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ɺɺɽɼɽʅʀɽ 

 

ʇʃʀʉ ï ʮʠʬʨʦʚʳʝ ɹʀʉ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ, 

ʠʤʝʶʱʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʶʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ 

ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇʃʀʉ ʠ ʉɸʇʈ ʧʦʟʚʦʣʷʝʪ 

ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ ʩʦʟʜʘʚʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʩʠʩʪʝʤʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʞʝʩʪʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ, ʥʘʜʝʞʥʦʩʪʠ, ʤʘʩʩʦ-

ʛʘʙʘʨʠʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʩʪʦʠʤʦʩʪʠ. ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ 

ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ. ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʣʠʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ 

ʟʘʥʠʤʘʝʪ ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ (ʎʆʉ), ʢʦʪʦʨʘʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʦʚʦʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

ʤʘʣʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʘʨʘʤʝʪʨʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʧʨʦʩʪʦʪʫ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ. 

ʆʜʥʦʡ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʦʧʝʨʘʮʠʡ ʎʆʉ ʷʚʣʷʝʪʩʷ 

ʬʠʣʴʪʨʘʮʠʷ. ɺʠʜ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʬʨʦʚʦʛʦ 

ʬʠʣʴʪʨʘ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʜʝʣʝʥʠʝ ʥʘ ʬʠʣʴʪʨ r ʩ ʢʦʥʝʯʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ʂʀʍ-ʬʠʣʴʪʨʳ) ʠ ʩ ʙʝʩʢʦʥʝʯʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ɹʀʍ-ʬʠʣʴʪʨʳ). 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʂʀʍ-ʬʠʣʴʪʨʦʚ 

ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʠʭ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʇʃʀʉ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʢʦʤʧʘʢʪʥʳʝ ʠ ʙʳʩʪʨʳʝ ʂʀʍ-ʬʠʣʴʪʨʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʫʞʝ 

ʦʩʚʦʠʚʰʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʳ ʜʚʦʠʯʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʝʣ ʩʦ ʟʥʘʢʦʤ, ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʩʯʝʪʫ ʧʘʨʘʤʝʪʨʦʚ 

ʂʀʍ-ʬʠʣʴʪʨʘ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink (ʧʘʢʝʪ Signal 

Processing, ʩʨʝʜʘ FDATool). ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʢʚʘʥʪʦʚʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʭ 
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ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʂʀʍ-ʬʠʣʴʪʨʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink, ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ, 

ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II ʢʦʤʧʘʥʠʠ Altera. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʀʍ-ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧʷʪʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ Xilinx System 

Generator IDS ʠ Altera DSP Builder ʩʠʩʪʝʤ r Matlab/Simulink, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʩʪʝʤ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʘʙʩʪʨʘʛʠʨʦʚʘʥʥʦʝ ʦʪ 

ʢʦʥʢʨʝʪʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʤʧʠʣʷʮʠʠ ʚ ʙʘʟʠʩ ʇʃʀʉ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʥʘ ʤʝʛʘʬʫʥʢʮʠʷʭ 

ʉɸʇʈ Altera Quartus II  ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ Altera DSP Builder. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʢʘʢ ʥʘ ʫʤʥʦʞʠʪʝʣʷʭ ʪʘʢ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʣʦʢʦʚ ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ (MAC-

ʙʣʦʢʦʚ) ʚ ʉɸʇʈ Altera Quartus II  ʠ ʚ ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʴʥʦ-

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Matlab/Simulink ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MAC-ʙʣʦʢʦʚ ʚ Altera DSP Builder. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʘʨʠʬʤʝʪʠʢʘʭ, ʫʯʠʪʳʚʘʶʱʠʭ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʇʃʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɸʇʈ Quartus II  ʠ Altera DSP Builder. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʩʠʩʪʦʣʠʯʝʩʢʠʭ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʚ ʙʘʟʠʩʝ ʇʃʀʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ModelSim-Altera. 

ɺ h ʝʩʪʦʡ ʛʣʘʚʝ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʨʘʩʰʠʨʝʥʠʷ Xilinx  

System Generator ʚ ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ Matlab/Simulink.  
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1. ʆʇʈɽɼɽʃɽʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊʆɺ 

ʌʀʃʔʊʈʆɺ 

 

1.1. ɼʚʦʠʯʥʘʷ ʘʨʠʬʤʝʪʠʢʘ 

 

 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʜʚʦʠʯʥʳʝ ʯʠʩʣʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʪʦʣʴʢʦ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʜʚʦʠʯʥʳʝ ʯʠʩʣʘ ï 

ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ. ɺ ʪʘʙʣ. 1.1 ʧʨʠʚʝʜʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʜʝʩʷʪʠʯʥʳʝ ʯʠʩʣʘ ʩʦ ʟʥʘʢʦʤ ʠ ʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʚ ʧʨʷʤʦʤ, ʦʙʨʘʪʥʦʤ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʜʚʦʠʯʥʦʤ ʢʦʜʝ. 

ʇʨʷʤʦʡ ʢʦʜ. ɿʥʘʢ ï ʩʪʘʨʰʠʡ ʟʥʘʯʘʱʠʡ ʨʘʟʨʷʜ (ʉɿʈ) 

ʫʢʘʟʳʚʘʝʪ ʟʥʘʢ (0 ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ, 1 ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ). 

ʆʩʪʘʣʴʥʳʝ ʨʘʟʨʷʜʳ ʦʪʨʘʞʘʶʪ ʚʝʣʠʯʠʥʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ: 

 
ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʝʣ ʫʜʦʙʥʦ ʜʣʷ ʫʤʥʦʞʝʥʠʷ ʠ 

ʜʝʣʝʥʠʷ, ʥʦ ʧʨʠ ʦʧʝʨʘʮʠʷʭ ʩʣʦʞʝʥʠʷ ʠ ʚʳʯʠʪʘʥʠʷ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ. 

ɺ ʕɺʄ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʧʨʷʤʦʤ 

ʢʦʜʝ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ï ʚ ʚʠʜʝ ʜʦʧʦʣʥʝʥʠʡ, ʪ. ʝ. ʧʫʪʝʤ ʩʜʚʠʛʘ 

ʧʦ ʯʠʩʣʦʚʦʡ ʦʩʠ ʠʩʭʦʜʥʦʛʦ ʯʠʩʣʘ ʥʘ ʥʝʢʦʪʦʨʫʶ ʢʦʥʩʪʘʥʪʫ. ɽʩʣʠ 

-z  ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʪʦ z-  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ zK- , 

ʛʜʝ K  ʪʘʢʦʚʦ, ʯʪʦ ʨʘʟʨʷʜʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʘ. ʆʙʨʘʪʥʳʡ ʢʦʜ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʣʴʢʦ ʚʳʙʦʨʦʤ ʟʥʘʯʝʥʠʷ K . 

ɼʦʧʦʣʥʝʥʠʝ ʜʦ ʝʜʠʥʠʮʳ (ʦʙʨʘʪʥʳʡ ʢʦʜ) ï 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʯʠʩʣʘ ʧʦʣʫʯʘʶʪʩʷ ʧʫʪʝʤ ʠʥʚʝʨʩʠʠ ʚʩʝʭ ʨʘʟʨʷʜʦʚ 

ʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʢʚʠʚʘʣʝʥʪʦʚ. ʉʪʘʨʰʠʡ ʟʥʘʯʘʱʠʡ ʨʘʟʨʷʜ 

ʫʢʘʟʳʚʘʝʪ ʟʥʘʢ (-0  ʧʦʣʦʞʠʪʝʣʴʥʳʡ, -1  ʦʪʨʠʮʘʪʝʣʴʥʳʡ).  
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ʊʘʙʣʠʮʘ 1.1 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʝʣ ʚ ʧʨʷʤʦʤ, ʦʙʨʘʪʥʦʤ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʯʝʪʳʨʝʭʨʘʟʨʷʜʥʦʤ ʜʚʦʠʯʥʦʤ ʢʦʜʝ 
ɼʏ ʩʦ 
ʟʥʘʢʦʤ 

ʇʨʷʤʦʡ 
ʢʦʜ 

ʆʙʨʘʪʥʳʡ 
ʢʦʜ* 

(ʠʥʚʝʨʩʠʷ 

10X  ʠ 1 ʚ 

ʟʥʘʢʦʚʳʡ 
ʨʘʟʨʷʜ) 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ 
ʢʦʜ** 

(ʠʥʚʝʨʩʠʷ 10X , 

ʧʣʶʩ 1 ʢ ʄɿʈ ʠ 1 ʚ 
ʟʥʘʢʦʚʳʡ ʨʘʟʨʷʜ) 

+7 0111 0111 0111 

+6 0110 0110 0110 

+5 0101 0101 0101 

+4 0100 0100 0100 

+3 0011 0011 0011 

+2 0010 0010 0010 

+1 0001 0001 0001 

0 0000 
1000 

0000 
1111 

0000 

ï1 1001 1110 1111 

ï2 1010 1101 1110 

ï3 1011 1100 1101 

ï4 1100 1011 1100 

ï5 1101 1010 1011 

ï6 1110 1001 1010 

ï7 1111 1000 1001 

ï8 ï ï 1000 
* ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʯʠʩʝʣ ʮʠʢʣʠʯʝʩʢʠʡ ʧʝʨʝʥʦʩ ʢ ʄɿʈ;  

** ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʯʠʩʝʣ ʧʝʨʝʥʦʩ ʠʛʥʦʨʠʨʫʝʪʩʷ  

 

ʇʫʩʪʴ -10X ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ ʩʦ ʟʥʘʢʦʤ, ʢʦʪʦʨʦʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʦʙʨʘʪʥʦʤ ʢʦʜʝ. ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ 

-n ʨʘʟʨʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʣʘ 
10X , ʚʢʣʶʯʘʷ ʟʥʘʢ ʠ ʯʘʩʪʴ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ --)1(n  ʨʘʟʨʷʜʥʦʡ. 

ɽʩʣʠ 010²X , ʪʦ ʦʙʨʘʪʥʳʡ ʢʦʜ ʩʦʜʝʨʞʠʪ 0 ʚ ʩʪʘʨʰʝʤ, ʟʥʘʢʦʚʦʤ 

ʨʘʟʨʷʜʝ ʠ ʦʙʳʯʥʦʝ ʜʚʦʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
10X  ʚ ʦʩʪʘʣʴʥʳʭ 
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1-n  ʨʘʟʨʷʜʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʯʠʩʝʣ 

ʦʙʨʘʪʥʳʡ ʢʦʜ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʷʤʳʤ. ɽʩʣʠ ʞʝ 010¢X , ʪʦ 

ʟʥʘʢʦʚʳʡ ʨʘʟʨʷʜ ʩʦʜʝʨʞʠʪ 1, ʘ ʦʩʪʘʣʴʥʳʝ ʨʘʟʨʷʜʳ ʩʦʜʝʨʞʘʪ 

ʜʚʦʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʣʘ: 

10

1 12 Xn --- . 

ɼʦʧʦʣʥʝʥʠʝ ʜʦ ʝʜʠʥʠʮʳ ʬʦʨʤʠʨʫʝʪʩʷ ʦʯʝʥʴ ʧʨʦʩʪʦ, 

ʦʜʥʘʢʦ ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʜʚʦʡʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʫʣʷ (ʚʩʝ ʝʜʠʥʠʮʳ ʠʣʠ ʥʫʣʠ). 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ +13. ɺʳʙʨʘʚ 

ʰʝʩʪʠʨʘʟʨʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʚʢʣʶʯʘʷ ʟʥʘʢ 6=n , ʧʦʣʫʯʠʤ 

ʦʙʨʘʪʥʳʡ ʢʦʜ, ʨʘʚʥʳʡ 001101. ʇʦʜ ʘʙʩʦʣʶʪʥʫʶ ʚʝʣʠʯʠʥʫ ʯʠʩʣʘ 

ʦʪʚʦʜʠʤ ʧʷʪʴ ʨʘʟʨʷʜʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ 

1013- , ʩʯʠʪʘʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʰʝʩʪʠʨʘʟʨʷʜʥʳʤ, ʚʢʣʶʯʘʷ ʟʥʘʢ. ɺ 

ʧʷʪʠʨʘʟʨʷʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 21010 011011313 ==-  ʠ 

21010

5 111113112 ==- , ʪʦʛʜʘ: 

2210

16 10010)0110111111()1312( =-=--- . 

ɼʦʙʘʚʠʚ ʰʝʩʪʦʡ, ʟʥʘʢʦʚʳʡ, ʨʘʟʨʷʜ, ʧʦʣʫʯʠʤ 

ʰʝʩʪʠʨʘʟʨʷʜʥʳʡ ʢʦʜ ʜʣʷ 
1013- , ʨʘʚʥʳʡ 110010. 

ɼʦʧʦʣʥʝʥʠʝ ʜʦ ʜʚʫʭ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʜ). ɽʛʦ ʪʨʫʜʥʝʝ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʯʝʤ ʜʦʧʦʣʥʝʥʠʝ ʜʦ ʝʜʠʥʠʮʳ, ʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʦʛʦ ʢʦʜʘ ʫʜʘʝʪʩʷ ʫʧʨʦʩʪʠʪʴ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʠ 

ʚʳʯʠʪʘʥʠʷ. ɼʦʧʦʣʥʝʥʠʝ ʜʦ ʜʚʫʭ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʠʥʚʝʨʩʠʠ 

ʢʘʞʜʦʛʦ ʨʘʟʨʷʜʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʜʦʙʘʚʣʝʥʠʷ ʝʜʠʥʠʮʳ ʢ ʄɿʈ: 

. 

ɽʩʣʠ 010²X , ʪʦ ʪʘʢ ʞʝ, ʢʘʢ ʜʣʷ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ 

ʢʦʜʦʚ, ʠʤʝʝʤ 0 ʚ ʟʥʘʢʦʚʦʤ ʨʘʟʨʷʜʝ ʠ ʦʙʳʯʥʦʝ ʜʚʦʠʯʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʣʘ 10X  ʚ ʦʩʪʘʣʴʥʳʭ 1-n  ʨʘʟʨʷʜʘʭ. ɽʩʣʠ ʞʝ 
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010<X , ʪʦ ʠʤʝʝʤ 1 ʚ ʟʥʘʢʦʚʦʤ ʨʘʟʨʷʜʝ, ʘ ʚ ʦʩʪʘʣʴʥʳʭ 1-n  

ʨʘʟʨʷʜʘʭ ʜʚʦʠʯʥʳʡ ʵʢʚʠʚʘʣʝʥʪ ʯʠʩʣʘ 
10

12 Xn -- . 

ʈʘʩʩʤʦʪʨʠʤ ʯʠʩʣʦ 
1013- . ʇʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ 

ʰʝʩʪʠʨʘʟʨʷʜʥʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ. ʊʘʢ ʢʘʢ 

21010 011011313 ==-  ʠ 210

5

10 100000322 == , ʪʦ ʧʦʣʫʯʠʤ ʚ 

ʧʷʪʠʨʘʟʨʷʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ: 

2210

16

10

1 10011)01101100000()132(2 =-=-=- -- Xn . 

ɼʦʙʘʚʣʷʷ ʰʝʩʪʦʡ ʟʥʘʢʦʚʳʡ ʨʘʟʨʷʜ, ʧʦʣʫʯʘʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʜ ʯʠʩʣʘ 
1013- , ʨʘʚʥʳʡ 110011. ʅʦʣʴ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ʉʣʦʞʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʥʦ ʧʝʨʝʥʦʩ ʚ ʨʘʟʨʷʜ ʟʥʘʢʘ ʥʫʞʥʦ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʝʧʦʣʥʝʥʠʝ. ʂʦʛʜʘ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʜʚʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʠʩʣʘ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʯʠʩʣʦ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʦ ʨʘʙʦʪʘ ʩʫʤʤʘʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ 

ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʯʠʩʣʘ. ʇʨʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ ʩʣʦʞʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʩʪʦ, ʥʦ ʥʝʦʙʭʦʜʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʟʥʘʢʦʚʳʡ ʨʘʟʨʷʜ, ʣʶʙʦʡ ʧʝʨʝʥʦʩ ʟʘ ʧʨʝʜʝʣʳ ʧʦʣʦʞʝʥʠʷ 

ʟʥʘʢʦʚʦʛʦ ʨʘʟʨʷʜʘ ʧʨʦʩʪʦ ʠʛʥʦʨʠʨʫʝʪʩʷ. 

 
 ɽʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʝʥʠʝ ʜʦ ʝʜʠʥʠʮʳ, ʪʦ ʧʝʨʝʥʦʩ 

ʠʟ ʟʥʘʢʦʚʦʛʦ ʨʘʟʨʷʜʘ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚʭʦʜʥʦʡ 

ʧʝʨʝʥʦʩ ʢ ʄɿʈ. 
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 ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ çʨʘʩʰʠʨʝʥʠʝ ʟʥʘʢʘè. 

ʈʘʩʩʤʦʪʨʠʤ ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ 
103-  ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ, ʘ ʯʠʩʣʦ 

-
10

3  ʧʨʷʤʦʤ ʢʦʜʘʭ ʚ ʪʨʝʭʨʘʟʨʷʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ:  

 
ʚ ʯʝʪʳʨʝʭʨʘʟʨʷʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ: 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʣʝʥʠʝ ʝʜʠʥʠʮ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʯʠʩʝʣ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ ʠ ʥʫʣʝʡ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʯʠʩʝʣ ʩʪʘʨʰʝ ʟʥʘʢʦʚʦʛʦ ʨʘʟʨʷʜʘ (ʜʫʙʣʠʨʦʚʘʥʠʝ ʟʥʘʢʦʚʦʛʦ 

ʨʘʟʨʷʜʘ) ʥʝ ʠʟʤʝʥʷʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʝʩʷʪʠʯʥʦʛʦ ʯʠʩʣʘ, ʵʪʠʤ 

ʩʚʦʡʩʪʚʦʤ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘʢʘʧʣʠʚʘʶʱʝʛʦ 

ʩʫʤʤʘʪʦʨʘ. 

 

 

1.2. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʝʣ ʩʦ ʟʥʘʢʦʤ 

 

ʏʠʩʣʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʣʠʥʦʡ 

ʩʣʦʚʘ ʚ ʙʠʪʘʭ, ʧʦʣʦʞʝʥʠʝʤ ʜʚʦʠʯʥʦʡ ʪʦʯʢʠ (binary point) ʠ 

ʤʦʛʫʪ ʙʳʪʴ ʙʝʟʟʥʘʢʦʚʳʤʠ ʠʣʠ ʟʥʘʢʦʚʳʤʠ. ʇʦʟʠʮʠʷ ʜʚʦʠʯʥʦʡ 

ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ ʚ ʮʝʣʦʡ ʠ ʜʨʦʙʥʦʡ ʯʘʩʪʷʭ 

ʤʘʰʠʥʥʦʛʦ ʩʣʦʚʘ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʢʦʚʳʭ ʯʠʩʝʣ 

(ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ) ʩʪʘʨʰʠʡ ʨʘʟʨʷʜ ʜʚʦʠʯʥʦʛʦ 

ʩʣʦʚʘ ʦʪʚʦʜʠʪʩʷ ʧʦʜ ʟʥʘʢ ʯʠʩʣʘ (sign bit). ʇʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʙʝʟʟʥʘʢʦʚʳʭ ʯʠʩʝʣ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʨʘʟʨʷʜ ʟʥʘʢʘ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʤʳʤ ʨʘʟʨʷʜʦʤ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʯʠʩʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ. 

ɼʘʥʥʳʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʫʶʱʠʭ 

ʪʠʧʦʚ: ʮʝʣʳʤʠ (integers); ʜʨʦʙʥʳʤʠ (fractional); ʦʙʦʙʱʸʥʥʳʤʠ 

(generalize). ʆʙʦʙʱʸʥʥʳʡ ʪʠʧ ʥʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʟʠʮʠʶ ʜʚʦʠʯʥʦʡ ʟʘʧʷʪʦʡ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠ ʪʨʝʙʫʝʪ 
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ʷʚʥʦʛʦ ʫʢʘʟʘʥʠʷ ʝʸ ʧʦʣʦʞʝʥʠʷ. ʕʪʦʪ ʪʠʧ ʜʘʥʥʳʭ 

ʩʧʝʮʠʬʠʮʠʨʫʶʪ ufix ʠ sfix ʬʦʨʤʘʪʘʤʠ. 

ʅʠʞʝ ʧʦʢʘʟʘʥʦ ʜʚʦʠʯʥʦʝ ʯʠʩʣʦ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ 

ʦʙʦʙʱʝʥʥʦʛʦ ʪʠʧʘ, ʛʜʝ -
i

b i-ʡ ʨʘʟʨʷʜ ʯʠʩʣʘ; -n ʜʣʠʥʘ 

ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʚ ʙʠʪʘʭ; -
-1n

b ʩʪʘʨʰʠʡ ʟʥʘʯʠʤʳʡ ʨʘʟʨʷʜ 

(MSB); -
0

b ʤʣʘʜʰʠʡ ʟʥʘʯʠʤʳʡ ʨʘʟʨʷʜ (LSB); -i2 ʚʝʩ i-ʛʦ 

ʨʘʟʨʷʜʘ ʯʠʩʣʘ. ɼʚʦʠʯʥʘʷ ʟʘʧʷʪʘʷ ʟʘʥʠʤʘʝʪ ʯʝʪʚʸʨʪʫʶ ʧʦʟʠʮʠʶ 

ʦʪ ʤʣʘʜʰʝʛʦ (LSB) ʨʘʟʨʷʜʘ ʯʠʩʣʘ. ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ ʜʨʦʙʥʦʡ 

ʯʘʩʪʠ ʯʠʩʣʘ 4=m . 

 

 
 

ɺ ʬʘʡʣʝ ʧʦʤʦʱʠ Fixed-Point Blockset ʩʠʩʪʝʤʳ Matlab 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʘʢʦʛʦ ʯʠʩʣʘ ʧʨʠʤʝʥʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʬʦʨʤʫʣʘ: 

BSQV += , 

ʛʜʝ -V ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʩʷʪʠʯʥʦʛʦ ʯʠʩʣʘ; 

-S ʥʘʢʣʦʥ; -Q ʢʚʘʥʪʦʚʘʥʥʦʝ (ʜʚʦʠʯʥʦ-ʚʟʚʝʰʝʥʥʦʝ) ʟʥʘʯʝʥʠʝ 

ʮʝʣʦʛʦ ʯʠʩʣʘ; -B ʩʤʝʱʝʥʠʝ. ʅʘʢʣʦʥ S ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
EFS 2= , ʛʜʝ -F  ʥʘʢʣʦʥ ʜʨʦʙʥʦʡ ʯʘʩʪʠ, 

ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ 21 ¢¢F ; 

-E ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ mE -= . ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʫʩʪʨʦʡʩʪʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʨʠʥʠʤʘʶʪ 0=B  ʠ 

1=F : 

QV m-º2 .
 

ʂʚʘʥʪʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ Q  ʧʨʠʙʣʠʞʸʥʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ V  ʚ ʚʠʜʝ ʩʫʤʤʳ 
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ʧʨʦʠʟʚʝʜʝʥʠʡ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
i

b  ʥʘ ʚʝʩʘ 
i2  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʤʘʰʠʥʥʦʛʦ ʩʣʦʚʘ. ɼʣʷ 

ʙʝʟʟʥʘʢʦʚʳʭ ʯʠʩʝʣ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʦʨʤʫʣʦʡ: 

i
n

i
i

bQ 2
1

0

³=ä
-

=

. 

ʂʚʘʥʪʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʟʥʘʢʦʚʳʭ ʯʠʩʝʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

i
n

i
i

n

n
bbQ 22

2

0

1

1
³+³-= ä

-

=

-

-
. 

ʊʘʢ ʢʘʢ ʮʝʣʳʝ ʯʠʩʣʘ ʥʝ ʠʤʝʶʪ ʜʨʦʙʥʦʡ ʯʘʩʪʠ )0( =m , 

ʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ V  ʠʤʝʝʪ ʚʠʜ: 

i
n

i
i

bV 2
1

0

³=ä
-

=

 

ʠ ʜʣʷ ʟʥʘʢʦʚʦʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ: 

i
n

i
i

n

n
bbV 22

2

0

1

1
³+³-= ä

-

=

-

-
. 

ɺ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʙʝʟ ʟʥʘʢʘ 

ʚʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ V  ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʙʦʟʥʘʯʝʥʠʝʤ ʧʦʣʠʥʦʤʘ: 

ù
ú

ø
é
ê

è
= ä

-

=

1

0

2*
n

i

i

ibSV . 

ʅʘʧʨʠʤʝʨ, ʜʚʦʠʯʥʦʝ ʯʠʩʣʦ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ 0011.0101 

ʧʨʠ ʜʣʠʥʝ ʤʘʰʠʥʥʦʛʦ ʩʣʦʚʘ 8=n  ʠ 4=m  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʝʟʟʥʘʢʦʚʦʝ (MSB = 0) ʚʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ 3.3125: 

ö
ö

÷

õ

æ
æ

ç

å

+++

+++++
= -

012

34567

4

2*12*02*1

2*02*12*12*02*0
23125.3 . 

ʇʨʠ MSB=1 ʙʫʜʝʤ ʠʤʝʪʴ ʫʞʝ ʜʨʫʛʦʝ ʯʠʩʣʦ 6875.4- : 

.
2*12*02*1

2*02*12*12*02*1
26875.4

012

34567

4

ö
ö

÷

õ

æ
æ

ç

å

+++

+++++-
=- -  
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1.3. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʨʝʜʳ FDATool ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ Matlab/Simulink  

 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʀʍ-ʬʠʣʴʪʨʘ 

ʚ ʩʠʩʪʝʤʝ Matlab/Simulink (ʧʘʢʝʪ Signal Processing, ʩʨʝʜʘ 

FDATool). 

ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʩʨʝʜʳ FDATool ʦʪ ʜʨʫʛʠʭ 

ʧʨʦʛʨʘʤʤ ʨʘʩʯʝʪʘ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ ʷʟʳʢʘ VHDL ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ Simulink 

HDL Coder. ʉʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʢʦʜ 

ʷʟʳʢʘ VHDL ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʠʩʪʝʤʝ ʮʠʬʨʦʚʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ModelSim (Mentor Graphics HDL simulator). 

ʅʘ ʨʠʩ. 1.1 ʧʦʢʘʟʘʥʘ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ) ʂʀʍ-ʬʠʣʴʪʨʘ. ʉʝʨʳʝ ʦʙʣʘʩʪʠ ʥʘ ʨʠʩ. 

1.1 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʧʫʩʢʠ, ʧʨʝʚʳʰʘʪʴ ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ 

ɸʏʍ ʬʠʣʴʪʨʘ ʥʝ ʜʦʣʞʥʘ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʂʀʍ-

ʬʠʣʴʪʨʘ: ʯʘʩʪʦʪʘ ʚʟʷʪʠʷ ʦʪʯʝʪʦʚ 
SF ; ʚʳʙʦʨ ʧʦʨʷʜʢʘ ʬʠʣʴʪʨʘ 

n ; ʛʨʘʥʠʮʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ pf ; ʛʨʘʥʠʮʘ ʧʦʣʦʩʳ 

ʟʘʜʝʨʞʠʚʘʥʠʷ (ʧʦʜʘʚʣʝʥʠʷ) 
sf ; ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʚ 

ʧʦʣʦʩʝ (ʧʦʣʦʩʘʭ) ʧʨʦʧʫʩʢʘʥʠʷ d1 ( pR ); ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʘʪʫʭʘʥʠʝ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ d2  (
SR ). 

 ʅʘ ʧʨʘʢʪʠʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʤʝʩʪʦ 21,dd  ʟʘʜʘʶʪ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳsp RR , , ʟʘʜʘʥʥʳʝ ʚ ʜʝʮʠʙʝʣʘʭ: 

2

1

1

lg20

1

1
lg20

d

d

d

=

-

+
=

a

p

A

A
. 

 



 

 13 

 
ʈʠʩ. 1.1. ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʠʣʴʪʨʘ 

ʥʠʞʥʠʭ ʯʘʩʪʦʪ 

 

 ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʛʠʩʪʨʳ, ʫʤʥʦʞʠʪʝʣʠ, ʩʫʤʤʘʪʦʨʳ ʠ ʪ. ʜ. ï ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʦʧʝʨʘʮʠʡ. ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʠ ʚʳʙʦʨʘ ʩʪʨʫʢʪʫʨʳ ʬʠʣʴʪʨʘ ʨʝʰʘʶʪʩʷ ʚʦʧʨʦʩʳ ʚʳʙʦʨʘ 

ʢʦʜʠʨʦʚʘʥʠʷ ʯʠʩʝʣ (ʧʨʷʤʦʡ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʜ), 

ʩʧʦʩʦʙʦʚ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠʣʠ ʧʣʘʚʘʶʱʝʡ 

ʟʘʧʷʪʦʡ) ʠ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ. 

 ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ 

ʯʘʩʪʦʪ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣ. 1.1. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʂʀʍ-ʬʠʣʴʪʨʘ ʚ 

ʩʨʝʜʝ FDATool ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1.2. 

 ʉʨʝʜʘ FDATool ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʜʣʷ ʨʘʩʯʝʪʘ ʬʠʣʴʪʨʦʚ ʠ ʧʨʦʩʤʦʪʨʘ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘ 

ʚʢʣʘʜʢʝ Design Filter ʟʘʜʘʜʠʤ ʪʠʧ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ɸʏʍ- ʬʠʣʴʪʨ 

ʥʠʞʥʠʭ ʯʘʩʪʦʪ, ʪʠʧ ʬʠʣʴʪʨʘ ï ʥʝʨʝʢʫʨʩʠʚʥʳʡ (FIR), ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ï ʤʝʪʦʜ ʦʢʦʥ (ʩʠʥʪʝʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʩʦʚʳʭ 

ʬʫʥʢʮʠʡ).  
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ʊʘʙʣʠʮʘ 1.2 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ 

ʇʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʘ ɿʥʘʯʝʥʠʝ 

ʌʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ Low Pass  

ʏʘʩʪʦʪʘ ʚʟʷʪʠʷ ʦʪʩʯʝʪʦʚ 
sF , ɻʮ 48000 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 

pR , ɼʙ 

1 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ ʚ ʧʦʣʦʩʝ 

ʟʘʜʝʨʞʠʚʘʥʠʷ 
sR , ɼʙ 

80 

ʇʝʨʝʭʦʜʥʘʷ ʧʦʣʦʩʘ, ɻʮ 2400 

ʏʘʩʪʦʪʘ ʩʨʝʟʘ, 
cF , ɻʮ 9600 

ʊʠʧ ʦʢʥʘ Blackman 

 

ʉʨʝʜʘ FDATool ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʦʣʴʰʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, 

ʯʝʤ ʤʝʛʘʷʜʨʦ Mega Core FIR ʉɸʇʈ ʇʃʀʉ Quartus II . ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʂʀʍ-ʬʠʣʴʪʨʘ ʚ ʩʨʝʜʝ FDATool ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: Equiriple ï ʩʠʥʪʝʟ ʬʠʣʴʪʨʦʚ ʩ 

ʨʘʚʥʦʤʝʨʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ ɸʏʍ ʤʝʪʦʜʦʤ ʈʝʤʝʟʘ; Least-

Squares ï ʤʠʥʠʤʠʟʘʮʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ɸʏʍ 

ʦʪ ʟʘʜʘʥʥʦʡ ʠ ʤʝʪʦʜ ʦʢʦʥ (Window). ɺ ʨʘʟʜʝʣʝ Filter Order 

ʟʘʜʘʝʪʩʷ ʧʦʨʷʜʦʢ ʂʀʍ-ʬʠʣʴʪʨʘ. ʈʘʩʯʝʪ ʬʠʣʴʪʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ Design Filter. ʅʘ ʨʠʩ. 1.2 

ʧʦʢʘʟʘʥʘ ɸʏʍ, ʚʳʯʠʩʣʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʘʪʘ ʩ 

ʧʣʘʚʘʶʱʝʡ (ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʬʦʨʤʘʪʘ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ (ʥʝʧʨʝʨʳʚʥʘʷ ʣʠʥʠʷ). 

ʅʘ ʨʠʩ. 1.3 ʧʦʢʘʟʘʥʘ ʩʠʥʪʝʟʠʨʫʝʤʘʷ ɸʏʍ (ʟʘʜʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ )( fH , ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ ʥʫʣʷ ʜʦ 22F ). ʏʘʩʪʦʪʘ ʩʨʝʟʘ ʟʘʜʘʝʪʩʷ 

ʨʘʚʥʦʡ 9600=cF  ɻʮ. ɺ ʤʝʪʦʜʝ ʦʢʦʥ )( fH  ʦʙʨʘʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʝʪ ʙʝʩʢʦʥʝʯʥʫʶ 

ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʩʯʝʪʦʚ ʠʤʧʫʣʴʩʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʈʠʩ. 1.2. ʀʥʪʝʨʬʝʡʩ ʩʨʝʜʳ FDATool. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ɸʏʍ ʂʀʍ-ʬʠʣʴʪʨʘ 

 

 

1
5 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʂʀʍ-ʬʠʣʴʪʨʘ ʟʘʜʘʥʥʦʛʦ ʧʦʨʷʜʢʘ ʵʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʩʝʢʘʝʪʩʷ ʧʫʪʝʤ ʚʳʙʦʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʥʫʞʥʦʡ ʜʣʠʥʳ. ɼʣʷ ʦʩʣʘʙʣʝʥʠʷ ʧʘʨʘʟʠʪʥʳʭ 

ʵʬʬʝʢʪʦʚ ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʩʠʥʪʝʟʘ ʫʩʝʯʝʥʥʘʷ ʠʤʧʫʣʴʩʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʚʝʩʦʚʫʶ ʬʫʥʢʮʠʶ (ʦʢʥʦ), 

ʧʣʘʚʥʦ ʩʧʘʜʘʶʱʫʶ ʢ ʢʨʘʷʤ. 

 

 
ʈʠʩ. 1.3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ɸʏʍ (ʦʢʥʦ Blackman) 

ʂʀʍ-ʬʠʣʴʪʨʘ ʚ ʩʨʝʜʝ FDATool 

 

ɺʢʣʘʜʢʘ Realize Model ʧʦʟʚʦʣʷʝʪ ʠʤʧʦʨʪʠʨʦʚʘʪʴ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ (ʤʦʜʝʣʴ) ʚ Simulink (ʨʠʩ. 1.2). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʟʘʜʝʨʞʢʘ, ʩʫʤʤʘ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ). ʄʝʥʶ Targets ʦʧʮʠʷ Generate HDL 

ʧʦʟʚʦʣʷʝʪ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʢʦʜ ʬʠʣʴʪʨʘ ʥʘ ʷʟʳʢʝ VHDL. ʄʦʞʥʦ 

ʟʘʢʘʟʘʪʴ ʧʘʨʘʣʣʝʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʂʀʍ-ʬʠʣʴʪʨʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 
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1.4. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʚʘʥʪʦʚʘʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ  

ʂʀʍ-ʬʠʣʴʪʨʦʚ 

 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʚʘʨʠʘʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʢʦʜʘ ʷʟʳʢʘ VHDL 

ʠʟ ʤʦʜʝʣʝʡ ʨʘʩʰʠʨʝʥʠʷ Simulink (ʩʨʝʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʠ ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ) ʩʠʩʪʝʤʳ Matlab 

(ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʚʘʨʠʘʥʪ ʠʟʚʣʝʯʝʥʠʷ ʢʦʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 

ʘʣʛʦʨʠʪʤʦʚ Matlab). ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʠʟʚʣʝʯʝʥʠʷ ʢʦʜʘ ʠʟ 

ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʬʠʣʴʪʨʘ ʙʘʟʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʨʘʩʰʠʨʝʥʠʷ Simulink. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ð ʠʟ ʦʧʠʩʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʬʠʣʴʪʨʘ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ M-ʬʘʡʣʦʚ Simulink.  

ʅʘ ʨʠʩ. 1.4 ʧʦʢʘʟʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʚʝʨʭʥʠʡ 

ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ) ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ, ʚʟʷʪʘʷ ʠʟ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ 

ʧʨʠʤʝʨʘ Simulink HDL Coder Examples Symmetric FIR Filters. 

ʅʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ʩ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ 

ʤʦʜʫʣʷʮʠʝʡ (ʃʏʄ-ʩʠʛʥʘʣ, 2001 ʦʪʩʯʝʪ): 

 

x_in = cos(2.*pi.*(0:0.001:2).*(1+(0:0.001:2).*75)).'. 

 

ʈʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʘ. ʏʘʩʪʦʪʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʘ 1=SF  ʢɻʮ ([0:1/fs:2] ï ʚʝʢʪʦʨ 

ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ; 1+[0:1/fs:2].*75 ï ʯʘʩʪʦʪʘ 

ʠʤʧʫʣʴʩʘ). ʐʘʛ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (Sample time) ï 1. ʅʠʞʝ 

ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʠ ʚ ʩʠʩʪʝʤʝ Matlab. 

 

>> fs=1e3; % ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 1ʢɻʮ 

>> t=0:1/fs:2; % ʚʝʢʪʦʨ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

>> f0=1+[t*75]; % ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʘ 

>> s1=cos(2.*pi.*t.*f0); % ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 

>> plot(s1); 
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ʈʠʩ. 1.4. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ. ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʠʟʚʝʩʪʥʳ ʠ 

ʭʨʘʥʷʪʩʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʘʭ Constant ʩ ʦʜʥʦʠʤʝʥʥʳʤʠ 

ʠʤʝʥʘʤʠ ConstantïConstant3. ɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ 

fixdt(1,16,10): h1 = ï0.1339; h2 = ï0.0838; h3 = 0.2026; h4 = 

=0.4064. ʇʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʟʥʘʯʝʥʠʷ ʠʟ ʬʦʨʤʘʪʘ ʩ ʧʣʘʚʘʶʱʝʡ 

ʟʘʧʷʪʦʡ ʚ ʬʦʨʤʘʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʧʦʟʚʦʣʷʶʪ 

çʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʘʩʪʝʨʘè, ʚʩʪʨʦʝʥʥʳʝ ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ (ʨʠʩ. 1.5). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʠ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʧʦʜʣʝʞʘʱʠʡ 

ʬʠʣʴʪʨʘʮʠʠ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʧʫʪʝʤ 

ʫʤʥʦʞʝʥʠʷ ʥʘ ʤʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ 1024 ( 102 ) ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʬʦʨʤʘʪʦʤ 16.10 (sfix16_En10) ʠ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʦʢʨʫʛʣʝʥʠʶ. ʅʘʧʨʠʤʝʨ, h1*1024= ï137,1136 

ʦʢʨʫʛʣʷʝʪʩʷ ʜʦ ʮʝʣʦʛʦ ʟʥʘʯʝʥʠʷ ï137D ʠʣʠ ff77 ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ ʧʨʠ ʜʣʠʥʝ ʤʘʰʠʥʥʦʛʦ ʩʣʦʚʘ 16 ʙʠʪ).  
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ɺ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʡ ʩʠʩʪʝʤʝ ʩʯʠʩʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ 

ʯʠʩʣʘ ʦʥʠ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ff77, ffaa, 

00cf, 01a0. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʬʦʨʤʘʪ ʢʚʘʥʪʦʚʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʀʍ-ʬʠʣʴʪʨʘ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʯʘʩʪʦʪʥʳʝ ʠ 

ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 1.5. ʅʘʩʪʨʦʡʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ Constant ʩ 

ʠʤʝʥʝʤ Constant1: ʘ) ʟʘʜʘʝʪʩʷ ʚʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ ï0.0838, 

ʚ̫ʣʷʶʱʝʝʩʷ ʦʜʥʠʤ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ (ʟʘʢʣʘʜʢʘ 

Main); ʙ) ʚʳʭʦʜʥʦʡ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʪʦʛʦ ʯʠʩʣʘ 

fixdt(1,16,10) (ʟʘʢʣʘʜʢʘ Signal Attributes) 



 

 20 

ɿʥʘʯʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʬʠʣʴʪʨʦʚʘʪʴ, ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʘʤʧʣʠʪʫʜʝ ʦʪ ï1 ʜʦ +1. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ 

(sfix16_En10). ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ Data Tupe Conversion 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤʘʪʘ double ʚ fixdt(1,16,10). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʜʝʣʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʘ ʥʘ 1024 ʠʣʠ 

ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ 1048576. ʅʘʧʨʠʤʝʨ, 

ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

0400, 03ff , 03ff , 03ff , 03ff , 03ff , 03fe. ɼʣʷ ʧʝʨʝʚʦʜʘ ʚ ʬʦʨʤʘʪ 

double ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʤʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ 

1024: 1, 0.9990234375 ʠ ʪ. ʜ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 

ʨʠʩ. 1.6. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʤʦʜʝʣʠ ʥʘʜ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ x_in, 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʬʠʣʴʪʨʘ, ʚʳʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ y_out ʠ 

delayed_x_scope_out (ʚʳʭʦʜ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ) ʫʢʘʟʳʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʬʦʨʤʘʪ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʨʠʬʤʝʪʠʢʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧʷʪʦʡ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʢʨʫʛʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ï ʦʥʠ ʤʦʛʫʪ ʣʠʰʴ ʚʳʟʚʘʪʴ 

ʧʝʨʝʧʦʣʥʝʥʠʝ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ. ʇʦʵʪʦʤʫ ʚʳʭʦʜʳ ʩ 

ʧʨʝʩʫʤʤʘʪʦʨʦʚ Add-Add3 ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʘʪʝ 

sfix17_En10 ʜʣʷ ʫʯʝʪʘ ʧʝʨʝʧʦʣʥʝʥʠʷ. ɺʳʭʦʜʳ ʩ ʫʤʥʦʞʠʪʝʣʝʡ 

Product ïProduct 3 ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʘʪʝ sfix33_En20, ʪʘʢ 

ʢʘʢ ʫʤʥʦʞʝʥʠʝ ʯʠʩʝʣ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʤʥʦʞʠʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 16- ʠ 17-ʨʘʟʨʷʜʥʳʝ, 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʢʨʫʛʣʝʥʠʷ. ɺʳʭʦʜʳ ʩ 

ʩʫʤʤʘʪʦʨʦʚ Add5ïAdd6 ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʜʝʨʝʚʘ ʩʫʤʤʘʪʦʨʦʚ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʘʪʝ sfix34_En20, ʘ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ð 

sfix35_En20. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ (ʩʠʛʥʘʣ 

y_out) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʘʪʝ sfix35_En20 (ʨʠʩ. 1.6). 
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ʈʠʩ. 1.6. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʠʤʤʝʪʨʠʯʥʦʛʦ  

ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʬʦʨʤʘʪʘ 

ʩʠʛʥʘʣʦʚ. ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ. ʉʪʨʫʢʪʫʨʘ ʬʠʣʴʪʨʘ ʚ 

ʵʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʳ Matlab/Simulink 

 

ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ Simulink HDL Coder 

ʩʠʩʪʝʤʳ Matlab/Simulink ʠʟʚʣʝʯʝʤ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʢʦʜ ʷʟʳʢʘ VHDL ʂʀʍ-ʬʠʣʴʪʨʘ. ɿʘʧʫʩʢ ʧʨʠʣʦʞʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʤʝʥʶ Code/HDL Code/Generate HDL. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʥʶ Code/HDL Code/Option 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʘʟʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʧʮʠʠ ʠ ʦʩʫʱʝʩʪʚʠʪʴ 

ʥʘʩʪʨʦʡʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ. 

