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ʇʈɽɼɻʆɺʆʈ  

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʩʧʘʜʘ ʫ ʦʙʣʘʩʪ ʧʨʝʜʠʢʮʠʿʝ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. ʆʩʥʦʚʥʠ 

ʮʠˀ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʢʨʝʠʨʘˁʝ ʘʣʛʦʨʠʪʤʘ ʠ ʩʠʩʪʝʤʘ (ʩʦʬʪʚʝʨʘ) ʢʦʿʠ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ 

ʰʪʦ ʙʦˀʝ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʪʦʢʦʤ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʢʘʢʦ ʙʠ 

ʠʩʪʫ ʰʪʦ ʙʦˀʝ ʩʘʛʣʝʜʘʣʠ. ʆʩʥʦʚʥʘ ʥʘʤʝʥʘ ʩʧʦʤʝʥʫʪʦʛ ʩʦʬʪʚʝʨʘ ʿʝ ʜʘ ʩʝ ʠʩʪʠ 

ʢʦʨʠʩʪʠ ʫ ʝʜʫʢʘʪʠʚʥʝ ʩʚʨʭʝ ʟʘ ʦʙʫʯʘʚʘˁʝ ʤʣʘʜʠʭ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ. 

ʆʧʪʠʤʘʣʥʝ ʧʦʟʠʮʠʿʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʩʝ ʨʝʟʦʥʫʿʫ ʫʧʦʪʨʝʙʦʤ ʚʠʰʝʩʣʦʿʥʠʭ 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ (MLP ï Multilayered Perceptron) ʥʘ ʦʩʥʦʚʫ ʧʫʪʘˁʝ ʣʦʧʪʝ ʧʦ 

ʢʦʰʘʨʢʘʰʢʦʤ ʪʝʨʝʥʫ ʪʦʢʦʤ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. ʋ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ 

ʨʘʟʤʘʪʨʘ ʩʝ ʧʨʦʙʣʝʤ ʚʠʰʝʩʪʨʫʢʠʭ ʟʘʚʠʩʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ ʢʦʿʠ ʿʝ ʧʨʦʪʝʢʘʦ ʠʟ 

ʧʦʩʪʘʚʢʝ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʨʝʰʘʚʘ. ʇʦʜ ʚʠʰʝʩʪʨʫʢʠʤ ʟʘʚʠʩʥʠʤ ʚʨʝʤʝʥʩʢʠʤ 

ʩʝʨʠʿʘʤʘ ʩʤʘʪʨʘ ʩʝ ʥʠʟ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ ʢʦʿʝ ʩʫ ʤʝʹʫʩʦʙʥʦ ʟʘʚʠʩʥʝ (ʥʧʨ. 

ʚʨʝʜʥʦʩʪʠ ʿʝʜʥʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ ʫ ʿʝʜʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʪʨʝʥʫʪʢʫ ʟʘʚʠʩʝ ʦʜ 

ʚʨʝʜʥʦʩʪʠ ʜʨʫʛʠʭ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ) ʠ ʜʝʰʘʚʘʿʫ ʩʝ ʫ ʠʩʪʠʤ ʚʨʝʤʝʥʩʢʠʤ 

ʪʨʝʥʫʪʮʠʤʘ. ʊʘʢʦʹʝ, ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ (ʢʨʝʪʘˁʝ ʣʦʧʪʝ ʧʦ ʪʝʨʝʥʫ) 

ʩʝ ʬʦʨʤʠʨʘʿʫ ʪʨʠ ʟʘʚʠʩʥʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ (ʢʨʝʪʘˁʝ ʟʘ ʩʚʘʢʦʛ ʦʜ ʪʨʦʿʝ 

ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ) ʫ ʬʦʨʤʠ ʿʝʜʥʦʛ ʿʝʜʠʥʩʪʚʝʥʦʛ ʠʟʣʘʟʥʦʛ ʚʝʢʪʦʨʘ. 

ʅʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʨʝʰʘʚʘˁʝ ʥʘʚʝʜʝʥʦʛ ʧʨʦʙʣʝʤʘ ʦʙʫʯʘʚʘʥʝ ʩʫ 

ʥʘ ʦʩʥʦʚʫ ʦʙʫʯʘʚʘʿʫ˂ʠʭ ʩʢʫʧʦʚʘ ʢʦʿʝ ʩʫ ʧʨʦʜʫʢʪ / ʜʝʨʠʚʘʪ ʝʢʩʧʝʨʪʩʢʦʛ ʟʥʘˁʘ, ʪʿ. 

ʟʥʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʠ ʪʨʝʥʝʨʘ ʫ ʬʦʨʤʠ ʩʮʝʥʘʨʠʿʘ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ. 

ɼʝʬʠʥʠʩʘʥʘ ʩʫ ʜʚʘ ʤʦʜʝʣʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ (MLP ʠ LTR ï MDTS ï Left to Right ï 

Multiple Dependent Time Series), ʠ ʜʚʝ ʩʪʨʫʢʪʫʨʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ (ʩʘ 15 ʠ 12 

ʢˀʫʯʥʠʭ ʪʘʯʘʢʘ) ʠ ʟʘʪʠʤ ʿʝ ʧʨʠʩʪʫʧˀʝʥʦ ʝʚʘʣʫʘʮʠʿʠ ʠʩʪʠʭ ʥʘ ʦʩʥʦʚʫ SRC 

ʢʨʠʪʝʨʠʿʫʤʘ. ʅʘʢʦʥ ʦʙʫʯʘʚʘˁʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠ ˁʠʭʦʚʝ ʝʚʘʣʫʘʮʠʿʝ 

ʩʧʦʤʝʥʫʪʠʤ ʢʨʠʪʝʨʠʿʫʤʦʤ, ʧʨʠʩʪʫʧʠʣʦ ʩʝ ʢʦʥʘʯʥʦʿ ʝʚʘʣʫʘʮʠʿʠ ʠʩʪʠʭ ʧʫʪʝʤ 

ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ. ʅʘ ʢʨʘʿʫ ʜʦʢʪʦʨʘʪʘ ʨʘʟʤʘʪʨʘ ʩʝ ʩʠʩʪʝʤ ʟʘ 

ʢʦʨʝʢʮʠʿʫ ʧʫʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ. 

ɼʠʩʝʨʪʘʮʠʿʘ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʩʝʜʘʤ ʧʦʛʣʘʚˀʘ: 

  

1. ʋʚʦʜ  

2. ɸʥʘʣʠʟʘ ʧʦʩʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ  

3. ʄʦʛʫ˂ʥʦʩʪʠ ʬʦʨʤʠʨʘʥʦʛ ʝʜʫʢʘʪʠʚʥʦʛ ʩʦʬʪʚʝʨʘ  

4. ʉʠʤʫʣʘʮʠʿʘ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ  

5. ʆʩʥʦʚʝ, ʤʦʜʝʣʦʚʘˁʝ ʠ ʦʙʫʯʘʚʘˁʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ  

6. ʉʠʩʪʝʤ ʟʘ ʢʦʨʝʢʮʠʿʫ ʧʫʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ  

7. ɿʘʢˀʫʯʘʢ  

 

ʇʦʛʣʘʚˀʝ ʜʚʘ ʿʝ ʧʦʜʝˀʝʥʦ ʫ ʜʚʝ ʢˀʫʯʥʝ ʮʝʣʠʥʝ. ʇʨʚʠ ʜʝʦ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʛʣʝʜ 

ʩʣʠʯʥʠʭ ʨʘʜʦʚʘ ʠ ʨʝʣʝʚʘʥʪʥʝ ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʠ ʿʝ ʧʦʜʝˀʝʥ ʫ ʯʝʪʠʨʠ ʜʝʣʘ. ʇʨʚʠ ʜʝʦ 

ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʠʤʝʥʫ ʚʠʰʝʩʣʦʿʥʠʭ ʧʝʨʮʝʧʪʨʦʥʘ ʟʘ ʨʝʰʘʚʘˁʝ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. 

ɿʘʪʠʤ ʩʣʝʜʠ ʧʦʛʣʘʚˀʝ ʢʦʿʝ ʛʦʚʦʨʠ ʦ ʧʨʠʤʝʥʠ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʫ ʢʦʰʘʨʮʠ. 

ʇʦʰʪʦ ʿʝ ʩʘʩʪʘʚʥʠ ʜʝʦ ʦʚʦʛ ʜʦʢʪʦʨʘʪʘ ʩʠʤʫʣʘʮʠʿʘ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ, 

ʪʨʝ˂ʠ ʜʝʦ ʛʦʚʦʨʠ ʦ ʥʘʯʠʥʠʤʘ ʜʝʪʝʢʮʠʿʝ ʢʦʣʠʟʠʿʝ ʫ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ 

ʜʦʢ ʯʝʪʚʨʪʠ ʜʝʦ ʛʦʚʦʨʠ ʦ ʘʣʘʪʠʤʘ ʟʘ ʬʦʨʤʠʨʘˁʝ ʩʮʝʥʘʨʠʿʘ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ. 

ɼʨʫʛʠ ʜʝʦ ʜʨʫʛʦʛ ʧʦʛʣʘʚˀʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʝʛʣʝʜ ʧʦʟʥʘʪʠʭ ʢʣʘʩʠʬʠʢʘʪʦʨʘ ʠ ʦʮʝʥʫ 

ʨʝʟʦʥʦʚʘˁʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. 



2 

 

ʉʣʝʜʝ˂ʝ ʧʦʛʣʘʚˀʝ ʧʨʠʢʘʟʫʿʝ ʤʦʛʫ˂ʥʦʩʪʠ ʬʦʨʤʠʨʘʥʦʛ ʩʠʩʪʝʤʘ ʪʿ. ʝʜʫʢʘʪʠʚʥʦʛ 

ʩʦʬʪʚʝʨʘ. ʅʘʚʝʜʝʥʦ ʧʦʛʣʘʚˀʝ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʪʨʠ ʧʦʪʧʦʛʣʘʚˀʘ ʢʦʿʘ ʦʧʠʩʫʿʫ 

ʢʦʨʠʰ˂ʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʧʨʠʢʘʟʫʿʫ ʦʩʥʦʚʥʫ ʩʧʝʮʠʬʠʢʘʮʠʿʫ ʨʘʟʚʠʿʝʥʦʛ ʩʦʬʪʚʝʨʘ 

ʢʨʦʟ UML ʜʠʿʘʛʨʘʤʝ ʠ ʫʧʦʪʨʝʙʫ ʠʩʪʦʛ ʩʘ ʢʦʨʠʩʥʠʯʢʦʛ ʘʩʧʝʢʪʘ. 

ʇʦʛʣʘʚˀʝ ʯʝʪʠʨʠ ʧʨʠʢʘʟʫʿʝ ʢʘʢʦ ʩʝ ʬʦʨʤʠʨʘʣʘ ʩʠʤʫʣʘʮʠʿʘ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ 

ʧʦˀʘ. ʇʨʚʦ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʦʩʥʦʚʝ ʙʠʦʣʦʰʢʦʛ (ˀʫʜʩʢʦʛ) ʚʠʜʥʦʛ ʧʦˀʘ ʠ ʤʝʪʨʠʢʘ 

ʜʦʙʨʦʛ ʚʠʜʘ.  ɿʘʪʠʤ ʩʝ ʠʟʣʘʞʫ ʦʩʥʦʚʝ ʤʦʜʝʣʘ ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʘ, ʢʘʦ 

ʠ ʦʩʥʦʚʘ Sweep and Prune ʘʣʛʦʨʠʪʤʘ ʢʦʿʠ ʩʝ ʠʥʠʮʠʿʘʣʥʦ ʢʦʨʠʩʪʠʦ ʢʘʦ ʦʩʥʦʚʘ 

ʨʘʟʚʠʿʝʥʦʛ ʘʣʛʦʨʠʪʤʘ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʢʘʦ ʠ ʢʦʥʘʯʥʘ 

ʚʝʨʟʠʿʘ ʨʘʟʚʠʿʝʥʦʛ ʘʣʛʦʨʠʪʤʘ. ʋ ʥʘʩʪʘʚʢʫ ʯʝʪʚʨʪʦʛ ʧʦʛʣʘʚˀʘ ʠʟʣʘʞʫ ʩʝ ʠ ʥʘʯʠʥʠ 

ʥʘ ʦʩʥʦʚʫ ʢʦʿʝʛ ʩʝ ʬʦʨʤʠʨʘʿʫ ʨʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ, 

ʢʘʦ ʠ ʧʨʘʚʠʣʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʝʚʘʣʫʠʨʘ ʨʝʟʦʥʦʚʘʥʦ ʢʨʝʪʘˁʝ ʢʦhʘʨʢʘʰʢʠʭ 

ʩʫʜʠʿʘ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ. ʂʨʘʿ ʯʝʪʚʨʪʦʛ 

ʧʦʛʣʘʚˀʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʘʥʘʣʠʟʫ ʨʘʟʚʠʿʝʥʦʛ ʘʣʛʦʨʠʪʤʘ ʠ ʧʣʘʥʦʚʝ ʜʘˀʝʛ ʨʘʟʚʦʿʘ 

ʠʩʪʦʛ. 

ʋ ʧʝʪʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʧʨʠʢʘʟʘʥʝ ʦʩʥʦʚʝ ʤʦʜʝʣʦʚʘˁʘ ʠ ʦʙʫʯʘʚʘˁʘ ʥʝʫʨʦʥʩʢʝ 

ʤʨʝʞʝ. ʅʘ ʧʦʯʝʪʢʫ ʩʧʦʤʝʥʫʪʦʛ ʧʦʛʣʘʚˀʘ ʜʘʿʝ ʩʝ ʢʨʘʪʘʢ ʫʚʦʜ ʫ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʘ 

ʟʘʪʠʤ ʩʝ ʧʨʝʣʘʟʠ ʥʘ ʤʦʜʝʣʦʚʘˁʝ MLP ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʟʘ ʨʝʰʘʚʘˁʝ 

ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʦʙʣʝʤʘ, ʩʪʨʫʢʪʫʨʫ ʦʙʫʯʘʚʘʿʫ˂ʠʭ ʠ ʪʝʩʪ ʩʢʫʧʦʚʘ ʢʘʦ ʠ ʥʘʯʠʥ 

ʬʫʥʢʠʦʥʠʩʘˁʘ ʧʨʝʪʭʦʜʥʦ ʩʧʦʤʝʥʫʪʦʛ SRC ʢʨʠʪʝʨʠʿʫʤʘ. ʅʘʢʦʥ ʨʘʟʤʦʪʨʝʥʠʭ ʪʝʤʘ 

ʧʨʠʢʘʟʫʿʫ ʩʝ ʨʝʟʫʣʪʘʪʠ ʦʙʫʯʘʚʘˁʘ ʠ ʢʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʩʘ 

MLP ʤʦʜʝʣʦʤ ʠ LTR ï MDTS ʤʦʜʝʣʦʤ ʢʘʢʦ ʧʫʪʝʤ ʧʨʝʪʭʦʜʥʦ ʩʧʦʤʝʥʫʪʦʛ SRC 

ʢʨʠʪʝʨʠʿʫʤʘ ʪʘʢʦ ʠ ʧʫʪʝʤ ʧʨʝʪʭʦʜʥʦ ʩʧʦʤʝʥʫʪʝ ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ 

ʧʦˀʘ. 

ʇʦʛʣʘʚˀʝ ʰʝʩʪ ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʚʠʿʝʥʠ ʩʠʩʪʝʤ ʠ ʤʝʪʦʜʝ ʟʘ ʢʦʨʝʢʮʠʿʫ ʧʫʪʘˁʘ 

ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʠ ʩʘʜʨʞʠ ʘʥʘʣʠʟʫ ʦʜʘʙʨʘʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʢʦʿʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ MLP ʦʜʥʦʩʥʦ LTR ï MDTS ʤʦʜʝʣ ʩʘ ʘʩʧʝʢʪʘ ʩʠʤʫʣʘʮʠʿʝ 

ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ. ʎʠˀ ʨʘʟʚʠʿʝʥʦʛ ʩʠʩʪʝʤʘ ʿʝʩʪʝ ʜʘ ʩʝ, ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʠ 

ʧʦʪʨʝʙʘ, ʢʦʨʠʛʫʿʫ ʨʝʟʦʥʦʚʘʥʝ ʧʫʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʢʘʢʦ ʙʠ ʨʝʟʫʣʪʘʪʠ 

ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʙʠʣʠ ʰʪʦ ʙʦˀʠ. 

ʇʦʩʣʝʜˁʝ ʧʦʛʣʘʚˀʝ ʧʨʝʜʩʪʘʚˀʘ ʟʘʢˀʫʯʘʢ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʠʩʪʠʯʝ ʟʥʘʯʘʿ 

ʠ ʜʦʧʨʠʥʦʩ ʦʚʦʛ ʨʘʜʘ, ʢʘʦ ʠ ʧʨʝʜʣʦʛʝ ʟʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ.  

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʢʦʤʠʩʠʿʠ ʢʦʿʘ ʿʝ ʜʝʪʘˀʥʦ ʧʨʝʛʣʝʜʘʣʘ ʦʚʫ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ ʠ 

ʩʚʦʿʠʤ ʩʫʛʝʩʪʠʿʘʤʘ ʫʪʠʮʘʣʘ ʥʘ ˁʝʥʫ ʢʦʥʘʯʥʫ ʩʘʜʨʞʠʥʫ. ʇʦʩʝʙʥʦ ʩʝ ʟʘʭʚʘˀʫʿʝʤ 

ʤʝʥʪʦʨʫ ʧʨʦʬʝʩʦʨʫ ʜʨ ʄʠʣʦʰʫ ʈʘʮʢʦʚʠ˂ʫ ʥʘ ʥʝʩʝʙʠʯʥʦʿ ʧʦʜʨʰʮʠ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʩʘʚʝʪʠʤʘ ʪʦʢʦʤ ʠʟʨʘʜʝ ʩʘʤʝ ʜʠʩʝʨʪʘʮʠʿʝ.  

ʊʘʢʦʹʝ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʧʦʨʦʜʠʮʠ ʥʘ ʨʘʟʫʤʝʚʘˁʫ ʠ ʧʦʜʨʰʮʠ.  

ʇʨʝʜʨʘʛ ʇʝʮʝʚ 
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1. ʋɺʆɼ 

ʋ ʦʚʦʤ ʨʘʜʫ ʨʘʟʤʘʪʨʘ ʩʝ ʧʨʦʙʣʝʤ ʜʝʜʫʢʪʠʚʥʝ ʘʥʘʣʠʟʝ ʠ ʧʨʝʜʠʢʮʠʿʝ ʢʨʝʪʘˁʘ 

ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʩʘ ʮʠˀʝʤ ʰʪʦ ʙʦˀʝʛ ʩʘʛʣʝʜʘʚʘˁʘ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ.   

ʂʦʰʘʨʢʘ ʿʝ ʠʛʨʘ ʢʦʿʫ ʯʠʥʠ ʥʠʟ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ ʫ ʢʦʿʠʤʘ ʩʝ ʠʛʨʘʯʠ ʢʨʝ˂ʫ ʧʦ 

ʪʝʨʝʥʫ. ʏʣʘʥʦʚʠ ʿʝʜʥʦʛ ʪʠʤʘ ʢʨʝ˂ʫ ʩʝ ʩʘ ʣʦʧʪʦʤ, ʫʩʤʝʨʝʥʠ ʢʘ ʢʦʰʫ ʧʨʦʪʠʚʥʠʯʢʝ 

ʝʢʠʧʝ, ʠ ʪʦ ʫ ʬʦʨʤʠ ʧʨʦʜʦʨʘ, ʦʜʥʦʩʥʦ ʜʨʠʙʣʠʥʛʘ ʠ ʰʫʪʘ, ʜʦʢ ʩʝ ʯʣʘʥʦʚʠ ʜʨʫʛʦʛ 

ʪʠʤʘ ʢʨʝ˂ʫ ʠ ʧʦʟʠʮʠʦʥʠʨʘʿʫ ʪʘʢʦ ʜʘ ʩʧʨʝʯʝ ʧʦʝʥʪʠʨʘʝˁ ʥʘʧʘʜʘʯʢʝ ʝʢʠʧʝ.  

ʂʦʰʘʨʢʘʰʢʘ ʘʢʮʠʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʘʦ ʰʪʦ ʩʫ: 

ʚʦʹʝˁʝ ʣʦʧʪʝ, ʜʨʠʙʣʠʥʛ, ʜʦʜʘʚʘˁʝ ʣʦʧʪʝ, ʰʫʪ ʠ ʜʨ. ʠ ʦʜʚʠʿʘ ʩʝ ʫ  ʚʨʝʤʝʥʩʢʦʤ 

ʠʥʪʝʨʚʘʣʫ ʦʜ ʤʘʢʩʠʤʘʣʥʦ 24 ʩʝʢʫʥʜʝ. ʄʝʹʫʪʠʤ, ʢʦʰʘʨʢʘʰʢʘ ʘʢʮʠʿʘ ʩʝ ʯʝʩʪʦ  

ʟʘʚʨʰʠ ʠ ʫ ʢʨʘ˂ʝʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ, ʟʘʚʠʩʥʦ ʦʜ ʧʨʠʨʦʜʝ ʪʝ ʘʢʮʠʿʝ. ʇʨʠʨʦʜʘ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʟʘʚʠʩʠ ʦʜ ʚʨʝʤʝʥʩʢʦʛ ʠʥʪʝʨʚʘʣʘ ʫ ʢʦʤʝ ʩʝ ʦʜʚʠʿʘ, ʠ ʦʜ 

ʨʘʩʧʦʨʝʜʘ ʠ ʢʨʝʪʘˁʘ ʠʛʨʘʯʘ ʦʙʘ ʪʠʤʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʝʰʘʚʘˁʘ ʠ ʪʨʝʥʫʪʥʦʛ 

ʨʘʩʧʦʨʝʜʘ ʠʛʨʘʯʘ ʥʘ ʪʝʨʝʥʫ, ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʤʦʛʫ ʩʝ ʙʦˀʝ ʩʘʛʣʝʜʘʪʠ ʩʘ 

ʦʜʨʝʹʝʥʠʭ ʧʦʟʠʮʠʿʘ. ʂˀʫʯʥʠ ʧʦʢʘʟʘʪʝˀ ʜʝʰʘʚʘˁʘ ʥʘ ʪʝʨʝʥʫ ʿʝ ʢʨʝʪʘˁʝ ʣʦʧʪʝ, 

ʰʪʦ ʫʩʣʦʚˀʘʚʘ ʠ ʢʨʝʪʘˁʝ ʩʫʜʠʿʘ ʜʫʞ ʘʫʪ ʣʠʥʠʿʝ ʢʦʰʘʨʢʘʰʢʦʛ ʪʝʨʝʥʘ, ʢʘʢʦ ʙʠ  

ʰʪʦ ʙʦˀʝ ʩʘʛʣʝʜʘʣʠ ʜʘʪʫ ʘʢʮʠʿʫ. ʅʘ ʦʩʥʦʚʫ ʠʟʣʦʞʝʥʦʛ ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʩʝ 

ʤʦʞʝ ʫʩʧʦʩʪʘʚʠʪʠ ʢʦʨʝʣʘʮʠʿʘ ʩʠʥʭʨʦʥʠʟʦʚʘʥʦʛ ʢʨʝʪʘˁʘ ʩʫʜʠʿʘ ʫ ʩʢʘʣʜʫ ʩʘ 

ʢʨʝʪʘˁʝʤ ʣʦʧʪʝ. ʅʘʚʝʜʝʥʘ ʪʚʨʜˁʘ ʧʨʝʜʩʪʘʚˀʘ ʠ ʦʩʥʦʚʥʫ ʠʜʝʿʫ ʢʦʿʘ ʿʝ ʧʦʢʨʝʥʫʣʘ 

ʠʩʪʨʘʞʠʚʘˁʝ ʠ ʧʨʦʙʫʜʠʣʘ ʠʥʪʝʨʝʩʦʚʘˁʝ ʜʘ ʩʝ ʧʨʠʩʪʫʧʠ ʨʝʰʘʚʘˁʫ ʧʦʩʪʘʚˀʝʥʝ 

ʧʨʦʙʣʝʤʘʪʠʢʝ 

ʄʦʪʠʚʘʮʠʿʘ ʟʘ ʨʝʰʘʚʘˁʝ ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʦʙʣʝʤʘ ʣʝʞʠ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʩʝ ʚʝ˂ʠʥʘ 

ʥʘʧʦʨʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʫ ʢʦʰʘʨʢʘʰʢʠʤ ʫʪʘʢʤʠʮʘʤʘ 

ʫʛʣʘʚʥʦʤ ʦʜʦʩʝ ʥʘ ʩʘʤʝ ʘʢʪʝʨʝ ʢʦʰʘʨʢʘʰʢʝ ʫʪʘʢʤʠʮʝ (ʠʛʨʘʯʝ) ʫ ʬʦʨʤʠ 

ʧʨʝʧʦʟʥʘʚʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʠʛʨʘʯʘ ʥʘ ʪʝʨʝʥʫ, ʧʨʝʜʠʢʮʠʿʝ ʨʝʟʫʣʪʘʪʘ ʢʦʰʘʨʢʘʰʢʝ 

ʫʪʘʢʤʠʮʝ, ʜʦʢ ʥʠ ʿʝʜʥʦ ʪʨʝʥʫʪʥʦ ʩʘʛʣʝʜʘʥʦ ʨʝʰʝˁʝ ʥʝ ʧʦʩʚʝ˂ʫʿʝ ʧʘʞˁʫ ʢʨʝʪʘˁʫ 

ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʪʦʢʦʤ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. ʂʨʝʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ 

ʪʦʢʦʤ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʿʝ ʦʜ ʠʟʫʟʝʪʥʝ ʚʘʞʥʦʩʪʠ ʟʘʪʦ ʰʪʦ ʢʦʰʘʨʢʘʰʢʝ ʩʫʜʠʿʝ 

ʜʦʥʦʩʝ ʦʜʣʫʢʫ ʦ ʚʘʣʠʜʥʦʩʪʠ ʠʟʚʦʹʝˁʘ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʠ ʥʘ ʢʨʘʿʫ ʠ ʩʘʤʦʛ 

ʧʦʝʥʘ. ʄʝʹʫʪʠʤ, ʧʨʦʮʝʥʘ ʚʘʣʠʜʥʦʩʪʠ ʦʜʣʫʢʝ ʢʦʰʘʨʢʘʰʢʦʛ ʩʫʜʠʿʝ ʥʠʿʝ ʪʝʤʘ ʦʚʦʛ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʚʝ˂ ˁʠʭʦʚʦ ʥʘʿʦʧʪʠʤʘʣʥʠʿʝ ʩʠʥʭʨʦʥʠʟʦʚʘʥʦ ʢʨʝʪʘˁʝ ʢʘʢʦ ʙʠ ʩʝ 

ʢʦʰʘʨʢʘʰʢʘ ʘʢʮʠʿʘ ʰʪʦ ʙʦˀʝ ʩʘʛʣʝʜʘʣʘ. ʇʨʝʤʘ ʪʦʤʝ, ʧʦʩʪʘʚˀʝʥ ʿʝ ʟʘʜʘʪʘʢ ʜʘ ʩʝ 

ʬʦʨʤʠʨʘ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝʛ ˂ʝ ʩʝ ʟʘ ʢʦʰʘʨʢʘʰʢʫ ʘʢʮʠʿʫ ʢʦʿʘ ʩʝ ʜʝʬʠʥʠʰʝ 

ʢʨʝʪʘˁʝʤ ʣʦʧʪʝ ʧʦ ʪʝʨʝʥʫ, ʫʟ ʧʨʠʚʨʝʤʝʥʦ ʟʘʥʝʤʘʨʠʚʘˁʝ ʢʨʝʪʘˁʘ ʠʛʨʘʯʘ, 

ʬʦʨʤʠʨʘʪʠ ʥʘʿʦʧʪʠʤʘʣʥʠʿʝ ʩʠʥʭʨʦʥʠʟʦʚʘʥʦ ʢʨʝʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʢʘʢʦ ʙʠ 

ʩʝ ʪʘ ʘʢʮʠʿʘ ʰʪʦ ʙʦˀʝ ʩʘʛʣʝʜʘʣʘ. ʇʦʰʪʦ ʿʝ ʢʦʰʘʨʢʘʰʢʘ ʘʢʮʠʿʘ ʜʠʥʘʤʠʯʥʘ ʠ ʚʝʦʤʘ 

ʿʝ ʪʝʰʢʦ ʩʘʛʣʝʜʘʪʠ ʩʚʝ ʝʣʝʤʝʥʪʝ ʠʛʨʝ, ʫʩʚʦʿʝʥʘ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʿʝʜʘʥ ʢʦʰʘʨʢʘʰʢʠ 

ʩʫʜʠʿʘ ʨʝʪʢʦ ʢʘʜ ʤʦʞʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʩʘʛʣʝʜʘʪʠ ʢʦʰʘʨʢʘʰʢʫ ʘʢʮʠʿʫ ʠ ʜʘ ʩʝ ʟʙʦʛ 

ʪʦʛʘ ʤʦʨʘ ʦʙʨʘʪʠʪʠ ʧʘʞˁʘ ʥʘ ʩʠʥʭʨʦʥʠʟʦʚʘʥʦ ʢʨʝʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ. 

