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ɺʚʝʜʝʥʠʝ 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʦʙʲʝʤʘ ʠ ʩʣʦʞʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʥʘʜʝʞʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ 

ʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʧʨʦʛʨʘʤʤ, ʷʚʣʷʝʪʩʷ ʫʤʝʥʠʝ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʘʙʩʪʨʘʢʮʠʠ 

ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʝʢʪʝ, ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʠʣʠ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʝ 

ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʘʢʠʭ ʜʘʥʥʳʭ.  

ʇʨʦʛʨʘʤʤʘ ʢʫʨʩʘ ʩʦʛʣʘʩʫʝʪʩʷ ʠ ʜʦʧʦʣʥʷʝʪ ʢʫʨʩʳ ʧʨʦʮʝʜʫʨʥʦʛʦ ʠ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ, ʥʝ ʦʛʨʘʥʠʯʠʚʘʷʩʴ 

ʦʜʥʦʡ ʧʘʨʘʜʠʛʤʦʡ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʩʚʦʡʩʪʚʝʥʥʳʡ ʷʟʳʢʫ 

C++ ʛʠʙʨʠʜʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʢʦʥʩʪʨʫʠʨʫʝʤ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʩʦʚʤʝʱʘʶʱʠʡ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʦʚ.  

ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʥʝ ʚ ʠʟʫʯʝʥʠʠ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʘʣʛʦʨʠʪʤʦʚ, ʘ ʚ ʦʙʩʫʞʜʝʥʠʠ ʦʙʱʠʭ ʠʜʝʡ, ʩʦʟʜʘʶʱʠʭ ʧʦʥʷʪʠʡʥʫʶ ʦʩʥʦʚʫ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʧʨʦʩʘʤʠ ʧʨʘʢʪʠʢʠ. 

ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʜʣʷ ʧʨʦʝʢʪʥʦʡ 

ʧʨʘʢʪʠʢʠ ʦʙʣʘʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ: ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʠʧʦʚʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ 

(ʤʘʩʩʠʚʦʚ, ʤʥʦʞʝʩʪʚ, ʩʧʠʩʢʦʚ, ʜʝʨʝʚʴʝʚ, ʛʨʘʬʦʚ), ʨʝʘʣʠʟʘʮʠʷ ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʠʤʠ ʘʣʛʦʨʠʪʤʦʚ (ʚʥʫʪʨʝʥʥʝʡ ʩʦʨʪʠʨʦʚʢʠ, ʧʦʠʩʢʘ ʧʦ ʢʣʶʯʫ, ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ). 

ʉ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ ʚ ʨʘʤʢʘʭ ʢʫʨʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʨʘʟʚʠʪʠʝ 

ʙʘʟʦʚʳʭ ʩʪʨʫʢʪʫʨ (ʩʪʝʢʠ, ʦʯʝʨʝʜʠ, ʭʝʰ-ʪʘʙʣʠʮʳ) ʠ ʧʨʠʤʝʨʳ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʜʘ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʙʨʘʙʦʪʢʫ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. ɺ ʢʫʨʩʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʭʦʜʝ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʠ 

ʣʝʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʢʥʠʛʠ 
ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʦʥʷʪʠʝ ʘʣʛʦʨʠʪʤʘ ʚ ʠʥʪʫʠʪʠʚʥʦʤ 

ʩʤʳʩʣʝ, ʚʚʦʜʠʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ. 

ʆʙʩʫʞʜʘʝʪʩʷ ʧʦʥʷʪʠʝ ʪʠʧʘ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʜʦʧʫʩʪʠʤʳʭ 

ʦʧʝʨʘʮʠʡ ʥʘʜ ʜʘʥʥʳʤʠ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʦʥʷʪʠʝ ʘʙʩʪʨʘʢʪʥʦʛʦ ʪʠʧʘ ʢʘʢ 

ʦʩʥʦʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʪʠʧʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʨʦʩʪʝʡʰʠʝ ʚʘʨʠʘʥʪ r ʢʦʥʪʝʡʥʝʨʥʳʭ ʪʠʧʦʚ (ʤʘʩʩʠʚʳ ʠ ʤʥʦʞʝʩʪʚʘ) ʠ 

ʤʝʭʘʥʠʟʤʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʥʘ C++.  

