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1. ʎʝʣʠ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ 
ʎʝʣʴʶ ʜʠʩʮʠʧʣʠʥʳ ʷʚʣʷʝʪʩʷ ʦʚʣʘʜʝʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʟʥʘʥʠʷʤʠ ʠ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʩ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ, ʧʦʟʚʦʣʷʶʱʠʤʠ 
ʚʳʧʫʩʢʥʠʢʫ ʫʩʧʝʰʥʦ ʧʨʦʚʦʜʠʪʴ ʨʘʟʨʘʙʦʪʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 
ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʪʴ ʧʨʝʜʤʝʪʥʦ-
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ. 
 

2. ʄʝʩʪʦ ʜʠʩʮʠʧʣʠʥʳ ʚ ʩʪʨʫʢʪʫʨʝ ʆʇʆʇ   
2.1. ɼʠʩʮʠʧʣʠʥʘ ʚʭʦʜʠʪ ʚ ʜʠʩʮʠʧʣʠʥʳ ʧʦ ʚʳʙʦʨʳ ʚʘʨʠʘʪʠʚʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʤʘʛʠʩʪʨʘ. ɼʠʩʮʠʧʣʠʥʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ 
çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ  ʥʘ ʙʘʟʝ ʇʃʂè, çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ 
ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠè, çʉʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚè ʠ 
ʚʳʧʦʣʥʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʘʛʠʩʪʨʘ. 

- 2.2. ʄʠʥʠʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʥʘʥʠʷʤ, ʥʝʦʙʭʦʜʠʤʳʤ  ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʦʩʚʦʝʥʠʷ 
ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ - ʫʩʚʦʝʥʠʝ ʧʨʦʛʨʘʤʤ ʧʦ ʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʘʤ  ʫʢʘʟʘʥʥʳʭ ʜʠʩʮʠʧʣʠʥ: 

- çʉʠʩʪʝʤʳ ʥʘ ʢʨʠʩʪʘʣʣʝ ʥʘ ʦʩʥʦʚʝ ʇʃʀʉè - ʨʘʟʜʝʣʳ ʧʦ ʠʟʫʯʝʥʠʶ ʘʧʧʘʨʘʪʥʦʡ ʠ 
ʧʨʦʛʨʘʤʤʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ; 
 
 
3. ʂʦʤʧʝʪʝʥʮʠʠ ʦʙʫʯʘʶʱʝʛʦʩʷ, ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ  

ʂʦʜʳ 
ʢʦʤʧʝʪʝʥʮʠʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʠ 
ʉʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʤʧʝʪʝʥʮʠʠ 
(ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ 

ʦʙʫʯʘʶʱʠʡʩʷ ʜʦʣʞʝʥ ʟʥʘʪʴ, ʫʤʝʪʴ, ʚʣʘʜʝʪʴ) 
1 2 3 

ɿʥʘʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʠ ʩʪʨʫʢʪʫʨʳ 
ʩʦʚʨʝʤʝʥʥʳʭ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʥʘ 
ʢʨʠʩʪʘʣʣʝ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʉɸʇʈ Mentor 
Graphics, Altera Quartus , Xilinx ISE ʠ 
ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʭ ʦʪʣʘʜʢʠ.  
ʋʤʝʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʠʩʪʝʤʳ ʥʘ ʢʨʠʩʪʘʣʣʝ ʩ 
ʧʨʦʮʝʩʩʦʨʥʳʤʠ ʷʜʨʘʤʠ ʩʨʝʜʩʪʚʘʤʠ ʉɸʇʈ 
Mentor Graphics, Altera Quartus , Xilinx ISE 

ʇʂ-15 ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʦʟʜʘʥʠʶ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
ʜʣʷ ʘʥʘʣʠʟʘ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ 
ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, 
ʩʠʩʪʝʤ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 
ʩʠʛʥʘʣʦʚ; 

ɺʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʪʣʘʜʢʠ 
ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʩ ʧʨʦʮʝʩʩʦʨʥʳʤʠ ʷʜʨʘʤʠ 
ʩʨʝʜʩʪʚʘʤʠ ʉɸʇʈ Mentor Graphics, Altera 
Quartus, Xilinx ISE. 



 
 

3 

 
ɿʥʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʃʀʉ ʠ ʉɸʇʈ Mentor 
Graphics, Altera Quartus, Xilinx ISE. 

