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1 ɺʚʝʜʝʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʤʠʢʨʦʩʭʝʤʳ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʂ1879ɺʄ5ʗ 

ʄʠʢʨʦʩʭʝʤʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʂ1879ɺʄ5ʗ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ï ʧʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ.  

 

1.1 ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʦʚ ʩʝʤʝʡʩʪʚʘ NeuroMatrixÈ 

ʇʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʩʝʤʝʡʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ ʩʝʤʝʡʩʪʚʘ NeuroMatrixÈ ɿɸʆ ʅʊʎ "ʄʦʜʫʣʴ": ʃ1879ɺʄ1(NM6403), 

1879ɺʄ2 (NM6404) ʠ 1879ɺʄ4ʗ (NM6405). ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʚʝʢʪʦʨʥʦ-ʢʦʥʚʝʡʝʨʥʳʭ DSP. ʀʭ ʦʪʣʠʯʘʝʪ ʚʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʟʘʜʘʯʘʭ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʘʧʧʘʨʘʪʥʳʭ ʟʘʪʨʘʪʘʭ ʠ ʤʘʣʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʧʠʪʘʥʠʷ. 

ʇʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʤʘʪʨʠʯʥʦ-

ʚʝʢʪʦʨʥʳʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ, ʠʤʝʶʱʠʡ ʦʨʠʛʠʥʘʣʴʥʫʶ RISC-ʘʨʭʠʪʝʢʪʫʨʫ ʩ 

ʵʣʝʤʝʥʪʘʤʠ VLIW  (Very Long Instruction Word), SIMD (Single Instruction Multiple 

Data) ʠ ʩʫʧʝʨʩʢʘʣʷʨʘ. ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ 

ʷʚʣʷʶʪʩʷ: 

¶ ɸʧʧʘʨʘʪʥʘʷ ʧʦʜʜʝʨʞʢʘ ʤʘʪʨʠʯʥʳʭ ʠ ʚʝʢʪʦʨʥʳʭ ʦʧʝʨʘʮʠʡ, ʚʢʣʶʯʘʶʱʘʷ ʚ 
ʩʝʙʷ: 

o ɺʳʧʦʣʥʝʥʠʝ ʜʚʫʭʚʝʢʪʦʨʥʦʡ ɸʃʋ-ʦʧʝʨʘʮʠʠ ʟʘ ʦʜʠʥ ʧʨʦʮʝʩʩʦʨʥʳʡ 

ʪʘʢʪ. 

o ʋʤʥʦʞʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʨʫʞʝʥʥʦʡ ʤʘʪʨʠʮʳ ʜʘʥʥʳʭ (ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ) ʥʘ ʚʝʢʪʦʨ ʜʘʥʥʳʭ ʟʘ ʦʜʠʥ ʧʨʦʮʝʩʩʦʨʥʳʡ ʪʘʢʪ. ɼʘʥʥʘʷ 

ʙʘʟʦʚʘʷ ʦʧʝʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ 

ʫʤʥʦʞʝʥʠʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ (MAC), ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʜʦʣʶ ʦʜʥʦʡ 

ʦʧʝʨʘʮʠʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ. 

o ɺʳʧʦʣʥʝʥʠʝ ʥʘ ʧʨʦʭʦʜʝ ʬʫʥʢʮʠʠ ʥʘʩʳʱʝʥʠʷ ʥʘʜ ʵʣʝʤʝʥʪʘʤʠ ʚʝʢʪʦʨʦʚ 

ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʝʧʦʣʥʝʥʠʷ ʧʨʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ. 

o ɺʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʢʪʦʨʝ ʠ ʜʘʞʝ ʦʪʜʝʣʴʥʳʭ ʨʘʟʨʷʜʦʚ ʚ ʣʶʙʦʤ ʵʣʝʤʝʥʪʝ 

ʚʝʢʪʦʨʘ ʟʘ ʦʜʠʥ ʧʨʦʮʝʩʩʦʨʥʳʡ ʪʘʢʪ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘʜ ʚʝʢʪʦʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ 

ʩʦʙʦʡ 64-ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ, ʚ ʢʦʪʦʨʳʭ ʫʧʘʢʦʚʘʥʳ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ. 

¶ ʇʨʦʛʨʘʤʤʥʘʷ ʥʘʩʪʨʦʡʢʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʝʢʪʦʨʘʤʠ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʪʨʝʙʫʝʤʦʡ 
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18061-4 
 

21.05.12 18061-3   

 

ʨʘʟʨʷʜʥʦʩʪʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʢʪʦʨʝ ʠ ʠʭ 

ʨʘʟʨʷʜʥʦʩʪʴ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 64. 

ɽʜʠʥʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʨʘʟʨʷʜʥʦʩʪʴ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʢʘʞʜʦʛʦ ʚʝʢʪʦʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 64 ʙʠʪ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ 

ʧʦʟʚʦʣʷʝʪ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʟʘʜʘʯʠ ʚʘʨʴʠʨʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ/ʪʦʯʥʦʩʪʴ - ʧʦʚʳʰʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʨʘ ʟʘ 

ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ, ʥʘʦʙʦʨʦʪ, ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

¶ ʄʥʦʛʦʪʘʢʪʦʚʳʡ ʭʘʨʘʢʪʝʨ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʩʧʝʮʠʘʣʴʥʦʝ 
ʧʦʣʝ, ʟʘʜʘʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʝʥʠʡ ʠʭ ʚʳʧʦʣʥʝʥʠʷ (ʦʪ 1 ʜʦ 32). ʊʘʢʦʝ 

ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʘʧʧʘʨʘʪʥʦ ʧʦʜʜʝʨʞʘʪʴ ʢʦʨʦʪʢʠʝ ʮʠʢʣʳ ʠ ʫʚʝʣʠʯʠʪʴ 

ʧʣʦʪʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. ʅʘʧʨʠʤʝʨ, ʦʜʥʦʡ ʢʦʤʘʥʜʦʡ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ 

ʦʧʝʨʘʮʠʶ ʧʝʨʝʤʥʦʞʝʥʠʷ ʜʚʫʭ ʤʘʪʨʠʮ ʜʘʥʥʳʭ. 

ʉʦʭʨʘʥʷʷ ʧʨʦʛʨʘʤʤʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʠ ʠʭ ʦʩʥʦʚʥʳʝ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʪʣʠʯʠʷ: 

o ʇʦʚʳʰʝʥʘ ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ ʧʨʦʮʝʩʩʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʚʝʡʝʨʘ. 

o ʇʦʚʳʰʝʥʘ ʨʝʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʷʜʨʘ ʚ 3 ï 5 ʨʘʟ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʟʘ ʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ: 

o ʆʙʝʩʧʝʯʝʥʠʝ ʟʘʛʨʫʟʢʠ ʤʘʪʨʠʮʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʚʝʢʪʦʨʥʳʡ 
ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʟʝʣ ʚ ʪʝʤʧʝ ʦʜʠʥ ʚʝʢʪʦʨ ʟʘ ʦʜʠʥ ʧʨʦʮʝʩʩʦʨʥʳʡ ʪʘʢʪ. 

o ʆʙʝʩʧʝʯʝʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʜʦ ʚʦʩʴʤʠ ʦʧʝʨʘʮʠʡ 

ʚʚʦʜʘ/ʚʳʚʦʜʘ ʟʘ ʦʜʠʥ ʧʨʦʮʝʩʩʦʨʥʳʡ ʪʘʢʪ. 

o ɺʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʘʧʧʘʨʘʪʥʦʡ ʚʝʨʰʠʥʳ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ ʩ ʮʝʣʴʶ 
ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʦʟʚʨʘʪʘ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ (ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ 

ʧʨʝʨʚrʘʥʠʷ). 

o ʆʙʝʩʧʝʯʝʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʜʝʨʞʠʤʦʛʦ ʘʜʨʝʩʥʦʛʦ ʨʝʛʠʩʪʨʘ ʚ ʧʝʨʚʦʤ 
ʪʘʢʪʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʥʦʛʦʪʘʢʪʥʳʭ ʢʦʤʘʥʜ ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʥʘʯʘʣʦ ʚʳʧʦʣʥʝʥʠʷ ʦʯʝʨʝʜʥʦʡ ʢʦʤʘʥʜʳ, 

ʠʩʧʦʣʴʟʫʶʱʝʡ ʩʦʜʝʨʞʠʤʦʝ ʜʘʥʥʦʛʦ ʘʜʨʝʩʥʦʛʦ ʨʝʛʠʩʪʨʘ. 

o ɺʚʝʜʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʯʝʨʝʜʝʡ ʚ ʢʦʥʚʝʡʝʨ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ ʩ 

ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʙʘʥʢʘʤʠ ʩʠʥʭʨʦʥʥʦʡ ʧʘʤʷʪʠ, ʠʤʝʶɦ ʠʤʠ ʨʘʟʣʠʯʥʫʶ ʛʣʫʙʠʥʫ 

ʢʦʥʚʝʡʝʨʘ. 

o ʋʤʝʥʴʰʝʥʘ ʘʧʧʘʨʘʪʥʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʜʠʥʦʛʦ ʘʜʨʝʩʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʘʥʜ ʚʚʦʜʘ/ʚʳʚʦʜʘ. 

o ʋʚʝʣʠʯʝʥ ʜʦ 4 ʄʙʠʪ ʦʙʲʝʤ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ. 
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ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ (ʮʠʬʨʦʚʘʷ 

ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ, ʵʤʫʣʷʮʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʪ.ʜ.). 

1.2 ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʘʟʥʘʯʝʥʠʝ ʧʨʦʮʝʩʩʦʨʘ 

ʇʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʚʝʢʪʦʨʥʦ-

ʤʘʪʨʠʯʥʳʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʩ ʦʨʠʛʠʥʘʣʴʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʫʧʝʨʩʢʘʣʷʨʥʦʡ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʩʚʝʨʭʙʦʣʴʰʠʤʠ ʩʣʦʚʘʤʠ ʢʦʤʘʥʜ. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʟʣʘ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʠʥʪʝʥʩʠʚʥʦ ʧʨʠʤʝʥʷʶʱʠʭ ʮʠʬʨʦʚʫʶ ʦʙʨʘʙʦʪʢʫ 

ʩʠʛʥʘʣʦʚ. ɽʛʦ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ, 

ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʚʳʯʠʩʣʝʥʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ɸʜʘʤʘʨʘ ʠ ʧʨʦʯʠʭ, ʮʠʬʨʦʚʫʶ ʬʠʣʴʪʨʘʮʠʶ, ʮʠʬʨʦʚʫʶ 

ʢʦʤʤʫʪʘʮʠʶ. ʂ1879ɺʄ5ʗ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

1.2.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʦʨʘ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ: 

¶ ʌʦʨʤʘʪ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ï 32-ʨʘʟʨʷʜʥʳʝ ʩʢʘʣʷʨʥʳʝ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ 

ʚʝʢʪʦʨʘ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʨʘʟʨʷʜʥʦʩʪʠ ʦʪ 1 ʜʦ 64 ʨʘʟʨʷʜʦʚ, 

ʫʧʘʢʦʚʘʥʥʳʝ ʚ 64-ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ.  

¶ ʂʦʤʘʥʜʳ ʨʘʟʤʝʨʦʤ 32-ʨʘʟʨʷʜʘ ʠ 64-ʨʘʟʨʷʜʘ. ʂʘʞʜʘʷ ʢʦʤʘʥʜʘ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ. 

¶ ɸʜʨʝʩʫʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ï 4ɻ 32-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ (16 ɻʙʘʡʪ). 

¶ ɸʧʧʘʨʘʪʥʘʷ ʧʦʜʜʝʨʞʢʘ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘ ʤʘʪʨʠʮʫ ʠ ʤʘʪʨʠʮʳ 

ʥʘ ʤʘʪʨʠʮʫ. 

¶ ɸʧʧʘʨʘʪʥʘʷ ʧʦʜʜʝʨʞʢʘ ʬʫʥʢʮʠʠ ʥʘʩʳʱʝʥʠʷ. 

¶ ɽʜʠʥʳʡ ʧʦʪʦʢ ʢʦʤʘʥʜ ʜʣʷ ʟʘʜʘʥʠʷ ʚʝʢʪʦʨʥʳʭ ʠ ʩʢʘʣʷʨʥʳʭ ʦʧʝʨʘʮʠʡ, 

ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ. 

¶ ʄʥʦʛʦʪʘʢʪʦʚʳʝ ʚʝʢʪʦʨʥʳʝ ʢʦʤʘʥʜʳ (ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʜʦ 5-ʪʠ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ). 

¶ ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʜʦ 8-ʤʠ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʟʘ ʦʜʠʥ 

ʧʨʦʮʝʩʩʦʨʥʳʡ ʪʘʢʪ. 

¶ ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ çʫʤʥʦʞʝʥʠʝ ʩ ʥʘʢʦʧʣʝʥʠʝʤè, 

ʚʳʧʦʣʥʷʝʤʳʭ ʟʘ ʦʜʠʥ ʪʘʢʪ) 

 - 2 ʄɸʉ ʜʣʷ 32-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ, 
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 - 4 ʄɸʉ ʜʣʷ 16-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ, 

 - 24 ʄɸʉ ʜʣʷ 8-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ, 

 - 80 ʄɸʉ ʜʣʷ 4-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ, 

 - 224 ʄɸʉ ʜʣʷ 2-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ. 

¶ ʏʝʪʳʨʝ ʜʚʫʭʧʦʨʪʦʚʳʭ ʙʘʥʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʦʙʲʸʤʦʤ 16ʂ*64 ʙʠʪ (32ʂ*32 

ʙʠʪ) ʢʘʞʜʳʡ. 

¶ ʂʵ-h ʧʘʤʷʪʴ ʢʦʤʘʥʜ ʦʙʲʸʤʦʤ 1ʂ*64 ʙʠʪ. 

¶ ɼʚʝ ʚʥʝʰʥʠʭ 64-ʨʘʟʨʷʜʥʳʭ ʰʠʥʳ ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ ʜʦ 125 ʄɻʮ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʚ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʤ ʨʝʞʠʤʝ. 

¶ ɼʚʘ ʩʠʥʭʨʦʥʥʳʭ ʙʘʡʪʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʘ ʩ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʦ 160 ʄʙʘʡʪ/ʩ ʢʘʞʜʳʡ. 

¶ JTAG- ʧʦʨʪ ʜʣʷ ʦʪʣʘʜʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

¶ ɹʣʦʢ ʇɼʇ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ 
ʧʘʤʷʪʴʶ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʧʦʨʪʘʤʠ ʠ 

ʚʥʝʰʥʝʡ/ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʴʶ. 

¶ ɺʦʩʝʤʴ ʙʠʪʦʚʳʭ ʧʦʨʪʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

¶ ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ï 0.09 ʤʢʤ ʂʄʆʇ. 

¶ ʊʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʘï ʜʦ 320 ʄɻʮ. 

ʅʘʣʠʯʠʝ ʫ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ ʜʚʫʭ 64- ʨʘʟʨʷʜʥʳʭ ʚʥʝʰʥʠʭ ʰʠʥ ʩ ʚʩʪʨʦʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʦʡ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʜʚʫʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘ ʝʛʦ ʙʘʟʝ ʩʪʨʦʠʪʴ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʝʟ ʙʦʣʴʰʠʭ ʘʧʧʘʨʘʪʥʳʭ ʟʘʪʨʘʪ. 

1.2.2 ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ 

ʇʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʮʠʬʨʦʚʦʛʦ ʧʨʦʮʝʩʩʦʨʘ 

ʩʠʛʥʘʣʦʚ ʚ ʦʜʥʦ-  ʠ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʤ ʨʝʞʠʤʝ. ʊʘʢʞʝ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʧʨʦʮʝʩʩʦʨʘ ʜʣʷ ʚʝʢʪʦʨʥʦ- ʤʘʪʨʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʢʦʤʧʣʝʢʩʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʚʝʜʫʱʝʛʦ ʧʨʦʮʝʩʩʦʨʘ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠʣʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ.  

ʍʘʨʘʢʪʝʨʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ ʷʚʣʷʶʪʩʷ: 

¶ ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʚʢʣʶʯʘʷ, ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʬʠʣʴʪʨʘʮʠʠ ʠ MPEG 
ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ. 

¶ ʆʙʨʘʙʦʪʢʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ɸʜʘʤʘʨʘ ʠ ʧʨʦʯʝʝ. 

¶ ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ ʢʦʤʤʫʪʘʮʠʷ ʩʠʛʥʘʣʦʚ. 
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1.3 ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʦʢ 1-1.  
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1.3.1 ʆʩʥʦʚʥʳʝ ʫʟʣʳ ʧʨʦʮʝʩʩʦʨʘ 

ʇʨʦʮʝʩʩʦʨ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ: 

PROCESSOR CORE ï ʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: 

RISC- ʷʜʨʘ (RISC), ʚʳʧʦʣʥʷʶʱʝʛʦ ʩʢʘʣʷʨʥʳʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ, ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ 

ʠ ʦʧʝʨʘʮʠʠ ʩʜʚʠʛʘ ʥʘʜ 32-ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ, ʬʦʨʤʠʨʫʶʱʝʛʦ ʦʧʝʨʘʮʠʠ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʦʤ ʢʦʤʘʥʜ, ʠ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ (VECTOR 

COPROCESSOR), ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʠ ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ 64-

ʨʘʟʨʷʜʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʣʴʥʦʡ ʨʘʟʨʷʜʥʦʩʪʠ. ʆʙʤʝʥ ʧʨʦʮʝʩʩʦʨʥʦʛʦ 

ʷʜʨʘ ʩ ʚʥʝʰʥʠʤ ʤʠʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʰʝʩʪʠ 64-ʨʘʟʨʷʜʥʳʭ ʰʠʥ: ʢʦʤʘʥʜ 

(IB), ʩʢʘʣʷʨʥʳʭ ʜʘʥʥʳʭ (SDB), ʚʝʢʪʦʨʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ (VDIB), ʚʝʩʦʚ (WB), 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʝʢʪʦʨʥʦʛʦ ʨʝʛʠʩʪʨʘ (VRB) ʠ ʚʝʢʪʦʨʥʳʭ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 

(VDOB). 

AGU (Address Generator Unit ) ï ʙʣʦʢ ʘʜʨʝʩʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ 

ʟʘʧʨʦʩ ʥʘ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʧʘʤʷʪʴʶ ʦʪ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ (ʥʘʯʘʣʴʥʳʡ ʘʜʨʝʩ 

(ADDR), ʩʤʝʱʝʥʠʝ (BIAS), ʯʠʩʣʦ ʦʙʨʘʱʝʥʠʡ) ʠ ʟʘʪʝʤ ʩʘʤ ʬʦʨʤʠʨʫʝʪ ʘʜʨʝʩʘ, 

ʦʩʚʦʙʦʞʜʘʷ ʦʪ ʵʪʦʛʦ ʧʨʦʮʝʩʩʦʨ. ɹʣʘʛʦʜʘʨʷ 6 ʰʠʥʘʤ ʷʜʨʘ NMC ʠ ʥʘʣʠʯʠʶ ʚ ʙʣʦʢʝ 6 

ʘʜʨʝʩʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʜʦ ʰʝʩʪʠ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ- 

ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʟʘ ʦʜʠʥ ʪʘʢʪ. ʂʨʦʤʝ ʪʦʛʦ, ʚ AGU ʠʤʝʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʘʜʨʝʩʘ ʢʦʤʘʥʜ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʧʨʝʜʚʳʙʦʨʢʫ ʢʦʤʘʥʜ ʩ ʧʦʤʦʱʴʶ ʘʜʨʝʩʥʦʡ 

ʰʠʥʳ IAB (Instruction Address Bus). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ, ʧʦ ʰʠʥʝ 

BIAS ʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʚʳʜʘʸʪ ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʜʚʳʙʦʨʢʘ ʢʦʤʘʥʜ ʧʦ ʥʦʚʦʤʫ ʘʜʨʝʩʫ. 

ICACHE  (Instruction  Cache) ï ʢʵʰ ʢʦʤʘʥʜ ʦʙʲʸʤʦʤ 1ʂ*64 ʨʘʟʨʷʜʘ. ʇʨʠ ʦʙʨʘʱʝʥʠʠ 

ʚʦ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʚʳʙʨʘʥʥʳʝ ʢʦʤʘʥʜʳ ʧʦ ʰʠʥʝ MEM_IB ʧʦʧʘʜʘʶʪ ʚ ʢʵʰ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʪʨʘʥʩʣʠʨʫʶʪʩʷ ʧʦ ʰʠʥʝ IB ʚ ʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ (PROCESSOR 

CORE). ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʦʙʨʘʱʝʥʠʠ ʧʦ ʪʦʤʫ ʞʝ ʘʜʨʝʩʫ ʢʦʤʘʥʜʳ ʙʫʜʫʪ ʚʳʙʠʨʘʪʴʩʷ ʠʟ 

ʢʵʰ ʧʦ ʰʠʥʝ IB, ʘ ʥʝ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. ʇʨʦʛʨʘʤʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʧʘʤʷʪʠ, ʥʝ ʢʵʰʠʨʫʶʪʩʷ. ʂʵʰ ʢʦʤʘʥʜ ʚ ʂ1879ɺʄ5ʗ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ 

ʩ ʧʨʦʛʨʘʤʤʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʠ ʦʩʚʦʙʦʜʠʪʴ ʧʨʦʛʨʘʤʤʠʩʪʘ ʦʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦ ʪʨʘʥʩʣʷʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʠʟ ʚʥʝʰʥʝʡ ʚʦ 

ʚʥʫʪʨʝʥʥʶʶ ʧʘʤʷʪʴ. 

LMI ʠ GMI ï ʜʚʘ ʠʜʝʥʪʠʯʥʳʭ 64-ʨʘʟʨʷʜʥʳʭ ʠʥʪʝʨʬʝʡʩʘ ʚʦ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ï 

ʣʦʢʘʣʴʥʫʶ ʠ ʛʣʦʙʘʣʴʥʫʶ. ʂʘʞʜʳʡ ʠʥʪʝʨʬʝʡʩ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ 

ʯʝʪʳʨʴʤʷ ʙʘʥʢʘʤʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʪʠʧʘ SRAM/SSRAM/SDRAM ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʦʙʱʝʡ ʧʘʤʷʪʴʶ ʩ ʜʨʫʛʠʤ ʧʨʦʮʝʩʩʦʨʦʤ. ʇʨʦʮʝʩʩʦʨ ʠʩʧʦʣʴʟʫʝʪ 32-

ʨʘʟʨʷʜʥʳʡ ʘʜʨʝʩ, ʧʨʠʯʸʤ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʧʘʤʷʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 32 ʠʣʠ 64 

ʨʘʟʨʷʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʫʧʥʦʝ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʚʥʦ 16 ɻʙʘʡʪ. ɽʩʣʠ 

ʩʪʘʨʰʠʡ ʨʘʟʨʷʜ ʘʜʨʝʩʘ ʨʘʚʝʥ ʥʫʣʶ, ʠʜʸʪ ʦʙʨʘʱʝʥʠʝ ʚ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ, ʝʩʣʠ ʨʘʚʝʥ 

ʝʜʠʥʠʮʝ ï ʚ ʛʣʦʙʘʣʴʥʫʶ. ʄʣʘʜʰʠʡ ʨʘʟʨʷʜ ʘʜʨʝʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʦʙʤʝʥʝ 

32-ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ. 
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SRAM (Static Random Access Memory) -  ʯʝʪʳʨʝ ʦʜʠʥʘʢʦʚr ʭ ʙʘʥʢʘ ʧʘʤʷʪʠ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʧʦʨʪʦʚʫʶ ʩʪʘʪʠʯʝʩʢʫʶ ʧʘʤʷʪʴ, ʠʤʝʶʱʫʶ 

ʦʨʛʘʥʠʟʘʮʠʶ 16ʂ x 64 ʙʠʪ, ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʭʨʘʥʝʥʠʷ 32- ʠ 

64-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʜʘʥʥʳʭ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʢʦʤʘʥʜ. ɺʩʝ ʙʘʥʢʠ ʧʘʤʷʪʠ ʨʘʙʦʪʘʶʪ 

ʢʘʢ ʧʩʝʚʜʦʜʚʫʭʧʦʨʪʦʚʳʝ ʩ ʨʘʩʩʣʦʝʥʠʝʤ ʧʦ ʤʣʘʜʰʠʤ ʘʜʨʝʩʘʤ ʧʘʤʷʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʜʦʩʪʫʧ ʢ ʧʘʤʷʪʠ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, ʪʘʢ 

ʠ ʩʦ ʩʪʦʨʦʥʳ ʢʘʥʘʣʦʚ ʇɼʇ.  ɼʚʘ ʙʘʥʢʘ ʧʘʤʷʪʠ ï LB0 ʠ LB1 ï ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ 

ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ, ʜʚʘ ʜʨʫʛʠʭ  ï GB0 ʠ GB1 - ʛʣʦʙʘʣʴʥʦʡ. 

CP0 ʠ CP1 ï ʜʚʘ ʙʘʡʪʦʚʳʭ ʩʠʥʭʨʦʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʜʣʷ 

ʤʝʞʧʨʦʮʝʩʩʦʨʥʦʛʦ ʦʙʤʝʥʘ ʪʠʧʘ ʪʦʯʢʘ- ʪʦʯʢʘ. 

DMA (Direct Memory Access) ï ʙʣʦʢ ʢʘʥʘʣʦʚ ʇɼʇ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʙʤʝʥ 64- 

ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʣʦʢʘʣʴʥʦʡ ʚʥʝʰʥʝʡ ʠ ʣʦʢʘʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʴʶ, 

ʤʝʞʜʫ ʛʣʦʙʘʣʴʥʦʡ ʚʥʝʰʥʝʡ ʠ ʛʣʦʙʘʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʴʶ, ʤʝʞʜʫ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʧʦʨʪʘʤʠ ʠ ʣʶʙʦʡ ʣʦʢʘʣʴʥʦʡ ʠʣʠ ʛʣʦʙʘʣʴʥʦʡ ʚʥʝʰʥʝʡ ʠʣʠ 

ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʴʶ. 

COMMUTATOR 6 - >5 ï ʢʦʤʤʫʪʘʪʦʨ ʰʠʥ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʡ ʜʠʥʘʤʠʯʝʩʢʠ 

ʩʚʷʟʘʪʴ ʦʜʥʫ ʠʟ ʰʠʥ ʜʘʥʥʳʭ ʙʘʥʢʦʚ ʚʥʫʪʨʝʥʥʝʡ ʠʣʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʩ ʦʜʥʦʡ ʠʟ 

ʰʝʩʪʠ ʚʥʫʪʨʝʥʥʠʭ: MEM_IB, SDB, VDIB, WB, VRB ʠ VDOB. 

PCR (Peripheral  Control  Register) ï ʨʝʛʠʩʪʨ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʠʬʝʨʠʝʡ. 

GPIO (Genaral Purpose Input /Output) ïʚʦʩʝʤʴ ʧʦʨʪʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

TIMER 0 ʠ TIMER 1 ï ʜʚʘ 32- ʨʘʟʨʷʜʥʳʭ  ʪʘʡʤʝʨʘ. 

INTERRUPT  ï ʢʦʥʪʨʦʣʣʝʨ ʚʥʝʰʥʠʭ ʧʨʝʨʳʚʘʥʠʡ. 

JTAG  ï ʠʥʪʝʨʬʝʡʩ ʩ 5-ʚʳʚʦʜʥʳʤ ʪʝʩʪʦʚʳʤ ʧʦʨʪʦʤ, ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʩʦʛʣʘʩʥʦ 

ʩʪʘʥʜʘʨʪʫ IEEE Std 1149.1- 1990, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʪʝʩʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʦʨ 

ʂ1879ɺʄ5ʗ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʟʘʢʦʥʯʝʥʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʤʦʜʫʣʷ. 

1.3.2 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʳʚʦʜʳ 

ʇʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʠʤʝʝʪ 261 ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʚʳʚʦʜ, ʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʦ ʚ ʊʘʙʣʠʮʘ 1-1. ɼʝʪʘʣʴʥʦ ʚʳʚʦʜʳ ʠʥʪʝʨʬʝʡʩʘ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʦʧʠʩʘʥʳ 

ʚ ʛʣʘʚʝ 7, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʦʚ - ʚ ʛʣʘʚʝ 9, ʧʦʨʪʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ï ʚ ʛʣʘʚʝ 10, JTAG- ʠʥʪʝʨʬʝʡʩʘ ï ʚ ʛʣʘʚʝ 11, ʪʘʡʤʝʨʦʚ ï ʚ ʛʣʘʚʝ 12. 
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ʊʘʙʣʠʮʘ 1-1 -  ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʳʚʦʜʳ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ 

ʆʙʦʟʥʘ- 

ʯʝʥʠʝ 1) 

ʂʦʣ- 

ʚʦ 

ʊʠʧ2) ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ 

ʀʥʪʝʨʬʝʡʩ ʩ ʛʣʦʙʘʣʴʥʦʡ ʰʠʥʦʡ (104 ʚʳʚʦʜʘ) 

GD0 é 

GD63 

64 I/O 
64- ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʜʘʥʥʳʭ 

GA1 é 

GA15  

15 I/O 
15 ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʦʚ ʰʠʥʳ ʘʜʨʝʩʘ 

GA16 é 

GA20  

5 O(Z) 
5 ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʦʚ ʰʠʥʳ ʘʜʨʝʩʘ 

GCSO0 ,

GCSO1 .

GCSO2 ,

GCSO3  

4 O(Z) 
ɺʳʙʦʨʢʘ ʙʘʥʢʦʚ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 0 é 3 

GCSI   1 I ɺʳʙʦʨʢʘ ʚʥʫʪʨʝʥʥʝʡ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ 

GOE   1 O(Z) ʈʘʟʨʝʰʝʥʠʝ ʯʪʝʥʠʷ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 

GWE_AL  1 O(Z) ʈʘʟʨʝʰʝʥʠʝ ʟʘʧʠʩʠ ʚ 32 ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʘ ʚʥʝʰʥʝʡ ʘʩʠʥʭʨʦʥʥʦʡ ʧʘʤʷʪʠ 

GWE_AH  1 O(Z) ʈʘʟʨʝʰʝʥʠʝ ʟʘʧʠʩʠ ʚ 32 ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʘ ʚʥʝʰʥʝʡ ʘʩʠʥʭʨʦʥʥʦʡ ʧʘʤʷʪʠ 

GWE   1 I/O 
ʈʘʟʨʝʰʝʥʠʝ ʟʘʧʠʩʠ ʚʦ ʚʥʝʰʥʶʶ ʩʠʥʭʨʦʥʥʫʶ ʧʘʤʷʪʴ/ ʈʘʟʨʝʰʝʥʠʝ ʟʘʧʠʩʠ ʚʦ 

ʚʥʫʪʨʝʥʥʶʶ ʧʘʤʷʪʴ ʧʨʦʮʝʩʩʦʨʘ 

GRAS   1 O(Z) ʉʪʨʦʙ ʘʜʨʝʩʘ ʩʪʨʦʢʠ SDRAM 

GCAS   1 O(Z) ʉʪʨʦʙ ʘʜʨʝʩʘ ʩʪʦʣʙʮʘ SDRAM 

GDQML  1 O(Z) ʄʘʩʢʠʨʦʚʘʥʠʝ ʟʘʧʠʩʠ ʚ 32 ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʘ ʚʥʝʰʥʝʡ ʩʠʥʭʨʦʥʥʦʡ ʧʘʤʷʪʠ 

GDQMH  1 O(Z) ʄʘʩʢʠʨʦʚʘʥʠʝ ʟʘʧʠʩʠ ʚ 32 ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʘ ʚʥʝʰʥʝʡ ʩʠʥʭʨʦʥʥʦʡ ʧʘʤʷʪʠ 

GRDY   1 I/O 
ʉʠʛʥʘʣ ʛʦʪʦʚʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ/ 

ʉʠʛʥʘʣ ʛʦʪʦʚʥʦʩʪʠ ʧʨʠʸʤʘ ʟʘʧʨʦʩʘ ʦʪ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

GSTRB  1 I/O ʉʪʨʦʙ ʜʘʥʥʳʭ 

GHOLDI   1 I ɿʘʧʨʦʩ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʟʘʭʚʘʪ ʰʠʥʳ 

GHOLDO   1 O ɿʘʧʨʦʩ ʧʨʦʮʝʩʩʦʨʘ ʥʘ ʟʘʭʚʘʪ ʰʠʥʳ 

GHOLDA   1 I/O ʈʘʟʨʝʰʝʥʠʝ ʟʘʭʚʘʪʘ ʰʠʥʳ 

GSCLK  1 I ɺʭʦʜʥʦʡ ʩʠʥʭʨʦʩʠʛʥʘʣ ʰʠʥʳ 

GBIS  1 I ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʛʣʦʙʘʣʴʥʦʡ ʰʠʥʳ ʧʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1- 1 

ʆʙʦʟʥʘʯʝʥʠʝ 1) ʂʦʣ- 

ʚʦ 

ʊʠʧ2) ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ 

ʀʥʪʝʨʬʝʡʩ ʩ ʣʦʢʘʣʴʥʦʡ ʰʠʥʦʡ (104 ʚʳʚʦʜʘ) 

LD0 é  

LD63  
64 I/O 64- ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʜʘʥʥʳʭ 

LA1 é  

LA15 15 I/O 15 ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʦʚ ʰʠʥʳ ʘʜʨʝʩʘ 

LA16 é  

LA20  
5 O(Z) 5 ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʦʚ ʰʠʥʳ ʘʜʨʝʩʘ 

LCSO0 ,

LCSO1 .

LCSO2 ,

LCSO3  

4 O(Z) ɺʳʙʦʨʢʘ ʙʘʥʢʦʚ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 0 é 3 

LCSI   
1 I ɺʳʙʦʨʢʘ ʚʥʫʪʨʝʥʥʝʡ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ 

LOE   1 O(Z) ʈʘʟʨʝʰʝʥʠʝ ʯʪʝʥʠʷ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 

LWE_AL  1 O(Z) ʈʘʟʨʝʰʝʥʠʝ ʟʘʧʠʩʠ ʚ 32 ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʘ ʚʥʝʰʥʝʡ ʘʩʠʥʭʨʦʥʥʦʡ ʧʘʤʷʪʠ 

LWE_AH  1 O(Z) ʈʘʟʨʝʰʝʥʠʝ ʟʘʧʠʩʠ ʚ 32 ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʘ ʚʥʝʰʥʝʡ ʘʩʠʥʭʨʦʥʥʦʡ ʧʘʤʷʪʠ 

LWE   1 I/O 
ʈʘʟʨʝʰʝʥʠʝ ʟʘʧʠʩʠ ʚʦ ʚʥʝʰʥʶʶ ʩʠʥʭʨʦʥʥʫʶ ʧʘʤʷʪʴ/ 

ʈʘʟʨʝʰʝʥʠʝ ʟʘʧʠʩʠ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʧʘʤʷʪʴ ʧʨʦʮʝʩʩʦʨʘ 

LRAS   1 O(Z) ʉʪʨʦʙ ʘʜʨʝʩʘ ʩʪʨʦʢʠ SDRAM 

LCAS   1 O(Z) ʉʪʨʦʙ ʘʜʨʝʩʘ ʩʪʦʣʙʮʘ SDRAM 

LDQML  1 O(Z) ʄʘʩʢʠʨʦʚʘʥʠʝ ʟʘʧʠʩʠ ʚ 32 ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʘ ʚʥʝʰʥʝʡ ʩʠʥʭʨʦʥʥʦʡ ʧʘʤʷʪʠ 

LDQMH  
1 O(Z) ʄʘʩʢʠʨʦʚʘʥʠʝ ʟʘʧʠʩʠ ʚ 32 ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʘ ʚʥʝʰʥʝʡ ʩʠʥʭʨʦʥʥʦʡ ʧʘʤʷʪʠ 

LRDY   1 I/O 
ʉʠʛʥʘʣ ʛʦʪʦʚʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ/ ʉʠʛʥʘʣ ʛʦʪʦʚʥʦʩʪʠ ʧʨʠʸʤʘ 

ʟʘʧʨʦʩʘ ʦʪ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

LSTRB  
1 I/O ʉʪʨʦʙ ʜʘʥʥʳʭ 

LHOLDI   
1 I ɿʘʧʨʦʩ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʟʘʭʚʘʪ ʰʠʥʳ 

LHOLDO   
1 O ɿʘʧʨʦʩ ʧʨʦʮʝʩʩʦʨʘ ʥʘ ʟʘʭʚʘʪ ʰʠʥʳ 

LHOLDA   1 I/O ʈʘʟʨʝʰʝʥʠʝ ʟʘʭʚʘʪʘ ʰʠʥʳ 

LSCLK  1 I ɺʭʦʜʥʦʡ ʩʠʥʭʨʦʩʠʛʥʘʣ ʰʠʥʳ 

LBIS  1 I ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʰʠʥʳ ʧʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1- 1 

ʆʙʦʟʥʘʯʝʥʠʝ 
1) 

ʂʦʣ- 

ʚʦ 

ʊʠʧ2) ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ 

ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʧʦʨʪ 0 (13 ʚʳʚʦʜʦʚ) 

C0D0 é C0D7  8 I/O ʐʠʥʘ ʜʘʥʥʳʭ 

C0STRB  1 I/O ʉʪʨʦʙ ʜʘʥʥʳʭ 

C0RDY   1 I/O ɻʦʪʦʚʥʦʩʪʴ ʢ ʧʨʠʸʤʫ ʜʘʥʥʳʭ 

C0HOLDI   1 I ɿʘʧʨʦʩ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ 

C0HOLDO  1 O ɿʘʧʨʦʩ ʧʨʦʮʝʩʩʦʨʘ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ 

C0IS 1 I ʉʦʩʪʦʷʥʠʝ ʧʦʨʪʘ ʧʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ 

ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʧʦʨʪ 1 (13 ʚʳʚʦʜʦʚ) 

C1D0 é C1D7  8 I/O ʐʠʥʘ ʜʘʥʥʳʭ 

C1STRB  1 I/O ʉʪʨʦʙ ʜʘʥʥʳʭ 

C1RDY   1 I/O ɻʦʪʦʚʥʦʩʪʴ ʢ ʧʨʠʸʤʫ ʜʘʥʥʳʭ 

C1HOLDI   1 I ɿʘʧʨʦʩ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ 

C1HOLDO  1 O ɿʘʧʨʦʩ ʧʨʦʮʝʩʩʦʨʘ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ 

C1IS  1 I ʉʦʩʪʦʷʥʠʝ ʧʦʨʪʘ ʧʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ 

ʇʦʨʪʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (8 ʚʳʚʦʜʦʚ) 

GPIO0 é 

GPIO7  

8 I/O ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʚʭʦʜʳ/ʚʳʭʦʜʳ 

ɺ ʚrʦʜʳ ʪʘʡʤʝʨʦʚ (2 ʚʳʚʦʜʘ) 

TIMER0  1 I/O ɺʭʦʜ/ʚʳʭʦʜ ʪʘʡʤʝʨʘ 0 

TIMER1  1 I/O ɺʭʦʜ/ʚʳʭʦʜ ʪʘʡʤʝʨʘ 1 

JTAG ʠʥʪʝʨʬʝʡʩ (5 ʚʳʚʦʜʦʚ) 

TDO  1 O(Z) ɺʳʭʦʜ ʜʘʥʥʳʭ ʪʝʩʪʦʚʦʛʦ ʧʦʨʪʘ JTAG 

TDI  1 I ɺʭʦʜ ʜʘʥʥʳʭ ʪʝʩʪʦʚʦʛʦ ʧʦʨʪʘ JTAG 

TCK  1 I ʊʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʪʝʩʪʦʚʦʛʦ ʧʦʨʪʘ JTAG 

TMS  1 I ɺʳʙʦʨ ʨʝʞʠʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ JTAG 

TRST   
1 I ʉʙʨʦʩ ʪʝʩʪʦʚʦʛʦ ʧʦʨʪʘ JTAG 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1- 1 

ʆʙʦʟʥʘ- 

ʯʝʥʠʝ 1) 

ʂʦʣ- 

ʚʦ 

ʊʠʧ2) ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ 

ʆʙʱʝʝ ʫʧʨʘʚʣʝʥʠʝ (12 ʚʳʚʦʜʦʚ) 

INT0é  

INT3  
4 I ɺʭʦʜʳ ʤʘʩʢʠʨʫʝʤʳʭ ʧʨʝʨʳʚʘʥʠʡ 

NMI   1 I ɺʭʦʜ ʥʝʤʘʩʢʠʨʫʝʤʦʛʦ ʧʨʝʨʳʚʘʥʠʷ 

BOOTM0, 

BOOTM1  
2 I ʈʝʞʠʤ ʥʘʯʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʧʨʦʮʝʩʩʦʨʘ 

RST  1 I ʉʠʩʪʝʤʥʳʡ ʩʙʨʦʩ 

CLK 1 I ʆʧʦʨʥʳʡ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʧʨʦʮʝʩʩʦʨʘ 

PLLBP 1 I ɺʭʦʜ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʦʤ ʫʤʥʦʞʝʥʠʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʧʨʦʮʝʩʩʦʨʘ 

TM  1 I ʈʝʞʠʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʨʘ  

VPD  1 I ʋʧʨʘʚʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʤ ʪʦʢʦʤ  

ʇʨʠʤʝʯʘʥʠʷ: 1) ɼʣʷ ʚʳʚʦʜʦʚ ʩʦ ʟʥʘʢʦʤ ʠʥʚʝʨʩʠʠ ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ. 

