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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʷ World-Wide-Web ʠʟ 

ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʚ Internet ʠ ʫʧʨʦʱʘʝʪ 

ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʨʘʙʦʪʳ 

ʧʦ ʩʝʪʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʚ ʩʨʝʜʝ Internet ʠ Intranet. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɸʇʈ ʠ ʧʨʦʝʢʪ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʠ 

ʦʜʥʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ. ɺ ʚʠʜʫ ʵʪʦʛʦ, ʫʯʠʪʳʚʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʶ ʩʨʝʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ. 

ʇʨʠʣʦʞʝʥʠʷ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʪʘʢʠʭ ʢʦʥʮʝʧʮʠʷʭ, ʥʘʟʳʚʘʶʪʩʷ RIA ï Rich 

Internet application (ʅʘʩʳʱʝʥʥʦʝ ʠʥʪʝʨʥʝʪ-ʧʨʠʣʦʞʝʥʠʝ). ʕʪʦ web-ʧʨʠʣʦʞʝʥʠʝ, 

ʜʦʩʪʫʧʥʦʝ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ, ʥʘʩʳʱʝʥʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʣʠʙʦ ʫʥʠʢʘʣʴʥʦʡ ʩʧʝʮʠʬʠʢʦʡ 

ʙʨʘʫʟʝʨʘ, ʣʠʙʦ ʯʝʨʝʟ ʧʣʘʛʠʥ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ VHDL ʩʪʨʫʢʪʫʨ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʉɸʇʈ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʪʨʘʥʩʣʷʮʠʠ ʦʧʠʩʘʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʷʟʳʢʝ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ. ʉʦʟʜʘʥʥʳʝ 

ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʷʟʳʢʝ VHDL ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʙʝʟ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʝʨʝʟ 5 ʠ 10 ʣʝʪ ʥʘʡʜʝʪʩʷ ʉɸʇʈ, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ ʩʪʘʨʳʝ ʨʘʟʨʘʙʦʪʢʠ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʧʝʰʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʘʨʘʜʠʛʤʳ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʜʘ, ʧʘʪʪʝʨʥʦʚ ʠ ʜʨ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘʤ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʨʝʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ PMI (Project Management Institute) ʠ ʩʪʘʥʜʘʨʪʘʤʠ ISO. ɺʝʜʫʪʩʷ 
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ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʚʦʜʠʪʴ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʧʨʦʝʢʪʥʳʭ ʧʨʦʮʝʜʫʨ, ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʧʫʪʝʤ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ 

ʩʦʦʙʱʝʥʠʷʤʠ ʚ ʨʝʞʠʤʝ online, ʙʳʩʪʨʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʘʟʦʚʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʠ ʜʨ. 

ɺʦʟʨʘʩʪʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʩʣʦʞʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʤʠʢʨʦʩʭʝʤʳ ʉɹʀʉ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʷʟʳʢʠ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ HDL (Hardware Description 

Language): VHDL, Verilog, SystemC, System Verilog ʠ ʜʨ.  

ʆʮʝʥʢʘ ʵʪʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʨʠʢʠ SLOC 

(Source Lines of Code), ʚ ʢʦʪʦʨʦʡ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʚ ʪʝʢʩʪʝ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʘ 

ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʢʦʥʢʨʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʷʟʳʢʝ ʦʧʠʩʘʥʠʷ 

ʘʧʧʘʨʘʪʫʨʳ, ʣʠʙʦ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʫʞʝ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʙʫʜʝʪ ʩʦʟʜʘʥʦ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ. 

ɼʦ ʧʦʷʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʢʨʠʩʪʘʣʣʝ (SoC - System on Chip), ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʚʝʣʠʯʠʥʘ RTL ʢʦʜʘ ʙʳʣʘ ʥʝ ʙʦʣʝʝ ʩʪʘ ʪʳʩʷʯ 

ʩʪʨʦʢ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʚʝʥʪʠʣʝʡ ʜʦʭʦʜʠʣʦ ʜʦ 10 ʤʣʥ. SoC ʧʦʟʚʦʣʠʣʘ 

ʩʦʟʜʘʚʘʪ ɹʮʝʣʫʶ ʚʩʪʨʦʝʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʦʜʥʦʤ ʯʠʧʝ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SoC ʚʝʣʠʯʠʥʘ RTL ʢʦʜʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʙʦʣʝʝ ʦʜʥʦʛʦ ʤʠʣʣʠʦʥʘ ʩʪʨʦʢ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʚʝʥʪʠʣʝʡ ʜʦʭʦʜʠʪʴ ʜʦ ʩʪʘ 

ʤʣʥ. [23]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʨʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʧʨʦʝʢʪ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʧʦʨʷʜʢʘ 100 

ʚʝʥʪʠʣʝʡ ʚ ʜʝʥʴ ʠʣʠ 30 ʩʪʨʦʢ RTL (Register Transfer Language) ʢʦʜʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʯʪʦʙʳ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʉɹʀʉ ʩʣʦʞʥʦʩʪʴʶ 100 ʪʳʩ. ʚʝʥʪʠʣʝʡ, 

ʧʦʪʨʝʙʫʝʪʩʷ 1000 ʯʝʣʦʚʝʢʦ-ʜʥʝʡ, ʪʦ ʝʩʪʴ ʢʦʤʘʥʜʘ ʠʟ ʧʷʪʠ ʯʝʣʦʚʝʢ ʩʤʦʞʝʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʪʘʢʫʶ ʉɹʀʉ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ʉʣʝʜʫʷ ʜʘʥʥʦʡ ʣʦʛʠʢʝ, ʨʘʟʨʘʙʦʪʢʘ 
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ʩʣʦʞʥʦʡ ʉɹʀʉ ʧʦʨʷʜʢʘ 10 ʤʣʥ. ʚʝʥʪʠʣʝʡ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʛʦʜʘ ʪʨʝʙʫʝʪ ʢʦʤʘʥʜʫ 

ʠʟ 500 ʯʝʣʦʚʝʢ, ʯʪʦ ʥʝʧʨʠʝʤʣʝʤʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ [94].  

ɼʣʷ ʦʮʝʥʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ: 

1) ʜʣʷ ʩʭʝʤ ASIC ï ʙʦʣʝʝ 20 ʤʣʥ. ʚʝʥʪʠʣʝʡ ʚ ʢʨʠʩʪʘʣʣʝ, ʜʣʷ ʇʃʀʉ ï ʙʦʣʝʝ 

5 ʤʣʥ. ʚʝʥʪʠʣʝʡ; 

2) ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʨʦʝʢʪʘ ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ 

0,5 ʤʣʥ. ʩʪʨʦʢ ʢʦʜʘ ʥʘ ʷʟʳʢʝ C; 

3) ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʨʦʝʢʪʘ ʥʘ ʫʨʦʚʥʝ ʨʝʛʠʩʪʨʦʚʳʭ ʧʝʨʝʜʘʯ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʙʦʣʝʝ 5 ʤʣʥ. ʩʪʨʦʢ ʢʦʜʘ RTL. 

ʇʨʠʤʝʨʘʤʠ ʩʣʦʞʥʳʭ ʧʨʦʝʢʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʶʪʩʷ: 

ʚʥʫʪʨʠʩʘʣʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʁɦ ʘʷ ʩʠʩʪʝʤʘ (Cabin 

Intercommunication Data System, CIDS) - ʙʦʣʝʝ ʯʝʤ 5 ʤʣʥ. ʩʪʨʦʢ ʢʦʜʘ, ʥʘʧʠʩʘʥ-

ʥʳʭ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʉʠ, Java ʠ VHDL [6]; ʦʧʠʩʘʥʠʝ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʫʨʦʚʥʝʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ Chameleon, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

SGS-THOMSON Microelectronics - ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʳʩʷʯ ʩʪʨʦʢ [22]; ʢʨʠʩʪʘʣʣ 

SPARCv9 ʩ ʪʝʩʪʘʤʠ ʠ ʦʢʨʫʞʝʥʠʝʤ - ʦʢʦʣʦ 160 ʪʳʩ. ʩʪʨʦʢ ʥʘ Verilog; ʙʦʣʴʰʠʝ 

ʘʧʧʘʨʘʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ASIC) ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ, ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʨʘʟʤʝʨʦʚ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʳʩʷʯ ʩʪʨʦʢ VHDL-ʢʦʜʘ ʠ ʪʳʩʷʯ ʢʦʤʧʦʥʝʥʪʦʚ [14]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʣʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʉɹʀʉ. ʋʯʘʩʪʥʠʢʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʘʥʜʘʭ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʥʠʷʤʠ 

ʠ ʦʧʳʪʦʤ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʯʘʩʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʝʢʪʦʚ ʉɹʀʉ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʫʜʘʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ɺ ʦʩʥʦʚʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ HDL-ʷʟʳʢʦʚ ʣʝʞʠʪ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ. ʊʘʢʠʝ ʷʟʳʢʠ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʥʘ 

ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʦʝʢʪʘ, ʘ ʩʦʟʜʘʥʥʳʝ ʧʨʦʝʢʪʥʳʝ 

ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ 
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ʙʝʟ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʜ. ʗʟʳʢ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ VHDL, ʦʙʣʘʜʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (ʉʌʃʄ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʦʜ ʉʌʃʄ ʧʦʥʠʤʘʶʪʩʷ ʦʙʲʝʢʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʷʟʳʢʝ VHDL, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉʌʃʄ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʠʥʪʝʨʬʝʡʩʥʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚ, ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ, ʘ 

ʪʘʢʞʝ ʚʝʨʠʬʠʢʘʮʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ HDL-ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ [34] ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ web-ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʠ ʨʝʰʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ ʧʨʦʝʢʪʘ, ʫʧʨʘʚʣʝʥʠʝ ʟʘʜʘʯʘʤʠ ʧʨʦʝʢʪʘ, 

ʥʘʢʦʧʣʝʥʠʝ ʙʘʟʳ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʝʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʥʘʧʨʠʤʝʨ, GIT, SVN, Mercurial ʠ ʪ.ʧ.) ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ 

ʩʦʭʨʘʥʝʥʠʷ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ, ʩʦʟʜʘʥʠʷ ʚʝʪʦʢ ʜʣʷ ʨʘʙʦʪʳ ʥʘʜ ʦʪʜʝʣʴʥʳʤʠ 

ʟʘʜʘʯʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʣʠʷʥʠʝʤ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ/ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ 

ʨʝʞʠʤʝ, ʚʝʜʝʥʠʷ ʚʝʨʩʠʡ ʧʨʦʝʢʪʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʟʚʨʘʪʘ ʢ ʧʨʝʜʳʜʫʱʠʤ 

ʚʝʨʩʠʷʤ [16].  

ʇʨʠ ʵʪʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʤ 

ʟʘʜʘʯ ʯʝʨʝʟ ʚʩʪʨʦʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ʠ/ʠʣʠ ʫʧʨʘʚʣʝʥʠʝ ʟʘʜʘʯʘʤʠ ʧʦ ʰʘʙʣʦʥʘʤ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʜʨʫʛʦʛʦ ʪʠʧʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ çʧʨʠʚʷʟʢʫè ʟʘʜʘʯ  

ʢ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʢʦʜʫ [76].  

ʋʢʘʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ, ʨʘʙʦʪʘʷ ʪʦʣʴʢʦ ʩ ʪʝʢʩʪʦʤ, ʥʝ ʤʦʛʫʪ  

ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʯʝʩʪʴ ʩʧʝʮʠʬʠʢʫ ʩʣʦʞʥʳʭ HDL-ʧʨʦʝʢʪʦʚ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ  

ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʝʜʠʥʦʡ ʩʫʱʥʦʩʪʠ çʩʪʨʫʢʪʫʨʘ ʫʩʪʨʦʡʩʪʚʘ + 
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ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘè. HDL-ʷʟʳʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʢʚʦʟʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ 

ʘʙʩʪʨʘʢʮʠʠ ʧʨʦʝʢʪʘ, ʚʢʣʶʯʘʷ ʧʦʜʜʝʨʞʢʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʨʭʠʪʝʢʪʫʨʳ 

(architecture-specific design), ʷʚʣʷʷʩʴ ʦʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʦʪ ʫʨʦʚʥʷ ʚʝʥʪʠʣʝʡ ʜʦ ʫʨʦʚʥʷ ʮʠʬʨʦʚʳʭ 

ʩʠʩʪʝʤ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʜʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʛʦ ʯʘʩʪʠʯʥʦʝ ʠʟʤʝʥʝʥʠʝ, ʘ ʥʝ ʧʨʦʩʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦ ʧʨʠʥʮʠʧʫ çAs isè (çʂʘʢ ʝʩʪʴè). ʇʨʦʮʝʩʩ ʥʘʧʠʩʘʥʠʷ reusable 

(ʤʥʦʛʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ) ʢʦʜʘ ʦʯʝʥʴ ʚʘʞʝʥ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʦʛʦ ʢʦʜʘ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʠ ʙʳʣ ʭʦʨʦʰʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥ, ʦʢʘʟʳʚʘʝʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʚ 90% ʩʣʫʯʘʝʚ ʜʣʷ ʢʦʤʧʘʥʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ.  

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʪʦʚʦʛʦ ʤʦʜʫʣʷ ʩʪʦʨʦʥʥʠʡ ʨʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʚʦʦʙʱʝ 

ʥʝ ʟʥʘʪʴ ʦ ʚʥʫʪʨʝʥʥʝʤ ʫʩʪʨʦʡʩʪʚʝ, ʧʨʠ ʵʪʦʤ ʝʤʫ ʚʘʞʝʥ ʣʠʰʴ ʠʥʪʝʨʬʝʡʩ  

ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ ʉɸʇʈ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ ʦ ʤʝʪʦʜʠʢʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʣʠʙʦ ʥʘʧʨʷʤʫʶ ʦʪ ʵʢʩʧʝʨʪʘ, ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ ʨʷʜʘ ʧʨʠʤʝʨʦʚ. ʆʙʝʩʧʝʯʝʥʠʝ ʪʘʢʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉɸʇʈ ʥʘ ʙʘʟʝ 

ʷʟʳʢʘ HDL ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

[83]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ 

HDL-ʧʨʦʝʢʪʦʚ ʘʢʪʫʘʣʴʥʦʡ ʠ ʠʤʝʶʱʝʡ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʌʃʄ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʜʘʣʝʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ.   

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʢʦʣʣʝʢʪʠʚʦʤ 
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ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʧʫʪʝʤ ʠʭ ʩʦʟʜʘʥʠʷ ʢʘʢ ʩ çʥʫʣʷè ʚ ʚʠʜʝ VHDL ʢʦʜʘ, ʪʘʢ ʠ ʠʟ 

ʰʘʙʣʦʥʦʚ ʉʌʃʄ ʩ ʯʘʩʪʠʯʥʦʡ ʜʦʨʘʙʦʪʢʦʡ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ ʟʘʜʘʯʘʤʠ, 

ʧʦʠʩʢʘ ʠ ʩʠʥʪʝʟʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʜʦʣʞʥʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ VHDL-ʧʨʦʛʨʘʤʤ, ʩʦʢʨʘʪʠʪʴ 

ʟʘʪʨʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʉʪʝʧʝʥʴ ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʝʜʫʱʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʉɸʇʈ ʨʘʙʦʪʘʶʪ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʱʠʭ: ʧʨʦʚʦʜʠʪʴ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʧʨʦʝʢʪʥʳʭ ʧʨʦʮʝʜʫʨ; ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʧʫʪʝʤ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʦʙʱʝʥʠʝʤ ʚ ʨʝʞʠʤʝ online; 

ʙʳʩʪʨʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʙʘʟʦʚʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʚ ʮʝʣʦʤ ʠ ʜʨ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʣʣʝʢʪʠʚʥʦʡ ʩʨʝʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʥʘʰʝ ʚʨʝʤʷ ʥʘʫʯʥʳʤ ʨʘʙʦʪʘʤ, 

ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʪʝʭʥʠʯʝʩʢʦʤ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ, ʤʝʪʦʜʠʯʝʩʢʦʤ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʉɸʇʈ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʨʷʜ ʨʘʙʦʪ ʘʚʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʟʘʪʨʘʛʠʚʘʶʪ ʦʙʣʘʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺ ʨʘʙʦʪʘʭ ʂʘʤʘʝʚʘ ɺ.ɸ., ɻʣʫʰʘʥʷ ɺ.ʄ., ʃʘʚʨʠʢʘ ʇ.ɺ. [99,81,82,83,84] 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉɸʇʈ ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʝʪʝʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʨʘʙʦʪʘʭ ɸʥʠʩʠʤʦʚʘ ɺ.ʀ. [47,48,49,50] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʉɸʇʈ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʪʝʨʥʝʪ-

ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʨʘʙʦʪʘʭ ɻʨʠʜʠʥʘ ɺ.ʅ., ɼʤʠʪʨʝʚʠʯʘ ɻ.ɼ., ɸʥʠʩʠʤʦʚʘ ɼ.ɸ. 