ʇʂ-17 ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 
ʧʨʦʤʳʰʣʝʥʥʦʛʦ 
ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʦʟʜʘʚʘʝʤʦʛʦ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʋʤʝʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʘʧʧʘʨʘʪʥʳʝ ʠ 

ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʚʩʪʨʘʠʚʘʝʤʳʭ ʚʳ-
ʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩʨʝʜʩʪʚʘʤʠ ʉɸʇʈ 
Mentor Graphics, Altera Quartus, Xilinx ISE; 
ɺʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ: 
ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʩʨʝʜʥʝʡ 
ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʨʝʜʩʪʚ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩʨʝʜʩʪʚʘʤʠ ʉɸʇʈ 
Mentor Graphics, Altera Quartus, Xilinx ISE. 
ɿʥʘʪʴ: ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʪʨʘʠʚʘʝʤʳʭ ʘʧʧʘʨʘʪʥʳʭ 
ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʙʘʟʝ 
ʇʃʀʉ; 
ʘʧʧʘʨʘʪʥʳʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ 
ʩʦʧʨʷʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʩʪʨʘʠʚʘʝʤʳʭ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʉɸʇʈ Mentor 
Graphics. 
ʋʤʝʪʴ: ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʨʝʜʥʝʡ ʩʣʦʞʥʦʩʪʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 
ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʪʝʭʥʠʢʠ ʥʘ ʙʘʟʝ ʇʃʀʉ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 
ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʉɸʇʈ 
Mentor Graphics; 
ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʛʨʘʤʤʳ 
ʩʨʝʜʥʝʡ ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʨʝʜʩʪʚ  
ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩʨʝʜʩʪʚʘʤʠ ʉɸʇʈ 
Mentor Graphics. 

ʇʂ-19 
 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʧʨʠʤʝʥʝʥʠʶ 
ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CASE-
ʩʨʝʜʩʪʚ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 
ʢʘʯʝʩʪʚʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 
ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ɺʣʘʜʝʪʴ ʧʨʦʜʚʠʥʫʪʳʤʠ ʤʝʪʦʜʘʤʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʨʝʜʩʪʚ ʥʘ 
ʦʩʥʦʚʝ ʇʆ ʉɸʇʈ Mentor Graphics. 
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4. ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳ (ʤʦʜʫʣʷ) çʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝè 
4.1. ʉʪʨʫʢʪʫʨʘ ʜʠʩʮʠʧʣʠʥʳ (ʤʦʜʫʣʷ)  

ʆʙʱʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʜʠʩʮʠʧʣʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 2 ʟʘʯʝʪʥʳʭ ʝʜʠʥʠʮʳ, 72 ʯʘʩʘ. 
ɺʠʜʳ ʫʯʝʙʥʦʡ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ 
ʨʘʙʦʪʫ ʩʪʫʜʝʥʪʦʚ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ  (ʚ ʯʘʩʘʭ) 

ɸʫʜʠʪʦʨʥʘʷ ʨʘʙʦʪʘ ʉʘʤʦʩʪʦʷʪʝʣʴʥʘʷ  
ʨʘʙʦʪʘ 

ʌʦʨʤʳ ʪʝʢʫʱʝʛʦ ʢʦʥʪʨʦʣʷ 
ʫʩʧʝʚʘʝʤʦʩʪʠ (ʧʦ ʥʝʜʝʣʷʤ 

ʩʝʤʝʩʪʨʘ) 

ˉ 
ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʨʘʟʜʝʣʦʚ ʠ ʪʝʤ 

ʜʠʩʮʠʧʣʠʥʳ (ʤʦʜʫʣʷ) 

ʉ
ʝʤ
ʝʩ
ʪʨ
 

ʅ
ʝʜ
ʝʣ
ʠ 
ʩʝ
ʤʝ
ʩʪ
ʨʘ
 

ɺ
ʩʝ
ʛʦ
 

ʃ
ʝʢ
ʮʠ
ʷ 

ʇ
ʨʘ
ʢʪ
ʠʯ
ʝʩ
ʢʠ
ʝ 
ʟʘ
ʥʷ
ʪʠ
ʷ 

ʃ
ʘʙ
ʦʨ
ʘʪ
ʦʨ
ʥʳ
ʝ 
ʟʘ
ʥʷ
ʪʠ
ʷ 

ɺ
ʩʝ
ʛʦ
 

ʇ
ʦʜ
ʛʦ
ʪʦ
ʚʢ
ʘ 
ʢ 
ʘʫ
ʜʠ
ʪʦ
ʨʥ
ʳ
ʤ 

ʟʘ
ʥʷ
ʪʠ
ʷʤ
 

ʈʝ
ʬʝ
ʨʘ
ʪ,
 ʵ
ʩʩ
ʝ 
ʠ 
ʜʨ
. 

ʂ
ʫʨ
ʩʦ
ʚʘ
ʷ 
ʨʘ
ʙʦ
ʪʘ
 (ʧ
ʨʦ
ʝʢ
ʪ)
 

ʇ
ʦʜ
ʛʦ
ʪʦ
ʚʢ
ʘ 
ʢ 
ʵʢ
ʟʘ
ʤʝ
ʥʫ
 

ʉ
ʦʙ
ʝʩ
ʝʜ
ʦʚ
ʘʥ
ʠʝ
 

ʆ
ʪʯ
ʸʪ
  ʧ
ʦ 
ʣʘ
ʙ.
 ʨ
ʘʙ
. 