ʈʘʟʨʘʙʦʪʘʝʤ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧʷʪʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ fi-ʦʙʲʝʢʪʦʚ ʠ ʷʟʳʢʘ M-ʬʘʡʣʦʚ 

ʩʠʩʪʝʤʳ Matlab (ʨʠʩ. 1.7 ʠ ʨʠʩ. 1.8). ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʡ ʬʦʨʤʘʪ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʝʩʷʪʠʯʥʳʭ ʯʠʩʝʣ:  
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a = fi(v, s, w, f), 

ʛʜʝ -v  ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ; -s ʟʥʘʢ (0 (false) ï ʜʣʷ ʯʠʩʝʣ ʙʝʟ 

ʟʥʘʢʘ ʠ 1 (true) ï ʜʣʷ ʯʠʩʝʣ ʩʦ ʟʥʘʢʦʤ); -w ʨʘʟʤʝʨ ʩʣʦʚʘ ʚ 

ʙʠʪʘʭ (ʮʝʣʘʷ ʯʘʩʪʴ ʯʠʩʣʘ); -f ʜʨʦʙʥʘʷ ʯʘʩʪʴ ʯʠʩʣʘ ʚ ʙʠʪʘʭ. 

ʕʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ 

ʬʦʨʤʘʪʘ: 

a = fi (v, s, w, f, fimath). 

% HDL specific fimath 

hdl_fm = fimath(... 

'RoundMode', 'floor',... 

'OverflowMode', 'wrap',... 

'ProductMode', 'FullPrecision', 'ProductWordLength', 32,... 

'SumMode', 'FullPrecision', 'SumWordLength', 32,... 

'CastBeforeSum', true); 

 

ɼʘʥʥʳʝ ʥʘʩʪʨʦʡʢʠ ʚʳʯʠʩʣʝʥʠʡ ʚ ʬʦʨʤʘʪʝ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʧʨʠʥʷʪʳ ʚ ʩʠʩʪʝʤʝ Simulink ʧʦ 

ʫʤʦʣʯʘʥʠʶ. ʄʦʞʥʦ ʟʘʜʘʪʴ ʨʝʞʠʤ ʦʢʨʫʛʣʝʥʠʷ (Roundmode) ï 

ófloorô ï ʦʢʨʫʛʣʝʥʠʝ ʚʥʠʟ; ʨʝʘʢʮʠʶ ʥʘ ʧʝʨʝʧʦʣʥʝʥʠʝ 

(OverflowMode) ï ówrapô ï ʧʝʨʝʥʦʩ, ʧʨʠ ʚʳʭʦʜʝ ʟʥʘʯʝʥʠʷ v ʠʟ 

ʜʦʧʫʩʪʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ, çʣʠʰʥʠʝè ʩʪʘʨʰʠʝ ʨʘʟʨʷʜʳ 

ʠʛʥʦʨʠʨʫʶʪʩʷ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ 

(óProductModeô) ʠ ʩʣʦʞʝʥʠʷ (SumMode) ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ  ʚʳʯʠʩʣʝʥʠʡ (precision) ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʰʠʥʥʦʝ 

ʩʣʦʚʦ ʰʠʨʠʥʦʡ ʚ 32 ʙʠʪʘ. 

ʇʨʠʤʝʨ 1 ʧʦʢʘʟʳʚʘʝʪ M-ʬʘʡʣ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ fi-ʦʙʲʝʢʪʦʚ. ʅʘ 

ʨʠʩ. 1.9 ʧʦʢʘʟʘʥ ʩʠʛʥʘʣ ʜʦ ʠ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ. 

ɼʘʣʝʝ, ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʣʦʞʝʥʠʷ Simulink HDL Coder ʠʟ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʄ-

ʬʘʡʣʦʚ ʠ fi-ʦʙʲʝʢʪʦʚ ʠʟʚʣʝʢʘʝʪʩʷ ʢʦʜ ʷʟʳʢʘ VHDL ʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʝʩʪʙʝʥʯ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʈʠʩ. 1.7. ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ M-ʬʘʡʣʘ 

 

 
ʈʠʩ. 1.8. ʇʦʜʩʠʩʪʝʤʘ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 

ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ (ʧʦʜʢʣʶʯʝʥʠʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʦʨʪʦʚ  

ʢ M-ʬʘʡʣʫ) 

 
%#codegen 
function [y_out, delayed_xout] = fir8(x_in, h_in1, h_in2, h_in3, h_in4) 
% Symmetric FIR Filter 
% HDL specific fimath 
hdl_fm = fimath(... 
'RoundMode', 'floor',... 
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'OverflowMode', 'wrap',... 
'ProductMode', 'FullPrecision', 'ProductWordLength', 32,... 
'SumMode', 'FullPrecision', 'SumWordLength', 32,... 
'CastBeforeSum', true); 
% declare and initialize the delay registers 
persistent ud1 ud2 ud3 ud4 ud5 ud6 ud7 ud8; 
if isempty(ud1) 
    ud1 = fi(0, 1, 16, 10, hdl_fm); 
    ud2 = fi(0, 1, 16, 10, hdl_fm); 
    ud3 = fi(0, 1, 16, 10, hdl_fm); 
    ud4 = fi(0, 1, 16, 10, hdl_fm); 
    ud5 = fi(0, 1, 16, 10, hdl_fm); 
    ud6 = fi(0, 1, 16, 10, hdl_fm); 
    ud7 = fi(0, 1, 16, 10, hdl_fm); 
    ud8 = fi(0, 1, 16, 10, hdl_fm); 
end 
% access the previous value of states/registers 
a1 = fi(ud1 + ud8, 1, 17, 10, hdl_fm); 
a2 = fi(ud2 + ud7, 1, 17, 10, hdl_fm); 
a3 = fi(ud3 + ud6, 1, 17, 10, hdl_fm);  
a4 = fi(ud4 + ud5, 1, 17, 10, hdl_fm); 
% multiplier chain 
m1 = fi((h_in1*a1), 1, 33, 20, hdl_fm);  
m2 = fi((h_in2*a2), 1, 33, 20, hdl_fm); 
m3 = fi((h_in3*a3), 1, 33, 20, hdl_fm);   
m4 = fi((h_in4*a4), 1, 33, 20, hdl_fm); 
% adder chain 
a5 = fi(m1 + m2, 1, 34, 20, hdl_fm); 
a6 = fi(m3 + m4, 1, 34, 20, hdl_fm); 
% filtered output 
y_out = fi(a5 + a6, 1, 35, 20, hdl_fm); 
% delayout input signal 
delayed_xout = ud8; 
% update the delay line 
ud8 = ud7;  ud7 = ud6; ud6 = ud5; 
ud5 = ud4; 
ud4 = ud3; 
ud3 = ud2; 
ud2 = ud1; 
ud1 = fi(x_in, 1, 16, 10, hdl_fm); 
end 
ʇʨʠʤʝʨ 1. M-ʬʘʡʣ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ 

ʦʪʚʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ fi -ʦʙʲʝʢʪʦʚ 
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ʘ) 

 
ʙ) 

ʈʠʩ. 1.9. ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ:  

ʘ) ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ; ʙ) ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 

 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʂʀʍ-

ʬʠʣʴʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʤʫʣʷʪʦʨʘ ModelSim-Altera Starter 

Edition. ʅʘ ʨʠʩ. 1.10 ʧʦʢʘʟʘʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪʙʝʥʯʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʣʦʞʝʥʠʷ Simulink HDL Coder ʠʟ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʄ-

ʬʘʡʣʦʚ ʠ fi-ʦʙʲʝʢʪʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʡ VHDL-ʢʦʜ, ʨʘʟʨʘʙʦʪʘʝʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʤʦʜʝʣʴ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  (ʨʠʩ. 1.11). 

ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩʬʦʨʤʠʨʫʝʤ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 

(ʨʠʩ. 1.12) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʤʝʨʦʤ 4. ʇʨʦʝʢʪ ʨʘʟʤʝʱʝʥ ʚ 
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ʇʃʀʉ EP2C5AF256A7 ʩʝʨʠʠ Cyclone II. ʅʘ ʨʠʩ. 1.13 ʧʦʢʘʟʘʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʦʝʢʪʘ ʧʦ 

ʢʨʠʩʪʘʣʣʫ ʇʃʀʉ EP2C5AF256A7. ʀʩʧʦʣʴʟʫʶʪʩʷ ʚʦʩʝʤʴ 

ʘʧʧʘʨʘʪʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʧʝʨʘʥʜʦʚ 9Ĭ9. ʏʪʦ 

ʨʘʚʥʦʩʠʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʯʝʪʳʨʝʭ ʫʤʥʦʞʠʪʝʣʝʡ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʧʝʨʘʥʜʦʚ 18Ĭ18 (ʪʘʙʣ. 1.3). 

 

ʊʘʙʣʠʮʘ 1.3 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʯʠʩʣʫ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ 

ʇʃʀʉ Cyclone II EP2C5AF256A7 
ʃʦʛʠʯʝʩʢʠʝ 
ʵʣʝʤʝʥʪʳ 

(Logic Cells, 
LC) 

ʊʨʠʛʛʝʨʳ 
ʣʦʛʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ 

(Dedicated logic 
registers) 

ɸʧʧʘʨʘʪʥʳʝ 
ʫʤʥʦʞʠʪʝʣʠ 
ʨʘʟʤʝʨʥʦʩʪʴʶ 
ʦʧʝʨʘʥʜʦʚ 9Ĭ9 

(Embedded 
Multiplier 9-bit 

elements) 

ʈʘʙʦʯʘʷ 
ʯʘʩʪʦʪʘ ʚ 
ʥʘʠʭʫʜʰʝʤ 
ʩʣʫʯʘʝ  

Fmax, ʄɻʮ 

238/4608 
(5%) 

128/4608 
(3%) 

8/26 (31%) 
ʠʣʠ 4 ʫʤʥʦʞʠʪʝʣʷ 
ʨʘʟʤʝʨʥʦʩʪʴʶ 

18x18 

380 

 

ʉʨʘʚʥʠʚʘʷ ʨʠʩ. 1.10 ʠ ʨʠʩ. 1.12, ʚʠʜʠʤ, ʯʪʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʜʘ ʷʟʳʢʘ VHDL, 

ʠʟʚʣʝʯʝʥʥʦʛʦ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʣʦʞʝʥʠʷ Simulink HDL Coder ʠʟ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʄ-

ʬʘʡʣʦʚ ʠ fi-ʦʙʲʝʢʪʦʚ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 13.0, 

ʨʘʙʦʪʘʝʪ ʢʦʨʨʝʢʪʥʦ. 

ɺ ʩʦʩʪʘʚ HDL Coder ʚʭʦʜʠʪ ʠʥʩʪʨʫʤʝʥʪ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

HDL Workflow Advisor (ʧʦʤʦʱʥʠʢ ʧʦ ʨʘʙʦʪʝ ʩ HDL), ʢʦʪʦʨʳʡ 

ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʇʃʀʉ ʬʠʨʤ Xilinx  ʠ 

Altera. ʄʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ HDL-ʘʨʭʠʪʝʢʪʫʨʫ ʠ 

ʨʝʘʣʠʟʘʮʠʶ, ʚʳʜʝʣʷʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʧʫʪʠ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʦʪʯʝʪʳ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʅʘ ʨʠʩ. 1.14 ʧʦʢʘʟʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ HDL 

Workflow Advisor ʨʘʩʰʠʨʝʥʠʷ Simulink. ɹʦʣʝʝ ʧʦʜʨʦʙʥʫʶ 
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ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʩʘʡʪʝ matlab.ru. 

ʇʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ HDL Workflow Advisor ʜʫʙʣʠʨʫʝʪ 

ʧʫʥʢʪʳ ʤʝʥʶ Code/HDL Code/Generate HDL ʠ Code/HDL 

Code/Option, ʥʦ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʫʨʦʚʥʝ. 

ɻʝʥʝʨʘʮʠʷ ʢʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʇʝʨʚʳʡ 

ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʩʪʠʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʨʝʘʣʠʟʘʮʠʷ 

ʧʨʦʝʢʪʘ ʚ ʙʘʟʠʩʝ ʟʘʢʘʟʥʳʭ ɹʀʉ/ʇʃʀʉ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ 

ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʠʣʠ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʩ 

ʚʳʙʦʨʦʤ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ ʠ ʩʝʨʠʠ ʇʃʀʉ ʬʠʨʤ Xilinx  ʠʣʠ 

Altera. ɼʣʷ ʧʨʦʝʢʪʦʚ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Workflow Advisor 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʘʢ ʧʣʦʱʘʜʴ-

ʩʢʦʨʦʩʪʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʤʷʪʠ RAM, ʢʦʥʚʝʡʝʨʠʟʘʮʠʷ, 

ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʮʠʢʣʦʚ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʟʜʝʣʝ Set Target ʚʳʙʠʨʘʝʪʩʷ ʦʪʣʘʜʦʯʥʘʷ 

ʧʣʘʪʘ Altera DE2-115 Development and Education Board ʥʘ 

ʇʃʀʉ ʩʝʨʠʠ Cyclone IV EP4CE115. ɺ ʩʣʫʯʘʝ ʚʳʙʦʨʘ ʩʪʠʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ FPGA-in-the-Loop (ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ) 

ʦʪʣʘʞʠʚʘʪʴ ʧʨʦʝʢʪ ʚʦʟʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ Simulink. 

ʇʨʦʚʝʨʢʫ ʥʘ ʧʦʜʜʝʨʞʢʫ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ Workflow Advisor 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʤʦʜʝʣʠ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ Prepare Model For HDL Code Generation ʚ 

ʨʘʟʜʝʣʝ Chek FPGA-in-the-Loop Compatibility. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʢʦʜʘ. 

ʉʠʩʪʝʤʘ Matlab/Simulink c ʧʨʠʣʦʞʝʥʠʝʤ Simulink HDL 

Coder ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʫʩʢʦʨʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʢʚʘʥʪʦʚʘʥʥʳʭ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʚ ʙʘʟʠʩʝ 

ʇʃʀʉ. ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʚʣʝʯʝʥʥʳʡ VHDL-ʢʦʜ ʬʠʣʴʪʨʘ ʠʟ 

ʦʧʠʩʘʥʠʷ Simulink-ʤʦʜʝʣʠ ʧʨʠʚʦʜʠʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʚʩʪʨʦʝʥʥʳʭ ʎʆʉ-ʙʣʦʢʦʚ ʚ ʇʃʀʉ ʩʝʨʠʠ Cyclone II, 

ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʟʨʘʙʦʪʢʫ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʂʀʍ-

ʬʠʣʴʪʨʦʚ.  
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ʈʠʩ. 1.10. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪʙʝʥʯʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ Simulink HDL Coder ʠʟ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʄ-ʬʘʡʣʦʚ ʠ fi-ʦʙʲʝʢʪʦʚ 

 

 
ʈʠʩ. 1.11. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ, ʧʦʩʪʨʦʝʥʥʘʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʜʘ ʷʟʳʢʘ VHDL, ʠʟʚʣʝʯʝʥʥʦʛʦ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʣʦʞʝʥʠʷ Simulink HDL Coder ʠʟ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 

ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʄ-ʬʘʡʣʦʚ ʠ fi-ʦʙʲʝʢʪʦʚ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 13.0 

2
8 
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ʈʠʩ. 1.12. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʜʘ ʷʟʳʢʘ 

VHDL, ʠʟʚʣʝʯʝʥʥʦʛʦ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ Simulink HDL Coder ʠʟ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʄ-ʬʘʡʣʦʚ  

ʠ fi -ʦʙʲʝʢʪʦʚ 
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ʈʠʩ. 1.13. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʦʝʢʪʘ ʧʦ ʢʨʠʩʪʘʣʣʫ  

ʇʃʀʉ EP2C5AF256A7 
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ʈʠʩ. 1.14. ʇʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ Workflow Advisor ʧʘʢʝʪʘ ʨʘʩʰʠʨʝʥʠʷ Simulink 

3
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1.5. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʀʍ-ʬʠʣʴʪʨʘ ʚ 

ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ 

 

ɺ ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

Matlab/Simulink ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʎʆʉ ʚ ʇʃʀʉ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʘʢʝʪʳ ʨʘʩʰʠʨʝʥʠʷ ʢʘʢ ʦʪ Xilinx 

System Generator ʪʘʢ ʠ ʦʪ Altera DSP Builder. ʇʨʦʛʨʘʤʤʥʳʝ 

ʧʘʢʝʪʳ ʨʘʩʰʠʨʝʥʠʷ Altera DSP Builder ʠ System Generator IDS 

ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

Matlab/Simulink ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʝ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʝ VHDL-ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʚ c 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʢʦʤʧʠʣʠʨʦʚʘʥʠʝʤ ʚ ʇʃʀʉ Xilinx ʠ Altera c 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʟʜʘʥʠʝʤ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ. ʆʜʥʘʢʦ ʵʪʠ 

ʧʘʢʝʪʳ ʷʚʣʷʶʪʩʷ ʥʝ ʜʨʫʞʝʩʪʚʝʥʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ 

ʜʨʫʛʫ, ʪ.ʢ. ʚ ʥʠʭ ʟʘʣʦʞʝʥʳ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʇʃʀʉ 

ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʦ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʙʱʠʭ ʧʨʠʥʮʠʧʘʭ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʝ 

Matlab/Simulink.  

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʂʀʍ-ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ Xilinx  System Generator IDS ʠ Altera 

DSP Builder. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʂʀʍ-ʬʠʣʴʪʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MAC-ʙʣʦʢʘ c ʯʠʩʣʦʤ ʦʪʚʦʜʦʚ 

43 ʚ ʩʠʩʪʝʤʝ Matlab/Simulink ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʙʣʠʦʪʝʢ System 

Generator IDS. ʄʦʜʝʣʴ ʥʘʟʳʚʘʝʪʩʷ mac_df2t_soln.mdl ʝʝ ʤʦʞʥʦ 

ʥʘʡʪʠ ʚ ʧʘʧʢʝ ISE\sysgen\examples\mac_fir . 

ʄʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ n-tap Dual 

Port Memory MAC FIR Filter ʠʟ ʙʠʙʣʠʦʪʝʢʠ Xilinx  Reference 

Blockset/DSP ʧʘʢʝʪʘ ʨʘʩʰʠʨʝʥʠʷ Matlab/Simulink. ɼʣʷ 

ʭʨʘʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʠ ʚʭʦʜʥʳʭ ʦʪʩʯʝʪʦʚ 

ʠʩʧʦʣʴʟʫeʪʩʷ ʙʣʦʯʥʘʷ ʧʘʤʷʪʴ ʇʃʀʉ Xilinx  (ʜʚʫʭʧʦʨʪʦʚʦʝ 

ʆɿʋ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ n-tap Dual Port Memory). 

ʇʘʨʘʤʝʪʨʳ ʩʧʝʮʠʬʠʢʘʮʠʠ ʬʠʣʴʪʨʘ ʩʣʝʜʫʶʱʠʝ: ʝʜʠʥʠʮʳ 
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ʠʟʤʝʨʝʥʠʷ ɻʮ; ʯʘʩʪʦʪʘ ʚʟʷʪʠʷ ʦʪʯʝʪʦʚ 44100=SF  ɻʮ (44.1 

ʢɻʮ); ʧʦʨʷʜʦʢ ʬʠʣʴʪʨʘ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʙʦʨ (Minimum 

Order); ʛʨʘʥʠʮʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 6000=Passf  ɻʮ (6 ʢɻʮ); 

ʛʨʘʥʠʮʘ ʧʦʣʦʩʳ ʟʘʜʝʨʞʠʚʘʥʠʷ (ʧʦʜʘʚʣʝʥʠʷ) 7725=Stopf  ɻʮ 

(7.725 ʢɻʮ); ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 
PassA  

( 1=pR  ʜɹ); ʤʠʥʠʤʘʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ ʚ ʧʦʣʦʩʝ ʟʘʜʝʨʞʠʚʘʥʠʷ 

StopA  ( 48=SR  ʜɹ); ʢʦʵʬʬʠʮʠʝʥʪ ʧʣʦʪʥʦʩʪʠ ʩʝʪʢʠ ʯʘʩʪʦʪ 16 

(Density Factor). ʆʩʫʱʝʩʪʚʠʤ ʩʠʥʪʝʟ ʬʠʣʴʪʨʦʚ ʩ ʨʘʚʥʦʤʝʨʥʳʤʠ 

ʧʫʣʴʩʘʮʠʷʤʠ ɸʏʍ ʚ ʧʦʣʦʩʘʭ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʟʘʜʝʨʞʠʚʘʥʠʷ 

ʤʝʪʦʜʦʤ ʈʝʤʝʟʘ (Equiripple). ʇʦ ʟʘʜʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʬʠʣʴʪʨ ʩ ʧʦʨʷʜʢʦʤ 42=n  

(ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʤʠʥʠʤʘʣʴʥʳʡ ʧʦʨʷʜʦʢ) ʠʣʠ 43 

ʢʦʵʬʬʠʮʠʝʥʪʘ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʀʍ-ʬʠʣʴʪʨʘ 

ʠʩʧʦʣʴʟʫʝʤ ʛʨʘʬʠʯʝʩʢʫʶ ʩʨʝʜʫ ʜʣʷ ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟʘ 

ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ FDATool. 

ʂʀʍ-ʬʠʣɹʪʨ ʩ ʠʤʝʥʝʤ MAC Based FIR, ʧʨʠʚʝʜʝʥʥʳʡ ʚ 

ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʝ Xilinx  System Generator ʷʚʣʷʝʪʩʷ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʤ. ɺ System Generator ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʧʝʮʠʬʠʯʥʳʡ ʙʣʦʢ, ʚʳʟʳʚʘʶʱʠʡ ʩʨʝʜʫ FDATool (ʙʣʦʢ 

ʧʦʤʝʯʝʥ ʬʠʨʤʝʥʥʳʤ ʟʥʘʯʢʦʤ X). ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʨʠʛʠʥʘʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ FDATool ʚ ʥʝʤ ʥʝʣʴʟʷ ʟʘʜʘʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʢʚʘʥʪʦʚʘʥʠʷ ʬʠʣʴʪʨʘ, ʪ.ʢ. ʦʪʩʫʪʩʪʚʫʶʪ ʦʧʮʠʠ ʜʣʷ ʢʚʘʥʪʦʚʘʥʠʷ 

set quantization parameters. ʆʧʝʨʘʮʠʷ ʢʚʘʥʪʦʚʘʥʠʷ ï ʵʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʥʘʙʦʨʦʤ ʙʠʪʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

xlfda_numerator(óFDAToolô) ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

(ʨʠʩ. 1.15). ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 

0.3022, ʘ ʤʠʥʠʤʘʣʴʥʦʝ -0.067, ʧʦʵʪʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ 

ʥʝ ʚʳʭʦʜʷʪ ʠʟ ʜʠʘʧʘʟʦʥʘ [-1, 1]. ʇʘʨʘʤʝʪʨʳ ʢʚʘʥʪʦʚʘʥʠʷ 

ʟʘʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʤʘʩʢʠ ʜʣʷ MAC FIR. 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 
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ʟʘʧʷʪʦʡ FIX_10_8, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʘʢ FIX_12_12 (ʨʠʩ. 1.16). 

ʆʙʳʯʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʜʚʫʭʵʣʝʤʝʥʪʥʦʛʦ ʚʝʢʪʦʨʘ M.N (ʥʦʪʘʮʠ ̫Qm.n), ʛʜʝ M ï ʦʙʱʝʝ 

ʯʠʩʣʦ ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʯʠʩʝʣ; N ï ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ ʜʨʦʙʥʦʡ ʯʘʩʪʠ, ʥʘʧʨʠʤʝʨ 12.12. ɺ 

Xilinx System Generator ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʝʥʠʝ FIX_12_12 (ʨʠʩ. 

1.16), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢ 

ʜʠʘʧʘʟʦʥʫ [-0.5, 0.4998]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʧʨʠʤʝʨʝ ʧʨʦʮʝʩʩ 

ʢʚʘʥʪʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʦʪʩʯʝʪʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʆʧʝʨʘʮʠʶ ʧʝʨʝʭʦʜʘ 

ʦʪ ʜʨʦʙʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʢ 

ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘʟʳʚʘʶʪ ʝʱʝ ʥʦʨʤʘʣʠʟʘʮʠʝʡ. 

ʌʨʘʛʤʝʥʪʳ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʘʭ double, FIX_10_8 ʠ 

FIX_12_12 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ɺʳʯʠʩʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

xlfda_numerator('FDATool') ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ ʩʠʩʪʝʤʳ 

Matlab ʠ ʫʤʥʦʞʠʤ ʥʘ ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 4096 (2^12) ʘ 

ʟʘʪʝʤ ʦʢʨʫʛʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ round. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʚʦʜ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʦʟʥʘʯʘʝʪ 

ʜʦʛʦʚʦʨʝʥʥʦʩʪʴ ʫʤʥʦʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʤʘʩʰʪʘʙʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʨʫʛʣʝʥʠʝʤ. 

 

y=xlfda_numerator('FDATool'); 

fir_coef=round(y*4096); 

 
ï8 ï41 ï57 ï58 ï24 26 59 43

 ï17 ï77 ï80 ï7 97 140 60 ï113

 ï249 ï193 124 613 1058 1238 1058 613

 124 ï193 ï249 ï113 60 140 97 ï7

 ï80 ï77 ï17 43 59 26 ï24 ï58

 ï57 ï41 ï8 
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ʈʠʩ. 1.15. ʄʘʩʢʘ ʜʣʷ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʥʪʦʚʘʥʠʷ  

ʂʀʍ-ʬʠʣʴʪʨʘ ʚ Xilinx  System Generator 

 

 

 
ʈʠʩ. 1.16. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʝʣ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧʷʪʦʡ: ʘ) ʬʦʨʤʘʪ Qm.n; ʙ) ʬʦʨʤʘʪ FIX ʚ System Generator 
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ʌʨʘʛʤʝʥʪʳ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʘʭ double ʠ FIX ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦ 

ʩʪʨʫʢʪʫʨʝ ʬʠʣʴʪʨʘ ʝʜʠʥʠʯʥʦʛʦ ʠʤʧʫʣʴʩʘ 
 

ɿʥʘʯʝʥʠʷ 

ʦʪʢʣʠʢʘ 

ʚ ʬʦʨʤʘʪʝ 

double 

(ʦʢʨʫʛʣʝʥʳ) 

ɿʥʘʯʝʥʠʷ ʦʪʢʣʠʢʘ ʚ 

ʬʦʨʤʘʪʝ FIX_10_8 

(ʟʥʘʯʝʥʠʷ ʦʪʢʣʠʢʘ * 

ʤʘʩʰʪ. ʢʦʵʬ. 256) 

ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʬʠʣʴʪʨʘ 

ʚ ʬʦʨʤʘʪʝ 

double 

(ʦʢʨʫʛʣʝʥʳ) 

ʂʦʬɻʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʚ 

ʬʦʨʤʘʪʝ 

FIX_12_12 

(ʢʦʵʬ.ʬʠʣʴʪʨʘ *  

ʤʘʩʰʪ. ʢʦʵʬ. 4096) 

ï0,00195; ï1 ï0.0019 ï8 

ï0,01196; ï3 ï0.099 ï41 

ï0,02588; ï7 ï0.0139 ï57 

ï0,0400; ï10 ï0.0141 ï58 

 

ɺʳʟʦʚ ʩʨʝʜʳ FDATool ʦʩʫʱʝʩʪʚʠʤ ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ 
ʩʠʩʪʝʤʳ Matlab. ʇʦʩʤʦʪʨʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʙʝʟ 
ʫʯʝʪʘ ʢʚʘʥʪʦʚʘʥʠʷ, ʚʳʙʠʨʘʝʪʩʷ ʘʨʠʬʤʝʪʠʢʘ ʬʠʣʴʪʨʘ Double-
precision floating-point (ʜʚʦʡʥʘʷ ʪʦʯʥʦʩʪʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʩ 
ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ). ʅʘ ʨʠʩ. 1.17ʘ ʧʦʢʘʟʘʥʳ ʦʧʦʨʥʳʝ 
ʟʥʘʯʝʥʠʷ ʯʠʩʣʠʪʝʣʷ (Reference Numerator) ʧʝʨʝʜʘʪʦʯʥʦʡ 
ʬʫʥʢʮʠʠ ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʝ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ 
(ʘʨʠʬʤʝʪʠʢʘ ʬʠʣʴʪʨʘ Double-precision floating-point). 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʦʧʮʠʠ ʜʣʷ 
ʢʚʘʥʪʦʚʘʥʠʷ set quantization parameters ʩʨʝʜʳ FDATool ʤʦʞʥʦ 
ʧʝʨʝʡʪʠ ʢ ʢʚʘʥʪʦʚʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʬʠʣʴʪʨʘ (ʨʠʩ. 1.18). 
ɺ ʧʦʣʝ Filter arithmetic ʚʳʙʠʨʘʝʤ ʟʘʢʣʘʜʢʫ Fixed-point 
(ʘʨʠʬʤʝʪʠʢʘ ʬʠʣʴʪʨʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ). 

ɼʘʣʝʝ ʥʘʩʪʨʦʠʤ ʧʘʨʘʤʝʪʨʳ ʢʚʘʥʪʦʚʘʥʠʷ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʤʦʜʝʣʠ mac_df2t_soln.mdl Xilinx  System 
Generator, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘʪ FIX12.12. ɿʘʜʘʜʠʤ 
ʜʨʦʙʥʫʶ ʯʘʩʪʴ ʯʠʩʣʘ (Numerator frac. Lenth: 12). ʆʩʪʘʣʴʥʳʝ 
ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʚʦ ʚʢʣʘʜʢʝ Coefficients ʥʝ ʜʦʣʞʥʳ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ (ʙʝʟ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ). ʌʦʨʤʘʪ 12.12         
(ʨʠʩ. 1.17ʙ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʮʠʠ Best-precision fraction lengths 
(ʜʣʠʥʘ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʧʨʠ ʥʘʠʣʫʯʰʝʡ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ). ʅʘ ʨʠʩ. 1.18 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʀʍ-ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 
ʟʘʧʷʪʦʡ 12.12 ʥʘ ʝʛʦ ɸʏʍ. 
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ʈʠʩ.1.17. ʂʦʵʬʬʠʮʠʝʥʪʳ (ʯʘʩʪʴ) ʂʀʍ-ʬʠʣʴʪʨʘ ʙʝʟ ʫʯʝʪʘ ʢʚʘʥʪʦʚʘʥʠʷ, ʚʳʙʠʨʘʝʪʩʷ ʘʨʠʬʤʝʪʠʢʘ 

ʬʠʣʴʪʨʘ Double-precision floating-point (ʘ); ʙ) ʢʚʘʥʪʦʚʘʥʥʳʝ, ʬʦʨʤʘʪ 12.12 (ʧʨʠʚʦʜʷʪʩʷ ʢ 

ʜʠʘʧʘʟʦʥʫ [-0.5 0.5)); ʚ) ʢʚʘʥʪʦʚʘʥʥʳʝ, ʬʦʨʤʘʪ 12.11 (ʧʨʠʚʦʜʷʪʩʷ ʢ ʜʠʘʧʘʟʦʥʫ [-1 1)) 
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ʈʠʩ.1.18. ɺʣʠʷʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ  

ʟʘʧʷʪʦʡ 12.12 ʥʘ ʝʛʦ ɸʏʍ 

 

3
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ʚʳʛʨʫʟʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ VHDL-ʬʘʡʣ ʠ ʚ 

COE-ʬʘʡʣ ʩ ʧʦʤʦʱʴʶ ʤʝʥʶ Targets Generate HDL ʠ XILINX  

Cofficient (.COE) File. ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʬʨʘʛʤʝʥʪ VHDL-ʢʦʜʘ 

ʬʠʣʴʪʨʘ, ʠʟʚʣʝʯʝʥʥʳʡ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʘʨʠʬʤʝʪʠʢʠ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʚ ʬʦʨʤʘʪʝ 12.12 (ʧʨʠʤʝʨ 1). ɺ ʩʠʩʪʝʤʝ 

Matlab ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧʷʪʦʡ ʧʨʠ ʵʢʩʧʦʨʪʝ ʚ VHDL-ʬʘʡʣ ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʘʢ 

sfix12_En12. ɺ VHDL-ʢʦʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʬʠʣʴʪʨʘ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʦʚ ʧʝʨʝʚʦʜʷʪʩʷ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʜ. ʅʘʧʨʠʤʝʨ, ʜʝʩʷʪʠʯʥʦʝ ʮʝʣʦʝ ʯʠʩʣʦ ʩʦ 

ʟʥʘʢʦʤ -8, ʟʘʜʘʥʥʦʝ ʢʘʢ ʢʦʥʩʪʘʥʪʘ, ʧʝʨʝʚʦʜʠʪʩʷ ʚ 12-ʨʘʟʨʷʜʥʦʝ 

ʯʠʩʣʦ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʠʟʤʝʥʝʥʠʷ 

ʪʠʧʦʚ to_signed. 

 
-- Filter Structure  : Direct-Form FIR 

-- Filter Length     : 43 

-- Stable            : Yes 

-- Linear Phase      : Yes (Type 1) 

-- Arithmetic        : fixed 

-- Numerator         : s12,12 -> [-5.000000e-01 5.000000e-01) 

-- Input             : s10,8 -> [-2 2) 

-- Filter Internals  : Full Precision 

--   Output          : s23,20 -> [-4 4)  (auto determined) 

--   Product         : s21,20 -> [-1 1)  (auto determined) 

--   Accumulator     : s23,20 -> [-4 4)  (auto determined) 

--   Round Mode      : No rounding 

--   Overflow Mode   : No overflow 

  -- Constants 
CONSTANT coeff1 : signed(11 DOWNTO 0) := to_signed(-8, 12); -- sfix12_En12 

CONSTANT coeff2: signed(11 DOWNTO 0) := to_signed(-41, 12); -- sfix12_En12 

CONSTANT coeff3  : signed(11 DOWNTO 0) := to_signed(-57, 12); -- sfix12_En12 

CONSTANT coeff4: signed(11 DOWNTO 0) := to_signed(-58, 12); -- sfix12_En12 

CONSTANT coeff5: signed(11 DOWNTO 0) := to_signed(-24, 12); -- sfix12_En12 

CONSTANT coeff6: signed(11 DOWNTO 0) := to_signed(26, 12); -- sfix12_En12 

CONSTANT coeff7: signed(11 DOWNTO 0) := to_signed(59, 12); -- sfix12_En12 

CONSTANT coeff8: signed(11 DOWNTO 0) := to_signed(43, 12); -- sfix12_En12 

CONSTANT coeff9: signed(11 DOWNTO 0) := to_signed(-17, 12); -- sfix12_En12 
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CONSTANT coeff10: signed(11 DOWNTO 0) := to_signed(-77, 12); -- sfix12_En12 

CONSTANT coeff11: signed(11 DOWNTO 0) := to_signed(-80, 12); -- sfix12_En12 

CONSTANT coeff12: signed(11 DOWNTO 0) := to_signed(-7, 12); -- sfix12_En12 

CONSTANT coeff13: signed(11 DOWNTO 0) := to_signed(97, 12); -- sfix12_En12 

 

ʇʨʠʤʝʨ 1. ʀʩʧʦʣʴʟʫʝʤʘʷ ʘʨʠʬʤʝʪʠʢʘ ʠ ʬʨʘʛʤʝʥʪ VHDL-ʢʦʜʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʝ 12.12 
 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʛʨʫʟʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʜʣʷ 

Xilinx  System Generator (ʧʨʠʤʝʨ 2). 
 

; XILINX CORE Generator(tm)Distributed Arithmetic FIR filter coefficient 

(.COE) File 

; Generated by MATLAB(R) 8.3 and the DSP System Toolbox 8.6. 

Radix = 16;  

Coefficient_Width = 12;  

CoefData = 

ff8,fd7,fc7,fc6,fe8,01a,03b,02b,fef,fb3,fb0,ff9,061,08c,03c,f8f,f07,f3f,07c,265, 

422,4d6,422,265,07c,f3f,f07,f8f,03c,08c,061,ff9,fb0,fb3,fef,02b,03b,01a,fe8,fc6,

fc7,fd7,ff8; 

ʇʨʠʤʝʨ 2. ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʤ ʬʦʨʤʘʪʝ ʩ 12-ʨʘʟʨʷʜʥʦʡ ʪʦʯʥʦʩʪʴʶ     

(coe-ʬʘʡʣ)  

 

ʉʨʘʚʥʠʚʘʷ ʜʚʘ ʧʨʠʤʝʨʘ ʫʙʝʞʜʘʝʤʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ coe-ʬʘʡʣʝ ʩʦʚʧʘʜʘʶʪ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʫʢʘʟʘʥʥʳʤʠ ʢʘʢ ʮʝʣʳʝ ʜʝʩʷʪʠʯʥʳʝ ʯʠʩʣʘ ʩʦ ʟʥʘʢʦʤ ʚ VHDL-

ʬʘʡʣʝ. ʉ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ coe-ʬʘʡʣ ʫʜʦʙʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʛʝʥʝʨʘʪʦʨʝ ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʥʳʭ ʷʜʝʨ XILINX 

CORE Generator. ɸ ʧʦʣʫʯʝʥʥʳʡ VHDL-ʢʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʣʶʙʦʤ ʉɸʇʈ ʇʃʀʉ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʟʜʝʣʠʤ 

ʧʦʣʫʯʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʬʦʨʤʘʪʝ 12.12 ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 4096 ʠ ʧʦʣʫʯʠʤ ʠʤʧʫʣʴʩʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʠʣʴʪʨʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ, ʠ ʦʥʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ. ʇʨʝʜʩʪʘʚʠʤ 
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ʢʦʵʬʬʠʮʠʝʥʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 43 ʦʪʚʦʜʘ ʚ ʬʦʨʤʘʪʝ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ 12.11, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʡ 

ʤʦʜʝʣʠ ʦʪ Xilinx  System Generator ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘʪ 

FIX12.12.  

ɼʨʦʙʥʘʷ ʯʘʩʪʴ ʯʠʩʣʘ ʚ ʬʦʨʤʘʪʝ 12.11 (Numerator frac. 

Lenth) ʩʦʩʪʘʚʣʷʝʪ 11 ʨʘʟʨʷʜʦʚ. ɺʳʙʠʨʘʝʪʩʷ ʦʧʮʠʷ: Scale the 

numerator coefficients to fuly utilize the dynamic range 

(ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʯʠʩʣʠʪʝʣʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʣʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ). ʆʧʮʠʠ 

Best-precision fraction lengths ʠ Use unsigned representation    

(ʙʝʟʟʥʘʢʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. 

ʌʦʨʤʘʪ ʚʭʦʜʥʳʭ ʦʪʩʯʝʪʦʚ ʟʘʜʘʝʪʩʷ ʚ ʬʦʨʤʘʪʝ 8.8 (ʨʘʥʝʝ ʙʳʣʦ 

10.8). ʇʦʩʣʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʬʦʨʤʘʪʝ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ 12.11 ʦʥʠ ʧʨʠʚʦʜʷʪʩʷ ʢ ʜʠʘʧʘʟʦʥʫ      

[-1, 1) (ʨʠʩ. 1.18ʚ). 

ʆʧʷʪʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ʚʳʛʨʫʟʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ VHDL-ʬʘʡʣ ʠ ʚ 

COE-ʬʘʡʣ (ʧʨʠʤʝʨ 3 ʠ 4). ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʬʨʘʛʤʝʥʪ VHDL-

ʢʦʜʘ ʬʠʣʴʪʨʘ, ʠʟʚʣʝʯʝʥʥʳʡ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʘʨʠʬʤʝʪʠʢʠ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʚ ʬʦʨʤʘʪʝ 12.11. ʉʨʘʚʥʠʚʘʷ ʜʚʘ 

ʧʨʠʤʝʨʘ ʫʙʝʞʜʘʝʤʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʬʦʨʤʘʪʝ 12.11 

ʚ coe-ʬʘʡʣʝ ʩʦʚʧʘʜʘʶʪ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚ VHDL-ʬʘʡʣʝ.  

 
-- Constants 
CONSTANT coeff1: signed(11 DOWNTO 0) := to_signed(-13, 12); -- sfix12_En11 

CONSTANT coeff2: signed(11 DOWNTO 0) := to_signed(-67, 12); -- sfix12_En11 

CONSTANT coeff3: signed(11 DOWNTO 0) := to_signed(-94, 12); -- sfix12_En11 

CONSTANT coeff4: signed(11 DOWNTO 0) := to_signed(-95, 12); -- sfix12_En11 

CONSTANT coeff5: signed(11 DOWNTO 0) := to_signed(-40, 12); -- sfix12_En11 

CONSTANT coeff6: signed(11 DOWNTO 0) := to_signed(43, 12); -- sfix12_En11 

CONSTANT coeff7: signed(11 DOWNTO 0) := to_signed(97, 12); -- sfix12_En11 

CONSTANT coeff8: signed(11 DOWNTO 0) := to_signed(71, 12); -- sfix12_En11 

CONSTANT coeff9: signed(11 DOWNTO 0) := to_signed(-29, 12); -- sfix12_En11 

CONSTANT coeff1: signed(11 DOWNTO 0) := to_signed(-128, 12); -- sfix12_En11 

CONSTANT coeff11: signed(11 DOWNTO 0) := to_signed(-132, 12); -- sfix12_En11 

CONSTANT coeff12: signed(11 DOWNTO 0) := to_signed(-11, 12); -- sfix12_En11 

CONSTANT coeff13: signed(11 DOWNTO 0) := to_signed(160, 12); -- sfix12_En11 
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CONSTANT coeff14: signed(11 DOWNTO 0) := to_signed(231, 12); -- sfix12_En11 

CONSTANT coeff15: signed(11 DOWNTO 0) := to_signed(99, 12); -- sfix12_En11 

CONSTANT coeff16: signed(11 DOWNTO 0) := to_signed(-187, 12); -- sfix12_En11 

CONSTANT coeff17: signed(11 DOWNTO 0) := to_signed(-412, 12); -- sfix12_En11 

 

ʇʨʠʤʝʨ 3. ʌʨʘʛʤʝʥʪ VHDL-ʢʦʜʘ ʬʠʣʴʪʨʘ, ʠʟʚʣʝʯʝʥʥʳʡ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʘʨʠʬʤʝʪʠʢʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʚ 

ʬʦʨʤʘʪʝ 12.11 
 

; XILINX CORE Generator(tm)Distributed Arithmetic FIR filter coefficient 

(.COE) File 

; Generated by MATLAB(R) 8.3 and the DSP System Toolbox 8.6. 

Radix = 16;  

Coefficient_Width = 12;  

CoefData = 

ff3,fbd,fa2,fa1,fd8,02b,061,047,fe3,f80,f7c,ff5,0a0,0e7,063,f45,e64,ec1,0cd,3f6,

6d7,7ff,6d7,3f6, 

0cd,ec1,e64,f45,063,0e7,0a0,ff5,f7c,f80,fe3,047,061,02b,fd8,fa1,fa2,fbd,ff3; 

ʇʨʠʤʝʨ 4. ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʤ 

ʬʦʨʤʘʪʝ (coe-ʬʘʡʣ)  

 

 

ʇʨʦʠʟʚʝʜʝʤ ʚʳʛʨʫʟʢʫ m-ʬʘʡʣʘ (ʢʦʜʘ ʤʦʜʝʣʠ ʬʠʣʴʪʨʘ ʥʘ 

ʷʟʳʢʝ m-ʬʘʡʣʦʚ) ʠʟ ʩʨʝʜʳ FDATool ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʝ Double-precision floating-

point ʩ ʧʦʤʦʱʴʶ ʤʝʥʶ File/Generate MATLAB  Code/Filter 

Design Function (ʧʨʠʤʝʨ 5). ʇʦʣʫʯʝʥʥʳʡ ʢʦʜ ʠʟ ʬʘʡʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʧʠʨʦʚʘʪʴ ʚ ʦʢʥʦ ʢʦʤʘʥʜ (Command Window) 

ʜʣʷ ʝʛʦ ʦʪʨʘʙʦʪʢʠ. 