ɻʣʘʚʘ 2 ʩʦʜʝʨʞʠʪ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʚʥʫʪʨʝʥʥʝʡ ʩʦʨʪʠʨʦʚʢʠ. ɺʚʦʜʠʪʩʷ 

ʧʦʥʷʪʠʝ ʦ ʩʦʨʪʠʨʦʚʢʝ ʥʘ ʤʝʩʪʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ 

ʩʦʨʪʠʨʦʚʢʠ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʥʘʣʠʟʫ ʘʣʛʦʨʠʪʤʦʚ. 

ʅʘ ʧʨʠʤʝʨʝ ʘʣʛʦʨʠʪʤʘ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ɼʘʣʝʝ ʠʟʫʯʘʶʪʩʷ ʨʝʢʫʨʩʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʢʫʨʩʠʚʥʳʡ 

ʚʘʨʠʘʥʪ ʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʠ ʍʦʘʨʘ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʦʙʣʝʤʳ ʨʝʢʫʨʩʠʚʥʦʛʦ 
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 ʨʝʰʝʥʠʷ, ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʩʦʨʪʠʨʦʚʢʠ 

ʚ ʠʪʝʨʘʮʠʦʥʥʦʡ ʬʦʨʤʝ. ɺʚʦʜʠʪʩʷ ʦʙʘɦ ̫ʟʘʜʘʯʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʝʢʫʨʩʠʚʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʚ ʠʪʝʨʘʮʠʦʥʥʳʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʷʜ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ 

ʩʦʨʪʠʨʦʚʢʠ.  

ɻʣʘʚʘ 3 ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʚʷʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʥʘ ʧʨʠʤʝʨʝ 

ʣʠʥʝʡʥʦʛʦ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʧʠʩʢʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʧʠʩʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ ʚʦ ʚʥʝʰʥʝʤ 

ʢʦʜʝ, ʧʦʩʪʨʦʝʥʠ ̫ʠʪʝʨʠʨʫʝʤʦʛʦ ʩʧʠʩʢʘ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʠʪʝʨʘʪʦʨʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʭ 

ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʠ. 

ɺ ʛʣʘʚʝ 4 ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʜʨʝʚʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʠʥʘʨʥʳʝ 

ʜʝʨʝʚʴʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʘʣʛʦʨʠʪʤʘʭ ʩʦʨʪʠʨʦʚʢʠ ʠ ʧʦʠʩʢʘ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʜʝʨʝʚʴʝʚ (ʚʢʣʶʯʘʷ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʨʘʩʥʦ-ʯʝʨʥʳʭ ʜʝʨʝʚʴʝʚ). 

ɺ ʛʣʘʚʝ 5 ʠʟʫʯʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʛʨʘʬʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʤʝʞʜʫ 

ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʨʝʰʝʥʠʝ ʚ ʬʦʨʤʝ ʟʘʢʦʥʯʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ), ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʩʪʦʚʘ ʛʨʘʬʘ (ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ ʠ ʨʝʰʝʥʠʝ ʚ ʧʩʝʚʜʦʢʦʜʝ). 

ɻʣʘʚʘ 6 ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʠ ʩʤʝʞʥʳʭ ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʝ 

hash-ʪʘʙʣʠʮ. ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʧʦʠʩʢʘ ʩ ʣʠʥʝʡʥʳʤ 

ʘʧʨʦʙʠʨʦʚʘʥʠʝʤ. ʊʘʢʞʝ ʚ ʵʪʦʡ ʛʣʘʚʝ ʦʙʩʫʞʜʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʤʘʩʩʠʚʦʚ. 

ɺ ʛʣʘʚʝ 7 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʭʦʜʝ 

ʣʝʢʩʠʯʝʩʢʦʛʦ ʠ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ 

ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʣʦʛʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʚ ʩʢʦʙʦʯʥʦʡ ʬʦʨʤʝ. 