[51,52,53,54,55,56,114] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

web-ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʉɸʇʈ. 
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ɺ ʨʘʙʦʪʘʭ ʀʣʴʠʯʝʚʘ ʅ.ɹ., ʇʘʥʪʝʣʝʝʚʘ ɽ.ʈ., ʇʝʢʫʥʦʚʘ ɺ.ɺ., ʇʝʨʚʦʚʩʢʦʛʦ 

ʄ.ɸ., ʎʝʣʠʱʝʚʘ ɽ.ʉ. [153] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʚ ʉɸʇʈ AutomatiCS. 

ɺ ʨʘʙʦʪʘʭ ɸʜʘʤʦʚʘ ɸ.ɿ. [46,81] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ web-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʉɸʇʈ. 

ɺ ʨʘʙʦʪʘʭ Indrusiak L.S. [31] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʨʝʜ 

ʨʘʟʨʘʙʦʪʢʠ. 

ɺ ʨʘʙʦʪʘʭ Udwadia F. [36] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʢʦʥʬʣʠʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʩʦʮʠʘʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɺ ʨʘʙʦʪʘʭ Tºrlind P. [37] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʢʦʤʘʥʜʳ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ.  

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʫʪʝʤ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʚʘʪʴ ʙʘʟʫ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʉʌʃʄ, ʜʣʷ ʠʭ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʚ ʨʘʙʦʪʝ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʠ 

ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

1. ɸʥʘʣʠʟ ʤʝʪʦʜʦʣʦʛʠʡ, ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠ 

ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʉʌʃʄ.  

3. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉʈʇ) 

ʉʌʃʄ ʥʘ ʙʘʟʝ ʮʚʝʪʥʳʭ ʩʝʪʝʡ ʇʝʪʨʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʥʘ ʝʝ ʦʩʥʦʚʝ ʩ ʮʝʣʴʶ 

ʚʝʨʠʬʠʢʘʮʠʠ ʉʈʇ, ʧʨʦʚʝʨʢʠ ʩʮʝʥʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʛʝʥʪʦʚ ʉʈʇ. 

 



12 
 

4. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠ ʧʨʦʮʝʩʩʦʤ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʠʥʪʝʟʘ ʠ ʧʦʠʩʢʘ ʉʌʃʄ ʚ ʉʈʇ.  

6.  ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʉʈʇ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ̫ ʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʨʘʙʦʪʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʩ 

ʧʨʦʝʢʪʥʳʤʠ ʟʘʜʘʯʘʤʠ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʠ, ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʣʣʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʚʠʜʝ ʉʌʃʄ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʦʨʠʠ 

ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʪʝʦʨʠʠ ʩʝʪʝʡ ʇʝʪʨʠ, ʪʝʦʨʠʠ ʧʦʩʪʨʦʝʥʠʷ, 

web-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʉɸʇʈ, ʪʝʦʨʠʠ ʙʘʟ ʜʘʥʥʳʭ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʣʝʞʘʱʠʤʠ ʚ ʦʩʥʦʚʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʈʇ ʉʌʃʄ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʉʈʇ, 

ʚʢʣʶʯʘʶʱʘʷ ʩʪʨʫʢʪʫʨʫ ʧʦʜʩʠʩʪʝʤ ʠ ʘʛʝʥʪʦʚ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʩʦʩʪʘʚʦʤ, ʪʠʧʘʤʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʘʛʝʥʪʦʚ, ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʝʩʧʝʯʠʪʴ ʢʦʣʣʝʢʪʠʚʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ VHDL-ʦʙʲʝʢʪʦʚ. 

2. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʟʘʜʘʯʘʤʠ ʚ ʉʈʇ, ʦʪʣʠʯʘʶʱʠʡʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʩʝʪʝʚʦʡ ʩʭʝʤʦʡ ʟʘʜʘʯ (ʇʉʉɿ) ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʪʠʤʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ. 

3. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢ VHDL-ʧʨʦʛʨʘʤʤ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʤʥʦʛʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʠʣʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʟʘʜʘʯ, ʧʨʠʤʝʥʷʷ ʢʦʥʮʝʧʮʠʶ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ (Reuse). ɼʘʥʥʳʡ ʤʝʪʦʜ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʧʦʟʚʦʣʷʝʪ 
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ʥʘʧʦʣʥʷʪʴ ʙʠʙʣʠʦʪʝʢʫ ʉʌʃʄ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʥʮʝʧʮʠʠ 

MVC ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ, ʦʧʠʩʘʥʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ 

ʇʨʘʢʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ. 

1) ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʮʚʝʪʥʦʡ ʩʝʪʠ ʇʝʪʨʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʝʩʪʠ 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʥʦʚʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʠʣʠ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ  

ʚ ʩʫʱʝʩʪʚʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣ. 

2) ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ web-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 

ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʉʈʇ. 

3) ʈʘʟʨʘʙʦʪʘʥ web-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʪʨʘʥʩʣʷʪʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʰʠʙʢʠ ʚ ʦʧʠʩʘʥʠʠ ʥʘ VHDL ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚʘ  

ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʉʌʃʄ ʠʟ ʵʪʦʛʦ ʦʧʠʩʘʥʠʷ. 

4) ʈʘʟʨʘʙʦʪʘʥ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʧʦʠʩʢ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ  

ʚ ʚʠʜʝ ʉʌʃʄ. 

5) ʈʘʟʨʘʙʦʪʘʥ ʘʧʧʘʨʘʪ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʚ ʇʉʉɿ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʠ ʩʦʜʝʨʞʘʱʠʝ ʵʣʝʤʝʥʪʳ 

ʥʦʚʠʟʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ʆʨʛʘʥʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ VHDL-

ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʝʡ 8 ʪʠʧʦʚ ʘʛʝʥʪʦʚ ʩ ʠʭ 

ʨʦʣʝʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ; 

2. ʄʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʘʧʧʘʨʘʪ 

ʇʉʉɿ; 

3. ʇʨʠʤʝʥʝʥʠʝ ʢʦʥʮʝʧʮʠʠ MVC ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʉʌʃʄ. 

4. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʉʈʇ. 
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ʈʝʘʣʠʟʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʳ ʚ ɸʆ 

çʋʣʴʷʥʦʚʩʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʟʘʚʦʜè ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʨʝʜʝ ʦʙʫʯʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʚ ʆʆʆ çʈʘʟʨʘʙʦʪʢʘ 

ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤè ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ, 

ʘ ʪʘʢʞʝ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʢʘʬʝʜʨʳ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè ʋʣɻʊʋ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ɺʩʝʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: VIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ  ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʆʙʲʝʢʪʥʳʝ ʉʠʩʪʝʤʳ-2014è, ʛ. ʐʘʭʪʳ, 2014; VIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ  ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ CAD/CAM/CAE/PDMè,  

ʛ. ʇʝʥʟʘ, 2014;   ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè, ʛ. ʋʣʴʷʥʦʚʩʢ, 2014; ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʰʢʦʣʝ-ʩʝʤʠʥʘʨʝ çʀʥʬʦʨʤʘʪʠʢʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷè, ʛ. ʋʣʴʷʥʦʚʩʢ, 2013-2014; ʂʦʥʛʨʝʩʩʝ ʧʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ 

ʩʠʩʪʝʤʘʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ çIS&ITô14è, ʧ. ɼʠʚʥʦʤʦʨʩʢʦʝ, 2014; 

XXXVII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ  ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʊʝʭʥʠʯʝʩʢʠʝ 

ʥʘʫʢʠ ï ʦʪ ʪʝʦʨʠʠ ʢ ʧʨʘʢʪʠʢʝè, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 2014. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 15 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʚ  

ʪʦʤ ʯʠʩʣʝ 5 ʩʪʘʪʝʡ ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʈʌ. ʇʦʣʫʯʝʥʦ 1 

ʉɺʀɼɽʊɽʃʔʉʊɺʆ (ʈʆʉʇɸʊɽʅʊ) ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ 

ʜʣʷ ʕɺʄ ˉ2015610356. 
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ɻʃɸɺɸ 1. ʄɽʊʆɼʆʃʆɻʀʀ, ʄɽʊʆɼʓ ʀ ʉʈɽɼʉʊɺɸ 

ʈɸʉʇʈɽɼɽʃɽʅʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʉʌʃʄ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʛʣʘʚʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʡ, ʤʝʪʦʜʦʚ ʠ 

ʩʨʝʜʩʪʚ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʉʌʃʄ, ʢʘʢ 

ʦʩʥʦʚʥʦʡ ʦʙʲʝʢʪ, ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɺʋ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʷʟʳʢʘʭ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ HDL ʠ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ, ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

1.1. ʄʝʩʪʦ ʠ ʨʦʣʴ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɺʋ 

ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʠ 

ʩʚʝʨʭʙʦʣʴʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ (ɹʀʉ ʠ ʉɹʀʉ). ʄʥʦʛʦʫʨʦʚʥʝʚʦʝ 

ʠʝʨʘʨʭʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ 

ʥʠʩʭʦʜʷʱʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʩʚʝʨʭʫ ʚʥʠʟ). ʇʦ ʜʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʘ 

ʚʝʜʝʪʩʷ ʦʪ ʦʙʱʝʛʦ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ ʢ ʜʝʪʘʣʴʥʦʤʫ ʦʧʠʩʘʥʠʶ ʝʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʧʦʚʝʜʝʥʯʝʩʢʦʤʫ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʩʠʩʪʝʤʳ, ʥʝ ʦʪʚʣʝʢʘʷʩʴ ʥʘ ʩʪʨʫʢʪʫʨʫ. ʆʧʠʩʘʥʠʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʉʌʃʄ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ HDL (Hardware 

Description Language) ʷʟʳʢʦʚ ʦʧʠʩʘʥʠʷ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ 

ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʦʨʤʘʣʴʥʫʶ ʟʘʧʠʩʴ, 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʠʩʪʝʤ.  

ʇʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʷʟʳʢʠ ʜʝʣʷʪʩʷ ʪʨʠ ʛʨʫʧʧʳ ï 

ʦʧʠʩʘʪʝʣʴʥʳʝ (ʩʪʨʫʢʪʫʨʥʳʝ), ʜʠʘʣʦʛʦʚʳʝ (ʜʠʨʝʢʪʠʚʥʳʝ) ʠ ʤʦʜʝʣʠʨʫʶʱʠʝ 

(ʧʨʦʮʝʜʫʨʥʳʝ).  
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ʆʩʥʦʚʥʳʤʠ ʯʘʩʪʷʤʠ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʷʚʣʷʶʪʩʷ: ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ; 

ʦʧʠʩʘʥʠʝ ʟʘʜʘʯʠ; ʦʧʠʩʘʥʠʝ ʜʠʨʝʢʪʠʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʦʧʠʩʘʥʠʠ, ʦʙʲʝʢʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ: ʪʠʧ ʵʣʝʤʝʥʪʘ, ʪʠʧ 

ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʘ, ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʵʣʝʤʝʥʪʘ. 

ʗʟʳʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʧʨʦʮʝʜʫʨʥʳʝ ʷʟʳʢʠ) ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʩʪʨʫʢʪʫʨʫ, 

ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʘʣʛʦʨʠʪʤ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʠʛʥʘʣʘ ʦʪ ʙʣʦʢʘ ʢ ʙʣʦʢʫ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʜʘʥʥʳʭ ʷʟʳʢʦʚ: AHDL, VHDL, 

VerilogHDL, Abel ʠ ʜʨ. ʀʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʷʟʳʢ ʉʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ɹʀʉ. 

ʗʟʳʢ VHDL (VHSIC - Very High Speed Integrated Circuits ï Hardware 

Description Language) ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʤʝʥʘ ʧʨʦʝʢʪʘʤʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʩʦʠʩʧʦʣʥʠʪʝʣʷʤʠ ʨʘʙʦʪ ʧʦ 

ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ. ʗʟʳʢ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʚʝʥʪʠʣʴʥʦʤ ʫʨʦʚʥʝ, ʫʨʦʚʥʝ ʨʝʛʠʩʪʨʦʚʳʭ ʧʝʨʝʜʘʯ ʠ ʢʦʨʧʫʩʦʚ 

ʤʠʢʨʦʩʭʝʤ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʥʪʝʟ ʫʩʪʨʦʡʩʪʚ.  

ʇʨʦʚʦʜʠʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘ ʷʟʳʢʝ VHDL [33,77,98] ʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʥʘ ʚʭʦʜʘʭ ʚ 

ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʟʘʜʘʝʪʩʷ ʧʝʨʝʯʥʝʤ 

ʩʚʷʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʇʨʦʝʢʪ ʥʘ ʷʟʳʢʝ VHDL ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʘʡʣʦʚ. ɺ 

ʬʘʡʣʘʭ ʩʦʜʝʨʞʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʣʝʢʩʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʝʥ ʠʟ ʩʪʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʩʠʤʚʦʣʦʚ. ʃʝʢʩʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʦʛʨʘʥʠʯʠʪʝʣʷ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

(ʷʚʣʷʶʱʝʛʦʩʷ ʩʣʫʞʝʙʥʳʤ ʩʣʦʚʦʤ), ʘʙʩʪʨʘʢʪʥʦʛʦ, ʩʠʤʚʦʣʴʥʦʛʦ, ʩʪʨʦʢʦʚʦʛʦ ʠʣʠ 

ʙʠʪʦʚʦ-ʩʪʨʦʢʦʚʦʛʦ ʣʠʪʝʨʘʣʘ, ʣʠʙʦ ʢʦʤʤʝʥʪʘʨʠʷ.  

ʈʘʟʣʠʯʥʳʝ ʩʪʠʣʠ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

1.1. 
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1. ʉʪʨʫʢʪʫʨʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʠʝʨʘʨʭʠʠ ʩʚʷʟʘʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

2. ʇʦʪʦʢʦʚʦʝ ʦʧʠʩʘʥʠʝ (ʦʧʠʩʘʥʠʝ ʜʘʥʥʳʭ) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʝʛʠʩʪʨʦʚʳʭ ʦʧʝʨʘʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʫʧʨʘʚʣʷʝʪʩʷ 

ʚʝʥʪʠʣʴʥʳʤʠ ʩʠʛʥʘʣʘʤʠ.  

3. ʇʦʚʝʜʝʥʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʝʜʣʦʞʝʥʠʷʤʠ, ʧʦʭʦʞʠʤʠ ʥʘ ʠʤʝʶʱʠʝʩʷ ʚ ʣʶʙʦʤ ʩʦʚʨʝʤʝʥʥʦʤ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʨʝʜʣʦʞʝʥʠʷʤʠ.  

ɺʩʝ ʪʨʠ ʩʪʠʣʷ ʤʦʛʫʪ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ [98]. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʩʭʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʥʦʝ ʠ 

ʧʦʪʦʢʦʚʦʝ ʦʧʠʩʘʥʠʷ, ʘ ʧʦʚʝʜʝʥʯʝʩʢʦʝ ï ʪʦʣʴʢʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʚʠʜʫ ʪʦʛʦ, 

ʯʪʦ ʩʦʜʝʨʞʠʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝ ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʚʠʜʝ ʩʭʝʤʳ. 

 

ʈʠʩ. 1.1. ʉʭʝʤʘ ʩʪʠʣʝʡ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨ 

ʆʧʠʰʝʤ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʫʱʥʦʩʪʠ ʷʟʳʢʘ VHDL: 

1) ʆʙʲʝʢʪ ʧʨʦʝʢʪʘ (entity) ʦʧʠʩʳʚʘʝʪ ʢʦʤʧʦʥʝʥʪ ʧʨʦʝʢʪʘ, ʩʦʜʝʨʞʘʱʠʡ 

ʟʘʜʘʥʥʳʝ ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʚʩʷ ʧʨʦʝʢʪʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ, ʪʘʢ 

ʠ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ, ʫʩʪʨʦʡʩʪʚʦ, ʫʟʝʣ, ʩʪʦʡʢʫ, ʧʣʘʪʫ, ʢʨʠʩʪʘʣʣ, 

ʤʘʢʨʦʷʯʝʡʢʫ, ʣʦʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʠ ʪ. ʧ. ʆʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʩʪʨʦʝʥʘ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ, ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʥʝʝ 

ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ; 

2) ʆʙʲʷʚʣʝʥʠʝ ʦʙʲʝʢʪʘ ʧʨʦʝʢʪʘ (entity declaration) ʦʧʠʩʳʚʘʝʪ ʠʥʪʝʨʬʝʡʩ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʪʦʣʴʢʦ ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ; 
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3) ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʪʝʣʦ (architecture body) ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘ ʠ 

ʝʛʦ ʩʪʨʫʢʪʫʨʳ; 

4) ʆʙʲʷʚʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ (configuration declaration) ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʢʘʢʠʝ ʤʦʜʫʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʩʝʛʦ 

ʧʨʦʝʢʪʘ. 

ɸʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ VHDL ʥʘʯʘʣʦʩʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʥʘ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤʘʭ (ʇʃʀʉ). ʅʘ ʨʳʥʢʝ ʇʃʀʉ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʩʭʝʤʳ FPGA- ʠ CPLD-ʩʪʨʫʢʪʫʨ. FPGA (Field Programmable 

Gate Array) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʢʨʦʩʭʝʤʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʘ ʩʘʤʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʷʯʝʡʢʠ ʢʦʪʦʨʦʡ,  

ʦʪʚʝʯʘʶʪ ʟʘ ʨʝʘʣʠʟʘʮʠʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢʮʠʡ (Configurable Logic Blocks 

CLB), ʘ ʜʨʫʛʠʝ ï ʟʘ ʚʥʫʪʨʝʥʥʠʝ ʩʦʝʜʠʥʝʥʠʷ (Programmable Switch Matrices PSM). 

ʄʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.2. 

 

ʈʠʩ. 1.2. ʇʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚʩʝʭ ʫʨʦʚʥʝʡ ʩʣʦʞʥʦʩʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʷʟʳʢ VHDL. ʈʘʟʜʝʣʷʷ ʧʨʦʝʢʪ ʥʘ ʟʘʜʘʯʠ ʠʣʠ ʵʪʘʧʳ, ʤʦʞʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʜʝʣʝʛʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʥʝʩʢʦʣʴʢʠʤ 

ʛʨʫʧʧʘʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʝʢʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʝʜʝʥʯʝʩʢʦʝ ʠ ʧʦʪʦʢʦʚʦʝ ʦʧʠʩʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ. ɼʘʥʥʳʝ 



19 
 

ʧʝʨʝʜʘʥʥʳʝ ʟʘʢʘʟʯʠʢʫ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʜʦʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ. 

ʉʌʃʄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. 

ʉʪʨʫʢʪʫʨʘ ʉʌʃʄ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.3. ɺ ʦʧʠʩʳʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʢʚʘʥʪʠʬʠʢʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʩʢʦʣʴʢʦ ʨʘʟ ʤʦʛʫʪ 

ʚʩʪʨʝʯʘʪʴʩʷ ʵʣʝʤʝʥʪʳ ʚ ʦʧʠʩʳʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʝ. ʅʘʧʨʠʤʝʨ, (*) ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʘ (+) ʭʦʪʷ ʙʳ ʦʜʠʥ ʵʣʝʤʝʥʪ. 

ʆʙʨʘʙʘʪʳʚʘʝʤʳʝ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʘʭ, ʷʯʝʡʢʘʭ 

ʧʘʤʷʪʠ, ʩʠʛʥʘʣʘʭ ʩʚʷʟʠ ʠ ʨʝʛʠʩʪʨʘʭ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʜʘʥʥʳʭ ʥʘ ʚʭʦʜʳ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʭʦʜʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʰʘʙʣʦʥʘ 

ʠʟ ʦʧʠʩʘʥʥʦʡ ʤʦʜʝʣʠ ʉʌʃʄ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʥʘʩʪʨʘʠʚʘʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʪʴ ʥʦʚʦʝ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ. ʅʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʟʫʝʪʩʷ ʧʦʠʩʢ ʉʌʃʄ ʧʦ ʧʘʨʘʤʝʪʨʘʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ ʤʦʜʝʣʠ [149].  

 

ʈʠʩ. 1.3. ʉʪʨʫʢʪʫʨʘ ʉʌʃʄ 
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ɺ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʰʘʙʣʦʥ ʉʌʃʄ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʰʘʙʣʦʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʥʦʚʦʝ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ. ʈʘʟʤʝʨʥʦʩʪʠ ʷʯʝʝʢ ʧʘʤʷʪʠ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ 

ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʲʝʢʪʦʚ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʢʘʟʘʥʥʳʭ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʰʘʙʣʦʥʘ.  

ʉʨʘʚʥʠʤ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ [110]. ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʩʚʝʜʝʤ ʚ ʪʘʙʣ. 1.1. 

ʊʘʙʣʠʮʘ 1.1. ʉʨʘʚʥʝʥʠʝ ʚʠʜʦʚ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ 

ʇʦʢʘʟʘʪʝʣʴ ʊʝʢʩʪʦʚʦʝ 

ʦʧʠʩʘʥʠʝ ʥʘ HDL  

ɻʨʘʬʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ 

ʊʘʙʣʠʯʥʦʝ 

ʦʧʠʩʘʥʠʝ 

ʉʌʃʄ 

ʉʣʦʞʥʦʩʪʴ ʠ 

ʩʢʦʨʦʩʪʴ 

ʩʦʟʜʘʥʠʷ 

ʧʨʦʝʢʪʘ 

ʇʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ 

ʇʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ 

ʜʣʷ 

ʧʨʦʝʢʪʦʚ 

ʥʝʙʦʣʴʰʦʡ 

ʩʣʦʞʥʦʩʪʠ 

ʇʦʚʳʰʝʥʠ

ʝ ʩʢʦʨʦʩʪʠ 

ʇʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ 

ʅʘʛʣʷʜʥʦʩʪʴ ʠ 

ʢʦʤʧʘʢʪʥʦʩʪʴ 

ɼʘ ɼʣʷ ʩʭʝʤ 

ʥʝʙʦʣʴʰʠʭ 

ʨʘʟʤʝʨʦʚ 

ʏʘʩʪʠʯʥʘʷ 

ʘʥʘʣʦʛʠʷ ʩ 

ʜʦʢʫʤʝʥʪʘ

ʮʠʝʡ ʥʘ 

ʫʩʪʨʦʡʩʪʚʦ 

[111] 

ɼʘ 

ʆʪʣʘʜʢʘ ʠ 

ʚʝʨʠʬʠʢʘʮʠʷ 

ɼʘ ʏʘʩʪʠʯʥʦ ʅʝʪ ʅʝ 

ʪʨʝʙʫʝʪʩʷ 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ɼʘ ɼʘ ɼʘ ɼʘ 

ʉʠʥʪʝʟ ʧʨʦʝʢʪʘ ɼʘ ʅʝʪ ʅʝʪ ʅʝʪ 

ʅʘʣʠʯʠʝ ʦʰʠʙʦʢ ɼʘ ɼʘ ɼʘ ʅʝʪ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ 

ʵʣʝʤʝʥʪʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʟʘʛʦʪʦʚʢʠ (IP 

Core) [156] 

ʅʝʪ ʅʝʪ ʅʝʪ ɼʘ 

ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ 

ɿʥʘʥʠʝ ʷʟʳʢʘ 

ʦʧʠʩʘʥʠʷ 

ʘʧʧʘʨʘʪʫʨʳ ʠ 

ʦʙʣʘʩʪʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ɿʥʘʥʠʝ 

ʛʨʘʬʠʯʝʩʢʦ

ʡ ʩʠʩʪʝʤʳ ʠ 

ʦʙʣʘʩʪʠ 

ɿʥʘʥʠʝ 

ʷʟʳʢʘ 

ʦʧʠʩʘʥʠʷ 

ʘʧʧʘʨʘʪʫʨ

ʳ ʠ 

ɿʥʘʥʠʝ ʚ 

ʦʙʣʘʩʪʠ 

ʧʨʦʝʢʪʠʨʦʚ

ʘʥʠʷ 
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ʧʨʦʝʢʪʠʨʦʚ

ʘʥʠʷ 

ʦʙʣʘʩʪʠ 

ʧʨʦʝʢʪʠʨʦ

ʚʘʥʠʷ 

ɻʠʙʢʦʩʪʴ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩ

ʪʴ ʦʧʠʩʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚ 

ɼʘ ʅʝʪ ɼʘ ɼʘ 

ʌʦʨʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʆʜʥʦʤʝʨʥʘʷ ɼʚʫʭʤʝʨʥʘʷ 

ʪʨʝʭʤʝʨʥʘʷ 

ɼʚʫʭʤʝʨʥʘ

 ̫

ɼʚʫʭʤʝʨʥʘʷ 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʅʝʪ ɼʘ ɺʚʝʜʝʥʦ 

ʦʛʨʘʥʠʯʝʥ

ʠʝ 

ʚʘʨʴʠʨʫʝʤ

ʦʩʪʠ, ʩ 

ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠ

ʷ 

ʥʘʜʝʞʥʦʩʪ

ʠ [110] 

ʅʝʪ 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚʠʜʘʤʠ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʪʝʢʩʪʦʚʦʝ ʠ ʛʨʘʬʠʯʝʩʢʦʝ, ʥʦ ʢʘʞʜʦʝ ʠʟ ʥʠʭ 

ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʉʌʃʄ. 

1.2. ɸʥʘʣʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʩʨʝʜʩʪʚ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ 

ʂ ʪʠʧʫ EDA (electronic design automation) ʠʣʠ ECAD (electronic computer-

aided design) ʦʪʥʦʩʷʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʉɸʇʈ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ, ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʠ ʪ. ʧ. [90,91,93]. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʉɸʇʈ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

1. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʝʢʪʥʦʛʦ ʭʨʘʥʠʣʠʱʘ (Design Repository) 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʭʨʘʥʠʣʠʱʝ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʘʪʩʷ 

ʚʩʝ ʧʨʦʝʢʪʳ. ʇʨʦʝʢʪʥʦʝ ʭʨʘʥʠʣʠʱʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 



22 
 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ, ʦʥʦ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʝʢʪʥʳʤ ʦʪʜʝʣʘʤ ʠ ʩʦʜʝʨʞʠʪ ʧʦʜʨʦʙʥʫʶ 

ʠʩʪʦʨʠʶ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ, ʪʘʢʠʭ ʢʘʢ CVS (Concurrent 

Version System), SVN, GIT, Mercurial ʜʣʷ ʦʙʤʝʥʘ ʧʨʦʝʢʪʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʦʪʩʣʝʞʠʚʘʥʠʝ ʩʦʩʪʘʚʘ ʚʩʝʭ ʬʘʡʣʦʚ ʧʨʦʝʢʪʘ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʉɸʇʈ, ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ, ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʠ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ 

ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʨʛʘʥʠʟʫʝʪʩʷ ʜʦʩʪʫʧ ʢ 

ʦʙʱʝʡ ʙʘʟʝ ʜʘʥʥʳʭ, ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʨʘʟʜʝʣʷʷ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʨʷʜ ʟʘʜʘʯ ʠʣʠ ʦʙʣʘʩʪʝʡ. ʆʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ 

ʷʚʣʷʶʪʩʷ: ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʝʢʪʘ ʧʦ ʩʣʦʷʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʙʣʦʢʘʤ, ʮʝʧʷʤ ʠ 

ʫʨʦʚʥʶ ʜʦʩʪʫʧʘ. 

4. ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ Internet Team Design (Itd) ʩ ʮʝʣʴʶ ʧʦʜʜʝʨʞʢʠ 

ʢʦʣʣʝʢʪʠʚʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʢʘʢ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʩʫʨʩʦʚ Internet. 

5. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʝʢʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩ ʫʚʝʜʦʤʣʝʥʠʝʤ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʥʦʚʣʝʥʠʷ ʠʟʤʝʥʝʥʥʳʭ ʜʘʥʥʳʭ. 

6. ʇʦʜʢʣʶʯʝʥʠʝ ʢ ʢʦʤʧʴʶʪʝʨʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʦʜʥʦʡ ʩʝʪʠ, ʜʣʷ ʧʦʠʩʢʘ   

ʥʫʞʥʦʛʦ ʩʭʝʤʥʦʛʦ ʧʨʦʝʢʪʘ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʳ ʩ ʥʠʤ. 

7. ʀʥʬʦʨʤʠʨʦʚʘʥʠʝ ʯʣʝʥʦʚ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʳ ʦ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯʘʭ. 

8. ʆʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʯʣʝʥʘʤʠ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʳ [88], 

ʠʩʢʣʶʯʘʶʱʠʡ ʧʦʚʪʦʨʥʦʛʦ ʚʚʦʜʘ ʜʘʥʥʳʭ, ʙʳʩʪʨʦʛʦ ʚʥʝʩʝʥʠʷ ʠʩʧʨʘʚʣʝʥʠʷ ʚ 

ʧʨʦʝʢʪ, ʦʪʩʣʝʞʠʚʘʥʠʷ ʨʘʙʦʪʳ ʜʨʫʛʠʭ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ ʟʘʜʘʯʘʤʠ. 
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1. ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʉɸʇʈ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʇʂ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʣʠʮʝʥʟʠʝʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʀʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʜʦʙʥʦʡ 

ʉɸʇʈ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʫʪʝʤ ʚʳʧʫʩʢʘ ʥʦʚʳʭ ʚʝʨʩʠʡ ʧʨʦʜʫʢʪʘ. 

ʆʯʝʚʠʜʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʧʦʜʦʙʥʦʡ ʉɸʇʈ ï ʦʪʩʫʪʩʪʚʠʝ ʠʥʪʝʛʨʘʮʠʠ ʩʦ ʩʪʦʨʦʥʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʊʘʢʠʝ ʪʠʧʳ ʉɸʇʈ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʧʦ ʧʦʯʪʝ ʠ ʜʨ. 

ʩʨʝʜʩʪʚʘʤʠ ʩʚʷʟʠ. ɺʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʨʝʩʫʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʙʣʦʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.4. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʉɸʇʈ ʢʘʢ 

QuartusII, Xilinx  Foundation Express, WebPACK ISE, FOUNDATION, HDL 

Designer Mentor Graphics, MAX +PLUS II , Synopsys, ʠ ʜʨ. 

 

ʈʠʩ. 1.4. ʉʪʨʫʢʪʫʨʘ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʉɸʇʈ 

2. ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʦʙʣʘʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʝʜʳʜʫʱʝʡ ʛʨʫʧʧʳ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʪʩʷ ʬʫʥʢʮʠʦʥʘʣ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ʩʦ ʩʪʦʨʦʥʥʠʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ [27] (ʚʢʣʶʯʘʷ ʉɸʇʈ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʧʦʜʦʙʥʳʭ ʉɸʇʈ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʘʤ ʫʩʪʘʥʦʚʢʠ ʧʣʘʛʠʥʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʠʩʪʝʤʫ ʠʣʠ 

ʥʘʧʠʩʘʥʠʝʤ ʩʪʦʨʦʥʥʝʡ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʠʣʠ ʟʘʧʨʘʰʠʚʘʪʴ 

ʜʘʥʥʳʝ ʦʪ ʉɸʇʈ ʯʝʨʝʟ API. ʂʦʣʣʝʢʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚ ʧʦʜʦʙʥʳʭ ʉɸʇʈ 

ʚʦʟʤʦʞʥʦ ʧʦʩʨʝʜʩʪʚʘʤ ʧʣʘʛʠʥʦʚ, ʦʨʛʘʥʠʟʫʶʱʠʭ ʧʦʜʦʙʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ.   

ɺʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʨʝʩʫʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1.5. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʉɸʇʈ ʢʘʢ ModelSim ʠ Altium Designer. 
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ʈʠʩ. 1.5. ʉʪʨʫʢʪʫʨʘ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʉɸʇʈ 

3. ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʦʙʣʘʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʝʨʚʦʡ ʠ ʟʘʯʘʩʪʫʶ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʪʩʷ ʬʫʥʢʮʠʦʥʘʣ ʢʦʥʪʨʦʣʷ 

ʚʝʨʩʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʦʣʣʝʢʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ɼʘʥʥʳʡ ʚʠʜ 

ʉɸʇʈ ʦʨʛʘʥʠʟʫʝʪ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ 

ʧʫʪʝʤ ʦʙʤʝʥʘ ʧʨʦʝʢʪʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʯʝʨʝʟ ʦʙʱʠʡ ʨʝʧʦʟʠʪʦʨʠʡ. ɺʥʫʪʨʝʥʥʷʷ 

ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʨʝʩʫʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.6. ʂ 

ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʉɸʇʈ ʢʘʢ Altium Designer [33,100]. 

 

ʈʠʩ. 1.6. ʉʪʨʫʢʪʫʨʘ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʉɸʇʈ 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ɼʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʯʘʩʪʠʯʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʉɸʇʈ, ʪʠʧ ʢʦʪʦʨʳʭ ʦʪʣʠʯʝʥ ʦʪ EDA / ECAD. ʅʘ ʨʠʩ. 1.7 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʚʠʜʝ ʜʦʧ. ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. 
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ʈʠʩ. 1.7. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʉɸʇʈ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʠʤ ʘʨʭʠʪʝʢʪʫʨʫ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʉɸʇʈ ʚ ʚʠʜʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʙʳʣʠ ʫʯʪʝʥʳ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʧʦʜʜʝʨʞʢʠ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʉɸʇʈ ʢʘʢ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʷ 

ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʚʷʟʢʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʢ ʨʘʙʦʯʝʤʫ ʤʝʩʪʫ. ɸʨʭʠʪʝʢʪʫʨʘ ʚ ʚʠʜʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʉʈʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.8. 

 

ʈʠʩ. 1.8. ɸʨʭʠʪʝʢʪʫʨʘ ʉʈʇ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ  
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ʉʨʘʚʥʠʤ ʬʫʥʢʮʠʦʥʘʣ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ECAD 

ʩʠʩʪʝʤʘʭ. ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʩʚʝʜʝʤ ʚ ʪʘʙʣ. 1.2. 

ʊʘʙʣʠʮʘ 1.2. ʉʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʚ ECAD ʩʠʩʪʝʤʘʭ 
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Mentor 

Graphics 

HDL 

Designer 

OrCAD  P-CAD ModelSim 

ʂʦʣʣʝʢʪʠʚʥ

ʘʷ ʨʘʙʦʪʘ 

ɼʘ ʅʝʪ ʅʝʪ ɼʘ ɼʘ ʅʝʪ 

ʉʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʝʢʪʥʦʛʦ 

ʨʝʰʝʥʠʷ 

ʊʝʢʩʪʦʚʳʡ HDL ʨʝʜʘʢʪʦʨ 

ʈʝʜʘʢʪʦʨ ʩʭʝʤ  

ʅʘʣʠʯʠʝ 

ʜʦʧ. 