2) ʀʩʧʦʣʴʟʫʝʤʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʪʠʧʦʚ ʚʳʚʦʜʦʚ: 

I ïʚʭʦʜ, 

O -  ʚʳʭʦʜ, 

O(Z) -  ʚʳʭʦʜ ʩ ʚʳʩʦʢʦʠʤʧʝʜʘʥʩʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, 

I/O ï ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʚʳʚʦʜ. 

1.3.3 ɺʥʫʪʨʝʥʥʠʝ ʰʠʥʳ 

ʇʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʠʤʝʝʪ 24 ʚʥʫʪʨʝʥʥʠʭ ʰʠʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʙʣʦʢʘʤʠ ʤʠʢʨʦʩʭʝʤʳ: 

DMA LE AB (DMA Local External Address Bus) ï 31-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ ʜʣʷ 

ʦʙʨʘʱʝʥʠʷ ʚʦ ʚʥʝʰʥʶʶ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ ʦʜʥʠʤ ʠʟ ʢʘʥʘʣʦʚ ʇɼʇ.  

DMA LEDB (DMA Local External Data Bus)  ï 64-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʨʘʱʝʥʠʷ ʚʦ ʚʥʝʰʥʶʶ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ ʦʜʥʠʤ ʠʟ ʢʘʥʘʣʦʚ ʇɼʇ.  

DMA LIAB (DMA Local Internal Address Bus)  ï 16-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ ʜʣʷ 

ʦʙʨʘʱʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ ʦʜʥʠʤ ʠʟ ʢʘʥʘʣʦʚ ʇɼʇ (ʚ ʙʘʥʢ LB0 

ʠʣʠ LB1). ɼʘʥʥʘʷ ʰʠʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʟʘʧʠʩʠ/ʯʪʝʥʠʠ ʜʘʥʥʳʭ ʠʟ 

ʚʥʫʪʨʝʥʥʝʡ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

DMA LIDB (DMA Local Internal Data Bus)  ï 64-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʨʘʱʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ ʦʜʥʠʤ ʠʟ ʢʘʥʘʣʦʚ ʇɼʇ. ɼʘʥʥʘʷ ʰʠʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʟʘʧʠʩʠ/ʯʪʝʥʠʠ ʜʘʥʥʳʭ ʠʟ ʚʥʫʪʨʝʥʥʝʡ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ 

ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʲʝʜʠʥʝʥʠʝ ʰʠʥ LIDB ʠ 

LEDB ʚ ʙʣʦʢʝ DMA. 

DMA GEAB (DMA Global External Address Bus) ï 31-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ ʜʣʷ 

ʦʙʨʘʱʝʥʠʷ ʚʦ ʚʥʝʰʥʶʶ ʛʣʦʙʘʣʴʥʫʶ ʧʘʤʷʪʴ ʦʜʥʠʤ ʠʟ ʢʘʥʘʣʦʚ ʇɼʇ.  
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DMA GEDB (DMA Global External Data Bus) ï 64-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʨʘʱʝʥʠʷ ʚʦ ʚʥʝʰʥʶʶ ʛʣʦʙʘʣʴʥʫʶ ʧʘʤʷʪʴ ʦʜʥʠʤ ʠʟ ʢʘʥʘʣʦʚ ʇɼʇ.  

DMA GIAB (DMA Global Internal Address Bus)  ï 16-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ ʜʣʷ 

ʦʙʨʘʱʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʛʣʦʙʘʣʴʥʫʶ ʧʘʤʷʪʴ ʦʜʥʠʤ ʠʟ ʢʘʥʘʣʦʚ ʇɼʇ (ʚ ʙʘʥʢ GB0 

ʠʣʠ GB1). ɼʘʥʥʘʷ ʰʠʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʟʘʧʠʩʠ/ʯʪʝʥʠʠ ʜʘʥʥʳʭ ʠʟ 

ʚʥʫʪʨʝʥʥʝʡ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

DMA GIDB (DMA Global Internal Data Bus)  ï 64-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʨʘʱʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʛʣʦʙʘʣʴʥʫʶ ʧʘʤʷʪʴ ʦʜʥʠʤ ʠʟ ʢʘʥʘʣʦʚ ʇɼʇ. ɼʘʥʥʘʷ ʰʠʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʟʘʧʠʩʠ/ʯʪʝʥʠʠ ʜʘʥʥʳʭ ʠʟ ʚʥʫʪʨʝʥʥʝʡ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ 

ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʲʝʜʠʥʝʥʠʝ ʰʠʥ GIDB ʠ 

GEDB ʚ ʙʣʦʢʝ DMA. 

A0 ï 31-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʜʨʝʩʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʙʣʦʢʘ AGU ʚʦ ʚʥʝʰʥʶʶ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ. 

A1 ï15-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʜʨʝʩʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʙʣʦʢʘ 

AGU ʚ ʙʘʥʢ LB0 ʚʥʫʪʨʝʥʥʝʡ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ. 

A2 ï15-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʜʨʝʩʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʙʣʦʢʘ 

AGU ʚ ʙʘʥʢ LB1 ʚʥʫʪʨʝʥʥʝʡ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ. 

A3 ï15-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʜʨʝʩʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʙʣʦʢʘ 

AGU ʚ ʙʘʥʢ GB0 ʚʥʫʪʨʝʥʥʝʡ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ. 

A4 ï15-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʜʨʝʩʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʙʣʦʢʘ 

AGU ʚ ʙʘʥʢ GB1 ʚʥʫʪʨʝʥʥʝʡ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ. 

A5 ï 31-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʜʨʝʩʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʙʣʦʢʘ AGU ʚʦ ʚʥʝʰʥʶʶ ʛʣʦʙʘʣʴʥʫʶ ʧʘʤʷʪʴ. 

IAB (Instruction Address Bus) ï 10- ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ ʢʦʤʘʥʜ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʚ 

ʢʵʰ ʢʦʤʘʥʜ ICACHE. 

ADDR ï 32-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʘʜʨʝʩʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʮʝʩʩʦʨʥʳʤ ʷʜʨʦʤ ʧʨʠ 

ʚʳʜʘʯʝ ʟʘʧʨʦʩʘ ʥʘ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʧʘʤʷʪʴʶ ʢʘʢ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʢʘʣʷʨʥʳʭ, ʪʘʢ ʠ 

ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʦ ʜʘʥʥʦʡ ʰʠʥʝ ʚʳʜʘʸʪʩʷ ʧʝʨʚʳʡ 

(ʥʘʯʘʣʴʥʳʡ) ʘʜʨʝʩ ʦʙʨʘʱʝʥʠʷ ʚ ʧʘʤʷʪʴ. 

BIAS ï 32-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʩʤʝʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʮʝʩʩʦʨʥʳʤ ʷʜʨʦʤ 

ʧʨʠ ʚʳʜʘʯʝ ʟʘʧʨʦʩʘ ʥʘ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʧʘʤʷʪʴʶ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʝʢʪʦʨʥʳʭ 

ʢʦʤʘʥʜ, ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʚʪʦʨʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʘʜʨʝʩʘ ʦʙʨʘʱʝʥʠʷ ʚ ʧʘʤʷʪʴ ʧʫʪʸʤ 

ʧʨʠʙʘʚʣʝʥʠʷ ʢ ʪʝʢʫʱʝʤʫ ʘʜʨʝʩʫ ʩʤʝʱʝʥʠʷ. ʕʪʘ ʰʠʥʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʳʜʘʯʝ 

ʘʜʨʝʩʘ ʧʝʨʝʭʦʜʘ ʛʝʥʝʨʘʪʦʨʫ ʘʜʨʝʩʘ ʢʦʤʘʥʜ ʚ ʙʣʦʢʝ AGU. 

MEM_IB (Memory Instruction Bus)  ï 64- ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʯʪʝʥʠʝ ʢʦʤʘʥʜ ʠʟ ʚʥʝʰʥʝʡ ʠʣʠ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ. 

IB (Instruction Bus) ï 64-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, ʧʦ ʢʦʪʦʨʦʡ 

ʢʦʤʘʥʜʳ ʩʯʠʪʳʚʘʶʪʩʷ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʠʣʠ ʠʟ ʢʵʰ ʢʦʤʘʥʜ. 
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SDB (Scalar Data Bus) - 64-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʩʢʘʣʷʨʥʳʭ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, 

ʧʦ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʧʘʤʷʪʴʶ ʠʣʠ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʟʣʘʤʠ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʢʘʣʷʨʥʳʭ ʢʦʤʘʥʜ. ɼʘʣʝʝ ʥʘ ʨʠʩʫʥʢʘʭ ʵʪʘ ʰʠʥʘ ʤʦʞʝʪ 

ʧʦʢʘʟʳʚʘʪʴʩʷ ʚ ʚʠʜʝ ʜʚʫʭ ʝʸ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʚʭʦʜʥʦʡ ʰʠʥʳ (SIB) ʠ ʚʳʭʦʜʥʦʡ ʰʠʥʳ 

(SOB). 

VDIB (Vector Data Input Bus) - 64-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʚʝʢʪʦʨʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, ʧʦ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʪʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʧʘʤʷʪʠ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ. 

WB (Weight Bus) - 64- ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʚʝʩʦʚ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, ʧʦ ʢʦʪʦʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʪʝʥʠʝ ʚʝʩʦʚ ʠʟ ʧʘʤʷʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ. 

VRB (Vector Register Bus) - 64-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʚʝʢʪʦʨʥʦʛʦ ʨʝʛʠʩʪʨʘ  ʧʨʦʮʝʩʩʦʨʥʦʛʦ 

ʷʜʨʘ, ʧʦ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʪʝʥʠʝ ʠʟ ʧʘʤʷʪʠ ʜʘʥʥʳʭ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʟʘʧʠʩʠ 

ʚ ʚʝʢʪʦʨʥʳʡ ʨʝʛʠʩʪʨ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ. 

VDOB (Vector Data Output Bus) - 64-ʨʘʟʨʷʜʥʘʷ ʰʠʥʘ ʚʝʢʪʦʨʥʳʭ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ, 

ʧʦ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʠʩʴ ʚ ʧʘʤʷʪʴ ʨʝʟʫʣʴʪʘʪʘ ʚʳʧʦʣʥʝʥʠʷ ʚʝʢʪʦʨʥʳʭ 

ʢʦʤʘʥʜ. 

1.3.4 ʂʘʨʪʘ ʧʘʤʷʪʠ 

ʂʘʨʪʘ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.2 ʠ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʜʚʘ ʘʜʨʝʩʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʦʙʣʘʩʪʴ ʘʜʨʝʩʦʚ ʣʦʢʘʣʴʥʦʡ ʰʠʥʳ ʠ ʦʙʣʘʩʪʴ 

ʘʜʨʝʩʦʚ ʛʣʦʙʘʣʴʥʦʡ ʰʠʥʳ. ɽʩʣʠ ʩʪʘʨʰʠʡ ʨʘʟʨʷʜ ʘʜʨʝʩʘ ʨʘʚʝʥ ʥʫʣʶ, ʠʜʸʪ ʦʙʨʘʱʝʥʠʝ 

ʚ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ, ʝʩʣʠ ʨʘʚʝʥ ʝʜʠʥʠʮʝ ï ʚ ʛʣʦʙʘʣʴʥʫʶ. 

ʆʙʣʘʩʪʴ ʘʜʨʝʩʦʚ ʣʦʢʘʣʴʥʦʡ ʰʠʥʳ ʦʭʚʘʪʳʚʘʝʪ: 

¶ ʙʘʥʢʠ LB0 ʠ LB1 ʚʥʫʪʨʝʥʥʝʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ; 

¶ ʜʦ ʯʝʪʳʨʸʭ ʙʘʥʢʦʚ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ (LMI Bank0 ï LMI Bank3), ʧʦʜʢʣʶʯʸʥʥʳʭ 

ʢ ʣʦʢʘʣʴʥʦʡ ʰʠʥʝ ʧʨʦʮʝʩʩʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʙʘʥʢʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʜʢʣʶʯʸʥ ʜʨʫʛʦʡ ʧʨʦʮʝʩʩʦʨ. 

ʆʙʣʘʩʪʴ ʘʜʨʝʩʦʚ ʛʣʦʙʘʣʴʥʦʡ ʰʠʥʳ ʦʭʚʘʪʳʚʘʝʪ: 

¶ ʙʘʥʢʠ GB0 ʠ GB1  ʚʥʫʪʨʝʥʥʝʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ; 

¶ ʜʦ ʯʝʪʳʨʸʭ ʙʘʥʢʦʚ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ (GMI Bank0 ï GMI Bank3), 

ʧʦʜʢʣʶʯʸʥʥʳʭ ʢ ʛʣʦʙʘʣʴʥʦʡ ʰʠʥʝ ʧʨʦʮʝʩʩʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʙʘʥʢʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʸʥ ʜʨʫʛʦʡ ʧʨʦʮʝʩʩʦʨ. 

ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʬʦʨʤʠʨʫʝʪ 32-ʨʘʟʨʷʜʥʳʡ ʘʜʨʝʩ, 

ʧʨʠʯʝʤ ʦʙʤʝʥ ʧʨʦʠʩʭʦʜʠʪ 32- ʠʣʠ 64-ʨʘʟʨʷʜʥʳʤʠ ʩʣʦʚʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʦʩʪʫʧʥʦʝ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ 16 ɻʙʘʡʪ.  

ɺʥʫʪʨʝʥʥʠʝ ʰʠʥʳ ʜʘʥʥʳʭ ʠ ʰʠʥʳ ʜʘʥʥʳʭ ʙʣʦʢʦʚ ʠʥʪʝʨʬʝʡʩʦʚ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ 

ï 64-ʨʘʟʨʷʜʥʳʝ. ʇʦʵʪʦʤʫ ʤʣʘʜʰʠʡ ʨʘʟʨʷʜ ʚʳʯʠʩʣʷʝʤʦʛʦ ʘʜʨʝʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʧʘʤʷʪʠ 32-ʨʘʟʨʷʜʥʳʤʠ ʩʣʦʚʘʤʠ. ʇʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ʤʣʘʜʰʝʛʦ 

ʨʘʟʨʷʜʘ ʦʙʨʘʱʝʥʠʝ ʢ ʧʘʤʷʪʠ ʠʜʝʪ ʧʦ ʤʣʘʜʰʠʤ ʨʘʟʨʷʜʘʤ ʰʠʥ ʜʘʥʥʳʭ (ʨʘʟʨʷʜʳ 31- 0), 
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ʘ ʧʨʠ ʝʜʠʥʠʯʥʦʤ ï ʧʦ ʩʪʘʨʰʠʤ (ʨʘʟʨʷʜʳ 63- 32). ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʧʘʤʷʪʠ 64-

ʨʘʟʨʷʜʥʳʤʠ ʩʣʦʚʘʤʠ ʤʣʘʜʰʠʡ ʨʘʟʨʷʜ ʘʜʨʝʩʘ ʠʛʥʦʨʠʨʫʝʪʩʷ. 

ʆʙʤʝʥ 32-ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ 

ʩʢʘʣʷʨʥʳʤʠ ʢʦʤʘʥʜʘʤʠ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʣʠ ʧʨʠʸʤʥʠʢʘ ʚ ʥʠʭ ʫʢʘʟʘʥ 32-

ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʩʪʦʯʥʠʢʦʤ ʠʣʠ ʧʨʠʝʤʥʠʢʦʤ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 64-

ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʠʣʠ ʢʦʛʜʘ ʦʙʤʝʥ ʟʘʜʘʸʪʩʷ ʚʝʢʪʦʨʥʦʡ ʢʦʤʘʥʜʦʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 64-ʨʘʟʨʷʜʥʳʝ ʜʘʥʥʳʝ. ɺʳʙʦʨʢʘ ʢʦʤʘʥʜ ʠʟ ʧʘʤʷʪʠ ʪʘʢʞʝ ʚʩʝʛʜʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 64 ʨʘʟʨʷʜʘ. 

ʂ1879ɺʄ5ʗ ʩʦʜʝʨʞʠʪ ʚʥʫʪʨʝʥʥʶʶ ʧʘʤʷʪʴ ʩʪʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ (SRAM) ʦʙʱʠʤ 

ʦʙʲʝʤʦʤ 4 ʄʙʠʪ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʩ ʧʨʦʮʝʩʩʦʨʥʳʤʠ ʫʟʣʘʤʠ. 

ɺʥʫʪʨʝʥʥʷʷ ʧʘʤʷʪʴ ʧʨʦʮʝʩʩʦʨʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʯʝʪʳʨʝ ʥʝʟʘʚʠʩʠʤʳʭ ʙʘʥʢʘ ʧʦ 128 ʢʙʘʡʪ 

ʢʘʞʜʳʡ. ʇʨʠ ʵʪʦʤ ʜʚʘ ʙʘʥʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ ʤʣʘʜʰʠʭ 

ʘʜʨʝʩʦʚ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ, ʘ ʦʩʪʘʣʴʥʳʝ ʜʚʘ ï ʚ ʦʙʣʘʩʪʠ ʤʣʘʜʰʠʭ 

ʘʜʨʝʩʦʚ ʛʣʦʙʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ. 

ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʣʦʢʘʣʴʥʦʡ ʠ ʛʣʦʙʘʣʴʥʦʡ ʦʙʣʘʩʪʝʡ ʧʘʤʷʪʠ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʝʡ. ɼʦʩʪʫʧ 

ʢ ʣʦʢʘʣʴʥʦʡ ʠ ʛʣʦʙʘʣʴʥʦʡ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʩʨʝʜʩʪʚʝ 

ʣʦʢʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʙʣʦʢʦʚ ʠʥʪʝʨʬʝʡʩʦʚ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʘʞʜʳʡ ʙʣʦʢ ʠʥʪʝʨʬʝʡʩʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʨʘʱʝʥʠʷ ʢ ʯʝʪʳʨʝʤ ʙʘʥʢʘʤ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʦʙʲʝʤʦʤ ʜʦ 2 ɻʙʘʡʪ ʢʘʞʜʳʡ ʚ ʨʝʞʠʤʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʜʦʩʪʫʧʘ. 

(ʆʙʲʝʤ ʘʜʨʝʩʫʝʤʦʡ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʥʫʣʝʚʦʛʦ ʙʘʥʢʘ ʢʘʞʜʦʡ ʰʠʥʳ ʫʤʝʥʴʰʝʥ ʥʘ 256 

ʢʙʘʡʪ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ.) ʂʨʦʤʝ ʵʪʦʛʦ ʙʣʦʢʠ ʠʥʪʝʨʬʝʡʩʘ ʩ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʧʦʟʚʦʣʷʶʪ ʚʥʝʰʥʝʤʫ ʫʩʪʨʦʡʩʪʚʫ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʦʩʪʫʧ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ (ʣʦʢʘʣʴʥʦʡ ʠʣʠ ʛʣʦʙʘʣʴʥʦʡ) ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ. 

ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʴʶ ʧʨʦʮʝʩʩʦʨʘ ʚʦʟʤʦʞʝʥ ʢʘʢ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʨʝʞʠʤʝ, ʪʘʢ ʠ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʥʪʨʦʣʣʝʨʘ ʇɼʇ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ 

ʦʙʤʝʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ 64- ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʂʘʞʜʳʡ ʙʘʥʢ ʚʥʫʪʨʝʥʥʝʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ ʟʘʥʠʤʘʝʪ 32 K 32-

ʨʘʟʨʷʜʥʳʭ ʠʣʠ 16ʂ 64-ʨʘʟʨʷʜʥʳʭ ʷʯʝʝʢ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʜʙʘʥʢʦʚ (ʙʣʦʢʦʚ) ʧʦ 

8ʂ*64, ʢ ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʸʥ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʜʦʩʪʫʧ ʢʘʢ 

ʟʘ 32-ʨʘʟʨʷʜʥʳʤʠ, ʪʘʢ ʠ 64-ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ. ʆʜʠʥ ʜʦʩʪʫʧ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦ 

ʩʪʦʨʦʥʳ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, ʘ ʚʪʦʨʦʡ ï ʩʦ ʩʪʦʨʦʥʳ ʢʘʥʘʣʘ ʇɼʇ.  

ɸʜʨʝʩʘ ʚʝʢʪʦʨʦʚ ʧʨʝʨʳʚʘʥʠʡ ʧʨʦʮʝʩʩʦʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʘʯʘʣʴʥʳʭ ʘʜʨʝʩʘʭ ʙʘʥʢʘ 

LB0 ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ. 
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ʈʠʩʫʥʦʢ 1-2 -  ʂʘʨʪʘ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ 
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1.4 ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ 

1.4.1 ɹʘʟʦʚʳʝ ʦʧʝʨʘʮʠʠ 

ɸʨʭʠʪʝʢʪʫʨʘ NeuroMatrixÈ ʜʘʸʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʪʴ ʤʝʞʜʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʙʘʟʦʚʦʡ ʧʨʦʮʝʜʫʨʳ: 

ä
=

³+=
N

n

n,mnmm WXUY
1  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʨʘʟʨʷʜʥʦʩʪʴ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʘ (ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ). ʏʠʩʣʦ ʫʤʥʦʞʝʥʠʡ ʠ ʩʣʦʞʝʥʠʡ (MAC), 

ʚʳʧʦʣʥʷʝʤʳʭ ʟʘ ʦʜʠʥ ʪʘʢʪ, ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʷʜʥʦʩʪʠ ʦʧʝʨʘʥʜʦʚ. ʅʘʠʙʦʣʴʰʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï 224 MAC ï ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ 2-ʨʘʟʨʷʜʥʳʤʠ 

ʦʧʝʨʘʥʜʘʤʠ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʥʷʪʴ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ, ʝʩʣʠ ʫʚʝʣʠʯʠʪʴ 

ʨʘʟʨʷʜʥʦʩʪʴ ʦʧʝʨʘʥʜʦʚ ʜʦ 32-ʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 2 

MAC ʩ ʧʦʣʫʯʝʥʠʝʤ 64-ʨʘʟʨʷʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɺʝʢʪʦʨʥʳʡ ʩʦʧʨʦʮʝʩʩʦʨ ʩʦʜʝʨʞʠʪ 

ʦʧʝʨʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʭʦʞʝʝ ʥʘ ʤʘʪʨʠʯʥʳʡ 

ʫʤʥʦʞʠʪʝʣʴ (ʩʤ. ʈʠʩʫʥʦʢ 1-3). 

 

Macrocell + +

++

+ +

X 1

X 2

X N

+

+

+
Y 1 Y 2 Y M

U 1 U 2 U M

W 1,1 W 1,2 W 1,M

W 2,2W 2,1
W 2,M

W N,1 W N,2
W N,M

 

ʈʠʩʫʥʦʢ 1-3 -  ʆʧʝʨʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʷʯʝʝʢ, ʩʦʜʝʨʞʘʱʠʭ 1-ʨʘʟʨʷʜʥʫʶ ʧʘʤʷʪʴ (ʪʨʠʛʛʝʨ) ʠ 

ʥʝʢʦʪʦʨʫʶ ʢʦʤʙʠʥʘʮʠʦʥʥʫʶ ʣʦʛʠʢʫ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʜʝʣʠʪʴ ʤʘʪʨʠʮʫ ʷʯʝʝʢ 

ʥʘ ʤʘʢʨʦʷʯʝʡʢʠ, ʠʩʧʦʣʴʟʫʷ ʜʚʘ ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʥʳʭ 64-ʨʘʟʨʷʜʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʨʝʛʠʩʪʨʘ. ʕʪʠ ʨʝʛʠʩʪʨʳ ʟʘʜʘʶʪ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʩʪʨʦʢʘʤʠ ʠ 

ʩʪʦʣʙʮʘʤʠ ʤʘʢʨʦʷʯʝʝʢ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʘʞʜʘʷ ʤʘʢʨʦʷʯʝʡʢʘ ʚʳʧʦʣʥʷʝʪ ʦʧʝʨʘʮʠʶ 

ʫʤʥʦʞʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ Xi  ʥʘ ʟʘʨʘʥʝʝ ʟʘʛʨʫʞʝʥʥʳʡ ʚʝʩ Wij, ʘ ʟʘʪʝʤ 
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ʨʝʟʫʣʴʪʘʪ ʧʨʠʙʘʚʣʷʝʪʩʷ ʢ ʚʳʭʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚʝʨʭʥʝʡ ʤʘʢʨʦʷʯʝʡʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʪʦʤ ʞʝ ʩʪʦʣʙʮʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʦʜʠʥ ʪʘʢʪ ʚ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ 

ʥʝʟʘʚʠʩʠʤʦ ʚʳʯʠʩʣʷʝʪʩʷ ʩʚʦʡ ʨʝʟʫʣʴʪʘʪ. ʇʨʠʤʝʨ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʝʢʪʦʨʥʦʛʦ ʫʟʣʘ ʜʣʷ 

ʨʘʙʦʪʳ ʩ 8-ʨʘʟʨʷʜʥʳʤʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ (Xi) ʠ ʚʝʩʘʤʠ (Wij) ʧʨʠʚʝʜʸʥ ʥʘ ʈʠʩʫʥʦʢ 

1-4. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʠʢʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ 24 MAC (ʟʘ ʦʜʠʥ 

ʧʨʦʮʝʩʩʦʨʥʳʡ ʪʘʢʪ ʧʨʦʠʟʚʦʜʷʪʩʷ 24 ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʡ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʩ 

ʧʦʣʫʯʝʥʠʝʤ 21-ʨʘʟʨʷʜʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ). 

 

   COEFFICIENTS [63:0]   

             

   63   42  41   21  20   0   

  MB  MAC 3  MAC 2  MAC 1   

       

INPUT          U 3     U 2    U 1   

DATA[63:0]  DB      S  

X 1 [7:0]    63   U 3 + X 1  * W 31   U 2 + X 1  * W 21  U 1 + X 1  * W 11  
H  
A  

X 2 [7:0]      + X 2 * W 32  + X 2 * W 22   + X 2 * W 12   
D  

O  

X 3 [7:0]      + X 3 * W 33  + X 3 * W 23   + X 3 * W 13   
W  

X 4 [7:0]      + X 4 * W 34  + X 4 * W 24  + X 4 * W 14  
M  
A  

X 5 [7:0]      + X 5 * W 35   + X 5 * W 25   + X 5 *  W 15   
T  
R  

X 6 [7:0]      + X 6 * W 36   + X 6 * W 26  + X 6 * W 16   
I  
X  

X 7 [7:0]      + X 7 * W 37   + X 7 * W 27   + X 7 * W 17  
 

X 8 [7:0]    0   + X 8 * W 38   + X 8 * W 28  + X 8 * W 18  
 

        
    Y 3 [20:0]  Y 2 [20:0]  Y 1 [20:0]  

   SATURATION  

 3  

SATURATION  

2  

SATURATION  

1  

 

       

        

   Z 3 [S*14,7:0]  Z 2 [S*14,7:0]  Z 1 [S*14,7:0]   

   
RESULT [63 :0]  

 

 

ʈʠʩʫʥʦʢ 1-4 -  ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʚʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ ʩ 8- ʨʘʟʨʷʜʥʳʤʠ 

ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʚʝʩʘʤʠ 

ʏʠʩʣʦ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʡ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʷʜʥʦʩʪʠ ʚʭʦʜʥʳʭ 

ʦʧʝʨʘʥʜʦʚ ʠ ʚʝʩʦʚ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʚʝʢʪʦʨʥʦʛʦ ʫʟʣʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʯʠʩʣʝʥʠʡ. ʄʦʞʥʦ ʥʘʯʘʪʴ ʚʳʯʠʩʣʝʥʠʷ ʩ ʥʝʙʦʣʴʰʦʡ ʨʘʟʨʷʜʥʦʩʪʴʶ ʠ ʩ 

ʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʘ ʟʘʪʝʤ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʨʘʟʨʷʜʥʦʩʪʠ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʧʝʨʝʡʪʠ ʢ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʙʦʣʴʰʝʡ ʨʘʟʨʷʜʥʦʩʪʠ ʟʘ 

ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. ʅʘ ʈʠʩʫʥʦʢ 1-5 ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʚʠʜʝʪʴ, ʢʘʢ ʟʘʚʠʩʠʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪ ʨʘʟʨʷʜʥʦʩʪʠ ʚʭʦʜʥʳʭ ʦʧʝʨʘʥʜʦʚ ʠ ʚʝʩʦʚ. 

ʆʧʝʨʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʩʪʠʛʘʝʪ ʝʱʸ ʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʙʫʣʝʚʦʛʦ ʫʤʥʦʞʝʥʠʷ, ʢʦʛʜʘ ʨʘʟʨʷʜʥʦʩʪʴ ʚʭʦʜʥʳʭ ʦʧʝʨʘʥʜʦʚ ʠ ʚʝʩʦʚ 

ʨʘʚʥʘ 1. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʘ ʨʘʚʥʘ 1024 MOPS ʟʘ ʦʜʠʥ ʧʨʦʮʝʩʩʦʨʥʳʡ ʪʘʢʪ. ʀʤʝʝʪʩʷ 

ʝʱʸ ʦʜʥʦ ʠʥʪʝʨʝʩʥʦʝ ʩʚʦʡʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 1-ʨʘʟʨʷʜʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʧʝʨʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʦʱʥʳʡ ʢʦʤʤʫʪʘʪʦʨ, ʢʦʛʜʘ 

ʧʝʨʝʩʪʘʥʦʚʢʘ ʙʠʪʦʚ ʚ 64-ʨʘʟʨʷʜʥʦʤ ʚʭʦʜʥʦʤ ʦʧʝʨʘʥʜʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʦʜʠʥ ʪʘʢʪ. 
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ɿʘʛʨʫʟʢʘ ʥʦʚʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʦʧʝʨʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʟʘ ʩʪʦʣʴʢʦ ʪʘʢʪʦʚ, ʩʢʦʣʴʢʦ ʪʨʝʙʫʝʪʩʷ ʟʘʛʨʫʟʠʪʴ ʩʪʨʦʢ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʪ.ʝ. ʦʪ 

1 ʜʦ 32 ʪʘʢʪʦʚ. ʏʪʦʙʳ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʟʘʜʝʨʞʢʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʝʩʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʝʥʝʚʘʷ ʤʘʪʨʠʮʘ. ʅʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʨʫʟʷʪʩʷ ʚ ʪʝʥʝʚʫʶ ʤʘʪʨʠʮʫ ʚ ʬʦʥʦʚʦʤ 

ʨʝʞʠʤʝ ʠ ʟʘʪʝʤ ʟʘ ʦʜʠʥ ʪʘʢʪ ʧʝʨʝʧʠʩʳʚʘʶʪʩʷ ʚ ʨʘʙʦʯʫʶ. 

 

ʈʠʩʫʥʦʢ 1-5 -  ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪ ʨʘʟʨʷʜʥʦʩʪʠ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʧʦʣʥʝʥʠʷ ʘʧʧʘʨʘʪʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʥʘʩʳʱʝʥʠʷ ʥʘʜ 

64-ʨʘʟʨʷʜʥʳʤʠ ʩʣʦʚʘʤʠ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ (ʩʤ. ʈʠʩʫʥʦʢ 1-6), ʧʨʠʯʸʤ ʛʨʘʥʠʮʳ 

ʥʘʩʳʱʝʥʠʷ ʟʘʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʥʳʭ ʨʝʛʠʩʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʪʦʡ 

ʬʫʥʢʮʠʝʡ. ʌʫʥʢʮʠʷ ʥʘʩʳʱʝʥʠʷ ʥʝ ʫʤʝʥʴʰʘʝʪ ʨʘʟʨʷʜʥʦʩʪʴ ʚʭʦʜʥʳʭ ʦʧʝʨʘʥʜʦʚ, ʥʦ 

ʫʤʝʥʴʰʘʝʪ ʯʠʩʣʦ ʟʥʘʯʘʱʠʭ ʨʘʟʨʷʜʦʚ ʚ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 1-6 - ʌʫʥʢʮʠʷ ʥʘʩʳʱʝʥʠʷ 
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1.4.2 ʇʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʨʘʟʨʷʜʥʦʩʪʴ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ 

ʄʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʳʡ ʩʦʧʨʦʮʝʩʩʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʮʝʣʦʯʠʩʣʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʨʘʟʨʷʜʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʦʡ ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʣʝʞʠʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 64 ʨʘʟʨʷʜʦʚ. ʆʜʥʘʢʦ, ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʷʜʘ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʩʦʧʨʦʮʝʩʩʦʨʘ ʥʘʢʣʘʜʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʨʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ: 

¶ ʤʥʦʞʠʪʝʣʠ, ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʚʭʦʜ X ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʩʤ. ʨʠʩʫʥʦʢ 

1-3) ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʧʝʨʘʮʠʷʭ ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʯʝʪʥʫʶ ʨʘʟʨʷʜʥʦʩʪʴ; 

¶ ʧʝʨʝʤʝʥʥʳʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʯʠʩʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ, 
ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʨʘʟʨʷʜʦʚ. 

ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ, ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ. ʈʝʟʫʣʴʪʘʪʳ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʬʦʨʤʠʨʫʶʪʩʷ ʪʘʢ ʞʝ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ. 

1.4.3 64- ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʄʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʳʡ ʩʦʧʨʦʮʝʩʩʦʨ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʦʙʨʘʙʦʪʢʫ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ. 

ʈʘʟʨʷʜʥʦʩʪʴ ʚʩʝʭ ʫʟʣʦʚ ʩʦʧʨʦʮʝʩʩʦʨʘ ʠ ʚʩʝʭ ʰʠʥ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, ʢ ʢʦʪʦʨʳʤ 

ʧʦʜʢʣʶʯʝʥ ʩʦʧʨʦʮʝʩʩʦʨ, ʨʘʚʥʘ 64. ʇʦʵʪʦʤʫ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʧʫʪʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ 

ʚʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʫʧʘʢʦʚʘʥʳ ʚ 64-ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʡ ʢʦʥʢʘʪʝʥʘʮʠʠ 

(ʈʠʩʫʥʦʢ 1-7). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʣʦʚʦ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʝʢʪʦʨ D={D I é D1}, ʩʦʜʝʨʞʘʱʠʡ I ʜʘʥʥʳʭ, ʩʫʤʤʘʨʥʘʷ ʨʘʟʨʷʜʥʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʚʥʘ 

64. ʇʨʠʯʝʤ, ʚ ʦʜʥʦʤ ʩʣʦʚʝ D ʤʦʛʫʪ ʙʳʪʴ ʫʧʘʢʦʚʘʥʳ ʜʘʥʥʳʝ, ʠʤʝʶʱʠʝ ʨʘʟʥʫʶ 

ʨʘʟʨʷʜʥʦʩʪʴ. ʂʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ I, ʫʧʘʢʦʚʘʥʥʳʭ ʚ ʦʜʥʦʤ ʩʣʦʚʝ, ʟʘʚʠʩʠʪ ʦʪ ʠʭ 

ʨʘʟʨʷʜʥʦʩʪʝʡ ʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 64. 

ɺ ʢʘʞʜʦʤ ʪʘʢʪʝ ʩʦʧʨʦʮʝʩʩʦʨ ʚʳʧʦʣʥʷʝʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʦʧʝʨʘʮʠʶ ʥʘʜ ʚʩʝʤʠ ʜʘʥʥʳʤʠ 

ʩʣʦʚʘ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʥʘ ʣʶʙʦʡ ʠʟ ʝʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ SIMD-ʘʨʭʠʪʝʢʪʫʨ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʟʣʳ ʦʧʨʝʜʝʣʷʶʪ 

ʛʨʘʥʠʮʳ ʜʘʥʥʳʭ ʚ ʩʣʦʚʝ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ 

ʨʝʛʠʩʪʨʦʚ.  
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1.4.4 ʉʪʘʪʠʯʝʩʢʠʡ VLIW  

ʂʦʤʘʥʜʳ ʧʨʦʮʝʩʩʦʨʘ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʩʢʘʣʷʨʥʳʝ ʢʦʤʘʥʜʳ (ʩʤ. 

ʈʠʩʫʥʦʢ 1-8) ʠ ʚʝʢʪʦʨʥʳʝ (ʩʤ. ʈʠʩʫʥʦʢ 1-9). 
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ʈʠʩʫʥʦʢ 1-8 - ʂʦʜʠʨʦʚʢʘ ʩʢʘʣʷʨʥʳʭ ʢʦʤʘʥʜ 
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P VMOVE  W COUNT VOPER L 

ʈʠʩʫʥʦʢ 1-9 - ʂʦʜʠʨʦʚʢʘ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ 

ʉʢʘʣʷʨʥʳʝ ʢʦʤʘʥʜʳ ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʳʤʠ RISC- ʢʦʤʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʩʣʝʜʫʶʱʠʝ ʧʦʣʷ: P ï ʩʦʜʝʨʞʠʪ ʨʘʟʨʝʰʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ (ʤʦʞʥʦ ʠʣʠ ʥʝʪ 

ʚʳʧʦʣʥʠʪʴ ʜʘʥʥʫʶ ʢʦʤʘʥʜʫ, ʥʝ ʜʦʞʠʜʘʷʩʴ ʦʢʦʥʯʘʥʠʷ ʙʦʣʝʝ ʨʘʥʥʠʭ ʢʦʤʘʥʜ); MOVE 

ï ʟʘʜʘʸʪ ʚʚʦʜ/ʚʳʚʦʜ ʜʘʥʥʳʭ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ, 

ʫʩʣʦʚʥʳʝ ʧʝʨʝʭʦʜʳ/ʧʝʨʝʭʦʜʳ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ ʠ ʚʦʟʚʨʘʪʳ ʠʟ 

ʧʦʜʧʨʦʛʨʘʤʤʳ/ʧʨʝʨʳʚʘʥʠʷ; OPER ï ʦʧʨʝʜʝʣʷʝʪ ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ, ʣʦʛʠʯʝʩʢʫʶ 

ʦʧʝʨʘʮʠʶ ʠʣʠ ʦʧʝʨʘʮʠʶ ʩʜʚʠʛʘ. ʉʢʘʣʷʨʥʳʝ ʢʦʤʘʥʜʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 32-

ʨʘʟʨʷʜʥʳʝ ʢʦʥʩʪʘʥʪʳ (ʧʦʣʝ CONST), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʛʨʫʟʠʪʴʩʷ ʚ ʨʝʛʠʩʪʨʳ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʟʘʜʘʥʠʷ ʘʜʨʝʩʘ ʠʣʠ ʩʤʝʱʝʥʠʷ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʧʘʤʷʪʠ. 

ɺʝʢʪʦʨʥʳʝ ʢʦʤʘʥʜʳ ʠʤʝʶʪ ʧʦʭʦʞʠʝ ʧʦʣʷ: P (ʨʘʟʨʝʰʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ); 

VMOVE - ʟʘʜʘʸʪ ʚʚʦʜ/ʚʳʚʦʜ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ, VOPER ï ʦʧʨʝʜʝʣʷʝʪ 

ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʠʣʠ ʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʥʘʜ ʚʝʢʪʦʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʊʘʢʞʝ 

ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʷ: W ï ʫʧʨʘʚʣʷʝʪ ʟʘʛʨʫʟʢʦʡ ʚ ʪʝʥʝʚʫʶ ʤʘʪʨʠʮʫ ʚʝʩʦʚ; L ï 

ʟʘʜʘʸʪ ʧʝʨʝʟʘʧʠʩʴ ʪʝʥʝʚʦʡ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʚ ʨʘʙʦʯʫʶ; COUNT - ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ 

ʧʦʚʪʦʨʦʚ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʢʦʤʘʥʜʳ (ʦʪ 1 ʜʦ 32), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʧʧʘʨʘʪʥʦ 

ʧʦʜʜʝʨʞʘʪʴ ʦʨʛʘʥʠʟʘʮʠʶ ʢʦʨʦʪʢʠʭ ʮʠʢʣʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʧʣʦʪʥʦʩʪʴ ʢʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩʦʨ ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʘʥʜʳ ʪʠʧʘ VLIW, ʟʘʜʘʶʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʧʝʨʘʮʠʠ ʦʙʤʝʥʘ ʩ ʧʘʤʷʪʴʶ, ʤʦʜʠʬʠʢʘʮʠʶ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ ʠ ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ 

ʦʧʝʨʘʮʠʶ, ʧʨʠʯʸʤ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢʘʢ ʢ ʩʢʘʣʷʨʥʳʤ, ʪʘʢ ʠ ʢ ʚʝʢʪʦʨʥʳʤ ʢʦʤʘʥʜʘʤ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʚ ʦʜʥʦʡ ʢʦʤʘʥʜʝ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ- ʚʳʚʦʜʘ ʠ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʢʘʣʷʨʥʳʭ ʢʦʤʘʥʜ ʥʘ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʜʦ 

40%, ʥʦ ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ ʵʪʦ ʨʝʰʝʥʠʝ ʧʦ ʥʘʰʠʤ ʦʮʝʥʢʘʤ ʦʩʦʙʳʡ ʚʳʠʛʨʳʰ ʥʝ 

ʜʘʸʪ. 
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1.4.5 ʄʥʦʛʦʪʘʢʪʦʚʳʝ ʚʝʢʪʦʨʥʳʝ ʢʦʤʘʥʜʳ ʠ ʚʝʢʪʦʨʥʦ- ʢʦʥʚʝʡʝʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʚʳʯʠʩʣʝʥʠʡ (ʜʠʥʘʤʠʯʝʩʢʠʡ VLIW ) 

ʇʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʦʧʝʨʘʮʠʡ, ʟʘʜʘʥʥʳʭ 

ʨʘʟʥʳʤʠ ʚʝʢʪʦʨʥʳʤʠ ʢʦʤʘʥʜʘʤʠ, ʚ ʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʘʭ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʧʨʦʮʝʩʩʦʨʦʚ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʦʢ 1-10. ɽʩʣʠ ʢʦʤʘʥʜʳ ʥʝ ʠʤʝʶʪ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ, ʦʥʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʥʠʤʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ ʠ ʥʘʯʠʥʘʶʪ . 

ɽʩʣʠ ʦʜʥʘ ʠʟ ʢʦʤʘʥʜ, (ʥʘʧʨʠʤʝʨ, ʥʘ ʈʠʩʫʥʦʢ 1-10 ʵʪʦ ʢʦʤʘʥʜʘ 2),  ʜʦʣʞʥʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʝʜʳʜʫʱʝʡ ʢʦʤʘʥʜʦʡ 1, ʝʡ ʥʝ ʥʘʜʦ ʞʜʘʪʴ 

ʧʦʣʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʣʝʜʥʝʡ. ɼʦʩʪʘʪʦʯʥʦ ʜʦʞʜʘʪʴʩʷ ʧʦʣʫʯʝʥʠʷ 

ʧʝʨʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ (1.1), ʯʪʦʙ ʚʳʧʦʣʥʠʪʴ ʧʝʨʚʫʶ ʦʧʝʨʘʮʠʶ (2.1). ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʥʘʟʳʚʘʝʪʩʷ çʟʘʮʝʧʣʝʥʠʝʤ ʧʦ ʜʘʥʥʳʤè (chaining).  

ʇʦʪʦʢ ʢʦʤʘʥʜʌʫʥʢʮʠʦʥʘʣɹʥr ʡ 
ʫʟʝʣ 1

ʌʫʥʢʮʠʦʥʘʣɹʥr ʡ 

ʫʟʝʣ 2

ʌʫʥʢʮʠʦʥʘʣɹʥr ʡ 

ʫʟʝʣ 3

ʂʦʤʘʥʜʘ 1

ʂʦʤʘʥʜʘ 2

ʂʦʤʘʥʜʘ 3

ʂʦʤʘʥʜʘ ʄ

ʂʦʤʘʥʜʘ ʄ+1

ʂʦʤʘʥʜʘ ʄ+2

1.1

1.2

1.3

1.N

M.1

M.2

M.3

2.1

2.2

2.N -1

2.N 

M+1.1

M+1.2

3.1

3.N -2

3.N -1

3.N 

M+2.1

ʇʦʩʣʝʜʦʚʘʪʝʣɹʥʦʩʪʠ ʚrʧʦʣʥ̫ʝʤr ʭ ʦʧʝʨʘʮʠʡ

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

...

ɺ

ʨ

ʝ

ʤ

ʷ

 

ʈʠʩʫʥʦʢ 1-10 -  ɺʝʢʪʦʨʥʦ-ʢʦʥʚʝʡʝʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʯʠʩʣʝʥʠʡ (ʜʠʥʘʤʠʯʝʩʢʠʡ 

VLIW) 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʤʘʥʜʳ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʦ ʦʜʥʦʡ ʠ ʚ ʩʪʨʦʛʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʪʘʢʪʦʚʳʭ ʢʦʤʘʥʜ ʜʦʩʪʠʛʘʝʪʩʷ 

ʵʬʬʝʢʪ ʩʫʧʝʨʩʢʘʣʷʨʘ (ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʧʝʨʘʮʠʡ ʚ ʨʘʟʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʘʭ ʥʘʜ ʨʘʟʥʳʤʠ ʜʘʥʥʳʤʠ). ʊʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʥʝʦʯʝʨʝʜʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜ (out- of- order execution), ʢʦʛʜʘ ʧʦʟʞʝ ʚʳʙʨʘʥʥʘʷ ʢʦʤʘʥʜʘ ʤʦʞʝʪ 

ʟʘʢʦʥʯʠʪʴ ʩʚʦʸ ʚʳʧʦʣʥʝʥʠʝ ʨʘʥʴʰʝ, ʯʝʤ ʨʘʥʝʝ ʚʳʙʨʘʥʥʳʝ ʢʦʤʘʥʜʳ. 
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1.4.6 ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʥʚʝʡʝʨʘ ʢʦʤʘʥʜ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʭ ʩ ʧʘʤʷʪʴʶ 

ʇʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʚʝʡʝʨʘ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʦʢ 1-11. ɽʛʦ 

ʦʩʥʦʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ: 

¶ ʥʘʣʠʯʠʝ ʦʙʱʠʭ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʪʫʧʝʥʝʡ ʜʣʷ ʚʩʝʭ ʢʦʤʘʥʜ ï ʩʢʘʣʷʨʥʳʭ ʠ 

ʚʝʢʪʦʨʥʳʭ, ʧʨʠʯʝʤ ʥʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʘʜʨʝʩʘ 

ʧʝʨʚʦʛʦ ʜʘʥʥʦʛʦ ʜʣʷ ʢʦʤʘʥʜʳ, ʧʦʩʣʝʜʥʝʛʦ ʘʜʨʝʩʘ ʠ ʩʤʝʱʝʥʠʷ (ʜʣʷ ʚʝʢʪʦʨʥʳʭ 

ʢʦʤʘʥʜ), ʤʦʜʠʬʠʢʘʮʠʷ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ, ʥʘ ʚʪʦʨʦʡ ʦʨʛʘʥʠʟʫʝʪʩʷ ʝʜʠʥʘʷ 

ʦʯʝʨʝʜʴ ʢʦʤʘʥʜ, ʦʞʠʜʘʶʱʠʭ ʩʚʦʠʭ ʜʘʥʥʳʭ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ; 

¶ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʜʢʦʥʚʝʡʝʨʦʚ ʥʘ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ (ʩʪʘʜʠʠ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ), ʧʨʠʯʸʤ ʚʚʦʜ ʠ ʚʳʚʦʜ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʤʝʥʥʦ 

ʥʘ ʜʘʥʥʦʡ ʩʪʫʧʝʥʠ (ʨʝʘʣʠʟʫʝʪʩʷ Late Write). ʂʦʥʚʝʡʝʨ ʜʣʷ ʩʢʘʣʷʨʥʳʭ 

ʦʧʝʨʘʮʠʡ ʥʘ ʜʘʥʥʦʡ ʩʪʫʧʝʥʠ ʦʜʠʥ ʠ ʠʤʝʝʪ ʛʣʫʙʠʥʫ ʝʜʠʥʠʮʘ, ʢʦʥʚʝʡʝʨʦʚ ʜʣʷ 

ʚʝʢʪʦʨʥʳʭ ʦʧʝʨʘʮʠʡ ʥʝʩʢʦʣʴʢʦ, ʠ ʦʥʠ ʠʤʝʶʪ ʧʝʨʝʤʝʥʥʫʶ ʛʣʫʙʠʥʫ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʳʧʦʣʥʷʝʤʦʡ ʦʧʝʨʘʮʠʠ. 
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ʈʝʛʠʩʪʨ ʢʦʤʘʥʜ

 1-ʡ ʩʪʫʧʝʥʠ

ʆʯʝʨʝʜɹ ʢʦʤʘʥʜ

2-ʡ ʩʪʫʧʝʥʠ
ʂʦʤʘʥʜʘ i+7

ʂʦʤʘʥʜʘ i+6

ʂʦʤʘʥʜʘ i+5

ʂʦʤʘʥʜʘ i+4

ʂʦʤʘʥʜʘ i+3

ʂʦʤʘʥʜʘ i+2

ʂʦʤʘʥʜʘ i+1

ʂʦʤʘʥʜʘ i

ʆʯʝʨʝʜɹ ʢʦʤʘʥʜ

3-ʡ ʩʪʫʧʝʥʠ

ʆʯʝʨʝʜɹ ʢʦʤʘʥʜ

4-ʡ ʩʪʫʧʝʥʠ

ʆʯʝʨʝʜɹ ʢʦʤʘʥʜ

3-ʡ ʩʪʫʧʝʥʠ

ʆʯʝʨʝʜɹ ʢʦʤʘʥʜ

4-ʡ ʩʪʫʧʝʥʠ

ʐʠʥʘ ʢʦʤʘʥʜ

RISC

ɺr ʯʠʩʣʝʥʠʝ 

ʘʜʨʝʩʘ

ɺʥʫʪʨʝʥʥ̫  ̫hʠʥʘ ʢʦʤʘʥʜ

ʌʫʥʢʮʠʦʥʘʣɹʥr ʡ ʫʟʝʣ 1 ʌʫʥʢʮʠʦʥʘʣɹʥr ʡ ʫʟʝʣ N

.

.

.

.

.

.

...

 

ʈʠʩʫʥʦʢ 1-11 -  ʇʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʚʝʡʝʨʘ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ 

ʅʘʣʠʯʠʝ ʦʯʝʨʝʜʠ ʢʦʤʘʥʜ, ʦʞʠʜʘʶʱʠʭ ʩʚʦʠʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʩ ʙʘʥʢʘʤʠ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʠʤʝʶʱʠʤʠ 

ʨʘʟʣʠʯʥʫʶ ʛʣʫʙʠʥʫ ʢʦʥʚʝʡʝʨʘ ʙʝʟ ʧʦʪʝʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɼʘʥʥʘʷ ʦʯʝʨʝʜʴ 

ʠʤʝʝʪ ʛʣʫʙʠʥʫ ʚʦʩʝʤʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʚʥʝʰʥʝʡ ʩʠʥʭʨʦʥʥʦʡ 

ʧʘʤʷʪʴʶ ʚ ʢʦʥʚʝʡʝʨʥʦʤ ʨʝʞʠʤʝ - ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʪʘʚʠʪʴ ʜʦ 8-ʤʠ ʟʘʧʨʦʩʦʚ 

ʥʘ ʯʪʝʥʠʝ, ʧʨʝʞʜʝ ʯʝʤ ʧʨʠʜʫʪ ʧʝʨʚʳʝ ʜʘʥʥʳʝ. 
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ɽʩʣʠ ʧʨʦʮʝʩʩʦʨ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʴʶ, ʦʯʝʨʝʜʴ ʢʦʤʘʥʜ ʟʘʧʦʣʥʝʥʘ 

ʥʝ ʧʦʣʥʦʩʪʴʶ. ʉʪʦʠʪ ʧʨʦʠʟʚʝʩʪʠ ʭʦʪʴ ʦʜʥʦ ʦʙʨʘʱʝʥʠʝ ʚʦ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ, 

ʢʦʤʘʥʜʘ, ʦʞʠʜʘʶʱʘʷ ʩʚʦʠʭ ʜʘʥʥʳʭ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʥʝ ʤʦʞʝʪ ʫʡʪʠ ʠʟ ʦʯʝʨʝʜʠ, ʠ 

ʦʯʝʨʝʜʴ ʥʘʯʠʥʘʝʪ ʟʘʧʦʣʥʷʪʴʩʷ. ʂʘʢ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʧʨʠʜʫʪ, ʦʯʝʨʝʜʴ ʥʘʯʠʥʘʝʪ 

ʨʘʟʛʨʫʞʘʪʴʩʷ. ʊʝʤ ʩʘʤʳʤ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʥʚʝʡʝʨ ʧʝʨʝʤʝʥʥʦʡ ʛʣʫʙʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʯʠʩʣʘ ʪʘʢʪʦʚ ʦʙʨʘʱʝʥʠʷ ʚ ʧʘʤʷʪʴ, ʠ ʵʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʨʘʙʦʪʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʩ ʚʥʝʰʥʝʡ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʴʶ. 

ʈʝʘʣʠʟʘʮʠʷ ʚʳʜʘʯʠ ʠ ʧʨʠʸʤʘ ʜʘʥʥʳʭ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʪʫʧʝʥʠ ʢʦʥʚʝʡʝʨʘ (Late 

Write) ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʬʣʠʢʪʦʚ ʧʦ ʜʘʥʥʳʤ. ʊʘʢ, ʝʩʣʠ ʧʝʨʚʘʷ ʢʦʤʘʥʜʘ 

ʯʠʪʘʝʪ ʜʘʥʥʳʝ ʠʟ ʧʘʤʷʪʠ, ʘ ʚʪʦʨʘʷ ʜʦʣʞʥʘ ʟʘʧʠʩʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʚ ʧʘʤʷʪʴ, ʧʦʩʣʝʜʥʷʷ 

ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʪʘʢʪʝ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʚʦʡ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʵʪʦ 

ʚʝʢʪʦʨʥʳʝ ʢʦʤʘʥʜʳ, ʚʪʦʨʘʷ ʢʦʤʘʥʜʘ ʤʦʞʝʪ ʥʘʯʘʪʴ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʪʘʢʪʝ 

ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʦʛʦ ʜʘʥʥʦʛʦ ʧʝʨʚʦʡ ʢʦʤʘʥʜʦʡ. 

1.4.7 ɽʜʠʥʳʡ ʘʜʨʝʩʥʳʡ ʛʝʥʝʨʘʪʦʨ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ 

ʂʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʨʘʥʝʝ, ʚʩʝ ʢʦʤʘʥʜʳ ʧʨʠ ʟʘʧʫʩʢʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ, ʢʘʢ ʠ ʨʘʥʴʰʝ, 

ʥʘʯʠʥʘʶʪ ʩʚʦʶ ʨʘʙʦʪʫ ʥʘ ʦʙʱʝʡ ʯʘʩʪʠ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʢʦʥʚʝʡʝʨʘ. ʉʢʘʣʷʨʥʘʷ 

ʢʦʤʘʥʜʘ ʥʘ ʜʘʥʥʦʡ ʩʪʫʧʝʥʠ ʢʦʥʚʝʡʝʨʘ ʚʳʩʪʘʚʣʷʝʪ ʟʘʧʨʦʩ ʥʘ ʜʦʩʪʫʧ ʚ ʧʘʤʷʪʴ. ɺ 

ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʙʣʦʢʠʨʦʚʦʢ ʧʦ ʜʦʩʪʫʧʫ ʚ ʧʘʤʷʪʴ ʠ ʦʪ ʥʠʞʥʠʭ ʩʪʫʧʝʥʝʡ ʢʦʥʚʝʡʝʨʘ 

ʢʦʤʘʥʜʘ ʧʦʧʘʜʘʝʪ ʥʘ  ʚʪʦʨʫʶ ʩʪʫʧʝʥʴ ʢʦʥʚʝʡʝʨʘ ʠ ʦʩʚʦʙʦʞʜʘʝʪ ʦʙʱʫʶ ʯʘʩʪʴ.  

ɺʝʢʪʦʨʥʘʷ ʢʦʤʘʥʜʘ ʧʨʠ ʟʘʧʫʩʢʝ ʟʘʥʠʤʘʝʪ ʦʙʱʫʶ ʯʘʩʪʴ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʢʦʥʚʝʡʝʨʘ ʥʘ 

ʦʜʠʥ ʧʨʦʮʝʩʩʦʨʥʳʡ ʪʘʢʪ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʦʥʘ ʚʳʯʠʩʣʷʝʪ ʘʜʨʝʩ ʧʝʨʚʦʛʦ ʦʙʨʘʱʝʥʠʷ ʚ 

ʧʘʤʷʪʴ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʩʦʜʝʨʞʘʱʝʤ 

ʫʤʥʦʞʠʪʝʣʴ 5*32 ʨʘʟʨʷʜʘ ʠ 32-ʨʘʟʨʷʜʥʳʡ ʩʫʤʤʘʪʦʨ, ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʘʜʨʝʩʥʦʛʦ ʨʝʛʠʩʪʨʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʳ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʤ, 

ʯʪʦ ʜʦʣʞʥʦ ʧʦʣʫʯʠʪʴʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʚʝʢʪʦʨʥʦʡ ʢʦʤʘʥʜʳ. ɺ 

ʩʣʝʜʫʶʱʝʤ ʪʘʢʪʝ ʚʝʢʪʦʨʥʘʷ ʢʦʤʘʥʜʘ ʦʩʚʦʙʦʞʜʘʝʪ ʧʝʨʚʳʡ ʫʨʦʚʝʥʴ ʢʦʥʚʝʡʝʨʘ, ʫʭʦʜʠʪ 

ʥʘ ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʥʠʤʘʝʪ ʦʜʠʥ ʠʟ ʰʝʩʪʠ ʘʜʨʝʩʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʝ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ. ʇʨʠ ʵʪʦʤ ʟʘʧʦʤʠʥʘʝʪʩʷ  ʘʜʨʝʩ ʧʝʨʚʦʛʦ 

ʦʙʨʘʱʝʥʠʷ ʚ ʧʘʤʷʪʴ, ʩʦʭʨʘʥʷʝʪʩʷ ʢʦʧʠʷ ʟʥʘʯʝʥʠʷ ʨʝʛʠʩʪʨʘ- ʩʤʝʱʝʥʠʷ ʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʟʘʧʨʦʩ ʥʘ ʜʦʩʪʫʧ ʚ ʧʘʤʷʪʴ. ɼʘʣʝʝ ʘʜʨʝʩʥʳʡ ʛʝʥʝʨʘʪʦʨ ʨʘʙʦʪʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʥʝ 

ʟʘʥʠʤʘʷ ʨʝʩʫʨʩʦʚ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ.  

ʅʘʣʠʯʠʝ ʝʜʠʥʦʛʦ ʘʜʨʝʩʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʫ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʘʜʨʝʩʥʳʡ ʨʝʛʠʩʪʨ  ʵʪʦʛʦ ʷʜʨʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʘʜʨʝʩʘ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʘʥʜ, ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʶʱʘʷ ʢʦʤʘʥʜʘ ʥʝ ʜʦʣʞʥʘ ʞʜʘʪʴ 

ʧʦʣʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʧʨʝʜʳʜʫʱʝʡ. ʇʨʠ ʵʪʦʤ ʙʣʦʢ ʘʜʨʝʩʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚʥʝ 

ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʝʥʝʨʘʮʠʶ ʟʘʧʨʦʩʦʚ ʥʘ ʦʙʤʝʥ ʩ ʧʘʤʷʪʴʶ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʩʢʘʣʷʨʥʳʭ ʠ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

1.4.8 ɸʧʧʘʨʘʪʥʘʷ ʚʝʨʰʠʥʘ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ 

ɺ ʧʨʦʮʝʩʩʦʨʝ ʂ1879ɺʄ5ʗ ʚʚʝʜʝʥʘ ʘʧʧʘʨʘʪʥʘʷ ʚʝʨʰʠʥʘ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ. ʆʥʘ 

ʢʦʧʠʨʫʝʪ ʩʦʜʝʨʞʠʤʦʝ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ, ʭʨʘʥʷʱʝʡ ʧʦʩʣʝʜʥʠʡ ʘʜʨʝʩ 
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ʚʦʟʚʨʘʪʘ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ ʠʣʠ ʧʨʝʨʳʚʘʥʠʷ ʠ ʟʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʘ ʩʣʦʚʘ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʮʝʩʩʦʨʘ PSWR ʧʨʠ ʚʭʦʜʝ ʚ ʧʦʜʧʨʦʛʨʘʤʤʫ/ʧʨʝʨʳʚʘʥʠʝ. ʇʦʜʜʝʨʞʢʘ ʘʧʧʘʨʘʪʥʦʡ 

ʚʝʨʰʠʥʳ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ ʚ ʂ1879ɺʄ5ʗ ʧʦʟʚʦʣʷʝʪ ʨʝʟʢʦ ʫʩʢʦʨʠʪʴ ʚʳʧʦʣʥʝʥʠʝ 

ʢʦʤʘʥʜ ʚʦʟʚʨʘʪʘ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ ʠʣʠ ʧʨʝʨʳʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʩʠʩʪʝʤʥʳʡ ʩʪʝʢ 

ʨʘʩʧʦʣʦʞʝʥ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. 
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1.5 ʉʠʩʪʝʤʘ ʧʘʤʷʪʠ 

1.5.1 ʇʦʜʩʠʩʪʝʤʘ ʘʜʨʝʩʘʮʠʠ ʜʘʥʥʳʭ 

ʇʨʠ ʧʨʦʛʨʘʤʤʥʦʤ ʜʦʩʪʫʧʝ ʟʘ ʜʘʥʥʳʤʠ ʘʜʨʝʩ ʦʙʨʘʱʝʥʠʷ ʚ ʧʘʤʷʪʴ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ 

ʧʨʦʮʝʩʩʦʨʥʳʤ ʷʜʨʦʤ ʠʣʠ ʦʜʥʠʤ ʠʟ ʰʝʩʪʠ ʘʜʨʝʩʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʙʣʦʢʘ AGU 

(ʩʤ.ʈʠʩʫʥʦʢ 1-1). 

ʇʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʙʨʘʪʠʪʴʩʷ ʚ ʧʘʤʷʪʴ, ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʢʘʣʷʨʥʘʷ ʠʣʠ ʦʜʥʦʪʘʢʪʦʚʘʷ ʚʝʢʪʦʨʥʘʷ ʢʦʤʘʥʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʘʜʨʝʩʘʮʠʠ: 

¶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʘʜʨʝʩʘʮʠʷ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʘʜʨʝʩʫ, ʟʘʜʘʥʥʦʤʫ ʚ ʢʦʤʘʥʜʝ ʚ 
ʚʠʜʝ ʢʦʥʩʪʘʥʪʳ; 

¶ ʘʜʨʝʩʘʮʠʷ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ ʘʜʨʝʩʥʦʛʦ ʨʝʛʠʩʪʨʘ (AR- ʨʝʛʠʩʪʨʘ) ʠʣʠ ʨʝʛʠʩʪʨʘ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (GR- ʨʝʛʠʩʪʨʘ); 

¶ ʘʜʨʝʩʘʮʠʷ ʧʦ ʩʫʤʤʝ ʩʦʜʝʨʞʠʤʦʛʦ AR- ʨʝʛʠʩʪʨʘ ʠ GR- ʨʝʛʠʩʪʨʘ; 

¶ ʘʜʨʝʩʘʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʜʝʨʞʠʤʦʛʦ AR- ʨʝʛʠʩʪʨʘ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʟʘʜʘʥʥʳʤ ʩʤʝʱʝʥʠʝʤ. 

ɽʩʣʠ ʟʘʧʨʦʩ ʦʪ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʥʝ ʧʨʦʭʦʜʠʪ, ʠʣʠ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ 

ʤʥʦʛʦʪʘʢʪʦʚʫʶ ʚʝʢʪʦʨʥʫʶ ʢʦʤʘʥʜʫ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʥʠʤʘʝʪʩʷ ʦʜʠʥ ʠʟ ʘʜʨʝʩʥʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʙʣʦʢʘ AGU, ʩ ʢʦʪʦʨʦʛʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʝʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʪʝʢʫʱʝʛʦ ʘʜʨʝʩʘ ʠ ʚʳʯʠʩʣʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ (ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ).  ʇʨʠ ʵʪʦʤ 

ʧʨʦʮʝʩʩʦʨʥʳʤ ʷʜʨʦʤ ʟʘʜʘʸʪʩʷ ʪʝʢʫʱʠʡ ʘʜʨʝʩ ʧʦ ʰʠʥʝ ADDR, ʘ ʜʣʷ ʚʝʢʪʦʨʥʳʭ 

ʢʦʤʘʥʜ ʪʘʢʞʝ ʩʤʝʱʝʥʠʝ ʧʦ ʰʠʥʝ BIAS ʠ ʯʠʩʣʦ ʪʘʢʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ (ʩʤ. 

ʈʠʩʫʥʦʢ 1-1). ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʱʝʥʠʝ ʚ ʧʘʤʷʪʴ ʧʦ ʪʝʢʫʱʝʤʫ ʘʜʨʝʩʫ, ʘ 

ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʥʦʚʳʡ ʘʜʨʝʩ ʧʫʪʸʤ ʧʨʠʙʘʚʣʝʥʠʷ ʢ 

ʪʝʢʫʱʝʤʫ ʘʜʨʝʩʫ ʩʤʝʱʝʥʠʷ. ɼʘʥʥʦʝ ʜʝʡʩʪʚʠʝ ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ ʧʦʚʪʦʨʷʝʪʩʷ 

ʩʪʦʣʴʢʦ ʨʘʟ, ʩʢʦʣʴʢʦ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʠʪʴ ʜʘʥʥʳʝ ʢʦʤʘʥʜʳ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ ʤʝʪʦʜʘʭ ʘʜʨʝʩʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʮʝʩʩʦʨʦʤ, ʩʤ. ʚ ʛʣʘʚʝ 4.  

1.5.2 ʇʦʜʩʠʩʪʝʤʘ ʘʜʨʝʩʘʮʠʠ ʢʦʤʘʥʜ 

ʇʨʠ ʚʳʙʦʨʢʝ ʢʦʤʘʥʜʳ ʘʜʨʝʩ ʦʙʨʘʱʝʥʠʷ ʚ ʧʘʤʷʪʴ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʧʨʦʮʝʩʩʦʨʥʳʤ 

ʷʜʨʦʤ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʘʜʨʝʩʘ ʢʦʤʘʥʜ ʙʣʦʢʘ AGU (ʩʤ. ʈʠʩʫʥʦʢ 1-1). 

ʈʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʘʜʨʝʩʘʮʠʠ ʢʦʤʘʥʜ: 

¶ ʘʜʨʝʩʘʮʠʷ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ ʩʯʝʪʯʠʢʘ ʘʜʨʝʩʘ ʢʦʤʘʥʜ (PC); 

¶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʘʜʨʝʩʘʮʠʷ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʘʜʨʝʩʫ, ʟʘʜʘʥʥʦʤʫ ʚ ʢʦʤʘʥʜʝ ʚ 
ʚʠʜʝ ʢʦʥʩʪʘʥʪʳ; 

¶ ʘʜʨʝʩʘʮʠʷ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ ʘʜʨʝʩʥʦʛʦ ʨʝʛʠʩʪʨʘ (AR-ʨʝʛʠʩʪʨʘ) ʠʣʠ ʨʝʛʠʩʪʨʘ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (GR-ʨʝʛʠʩʪʨʘ); 
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¶ ʘʜʨʝʩʘʮʠʷ ʧʦ ʩʫʤʤʝ ʩʦʜʝʨʞʠʤʦʛʦ AR- ʨʝʛʠʩʪʨʘ ʠ GR-ʨʝʛʠʩʪʨʘ; 

¶ ʘʜʨʝʩʘʮʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʜʝʨʞʠʤʦʛʦ AR- ʨʝʛʠʩʪʨʘ ʠʣʠ ʩʯʝʪʯʠʢʘ ʘʜʨʝʩʘ 

ʢʦʤʘʥʜ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʜʘʥʥʳʤ ʩʤʝʱʝʥʠʝʤ. 

ɺʥʝʰʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʮʝʩʩʦʨʥʦʤʫ ʷʜʨʫ ʛʝʥʝʨʘʪʦʨ ʘʜʨʝʩʘ ʢʦʤʘʥʜ ʙʣʦʢʘ AGU 

ʩʣʫʞʠʪ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʝʜʚʳʙʦʨʢʠ ʢʦʤʘʥʜ ʠʟ ʧʘʤʷʪʠ. ʇʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ 

ʩʙʨʦʩʘ ʩʯʝʪʯʠʢ ʘʜʨʝʩʘ ʢʦʤʘʥʜ ʷʜʨʘ  PC ʠ  ʛʝʥʝʨʘʪʦʨ ʘʜʨʝʩʘ ʢʦʤʘʥʜ ʦʙʥʫʣʷʶʪʩʷ. 

ɼʘʣʝʝ ʧʦʩʣʝʜʥʠʡ ʥʘʯʠʥʘʝʪ ʚ ʨʝʞʠʤʝ ʠʥʢʨʝʤʝʥʪʘ ʚʳʙʠʨʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʚ ʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ. ʇʦ ʤʝʨʝ ʧʨʦʚʘʣʘ ʢʦʤʘʥʜ ʥʘ 

ʧʝʨʚʫʶ ʩʪʫʧʝʥʴ ʢʦʥʚʝʡʝʨʘ PC ʠʥʢʨʝʤʝʥʪʠʨʫʝʪʩʷ, ʢʘʢ ʙʳ ʜʦʛʦʥʷʷ ʛʝʥʝʨʘʪʦʨ ʘʜʨʝʩʘ 

ʢʦʤʘʥʜ. ɽʩʣʠ ʚʩʪʨʝʯʘʝʪʩʷ ʧʝʨʝʭʦʜ/ʧʝʨʝʭʦʜ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ ʠʣʠ ʚʦʟʚʨʘʪ ʠʟ 

ʧʦʜʧʨʦʛʨʘʤʤʳ/ʧʨʝʨʳʚʘʥʠʷ, ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ ʚʳʩʪʘʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʨʥʳʤ ʷʜʨʦʤ ʧʦ 

ʰʠʥʝ BIAS (ʩʤ. ʈʠʩʫʥʦʢ 1-1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʜʨʝʩ ʦʯʝʨʝʜʥʦʡ ʢʦʤʘʥʜʳ ʚʳʩʪʘʚʣʷʝʪʩʷ 

ʦʪ ʷʜʨʘ, ʠ ʦʥ ʞʝ ʧʝʨʝʧʠʩʳʚʘʝʪʩʷ ʚ  ʛʝʥʝʨʘʪʦʨ ʘʜʨʝʩʘ ʢʦʤʘʥʜ ʩ ʠʥʢʨʝʤʝʥʪʠʨʦʚʘʥʠʝʤ, 

ʧʨʦʠʩʭʦʜʠʪ ʦʯʠʩʪʢʘ ʦʪ ʨʘʥʝʝ ʚʳʙʨʘʥʥʳʭ ʥʝʥʫʞʥʳʭ ʢʦʤʘʥʜ. ɼʘʣʝʝ ʟʘʧʨʦʩ ʥʘ 

ʚʳʙʦʨʢʫ ʢʦʤʘʥʜʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʳʩʪʘʚʣʷʝʪʩʷ ʦʪ  ʛʝʥʝʨʘʪʦʨʘ ʘʜʨʝʩʘ ʢʦʤʘʥʜ, ʧʦʢʘ ʥʝ 

ʚʦʟʥʠʢʥʝʪ ʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ ʤʝʪʦʜʘʭ ʘʜʨʝʩʘʮʠʠ ʢʦʤʘʥʜ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʮʝʩʩʦʨʦʤ, ʩʤ. ʚ 

ʛʣʘʚʝ 4.  

1.5.3 ʇʦʜʩʠʩʪʝʤʘ ʘʜʨʝʩʘʮʠʠ ʧʘʤʷʪʠ ʢʘʥʘʣʘʤʠ ʇɼʇ 

ɼʣʷ ʦʙʤʝʥʘ ʙʣʦʢʘʤʠ ʜʘʥʥʳʭ/ʢʦʤʘʥʜ ʤʝʞʜʫ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʴʶ ʙʝʟ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʙʳʣʠ ʚʚʝʜʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʥʘʣʳ ʇɼʇ, ʜʚʘ ʠʟ 

ʢʦʪʦʨʳʭ ʦʙʩʣʫʞʠʚʘʶʪ ʚʥʝʰʥʶʶ ʠ ʚʥʫʪʨʝʥʥʶʶ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ, ʜʚʘ ʜʨʫʛʠʭ - 

ʚʥʝʰʥʶʶ ʠ ʚʥʫʪʨʝʥʥʶʶ ʛʣʦʙʘʣʴʥʫʶ ʧʘʤʷʪʴ. ʏʪʦʙʳ ʟʘʜʘʪʴ ʦʙʤʝʥ ʚ ʨʝʞʠʤʝ ʇɼʇ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʛʨʘʤʤʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴʥʳʡ ʘʜʨʝʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʚʥʫʪʨʝʥʥʝʡ 

ʧʘʤʷʪʠ, ʯʠʩʣʦ ʧʝʨʝʜʘʚʘʝʤʳʭ 64-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ, ʪʠʧ ʧʝʨʝʩʳʣʢʠ (ʚʥʝʰʥʷʷ - 

ʚʥʫʪʨʝʥʥʷʷ ʧʘʤʷʪʴ ʠʣʠ ʚʥʫʪʨʝʥʥʷʷ ï ʚʥʝʰʥʷʷ ʧʘʤʷʪʴ), ʠ ʟʘʪʝʤ ʟʘʧʫʩʪʠʪʴ ʵʪʦ ʇɼʇ. 

ɼʘʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʘʚʪʦʠʥʢʨʝʤʝʥʪʥʦʤ ʨʝʞʠʤʝ, ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʯʪʝʥʠʝ  ʠʟ 

ʚʥʝʰʥʝʡ/ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʠ ʟʘʧʠʩʴ ʚ ʪʦʤ ʞʝ ʨʝʞʠʤʝ ʚʦ ʚʥʫʪʨʝʥʥʶʶ/ʚʥʝʰʥʶʶ 

ʧʘʤʷʪʴ 64-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʦʚ ʩʣʫʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ ʇɼʇ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠʥʷʪʫʶ ʧʦ ʧʦʨʪʫ ʠʥʬʦʨʤʘʮʠʶ ʚ ʘʚʪʦʠʥʢʨʝʤʝʥʪʥʦʤ ʨʝʞʠʤʝ 

ʟʘʧʠʩʘʪʴ ʚʦ ʚʥʝʰʥʶʶ ʠʣʠ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʧʘʤʷʪʴ, ʘ ʪʘʢʞʝ ʚʳʜʘʪʴ ʧʦ ʧʦʨʪʫ  

ʠʥʬʦʨʤʘʮʠʶ, ʩʯʠʪʘʥʥʫʶ ʚ ʘʚʪʦʠʥʢʨʝʤʝʥʪʥʦʤ  ʨʝʞʠʤʝ ʠʟ ʚʥʝʰʥʝʡ ʠʣʠ ʚʥʫʪʨʝʥʥʝʡ 

ʧʘʤʷʪʠ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʠʟ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʦʚ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʣʶʙʦʡ 

ʧʘʤʷʪʴʶ ï ʣʦʢʘʣʴʥʦʡ ʠʣʠ ʛʣʦʙʘʣʴʥʦʡ, ʚʥʝʰʥʝʡ ʠʣʠ ʚʥʫʪʨʝʥʥʝʡ.  

ʏʪʦʙʳ ʥʘʯʘʪʴ ʦʙʤʝʥ ʧʦ ʧʦʨʪʫ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʛʨʘʤʤʥʦ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʡ ʘʜʨʝʩ 

ʧʘʤʷʪʠ, ʩ ʢʦʪʦʨʦʡ ʦʥ ʨʘʙʦʪʘʝʪ, ʯʠʩʣʦ ʧʝʨʝʜʘʚʘʝʤʳʭ ʠʣʠ ʧʨʠʥʠʤʘʝʤʳʭ 64-ʨʘʟʨʷʜʥʳʭ 

ʩʣʦʚ, ʠ ʟʘʪʝʤ ʟʘʧʫʩʪʠʪʴ ʵʪʦʪ ʧʦʨʪ.  

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ ʨʘʙʦʪʝ ʢʘʥʘʣʦʚ ʇɼʇ ʩʤ. ʚ ʛʣʘʚʘʭ 9 ʠ 13.  
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1.5.4 ɹʘʥʢʠ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ 

ʂʘʞʜʳʡ ʙʘʥʢ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʂ1879ɺʄ5ʗ ʠʤʝʝʪ ʜʚʫʭʧʦʨʪʦʚʫʶ ʦʨʛʘʥʠʟʘʮʠʶ. ʇʦ 

ʦʜʥʦʤʫ ʠʟ ʧʦʨʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʪʝʥʠʝ ʠ ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʨʥʳʤ ʷʜʨʦʤ, ʘ 

ʪʘʢʞʝ ʚʳʙʦʨʢʘ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ. ɺʪʦʨʦʡ ʧʦʨʪ ʦʙʩʣʫʞʠʚʘʝʪ ʯʪʝʥʠʝ ʠ ʟʘʧʠʩʴ 

ʜʘʥʥʳʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʥʪʨʦʣʣʝʨʘ ʇɼʇ, ʘ ʪʘʢʞʝ ʯʪʝʥʠʝ ʠ ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʩʦ 

ʩʪʦʨʦʥʳ ʚʥʝʰʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʥʢ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʩʧʦʩʦʙʝʥ 

ʦʪʨʘʙʦʪʘʪʴ ʜʦ ʜʚʫʭ ʟʘʧʨʦʩʦʚ ʚ ʢʘʞʜʦʤ ʧʨʦʮʝʩʩʦʨʥʦʤ ʪʘʢʪʝ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʘʥʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʦʢ 1-12. 

 

ʈʠʩʫʥʦʢ 1-12 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʘʥʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ 

ʂ1879ɺʄ5ʗ 

ʌʠʟʠʯʝʩʢʠ ʙʘʥʢ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʣʫʙʘʥʢʦʚ ʧʘʤʷʪʠ ʪʠʧʘ SRAM 

ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ 8ʂ x 64 ʢʘʞʜʳʡ (ʥʘ ʨʠʩʫʥʢʝ 1-12 ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ODD  ʠ EVEN). 

ɺʳʙʦʨ ʧʦʣʫʙʘʥʢʘ ʧʘʤʷʪʠ, ʚ ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʱʝʥʠʝ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʝʨʚʦʛʦ ʨʘʟʨʷʜʘ ʘʜʨʝʩʘ ʚʳʧʦʣʥʷʝʤʦʡ ʦʧʝʨʘʮʠʠ (ʯʪʝʥʠʷ ʠʣʠ 

SRAM 

8 K x  64 

ODD 

SRAM 

8 K x  64 

EVEN 

C 
O 
M 
  2 
  - 
2   

DMA _ O 
64 

64 
D _ O 

C 
O 
M 
  2 
  - 
2   

64 

64 

DMA _ I 

COM  2  - 2 

WA _ BUF 

3  x  14 

MUX 

DMA IAB A 

14 14 

MU
X 

WD _ BUF 

3  x  64 

64 

D _ I 



 

 

     

ʖʌʂɺ.431282.006ʈʕ 

ʃʠʩʪ 

     
43 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ. ʇʦʜʧ. ɼʘʪʘ 

ʀʥʚ.ˉʧʦʜʣ. ʇʦʜʧ. ʠ ʜʘʪʘ ɺʟʘʤ.ʠʥʚ.ˉ ʀʥʚ.ˉʜʫʙʣ. ʇʦʜʧ. ʠ ʜʘʪʘ 

18061-4 
 

21.05.12 18061-3   

 

ʟʘʧʠʩʠ). ɽʩʣʠ ʧʝʨʚʳʝ ʨʘʟʨʷʜʳ ʘʜʨʝʩʦʚ ʦʙʨʘʱʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʠ 

ʩʦ ʩʪʦʨʦʥʳ ʢʦʥʪʨʦʣʣʝʨʘ ʇɼʇ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʙʫʜʫʪ ʦʙʩʣʫʞʝʥʳ ʦʙʘ ʟʘʧʨʦʩʘ, ʘ ʝʩʣʠ 

ʧʝʨʚʳʝ ʨʘʟʨʷʜʳ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʦʙʩʣʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʟʘʧʨʦʩ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ. 