ɺ ʛʣʘʚʝ 8 ʦʙʩʫʞʜʘʝʪʩʷ ʧʦʥʷʪʠʝ ʦ ʢʦʥʪʝʡʥʝʨʝ ʜʘʥʥʳʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʠʭ ʦʙʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚʘʤʠ 

ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ C++. ʊʘʢʞʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʚʤʝʱʘʶʱʠʭ ʪʠʧʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʭʨʘʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ ʚ 

ʧʘʤʷʪʠ. 

ɿʘʜʘʥʠʷ ʠ ʫʧʨʘʞʥʝʥʠʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʣʝʢʮʠʡ 
ʅʘ ʣʝʢʮʠʷʭ ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʨʦʚʝʨʦʯʥʳʝ ʨʘʙʦʪʳ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 40-45 ʤʠʥ., ʘ ʪʘʢʞʝ ʟʘʜʘʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʧʨʘʢʪʠʢʫʤʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʦʯʥʳʭ ʨʘʙʦʪ ʠ ʧʨʘʢʪʠʢʫʤʘ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ 

ʧʦʜʚʝʜʝʥʠʠ ʠʪʦʛʦʚ ʠ ʚʳʩʪʘʚʣʝʥʠʠ ʵʢʟʘʤʝʥʘʮʠʦʥʥʦʡ ʦʮʝʥʢʠ. 
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ɻʣʘʚʘ 1. ɸʣʛʦʨʠʪʤʳ ʠ ʪʠʧʳ ʜʘʥʥʳʭ 

ʊʨʘʜʠʮʠʦʥʥʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʶ ʜʚʫʭ ʧʘʨʘʜʠʛʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ: ʧʨʦʮʝʜʫʨʥʦʤʫ ʠ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ (ʆʆʇ). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʇʆ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ (ʘ ʪʘʢʞʝ ʚʦ ʤʥʦʛʦʤ 

ʧʨʦʠʟʦʰʝʜʰʝʝ ʠʟ ʥʝʛʦ ʢʦʤʧʦʥʝʥʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ), ʠʟʫʯʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ  ʧʨʠʥʮʠʧʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ (ʧʨʦʮʝʜʫʨʥʦʛʦ) ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʢ ʟʘʜʘʯʘʤ ʠʟʫʯʝʥʠʷ ʦʩʥʦʚ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʘʥʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʩʥʦʚʝ ʩʚʦʝʡ ʣʝʛʯʝ ʘʜʘʧʪʠʨʫʝʪʩʷ 

ʠʤʝʥʥʦ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

ʅʝʢʦʪʦʨʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʝʛʦ ʦʙʦʩʦʙʣʝʥʥʦ, ʚ ʦʪʨʳʚʝ ʦʪ ʜʨʫʛʠʭ 

ʤʝʪʦʜʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʜʘʞʝ ʚ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʠ ʦʜʥʠʭ ʜʨʫʛʠʤ. ɺ 

ʨʘʤʢʘʭ ʢʫʨʩʘ ʤʳ ʧʦʩʪʘʨʘʝʤʩʷ ʭʦʪʷ ʙʳ ʯʘʩʪʠʯʥʦ ʧʨʝʦʜʦʣʝʪʴ ʜʘʥʥʳʡ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʡ ʨʘʟʨʳʚ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʚʘʞʥʝʡʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʫʯʝʥʠʷ 

ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʥʠʤʘʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝ, ʤʦʜʫʣʴʥʦʩʪʴ, ʠʝʨʘʨʭʠʯʝʩʢʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʦʣʠʤʦʨʬʠʟʤ, ʥʝ çʧʨʠʥʘʜʣʝʞʘʪè ʢʘʢʦʡ-ʣʠʙʦ ʦʜʥʦʡ 

ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

1.1. ʇʘʨʘʜʠʛʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʳ ʦʙʩʫʜʠʤ ʧʘʨʘʜʠʛʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘ 

ʢʦʪʦʨʳʝ ʤʳ ʦʨʠʝʥʪʠʨʫʝʤʩʷ, ʨʘʟʨʘʙʘʪʳʚʘʷ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʘʣʛʦʨʠʪʤʳ.  