ʧʦʤʦʱʥʠʢʦ

ʚ ʧʨʠ 

ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʝʢʪʥʦʛʦ 

ʨʝʰʝʥʠʷ 

ɹʠʙʣʠʦʪʝʢʘ ʵʣʝʤʝʥʪʦʚ 

IP ʙʣʦʢʠ ʐʘʙʣʦʥ

 r

ʪʠʧʦʚʳʭ 

ʢʦʥʩʪʨʫ

ʢʮʠʡ, 

Internet 

Compon

ent 

Assistant   

ʉʦʟʜʘ

ʥʠʝ 

ʠʝʨʘʨ

ʭʠʯʝʩ

ʢʠʭ 

ʧʨʦʝʢ

ʪʦʚ 

ʈʘʙʦʪʘ ʩ 

ʩʦʭʨʘʥʝʥ

ʥʳʤʠ 

ʩʮʝʥʘʨʠʷ

ʤʠ 

ʤʦʜʝʣʠʨʦ

ʚʘʥʠʷ ʚ 

ʚʠʜʝ 

ʧʘʢʝʪʥʳʭ 

ʢʦʤʘʥʜʥ

ʳʭ 

ʬʘʡʣʦʚ 

Language Assistant, 

ʰʘʙʣʦʥʳ ʪʠʧʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ 

ɺʝʨʩʠʠ ʠ 

ʨʝʜʘʢʮʠʠ 

ʧʨʦʝʢʪʘ 

Design 

Reposito

ry, 

Version 

Control 

 

ʆʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠ

 ̫

ʈʝʘʣʠʟʘ

ʮʠʷ 

ʧʨʦʝʢʪʦ

ʚ 

ʵʣʝʢʪʨʦ

ʥʥʳʭ 

ʩʨʝʜʩʪʚ 

ʥʘ 

ʫʨʦʚʥʝ 

ʩʭʝʤʳ 

ʠʣʠ 

ʧʨʦʛʨʘʤ

ʤʥʦʛʦ 

ʢʦʜʘ 

ʄʦʜʝʣʠ

ʨʦʚʘʥʠʷ 

ʠ 

ʚʝʨʠʬʠ

ʢʘʮʠʠ 

ʧʨʦʝʢʪʦ

ʚ ʜʣʷ 

ʇʃʀʉ 

ɸʚʪʦʤʘʪʠʟʘ

ʮʠʷ 

ʧʨʦʝʢʪʠʨʦʚ

ʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʳ

ʭ ʫʩʪʨʦʡʩʪʚ 

(EDA) 

ʉʦʟʜʘʥʠ

ʝ 

ʵʣʝʢʪʨʦ

ʥʥʳʭ 

ʚʝʨʩʠʡ 

ʧʝʯʘʪʥʳ

ʭ ʧʣʘʪ 

ʜʣʷ 

ʧʨʦʠʟʚʦ

ʜʩʪʚʘ 

ʧʣʘʪ ʠ 

ʵʣʝʢʪʨʦ

ʥʥʳʭ 

ʩʭʝʤ 

ʄʦʜʝʣʠ

ʨʦʚʘʥʠʝ 

ʩʭʝʤ 

ʇʨʦʝʢ

ʪʠʨʦʚ

ʘʥʠʝ 

ʤʥʦʛʦ

ʩʣʦʡʥ

ʳʭ 

ʧʝʯʘʪ

ʥʳʭ 

ʧʣʘʪ 

ʚʳʯʠʩ

ʣʠʪʝʣ

ʴʥʳʭ 

ʠ 

ʨʘʜʠʦ

ʵʣʝʢʪ

ʨʦʥʥʳ

ʭ 

ʄʦʜʝʣʠʨ

ʦʚʘʥʠʝ ʠ 

ʦʪʣʘʜʢʘ 

ʧʨʦʛʨʘʤʤ 

ʥʘ HDL 

ʷʟʳʢʘʭ 
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ʫʩʪʨʦ

ʡʩʪʚ 

ʇʦʜʜʝʨʞʢʘ ɼʘ ɼʘ ɼʘ ɼʘ ʅʝʪ ɼʘ 

ʂʨʦʩʧʣʘʪʬ

ʦʨʤʝʥʥʦʩʪʴ 

ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ 

ɺʦʟʤʦʞʥʦʩ

ʪʴ 

ʠʥʪʝʛʨʘʮʠʠ 

ɼʘ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ɼʘ 

ʃʠʮʝʥʟʠʷ ʇʦʜ ʢʦʥʢʨʝʪʥʳʡ ʇʂ 

ʇʨʠʚʷʟʢ

ʘ ʢ 

ʘʢʢʘʫʥʪ

ʫ 

AltiumLi

ve, ʥʘ 

Private 

License 

Server 

     

 

ʅʘʠʙʦʣʝʝ ʦʩʥʘʱʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ECAD ʩʠʩʪʝʤʘ Altium Designer, ʥʦ ʚ ʥʝʡ ʝʩʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ 

ʩʚʷʟʘʥʥʳʭ ʩ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴʶ, ʣʠʮʝʥʟʠʨʦʚʘʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ web-ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

1.3. ɸʥʘʣʠʟ ʩʨʝʜʩʪʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ 

ʇʦʜ ʩʨʝʜʩʪʚʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʠʩʪʝʤʳ, ʦʙʣʘʜʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ ʪʠʧʘ Git ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʩʝʨʚʝʨʘ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʳʡ ʧʨʦʝʢʪ ʩʦʩʪʦʠʪ ʠʟ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʥʦʩʠʤʳʭ ʠʟʤʝʥʝʥʠʡ, ʨʘʟʥʳʤʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ. ʉʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ (ʉʂɺ) ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʠʪʴ ʟʘ ʵʪʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʚʠʜʝʪʴ 

ʧʨʦʛʨʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʕʪʦ ʜʝʣʘʝʪ ʉʂɺ ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʨʘʙʦʪʝ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʢʦʤʘʥʜʝ. 
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ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ web-ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʢʣʠʝʥʪ-

ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʢʣʠʝʥʪʦʤ ʚʳʩʪʫʧʘʝʪ ʙʨʘʫʟʝʨ, ʘ ʩʝʨʚʝʨʦʤ ï ʚʝʙ-

ʩʝʨʚʝʨ. ʃʦʛʠʢʘ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʘ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʦʤ, 

ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʥʘ ʩʝʨʚʝʨʝ, ʦʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʝʪʠ. ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʣʠʝʥʪʳ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦʵʪʦʤʫ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʳʤʠ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʢʣʠʝʥʪ-

ʩʝʨʚʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ Common Object Request Broker 

Architecture (CORBA). ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʨʝʘʣʠʟʘʮʠʷ ʦʙʲʝʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʘʜʨʝʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʝʨʚʝʨʘ. ʉʦʟʜʘʥʠʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʉʈʇ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ CORBA. ʆʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ CORBA ̫ ʚʣʷʝʪʩʷ 

ʘʨʭʠʪʝʢʪʫʨʘ Object Management Architecture (OMA) [112]. ɺ ʦʩʥʦʚʝ OMA ʣʝʞʠʪ 

ʢʦʥʮʝʧʮʠʷ ʙʨʦʢʝʨʘ ʦʙʲʝʢʪʥʳʭ ʟʘʧʨʦʩʦʚ. ɹʨʦʢʝʨ ʦʙʲʝʢʪʥʳʭ ʟʘʧʨʦʩʦʚ (ORB, 

Object Request Broker) ï ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ CORBA [152], ʦʪʥʦʩʷʱʠʡʩʷ ʢ 

ʢʣʘʩʩʫ middleware, ʪ.ʝ. ʩʚʷʟʫʶʱʝʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ. ʆʙʲʝʢʪʳ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʙʨʦʢʝʨ ʦʙʲʝʢʪʥʳʭ ʟʘʧʨʦʩʦʚ, ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʣʶʙʳʤʠ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʯʝʨʝʟ ʙʨʦʢʝʨ. 

ɺʩʝ ʩʠʩʪʝʤʳ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʨʝʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʙʲʝʢʪʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʛʨʘʪʴ ʨʦʣʴ ʠ ʢʣʠʝʥʪʘ, ʠ ʩʝʨʚʝʨʘ. ɽʩʣʠ ʦʙʲʝʢʪ 

ʷʚʣʷʝʪʩʷ ʠʥʠʮʠʘʪʦʨʦʤ ʚʳʟʦʚʘ ʤʝʪʦʜʘ ʫ ʜʨʫʛʦʛʦ ʦʙʲʝʢʪʘ, ʪʦ ʦʥ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ 

ʢʣʠʝʥʪʘ. ɽʩʣʠ ʦʙʲʝʢʪ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʥʠʪʝʣʝʤ ʟʘʧʨʘʰʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ, ʪʦ ʦʥ 

ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʩʝʨʚʝʨʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʙʲʝʢʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʧʦʣʥʷʶʪ ʨʦʣʴ 

ʠ ʢʣʠʝʥʪʦʚ, ʠ ʩʝʨʚʝʨʦʚ, ʧʦʧʝʨʝʤʝʥʥʦ ʚʳʟʳʚʘʷ ʠ ʠʩʧʦʣʥʷʷ ʤʝʪʦʜʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ CORBA ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʛʠʙʢʠʝ ʩʠʩʪʝʤʳ, ʯʝʤ 

ʩʠʩʪʝʤʳ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʠ ʪʨʝʭʫʨʦʚʥʝʚʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʠʤʝʥʷʝʪʩʷ 

ʯʘʩʪʥʦʝ ʦʙʣʘʢʦ, ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ 
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ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʭʨʘʥʝʥʠʝʤ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ʇʦʜ ʯʘʩʪʥʳʤ ʦʙʣʘʢʦʤ ʙʫʜʝʤ 

ʧʦʥʠʤʘʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ, ʚʢʣʶʯʘʶʱʝʡ ʥʝʩʢʦʣʴʢʦ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʧʝʨʝʭʦʜʘ ʉɸʇʈ ʚ ʦʙʣʘʢʘ, 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ 3 ʫʨʦʚʥʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʭʦʜʘ ʢ ʦʙʣʘʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

1. ʉɸʇʈ ʦʩʪʘʝʪʩʷ ʧʨʠʚʷʟʘʥʥʦʡ ʢ ʣʦʢʘʣʴʥʦʤʫ ʇʂ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, ʚ ʚʠʜʫ 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʜʦʩʪʘʪʦʯʥʦ ʝʤʢʠʭ ʙʠʙʣʠʦʪʝʢ ʵʣʝʤʝʥʪʦʚ, ʭʦʨʦʰʦ 

ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʚ desktop ʩʠʩʪʝʤʝ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʩʣʘʙʦʤ ʨʘʟʚʠʪʠʠ ʩʨʝʜʩʪʚ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, 

ʠ ʥʘʣʠʯʠʷ ʚʦʧʨʦʩʦʚ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʤʳʭ ʚ ʦʙʣʘʢʝ ʜʘʥʥʳʭ. ʂ ʧʦʜʦʙʥʳʤ 

ʉɸʇʈ ʦʪʥʦʩʷʪʩʷ EDA / ECAD ʩʠʩʪʝʤʳ. 

2. ʅʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʚʳʜʝʣʷʶʪʩʷ 3 ʪʠʧʘ ʩʠʩʪʝʤ. 

a) ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʥʞʝʥʝʨʥʳʤʠ ʜʘʥʥʳʤʠ (ʭʨʘʥʠʣʠʱʝ), ʢ 

ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ ʧʨʠ ʥʘʣʠʯʠʠ ʩʝʪʠ 

Internet. 

b) ʉɸʇʈ ʠʣʠ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʚʠʜʝ web-

ʧʨʠʣʦʞʝʥʠʷ [148], ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʷ web-ʙʨʘʫʟʝʨ ʇʨʠʤʝʨʦʤ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ PCBWeb, 

Wedana ʠ ʜʨ.  

c) ʉʦʟʜʘʝʪʩʷ web-ʨʝʩʫʨʩ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

(ʟʘʛʦʪʦʚʦʢ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʢʘʯʘʪʴ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ 

ʧʨʦʝʢʪ. ʇʦʜʦʙʥʳʤ ʨʝʩʫʨʩʦʤ ʷʚʣʷʝʪʩʷ opencores.org. 

3. ʉɸʇʈ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ desktop, ʥʦ ʠ ʦʙʣʘʯʥʫʶ ʚʝʨʩʠʶ. ɿʘʯʘʩʪʫʶ 

ʦʙʣʘʯʥʳʝ ʚʝʨʩʠʠ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ, ʥʦ ʙʦʣʴʰʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʱʥʦʩʪʴʶ ʇʂ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ʆʧʠʩʘʥʥʘʷ ʪʨʝʭʫʨʦʚʥʝʚʘʷ ʪʝʥʜʝʥʮʠʷ ʧʝʨʝʭʦʜʘ ʉɸʇʈ ʚ ʦʙʣʘʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 1.9. 
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ʈʠʩ. 1.9. ʊʨʝʭʫʨʦʚʥʝʚʘʷ ʪʝʥʜʝʥʮʠʷ ʧʝʨʝʭʦʜʘ ʉɸʇʈ ʚ ʦʙʣʘʢʘ 

ʉʨʘʚʥʠʤ ʩʨʝʜʩʪʚʘ ʧʦʟʚʦʣʷʶʱʠʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ. ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʩʚʝʜʝʤ ʚ ʪʘʙʣ. 

1.3 

ʊʘʙʣʠʮʘ 1.3. ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʩʪʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ 

ʇʦʢʘʟʘʪʝʣʴ Web-ʩʠʩʪʝʤʘ ʏʘʩʪʥʦʝ ʦʙʣʘʢʦ CORBA 

ɼʝʢʦʤʧʦʟʠʮʠʷ 

ʟʘʜʘʯ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

Web-ʠʥʪʝʨʬʝʡʩ 

ʠ/ʠʣʠ ʜʦʧ. 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ web-

ʩʠʩʪʝʤʳ. ʅʘʣʠʯʠʝ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛ

ʦ ʭʨʘʥʠʣʠʱʘ ʟʘʜʘʯ 

ʀʩʧʦʣʴʟʦʚʘʥʠ

ʝ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʦ ʤʦʜʝʣʠ 

SaaS ʯʝʨʝʟ 

web-

ʠʥʪʝʨʬʝʡʩ 

ʉʝʨʚʝʨ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛ

ʦ ʭʨʘʥʠʣʠʱʘ ʟʘʜʘʯ 

c ʦʧʠʩʘʥʠʝʤ 

ʠʥʪʝʨʬʝʡʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʷʟʳʢʝ idl 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʝʢʪʥʳʭ 

ʟʘʜʘʯ 

Web-ʠʥʪʝʨʬʝʡʩ 

ʠ/ʠʣʠ ʜʦʧ. 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ web-

ʩʠʩʪʝʤʳ. ʅʘʣʠʯʠʝ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛ

ʦ ʭʨʘʥʠʣʠʱʘ ʟʘʜʘʯ 

ʀʩʧʦʣʴʟʦʚʘʥʠ

ʝ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʦ ʤʦʜʝʣʠ 

SaaS ʯʝʨʝʟ 

web-

ʠʥʪʝʨʬʝʡʩ. 

ʉʝʨʚʝʨ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛ

ʦ ʭʨʘʥʠʣʠʱʘ 

ʟʘʜʘʯ, ʬʫʥʢʮʠʦʥʘʣ 

ʜʣʷ ʢʣʠʝʥʪʘ ʠ 

ʩʝʨʚʝʨʘ c 

ʦʧʠʩʘʥʠʝʤ 

ʠʥʪʝʨʬʝʡʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʷʟʳʢʝ idl 

ʋʧʨʘʚʣʝʥʠʝ 

ʠʟʤʝʥʝʥʠʷʤʠ 

ʚ 

ʧʨʦʝʢʪʝ 

ʀʥʪʝʛʨʘʮʠʷ ʩ Git 

ʠ/ʠʣʠ ʜʦʧ. 

ʬʫʥʢʮʠʦʥʘʣ web-

ʩʠʩʪʝʤ  r

ʀʥʪʝʛʨʘʮʠʷ ʩ 

Git ʠ/ʠʣʠ ʜʦʧ. 

ʬʫʥʢʮʠʦʥʘʣ 

ʩʠʩʪʝʤʳ ʚ 

ʚʠʜʝ ʤʦʜʝʣʠ 

SaaS 

ʀʥʪʝʛʨʘʮʠʷ ʩ Git 

ʠ/ʠʣʠ ʜʦʧ. 

ʬʫʥʢʮʠʦʥʘʣ 

ʩʠʩʪʝʤʳ c 

ʦʧʠʩʘʥʠʝʤ 

ʠʥʪʝʨʬʝʡʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʷʟʳʢʝ idl  

ʆʨʛʘʥʠʟʘʮʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ

ʠ 

Web-ʠʥʪʝʨʬʝʡʩ, 

ʧʦʯʪʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠ

ʝ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʦ ʤʦʜʝʣʠ 

SaaS ʯʝʨʝʟ 

web-

ʠʥʪʝʨʬʝʡʩ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʢʣʠʝʥʪʦʤ ʠ 

ʩʝʨʚʝʨʦʤ ʧʦ 

ʧʨʦʪʦʢʦʣʫ 

IIOP/GIOP 

 

ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʤ ʩʨʝʜʩʪʚʦʤ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʷʚʣʷʝʪʩʷ web-ʩʠʩʪʝʤʘ, ʚ ʚʠʜʫ ʩʚʦʝʡ ʧʨʦʩʪʦʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ. ʆʜʥʘʢʦ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ, ʚʢʣʶʯʘʶʱʝʡ ʥʝʩʢʦʣʴʢʦ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʙʦʣʴʰʝ ʧʦʜʭʦʜʠʪ ʯʘʩʪʥʦʝ 

ʦʙʣʘʢʦ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ, CORBA ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠʥʪʝʛʨʘʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ ʥʘ 

ʷʟʳʢʝ IDL. 