ʂʨʦʤʝ ʘʧʧʘʨʘʪʫʨʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʜʚʫʭʧʦʨʪʦʚʫʶ ʦʨʛʘʥʠʟʘʮʠʶ, ʙʘʥʢ ʚʥʫʪʨʝʥʥʝʡ 

ʧʘʤʷʪʠ ʩʦʜʝʨʞʠʪ ʘʧʧʘʨʘʪʫʨʫ, ʨʝʘʣʠʟʫʶʱʫʶ ʟʘʣʦʞʝʥʥʳʡ ʚ ʢʦʥʚʝʡʝʨʝ ʧʨʦʮʝʩʩʦʨʘ 

ʂ1879ɺʄ5ʗ ʧʨʠʥʮʠʧ ʦʪʣʦʞʝʥʥʦʡ ʟʘʧʠʩʠ (Late Write). ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʚʥʠʪʴ ʢʦʥʚʝʡʝʨʳ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ. ɸʧʧʘʨʘʪʫʨʦʡ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʪʘʢʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ, ʚ ʙʘʥʢʝ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʷʚʣʷʶʪʩʷ ʙʫʬʝʨ 

ʘʜʨʝʩʦʚ ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ WA_BUF ʠ ʙʫʬʝʨ ʟʘʧʠʩʳʚʘʝʤʳʭ ʜʘʥʥʳʭ WD_BUF ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʳʭʦʜʥʳʤʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʤʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʘ ʦʪʣʦʞʝʥʥʦʡ ʟʘʧʠʩʠ ʚ ʢʦʥʚʝʡʝʨʝ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʜʘʯʫ ʘʜʨʝʩʦʚ ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ ʠ ʘʜʨʝʩʦʚ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʥʘ ʦʜʥʦʡ 

ʩʪʫʧʝʥʠ ʢʦʥʚʝʡʝʨʘ. ʆʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʙʘʥʢʝ ʧʘʤʷʪʠ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ. ɸʜʨʝʩʘ ʞʝ ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ (A) ʟʘʱʝʣʢʠʚʘʶʪʩʷ ʚ ʙʫʬʝʨʝ WA_BUF ʠ 

ʜʦʞʠʜʘʶʪʩʷ ʧʨʠʭʦʜʘ ʟʘʧʠʩʳʚʘʝʤʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʢʦʥʚʝʡʝʨ ʯʪʝʥʠʷ ʚ ʙʘʥʢʝ 

ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʥʝ ʙʣʦʢʠʨʫʝʪʩʷ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ñʚ ʦʙʭʦʜò ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ ʧʦ ʰʠʥʝ D_O. 

ɺʳʜʘʚʘʝʤʳʝ ʧʨʦʮʝʩʩʦʨʥʳʤ ʷʜʨʦʤ ʜʘʥʥʳʝ ʜʣʷ ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ ʧʦ ʰʠʥʝ D_I 

ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʷʯʝʡʢʝ ʙʫʬʝʨʘ WD_BUF ʠ ʙʫʜʫʪ ʟʘʧʠʩʘʥʳ ʚ 

ʧʦʣʫʙʘʥʢ ʧʘʤʷʪʠ ʚ ʤʦʤʝʥʪʳ ʦʪʩʫʪʩʪʚʠʷ ʟʘʧʨʦʩʦʚ ʥʘ ʯʪʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʵʪʦʛʦ ʙʘʥʢʘ 

ʧʘʤʷʪʠ. ɻʣʫʙʠʥʘ ʢʦʥʚʝʡʝʨʘ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨ ʙʫʬʝʨʦʚ WA_BUF ʠ WD_BUF - ʧʦ 3 ʷʯʝʡʢʠ ʢʘʞʜʳʡ. 

ñʆʙʭʦʜò ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ ʧʦʩʣʝʜʫʶʱʠʤʠ ʦʧʝʨʘʮʠʷʤʠ ʯʪʝʥʠʷ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ, ʝʩʣʠ 

ʘʜʨʝʩʘ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʘʜʨʝʩʘʤʠ ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ 

ʙʫʬʝʨʝ WA_BUF. ɺ ʩʣʫʯʘʝ ʩʦʚʧʘʜʝʥʠʷ ʘʜʨʝʩʦʚ ʢʦʥʚʝʡʝʨ ʯʪʝʥʠʷ ʠʟ ʙʘʥʢʘ ʧʘʤʷʪʠ 

ʘʧʧʘʨʘʪʥʦ ʙʣʦʢʠʨʫʝʪʩʷ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʚʩʝ ʜʘʥʥʳʝ ʦʧʝʨʘʮʠʡ ʟʘʧʠʩʠ, ʯʴʠ 

ʘʜʨʝʩʘ ʥʘʭʦʜʷʪʩʷ ʚ ʙʫʬʝʨʝ WA_BUF, ʙʫʜʫʪ ʟʘʧʠʩʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʫʙʘʥʢʠ 

ʧʘʤʷʪʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʘʚʥʝʥʠʝ ʘʜʨʝʩʦʚ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʩ ʷʯʝʡʢʘʤʠ 

ʙʫʬʝʨʘ WA_BUF ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʜʘʥʥʳʭ 

ʷʜʨʦʤ ʧʨʦʮʝʩʩʦʨʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʳʙʦʨʢʠ ʢʦʤʘʥʜ ʪʘʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. 

ɿʘʧʠʩʴ ʜʘʥʥʳʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʥʪʨʦʣʣʝʨʘ ʇɼʇ, ʘ ʪʘʢʞʝ ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʚʦ 

ʚʥʫʪʨʝʥʥʶʶ ʧʘʤʷʪʴ ʧʨʦʮʝʩʩʦʨʘ ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʨʦʠʟʚʦʜʷʪʩʷ ʦʙʳʯʥʳʤ 

ʦʙʨʘʟʦʤ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʰʠʥʳ ʘʜʨʝʩʘ (DMA IAB), 

ʚʭʦʜʥʳʭ (DMA_I) ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ (DMA_O). 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʦʥʪʨʦʣʣʝʨʘ ʇɼʇ ʠ ʧʨʠ 

ʯʪʝʥʠʠ ʜʘʥʥʳʭ ʠʟ ʙʘʥʢʘ ʧʘʤʷʪʠ ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦʩʪʦʷʥʠʝ ʙʫʬʝʨʘ WA_BUF 

ʥʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ. 
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1.5.5 ɹʘʥʢʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 

ʇʨʦʮʝʩʩʦʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩ ʜʚʫʤʷ ʦʙʣʘʩʪʷʤʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ: 

ʣʦʢʘʣʴʥʦʡ ʠ ʛʣʦʙʘʣʴʥʦʡ. ɼʦʩʪʫʧ ʢ ʣʦʢʘʣʴʥʦʡ ʠ ʛʣʦʙʘʣʴʥʦʡ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʦʢʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʙʣʦʢʦʚ 

ʠʥʪʝʨʬʝʡʩʦʚ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ. ʂʘʞʜʳʡ ʙʣʦʢ ʠʥʪʝʨʬʝʡʩʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʦʙʨʘʱʝʥʠʷ ʢ ʯʝʪʳʨʝʤ ʙʘʥʢʘʤ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ (0, 1, 2 ʠʣʠ 3) ʦʙʲʝʤʦʤ ʜʦ 2 ɻʙʘʡʪ 

ʢʘʞʜʳʡ ʚ ʨʝʞʠʤʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʜʦʩʪʫʧʘ, ʧʨʠʯʸʤ ʢʘʞʜʳʡ ʙʘʥʢ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ 

ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʠʧʦʚ ï SRAM, SSRAM ʠʣʠ SDRAM. ʄʠʢʨʦʩʭʝʤʳ ʧʘʤʷʪʠ 

ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʧʦʜʢʣʶʯʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʚʳʚʦʜʘʤ ʧʨʦʮʝʩʩʦʨʘ 

ʂ1879ɺʄ5ʗ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʧʘʤʷʪʠ. 

ʆʙʲʝʤ ʘʜʨʝʩʫʝʤʦʛʦ ʧʨʦʮʝʩʩʦʨʥʳʤ ʷʜʨʦʤ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʧʦʨʪʘʤʠ ʥʫʣʝʚʦʛʦ 

ʙʘʥʢʘ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʫʤʝʥʴʰʝʥ ʥʘ 256 ʂʙʘʡʪ (2 ɻʙʘʡʪʘ ï 256 ʂʙʘʡʪ) ʟʘ ʩʯʝʪ 

ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʥʘʣʦʚ ʇɼʇ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʙʤʝʥ 

ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ, ʜʦʩʪʫʧʥʳ ʚʩʝ 2 ɻʙʘʡʪʘ ʵʪʦʛʦ ʙʘʥʢʘ ʧʘʤʷʪʠ.  

ɹʣʦʢʠ ʠʥʪʝʨʬʝʡʩʘ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʧʦʟʚʦʣʷʶʪ ʚʥʝʰʥʝʤʫ ʫʩʪʨʦʡʩʪʚʫ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʦʩʪʫʧ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ (ʣʦʢʘʣʴʥʦʡ ʠʣʠ ʛʣʦʙʘʣʴʥʦʡ) ʚʥʫʪʨʝʥʥʝʡ 

ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʥʝʰʥʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʜʨʫʛʦʡ ʧʨʦʮʝʩʩʦʨ) 

ʘʜʨʝʩʫʝʪʩʷ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʧʨʦʮʝʩʩʦʨʘ ʢʘʢ ʢ ʦʜʥʦʤʫ ʠʟ ʩʚʦʠʭ ʙʘʥʢʦʚ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʠ. 



 

 

     

ʖʌʂɺ.431282.006ʈʕ 

ʃʠʩʪ 

     
45 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ. ʇʦʜʧ. ɼʘʪʘ 

ʀʥʚ.ˉʧʦʜʣ. ʇʦʜʧ. ʠ ʜʘʪʘ ɺʟʘʤ.ʠʥʚ.ˉ ʀʥʚ.ˉʜʫʙʣ. ʇʦʜʧ. ʠ ʜʘʪʘ 

18061-4 
 

21.05.12 18061-3   

 

1.6 ʇʝʨʠʬʝʨʠʡʥʳʝ ʫʟʣʳ 

1.6.1 ʀʥʪʝʨʬʝʡʩʳ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ 

ʇʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʠʤʝʝʪ ʜʚʘ  ʠʜʝʥʪʠʯʥʳʭ ʠʥʪʝʨʬʝʡʩʘ ʩ ʚʥʝʰʥʝʡ ʰʠʥʦʡ ï 

ʣʦʢʘʣʴʥʳʡ ʠ ʛʣʦʙʘʣʴʥʳʡ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʦʨʦʤ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʚʥʝʰʥʝʡ ʰʠʥʝ. ʂʘʞʜʳʡ ʠʟ 

ʠʥʪʝʨʬʝʡʩʦʚ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʦʙʱʝʡ 64- 

ʨʘʟʨʷʜʥʦʡ ʚʥʝʰʥʝʡ ʰʠʥʦʡ ʠ ʠʤʝʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘ ʨʘʙʦʪʳ -  ñMasterò ʠ 

ñSlaveò. 

ɺ ʨʝʞʠʤʝ ñMasterò, ʢʦʛʜʘ ʧʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, 

ʫʧʨʘʚʣʷʶʱʠʤ ʚʥʝʰʥʝʡ ʰʠʥʦʡ, ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʨʘʱʝʥʠʷ ʢ 

ʯʝʪʳʨʸʤ ʙʘʥʢʘʤ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʦʙʲʝʤʦʤ ʜʦ 2 ɻʙʘʡʪ ʢʘʞʜʳʡ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʘ 

ʧʝʨʝʩʳʣʢʘ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʤʠʢʨʦʩʭʝʤʳ ʚʦ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʠ 

ʥʘʦʙʦʨʦʪ ʚ ʨʝʞʠʤʝ ʇɼʇ. ʀʥʪʝʨʬʝʡʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʩ ʤʠʢʨʦʩʭʝʤʘʤʠ 

ʘʩʠʥʭʨʦʥʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ (SRAM), ʩʠʥʭʨʦʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʘʤʷʪʠ 

(SDRAM), ʩʠʥʭʨʦʥʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ (SSRAM) ʠ Flash ʧʘʤʷʪʠ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʥʝʰʥʝʡ ʘʧʧʘʨʘʪʫʨʳ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʡ 

ʥʘʩʪʨʦʡʢʠ ʠʥʪʝʨʬʝʡʩʘ ʧʦʟʚʦʣʷʝʪ ʤʠʢʨʦʩʭʝʤʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʙʘʥʢʘʤʠ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʨʘʟʣʠʯʥʦʛʦ ʦʙʲʸʤʘ, ʪʠʧʘ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. 

ɺ ʨʝʞʠʤʝ ñSlaveò, ʢʦʛʜʘ ʧʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʷʚʣʷʝʪʩʷ ʧʘʩʩʠʚʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʥʝ 

ʫʧʨʘʚʣʷʶʱʠʤ ʚʥʝʰʥʝʡ ʰʠʥʦʡ, ʠʥʪʝʨʬʝʡʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʠʟʚʦʣʴʥʳʡ ʜʦʩʪʫʧ 

ʚʥʝʰʥʝʛʦ ʧʨʦʮʝʩʩʦʨʘ ʢʦ ʚʩʝʤ ʷʯʝʡʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ (ʜʣʷ 

ʣʦʢʘʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ï ʢ ʣʦʢʘʣʴʥʦʡ, ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ï ʢ ʛʣʦʙʘʣʴʥʦʡ). ʇʨʠ ʵʪʦʤ 

ʚʥʝʰʥʠʡ ʧʨʦʮʝʩʩʦʨ ʦʙʨʘʱʘʝʪʩʷ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʂ1879ɺʄ5ʗ ʢʘʢ ʢ ʙʘʥʢʫ ʩʚʦʝʡ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ.  

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʥʪʝʨʬʝʡʩ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʦʧʠʩʘʥ ʚ ʛʣʘʚʝ 7. 

1.6.2 ɹʘʡʪʦʚʳʝ ʩʠʥʭʨʦʥʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʧʦʨʪʳ 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ ʧʨʦʮʝʩʩʦʨʘ 

ʂ1879ɺʄ5ʗ ʚ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩʦʨ ʙʳʣʠ  ʚʢʣʶʯʝʥʳ ʜʚʘ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʘ 

ʚʚʦʜʘ/ʚʳʚʦʜʘ. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʧʦʨʪʦʚ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʦʙʤʝʥ ʤʝʞʜʫ ʜʚʫʤʷ 

ʚʥʝʰʥʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ (ʧʨʦʮʝʩʩʦʨʘʤʠ) ʪʠʧʘ çʪʦʯʢʘ-ʪʦʯʢʘè ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʇʝʨʝʜʘʚʘʝʤʳʝ ʠ ʧʨʠʥʠʤʘʝʤʳʝ ʧʦ ʧʦʨʪʘʤ ʜʘʥʥʳʝ 

ʯʠʪʘʶʪʩʷ ʠʟ ʧʘʤʷʪʠ ʠʣʠ ʧʠʰʫʪʩʷ ʚ ʧʘʤʷʪʴ ʧʨʦʮʝʩʩʦʨʘ ʚ ʨʝʞʠʤʝ ʇɼʇ, ʦʩʚʦʙʦʞʜʘʷ 

ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʜʣʷ ʜʨʫʛʦʡ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ. 

ʈʝʘʣʠʟʘʮʠʷ ʦʙʤʝʥʘ ʧʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʧʦʨʪʘʤ ʚ ʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ ʧʦʟʚʦʣʠʣʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʛʦ ʥʘ ʯʘʩʪʦʪʝ ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʯʘʩʪʦʪʳ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, 

ʪ.ʝ. ʧʦʣʫʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʧʦʨʪʘʤ ʜʦ 160 ʄʙʘʡʪ/ʩ. ɼʣʷ ʙʦʣʝʝ 

ʥʘʜʸʞʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʤʝʥʘ ʥʘ ʚʜʚʦʝ ʤʝʥʴʰʝʡ ʯʘʩʪʦʪʝ ʩ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʦ 80 ʄʙʘʡʪ/ʩ. 
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ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʦʜʥʦʛʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʧʦʨʪʘ ʜʨʫʛʦʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ 8- ʨʘʟʨʷʜʥʦʡ ʰʠʥʝ ʜʘʥʥʳʭ ʚ ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ. ʇʨʝʜʫʩʤʦʪʨʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʚʳʚʦʜʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʘʨʙʠʪʨʘʞ ʰʠʥʳ ʜʘʥʥʳʭ: ʢʪʦ ʚʣʘʜʝʝʪ ʵʪʦʡ ʰʠʥʦʡ, ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʜʘʪʯʠʢʦʤ, ʢʪʦ ʥʝ ʚʣʘʜʝʝʪ ï ʧʨʠʸʤʥʠʢʦʤ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʝʨʝʜʘʪʯʠʢ ʟʘʢʘʥʯʠʚʘʝʪ 

ʚʳʚʦʜ ʩʚʦʝʛʦ ʧʘʢʝʪʘ ʜʘʥʥʳʭ, ʦʥ ʧʝʨʝʜʘʸʪ ʰʠʥʫ ʜʨʫʛʦʤʫ ʧʦʨʪʫ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ 

ʧʨʠʸʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʧʦ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʙʘʡʪʦʚʦʡ ʰʠʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʜʚʫʩʪʦʨʦʥʥʠʡ ʦʙʤʝʥ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʦʤ ʠ ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʜʨʫʛʠʤ 

ʧʨʦʮʝʩʩʦʨʦʤ). ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʙʘʡʪʦʚʳʭ ʩʠʥʭʨʦʥʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʧʦʨʪʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʛʣʘʚʝ 9. 

1.6.3 ʇʦʨʪʳ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʠʤʝʝʪ 8 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʦʜʥʦʙʠʪʦʚʳʭ ʧʦʨʪʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʂʘʞʜʳʡ ʠʟ 

ʵʪʠʭ ʧʦʨʪʦʚ ʤʦʞʥʦ ʧʨʦʛʨʘʤʤʥʦ ʥʘʩʪʨʦʠʪʴ ʥʘ ʨʘʙʦʪʫ  ʚ ʨʝʞʠʤʝ ʚʭʦʜʘ ʠʣʠ ʚʳʭʦʜʘ.  

ʋʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ (0 ʠʣʠ 1), ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʧʦʨʪ, ʨʘʙʦʪʘʶʱʠʡ ʚ 

ʨʝʞʠʤʝ ʚʭʦʜʘ, ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʝʥ ʥʘ ʯʪʝʥʠʝ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʠʪ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʥʦʛʦ ʨʝʛʠʩʪʨʘ, ʪʝʤ ʩʘʤʳʤ ʧʨʦʮʝʩʩʦʨ ʤʦʞʝʪ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ.  

ʋʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʚʳʜʘʚʘʝʤʦʛʦ ʧʦʨʪʦʤ ʚ ʨʝʞʠʤʝ ʚʳʭʦʜʘ, ʤʦʞʥʦ 

ʧʨʦʛʨʘʤʤʥʦ ʧʦʤʝʥʷʪʴ ʧʫʪʸʤ ʩʙʨʦʩʘ/ʫʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʠʪʘ ʫʞʝ 

ʫʧʦʤʷʥʫʪʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝʛʠʩʪʨʘ, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʚʥʝʰʥʠʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʧʨʦʮʝʩʩʦʨʘ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ ʨʘʙʦʪʝ ʧʦʨʪʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʤ. ʚ ʛʣʘʚʝ 10. 

1.6.4 JTAG ʠʥʪʝʨʬʝʡʩ 

ʇʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʠʤʝʝʪ JTAG ʠʥʪʝʨʬʝʡʩ ʩ 5-ʚʳʚʦʜʥʳʤ ʪʝʩʪʦʚʳʤ ʧʦʨʪʦʤ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ IEEE Std 1149.1- 1990. ʕʪʦʪ ʠʥʪʝʨʬʝʡʩ ʧʦʟʚʦʣʷʝʪ 

ʪʝʩʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʟʘʢʦʥʯʝʥʥʦʝ ʠʟʜʝʣʠʝ, ʥʦ ʠ ʚ 

ʩʦʩʪʘʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ.  

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʦʧʠʩʘʥ ʚ ʛʣʘʚʝ 11. 

1.6.5 ʊʘʡʤʝʨʳ 

ɺ ʩʦʩʪʘʚ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʟʣʦʚ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ ʚʭʦʜʷʪ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ 32-

ʨʘʟʨʷʜʥʳʭ ʪʘʡʤʝʨʘ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʣʷ ʦʪʩʯʝʪʘ 

ʟʘʜʘʚʘʝʤʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʜʣʷ ʩʯʝʪʘ ʩʦʙʳʪʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʚʥʝʰʥʠʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʮʝʩʩʦʨʫ.  

ʂʘʞʜʳʡ ʠʟ ʩʯʝʪʯʠʢʦʚ- ʪʘʡʤʝʨʦʚ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʨʝʞʠʤʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʟʘʧʫʩʢʘ, 

ʪʘʢ ʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ. ʀʥʪʝʨʚʘʣ ʩʯʝʪʘ ʪʘʡʤʝʨʘ ʟʘʜʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ. ɺ 
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ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ ʩʯʝʪʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʪʘʢʪʦʚʳʡ ʩʠʛʥʘʣ ʧʨʦʮʝʩʩʦʨʘ, ʪʘʢ ʠ 

ʚʥʝʰʥʠʡ ʩʠʛʥʘʣ, ʧʦʜʘʚʘʝʤʳʡ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʚʦʜ.  

ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʪʘʡʤʝʨ ʬʦʨʤʠʨʫʝʪ ʟʘʧʨʦʩ ʥʘ ʧʨʝʨʳʚʘʥʠʝ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʪʘʡʤʝʨ ʤʦʞʝʪ ʘʧʧʘʨʘʪʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʜʘʥʥʳʡ ʫʧʨʘʚʣʷʶʱʠʡ 

ʩʠʛʥʘʣ ʥʘ ʚʥʝʰʥʠʭ ʚʳʚʦʜʘʭ ʤʠʢʨʦʩʭʝʤʳ.  

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ ʨʘʙʦʪʝ ʪʘʡʤʝʨʦʚ ʩʤ. ʚ ʛʣʘʚʝ 12. 

1.7 ʉʠʩʪʝʤʘ ʧʨʝʨʳʚʘʥʠʡ 

1.7.1 ʊʠʧʳ ʧʨʝʨʳʚʘʥʠʡ  

ʇʨʦʮʝʩʩʦʨ ʂ1879ɺʄ5ʗ ʠʤʝʝʪ ʨʘʟʚʠʪʫʶ ʩʠʩʪʝʤʫ ʧʨʝʨʳʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʫʶ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʦʙʳʪʠʷ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʪʴ 

ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʇʨʝʨʳʚʘʥʠʷ ʂ1879ɺʄ5ʗ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʊʘʙʣʠʮʘ 1-2 ʚ ʧʦʨʷʜʢʝ ʫʤʝʥʴʰʝʥʠʷ ʧʨʠʦʨʠʪʝʪʘ ʩʚʝʨʭʫ ʚʥʠʟ. ʀʩʢʣʶʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʰʘʛʦʚʦʝ ʧʨʝʨʳʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʠʡ ʧʨʠʦʨʠʪʝʪ. 

ʊʘʙʣʠʮʘ 1-2 -  ʇʨʝʨʳʚʘʥʠʷ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ 

ˉ ʇʨʝʨʳʚʘʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ ɸʜʨʝʩ ʚʝʢʪʦʨ 

 1 ʅʝʤʘʩʢʠʨʫʝʤʦʝ ʧʨʝʨʳʚʘʥʠʝ NMI  0 hex 

2 ʇʝʨʝʧʦʣʥʝʥʠʝ OF 8 hex 

3 ʅʝʧʨʘʚʠʣʴʥʘʷ ʢʦʤʘʥʜʘ EI 10 hex 

4 ʇʦʰʘʛʦʚʦʝ ʧʨʝʨʳʚʘʥʠʝ ST 18 hex 

5 ʇʦʧʳʪʢʘ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ  ʨʝʛʠʩʪʨʦʚ ʢʘʥʘʣʦʚ ʇɼʇ 

ʠʣʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʦʚ, ʝʩʣʠ ʦʥʠ ʫʞʝ ʟʘʧʫʱʝʥʳ 

ʠ ʥʝ ʙʳʣʦ ʠʭ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʩʪʘʥʦʚʘ 

PE 20 hex 

6 ʆʙʥʫʣʝʥʠʝ ʩʯʝʪʯʠʢʘ ʪʘʡʤʝʨʘ 0 T0 28 hex 

7 ɺʥʝʰʥʝʝ ʧʨʝʨʳʚʘʥʠʝ 3 INT3 30 hex 

8 ɺʥʝʰʥʝʝ ʧʨʝʨʳʚʘʥʠʝ 2 INT2 38 hex 

9 ɺʥʝʰʥʝʝ ʧʨʝʨʳʚʘʥʠʝ 1 INT1 40 hex 

10 ɺʥʝʰʥʝʝ ʧʨʝʨʳʚʘʥʠʝ 0 INT0 48 hex 

11 ʆʙʥʫʣʝʥʠʝ ʩʯʝʪʯʠʢʘ ʪʘʡʤʝʨʘ 1 T1 50 hex 

12 ʆʢʦʥʯʘʥʠʝ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʫ ʇɼʇ 0 DMA0 58 hex 

13 ʆʢʦʥʯʘʥʠʝ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʫ ʇɼʇ 1 DMA1 60 hex 

14 ʆʢʦʥʯʘʥʠʝ ʚʚʦʜʘ ʧʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤʫ ʧʦʨʪʫ 1 CPI1 68 hex 

15 ʆʢʦʥʯʘʥʠʝ ʚʚʦʜʘ ʧʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤʫ ʧʦʨʪʫ 0 CPI0 70 hex 

16 ʆʢʦʥʯʘʥʠʝ ʚʳʚʦʜʘ ʧʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤʫ ʧʦʨʪʫ 1 CPO1 78 hex 

17 ʆʢʦʥʯʘʥʠʝ ʚʳʚʦʜʘ ʧʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤʫ ʧʦʨʪʫ 0 CPO0 80 hex 
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1.7.2 ɺʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʧʨʝʨʳʚʘʥʠʷ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ 

ʇʨʦʮʝʩʩʦʨ ʧʦʜʜʝʨʞʠʚʘʝʪ 17 ʧʨʝʨʳʚʘʥʠʡ (ʩʤ.ʊʘʙʣʠʮʘ 1-2): 4 ʚʥʫʪʨʝʥʥʠʭ ʧʨʝʨʳʚʘʥʠʡ 

ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ (ʚ ʪʘʙʣʠʮʝ ʩ ʥʦʤʝʨʘʤʠ ʦʪ 1 ʜʦ 4) ʠ 13 ʚʥʝʰʥʠʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʨʦʮʝʩʩʦʨʥʦʤʫ ʷʜʨʫ (ʚ ʪʘʙʣʠʮʝ ʩ ʥʦʤʝʨʘʤʠ ʦʪ 5 ʜʦ 17). ʊʘʢʦʝ ʜʝʣʝʥʠʝ ʧʨʝʨʳʚʘʥʠʡ 

ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʦʙʲʷʩʥʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʧʨʝʨʳʚʘʥʠʡ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʦʢ 1-13. ɿʘʧʨʦʩʳ ʦʪ ʯʝʪʳʨʸʭ ʚʥʝʰʥʠʭ ʧʨʝʨʳʚʘʥʠʡ (INT0  é INT3 ) 

ʠ ʦʪ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʟʣʦʚ (PERIPHERAL UNITS) ʧʦʩʪʫʧʘʶʪ ʥʘ ʢʦʥʪʨʦʣʣʝʨ 

ʧʨʝʨʳʚʘʥʠʡ (INTERRUPT CONTROLLER) ʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ 

ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʥʳʤ ʥʘ ʯʪʝʥʠʝ ʠ ʩʙʨʦʩ ʨʝʛʠʩʪʨʝ. ɼʘʣʝʝ ʟʘʧʨʦʩʳ ʧʝʨʝʤʥʦʞʘʶʪʩʷ 

ʥʘ ʧʨʦʛʨʘʤʤʥʦ ʥʘʩʪʨʘʠʚʘʝʤʫʶ ʤʘʩʢʫ ʠ ʧʨʦʭʦʜʷʪ ʘʨʙʠʪʨʘʞ. ɿʘʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʙʝʜʠʚʰʠʤ ʟʘʧʨʦʩʦʤ ʚʳʩʪʘʚʣʷʝʪʩʷ ʘʜʨʝʩ-ʚʝʢʪʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʝʨʳʚʘʥʠʷ 

(External Interrupt Vector) ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʦʙʱʸʥʥʳʡ ʟʘʧʨʦʩ ʥʘ ʚʥʝʰʥʝʝ 

ʧʨʝʨʳʚʘʥʠʝ (External Interrupt Request). ɼʘʥʥʳʡ ʟʘʧʨʦʩ ʠ ʘʜʨʝʩ-ʚʝʢʪʦʨ ʬʠʢʩʠʨʫʶʪʩʷ 

ʚ ʧʨʦʮʝʩʩʦʨʥʦʤ ʷʜʨʝ (PROCESSOR CORE), ʧʦʩʣʝ ʯʝʛʦ ʩʙʨʘʩʳʚʘʝʪʩʷ ʧʦʙʝʜʠʚʰʠʡ 

ʟʘʧʨʦʩ ʥʘ ʧʨʝʨʳʚʘʥʠʝ ʚ ʢʦʥʪʨʦʣʣʝʨʝ ʧʨʝʨʳʚʘʥʠʡ, ʠ ʜʘʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʤʦʞʝʪ 

ʚʳʩʪʘʚʠʪʴ ʝʱʸ ʦʜʠʥ ʦʙʦʙʱʸʥʥʳʡ ʟʘʧʨʦʩ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʜʨʝʩ-ʚʝʢʪʦʨ 

ʧʨʝʨʳʚʘʥʠʷ, ʥʦ ʦʥʠ ʙʫʜʫʪ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʦʮʝʩʩʦʨʥʳʤ ʷʜʨʦʤ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, 

ʢʘʢ ʙʫʜʝʪ ʦʙʨʘʙʦʪʘʥʦ ʧʨʝʜʳʜʫʱʝʝ ʚʥʝʰʥʝʝ ʧʨʝʨʳʚʘʥʠʝ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ ʨʘʙʦʪʝ 

ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʨʳʚʘʥʠʡ ʩʤ. ʚ ʛʣʘʚʝ 14. 

. . .

Interrupt

Requests

External 
Interrupt

Request

External

Interrupt

Vector

NMI

PROCESSOR CORE

INTERRUPT

 CONTROLLER               

INTERRUPT

 UNIT               

. . .

INT0 INT3

PERIPHERAL

 UNITS

. . .

Core 

Interrupt

Requests

Interrupt

Request
Interrupt 

Address  

ʈʠʩʫʥʦʢ 1-13 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʨʝʨʳʚʘʥʠʡ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ 

ɺ ʧʨʦʮʝʩʩʦʨʥʦʤ ʷʜʨʝ ʠʤʝʝʪʩʷ ʙʣʦʢ ʧʨʝʨʳʚʘʥʠʡ (INTERRUPT UNIT), ʢʫʜʘ 

ʧʦʩʪʫʧʘʶʪ ʥʝʤʘʩʢʠʨʫʝʤʦʝ ʧʨʝʨʳʚʘʥʠʝ NMI , ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʷʜʨʘ (Core Interrupt 
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Requests) ʠ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʘʜʨʝʩ- ʚʝʢʪʦʨ ʚʥʝʰʥʝʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʷʜʨʫ 

ʧʨʝʨʳʚʘʥʠʷ (External Interrupt Vector) ʠ ʦʙʦʙʱʸʥʥʳʡ ʟʘʧʨʦʩ ʥʘ ʚʥʝʰʥʝʝ ʧʨʝʨʳʚʘʥʠʝ 

(External Interrupt Request). ɺʩʝ ʵʪʠ ʟʘʧʨʦʩʳ ʥʘ ʧʨʝʨʳʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʘʜʨʝʩ-ʚʝʢʪʦʨ 

ʚʥʝʰʥʝʛʦ ʧʨʝʨʳʚʘʥʠʷ, ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʥʳʤ ʥʘ 

ʯʪʝʥʠʝ ʠ ʩʙʨʦʩ ʨʝʛʠʩʪʨʝ. ɼʘʣʝʝ ʟʘʧʨʦʩʳ ʧʝʨʝʤʥʦʞʘʶʪʩʷ ʥʘ ʧʨʦʛʨʘʤʤʥʦ 

ʥʘʩʪʨʘʠʚʘʝʤʫʶ ʤʘʩʢʫ (ʢʨʦʤʝ ʥʝʤʘʩʢʠʨʫʝʤʦʛʦ ʧʨʝʨʳʚʘʥʠʷ) ʠ ʧʨʦʭʦʜʷʪ ʘʨʙʠʪʨʘʞ. 

ʇʨʠʯʸʤ ʦʙʦʙʱʸʥʥʳʡ ʟʘʧʨʦʩ ʥʘ ʚʥʝʰʥʝʝ ʧʨʝʨʳʚʘʥʠʝ ʪʘʢʞʝ ʠʤʝʝʪ ʩʚʦʶ ʤʘʩʢʫ. ɿʘʪʝʤ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʙʝʜʠʚʰʠʤ ʟʘʧʨʦʩʦʤ ʚʳʩʪʘʚʣʷʝʪʩʷ ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ ʥʘ ʧʨʦʛʨʘʤʤʫ 

ʦʙʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʝʨʳʚʘʥʠʷ (Interrupt Address) ʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʟʘʧʨʦʩ ʥʘ ʧʨʝʨʳʚʘʥʠʝ (Interrupt Request). ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚ ʙʫʜʝʪ 

ʨʘʟʨʝʰʝʥʘ ʦʙʨʘʙʦʪʢʘ ʟʘʧʨʦʩʘ ʧʦʙʝʜʠʚʰʝʛʦ ʧʨʝʨʳʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʧʨʦʩ ʥʘ 

ʧʨʝʨʳʚʘʥʠʝ ʚ ʷʜʨʝ ʙʫʜʝʪ ʩʙʨʦʰʝʥ. ʈʘʟʨʝʰʝʥʠʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʣʝʜʫʶʱʝʛʦ 

ʧʨʝʨʳʚʘʥʠʷ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʣʠʰʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʟʘʢʦʥʯʘʪʩʷ ʚʩʝ ʢʦʥʪʝʢʩʪʥʳʝ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʨʠ ʚʭʦʜʝ ʚ ʦʙʨʘʙʦʪʢʫ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʝʨʳʚʘʥʠʷ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ 

ʨʘʙʦʪʝ ʙʣʦʢʘ ʧʨʝʨʳʚʘʥʠʡ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʩʤ. ʚ ʛʣʘʚʝ 5. 

1.8 ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʟʣʘʤʠ 

1.8.1 ɼʦʩʪʫʧ ʢ ʨʝʛʠʩʪʨʘʤ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʟʣʦʚ 

ɺ ʧʨʦʮʝʩʩʦʨʝ ʂ1879ɺʄ5ʗ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʨʝʛʠʩʪʨʘʤ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʘʢ ʞʝ, ʢʘʢ ʢ ʨʝʛʠʩʪʨʘʤ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʢʦʜʫ ʨʝʛʠʩʪʨʘ ʚ ʢʦʤʘʥʜʝ, ʘ ʥʝ ʢʘʢ ʢ ʷʯʝʡʢʘʤ ʧʘʤʷʪʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʢʘʢʠʝ- ʣʠʙʦ ʚʥʝʰʥʠʝ ʠʣʠ ʚʥʫʪʨʝʥʥʠʝ ʩʦʙʳʪʠʷ, 

ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝ ʢʦʤʘʥʜ, ʯʪʦʙ ʥʘʩʪʨʦʠʪʴ ʢʘʢʦʡ- ʣʠʙʦ ʧʝʨʠʬʝʨʠʡʥʳʡ ʫʟʝʣ ʠʣʠ 

ʫʟʥʘʪʴ ʝʛʦ ʩʦʩʪʦʷʥʠʝ, ʫʧʨʦʱʘʝʪ ʦʙʨʘʙʦʪʢʫ ʚʥʝʰʥʠʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʮʝʩʩʦʨʥʦʤʫ 

ʷʜʨʫ ʧʨʝʨʳʚʘʥʠʡ ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʦʣʣʠʥʛʘ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʪʣʠʯʠʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʝʛʠʩʪʨʘʤʠ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʛʠʩʪʨʘʤʠ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ: 

1) ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʜʦʩʪʫʧʥʳʭ ʨʝʛʠʩʪʨʦʚ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʙʳʣʠ 

ʚʚʝʜʝʥʳ ʜʚʘ ʨʝʛʠʩʪʨʦʚʳʭ ʦʢʥʘ, ʧʨʠʯʸʤ ʥʦʤʝʨ ʘʢʪʠʚʥʦʛʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʢʥʘ 

ʟʘʜʘʸʪʩʷ ʧʨʦʛʨʘʤʤʥʦ. ʊʝʤ ʩʘʤʳʤ ʯʠʩʣʦ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʥʳʭ ʨʝʛʠʩʪʨʦʚ 

ʫʚʝʣʠʯʠʣʦʩʴ ʚ ʜʚʘ ʨʘʟʘ ʙʝʟ ʨʘʩʰʠʨʝʥʠʷ ʢʦʜʘ ʨʝʛʠʩʪʨʘ ʚ ʢʦʤʘʥʜʝ. ʈʘʙʦʪʘ ʩ 

ʨʝʛʠʩʪʨʘʤʠ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʦʤʝʨʘ ʪʝʢʫʱʝʛʦ 

ʨʝʛʠʩʪʨʦʚʦʛʦ ʦʢʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʦʩʪʠʯʴ ʧʨʦʛʨʘʤʤʥʫʶ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ ʩʝʤʝʡʩʪʚʘ NeuroMatrixÈ. 

2) ɼʦʧʫʩʢʘʝʪʩʷ ʧʝʨʝʩʳʣʢʘ ʩʦʜʝʨʞʠʤʦʛʦ ʨʝʛʠʩʪʨʘ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ 

ʨʝʛʠʩʪʨ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ,  ʧʝʨʝʩʳʣʢʘ ʩʦʜʝʨʞʠʤʦʛʦ ʨʝʛʠʩʪʨʘ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʚ 

ʨʝʛʠʩʪʨ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʟʘʧʠʩʴ ʢʦʥʩʪʘʥʪʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʜʘʥʥʦʡ ʚ 

ʢʦʤʘʥʜʝ,  ʚ ʨʝʛʠʩʪʨ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

3) ɿʘʧʨʝʱʘʝʪʩʷ ʦʙʤʝʥ ʩʦʜʝʨʞʠʤʳʤ ʤʝʞʜʫ ʜʚʫʤʷ ʨʝʛʠʩʪʨʘʤʠ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʨʝʛʠʩʪʨʦʤ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʘʤʷʪʴʶ. 

ʇʦʜʦʙʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʨʝʛʠʩʪʨʦʚ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʥʝʪ. 
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ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ ʜʦʩʪʫʧʝ ʢ ʨʝʛʠʩʪʨʘʤ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʤ. ʚ ʛʣʘʚʝ 6. 