 
Fs = 44100;  % Sampling Frequency 

Fpass = 6000;             % Passband Frequency 

Fstop = 7725;             % Stopband Frequency 

Dpass = 0.057501127785;   % Passband Ripple 

Dstop = 0.0039810717055;  % Stopband Attenuation 

dens  = 16; 

% Calculate the order from the parameters using FIRPMORD. 
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[N, Fo, Ao, W] = firpmord([Fpass, Fstop]/(Fs/2), [1 0], [Dpass, Dstop]); 

% Calculate the coefficients using the FIRPM function. 

b  = firpm(N, Fo, Ao, W, {dens}); 

Hd = dfilt.dffir(b); 

FlCoef = b; 

fvtool(Hd,'Analysis','info');figure(gcf) 

 

ʇʨʠʤʝʨ 5. m-ʬʘʡʣ ʂʀʍ-ʬʠʣʴʪʨʘ, ʩʦʟʜʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ firpmord ʠ ʚʳʛʨʫʞʘʝʤʳʡ ʠʟ ʩʨʝʜʳ FDATool ʙʝʟ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

 

 ɼʣʷ ʧʝʨʝʚʦʜʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʀʍ-ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪ 

12.12 ʫʤʥʦʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʜʣʷ 12-

ʨʘʟʨʷʜʥʦʛʦ ʢʦʜʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʝ ʩ 

ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ ʠ ʦʢʨʫʛʣʠʤ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ: 

 

CoefBitWidth=12; 

setka_max = 2^CoefBitWidth; 

FpCoef = round(setka_max*FlCoef); 

 

ʆʩʫʱʝʩʪʚʠʤ ʥʦʨʤʘʣʠʟʘʮʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʩʢʨʠʧʪʘ ʤʦʜʝʣʠ mac_df2t_soln.mdl (ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʚʭʦʜʥʳʭ ʦʪʯʝʪʦʚ ʚ ʵʪʦʡ ʤʦʜʝʣʠ 8 ʨʘʟʨʷʜʦʚ) ʠʟ ʩʧʨʘʚʦʯʥʦʡ 

ʩʠʩʪʝʤʳ Altera DSP Builder ʠ ʩʨʘʚʥʠʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʳ FDATool.  

ʇʨʠʤʝʨ ʥʘʭʦʜʠʪʩʷ ʧʦ ʘʜʨʝʩʫ: 

StFilteringLab/LowPass_SerialFilter. ɽʛʦ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʧʘʧʢʝ: 

DesignExamples\Demos\Filters\FilteringLab\. 

ʇʨʠʚʝʜʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʢ ʧʦʣʥʦʤʫ 

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʧʦ ʧʨʠʤʝʨʫ Altera DSP Builder. ɺ 

ʵʪʦʤ ʩʢʨʠʧʪʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚʘʪʴ ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʦʪʯʝʪʦʚ (8 ʙʠʪ) ʠ ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (12 ʙʠʪ). ʄʠʥʠʤʘʣʴʥʦʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
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ʢʦʵʬʬʠʮʠʝʥʪʦʚ 12 ʙʠʪ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʜʘ ʩʦʩʪʘʚʠʪ 

2048 (setka_min=-2^(CoefBitWidth - 1)), ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ï 2047 (setka_max = 2^(CoefBitWidth - 1) - 1). 

ɼʘʣʝʝ ʥʘʡʜʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ FlCoef: -0.0607 ʠ 0.3022. ʆʧʨʝʜʝʣʠʤ 

ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ScalingFactor1): 6.7739e+03 ʠ 

ʫʤʥʦʞʠʤ ʥʘ ʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʢʨʫʛʣʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ fix. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ 

ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʚ 

ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ. 

 

InputBitWidth = 8; 

CoefBitWidth = 12; 

setka_max = 2^(CoefBitWidth - 1) - 1; 

setka_min = -2^(CoefBitWidth - 1); 

max_coef=max(FlCoef); 

min_coef=min(FlCoef); 

ScalingFactor1 = min(setka_max/max(FlCoef), 

setka_min/min(FlCoef)); 

FpCoef1 = fix(ScalingFactor1 * FlCoef); 

 

ʇʨʦʚʝʨʷʝʤ, ʩʦʚʧʘʜʘʶʪ ʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ 

FpCoef_round, ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʧʦʣʥʦʤʫ ʜʠʥʘʤʠʯʝʩʢʦʤʫ 

ʜʠʘʧʘʟʦʥʫ ʧʦ ʧʨʠʤʝʨʫ Altera DSP Builder ʩ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʳ FDATool. 

ɼʣʷ ʧʦʣʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʨʠʤʝʨʝ ʬʫʥʢʮʠʶ fix  

(ʫʩʝʯʝʥʠʝ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʯʠʩʣʘ) ʟʘʤʝʥʠʪʴ ʥʘ round (ʦʢʨʫʛʣʝʥʠʝ 

ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ). 

 

FpCoef_round=round(ScalingFactor1 * FlCoef); 

 

ʆʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʢʨʠʧʪʘ ʠʟ 

ʤʦʜʝʣʠ mac_df2t_soln.mdl Altera DSP Builder ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʬʦʨʤʘʪʝ 12.11 ʩ ʦʧʮʠʝʡ Scale 
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the numerator coefficients to fuly utilize the dynamic range ʩʨʝʜʳ 

FDATool: 

 

ï13 ï67 ï94 ï95 ï40 43 97 71 ï29 128 ï132 ï11 160 231 99 ï187 

ï411 ï319 205 1013 1750 2047 1750 1013 205 ï319 ï411 ï187 99 

231 160 ï11 ï132 ï128 ï29 71 97 43 ï40 ï95 ï94 ï67 ï13. 

 

 ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʟʜʝʣʠʤ ʧʦʣʫʯʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ 

ʬʦʨʤʘʪʝ 12.11 ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 2047 

ʜʣʷ 12-ʨʘʟʨʷʜʥʦʛʦ ʯʠʩʣʘ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ ʠ ʧʦʣʫʯʠʤ 

ʠʤʧʫʣʴʩʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʠʣʴʪʨʘ ʢʘʢ ʥʘ ʨʠʩ. 1.18ʚ. 

ʇʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ Xilinx  ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧʷʪʦʡ ʩ ʫʯʝʪʦʤ ʪʦʣʴʢʦ ʥʦʨʤʠʨʦʚʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ (2047) ʥʘ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦ 

ʤʦʜʫʣʶ ʢʦʵʬʬʠʮʠʝʥʪʘ (0.3022) ʧʨʠʚʦʜʷʱʠʡ ʢ ʪʘʢʦʤʫ ʞʝ 

ʨʝʟʫʣʴʪʘʪʫ. 

 

ScalingFactor = setka_max/max(abs(FlCoef)); 

FpCoef = round(setka_max*(FlCoef/max(abs(FlCoef)))); 

 

ɽʱʝ ʨʘʟ ʠʟʚʣʝʯʝʤ m-ʬʘʡʣ. ʅʦ ʪʝʧʝʨʴ ʧʝʨʝʭʦʜ ʢ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʚ ʬʦʨʤʘʪʝ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʦʩʫʱʝʩʪʚʠʤ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʳ 

FDATool. ʉʦʟʜʘʜʠʤ ʢʚʘʥʪʦʚʘʥʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ (ʧʨʠʤʝʨ 6), 

ʧʨʦʧʫʩʪʠʤ ʯʝʨʝʟ ʥʝʛʦ ʃʏʄ-ʩʠʛʥʘʣ ʠ ʧʦʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪ 

ʬʠʣʴʪʨʘʮʠʠ. 

 

% Equiripple Lowpass filter designed using the FIRPM function. 

% All frequency values are in Hz. 

Fs = 44100;  % Sampling Frequency 

Fpass = 6000;             % Passband Frequency 

Fstop = 7725;             % Stopband Frequency 

Dpass = 0.057501127785;   % Passband Ripple 
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Dstop = 0.0039810717055;  % Stopband Attenuation 

dens  = 16;               % Density Factor 

  

% Calculate the order from the parameters using FIRPMORD. 

[N, Fo, Ao, W] = firpmord([Fpass, Fstop]/(Fs/2), [1 0], [Dpass, 

Dstop]); 

% Calculate the coefficients using the FIRPM function. 

b  = firpm(N, Fo, Ao, W, {dens}); 

Hd = dfilt.dffir(b); 

% Set the arithmetic property. 

set(Hd, 'Arithmetic', 'fixed', ... 

    'CoeffWordLength', 12, ... 

    'CoeffAutoScale', false, ... 

    'NumFracLength', 11, ... 

    'Signed',         true, ... 

    'InputWordLength', 8, ... 

    'inputFracLength', 8, ... 

    'FilterInternals',  'FullPrecision'); 

normalize(Hd); 

 

ʇʨʠʤʝʨ 6. m-ʬʘʡʣ ʂʀʍ-ʬʠʣʴʪʨʘ, ʩʦʟʜʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ firpmord ʠ ʚʳʛʨʫʞʘʝʤʳʡ ʠʟ ʩʨʝʜʳ FDATool c 

ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʬʦʨʤʘʪ 12.11) 

 

ɼʘʣʝʝ ʢʦʥʩʪʨʫʠʨʫʝʤ ʃʏʄ-ʩʠʛʥʘʣ ʠ ʧʨʦʧʫʩʢʘʝʤ ʝʛʦ 

ʯʝʨʝʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʬʠʣʴʪʨ ʩ ʮʝʣʴʶ ʫʙʝʜʠʪʩɹʷ ʚ ʝʛʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ (ʧʨʠʤʝʨ 7): 

 

fs=1e3; 

t=0:1/fs:3; 

f0=1+[t*200]; 

s1=cos(2.*pi.*t.*f0); 

plot(s1);  

signal_filtered = filter(Hd, s1); 
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plot(signal_filtered); 

ʇʨʠʤʝʨ 7. ʃʏʄ-ʩʠʛʥʘʣ ʠ ʝʛʦ ʬʠʣʴʪʨʘʮʠʷ 

 

ʀʪʘʢ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʨʝʜʝ FDATool ʬʦʨʤʘʪ 12.11 

ʩ ʦʧʮʠʝʡ Scale the numerator coefficients to fuly utilize the 

dynamic range, ʪʦ ʧʦʣʫʯʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʬʦʨʤʘʪʝ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ (ʘ ʩʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ 

ʧʨʠʚʝʜʝʥʳ ʢ ʜʠʘʧʘʟʦʥʫ [-1, 1)), ʩʦʚʧʘʜʘʶʱʠʝ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʬʠʣʴʪʨʘ ʧʦʩʣʝ ʥʦʨʤʠʨʦʚʢʠ, ʩʦʛʣʘʩʥʦ 

ʩʢʨʠʧʪʫ ʤʦʜʝʣʠ mac_df2t_soln.mdl ʠʟ ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʳ 

Altera DSP Builder. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 12-

ʨʘʟʨʷʜʥʦʛʦ ʯʠʩʣʘ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ ʩʦʩʪʘʚʠʪ 2047 ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ setka_max = 2^(CoefBitWidth - 1) - 1. 

ʄʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ScalingFactor1) ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʦʩʪʘʚʣʷʝʪ 6774.  

ʇʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʬʦʨʤʘʪʝ 12.12 

(ʧʨʠʚʝʜʝʥʠʝ ʢ ʧʦʣʥʦʤʫ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʥʝ 

ʪʨʝʙʫʝʪʩʷ, ʪ.ʢ. ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʥʘʯʘʣʴʥʦ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥ [-0.5, 0.5)), ʧʘʨʘʤʝʪʨ setka_max ʩʦʩʪʘʚʠʪ 4096 ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ setka_max = 2^CoefBitWidth. ʇʨʠ 

ʧʝʨʝʚʦʜʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʬʦʨʤʘʪ 12.12 ʧʘʨʘʤʝʪʨ setka_max ʠ 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʤʘʩʰʪʘʙʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 
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2. ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʇɸʈɸʃʃɽʃʔʅʓʍ 

ʂʀʍ-ʌʀʃʔʊʈʆɺ ɺ ɹɸɿʀʉɽ ʇʃʀʉ 

 

 
ʅʘ ʨʠʩ. 2.1 ʧʦʢʘʟʘʥʳ ʩʪʨʫʢʪʫʨʳ ʬʠʣʴʪʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ ʩʠʛʥʘʣʴʥʳʭ ʮʠʬʨʦʚʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʘ 
ʥʘ ʨʠʩ. 2.2 ʧʦʢʘʟʘʥʳ ʩʪʨʫʢʪʫʨʳ ʬʠʣʴʪʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ ʇʃʀʉ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʳʭ 
ʫʤʥʦʞʠʪʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʘʨʘʣʣʝʣʴʥʳʝ 
ʚʝʢʪʦʨʥʳʝ ʫʤʥʦʞʠʪʝʣʠ. ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥ 2-ʨʘʟʨʷʜʥʳʡ 
ʚʝʢʪʦʨʥʳʡ ʫʤʥʦʞʠʪʝʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʠʜʝʥʪʠʯʥʳʭ 
ʪʘʙʣʠʮ ʧʝʨʝʢʦʜʠʨʦʚʢʠ LUT1 ʠ LUT2 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ P1(n) ʠ P2(n), ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 
ʩʣʦʞʠʪʴ ʩ ʫʯʝʪʦʤ ʠʭ ʚʝʩʘ. ʂʘʞʜʘʷ LUT ʦʙʨʘʟʦʚʘʥʘ ʠʟ ʯʝʪʳʨʝʭ 
LUT ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʃʕ) ʇʃʀʉ. ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ 
P2(n) ʥʝʦʙʭʦʜʠʤʦ ʩʜʚʠʥʫʪʴ ʥʘ ʦʜʠʥ ʨʘʟʨʷʜ ʚʣʝʚʦ. ʊʘʢʦʡ 
ʫʤʥʦʞʠʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʬʠʣʴʪʨʘ 
ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʜʚʘ ʙʠʪʘ ʧʨʠ 2-ʨʘʟʨʷʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʯʠʩʣʦ ʦʪʚʦʜʦʚ ʦʩʪʘʥʝʪʩʷ 
ʧʦʩʪʦʷʥʥʳʤ (ʥʘʧʨʠʤʝʨ ʯʝʪʳʨʝ ʚ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʠ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ), ʘ ʨʘʟʨʷʜʥʦʩʪʴ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, 
ʧʦʜʣʝʞʘʱʝʛʦ ʬʠʣʴʪʨʘʮʠʠ, ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʩʦʩʪʘʚʠʪ 
ʚʦʩʝʤʴ ʙʠʪ, ʪʦ ʫʞʝ ʧʦʪʨʝʙʫʝʪʩʷ ʚʦʩʝʤʴ LUT, ʢʘʞʜʘʷ ʠʟ 
ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʚʦʩʝʤʴ LUT ʃʕ. ʇʨʠ ʵʪʦʤ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʯʠʩʣʦ ʤʥʦʛʦʨʘʟʨʷʜʥʳʭ ʩʫʤʤʘʪʦʨʦʚ ʠ 
ʦʧʝʨʘʮʠʡ ʩʜʚʠʛʘ.  

ʇʘʨʘʣʣʝʣʴʥʳʝ ʂʀʍ-ʬʠʣʴʪʨʳ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʙʘʟʠʩʝ 
ʇʃʀʉ, ʦʙʣʘʜʘʷ ʥʘʠʚʳʩʰʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʧʦʟʚʦʣʷʶʪ 
ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʂʀʍ-ʬʠʣʴʪʨʘ 
ʩʦ ʩʪʨʫʢʪʫʨʦʡ 120 ʦʪʚʦʜʦʚ 12 ʙʠʪ ʫʞʝ ʧʦʩʣʝ ʧʝʨʚʦʛʦ 
ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ï ʯʝʨʝʟ 12, ʘ ʬʠʣʴʪʨ ʚ 
ʙʘʟʠʩʝ ʎʆʉ-ʧʨʦʮʝʩʩʦʨʦʚ ï ʯʝʨʝʟ 120 ʩʠʥʭʨʦʠʤʧʫʣʴʩʦʚ. 

ʈʠʩʫʥʦʢ 2.5 ʧʦʢʘʟʳʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 
ʚʝʢʪʦʨʥʦʛʦ ʫʤʥʦʞʠʪʝʣʷ ʯʝʪʳʨʝʭ 8-ʨʘʟʨʷʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ 
ʯʝʪʳʨʝ 8-ʨʘʟʨʷʜʥʳʝ ʢʦʥʩʪʘʥʪʳ ʚ ʩʦʩʪʘʚʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 8 
ʦʪʚʦʜʦʚ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʉʠʤʤʝʪʨʠʯʥʦʩʪʴ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʩʫʤʤʘʪʦʨʳ ʥʘ 
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ʚʳʭʦʜʘʭ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʯʝʪʳʨʝʭ 8-ʨʘʟʨʷʜʥʳʭ ʩʠʛʥʘʣʦʚ.  

ʈʠʩʫʥʦʢ 2.6ʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʯʠʩʣʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ 
ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (ʂʃɹ) ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 
ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʫʤʥʦʞʠʪʝʣʷ ʚ ʙʘʟʠʩʝ ʇʃʀʉ ʩʝʨʠʠ 
XC4000. ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 8 
ʦʪʚʦʜʦʚ 8 ʙʠʪ ʩ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 8 
ʙʠʪ ʧʦʪʨʝʙʫʝʪʩʷ 122 ʂʃɹ ʇʃʀʉ ʩʝʨʠʠ XC4000 ʬʠʨʤʳ Xilinx , 
ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 50ï70 MSPS. 

ɺ ʩʣʫʯʘʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 2.6ʙ) 
ʧʨʠʤʝʥʷʝʪʩʷ ʦʜʥʘ - ʝʜʠʥʩʪʚʝʥʥʘʷ LUT ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 
ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ (ʨʠʩ. 2.7). ʊʘʢʦʡ ʬʠʣʴʪʨ 
ʦʙʨʘʙʘʪʳʚʘʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟʨʷʜ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʝʯʝʥʠʝ 
ʪʘʢʪʘ. ʇʦcʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʯʠʩʣʷʝʤʳʝ ʯʘʩʪʠʯʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ 
ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʤʘʩʰʪʘʙʠʨʫʶʱʝʤ ʘʢʢʫʤʫʣʷʪʦʨʝ. ʇʦʩʣʝ N ʜʣʷ 
ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠ N+1 ʪʘʢʪʦʚ ʩʠʥʭʨʦʠʤʧʫʣʴʩʦʚ ʜʣʷ 
ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʚʳʭʦʜʝ ʧʦʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪ, ʛʜʝ  
N ï ʨʘʟʨʷʜʥʦʩʪʴ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʜʣʝʞʘʱʝʛʦ ʬʠʣʴʪʨʘʮʠʠ. 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ ʪʨʝʙʫʝʪʩʷ 
ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʠʣʴʪʨʘ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ fclk/N ʜʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠ ʢʘʢ fclk/N+1 
ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʬʠʣʴʪʨʘ. ʈʠʩʫʥʦʢ 2.6ʙ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ 
ʨʦʩʪʦʤ ʯʠʩʣʘ ʦʪʚʦʜʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʠʣʴʪʨʘ ʦʩʪʘʝʪʩʷ 
ʧʦʩʪʦʷʥʥʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʬʠʣʴʪʨʘ ʥʘ ʙʘʟʝ ʎʆʉ-ʧʨʦʮʝʩʩʦʨʘ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MAC-ʙʣʦʢʦʚ ʥʘʯʠʥʘʝʪ ʨʝʟʢʦ ʧʘʜʘʪʴ ʧʨʠ 
ʯʠʩʣʝ ʦʪʚʦʜʦʚ ʙʦʣʝʝ 16. 

ʋʤʥʦʞʠʪʝʣʠ ʩʠʛʥʘʣʦʚ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʮʠʬʨʦʚʳʭ 
ʬʠʣʴʪʨʦʚ.  

ʇʦʢʘʞʝʤ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʂʀʍ-
ʬʠʣʴʪʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʤʥʦʞʠʪʝʣʝʡ ʥʘ ʤʝʛʘʬʫʥʢʮʠʷʭ 
ALTMULT _ACCUM, ALTMULT _ADD ʠ ALTMEMMULT  
ʉɸʇʈ Quartus II  ʢʦʤʧʘʥʠʠ Altera ʚ ʙʘʟʠʩʝ ʇʃʀʉ, ʘ ʟʘʪʝʤ 
ʩʦʩʨʝʜʦʪʦʯʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʤʝʪʦʜʦʤ 
ʧʨʘʚʦʛʦ ʩʜʚʠʛʘ ʩ ʥʘʢʦʧʣʝʥʠʝʤ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 
ʤʘʩʰʪʘʙʠʨʫʶʱʝʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ. 
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ʈʠʩ. 2.1. ʇʘʨʘʣʣʝʣʴʥʳʡ (ʘ) ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʬʠʣʴʪʨʳ (ʙ) ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ  

ʚ ʙʘʟʠʩʝ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ 

 

 
ʈʠʩ. 2.2. ʆʙʦʙʱʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨ ʂʀʍ-ʬʠʣʴʪʨʦʚ:  

ʘ) ʧʘʨʘʣʣʝʣʴʥʳʭ; ʙ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

5
0 
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ʈʠʩ. 2.3. ʇʘʨʘʣʣʝʣʴʥʳʡ ʚʝʢʪʦʨʥʳʡ ʫʤʥʦʞʠʪʝʣʴ ʯʝʪʳʨʝʭ 2-ʨʘʟʨʷʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʯʝʪʳʨʝ  

2-ʨʘʟʨʷʜʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LUT ʃʕ ʚ ʇʃʀʉ ʩʝʨʠʠ FLEX 
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ʈʠʩ. 2.4. ʇʘʨʘʣʣʝʣʴʥʳʡ ʚʝʢʪʦʨʥʳʡ ʫʤʥʦʞʠʪʝʣʴ ʯʝʪʳʨʝʭ 8-ʨʘʟʨʷʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʯʝʪʳʨʝ  

8-ʨʘʟʨʷʜʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ LUT ʃʕ ʚ ʇʃʀʉ ʩʝʨʠʠ FLEX 
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ʈʠʩ. 2.5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʫʤʥʦʞʠʪʝʣʷ ʯʝʪʳʨʝʭ 8-ʨʘʟʨʷʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʥʘ ʯʝʪʳʨʝ 8-ʨʘʟʨʷʜʥʳʝ ʢʦʥʩʪʘʥʪʳ ʚ ʩʦʩʪʘʚʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʚʦʩʝʤʴ ʦʪʚʦʜʦʚ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚ ʙʘʟʠʩʝ ʇʃʀʉ XC4000, ʧʦʩʪʨʦʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ 
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ʘ) ʙ) 

ʈʠʩ. 2.6. ʏʠʩʣʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ 

ʫʤʥʦʞʠʪʝʣʷ ʚ ʙʘʟʠʩʝ ʇʃʀʉ XC4000 (ʘ) ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʬʠʣʴʪʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ 

ʦʪʚʦʜʦʚ ʧʨʠ ʯʘʩʪʦʪʝ ʪʘʢʪʠʨʦʚʘʥʠʷ 120 ʄɻʮ (ʙ) 
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ʈʠʩ. 2.7. ʉʠʤʤʝʪʨʠʯʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 10 ʦʪʚʦʜʦʚ 10 ʙʠʪ ʩ ʪʦʯʥʦʩʪʴʶ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 10 ʙʠʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ  

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ 
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ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʂʀʍ-ʬʠʣʴʪʨʘ (ʥʝʨʝʢʫʨʩʠʚʥʦʛʦ 
ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʩ ʢʦʥʝʯʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ), 
ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʩʫʤʤʘ 
ʧʨʦʠʟʚʝʜʝʥʠʡ: 

                                            ä
-

=

Ö=
1

0

K

k

kk xʉy ,                               (2.1) 

ʛʜʝ -y  ʦʪʢʣʠʢ ʮʝʧʠ; -kx  k -ʷ ʚʭʦʜʥʘʷ ʧʝʨʝʤʝʥʥʘʷ; 

-kʉ ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ k -ʡ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʢʦʪʦʨʳʡ 

ʚ̫ʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʜʣʷ ʚʩʝʭ n ; Kï ʯʠʩʣʦ ʦʪʚʦʜʦʚ ʬʠʣʴʪʨʘ. 
 ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʡʰʝʛʦ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʪʨʠ 
ʚʘʨʠʘʥʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 

ʯʝʪʳʨʝ ʦʪʚʦʜʘ: 
33221100 xCxʉxʉxCy +++=  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʛʘʬʫʥʢʮʠʡ ʉɸʇʈ ʇʃʀʉ Quartus II , ʦʙʲʝʜʠʥʝʥʥʳʭ ʦʙʱʝʡ 
ʠʜʝʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʤʥʦʞʠʪʝʣʝʡ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ 
çʜʝʨʝʚʘ ʩʫʤʤʘʪʦʨʦʚè. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʬʠʣʴʪʨʘ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʩʦ ʟʥʘʢʦʤ ʠʟʚʝʩʪʥʳ ʠ ʨʘʚʥʳ: 20 -=ʉ , 

11 -=ʉ , 72=ʉ  ʠ 63=ʉ . ʅʘ ʚʭʦʜ ʂʀʍ-ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʶʪ 

ʚʭʦʜʥʳʝ ʦʪʩʯʝʪʳ ï5, 3, 1 ʠ 0. ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 
ʬʠʣʴʪʨʘ: 10, ï1, ï40, ï10, 26, 6 ʠ ʪ. ʜ., ʪ. ʝ. ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ, 

33221100 xCxʉxʉxCy +++= . 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ. ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʂʀʍ-
ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ ʙʣʦʢʦʚ 
ʫʤʥʦʞʝʥʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ. ɺ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ 
ʤʝʛʘʬʫʥʢʮʠʠ ALTMULT _ACCUM (ʨʠʩ. 2.8). ʂʘʞʜʳʡ ʙʣʦʢ 
ʠʩʧʦʣʴʟʫʝʪ ʦʜʠʥ ʫʤʥʦʞʠʪʝʣʴ ʠ ʦʜʠʥ ʩʫʤʤʘʪʦʨ-ʘʢʢʫʤʫʣʷʪʦʨ. 
ɼʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ 
ʪʨʝʙʫʶʪʩʷ ʯʝʪʳʨʝ ʙʣʦʢʘ ʠ ʪʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʜʥʦʪʠʧʥʳʭ 
ʤʥʦʛʦʨʘʟʨʷʜʥʳʭ ʩʫʤʤʘʪʦʨʘ, ʩʚʷʟʘʥʥʳʭ ʧʦ ʧʨʠʥʮʠʧʫ çʜʝʨʝʚʦ 
ʩʫʤʤʘʪʦʨʦʚè. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʬʠʣʴʪʨ ʨʘʙʦʪʘʣ ʢʦʨʨʝʢʪʥʦ (ʚ 
ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʤʤʘʪʦʨ-ʘʢʢʫʤʫʣʷʪʦʨ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʙʳʯʥʳʡ 
ʩʫʤʤʘʪʦʨ), ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʥʭʨʦʥʥʫʶ ʟʘʛʨʫʟʢʫ 
ʢʘʞʜʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʢʘʞʜʳʡ ʩʫʤʤʘʪʦʨ-ʘʢʢʫʤʫʣʷʪʦʨ 
ʢʘʞʜʦʛʦ ʙʣʦʢʘ, ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʭʦʜ 
ʤʝʛʘʬʫʥʢʮʠʠ accum_sload.  
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ʈʠʩ. 2.8. ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʯʝʪʳʨʝʭ ʙʣʦʢʦʚ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  (ʤʝʛʘʬʫʥʢʮʠʷ ALTMULT _ACCUM) 
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ʈʠʩ. 2.9. ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʯʝʪʳʨʝʭ ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ ʚ ʙʣʦʢʝ (ʤʝʛʘʬʫʥʢʮʠʷ ALTMULT _ACCUM, ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ ʧʦʩʪʨʦʝʥʘ 
ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʨʝʛʠʩʪʨʘʭ ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ MULT0-MULT3) 

 

 
ʈʠʩ. 2.10. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
 ʤʝʛʘʬʫʥʢʮʠʠ ALTMULT _ACCUM 
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ʈʠʩ. 2.11. ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʯʝʪʳʨʝʭ ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ ʚ ʙʣʦʢʝ (ʤʝʛʘʬʫʥʢʮʠʷ ALTMULT _ADD, ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ ʪʘʢʘʷ ʞʝ,  
ʢʘʢ ʠ ʥʘ ʨʠʩ. 2.13) 
 
 

 
ʈʠʩ. 2.12. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʬʠʣʴʪʨʦʚ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ ALTMULT _ACCUM ʠ ALTMULT _ADD 
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ʈʠʩ. 2.13. ʋʤʥʦʞʝʥʠʝ 11 ʥʘ 10 ʩ ʧʦʤʦʱʴʶ ʤʝʛʘʬʫʥʢʮʠʠ ALTMEMMULT  
 

 
ʈʠʩ. 2.14. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʫʤʥʦʞʝʥʠʷ 11 ʥʘ 10. ʇʦ ʫʤʦʣʯʘʥʠʶ ʚ ʤʝʛʘʬʫʥʢʮʠʶ 

ʟʘʛʨʫʞʝʥʘ ʢʦʥʩʪʘʥʪʘ 3. ʈʝʟʫʣʴʪʘʪ 110 
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ʅʘ ʨʠʩ. 2.8 ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʚʥʝʰʥʷʷ ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ ʥʘ 
ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʠʟ ʪʨʝʭ 4-ʨʘʟʨʷʜʥʳʭ ʨʝʛʠʩʪʨʦʚ, ʪʘʢʪʠʨʫʝʤʳʭ 
ʬʨʦʥʪʦʤ ʩʠʥʭʨʦʩʠʛʥʘʣʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ 
ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʜʚʦʠʯʥʦʤ ʚʠʜʝ ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ ʯʠʩʣʘ ʠ 
ʟʘʛʨʫʞʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʛʘʬʫʥʢʮʠʠ LPM_CONSTANT. 

ɿʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʝʢʪʘ ʂʀʍ-
ʬʠʣʴʪʨʘ ʧʦʟʚʦʣʷʝʪ ʠʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʛʘʬʫʥʢʮʠʠ 
ALTMULT _ACCUM. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʜʥʘ ʤʝʛʘʬʫʥʢʮʠʷ (ʙʣʦʢ 
ʩ ʯʝʪʳʨʴʤʷ ʫʤʥʦʞʠʪʝʣʷʤʠ), ʚ ʢʦʪʦʨʦʡ ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ 
ʦʨʛʘʥʠʟʦʚʘʥʘ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʨʝʛʠʩʪʨʘʭ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘ 
ʚʭʦʜʘʭ ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ. ɺ ʤʝʛʘʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʚʩʪʨʦʝʥʥʳʝ ʜʚʘ ʩʫʤʤʘʪʦʨʘ ʠ ʦʜʠʥ ʩʫʤʤʘʪʦʨ-ʘʢʢʫʤʫʣʷʪʦʨ   
(ʨʠʩ. 2.9). ɺ ʤʝʛʘʬʫʥʢʮʠʠ ALTMULT _ACCUM ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʪʨʠ ʚʩʪʨʦʝʥʥʳʭ ʩʫʤʤʘʪʦʨʘ. ʇʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 
ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.10. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ. ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʂʀʍ-
ʬʠʣɹʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ 
ʫʤʥʦʞʠʪʝʣʝʡ ʚ ʙʣʦʢʝ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ ALTMULT _ADD 
(ʬʫʥʢʮʠʷ ʫʤʥʦʞʝʥʠʷ ʠ ʩʣʦʞʝʥʠʷ) ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  
ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.11. ʉʨʘʚʥʠʚʘʷ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ, 
ʚʠʜʠʤ, ʯʪʦ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʫ ʜʚʫʭ 
ʬʠʣʴʪʨʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʤʝʛʘʬʫʥʢʮʠʷʭ, ʩʦʚʧʘʜʘʶʪ. 
ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʬʠʣʴʪʨʦʚ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 
2.12, ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʠʘʛʨʘʤʤ ʥʘ ʨʠʩ. 2.10. 

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ. ʈʘʩʩʤʦʪʨʠʤ ʫʤʥʦʞʝʥʠʝ ʜʝʩʷʪʠʯʥʦʛʦ 
ʯʠʩʣʘ 11 ʥʘ 10 ʥʘ ʧʨʠʤʝʨʝ ʤʝʛʘʬʫʥʢʮʠʠ ALTMEMMULT    
(ʨʠʩ. 2.13). ʄʝʛʘʬʫʥʢʮʠʷ ALTMEMMULT  (ʧʨʦʛʨʘʤʤʥʳʡ 
ʫʤʥʦʞʠʪʝʣʴ) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʫʤʥʦʞʝʥʠʷ ʯʠʩʣʘ ʥʘ 
ʢʦʥʩʪʘʥʪʫ, ʢʦʪʦʨʘʷ ʭʨʘʥʠʪʩʷ ʚ ʙʣʦʯʥʦʡ ʧʘʤʷʪʠ ʇʃʀʉ (M512, 
M4K, M9K ʠ MLAB -ʙʣʦʢʠ), ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʠʚʳʩʰʝʝ 
ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʣʠʤʠʪʠʨʫʝʤʦʝ ʣʘʪʝʥʪʥʦʩʪʴʶ. ʆʜʥʘʢʦ 
ʢʦʥʩʪʘʥʪʫ ʤʦʞʥʦ ʟʘʛʨʫʟʠʪʴ ʠ ʠʟ ʚʥʝʰʥʝʛʦ ʧʦʨʪʘ.  

ʉʯʠʪʘʝʤ, ʯʪʦ ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ 10 ï ʵʪʦ ʢʦʥʩʪʘʥʪʘ ʠ 
ʟʘʛʨʫʞʘʝʪʩʷ ʠʟ ʚʥʝʰʥʝʛʦ ʧʦʨʪʘ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʚ ʤʝʛʘʬʫʥʢʮʠʶ 
ʟʘʛʨʫʞʝʥʘ, ʥʘʧʨʠʤʝʨ, ʢʦʥʩʪʘʥʪʘ 3. ʃʘʪʝʥʪʥʦʩʪʴ ʤʝʛʘʬʫʥʢʮʠʠ   
-2, ʪ. ʝ. ʜʦʩʪʫʧʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʫʤʥʦʞʝʥʠʷ ʯʠʩʣʘ ʥʘ ʢʦʥʩʪʘʥʪʫ, 
ʝʩʣʠ ʢʦʥʩʪʘʥʪʘ ʭʨʘʥʠʪʩʷ ʚ ʧʘʤʷʪʠ ʤʝʛʘʬʫʥʢʮʠʠ, ʚʦʟʤʦʞʥʦ ʫʞʝ 
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ʧʦʩʣʝ 2 ʩʠʥʭʨʦʠʤʧʫʣʴʩʦʚ (ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ done, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʨʪʫ load_done). ʏʠʩʣʦ 3, ʟʘʛʨʫʞʝʥʥʦʝ ʚ 
ʤʝʛʘʬʫʥʢʮʠʶ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠ ʫʤʥʦʞʝʥʥʦʝ ʥʘ ʯʠʩʣʦ 11, ʩ 
ʚʭʦʜʥʦʛʦ ʧʦʨʪʘ data_in[3..0] ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ 33. ɼʘʣʝʝ, 
ʩʠʥʭʨʦʥʥʳʡ ʩʠʛʥʘʣ ʟʘʛʨʫʟʢʠ load (ʧʦʨʪ sload_coeff) ʨʘʟʨʝʰʘʝʪ 
ʟʘʛʨʫʟʢʫ ʯʠʩʣʘ 10 ʚ ʧʝʨʝʤʥʦʞʠʪʝʣʴ. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ 
done ʚ ʪʝʯʝʥʠʝ 16 ʪʘʢʪʦʚ ʩʠʥʭʨʦʯʘʩʪʦʪʳ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 
ʠʜʝʪ ʧʨʦʮʝʩʩ ʫʤʥʦʞʝʥʠʷ. ʀ ʣʠʰʴ ʩʧʫʩʪʷ 2 ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ 
ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʩʠʛʥʘʣʘ done ʥʘ ʚʳʭʦʜʝ ʧʦʷʚʣʷʝʪʩʷ 
ʪʨʝʙʫʝʤʦʝ ʯʠʩʣʦ 110. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʫʤʥʦʞʝʥʠʷ 
ʩʦʩʪʘʚʣʷʝʪ 20 ʩʠʥʭʨʦʠʤʧʫʣʴʩʦʚ ʦʪ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʩʠʛʥʘʣʘ 
load (ʨʠʩ. 2.14). 

ʇʨʠʤʝʥʷʷ ʤʝʛʘʬʫʥʢʮʠʶ ALTMEMMULT , ʨʘʟʨʘʙʦʪʘʝʤ 
ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ (4 ʙʣʦʢʘ ʧʦ 1 
ʫʤʥʦʞʠʪʝʣʶ ʚ ʢʘʞʜʦʤ) ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  ʠ ʜʝʨʝʚʘ 
ʩʫʤʤʘʪʦʨʦʚ (ʨʠʩ. 2.15). ɺʥʝʰʥʷʷ ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ ʩʦʩʪʦʠʪ ʥʝ ʠʟ 
ʪʨʝʭ ʨʝʛʠʩʪʨʦʚ, ʢʘʢ ʚ ʧʝʨʚʳʭ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ, ʘ ʠʟ ʯʝʪʳʨʝʭ 
ʨʝʛʠʩʪʨʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʪʨʝʙʫʶʪʩ,̫ ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ 
ʚʘʨʠʘʥʪʝ, ʪʨʠ ʦʜʥʦʪʠʧʥʳʭ ʤʥʦʛʦʨʘʟʨʷʜʥʳʭ ʩʫʤʤʘʪʦʨʘ.  

ʃʘʪʝʥʪʥʦʩʪʴ ʢʘʞʜʦʛʦ ʫʤʥʦʞʠʪʝʣʷ ʨʘʚʥʘ ʜʚʫʤ ʪʘʢʪʘʤ 
ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ. ɺ ʢʘʞʜʳʡ ʫʤʥʦʞʠʪʝʣʴ ʧʦ ʫʤʦʣʯʘʥʠʶ 
ʟʘʛʨʫʞʝʥʦ ʯʠʩʣʦ 0. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ ʥʘ 
ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ 
ALTMEMMULT  ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.16. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʬʠʣʴʪʨʘ 20 -=ʉ , 11 -=ʉ , 72=ʉ  ʠ 63=ʉ  ʟʘʛʨʫʞʘʶʪʩʷ ʠʟ 

ʚʥʝʰʥʝʛʦ ʧʦʨʪʘ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʛʘʬʫʥʢʮʠʷ 
LPM_CONSTANT. 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ 
ʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʙʣʦʯʥʦʡ ʧʘʤʷʪʠ ʚ ʇʃʀʉ. ɺ ʤʝʛʘʬʫʥʢʮʠʠ 
ALTMEMMULT  ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ 
ʮʝʣʦʯʠʩʣʝʥʥrʝ ʟʥʘʯʝʥʠʷ ʩʦ ʟʥʘʢʦʤ (ʨʠʩ. 2.17). ɺʨʝʤʝʥʥʳʝ 
ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ ALTMEMMULT  ʧʦʢʘʟʘʥʳ ʥʘ 
ʨʠʩ. 2.18. ʉʨʘʚʥʠʚʘʷ ʨʠʩ. 2.18 ʠ 2.16 ʚʠʜʠʤ, ʯʪʦ 
ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʬʠʣʴʪʨʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʥʘʯʠʪʝʣʴʥʦ 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʭʨʘʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʙʣʦʯʥʦʡ 
ʧʘʤʷʪʠ. ʌʠʣʴʪʨ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ ALTMULT _ACCUM (ʚʘʨʠʘʥʪ 
1) ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʟʘʪʨʘʪʥʳʤ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ 16 ʘʧʧʘʨʘʪʥʳʭ 
ʫʤʥʦʞʠʪʝʣʝʡ, ʪʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʫʤʤʘʪʦʨʘ ʠ ʚʥʝʰʥʶʶ 
ʣʠʥʠʶ ʟʘʜʝʨʞʢʠ. 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʯʠʩʣʫ ʠʩʧʦʣʴʟʫʝʤʳʭ 
ʨʝʩʫʨʩʦʚ ʇʃʀʉ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʚʘʨʠʘʥʪʘ 1 (ʨʠʩ. 2.9), 
ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʧʘʨʘʣʣʝʣʴʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ ʥʘ 
ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʦʛʦ ʙʣʦʢʘ ʩʦ 
ʚʩʪʨʦʝʥʥʳʤʠ ʫʤʥʦʞʠʪʝʣʷʤʠ ʚ ʢʦʣʠʯʝʩʪʚʝ ʯʝʪʳʨʝʭ ʰʪʫʢ, 
ʜʚʫʤʷ ʩʫʤʤʘʪʦʨʘʤʠ, ʩʫʤʤʘʪʦʨʦʤ-ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʠ ʣʠʥʠʝʡ 
ʟʘʜʝʨʞʢʠ. ʄʝʛʘʬʫʥʢʮʠʠ ALTMULT _ADD (ʨʠʩ. 2.11) ʪʘʢʞʝ 
ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ ʧʘʨʘʣʣʝʣʴʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʦʛʦ ʙʣʦʢʘ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ 
ʫʤʥʦʞʠʪʝʣʷʤʠ ʠ ʩʫʤʤʘʪʦʨʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʝʡ ʣʠʥʠʠ 
ʟʘʜʝʨʞʢʠ ʠʟ ʪʨʝʭ ʨʝʛʠʩʪʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ 
ʫʚʝʣʠʯʝʥʠʶ ʨʝʩʫʨʩʦʚ ʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʠ. 
ʕʢʦʥʦʤʠʷ ʨʝʩʫʨʩʦʚ ʇʃʀʉ ʚ ʧʝʨʚʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʠ ʚʦ 
ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʚʩʪʨʦʝʥʥʳʭ ʯʝʪʳʨʝʭ ʘʧʧʘʨʘʪʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ ʨʘʟʤʝʨʥʦʩʪʴʶ 
18ʭ18.  