ʇ
ʨʦ
ʚʝ
ʨʢ
ʘ 
ʪʝ
ʩʪ
ʦʚ
 

ʇ
ʨʦ
ʚʝ
ʨʢ
ʘ 
ʢʦ
ʥʪ
ʨ.
 ʨ
ʘʙ
ʦʪ
 

ʇ
ʨʦ
ʚʝ
ʨʢ
ʘ 
ʨʝ
ʬʝ
ʨʘ
ʪʘ
 

ʇ
ʨʦ
ʚʝ
ʨʢ
ʘ 
ʵʩ
ʩʝ
 ʠ
 ʠ
ʥʳ
ʭ 

ʪʚ
ʦʨ
ʯʝ
ʩʢ
ʠʭ
 ʨ
ʘʙ
ʦʪ
 

ʢʫ
ʨʩ
. ʨ
ʘʙ
ʦʪ
ʘ 
(ʧ
ʨʦ
ʝʢ
ʪ)
 

 ʈʘʟʜʝʣ 1. ɺʚʝʜʝʥʠʝ  4           2       
 ʊʝʤʘ 1.1. ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʢʫʨʩʘ 4           2   x    
 ʈʘʟʜʝʣ 2. ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ ʚ 

ʉɸʇʈ Mentor Graphics. 
ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʳʧʫʩʢ 
ʜʦʢʫʤʝʥʪʘʮʠʠ. HDL Designer. 

4  1   1 1 1    3 x   
 
   

 ʊʝʤʘ 2.1. ʆʙʟʦʨ ʤʘʨʰʨʫʪʘ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʉʦʟʜʘʥʠʝ HDL-
ʧʨʦʝʢʪʘ: ʪʝʢʩʪʦʚʳʡ ʚʚʦʜ, ʙʣʦʢ-
ʩʭʝʤʳ, ʢʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ, 
ʙʣʦʢ-ʜʠʘʛʨʘʤʤʳ ʠ ʪʘʙʣʠʮʳ 
ʠʩʪʠʥʥʦʩʪʠ. ʇʨʠʤʝʨʳ ʛʝʥʝʨʘʮʠʠ 
HDL-ʢʦʜʘ. 

4  1   1 1 2    3 x      

 ʊʝʤʘ 2.2. ʉʦʟʜʘʥʠʝ ʦʙʲʝʢʪʘ SOC 
ʩʨʝʜʩʪʚʘʤʠ ʇʆ Mentor Graphics. 

4  2   2 2 2    3 x      

 ʊʝʤʘ 2.3. ʆʩʥʦʚʳ ʢʦʥʝʯʥʳʭ 4  2   2 3 3    4 x      
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ʘʚʪʦʤʘʪʦʚ. ʉʦʟʜʘʥʠʝ ʙʣʦʢʘ 
ʫʧʨʘʚʣʝʥʠʷ SOC. 

 ʊʝʤʘ 2.4. ʇʦʜʛʦʪʦʚʢʘ ʢ 
ʤʦʜʝʣʠʨʦʚʘʥʠʶ. ʉʦʟʜʘʥʠʝ 
ʪʝʩʪʙʝʥʯʘ ʚ ʇʆ Mentor Graphics. 

4  2   2 3 3    4 x      

 ʊʝʤʘ 2.5. ʈʘʩʰʠʨʝʥʥʳʝ ʩʨʝʜʩʪʚʘ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʇʆ Mentor 
Graphics. ɿʘʚʝʨʰʝʥʠʝ ʧʨʦʝʢʪʘ 
SOC. 

4  1   1 3 3    4  
x 
     

 ʈʘʟʜʝʣ 3. ʎʠʬʨʦʚʦʝ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʧʨʦʝʢʪʘ ʚ ModelSim. 

4  1   1 3 3    5 x      

 ʊʝʤʘ 3.1. ɿʘʧʫʩʢ ModelSim. 
ʆʙʟʦʨ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʠ 
ʦʢʦʥ. ʂʦʤʧʠʣʷʮʠʷ ʧʨʦʝʢʪʘ. 

4  1   1 3 3    5 x      

 ʊʝʤʘ 3.2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 
ʧʨʦʝʢʪʘ SOC ʚ ModelSim. 

4  2   2 3 3    5 x      

 ʊʝʤʘ 3.3. ʈʘʩʰʠʨʝʥʥʳʝ 
ʦʪʣʘʜʦʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ModelSim ʥʘ ʧʨʠʤʝʨʝ 
ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ. 

4  2   2 3 3    5 x      

 ʈʘʟʜʝʣ 4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 
ʣʦʛʠʯʝʩʢʠʡ ʩʠʥʪʝʟ. HDL 
Designer, ModelSim, Precision 
RTL Synthesis. 

4  2   2 3 3    6 x      

 ʊʝʤʘ 4.1. ɿʘʧʫʩʢ ModelSim ʠ 
Precision RTL Synthesis. 
ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ. ʂʦʤʧʠʣʷʮʠʷ 
ʠ ʩʠʥʪʝʟ ʧʨʦʝʢʪʘ. 