1.8.2 ʈʝʛʠʩʪʨ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʠʬʝʨʠʝʡ 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʨʦʮʝʩʩʦʨʘ 

ʂ1879ɺʄ5ʗ ʙʳʣ ʚʚʝʜʸʥ 32-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʠʬʝʨʠʝʡ PCR. ʈʝʛʠʩʪʨ 

ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʝʥ ʧʦ ʯʪʝʥʠʶ ʠ ʟʘʧʠʩʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʟʥʘʪʴ ʩʦʩʪʦʷʥʠʝ ʠ ʨʝʞʠʤ 

ʨʘʙʦʪʳ ʚʩʝʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʣʠ ʟʘʧʫʩʪʠʪʴ/ʦʩʪʘʥʦʚʠʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ 

ʫʩʪʨʦʡʩʪʚ. ʂʨʦʤʝ ʵʪʦʛʦ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʙʠʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʩʙʨʦʩʘ ʧʦʣʝʡ 

ʨʝʛʠʩʪʨʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʫʜʦʙʥʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʟ 

ʫʩʪʨʦʡʩʪʚ. ʌʦʨʤʘʪ ʨʝʛʠʩʪʨʘ PCR ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 1-14, ʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʥʘʟʥʘʯʝʥʠʝ ʝʛʦ ʧʦʣʝʡ ʧʨʠʚʝʜʝʥʦ ʚ ʊʘʙʣʠʮʘ 1-3. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚʣʠʷʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʨʷʜʦʚ ʨʝʛʠʩʪʨʘ PCR ʥʘ ʨʘʙʦʪʫ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʦʪʨʘʞʝʥʦ ʚ ʨʘʟʜʝʣʘʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʙʦʪʫ ʵʪʠʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʨʘʚʠʣʘ ʨʘʙʦʪʳ ʩ ʨʝʛʠʩʪʨʦʤ PCR ï ʪʘʢʠʝ ʞʝ, ʢʘʢ ʠ ʩ ʣʶʙʳʤ ʨʝʛʠʩʪʨʦʤ 

ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʟʘ ʦʜʥʠʤ ʠʩʢʣʶʯʝʥʠʝʤ ï ʜʦʩʪʫʧ ʢ ʥʝʤʫ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʥʦʤʝʨʘ ʪʝʢʫʱʝʛʦ ʨʝʛʠʩʪʨʦʚʦʛʦ ʦʢʥʘ. 

 

ʈʠʩʫʥʦʢ 1-14 -  ʌʦʨʤʘʪ ʨʝʛʠʩʪʨʘ PCR 
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ʊʘʙʣʠʮʘ 1-3 -  ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʧʦʣʝʡ ʨʝʛʠʩʪʨʘ PCR 

ʈʘʟʨʷʜ 

PCR 

ʇʦʣʝ ʌʫʥʢʮʠʷ ʆʧʠʩʘʥʠʝ 

PCR<0> -  

PCR<6> 

 ʈʝʟʝʨʚ   

PCR<7> CEN ʈʘʟʨʝʰʝʥʠʝ ʨʘʙʦʪʳ ʢʵʰ- 

ʧʘʤʷʪʠ ʢʦʤʘʥʜ 

0 ï  

 

1 ï 

ʇʨʠ ʚʳʙʦʨʢʝ ʢʦʤʘʥʜ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 

ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʵʰ- ʧʘʤʷʪʴ 

ʇʨʠ ʚʳʙʦʨʢʝ ʢʦʤʘʥʜ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʵʰ- ʧʘʤʷʪʴ 

PCR<8> GTWE ɿʘʧʨʝʱʝʥʠʝ ʘʧʧʘʨʘʪʥʦʡ 

ʟʘʧʠʩʠ ʚ ʨʝʛʠʩʪʨ GPA 

0 ï  

1 ï 

ɸʧʧʘʨʘʪʥʘʷ ʟʘʧʠʩʴ ʨʘʟʨʝʰʝʥʘ 

ɸʧʧʘʨʘʪʥʘʷ ʟʘʧʠʩʴ ʟʘʧʨʝʱʝʥʘ 

PCR<9> CRST ʉʙʨʦʩ ʩʦʜʝʨʞʠʤʦʛʦ ʢʵʰ- 

ʧʘʤʷʪʠ ʢʦʤʘʥʜ 

 ɿʘʧʠʩʴ ʙʠʪʘ ʚ ʧʦʣʝ ʩʙʨʘʩʳʚʘʝʪ 

ʩʦʜʝʨʞʠʤʦʝ ʢʵʰ- ʧʘʤʷʪʠ 

PCR<10> LBRE ʈʘʟʨʝʰʝʥʠʝ ʧʝʨʝʜʘʯʠ 

ʣʦʢʘʣʴʥʦʡ ʰʠʥʳ ʧʨʦʮʝʩʩʦʨʘ 

0 ï  

1 ï  

ʇʝʨʝʜʘʯʘ ʰʠʥʳ ʟʘʧʨʝʱʝʥʘ  

ʇʝʨʝʜʘʯʘ ʰʠʥʳ ʨʘʟʨʝʰʝʥʘ  

PCR<11> GBRE ʈʘʟʨʝʰʝʥʠʝ ʧʝʨʝʜʘʯʠ 

ʛʣʦʙʘʣʴʥʦʡ ʰʠʥʳ ʧʨʦʮʝʩʩʦʨʘ 

0 ï  

1 ï  

ʇʝʨʝʜʘʯʘ ʰʠʥʳ ʟʘʧʨʝʱʝʥʘ  

ʇʝʨʝʜʘʯʘ ʰʠʥʳ ʨʘʟʨʝʰʝʥʘ  

PCR<12> C1F ʏʘʩʪʦʪʘ ʨʘʙʦʪʳ ʢʦʤ. ʧʦʨʪʘ 0 0 ï 

1 ï 

ʏʘʩʪʦʪʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ï 150 ʄɻʮ. 

ʏʘʩʪʦʪʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ï 75 ʄɻʮ. 

PCR<13> C0TE ʈʘʟʨʝʰʝʥʠʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʢʦʤ. ʧʦʨʪʦʤ 0 

0 ï 

1 ï 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʟʘʧʨʝʱʝʥʘ 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʨʘʟʨʝʰʝʥʘ 

PCR<14> C0RE ʈʘʟʨʝʰʝʥʠʝ ʧʨʠʝʤʘ ʜʘʥʥʳʭ 

ʢʦʤ. ʧʦʨʪʦʤ 0 

0 ï 

1 ï 

ʇʨʠʝʤ ʜʘʥʥʳʭ ʟʘʧʨʝʱʝʥ 

ʇʨʠʝʤ ʜʘʥʥʳʭ ʨʘʟʨʝʰʝʥ 

PCR<15> C1F ʏʘʩʪʦʪʘ ʨʘʙʦʪʳ ʢʦʤ. ʇʦʨʪʘ 1 0 ï 

1 ï 

ʏʘʩʪʦʪʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ï 150 ʄɻʮ. 

ʏʘʩʪʦʪʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ï 75 ʄɻʮ. 

PCR<16> C1TE ʈʘʟʨʝʰʝʥʠʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʢʦʤ. ʇʦʨʪʦʤ 1 

0 ï 

1 ï 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʟʘʧʨʝʱʝʥʘ 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʨʘʟʨʝʰʝʥʘ 

PCR<17> C1RE ʈʘʟʨʝʰʝʥʠʝ ʧʨʠʝʤʘ ʜʘʥʥʳʭ 

ʢʦʤ. ʧʦʨʪʦʤ 1 

0 ï 

1 ï 

ʇʨʠʝʤ ʜʘʥʥʳʭ ʟʘʧʨʝʱʝʥ 

ʇʨʠʝʤ ʜʘʥʥʳʭ ʨʘʟʨʝʰʝʥ 

PCR<18> LDCA ʈʘʟʨʝʰʝʥʠʝ ʨʘʙʦʪʳ ʢʘʥʘʣʘ 

DMA, ʨʘʙʦʪʘʶʱʝʛʦ ʩ 

ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʴʶ 

0 ï 

1 ï 

ʂʘʥʘʣ ʦʩʪʘʥʦʚʣʝʥ 

ʂʘʥʘʣ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ 

 

PCR<19> LDCD ʅʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʢʘʥʘʣʦʤ DMA, 

ʨʘʙʦʪʘʶʱʠʤ ʩ ʣʦʢʘʣʴʥʦʡ 

ʧʘʤʷʪʴʶ 

0 ï 

 

1 ï 

ʂʘʥʘʣ DMA ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʠʟ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʠ ʚʦ ʚʥʫʪʨʝʥʥʶʶ 

ʂʘʥʘʣ DMA ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʠʟ 

ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʚʦ ʚʥʝʰʥʶʶ 

PCR<20> LDCP ʇʨʠʦʨʠʪʝʪ ʢʘʥʘʣʘ DMA, 

ʨʘʙʦʪʘʶʱʝʛʦ ʩ ʣʦʢʘʣʴʥʦʡ 

ʧʘʤʷʪʴʶ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʷʜʨʘ 

0 ï  

1 ï 

ʗʜʨʦ ʠʤʝʝʪ ʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ 

ʂʘʥʘʣ DMA ʠʤʝʝʪ ʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ 

PCR<21> GDCA ʈʘʟʨʝʰʝʥʠʝ ʨʘʙʦʪʳ ʢʘʥʘʣʘ 

DMA, ʨʘʙʦʪʘʶʱʝʛʦ ʩ 

ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʴʶ 

0 ï 

1 -  

ʂʘʥʘʣ ʦʩʪʘʥʦʚʣʝʥ 

ʂʘʥʘʣ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1- 3 

ʈʘʟʨʷʜ 

PCR 

ʇʦʣʝ ʌʫʥʢʮʠʷ ʆʧʠʩʘʥʠʝ 

PCR<22> GDCD ʅʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʢʘʥʘʣʦʤ DMA, 

ʨʘʙʦʪʘʶʱʠʤ ʩ ʛʣʦʙʘʣʴʥʦʡ 

ʧʘʤʷʪʴʶ 

0 ï 

 

1 ï 

ʂʘʥʘʣ DMA ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʠʟ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʠ ʚʦ ʚʥʫʪʨʝʥʥʶʶ 

ʂʘʥʘʣ DMA ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʠʟ 

ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʚʦ ʚʥʝʰʥʶʶ 

PCR<23> GDCP ʇʨʠʦʨʠʪʝʪ ʢʘʥʘʣʘ DMA, 

ʨʘʙʦʪʘʶʱʝʛʦ ʩ ʛʣʦʙʘʣʴʥʦʡ 

ʧʘʤʷʪʴʶ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʷʜʨʘ 

0 ï  

1 ï  

ʗʜʨʦ ʠʤʝʝʪ ʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ 

ʂʘʥʘʣ DMA ʠʤʝʝʪ ʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ 

PCR<24> T0A ʈʘʟʨʝʰʝʥʠʝ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ 0 0 ï 

1 ï 

ʊʘʡʤʝʨ 0 ʦʩʪʘʥʦʚʣʝʥ 

ʊʘʡʤʝʨ 0 ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʯʝʪ 

PCR<25> T0M ʈʝʞʠʤ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ 0 0 ï  

1 ï  

ʆʜʥʦʢʨʘʪʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ 0 

ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ 0 

PCR<26> 

PCR<27> 

T0P ʋʧʨʘʚʣʝʥʠʝ ʚʥʝʰʥʠʤ 

ʚʳʚʦʜʦʤ TIMER0 

00 ï  

 

01 ï  

 

 

10 ï  

 

 

 

11 ï  

ɺʳʚʦʜ TIMER0 ʨʘʙʦʪʘʝʪ ʢʘʢ ʚʭʦʜ 

ʩʯʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʪʘʡʤʝʨʘ 

ɺʳʚʦʜ TIMER0 ʨʘʙʦʪʘʝʪ ʢʘʢ ʚʳʭʦʜ 

ɺʳʚʦʜ ʤʝʥʷʝʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʢʘʞʜʦʤ 

ʦʙʥʫʣʝʥʠʠ ʪʘʡʤʝʨʘ 0 

ɺʳʚʦʜ TIMER0 ʨʘʙʦʪʘʝʪ ʢʘʢ ʚʳʭʦʜ 

ʅʘ ʚʳʚʦʜ ʚʳʜʘʝʪʩʷ ʠʤʧʫʣʴʩ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʚʘ ʧʨʦʮʝʩʩʦʨʥʳʭ ʪʘʢʪʘ  

ɺʳʚʦʜ TIMER0 ʨʘʙʦʪʘʝʪ ʢʘʢ ʚʳʭʦʜ 

ʅʘ ʚʳʚʦʜ ʚʳʜʘʝʪʩʷ ʠʤʧʫʣʴʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʜʚʘ ʧʨʦʮʝʩʩʦʨʥʳʭ ʪʘʢʪʘ 

PCR<28> T1A ʈʘʟʨʝʰʝʥʠʝ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ 1 0 ï 

1 ï 

ʊʘʡʤʝʨ 1 ʦʩʪʘʥʦʚʣʝʥ 

ʊʘʡʤʝʨ 1 ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʯʝʪ 

PCR<29> T1M ʈʝʞʠʤ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ 1 0 ï  

1 ï 

ʆʜʥʦʢʨʘʪʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ 1 

ʅʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ 1 

PCR<30> 

PCR<31> 

T1P ʋʧʨʘʚʣʝʥʠʝ ʚʥʝʰʥʠʤ 

ʚʳʚʦʜʦʤ TIMER1 

00 ï  

 

01 ï  

 

 

10 ï  

 

 

 

11 ï 

ɺʳʚʦʜ TIMER1 ʨʘʙʦʪʘʝʪ ʢʘʢ ʚʭʦʜ 

ʩʯʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʪʘʡʤʝʨʘ 

ɺʳʚʦʜ TIMER1 ʨʘʙʦʪʘʝʪ ʢʘʢ ʚʳʭʦʜ 

ɺʳʚʦʜ ʤʝʥʷʝʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʢʘʞʜʦʤ 

ʦʙʥʫʣʝʥʠʠ ʪʘʡʤʝʨʘ 1 

ɺʳʚʦʜ TIMER1 ʨʘʙʦʪʘʝʪ ʢʘʢ ʚʳʭʦʜ 

ʅʘ ʚʳʚʦʜ ʚʳʜʘʝʪʩʷ ʠʤʧʫʣʴʩ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʚʘ ʧʨʦʮʝʩʩʦʨʥʳʭ ʪʘʢʪʘ  

ɺʳʚʦʜ TIMER1 ʨʘʙʦʪʘʝʪ ʢʘʢ ʚʳʭʦʜ 

ʅʘ ʚʳʚʦʜ ʚʳʜʘʝʪʩʷ ʠʤʧʫʣʴʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʜʣʠʪʝʣʴ- 

ʥʦʩʪʴʶ ʜʚʘ ʧʨʦʮʝʩʩʦʨʥʳʭ ʪʘʢʪʘ 
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2 RISC- ʷʜʨʦ  

2.1 ʉʪʨʫʢʪʫʨʘ RISC-  ʷʜʨʘ 

RISC-ʷʜʨʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ. ʆʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʙʦʨʢʫ ʠ ʜʝʰʠʬʨʘʮʠʶ ʢʦʤʘʥʜ, ʭʨʘʥʝʥʠʝ ʠ ʤʦʜʠʬʠʢʘʮʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʯʝʪʯʠʢʘ 

PC, ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʥʚʝʡʝʨʘʤʠ ʧʨʦʮʝʩʩʦʨʘ ʠ ʠʭ 

ʩʠʥʭʨʦʥʠʟʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʘʜʨʝʩʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʫ 

ʘʜʨʝʩʦʚ ʢ ʚʥʝʰʥʠʤ ʘʜʨʝʩʥʳʤ ʛʝʥʝʨʘʪʦʨʘʤ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʠ 

ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ 32-ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ, ʢʦʛʜʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʫʟʣʘ ʥʝʵʬʬʝʢʪʠʚʥʦ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ RISC- ʷʜʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʦʢ 2-1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2-1 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ RISC- ʷʜʨʘ 

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ RISC- ʷʜʨʘ: 

GR0- GR7 ï ʚʦʩʝʤʴ 32-ʨʘʟʨʷʜʥʳʭ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʜʘʥʠʷ ʩʤʝʱʝʥʠʷ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʘʜʨʝʩʦʚ ʢʦʤʘʥʜ ʠ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʸʤʥʠʢʦʚ ʩʢʘʣʷʨʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 
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AR0- AR7 -  ʚʦʩʝʤʴ 32-ʨʘʟʨʷʜʥʳʭ ʨʝʛʠʩʪʨʦʚ ʘʜʨʝʩʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʘʜʨʝʩʦʚ ʢʦʤʘʥʜ ʠ ʜʘʥʥʳʭ. ɸʜʨʝʩʥʳʡ ʨʝʛʠʩʪʨ AR7 (SP) ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ 

ʫʢʘʟʘʪʝʣʝʤ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ. 

ALU  - ʘʨʠʬʤʝʪʠʢʦ- ʣʦʛʠʯʝʩʢʦʝ  ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʷʝʪ ʣʦʛʠʯʝʩʢʠʝ ʠ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʧʦʰʘʛʦʚʳʝ ʦʧʝʨʘʮʠʠ 32-ʨʘʟʨʷʜʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʥʘʜ 

ʨʝʛʠʩʪʨʘʤʠ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʠʡ ʪʘʢʞʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨʳ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

SHIFTER  ï ʩʜʚʠʛʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʦʧʝʨʘʮʠʠ ʩʜʚʠʛʘ ʥʘʜ ʨʝʛʠʩʪʨʘʤʠ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʠʡ ʪʘʢʞʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʦʜʠʥ ʠʟ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

AU1 ï ʧʝʨʚʦʝ ʘʜʨʝʩʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʨʝʩʘ 

ʯʪʝʥʠʷ ʠʟ ʧʘʤʷʪʠ/ʟʘʧʠʩʠ ʚ ʧʘʤʷʪʴ ʩʢʘʣʷʨʥʳʭ ʜʘʥʥʳʭ ʠʣʠ ʧʝʨʚʳʭ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʘʜʨʝʩʘ ʧʝʨʝʭʦʜʘ ʚ ʢʦʤʘʥʜʘʭ ʫʩʣʦʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʧʝʨʝʭʦʜʘ 

ʢ ʧʦʜʧʨʦʛʨʘʤʤʘʤ. ʆʥʦ ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʥʜʦʚ ʟʥʘʯʝʥʠʝ ʘʜʨʝʩʥʦʛʦ 

ʨʝʛʠʩʪʨʘ ʣʠʙʦ ʩʯʝʪʯʠʢʘ ʢʦʤʘʥʜ PC ʚ ʢʘʯʝʩʪʚʝ ʘʜʨʝʩʘ ʠ ʟʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʘ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʢʦʥʩʪʘʥʪʫ ʠʟ ʢʦʤʘʥʜʳ ʚ ʢʘʯʝʩʪʚʝ ʩʤʝʱʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʘʥ ʥʘ ʚʥʝʰʥʶʶ ʰʠʥʫ ʘʜʨʝʩʘ ʠʣʠ ʩʤʝʱʝʥʠʷ 

ʘʜʨʝʩʘ, ʘ ʪʘʢʞʝ ʙʳʪʴ ʟʘʧʠʩʘʥ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʩʯʝʪʯʠʢʝ PC. 

AU2 ï ʚʪʦʨʦʝ ʘʜʨʝʩʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ 

ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʘʢ ʩʢʘʣʷʨʥʳʭ, ʪʘʢ ʠ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ. ʆʥʦ 

ʙʝʨʸʪ  ʚ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʥʜʦʚ ʟʥʘʯʝʥʠʝ ʘʜʨʝʩʥʦʛʦ ʨʝʛʠʩʪʨʘ ʣʠʙʦ ʫʢʘʟʘʪʝʣʷ ʩʪʝʢʘ ʢʘʢ 

ʙʘʟʫ ʠ ʟʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʢʘʢ ʩʤʝʱʝʥʠʝ. ɺ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ 

ʚʝʢʪʦʨʥʦʡ ʢʦʤʘʥʜʳ ʩʤʝʱʝʥʠʝ ʧʝʨʝʜ ʘʜʨʝʩʥʳʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʯʠʩʣʦ ʨʘʟ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʠʩʣʫ ʧʦʚʪʦʨʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʢʪʦʨʥʦʡ 

ʢʦʤʘʥʜʳ. ʈʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʠʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʘʜʨʝʩʥʦʤ ʨʝʛʠʩʪʨʝ. 

PC - ʩʯʝʪʯʠʢ ʢʦʤʘʥʜ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʥʘ ʘʜʨʝʩ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ, ʢʦʪʦʨʘʷ 

ʧʦʩʪʫʧʠʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ. 

CR ï ʙʫʬʝʨ ʢʦʥʩʪʘʥʪ. ʆʥ ʭʨʘʥʠʪ ʢʦʥʩʪʘʥʪʫ, ʟʘʜʘʚʘʝʤʫʶ ʢʦʤʘʥʜʦʡ, ʜʣʷ ʝʸ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʘʜʨʝʩʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʠʣʠ ʜʣʷ ʝʸ ʟʘʧʠʩʠ ʚ ʧʨʦʛʨʘʤʤʥʦ 

ʜʦʩʪʫʧʥʳʝ ʨʝʛʠʩʪʨʳ ʢʘʢ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, ʪʘʢ ʠ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʟʣʦʚ. 

PSWR ï ʨʝʛʠʩʪʨ ʩʣʦʚʘ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʦʨʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʤʘʩʢʠ ʥʘ 

ʧʨʝʨʳʚʘʥʠʷ, ʬʣʘʛʠ (ʧʨʠʟʥʘʢʠ) ʚʳʧʦʣʥʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʢʦʤʘʥʜ, ʥʦʤʝʨ ʪʝʢʫʱʝʛʦ 

ʨʝʛʠʩʪʨʦʚʦʛʦ ʦʢʥʘ, ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʘʧʧʘʨʘʪʥʦʡ ʧʦʜʜʝʨʞʢʠ ʚʝʨʰʠʥʳ ʩʠʩʪʝʤʥʦʛʦ 

ʩʪʝʢʘ. 

IR  - ʢʦʥʚʝʡʝʨʥʳʝ, ʧʨʦʛʨʘʤʤʥʦ ʥʝʜʦʩʪʫʧʥʳʝ ʨʝʛʠʩʪʨʳ ʢʦʤʘʥʜ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʤʠ ʢʦʥʚʝʡʝʨʘʤʠ RISC-ʷʜʨʘ ʠ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ. 
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2.2 ʆʩʥʦʚʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ RISC- ʷʜʨʘ ʠ ʤʝʪʦʜʳ ʘʜʨʝʩʘʮʠʠ ʧʘʤʷʪʠ 

ʉʪʨʫʢʪʫʨʘ RISC-ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʚʳʙʨʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥ ʤʦʛ ʨʘʙʦʪʘʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: 

¶ ʧʦʜʜʝʨʞʢʘ ʦʧʝʨʘʮʠʡ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ, ʢʦʛʜʘ ʷʜʨʦ 

ʚʳʯʠʩʣʷʝʪ ʘʜʨʝʩ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ, ʘ ʪʘʢʞʝ ʘʜʨʝʩ ʧʝʨʚʳʭ ʚʝʢʪʦʨʥʳʭ 

ʜʘʥʥʳʭ ʠ ʩʤʝʱʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʳʭ ʩʦʧʨʦʮʝʩʩʦʨʫ; 

¶ ʧʦʜʜʝʨʞʢʘ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ (ʦʨʛʘʥʠʟʘʮʠʷ ʮʠʢʣʦʚ, ʚʝʪʚʣʝʥʠʡ ʠ ʪ.ʜ.) ʠ 
ʩʢʘʣʷʨʥʳʭ ʢʦʤʘʥʜ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʢʦʛʜʘ RISC-ʷʜʨʦ ʚʳʯʠʩʣʷʝʪ ʘʜʨʝʩ 

ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʘʜʨʝʩ ʜʣʷ ʩʢʘʣʷʨʥʳʭ ʦʧʝʨʘʥʜʦʚ, ʘ 

ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʠ ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʜʘʥʥʳʤʠ ʚ 

GR0- GR7. 

ɸʜʨʝʩ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʠʥʢʨʝʤʝʥʪʘʮʠʠ 

ʈʉ, ʣʠʙʦ ʧʫʪʝʤ ʝʛʦ ʟʘʜʘʥʠʷ ʢʦʥʩʪʘʥʪʦʡ ʚ ʢʦʜʝ ʢʦʤʘʥʜʳ, ʣʠʙʦ ʩʣʦʞʝʥʠʝʤ 

ʩʦʜʝʨʞʠʤʦʛʦ ʦʜʥʦʛʦ ʠʟ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ -  AR0, é, AR7 ʠʣʠ PC ʩʦ ʩʤʝʱʝʥʠʝʤ, 

ʟʘʜʘʥʥʳʤ ʢʦʥʩʪʘʥʪʦʡ ʚ ʢʦʜʝ ʢʦʤʘʥʜʳ ʠʣʠ ʩʦʜʝʨʞʠʤʳʤ ʦʜʥʦʛʦ ʠʟ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ -  GR0, ..., GR7. ʊʝʤ ʩʘʤʳʤ, ʚ RISC- ʧʨʦʮʝʩʩʦʨʥʦʤ ʷʜʨʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʢʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ (ʢʘʢ ʫʩʣʦʚʥʳʝ, ʪʘʢ ʠ ʙʝʟʫʩʣʦʚʥʳʝ): 

ʧʝʨʝʭʦʜ/ʧʝʨʝʭʦʜ ʩʦ ʩʤʝʱʝʥʠʝʤ (JUMP/SKIP), ʧʝʨʝʭʦʜ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ (CALL), 

ʚʦʟʚʨʘʪ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ/ʧʨʝʨʳʚʘʥʠʷ (RET/RETI). 

ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʘʜʨʝʩ ʦʧʝʨʘʥʜʦʚ ʤʦʞʝʪ ʚʳʯʠʩʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʘʜʨʝʩʘʮʠʠ: ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ ʘʜʨʝʩʥʦʛʦ ʨʝʛʠʩʪʨʘ ʙʝʟ ʝʛʦ ʠʟʤʝʥʝʥʠʷ, ʩ ʝʛʦ 

ʠʥʢʨʝʤʝʥʪʘʮʠʝʡ, ʜʝʢʨʝʤʝʥʪʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʧʦ ʩʫʤʤʝ ʩʦʜʝʨʞʠʤʦʛʦ ʘʜʨʝʩʥʦʛʦ 

ʨʝʛʠʩʪʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʝʛʠʩʪʨʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɼʣʷ ʩʢʘʣʷʨʥʳʭ ʢʦʤʘʥʜ 

ʢʨʦʤʝ ʵʪʦʛʦ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʜʨʝʩʘ ʩ ʧʦʤʦʱʴʶ ʢʦʥʩʪʘʥʪʳ, 

ʟʘʜʘʚʘʝʤʦʡ ʚ ʧʦʣʝ ʢʦʤʘʥʜʳ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ ʢʦʤʘʥʜʘʭ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʝʪʦʜʘʭ 

ʘʜʨʝʩʘʮʠʠ ʤʦʞʥʦ ʫʟʥʘʪʴ ʚ ʛʣʘʚʘʭ 4 ʠ 5. 

2.3 ʈʝʛʠʩʪʨ ʩʣʦʚʘ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʦʨʘ PSWR 

32- ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʩʣʦʚʘ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʦʨʘ PSWR ʩʦʜʝʨʞʠʪ ʚʩʶ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʙʦʪʝ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ. ɼʘʥʥʳʡ ʨʝʛʠʩʪʨ ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʩʠʩʪʝʤʥʦʤ ʩʪʝʢʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ ʠʣʠ ʧʨʝʨʳʚʘʥʠʶ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʧʨʠ ʚʦʟʚʨʘʪʝ ʠʟ ʧʨʝʨʳʚʘʥʠʷ. ʈʝʛʠʩʪʨ ʜʦʩʪʫʧʝʥ ʧʨʦʛʨʘʤʤʥʦ ʜʣʷ ʯʪʝʥʠʷ, ʟʘʧʠʩʠ, ʘ 

ʪʘʢʞʝ ʧʦʨʘʟʨʷʜʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠʣʠ ʩʙʨʦʩʫ ʧʦ ʤʘʩʢʝ. ʌʦʨʤʘʪ ʨʝʛʠʩʪʨʘ PSWR 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 2-2, ʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʝʛʦ ʧʦʣʝʡ ʧʨʠʚʝʜʝʥʦ ʚ 

ʊʘʙʣʠʮʘ 2-1. ʇʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ ʚʩʝ ʨʘʟʨʷʜʳ ʨʝʛʠʩʪʨʘ ʩʣʦʚʘ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʮʝʩʩʦʨʘ ʩʦʜʝʨʞʘʪ ʥʫʣʠ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚʥʠʟʫ ʥʘ ʨʠʩʫʥʢʝ 2-2.  
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ʈʠʩʫʥʦʢ 2-2 - ʌʦʨʤʘʪ ʨʝʛʠʩʪʨʘ PSWR 
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ʊʘʙʣʠʮʘ 2-1 -  ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʧʦʣʝʡ ʨʝʛʠʩʪʨʘ PSWR 

ʈʘʟʨʷʜ 

PSWR 

ʇʦʣʝ ʌʫʥʢʮʠʷ ʆʧʠʩʘʥʠʝ 

ʌʣʘʛʠ ʬʦʨʤʠʨʫʝʤʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʩʢʘʣʷʨʥʳʭ ʢʦʤʘʥʜ 

PSW<0> C ʇʨʠʟʥʘʢ ʧʝʨʝʥʦʩʘ  0 ï  

1 ï  

ʌʣʘʛ ʩʙʨʦʰʝʥ  

ʌʣʘʛ ʫʩʪʘʥʦʚʣʝʥ 

PSW<1> V ʇʨʠʟʥʘʢ ʧʝʨʝʧʦʣʥʝʥʠʷ 0 ï  

1 ï  

ʌʣʘʛ ʩʙʨʦʰʝʥ  

ʌʣʘʛ ʫʩʪʘʥʦʚʣʝʥ 

PSW<2> Z ʇʨʠʟʥʘʢ ʥʫʣʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 0 ï  

1 -   

ʌʣʘʛ ʩʙʨʦʰʝʥ  

ʌʣʘʛ ʫʩʪʘʥʦʚʣʝʥ 

PSW<3> N ʇʨʠʟʥʘʢ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ 

0 ï  

1 ï  

ʌʣʘʛ ʩʙʨʦʰʝʥ  

ʌʣʘʛ ʫʩʪʘʥʦʚʣʝʥ 

PSW<4> Y ʇʨʠʟʥʘʢ ʟʘʝʤʘ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʧʦ ɹʫʪʫ  

0 ï  

1 ï  

ʌʣʘʛ ʩʙʨʦʰʝʥ  

ʌʣʘʛ ʫʩʪʘʥʦʚʣʝʥ 

ʄʘʩʢʠ ʧʨʝʨʳʚʘʥʠʡ ʷʜʨʘ 

PSW<5> STM ʄʘʩʢʘ ʧʦʰʘʛʦʚʦʛʦ ʧʨʝʨʳʚʘʥʠʷ 0 ï  

1 ï  

ʇʨʝʨʳʚʘʥʠʝ ʤʘʩʢʠʨʦʚʘʥʦ 

ʇʨʝʨʳʚʘʥʠʝ ʨʘʟʨʝʰʝʥʦ 

PSW<6> EXM ʄʘʩʢʘ ʚʥʝʰʥʝʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʷʜʨʫ ʧʨʝʨʳʚʘʥʠʷ 

0 ï  

1 ï  

ʇʨʝʨʳʚʘʥʠʝ ʤʘʩʢʠʨʦʚʘʥʦ 

ʇʨʝʨʳʚʘʥʠʝ ʨʘʟʨʝʰʝʥʦ 

PSW<7> ERM ʄʘʩʢʘ ʧʨʝʨʳʚʘʥʠʷ ʧʦ 

ʟʘʧʨʝʱʝʥʥʦʡ ʢʦʤʘʥʜʝ 

0 ï  

1 ï 

ʇʨʝʨʳʚʘʥʠʝ ʤʘʩʢʠʨʦʚʘʥʦ 

ʇʨʝʨʳʚʘʥʠʝ ʨʘʟʨʝʰʝʥʦ 

PSW<8> OVM ʄʘʩʢʘ ʧʨʝʨʳʚʘʥʠʷ ʧʦ 

ʧʝʨʝʧʦʣʥʝʥʠʶ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʩʢʘʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ 

0 ï  

1 ï  

ʇʨʝʨʳʚʘʥʠʝ ʤʘʩʢʠʨʦʚʘʥʦ 

ʇʨʝʨʳʚʘʥʠʝ ʨʘʟʨʝʰʝʥʦ 

 

PSW<9> WIN ʂʦʜ ʨʝʛʠʩʪʨʦʚʦʛʦ ʦʢʥʘ 0 ï  

1 ï  

ʅʫʣʝʚʦʝ ʦʢʥʦ 

ʇʝʨʚʦʝ ʦʢʥʦ 

PSW<10:11>  Reserved   

PSW<12> STE ʈʘʟʨʝʰʝʥʠʝ ʨʘʙʦʪʳ 

ʘʧʧʘʨʘʪʥʦʡ ʚʝʨʰʠʥʳ ʩʪʝʢʘ 

0 ï  

1 ï 

ɸʧʧʘʨʘʪʥʘʷ ʚʝʨʰʠʥʘ ʩʪʝʢʘ ʦʪʢʣʶʯʝʥʘ  

ɸʧʧʘʨʘʪʥʘʷ ʚʝʨʰʠʘ ʩʪʝʢʘ ʚʢʣʶʯʝʥʘ 

PSW<31:13>  Reserved  

ʈʘʟʨʷʜʳ ʩ 31 ʧʦ 13 ʩʦʜʝʨʞʠʪ ʩʣʫʞʝʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʥʦʡ ʚʝʨʰʠʥʳ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ, ʠ ʧʨʦʛʨʘʤʤʥʦ ʥʝʜʦʩʪʫʧʥʳ.  

 

2.4 ʈʝʛʠʩʪʨ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʨʳʚʘʥʠʝ INTR 

32-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʨʳʚʘʥʠʝ INTR ʭʨʘʥʠʪ ʚ ʩʝʙʝ ʟʘʧʨʦʩʳ ʥʘ 

ʧʨʝʨʳʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʢʘʥʘʣʦʚ ʇɼʇ, 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʦʚ, ʥʝʢʦʪʦʨʳʭ ʫʟʣʦʚ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ,. 

ʌʦʨʤʘʪ ʨʝʛʠʩʪʨʘ INTR ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 2-3, ʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ 

ʝʛʦ ʧʦʣʝʡ ʧʨʠʚʝʜʝʥʦ ʚ ʊʘʙʣʠʮʘ 2-2. ʅʘ ʨʠʩʫʥʢʝ 2-3 ʧʦʢʘʟʘʥʦ ʩʦʩʪʦʷʥʠʝ ʨʘʟʨʷʜʦʚ 

ʨʝʛʠʩʪʨʘ ʧʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ.  

ʈʝʛʠʩʪʨ INTR ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʥʘ ʯʪʝʥʠʝ ʠ ʧʦʙʠʪʦʚʳʡ ʩʙʨʦʩ ʟʘʧʨʦʩʦʚ 

ʥʘ ʧʨʝʨʳʚʘʥʠʝ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʘʧʨʦʩʘ ʥʘ ʧʨʝʨʳʚʘʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʙʠʪʝ 

ʨʝʛʠʩʪʨʘ INTR ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʝʜʠʥʠʮʘ, ʢʦʪʦʨʘʷ ʩʙʨʘʩʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʧʨʦʮʝʩʩʦʨ 
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ʚʭʦʜʠʪ ʚ ʧʦʜʧʨʦʛʨʘʤʤʫ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʧʨʝʨʳʚʘʥʠʷ,  ʣʠʙʦ ʧʦʩʣʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʦʙʠʪʦʚʦʛʦ ʩʙʨʦʩʘ. 
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ʈʠʩʫʥʦʢ 2-3 -  ʌʦʨʤʘʪ ʨʝʛʠʩʪʨʘ INTR 

ʊʘʙʣʠʮʘ 2-2 -  ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʧʦʣʝʡ ʨʝʛʠʩʪʨʘ INTR 

ʈʘʟʨʷʜ INTR  ʇʦʣʝ ʌʫʥʢʮʠʷ ʆʧʠʩʘʥʠʝ 

INTR<5:0> IAV1) ɸʜʨʝʩ- ʚʝʢʪʦʨ ʚʥʝʰʥʝʛʦ 

ʧʨʝʨʳʚʘʥʠʷ 

000100 ï  

000101 ï 

000110 ï  

000111 ï 

001000 ï  

001001 ï 

001010 ï  

001011 ï 

001100 ï  

001101 ï 

001110 ï  

001111 ï 

010000 ï 

PE 

T0 

INT3 

INT2 

INT1 

INT0 

T1 

DMA0 

DMA1 

CPI1 

CPI0 

CPO1 

CPO0 

INTR<6> EXI ɿʘʧʨʦʩ ʥʘ ʚʥʝʰʥʝʝ 

ʧʨʝʨʳʚʘʥʠʝ  

0 ï 

1 ï 

ʆʪʩʫʪʩʪʚʠʝ ʟʘʧʨʦʩʘ 

ʅʘʣʠʯʠʝ ʟʘʧʨʦʩʘ 

INTR<7> ERI ɿʘʧʨʦʩ ʥʘ ʧʨʝʨʳʚʘʥʠʝ ʧʦ 

ʟʘʧʨʝʱʝʥʥʦʡ ʢʦʤʘʥʜʝ 

0 ï 

1 ï 

ʆʪʩʫʪʩʪʚʠʝ ʟʘʧʨʦʩʘ 

ʅʘʣʠʯʠʝ ʟʘʧʨʦʩʘ 

INTR<8> OVI ɿʘʧʨʦʩ ʥʘ ʧʨʝʨʳʚʘʥʠʝ ʧʦ 

ʧʝʨʝʧʦʣʥʝʥʠʶ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʩʢʘʣʷʨʥʦʡ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ 

0 ï 

1 ï 

ʆʪʩʫʪʩʪʚʠʝ ʟʘʧʨʦʩʘ 

ʅʘʣʠʯʠʝ ʟʘʧʨʦʩʘ 

INTR<9> MNI  ɿʘʧʨʦʩ ʥʘ ʥʝʤʘʩʢʠʨʫʝʤʦʝ 

ʚʥʝʰʥʝʝ ʧʨʝʨʳʚʘʥʠʝ 

0 ï 

1 ï 

ʆʪʩʫʪʩʪʚʠʝ ʟʘʧʨʦʩʘ 

ʅʘʣʠʯʠʝ ʟʘʧʨʦʩʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.2 

ʈʘʟʨʷʜ INTR  ʇʦʣʝ ʌʫʥʢʮʠʷ ʆʧʠʩʘʥʠʝ 

INTR<10> AF_E ʇʨʠʟʥʘʢ ʧʫʩʪʦʪʳ AFIFO2) 0 ï 

1 ï 

AFIFO ʥʝ ʧʫʩʪʦ 

AFIFO ʧʫʩʪʦ 

INTR<15:11> AFIFO_VAL ʂʦʣʠʯʝʩʪʚʦ ʩʣʦʚ ʚ AFIFO2 ʥʘ 

ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʚʩʝʭ 

ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ, ʧʦʧʘʚʰʠʭ 

ʚ ʢʦʥʚʝʡʝʨ ʧʨʦʮʝʩʩʦʨʘ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ2) 

0000 ï 

0001 ï 

. 

. 

. 

1111 ï 

1  ʩʣʦʚʦ 

2  ʩʣʦʚʘ 

. 

. 

. 

32  ʩʣʦʚʘ 

INTR<20:16> VRAM_VAL  ʂʦʣʠʯʝʩʪʚʦ ʩʣʦʚ ʚ VRAM ʥʘ 

ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʚʩʝʭ 

ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ, ʧʦʧʘʚʰʠʭ 

ʚ ʢʦʥʚʝʡʝʨ ʧʨʦʮʝʩʩʦʨʘ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ2) 

0000 ï 

0001 ï 

. 

. 

. 

1111 ï 

1  ʩʣʦʚʦ 

2  ʩʣʦʚʘ 

. 

. 

. 