ʌʠʣʴʪʨ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ ALTMEMMULT  ʩ ʟʘʛʨʫʟʢʦʡ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟ ʚʥʝʰʥʝʛʦ ʧʦʨʪʘ ʦʙʣʘʜʘʝʪ ʧʦʥʠʞʝʥʥʳʤ 
ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ (ʨʠʩ. 2.15). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝ ʙʣʦʯʥʦʡ 
ʧʘʤʷʪʠ (ʨʠʩ. 2.17) ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ 
ʚʥʫʪʨʠ ʇʃʀʉ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʝ 
ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʝʩʫʨʩʦʚ ʟʘ ʩʯʝʪ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʝʡ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʯʝʪʳʨʝʭ 
ʨʝʛʠʩʪʨʘʭ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʭ ʦʜʥʦʪʠʧʥʳʭ ʤʥʦʛʦʨʘʟʨʷʜʥʳʭ 
ʩʫʤʤʘʪʦʨʦʚ ʠ ʥʝ ʩʥʠʞʘʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʦʝʢʪʘ. 
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ʈʠʩ. 2.15. ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ 

ʫʤʥʦʞʠʪʝʣʝʡ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  (ʤʝʛʘʬʫʥʢʮʠʷ ALTMEMMULT , ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʯʝʪʳʨʝʭ ʨʝʛʠʩʪʨʘʭ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʚʥʝʰʥʝʛʦ ʧʦʨʪʘ) 
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ʈʠʩ. 2.16. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʛʘʬʫʥʢʮʠʠ ALTMEMMULT  (ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʚʥʝʰʥʝʛʦ ʧʦʨʪʘ) 

 

 

6
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ʈʠʩ. 2.17. ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ 

ʫʤʥʦʞʠʪʝʣʝʡ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  (ʤʝʛʘʬʫʥʢʮʠʷ ALTMEMMULT , ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʯʝʪʳʨʝʭ ʨʝʛʠʩʪʨʘʭ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʙʣʦʯʥʦʡ ʧʘʤʷʪʠ) 

 

6
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ʈʠʩ. 2.18. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʛʘʬʫʥʢʮʠʠ ALTMEMMULT  (ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʙʣʦʯʥʦʡ ʧʘʤʷʪʠ ʇʃʀʉ) 
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ʈʠʩ. 2.19. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʙʘʟʠʩʝ ʇʃʀʉ Altera ʩʝʨʠʠ Cyclone III  ʥʘ ʦʩʥʦʚʝ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ 

Delay AlteraBlockset 
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ʈʠʩ. 2.20. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ, ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ 

ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ Shift Taps 
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ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʨʘʙʦʪʢʫ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 

ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʚ Altera DSP Builder: 

33221100 xCxʉxʉxCy +++= . ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʘ ʚʭʦʜ 

ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ 1, 0, 0, 0, 0, 0 ʠ 0 ʪ.ʜ., 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʝʜʠʥʠʯʥʫʶ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʶ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʫʚʠʜʝʪʴ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

(ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ). ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʬʠʣʴʪʨʘ: ï2, ï1, 7, 6, 0, 0 ʠ 0 ʪ.ʜ.  

ʅʘ ʨʠʩ. 2.19 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʚ ʙʘʟʠʩʝ ʇʃʀʉ Altera ʩʝʨʠʠ Cyclone III  ʥʘ ʦʩʥʦʚʝ ʣʠʥʠʠ 

ʟʘʜʝʨʞʢʠ ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ Delay AlteraBlockset. ɼʣʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʝʪʩʷ ʩʠʥʭʨʦʩʠʛʥʘʣ ʩ 

ʧʝʨʠʦʜʦʤ 20 ʥʩ ʠ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʩʠʤʫʣʷʮʠʠ ʚ Matlab/Simulink 

0.25 ʩ, ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 1 ʩ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ ʜʣʷ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʬʠʣʴʪʨʘ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʩʠʤʫʣʷʮʠʠ ʚ 

Matlab/Simulink ʟʘʜʘʝʪʩʷ 1 ʩ. 

ʅʘ ʨʠʩ. 2.20 ʧʦʢʘʟʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ, ʣʠʥʠʷ 

ʟʘʜʝʨʞʢʠ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ Shift Taps, ʘ ʥʘ ʨʠʩ.18 ï 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʡ ʉɸʇʈ ʇʃʀʉ Quartus II  

ʢʦʤʧʘʥʠʠ Altera. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʂʀʍ-ʬʠʣʴʪʨ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ 

ALTMULT _ACCUM ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ ʙʣʦʢʦʚ 

ʫʤʥʦʞʝʥʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʟʘʪʨʘʪʥʳʤ. 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʯʠʩʣʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ 

ʇʃʀʉ ʷʚʣʷʝʪʩʷ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʩʪʨʦʠʪʴ 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ ʥʘ 4 ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʦʛʦ ʙʣʦʢʘ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʧʝʨʝʤʥʦʞʠʪʝʣʷʤʠ ʚ 
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ʢʦʣʠʯʝʩʪʚʝ ʯʝʪʳʨʝʭ ʰʪʫʢ, ʜʚʫʤʷ ʩʫʤʤʘʪʦʨʘʤʠ, ʩʫʤʤʘʪʦʨʦʤ-

ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʠ ʣʠʥʠʝʡ ʟʘʜʝʨʞʢʠ.  

ʄʝʛʘʬʫʥʢʮʠʠ ALTMULT _ADD ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʛʦ ʣʠʰʴ 

ʦʜʥʦʛʦ ʙʣʦʢʘ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʫʤʥʦʞʠʪʝʣʷʤʠ ʠ ʩʫʤʤʘʪʦʨʘʤʠ, 

ʚʳʧʦʣʥʷʶʱʝʛʦ ʬʫʥʢʮʠʶ ʫʤʥʦʞʝʥʠʷ ʠ ʩʣʦʞʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʝʰʥʝʡ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʠʟ ʪʨʝʭ ʨʝʛʠʩʪʨʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʝʩʫʨʩʦʚ ʠ ʥʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʠ. ʕʢʦʥʦʤʠʷ ʨʝʩʫʨʩʦʚ ʇʃʀʉ ʚ 

ʧʝʨʚʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʠ ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʘʭ ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʪʨʦʝʥʥʳʭ ʯʝʪʳʨʝʭ ʘʧʧʘʨʘʪʥʳʭ 

ʫʤʥʦʞʠʪʝʣʝʡ ʨʘʟʤʝʨʥʦʩʪʴʶ 18Ĭ18.  

ʌʠʣʴʪʨ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ ALTMEMMULT  ʩ ʟʘʛʨʫʟʢʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟ ʚʥʝʰʥʝʛʦ ʧʦʨʪʘ ʦʙʣʘʜʘʝʪ ʧʦʥʠʞʝʥʥʳʤ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝ ʙʣʦʯʥʦʡ ʧʘʤʷʪʠ         

(ʨʠʩ. 2.17) ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʚʥʫʪʨʠ 

ʇʃʀʉ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʝʩʫʨʩʦʚ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʝʡ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʯʝʪʳʨʝʭ 

ʨʝʛʠʩʪʨʘʭ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʭ ʦʜʥʦʪʠʧʥʳʭ ʤʥʦʛʦʨʘʟʨʷʜʥʳʭ 

ʩʫʤʤʘʪʦʨʦʚ ʠ ʥʝ ʩʥʠʞʘʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʦʝʢʪʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʘʢʝʪ ʨʘʩʰʠʨʝʥʠʷ Altera 

DSP Builder ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ Matlab/Simulink ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ.  
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3. ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʓʍ  

ʂʀʍ-ʌʀʃʔʊʈʆɺ ɺ ɹɸɿʀʉɽ ʇʃʀʉ 

 

3.1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ  

ʂʀʍ-ʬʠʣʴʪʨʦʚ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  

 

ʇʘʨʘʣʣʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʨʝʟʫʣʴʪʘʪ 

ʬʠʣʴʪʨʘʮʠʠ ʟʘ ʦʜʠʥ ʪʘʢʪ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ. ʇʘʨʘʣʣʝʣʴʥʳʝ 

ʬʠʣʴʪʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʚʳʩʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʪʨʝʙʫʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ ʇʃʀʉ. 

ʄʝʭʘʥʠʟʤ ʢʦʥʚʝʡʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʬʠʣʴʪʨʳ ʩ ʯʘʩʪʦʪʦʡ ʦʪ 120 ʜʦ 300 ʄɻʮ ʠ ʚʳʰʝ. 

ʅʘ ʨʠʩ. 3.1 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʙʣʦʢʘ 

ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ (MAC-ʙʣʦʢʘ). ʊʘʢʠʝ ʂʀʍ-ʬʠʣʴʪʨʳ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʙʣʦʢʠ ʫʤʥʦʞʝʥʠʷ ʠ 

ʥʘʢʦʧʣʝʥʠʷ, ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ MAC 

FIR Filter (MAC ʂʀʍ-ʬʠʣʴʪʨʳ). 

ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʦʩʪʝʡʰʝʛʦ (single) MAC ʂʀʍ-ʬʠʣʴʪʨʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʫʤʥʦʞʠʪʝʣʴ ʩ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʧʦʣʥʳʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʬʠʣʴʪʨʦʤ. ʕʪʦʪ ʢʦʤʧʨʦʤʠʩʩ ʩʥʠʞʘʝʪ 

ʘʧʧʘʨʘʪʥʳʝ ʟʘʪʨʘʪʳ ʚ N ʨʘʟ, ʥʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʠ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʬʠʣʴʪʨʘ ʥʘ ʪʦʪ ʞʝ ʬʘʢʪʦʨ. ɺ MAC ʂʀʍ-ʬʠʣʴʪʨʘʭ 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʙʦʨʢʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʢʦʣʠʯʝʩʪʚʫ ʝʛʦ ʦʪʚʦʜʦʚ, ʪ.ʝ. ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʬʠʣʴʪʨʘ 

ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. MAC-ʙʣʦʢ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʥʘ 

ʘʧʧʘʨʘʪʥʳʭ ʎʆʉ-ʙʣʦʢʘʭ, ʪʘʢ ʠ ʥʘ ʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʘʭ ʇʃʀʉ. 

ʆʪʢʘʟʘʪʴʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ 

ʎʆʉ-ʙʣʦʢʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʘʨʠʬʤʝʪʠʢʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʂʀʍ-ʬʠʣʴʪʨʘ ʫʞʝ ʥʝ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʝʛʦ ʜʣʠʥʳ. ʅʘʧʨʠʤʝʨ, ʚ ʤʝʛʘʷʜʨʝ (MegaCore) 

AlteraÈ FIR Compiler ʠ ʚ ʛʝʥʝʨʘʪʦʨʝ ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʥʳʭ 

ʷʜʝʨ Xilinx CORE Generator ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʜʜʝʨʞʢʘ 
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ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ. 

ɺ ʩʣʫʯʘʝ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʘ ʠ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʀʍ-ʬʠʣʴʪʨʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ MAC ʂʀʍ-ʬʠʣʴʪʨʘ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʦʡ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭʧʦʨʪʦʚʦʡ ʙʣʦʯʥʦʡ ʧʘʤʷʪʠ 

ʇʃʀʉ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʤʝʰʘʥʥʦʛʦ ʨʝʞʠʤʘ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʣʠʥʠʶ ʟʘʜʝʨʞʢʠ ʥʘ ʆɿʋ (ʮʠʢʣʠʯʝʩʢʠʡ ʙʫʬʝʨ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ) ʠ ʇɿʋ ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʬʠʣʴʪʨʘ. 

 

 
ʈʠʩ. 3.1. ʂʀʍ-ʬʠʣʴʪʨ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ MAC-ʙʣʦʢʘ 

 

ʅʘ ʨʠʩ. 3.2 ʧʦʢʘʟʘʥ ʂʀʍ-ʬʠʣʴʪʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʎʆʉ-ʙʣʦʢʘ DSP48 ʇʃʀʉ Xilinx  Virtex-4 ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʠ ʙʣʦʯʥʦʡ ʧʘʤʷʪʠ ʇʃʀʉ 

(Dual-Port Block RAM). ɼʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʠ ʩʯʠʪʳʚʘʶʪʩʷ 

ʠʟ ʧʦʨʪʘ A (ʨʝʞʠʤ ʆɿʋ), ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ 

ʩ ʧʦʨʪʘ B (ʨʝʞʠʤ ʇɿʋ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʂʀʍ-ʬʠʣʴʪʨʘ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ 

(ʙʣʦʢ Control), ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʘʜʨʝʩʥʫʶ 

ʣʦʛʠʢʫ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʙʫʬʝʨʘ ʆɿʋ ʜʣʷ ʧʦʨʪʘ 

A (ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ) ʠ ɺ (ʇɿʋ), ʘ ʪʘʢʞʝ ʚʳʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣʳ 
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ʨʘʟʨʝʰʝʥʠʷ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ MAC-ʙʣʦʢ ʠ 

ʟʘʭʚʘʪʘ ʚ ʨʝʛʠʩʪʨ ʨʝʟʫʣʴʪʘʪʘ ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʨʝʟʫʣʴʪʘʪ 

ʥʘʢʦʧʣʝʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʤʝʜʣʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʣʘʪʝʥʪʥʦʩʪʠ 

ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʬʠʣʴʪʨʘ, ʪʘʢ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʘʚʠʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʚʳʭʦʜʝ MAC-ʙʣʦʢʘ ʠ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʭʚʘʪʘ ʨʝʛʠʩʪʨʦʤ ʨʝʟʫʣʴʪʘʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʩʠʛʥʘʣ WE ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʟʘʜʝʨʞʘʪʴ ʥʘ 4 ʪʘʢʪʘ 

ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ. 

 

 
ʈʠʩ. 3.2. ʂʀʍ-ʬʠʣʴʪʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎʆʉ-ʙʣʦʢʘ 

DSP49 ʇʃʀʉ Virtex-4 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʂʀʍ-

ʬʠʣʴʪʨʦʚ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II . ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʂʀʍ-

ʬʠʣʴʪʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʙʣʦʢʠ ʫʤʥʦʞʝʥʠʷ ʠ 

ʥʘʢʦʧʣʝʥʠʷ, ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ MAC 

FIR Filter (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 1 MAC-ʬʠʣʴʪʨ).  

ʇʨʦʝʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ 

ʦʪʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʉɸʇʈ Quartus II  Version 5.1 (Build 170 

10/3/2005) ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚʢʣʶʯʝʥ ʚ ʧʝʨʝʯʝʥʴ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʧʨʠʤʝʨʦʚ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʝʨʩʠʡ 

ʉɸʇʈ, ʥʘʧʨʠʤʝʨ Quartus II  Version 13.1. ɼʣʷ ʉɸʇʈ Quartus II  

ver 9.0 ʝʛʦ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʘʜʨʝʩʫ altera\90\qdesigns\fir_filter, ʘ 

ʜʣʷ ʚʝʨʩʠʠ 13.0: altera\13.1\quartus\qdesigns\fir_filter. ʃʠʥʠʷ 

ʟʘʜʝʨʞʢʠ, ʇɿʋ ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʫʧʨʘʚʣʷʶʱʠʡ 
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ʘʚʪʦʤʘʪ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʷʟʳʢʝ Verilog, ʘ ʫʤʥʦʞʠʪʝʣʴ ï ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ lpm_mult. ɸʢʢʫʤʫʣʷʪʦʨ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʝʨʘʨʭʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʥʘ ʷʟʳʢʝ Verilog, 

ʥʠʞʥʠʤ ʫʨʦʚʥʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ Verilog-ʬʘʡʣ, 

cʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʤʝʛʘʬʫʥʢʮʠʝʡ LPM_ADD_SUB. 

ʋʤʥʦʞʠʪʝʣʴ ʚ ʧʨʦʝʢʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʠʤʚʦʣʘ, ʘ ʣʠʥʠʷ 

ʟʘʜʝʨʞʢʠ, ʢʦʵʵʬʠʮʠʝʥʪʳ ʠ ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʚ ʚʠʜʝ ʙʣʦʢ-

ʩʭʝʤ. 

ɸʜʘʧʪʠʨʫʝʤ ʜʘʥʥʳʡ ʧʨʠʤʝʨ ʧʦʜ ʟʘʜʘʯʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ 

33221100 xCxʉxʉxCy +++=  ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

20 -=ʉ , 11 -=ʉ , 72=ʉ  ʠ 63=ʉ . 

ʅʘ ʨʠʩ. 3.3 ʧʦʢʘʟʘʥ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʧʨʦʝʢʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʚ ʉɸʇʈ 

Quartus II  ʚʝʨʩʠʠ 13.0, ʘ ʥʘ ʨʠʩ. 3.4 ï ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʧʨʦʝʢʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʫʨʦʚʥʝ ʨʝʛʠʩʪʨʦʚʳʭ ʧʝʨʝʜʘʯ ʠ 

ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ RTL-viewer. ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ 

ʩ 8- ʠ 4-ʙʠʪʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʫʤʥʦʞʠʪʝʣʴ ʠ 

ʘʢʢʫʤʫʣʷʪʦʨ ʪʘʢʞʝ ʥʘʩʪʨʦʝʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘʜ 

ʯʠʩʣʘʤʠ ʩʦ ʟʥʘʢʦʤ.  

ʇʨʦʝʢʪ ʠʩʧʦʣʴʟʫʝʪ ʜʚʘ ʩʠʥʭʨʦʩʠʛʥʘʣʘ clk ʠ clkx2. 

ʉʠʥʭʨʦʩʠʛʥʘʣ clk ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʘʢʪʠʨʦʚʘʥʠʷ ʣʠʥʠʠ 

ʟʘʜʝʨʞʢʠ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʨʝʛʠʩʪʨʘ ʘʢʢʫʤʫʣʷʪʦʨʘ ʬʠʣʴʪʨʘ, ʘ 

clkx2 ï ʜʣʷ ʪʘʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʨʝʛʠʩʪʨʘ ʨʝʟʫʣʴʪʘʪʘ. ʇʝʨʠʦʜ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ clk ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ clkx2. ʋʤʥʦʞʠʪʝʣʴ ʠ 

ʩʫʤʤʘʪʦʨ ʘʢʢʫʤʫʣʷʪʦʨʘ ʥʘʩʪʨʦʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʘʩʠʥʭʨʦʥʥʳʭ 

ʨʝʞʠʤʘʭ. 

ʇʨʠʤʝʨ 1 ʜʝʤʦʥʩʪʨʠʨʫʝʪ Verilog-ʢʦʜ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ 

ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ. ʅʘ ʨʠʩ. 3.5 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʙʘʟʝ ʨʝʛʠʩʪʨʦʚ. ʇʨʠʤʝʨ 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

Verilog-ʢʦʜ ʇɿʋ ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ, ʘ ʥʘ 

ʨʠʩ. 3.6 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʇɿʋ ʥʘ ʙʘʟʝ ʜʝʰʠʬʨʘʪʦʨʘ. 

ʇʨʠʤʝʨ 3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ verilog-ʢʦʜ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ 



 

 76 

ʂʀʍ-ʬʠʣʴʪʨʘ. ʅʘ ʨʠʩ. 3.7 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ (ʘ); ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ (ʙ); ʪʘʙʣʠʮʘ 

ʧʝʨʝʭʦʜʦʚ ʠ ʪʘʙʣʠʮʘ ʢʦʜʠʨʦʚʘʥʠʡ ʩʦʩʪʦʷʥʠʡ. ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʜʠʨʦʚʘʥʠʝ ʩ ʦʜʥʠʤ ʘʢʪʠʚʥʳʤ ʠʣʠ ʛʦʨʷʯʠʤ ʩʦʩʪʦʷʥʠʝʤ (one 

hot encoding, OHE), ʪ. ʝ. ʚ ʢʘʞʜʳʡ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʘʢʪʠʚʥʳʤ (hot) ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʪʨʠʛʛʝʨ ʩʦʩʪʦʷʥʠʷ.  

ʄʝʪʦʜ ʆʅɽ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʇʃʀʉ FPGA ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʴ ʢʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ, ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʪʨʝʙʫʶʪ ʤʝʥʴʰʠʭ ʨʝʩʫʨʩʦʚ ʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ 

ʢʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ ʩ ʜʚʦʠʯʥʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ ʩʦʩʪʦʷʥʠʡ. 

ʅʘ ʨʠʩ. 3.8 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʤʥʦʞʠʪʝʣʷ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʧʝʨʘʥʜʦʚ 8Ĭ4, ʥʘʩʪʨʦʝʥʥʘʷ ʥʘ ʘʩʠʥʭʨʦʥʥʳʡ 

ʨʝʞʠʤ ʨʘʙʦʪʳ (clock=0). ʋʤʥʦʞʠʪʝʣʴ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʙʘʟʝ 

ʤʝʛʘʬʫʥʢʮʠʠ LPM_MULT. ʊʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʦʠʟʚʝʜʝʥʠʷ 12-ʨʘʟʨʷʜʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʤʥʦʞʠʪʝʣʷ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪʥʳʝ ʫʤʥʦʞʠʪʝʣʠ ʇʃʀʉ. ɺʩʝʛʦ 

ʘʧʧʘʨʘʪʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ ʚ ʇʃʀʉ EP3C5F256C6 ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʧʝʨʘʥʜʦʚ 9Ĭ9 ï 46 ʰʪ. 

ʅʘ ʨʠʩʫʥʢʝ 3.9 ʧʦʢʘʟʘʥ ʩʫʤʤʘʪʦʨ/ʚʳʯʠʪʘʪʝʣʴ ʥʘ ʙʘʟʝ 

ʤʝʛʘʬʫʥʢʮʠʠ LPM_ADD_SUB. ʉʫʤʤʘʪʦʨ/ʚʳʯʠʪʘʪʝʣʴ 

ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʘʩʠʥʭʨʦʥʥʦʤ, ʪʘʢ ʠ ʚ ʩʠʥʭʨʦʥʥʦʤ 

ʨʝʞʠʤʝ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ 

ʩʫʤʤʘʪʦʨʘ data[11..0] ʠ datab[11..0] ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ.  

ʇʨʠʤʝʨ 4 ʜʝʤʦʥʩʪʨʠʨʫʝʪ Verilog-ʢʦʜ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʂʀʍ-ʬʠʣʴʪʨʘ, ʘ ʥʘ ʨʠʩ. 3.10 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʘʢʢʫʤʫʣʷʪʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʦʤʫ ʢʦʜʫ. ɸʢʢʫʤʫʣʷʪʦʨ 

(ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ acc) ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʝ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʥʘʢʘʧʣʠʚʘʶʱʝʛʦ ʩʫʤʤʘʪʦʨʘ, ʥʘ ʙʘʟʝ ʤʝʛʘʬʫʥʢʮʠʠ 

LPM_ADD_SUB, ʨʝʛʠʩʪʨʘ ʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʜʣʷ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚʭʦʜʘ ʩʫʤʤʘʪʦʨʘ datab[11..0] ʚ 

ʥʦʣʴ. ʇʨʠʤʝʨ 5 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʨʘʛʤʝʥʪ verilog-ʢʦʜʘ ʬʫʥʢʮʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʠʤʝʨʝ 4. 
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ʈʠʩ. 3.3. ʀʝʨʘʨʭʠʯʝʩʢʠʡ ʧʨʦʝʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ 
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ʈʠʩ. 3.4. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʝʢʪʘ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ RTL-viewer 
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module taps 
( clk, reset, sel, newt, d, x); 
 input clk; 
 input reset; 
 input [1:0] sel; 
 input newt; 
 input [7:0] d; 
 output [7:0] x; 
 reg [7:0] x, xn, xn_1, xn_2, xn_3; 
// Register element 
always @(posedge clk or posedge reset) 
begin 
if (reset) 
 begin 
  xn = 8'b00000000; 
  xn_1 = 8'b00000000; 
  xn_2 = 8'b00000000; 
  xn_3 = 8'b00000000; 
 end 
else if (newt) 
 begin 
  xn_3 = xn_2; 
  xn_2 = xn_1; 
  xn_1 = xn; 
  xn = d; 
 end 
end 
// Mux element 
always @(sel or xn or xn_1 or xn_2 or xn_3) 
case (sel) 
2'b 00: x = xn; 
2'b 01: x = xn_1; 
2'b 10: x = xn_2; 
2'b 11: x = xn_3; 
default: x = 8'bXXXXXXXX; 
endcase 
endmodule 

ʇʨʠʤʝʨ 1. Verilog-ʢʦʜ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ 
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ʈʠʩ. 3.5. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʂʀʍ-ʬʠʣʴʪʨʘ 

 

module hvalues 

( 

 sel, h 

); 

 input [1:0] sel; 

 output [3:0] h; 

reg [3:0]h; 

always @(sel) 

case (sel) 

        2'b 00 : h = 4'b 1110; 
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        2'b 01 : h = 4'b 1111; 

        2'b 10 : h = 4'b 0111; 

        2'b 11 : h = 4'b 0110; 

endcase 

endmodule 

ʇʨʠʤʝʨ 2. Verilog-ʢʦʜ ʇɿʋ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ 

 

 
ʈʠʩ. 3.6. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʇɿʋ  

 
module state_m 
(  
 clk, reset, newt, sel, follow, first 
); 
 input clk, reset, newt; 
 output follow, first; 
 output [1:0]sel; 
 reg follow, first; 
 reg [1:0] sel; 
 reg [2:0] filter; 
parameter idle = 0, tap1 = 1, tap2 = 2, tap3 = 3, tap4 = 4; 
always 
begin 
 case (filter) 
  idle: begin 
    sel = 2'b0; 
    follow = 1'b0; 
    first = 1'b0; 
     end 
  tap1: begin 
    sel = 2'b0; 
    follow = 1'b0; 
    first = 1'b1; 
     end 
  tap2: begin 
    sel = 2'b01; 
    follow = 1'b0; 
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    first = 1'b0; 
     end 
  tap3: begin 
    sel = 2'b10; 
    follow = 1'b0; 
    first = 1'b0; 
     end 
  tap4: begin 
    sel = 2'b11; 
    follow = 1'b1; 
    first = 1'b0; 
      end 
    
  default : begin 
     sel = 2'b00; 
     follow = 1'b0; 
     first = 1'b0; 
     end 
 endcase 
end 
always @(posedge clk or posedge reset) 
begin 
 if (reset) 
  filter = idle; 
 else 
  case (filter) 
   idle: begin 
    if (newt) 
     filter = tap1; 
      end 
     
   tap1: begin 
     filter = tap2; 
      end 
   tap2: begin 
     filter = tap3; 
      end 
   tap3: begin 
     filter = tap4; 
      end 
   tap4: begin 
     if (newt) 
      filter = tap1; 
     else 
      filter = idle; 
       end 
  endcase  
end   
endmodule 
 

ʇʨʠʤʝʨ 3. Verilog-ʢʦʜ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʂʀʍ-ʬʠʣʴʪʨʘ 
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ʈʠʩ. 3.7. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ (ʘ); ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ (ʙ); ʪʘʙʣʠʮʘ 

ʧʝʨʝʭʦʜʦʚ ʠ ʪʘʙʣʠʮʘ ʢʦʜʠʨʦʚʘʥʠʡ ʩʦʩʪʦʷʥʠʡ 
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ʈʠʩ. 3.8. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʤʥʦʞʠʪʝʣʷ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʧʝʨʘʥʜʦʚ 8Ĭ4 ʥʘ ʙʘʟʝ 

ʤʝʛʘʬʫʥʢʮʠʠ LPM_MULT 

 

ʈʠʩ. 3.9. ʉʫʤʤʘʪʦʨ/ʚʳʯʠʪʘʪʝʣʴ ʥʘ ʙʘʟʝ 

ʤʝʛʘʬʫʥʢʮʠʠ LPM_ADD_SUB 
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ʅʘ ʨʠʩ. 3.11 ʠ 3.12 ʧʦʢʘʟʘʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 

ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʠ ʧʨʦʭʦʞʜʝʥʠʝ ʩʠʛʥʘʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʬʠʣʴʪʨʘ. 

ʅʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ï5, 3, 1, 0, 0 ʠ 0 ʪ.ʜ. 

ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ: 10, ï1, ï40, ï10, 25, 

6 ʠ 0 ʪ.ʜ. 

 

 
module acc 
( 
 xh, clk, first, yn 
); 
 input [11:0] xh; 
 input clk; 
 input first; 
 output [11:0] yn; 
reg [11:0]yn; 
reg [11:0] ynm, result, a_in; 
wire [11:0] inter; 
// Describe Multiplexer 
always @(first or result) 
begin 
 case (first) 
  1'b 0: ynm = result; 
  1'b 1: ynm = 12'b00000000000; 
 endcase 
end 
always @(posedge clk) 
begin 
 result = inter; 
end 
always @(xh) 
begin 
 a_in[11:0] = (xh); 
 //a_in[12] = 0; 
end 
always @(result) 
 begin  
  yn[11:0] = result[11:0]; 
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 end 
accum  inst_13(.dataa(a_in), .datab(ynm), .result(inter)); 
endmodule 
ʇʨʠʤʝʨ 4. Verilog-ʢʦʜ ʘʢʢʫʤʫʣʷʪʦʨʘ ʂʀʍ-ʬʠʣʴʪʨʘ 
 
module accum ( 
 dataa, 
 datab, 
 result); 
 
 input [11:0]  dataa; 
 input [11:0]  datab; 
 output [11:0]  result; 
 wire [11:0] sub_wire0; 
 wire [11:0] result = sub_wire0[11:0]; 
 lpm_add_sub lpm_add_sub_component ( 
    .dataa (dataa), 
    .datab (datab), 
    .result (sub_wire0) 
    // synopsys translate_off 
    , 
    .cout (), 
    .cin (), 
    .add_sub (), 
    .overflow (), 
    .clock (), 
    .clken (), 
    .aclr () 
    // synopsys translate_on 
    ); 
 defparam 

lpm_add_sub_component.lpm_direction = "ADD", 
lpm_add_sub_component.lpm_hint = 
"ONE_INPUT_IS_CONSTANT=NO,CIN_USED=NO", 
lpm_add_sub_component.lpm_type = "LPM_ADD_SUB", 
lpm_add_sub_component.lpm_width = 12; 

endmodule 

 

ʇʨʠʤʝʨ 5. ʌʨʘʛʤʝʥʪ Verilog-ʢʦʜʘ ʬʫʥʢʮʠʠ accum 

(ʥʘʢʘʧʣʠʚʘʶʱʠʡ ʩʫʤʤʘʪʦʨ) ʥʘ ʙʘʟʝ ʤʝʛʘʬʫʥʢʮʠʠ lpm_add_sub 
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ʈʠʩ. 3.10. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʢʢʫʤʫʣʷʪʦʨʘ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ LPM_ADD_SUB 
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 88 

 
ʈʠʩ. 3.11. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʀʍ-ʬʠʣʴʪʨʘ  

ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ 

 

 
ʈʠʩ. 3.12. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ. ʅʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ï5, 3, 1, 0, 0 ʠ 0 ʪ. ʜ. ʇʨʘʚʠʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ: 10, ï1, ï40, ï10, 25, 6 ʠ 0 ʪ. ʜ.
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ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʧʨʦʝʢʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Altera ʩʝʨʠʠ 

Cyclone IV EP4CGX22CF19C6 ʥʘ ʦʩʥʦʚʝ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ 

ʧʨʠʤʝʨʘ fir_filter ʉɸʇʈ Quartus II  ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʷ 

ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʬʠʣʴʪʨ ʪʨʝʙʫʝʪ ʦʜʠʥ ʫʤʥʦʞʠʪʝʣʴ ʠ ʘʢʢʫʤʫʣʷʪʦʨ, ʧʨʠ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʩʣʦʞʥʦʛʦ ʧʨʦʝʢʪʘ ʚ ʙʘʟʠʩʝ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʇʃʀʉ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʪʨʫʜʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ 

ʚʩʪʨʦʝʥʥʦʡ ʧʘʤʷʪʠ ʠʣʠ ʎʆʉ-ʙʣʦʢʦʚ, ʧʨʠ ʵʪʦʤ ʪʘʢʪʦʚʘʷ 

ʯʘʩʪʦʪʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʇʃʀʉ ʥʝ ʧʨʝʚʳʰʘʝʪ 250 ʄɻʮ. 

ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʢʘʢ ʤʦʞʥʦ ʧʨʝʦʜʦʣʝʪʴ ʵʪʠ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ. 
ɺʘʨʠʘʥʪ 1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ ʥʘ 

ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ ʫʤʥʦʞʝʥʠʷ 
LPM_MULT (ʘʩʠʥʭʨʦʥʥʳʡ) ʠ ʥʘʢʦʧʣʝʥʠʷ 
ALTACCUMULATE.  ɸʜʘʧʪʠʨʫʝʤ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʨʦʝʢʪ 
fir_filter ʢ ʟʘʜʘʯʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ 33221100 xCxʉxʉxCy +++=  ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 20 -=ʉ , 11 -=ʉ , 72 =ʉ  ʠ 

63=ʉ  ʚ ʙʘʟʠʩʝ ʇʃʀʉ Cyclone IV EP4CGX22CF19C6 

(ʩʦʜʝʨʞʠʪ 80 ʫʤʥʦʞʠʪʝʣʝʡ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʧʝʨʘʥʜʦʚ 9Ĭ9). 
ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʧʨʝʜʩʪʘʚʠʤ ʩ 8-
ʨʘʟʨʷʜʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʃʠʥʠʷ ʟʘʜʝʨʞʢʠ (taps.v), ʇɿʋ ʜʣʷ ʭʨʘʥʝʥʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ (hvalues.v), ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ (state_m.v) 
ʦʨʠʛʠʥʘʣʴʥʳʡ Verilog-ʢʦʜ. ʋʤʥʦʞʠʪʝʣʴ ʥʘʩʪʨʦʝʥ ʥʘ ʨʘʙʦʪʫ ʩ 
ʯʠʩʣʘʤʠ ʩʦ ʟʥʘʢʦʤ ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ. ɺʦ ʚʩʝʭ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʘʭ ʨʝʘʣʠʟʘʮʠʠ ʂʀʍ-ʬʠʣʴʪʨʘ 
ʫʤʥʦʞʠʪʝʣʴ ʩʪʨʦʠʪʩʷ ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʤʥʦʞʠʪʝʣʝ ʎʆʉ-ʙʣʦʢʘ, 
ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʇʃʀʉ. 

ʅʘ ʨʠʩ. 3.13 ʧʦʢʘʟʘʥ ʧʨʦʝʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-
ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ, ʘ ʥʘ ʨʠʩ. 3.14 ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ 
ʩʪʨʫʢʪʫʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ.  
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ʈʠʩ. 3.13. ʇʨʦʝʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʛʘʬʫʥʢʮʠʠ ʫʤʥʦʞʝʥʠʷ LPM_MULT (ʘʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ) ʠ ʥʘʢʦʧʣʝʥʠʷ ALTACCUMULATE 
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ʈʠʩ. 3.14. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ  

ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ (ʘʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʫʤʥʦʞʠʪʝʣʷ) 

 

 

9
1 



 

 92 

ʅʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ï5, 3, 1, 0, 0 ʠ 0 ʪ. ʜ. 

ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ: 10, ï1, ï40, ï10, 26, 

6 ʠ 0 ʪ. ʜ. ɸʢʢʫʤʫʣʷʪʦʨ ʨʘʙʦʪʘʝʪ ʚ ʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ, ʠ ʝʛʦ 

ʣʘʪʝʥʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 1 ʪʘʢʪ ʩʠʥʭʨʦʩʠʛʥʘʣʘ. ɼʣʷ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʘʙʦʪʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʠ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ first ʘʚʪʦʤʘʪʘ ʧʦʜʢʣʶʯʠʪʴ ʢ 

ʚʭʦʜʫ ʩʠʛʥʘʣʘ ʩʠʥʭʨʦʥʥʦʡ ʟʘʛʨʫʟʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ sload. 

ʈʝʟʫʣʴʪʘʪ ʫʤʥʦʞʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʠʷ ʩʫʤʤʳ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩ 16-ʨʘʟʨʷʜʥʦʡ ʪʦʯʥʦʩʪʴʶ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʘʚʠʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ʥʘ ʚʳʭʦʜʝ yn_out[15..0] ʥʝʦʙʭʦʜʠʤʦ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ follow 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʟʘʜʝʨʞʘʪʴ ʥʘ ʜʚʘ ʪʘʢʪʘ ʩʠʥʭʨʦʩʠʛʥʘʣʘ 

ʠ ʧʦʜʢʣʶʯʠʪʴ ʝʛʦ ʢ ʚʭʦʜʫ ʨʘʟʨʝʰʝʥʠʷ ʪʘʢʪʠʨʦʚʘʥʠʷ ena 

ʨʝʛʠʩʪʨʘ ʨʝʟʫʣʴʪʘʪʘ. 

ɺʘʨʠʘʥʪ 2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ ʥʘ 

ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ ʫʤʥʦʞʝʥʠʷ 

LPM_MULT (ʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ) ʠ ʥʘʢʦʧʣʝʥʠʷ 

ALTACCUMULATE. ʋʤʥʦʞʠʪʝʣʴ ʨʘʙʦʪʘʝʪ ʚ ʩʠʥʭʨʦʥʥʦʤ 

ʨʝʞʠʤʝ (ʨʠʩ. 3.15). ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʙʣʦʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

ʃʘʪʝʥʪʥʦʩʪʴ ʫʤʥʦʞʠʪʝʣʷ ʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʜʠʥ ʪʘʢʪ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʘʙʦʪʳ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʘʚʪʦʤʘʪʘ, ʫʤʥʦʞʠʪʝʣʷ ʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ first ʘʚʪʦʤʘʪʘ ʟʘʜʝʨʞʘʪʴ ʥʘ ʦʜʠʥ ʪʘʢʪ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭʪʘʢʪʥʦʛʦ ʪʨʠʛʛʝʨʘ, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʢʣʶʯʠʪʴ ʢ ʚʭʦʜʫ ʩʠʛʥʘʣʘ ʩʠʥʭʨʦʥʥʦʡ ʟʘʛʨʫʟʢʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ sload. ɸ ʩʠʛʥʘʣ follow ʟʘʜʝʨʞʘʪʴ ʥʘ ʜʚʘ ʪʘʢʪʘ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭ ʪʨʠʛʛʝʨʦʚ. 

ɺʘʨʠʘʥʪ 3. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ ʥʘ 

ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ ʫʤʥʦʞʝʥʠʷ 

ʠ ʥʘʢʦʧʣʝʥʠʷ ALTMULT_ACCUM. ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ, 

ʢʦʛʜʘ ʫʤʥʦʞʠʪʝʣʴ ʠ ʘʢʢʫʤʫʣʷʪʦʨ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ 

ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ALTMULT _ACCUM ʙʝʟ ʨʝʛʠʩʪʨʦʚ 

ʥʘ ʚʭʦʜʘʭ ʠ ʚʳʭʦʜʘʭ ʫʤʥʦʞʠʪʝʣʷ (ʨʠʩ. 3.17). 
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ʈʠʩ. 3.15. ʇʨʦʝʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʛʘʬʫʥʢʮʠʠ ʫʤʥʦʞʝʥʠʷ LPM_MULT (ʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ) ʠ ʥʘʢʦʧʣʝʥʠʷ ALTACCUMULATE  
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ʈʠʩ. 3.16. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 

ʯʝʪʳʨʝ ʦʪʚʦʜʘ (ʫʤʥʦʞʠʪʝʣʴ ʚ ʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ) 
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ʈʠʩ. 3.17. ʇʨʦʝʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

MAC-ʙʣʦʢʘ (ʤʝʛʘʬʫʥʢʮʠʷ ALTMULT _ACCUM)  
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ʃʠʥʠʷ ʟʘʜʝʨʞʢʠ, ʇɿʋ, ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʤ Verilog-ʢʦʜʦʤ. ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 
ʘʚʪʦʤʘʪʘ first ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʚʭʦʜʫ ʩʠʥʭʨʦʥʥʦʡ 
ʟʘʛʨʫʟʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ accum_sload. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 
ʧʨʘʚʠʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 
yn_out[15..0] ʥʝʦʙʭʦʜʠʤʦ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ follow ʟʘʜʝʨʞʘʪʴ ʥʘ 
ʦʜʠʥ ʪʘʢʪ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʪ.ʢ. ʫʤʥʦʞʠʪʝʣʴ ʚ ʤʝʛʘʬʫʥʢʮʠʠ 
ALTMULT_ACCUM ʨʘʙʦʪʘʝʪ ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ. 

ɺʘʨʠʘʥʪ 4. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ ʥʘ 

ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʨʝʜʘʢʪʦʨʘ Sate Flow. ʅʘ ʦʩʥʦʚʝ 
ʦʨʠʛʠʥʘʣʴʥʦʛʦ Verilog-ʢʦʜʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ 
(state_m.v) ʚʦʩʩʪʘʥʦʚʠʤ ʝʛʦ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩ 
ʧʦʤʦʱʴʶ ʨʝʜʘʢʪʦʨʘ State Flow (ʨʠʩ. 3.18). ʀ ʠʟʚʣʝʯʝʤ ʚ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠʟ ʝʛʦ ʦʧʠʩʘʥʠʷ VHDL-ʢʦʜ 
(SM_fir .vhd). ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʙʣʦʢʠ ʠ ʫʯʝʪ ʣʘʪʝʥʪʥʦʩʪʠ ʢʘʢ ʚ 
ʚʘʨʠʘʥʪʝ 3. ʂʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʛʣʘʩʦʚʘʥʠʡ ʨʘʙʦʪʳ 
ʙʣʦʢʦʚ ʧʦ ʣʘʪʝʥʪʥʦʩʪʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɸ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ follow 
ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʝʨʞʘʪʴ ʥʘ ʦʜʠʥ ʪʘʢʪ ʩʠʥʭʨʦʩʠʛʥʘʣʘ. ʀʥʪʝʨʝʩʝʥ 
ʚʘʨʠʘʥʪ 4 ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʘʜʨʝʩʥʦʛʦ ʩʠʛʥʘʣʘ sel[1:0]. ɺ 
ʛʨʘʬʠʯʝʩʢʦʤ ʩʭʝʤʥʦʤ ʨʝʜʘʢʪʦʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʦʝ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ sel[1..0]. ʅʘ ʨʠʩ. 3.19 ʧʦʢʘʟʘʥ ʧʨʦʝʢʪ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ VHDL-
ʢʦʜʘ, ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʈʠʩ. 3.20 
ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ. 

ɺʘʨʠʘʥʪ 5. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʠʬʠʢʘʮʠʶ ʚʘʨʠʘʥʪʘ 
4. ʇʦʢʘʞʝʤ, ʢʘʢ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʘʢʢʫʤʫʣʷʪʦʨ ʙʝʟ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʛʘʬʫʥʢʮʠʠ ALTACCUMULATE (ʨʠʩ. 3.21 ʠ 
ʨʠʩ. 3.22). ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʢʫʤʫʣʷʪʦʨ ʥʘ 
ʦʩʥʦʚʝ ʩʠʥʭʨʦʥʥʦʛʦ ʩʫʤʤʘʪʦʨʘ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ lpm_add_sub ʠ 
ʰʠʥʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 2 ʚ 1 ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ lpm_mux ʚ 
ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʅʘ ʦʜʠʥ ʠʟ ʚʭʦʜʦʚ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 
ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʣʶʯʠʪʴ ʢʦʥʩʪʘʥʪʫ ï ʣʦʛʠʯʝʩʢʠʡ ʥʦʣʴ. 
ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ follow ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʝʨʞʘʪʴ ʥʘ ʦʜʠʥ ʪʘʢʪ 
ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 
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ʈʠʩ. 3.18. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʥʘ ʧʷʪʴ ʩʦʩʪʦʷʥʠʡ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟ ʦʨʠʛʠʥʘʣʴʥʦʛʦ Verilog-ʢʦʜʘ 
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ʈʠʩ. 3.19. ʇʨʦʝʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

VHDL-ʢʦʜʘ, ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ 
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ʈʠʩ. 3.20. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 

ʯʝʪʳʨʝ ʦʪʚʦʜʘ (ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥ VHDL-ʢʦʜʦʤ) 
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ʈʠʩ. 3.21. ʇʨʦʝʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʠʥʭʨʦʥʥʦʛʦ ʩʫʤʤʘʪʦʨʘ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ lpm_add_sub ʠ ʰʠʥʥʦʛʦ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 2 ʚ 1 ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ lpm_mux ʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 
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ʈʠʩ. 3.22. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʢʫʤʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʠʥʭʨʦʥʥʦʛʦ ʩʫʤʤʘʪʦʨʘ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ lpm_add_sub ʠ 

ʰʠʥʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 2 ʚ 1 ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ lpm_mux ʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 
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ɺʘʨʠʘʥʪ 6. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʨʠʘʥʪ 4, ʩ ʪʦʡ ʣʠʰʴ 

ʨʘʟʥʠʮʝʡ, ʯʪʦ ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ ʦʨʛʘʥʠʟʦʚʘʥʘ ʥʘ ʨʝʛʠʩʪʨʘʭ  

(ʨʠʩ. 3.23). ʆʪ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ fir_filter ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʣʠʰʴ ʘʩʠʥʭʨʦʥʥʦʝ ʇɿʋ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ Verilog-ʢʦʜʦʤ. 

ʆʪʚʦʜʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʢʦʤʤʫʪʠʨʫʶʪʩʷ ʥʘ ʦʜʠʥ ʠʟ ʚʭʦʜʦʚ 

ʫʤʥʦʞʠʪʝʣʷ ʩ ʧʦʤʦʱʴʶ ʰʠʥʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 4 ʚ 1. ʊʘʢ 

ʞʝ, ʢʘʢ ʠ ʚ ʚʘʨʠʘʥʪʘʭ 1, 3ï5, ʚ ʢʦʪʦʨʳʭ ʫʤʥʦʞʠʪʝʣʴ ʨʘʙʦʪʘʝʪ ʚ 

ʘʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ, ʩʠʛʥʘʣ first ʥʘʧʨʷʤʫʶ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʚʭʦʜʫ accum_sload ʤʝʛʘʬʫʥʢʮʠʠ ALTMULT_ACCUM, ʘ ʩʠʛʥʘʣ 

follow ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʜʚʘ ʪʘʢʪʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.24. 

ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʦʝʢʪʳ ʠʩʧʦʣʴʟʫʶʪ 

ʦʜʥʦʯʘʩʪʦʪʥʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ (ʚʘʨʠʘʥʪʳ 7-9). 

ɺʘʨʠʘʥʪ 7. ʃʠʥʠʶ ʟʘʜʝʨʞʢʠ ʪʘʢʞʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʛʘʬʫʥʢʮʠʠ altshift_taps (Shift Register (RAM-based)) ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ: ʯʠʩʣʦ ʦʪʚʦʜʦʚ ï 4; ʜʠʩʪʘʥʮʠʷ 

ʤʝʞʜʫ ʦʪʚʦʜʘʤʠ ï 4 (ʨʠʩ. 3.25). ʂʦʤʤʫʪʘʮʠʷ ʦʪʚʦʜʦʚ ʣʠʥʠʠ 

ʟʘʜʝʨʞʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʰʠʥʥʦʛʦ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʯʝʪʳʨʝ ʚ ʦʜʠʥ, ʥʘ ʘʜʨʝʩʥʳʡ ʚʭʦʜ ʢʦʪʦʨʦʛʦ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʚʳʭʦʜ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ sel[1..0]. ɺ 

ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʯʘʩʪʦʪʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʠ ʚʩʝ 

ʙʣʦʢʠ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ fir_filter ʟʘʤʝʥʝʥʳ. 

ʇɿʋ ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʨʝʘʣʠʟʫʝʪʩʷ 

ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ ROM: 1 port ʩ ʠʥʠʮʠʘʣʠʟʘʮʠʝʡ. ʄʝʛʘʬʫʥʢʮʠʷ 

ʥʘʩʪʨʦʝʥʘ ʪʘʢ, ʯʪʦ ʢ ʘʜʨʝʩʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʰʠʥʘʤ ʜʘʥʥʳʭ 

ʧʦʜʢʣʶʯʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʛʠʩʪʨʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʦʥʚʝʡʝʨʠʟʘʮʠʠ. ʊʘʢʘʷ ʥʘʩʪʨʦʡʢʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʇɿʋ 

ʨʘʙʦʪʘʝʪ ʚ ʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ. 

ʄʝʛʘʬʫʥʢʮʠʷ ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ 

ALTMULT_ACCUM ʧʨʝʜʩʪʘʚʣʝʥʘ ʩ ʢʦʥʚʝʡʝʨʠʟʫʶʱʠʤʠ 

ʨʝʛʠʩʪʨʘʤʠ ʥʘ ʚʭʦʜʘʭ ʠ ʥʘ ʚʳʭʦʜʘʭ ʫʤʥʦʞʠʪʝʣʷ, ʩ ʜʚʫʤʷ 

ʨʝʛʠʩʪʨʘʤʠ ʥʘ ʚʭʦʜʝ ʩʠʥʭʨʦʥʥʦʡ ʟʘʛʨʫʟʢʠ accum_sload. 
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ʈʠʩ. 3.23. ʇʨʦʝʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʠʠ 

ʟʘʜʝʨʞʢʠ ʥʘ ʨʝʛʠʩʪʨʘʭ ʩ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ, ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ (state flow), MAC-ʙʣʦʢ 

(ʤʝʛʘʬʫʥʢʮʠʷ), ʘʩʠʥʭʨʦʥʥʦʝ ʇɿʋ (ʦʨʠʛʠʥʘʣʴʥʳʡ Verilog-ʢʦʜ), ʜʚʫʭʯʘʩʪʦʪʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ 
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ʈʠʩ. 3.24. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʨʝʛʠʩʪʨʘʭ 
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ʋʯʝʪ ʣʘʪʝʥʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʉʠʛʥʘʣ first ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʥʘʧʨʷʤʫʶ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʚʭʦʜʫ accum_sload ʤʝʛʘʬʫʥʢʮʠʠ 

ALTMULT_ACCUM. ʉʠʛʥʘʣ follow ʥʫʞʥʦ ʟʘʜʝʨʞʘʪʴ ʥʘ ʪʨʠ 

ʪʘʢʪʘ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʯʠʩʣʦ ʪʨʠʛʛʝʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʯʠʩʣʫ 

ʫʨʦʚʥʝʡ ʢʦʥʚʝʡʝʨʠʟʘʮʠʠ. ɺ ʜʘʥʥʳʭ ʥʘʩʪʨʦʡʢʘʭ ʤʝʛʘʬʫʥʢʮʠʠ 

ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʫʨʦʚʥʷ. ʂ 

ʚʳʭʦʜʥʦʡ ʰʠʥʝ ʜʘʥʥʳʭ ʇɿʋ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʣʶʯʠʪʴ ʜʚʘ 

ʨʝʛʠʩʪʨʘ ʠ ʦʜʠʥ ʨʝʛʠʩʪʨ ʥʘ ʚʭʦʜ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʠʛʥʘʣʳ x[7..0] (ʥʦʤʝʨ ʦʪʚʦʜʘ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʟʘʚʠʩʠʪ 

ʦʪ ʟʥʘʯʝʥʠʷ ʥʘ ʘʜʨʝʩʥʦʡ ʰʠʥʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ) ʠ h[7..0] 

(ʢʦʵʬʬʠʮʠʝʥʪʳ) ʧʝʨʝʤʥʦʞʘʶʪʩʷ ʢʦʨʨʝʢʪʥʦ. ʅʘ ʨʠʩ. 3.26 

ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ. 

ɺʘʨʠʘʥʪ 8. ʇʨʦʝʢʪ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʘʨʠʘʥʪʘ 7 ʪʝʤ, ʯʪʦ ʚ 

ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʘʜʨʝʩʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 2-ʨʘʟʨʷʜʥʳʡ ʩʯʝʪʯʠʢ ʥʘ 4 ʩʦʩʪʦʷʥʠʷ 

(ʤʝʛʘʬʫʥʢʮʠʷ lpm_counter) ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʢ ʤʫʣʴʪʠʧʣʝʢʩʦʨʫ ʠ 

ʇɿʋ (ʨʠʩ. 3.27). ɸ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ first ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ 

ʦʜʠʥ ʪʘʢʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʣʫʞʠʪ ʚʳʭʦʜ cout ʩʯʝʪʯʠʢʘ (ʩʠʛʥʘʣ 

ʩʢʚʦʟʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʥʘ ʚʳʭʦʜʘʭ ʩʯʝʪʯʠʢʘ 

q[1..0] ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʯʠʩʣʦ 3). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʇɿʋ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʫʤʥʦʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʜʝʨʞʘʪʴ ʥʘ 4 ʪʘʢʪʘ ʩ ʧʦʤʦʱʴʶ 4 

ʨʝʛʠʩʪʨʦʚ. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʩʠʛʥʘʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.28. 

 

 



 

 106 

 

 

ʈʠʩ. 3.25. ʋʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ (state flow), ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ ʥʘ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ 

(ʤʝʛʘʬʫʥʢʮʠʷ Shift Register (RAM-based)), MAC-ʙʣʦʢ (ʤʝʛʘʬʫʥʢʮʠʷ ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ 

ALTMULT_ACCUM), ʩʠʥʭʨʦʥʥʦʝ ʇɿʋ (ʤʝʛʘʬʫʥʢʮʠʷ) 
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ʈʠʩ. 3.26. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ (ʤʝʛʘʬʫʥʢʮʠʷ Shift Register 

 (RAM-based)) 
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ʈʠʩ. 3.27. ʃʠʥʠʷ ʟʘʜʝʨʞʢʠ ʥʘ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ (ʤʝʛʘʬʫʥʢʮʠʷ Shift Register (RAM-based)), 

ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ï ʩʯʝʪʯʠʢ (ʤʝʛʘʬʫʥʢʮʠʷ lpm_counter), ʘʩʠʥʭʨʦʥʥʦʝ ʇɿʋ (ʦʨʠʛʠʥʘʣʴʥʳʡ 

Verilog-ʢʦʜ), MAC-ʙʣʦʢ (ʤʝʛʘʬʫʥʢʮʠʷ ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ALTMULT_ACCUM)  
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ʈʠʩ. 3.28. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ 2-ʨʘʟʨʷʜʥʦʛʦ ʩʯʝʪʯʠʢʘ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ 

lpm_counter 
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ɺʘʨʠʘʥʪ 9. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʂʀʍ-ʬʠʣʴʪʨ ʥʘ 

ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ      

ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ Simple Dual Port ʚ ʨʝʞʠʤʝ old 

memory contents appear, ʩʠʥʭʨʦʥʥʦʝ ʇɿʋ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ 

ʤʝʛʘʬʫʥʢʮʠʠ ROM: 1 port, ʩ ʠʥʠʮʠʘʣʠʟʘʮʠʝʡ. ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʤʝʛʘʬʫʥʢʮʠʷ ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ALTMULT_ACCUM ʩ 

ʨʝʛʠʩʪʨʘʤʠ ʥʘ ʚʭʦʜʘʭ ʠ ʥʘ ʚʳʭʦʜʘʭ ʫʤʥʦʞʠʪʝʣʷ, ʩ ʨʝʛʠʩʪʨʦʤ 

ʥʘ ʚʭʦʜʝ ʩʠʥʭʨʦʥʥʦʡ ʟʘʛʨʫʟʢʠ accum_sload ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʨʝʛʠʩʪʨʦʤ ʥʘ ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ (ʨʠʩ. 3.29). 

ɺ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʙʫʬʝʨʘ (ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʎʆʉ-

ʧʨʦʮʝʩʩʦʨʦʚ, ʥʘʧʨʠʤʝʨ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32F4 ʥʘ ʷʜʨʝ Cortex-M4) ʚ ʆɿʋ, ʢʦʛʜʘ 

ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʧʘʤʷʪʴ ʥʘ ʤʝʩʪʦ ʩʪʘʨʳʭ. 

ɹʣʦʢʠ ʧʘʤʷʪʠ ʇʃʀʉ ʬʠʨʤʳ Altera ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʥʘ ʚʳʭʦʜʥʦʡ ʰʠʥʝ q ʚ ʩʣʫʯʘʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ 

ʧʦ ʦʜʠʥʘʢʦʚʦʤʫ ʘʜʨʝʩʫ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʪʨʝʭ ʨʝʞʠʤʘʭ 

new_data, old_data ʠ donôt_care. ʇʨʠ ʚʳʙʦʨʝ ʨʝʞʠʤʘ old_data ʥʘ 

ʚʳʭʦʜʥʦʡ ʰʠʥʝ q ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʪʘʨʳʝ ʜʘʥʥʳʝ, ʭʨʘʥʷʱʠʝʩʷ ʚ 

ʆɿʋ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʘʜʨʝʩʫ, ʧʨʝʞʜʝ ʯʝʤ ʥʦʚʳʝ ʜʘʥʥʳʝ ʙʫʜʫʪ 

ʟʘʧʠʩʘʥʳ ʧʦ ʵʪʦʤʫ ʞʝ ʘʜʨʝʩʫ ʚ ʧʘʤʷʪʴ.  

ɺ ʨʝʞʠʤʝ donôt_care ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʯʪʝʥʠʠ ʠ 

ʟʘʧʠʩʠ ʧʦ ʦʜʠʥʘʢʦʚʦʤʫ ʘʜʨʝʩʫ ʥʦʚʳʝ ʜʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ 

ʧʘʤʷʪʴ, ʘ ʥʘ ʚʳʭʦʜʥʦʡ ʰʠʥʝ q ʩʯʠʪʳʚʘʝʤʳʝ ʟʥʘʯʝʥʠʷ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʩʠʤʚʦʣʘ óxô (unknown values).  

ɺ ʨʝʞʠʤʝ new_data ʥʦʚʳʝ ʜʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ 

ʧʘʤʷʪʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ 

ʧʘʤʷʪʠ. ɺʳʙʦʨ ʨʝʞʠʤʦʚ new_data, old_data ʠ donôt_care 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʙʣʦʢʘ ʧʘʤʷʪʠ ʇʃʀʉ. ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʢʠ ʧʘʤʷʪʠ ʪʠʧʘ M9K.  

ʂʘʢ ʠ ʚ ʧʨʠʤʝʨʝ 8 ʩʠʛʥʘʣ first ʧʦʣʫʯʝʥ ʟʘʜʝʨʞʢʦʡ 

ʩʠʛʥʘʣʘ ʩ ʚʳʭʦʜʘ cout. ɸ ʩʠʛʥʘʣ yvalid ʧʦʣʫʯʝʥ ʟʘʜʝʨʞʢʦʡ 

ʩʠʛʥʘʣʘ first ʥʘ 2 ʪʘʢʪʘ. ʈʠʩʫʥʦʢ 3.30 ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ. 
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ʈʠʩ. 3.29. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ, ʤʝʛʘʬʫʥʢʮʠʷ RAM: 2-PORT ʠ 

ʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ, ʤʝʛʘʬʫʥʢʮʠʠ ROM: 1 port 
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ʈʠʩ. 3.30. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ, ʤʝʛʘʬʫʥʢʮʠʷ RAM: 2-PORT ʠ 

ʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ, ʤʝʛʘʬʫʥʢʮʠʠ ROM: 1 port 
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ɺ ʪʘʙʣ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʤʝʱʝʥʠʷ 

ʧʨʦʝʢʪʦʚ ʚ ʙʘʟʠʩ ʇʃʀʉ Cyclone IV EP4CGX22CF19C6 ʠ 

ʦʮʝʥʢʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʪʨʠʛʛʝʨʦʚ, Fmax), ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ TimeQuest ʙʝʟ ʫʯʝʪʘ 

ʚʨʝʤʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ (ʙʝʟ sdc-ʬʘʡʣʘ). ʇʦ ʦʙʲʝʤʫ ʧʨʦʝʢʪʳ   

1 ï 9 ʟʘʥʠʤʘʶʪ ʤʝʥʝʝ 1% ʣʦʛʠʯʝʩʢʠʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ 

ʇʃʀʉ. 

ɼʣʷ ʚʘʨʠʘʥʪʦʚ 1 ï 6 ʩ ʜʚʫʭʯʘʩʪʦʪʥʦʡ (clk ʠ clkx2) ʠ ʜʣʷ 

ʚʘʨʠʘʥʪʦʚ 7 ï 9 ʩ ʦʜʥʦʯʘʩʪʦʪʥʦʡ (clk) ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ scd-ʬʘʡʣʘ 

ʉɸʇʈ Quartus II  ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʧʫʩʢʘʝʪ Classic Timing 

Analyzer ʠ ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ 

ʫʤʦʣʯʘʥʠʶ ʧʨʠʤʝʥʷʝʪ ʥʘʟʥʘʯʝʥʠʝ FMAX_REQUIREMENT ï 

1000 ʄɻʮ (ʪʠʧʦʚʘʷ ʧʦʣʦʩʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ ʠʣʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʎʆʉ-ʧʨʦʮʝʩʩʦʨʦʚ: 

ʯʘʩʪʦʪʘ 1 ɻɻʮ/4 ʪʘʢʪʘ = 250 MSPS).  

ʅʘ ʨʠʩ. 3.31 ʧʦʢʘʟʘʥ ʦʪʯʝʪ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ 

ʧʦ ʚʨʝʤʝʥʠ (Slack) ʧʦ ʧʘʨʘʤʝʪʨʫ Minimum Pulse Width óclkô 

ʤʦʜʝʣʠ Slow ʧʨʠ ʫʩʣʦʚʠʷʭ 1200 ʤɺ ʠ C0 0  ʜʣʷ ʚʘʨʠʘʥʪʘ 3 ʧʨʠ 

ʨʘʙʦʪʝ ʥʘ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʝ 1000 ʄɻʮ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʛʨʘʥʠʯʠʪʴ ʯʘʩʪʦʪʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʧʘʩʦʚ ʧʦ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʚʘʨʠʘʥʪʦʚ 1 ï 6 ʩ ʜʚʫʭʯʘʩʪʦʪʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ 

(clk ʠ clkx2) ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʡ scd-ʬʘʡʣ ʩ ʯʘʩʪʦʪʘʤʠ 100 

ʄɻʮ (ʧʝʨʠʦʜ 10 ʥʩ) ʜʣʷ ʧʦʨʪʘ clk ʠ 200 ʄɻʮ (ʧʝʨʠʦʜ 5 ʥʩ) ʜʣʷ 

ʧʦʨʪʘ clkx2. 

Create_clock ïname {clk} ïperiod 10.000 ïwaveform { 

0.000 2.000 } [get_ports {clk}] 

create_clock ïname {clkx2} ïperiod 5.000 ïwaveform { 

0.000 2.000 } [get_ports {clkx2}] 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʜʣʷ ʚʘʨʠʘʥʪʦʚ 1 ï 6 ʩ ʯʘʩʪʦʪʘʤʠ 100 ʠ 200 

ʄɻʮ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʧʘʩʦʚ ʧʦ ʧʘʨʘʤʝʪʨʫ 
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Minimum Pulse Width óclkô. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 3.32 

ʧʦʢʘʟʘʥ ʦʪʯʝʪ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʧʦ ʧʘʨʘʤʝʪʨʫ 

Minimum Pulse Width óclkô ʤʦʜʝʣʠ Slow ʧʨʠ ʫʩʣʦʚʠʷʭ 1200 ʤɺ 

ʠ C0 0  ʜʣʷ ʚʘʨʠʘʥʪʘ 3.  

ʊʘʙʣʠʮʘ 3.1 

ɿʘʜʝʡʩʪʚʦʚʘʥʦ ʣʦʛʠʯʝʩʢʠʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ  

(1 ʫʤʥʦʞʠʪʝʣʴ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʧʝʨʘʥʜʦʚ 9Ĭ9) ʇʃʀʉ 

Cyclone IV EP4CGX22CF19C6 
ɺʘʨʠʘʥʪʳ ʃʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ/ 
ʨʝʛʠʩʪʨʦʚ 

ʆʮʝʥʢʘ 
ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 
ʜʣʷ ʤʦʜʝʣʠ Slow 
ʧʨʠ ʫʩʣʦʚʠʷʭ  

1200 ʤɺ ʠ C0 0
, 

Fmax, ʄɻʮ / Fmax 
ʚ ʥʘʠʭʫʜʰʝʤ 
ʩʣʫʯʘʝ, ʄɻʮ ʧʨʠ 
clk ʠ clkx2 1000 

ʄɻʮ 

ʆʮʝʥʢʘ 
ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 
ʜʣʷ ʤʦʜʝʣʠ Slow 
ʧʨʠ ʫʩʣʦʚʠʷʭ  
1200 ʤɺ ʠ 

C85 0
, Fmax, 

ʄɻʮ / Fmax ʚ 
ʥʘʠʭʫʜʰʝʤ 

ʩʣʫʯʘʝ, ʄɻʮ ʧʨʠ 
clk ʠ clkx2 1000 

ʄɻʮ  
ʆʨʠʛʠʥʘʣʴʥʳʡ 
ʧʨʦʝʢʪ 
fir_filter  

93/77 273/250 242/242 

1 99/96 180/180 162/180 
2 72/72 206/206 185/185 
3 70/70 145/145 129/129 
4 72/70 144/144 129/129 
5 86/70 142/142 128/128 
6 75/70 145/145 130/130 
7 85/70 

96 ʙʠʪ 
ʚʩʪʨʦʝʥʥʦʡ 
ʧʘʤʷʪʠ 

348/250 
(295/250 ʧʨʠ clk 
100 ʄɻʮ) 

337/250 
(267/250 ʧʨʠ clk 
100 ʄɻʮ 

8 62/46, 
96 ʙʠʪ 

ʚʩʪʨʦʝʥʥʦʡ 
ʧʘʤʷʪʠ 

328/250 
(305/250 ʧʨʠ clk 
100 ʄɻʮ) 

296/250 
(278/250 ʧʨʠ clk 
100 ʄɻʮ) 

9 63/55, 
96 ʙʠʪ 

ʚʩʪʨʦʝʥʥʦʡ 
ʧʘʤʷʪʠ 

348/250 
(398/250 ʧʨʠ clk 
100 ʄɻʮ) 

343/250 
(359/250 ʧʨʠ clk 
100 ʄɻʮ) 
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ʈʠʩ. 3.31. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʧʦ ʧʘʨʘʤʝʪʨʫ Minimum Pulse 

Width óclkô ʤʦʜʝʣʠ Slow ʧʨʠ ʫʩʣʦʚʠʷʭ 1200 ʤɺ ʠ C0 0   

ʜʣʷ ʚʘʨʠʘʥʪʘ 3 

 
ʆʜʥʘʢʦ ʜʣʷ ʜʚʫʭʯʘʩʪʦʪʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ sdc-ʬʘʡʣʘ, ʦʮʝʥʢʠ Fmax ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ 
ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ TimeQuest ʫʞʝ ʥʝ ʚʳʯʠʩʣʷʝʪ ʚ ʦʪʣʠʯʠʝ ʦʪ 
ʦʜʥʦʯʘʩʪʦʪʥʦʡ. ɺ ʪʘʙʣ. 3.1 ʜʣʷ ʚʘʨʠʘʥʪʦʚ 7 ï 9 ʜʦʧʦʣʥʠʪʝʣʴʥʦ 
ʧʦʢʘʟʘʥʳ ʦʮʝʥʢʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʜʣʷ ʦʜʥʦʯʘʩʪʦʪʥʦʡ 
ʩʠʥʭʨʦʥʠʟʘʮʠʠ: 

 
create_clock -name {clk} -period 10.000 -waveform { 0.000 2.000 
} [get_ports {clk}] 
 

ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ MAC ʂʀʍ-
ʬʠʣʴʪʨʳ ʚ ʙʘʟʠʩʘʭ ʇʃʀʉ Xilinx  ʠ Altera ʩʭʦʞʠ, ʦʪʣʠʯʘʶʪʩʷ 
ʣʠʰʴ ʨʘʟʥʦʡ ʣʘʪʝʥʪʥʦʩʪʴʶ ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʬʠʣʴʪʨʘ 
ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʙʣʦʢʘʭ ʚʩʪʨʦʝʥʥʦʡ ʧʘʤʷʪʠ ʠ ʎʆʉ-ʙʣʦʢʘʭ. 
ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʪ ʧʘʨʘʣʣʝʣʴʥʳʭ ʂʀʍ-
ʬʠʣʴʪʨʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ, ʢʦʪʦʨʳʡ 
ʘʜʨʝʩʫʝʪʩʷ ʢ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʠ ʢ ʇɿʋ ʜʣʷ ʭʨʘʥʝʥʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʝʪ MAC-ʙʣʦʢʦʤ ʠ 
ʨʝʛʠʩʪʨʦʤ ʨʝʟʫʣʴʪʘʪʘ. 
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ʈʠʩ. 3.32. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʧʦ ʧʘʨʘʤʝʪʨʫ Minimum Pulse 

Width óclkô ʤʦʜʝʣʠ Slow ʧʨʠ ʫʩʣʦʚʠʷʭ 1200 ʤɺ ʠ C0 0   

ʜʣʷ ʚʘʨʠʘʥʪʘ 3 

 

ɺ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 9 ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʦʪ ʧʨʦʩʪʦʛʦ ʜʦ ʩʣʦʞʥʦʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʝʩʢʦʛʦ ʙʫʬʝʨʘ ʚ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ 

ʆɿʋ, ʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ ʠ ʢʦʥʚʝʡʨʠʟʦʚʘʥʥʦʛʦ MAC-ʙʣʦʢʘ. 

ʇʨʦʝʢʪʳ ʟʘʜʝʡʩʪʚʫʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʦʛʠʯʝʩʢʠʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ ʇʃʀʉ Cyclone IV 

EP4CGX22CF19C6 (ʤʝʥʝʝ 1%), ʥʦ ʠʤʝʶʪ ʨʘʟʥʫʶ ʦʮʝʥʢʫ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. ʅʘʠʚʳʩʰʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʦʢʘʟʳʚʘʶʪ 

ʧʨʦʝʢʪʳ 7, 8 ʠ 9 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʚʝʡʝʨʠʟʘʮʠʠ ʠ ʙʣʦʯʥʦʡ 

ʧʘʤʷʪʠ ʇʃʀʉ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ. ɼʣʷ ʜʚʫʭ- 

(clk=100 ʠ clkx2=200 ʄɻʮ) ʠ ʦʜʥʦʯʘʩʪʦʪʥʦʡ (clk=100 ʄɻʮ) 

ʩʠʥʭʨʦʥʠʟʘʮʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʘʡʣʦʚ ʚʨʝʤʝʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʦʙʝʩʧʝʯʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʯʘʩʪʦʪʘʭ. 
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3.2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʚ 

ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

Matlab/Simulink  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Altera DSP Builder  

 ʠ MAC-ʙʣʦʢʦʚ 

 

ʇʘʢʝʪ Altera DSP Builder ʨʘʙʦʪʘʝʪ ʚ ʩʚʷʟʢʝ ʩ ʉɸʇʈ 

Quartus II ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʘʢʝʪʦʤ System Generator IDS ʠ ʉɸʇʈ 

ʇʃʀʉ ISE ʬʠʨʤʳ Xi linx. ʇʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ ʨʘʩʰʠʨʝʥʠʷ 

Altera DSP Builder ʠ System Generator IDS ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʴʥʦ-

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Matlab/Simulink (ʚʝʨʩʠʷ 8.3, 

ʩʙʦʨʢʘ R2014a) ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʝ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʝ HDL-ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʚ c 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʢʦʤʧʠʣʠʨʦʚʘʥʠʝʤ ʚ ʙʘʟʠʩ ʇʃʀʉ Xilinx ʠ 

Altera c ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʟʜʘʥʠʝʤ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʨʘʙʦʪʢʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ 

ʦʩʥʦʚʝ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʠ ʦʜʥʦʛʦ ʙʣʦʢʘ ʫʤʥʦʞʝʥʠʷ ʠ 

ʥʘʢʦʧʣʝʥʠʷ (1 MAC-ʙʣʦʢ) ʚ Altera DSP Builder ʠ ʉɸʇʈ Quartus 

II : 33221100 xCxʉxʉxCy +++= . ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʠʟʚʝʩʪʥʳ: 20 -=ʉ , 11 -=ʉ , 72=ʉ  ʠ 

63=ʉ . ʊʘʢʠʝ ʬʠʣʴʪʨʳ ʝʱʝ ʥʘʟʳʚʘʶʪ MAC-ʬʠʣʴʪʨʘʤʠ.  

ɿʘ ʦʩʥʦʚʫ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʚʦʟʴʤʝʤ 

ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʩ ʠʤʝʥʝʤ FIR_MAC32.mdl ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ 32 ʦʪʚʦʜʘ (ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʬʠʣʴʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩ 17-ʨʘʟʨʷʜʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʘʩʪʦʪʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 1 ʄɻʮ) ʠʟ ʩʧʨʘʚʦʯʥʦʡ 

ʩʠʩʪʝʤʳ ʉɸʇʈ Quartus II  ʧʦ ʘʜʨʝʩʫ: 

 

quartus\dsp_builder\DesignExamples\Demos\Filters\Mac32. 
 
ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ 

ʩʠʛʥʘʣ ï5, 3, 1, 0, 0 ʠ 0 ʪ.ʜ. ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 
ʬʠʣʴʪʨʘ: 10, ï1, ï40, ï10, 26, 6 ʠ 0 ʪ.ʜ.  
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ʇʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʭ 
ʟʥʘʯʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʜʠʩʢʨʝʪʥʦʡ 
ʬʠʣʴʪʨʘʮʠʠ filter, ʛʜʝ [-2,-1,7,6] ï ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʥʝʨʝʢʫʨʩʠʚʥʦʡ ʯʘʩʪʠ, 1 ï ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʢʫʨʩʠʚʥʦʡ 
ʯʘʩʪʠ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʥʠ ʨʘʥʳ ʥʫʣʶ), ʘ x=[-5,3,1,0,0,0] 
ʩʠʛʥʘʣ, ʧʦʜʣʝʞʘʱʠʡ ʬʠʣʴʪʨʘʮʠʠ. 

x=[-5,3,1,0,0,0]; 
y = filter([-2,-1,7,6],1,x); 
ʕʪʦ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʪ.ʝ. ʧʦʣʫʯʠʪʴ ʚʝʢʪʦʨ [10 -1 -40 -10 
25 6], ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ 
ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ. 

ʅʘ ʨʠʩ. 3.33 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ 
ʙʘʟʠʩʝ ʇʃʀʉ Altera ʩʝʨʠʠ Cyclone III  ʥʘ ʦʩʥʦʚʝ  ʦʜʥʦʛʦ MAC-
ʙʣʦʢʘ. ʄʦʜʝʣʴ ʨʘʙʦʪʘʝʪ ʩ ʮʝʣʳʤʠ ʜʝʩʷʪʠʯʥʳʤʠ ʯʠʩʣʘʤʠ ʢʘʢ ʩʦ 
ʟʥʘʢʦʤ, ʪʘʢ ʠ ʙʝʟ, ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʥʘʩʪʨʦʝʢ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʜʚʦʠʯʥʳʡ ʬʦʨʤʘʪ 
ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ: ʩʯʝʪʯʠʢʘ (ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ); 
ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʙʘʟʝ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ (ʆɿʋ) ʠ 
ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ; LUT (ʙʣʦʢ ʧʘʤʷʪʠ ʚ 
ʨʝʞʠʤʝ ʇɿʋ) ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ; MAC-
ʙʣʦʢʘ ʠ ʨʝʛʠʩʪʨʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ; ʢʦʤʧʠʣʷʪʦʨʘ 
ʩʠʛʥʘʣʦʚ; ʛʝʥʝʨʘʪʦʨʘ ʠʩʧrʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ; ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʩʠʥʭʨʦʩʠʛʥʘʣʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ BaseClock ʧʦʟʚʦʣʷʝʪ ʚ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʬʦʨʤʠʨʦʚʘʪʴ ʩʠʥʭʨʦʩʠʛʥʘʣ ʠ 
ʘʩʠʥʭʨʦʥʥʳʡ ʩʠʛʥʘʣ ʩʙʨʦʩʘ (ʘʢʪʠʚʥʳʡ ʥʠʟʢʠʡ) ʧʨʠ 
ʧʦʩʣʝʜʫʶʱʝʤ ʧʝʨʝʭʦʜʝ ʦʪ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʢ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʚ ʉɸʇʈ ʇʃʀʉ Altera Quartus II  ver 12.1. ɼʣʷ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʝʪʩʷ ʩʠʥʭʨʦʩʠʛʥʘʣ ʩ 
ʧʝʨʠʦʜʦʤ 20 ʥʩ ʠ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʩʠʤʫʣʷʮʠʠ ʚ Matlab/Simulink 
0.25 ʩ. ʐʘʛ ʩʠʤʫʣʷʮʠʠ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ 
ʩʦʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʥʘ ʚʳʭʦʜʝ 
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ʬʠʣʴʪʨʘ ʜʦʣʞʥʳ ʦʙʥʦʚʣʷʪʴʩʷ ʯʝʨʝʟ 4 ʪʘʢʪʘ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ 
(ʨʠʩ. 3.34). 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ Increment Decrement 
ʧʨʝʜʩʪʘʚʣʷʝʪ 2-ʨʘʟʨʷʜʥʳʡ ʩʫʤʤʠʨʫʶʱʠʡ ʩʯʝʪʯʠʢ 
(ʫʚʝʣʠʯʠʚʘʝʪ ʩʚʦʝ ʩʦʜʝʨʞʠʤʦʝ ʥʘ ʝʜʠʥʠʮʫ) (ʨʠʩ. 3.35). ʀʛʨʘʝʪ 
ʨʦʣʴ ʧʨʦʩʪʝʡʰʝʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ. ʉʯʝʪʯʠʢ ʫʧʨʘʚʣʷʝʪ 
ʨʘʙʦʪʦʡ ʣʠʥʠʝʡ ʟʘʜʝʨʞʢʠ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʯʝʨʝʟ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ çʜʝʰʠʬʨʘʪʦʨè (ʨʠʩ. 3.36).  

çɼʝʰʠʬʨʘʪʦʨè ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʢʦʤʧʘʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʩʨʘʚʥʠʚʘʝʪ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʟʘʜʘʥʥʦʡ 
ʜʝʢʦʜʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʦʡ. ɼʝʰʠʬʨʘʪʦʨ ʚʳʨʘʙʘʪʳʚʘʝʪ 
ʘʢʪʠʚʥʳʡ ʩʠʛʥʘʣ (ʜʝʩʷʪʠʯʥʘʷ ʝʜʠʥʠʮʘ) ʯʝʨʝʟ ʢʘʞʜʳʝ ʪʨʠ 
ʧʦʩʣʝʜʫʶʱʠʭ ʚʨʝʤʝʥʥʳʭ ʰʘʛʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʥʘ ʯʝʪʚʝʨʪʳʡ 
ʰʘʛ), ʢʦʪʦʨʳʡ ʧʦʜʢʣʶʯʝʥ ʢ ʚʭʦʜʫ ShiftEn ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ.  

ʉʠʛʥʘʣ ShiftEn ʷʚʣʷʝʪʩʷ ʘʜʨʝʩʥʳʤ ʚʭʦʜʦʤ 
ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 2 ʚ 1. ʇʨʠ ShiftEn=1 ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʠʩʴ 
ʜʝʩʷʪʠʯʥʳʭ ʯʠʩʝʣ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʚ ʆɿʋ 
ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ, ʘ ʧʨʠ ShiftEn=0 ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʟʘʧʠʩʴ 
ʩʦʜʝʨʞʠʤʦʛʦ ʆɿʋ.  

ʊʝʤ ʩʘʤʳʤ ʤʦʜʝʣʠʨʫʝʪʩʷ ʨʘʙʦʪʘ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ 
ʙʘʟʝ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ. ʀ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʆɿʋ 
ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʙʫʬʝʨʘ. ʉʯʝʪʯʠʢ ʪʘʢʞʝ 
ʘʜʨʝʩʫʝʪʩʷ ʢ ʜʘʥʥʳʤ ʭʨʘʥʷʱʠʤʩʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ 
LUT. LUT ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʘʙʣʠʮʫ ʜʣʷ ʭʨʘʥʝʥʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ. ʀʛʨʘʝʪ ʨʦʣʴ ʙʣʦʢʘ ʧʘʤʷʪʠ (ʇɿʋ). 

ʃʠʥʠʷ ʟʘʜʝʨʞʢʠ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʠ 
ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.37. ʆʙʨʘʪʥʘʷ ʩʚʷʟ ɹʚ ʣʠʥʠʠ 
ʟʘʜʝʨʞʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʝʤ ʧʦʜʘʯʠ ʜʘʥʥʳʭ ʩ ʚʳʭʦʜʥʦʡ ʰʠʥʳ 
ʆɿʋ ʥʘ ʚʭʦʜ ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨ, ʥʘ ʜʨʫʛʦʡ ʚʭʦʜ ʢʦʪʦʨʦʛʦ 
ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ, ʧʦʜʣʝʞʘʱʠʡ ʬʠʣʴʪʨʘʮʠʠ. 

ɼʚʫʭʧʦʨʪʦʚʘʷ ʧʘʤʷʪʴ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʩʯʠʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʆɿʋ ʠ ʟʘʧʠʩʳʚʘʪʴ ʝʝ ʧʦ ʨʘʟʥʳʤ 
ʘʜʨʝʩʘʤ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʀʟʤʝʥʝʥʠʷ ʥʘ ʰʠʥʝ rd_add(1:0) 
ʩʚʷʟʘʥʳ ʩ ʯʪʝʥʠʝʤ ʩʦʜʝʨʞʠʤʦʛʦ ʆɿʋ ʠ ʜʦʩʪʫʧʥʳ ʥʘ ʚʳʭʦʜʝ, ʘ 
ʥʘ ʰʠʥʝ wr_add(1:0) ï ʩ ʟʘʧʠʩʴʶ ʠʥʬʦʨʤʘʮʠʠ ʚ ʆɿʋ. ɺ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ 
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ʠʥʬʦʨʤʘʮʠʠ ʚ ʆɿʋ ʨʘʟʜʝʣʝʥʳ ʚʦ ʚʨʝʤʝʥʠ ʵʣʝʤʝʥʪʦʤ 
ʟʘʜʝʨʞʢʠ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʘʤʷʪʴ 
ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʚʝʢʪʦʨʦʤ [0 0 0 0]. ʅʘ ʨʠʩ. 3.38 ʧʦʢʘʟʘʥʳ 
ʥʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ Dual-Port RAM. 

ʅʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ LUT ʧʦʢʘʟʘʥʳ ʥʘ 
ʨʠʩ. 3.39. ɺʳʭʦʜʥʳʝ ʰʠʥʳ ʜʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ 
Dual-Port RAM ʠ LUT ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʛʠʩʪʝʨʥʳʝ (ʨʠʩ. 3.38ʙ ʠ 
ʨʠʩ. 3.39ʙ).  

ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʙʣʦʢʘ MultiplyAccumulate. ʅʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ 
MultiplyAccumulate, ʚʳʧʦʣʥʷʶʱʝʛʦ ʨʦʣʴ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ 
ʩ ʥʘʢʦʧʣʝʥʠʝʤ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3.40. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 
ʧʦʪʦʢʠ ʚʳʯʠʩʣʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʧʦʢʘʟʘʥʳ ʥʘ 
ʨʠʩ. 3.41. 

ʅʘ ʨʠʩ. 3.42 ʧʦʢʘʟʘʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 
ʩʠʩʪʝʤʝ Matlab/Simulink ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ. ʅʘ 
ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ï5, 3, 1, 0, 0, 0 ʠ ʪ.ʜ. 
ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ: 10, ï1, ï40, ï10, 26, 
6, 0 ʠ ʪ.ʜ. 

ʈʘʙʦʪʘ ʩ ʟʘʢʣʘʜʢʦʡ Simple ʢʦʤʧʠʣʷʪʦʨʘ ʩʠʛʥʘʣʦʚ 
(ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ SignalCompiler). ʇʨʠ ʢʦʤʧʠʣʷʮʠʠ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʛʘʬʫʥʢʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʷʟʳʢʘ AHDL, 
ʧʦʵʪʦʤʫ ʧʨʦʝʢʪ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ ʬʘʡʣʦʚ ʩ 
ʨʘʩʰʠʨʝʥʠʷʤʠ .tdf, .vhd ʠ ʜʨ.  

ʇʦʩʢʦʣʴʢʫ ʚ ʉɸʇʈ ʚʝʨʩʠʠ Altera Quartus 12.1 ʩʙʦʨʢʘ 
177 ʦʪʩʫʪʩʪʚʫʝʪ ʚʩʪʨʦʝʥʥʳʡ ʚʝʢʪʦʨʥʳʡ ʨʝʜʘʢʪʦʨ, 
ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʝʨʩʠʝʡ Altera Quarus II 13.1.  

ʅʘ ʨʠʩ. 3.43 ʧʦʢʘʟʘʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ ʚ ʉɸʇʈ Quartus II  13.1. ʅʘ ʚʭʦʜ 
ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ï5, 3, 1, 0, 0, 0 ʠ ʪ.ʜ. ʇʨʘʚʠʣʴʥʳʝ 
ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ: 10, ï1, ï40, ï10, 26, 6, 0 ʠ ʪ.ʜ. 
ʉʨʘʚʥʠʚʘʷ ʨʠʩ. 3.42 ʠ 3.43, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 
ʠʤʠʪʘʮʠʦʥʥʘʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʠ ʬʠʣʴʪʨʦʚ ʨʘʙʦʪʘʶʪ 
ʢʦʨʨʝʢʪʥʦ. 
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ʈʠʩ. 3.33. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ ʜʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Altera ʩʝʨʠʠ Cyclone ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ MAC-ʙʣʦʢʘ 
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ʈʠʩ. 3.34. ʅʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ BaseClock. 