ʇʦʥʷʪʠʝ ʦʙ ʠʤʧʝʨʘʪʠʚʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ 
ɺʘʞʥʝʡʰʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʤʧʴʶʪʝʨʘ ʠ ʤʝʪʦʜʦʣʦʛʠʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [Sebesta, 2002]. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʳʨʘʟʠʪʝʣʷʤʠ ʢʦʥʮʝʧʮʠʡ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʩʚʦʝʛʦ ʨʦʜʘ ʤʦʜʝʣʷʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

[ʇʳʰʢʠʥ, 2005]. ʇʦʵʪʦʤʫ, ʦʧʨʝʜʝʣʷʷ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘʨʷʜʫ ʩ 

ʪʘʢʠʤʠ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʷʟʳʢʘ, ʩʠʩʪʝʤʘ ʪʠʧʦʚ ʜʘʥʥʳʭ, ʩʝʤʘʥʪʠʢʘ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʚʳʯʠʩʣʠʪʝʣʷ, ʥʘ ʢʦʪʦʨʫʶ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʵʪʘ ʤʦʜʝʣʴ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʤʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʧʨʠʥʮʠʧʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʢʘʢ ʦʧʠʩʘʥʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʳʯʠʩʣʠʪʝʣʷ ʧʦʰʘʛʦʚʳʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʠʤʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʥʘʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʴ 

ʧʝʨʝʭʦʜʦʚ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ [ʆʜʠʥʮʦʚ, 2002]. 
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 ʀʤʧʝʨʘʪʠʚʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʝ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ. ʅʘ ʙʘʟʝ ʠʤʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ (ʜʨʘʡʚʝʨʦʚ, ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʩʪʨʘʠʚʘʝʤʦʛʦ ʇʆ), ʦʙʰʠʨʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ (ʥʘʧʨʠʤʝʨ, ʥʘ 

ʷʟʳʢʝ FORTRAN), ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ. ʀʤʧʝʨʘʪʠʚʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʪʘʢʠʭ ʷʟʳʢʦʚ ʢʘʢ 

FORTRAN, Pascal, Algol, C. 

ʀʤʧʝʨʘʪʠʚʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʢʦʤʧʘʢʪʥʦʛʦ ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʣʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʨʦʩʪʘ ʯʠʩʣʘ ʧʨʦʚʝʨʷʝʤʳʭ ʫʩʣʦʚʠʡ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʠʤʧʝʨʘʪʠʚʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʟʘʪʨʫʜʥʷʝʪ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʤʦʜʠʬʠʢʘʮʠʶ ʩʠʩʪʝʤʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʤʧʝʨʘʪʠʚʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʘʨʭʠʪʝʢʪʫʨʳ ʢʦʤʧʴʶʪʝʨʘ, ʥʘʟʚʘʥʥʦʡ ʬʦʥ 

ʅʝʡʤʘʥʦʚʩʢʦʡ, ʧʦ ʠʤʝʥʠ ʦʜʥʦʛʦ ʠʟ ʝʝ ʘʚʪʦʨʦʚ ï ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ 

ʨʦʜʦʤ ʠʟ ɹʫʜʘʧʝʰʪʘ ɼʞʦʥʘ (ʗʥʦʰʘ) ʬʦʥ ʅʝʡʤʘʥʘ. 

ʆʧʝʨʘʪʠʚʥʘ̫ ʧʘʤ̫ ʪɹ

Memory Unit

ɸʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ

Arithmetic Logical Unit

ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠ̫

Control Unit

ʇʨʦʮʝʩʩʦʨʥr ʡ ʙʣʦʢ

ʇʝʨʠʬʝʨʠʡʥr ʝ ʫʩʪʨʦʡʩʪʚʘ

 
ʈʠʩ. 1.1. ʕʣʝʤʝʥʪʳ ʘʨʭʠʪʝʢʪʫʨʳ ʬʦʥ ʅʝʡʤʘʥʘ 

ɺ ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʳ ʬʦʥ ʅʝʡʤʘʥʘ ʣʝʞʠʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʕɺʄ ʢʘʢ 

ʢʦʤʧʦʟʠʮʠʠ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʙʣʦʢʘ (ʚʳʧʦʣʥʷʶʱʝʛʦ ʢʦʤʘʥʜʳ) ʠ ʙʣʦʢʘ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ (ʨʠʩ. 1.1) ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʙʣʦʢʘ 