32  ʩʣʦʚʘ 

INTR<21> WF_F ʇʨʠʟʥʘʢ ʧʦʣʥʦʪʳ WFIFO2) 0 ï 

1 ï 

WFIFO ʥʝ ʟʘʧʦʣʥʝʥʦ  

WFIFO ʟʘʧʦʣʥʝʥʦ 

INTR<22> WF_E ʇʨʠʟʥʘʢ ʧʫʩʪʦʪʳ WFIFO2) 0 ï 

1 ï 

WFIFO ʥʝ ʧʫʩʪʦ  

WFIFO ʧʫʩʪʦ 

INTR<25:23>  Reserved   

INTR<26> CP0T ʉʦʩʪʦʷʥʠʝ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ 

ʢʦʤ. ʧʦʨʪʘ 03) 

0 ï 

1 ï 

ʂʘʥʘʣ ʧʝʨʝʜʘʯʠ ʦʩʪʘʥʦʚʣʝʥ  

ʂʘʥʘʣ ʧʝʨʝʜʘʯʠ ʘʢʪʠʚʝʥ 

INTR<27> CP0R ʉʦʩʪʦʷʥʠʝ ʢʘʥʘʣʘ ʧʨʠʝʤʘ 

ʢʦʤ. ʧʦʨʪʘ 03) 

0 ï 

1 ï 

ʂʘʥʘʣ ʧʨʠʝʤʘ ʦʩʪʘʥʦʚʣʝʥ 

ʂʘʥʘʣ ʧʨʠʝʤʘ ʘʢʪʠʚʝʥ 

INTR<28> CP1T ʉʦʩʪʦʷʥʠʝ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ 

ʢʦʤ. ʧʦʨʪʘ 13) 

0 ï 

1 ï 

ʂʘʥʘʣ ʧʝʨʝʜʘʯʠ ʦʩʪʘʥʦʚʣʝʥ 

ʂʘʥʘʣ ʧʝʨʝʜʘʯʠ ʘʢʪʠʚʝʥ 

INTR<29> CP1R ʉʦʩʪʦʷʥʠʝ ʢʘʥʘʣʘ ʧʨʠʝʤʘ 

ʢʦʤ. ʧʦʨʪʘ 13) 

0 ï 

1 ï 

ʂʘʥʘʣ ʧʨʠʝʤʘ ʦʩʪʘʥʦʚʣʝʥ 

ʂʘʥʘʣ ʧʨʠʝʤʘ ʘʢʪʠʚʝʥ 

INTR<30> LDMA  ʉʦʩʪʦʷʥʠʝ ʢʘʥʘʣʦʚ ʇɼʇ  

ʣʦʢʘʣʴʥʦʡ ʰʠʥʳ3) 

0 ï 

1 ï 

ʂʘʥʘʣʳ ʇɼʇ ʦʩʪʘʥʦʚʣʝʥʳ  

ʂʘʥʘʣʳ ʇɼʇ ʘʢʪʠʚʥʳ 

INTR<31> GDMA ʉʦʩʪʦʷʥʠʝ ʢʘʥʘʣʦʚ ʇɼʇ  

ʛʣʦʙʘʣʴʥʦʡ ʰʠʥʳ3) 

0 ï 

1 ï 

ʂʘʥʘʣʳ ʇɼʇ ʦʩʪʘʥʦʚʣʝʥʳ  

ʂʘʥʘʣʳ ʇɼʇ ʘʢʪʠʚʥʳ 

ʇʨʠʤʝʯʘʥʠʷ: 1) ʇʦʜʨʦʙʥʦ ʩʠʩʪʝʤʘ ʧʨʝʨʳʚʘʥʠʡ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ  

2) AFIFO, VRAM, WFIFO ï ʧʨʦʛʨʘʤʤʝʦ ʜʦʩʪʫʧʥʳʝ ʫʟʣʳ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ. 

ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 3 

3) ʇʦʜʨʦʙʥʦ ʨʘʙʦʪʘ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʦʚ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ 10 ,ʘ ʨʘʙʦʪʘ ʢʘʥʘʣʦʚ ʇɼʇ 

ʧʘʤ̫ʪʴ-ʧʘʤʷʪʴ ï ʚ ʨʘʟʜʝʣʝ 14 
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3 ʄʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʳʡ ʩʦʧʨʦʮʝʩʩʦʨ 

3.1 ʉʪʨʫʢʪʫʨʘ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ 

ʄʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʳʡ ʩʦʧʨʦʮʝʩʩʦʨ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʫʟʣʦʤ 

ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ. ʉʦʧʨʦʮʝʩʩʦʨ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʨʘʟʨʷʜʥʦʩʪʠ ʦʪ 1 ʜʦ 64 ʨʘʟʨʷʜʦʚ, ʫʧʘʢʦʚʘʥʥʳʭ ʚ 64-ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ. ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʩʦʧʨʦʮʝʩʩʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʦʢ 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3-1 -  ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ 

 

SWITCH 3 -> 2 

 

F1CR 

 
NLT1 NLT2 

 

F2CR 

 
VR 

 

VRAM 
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SB 

NB 

W1 
 

 
WOPER 

32*64 

AFIFO 

32*64 
WFIFO 

32*64 

Wj 

OU 

R 

 
 

SB1 

 

 
 

NB1 

 

VDIB<63:0> VRB<63:0> 

VDOB<63:0> WB<63:0> SDB<63:0> 

MUX 
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ʆʩʥʦʚʥʳʤʠ ʫʟʣʘʤʠ ʤʘʪʨʠʯʥʦ- ʚʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ ʷʚʣʷʶʪʩʷ: 

ʆʧʝʨʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ OU 

ʎʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛʘʪʝʣʴ ʚʧʨʘʚʦ RCS 

ʅʝʣʠʥʝʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ NLT1, 

NLT2 

ʂʦʤʤʫʪʘʪʦʨ 3 ʚ 2 SWITCH 

32 

ʇʘʤʪ̫ʴ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʦʧʝʨʘʮʠʦʥʥʘʷ ʧʘʤʷʪʴ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

WBUF ʠ 

WOPER 

FIFO ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ WFIFO 

ʅʘʢʦʧʠʪʝʣʴʥʦʝ FIFO AFIFO 

ɺʝʢʪʦʨʥʳʡ ʨʝʛʠʩʪʨ VRAM 

ʈʝʛʠʩʪʨ ʧʦʨʦʛʦʚ VR 

ʈʝʛʠʩʪʨʳ ʫʧʨʘʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ F1CR, 

F2CR 

ʈʝʛʠʩʪʨ ʛʨʘʥʠʮ  ʠ ʦʧʝʨʘʮʠʦʥʥʳʡ ʨʝʛʠʩʪʨ ʛʨʘʥʠʮ ʦʧʝʨʘʥʜʘ 

X 

SB1 ʠ SB2 

ʈʝʛʠʩʪʨ ʛʨʘʥʠʮ  ʠ ʦʧʝʨʘʮʠʦʥʥʳʡ ʨʝʛʠʩʪʨ ʛʨʘʥʠʮ ʦʧʝʨʘʥʜʘ 

Y ʠ ʨʝʟʫʣʴʪʘʪʘ R 

NB1 ʠ 

NB2 

ʈʘʙʦʪʘ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʫʟʣʦʚ ʙʫʜʝʪ ʦʧʠʩʘʥʘ ʚ ʩʣʝʜʫʶʱʠʭ ʧʦʜʨʘʟʜʝʣʘʭ. 

3.2 ʌʦʨʤʘʪʳ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ 

3.2.1 ɼʘʥʥʳʝ 

ʄʘʪʨʠʯʥʦ-ʚʝʢʪʦʨʥʳʡ ʩʦʧʨʦʮʝʩʩʦʨ  ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʮʝʣʦʯʠʩʣʝʥʥʳʭ 

ʜʘʥʥʳʭ, ʨʘʟʨʷʜʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʦʡ ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʣʝʞʠʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 64 ʨʘʟʨʷʜʦʚ. ʆʜʥʘʢʦ, ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʷʜʘ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʩʦʧʨʦʮʝʩʩʦʨʘ ʥʘʢʣʘʜʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʨʘʟʨʷʜʥʦʩʪʴ ʜʘʥʥʳʭ: 

¶ ʤʥʦʞʠʪʝʣʠ, ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʚʭʦʜ X OU ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʧʝʨʘʮʠʷʭ 
ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʯʝʪʥʫʶ ʨʘʟʨʷʜʥʦʩʪʴ; 

¶ ʧʝʨʝʤʝʥʥʳʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʯʠʩʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ, 
ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʨʘʟʨʷʜʦʚ. 

ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ, ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ. ʈʝʟʫʣʴʪʘʪʳ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʬʦʨʤʠʨʫʶʪʩʷ ʪʘʢ ʞʝ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ. 
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3.2.2 64- ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ɺ ʢʘʞʜʦʤ ʪʘʢʪʝ ʩʦʧʨʦʮʝʩʩʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʨʘʙʦʪʢʫ ʚʩʝʭ ʜʘʥʥʳʭ ʩʣʦʚʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʣʶʙʦʡ ʠʟ ʝʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ 

ʫʟʣʳ ʦʧʨʝʜʝʣʷʶʪ ʛʨʘʥʠʮʳ ʜʘʥʥʳʭ ʚ ʩʣʦʚʝ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʨʝʛʠʩʪʨʦʚ. ʈʘʟʨʷʜʳ NB2, ʚ ʢʦʪʦʨʳʭ ʟʘʧʠʩʘʥʘ 1, ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʪʘʨʰʠʤ ʨʘʟʨʷʜʘʤ ʜʘʥʥʳʭ ʩʣʦʚʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʚʭʦʜ Y, ʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʥʘ ʚʭʦʜ X OU. ʈʘʟʨʷʜʳ SB2, ʚ 

 ʢʦʪʦʨʳʭ ʟʘʧʠʩʘʥʘ 1, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʣʘʜʰʠʤ ʨʘʟʨʷʜʘʤ ʜʘʥʥʳʭ ʩʣʦʚʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ 

ʥʘ ʚʭʦʜ X OU ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʠ ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʚ i-ʤ 

ʨʘʟʨʷʜʝ F1CR ʟʘʧʠʩʘʥʘ 1, ʘ ʚ (i+1)- ʤ -  0, ʪʦ i-ʡ ʨʘʟʨʷʜ ʩʣʦʚʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʚʭʦʜ 

NLT1, ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʪʘʨʰʠʤ ʨʘʟʨʷʜʦʤ ʦʜʥʦʛʦ ʠʟ ʜʘʥʥʳʭ, ʫʧʘʢʦʚʘʥʥʳʭ ʚ ʵʪʦʤ 

ʩʣʦʚʝ. ɸʥʘʣʦʛʠʯʥʦ F2CR ʦʧʨʝʜʝʣʷʝʪ ʛʨʘʥʠʮʳ ʜʘʥʥʳʭ ʚ ʩʣʦʚʝ, ʧʦʩʪʫʧʘʶʱʝʤ ʥʘ ʚʭʦʜ 

NLT2. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʈʠʩʫʥʦʢ 3-1 ʧʨʠʚʝʜʝʥʦ ʩʦʜʝʨʞʠʤʦʝ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʨʝʛʠʩʪʨʦʚ ʜʣʷ ʩʣʦʚʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭʨʘʟʨʷʜʥʦʛʦ ʦʧʝʨʘʥʜʘ D1, 

ʯʝʪʳʨʝʭʨʘʟʨʷʜʥʦʛʦ ʦʧʝʨʘʥʜʘ D2, ʰʝʩʪʠʨʘʟʨʷʜʥʦʛʦ ʦʧʝʨʘʥʜʘ D3 ʠ ʪ.ʜ. ɿʜʝʩʴ óxô ʚ 

NLTCR1 ʠ NLTCR2 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʨʘʟʨʷʜʘ ʥʝ ʦʧʨʝʜʝʣʷʝʪ ʛʨʘʥʠʮ 

ʜʘʥʥʳʭ ʚ ʩʣʦʚʝ. 

ɺ ʨʝʛʠʩʪʨʳ NB2 ʠ SB2 ʠʥʬʦʨʤʘʮʠʷ ʧʦʩʪʫʧʘʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ ʨʝʛʠʩʪʨʦʚ NB1 ʠ 

SB1 ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʘʥʜʳ LOAD. ʈʝʛʠʩʪʨʳ NB1, SB1, F1CR F2CR ʠ VR  

ʧʦʜʢʣʶʯʝʥʳ ʢ ʩʢʘʣʷʨʥʦʡ ʰʠʥʝ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ï SDB<63:0> -   ʠ 

ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʥʳ ʧʦ ʟʘʧʠʩʠ. 

 

13 12 11 10 9 8 7 6 5 4 3 2 1 0  

D3 D2 D1 -  ʩʣʦʚʦ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

               

1 0 0 0 0 0 0 0 1 0 0 0 1 0 -  NB2 

               

0 0 0 0 0 0 0 1 0 0 0 1 0 1 -  SB2 

               

1 x x x x x x 0 1 x x 0 1 x -  F1CR (F2CR) 

ʈʠʩʫʥʦʢ 3-1 - ʌʦʨʤʘʪʳ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʨʝʛʠʩʪʨʦʚ 

3.2.3 ʄʘʪʨʠʮʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʚʝʢʪʦʨʘ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ɺʩʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʟʣʳ ʩʦʧʨʦʮʝʩʩʦʨʘ ʧʦʟʚʦʣʷʶʪ ʟʘ ʦʜʠʥ ʪʘʢʪ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ 

ʥʘʜ 64-ʨʘʟʨʷʜʥʳʤʠ ʩʣʦʚʘʤʠ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɹʘʟʦʚʦʡ ʦʧʝʨʘʮʠʝʡ ʷʚʣʷʝʪʩʷ 

ʦʧʝʨʘʮʠʷ ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʦʡ ʚ ʢʘʞʜʦʤ ʪʘʢʪʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʨʠʮʘ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʭʨʘʥʷʱʘʷʩʷ ʚ WOPER. ʈʘʟʤʝʨʥʦʩʪʴ 

ʤʘʪʨʠʮʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 32 64-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ 

ʫʧʘʢʦʚʘʥʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʉ ʮʝʣʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦʧʨʦʮʝʩʩʦʨʘ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʧʦʜʢʘʯʢʠ ʥʦʚʦʡ ʤʘʪʨʠʮʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʥʘ ʬʦʥʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʩ ʪʝʢʫʱʠʤ ʩʦʜʝʨʞʠʤʳʤ WOPER. 64-

ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ ʫʧʘʢʦʚʘʥʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʩʪʫʧʘʶʪ ʩ ʦʜʥʦʡ ʠʟ 
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ʚʥʝʰʥʠʭ ʰʠʥ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ï WB<63:0> -  ʯʝʨʝʟ WFIFO ʚ WBUF. ʇʨʠ ʵʪʦʤ 

ʧʨʦʮʝʩʩ ʟʘʛʨʫʟʢʠ WBUF ʜʣʠʪʩʷ ʦʪ 1 ʜʦ 32 ʪʘʢʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʩʢʦʣʴʢʦ 

ʛʨʫʟʠʪʩʷ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʠ ʫʧʨʘʚʣʷʝʪʩʷ ʩʦʜʝʨʞʠʤʳʤ 

ʨʝʛʠʩʪʨʦʚ SB1 ʠ NB1, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʤʘʪʨʠʮʝ ʚʝʩʦʚ ʠ ʛʨʘʥʠʮʳ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʵʪʠʭ 

64-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚʘʭ. ɿʘʪʝʤ ʧʦ ʢʦʤʘʥʜʝ LOAD ʟʘ ʦʜʠʥ ʪʘʢʪ ʩʦʜʝʨʞʠʤʦʝ WBUF  

ʧʝʨʝʧʠʩʳʚʘʝʪʩʷ ʚ WOPER, ʘ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʦʚ NB1 ʠ SB1 -  ʚ ʨʝʛʠʩʪʨʳ NB2 ʠ 

SB2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ OU ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʞʥʝʛʦ ʩʦʜʝʨʞʠʤʦʛʦ WOPER, NB2 ʠ SB2. 

ʊʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʟʘʛʨʫʟʢʠ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʜʣʠʪʩʷ ʦʪ 1 ʜʦ 32 ʪʘʢʪʦʚ, ʪʦ ʢʘʞʜʘʷ 

ʚʝʢʪʦʨʥʘʷ ʢʦʤʘʥʜʘ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʟʘ L ʪʘʢʪʦʚ ʦʜʥʠ ʠ ʪʝ ʞʝ ʦʧʝʨʘʮʠʠ ʥʘʜ 

ʚʝʢʪʦʨʘʤʠ ʠʟ L 64-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ʇʝʨʝʤʝʥʥʘʷ L ʟʘʜʘʝʪʩʷ ʚ 

ʦʜʥʦʤ ʠʟ ʧʦʣʝʡ ʢʦʤʘʥʜʳ ʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

1 ʜʦ 32. 

3.3 ʆʧʝʨʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ OU 

OU ʩʣʫʞʠʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ 64-

ʨʘʟʨʷʜʥʳʤʠ ʩʣʦʚʘʤʠ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ X={X K ... X1} ʠ Y={Y I ... Y1}, 

ʧʦʩʪʫʧʘʶʱʠʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʚʭʦʜʳ X ʠ Y OU, ʠ ʤʘʪʨʠʮʝʡ ʚʝʩʦʚ W, ʢʦʪʦʨʘʷ 

ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜʳ W1,...,WJ ʚ ʚʠʜʝ J  64- ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ W1={W 1I ... W11},...,WJ={WJI ... WJ1}. ʈʝʟʫʣʴʪʘʪ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʚʳʭʦʜʝ R ʚ ʚʠʜʝ 64- ʨʘʟʨʷʜʥʦʛʦ ʩʣʦʚʘ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ R={R I ... 

R1}. ʇʝʨʝʤʝʥʥʘʷ I ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʦʝ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪ 1 ʜʦ 64 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʠʤʦʛʦ NB2 (I ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʝʜʠʥʠʮ ʚ NB2), ʘ ʧʝʨʝʤʝʥʥʘʷ J 

-  ʦʪ 1 ʜʦ 32 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʠʤʦʛʦ SB2 (J ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʝʜʠʥʠʮ ʚ SB2). 

ɿʥʘʯʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʝ ʧʝʨʝʤʝʥʥʦʡ K, ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʚʳʧʦʣʥʷʝʤʦʡ ʦʧʝʨʘʮʠʠ: K=I 

-  ʜʣʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, K=J -  ʜʣʷ ʦʧʝʨʘʮʠʠ ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ. 

ʊʠʧ ʚʳʧʦʣʥʷʝʤʦʡ ʦʧʝʨʘʮʠʠ ʟʘʜʘʝʪʩʷ ʢʦʜʦʤ ʢʦʤʘʥʜʳ. ʆʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ 

ʢʦʥʚʝʡʝʨʝ ʩ ʪʝʤʧʦʤ ʦʜʥʘ ʦʧʝʨʘʮʠʷ ʟʘ ʪʘʢʪ. ʅʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʝʨʘʮʠʡ 

OU ʥʝ ʬʦʨʤʠʨʫʝʪ. 

OU ʚʳʧʦʣʥʷʝʪ ʪʨʠ ʩʣʝʜʫʶʱʠʭ ʥʘʙʦʨʘ ʦʧʝʨʘʮʠʡ, ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʚʦʷ ʧʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ OU, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩʫʥʦʢ 3-2: 

¶ 16 ʚʩʝʚʦʟʤʦʞʥʳʭ ʧʦʨʘʟʨʷʜʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ 64-ʨʘʟʨʷʜʥʳʤʠ 

ʦʧʝʨʘʥʜʘʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʥʘ ʚʭʦʜʳ X ʠ Y. ɺ ʜʘʥʥʦʤ ʨʝʞʠʤʝ OU 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 64 ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʦʜʥʦʨʘʟʨʷʜʥʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ LU, ʚʳʧʦʣʥʷʶʱʠʭ ʦʜʥʫ  ʠ ʪʫ ʞʝ ʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ 

ʥʘʜ ʢʘʞʜʦʡ ʧʘʨʦʡ ʨʘʟʨʷʜʦʚ ʚʭʦʜʥʳʭ ʦʧʝʨʘʥʜʦʚ (ʨʠʩʫʥʦʢ 3- 3ʘ). ʉʦʜʝʨʞʠʤʦʝ 

ʨʝʛʠʩʪʨʦʚ SB2 ʠ NB2 ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

¶ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʩʣʦʚʘʤʠ X ʠ Y:  Xi + Yi;  Xi  -  Yi ;  Xi + 1;  Xi -  

1, ʛʜʝ  i=1,...,I. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ OU ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ I  ʧʘʨʘʣʣʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

AU, ʚʳʧʦʣʥʷʶʱʠʭ ʦʜʥʫ ʠ ʪʫ ʞʝ ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʥʘʜ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤʠ ʩʣʦʚ X ʠ Y (ʨʠʩʫʥʦʢ 3- 4ʙ). ʂʦʣʠʯʝʩʪʚʦ ʠ 

ʨʘʟʨʷʜʥʦʩʪʠ AU ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ ʚ ʩʣʦʚʘʭ X, Y ʠ R ʩʦʚʧʘʜʘʶʪ ʠ 
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ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʜʝʨʞʠʤʳʤ ʨʝʛʠʩʪʨʘ NB2. ʉʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ SB2 ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

¶ ʉʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ Y ʩ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʤʘʪʨʠʮʳ ʚʝʩʦʚ W : Ri = Yi + S Wij * Xj 

, ʛʜʝ i=1,...,I, j=1,...,J. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ, ʧʦʣʫʯʠʚʰʝʡ ʪʘʢʞʝ 

ʥʘʟʚʘʥʠʝ ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ, OU ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ I 

ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʩʭʝʤ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ J ʫʤʥʦʞʠʪʝʣʝʡ ʠ 

ʦʜʠʥ (J+1)- ʦʧʝʨʘʥʜʥʳʡ ʩʫʤʤʘʪʦʨ (ʨʠʩʫʥʦʢ 3- 4ʩ). ʂʦʣʠʯʝʩʪʚʦ I ʠ ʨʘʟʨʷʜʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʝʨʘʥʜʦʚ ʚ ʩʣʦʚʘʭ Y, WJ,...,W1 ʠ R ʩʦʚʧʘʜʘʶʪ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʜʝʨʞʠʤʳʤ ʨʝʛʠʩʪʨʘ NB2, ʘ ʢʦʣʠʯʝʩʪʚʦ J ʠ ʨʘʟʨʷʜʥʦʩʪʠ 

ʦʧʝʨʘʥʜʦʚ ʚ ʚʝʢʪʦʨʝ X ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʜʝʨʞʠʤʳʤ ʨʝʛʠʩʪʨʘ SB2. 

ʋʤʥʦʞʠʪʝʣʠ ʚ OU ʨʝʘʣʠʟʦʚʘʥʳ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ɹʫʪʘ, 

ʧʦʵʪʦʤʫ ʨʘʟʨʷʜʥʦʩʪʴ ʢʘʞʜʦʛʦ ʦʧʝʨʘʥʜʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʩʣʦʚʘ X, ʜʦʣʞʥʘ 

ʙʳʪʴ ʯʝʪʥʦʡ. 
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ʈʠʩʫʥʦʢ 3-2 -  ʇʨʦʛʨʘʤʤʥʳʝ ʤʦʜʝʣʠ OU ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʝʛʦ ʨʘʙʦʪʳ  

 

ʘ) ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ OU ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʙ) ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ OU ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʩ) ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ OU ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ. 
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3.4 ʎʠʢʣʠʯʝʩʢʠʡ ʩʜʚʠʛʘʪʝʣʴ ʚʧʨʘʚʦ RCS 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʜʘ ʢʦʤʘʥʜʳ 64-ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ, ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʚʭʦʜ X OU, 

ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ RCS ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʠʣʠ ʮʠʢʣʠʯʝʩʢʠ ʩʜʚʠʛʘʶʪʩʷ ʚʧʨʘʚʦ ʥʘ ʦʜʠʥ 

ʨʘʟʨʷʜ. ɿʘ ʦʜʠʥ ʪʘʢʪ ʚʳʧʦʣʥʷʝʪʩʷ ʩʜʚʠʛ ʦʜʥʦʛʦ ʩʣʦʚʘ ʢʘʢ ʝʜʠʥʦʛʦ ʦʧʝʨʘʥʜʘ, ʥʝ 

ʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʚ ʩʣʦʚʝ. 

3.5 ʅʝʣʠʥʝʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ NLT1, NLT2 

NLT1 ʠ NLT2 ʩʣʫʞʘʪ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʥʘʜ 64-

ʨʘʟʨʷʜʥʳʤʠ ʩʣʦʚʘʤʠ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʢʘʞʜʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ VU ʧʨʝʜʫʩʤʦʪʨʝʥ ʩʚʦʡ ʧʨʦʛʨʘʤʤʥʦ ʜʦʩʪʫʧʥʳʡ ʨʝʛʠʩʪʨ 

ʫʧʨʘʚʣʝʥʠʷ (F1CR ʜʣʷ NLT1 ʠ F2CR ʜʣʷ NLT2), ʩʦʜʝʨʞʠʤʦʝ ʢʦʪʦʨʦʛʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʜʘ ʚʳʧʦʣʥʷʝʤʦʡ ʢʦʤʘʥʜʳ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʨʷʜʥʦʩʪʠ ʜʘʥʥʳʭ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʨʘʙʘʪʳʚʘʝʤʦʝ ʩʣʦʚʦ, ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʘ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ ʥʘʩʳʱʝʥʠʷ H ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʩʣʦʚʘ 

(ʈʠʩʫʥʦʢ 3-3 ʙ). 

NLT1 ʠ NLT2 ʘʙʩʦʣʶʪʥʦ ʠʜʝʥʪʠʯʥʳ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʘʣʝʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʥʝʤʦʥʠʢʘ NLTx. ɺʩʝ ʩʢʘʟʘʥʥʦʝ ʦ 

NLTx ʙʫʜʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢʘʢ ʢ NLT1, ʪʘʢ ʠ ʢ NLT2. ɸʥʘʣʦʛʠʯʥʦ, ʤʥʝʤʦʥʠʢʘ FxCR 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʠʞʝ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʨʝʛʠʩʪʨʦʚ F1CR ʠʣʠ F2CR. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʜʘ ʢʦʤʘʥʜʳ NLTx ʚʳʧʦʣʥʷʝʪ ʟʘ ʦʜʠʥ ʪʘʢʪ ʦʜʥʫ ʠʟ ʪʨʝʭ ʦʧʝʨʘʮʠʡ 

ʥʘʜ 64- ʨʘʟʨʷʜʥʳʤ ʩʣʦʚʦʤ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ: 

¶ ʧʨʦʧʫʩʢʘʝʪ ʥʘ ʚʳʭʦʜ ʚʭʦʜʥʦʝ ʩʣʦʚʦ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʦʜʝʨʞʠʤʦʛʦ ʨʝʛʠʩʪʨʘ FxCR; 

¶ ʚʳʯʠʩʣʷʝʪ ʧʦʨʦʛʦʚʫʶ ʬʫʥʢʮʠʶ ʜʣʷ ʢʘʞʜʦʛʦ ʦʧʝʨʘʥʜʘ ʚʭʦʜʥʦʛʦ ʩʣʦʚʘ 

(ʈʠʩʫʥʦʢ 3-3 ʘ). ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ FxCR ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʠ ʨʘʟʨʷʜʥʦʩʪʠ ʜʘʥʥʳʭ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʣʦʚʘ. ʌʦʨʤʘʪ ʨʝʛʠʩʪʨʘ FxCR 

ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʦʨʦʛʦʚʦʡ ʬʫʥʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 3-1; 

¶ ʚʳʯʠʩʣʷʝʪ ʬʫʥʢʮʠʶ ʥʘʩʳʱʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʦʧʝʨʘʥʜʘ ʚʭʦʜʥʦʛʦ ʩʣʦʚʘ 

(ʈʠʩʫʥʦʢ 3-3 ʙ). ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ FxCR ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʨʷʜʥʦʩʪʠ ʦʧʝʨʘʥʜʦʚ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʣʦʚ 

ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʥʦ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ 

ʦʧʝʨʘʥʜʘ ʚʳʭʦʜʥʦʛʦ ʩʣʦʚʘ. ʌʦʨʤʘʪ ʨʝʛʠʩʪʨʘ FxCR ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʬʫʥʢʮʠʠ 

ʥʘʩʳʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʦʢ 3-1. 

¶ ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʈʠʩʫʥʦʢ 3-1 ʬʦʨʤʘʪʦʚ ʨʝʛʠʩʪʨʘ FxCR ʩʣʝʜʫʝʪ, ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʘʷ ʨʘʟʨʷʜʥʦʩʪʴ ʦʧʝʨʘʥʜʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʨʘʙʘʪʳʚʘʝʤʦʝ ʩʣʦʚʦ, 

ʨʘʚʥʘ ʜʚʫʤ. ʇʦʵʪʦʤʫ ʟʘ ʦʜʠʥ ʪʘʢʪ NLTx ʤʦʞʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʪ 1 ʜʦ 32 

ʜʘʥʥʳʭ ʨʘʟʣʠʯʥʦʡ ʨʘʟʨʷʜʥʦʩʪʠ, ʩʫʤʤʘʨʥʘʷ ʨʘʟʨʷʜʥʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʚʥʘ 64. 

¶ ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʣʦʚʘ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 
ʯʝʨʝʟ NLTx ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʧʦʣʥʷʝʤʦʡ ʠʤ ʦʧʝʨʘʮʠʠ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʨʘʟʨʷʜʥʦʩʪʠ ʦʧʝʨʘʥʜʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 64-ʨʘʟʨʷʜʥʦʝ ʩʣʦʚʦ, ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 

ʋʤʝʥʴʰʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʦʧʝʨʘʥʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʯʠʩʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ 

ʟʥʘʢʦʚʳʭ ʨʘʟʨʷʜʦʚ ʦʧʝʨʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, NLTx ʩʣʫʞʠʪ ʪʦʣʴʢʦ ʜʣʷ 
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ʫʤʝʥʴʰʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʦʧʝʨʘʥʜʦʚ, ʘ ʥʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʠʭ ʨʘʟʨʷʜʥʦʩʪʠ. 
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ʘ) ʇʦʨʦʛʦʚʘʷ ʬʫʥʢʮʠʷ ʙ) ʌʫʥʢʮʠʷ ʥʘʩʳʱʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 3-3 -  ʅʝʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ, ʚʳʯʠʩʣʷʝʤʳʝ NLTx 

3.6 ʇʘʤʷʪʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ WBUF  ʠ WOPER 

ʇʘʤʷʪʴ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʤʘʪʨʠʮ ʷʯʝʝʢ ʧʘʤʷʪʠ WBUF  ʠ 

WOPER, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʝʤʢʦʩʪʴ 32x64 ʙʠʪʘ ʠ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʤʘʪʨʠʮʫ 

ʚʝʩʦʚ W ʚ ʚʠʜʝ J 64- ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

W1={W 1I ... W11},...,WJ={W JI ... WJ1}.  

WOPER ʩʣʫʞʠʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʤʘʪʨʠʮʳ ʚʝʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʦʧʝʨʘʮʠʷʭ 

ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʝʤʳʭ OU. ɺʳʭʦʜʳ ʚʩʝʭ ʷʯʝʝʢ WOPER 

ʩʦʝʜʠʥʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʭʦʜʘʤʠ OU, ʘ ʠʭ ʚʭʦʜʳ - ʩ 

ʚʳʭʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʯʝʝʢ WBUF. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʟʘʧʠʩʴ ʚʦ ʚʩʝ ʷʯʝʡʢʠ 

WOPER ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʦʜʠʥ ʪʘʢʪ ʧʦ ʢʦʤʘʥʜʝ LOAD. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʠʤʦʝ 

WBUF  ʮʝʣʠʢʦʤ ʢʦʧʠʨʫʝʪʩʷ ʚ WOPER. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʦʚ 

SB1 ʠ NB1 ʢʦʧʠʨʫʝʪʩʷ ʚ ʨʝʛʠʩʪʨʳ SB2 ʠ NB2. 

WBUF ʩʣʫʞʠʪ ʜʣʷ ʧʦʜʢʘʯʢʠ ʠʟ WFIFO ʥʦʚʦʡ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʥʘ ʬʦʥʝ ʚʳʧʦʣʥʝʥʠʷ 

OU ʪʝʢʫʱʠʭ ʦʧʝʨʘʮʠʡ ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʨʦʡ 

ʤʘʪʨʠʮʳ ʚʝʩʦʚ, ʭʨʘʥʷʱʝʡʩʷ ʚ WOPER. ɿʘʛʨʫʟʢʘ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʚ WBUF 

ʠʥʠʮʠʠʨʫʝʪʩʷ ʦʜʥʦʡ ʢʦʤʘʥʜʦʡ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ J ʪʘʢʪʦʚ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʟʘʧʠʩʠ J 64- ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʚʳʙʠʨʘʝʤʳʭ ʠʟ 

WFIFO. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʫʞʘʝʤʳʭ ʩʣʦʚ J ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʠʤʳʤ SB1 (J 

ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʝʜʠʥʠʮ ʚ SB1). ɺ ʨʝʞʠʤʝ ʟʘʧʠʩʠ WBUF  ʨʘʙʦʪʘʝʪ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʧʘʤʷʪʴʶ ʤʘʛʘʟʠʥʥʦʛʦ (ʩʪʝʢʦʚʦʛʦ) ʪʠʧʘ. ʇʨʠʯʝʤ ʧʝʨʚʳʤ ʟʘʛʨʫʞʘʝʪʩʷ ʩʣʦʚʦ W1={W 1I 

... W11}, ʘ ʧʦʩʣʝʜʥʠʤ - ʩʣʦʚʦ WJ={W JI ... WJ1}. ɺʦ ʚʩʝʭ ʵʪʠʭ ʩʣʦʚʘʭ ʢʦʣʠʯʝʩʪʚʦ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʥʠʤʠ ʩʦʚʧʘʜʘʶʪ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʜʝʨʞʠʤʳʤ ʨʝʛʠʩʪʨʘ NB1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʛʨʫʟʢʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ WBUF ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʥʘ ʈʠʩʫʥʦʢ 3-4. 
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ʈʠʩʫʥʦʢ 3-4 - ʌʦʨʤʘʪ ʤʘʪʨʠʮʳ ʚʝʩʦʚ WBUF 

3.7 FIFO ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (WFIFO) 

ɼʚʫʭʧʦʨʪʦʚʦʝ WFIFO ʠʤʝʝʪ ʝʤʢʦʩʪʴ 32x64 ʙʠʪ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʙʫʬʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʢʘʯʢʠ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʚ WBUF ʠʟ ʚʥʝʰʥʝʡ 

ʧʘʤʷʪʠ. ɿʘʧʠʩʴ ʠ ʯʪʝʥʠʝ ʠʟ WFIFO ʚʝʜʝʪʩʷ 64-ʨʘʟʨʷʜʥʳʤʠ ʩʣʦʚʘʤʠ ʫʧʘʢʦʚʘʥʥʳʭ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɿʘʛʨʫʟʢʘ WFIFO ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʭʦʜʥʫʶ ʰʠʥʫ 

ʜʘʥʥʳʭ  ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ï WB<63:0>. 

WFIFO ʚʚʝʜʝʥʦ ʚ ʩʭʝʤʫ ʩʦʧʨʦʮʝʩʩʦʨʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʥ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʢʘʯʢʠ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ WBUF ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʧʦʜʨʘʟʜʝʣʝ, ʟʘʛʨʫʟʢʘ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʚ WBUF  ʚʳʧʦʣʥʷʝʪʩʷ ʦʪ 1 ʜʦ 32 ʪʘʢʪʦʚ. ʇʨʠ 

ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʠʤʦʛʦ ʪʝʥʝʚʦʛʦ ʨʝʛʠʩʪʨʘ SB1 ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʫʞʘʝʤʳʭ 

ʩʣʦʚ J ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʮʝʣʦʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 32. ɺ 

ʦʪʩʫʪʩʪʚʠʠ WFIFO ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʟʘʛʨʫʟʢʘ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʚ 

WBUF, ʧʨʦʚʦʜʠʤʘʷ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ J, ʧʨʠʚʦʜʠʣʘ ʙʳ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʦʩʪʦʷʤ 

ʚ ʨʘʙʦʪʝ ʦʜʥʦʡ ʠʟ ʰʠʥ. ʇʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʟʘʛʨʫʟʢʠ ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ 

ʚ WBUF  ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʮʝʩʩʦʨʦʤ ʚ ʜʚʘ ʵʪʘʧʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʧʦ ʢʦʤʘʥʜʝ ʟʘʛʨʫʟʢʠ 

WFIFO ʚ ʥʝʛʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʤʘʩʩʠʚ ʠʟ N 64-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʚʳʙʠʨʘʝʤʳʭ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. ɿʥʘʯʝʥʠʝ N ʟʘʜʘʝʪʩʷ ʢʦʜʦʤ 

ʢʦʤʘʥʜʳ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 32. ɿʘʪʝʤ ʧʦ ʢʦʤʘʥʜʝ ʟʘʛʨʫʟʢʠ ʤʘʪʨʠʮʳ 

ʚʝʩʦʚ ʚ WBUF  J 64-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʝʨʝʧʠʩʳʚʘʶʪʩʷ ʠʟ WFIFO ʚ WBUF. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʷ N, ʤʝʥʴʰʠʝ, ʯʝʤ ʟʥʘʯʝʥʠʷ J, ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʟʘʚʠʩʘʥʠʶ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ. ʇʨʠ N>>J ʚ WFIFO ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ 

ʤʘʪʨʠʮ ʚʝʩʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʫʜʫʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʧʠʩʳʚʘʪʴʩʷ ʚ WBUF, 

ʧʨʠʯʸʤ ʢʦʤʘʥʜʳ ʟʘʛʨʫʟʢʠ WFIFO ʠ WBUF ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʩʪʦʷʪʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʚ ʦʙʱʝʤ ʧʦʪʦʢʝ ʢʦʤʘʥʜ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, WFIFO ʩʣʫʞʠʪ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʛʨʫʟʢʠ 

ʤʘʪʨʠʮʳ ʚʝʩʦʚ ʚ WBUF ʠ ʯʪʝʥʠʷ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. ʂʦʥʪʨʦʣʴ ʟʘ ʜʘʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʧʨʦʛʨʘʤʤʥʦ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʬʣʘʛʦʚ ñWFIFO ʧʫʩʪʦʝò ʠ ñWFIFO ʧʦʣʥʦʝò, ʢʦʪʦʨʳʝ 

ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʨʝʛʠʩʪʨʝ INTR RISC- ʷʜʨʘ.  

3.8 ʅʘʢʦʧʠʪʝʣʴʥʦʝ FIFO (AFIFO) 

ɼʚʫʭʧʦʨʪʦʚʦʝ AFIFO ʝʤʢʦʩʪʴʶ 32x64 ʙʠʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ VU ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʩʣʫʞʠʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʜʥʦʛʦ ʚʝʢʪʦʨʘ 64-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ 

ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʣʝʜʥʝʡ 

ʚʝʢʪʦʨʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʢʦʤʘʥʜʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʜʘ ʢʦʤʘʥʜʳ ʩʦʜʝʨʞʠʤʦʝ 

AFIFO ʤʦʞʝʪ ʧʝʨʝʩʳʣʘʪʴʩʷ ʚ ʩʣʝʜʫʶʱʠʝ ʧʨʠʝʤʥʠʢʠ: 

¶ ʚʦ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʯʝʨʝʟ ʰʠʥʫ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ (VDOB<63:0>); 

¶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʠ ʚ VRAM ʯʝʨʝʟ ʰʠʥʫ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

¶ ʥʘ ʚʭʦʜʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ VU ʧʦ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʨʦʭʦʜʷʱʝʡ 
ʯʝʨʝʟ ʢʦʤʤʫʪʘʪʦʨ 3 ʚ 2; 

¶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ ʠ ʥʘ ʚʭʦʜʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ VU ʧʦ 

ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ; 

¶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʥʝʰʥʶʶ ʧʘʤʷʪʴ, ʚ VRAM ʠ ʥʘ ʚʭʦʜʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 
ʫʟʣʦʚ VU. 