1.4. ʄʝʪʦʜʦʣʦʛʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʉɺʊ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʦʣʦʛʠʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʨʘʟʨʘʙʦʪʢʠ ʉʈʇ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʟʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʦʝʢʪʥʳʭ ʧʨʦʮʝʜʫʨ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ 
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ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʘʥʥʳʝ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʙʣʘʛʦʜʘʨʷ 

ʷʩʥʦʤʫ ʦʙʱʝʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʦʤʦʛʘʶʪ ʦʭʚʘʪʠʪʴ ʚʩʝ ʚʘʞʥʳʝ ʰʘʛʠ ʧʨʦʮʝʩʩʘ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

Workflow  ʤʝʪʦʜʦʣʦʛʠʷ 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʣʦʛʠʠ ʩʝʤʝʡʩʪʚʘ IDEF (Integrated DEFinition) [5] 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʩʠʩʪʝʤʳ, 

ʧʨʦʮʝʩʩʳ ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʟʘʜʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʪʦʜʦʣʦʛʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ IDEF3 (workflow diagramming). 

Workflow ʬʠʢʩʠʨʫʝʪ ʧʨʦʮʝʩʩ ʠ ʚʢʣʶʯʘʷ ʧʨʘʚʠʣʘ ʫʧʨʘʚʣʷʶʱʠʝ ʝʛʦ 

ʚʳʧʦʣʥʝʥʠʝʤ (ʛʨʘʬʠʢʠ, ʧʨʠʦʨʠʪʝʪʳ, ʤʘʨʰʨʫʪʳ, ʘʚʪʦʨʠʟʘʮʠʷ, ʫʨʦʚʝʥʴ 

ʩʝʢʨʝʪʥʦʩʪʠ ʠ ʨʦʣʴ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʧʨʦʮʝʩʩʘ). 

ʃʶʙʦʝ ʩʣʦʞʥʦʝ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʥʳʭ 

ʢʚʘʣʠʬʠʢʘʮʠʡ (ʠʥʞʝʥʝʨʦʚ-ʩʠʩʪʝʤʦʪʝʭʥʠʢʦʚ, ʩʭʝʤʦʪʝʭʥʠʢʦʚ, ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʪʦʧʦʣʦʛʠʠ, ʠʥʞʝʥʝʨʦʚ ʧʦ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʠʥʞʝʥʝʨʦʚ-ʪʝʩʪʠʨʦʚʱʠʢʦʚ). 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʠʪʴ ʟʘ ʧʨʦʮʝʩʩʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠ ʚ 

ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʛʜʝ ʠʤʝʥʥʦ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʰʝʣ ʧʦ 

ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʧʫʪʠ, ʠʟʤʝʥʠʪʴ ʝʛʦ ʠ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ.  

ʇʨʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ, ʚʢʣʶʯʘʶʱʠʝ RTL 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʭʝʤʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʣʞʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʚʪʦʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʝʡ ʠʣʠ ʚʩʝʛʦ ʧʨʦʝʢʪʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʧʦʣʥʷʪʴ 

ʨʘʙʦʪʫ ʠ ʫʧʨʘʚʣʷʪʴ ʝʝ ʧʨʦʮʝʩʩʦʤ. ɺ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ workþow, ʧʦʩʣʝ 

ʬʦʨʤʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ 

ʭʦʜʦʤ ʨʘʙʦʪʳ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʠ 

ʥʘʟʥʘʯʘʶʪʩʷ, ʜʝʣʝʛʠʨʫʶʪʩʷ ʟʘʜʘʯʠ ʠ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʧʨʦʛʨʝʩʩ ʚʳʧʦʣʥʝʥʠʷ [79]. 

ʌʦʨʤʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

1) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ, ʬʦʨʤʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩ; 

2) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʚʳʧʦʣʥʷʶʱʠʝ ʫʢʘʟʘʥʥʳʝ ʦʧʝʨʘʮʠʠ; 
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3) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʦʧʝʨʘʮʠʷʤʠ; 

4) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʥʝʰʥʠʭ ʩʦʙʳʪʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʭʦʜ ʧʨʦʮʝʩʩʘ, ʠ ʧʨʘʚʠʣ 

ʠʭ ʦʙʨʘʙʦʪʢʠ. 

ɹʘʟʦʚʳʝ ʧʦʥʷʪʠʷ ʪʝʭʥʦʣʦʛʠʠ workflow [79] ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.10. ʚ 

ʚʠʜʝ ʧʦʥʷʪʠʡʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

 

ʈʠʩ. 1.10. ʇʦʥʷʪʠʡʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʠ workflow  

ʕʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʙʲʝʢʪʘʤʠ ʚ ʪʘʢʦʡ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ: ʢʦʜ ʥʘ VHDL, ʰʘʙʣʦʥʳ 

ʉʌʃʄ, ʧʨʦʝʢʪʥʳʝ ʟʘʜʘʯʠ, ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ. ʋʚʝʜʦʤʣʝʥʠʝ ʦ ʧʦʩʪʘʥʦʚʢʝ 

ʧʨʦʝʢʪʥʦʡ ʟʘʜʘʯʠ, ʦʢʦʥʯʘʥʠʠ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ, ʟʘʧʨʦʩʝ ʧʦʠʩʢʘ 

ʰʘʙʣʦʥʘ ʉʌʃʄ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʜʨ. ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʦʙʳʪʠʡ ʚ workflow 

ʤʦʜʝʣʠ. ʀʩʧʦʣʥʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ, ʘʨʭʠʪʝʢʪʦʨʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʧʝʨʘʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʠʩʢ ʰʘʙʣʦʥʘ 

ʉʌʃʄ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʟʘʧʨʦʩ ʥʘ ʧʦʠʩʢ ʜʘʥʥʳʭ ʥʘ ʫʜʘʣʝʥʥʦʤ ʩʝʨʚʝʨʝ, ʩʦʟʜʘʥʠʝ 

ʰʘʙʣʦʥʘ ʉʌʃʄ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʦʧʠʩʘʥʠʷ ʥʘ VHDL, ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ 

ʠ ʥʘʟʥʘʯʝʥʠʝ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  

ʉʦʧʨʷʞʝʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʦʮʝʥʢʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʳʙʦʨʘ ʘʧʧʘʨʘʪʥʦʡ ʠʣʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 
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ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʧʨʦʝʢʪʘ. ɺ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʫʚʠʜʝʪʴ ʨʘʙʦʪʫ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉʦʧʨʷʞʝʥʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʠʭ ʠʩʪʦʯʥʠʢʘʭ [91, 113, 117]. 

ʇʨʦʮʝʩʩ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝ ʨʘʟʜʝʣʠʤ ʩ ʧʨʦʮʝʩʩʦʤ 

ʩʦʧʨʷʞʝʥʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʢʦʨʨʝʢʪʥʦʛʦ ʩʦʚʤʝʩʪʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɿʘʜʘʯʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ï ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʠ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʮʝʜʫʨʳ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ 

ʠʜʝʷʭ ʩʦʧʨʷʞʝʥʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ. 

ʊ.ʢ. ʩʠʩʪʝʤʘ ʥʘ ʢʨʠʩʪʘʣʣʝ ï ʠʟʜʝʣʠʝ ʥʝ ʪʦʣʴʢʦ ʦʯʝʥʴ ʩʣʦʞʥʦʝ, ʥʦ ʠ ʜʦʨʦʛʦʝ 

ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʚʳʧʫʩʢʘ, ʦʰʠʙʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʠʩʢʣʶʯʝʥʳ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ, ʢʨʦʤʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʵʪʘʧ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʘʟʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʧʣʘʪʬʦʨʤ, ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ ʥʘʟʳʚʘʶʪʩʷ ï 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʥʠ ʩʦʜʝʨʞʘʪ 

ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ: ʇʃʀʉ, ʧʨʦʮʝʩʩʦʨʥʳʝ ʷʜʨʘ, ʧʘʤʷʪʴ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʰʠʥʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʠʥʪʝʨʬʝʡʩʳ ʠ ʪ.ʜ., ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʧʨʦʪʦʪʠʧ ʩʭʝʤʳ ʜʦ 

ʝʝ ʚʦʧʣʦʱʝʥʠʷ ʚ ʉɹʀʉ. 

ʂʦʥʮʝʧʮʠʷ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʝʝ: 

1) ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʠ ʜʝʢʦʤʧʦʟʠʮʠʷ ʟʘʜʘʯ ʥʘ ʬʨʘʛʤʝʥʪʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʳ ʘʧʧʘʨʘʪʥʦ ʠ/ʠʣʠ 

ʧʨʦʛʨʘʤʤʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ. ʌʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʮʝʜʫʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʳʝ ʨʝʜʢʦ 

ʚʳʧʦʣʥʷʝʤʳʝ ʠʣʠ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʘʧʧʘʨʘʪʥʳʭ ʟʘʪʨʘʪ, ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʧʨʦʛʨʘʤʤʥʦ. ʅʘʧʨʠʤʝʨ, ʦʧʝʨʘʮʠʠ ʘʨʠʬʤʝʪʠʢʠ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ 
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ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʛʨʘʤʤʥʦ, ʘ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʠʬʝʨʠʝʡ ï 

ʘʧʧʘʨʘʪʥʦ;  

2) ɼʣʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʟʜʘʶʪʩʷ ʙʠʙʣʠʦʪʝʢʠ 

ʘʣʛʦʨʠʪʤʦʚ. ʆʙʲʝʢʪ ʚ ʪʘʢʠʭ ʙʠʙʣʠʦʪʝʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʫ 

ʩʦʜʝʨʞʘʱʫʶ ʟʘʜʘʯʫ, ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʩʪʨʫʢʪʫʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ HDL ʷʟʳʢʘʭ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ 

ʂʘʞʜʳʡ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʚʨʝʤʷ ʠʩʧʦʣʥʝʥʠʷ, ʟʘʪʨʘʪʳ ʧʘʤʷʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʝʩʫʨʩʳ 

ʤʠʢʨʦʩʭʝʤ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʠ; 

3) ʆʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʝʡ ʟʘʜʘʯʠ ʧʦ ʠʩʧʦʣʥʠʪʝʣʷʤ 

ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʦʧʨʝʜʝʣʝʥʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ, ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʜʘʯʠ. ɺ ʚʠʜʝ ʦʛʨʘʥʠʯʝʥʠʡ ʚʳʩʪʫʧʘʶʪ ʠʤʝʶʱʠʝʩʷ ʨʝʩʫʨʩʳ, 

ʪʘʢʠʝ ʢʘʢ ʧʘʤʷʪʴ, ʩʚʦʙʦʜʥʳʝ ʤʘʢʨʦʷʯʝʡʢʠ FPGA ʠ ʪ.ʜ. ɿʘʜʘʯʘ ʧʦʠʩʢʘ ʦʧʪʠʤʫʤʘ 

ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʚʠʜʫ ʪʦʛʦ ʯʪʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʨʝʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ çʪʦʯʥʳʤʠè ʤʝʪʦʜʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʝ ʵʚʨʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʧʝʨʝʙʦʨ ʠ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚʳʙʦʨʘ 

ʠʩʧʦʣʥʠʪʝʣʝʡ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʟʘʪʨʘʪʘʭ; 

4) ʈʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʪʝʨʬʝʡʩʘ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʦʤ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʤʦʜʫʣʝʤ, ʨʘʚʥʦ ʢʘʢ ʠ ʤʝʞʜʫ ʙʣʦʢʘʤʠ, 

ʚʢʣʶʯʘʝʤʳʤʠ ʚ ʘʧʧʘʨʘʪʥʫʶ ʯʘʩʪʴ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ, 

ʙʫʬʝʨʠʟʘʮʠʷ, ʚʟʘʠʤʥʦʝ ʦʧʦʚʝʱʝʥʠʝ ʠ ʚʟʘʠʤʥʦʝ ʙʣʦʢʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʦʮʝʜʫʨʳ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʧʧʘʨʘʪʥʦʡ ʙʘʟʳ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʦʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʫʪʝʤ ʢʦʤʧʣʝʢʩʥʦʡ ʦʪʣʘʜʢʠ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʦʷʚʣʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʡ ʚ ʪʨʘʢʪʦʚʢʝ ʧʨʠʯʠʥ ʠ ʠʩʪʦʯʥʠʢʦʚ ʦʪʢʣʦʥʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʦʪ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʠʣʠ ʦʞʠʜʘʝʤʳʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʘʧʧʘʨʘʪʥʳʤ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. 
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ʋʜʦʙʥʝʝ, ʯʪʦʙʳ ʩʪʳʢʦʚʢʘ ʧʨʦʠʟʦʰʣʘ ʢʘʢ ʤʦʞʥʦ ʨʘʥʴʰʝ, ʠ ʦʪʣʘʜʢʘ 

ʚr ʧʦʣʥʷʣʘʩʴ ʩʨʝʜʩʪʚʘʤʠ, ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʜʣʷ ʘʧʧʘʨʘʪʫʨʳ, ʠ ʜʣʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦ, ʯʪʦʙʳ ʵʪʠ ʩʨʝʜʩʪʚʘ ʙʳʣʠ ʦʜʠʥʘʢʦʚʦ 

ʫʜʦʙʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺʦʧʨʦʩʳ 

ʨʘʟʙʠʝʥʠʷ ʠʣʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʯ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʜʘʞʝ ʥʘ ʵʪʘʧʝ ʚʩʪʨʘʠʚʘʥʠʷ ʧʨʦʝʢʪʘ ʚ ʀʉ ʠʣʠ ʥʘ 

ʵʪʘʧʘʭ ʦʪʣʘʜʢʠ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. ʆʜʥʘʢʦ, ʯʝʤ ʧʦʟʞʝ, ʪʝʤ ʩʣʦʞʥʝʝ ʠ ʜʦʨʦʞʝ 

ʜʘʝʪʩʷ ʪʘʢʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  

ɺ ʚʠʜʝ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʤʝʪʦʜʦʣʦʛʠʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʚʳʜʝʣʷʶʪʩʷ: 

1) ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʪʨʝʙʦʚʘʥʠʡ;  

2) ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʜʦʚ ʚʳʙʦʨʘ ʢʦʥʮʝʧʮʠʡ (ʜʝʡʩʪʚʝʥʥʳʭ ʧʦʜʭʦʜʦʚ) ʜʣʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʢʪʘ;  

3) ʦʧʨʝʜʝʣʝʥʠʝ ʘʢʩʠʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʤʠʥʠʤʠʟʘʮʠʷ ʯʠʩʣʘ 

ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʳʯʠʩʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ; ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʧʦʨʷʜʢʝ ʠʭ ʚʘʞʥʦʩʪʠ;  

4) ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʘʚʠʣ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʠ 

ʜʝʣʷʱʠʝʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ. ɼʣʷ ʚʩʝʭ ʪʠʧʦʚ ʧʨʦʝʢʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʧʝʨʚʦʝ ʧʨʘʚʠʣʦ 

ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʪ.ʜ. ɺʪʦʨʦʝ ʧʨʘʚʠʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʩʠʥʪʝʟ ʧʨʘʚʠʣ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ [134]. 

ɼʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʫʧʨʘʚʣʷʝʤʦʡ 

ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʩʝʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ (ɸʈʄ), ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʦʩʪʫʧ ʢ ʦʙʱʝʡ ʙʘʟʝ ʧʨʦʝʢʪʦʚ. ɺ ʚʠʜʫ ʥʘʣʠʯʠʷ ʦʙʱʝʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ, ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʟʘʱʠʪʝ 
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ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʦʙʤʝʥʫ ʤʝʞʜʫ 

ʧʨʦʝʢʪʠʨʫʶʱʠʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ ʉɸʇʈ [138]. 

ʈʘʙʦʪʘ ʩ ʢʘʞʜʳʤ ʧʨʦʝʢʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʥʚʝʡʝʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʨʦʝʢʪʠʨʫʝʤʳʝ 

ʤʦʜʫʣʠ, ʦʙʨʘʟʫʶʱʠʝ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʫʶʱʠʝ ʧʨʦʝʢʪʥʳʝ 

ʧʨʦʮʝʜʫʨʳ, ʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʬʨʘʛʤʝʥʪʳ (ʫʟʣʳ, ʙʣʦʢʠ, 

ʜʝʪʘʣʠ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʢʦʤʧʦʟʠʮʠʠ ʦʙʲʝʢʪʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʉ ʧʝʨʝʭʦʜʦʤ ʚ ʪʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʨʘʙʦʯʫʶ ʩʨʝʜʫ ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʢʦʥʚʝʡʝʨʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [145]. 

