝʨʚʠʩʠ) ʢʦʿʠ ʤʦʛʫ ʜʘ ʩʝ 

ʦʤʦʛʫ˂ʝ ʢʨʘʿˁʠʤ ʢʦʨʠʩʥʠʮʠʤʘ ʫʟ ʤʠʥʠʤʘʣʘʥ ʥʘʧʦʨ ʠ ʤʠʥʠʤʘʣʥʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ 

ʧʨʦʚʘʿʜʝʨʦʤ ʩʝʨʚʠʩʘñ [32]. ʆʩʥʦʚʫ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʩloud computing-ʘ ʧʨʝʜʩʪʘʚˀʘ 

ʪʝʭʥʦʣʦʛʠʿʘ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʢʦʿʦʿ ʩʝ ʦʩʪʚʘʨʫʿʝ ʘʧʩʪʨʘʢʮʠʿʘ ʤʨʝʞʥʠʭ 

ʨʝʩʫʨʩʘ [33]. 

 

Cloud computing ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʝʤʘ ʥʘʯʠʥʫ ʢʦʨʠʰ˂ʝˁʘ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ 

ʨʘʟʣʠʢʫʿʝ ʪʨʠ ʧʨʠʩʪʫʧʘ [34]: 

¶ ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʠ (ʝʥʛ. Infrastructure as a Service ï IaaS)  

¶ ʇʣʘʪʬʦʨʤʩʢʠ (ʝʥʛ. Platform as a Service ï PaaS)  

¶ ɸʧʣʠʢʘʮʠʦʥʠ (ʝʥʛ. Software as a Service ï SaaS)  

 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʧʨʠʩʪʫʧ ʦʙʝʟʙʝʹʫʿʝ ʚʠʨʪʫʝʣʠʟʦʚʘʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʦʜʨʝʹʝʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ ʠ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ ʟʘʭʪʝʚ ʢʦʨʠʩʥʠʢʘ. ʇʣʘʪʬʦʨʤʩʢʠ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ 

ʢʨʝʠʨʘˁʝ ʘʧʣʠʢʘʮʠʿʝ ʧʨʠʤʝʥʦʤ ʨʘʟʣʠʯʠʪʠʭ ʨʘʟʚʦʿʥʠʭ ʘʣʘʪʘ ʥʘ ʧʣʘʪʬʦʨʤʠ 

ʧʨʦʚʘʿʜʝʨʘ. ɸʧʣʠʢʘʮʠʦʥʠ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʢʦʨʠʰ˂ʝˁʝ ʛʦʪʦʚʠʭ ʘʧʣʠʢʘʮʠʦʥʠʭ 

ʨʝʰʝˁʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʢʦʤʧʣʝʪʥʘ ʭʘʨʜʚʝʨʩʢʘ ʠ ʩʦʬʪʚʝʨʩʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʫ 

ʥʘʜʣʝʞʥʦʩʪʠ ʧʨʦʚʘʿʜʝʨʘ. ʀʘʢʦ ʩʚʠ ʥʘʚʝʜʝʥʠ ʪʠʧʦʚʠ ʩloud-ʘ ʤʦʛʫ ʥʘ˂ʠ ʧʨʠʤʝʥʫ ʫ 

ʘʢʘʜʝʤʩʢʦʤ ʦʢʨʫʞʝˁʫ, PaaS ʠʤʘ ʧʦʩʝʙʘʥ ʟʥʘʯʘʿ [35] ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʦʙʨʘʟʦʚʘˁʝ 

ʫ ʦʙʣʘʩʪʠ ʨʘʯʫʥʘʨʩʪʚʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. 

 

ʇʨʝʤʘ ʚʣʘʩʥʠʰʪʚʫ ʩloud computing ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ ʯʝʪʠʨʠ 

ʛʨʫʧʝ [36]: 

¶ ɱʘʚʥʠ ʦʙʣʘʢ (ʝʥʛ. Public Cloud) 

¶ ʇʨʠʚʘʪʥʠ ʦʙʣʘʢ (ʝʥʛ. Private Cloud) 

¶ ʍʠʙʨʠʜʥʠ ʦʙʣʘʢ (ʝʥʛ. Hybrid Cloud) 

¶ ɿʘʿʝʜʥʠʯʢʠ ʦʙʣʘʢ (ʝʥʛ. Community Cloud) 

 

ʆʙʨʘʟʦʚʥʝ ʠʥʩʪʠʪʫʮʠʿʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʙʠʣʦ ʢʦʿʠ ʦʜ ʦʚʠʭ ʤʦʜʝʣʘ, ʧʘ ʚʝʣʠʢʠ ʙʨʦʿ 

ʘʢʘʜʝʤʩʢʠʭ ʠʥʩʪʠʪʫʮʠʿʘ ʧʦʩʝʜʫʿʝ ʧʨʠʚʘʪʥʠ ʦʙʣʘʢ [37].  
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ʇʨʝʜʥʦʩʪʠ ʧʨʠʤʝʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʩloud computing ʩʫ ʚʠʰʝʩʪʨʫʢʝ. ʆʚʘ 

ʪʝʭʥʦʣʦʛʠʿʘ ʦʤʦʛʫ˂ʘʚʘ ʚʠʩʦʢ ʩʪʝʧʝʥ ʩʢʘʣʘʙʠʣʥʦʩʪʠ, ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʩʪʫʧʘ 

ʨʝʩʫʨʩʠʤʘ ʢʘʜʘ ʟʘ ʪʦ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ, ʝʣʘʩʪʠʯʥʦʩʪ ʨʝʩʫʨʩʘ, ʤʝʨˀʠʚʦʩʪ ʫʩʣʫʛʘ 

[38], ʢʘʦ ʠ ʩʤʘˁʝˁʝ ʪʨʦʰʢʦʚʘ ʦʜʨʞʘʚʘˁʘ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ [39]. ʉloud 

computing ʧʨʝʜʩʪʘʚˀʘ ʨʝʣʘʪʠʚʥʦ ʥʦʚʫ ʪʝʭʥʦʣʦʛʠʿʫ, ʘʣʠ ʟʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʿʠʤ 

ʧʦʟʠʪʠʚʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʥʘʣʘʟʠ ʧʨʠʤʝʥʫ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʧʨʝʜʫʟʝ˂ʘ, ʫ 

ʿʘʚʥʦʿ ʫʧʨʘʚʠ [40], ʘʣʠ ʠ ʫ ʤʥʦʛʠʤ ʘʢʘʜʝʤʩʢʠʤ ʠʥʩʪʠʪʫʮʠʿʘʤʘ [41], [42]. ʂʘʦ ʠ ʩʚʝ 

ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʩloud computing ʠʤʘ ʦʜʨʝʹʝʥʝ ʥʝʜʦʩʪʘʪʢʝ. ʆʩʥʦʚʥʠ ʥʝʜʦʩʪʘʮʠ ʩʝ 

ʦʜʥʦʩʝ ʥʘ ʧʠʪʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʧʦʜʘʪʘʢʘ ʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʢʨʘʿˁʠʭ 

ʢʦʨʠʩʥʠʢʘ ʠ ʧʨʦʚʘʿʜʝʨʘ ʩʝʨʚʠʩʘ [43], ʰʪʦ ʿʝ ʫ ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ʥʝʜʦʩʪʘʪʢʦʤ 

ʧʨʘʚʥʝ ʨʝʛʫʣʘʪʠʚʝ. ʇʨʘ˂ʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʩloud computing ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʫ 

ʮʠˀʫ ʧʨʘʚʦʚʨʝʤʝʥʝ ʜʝʪʝʢʮʠʿʝ ʧʨʦʙʣʝʤʘ ʠ ʦʙʝʟʙʝʹʠʚʘˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʥʠʚʦʘ 

ʩʝʨʚʠʩʘ (ʝʥʛʣ. Service Level Agreement ï SLA) ʧʨʝʜʩʪʘʚˀʘ ʚʝʣʠʢʠ ʠʟʘʟʦʚ [44], [45]. 

 

 

2.4. ʈʘʟʣʦʟʠ ʟʘ ʫʚʦʹʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʨʘʟʚʦʿʫ ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʟʘʭʪʝʚʠ ʢʦʿʠ ʩʝ 

ʧʦʩʪʘʚˀʘʿʫ ʧʨʝʜ ʨʘʯʫʥʘʨʩʢʝ ʤʨʝʞʝ ʩʫ ʧʦʩʪʘʣʠ ʢʦʤʧʣʝʢʩʥʠ. ʇʦʨʝʜ ʩʪʘʥʜʘʨʜʥʠʭ 

ʟʘʭʪʝʚʘ ʫ ʧʦʛʣʝʜʫ ʩʢʘʣʘʙʠʣʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʙʝʟʙʝʜʥʦʩʪʠ, ʤʨʝʞʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʦʨʘ ʜʘ ʦʙʝʟʙʝʜʠ ʠ ʚʠʩʦʢ ʩʪʝʧʝʥ ʤʦʙʠʣʥʦʩʪʠ ʢʦʨʠʩʥʠʢʘ ʠ ʜʘ 

ʧʦʜʨʞʠ BYOD (ʝʥʛ. Bring Your Own Device) ʧʨʠʥʮʠʧ, ʦʜʥʦʩʥʦ ʧʨʠʩʪʫʧ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʤʨʝʞʥʠʤ ʨʝʩʫʨʩʠʤʘ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʠ ʙʝʟ ʦʛʨʘʥʠʯʝˁʘ ʫ ʩʤʠʩʣʫ 

ʧʨʠʩʪʫʧʥʠʭ ʫʨʝʹʘʿʘ. ʇʦʨʘʩʪ ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʫ ʤʨʝʞʘʤʘ ʧʨʝʜʩʪʘʚˀʘ ʿʦʰ ʿʝʜʘʥ 

ʬʘʢʪʦʨ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʘ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʜʘʥʘʰˁʠʭ ʤʨʝʞʘ. 

ʇʦʩʝʙʘʥ ʠʟʘʟʦʚ ʧʨʝʜʩʪʘʚˀʘ ʠ ʨʝʘʣʠʟʘʮʠʿʘ ʫʧʨʘʚˀʘˁʘ ʪʘʢʚʦʤ ʤʨʝʞʥʦʤ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ [46], [47]. 

 

ʊʨʘʜʠʮʠʦʥʘʣʥʝ ʨʘʯʫʥʘʨʩʢʝ ʤʨʝʞʝ ʩʫ ʟʘʩʥʦʚʘʥʝ ʥʘ ʭʠʿʝʨʘʨʭʠʿʩʢʦʤ ʤʦʜʝʣʫ, ʢʦʿʠ 

ʮʝʣʦʢʫʧʥʫ ʤʨʝʞʫ ʧʦʩʤʘʪʨʘ ʢʘʦ ʥʠʟ ʩʣʦʿʝʚʘ, ʩʘ ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘʥʠʤ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠʤʘ ʥʘ ʩʚʘʢʦʤ ʩʣʦʿʫ. ʅʘ ʩʣʠʮʠ 2 ʿʝ ʧʨʠʢʘʟʘʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʘ 

ʢʘʤʧʫʩ ʤʨʝʞʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. 
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ʇʨʠʩʪʫʧʥʠ ʩʣʦʿ

ɼʠʩʪʨʠʙʫʪʠʚʥʠ ʩʣʦʿ

ʎʝʥʪʨʘʣʥʠ ʩʣʦʿ

ʀʥʪʝʨʥʝʪ

Firewall

CloudData ʮʝʥʪʘʨ

 

ʉʣʠʢʘ 2: ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʢʘʤʧʫʩ ʤʨʝʞʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

 

 

ʆʚʘʢʚʘ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʝʟʙʝʹʫʿʝ ʠʟʚʝʩʪʘʥ ʩʪʝʧʝʥ ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʠ ʤʦʜʫʣʘʨʥʦʩʪʠ, 

ʧʨʝ ʩʚʝʛʘ ʟʘʭʚʘˀʫʿʫ˂ʠ ʧʨʠʤʝˁʝʥʦʤ ʢʦʥʮʝʧʪʫ ʨʝʜʫʥʜʘʥʪʥʦʩʪʠ [48]. ʄʝʹʫʪʠʤ, 

ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʤʨʝʞʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʪʘʪʠʯʥʦʩʪ, ʢʘʦ ʠ ʯʠˁʝʥʠʮʘ ʜʘ ʩʫ ʭʝʪʝʨʦʛʝʥʝ, 

ʦʜʥʦʩʥʦ ʧʨʠʤʝˁʫʿʝ ʩʝ ʦʧʨʝʤʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʠʟʚʦʹʘʯʘ, ʯʠʤʝ ʩʝ ʧʨʦʮʝʩ ʦʜʨʞʘʚʘˁʘ 

ʠ ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʦʤ ʫʩʣʦʞˁʘʚʘ. ʇʨʦʮʝʩ ʫʚʦʹʝˁʘ ʥʦʚʠʭ ʩʝʨʚʠʩʘ ʜʦʜʘʪʥʦ 

ʫʩʧʦʨʘʚʘ ʢʦʤʧʣʝʢʩʥʦʩʪ ʨʝʘʣʠʟʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʧʦʪʨʝʙʘ ʧʦʟʥʘʚʘˁʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʤʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʫʨʝʹʘʿʘ. ɺʘʞʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ 

ʠ ʧʦʩʪʦʿʘˁʝ ʤʥʦʛʠʭ ʥʝʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠʭ ʨʝʰʝˁʘ, ʢʘʦ ʠ ʟʘʪʚʦʨʝʥʦʩʪ ʤʨʝʞʥʝ 

ʦʧʨʝʤʝ [7]. ʄʥʦʛʝ ʤʨʝʞʥʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʫ ʭʘʨʜʚʝʨʫ, ʰʪʦ ʟʘ 

ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʚʠʩʦʢʫ ʮʝʥʫ ʨʝʘʣʠʟʘʮʠʿʝ ʤʨʝʞʥʝ ʘʨʭʠʪʝʢʪʫʨʝ, ʢʘʦ ʠ ʥʝʜʦʚʦˀʘʥ 

ʩʪʝʧʝʥ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ. ʅʘʚʝʜʝʥʠ ʥʝʜʦʩʪʘʮʠ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ 
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ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʘʟʣʦʛ ʟʘ ʫʚʦʹʝˁʝ ʜʠʥʘʤʠʯʢʝ ʘʨʭʠʪʝʢʪʫʨʝ ʫ ʤʦʜʝʨʥʝ ʨʘʯʫʥʘʨʩʢʝ 

ʤʨʝʞʝ. 

 

ɼʠʥʘʤʠʯʢʘ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ ʪʝʭʥʠʢʘ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʤʨʝʞʥʠʭ 

ʨʝʩʫʨʩʘ ʠ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʟʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦ ʫʧʨʘʚˀʘˁʝ 

ʚʠʨʪʫʝʣʥʦʤ ʠ ʬʠʟʠʯʢʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ. ɺʠʰʠ ʩʪʝʧʝʥ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ ʫ 

ʤʨʝʞʘʤʘ ʟʥʘʯʠ ʧʦʙʦˀʰʘˁʝ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʠʣʘʛʦʹʘʚʘˁʘ 

ʧʦʪʨʝʙʘʤʘ ʢʦʨʠʩʥʠʢʘ ʢʨʦʟ ʧʨʠʤʝʥʫ ʛʨʘʥʫʣʘʨʥʠʭ ʧʦʣʠʩʘ ʫʧʨʘʚˀʘˁʘ, ʘ ʩʚʝ ʪʦ 

ʢʦʨʠʰ˂ʝˁʝʤ ʿʝʜʠʥʩʪʚʝʥʝ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʎʝʥʪʨʘʣʠʟʦʚʘʥʦ ʫʧʨʘʚˀʘˁʝ 

ʦʤʦʛʫ˂ʘʚʘ ʫʚʠʜ ʫ ʩʪʘˁʝ ʫ ʮʝʣʦʢʫʧʥʦʿ ʤʨʝʞʠ ʯʠʤʝ ʩʝ ʦʣʘʢʰʘʚʘ ʧʨʦʮʝʩ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʦʪʨʝʙʥʠʭ ʨʝʩʫʨʩʘ, ʘ ʪʠʤʝ ʩʤʘˁʫʿʫ ʠ ʦʧʝʨʘʪʠʚʥʠ ʪʨʦʰʢʦʚʠ. 

ʄʦʛʫ˂ʥʦʩʪ ʣʦʛʠʯʢʝ ʜʦʜʝʣʝ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ ʥʘ ʟʘʭʪʝʚ ʧʨʝʜʩʪʘʚˀʘ ʚʘʞʥʫ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ ʫ ʢʘʤʧʫʩ ʦʢʨʫʞʝˁʫ, ʘ ʧʦʩʝʙʥʦ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʘʢʘʜʝʤʩʢʠʤ ʤʨʝʞʘʤʘ. 

Cloud ʪʝʭʥʦʣʦʛʠʿʘ ʿʝ ʧʨʠʩʫʪʥʘ ʫ ʤʥʦʛʠʤ ʢʘʤʧʫʩ ʤʨʝʞʘʤʘ, ʧʘ ʿʝ ʫ ʪʦʤ ʩʣʫʯʘʿʫ 

ʧʨʦʮʝʩ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ ʙʠʪʘʥ. SDN ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʧʨʦʮʝʩ 

ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ ʟʘʭʚʘˀʫʿʫ˂ʠ ʘʧʩʪʨʘʢʮʠʿʠ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ, ʯʠʤʝ ʩʝ ʟʥʘʪʥʦ 

ʩʤʘˁʫʿʝ ʚʨʝʤʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʥʦʚʠʭ ʩʝʨʚʠʩʘ [49]. 

 

ʇʨʠʤʝʥʘ ʜʠʥʘʤʠʯʢʝ ʘʨʭʠʪʝʢʪʫʨʝ, ʦʜʥʦʩʥʦ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦʛ 

ʫʧʨʘʚˀʘˁʘ ʫ ʤʨʝʞʘʤʘ, ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʦʙʝʟʙʝʜʠ ʩʣʝʜʝ˂ʝ [50]: 

¶ ɹʨʟʘ ʧʨʠʤʝʥʘ ʥʦʚʠʭ ʩʝʨʚʠʩʘ ʙʝʟ ʫʪʠʮʘʿʘ ʥʘ ʜʨʫʛʝ ʣʦʛʠʯʢʝ ʤʨʝʞʝ 

ʟʘʭʚʘˀʫʿʫ˂ʠ ʚʠʨʪʫʝʣʠʟʘʮʠʿʠ. 

¶ ʇʦʚʝ˂ʘˁʝ ʜʦʩʪʫʧʥʦʩʪʠ ʩʝʨʚʠʩʘ ʟʙʦʛ ʤʦʛʫ˂ʥʦʩʪʠ ʧʦʩʪʦʿʘˁʘ 

ʧʨʝʜʝʬʠʥʠʩʘʥʠʭ ʘʣʪʝʨʥʘʪʠʚʥʠʭ ʧʫʪʘˁʘ, ʰʪʦ ʟʥʘʪʥʦ ʩʤʘˁʫʿʝ ʚʨʝʤʝ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʤʨʝʞʘʤʘ. 

¶ ʀʟʦʣʘʮʠʿʘ ʩʘʦʙʨʘ˂ʘʿʘ ʣʦʛʠʯʢʠʭ ʤʨʝʞʘ ʥʘ ʜʨʫʛʦʤ ʠ ʪʨʝ˂ʝʤ ʩʣʦʿʫ ʆSI 

ʤʦʜʝʣʘ. 

¶ ʆʧʪʠʤʘʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʨʝʩʫʨʩʘ ʧʦʰʪʦ ʩʫ ʫʧʨʘʚˀʘˁʝ, ʢʘʦ ʠ ʩʝʨʚʠʩʠ ʠ 

ʘʧʣʠʢʘʮʠʿʝ, ʚʠʨʪʫʝʣʠʟʦʚʘʥʠ ʢʘʢʦ ʙʠ ʩʝ ʦʧʪʠʤʘʣʥʦ ʢʦʨʠʩʪʠʣʠ ʧʨʦʩʪʦʨ ʠ 

ʥʘʧʘʿʘˁʝ.  
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3. ʉʆʌʊɺɽʈʉʂʀ ɼɽʌʀʅʀʉɸʅE ʄʈɽɾE 

 

3.1. ʇʦʿʘʤ ʠ ʜʝʬʠʥʠʮʠʿʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

 

ʇʨʚʠ ʢʦʨʘʢ ʢʘ ʨʘʟʚʦʿʫ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʧʨʝʜʩʪʘʚˀʘ Ethane 

ʧʨʦʿʝʢʘʪ ʥʘ ʋʥʠʚʝʨʟʠʪʝʪʫ ʉʪʘʥʬʦʨʜ [51], ʢʦʿʠ ʿʝ ʫʚʝʦ ʮʝʥʪʨʘʣʠʟʘʮʠʿʫ ʫʧʨʘʚˀʘˁʘ 

ʧʨʦʮʝʩʦʤ ʧʨʦʩʣʝʹʠʚʘˁʘ ʤʨʝʞʥʦʛ ʩʘʦʙʨʘ˂ʘʿʘ. ʅʘ ʨʘʟʚʦʿ ʠ ʧʨʠʤʝʥʫ 

ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ ʫ ʨʘʯʫʥʘʨʩʢʠʤ ʤʨʝʞʘʤʘ ʿʝ ʫʪʠʮʘʦ ʠ OpenFlow ʧʨʦʪʦʢʦʣ, ʢʘʦ 

ʧʨʚʠ ʧʨʦʪʦʢʦʣ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʬʫʥʢʮʠʿʝ ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʦʤ ʠ ʬʫʥʢʮʠʿʝ 

ʧʨʦʩʣʝʹʠʚʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ [11]. ʇʨʦʛʨʘʤʘʙʠʣʥʦʩʪ ʢʘʦ ʢʦʥʮʝʧʪ ʫ ʨʘʯʫʥʘʨʩʢʠʤ 

ʤʨʝʞʘʤʘ ʧʦʩʪʦʿʠ ʧʨʝʢʦ 20 ʛʦʜʠʥʘ [52]. 

 

ʉʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʤʨʝʞʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʘʨʘʜʠʛʤʫ ʫ ʨʘʯʫʥʘʨʩʢʠʤ ʤʨʝʞʘʤʘ, 

ʢʦʿʘ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʧʨʝʚʘʟʠʹʝ ʥʝʜʦʩʪʘʪʢʝ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʫʤʨʝʞʘʚʘˁʘ [10]. 

ʊʨʘʜʠʮʠʦʥʘʣʥʝ ʤʨʝʞʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʚʝʨʪʠʢʘʣʥʫ ʠʥʪʝʛʨʘʮʠʿʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ, 

ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʝ ʬʫʥʢʮʠʿʘ ʫʧʨʘʚˀʘˁʘ (ʝʥʛ. control plane) ʠ ʧʨʦʩʣʝʹʠʚʘˁʘ ʧʦʜʘʪʘʢʘ 

(ʝʥʛ. data plane) ʥʘʣʘʟʝ ʫ ʦʢʚʠʨʫ ʩʘʤʠʭ ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ 

ʢʦʤʧʣʝʢʩʥʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʫʧʨʘʚˀʘˁʘ ʫ ʚʝʣʠʢʠʤ ʤʨʝʞʘʤʘ.  

 

ʂʦʥʮʝʧʪ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʢʦʨʠʩʪʠ ʭʦʨʠʟʦʥʪʘʣʥʫ ʠʥʪʝʛʨʘʮʠʿʫ, ʢʦʿʘ 

ʧʦʜʨʘʟʫʤʝʚʘ ʨʘʟʜʚʘʿʘˁʝ ʧʨʦʮʝʩʘ ʫʧʨʘʚˀʘˁʘ ʠ ʧʨʦʩʣʝʹʠʚʘˁʘ ʧʦʜʘʪʘʢʘ [53], ʰʪʦ ʿʝ 

ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3. ʋʤʝʩʪʦ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʫʧʨʘʚˀʘˁʘ, ʢʦʿʝ ʧʦʩʪʦʿʠ ʫ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʤʨʝʞʘʤʘ, ʧʨʝʣʘʟʠ ʩʝ ʥʘ ʢʦʥʮʝʧʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦʛ ʫʧʨʘʚˀʘˁʘ 

ʤʨʝʞʦʤ ʢʨʦʟ ʧʨʠʤʝʥʫ ʢʦʥʪʨʦʣʝʨʘ. ʇʦʨʝʜ ʦʚʦʛʘ, ʚʘʞʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʿʝ ʠ ʧʨʠʤʝʥʘ ʠʥʪʝʨʬʝʿʩʘ ʦʪʚʦʨʝʥʦʛ ʩʪʘʥʜʘʨʜʘ ʟʘ 

ʢʦʤʫʥʠʢʘʮʠʿʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʦʤ ʨʝʘʣʠʟʫʿʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʢʦʥʪʨʦʣʝʨʘ ʫʤʝʩʪʦ ʚʝ˂ʝʛ ʙʨʦʿʘ ʫʨʝʹʘʿʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʠʟʚʦʹʘʯʘ ʦʧʨʝʤʝ ʠ 

ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʪʦʢʦʣʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʥʘʚʝʜʝʥʠʤ ʦʩʦʙʠʥʘʤʘ ʟʥʘʯʘʿʥʦ ʿʝ 

ʧʦʿʝʜʥʦʩʪʘʚˀʝʥ ʧʨʦʮʝʩ ʢʨʝʠʨʘˁʘ ʠ ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʥʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ, ʢʘʦ ʠ 

ʧʨʦʮʝʩ ʣʦʢʘʣʠʟʘʮʠʿʝ ʠ ʨʝʰʘʚʘˁʘ ʫʦʯʝʥʠʭ ʧʨʦʙʣʝʤʘ [54], ʧʨʠʤʝʥʘ ʥʦʚʠʭ 

ʧʨʦʪʦʢʦʣʘ ʠ ʘʧʣʠʢʘʮʠʿʘ ʠ ʚʠʨʪʫʝʣʠʟʘʮʠʿʘ ʤʨʝʞʝ [55].  
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ʂʦʤʫʥʠʢʘʮʠʦʥʠ ʧʨʦʪʦʢʦʣ

SDN ʢʦʥʪʨʦʣʝʨ

Flow ʩʚʠʯ

ʊʦʢ ʧʦʜʘʪʘʢʘ

ʂʦʥʪʨʦʣʥʠ ʩʘʦʙʨʘ˂ʘʿ

ʭʦʩʪ 1

ʭʦʩʪ 2

ʭʦʩʪ 3

Flow ʩʚʠʯ

Flow ʩʚʠʯ

Flow ʩʚʠʯ

Flow ʩʚʠʯ

 

ʉʣʠʢʘ 3: ʂʦʥʮʝʧʪ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

 

 

ʇʦʩʪʦʿʠ ʚʠʰʝ ʜʝʬʠʥʠʮʠʿʘ ʢʦʥʮʝʧʪʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ, ʘʣʠ ʦʥʦ ʰʪʦ 

ʿʝ ʟʘʿʝʜʥʠʯʢʦ ʟʘ ʩʚʝ ʿʝʩʪʝ ʘʧʩʪʨʘʢʮʠʿʘ ʥʠʞʠʭ ʩʣʦʿʝʚʘ ʘʨʭʠʪʝʢʪʫʨʝ [9]. Open 

Network Foundation ʥʘʚʦʜʠ ʜʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʤʨʝʞʝ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʜʠʨʝʢʪʥʦ ʫʧʨʘʚˀʘˁʝ ʠ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ ʨʘʟʜʚʘʿʘˁʝʤ 

ʬʫʥʢʮʠʿʘ ʫʧʨʘʚˀʘˁʘ ʠ ʧʨʦʩʣʝʹʠʚʘˁʘ ʧʦʜʘʪʘʢʘ [4]. ɼʨʫʛʘ ʜʝʬʠʥʠʮʠʿʘ ʥʘʚʦʜʠ ʜʘ 

SDN ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʠʥʪʝʨʘʢʮʠʿʫ ʠ ʤʘʥʠʧʫʣʘʮʠʿʫ ʘʧʣʠʢʘʮʠʿʘ ʠ ʫʧʨʘʚˀʘʯʢʠʭ 

ʩʦʬʪʚʝʨʘ ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ ʠ ʨʝʩʫʨʩʘ [56]. 

 

ʉʚʘʢʘ ʤʨʝʞʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʦʨʘ ʜʘ ʠʩʧʫʥʠ ʟʘʭʪʝʚʝ ʫ ʧʦʛʣʝʜʫ ʩʢʘʣʘʙʠʣʥʦʩʪʠ, 

ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪʠ ʠ ʙʝʟʙʝʜʥʦʩʪʠ, ʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʤʨʝʞʝ ʤʦʛʫ 

ʟʥʘʯʘʿʥʦ ʜʘ ʜʦʧʨʠʥʝʩʫ ʠʩʧʫˁʝˁʫ ʦʚʠʭ ʟʘʭʪʝʚʘ [57]. ʎʝʥʪʨʘʣʠʟʘʮʠʿʘ, ʢʘʦ ʢˀʫʯʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ, ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʫʧʨʘʚˀʘˁʝ 

ʤʨʝʞʦʤ ʠ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʤʝʥʫ ʤʘˁʝ ʢʦʤʧʣʝʢʩʥʠʭ ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ, ʘʣʠ ʩʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʦʿʘʚʝ ʜʘ ʢʦʥʪʨʦʣʝʨ ʧʦʩʪʘʿʝ single-point-of-failure [57]. 

ʄʝʹʫʪʠʤ, ʦʚʘ ʩʠʪʫʘʮʠʿʘ ʩʝ ʤʦʞʝ ʠʟʙʝ˂ʠ ʧʨʠʤʝʥʦʤ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʢʦʥʪʨʦʣʝʨʘ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʨʦʪʦʢʦʣʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʢʦʥʪʨʦʣʝʨʘ, ʢʘʦ ʰʪʦ ʿʝ SDNi 
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ʧʨʦʪʦʢʦʣ [58], [59]. ʋ ʚʝʣʠʢʠʤ ʤʨʝʞʘʤʘ ʤʦʞʝ ʙʠʪʠ ʠʟʨʘʞʝʥ ʧʨʦʙʣʝʤ 

ʩʢʘʣʘʙʠʣʥʦʩʪʠ, ʢʦʿʠ ʧʨʠʤʝʥʘ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʢʦʥʪʨʦʣʝʨʘ [60] ʤʦʞʝ ʜʘ ʨʝʰʠ. 

ʀʘʢʦ ʫʚʦʜʠ ʚʠʰʠ ʩʪʝʧʝʥ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʠ ʦʤʦʛʫ˂ʘʚʘ ʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ, 

SDN ʢʦʥʮʝʧʪ ʠʤʘ ʠ ʠʟʚʝʩʪʘʥ ʫʪʠʮʘʿ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ [61], ʧʘ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʧʨʠʤʝʥʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʠʩʪʝʤ ʟʘ ʧʨʘ˂ʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ. 

 

ʇʨʠʤʝʥʘ ʥʦʚʦʛ ʢʦʥʮʝʧʪʘ, ʢʘʦ ʰʪʦ ʿʝ SDN, ʟʘʭʪʝʚʘ ʠʟʚʝʩʥʝ ʬʠʥʘʥʩʠʿʩʢʝ ʪʨʦʰʢʦʚʝ, 

ʧʘ ʩʝ ʫ ʤʥʦʛʠʤ ʤʨʝʞʘʤʘ ʧʨʠʤʝˁʫʿʝ ʭʠʙʨʠʜʥʠ ʧʨʠʩʪʫʧ, ʦʜʥʦʩʥʦ ʢʦʤʙʠʥʘʮʠʿʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʠ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʦʛ ʦʢʨʫʞʝˁʘ. 

 

 

3.2. ɸʨʭʠʪʝʢʪʫʨʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʨʘʟʣʠʢʫʿʝ ʪʨʠ ʩʣʦʿʘ (ʉʣʠʢʘ 4): 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠ, ʫʧʨʘʚˀʘʯʢʠ ʠ ʘʧʣʠʢʘʪʠʚʥʠ [62].  

 

Aʧʣʠʢʘʮʠʿʝ

ʄʨʝʞʥʠ ʩʝʨʚʠʩʠ

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʩʣʦʿ

ʋʧʨʘʚˀʘʯʢʠ ʩʣʦʿ

ɸʧʣʠʢʘʪʠʚʥʠ ʩʣʦʿ

Northboud API

Southboud API

 

ʉʣʠʢʘ 4: ɸʨʭʠʪʝʢʪʫʨʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ [4] 
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ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʩʣʦʿ ʯʠʥʝ ʤʨʝʞʥʠ ʝʣʝʤʝʥʪʠ, ʢʦʿʠ ʩʫ ʟʘʜʫʞʝʥʠ ʟʘ ʧʨʦʩʣʝʹʠʚʘˁʝ 

ʩʘʦʙʨʘ˂ʘʿʘ. ʆʥʠ ʤʦʛʫ ʙʠʪʠ ʨʝʘʣʠʟʦʚʘʥʠ ʫ ʭʘʨʜʚʝʨʫ ʠʣʠ ʩʦʬʪʚʝʨʫ, ʦʜʥʦʩʥʦ ʤʦʛʫ 

ʙʠʪʠ ʬʠʟʠʯʢʠ ʠʣʠ ʚʠʨʪʫʝʣʥʠ. ʄʨʝʞʥʠ ʝʣʝʤʝʥʪʠ ʜʦʥʦʩʝ ʦʜʣʫʢʫ ʦ ʧʨʦʩʣʝʹʠʚʘˁʫ 

ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʦʩʥʦʚʫ ʠʥʩʪʨʫʢʮʠʿʘ ʜʦʙʠʿʝʥʠʭ ʦʜ ʫʧʨʘʚˀʘʯʢʦʛ ʩʣʦʿʘ. 

 

ʂʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛ ʠ ʫʧʨʘʚˀʘʯʢʦʛ ʩʣʦʿʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʝʢʦ 

southbound API ʠʥʪʝʨʬʝʿʩʘ. ɳʝʛʦʚ ʟʘʜʘʪʘʢ ʿʝ ʜʘ ʧʨʝʥʝʩʝ ʠʥʩʪʨʫʢʮʠʿʝ ʦ 

ʧʨʦʩʣʝʹʠʚʘˁʫ ʧʘʢʝʪʘ ʦʜ ʫʧʨʘʚˀʘʯʢʦʛ ʩʣʦʿʘ ʜʦ ʤʨʝʞʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ˂ʝ 

ʠʟʚʨʰʠʪʠ ʦʜʨʝʹʝʥʫ ʘʢʮʠʿʫ. ʊʦ ʤʦʞʝ ʙʠʪʠ ʧʨʦʩʣʝʹʠʚʘˁʝ ʧʘʢʝʪʘ, ʦʜʙʘʮʠʚʘˁʝ 

ʧʘʢʝʪʘ ʠʣʠ ʠʟʤʝʥʘ ʧʘʢʝʪʘ. ʇʨʠʤʝʨ ʧʨʦʪʦʢʦʣʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛ ʠ ʫʧʨʘʚˀʘʯʢʦʛ ʩʣʦʿʘ ʿʝ OpenFlow [63]. 

 

ʂʦʥʪʨʦʣʘ ʠ ʥʘʜʟʦʨ ʧʨʦʩʣʝʹʠʚʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ ʫ ʤʨʝʞʠ ʿʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ 

ʫʧʨʘʚˀʘʯʢʦʛ ʩʣʦʿʘ. ʅʘ ʦʚʦʤ ʩʣʦʿʫ ʩʝ ʥʘʣʘʟʝ SDN ʢʦʥʪʨʦʣʝʨʠ ʟʘʜʫʞʝʥʠ ʟʘ 

ʢʦʥʪʨʦʣʫ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ. ʀʘʢʦ ʿʝ ʬʫʥʢʮʠʿʘ ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʦʤ ʣʦʛʠʯʢʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʘ, ʫ ʤʨʝʞʠ ʤʦʞʝ ʧʦʩʪʦʿʘʪʠ ʚʠʰʝ SDN ʢʦʥʪʨʦʣʝʨʘ. SDN ʢʦʥʪʨʦʣʝʨ 

ʠʤʘ ʬʫʥʢʮʠʿʫ ʦʨʢʝʩʪʨʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʢʦʦʨʜʠʥʘʮʠʿʝ ʤʨʝʞʥʠʤ ʨʝʩʫʨʩʠʤʘ ʠ ˁʝʛʦʚ 

ʟʘʜʘʪʘʢ ʿʝ ʜʘ ʨʝʘʣʠʟʫʿʫ ʟʘʭʪʝʚʝ ʜʝʬʠʥʠʩʘʥʝ ʥʘ ʘʧʣʠʢʘʪʠʚʥʦʤ ʩʣʦʿʫ. 

 

ʂʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʫʧʨʘʚˀʘʯʢʦʛ ʠ ʘʧʣʠʢʘʪʠʚʥʦʛ ʩʣʦʿʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʝʢʦ 

northbound API ʠʥʪʝʨʬʝʿʩʘ. ʇʨʠʤʝʨʠ ʩʝʨʚʠʩʥʠʭ ʠʥʪʝʨʬʝʿʩʘ ʩʫ RESTful API-ʿʠ, 

ʧʨʦʪʦʢʦʣʠ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ ʢʘʦ ʰʪʦ ʿʝ NETCONF, CORBA ʠʥʪʝʨʬʝʿʩʠ ʠʪʜ. ɼʚʘ 

ʥʘʿʟʥʘʯʘʿʥʠʿʘ ʧʨʠʩʪʫʧʘ ʩʫ RESTful ʠ RPC (ʝʥʛ. Remote Procedure Call) ʠʥʪʝʨʬʝʿʩʠ, 

ʢʦʿʠ ʩʫ ʟʘʩʥʦʚʘʥʠ ʥʘ ʢʣʠʿʝʥʪ-ʩʝʨʚʝʨ ʢʦʤʫʥʠʢʘʮʠʿʠ ʠ ʟʘ ʧʨʝʥʦʩ ʧʦʨʫʢʘ ʢʦʨʠʩʪʝ 

XML ʠʣʠ JSON (ʝʥʛ. JavaScript Object Notation) [64]. 

 

ʅʘʿʚʠʰʠ ʩʣʦʿ ʿʝ ʘʧʣʠʢʘʪʠʚʥʠ ʠ ˁʝʛʘ ʯʠʥʝ ʘʧʣʠʢʘʮʠʿʝ ʠ ʩʝʨʚʠʩʠ ʢʦʿʠ ʜʝʬʠʥʠʰʫ 

ʧʦʥʘʰʘˁʝ ʤʨʝʞʝ ʢʦʨʠʰ˂ʝˁʝʤ ʩʝʨʚʠʩʘ ʫʧʨʘʚˀʘʯʢʦʛ ʩʣʦʿʘ. ʇʨʠʤʝʨʠ ʘʧʣʠʢʘʮʠʿʘ ʩʫ 

ʦʪʢʨʠʚʘˁʝ ʪʦʧʦʣʦʛʠʿʝ ʤʨʝʞʝ, ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʤʨʝʞʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʨʝʟʝʨʚʘʮʠʿʘ 

ʧʫʪʘˁʘ ʢʨʦʟ ʤʨʝʞʫ ʠʪʜ. 
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ʂʦʤʧʣʝʪʥʦ ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʥʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ ʿʝ ʫ ʥʘʜʣʝʞʥʦʩʪʠ SDN 

ʢʦʥʪʨʦʣʝʨʘ, ʪʘʢʦ ʜʘ ʩʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʘʧʣʠʢʘʪʠʚʥʦʛ ʩʣʦʿʘ ʮʝʣʘ ʤʨʝʞʘ ʧʦʩʤʘʪʨʘ 

ʢʘʦ ʣʦʛʠʯʢʠ ʩʚʠʯ [65]. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʧʨʦʮʝʩ ʧʨʦʿʝʢʪʦʚʘˁʘ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ 

ʧʦʩʪʘʿʝ ʤʘˁʝ ʢʦʤʧʣʝʢʩʘʥ. ɿʘʜʘʪʘʢ ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ ʿʝ ʜʘ ʦʩʪʚʘʨʝ ʢʦʤʫʥʠʢʘʮʠʿʫ ʩʘ 

SDN ʢʦʥʪʨʦʣʝʨʦʤ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʜʘ ʦʥʠ ʙʫʜʫ ʟʘʜʫʞʝʥʠ ʟʘ 

ʢʦʤʧʣʝʪʘʥ ʧʨʦʮʝʩ ʧʨʦʩʣʝʹʠʚʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ, ʦʜʥʦʩʥʦ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʝ ʦ 

ʧʨʦʩʣʝʹʠʚʘˁʫ ʧʘʢʝʪʘ ʠ ʩʘʤʦ ʧʨʦʩʣʝʹʠʚʘˁʝ. ɸʨʭʠʪʝʢʪʫʨʘ ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ ʤʦʞʝ 

ʙʠʪʠ ʿʝʜʥʦʩʪʘʚʥʘ, ʧʦʰʪʦ ʪʨʝʙʘ ʜʘ ʧʦʜʨʞʠ ʤʘˁʠ ʙʨʦʿ ʤʨʝʞʥʠʭ ʧʨʦʪʦʢʦʣʘ [66], ʘ ʪʦ 

ʫʪʠʯʝ ʠ ʥʘ ʩʤʘˁʝˁʝ ʮʝʥʝ ʨʝʘʣʠʟʘʮʠʿʝ ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ. ʎʝʥʪʨʘʣʠʟʘʮʠʿʘ ʥʘ 

ʫʧʨʘʚˀʘʯʢʦʤ ʩʣʦʿʫ ʧʨʫʞʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʠ ʧʨʠʣʠʢʦʤ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʠ 

ʫʧʨʘʚˀʘˁʘ ʧʨʠʤʝʥʦʤ ʜʠʥʘʤʠʯʢʠʭ SDN ʧʨʦʛʨʘʤʘ [67]. 

 

 

3.3. SDN ʢʦʥʪʨʦʣʝʨʠ 

 

ʄʨʝʞʥʘ ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʿʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʘ ʫ ʩʦʬʪʚʝʨʩʢʠʤ SDN ʢʦʥʪʨʦʣʝʨʠʤʘ ʠʣʠ 

NOS (ʝʥʛʣ. Network Operating System), ʪʘʢʦ ʜʘ ʩʝ ʮʝʣʦʢʫʧʥʘ ʤʨʝʞʘ, ʩʘ ʩʪʘʥʦʚʠʰʪʘ 

ʘʧʣʠʢʘʪʠʚʥʦʛ ʩʣʦʿʘ, ʧʦʩʤʘʪʨʘ ʢʘʦ ʿʝʜʘʥ ʣʦʛʠʯʢʠ ʩʚʠʯ. ʆʚʘʿ ʢʦʥʮʝʧʪ 

ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʧʨʦʮʝʩ ʧʨʦʿʝʢʪʦʚʘˁʘ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʤʝʥʫ 

ʤʘˁʝ ʢʦʤʧʣʝʢʩʥʠʭ ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ. ʇʦʩʪʦʿʠ ʠʟʚʝʩʪʘʥ ʙʨʦʿ ʨʘʟʣʠʯʠʪʠʭ SDN 

ʢʦʥʪʨʦʣʝʨʘ, ʘ ʫ ʥʘʩʪʘʚʢʫ ˂ʝ ʙʠʪʠ ʦʧʠʩʘʥʠ ʥʘʿʟʥʘʯʘʿʥʠʿʠ. 

 

NOX ʿʝ ʧʨʚʠ OpenFlow ʢʦʥʪʨʦʣʝʨ ʨʘʟʚʠʿʝʥ ʫ ʦʢʚʠʨʫ Nicira Networks [68]. ʅʘʧʠʩʘʥ 

ʿʝ ʫ C++  ʠ Python-ʫ ʠ ʦʤʦʛʫ˂ʘʚʘ ʧʦʜʨʰʢʫ ʟʘ ʤʨʝʞʝ ʚʝʣʠʢʠʭ ʧʨʝʜʫʟʝ˂ʘ ʩʘ ʚʠʰʝ 

ʩʪʦʪʠʥʘ ʩʚʠʯʝʚʘ, ʘʣʠ ʠ ʟʘ ʤʘʣʝ ʤʨʝʞʝ ʩʘ ʥʝʢʦʣʠʢʦ ʭʦʩʪʦʚʘ. ɺʠʰʝ ʩʝ ʥʝ ʨʘʜʠ ʥʘ 

ʨʘʟʚʦʿʫ ʦʚʦʛ ʢʦʥʪʨʦʣʝʨʘ, ʚʝ˂ ʿʝ ʢʨʝʠʨʘʥ POX. 

 

POX ʢʦʥʪʨʦʣʝʨ ʿʝ ʥʘʩʪʘʦ ʥʘ ʦʩʥʦʚʫ NOX ʢʦʥʪʨʦʣʝʨʘ ʠ ʥʘʧʠʩʘʥ ʿʝ ʫ Python-ʫ [69]. 

ʀʤʘ ʧʦʜʨʰʢʫ ʟʘ Linux, MAC OS ʠ Windows ʦʧʝʨʘʪʠʚʥʝ ʩʠʩʪʝʤʝ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ 

NOX ʘʧʣʠʢʘʮʠʿʘʤʘ ʫ Python-ʫ ʠʤʘ ʙʦˀʝ ʧʝʨʬʦʨʤʘʥʩʝ. ɸʢʪʠʚʥʦ ʩʝ ʨʘʜʠ ʥʘ ʨʘʟʚʦʿʫ 

ʦʚʦʛ ʢʦʥʪʨʦʣʝʨʘ ʠ ʠʤʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʦʙʣʘʩʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʝʜʫʢʘʮʠʿʠ. 
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Beacon ʿʝ OpenFlow ʢʦʥʪʨʦʣʝʨ ʨʘʟʚʠʿʝʥ 2010. ʛʦʜʠʥʝ [70]. ʋ ʧʠʪʘˁʫ ʿʝ ʨʝʰʝˁʝ 

ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ ʜʦʩʪʫʧʥʦ ʧʦʜ ʢʦʤʙʠʥʘʮʠʿʦʤ GPLv2 ʣʠʮʝʥʮʝ ʠ Stanford University 

FOSS License Exception v1.0. ʅʘʧʠʩʘʥ ʿʝ ʫ ɱʘva ʧʨʦʛʨʘʤʩʢʦʤ ʿʝʟʠʢʫ ʠ ʠʤʘ ʧʨʠʤʝʥʫ 

ʫ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘˁʘ ʠ ʠʩʪʨʘʞʠʚʘˁʘ. ʆʚʘʿ ʢʦʥʪʨʦʣʝʨ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʟʘ ʨʘʟʚʦʿ 

Floodlight ʢʦʥʪʨʦʣʝʨʘ. 

 

Floodlight ʿʝ OpenFlow ʢʦʥʪʨʦʣʝʨ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ ʥʘʧʠʩʘʥ ʫ ɱʘva ʧʨʦʛʨʘʤʩʢʦʤ 

ʿʝʟʠʢʫ [71]. ʄʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʫ ʤʨʝʞʘʤʘ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʠ ʢʦʤʙʠʥʘʮʠʿʘ 

OpenFlow ʠ non-OpenFlow ʤʨʝʞʘ. ɺʝʣʠʢʠ ʙʨʦʿ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʩʚʠʯʝʚʘ (Brocade, 

Dell, HP ʠʪʜ.) ʿʝ ʢʦʤʧʘʪʠʙʠʣʘʥ ʩʘ ʦʚʠʤ ʢʦʥʪʨʦʣʝʨʦʤ. 

 

ʅʘʚʝʜʝʥʠ ʢʦʥʪʨʦʣʝʨʠ ʩʧʘʜʘʿʫ ʫ ʛʨʫʧʫ ʮʝʥʪʨʘʣʠʟʦʚʘʥʠʭ ʢʦʥʪʨʦʣʝʨʘ ʰʪʦ ʟʥʘʯʠ ʜʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʮʝʥʪʨʘʣʥʦ ʤʝʩʪʦ ʩʘ ʢʦʛ ʩʝ ʚʨʰʠ ʢʦʤʧʣʝʪʥʦ ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʦʤ. ʋ 

ʦʚʦʤ ʩʣʫʯʘʿʫ ʢʦʥʪʨʦʣʝʨ ʧʨʝʜʩʪʘʚˀʘ single-point-of-failure, a ʫ ʚʝ˂ʠʤ ʤʨʝʞʘʤʘ ʜʦ 

ʠʟʨʘʞʘʿʘ ʤʦʞʝ ʜʦ˂ʠ ʠ ʧʨʦʙʣʝʤ ʩʢʘʣʘʙʠʣʥʦʩʪʠ. ɿʘʪʦ ʧʦʩʪʦʿʠ ʠ ʜʨʫʛʘ ʛʨʫʧʘ SDN 

ʢʦʥʪʨʦʣʝʨʘ, ʘ ʪʦ ʩʫ ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʢʦʥʪʨʦʣʝʨʠ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʬʫʥʢʮʠʿʘ 

ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʦʤ ʿʝ ʜʠʩʪʨʠʙʫʠʨʘʥʘ, ʯʠʤʝ ʩʝ ʨʝʰʘʚʘ ʧʨʦʙʣʝʤ ʩʢʘʣʘʙʠʣʥʦʩʪʠ, ʘ ʫ 

ʩʣʫʯʘʿʫ ʦʪʢʘʟʘ ʢʦʥʪʨʦʣʝʨʘ ʩʧʨʝʯʘʚʘ ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʥʘ ʮʝʣʫ ʤʨʝʞʫ. ʄʝʹʫʪʠʤ, 

ʧʨʦʙʣʝʤ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʧʦʩʪʘʿʝ ʠʟʨʘʞʝʥ ʠ ʦʜʨʘʞʘʚʘ ʩʝ ʥʘ 

ʧʝʨʬʦʨʤʘʥʩʝ ʤʨʝʞʝ [60]. ʇʨʠʤʝʨʠ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ ʢʦʥʪʨʦʣʝʨʘ ʩʫ: Onix [72], 

HiperFlow [73], HP VAN SDN [74]. 