ɺʳʭʦʜʳ AFIFO ʠ ʮʝʧʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ VU ʦʪʜʝʣʝʥʳ ʦʪ ʰʠʥʳ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʙʫʬʝʨʦʤ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʝʨʝʩʳʣʢʝ ʩʦʜʝʨʞʠʤʦʛʦ AFIFO ʪʦʣʴʢʦ ʥʘ 

ʚʭʦʜʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʩʦʧʨʦʮʝʩʩʦʨʘ ʰʠʥʘ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʨʥʦʛʦ 

ʷʜʨʘ ʦʩʪʘʝʪʩʷ ʩʚʦʙʦʜʥʦʡ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ AFIFO ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʛʦ 

ʚʝʢʪʦʨʘ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʳʭ ʢʦʤʘʥʜ 

ʤʝʞʜʫ ʜʚʫʤʷ ʚʝʢʪʦʨʥʳʤʠ ʦʧʝʨʘʮʠʦʥʥʳʤʠ ʢʦʤʘʥʜʘʤʠ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʥʠ ʦʜʥʦʡ 

ʢʦʤʘʥʜʳ ʯʪʝʥʠʷ ʠʟ AFIFO ʠ ʝʩʣʠ ʚʪʦʨʘʷ ʚʝʢʪʦʨʥʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʢʦʤʘʥʜʘ ʪʘʢʞʝ ʥʝ 

ʪʨʝʙʫʝʪ ʯʪʝʥʠʷ ʠʟ AFIFO, ʪʦ ʧʨʦʮʝʩʩʦʨ ʦʪʨʘʙʦʪʘʝʪ ʵʪʫ ʢʦʤʘʥʜʫ, ʢʘʢ ʢʦʤʘʥʜʫ NOP, ʠ 

ʩʬʦʨʤʠʨʫʝʪ ʧʨʠ ʵʪʦʤ ʚʥʫʪʨʝʥʥʝʝ ʧʨʝʨʳʚʘʥʠʝ ʧʦ ʥʝʧʨʘʚʠʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʢʦʤʘʥʜ. 

ʂʦʥʪʨʦʣʴ ʟʘ ʩʦʜʝʨʞʠʤʳʤ AFIFO ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʦʛʨʘʤʤʥʦ ʧʫʪʝʤ ʘʥʘʣʠʟʘ 

ʬʣʘʛʦʚ ñAFIFO ʧʫʩʪʦʝò ʠ ñAFIFO ʧʦʣʥʦʝò, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʨʝʛʠʩʪʨʝ INTR.  

3.9 ɺʝʢʪʦʨʥʳʡ ʨʝʛʠʩʪʨ VRAM 

VRAM ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʧʦʨʪʦʚʫʶ ʧʘʤʷʪʴ ʪʠʧʘ FIFO ʝʤʢʦʩʪʴʶ 32x64 ʙʠʪʘ, 

ʢʦʪʦʨʘʷ ʧʦʜʢʣʶʯʝʥʘ ʢ ʰʠʥʘʤ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ VU ï VRB<63:0>, VDIB<63:0>, 

VDOB<63:0>. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ VRAM ʦʪ ʦʙʳʯʥʦʛʦ FIFO ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʦʩʣʝ ʯʪʝʥʠʷ ʠʟ VRAM ʝʛʦ ʩʦʜʝʨʞʠʤʦʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. VRAM ʩʣʫʞʠʪ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʦʜʥʦʛʦ ʚʝʢʪʦʨʘ 64-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʟʣʳ VU ʯʝʨʝʟ ʢʦʤʤʫʪʘʪʦʨ 3 ʚ 2. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʜʘ ʢʦʤʘʥʜʳ ʩʣʦʚʘ, ʟʘʧʠʩʳʚʘʝʤʳʝ ʚ VRAM, ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʠʣʠ ʠʟ 

AFIFO. 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ VRAM ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʚʝʢʪʦʨʘ 

ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʵʪʦʤʫ ʣʶʙʘʷ ʟʘʧʠʩʴ ʚ RAM ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʝʝ 

ʧʨʝʞʥʝʛʦ ʩʦʜʝʨʞʠʤʦʛʦ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʜʦʧʫʩʢʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʟʘʧʠʩʴ ʥʦʚʦʛʦ 

ʧʘʢʝʪʘ ʜʘʥʥʳʭ ʠ ʯʪʝʥʠʝ ʧʨʝʜʳʜʫʱʝʛʦ ʧʘʢʝʪʘ. 

3.10 ʂʦʤʤʫʪʘʪʦʨ 3 ʚ 2 

ʂʦʤʤʫʪʘʪʦʨ 3 ʚ 2 ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʙʦʨ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʩʦʧʨʦʮʝʩʩʦʨʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʜʘ 

ʢʦʤʘʥʜʳ ʯʝʨʝʟ ʢʦʤʤʫʪʘʪʦʨ 3 ʚ 2 ʥʘ ʚʭʦʜ ʢʘʞʜʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʝʢʪʦʨʘ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ: 

¶ ʚʝʢʪʦʨʘ ʜʘʥʥʳʭ ʩ ʥʫʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʩʝʭ ʨʘʟʨʷʜʦʚ; 

¶ ʩʦʜʝʨʞʠʤʦʝ VRAM; 

¶ ʩʦʜʝʨʞʠʤʦʝ AFIFO ʧʦ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʦʧʨʦʮʝʩʩʦʨʘ; 

¶ ʚʝʢʪʦʨʘ ʜʘʥʥʳʭ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʧʦ ʰʠʥʝ VDIB<63:0>. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʝʢʪʦʨ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʚ ʚ ʥʝʤ ʟʘʜʘʝʪʩʷ ʢʦʜʦʤ ʢʦʤʘʥʜʳ. ɽʩʣʠ ʞʝ ʚʝʢʪʦʨ ʚʳʙʠʨʘʝʪʩʷ ʠʟ 

VRAM ʠʣʠ AFIFO, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʚ ʚ ʥʝʤ ʨʘʚʥʦ ʯʠʩʣʫ 64-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ, 

ʟʘʧʠʩʘʥʥʳʭ ʚ ʵʪʠ ʧʘʤʷʪʠ ʧʦ ʧʨʝʜʳʜʫʱʠʤ ʢʦʤʘʥʜʘʤ. ʇʦʩʣʝʜʥʝʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʩʦʜʝʨʞʠʤʦʝ VRAM ʠʣʠ AFIFO ʚʩʝʛʜʘ ʩʯʠʪʳʚʘʝʪʩʷ ʮʝʣʠʢʦʤ. 

ʂʨʦʤʝ ʬʫʥʢʮʠʡ ʢʦʤʤʫʪʘʮʠʠ ʧʘʢʝʪʦʚ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ ʢʦʤʤʫʪʘʪʦʨ 3 ʚ 2 ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʧʦʨʘʟʨʷʜʥʦʛʦ ʤʘʩʢʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʧʫʩʢʘʝʤʳʭ 

ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʟʣʳ VU. ɽʩʣʠ ʢʦʜ ʚʝʢʪʦʨʥʦʡ ʢʦʤʘʥʜʳ ʟʘʜʘʝʪ ʦʧʝʨʘʮʠʶ 

ʤʘʩʢʠʨʦʚʘʥʠʷ, ʪʦ ʥʘ ʚʭʦʜ NLT1 ʧʦʩʪʫʧʘʝʪ ʨʝʟʫʣʴʪʘʪ ʧʦʨʘʟʨʷʜʥʦʡ ʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ ʀ ʥʘʜ ʧʨʦʧʫʩʢʘʝʤʳʤ ʥʘ NLT1 ʩʣʦʚʦʤ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ 64-ʨʘʟʨʷʜʥʦʡ 

ʤʘʩʢʦʡ, ʘ ʥʘ ʚʭʦʜ NLT2 - ʨʝʟʫʣʴʪʘʪ ʧʦʨʘʟʨʷʜʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʀ ʥʘʜ 

ʧʨʦʧʫʩʢʘʝʤʳʤ ʥʘ NLT2 ʩʣʦʚʦʤ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʠʥʚʝʨʩʠʝʡ 64-ʨʘʟʨʷʜʥʦʡ 

ʤʘʩʢʠ. ʇʨʠ ʵʪʦʤ ʚʝʢʪʦʨʘʤ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨ ʤʘʩʦʢ, 

ʢʦʪʦʨʳʡ ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʝʢʪʦʨʘʤʠ ʩʣʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠʟ ʪʝʭ ʞʝ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʦ ʪʝʤ ʞʝ ʧʨʘʚʠʣʘʤ. ʌʘʢʪʠʯʝʩʢʠ ʢʦʤʤʫʪʘʪʦʨ 3 ʚ 2 ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ 

ʢʦʤʤʫʪʘʪʦʨʦʤ 3 ʚ 3, ʫ ʢʦʪʦʨʦʛʦ ʪʨʝʪʴʠʤ ʚʳʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʤʘʩʢʘ. 

ʂʦʜ ʢʦʤʘʥʜʳ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʦ ʪʨʝʭ ʚʝʢʪʦʨʦʚ 

ʫʧʘʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʚʳʙʠʨʘʶʪʩʷ ʧʘʢʝʪʳ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʣʦʚ, ʪʦ ʧʨʦʮʝʩʩʦʨ ʦʪʨʘʙʦʪʘʝʪ ʵʪʫ ʢʦʤʘʥʜʫ, ʢʘʢ ʢʦʤʘʥʜʫ NOP, ʠ ʩʬʦʨʤʠʨʫʝʪ 

ʚʥʫʪʨʝʥʥʝʝ ʧʨʝʨʳʚʘʥʠʝ ʧʦ ʟʘʧʨʝʱʝʥʥʦʡ ʚʝʢʪʦʨʥʦʡ ʢʦʤʘʥʜʝ. 

3.11 ʈʝʛʠʩʪʨ ʧʦʨʦʛʦʚ VR 

ʈʝʛʠʩʪʨ ʧʦʨʦʛʦʚ VR ʩʣʫʞʠʪ ʜʣʷ ʭʨʘʥʝʥʠʷ 64-ʨʘʟʨʷʥʦʛʦ ʩʣʦʚʘ ʫʧʘʢʦʚʘʥʥʳʭ ʧʦʨʦʛʦʚ 

ʠʣʠ ʩʤʝʱʝʥʠʡ. ʉʫʱʝʩʪʚʫʶʪ ʢʦʤʘʥʜʳ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʠ 

ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʠʤʦʝ VR ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ Y OU. 

 



 

     

ʖʌʂɺ.431282.006ʈʕ 

ʃʠʩʪ 

     
70 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ. ʇʦʜʧ. ɼʘʪʘ 

ʀʥʚ.ˉʧʦʜʣ. ʇʦʜʧ. ʠ ʜʘʪʘ ɺʟʘʤ.ʠʥʚ.ˉ ʀʥʚ.ˉʜʫʙʣ. ʇʦʜʧ. ʠ ʜʘʪʘ 

     

 

4 ʄʝʪʦʜʳ ʘʜʨʝʩʘʮʠʠ ʧʘʤʷʪʠ 

4.1 ʄʝʪʦʜʳ ʘʜʨʝʩʘʮʠʠ ʢʦʤʘʥʜ 

ʇʨʠ ʚʳʙʦʨʝ ʦʯʝʨʝʜʥʦʡ ʢʦʤʘʥʜʳ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʝʸ ʘʜʨʝʩ ʤʦʞʝʪ ʚʳʯʠʩʣʷʪʴʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ:  

¶ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ ʩʯʸʪʯʠʢʘ ʘʜʨʝʩʘ ʢʦʤʘʥʜ ʩ ʝʛʦ ʠʥʢʨʝʤʝʥʪʘʮʠʝʡ ʥʘ 2 (ʚʳʙʦʨʢʘ 
ʢʦʤʘʥʜ ʠʜʸʪ ʧʦ 64 ʨʘʟʨʷʜʘ) ʥʘ ʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʦʛʨʘʤʤʳ; 

¶ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ AR-ʨʝʛʠʩʪʨʘ ʠʣʠ GR-ʨʝʛʠʩʪʨʘ ʜʣʷ ʢʦʤʘʥʜ 

ʧʝʨʝʭʦʜʘ/ʧʝʨʝʭʦʜʘ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʝʡ 

ʩʯʸʪʯʠʢʘ ʘʜʨʝʩʘ ʢʦʤʘʥʜ (PC): 

PC <-  ARi, i = 0, é, 7; 

PC <-  ARi + GRi, i = 0, é, 7; 

PC <-  GRi, i = 0, é, 7; 

PC <-  PC + GRi; 

¶ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ AR-ʨʝʛʠʩʪʨʘ ʠʣʠ PC ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʜʘʥʥʳʤ ʚ ʢʦʤʘʥʜʝ 

ʩʤʝʱʝʥʠʝʤ ʚ ʚʠʜʝ 32-ʨʘʟʨʷʜʥʦʡ ʢʦʥʩʪʘʥʪʳ (Const32) ʜʣʷ ʢʦʤʘʥʜ 

ʧʝʨʝʭʦʜʘ/ʧʝʨʝʭʦʜʘ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ ʩʦ ʩʤʝʱʝʥʠʝʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʦʜʠʬʠʢʘʮʠʝʡ PC: 

PC <-  ARi + Const32; 

PC <-  Const32; 

PC <-  PC + Const32. 

¶ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ ʩʪʝʢʘ ʘʜʨʝʩʦʚ ʚʦʟʚʨʘʪʘ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʠ 
ʘʜʨʝʩʫʝʤʦʤʫ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ ʫʢʘʟʘʪʝʣʷ ʩʪʝʢʘ (SP) ʩ ʝʛʦ ʜʝʢʨʝʤʝʥʪʘʮʠʝʡ ʥʘ 2 

ʜʣʷ ʢʦʤʘʥʜ ʚʦʟʚʨʘʪʘ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ/ʧʨʝʨʳʚʘʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʦʜʠʬʠʢʘʮʠʝʡ PC:  PC <-  [- - SP]. 

4.2 ʄʝʪʦʜʳ ʘʜʨʝʩʘʮʠʠ ʩʢʘʣʷʨʥʳʭ ʜʘʥʥʳʭ 

ʇʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʢʘʢ 

ʩʢʘʣʷʨʥʳʤʠ, ʪʘʢ ʠ ʚʝʢʪʦʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʟʘʜʘʚʘʝʤʳʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʢʘʣʷʨʥʳʤʠ 

ʠʣʠ ʚʝʢʪʦʨʥʳʤʠ ʢʦʤʘʥʜʘʤʠ. ʉʢʘʣʷʨʥʳʝ ʢʦʤʘʥʜʳ ʟʘʜʘʶʪ ʝʜʠʥʠʯʥʫʶ ʧʝʨʝʩʳʣʢʫ 

ʨʝʛʠʩʪʨ <-  ʧʘʤʷʪʴ ʠʣʠ ʧʘʤʷʪʴ <-  ʨʝʛʠʩʪʨ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʜʘ ʨʝʛʠʩʪʨʘ (ʪ.ʝ. ʦʪ 

ʝʛʦ ʨʘʟʨʷʜʥʦʩʪʠ) ʦʙʤʝʥ ʩ ʧʘʤʷʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 32 ʠʣʠ 64 ʨʘʟʨʷʜʘ, ʧʨʠ ʵʪʦʤ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʘʜʨʝʩ ʧʘʤʷʪʠ (Address) ʤʦʞʝʪ ʚʳʯʠʩʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: 

¶ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ AR-ʨʝʛʠʩʪʨʘ ʠʣʠ GR-ʨʝʛʠʩʪʨʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʦʜʠʬʠʢʘʮʠʝʡ AR- ʨʝʛʠʩʪʨʘ: 

Address <-  GRi, i = 0, é,7; ʥʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ. 

Address <-  ARi + GRi;  ARi <-  ARi + GRi, i = 0, é,7. 

Address <-  GRi;  ARi <-  GRi, i = 0, é,7. 
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Address <-  ARi + GRi;  i = 0, é,7; ʥʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ. 

Address <-  ARi, i = 0, é,7; ʥʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ. 

Address <-  ARi; ARi <-  ARi + GRi, i = 0, é,7. 

Address <-  ARi -  a; ARi <-  ARi -  a, i = 0, é,7; a = 1 ʧʨʠ ʘʜʨʝʩʘʮʠʠ 32- ʨʘʟʨʷʜʥʳʭ 

ʜʘʥʥʳʭ, a = 2 ʧʨʠ ʘʜʨʝʩʘʮʠʠ 64- ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ. 

Address <-  ARi; ARi <-  ARi + a, i = 0, é,7; a = 1 ʧʨʠ ʘʜʨʝʩʘʮʠʠ 32- ʨʘʟʨʷʜʥʳʭ 

ʜʘʥʥʳʭ, a = 2 ʧʨʠ ʘʜʨʝʩʘʮʠʠ 64- ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ. 

¶ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ AR-ʨʝʛʠʩʪʨʘ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʜʘʥʥʳʤ ʚ ʢʦʤʘʥʜʝ 

ʩʤʝʱʝʥʠʝʤ ʚ ʚʠʜʝ 32- ʨʘʟʨʷʜʥʦʡ ʢʦʥʩʪʘʥʪʳ (Const32): 

Address <-  Const32; ʥʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ. 

Address <-  ARi + Const32; ARi <-  ARi + Const32, i = 0, é,7. 

Address <-  Const32; ARi <-  Const32, i = 0, é,7. 

Address <-  ARi + Const32; i = 0, é,7; ʥʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ. 

4.3 ʄʝʪʦʜʳ ʘʜʨʝʩʘʮʠʠ ʚʝʢʪʦʨʥʳʭ ʜʘʥʥʳʭ 

ɺʝʢʪʦʨʥʳʝ ʢʦʤʘʥʜʳ ʟʘʜʘʶʪ ʦʙʤʝʥ ʩ ʚʥʝʰʥʝʡ ʧʘʤʷʪʴʶ ʙʣʦʢʘʤʠ ʧʦ N 64-ʨʘʟʨʷʜʥʳʭ 

ʩʣʦʚ, ʛʜʝ N ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʜʦʤ ʢʦʤʘʥʜʳ ʠ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 32. 

ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʘʜʨʝʩ ʧʘʤʷʪʠ ʧʨʠ ʵʪʦʤ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʪʝʤ ʞʝ ʧʨʘʚʠʣʘʤ, ʯʪʦ ʠ ʜʣʷ 

ʩʢʘʣʷʨʥʳʭ ʢʦʤʘʥʜ, ʥʦ N ʨʘʟ, ʠ N ʨʘʟ ʙʫʜʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʘʜʨʝʩʥʳʡ ʨʝʛʠʩʪʨ. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ ʥʝʣʴʟʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʜʨʝʩʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʜʘʥʥʦʛʦ ʚ ʢʦʤʘʥʜʝ 

ʩʤʝʱʝʥʠʷ ʚ ʚʠʜʝ 32-ʨʘʟʨʷʜʥʦʡ ʢʦʥʩʪʘʥʪʳ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʘʜʨʝʩʘʮʠʠ ʧʦ 

ʩʦʜʝʨʞʠʤʦʤʫ AR-ʨʝʛʠʩʪʨʘ ʠʣʠ GR-ʨʝʛʠʩʪʨʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʝʡ AR-

ʨʝʛʠʩʪʨʘ ʦʩʪʘʶʪʩʷ ʜʦʩʪʫʧʥʳʤʠ: 

o Address <-  GRi, i = 0, é,7; ʥʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ.

  

Address <-  ARi + GRi;  ARi <-  ARi + GRi, i = 0, é,7.  

Address <-  GRi;  ARi <-  GRi, i = 0, é,7. 

o Address <-  ARi + GRi;  i = 0, é,7; ʥʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʥʳʭ 

ʨʝʛʠʩʪʨʦʚ. 

o Address <-  ARi, i = 0, é,7; ʥʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ.

  

Address <-  ARi; ARi <-  ARi + GRi, i = 0, é,7.  

Address <-  ARi -  2; ARi <-  ARi -  2, i = 0, é,7.  

Address <-  ARi; ARi <-  ARi + 2, i = 0, é,7. 

4.4 ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʥʳʤ ʩʪʝʢʦʤ ʠ ʩʪʝʢʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʇʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʠʤʝʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʛʠʩʪʨ-ʫʢʘʟʘʪʝʣʴ ʩʪʝʢʘ SP, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʦʨʛʘʥʠʟʫʝʪʩʷ ʩʪʝʢ ʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. ʕʪʦʪ ʩʪʝʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʠʩʪʝʤʥʦʛʦ ʧʨʠ ʚʳʟʦʚʘʭ ʧʦʜʧʨʦʛʨʘʤʤ, ʦʙʨʘʙʦʪʢʝ ʧʨʝʨʳʚʘʥʠʡ ʠʣʠ ʚʦʟʚʨʘʪʝ ʠʟ ʥʠʭ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʜʫ 

ʧʨʦʮʝʜʫʨʘʤʠ ʠʣʠ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʩʚʦʠʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʚʦʡ 
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ʩʪʝʢ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʫʢʘʟʘʪʝʣʷ ʩʪʝʢʘ ʣʶʙʦʡ ʠʟ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ -  AR0 -  

AR6. 

4.4.1 ʉʠʩʪʝʤʥʳʡ ʩʪʝʢ 

ʋʢʘʟʘʪʝʣʴ ʩʪʝʢʘ SP - ʵʪʦ 32-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʘʜʨʝʩ ʚʝʨʰʠʥʳ 

ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ. ʉʪʝʢ ʥʘʧʦʣʥʷʝʪʩʷ ʦʪ ʤʣʘʜʰʠʭ ʘʜʨʝʩʦʚ ʢ ʩʪʘʨʰʠʤ. SP ʚʩʝʛʜʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʜʨʝʩ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ ʟʘʧʠʩʘʥ ʩʣʝʜʫʶʱʠʡ ʵʣʝʤʝʥʪ (ʩʤ. ʈʠʩʫʥʦʢ 

4-1). ɿʘʧʠʩʴ ʚ ʩʪʝʢ ʠʜʸʪ ʚ ʨʝʞʠʤʝ ʧʦʩʪʠʥʢʨʝʤʝʥʪʘ, ʯʪʝʥʠʝ - ʚ ʨʝʞʠʤʝ ʜʝʢʨʝʤʝʥʪʘ.  

ɿʘʧʠʩʴ ʚ ʩʪʝʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʤʘʥʜʘ ʧʝʨʝʭʦʜʘ ʢ 

ʧʦʜʧʨʦʛʨʘʤʤʝ ʠʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʭʦʜ ʚ ʧʨʝʨʳʚʘʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʘʤʷʪʴ ʠʜʸʪ 

ʟʘʧʠʩʴ ʧʦ ʘʜʨʝʩʫ ʚ SP 64-ʨʘʟʨʷʜʥʦʛʦ ʩʣʦʚʘ, ʩʪʘʨʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ 32-

ʨʘʟʨʷʜʥʦʝ ʩʣʦʚʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʦʨʘ, ʘ ʤʣʘʜʰʘʷ - 32-ʨʘʟʨʷʜʥʳʡ ʩʯʸʪʯʠʢ ʘʜʨʝʩʘ 

ʢʦʤʘʥʜ, ʘ ʩʘʤ SP ʟʘʪʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʜʚʘ. 

ʏʪʝʥʠʝ ʠʟ ʩʪʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʚʩʪʨʝʯʘʝʪʩʷ ʢʦʤʘʥʜʘ ʚʦʟʚʨʘʪʘ ʠʟ 

ʧʦʜʧʨʦʛʨʘʤʤʳ ʠʣʠ ʧʨʝʨʳʚʘʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʜʝʨʞʠʤʦʝ SP ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 2, 

ʧʦ ʵʪʦʤʫ ʘʜʨʝʩʫ ʠʟ ʩʪʝʢʘ ʯʠʪʘʝʪʩʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʯʸʪʯʠʢ ʘʜʨʝʩʘ ʢʦʤʘʥʜ ʠ 

ʩʪʘʨʦʝ ʩʣʦʚʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʦʨʘ (ʪʦʣʴʢʦ ʜʣʷ ʚʦʟʚʨʘʪʘ ʠʟ ʧʨʝʨʳʚʘʥʠʷ).  

 

ʅʘʯʘʣʦ ʩʪʝʢʘ 

63 32 31 0 

ʈʘʟʨʷʜʳ 

ɸʜʨʝʩ 
ɺʝʨʰʠʥʘ ʩʪʝʢʘ 

ʉʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

SP 

SP-2 

. 

. 

. 

. 

. 

. 

 

ʈʠʩʫʥʦʢ 4-1 -  ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ 

ɺʳʰʝʦʧʠʩʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʩʦʟʜʘʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʝʨʳʚʘʥʠʷ, 

ʢʦʛʜʘ ʧʨʠ ʚʳʟʦʚʝ ʦʙʨʘʙʦʪʯʠʢʘ ʧʨʝʨʳʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʫʶ ʢʦʤʘʥʜʫ 

ʧʝʨʝʭʦʜʘ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ, ʘ ʚʳʡʪʠ ʠʟ ʥʝʛʦ ʤʦʞʥʦ ʢʦʤʘʥʜʦʡ ʚʦʟʚʨʘʪʘ ʠʟ ʧʨʝʨʳʚʘʥʠʷ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʪʘʢʞʝ ʧʠʩʘʪʴ ʠ ʯʠʪʘʪʴ ʠʟ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ, ʧʦʣʴʟʫʷʩʴ 

ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʘʜʨʝʩʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ AR7(SP), ʥʦ ʧʨʠ ʵʪʦʤ ʦʥ ʜʦʣʞʝʥ 

ʩʪʨʦʛʦ ʩʣʝʜʠʪʴ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʩʦʜʝʨʞʠʤʦʝ SP ʙʳʣʦ ʯʸʪʥʳʤ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʧʦʜʧʨʦʛʨʘʤʤʘʤ ʠʣʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʨʝʨʳʚʘʥʠʡ ʯʘʩʪʴ ʜʘʥʥʳʭ ʚ ʩʪʝʢʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʪʝʨʷʥʘ. 

ʇʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ ʩʦʜʝʨʞʠʤʦʝ SP ʥʝ ʦʧʨʝʜʝʣʝʥʦ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʟʘʙʦʪʠʪʩʷ ʦ ʟʘʧʠʩʠ ʚ ʥʝʛʦ ʘʜʨʝʩʘ ʥʘʯʘʣʘ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ ʜʦ ʪʦʛʦ, ʢʘʢ ʙʫʜʫʪ 

ʨʘʟʨʝʰʝʥʳ ʧʨʝʨʳʚʘʥʠʷ ʠʣʠ ʚʩʪʨʝʪʠʪʩʷ ʭʦʪʴ ʦʜʥʘ ʢʦʤʘʥʜʘ ʧʝʨʝʭʦʜʘ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ. 
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ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ ʚʦ ʚʥʝʰʥʝʡ ʠʣʠ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ, ʣʠʰʴ ʙʳ ʘʜʨʝʩ ʥʘʯʘʣʘ ʩʪʝʢʘ ʙʳʣ ʚʳʨʦʚʥʝʥ ʧʦ ʛʨʘʥʠʮʝ 64-

ʨʘʟʨʷʜʥʦʛʦ ʩʣʦʚʘ. ʆʥ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʚ ʣʦʢʘʣʴʥʦʡ, ʪʘʢ ʠ ʚ ʛʣʦʙʘʣʴʥʦʡ ʧʘʤʷʪʠ, 

ʥʦ ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩ ʦʙʱʝʡ ʧʘʤʷʪʴʶ, ʞʝʣʘʪʝʣʴʥʦ ʧʦʤʝʱʘʪʴ ʝʛʦ ʚ ʪʫ 

ʯʘʩʪʴ ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʩʘʤʦʤʫ ʧʨʦʮʝʩʩʦʨʫ. 

4.4.2 ɸʧʧʘʨʘʪʥʘʷ ʚʝʨʰʠʥʘ ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ 

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʚʦʟʚʨʘʪʘ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ/ʧʨʝʨʳʚʘʥʠʷ ʚ 

ʧʨʦʮʝʩʩʦʨʝ ʂ1879ɺʄ5ʗ ʙʳʣʘ ʚʚʝʜʝʥʘ ʘʧʧʘʨʘʪʥʘʷ ʚʝʨʰʠʥʘ ʩʪʝʢʘ. ʇʨʦʛʨʘʤʤʥʦ ʦʥʘ 

ʤʦʞʝʪ ʦʪʢʣʶʯʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʦʙʥʫʣʝʥʠʷ 12-ʛʦ ʨʘʟʨʷʜʘ ʨʝʛʠʩʪʨʘ PSWR, ʠ ʪʦʛʜʘ 

ʨʘʙʦʪʘ ʩ ʩʠʩʪʝʤʥʳʤ ʩʪʝʢʦʤ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ. 

ʇʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ ʘʧʧʘʨʘʪʥʘʷ ʚʝʨʰʠʥʘ ʩʪʝʢʘ ʪʘʢʞʝ ʦʪʢʣʶʯʝʥʘ. 

ʏʪʦʙʳ ʚʢʣʶʯʠʪʴ ʘʧʧʘʨʘʪʥʫʶ ʚʝʨʰʠʥʫ ʩʪʝʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʚ 12-ʡ ʨʘʟʨʷʜ 

ʨʝʛʠʩʪʨʘ PSWR ʝʜʠʥʠʮʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʝʨʚʘʷ ʞʝ ʢʦʤʘʥʜʘ ʧʝʨʝʭʦʜʘ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ 

ʠʣʠ ʧʝʨʚʳʡ ʞʝ ʚʭʦʜ ʚ ʧʨʝʨʳʚʘʥʠʝ ʜʫʙʣʠʨʫʶʪ ʟʘʧʠʩʴ ʘʜʨʝʩʘ ʚʦʟʚʨʘʪʘ ʠ PSWR ʚ 

ʩʠʩʪʝʤʥʳʡ ʩʪʝʢ, ʥʘʭʦʜʷʱʠʡʩʷ ʚʦ ʚʥʝʰʥʝʡ ʠʣʠ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ, ʠ ʚ ʘʧʧʘʨʘʪʥʫʶ 

ʚʝʨʰʠʥʫ ʩʪʝʢʘ. ʇʨʠ ʚʪʦʨʦʤ ʠ ʜʘʣʴʥʝʡʰʠʭ ʧʝʨʝʭʦʜʘʭ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ/ʚʭʦʜʘʭ ʚ 

ʧʨʝʨʳʚʘʥʠʝ, ʚ ʘʧʧʘʨʘʪʥʦʡ ʚʝʨʰʠʥʝ ʩʪʝʢʘ ʧʦʤʠʤʦ ʧʦʩʣʝʜʥʝʛʦ ʘʜʨʝʩʘ ʚʦʟʚʨʘʪʘ ʠ 

ʢʦʧʠʠ PSWR ʜʦʙʘʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʯʠʩʣʠʪʴ ʘʜʨʝʩ ʧʨʝʜʳʜʫʱʝʡ 

ʟʘʧʠʩʠ ʚ ʩʠʩʪʝʤʥʦʤ ʩʪʝʢʝ ʧʦ ʢʦʤʘʥʜʝ ʧʝʨʝʭʦʜʘ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ/ ʧʦ ʚʭʦʜʫ ʚ 

ʧʨʝʨʳʚʘʥʠʝ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʘʥʜ rʚʦʟʚʨʘʪʘ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ/ʧʨʝʨʳʚʘʥʠʷ ʘʜʨʝʩ ʚʦʟʚʨʘʪʘ ʠ 

ʩʦʩʪʦʷʥʠʝ PSWR ʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʘʧʧʘʨʘʪʥʦʡ ʚʝʨʰʠʥʳ ʩʪʝʢʘ, ʘ ʚ ʩʘʤʫ ʚʝʨʰʠʥʫ ʠʟ 

ʩʠʩʪʝʤʥʦʛʦ ʩʪʝʢʘ ʧʦʜʢʘʯʠʚʘʝʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʚʳʧʦʣʥʠʪʴ 

ʩʣʝʜʫʶʱʫʶ ʢʦʤʘʥʜʫ ʚʦʟʚʨʘʪʘ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ/ʧʨʝʨʳʚʘʥʠʷ. ʊʝʤ ʩʘʤʳʤ 

ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʚʭʦʜʳ/ʚʳʭʦʜʳ ʚ ʧʦʜʧʨʦʛʨʘʤʤʳ/ʧʨʝʨʳʚʘʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʛʣʫʙʠʥʳ. 

4.4.3 ʉʪʝʢʠ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤ ʩʦʟʜʘʪʴ ʩʚʦʡ ʩʪʝʢ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʫʢʘʟʘʪʝʣʷ ʩʪʝʢʘ ʣʶʙʦʡ ʠʟ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ  -  AR0 -  AR6. ʆʙʤʝʥ ʩʦ ʩʪʝʢʦʤ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʦʙʳʯʥʳʭ ʤʝʪʦʜʦʚ ʘʜʨʝʩʘʮʠʠ: ʟʘʧʠʩʴ ʚ ʨʝʞʠʤʝ 

ʧʦʩʪʠʥʢʨʝʤʝʥʪʘ, ʯʪʝʥʠʝ -  ʚ ʨʝʞʠʤʝ ʜʝʢʨʝʤʝʥʪʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʠʩʘʪʴ ʠ 

ʯʠʪʘʪʴ ʠʟ ʩʪʝʢʘ ʢʘʢ 32-ʨʘʟʨʷʜʥʳʝ, ʪʘʢ ʠ 64-ʨʘʟʨʷʜʥʳʝ ʜʘʥʥʳʝ, ʧʨʠʯʸʤ ʚ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʫʢʘʟʘʪʝʣʴ ʩʪʝʢʘ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʥʘ +/-  1, ʚʦ ʚʪʦʨʦʤ ʥʘ +/-  2.  ʆʛʨʘʥʠʯʝʥʠʝ 

ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʥʘ ʦʙʤʝʥ 64-ʨʘʟʨʷʜʥʳʤʠ ʜʘʥʥʳʤʠ: ʫʢʘʟʘʪʝʣʴ ʩʪʝʢʘ ʜʦʣʞʝʥ ʙʳʪʴ ʚ 

ʵʪʦʪ ʤʦʤʝʥʪ ʚʳʨʦʚʥʝʥ ʥʘ ʛʨʘʥʠʮʫ 64-ʨʘʟʨʷʜʥʦʛʦ ʩʣʦʚʘ. ɺ ʦʩʪʘʣʴʥʦʤ ʨʘʙʦʪʘ ʩʦ 

ʩʪʝʢʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʘʥʘʣʦʛʠʯʥʘ ʨʘʙʦʪʝ ʩ ʩʠʩʪʝʤʥʳʤ ʩʪʝʢʦʤ. 
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5 ʋʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʤ ʢʦʤʘʥʜ 

5.1 ɺʝʢʪʦʨʥʳʝ ʢʦʤʘʥʜʳ 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʝʢʪʦʨʥʳʭ 

ʢʦʤʘʥʜ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʝʩʪʠ ʵʬʬʝʢʪʠʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʤʘʩʩʠʚʦʚ ʫʧʘʢʦʚʘʥʥʳʭ ʚ 

64-ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ ʜʘʥʥʳʭ. ɺʝʢʪʦʨʥʘʷ ʢʦʤʘʥʜʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʨʘʟʣʠʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʪʦʚ - ʦʪ 1 ʜʦ 32 - ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʜʘ ʢʦʤʘʥʜʳ. ɽʩʣʠ ʦʥʘ 

ʦʜʥʦʪʘʢʪʦʚʘʷ, ʪʦ ʝʸ ʨʘʙʦʪʘ ʚ ʢʦʥʚʝʡʝʨʝ ʥʠ ʯʝʤ ʦʩʦʙʝʥʥʳʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʙʦʪʳ 

ʦʙʳʯʥʦʡ ʩʢʘʣʷʨʥʦʡ ʢʦʤʘʥʜʳ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʝʢʪʦʨʥʘʷ ʢʦʤʘʥʜʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʪʘʢʪʦʚ, ʵʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʧʧʘʨʘʪʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʮʠʢʣʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʜʥʦʡ ʦʜʥʦʪʘʢʪʦʚʦʡ ʚʝʢʪʦʨʥʦʡ ʢʦʤʘʥʜʳ. ɽʩʣʠ ʚʝʢʪʦʨʥʳʝ ʢʦʤʘʥʜʳ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʨʝʩʫʨʩʳ ʧʨʦʮʝʩʩʦʨʘ, ʪʦ ʦʥʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ʂʨʦʤʝ ʵʪʦʛʦ ʚʦʟʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʚʝʢʪʦʨʥʳʭ ʠ 

ʩʢʘʣʷʨʥʳʭ ʢʦʤʘʥʜ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʧʦʣʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪʥʳʝ 

ʨʝʩʫʨʩʳ ʧʨʦʮʝʩʩʦʨʘ, ʘ ʪʘʢʞʝ ʯʝʪʳʨʝ ʙʘʥʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʠ ʜʚʝ ʚʥʝʰʥʠʭ ʧʘʤʷʪʠ 

(ʣʦʢʘʣʴʥʫʶ ʠ ʛʣʦʙʘʣʴʥʫʶ). ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʯʠʪʘʪʴ ʠʟ ʦʜʥʦʛʦ ʙʘʥʢʘ 

ʧʘʤʷʪʠ ʦʯʝʨʝʜʥʦʡ ʙʣʦʢ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʩ ʥʠʤ ʢʘʢʫʶ-ʣʠʙʦ ʦʧʝʨʘʮʠʶ, ʠ 

ʧʠʩʘʪʴ ʚ ʜʨʫʛʦʡ ʙʘʥʢ ʧʘʤʷʪʠ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʳʜʫʱʝʡ ʚʝʢʪʦʨʥʦʡ ʢʦʤʘʥʜʳ.  

ʇʦʩʢʦʣʴʢʫ ʚʝʢʪʦʨʥʳʝ ʢʦʤʘʥʜʳ ʠʤʝʶʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʘʣʷʨʥʳʤʠ ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ 

ʢʦʥʚʝʡʝʨ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʨʘʚʜʘʥʦ, ʝʩʣʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʙʣʦʢʠ 

ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʝ ʥʝ ʤʝʥʝʝ 6 64-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ. ʂʦʛʜʘ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ, ʚʦʟʤʦʞʥʳ ʧʨʦʩʪʦʠ ʢʦʥʚʝʡʝʨʘ ʠʟ-ʟʘ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦ ʜʘʥʥʳʤ. 

5.2 ʂʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ 

ʇʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʢʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ: 

¶ ʧʝʨʝʭʦʜ; 

¶ ʧʝʨʝʭʦʜ ʩʦ ʩʤʝʱʝʥʠʝʤ, ʟʘʜʘʥʥʳʤ ʚ ʢʦʤʘʥʜʝ ʚ ʚʠʜʝ 32- ʨʘʟʨʷʜʥʦʡ ʢʦʥʩʪʘʥʪʳ; 

¶ ʧʝʨʝʭʦʜ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ; 

¶ ʧʝʨʝʭʦʜ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ ʩʦ ʩʤʝʱʝʥʠʝʤ, ʟʘʜʘʥʥʳʤ ʚ ʢʦʤʘʥʜʝ ʚ ʚʠʜʝ 32- 

ʨʘʟʨʷʜʥʦʡ ʢʦʥʩʪʘʥʪʳ; 

¶ ʚʦʟʚʨʘʪ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ; 

¶ ʚʦʟʚʨʘʪ ʠʟ ʧʨʝʨʳʚʘʥʠʷ. 

ʃʶʙʘʷ ʢʦʤʘʥʜʘ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʫʩʣʦʚʥʦʡ, ʪʘʢ ʠ ʙʝʟʫʩʣʦʚʥʦʡ. ɸʜʨʝʩ 

ʧʝʨʝʭʦʜʘ, ʟʘʜʘʚʘʝʤʳʡ ʚ ʢʦʤʘʥʜʝ ʧʝʨʝʭʦʜʘ, ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʨʦʚʥʝʥ ʧʦ ʛʨʘʥʠʮʝ 64-

ʨʘʟʨʷʜʥʦʛʦ ʩʣʦʚʘ.  