ɿʘʜʘʝʪʩʷ ʧʝʨʠʦʜ ʩʠʥʭʨʦʩʠʛʥʘʣʘ 20 ʥʩ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʉɸʇʈ Quartus II  ver 12.1 ʠ ʚʨʝʤʝʥʥʦʡ ʰʘʛ 

ʩʠʤʫʣʷʮʠʠ ʚ Matlab/Simulink 0.25 ʩ 
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ʈʠʩ. 3.35. ʅʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ Increment 

Decrement 
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ʈʠʩ. 3.36. ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ Decoder. ɿʘʜʘʝʪʩʷ  

2-ʨʘʟʨʷʜʥʘʷ ʚʭʦʜʥʘʷ ʰʠʥʘ ʪʠʧʘ Unsigned Integer ʠ 

ʜʝʢʦʜʠʨʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ï ʜʝʩʷʪʠʯʥʘʷ ʝʜʠʥʠʮʘ
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ʈʠʩ. 3.37. ʃʠʥʠʷ ʟʘʜʝʨʞʢʠ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ Dual-Port 

RAM) ʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ Multiplexer) 
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ʘ) ʙ) 

ʈʠʩ. 3.38. ʅʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ Dual-Port RAM: ʘ) ʟʘʢʣʘʜʢʘ Main (ʟʘʜʘʶʪʩʷ ʯʝʪʳʨʝ  

8-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚʘ, ʪʠʧ ʧʘʤʷʪʠ Auto); ʙ) ʟʘʢʣʘʜʢʘ Registers and Enables (ʚʳʭʦʜʥʦʡ ʧʦʨʪ ʰʠʥʳ 

ʜʘʥʥʳʭ ʆɿʋ ʨʝʛʠʩʪʝʨʥʳʡ) 
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ʘ) ʙ) 
ʈʠʩ. 3.39. ʅʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ LUT: ʘ) ʟʘʢʣʘʜʢʘ Main (ʟʘʜʘʝʪʩʷ 2-ʨʘʟʨʷʜʥʘʷ 
ʘʜʨʝʩʥʘʷ ʰʠʥʘ ʙʣʦʢʘ ʧʘʤʷʪʠ ʠ ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ [ï 2 ï 1 7 6], ʮʝʣʳʝ ʜʝʩʷʪʠʯʥʳʝ 
ʯʠʩʣʘ ʩʦ ʟʥʘʢʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩ 4-ʙʠʪʥʦʡ ʪʦʯʥʦʩʪʴʶ); ʙ) ʟʘʢʣʘʜʢʘ Implementation (ʚʳʭʦʜʥʘʷ 

ʰʠʥʘ ʜʘʥʥʳʭ ʙʣʦʢʘ ʧʘʤʷʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʨʝʛʠʩʪʝʨʥʘʷ, ʦʧʮʠʷ Register Data) 
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ʈʠʩ. 3.40. ʅʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ʚʳʧʦʣʥʷʶʱʝʛʦ ʨʦʣʴ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʩ 

ʥʘʢʦʧʣʝʥʠʝʤ (MultiplyAccumulate). ɿʘʜʘʝʪʩʷ ʨʘʟʨʷʜʥʦʩʪʴ ʰʠʥ A ʠ ɺ (4 ʙʠʪʘ, ʮʝʣʳʝ ʯʠʩʣʘ ʩʦ 

ʟʥʘʢʦʤ) ʠ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʚʳʯʠʩʣʝʥʠʷ (9 ʙʠʪ) 
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ʈʠʩ. 3.41. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ: ʘ) ʩʠʛʥʘʣ, ʧʦʜʣʝʞʘʱʠʡ ʬʠʣʴʪʨʘʮʠʠ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ 

ʟʘʜʝʨʞʢʠ; ʙ) ʠ ʚ) rd_add ʠ wr_add ï ʘʜʨʝʩʘ ʥʘ ʰʠʥʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʝʨʘʮʠʷʤʠ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʆɿʋ; ʛ) shift_en ï cʠʛʥʘʣ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʘ, 

ʧʦʜʣʝʞʘʱʝʛʦ ʬʠʣʴʪʨʘʮʠʠ ʚ ʣʠʥʠʶ ʟʘʜʝʨʞʢʠ; ʜ) shift_reg ï ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʥʦʡ ʰʠʥʝ ʆɿʋ 

(ʰʠʥʘ q_a, ʨʠʩ. 6.9); ʝ) data_mux ï ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʠʣʠ ʟʥʘʯʝʥʠʷ ʥʘ ʚʭʦʜʥʦʡ 

ʰʠʥʝ ʜʘʥʥʳʭ ʆɿʋ (ʰʠʥʘ d, ʨʠʩ. 6.9); ʢ) lut ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ; ʣ) ï mac ï ʟʥʘʯʝʥʠʷ 

ʩʠʛʥʘʣʘ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ; ʤ) registered ï ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʆʙʦʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩʦʛʣʘʩʥʦ ʨʠʩ. 3.33 ʠ ʨʠʩ. 3.37 
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ʈʠʩ. 3.42. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ. 

ʅʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ï5, 3, 1, 0, 0, 0 ʠ ʪ.ʜ. ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʬʠʣʴʪʨʘ: 10, ï1, ï40, ï10, 26, 6, 0 ʠ ʪ.ʜ. 
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ʈʠʩ. 3.43. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ ʚ ʉɸʇʈ Quartus II  13.1.  

ʅʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ï5, 3, 1, 0, 0, 0 ʠ ʪ.ʜ. ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʬʠʣʴʪʨʘ: 10, ï1, ï40, ï10, 26, 6, 0 ʠ ʪ.ʜ. 
 
 
 
 
 
 

 

1
3

1 



 

 132 

 
ʈʠʩ. 3.44. ɻʝʥʝʨʘʪʦʨ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ Testbench Cenerator) 
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ʈʠʩ. 3.45. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ ʚ Altera-ModelSim.  

ʅʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ï5, 3, 1, 0, 0, 0 ʠ ʪ.ʜ. ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʬʠʣʴʪʨʘ: 10, ï1, ï40, ï10, 26, 6, 0 ʠ ʪ.ʜ. 
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ɽʩʣʠ ʫʩʪʘʥʦʚʣʝʥ ʩʠʤʫʣʷʪʦʨ Altera-ModelSim, ʪʦ 
ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ 
ʛʝʥʝʨʘʪʦʨ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ (Testbench Cenerator). ʅʘ 
ʨʠʩ. 3.44 ʧʦʢʘʟʘʥʦ ʩʦʟʜʘʥʠʝ ʪʝʩʪʙʝʥʯʘ ʧʨʦʝʢʪʘ ʚ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʜʣʷ ʧʦʩʣʝʜʫʶɦ ʝʡ ʩʠʤʫʣʷʮʠʠ ʚ Altera-
ModelSim. ʅʘ ʨʠʩ. 3.45 ʧʦʢʘʟʘʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ ʚ Altera-ModelSim. 

 ɺ ʪʘʙʣ. 3.2 ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʨʝʩʫʨʩʦʚ 
ʇʃʀʉ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʨʘʩʰʠʨʝʥʠʷ Altera DSP Builder (ʤʦʜʝʣʴ 
FIR_MAC32), ʘ ʚ ʪʘʙʣ. 3.3 ï Xilinx  System Generator IDS 
ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
Matlab/Simulink. 

 
ʊʘʙʣʠʮʘ 3.2 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʯʠʩʣʫ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ 
ʇʃʀʉ Altera Cyclone III  Device EP3C5F256C6, ʚʨʝʤʝʥʥʘʷ 
ʤʦʜʝʣʴ Slow (ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʷʜʨʘ 1200 ʤɺ,  

ʪʝʤʧʝʨʘʪʫʨʘ C85 0 ) 

ʆʙʱʝʝ 
ʯʠʩʣʦ 

ʣʦʛʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ 
(Total logic 
elements) 

ʊʨʠʛʛʝʨʦʚ 
ʣʦʛʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ 

(Dedicated logic 
registers) 

ɸʧʧʘʨʘʪʥʳʭ 
ʫʤʥʦʞʠʪʝʣʝʡ ʩ 
ʨʘʟʤʝʨʥʦʩʪʴʶ 
ʦʧʝʨʘʥʜʦʚ 9Ĭ9 

(Embedded 
Multiplier 9-bit 

elements) 

ʈʘʙʦʯʘʷ 
ʯʘʩʪʦʪʘ ʚ 
ʥʘʠʭʫʜʰʝʤ 
ʩʣʫʯʘʝ 

Fmax, ʄɻʮ 

30 29 1 258 
 

ʊʘʙʣʠʮʘ 3.3 
ʆʮʝʥʢʘ ʨʝʩʫʨʩʦʚ ʇʃʀʉ Xilinx  ʩʝʨʠʠ Spartan-6  

xa6slx4-3tqg144 
ʈʝʩʫʨʩʳ ʇʃʀʉ ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ 

n-tap MAC FIR 
filter 

Dual Port Memory 
MAC FIR Filter 

ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ, ʄɻʮ 233 279 
ʏʠʩʣʦ ʎʆʉ-ʙʣʦʢʦʚ 

DSP-48A 
1 1 

ʊʨʠʛʛʝʨʦʚ 52 57 
ʉʝʢʮʠʡ ʩ LUT 39 38 
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ʇʨʦʜʦʣʞʠʤ ʠʟʫʯʝʥʠʝ ʤʦʜʝʣʠ FIR_MAC32.mdl. 
ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 
(ʤʝʪʦʜ ʨʷʜʦʚ ʌʫʨʴʝ ʩʦ ʚʟʚʝʰʠʚʘʥʠʝʤ, ʦʙʨʘʪʥʦʝ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʦʥʥʳʭ ʬʫʥʢʮʠʡ) 
(fir1(31,3/8)) .* 2^16-1 ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʥʦʛʦ ʤʥʦʞʠʪʝʣʷ ʩ 
ʯʘʩʪʦʪʦʡ ʩʨʝʟʘ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʢ ʯʘʩʪʦʪʝ ʅʘʡʢʚʠʩʪʘ Fc=3/8 ʠʣʠ 
187 ʢɻʮ/500 ʢɻʮ (Fn=Fd/2= 500 ʢɻʮ).  

ʅʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʜʘʝʪʩʷ ʩʫʤʤʘ ʜʚʫʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ 
ʩʠʛʥʘʣʦʚ ʩ ʯʘʩʪʦʪʘʤʠ f1=250 ʢɻʮ (ʘʤʧʣʠʪʫʜʘ 2^14-1) ʠ f2=100 
ʢɻʮ (ʘʤʧʣʠʪʫʜʘ 2^13-1). ʌʫʥʢʮʠʷ fir1 ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 
ʥʝʨʝʢʫʨʩʠʚʥʳʝ ʂʀʍ-ʬʠʣʴʪʨʳ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ. 

ʅʘ ʨʠʩ. 3.46 ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ  ʂʀʍ-ʬʠʣʴʪʨ ʥʘ 4 ʦʪʚʦʜʘ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ, 
ʇɿʋ ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ, MAC-ʙʣʦʢ 
ʥʘʩʪʨʦʝʥʥʳʡ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. 

ɼʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ Altera-
ModelSim ʟʘʜʘʝʪʩʷ ʩʠʥʭʨʦʩʠʛʥʘʣ ʩ ʧʝʨʠʦʜʦʤ 20 ʥʩ ʠ 
ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʩʠʤʫʣʷʮʠʠ ʚ Matlab/Simulink 0.25 ʩ. ʐʘʛ 
ʩʠʤʫʣʷʮʠʠ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, 
ʧʝʨʚʦʝ, ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ 
ʧʦʷʚʣʷʶʪʩʷ ʯʝʨʝʟ ʯʝʪʳʨʝ ʪʘʢʪʘ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ. ɺʪʦʨʦʝ, ʥʘ 
ʚʭʦʜ ʂʀʍ-ʬʠʣʴʪʨʘ ʧʦʜʘʝʪʩʷ ʃʏʄ-ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʦʡ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʘ 1=SF  ʢɻʮ ([0:1/fs:1] ï ʚʝʢʪʦʨ 

ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ; 1+[0:1/fs:1].*300 ï ʯʘʩʪʦʪʘ 
ʠʤʧʫʣʴʩʘ). ʐʘʛ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (Sample time, ʠʥʪʝʨʚʘʣ 
ʜʠʩʢʨʝʪʠʟʘʮʠʠ) ï 1 ʩ (ʨʠʩ. 3.46). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʠ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʫʤʥʦʞʘʶʪʩʷ 
ʥʘ ʤʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ 2^8-1, ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 
ʪʘʢʞʝ ʜʝʣʠʪʩʷ ʥʘ ʵʪʦ ʟʥʘʯʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʫʤʥʦʞʝʥʠʷ ʠ 
ʥʘʢʦʧʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩ 34-ʨʘʟʨʷʜʥʦʡ ʪʦʯʥʦʩʪʴʶ. ɹʣʦʢ 
Bus Conversion ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʜʚʠʛ ʚʧʨʘʚʦ ʩʪʘʨʰʠʭ 17-
ʨʘʟʨʷʜʦʚ ʰʠʥʳ (33:0) ʥʘ ʧʦʟʠʮʠʶ (24:8), ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ 
ʜʝʣʝʥʠʶ ʥʘ 255:  
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ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩ 17-ʨʘʟʨʷʜʥʦʡ ʪʦʯʥʦʩʪʴʶ (ʮʝʣʳʝ ʟʥʘʯʝʥʠʷ ʩʦ 

ʟʥʘʢʦʤ). 

ɺ ʨʦʣʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʂʀʍ-ʬʠʣʴʪʨʘ ʚʳʩʪʫʧʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ Increment 

Decrement ʥʘʩʪʨʦʝʥʥʳʡ ʥʘ ʬʫʥʢʮʠʶ 2-ʨʘʟʨʷʜʥʦʛʦ 

ʩʫʤʤʠʨʫʶʱʝʛʦ ʩʯʝʪʯʠʢʘ. ʉʯʝʪʯʠʢ ʯʝʨʝʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ 

Decoder (ʜʝʰʠʬʨʘʪʦʨ) ʫʧʨʘʚʣʷʝʪ ʨʘʙʦʪʦʡ ʣʠʥʠʝʡ ʟʘʜʝʨʞʢʠ ʥʘ 

ʦʩʥʦʚʝ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʆɿʋ, MAC-ʙʣʦʢʦʤ ʠ ʨʝʛʠʩʪʨʦʤ 

ʨʝʟʫʣʴʪʘʪʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʢ ʇɿʋ ʠ ʆɿʋ. 

ɺ ʥʘʩʪʨʦʡʢʘʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ Decoder ʟʘʜʘʝʪʩʷ 2-

ʨʘʟʨʷʜʥʘʷ ʚʭʦʜʥʘʷ ʰʠʥʘ ʪʠʧʘ Unsigned Integer ʠ ʜʝʢʦʜʠʨʫʝʤʘʷ 

ʚʝʣʠʯʠʥʘ ï ʜʝʩʷʪʠʯʥʘʷ ʝʜʠʥʠʮʘ. 

ʅʠʞʝ ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʠ 

ʃʏʄ-ʩʠʛʥʘʣʘ ʚ ʩʠʩʪʝʤʝ Matlab. 

 

fs=1e3; % ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 1ʢɻʮ 

t=0:1/fs:1; % ʚʝʢʪʦʨ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

f0=1+[t*300]; % ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʘ 

s1=cos(2.*pi.*t.*f0); ʧʦʣʫʯʘʝʤʳʡ ʩʠʛʥʘʣ 

plot(s1); 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʬʠʣʴʪʨʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ Digital Filter, ʟʘʜʘʝʪʩʷ 

ʩʪʨʫʢʪʫʨʘ Direct form (ʨʠʩ. 3.47). ʅʘ ʨʠʩ. 3.48, ʨʠʩ. 3.49 ʠ     

ʨʠʩ. 3.50 ʧʦʢʘʟʘʥʳ ʥʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʇɿʋ, 

ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʆɿʋ ʠ ʙʣʦʢʘ ʫʤʥʦʞʝʥʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ. 

ʅʘ ʨʠʩ. 3.51 ʧʦʢʘʟʘʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʬʠʣʴʪʨʘʮʠʠ ʃʏʄ-ʩʠʛʥʘʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʂʀʍ-ʬʠʣʴʪʨʦʤ 

ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ. 
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ʈʠʩ. 3.46. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ  

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Altera ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ MAC-ʙʣʦʢʘ, ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʜʣʷ 

ʬʠʣʴʪʨʘʮʠʠ ʃʏʄ-ʩʠʛʥʘʣʘ 
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                                  ʘ)                                                                                     ʙ) 

ʈʠʩ. 3.47. ʈʘʩʯʝʪ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ: ʘ) ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʠ ʟʘʜʘʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ; ʙ) ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
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ʈʠʩ.3.48. ʅʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ 

ʇɿʋ (ROM) ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ 

ʈʠʩ.3.49. ʅʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʙʣʦʢʘ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʆɿʋ  

(Dual-Port RAM) ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ 
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ʈʠʩ. 3.50. ʅʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ MultiplyAccumulate ʚʳʧʦʣʥʷʶʱʝʛʦ ʬʫʥʢʮʠʶ 

ʫʤʥʦʞʝʥʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ (MAC-ʙʣʦʢ) 
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ʈʠʩ. 3.51. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʃʏʄ-ʩʠʛʥʘʣʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ  

ʂʀʍ-ʬʠʣʴʪʨʦʤ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ 
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ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʤʦʜʝʣʴʥʦʤ 

ʩʠʛʥʘʣʝ. ʅʘ ʨʠʩ. 3.52 ʧʦʢʘʟʘʥʦ ʧʦʜʢʣʶʯʝʥʠʝ ʩʠʛʥʘʣʘ [ï5 3 1 0 

0 0] ʢ ʚʭʦʜʫ ʬʠʣʴʪʨʘ. ʇʦʜʘʜʠʤ ʥʘ ʚʭʦʜ ʂʀʍ-ʬʠʣʴʪʨʘ ʩʠʛʥʘʣ [-

5 3 1 0 0 0] ʩ ʯʘʩʪʦʪʦʡ 1 ʄɻʮ, ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 1e-6 ʩ 

(ʨʠʩ. 3.53), ʰʘʛ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ Matlab/Simulink 25e-8 ʩ    

(ʨʠʩ. 3.54), ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 5000*2.5e-8, 

ʟʘʜʘʜʠʤ ʩʠʥʭʨʦʩʠʛʥʘʣ ʩ ʧʝʨʠʦʜʦʤ 20 ʥʩ. 

ʅʘ ʨʠʩ. 3.55 ʧʦʢʘʟʘʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʙʦʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ. ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʬʠʣʴʪʨʘ: [10 ï1 ï40 ï10 25 6]. 

 

 
ʈʠʩ. 3.52. ʌʨʘʛʤʝʥʪ ʤʦʜʝʣʠ ʂʀʍ-ʬʠʣʴʪʨʘ 

 

ʅʘ ʨʠʩ. 3.56 ʠ ʨʠʩ. 3.57 ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʬʠʣʴʪʨʘ. ʅʘ ʨʠʩ. 3.56 ʂʀʍ-

ʬʠʣʴʪʨ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ 

ʙʣʦʢʝ Shift Taps (ʥʘ ʦʩʥʦʚʝ ʆɿʋ) ʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʝ 4 ʚ 1 

(ʟʘʜʘʝʪʩʷ ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 1e-6 ʩ, 

ʰʘʛ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ Matlab/Simulink 25e-8 ʩ, ʩʠʥʭʨʦʩʠʛʥʘʣ ʩ 

ʧʝʨʠʦʜʦʤ 20 ʥʩ), ʘ ʥʘ ʨʠʩ. 3.57 ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ 

ʥʘ ʨʝʛʠʩʪʨʘʭ ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ Delay AlteraBlockset ʠ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʝ 4 ʚ 1 (ʟʘʜʘʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʩʠʤʫʣʷʮʠʠ ʚ 



 

 143 

Matlab/Simulink 0.25 ʩ, ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ 1 ʩ, ʩʠʥʭʨʦʩʠʛʥʘʣ ʩ ʧʝʨʠʦʜʦʤ 100 ʥʩ). 

ɺ ʤʦʜʝʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ ʣʠʥʠʝʡ 

ʟʘʜʝʨʞʢʠ ʥʘ ʨʝʛʠʩʪʨʘʭ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 3.57 ʩʦʚʤʝʩʪʥʦ ʩ 

ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʘʨʘʪʦʨ (a = = b), 

ʥʘ ʚʭʦʜ b ʢʦʪʦʨʦʛʦ ʧʦʜʘʝʪʩʷ ʢʦʥʩʪʘʥʪʘ çʥʦʣʴè. ʂʦʤʧʘʨʘʪʦʨ 

ʚʳʨʘʙʘʪʳʚʘʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʩʯʝʪʘ, ʘ ʥʝ 

ʥʘ ʩʣʝʜʫʶʱʠʡ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʢ ʧʨʠ ʨʘʙʦʪʝ 

ʜʝʰʠʬʨʘʪʦʨʘ, ʢʦʛʜʘ ʟʘʜʘʝʪʩʷ ʜʝʢʦʜʠʨʫʝʤʘʷ ʚʝʣʠʯʠʥʘ 1. 

ʇʦʵʪʦʤʫ ʥʘ ʚʳʭʦʜʝ ʢʦʤʧʘʨʘʪʦʨʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʟʘʜʝʨʞʢʘ ʥʘ ʦʜʠʥ ʪʘʢʪ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʛʣʘʩʦʚʘʪʴ ʨʘʙʦʪʫ ʣʠʥʠʠ 

ʟʘʜʝʨʞʢʠ ʩ ʦʩʪʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʬʠʣʴʪʨʘ.  

 

 
ʈʠʩ. 3.53. ɿʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʘ. ʀʥʪʝʨʚʘʣ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 1e-6 ʩ 
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ʈʠʩ. 3.54. ʐʘʛ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ Matlab/Simulink 25e-8 ʩ 
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ʈʠʩ. 3.55. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ. ʅʘ ʚʭʦʜ 

ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ [ï5, 3, 1, 0, 0, 0]. ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ:  

[10 ï1 ï40 ï10 25 6] 

 

1
4

5 
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ʈʠʩ. 3.56. ʌʨʘʛʤʝʥʪ ʤʦʜʝʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ. ʃʠʥʠʷ ʟʘʜʝʨʞʢʠ  

ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ Shift Taps 

 

 

1
4

6 
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ʈʠʩ. 3.57. ʌʨʘʛʤʝʥʪ ʤʦʜʝʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ. ʃʠʥʠʷ ʟʘʜʝʨʞʢʠ ʥʘ ʨʝʛʠʩʪʨʘʭ  

ʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ Delay ʩ ʨʘʟʥʦʡ ʣʘʪʝʥʪʥʦʪʴʶ 

 

 

1
4

7 
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ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʨʝʛʠʩʪʨʘʭ ʩ 
ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʣʘʪʝʥʪʥʦʩʪʴ ʚʪʦʨʦʛʦ ʨʝʛʠʩʪʨʘ 
ʫʚʝʣʠʯʠʪʴ ʜʦ ʜʚʫʭ. ʂʦʤʤʫʪʘʮʠʷ ʦʪʚʦʜʦʚ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʯʝʪʳʨʝ ʚ ʦʜʠʥ, ʥʘ 
ʘʜʨʝʩʥʳʡ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʜʢʣʶʯʘʝʪʩʷ ʚʳʭʦʜ ʫʧʨʘʚʣʷʶʱʝʛʦ 
ʘʚʪʦʤʘʪʘ. ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʘʙʦʪʳ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ ʦʩʥʦʚʝ 
ʆɿʋ ʩ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ (ʨʠʩ. 3.56) ʥʝʦʙʭʦʜʠʤʦ ʩʠʛʥʘʣ ʩ 
ʚʳʭʦʜʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ, ʧʦʜʢʣʶʯʘʝʤʳʡ ʥʘ ʘʜʨʝʩʥʳʡ 
ʚʭʦʜ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ (sel(1:0)), ʟʘʜʝʨʞʘʪʴ ʥʘ ʜʚʘ ʪʘʢʪʘ, ʘ ʜʣʷ 
ʩʣʫʯʘʷ ʥʘ ʨʠʩ. 3.57 ʥʘ ʦʜʠʥ ʪʘʢʪ. ʏʠʩʣʦ ʫʨʦʚʥʝʡ 
ʢʦʥʚʝʡʨʠʟʘʮʠʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ (Number Of Pipeline Stages) 
ʜʣʷ ʤʦʜʝʣʠ ʥʘ ʨʠʩ. 3.56 ï ʥʦʣʴ, ʘ ʜʣʷ ʤʦʜʝʣʠ ʥʘ ʨʠʩ. 3.57 ï 
ʦʜʠʥ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ. 
ʇʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 
ʂʀʍ-ʬʠʣʴʪʨʘ ʧʦʷʚʣʷʶʪʩʷ ʯʝʨʝʟ ʯʝʪʳʨʝ ʪʘʢʪʘ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ, 
ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʬʠʣʴʪʨʘ ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ ʜʦʩʪʫʧʝʥ 
ʫʞʝ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʪʘʢʪʘ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʤʦʜʝʣʠ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ 
ʦʙʝʩʧʝʯʠʪʴ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʩʠʤʫʣʷʮʠʠ ʚ Matlab/Simulink 0.25 ʩ, 
ʘ ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 1 ʩ ʠʣʠ ʥʘʧʨʠʤʝʨ, 
ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʟʷʪʴ 1e-6 ʩ, ʘ ʰʘʛ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ  
Matlab/Simulink 25e-8 ʩ, ʪ.ʝ. 25e-8*4=1e-6 ʩ. ʄʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʪʘʢʦʡ ʚʘʨʠʘʥʪ, ʚ ʧʦʣʝ Base Clock Multiplicand 
Numerator ʙʣʦʢʘ Clock AlteraBlockset ʫʩʪʘʥʦʚʠʪʴ ʟʥʘʯʝʥʠʝ 4, ʘ 
ʰʘʛ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʪʴ 0.0625 ʩ ʧʨʠ ʠʥʪʝʨʚʘʣʝ 
ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʘ 1 ʩ. ɼʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʬʠʣʴʪʨʘ 
ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 1 ʩ ʠ ʚʨʝʤʝʥʥʦʡ 
ʰʘʛ ʩʠʤʫʣʷʮʠʠ ʚ Matlab/Simulink ʪʦʞʝ ʩʦʩʪʘʚʣʷʝʪ 1 ʩ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʥʝʦʙʭʦʜʠʤ 
ʩʪʨʦʛʠʡ ʫʯʝʪ ʣʘʪʝʥʪʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ, ʚʭʦʜʷʱʠʭ 
ʚ ʠʭ ʩʦʩʪʘʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʯʠʩʣʦ ʫʨʦʚʥʝʡ 
ʢʦʥʚʝʡʨʠʟʘʮʠʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʪʴ ʚʦ 
ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʚʳʭʦʜʳ ʙʣʦʢʦʚ ʆɿʋ ʠ ʇɿʋ ʷʚʣʷʶʪʩʷ 
ʨʝʛʠʩʪʝʨʥʳʤʠ. 
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4. ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʂʀʍ-ʌʀʃʔʊʈʆɺ  

ʅɸ ʈɸʉʇʈɽɼɽʃɽʅʅʆʁ ɸʈʀʌʄɽʊʀʂɽ 

 

4.1. ʂʀʍ-ʬʠʣʴʪʨ rʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʝ 

 

ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʘʨʠʬʤʝʪʠʢʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʂʀʍ- ʠ ɹʀʍ-

ʬʠʣʴʪʨʦʚ, ʘʜʘʧʪʠʚʥʳʭ ʬʠʣʴʪʨʦʚ, ʩʧʝʮʠʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʝʡ, 

ʥʘʧʨʠʤʝʨ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, 

ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʨ., ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʤʫʣʴʪʠʤʝʜʠʘ-ʩʠʩʪʝʤ ʚ ʙʘʟʠʩʝ ʇʃʀʉ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʳ ʪʘʢʦʡ ʘʨʠʬʤʝʪʠʢʠ 

ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʥʘ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʇʃʀʉ ʧʦʣʫʯʘʪʴ 

ʨʝʢʦʨʜʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

çʙʝʟʫʤʥʦʞʠʪʝʣʴʥʳʭè ʩʭʝʤ ʫʤʥʦʞʝʥʠʷ, ʥʝ ʩʥʠʞʘʝʤʦʝ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʦʪʚʦʜʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ, ʘ ʪʘʢʞʝ 

ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʧʨʦʝʢʪʦʚ ʠʩʧʦʣʴʟʫʶʱʠʭ ʙʶʜʞʝʪʥʳʝ ʩʝʨʠʠ 

ʟʘʨʫʙʝʞʥʳʭ ʇʃʀʉ ʠ ʦʩʦʙʝʥʥʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ, ʚ ʢʦʪʦʨʳʭ 

ʦʪʩʫʪʩʪʚʫʶʪ ʘʧʧʘʨʘʪʥʳʝ ʫʤʥʦʞʠʪʝʣʠ ʠʣʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʦʛʨʘʥʠʯʝʥʦ, ʥʦ ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʦʛʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʠʣʠ ʙʣʦʯʥʦʡ ʧʘʤʷʪʴʶ. ɸ ʪʘʢʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪʢʘʞʝʪʩʷ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʚʦʝʤ ʧʨʦʝʢʪʝ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʂʀʍ-ʬʠʣʴʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʉɸʇʈ Quartus II  

ʨʘʟʣʠʯʥʳʭ ʤʝʛʘʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʫʶʱʠʭ ʘʧʧʘʨʘʪʥʳʝ 

ʫʤʥʦʞʠʪʝʣʠ, ʚʩʪʨʦʝʥʥʳʝ ʚ ʎʆʉ-ʙʣʦʢʠ ʇʃʀʉ 

(ALTMULT _ADD, ALTMULT _ACCUM) ʠʣʠ ʤʝʛʘʷʜʝʨ FIR 

Compiler ʠʣʠ FIR II (Quartus Prime). 

ʅʘʧʨʠʤʝʨ, ʇʃʀʉ ʩʝʨʠʠ 5576 ʥʝ ʠʤʝʶʪ ʚʩʪʨʦʝʥʥʳʭ 

ʫʤʥʦʞʠʪʝʣʝʡ, ʘ ʇʃʀʉ ʩʝʨʠʠ 5578 ʩʦʜʝʨʞʘʪ ʦʪ 14 ʜʦ 66 

ʫʤʥʦʞʠʪʝʣʝʡ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʧʝʨʘʥʜʦʚ 18Ĭ18. ʅʘ ʧʨʘʢʪʠʢʝ 
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ʞʝ ʪʨʝʙʫʶʪʩʷ ʂʀʍ-ʬʠʣʴʪʨʳ ʩ ʢʨʫʪʳʤ ʩʧʘʜʦʤ ɸʏʍ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʯʠʩʣʫ ʦʪʚʦʜʦʚ ʙʦʣʝʝ 110 ʠ ʚʳʰʝ.  

ʇʃʀʉ Intel ʩʝʨʠʠ Cyclone 10GX ʪʠʧʘ 10CX220 ʚʳʧʫʩʢʘ 

2019 ʛʦʜʘ ʩʦʜʝʨʞʘʪ 192 ʎʆʉ-ʙʣʦʢʘ ʩ ʧʝʨʝʤʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʩʪʨʦʝʥʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ 

ʦʧʝʨʘʥʜʦʚ 18Ĭ19 ï 384 (ʠʣʠ 27x27 ï 192) ʩ ʘʧʧʘʨʘʪʥʦʡ 

ʧʦʜʜʝʨʞʢʦʡ ʬʦʨʤʘʪʘ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ. ɸ ʇʃʀʉ ʉʥʂ Intel 

ʩʝʨʠʠ Stratix ʪʠʧʘ 10DX ʚʳʧʫʩʢʘ 2019 ʛʦʜʘ ʫʞʝ ʩʦʜʝʨʞʘʪ 

11520 ʫʤʥʦʞʠʪʝʣʝʡ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʧʝʨʘʥʜʦʚ 18Ĭ19. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʝ ʥʝ ʫʪʨʘʪʠʣʦ ʟʥʘʯʝʥʠʝ ʠ ʚ ʥʘʰʠ ʜʥʠ. ʇʨʘʢʪʠʯʝʩʢʠ 

ʚʦ ʚʩʝʭ ʨʫʢʦʚʦʜʩʪʚʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʟʘʨʫʙʝʞʥʳʭ ʇʃʀʉ ʩʦʜʝʨʞʠʪʩʷ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʅʘʧʨʠʤʝʨ, ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʪʣʘʜʢʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʚ ʙʘʟʠʩʝ ʇʃʀʉ ʬʠʨʤʳ Xilinx - System Generator IDS 

ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ FIR Compiler v5.0 

ʷʚʣʷʶʱʠʡʩʷ ʘʥʘʣʦʛʦʤ ʬʫʥʢʮʠʠ FIR Compiler v5.0 ʛʝʥʝʨʘʪʦʨʘ 

ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʥʳʭ ʷʜʝʨ XLogiCORE IP. ɺ ʩʧʨʘʚʦʯʥʦʡ 

ʩʠʩʪʝʤʝ ʧʘʢʝʪʘ ʨʘʩʰʠʨʝʥʠʷ Altera DSP Builder ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ, ʥʘʧʨʠʤʝʨ: 

quartus\dsp_builder\DesignExamples\Demos\Filters\DA32.  

ɺ ʎʆʉ-ʧʨʠʣʦʞʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʪʘʢ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʯʠʩʣʘʤʠ (ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦ 

ʟʥʘʢʦʤ), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ, 

ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʚʭʦʜ ʬʠʣʴʪʨʘ, ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʯʠʩʣʘʤʠ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʪʘʢʠʝ ʧʦʥʷʪʠʷ, ʢʘʢ 

ʜʦʧʦʣʥʝʥʠʝ ʜʦ ʝʜʠʥʠʮʳ ʠ ʜʦʧʦʣʥʝʥʠʝ ʜʦ ʜʚʫʭ, ʪ.ʝ. ʦʙʨʘʪʥʳʡ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʜʳ, ʘ ʪʘʢʞʝ ʧʦʥʷʪʠʝ çʨʘʩʰʠʨʝʥʠʝ ʟʥʘʢʘè. 
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ɼʦʧʦʣʥʝʥʠʝ ʜʦ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʦʧʝʨʘʮʠʷʭ 

ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʯʠʩʝʣ ʩʦ ʟʥʘʢʦʤ. 

ʋʨʘʚʥʝʥʠʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ 

ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʩʫʤʤʘ ʧʨʦʠʟʚʝʜʝʥʠʡ: 

                                             ä
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=

Ö=
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0

K

k

kk xʉy ,                               (4.1) 

ʛʜʝ -y  ʦʪʢʣʠʢ ʮʝʧʠ; -kx  k -ʷ ʚʭʦʜʥʘʷ ʧʝʨʝʤʝʥʥʘʷ; 

-kʉ ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ k -ʡ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʢʦʪʦʨʳʡ 

ʚ̫ʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʜʣʷ ʚʩʝʭ n ; -K  ʯʠʩʣʦ ʦʪʚʦʜʦʚ ʬʠʣʴʪʨʘ.  

ʅʘ ʨʠʩ. 4.1 ʧʦʢʘʟʘʥʘ ʧʨʷʤʘʷ ʨʝʘʣʠʟʘʮʠʷ ʂʀʍ-ʬʠʣʴʪʨʘ 

ʧʦ ʬʦʨʤʫʣʝ 
33221100 xCxʉxʉxCy +++=  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʜʚʠʛʦʚʳʭ ʨʝʛʠʩʪʨʦʚ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʥʘ 
ʯʝʪʳʨʝ ʦʪʚʦʜʘ (ʪʘʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʫʟʝʣ ʥʘʟʳʚʘʶʪ 
ʤʥʦʛʦʨʘʟʨʷʜʥʳʡ ʩʜʚʠʛʦʚʳʡ ʨʝʛʠʩʪʨ), ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ ʜʣʷ 
ʫʤʥʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʢʦʥʩʪʘʥʪʳ ʠ ʦʜʥʦʛʦ ʩʫʤʤʘʪʦʨʘ ʩ 
ʚʥʫʪʨʝʥʥʝʡ ʦʨʛʘʥʠʟʘʮʠʝʡ çʜʝʨʝʚʦ ʩʫʤʤʘʪʦʨʦʚè. ʅʘ ʨʠʩ. 4.2 
ʧʦʢʘʟʘʥʘ ʦʙʱʝʧʨʠʥʷʪʘʷ ʤʝʪʦʜʠʢʘ ʫʤʥʦʞʝʥʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ 
(MAC), ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ ʩʠʛʥʘʣʴʥʳʭ 
ʧʨʦʮʝʩʩʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 
ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚʩʪʨʦʝʥʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ.  
 ʅʘ ʨʠʩ. 4.3 ʧʦʢʘʟʘʥ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ 
ʙʣʦʢʘ ʫʤʥʦʞʝʥʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʠ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ 
ʫʤʥʦʞʝʥʠʷ ʤʝʪʦʜʦʤ ʩʜʚʠʛʘ ʠ ʩʣʦʞʝʥʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ. 
ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʘʧʧʘʨʘʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʫʤʥʦʞʝʥʠʷ ʯʠʩʣʘ 
x (0101, D5) ʥʘ ʢʦʥʩʪʘʥʪʫ C  (1011, D11) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʤʥʦʛʦʨʘʟʨʷʜʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 2 ʚ 1, ʥʘ ʦʜʠʥ ʠʟ ʚʭʦʜʦʚ 
ʢʦʪʦʨʦʛʦ ʧʦʜʘʝʪʩʷ ʢʦʥʩʪʘʥʪʘ D11, ʘ ʥʘ ʜʨʫʛʦʡ ï ʥʦʣʴ, ʠ 
ʤʘʩʰʪʘʙʠʨʫʶʱʝʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ (ʩʫʤʤʘʪʦʨʘ) ʜʣʷ 
ʩʫʤʤʠʨʦʚʘʥʠʷ ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 
ʚʝʩʘʤʠ. ʅʘ ʘʜʨʝʩʥʳʡ ʚʭʦʜ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʩ ʧʦʤʦʱʴʶ 
ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʧʦʜʘʝʪʩʷ ʯʠʩʣʦ x  (D5) ʤʣʘʜʰʠʤʠ 
ʨʘʟʨʷʜʘʤʠ ʚʧʝʨʝʜ. ʈʝʟʫʣʴʪʘʪʦʤ ʫʤʥʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 
ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ 55. ʈʠʩʫʥʦʢ 4.4 ʧʦʢʘʟʳʚʘʝʪ ʫʤʥʦʞʝʥʠʝ 
ʜʝʩʷʪʠʯʥʦʛʦ ʯʠʩʣʘ 11 ʥʘ 5 ʤʝʪʦʜʦʤ ʧʨʘʚʦʛʦ ʩʜʚʠʛʘ ʩ 



 

 152 

ʥʘʢʦʧʣʝʥʠʝʤ ʧʦ ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʦʨʤʫʣʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 
4.3.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʚ ʙʘʟʠʩʝ 
ʇʃʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. 
ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 
ʘʨʠʬʤʝʪʠʢʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʙʘʟʠʩʝ ʇʃʀʉ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʩʥʠʞʝʥʠʠ ʦʙʲʝʤʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ʟʘ ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʪʨʦʝʥʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ. ʉʪʨʫʢʪʫʨʘ ʂʀʍ-
ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʦʜʥʦʡ LUT-
ʪʘʙʣʠʮʳ, ʩʦʜʝʨʞʘʱʝʡ ʢʦʤʙʠʥʘʮʠʶ ʩʫʤʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 
ʷʚʣʷʶʱʠʭʩʷ ʢʦʥʩʪʘʥʪʘʤʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʘ ʝʝ 
ʘʜʨʝʩʥʳʭ ʚʭʦʜʘʭ ʥʘʢʘʧʣʠʚʘʶʱʝʛʦ (ʤʘʩʰʪʘʙʠʨʫʶʱʝʛʦ) 
ʩʫʤʤʘʪʦʨʘ ʠ ʤʥʦʛʦʨʘʟʨʷʜʥʦʛʦ ʩʜʚʠʛʦʚʦʛʦ ʨʝʛʠʩʪʨʘ (ʨʠʩ. 4.5). 

 
 

 
 

 

ʈʠʩ. 4.1. ʇʨʷʤʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ 

ʈʠʩ. 4.2. ʇʘʨʘʣʣʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ 

ʨʝʘʣʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʷ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭ ʙʣʦʢʦʚ 

ʫʤʥʦʞʝʥʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ  
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ʈʠʩ. 4.3. ɹʣʦʢ ʫʤʥʦʞʝʥʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʠ ʘʣʛʦʨʠʪʤ 

ʨʝʘʣʠʟʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʤʝʪʦʜʦʤ ʩʜʚʠʛʘ ʠ ʩʣʦʞʝʥʠʷ ʩ 

ʥʘʢʦʧʣʝʥʠʝʤ 

 

 
ʈʠʩ. 4.4. ʋʤʥʦʞʝʥʠʝ ʜʝʩʷʪʠʯʥʦʛʦ ʯʠʩʣʘ 11 ʥʘ 5 ʤʝʪʦʜʦʤ 

ʧʨʘʚʦʛʦ ʩʜʚʠʛʘ ʩ ʥʘʢʦʧʣʝʥʠʝʤ 
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ʈʠʩ. 4.5. ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ 

 

 ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 
kx  ʢʘʢ ʮʝʣʳʝ 

ʜʝʩʷʪʠʯʥʳʝ ʯʠʩʣʘ ʩʦ ʟʥʘʢʦʤ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʜʚʦʠʯʥʦʤ ʢʦʜʝ, 
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ʛʜʝ -B ʨʘʟʨʷʜʥʦʩʪʴ ʢʦʜʘ. ʇʦʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʝ (4.2) ʚ (4.1), 
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                     (4.3) 

ʈʘʩʢʨʦʝʤ ʚʩʝ ʩʫʤʤʳ ʚ ʚʳʨʘʞʝʥʠʠ (4.3) ʠ ʩʛʨʫʧʧʠʨʫʝʤ 

ʯʠʩʣʘ ʧʦ ʩʪʝʧʝʥʷʤ B : 



 

 155 

[ ]
[ ]
[ ]

[ ]
[ ] .2...

2...

....

....

2...

2...

...

1

1)1)(1(2)1(21)1(10)1(0

2

1)2)(1(2)2(21)2(10)2(0

2

12)1(222112002

1

11)1(221111001

101)-(220110000

-

------

-

------

--

--

-

ÖÖ++Ö+Ö+Ö-

-ÖÖ++Ö+Ö+Ö+

+ÖÖ++Ö+Ö+Ö+

+ÖÖ++Ö+Ö+Ö+

+Ö++Ö+Ö+Ö=

B

KBKBBB

B

KBKBBB

KK

KK

KK

ʉxCxCxCx

ʉxCxCxCx

CxCxCxCx

CxCxCxCx

CxCxCxCxy

(4.4) 

 

ɺʳʨʘʞʝʥʠʝ (4.4) ʜʣʷ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ 

( 4=K ), ʚ ʢʦʪʦʨʦʤ ʚʭʦʜʥʘʷ ʧʝʨʝʤʝʥʥʘʷ )(nxk  4-ʨʘʟʨʷʜʥʘʷ 

( 4=B ), ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 
3

3

2

2

1

10 222 Ö-Ö+Ö+= PPPPy . 

                    

,

,

,

,

3332231130033

3322221120022

3312211110011

3302201100000

CXCXCXCXP

CXCXCXCXP

CXCXCXCXP

CXCXCXCXP

+++=

+++=

+++=

+++=

           (4.5) 

 

ʛʜʝ -3210 ,,, PPPP  ʯʘʩʪʠʯʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ɺʳʯʠʩʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ )(ny  ʥʘʯʠʥʘʝʪʩʷ ʧʫʪʝʤ 

ʘʜʨʝʩʘʮʠʠ ʚʩʝʤʠ ʙʠʪʘʤʠ ʤʣʘʜʰʝʛʦ ʟʥʘʯʘʱʝʛʦ ʨʘʟʨʷʜʘ ʚʩʝʭ k  

ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ LUT-ʪʘʙʣʠʮʳ, ʩʦʜʝʨʞʘʱʝʡ ʢʦʤʙʠʥʘʮʠʶ 

ʩʫʤʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ. ɺʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʦʩʤʦʪʨʦʚʦʡ ʪʘʙʣʠʮʳ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʤʘʩh ʪʘʙʠʨʫʶʱʝʤ 

ʘʢʢʫʤʫʣʷʪʦʨʝ. ʇʦʩʣʝ ʵʪʦʛʦ LUT-ʪʘʙʣʠʮʘ ʘʜʨʝʩʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʙʠʪʘʤʠ ʦʪ ʤʣʘʜʰʝʛʦ ʟʥʘʯʘʱʝʛʦ ʚʩʝʭ ʚʭʦʜʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʨʝʟʫʣʴʪʘʪ ʫʤʥʦʞʘʝʪʩʷ ʥʘ 12  (ʧʫʪʸʤ ʩʜʚʠʛʘ ʩʣʦʚʘ 

ʚʣʝʚʦ) ʠ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʘʢʢʫʤʫʣʷʪʦʨ. ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʜ ʚʩʝʤʠ ʟʥʘʯʘʱʠʤʠ ʙʠʪʘʤʠ, ʢʨʦʤʝ ʟʥʘʢʦʚʦʛʦ, 

ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ LUT-ʪʘʙʣʠʮʳ, ʘʜʨʝʩʫʝʤʦʡ ʩʪʘʨʰʠʤʠ 

ʙʠʪʘʤʠ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʚr ʯʠʪʘʝʪʩʷ ʠʟ ʘʢʢʫʤʫʣʷʪʦʨʘ 
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(ʨʠʩ. 4.6). ʆʜʥʘ ʯʝʪʳʨʝʭʚʭʦʜʦʚʘʷ LUT-ʪʘʙʣʠʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

16 ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʦʤʙʠʥʘʮʠʷʤʠ 

ʩʫʤʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʀʍ-ʬʠʣʴʪʨʦʚ. 