 

OpenDaylight [75] ʿʝ SDN ʧʣʘʪʬʦʨʤʘ ʥʘʩʪʘʣʘ ʢʘʦ ʨʝʟʫʣʪʘʪ ʩʘʨʘʜˁʝ ʚʠʰʝ 

ʧʨʦʠʟʚʦʹʘʯʘ ʦʧʨʝʤʝ: Brocade, Cisco Systems, IBM, HP, Juniper, Microsoft, Citrix 

ʠʪʜ. ʋ ʧʠʪʘˁʫ ʿʝ Linux ʨʝʰʝˁʝ ʟʘ SDN ʢʦʥʪʨʦʣʝʨ ʢʦʿʝ ʩʘʜʨʞʠ ʠʥʪʝʛʨʠʩʘʥʫ 

OpenStack Neutron plug-in ʘʨʭʠʪʝʢʪʫʨʫ [76]. ʆʚʦ ʨʝʰʝˁʝ ʠʤʘ ʟʥʘʯʘʿ ʫ ʦʙʣʘʩʪʠ 

ʨʘʟʚʦʿʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʠ ʘʢʪʠʚʥʦ ʩʝ ʨʘʜʠ ʥʘ ʨʘʟʚʦʿʫ ʠ 

ʫʥʘʧʨʝʹʝˁʫ ʦʚʝ ʧʣʘʪʬʦʨʤʝ. 
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3.4. ʇʨʦʪʦʢʦʣʠ ʫ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ 

 

3.4.1. OpenFlow ʧʨʦʪʦʢʦʣ 

 

ʇʨʚʠ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠ southbound API ʠʥʪʝʨʬʝʿʩ ʫ SDN ʤʨʝʞʘʤʘ ʿʝ OpenFlow 

[77]. ʆʚʘʿ ʧʨʦʪʦʢʦʣ ʚʨʰʠ ʧʨʝʧʦʟʥʘʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʦʩʥʦʚʫ ʩʪʘʪʠʯʢʠ ʠʣʠ 

ʜʠʥʘʤʠʯʢʠ ʧʨʝʜʝʬʠʥʠʩʘʥʠʭ ʧʨʘʚʠʣʘ ʫ SDN ʫʧʨʘʚˀʘʯʢʦʤ ʩʦʬʪʚʝʨʫ. ɿʘʭʚʘˀʫʿʫ˂ʠ 

ʢʦʥʮʝʧʪʫ ʪʦʢʦʚʘ ʧʦʜʘʪʘʢʘ (ʝʥʛ. flow) ʦʤʦʛʫ˂ʝʥ ʿʝ ʚʠʩʦʢ ʩʪʝʧʝʥ ʛʨʘʥʫʣʘʨʥʦʩʪʠ [78] 

ʥʘ ʥʠʚʦʫ ʘʧʣʠʢʘʮʠʿʝ, ʢʦʨʠʩʥʠʢʘ ʠ ʩʝʩʠʿʝ, ʰʪʦ ʥʠʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʤʨʝʞʘ ʫ ʢʦʿʠʤʘ ʩʚʠ ʧʦʜʘʮʠ ʫ ʦʢʚʠʨʫ ʿʝʜʥʦʛ ʪʦʢʘ ʧʦʜʘʪʘʢʘ ʤʦʨʘʿʫ 

ʠʤʘʪʠ ʠʩʪʫ ʧʫʪʘˁʫ ʢʨʦʟ ʤʨʝʞʫ. 

 

OpenFlow ʧʨʦʪʦʢʦʣ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʢˀʫʯʥʠʤ ʝʣʝʤʝʥʪʦʤ SDN ʤʨʝʞʘ [79], 

ʧʦʰʪʦ ʿʝ ʪʨʝʥʫʪʥʦ ʿʝʜʠʥʠ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥ ʧʨʦʪʦʢʦʣ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʤʘʥʠʧʫʣʘʮʠʿʫ 

ʧʦʜʘʮʠʤʘ ʫ ʨʘʚʥʠ ʧʨʦʩʣʝʹʠʚʘˁʘ. ʊʘʢʦʹʝ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʠ ʫ ʤʨʝʞʘʤʘ ʩʘ 

ʦʧʨʝʤʦʤ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʠʟʚʦʹʘʯʘ, ʰʪʦ ʿʝ ʦʜ ʠʟʫʟʝʪʥʦʛ ʟʥʘʯʘʿʘ, ʧʦʰʪʦ ʩʚʝ ʚʝ˂ʠ 

ʙʨʦʿ ʢʦʤʧʘʥʠʿʘ ʧʨʠʭʚʘʪʘ ʢʦʥʮʝʧʪ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ [80]. 

 

OpenFlow ʣʦʛʠʯʢʠ ʩʚʠʯ ʯʠʥʠ ʿʝʜʥʘ ʠʣʠ ʚʠʰʝ flow ʪʘʙʝʣʘ ʠ ʛʨʫʧʥʘ ʪʘʙʝʣʘ, ʥʘ 

ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʚʨʰʠ ʧʨʦʩʣʝʹʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʿʝʜʘʥ ʠʣʠ ʚʠʰʝ OpenFlow ʢʘʥʘʣʘ 

ʢʘ ʝʢʩʪʝʨʥʦʤ ʢʦʥʪʨʦʣʝʨʫ (ʉʣʠʢʘ 5).  

 

ʂʦʨʠʰ˂ʝˁʝʤ OpenFlow ʧʨʦʪʦʢʦʣʘ ʢʦʥʪʨʦʣʝʨ ʚʨʰʠ ʠʟʤʝʥʝ ʟʘʧʠʩʘ ʦ ʪʦʢʦʚʠʤʘ 

ʧʦʜʘʪʘʢʘ ʫ flow ʪʘʙʝʣʘʤʘ, ʧʨʠ ʯʝʤʫ ʩʚʘʢʘ ʪʘʙʝʣʘ ʩʘʜʨʞʠ ʠ ʥʠʟ ʠʥʩʪʨʫʢʮʠʿʘ ʥʘ 

ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʚʨʰʠ ʧʨʦʩʣʝʹʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ [78]. 
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ʢʘʥʘʣ

ɻʨʫʧʥʘ 

ʪʘʙʝʣʘ

Flow ʪʘʙʝʣʘFlow ʪʘʙʝʣʘ

ʂʦʥʪʨʦʣʝʨ

OpenFlow ʧʨʦʪʦʢʦʣ

 

ʉʣʠʢʘ 5: ʂʦʤʧʦʥʝʥʪʝ OpenFlow ʩʚʠʯʘ [78] 

 

 

ʇʨʦʩʣʝʹʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ ʩʝ ʚʨʰʠ ʫ ʥʝʢʦʣʠʢʦ ʢʦʨʘʢʘ (ʉʣʠʢʘ 6): 

¶ ʇʦʜʘʮʠ ʜʦʣʘʟʝ ʜʦ OpenFlow ʩʚʠʯʘ 

¶ ʂʘʦ lookup ʢˀʫʯ ʩʝ ʢʦʨʠʩʪʝ ʧʦˀʘ ʠʟ ʟʘʛʣʘʚˀʘ ʧʘʢʝʪʘ 

¶ ɸʢʦ ʥʝ ʧʦʩʪʦʿʠ ʟʘʧʠʩ ʫ flow ʪʘʙʝʣʠ, ʢʦʥʪʨʦʣʝʨ ʧʨʦʛʨʘʤʠʨʘ flow ʪʘʙʝʣʫ 

ʩʚʠʯʘ 

¶ Forwarding engine ʚʨʰʠ ʧʨʦʩʣʝʹʠʚʘˁʝ ʧʘʢʝʪʘ. 

 

ʉʚʠʯ

ʤʝʭʘʥʠʟʘʤ ʟʘ ʧʨʦʩʣʝ́ʠʚʘˁʝ
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ʉ
ʚ
ʠ
ʯ

ʇʦʜʘʮʠ ʇʦʜʘʮʠ Podaciʇʦʜʘʮʠ

Lookup ʢˀʫʯ

ʉʚʠʯ

forwarding engine

ʇʨʦʮʝʩʦʨFlow ʪʘʙʝʣʘ

ʉ
ʚ
ʠ
ʯ

 

ʉʣʠʢʘ 6: ʇʨʦʩʣʝʹʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ ʢʦʜ OpenFlow ʩʚʠʯʘ 
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ʉʚʘʢʠ ʟʘʧʠʩ ʫ flow ʪʘʙʝʣʠ ʩʘʜʨʞʠ ʩʣʝʜʝ˂ʘ ʧʦˀʘ: 

¶ match fields ï ʧʦˀʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʚʨʰʠ lookup; ʯʠʥʝ ʠʭ ʫʣʘʟʥʠ ʧʦʨʪ ʠ 

ʟʘʛʣʘʚˀʘ ʧʘʢʝʪʘ, ʘ ʦʧʮʠʦʥʦ ʤʦʞʝ ʜʘ ʩʘʜʨʞʠ ʠ ʜʨʫʛʘ ʧʦˀʘ. 

¶ priority ï ʜʝʬʠʥʠʰʝ ʧʨʠʦʨʠʪʝʪ ʟʘʧʠʩʘ ʫ flow ʪʘʙʝʣʠ. 

¶ counters ï ʙʨʦʿʘʯʠ ʢʦʿʠ ʩʝ ʘʞʫʨʠʨʘʿʫ ʢʘʜʘ ʧʦʩʪʦʿʠ ʧʦʢʣʘʧʘˁʝ (match). 

¶ instructions ï ʘʢʮʠʿʝ ʟʘ ʧʨʦʮʝʩʠʨʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ. 

¶ timeouts ï ʤʘʢʩʠʤʘʣʘʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʚʘʞʝˁʘ ʟʘʧʠʩʘ ʫ flow ʪʘʙʝʣʠ. 

¶ cookie ï ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʥʝ ʢʦʨʠʩʪʝ ʧʨʠʣʠʢʦʤ ʧʨʦʮʝʩʠʨʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ, ʚʝ˂ 

ʠʭ ʢʦʥʪʨʦʣʝʨ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʬʠʣʪʨʠʨʘˁʝ ʟʘʧʠʩʘ ʫ flow ʪʘʙʝʣʠ ʥʘ 

ʦʩʥʦʚʫ ʟʘʭʪʝʚʘ ʩʘ ʩʪʘʪʠʩʪʠʯʢʠʤ ʧʦʜʘʮʠʤʘ ʠ ʩʣ. 

¶ flags ï ʬʣʝʛʦʚʠ ʢʦʿʠ ʤʝˁʘʿʫ ʥʘʯʠʥ ʫʧʨʘʚˀʘˁʘ ʟʘʧʠʩʠʤʘ ʫ flow ʪʘʙʝʣʠ. 

 

ʉʚʘʢʠ ʟʘʧʠʩ ʫ flow ʪʘʙʝʣʠ ʩʝ ʿʝʜʥʦʟʥʘʯʥʦ ʠʜʝʥʪʠʬʠʢʫʿʝ ʥʘ ʦʩʥʦʚʫ match fields ʠ 

priority ʚʨʝʜʥʦʩʪʠ. 

 

ʉʣʠʢʘ 7 ʧʨʠʢʘʟʫʿʝ ʪʦʢ ʧʦʜʘʪʘʢʘ ʢʨʦʟ OpenFlow ʩʚʠʯ. 

 

ʉʚʠʯʝʚʠ ʢʦʿʠ ʠʤʘʿʫ ʧʦʜʨʰʢʫ ʟʘ OpenFlow ʧʨʦʪʦʢʦʣ ʤʦʛʫ ʙʠʪʠ OpenFlow-only ʠ 

OpenFlow-hybrid. OpenFlow-only ʩʚʠʯʝʚʠ ʧʦʜʨʞʘʚʘʿʫ ʠʩʢˀʫʯʠʚʦ OpenFlow 

ʧʨʦʪʦʢʦʣ, ʦʜʥʦʩʥʦ ʩʘʦʙʨʘ˂ʘʿ ʤʦʛʫ ʜʘ ʧʨʦʮʝʩʠʨʘʿʫ ʩʘʤʦ ʥʘ ʛʦʨʝ ʦʧʠʩʘʥʠ ʥʘʯʠʥ 

ʧʨʠʤʝʥʦʤ OpenFlow ʧʨʦʪʦʢʦʣʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ˁʠʭ, ʧʦʩʪʦʿʝ ʠ OpenFlow-hybrid 

ʩʚʠʯʝʚʠ, ʢʦʿʠ ʩʘʦʙʨʘ˂ʘʿ ʤʦʛʫ ʜʘ ʧʨʦʮʝʩʠʨʘʿʫ ʢʦʨʠʰ˂ʝˁʝʤ OpenFlow ʧʨʦʪʦʢʦʣʘ 

ʠʣʠ ʥʘ ʩʪʘʥʜʘʨʜʘʥ ʥʘʯʠʥ ʧʨʠʤʝʥʦʤ Ethernet switching-ʘ, ʰʪʦ ʧʦʜʨʘʟʫʤʝʚʘ 

ʢʣʘʩʠʯʘʥ Ethernet switching ʥʘ ʜʨʫʛʦʤ ʩʣʦʿʫ OSI ʤʦʜʝʣʘ, ʧʨʠʤʝʥʫ VLAN-ʦʚʘ (ʝʥʛ. 

Virtual Local Area Network), ʨʫʪʠʨʘˁʝ ʥʘ ʪʨʝ˂ʝʤ ʩʣʦʿʫ ʠʪʜ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʠ ʤʝʭʘʥʠʟʘʤ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʩʘʦʙʨʘ˂ʘʿʘ ʢʘʢʦ ʙʠ ʩʝ 

ʧʨʦʮʝʩʠʨʘˁʝ ʠʟʚʨʰʠʣʦ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʘʥ ʠʣʠ OpenFlow ʥʘʯʠʥ. 

 

OpenFlow v1.0 ʧʨʝʜʩʪʘʚˀʘ ʠʥʠʮʠʿʘʣʥʠ ʩʪʘʥʜʘʨʜ ʠ ʦʥ ʧʦʜʨʞʘʚʘ ʿʝʜʘʥ lookup, ʘ ʦʜ 

ʚʝʨʟʠʿʝ OpenFlow ʧʨʦʪʦʢʦʣʘ 1.1 ʧʦʩʪʦʿʠ ʧʦʜʨʰʢʘ ʟʘ ʚʠʰʝʩʪʨʫʢʠ lookup. ʇʦʩʣʝʜˁʘ 

ʚʝʨʟʠʿʘ Open Flow ʧʨʦʪʦʢʦʣʘ ʿʝ 1.5.1. 
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ʉʣʠʢʘ 7: ʊʦʢ ʧʦʜʘʪʘʢʘ ʢʨʦʟ OpenFlow ʩʚʠʯ [78] 
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3.4.2. OVSDB ʧʨʦʪʦʢʦʣ 

 

OVSDB (ʝʥʛ. Open vSwitch Database Management Protocol) ʧʨʝʜʩʪʘʚˀʘ ʜʨʫʛʠ 

ʧʨʦʪʦʢʦʣ ʟʘ ʧʨʦʛʨʘʤʘʙʠʣʘʥ ʧʨʠʩʪʫʧ ʤʨʝʞʥʠʤ ʫʨʝʹʘʿʠʤʘ [81]. ʄʦʜʝʣ 

ʧʨʦʩʣʝʹʠʚʘˁʘ ʧʦʜʘʪʘʢʘ ʢʦʜ Open vSwitch-ʘ ʿʝ ʩʣʠʯʘʥ ʦʥʦʤʝ ʧʦ ʢʦʤʝ ʬʫʥʢʮʠʦʥʠʰʝ 

OpenFlow. ʇʦʨʝʜ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʫʪʠʯʝ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʦʢʘ ʧʦʜʘʪʘʢʘ, 

OVSDB ʠʤʘ ʠ ʜʦʜʘʪʥʝ ʤʦʛʫ˂ʥʦʩʪʠ, ʢʘʦ ʰʪʦ ʩʫ ʜʝʬʠʥʠʩʘˁʝ QoS (ʝʥʛ. Quality of 

Service) ʧʦʣʠʩʘ, ʧʦʚʝʟʠʚʘˁʝ ʠʥʪʝʨʬʝʿʩʘ ʩʘ ʩʚʠʯʝʚʠʤʘ ʠʣʠ ʧʨʠʢʫʧˀʘˁʝ 

ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ, ʧʘ ʩʝ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ OVSDB ʠ OpenFlow ʧʨʦʪʦʢʦʣʠ ʤʦʛʫ 

ʩʤʘʪʨʘʪʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʤ [82]. 

 

Open vSwitch ʿʝ ʩʦʬʪʚʝʨʩʢʠ ʩʚʠʯ ʟʘ ʭʠʧʝʨʚʠʟʦʨʝ, ʢʦʿʠ ʿʝ ʢʨʝʠʨʘʥ ʩʘ ʮʠˀʝʤ ʜʘ 

ʦʙʝʟʙʝʜʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʚʠʨʪʫʝʣʥʠʭ ʠ ʬʠʟʠʯʢʠʭ ʨʝʩʫʨʩʘ [27] ʠ ʜʘ ʧʦʜʨʞʠ 

ʩʪʘʥʜʘʨʜʥʝ ʠʥʪʝʨʬʝʿʩʝ ʟʘ ʫʧʨʘʚˀʘˁʝ ʫʟ ʜʦʜʘʪʥʫ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʛʨʘʤʘʙʠʣʥʦʛ 

ʫʧʨʘʚˀʘˁʘ ʬʫʥʢʮʠʿʦʤ ʧʨʦʩʣʝʹʠʚʘˁʘ ʧʦʜʘʪʘʢʘ [83]. ʇʨʝʜʩʪʘʚˀʘ ʧʨʦʿʝʢʘʪ 

ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ ʠ ʜʦʩʪʫʧʘʥ ʿʝ ʧʦʜ Apache 2 ʣʠʮʝʥʮʦʤ. Open vSwitch ʧʦʜʨʞʘʚʘ 

ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʦʣʦʛʠʿʝ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʢʘʦ ʰʪʦ ʩʫ Xen, KVM ʠ VirtualBox. 

 

Open vSwitch ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʦʙʝʟʙʝʜʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʚʠʨʪʫʝʣʥʠʭ ʤʘʰʠʥʘ ʠ 

ʬʠʟʠʯʢʠʭ ʠʥʪʝʨʬʝʿʩʘ. Open vSwitch ʧʦʜʨʞʘʚʘ ʯʠʪʘʚ ʥʠʟ ʪʝʭʥʦʣʦʛʠʿʘ [84]: 

¶ ʄʦʥʠʪʦʨʠʥʛ ʩʘʦʙʨʘ˂ʘʿʘ ʚʠʨʪʫʝʣʥʠʭ ʤʘʰʠʥʘ (sFlow, NetFlow, SPAN, 

RSPAN) 

¶ LACP (ʝʥʛ. Link Aggregation Control Protocol) 

¶ ʧʦʜʨʰʢʫ ʟʘ 802.1Q VLAN-ʦʚʝ ʠ trunking 

¶ BFD (ʝʥʛ. Bidirectional Forwarding Detection) 

¶ STP (ʝʥʛ. Spanning Tree Protocol) ʠ RSTP (ʝʥʛ. Rapid Spanning Tree 

Protocol) 

¶ QoS 

¶ OpenFlow ʧʨʦʪʦʢʦʣ 

¶ IPv6 

¶ ʇʨʦʪʦʢʦʣʝ ʟʘ ʢʨʝʠʨʘˁʝ ʪʫʥʝʣʘ (GRE, VXLAN) 

¶ Kernel ʠ userspace ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʩʚʠʯʘ. 



 

30 

 

Open vSwitch ʧʦʜʨʞʘʚʘ Ethernet ʪʝʭʥʦʣʦʛʠʿʫ ʠ ʧʨʠʤʝʥʫ VLAN-ʦʚʘ, ʘʣʠ ʜʘʿʝ ʠ 

ʤʦʛʫ˂ʥʦʩʪ ʠʥʪʝʛʨʘʮʠʿʝ ʫ ʚʠʨʪʫʝʣʥʘ ʦʢʨʫʞʝˁʘ ʠ ʫʧʨʘʚˀʘˁʘ ʧʨʦʩʣʝʹʠʚʘˁʝʤ 

ʧʦʜʘʪʘʢʘ ʧʨʝʢʦ ʨʘʟʣʠʯʠʪʠʭ ʠʥʪʝʨʬʝʿʩʘ [27]: 

¶ Configuration ï ʧʨʝʢʦ ʦʚʦʛ ʠʥʪʝʨʬʝʿʩʘ ʩʝ ʚʨʰʝ ʠʟʤʝʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ. 

ʊʨʝʥʫʪʥʦ ʩʫ ʧʦʜʨʞʘʥʠ port mirroring, QoS ʧʦʣʠʩʝ, NetFlow ʣʦʛʦʚʘˁʝ ʠ 

ʧʨʠʤʝʥʘ bond ʠʥʪʝʨʬʝʿʩʘ. ʇʦʨʝʜ ʤʦʛʫ˂ʥʦʩʪʠ ʫʜʘˀʝʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ, 

ʧʨʝʢʦ ʦʚʦʛ ʠʥʪʝʨʬʝʿʩʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʠ ʚʝʟʘ ʠʟʤʝʹʫ ʤʨʝʞʥʠʭ ʧʦʨʪʦʚʘ ʠ 

ʚʠʨʪʫʝʣʥʦʛ ʦʢʨʫʞʝˁʘ.  

¶ Forwarding path ï ʧʨʝʢʦ ʦʚʦʛ ʠʥʪʝʨʬʝʿʩʘ ʩʝ ʚʨʰʠ ʜʝʬʠʥʠʩʘˁʝ ʧʫʪʘˁʝ 

ʧʨʦʩʣʝʹʠʚʘˁʘ ʧʦʜʘʪʘʢʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʝʢʩʪʝʨʥʠ ʧʨʦʮʝʩʠ ʤʦʛʫ ʜʠʨʝʢʪʥʦ ʜʘ 

ʤʝˁʘʿʫ ʪʘʙʝʣʫ ʧʨʦʩʣʝʹʠʚʘˁʘ ʠ ʪʘʢʦ ʜʝʬʠʥʠʰʫ ʧʫʪʘˁʫ ʥʘ ʦʩʥʦʚʫ L2, L3 

ʠʣʠ L4 ʟʘʛʣʘʚˀʘ ʧʘʢʝʪʘ.  

¶ Management ï ʣʦʢʘʣʥʠ ʠʥʪʝʨʬʝʿʩ ʟʘ ʫʧʨʘʚˀʘˁʝ ʧʨʝʢʦ ʢʦʛʘ ʩʝ ʤʦʞʝ ʤʝˁʘʪʠ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʪʦʧʦʣʦʛʠʿʝ (ʢʨʝʠʨʘˁʝ ʩʚʠʯʝʚʘ, ʫʧʨʘʚˀʘˁʝ ʚʠʨʪʫʝʣʥʠʤ 

ʠʥʪʝʨʬʝʿʩʠʤʘ). 

 

Slow path Fast path

ɽʢʩʪʝʨʥʠ ʠʥʪʝʨʬʝʿʩʠ
ʌʠʟʠʯʢʠ 

ʠʥʪʝʨʬʝʿʩ

ɺʠʨʪʫʝʣʥʠ 

ʠʥʪʝʨʬʝʿʩ

ɺʠʨʪʫʝʣʥʘ ʤʘhʠʥʘ
ɺʠʨʪʫʝʣʥʘ 

ʤʘhʠʥʘ

ʌʠʟʠʯʢʠ 

ʠʥʪʝʨʬʝʿʩ

ɺʠʨʪʫʝʣʥʠ 

ʠʥʪʝʨʬʝʿʩ

ɺʠʨʪʫʝʣʥʠ 

ʠʥʪʝʨʬʝʿʩ

 

ʉʣʠʢʘ 8: Open vSwitch ʘʨʭʠʪʝʢʪʫʨʘ [27] 

 

 

ʅʘ ʩʣʠʮʠ 8 ʿʝ ʧʨʠʢʘʟʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ Open vSwitch-a. Open vSwitch 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʠʤʘ ʜʚʝ ʢʦʤʧʦʥʝʥʪʝ: fast path ʫ ʢʝʨʥʝʣʫ ʠ ʢʦʨʠʩʥʠʯʢʠ slow path. 
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Fast path ʿʝ ʟʘʜʫʞʝʥ za lookup ʠ ʧʨʦʩʣʝʹʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ, ʜʦʢ ʿʝ ʚʝ˂ʠʥʘ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʫ ʦʢʚʠʨʫ slow path dela, ʢʦʿʠ ʩʝ ʧʦʢʨʝ˂ʝ ʫ 

ʦʢʚʠʨʫ ʚʠʨʪʫʝʣʥʝ ʤʘʰʠʥʝ. Slow path ʠʤʧʣʝʤʝʥʪʠʨʘ ʣʦʛʠʢʫ ʟʘ ʧʨʦʩʣʝʹʠʚʘˁʝ ʠ 

ʠʥʪʝʨʬʝʿʩʝ ʟʘ ʢʦʥʬʠʛʫʨʘʮʠʿʫ, ʢʘʦ ʰʪʦ ʩʫ OpenFlow, NetFlow ʠʪʜ. 

 

ʄʦʜʝʣ ʧʨʦʩʣʝʹʠʚʘˁʘ ʧʦʜʘʪʘʢʘ ʢʦʜ Open vSwitch-a ʿʝ ʩʣʠʯʘʥ ʦʥʦʤʝ ʧʦ ʢʦʤʝ 

ʬʫʥʢʮʠʦʥʠʰʝ OpenFlow. ʅʘ ʩʣʠʮʠ 9 ʿʝ ʧʨʠʢʘʟʘʥ ʤʦʜʝʣ ʧʨʦʩʣʝʹʠʚʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ 

Open vSwitch-a.  

 

ʂʦʥʪʨʦʣʝʨ

ovs-vswitchd

Kernel datapath

ovsdb-server

ʇʨʚʠ ʧʘʢʝʪ

ʆʩʪʘʣʠ ʧʘʢʝʪʠ

OVSDB

Open Flow

Kernel

Userspace

 

 

ʉʣʠʢʘ 9: Open vSwitch ʤʦʜʝʣ ʧʨʦʩʣʝʹʠʚʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ [85] 

 

 

ʇʨʚʠ ʧʘʢʝʪ ʠʟ flow-ʘ ʩʝ ʰʘˀʝ ovs-vswitchd ʢʝʨʥʝʣ ʤʦʜʫʣʫ, ʢʦʿʠ ʛʘ ʟʘʪʠʤ 

ʧʨʦʩʣʝʹʫʿʝ datapath ʤʦʜʫʣʫ, ʢʦʿʠ ʯʫʚʘ ʧʨʘʚʠʣʘ ʟʘ ʧʨʦʩʣʝʹʠʚʘˁʝ ʥʘʨʝʜʥʠʭ ʧʘʢʝʪʘ 

[85]. ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʿʝ ʚʨʝʤʝ ʧʨʦʩʣʝʹʠʚʘˁʘ ʧʨʚʦʛ ʧʘʢʝʪʘ ʠʟ flow-ʘ ʥʝʰʪʦ ʜʫʞʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʧʘʢʝʪʝ ʠʟ flow-ʘ. ʇʘʢʝʪ ʜʦʣʘʟʠ ʧʨʝʢʦ ʤʨʝʞʥʝ ʢʘʨʪʝ ʜʦ datapath 

ʤʦʜʫʣʘ, ʢʦʿʠ ʠʟʚʨʰʘʚʘ ʠʥʩʪʨʫʢʮʠʿʝ ʜʦʙʠʿʝʥʝ ʦʜ ovs-vswitchd ʤʦʜʫʣʘ. 

ʀʥʩʪʨʫʢʮʠʿʘʤʘ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʘʢʮʠʿʝ ʟʘ ʧʨʦʩʣʝʹʠʚʘˁʝ ʧʘʢʝʪʘ, ʢʘʦ ʰʪʦ ʩʫ 

ʧʨʦʩʣʝʹʠʚʘˁʝ ʥʘ ʦʜʨʝʹʝʥʠ ʧʦʨʪ, ʤʦʜʠʬʠʢʘʮʠʿʘ ʧʘʢʝʪʘ ʠʣʠ ʦʜʙʘʮʠʚʘˁʝ ʧʘʢʝʪʘ. 

ʋʢʦʣʠʢʦ datapath ʤʦʜʫʣ ʥʝʤʘ ʠʥʩʪʨʫʢʮʠʿʝ ʟʘ ʧʨʦʩʣʝʹʠʚʘˁʝ, ʧʘʢʝʪ ʩʝ ʧʨʦʩʣʝʹʫʿʝ 

ovs-vswitchd ʢʝʨʥʝʣ ʤʦʜʫʣʫ, ʢʦʿʠ ʦʜʣʫʯʫʿʝ ʦ ʥʘʯʠʥʫ ʧʨʦʮʝʩʠʨʘˁʘ ʧʘʢʝʪʘ ʠ ʪʝ 

ʠʥʩʪʨʫʢʮʠʿʝ ʟʘʿʝʜʥʦ ʩʘ ʧʘʢʝʪʦʤ ʚʨʘ˂ʘ datapath ʤʦʜʫʣʫ. 
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ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ ʜʦʟʚʦˀʝʥʦ ʜʝʬʠʥʠʩʘˁʝ ʬʫʥʢʮʠʿʘ ʧʨʦʩʣʝʹʠʚʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ ʢʦʿʠ 

ʧʦʪʠʯʝ ʦʜ ʿʝʜʥʦʛ ʚʠʨʪʫʝʣʥʦʛ ʠʥʪʝʨʬʝʿʩʘ, ʿʝʜʥʝ ʠʣʠ ʚʠʰʝ ʚʠʨʪʫʝʣʥʠʭ ʤʘʰʠʥʘ. 

ʋʚʦʹʝˁʝ ʠʥʪʝʨʬʝʿʩʘ ʟʘ ʛʣʦʙʘʣʥʦ ʫʧʨʘʚˀʘˁʝ ʢʦʥʬʠʛʫʨʘʮʠʿʦʤ ʠ ʧʨʦʩʣʝʹʠʚʘˁʝʤ 

ʩʘʦʙʨʘ˂ʘʿʘ ʜʦʣʘʟʠ ʜʦ ʦʜʚʘʿʘˁʘ ʣʦʛʠʯʢʝ ʪʦʧʦʣʦʛʠʿʝ ʦʜ ʬʠʟʠʯʢʝ. 

 

ʆʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ Open vSwitch ʜʠʩʪʨʠʙʫʮʠʿʝ ʩʫ [83]: 

¶ ovs-vswitchd ï daemon ʢʦʿʠ ʠʤʧʣʝʤʝʥʪʠʨʘ ʩʚʠʯ ʠ ʢʝʨʥʝʣ ʤʦʜʫʣ ʟʘ flow-

based ʧʨʦʩʣʝʹʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ. 

¶ ovsdb-server ï ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʫ ʢʦʿʦʿ ʩʝ ʯʫʚʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʚʠʯʘ. 

¶ ovs-dpctl ï ʘʣʘʪ ʟʘ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʢʝʨʥʝʣ ʤʦʜʫʣʘ. 

¶ ovs-vsctl - ʘʣʘʪ ʟʘ ʘʞʫʨʠʨʘˁʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ovs-vswitchd daemon-ʘ. 

¶ ovs-appctl ï ʘʣʘʪ ʟʘ ʩʣʘˁʝ ʢʦʤʘʥʜʠ Open vSwitch daemon-ʫ. 

 

ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʧʦʩʪʦʿʝ ʠ ʜʦʜʘʪʥʠ ʘʣʘʪʠ: 

¶ ovs-ofctl ï ʟʘ ʫʧʨʘʚˀʘˁʝ OpenFlow ʩʚʠʯʝʚʠʤʘ ʠ ʢʦʥʪʨʦʣʝʨʠʤʘ 

¶ ovs-pki ï ʟʘ ʢʨʝʠʨʘˁʝ ʠ ʫʧʨʘʚˀʘˁʝ public-key ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ ʟʘ 

OpenFlow ʩʚʠʯʝʚʝ 

¶ patch za tcpdump ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʧʘʨʩʠʨʘˁʝ OpenFlow ʧʦʨʫʢʘ. 

 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʧʨʠʥʮʠʧʠʤʘ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ, ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʫ ʤʦʜʝʨʥʠʤ 

ʠʥʬʦʨʤʘʮʠʦʥʠʤ ʩʠʩʪʝʤʠʤʘ ʜʦʣʘʟʠ ʜʦ ʧʨʦʰʠʨʝˁʘ ʩʘʤʝ ʤʨʝʞʝ ʜʦ ʥʠʚʦʘ ʭʦʩʪʘ, ʛʜʝ 

ʩʝ ʥʘʣʘʟʠ Open vSwitch. ʋʢʦʣʠʢʦ ʿʝ ʫ ʧʠʪʘˁʫ ʧʦʪʧʫʥʦ ʚʠʨʪʫʝʣʠʟʦʚʘʥʦ ʦʢʨʫʞʝˁʝ, 

ʩʚʘʢʠ ʤʨʝʞʥʠ ʯʚʦʨ ʿʝ ʫ ʩʪʚʘʨʠ ʚʠʨʪʫʝʣʥʠ ʩʚʠʯ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ ʤʦʛʫ˂ʝ ʥʘʧʨʘʚʠʪʠ 

ʧʦʪʧʫʥʦ ʨʘʟʜʚʘʿʘˁʝ core ʠ edge ʜʝʣʘ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʫʟ ʧʦʩʪʦʿʘˁʝ 

ʢʦʤʫʥʠʢʘʮʠʿʝ ʠʟʤʝʹʫ ʦʚʠʭ ʜʝʣʦʚʘ. ɺʠʨʪʫʝʣʥʠ ʩʚʠʯʝʚʠ ʤʦʛʫ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ 

ʚʝʣʠʢʠ ʙʨʦʿ ʤʨʝʞʥʠʭ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ, ʯʠʤʝ ʿʝ ʦʤʦʛʫ˂ʝʥʦ ʜʘ core 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʙʫʜʝ ʿʝʜʥʦʩʪʘʚʥʘ ʠ ʜʘ ʠʤʘ ʦʩʥʦʚʥʠ ʟʘʜʘʪʘʢ ʜʘ ʦʙʝʟʙʝʜʠ 

ʢʦʥʝʢʪʠʚʥʦʩʪ ʠʟʤʝʹʫ ʭʦʩʪʦʚʘ [27]. 
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3.5. ʄʦʜʝʣʠ ʨʝʘʣʠʟʘʮʠʿʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

 

ʂʦʥʮʝʧʪ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ ʧʨʘʢʩʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ ʬʦʨʤʠ ʿʝʜʥʦʛ 

ʦʜ ʩʣʝʜʝ˂ʠʭ ʤʦʜʝʣʘ [86]: 

¶ ʈʝʘʢʪʠʚʥʠ 

¶ ʇʨʦʘʢʪʠʚʥʠ 

¶ ʇʨʝʜʠʢʪʠʚʥʠ. 

 

ʈʝʘʢʪʠʚʥʠ ʤʦʜʝʣʠ ʩʫ ʤʦʜʝʣʠ ʢʦʿʠ ʩʝ ʦʙʠʯʥʦ ʧʦʚʝʟʫʿʫ ʩʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ 

ʤʨʝʞʘʤʘ ʠ OpenFlow ʧʨʦʪʦʢʦʣʦʤ ʠ ʢʘʨʘʢʪʝʨʠʰʝ ʠʭ ʚʠʩʦʢ ʩʪʝʧʝʥ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʠ 

ʪʨʝʥʫʪʥʝ ʨʝʘʢʮʠʿʝ ʥʘ ʩʪʘˁʝ ʫ ʤʨʝʞʠ. ʄʦʛʫ ʥʘ˂ʠ ʧʨʠʤʝʥʫ ʫ ʦʢʨʫʞʝˁʠʤʘ ʛʜʝ ʿʝ 

ʯʝʩʪʘ ʧʨʦʤʝʥʘ ʣʦʢʘʮʠʿʝ ʢʨʘʿˁʠʭ ʫʨʝʹʘʿʘ (ʚʠʨʪʫʝʣʥʠʭ ʤʘʰʠʥʘ), ʘ ʥʝʜʦʩʪʘʪʘʢ ʿʝ 

ʥʝʜʦʚʦˀʘʥ ʩʪʝʧʝʥ ʩʢʘʣʘʙʠʣʥʦʩʪʠ. ʇʨʦʘʢʪʠʚʥʠ ʤʦʜʝʣʠ ʠʤʘʿʫ ʟʘʜʘʪʘʢ ʜʘ ʧʨʝʜʚʠʜʝ 

ʧʨʦʙʣʝʤʝ ʢʦʿʠ ʩʝ ʤʦʛʫ ʿʘʚʠʪʠ ʫ ʤʨʝʞʠ ʠ ʜʘ ʧʦʢʫʰʘʿʫ ʜʘ ʠʭ ʨʝʰʝ ʧʨʝ ʝʩʢʘʣʘʮʠʿʝ. 

ʇʨʝʜʠʢʪʠʚʥʠ ʤʦʜʝʣʠ ʩʫ ʟʘʩʥʦʚʘʥʠ ʥʘ ʠʩʪʦʨʠʿʩʢʠʤ ʧʦʜʘʮʠʤʘ ʦ ʧʝʨʬʦʨʤʘʥʩʘʤʘ 

ʤʨʝʞʝ ʠ ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʚʨʰʝ ʠʟʤʝʥʝ ʪʦʢʦʚʘ ʧʦʜʘʪʘʢʘ. 

 

SDN ʘʨʭʠʪʝʢʪʫʨʘ ʩʝ ʤʦʞʝ ʨʝʘʣʠʟʦʚʘʪʠ ʧʨʠʤʝʥʦʤ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʠʣʠ ʨʝʰʝˁʘ 

ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ. 

 

 

3.5.1. ʈʝʘʣʠʟʘʮʠʿʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ Linux  oʢʨʫʞʝˁʫ 

 

Linux ʦʧʝʨʘʪʠʚʥʠ ʩʠʩʪʝʤ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʤʝʥʫ ʨʘʟʣʠʯʠʪʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʪʝʭʥʠʢʘ ʟʘ 

ʢʨʝʠʨʘˁʝ ʚʠʨʪʫʝʣʥʦʛ ʤʨʝʞʥʦʛ ʦʢʨʫʞʝˁʘ. 

 

ɺʠʨʪʫʝʣʥʘ ʣʦʢʘʣʥʘ ʨʘʯʫʥʘʨʩʢʘ ʤʨʝʞʘ VLAN (ʝʥʛ. Virtual Local Area Network) 

ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʦʩʪʘʚʥʫ ʪʝʭʥʦʣʦʛʠʿʫ ʟʘ ʩʝʛʤʝʥʪʘʮʠʿʫ ʨʘʯʫʥʘʨʩʢʝ ʤʨʝʞʝ. 

ʇʦʩʪʦʿʝ˂ʘ ʤʨʝʞʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʝ ʥʘ ʣʦʛʠʯʢʦʤ, ʩʦʬʪʚʝʨʩʢʦʤ ʥʠʚʦʫ ʜʝʣʠ ʥʘ 

broadcast ʜʦʤʝʥʝ ʥʝʟʘʚʠʩʥʦ ʦʜ ʬʠʟʠʯʢʝ ʪʦʧʦʣʦʛʠʿʝ ʯʠʤʝ ʩʝ ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʝ ʥʘ 

ʙʝʟʙʝʜʥʦʩʪ ʠ ʧʝʨʬʦʨʤʘʥʩʝ ʤʨʝʞʝ. 

 



 

34 

 

ʅʝʜʦʩʪʘʪʘʢ VLAN ʢʦʥʮʝʧʪʘ, ʢʦʿʠ ʩʝ ʦʛʣʝʜʘ ʫ ʥʝʜʦʚʦˀʥʦʤ ʩʪʝʧʝʥʫ ʩʢʘʣʘʙʠʣʥʦʩʪʠ 

ʫ ʩʣʫʯʘʿʫ ʚʝ˂ʠʭ ʤʨʝʞʘ, ʫʩʧʝʰʥʦ ʩʝ ʤʦʞʝ ʨʝʰʠʪʠ ʧʨʠʤʝʥʦʤ VXLAN (ʝʥʛ. Virtual 

Extensible LAN) ʪʝʭʥʦʣʦʛʠʿʝ (ʉʣʠʢʘ 10), ʢʦʿʘ ʧʦʜʨʞʘʚʘ ʢʨʝʠʨʘˁʝ ʜʦ 16 ʤʠʣʠʦʥʘ 

VXLAN ʤʨʝʞʥʠʭ ʩʝʛʤʝʥʘʪʘ [87]. 

 

ʉʧʦˀ ʘh ʝˁ 

MAC ʟʘʛʣʘʚˀʝ
FCS

ʉʧʦˀ ʘh ʝˁ IP 

ʟʘʛʣʘʚˀʝ 
UDP ʟʘʛʣʘʚˀʝ

ʆʨʠʛʠʥʘʣʥʠ 

L2 ʬʨʝʿʤ

VXLAN 

ʟʘʛʣʘʚˀʝ

 

ʉʣʠʢʘ 10: ʌʦʨʤʘʪ VXLAN ʬʨʝʿʤʘ 

 

 

ɿʥʘʯʘʿʥʫ ʧʨʠʤʝʥʫ ʫ ʤʨʝʞʘʤʘ ʫ ʢʦʿʠʤʘ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ 

ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʠʤʘʿʫ ʠ ʩʦʬʪʚʝʨʩʢʠ ʨʝʘʣʠʟʦʚʘʥʠ ʚʠʨʪʫʝʣʥʠ ʩʚʠʯʝʚʠ. ʆʥʠ ʩʝ 

ʨʝʘʣʠʟʫʿʫ ʫ ʦʢʚʠʨʫ ʭʠʧʝʨʚʠʟʦʨʘ ʩʝʨʚʝʨʘ ʠ ʟʘʜʫʞʝʥʠ ʩʫ ʟʘ ʫʧʨʘʚˀʘˁʝ ʠ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʚʠʨʪʫʝʣʥʠʭ ʤʘʰʠʥʘ ʠ ʬʠʟʠʯʢʦʛ ʦʢʨʫʞʝˁʘ. ʇʨʠʤʝʨ 

ʩʦʬʪʚʝʨʩʢʦʛ ʩʚʠʯʘ ʢʦʿʠ ʥʘʣʘʟʠ ʧʨʠʤʝʥʫ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʤʨʝʞʥʠʭ ʦʢʨʫʞʝˁʘ ʿʝ 

Open vSwitch. 

 

ʇʦʨʝʜ ʤʦʛʫ˂ʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʿʝ ʬʫʥʢʮʠʿʝ switching-a ʥʘ ʩʦʬʪʚʝʨʩʢʦʤ ʥʠʚʦʫ, 

ʧʦʩʪʦʿʝ ʨʝʰʝˁʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʨʝʘʣʠʟʘʮʠʿʫ ʬʫʥʢʮʠʿʝ ʨʫʪʠʨʘˁʘ ʥʘ ʩʦʬʪʚʝʨʩʢʦʤ 

ʥʠʚʦʫ. Quagga ʿʝ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʨʝʘʣʠʟʘʮʠʿʫ ʨʫʪʠʨʘˁʘ 

(ʧʨʦʪʦʢʦʣʠ: OSPFv2, OSPFv3, RIP v1 ʠ v2, RIPng ʠ BGP-4 ) ʫ Unix ʙʘʟʠʨʘʥʠʤ 

ʦʢʨʫʞʝˁʠʤʘ [88]. ʇʨʦʠʟʚʦʹʘʯ ʤʨʝʞʥʝ ʦʧʨʝʤʝ Mikrotik ʿʝ ʨʘʟʚʠʦ ʩʦʬʪʚʝʨʩʢʠ ʨʫʪʝʨ 

ʟʘʩʥʦʚʘʥ ʥʘ Linux ʦʧʝʨʘʪʠʚʥʦʤ ʩʠʩʪʝʤʫ, ʢʦʿʠ ʧʦʜʨʞʘʚʘ ʧʨʦʪʦʢʦʣʝ ʨʫʪʠʨʘʘˁ 

(OSPF, RIP, BGP), MPLS, VPN, firewall, ʙʝʞʠʯʥʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʪʜ. [89]. 

 

ʂʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʚʠʨʪʫʝʣʠʟʘʮʠʿʠ ʤʨʝʞʥʦʛ ʦʢʨʫʞʝˁʘ ʟʘʩʥʦʚʘʥʦʛ ʥʘ OpenFlow 

ʧʨʦʪʦʢʦʣʫ, ʪʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʧʦʩʪʦʿʠ ʘʣʘʪ ʟʘ ʚʠʨʪʫʝʣʠʟʘʮʠʿʫ FlowVisor. 

FlowVisor ʧʨʝʜʩʪʘʚˀʘ OpenFlow ʘʣʘʪ ʢʦʿʠ ʩʝ ʧʦʥʘʰʘ ʢʘʦ ʧʨʦʢʩʠ ʠʟʤʝʹʫ OpenFlow 

ʩʚʠʯʝʚʘ ʠ ʚʠʰʝ OpenFlow ʢʦʥʪʨʦʣʝʨʘ, ʜʝʣʠ ʤʨʝʞʥʦ ʦʢʨʫʞʝˁʝ ʠ ʢʨʝʠʨʘ 

ʠʟʦʣʦʚʘʥʝ, ʧʨʦʛʨʘʤʘʙʠʣʥʝ ʣʦʛʠʯʢʝ ʤʨʝʞʝ ʫ ʦʢʚʠʨʫ ʠʩʪʝ ʪʦʧʦʣʦʛʠʿʝ [90]. 
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3.5.2. OpenDaylight 

 

OpenDaylight je ʦʢʚʠʨ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ ʟʘ ʢʨʝʠʨʘˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ 

ʤʨʝʞʘ ʥʘʩʪʘʦ ʢʘʦ ʨʝʟʫʣʪʘʪ ʩʘʨʘʜˁʝ ʚʠʰʝ ʧʨʝʜʫʟʝ˂ʘ: Brocade, Cisco Systems, IBM, 

HP, Juniper, Microsoft, Citriʭ ʠʪʜ. ʇʨʝʜʩʪʘʚˀʘ ʢʦʤʙʠʥʘʮʠʿʫ ʢʦʥʪʨʦʣʝʨʘ, 

ʠʥʪʝʨʬʝʿʩʘ, ʘʧʣʠʢʘʮʠʿʘ ʠ plug-in-ʦʚʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʨʦʪʦʢʦʣʝ. ʋ OpenDaylight 

ʘʨʭʠʪʝʢʪʫʨʠ (ʉʣʠʢʘ 11) ʩʝ ʨʘʟʣʠʢʫʿʫ ʩʣʝʜʝ˂ʠ ʩʣʦʿʝʚʠ [75]: 

¶ ʄʨʝʞʥʝ ʘʧʣʠʢʘʮʠʿʝ ʠ ʦʨʢʝʩʪʨʘʮʠʿʘ 

¶ ʂʦʥʪʨʦʣʝʨ 

¶ ʄʨʝʞʥʠ ʫʨʝʹʘʿʠ 

 

ʋʧʨʘʚˀ ʘˁʝ 

ʪʦʧʦʣʦʛʠʿʦʤ

FRM

ʉʪʘʪʠʩʪʠʢʘ

ʇʨʘ˂ʝˁʝ 

ʭʦʩʪʦʚʘ

ʋʧʨʘʚˀ ʘˁ

ʝ ʩʚʠʯʝʤ

ʆpenDaylight API-ji (REST)

AAA ï AuthN ʬʠʣʪʝʨ

VTN 

ʤʝʥʘ˅ʝʨ

Open Stack ʩʝʨʚʠʩ

LISP 

ʩʝʨʚʠʩ

OVSDB 

Neutron
Plugin2OC

Service abstrastion ʩʣʦʿ (SAL)

Open Flow NETCONF
PCMM/

COPS
SNBI

Open Flow ʫʨʝ́ʘʿʠ Open vSwitch ʫʨʝ́ʘʿʠ ɺʠʨʪʫʝʣʥʠ ʠ ʬʠʟʠʯʢʠ ʫʨʝ́ʘʿʠ

DLUX VTN ʢʦʦʨʜʠʥʘʪʦʨ OpenStack Neutron SDNI Wrapper

ʆʩʥʦʚʥʠ ʤʨʝʞʥʠ ʩʝʨʚʠʩʠ

ʄʨʝʞʥʝ 

ʘʧʣʠʢʘʮʠʿʝ, 

ʦʨʢʝʩʪʨʘʮʠʿʘ ʠ 

ʩʝʨʚʠʩʠ

Kʦʥʪʨʦʣʝʨ 

ʧʣʘʪʬʦʨʤʘ 

Data plane 

ʝʣʝʤʝʥʪʠ

Southbound 

ʠʥʪʝʨʬʝʿʩʠ
OVSDB LISP PCEP SNMP Plugin 2OCBGP

L2 ʩʚʠʯ
SNBI 

ʩʝʨʚʠʩ

SDNI 

agregator

GBP 

ʩʝʨʚʠʩ
SFC AAA

DOCSIS 

ʘʧʩʪʨʘʢʮʠʿʘ

DDoS ʟʘhʪʠʪʘ

 

ʉʣʠʢʘ 11: OpenDaylight ʘʨʭʠʪʝʢʪʫʨʘ [75] 

 

 

ʅʘʿʚʠʰʠ ʩʣʦʿ ʯʠʥʝ ʤʨʝʞʥʝ ʘʧʣʠʢʘʮʠʿʝ ʠ ʦʥ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʢʦʥʪʨʦʣʠʰʝ ʠ ʧʨʘʪʠ 

ʧʦʥʘʰʘˁʝ ʤʨʝʞʝ. ʇʦʨʝʜ ʪʦʛʘ ʥʘ ʦʚʦʤ ʩʣʦʿʫ ʩʝ ʨʝʘʣʠʟʫʿʝ ʠ ʦʨʢʝʩʪʨʘʮʠʿʘ, ʰʪʦ ʿʝ 

ʧʦʩʝʙʥʦ ʚʘʞʥʦ ʫ ʩʣʫʯʘʿʫ cloud ʩʝʨʚʠʩʘ. ʉʣʦʿ ʢʦʥʪʨʦʣʝʨʘ ʦʙʝʟʙʝʹʫʿʝ API 

ʠʥʪʝʨʬʝʿʩʝ ʟʘ ʘʧʣʠʢʘʪʠʚʥʠ ʩʣʦʿ (northbound interface) ʠ ʧʨʦʪʦʢʦʣʝ ʟʘ ʫʧʨʘʚˀʘˁʝ 

ʭʘʨʜʚʝʨʦʤ (southbound interface). ʂʦʥʪʨʦʣʝʨ ʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥ ʫ 

ʩʦʬʪʚʝʨʫ, ʘ ʧʨʝʢʦ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʪʦʢʦʣʘ (OpenFlow 1.0, OpenFlow 1.3, BGP-LS 

ʠʪʜ.) ʦʩʪʚʘʨʫʿʝ ʚʝʟʫ ʩʘ ʤʨʝʞʥʠʤ ʫʨʝʹʘʿʠʤʘ. ʅʘʿʥʠʞʠ ʩʣʦʿ ʯʠʥʝ ʬʠʟʠʯʢʠ ʠ 
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ʚʠʨʪʫʝʣʥʠ ʤʨʝʞʥʠ ʫʨʝʹʘʿʠ (ʨʫʪʝʨʠ, ʩʚʠʯʝʚʠ ʠʪʜ.), ʢʦʿʠ ʠʤʘʿʫ ʟʘʜʘʪʘʢ ʜʘ ʦʙʝʟʙʝʜʝ 

ʢʦʥʝʢʪʠʚʥʦʩʪ ʫ ʤʨʝʞʠ. 

 

ɺʘʞʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ OpenDaylight ʧʨʦʿʝʢʪʘ ʿʝ ʤʦʜʫʣʘʨʥʘ ʘʨʭʠʪʝʢʪʫʨʘ, ʢʦʿʘ 

ʦʙʝʟʙʝʹʫʿʝ ʿʝʜʥʦʩʪʘʚʥʫ ʠʥʪʝʛʨʘʮʠʿʫ ʩʘ ʜʨʫʛʠʤ ʩʠʩʪʝʤʠʤʘ. ʇʦʩʝʙʥʦ ʿʝ ʟʥʘʯʘʿʥʘ 

ʤʦʛʫ˂ʥʦʩʪ ʠʥʪʝʛʨʘʮʠʿʝ ʩʘ OpenStack-ʦʤ, ʢʦʿʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʝʢʦ northbound ML2 

(ʝʥʛʣ. Modular Layer 2) plug-in-ʘ [91]. 