ɺ ʩʣʫʯʘʝ ʧʨʦʝʢʪʥʳʭ ʧʨʦʮʝʜʫʨ ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʦʨʛʘʥʠʟʫʝʪʩʷ ʘʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʚ ʢʦʥʚʝʡʝʨʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʝ ʦʨʛʘʥʠʟʫʝʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ 

ʭʨʘʥʠʣʠʱʝ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʄʝʪʦʜʦʣʦʛʠʷ SOA (Service Oriented Architecture), ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʢʦʨʧʦʨʘʮʠʝʡ IBM [80], ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ. 

SOA ʦʧʠʩʳʚʘʝʪ ʥʘʙʦʨ ʙʠʟʥʝʩ-ʤʝʪʦʜʦʚ, ʤʝʪʦʜʦʚ ʧʨʦʮʝʩʩʘ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʉʝʨʚʠʩ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʣʘʛʘʝʪ ʛʠʙʢʫʶ ʨʘʙʦʪʫ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʫʪʝʤ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ. ɺ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ 

ʚʳʜʝʣʷʶʪʩʷ ñʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʫʩʣʫʛʘò ʠ ñʢʦʤʧʦʟʠʪʥʦʝ ʧʨʠʣʦʞʝʥʠʝò. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʫʩʣʫʛʘ (ʩʝʨʚʠʩ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʪʦʤʘʨʥʫʶ 

ʧʨʠʢʣʘʜʥʫʶ ʬʫʥʢʮʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʣʦʞʝʥʠʡ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʝʨʚʠʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

1) ʤʥʦʛʦʢʨʘʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ; 

2) ʦʧʠʩʘʥʠʝ ʫʩʣʫʛʘ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʠʥʪʝʨʬʝʡʩʘʤʠ; 
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3) ʩʣʘʙʘʷ ʩʚʷʟʘʥʥʦʩʪʴ ʫʩʣʫʛ ʤʝʞʜʫ ʩʦʙʦʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʳʟʳʚʘʝʪʩʷ 

ʚʳʟʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ. 

ʂʦʤʧʦʟʠʪʥʦʝ (ʩʦʩʪʘʚʥʦʝ) ʧʨʠʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦʝ 

ʨʝʰʝʥʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʦʝ ʩʚʷʟʳʚʘʝʪ ʣʦʛʠʢʫ ʧʨʦʮʝʩʩʘ ʩ 

ʠʩʪʦʯʥʠʢʘʤʠ ʜʘʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʫʛ. ʂʦʤʧʦʟʠʪʥʳʝ ʧʨʠʣʦʞʝʥʠʷ 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʧʨʦʮʝʩʩʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʙʲʝʜʠʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʵʪʘʧʳ, 

ʧʨʝʜʩʪʘʚʣʷʷ ʠʭ ʧʦʣʴʟʦʚʘʪʝʣʶ ʯʝʨʝʟ ʝʜʠʥʳʡ ʠʥʪʝʨʬʝʡʩ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʩʣʦʞʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ: 

1) ʧʨʠʤʝʥʷʪʴ ʨʘʟʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʪʦʢʦʣʳ ʠ ʩʪʘʥʜʘʨʪʳ 

ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʡ; 

2) ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʦʩʪʘʚʢʠ 

ʩʦʦʙʱʝʥʠʡ; 

3) ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ. 

SOA ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ ʢ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʚʳʯʠʩʣʝʥʠʷʤ ʠ ʠʥʪʝʛʨʘʮʠʠ: ʦʪ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʘʨʘʜʠʛʤʳ ʜʦ ʢʦʥʮʝʧʮʠʡ CORBA ʠ DCOM. 

ʂʦʥʮʝʧʮʠʠ SOA ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʆʧʠʰʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʡ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [108, 128, 134]. ʈʝʟʫʣʴʪʘʪ ʩʚʝʜʝʤ ʚ ʪʘʙʣ. 1.4. 

ʊʘʙʣʠʮʘ 1.4. ɺʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʇʦʢʘʟʘʪʝʣʴ ʄʝʪʦʜʦʣʦʛʠʷ 

IDEF3 

Workflow  

ʄʝʪʦʜʦʣʦʛʠʷ 

ʩʦʧʨʷʞʝʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥ

ʠ  ̫

ʄʝʪʦʜʦʣʦʛʠʷ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠ

ʷ  

Concurrent  

Engineering 

(ʉɽ-

ʧʨʦʝʢʪʠʨʦʚʘʥʠ

ʝ) 

ʄʝʪʦʜʦʣʦʛʠʷ 

ʩʝʨʚʠʩʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥ

ʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ 

(ʉʆɸ) 

ʇʦʜʜʝʨʞʢʘ 

ʢʦʣʣʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳ

ʭ ʧʨʦʮʝʩʩʦʚ 

ʇʫʪʝʤ 

ʢʦʦʨʜʠʥʠʨʦ

ʚʘʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪ

ʚʠʷ ʥʘʙʦʨʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥ

ʇʫʪʝʤ 

ʦʧʪʠʤʘʣʴʥʦʛ

ʦ 

ʨʘʩʧʨʝʜʝʣʝʥ

ʠʝ ʯʘʩʪʝʡ 

ʟʘʜʘʯʠ ʧʦ 

ʇʫʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʥʦʞʝʩʪʚʘ 

ʢʦʥʚʝʡʝʨʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥ

ʠʷ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʇʫʪʝʤ 

ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ 

ʤʝʞʜʫ 

ʥʝʟʘʚʠʩʠʤʦ 
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ʥʳʭ 

ʨʝʩʫʨʩʦʚ 

ʠʩʧʦʣʥʠʪʝʣʷ

ʤ  

ʨʘʙʦʯʫʶ 

ʩʨʝʜʫ  

ʜʝʡʩʪʚʫʶʱʠ

ʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ  

ɼʝʢʦʤʧʦʟʠʮʠʷ  ʇʨʦʝʢʪʥʳʝ 

ʨʘʙʦʪʳ 

ʏʘʩʪʠ 

ʧʨʦʝʢʪʘ 

ʅʝʪ ʇʨʦʛʨʘʤʤʥʳ

ʝ 

ʢʦʤʧʦʥʝʥʪʳ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʘʜʘʯ ʤʝʞʜʫ 

ʠʩʧʦʣʥʠʪʝʣʷʤʠ 

ɼʘ ɼʘ ɼʘ ʅʝʪ 

ʇʘʨʘʣʣʝʣʴʥʘʷ 

ʨʘʙʦʪʘ ʥʘʜ 

ʥʝʩʢʦʣʴʢʠʤʠ 

ʨʝʰʝʥʠʷʤʠ 

ɼʘ ɼʘ ɼʘ ɼʘ 

ʄʥʦʛʦʢʨʘʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ɼʘ ɼʘ ʅʝʪ ɼʘ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ 

ʫʧʨʘʚʣʝʥʠʷ 

ʆʧʝʨʘʪʠʚʥʦ

ʩʪʴ, 

ʙʳʩʪʨʦʪʘ ʠ 

ʢʦʤʧʝʪʝʥʪʥʦ

ʩʪʴ, 

ʧʦʩʪʦʷʥʥʳʡ 

ʜʦʩʪʫʧ ʢ 

ʠʥʬʦʨʤʘʮʠʠ 

ʉʦʢʨʘʱʝʥʠʝ 

ʚʨʝʤʝʥʥʳʭ 

ʟʘʪʨʘʪ ʠ 

ʫʤʝʥʴʰʝʥʠʝ 

ʯʠʩʣʘ 

ʠʪʝʨʘʮʠʡ 

ʕʢʦʥʦʤʠʷ 

ʚʨʝʤʝʥʠ 

(ʚʨʝʤʷ ʦʪ ʠʜʝʠ 

ʜʦ ʨʳʥʢʘ 

ʩʦʢʨʘʱʘʝʪʩʷ 

ʥʘ 25-50%), 

ʩʨʝʜʩʪʚʘ ʟʘ 

ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ 

ʠʟʜʝʣʠʡ, 

ʩʦʢʨʘʱʝʥʠʝ 

ʠʟʤʝʥʝʥʠʡ (ʚ 

2-3 ʨʘʟʘ), 

ʚʥʦʩʠʤʳʭ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ 

ʥʘ ʩʪʘʜʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʊʝʩʥʦʝ 

ʚʥʫʪʨʝʥʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪ

ʚʠʝ ʩʝʨʚʠʩʦʚ, 

ʫʣʫʯʰʝʥʠʝ 

ʧʨʦʮʝʩʩʘ 

ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʨʘʙʦʪ 

ʧʦʜʨʘʟʜʝʣʝʥ

ʠʡ, 

ʧʦʚʳʰʝʥʠʝ 

ʛʠʙʢʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʠ, 

ʩʦʢʨʘʱʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʥʘ 

IT-

ʧʦʜʨʘʟʜʝʣʝʥ

ʠ ̫

ʆʨʛʘʥʠʟʘʮʠʷ 

ʨʘʙʦʪʳ 

ʅʘʛʣʷʜʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥ

ʠʝ ʢʦʥʪʝʢʩʪʘ 

ʢʘʞʜʦʡ 

ʟʘʜʘʯʠ, 

ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʷʚʣʷʪʴ 

ʛʠʙʢʦʩʪʴ ʚ 

ʨʘʙʦʪʝ, 

ʙʳʩʪʨʦʪʫ 

ʠʩʧʦʣʥʝʥʠʷ 

ʇʨʦʚʝʜʝʥʠʝ 

ʘʥʘʣʠʟʘ ʠ 

ʜʝʢʦʤʧʦʟʠʮʠ

ʷ ʟʘʜʘʯ ʥʘ 

ʬʨʘʛʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ 

ʨʝʘʣʠʟʦʚʘʥʳ 

ʘʧʧʘʨʘʪʥʦ 

ʠ/ʠʣʠ 

ʧʨʦʛʨʘʤʤʥʦ 

ʀʩʧʦʣʴʟʦʚʘʥʠ

ʝ ʧʨʦʝʢʪʥʳʭ 

ʜʘʥʥʳʭ, ʩ 

ʨʘʥʥʠʭ ʩʪʘʜʠʡ 

ʧʨʦʝʢʪʠʨʦʚʘʥ

ʠʷ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʟʣʠʯʥʳʤʠ 

ʛʨʫʧʧʘʤʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʀʩʧʦʣʴʟʦʚʘʥ

ʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥ

ʥʳʭ, ʩʣʘʙʦ 

ʩʚʷʟʘʥʥʳʭ 

ʟʘʤʝʥʷʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ

, 

ʦʩʥʘʱʝʥʥʳʭ 

ʩʪʘʥʜʘʨʪʠʟʠʨ

ʦʚʘʥʥʳʤʠ 
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ʠʥʪʝʨʬʝʡʩʘʤ

ʠ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪ

ʚʠʷ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʠʨ

ʦʚʘʥʥʳʤ 

ʧʨʦʪʦʢʦʣʘʤ 

ʂʦʥʪʨʦʣʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ

ʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʜʘʯ 

ʇʦʚʳʰʝʥʠʝ 

ʢʦʥʬʠʜʝʥʮʠ

ʘʣʴʥʦʩʪʠ ʠ 

ʢʦʥʪʨʦʣʷ 

ʜʦʩʪʫʧʘ 

ʅʝʪ ʇʦʚʳʰʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʙʝʩʧʝʯʝʥʠʶ 

ʟʘʱʠʪʳ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨ

ʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ 

ʧʨʦʝʢʪʥʳʤ 

ʜʘʥʥʳʤ, ʘ 

ʪʘʢʞʝ ʢ 

ʩʦʙʣʶʜʝʥʠʶ 

ʨʝʛʣʘʤʝʥʪʠʨʦ

ʚʘʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥ

ʥʳʭ ʦʙʤʝʥʦʚ 

ʤʝʞʜʫ 

ʧʨʦʝʢʪʠʨʫʶʱ

ʠʤʠ 

ʧʦʜʩʠʩʪʝʤʘʤʠ 

ʋʜʦʚʣʝʪʚʦʨʝ

ʥʠʝ ʧʦʣʠʪʠʢʝ 

ʠ 

ʪʨʝʙʦʚʘʥʠʷʤ 

ʢ ʢʘʯʝʩʪʚʫ 

ʩʝʨʚʠʩʘ. 

ʆʙʝʩʧʝʯʝʥʠʝ 

ʤʘʩʰʪʘʙʠʨʫʝ

ʤʦʩʪʠ, 

ʥʘʜʝʞʥʦʩʪʠ, 

ʩʦʙʣʶʜʝʥʠʷ 

ʩʦʛʣʘʰʝʥʠʷ 

ʦʙ ʫʨʦʚʥʝ 

ʦʙʩʣʫʞʠʚʘʥʠ

 ̫

ʋʧʨʦʱʝʥʠʝ 

ʨʘʙʦʪʳ ʩ 

ʜʘʥʥʳʤʠ 

ʋʜʘʣʝʥʥʦʝ 

ʭʨʘʥʝʥʠʝ 

ʜʘʥʥʳʭ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥ

ʠʝ ʠʭ 

ʧʦʩʨʝʜʩʪʚʦʤ 

ʀʥʪʝʨʥʝʪʘ 

ʉʦʟʜʘʥʠʝ 

ʙʠʙʣʠʦʪʝʢ 

ʘʣʛʦʨʠʪʤʦʚ 

ʈʘʩʧʨʝʜʝʣʝʥʥ

ʘʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʠʥʭʨʦʥʠʟʘʮʠ

ʶ, 

ʦʧʪʠʤʘʣʴʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʠ ʦʙʨʘʙʦʪʢʫ 

ʠʥʬʦʨʤʘʮʠʠ 

ʆʨʠʝʥʪʠʨʦʚʘ

ʥʥʦʩʪʴ ʥʘ 

ʙʠʟʥʝʩ, 

ʘʨʭʠʪʝʢʪʫʨʥ

ʳʡ ʧʦʜʭʦʜ, 

ʦʙʝʩʧʝʯʠʚʘʶ

ʱʠʡ 

ʠʥʪʝʛʨʘʮʠʶ 

ʠ ʧʦʚʪʦʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥ

ʠʝ 

ʧʨʦʮʝʩʩʦʚ ʠ 

ʩʝʨʚʠʩʦʚ 

 

ɼʦʢʫʤʝʥʪʠʨʦʚʘ

ʥʠʝ ʠ ʩʣʝʞʝʥʠʝ 

ʟʘ ʪʦʯʥʳʤ 

ʠʩʧʦʣʥʝʥʠʝʤ 

ʆʩʫʱʝʩʪʚʣʷ

ʝʪʩʷ, ʢʘʢ 

ʟʘʧʣʘʥʠʨʦʚʘ

ʥʦ 

ʅʝʪ ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʦʝʢʪʘ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʦʥʠʪʦʨʠʥʛ ʠ 

ɿʘʚʠʩʠʪ ʦʪ 

ʬʫʥʢʮʠʦʥʘʣʘ 

ʩʝʨʚʠʩʘ 
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ʨʫʢʦʚʦʜʩʪʚʦ

ʤ ʩ ʫʯʝʪʦʤ 

ʚʩʝʭ 

ʪʨʝʙʦʚʘʥʠʡ 

ʢʦʥʪʨʦʣʴ 

ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʝʢʪʘ 

ʋʧʨʘʚʣʝʥʠʝ 

ʧʨʦʮʝʩʩʦʤ 

ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ 

ɺʤʝʰʘʪʝʣʴʩ

ʪʚʦ ʪʦʣʴʢʦ ʚ 

ʩʣʫʯʘʝ 

ʠʩʧʨʘʚʣʝʥʠʷ 

ʩʙʦʝʚ ʠʣʠ 

ʧʦʩʣʝʜʩʪʚʠʡ 

ʥʝʧʨʘʚʠʣʴʥʦ

ʛʦ 

ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʙʦʪʦʡ 

ʇʨʠ 

ʧʦʷʚʣʝʥʠʠ 

ʧʨʦʪʠʚʦʨʝʯʠ

ʡ 

ʦʩʫʱʝʩʪʚʣʷʝ

ʪʩʷ 

ʧʝʨʝʨʘʩʧʨʝʜʝ

ʣʝʥʠʶ 

ʬʫʥʢʮʠʡ 

ʤʝʞʜʫ 

ʘʧʧʘʨʘʪʥʳʤ 

ʠ 

ʧʨʦʛʨʘʤʤʥʳ

ʤ 

ʦʙʝʩʧʝʯʝʥʠʝ

ʤ 

ɺʤʝʰʘʪʝʣʴʩʪʚ

ʦ ʪʦʣʴʢʦ ʚ 

ʩʣʫʯʘʝ 

ʧʨʦʚʝʜʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥ

ʥʳʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʩ 

ʮʝʣʴʶ 

ʠʟʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢ

ʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʣʠ 

ʤʦʜʠʬʠʢʘʮʠʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥ

ʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʌʦʨʤʠʨʦʚʘʥ

ʠʝ ʙʣʦʯʥʦʡ 

ʩʠʩʪʝʤʳ, ʚ 

ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ 

ʩʦʙʠʨʘʪʴ ʠʟ 

ʙʣʦʢʦʚ-

ʩʝʨʚʠʩʦʚ 

ʪʨʝʙʫʝʤʦʝ 

ʢʦʤʧʣʝʢʩʥʦʝ 

ʀʊ-ʨʝʰʝʥʠʝ, 

çʩʢʣʝʠʚʘʷè 

ʠʭ ʤʝʞʜʫ 

ʩʦʙʦʡ. 