ʂʦʥʢʨʝʪʥʦ, ʘʢʦ ʨʘʩʧʦʨʝʜ ʠʛʨʘʯʘ ʥʘ ʪʝʨʝʥʫ ʩʤʝʪʘ ʿʝʜʥʦʤ ʦʜ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ 

ʜʘ ʫ ʦʜʨʝʹʝʥʦʤ ʪʨʝʥʫʪʢʫ ʘʜʝʢʚʘʪʥʦ ʩʘʛʣʝʜʘ ʢʦʰʘʨʢʘʰʢʫ ʘʢʮʠʿʫ, ʜʨʫʛʠ 

ʢʦʰʘʨʢʘʰʢʠ ʩʫʜʠʿʘ ʪʨʝʙʘ ʜʘ ʥʘ ʦʩʥʦʚʫ ʩʠʥʭʨʦʥʠʟʦʚʘʥʦʛ ʢʨʝʪʘˁʘ ʚʠʜʠ ʜʝʦ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʢʦʿʠ ʧʨʚʠ ʢʦʰʘʨʢʘʰʢʠ ʩʫʜʠʿʘ ʥʠʿʝ ʫʩʧʝʦ ʜʘ ʩʘʛʣʝʜʘ. 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʠʟʣʦʞʝʥʦʛ ʬʦʨʤʠʨʘʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʮʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ ʠ 

ʨʘʟʚʦʿʘ: 
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1. ʬʦʨʤʠʨʘˁʝ ʪʝʦʨʝʪʩʢʦʛ ʤʦʜʝʣʘ ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʦʙʣʝʤʘ ʧʨʝʜʠʢʮʠʿʝ ʠ ʨʘʟʚʦʿ 

ʝʜʫʢʘʪʠʚʥʦʛ ʩʦʬʪʚʝʨʘ ʟʘ ʦʙʫʯʘʚʘˁʝ ʤʣʘʜʠʭ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ 

2. ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʝ ʨʘʟʣʠʯʠʪʠʭ ʩʪʨʫʢʪʫʨʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʥʘ ʧʦʩʪʘʚˀʝʥʠ 
ʧʨʦʙʣʝʤ 

3. ʬʦʨʤʠʨʘˁʝ ʢʨʠʪʝʨʠʿʫʤʘ ʚʘʣʠʜʘʮʠʿʝ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʧʨʠʤʝʥʦʤ 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ 

4. ʢʦʨʠʛʦʚʘˁʝ ʨʝʟʦʥʦʚʘʥʠʭ ʧʫʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʥʘ ʦʩʥʦʚʫ ʧʦʟʠʮʠʿʘ 
ʠʛʨʘʯʘ ʥʘ ʪʝʨʝʥʫ. 

ʇʨʠʤʘʨʥʠ ʮʠˀ ʿʝ ʬʦʨʤʠʨʘˁʝ ʪʝʦʨʝʪʩʢʦʛ ʤʦʜʝʣʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʧʨʦʙʣʝʤʘ ʠ 

ˁʝʛʦʚʦ ʨʝʰʘʚʘˁʝ ʫʧʦʪʨʝʙʦʤ ʩʪʘʥʜʘʨʜʥʠʭ ʚʠʰʝʩʣʦʿʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʩʘ 

ʧʨʦʧʘʛʘʮʠʿʦʤ ʛʨʝʰʢʝ ʫʥʘʟʘʜ, ʦʜʥʦʩʥʦ ʚʠʰʝʩʣʦʿʥʝ ʧʝʨʮʝʧʪʨʦʥʩʢʝ ʥʝʫʨʦʥʩʢʝ 

ʤʨʝʞʝ ʢʘʦ ʿʝʜʥʦʛ ʦʜ ʩʪʘʥʜʘʨʜʥʠʭ ʤʝʪʦʜʘ ʟʘ ʨʝʰʘʚʘˁʝ ʩʣʠʯʥʠʭ ʧʨʦʙʣʝʤʘ 

ʧʨʝʜʠʢʮʠʿʝ ʟʘʚʠʩʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ.  

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʚʝ˂ʠʥʝ ʜʨʫʛʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʧʨʠʨʦʜʘ ʧʦʩʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ ʫ ʦʚʦʤ 

ʨʘʜʫ ʟʘʭʪʝʚʘ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʠ ʧʨʠʩʪʫʧ. ʋʣʘʟʥʘ ʚʨʝʤʝʥʩʢʘ ʩʝʨʠʿʘ, ʦʜʥʦʩʥʦ ʧʘʪʝʨʥ 

ʢʦʿʠ ʩʝ ʜʦʚʦʜʠ ʥʘ ʫʣʘʟʥʠ ʩʣʦʿ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ʢʦʤʧʣʝʪʥʫ 

ʢʦʰʘʨʢʘʰʢʫ ʘʢʮʠʿʫ. ʉʚʘʢʘ ʢʦʘhʨʢʘʰʢʘ ʘʢʮʠʿʘ ʜʝʣʠ ʩʝ ʥʘ ʥʠʟ ʢˀʫʯʥʠʭ ʪʘʯʘʢʘ ʫ 

ʢʦʿʠʤʘ ʿʝ ʧʨʦʤʝˁʝʥʘ ʧʦʟʠʮʠʿʘ ʣʦʧʪʝ ʯʠʤʝ ʩʝ ʬʦʨʤʠʨʘ ʢʦʤʧʣʝʪʘʥ ʫʣʘʟʥʠ ʧʘʪʝʨʥ. 

ʅʘ ʪʘʿ ʥʘʯʠʥ, ʿʝʜʘʥ ʩʣʦʿ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʧʣʝʪʥʫ ʚʨʝʤʝʥʩʢʫ 

ʩʝʨʠʿʫ, ʠ ʚʨʝʤʝ ʩʝ ʧʨʦʧʘʛʠʨʘ ʧʦ ʩʣʦʿʫ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʨʝʮʠʤʦ ʩ ʣʝʚʘ ʥʘ ʜʝʩʥʦ 

ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 5.1 ʫ ʧʦʛʣʘʚˀʫ 5. ʅʘ ʠʟʣʘʟʫ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ 

ʦʯʝʢʫʿʝ ʩʝ ʚʝʢʪʦʨ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʢʨʝʪʘˁʝ ʪʨʦʿʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʫ ʬʦʨʤʠ 

ʪʨʠ ʟʘʚʠʩʥʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ. ʇʨʘʪʝ˂ʠ ʦʚʘʢʦ ʦʜʘʙʨʘʥʠ ʧʨʠʩʪʫʧ ʠʟʣʘʟʥʠ ʯʚʦʨʦʚʠ 

ʬʦʨʤʠʨʘʿʫ ʢˀʫʯʥʝ ʪʘʯʢʝ ʫ ʚʨʝʤʝʥʩʢʦʿ ʩʝʨʠʿʠ ʢʨʝʪʘˁʘ ʩʫʜʠʿʘ ʪʦʢʦʤ ʢʦʤʧʣʝʪʥʝ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. ʉʘʤʠʤ ʪʠʤ ʠʩʪʠ ʧʨʠʥʮʠʧ ʩʝ ʧʨʠʤʝˁʫʿʝ ʠ ʫ ʩʚʠʤ ʩʢʨʠʚʝʥʠʤ 

ʩʣʦʿʝʚʠʤʘ. ɿʥʘʯʠ ʜʘ ʢʨʦʟ ʮʝʣʫ ʥʝʫʨʦʥʩʢʫ ʤʨʝʞʫ, ʚʨʝʤʝ ʧʨʦʪʠʯʝ ʥʠʟ ʯʚʦʨʦʚʝ ʠʩʪʠʭ 

ʩʣʦʿʝʚʘ ʩʘ ʣʝʚʘ ʥʘ ʜʝʩʥʦ. 

ʅʘʚʝʜʝʥʦ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʥʫ ʧʨʦʤʝʥʫ ʫ ʦʜʥʦʩʫ ʥʘ ʚʝ˂ʠʥʫ ʪʨʝʥʫʪʥʦ ʘʢʪʫʝʣʥʠʭ 

ʧʨʠʩʪʫʧʘ ʫ ʢʦʿʠʤʘ ʩʝ ʟʘ ʥʠʟ ʫʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʨʝʤʝʥʩʢʫ 

ʩʝʨʠʿʫ, ʫʟ ʫʧʦʪʨʝʙʫ ʨʘʟʥʠʭ ʪʝʭʥʠʢʘ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʨʝʟʦʥʫʿʝ 

ʿʝʜʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʠʟʣʘʟʫ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʩʣʝʜʝ˂ʠ ʚʨʝʤʝʥʩʢʠ ʪʨʝʥʫʪʘʢ ʚʨʝʤʝʥʩʢʝ 

ʩʝʨʠʿʝ, ʰʪʦ ʿʝ ʩʫʧʨʦʪʥʦ ʧʨʠʩʪʫʧʫ ʧʨʠʢʘʟʘʥʦʤ ʫ ʦʚʦʤ ʨʘʜʫ, ʫ ʢʦʤʝ ʩʝ ʟʘ ʿʝʜʥʫ 

ʢʦʤʧʣʝʪʥʫ ʚʨʝʤʝʥʩʢʫ ʩʝʨʠʿʫ ʨʝʟʦʥʫʿʫ ʪʨʠ ʢʦʤʧʣʝʪʥʝ ʟʘʚʠʩʥʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ. 

ʊʘʢʦʹʝ, ʫʛʣʘʚʥʦʤ ʩʫ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ ʥʘ 

ʫʣʘʟʫ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʠʟ ʠʩʪʦʛ ʜʦʤʝʥʘ ʢʘʦ ʠ ʥʘ ʠʟʣʘʟʫ, ʰʪʦ ʫ ʥʘʰʝʤ ʩʣʫʯʘʿʫ ʥʠʿʝ 

ʪʘʢʦ ʧʦʰʪʦ ʿʝ ʫʣʘʟ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʢʨʝʪʘˁʝ ʣʦʧʪʝ ʧʦ ʢʦʰʘʨʢʘʰʢʦʤ ʪʝʨʝʥʫ, ʜʦʢ 

ʿʝ ʠʟʣʘʟ ʢʨʝʪʘˁʝ ʩʫʜʠʿʘ ʧʦ ʘʫʪ ʣʠʥʠʿʠ ʪʝʨʝʥʘ. ɼʨʫʛʠ ʧʨʘʚʘʮ ʪʨʝʥʫʪʥʦ ʘʢʪʫʝʣʥʠʭ 

ʧʨʠʩʪʫʧʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʧʨʝʜʠʢʮʠʿʠ ʥʘʨʝʜʥʦʛ ʚʨʝʤʝʥʩʢʦʛ ʪʨʝʥʫʪʢʘ ʢʦʿʠ ʩʝ ʬʦʨʤʠʨʘ 

ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʥʦʛ ʚʝʢʪʦʨʘ ʢʦʿʠ ʩʘʜʨʞʠ ʧʘʨʘʤʝʪʨʝ ʧʨʝʪʭʦʜʥʦʛ ʠʣʠ ʩʘʜʘʰˁʝʛ 

ʚʨʝʤʝʥʩʢʦʛ ʪʨʝʥʫʪʢʘ. ʅʘʚʝʜʝʥʠ ʧʨʘʚʘʮ ʥʝʤʘ ʤʥʦʛʦ ʜʦʜʠʨʥʠʭ ʪʘʯʘʢʘ ʩʘ ʥʘʰʠʤ 

ʠʩʪʨʘʞʠʚʘˁʝʤ ʧʦʰʪʦ ʩʝ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʢʦʿʝ ˂ʝ ʙʠʪʠ ʠʟʣʦʞʝʥʦ ʫ ʜʦʢʪʦʨʘʪʫ 

ʢʦʨʠʩʪʝ ʫʣʘʟʠ ʠ ʠʟʣʘʟʠ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʠʟ ʨʘʟʣʠʯʠʪʦʛ ʜʦʤʝʥʘ. 

ʅʘ ʧʨʚʠ ʧʦʛʣʝʜ ʜʝʣʫʿʝ ʜʘ ʿʝ feed forward ʥʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʢʦʜ ʢʦʿʝ ʿʝ ʧʨʠʨʦʜʥʦ ʜʘ 

ʩʝ ʠʥʬʦʨʤʘʮʠʿʝ ʧʨʝʥʦʩʝ ʫʥʘʧʨʝʜ ʧʦ ʩʣʦʿʝʚʠʤʘ, ʩʘ ʩʣʦʿʘ ʥʘ ʩʣʦʿ ʥʝ ʫʟʠʤʘʿʫ˂ʠ ʫ 

ʦʙʟʠʨ ʢʦʿʠ ʩʫ ʯʚʦʨʦʚʠ ʣʝʚʦ, ʘ ʢʦʿʠ ʜʝʩʥʦ, ʢʨʘʿˁʝ ʥʝʧʦʛʦʜʥʘ ʟʘ ʦʚʘʢʚʫ ʧʦʩʪʘʚʢʫ ʠ 

ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʥʘ ʦʜʘʙʨʘʥʠ ʥʘʯʠʥ. ʇʨʠʣʠʢʦʤ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ ʜʦʟʚʦˀʘʚʘ 



9 

 

ʩʝ ʧʨʝʥʦʩ ʠʥʬʦʨʤʘʮʠʿʘ ʫʥʘʟʘʜ ʧʦ ʚʨʝʤʝʥʫ, ʰʪʦ ʜʝʣʫʿʝ ʥʝʜʦʧʫʩʪʠʚʦ ʠ 

ʢʦʥʪʨʘʜʠʢʪʦʨʥʦ ʩʘ ʩʪʚʘʨʥʦʤ ʩʠʪʫʘʮʠʿʦʤ. ɸʣʠ ʘʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ʩʪʚʘʨʥʠ ʧʨʦʙʣʝʤ, 

ʢʦʿʠ ʿʝ ʢʨʝʪʘˁʝ ʢʦʰʘʨʢʘʰʢʦʛ ʩʫʜʠʿʝ ʥʘ ʥʘʯʠʥ ʢʦʿʠ ʤʫ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʥʘʿʙʦˀʝ 

ʩʘʛʣʝʜʘ ʧʦʟʠʮʠʿʫ ʣʦʧʪʝ ʠ ʦʧʰʪʫ ʩʠʪʫʘʮʠʿʫ ʥʘ ʪʝʨʝʥʫ, ʤʦʞʝʤʦ ʧʨʠʤʝʪʠʠ ʜʘ ʩʝ ʚʨʣʦ 

ʯʝʩʪʦ ʫ ʢʦʰʘʨʮʠ ʧʨʠʤʝˁʫʿʫ ʥʝʢʝ ʦʜ ʜʦʙʨʦ ʧʦʟʥʘʪʠʭ ʩʪʘʥʜʘʨʜʥʠʭ ʘʢʮʠʿʘ, ʧʘ ʠ ʩʘʤʝ 

ʩʫʜʠʿʝ ʢʦʿʠʤʘ ʩʫ ʪʝ ʘʢʮʠʿʝ ʜʦʙʨʦ ʧʦʟʥʘʪʝ, ʚʨʣʦ ʯʝʩʪʦ ʥʝ ʨʝʘʛʫʿʫ ʠʩʢˀʫʯʠʚʦ ʥʘ 

ʪʨʝʥʫʪʥʫ ʧʦʟʠʮʠʿʫ ʣʦʧʪʝ ʥʘ ʪʝʨʝʥʫ, ʚʝ˂ ʩʝ ʢʨʝ˂ʫ ʠ ʥʘ ʦʩʥʦʚʫ ʩʚʦʛ ʧʨʝʜʟʥʘˁʘ ʠʣʠ 

ʤʘʢʘʨ ʦʯʝʢʠʚʘˁʘ ʦ ʪʦʤʝ ʛʜʝ ˂ʝ ʣʦʧʪʘ ʙʠʪʠ ʫ ʥʝʢʦʤ ʦʜ ʥʘʨʝʜʥʠʭ ʪʨʝʥʫʪʘʢʘ. 

ʅʘ ʦʩʥʦʚʫ ʧʦʩʪʘʚˀʝʥʦʛ ʤʦʜʝʣʘ ʬʦʨʤʠʨʘʥ ʿʝ ʝʜʫʢʘʪʠʚʥʠ ʩʦʬʪʚʝʨ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝʛ 

ʩʝ ʤʦʛʫ ʝʜʫʢʦʚʘʪʠ ʤʣʘʜʝ ʢʦʰʘʨʢʘʰʢʝ ʩʫʜʠʿʝ. ʅʘʚʝʜʝʥʠ ʩʦʬʪʚʝʨ ʥʦʩʠ ʥʘʟʠʚ 

Refereeôs Board. ʆʩʥʦʚʥʠ ʮʠˀ ʨʘʜʘ ʥʠʿʝ ʩʘʤʦ ʜʘ ʩʝ ʬʦʨʤʠʨʘ ʪʝʦʨʝʪʩʢʠ ʤʦʜʝʣ 

ʧʨʝʜʠʢʮʠʿʝ ʢʨʝʪʘˁʘ ʩʫʜʠʿʘ ʫ ʪʦʢʫ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ, ʚʝ˂ ʠ ʜʘ ʩʝ ʨʝʘʣʠʟʫʿʝ 

ʧʦʪʧʫʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʿʝʜʥʦʛ ʪʘʢʚʦʛ ʤʦʜʝʣʘ ʢʨʦʟ ʨʘʟʚʦʿ ʢʦʤʧʣʝʪʥʦʛ 

ʝʜʫʢʘʪʠʚʥʦʛ ʩʦʬʪʚʝʨʘ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʠ ʘʥʘʣʠʟʫ ʢʨʝʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʯʠʿʠ 

ʙʠ ʩʘʩʪʘʚʥʠ ʜʝʦ ʙʠʦ ʧʦʤʝʥʫʪʠ ʤʦʜʝʣ ʧʨʝʜʠʢʮʠʿʝ. ʉʘʤ ʩʦʬʪʚʝʨ ʙʠ˂ʝ ʜʝʪʘˀʥʠʿʝ 

ʦʧʠʩʘʥ ʫ ʧʦʩʝʙʥʦʤ ʦʜʝˀʢʫ ʨʘʜʘ. ʆʥ ʤʦʨʘ ʩʘʜʨʞʘʪʠ ʠ ʢʦʤʧʣʝʪʘʥ ʛʨʘʬʠʯʢʠ 

ʠʥʪʝʨʬʝʿʩ ʧʦʤʦ˂ʫ ʢʦʿʝʛ ʩʝ ʩʚʘʢʘ ʢʦʰʘʨʢʘʰʢʘ ʘʢʮʠʿʘ ʤʦʞʝ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʚʠʟʫʝʣʥʠ ʥʘʯʠʥ. ʉʘʤʠʤ ʪʠʤ ʩʘʩʪʘʚʥʠ ʝʣʝʤʝʥʪʠ ʪʦʛ ʠʥʪʝʨʬʝʿʩʘ ʥʝ˂ʝ 

ʙʠʪʠ ʩʘʤʦ ʧʦʟʠʮʠʿʘ ʣʦʧʪʝ ʪʦʢʦʤ ʠʟʚʦʝ́ˁʘ ʘʢʮʠʿʝ, ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʘʣʛʦʨʠʪʤʫ 

ʧʨʝʜʠʢʮʠʿʝ ʢʨʝʪʘˁʘ ʩʫʜʠʿʘ, ʚʝ˂ ʩʫ ʪʫ ʠ ʩʪʚʘʨʥʝ ʧʦʟʠʮʠʿʝ ʠʛʨʘʯʘ ʦʙʝ ʝʢʠʧʝ ʫ ʪʦʢʫ 

ʘʢʮʠʿʝ. ʆʚʘʿ ʝʣʝʤʝʥʪ ʜʦʚʦʜʠ ʜʦ ʿʦʰ ʿʝʜʥʦʛ ʧʨʘʚʮʘ ʫ ʢʦʤʧʣʝʪʥʦʤ ʠʩʪʨʘʞʠʚʘˁʫ  

ʢʦʿʠ ʩʝ ʪʠʯʝ ʩʘʤʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʦʛ ʤʦʜʝʣʘ ʧʨʝʜʠʢʮʠʿʝ.  

ʇʦʰʪʦ ʿʝ ʦʜʣʫʯʝʥʦ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚˀʝʥʠ ʧʨʦʙʣʝʤ ʨʝʰʘʚʘ ʫʧʦʪʨʝʙʦʤ ʩʪʘʥʜʘʨʜʥʠʭ 

ʚʠʰʝʩʣʦʿʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʟʘ ʩʝʢʫʥʜʘʨʥʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʦʜʘʙʨʘʥʘ ʿʝ 

ʝʢʩʪʝʥʟʠʚʥʘ ʘʥʘʣʠʟʘ ʫʧʦʨʝʙˀʠʚʦʩʪʠ ʚʠʰʝʩʣʦʿʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʫ ʨʝʰʘʚʘˁʫ 

ʦʚʘʢʦ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʥʝʪʠʧʠʯʥʦʛ ʧʨʦʙʣʝʤʘ. ʋ ʧʨʚʦʤ ʢʦʨʘʢʫ ʩʝ ʧʦʩʤʘʪʨʘ 

ʧʦʥʘʰʘˁʝ ʢʣʘʩʠʯʥʠʭ ʧʝʨʮʝʧʪʨʦʥʩʢʠʭ feed forward ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʢʦʿʝ ʩʝ 

ʦʙʫʯʘʚʘʿʫ ʢʣʘʩʠʯʥʠʤ Back Propagation ʘʣʛʦʨʠʪʤʦʤ, ʜʦʢ ʩʝ ʫ ʥʘʨʝʜʥʦʤ ʢʦʨʘʢʫ, 

ʤʦʜʠʬʠʢʘʮʠʿʦʤ ʧʦʩʪʫʧʢʘ ʧʨʦʧʫʰʪʘˁʘ ʦʙʫʯʘʚʘʿʫ˂ʠʭ ʧʘʪʝʨʥʘ ʫ ʧʦʩʪʫʧʢʫ 

ʦʙʫʯʘʚʘˁʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʧʦʢʫʰʘʚʘ ʥʘʛʣʘʩʠʪʠ ʧʨʦʪʠʮʘˁʝ ʚʨʝʤʝʥʘ ʥʠʟ ʩʣʦʿʝʚʝ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʠ ʩʤʘˁʠʪʠ ʫʪʠʮʘʿ ʯʚʦʨʦʚʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʢʘʩʥʠʿʠʤ ʚʨʝʤʝʥʩʢʠʤ 

ʪʨʝʥʫʮʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʯʚʦʨʦʚʝ ʠʟ ʥʘʨʝʜʥʠʭ ʩʣʦʿʝʚʘ. ʀʜʝʿʘ ʿʝ ʜʘ ʩʝ 

ʠʩʪʠ ʧʨʦʙʣʝʤ ʨʝʰʘʚʘ ʧʫʪʝʤ ʦʚʘʢʦ ʦʧʠʩʘʥʝ ʜʚʝ ʢʣʘʩʝ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠ ʜʘ ʩʝ 

ʢʘʩʥʠʿʝ ʫʧʦʨʝʜʝ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ. 