 

 

3.5.3. ʂʦʤʝʨʮʠʿʘʣʥʘ ʨʝʰʝˁʘ  

 

ʄʥʦʛʠ ʧʨʦʠʟʚʦʹʘʯʠ ʦʧʨʝʤʝ ʩʫ ʨʘʟʚʠʣʠ ʨʘʟʣʠʯʠʪʘ ʨʝʰʝˁʘ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʩʘ ʞʝˀʦʤ ʜʘ ʦʤʦʛʫ˂ʝ ʚʠʰʠ ʩʪʝʧʝʥ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʠ 

ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

 

ʇʨʝʜʫʟʝ˂ʝ Cisco Systems ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʣʦ SDN ʢʦʥʮʝʧʪ ʫ ʦʢʚʠʨʫ Cisco Open 

Network Environment (ONE) ʧʨʦʿʝʢʪʘ [92]. ʆʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʦʚʦʛ ʨʝʰʝˁʘ ʩʫ: 

¶ ɺʠʨʪʫʝʣʥʠ ʩʚʠʯʝʚʠ 

¶ ʂʦʥʪʨʦʣʝʨ 

¶ ʇʨʦʛʨʘʤʘʙʠʣʥʠ API 

 

Cisco Open SDN ʢʦʥʪʨʦʣʝʨ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʝʨʮʠʿʘʣʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ OpenDaylight 

ʧʨʦʿʝʢʪʘ, ʢʦʿʘ ʫʚʦʜʠ ʚʠʩʦʢ ʩʪʝʧʝʥ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ ʫ ʤʨʝʞʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ [93]. 

ʅʘ ʩʣʠʮʠ 12 ʿʝ ʧʨʠʢʘʟʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʦʚʦʛ ʨʝʰʝˁʘ. 

 

ʇʨʠʤʝʥʘ ʧʨʦʛʨʘʤʘʙʠʣʥʠʭ ʤʨʝʞʘ ʜʦʚʦʜʠ ʜʦ ʫʙʨʟʘˁʘ ʨʘʜʘ ʚʝʙ-ʘʧʣʠʢʘʮʠʿʘ ʢʘʦ 

ʨʝʟʫʣʪʘʪ ʢʦʤʙʠʥʦʚʘˁʘ SDN ʤʨʝʞʘ, ʬʫʥʢʮʠʿʝ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʤʨʝʞʝ ʠ 

ʩʦʬʪʚʝʨʩʢʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ. ʊʘʢʦʹʝ, ʜʦʣʘʟʠ ʜʦ ʫʥʘʧʨʝʹʝˁʘ 

ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʦʤ ʢʨʦʟ ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ, ʦʨʢʝʩʪʨʠʨʘˁʝ ʟʘʭʪʝʚʘ, 

ʧʦʿʝʜʥʦʩʪʘʚˀʠʚʘˁʝ ʜʠʟʘʿʥʘ ʤʨʝʞʝ ʠ ʙʨʞʫ ʠʩʧʦʨʫʢʫ ʩʝʨʚʠʩʘ. ɺʘʞʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʠ 

ʠʥʪʝʛʨʘʮʠʿʫ ʩʚʠʭ ʚʨʩʪʘ ʨʝʩʫʨʩʘ ʫ ʧʨʠʩʪʫʧʥʦʤ ʩʣʦʿʫ ʤʨʝʞʝ, ʢʘʦ ʠ ʙʦˀʫ 

ʠʩʢʦʨʠʰ˂ʝʥʦʩʪ ʤʨʝʞʥʝ ʠ ʦʧʨʝʤʝ ʫ data ʮʝʥʪʨʠʤʘ. 
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ʋʧʨʘʚˀ ʘˁʝ 

ʪʦʧʦʣʦʛʠʿʦʤ
ʉʪʘʪʠʩʪʠʢʘ FRM

ʇʨʘ˂ʝˁʝ 

ʭʦʩʪʦʚʘ

Layer 2 

ʩʚʠʯ

ɸɸɸ 

ʩʝʨʚʠʩ

GBP 

ʩʝʨʚʠʩ

Dlux kʦʨʠʩʥʠʯʢʠ ʠʥʪʝʨʬʝʿʩ

REST API-ji

ʄʨʝʞʥʠ 

ʩʝʨʚʠʩ 1

ʄʨʝʞʥʠ 

ʩʝʨʚʠʩ 2

ʄʨʝʞʥʠ 

ʩʝʨʚʠʩ 3

ʄʨʝʞʥʠ 

ʩʝʨʚʠʩ 4

ʄʨʝʞʥʠ 

ʩʝʨʚʠʩ ʥ

Model-based service abstraction ʩʣʦʿ

OpenFlow ʠʥʪʝʨʬʝʿʩ NETCONF ʠʥʪʝʨʬʝʿʩ BGPLS ʠʥʪʝʨʬʝʿʩ PCEP ʠʥʪʝʨʬʝʿʩ

OpenFlow ʫʨʝ́ʘʿʠ Open vSwitch ʫʨʝ́ʘʿʠ
Cisco ʠ 3rd-party ʚʠʨʪʫʝʣʥʠ ʠ 

ʬʠʟʠʯʢʠ ʫʨʝ́ʘʿʠ

ɸʧʣʠʢʘʮʠʿʘ 1 ɸʧʣʠʢʘʮʠʿʘ 2 ɸʧʣʠʢʘʮʠʿʘ 3 ɸʧʣʠʢʘʮʠʿʘ ʥ...

...

ʆʩʥʦʚʥʠ ʤʨʝʞʥʠ ʩʝʨʚʠʩʠ 3rd-party ʤʨʝʞʥʠ ʩʝʨʚʠʩʠ

ʄʨʝʞʥʝ 

ʘʧʣʠʢʘʮʠʿʝ

Cisco Open SDN 

kʦʥʪʨʦʣʝʨ 

ʧʣʘʪʬʦʨʤʘ 

Data plane 

ʝʣʝʤʝʥʪʠ
 

ʉʣʠʢʘ 12: Cisco Open SDN ʧʣʘʪʬʦʨʤʘ [93] 

 

 

ʇʨʝʜʫʟʝ˂ʝ Juniper Networks ʠʤʧʣʝʤʝʥʪʠʨʘʣʦ ʿʝ SDN ʢʦʥʮʝʧʪ ʫ ʦʢʚʠʨʫ 

OpenContrail ʨʝʰʝˁʘ [94]. ʆʚʦ ʨʝʰʝˁʝ ʿʝ ʜʦʩʪʫʧʥʦ ʧʦʜ Apache 2.0 ʣʠʮʝʥʮʦʤ ʠ 

ʦʙʝʟʙʝʹʫʿʝ ʢʦʤʧʦʥʝʥʪʝ ʟʘ ʚʠʨʪʫʝʣʠʟʘʮʠʿʫ ʤʨʝʞʝ:  

¶ OpenContrail ʢʦʥʪʨʦʣʝʨ 

¶ OpenContrail ʚʠʨʪʫʝʣʥʠ ʨʫʪʝʨ 

 

ʅʘ ʩʣʠʮʠ 13 ʿʝ ʧʨʠʢʘʟʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ OpenContrail ʨʝʰʝˁʘ. OpenContrail 

ʢʦʥʪʨʦʣʝʨ ʿʝ ʬʠʟʠʯʢʠ ʜʠʩʪʨʠʙʫʠʨʘʥ SDN ʢʦʥʪʨʦʣʝʨ ʟʘʜʫʞʝʥ ʟʘ ʫʧʨʘʚˀʘˁʝ, 

ʢʦʥʪʨʦʣʫ ʠ ʘʥʘʣʠʟʫ ʚʠʨʪʫʝʣʠʟʦʚʘʥʦʛ ʤʨʝʞʥʦʛ ʦʢʨʫʞʝˁʘ. OpenContrail ʚʠʨʪʫʝʣʥʠ 

ʨʫʪʝʨ ʿʝ ʟʘʜʫʞʝʥ ʟʘ ʧʨʦʩʣʝʹʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʨʝʘʣʠʟʦʚʘʥ ʿʝ ʫ ʭʠʧʝʨʚʠʟʦʨʫ 

ʚʠʨʪʫʝʣʠʟʦʚʘʥʠʭ ʩʝʨʚʝʨʘ ʯʠʤʝ ʩʝ ʢʨʝʠʨʘ ʚʠʨʪʫʝʣʥʘ overlay ʤʨʝʞʘ. ʅʘʯʠʥ ʨʘʜʘ 

OpenContrail ʚʠʨʪʫʝʣʥʦʛ ʨʫʪʝʨʘ ʿʝ ʢʦʥʮʝʧʪʫʘʣʥʦ ʩʣʠʯʘʥ ʧʦʩʪʦʿʝ˂ʠʤ ʚʠʨʪʫʝʣʥʠʤ 

ʩʚʠʯʝʚʠʤʘ, ʘʣʠ ʦʥ ʧʦʩʝʜʫʿʝ ʧʦʜʨʰʢʫ ʟʘ ʬʫʥʢʮʠʿʫ ʨʫʪʠʨʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʜʨʫʛʝ 

ʩʝʨʚʠʩʝ ʨʝʘʣʠʟʦʚʘʥʝ ʥʘ ʚʠʰʠʤ ʩʣʦʿʝʚʠʤʘ, ʧʘ ʩʝ ʟʘʪʦ ʠ ʥʘʟʠʚʘ ʚʠʨʪʫʝʣʥʠ ʨʫʪʝʨ. 

 



 

38 

 

VM1 VMn
...

ʍʠʧʝʨʚʠʟʦʨ

ɺʠʨʪʫʝʣʥʠ 

ʨʫʪʝʨ

OpenStack

Neutron

OSS/BSS GUI ɸʧʣʠʢʘʮʠʿʘ 1 ɸʧʣʠʢʘʮʠʿʘ ʥ
...

ʂʦʥʬʠʛʫʨʘʮʠʿʘ ɸʥʘʣʠʪʠʢʘ

ʂʦʥʪʨʦʣʘ

Contrail 

ʩʠʩʪʝʤ

ʌʠʟʠʯʢʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ Gateway ʨʫʪʝʨ

VM1 VMn
...

ʍʠʧʝʨʚʠʟʦʨ

ɺʠʨʪʫʝʣʥʠ 

ʨʫʪʝʨ

ɺʠʨʪʫʝʣʠʟʦʚʘʥ ʩʝʨʚʝʨɺʠʨʪʫʝʣʠʟʦʚʘʥ ʩʝʨʚʝʨ

REST API ʠʥʪʝʨʬʝʿʩʠ

ʉʣʦʿ ʫʧʨʘʚˀ ʘˁʘ
East-Weat ʀʥʪʝʨʬʝʿʩ 

(BGP)

XMPPXMPP BGP + NETCONF

MPLS ʧʨʝʢʦ GRE

MPLS ʧʨʝʢʦ UDP

VXLAN
 

ʉʣʠʢʘ 13: OpenContrail ʘʨʭʠʪʝʢʪʫʨʘ [94] 

 

 

3.6. Application centric ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

 

Application centric ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʝʥʛ. Application Centric Infrastructure ï ACI) 

ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʝʣ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʢʦʿʠ ʿʝ ʨʘʟʚʠʣʘ ʢʦʤʧʘʥʠʿʘ Cisco 

Systems ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʩ ʧʨʠʤʝʥʝ ʘʧʣʠʢʘʮʠʿʘ ʧʦʿʝʜʥʦʩʪʘʚʠʦ, ʦʧʪʠʤʠʟʦʚʘʦ ʠ 

ʫʙʨʟʘʦ [95]. ʆʚʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʦʤʙʠʥʫʿʝ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʤʨʝʞʥʝ ʝʣʝʤʝʥʪʝ ʩʘ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʠʤ ʫʧʨʘʚˀʘˁʝʤ, ʢʦʥʮʝʧʪʦʤ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ ʠ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ. ʋ 

ʧʠʪʘˁʫ ʿʝ ʦʪʚʦʨʝʥ ʝʢʦʩʠʩʪʝʤ ʢʦʿʠ ʠʥʪʝʛʨʠʰʝ ʬʠʟʠʯʢʝ ʠ ʚʠʨʪʫʝʣʥʝ ʤʨʝʞʥʝ 

ʝʣʝʤʝʥʪʝ ʫʟ ʧʨʠʤʝʥʫ policy-based ʤʦʜʝʣʘ. 

 

Application centric ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʯʠʥʝ ʩʣʝʜʝ˂ʝ ʢʦʤʧʦʥʝʥʪʝ (ʉʣʠʢʘ 14): 

¶ ACI ʢʦʥʪʨʦʣʝʨ (ʝʥʛ. Application Policy Infrastructure Controller ï APIC) 

¶ ACI ʤʨʝʞʥʠ ʫʨʝʹʘʿʠ (ʝʥʛ. ACI Fabric) 

¶ ɸʧʣʠʢʘʪʠʚʥʠ ʤʨʝʞʥʠ ʧʨʦʬʠʣʠ (ʝʥʛ. Application Network Profile) 
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Firewall ɺʝʙ
ɹʘʣʘʥʩʠʨʘˁʝ 

ʩʘʦʙʨʘ˂ʘʿʘ
ɸʧʣʠʢʘʮʠʿʝ

ACI ʢʦʥʪʨʦʣʝʨ

ɸʧʣʠʢʘʪʠʚʥʠ ʤʨʝʞʥʠ ʧʨʦʬʠʣ

ACI ʤʨʝʞʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

ʍʠʧʝʨʚʠʟʦʨ

vmware

ʍʠʧʝʨʚʠʟʦʨ

Microsoft

ʍʠʧʝʨʚʠʟʦʨ

redhat

ɹʘʟʘ ʧʦʜʘʪʘʢʘ

ʚʝʙ ʘʧʣʠʢʘʮʠʿʘ
ʙʘʟʘ 

ʧʦʜʘʪʘʢʘ
ʚʝʙ ʘʧʣʠʢʘʮʠʿʘ ʚʝʙ ʚʝʙ

 

ʉʣʠʢʘ 14: ACI ʘʨʭʠʪʝʢʪʫʨʘ [95] 

 

 

ACI ʢʦʥʪʨʦʣʝʨ ʧʨʝʜʩʪʘʚˀʘ ʮʝʥʪʨʘʣʥʫ ʢʦʤʧʦʥʝʥʪʫ ACI ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʢʦʿʘ ʿʝ 

ʟʘʜʫʞʝʥʘ ʟʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦ, ʧʨʦʛʨʘʤʘʙʠʣʥʦ, ʘʫʪʦʤʘʪʠʟʦʚʘʥʦ ʠ ʿʝʜʥʦʩʪʘʚʥʦ 

ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʥʠʤ ʝʣʝʤʝʥʪʠʤʘ. APIC ʿʝ ʧʦʪʧʫʥʦ ʦʜʚʦʿʝʥ ʦʜ ʧʨʦʮʝʩʘ 

ʧʨʦʩʣʝʹʠʚʘˁʘ ʧʦʜʘʪʘʢʘ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʠ ʫ ʩʣʫʯʘʿʫ ʛʫʙʠʪʢʘ ʢʦʤʫʥʠʢʘʮʠʿʝ ʩʘ ACI 

ʢʦʥʪʨʦʣʝʨʦʤ ʩʘʦʙʨʘ˂ʘʿ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʩʣʝʹʫʿʝ. ʂʘʦ northbound ʠʥʪʝʨʬʝʿʩ APIC 

ʢʦʨʠʩʪʠ XML ʠʣʠ JSON, ʘ ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʤʦʞʝ ʜʘ ʩʝ ʨʝʘʣʠʟʫʿʝ 

ʧʨʝʢʦ ʢʦʤʘʥʜʥʝ ʣʠʥʠʿʝ (CLI) ʠʣʠ ʛʨʘʬʠʯʢʦʛ ʠʥʪʝʨʬʝʿʩʘ (GUI). ɿʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʩʘ 

ʤʨʝʞʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʢʦʨʠʩʪʠ southbound ʧʨʦʪʦʢʦʣ OpFlex. OpFlex ʧʨʦʪʦʢʦʣ 

ʦʤʦʛʫ˂ʘʚʘ ʨʘʟʤʝʥʫ ʘʧʣʠʢʘʪʠʚʥʠʭ ʧʦʣʠʩʘ ʜʝʬʠʥʠʩʘʥʠʭ ʫ XML ʠʣʠ JSON ʬʦʨʤʘʪʫ 

ʠʟʤʝʹʫ ʤʨʝʞʥʦʛ ʢʦʥʪʨʦʣʝʨʘ ʠ ʫʨʝʹʘʿʘ [96]. Cisco Systems ʫ ʩʘʨʘʜˁʠ ʩʘ ʜʨʫʛʠʤ 

ʧʨʦʠʟʚʦʹʘʯʠʤʘ ʦʧʨʝʤʝ ʘʢʪʠʚʥʦ ʨʘʜʠ ʥʘ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʠ ʦʚʦʛ ʧʨʦʪʦʢʦʣʘ. 
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ACI ʤʨʝʞʥʠ ʫʨʝʹʘʿʠ ʤʦʛʫ ʙʠʪʠ ʬʠʟʠʯʢʠ ʫʨʝʹʘʿʠ ʠʣʠ ʚʠʨʪʫʝʣʥʠ ACI ʩʚʠʯʝʚʠ. ʂʘʜʘ 

ʩʫ ʫ ʧʠʪʘˁʫ ʬʠʟʠʯʢʠ ʫʨʝʹʘʿʠ ʨʝʯ ʿʝ ʦ Cisco Nexus 9000 ʩʝʨʠʿʠ ʩʚʠʯʝʚʘ, ʢʦʿʠ ʤʦʛʫ 

ʜʘ ʨʘʜʝ ʥʘ ʢʣʘʩʠʯʘʥ ʥʘʯʠʥ (Cisco NX-OS ʤʦʜ ʨʘʜʘ) ʠʣʠ ʫ Cisco ACI ʤʦʜʫ. 

ɺʠʨʪʫʝʣʥʠ ʩʚʠʯʝʚʠ ʤʦʛʫ ʙʠʪʠ ʨʝʘʣʠʟʦʚʘʥʠ ʫ ʭʠʧʝʨʚʠʟʦʨʫ ʠ ʥʠʩʫ ʚʝʟʘʥʠ ʟʘ 

ʦʜʨʝʹʝʥʦʛ ʧʨʦʠʟʚʦʹʘʯʘ ʦʧʨʝʤʝ, ʘ ʤʦʛʫ ʙʠʪʠ ʠ AVS (ʝʥʛ. Cisco Application Virtual 

Switch) ʩʚʠʯʝʚʠ. AVS ʩʚʠʯʝʚʠ ʩʫ ʧʦʩʝʙʥʦ ʢʨʝʠʨʘʥʠ ʟʘ ACI ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ 

ʟʘʩʥʦʚʘʥʠ ʩʫ ʥʘ Cisco Nexus 1000V ʚʠʨʪʫʝʣʥʦʤ ʩʚʠʯʫ [97]. 

 

ɸʧʣʠʢʘʪʠʚʥʠ ʤʨʝʞʥʠ ʧʨʦʬʠʣʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʣʦʛʠʯʢʫ ʨʝʧʨʝʟʝʥʪʘʮʠʿʫ ʩʚʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʘʧʣʠʢʘʮʠʿʝ. ʋ ʧʠʪʘˁʫ ʿʝ ʣʦʛʠʯʢʠ ʩʢʫʧ ʩʝʨʚʠʩʘ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ ʩʣʠʯʥʫ 

ʧʦʣʠʩʫ, ˁʠʭʦʚʝ ʢʦʥʝʢʮʠʿʝ ʠ ʧʦʣʠʩʝ ʢʦʿʝ ʜʝʬʠʥʠʰʫ ʥʘʚʝʜʝʥʝ ʢʦʥʝʢʮʠʿʝ. 

ɼʝʬʠʥʠʩʘˁʝ ʠ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʧʦʣʠʩʘ ʿʝ ʫ ʥʘʜʣʝʞʥʦʩʪʠ ACI ʢʦʥʪʨʦʣʝʨʘ. 

 

ʇʨʝʜʥʦʩʪʠ ʧʨʠʤʝʥʝ ACI ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʩʫ ʚʠʰʝʩʪʨʫʢʝ [98]: 

¶ ACI ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚˀʘ ʜʠʩʪʨʠʙʫʠʨʘʥ ʩʠʩʪʝʤ ʟʘʩʥʦʚʘʥ ʥʘ 

ʠʥʦʚʘʪʠʚʥʠʤ ʨʝʰʝˁʠʤʘ ʢʦʿʠ ʤʦʞʝ ʜʘ ʧʦʜʨʞʠ ʪʨʝʥʜʦʚʝ ʠ ʜʠʥʘʤʠʯʘʥ ʨʘʟʚʦʿ 

ʘʧʣʠʢʘʮʠʿʘ. 

¶ ACI ʠʥʦʚʘʮʠʿʝ ʩʫ ʦʙʿʘʚˀʝʥʝ ʢʘʦ ʨʝʰʝˁʘ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ, ʘ ʦʤʦʛʫ˂ʝʥʘ ʿʝ ʠ 

ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʩʠʩʪʝʤʦʤ. 

¶ ʋ ʧʠʪʘˁʫ ʿʝ ʨʝʰʝˁʝ ʢʦʿʝ ʢʦʤʙʠʥʫʿʝ ʦʧʨʝʤʫ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʠʟʚʦʹʘʯʘ 

ʦʧʨʝʤʝ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʨʝʰʝˁʝ ʥʠʿʝ ʦʛʨʘʥʠʯʝʥʦ ʥʘ ʛʨʫʧʫ ʧʨʦʠʟʚʦʹʘʯʘ 

ʦʧʨʝʤʝ. 

¶ ACI ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʤʦʛʫ˂ʘʚʘ ʧʦʚʝʟʠʚʘˁʝ ʬʠʟʠʯʢʠʭ ʠ ʚʠʨʪʫʝʣʥʠʭ 

ʫʨʝʹʘʿʘ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʚʠʩʦʢ ʩʪʝʧʝʥ ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʫ ʩʢʣʘʜʫ ʩʘ 

ʟʘʭʪʝʚʠʤʘ. 

¶ ACI ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪaʚˀʘ ʿʝʜʥʦʩʪʘʚʥʦ ʨʝʰʝˁʝ ʢʦʿʝ ʚʨʰʠ 

ʘʧʩʪʨʘʢʮʠʿʫ ʫʧʨʘʚˀʘˁʘ ʠ ʪʠʤʝ ʥʝ ʟʘʚʠʩʠ ʦʜ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʭ ʭʘʨʜʚʝʨʩʢʠʭ 

ʨʝʰʝˁʘ. 

¶ ʇʨʠʤʝʥʘ ACI ʠʥʬʨʘʩʪʨʫʢʪʫʨe ʩʤʘˁʫʿʝ ʢʘʧʠʪʘʣʥʝ ʠ ʦʧʝʨʘʪʠʚʥʝ ʪʨʦʰʢʦʚʝ. 
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3.7. ɹʝʟʙʝʜʥʦʩʪ ʫ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ 

 

ʉʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʤʨʝʞʝ ʜʦʥʦʩʝ ʟʥʘʯʘʿʥʘ ʧʦʙʦˀʰʘˁʘ ʫ ʜʦʤʝʥʫ 

ʫʤʨʝʞʘʚʘˁʘ ʫ ʧʦʛʣʝʜʫ ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʘ ʧʨʦʮʝʩʘ ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʦʤ ʠ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʥʦʚʠʭ ʩʝʨʚʠʩʘ, ʘʣʠ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʧʠʪʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʧʦʩʪʘʿʝ 

ʩʚʝ ʟʥʘʯʘʿʥʠʿʝ. ɿʘʜʘʪʘʢ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʿʝ ʜʘ ʦʙʝʟʙʝʜʠ ʝʬʠʢʘʩʘʥ ʠ 

ʙʝʟʙʝʜʘʥ ʧʨʝʥʦʩ ʩʘʦʙʨʘ˂ʘʿʘ, ʘ ʪʨʘʜʠʮʠʦʥʘʣʥʘ ʨʝʰʝˁʘ ʟʘ ʟʘʰʪʠʪʫ ʤʨʝʞʘ ʚʠʰʝ 

ʥʠʩʫ ʜʦʚʦˀʥʦ ʝʬʠʢʘʩʥʘ. 

 

ʇʨʠʤʝʥʦʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦʛ ʫʧʨʘʚˀʘˁʘ SDN ʢʦʥʪʨʦʣʝʨ ʧʦʩʪʘʿʝ single-point-of-

failure. ɿʘʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʦʩʝʙʥʫ ʧʘʞˁʫ ʧʦʩʚʝʪʠʪʠ ʟʘʰʪʠʪʠ ʢʦʥʪʨʦʣʝʨʘ [99]. 

ɼʨʫʛʘ ʢʨʠʪʠʯʥʘ ʪʘʯʢʘ ʫ SDN ʤʨʝʞʘʤʘ ʿʝ southbound ʠʥʪʝʨʬʝʿʩ ʧʨʝʢʦ ʢʦʛʘ ʩʝ 

ʦʜʚʠʿʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʢʦʥʪʨʦʣʝʨʘ ʠ ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ. 

 

ʆʩʥʦʚʥʠ ʙʝʟʙʝʜʥʦʩʥʠ ʧʨʦʙʣʝʤʠ ʫ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ ʩʫ [57]: 

¶ ʌʘʣʩʠʬʠʢʦʚʘʥʠ ʠʣʠ ʣʘʞʥʠ ʪʦʢʦʚʠ ʩʘʦʙʨʘ˂ʘʿʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ 

ʥʘʧʘʜ ʥʘ ʩʚʠʯʝʚʝ ʠʣʠ ʢʦʥʪʨʦʣʝʨ. 

¶ ʅʘʧʘʜʠ ʢʦʿʠ ʢʦʨʠʩʪʝ ʨʘˁʠʚʦʩʪ ʩʚʠʯʝʚʘ. 

¶ ʅʘʧʘʜʠ ʥʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʩʚʠʯʝʚʘ ʠ ʢʦʥʪʨʦʣʝʨʘ. 

¶ ʅʘʧʘʜʠ ʥʘ ʢʦʥʪʨʦʣʝʨʝ. 

¶ ʅʝʜʦʩʪʘʪʘʢ ʤʝʭʘʥʠʟʘʤʘ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʦ ʧʦʚʝʨʝˁʝ ʠʟʤʝʹʫ ʢʦʥʪʨʦʣʝʨʘ 

ʠ ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʫʧʨʘʚˀʘˁʝ. 

¶ ʅʘʧʘʜʠ ʥʘ ʨʘʜʥʝ ʩʪʘʥʠʮʝ ʧʨʝʢʦ ʢʦʿʠʭ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʠʩʪʫʧ SDN 

ʢʦʥʪʨʦʣʝʨʫ. 

¶ ʅʝʜʦʩʪʘʪʘʢ ʧʦʫʟʜʘʥʠʭ ʠʟʚʦʨʘ ʠʥʬʦʨʤʘʮʠʿʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʙʠ ʩʝ ʫʪʚʨʜʠʦ 

ʫʟʨʦʢ ʫʦʯʝʥʦʛ ʧʨʦʙʣʝʤʘ ʠ ʙʨʟ ʦʧʦʨʘʚʘʢ. 

 

Open Networking Foundation ʜʝʬʠʥʠʰʝ ʩʣʝʜʝ˂ʝ ʧʨʠʥʮʠʧʝ, ʥʘ ʢʦʿʠʤʘ ʪʨeʙʘ ʜʘ 

ʧʦʯʠʚʘʿʫ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʤʨʝʞʝ, ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʦ ʚʠʩʦʢ ʩʪʝʧʝʥ 

ʙʝʟʙʝʜʥʦʩʪʠ ʧʨʝʥʦʩʘ ʩʘʦʙʨʘ˂ʘʿʘ [100]: 

¶ ɱʘʩʥʦ ʜʝʬʠʥʠʩʘʪʠ ʙʝʟʙʝʜʥʦʩʥʝ ʟʘʚʠʩʥʦʩʪʠ ʠ ʛʨʘʥʠʮʝ ʧʦʚʝʨʝˁʘ (ʝʥʛ. Trust 

boundary). 
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¶ ʆʙʝʟʙʝʜʠʪʠ ʿʝʜʠʥʩʪʚʝʥʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʩʚʠʭ ʫʨʝʹʘʿʘ ʠ ʢʦʨʠʩʥʠʢʘ. 

¶ ʇʨʠʤʝʥʠʪʠ ʩʪʘʥʜʘʨʜʝ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ. 

¶ ʆʙʝʟʙʝʜʠʪʠ ʧʦʚʝʨˀʠʚʦʩʪ, ʠʥʪʝʛʨʠʪʝʪ ʠ ʜʦʩʪʫʧʥʦʩʪ ʙʝʟʙʝʜʥʦʩʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ (ʝʥʛ. confidentiality, integrity, availability ï CIA). 

¶ ɿʘʰʪʠʪʠʪʠ ʦʧʝʨʘʪʠʚʥʝ ʨʝʬʝʨʝʥʪʥʝ ʧʦʜʘʪʢʝ (ʥʧʨ. ʢʨʠʧʪʦʛʨʘʬʩʢʠ ʢˀʫʯʝʚʠ, 

ʢʦʨʠʩʥʠʯʢʠ ʢʨʝʜʝʥʮʠʿʘʣʠ ʠʪʜ.). 

¶ ɼʝʬʠʥʠʩʘʪʠ ʤʠʥʠʤʘʣʘʥ ʥʠʚʦ ʙʝʟʙʝʜʥʦʩʪʠ ʢʘʢʦ ʙʠ ʩʠʩʪʝʤ ʧʦ default-ʫ ʙʠʦ 

ʜʦʚʦˀʥʦ ʙʝʟʙʝʜʘʥ. 

¶ ʆʤʦʛʫ˂ʠʪʠ accounting ʠ ʧʨʘ˂ʝˁʝ ʘʢʪʠʚʥʦʩʪʠ. 

 

ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ ʧʨʠʥʮʠʧʘ, ʧʨʠʣʠʢʦʤ ʫʚʦʹʝˁʘ ʙʝʟʙʝʜʥʦʩʥʝ ʢʦʥʪʨʦʣʝ ʧʦʪʨʝʙʥʦ ʿʝ 

ʦʙʝʟʙʝʜʠʪʠ ʠ ʩʣʝʜʝ˂ʝ [100]: 

¶ ɹʝʟʙʝʜʥʦʩʥʝ ʢʦʥʪʨʦʣʝ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʩʢʘʣʘʙʠʣʥʝ ʠ ʜʘ ʧʦʜʨʞʝ ʩʠʩʪʝʤʝ 

ʙʝʟ ʦʙʟʠʨʘ ʥʘ ˁʠʭʦʚʫ ʚʝʣʠʯʠʥʫ, ʘ ʙʝʟ ʧʦʚʝ˂ʘˁʘ ʢʦʤʧʣʝʢʩʥʦʩʪʠ. 

¶ ʇʨʠʣʠʢʦʤ ʫʚʦʹʝˁʘ ʥʦʚʠʭ ʙʝʟʙʝʜʥʦʩʥʠʭ ʢʦʥʪʨʦʣʘ ʪʨʝʙʘ ʨʘʟʤʦʪʨʠʪʠ 

ʫʪʠʮʘʿ ʥʘ ʩʠʩʪʝʤ ʫ ʮʝʣʠʥʠ. ʅʦʚʝ ʙʝʟʙʝʜʥʦʩʥʝ ʬʫʥʢʮʠʿʝ ʪʨʝʙʘ ʜʘ ʫʚʝʜʫ 

ʤʠʥʠʤʘʣʘʥ ʩʪʝʧʝʥ ʢʦʤʧʣʝʢʩʥʦʩʪʠ. 

¶ ɹʝʟʙʝʜʥʦʩʥʝ ʢʦʥʪʨʦʣʝ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʿʝʜʥʦʩʪʘʚʥʝ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʠ 

ʦʜʨʞʘʚʘˁʝ. 

¶ ʊʨʝʙʘ ʦʤʦʛʫ˂ʠʪʠ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʩʘ ʧʨʝʪʭʦʜʥʠʤ ʚʝʨʟʠʿʘʤʘ ʠʣʠ 

ʦʙʝʟʙʝʜʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ ʥʘʜʦʛʨʘʜˁʝ ʩʠʩʪʝʤʘ. 

¶ ʆʙʝʟʙʝʜʠʪʠ ʘʜʝʢʚʘʪʥʫ ʜʦʢʫʤʝʥʪʘʮʠʿʫ. 

¶ ʊʨʝʙʘ ʦʙʝʟʙʝʜʠʪʠ ʤʦʛʫ˂ʥʦʩʪ ʠʟʤʝʥʝ ʙʝʟʙʝʜʥʦʩʥʠʭ ʢʨʝʜʝʥʮʠʿʘʣʘ ʫ 

ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ. 

¶ ʊʨʝʙʘ ʦʙʝʟʙʝʜʠʪʠ ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ ʢʘʢʦ ʙʠ ʧʨʠʤʝʥʘ ʙʝʟʙʝʜʥʦʩʥʠʭ 

ʢʦʥʪʨʦʣʘ ʙʠʣʘ ʝʬʠʢʘʩʥʠʿʘ ʠ ʠʟʚʨʰʝʥʘ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ. 

¶ ʄʦʛʫ˂ʥʦʩʪ ʥʘʜʛʣʝʜʘˁʘ ʠ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ ʟʘ ʙʠʣʦ ʢʦʿʠ ʩʠʩʪʝʤ ʿʝ ʦʜ 

ʧʦʩʝʙʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʫʩʧʝʰʥʦ ʫʩʚʘʿʘˁʝ ʙʝʟʙʝʜʥʦʩʥʝ ʢʦʥʪʨʦʣʝ. 

 

ʇʨʠʤʝʨ ʧʨʠʤʝʥʝ SDN ʢʦʥʮʝʧʪʘ ʫ ʨʝʘʣʠʟʘʮʠʿʠ ʬʫʥʢʮʠʿʝ ʟʘʰʪʠʪʝ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ 

ʩʣʠʮʠ 15. ʋ ʧʠʪʘˁʫ ʿʝ ʨʝʘʣʠʟʘʮʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʢʘʨʘʥʪʠʥʘ ʟʘ malware (ʝʥʛ. 

Automated ʄalware Quarantine ï AMQ). ɿʘʜʘʪʘʢ ʦʚʦʛ ʩʠʩʪʝʤʘ ʿʝ ʜʘ ʜʝʪʝʢʪʫʿʝ ʠ 
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ʠʟʦʣʫʿʝ ʥʝʙʝʟʙʝʜʥʝ ʤʨʝʞʥʝ ʫʨʝʹʘʿʝ ʧʨʝ ʥʝʛʦ ʰʪʦ ʠʟʚʨʰʝ ʥʝʛʘʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ 

ʤʨʝʞʫ. ʅʘʢʦʥ ʪʦʛʘ ʘʫʪʦʤʘʪʩʢʠ ʧʨʠʤʝˁʫʿʝ ʥʝʦʧʭʦʜʥʝ patch ʧʨʦʛʨʘʤʝ ʢʘʢʦ ʙʠ ʩʝ 

ʧʨʦʙʣʝʤ ʨʝʰʠʦ ʠ ʜʦʟʚʦˀʘʚʘ ʧʦʥʦʚʥʦ ʫʢˀʫʯʝˁʝ ʫʨʝʹʘʿʘ ʫ ʤʨʝʞʫ. ʋ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʤʨʝʞʘʤʘ ʦʚʘʢʚʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ ʚʠʜʫ 

ʥʝʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠʭ ʨʝʰʝˁʘ ʢʦʿʘ ʩʫ ʥʝʝʬʠʢʘʩʥʘ, ʘ ʧʦʩʝʙʥʦ ʫ ʩʣʫʯʘʿʫ ʚʝʣʠʢʠʭ 

ʤʨʝʞʘ ʩʘ ʚʠʩʦʢʦʤ ʩʪʝʧʝʥʦʤ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʠ ʜʠʥʘʤʠʯʢʠʭ ʧʨʦʤʝʥʘ. ʇʨʠʤʝʥʦʤ 

SDN ʢʦʥʮʝʧʪʘ AMQ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʩʝ ʨʝʘʣʠʟʫʿʝ ʫ ʦʢʚʠʨʫ SDN ʢʦʥʪʨʦʣʝʨʘ [99], 

ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʛʨʘʥʫʣʘʨʥʦ ʧʦʣʠʩʠʨʘˁʝ ʠ ʝʬʠʢʘʩʥʘ ʙʝʟʙʝʜʥʦʩʥʘ ʟʘʰʪʠʪʘ ʫ 

ʤʨʝʞʠ. 

 

ʄʨʝʞʘ ʧʨʝʜʫʟʝ˂ʘ

ɸʧʣʠʢʘʮʠʿʝ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʤʨʝʞʝ

ɼʝʬʠʥʠʩʘˁʝ ʧʨʘʚʠʣʘ ʧʨʦʩʣʝ́ʠʚʘˁʘ 

ʧʘʢʝʪʘ

SPAN ʧʦʨʪ

Open Flow 

ʢʦʥʪʨʦʣʝʨ

Open Flow ʩʚʠʯ

Web proxy 

ʦʙʘʚʝhʪʘʚʘˁʝ

ʋʨʝ́ʘʿ ʟʘ ʟʘhʪʠʪʫ 

ʤʨʝʞʝ ʂʦʥʪʨʦʣʥʠ ʧʦʨʪ

ʀʥʪʝʨʥʝʪ

 

ʉʣʠʢʘ 15: ʈʝʘʣʠʟʘʮʠʿʘ ʘʫʪʦʤʘʪʩʢʦʛ ʢʘʨʘʥʪʠʥʘ ʟʘ malware ʧʨʠʤʝʥʦʤ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ [99] 

 

 

AuthFlow ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʤʝʨ ʤʝʭʘʥʠʟʤʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ ʫ ʮʠˀʫ ʟʘʰʪʠʪʝ [101]. ʆʚʘʿ ʤʝʭʘʥʠʟʘʤ ʬʫʥʢʮʠʦʥʠʰʝ ʧʦ 

ʩʣʝʜʝ˂ʝʤ ʧʨʠʥʮʠʧʫ: 

¶ ɸʫʪʝʥʪʠʬʠʢʘʮʠʿʘ ʭʦʩʪʦʚʘ ʥʘ network access ʩʣʦʿʫ, ʯʠʤʝ ʩʝ ʫʥʦʩʠ ʤʘʣʠ 

overhead ʠ ʦʙʝʟʙʝʹʫʿʝ ʚʠʩʦʢ ʩʪʝʧʝʥ ʛʨʘʥʫʣʘʮʠʿʝ ʢʦʥʪʨʦʣʝ ʧʨʠʩʪʫʧʘ. 
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¶ ʂʦʥʪʨʦʣʘ ʧʨʠʩʪʫʧʘ ʥʘ ʥʠʚʦʫ ʭʦʩʪʘ ʫ ʩʣʘʜʫ ʩʘ ʜʝʬʠʥʠʩʘʥʠʤ ʧʨʠʚʠʣʝʛʠʿʘʤʘ, 

ʧʦʨʝʹʝˁʝʤ ʢʨʝʜʝʥʮʠʿʘʣʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ ʩʢʫʧʘ ʪʦʢʦʚʘ ʜʦʜʝˀʝʥʠʭ 

ʦʜʨʝʹʝʥʦʤ ʭʦʩʪʫ. 

 

ʅʘ ʩʣʠʮʠ 16 ʿʝ ʧʨʠʢʘʟʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ AuthFlow ʨʝʰʝˁʘ, ʢʦʿʫ ʯʠʥʝ: 

¶ OpenFlow ʢʦʥʪʨʦʣʝʨ 

¶ ɸʫʪʝʥʪʠʬʠʢʘʪʦʨ 

¶ RADIUS ʩʝʨʚʝʨ 

 

OpenFlow 

ʢʦʥʪʨʦʣʝʨ

ʍʠʧʝʨʚʠʟʦʨ

ɸʫʪʝʥʪʠʬʠʢʘʪʦʨ RADIUS ʩʝʨʚʝʨɸʫʪʝʥʪʠʬʠʢʘʮʠʿʘ RADIUS

Open vSwitch

(OpenFlow)

VM1 VMn

ʌʠʟʠʯʢʠ 

ʨʫʪʝʨ

...

ɸʫʪʦʨʠʟʦʚʘʥ 

ʚʠʨʪʫʝʣʥʠ ʣʠʥʢ

 

ʉʣʠʢʘ 16: AuthFlow ʘʨʭʠʪʝʢʪʫʨʘ [101] 

 

 

ʇʨʦʚʝʨʘ ʠʜʝʥʪʠʪʝʪʘ ʚʠʨʪʫʝʣʥʝ ʤʘʰʠʥʝ ʩʝ ʚʨʰʠ ʧʨʠʤʝʥʦʤ ɽɸP (ʝʥʛ. Extensible 

Authentication Protocol) ʠ IEEE 802.1X ʩʪʘʥʜʘʨʜʘ. ɸʫʪʝʥʪʠʬʠʢʘʪʦʨ ʚʨʰʠ 

ʜʝʝʥʢʘʧʩʫʣʘʮʠʿʫ ɽɸP ʧʘʢʝʪʘ ʠ ʠʟʜʚʘʿʘ ʧʦʨʫʢʝ ʟʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʿʫ, ʟʘʪʠʤ ʚʨʰʠ 

ʧʨʦʚʝʨʫ ʚʠʨʪʫʝʣʥʦʛ ʨʫʪʝʨʘ ʧʨʝʢʦ RADIUS ʩʝʨʚʝʨʘ ʠ ʥʘ ʢʨʘʿʫ ʦʙʘʚʝʰʪʘʚʘ 

OpenFlow ʢʦʥʪʨʦʣʝʨ ʦ ʨʝʟʫʣʪʘʪʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʿʝ. ʋ ʩʣʫʯʘʿʫ ʫʩʧʝʰʥʝ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʿʝ ʜʦʟʚʦˀʘʚʘ ʩʝ ʧʨʠʩʪʫʧ ʫ ʩʢʣʘʜʫ ʩʘ ʜʝʬʠʥʠʩʘʥʠʤ ʧʨʠʚʠʣʝʛʠʿʘʤʘ, 

ʜʦʢ ʩʝ ʫ ʩʫʧʨʦʪʥʦʤ ʩʣʫʯʘʿʫ ʭʦʩʪʫ ʫʩʢʨʘ˂ʫʿʝ ʧʨʠʩʪʫʧ. 
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3.8. ʂʚʘʣʠʪʝʪ ʩʝʨʚʠʩʘ ʫ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ 

 

ɼʘʥʘʰˁʝ ʨʘʯʫʥʘʨʩʢʝ ʤʨʝʞʝ ʧʨʠʤʝˁʫʿʫ ʢʦʥʚʝʨʛʝʥʪʥʫ ʘʨʭʠʪʝʢʪʫʨʫ ʢʦʿʘ 

ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʨʠʰ˂ʝˁʝ ʿʝʜʠʥʩʪʚʝʥʝ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʧʨʝʥʦʩ 

ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʩʘʦʙʨʘ˂ʘʿʘ. ʆʜʨʝʹʝʥʝ ʢʘʪʝʛʦʨʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ ʠʤʘʿʫ ʧʦʩʝʙʥʝ 

ʟʘʭʪʝʚʝ, ʢʦʿʠ ʤʦʨʘʿʫ ʙʠʪʠ ʠʩʧʫˁʝʥʠ ʢʘʢʦ ʙʠ ʢʦʤʫʥʠʢʘʮʠʿʘ ʫ ʤʨʝʞʠ ʠʤʘʣʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʚʘʣʠʪʝʪ. ɿʘʪʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʠʤʝʥʠʪʠ ʘʜʝʢʚʘʪʥʝ ʤʝʭʘʥʠʟʤʝ ʢʦʿʠ 

ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʝ ʢʚʘʣʠʪʝʪ ʩʝʨʚʠʩʘ. ʂʚʘʣʠʪʝʪ ʩʝʨʚʠʩʘ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ 

ʩʧʦʩʦʙʥʦʩʪ ʤʨʝʞʝ ʜʘ ʦʤʦʛʫ˂ʠ ʙʦˀʠ ʠʣʠ ʧʦʩʝʙʘʥ ʪʨʝʪʤʘʥ ʦʜʨʝʹʝʥʦʿ ʛʨʫʧʠ 

ʢʦʨʠʩʥʠʢʘ, ʦʜʥʦʩʥʦ ʘʧʣʠʢʘʮʠʿʘ [102] ʠ ʧʨʝʜʩʪʘʚˀʘ ʥʠʟ ʪʝʭʥʠʢʘ ʟʘ ʫʧʨʘʚˀʘˁʝ 

ʤʨʝʞʥʠʤ ʨʝʩʫʨʩʠʤʘ. 

 

ʇʦʩʪʦʿʠ ʪʨʠ ʤʦʜʝʣʘ ʤʨʝʞʝ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʢʚʘʣʠʪʝʪ ʩʝʨʚʠʩʘ: 

¶ Best Effort 

¶ Integrated Services 

¶ Differentiated Services 

 

Best Effort ʤʦʜʝʣ ʟʥʘʯʠ ʜʘ ʢʚʘʣʠʪʝʪ ʩʝʨʚʠʩʘ ʥʠʿʝ ʧʨʠʤʝˁʝʥ ʫ ʤʨʝʞʠ ʠ ʜʘ ʥʝ 

ʧʦʩʪʦʿʠ ʛʘʨʘʥʮʠʿʘ ʢʚʘʣʠʪʝʪʘ ʟʘ ʦʜʨʝʹʝʥʝ ʪʠʧʦʚʝ ʩʘʦʙʨʘ˂ʘʿʘ. ʂʦʜ Integrated Services 

ʤʦʜʝʣʘ ʩʝ ʢʦʨʠʩʪʠ ʩʠʛʥʘʣʠʟʘʮʠʿʘ ʧʨʠʣʠʢʦʤ ʦʙʘʚʝʰʪʘʚʘˁʘ ʤʨʝʞʝ ʦ ʧʦʪʨʝʙʥʠʤ 

ʤʨʝʞʥʠʤ ʨʝʩʫʨʩʠʤʘ. Differentiated Services ʤʦʜʝʣ ʩʝ ʯʝʩʪʦ ʧʨʠʤʝˁʫʿʝ ʫ ʤʨʝʞʘʤʘ, 

ʘ ʧʨʦʮʝʩ ʧʨʠʤʝʥʝ ʢʚʘʣʠʪʝʪʘ ʩʝʨʚʠʩʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʯʠʥʝ ʩʣʝʜʝ˂ʠ ʢʦʨʘʮʠ: 

¶ ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʩʚʠʭ ʪʠʧʦʚʘ ʩʘʦʙʨʘ˂ʘʿʘ 

¶ ʇʦʜʝʣʘ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʢʣʘʩʝ 

¶ ʇʨʠʤʝʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ QoS ʧʦʣʠʩʘ ʟʘ ʩʚʘʢʫ ʢʣʘʩʫ ʩʘʦʙʨʘ˂ʘʿʘ 

 

ʇʨʠʤʝʥʘ ʢʦʥʮʝʧʪʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʦʤʦʛʫ˂ʘʚʘ ʚʠʰʠ ʩʪʝʧʝʥ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʿʝ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʜʝʬʠʥʠʩʘˁʝ QoS ʧʦʣʠʩʘ ʥʘ ʥʠʚʦʫ ʪʦʢʦʚʘ 

ʩʘʦʙʨʘ˂ʘʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʤʨʝʞʝ [103]. ʉʣʠʢʘ 17 ʧʨʠʢʘʟʫʿʝ 

ʨʝʘʣʠʟʘʮʠʿʫ ʢʚʘʣʠʪʝʪʘ ʩʝʨʚʠʩʘ ʫ SDN ʦʢʨʫʞʝˁʫ.  
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ʀʥʪʝʨʥʝʪ

Pay-per-use ʧʦʨʪʘʣ

ʇʨʝʤʠʫʤ 

ʩʝʨʚʠʩʠ

Open Flow ʧʨʦʪʦʢʦʣ

ʆʩʪʘʣʠ 

ʩʝʨʚʠʩʠ

ʀʥʪʝʨʥʠ 

ʩʝʨʚʠʩʠ

$$$

$$

$

$$$

SDN ʢʦʥʪʨʦʣʝʨ

API

 

ʉʣʠʢʘ 17: QoS ʩʝʨʚʠʩ ʫ SDN ʦʢʨʫʞʝˁʫ [103] 

 

 

ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ ʢʚʘʣʠʪʝʪ ʩʝʨʚʠʩʘ ʥʘ ʥʠʚʦʫ ʪʦʢʘ ʧʦʜʘʪʘʢʘ, ʧʘ 

ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʚʦ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʪʦʢʦʚʝ ʧʦʜʘʪʘʢʘ ʢʘʢʦ ʙʠ ʩʝ ʟʘʪʠʤ ʧʨʠʤʝʥʠʣʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʣʠʩʝ, ʦʜʥʦʩʥʦ ʜʦʜʝʣʠʣʠ ʦʜʨʝʹʝʥʠ ʤʨʝʞʥʠ ʨʝʩʫʨʩʠ. ʇʨʦʮʝʩ ʜʦʜʝʣʝ 

ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ ʿʝ ʫ ʥʘʜʣʝʞʥʦʩʪʠ SDN ʢʦʥʪʨʦʣʝʨʘ ʠ ʚʨʰʠ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʠʭ ʧʦʣʠʩʘ. 

 

ʇʨʦʮʝʩ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʪʦʢʦʚʘ ʧʦʜʘʪʘʢʘ ʠʤʘ ʧʦʩʝʙʘʥ ʟʥʘʯʘʿ ʠ ʤʦʞʝ ʩʝ ʠʟʚʨʰʠʪʠ 

ʥʘ ʥʝʢʠ ʦʜ ʩʣʝʜʝ˂ʠʭ ʥʘʯʠʥʘ [103]: 

¶ ʇʨʝʤʘ ʠʟʚʦʨʫ ʩʘʦʙʨʘ˂ʘʿʘ (ʥʧʨ. ʠʟʚʦʨʠʰʥʘ IP ʘʜʨʝʩʘ) 

¶ ʇʨʝʤʘ ʦʜʨʝʜʠʰʪʫ ʩʘʦʙʨʘ˂ʘʿʘ (ʥʧʨ. ʦʜʨʝʜʠʰʥʘ IP ʘʜʨʝʩʘ) 

¶ ʇʨʝʤʘ ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʩʘ ʯʝʪʚʨʪʦʛ ʜʦ ʩʝʜʤʦʛ ʩʣʦʿʘ ʆSI ʤʦʜʝʣʘ. 