4  1   1 3 3    8 x      

 ʊʝʤʘ 4.2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 
ʩʠʥʪʝʟ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ 
ʚ Precision RTL Synthesis. 

4  2   2 3 3    9 x      

 ʈʘʟʜʝʣ 4.3. ʆʩʥʦʚʳ 
ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

4  2   2 3 3    10 x      
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ʚ Precision RTL Synthesis. 
 ʊʝʤʘ 4.4. ʆʩʥʦʚʳ ʣʦʛʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ ʚ Precision RTL 
Synthesis.  

4  2   2 3 3    12 x      

 ʊʝʤʘ 4.5. ʆʛʨʘʥʠʯʝʥʠʷ ʩʠʥʪʝʟʘ ʚ 
Precision RTL Synthesis. 

4  2   2 3 3    15 x      

 ɿʘʢʣʶʯʝʥʠʝ 4  1   1 1 1           
 ʇʦʜʛʦʪʦʚʢʘ ʢ ʟʘʯʸʪʫ                   
 ʇʦʜʛʦʪʦʚʢʘ ʢ ʵʢʟʘʤʝʥʫ                   

ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʘʪʪʝʩʪʘʮʠʷ 
ʌʦʨʤʘ ʉʝʤʝʩʪʨ 

ɿʘʯʝʪ 4 

 ʆʙʱʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʚ ʯʘʩʘʭ   27   27 45 45    

ʕʢʟʘʤʝʥ  



4.2. ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳ (ʤʦʜʫʣʷ) 
4.2.1.ʉʦʜʝʨʞʘʥʠʝ ʣʝʢʮʠʦʥʥʦʛʦ ʢʫʨʩʘ (ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ) 

ʈʘʟʜʝʣ 1. ɺʚʝʜʝʥʠʝ  
ʊʝʤʘ 1.1. ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʢʫʨʩʘ, ʩʪʨʫʢʪʫʨʘ ʢʫʨʩʘ, ʝʛʦ ʤʝʩʪʦ  ʚ ʧʦʜʛʦʪʦʚʢʝ ʤʘʛʠʩʪʨʘ. 
ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʢʫʨʩʘ ʠ ʝʛʦ ʤʝʩʪʦ  ʚ ʧʦʜʛʦʪʦʚʢʝ ʤʘʛʠʩʪʨʘ. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʦ ʩʠʩʪʝʤʘʭ ʥʘ 
ʢʨʠʩʪʘʣʣʝ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ.  
ʈʘʟʜʝʣ 2. ɺʩʪʨʘʠʚʘʝʤʳʝ ʩʠʩʪʝʤʳ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʇʆ Mentor Graphics 
ʊʝʤʘ 2.1. ʉʪʨʫʢʪʫʨʘ ʇʆ Mentor Graphics ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ 
ʉʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ, ʩʧʦʩʦʙʳ ʨʘʟʨʘʙʦʪʢʠ. 
ʊʝʤʘ 2.2. ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʩʪʝʡʰʠʭ ʩʠʩʪʝʤ ʩʨʝʜʩʪʚʘʤʠ ʇʆ Mentor Graphics. 
ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʩʪʝʡʰʠʭ ʩʠʩʪʝʤ. ʇʨʠʤʝʨʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  
ʈʘʟʜʝʣ 3 ʇʨʦʮʝʩʩʦʨʥʳʝ ʷʜʨʘ ʩ ʨʘʟʚʠʪʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ 
ʊʝʤʘ 3.1. ʉʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ. 
ʉʪʨʫʢʪʫʨʘ, ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ, ʦʨʛʘʥʠʟʘʮʠʷ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ. ʆʨʛʘʥʠʟʘʮʠʷ ʚʥʝʰʥʠʭ 
ʫʩʪʨʦʡʩʪʚ. ʆʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ. 
ʊʝʤʘ 3.2. ʇʦʩʪʨʦʝʥʠʝ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ ʇʆ Mentor Graphics.  
ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ HDL Designer. 
ʈʘʟʜʝʣ 4 ʉʨʝʜʩʪʚʘ ʦʪʣʘʜʢʠ ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʇʆ ModelSim. 
ʊʝʤʘ 4.1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʇʆ ModelSim. 
ʊʝʤʘ 4.2. ʉʨʝʜʩʪʚʘ ʢʦʤʧʣʝʢʩʥʦʡ  ʦʪʣʘʜʢʠ ʇʆ ModelSim.  
ʈʘʟʜʝʣ 5. ʈʝʘʣʠʟʘʮʠʷ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʩʨʝʜʩʪʚʘʤʠ Presision RTL 
Synthesys.  
ʊʝʤʘ 5.1. ʈʘʟʤʝʱʝʥʠʝ ʧʨʦʝʢʪʘ ʥʘ ʢʨʠʩʪʘʣʣʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʘʧʧʘʨʘʪʥʳʭ ʟʘʪʨʘʪ ʩʨʝʜʩʪʚʘʤʠ 
Presision RTL Synthesys. 
6. ɿʘʢʣʶʯʝʥʠʝ 

 
4.2.2. ʇʝʨʝʯʝʥʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ.  