ʊʘʢʦʹʝ, ʦʩʤʠʰˀʝʥʘ ʿʝ ʠ ʨʘʟʤʘʪʨʘʥʘ LTR ï MDTS (Left To Right ï Multiple 

Dependent Time Series) ʩʪʨʫʢʪʫʨʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʢʦʿʘ ʥʘ ʬʠʟʠʯʢʦʤ ʥʠʚʦʫ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʟʘʙʨʘˁʫʿʝ ʧʨʝʥʦʩ ʠʥʬʦʨʤʘʮʠʿʘ ʫʥʘʟʘʜ ʧʦ ʚʨʝʤʝʥʫ ʠ ʩʪʦʛʘ ʚʠʰʝ 

ʦʜʛʦʚʘʨʘ ʩʪʨʫʢʪʫʨʠ ʠʟʣʦʞʝʥʦʛ ʧʨʦʙʣʝʤʘ. ʊʘʢʦʹʝ, ʟʘ ʥʘʚʝʜʝʥʫ ʩʪʨʫʢʪʫʨʫ 

ʦʩʤʠʰˀʝʥ ʿʝ ʠ ʧʦʩʝʙʘʥ ʘʣʛʦʨʠʪʘʤ ʦʙʫʯʘʚʘˁʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʠʬʠʢʘʮʠʿʫ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ Back Propagation ʘʣʛʦʨʠʪʤʘ ʢʘʢʦ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʦ ʫʪʠʮʘʿ 

ʧʨʦʪʠʮʘˁʘ ʚʨʝʤʝʥʘ ʫʥʘʟʘʜ. ʄʦʜʠʬʠʢʦʚʘʥʠ Back Propagation ʘʣʛʦʨʠʪʘʤ ʧʦʩʝʜʫʿʝ 

ʠ ʦʧʮʠʦʥʘʣʥʠ ʘʣʪʝʨʥʘʪʠʚʥʠ ʥʘʯʠʥ ʧʨʦʧʘʛʘʮʠʿʝ ʛʨʝʰʢʝ ʫʥʘʟʘʜ ʢʦʿʠ ʧʦʜʩʝ˂ʘ ʥʘ 

ʨʝʢʫʨʟʠʚʥʝ (Recurrent) ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. ɽʢʩʪʝʥʟʠʚʥʘ ʘʥʘʣʠʟʘ ʢʦʿʘ ʩʝ ʩʧʨʦʚʝʜʝ 

ʥʘʜ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʚʠʰʝʩʣʦʿʥʠʤ ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ ʙʠ˂ʝ ʩʧʨʦʚʝʜʝʥʘ ʠ ʥʘʜ 

ʩʧʦʤʝʥʫʪʠʤ LTR ï MDTS ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ. ʊʦʢʦʤ ʢʦʤʧʘʨʘʮʠʿʝ ʩʧʦʤʝʥʫʪʠʭ 
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ʚʨʩʪʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʟʘʙʝʣʝʞʝʥʘ ʩʫ ʫʦʧʰʪʝʥʘ ʧʦʥʘʰʘˁʘ ʥʝʫʨʦʥʩʢʭ ʤʨʝʞʘ ʫ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ. 

ʊʨʝ˂ʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʦʜʥʦʩʠ ʩʝ ʥʘ ʬʦʨʤʠʨʘˁʝ ʢʨʠʪʝʨʠʿʫʤʘ ʚʘʣʠʜʘʮʠʿʝ ʥʘ 

ʦʩʥʦʚʫ ʢʦʿʝʛ ˂ʝ ʩʝ ʦʮʝˁʠʚʘʪʠ ʨʝʟʦʥʦʚʘˁʝ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ (SRC ï Satisfactory 

Results Criteria), ʢʘʦ ʠ ʬʦʨʤʠʨʘˁʝ ʤʝʭʘʥʠʟʤʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝʛ ˂ʝ ʩʝ ʧʨʦʮʝʥʠʪʠ ʜʘ 

ʣʠ ʢʦʰʘʨʢʘʰʢʝ ʩʫʜʠʿʝ ʢʦʿʝ ʩʝ ʢʨʝ˂ʫ ʨʝʟʦʥʦʚʘʥʠʤ ʧʫʪʘˁʘʤʘ ʤʦʛʫ ʥʘ ʘʜʝʢʚʘʪʘʥ 

ʥʘʯʠʥ ʜʘ ʩʘʛʣʝʜʘʿʫ ʦʜʨʝʹʝʥʫ ʢʦʰʘʨʢʘʰʢʫ ʘʢʮʠʿʫ (ʉʠʤʫʣʘʮʠʿʘ ʭʦʨʠʟʦʥʪʘʣʥʦʛ 

ʚʠʜʥʦʛ ʧʦˀʘ). 

ʅʘʠʤʝ, ʠʘʢʦ ʿʝ ʘʣʛʦʨʠʪʘʤ ʦʙʫʯʘʚʘˁʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʫ 

ʧʨʝʜʠʢʮʠʿʠ ʢʨʝʪʘˁʘ ʩʫʜʠʿʘ ʟʘ ʞʝˀʝʥʝ ʧʦʟʠʮʠʿʝ ʩʫʜʠʿʘ ʫ ʦʜʨʝʝ́ʥʠʤ ʢˀʫʯʥʠʤ 

ʪʘʯʢʘʤʘ ʘʢʮʠʿʝ ʢʦʨʠʩʪʠʦ ʬʠʢʩʥʝ ʧʦʟʠʮʠʿʝ ʜʫʞ ʘʫʪ ʣʠʥʠʿʝ ʪʝʨʝʥʘ, ʿʘʩʥʦ ʿʝ ʜʘ ʫ 

ʩʪʚʘʨʥʦʤ ʧʨʦʙʣʝʤʫ ʧʨʠʤʘʨʥʠ ʮʠˀ ʥʠʿʝ ʧʦʟʠʮʠʦʥʠʨʘˁʝ ʩʫʜʠʿʘ ʫ ʪʠʤ ʬʠʢʩʥʠʤ 

ʪʘʯʢʘʤʘ, ʚʝ˂ ʜʘ ʩʫʜʠʿʘ ʫ ʩʚʘʢʦʤ ʤʦʤʝʥʪʫ ʙʫʜʝ ʫ ʰʪʦ ʦʧʪʠʤʘʣʥʠʿʦʿ ʧʦʟʠʮʠʿʠ ʩʘ 

ʢʦʿʝ ʤʦʞʝ ʜʘ ʜʦʙʨʦ ʩʘʛʣʝʜʘ ʩʚʝ ʢˀʫʯʥʝ ʘʩʧʝʢʪʝ ʘʢʮʠʿʝ. ʉʘ ʿʝʜʥʝ ʩʪʨʘʥʝ, ʥʠʩʤʦ 

ʩʠʛʫʨʥʠ ʜʘ ʣʠ ˂ʝ ʩʫʜʠʿʘ ʜʦʙʨʦ ʩʘʛʣʝʜʘʪʠ ʘʢʮʠʿʫ ʯʘʢ ʠ ʘʢʦ ʩʝ ʥʘʣʘʟʠ ʫ ʫʥʘʧʨʝʜ 

ʞʝˀʝʥʦʿ ʧʦʟʠʮʠʿʠ, ʿʝʨ ʨʘʟʣʠʯʠʪʝ ʧʦʟʠʮʠʿʝ ʠʛʨʘʯʘ ʫ ʪʦʢʫ ʠʟʚʦʹʝˁʘ ʘʢʮʠʿʝ, ʢʦʿʝ ʩʫ 

ʟʘʥʝʤʘʨʝʥʝ ʫ ʧʨʦʮʝʩʫ ʦʙʫʯʘʚʘˁʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʟʘʢʣʘˁʘˁʘ 

ʚʠʜʥʦʛ ʧʦˀʘ ʩʫʜʠʿʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʦʥʝʢʘʜ ˂ʝ ʩʫʜʠʿʘ ʚʨʣʦ ʜʦʙʨʦ ʤʦ˂ʠ ʜʘ 

ʩʘʛʣʝʜʘ ʩʠʪʫʘʮʠʿʫ ʯʘʢ ʠ ʘʢʦ ʥʠʿʝ ʥʘ ʩʘʤʦʿ ʞʝˀʝʥʦʿ ʧʦʟʠʮʠʿʠ, ʚʝ˂ ʩʝ ʥʘʣʘʟʠ  ʤʝʪʘʨ 

ʠʣʠ ʜʚʘ ʜʘˀʝ ʦʜ ʪʝ ʧʦʟʠʮʠʿʝ. 

ʉʘʤʠʤ ʪʠʤ ʦʚʘʿ ʧʨʦʙʣʝʤ ʦʜʫʜʘʨʘ ʦʜ ʢʣʘʩʠʯʥʠʭ ʧʨʦʙʣʝʤʘ ʢʣʘʩʠʬʠʢʘʮʠʿʝ. 

ʄʝʹʫʪʠʤ, ʥʠ ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʫʩʧʝʰʥʦʩʪʠ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʥʠʩʫ 

ʜʦʚʦˀʥʝ ʚʝ˂ ʿʝ ʧʦʪʨʝʙʥʦ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʧʦʩʝʙʘʥ ʘʣʛʦʨʠʪʘʤ ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ 

ʢʦʿʠ ˂ʝ ʫ ʦʙʟʠʨ ʫʟʝʪʠ ʩʚʝ ʧʘʨʘʤʝʪʨʝ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʚʠʜʥʦ ʧʦˀʝ ʩʫʜʠʿʝ. ɽʜʫʢʘʪʠʚʥʠ 

ʜʝʦ ʨʘʟʚʠʿʝʥʦʛ ʨʝʰʝˁʘ ʦʩʣʘˁʘ ʩʝ ʥʘ ʩʠʤʫʣʘʮʠʿʫ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ 

ʩʫʜʠʿʝ ʧʫʪʝʤ ʢʦʿʝʛ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʨʦʮʝʥʪʘ ʫʩʧʝʰʥʝ ʩʘʛʣʝʜʘʥʦʩʪʠ ʢʦʰʘʨʢʘʰʢʝ 

ʘʢʮʠʿʝ ʫʢʘʟʫʿʝ ʜʘ ʣʠ ʩʝ ʩʫʜʠʿʘ ʜʦʙʨʦ ʢʨʝʪʘʦ ʢʘʢʦ ʙʠ ʩʘʛʣʝʜʘʦ ʪʫ ʘʢʮʠʿʫ. 

ʉʠʤʫʣʘʮʠʿʘ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ, ʯʠʿʠ ʿʝ ʘʣʛʦʨʠʪʘʤ ʠ ʩʪʨʫʢʪʫʨʘ ʧʨʠʢʘʟʘʥʘ 

ʫ ʥʘʨʝʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ, ʧʨʝʜʩʪʘʚˀʘ ʢˀʫʯʥʠ ʚʘʣʠʜʘʪʦʨ ʨʘʟʚʠʿʝʥʦʛ ʨʝʰʝˁʘ 

ʧʨʝʜʠʢʮʠʿʝ ʢʨʝʪʘˁʘ ʩʫʜʠʿʘ. ʄʝʹʫʪʠʤ, ʤʦʨʘ ʩʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʫ ʩʝ ʧʨʠʣʠʢʦʤ 

ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʢʦʨʠʩʪʠʣʘ ʫʦʧʰʪʝʥʘ ʧʨʘʚʠʣʘ ʠ ʧʨʦʩʝʯʥʝ 

ʫʪʚʨʹʝʥʝ ʚʝʣʠʯʠʥʝ ʛʨʘʬʠʯʢʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠʤ ʩʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʛʨʘʯʠ ʫ ʜʦʛʦʚʦʨʫ 

ʩʘ ʢʦʰʘʨʢʘʰʢʠʤ ʩʪʨʫʯˁʘʮʠʤʘ. 

ʏʝʪʚʨʪʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʦʜʥʦʩʠ ʩʝ ʥʘ ʢʦʨʠʛʦʚʘˁʝ ʧʫʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ 

ʩʫʜʠʿʘ ʥʘ ʦʩʥʦʚʫ ʧʦʟʠʮʠʿʘ ʠʛʨʘʯʘ ʥʘ ʪʝʨʝʥʫ ʪʦʢʦʤ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʧʦʰʪʦ ʩʝ 

ʢʦʤʧʣʝʪʥʘ ʦʙʫʢʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠ ʮʝʣʘ ʧʦʩʪʘʚʢʘ ʧʨʦʙʣʝʤʘ ʟʘʩʥʠʚʘ ʥʘ 

ʝʣʠʤʠʥʠʩʘˁʫ ʥʘʚʝʜʝʥʠʭ ʝʣʝʤʝʥʘʪʘ. ʆʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʩʝ ʫ ʨʝʘʣʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ 

ʥʘʚʝʜʝʥʠ ʝʣʝʤʝʥʪʠ ʥʝ ʤʦʛʫ ʟʘʥʝʤʘʨʠʪʠ, ʤʝʹʫʪʠʤ ʠʩʪʠ ʩʫ ʝʣʝʠʤʠʥʠʩʘʥʠ ʢʘʢʦ ʙʠ ʩʝ 

ʦʬʦʨʤʠʦ ʪʝʦʨʝʪʩʢʠ ʤʦʜʝʣ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʤʘʨʥʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ. ɼʦʧʫʥʦʤ 

ʧʦʩʪʘʚˀʝʥʦʛ ʤʦʜʝʣʘ, ʠ ʫʚʘʞʘʚʘˁʝʤ ʧʦʟʠʮʠʿʘ ʢʦʰʘʨʢʘʰʢʠʭ ʠʛʨʘʯʘ ʦʯʝʢʫʿʝ ʩʝ ʜʘ ʩʝ 

ʨʝʟʦʥʦʚʘʥʝ ʧʫʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʢʦʨʠʛʫʿʫ ʥʘ ʦʩʥʦʚʫ ʧʦʟʠʮʠʿʝ 

ʢʦʰʘʨʢʘʰʢʠʭ ʠʛʨʘʯʘ ʢʦʿʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʟʘʢʣʘˁʘʿʫ ʦʜʨʝʹʝʥʝ ʩʝʛʤʝʥʪʝ ʪʝʨʝʥʘ ʢʦʿʠ 

ʢʦʰʘʨʢʘʰʢʠ ʩʫʜʠʿʘ ʪʨʝʙʘ ʜʘ ʩʘʛʣʝʜʘ. 

ʀʥʠʮʠʿʘʣʥʘ ʠʜʝʿʘ ʘʣʛʦʨʠʪʤʘ ʢʦʨʝʢʮʠʿʝ ʙʠʣʘ ʿʝ ʜʘ ʩʝ ʬʦʨʤʠʨʘ ʜʦʜʘʪʥʘ ʥʝʫʨʦʥʩʢʘ 

ʤʨʝʞʘ ʢʦʿʘ ʙʠ ʥʘ ʦʩʥʦʚʫ ʫʣʘʟʘ ʢʦʿʠ ʙʠ ʧʨʝʜʩʪʘʚˀʘʣʝ ʧʦʟʠʮʠʿʝ ʢʦʰʘʨʢʘʰʢʠʭ 
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ʠʛʨʘʯʘ ʪʦʢʦʤ ʠʛʨʝ, ʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʦʙʫʯʝʥʠʤ ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ ʥʘ ʦʩʥʦʚʫ 

ʩʧʦʤʝʥʫʪʦʛ ʤʦʜʝʣʘ ʨʝʟʦʥʦʚʘʣʘ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʩʘ ʘʩʧʝʢʪʘ SRC ʢʨʠʪʝʨʠʿʫʤʘ, ʢʘʦ ʠ 

ʥʘ ʝʚʘʣʫʘʮʠʿʠ ʢʨʝʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʩʠʤʫʣʘʮʠʿʦʤ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ 

ʧʦˀʘ ʠ ʩʘʤʠʤ ʪʠʤ ʫʪʠʮʘʣʘ ʥʘ ʙʦˀʫ ʩʘʛʣʝʜʘʥʦʩʪ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. ʇʦʤʝʥʫʪʘ 

ʠʜʝʿʘ ʿʝ ʥʘʧʫʰʪʝʥʘ ʠ ʟʘʤʝˁʝʥʘ ʩʠʩʪʝʤʦʤ ʟʘ ʢʦʨʝʢʮʠʿʫ ʧʫʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ 

ʩʫʜʠʿʘ ʢʦʿʝ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʦ ʠ ʧʨʝʜʩʪʘʚˀʝʥʦ ʫ ʜʘˀʝʤ ʨʘʜʫ.  

ʋ ʥʘʨʝʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ ʦʚʦʛ ʜʦʢʪʦʨʘʪʘ ʙʠ˂ʝ ʨʘʟʤʦʪʨʝʥʠ ʨʘʜʦʚʠ ʢʦʿʠ ʩʫ ʩʣʠʯʥʠ 

ʦʚʦʤ, ʟʘʪʠʤ ˂ʝ ʜʝʪʘˀʥʠʿʝ ʙʠʪʠ ʠʟʣʦʞʝʥ ʧʨʦʙʣʝʤ ʢʦʿʠ ʿʝ ʦʚʜʝ ʩʘʤʦ ʫʢʨʘʪʢʦ 

ʠʟʣʦʞʝʥ, ʙʠ˂ʝ ʧʨʝʜʩʪʘʚˀʝʥʠ ʦʙʫʯʘʚʘʿʫ˂ʠ ʠ ʪʝʩʪ ʩʢʫʧʦʚʠ, ʠ ʟʘʪʠʤ ˂ʝ ʩʝ ʧʨʝ˂ʠ ʥʘ 

ʜʝʪʘˀʥʫ ʘʥʘʣʠʟʫ ʧʨʠʤʝʥʝ ʩʪʨʫʢʪʫʨʘ ʚʠʰʝʩʣʦʿʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠ ʦʚʜʝ 

ʩʧʦʤʝʥʫʪʠʭ LTR ï MDTS ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʥʘ ʨʝʰʘʚʘˁʝ ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʦʙʣʝʤʘ 

ʢʘʢʦ ʩʘ ʘʩʧʝʢʪʘ SRC ʢʨʠʪʝʨʠʿʫʤʘ ʪʘʢʦ ʠ ʩʘ ʘʩʧʝʢʪʘ ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ 

ʚʠʜʥʦʛ ʧʦˀʘ. 
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2. ɸʅɸʃʀɿɸ ʇʆʉʄɸʊʈɸʅʆɻ ʇʈʆɹʃɽʄɸ 

ʇʦʩʤʘʪʨʘʥʠ ʧʨʦʙʣʝʤ ʘʥʘʣʠʟʠʨʘʥ ʿʝ ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʯʠʪʠʭ ʘʩʧʝʢʘʪʘ, ʠ ʩʪʦʛʘ ʩʫ 

ʬʦʨʤʠʨʘʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʧʦʪʧʦʛʣʘʚˀʘ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ. ʇʨʚʦ ʧʦʪʧʦʛʣʘʚˀʝ 

ʨʘʟʤʘʪʨʘ ʩʣʠʯʥʫ ʧʨʦʙʣʝʤʘʪʠʢʫ ʥʘ ʦʩʥʦʚʫ ʩʣʠʯʥʠʭ ʨʘʜʦʚʘ ʠ ʧʦʩʪʦʿʝ˂ʝ ʩʪʨʫʯʥʝ 

ʣʠʪʝʨʘʪʫʨʝ. ʋ ʩʧʦʤʝʥʫʪʦʤ ʧʦʛʣʘʚˀʫ ʨʘʟʤʦʪʨʝʥʠ ʩʫ ʩʣʠʯʥʠ ʨʘʜʦʚʠ ʠ ʨʝʰʝˁʘ ʢʦʿʝ 

ʛʦʚʦʨʝ ʦ ʧʨʠʤʝʥʠ ʚʠʰʝʩʣʦʿʝʥʠʭ ʧʝʨʮʝʧʪʨʦʥʘ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʚʨʝʤʝʥʩʢʠʭ 

ʩʝʨʠʿʘ, ʟʘʪʠʤ ʨʘʟʤʘʪʨʘʿʫ ʧʨʠʤʝʥʫ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʫ ʢʦʰʘʨʮʠ, ʜʝʪʝʢʮʠʿʫ 

ʢʦʣʠʟʠʿʝ ʫ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʤ ʧʨʦʩʪʦʨʠʤʘ, ʤʝʪʨʠʢʫ ʚʠʜʥʦʛ ʧʦˀʘ ʠ ʥʘ ʢʨʘʿʫ 

ʨʘʟʤʘʪʨʘʿʫ ʧʦʩʪʦʿʝ˂ʘ ʨʝʰʝˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʘʣʘʪʝ ʟʘ ʬʦʨʤʠʨʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ 

ʘʢʮʠʿʘ. 

ʋ ʜʨʫʛʦʤ ʧʦʪʧʦʛʣʘʚˀʫ ʨʘʟʤʘʪʨʘ ʩʝ ʧʨʦʙʣʝʤ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʠ ʢʣʘʩʠʬʠʢʘʪʦʨʘ ʠ 

ʜʘʿʝ ʩʝ ʦʙʿʘʰˁʝˁʝ ʟʘʰʪʦ ʩʪʘʥʜʘʨʜʥʝ ʤʝʪʦʜʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʥʠʩʫ ʧʨʠʤʝʥˀʠʚʝ ʥʘ 

ʧʦʩʪʘʚˀʝʥʠ ʧʨʦʙʣʝʤ. ʅʘ ʦʩʥʦʚʫ ʠʟʣʦʞʝʥʦʛ, ʜʘˀʝ ʩʝ ʦʙʨʘʟʣʘʞʝ ʟʘʰʪʦ ʩʝ ʧʨʝʜʣʘʞʝ 

ʥʦʚʠ, ʥʝʩʪʘʥʜʘʨʜʥʠ ʥʘʯʠʥ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ. 

2.1. ʇʨʝʛʣʝʜ ʩʣʠʯʥʠʭ ʨʘʜʦʚʘ 

ʇʨʠʣʠʢʦʤ ʨʘʟʤʘʪʨʘˁʘ ʩʣʠʯʥʠʭ ʠʩʪʘʞʠʚʘˁʘ ʤʦʨʘ ʩʝ ʨʘʟʤʦʪʨʠʪʠ ʚʠʰʝ ʛʨʫʧʘ 

ʨʘʜʦʚʘ. ʇʨʚʘ ʛʨʫʧʘ ʨʘʜʦʚʘ ʨʘʟʤʘʪʨʘ ʧʨʠʤʝʥʫ ʚʠʰʝʩʣʦʿʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʥʘ 

ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʦʧʠʩʫʿʫ ʚʨʝʤʝʥʩʢʠʤ ʩʝʨʠʿʘʤʘ. ɼʨʫʛʘ ʛʨʫʧʘ ʨʘʜʦʚʘ 

ʨʘʟʤʘʪʨʘ ʧʨʠʤʝʥʫ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʫ ʩʧʦʨʪʫ ʩʘ ʘʢʮʝʥʪʦʤ ʥʘ ʢʦʰʘʨʢʫ. ʊʨʝ˂ʘ 

ʛʨʫʧʘ ʨʘʜʦʚʘ ʦʙʫʭʚʘʪʘ ʜʝʪʝʢʮʠʿʫ ʢʦʣʠʟʠʿʝ ʦʙʿʝʢʘʪʘ ʫ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʤ 

ʧʨʦʩʪʦʨʫ, ʢʘʦ ʠ ʨʘʜʦʚʝ ʢʦʿʠ ʦʙʿʘʰˁʘʚʘʿʫ ʢʘʢʦ ˀʫʜʩʢʦ ʦʢʦ ʬʫʥʢʮʠʦʥʠʰʝ ʩʘ ʿʘʩʥʠʤ 

ʬʦʢʫʩʦʤ ʥʘ ʤʝʪʨʠʢʝ ʚʠʜʥʦʛ ʧʦˀʘ ʢʘʦ ʰʪʦ ʩʫ ʜʫʙʠʥʘ ʠ ʰʠʨʠʥʘ ʝʬʝʢʪʠʚʥʦʛ ʚʠʜʥʦʛ 

ʧʦˀʘ ʢʘʢʦ ʙʠ ʩʝ ʬʦʨʤʠʨʘʣʘ ʩʠʤʫʣʘʮʠʿʘ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ. ʊʘʢʦʹʝ, 

ʨʘʟʤʘʪʨʘʥʘ ʩʫ ʠ ʨʝʰʝˁʘ ʧʫʪʝʤ ʢʦʿʠʭ ʩʝ ʬʦʨʤʠʨʘʿʫ ʠ ʚʠʟʫʘʣʥʦ ʦʧʠʩʫʿʫ ʩʮʝʥʘʨʠʿʘ 

ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʘʫʪʦʤʘʪʠʟʦʚʘʣʦ ʬʦʨʤʠʨʘˁʝ 

ʩʮʝʥʘʨʠʿʘ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ ʠʟ ʩʪʚʘʨʥʠʭ ʠʟʚʦʨʘ. ʋ ʥʘʚʝʜʝʥʫ ʛʨʫʧʫ ʨʘʜʦʚʘ 

ʩʚʨʩʪʘʚʘʿʫ ʩʝ ʨʘʜʦʚʠ ʫ ʢʦʿʠʤʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʩʥʠʤʘʢʘ ʢʦʰʘʨʢʘʰʢʠʭ ʫʪʘʢʤʠʮʘ 

ʧʨʝʧʦʟʥʘʿʫ ʠʛʨʘʯʠ, ʣʦʧʪʘ ʠ ʩʫʜʠʿʝ, ʢʘʦ ʠ ˁʠʭʦʚe ʪʨʝʥʫʪʥʝ ʧʦʟʠʮʠʿʝ. 

ʅʘ ʦʩʥʦʚʫ ʪʨʝʥʫʪʥʦ ʜʦʩʪʫʧʥʝ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʧʦʩʪʦʿʠ ʩʣʠʯʥʦ ʨʝʰʝˁʝ ʢʦʿʝ 

ʠʥʪʝʛʨʠʰʝ ʨʝʰʝˁʘ ʟʘ ʛʨʘʬʠʯʢʫ ʧʨʝʟʝʥʪʘʮʠʿʫ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʥʘ ʪʝʨʝʥʫ ʩʘ 

ʘʣʘʪʢʘʤʘ ʟʘ ʘʥʘʣʠʟʫ ʩʘʛʣʝʜʘʥʦʩʪʠ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 

ʨʝʟʦʥʦʚʘˁʝʤ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʢʘʢʦ ʙʠ ʩʝ ʦʬʦʨʤʠʣʝ ʦʧʪʠʤʘʣʥʝ ʧʫʪʘˁʝ ʢʨʝʪʘˁʘ 

ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ. ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ˂ʝ ʢʦʰʘʨʢʘʰʢʝ ʩʫʜʠʿʝ ʥʘʿʙʦˀʝ 

ʩʘʛʣʝʜʘʪʠ ʢʦʰʘʨʢʘʰʢʫ ʘʢʮʠʿʫ ʫʢʦʣʠʢʦ ʩʝ ʢʨʝ˂ʫ ʥʘ ʦʩʥʦʚʫ ʪʘʢʦ ʨʝʟʦʥʦʚʘʥʠʭ 

ʧʫʪʘˁʘ. 

2.1.1. ʇʨʠʤʝʥʘ ʚʠʰʝʩʣʦʿʥʠʭ ʧʝʨʮʝʧʪʨʦʥʘ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʚʨʝʤʝʥʩʢʠʭ 

ʩʝʨʠʿʘ 

ʂʘʜʘ ʩʝ ʧʨʝʛʣʝʜʘ ʪʨʝʥʫʪʥʘ ʫʧʦʪʨʝʙʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʪʨʝʥʠʨʘˁʝ ʠʩʪʠʭ ʧʫʪʝʤ ʢʦʿʠʭ ʩʝ ʤʦʜʝʣʫʿʫ ʠ ʨʝʰʘʚʘʿʫ ʧʨʦʙʣʝʤʠ ʢʦʿʠ 

ʩʝ ʦʧʠʩʫʿʫ ʚʨʝʤʝʥʩʢʠʤ ʩʝʨʠʿʘʤʘ, ʜʘ ʩʝ ʟʘʢˀʫʯʣʠʪʠ ʜʘ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʨʝʰʝˁʘ 

ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʬʠʥʘʥʩʠʿʩʢʠʭ ʪʦʢʦʚʘ ʨʘʟʣʠʯʠʪʠʭ ʚʘʣʫʪʘ, ʪʨʝʥʜʦʚʝ 

ʢʘʤʘʪʘ, ʫʦʧʰʪʝʥʫ ʘʥʘʣʠʟʫ ʧʨʠʤʝʥʝ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʥʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ 

ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ ʠ ʜʨ. ʅʘʚʝʜʝʥʦ ʿʝ ʦʧʠʩʘʥʦ ʫ ʨʘʜʦʚʠʤʘ (Connor & Martin, 1994), 
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(Ruta & Gabrys, 2007), (Zhang, 2003), (Zhang & Berardi, 2001), (Landassuri-Moreno 

& Bullinaria, 2009), (Lai, et al., 2006), (Khashei & Bijari, 2010), (Giles, et al., 2001) ʠ 

(Patra, et al., 2012). 