 

ʆʪʚʦʨʝʥʠ ʧʨʦʛʨʘʤʘʙʠʣʥʠ ʠʥʪʝʨʬʝʿʩ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʩʘ SDN ʢʦʥʪʨʦʣʝʨʦʤ 

ʦʤʦʛʫ˂ʘʚʘ ʜʝʬʠʥʠʩʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʥʘʯʠʥʘ ʟʘ ʨʘʟʣʠʢʦʚʘˁʝ ʪʦʢʦʚʘ ʧʦʜʘʪʘʢʘ, ʢʘʦ ʠ 

ʨʘʟʣʠʯʠʪʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʧʦʣʠʩʘ ʦʜ ʢʦʿʠʭ ʟʘʚʠʩʠ ʢʘʢʦ ˂ʝ ʦʜʨʝʹʝʥʠ 

ʪʦʢ ʧʦʜʘʪʘʢʘ ʙʠʪʠ ʪʨʝʪʠʨʘʥ ʫ ʤʨʝʞʠ. 
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3.9. ʄʠʛʨʘʮʠʿʘ ʥʘ SDN ʘʨʭʠʪʝʢʪʫʨʫ 

 

ʇʠʪʘˁʝ ʤʠʛʨʘʮʠʿʝ ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʥʘ SDN ʘʨʭʠʪʝʢʪʫʨʫ ʿʝ ʢʦʤʧʣʝʢʩʥʦ ʧʦʰʪʦ ʥʝ 

ʧʦʩʪʦʿʠ ʿʝʜʥʦʟʥʘʯʥʦ ʨʝʰʝˁʝ. ʇʨʚʠ ʢʦʨʘʢ ʿʝ ʜʝʬʠʥʠʩʘˁʝ ʟʘʭʪʝʚʘ ʢʦʿʝ ʥʦʚʘ SDN 

ʘʨʭʠʪʝʢʪʫʨʘ ʪʨʝʙʘ ʜʘ ʠʩʧʫʥʠ, ʘ ʟʘʪʠʤ ʫ ʩʢʣʘʜʫ ʩʘ ʪʠʤ ʠʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʥʘʯʠʥʘ 

ʤʠʛʨʘʮʠʿʝ. 

 

ʂˀʫʯʥʠ ʢʦʨʘʮʠ ʧʨʠʣʠʢʦʤ ʤʠʛʨʘʮʠʿʝ ʥʘ SDN ʘʨʭʠʪʝʢʪʫʨʫ ʩʫ [104]: 

¶ ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ ʜʝʬʠʥʠʩʘˁʝ ʧʨʠʦʨʠʪʝʪʘ ʟʘʭʪʝʚʘ ʥʦʚʝ ʤʨʝʞʝ ï ʇʨʚʠ 

ʢʦʨʘʢ ʧʨʝʜʩʪʘʚˀʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʟʘʭʪʝʚʘ ʥʦʚʝ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ 

ʫʪʚʨʹʠʚʘˁʝ ʧʨʠʦʨʠʪʝʪʥʠʭ ʟʘʭʪʝʚʘ ʧʦʰʪʦ ʫ ʧʦʯʝʪʥʦʿ ʬʘʟʠ ʥʠʿʝ ʤʦʛʫ˂ʝ 

ʨʝʘʣʠʟʦʚʘʪʠ ʩʚʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

¶ ʇʨʠʧʨʝʤʘ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʤʨʝʞʝ ʟʘ ʤʠʛʨʘʮʠʿʫ ʥʘ SDN ʘʨʭʠʪʝʢʪʫʨʫ ï ʋ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʟʘʙʨʘʥʦʛ ʥʘʯʠʥʘ ʤʠʛʨʘʮʠʿʝ ʥʘ SDN ʘʨʭʠʪʝʢʪʫʨʫ ʧʦʩʪʦʿʠ 

ʧʦʪʨʝʙʘ ʜʘ ʩʝ ʪʨʘʜʠʮʠʦʥʘʣʥʘ ʤʨʝʞʘ ʧʨʠʧʨʝʤʠ ʟʘ ʤʠʛʨʘʮʠʿʫ. 

¶ ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʤʠʛʨʘʮʠʿʝ ʧʦ ʬʘʟʘʤʘ ï ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʭ 

ʫʨʝʹʘʿʘ ʫ ʤʨʝʞʠ ʧʨʦʮʝʩ ʤʠʛʨʘʮʠʿʝ ʥʘ SDN ʘʨʭʠʪʝʢʪʫʨʫ ʤʦʞʝ ʙʠʪʠ 

ʩʧʝʮʠʬʠʯʘʥ, ʠ ʟʘʪʦ ʩʝ ʤʠʛʨʘʮʠʿʘ ʠʟʚʦʜʠ ʧʦ ʬʘʟʘʤʘ. 

¶ ɽʚʘʣʫʘʮʠʿʘ ʥʦʚʝ SDN ʘʨʭʠʪʝʢʪʫʨʝ ï ʅʘʢʦʥ ʤʠʛʨʘʮʠʿʝ ʥʘ SDN ʘʨʭʠʪʝʢʪʫʨʫ 

ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʦʚʝʨʠʪʠ ʤʨʝʞʥʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʠ ʪʝʩʪʠʨʘʪʠ ʥʦʚʦ ʤʨʝʞʥʦ 

ʦʢʨʫʞʝˁʝ ʢʘʢʦ ʙʠ ʩʝ ʧʦʪʚʨʜʠʦ ʠʩʧʨʘʚʘʥ ʨʘʜ. 

 

ʇʦʩʪʦʿʝ ʪʨʠ ʦʩʥʦʚʥʘ ʥʘʯʠʥʘ ʤʠʛʨʘʮʠʿʝ ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʥʘ SDN ʘʨʭʠʪʝʢʪʫʨʫ 

[104]: 

¶ ʇʦʪʧʫʥʘ (ʝʥʛ. Greenfield)  

¶ ʄʝʰʦʚʠʪʘ (ʝʥʛ. Mixed) 

¶ ʍʠʙʨʠʜʥʘ 

 

ɱʝʜʥʦʩʪʘʚʘʥ ʥʘʯʠʥ ʤʠʛʨʘʮʠʿʝ ʿʝ ʧʦʪʧʫʥʘ ʤʠʛʨʘʮʠʿʘ ʧʦʰʪʦ ʥʝ ʟʘʭʪʝʚʘ ʠʥʪʝʛʨʘʮʠʿʫ 

ʠʣʠ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪ ʩʘ ʧʦʩʪʦʿʝ˂ʦʤ ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ. ʇʨʠʢʘʟ 

ʧʦʪʧʫʥʝ ʤʠʛʨʘʮʠʿʝ ʿʝ ʜʘʪ ʥʘ ʩʣʠʮʠ 18. 
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SDN

kʦʥʪʨʦʣʝʨ

ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʤʨʝʞʘ Greenfield SDN ʤʨʝʞʘ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ
SDN ʩʚʠʯ SDN ʩʚʠʯ SDN ʩʚʠʯ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ

 

ʉʣʠʢʘ 18: Greenfield ʤʠʛʨʘʮʠʿʘ 

 

 

ʂʦʜ ʤʝʰʦʚʠʪʝ ʤʠʛʨʘʮʠʿʝ ʫ ʤʨʝʞʠ ʧʦʩʪʦʿʝ ʠ ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʤʨʝʞʥʠ ʫʨʝʹʘʿʠ ʠ 

ʥʦʚʠ SDN ʩʚʠʯʝʚʠ (ʉʣʠʢʘ 19). ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ SDN ʢʦʥʪʨʦʣʝʨ ʨʘʟʤʝˁʫʿʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʤʨʝʞʥʠʤ ʫʨʝʹʘʿʠʤʘ ʧʨʝʢʦ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ 

control plane-a. 

SDN

kʦʥʪʨʦʣʝʨ

ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʤʨʝʞʘ ʄʝhʦʚʠʪʘ SDN ʤʨʝʞʘ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ
SDN ʩʚʠʯ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ
SDN ʩʚʠʯ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ

 

ʉʣʠʢʘ 19: ʄʝʰʦʚʠʪʘ ʤʠʛʨʘʮʠʿʘ 

 

 

ʍʠʙʨʠʜʥʘ ʤʠʛʨʘʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʭʠʙʨʠʜʥʠʭ ʫʨʝʹʘʿʘ ʢʦʿʠ 

ʢʦʤʫʥʠʮʠʨʘʿʫ ʠ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʘʥ ʥʘʯʠʥ, ʘʣʠ ʠ ʩʘ SDN ʢʦʥʪʨʦʣʝʨʦʤ (ʉʣʠʢʘ 20). 

 

SDN

kʦʥʪʨʦʣʝʨ

ʊʨʘʜʠʮʠʦʥʘʣʥʘ ʤʨʝʞʘ ʍʠʙʨʠʜʥʘ SDN ʤʨʝʞʘ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ
SDN ʩʚʠʯ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ
SDN ʩʚʠʯ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ
ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʚʠʯ

ʍʠʙʨʠʜʥʠ ʩʚʠʯ

 

ʉʣʠʢʘ 20: ʍʠʙʨʠʜʥʘ ʤʠʛʨʘʮʠʿʘ 
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ɼʘ ʙʠ ʩʝ ʧʨʦʮʝʩ ʤʠʛʨʘʮʠʿʝ ʠʟʚʨʰʠʦ ʥʘ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʝ 

ʤʠʛʨʘʮʠʿʝ, ʟʘ ʚʨʝʤʝ, ʢʘʦ ʠ ʥʘʢʦʥ ʤʠʛʨʘʮʠʿʝ ʧʨʘʪʠʪʠ ʦʜʨʝʹʝʥʝ ʤʨʝʞʥʝ ʧʘʨʘʤʝʪʨʝ 

(ʤʝʪʨʠʢʝ) [105]. ʉʣʠʢʘ 21 ʧʨʠʢʘʟʫʿʝ ʧʨʦʮʝʩ ʧʨʠʢʫʧˀʘˁʘ ʚʨʝʜʥʦʩʪʠ ʜʝʬʠʥʠʩʘʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʩʘ SDN ʢʦʥʪʨʦʣʝʨʘ ʠ SDN ʩʚʠʯʝʚʘ. 

 

OpenFlow ʢʦʥʪʨʦʣʝʨ

Kʦʨʝʣʘʮʠʿʘ

ʀʟʚʝhʪʘʚʘˁʝ

ʈʝʧʦʟʠʪʦʨʠʿʫʤ

Open Flow 

ʩʝʩʠʿʘ

OpenFlow ʤʨʝʞʘ 1

OpenFlow ʤʨʝʞʘ 2

ʄʝʪʨʠʢʝ 

ʢʦʥʪʨʦʣʝʨʘ

Data plane 

ʤʝʪʨʠʢʝ

Control plane 

ʤʝʪʨʠʢʝ

Data plane 

ʤʝʪʨʠʢʝ

Data plane 

ʤʝʪʨʠʢʝ

ʄʝʪʨʠʢʝ 

ʩʚʠʯʘ

 

ʉʣʠʢʘ 21: ʇʨʦʮʝʩ ʧʨʠʢʫʧˀʘˁʘ ʤʝʪʨʠʢʘ [105] 

 

 

3.10. ɽʤʫʣʘʮʠʿʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

 

Mininet ʿʝ ʤʨʝʞʥʠ ʝʤʫʣʘʪʦʨ ʟʘ ʢʨʝʠʨʘˁʝ ʚʠʨʪʫeʣʥʦʛ ʤʨʝʞʥʦʛ ʦʢʨʫʞʝˁʘ ʩʘ 

ʨʝʘʣʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʢʦʿʠ ʩʝ ʧʦʢʨʝ˂ʝ ʥʘ ʿʝʜʥʦʤ ʨʘʯʫʥʘʨʫ, ʘ ʩʚʝ ʫ ʮʠˀʫ ʙʨʟʦʛ ʠ 

ʿʝʜʥʦʩʪʘʚʥʦʛ ʢʨʝʠʨʘˁʘ ʧʨʦʪʦʪʠʧʦʚʘ ʨʘʟʣʠʯʠʪʠʭ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ [106]. 

 

ʂʦʤʙʠʥʦʚʘˁʝʤ ʧʨʠʥʮʠʧʘ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ, CLI ʠ API ʠʥʪʝʨʬʝʿʩʘ, Mininet 

ʦʤʦʛʫ˂ʘʚʘ ʢʨʝʠʨʘˁʝ, ʠʥʪʝʨʘʢʮʠʿʫ ʠ ʧʨʠʣʘʛʦʹʘʚʘˁʝ SDN ʤʨʝʞʝ. Mininet ʧʦʜʨʞʘʚʘ 

ʢʨʝʠʨʘˁʝ ʩʣʝʜʝ˂ʠʭ ʤʨʝʞʥʠʭ ʝʣʝʤʝʥʘʪʘ:  

¶ ʍʦʩʪʦʚʘ 

¶ ʉʚʠʯʝʚʘ 

¶ ʂʦʥʪʨʦʣʝʨʘ  

¶ ʃʠʥʢʦʚʘ 
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ʅʘ Mininet ʭʦʩʪʦʚʠʤʘ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ Linux, ʜʦʢ ʩʚʠʯʝʚʠ ʧʦʜʨʞʘʚʘʿʫ OpenFlow 

ʠ SDN ʘʨʭʠʪʝʢʪʫʨʫ [107]. 

 

ʅʘ ʩʣʠʮʠ 22 ʿʝ ʧʨʠʢʘʟʘʥʘ Mininet ʘʨʭʠʪʝʢʪʫʨʘ. 

 

ʄʨʝʞʥʠ 

ʠʥʪʝʨʬʝʿʩ 1

ʂʦʥʪʨʦʣʝʨ

ʂʦʥʪʨʦʣʝʨ namespace

ʄʨʝʞʥʠ 

ʠʥʪʝʨʬʝʿʩ 1

Open Flow ʧʨʦʪʦʢʦʣ

ʉʚʠʯ namespace

ʄʨʝʞʥʠ 

ʠʥʪʝʨʬʝʿʩ ʥ

Open Flow datapath

...

ʄʨʝʞʥʠ 

ʠʥʪʝʨʬʝʿʩ 1

ʂʦʨʠʩʥʠʯʢʝ ʘʧʣʠʢʘʮʠʿʝ

ʍʦʩʪ namespace

 

ʉʣʠʢʘ 22: Mininet ʘʨʭʠʪʝʢʪʫʨʘ 

 

 

ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ Mininet ʘʣʘʪʘ ʩʫ: 

¶ ɱʝʜʥʦʩʪʘʚʥʦ ʤʨʝʞʥʦ ʦʢʨʫʞʝˁʝ ʟʘ ʨʘʟʚʦʿ OpenFlow ʘʧʣʠʢʘʮʠʿʘ. 

¶ ʇʦʜʨʞʘʚʘ ʪʝʩʪʠʨʘˁʝ ʢʦʤʧʣʝʢʩʥʠʭ ʤʨʝʞʥʠʭ ʪʦʧʦʣʦʛʠʿʘ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ 

ʬʠʟʠʯʢʦʤ ʨʝʘʣʠʟʘʮʠʿʦʤ ʠʩʪʠʭ. 

¶ ʇʦʩʪʦʿʘˁʝ ʧʨʝʜʝʬʠʥʠʩʘʥʠʭ ʪʦʧʦʣʦʛʠʿʘ ʤʨʝʞʘ. 

¶ ʄʦʛʫ˂ʥʦʩʪ ʢʨʝʠʨʘˁʘ ʢʦʤʧʣʝʢʩʥʠʭ ʤʨʝʞʘ. 

¶ CLI ʠʥʪʝʨʬʝʿʩ. 

¶ Python API. 

 

ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʜʨʫʛʠʤ ʤʨʝʞʥʠʤ ʝʤʫʣʘʪʦʨʠʤʘ ʠ ʩʠʤʫʣʘʪʦʨʠʤʘ, Mininet ʩʝ 

ʠʥʩʪʘʣʠʨʘ ʿʝʜʥʦʩʪʘʚʥʦ (ʧʦʩʪʦʿʠ ʧʨʝʜʝʬʠʥʠʩʘʥʘ ʚʠʨʪʫʝʣʥʘ ʤʘʰʠʥʘ), ʧʦʢʨʝ˂ʝ ʩʝ 

ʟʥʘʪʥʦ ʙʨʞʝ, ʧʨʝʜʩʪʘʚˀʘ ʩʢʘʣʘʙʠʣʥʠʿʝ ʨʝʰʝˁʝ ʠ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʧʦʚʝʟʠʚʘˁʘ ʩʘ 

ʨʝʘʣʥʠʤ ʨʘʯʫʥʘʨʩʢʠʤ ʤʨʝʞʘʤʘ. 

 

ʅʘ ʩʣʠʮʠ 23 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʤʨʝʞʥʝ ʪʦʧʦʣʦʛʠʿʝ ʢʨʝʠʨʘʥʝ ʫ Mininet-ʫ, ʢʘʦ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʘ Python ʩʢʨʠʧʪʘ. 
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s2

h1 h2

s3

h3 h4

s1

 

from mininet.net import 

Mininet 

from mininet.topolib import 

TreeTopo 

Tree22 = TreeTopo(depth=2, 

fanout=2) 

net = Mininet(topo=Tree22) 

net.start() 

net.pingAll() 

net.stop() 

 

ʉʣʠʢʘ 23: ʇʨʠʤʝʨ ʤʨʝʞʥʝ ʪʦʧʦʣʦʛʠʿʝ ʢʨʝʠʨʘʥʝ ʫ Mininet-ʫ 

 

 

ʇʦʨʝʜ ʤʦʛʫ˂ʥʦʩʪʠ ʢʨʝʠʨʘˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʨʝʞʥʠʭ ʪʦʧʦʣʦʛʠʿʘ ʧʦʤʦ˂ʫ ʩʢʨʠʧʪʠ 

ʧʦʩʪʦʿʠ ʠ ʛʨʘʬʠʯʢʠ ʝʜʠʪʦʨ Miniedit [108] (ʉʣʠʢʘ 24). 

 

 

ʉʣʠʢʘ 24: Miniedit 

 

ʀʘʢʦ Mininet ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʘʨ ʘʣʘʪ ʟʘ ʪʝʩʪʠʨʘˁʝ ʤʨʝʞʘ, ʠʤʘ ʦʜʨʝʹʝʥʘ 

ʦʛʨʘʥʠʯʝˁʘ. ʅʝ ʤʦʞʝ ʩʝ ʧʨʠʤʝʥʠʪʠ ʫ ʩʣʫʯʘʿʫ OpenFlow ʩʚʠʯʝʚʘ ʠʣʠ ʘʧʣʠʢʘʮʠʿʘ 

ʢʦʿʝ ʥʠʩʫ Linux ʢʦʤʧʘʪʠʙʠʣʥʝ. ʊʘʢʦʹʝ, ʥʘ ʣʠʥʢʦʚʠʤʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʜʝʬʠʥʠʩʘʪʠ 
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ʦʜʨʝʹʝʥʫ ʙʨʟʠʥʫ. ʄʝʹʫʪʠʤ, ʚʝʣʠʢʠ ʥʝʜʦʩʪʘʪʘʢ ʧʨʝʜʩʪʘʚˀʘ ʥʝʤʦʛʫ˂ʥʦʩʪ ʛʘʨʘʥʮʠʿʝ 

ʧʝʨʬʦʨʤʘʥʩʠ, ʧʦʩʝʙʥʦ ʫ ʩʣʫʯʘʿʫ ʚʝʣʠʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ɿʙʦʛ ʤʫʣʪʠʧʣʝʢʩʠʨʘˁʘ 

ʦʧʪʝʨʝ˂ʝˁʘ ʧʨʦʮʝʩʦʨʘ ʥʝ ʧʦʩʪʦʿʠ ʛʘʨʘʥʮʠʿʘ ʜʘ ˂ʝ ʚʠʨʪʫʝʣʥʠ ʭʦʩʪ, ʢʦʿʠ ʠʤʘ ʧʘʢʝʪ 

ʟʘ ʩʣʘˁʝ, ʠʩʪʠ ʦʜʤʘʭ ʠ ʧʨʦʩʣʝʜʠʪʠ, ʢʘʦ ʥʠ ʜʘ ˂ʝ ʩʚʠ ʚʠʨʪʫʝʣʥʠ ʩʚʠʯʝʚʠ 

ʧʨʦʩʣʝʹʠʚʘʪʠ ʩʘʦʙʨʘ˂ʘʿ ʠʩʪʦʤ ʙʨʟʠʥʦʤ [109]. 

 

 

3.11. ʇʨʠʤʝʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

 

ʇʨʠʥʮʠʧʠ ʮʝʥʪʨʘʣʠʟʘʮʠʿʝ, ʘʧʩʪʨʘʢʮʠʿʝ ʠ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ ʧʨʝʜʩʪaʚˀʘʿʫ 

ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ SDN ʤʨʝʞʘ, ʧʘ ʩʝ ʦʚʘʿ ʢʦʥʮʝʧʪ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʤʨʝʞʥʠʤ ʦʢʨʫʞʝˁʠʤʘ. 

 

 

3.11.1. ʇʨʠʤʝʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ ʧʨʝʜʫʟʝ˂ʠʤʘ 

 

ɽnterprise oʢʨʫʞʝˁʝ ʠʤʘ ʚʠʩʦʢʝ ʟʘʭʪʝʚʝ ʫ ʧʦʛʣʝʜʫ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ ʧʦʩʣʦʚʥʠʭ 

ʧʨʦʮʝʩʘ ʠ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ, ʫʟ ʩʤʘˁʝˁʝ ʦʧʝʨʘʪʠʚʥʠʭ ʪʨʦʰʢʦʚʘ, ʰʪʦ SDN ʢʦʥʮʝʧʪ 

ʤʦʞʝ ʜʘ ʦʤʦʛʫ˂ʠ [110]. ʋ data ʮʝʥʪʨʠʤʘ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʩʝʨʚʝʨʘ ʠ 

ʚʠʨʪʫʝʣʥʠʭ ʤʘʰʠʥʘ, ʧʘ ʿʝ ʧʠʪʘˁʝ ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ ʦʜ ʧʦʩʝʙʥʦʛ 

ʟʥʘʯʘʿʘ. ʍʝʪʝʨʦʛʝʥʦʩʪ ʦʚʠʭ ʩʠʩʪʝʤʘ ʫʪʠʯʝ ʠ ʥʘ ʢʦʤʧʣʝʢʩʥʦʩʪ ʫʧʨʘʚˀʘˁʘ, 

ʧʦʚʝ˂ʘʚʘ ʪʨʦʰʢʦʚʝ ʨʝʘʣʠʟʘʮʠʿʝ ʠ ʦʜʨʞʘʚʘˁʘ ʤʨʝʞʝ, ʘ ʤʦʞʝ ʠʤʘʪʠ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠ 

ʧʨʦʙʣʝʤʝ ʩʘ ʩʢʘʣʘʙʠʣʥʦʰ˂ʫ ʠ ʜʦʩʪʫʧʥʦʰ˂ʫ ʫ ʤʨʝʞʠ. ʇʨʠʤʝʥʘ SDN ʘʨʭʠʪʝʢʪʫʨʝ 

ʫ ʤʨʝʞʘʤʘ ʧʨʝʜʫʟʝ˂ʘ, ʧʦʨʝʜ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ, ʜʦʥʦʩʠ ʠ ʩʣʝʜʝ˂ʝ ʧʨʝʜʥʦʩʪʠ [50]: 

¶ ʉʤʘˁʝˁʝ ʚʨʝʤʝʥʘ ʢʨʝʠʨʘˁʘ ʥʦʚʠʭ ʩʝʨʚʠʩʘ 

¶ ʇʦʚʝ˂ʘˁʝ ʜʦʩʪʫʧʥʦʩʪʠ ʩʝʨʚʠʩʘ 

¶ ʀʟʦʣʘʮʠʿʫ ʩʘʦʙʨʘ˂ʘʿʘ ʫ ʣʦʛʠʯʢʠʤ ʤʨʝʞʘʤʘ 

¶ ʆʧʪʠʤʘʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʨʝʩʫʨʩʘ 

¶ ɱʝʜʥʦʩʪʘʚʥʦ ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʦʤ. 

 

ʇʦʩʝʙʘʥ ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚˀʘ ʠ ʝʥʝʨʛʝʪʩʢʘ ʝʬʠʢʘʩʥʦʩʪ, ʧʘ ʧʨʠʤʝʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʝʥʝʨʛʝʪʩʢʠ ʝʬʠʢʘʩʥʝ SDN ʘʨʭʠʪʝʢʪʫʨʝ ʤʦʞʝ ʫ ʟʥʘʪʥʦʿ ʤʝʨʠ ʜʘ ʩʤʘˁʠ ʧʦʪʨʦʰˁʫ 
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ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʪʨʦʰʢʦʚʝ [111]. ʇʦʨʝʜ ʧʨʠʤʝʥʝ OpenFlow 

ʧʨʦʪʦʢʦʣʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʩʣʦʿʘ ʫʧʨʘʚˀʘˁʘ ʠ ʧʨʦʩʣʝʹʠʚʘˁʘ ʧʦʜʘʪʘʢʘ, 

SDN ʘʨʭʠʪʝʢʪʫʨʘ ʩʝ ʤʦʞʝ ʢʦʤʙʠʥʦʚʘʪʠ ʠ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ, ʢʘʦ ʰʪʦ 

ʩʫ VLAN-ʦʚʠ ʠ MPLS (ʝʥʛ. Multiprotocol Label Switching) [112]. ʇʨʠʤʝʥʫ ʫ 

ʧʨʝʜʫʟʝ˂ʠʤʘ ʠʤʘ ʠ VXLAN ʪʝʭʥʦʣʦʛʠʿʘ, ʢʦʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʘʜʠʮʠʦʥʘʣʘʥ VLAN 

ʢʦʥʮʝʧʪ ʫʚʦʜʠ ʚʠʩʦʢ ʩʪʝʧʝʥ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʠ ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʢʨʦʟ ʧʦʜʨʰʢʫ ʚʝ˂ʝʛ 

ʙʨʦʿʘ ʤʨʝʞʥʠʭ ʩʝʛʤʝʥʘʪʘ [87]. 

 

ɿʥʘʯʘʿʥʘ ʧʨʠʤʝʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ enterprise ʦʢʨʫʞʝˁʫ ʿʝ ʠ ʫ 

ʩʣʫʯʘʿʫ ʩʧʘʿʘˁʘ ʤʨʝʞʥʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʚʘ ʧʨʝʜʫʟʝ˂ʘ. ʇʨʦʮʝʩ ʠʥʪʝʛʨʘʮʠʿʝ ʿʝ 

ʧʦʿʝʜʥʦʩʪʘʚˀʝʥ ʟʘʭʚʘˀʫʿʫ˂ʠ ʮʝʥʪʨʘʣʠʟʘʮʠʿʠ ʫʧʨʘʚˀʘˁʘ ʠ ʧʨʠʤʝʥʠ ʿʝʜʥʦʩʪʘʚʥʠʭ 

ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ ʠ ʧʨʦʪʦʢʦʣʘ ʦʪʚʦʨʝʥʦʛ ʢʦʜʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʫʪʠʯʝ ʠ ʥʘ 

ʩʤʘˁʝˁʝ ʪʨʦʰʢʦʚʘ ʠʥʪʝʛʨʘʮʠʿʝ ʜʚʘ ʧʨʝʜʫʟʝ˂ʘ. 

 

Cloud computing ʿʝ ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ ʤʨʝʞʥʘ ʪʝʭʥʦʣʦʛʠʿʘ, ʢʦʿʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 

SDN ʢʦʥʮʝʧʪʦʤ ʠʤʘ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʤʨʝʞʘ [113]. ʇʦʚʝ˂ʘˁʝ 

ʩʢʘʣʘʙʠʣʥʦʩʪʠ, ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʠ ʩʤʘˁʝˁʝ ʪʨʦʰʢʦʚʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʠ 

ʦʜʨʞʘʚʘˁʘ ʤʨʝʞʝ ʩʫ ʧʨʝʜʥʦʩʪʠ ʦʚʝ ʠʥʪʝʛʨʘʮʠʿʝ [114]. ʀʥʪʝʛʨʘʮʠʿʘ ʩloud ʠ SDN 

ʢʦʥʮʝʧʪʘ ʠʤʘ ʟʥʘʯʘʿʘʥ ʜʦʧʨʠʥʦʩ ʫ LAN (ʝʥʛ. Local Area Network) ʦʢʨʫʞʝˁʫ, ʘʣʠ 

ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʠ ʫ WAN (ʝʥʛ. Wide Area Network) ʦʢʨʫʞʝˁʫ [115]. 

 

 

3.11.2. ʇʨʠʤʝʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ ʧʨʦʚʘʿʜʝʨʩʢʠʤ 

ʦʢʨʫʞʝˁʠʤʘ 

 

ɿʘʭʪʝʚʠ ʢʦʨʠʩʥʠʢʘ ʩʫ ʫʪʠʮʘʣʠ ʥʘ ʧʦʚʝ˂ʘˁʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʩʝʨʚʠʩʘ ʢʦʿʝ ʩʝʨʚʠʩ 

ʧʨʦʚʘʿʜʝʨʠ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʝ, ʰʪʦ ʿʝ ʫʪʠʮʘʣʦ ʜʘ ʩʝ ʠ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʨʝʰʝˁʝ 

ʧʦʪʨʘʞʠ ʫ ʚʠʜʫ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. ʂʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʩ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ ʤʨʝʞʘʤʘ ʧʨʦʚʘʿʜʝʨʘ ʫʯʠʥʠʦ 

ʝʬʠʢʘʩʥʠʿʠʤ, ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʦʚʘʿʜʝʨʘ ʠ ʧʨʦʠʟʚʦʹʘʯʘ ʦʧʨʝʤʝ ʩʝ ʫʜʨʫʞʠʦ ʩʘ ʮʠˀʝʤ 

ʜʘ ʩʝ ʢʨʝʠʨʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʨʝʰʝˁʝ ʟʘ ʧʨʦʚʘʿʜʝʨʩʢʝ ʤʨʝʞʝ. ʇʨʠʤʝʨ ʪʘʢʚʦʛ ʨʝʰʝˁʘ 

ʿʝ SDN ʦʧʝʨʘʪʠʚʥʠ ʩʠʩʪʝʤ ʟʘ ʩʝʨʚʠʩ ʧʨʦʚʘʿʜʝʨʝ ONOS (ʝʥʛʣ. Open Network 
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Operating System) [116]. ɿʘʭʚʘˀʫʿʫ˂ʠ ʩʢʘʣʘʙʠʣʥʦʩʪʠ, ʚʠʩʦʢʦʤ ʩʪʝʧʝʥʫ 

ʜʦʩʪʫʧʥʦʩʪʠ, ʤʦʛʫ˂ʥʦʰ˂ʫ ʘʧʩʪʨʘʢʮʠʿʝ ʠ ʜʦʙʨʠʤ ʧʝʨʬʦʨʤʘʥʩʘʤʘ, ONOS 

ʦʤʦʛʫ˂ʘʚʘ ʿʝʜʥʦʩʪʘʚʥʦ ʢʨʝʠʨʘˁʝ ʘʧʣʠʢʘʮʠʿʘ ʠ ʩʝʨʚʠʩʘ.  

 

 ʅʘ ʩʣʠʮʠ 25 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝ SDN ʢʦʥʮʝʧʪʘ ʫ ʦʢʚʠʨʫ ʨʝʘʣʠʟʘʮʠʿʝ 

ʩʝʨʚʠʩʘ bandwidth ʥʘ ʟʘʭʪʝʚ (ʝʥʛ. Bandwidth on Demand). ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʝ 

ʧʦʪʨʝʙʘʥ bandwidth ʢʦʨʠʩʥʠʮʠʤʘ ʦʙʝʟʙʝʹʫʿʝ ʢʘʦ NaaS. 

 

ʀʥʪʝʨʥʝʪ

ɼʠʥʘʤʠʯʢʘ ʥʘʧʣʘʪʘ

ʇʨʦʥʘʣʘʞʝˁʝ ʧʫʪʘˁʝ

ʉʣʦʿ SDN ʢʦʥʪʨʦʣʝʨʘ

ɺʠʨʪʫʝʣʠʟʘʮʠʿʘ

ʈʝʟʝʨʚʘʮʠʿʘ ʨʝʩʫʨʩʘ

Bandwidth ʥʘ ʟʘʭʪʝʚ 

ʧʦʨʪʘʣ 

...

ʇʨʝʜʫʟʝ˂ʝ ɸ

ʇʨʝʜʫʟʝ˂ʝ ɸ

ʇʨʝʜʫʟʝ˂ʝ ɹ

A
PI

API

ʢʣʠʿʝʥʪ

Cloud data 

ʮʝʥʪʘʨ

Open Flow ʧʨʦʪʦʢʦʣ

 

ʉʣʠʢʘ 25: ʈʝʘʣʠʟʘʮʠʿʘ ʩʝʨʚʠʩʘ bandwidth ʥʘ ʟʘʭʪʝʚ ʫ SDN ʦʢʨʫʞʝˁʫ [103] 

 

 

ʀʟʚʝʩʪʘʥ ʙʨʦʿ ʩʝʨʚʠʩʘ ʢʨʘʿˁʠʭ ʢʦʨʠʩʥʠʢʘ ʩʝ ʨʝʘʣʠʟʫʿʝ ʢʘʦ managed, ʦʜʥʦʩʥʦ 

ʧʦʩʪʘʚˀʘˁʝʤ ʦʜʨʝʹʝʥʝ ʦʧʨʝʤʝ ʥʘ ʣʦʢʘʮʠʿʠ ʢʦʨʠʩʥʠʢʘ ʯʠʿʘ ʿʝ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʠ 

ʫʧʨʘʚˀʘˁʝ ʫ ʥʘʜʣʝʞʥʦʩʪʠ ʩʝʨʚʠʩ ʧʨʦʚʘʿʜʝʨʘ. ʇʨʠʤʝʥʘ ʢʦʥʮʝʧʪʘ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʤʦʞʝ ʟʥʘʪʥʦ ʜʦʧʨʠʥʝʪʠ ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʫ 

ʨʝʘʣʠʟʘʮʠʿʝ ʩʝʨʚʠʩʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʿʝʜʥʦʩʪʘʚʥʠʭ Layer 2 ʤʨʝʞʥʠʭ ʫʨʝʹʘʿʘ ʥʘ 
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ʣʦʢʘʮʠʿʠ ʢʦʨʠʩʥʠʢʘ. ʅʘ ʩʣʠʮʠ 26 ʿʝ ʧʨʠʢʘʟʘʥʘ ʨʝʘʣʠʟʘʮʠʿʘ managed ʩʝʨʚʠʩʘ ʢʦʜ 

ʢʦʛʘ ʿʝ ʢʦʤʧʣʝʢʩʥʘ ʬʫʥʢʮʠʿʘ ʨʫʪʠʨʘˁʘ ʨʝʘʣʠʟʦʚʘʥʘ ʫ ʚʠʜʫ ʘʧʣʠʢʘʮʠʿʝ ʥʘ 

ʚʠʨʪʫʝʣʥʠʤ ʤʘʰʠʥʘʤʘ. ʆʚʘʢʘʚ ʥʘʯʠʥ ʨʝʘʣʠʟʘʮʠʿʝ ʩʝʨʚʠʩʘ ʧʦʚʝ˂ʘʚʘ ʩʢʘʣʘʙʠʣʥʦʩʪ 

ʠ ʩʤʘˁʫʿʝ ʪʨʦʰʢʦʚʝ ʨʝʘʣʠʟʘʮʠʿʝ ʩʝʨʚʠʩʘ [103]. 

 

ʇʨʠʩʪʫʧʥʘ ʤʨʝʞʘ

ʇʨʠʚʘʪʥʠ IP 

ʩʝʨʚʠʩʠ

ʀʥʪʝʨʥʝʪ

Data plane

Control plane

ʈʫʪʝʨ 

ʘʧʣʠʢʘʮʠʿʘ ʥʘ 

ʚʠʨʪʫʝʣʥʠʤ 

ʤʘhʠʥʘʤʘ

Open Flow ʩʚʠʯ

ʇʨʝʜʫʟʝ˂ʝ 1

ʇʨʝʜʫʟʝ˂ʝ 2

ʇʨʝʜʫʟʝ˂ʝ ʥ

...

ɸPI

SDN 

ʢʦʥʪʨʦʣʝʨ

ʉʝʨʚʠʩ ʧʨʦʚʘʿʜʝʨ

 

ʉʣʠʢʘ 26: ʈʝʘʣʠʟʘʮʠʿʘ managed ʩʝʨʚʠʩʘ ʫ SDN ʦʢʨʫʞʝˁʫ [103] 

 

 

ʇʦʨʝʜ ʩʪʘʥʜʘʨʜʥʠʭ ʟʘʭʪʝʚʘ ʫ ʧʦʛʣʝʜʫ ʩʢʘʣʘʙʠʣʥʦʩʪʠ, ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʙʝʟʙʝʜʥʦʩʪʠ 

[117], ʩʝʨʚʠʩ ʧʨʦʚʘʿʜʝʨʠ ʩʫ ʩʫʦʯʝʥʠ ʠ ʩʘ ʟʘʭʪʝʚʦʤ ʜʘ ʢʦʨʠʩʥʠʮʠʤʘ ʧʨʫʞʝ ʩʝʨʚʠʩʝ 

ʢʦʿʠ ʠʩʧʫˁʘʚʘʿʫ ʦʜʨʝʹʝʥʝ SLA ʧʘʨʘʤʝʪʨʝ [44]. ʂʘʢʦ ʙʠ ʦʚʠ ʫʩʣʦʚʠ ʙʠʣʠ 

ʠʩʧʫˁʝʥʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʤʠʥʠʤʠʟʦʚʘʪʠ ʚʨʝʤʝ ʦʧʦʨʘʚʢʘ ʫ ʩʣʫʯʘʿʫ ʠʥʮʠʜʝʥʪʥʝ 

ʩʠʪʫʘʮʠʿʝ ʫ ʤʨʝʞʠ, ʢʘʦ ʠ ʦʤʦʛʫ˂ʠʪʠ ʜʘ ʧʨʝʫʩʤʝʨʝˁʝ ʩʘʦʙʨʘ˂ʘʿʘ ʥʝʤʘ ʫʪʠʮʘʿʘ ʥʘ 

ʩʝʨʚʠʩʝ ʢʨʘʿˁʠʭ ʢʦʨʠʩʥʠʢʘ, ʰʪʦ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʠʤʝʥʦʤ ʪʝʭʥʠʢʘ ʟʘ ʪraffic 

ʝngineering [118]. 

 

 

3.11.3. ʇʨʠʤʝʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ ʘʢʘʜʝʤʩʢʠʤ ʢʘʤʧʫʩ 

ʦʢʨʫʞʝˁʠʤʘ 

 

ʇʨʠʤʝʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ ʘʢʘʜʝʤʩʢʦʤ ʢʘʤʧʫʩ ʦʢʨʫʞʝˁʫ ʪʨʝʙʘ 

ʜʘ ʦʤʦʛʫ˂ʠ ʧʦʜʨʰʢʫ ʟʘ ʧʦʩʪʦʿʝ˂ʝ ʦʙʨʘʟʦʚʥʝ ʩʝʨʚʠʩʝ, ʘʣʠ ʠ ʿʝʜʥʦʩʪʘʚʥʫ ʧʨʠʤʝʥʫ 



 

56 

 

ʙʫʜʫ˂ʠʭ ʩʝʨʚʠʩʘ ʠ ʥʦʚʠʭ ʤʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ [119]. ɼʘ ʙʠ ʩʝ ʦʚʠ ʟʘʭʪʝʚʠ 

ʨʝʘʣʠʟʦʚʘʣʠ ʫ ʧʨʘʢʩʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʢʨʝʠʨʘʪʠ ʘʜʝʢʚʘʪʥʫ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʢʦʿʘ 

˂ʝ ʧʨʝ ʩʚʝʛʘ ʠʤʘʪʠ ʚʠʩʦʢ ʩʪʝʧʝʥ ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʠ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ [120]. ʊʘʢʦʹʝ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʧʦʜʨʰʢʫ ʟʘ ʧʨʠʤʝʥʫ ʨʘʟʣʠʯʠʪʠʭ ʦʙʨʘʟʦʚʥʠʭ ʤʦʜʫʣʘ ʢʦʿʠ 

ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʠʣʘʛʦʜʝ ʟʘʭʪʝʚʠʤʘ ʠ ʧʦʪʨʝʙʘʤʘ ʩʪʫʜʝʥʘʪʘ [121]. ʆʚʠ ʟʘʭʪʝʚʠ ʩʫ ʦʜ 

ʠʟʫʟʝʪʥʦʛ ʟʥʘʯʘʿʘ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʦʙʨʘʟʦʚʘˁʝ ʩʪʫʜʝʥʘʪʘ ʫ ʦʙʣʘʩʪʠ ʨʘʯʫʥʘʨʩʪʚʘ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. 

 

ɺʝʣʠʢʠ ʙʨʦʿ ʚʠʩʦʢʦʰʢʦʣʩʢʠʭ ʫʩʪʘʥʦʚʘ ʧʦʩʝʜʫʿʝ ʩloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʫ ʦʢʚʠʨʫ 

ʢʦʿʝ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ SDN ʢʦʥʮʝʧʪ [122], [123] ʢʘʢʦ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʘ 

ʝʬʠʢʘʩʥʦʩʪ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʮʝʩʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ ʤʦʛʫ˂ʝ ʨʘʟʜʚʘʿʘˁʝ 

ʧʨʦʜʫʢʮʠʦʥʠʭ ʠ ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʧʦʜʘʪʘʢʘ [124], ʰʪʦ ʿʝ ʧʦʩʝʙʥʦ ʚʘʞʥʦ ʢʘʜʘ ʩʫ ʫ 

ʧʠʪʘˁʫ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʨʘʟʚʦʿ ʥʦʚʠʭ ʧʨʦʪʦʢʦʣʘ, ʤʨʝʞʥʠʭ ʤʦʜʝʣʘ ʠ ʩʣ. 

 

Data ʮʝʥʪʘʨ

ʎʝʥʪʨʘʣʥʠ ʩʣʦʿ

Gateway ʩʣʦʿ 

ʀʥʪʝʨʥʝʪ

OpenFlow 

ʢʦʥʪʨʦʣʝʨ

Policy engine

ɼʠʩʪʨʠʙʫʮʠʿʘ ʙʝʟʙʝʜʥʦʩʥʠʭ ʧʦʣʠʩʘ

ʀʥʪʝʨʥʝʪ

ʉʪʫʜʝʥʪʠ ʅʘʩʪʘʚʥʠʮʠ ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ

ɺʠʨʪʫʝʣʠʟʘʮʠʿʘ ʤʨʝʞʝ

 

ʉʣʠʢʘ 27: SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʫ ʘʢʘʜʝʤʩʢʦʤ ʦʢʨʫʞʝˁʫ [50] 

 

 

ʇʦʩʪʦʿʘˁʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʢʦʿʘ ʤʦʞʝ ʜʘ ʧʦʜʨʞʠ multi-tenant ʧʨʠʥʮʠʧ ʿʝ ʟʥʘʯʘʿʥʦ 

ʫ ʘʢʘʜʝʤʩʢʦʤ ʦʢʨʫʞeˁʫ, ʛʜʝ ʿʝʜʠʥʩʪʚʝʥʘ ʤʨʝʞʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ 

ʧʦʜʨʞʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʢʦʨʠʩʥʠʢʘ, ʢʦʿʠ ʠʤʘʿʫ 

ʨʘʟʣʠʯʠʪʝ ʥʠʚʦʝ ʧʨʠʚʠʣʝʛʠʿʘ ʠ ʧʨʘʚʘ ʟʘ ʧʨʠʩʪʫʧ ʦʜʨʝʹʝʥʠʤ ʩʝʨʚʠʩʠʤʘ ʠ 

ʨʝʩʫʨʩʠʤʘ (ʉʣʠʢʘ 27). ɿʘʪʦ ʿʝ ʚʘʞʥʦ ʜʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʤʦʛʫ˂ʠ ʠʟʦʣʘʮʠʿʫ 

ʩʘʦʙʨʘ˂ʘʿʘ ʠʟʤʝʹʫ ʢʦʨʠʩʥʠʢʘ ʠ ʥʝʦʤʝʪʘʥ ʨʘʜ ʚʝ˂ʝʛ ʙʨʦʿʘ ʣʦʛʠʯʢʠʭ ʤʨʝʞʘ. SDN 
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ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʜʘ ʦʙʝʟʙʝʜʠ ʦʚʝ ʫʩʣʦʚʝ, ʢʘʦ ʠ ʿʝʜʥʦʩʪʘʚʘʥ ʠ ʙʨʟ ʥʘʯʠʥ ʟʘ 

ʢʨʝʠʨʘˁʝ ʣʦʛʠʯʢʠʭ ʤʨʝʞʘ ʥʘ ʟʘʭʪʝʚ [50]. 

 

ʂʦʨʠʰ˂ʝˁʝʤ SDN ʘʨʭʠʪʝʢʪʫʨʝ ʩʝ ʤʦʞʝ ʥʘ ʿʝʜʥʦʩʪʘʚʘʥ ʥʘʯʠʥ ʨʝʘʣʠʟʦʚʘʪʠ ʠ 

ʧʣʘʪʬʦʨʤʘ ʟʘ ʫʯʝˁʝ ʢʦʥʮʝʧʪʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. ɼʘ ʙʠ ʩʝ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʩʘʚʣʘʜʘʣʘ ʦʚʘ ʤʘʪʝʨʠʿʘ, ʧʨʝ ʩʚʝʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʟʥʘʚʘˁʝ ʬʫʥʢʮʠʿʘ 

ʘʧʣʠʢʘʪʠʚʥʦʛ ʩʣʦʿʘ, ʜʦʢ ʩʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʤ ʩʣʦʿʫ ʥʝ ʤʦʨʘ ʧʦʩʚʝʪʠʪʠ ʚʝʣʠʢʘ 

ʧʘʞˁʘ. ʆʚʘʿ ʧʨʠʩʪʫʧ ʿʝ ʤʦʛʫ˂ʝ ʨʝʘʣʠʟʦʚʘʪʠ ʧʨʠʤʝʥʦʤ ʚʠʨʪʫʝʣʠʟʦʚʘʥʦʛ ʤʨʝʞʥʦʛ 

ʦʢʨʫʞʝˁʘ, ʦʜʥʦʩʥʦ ʧʨʠʤʝʥʦʤ Mininet ʘʣʘʪʘ, ʢʦʿʠ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʝʤʫʣʠʨʘ 

ʧʦʪʨʝʙʥʦ ʤʨʝʞʥʦ ʦʢʨʫʞʝˁʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʤ ʥʠʚʦʫ [125]. 
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4. ʄʆɼɽʃ SDN ʀʅʌʈɸʉʊʈʋʂʊʋʈɽ ɿɸ  

ɽ-ʆɹʈɸɿʆɺɸɳɽ 

 

4.1. ʈʘʟʚʦʿ ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʩʠʩʪʝʤʘ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ. ʀʤʘ ʟʘʜʘʪʘʢ ʜʘ 

ʦʙʝʟʙʝʜʠ ʧʦʜʨʰʢʫ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʨʘʟʣʠʯʠʪʠʭ ʩʝʨʚʠʩʘ ʟʘ 

ʥʘʩʪʘʚʥʠʢʝ, ʩʪʫʜʝʥʪʝ, ʠʩʪʨʘʞʠʚʘʯʝ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ ʦʩʦʙˀʝ. ɿʘʪʦ ʿʝ ʧʦʪʨʝʙʥʦ 

ʧʨʦʮʝʩʫ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʘʢʘʜʝʤʩʢʝ ʤʨʝʞʝ ʧʦʩʚʝʪʠʪʠ ʧʦʩʝʙʥʫ 

ʧʘʞˁʫ. ʇʨʝ ʩʚʝʛʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʧʨʠʥʮʠʧʝ, ʥʘ ʢʦʿʠʤʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʦʙʨʘʟʦʚʥʝ ʠʥʩʪʠʪʫʮʠʿʝ ʤʦʨʘ ʜʘ ʧʦʯʠʚʘ [126]: 

¶ ʇʦʜʨʰʢʘ ʟʘ ʦʙʨʘʟʦʚʥʝ ʩʝʨʚʠʩʝ ʢʦʨʠʰ˂ʝˁʝʤ ʟʘʿʝʜʥʠʯʢʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

¶ ʇʦʜʨʰʢʘ ʩʝʨʚʠʩʠʤʘ ʟʘ ʧʨʝʥʦʩ ʛʦʚʦʨʘ, ʚʠʜʝʦ-ʩʘʜʨʞʘʿʘ ʠ ʧʦʜʘʪʘʢʘ ʫʟ 

ʛʘʨʘʥʮʠʿʫ ʢʚʘʣʠʪʝʪʘ ʩʝʨʚʠʩʘ. 

¶ ʄʦʛʫ˂ʥʦʩʪ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʥʦʚʠʤ ʪʝʭʥʠʯʢʠʤ ʠʥʦʚʘʮʠʿʘʤʘ ʠ ʧʨʠʤʝʥʝ ʥʦʚʠʭ 

ʤʨʝʞʥʠʭ ʩʝʨʚʠʩʘ. 

¶ ʀʥʪʝʛʨʘʮʠʿʘ ʥʦʚʠʭ ʩʝʨʚʠʩʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʫʟ ʟʘʜʨʞʘʚʘˁʝ ʧʦʩʪʦʿʝ˂ʝ ʤʨʝʞʥʝ 

ʦʧʨʝʤʝ, ʧʨʦʪʦʢʦʣʘ ʠ ʥʘʯʠʥʘ ʢʦʤʫʥʠʢʘʮʠʿʝ. 