ɼʦʧʦʣʥʝʥʠʝ ʜʦ ʜʚʫʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʧʨʠʙʘʚʠʪʴ 1 

ʢ ʨʝʟʫʣʴʪʘʪʫ ʦʙʨʘʱʝʥʠʷ. ʆʙʨʘʱʝʥʠʝ ʣʦʛʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʠʥʚʝʨʩʠʠ ʢʘʞʜʦʛʦ ʙʠʪʘ ʚ ʯʠʩʣʝ. ɺʝʥʪʠʣʠ ʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀ 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʠʥʚʝʨʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ. ʇʨʠʙʘʚʣʝʥʠʝ 1 ʢ 

ʨʝʟʫʣʴʪʘʪʫ ʦʙʨʘʱʝʥʠʷ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ, ʟʘʜʘʚʘʷ 1 ʥʘ ʚʭʦʜʝ 

ʧʝʨʝʥʦʩʘ 
0c  (ʨʠʩ. 4.6). 

 

 

 
ʇʨʠʤʝʨ 1. ɺʳʯʠʪʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʜʘ 

(ʜʦʧʦʣʥʝʥʠʝ ʜʦ ʜʚʫʭ). ʆʩʫʱʝʩʪʚʣʷʶʪʩʷ ʠʥʚʝʨʪʠʨʦʚʘʥʠʝ 

ʚʳʯʠʪʘʝʤʦʛʦ ʠ ʩʫʤʤʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʥʦʩ 1 ʚ ʤʣʘʜʰʠʡ 

ʟʥʘʯʘʱʠʡ ʨʘʟʨʷʜ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʣʦʞʝʥʠʝʤ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʩʦ 

ʟʥʘʢʦʤ ʠʟʚʝʩʪʥʳ ʠ ʨʘʚʥʳ 20 -=ʉ , 11 -=ʉ , 72=ʉ  ʠ 63=ʉ .    

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʠʥʩʪʨʫʤʝʥʪʦʤ FDATool (Filter Design & Analysis Tool) ʩʠʩʪʝʤʳ 

Matlab/Simulink ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 
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ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0=n  ʥʘ ʚʭʦʜ ʂʀʍ-ʬʠʣʴʪʨʘ 

ʧʦʜʘʝʪʩʷ ʚʭʦʜʥʘʷ ʧʝʨʝʤʝʥʥʘʷ )(0 nx  (ʦʪʩʯʝʪ, ʥʘʧʨʠʤʝʨ, 

ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ, ʨʘʚʥʦʝ ï5, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʯʝʪʳʨʝʭʟʥʘʯʥʦʤ ʜʚʦʠʯʥʦʤ ʢʦʜʝ ʢʘʢ 1011), 

ʢʦʪʦʨʘ ̫ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʨʝʛʠʩʪʨʝ PSR_1 (ʧʝʨʝʜ ʚʳʯʠʩʣʝʥʠʝʤ 

ʨʝʛʠʩʪʨʳ PSR1-PSR4 ʦʙʥʫʣʷʶʪʩʷ).  

ʇʝʨʚʳʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʦʠʪ ʚ ʘʜʨʝʩʘʮʠʠ ʚʩʝʤʠ 

ʙʠʪʘʤʠ ʤʣʘʜʰʝʛʦ ʟʥʘʯʘʱʝʛʦ ʨʘʟʨʷʜʘ ʚʩʝʭ 4=K  ʚʭʦʜʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ 0001 LUT-ʪʘʙʣʠʮʳ (ʨʠʩ. 4.7). ʀʟ LUT-ʪʘʙʣʠʮʳ 

ʠʟʚʣʝʢʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 
0ʉ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ 111110 ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʟʥʘʢʘ ʥʘ ʜʚʘ 

ʨʘʟʨʷʜʘ ʠ ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʘʢʢʫʤʫʣʷʪʦʨ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʩʣʦʞʝʥʠʝ ʩ ʥʫʣʝʤ. ʆʧʝʨʘʮʠʷ ʨʘʩʰʠʨʝʥʠʷ ʟʥʘʢʘ 

ʜʣʷ ʯʠʩʝʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ, ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 4.6. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʝʟ ʫʯʝʪʘ ʄɿʈ ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʨʝʛʠʩʪʨʝ Reg 1, ʘ ʚ ʩʜʚʠʛʦʚʳʡ ʨʝʛʠʩʪʨ Shif Reg 2 ʩʦʭʨʘʥʷʝʪʩʷ 

ʄɿʈ. ʈʘʩʰʠʨʝʥʠʝ ʟʥʘʢʘ ʜʣʷ ʯʠʩʝʣ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʧʝʨʝʜ ʩʣʦʞʝʥʠʝʤ, ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʦʪʙʨʘʩʳʚʘʥʠʝ ʄɿʈ ʫ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʢʚʠʚʘʣʝʥʪ ʦʧʝʨʘʮʠʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

 ɺʪʦʨʦʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ (ʨʠʩ. 4.8) ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʘʜʨʝʩʘʮʠʠ ʚʩʝʤʠ ʙʠʪʘʤʠ ʙʦʣʝʝ ʩʪʘʨʰʝʛʦ, ʤʣʘʜʰʝʛʦ, ʟʥʘʯʘʱʝʛʦ 

ʨʘʟʨʷʜʘ ʚʩʝʭ k  ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ LUT-ʪʘʙʣʠʮʳ. ʀʟ LUT-

ʪʘʙʣʠʮʳ ʦʧʷʪʴ ʠʟʚʣʝʢʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 0ʉ , ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ 111110 ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʟʥʘʢʘ ʥʘ ʜʚʘ 

ʨʘʟʨʷʜʘ, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʚ ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʘʢʢʫʤʫʣʷʪʦʨ, 

ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʩʣʦʞʝʥʠʝ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, 

ʩʦʭʨʘʥʝʥʥʳʤ ʚ ʨʝʛʠʩʪʨʝ Reg 1 ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʟʥʘʢʘ ʜʦ 6 

ʨʘʟʨʷʜʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʄɿʈ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʨʝʛʠʩʪʨʝ Shif Reg 2, 

ʘ ʉɿʈ ʠʛʥʦʨʠʨʫʝʪʩʷ. 

ʊʨʝʪʠʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʥʘʢʦʧʠʪʴ ʚ ʨʝʛʠʩʪʨʝ 

Shif Reg 2 ʯʠʩʣʦ 010 (ʨʠʩ. 4.9). ʏʝʪʚʝʨʪʳʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ 
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ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚʳʯʠʪʘʥʠʝʤ ʚʩʝʭ ʙʠʪʦʚ ʟʥʘʢʦʚʦʛʦ ʨʘʟʨʷʜʘ ʚʩʝʭ 

k  ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ LUT-ʪʘʙʣʠʮʳ (ʨʠʩ. 4.10).  

ʀʟʚʣʝʯʝʥʥʦʝ ʠʟ LUT-ʪʘʙʣʠʮʳ ʯʠʩʣʦ ʧʝʨʝʚʦʜʠʪʩʷ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʜ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʠ ʚʟʷʪʠʷ ʦʙʨʘʪʥʦʛʦ 

ʢʦʜʘ (ʠʥʚʝʨʩʠʷ ʚʩʝʭ ʙʠʪʦʚ) ʠ ʧʨʠʙʘʚʣʝʥʠʷ 1 ʢ ʄɿʈ ʚʭʦʜʘ B 

ʤʘʩʰʪʘʙʠʨʫʶʱʝʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ 

ʤʘʥʠʧʫʣʷʮʠʡ ʚ ʨʝʛʠʩʪʨʝ Shif Reg 2 ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʯʠʩʣʦ 1010 

(ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ 10), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ 1: 

00)( xCny = . ɸ ʚ ʨʝʛʠʩʪʨʝ Reg 3 ʙʫʜʝʪ ʥʘʢʦʧʣʝʥʦ ʜʚʦʠʯʥʦʝ 

ʜʝʩʷʪʠʨʘʟʨʷʜʥʦʝ ʯʠʩʣʦ 0000001010. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʚʭʦʜ ʂʀʍ-ʬʠʣʴʪʨʘ ʧʦʜʘʝʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ, ʨʘʚʥʦʝ 3, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʯʝʪʳʨʝʭʟʥʘʯʥʦʤ ʜʚʦʠʯʥʦʤ ʢʦʜʝ ʢʘʢ 0011, ʪʦ 

156)5(*)1(3*21100 -=+-=--+-=+= xʉxCy .  

ʉʪʘʨʦʝ ʟʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʘ PSR_1 (ï5) ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʨʝʛʠʩʪʨ PSR_2 ʠ ʟʘʤʝʱʘʝʪʩʷ ʥʦʚʳʤ ʯʠʩʣʦʤ 3. ʇʦʣʫʯʠʤ ʥʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʘʜʨʝʩʘʮʠʠ LUT-ʪʘʙʣʠʮʳ 0011, 0011, 0000 ʠ 0010. 

ʆʩʫʱʝʩʪʚʠʚ ʯʝʪʳʨʝ ʮʠʢʣʘ ʦʙʨʘʙʦʪʢʠ, ʧʦʣʫʯʠʤ ʚ ʨʝʛʠʩʪʨʝ 

Reg 3 ʜʚʦʠʯʥʦʝ ʜʝʩʷʪʠʨʘʟʨʷʜʥʦʝ ʯʠʩʣʦ 1111111111 (ï1 ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ ʚ ʜʝʩʷʪʠʨʘʟʨʷʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ). 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  ʢʦʤʧʘʥʠʠ Altera 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.11.  

ɼʣʷ ʭʨʘʥʝʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʩʫʤʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʀʍ-

ʬʠʣʴʪʨʘ (LUT-ʪʘʙʣʠʮʘ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʫʣʴʪʠʧʣʝʢʩʦʨ 16 ʚ 1. ʅʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʭʦʜʘʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʚ ʰʝʩʪʠʨʘʟʨʷʜʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʜʘ 

ʭʨʘʥʠʪʩʷ ʙʫʣʝʚʘ ʬʫʥʢʮʠʷ: 33221100 CxCxCxCxf +++= .  
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ʈʠʩ. 4.6. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ 
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ʈʠʩ. 4.7. ʅʘ ʚʭʦʜ ʂʀʍ-ʬʠʣʴʪʨʘ ʧʦʜʘʝʪʩʷ ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ, ʨʘʚʥʦʝ 5- , ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʯʝʪʳʨʝʭʟʥʘʯʥʦʤ ʜʚʦʠʯʥʦʤ ʢʦʜʝ ʢʘʢ 1011, ʧʝʨʚʳʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ (ʘʜʨʝʩʘʮʠʷ 

0001). ʉʫʤʤʠʨʦʚʘʥʠʝ ʯʘʩʪʠʯʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 0P  ʩ ʚʝʩʦʤ 02  ʩ 0 
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ʈʠʩ. 4.8. ɺʪʦʨʦʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ (ʘʜʨʝʩʘʮʠʷ 0001). ʉʫʤʤʠʨʦʚʘʥʠʝ ʯʘʩʪʠʯʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 1P    

ʩ ʚʝʩʦʤ 12  ʩ ʯʘʩʪʠʯʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ 0P  ʩ ʚʝʩʦʤ 02  
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ʈʠʩ. 4.9. ʊʨʝʪʠʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ (ʘʜʨʝʩʘʮʠʷ 0000). ʉʫʤʤʠʨʦʚʘʥʠʝ ʯʘʩʪʠʯʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 2P     

ʩ ʚʝʩʦʤ 22  ʩ ʩʫʤʤʦʡ ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ 
0P  ʩ ʚʝʩʦʤ 02  ʠ 1P  ʩ ʚʝʩʦʤ 12  
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ʈʠʩ. 4.10. ʏʝʪʚʝʨʪʳʡ ʮʠʢʣ ʦʙʨʘʙʦʪʢʠ (ʘʜʨʝʩʘʮʠʷ 0001). ʉʫʤʤʠʨʦʚʘʥʠʝ (ʚʳʯʠʪʘʥʠʝ) ʯʘʩʪʠʯʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ 
3P  ʩ ʚʝʩʦʤ 32- , ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ ʩ ʩʫʤʤʦʡ ʯʘʩʪʠʯʥʳʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ 2P  ʩ ʚʝʩʦʤ 22 , 1P  ʩ ʚʝʩʦʤ 12  ʠ 
0P  ʩ ʚʝʩʦʤ 02  
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ʈʠʩ. 4.11. ʌʨʘʛʤʝʥʪ ʩʭʝʤʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ. ʇʦʢʘʟʘʥʳ ʤʫʣʴʪʠʧʣʝʢʩʦʨ 16 ʚ 1 ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʩʫʤʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʙʣʦʢ ʚʳʯʠʩʣʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʢʦʜʘ, ʜʚʘ ʙʣʦʢʘ 

ʦʯʠʩʪʢʠ ʜʘʥʥʳʭ ʥʘ ʚʭʦʜʘʭ ʩʫʤʤʘʪʦʨʘ, ʩʯʝʪʯʠʢ ʩ ʤʦʜʫʣʝʤ ʩʯʝʪʘ 5 ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʨʝʛʠʩʪʨʳ 
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ʅʘ ʘʜʨʝʩʥʳʝ ʚʭʦʜʳ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʧʦʩʪʫʧʘʶʪ ʙʠʪʳ 

ʤʣʘʜʰʝʛʦ ʟʥʘʯʘʱʝʛʦ ʨʘʟʨʷʜʘ ʚʩʝʭ k  ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

LUT-ʪʘʙʣʠʮʳ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʨʝʛʠʩʪʨʳ ʣʠʥʠʠ 

ʟʘʜʝʨʞʢʠ (ʨʠʩ. 4.12) ʠ ʩʯʝʪʯʠʢ ʦʙʥʫʣʷʶʪʩʷ. ɺʭʦʜʥʦʡ ʦʪʩʯʝʪ 

(X0) ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʚ 4-ʨʘʟʨʷʜʥʦʤ ʨʝʛʠʩʪʨʝ 

PSR4 ʩʦ ʩʜʚʠʛʦʤ ʚʧʨʘʚʦ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʚʭʦʜʦʤ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ (ʜʣʷ ʦʪʣʘʜʢʠ ʩʠʩʪʝʤʳ 

ʜʦʙʘʚʣʷʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʡ ʚʳʭʦʜ). ʇʨʠ ʩʜʚʠʛʝ ʚʧʨʘʚʦ ʚ 

ʩʪʘʨʰʠʡ ʟʥʘʯʘʱʠʡ ʨʘʟʨʷʜ ʨʝʛʠʩʪʨʘ PSR4 ʜʦʙʘʚʣʷʝʪʩʷ 1. ɿʘ 

ʯʝʪʳʨʝ ʪʘʢʪʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʭʦʜʥʦʡ ʦʪʩʯʝʪ X0 ʦʢʘʞʝʪʩʷ ʚ 

ʩʜʚʠʛʦʚʦʤ ʨʝʛʠʩʪʨʝ SISO4 ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʭʦʜʦʤ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ, ʟʘ ʩʣʝʜʫʶʱʠʝ ʯʝʪʳʨʝ ʪʘʢʪʘ ï ʚ 

ʜʨʫʛʦʤ ʨʝʛʠʩʪʨʝ SISO4 ʠ ʪ.ʜ. ʂʘʞʜʳʡ ʨʝʛʠʩʪʨ SISO4 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʜʚʠʛ ʚʧʨʘʚʦ. ʈʝʛʠʩʪʨ PSR4 ʠ ʪʨʠ ʨʝʛʠʩʪʨʘ 

SISO4 ʠʛʨʘʶʪ ʨʦʣʴ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ ʂʀʍ-ʬʠʣʴʪʨʘ 

(ʤʥʦʛʦʨʘʟʨʷʜʥʳʡ ʩʜʚʠʛʦʚʳʡ ʨʝʛʠʩʪʨ).  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʡʰʝʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʫʤʤʠʨʫʶʱʠʡ ʩʯʝʪʯʠʢ ʩ ʤʦʜʫʣʝʤ ʩʯʝʪʘ 5. ɽʛʦ 

ʟʘʜʘʯʘ ï ʦʪʩʯʠʪʘʪʴ ʪʨʠ ʟʥʘʯʝʥʠʷ (ʯʘʩʪʠʯʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ), 

ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʚʳʭʦʜʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʠ ʚʳʯʝʩʪʴ 

ʯʝʪʚʝʨʪʦʝ ʠʟ ʥʘʢʦʧʣʝʥʥʦʡ ʩʫʤʤʳ. ʊʘʢ ʢʘʢ ʦʧʝʨʘʮʠʷ 

ʚʳʯʠʪʘʥʠʷ ʟʘʤʝʥʷʝʪʩʷ ʚʟʷʪʠʝʤ ʦʙʨʘʪʥʦʛʦ ʢʦʜʘ ʠ 

ʧʨʠʙʘʚʣʝʥʠʝʤ 1 ʢ ʄɿʈ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʳʡ 7-

ʨʘʟʨʷʜʥʳʡ ʩʫʤʤʘʪʦʨ ʩʦ ʚʭʦʜʦʤ ʧʝʨʝʥʦʩʘ Cin. ɺ ʨʝʛʠʩʪʨʝ 

SIPO4 ʩʦʭʨʘʥʷʝʪʩʷ ʄɿʈ ʧʦʣʫʯʝʥʥʦʡ ʩʫʤʤʳ, ʘ ʚ ʨʝʛʠʩʪʨʝ 

PIPO6 ï ʨʝʟʫʣʴʪʘʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʙʝʟ ʫʯʝʪʘ ʵʪʦʛʦ ʄɿʈ. 

ʈʘʩʰʠʨʝʥʠʝ ʟʥʘʢʘ ʥʘ ʚʭʦʜʘʭ ʩʫʤʤʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʉɿʈ ʧʦʣʫʯʝʥʥʦʡ ʩʫʤʤʳ. 

ʈʝʛʠʩʪʨ PIPO6 ʠ ʩʫʤʤʘʪʦʨ ADD ʩʦ ʩʭʝʤʘʤʠ ʨʘʩʰʠʨʝʥʠʷ 

ʟʥʘʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʘʢʢʫʤʫʣʷʪʦʨ. ɼʣʷ 

ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʢʘʞʜʦʛʦ 

ʚʭʦʜʥʦʛʦ ʦʪʩʯʝʪʘ ʩʙʨʘʩʳʚʘʪʴ ʚʭʦʜʳ ʩʫʤʤʘʪʦʨʘ ʚ ʥʦʣʴ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʣʦʢʠ SBROS, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʥʘʙʦʨ 

ʵʣʝʤʝʥʪʦʚ 2ʀ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ 
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ʚʭʦʜʥʳʝ ʦʪʩʯʝʪʳ), ʧʨʝʜʩʪʘʚʣʷʝʤʳʡ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ, 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʨʝʛʠʩʪʨʝ PIPO10 ʩ ʜʝʩʷʪʠʙʠʪʥʦʡ ʪʦʯʥʦʩʪʴʶ.  

ʅʘ ʨʠʩ. 4.13 ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ 

ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ. ʅʘ ʚʭʦʜ ʂʀʍ-

ʬʠʣʴʪʨʘ ʧʦʜʘʶʪʩʷ ʚʭʦʜʥʳʝ ʦʪʩʯʝʪʳ 5-  (ʥʝ ʧʦʢʘʟʘʥ), 3, 1, 0 ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ (ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ ʮʝʣʳʝ ʯʠʩʣʘ ʩʦ 

ʟʥʘʢʦʤ). ʇʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ 

(ʧʦʜʩʚʝʯʝʥʳ ʦʨʘʥʞʝʚʳʤ ʮʚʝʪʦʤ): 10, 1- , ï40, 25.  

ʀʥʪʝʨʝʩʥʦ ʩʨʘʚʥʠʪʴ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ 

ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ 

ʤʝʛʘʷʜʨʘ FIR Compiler ʉɸʇʈ ʇʃʀʉ Quartus II .  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Mega Core Fir Compiler ʧʦʟʚʦʣʷʝʪ 

ʙʳʩʪʨʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʮʠʬʨʦʚʦʡ ʂʀʍ-ʬʠʣʴʪʨ ʠʩʭʦʜʷ ʠʟ 

ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɹʳʩʪʨʦʪʘ ʠ ʤʘʣʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʨʘʩʯʝʪʦʚ ʜʝʣʘʶʪ ʜʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʝʟʘʤʝʥʠʤʳʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʂʀʍ-ʬʠʣʴʪʨʦʚ ʚ ʙʘʟʠʩʝ 

ʇʃʀʉ ʬʠʨʤʳ Altera. 

ʅʘ ʨʠʩ. 4.14 ʧʦʢʘʟʘʥʳ ʥʘʩʪʨʦʡʢʠ ʤʝʛʘʷʜʨʘ FIR Compiler 

ʉɸʇʈ ʇʃʀʉ Quartus II  ʠ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʬʠʣʴʪʨʘ. ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʬʠʣʴʪʨʘ ʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʬʘʡʣʘ, ʥʝ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ, ʠʤʝʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ. 

ɺʳʙʠʨʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ ʠ ʇʃʀʉ ʩʝʨʠʠ Stratix III . 

ɻʘʣʦʯʢʦʡ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʬʠʣʴʪʨ ʠʤʝʝʪ ʩʠʣʴʥʦ 

ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɼʣʷ ʭʨʘʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʠ ʦʪʩʯʝʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ 

ʷʯʝʡʢʠ ʘʜʘʧʪʠʚʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. ɿʘʜʘʝʪʩʷ ʪʘʢʞʝ 

ʚʭʦʜʥʘʷ ʠ ʚʳʭʦʜʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʠ ʬʠʣʴʪʨʘ (ʨʘʟʨʷʜʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ). ʅʘ ʨʠʩ. 4.15 

ʧʦʢʘʟʘʥʘ ʪʝʩʪʦʚʘʷ ʩʭʝʤʘ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʛʘʷʜʨʘ FIR Compiler, ʘ ʥʘ ʨʠʩ. 4.16 ï ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʨʘʙʦʪʳ. ɺʭʦʜʥʳʝ ʦʪʩʯʝʪʳ 5- , 3, 1, 0. ʇʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ: 10, 1- , 40- , 25. 
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ʈʠʩ. 4.12. ʌʨʘʛʤʝʥʪ ʩʭʝʤʳ ʂʀʍ-ʬʠʣʴʪʨʘ. ʃʠʥʠʷ ʟʘʜʝʨʞʢʠ 

 

 
ʈʠʩ. 4.13. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ  

1
6

7 
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ʈʠʩ. 4.14. ʅʘʩʪʨʦʡʢʠ ʤʝʛʘʷʜʨʘ FIR Compiler ʉɸʇʈ  

ʇʃʀʉ Quartus II  (ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ) 

ʈʠʩ. 4.15. ʊʝʩʪʦʚʘʷ ʩʭʝʤʘ ʂʀʍ-ʬʠʣʴʪʨʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʷʜʨʘ FIR 

Compiler 

1
6

8 

 



 

 169 

 

 

 
ʈʠʩ. 4.16. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʤʝʛʘʷʜʨʝ FIR Compiler 

 

 
ʈʠʩ. 4.17. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʧʦ ʢʦʜʫ  

ʷʟʳʢʘ VHDL (ʧʨʠʤʝʨ 2) 

1
6

9 
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ʈʘʟʨʘʙʦʪʘʝʤ ʢʦʜ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʛʦ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ 

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ VHDL ʂʀʍ-ʬʠʣʴʪʨʘ (ʧʨʠʤʝʨ 1 ʠ 2) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦ ʬʦʨʤʫʣʝ 

33221100 xCxʉxʉxCy +++=  ʠ ʧʦʩʤʦʪʨʠʤ ʚʨʝʤʝʥʥʳʝ 

ʜʠʘʛʨʘʤʤʳ (ʨʠʩ. 4.17). ʉʨʘʚʥʠʚʘʷ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ (ʨʠʩ. 

4.13 ʠ ʨʠʩ. 4.16 ʩ ʨʠʩ. 4.17), ʚʠʜʠʤ, ʯʪʦ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʫ ʪʨʝʭ ʬʠʣʴʪʨʦʚ ʩʦʚʧʘʜʘʶʪ, ʦʜʥʘʢʦ ʫ 

ʬʠʣʴʪʨʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ çʥʫʞʥʳʝè ʚʳʭʦʜʥʳʝ 

ʟʥʘʯʝʥʠʷ ʦʙʥʦʚʣʷʶʪʩʷ ʯʝʨʝʟ ʢʘʞʜʳʝ 4 ʪʘʢʪʘ. ʉʫʱʝʩʪʚʝʥʥʳʤ 

ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫ ʨʘʟʥʳʭ ʬʠʣʴʪʨʦʚ ʨʘʟʣʠʯʥʳʭ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʝʛʘʬʫʥʢʮʠʷ FIR 

Compiler ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʦʙʣʝʛʯʘʶʱʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

 
library ieee; 
use ieee.std_logic_1164.all; 
use ieee.std_logic_arith.all; 
package coeffs is  
type coef_arr is array (0 to 3) of 
signed(3 downto 0); 
constant coefs: coef_arr:= 
coef_arr'("1110", "1111", "0111", 
"0110"); 
  end coeffs; 
library ieee; 
use ieee.std_logic_1164.all; 
use ieee.std_logic_arith.all; 
use work.coeffs.all; 
entity fir_var is 
 port (clk, reset, clk_ena: in 
std_logic; 
date: in signed (3 downto 0); 
q_reg: out signed (9 downto 0)); 
end fir_var; 
 

library ieee; 
use ieee.std_logic_1164.all; 
use ieee.std_logic_arith.all; 
entity filter_4 is 
port (din : in std_logic_vector(3 downto 
0); 
reset, clk : in std_logic; 
Sout : out std_logic_vector(7 downto 0)); 
end filter_4; 
ARCHITECTURE a OF filter_4 IS 
constant ʉ0: std_logic_vector(3 downto 
0) :="1110"; 
constant ʉ1: std_logic_vector(3 downto 
0) :="1111"; 
constant ʉ2: std_logic_vector(3 downto 
0) :="0111"; 
constant ʉ3: std_logic_vector(3 downto 
0) :="0110"; 
signal x0,x1,x2,x3:std_logic_vector(3 
downto 0); 
signal m0,m1,m2,m3:std_logic_vector(7 
downto 0); 
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architecture beh of fir_var is 
begin 
process(clk,reset) 
type shift_arr is array (3 downto 0)  
      of signed (3 downto 0); 
variable shift: shift_arr; 
variable tmp: signed (3 downto 0); 
variable pro: signed (7 downto 0); 
variable acc: signed (9 downto 0); 
begin 
if reset='0' then 
for i in 0 to 3 loop 
shift(i):= (others => '0'); 
end loop; 
q_reg<= (others => '0'); 
elsif(clk'event and clk = '1') then 
if clk_ena='1' then   
shift(0):=date; 
pro := shift(0) * coefs(0); 
acc := conv_signed(pro, 10); 
for i in 2 downto 0 loop 
pro := shift(i+1) * coefs(i+1); 
acc := acc + conv_signed(pro, 10); 
shift(i+1):= shift(i); 
end loop; 
end if; end if; 
q_reg<=acc; 
end process; end beh; 

BEGIN 
m0<=(signed(x0)*signed(C0)); 
m1<=(signed(x1)*signed(C1)); 
m2<=(signed(x2)*signed(C2)); 
m3<=(signed(x3)*signed(C3)); 
 
Sout<=(signed(m0)+signed(m1)+ 
signed(m2)+signed(m3)); 
process(clk,reset) 
begin 
if reset='1' then 
x0<=(others=>'0'); 
x1<=(others=>'0'); 
x2<=(others=>'0'); 
x3<=(others=>'0'); 
elsif (clk'event and clk='1') then  
x0(3 downto 0) <=din(3 downto 0); 
x1(3 downto 0) <=x0(3 downto 0); 
x2(3 downto 0) <=x1(3 downto 0); 
x3(3 downto 0) <=x2(3 downto 0); 
end if;  
end process; 
END a; 

ʇʨʠʤʝʨ 1. ʂʦʜ ʷʟʳʢʘ VHDL 

ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ 

ʦʪʚʦʜʘ 

ʇʨʠʤʝʨ 2. ʂʦʜ ʷʟʳʢʘ VHDL 

ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ 

(ʚʘʨʠʘʥʪ) 
 

 

 ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʩʪʝʡʰʝʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʳ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. 
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4.2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʂʀʍ-ʬʠʣʪɹʨʘ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʝ ʚ ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ Matlab/Simulink  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Altera 

DSP Builder   

 

 

 ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʂʀʍ-ʬʠʣʴʪʨʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʙʳʣʘ ʜʦʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʨʘ 

ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʳ ʧʘʢʝʪʘ ʨʘʩʰʠʨʝʥʠʷ Altera DSP Builder ʧʦ 

ʘʜʨʝʩʫ: quartus\dsp_builder\DesignExamples\Demos\Filters\DA32. 

ʅʘ ʨʠʩ. 4.18 ʧʦʢʘʟʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Altera. ʏʘʩʪʴ ʥʘʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ (ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ ʠʟ ʇʃʀʉ, ʵʣʝʤʝʥʪ 

ʟʘʜʝʨʞʢʠ, ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ ʩ 

ʜʠʩʪʘʥʮʠʝʡ 4) ʬʠʣʴʪʨʘ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʟʜʝʣʝ 3.2. 

ʉʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʙʣʦʢʘʭ.  

ɹʣʦʢ BaseClock. ɼʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚ Altera-ModelSim ʟʘʜʘʝʪʩʷ ʩʠʥʭʨʦʩʠʛʥʘʣ ʩ ʧʝʨʠʦʜʦʤ 20 ʥʩ 

(ʧʦʣʝ Real-World Clock Period) ʠ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʩʠʤʫʣʷʮʠʠ ʚ 

Matlab/Simulink 1 ʩ (ʧʦʣʝ Simulink Sample Time) ʚ ʙʣʦʢʝ 

BaseClock. ʀʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (Sample 

time) ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ Signal From Workspace ï 4 ʩ 

(ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʙʠʪʦʚ ʚ ʙʣʦʢʝ Pattern). 

ɹʣʦʢ Pattern (ʬʦʨʤʠʨʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʫʶ 

ʧʦʚʪʦʨʷʶʱʫʶʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ 1000) ʚʳʧʦʣʥʷʝʪ 

ʬʫʥʢʮʠʶ ʧʨʦʩʪʝʡʰʝʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʮʠʬʨʦʚʦʛʦ ʘʚʪʦʤʘʪʘ 

ʂʀʍ-ʬʠʣʴʪʨʘ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʥ ʫʧʨʘʚʣʷʝʪ ʟʘʛʨʫʟʢʦʡ ʯʠʩʝʣ 

ʚ ʨʝʛʠʩʪʨ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ 

ʧʘʨʘʣʣʝʣʴʥʳʡ ʢʦʜ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ Parallel 

To Serial, ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʢʘʢ ʫ ʨʝʛʠʩʪʨʦʚ PSR1-PSR4 ʥʘ 

ʨʠʩ. 4.7), ʘ ʩ ʜʨʫʛʦʡ ï ʬʦʨʤʠʨʫʝʪ ʚʝʩ 32-  ʯʘʩʪʠʯʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ 3P  ʩ ʫʯʝʪʦʤ ʣʘʪʝʥʪʥʦʩʪʠ ʧʝʨʝʜ ʧʦʩʣʝʜʥʠʤ 

ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʠ ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ. 
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ʅʘ ʨʠʩ. 4.19 ʧʦʢʘʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ 4-

ʚʭʦʜʦʚʦʡ LUT ʧʦ ʬʦʨʤʫʣʝ:  

321033221100 6712 aaaaaCaʉaʉaCq ++--=+++= . 

ʂʦʤʙʠʥʘʮʠʠ ʩʫʤʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʀʍ-ʬʠʣʴʪʨʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩ 6-ʨʘʟʨʷʜʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʘ ʩʘʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩ 4-ʨʘʟʨʷʜʥʦʡ.  

ʅʘ ʨʠʩ. 4.20 ʧʦʢʘʟʘʥ ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʘʢʢʫʤʫʣʷʪʦʨ 

ʂʀʍ-ʬʠʣʴʪʨʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ XOR (ʀʩʢʣʶʯʘʶʱʝʝ 

ʀʃʀ) ʩʦʚʤʝʩʪʥʦ ʩ ʙʣʦʢʦʤ Adder ʬʦʨʤʠʨʫʶʪ ʜʦʧʦʣʥʝʥʠʝ ʜʦ 

ʜʚʫʭ ʧʫʪʝʤ ʧʨʠʙʘʚʣʝʥʠʷ 1 ʢ ʨʝʟʫʣʴʪʘʪʫ ʦʙʨʘʱʝʥʠʷ. ʆʙʨʘʱʝʥʠʝ 

ʣʦʛʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦ ʠʥʚʝʨʩʠʠ ʢʘʞʜʦʛʦ ʙʠʪʘ ʚ ʯʠʩʣʝ. 

ɺʝʥʪʠʣʴ ʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ 

ʠʥʚʝʨʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʙʣʦʢʦʤ Pattern (ʩʠʛʥʘʣ clr ʤʘʩʰʪʘʙʠʨʫʶʱʝʛʦ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʟʘʜʝʨʞʘʥʥʳʡ ʥʘ ʧʷʪʴ ʪʘʢʪʦʚ ʩʠʥʭʨʦʯʘʩʪʦʪʳ). 

ʇʨʠʙʘʚʣʝʥʠʝ 1 ʢ ʨʝʟʫʣʴʪʘʪʫ ʦʙʨʘʱʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʧʫʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʠʮʳ ʥʘ ʚʭʦʜʝ ʧʝʨʝʥʦʩʘ inc  7-ʨʘʟʨʷʜʥʦʛʦ 

ʩʫʤʤʘʪʦʨʘ. ʄɿʈ ʨʝʟʫʣʴʪʘʪʘ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʩ 

ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ Extract Bit, ʧʦʩʪʫʧʘʝʪ ʚ 

ʙʣʦʢ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʰʠʥʳ 

(ʦʜʥʦʨʘʟʨʷʜʥʳʡ ʩʠʛʥʘʣ) ʚ ʧʘʨʘʣʣʝʣʴʥʫʶ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ Serial 

to Parallel, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʜʚʠʛʦʚʦʤʫ ʨʝʛʠʩʪʨʫ Shif Reg 2 ʥʘ 

ʨʠʩ. 4.7. 

ɺ ʥʘʩʪʨʦʡʢʘʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ 

Serial to Parallel ʟʘʜʘʝʪʩʷ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʯʠʩʝʣ ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʜʘ ʚ ʧʘʨʘʣʣʝʣʴʥʳʡ ï 

ʮʝʣʳʝ ʜʝʩʷʪʠʯʥʳʝ ʯʠʩʣʘ ʩʦ ʟʥʘʢʦʤ ʠ ʪʦ, ʯʪʦ ʧʝʨʚʳʡ ʚʭʦʜʷʱʠʡ 

ʙʠʪ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʄɿʈ ʚ ʬʦʨʤʠʨʫʝʤʦʤ 4-ʨʘʟʨʷʜʥʦʤ 

ʩʣʦʚʝ (ʨʠʩ. 4.21). 

ʉʘʤ ʞʝ 7-ʨʘʟʨʷʜʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʫʤʤʠʨʦʚʘʥʠʷ 

ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʪʘʢʪ ʠ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ Shift by Two ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʙʨʘʩʳʚʘʥʠʝ ʄɿʈ, 

ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʩʜʚʠʛʫ ʯʠʩʣʘ ʚʣʝʚʦ ʧʦ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʝ 

(ʫʤʥʦʞʝʥʠʝ ʥʘ ʜʚʘ), ʢʦʪʦʨʦʝ ʠ ʧʦʩʪʫʧʘʝʪ ʧʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʘ 
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ʦʜʠʥ ʠʟ ʚʭʦʜʦʚ ʩʫʤʤʘʪʦʨʘ (ʚʭʦʜ ʘ) ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨ 

ʫʧʨʘʚʣʷʝʤʳʤ ʩʠʛʥʘʣʦʤ clr. ʇʨʠ ʵʪʦʤ ʦʙʲʝʜʠʥʷʶʪ ʩʪʘʨʰʠʝ 

ʨʘʟʨʷʜʳ a(5:0) ʠ ʤʣʘʜʰʠʝ b(3:0) ʚ 10-ʨʘʟʨʷʜʥʳʡ ʩʠʛʥʘʣ ʩ 

ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʚʳʧʦʣʥʷʶʱʝʛʦ ʬʫʥʢʮʠʶ ʢʦʥʢʘʪʝʥʘʮʠʠ ʠ 

ʩʦʭʨʘʥʷʶʪ ʝʛʦ ʚ ʨʝʛʠʩʪʨʝ ʨʝʟʫʣʴʪʘʪʘ.  

ʆʧʝʨʘʮʠʷ ʟʘʜʝʨʞʢʘ ʠ ʩʜʚʠʛ ʥʘ ʨʠʩ. 4.20 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʬʫʥʢʮʠʦʥʘʣʫ ʨʝʛʠʩʪʨʘ Reg 1, ʘ ʩʦʭʨʘʥʝʥʠʝ ʄɿʈ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʫʥʢʮʠʦʥʘʣʫ Reg 2, ʦʙʲʝʜʠʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʫʥʢʮʠʦʥʘʣʫ ʨʝʛʠʩʪʨʘ ʨʝʟʫʣʴʪʘʪʘ Reg 3 ʥʘ ʨʠʩ. 4.7. ɼʣʷ ʩʙʨʦʩʘ 

ʚʭʦʜʘ ʘ ʩʫʤʤʘʪʦʨʘ ʚ ʥʦʣʴ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʯʝʪʳʨʝʭ ʮʠʢʣʦʚ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʪʦʨʦʡ ʚʭʦʜ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʧʦʜʢʣʶʯʝʥ ʥʦʣʴ. ɽʩʣʠ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʙʨʦʩ ʦʜʥʦʛʦ ʠʟ 

ʚʭʦʜʦʚ ʩʫʤʤʘʪʦʨʘ ʚ ʥʦʣʴ, ʪʦ ʦʥ ʧʨʦʜʦʣʞʠʪ ʥʘʢʘʧʣʠʚʘʪʴ ʩʫʤʤʫ 

ʧʦʩʣʝ ʯʝʪʚʝʨʪʦʛʦ ʮʠʢʣʘ. 

ʅʘ ʨʠʩ. 4.22 ʧʦʢʘʟʘʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʙʦʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʝ. ʅʘ ʚʭʦʜ ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ [ï5 3 0 0 0]. 

ʇʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ: [10 ï1 ï40 ï10 25 6]. 

ʅʘ ʨʠʩ. 4.23ʘ-ʝ ʧʦʢʘʟʘʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʘ ʥʘ       

ʨʠʩ. 4.23ʞ ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʂʀʍ-ʬʠʣʴʪʨʘ ʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 4.24. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ 

ʂʀʍ-ʬʠʣʴʪʨʘ ʚ ʉɸʇʈ Quartus II  ʷʚʣʷʝʪʩʷ ʥʝ ʠʟ ʣʸʛʢʠʭ ʟʘʜʘʯ. 

ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ, ʯʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʨʘʟʨʘʙʦʪʯʠʢʫ ʞʠʟʥʴ 

ʩʫʱʝʩʪʚʫʝʪ ʩʧʝʮʠʘʣʴʥʘʷ ʤʝʛʘʬʫʥʢʮʠʷ FIR Compiler, ʦ ʢʦʪʦʨʦʡ 

ʨʝʯʴ ʧʦʡʜʝʪ ʯʫʪʴ ʥʠʞʝ. ɼʘʥʥʘʷ ʤʝʛʘʬʫʥʢʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʂʀʍ-ʬʠʣʴʪʨʳ ʢʘʢ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ, ʪʘʢ ʠ 

ʥʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʘʭ. 

ʆʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 

ʦʪʚʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʝ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  ʢʦʤʧʘʥʠʠ Altera ʧʫʩʪʴ ʠ 

ʥʝ ʩʘʤʦʡ ʩʦʚʝʨʰʝʥʥʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.24.  
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ʈʠʩ. 4.18. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Altera 
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ʈʠʩ. 4.19. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ LUT 
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ʈʠʩ. 4.20. ʄʘʩʰʪʘʙʠʨʫʶʱʠʡ ʘʢʢʫʤʫʣʷʪʦʨ ʂʀʍ-ʬʠʣʴʪʨʘ 
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ʈʠʩ. 4.21. ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʜʘ 

(ʦʜʥʦʨʘʟʨʷʜʥʳʡ ʩʠʛʥʘʣ) ʚ ʧʘʨʘʣʣʝʣʴʥʳʡ 
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ʈʠʩ. 4.22. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ 
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ʈʠʩ. 4.23. ʉʨʘʚʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ  

ʂʀʍ-ʬʠʣʴʪʨʘ ʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʨʦʝʢʪʘ ʥʘ ʨʠʩ. 4.24 
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ʈʠʩ. 4.24. ʌʨʘʛʤʝʥʪ ʩʭʝʤʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ. ʇʦʢʘʟʘʥʳ ʤʫʣʴʪʠʧʣʝʢʩʦʨ 16 ʚ 1 ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʩʫʤʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʙʣʦʢ ʚʳʯʠʩʣʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʢʦʜʘ, ʜʚʘ ʙʣʦʢʘ 

ʦʯʠʩʪʢʠ ʜʘʥʥʳʭ ʥʘ ʚʭʦʜʘʭ ʩʫʤʤʘʪʦʨʘ, ʩʯʝʪʯʠʢ ʩ ʤʦʜʫʣʝʤ ʩʯʝʪʘ 5 ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʨʝʛʠʩʪʨʳ 
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ʈʠʩ. 4.25. ʅʘʩʪʨʦʡʢʠ ʤʝʛʘʬʫʥʢʮʠʠ FIR Compiler ʉɸʇʈ ʇʃʀʉ Quartus II  (ɸʏʍ ʂʀʍ-ʬʠʣʴʪʨʘ, 

ʢʦʬɻʠʮʠʝʥʪʳ ʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʬʘʡʣʘ) 
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ʈʠʩ. 4.26. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ FIR Compiler 
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ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 4.7 ʠ      

ʨʠʩ. 4.11, ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹʟʥʘʥʠʷ ʦʙ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 4.18. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʨʝʛʠʩʪʨʝ ʨʝʟʫʣʴʪʘʪʘ (Reg 3, ʨʠʩ. 4.7) ʧʦ ʜʨʫʛʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

ʀʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʥʳ 

ʦʨʘʥʞʝʚʳʤ ʮʚʝʪʦʤ ʥʘ ʨʠʩ. 4.13. 