ʈʘʜ (Protopapadakis, et al., 2012) ʦʧʠʩʫʿʝ ʫʧʦʪʨʝʙʫ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠ ʛʝʥʝʪʩʢʠʭ 

ʘʣʛʦʨʠʪʤʘ ʢʘʢʦ ʙʠ ʩʝ ʦʬʦʨʤʠʣʦ ʨʝʰʝˁʝ ʢʦʿʝ ʧʨʝʧʦʟʥʘʿʝ ʘʢʪʠʚʥʦʩʪʠ ʢʨʦʟ ʚʨʝʤʝ ʥʘ 

ʦʩʥʦʚʫ ʚʠʜʝʦ ʟʘʧʠʩʘ ʠʟ ʅʠʩʘʥʦʚʝ ʬʘʙʨʠʢʝ ʘʫʪʦʤʦʙʠʣʘ. ʋ ʩʚʦʤ ʨʘʜʫ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʩʣʠʯʘʥ ʧʨʠʩʪʫʧ ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʠ ʫ ʦʚʦʤ ʨʘʜʫ ʠ ʦʜʥʦʩʠ ʩʝ ʥʘ ʧʨʘ˂ʝˁʝ ʠ 

ʪʝʩʪʠʨʘˁʘ ʧʦʥʘʰʘˁʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʧʨʠʣʠʢʦʤ ʨʝʟʦʥʦʚʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʙʨʦʿ 

ʠʪʝʨʘʮʠʿʘ, ʙʨʦʿ ʩʣʦʿʝʚʘ ʠ ʙʨʦʿ ʥʝʫʨʦʥʘ. (Doulamis & Doulamis, 2012) ʫ ʩʚʦʤ ʨʘʜʫ 

ʫʧʠʩʫʿʫ ʧʨʠʤʝʥʫ ,,ʜʫʙʦʢʠʭò ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʫ ʢʦʿʠʤʘ ʩʝ ʫʧʦʪʨʝʙʦʤ 

ʚʠʰʝʩʣʦʿʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʢʨʦʟ ʧʘʨʘʜʠʛʤʫ ʜʫʙʦʢʦʛ ʫʯʝˁʘ ʧʨʦʧʘʛʠʨʘʿʫ 

ʧʦʜʘʮʠ ʢʘ ʩʣʦʞʝʥʠʤ ʭʠʿʝʨʘʨʭʠʿʘʤʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʩʪʘʙʠʣʥʘ ʜʝʪʝʢʮʠʿʘ ʠ 

ʢʦʥʩʪʘʥʪʥʦ ʧʨʘ˂ʝˁʝ ʦʙʿʝʢʘʪʘ ʪʦʢʦʤ ʜʫʞʠʭ ʚʨʝʤʝʥʩʢʠʭ ʧʝʨʠʦʜʘ. 

ʈʘʜʦʚʠ (Teo, et al., 2001) ʠ (Ons & Trabelsi, 2003) ʧʨʠʢʘʟʫʿʫ ʜʘ ʩʝ ʚʠʰʝʣʦʿʥʠ 

ʧʝʨʮʝʧʪʨʦʥʠ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. (Teo, et al., 2001) 

ʥʘʛʣʘʰʘʚʘ ʟʥʘʯʘʿ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ ʚʨʝʜʥʦʩʪʠ ʪʝʞʠʥʝ ʥʝʫʨʦʥʘ ʠ ʧʦʢʘʟʫʿʝ ʜʘ 

ʥʘʚʝʜʝʥʠ ʧʘʨʘʤʝʪʘʨ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʫʩʧʝʰʥʦʩʪ ʦʙʫʯʘʚʘˁʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, 

ʜʦʢ (Ons & Trabelsi, 2003) ʧʨʝʜʩʪʘʚˀʘ ʘʣʛʦʨʠʪʘʤ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʬʦʨʤʠʨʘˁʝ 

ʦʧʪʠʤʘʣʥʠʭ ʤʦʜʝʣʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ ʠ ʟʘʩʥʠʚʘ 

ʩʝ ʥʘ ʧʨʦʧʘʛʘʮʠʿʠ ʛʨʝʰʢʝ ʫʥʘʟʘʜ (Back Propagation ʘʣʛʦʨʠʪʘʤ) ʠ ʫʧʦʪʨʝʙʠ 

ʛʝʥʝʪʠʯʢʠʭ ʘʣʛʦʨʠʪʘʤʘ. ʀʩʪʨʘʞʠʚʘˁʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ, ʥʘ ʦʩʥʦʚʫ 

ʧʨʠʤʝˁʝʥʠʭ ʤʝʪʦʜʦʣʦʛʠʿʘ, ʧʘʨʮʠʿʘʣʥʦ ʩʣʠʯʥʦ ʨʘʜʫ  (Ons & Trabelsi, 2003) ʧʦʰʪʦ 

ʩʝ ʦʩʥʦʚʘ ʩʧʦʤʝʥʫʪʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʟʘʩʥʠʚʘ ʥʘ ʤʘʥʠʧʫʣʘʮʠʿʠ ʥʝʫʨʦʥʩʢʠʤ 

ʤʨʝʞʘʤʘ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤ ʥʠʚʦʫ ʫʟ ʧʨʠʤʝʥʫ ʠ ʤʦʜʠʬʠʢʘʮʠʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʦʙʫʯʘʚʘʿʫ˂ʠʭ ʘʣʛʦʨʠʪʘʤʘ ʢʘʢʦ ʙʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ, ʨʝʟʦʥʦʚʘʣʝ 

ʿʝʜʥʘ ʠʣʠ ʚʠʰʝ ʠʩʪʦʚʨʝʤʝʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. ʇʦʰʪʦ ʩʝ ʜʦʛʘʹʘʿʠ ʫʥʫʪʘʨ 

ʥʘʚʝʜʝʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ ʜʝʰʘʚʘʿʫ ʚʝʦʤʘ ʙʨʟʦ ʠ ʯʝʩʪʦ, ʫ ʥʝʧʨʘʚʠʣʥʠʤ 

ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ, ʥʘʚʝʜʝʥʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ ʩʝ ʤʦʛʫ ʩʤʘʪʨʘʪʠ ʭʘʦʪʠʯʥʠʤ, 

ʰʪʦ ʿʝ ʠ ʧʨʝʟʝʥʪʦʚʘʥʦ ʫ ʨʘʜʫ (Teo, et al., 2001) ʩʘ ʘʩʧʝʢʪʘ Mackey-Glassïʦʚʠʭ 

ʭʘʦʪʠʯʥʠʭ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. 

ʋ ʨʘʜʫ (Vintan, et al., 2004) ʢʦʨʠʩʪʝ ʩʝ MLP ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ (Multilayered 

Perceptron - ʚʠʰʝʩʣʦʿʥʠ ʧʝʨʮʝʧʪʨʦʥ), ʦʜʥʦʩʥʦ ʥʝʫʨʦʥʩʢʝ ʤʝʞʝ ʩʘ ʧʨʦʧʘʛʘʮʠʿʦʤ 

ʛʨʝʰʢʝ ʫʥʘʟʘʜ, ʢʘʢʦ ʙʠ ʧʨʝʜʚʠʜʝʣʠ ʢʨʝʪʘˁʝ ʦʩʦʙʘ ʫʥʫʪʘʨ ʟʛʨʘʜʝ ʫʧʦʪʨʝʙʦʤ 

ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. ʇʦʰʪʦ ʿʝ ʿʝʜʘʥ ʦʜ ʮʠˀʝʚʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʜʘ ʩʝ 

ʧʨʝʜʚʠʜʠ ʢʨʝʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ, ʫ ʬʦʨʤʠ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ, 

ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʢʨʝʪʘˁʝ ʢʦʰʘʨʢʘʰʢʝ ʣʦʧʪʝ ʧʦ 

ʪʝʨʝʥʫ, ʥʘʚʝʜʝʥʠ ʨʘʜ ʿʝ ʫʢʘʟʘʦ ʥʘ ʧʨʠʨʦʜʫ ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʧʨʦʜʫʢʦʚʘʪʠ 

ʫʢʦʣʠʢʦ ʩʝ ʠʩʧʠʪʘʿʫ ʚʘʨʠʿʘʮʠʿʝ ʙʨʦʿʝʚʘ ʥʝʫʨʦʥʘ ʧʦ ʩʣʦʿʫ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʩʘ 

ʘʩʧʝʢʪʘ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. ʅʘʚʝʜʝʥʦ ʿʝ ʢʘʩʥʠʿʝ ʬʦʨʤʠʨʘʥʦ ʢʘʦ ʿʝʜʥʘ ʦʜ ʦʩʥʦʚʘ 

ʨʝʘʣʠʟʦʚʘʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. 

(Najim, et al., 2008) ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʠʰʝʩʣʦʿʥʫ ʥʝʫʨʦʥʩʢʫ ʤʨʝʞʫ ʩʘ ʧʨʦʧʘʛʘʮʠʿʦʤ 

ʛʨʝʰʢʝ ʫʥʘʟʘʜ ʩʘ ʮʠˀʝʤ ʧʨʝʜʠʢʮʠʿʝ ʩʢʦʢʦʚʘ ʠ ʧʘʜʦʚʘ ʥʘʧʦʥʘ ʫ ʝʣʝʢʪʨʠʯʥʦʿ ʤʨʝʞʠ 

ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʯʠʪʠʭ ʧʘʨʘʤʝʪʨʘ, ʠ ʩʘʤʠʤ ʪʠʤʝ, ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʝʫʨʦʥʩʢʫ ʤʨʝʞʫ 

ʧʫʪʝʤ ʢʦʿʝ ʩʝ ʤʦʞʝ ʨʝʘʣʠʟʦʚʘʨʪʠ ʢʨʘʪʢʦʪʨʘʿʥʦ ʧʨʝʜʚʠʹʘˁʝ ʩʢʦʢʦʚʘ ʠ ʧʘʜʦʚʘ 

ʥʘʧʦʥʘ. (Abuadlla, et al., 2014) ʧʨʝʜʩʪʘʚˀʘʿʫ MLP ʥʝʫʨʦʥʩʢʫ ʤʨʝʞʫ ʢʦʿʘ ʿʝ ʦʙʫʯʝʥʘ 
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ʜʘ ʧʨʝʧʦʟʥʘ ʠ ʦʜʛʦʚʦʨʠ ʥʘ ʥʘʧʘʜʝ ʫʥʫʪʘʨ ʨʘʯʫʥʘʨʩʢʝ ʤʨʝʞʝ ʢʨʦʟ ʘʥʘʣʠʟʫ ʧʨʦʤʝʥʝ 

ʧʦʥʘʰʘˁʘ ʧʨʦʪʦʢʘ ʩʘʜʨʞʘʿʘ ʫʥʫʪʘʨ ʠʩʪʝ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. 

ɺʝ˂ʠʥʘ ʨʘʜʦʚʘ ʢʦʿʠ ʩʫ ʩʧʦʤʝʥʫʪʠ ʫ ʦʚʦʤ ʦʜʝˀʢʫ ʤʦʛʫ ʩʝ ʩʚʨʩʪʘʪʠ ʫ ʛʨʫʧʫ ʨʝʰʝˁʘ 

ʢʦʿʠ ʧʨʘʪʝ ʧʨʝʦʚʣʘʫ́ʿʫ˂ʠ ʧʨʘʚʘʮ ʪʨʝʥʫʪʦ ʘʢʪʫʝʣʥʠʭ ʨʝʰʝˁʘ, ʠ ʨʝʣʘʪʠʚʥʦ ʩʫ 

ʩʣʠʯʥʝ ʨʝʰʝˁʫ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. ʋ ʥʘʚʝʜʝʥʠʤ ʨʝʰʝˁʠʤʘ ʩʝ ʟʘ ʥʠʟ ʫʣʘʟʠʭ 

ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʨʝʤʝʥʩʢʫ ʩʝʨʠʿʫ, ʨʝʟʦʥʫʿʝ ʿʝʜʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʠʟʣʘʟʫ 

ʫʟ ʫʧʦʪʨʝʙʫ wavelet ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʘ ʫʣʘʟʫ, ʛʝʥʝʪʠʯʢʠʭ ʘʣʛʦʨʠʪʘʤʘ, ʚʨʘ˂ʘˁʘ 

ʠʟʣʘʟʥʠʭ ʚʨʝʜʥʦʩʪʠ ʥʘ ʫʣʘʟ ʠʪʜ, ʥʘʩʫʧʨʦʪ ʧʨʠʩʪʫʧʘ ʢʦʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʫ ʦʚʦʤ ʨʘʜʫ, 

ʛʜʝ ʩʝ ʟʘ ʿʝʜʥʫ ʮʝʣʫ ʚʨʝʤʝʥʩʢʫ ʩʝʨʠʿʫ ʨʝʟʦʥʫʿʫ ʪʨʠ ʮʝʣʝ ʟʘʚʠʩʥʝ ʚʨʝʤʝʥʩʢʝ ʩʝʨʠʿʝ. 

2.1.2. ʇʨʠʤʝʥʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʫ ʢʦʰʘʨʮʠ 

ɺʝ˂ʠʥʘ ʨʝʰʝˁʘ ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʧʨʠʤʝʥʠ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʫ ʢʦʰʘʨʮʠ, ʩʚʦʜʝ 

ʩʝ ʥʘ ʧʨʝʜʚʠʹʘˁʝ ʠʩʭʦʜʘ ʫʪʘʢʤʠʮʝ, ʘʥʘʣʠʟʫ ʨʝʪʟʫʣʪʘʪʘ, ʧʨʝʜʚʠʹʘˁʝ ʜʨʘʬʪʦʚʘ ʠʪʜ, 

ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʦʢʘʟʘʥʦ ʫ ʨʘʜʦʚʠʤʘ (Santos, et al., 2011) ʠ (Young , 2008). ɱʝʜʥʦ ʦʜ 

ʧʦʟʥʘʪʠʿʠʭ ʨʝʰʝˁʘ ʟʦʚʝ ʩʝ Basketball Predictor, ʢʦʿʠ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʦ 

ʪʠʤʦʚʠʤʘ ʢʦʿʠ ʠʛʨʘʿʫ, ʧʨʝʪʭʦʜʥʦ ʦʜʠʛʨʘʥʠʤ ʫʪʘʢʤʠʮʘʤʘ, ʩʘʩʪʘʚʫ ʪʠʭ ʪʠʤʦʚʘ ʠ ʜʨ. 

ʧʫʪʝʤ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʧʨʝʜʚʠʹʘ ʠʩʭʦʜʝ ʫʪʘʢʤʠʮʘ. ʋ ʩʧʦʤʝʥʫʪʦʤ ʨʝʝhˁʫ, 

ʧʦʢʨʠʚʝʥʝ ʩʫ ʘʤʝʨʠʯʢʘ NBA ʠ WNBA ʣʠʛʘ, ʢʘʦ ʠ ʝʚʨʦʧʩʢʝ ʣʠʛʝ: ɸʫʩʪʨʠʿʘ, ʏʝʰʢʘ 

ʈʝʧʫʙʣʠʢʘ, ʌʨʘʥʮʫʩʢʘ, ʅʝʤʘʯʢʘ, ɻʨʯʢʘ, ʀʪʘʣʠʿʘ, ʇʦˀʩʢʘ, ʈʫʩʠʿʘ, ʐʧʘʥʠʿʘ ʠ 

ʐʚʝʜʩʢʘ. 

(Ivankoviĺ, et al., 2010) ʩʫ ʫʪʚʨʜʠʣʠ ʜʘ ʿʝ ʥʘʿʯʝʰ˂ʠ ʝʣʝʤʝʥʪ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ 

ʧʦʢʫʰʘʿ ʧʦʛʦʪʢʘ ʟʘ 2 ʧʦʝʥʘ ʠʩʧʦʜ ʢʦʰʘ ʠ ʩʢʦʢ ʫ ʦʜʙʨʘʥʠ ʢʨʦʟ ʘʥʘʣʠʟʫ ʇʨʚʝ B 

ʢʦʰʘʨʢʘʰʢʝ ʣʠʛʝ ʟʘ ʤʫʰʢʘʨʮʝ ʟʘ ʠʥʪʝʨʚʘʣ ʦʜ 2005. ʜʦ 2010. ʛʦʜʠʥʝ. ʉʣʠʯʥʦ 

ʠʩʪʨʘʞʠʚʘˁʝ ʩʧʨʦʚʝʣʠ ʩʫ (Ratgeber, et al., 2013) ʧʦʚʦʜʦʤ ʧʨʚʝ ʩʝʥʠʦʨʩʢʝ ʣʠʛʝ ʟʘ 

ʤʫʰʢʘʨʮʝ ʠ ʟʘ ʞʝʥʝ ʫ ʉʨʙʠʿʠ ʪʦʢʦʤ ʩʝʟʦʥʝ 2011/2012. ʫ ʢʦʿʝʤ ʩʝ ʧʦʢʘʟʘʣʦ ʜʘ ʿʝ ʫ 

ʦʙʝ ʣʠʛʝ, ʩʢʦʢ ʫ ʦʜʙʨʘʥʠ ʠʤʘʦ ʥʘʿʚʠʰʝ ʫʪʠʮʘʿʘ ʥʘ ʠʩʭʦʜ ʫʪʘʢʤʠʮʝ, ʦʜʥʦʩʥʦ ʪʠʤ 

ʢʦʿʠ ʿʝ ʠʤʘʦ ʥʘʿʚʠʰʝ ʩʢʦʢʦʚʘ ʫ ʦʜʙʨʘʥʠ ʿʝ ʫʛʣʘʚʥʦʤ ʙʠʦ ʧʦʙʝʜʥʠʢ. (Schumaker, et 

al., 2010) ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʥʝ ʘʩʧʝʢʪʝ ʜʘʪʘ-ʤʠʥʠʥʛʘ ʫ ʩʧʦʨʪʫ  ʫ ʢʦʿʠʤʘ  ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʨʘʟʣʠʯʠʪʠʭ ʩʢʫʧʦʚʘ ʧʦʜʘʪʘʢʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʨʘʟʥʠʭ ʟʘʢˀʫʯʘʢʘ ʢʘʦ ʰʪʦ ʩʫ: ʢʘʢʚʝ 

ʘʢʮʠʿʝ ʦʜʨʝʹʝʥʠ ʪʠʤʦʚʠ ʠʛʨʘʿʫ ʧʨʦʪʠʚ ʦʜʨʝʹʝʥʠʭ ʨʠʚʘʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʩʪʘʜʠʿʫʤʠʤʘ ʪʫʨʥʠʨʘ. ʊʘʢʦʹʝ, ʨʘʟʥʠ ʰʘʙʣʦʥʠ ʢʨʝʪʘˁʘ ʠʛʨʘʯʘ ʩʝ ʤʦʛʫ ʨʝʟʦʥʦʚʘʪʠ 

ʠ ʩʪʦʛʘ ʩʝ ʥʘʚʝʜʝʥʦ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʛʝʥʝʨʠʩʘˁʝ ʩʮʝʥʘʨʠʿʘ 

ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ. ʆ ʥʘʚʝʜʝʥʦʤ ˂ʝ ʙʠʪʠ ʨʝʯʠ ʫ ʥʘʨʝʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ. 

ʈʘʜ ʘʫʪʦʨʘ (Loeffelholz, et al., 2009) "Predicting NBA Games Using Neural 

Networks", ʦʧʠʩʫʿʝ ʢʘʢʦ ʩʝ ʫʧʦʪʨʝʙʦʤ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ 

ʧʨʝʜʚʠʹʘʿʫ ʠʩʭʦʜʠ ʫʪʘʢʤʠʮʝ, ʩʘ ʥʘʛʣʘʰʘʚʘˁʝʤ ʜʘ ʩʫ ʧʨʝʜʚʠʹʘˁʘ ʦʙʫʯʝʥʠʭ 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʙʠʣʘ ʪʘʯʥʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʜʚʠʹʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʝʢʩʧʝʨʪʘ. 

ʂʦʥʢʝʪʥʦ, ʦʙʫʯʝʥʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʪʘʯʥʦ ʩʫ ʧʨʝʜʚʠʜʝʣʝ ʠʩʭʦʜ ʫʪʘʢʤʠʮʝ ʫ 

74.33% ʩʣʫʯʘʿʝʚʘ, ʜʦʢ ʩʫ ʢʦʰʘʨʢʘʰʢʠ ʝʢʩʧʝʨʪʠ ʙʠʣʠ ʪʘʯʥʠ ʫ  68.70% ʩʣʫʯʘʿʝʚʘ. ʋ 

ʩʧʦʤʝʥʫʪʦʤ ʨʘʜʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʫʧʦʪʨʝʙʘ: feed forward, ʨʘʜʠʘʿʣʥʠʭ, 

ʧʨʦʙʘʙʠʣʠʩʪʠʯʢʠʭ ʠ ʨʝʛʨʝʩʠʚʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʢʘʦ ʠ ʬʫʟʠʿʘ ʠʩʪʠʭ. 

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʠʟʣʦʞʝʥʦʛ, ʜʘ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʧʨʠʤʝʥʘ ʥʝʫʨʦʥʩʢʠʭ 

ʤʨʝʞʘ ʫ ʢʦʰʘʨʮʠ ʧʦʧʨʠʣʠʯʥʦ ʧʦʧʫʣʘʨʥʘ ʦʙʣʘʩʪ, ʠ ʜʘ ʿʝ ʚʦʜʝ˂ʠ ʪʨʝʥʜ ʧʨʝʜʚʠʹʘˁʝ 

ʠʩʭʦʜʘ ʫʪʘʢʤʠʮʝ. ʆʚʘʿ ʮʠˀ ʿʝ ʠ ʥʘʿʧʨʦʬʠʪʘʙʠʣʥʠʿʠ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ 

ʢʣʘʜʠʦʥʠʯʘʨʩʢʫ ʠʥʜʫʩʪʨʠʿʫ ʠ ʞʝˀʫ ʪʠʤʦʚʘ ʜʘ ʩʝ ʰʪʦ ʙʦˀʝ ʧʣʘʩʠʨʘʿʫ. 
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ʉʧʦʤʝʥʫʪʠʤ ʤʝʪʦʜʘʤʘ ʤʦʛʫ˂ʝ ʿʝ ʫʪʚʨʜʠʪʠ, ʧʫʪʝʤ ʩʠʤʫʣʘʮʠʿʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʥʝʫʨʦʥʩʢʠʤ ʤʨʝʞʘʤʘ, ʜʘ ʣʠ ˂ʝ ʥʝʢʠ ʪʠʤ, ʩʘ ʦʜʨʝʹʝʥʦʤ ʧʦʩʪʘʚʢʦʤ ʠʛʨʘʯʘ ʧʦʙʝʜʠʪʠ 

ʜʨʫʛʠ ʪʠʤ. ʋʧʦʪʨʝʙʦʤ ʥʘʚʝʜʝʥʠʭ ʤʝʪʦʜʘ, ʤʦʛʫ˂ʝ ʿʝ ʧʨʝʦʢʨʝʥʫʪʠ ʪʦʢ ʫʪʘʢʤʠʮʝ, 

ʠʣʠ, ʫʢʦʣʠʢʦ ʿʝ ʧʦʨʘʟ ʥʝʠʟʙʝʞʘʥ, ʧʨʦʥʘ˂ʠ ʥʘʯʠʥ ʜʘ ʩʝ ʨʘʟʣʠʢʘ ʩʘ ʢʦʿʦʤ ˂ʝ ʪʠʤ 

ʠʟʛʫʙʠʪʠ ʩʤʘˁʠ. 

2.1.3. ɼʝʪʝʢʮʠʿʘ ʢʦʣʠʟʠʿʝ ʫ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʤ ʧʨʦʩʪʦʨʠʤʘ ʠ ʤʝʪʨʠʢʘ 

ʚʠʜʥʦʛ ʧʦˀʘ 

ʋ ʦʚʦʤ ʧʦʪʧʦʛʣʘʚˀʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʨʘʜʦʚʠ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʢʘʦ ʦʩʥʦʚʘ ʟʘ 

ʬʦʨʤʠʨʘˁʝ ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʢʦʿʘ ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʤʦʜʠʬʠʢʦʚʘʥʦʤ Sweep and Pruneʘʣʛʦʨʠʪʤʫ ʠ ʩʪʘʥʜʘʨʜʠʤʘ ʢʦʿʘ ʿʝ ʜʝʬʠʥʠʩʘʣʘ 

AOA - American Optometric Association. 

Sweep and Prune ʘʣʛʦʨʠʪʘʤ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʝʪʝʢʮʠʿʫ ʢʦʣʠʟʠʿʝ ʦʙʿʝʢʘʪʘ, ʢʘʢʦ ʫ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʿ ʪʘʢʦ ʠ ʫ ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʛʨʘʬʠʮʠ. ʅʘ ʦʩʥʦʚʫ ʪʨʝʥʫʪʥʦ 

ʜʦʩʪʫʧʥʝ ʨʝʣʝʚʘʥʪʥʝ ʣʠʪʝʨʘʪʫʨʝ, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʪʨʝʥʫʪʥʦ ʥʝ ʧʦʩʪʠʿʠ 

ʤʦʜʠʬʠʢʦʚʘʥʘ ʚʝʨʟʠʿʘ ʥʘʚʝʜʝʥʦʛ ʘʣʛʦʨʠʪʤʘ ʢʦʿʘ ʙʠ ʩʝ ʢʦʨʠʩʪʠʣʘ ʟʘ ʩʠʤʫʣʘʮʠʿʫ 

ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʩʘ ʮʠˀʝʤ ʫʪʚʨʹʠʚʘˁʘ ʧʨʦʮʝʥʪʘ ʫʩʧʝʰʥʦʩʪʠ 

ʩʘʛʣʝʜʘʚʘˁʘ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʫ ʦʜʨʝʹʝʥʠʤ ʜʝʣʦʚʠʤʘ ʢʦʰʘʨʢʘʰʢʦʛ ʪʝʨʝʥʘ. 