 

ʂʘʢʦ ʙʠ ʩʝ ʨʝʘʣʠʟʦʚʘʣʘ ʦʚʘʢʚʘ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʫ ʘʢʘʜʝʤʩʢʦ ʿʤʨʝʞʠ, ʧʦʪʨʝʙʥʦ 

ʿʝ ʧʨʠʤʝʥʠʪʠ ʨʘʟʣʠʯʠʪʝ ʤʨʝʞʥʝ ʫʨʝʹʘʿʝ ʠ ʪʝʭʥʦʣʦʛʠʿʝ, ʧʨʠ ʯʝʤʫ ʩʣʝʜʝ˂ʠ ʟʘʭʪʝʚʠ 

ʤʦʨʘʿʫ ʙʠʪʠ ʠʩʧʫˁʝʥʠ: 

¶ ɼʠʟʘʿʥ ʟʘʩʥʦʚʘʥ ʥʘ ʭʠʿʝʨʘʨʭʠʿʩʢʦʤ ʤʦʜʝʣʫ 

¶ ɺʠʩʦʢ ʩʪʝʧʝʥ ʜʦʩʪʫʧʥʦʩʪʠ 

¶ ʌʣʝʢʩʠʙʠʣʥʦʩʪ 

¶ ʇʨʠʤʝʥʘ ʦʪʚʦʨʝʥʠʭ ʩʪʘʥʜʘʨʜʘ 

¶ ɺʠʩʦʢ ʩʪʝʧʝʥ ʙʝʟʙʝʜʥʦʩʪʠ 

 

ʋ ʪʘʙʝʣʠ 1 ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʦʩʥʦʚʥʠʭ ʟʘʭʪʝʚʘ ʢʦʿʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

ʤʦʨʘ ʜʘ ʠʩʧʫʥʠ, ʫʟ ˁʠʭʦʚ ʦʧʠʩ. 
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ʊʘʙʝʣʘ 1: ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʘ ʆʧʠʩ 

ʍʠʿʝʨʘʨʭʠʿʘ 

ʇʦʜʝʣʘ ʤʨʝʞʝ ʥʘ ʩʣʦʿʝʚʝ ʫʟ ʜʝʬʠʥʠʩʘˁʝ ʬʫʥʢʮʠʿʘ 

ʩʚʘʢʦʛ ʩʣʦʿʘ, ʰʪʦ ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʨʝʘʣʠʟʘʮʠʿʫ ʠ 

ʦʜʨʞʘʚʘˁʝ ʤʨʝʞʝ 

ɼʦʩʪʫʧʥʦʩʪ ʂʦʥʩʪʘʥʪʘʥ ʧʨʠʩʪʫʧ ʤʨʝʞʥʠʤ ʫʨʝʹʘʿʠʤʘ ʠ ʩʝʨʚʠʩʠʤʘ 

ʌʣʝʢʩʠʙʠʣʥʦʩʪ 
ʄʦʛʫ˂ʥʦʩʪ ʜʠʥʘʤʠʯʢʦʛ ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʤʨʝʞʝ ʧʨʝʤʘ 

ʥʦʚʠʤ ʟʘʭʪʝʚʠʤʘ 

ʆʪʚʦʨʝʥʠ ʩʪʘʥʜʘʨʜʠ 
ʇʨʠʤʝʥʘ open-source ʨʝʰʝˁʘ ʩʘ ʮʠˀʝʤ ʧʦʩʪʠʟʘˁʘ 

ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪʠ 

ɹʝʟʙʝʜʥʦʩʪ ɿʘʰʪʠʪʘ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ ʠ ʩʝʨʚʠʩʘ ʦʜ ʟʣʦʫʧʦʪʨʝʙʘ 

 

 

4.2. ɸʥʘʣʠʟʘ ʧʦʩʪʦʿʝ˂ʠʭ ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

ʇʨʦʤʝʥʝ ʫ ʧʨʦʮʝʩʫ ʝʜʫʢʘʮʠʿʝ, ʢʘʦ ʠ ʧʨʠʤʝʥʘ ʥʦʚʠʭ ʠʥʬʦʨʤʘʮʠʦʥʦ-

ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʧʦʩʪʘʚˀʘʿʫ ʥʦʚʝ ʟʘʭʪʝʚʝ ʢʦʿʝ ʿʝʜʘʥ ʝʜʫʢʘʪʠʚʥʠ 

ʩʠʩʪʝʤ ʤʦʨʘ ʜʘ ʠʩʧʫʥʠ [3]. ʆʚʦ ʿʝ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʥʦ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʝʜʫʢʘʮʠʿʘ ʫ 

ʦʙʣʘʩʪʠ ʨʘʯʫʥʘʨʩʢʠʭ ʥʘʫʢʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ [127]. ɿʘ ʫʯʝˁʝ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ ʥʝʦʧʭʦʜʥʘ ʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʤʨʝʞʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʦʿʘ ʪʨʝʙʘ ʜʘ 

ʦʤʦʛʫ˂ʠ ʚʠʩʦʢ ʩʪʝʧʝʥ ʜʦʩʪʫʧʥʦʩʪʠ, ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʙʝʟʙʝʜʥʦʩʪʠ. ʂʘʢʦ ʙʠ ʩʝ 

ʦʙʝʟʙʝʜʠʣʘ ʧʦʜʨʰʢʘ ʟʘ ʥʦʚʝ ʀʊ ʢʫʨʩʝʚʝ ʠ ʩʪʫʜʝʥʪʠʤʘ ʧʨʫʞʠʣʘ ʤʦʛʫ˂ʥʦʩʪ 

ʩʪʠʮʘˁʘ ʠʩʢʫʩʪʚʘ ʫ ʨʝʘʣʥʦʤ ʤʨʝʞʥʦʤ ʦʢʨʫʞʝˁʫ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʤʝʥʠʪʠ 

ʪʨʘʜʠʮʠʦʥʘʣʥʫ ʀʊ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʧʨʠʤʝʥʠʪʠ ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʠʢʝ 

ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʠ ʝʤʫʣʘʮʠʿʝ ʤʨʝʞʥʦʛ ʦʢʨʫʞʝˁʘ [128]. ʆʚʘʢʘʚ ʧʨʠʩʪʫʧ ʜʘʿʝ ʜʦʙʨʝ 

ʨʝʟʫʣʪʘʪʝ ʫ ʧʨʦʮʝʩʫ ʫʯʝˁʘ ʢʦʤʧʣʝʢʩʥʠʭ ʪʝʤʘ ʫ ʦʙʣʘʩʪʠ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ [129]. 

 

ʋ ʜʘʥʘʰˁʠʤ ʘʢʘʜʝʤʩʢʠʤ ʤʨʝʞʘʤʘ ʧʨʠʤʝʥʘ ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʢʫʨʩʝʚʘ ʠʟ 

ʠʥʬʦʨʤʘʮʠʦʥʦ-ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘʭʪʝʚʘ ʚʝʣʠʢʘ ʫʣʘʛʘˁʘ ʠ ʨʘʟʣʠʯʠʪʝ 

ʭʘʨʜʚʝʨʩʢʝ ʠ ʩʦʬʪʚʝʨʩʢʝ ʨʝʩʫʨʩʝ [6]. ɻʣʘʚʥʠ ʠʟʘʟʦʚ ʿʝ ʢʨʝʠʨʘʪʠ ʢʦʤʧʣʝʢʩʘʥ ʩʠʩʪʝʤ 

ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʢʦʿʠ ʤʦʞʝ ʜʘ ʢʦʨʠʩʪʠ ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʩʝʨʚʠʩʝ [5]. ʇʦʨʝʜ 

ʧʦʪʨʝʙʝ ʟʘ ʠʥʪʝʛʨʘʮʠʿʦʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʦʙʨʘʟʦʚʥʠʭ ʩʝʨʚʠʩʘ, 

ʢʘʦ ʠ ʫʯʝʩʥʠʢʘ ʫ ʧʨʦʮʝʩʫ ʝ-ʦʙʨʘʟʦʚʘˁʘ ʠʤʘʿʫ ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʥʘ ʜʘˀʠ ʨʘʟʚʦʿ 

ʘʨʭʠʪʝʢʪʫʨʝ ʘʢʘʜʝʤʩʢʝ ʤʨʝʞʝ. ʉʠʩʪʝʤʠ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʩʫ ʫʛʣʘʚʥʦʤ ʟʘʩʥʦʚʘʥʠ ʥʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʿ ʤʨʝʞʥʦʿ ʘʨʭʠʪʝʢʪʫʨʠ, ʢʦʿʫ ʢʘʨʘʢʪʝʨʠʰʫ ʚʠʩʦʢʘ ʢʦʤʧʣʝʢʩʥʦʩʪ ʠ 
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ʜʫʛʦ ʚʨʝʤʝ ʨʝʘʣʠʟʘʮʠʿʝ ʥʦʚʠʭ ʩʝʨʚʠʩʘ [7]. ʆʚʠ ʥʝʜʦʩʪʘʮʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʘʟʣʦʛ ʟʘ 

ʫʚʦʹʝˁʝ ʚʠʰʝʛ ʩʪʝʧʝʥʘ ʩʢʘʣʘʙʠʣʥʦʩʪʠ, ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʢʝ 

ʘʨʭʠʪʝʢʪʫʨʝ ʫ ʘʢʘʜʝʤʩʢʝ ʤʨʝʞʝ. 

 

ʂʘʢʦ ʙʠ ʠʩʧʫʥʠʣʝ ʥʘʚʝʜʝʥʝ ʟʘʭʪʝʚʝ, ʦʙʨʘʟʦʚʥʝ ʠʥʩʪʠʪʫʮʠʿʝ ʯʝʩʪʦ ʧʨʠʤʝˁʫʿʫ cloud 

computing ʪʝʭʥʦʣʦʛʠʿʫ [124], [8]. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʦʩʪʚʘʨʫʿʝ ʚʠʩʦʢ ʩʪʝʧʝʥ 

ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʠ ʦʤʦʛʫ˂ʘʚʘ ʥʘʩʪʘʚʥʠʮʠʤʘ ʜʘ ʜʝʬʠʥʠʰʫ ʥʦʚʝ ʩʝʨʚʠʩʝ ʟʘ ʝ-ʫʯʝˁʝ ʠ 

ʠʥʪʝʛʨʠʰʫ ʠʭ ʫ ʢʫʨʩʝʚʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʥʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ SDN [130]. 

ɼʦʜʘʪʥʦ, ʦʚʘʢʘʚ ʧʨʠʩʪʫʧ ʦʤʦʛʫ˂ʘʚʘ ʠ ʠʩʪʨʘʞʠʚʘʯʠʤʘ ʠ ʩʪʫʜʝʥʪʠʤʘ ʜʘ ʢʨʝʠʨʘʿʫ ʠ 

ʢʦʨʠʩʪʝ ʥʘʧʨʝʜʥʝ ʤʨʝʞʥʝ ʘʧʣʠʢʘʮʠʿʝ ʠ ʩʝʨʚʠʩʝ [11], [131]. 

 

ʈʘʟʚʦʿ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʧʦʩʪʘʚˀʘ ʥʦʚʝ ʟʘʭʪʝʚʝ ʧʨʝʜ ʦʙʨʘʟʦʚʥʝ ʠʥʩʪʠʪʫʮʠʿʝ ʠ 

ʟʘʭʪʝʚʠ, ʢʦʿʝ ʘʢʘʜʝʤʩʢʝ ʤʨʝʞʝ ʤʦʨʘʿʫ ʜʘ ʠʩʧʫʥʝ, ʧʦʩʪʘʿʫ ʢʦʤʧʣʝʢʩʥʠʿʠ. ʀʟ ʪʦʛ 

ʨʘʟʣʦʛʘ ʩʝ ʥʘʤʝ˂ʝ ʧʦʪʨʝʙʘ ʟʘ ʚʠʰʠʤ ʩʪʝʧʝʥʦʤ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ ʫ ʘʢʘʜʝʤʩʢʦʤ 

ʦʢʨʫʞʝˁʫ, ʰʪʦ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʧʨʠʤʝʥʦʤ ʢʦʥʮʝʧʪʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ 

ʤʨʝʞʘ. ɸʧʩʪʨʘʢʮʠʿʘ, ʢʘʦ ʦʩʥʦʚʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ SDN ʪʝʭʥʦʣʦʛʠʿʝ, ʟʘʿʝʜʥʦ ʩʘ 

ʜʠʥʘʤʠʯʢʦʤ ʜʦʜʝʣʦʤ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ ʯʠʥʝ SDN ʘʜʝʢʚʘʪʥʠʤ ʨʝʰʝˁʝʤ ʢʦʿʝ ʤʦʞʝ 

ʜʘ ʦʜʛʦʚʦʨʠ ʥʘ ʧʦʩʪʘʚˀʝʥʝ ʟʘʭʪʝʚʝ. ʄʦʛʫ˂ʥʦʩʪ ʢʨʝʠʨʘˁʘ ʚʠʨʪʫʝʣʥʦʛ ʤʨʝʞʥʦʛ 

ʦʢʨʫʞʝˁʘ ʥʘ ʿʝʜʥʦʩʪʘʚʘʥ ʥʘʯʠʥ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʨʫ ʦʩʥʦʚʫ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʠ 

ʪʝʩʪʠʨʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʩʝʨʚʠʩʘ ʠ ʘʧʣʠʢʘʮʠʿʘ, ʘ ʩʚʝ ʫ ʮʠˀʫ ʧʦʜʨʰʢʝ ʦʙʨʘʟʦʚʥʦʛ 

ʧʨʦʮʝʩʘ. ʂʨʘʿˁʠ ʮʠˀ ʿʝ ʧʦʿʝʜʥʦʩʪʘʚʠʪʠ ʧʨʦʮʝʩ ʢʨʝʠʨʘˁʘ ʠ ʫʚʦʹʝˁʘ ʥʦʚʠʭ 

ʧʨʝʜʤʝʪʘ, ʢʦʿʠ ʩʝ ʙʘʚʝ ʠʟʫʯʘʚʘˁʝʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʢʘʦ ʰʪʦ ʩʫ ʠʥʪʝʨʥʝʪ 

ʠʥʪʝʣʠʛʝʥʪʥʠʭ ʫʨʝʹʘʿʘ, big data, SDN ʠʪʜ.  

 

ʄʨʝʞʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʦʿʘ ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʦʥʮʝʧʪʠʤʘ cloud computing-ʘ ʠ 

SDN-ʘ, ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʨʫ ʦʩʥʦʚʫ ʟʘ ʨʘʟʚʦʿ ʤʦʜʝʨʥʠʭ ʩʠʩʪʝʤʘ ʝ-ʦʙʨʘʟʦʚʘˁʘ, ʢʦʿʘ 

ʤʦʞʝ ʜʘ ʠʩʧʫʥʠ ʥʘʚʝʜʝʥʝ ʟʘʭʪʝʚʝ. ʀʜʝʿʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʨʘʟʚʦʿ ʤʦʜʝʣʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ, ʢʦʿʠ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʢʦʥʮʝʧʪʫ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ. ʎʠˀ ʤʦʜʝʣʘ ʿʝ ʜʘ ʩʝ ʢʦʨʠʩʥʠʮʠʤʘ ʦʤʦʛʫ˂ʠ ʜʘ ʥʘ ʝʬʠʢʘʩʘʥ ʠ 

ʿʝʜʥʦʩʪʘʚʘʥ ʥʘʯʠʥ ʢʦʨʠʩʪʝ ʧʦʩʪʦʿʝ˂ʝ ʦʙʨʘʟʦʚʥʝ ʩʝʨʚʠʩʝ, ʘʣʠ ʠ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ 

ʧʦʜʨʰʢʘ ʟʘ ʨʘʟʚʦʿ ʥʦʚʠʭ ʩʝʨʚʠʩʘ ʠ ˁʠʭʦʚʫ ʠʥʪʝʛʨʘʮʠʿʫ ʫ ʩʠʩʪʝʤ ʝ-ʦʙʨʘʟʦʚʘˁʘ. 
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4.3. ʉʪʨʫʢʪʫʨʘ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

ʄʦʜʝʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʟʘʩʥʦʚʘʥ ʥʘ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ 

ʤʨʝʞʘʤʘ ʪʨʝʙʘ ʜʘ ʦʤʦʛʫ˂ʠ ʬʣʝʢʩʠʙʠʣʥʦ ʠ ʝʬʠʢʘʩʥʦ ʦʙʨʘʟʦʚʥʦ ʦʢʨʫʞʝˁʝ, ʢʘʦ ʠ 

ʠʥʪʝʛʨʘʮʠʿʫ ʧʦʩʪʦʿʝ˂ʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʠ ʦʙʨʘʟʦʚʥʠʭ ʩʝʨʚʠʩʘ. ʇʨʠʤʘʨʥʠ 

ʟʘʜʘʪʘʢ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʿʝʜʥʦʩʪʘʚʥʫ ʠ ʙʨʟʫ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʥʦʚʠʭ ʥʘʩʪʘʚʥʠʭ ʩʘʜʨʞʘʿʘ, ʧʨʝ ʩʚʝʛʘ ʫ ʦʙʣʘʩʪʠ ʨʘʯʫʥʘʨʩʪʚʘ, 

ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʤʦʙʠʣʥʦʛ ʧʦʩʣʦʚʘˁʘ ʠʪʜ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʝ-

ʦʙʨʘʟʦʚʘˁʝ ʪʨʝʙʘ ʜʘ ʧʦʜʨʞʠ ʠʥʪʝʛʨʘʮʠʿʫ ʩʘ ʩʠʩʪʝʤʦʤ ʟʘ ʫʧʨʘʚˀʘˁʝ ʫʯʝˁʝʤ. 

 

ʇʨʝʜʣʦʛ ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʟʘʩʥʦʚʘʥ ʥʘ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ ʦʙʫʭʚʘʪʘ ʩʣʝʜʝ˂ʝ ʢʦʤʧʦʥʝʥʪʝ: 

¶ ʂ1: ɸʨʭʠʪʝʢʪʫʨʘ ʬʠʟʠʯʢʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

o ʇʘʩʠʚʥʘ ʦʧʨʝʤʘ 

o ʈʫʪʝʨʠ 

o ʉʚʠʯʝʚʠ 

o ʉʝʨʚʝʨʠ 

 

¶ ʂ2: ɸʨʭʠʪʝʢʪʫʨʘ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

o ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʘʦ ʩʝʨʚʠʩ 

o ʇʣʘʪʬʦʨʤʘ ʢʘʦ ʩʝʨʚʠʩ 

o ʉʦʬʪʚʝʨ ʢʘʦ ʩʝʨʚʠʩ 

o ɺʠʨʪʫʝʣʠʟʘʮʠʿʘ 

 

¶ ʂ3: ɸʨʭʠʪʝʢʪʫʨʘ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

o ɺʠʨʪʫʝʣʥʠ ʩʚʠʯʝʚʠ 

o SDN ʢʦʥʪʨʦʣʝʨʠ 

o ʄʨʝʞʘ ʢʘʦ ʩʝʨʚʠʩ (ʝʥʛ. Network as a Service ï NaaS) 

 

¶ ʂ4: ʉʝʨʚʠʩʠ ʝ-ʦʙʨʘʟʦʚʘˁʘ 

o ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʩʝʨʚʠʩʠ 
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o ʆʙʨʘʟʦʚʥʠ ʩʝʨʚʠʩʠ 

Á ʉʝʨʚʠʩʠ ʟʘ ʫʧʨʘʚˀʘˁʝ ʫʯʝˁʝʤ 

Á ʉʝʨʚʠʩʠ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ 

Á ʉʝʨʚʠʩʠ ʟʘ ʧʦʜʨʰʢʫ ʥʘʩʪʘʚʠ 

Á ɱʝʜʠʥʩʪʚʝʥʠ ʚʝʙ-ʧʦʨʪʘʣ 

 

¶ ʂ5: ʋʧʨʘʚˀʘˁʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

o ʂʦʨʠʩʥʠʯʢʠ ʠʥʪʝʨʬʝʿʩʠ 

o ʇʨʘ˂ʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

o ʅʘʜʟʦʨ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

o ɹʝʟʙʝʜʥʦʩʪ 

 

ʅʘ ʉʣʠʮʠ 28 ʧʨʠʢʘʟʘʥʝ ʩʫ ʢʦʤʧʦʥʝʥʪʝ ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ. 

 

ʂ1: ʌʠʟʠʯʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

ʂ2: ʉloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʂ3: SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

ʂ4: ʉʝʨʚʠʩʠ ʝ-ʦʙʨʘʟʦʚʘˁʘ

ʄʦʜʝʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ

ʂ5: ʋʧʨʘʚˀ ʘˁʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ 

ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ

 

ʉʣʠʢʘ 28: Kʦʤʧʦʥʝʥʪʝ ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

 

 

ʉʣʠʢʘ 29 ʧʨʠʢʘʟʫʿʝ ʜʝʪʘˀʥʫ ʩʪʨʫʢʪʫʨʫ ʥʘʚʝʜʝʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʢʘʦ ʠ ˁʠʭʦʚʝ 

ʤʝʹʫʩʦʙʥʝ ʚʝʟʝ. 
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ʈʫʪʝʨʠ

ʇʘʩʠʚʥʘ ʦʧʨʝʤʘ

ʄʦʜʝʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ

ʉʚʠʯʝʚʠ ʉʝʨʚʝʨʠ

ʂ1: ʌʠʟʠʯʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

IaaS

ɺʠʨʪʫʝʣʠʟʘʮʠʿʘ

PaaS SaaS

ʂ2: ʉloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

ɺʠʨʪʫʝʣʥʠ ʩʚʠʯʝʚʠ

SDN ʢʦʥʪʨʦʣʝʨ

ʂ3: SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

NaaS

ʉʝʨʚʠʩʠ ʟʘ 

ʫʧʨʘʚˀ ʘˁʝ 

ʫʯʝˁʝʤ

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʩʝʨʚʠʩʠ

ʂ4: ʉʝʨʚʠʩʠ ʝ-ʦʙʨʘʟʦʚʘˁʘ

ʉʝʨʚʠʩʠ ʟʘ 

ʢʦʤʫʥʠʢʘʮʠʿʫ

ɱʝʜʠʥʩʪʚʝʥʠ 

ʚʝʙ ʧʦʨʪʘʣ

ʂʦʨʠʩʥʠʯʢʠ 

ʠʥʪʝʨʬʝʿʩʠ

ʂ5: ʋʧʨʘʚˀ ʘˁʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ ʟʘ ʝ-

ʦʙʨʘʟʦʚʘˁʝ

ʅʘʜʟʦʨ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

ʇʨʘ˂ʝˁʝ 

ʧʝʨʬʦʨʤʘʥʩʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

ɹʝʟʙʝʜʥʦʩʪ

ʉʝʨʚʠʩʠ ʟʘ 

ʧʦʜʨh ʢʫ 

ʥʘʩʪʘʚʠ

 

ʉʣʠʢʘ 29: ɼʝʪʘˀʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʘ 
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4.4. ʇʨʠʢʘʟ ʛʣʘʚʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ 

 

4.4.1. ʃʦʛʠʯʢʠ ʤʦʜʝʣ ʘʨʭʠʪʝʢʪʫʨʝ 

 

ʆʩʥʦʚʫ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʝʜʩʪʘʚˀʘ ʭʠʿʝʨʘʨʭʠʿʩʢʠ ʤʨʝʞʥʠ ʤʦʜʝʣ ʢʦʿʠ ʜʝʬʠʥʠʰʝ: 

ʧʨʠʩʪʫʧʥʠ, ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʠ ʮʝʥʪʨʘʣʥʠ ʩʣʦʿ. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʚʦʛ ʤʦʜʝʣʘ 

ʩʫ ʤʦʜʫʣʘʨʥʦʩʪ ʠ ʨʝʜʫʥʜʘʥʩʘ ʠ ʟʘʭʚʘˀʫʿʫ˂ʠ ˁʠʤʘ ʭʠʿʝʨʘʨʭʠʿʩʢʠ ʤʦʜʝʣ ʧʨʫʞʘ 

ʤʦʛʫ˂ʥʦʩʪ ʿʝʜʥʦʩʪʘʚʥʝ ʨʝʘʣʠʟʘʮʠʿʝ ʠ ʦʜʨʞʘʚʘˁʘ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʤʨʝʞʘʤʘ. 

ʄʝʹʫʪʠʤ, ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʤʨʝʞʝ ʥʝ ʧʨʫʞʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʜʠʥʘʤʠʯʢʝ ʘʣʦʢʘʮʠʿʝ 

ʨʝʩʫʨʩʘ, ʧʘ ʿʝ ʟʘʪʦ ʥʝʦʧʭʦʜʥʦ ʫʚʝʩʪʠ ʠʟʤʝʥʝ. ʂʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʦ ʜʠʥʘʤʠʯʢʦ 

ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʤʨʝʞʝ ʫ ʩʢʣʘʜʫ ʩʘ ʥʦʚʠʤ ʟʘʭʪʝʚʠʤʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ 

ʚʠʨʪʫʝʣʠʟʘʮʠʿʫ ʠ ʧʨʠʤʝʥʠʪʠ ʢʦʥʮʝʧʪ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ. ɿʘʪʦ ʿʝ ʥʘ ʧʨʠʩʪʫʧʥʦʤ ʠ 

ʜʠʩʪʨʠʙʫʪʠʚʥʦʤ ʩʣʦʿʫ ʨʝʘʣʠʟʦʚʘʥʘ cloud ʠ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

 

ʅʘ ʩʣʠʮʠ 30 ʿʝ ʧʨʠʢʘʟʘʥ ʣʦʛʠʯʢʠ ʤʦʜʝʣ ʘʨʭʠʪʝʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ. 

 

ʀʥʪʝʨʥʝʪ

ʎʝʥʪʨʘʣʥʠ ʩʣʦʿ

ɼʠʩʪʨʠʙʫʪʠʚʥʠ ʩʣʦʿ

ʇʨʠʩʪʫʧʥʠ ʩʣʦʿ

ʋʨʝ́ʘʿʠ ʢʦʨʠʩʥʠʢʘ

SDN 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

Cloud 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

 

ʉʣʠʢʘ 30: ʃʦʛʠʯʢʠ ʤʦʜʝʣ ʘʨʭʠʪʝʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ  
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4.4.2. ʄʦʜʝʣ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

Cloud computing ʪʝʭʥʦʣʦʛʠʿʘ ʿʝ ʥʘʰʣʘ ʧʨʠʤʝʥʫ ʫ ʤʥʦʛʠʤ ʘʢʘʜʝʤʩʢʠʤ 

ʦʢʨʫʞʝˁʠʤʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʢʦʥʮʝʧʪʫ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ, ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʦʩʥʦʚʠ ʦʚʝ 

ʪʝʭʥʦʣʦʛʠʿʝ, ʦʙʨʘʟʦʚʥʝ ʠʥʩʪʠʪʫʮʠʿʝ ʤʦʛʫ ʠʩʪʦʚʨʝʤʝʥʦ ʜʘ ʢʦʨʠʩʪʝ ʿʝʜʠʥʩʪʚʝʥʫ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʦʪʨʝʙʝ. ʋʧʨʘʚʦ ʦʚʘʿ multi-tenancy ʢʦʥʮʝʧʪ 

ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʨʘʟʣʠʯʠʪʠ ʢʦʨʠʩʥʠʮʠ ʢʨʝʠʨʘʿʫ ʧʦʪʧʫʥʝ end-to-end ʤʨʝʞʥʝ 

ʪʦʧʦʣʦʛʠʿʝ ʧʨʝʤʘ ʩʚʦʿʠʤ ʟʘʭʪʝʚʠʤʘ, ʘ ʫʟ ʧʦʪʧʫʥʫ ʠʟʦʣʘʮʠʿʫ ʦʜ ʦʩʪʘʣʠʭ ʢʦʨʠʩʥʠʢʘ 

(ʉʣʠʢʘ 31). ʆʚʦ ʿʝ ʦʜ ʚʝʣʠʢe ʚʘʞʥʦʩʪʠ ʫ ʘʢʘʜʝʤʩʢʠʤ ʦʢʨʫʞʝˁʠʤʘ ʛʜʝ ʧʦʩʪʦʿʠ 

ʧʦʪʨʝʙʘ ʜʘ ʚʝʣʠʢʠ ʙʨʦʿ ʥʘʩʪʘʚʥʠʢʘ ʠ ʩʪʫʜʝʥʘʪʘ ʢʦʨʠʩʪʠ ʠʩʪʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ 

ʨʘʟʣʠʯʠʪʝ ʟʘʜʘʪʢʝ ʠ ʧʨʦʿʝʢʪʝ [122]. 

 

L2 ͫ ͍͙;

tenant 1
VM 1

tenant 1
VM 2

tenant 2
VM 1

br1 br2

eth0 vlan 2vlan 1

Compute ʯʚʦʨ 1

tenant 2
VM 2

tenant 2
VM 3

tenant 1
VM 3

br2 br1

eth0 vlan 1vlan 2

Compute ʯʚʦʨ 2

vlan 1 vlan 1

vlan 2 vlan 2

 

ʉʣʠʢʘ 31: ʄulti-tenancy ʢʦʥʮʝʧʪ [122] 

 

 

ʅʘ ʩʣʠʮʠ 32 ʿʝ ʧʨʠʢʘʟʘʥ ʢʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʂʘʢʦ ʙʠ ʩʝ 

ʦʙʝʟʙʝʜʠʣʦ ʨʘʟʜʚʘʿʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ ʨʘʟʣʠʯʠʪʠʭ ʢʦʨʠʩʥʠʢʘ, ʧʨʠʤʝˁʝʥʠ ʩʫ VLAN-

ʦʚʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʿʝ ʠʟʚʨʰʝʥʘ ʩʝʛʤʝʥʪʘʮʠʿʘ ʤʨʝʞʝ, ʠʟʦʣʘʮʠʿʘ ʩʘʦʙʨʘ˂ʘʿʘ ʠ 

ʦʙʝʟʙʝʹʝʥʘ ʬʣʝʢʩʠʙʠʣʥʦʩʪ [132] ʧʦʪʨʝʙʥʘ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʨʘʟʣʠʯʠʪʠʭ 

ʦʙʨʘʟʦʚʥʠʭ ʩʝʨʚʠʩʘ. 
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ʌʠʟʠʯʢʠ ʤʨʝʞʥʠ ʠʥʪʝʨʬʝʿʩ

ɺʠʨʪʫʝʣʥʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠ bridge

VLAN ʠʥʪʝʨʬʝʿʩ 1 VLAN ʠʥʪʝʨʬʝʿʩ n

 ɺʠʨʪʫʝʣʥʠ 

ʠʥʪʝʨʬʝʿʩ 

VLAN 1

 ɺʠʨʪʫʝʣʥʠ 

ʠʥʪʝʨʬʝʿʩ 

VLAN n

Virtuelna maġina 1

 ɺʠʨʪʫʝʣʥʠ 

ʠʥʪʝʨʬʝʿʩ 

VLAN 1

 ɺʠʨʪʫʝʣʥʠ 

ʠʥʪʝʨʬʝʿʩ 

VLAN n

Virtuelna maġina n

...

...

ʇ
ʨ
ʠ
ʩʪ
ʫ
ʧ
ʥ
ʠ
 ʩ
ʣ
ʦʿ

ɼ
ʠ
ʩʪ
ʨ
ʠ
ʙ
ʫ
ʪʠ
ʚ
ʥ
ʠ
 ʩ
ʣ
ʦʿ

 

ʉʣʠʢʘ 32: Kʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ [37] 

 

 

ʂʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʦ ʿʝʜʥʦʩʪʘʚʥʦ ʫʧʨʘʚˀʘˁʝ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ, ʧʦʪʨʝʙʥʦ 

ʿʝ ʠʟʘʙʨʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʩʠʩʪʝʤ ʟʘ ʫʧʨʘʚˀʘˁʝ. ʇʦʰʪʦ ʿʝ ʿʝʜʘʥ ʦʜ ʧʦʯʝʪʥʠʭ 

ʟʘʭʪʝʚʘ ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʧʨʠʤʝʥʘ 

ʨʝʰʝˁʘ ʦʪʚʦʨʝʥʦʛ ʩʪʘʥʜʘʨʜʘ, ʦʜʣʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʧʨʠʤʝʥʠ OpenStack. ʋ ʧʠʪʘˁʫ je 

IaaS ʘʣʘʪ, ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝ ʚʠʩʦʢʘ ʩʢʘʣʘʙʠʣʥʦʩʪ, multi-tenancy ʢʦʥʮʝʧʪ ʠ plug-in 

ʘʨʭʠʪʝʢʪʫʨʘ [133], ʰʪʦ ʛʘ ʯʠʥʠ ʜʦʙʨʠʤ ʠʟʙʦʨʦʤ ʟʘ ʘʢʘʜʝʤʩʢʦ ʦʢʨʫʞʝˁʝ. ʆʜ 

ʧʦʩʝʙʥʝ ʿʝ ʚʘʞʥʦʩʪʠ ʩʧʦʤʝʥʫʪʠ OpenStack Networking (Neutron) ʢʦʤʧʦʥʝʥʪʫ [134], 

ʢʦʿʘ ʜʘʿʝ ʤʦʛʫ˂ʥʦʩʪ ʨʝʘʣʠʟʘʮʠʿʝ ʤʨʝʞʝ ʢʘʦ ʩʝʨʚʠʩʘ (ʝʥʛʣ. Network as a Service - 

NaaS). 

 

ʅʘ ʩʣʠʮʠ 33 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʬʠʟʠʯʢʝ ʨʝʘʣʠʟʘʮʠʿʝ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʧʨʠʤʝʥʦʤ OpenStack ʨʝʰʝˁʘ. 
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 ɺʠʨʪʫʝʣʥʘ 

ʤʘhʠʥʘ 1

 ɺʠʨʪʫʝʣʥʘ 

ʤʘhʠʥʘ n

ʌʠʟʠʯʢʠ ʩʝʨʚʝʨ

...

OpenStack controller ʯʚʦʨ

 ɺʠʨʪʫʝʣʥʘ 

ʤʘhʠʥʘ 1

 ɺʠʨʪʫʝʣʥʘ 

ʤʘhʠʥʘ m

ʌʠʟʠʯʢʠ ʩʝʨʚʝʨ

OpenStack compute ʯʚʦʨ 1

 ɺʠʨʪʫʝʣʥʘ 

ʤʘhʠʥʘ 1

 ɺʠʨʪʫʝʣʥʘ 

ʤʘhʠʥʘ k

ʌʠʟʠʯʢʠ ʩʝʨʚʝʨ

OpenStack compute ʯʚʦʨ n

L2 ʩʚʠʯ

L3 ʫʨʝ́ʘʿ

ʀʥʪʝʨʥʝʪ

... ... ...

eth0 eth0 eth0

Fa0/4

Fa0/1

Fa0/2

Fa0/3

Fa0/1

Gi0/1

 

ʉʣʠʢʘ 33: ʇʨʠʤʝʨ ʬʠʟʠʯʢʝ ʨʝʘʣʠʟʘʮʠʿʝ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

 

4.4.3. ʄʦʜʝʣ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

ʋ ʧʨʦʮʝʩʫ ʠʟʙʦʨʘ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʫ ʘʢʘʜʝʤʩʢʦʤ 

ʦʢʨʫʞʝˁʫ ʚʘʞʘʥ ʧʘʨʘʤʝʪʘʨ ʿʝ ʝʢʦʥʦʤʩʢʘ ʦʧʨʘʚʜʘʥʦʩʪ. ɿʘʪʦ ʿʝ ʧʨʠʣʠʢʦʤ 

ʜʝʬʠʥʠʩʘˁʘ ʤʦʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʢʘʦ ʿʝʜʘʥ ʦʜ ʧʦʣʘʟʥʠʭ ʧʨʠʥʮʠʧʘ ʥʘʚʝʜʝʥʦ 

ʢʦʨʠʰ˂ʝˁʝ ʧʦʩʪʦʿʝ˂ʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʫʟ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʥʦʚʠʭ 

ʨʝʰʝˁʘ. ʀʤʘʿʫ˂ʠ ʥʘ ʫʤʫ ʦʚʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʧʨʝʜʣʦʞʝʥʦ ʿʝ ʭʠʙʨʠʜʥʦ ʨʝʰʝˁʝ ʢʦʿʝ 

ʧʨʝʜʩʪʘʚˀʘ ʠʥʪʝʛʨʘʮʠʿʫ ʧʦʩʪʦʿʝ˂ʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ SDN ʢʦʥʮʝʧʪʘ. 

 

ɱʝʜʘʥ ʦʜ ʧʨʚʠʭ ʟʘʜʘʪʘʢʘ ʧʨʠʣʠʢʦʤ ʜʝʬʠʥʠʩʘˁʘ ʤʦʜʝʣʘ ʭʠʙʨʠʜʥʝ SDN 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʿʝ ʠʟʙʦʨ ʧʦʟʠʮʠʿʝ SDN ʫʨʝʹʘʿʘ. ʅʘ ʩʣʠʮʠ 34 ʿʝ ʧʨʠʢʘʟʘʥ dual-stack 

ʧʨʠʥʮʠʧ, ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ ʭʠʙʨʠʜʥʠʭ ʩʚʠʯʝʚʘ, ʢʦʿʠ ʧʦʨʝʜ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʥʘʯʠʥʘ ʧʨʦʩʣʝʹʠʚʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ ʢʦʨʠʩʪʝ ʠ SDN ʧʨʠʥʮʠʧ. 

 



 

68 

 

ʍʠʙʨʠʜʥʠ 

SDN ʩʚʠʯ 1

ʍʠʙʨʠʜʥʠ 

SDN ʩʚʠʯ 2

ʍʠʙʨʠʜʥʠ 

SDN ʩʚʠʯ n

SDN ʢʦʥʪʨʦʣʝʨ
ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʠʩʪʝʤ ʫʧʨʘʚˀ ʘˁʘ

ʋʧʨʘʚˀ ʘˁʝ ʤʨʝʞʦʤ

 

ʉʣʠʢʘ 34: ʍʠʙʨʠʜʥʠ dual-stack ʤʦʜʝʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

 

ɼʨʫʛʠ ʥʘʯʠʥ ʨʝʘʣʠʟʘʮʠʿʝ ʭʠʙʨʠʜʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 35 ʠ 

ʤʦʞʝ ʩʝ ʥʘʟʚʘʪʠ ʧʨʠʩʪʫʧʥʠ SDN ʤʦʜʝʣ ʧʦʰʪʦ ʩʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ SDN ʩʚʠʯʝʚʠ 

ʧʦʩʪʘʚˀʘʿʫ ʥʘ ʦʙʦʜ ʤʨʝʞʝ [135], ʜʦʢ ʩʝ ʫ ʮʝʥʪʨʘʣʥʦʤ ʜʝʣʫ ʠ ʜʘˀʝ ʥʘʣʘʟʝ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʫʨʝʹʘʿʠ. ʀʘʢʦ ʦʚʘʿ ʤʦʜʝʣ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʤʝʥʫ ʥʦʚʠʭ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʦʜʤʘʭ ʥʘ ʫʣʘʩʢʫ ʫ ʤʨʝʞʫ, ʪʿ. ʥʘ ˁʝʥʦʤ ʦʙʦʜʫ, ʨʝʘʣʠʟʘʮʠʿʘ 

ʥʝʢʠʭ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʢʦʿʝ ʟʘʭʪʝʚʘʿʫ ʜʝʬʠʥʠʩʘˁʝ ʧʨʘʚʠʣʘ ʧʨʦʩʣʝʹʠʚʘˁʘ 

ʩʘʦʙʨʘ˂ʘʿʘ ʜʫʞ ʮʝʣʝ ʧʫʪʘˁʝ ʢʨʦʟ ʤʨʝʞʫ ʥʠʿʝ ʤʦʛʫ˂ʘ. 

 

SDN ʩʚʠʯ 1
Tʨʘʜʠʮʠoʥʘʣʥʠ 

ʩʚʠʯ 1
SDN ʩʚʠʯ n

SDN ʢʦʥʪʨʦʣʝʨ

ʊʨʘʜʠʮʠʦʥʘʣʥʠ 

ʩʠʩʪʝʤ ʫʧʨʘʚˀ ʘˁʘ

Tʨʘʜʠʮʠoʥʘʣʥʠ 

ʩʚʠʯ 2

Tʨʘʜʠʮʠoʥʘʣʥʠ 

ʩʚʠʯ m

 

ʉʣʠʢʘ 35: ʇʨʠʩʪʫʧʥʠ SDN ʤʦʜʝʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 



 

69 

 

ʊʨʝ˂ʠ ʥʘʯʠʥ ʨʝʘʣʠʟʘʮʠʿʝ ʭʠʙʨʠʜʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʧʨʝʜʩʪʘʚˀʘ Panopticon 

ʨʝʰʝˁʝ [136], ʢʦʿʝ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʧʦʩʪʘʚʮʠ ʜʘ ʟʘ ʩʚʘʢʫ ʧʫʪʘˁʫ ʦʜ ʙʠʣʦ ʢʦʛ 

ʠʟʚʦʨʥʦʛ ʜʦ ʙʠʣʦ ʢʦʛ ʦʜʨʝʜʠʰʥʦʛ ʫʨʝʹʘʿʘ ʤʦʨʘ ʜʘ ʧʦʩʪʦʿʠ ʙʘʨ ʿʝʜʘʥ SDN ʩʚʠʯ. 

ʆʚʘʿ ʤʦʜʝʣ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 36. ʆʩʥʦʚʫ ʦʚʦʛ ʤʦʜʝʣʘ ʯʠʥʠ ʧʨʦʮʝʩ ʘʧʩʪʨʘʢʮʠʿʝ 

ʭʝʪʝʨʦʛʝʥʦʛ ʤʨʝʞʥʦʛ ʦʢʨʫʞʝˁʘ ʫ ʣʦʛʠʯʢʫ SDN ʪʦʧʦʣʦʛʠʿʫ. 

 

SDN ʩʚʠʯ 1
Tʨʘʜʠʮʠoʥʘʣʥʠ 

ʩʚʠʯ 1
SDN ʩʚʠʯ n

Panopticon

Tʨʘʜʠʮʠoʥʘʣʥʠ 

ʩʚʠʯ 2

Tʨʘʜʠʮʠoʥʘʣʥʠ 

ʩʚʠʯ k

SDN ʩʚʠʯ 1 SDN ʩʚʠʯ n

SDN ʢʦʥʪʨʦʣʝʨ

 

ʉʣʠʢʘ 36: Panopticon ʤʦʜʝʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ [136] 

 

 

ʂʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 37. ʋ ʩʪʨʫʢʪʫʨʠ 

ʩʝ ʨʘʟʣʠʢʫʿʫ ʩʣʝʜʝ˂ʠ ʩʣʦʿʝʚʠ [137]: 

¶ ʉʣʦʿ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

¶ ʉʣʦʿ ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʥʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ 

¶ ʉʣʦʿ ʦʨʢʝʩʪʨʘʮʠʿʝ 

¶ ʉʣʦʿ ʘʧʣʠʢʘʮʠʿʝ 
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ʍʘʨʜʚʝʨ ʉʦʬʪʚʝʨ

ʉʣʦʿ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

EMS SDN ʢʦʥʪʨʦʣʝʨʠ

ʉʣʦʿ ʫʧʨʘʚˀ ʘˁʘ ʤʨʝʞʥʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ

End-to-end 

ʦʨʢʝʩʪʨʘʮʠʿʘ

ʉʣʦʿ ʦʨʢʝʩʪʨʘʮʠʿʝ

OSS/BSS
Oʨʢʝʩʪʨʘʮʠʿʘ 

ʩʝʨʚʠʩʘ

ʉʣʦʿ ʘʧʣʠʢʘʮʠʿʝ

ʂʦʨʠʩʥʠʯʢʠ 

ʧʦʨʪʘʣʠ

 

ʉʣʠʢʘ 37: ʂʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

 

ʋ ʪʘʙʝʣʠ 2 ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʤʦʜʝʣʘ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ 

ˁʠʭʦʚ ʦʧʠʩ. 

 

ʊʘʙʝʣʘ 2: ʂʦʤʧʦʥʝʥʪʝ ʤʦʜʝʣʘ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʂʦʤʧʦʥʝʥʪʘ ʆʧʠʩ 

ʄʨʝʞʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 
ʉʢʫʧ ʭʘʨʜʚʝʨʩʢʠʭ ʠ ʩʦʬʪʚʝʨʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʠ 

EMS (Element Management 

System) 
ʉʠʩʪʝʤ ʟʘ ʫʧʨʘʚˀʘˁʝ ʩʧʝʮʠʬʠʯʥʠʤ 

ʤʨʝʞʥʠʤ ʝʣʝʤʝʥʪʠʤʘ 

SDN ʢʦʥʪʨʦʣʝʨʠ ʋʧʨʘʚˀʘʿʫ SDN ʫʨʝʹʘʿʠʤʘ 

End-to-end ʦʨʢʝʩʪʨʘʮʠʿʘ 
ʌʫʥʢʮʠʿʘ ʟʘʜʫʞʝʥʘ ʟʘ ʫʧʨʘʚˀʘˁʝ 

ʞʠʚʦʪʥʠʤ ʪʦʢʦʤ ʤʨʝʞʥʠʭ ʩʝʨʚʠʩʘ 

OSS (Operations Support Systems) 

ʠ BSS (Business Support Systems) 

ʇʦʜʨʞʘʚʘʿʫ ʩʢʫʧ ʨʘʟʣʠʯʠʪʠʭ ʬʫʥʢʮʠʿʘ, ʢʘʦ 

ʰʪʦ ʩʫ ʧʨʘ˂ʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ, billing, 

trouble ticketing ʠʪʜ. 

ʆʨʢʝʩʪʨʘʮʠʿʘ ʩʝʨʚʠʩʘ 
ʌʫʥʢʮʠʿʘ ʢʦʿʘ ʦʙʝʟʙʝʹʫʿʝ ʢʘʪʘʣʦʛ ʩʝʨʚʠʩʘ 

ʢʦʨʠʩʥʠʯʢʠʤ ʧʦʨʪʘʣʠʤʘ  

ʂʦʨʠʩʥʠʯʢʠ ʧʦʨʪʘʣʠ 
ʆʤʦʛʫ˂ʘʚʘʿʫ ʢʦʨʠʩʥʠʮʠʤʘ ʜʝʬʠʥʠʩʘˁʝ ʠ 

ʧʨʘ˂ʝˁʝ ʩʝʨʚʠʩʘ 
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SDN ʢʦʥʪʨʦʣʝʨʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʘʞʥʫ ʢʦʤʧʦʥʝʥʪʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʧʦʰʪʦ ʩʫ 

ʟʘʜʫʞʝʥʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʧʨʘʚʠʣʘ ʧʨʦʩʣʝʹʠʚʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʮʝʣʦʢʫʧʥʘ ʤʨʝʞʥʘ 

ʠʥʪʝʣʠʛʝʥʮʠʿʘ ʿʝ ʪʫ ʮʝʥʪʨʘʣʠʟʦʚʘʥʘ. ʅʘ ʩʣʠʮʠ 38 ʿʝ ʧʨʠʢʘʟʘʥ ʤʦʜʝʣ ʫʧʨʘʚˀʘˁʘ ʫ 

SDN ʤʨʝʞʠ. 

 

SDN ʫʨʝ́ʘʿʠ

ʉʧʝʮʠʬʠʯʘʥ 

ʜʦʤʝʥʩʢʠ SDN 

ʢʦʥʪʨʦʣʝʨ

ʃʦʢʘʣʥʠ SDN 

ʢʦʥʪʨʦʣʝʨ

End-to-end ʦʨʢʝʩʪʨʘʮʠʿʘ

WAN SDN ʢʦʥʪʨʦʣʝʨ

 

ʉʣʠʢʘ 38: SDN ʢʦʥʪʨʦʣʝʨʠ [137] 

 

 

ʋ ʦʢʚʠʨʫ ʩʚʘʢʦʛ ʤʨʝʞʥʦʛ ʦʢʨʫʞʝˁʘ ʧʦʩʪʦʿʠ ʣʦʢʘʣʥʠ SDN ʢʦʥʪʨʦʣʝʨ, ʧʨʠ ʯʝʤʫ ʿʝ 

ʧʨʝʪʧʦʩʪʘʚˀʝʥʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʧʦʩʪʦʿʝ ʠ ʩʧʝʮʠʬʠʯʥʠ SDN ʢʦʥʪʨʦʣʝʨʠ ʟʘ 

ʨʝʘʣʠʟʘʮʠʿʫ ʧʦʩʝʙʥʠʭ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʫ ʤʨʝʞʠ. ʀʟʥʘʜ ˁʠʭ ʫ ʭʠʿʝʨʘʨʭʠʿʠ ʩʝ 

ʥʘʣʘʟʠ WAN SDN ʢʦʥʪʨʦʣʝʨ ʢʦʿʠ ʿʝ ʟʘʜʫʞʝʥ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʧʨʘʚʠʣʘ 

ʧʨʦʩʣʝʹʠʚʘˁʘ ʩʘʦʙʨʘ˂ʘʿʘ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʤʨʝʞʥʠʭ ʦʢʨʫʞʝˁʘ. 

 

WAN SDN ʢʦʥʪʨʦʣʝʨ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʧʦʜʨʞʠ ʚʝʣʠʢʠ ʙʨʦʿ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ, ʦʜ 

ʢʦʿʠʭ ʩʫ ʥʘʿʚʘʞʥʠʿʝ [137]: 

¶ ʇʦʩʪʦʿʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ northbound API-ʿʘ ʟʘ ʘʧʩʪʨʘʢʮʠʿʫ ʤʨʝʞʝ  

¶ ʇʦʩʪʦʿʘˁʝ ʬʫʥʢʮʠʿʝ ʘʜʘʧʪʘʮʠʿʝ 

¶ ɸʫʪʦʤʘʪʩʢʦ ʫʧʨʘʚˀʘˁʝ end-to-end ʩʝʨʚʠʩʠʤʘ 

¶ ʇʦʜʨʰʢʘ ʟʘ ʦʧʨʝʤʫ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʠʟʚʦʹʘʯʘ 



 

72 

 

¶ ʆʧʪʠʤʠʟʘʮʠʿʘ ʨʝʩʫʨʩʘ 

¶ ʆʪʢʨʠʚʘˁʝ ʪʦʧʦʣʦʛʠʿʝ 

¶ ʇʨʠʢʫʧˀʘˁʝ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ. 

 

ʅʘ ʩʣʠʮʠ 39 ʿʝ ʧʨʠʢʘʟʘʥ WAN SDN ʢʦʥʪʨʦʣʝʨ.  

 

NetConf

Southbound API

ʋʧʨʘʚˀ ʘˁʝ 

ʧʨʘʚʠʣʠʤʘ 

ʧʨʦʩʣʝ́ʠʚʘˁʘ

ʆʪʢʨʠʚʘˁʝ 

ʪʦʧʦʣʦʛʠʿʝ

ʇʨʠʢʫʧˀ ʘˁʝ 

ʩʪʘʪʠʩʪʠʯʢʠʭ 

ʧʦʜʘʪʘʢʘ

OpenFlow BGP-LS
ʉʧʝʮʠʬʠʯʥʠ 

ɸPI

ʋʧʨʘʚˀ ʘˁʝ 

ʨʝʩʫʨʩʠʤʘ

ʋʧʨʘʚˀ ʘˁʝ 

ʩʝʨʚʠʩʠʤʘ
ʆʧʪʠʤʠʟʘʮʠʿʘ

Northbound API

ɸʜʘʧʪʘʮʠʿʘ

 

ʉʣʠʢʘ 39: WAN SDN ʢʦʥʪʨʦʣʝʨ 

 

 

ʌʫʥʢʮʠʿʘ ʫʧʨʘʚˀʘˁʘ ʨʝʩʫʨʩʠʤʘ ʠ ʩʝʨʚʠʩʠʤʘ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʦʤʦʛʫ˂ʠ ʢʨʝʠʨʘˁʝ, 

ʘʞʫʨʠʨʘˁʝ ʠ ʫʢʣʘˁʘˁʝ ʨʝʩʫʨʩʘ [137]. ʇʦʨʝʜ ʪʦʛʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʠ ʠ 

ʬʫʥʢʮʠʿʘ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʢʦʿʘ ʥʘ ʦʩʥʦʚʫ ʧʨʠʢʫʧˀʝʥʠʭ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʪʨʝʙʘ 

ʜʘ ʧʨʠʤʝʥʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʨʝ ʫ ʮʠˀʫ ʦʧʪʠʤʘʣʥʦʛ ʢʦʨʠʰ˂ʝˁʘ ʨʝʩʫʨʩʘ (ʥʧʨ. 