 
ˉ 
ʧ/ʧ 

ˉ 
ʪʝʤʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʂʦʣ. 
ʯ 

1 2.1 ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ ʚ ʉɸʇʈ Mentor Graphics. 
ʆʙʟʦʨ ʤʘʨʰʨʫʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ HDL Synthesys.  

3 

2 2.2 
 

ʉʦʟʜʘʥʠʝ ʦʙʲʝʢʪʦʚ ʩʨʝʜʩʪʚʘʤʠ ʇʆ Mentor Graphics. 
ʉʦʟʜʘʥʠʝ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ HDL Designer. 

4 

3 3.1, 
3.2 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ HDL Designer. ʉʦʟʜʘʥʠʝ 
ʪʝʩʪʙʝʥʯʘ. 

4 

4 4.1, 
4.2 

ʎʠʬʨʦʚʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʘ ʚ ModelSim. 
ʈʘʩʰʠʨʝʥʥʳʝ ʦʪʣʘʜʦʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ModelSim ʥʘ ʧʨʠʤʝʨʝ 
ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ. 

4 

5 5.1  ʃʦʛʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʚ Precision RTL Synthesis. 4 
6 5.1  ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʚ Precision 

RTL Synthesis. 
4 

7 5.1  ʆʛʨʘʥʠʯʝʥʠʷ ʩʠʥʪʝʟʘ ʚ Precision RTL Synthesis. 4 
 

5. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 
5.1 ʏʪʝʥʠʝ ʣʝʢʮʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʦʨʘ ʩ ʨʘʟʜʘʯʝʡ ʜʝʤʦʥʩʪʨʠʨʫʝʤʳʭ  ʩʣʘʡʜʦʚ  
ʢʦʤʤʝʥʪʘʨʠʡ. 

5.2. ɺ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʝ ʠʤʠʪʘʪʦʨʳ ʠ ʨʝʘʣʴʥʘʷ 
ʘʧʧʘʨʘʪʫʨʘ, ʧʦʜʢʣʶʯʘʝʤʘʷ ʢ  ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ. 

5.3.  ɺʩʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʟʘʥʷʪʠʷ ʥʦʩʷʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  ʭʘʨʘʢʪʝʨ. 
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5.4. ɺ ʮʝʣʷʭ ʨʝʘʣʠʟʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʫʯʝʥʠʶ ʩʪʫʜʝʥʪʦʚ, 
ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʧʦ ʩʦʙʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʨʘʤʢʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 
ʨʘʙʦʯʝʛʦ ʧʣʘʥʘ, ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ: 
ʦʙʝʩʧʝʯʝʥʠʝ ʚʥʝʘʫʜʠʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʵʣʝʢʪʨʦʥʥʦʡ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 
ʢʦʥʩʫʣʴʪʘʮʠʡ ʠ.ʪ.ʜ. 

 
6. ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ.  

ʆʮʝʥʦʯʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʪʝʢʫʱʝʛʦ ʢʦʥʪʨʦʣʷ ʫʩʧʝʚʘʝʤʦʩʪʠ,  
ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʧʦ ʠʪʦʛʘʤ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ.  

 
6.1. ʇʣʘʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ 

 
ˉ 
ʥʝʜ. 

ʊʝʤʘ ɺʠʜ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ   

ɿʘʜʘʥʠʝ ʈʝʢʦʤʝʥʜʫ-
ʝʤʘʷ 

ʣʠʪʝʨʘʪʫʨʘ 

ʂʦʣʠ-
ʯʝʩʪʚʦ  

 2.1, 2.2 ʇʦʜʛʦʪʦʚʢʘ ʢ 
ʘʫʜʠʪʦʨʥʳʤ 
ʟʘʥʷʪʠʷʤ 

ʉʠʩʪʝʤʳ ʩ 
ʧʨʦʩʪʝʡʰʠʤ
ʠ 
ʧʨʦʮʝʩʩʦʨʥʳ
ʤʠ ʷʜʨʘʤʠ 

3, ʩ.6-19 
4, ʩ.18-30 
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 3.1, 3.2 ʇʦʜʛʦʪʦʚʢʘ ʢ 
ʘʫʜʠʪʦʨʥʳʤ 
ʟʘʥʷʪʠʷʤ 