ʈʘʜʦʚʠ (Moore & Wilhelms, 1988), (Fauerby, 2003), (Lin & Gottschalk , 1998), (Blow, 

1997) ʠ (Tracy, et al., 2009) ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚʫ ʟʘ ʬʦʨʤʠʨʘˁʝ ʩʠʩʪʝʤʘ ʟʘ 

ʜʝʪʝʢʮʠʿʫ ʢʦʣʠʟʠʿʝ ʩʘ ʢʨʘʢʪʠʤ ʦʩʚʨʪʠʤʘ ʥʘ ʪʝʦʨʝʪʩʢʝ ʦʩʥʦʚʝ ʠ ʧʨʠʥʮʠʧʝ Sweep 

and Prune ʘʣʛʦʨʠʪʤʘ. ʄʝʪʦʜʝ ʠ ʪʝʦʨʝʪʩʢʝ ʦʩʥʦʚʝ ʢʦʿʝ ʩʫ ʦʧʠʩʘʥʝ ʫ ʥʘʚʝʜʝʥʠʤ 

ʨʘʜʦʚʠʤʘ ʫʧʦʪʨʝʙˀʝʥʝ ʩʫ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʠʤʫʣʠʨʘ 

ʭʦʨʠʟʦʥʪʘʣʥʦ ʚʠʜʥʦ ʧʦˀʝ ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʤʦʜʠʬʠʢʦʚʘʥʦʤ Sweep and Prune 

ʘʣʛʦʨʠʪʤʫ. ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ˂ʝ 

ʙʠʪʠ ʜʝʪʘˀʥʦ ʠʟʣʦʞʝʥ ʫ ʥʘʨʝʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ. 

(Marcos, et al., 1999) ʫʢʘʟʫʿʫ ʥʘ ʨʘʟʣʠʢʝ ʫ ʜʫʙʠʥʠ ʚʠʜʥʦʛ ʧʦˀʘ (DepthofField -DOF) 

ˀʫʜʩʢʦʛ ʦʢʘ ʥʘ ʦʩʥʦʚʫ ʩʫʙʿʝʢʪʠʚʥʠʭ ʠ ʦʙʿʝʢʪʠʚʥʠʭ ʤʝʨʘ. ʇʨʠ ʪʦʤ ʫʢʘʟʫʿʫ ʥʘ ʪʦ ʜʘ 

ʩʝ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʜʫʙʠʥʝ ʚʠʜʥʦʛ ʧʦˀʘ ʠ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʩʚʝʪʣʦʩʪʠ ʥʝ ʤʦʞʝ 

ʿʝʜʥʦʟʥʘʯʥʦ ʫʪʚʨʜʠʪʠ ʧʦʰʪʦ ʥʠʩʫ ʫʪʚʨʹʝʥʝ ʿʘʩʥʝ ʩʠʩʪʝʤʘʪʩʢʝ ʚʘʨʠʿʘʮʠʿ ʝ ʜʫʙʠʥʝ 

ʚʠʜʥʦʛ ʧʦˀʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʣʘʩʥʫ ʜʫʞʠʥʫʩʚʝʪʣʦʩʪʠ. ɼʘˀʝ, ʫʪʚʨʹʝʥʦ ʿʝ ʤʘʣʦ 

ʧʦʚʝ˂ʘˁʝ ʜʫʙʠʥʝ ʚʠʜʥʦʛ ʧʦˀʘ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʙʝʣʘ ʩʚʝʪʣʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ 

ʤʦʥʦʭʨʦʤʘʪʩʢʫ ʩʚʝʪʣʦʩʪ. ʉʧʦʤʝʥʫʪʠ ʘʫʪʦʨʠ ʩʫ ʪʘʢʦʹʝ ʫʪʚʨʜʠʣʠ ʜʘ ʿʝ ʥʘ ʦʩʥʦʚʫ 

ˁʠʭʦʚʠʭ ʜʝʬʠʥʠʮʠʿʘ ʩʫʙʿʝʢʪʠʚʥʘ ʜʫʙʠʥʘ ʚʠʜʥʦʛ ʧʦˀʘ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʤʘˁʘ 

ʥʝʛʦ ʦʙʿʝʢʪʠʚʥʘ ʜʫʙʠʥʘ ʚʠʜʥʦʛ ʧʦˀʘ. Tʘʢʦʹʝ, ʫʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ 

ʩʫʙʿʝʢʪʠʚʥʝ ʠ ʦʙʿʝʢʪʠʚʥʝ ʜʫʙʠʥʝ ʚʠʜʥʦʛ ʧʦˀʘ ʥʝ ʤʦʞʝ ʣʘʢʦ ʫʩʧʦʩʪʘʚʠʪʠ ʧʦʰʪʦ ʩʝ 

ʜʫʙʠʥʘ ʩʫʙʿʝʢʪʠʚʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʩʤʘˁʫʿʝ ʧʦʚʝ˂ʘʚʘˁʝʤ ʚʝʣʠʯʠʥʝ ʟʝʥʠʮʘ ʩʝ ʩʘ 4 

ʥʘ 6 ʤʠʣʠʤʝʪʘʨʘ, ʜʦʢ ʩʝ ʦʙʿʝʢʪʠʚʥʘ ʜʫʙʠʥʘ ʚʠʜʥʦʛ ʧʦˀʘ ʫ ʧʨʦʩʝʢʫ ʧʦʚʝ˂ʘʚʘ ʩʘ 

ʥʘʚʝʜʝʥʠʤ ʧʦʚʝ˂ʘˁʝʤ ʟʝʥʠʮʝ. ʇʨʝʟʝʥʪʦʚʘʥʦ ʩʚʦʿʩʪʚʦ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ 

ʢˀʫʯʥʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ ʩʫ ʨʘʟʤʦʪʨʝʥʠ ʪʦʢʦʤ ʬʦʨʤʠʨʘˁʘ ʩʠʤʫʣʘʮʠʿʝ ˀʫʜʩʢʦʛ 

ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ. ʈʘʜʦʚʠ (Nam, 2007), (Evan, 2010), (Betancourt & del 

Rio, 2006) ʠ (McBride, 2010) ʫʢʘʟʫʿʫ ʥʘ ʙʠʦʣʦʰʢʝ ʠ ʤʝʭʘʥʠʯʢʝ ʧʨʠʥʮʠʧʝ ˀʫʜʩʢʦʛ 

ʚʠʜʥʦʛ ʧʦˀʘ ʢʦʿʠ ʩʫ ʧʦʤʦʛʣʠ ʧʨʠʣʠʢʦʤ ʬʦʨʤʠʨʘˁʘ ʦʩʥʦʚʥʝ ʠʜʝʿʝ ʠʟʘ ʩʠʤʫʣʘʮʠʿʝ 

ˀʫʜʩʢʦʭ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʦ ʢʦʿʝʤ ˂ʝ ʙʠʪʠ ʛʦʚʦʨʘ ʫ ʥʘʨʝʜʥʠʤ 

ʧʦʛʣʘʚˀʠʤʘ. 
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2.1.4. ɸʣʘʪʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʩʮʝʥʘʨʠʿʘ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ 

ʈʘʟʤʘʪʨʘʿʫ˂ʠ ʩʚʝ ʘʩʧʝʢʪʝ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʢʘʦ ʜʝʣʘ ʢʦʰʘʨʢʘʰʢʝ ʫʪʘʢʤʠʮʝ, ʥʘ 

ʦʩʥʦʚʫ ʪʨʝʥʫʪʥʦ ʜʦʩʪʫʧʥʝ ʨʝʣʝʚʘʥʪʥʝ ʥʘʫʯʥʝ ʣʠʪʝʨʘʪʫʨʝ, ʥʝ ʧʦʩʪʦʿʠ ʘʜʝʢʚʘʪʥʦ 

ʨʝʰʝˁʝ ʢʦʿʝ ʙʠ ʧʦʿʝʜʥʦʩʪʘʚʠʣʦ ʢʦʰʘʨʢʘʰʢʫ ʘʢʮʠʿʫ ʠ ʜʠʨʝʢʪʥʦ ʧʦʚʝʟʘʣʦ ʢʨʝʪʘˁʝ 

ʢʦʰʘʨʢʘʰʢʝ ʣʦʧʪʝ ʧʦ ʪʝʨʝʥʫ ʩʘ ʢʨʝʪʘˁʝʤ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʦʢʦ ʪʝʨʝʥʘ. 

ʇʦʩʪʦʿʠ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʩʦʬʪʚʝʨʩʢʠʭ ʨʝʰʝˁʘ ʟʘ ʛʨʘʬʠʯʢʫ ʨʝʧʨʝʟʝʥʪʘʮʠʿʫ 

ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ ʠ ʘʫʪʦʤʘʪʩʢʦ ʢʨʝʠʨʘˁʝ ʩʮʝʥʘʨʠʿʘ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ, 

ʤʝʹʫʪʠʤ, ʥʘ ʦʩʥʦʚʫ ʪʨʝʥʫʪʥʦ ʜʦʩʪʫʧʥʝ ʨʝʣʝʚʝʥʪʥʝ ʣʠʪʝʨʘʪʫʨʝ, ʨʝʰʝˁʝ ʢʦʿʝ ʩʝ 

ʧʦʨʝʜ ʛʨʘʬʠʯʢʝ ʨʝʧʨʝʟʝʥʪʘʮʠʿʝ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʠ ʢʨʝʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ 

ʠʛʨʘʯʘ ʬʦʢʫʩʠʨʘ ʠ ʥʘ ʢʨʝʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʪʨʝʥʫʪʥʦ ʥʝ ʧʦʩʪʦʿʠ. ʅʝʢʘ 

ʪʨʝʥʫʪʥʦ ʥʘʿʙʦˀʘ ʨʝʰʝˁʘ ʟʘ ʮʨʪʘˁʝ ʩʮʝʥʘʨʠʿʘ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ ʩʫ Fast Draw, 

Basketball Coach, Coach Me ʠ Basketball Drill Builder ʠ ʨʘʟʚʠʿʝʥʠ ʩʫ ʟʘ ʤʦʙʠʣʥʝ 

ʧʣʘʪʬʦʨʤʝ. ʇʨʠʤʝʨ ʨʝʰʝˁʘ ʢʦʿʠ ʿʝ ʨʘʟʚʠʿʝʥ ʟʘ ʜʝʩʢʪʦʧ ʧʣʘʪʬʦʨʤʫ ʫ ʬʦʨʤʠ Java 

ʜʝʩʢʪʦʧ ʘʧʣʠʢʘʮʠʿʝ ʿʝʩʪʝ JES Basketball Playbook 10 (JES Basketball Playbook, 

2010). ʀʟʛʣʝʜ ʩʧʦʤʝʥʫʪʦʛ ʨʝʰʝˁʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʢʘʤʘ 2.1, 2.2, 2.3 i 2.4. 

 

ʉʣʠʢʘ 2.1.Overview ʢʘʨʪʠʮʘ JES Basketball Playbook ʨʝʰʝˁʘ 
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ʉʣʠʢʘ 2.2. Edit Drawing ʢʘʨʪʠʮʘ JES Basketball Playbook ʨʝʰʝˁʘ 

 

ʉʣʠʢʘ 2.3. Edit Text ʢʘʨʪʠʮʘ JES Basketball Playbook ʨʝʰʝˁʘ 
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ʉʣʠʢʘ 2.4. Play List ʢʘʨʪʠʮʘ JES Basketball Playbook ʨʝʰʝˁʘ 

ʇʨʝʜʥʦʩʪʠ Referee's Board ʨʝʰʝˁʘ (ʝʜʫʢʘʪʠʚʥʦʛ ʩʦʬʪʚʝʨʘ ʨʘʟʚʠʿʝʥʦʛ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ) ʫ ʦʜʥʦʩʫ ʥʘ ʩʧʦʤʝʥʫʪʦ ʨʝʰʝˁʝ ʦʛʣʝʜʘʿʫ ʩʝ ʫ: 

¶ ʙʦʛʘʪʠʿʝʤ ʠʥʪʝʨʬʝʿʩʫ 

¶ ʠʟʙʦʨʦʤ ʢʚʘʣʠʪʝʪʥʠʿʠʭ ʚʠʟʫʝʣʥʠʭ ʝʣʝʤʝʥʘʪʘ ʟʘ ʮʨʪʘˁʝ ʘʢʮʠʿʘ 

¶ ʢʦʥʮʝʧʮʠʿʠ ʠ ʧʦʩʪʦʿʘˁʫ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʥʘ ʪʝʨʝʥʫ 

¶ ʧʘʨʮʠʿʘʣʥʦʿ ʠʥʪʝʛʨʘʮʠʿʠ ʩʘ Refereʝ's Board: Server Edition ʨʝʰʝˁʝʤ ʢʦʿʝ 

ʿʝ ʧʨʝʪʭʦʜʥʦ ʬʦʨʤʠʨʘʥʦ ʢʘʢʦ ʙʠ ʧʨʫʞʠʣʦ ʧʦʨʜʨʰʢʫ ʟʘ ʨʝʟʦʥʦʚʘˁʝ 

ʧʫʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ 

¶ ʫʪʚʨʹʠʚʘˁʫ ʩʘʛʣʝʜʘʥʦʩʪʠ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʥʘ ʦʩʥʦʚʫ ʠʥʜʠʚʠʜʫʘʣʥʝ 
ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʠ ʜʨ. 

ʄʝʹʫʪʠʤ, ʢʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʩʧʦʤʝʥʫʪʦ, ʘʢʮʝʥʘʪ ʥʘʚʝʜʝʥʠʭ ʨʝʰʝˁʘ ʿʝ ʥʘ ʠʛʨʘʯʠʤʘ, ʘ 

ʥʝ ʥʘ ʢʦʰʘʨʢʘʰʢʠʤ ʩʫʜʠʿʘʤʘ ʠ ʢʘʢʦ ʦʥʠ ʩʘʛʣʝʜʘʚʘʿʫ ʢʦʰʘʨʢʘʰʢʫ ʘʢʮʠʿʫ. 

(Alahi, et al., 2009) ʩʝ ʙʘʚʝ ʧʨʦʙʣʝʤʦʤ ʧʨʝʧʦʟʥʘʚʘˁʘ ʠ ʧʨʘ˂ʝˁʘ ʠʛʨʘʯʘ ʫ 

ʢʦʰʘʨʢʘʰʢʦʿ ʫʪʘʢʤʠʮʠ ʥʘ ʦʩʥʦʚʫ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʩʠʥʭʨʦʥʠʟʦʚʘʥʠʭ ʢʘʤʝʨʘ ʢʦʿʝ 

ʧʨʘʪʝ ʩʚʘʢʠ ʜʝʦ ʢʦʰʘʨʢʘʰʢʦʛ ʪʝʨʝʥʘ. (Perġe, et al., 2009) ʢʦʨʠʩʪʝ ʜʚʝ ʢʘʤʝʨʝ ʢʦʿʝ 

ʩʫ ʧʦʩʪʘʚˀʝʥʝ ʥʘ ʪʘʚʘʥʠʮʫ ʭʘʣʝ ʫ ʢʦʿʦʿ ʩʝ ʢʦʰʘʨʢʘʰʢʘ ʫʪʘʢʤʠʮʘ ʠʛʨʘ ʢʘʢʦ ʙʠ 

ʘʥʘʣʠʟʠʨʘʣʠ ʠʩʪʫ ʠ ʥʘ ʦʩʥʦʚʫ ʥʘʚʝʜʝʥʝ ʘʥʘʣʠʟʝ ʧʨʝʧʦʟʥʘʣʠ ʠʛʨʘʯʝ ʠ ʧʫʪʘˁʝ ʢʦʿʠʤ 

ʩʝ ʢʨʝ˂ʫ. (Therón & Casares, 2010) ʪʘʢʦʹʝ ʘʥʘʣʠʟʠʨʘʿʫ ʢʨʝʨʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ 

ʠʛʨʘʯʘ ʧʦ ʪʝʨʝʥʫ ʠ ʢʦʨʠʩʪʝ GPS ʫʨʝʹʘʿʝ ʢʦʿʠ ʛʦʪʦʚʦ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʜʘʿʫ ʪʘʯʥʫ 

ʧʦʟʠʮʠʿʫ ʠʛʨʘʯʘ ʥʘ ʪʝʨʝʥʫ. (Chang, et al., 2009) ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʠʩʪʝʤ ʢʦʿʠ ʿʝ 

ʦʩʤʠʰˀʝʥ ʩʘ ʮʠˀʝʤ ʜʘ ʧʦʤʦʛʥʝ ʢʦʰʘʨʢʘʰʢʠʤ ʪʨʝʥʝʨʠʤʘ ʠ ʠʛʨʘʯʠʤʘ ʫ 

ʦʪʢʨʠʚʘˁʫ ʤʦʛʫ˂ʠʭ ʪʘʢʪʠʢʘ ˁʠʭʦʚʠʭ ʧʨʦʪʠʚʥʠʢʘ ʥʘ ʦʩʥʦʚʫ ʩʥʠʤʘʢʘ 

ʢʦʰʘʨʢʘʰʢʠʭ ʫʪʘʢʤʠʮʘ. ʉʠʩʪʝʤ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʧʦʟʥʘʿʝ ʰʘʙʣʦʥʩʢʝ ʦʙʿʝʢʪʝ ʢʘʦ 

ʰʪʦ ʩʫ ʪʝʨʝʥ ʠ ʠʛʨʘʯʠ ʫ ʚʠʜʝʦ ʩʥʠʤʢʫ ʠ ʧʦʩʪʘʚˀʘ ʧʨʝʧʦʟʥʘʪʝ ʝʣʝʤʝʥʪʝ ʩʢʘʣʠʨʘʥʝ 
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ʥʘ ʦʩʥʦʚʫ ʩʪʚʘʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘ ʪʝʨʝʥʘ. (Ivankoviĺ, et al., 2014) ʧʨʝʜʩʪʘʚˀʘ ʨʝʰʝˁʘ 

ʟʘ ʘʫʪʦʤʘʪʩʢʫ ʜʝʪʝʢʮʠʿʫ ʧʦʟʠʮʠʿʘ ʠʛʨʘʯʘ ʫ ʢʦʰʘʨʢʘʰʢʠʤ ʫʪʘʢʤʠʮʘʤʘ ʢʨʦʟ 

ʧʨʦʮʝʥʫ ʧʦʟʠʮʠʿʘ ʠ ʫʧʦʪʨʝʙʫ ʣʘʪʝʥʪʥʠʭ SVM (Support Vector Machine)  ʫ ʢʦʿʠʤʘ ʩʝ 

ʥʘ ʦʩʥʦʚʫ ʩʥʠʤʘʢʘ ʢʦʰʘʨʢʘʰʢʠʭ ʫʪʘʢʤʠʮʘ ʤʦʛʫ ʫʪʚʨʜʠʪʠ ʧʦʟʠʮʠʿʝ ʠʛʨʘʯʘ ʠ ʥʘ 

ʦʩʥʦʚʫ ʪʦʛʘ, ʧʦʪʝʥʮʠʿʘʣʥʦ ʬʦʨʤʠʨʘʪʠ ʩʮʝʥʘʨʠʿʘ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ ʟʘ 

ʩʥʠʤˀʝʥʫ ʢʦʰʘʨʢʘʰʢʫ ʘʢʮʠʿʫ. 

2.2. ʂʣʘʩʠʬʠʢʘʮʠʿʘ, ʢʣʘʩʠʬʠʢʘʪʦʨʠ ʠ ʦʮʝʥʘ ʢʦʨʝʢʪʥʦʩʪʠ ʨʝʟʦʥʦʚʘˁʘ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ 

ʂʣʘʩʠʬʢʘʮʠʿʘ ʩʝ ʙʘʚʠ ʧʨʦʙʣʝʤʦʤ ʜʦʜʝˀʠʚʘˁʘ ʢʣʘʩʝ ʦʜʨʝʹʝʥʦʤ ʦʙʿʝʢʪʫ. ɺʘʞʥʦ ʿʝ 

ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʥʘʚʝʜʝʥʠ ʧʨʦʮʝʩ ʟʘʭʪʝʚʘ ʢʦʥʘʯʘʥ ʙʨʦʿ ʢʣʘʩʘ ʢʦʿʠ ʿʝ ʫʥʘʧʨʝʜ 

ʧʦʟʥʘʪ. ʅʘ ʩʣʠʮʠ 2.5. ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʨʦʰʠʨʝʥʘ ʰʝʤʘ ʧʨʦʮʝʩʘ ʢʣʘʩʠʬʠʢʘʮʠʿʝ.  

 

ʉʣʠʢʘ 2.5. ʇʨʦʰʠʨʝʥʘ ʰʝʤʘ ʧʨʦʮʝʩʘ ʢʣʘʩʠʬʠʢʘʮʠʿʝ (Stojadinoviĺ, n.d.) 

ʇʦʯʝʪʘʢ ʧʨʦʮʝʩʘ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʦʢʘʨʘʢʪʝʨʠʩʘʥ ʿʝ ʧʨʠʢʫʧˀʘˁʝʤ ʧʦʜʘʪʘʢʘ ʠ 

ʩʢʣʘʜʠʰʪʝˁʝʤ ʠʩʪʠʭ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʫʨʝʹʝʥʦʤ ʜʠʛʠʪʘʣʥʦʤ ʬʦʨʤʘʪʫ. ʋ ʦʢʚʠʨʫ 

ʥʘʚʝʜʝʥʝ ʬʘʟʝ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ: ʨʘʟʨʝʰʘʚʘˁʝ ʜʫʧʣʠʮʠʨʘʥʠʭ ʧʦʜʘʪʘʢʘ ʠʣʠ ʧʦʜʘʪʘʢʘ 

ʢʦʿʠ ʥʝʜʦʩʪʘʿʫ, ʝʣʠʤʠʥʘʮʠʿʘ ʰʫʤʘ, ʛʝʥʝʨʠʩʘˁʝ ʥʦʚʠʭ ʘʪʨʠʙʫʪʘ, ʧʦʜʝʰʘʚʘˁʝ ʪʝʞʠʥʘ 

ʘʪʨʠʙʫʪʘ ʢʘʦ ʠ ʠʟʙʦʨ ʘʪʨʠʙʫʪʘ. ʅʘʢʦʥ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʠʧʨʝʤʝ ʧʦʜʘʪʘʢʘ ʜʦʣʘʟʠ ʩʝ ʜʦ 

ʬʘʟʝ ʧʨʝʧʨʦʮʝʩʠʨʘˁʘ ʫ ʢʦʿʦʿ ʩʝ ʬʦʨʤʠʨʘʿʫ ʦʙʫʯʘʚʘʿʫ˂ʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʠ ʩʢʫʧ 

ʧʦʜʘʪʘʢʘ ʟʘ ʪʝʩʪʠʨʘˁʝ. ʅʘʢʦʥ ʧʨʝʧʨʦʮʝʩʠʨʘˁʘ ʧʨʠʩʪʫʧʘ ʩʝ ʬʘʟʠ ʬʦʨʤʠʨʘˁʘ 

ʢʣʘʩʠʬʠʢʘʮʠʦʥʦʛ ʤʦʜʝʣʘ ʧʦʰʪʦ ʩʝ ʠʟʙʦʨ ʘʪʨʠʙʫʪʘ ʠ ʧʦʜʝʰʘʚʘˁʝ ˁʠʭʦʚʠʭ ʪʝʞʠʥʘ 

ʦʜʚʠʿʘ ʫ ʬʘʟʠ ʪʨʝʥʠʨʘˁʘ ʤʦʜʝʣʘ. ɺʝʦʤʘ ʚʘʞʘʥ ʘʩʧʝʢʪ ʪʨʝʥʠʨʘˁʘ ʤʦʜʝʣʘ ʿʝ ʥʘʯʠʥ 
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ʦʮʝˁʠʚʘˁʘ ʢʚʘʣʠʪʝʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʥʘʜ ʧʦʜʘʮʠʤʘ ʠʟ ʪʨʝʥʠʥʛ ʩʢʫʧʘ. ʆʜʨʝʹʝʥʠ 

ʢʣʘʩʠʬʠʢʘʮʠʦʥʠ ʤʦʜʝʣʠ ʧʦʩʝʜʫʿʫ ʧʦʩʝʙʥʫ ʠʥʪʝʨʥʫ ʧʘʨʘʤʝʪʘʨʩʢʫ ʩʪʨʫʢʪʫʨʫ ʢʦʿʘ 

ʤʦʞʝ ʧʦʙʦˀʰʘʪʠ ʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʫ ʬʘʟʠ ʦʙʫʯʘʚʘˁʘ (ʪʨʝʥʠʥʛʘ). 

ʋʢʦʣʠʢʦ ʦʮʝʥʘ ʢʚʘʣʠʪʝʪʘ ʧʦʩʝʜʫʿʝ ʘʜʝʢʚʘʪʥʫ ʤʦ˂ ʛʝʥʝʨʘʣʠʟʘʮʠʿʝ, ʢʚʘʣʠʪʝʪ 

ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʥʘʜ ʥʦʚʠʤ ʧʦʜʘʮʠʤʘ (ʧʦʜʘʮʠʤʘ ʠʟ ʪʝʩʪ ʩʢʫʧʘ) ˂ʝ ʪʘʢʦʹʝ ʙʠʪʠ 

ʘʜʝʢʚʘʪʘʥ ʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ. ʄʝʨʘ ʢʚʘʣʠʪʝʪʘ ʢʣʘʩʠʬʠʢʘʪʦʨʘ ʿʝ ʬʫʥʢʮʠʿʘ ʧʫʪʝʤ ʢʦʿʝ ʩʝ 

ʦʧʠʩʫʿʝ ʢʚʘʣʠʪʝʪ ʢʣʘʩʠʬʠʢʘʪʦʨʘ. ʂʦʨʠʩʪʠ ʩʝ ʠ ʫ ʬʘʟʠ ʦʙʫʯʘʚʘˁʘ ʠ ʫ ʬʘʟʠ ʪʝʩʪʠʨʘˁʘ 

ʢʣʘʩʠʬʠʢʘʮʠʦʥʦʛ ʤʦʜʝʣʘ. ʋ ʬʘʟʠ ʦʙʫʯʘʚʘˁʘ ʩʝ ʧʨʝʜʚʠʹʘ ʤʝʨʘ ʢʚʘʣʠʪʝʪʘ ʥʘʜ ʥʦʚʠʤ  

ʧʦʜʘʮʠʤʘ, ʘ ʫ ʬʘʟʠ ʪʝʩʪʠʨʘˁʘ ʩʝ ʧʨʝʜʚʠʹʝʥʘ ʚʨʝʜʥʦʩʪ ʤʝʨʝ ʢʚʘʣʠʪʝʪʘ ʧʨʦʚʝʨʘʚʘ. 