ʧʨʦʥʘʣʘʞʝˁʝ ʦʧʪʠʤʘʣʥʝ ʧʫʪʘˁʝ, load-balancing ʠ ʩʣ). Northbound API ʦʤʦʛʫ˂ʘʚʘ 

ʘʧʩʪʨʘʢʪʥʫ ʜʝʬʠʥʠʮʠʿʫ ʩʝʨʚʠʩʘ. ʅʘ ʧʨʠʤʝʨ, ʿʝʜʘʥ ʩʝʨʚʠʩ ʤʦʞʝ ʙʠʪʠ ʜʝʬʠʥʠʩʘʥ 

ʧʨʦʪʦʢʦʣʦʤ, ʥʘʯʠʥʦʤ ʢʦʤʫʥʠʢʘʮʠʿʝ, ʢʨʘʿˁʠʤ ʪʘʯʢʘʤʘ, ʦʜʨʝʹʝʥʠʤ ʘʪʨʠʙʫʪʠʤʘ, ʢʘʦ 

ʰʪʦ ʿʝ QoS. ʌʫʥʢʮʠʿʘ ʫʧʨʘʚˀʘˁʘ ʧʨʘʚʠʣʠʤʘ ʧʨʦʩʣʝʹʠʚʘˁʘ ʜʝʬʠʥʠʰʝ ʪʘʯʘʥ ʩʢʫʧ 

ʧʨʘʚʠʣʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʚʨʰʠ ʧʨʦʩʣʝʹʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ. ʆʚʘ ʧʨʘʚʠʣʘ ʩʝ ʤʦʛʫ 
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ʜʝʬʠʥʠʩʘʪʠ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʢʘ ʦ ʪʦʧʦʣʦʛʠʿʠ ʠʣʠ ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʢʦʿʝ 

ʦʙʝʟʙʝʹʫʿʫ ʬʫʥʢʮʠʿʘ ʫʧʨʘʚˀʘˁʘ ʨʝʩʫʨʩʠʤʘ ʠ ʩʝʨʚʠʩʠʤʘ. ʌʫʥʢʮʠʿʘ ʦʪʢʨʠʚʘˁʘ 

ʪʦʧʦʣʦʛʠʿʝ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʦʙʝʟʙʝʜʠ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʟʘ ʬʫʥʢʮʠʿʫ ʫʧʨʘʚˀʘˁʘ 

ʨʝʩʫʨʩʠʤʘ. ʌʫʥʢʮʠʿʘ ʧʨʠʢʫʧˀʘˁʘ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʦʙʝʟʙʝʜʠ 

ʩʪʘʪʠʩʪʠʯʢʝ ʧʦʜʘʪʢʝ ʦ ʨʝʩʫʨʩʠʤʘ ʠ ʩʝʨʚʠʩʠʤʘ. ʌʫʥʢʮʠʿʘ ʘʜʘʧʪʘʮʠʿʝ ʚʨʰʠ 

ʪʨʘʥʩʣʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʢʦʿʝ ʢʦʨʠʩʪʝ ʬʫʥʢʮʠʿʝ ʫʧʨʘʚˀʘˁʘ ʨʝʩʫʨʩʠʤʘ ʠ ʩʝʨʚʠʩʠʤʘ ʫ 

ʩʧʝʮʠʬʠʯʥʝ ʧʦʜʘʪʢʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʫʨʝʹʘʿʠ. Southbound API ʦʤʦʛʫ˂ʘʚʘ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʩʘ ʤʨʝʞʥʠʤ ʫʨʝʹʘʿʠʤʘ. ʇʦʩʪʦʿʠ ʯʠʪʘʚ ʥʠʟ ʧʨʦʪʦʢʦʣʘ, ʦʜ ʢʦʿʠʭ ʩʫ 

ʥʘʿʟʥʘʯʘʿʥʠʿʠ OpenFlow, NetConf [138], BGP-LS [139], a ʧʦʩʪʦʿʠ ʠ ʤʦʛʫ˂ʥʦʩʪ 

ʢʦʨʠʰ˂ʝˁʘ ʩʧʝʮʠʬʠʯʥʠʭ ʧʨʦʪʦʢʦʣʘ. 

 

 

4.4.4. ʇʨʠʢʘʟ ʩʝʨʚʠʩʘ ʝ-ʦʙʨʘʟʦʚʘˁʘ 

 

ʅʘ ʩʣʠʮʠ 40 ʩʫ ʧʨʠʢʘʟʘʥʠ ʩʝʨʚʠʩʠ ʝ-ʦʙʨʘʟʦʚʘˁʘ. ʄʦʞʝ ʩʝ ʫʦʯʠʪʠ ʚʠʰʝʩʣʦʿʥʘ 

ʩʪʨʫʢʪʫʨʘ ʫ ʢʦʿʦʿ ʩʝ ʨʘʟʣʠʢʫʿʝ ʩʣʝʜʝ˂ʠ ʪʠʧʦʚʠ ʩʝʨʚʠʩʘ: 

¶ ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʩʝʨʚʠʩʠ 

¶ ʉʝʨʚʠʩʠ ʟʘ e-ʦʙʨʘʟʦʚʘˁʝ 

¶ ɺʝʙ-ʧʦʨʪʘʣ 

 

ʉʝʨʚʠʩʠ ʝ-ʦʙʨʘʟʦʚʘˁʘ

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʩʝʨʚʠʩʠ

ʆʩʥʦʚʥʠ ʩʝʨʚʠʩʠ
ʅʘʜʟʦʨ ʠ ʧʨʘ˂ʝˁʝ 

ʧʝʨʬʦʨʤʘʥʩʠ
Backup ʩʝʨʚʠʩʠ

ʉʝʨʚʠʩʠ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ

Cloud ʩʝʨʚʠʩʠ Big data ʩʝʨʚʠʩʠ IoT ʩʝʨʚʠʩʠ

ɺʝʙ ʧʦʨʪʘʣ

ʂʦʨʠʩʥʠʯʢʠ 

ʩʝʨʚʠʩʠ
ʀʟʚʝhʪʘʚʘˁʝ ʆʙʘʚʝhʪʘʚʘˁʝ

ʉʧʝʮʠʬʠʯʥʠ 

ʩʝʨʚʠʩʠ

ʄʦʙʠʣʥʠ ʩʝʨʚʠʩʠ

ʉʠʩʪʝʤ ʟʘ 

ʫʧʨʘʚˀ ʘˁʝ ʫʯʝˁʝʤ

 

ʉʣʠʢʘ 40: ʉʝʨʚʠʩʠ ʝ-ʦʙʨʘʟʦʚʘˁʘ 
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ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʠ ʩʝʨʚʠʩʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚʫ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʦʩʪʘʣʠʭ 

ʩʝʨʚʠʩʘ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʠʥʪʝʨʬʝʿʩ ʢʘ ʜʨʫʛʠʤ ʩʝʨʚʠʩʠʤʘ ʫ ʦʢʚʠʨʫ 

ʚʝʙ-ʧʦʨʪʘʣʘ. ʆʩʥʦʚʥʠ ʩʝʨʚʠʩʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʢˀʫʯʥʫ ʢʦʤʧʦʥʝʥʪʫ ʠ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʤʨʝʞʥʫ ʢʦʥʝʢʪʠʚʥʦʩʪ ʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʩʣʦʿʝʚʘ. ʇʨʠʤʝʨʠ ʦʩʥʦʚʥʠʭ ʩʝʨʚʠʩʘ 

ʩʫ DNS (ʝʥʛ. Domain Name System), ʨʘʟʤʝʥʘ ʝʣʝʢʪʨʦʥʩʢʝ ʧʦʰʪʝ (ʝʥʛ. e-mail), 

ʩʝʨʚʠʩʠ ʟʘ ʫʜʘˀʝʥʠ ʧʨʠʩʪʫʧ ʤʨʝʞʥʠʤ ʨʝʩʫʨʩʠʤʘ ʠʪʜ. ʂʘʢʦ ʙʠ ʤʨʝʞʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʙʝʟʙʝʜʠʣʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ ʢʚʘʣʠʪʝʪʘ ʩʝʨʚʠʩʘ, ʥʝʦʧʭʦʜʥʘ ʿʝ 

ʨʝʘʣʠʟʘʮʠʿʘ ʧʨʦʘʢʪʠʚʥʦʛ ʧʨʘ˂ʝˁʘ ʧʝʨʬʦʨʤʘʥʩʠ ʠ ʥʘʜʟʦʨ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, 

ʰʪʦ ʩʝ ʨʝʘʣʠʟʫʿʝ ʧʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʨʦʪʦʢʦʣʘ (ʥʧʨ. Simple Network 

Management Protocol - SNMP) ʠ ʘʣʘʪʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʦʤ. Backup ʩʝʨʚʠʩʠ 

ʠʤʘʿʫ ʟʘʜʘʪʘʢ ʜʘ ʦʙʝʟʙʝʜʝ ʢʨʝʠʨʘˁʝ ʨʝʟʝʨʚʥʠʭ ʢʦʧʠʿʘ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ ʢʘʢʦ ʙʠ ʩʝ 

ʫ ʩʣʫʯʘʿʫ ʠʥʮʠʜʝʥʪʥʠʭ ʩʠʪʫʘʮʠʿʘ ʩʤʘˁʠʦ ʫʪʠʮʘʿ ʥʘ ʩʝʨʚʠʩʝ ʢʦʨʠʩʥʠʢʘ. 

 

ʉʝʨʚʠʩʠ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʠʤʘʿʫ ʟʘʜʘʪʘʢ ʜʘ ʧʦʜʨʞʝ ʧʨʦʮʝʩ ʦʙʨʘʟʦʚʘˁʘ ʠ 

ʦʙʫʭʚʘʪʘʿʫ: cloud, big data, IoT (ʝʥʛ. Internet of Things) ʠ ʤʦʙʠʣʥʝ ʩʝʨʚʠʩʝ. Cloud 

ʩʝʨʚʠʩʠ ʦʙʫʭʚʘʪʘʿʫ ʩʝʨʚʠʩʝ ʟʘ ʘʜʤʠʥʠʩʪʨʘʮʠʿʫ cloud ʜʝʣʘ ʤʨʝʞʥʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʦʤʦʛʫ˂ʠ ʧʦʩʪʘʚˀʘˁʝ ʠ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʤʨʝʞʥʠʭ 

ʨʝʩʫʨʩʘ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʭʪʝʚʠʤʘ ʥʘʩʪʘʚʥʠʢʘ ʠ ʩʪʫʜʝʥʘʪʘ ʧʨʠʣʠʢʦʤ ʨʝʘʣʠʟʘʮʠʿʝ 

ʥʘʩʪʘʚʝ. Big data ʩʝʨʚʠʩʠ ʦʙʫʭʚʘʪʘʿʫ ʩʝʨʚʠʩʝ ʟʘ ʫʧʨʘʚˀʘˁʝ big data 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ. IoT ʩʝʨʚʠʩʠ ʦʙʫʭʚʘʪʘʿʫ ʩʝʨʚʠʩʝ ʢʦʿʠ ʠʤʘʿʫ ʟʘʜʘʪʘʢ ʜʘ ʦʙʝʟʙʝʜʝ 

ʝʬʠʢʘʩʥʦ ʫʧʨʘʚˀʘˁʝ ʧʘʤʝʪʥʠʤ ʦʢʨʫʞʝˁʠʤʘ, ʢʘʦ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʦʙʨʘʟʦʚʥʝ 

ʩʝʨʚʠʩʝ. ʄʦʙʠʣʥʠ ʩʝʨʚʠʩʠ ʠʤʘʿʫ ʟʘʜʘʪʘʢ ʜʘ ʦʙʝʟʙʝʜʝ ʩʚʝ ʥʘʚʝʜʝʥʝ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʩʝʨʚʠʩʘ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʢʦʨʠʰ˂ʝˁʝʤ ʤʦʙʠʣʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. 

ʇʦʨʝʜ ʦʙʨʘʟʦʚʥʠʭ ʩʝʨʚʠʩʘ ʢʦʿʠ ʩʪʫʜʝʥʪʠʤʘ ʪʨʝʙʘ ʜʘ ʦʤʦʛʫ˂ʝ ʩʘʚʣʘʜʘʚʘˁʝ ʛʨʘʜʠʚʘ 

ʠ ʿʝʜʥʦʩʪʘʚʘʥ ʧʨʠʩʪʫʧ ʨʝʩʫʨʩʠʤʘ ʧʨʝʢʦ ʤʦʙʠʣʥʠʭ ʫʨʝʹʘʿʘ, ʟʘ ʥʘʩʪʘʚʥʠʢʝ ʿʝ ʚʘʞʥʘ 

ʠ ʤʦʛʫ˂ʥʦʩʪ ʫʜʘˀʝʥʦʛ ʧʨʠʩʪʫʧʘ ʟʘ ʘʜʤʠʥʠʩʪʨʘʮʠʿʫ. 

 

ɺʝʙ-ʧʦʨʪʘʣ ʧʨʝʜʩʪʘʚˀʘ ʤʝʩʪʦ ʠʥʪʝʛʨʘʮʠʿʝ ʩʚʠʭ ʩʝʨʚʠʩʘ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ. ʇʨʝʢʦ 

ˁʝʛʘ ʩʝ, ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ, ʧʨʠʩʪʫʧʘ ʩʠʩʪʝʤʫ ʟʘ ʫʧʨʘʚˀʘˁʝ ʫʯʝˁʝʤ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ 

ʢʦʨʠʩʥʠʮʠʤʘ ʢʨʝʠʨʘˁʝ ʠ ʫʧʨʘʚˀʘˁʝ ʢʫʨʩʝʚʠʤʘ, ʫʧʨʘʚˀʘˁʝ ʢʦʨʠʩʥʠʯʢʠʤ 

ʥʘʣʦʟʠʤʘ, ʢʨʝʠʨʘˁʝ ʥʘʩʪʘʚʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠʪʜ. ʇʨʠʤʝʨ ʿʝʜʥʦʛ ʩʠʩʪʝʤʘ ʟʘ 

ʫʧʨʘʚˀʘˁʝ ʫʯʝˁʝʤ ʿʝ Moodle [140]. ɺʝʙ-ʧʦʨʪʘʣ ʧʨʝʜʩʪʘʚˀʘ ʤʝʩʪʦ ʥʘ ʢʦʤʝ ʧʦʩʪʦʿʠ 
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ʥʠʟ ʢʦʨʠʩʥʠʯʢʠʭ ʠʥʪʝʨʬʝʿʩʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʥʠʤ ʨʝʩʫʨʩʠʤʘ, ʢʦʣʘʙʦʨʘʮʠʿʫ, 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʪʜ. ɿʘ ʥʘʩʪʘʚʥʠʢʝ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʝ ʿʝ ʧʦʩʝʙʥʦ ʚʘʞʥʘ ʤʦʛʫ˂ʥʦʩʪ 

ʧʨʘ˂ʝˁʘ ʧʝʨʬʦʨʤʘʥʩʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʧʨʠʢʘʟ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʦ 

ʨʝʘʣʠʟʘʮʠʿʠ ʥʘʩʪʘʚʥʠʭ ʧʨʦʮʝʩʘ, ʢʘʦ ʠ ʤʦʛʫ˂ʥʦʩʪ ʦʙʘʚʝʰʪʘʚʘˁʘ ʦ ʠʥʮʠʜʝʥʪʥʠʤ 

ʩʠʪʫʘʮʠʿʘʤʘ, ʥʘʿʘʚˀʝʥʠʤ ʨʘʜʦʚʠʤʘ ʫ ʤʨʝʞʠ ʠʪʜ. 

 

 

4.4.5. ʇʨʠʢʘʟ ʠʥʪʝʛʨʘʮʠʿʝ ʢʦʤʧʦʥʝʥʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

ʂʦʤʧʦʥʝʥʪʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʝ-ʦʙʨʘʟʦʚʘˁʘ ʤʦʛʫ ʩʝ ʠʥʪʝʛʨʠʩʘʪʠ ʧʨʠʤʝʥʦʤ ʚʝʙ-

ʧʦʨʪʘʣʘ. ʅʘ ʩʣʠʮʠ 41 ʿʝ ʧʨʠʢʘʟʘʥ ʤʦʜʝʣ ʠʥʪʝʛʨʘʮʠʿʝ ʢʦʤʧʦʥʝʥʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʝ-ʦʙʨʘʟʦʚʘˁʘ. ʋ ʧʠʪʘˁʫ ʿʝ ʚʠʰʝʩʣʦʿʥʘ ʠ ʤʦʜʫʣʘʨʥʘ ʩʪʨʫʢʪʫʨʘ, ʪʘʢʦ ʜʘ ʩʝ ʥʘ 

ʿʝʜʥʦʩʪʘʚʘʥ ʥʘʯʠʥ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʧʨʦʰʠʨʝˁʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ, ʪʿ. ʠʥʪʝʛʨʘʮʠʿʘ 

ʥʦʚʠʭ ʧʣʘʪʬʦʨʤʠ. ʀʥʪʝʛʨʘʮʠʿʘ ʩʘ ʦʩʪʘʣʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʩʠʩʪʝʤʘ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

ʩʝ ʚʨʰʠ ʧʨʠʤʝʥʦʤ ʢʦʥʮʝʧʪʘ ʚʝʙ-ʩʝʨʚʠʩʘ. 

 

ʉʣʦʿ ʧʨʠʩʪʫʧʘ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʦʙʝʟʙʝʜʠ ʧʨʠʩʪʫʧ ʤʨʝʞʥʦʿ ʠʥʬʨʘʩʪʨʫʢʪʫʨʠ ʙʝʟ 

ʦʙʟʠʨʘ ʥʘ ʪʠʧ ʫʨʝʹʘʿʘ ʢʦʿʝ ʥʘʩʪʘʚʥʠʮʠ ʠ ʩʪʫʜʝʥʪʠ ʢʦʨʠʩʪʝ. 

 

ʉʣʦʿ ʠʥʪʝʛʨʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʠʥʪʝʨʬʝʿʩ ʢʘ ʢʦʨʠʩʥʠʮʠʤʘ ʠ ʟʘʩʥʦʚʘʥ ʿʝ ʥʘ ʚʝʙ-

ʧʦʨʪʘʣʫ, ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʩʚʝ ʘʧʣʠʢʘʮʠʿʝ ʠ ʩʝʨʚʠʩʝ. ʅʘ ʦʚʦʤ ʩʣʦʿʫ ʧʦʩʪʦʿʠ ʠ ʩʠʩʪʝʤ 

ʟʘ ʫʧʨʘʚˀʘˁʝ ʠʜʝʥʪʠʪʝʪʠʤʘ, ʢʦʿʠ ʠʤʘ ʫʣʦʛʫ ʫ ʘʫʪʝʥʪʠʬʠʢʘʮʠʿʠ ʠ ʘʫʪʦʨʠʟʘʮʠʿʠ 

ʢʦʨʠʩʥʠʢʘ. 

 

ʅʘ ʩʣʦʿʫ ʩʝʨʚʠʩʘ ʩʝ ʥʘʣʘʟʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʨʝʣʘʮʠʦʥʝ ʠ ʥʝʨʝʣʘʮʠʦʥʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ 

ʥʝʦʧʭʦʜʥʝ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʩʝʨʚʠʩʘ ʠ ʘʧʣʠʢʘʮʠʿʘ. ʊʨʝʥʫʪʥʦ ʩʫ ʧʨʝʧʦʟʥʘʪʝ ʦʜʨʝʹʝʥʝ 

ʛʨʫʧʝ ʘʧʣʠʢʘʮʠʿʘ, ʢʘʦ ʰʪʦ ʩʫ IoT ʘʧʣʠʢʘʮʠʿʝ, big data ʘʧʣʠʢʘʮʠʿʝ ʠ SMS 

ʘʧʣʠʢʘʮʠʿʝ, ʘʣʠ ʟʘʭʚʘˀʫʿʫ˂ʠ ʤʦʜʫʣʘʨʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʦʛ ʨʝʰʝˁʘ ʤʦʛʫ˂ʝ ʿʝ ʥʘ 

ʿʝʜʥʦʩʪʘʚʘʥ ʥʘʯʠʥ ʠʟʚʨʰʠʪʠ ʠʥʪʝʛʨʘʮʠʿʫ ʥʦʚʠʭ ʘʧʣʠʢʘʮʠʿʘ. 

 

ʉʣʦʿ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʿʝ ʥʘʿʥʠʞʠ ʩʣʦʿ ʠ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʦʙʝʟʙʝʜʠ ʥʝʦʧʭʦʜʥʝ 

ʨʝʩʫʨʩʝ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʩʝʨʚʠʩʘ ʠ ʘʧʣʠʢʘʮʠʿʘ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʭʪʝʚʠʤʘ ʦʜʨʝʹʝʥʝ 
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ʧʣʘʪʬʦʨʤʝ, ʘ ʯʠʥʝ ʛʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʭʘʨʜʚʝʨʩʢʝ ʠ ʩʦʬʪʚʝʨʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʠʟʤʝʹʫ 

ʢʦʿʠʭ ʤʦʨʘ ʧʦʩʪʦʿʘʪʠ ʤʨʝʞʥʘ ʢʦʥʝʢʪʠʚʥʦʩʪ. 

 

ʄʨʝʞʘ

ʉʦʬʪʚʝʨ

ʉʣʦʿ ʩʝʨʚʠʩʘ

ɺʝʙ ʧʦʨʪʘʣ

ʉʣʦʿ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

ʉʣʦʿ ʠʥʪʝʛʨʘʮʠʿʝ

ʉʣʦʿ ʧʨʠʩʪʫʧʘ

IoT ʘʧʣʠʢʘʮʠʿʝ

ʍʘʨʜʚʝʨ

IoT ʧʣʘʪʬʦʨʤʘ

Big Data ʘʧʣʠʢʘʮʠʿʝ

ʇʦʜʘʮʠ

Big Data ʧʣʘʪʬʦʨʤʘ

SMS ʘʧʣʠʢʘʮʠʿʝ

ʉʝʨʚʝʨ

SMS ʧʣʘʪʬʦʨʤʘ

ɸʧʣʠʢʘʮʠʿʝ

ʈʝʩʫʨʩʠ

ʇʣʘʪʬʦʨʤʘ ʅ

...

ʍʘʨʜʚʝʨ

ɸʧʣʠʢʘʮʠʿʝ ʉʝʨʚʠʩʠʋʧʨʘʚˀ ʘˁʝ ʠʜʝʥʪʠʪʝʪʠʤʘ

ʀʥʪʝʛʨʘʮʠʿʘ ʢʦʤʧʦʥʝʥʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ
 

ʉʣʠʢʘ 41: ʀʥʪʝʛʨʘʮʠʿʘ ʢʦʤʧʦʥʝʥʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

 

 

4.4.6. ʄʦʜʝʣ ʫʧʨʘʚˀʘˁʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ 

 

ʅʘ ʩʣʠʮʠ 42 ʿʝ ʧʨʠʢʘʟʘʥ ʤʦʜʝʣ ʫʧʨʘʚˀʘˁʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ. 

ʈʘʟʣʠʢʫʿʫ ʩʝ ʩʣʝʜʝ˂ʠ ʩʣʦʿʝʚʠ: 

¶ ʉʣʦʿ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

¶ ʉʣʦʿ ʧʨʦʪʦʢʦʣʘ 

¶ ʉʣʦʿ ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʦʤ 

¶ ʉʣʦʿ ʫʧʨʘʚˀʘˁʘ ʩʝʨʚʠʩʠʤʘ 

¶ ʉʣʦʿ ʢʦʨʠʩʥʠʢʘ 
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Cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

ʌʠʟʠʯʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

ʄʦʜʝʣ ʫʧʨʘʚˀ ʘˁʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ

SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

ʂʦʨʠʩʥʠʯʢʠ ʠʥʪʝʨʬʝʿʩ

ʉʣʦʿ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

ʇʨʦʪʦʢʦʣʠ ʟʘ ʫʧʨʘʚˀ ʘˁʝ 

ʬʠʟʠʯʢʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ

ʂʦʥʬʠʛʫʨʘʮʠʿʘ

ʇʨʦʪʦʢʦʣʠ ʟʘ ʫʧʨʘʚˀ ʘˁʝ cloud 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ

ʇʨʦʪʦʢʦʣʠ ʟʘ ʫʧʨʘʚˀ ʘˁʝ SDN 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ

Inventory ʩʠʩʪʝʤ

ʅʘʜʟʦʨ
ʇʨʘ˂ʝˁʝ 

ʧʝʨʬʦʨʤʘʥʩʠ
ɹʝʟʙʝʜʥʦʩʪ

Trouble Ticketing 

ʩʠʩʪʝʤ
ɸʫʪʦʤʘʪʠʟʘʮʠʿʘ ʀʟʚʝhʪʘʚʘˁʝ

ʋʧʨʘʚˀ ʘˁʝ ʠʜʝʥʪʠʪʝʪʠʤʘ

ʅʘʩʪʘʚʥʠʮʠɸʜʤʠʥʠʩʪʨʘʪʦʨʠ

ʉʣʦʿ ʧʨʦʪʦʢʦʣʘ

ʉʣʦʿ ʫʧʨʘʚˀ ʘˁʘ 

ʤʨʝʞʦʤ

ʉʣʦʿ ʫʧʨʘʚˀ ʘˁʘ 

ʩʝʨʚʠʩʠʤʘ

ʉʣʦʿ ʢʦʨʠʩʥʠʢʘ

ʉʪʫʜʝʥʪʠ

 

ʉʣʠʢʘ 42: ʋʧʨʘʚˀʘˁʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

 

ʉʣʦʿ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʯʠʥʝ ʬʠʟʠʯʢʘ, cloud ʠ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʋʧʨʘʚˀʘˁʝ 

ʤʨʝʞʥʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʨʦʪʦʢʦʣʘ ʟʘ 

ʫʧʨʘʚˀʘˁʝ (ʝʥʛ. management protocol). ʂʦʤʧʦʥʝʥʪʝ ʩʣʦʿʘ ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʦʤ ʩʫ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ (ʝʥʛ. configuration management), ʥʘʜʟʦʨ (ʝʥʛ. fault management), 

ʧʨʘ˂ʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ (ʝʥʛ. performance management) ʠ ʙʝʟʙʝʜʥʦʩʪ ʧʨʝʥʦʩʘ 

ʠʥʬʦʨʤʘʮʠʿʘ. ɿʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʦʚʦʛ ʩʣʦʿʘ ʥʝʦʧʭʦʜʘʥ ʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ inventory 

ʩʠʩʪʝʤ. ʅʘ ʩʣʦʿʫ ʫʧʨʘʚˀʘˁʘ ʩʝʨʚʠʩʠʤʘ ʧʦʩʪʦʿʠ ʢʦʨʠʩʥʠʯʢʠ ʠʥʪʝʨʬʝʿʩ ʧʨʝʢʦ ʢʦʛʘ 

ʩʝ ʚʨʰʠ ʫʧʨʘʚˀʘˁʝ. ʇʦʨʝʜ ˁʝʛʘ ʧʦʩʪʦʿʠ ʠ trouble ticketing ʩʠʩʪʝʤ, ʯʠʿʘ ʿʝ ʫʣʦʛʘ 

ʦʪʚʘʨʘˁʝ ʪʠʢʝʪʘ ʟʘ ʫʦʯʝʥʝ ʧʨʦʙʣʝʤʝ ʫ ʬʫʥʢʮʠʦʥʠʩʘˁʫ ʩʠʩʪʝʤʘ, ʢʘʦ ʠ ʩʠʩʪʝʤ ʟʘ 

ʠʟʚʝʰʪʘʚʘˁʝ ʦ ʫʦʯʝʥʠʤ ʧʨʦʙʣʝʤʠʤʘ, ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʩʠʩʪʝʤʘ ʠ ʧʨʠʢʘʟ 

ʨʘʟʣʠʯʠʪʠʭ ʩʪʘʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʚʦʛ ʩʣʦʿʘ ʿʝ ʠ ʧʨʠʤʝʥʘ ʬʫʥʢʮʠʿʝ 
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ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ. ʅʘʿʚʠʰʠ ʩʣʦʿ ʧʨʝʜʩʪʘʚˀʘ ʩʣʦʿ ʢʦʨʠʩʥʠʢʘ ʢʦʿʠ ʧʨʠʩʪʫʧʘʿʫ ʩʠʩʪʝʤʫ 

ʟʘ ʫʧʨʘʚˀʘˁʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ. ɸʜʤʠʥʠʩʪʨʘʪʦʨʠ ʠʤʘʿʫ ʥʘʿʚʠʰʝ ʧʨʠʚʠʣʝʛʠʿʝ ʠ 

ʤʦʛʫ˂ʥʦʩʪ ʫʧʨʘʚˀʘˁʘ ʢʦʤʧʣʝʪʥʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ. ʅʘʩʪʘʚʥʠʮʠ ʠʤʘʿʫ ʦʜʨʝʹʝʥʘ 

ʧʨʘʚʘ ʢʦʿʘ ʠʤ ʦʤʦʛʫ˂ʘʚʘʿʫ ʢʨʝʠʨʘˁʝ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʥʝʦʧʭʦʜʥʝ ʟʘ 

ʨʝʘʣʠʟʘʮʠʿʫ ʢʫʨʩʝʚʘ ʟʘ ʢʦʿʝ ʩʫ ʟʘʜʫʞʝʥʠ, ʜʦʢ ʩʪʫʜʝʥʪʠ ʠʤʘʿʫ ʥʘʿʤʘˁʝ ʧʨʠʚʠʣʝʛʠʿʝ, 

ʘʣʠ ʜʦʚʦˀʥʝ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʥʘʩʪʘʚʥʠʭ ʟʘʜʘʪʘʢʘ ʠ ʧʨʦʿʝʢʘʪʘ ʫ ʦʢʚʠʨʫ ʢʫʨʩʝʚʘ ʢʦʿʝ 

ʧʦʭʘʹʘʿʫ. 

 

 

4.5. ɽʚʘʣʫʘʮʠʿʘ ʧʝʨʬʦʨʤʘʥʩʠ 

 

ɽʚʘʣʫʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ (ʉʣʠʢʘ 43) ʩʘʩʪʦʿʠ ʩʝ ʠʟ ʩʣʝʜʝ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ: 

ʠʟʙʦʨ ʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝʚʘʣʫʘʮʠʿʫ, ʜʝʬʠʥʠʩʘˁʝ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʝʚʘʣʫʘʮʠʿʫ, 

ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʟʘ ʝʚʘʣʫʘʮʠʿʫ, ʘʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ, ʟʘʢˀʫʯʘʢ. 

 

ʀʟʙʦʨ ʜʝʣʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ 

ʝʚʘʣʫʘʮʠʿʫ

ɼʝʬʠʥʠʩʘˁʝ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ 

ʝʚʘʣʫʘʮʠʿʫ

ʇʨʠʢʫʧˀ ʘˁʝ ʧʦʜʘʪʘʢʘ ʟʘ ʝʚʘʣʫʘʮʠʿʫ

ɸʥʘʣʠʟʘ ʧʦʜʘʪʘʢʘ

ɿʘʢˀʫʯʘʢ

 

ʉʣʠʢʘ 43: ɽʚʘʣʫʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ 
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ʂʨʠʪʝʨʠʿʫʤʠ ʧʦ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʝʚʘʣʫʘʮʠʿʘ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ: 

¶ ʊʝʭʥʠʯʢʦ-ʪʝʭʥʦʣʦʰʢʠ 

¶ ʆʙʨʘʟʦʚʥʠ. 

 

ʅʘ ʩʣʠʮʠ 44 ʿʝ ʧʨʠʢʘʟʘʥ ʤʦʜʝʣ ʝʚʘʣʫʘʮʠʿʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ. 

ʇʨʠʢʘʟʘʥʠ ʩʫ ʪʝʭʥʠʯʢʦ-ʪʝʭʥʦʣʦʰʢʠ ʠ ʦʙʨʘʟʦʚʥʠ KPI (ʝʥʛ. Key Performance 

Indicator) ʧʘʨʘʤʝʪʨʠ ʢʦʿʝ ʪʨʝʙʘ ʧʨʘʪʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ 

ʢʚʘʣʠʪʝʪʘ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʩʝʨʚʠʩʘ. 

 

ʄʦʜʝʣ ʝʚʘʣʫʘʮʠʿʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ

ʊʝʭʥʠʯʢʦ-ʪʝʭʥʦʣʦh ʢʠ 

KPI ʧʘʨʘʤʝʪʨʠ

ɱʝʜʥʦʩʪʘʚʥʦʩʪ ʢʦʨʠh ʝ˂ˁʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

ʆʙʨʘʟʦʚʥʠ KPI 

ʧʘʨʘʤʝʪʨʠ
ʋʪʠʮʘʿ ʥʘ ʫʩʚʘʿʘˁʝ ʥʦʚʠʭ ʥʘʩʪʘʚʥʠʭ ʩʘʜʨʞʘʿʘ

ʋʪʠʮʘʿ ʥʘ ʤʦʪʠʚʘʮʠʿʫ ʟʘ ʜʘˀʠ ʨʘʜ

ʇʦʩʪʦʿʘˁʝ ʘʜʝʢʚʘʪʥʝ ʜʦʢʫʤʝʥʪʘʮʠʿʝ

ʌʠʟʠʯʢʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ
Cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ

¶ ɼʦʩʪʫʧʥʦʩʪ 

¶ ʇʦʫʟʜʘʥʦʩʪ

¶ ʂʘh ʝˁˁʝ 

ʧʘʢʝʪʘ

¶ ɺʘʨʠʿʘʮʠʿʘ 

ʢʘh ʝˁˁʘ

¶ ɻʫʙʠʪʘʢ ʧʘʢʝʪʘ

¶ Provisioning 

time

¶ ɿʘʫʟʝʪʦʩʪ 

ʧʨʦʩʧʫʩʥʦʛ 

ʦʧʩʝʛʘ

¶ ɿʘʫʟʝʪʦʩʪ 

ʧʨʦʮʝʩʦʨʘ

¶ ɿʘʫʟʝʪʦʩʪ 

ʤʝʤʦʨʠʿʝ

¶ ɼʦʩʪʫʧʥʦʩʪ 

ʢʦʥʪʨʦʣʝʨʘ/ʩʚʠʯʘ

¶ ʇʦʫʟʜʘʥʦʩʪ 

ʢʦʥʪʨʦʣʝʨʘ/ʩʚʠʯʘ

¶ ʊʘʯʥʦʩʪ 

ʢʦʥʪʨʦʣʝʨʘ/ʩʚʠʯʘ

¶ ʂʘʧʘʮʠʪʝʪ 

ʢʦʥʪʨʦʣʝʨʘ/ʩʚʠʯʘ

¶ ɻʫʙʠʪʘʢ Open 

Flow ʧʦʨʫʢʘ

ʇʨʦʩʝʯʥʦ ʚʨʝʤʝ ʢʨʝʠʨʘˁʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʥʦʚʠ ʧʨʝʜʤʝʪ

 

ʉʣʠʢʘ 44: ʄʦʜʝʣ ʝʚʘʣʫʘʮʠʿʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

 

 

ɼʝʪʘˀʥʠʿʠ ʧʨʠʢʘʟ ʪʝʭʥʠʯʢʦ-ʪʝʭʥʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʿʝ ʜʘʪ ʫ ʪʘʙʝʣʠ 3. 

 



 

80 

 

ʊʘʙʝʣʘ 3: ʊʝʭʥʠʯʢʦ-ʪʝʭʥʦʣʦʰʢʠ ʂPI ʧʘʨʘʤʝʪʨʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

ʅʘʟʠʚ ʆʧʠʩ ɱʝʜʠʥʠʮʘ 

ʌʠʟʠʯʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ɼʦʩʪʫʧʥʦʩʪ ɺʨʝʤʝ ʫ ʢʦʤʝ ʿʝ ʫʨʝʹʘʿ/ʠʥʪʝʨʬʝʿʩ ʦʧʝʨʘʪʠʚʘʥ % 

ʇʦʫʟʜʘʥʦʩʪ 
ʉʧʦʩʦʙʥʦʩʪ ʫʨʝʹʘʿʘ/ʠʥʪʝʨʬʝʿʩʘ ʜʘ ʠʟʚʨʰʘʚʘ 

ʩʚʦʿʫ ʬʫʥʢʮʠʿʫ 
% 

ʂʘʰˁʝˁʝ ʧʘʢʝʪʘ 
ɺʨʝʤʝ ʧʨʝʥʦʩʘ ʧʘʢʝʪʘ ʠʟʤʝʹʫ ʜʚʝ ʪʘʯʢʝ ʫ 

ʤʨʝʞʠ 
msec 

ɻʫʙʠʪʘʢ ʧʘʢʝʪʘ 
ɹʨʦʿ ʧʘʢʝʪʘ ʢʦʿʠ ʥʠʩʫ ʧʨʠʤˀʝʥʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ʫʢʫʧʘʥ ʙʨʦʿ ʧʦʩʣʘʪʠʭ ʧʘʢʝʪʘ 
% 

ɺʘʨʠʿʘʮʠʿʘ ʢʘʰˁʝˁʘ 

(jitter) 

ɺʘʨʠʿʘʥʩʘ ʢʘʰˁʝˁʘ ʧʘʢʝʪʘ ʠʟʤʝʹʫ ʜʚʝ ʪʘʯʢʝ 

ʫ ʤʨʝʞʠ 
msec 

Provisioning time 

ɺʨʝʤʝ ʘʢʪʠʚʘʮʠʿʝ ʩʝʨʚʠʩʘ (ʚʨʝʤʝ ʦʜ 

ʜʝʬʠʥʠʩʘˁʘ ʟʘʭʪʝʚʘ ʟʘ ʩʝʨʚʠʩ ʜʦ ʫʩʧʦʩʪʘʚʝ 

ʩʝʨʚʠʩʘ) 

min 

ɿʘʫʟʝʪʦʩʪ ʧʨʦʧʫʩʥʦʛ 

ʦʧʩʝʛʘ 

ʂʦʣʠʯʠʥʘ ʟʘʫʟʝʪʦʛ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʫʢʫʧʥʠ ʢʘʧʘʮʠʪʝʪ ʣʠʥʢʘ 
% 

Cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ɿʘʫʟʝʪʦʩʪ ʧʨʦʮʝʩʦʨʘ 
ʂʦʣʠʯʠʥʘ ʟʘʫʟʝʪʦʩʪʠ ʧʨʦʮʝʩʦʨʘ ʦʜʥʦʩʫ ʥʘ 

ʫʢʫʧʥʠ ʢʘʧʘʮʠʪʝʪ ʧʨʦʮʝʩʦʨʘ 
% 

ɿʘʫʟʝʪʦʩʪ ʤʝʤʦʨʠʿʝ 
ʂʦʣʠʯʠʥʘ ʟʘʫʟʝʪʝ ʤʝʤʦʨʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʫʢʫʧʥʫ ʤʝʤʦʨʠʿʫ 
% 

SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ɼʦʩʪʫʧʥʦʩʪ ʢʦʥʪʨʦʣʝʨʘ 
ɺʨʝʤʝ ʫ ʢʦʤʝ ʿʝ ʢʦʥʪʨʦʣʝʨ ʥʝʜʦʩʪʫʧʘʥ ʫ 

ʦʜʥʦʩʫ ʥʘ ʫʢʫʧʥʦ ʚʨʝʤʝ ʨʘʜʘ ʢʦʥʪʨʦʣʝʨʘ 
% 

ʇʦʫʟʜʘʥʦʩʪ ʢʦʥʪʨʦʣʝʨʘ 
ʉʧʦʩʦʙʥʦʩʪ ʢʦʥʪʨʦʣʝʨʘ ʜʘ ʠʟʚʨʰʘʚʘ ʩʚʦʿʫ 

ʬʫʥʢʮʠʿʫ 
% 

ʊʘʯʥʦʩʪ ʢʦʥʪʨʦʣʝʨʘ 

(accuracy) 

ɹʨʦʿ ʧʘʢʝʪʘ ʧʨʦʩʣʝʹʝʥʠʭ ʫ ʩʢʣʘʜʫ ʩʘ 

ʧʨʘʚʠʣʠʤʘ ʜʝʬʠʥʠʩʘʥʠʤ ʥʘ ʢʦʥʪʨʦʣʝʨʫ ʫ 

ʦʜʥʦʩʫ ʥʘ ʫʢʫʧʘʥ ʙʨʦʿ ʧʘʢʝʪʘ 

% 

ʂʘʧʘʮʠʪʝʪ ʢʦʥʪʨʦʣʝʨʘ 
ɿʘʫʟʝʪʦʩʪ ʨʝʩʫʨʩʘ ʢʦʥʪʨʦʣʝʨʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʫʢʫʧʘʥ ʢʘʧʘʮʠʪʝʪ 
% 

ɼʦʩʪʫʧʥʦʩʪ ʩʚʠʯʘ 
ɺʨʝʤʝ ʫ ʢʦʤʝ ʿʝ ʩʚʠʯ ʥʝʜʦʩʪʫʧʘʥ ʫ ʦʜʥʦʩʫ ʥʘ 

ʫʢʫʧʥʦ ʚʨʝʤʝ ʨʘʜʘ ʩʚʠʯʘ 
% 

ʇʦʫʟʜʘʥʦʩʪ ʩʚʠʯʘ 
ʉʧʦʩʦʙʥʦʩʪ ʩʚʠʯʘ ʜʘ ʠʟʚʨʰʘʚʘ ʩʚʦʿʫ 

ʬʫʥʢʮʠʿʫ 
% 

ʂʘʧʘʮʠʪʝʪ ʩʚʠʯʘ 
ɿʘʫʟʝʪʦʩʪ ʨʝʩʫʨʩʘ ʩʚʠʯʘ (flow ʪʘʙʝʣʘ) ʫ 

ʦʜʥʦʩʫ ʥʘ ʫʢʫʧʘʥ ʢʘʧʘʮʠʪʝʪ 
% 

ʊʘʯʥʦʩʪ ʩʚʠʯʘ (accuracy) 

ɹʨʦʿ ʧʘʢʝʪʘ ʧʨʦʩʣʝʹʝʥʠʭ ʫ ʩʢʣʘʜʫ ʩʘ 

ʧʨʘʚʠʣʠʤʘ ʜʝʬʠʥʠʩʘʥʠʤ ʥʘ ʩʚʠʯʫ (flow 

ʪʘʙʝʣʘ) ʫ ʦʜʥʦʩʫ ʥʘ ʫʢʫʧʘʥ ʙʨʦʿ ʧʘʢʝʪʘ 

% 

ɻʫʙʠʪʘʢ OpenFlow ʧʦʨʫʢʘ 

ɹʨʦʿ OpenFlow ʧʦʨʫʢʘ ʢʦʿʝ ʥʠʩʫ ʧʨʠʤˀʝʥʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʫʢʫʧʘʥ ʙʨʦʿ ʧʦʩʣʘʪʠʭ OpenFlow 

ʧʦʨʫʢʘ 

% 



 

81 

 

ʊʘʙʝʣʘ 4 ʧʨʠʢʘʟʫʿʝ ʦʙʨʘʟʦʚʥʝ ʂPI ʧʘʨʘʤʝʪʨʝ. ʅʘʚʝʜʝʥʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʤʦʛʫ ʤʝʨʠʪʠ 

ʧʨʠʤʝʥʦʤ ʧʨʠʣʘʛʦʹʝʥʦʛ USE ʫʧʠʪʥʠʢʘ [141]. 

 

ʊʘʙʝʣʘ 4: ʆʙʨʘʟʦʚʥʠ ʂPI ʧʘʨʘʤʝʪʨʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

ʅʘʟʠʚ ʆʧʠʩ 

ɺʨʝʤʝ ʢʨʝʠʨʘˁʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ 

ʥʦʚʠ ʥʘʩʪʘʚʥʠ 

ʧʨʝʜʤʝʪ 

ʇʨʦʩʝʯʥʦ ʚʨʝʤʝ ʦʜ ʜʝʬʠʥʠʩʘˁʘ ʟʘʭʪʝʚʘ ʜʦ ʨʝʘʣʠʟʘʮʠʿʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʥʦʚʠ ʥʘʩʪʘʚʥʠ ʧʨʝʜʤʝʪ 

ʇʨʠʩʪʫʧʘʯʥʦʩʪ 
ɱʝʜʥʦʩʪʘʚʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-

ʦʙʨʘʟʦʚʘˁʝ 

ʆʮʝʥʘ ʟʥʘˁʘ 
ʅʠʚʦ ʩʪʝʯʝʥʦʛ ʟʥʘˁʘ ʢʦʨʠʰ˂ʝˁʝʤ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

ʄʦʪʠʚʘʮʠʿʘ 
ʉʪʝʧʝʥ ʤʦʪʠʚʠʩʘʥʦʩʪʠ ʩʪʫʜʝʥʪʘ ʜʘ ʩʪʝʢʥʝ ʠ ʧʨʦʰʠʨʠ 

ʟʥʘˁʘ ʢʦʨʠʰ˂ʝˁʝʤ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

ɼʦʢʫʤʝʥʪʘʮʠʿʘ 
ʇʦʩʪʦʿʘˁʝ ʘʜʝʢʚʘʪʥʝ ʜʦʢʫʤʝʥʪʘʮʠʿʝ ʟʘ ʢʦʨʠʰ˂ʝˁʝ SDN 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

ɿʘʜʦʚʦˀʩʪʚʦ 

ʩʪʫʜʝʥʘʪʘ 

ʉʪʝʧʝʥ ʟʘʜʦʚʦˀʩʪʚʘ ʩʪʫʜʝʥʘʪʘ ʫ ʧʨʦʮʝʩʫ ʢʦʨʠʰ˂ʝˁʘ 

SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

ɿʘʜʦʚʦˀʩʪʚʦ 

ʥʘʩʪʘʚʥʠʢʘ 

ʉʪʝʧʝʥ ʟʘʜʦʚʦˀʩʪʚʘ ʥʘʩʪʘʚʥʠʢʘ ʫ ʧʨʦʮʝʩʫ ʢʦʨʠʰ˂ʝˁʘ 

SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ 

 

 

ɽʚʘʣʫʘʮʠʿʘ ʧʝʨʬʦʨʤʘʥʩʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʝ-ʦʙʨʘʟʦʚʘˁʝ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ ʤʨʝʞʘʤʘ ʿʝ ʢʦʤʧʣʝʢʩʘʥ ʧʨʦʮʝʩ. ʇʨʦʘʢʪʠʚʥʦ ʧʨʘ˂ʝˁʝ 

ʪʝʭʥʠʯʢʦ-ʪʝʭʥʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʪʨʝʙʘ ʜʘ ʦʤʦʛʫ˂ʠ ʧʦʫʟʜʘʥ ʨʘʜ ʠ ʚʠʩʦʢ ʩʪʝʧʝʥ 

ʜʦʩʪʫʧʥʦʩʪʠ ʫʨʝʹʘʿʘ ʠ ʩʝʨʚʠʩʘ ʫ ʘʢʘʜʝʤʩʢʦʤ ʦʢʨʫʞʝˁʫ. ʇʦʜʿʝʜʥʘʢʦ ʿʝ ʚʘʞʥʦ 

ʧʨʘ˂ʝˁʝ ʠ ʦʙʨʘʟʦʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʧʦʰʪʦ ʦʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʟʘ 

ʫʥʘʧʨʝʹʝˁʝ ʧʨʦʮʝʩʘ ʝʜʫʢʘʮʠʿʝ. ɽʚʘʣʫʘʮʠʿʘ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʩʠʩʪʝʤʫ 

ʿʝ ʧʨʝʜʤʝʪ ʙʫʜʫ˂ʠʭ ʠʩʪʨʘʞʠʚʘˁʘ.  
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5. ʆɹʈɸɿʆɺʅʀ ʄʆɼʋʃ ɿɸ ʋʏɽɳɽ ʉʆʌʊɺɽʈʉʂʀ 

ɼɽʌʀʅʀʉɸʅʀʍ ʄʈɽɾɸ 

 

ʇʨʦʮʝʩ ʩʪʠʮʘˁʘ ʟʥʘˁʘ ʫ ʦʙʣʘʩʪʠ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ ʿʝ ʢʦʤʧʣʝʢʩʘʥ ʧʦʰʪʦ ʟʘʭʪʝʚʘ 

ʜʘ ʩʪʫʜʝʥʪʠ ʩʪʝʢʥʫ ʟʥʘˁʘ ʦ ʨʘʟʣʠʯʠʪʠʤ ʤʨʝʞʥʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ, ʧʨʦʪʦʢʦʣʠʤʘ ʠ 

ʤʨʝʞʥʠʤ ʫʨʝʹʘʿʠʤʘ. ʋʚʦʹʝˁʝ ʢʦʥʮʝʧʪʘ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ ʫ ʤʨʝʞʝ, ʪʝʞˁʘ ʢʘ 

ʫʥʠʬʠʢʘʮʠʿʠ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ ʠ ʧʨʠʤʝʥʠ ʨʝʰʝˁʘ ʦʪʚʦʨʝʥʦʛ ʩʪʘʥʜʘʨʜʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚʥʝ ʩʤʝʨʥʠʮʝ ʢʦʿʝ ʿʝʜʘʥ ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʤʦʨʘ 

ʜʘ ʧʦʜʨʞʠ. ʆʩʥʦʚʥʠ ʧʨʦʙʣʝʤ ʢʦʿʠ ʧʦʩʪʦʿʠ ʿʝ ʧʦʩʣʝʜʠʮʘ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ SDN ʥʦʚʘ 

ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʘ ʩʝ ʨʘʟʚʠʿʘ, ʰʪʦ ʫʪʠʯʝ ʠ ʥʘ ʧʦʪʨʝʙʫ ʟʘ ʢʦʥʪʠʥʫʘʣʥʠʤ ʠʟʤʝʥʘʤʘ 

ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ. ɼʘ ʙʠ ʧʨʦʮʝʩ ʝʜʫʢʘʮʠʿʝ ʫ ʦʙʣʘʩʪʠ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ 

ʤʨʝʞʘ ʙʠʦ ʫʩʧʝʰʘʥ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʩʪʫʜʝʥʪʠʤʘ ʧʨʫʞʠ ʬʫʥʜʘʤʝʥʪʘʣʥʘ ʟʥʘˁʘ ʦ 

ʤʨʝʞʥʠʤ ʢʦʥʮʝʧʪʠʤʘ ʠ ʥʘʯʠʥʠʤʘ ʜʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʥʦʚʝ ʪʝʭʥʦʣʦʛʠʿʝ ʧʨʠʤʝʥʝ ʫ 

ʧʨʦʜʫʢʮʠʦʥʠʤ ʤʨʝʞʥʠʤ ʦʢʨʫʞʝˁʠʤʘ ʩʘ ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʦʤ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ. ɿʘʪʦ 

ʩʝ ʫ ʧʨʦʮʝʩʫ ʝʜʫʢʘʮʠʿʝ ʫ ʦʙʣʘʩʪʠ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʧʦʩʝʙʥʘ ʧʘʞˁʘ 

ʤʦʨʘ ʧʦʩʚʝʪʠʪʠ ʧʨʘʢʪʠʯʥʦʤ ʨʘʜʫ ʠ ʨʝʘʣʠʟʘʮʠʿʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʝʞʙʠ [142]. ʉʚʝ 

ʦʚʦ ʪʨʝʙʘ ʩʪʫʜʝʥʪʝ ʜʘ ʧʨʠʧʨʝʤʠ ʟʘ ʙʫʜʫ˂ʠ ʨʘʜ ʠ ʠʟʘʟʦʚʝ ʫ ʨʝʘʣʥʠʤ ʤʨʝʞʥʠʤ 

ʦʢʨʫʞʝˁʠʤʘ. ʎʠˀ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʜʘ ʧʨʝʜʩʪʘʚʠ ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʟʘ ʫʯʝˁʝ 

ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʠ ʜʘ ʜʦʧʨʠʥʦʩ ʫ ʧʨʦʮʝʩʫ ʬʦʨʤʘʣʠʟʘʮʠʿʝ ʧʨʦʮʝʩʘ 

ʝʜʫʢʘʮʠʿʝ ʫ ʦʙʣʘʩʪʠ ʥʦʚʠʭ ʤʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʢʘʦ ʰʪʦ ʿʝ SDN. 