ʇʨʦʮʝʩʩʦʨʥ
ʳʝ ʷʜʨʘ ʩ 
ʨʘʟʚʠʪʦʡ 
ʘʨʭʠʪʝʢʪʫ-
ʨʦʡ 

3, ʩ.20-26 
4, ʩ.16-35 

9 

 4.1, 4.2 ʇʦʜʛʦʪʦʚʢʘ ʢ 
ʘʫʜʠʪʦʨʥʳʤ 
ʟʘʥʷʪʠʷʤ 

ʉʨʝʜʩʪʚʘ 
ʦʪʣʘʜʢʠ 
ʩʠʩʪʝʤ ʥʘ 
ʢʨʠʩʪʘʣʣʝ 

2, ʩ.25-49, 
51-55;  
4, ʩ.38-49;   
 

9 

 5.1, 5.2, 5.3 ʇʦʜʛʦʪʦʚʢʘ ʢ 
ʘʫʜʠʪʦʨʥʳʤ 
ʟʘʥʷʪʠʷʤ 

ʉʠʩʪʝʤʳ ʥʘ 
ʢʨʠʩʪʘʣʣʝ ʩ 
ʘʧʧʘʨʘʪʥʳ-
ʤʠ ʧʨʦʮʝʩ-
ʩʦʨʥʳʤʠ 
ʙʣʦʢʘʤʠ 

1, ʩ.61-80;  
 

9 

 6.1, 6.2 ʇʦʜʛʦʪʦʚʢʘ ʢ 
ʘʫʜʠʪʦʨʥʳʤ 
ʟʘʥʷʪʠʷʤ 

ʇʝʨʝʜʘʯʘ 
ʜʘʥʥʳʭ ʚ 
ʩʠʩʪʝʤʘʭ ʥʘ 
ʢʨʠʩʪʘʣʣʝ 

4, ʩ.71-83,  
5, c.50-80 

9 

 
6.2. ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ  ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ 
ʇʣʘʥʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ (ʚʥʝʘʫʜʠʪʦʨʥʦʡ) ʦʪʥʦʩʷʪʩʷ:  
- ʧʦʜʛʦʪʦʚʢʘ ʢ ʣʘʙʦʨʘʪʦʨʥʳʤ ʟʘʥʷʪʠʷʤ, 
- ʦʬʦʨʤʣʝʥʠʝ ʦʪʯʸʪʦʚ ʧʦ ʣʘʙʦʨʘʪʦʨʥʳʤ ʨʘʙʦʪʘʤ, 
- ʧʦʜʛʦʪʦʚʢʘ ʢ ʟʘʯʝʪʫ, ʵʢʟʘʤʝʥʫ. 
- ʨʘʙʦʪʘ ʩ ʢʦʥʩʧʝʢʪʦʤ ʣʝʢʮʠʡ ʠ ʠʟʫʯʝʥʠʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʢ ʵʢʟʘʤʝʥʘʤ. 
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6.3. ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʢʫʱʝʛʦ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ 
ʩʪʫʜʝʥʪʦʚ 

ʂʦʥʪʨʦʣʴ ʦʩʚʦʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ 
ˉ 
ʧ\ʧ 

ɺʠʜ ʢʦʥʪʨʦʣʷ ʂʦʥʪʨʦʣʠʨʫʝʤʳʝ ʨʘʟʜʝʣʳ ʂʦʤʧʝʪʝʥʮʠʠ, 
ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ 
ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

1 ʊʝʢʫʱʠʡ: ʩʦʙʝʩʝʜʦʚʘ-
ʥʠʝ ʧʨʠ ʟʘʱʠʪʝ ʣʘʙ. 
ʟʘʜʘʥʠʡ 
ʇʨʦʤʝʞʫʪʦʯʥʳʡ: ʟʘʯʝʪ, 
ʵʢʟʘʤʝʥ  

ʈʘʟʜʝʣ 1, ʨʘʟʜʝʣ 2.  ʇʂ-15, ʇʂ-19 

2 ʊʝʢʫʱʠʡ: ʩʦʙʝʩʝʜʦʚʘ-
ʥʠʝ ʧʨʠ ʟʘʱʠʪʝ ʣʘʙ. 
ʟʘʜʘʥʠʡ 
ʇʨʦʤʝʞʫʪʦʯʥʳʡ: ʟʘʯʝʪ, 
ʵʢʟʘʤʝʥ 

ʈʘʟʜʝʣ 3. ʇʂ-15, ʇʂ-19 

3 ʊʝʢʫʱʠʡ: ʩʦʙʝʩʝʜʦʚʘ-
ʥʠʝ ʧʨʠ ʟʘʱʠʪʝ ʣʘʙ. 
ʟʘʜʘʥʠʡ 
ʇʨʦʤʝʞʫʪʦʯʥʳʡ: ʟʘʯʝʪ, 
ʵʢʟʘʤʝʥ 

ʈʘʟʜʝʣ 4 ʇʂ-15, ʇʂ-17, ʇʂ-19 

4 ʊʝʢʫʱʠʡ: ʩʦʙʝʩʝʜʦʚʘ-
ʥʠʝ ʧʨʠ ʟʘʱʠʪʝ ʣʘʙ. 
ʟʘʜʘʥʠʡ 
ʇʨʦʤʝʞʫʪʦʯʥʳʡ: ʟʘʯʝʪ, 
ʵʢʟʘʤʝʥ 