ʇʦʰʪʦ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʠ ʧʨʦʙʣʝʤ ʨʘʟʤʘʪʨʘʥ ʩʘ ʘʩʧʝʢʪʘ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ, ʟʘ 

ʨʝʰʘʚʘˁʝ ʥʘʚʝʜʝʥʦʛ ʧʨʦʙʣʝʤʘ ʨʘʟʤʦʪʨʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʢʣʘʩʠʬʠʢʘʪʦʨʠ ʠʘʢʦ ʩʝ 

ʧʨʝʪʧʦʩʪʘʚˀʘʣʦ ʜʘ ʩʝ ʠʩʪʠ ʫʧʦʪʨʝʙʦʤ ʢʣʘʩʠʬʠʢʘʪʦʨʘ ʥʝ ʤʦʞʝ ʥʘ ʘʜʝʢʚʘʪʘʥ ʥʘʯʠʥ 

ʨʝʰʠʪʠ. 

2.2.1. ʇʨʝʛʣʝʜ ʧʦʟʥʘʪʠʭ ʢʣʘʩʠʬʠʢʘʪʦʨʘ 

(Duda, et al. 2000), (Stojadinoviĺ, n.d.) ʧʨʝʜʣʘʞʫ ʧʦʜʝʣʫ ʤʝʪʦʜʘ ʟʘ ʢʣʘʩʠʬʢʘʮʠʿʫ 

ʢʦʿʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 2.6. ʉʚʘʢʘ ʛʨʫʧʘ ʤʝʪʦʜʘ ʧʦʩʝʜʫʿʝ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ 

ʧʨʝʜʩʪʘʚʥʠʢʘ ʠ ʥʝʢʠ ʦʜ ʥʘʚʝʜʝʥʠʭ ʩʫ ʨʘʟʤʦʪʨʝʥʠ ʫ ʦʚʦʤ ʨʘʜʫ. 

ɿʘ ʤʝʪʦʜʝ ʩʪʘʪʠʩʪʠʯʢʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʘʥ ʿʝ ʘʣʛʦʨʠʪʘʤ Ăʅʘʠʚʥʠ 

ɹʝʿʟʦʚñ ʠ ɹʝʿʟʦʚʝ ʪʝʦʨʠʿʝ ʦʜʣʫʯʠʚʘˁʘ. ʂʦʜ ɹʝʿʟʦʚʝ (ʘʣʪ. ʠʥʪ. ɹʘʿʝʩʦʚʝ) ʪʝʦʨʠʿʝ 

ʦʜʣʫʯʠʚʘˁʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʜʝ ʿʝ ʨʘʩʧʦʜʝʣʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʢʣʘʩʘ ʫʥʘʧʨʝʜ ʧʦʟʥʘʪʘ 

ʢʘʢʦ ʙʠ ʩʝ ɹʘʿʝʩʦʚ ʢʣʘʩʠʬʠʢʘʪʦʨ ʢʦʨʠʩʪʠʦ ʢʘʦ ʟʣʘʪʥʠ ʩʪʘʥʜʘʨʜ ʟʘ ʧʦʨʝʹʝˁʝ ʩʘ 

ʜʨʫʛʠʤ ʤʝʪʦʜʘʤʘ. ʄʝʹʫʪʠʤ, ʯʝʩʪʦ ʩʝ ʜʝʰʘʚʘ ʜʘ ʨʘʩʧʦʜʝʣʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʥʠʿʝ 

ʜʦʩʪʫʧʥʘ, ʧʘ ʩʝ ʦʥʜʘ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʜʨʫʛʝ ʩʪʘʪʠʩʪʠʯʢʝ ʪʝʭʥʠʢʝ ʢʘʦ ʰʪʦ ʩʫ 

ʉʢʨʠʚʝʥʠ ʄʘʨʢʦʚˀʝʚʠ ʤʦʜʝʣʠ ʠʣʠ ʃʦʛʠʯʢʘ ʨʝʛʨʝʩʠʿʘ. 

ʄʝʪʦʜʘ ʢ - ʥʘʿʙʣʠʞʠʭ ʩʫʩʝʜʘ (k-NN) ʠ ʨʘʩʧʣʠʥʫʪʘ (Fuzzy) ʢʣʘʩʠʬʠʢʘʮʠʿʘ 

ʩʚʨʩʪʘʚʘʿʫ ʩʝ ʫ ʥʝʧʘʨʘʤʝʪʘʨʩʢʝ ʤʝʪʦʜʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʠ ʢʦʨʠʩʪʝ ʩʝ ʢʘʜʘ 

ʬʫʥʢʮʠʦʥʘʣʥʘ ʬʦʨʤʘ ʨʘʩʧʦʜʝʣʝ ʢʣʘʩʘ ʥʠʿʝ ʧʦʟʥʘʪʘ, ʦʜʥʦʩʥʦ ʢʘʜʘ ʥʝ ʧʦʩʪʦʿʠ ʙʠʣʦ 

ʢʘʢʚʘ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʩʪʨʫʢʪʫʨʠ ʨʘʩʧʦʜʝʣʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʢʣʘʩʘ. 

ʋ ʛʨʫʧʫ ʣʠʥʝʘʨʥʠʭ ʜʠʩʢʨʠʤʠʥʘʪʘ ʩʚʨʩʪʘʥʝ ʩʫ ʤʝʪʦʜʝ ʆʩʥʦʚʥʘ ʣʠʥʝʘʨʥʘ 

ʜʠʩʢʨʠʤʠʥʘʥʪʘ ʠ ʤʝʪʦʜʘ ʧʦʜʨʞʘʚʘʿʫ˂ʠʭ ʚʝʢʪʦʨʘ ʢʦʿʘ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʟʘ SVM 

(Support Vector Machine). ʅʘʚʝʜʝʥʝ ʤʝʪʦʜʝ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʧʦ ʫʧʦʪʨʝʙʠ 

ʣʠʥʝʘʨʥʠʭ ʬʫʥʢʮʢʦʥʘʣʥʠʭ ʬʦʨʤʠ ʫ ʦʙʣʠʢʫ ʦʩʥʦʚʥʦʛ ʢʣʘʩʠʬʠʢʘʮʠʦʥʦʛ ʤʦʜʝʣʘ, 

ʥʘʢʦʥ ʢʦʿʝʛ ʩʝ ʦʙʘʚˀʘ ʦʧʪʠʤʠʟʘʮʠʿʘ ʧʘʨʘʤʝʪʘʨʘ ʥʘʚʝʜʝʥʝ ʬʦʨʤʝ. 

ʅʝʣʠʥʝʘʨʥʘ ʬʫʥʢʮʠʿʘ ʫʯʝˁʘ ʦʜʥʦʩʥʦ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʿʝ ʧʨʠʤʘʨʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʣʝʜʝ˂ʝ ʛʨʫʧʝ ʢʣʘʩʠʬʠʢʘʪʦʨʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʚʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ.  

ɺʝʰʪʘʯʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʩʫ ʤʦ˂ʥʝ ʩʪʨʫʢʪʫʨʝ ʢʦʿʝ ʧʦʩʝʜʫʿʫ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʥʘʫʯʝ 

ʬʫʥʢʮʠʿʝ ʢʦʿʝ ʩʫ ʫ ʦʩʥʦʚʠ ʥʝʣʠʥʝʘʨʥʝ. ʀʩʪʘʢʥʫʪʠ ʧʨʝʜʩʪʘʚʥʠʮʠ ʩʫ ʤʨʝʞʝ ʩʘ 

ʧʨʦʧʘʛʘʮʠʿʦʤ ʛʨʝʰʢʝ ʫʥʘʟʘʜ, ʦʜʥʦʩʥʦ ʤʨʝʞʝ ʩʘ Back Propagation ʘʣʛʦʨʠʪʤʦʤ ʢʦʿʝ 

ʩʝ ʢʦʨʠʩʪʝ ʫ ʦʚʦʤ ʨʘʜʫ, ʢʘʦ ʠ ʤʨʝʞʝ ʩʘ ʨʘʜʠʿʘʣʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. 

ʄʝʪʦʜʝ ʢʦʿʝ ʥʝʤʘʿʫ ʩʪʘʪʠʩʪʠʯʢʝ ʝʣʝʤʝʥʪʝ ʘ ʥʠ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʫ ʬʫʥʢʮʠʦʥʘʣʥʫ 

ʬʦʨʤʫ ʥʘʟʠʚʘʿʫ ʩʝ ʥʝʤʝʪʨʠʯʢʠʤ ʤʝʪʦʜʘʤʘ. ɱʝʜʘʥ ʦʜ ʧʨʝʜʩʪʘʚʥʠʢʘ ʥʝʤʝʪʨʠʯʢʠʭ 

ʤʝʪʦʜʘ ʿʝ ʉʪʘʙʣʦ ʦʜʣʫʯʠʚʘˁʘ ʢʦʿʝ ʠʤʘ ʚʝʣʠʢʫ ʧʨʠʤʝʥʫ ʫ Data Mining-ʫ. 
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ʉʣʠʢʘ 2.6. ʇʦʜʝʣʘ ʢʣʘʩʠʬʠʢʘʮʠʦʥʠʭ ʤʝʪʦʜʘ (Stojadinoviĺ, n.d.), (Duda, et al., 2000) 

2.2.2. ʇʨʠʤʝʥˀʠʚʦʩʪ ʨʘʟʤʘʪʨʘʥʠʭ ʤʝʪʦʜʘ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʥʘ ʧʦʩʪʘʚˀʝʥʠ 

ʧʨʦʙʣʝʤ 

ʊʦʢʦʤ ʨʘʟʤʘʪʨʘˁʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʥʘʯʠʥʘ ʨʝʰʘʚʘˁʘ ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʦʙʣʝʤʘ, 

ʧʨʝʪʧʦʩʪʘʚʝˀʥʦ ʿʝ ʜʘ ʩʝ ʧʦʩʪʘʚˀʝʥʠ ʧʨʦʙʣʝʤ ʤʦʞʝ ʥʘʿʙʦˀʝ ʨʝʰʠʪʠ ʫʧʦʪʨʝʙʦʤ 

ʧʨʠʩʪʫʧʘ ʢʦʿʠ ʩʝ ʦʩʣʘˁʘ ʥʘ ʧʨʠʥʮʠʧ  ʥʘʜʛʣʝʜʘʥʦʛ ʦʙʫʯʘʚʘˁʘ. ʅʘ ʦʩʥʦʚʫ ʠʟʣʦʞʝʥʝ 

ʧʨʝʪʧʦʩʪʘʚʢʝ, ʧʨʠʩʪʫʧʠ ʯʠʿʠ ʩʝ ʥʘʯʠʥʠ ʨʘʜʘ ʥʝ ʦʩʣʘˁʘʿʫ ʥʘ ʥʘʜʛʣʝʜʘʥʦ 

ʦʙʫʯʘʚʘˁʝ, ʝʣʠʤʠʥʠʩʘʥʠ ʩʫ ʠʟ ʩʢʫʧʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʨʝʰʝˁʘ ʧʦʩʪʘʚˀʝʥʦʛ 

ʧʨʦʙʣʝʤʘ. ɼʘˀʝ, ʧʦʰʪʦ ʦʩʥʦʚʥʠ ʮʠˀ ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʦʙʣʝʤʘ ʥʠʿʝ ʜʘ ʩʝ ʪʘʯʥʦ 
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ʧʦʛʦʜʝ ʠʜʝʘʣʥʝ ʧʫʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʚʝ˂ ʜʘ ʩʝ ʧʦʛʦʜʝ ʧʫʪʘˁʝ ʢʨʝʪʘˁʘ 

ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ˂ʝ ʦʥʠ, ʩʘ ʘʩʧʝʢʪʘ ʩʠʥʭʦʥʠʟʦʚʘʥʦʛ ʢʨʝʪʘˁʘ 

ʥʘʿʙʦˀʝ ʩʘʛʣʝʜʘʪʠ ʦʜʨʝʹʝʥʫ ʢʦʰʘʨʢʘʰʢʫ ʘʢʮʠʿʫ, ʢʣʘʩʠʬʠʢʘʪʦʨʠ ʢʦʿʠ ʪʘʯʥʦ 

ʫʪʚʨʹʫʿʫ ʢʣʘʩʫ ʦʜʨʝʹʝʥʦʛ ʫʣʘʟʥʦʛ ʰʘʙʣʦʥʘ ʩʫ ʪʘʢʦʹʝ ʝʣʠʤʠʥʠʩʘʥʠ ʠʟ ʩʢʫʧʘ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʨʝʰˁʝˁʘ ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʦʙʣʝʤʘ. ʂʣʘʩʠʬʠʢʘʪʦʨʠ ʢʦʿʠ ʥʝ ʩʧʘʜʘʿʫ ʫ 

ʠʟʣʦʞʝʥʝ ʛʨʫʧʝ ʥʠʩʫ ʨʘʟʤʘʪʨʘʥʠ ʠ ʩʪʦʛʘ ʩʝ ʥʝ ʤʦʞʝ ʪʚʨʜʠʪʠ ʜʘ ʩʝ ʧʦʩʪʘʚˀʝʥʠ 

ʧʨʦʙʣʝʤ ʥʝ ʤʦʞʝ ʨʝʰʠʪʠ ʥʘ ʜʨʫʛʠ ʥʘʯʠʥ ʫʧʦʪʨʝʙʦʤ ʥʝʢʦʛ ʦʜ ʦʚʜʝ ʩʧʦʤʝʥʫʪʠʭ 

ʠʣʠ ʥʝʩʧʦʤʝʥʫʪʠʭ ʢʣʘʩʠʬʠʢʘʪʦʨʘ. 

ʇʦʰʪʦ ʿʝ ʦʜʣʫʯʝʥʦ ʜʘ ʩʝ ʧʨʦʙʣʝʤ ʨʝʰʠ ʫʧʦʪʨʝʙʦʤ ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ 

ʩʘ ʥʘʜʛʣʝʜʘʥʠʤ ʦʙʫʯʘʚʘˁʝʤ, ʥʘ ʦʩʥʦʚʫ ʧʦʜʝʣʝ ʩʘ ʩʣʠʢʝ 2.6.(Duda, et al., 2000), 

(Stojadinoviĺ, n.d.) ʦʜʣʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʧʨʠʩʪʫʧʠ ʨʝʰʘʚʘˁʫ ʧʨʦʙʣʝʤʘ ʩʘ ʘʩʧʝʢʪʘ 

ʚʝʰʪʘʯʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʩʘ ʧʨʦʧʘʛʘʮʠʿʦʤ ʛʨʝʰʢʝ ʫʥʘʟʘʜ. ʅʘ ʦʩʥʦʚʫ 

ʠʟʣʦʞʝʥʦʛ, ʜʘ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ʫ ʬʦʢʫʩʫ ʦʚʦʛ ʜʦʢʪʦʨʘʪʘ ʫʧʨʘʚʦ ʚʠʰʝʩʣʦʿʥʝ 

ʧʝʨʮʝʧʪʨʦʥʩʢʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ (MLP ï Multilayered Perceptron) ʠ ʥʝʫʨʦʥʩʢʝ 

ʤʨʝʞʝ ʩʘ ʤʦʜʠʬʠʢʦʚʘʥʦʤ ʩʪʨʫʢʪʫʨʦʤ ʚʠʰʝʩʣʦʿʥʝ ʧʝʨʮʝʧʪʨʦʥʩʢʝ ʥʝʫʨʦʥʩʢʝ 

ʤʨʝʞʝ ʢʦʿʝ ʩʝ ʦʙʫʯʘʚʘʿʫ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ Back Propagation ʘʣʛʦʨʠʪʤʦʤ ʠ  

ˁʝʛʦʚʠʤ ʤʦʜʠʬʠʢʘʮʠʿʘʤʘ. 

ʊʘʢʦʹʝ, ʧʦʰʪʦ ʿʝ ʚʝ˂ ʩʧʦʤʝʥʫʪʦ ʜʘ ʦʩʥʦʚʥʠ ʮʠˀ ʧʦʩʪʘʚˀʝʥʦʛ ʧʨʦʙʣʝʤʘ ʥʠʿʝ ʜʘ ʩʝ 

ʪʘʯʥʦ ʧʦʛʦʜʝ ʠʜʝʘʣʥʝ ʧʫʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʚʝ˂ ʜʘ ʩʝ ʬʦʨʤʠʨʘʿʫ ʧʫʪʘˁʝ 

ʢʨʝʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ˂ʝ ʠʩʪʠ, ʩʘ ʘʩʧʝʢʪʘ ʩʠʥʭʦʥʠʟʦʚʘʥʦʛ 

ʢʨʝʪʘˁʘ, ʥʘʿʙʦˀʝ ʩʘʛʣʝʜʘʪʠ ʦʜʨʝʹʝʥʫ ʢʦʰʘʨʢʘʰʢʫ ʘʢʮʠʿʫ,ʦʩʤʠʰˀʝʥ ʿʝ ʧʦʩʝʙʘʥ 

ʢʨʠʪʝʨʠʿʫʤ ʝʚʘʣʫʘʮʠʿʝ ʧʫʪʝʤ ʢʦʿʝʛ ˂ʝ ʩʝ ʦʮʝˁʠʚʘʪʠ ʢʦʨʝʢʪʥʦʩʪ ʨʝʟʦʥʦʚʘˁʘ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. ʊʘʢʦ ʿʝ ʬʦʨʤʠʨʘʥ SRC ï Satisfactory Results Criteria ʢʦʿʠ ˂ʝ ʙʠʪʠ 

ʠʟʣʦʞʝʥ ʫ ʜʘˀʝʤ ʨʘʜʫ. 

ʋ ʥʘʨʝʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ ʙʠ˂ʝ ʦʧʠʩʘʥ ʝʜʫʢʘʪʠʚʥʠ ʩʦʬʪʚʝʨ ʧʫʪʝʤ ʢʦʿʝʛ ʩʫ ʩʝ 

ʧʦʪʨʝʙʥʠ ʧʦʜʘʮʠ ʜʠʛʠʪʘʣʠʟʦʚʘʣʠ ʢʘʢʦ ʙʠ ʩʝ ʤʦʛʣʦ ʧʨʠʩʪʫʧʠʪʠ ʨʝʰʘʚʘˁʫ 

ʠʟʣʦʞʝʥʦʛ ʧʨʦʙʣʝʤʘ ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ ʦʩʣʘˁʘ ʥʘ ʫʧʦʪʨʝʙʫ ʚʠʰʝʩʣʦʿʥʠʭ 

ʧʝʨʮʝʧʪʨʦʥʩʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ. ʋʩʧʝʰʥʦʩʪ ʩʧʦʤʝʥʫʪʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ 

ʦʮʝˁʫʿʫ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʩʧʦʤʝʥʫʪʦʛ SRC ʢʨʠʪʝʨʠʿʫʤʘ. ʂʦʥʘʯʥʫ ʦʮʝʥʫ ʦ 

ʫʩʧʝʰʥʦʩʪʠ ʨʝʰʘʚʘˁʘ ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʧʨʦʙʣʝʤʘ ʫʧʦʪʨʝʙʦʤ ʩʧʦʤʝʥʫʪʠʭ MLP 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʘ ʢʘʩʥʠʿʝ ʠ ʫʧʦʪʨʝʙʦʤ LTR ï MDTS (LTR ï MDTS ï Left to Right 

ï Multiple Dependent Time Series) ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʜʦʥʦʩʠ ʧʦʩʝʙʥʦ ʨʘʟʚʠʿʝʥʘ 

ʩʠʤʫʣʘʮʠʿʘ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʯʠʿʠ ʩʝ ʦʧʠʩ ʥʘʣʘʟʠ ʫ ʧʦʛʣʘʚˀʫ 4. 



24 

 

  



25 

 

3. ʄʆɻʋɴʅʆʉʊʀ ʌʆʈʄʀʈɸʅʆɻ ɽɼʋʂɸʊʀɺʅʆɻ 

ʉʆʌʊɺɽʈɸ 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʙʠ˂ʝ ʦʧʠʩʘʥ ʬʦʨʤʠʨʘʥʠ ʝʜʫʢʘʪʠʚʥʠ ʩʦʬʪʚʝʨ ʩʘ ʘʩʧʝʢʪʘ 

ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʨʘʟʚʦʿ ʠʩʪʦʛ ʢʘʦ ʠ ʩʘ ʘʩʧʝʢʪʘ ʧʨʠʤʝʥʝ ʥʘʚʝʜʝʥʦʛ 

ʩʦʬʪʚʝʨʘ. ʅʘʚʝʜʝʥʠ ʩʦʬʪʚʝʨ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʚʠʰʝ ʧʨʦʛʨʘʤʘ ʢʦʿʠ ʢʦʨʠʩʪʝ ʜʝˀʝʥʝ 

ʙʠʙʣʠʦʪʝʢʝ. ʇʨʠʤʘʨʥʘ ʟʘʤʠʩʘʦ ʨʝʘʣʠʟʦʚʘʥʦʛ ʿʘʩʥʦ ʿʝ ʚʠʜˀʠʚʘ ʫ ʩʦʬʪʚʝʨʫ ʢʦʿʠ ʿʝ 

ʥʘʟʚʘʥ Refereeôs Board ʧʦʰʪʦ ʠʩʪʠ ʧʨʝʜʩʪʘʚˀʘ ʢʦʨʠʩʥʠʯʢʠ ʠʥʪʝʨʬʝʿʩ ʧʫʪʝʤ ʢʦʿʝʛ 

ʩʝ ʢʦʤʫʥʠʮʠʨʘ ʩʘ ʩʚʠʤ ʧʦʜʩʠʩʪʝʤʠʤʘ ʢʦʿʠ ʧʨʫʞʘʿʫ ʧʨʠʤʘʨʥʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ 

ʝʜʫʢʘʪʠʚʥʦʛ ʩʦʬʪʚʝʨʘ. ʉʦʬʪʚʝʨ ʢʦʿʠ ʿʝ ʦʤʦʛʫ˂ʠʦ ʦʙʫʯʘʚʘˁʝ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠ 

ˁʠʭʦʚʫ ʝʚʘʣʫʘʮʠʿʫ ʥʘʟʚʘʥ ʿʝ Refereeôs Board: Server Edition, ʥʘʣʘʟʠ ʩʝ ʫ ʧʦʟʘʜʠʥʠ 

ʠ ʦʥ ʥʝ˂ʝ ʙʠʪʠ ʨʘʟʤʘʪʨʘʥ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʧʦʰʪʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʟʘ ʧʦʛʣʘʚˀʘ 

ʢʦʿʘ ˂ʝ ʛʦʚʦʨʠʪʠ ʦ ʦʙʫʯʘʚʘˁʫ ʠ ʪʝʩʪʠʨʘˁʫ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ. 

3.1. ʂʦʨʠʰ˂ʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ 

ɿʘ ʨʝʘʣʠʟʘʮʠʿʫ ʬʦʨʤʠʨʘʥʦʛ ʝʜʫʢʘʪʠʚʥʦʛ ʩʦʬʪʚʝʨʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʩʣʝʜʝ˂ʝ 

ʪʝʭʥʦʣʦʛʠʿʝ: .NET Framework (ʢʘʦ ʫʦʧʰʪʝʥʠ framework ʟʘ ʨʘʟʚʦʿ Windows 

aplikacija), AForge.NET framework (ʧʨʫʞʘ ʧʦʜʨʰʢʫ ʠ ʢʦʤʧʣʝʪʥʫ ʩʪʨʫʢʪʫʨʫ ʟʘ 

ʨʝʘʣʠʟʘʮʠʿʫ ʚʠʰʝʩʣʦʿʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ)ʠ WPF (Windows Presentation 

Foundation) ʢʦʿʠ ʩʝ ʦʩʣʘˁʘ ʥʘ XAML ʢʘʢʦ ʙʠ ʩʝ ʬʦʨʤʠʨʘʣʝ ʙʦʛʘʪʝ ʠ ʚʠʟʫʝʣʥʦ 

ʠʤʧʨʝʩʠʚʥʝ ʘʧʣʠʢʘʮʠʿʝ ʩʘ ʛʨʘʬʠʯʢʠʤ ʢʦʨʠʩʥʠʯʢʠʤ ʠʥʪʝʨʬʝʿʩʦʤ. ʋʧʨʘʚʦ ʿʝ ʧʫʪʝʤ 

WPF framework-ʘ Refereeôs Board ʘʧʣʠʢʘʮʠʿʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ. 

.NET Framework ʿʝ ʄʘʿʢʨʦʩʦʬʪʦʚʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʨʘʟʚʦʿ ʘʧʣʠʢʘʮʠʿʘ ʢʦʿʘ 

ʦʤʦʛʫ˂ʘʚʘ ʜʝʚʝʣʦʧʝʨʠʤʘ, ʜʘ ʨʘʟʚʠʿʫ ʤʦ˂ʥʝ ʜʝʩʢʪʦʧ ʠ web ʘʧʣʠʢʘʮʠʿʝ ʠ ʩʝʨʚʠʩʝ, 

ʢʦʨʠʩʪʝ˂ʠ ʰʠʨʦʢʠ ʩʧʝʢʪʘʨ ʜʦʩʪʫʧʥʠʭ .NET ʧʨʦʛʨʘʤʩʢʠʭ ʿʝʟʠʢʘ. (Lowy, 2005), 

(Troelsen, 2010). 

 

ʉʣʠʢʘ 3.1. ʉʪʨʫʢʪʫʨʘ .NET Framework-a (https://i-msdn.sec.s-

msft.com/dynimg/IC170808.gif) 

https://i-msdn.sec.s-msft.com/dynimg/IC170808.gif
https://i-msdn.sec.s-msft.com/dynimg/IC170808.gif
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.NET Framework ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʩʣʝʜʝ˂ʠʭ ʝʣʝʤʝʥʘʪʘ (ʩʣʠʢʘ 3.1.): 

¶ Common Language Specification (CLS) ï ʦʙʦʿʝʥʦ ʞʫʪʦʤ ʙʦʿʦʤ 

¶ Framework Class Library (FCL) ï ʦʙʦʿʝʥʦ ʟʝʣʝʥʦʤ ʙʦʿʦʤ 

¶ Common Language Runtime (CLR) ï ʦʙʦʿʝʥʦ ʧʣʘʚʦʤ ʙʦʿʦʤ 

¶ .NET Tools ï ʦʙʦʿʝʥʦ ʥʘʨʘʥ˅ʘʩʪʦʤ ʙʦʿʦʤ 

ʋ ʦʩʥʦʚʠ ʮʝʣʦʛ ʜʠʿʘʛʨʘʤʘ, ʫ ʩʠʚʦʤ ʧʨʘʚʦʫʛʘʦʥʠʢʫ ʥʘʣʘʟʠ ʩʝ ʦʧʝʨʘʪʠʚʥʠ ʩʠʩʪʝʤ, 

ʥʘʿʯʝ˂ʝ WIN32 ʧʣʘʪʬʦʨʤʘ, ʦʜʥʦʩʥʦ ʦʧʝʨʘʪʠʚʥʠ ʩʠʩʪʝʤ ʠʟ Microsoft Windows 

ʬʘʤʠʣʠʿʝ. 