 

 

5.1. ʇʨʦʿʝʢʪʥʠ ʟʘʭʪʝʚʠ 

 

ʆʩʥʦʚʥʠ ʮʠˀ ʧʨʦʿʝʢʪʘ ʿʝʩʪʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʧʠʣʦʪ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ 

ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʫ ʦʢʚʠʨʫ ʃʘʙʦʨʘʪʦʨʠʿʝ ʟʘ ʝʣʝʢʪʨʦʥʩʢʦ ʧʦʩʣʦʚʘˁʝ 

ʥʘ ʌʘʢʫʣʪʝʪʫ ʦʨʛʘʥʠʟʘʮʠʦʥʠʭ ʥʘʫʢʘ ʫ ɹʝʦʛʨʘʜʫ. ʀʤʧʣʝʤʝʥʪʠʨʘʥʠ ʦʙʨʘʟʦʚʥʠ 

ʤʦʜʫʣ ʪʨʝʙʘ ʜʘ ʫʥʘʧʨʝʜʠ ʧʨʦʮʝʩ ʦʙʨʘʟʦʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʦ-

ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʦʩʪʚʘʨʠ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ ʥʘ ʠʩʭʦʜʝ ʫʯʝˁʘ 

ʩʪʫʜʝʥʘʪʘ ʠ ʧʨʦʮʝʩ ʧʨʠʧʨʝʤʝ ʦʙʨʘʟʦʚʥʠʭ ʨʝʩʫʨʩʘ ʫʯʠʥʠ ʿʝʜʥʦʩʪʘʚʥʠʤ. 
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ʋ ʨʝʘʣʠʟʘʮʠʿʠ ʧʨʦʿʝʢʪʘ ʧʨʝʧʦʟʥʘʪʝ ʩʫ ʩʣʝʜʝ˂ʝ ʦʩʥʦʚʥʝ ʘʢʪʠʚʥʦʩʪʠ: 

¶ ʇʨʠʧʨʝʤʘ ʥʘʩʪʘʚʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

¶ ʇʨʠʧʨʝʤʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʨʝʩʫʨʩʘ (ʭʘʨʜʚʝʨ, ʩʦʬʪʚʝʨ, ʤʨʝʞʘ) 

¶ ʈʝʘʣʠʟʘʮʠʿʘ ʥʘʩʪʘʚʥʦʛ ʧʨʦʮʝʩʘ 

¶ ɽʚʘʣʫʘʮʠʿʘ ʧʨʠʤʝʥʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

 

ɽʚʘʣʫʘʮʠʿʘ ʩʝ ʚʨʰʠ ʩʘ ʦʙʨʘʟʦʚʥʦʛ ʘʩʧʝʢʪʘ. ʆʙʨʘʟʦʚʥʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʫ 

ʪʦʢʫ ʨʝʘʣʠʟʘʮʠʿʝ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

ʧʨʘ˂ʝˁʝʤ ʧʝʨʬʦʨʤʘʥʩʠ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʮʝʩʘ. ɽʚʘʣʫʘʮʠʿʘ ʦʙʨʘʟʦʚʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʩʝ ʦʙʘʚˀʘ ʥʘ ʜʚʘ ʥʘʯʠʥʘ: ʦʙʨʘʜʦʤ ʨʝʟʫʣʪʘʪʘ ʠʩʧʠʪʘ ʟʘ ʧʨʦʚʝʨʫ ʩʪʝʯʝʥʦʛ ʟʥʘˁʘ 

ʩʪʫʜʝʥʘʪʘ ʠ ʦʙʨʘʜʦʤ ʫʧʠʪʥʠʢʘ ʢʦʿʠ ʩʪʫʜʝʥʪʠ ʧʦʧʫˁʘʚʘʿʫ. ʅʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ 

ʨʝʟʫʣʪʘʪʘ ʩʝ ʫʪʚʨʹʫʿʝ ʜʘ ʣʠ ʠ ʫ ʢʦʿʦʿ ʤʝʨʠ ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ ʫʥʘʧʨʝʹʝˁʫ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʮʝʩʘ ʠ ʠʩʭʦʜʘ 

ʫʯʝˁʘ. 

 

 

5.2. ʇʨʦʮʝʩ ʢʨʝʠʨʘˁʘ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ 

ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

 

ʋ ʮʠˀʫ ʩʪʠʮʘˁʘ ʟʥʘˁʘ ʫ ʦʙʣʘʩʪʠ ʥʦʚʠʭ ʤʨʝʞʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ, ʢʘʦ ʰʪʦ ʿʝ SDN, 

ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʝʚʘʟʠ˂ʠ ʥʝʜʦʩʪʘʪʢʝ ʢʦʿʠ ʧʦʩʪʦʿʝ ʢʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʥʘʯʠʥʘ 

ʝʜʫʢʘʮʠʿʝ [143]. ʀʘʢʦ ʧʦʩʪʦʿʠ ʦʜʨʝʹʝʥ ʙʨʦʿ ʦʙʨʘʟʦʚʥʠʭ ʤʦʜʫʣʘ ʢʦʿʠ ʩʫ 

ʨʝʘʣʠʟʦʚʘʥʠ ʥʘ ʫʥʠʚʝʨʟʠʪʝʪʠʤʘ ʰʠʨʦʤ ʩʚʝʪʘ [144], ʫ ʧʨʘʢʩʠ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ 

ʨʝʘʣʠʟʘʮʠʿʘ ʦʚʘʢʚʦʛ ʤʦʜʫʣʘ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʧʣʝʢʩʘʥ ʟʘʜʘʪʘʢ. ʇʨʝ ʩʚʝʛʘ, SDN 

ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʟʘʭʪʝʚʘ ʜʘ ʩʪʫʜʝʥʪʠ ʩʪʝʢʥʫ ʦʜʨʝʹʝʥʘ ʟʥʘˁʘ ʠʟ ʦʙʣʘʩʪʠ 

ʧʨʦʛʨʘʤʠʨʘˁʘ [10], ʘʣʠ ʠ ʜʘ ʩʪʝʢʥʫ ʧʨʘʢʪʠʯʥʦ ʠʩʢʫʩʪʚʦ [145]. ʆʚʦ ʩʫ ʦʩʥʦʚʥʠ 

ʨʘʟʣʦʟʠ ʟʘ ʧʨʠʤʝʥʫ ʧʝʜʘʛʦʰʢʦʛ ʤʦʜʝʣʘ ʟʘʩʥʦʚʘʥʦʛ ʥʘ problem-based ʫʯʝˁʫ ʠʣʠ 

flipped ʫʯʠʦʥʠʮʘʤʘ [146]. ʇʨʠʤʝʨ ʜʦʙʨʝ ʧʨʘʢʩʝ ʧʨʠʤʝʥʝ problem-based ʫʯʝˁʘ 

ʧʨʠʤʝʥʦʤ ʧʨʦʮʝʩʘ ʝʤʫʣʘʮʠʿʝ ʤʨʝʞʝ ʿʝ ʦʧʠʩʘʥ ʫ [147]. 

 

ʇʨʠʣʠʢʦʤ ʢʨʝʠʨʘˁʘ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʢʨʝʠʨʘʪʠ ʦʩʥʦʚʫ ʟʘ 

ʿʝʜʥʦʩʪʘʚʥʦ ʨʘʟʫʤʝʚʘˁʝ ʧʦʩʪʦʿʝ˂ʠʭ ʨʝʰʝˁʘ ʠ ʝʬʠʢʘʩʥʫ ʧʨʠʤʝʥʫ ʙʫʜʫ˂ʠʭ 
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ʪʝʭʥʦʣʦʛʠʿʘ [136] ʠʤʘʿʫ˂ʠ ʥʘ ʫʤʫ ʜʘ ʿʝ SDN ʥʦʚʘ ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʘ ʩʝ ʙʨʟʦ ʨʘʟʚʠʿʘ. 

ʂʘʢʦ ʙʠ ʜʠʟʘʿʥ ʙʠʦ ʝʬʠʢʘʩʘʥ ʠ ʠʥʪʝʨʦʧʝʨʘʙʠʣʘʥ ʠ ʦʤʦʛʫ˂ʠʦ ʜʘˀʝ ʠʟʤʝʥʝ 

ʧʨʠʤʝʥʦʤ ʨʘʟʚʠʿʝʥʠʭ ʘʧʣʠʢʘʮʠʿʘ, ʢʦʨʠʩʪʝ ʩʝ open-standard ʨʝʰʝˁʘ. 

 

ʅʘ ʦʩʥʦʚʫ ʜʝʪʘˀʥʝ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʝ ʠ ʧʨʠʤʝʨʘ ʜʦʙʨʝ ʧʨʘʢʩʝ ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ 

SDN ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʪʨʝʙʘ ʜʘ ʧʦʢʨʠʿʝ ʩʣʝʜʝ˂ʝ ʦʙʣʘʩʪʠ [148]: 

¶ ʈʘʟʣʠʢʝ ʠʟʤʝʹʫ SDN ʠ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʤʨʝʞʘ, ʢʘʦ ʠ ʠʟʤʝʹʫ 

ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʦʛ ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʦʤ. 

¶ ɸʧʩʪʨʘʢʮʠʿʘ ʠ ʚʠʨʪʫʝʣʠʟʘʮʠʿʘ ʫ SDN ʤʨʝʞʘʤʘ. 

¶ ʇʨʦʛʨʘʤʠʨʘˁʝ SDN ʢʦʥʪʨʦʣʝʨʘ ʠ API-ʿʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ open-source 

ʧʨʦʪʦʢʦʣʠʤʘ ʠ ʩʪʘʥʜʘʨʜʠʤʘ, ʢʘʦ ʰʪʦ ʿʝ OpenFlow ʧʨʦʪʦʢʦʣ. 

¶ ʉʣʫʯʘʿʝʚʠ ʢʦʨʠʰ˂ʝˁʘ ʫ ʭʠʙʨʠʜʥʠʤ ʤʨʝʞʘʤʘ ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʠ 

ʚʠʨʪʫʝʣʥʠʤ ʫʨʝʹʘʿʠʤʘ. 

¶ SDN ʘʧʣʠʢʘʮʠʿʝ, ʫʢˀʫʯʫʿʫ˂ʠ firewall ʠ load balancing. 

 

ʇʨʦʮʝʩ ʢʨʝʠʨʘˁʘ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ ʧʝʪ ʬʘʟʘ, ʢʘʦ ʰʪʦ 

ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 45. 

 

2. ʌ
ʘʟʘ ʧʣʘʥʠʨʘˁ
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ʨ
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4. ʌʘʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ

5
. ʌ
ʘʟʘ ʝʚ

ʘʣ
ʫ
ʘʮ
ʠʿ
ʝ

¶ ʇʨʠʧʨʝʤʘ 
ʥʘʩʪʘʚʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ

¶ ʇʣʘʥʠʨʘˁʝ 
ʭʘʨʜʚʝʨʩʢʠʭ, 

ʩʦʬʪʚʝʨʩʢʠʭ ʠ 

ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ

¶ ʈʝʟʝʨʚʘʮʠʿʘ 
ʭʘʨʜʚʝʨʩʢʠʭ, 

ʩʦʬʪʚʝʨʩʢʠʭ ʠ 

ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ

¶ ɼʝʬʠʥʠʩʘˁʝ 
ʩʘʜʨʞʘʿʘ ʦʙʨʘʟʦʚʥʦʛ 

ʤʦʜʫʣʘ

¶ ɸʥʘʣʠʟʘ ʧʦʪʨʝʙʘ ʠ 
ʤʦʛʫ˂ʥʦʩʪʠ ʫʯʝˁʘ 

ʩʪʫʜʝʥʘʪʘ

¶ ʈʝʘʣʠʟʘʮʠʿʘ 
ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ

¶ ʂʦʨʠh ʝ˂ˁʝ 

ʨʝʟʝʨʚʠʩʘʥʠʭ ʨʝʩʫʨʩʘ

¶ ʇʨʘ˂ʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

¶ ʇʨʦʚʝʨʘ ʟʥʘˁʘ 
ʩʪʫʜʝʥʘʪʘ

¶ ʇʦʚʨʘʪʥʘ 
ʠʥʬʦʨʤʘʮʠʿʘ 

ʩʪʫʜʝʥʘʪʘ ʦ 

ʦʙʨʘʟʦʚʥʦʤ 

ʤʦʜʫʣʫ

 

ʉʣʠʢʘ 45: ʌʘʟʝ ʫ ʢʨʝʠʨʘˁʫ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ [148] 
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5.3. ʇʨʦʿʝʢʪʦʚʘˁʝ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʟʘ 

ʫʯʝˁʝ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ ʤʨʝʞʘ 

 

5.3.1. ʌʘʟʘ ʧʨʠʧʨʝʤʝ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ 

 

ɼʝʬʠʥʠʩʘˁʝ ʩʘʜʨʞʘʿʘ ʠ ʮʠˀʘ ʧʨʝʜʤʝʪʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʤʝʨʠʤʘ ʜʦʙʨʝ ʧʨʘʢʩʝ ʠ 

ʧʦʪʨʝʙʘʤʘ ʠ ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʫʯʝˁʘ ʩʪʫʜʝʥʘʪʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʚʠ ʢʦʨʘʢ ʫ ʬʘʟʠ 

ʧʨʠʧʨʝʤʝ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ. ʋ ʦʚʦʿ ʬʘʟʠ ʩʝ ʜʝʬʠʥʠʰʝ ʤʝʪʦʜ ʫʯʝˁʘ, ʘ 

ʧʨʝʧʦʨʫʢʘ ʿʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʢʦʤʙʠʥʘʮʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʠʩʪʫʧʘ. ʇʦʨʝʜ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ ʧʨʝʜʘʚʘˁʘ ʫ ʫʯʠʦʥʠʮʠ (ʝʥʛʣ. face-to-face), ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ 

ʟʘʭʪʝʚʘ ʧʨʠʤʝʥʫ ʠ ʤʫʣʪʠʤʝʜʠʿʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʘʢʪʠʯʘʥ ʨʘʜ ʩʪʫʜʝʥʘʪʘ ʿʝ ʚʘʞʘʥ 

ʜʝʦ ʦʚʦʛ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ, ʧʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʠʧʨʝʤʠʪʠ ʧʠʩʘʥʝ ʠʥʩʪʨʫʢʮʠʿʝ ʠ 

ʨʝʰʝˁʘ ʟʘ ʩʚʝ ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʝʞʙʝ. ʊʘʢʦʹʝ, ʫ ʦʚʦʿ ʬʘʟʠ ʩʝ ʜʝʬʠʥʠʰʝ ʧʨʦʮʝʩ 

ʧʨʦʚʝʨʝ ʩʪʝʯʝʥʦʛ ʟʥʘˁʘ ʠ ʦʥ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʙʠʥʘʮʠʿʫ ʫʩʤʝʥʝ ʦʜʙʨʘʥʝ ʧʨʦʿʝʢʪʘ ʠ 

ʟʘʚʨʰʥʦʛ ʪʝʩʪʘ ʩʘ ʧʠʪʘˁʠʤʘ ʩʘ ʚʠʰʝʩʪʨʫʢʠʤ ʧʦʥʫʹʝʥʠʤ ʦʜʛʦʚʦʨʠʤʘ (ʝʥʛʣ. 

multiple-choice). ʅʘ ʢʨʘʿʫ ʨʝʘʣʠʟʘʮʠʿʝ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʩʝ ʧʦʤʦ˂ʫ ʫʧʠʪʥʠʢʘ 

ʚʨʰʠ ʝʚʘʣʫʘʮʠʿʘ ʤʠʰˀʝˁʘ ʩʪʫʜʝʥʘʪʘ ʦ ʦʜʨʞʘʥʦʤ ʦʙʨʘʟʦʚʥʦʤ ʤʦʜʫʣʫ. 

 

 

5.3.2. ʌʘʟʘ ʧʣʘʥʠʨʘˁʘ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ 

 

ʊʘʙʝʣʘ 5 ʧʨʠʢʘʟʫʿʝ ʧʨʝʜʣʦʞʝʥʫ ʩʪʨʫʢʪʫʨʫ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ. ʆʙʨʘʟʦʚʥʠ 

ʤʦʜʫʣ ʿʝ ʧʦʜʝˀʝʥ ʥʘ ʪʨʠ ʜʝʣʘ. ʋ ʧʨʚʦʤ ʜʝʣʫ ʩʝ ʠʟʫʯʘʚʘʿʫ ʦʩʥʦʚʥʠ ʢʦʥʮʝʧʪʠ 

ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ ʢʘʦ ʰʪʦ ʩʫ ʨʫʪʠʨʘˁʝ, switching, IP ʘʜʨʝʩʠʨʘˁʝ ʠʪʜ. ʇʨʘʢʪʠʯʘʥ 

ʨʘʜ ʫ ʦʚʦʤ ʜʝʣʫ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʭʘʨʜʚʝʨʩʢʠʤ ʤʨʝʞʥʠʤ 

ʫʨʝʹʘʿʠʤʘ ʠ ʤʨʝʞʥʠʤ ʩʠʤʫʣʘʪʦʨʠʤʘ. ʋ ʜʨʫʛʦʤ ʜʝʣʫ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ 

ʩʪʫʜʝʥʪʠ ʩʝ ʫʧʦʟʥʘʿʫ ʩʘ ʚʠʨʪʫʝʣʠʟʘʮʠʿʦʤ ʠ cloud computing ʪʝʭʥʦʣʦʛʠʿʦʤ 

ʢʦʨʠʩʪʝ˂ʠ OpenStack [149]. ɿʘʚʨʰʥʠ ʜʝʦ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʚʨʰʠ ʠʥʪʝʛʨʘʮʠʿʫ 

ʩʪʝʯʝʥʦʛ ʟʥʘˁʘ ʠ ʠʟʫʯʘʚʘ ʧʨʦʛʨʘʤʘʙʠʣʥʝ ʢʦʤʧʦʥʝʥʪʝ ʤʨʝʞʝ ʩʧʝʮʠʬʠʯʥʝ ʟʘ SDN. 

ʇʨʘʢʪʠʯʘʥ ʨʘʜ ʫ ʦʚʦʤ ʩʝʛʤʝʥʪʫ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʢʦʨʠʰ˂ʝˁʫ Mininet ʩʠʤʫʣʘʪʦʨʘ 

[106] ʠ OpenDaylight SDN ʢʦʥʪʨʦʣʝʨʘ [75]. 
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ʊʘʙʝʣʘ 5: ʉʪʨʫʢʪʫʨʘ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ [148] 

ʊʝʤʘ ʎʠ  ˀ ʉʘʜʨʞʘʿ 
ɸʣʘʪʠ ʠ 

ʪʝʭʥʦʣʦʛʠʿʝ 
ʄʝʪʦʜ ʫʯʝˁʘ 

ʆʩʥʦʚʥʠ 

ʢʦʥʮʝʧʪʠ 

ʨʘʯʫʥʘʨʩʢʠʭ 

ʤʨʝʞʘ 

ʉʪʠʮʘˁʝ ʟʥʘˁʘ ʫ 

ʦʙʣʘʩʪʠ 

ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ 

ʠ ʪʝʭʥʦʣʦʛʠʿʘ 

ʥʝʦʧʭʦʜʥʠʭ ʟʘ 

ʝʬʠʢʘʩʥʫ 

ʨʝʘʣʠʟʘʮʠʿʫ 

ʢʦʤʧʣʝʢʩʥʠʭ 

ʤʨʝʞʥʠʭ 

ʘʨʭʠʪʝʢʪʫʨʘ 

¶ ʊʨʘʜʠʮʠʦʥʘʣʥʝ 
ʨʘʯʫʥʘʨʩʢʝ 

ʤʨʝʞʝ 

¶ ʂʣʘʩʠʬʠʢʘʮʠʿʘ 
ʨʘʯʫʥʘʨʩʢʠʭ 

ʤʨʝʞʘ 

¶ ʈʝʬʝʨʝʥʪʥʠ 
ʤʨʝʞʥʠ ʤʦʜʝʣʠ 

¶ ʇʨʦʪʦʢʦʣʠ ʫ 
ʨʘʯʫʥʘʨʩʢʠʤ 

ʤʨʝʞʘʤʘ 

¶ ʅʝʜʦʩʪʘʮʠ 
ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ 

ʨʘʯʫʥʘʨʩʢʠʭ 

ʤʨʝʞʘ 

¶ ʄʨʝʞʥʠ 
ʫʨʝʹʘʿʠ 

¶ ʄʨʝʞʥʠ 
ʩʠʤʫʣʘʪʦʨ 

ʇʨʝʜʘʚʘˁʝ: 

Face-to-face 

ʧʨʝʜʘʚʘˁʝ 

ʇʠʩʘʥʝ 

ʠʥʩʪʨʫʢʮʠʿʝ 

ʄʫʣʪʠʤʝʜʠʿʘʣʥʠ 

ʤʘʪʝʨʠʿʘʣʠ 

 

 

 

ʋʯʝˁʝ: 

ʇʨʘʢʪʠʯʘʥ ʨʘʜ 

ʇʨʦʿʝʢʘʪ/case 

study 

ʂʚʠʟʦʚʠ 

 

 

 

ʇʨʦʚʝʨʘ ʟʥʘˁʘ: 

ʋʩʤʝʥʠ ʠʩʧʠʪ 

ʊʝʩʪʦʚʠ 

 

 

 

ɽʚʘʣʫʘʮʠʿʘ: 

ʋʧʠʪʥʠʢ 

ʇʨʠʤʝʥʘ ʪʝʦʨʠʿʩʢʦʛ 

ʟʥʘˁʘ, 

ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʠ 

ʢʚʘʣʠʪʘʪʠʚʥʝ 

ʤʝʪʦʜʝ ʟʘ ʢʨʝʠʨʘˁʝ 

ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ 

ɺʠʨʪʫʝʣʠʟʘʮʠʿʘ 

ʠ cloud 

computing 

ʉʪʠʮʘˁʝ ʟʥʘˁʘ ʫ 

ʦʙʣʘʩʪʠ 

ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ, ʩʘ 

ʬʦʢʫʩʦʤ ʥʘ 

ʚʠʨʪʫʝʣʠʟʘʮʠʿʫ 

ʤʨʝʞʝ 

 

 

 

¶ ʂʦʥʮʝʧʪ 
ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ 

¶ ɺʠʨʪʫʝʣʠʟʘʮʠʿʘ 
ʤʨʝʞʝ 

¶ Open vSwitch 

¶ ʆʩʥʦʚʥʠ 
ʢʦʥʮʝʧʪʠ cloud 

computing 

ʪʝʭʥʦʣʦʛʠʿʝ 

¶ OpenStack 

¶ OpenStack 

¶ Open 

vSwitch 

ʄʦʜʝʣʠʨʘˁʝ ʥʦʚʠʭ 

ʨʝʰʝˁʘ ʠ ʨʝʰʘʚʘˁʝ 

ʪʨʝʥʫʪʥʠʭ ʧʨʦʙʣʝʤʘ 

ʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʠ 

cloud computing 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ 

ʩʝʨʚʠʩʘ 

ʂʨʝʠʨʘˁʝ ʤʦʜʝʣʘ 

cloud 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, 

ʘʧʣʠʢʘʮʠʿʘ ʠ cloud 

ʩʝʨʚʠʩʘ 

SDN 

ʉʪʠʮʘˁʝ ʟʥʘˁʘ ʫ 

ʦʙʣʘʩʪʠ SDN ʫ 

ʮʠˀʫ 

ʧʨʝʚʘʟʠʣʘʞʝˁʘ 

ʦʛʨʘʥʠʯʝˁʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ 

ʤʨʝʞʘ 

¶ SDN 

ʘʨʭʠʪʝʢʪʫʨʘ 

¶ SDN ʧʨʦʪʦʢʦʣʠ 

¶ SDN ʤʨʝʞʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

¶ OpenFlow 

ʧʨʦʪʦʢʦʣ 

¶ SDN ʢʦʥʪʨʦʣʝʨʠ 

¶ SDN 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ 

¶ ɽʚʘʣʫʘʮʠʿʘ SDN 

¶ ɽʤʫʣʘʮʠʿʘ SDN 

¶ SDN ʫ 

OpenStack 

ʦʢʨʫʞʝˁʫ 

¶ SDN ʧʨʠʤʝʥʘ 

¶ Mininet 

¶ Open 

Daylight 

ʋʧʦʟʥʘʚʘˁʝ ʩʘ 

ʪʝʭʥʠʯʢʠʤ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʠʤ 

ʘʩʧʝʢʪʠʤʘ SDN-ʘ 

ʢʨʦʟ ʘʥʘʣʠʟʫ 

ʤʦʜʝʣʘ, ʪʝʭʥʠʯʢʠʭ 

ʨʝʰʝˁʘ ʠ 

ʙʝʟʙʝʜʥʦʩʥʠʭ 

ʘʩʧʝʢʘʪʘ SDN 

ʪʝʭʥʦʣʦʛʠʿʝ 
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5.3.3. ʌʘʟʘ ʨʘʟʚʦʿʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ SDN ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ 

 

ɿʘ ʨʝʘʣʠʟʘʮʠʿʫ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʥʝʦʧʭʦʜʥʦ ʿʝ, ʧʦʨʝʜ ʢʨʝʠʨʘˁʘ ʥʘʩʪʘʚʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ, ʢʨʝʠʨʘʪʠ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʤʨʝʞʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʿʝ 

ʪʘʢʦʹʝ ʟʘʩʥʦʚʘʥʘ ʥʘ SDN ʪʝʭʥʦʣʦʛʠʿʠ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʢʨʝʠʨʘʥʦ ʨʝʰʝˁʝ ʦʤʦʛʫ˂ʘʚʘ 

ʢʦʨʠʰ˂ʝˁʝ ʠʩʪʝ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʦʜ ʩʪʨʘʥʝ ʨʘʟʣʠʯʠʪʠʭ ʢʦʨʠʩʥʠʢʘ ʩʘ 

ʨʘʟʣʠʯʠʪʠʤ ʧʨʠʚʠʣʝʛʠʿʘʤʘ, ʧʨʠ ʯʝʤʫ ʩʚʘʢʦ ʦʜ ˁʠʭ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʢʨʝʠʨʘˁʘ 

ʩʦʧʩʪʚʝʥʝ end-to-end ʤʨʝʞʝ, ʢʦʿʘ ʿʝ ʧʦʪʧʫʥʦ ʦʜʚʦʿʝʥʘ ʦʜ ʦʩʪʘʣʠʭ [122]. ʆʚʘ 

ʧʨʝʜʥʦʩʪ ʿʝ ʧʦʩʝʙʥʦ ʟʥʘʯʘʿʥʘ ʫ ʘʢʘʜʝʤʩʢʠʤ ʠʥʩʪʠʪʫʮʠʿʘʤʘ ʩʘ ʦʛʨʘʥʠʯʝʥʠʤ 

ʤʨʝʞʥʠʤ ʨʝʩʫʨʩʠʤʘ. 

 

ɼʠʟʘʿʥʠʨʘʥ ʿʝ ʭʠʙʨʠʜʥʠ ʤʨʝʞʥʠ ʤʦʜʝʣ, ʢʦʿʠ ʢʦʤʙʠʥʫʿʝ ʪʨʘʜʠʮʠʦʥʘʣʥʫ ʠ SDN 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ [120]. ʍʠʙʨʠʜʥʠ ʤʨʝʞʥʠ ʤʦʜʝʣ ʿʝ ʧʦʛʦʜʘʥ ʟʘ SDN ʦʙʨʘʟʦʚʥʠ 

ʤʦʜʫʣ ʟʘʪʦ ʰʪʦ ʟʘʜʨʞʘʚʘ ʧʦʩʪʦʿʝ˂ʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʘ ʫ ʠʩʪʦ ʚʨʝʤʝ ʫʚʦʜʠ ʥʦʚʫ 

ʜʠʤʝʥʟʠʿʫ ʧʨʦʛʨʘʤʘʙʠʣʥʦʩʪʠ. ʆʚʘʿ ʤʦʜʝʣ ʦʙʝʟʙʝʹʫʿʝ ʧʦʫʟʜʘʥʫ, ʩʢʘʣʘʙʠʣʥʫ ʠ 

ʙʝʟʙʝʜʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʢʦʿʫ ʢʘʨʘʢʪʝʨʠʰʝ ʩʣʝʜʝ˂ʝ: 

¶ ɽʬʠʢʘʩʥʘ ʧʨʠʤʝʥʘ ʧʦʩʪʦʿʝ˂ʠʭ ʨʝʩʫʨʩʘ 

¶ ɸʫʪʦʤʘʪʩʢʘ ʢʦʥʪʨʦʣʘ ʠ ʫʧʨʘʚˀʘˁʝ ʤʨʝʞʦʤ 

¶ ʄʠʥʠʤʘʣʥʦ ʚʨʝʤʝ ʢʨʝʠʨʘˁʘ ʥʦʚʠʭ ʩʝʨʚʠʩʘ ʠ ʘʧʣʠʢʘʮʠʿʘ 

¶ ʇʦʙʦˀʰʘˁʝ ʦʪʧʦʨʥʦʩʪʠ ʥʘ ʦʪʢʘʟʝ. 

 

ʉʣʠʢʘ 46 ʧʨʠʢʘʟʫʿʝ ʢʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʢʦʿʠ ʦʧʠʩʫʿʝ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ SDN ʪʝʭʥʦʣʦʛʠʿʝ ʫ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʘʢʘʜʝʤʩʢʝ ʠʥʩʪʠʪʫʮʠʿʝ. 

ɺʠʰʝ ʜʝʪʘˀʘ ʦ ʘʨʭʠʪʝʢʪʫʨʠ ʨʘʟʚʠʿʝʥʝ cloud ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʤʦʞʝ ʩʝ ʥʘ˂ʠ ʫ [37]. 

ʀʤʧʣʝʤʝʥʪʠʨʘʥʠ ʤʦʜʝʣ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʠʥʪʝʛʨʘʮʠʿʠ open-source OpenDaylight 

ʢʦʥʪʨʦʣʝʨʘ ʫ ʤʨʝʞʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘʩʥʦʚʘʥʫ ʥʘ OpenStack ʨʝʰʝˁʫ. ʊʦ ʟʥʘʯʠ 

ʜʘ ʤʦʨʘʿʫ ʜʘ ʧʦʩʪʦʿʝ ʠ SDN ʠ ʪʨʘʜʠʮʠʦʥʘʣʥʘ ʫʧʨʘʚˀʘʯʢʘ ʨʘʚʘʥ (ʝʥʛʣ. control 

plane). ʇʨʘʚʠʣʘ ʟʘ ʧʨʦʩʣʝʹʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ, ʢʦʿʠ ʢʨʝ˂ʝ ʠʣʠ ʿʝ ʥʘʤʝˁʝʥ SDN 

ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʧʦʨʪʦʚʠʤʘ, ʜʝʬʠʥʠʰʝ ʩʝ ʠʩʢˀʫʯʠʚʦ ʥʘ OpenDaylight ʢʦʥʪʨʦʣʝʨʫ. 

ʆʚʠ ʧʦʨʪʦʚʠ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʜʦʩʪʫʧʥʠ ʠ ʚʘʥ ʤʨʝʞʝ ʢʘʢʦ ʙʠ ʧʦʩʪʦʿʘʣʘ ʧʦʪʧʫʥʘ 

ʢʦʥʝʢʪʠʚʥʦʩʪ. ʎʠˀ ʦʚʘʢʚʦʛ ʨʝʰʝˁʘ ʿʝ ʜʘ ʩʝ ʦʛʨʘʥʠʯʠ ʢʦʤʧʣʝʢʩʥʦʩʪ ʧʨʦʮʝʩʘ 

ʫʧʨʘʚˀʘˁʘ ʤʨʝʞʦʤ. 
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ʉʣʠʢʘ 46: ʂʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘʩʥʦʚʘʥ ʥʘ OpenStack ʠ 

OpenDaylight ʨʝʰʝˁʫ [148] 

 

 

OpenDaylight ʢʦʥʪʨʦʣʝʨ ʧʨʝʢʦ northbound API-ʿʘ ʦʩʪʚʘʨʫʿʝ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ 

OpenStack-ʦʤ, ʢʦʿʠ ʟʙʦʛ ʤʦʜʫʣʘʨʥʝ ʘʨʭʠʪʝʢʪʫʨʝ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʠʥʪʝʛʨʘʮʠʿʝ ʩʘ 

ʜʨʫʛʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ. ʆʩʥʦʚʘ ʦʚʝ ʠʥʪʝʛʨʘʮʠʿʝ ʿʝ ʢʦʥʝʢʮʠʿʘ ʠʟʤʝʹʫ OpenDaylight 

ʜʨʘʿʚʝʨʘ ʠ OpenStack Neutron ML2 plugin-ʘ. ɿʘ southbound ʢʦʥʬʠʛʫʨʘʮʠʿʫ Open 

vSwitch-ʘ ʥʘ compute node-ʫ ʩʝ ʢʦʨʠʩʪʠ OVSDB ʧʨʦʪʦʢʦʣ [81]. ʂʦʤʫʥʠʢʘʮʠʿʘ ʩʘ 

OpenFlow-enabled ʫʨʝʹʘʿʠʤʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʨʝʢʦ OpenFlow ʧʨʦʪʦʢʦʣʘ. Open vSwitch 

ʢʘʦ multilayer ʩʦʬʪʚʝʨ ʦʤʦʛʫ˂ʘʚʘ ʬʫʥʢʮʠʿʫ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʠ ʧʦʚʝʟʫʿʝ ʚʠʨʪʫʝʣʥʝ 

ʤʘʰʠʥʝ ʫ ʦʢʚʠʨʫ KVM kernel ʤʦʜʫʣʘ ʫ Linux-ʫ. 

 

ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 47, OpenStack ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʤʥʦʛʠʭ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʢʘʦ ʰʪʦ ʩʫ ʨʫʪʠʨʘˁʝ, switching, firewall ʠʪʜ. ʆʩʥʦʚʥʠ ʮʠˀ 

ʧʨʠʤʝʥʝ OpenStack-ʘ ʿʝ ʢʦʨʠʰ˂ʝˁʝ ʧʨʝʜʥʦʩʪʠ open-source ʨʝʰʝˁʘ ʠ ˁʝʛʦʚʠʭ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʟʘ ʢʨʝʠʨʘˁʝ ʧʨʠʚʘʪʥʦʛ cloud-ʘ. ɳʝʛʦʚ ʤʨʝʞʥʠ ʤʦʜʫʣ, Neutron, 

ʩʝ ʠʥʩʪʘʣʠʨʘ ʥʝʟʘʚʠʩʥʦ ʦʜ ʦʩʪʘʣʠʭ ʤʦʜʫʣʘ ʠ ʤʦʞʝ ʙʠʪʠ ʧʦʜʝˀʝʥ ʥʘ ʥʝʢʦʣʠʢʦ 

ʚʠʨʪʫʝʣʥʠʭ ʭʦʩʪʦʚʘ ʢʦʥʬʠʛʫʨʠʩʘʥʠʭ ʥʘ ʿʝʜʥʦʤ ʯʚʦʨʫ (ʝʥʛʣ. node). ʉʚʝ ʚʠʨʪʫʝʣʥʝ 

ʤʘʰʠʥʝ ʩʝ ʧʦʚʝʟʫʿʫ ʥʘ Open vSwitch ʧʨʝʢʦ integration bridge-ʘ (br-int). Integration 
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bridge ʧʦʚʝʟʫʿʝ ʚʠʨʪʫʝʣʥʝ ʤʘʰʠʥʝ ʥʘ ʜʨʫʛʦʤ ʩʣʦʿʫ ʆSI ʤʦʜʝʣʘ ʠ ʧʦʜʨʞʘʚʘ 

ʨʘʟʣʠʯʠʪʝ ʧʨʦʪʦʢʦʣʝ. ʆʥ ʨʘʟʜʚʘʿʘ ʧʦʚʝʟʘʥʝ ʚʠʨʪʫʝʣʥʝ ʧʦʨʪʦʚʝ ʥʘ ʦʩʥʦʚʫ 

ʜʦʜʝˀʝʥʠʭ ʦʙʝʣʝʞʿʘ (ʝʥʛʣ. tag) ʣʦʛʠʯʢʝ ʤʨʝʞʝ ʠ ʫʩʧʦʩʪʘʚˀʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʧʨʘʚʠʣʘ 

ʟʘ ʧʨʦʩʣʝʹʠʚʘˁʝ ʪʦʢʦʚʝ ʧʦʜʘʪʘʢʘ. ʊʘʢʦʹʝ, Open vSwitch ʩʝ ʢʦʨʠʩʪʠ ʠ ʟʘ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʚʠʨʪʫʝʣʥʠʭ ʠʥʩʪʘʥʮʠ ʠ ʫʨʝʹʘʿʘ ʚʘʥ OpenStack ʜʦʤʝʥʘ, ʧʘ ʩʝ 

ʟʘʪʦ ʥʘ external bridge-ʫ (br-ex) ʢʦʥʬʠʛʫʨʠʰʝ IP ʘʜʨʝʩʘ. ʇʨʠʤʝʥʦʤ Open vSwitch 

ʨʝʰʝˁʘ ʚʠʰʝ ʣʦʛʠʯʢʠʭ ʤʨʝʞʘ ʤʦʞʝ ʜʘ ʜʝʣʠ ʿʝʜʘʥ ʠʣʠ ʚʠʰʝ ʬʠʟʠʯʢʠʭ ʠʥʪʝʨʬʝʿʩʘ 

ʫʟ ʧʦʪʧʫʥʫ ʠʟʦʣʘʮʠʿʫ. 
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(ʈʘʟʤʝʥʘ ʧʦʨʫʢʘ ʠʟʤʝ́ʫ 

OpenStack ʠ Opendaylight )

ʄʨʝʞʘ ʟʘ ʢʦʥʝʢʪʠʚʥʦʩʪ 

ʚʠʨʪʫʝʣʥʠʭ ʤʘhʠʥʘ

OpenDaylight ʢʦʥʪʨʦʣʝʨ

 

ʉʣʠʢʘ 47: ʃʦʛʠʯʢʠ ʜʠʿʘʛʨʘʤ OpenDaylight ʠ OpenStack ʠʥʪʝʛʨʘʮʠʿʝ [148] 

 

 

5.3.4. ʌʘʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ 

 

ʋ ʬʘʟʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʥʘʩʪʘʚʥʠʮʠ ʠ ʩʪʫʜʝʥʪʠ ʢʦʨʠʩʪʝ ʥʘʩʪʘʚʥʝ ʤʘʪʝʨʠʿʘʣʝ ʠ 

ʤʨʝʞʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ. ʅʘ ʩʣʠʮʠ 48 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʦʮʝʩ 

ʨʝʘʣʠʟʘʮʠʿʝ ʥʘʩʪʘʚʝ. 
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ʉʣʠʢʘ 48: ʇʨʦʮʝʩ ʨʝʘʣʠʟʘʮʠʿʝ ʥʘʩʪʘʚʝ 

 

 

ʅʘʩʪʘʚʥʠʢ ʫ ʩʢʣʘʜʫ ʩʘ ʜʝʬʠʥʠʩʘʥʠʤ ʧʨʝʜʤʝʪʦʤ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʦʜʨʝʹʝʥʦʛ 

ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʚʨʰʠ ʢʨʝʠʨʘˁʝ ʧʦʪʨʝʙʥʦʛ ʤʨʝʞʥʦʛ ʦʢʨʫʞʝˁʘ. ʉʪʫʜʝʥʪ ʤʦʞʝ 

ʧʦʭʘʹʘʪʠ ʥʘʩʪʘʚʫ ʠʟ ʚʠʰʝ ʧʨʝʜʤʝʪʘ ʠ ʠʤʘʪʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʩʪʫʧʘ ʚʝ˂ʝʤ ʙʨʦʿʫ 

ʣʝʢʮʠʿʘ, ʧʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʠʟʘʙʝʨʝ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʪʝʤʫ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʚʨʰʠ 

ʨʝʟʝʨʚʘʮʠʿʘ ʧʦʪʨʝʙʥʠʭ ʭʘʨʜʚʝʨʩʢʠʭ, ʩʦʬʪʚʝʨʩʢʠʭ ʠ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ ʢʘʢʦ ʙʠ 

ʩʪʫʜʝʥʪ ʠʤʘʦ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ ʢʦʤʧʣʝʪʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʣʝʢʮʠʿʫ 

ʠʣʠ ʧʨʦʿʝʢʘʪ. ʇʦ ʟʘʚʨʰʝʪʢʫ ʦʜʨʝʹʝʥʦʛ ʧʨʦʿʝʢʪʘ ʠʣʠ ʣʝʢʮʠʿʝ ʟʘʫʟʝʪʠ ʨʝʩʫʨʩʠ ʩʝ 

ʦʩʣʦʙʘʹʘʿʫ. ʅʘʩʪʘʚʥʠʢ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʢʘʟʘ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʦ 

ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʨʝʘʣʠʟʘʮʠʿʠ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ, 

ʧʦʩʪʠʛʥʫʪʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʩʪʫʜʝʥʘʪʘ ʠʪʜ. 

 

ʉʣʠʢʘ 49 ʧʨʠʢʘʟʫʿʝ ʧʨʦʮʝʩ ʘʣʦʮʠʨʘˁʘ ʧʦʪʨʝʙʥʠʭ ʨʝʩʫʨʩʘ ʧʨʠʣʠʢʦʤ ʨʝʘʣʠʟʘʮʠʿʝ 

SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ.  
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ʂʨʘʿ ʢʦʨʠh ʝ˂ˁʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ?

ʂʨʝʠʨʘˁʝ ʥʘʩʪʘʚʥʠʭ ʤʘʪʝʨʠʿʘʣʘ

ɼʝʬʠʥʠʩʘˁʝ ʭʘʨʜʚʝʨʩʢʠʭ ʟʘʭʪʝʚʘ

ɼʝʬʠʥʠʩʘˁʝ ʩʦʬʪʚʝʨʩʢʠʭ ʟʘʭʪʝʚʘ

ɼʝʬʠʥʠʩʘˁʝ ʤʨʝʞʥʠʭ ʟʘʭʪʝʚʘ

ʀʟʚʝhʪʘʿʠ

ʈʝʟʝʨʚʘʮʠʿʘ ʭʘʨʜʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ

ʈʝʟʝʨʚʘʮʠʿʘ ʩʦʬʪʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ

ʈʝʟʝʨʚʘʮʠʿʘ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ

ɸʣʦʢʘʮʠʿʘ ʭʘʨʜʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ

ɸʣʦʢʘʮʠʿʘ ʩʦʬʪʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ

ɸʣʦʢʘʮʠʿʘ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ

ʂʦʨʠh ʝ˂ˁʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

ʆʩʣʦʙʘ́ʘˁʝ ʭʘʨʜʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ

ʆʩʣʦʙʘ́ʘˁʝ ʩʦʬʪʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ

ʆʩʣʦʙʘ́ʘˁʝ ʤʨʝʞʥʠʭ ʨʝʩʫʨʩʘ

ʇʨʠʢʘʟ ʂPI ʧʘʨʘʤʝʪʘʨʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

ʅʘʩʪʘʚʥʠʢ  ʉʠʩʪʝʤ ʟʘ ʫʧʨʘʚˀ ʘˁʝ ʩloud ʠ SDN 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ

ɼʝʬʠʥʠʩʘˁʝ ʠʟʤʝʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

ʀʤʧʣʝʤʝʥʪʘʮʠʿʝ ʠʟʤʝʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

ɼʘ

ʅʝ

ʇʨʘ˂ʝˁʝ ʨʝʩʫʨʩʘ

ʇʨʠʢʘʟ KPI ʇʘʨʘʤʝʪʘʨʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ

ʇʦʪʨʝʙʥʝ ʠʟʤʝʥʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ?

ɼʘ

ʅʝ
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ʅʘʢʦʥ ʜʝʬʠʥʠʩʘˁʘ ʥʘʩʪʘʚʥʠʭ ʪʝʤʘ ʢʦʿʝ ˂ʝ ʩʝ ʦʙʨʘʹʠʚʘʪʠ ʫ ʦʢʚʠʨʫ ʥʦʚʦʛ 

ʧʨʝʜʤʝʪʘ, ʥʘʩʪʘʚʥʠʢ ʢʨʝʠʨʘ ʥʘʩʪʘʚʥʝ ʤʘʪʝʨʠʿʘʣʝ ʠ ʜʝʬʠʥʠʰʝ ʧʦʪʨʝʙʥʝ 

ʭʘʨʜʚʝʨʩʢʝ, ʩʦʬʪʚʝʨʩʢʝ ʠ ʤʨʝʞʥʝ ʨʝʩʫʨʩʝ. ʆʚʠ ʟʘʜʘʮʠ ʩʝ ʤʦʛʫ ʨʝʘʣʠʟʦʚʘʪʠ ʧʨʝʢʦ 

ʿʝʜʠʥʩʪʚʝʥʦʛ ʧʦʨʪʘʣʘ, ʢʦʿʠ ʿʝ ʠʥʪʝʛʨʠʩʘʥ ʩʘ ʩʠʩʪʝʤʦʤ ʟʘ ʫʧʨʘʚˀʘˁʝ ʫʯʝˁʝʤ, ʢʘʦ ʠ 

ʩʠʩʪʝʤʦʤ ʟʘ ʫʧʨʘʚˀʘˁʝ ʩloud ʠ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ. ɿʘʪʠʤ ʩʣʝʜʠ ʨʝʟʝʨʚʘʮʠʿʘ ʠ 

ʘʣʦʢʘʮʠʿʘ ʨʝʩʫʨʩʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʥʘʩʪʘʚʝ. ʇʨʝʜʚʠʹʝʥʘ ʿʝ ʠ ʤʦʛʫ˂ʥʦʩʪ 

ʠʟʤʝʥʝ ʜʝʬʠʥʠʩʘʥʠʭ ʭʘʨʜʚʝʨʩʢʠʭ, ʩʦʬʪʚʝʨʩʢʠʭ ʠ ʤʨʝʞʥʠʭ ʟʘʭʪʝʚʘ ʥʘ ʦʩʥʦʚʫ 

ʧʦʢʘʟʘʪʝˀʘ ʧʝʨʬʦʨʤʘʥʩʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ (KPI). ʅʘʢʦʥ ʟʘʚʨʰʝʪʢʘ ʢʦʨʠʰ˂ʝˁʘ 

ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʟʘʫʟʝʪʠ ʤʨʝʞʥʠ ʨʝʩʫʨʩʠ ʩʝ ʦʩʣʦʙʘʹʘʿʫ ʠ ʩʪʘʚˀʘʿʫ ʥʘ 

ʨʘʩʧʦʣʘʛʘˁʝ ʜʨʫʛʠʤ ʢʦʨʠʩʥʠʮʠʤʘ. ʇʦ ʟʘʚʨʰʝʪʢʫ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʢʦʨʠʰ˂ʝʥʠ 

ʨʝʩʫʨʩʠ ʩʝ ʦʩʣʦʙʘʹʘʿʫ, ʘ ʥʘʩʪʘʚʥʠʢ ʧʨʝʢʦ ʚʝʙ-ʧʦʨʪʘʣʘ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʛʣʝʜʘ KPI 

ʧʘʨʘʤʝʪʘʨʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʢʘʦ ʠ ʧʨʠʢʘʟʘ ʨʘʟʣʠʯʠʪʠʭ ʩʪʘʪʠʩʪʠʯʢʠʭ ʧʦʜʘʪʘʢʘ 

ʚʝʟʘʥʠʭ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ. 

 

 

5.3.5. ʌʘʟʘ ʝʚʘʣʫʘʮʠʿʝ SDN ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ 

 

ʌʘʟʘ ʝʚʘʣʫʘʮʠʿʝ ʿʝ ʧʦʩʣʝʜˁʘ ʬʘʟʘ ʫ ʧʨʦʮʝʩʫ ʢʨʝʠʨʘˁʘ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ. 

ɽʚʘʣʫʘʮʠʿʘ ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʩʘ ʦʙʨʘʟʦʚʥʦʛ ʠ ʪʝʭʥʠʯʢʦʛ ʘʩʧʝʢʪʘ. ɽʚʘʣʫʘʮʠʿʘ ʩʘ 

ʦʙʨʘʟʦʚʥʦʛ ʘʩʧʝʢʪʘ ʩʝ ʚʨʰʠ ʧʨʦʚʝʨʦʤ ʩʪʝʯʝʥʦʛ ʟʥʘˁʘ ʩʪʫʜʝʥʘʪʘ ʫ ʬʦʨʤʠ ʫʩʤʝʥʦʛ 

ʠʣʠ ʧʠʩʤʝʥʦʛ ʠʩʧʠʪʘ, ʫ ʦʢʚʠʨʫ ʢʦʛʘ ʩʝ ʨʝʰʘʚʘʿʫ ʟʘʜʘʮʠ ʠ ʪʝʩʪʦʚʠ. ɺʘʞʘʥ 

ʧʘʨʘʤʝʪʘʨ ʫ ʝʚʘʣʫʘʮʠʿʠ ʧʨʝʜʩʪʘʚˀʘ ʤʠʰˀʝˁʝ ʩʪʫʜʝʥʘʪʘ ʦ SDN ʦʙʨʘʟʦʚʥʦʤ 

ʤʦʜʫʣʫ ʠ ʦʥʦ ʩʝ ʠʩʧʠʪʫʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʫʧʠʪʥʠʢʘ. ʊʝʭʥʠʯʢʘ 

ʝʚʘʣʫʘʮʠʿʘ ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʘ˂ʝˁʫ ʧʘʨʘʤʝʪʘʨʘ ʤʨʝʞʝ, ʛʜʝ ʩʝ ʧʦʨʝʜ ʧʘʨʘʤʝʪʘʨʘ ʟʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʝ ʤʨʝʞʝ ʧʨʘʪʝ ʠ ʧʘʨʘʤʝʪʨʠ ʟʘ SDN ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʇʨʠʢʫʧˀʝʥʠ 

ʧʦʜʘʮʠ ʩʫ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʥʘʩʪʘʚʥʠʢʝ ʢʦʿʠ ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʤʦʛʫ ʜʘ ʠʟʤʝʥʝ ʠ 

ʧʨʠʣʘʛʦʜʝ ʤʝʪʦʜ ʫʯʝˁʘ ʠ ʥʘʯʠʥ ʨʝʘʣʠʟʘʮʠʿʝ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ. 
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5.4. ɸʥʘʣʠʟʘ ʠʩʭʦʜʘ ʦʙʨʘʟʦʚʥʦʛ ʧʨʦʮʝʩʘ 

 

ɽʚʘʣʫʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʦʛ ʨʝʰʝˁʘ ʿʝ ʠʟʚʨʰʝʥʘ ʫ ʦʢʚʠʨʫ ʃʘʙʦʨʘʪʦʨʠʿʝ ʟʘ 

ʝʣʝʢʪʨʦʥʩʢʦ ʧʦʩʣʦʚʘˁʝ ʥʘ ʌʘʢʫʣʪʝʪʫ ʦʨʛʘʥʠʟʘʮʠʦʥʠʭ ʥʘʫʢʘ ʫ ɹʝʦʛʨʘʜʫ ʫ ʬʦʨʤʠ 

ʜʚʘ ʧʠʣʦʪ SDN ʦʙʨʘʟʦʚʥʘ ʤʦʜʫʣʘ ʫ ʢʦʤʝ ʩʫ ʫʯʝʩʪʚʦʚʘʣʠ ʩʪʫʜʝʥʪʠ ʦʩʥʦʚʥʠʭ, 

ʤʘʩʪʝʨ, ʩʧʝʮʠʿʘʣʠʩʪʠʯʢʠʭ ʠ ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ. ɿʘ ʨʝʘʣʠʟʘʮʠʿʫ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ 

ʿʝ ʢʦʨʠʰ˂ʝʥʦ ʪʝʩʪʥʦ ʦʢʨʫʞʝˁʝ ʢʦʿʝ ʠʥʪʝʛʨʠʰʝ OpenStack, OpenDaylight, ʠ 

ʧʦʩʪʦʿʝ˂ʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘʩʥʦʚʘʥʫ ʥʘ Mikrotik ʠ Cisco ʫʨʝʹʘʿʠʤʘ. 