ʈʘʟʜʝʣ 5 ʇʂ-15, ʇʂ-17, ʇʂ-19 

 
ʂʦʥʪʨʦʣʴ ʦʩʚʦʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ: 
- ʜʣʷ ʢʦʤʧʝʪʝʥʮʠʠ  (ʇʂ-15) - ʧʫʪʸʤ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʩʦʚʨʝʤʝʥʥʳʝ ʦʪʣʘʜʦʯʥʳʝ ʧʣʘʪʳ, ʣʦʛʠʯʝʩʢʠʝ 
ʘʥʘʣʠʟʘʪʦʨʳ) ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʪʣʘʜʢʝ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ; 

-  ʜʣʷ ʢʦʤʧʝʪʝʥʮʠʠ (ʇʂ-17) ï ʧʫʪʸʤ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ  ʩʪʫʜʝʥʪʦʚ ʧʨʠʤʝʥʷʪʴ 
ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʚ ʧʨʦʮʝʩʩʝ 
ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʚ ʩʨʝʜʝ HDL Designer; 

- ʜʣʷ ʢʦʤʧʝʪʝʥʮʠʠ (ʇʂ-19) ï ʧʫʪʸʤ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ  ʩʪʫʜʝʥʪʦʚ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 
ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʚ ʩʨʝʜʝ 
ModelSim; 
 
ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʚʘʨʠʘʥʪ ʪʝʩʪʘ. ʇʨʠʤʝʨʥʳʡ ʧʝʨʝʯʝʥʴ ʚʦʧʨʦʩʦʚ ʜʣʷ ʟʘʯʝʪʘ 

1. ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʢʫʨʩʘ ʠ ʝʛʦ ʤʝʩʪʦ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʘ.  
2. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʦ ʩʠʩʪʝʤʘʭ ʥʘ ʢʨʠʩʪʘʣʣʝ.  
3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ.  
4. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ. 
5. ɺʠʨʪʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ. 
6. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʥʘ ʦʩʥʦʚʝ ʙʣʦʢʦʚ. 
7. ʇʣʘʪʬʦʨʤʝʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ. 
8. ʊʨʝʙʦʚʘʥʠʷ ʢ IP ʙʠʙʣʠʦʪʝʢʘʤ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ. 
9. ɸʨʭʠʪʝʢʪʫʨʳ ʠ ʠʥʪʝʛʨʘʮʠʠ ʙʣʦʢʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 
10. ʉʪʨʫʢʪʫʨʘ ʤʘʨʰʨʫʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ HDL Synthesis Mentor Graphics. 
11. ʇʝʨʝʯʠʩʣʠʪʴ ʇʆ Mentor Graphics ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ. 
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12.  ʉʧʦʩʦʙʳ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʇʆ 
Mentor Graphics. 

13. ʕʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʩʨʝʜʩʪʚ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (VHDL, Verilog, GaphEditor). 

14.  ʉʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʪʣʘʜʢʠ ModelSim. 
15.  ʇʨʦʮʝʩʩʦʨʥʳʝ ʷʜʨʘ ʩ ʨʘʟʚʠʪʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. 
16. ʃʦʛʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʥʘ ʧʨʠʤʝʨʝ ʇʆ Mentor Graphics. 
17.  ʉʧʝʮʠʬʠʢʘʮʠʠ ʘʧʧʘʨʘʪʥʦʡ ʠ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʝʡ ʇʆ Mentor Graphics ʜʣʷ RTL 
Design. 

18. ʆʧʠʩʘʥʠʝ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʇʆ Altera, Xilinx ʠ Mentor Graphics. 
19. ʆʧʠʩʘʥʠʝ ʤʘʨʰʨʫʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʆ Synopyis. 
20. ʆʧʠʩʘʥʠʝ ʤʘʨʰʨʫʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʆ Aldec Active-HDL. 

 
ʇʨʠʤʝʨʥʳʡ ʧʝʨʝʯʝʥʴ ʚʦʧʨʦʩʦʚ ʜʣʷ ʩʦʙʝʩʝʜʦʚʘʥʠʷ 
ɺʦʧʨʦʩʳ ʨʘʟʜʝʣ 1 
1. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʬʠʨʤʳ Altera. 
2. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʬʠʨʤʳ Xilinx. 
3. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ ʬʠʨʤʳ Atmel. 
4. ɼʘʡʪʝ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʇʆ Mentor Graphics. 
ɺʦʧʨʦʩʳ ʨʘʟʜʝʣ 2 
3 ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʤʘʨʰʨʫʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʆ Mentor Graphics. 
4 ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ ʇʆ Mentor Graphics. 
5 ʋʢʘʞʠʪʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʇʆ Mentor Graphics ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʘʥʘʣʦʛʘʤʠ. 