ʈʘʟʤʝʨ 

ʩʝʨʚʠʩʘ ʥʝ 

ʜʦʣʞʝʥ 

ʩʜʝʨʞʠʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʠ 

ʜʦʣʞʝʥ ʙʳʪʴ 

ʪʘʢʠʤ, ʯʪʦʙʳ 

ʠʤ ʤʦʞʥʦ 

ʙʳʣʦ 

ʩʚʦʙʦʜʥʦ 

ʦʧʝʨʠʨʦʚʘʪʴ 

ʥʘ ʫʨʦʚʥʝ 

ʠʟʤʝʥʷʝʤʳʭ 

ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ. 
 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʣʦʛʠʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ 

ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ 

ʩʠʩʪʝʤʳ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʦ ʜʝʡʩʪʚʫʶʱʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ.  

1.5. ʄʥʦʛʦʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

çʫʤʥʳʭè ʩʨʝʜ (smart environments) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʆʜʥʦʡ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 

ʚʝʜʫʱʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʰʠʨʦʢʠʤ 

ʚʥʝʜʨʝʥʠʝʤ CAD/CAM/CAE/PDM ʠ CALS ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʠʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ [157]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʠʜʝʠ ʧʨʦʛʨʘʤʤʥʳʭ ʘʛʝʥʪʦʚ ʚʳʜʝʣʷʝʪʩʷ 

ʜʝʣʝʛʠʨʦʚʘʥʠʝ ʧʦʣʥʦʤʦʯʠʡ, ʪ.ʝ. ʘʛʝʥʪʳ ʚʳʧʦʣʥʷʶʪ ʩʚʦʶ ʨʘʙʦʪʫ ʚ ʬʦʥʦʚʦʤ 

ʨʝʞʠʤʝ ʦʪ ʣʠʮʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʛʝʥʪʦʚ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʠʡ ʠ ʫʩʪʘʥʦʚʦʢ. ʊʘʢʞʝ 

ʘʛʝʥʪ ʜʦʣʞʝʥ ʚʦʟʚʨʘʱʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚʦ ʚʥʝʰʥʝʡ 

ʩʨʝʜʝ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ. ʄʥʦʛʦʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ 

(ʄɸʉ) ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʛʜʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʘʛʝʥʪʳ (ʦʙʱʘʶʪʩʷ, ʢʦʦʧʝʨʠʨʫʶʪʩʷ ʠ 

ʜʦʛʦʚʘʨʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ) ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʥʠʤʠ ʟʘʜʘʯ. 

ʄɸʉ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʘʛʝʥʪʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ, 

ʦʙʣʘʜʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʩʦʚʤʝʩʪʥʳʭ ʜʝʡʩʪʚʠʡ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʢʣʘʩʩʘ 

ʩʠʩʪʝʤ:  

1) ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʄɸʉ ʩ ñʚʳʩʦʢʦʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠò ʘʛʝʥʪʘʤʠ; 

2) ʄɸʉ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ñʛʨʫʧʧʦʚʦʤ ʨʘʟʫʤʝò (swarm intelligence).  

ɺ ʧʝʨʚʦʤ ʢʣʘʩʩʝ, ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʩʠʩʪʝʤʘʤ, ʚ 

ʢʦʪʦʨʳʭ ʥʘ ʦʪʜʝʣʴʥʦʤ ʩʝʨʚʝʨʝ ʥʘʭʦʜʷʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʛʝʥʪʦʚ 

(ʝʜʠʥʠʮʳ, ʜʝʩʷʪʢʠ), ʠ ʢʘʞʜʳʡ ʠʟ ʘʛʝʥʪʦʚ ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʦʡ ʣʦʛʠʢʦʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʝʞʤʘʰʠʥʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ.  

ɺʦ ʚʪʦʨʦʤ ʢʣʘʩʩʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʜʥʦʤʫ ʩʝʨʚʝʨʫ, ʩʦʜʝʨʞʘʱʝʤʫ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʛʝʥʪʦʚ [7,11] (ʪʳʩʷʯʠ, ʜʝʩʷʪʢʠ ʪʳʩʷʯ). ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʘʛʝʥʪ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʦʙʲʝʢʪʦʤ ʠ ʨʝʘʣʠʟʫʝʪ ʧʨʦʩʪʳʝ ʘʣʛʦʨʠʪʤʳ 
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ʧʝʨʝʛʦʚʦʨʦʚ. ʇʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ ʘʛʝʥʪʦʚ ʨʝʰʘʶʪʩʷ ʩʣʦʞʥʳʝ 

ʟʘʜʘʯʠ.  

ʆʙʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.11. 

 

ʈʠʩ. 1.11. ɸʨʭʠʪʝʢʪʫʨʘ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ 

ʄʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ 

ʄʝʪʦʜʦʣʦʛʠʠ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʩʪʘʜʠʷʭ 

ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ. ɺʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʢʣʘʩʩʘ 

ʤʝʪʦʜʦʣʦʛʠʡ: ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʘʭ ʠ 

ʪʝʭʥʦʣʦʛʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʰʠʨʝʥʠʡ (Agent UML, P2P 

Agent Platform), ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʥʞʝʥʝʨʠʠ ʟʥʘʥʠʡ (MAS-

Common KADS), ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ (Gaia, ʇɺ-ʩʝʪʠ, ʄ-ʘʨʭʠʪʝʢʪʫʨʘ), ʢʦʤʙʠʥʠʨʫʶʱʠʝ ʚ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʠ ʤʝʪʦʜʳ ʪʨʝʭ ʧʝʨʚʳʭ ʢʣʘʩʩʦʚ (Tropos, PASSI, Prometeus). 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʩʪʘʜʠʷʭ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪ ʩʚʦʠ ʤʦʜʝʣʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʦʤʫ ʫʨʦʚʥʶ ʜʝʪʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜ: ʬʨʝʡʤʚʦʨʢʠ (JADE) ʠ ʩʨʝʜʳ 

ʨʘʟʨʘʙʦʪʢʠ (Zeus, Agent Builder). 
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ʄʝʪʦʜʦʣʦʛʠʷ ʜʣʷ ʘʛʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

Gaia ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʱʠʡ ʤʝʪʦʜ - ʧʨʠʛʦʜʥʳʡ ʢ ʰʠʨʦʢʦʤʫ ʨʷʜʫ 

ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ 

(ʦʙʱʝʩʪʚʘ), ʪʘʢ ʠ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ (ʘʛʝʥʪ) ʩʠʩʪʝʤʳ. Gaia ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ 

ʤʥʦʛʦʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ï ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʨʦʣʝʡ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ Gaia-ʤʝʪʦʜʦʣʦʛʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.12. 

 

ʈʠʩ. 1.12. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ Gaia-ʤʝʪʦʜʦʣʦʛʠʠ 

ʉɸʇʈ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʥʦʛʦʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʚ ʉɸʇʈ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ 

[105,107,131,133]. 

ʇʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʄɸʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ 

ʩʪʦʠʤʦʩʪʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʤʦʜʫʣʴʥʦʩʪʠ, 

ʦʪʢʨʳʪʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʄʥʦʛʦʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʩʮʝʥʘʨʠʝʚ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʦʣʴʰʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ. ɸʛʝʥʪʳ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʷʟʳʢʦʚ Java, PHP ʠ ʜʨ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʷʟʳʢʦʚ ʦʙʣʝʛʯʘʝʪ ʧʦʜʜʝʨʞʢʫ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʩʠʩʪʝʤ. ʕʪʠ ʷʟʳʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʘʩʠʥʭʨʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʫʜʘʣʝʥʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʧʨʠʣʦʞʝʥʠʡ. 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʄɸʉ, ʦʩʥʦʚʘʥʥʳʭ ʢʘʢ ʥʘ ʩʪʘʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ: DCOM (Microsoft Distributed Component 

Object Model), Java RMI (Java Remote Method Invocation) ʠ CORBA (Common 

Object Request Broker Architecture) [132]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʉɸʇʈ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʥʝʪ/ʠʥʪʨʘʥʝʪ ʨʝʰʝʥʠʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʤʧʦʥʝʥʪʳ ʉɸʇʈ 

(ʢʣʠʝʥʪʳ) ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʰʠʥʳ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʢʦʛʦ ʫʨʦʚʥʷè. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʝ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1.13. 

 

ʈʠʩ. 1.13. ɸʨʭʠʪʝʢʪʫʨʘ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʉʈʇ 

ʉʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʱʠʝ ʤʥʦʛʦʘʛʝʥʪʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [105, 107] ʚ ʦʩʥʦʚʥʦʤ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʩʚʷʟʘʥʥʳʭ 

ʩ ʧʨʦʮʝʩʩʘʤʠ ʨʘʩʯʝʪʘ, ʧʦʠʩʢʘ ʜʘʥʥʳʭ, ʦʬʦʨʤʣʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʨʝʰʝʥʠʷ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠʟʜʝʣʠʡ, ʦʪ 

ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʢʘʟʘ ʜʦ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ. ɸʛʝʥʪʳ ʦʙʣʘʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴʶ 
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ʩʠʥʪʝʟʘ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʠʤʠ ʦʙʲʝʢʪʦʚ ʠ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʤʝʥʪʦʚ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʊʘʢʞʝ ʘʛʝʥʪ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʤʘʢʨʦʤʦʜʝʣʝʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘʭ ʝʩʪʴ 

ʧʦʜʜʝʨʞʢʘ ʨʘʙʦʪʳ ʛʨʫʧʧ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʫʜʘʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ɺ ʚʠʜʫ ʵʪʦʛʦ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʉʌʃʄ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʷʟʳʢʠ ʦʧʠʩʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ VHDL. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʝʥʝʨʘʮʠʶ ʪʝʢʩʪʦʚʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʥʘ ʷʟʳʢʝ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʦʥʷʪʝʥ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ, ʠ ʛʝʥʝʨʘʮʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʜʦʚ, ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝ ʥʫʞʥʦ ʧʨʠʚʣʝʢʘʪʴ ʧʨʦʛʨʘʤʤʠʩʪʦʚ. ʅʦʚʳʡ ʧʦʜʭʦʜ ʜʦʣʞʝʥ 

ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʠʥʦʡ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʉʌʃʄ. ʈʝʰʝʥʠʝ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʢʦʦʧʝʨʘʮʠʠ ʠ 

ʢʦʥʢʫʨʝʥʮʠʠ ʚʥʫʪʨʠ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʨʦʣʴ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, ʚ 

ʦʩʥʦʚʥʦʤ, ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʝʩʣʠ 

ʥʝʦʙʭʦʜʠʤʦʝ ʨʝʰʝʥʠʝ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

ʇʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʪʘʙʣ. 1.5 ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩ 

ʦʧʠʩʘʥʠʝʤ ʠʭ ʪʠʧʘ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ [80, 8, 23, 104, 116, 131]. 

ʊʘʙʣʠʮʘ 1.5. ʇʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ 

ʇʦʢʘʟʘʪʝʣʴ WebCADby

Features 

WebCAPP 

WebTurning  

DESO ʉɸʇʈ 

ɺɸʃ 

LOD INFELT 

STEP 

ʊʠʧ 

ʩʠʩʪʝʤʳ 

ɸʚʪʦʤʘʪʠʟ

ʠʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ 

ʪʝʭʥʦʣʦʛʠʯ

ʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪ

ʚʘ 

ʄʥʦʛʦʢʦʤʧʦ

ʥʝʥʪʥʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥ

ʘʷ ʉɸʇʈ ʥʘ 

ʦʩʥʦʚʝ 

ʢʦʥʮʝʧʮʠʠ 

ʧʘʨʘʣʣʝʣʴʥʦʛ

ʦ 

ʠʥʞʠʥʠʨʠʥʛʘ 

ʉɸʇʈ 

ʪʝʭʥʦʣʦʛ

ʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ 

ʉɸʇʈ 3D 

ʧʨʦʝʢʪʠʨ

ʦʚʘʥʠʷ 

[8] 

ɸʚʪʦʤʘʪʠʟʠ

ʨʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ 

ʧʣʘʥʠʨʦʚʘʥ

ʠ ̫

ʧʨʦʮʝʩʩʦʚ 

ʇʦʜʜʝʨʞʢ

ʘ 

ɼʘ ɼʘ ʅʝʪ ɼʘ ɼʘ 
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ʧʘʨʘʣʣʝʣʴ

ʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦ

ʚʘʥʠʷ 

ɺʦʟʤʦʞʥʦ

ʩʪʴ 

ʬʫʥʢʮʠʦʥʘ

ʣʴʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠ

ʷ ʘʛʝʥʪʦʚ 

ʧʦʣʴʟʦʚʘʪʝ

ʣʷʤʠ  

ʅʝʪ ɼʘ ɼʘ ʅʝʪ ʅʝʪ 

ʉʨʝʜʩʪʚʘ  

ʨʘʟʨʘʙʦʪʢʠ 

ʘʨʭʠʪʝʢʪʫ

ʨʳ ʠ 

ʚʟʘʠʤʦʜʝʡ

ʩʪʚʠʷ 

ʤʝʞʜʫ 

ʫʜʘʣʝʥʥʳʤ

ʠ 

ʦʙʲʝʢʪʘʤʠ 

Virtual  

Reality 

Markup 

Language 

(VRML),  

Java Agent 

Template 

Lite 

(JATLite) 

CORBA, 

DCOM, 

ActiveX ʠ 

Java 

JADE JADE ʇʣʘʪʬʦʨʤʘ 

ʨʘʟʨʘʙʦʪʘʥʘ 

ʩ ʧʦʤʦʱʴʶ 

Visual 

Studio 2010 

ʠ SQL 

Server 2008.  

ɸʛʝʥʪʳ 

ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʥʘ 

ʦʩʥʦʚʝ 

ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘ

ʥʥʦʡ 

ʢʦʥʮʝʧʮʠʡ. 

ɿʘʜʘʯʠ 

ʨʝʰʘʝʤʳʝ 

ʩʠʩʪʝʤʦʡ 

ɼʠʩʪʘʥʮʠʦ

ʥʥʦʝ 

ʠʟʛʦʪʦʚʣʝʥ

ʠʝ 

ʮʠʣʠʥʜʨʠʯ

ʝʩʢʠʭ 

ʜʝʪʘʣʝʡ 

ʯʝʨʝʟ 

ʀʥʪʝʨʥʝʪ 

[4] 

ʉʨʝʜʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥ

ʠʷ 

ʩʪʨʫʢʪʫʨʠʨʦʚ

ʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ 

ʧʨʝʜʥʘʟʥʘʯʝʥ

ʘ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥ

ʠʷ ʛʠʙʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝ

ʥʥʳʭ ʩʠʩʪʝʤ 

[131,133] 

ʊʝʭʥʦʣʦ

ʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ 

ʢʦʚʢʠ 

ʩʪʫʧʝʥʯʘ

ʪʳʭ 

ʚʘʣʦʚ 

[116] 

Cʦʚʤʝʩʪʥ

ʦʝ 3D-

ʧʨʦʝʢʪʠʨ

ʦʚʘʥʠʝ, 

ʠʩʧʦʣʴʟʫ

ʷ ʤʦʜʝʣʴ 

ʧʨʦʜʫʢʪʘ 

ʥʘ 

ʨʘʟʣʠʯʥʳ

ʭ ʫʨʦʚʥʷʭ 

ʜʝʪʘʣʠʟʘʮ

ʠʠ LOD 

[108] 

ʇʨʦʚʝʜʝʥʠʝ 

ʪʝʤʘʪʠʯʝʩʢʦ

ʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠ

ʷ. 

ʆʪʦʙʨʘʞʝʥʠ

ʝ 

ʛʝʦʤʝʪʨʠʯʝʩ

ʢʠʭ ʜʘʥʥʳʭ 

ʬʦʨʤʘʪʘ. 

DXF ʚ ʚʠʜʝ 

ʩʪʘʥʜʘʨʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ 

STEP ʠ 

ʥʘʦʙʦʨʦʪ 

[3,20,23] 
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ʂʦʥʮʝʧʮʠʷ 

ʷʟʳʢʘ 

ʘʛʝʥʪʦʚ 

ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ 

ʤʦʜʝʣʝʡ 

ʚʟʘʠʤʦʜʝʡ

ʩʪʚʠʷ 

KQML KQML FIPA-

ACL 

FIPA-

ACL 

KQML 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʪʦʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʠ ʢʦʥʮʝʧʮʠʡ ʘʨʭʠʪʝʢʪʫʨʳ ʄɸʉ ʠ ʥʘʣʠʯʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʮʝʧʮʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʤʝʥʝʥʠʝ 

ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʉɸʇʈ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ. 

1.6. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʨʦʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʣʦʛʠʡ, ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʧʠʩʘʥʠʷ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʷʟʳʢʝ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ. 

1. ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʩʦʚʨʝʤʝʥʥʳʝ web-ʪʝʭʥʦʣʦʛʠʠ ʩ ʮʝʣʴʶ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

2. ʆʪʩʫʪʩʪʚʠʝ ʩʚʦʡʩʪʚʘ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ ʫ ʩʠʩʪʝʤ ʪʠʧʘ ECAD 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʪʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

3. ʆʪʩʫʪʩʪʚʠʝ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʠ 

ʟʘʜʘʯʘʤʠ, ʘ ʪʘʢʞʝ ʠʭ ʨʝʰʝʥʠʷʤʠ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʜʝʣʝʥʠʶ 

ʚʥʠʤʘʥʠʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ 

ʩʠʩʪʝʤ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʜʦʙʥʳʭ, ʪ.ʢ. ʷʚʣʷʷʩʴ ʦʪʜʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʥʠ ʤʦʛʫʪ 

ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʫ ʢʦʤʧʘʥʠʠ ʚ ʚʠʜʫ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʪʨʘʪ ʜʣʷ ʝʝ ʧʦʢʫʧʢʠ, ʫʩʪʘʥʦʚʢʠ 

ʠ ʥʘʩʪʨʦʡʢʠ. 

4. ʆʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʩ 

ʮʝʣʴʶ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʨʝʰʝʥʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ñʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʛʦʪʦʚʦʢò. 
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5. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʠʧʘ ECAD ʦʙʣʘʜʘʶʪ 

ʭʦʨʦʰʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʭ ʨʘʙʦʪʳ, 

ʥʦ ʷʚʣʷʶʪʩʷ ʟʘʢʨʳʪʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʠ ʧʦʵʪʦʤʫ ʠʥʪʝʛʨʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʨʝʰʝʥʠʡ ʚ ʚʠʜʝ ʧʣʘʛʠʥʦʚ ʦʩʪʘʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ ʚ ʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ API ʩʠʩʪʝʤʳ. 

6. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ECAD ʩʠʩʪʝʤʘʭ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʘʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ ʙʠʙʣʠʦʪʝʢ ʵʣʝʤʝʥʪʦʚ ʠ ʰʘʙʣʦʥʦʚ ʦʧʠʩʘʥʠʡ HDL 

ʩʪʨʫʢʪʫʨ, ʦʩʪʘʚʣʝʥʳ ʙʝʟ ʚʥʠʤʘʥʠʷ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʘʙʣʦʥʦʚ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʟ HDL-ʦʧʠʩʘʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʝʜʠʥʦʡ ʬʦʨʤʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

7. ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ECAD ʩʠʩʪʝʤʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ   

ʩʦʩʪʘʚʣʷʶʱʘʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʚ ʚʠʜʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʥʪʝʨʬʝʡʩʦʚ, ʦʧʠʩʘʥʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʪʨʫʢʪʫʨ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʩʬʦʨʤʫʣʠʨʫʝʤ ʦʩʥʦʚʥʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʟʘʜʘʯʠ. 

1. ɸʥʘʣʠʟ ʤʝʪʦʜʦʣʦʛʠʡ, ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ 

ʉʈʇ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʥʘ ʷʟʳʢʝ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ 

VHDL ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ.  

3. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉʈʇ) ʉʌʃʄ ʥʘ ʙʘʟʝ ʮʚʝʪʥʳʭ ʩʝʪʝʡ ʇʝʪʨʠ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʘʥʘʣʠʟʘ ʥʘ ʝʝ ʦʩʥʦʚʝ ʩ ʮʝʣʴʶ ʚʝʨʠʬʠʢʘʮʠʠ ʉʈʇ, ʧʨʦʚʝʨʢʠ ʩʮʝʥʘʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʛʝʥʪʦʚ ʉʈʇ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠ ʧʨʦʮʝʩʩʦʤ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʠʥʪʝʟʘ ʠ ʧʦʠʩʢʘ ʉʌʃʄ ʚ ʉʈʇ. 
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6. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʧʝʨʠʨʫʷ ʦʙʲʝʢʪʘʤʠ ʉʌʃʄ, 

ʥʘʭʦʜʷʩʴ ʥʘ ʫʜʘʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

1.7. ɺʳʚʦʜʳ 

1. ʂʦʣʣʝʢʪʠʚʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ 

ʨʘʙʦʪʫ ʥʘʜ ʧʨʦʝʢʪʦʤ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ, ʢʘʢ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, ʪʘʢ ʠ ʥʘ ʫʜʘʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʧʨʠ ʵʪʦʤ 

ʩʦʭʨʘʥʷʷ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʝʢʪʦʤ ʠ ʩʠʩʪʝʤʦʡ. 

2. ʆʙʝʩʧʝʯʝʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʡ, ʷʚʣʷʷʩʴ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʫʩʧʝʰʥʦʛʦ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦʚʳʰʘʶʱʝʝ ʢʘʯʝʩʪʚʦ ʠ ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

3. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʉɸʇʈ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ 

ʤʦʥʦʣʠʪʥʳʤʠ ʠ ʦʙʣʘʜʘʶʪ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʥʝʛʘʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʛʠʙʢʦʩʪʴʶ ʧʨʠ ʚʥʝʩʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʬʫʥʢʮʠʦʥʘʣ 

ʩʠʩʪʝʤʳ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʢʘʢ ʩʠʩʪʝʤʳ, ʪʘʢ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʥʝʩʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ. ɺ ʚʠʜʫ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʧʦʩʪʦʷʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʢ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʵʪʠ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʥʳʤʠ ʜʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʤʧʘʥʠʡ. 

4. ʄʥʦʛʦʘʛʝʥʪʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʩʠʥʪʝʟʘ 

ʨʘʟʣʠʯʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʘʛʝʥʪʦʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʛʠʙʢʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʛʨʘʥʠʮ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. 

5. ʇʨʠʤʝʥʝʥʠʝ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʉɸʇʈ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ ʠ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ, ʜʦ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʘʜʘʧʪʠʨʫʝʤʦʩʪʴ ʩʘʤʦʡ 

ʩʠʩʪʝʤʳ. 
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6. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʤʦʜʫʣʷ ʚ ʚʠʜʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ ʦʧʠʩʘʥʘ, ʠʤʝʝʪ 

ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʜʦʢʫʤʝʥʪʘʮʠʶ, ʢʦʤʤʝʥʪʘʨʠʠ ʠ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʩ 

ʥʘʜʝʞʥʳʤʠ ʪʝʩʪʘʤʠ. ɺʩʝ ʵʪʠ ʘʪʨʠʙʫʪʳ ʧʦʟʚʦʣʷʶʪ ʧʦʚʪʦʨʥʦ ʧʨʠʤʝʥʷʪʴ 

ʦʧʠʩʳʚʘʝʤʳʡ ʤʦʜʫʣʴ ʚ ʣʶʙʦʤ ʥʦʚʦʤ ʧʨʦʝʢʪʝ.  

7. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʥʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʩʦ ʩʪʦʨʦʥʥʠʤʠ ʩʝʨʚʠʩʘʤʠ ʚ ʮʝʣʷʭ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʚ ʚʠʜʝ HDL ʦʧʠʩʘʥʠʡ ʠʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʟʘʛʦʪʦʚʦʢ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ ʧʨʠʭʦʜʠʪʩʷ ʣʠʙʦ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ 

ʙʠʙʣʠʦʪʝʢʘʤʠ ʩʘʤʦʡ ʩʠʩʪʝʤʳ, ʣʠʙʦ ʠʩʢʘʪʴ ʥʫʞʥʦʝ ʨʝʰʝʥʠʝ ʚ ʩʝʪʠ Internet, ʣʠʙʦ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʩ ʥʫʣʷ. 

8. ɺʳʩʦʢʘʷ ʩʣʦʞʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʉɹʀʉ ʠ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ ʪʨʝʙʫʝʪ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʡ ʯʝʪʢʦʡ 

ʩʧʝʮʠʬʠʢʘʮʠʝʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʨʘʩʧʨʝʜʝʣʷʪʴ ʠʭ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ. 

9. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʩʦʭʨʘʥʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʣʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʚ ʭʦʜʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʙʵʢʘʧʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ ʠʣʠ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ. 

10. ʈʘʟʨʘʙʦʪʢʘ ʢʦʣʣʝʢʪʠʚʥʦʡ ʩʨʝʜʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʤʥʦʛʦʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʣʝʥʦʚ ʢʦʤʘʥʜʳ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ 

ʥʠʭ ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʦʙʝʩʧʝʯʠʪ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 

ʋʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʠʭ ʫʩʪʨʘʥʝʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʉʈʇ. 
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ɻʃɸɺɸ 2. ʈɸɿʈɸɹʆʊʂɸ ʄʅʆɻʆɸɻɽʅʊʅʆʁ ʉʊʈʋʂʊʋʈʓ 

ʉʀʉɽʄʓ ʈɸʉʇʈɽɼɽʃɽʅʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʉʌʃʄ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʧʠʩʳʚʘʶʪʩʷ ʝʝ ʧʦʜʩʠʩʪʝʤʳ. ʇʨʠʚʦʜʷʪʩʷ 

ʪʠʧʳ, ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʘʛʝʥʪʦʚ ʠ ʩʮʝʥʘʨʠʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʦʪ ʦʧʠʩʘʥʠʷ ʥʘ 

VHDL ʷʟʳʢʝ ʜʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʌʃʄ. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʦʜʝʣʴ ʚ ʚʠʜʝ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʝʪʝʚʦʡ ʩʭʝʤʳ ʟʘʜʘʯ (ʇʉʉɿ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʠʧʳ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ ʠ ʦʧʝʨʘʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʰʘʙʣʦʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʚ 

ʇʉʉɿ. 

2.1. ʆʨʛʘʥʠʟʘʮʠʷ ʤʥʦʛʦʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  

ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʉʈʇ ʉʌʃʄ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.1. ɺ ʝʝ ʦʩʥʦʚʝ 

ʣʝʞʠʪ ʪʝʭʥʦʣʦʛʠʷ CORBA, ʧʦʟʚʦʣʷʶʱʘʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʝʜʠʥʫʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ [122,130,137]. ʅʘ ʦʩʥʦʚʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʇʆ, middleware) 

[141] ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʚʷʟʳʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʨʘʟʥʳʭ ʩʝʨʚʝʨʘʭ [54,55,56]. ʀʜʝʷ ʩʦʟʜʘʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʉɸʇʈ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ [146]. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʩʪʥʦʝ ʦʙʣʘʢʦ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ 

ʭʨʘʥʝʥʠʝʤ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʠ ʜʦʩʪʫʧʦʤ ʢʘʢ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʪʘʢ ʠ ʯʝʨʝʟ ʩʝʪʴ Internet. ʇʦʜ ʯʘʩʪʥʳʤ ʦʙʣʘʢʦʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʚʢʣʶʯʘʶʱʝʡ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ʊʘʢʞʝ ʚ ʦʧʠʩʳʚʘʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʜʣʷ ʯʘʩʪʥʦʛʦ 

ʦʙʣʘʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ SaaS (Software as a 

Service), ʧʦʟʚʦʣʷʶʱʫʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʢ ʫʩʣʫʛʫ. 
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ʉʣʘʙʳʤ ʤʝʩʪʦʤ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ SaaS ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʚʦʟʤʦʞʥʦʡ ʫʪʝʯʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʧʦʩʪʘʚʱʠʢʘ ʵʪʠʭ ʫʩʣʫʛ [69]. ɺʦʧʨʦʩʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ SaaS ʜʣʷ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʦʜʫʢʪʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʉʈʇ ʪʘʢʠʤ ʧʨʦʜʫʢʪʦʤ 

ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ ʉʌʃʄ [73]. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʯʘʩʪʥʦʛʦ ʦʙʣʘʢʘ, ʢʦʪʦʨʦʝ ʚʤʝʩʪʝ ʩ 

ʣʦʢʘʣʴʥʦʡ ʩʝʪʴʶ ʷʚʣʷʝʪʩʷ ʘʧʧʘʨʘʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʉʈʇ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʝʨʚʝʨʘʭ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʫʧʘ ʪʦʣʴʢʦ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ ʜʘʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʣʦʢʘʣʴʥʦʤ 

ʩʝʨʚʝʨʝ [114]. ʆʨʛʘʥʠʟʘʮʠʷ ʩʚʷʟʠ ʩ ʦʙʣʘʯʥʳʤ ʩʝʨʚʠʩʦʤ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩ ʫʜʘʣʝʥʥʳʭ ʩʠʩʪʝʤ.  ʊʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʜʘʣʝʥʥʳʭ 

ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʩʝʪʴ ʦʙʤʝʥʘ ʧʨʦʝʢʪʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʝʨʚʝʨʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʦʙʣʘʯʥʳʤ ʩʝʨʚʠʩʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ CORBA [152]. 

ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʉʈʇ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʦʜʩʠʩʪʝʤʳ: ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʦʠʩʢʘ ʰʘʙʣʦʥʘ ʉʌʃʄ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ [69]. 

ʅʘ ʨʠʩ. 2.1. ʧʦʢʘʟʘʥʳ ʚʥʫʪʨʝʥʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ ʠ ʚʥʝʰʥʠʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʩʝʨʚʝʨʘʤʠ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
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ʈʠʩ. 2.1. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʌʃʄ 

ʇʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ ʟʘʜʘʯʘʤʠ 

ʆʩʥʦʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʜʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ ʤʝʞʜʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʅʘ ʨʠʩ. 2.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʙʘʣʘʥʩʠʨʦʚʱʠʢʘ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ 

ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ [70]. 
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ʈʠʩ. 2.2. ʇʦʜʩʠʩʪʝʤʘ çʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʥʳʤʠ ʟʘʜʘʯʘʤʠè 

ʇʦʜʩʠʩʪʝʤʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

ʇʦʜʩʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. ɽʝ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʜʘʯʘ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ, ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʨʰʨʫʪʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʏʘʩʪʴʶ ʧʦʜʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ORB, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʠʩʢ 

ʨʝʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ, ʝʛʦ ʧʦʜʛʦʪʦʚʢʫ ʢ ʧʦʣʫʯʝʥʠʶ ʠ ʦʙʨʘʙʦʪʢʝ ʟʘʧʨʦʩʘ, ʧʝʨʝʜʘʯʫ 

ʟʘʧʨʦʩʘ ʠ ʜʦʩʪʘʚʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʠʝʥʪʫ, ʘ ʪʘʢʞʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʝʨʚʠʩʦʚ, 

ʠʥʪʝʨʬʝʡʩ ʠ API ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʢ ORB.  

ʆʙʝ̡ʢʪʥʳʡ ʘʜʘʧʪʝʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʩʝ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʚʷʟʠ 

ʦʙʲʝʢʪʘ ʩ ʝʛʦ ʢʣʠʝʥʪʘʤʠ: ʛʝʥʝʨʘʮʠʶ ʩʩʳʣʦʢ ʥʘ ʫʜʘʣʝʥʥʳʝ ʦʙʲʝʢʪʳ; ʚʳʟʦʚ 

ʤʝʪʦʜʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ IDL; ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

ʘʢʪʠʚʘʮʠʶ ʠ ʜʝʘʢʪʠʚʘʮʠʶ ʦʙʲʝʢʪʦʚ; ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ 

ʩʩʳʣʢʘʤʠ ʥʘ ʫʜʘʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʠ ʨʝʘʣʴʥʳʤʠ ʵʢʟʝʤʧʣʷʨʘʤʠ ʦʙʲʝʢʪʦʚ; 

ʨʝʛʠʩʪʨʘʮʠʶ ʦʙʲʝʢʪʦʚ.  

ɺ ʧʦʜʩʠʩʪʝʤʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚʝʜʝʪʩʷ ʣʦʛʠʨʦʚʘʥʠʝ ʩʦʙʳʪʠʡ ʩʠʩʪʝʤʳ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʚ ʧʨʦʮʝʜʫʨʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ, ʩʠʥʪʝʟʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ.  
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ʇʦʜʩʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʩʪʨʦʠʪ 

ʩʪʨʫʢʪʫʨʫ ʠ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʩʭʝʤʳ 

ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ VHDL ʠʣʠ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ, ʛʜʝ ʢʘʞʜʦʤʫ ʙʫʜʫʱʝʤʫ ʦʙʲʝʢʪʫ ʠʟ ɹɼ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʯʝʨʥʳʡ ʷʱʠʢ ʩ ʚʭʦʜʘʤʠ/ʚʳʭʦʜʘʤʠ. ʆʧʠʩʘʥʠʝ ʥʘ ʷʟʳʢʝ ʩʠʩʪʝʤʘ ʩʪʨʦʠʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʰʘʙʣʦʥʘ ʉʌʃʄ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʇʨʦʮʝʩʩ 

ʚʝʨʠʬʠʢʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʠ 

ʩʧʝʮʠʬʠʢʘʮʠʠ. ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ 

ʚ ʙʘʟʝ.  

ʄʦʜʫʣʴ ʩʠʥʪʝʟʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʦʚʦʝ 

ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʦʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ. 

ʄʦʜʫʣʴ ʠʥʪʝʛʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʷʟʳʢʝ VHDL 

ʩ ʦʧʠʩʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʠ ʩʦʟʜʘʪʴ ʧʦʣʥʦʮʝʥʥʦʝ ʧʨʦʝʢʪʥʦʝ 

ʨʝʰʝʥʠʝ.  ʅʘ ʨʠʩ. 2.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ 

ʧʦʜʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʧʨʦʮʝʩʩ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 

ʈʠʩ. 2.3. ʇʦʜʩʠʩʪʝʤʘ çʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷè 

 

 