 

ʎʠˀ ʝʚʘʣʫʘʮʠʿʝ ʿʝ ʙʠʦ ʜʘ ʩʝ ʜʦʙʠʿʫ ʦʜʛʦʚʦʨʠ ʥʘ ʜʚʘ ʧʠʪʘˁʘ: 

ʇ1: ʂʦʿʠ ʿʝ ʫʪʠʮʘʿ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʥʘ ʟʥʘˁʝ ʩʪʫʜʝʥʘʪʘ? 

ʇ2: ʂʘʢʚʦ ʿʝ ʤʠʰˀʝˁʝ ʩʪʫʜʝʥʘʪʘ ʦ ʫʯʝˁʫ SDN ʪʝʭʥʦʣʦʛʠʿʝ ʧʨʠʤʝʥʦʤ ʨʘʟʚʠʿʝʥʦʛ 

ʧʨʠʩʪʫʧʘ? 

 

 

5.4.1. ʆʙʨʘʟʦʚʥʠ ʤʦʜʫʣ 1 

 

ʇʨʚʠ SDN ʧʠʣʦʪ ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʿʝ ʨʝʘʣʠʟʦʚʘʥ ʫ ʪʦʢʫ ʟʠʤʩʢʦʛ ʩʝʤʝʩʪʨʘ ʰʢʦʣʩʢʝ 

2015/16. ʛʦʜʠʥʝ. 

 

ʋʯʝʩʥʠʮʠ 

 

SDN ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʿʝ ʧʦʭʘʹʘʣʦ 24 ʩʪʫʜʝʥʪʘ ʩʤʝʨʘ ɽʣʝʢʪʨʦʥʩʢʦ ʧʦʩʣʦʚʘˁʝ, ʧʨʠ 

ʯʝʤʫ ʩʫ ʩʚʠ ʠʤʘʣʠ ʩʣʠʯʥʦ ʧʨʝʜʟʥʘˁʝ ʠ ʠʥʪʝʨʝʩʦʚʘˁʝ ʫ ʦʙʣʘʩʪʠ ʨʘʯʫʥʘʨʩʢʠʭ 

ʤʨʝʞʘ ʠ ʠʥʪʝʨʥʝʪ ʪʝʭʥʦʣʦʛʠʿʘ. ʅʘ ʩʣʠʮʠ 50 ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʦʣʥʘ ʩʪʨʫʢʪʫʨʘ 

ʧʦʣʘʟʥʠʢʘ. 

 

 

ʉʣʠʢʘ 50: ʇʦʣʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʣʘʟʥʠʢʘ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ 

42%
58%
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ʇʨʦʮʝʜʫʨʘ 

 

ʆʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʿʝ ʩʘʜʨʞʘʦ ʧʨʝʜʘʚʘˁʘ ʠ ʧʨʘʢʪʠʯʘʥ, ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʜʝʦ. ʋ 

ʦʢʚʠʨʫ ʪʝʦʨʠʿʩʢʦʛ ʜʝʣʘ ʩʪʫʜʝʥʪʠ ʩʫ ʫʧʦʟʥʘʪʠ ʩʘ ʦʩʥʦʚʥʠʤ ʢʦʥʮʝʧʪʠʤʘ 

ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ, cloud computing ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʭ 

ʤʨʝʞʘ. ɿʘʚʨʰʥʠ ʟʘʜʘʪʘʢ ʿʝ ʙʠʦ ʜʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʜʝʬʠʥʠʩʘʥʠʭ ʟʘʭʪʝʚʘ ʢʨʝʠʨʘ 

ʤʨʝʞʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘ ʦʜʨʝʹʝʥʫ ʢʦʤʧʘʥʠʿʫ. ʉʪʫʜʝʥʪʠ ʩʫ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ 

ʠʤʘʣʠ ʧʨʝʢʦʥʬʠʛʫʨʠʩʘʥʝ ʚʠʨʪʫʝʣʥʝ ʤʘʰʠʥʝ ʫ OpenStack ʦʢʨʫʞʝˁʫ, ʢʘʦ ʠ ʧʠʩʘʥʝ 

ʠʥʩʪʨʫʢʮʠʿʝ. ʅʘ ʩʣʠʮʠ 51 ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʟʘʜʘʪʢʘ ʢʦʿʠ ʩʫ ʩʪʫʜʝʥʪʠ ʨʝʰʘʚʘʣʠ, 

ʦʜʥʦʩʥʦ ʧʨʠʤʝʨ ʤʨʝʞʥʝ ʪʦʧʦʣʦʛʠʿʝ ʢʦʿʫ ʿʝ ʪʨʝʙʘʣʦ ʨʝʘʣʠʟʦʚʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ 

ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʘ. 

 

ʀʥʪʝʨʥʝʪ

Mail 

(vm1)

Web 

(vm2)

ʨʫʪʝʨ 1

ʤʨʝʞʘ 1 ʤʨʝʞʘ 2

 

ʉʣʠʢʘ 51: ʇʨʠʤʝʨ ʤʨʝʞʥʝ ʪʦʧʦʣʦʛʠʿʝ ʟʘ ʟʘʚʨʰʥʠ ʟʘʜʘʪʘʢ 

 

 

ʀʥʩʪʨʫʤʝʥʪʠ 

 

ʋ ʧʨʦʮʝʩʫ ʝʚʘʣʫʘʮʠʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʘ ʜʚʘ ʠʥʩʪʨʫʤʝʥʪʘ: 

¶ ʊʝʩʪ ʟʥʘˁʘ 

¶ ʋʧʠʪʥʠʢ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʩʪʘʚʦʚʘ ʩʪʫʜʝʥʘʪʘ ʦ ʦʙʨʘʟʦʚʥʦʤ ʤʦʜʫʣʫ. 

 

ʇʦ ʟʘʚʨʰʝʪʢʫ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʠʟʚʨʰʝʥʘ ʿʝ ʝʚʘʣʫʘʮʠʿʘ ʩʪʝʯʝʥʦʛ ʟʥʘˁʘ 
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ʩʪʫʜʝʥʘʪʘ ʧʨʠʤʝʥʦʤ ʪʝʩʪʘ ʟʥʘˁʘ ʫ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʦʜʛʦʚʦʨʘ ʥʘ ʧʠʪʘˁʝ ʇ1. ʊʝʩʪ ʿʝ 

ʦʙʫʭʚʘʪʠʦ 10 ʧʠʪʘˁʘ ʠ ʙʘʟʠʨʘʥ ʿʝ ʥʘ ʧʠʪʘˁʠʤʘ ʪʠʧʘ multiple-choice. ʉʚʘ ʧʠʪʘˁʘ 

ʩʫ ʠʤʘʣʘ ʠʩʪʠ ʪʝʞʠʥʩʢʠ ʬʘʢʪʦʨ. ʉʪʫʜʝʥʪʠ ʩʫ ʜʦʙʠʣʠ ʦʮʝʥʝ ʥʘ ʩʢʘʣʠ ʦʜ 5 ʜʦ 10 (5 ï 

ʥʠʿʝ ʧʦʣʦʞʠʦ, 6 ï ʥʘʿʥʠʞʘ ʦʮʝʥʘ ʟʘ ʧʨʦʣʘʟ, 10 ï ʥʘʿʚʠʰʘ ʦʮʝʥʘ ʟʘ ʧʨʦʣʘʟ). 

 

ʇʦʨʝʜ ʪʝʩʪʘ ʟʥʘˁʘ, ʩʪʫʜʝʥʪʠ ʩʫ ʠʤʘʣʠ ʟʘʜʘʪʘʢ ʜʘ ʧʦʧʫʥʝ ʫʧʠʪʥʠʢ ʢʘʢʦ ʙʠ ʩʝ 

ʠʩʧʠʪʘʣʦ ˁʠʭʦʚʦ ʤʠʰˀʝˁʝ ʦ ʦʜʨʞʘʥʦʤ ʦʙʨʘʟʦʚʥʦʤ ʤʦʜʫʣʫ ʠ ʜʦʙʠʦ ʦʜʛʦʚʦʨ ʥʘ 

ʧʠʪʘˁʝ ʇ2. ʂʦʨʠʰ˂ʝʥ ʿʝ USE ʫʧʠʪʥʠʢ [141], ʘ ʧʠʪʘˁʘ ʩʫ ʛʨʫʧʠʩʘʥʘ ʫ ʯʝʪʠʨʠ 

ʢʘʪʝʛʦʨʠʿʝ: ʦʧʰʪʠ ʫʪʠʩʘʢ ʦ SDN ʨʝʰʝˁʫ, ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ, ʫʪʠʮʘʿ ʥʘ 

ʩʪʠʮʘˁʝ ʟʥʘˁʘ ʠ ʩʘʜʨʞʘʿ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ. ʇʠʪʘˁʘ ʩʫ ʙʘʟʠʨʘʥʘ ʥʘ Likert-ʦʚʦʿ 

ʩʢʘʣʠ ʩʘ ʧʝʪ ʧʦʥʫʹʝʥʠʭ ʦʜʛʦʚʦʨʘ. 

 

ɸʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ 

 

ʇʨʦʩʝʯʥʘ ʦʮʝʥʘ ʢʦʿʫ ʩʫ ʩʪʫʜʝʥʪʠ ʦʩʪʚʘʨʠʣʠ ʥʘ ʪʝʩʪʫ ʟʥʘˁʘ ʠʟʥʦʩʠ 8.96 ʦʜ 

ʤʘʢʩʠʤʘʣʥʠʭ 10 ʧʦʝʥʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 1.04. ʅʘ ʩʣʠʮʠ 52 ʩʫ 

ʧʨʠʢʘʟʘʥʠ ʦʩʪʚʘʨʝʥʠ ʨʝʟʫʣʪʘʪʠ ʩʪʫʜʝʥʘʪʘ ʥʘ ʪʝʩʪʫ ʟʥʘˁʘ. ɸʥʘʣʠʟʦʤ ʦʜʛʦʚʦʨʘ 

ʩʪʫʜʝʥʘʪʘ ʜʦʣʘʟʠ ʩʝ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʿʝ ʚʝ˂ʠʥʘ ʩʪʫʜʝʥʘʪʘ ʜʘʣʘ ʪʘʯʥʝ ʦʜʛʦʚʦʨʝ ʥʘ 

ʧʠʪʘˁʘ ʠʟ ʦʙʣʘʩʪʠ ʦʩʥʦʚʥʠʭ ʢʦʥʮʝʧʘʪʘ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ ʠ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ, ʜʦʢ 

ʩʫ ʩʪʫʜʝʥʪʠ ʠʤʘʣʠ ʠʟʚʝʩʥʝ ʧʦʪʝʰʢʦ˂ʝ ʩʘ ʧʠʪʘˁʠʤʘ ʦ ʩʦʬʪʚʝʨʩʢʠ ʜʝʬʠʥʠʩʘʥʠʤ 

ʤʨʝʞʘʤʘ. 

 

 

ʉʣʠʢʘ 52: ʈʝʟʫʣʪʘʪʠ ʪʝʩʪʘ ʟʥʘˁʘ 
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ʊʘʙʝʣʘ 6 ʧʨʠʢʘʟʫʿʝ ʩʫʤʘʨʥʝ ʨʝʟʫʣʪʘʪʝ ʘʥʘʣʠʟʝ ʫʧʠʪʥʠʢʘ (Xↄ ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ, ʦʜ 

1 ʜʦ 5;  ï ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ) ʢʦʿʠ ʩʫ ʩʪʫʜʝʥʪʠ ʧʦʧʫˁʘʚʘʣʠ ʥʘ ʢʨʘʿʫ 

ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ. ʂʦʨʠʰ˂ʝʥʘ ʿʝ ʧʝʪʦʩʪʝʧʝʥʘ ʩʢʘʣʘ (ʋ ʧʦʪʧʫʥʦʩʪʠ ʩʝ ʩʣʘʞʝʤ ï 5; 

ʉʣʘʞʝʤ ʩʝ ï 4; ʅʠʩʘʤ ʩʠʛʫʨʘʥ ï 3; ʅʝ ʩʣʘʞʝʤ ʩʝ ï 2; ʋ ʧʦʪʧʫʥʦʩʪʠ ʩʝ ʥʝ ʩʣʘʞʝʤ ï 

1). 

 

ʊʘʙʝʣʘ 6: ɸʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʫʧʠʪʥʠʢʘ  

ʇʠʪʘˁʘ Xↄ  

ʇʠʪʘˁʘ ʚʝʟʘʥʘ ʟʘ SDN   

ʀʤʘʤ ʠʩʢʫʩʪʚʘ ʫ ʨʘʜʫ ʩʘ cloud computing ʪʝʭʥʦʣʦʛʠʿʘʤʘ 1.58 0.65 

SDN ʨʝʰʝˁʝ ʿʝ ʝʬʠʢʘʩʥʦ 3.62 0.77 

SDN ʨʝʰʝˁʝ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʫ ʧʨʘʢʩʠ 3.71 0.86 

ʇʨʠʤʝʥʘ SDN ʨʝʰʝˁʘ ʤʦʞʝ ʩʤʘˁʠʪʠ ʚʨʝʤʝ ʠʟʚʨʰʝˁʘ ʟʘʜʘʪʘʢʘ 3.83 0.70 

ʇʨʠʤʝʥʘ SDN ʨʝʰʝˁʘ ʤʦʞʝ ʧʦʙʦˀʰʘʪʠ ʝʜʫʢʘʮʠʿʫ ʫ ʦʙʣʘʩʪʠ 

ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ 
4.04 0.81 

ʇʠʪʘˁʘ ʚʝʟʘʥʘ ʟʘ ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ   

ʂʦʥʬʠʛʫʨʘʮʠʿʘ ʚʠʨʪʫʝʣʥʦʛ ʤʨʝʞʥʦʛ ʦʢʨʫʞʝˁʘ ʧʨʠʤʝʥʦʤ 

OpenStack ʨʝʰʝˁʘ ʿʝ ʿʝʜʥʦʩʪʘʚʥʘ 
3.12 0.80 

ʈʝʰʘʚʘˁʝ ʟʘʜʘʪʘʢʘ ʟʘʭʪʝʚʘ ʤʘʣʠ ʙʨʦʿ ʢʦʨʘʢʘ 2.96 1.08 

ɿʘʜʘʪʘʢ ʩʝ ʤʦʞʝ ʨʝʰʠʪʠ ʙʝʟ ʧʠʩʘʥʠʭ ʠʥʩʪʨʫʢʮʠʿʘ 2.75 0.94 

ɿʘ ʨʝʰʘʚʘˁʝ ʟʘʜʘʪʢʘ ʿʝ ʧʦʪʨʝʙʥʘ ʧʦʤʦ˂ ʘʩʠʩʪʝʥʪʘ 3.71 0.86 

ʇʠʪʘˁʘ ʚʝʟʘʥʘ ʟʘ ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʫʯʝˁʘ   

ʆʩʥʦʚʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ OpenStack ʠ OpenDaylight ʨʝʰʝˁʘ ʩʝ 

ʤʦʛʫ ʥʘʫʯʠʪʠ ʣʘʢʦ 
2.92 0.78 

ʆʩʥʦʚʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ OpenStack ʠ OpenDaylight ʨʝʰʝˁʘ ʩʝ 

ʤʦʛʫ ʥʘʫʯʠʪʠ ʙʨʟʦ 
2.87 0.80 

ʇʠʪʘˁʘ ʚʝʟʘʥʘ ʟʘ ʩʘʜʨʞʘʿ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ   

ɿʘʜʘʪʘʢ ʿʝ ʙʠʦ ʟʘʥʠʤˀʠʚ 3.92 0.72 

ɿʘʜʘʪʘʢ ʿʝ ʙʠʦ ʢʦʨʠʩʪʘʥ 4.00 0.72 

ɿʥʘˁʘ ʩʪʝʯʝʥʘ ʧʨʠ ʠʟʨʘʜʠ ʟʘʜʘʪʢʘ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʫ ʧʨʘʢʩʠ 3.71 0.91 

 

 

ɺʝ˂ʠʥʘ ʩʪʫʜʝʥʘʪʘ ʥʠʿʝ ʠʤʘʣʘ ʧʨʝʪʭʦʜʥʦ ʠʩʢʫʩʪʚʦ ʫ ʨʘʜʫ ʩʘ cloud computing 

ʪʝʭʥʦʣʦʛʠʿʦʤ, ʘʣʠ 80% ˁʠʭ ʩʤʘʪʨʘ ʜʘ SDN ʨʝʰʝˁʝ ʟʘʩʥʦʚʘʥʦ ʥʘ OpenStack ʠ 

OpenDaylight ʨʝʰʝˁʫ ʤʦʞʝ ʠʤʘʪʠ ʧʦʟʠʪʠʚʘʥ ʫʪʠʮʘʿ, ʧʦʩʝʙʥʦ ʫ ʦʙʨʘʟʦʚʥʦʤ 

ʦʢʨʫʞʝˁʫ. ʉʪʫʜʝʥʪʠ ʩʫ ʦʮʝʥʠʣʠ ʜʘ ʿʝ ʪʝʞʠʥʘ ʟʘʜʘʪʢʘ ʠ ʢʨʝʠʨʘˁʝ ʤʨʝʞʝ 

ʢʦʤʧʘʥʠʿʝ ʙʠʣʦ ʥʘ ʩʨʝʜˁʝʤ ʥʠʚʦʫ, ʘ ʚʝ˂ʠʥʘ (ʦʢʦ 75%) ʩʤʘʪʨʘ ʜʘ ʿʝ ʟʘ ʠʟʨʘʜʫ 

ʟʘʜʘʪʢʘ ʧʦʪʨʝʙʥʘ ʧʦʤʦ˂ ʥʘʩʪʘʚʥʠʢʘ. ʆʧʰʪʘ ʦʮʝʥʘ ʩʪʫʜʝʥʘʪʘ ʿʝʩʪʝ ʜʘ ʩʫ ʟʘʜʦʚʦˀʥʠ 
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ʦʜʨʞʘʥʠʤ SDN ʦʙʨʘʟʦʚʥʠʤ ʤʦʜʫʣʦʤ, ʘ ʦʢʦ 80% ʠʩʧʠʪʘʥʠʭ ʩʤʘʪʨʘ ʜʘ ʿʝ ʟʘʜʘʪʘʢ 

ʙʠʦ ʠʥʪʝʨʝʩʘʥʪʘʥ ʠ ʢʦʨʠʩʪʘʥ. 

 

 

5.4.2. ʆʙʨʘʟʦʚʥʠ ʤʦʜʫʣ 2 

 

ɼʨʫʛʠ SDN ʧʠʣʦʪ ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʿʝ ʨʝʘʣʠʟʦʚʘʥ ʫ ʪʦʢʫ ʟʠʤʩʢʦʛ ʩʝʤʝʩʪʨʘ ʰʢʦʣʩʢʝ 

2016/17. ʛʦʜʠʥʝ. 

 

ʋʯʝʩʥʠʮʠ 

 

SDN ʦʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʩʫ ʧʦʭʘʹʘʣʠ ʩʪʫʜʝʥʪʠ ʩʤʝʨʘ ɽʣʝʢʪʨʦʥʩʢʦ ʧʦʩʣʦʚʘˁʝ ʥʘ 

ʦʩʥʦʚʥʠʤ, ʤʘʩʪʝʨ, ʩʧʝʮʠʿʘʣʠʩʪʠʯʢʠʤ ʠ ʜʦʢʪʦʨʩʢʠʤ ʩʪʫʜʠʿʘʤʘ. ʇʠʣʦʪ ʦʙʨʘʟʦʚʥʠ 

ʤʦʜʫʣ ʿʝ ʧʦʭʘʹʘʣʦ 30 ʩʪʫʜʝʥʘʪʘ. ʆʩʥʦʚʥʠ ʜʝʤʦʛʨʘʬʩʢʠ ʧʦʜʘʮʠ ʦ ʩʪʫʜʝʥʪʠʤʘ ʩʫ 

ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʢʘʤʘ 53, 54, 55 ʠ 56 [148]. 

 

 

ʉʣʠʢʘ 53: ʇʦʣʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʣʘʟʥʠʢʘ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ 

 

 

 

ʉʣʠʢʘ 54: ʉʪʘʨʦʩʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʣʘʟʥʠʢʘ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ 
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ʉʣʠʢʘ 55: ʆʮʝʥʝ ʧʦʣʘʟʥʠʢʘ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʥʘ ʜʦʩʘʜʘʰˁʠʤ ʩʪʫʜʠʿʘʤʘ 

 

 

 

ʉʣʠʢʘ 56: ʇʨʦʬʝʩʠʦʥʘʣʥʦ ʠʩʢʫʩʪʚʦ ʧʦʣʘʟʥʠʢʘ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ 

 

 

ʇʦʜʘʮʠ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʚʝ˂ʠʥʘ ʧʦʣʘʟʥʠʢʘ ʤʣʘʹʘ ʦʜ 25 ʛʦʜʠʥʘ ʠ ʜʘ ʠʤʘʿʫ ʜʦ 3 ʛʦʜʠʥʝ 

ʧʨʦʬʝʩʠʦʥʘʣʥʦʛ ʠʩʢʫʩʪʚʘ ʫ ʀʊ ʦʙʣʘʩʪʠ. 

 

ʉʚʠ ʧʦʣʘʟʥʠʮʠ ʩʫ ʧʦʧʫʥʠʣʠ ʫʣʘʟʥʫ ʘʥʢʝʪʫ ʫ ʢʦʿʦʿ ʩʫ ʠʩʢʘʟʘʣʠ ʩʚʦʿʝ ʤʠʰˀʝˁʝ ʦ 

ʜʦʩʘʜʘʰˁʝʤ ʟʥʘˁʫ ʠ ʠʩʢʫʩʪʚʫ ʫ ʨʘʜʫ ʩʘ ʨʘʯʫʥʘʨʩʢʠʤ ʤʨʝʞʘʤʘ, ʚʠʨʪʫʝʣʠʟʘʮʠʿʦʤ, 

cloud computing ʠ SDN ʪʝʭʥʦʣʦʛʠʿʦʤ. ʊʘʢʦʹʝ, ʪʨʝʙʘʣʦ ʿʝ ʜʘ ʧʨʦʮʝʥʝ ʤʦʛʫ˂ʥʦʩʪ 

ʧʨʠʤʝʥʝ ʦʚʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʫ ʧʨʦʬʝʩʠʦʥʘʣʥʦʤ ʨʘʜʫ. ɸʥʢʝʪʘ ʿʝ ʠʤʘʣʘ 11 ʧʠʪʘˁʘ ʩʘ 

ʧʝʪʦʩʪʝʧʝʥʦʤ ʩʢʘʣʦʤ (ʋ ʧʦʪʧʫʥʦʩʪʠ ʩʝ ʩʣʘʞʝʤ ï 5; ʉʣʘʞʝʤ ʩʝ ï 4; ʅʠʩʘʤ ʩʠʛʫʨʘʥ 
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ï 3; ʅʝ ʩʣʘʞʝʤ ʩʝ ï 2; ʋ ʧʦʪʧʫʥʦʩʪʠ ʩʝ ʥʝ ʩʣʘʞʝʤ ï 1). ʈʝʟʫʣʪʘʪʠ ʫʣʘʟʥʝ ʘʥʢʝʪʝ ʩʫ 

ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 7 (Xↄ ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ, ʦʜ 1 ʜʦ 5;  ï ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ) ʠ 

ʧʦʢʘʟʫʿʫ ʜʘ ʤʘʣʠ ʙʨʦʿ ʩʪʫʜʝʥʘʪʘ ʠʤʘ ʦʜʨʝʹʝʥʦ ʟʥʘˁʝ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʦ ʠʩʢʫʩʪʚʦ ʫ 

ʨʘʟʤʘʪʨʘʥʠʤ ʦʙʣʘʩʪʠʤʘ. ʄʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʿʝ ˁʠʭʦʚʦ ʟʥʘˁʝ ʚʠʰʝ ʫ ʦʙʣʘʩʪʠ 

ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ, ʥʝʰʪʦ ʥʠʞʝ ʫ ʦʙʣʘʩʪʠ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʠ cloud computing 

ʪʝʭʥʦʣʦʛʠʿʝ, ʘ ʥʘʿʥʠʞʝ ʫ ʦʙʣʘʩʪʠ SDN ʪʝʭʥʦʣʦʛʠʿʝ. ʀʧʘʢ, ʚʝ˂ʠʥʘ ʩʪʫʜʝʥʘʪʘ ʿʝ 

ʠʟʨʘʟʠʣʘ ʤʠʰˀʝˁʝ ʜʘ ʥʘʚʝʜʝʥʝ ʦʙʣʘʩʪʠ ʤʦʛʫ ʥʘ˂ʠ ʧʨʠʤʝʥʫ ʫ ˁʠʭʦʚʦʤ 

ʧʨʦʬʝʩʠʦʥʘʣʥʦʤ ʨʘʜʫ. 

 

ʊʘʙʝʣʘ 7: ʈʝʟʫʣʪʘʪʠ ʫʣʘʟʥʝ ʘʥʢʝʪʝ [148] 

ʇʠʪʘˁʘ Xↄ  

ʇʨʦʮʝʥʘ ʪʝʦʨʠʿʩʢʦʛ ʟʥʘˁʘ   

ʋʧʦʟʥʘʪ/ʘ ʩʘʤ ʩʘ ʦʩʥʦʚʥʠʤ ʢʦʥʮʝʧʪʠʤʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ 

ʤʨʝʞʘ 
3.50 0.86 

ʋʧʦʟʥʘʪ/ʘ ʩʘʤ ʩʘ ʦʩʥʦʚʥʠʤ ʢʦʥʮʝʧʪʠʤʘ ʚʠʨʪʫʝʣʥʠʭ ʤʨʝʞʘ 2.83 0.83 

ʋʧʦʟʥʘʪ/ʘ ʩʘʤ ʩʘ ʦʩʥʦʚʥʠʤ ʢʦʥʮʝʧʪʠʤʘ cloud computing 

ʪʝʭʥʦʣʦʛʠʿʘ 
2.90 0.96 

ʋʧʦʟʥʘʪ/ʘ ʩʘʤ ʩʘ ʦʩʥʦʚʥʠʤ ʢʦʥʮʝʧʪʠʤʘ SDN ʪʝʭʥʦʣʦʛʠʿʘ 2.00 0.87 

ʇʨʦʮʝʥʘ ʧʨʘʢʪʠʯʥʦʛ ʠʩʢʫʩʪʚʘ   

ʀʤʘʤ ʠʩʢʫʩʪʚʘ ʫ ʨʘʜʫ ʩʘ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʤʨʝʞʘʤʘ 2.73 1.08 

ʀʤʘʤ ʠʩʢʫʩʪʚʘ ʫ ʨʘʜʫ ʩʘ ʚʠʨʪʫʝʣʥʠʤ ʤʨʝʞʘʤʘ 2.23 0.90 

ʀʤʘʤ ʠʩʢʫʩʪʚʘ ʫ ʨʘʜʫ ʩʘ cloud computing ʪʝʭʥʦʣʦʛʠʿʘʤʘ 2.23 1.07 

ʀʤʘʤ ʠʩʢʫʩʪʚʘ ʫ ʨʘʜʫ ʩʘ SDN ʪʝʭʥʦʣʦʛʠʿʘʤʘ 1.80 0.76 

ʇʨʦʮʝʥʘ ʧʨʠʤʝʥʝ ʫ ʧʨʘʢʩʠ   

ʉʤʘʪʨʘʤ ʜʘ ˂ʝ ʟʥʘˁʘ ʩʪʝʯʝʥʘ ʫ ʦʙʣʘʩʪʠ ʚʠʨʪʫʝʣʥʠʭ ʤʨʝʞʘ 

ʤʦ˂ʠ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʝ ʫ ʧʨʘʢʩʠ 
4.23 0.77 

ʉʤʘʪʨʘʤ ʜʘ ˂ʝ ʟʥʘˁʘ ʩʪʝʯʝʥʘ ʫ ʦʙʣʘʩʪʠ cloud computing -ʘ 

ʤʦ˂ʠ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʝ ʫ ʧʨʘʢʩʠ 
4.43 0.68 

ʉʤʘʪʨʘʤ ʜʘ ˂ʝ ʟʥʘˁʘ ʩʪʝʯʝʥʘ ʫ ʦʙʣʘʩʪʠ SDN-ʘ ʤʦ˂ʠ ʜʘ ʩʝ 

ʠʩʢʦʨʠʩʪʝ ʫ ʧʨʘʢʩʠ 
4.23 0.68 

 

 

ʇʨʦʮʝʜʫʨʘ 

 

ʆʙʨʘʟʦʚʥʠ ʤʦʜʫʣ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʥʠʟʘ ʧʨʝʜʘʚʘˁʘ, ʪʝʩʪʦʚʘ ʠ ʧʨʘʢʪʠʯʥʠʭ ʚʝʞʙʠ. 

ʉʪʫʜʝʥʪʠ ʩʫ ʜʦʙʠʣʠ ʫʚʦʜʥʦ ʪʝʦʨʠʿʩʢʦ ʟʥʘˁʝ ʦ ʨʘʯʫʥʘʨʩʢʠʤ ʤʨʝʞʘʤʘ, 

ʚʠʨʪʫʝʣʠʟʘʮʠʿʠ, cloud computing ʠ SDN ʪʝʭʥʦʣʦʛʠʿʠ, ʢʘʦ ʠ ʦ ʧʨʦʮʝʩʫ ʢʨʝʠʨʘˁʘ 
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ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ. ʋ ʧʨʚʦʤ ʜʝʣʫ ʧʨʘʢʪʠʯʥʦʛ ʟʘʜʘʪʢʘ ʩʪʫʜʝʥʪʠ ʩʫ ʢʨʝʠʨʘʣʠ 

ʚʠʨʪʫʝʣʠʟʦʚʘʥʦ ʤʨʝʞʥʦ ʦʢʨʫʞʝˁʝ ʢʦʨʠʰ˂ʝˁʝʤ Mininet ʘʣʘʪʘ ʟʘ ʝʤʫʣʘʮʠʿʫ SDN 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ɼʨʫʛʠ ʜʝʦ ʧʨʘʢʪʠʯʥʦʛ ʟʘʜʘʪʢʘ ʿʝ ʙʠʦ ʟʘʩʥʦʚʘʥ ʥʘ ʢʨʝʠʨʘˁʫ SDN 

ʤʨʝʞʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʟʘ ʦʜʨʝʹʝʥʫ ʢʦʤʧʘʥʠʿʫ ʥʘ ʦʩʥʦʚʫ ʟʘʭʪʝʚʘ ʫ ʧʦʛʣʝʜʫ 

ʤʨʝʞʥʝ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʧʦʜʨʞʘʥʠʭ ʩʝʨʚʠʩʘ. ʉʪʫʜʝʥʪʠ ʩʫ ʠʤʘʣʠ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ 

ʧʨʝʢʦʥʬʠʛʫʨʠʩʘʥʝ ʚʠʨʪʫʝʣʥʝ ʤʘʰʠʥʝ ʩʘ OpenStack ʦʢʨʫʞʝˁʝʤ ʠ OpenDaylight 

ʢʦʥʪʨʦʣʝʨʦʤ, ʢʘʦ ʠ ʧʠʩʘʥʝ ʠʥʩʪʨʫʢʮʠʿʝ ʟʘ ʨʘʜ. ʉʣʠʢʝ 57ʘ ʠ 57ʙ ʧʨʠʢʘʟʫʿʫ ʧʨʠʤʝʨ 

ʨʝʘʣʠʟʘʮʠʿʝ ʟʘʜʘʪʘʢʘ ʢʦʨʠʰ˂ʝˁʝʤ OpenStack ʠ OpenDaylight ʨʝʰʝˁʘ. 

 

 

(a) OpenStack 

 

(ʙ) OpenDaylight 

ʉʣʠʢʘ 57: ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʿʝ ʟʘʜʘʪʘʢʘ ʢʦʨʠʰ˂ʝˁʝʤ OpenStack ʠ OpenDaylight 

ʨʝʰʝˁʘ [148] 
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ʀʥʩʪʨʫʤʝʥʪʠ 

 

ɼʘ ʙʠʩʤʦ ʜʦʙʠʣʠ ʦʜʛʦʚʦʨ ʥʘ ʧʠʪʘˁʝ ʇ1, ʧʨʠʤʝˁʝʥ ʿʝ ʢʦʤʙʠʥʦʚʘʥʠ ʧʨʠʩʪʫʧ. 

ʂʦʨʠʰ˂ʝʥ ʿʝ pre-test post-test ʧʨʠʥʮʠʧ ʜʘ ʙʠʩʤʦ ʫʧʦʨʝʜʠʣʠ ʟʥʘˁʝ ʩʪʫʜʝʥʘʪʘ ʧʨʝ ʠ 

ʧʦʩʣʝ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ. ʉʪʫʜʝʥʪʠ ʩʫ ʨʘʜʠʣʠ ʪʝʩʪ ʟʥʘˁʘ ʥʘ ʧʦʯʝʪʢʫ ʠ ʥʘ ʢʨʘʿʫ 

ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ. ʊʝʩʪ ʩʝ ʩʘʩʪʦʿʘʦ ʠʟ 20 ʧʠʪʘˁʘ, ʢʦʿʘ ʩʫ ʪʠʧʘ multiple-choice. ʉʚʘ 

ʧʠʪʘˁʘ ʩʫ ʠʤʘʣʘ ʠʩʪʠ ʪʝʞʠʥʩʢʠ ʬʘʢʪʦʨ. ʉʪʫʜʝʥʪʠ ʩʫ ʜʦʙʠʣʠ ʦʮʝʥʝ ʥʘ ʩʢʘʣʠ ʦʜ 5 

ʜʦ 10 (5 ï ʥʠʿʝ ʧʦʣʦʞʠʦ, 6 ï ʥʘʿʥʠʞʘ ʦʮʝʥʘ ʟʘ ʧʨʦʣʘʟ, 10 ï ʥʘʿʚʠʰʘ ʦʮʝʥʘ ʟʘ 

ʧʨʦʣʘʟ). 

 

ɼʦʜʘʪʥʦ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʣʦʥʛʠʪʫʜʠʿʘʣʥʠ ʜʠʟʘʿʥ, ʩʘ ʜʚʘ ʪʝʩʪʘ ʫ ʪʦʢʫ ʦʙʨʘʟʦʚʥʦʛ 

ʤʦʜʫʣʘ, ʢʘʢʦ ʙʠ ʩʝ ʧʨʘʪʠʦ ʥʘʧʨʝʜʘʢ ʩʪʫʜʝʥʘʪʘ. ʇʨʚʠ ʪʝʩʪ ʩʝ ʦʜʥʦʩʠʦ ʥʘ ʦʙʣʘʩʪ 

ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʠ cloud computing ʪʝʭʥʦʣʦʛʠʿʝ, ʘ ʜʨʫʛʠ ʥʘ SDN. ʉʚʘʢʠ ʪʝʩʪ ʩʝ 

ʩʘʩʪʦʿʘʦ ʠʟ 15 multiple-choice ʧʠʪʘˁʘ. 

 

ɼʘ ʙʠʩʤʦ ʜʦʙʠʣʠ ʦʜʛʦʚʦʨ ʥʘ ʧʠʪʘˁʝ ʇ2 ʠ ʜʦʙʠʣʠ ʧʦʜʘʪʢʝ ʦ ʤʠʰˀʝˁʫ ʩʪʫʜʝʥʘʪʘ ʦ 

ʦʙʨʘʟʦʚʥʦʤ ʤʦʜʫʣʫ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʫʧʠʪʥʠʢ. ʂʦʨʠʰ˂ʝʥ ʿʝ ʠʟʤʝˁʝʥ USE ʫʧʠʪʥʠʢ. 

ʇʠʪʘˁʘ ʩʫ ʛʨʫʧʠʩʘʥʘ ʫ ʜʚʝ ʢʘʪʝʛʦʨʠʿʝ: ʧʠʪʘˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ Mininet ʚʝʞʙʫ ʠ 

ʧʠʪʘˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ OpenStack ʚʝʞʙʫ. ʉʚʘʢʘ ʢʘʪʝʛʦʨʠʿʘ ʧʠʪʘˁʘ ʩʝ ʩʘʩʪʦʿʘʣʘ 

ʦʜ ʯʝʪʠʨʠ ʛʨʫʧʝ ʧʠʪʘˁʘ: ʦʧʰʪʝ ʤʠʰˀʝˁʝ, ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ, ʫʪʠʮʘʿ ʥʘ 

ʟʥʘˁʝ ʠ ʩʘʜʨʞʘʿ ʚʝʞʙʝ. ʇʠʪʘˁʘ ʩʫ ʟʘʩʥʦʚʘʥʘ ʥʘ Likert-ʦʚʦʿ ʧʝʪʦʩʪʝʧʝʥʦʿ ʩʢʘʣʠ. 

 

ɸʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ 

 

ʇʨʦʩʝʯʥʘ ʦʮʝʥʘ ʢʦʿʫ ʩʫ ʩʪʫʜʝʥʪʠ ʜʦʙʠʣʠ ʥʘ pre-test-ʫ ʿʝ 7.99 ʦʜ 10, ʩʘ ʩʪʘʥʜʘʨʜʥʦʤ 

ʜʝʚʠʿʘʮʠʿʦʤ ʦʜ 1.64 ʠ 95% ʠʥʪʝʨʚʘʣ ʧʦʚʝʨʝˁʘ (7.40,8.58). ʇʨʦʩʝʯʥʘ ʦʮʝʥʘ ʢʦʿʫ ʩʫ 

ʩʪʫʜʝʥʪʠ ʜʦʙʠʣʠ ʥʘ post-test-ʫ ʿʝ 8.06 ʦʜ 10 ʩʘ ʩʪʘʥʜʘʨʜʥʦʤ ʜʝʚʠʿʘʮʠʿʦʤ ʦʜ 1.72 ʠ 

95% ʠʥʪʝʨʚʘʣ ʧʦʚʝʨʝˁʘ (7.45, 8.68). ʉʣʠʢʘ 58 ʧʨʠʢʘʟʫʿʝ ʦʮʝʥʝ (ʭ ʦʩʘ) ʢʦʿʝ ʩʫ 

ʩʪʫʜʝʥʪʠ ʜʦʙʠʣʠ ʥʘ pre-test-ʫ ʠ post-test-ʫ. Y ʦʩʘ ʧʨʠʢʘʟʫʿʝ ʙʨʦʿ ʩʪʫʜʝʥʘʪʘ ʢʦʿʠ ʩʫ 

ʜʦʙʠʣʠ ʦʜʨʝʹʝʥʫ ʦʮʝʥʫ. ɸʥʘʣʠʟʘ ʧʠʪʘˁʘ ʥʘ pre-test-ʫ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʥʘ ʧʠʪʘˁʘ ʦ 

ʦʩʥʦʚʥʠʤ ʢʦʥʮʝʧʪʠʤʘ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ ʠ ʚʠʨʪʫʝʣʠʟʘʮʠʿʠ ʚʝ˂ʠʥʘ ʩʪʫʜʝʥʘʪʘ ʜʘʣʘ 

ʪʘʯʥʝ ʦʜʛʦʚʦʨʝ, ʘ ʜʘ ʩʪʫʜʝʥʪʠ ʥʠʩʫ ʠʤʘʣʠ ʧʨʝʪʭʦʜʥʦ ʟʥʘˁʝ ʫ ʦʙʣʘʩʪʠ SDN-ʘ. ʆʚʦ 
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ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʫʣʘʟʥʝ ʘʥʢʝʪʝ ʢʦʿʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 7. 

 

 

ʉʣʠʢʘ 58: ʈʝʟʫʣʪʘʪʠ ʪʝʩʪʘ ʟʥʘˁʘ [148] 

 

 

ɿʘ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ pre-test-ʘ ʠ post-test-ʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ʊ-ʪʝʩʪ ʩʘ ʟʘʚʠʩʥʠʤ 

ʫʟʦʨʮʠʤʘ. ʆʚʘʿ ʪʝʩʪ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʨʘʟʣʠʢʘ ʫ ʨʝʟʫʣʪʘʪʠʤʘ ʧʦʩʪʠʛʥʫʪʠʤ ʥʘ pre-test-ʫ 

ʠ post-test-ʫ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ (t(29)=-7.053, p<0.05). ʈʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʩʫ 

ʩʪʫʜʝʥʪʠ ʧʦʩʪʠʛʣʠ ʟʥʘʯʘʿʥʦ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʥʘ post-test-ʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʧʦʩʪʠʛʥʫʪʠʤ ʥʘ pre-test-ʫ. 

 

ʅʘʧʨʝʜʘʢ ʩʪʫʜʝʥʘʪʘ ʿʝ ʧʨʘ˂ʝʥ ʪʦʢʦʤ ʨʝʘʣʠʟʘʮʠʿʝ ʦʙʨʘʟʦʚʥʦʛ ʤʦʜʫʣʘ ʢʨʦʟ ʜʚʘ 

ʪʝʩʪʘ: ʿʝʜʘʥ ʫ ʦʙʣʘʩʪʠ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʠ cloud computing ʪʝʭʥʦʣʦʛʠʿʝ, ʘ ʜʨʫʛʠ ʫ 

ʦʙʣʘʩʪʠ SDN-ʘ. ʇʨʦʩʝʯʥʘ ʦʮʝʥʘ ʥʘ ʧʨʚʦʤ ʪʝʩʪʫ ʿʝ 8.97 ʩʘ ʩʪʘʥʜʘʨʜʥʦʤ 

ʜʝʚʠʿʘʮʠʿʦʤ 0.93, 95% ʠʥʪʝʨʚʘʣ ʧʦʚʝʨʝˁʘ (8.63, 9.30), ʘ ʥʘ ʜʨʫʛʦʤ ʪʝʩʪʫ 7.93 ʩʘ 

ʩʪʘʥʜʘʨʜʥʦʤ ʜʝʚʠʿʘʮʠʿʦʤ 1.00, 95% ʠʥʪʝʨʚʘʣ ʧʦʚʝʨʝˁʘ (7.57, 8.29). ʆʚʦ ʧʦʢʘʟʫʿʝ 

ʜʘ ʩʫ ʩʪʫʜʝʥʪʠ ʣʘʢʰʝ ʫʩʚʘʿʘʣʠ ʟʥʘˁʘ ʫ ʦʙʣʘʩʪʠ ʚʠʨʪʫʝʣʠʟʘʮʠʿʝ ʠ cloud computing 

ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ SDN ʪʝʭʥʦʣʦʛʠʿʦʤ, ʰʪʦ ʩʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʫ ʚʝʟʫ ʩʘ 

ʧʨʝʪʭʦʜʥʠʤ ʠʩʢʫʩʪʚʦʤ ʩʪʫʜʝʥʘʪʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʪʘʙʝʣʠ 7. 

 

ʊʘʙʝʣʘ 8 ʧʨʠʢʘʟʫʿʝ ʩʫʤʘʨʥʝ ʨʝʟʫʣʪʘʪʝ ʘʥʘʣʠʟʝ ʫʧʠʪʥʠʢʘ (Xↄ ï ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ, ʦʜ 1 

ʜʦ 5;  ï ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ) ʢʦʿʠ ʩʫ ʩʪʫʜʝʥʪʠ ʧʦʧʫʥʠʣʠ ʥʘ ʢʨʘʿʫ ʦʙʨʘʟʦʚʥʦʛ 
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ʤʦʜʫʣʘ. ʂʦʨʠʰ˂ʝʥʘ ʿʝ ʧʝʪʦʩʪʝʧʝʥʘ ʩʢʘʣʘ (ʋ ʧʦʪʧʫʥʦʩʪʠ ʩʝ ʩʣʘʞʝʤ ï 5; ʉʣʘʞʝʤ ʩʝ 

ï 4; ʅʠʩʘʤ ʩʠʛʫʨʘʥ ï 3; ʅʝ ʩʣʘʞʝʤ ʩʝ ï 2; ʋ ʧʦʪʧʫʥʦʩʪʠ ʩʝ ʥʝ ʩʣʘʞʝʤ ï 1). 

 

ʊʘʙʝʣʘ 8: ɸʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʫʧʠʪʥʠʢʘ ʟʘ ʧʨʦʮʝʥʫ ʤʠʰˀʝˁʘ ʩʪʫʜʝʥʘʪʘ ʦ 

ʦʙʨʘʟʦʚʥʦʤ ʤʦʜʫʣʫ [148] 

 Mininet OpenStack 

ʇʠʪʘˁʘ Xↄ  Xↄ  

ʇʠʪʘˁʘ ʦ SDN ʨʝʰʝˁʫ (Mininet ʠ OpenStack)     

ʈʝʰʝˁʝ ʿʝ ʝʬʠʢʘʩʥʦ 3.77 0.50 4.07 0.52 

ʈʝʰʝˁʝ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʫ ʧʨʘʢʩʠ 3.73 0.58 4.40 0.50 

ʇʨʠʤʝʥʘ ʨʝʰʝˁʘ ʤʦʞʝ ʩʤʘˁʠʪʠ ʚʨʝʤʝ 

ʠʟʚʨʰʝˁʘ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ 
3.90 0.55 4.03 0.56 

ʇʨʠʤʝʥʘ ʨʝʰʝˁʘ ʤʦʞʝ ʧʦʙʦˀʰʘʪʠ ʝʜʫʢʘʮʠʿʫ ʫ 

ʦʙʣʘʩʪʠ ʨʘʯʫʥʘʨʩʢʠʭ ʤʨʝʞʘ 
4.30 0.60 4.47 0.57 

ʇʠʪʘˁʘ ʦ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʘ     

ʂʦʥʬʠʛʫʨʘʮʠʿʘ ʚʠʨʪʫʝʣʥʦʛ ʤʨʝʞʥʦʛ ʦʢʨʫʞʝˁʘ 

ʧʨʠʤʝʥʦʤ ʨʝʰʝˁʘ ʿʝ ʿʝʜʥʦʩʪʘʚʥʘ 
3.80 0.76 3.67 0.80 

ʈʝʰʘʚʘˁʝ ʟʘʜʘʪʢʘ ʟʘʭʪʝʚʘ ʤʘʣʠ ʙʨʦʿ ʢʦʨʘʢʘ 3.83 0.83 3.63 0.81 

ɿʘʜʘʪʘʢ ʩʝ ʤʦʞʝ ʨʝʰʠʪʠ ʙʝʟ ʧʠʩʘʥʠʭ 

ʠʥʩʪʨʫʢʮʠʿʘ 
3.07 0.91 2.70 0.99 

ɿʘ ʨʝʰʘʚʘˁʝ ʟʘʜʘʪʢʘ ʿʝ ʧʦʪʨʝʙʥʘ ʧʦʤʦ˂ 

ʘʩʠʩʪʝʥʪʘ 
3.47 0.97 3.90 1.06 

ʇʠʪʘˁʘ ʦ ʫʪʠʮʘʿʫ ʥʘ ʟʥʘˁʝ     

ʆʩʥʦʚʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʨʝʰʝˁʘ ʩʝ ʤʦʛʫ ʥʘʫʯʠʪʠ 

ʣʘʢʦ 
4.07 0.69 3.57 0.82 

ʆʩʥʦʚʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʨʝʰʝˁʘ ʩʝ ʤʦʛʫ ʥʘʫʯʠʪʠ 

ʙʨʟʦ 
4.07 0.45 3.53 0.78 

ʇʠʪʘˁʘ ʦ ʩʘʜʨʞʘʿʫ ʚʝʞʙʝ     

ɿʘʜʘʪʘʢ ʿʝ ʙʠʦ ʟʘʥʠʤˀʠʚ 4.23 0.73 4.50 0.51 

ɿʘʜʘʪʘʢ ʿʝ ʙʠʦ ʢʦʨʠʩʪʘʥ 4.33 0.80 4.60 0.50 

ɿʥʘˁʘ ʩʪʝʯʝʥʘ ʧʨʠ ʠʟʨʘʜʠ ʟʘʜʘʪʢʘ ˂ʝ ʤʦ˂ʠ ʜʘ ʩʝ 

ʠʩʢʦʨʠʩʪʝ ʫ ʧʨʘʢʩʠ 
3.77 0.73 3.93 0.74 

 

 

ʆʜʛʦʚʦʨʠ ʥʘ ʧʠʪʘˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʠ ʧʨʠʤʝʥʫ Mininet ʠ OpenStack 

ʨʝʰʝˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʩʪʫʜʝʥʪʠ ʜʘʿʫ ʥʝʟʥʘʪʥʫ ʧʨʝʜʥʦʩʪ OpenStack-ʫ, ʰʪʦ ʩʝ ʤʦʞʝ 

ʦʙʿʘʩʥʠʪʠ ʯʠˁʝʥʠʮʦʤ ʜʘ ʿʝ ʦʚʦ ʨʝʰʝˁʝ ʥʘʰʣʦ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʧʨʘʢʩʠ, ʜʦʢ ʩʝ 

Mininet ʢʦʨʠʩʪʠ ʫʛʣʘʚʥʦʤ ʫ ʦʙʨʘʟʦʚʥʝ ʩʚʨʭʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ 

ʿʝʜʥʦʩʪʘʚʥʦʩʪ ʫʯʝˁʘ, Mininet-ʫ ʿʝ ʜʘʪʘ ʧʨʝʜʥʦʩʪ. ʆʙʘ ʨʝʰʝˁʘ ʩʫ ʜʦʙʠʣʘ ʚʠʩʦʢʝ 

ʦʮʝʥʝ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʟʘʥʠʤˀʠʚʦʩʪ ʟʘʜʘʪʢʘ ʠ ʤʦʛʫ˂ʥʦʩʪ ʧʨʠʤʝʥʝ ʫ ʧʨʘʢʩʠ, ʪʘʢʦ 
































