AForge.NET ʙʠʙʣʠʦʪʝʢʘ ʠʤʧʣʝʤʝʥʪʠʨʘ ʥʝʢʦʣʠʢʦ ʧʦʧʫʣʘʨʥʠʭ ʘʨʭʠʪʝʢʪʫʨʘ 

ʥʝʫʨʥʦʩʢʝ ʤʨʝʞʝ ʠ ˁʠʭʦʚʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʦʙʫʯʘʚʘˁʝ ʢʘʦ ʰʪʦ ʩʫ: Back 

Propagation, ʂʦʭʦʥʝʥʦʚʝ ʩʘʤʦʦʨʛʘʥʠʟʫʿʫ˂ʝ ʤʘʧʝ, ʝʣʘʩʪʠʯʥʝ ʤʨʝʞʝ, ʦʙʫʯʘʚʘˁʝ 

ɼʝʣʪʘ ʧʨʘʚʠʣʦʤ ʠ  ʧʝʨʮʝʧʪʨʦʥʩʢʦ ʫʯʝˁʝ.  

ʇʦʟʥʘʪʘ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʧʦʩʪʦʿʠ ʤʥʦʛʦ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʙʣʝʤʘ, ʟʘ ʢʦʿʝ ʿʝ ʪʝʰʢʦ 

ʧʨʦʥʘ˂ʠ ʬʦʨʤʘʣʥʝ ʘʣʛʦʨʠʪʤʝ ʟʘ ˁʠʭʦʚʦ ʨʝʰʘʚʘˁʝ. ʅʝʢʠ ʧʨʦʙʣʝʤʠ ʩʝ ʥʝ ʤʦʛʫ 

ʣʘʢʦ ʨʝʰʠʪʠ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ ʤʝʪʦʜʘʤʘ, ʜʦʢ ʥʝʢʠ ʧʨʦʙʣʝʤʠ ʿʦʰ ʫʚʝʢ ʥʝʤʘʿʫ 

ʨʝʰʝˁʝ. ɿʘ ʤʥʦʛʝ ʪʘʢʚʝ ʧʨʦʙʣʝʤʝ, ʤʦʛʫ ʩʝ ʧʨʠʤʝʥʠʪʠ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ, ʢʦʿʝ ʜʘʿʫ 

ʧʦʧʨʠʣʠʯʥʦ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ. ʀʩʪʦʨʠʿʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʧʦʯʠˁʝ 1950-ʠʭ  

ʛʦʜʠʥʘ, ʢʘʜʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʘ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. 

ʅʘʢʦʥ ʠʥʠʮʠʿʘʣʥʦʛ ʨʘʜʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ, ʠʜʝʿʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʿʝ ʧʦʩʪʘʣʘ 

ʧʦʧʨʠʣʠʯʥʦ ʧʦʧʫʣʘʨʥʘ. ʄʝʹʫʪʠʤ, ʦʙʣʘʩʪ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʿʝ ʜʦʞʠʚʝʣʘ ʢʦʣʘʧʩ, 

ʢʘʜʘ ʿʝ ʫʪʚʨʹʝʥʦ ʜʘ ʩʫ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʪʦʛ ʜʦʙʘ ʚʝʦʤʘ ʦʛʨʘʥʠʯʝʥʝ ʩʘ ʘʩʧʝʢʪʘ 

ʢʦʣʠʯʠʥʝ ʟʘʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʦʙʨʘʜʠʪʠ. ʊʦʢʦʤ 1970-ʪʠʭ ʛʦʜʠʥʘ, ʧʦˀʝ 

ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʦʞʠʚʝʣʘ ʿʝ ʧʦʿʘʚʘ ʚʠʰʝʩʣʦʿʥʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʟʘʿʝʜʥʦ ʩʘ 

Back Propagation ʘʣʛʦʨʠʪʤʦʤ ʟʘ ʦʙʫʯʘʚʘˁʝ. ʆʜ ʪʘʜʘ, ʤʥʦʛʠ ʠʩʪʨʘʞʠʚʘʯʠ ʩʫ 

ʧʨʦʫʯʘʚʘʣʠ ʦʙʣʘʩʪ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ 

ʨʘʟʣʠʯʠʪʠʭ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ, ʢʦʿʝ ʩʫ ʧʨʠʤʝʥˀʠʚʝ ʥʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ 

ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʙʣʝʤʘ. ɿʘ ʩʘʜʘ, ʥʝʫʨʥʦʥʩʢʝ ʤʨʝʞʝ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʥʘ ʧʨʦʙʣʝʤʝ 

ʢʘʦ ʰʪʦ ʩʫ: ʢʣʘʩʠʬʠʢʘʮʠʿʘ, ʧʨʝʧʦʟʥʘʚʘˁʝ, ʘʧʨʦʢʩʠʤʘʮʠʿʘ, ʧʨʝʜʚʠʹʘˁʝ, 

ʢʣʘʩʪʝʨʠʟʘʮʠʿʘ, ʩʠʤʫʣʘʮʠʿʘ ʤʝʤʦʨʠʿʝ, ʠ ʤʥʦʛʝ ʜʨʫʛʝ.(AForge.NET, 2013) 

ʅʘʚʝʜʝʥʘ ʙʠʙʣʠʦʪʝʢʘ ʧʨʫʞʠʣʘ ʿʝ ʧʦʜʨʰʢʫ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʚʠʰʝʩʣʦʿʥʠʭ 

ʧʝʨʮʝʧʪʨʦʥʩʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʩʘ Back Propagation ʘʣʛʦʨʪʠʪʤʦʤ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʝ ʫ Refereeôs Board ʠ Refereeôs Board : Server Edition ʘʧʣʠʢʘʮʠʿʘʤʘ. 

WPF ï Windows Presentation Foundation 

Windows Presentation Foundation ʿʝ ʛʨʘʬʠʯʢʠ ʧʦʜʩʠʪʝʤ ʧʫʪʝʤ ʢʦʿʝʛ ʩʝ ʠʩʮʨʪʘʚʘ 

ʢʦʨʠʩʥʠʯʢʠ ʠʥʪʝʨʬʝʿʩ ʫ ʘʧʣʠʢʘʮʠʿʘʤʘ ʢʦʿʝ ʩʫ ʧʠʩʘʥʝ ʟʘ Windows ʦʧʝʨʘʪʠʚʥʠ 

ʩʠʩʪʝʤ. ʀʥʠʮʠʿʘʣʥʦ WPF ʿʝ ʦʙʿʘʚˀʝʥ ʧʦʜ ʥʘʟʠʚʦʤ Avalon (Nathan, 2013) ʢʘʦ ʜʝʦ 

.NET 3.0 Framework-a. WPF ʩʝ ʥʝ ʦʩʣʘˁʘ ʥʘ Windows-ʦʚ GDI ʧʦʜʩʠʩʪʝʤ ʚʝ˂ 

ʢʦʨʠʩʪʠ ʤʦʛʫ˂ʥʦʩʪʠ DirectX-a za ʠʩʮʨʪʘʚʘˁʝ ʛʨʘʬʠʯʢʠʭ ʝʣʝʤʝʥʘʪʘ. ʆʩʥʦʚʥʘ 

ʥʘʤʝʥʘ WPF framework-ʘ ʿʝʩʪʝ ʜʘ ʦʤʦʛʫ˂ʠ ʨʘʟʚʦʿ ʛʨʘʬʠʯʢʦʛ ʢʦʨʠʩʥʠʯʢʦʛ 

ʠʥʪʝʨʬʝʿʩʘ ʫ ʬʦʨʤʠ ʧʦʩʝʙʥʦʛ ʩʣʦʿʘ ʘʧʣʠʢʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʩʣʦʿ ʣʦʛʠʢʝ ʩʘʤʦʛ 

ʩʦʬʪʚʝʨʩʢʦʛ ʨʝʰʝˁʘ ʦʜʚʦʿʠʦ ʦʜ ʢʦʨʠʩʥʠʯʢʦʛ ʠʥʪʝʨʬʝʿʩʘ. WPF ʩʝ ʟʘʩʥʠʚʘ ʥʘ 

XAML (Extensible Application Markup Language) ʿʝʟʠʢʫ ʢʘʢʦ ʙʠ ʩʝ ʜʝʬʠʥʠʩʘʣʠ ʠ 

ʬʦʨʤʠʨʘʣʠ ʨʘʟʣʠʯʠʪʠ ʝʣʝʤʝʥʪʠ ʢʦʨʠʩʥʠʯʢʦʛ ʠʥʪʝʨʬʝʿʩʘ ʢʘʢʦ ʫ ʜʝʢʩʪʦʧ ʪʘʢʦ ʠ ʫ 
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web ʘʧʣʠʢʘʮʠʿʘʤʘ. ʎʠˀ WPF ʬʨʝʿʤʚʦʨʢʘ ʿʝ ʜʘ ʦʙʿʝʜʠʥʠ ʝʣʝʤʝʥʪʝ ʢʦʨʠʩʥʠʯʢʦʛ 

ʠʥʪʝʨʬʝʿʩʘ ʢʘʦ ʰʪʦ ʩʫ 2D/3D ʠʩʮʨʪʘʚʘˁʝ ʠ ʘʥʠʤʘʮʠʿʫ ʩʘ ʚʝ˂ ʧʦʟʥʘʪʠʤ 

ʢʦʥʪʨʦʣʘʤʘ. ʉʘʤʘ ʯʠˁʝʥʠʮʘ ʜʘ WPF framework ʢʦʨʠʩʪʠ DirectX ʟʘ ʠʩʮʨʪʘʚʘˁʝ 

ʝʣʝʤʝʥʘʪʘ ʛʨʘʬʠʯʢʦʛ ʠʥʪʝʨʬʝʿʩʘ ʠ 2D/3D canvas ʘʥʠʤʘʮʠʿʫ ʙʠʣʘ ʿʝ ʜʦʚʦˀʥʘ ʟʘ 

ʠʟʙʦʨ ʧʣʘʪʬʦʨʤʝ ʧʫʪʝʤ ʢʦʿʝ ˂ʝ ʙʠʪʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ Refereeôs Board ʘʧʣʠʢʘʮʠʿʘ. 

ʇʦʰʪʦ ʩʝ ʢʦʨʠʩʪʠ DirectX API ʟʘ ʠʩʮʨʪʘʚʘˁʝ ʝʣʝʤʝʥʘʪʘ ʛʨʘʬʠʯʢʦʛ ʠʥʪʝʨʬʝʿʩʘ ʠ 

2D/3D canvas ʘʥʠʤʘʮʠʿʫ ʙʠʣʦ ʿʝ ʿʘʩʥʦ ʜʘ ˂ʝ ʤʦ˂ʠ ʜʘ ʩʝ ʬʦʨʤʠʨʘ ʧʨʝʮʠʟʥʘ 

ʜʝʪʝʢʮʠʿʘ ʢʦʣʠʟʠʿʘ ʥʘ ʦʩʥʦʚʫ ʚʠʩʦʢʝ ʬʨʝʢʚʝʥʮʠʿʝ ʫʟʦʨʢʦʚʘˁʘ ʢʦʿʘ ʩʝ ʦʩʣʘˁʘ ʥʘ 

ʚʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ WFP ʬʨʝʿʤʨʝʿʪʘ (ʧʦʜʨʘʟʫʤʝʚʘʥʠ ʬʨʝʿʤʨʝʿʪ ʟʘ WPF ʘʧʣʠʢʘʮʠʿʝ 

ʠʟʥʦʩʠ 60 ʬʨʝʿʤʦʚʘ ʧʦ ʩʝʢʫʥʜʠ). (Moser, 2010) 

3.2. ʉʧʝʮʠʬʠʢʘʮʠʿʘ Refereeôs Board ʝʜʫʢʘʪʠʚʥʦʛ ʩʦʬʪʚʝʨʘ 

ʈʘʟʚʠʿʝʥʦ ʩʦʬʪʚʝʨʩʢʦ ʨʝʰʝˁʝ ʧʨʝʜʩʪʘʚˀʘ ʩʠʥʝʨʛʠʿʫ ʫʧʦʪʨʝʙʝ ʚʝʰʪʘʯʢʝ 

ʠʥʪʝʣʠʛʝʥʮʠʿʝ ʫ ʬʦʨʤʠ ʚʠʰʝʩʣʦʿʥʠʭ ʧʝʨʮʝʧʪʨʦʥʩʢʠʭ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠ 

ʨʘʯʫʥʘʨʩʢʝ ʛʨʘʬʠʢʝ ʫ ʬʦʨʤʠ ʢʦʨʠʩʥʠʯʢʦʛ ʠʥʪʝʨʬʝʿʩʘ ʧʫʪʝʤ ʢʦʿʝʛ ʩʝ ʮʨʪʘʿʫ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. ɱʦʰ ʿʝʜʘʥ ʙʠʪʘʥ ʘʩʧʝʢʪ ʨʘʟʚʠʿʝʥʦʛ ʩʦʬʪʚʝʨʘ ʿʝʩʪʝ ʩʠʤʫʣʘʮʠʿʘ 

ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʘʥʠʤʘʮʠʿʠ 

ʥʘʮʨʪʘʥʝ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʥʘ ʦʩʥʦʚʫ ʫʧʫʪʩʪʚʘ ʟʘ ʪʨʘʥʟʠʮʠʿʫ ʢʦʿʝ ʧʦʩʝʜʫʿʝ ʩʚʘʢʠ 

ʝʣʝʤʝʥʪ. 

ʄʦʛʫ˂ʥʦʩʪʠ ʢʦʿʝ ʧʨʫʞʘ ʨʘʟʚʠʿʝʥʦ ʩʦʬʪʚʝʨʩʢʦ ʨʝʰʝˁʝ ʤʦʛʫ ʩʝ ʧʦʜʝʣʠʪʠ ʫ ʚʠʰʝ 

ʛʨʫʧʘ ʦʜʥʦʩʥʦ ʢˀʫʯʥʠʭ ʩʪʘʚʢʠ ʠ ʠʩʪʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 3.2. ʠ 3.3. ʫ ʬʦʨʤʠ 

UML Use Case ʜʠʿʘʛʨʘʤʘ. ʊʘʢʦʹʝ, ʥʘ ʦʩʥʦʚʫ UML ʜʠʿʘʛʨʘʤʘ ʿʘʩʥʦ ʩʝ ʚʠʜʠ ʜʘ 

Refereeôs Board ʝʜʫʢʘʪʠʚʥʠ ʩʦʬʪʚʝʨ ʢʦʨʠʩʪʠ ʫʩʣʫʛʝ ʜʨʫʛʠʭ ʙʠʙʣʠʦʪʝʢʘ (rbData, 

ltrmdts, nnBruteForce, nnUtility) ʢʦʿʝ ʦʧʝʪ ʢʦʨʠʩʪʝ ʫʩʣʫʛʝ ʜʨʫʛʠʭ ʙʠʙʣʠʦʪʝʢʘ 

(AForge.NET) ʠ ʩʦʬʪʚʝʨʘ ʢʦʿʠ ʩʫ ʩʧʦʤʝʥʫʪʠ ʫ ʧʨʝʪʭʦʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ. 

ʉʣʝʜʝ˂ʘ ʥʫʤʝʨʘʮʠʿʘ ʜʝʪʘˀʥʠʿʝ ʫʢʘʟʫʿʝ ʥʘ ʩʚʦʿʩʪʚʘ ʢʦʿʘ ʧʨʫʞʘ Refereeôs Board 

ʩʦʬʪʚʝʨʩʢʦ ʨʝʰʝˁʝ: 

1. ʄʘʥʠʧʫʣʘʮʠʿʘ ʢʦʰʘʨʢʘʰʢʠʤ ʘʢʮʠʿʘʤʘ - ʋ ʥʘʚʝʜʝʥʫ ʛʨʫʧʫ ʩʧʘʜʘʿʫ ʘʢʮʠʿʝ 

ʧʦʧʫʪ ʢʨʝʠʨʘˁʘ ʥʦʚʝ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ, ʦʪʚʘʨʘˁʘ (ʫʯʠʪʘʚʘˁʘ ʩʥʠʤˀʝʥʝ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ) ʠ ʥʘʨʘʚʥʦ ʩʥʠʤʘˁʝ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ  

2. ʂʨʝʠʨʘˁʝ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ - ʋ ʥʘʚʝʜʝʥʫ ʛʨʫʧʫ ʩʧʘʜʘʿʫ ʘʢʮʠʿʝ 

ʧʦʧʫʪʧʦʩʪʘʚˀʘˁʘ ʘʢʪʝʨʘ (ʠʛʨʘʯ, ʣʦʧʪʘ, ʢʦʰʘʨʢʘʰʢʠ ʩʫʜʠʿʘ) ʥʘ ʪʝʨʝʥ, 

ʟʘʪʠʤ ʜʝʬʠʥʠʩʘˁʝ ʝʣʝʤʝʥʪʘ ʠʛʨʝ (ʘʢʮʠʿʝ) ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʝʣʝʤʝʥʪ ʤʦʞʝ 

ʜʘ ʨʝʘʣʠʟʫʿʝ (ʢʨʝʪʘˁʝ ʠʛʨʘʯʘ, ʚʦʹʝˁʝ ʣʦʧʪʝ, ʜʦʜʘʚʘˁʝ, ʟʘʫʟʠʤʘˁʝ ʧʦʟʠʮʠʿʝ 

ʟʘ ʙʣʦʢʠʨʘˁʝ ʧʨʦʪʠʚʥʠʯʢʦʛ ʠʛʨʘʯʘ, ʰʫʪ ʥʘ ʢʦʰ) ʢʘʦ ʠ ʜʝʬʠʥʠʩʘˁʝ ʬʘʟʘ 

(ʢˀʫʯʥʠʭ ʪʘʯʢʠ) ʢʨʦʟ ʜʦʜʘʚʘˁʝ ʬʘʟʝ, ʙʨʠʩʘˁʝ ʬʘʟʝ, ʧʨʠʢʘʟ ʧʨʝʪʭʦʜʥʝ, 

ʧʨʚʝ ʠʣʠ ʧʦʩʣʝʜˁʝ ʬʘʟʝ ʠ ʜʨ. 

3. ʇʦʜʝʰʘʚʘˁʝ ʠʟʛʣʝʜʘ ʢʦʰʘʨʢʘʰʢʦʛ ʪʝʨʝʥʘ ï ʋ ʥʘʚʝʜʝʥʫ ʛʨʫʧʫ ʩʧʘʜʘʿʫ 

ʘʢʮʠʿʝ ʢʦʿʝ ʧʨʠʢʘʟʫʿʫ ʣʠʥʠʿʝ ʢʦʰʘʨʢʘʰʢʦʛ ʪʝʨʝʥʘ ʢʦʿʠ ʠʩʪʠ ʜʝʣʠ ʥʘ 

ʢʚʘʜʨʘʥʪʝ ʠʣʠ ʧʦʪʢʚʘʜʨʘʥʪʝ, ʧʨʠʢʘʟʫʿʫ ʩʝ ʠʣʠ ʩʘʢʨʠʚʘʿʫ ʙʨʦʿʝʚʠ ʢʦʿʠ 

ʫʢʘʟʫʿʫ ʥʘ ʛʣʘʚʥʝ ʠʣʠ ʧʦʪʢʚʘʜʨʘʥʪʝ, ʧʨʠʢʘʟʫʿʫ ʩʝ ʠʣʠ ʩʘʢʨʠʚʘʿʫ ʣʠʥʠʿʝ ʢʦʿʝ 

ʫʢʘʟʫʿʫ ʥʘ ʧʫʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʠ ʥʫʤʝʨʠʰʫ ʩʝ ʠʣʠ ʥʝ ʥʫʤʝʨʠʰʫ 

ʧʨʝʜʚʠʹʝʥʝ ʧʦʟʠʮʠʿʝ ʫ ʢʦʿʠʤʘ ʥʘ ʦʩʥʦʚʫ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʦʛ ʤʦʜʝʣʘ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʢʦʰʘʨʢʘʰʢʝ ʩʫʜʠʿʝ ʤʦʛʫ ʜʘ ʩʝ ʥʘʹʫ. 

4. ʈʝʟʦʥʦʚʘˁʝ ʧʫʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ï ʈʝʟʦʥʦʚʘˁʝ ʧʫʪʘˁʘ 

ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʤʦʞʝ ʩʝ ʦʙʘʚʠʪʠ ʥʘ ʩʝʨʚʝʨʫ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠʣʠ ʫ 
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ʣʦʢʘʣʫ, ʥʘ ʧʨʝʪʭʦʜʥʦ ʦʜʘʙʨʘʥʦʿ ʧʦʜʨʘʟʫʤʝʚʘʥʦʿ ʥʝʫʨʦʥʩʢʦʿ ʤʨʝʞʠ. 

ʈʝʟʦʥʦʚʘˁʝ ʧʫʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʥʘ ʩʝʨʚʝʨʫ ʿʝ ʪʨʝʥʫʪʥʦ ʫ ʟʘʚʨʰʥʦʿ 

ʬʘʟʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʪʘʢʦ ʜʘ ʧʨʠʤʘʨʥʠ ʥʘʯʠʥ ʨʝʟʦʥʦʚʘˁʘ ʧʫʪʘˁʘ 

ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʩʘ ʘʩʧʝʢʪʘ Refereeôs Board ʘʧʣʠʢʘʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ 

ʫʧʨʘʚʦ ʨʝʟʦʥʦʚʘˁʝ ʠʩʪʠʭ ʫ ʣʦʢʘʣʫ (offline ʨʝʞʠʤ ʨʘʜʘ). ʇʨʦʮʝʩ ʨʝʟʦʥʦʚʘˁʘ 

ʧʫʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʿʝ ʫ ʦʙʘ ʩʣʫʯʘʿʘ ʠʜʝʥʪʠʯʘʥ. ʇʨʚʦ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʤʘʧʝ ʢʚʘʜʨʘʥʘʪʘ ʠ ʧʦʪʢʚʘʜʨʘʥʘʪʘ ʫʪʚʨʜʠ ʧʫʪʘˁʘ ʢʨʝʪʘˁʘ ʢʦʰʘʨʢʘʰʢʝ 

ʣʦʧʪʝ, ʩʤʝʩʪʠ ʩʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʫʣʘʟʥʠ ʚʝʢʪʦʨ, ʨʝʘʣʠʟʫʿʝ ʩʝ ʥʦʨʤʘʣʠʟʘʮʠʿʘ 

ʥʘʚʝʜʝʥʦʛ ʚʝʢʪʦʨʘ (ʚʨʝʜʥʦʩʪʠ ʢʚʘʜʨʘʥʘʪʘ ʠ ʧʦʪʢʚʘʜʨʘʥʘʪʘ ʩʝ ʜʝʣʝ 

ʤʘʢʩʠʤʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʠʟ ˁʠʭʦʚʦʛ ʜʦʤʝʥʘ ʢʘʢʦ ʙʠ ʩʚʝ ʚʨʝʜʥʦʩʪʠ 

ʫʣʘʟʥʦʛ ʚʝʢʪʦʨʘ ʙʠʣʝ ʠʟ ʦʧʩʝʛʘ ʦʜ 0 ʜʦ 1) ʠ ʟʘʪʠʤ ʩʝ ʩʧʦʤʝʥʫʪʠ ʚʝʢʪʦʨ 

ʧʦʰʘˀʝ ʠʣʠ ʩʝʨʚʝʨʫ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ ʠʣʠ ʦʜʘʙʨʘʥʦʿ ʥʝʫʨʦʥʩʢʦʿ ʤʨʝʞʠ. 

ʅʝʫʨʦʥʩʢʘ ʤʨʝʞʘ ʟʘʪʠʤ ʢʘʣʢʫʣʠʰʝ ʧʫʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʫ ʬʦʨʤʠ 

ʿʝʜʥʦʛ ʚʝʢʪʦʨʘ ʥʘʜ ʢʦʿʠʤ ʩʝ ʧʨʠʤʝˁʫʿʝ ʜʝʥʦʨʤʘʣʠʟʘʮʠʿʘ (ʚʨʝʜʥʦʩʪʠ 

ʠʟʣʘʟʥʦʛ ʚʝʢʪʦʨʘ ʩʝ ʤʥʦʞʝ ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʠʟ ʜʦʤʝʥʘ 

ʧʦʟʠʮʠʿʘ). ʅʘʢʦʥ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʨʝʟʦʥʦʚʘʥʦʛ ʚʝʢʪʦʨʘ, ʠʩʪʠ ʩʝ ʜʝʣʠ ʫ 3 

ʚʝʢʪʦʨʘ ʠ ʩʚʘʢʠ ʧʨʝʜʩʪʘʚˀʘ ʢʨʝʪʘˁʝ ʿʝʜʥʦʛ ʢʦʰʘʨʢʘʰʢʦʛ ʩʫʜʠʿʝ. ʇʨʝ 

ʧʦʩʪʘʚˀʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʟʠʮʠʿʝ, ʨʝʟʦʥʦʚʘʥʝ 

ʚʨʝʜʥʦʩʪʠ ʩʝ ʤʦʛʫ ʟʘʦʢʨʫʞʠʪʠ ʥʘ ʥʘʿʙʣʠʞʫ ʚʨʝʜʥʦʩʪ (ʘʧʨʦʢʩʠʤʠʨʘʪʠ) ʠʟ 

ʦʧʩʝʛʘ ʦʜ 1 ʜʦ 12 ʠʣʠ ʩʝ ʦʩʪʘʚʠʪʠ ʫ ʥʝʘʧʨʦʢʩʠʤʠʨʘʥʦʿ (ʦʨʠʛʠʥʘʣʥʦʿ 

ʬʦʨʤʠ). ɿʘ ʨʝʟʦʥʦʚʘˁʝ ʧʫʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʤʦʛʫ˂ʝ ʿʝ ʢʦʨʠʩʪʠʪʠ 

ʜʚʝ ʚʨʩʪʝ ʥʝʫʨʦʥʩʢʠʭ ʤʨʝʞʘ AForge.NET ʚʠʰʝʩʣʦʿʥʝ ʧʝʨʮʝʧʪʨʦʥʩʢʝ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʠ LTR ï MDTS ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. 

5. ʇʦʩʪʘʚˀʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʟʠʮʠʿʝ ï ʇʨʝʧʦʨʫʯʝʥʠ 

ʥʘʯʠʥ ʧʦʩʪʘʚˀʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʥʘ ʪʝʨʝʥ je ʧʫʪʝʤ ʥʠʟʘ ʚʝʢʪʦʨʘ (ʟʘ 

ʩʚʘʢʦʛ ʢʦʰʘʨʢʘʰʢʦʛ ʩʫʜʠʿʫ ʬʦʨʤʠʨʘʥ ʿʝ ʿʝʜʘʥ ʚʝʢʪʦʨ) ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ 

ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʠʟ ʦʧʩʝʛʘ ʦʜ 1 ʜʦ 12. ʅʘ ʦʩʥʦʚʫ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʧʦʩʝʜʫʿʝ 

ʚʝʢʪʦʨ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʦʜʨʝʹʝʥʦʤ ʢʦʰʘʨʢʘʰʢʦʤ ʩʫʜʠʿʠ (ʪʦʢʦʤ ʧʦʩʪʘʚˀʘˁʘ 

ʥʠʿʝ ʙʠʪʥʦ ʜʘ ʣʠ ʩʫ ʧʦʟʠʮʠʿʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʘʧʨʦʢʩʠʤʠʨʘʥʝ ʠʣʠ 

ʥʠʩʫ) ʬʦʨʤʠʨʘ ʩʝ ˁʝʛʦʚʘ ʧʫʪʘˁʘ ʢʨʝʪʘˁʘ. ʋ ʧʨʝʪʭʦʜʥʦʿ ʚʝʨʟʠʿʠ 

ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʨʝʰʝˁʘ ʙʠʣʦ ʿʝ ʦʤʦʛʫ˂ʝʥʦ ʧʦʩʪʘʚˀʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ 

ʩʫʜʠʿʘ ʥʘ ʦʩʥʦʚʫ ʮʨʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʪʦʢʦʤ ʬʦʨʤʠʨʘˁʘ ʬʘʟʝ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ, ʰʪʦ ʿʝ ʠ ʢʦʨʠʰ˂ʝʥʦ ʧʨʠʣʠʢʦʤ ʬʦʨʤʠʨʘˁʘ 

ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ ʢʦʿʝ ʩʫ ʩʝ ʥʘʰʣʝ ʫ ʦʙʫʯʘʚʘʿʫ˂ʝʤ ʦʜʥʦʩʥʦ ʪʝʩʪ ʩʢʫʧʫ 

ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. ʄʝʹʫʪʠʤ, ʧʦʰʪʦ ʩʝ ʧʨʠʤʝʪʠʣʦ ʜʘ ʿʝ ʥʘʚʝʜʝʥʠ ʩʠʩʪʝʤ 

ʜʝʬʠʥʠʩʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʧʨʠʤʝʥˀʠʚ ʩʘʤʦ ʟʘ ʢʦʰʘʨʢʘʰʢʝ 

ʩʪʨʫʯˁʘʢʝ, ʧʨʦʤʝˁʝʥ ʿʝ ʥʘʯʠʥ ʜʝʬʠʥʠʩʘˁʘ ʧʫʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ 

ʢʘʢʦ ʙʠ ʙʠʦ ʧʨʠʭʚʘʪˀʠʚʠʿʠ ʟʘ ʰʠʨʠ ʩʧʝʢʪʘʨ ʢʦʨʠʩʥʠʢʘ. 

6. ɸʥʠʤʘʮʠʿʘ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ï ʈʝʘʣʠʟʦʚʘʥʦ ʫ ʬʦʨʤʠ ʨʝʜʦʩʣʝʜʥʠʭ 

ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʥʠʤʘʮʠʿʘ ʪʨʘʥʟʠʮʠʿʘ ʠʟʤʝʹʫ ʢˀʫʯʥʠʭ ʪʘʯʘʢʘ ʢʦʰʘʨʢʘʰʢʝ 

ʘʢʮʠʿʝ, ʦʜʥʦʩʥʦ ʠʟʤʝʹʫ ʬʘʟʘ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ. ʊʦʢʦʤ ʘʥʠʤʘʮʠʿʝ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʘʥʠʤʠʨʘʿʫ ʩʝ ʩʚʠ ʘʢʪʝʨʠ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. 

7. ʉʠʤʫʣʘʮʠʿʘ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ï ʆʩʣʘˁʘ ʩʝ 

ʥʘ ɸʥʠʤʘʮʠʿʫ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʛʜʝ ʚʦʜʠ ʨʘʯʫʥʘ ʦ ʢʦʣʠʟʠʿʠ ʦʙʿʝʢʘʪʘ ʠ 

ʧʨʠ ʪʦʤʝ ʩʝ ʧʨʠʢʫʧˀʘʿʫ ʨʘʟʣʠʯʠʪʠ ʧʦʜʘʪʮʠ ʫʟʦʨʢʦʚʘˁʝʤ ʦʜ 60 ʩʣʠʢʘ 

(ʬʨʝʿʤʦʚʘ) ʧʦ ʩʝʢʫʥʜʠ. 

8. ʂʦʨʝʢʮʠʿʘ ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ï 

ʆʩʣʘˁʘ ʩʝ ʥʘ ʧʦʜʘʪʢʝ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʪʦʢʦʤ ʉʠʤʫʣʘʮʠʿʝ 

ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʢʘʢʦ ʙʠ ʩʝ ʨʝʟʦʥʦʚʘˁʝ 
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ʧʫʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʧʦʤʝʨʠʣʝ ʫ ʦʢʚʠʨʫ ʦʜ +/-1 ʧʦʜʝʦʢʘ ʩʘ ʮʠˀʝʤ 

ʧʦʚʝ˂ʘˁʘ ʩʘʛʣʝʜʘʥʦʩʪʠ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. ʇʦʤʝʨʘʿʠ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ 

ʩʝ ʚʨʰʝ ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʟʘʢʣʘˁʘˁʝ ʠʛʨʘʯʘ ʩʘ ʣʦʧʪʦʤ ʠʣʠ ʩʘʤʝ ʣʦʧʪʝ ʦʜ 

ʩʪʨʘʥʝ ʜʨʫʛʠʭ ʘʢʪʝʨʘ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʫ ʢˀʫʯʥʠʤ ʪʘʯʢʘʤʘ ʢʦʰʘʨʢʘʰʢʝ 

ʘʢʮʠʿʝ. ʅʘʚʝʜʝʥʦ ʧʦʥʘʰʘˁʝ ʿʝ ʦʧʮʠʦʥʘʣʥʦ ʠ ʫʚʝʜʝʥʦ ʿʝ ʢʘʢʦ ʙʠ 

ʧʦʩʪʘʚˀʝʥʠ ʤʦʜʝʣ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʧʦʥʦʚʦ ʫʚʝʦ ʫʪʠʮʘʿ ʧʦʟʠʮʠʿʘ 

ʢʦʰʘʨʢʘʰʢʠʭ ʠʛʨʘʯʘ ʪʦʢʦʤ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. 

9. ɽʚʘʣʫʘʮʠʿʘ ʩʠʤʫʣʘʮʠʿʝ ʭʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ï 

ʆʩʣʘˁʘ ʩʝ ʥʘ ʧʦʜʘʪʢʝ ʢʦʿʠ ʩʫ ʧʨʠʢʫʧˀʝʥʠ ʪʦʢʦʤ ʉʠʤʫʣʘʮʠʿʝ 

ʭʨʦʨʠʟʦʥʪʘʣʥʦʛ ʚʠʜʥʦʛ ʧʦˀʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʢʘʢʦ ʙʠ ʥʘ ʦʩʥʦʚʫ 

ʦʬʦʨʤˀʝʥʦʛ ʘʣʣʛʦʨʠʪʤʘ (ʢʦʿʠ ˂ʝ ʙʠʪʠ ʠʟʣʦʞʝʥ ʫ ʜʘˀʝʤ ʨʘʜʫ) ʬʦʨʤʠʨʘʣʝ 

ʤʝʨʝ ʫʩʧʝʰʥʦʩʪʠ ʩʘʛʣʝʜʘʚʘˁʘ ʢʦʰʘʨʢʘʰʢʦʛ ʩʫʜʠʿʝ ʥʘʜ ʢʚʘʜʨʘʥʪʦʤ ʫ ʢʦʿʝʤ 

ʠʩʪʠ ʧʦʩʝʜʫʿʝ ʥʘʜʣʝʞʥʦʩʪ. ʅʘ ʦʩʥʦʚʫ ʥʘʚʝʜʝʥʠʭ ʦʮʝʥʘ ʠ ʦʬʦʨʤˀʝʥʦʛ 

ʢʨʠʪʝʨʠʿʫʤʘ ʢʨʝʪʘˁʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʩʝ ʩʤʘʪʨʘ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠʤ ʠʣʠ 

ʥʝʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠʤ. 

 

ʉʣʠʢʘ 3.2. ɻʣʘʚʥʠ Use Case ʜʠʿʘʛʨʘʤ 

ʅʘ ʦʩʥʦʚʫ ʠʟʣʦʞʝʥʝ ʩʧʝʮʠʬʠʢʘʮʠʿʝ ʠ Use Case ʜʠʿʘʛʨʘʤʘ ʜʘ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ 

Refereeôs Board ʘʧʣʠʢʘʮʠʿʘ ʠʤʘ ʝʜʫʢʘʪʠʚʥʫ ʫʧʦʪʨʝʙʫ ʧʫʪʝʤ ʢʦʿʝ ʩʝ, ʧʘʞˀʠʚʦʤ ʠ 

ʩʠʩʪʝʤʘʪʠʯʥʦʤ ʫʧʦʪʨʝʙʦʤ ʤʦʛʫ ʝʜʫʢʦʚʘʪʠ ʤʣʘʜʝ ʢʦʰʘʨʢʘʰʢʝ ʩʫʜʠʿʝ. ʈʘʟʚʠʿʝʥʘ 

ʝʜʫʢʘʪʠʚʥʘ ʘʧʣʠʢʘʮʠʿʘ ʪʘʢʦʹʝ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʩʝ ʢʦʰʘʨʢʘʰʢʘ ʘʢʮʠʿʘ ʧʦʯʥʝ 

ʩʘʛʣʝʜʘʚʘʪʠ ʠ ʩʘ ʜʨʫʛʠʭ ʘʩʧʝʢʘʪʘ ʠʛʨʝ, ʥʘʩʫʧʨʦʪ ʪʨʝʥʫʪʥʦʤ ʤʦʜʝ˂ʝʤ ʘʩʧʝʢʪʫ ʫ 

ʢʦʿʝʤ ʩʝ ʦʙʨʘ˂ʘ ʧʘʞˁʘ ʩʘʤʦ ʥʘ ʘʢʪʝʨʝ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʥʘ 

ʪʝʨʝʥʫ. 
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ʉʘʤʘ ʘʧʣʠʢʘʮʠʿa ʧʦʩʝʜʫʿʝ ʤʦʛʫ˂ʥʦʩʪ ʠʩʮʨʪʘʚʘˁʘ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ, ʩʘ ʠʣʠ ʙʝʟ 

ʩʠʤʫʣʘʮʠʿʝ ʚʠʜʥʦʛ ʧʦˀʘ ʢʦʰʘʨʢʘʰʢʦʛ ʩʫʜʠʿʝ. ʅʘ ʥʘʚʝʜʝʥʠ ʥʘʯʠʥ Refereeôs Board 

ʘʧʣʠʢʘʮʠʿʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʠ ʙʠʣʦ ʢʦʿʘ ʜʨʫʛʘ ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʮʨʪʘˁʝ 

ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ. ʉʧʦʤʝʥʫʪʘ ʤʦʛʫ˂ʥʦʩʪ ʨʝʥʜʝʨʦʚʘˁʘ ʠʟʚʝʜʝʥʝ ʢʦʰʘʨʢʘʰʢʝ 

ʘʢʮʠʿʝ ʦʪʚʘʨʘ ʤʦʛʫ˂ʥʦʩʪ ʫʧʦʪʨʝʙʝ ʘʧʣʠʢʘʮʠʿʝ ʢʘ ʧʨʦʜʫʢʮʠʿʠ ʝʜʫʢʘʪʠʚʥʠʭ 

ʘʥʠʤʘʮʠʿʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʨʘʟʤʘʪʨʘʪʠ ʥʘ ʩʝʤʠʥʘʨʠʤʘ ʢʦʰʘʨʢʘʰʢʠʭ ʩʪʨʫʯˁʘʢʘ. 

 

ʉʣʠʢʘ 3.3. Use Case ʜʠʿʘʛʨʘʤ ʘʢʮʠʿʝ ʂʨʝʠʨʘˁʝ ɸʢʮʠʿʘ 

3.3. ʋʧʦʪʨʝʙʘ Refereeôs Board ʝʜʫʢʘʪʠʚʥʦʛ ʩʦʬʪʚʝʨʘ ʩʘ ʘʩʧʝʢʪʘ ʢʦʨʠʩʥʠʢʘ 

ʇʦʰʪʦ ʢʦʰʘʨʢʘʰʢʘ ʘʢʮʠʿʘ ʧʦʩʝʜʫʿʝ ʚʝʣʠʢʠ ʙʨʦʿ ʧʘʨʘʤʝʪʘʨʘ, ʦʜʣʫʯʝʥʦ ʿʝ ʜʘ ʩʝ 

ʢʦʰʘʨʢʘʰʢʘ ʘʢʮʠʿʘ ʤʦʨʘ ʧʦʿʝʜʥʦʩʪʘʚʠʪʠ, ʩʘ ʘʢʮʝʥʪʦʤ ʥʘ ʠʩʪʠʮʘˁʝ ʢˀʫʯʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ. ʇʦʿʝʜʥʦʩʪʘʚˀʠʚʘˁʝ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʨʝʘʣʠʟʦʚʘʥʦ ʿʝ ʫʢʣʘˁʘˁʘʤ 

ʢʦʰʘʨʢʘʰʢʠʭ ʠʛʨʘʯʘ ʩʘ ʪʝʨʝʥʘ ʫʟ ʫʪʚʨʹʠʚʘˁʝ ʚʝʟʝ ʠʟʤʝʹʫ ʢʨʝʪʘˁʘ ʢʦʰʘʨʢʘʰʢʠʭ 

ʩʫʜʠʿʘ ʫ ʨʝʣʘʮʠʿʠ ʩʘ ʢʨʝʪʘˁʝʤ ʣʦʧʪʝ ʧʦ ʪʝʨʝʥʫ. ʅʘʚʝʜʝʥʦ ʧʨʝʜʩʪʘʚˀʘ 

ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʠ ʤʦʜʝʣ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. 

ʂʦʰʘʨʢʘʰʢʘ ʘʢʮʠʿʘ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʬʘʟʘ ʢʦʿʝ ʩʫ ʧʦʚʝʟʘʥʝ ʿʝʜʥʘ ʟʘ 

ʜʨʫʛʦʤ. ʂʘʜ ʛʦʜ ʩʝ ʥʝʰʪʦ ʚʘʞʥʦ ʜʦʛʦʜʠ ʥʘ ʪʝʨʝʥʫ, ʥʧʨ. ʠʛʨʘʯ ʜʦʜʘ ʣʦʧʪʫ, ʠʛʨʘʯ ʩʝ 

ʧʦʩʪʘʚʠ ʫ ʧʦʟʠʮʠʿʫ ʟʘ ʰʫʪ ʠʪʜ. ʬʦʨʤʠʨʘ ʩʝ ʢˀʫʯʥʘ ʪʘʯʢʘ. ʂˀʫʯʥʘ ʪʘʯʢʘ 

ʧʨʝʜʩʪʘʚˀʘ ʢʨʘʿ ʬʘʟʝ. ʂʘʜ ʛʦʜ ʩʝ ʬʦʨʤʠʨʘ ʢˀʫʯʥʘ ʪʘʯʢʘ, ʬʦʨʤʠʨʘ ʩʝ ʩʣʠʢʘ ʪʝʨʝʥʘ 

ʠʟ ʧʪʠʯʠʿʝ ʧʝʨʩʧʝʢʪʠʚʝ ʠ ʙʝʣʝʞʝ ʩʝ ʧʦʟʠʮʠʿʝ ʠʛʨʘʯʘ, ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʢʘʦ ʠ 

ʣʦʧʪʝ ʥʘ ʢʦʰʘʨʢʘʰʢʦʤ ʪʝʨʝʥʫ. ʉʚʘʢʘ ʬʘʟʘ ʠʤʘ ʫʧʫʪʩʪʚʘ ʟʘ ʧʨʝʣʘʟʘʢ ʠʟ ʧʨʝʪʭʦʜʥʝ 

ʫ ʩʣʝʜʝ˂ʫ ʬʘʟʫ ʠ ʦʙʨʥʫʪʦ. ʅʘʚʝʜʝʥʘ ʫʧʫʪʩʪʚʘ ʩʫ ʦʙʠʯʥʦ ʧʫʪʘˁʝ ʢʦʿʝ ʟʘ ʩʚʘʢʦʛ 

ʠʛʨʘʯʘ ʠ ʢʦʰʘʨʢʘʰʢʦʛ ʩʫʜʠʿʫ ʢʦʿʝ ʛʘ ʜʦʚʦʜʝ ʠʟ ʧʦʟʠʮʠʿʝ ʢʦʿʫ ʿʝ ʠʤʘʦ ʫ 

ʧʨʝʪʭʦʜʥʦʿ, ʢʘ ʧʦʟʠʮʠʿʠ ʢʦʿʫ ʠʤʘ ʫ ʩʣʝʜʝ˂ʦʿ ʬʘʟʠ. ʌʘʟʝ ʩʝ ʪʘʢʦʹʝ ʤʦʛʫ ʬʦʨʤʠʨʘʪʠ 

ʥʘ ʦʩʥʦʚʫ ʩʪʘˁʘ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʫ ʨʘʚʥʦʤʝʨʥʠʤ ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ, 
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ʰʪʦ ʙʠ ʟʥʘʯʠʣʦ ʜʘ ʩʝ ʬʘʟʘ ʬʦʨʤʠʨʘ ʫ ʠʥʪʝʨʚʘʣʠʤʘ ʦʜ ʥʘʿʚʠʰʝ 2 ʩʝʢʫʥʜʝ ʟʙʦʛ 

ʤʘʢʩʠʤʘʣʥʝ ʜʫʞʠʥʝ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ ʦʜ 24 ʩʝʢʫʥʜʝ. ʀʟʣʦʞʝʥʠ ʤʝʪʦʜ ʿʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʠ ʧʨʝʜʠʢʮʠʿʫ ʚʨʝʤʝʥʩʢʠʭ ʩʝʨʠʿʘ. 

 

ʉʣʠʢʘ 3.4. ʀʟʛʣʝʜ Refereeôs Board ʩʦʬʪʚʝʨʩʢʦʛ ʨʝʰʝˁʘ 

ɸʧʣʠʢʘʮʠʿʘ ʟʘ ʢʨʝʠʨʘˁʝ ʠ ʯʫʚʘˁʝ ʩʮʝʥʘʨʠʿʘ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ ʿʝ ʬʦʨʤʠʨʘʥʘ ʠ 

ʥʘʟʚʘʥʘ Refereeôs Board. ʂʦʨʠʩʪʠ ʩʝ ʢʘʢʦ ʙʠ ʩʝ ʬʦʨʤʠʨʘʣʘ ʩʮʝʥʘʨʠʿʘ ʢʦʰʘʨʢʘʰʢʠʭ 

ʘʢʮʠʿʘ ʠ ʢʦʨʠʩʪʠ˂ʝ ʩʝ ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʬʦʨʤʠʨʘˁʝ ʩʢʫʧʦʚʘ ʟʘ ʦʙʫʯʘʚʘˁʝ ʠ 

ʪʨʝʥʠʨʘˁʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ. ʉʮʝʥʘʨʠʿʘ ʢʦʰʘʨʢʘʰʢʠʭ ʘʢʮʠʿʘ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ 

ʢʨʝʠʨʘʿʫ ʢʨʦʟ ʮʨʪʘˁʝ ʠʩʪʠʭ ʢʨʦʟ ʠʥʪʫʠʪʠʚʥʠ ʛʨʘʬʠʯʢʠ ʠʥʪʝʨʬʝʿʩ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ 

ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʢʘʤʘ 3.4. ʠ 3.5. 

ʅʘ ʦʩʥʦʚʫ ʩʣʠʢʝ 3.5.  ʜʘ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʫ ʘʣʘʪʢʝ ʧʦʜʝˀʝʥʝ ʫ ʯʝʪʠʨʠ ʛʨʫʧʝ:  

¶ Tools ï  ʩʘʜʨʞʝ ʘʣʘʪʢʝ : Select, Delete, Player, Delete ʠ Ball 

¶ Actions ï ʩʘʜʨʞʝ ʘʣʘʪʢʝ : Move, Pass, Dribble, Block ʠ Shoot 

¶ Phase ï ʩʘʜʨʞʝ ʘʣʘʪʢʝ : Add Phase, Remove Phase, Animate, Stop, Previous, 

Next, First ʠ Last 

¶ Misc ï ʩʘʜʨʞʝ ʘʣʘʪʢʝ : Video ʠ Record 
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¶ Select ï ʆʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʩʝʣʝʢʪʫʿʝ ʙʠʣʦ ʢʦʿʠ ʝʣʝʤʝʥʪ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ (ʩʮʝʥʘʨʠʿʘ). 

¶ Delete -  ʋʢʣʘˁʘ ʙʠʣʦ ʢʦʿʠ ʝʣʝʤʝʥʪ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. 

¶ Player ï ʇʦʩʪʘʚˀʘ ʠʛʨʘʯʘ ʜʦʤʘ˂ʝʛ ʠʣʠ ʛʦʩʪʫʿʫ˂ʝʛ ʪʠʤʘ ʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʧʦʟʠʮʠʿʫ ʥʘ ʪʝʨʝʥʫ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ 

ʥʘ ʩʣʠʮʠ 3.6. 

¶ Referee ï ʇʦʩʪʘʚˀʘ ʿʝʜʥʦʛ ʦʜ  ʪʨʦʿʝ ʢʦʰʘʨʢʘʰʢʠʭ ʩʫʜʠʿʘ ʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʧʦʟʠʮʠʿʫ. 

¶ Ball ï ʇʦʩʪʘʚˀʘ ʣʦʧʪʫ ʥʘ ʪʝʨʥʝʥ, ʦʜʥʦʩʥʦ ʜʦʜʝˀʫʿʝ ʣʦʧʪʫ 

ʦʜʨʝʹʝʥʦʤ ʠʛʨʘʯʫ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3.8. 

ʜʦʢ ʿʝ ʨʝʟʫʣʪʘʪ ʜʦʜʝˀʠʚʘˁʘ ʣʦʧʪʝ ʠʛʨʘʯʫ ʧʨʠʢʘʟʘʥ ʥʘ 

ʩʣʠʮʠ 3.9. 

¶ Move ï ɼʝʬʠʥʠʰʝ ʧʫʪʘˁʫ ʢʦʿʦʤ ˂ʝ ʩʝ ʢʨʝʪʘʪʠ ʠʛʨʘʯ ʙʝʟ 

ʣʦʧʪʝ. 

¶ Pass ï ɼʝʬʠʥʠʰʝ ʘʢʮʠʿʫ ʜʦʜʘʚʘˁʘ ʠʟʤʝʹʫ ʜʚʘ ʠʛʨʘʯʘ 

¶ Dribble ï ɼʝʬʠʥʠʰʝ ʧʫʪʘˁʫ ʢʦʿʦʤ ˂ʝ ʩʝ ʢʨʝʪʘʪʠ ʠʛʨʘʯ ʩʘ 

ʣʦʧʪʦʤ. 

¶ Block ï ɼʝʬʠʥʠʰʝ ʧʫʪʘˁʫ ʢʦʿʦʤ ˂ʝ ʠʛʨʘʯ ʙʝʟ ʣʦʧʪʝ ʩʪʘʪʠ ʫ 

ʧʦʟʠʮʠʿʫ ʙʣʦʢʠʨʘˁʘ ʦʜʨʝʹʝʥʦʛ ʠʛʨʘʯʘ. 

¶ Shoot ï ɼʝʬʠʥʠʰʝ ʘʢʮʠʿʫ ʫʧʫ˂ʠʚʘˁʘ ʣʦʧʪʝ ʥʘ ʢʦʰ (ʰʫʪʘ) 

ʟʘ ʠʛʨʘʯʘ ʩʘ ʣʦʧʪʦʤ. 

¶ AddPhase ï ɼʦʜʘʿʝ ʩʣʝʜʝ˂ʫ (ʧʨʘʟʥʫ) ʬʘʟʫ ʢʦʰʘʨʢʘʰʢʝ 

ʘʢʮʠʿʝ, ʠ ʥʘ ʦʩʥʦʚʫ ʜʝʬʠʥʠʩʘʥʠʭ ʧʫʪʘˁʘ ʪʨʘʥʟʠʮʠʿʝ 

ʠʛʨʘʯʘ, ʘʥʠʤʠʨʘ ʧʨʝʣʘʟ ʪʨʝʥʫʪʥʝ ʬʘʟʝ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ 

ʫ ʩʣʝʜʝ˂ʫ ʬʘʟʫ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. 

¶ Remove Phase ï ʋʢʣʘˁʘ ʪʨʝʥʫʪʥʦ ʧʨʠʢʘʟʘʥʫ ʬʘʟʫ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. 

¶ Animate ï ɸʥʠʤʠʨʘ ʪʨʝʥʫʪʥʫ ʧʨʠʢʘʟʘʥʫ ʬʘʟʫ ʢʦʰʘʨʢʘʰʢʝ 

ʘʢʮʠʿʝ. 

¶ Stop ï ɿʘʫʩʪʘʚˀʘ ʘʥʠʤʘʮʠʿʫ ʪʨʝʥʫʪʥʝ ʬʘʟʝ ʠʣʠ ʢʦʤʧʣʝʪʥʝ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. 

¶ Previous ï ʇʨʠʢʘʟʫʿʝ ʧʨʝʪʭʦʜʥʫ ʬʘʟʫ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. 

¶ Next ï ʇʨʠʢʘʟʫʿʝ ʩʣʝʜʝ˂ʫ ʬʘʟʫ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ 

(ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʠ). 

¶ First ï ʇʨʠʢʘʟʫʿʝ ʧʨʚʫ ʬʘʟʫ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ. 

¶ Last ï ʇʨʠʢʘʟʫʿʝ ʪʨʝʥʫʪʥʦ ʧʦʩʣʝʜˁʫ ʬʘʟʫ ʢʦʰʘʨʢʘʰʢʝ 

ʘʢʮʠʿʝ. 

¶ Video ï ɸʥʠʤʠʨʘ ʩʚʝ ʬʘʟʝ ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ (ʦʜ ʧʨʚʝ ʜʦ 

ʧʦʩʣʝʜˁʝ). 

¶ Record ï ʌʦʨʤʠʨʘ ʚʠʜʝʦ ʦʜ ʘʥʠʤʘʮʠʿʘ ʬʘʟʘ ʥʘʮʨʪʘʥʝ 

ʢʦʰʘʨʢʘʰʢʝ ʘʢʮʠʿʝ (ʩʮʝʥʘʨʠʿʘ) ï ʅʘʚʝʜʝʥʘ ʩʪʘʚʢʘ ʿʝ 

ʪʨʝʥʫʪʥʦ ʫ ʬʘʟʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ. 

ʉʣʠʢʘ 3.5. ɸʣʘʪʢʝ Refereeôs Board ʩʦʬʪʚʝʨʩʢʦʛ ʨʝʰʝˁʘ 












































































































































































































































































