ɼʣʷ ʠʟʙʝʞʘʥʠʷ ʧʦʷʚʣʝʥʠʷ ʧʫʩʪʳʭ ʪʘʢʪʦʚ ʚ ʢʦʥʚʝʡʝʨʝ ʞʝʣʘʪʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ 

ʢʦʤʘʥʜʳ ʧʝʨʝʭʦʜʘ/ʧʝʨʝʭʦʜʘ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ, ʠʣʠ ʚʦʟʚʨʘʪʘ ʠʟ 

ʧʦʜʧʨʦʛʨʘʤʤʳ/ʧʨʝʨʳʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠ ʦʪʣʦʞʝʥʥʳʝ ʢʦʤʘʥʜʳ. 
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5.3 ɺʥʫʪʨʝʥʥʠʝ ʧʨʝʨʳʚʘʥʠʷ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ 

5.3.1 ʊʠʧʳ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʨʳʚʘʥʠʷ 

ʇʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ, ʪʘʢ ʠ ʚʥʝʰʥʠʝ ʧʨʝʨʳʚʘʥʠʷ. 

ɺʥʫʪʨʝʥʥʠʤʠ ʧʨʝʨʳʚʘʥʠʷʤʠ ʷʚʣʷʶʪʩʷ:  

¶ ʧʨʝʨʳʚʘʥʠʝ ʧʦ ʧʝʨʝʧʦʣʥʝʥʠʶ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʢʘʣʷʨʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 
ʦʧʝʨʘʮʠʡ, 

¶ ʧʨʝʨʳʚʘʥʠʝ ʧʦ ʟʘʧʨʝʱʸʥʥʦʡ ʚʝʢʪʦʨʥʦʡ ʢʦʤʘʥʜʝ, 

¶ ʦʪʣʘʜʦʯʥʦʝ ʧʦʰʘʛʦʚʦʝ ʧʨʝʨʳʚʘʥʠʝ.  

ʊʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʦʜʥʦ ʚʥʝʰʥʝʝ ʥʝʤʘʩʢʠʨʫʝʤʦʝ ʧʨʝʨʳʚʘʥʠʝ NMI ʠ ʦʜʥʦ 

ʚʥʝʰʥʝʝ ʤʘʩʢʠʨʫʝʤʦʝ ʧʨʝʨʳʚʘʥʠʝ ʩ ʘʜʨʝʩ-ʚʝʢʪʦʨʦʤ, ʟʘʜʘʚʘʝʤʳʤ ʚʥʝʰʥʠʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʮʝʩʩʦʨʥʦʤʫ ʷʜʨʫ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʇʨʝʨʳʚʘʥʠʷ ʠʤʝʶʪ ʞʝʩʪʢʦ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʠʦʨʠʪʝʪ, ʘ ʚʥʫʪʨʝʥʥʠʝ ʧʨʝʨʳʚʘʥʠʷ ʪʘʢʞʝ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʘʜʨʝʩ-

ʚʝʢʪʦʨʘ ʧʨʝʨʳʚʘʥʠʡ. ɺʩʝ ʧʨʝʨʳʚʘʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʤʘʩʢʠʨʫʝʤʦʛʦ NMI, 

ʤʘʩʢʠʨʫʝʤʳʝ. ʄʘʩʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʧʨʦʛʨʘʤʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʣʠ ʩʙʨʦʩʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʨʷʜʘ ʨʝʛʠʩʪʨʘ ʩʣʦʚʘ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʦʨʘ PSWR. 

ʇʨʝʨʳʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʘ 5-1 ʚ ʧʦʨʷʜʢʝ ʫʤʝʥʴʰʝʥʠʷ ʧʨʠʦʨʠʪʝʪʘ ʩʚʝʨʭʫ 

ʚʥʠʟ (ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʝʩʢʦʣʴʢʠʭ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʨʳʚʘʥʠʝ ʙʫʜʝʪ ʦʙʩʣʫʞʠʚʘʪʴʩʷ ʪʦʪ 

ʟʘʧʨʦʩ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʡ ʧʨʠʦʨʠʪʝʪ).  

ʊʘʙʣʠʮʘ 5-1 -  ʇʨʝʨrʚʘʥʠʷ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ 

ˉ ʊʠʧ ʧʨʝʨʳʚʘʥʠʷ ʆʙʦʟʥʘʯʝʥʠʝ ɸʜʨʝʩ- ʚʝʢʪʦʨ 

0 ʅʝʤʘʩʢʠʨʫʝʤʦʝ ʚʥʝʰʥʝʝ 

ʧʨʝʨʳʚʘʥʠʝ 

NMI  0 hex 

1 ʇʨʝʨʳʚʘʥʠʝ ʧʦ ʧʝʨʝʧʦʣʥʝʥʠʶ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʢʘʣʷʨʥʳʭ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

OVI 8 hex 

2 ʇʨʝʨʳʚʘʥʠʝ ʧʦ ʟʘʧʨʝʱʸʥʥʦʡ 

ʢʦʤʘʥʜʝ 

ERI 10 hex 

3 ɺʥʝʰʥʝʝ ʧʨʝʨʳʚʘʥʠʝ EXI 20 -  80 hex  

4 ʇʦʰʘʛʦʚʦʝ ʧʨʝʨʳʚʘʥʠʝ ST 18 hex 

ʇʨʠʤʝʯʘʥʠʷ: *)  ʘʜʨʝʩ-ʚʝʢʪʦʨʘ ʧʨʝʨʳʚʘʥʠʷ ʦʪ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ 9-ʨʘʟʨʷʜʥʳʝ, ʧʨʠʯʸʤ 

ʩʪʘʨʰʠʝ 6 ʨʘʟʨʷʜʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʥʘ ʚʭʦʜʥʦʡ ʰʠʥʝ 

INTV<5:0> 

5.3.2 ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʨʳʚʘʥʠ  ̫

ɿʘʧʨʦʩ ʧʨʝʨʳʚʘʥʠʷ ʣʶʙʦʛʦ ʪʠʧʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʦʜʠʥ ʪʘʢʪ ʠ ʚ ʢʦʥʮʝ 

ʵʪʦʛʦ ʪʘʢʪʘ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʩʠʥʭʨʦʩʠʛʥʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʨʘʟʨʷʜʝ ʨʝʛʠʩʪʨʘ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʨʳʚʘʥʠʝ INTR. 

ɿʘʧʨʦʩ ʧʦ ʥʝʤʘʩʢʠʨʫʝʤʦʤʫ ʚʥʝʰʥʝʤʫ ʧʨʝʨʳʚʘʥʠʶ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʨʠʭʦʜʝ ʩʠʛʥʘʣʘ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʥʘ ʚʭʦʜ NMI ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʨʝʛʠʩʪʨʝ INTR ʚ ʢʦʥʮʝ ʪʘʢʪʘ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʠʰʝʣ ʜʘʥʥʳʡ ʟʘʧʨʦʩ. 

ɿʘʧʨʦʩ ʧʨʝʨʳʚʘʥʠʷ ʧʦ ʧʝʨʝʧʦʣʥʝʥʠʶ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, 

ʟʘʜʘʥʥʦʡ ʩʢʘʣʷʨʥʦʡ ʢʦʤʘʥʜʦʡ, ʚʦʟʥʠʢʘʝʪ, ʝʩʣʠ ʧʨʠʟʥʘʢ V ʨʝʛʠʩʪʨʘ PSWR 
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ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʩʢʘʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ. ɼʘʥʥʳʡ ʟʘʧʨʦʩ ʬʠʢʩʠʨʫʝʪʩʷ ʚ INTR ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʩʪʘʥʦʚʢʦʡ  ʚ 

ʝʜʠʥʠʮʫ ʙʠʪʘ V PSWR. ʇʦʧʳʪʢʘ ʠʟʤʝʥʝʥʠʷ ʧʨʠʟʥʘʢʘ V ʨʝʛʠʩʪʨʘ PSWR ʢʦʤʘʥʜʘʤʠ 

ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʧʝʨʝʩʳʣʢʠ ʠʟ ʨʝʛʠʩʪʨʘ ʚ ʨʝʛʠʩʪʨ ʠ ʟʘʧʠʩʠ ʢʦʥʩʪʘʥʪʳ ʜʘʥʥʦʝ 

ʧʨʝʨʳʚʘʥʠʝ ʥʝ ʚʳʟʦʚʫʪ. 

ɿʘʧʨʦʩ ʧʨʝʨʳʚʘʥʠʷ ʧʦ ʟʘʧʨʝʱʸʥʥʦʡ ʢʦʤʘʥʜʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʦʧʳʪʢʝ ʚʳʧʦʣʥʠʪʴ 

ʢʦʤʘʥʜʫ, ʢʦʪʦʨʘʷ ʧʳʪʘʝʪʩʷ ʩʜʝʣʘʪʴ ʣʶʙʦʝ ʠʟ ʩʣʝʜʫʶʱʠʭ ʜʝʡʩʪʚʠʡ: 

1) ɼʣʷ ʚʝʢʪʦʨʥʳʭ ʢʦʤʘʥʜ -  

¶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʜʣʷ ʦʧʝʨʘʮʠʡ ʚ ʚʝʢʪʦʨʥʦʤ 

ʧʨʦʮʝʩʩʦʨʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʟʘʜʘʪʴ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ; 

¶ ʯʠʪʘʪʴ ʠʟ ʧʫʩʪʦʛʦ AFIFO; 

¶ ʧʠʩʘʪʴ ʚ ʥʝʧʫʩʪʦʝ AFIFO, ʝʩʣʠ ʥʝʪ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ ʠʟ ʥʝʛʦ ʚ ʪʦʡ ʞʝ ʢʦʤʘʥʜʝ; 

¶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʥʜʦʚ ʜʣʷ ʦʧʝʨʘʮʠʡ ʚ ʚʝʢʪʦʨʥʦʤ ʫʟʣʝ VRAM ʠ 

AFIFO, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʨʘʟʥʦʝ ʯʠʩʣʦ 64-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ; 

¶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʥʜʦʚ ʜʣʷ ʦʧʝʨʘʮʠʡ ʚ ʚʝʢʪʦʨʥʦʤ ʫʟʣʝ VRAM ʠ 
ʜʘʥʥʳʝ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʨʠʯʸʤ ʯʠʩʣʦ 64-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ ʚ VRAM ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʜʦʤ ʚ ʢʦʤʘʥʜʝ, ʢʦʪʦʨʳʡ ʟʘʜʘʸʪ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʢ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ; 

¶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʥʜʦʚ ʜʣʷ ʦʧʝʨʘʮʠʡ ʚ ʚʝʢʪʦʨʥʦʤ ʫʟʣʝ AFIFO ʠ 
ʜʘʥʥʳʝ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʨʠʯʸʤ ʯʠʩʣʦ 64-ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ ʚ AFIFO ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʜʦʤ ʚ ʢʦʤʘʥʜʝ, ʢʦʪʦʨʳʡ ʟʘʜʘʸʪ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʱʝʥʠʡ ʢ 

ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ; 

¶ ʟʘʜʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʜʚʠʛ ʦʧʝʨʘʥʜʘ ʍ ʠ ʧʦʨʦʛʦʚʫʶ ʬʫʥʢʮʠʶ (ʬʫʥʢʮʠʶ 
ʥʘʩʳʱʝʥʠʷ) ʥʘʜ ʵʪʠʤ ʞʝ ʦʧʝʨʘʥʜʦʤ; 

¶ ʟʘʜʘʪʴ ʦʧʝʨʘʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʠʩʪʨʘ VR ʠ ʩ ʥʝ ʥʫʣʝʚʳʤ ʧʦʣʝʤ, 
ʦʪʚʝʯʘʶʱʠʤ ʟʘ ʚʳʙʦʨ ʦʧʝʨʘʥʜʘ Y. 

2) ɼʣʷ ʩʢʘʣʷʨʥʳʭ ʢʦʤʘʥʜ -   

¶ ʧʝʨʝʩʳʣʘʪʴ ʩʦʜʝʨʞʠʤʦʝ ʦʜʥʦʛʦ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʨʝʛʠʩʪʨʘ ʚ ʜʨʫʛʦʡ 

ʧʝʨʠʬʝʨʠʡʥʳʡ ʨʝʛʠʩʪʨ ʠʣʠ PC; 

¶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʤʘʥʜʘʭ ʟʘʧʠʩʠ/ʯʪʝʥʠʷ ʠʟ ʧʘʤʷʪʠ ʧʝʨʠʬʝʨʠʡʥʳʡ ʨʝʛʠʩʪʨ ʚ 
ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ/ʧʨʠʸʤʥʠʢʘ; 

¶ ʤʝʥʷʪʴ ʨʝʛʠʩʪʨ SB1 ʤʝʞʜʫ ʚʝʢʪʦʨʥʳʤʠ ʢʦʤʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʧʝʨʘʮʠʠ 
ʟʘʛʨʫʟʢʠ ʚʝʩʦʚ ʠʟ WFIFO ʚ WBUF ʠ ʧʝʨʝʟʘʧʠʩʴ ʚʝʩʦʚ ʠʟ WBUF ʚ WOPER. 

ʕʪʘ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʘʤʦʙʣʦʢʠʨʦʚʢʝ ʢʦʥʚʝʡʝʨʘ, ʣʠʢʚʠʜʠʨʦʚʘʪʴ 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ, ʣʠʙʦ ʢ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ ʨʘʙʦʪʝ ʧʨʦʮʝʩʩʦʨʘ. ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʩʢʘʣʷʨʥʘʷ ʢʦʤʘʥʜʘ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ (ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʢʦʜ çʥʝʪ ʦʧʝʨʘʮʠʠè), ʘ ʚʤʝʩʪʦ ʝʸ ʧʨʦʚʘʣʘ ʚ 

ʢʦʥʚʝʡʝʨ ʬʠʢʩʠʨʫʝʪʩʷ ʟʘʧʨʦʩ ʥʘ ʜʘʥʥʦʝ ʧʨʝʨʳʚʘʥʠʝ. 

ɿʘʧʨʦʩ ʧʦ ʚʥʝʰʥʝʤʫ ʧʨʝʨʳʚʘʥʠʶ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʨʠʭʦʜʝ ʩʠʛʥʘʣʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʥʘ ʚʭʦʜ ʚʥʝʰʥʝʛʦ ʧʨʝʨʳʚʘʥʠʷ INTR ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʨʝʛʠʩʪʨʝ INTR ʚ ʢʦʥʮʝ ʪʘʢʪʘ, ʚ 
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ʢʦʪʦʨʦʤ ʧʨʠʰʝʣ ʜʘʥʥʳʡ ʟʘʧʨʦʩ, ʚʤʝʩʪʝ ʩ ʘʜʨʝʩ-ʚʝʢʪʦʨʦʤ IAV<5:0>, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʪʦʤʫ ʚʥʝʰʥʝʤʫ ʧʨʝʨʳʚʘʥʠʶ. 

ɿʘʧʨʦʩʦʤ ʥʘ ʧʦʰʘʛʦʚʦʝ ʧʨʝʨʳʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʚ ʝʜʠʥʠʮʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ   

ʤʘʩʢʠ ʥʘ ʜʘʥʥʦʝ ʧʨʝʨʳʚʘʥʠʝ ʚ  ʨʝʛʠʩʪʨʝ PSWR. 

ʇʦʩʣʝ ʬʠʢʩʘʮʠʠ ʟʘʧʨʦʩʘ ʥʘ ʧʨʝʨʳʚʘʥʠʝ ʚ ʨʝʛʠʩʪʨʝ ʟʘʧʨʦʩʦʚ INTR ʝʛʦ ʦʙʨʘʙʦʪʢʘ 

ʥʘʯʥʸʪʩʷ, ʝʩʣʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

¶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʦʤʫ ʧʨʝʨʳʚʘʥʠʶ ʤʘʩʢʘ ʚ PSWR ʨʘʚʥʘ ʝʜʠʥʠʮʝ; 

¶ ʥʝʪ ʛʦʪʦʚʳʭ ʢ ʦʙʨʘʙʦʪʢʝ ʜʨʫʛʠʭ ʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʝʨʳʚʘʥʠʡ; 

¶ ʚ ʢʦʥʚʝʡʝʨʝ ʥʝʪ ʥʝ ʟʘʢʦʥʯʝʥʥʳʭ ʢʦʤʘʥʜ, ʤʝʥʷʶʱʠʭ ʤʘʩʢʠ ʧʨʝʨʳʚʘʥʠʡ ʚ 

ʨʝʛʠʩʪʨʝ PSWR; 

¶ ʧʨʝʨʳʚʘʝʤʘʷ ʢʦʤʘʥʜʘ ʥʝ ʷʚʣʷʝʪʩʷ ʦʪʣʦʞʝʥʥʦʡ. 

ɽʩʣʠ ʵʪʠ ʫʩʣʦʚʠʷ ʩʦʙʣʶʜʘʶʪʩʷ, ʦʯʝʨʝʜʥʘʷ ʢʦʤʘʥʜʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʘ ʚʤʝʩʪʦ ʥʝʸ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʧʦ ʘʜʨʝʩ- ʚʝʢʪʦʨʫ ʧʨʝʨʳʚʘʥʠʷ ʩ ʟʘʧʦʤʠʥʘʥʠʝʤ ʘʜʨʝʩʘ 

ʚʦʟʚʨʘʪʘ ʠ ʩʣʦʚʘ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʦʨʘ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʧʨʦʩ ʚ INTR 

ʩʙʨʘʩʳʚʘʝʪʩʷ. ɼʨʫʛʠʝ ʧʨʝʨʳʚʘʥʠʷ ʙʫʜʫʪ ʟʘʧʨʝʱʝʥʳ, ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʡʜʸʪ ʣʶʙʘʷ 

ʟʘʧʠʩʴ ʚ ʨʝʛʠʩʪʨ PSWR ʠ ʥʝ ʫʩʪʘʥʦʚʷʪʩʷ ʥʦʚʳʝ ʤʘʩʢʠ ʧʨʝʨʳʚʘʥʠʡ.  

ɺ ʢʦʥʮʝ ʦʙʨʘʙʦʪʢʠ ʧʨʝʨʳʚʘʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʢʦʤʘʥʜʘ ʚʦʟʚʨʘʪʘ ʠʟ ʧʨʝʨʳʚʘʥʠʷ, ʧʦ 

ʢʦʪʦʨʦʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʜʝʨʞʠʤʦʝ ʩʯʸʪʯʠʢʘ ʢʦʤʘʥʜ ʠ ʩʣʦʚʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʮʝʩʩʦʨʘ, ʩʥʦʚʘ ʚʳʙʠʨʘʝʪʩʷ ʢʦʤʘʥʜʘ, ʢʦʪʦʨʘʷ ʠʟ- ʟʘ ʧʨʝʨʳʚʘʥʠʷ ʥʝ ʙʳʣʘ 

ʚʳʧʦʣʥʝʥʘ, ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʦʙʳʯʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʣʶʙʘʷ ʢʦʤʘʥʜʘ ʚʦʟʚʨʘʪʘ ʠʟ ʧʨʝʨʳʚʘʥʠʷ ʨʘʟʨʝʰʘʝʪ ʦʙʨʘʙʦʪʢʫ ʜʨʫʛʠʭ ʧʨʝʨʳʚʘʥʠʡ, 

ʧʦʩʢʦʣʴʢʫ ʧʦ ʥʝʡ ʠʜʸʪ ʟʘʧʠʩʴ ʚ PSWR ʩʪʘʨʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ ʠʟ ʩʪʝʢʘ. 

ʂʦʛʜʘ ʨʘʟʨʝʰʘʝʪʩʷ ʧʦʰʘʛʦʚʦʝ ʧʨʝʨʳʚʘʥʠʝ (ʨʝʞʠʤ ʦʪʣʘʜʢʠ), ʧʨʠ ʚʦʟʚʨʘʪʝ ʠʟ ʜʘʥʥʦʛʦ 

ʧʨʝʨʳʚʘʥʠʷ ʚʢʣʶʯʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʠ 

ʠʩʧʦʣʥʠʪʴ ʦʯʝʨʝʜʥʫʶ 64-ʨʘʟʨʷʜʥʫʶ ʢʦʤʘʥʜʫ ʠʣʠ ʧʘʨʫ 32-ʨʘʟʨʷʜʥʳʭ ʢʦʤʘʥʜ, ʠ 

ʪʦʣʴʢʦ ʧʦʪʦʤ ʚʦʡʪʠ ʚ ʥʦʚʦʝ ʧʦʰʘʛʦʚʦʝ ʧʨʝʨʳʚʘʥʠʝ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʧʨʝʨʳʚʘʥʠʡ 

ʚʦʟʤʦʞʥʦ ʧʦ ʚʳʭʦʜʫ ʠʟ ʦʜʥʦʛʦ ʩʨʘʟʫ ʧʦʧʘʩʪʴ ʚ ʜʨʫʛʦʝ ʧʨʝʨʳʚʘʥʠʝ. 

5.4 ʉʠʩʪʝʤʥʳʡ ʩʙʨʦʩ 

ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʧʨʦʮʝʩʩʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʦʧʨʝʜʝʣʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʏʪʦʙʳ 

ʥʘʯʘʪʴ ʩ ʥʠʤ ʨʘʙʦʪʫ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʪʘʚʠʪʴ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʥʘ ʚʭʦʜʝ RST  ʠ 

ʫʜʝʨʞʠʚʘʪʴ ʝʛʦ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 50 ʧʝʨʠʦʜʦʚ ʦʧʦʨʥʦʛʦ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ CLK . 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʦʮʝʩʩ ʧʦʜʘʯʠ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʩʠʛʥʘʣʘ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ 

ʧʨʦʮʝʩʩʦʨʘ  ʦʧʠʩʘʥ ʚ ʛʣʘʚʝ 7. 

ʉʦʩʪʦʷʥʠʝ ʨʝʛʠʩʪʨʦʚ ʧʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ ʦʪʨʘʞʝʥʦ ʚ ʊʘʙʣʠʮʘ 5-2. 
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ʊʘʙʣʠʮʘ 5-2 -  ʉʦʩʪʦʷʥʠʝ ʨʝʛʠʩʪʨʦʚ ʧʨʦʮʝʩʩʦʨʘ ʧʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ 

ʈʝʛʠʩʪʨ ʉʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʩʠʩʪʝʤʥʦʛʦ ʩʙʨʦʩʘ ʇʨʠʤʝʯʘʥʠʝ 

PC 0000.0000.0000.0000.0000.0000.0000.0000 bin  

PSWR 0000.0000.0000.0000.0000.0000.0000.0000 bin  

INTR 0000.00ʭʭ.x10x.xxxx.xxxx. ʭ100.00ʭʭ.ʭʭʭʭ bin  

PCR 0000.0000.0000.0000.0000.0000.0000.0000 bin  

IMR 0000.0000.0000 bin ɺʩʝ ʤʘʩʢʠʨʫʝʤʳʝ ʧʨʝʨʳʚʘʥʠʷ 

ʟʘʧʨʝʰʝʥʳ 

IRR 0000.0000.0000 bin ʇʦʩʣʝ ʥʘʯʘʣʴʥʦʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʦ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʧʦʨʪʘʤ ʠʣʠ 

ʯʝʨʝʟ ʇɼʇ ʚʟʚʦʜʠʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʧʨʦʩ ʥʘ 

ʧʨʝʨʳʚʘʥʠʝ 

IOPCR 0000.0000 bin ɺʩʝ ʚʳʚʦʜʳ GPIO 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʳ  òʥʘ ʚʚʦʜò 

ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʨʝʛʠʩʪʨʳ ʠʤʝʶʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʢʪʦʨʥʳʝ ʨʝʛʠʩʪʨʳ ʚʝʢʪʦʨʥʦʛʦ ʫʟʣʘ ʥʘʭʦʜʷʪʩʷ ʚ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ: 

WFIFO ʠ AFIFO -  ʧʫʩʪʳ; 

VRAM ï ʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 
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6 ɺʚʝʜʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ  

ʉʠʩʪʝʤʘ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʪʘʢ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʝʤʫ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ 

ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ. ʉʠʩʪʝʤʘ ʢʦʤʘʥʜ ʂ1879ɺʄ5ʗ ʩʦʚʤʝʩʪʠʤʘ ʩ ʩʠʩʪʝʤʦʡ 

ʢʦʤʘʥʜ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʵʪʦʛʦ ʞʝ ʩʝʤʝʡʩʪʚʘ ʠ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʧʨʦʮʝʩʩʦʨʘʤ. 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ ʷʚʣʷʶʪʩʷ:  

¶ ʌʠʢʩʠʨʦʚʘʥʥʘʷ ʜʣʠʥʘ ʢʦʤʘʥʜʳ. ɺʩʝ ʢʦʤʘʥʜʳ ʠʤʝʶʪ ʜʣʠʥʫ 32 ʨʘʟʨʷʜʘ, ʣʠʙʦ 

64 ʨʘʟʨʷʜʘ, ʝʩʣʠ ʩʪʘʨʰʠʤ ʩʣʦʚʦʤ ʢʦʤʘʥʜʳ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜʘʚʘʝʤʘʷ ʢʦʥʩʪʘʥʪʘ. 

¶ ʉʚʝʨʭʙʦʣʴʰʦʝ ʩʣʦʚʦ ʢʦʤʘʥʜʳ (VLIW). ʂʘʞʜʘʷ ʢʦʤʘʥʜʘ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴ 
ʥʝʩʢʦʣʴʢʦ ʦʧʝʨʘʮʠʡ, ʧʨʠʯʝʤ ʵʪʠ ʦʧʝʨʘʮʠʠ ʤʦʛʫʪ ʠʩʧʦʣʥʷʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ. 

¶ ɸʧʧʘʨʘʪʥʘʷ ʧʦʜʜʝʨʞʢʘ ʮʠʢʣʦʚ. ɺ ʢʦʤʘʥʜʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʙʦʪʫ ʤʘʪʨʠʯʥʦ-

ʚʝʢʪʦʨʥʦʛʦ ʩʦʧʨʦʮʝʩʩʦʨʘ, ʜʦʧʫʩʢʘʝʪʩʷ ʟʘʜʘʚʘʪʴ ʯʠʩʣʦ ʧʦʚʪʦʨʝʥʠʡ ʢʦʤʘʥʜʳ ʦʪ 

1 ʜʦ 32. 

¶ ʇʨʠʥʫʜʠʪʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ. 

ʇʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʢʦʥʚʝʡʝʨʥʳʤ, ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʫʧʝʨʩʢʘʣʷʨʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʩʧʦʣʥʷʪʴ 

ʥʝʩʢʦʣʴʢʦ ʢʦʤʘʥʜ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʦ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ 

ʜʦʧʫʩʢʘʝʪ ʙʣʦʢʠʨʦʚʢʫ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʘʥʜ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʦʪʣʘʜʢʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʛʨʘʤʤ. 

ʇʨʦʮʝʩʩʦʨ ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 4 ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

ʚʝʢʪʦʨʥʳʝ ʢʦʤʘʥʜʳ ʠ ʢʦʤʘʥʜʳ ʩʢʘʣʷʨʥʳʝ ï ʦʙʤʝʥʘ ʩ ʧʘʤʷʪʴʶ, ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʧʝʨʝʩʳʣʢʠ. ɺʩʝ ʢʦʤʘʥʜʳ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘ ʦʜʠʥ ʪʘʢʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʌʦʨʤʘʪʳ 

ʢʦʤʘʥʜ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʦʢ 6-1, ʢʨʘʪʢʦʝ ʠʭ ʦʧʠʩʘʥʠʝ ʜʘʥʦ ʥʠʞʝ. 
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18061-4 
 

21.05.12 18061-3   

 

 

 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0  

1.1 P 0 1 MA R/W ARi Rʠʩʪ/ʧʨ- ʢ ʂʆʇ ʉʂ  

 

1.2 P 1 1 0 MA R/W ARi Rʠʩʪ/ʧʨ- ʢ ʂʆʇ ʉʂ  

63 ɸɼʈɽʉ (ʩʤʝʱʝʥʠʝ)  

 

2.1 P 1 1 1 Rʧʨ- ʢ Rʠʩʪ ʂʆʇ ʉʂ  

 

2.2 P 1 0 0 Rʧʨ- ʢ 0 0 x ʭ ʭ ʭ ʂʆʇ ʉʂ  

63 ʂʆʅʉʊɸʅʊɸ 32 

 

3.1 P 1 0 1 ʂʄ 1 ARi 0 1 ʭ ARj ʂʆʇ ʉʂ  

 

3.2 P 1 0 0 ʂʄ  1 ARi 0 1 ʭ ARj ʂʆʇ ʉʂ  

63 ʂʆʅʉʊɸʅʊɸ- ʉʄɽʑɽʅʀɽ 32 

 

3.3 P 1 0 1 x x 0 x x x 0 1 ʭ ʭ x x ʂʆʇ ʉʂ  

 

3.4 P 1 0 0 x x  0 x x x 0 1 ʭ ʭ x x ʂʆʇ ʉʂ  

63 ʂʆʅʉʊɸʅʊɸ- ʉʄɽʑɽʅʀɽ 32 

 

4.1 P 0 0 0 ʂʄ J/C ARi 1 0 ʋʩʣʦʚʠʝ ʂʆʇ ʉʂ  

 

4.2 P 1 0 0 ʂʄ J/C ARi 1 0 ʋʩʣʦʚʠʝ ʂʆʇ ʉʂ  

63 ɸɼʈɽʉ (ʩʤʝʱʝʥʠʝ) 32 

 

4.3 P 0 0 0 1 0 0 1 1 1 1 1 ʋʩʣʦʚʠʝ ʂʆʇ ʉʂ  

 

4.4 P 0 0 0 0 0 1 1 1 1 1 1 ʋʩʣʦʚʠʝ ʂʆʇ ʉʂ  

 

5.1 P 0 0 ʄɸ R/W ARi 0 1 V_

W 

W ʢʦʣʠʯʝʩʪʚʦ ʂʆʇ ɺʂ L  

 

5.2 P 0 0 ʄɸ x ARi 0 0 1 W ʢʦʣʠʯʝʩʪʚʦ ʂʆʇ ɺʂ L  

 

5.3 P 0 0 x x x x x x x 0 0 0 W x x x x x ʂʆʇ ɺʂ L  

ʈʠʩʫʥʦʢ 6-1 - ʉʠʩʪʝʤʘ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ ʂ1879ɺʄ5ʗ 
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6.1 ʌʦʨʤʘʪʳ ʢʦʤʘʥʜ, ʟʘʜʘʶʱʠʭ ʧʝʨʝʩʳʣʢʫ ʜʘʥʥʳʭ ʨʝʛʠʩʪʨ- ʧʘʤʷʪʴ 

Rʠʩʪ/ʧʨ- ʢ ª(fʘʜʨ.(ARi, GRi)); ARi«fm(ARi, GRi)  
 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0 

1.1 P 0 1 MA R/W ARi Rʠʩʪ/ʧʨ- ʢ ʂʆʇ ʉʂ 

  

  R/W ʅʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʩʳʣʢʠ ʜʘʥʥʳʭ 

  0 ʏʪʝʥʠʝ ʠʟ ʧʘʤʷʪʠ ʚ Rʠʩʪ/ʧʨ- ʢ 

  1 ɿʘʧʠʩʴ ʚ ʧʘʤʷʪʴ ʠʟ Rʠʩʪ/ʧʨ- ʢ 

 

 MA fʘʜʨ.(ARi, GRi) fM(ARi, GRi) 

 0 0 0 GRi ARi 

 0 0 1 ARi+GRi ARi+GRi 

 0 1 0 GRi GRi 

 0 1 1 ARi+GRi ARi 

 1 0 0 ARi ARi 

 1 0 1 ARi ARi+GRi 

 1 1 0 ARi- a ARi- a 

 1 1 1 ARi ARi+a 

ʇʨʠʤʝʯʘʥʠʝ:  

a=1 ʧʨʠ ʘʜʨʝʩʘʮʠʠ 32- ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ; 

a=2 ʧʨʠ ʘʜʨʝʩʘʮʠʠ 64- ʨʘʟʨʷʜʥʳʭ ʜʘʥʥʳʭ. 

 

6.1.1 Rʠʩʪ/ʧʨ- ʢ ª(fʘʜʨ.(ARi , CM)); ARi«fm(ARi , CM) 

 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0 

1.2 P 1 1 0 MA R/W ARi Rʠʩʪ/ʧʨ- ʢ ʂʆʇ ʉʂ 

63 ɸɼʈɽʉ (ʩʤʝʱʝʥʠʝ) 32 

   

  R/W ʅʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʩʳʣʢʠ ʜʘʥʥʳʭ 

  0 ʏʪʝʥʠʝ ʠʟ ʧʘʤʷʪʠ ʚ Rʠʩʪ/ʧʨ- ʢ 

  1 ɿʘʧʠʩʴ ʚ ʧʘʤʷʪʴ ʠʟ Rʠʩʪ/ʧʨ- ʢ 

 

 MA fʘʜʨ.(ARi, CM) fM(ARi, CM)  

 0 0 ɸʜʨʝʩ ARi 

 0 1 ARi+CM ARi+CM 

 1 0 ɸʜʨʝʩ ɸʜʨʝʩ 

 1 1 ARi+CM ARi 
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6.2 ʌʦʨʤʘʪʳ ʢʦʤʘʥʜ ʧʝʨʝʩʳʣʢʠ ʜʘʥʥʳʭ ʪʠʧʘ ñʨʝʛʠʩʪʨ- ʨʝʛʠʩʪʨò 

6.2.1 RʠʩʪRʧʨ- ʢ 

 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0 

2.1 P 1 1 1 Rʧʨ- ʢ Rʠʩʪ ʂʆʇ ʉʂ 

6.2.2 Rʧʨ- ʢ«ʢʦʥʩʪʘʥʪʘ 

 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0  

2.2 P 1 0 0 Rʧʨ- ʢ 0 0 x ʭ ʭ ʭ ʂʆʇ ʉʂ  

63 ʂʆʅʉʊɸʅʊɸ 32 

6.3 ʌʦʨʤʘʪʳ ʢʦʤʘʥʜ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ 

6.3.1 ARj«fM(ARi,GRi)  

 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0  

3.1 P 1 0 1 ʂʄ 1 ARi 0 1 ʭ ARj ʂʆʇ ʉʂ  

    

     

  ARʧʨ- ʢ AR ʧʨʠʸʤʥʠʢ  

  0 0 0 AR0  

  0 0 1 AR1  

  0 1 0 AR2  

  0 1 1 AR3  

  1 0 0 AR4  

  1 0 1 AR5  

  1 1 0 AR6  

  1 1 1 SP(AR7)  

  

 ʂʄ fM(ARi, GRi)  

 0 0 ARi  

 0 1 ARi+GRi  

 1 0 GRi  

 1 1 PC+GRi  

6.3.2 ARj«fM(ARi, CM)  

 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0 

3.2 P 1 0 0 ʂʄ  1 ARi 0 1 ʭ ARj ʂʆʇ ʉʂ  

63 ʂʆʅʉʊɸʅʊɸ- ʉʄɽʑɽʅʀɽ 32 

     

    

  ARʧʨ- ʢ ʉʤ.ʬʦʨʤʘʪ 3.1  

  

 ʂʄ fM(ARi, CM)  

 0 0 ARi 

 0 1 ARi+CM 

 1 0 CM 

 1 1 PC+CM 
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6.3.3 ʅʝʪ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ 

  31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0 

3.3  P 1 0 1 x x 0 x x x 0 1 ʭ ʭ x x ʂʆʇ ʉʂ 

6.3.4 ʅʝʪ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʘʜʨʝʩʥʳʭ ʨʝʛʠʩʪʨʦʚ 

  31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0 

3.4  P 1 0 0 x x  0 x x x 0 1 ʭ ʭ x x ʂʆʇ ʉʂ 

 63 ʂʆʅʉʊɸʅʊɸ- ʉʄɽʑɽʅʀɽ 

6.4 ʌʦʨʤʘʪʳ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ 

6.4.1 ʇʝʨʝʭʦʜ/ʧʝʨʝʭʦʜ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ 

  31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0 

4.1 P 0 0 0 ʂʄ J/C ARi 1 0 ʋʩʣʦʚʠʝ ʂʆʇ ʉʂ 

   

    

  J/C ʊʠʧ ʧʝʨʝʭʦʜ  

  0 ʇʝʨʝʭʦʜ   

  1 ʇʝʨʝʭʦʜ ʢ ʧ/ʧ  

  

 ʂ ʄ ʄʦʜʠʬʠʢʘʮʠʷ ʈʉ  

 0 0 PC:=ARi  

 0 1 PC:=ARi+GRi  

 1 0 PC:=GRi  

 1 1 PC:=PC+GRi  

 ʋʩʣʦʚʠʝ ɸʥʘʣʠʟʠʨʫʝʤʦʝ ʩʦʯʝʪʘʥʠʝ ʧʨʠʟʥʘʢʦʚ 

 0 0 0 0 ʇʝʨʝʭʦʜ, ʝʩʣʠ ʉ=0 

 0 0 0 1 ʇʝʨʝʭʦʜ, ʝʩʣʠ V=0 

 0 0 1 0 ʇʝʨʝʭʦʜ, ʝʩʣʠ N+Z=0 

 0 0 1 1 ʇʝʨʝʭʦʜ, ʝʩʣʠ N=0 

 0 1 0 0 ʇʝʨʝʭʦʜ, ʝʩʣʠ (VÄN)+Z=0 

 0 1 0 1 ʇʝʨʝʭʦʜ, ʝʩʣʠ VÄN=0 

 0 1 1 0 ʇʝʨʝʭʦʜ, ʝʩʣʠ Z=0 

 0 1 1 1 ʇʝʨʝʭʦʜ ʙʝʟʫʩʣʦʚʥʳʡ 

 1 0 0 0 ʇʝʨʝʭʦʜ, ʝʩʣʠ ʉ=1 

 1 0 0 1 ʇʝʨʝʭʦʜ, ʝʩʣʠ V=1 

 1 0 1 0 ʇʝʨʝʭʦʜ, ʝʩʣʠ N+Z=1 

 1 0 1 1 ʇʝʨʝʭʦʜ, ʝʩʣʠ N=1 

 1 1 0 0 ʇʝʨʝʭʦʜ, ʝʩʣʠ (VÄN)+Z=1 

 1 1 0 1 ʇʝʨʝʭʦʜ, ʝʩʣʠ VÄN=1 

 1 1 1 0 ʇʝʨʝʭʦʜ, ʝʩʣʠ Z=1 

 1 1 1 1 ʇʝʨʝʭʦʜʘ ʥʝʪ 



 

 

     

ʖʌʂɺ.431282.006ʈʕ 

ʃʠʩʪ 

     
84 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ. ʇʦʜʧ. ɼʘʪʘ 

ʀʥʚ.ˉʧʦʜʣ. ʇʦʜʧ. ʠ ʜʘʪʘ ɺʟʘʤ.ʠʥʚ.ˉ ʀʥʚ.ˉʜʫʙʣ. ʇʦʜʧ. ʠ ʜʘʪʘ 

18061-4 
 

21.05.12 18061-3   

 

6.4.2 ʇʝʨʝʭʦʜ/ʧʝʨʝʭʦʜ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ cʦ ʩʤʝʱʝʥʠʝʤ 

  31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0  

4.2  P 1 0 0 ʂʄ J/C ARi 1 0 ʋʩʣʦʚʠʝ ʂʆʇ ʉʂ  

 63 ɸɼʈɽʉ (ʩʤʝʱʝʥʠʝ) 32 

 

  ʊʠʧ ʧʝʨʝʭʦʜ J/C   ʋʩʣʦʚʠʝ ʩʤ. ʬʦʨʤʘʪ 4.1.  

  ʇʝʨʝʭʦʜ  0         

  ʇʝʨʝʭʦʜ ʢ ʧ/ʧ 1         

                 

ʂʄ ʄʦʜʠʬʠʢʘʮʠʷ ʈʉ        

0 0 PC:=ARi        

0 1 PC:=ARi+ ʉM         

1 0 PC:=ɸʜʨʝʩ        

1 1 PC:=PC+ʉM        

6.4.3 ɺʦʟʚʨʘʪ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ 

  31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0 

4.3  P 0 0 0 1 0 0 1 1 1 1 1 ʋʩʣʦʚʠʝ ʂʆʇ ʉʂ 

 

 ʋʩʣʦʚʠʝ ʩʤ. ʬʦʨʤʘʪ 4.1. 

6.4.4 ɺʦʟʚʨʘʪ ʠʟ ʧʨʝʨʳʚʘʥʠʷ 

  31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 0 

4.4  P 0 0 0 0 0 1 1 1 1 1 1 ʋʩʣʦʚʠʝ ʂʆʇ ʉʂ 

 

 ʋʩʣʦʚʠʝ ʩʤ. ʬʦʨʤʘʪ 4.1. 

 
































































































































































































































































































