 
ɺʦʧʨʦʩʳ ʢ ʨʘʟʜʝʣʫ 3 
1. ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʇʃʀʉ. 
2. ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʇʃʀʉ. 
 
ɺʦʧʨʦʩʳ ʢ ʨʘʟʜʝʣʫ 4 
1. ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʇʆ ModelSim Mentor Graphics. 
2. ʅʘʨʠʩʫʡʪʝ ʩʭʝʤʫ ʪʠʧʦʚʦʛʦ ʤʘʨʰʨʫʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʇʆ ModelSim Mentor 
Graphics. 

3. ʅʘʨʠʩʫʡʪʝ ʩʭʝʤʫ ʪʠʧʦʚʦʛʦ ʤʘʨʰʨʫʪʘ ʦʪʣʘʜʢʠ ʚ ʇʆ ModelSim Mentor Graphics. 
 
ɺʦʧʨʦʩʳ ʢ ʨʘʟʜʝʣʫ 5 
1. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʩʠʥʪʝʟʘ ʚ Presision RTL Synthesys. 
2. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʚʝʨʠʬʠʢʘʮʠʠ ʚ Presision RTL Synthesys. 
 



7. ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ  
ʜʠʩʮʠʧʣʠʥʳ (ʤʦʜʫʣʷ)  

7.1. ʆʩʥʦʚʥʘʷ ʣʠʪʝʨʘʪʫʨʘ:  
1) ʌʝʜʶʥʠʥ ʈ. ʅ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩʨʝʜʩʪʚʘʤʠ Mentor 

Graphics : ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ. ï  ʀʟʜʘʪʝʣʴʩʪʚʦ ʇʝʥʟ. ʛʦʩ. ʫʥ-ʪʘ, 2016, 80 
2) ʌʝʜʶʥʠʥ ʈ. ʅ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʩʨʝʜʩʪʚʘʤʠ Mentor Graphics Questa Essentials : ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ. ï  
ʀʟʜʘʪʝʣʴʩʪʚʦ ʇʝʥʟ. ʛʦʩ. ʫʥ-ʪʘ, 2017, 100 c 

3) ɻʫʨʠʥ ɽ. ʀ. ʉʠʩʪʝʤʳ ʥʘ ʢʨʠʩʪʘʣʣʝ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ 
ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï  ʀʟʜʘʪʝʣʴʩʪʚʦ ʇʝʥʟ. ʛʦʩ. ʫʥ-ʪʘ, 2016, 92 
 

7.2. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ  ʣʠʪʝʨʘʪʫʨʘ: 
1. ʉʠʩʪʝʤʳ ʥʘ ʢʨʠʩʪʘʣʣʝ ʩ ʧʨʦʮʝʩʩʦʨʥʳʤʠ ʷʜʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʇʃʀʉ: ʫʯʝʙ.ʧʦʩʦʙʠʝ/ ɽ. 
ʀ. ɻʫʨʠʥ ; ʇʝʥʟ. ʛʦʩ. ʫʥ-ʪ. - ʇʝʥʟʘ : ʀʟʜ-ʚʦ ʇʝʥʟ. ʛʦʩ. ʫʥ-ʪʘ, 2009. - 180 ʩ 

 
7.3. ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ  

ʄʘʪʝʨʠʘʣʳ ʩʘʡʪʦʚ http://www.plis.ru, http://www.mentor.com/ http://www.xilinx.com, 
http://www.altera.com.  

ʄʘʪʝʨʠʘʣʳ ʩʘʡʪʘ çʂʘʬʝʜʨʘ ɺʊè http://alice.pnzgu.ru 
 
8. ʄʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʠʩʮʠʧʣʠʥʳ (ʤʦʜʫʣʷ)  
ʃʘʙʦʨʘʪʦʨʥʳʝ  ʟʘʥʷʪʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʢʣʘʩʩʝ, ʦʩʥʘʱʝʥʥʳʤ ʇʕɺʄ, ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʦʡ Windows. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʣʘʜʦʯʥʳʝ ʧʣʘʪʳ 
Altera ʠʣʠ Xilinx. 

ɼʣʷ ʣʠʮ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ ʧʦ ʭʦʜʘʪʘʡʩʪʚʫ ʟʘʚʝʜʫʶʱʝʛʦ 
ʢʘʬʝʜʨʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ (Scype, Viber ʠ ʪ.ʜ.) ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʪʝʭʥʠʢʫ, ʚʳʜʝʣʝʥʥʫʶ ʜʣʷ ʦʩʚʦʝʥʠʷ 
ʜʠʩʮʠʧʣʠʥʳ ʜʣʷ ʣʠʮʘ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʜʦʨʦʚʴʷ. 
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ʛʨʘʤʤʘ ʦʜʦʙʨʝʥʘ  ʧʨʝʜʧʨʠʷʪʠʝʤ-ʧʘʨʪʥʝʨʦʤ  ʆɸʆ çʇʅʀʀʕʀè 