ɼʦʨʘʙʦʪʘʝʤ ʧʨʦʝʢʪ (ʨʠʩ. 4.11) ʪʘʢ, ʯʪʦʙʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʩʦʚʧʘʜʘʣʠ ʩ ʧʦʪʦʢʘʤʠ ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʥʘ ʨʠʩ. 4.18. ʇʝʨʝʨʘʙʦʪʘʥʥʳʡ ʧʨʦʝʢʪ ʧʦʢʘʟʘʥ              

ʥʘ ʨʠʩ. 4.24. ɼʣʷ ʭʨʘʥʝʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʩʫʤʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʂʀʍ-ʬʠʣʴʪʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʫʣʴʪʠʧʣʝʢʩʦʨ 16 ʚ 1 (4-ʚʭʦʜʦʚʘʷ 

LUT). ʅʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʭʦʜʘʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʚ 

ʰʝʩʪʠʨʘʟʨʷʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʜʘ ʭʨʘʥʠʪʩʷ ʙʫʣʝʚʘ ʬʫʥʢʮʠʷ 

33221100 CxCxCxCxf +++= . ʅʘ ʘʜʨʝʩʥʳʝ ʚʭʦʜʳ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʧʦʩʪʫʧʘʶʪ ʙʠʪʳ ʤʣʘʜʰʝʛʦ ʟʥʘʯʘʱʝʛʦ ʨʘʟʨʷʜʘ 

ʚʩʝʭ k  ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ LUT. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʡʰʝʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʫʤʤʠʨʫʶʱʠʡ ʩʯʝʪʯʠʢ ʩ ʤʦʜʫʣʝʤ ʩʯʝʪʘ 5. ɽʛʦ 

ʟʘʜʘʯʘ ʦʪʩʯʠʪʘʪʴ ʪʨʠ ʟʥʘʯʝʥʠʷ (ʯʘʩʪʠʯʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ), 

ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʚʳʭʦʜʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʠ ʚʳʯʝʩʪʴ ʯʝʪʚʝʨʪʦʝ 

ʠʟ ʥʘʢʦʧʣʝʥʥʦʡ ʩʫʤʤʳ. ʊʘʢ ʢʘʢ ʦʧʝʨʘʮʠʷ ʚʳʯʠʪʘʥʠʷ 

ʟʘʤʝʥʷʝʪʩʷ ʚʟʷʪʠʝʤ ʦʙʨʘʪʥʦʛʦ ʢʦʜʘ ʠ ʧʨʠʙʘʚʣʝʥʠʝʤ 1 ʢ ʄɿʈ, 

ʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ 7-ʨʘʟʨʷʜʥʳʡ 

ʩʫʤʤʘʪʦʨ ʩʦ ʚʭʦʜʦʤ ʧʝʨʝʥʦʩʘ Cin. 

ɺ ʨʝʛʠʩʪʨʝ SIPO4 ʩʦʭʨʘʥʷʝʪʩʷ ʄɿʈ ʧʦʣʫʯʝʥʥʦʡ ʩʫʤʤʳ, 

ʘ ʚ ʨʝʛʠʩʪʨʝ PIPO6 ʨʝʟʫʣʴʪʘʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʙʝʟ ʫʯʝʪʘ ʵʪʦʛʦ 

ʄɿʈ. ʈʘʩʰʠʨʝʥʠʝ ʟʥʘʢʘ ʥʘ ʚʭʦʜʘʭ ʩʫʤʤʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʉɿʈ ʧʦʣʫʯʝʥʥʦʡ ʩʫʤʤʳ. 

ʈʝʛʠʩʪʨ PIPO6 ʠ ʩʫʤʤʘʪʦʨ ADD ʩʦ ʩʭʝʤʘʤʠ ʨʘʩʰʠʨʝʥʠʷ ʟʥʘʢʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʘʢʢʫʤʫʣʷʪʦʨ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ ʧʨʦʝʢʪʘ ʂʀʍ-

ʬʠʣʴʪʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ 
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ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʢʘʞʜʦʛʦ ʚʭʦʜʥʦʛʦ ʦʪʩʯʝʪʘ ʩʙʨʘʩʳʚʘʪʴ ʚʩʝ 

ʚʭʦʜʳ ʩʫʤʤʘʪʦʨʘ ʚ ʥʦʣʴ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʣʦʢʠ SBROS 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ 2ʀ. ɸ ʜʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 

ʝʱʝ ʜʦʙʘʚʠʪʴ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʭʝʤʳ ʥʘ ʨʠʩ. 4.11) ʚ ʨʝʛʠʩʪʨ 

SIPO4 ʩʠʥʭʨʦʥʥʳʡ ʩʠʛʥʘʣ ʨʘʟʨʝʰʝʥʠʷ ʨʘʙʦʪʳ enable, ʘ ʥʘ ʝʛʦ 

ʚʳʭʦʜʘʭ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʙʨʦʩ ʦʪ ʵʪʦʛʦ ʞʝ ʩʠʛʥʘʣʘ ʩ ʟʘʜʝʨʞʢʦʡ 

ʥʘ ʪʘʢʪ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ ʚʭʦʜʥʳʝ 

ʦʪʩʯʝʪʳ) ʧʨʝʜʩʪʘʚʣʷʝʤʳʡ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ ʩʦʭʨʘʥʷʝʪʩʷ 

ʚ ʨʝʛʠʩʪʨʝ PIPO10 ʩ 10-ʨʘʟʨʷʜʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʉʨʘʚʥʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʠʤʠʪʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʂʀʍ-ʬʠʣʴʪʨʘ ʠ ʚ ʧʨʦʝʢʪʝ ʥʘ ʨʠʩ. 4.23, ʧʦʢʘʟʘʣʦ ʠʭ 

ʩʦʚʧʘʜʝʥʠʝ. 

ʅʘ ʨʠʩ. 4.25 ʧʦʢʘʟʘʥʳ ʥʘʩʪʨʦʡʢʠ ʤʝʛʘʬʫʥʢʮʠʠ FIR 

Compiler ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 

ʧʦʣʥʦʩʪʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ 

(Fully Serial Filter) ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Stratix III . 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ (ʥʝ 

ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ) ʭʨʘʥʷʪʩʷ ʚ ʣʦʛʠʯʝʩʢʠʭ ʷʯʝʡʢʘʭ ʇʃʀʉ. 

ʊʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʦʪʩʯʝʪʦʚ 4 ʙʠʪʘ ʩʦ ʟʥʘʢʦʤ, ʘ 

ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩ 9-ʨʘʟʨʷʜʥʦʡ 

ʪʦʯʥʦʩʪʴʶ. ʅʘ ʨʠʩ. 4.26 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʨʘʙʦʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʤʝʛʘʬʫʥʢʮʠʠ FIR Compiler. ʅʘ ʚʭʦʜ 

ʬʠʣʴʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ ï5, 3, 1, 0, 0, 0 ʠ ʪ.ʜ. ʥʘ ʚʳʭʦʜʝ 

ʠʤʝʝʤ ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ: 10, ï1, ï40, ï10, 25, 6, 0 ʠ 

ʪ.ʜ. ʇʨʦʬʠʣʴʪʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʚʳʭʦʜʝ 

ʬʠʣʴʪʨʘ ʧʦ ʩʪʨʦʙʫ source valid ʠ ʦʙʥʦʚʣʷʶʪʩʷ ʯʝʨʝʟ ʢʘʞʜʳʝ 5 

ʪʘʢʪʦʚ ʩʠʥʭʨʦʯʘʩʪʦʪʳ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʬʠʣʴʪʨʘʮʠʠ ʤʝʛʘʬʫʥʢʮʠʷ ʥʝ ʦʪʦʙʨʘʞʘʝʪ. 

ʇʦʩʤʦʪʨʠʤ, ʢʘʢ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʬʠʣʴʪʨʘʮʠʝʡ ʃʏʄ-ʩʠʛʥʘʣʘ ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʘ 

1=SF  ʢɻʮ ([0:1/fs:1] ï ʚʝʢʪʦʨ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ, ʩ 

ʯʘʩʪʦʪʦʡ ʠʤʧʫʣʴʩʘ 1+[0:1/fs:1].*300). ɿʘʜʘʜʠʤ ʠʥʪʝʨʚʘʣ 
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ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʃʏʄ-ʩʠʛʥʘʣʘ (Sample time) ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ 

ʙʣʦʢʝ Signal From Workspace ï 1 ʩ, ʘ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʩʠʤʫʣʷʮʠʠ 

ʚ Matlab/Simulink 0.25 ʩ (ʧʦʣʝ Simulink Sample Time) ʚ ʙʣʦʢʝ 

BaseClock. ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ ʫʤʥʦʞʠʤ ʥʘ ʤʘʩʰʪʘʙʥʳʡ 

ʤʥʦʞʠʪʝʣʴ 2^3-1, ʧʨʦʬʠʣʴʪʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʪʘʢʞʝ ʜʝʣʠʪʩʷ ʥʘ 

ʵʪʦ ʟʥʘʯʝʥʠʝ. ʄʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ 

4-ʨʘʟʨʷʜʥʦʡ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʦʪʩʯʝʪʦʚ 

ʩʠʛʥʘʣʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʤʘʩʰʪʘʙʥʳʡ 

ʤʥʦʞʠʪʝʣʴ 255 ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʝʜʫʩʤʦʪʨʝʥ ʩʜʚʠʛ 

ʩʦʜʝʨʞʠʤʦʛʦ ʨʝʛʠʩʪʨʘ ʨʝʟʫʣʴʪʘʪʘ ʚʧʨʘʚʦ ʩ ʧʦʟʠʮʠʠ (22:0) ʥʘ 

(22:8), ʪ.ʝ. ʨʝʘʣʠʟʫʝʪʩʷ ʜʝʣʝʥʠʝ ʥʘ 255 (ʵʪʦ ʩʜʝʣʘʥʦ ʜʣʷ 

ʙʫʜʫʱʠʭ ʨʘʩʰʠʨʝʥʠʡ, ʜʣʷ 4-ʨʘʟʨʷʜʥʦʡ ʪʦʯʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʦʪʩʯʝʪʦʚ ʵʪʦ ʤʦʞʥʦ ʠ ʥʝ ʜʝʣʘʪʴ). 
ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ 

(ʬʫʥʢʮʠʷ ʜʠʩʢʨʝʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ filter ʩ ʚʝʢʪʦʨʦʤ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʨʝʢʫʨʩʠʚʥʦʡ ʯʘʩʪʠ [ï2,ï1,7,6]) ʠ ʤʦʜʝʣʴ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ (MAC-ʬʠʣʴʪʨ), 
ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 3.33. 

ʅʘ ʨʠʩ. 4.27 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʤʦʜʝʣʠ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ ʩ ʫʯʝʪʦʤ 
ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʘ ʥʘ ʨʠʩ. 4.28 ʃʏʄ-ʩʠʛʥʘʣ (ʘ) ʠ 
ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink ʂʀʍ-
ʬʠʣʴʪʨʘ (ʙ), ʥʘ ʬʫʥʢʮʠʠ ʜʠʩʢʨʝʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ filter (ʚ), 
ʄAC-ʬʠʣʴʪʨ (ʨʠʩ. 3.33) (ʛ). ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʝʚʳʩʦʢʦʡ 
ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʦʪʩʯʝʪʦʚ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 
ʘʧʧʘʨʘʪʥʦʛʦ ʫʤʥʦʞʠʪʝʣʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠʝʤʣʝʤʳʝ 
ʨʝʟʫʣʴʪʘʪʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʨʘʩʰʠʨʝʥʠʷ Altera DSP Builder 
ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
Matlab/Simulink ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 
ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʩʣʦʞʥʳʭ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ 
ʢʘʢ ʂʀʍ-ʬʠʣʴʪʨʳ, ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʘ 
ʤʝʛʘʬʫʥʢʮʠʷ FIR Compiler ʉɸʇʈ Quartus II  ʧʦʟʚʦʣʷʝʪ ʙʝʟ 
ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʪʘʢʠʝ ʧʨʦʝʢʪʳ ʚ ʙʘʟʠʩ 
ʇʃʀʉ. 
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ʈʠʩ. 4.27. ʌʨʘʛʤʝʥʪ ʤʦʜʝʣʠ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ  

ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 
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ʈʠʩ. 4.28. ʃʏʄ-ʩʠʛʥʘʣ (ʘ) ʠ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʯʝʪʳʨʝ ʦʪʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ (ʙ), 

ʥʘ ʬʫʥʢʮʠʠ ʜʠʩʢʨʝʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ filter (ʚ), ʄAC-ʬʠʣʴʪʨ (ʨʠʩ.3.33) (ʛ)

 

1
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4.3. ʂʘʢ ʫʩʪʨʦʝʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʂʀʍ-ʬʠʣʴʪʨʳ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ 

 

 

ɺʳʰʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʧʨʦʩʪʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 4 ʦʪʚʦʜʘ ʩ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʧʝʨʝʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʨʘ ʠʟ 

ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʳ ʧʘʢʝʪʘ ʨʘʩʰʠʨʝʥʠʷ Altera DSP Builder ʧʦ 

ʘʜʨʝʩʫ: quartus\dsp_builder\DesignExamples\Demos\Filters\DA32 

ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʙʘʟʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʠ.  

ʊʘʢʞʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʦʜʥʦʤ ʙʣʦʢʝ ʫʤʥʦʞʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ (1 MAC-

ʙʣʦʢ), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʨʘ ʧʦ ʘʜʨʝʩʫ: 

quartus\dsp_builder\DesignExamples\Demos\Filters\Mac32.  

ʊʝʧʝʨʴ ʞʝ ʨʘʩʩʤʦʪʨʠʤ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ 32 ʦʪʚʦʜʘ. ɼʘʜʠʤ ʫʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʵʪʦʤʫ 

ʬʠʣʴʪʨʫ DA_32, ʘ ʂʀʍ-ʬʠʣʴʪʨʫ ʥʘ 4 ʦʪʚʦʜʘ ï DA_4. 

ʉʠʥʪʝʟ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 32 ʦʪʚʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ firls (firls - Least-square linear-phase FIR 

filter design) ʚ ʩʠʩʪʝʤʝ Matlab. ʌʫʥʢʮʠʷ firls ʩʠʥʪʝʟʠʨʫʝʪ 

ʥʝʨʝʢʫʨʩʠʚʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʬʠʣʴʪʨ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ ʧʫʪʝʤ 

ʤʠʥʠʤʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʚʟʚʝʰʝʥʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʟʘʜʘʥʥʦʡ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ɸʏʍ ʚ ʟʘʜʘʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʢʦʜ ʬʠʣʴʪʨʘ. ʇʨʠ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʤʝʥʪʘʨʠʠ, ʦʪʤʝʯʝʥʥʳʝ ʟʥʘʯʢʦʤ %, 

ʩʣʝʜʫʝʪ ʫʜʘʣʠʪʴ. ʅʘ ʨʠʩ. 4.29 ʠ ʨʠʩ. 4.30 ʧʦʢʘʟʘʥʘ ʠʤʧʫʣʴʩʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ɸʏʍ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ. 

 
% ʇʦʨʷʜʦʢ ʂʀʍ-ʬʠʣʴʪʨʘ 

FilterOrder = 32 

% ʊʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʦʪʩʯʝʪʦʚ  

InputBitWidth = 8 
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% ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʧʦʣʦʩ, ʚʝʢʪʦʨ ʧʘʨ ʯʘʩʪʦʪʥʳʭ ʪʦʯʝʢ, ʣʝʞʘʱʠʭ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1 (1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ ʅʘʡʢʚʠʩʪʘ, ʪʦ ʝʩʪʴ 

ʧʦʣʦʚʠʥʝ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ) 

LowPassFreqBand = [0 0.1 0.2 1]; 

% ɺʝʢʪʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ɸʏʍ ʜʣʷ ʯʘʩʪʦʪ ʚʝʢʪʦʨʘ 

LowPassFreqBand 

LowPassMagnBand = [1 0.9 0.0001 0.0001]; 

% ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʘ b, ʩʦʜʝʨʞʘʱʝʛʦ n+1 ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʩʢʨʝʪʥʦʛʦ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ ʣʠʥʝʡʥʦʡ ʌʏʍ ʪʠʧʘ II (ʧʨʠ ʯʝʪʥʦʤ n) 

ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʚʟʚʝʰʝʥʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʦʰʠʙʢʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʟʘʜʘʥʥʦʡ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ɸʏʍ ʚ 

ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩ (33 ʢʦʵʬʬʠʮʠʝʥʪʘ) 

FlCoef = firls(FilterOrder,LowPassFreqBand,LowPassMagnBand); 

% ʊʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ 16 ʙʠʪ 

CoefBitWidth = InputBitWidth + 

ceil(log2((max(abs(FlCoef))/min(abs(FlCoef))))) 

% ɺʳʯʠʩʣʝʥʠʝ ʤʘʩʰʪʘʙʥʦʛʦ ʤʥʦʞʠʪʝʣʷ (32767) 

ScalingFactor = (2^(CoefBitWidth-1))-1; 

% ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

ʠ ʦʢʨʫʛʣʝʥʠʷ 

FpCoef = fix (ScalingFactor * FlCoef); 

% ʇʦʩʪʨʦʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ɸʏʍ 

plot(FpCoef,'o'); 

title('Coefficient Value'); 

% ʌʦʨʤʠʨʦʚʘʥʠʝ ʝʜʠʥʠʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩ ʘʤʧʣʠʪʫʜʦʡ 100,0,0 ʠ ʪ.ʜ. 

ʜʦ 1000 ʟʥʘʯʝʥʠʡ 

ImpulseData = zeros(1,1000); 

ImpulseData(1) = 100; 

% ɺʳʯʠʩʣʝʥʠʝ ʩʚʝʨʪʢʠ 

h = conv(ImpulseData,FpCoef); 

% ɼʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʜʣʷ ʚʝʢʪʦʨʘ h 

fftplot(h); 

title('Frequency response'); 

FirSamplingPeriod=1; 

ʇʨʠʤʝʨ. ʉʠʥʪʝʟ ʂʀʍ-ʬʠʣʴʪʨʘ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ firls 

ʩʠʩʪʝʤʳ Matlab 

 



 

 191 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʢʦʤʘʥʜʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʉ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʜʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ: 

 

FlCoef = firls(FilterOrder,LowPassFreqBand,LowPassMagnBand) 

 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ ʜʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ: 

0.0047 0.0054 0.0043 0.0009 ï0.0045 ï0.0108 ï0.0161 ï0.0181     

ï0.0146 ï0.0040 0.0142 0.0388 0.0672 0.0958 0.1202 0.1367 

0.1426 0.1367 0.1202 0.0958 0.0672 0.0388 0.0142 ï0.0040           

ï0.0146 ï0.0181 ï0.0161 ï0.0108 ï0.0045 0.0009 0.0043 0.0054 

0.0047 

ʆʧʨʝʜʝʣʠʤ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ: 

CoefBitWidth = InputBitWidth + 

ceil(log2((max(abs(FlCoef))/min(abs(FlCoef))))) 

CoefBitWidth = 16 

ɺʳʯʠʩʣʠʤ ʤʘʩʰʪʘʙʥʳʡ ʤʥʦʞʠʪʝʣʴ ʩ ʫʯʝʪʦʤ ʪʦʯʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘ: 

 

ScalingFactor = (2^(CoefBitWidth-1))-1 

 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, 

ʦʢʨʫʛʣʝʥʥʳʝ ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ ʩ 

ʤʘʩʰʪʘʙʥʳʤ ʤʥʦʞʠʪʝʣʝʤ ScalingFactor= 32767, ʩʠʤʤʝʪʨʠʯʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ 4671: 

 

FpCoef = fix (ScalingFactor * FlCoef) 

155, 177, 140, 29, ï146, ï352, ï526, ï594, ï479, ï131, 464, 1270, 

2203, 3138, 3938, 4478, 4671, 4478, 3938, 3138, 2203, 1270, 464, 

ï131, ï479, ï594, ï526, ï352, ï146, 29, 140, 177, 155 

 



 

 192 

 

 

 
 

ʈʠʩ. 4.29. ʀʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʂʀʍ-ʬʠʣʴʪʨʘ 

ʈʠʩ. 4.30. ɸʏʍ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ 

ʂʀʍ-ʬʠʣʴʪʨʘ 

 

1
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ʅʘ ʨʠʩ. 4.31 ʧʦʢʘʟʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʂʀʍ-

ʬʠʣʴʪʨʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Altera. ʄʦʜʝʣʴ ʠʟ ʩʧʨʘʚʦʯʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘʩʪʨʦʝʥʘ ʥʘ ʬʠʣʴʪʨʘʮʠʶ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʩ 

ʰʫʤʦʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʣʦʢ BaseClock. ɼʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ Altera-ModelSim ʟʘʜʘʝʪʩʷ ʩʠʥʭʨʦʩʠʛʥʘʣ ʩ 

ʧʝʨʠʦʜʦʤ 20 ʥʩ (ʧʦʣʝ Real-World Clock Period) ʠ ʚʨʝʤʝʥʥʦʡ 

ʰʘʛ ʩʠʤʫʣʷʮʠʠ ʚ Matlab/Simulink 1 ʩ (ʧʦʣʝ Simulink Sample 

Time) ʚ ʙʣʦʢʝ BaseClock.  

ʀʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (Sample time 

ʠʣʠ ʚʨʝʤʷ ʚʳʙʦʨʢʠ) ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ Sine Wave ï 8 ʩ 

(ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʙʠʪʦʚ ʚ ʙʣʦʢʝ Pattern). ʅʘ ʨʠʩ. 4.32 

ʧʦʢʘʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʩ 

ʘʤʧʣʠʪʫʜʦʡ 100, ʦʪʯʝʪʦʤ ʥʘ ʧʝʨʠʦʜ 100, ʠʥʪʝʨʚʘʣʦʤ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ 8 ʩ, ʘ ʥʘ ʨʠʩ. 4.33 ï ʰʫʤʦʧʦʜʦʙʥʳʡ ʩʠʛʥʘʣ 

(ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ ʧʦʜʯʠʥʷʶʱʠʝʩ ̫ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ (ʨʘʩʧʨʝʜʝʣʝʥʠʶ ɻʘʫʩʩʘ )) ʩ ʚʨʝʤʝʥʝʤ ʚʳʙʦʨʢʠ 

1 ʩ.  

ɼʘʣʝʝ ʵʪʠ ʜʚʘ ʩʠʛʥʘʣʘ ʩʢʣʘʜʳʚʘʶʪʩʷ, ʯʪʦ ʚ ʠʪʦʛʝ ʜʘʝʪ 

ʟʘʰʫʤʣʝʥʥʳʡ ʩʠʥʦʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʠ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʠʣʴʪʨʘʮʠʠ.  

ʊʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʦʪʩʯʝʪʦʚ 8 ʙʠʪ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʥʝʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʭʦʜʥʳʭ ʦʪʩʯʝʪʦʚ ʜʣʷ ʂʀʍ-ʬʠʣʴʪʨʘ 

ʥʘ 32 ʦʪʚʦʜʘ ʥʘ ʦʩʥʦʚʝ MAC-ʙʣʦʢʘ (ʧʨʠʤʝʨ MAC32). ɺʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ ʚ ʵʪʦʤ ʧʨʠʤʝʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩ 17-ʨʘʟʨʷʜʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ fir1 (ʦʙʨʘʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʦʥʥʳʭ ʬʫʥʢʮʠʡ), 

ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʬʠʣʴʪʨʳ ʩ ʣʠʥʝʡʥʦʡ 

ʌʏʍ. 
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ʈʠʩ. 4.31. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʘʨʠʬʤʝʪʠʢʝ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʟʘʰʫʤʣʝʥʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ 
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ʈʠʩ. 4.32. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʘ ʩ ʘʤʧʣʠʪʫʜʦʡ 100, ʦʪʯʝʪʦʤ ʥʘ 

ʧʝʨʠʦʜ 100, ʚʨʝʤʷ ʚʳʙʦʨʢʠ 8 ʩ 

ʈʠʩ. 4.33. ʌʦʨʤʠʨʦʚʘʥʠʝ ʰʫʤʦʧʦʜʦʙʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʚʨʝʤʷ ʚʳʙʦʨʢʠ 1 ʩ 
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ɹʣʦʢ Pattern (ʬʦʨʤʠʨʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʫʶ 
ʧʦʚʪʦʨʷʶʱʫʶʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ 10000000) 
ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʫʧʨʘʚʣʷʶʱʝʛʦ ʮʠʬʨʦʚʦʛʦ ʘʚʪʦʤʘʪʘ ʂʀʍ-
ʬʠʣʴʪʨʘ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʥ ʫʧʨʘʚʣʷʝʪ ʟʘʛʨʫʟʢʦʡ ʯʠʩʝʣ ʚ      
8-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ 
ʧʘʨʘʣʣʝʣʴʥʳʡ ʢʦʜ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ Parallel 
To Serial), ʘ ʩ ʜʨʫʛʦʡ ï ʬʦʨʤʠʨʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʝʩ ʩʘʤʦʛʦ 
ʧʦʩʣʝʜʥʝʛʦ ʯʘʩʪʠʯʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩ ʫʯʝʪʦʤ ʣʘʪʝʥʪʥʦʩʪʠ 
ʧʝʨʝʜ ʧʦʩʣʝʜʥʠʤ ʩʫʤʤʠʨʦʚʘʥʠʝʤ. 

ʉ ʚʳʭʦʜʦʚ ʣʠʥʠʡ ʟʘʜʝʨʞʝʢ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʙʣʦʢʦʚ Shift Taps (ʥʘ ʦʩʥʦʚʝ ʆɿʋ) ʩ ʜʠʩʪʘʥʮʠʝʡ 8 ʩʥʠʤʘʝʪʩʷ 32 
ʦʪʚʦʜʘ. ɹʣʦʢʠ Shift Taps ʠʤʝʶʪ ʨʘʟʥʦʝ ʯʠʩʣʦ ʦʪʚʦʜʦʚ: 4 ʙʣʦʢʘ 
ʧʦ 4 ʠ 2 ʙʣʦʢʘ ʧʦ 8. ɺ ʩʫʤʤʝ ʧʦʣʫʯʘʝʪʩʷ 32 ʦʪʚʦʜʘ. ʇʦʵʪʦʤʫ 
ʜʣʷ ʪʘʢʦʛʦ ʬʠʣʴʪʨʘ ʠʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
ʜʦʣʞʝʥ ʙʳʪʴ ʢʨʘʪʝʥ 8. 

ʀʟ-ʟʘ ʪʦʛʦ ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʬʠʣʴʪʨ ʠʤʝʝʪ 33 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʮʝʥʪʨʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ, ʘ ʬʠʣʴʪʨ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ 
ʧʦʩʪʨʦʝʥ ʥʘ 4- ʠ 8-ʚʭʦʜʦʚʳʭ LUT, ʪʦ 33 ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
ʞʝʨʪʚʫʶʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʩʪʘʶʪ ʙʳʪʴ 
ʩʠʤʤʝʪʨʠʯʥʳʤʠ, ʥʦ ʯʠʩʣʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʯʝʪʥʳʤ. 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ 
ʧʨʠʝʤʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʩʫʤʤʘʪʦʨʦʚ ʥʘ ʚʭʦʜʘʭ LUT. 

ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʩʦ 
ʩʪʨʫʢʪʫʨʦʡ 8 ʦʪʚʦʜʦʚ 8 ʙʠʪ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ (ʚʭʦʜʥʘʷ ʧʝʨʝʤʝʥʥʘʷ )(nxk

 8-ʨʘʟʨʷʜʥʘʷ): 

 
7

7

6

6

5

5

4

4

3

3

2

2

1

10 2222222 Ö-++++Ö+Ö+= PPPPPPPPy . 

,

...

777667557

4473372271170077

771661551

4413312211110011

770660550

4403302201100000

CXCXCX

CXCXCXCXCXP

CXCXCX

CXCXCXCXCXP

CXCXCX

CXCXCXCXCXP

+++

+++++=

+++

+++++=

+++

+++++=

. 



 

 197 

ʛʜʝ -3210 ,,, PPPP  ʯʘʩʪʠʯʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. ɼʣʷ ʬʠʣʴʪʨʘ ʩ 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʘ ʧʨʠʤʝʨʝ 
0P : 

.)()(

)()(

3403025020

16010070000

CXXCXX

CXXCXXP

++++

++++=
 

ʅʘ ʨʠʩ. 4.34ʘ ʧʦʢʘʟʘʥʳ ʧʨʝʩʫʤʤʘʪʦʨʳ ʥʘ ʚʭʦʜʘʭ LUT 
ʜʣʷ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 16 ʦʪʚʦʜʦʚ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 
ʘʨʠʬʤʝʪʠʢʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ 8 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 
ʧʨʝʩʫʤʤʘʪʦʨʦʚ ʥʘ ʚʭʦʜʘʭ ʜʚʫʭ 4-ʚʭʦʜʦʚʳʭ LUT. ʃʠʥʠʷ 
ʟʘʜʝʨʞʢʠ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʙʣʦʢʘʭ ʜʚʫʭʧʦʨʪʦʚʦʡ ʧʘʤʷʪʠ.  

ʅʘ ʨʠʩ. 4.34ʙ ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘʢʦʛʦ ʞʝ ʬʠʣʴʪʨʘ, 
ʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʞʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ. ʀʤʠʪʘʮʠʦʥʥʘʷ 
ʤʦʜʝʣʴ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 32 ʦʪʚʦʜʘ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 4.31, 
ʠʤʝʝʪ ʩʭʦʞʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʂʀʍ-ʬʠʣʴʪʨʦʤ ʥʘ 16 ʦʪʚʦʜʦʚ        
ʥʘ ʨʠʩ. 4.34ʙ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 32 ʦʪʚʦʜʘ 

4-ʚʭʦʜʦʚʳʝ LUT ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʤʙʠʥʘʮʠʡ 

ʩʫʤʤ ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ:  

,33221100 aCaʉaʉaCq +++=  

ʘ 8-ʚʭʦʜʦʚʳʝ ʧʦ ʬʦʨʤʫʣʝ: 

7766554433221100 aCaCaCaʉaCaʉaʉaCq +++++++= . 

ɺʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʪʳʨʝ 4-ʚʭʦʜʦʚʳʭ LUT ʠ ʜʚʘ        

8-ʚʭʦʜʦʚʳʭ LUT, ʪ.ʝ. 6 LUT c ʯʠʩʣʦʤ ʚʭʦʜʦʚ 32. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʜʠʥ 4-ʚʭʦʜʦʚʦʡ LUT ʩ ʤʘʩʰʪʘʙʠʨʫʶʱʠʤ 

ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʂʀʍ-ʬʠʣʴʪʨ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ 4 ʦʪʚʦʜʘ 8 ʙʠʪ. 

LUT ʠʤʝʶʪ ʨʘʟʥʫʶ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʩʫʤʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ñʂʨʘʷò ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʝʶʪ 

ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʨʘʩʩʤʦʪʨʠʤ ʣʝʚʫʶ 

ʧʦʣʦʚʠʥʫ ʦʪ ʮʝʥʪʨʘ 155, 177, 140, 29 ʠ ï146, ï352, ï526, ï594, 

ʧʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʝ 4-ʚʭʦʜʦʚʳʝ LUT ʩ 

ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʤʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 9 ʠ 13 ʙʠʪ.  
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ʘ)  

ʙ) 

ʈʠʩ. 4.34. ʂʀʍ-ʬʠʣʴʪʨʘ ʥʘ 16 ʦʪʚʦʜʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʝ:  

ʘ) ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʧʨʝʩʫʤʤʘʪʦʨʳ ʥʘ ʚʭʦʜʘʭ LUT; ʙ) ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ 

 

1
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ɹʣʠʞʝ ʢ ʮʝʥʪʨʫ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʶʪʩʷ         

8-ʚʭʦʜʦʚʳʝ LUT ʩ ʪʦʯʥʦʩʪʴ ʁ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʤʤʳ 

ʢʦɻʬʬʠʮʠʝʥʪʦʚ 17 ʙʠʪ: ï479, ï131, 464, 1270, 2203, 3138, 3938, 

4478. ɺʝʨʰʠʥʘ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 4671. ʇʦ ʪʘʢʦʤʫ 

ʞʝ ʧʨʠʥʮʠʧʫ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʧʨʘʚʘʷ ʧʦʣʦʚʠʥʘ ʠʤʧʫʣʴʩʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʘʧʦʣʥʝʥʠʝ LUT ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʤʙʠʥʘʮʠʡ 

ʩʫʤʤ ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ. 4.1. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʢʨʘʡʥʠʝ ʣʝʚʳʝ ʠ 

ʧʨʘʚʳʝ ʩʫʤʤʳ ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʩ ʪʦʯʥʦʩʪʴʶ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʤʤ 11 ʨʘʟʨʷʜʦʚ, ʟʘʪʝʤ ʙʦʣʝʝ ʩʪʘʨʰʠʝ ʣʝʚʳʝ ʠ 

ʧʨʘʚʳʝ ʩʫʤʤʳ ʩ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 13 ʨʘʟʨʷʜʦʚ, ʟʘʪʝʤ 

ʮʝʥʪʨʘʣʴʥʳʝ ʩʫʤʤʳ ʩ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 17 ʙʠʪ.  

ʅʘ ʨʠʩ. 4.35 ʧʦʢʘʟʘʥʦ ʩʫʤʤʠʨʦʚʘʥʠʝ ʚʩʝʭ ʩʫʤʤ 

ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʩ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʘ 20 ʙʠʪ. 

ʅʘ ʨʠʩ. 4.36 ʧʦʢʘʟʘʥ ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʘʢʢʫʤʫʣʷʪʦʨ 

ʂʀʍ-ʬʠʣʴʪʨʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ XOR (ʀʩʢʣʶʯʘʶʱʝʝ 

ʀʃʀ) ʩʦʚʤʝʩʪʥʦ ʩ ʙʣʦʢʦʤ Adder ʬʦʨʤʠʨʫʶʪ ʜʦʧʦʣʥʝʥʠʝ ʜʦ 

ʜʚʫʭ ʧʫʪʝʤ ʧʨʠʙʘʚʣʝʥʠʷ 1 ʢ ʨʝʟʫʣʴʪʘʪʫ ʦʙʨʘʱʝʥʠʷ. ɺʝʥʪʠʣʴ 

ʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʠʥʚʝʨʩʠʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʙʣʦʢʦʤ Pattern (ʩʠʛʥʘʣ clr ʤʘʩʰʪʘʙʠʨʫʶʱʝʛʦ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ 13 ʪʘʢʪʦʚ ʩʠʥʭʨʦʯʘʩʪʦʪʳ).  

ʇʨʠʙʘʚʣʝʥʠʝ 1 ʢ ʨʝʟʫʣʴʪʘʪʫ ʦʙʨʘʱʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʠʮʳ ʥʘ ʚʭʦʜʝ ʧʝʨʝʥʦʩʘ inc               

21-ʨʘʟʨʷʜʥʦʛʦ ʩʫʤʤʘʪʦʨʘ. ʄɿʈ ʨʝʟʫʣʴʪʘʪʘ ʩʫʤʤʠʨʦʚʘʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ Extract Bit, 

ʧʦʩʪʫʧʘʝʪ ʚ ʙʣʦʢ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʰʠʥʳ (ʦʜʥʦʨʘʟʨʷʜʥʳʡ ʩʠʛʥʘʣ) ʚ 

ʧʘʨʘʣʣʝʣʴʥʫʶ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ Serial to Parallel (8-ʨʘʟʨʷʜʥʳʡ 

ʨʝʛʠʩʪʨ). 
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ʊʘʙʣʠʮʘ 4.1 

ɿʘʧʦʣʥʝʥʠʝ LUT ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʤʙʠʥʘʮʠʡ ʩʫʤʤ ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ 

ʉʠʤʚʦʣ ʅʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ 

1 2 

 
ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ  

4-LUT c ʠʤʝʥʝʤ Bit Level Sum of 

Product 

 

 
ɺʘʨʠʘʥʪ ʟʘʧʦʣʥʝʥʠʷ 4-LUT: 4 ʢʦʵʬʬʠʮʠʝʥʪʘ, ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ 9 ʙʠʪ; ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 155, 177, 140, 

29; ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʤʤ ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ 

11 ʙʠʪ 
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1 2 

 
ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 

 4-LUT c ʠʤʝʥʝʤ Bit Level Sum of 

Product4 

 

 
ɺʘʨʠʘʥʪ ʟʘʧʦʣʥʝʥʠʷ 4-LUT: 4 ʢʦʵʬʬʠʮʠʝʥʪʘ, ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ 11 ʙʠʪ; ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: ï146, ï352,  

ï526, ï594; ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʤʤ ʯʘʩʪʠʯʥʳʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ 13 ʙʠʪ 
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ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ  

8-LUT c ʠʤʝʥʝʤ Bit Level Sum of 

Product1 

 
ɺʘʨʠʘʥʪ ʟʘʧʦʣʥʝʥʠʷ 8-LUT: 8 ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ 14 ʙʠʪ; ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

ï479, ï131, 464, 1270, 2203, 3138, 3938, 4478; ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʤʤ ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ 17 ʙʠʪ 
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ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ  

8-LUT c ʠʤʝʥʝʤ Bit Level Sum of 

Product2 

  
ɺʘʨʠʘʥʪ ʟʘʧʦʣʥʝʥʠʷ 8-LUT: 8 ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ 14 ʙʠʪ; ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

4671, 4478, 3938, 3138, 2203, 1270, 464, ï131; ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʤʤ ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ 17 ʙʠʪ 
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ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ  

4-LUT c ʠʤʝʥʝʤ Bit Level Sum of 

Product5 

 

 
ɺʘʨʠʘʥʪ ʟʘʧʦʣʥʝʥʠʷ 4-LUT: 4 ʢʦʵʬʬʠʮʠʝʥʪʘ, ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ 11 ʙʠʪ; ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: ï479, ï594,  

ï526, ï352; ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʤʤ ʯʘʩʪʠʯʥʳʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ 13 ʙʠʪ 
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ʋʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ  

4-LUT c ʠʤʝʥʝʤ Bit Level Sum of 

Product6 

  
ɺʘʨʠʘʥʪ ʟʘʧʦʣʥʝʥʠʷ 4-LUT: 4 ʢʦʵʬʬʠʮʠʝʥʪʘ, ʪʦʯʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ 9 ʙʠʪ; ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

ï146, 29, 140, 177; ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʤʤ ʯʘʩʪʠʯʥʳʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ 11 ʙʠʪ 
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ɺ ʥʘʩʪʨʦʡʢʘʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ 
Serial to Parallel ʟʘʜʘʝʪʩʷ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʯʠʩʝʣ ʧʦʩʣʝ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʜʘ ʚ ʧʘʨʘʣʣʝʣʴʥʳʡ ï 
ʮʝʣʳʝ ʜʝʩʷʪʠʯʥʳʝ ʯʠʩʣʘ ʙʝʟ ʟʥʘʢʘ ʠ ʪʦ, ʯʪʦ ʧʝʨʚʳʡ ʚʭʦʜʷʱʠʡ 
ʙʠʪ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʄɿʈ ʚ ʬʦʨʤʠʨʫʝʤʦʤ 8-ʨʘʟʨʷʜʥʦʤ 
ʩʣʦʚʝ. 

ʉʘʤ ʞʝ 21-ʨʘʟʨʷʜʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʫʤʤʠʨʦʚʘʥʠʷ (20:0) 
ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʪʘʢʪ ʠ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ ʩ 
ʦʙʦʟʥʘʯʝʥʠʝʤ Shift by Two ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʙʨʘʩʳʚʘʥʠʝ ʄɿʈ, 
ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʯʘʩʪʠʯʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ. 
ɼʘʣʝʝ 20-ʨʘʟʨʷʜʥʳʡ ʩʠʛʥʘʣ (20:1) ʧʦʩʪʫʧʘʝʪ ʧʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 
ʥʘ ʦʜʠʥ ʠʟ ʚʭʦʜʦʚ ʩʫʤʤʘʪʦʨʘ (ʚʭʦʜ ʘ) ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨ 
ʫʧʨʘʚʣʷʝʤʳʡ ʩʠʛʥʘʣʦʤ clr. ʇʨʠ ʵʪʦʤ ʦʙʲʝʜʠʥʷʶʪ ʩʪʘʨʰʠʝ 
ʨʘʟʨʷʜʳ a(19:0) ʠ ʤʣʘʜʰʠʝ b(7:0) ʚ 28-ʨʘʟʨʷʜʥʳʡ ʩʠʛʥʘʣ ʩ 
ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʚʳʧʦʣʥʷʶʱʝʛʦ ʬʫʥʢʮʠʶ ʢʦʥʢʘʪʝʥʘʮʠʠ. 

ɼʘʣʝʝ 28-ʨʘʟʨʷʜʥʳʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʚ ʙʣʦʢ 
ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʪʨʝʙʫʝʤʦʡ ʜʣʷ 
ʥʘʩ ʦʙʣʘʩʪʠ (Round AlteraBlockset). ʅʘʟʦʚʝʤ ʪʘʢʫʶ ʦʧʝʨʘʮʠʶ 
ñʦʢʨʫʛʣʝʥʠʝò. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ ʢʘʢ ʨʘʙʦʪʘʝʪ ʵʪʦʪ 
ʙʣʦʢ, ʩʧʝʮʠʘʣʴʥʦ ʜʦʙʘʚʠʤ ʚ ʤʦʜʝʣʴ ʩʠʛʥʘʣ ʠʤʠʪʠʨʫʶʱʠʡ 
ʧʨʦʭʦʞʜʝʥʠʝ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʬʠʣʴʪʨʘ, ʥʦ 
ʟʘʨʘʥʝʝ ʥʫʞʥʦ ʦʙʛʦʚʦʨʠʪʴ ʩʠʪʫʘʮʠʶ, ʯʪʦ ʦʪʤʘʩʰʪʘʙʠʨʦʚʘʥʥʳʝ 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʤʳ ʥʝ ʫʚʠʜʠʤ. ʕʪʘ ʩʠʪʫʘʮʠʷ 
ʙʫʜʝʪ ʧʦʷʩʥʝʥʘ ʥʠʞʝ. 

ɼʘʥʥʳʡ ʙʣʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʪʙʨʘʩʳʚʘʥʠʝ 17 ʤʣʘʜʰʠʭ 
ʨʘʟʨʷʜʦʚ (16:0) ʠ ʩʦʭʨʘʥʷʝʪ ʩʪʘʨʰʠʝ 11 ʨʘʟʨʷʜʦʚ ʩʠʛʥʘʣʘ 
(27:17). ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʙʫʜʝʪ ʨʘʚʥʦʩʠʣʴʥʘ ʫʯʝʪʫ ʪʦʛʦ, ʯʪʦ 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʂʀʍ-ʬʠʣʴʪʨʘ ʧʦʜʚʝʨʛʣʠʩʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ. 
ʅʘ ʨʠʩ. 4.37 ʧʦʢʘʟʘʥʦ ʯʠʩʣʦ ï18674 ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ. 
ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʦʪʙʨʘʩʳʚʘʝʤʳʝ 17 ʤʣʘʜʰʠʭ 
ʨʘʟʨʷʜʦʚ, ʘ ʟʝʣʝʥʳʤ ʚʳʜʝʣʝʥʳ ʦʩʪʘʚʰʠʝʩʷ 11 ʩʪʘʨʰʠʭ. ɺʠʜʠʤ, 
ʯʪʦ ʵʪʦ ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ ï1. ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ 
ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʟʘʰʫʤʣʝʥʥʳʡ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ.        
ʅʘ ʨʠʩ. 4.38 ʧʦʢʘʟʘʥʦ ʫʜʘʣʝʥʠʝ ʰʫʤʘ ʠʟ ʩʠʛʥʘʣʘ ʩ ʧʦʤʦʱʴʶ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʂʀʍ-ʬʠʣʴʪʨʘ. 
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