ʧʨʦʮʝʩʩʦʨʘ ʷʚʣʷʝʪʩʷ ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʚʳʧʦʣʥʷʶʱʝʝ 

ʦʧʝʨʘʮʠʠ) ʠ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʠʪʝʨʘʮʠʦʥʥʫʶ 

ʧʨʦʮʝʜʫʨʫ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ). 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʠʥʮʠʧʦʚ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʬʦʥ ʅʝʡʤʘʥʦʚʩʢʫʶ 

ʤʦʜʝʣʴ, ʷʚʣʷʝʪʩʷ ʭʨʘʥʝʥʠʝ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʜʘʥʥʳʭ, ʠ 

ʢʦʤʘʥʜ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʠʤʧʝʨʘʪʠʚʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 
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Ç ʧʝʨʝʤʝʥʥʳʝ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʷʯʝʡʢʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; 

Ç ʦʧʝʨʘʮʠʠ ʥʘʜ ʧʝʨʝʤʝʥʥʳʤʠ, ʚʢʣʶʯʘʷ ʚʘʞʥʝʡʰʫʶ ʦʧʝʨʘʮʠʶ 

ʧʨʠʩʚʘʠʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʝʨʝʩʳʣʢʝ ʜʘʥʥʳʭ ʠʟ ʦʜʥʦʡ ʷʯʝʡʢʠ ʚ 

ʜʨʫʛʫʶ; 

Ç ʢʦʤʧʣʝʢʪ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʪʝʨʘʪʠʚʥʦʡ 

ʬʦʨʤʝ ʧʦʚʪʦʨʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʶ ʧʦʰʘʛʦʚʳʭ 

ʚʳʯʠʩʣʝʥʠʡ. 

ʀʤʧʝʨʘʪʠʚʥʳʡ ʷʟʳʢ, ʧʦ ʩʫʪʠ, ʦʧʨʝʜʝʣʷʝʪ ʚʠʨʪʫʘʣʴʥʫʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʬʦʥ ʅʝʡʤʘʥʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʧʦʥʠʤʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʟʫʯʝʥʠʷ ʠʤʧʝʨʘʪʠʚʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨʥʳʭ 

ʷʟrʢʦʚ. 

ʇʨʦʮʝʜʫʨʥʘʷ ʧʘʨʘʜʠʛʤʘ 
ʈʘʟʚʠʪʠʝʤ ʠʤʧʝʨʘʪʠʚʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʠʤʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠʣʠ ʧʨʦʩʪʦ ï ʩʪʨʫʢʪʫʨʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. ʀ. ʆʜʠʥʮʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʨʫʢʪʫʨʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʢʘʢ ʧʦʜʭʦʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʟʘʜʘʥʠʠ ʭʦʨʦʰʝʡ ʪʦʧʦʣʦʛʠʠ ʠʤʧʝʨʘʪʠʚʥʳʭ 

ʧʨʦʛʨʘʤʤ (ʩʤ. [ʆʜʠʥʮʦʚ, 2002]), ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʣʝʜʦʚʘʥʠʝ ʨʷʜʫ 

ʧʨʦʝʢʪʥʳʭ ʧʨʠʥʮʠʧʦʚ: 

Ç ʆʪʢʘʟ ʦʪ ʙʝʟʫʩʣʦʚʥʦʡ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ (ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʫʞʝʩʪʦʯʝʥʠʝ ʧʨʘʚʠʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ). 

Ç ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ. 

Ç ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʫʣʝʡ, ʠʩʭʦʜʷ ʠʟ ʣʦʛʠʯʝʩʢʦʡ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚ 

ʤʦʜʫʣʝ ʜʘʥʥʳʭ ʠ ʧʨʦʮʝʜʫʨ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʜʘʥʥʳʭ. 

Ç ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʤʝʭʘʥʠʟʤʘ ʩʚʷʟʳʚʘʥʠʷ 

ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʠ ʚʦʟʚʨʘʱʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʜʫʨ ʠ ʬʫʥʢʮʠʡ. 

Ç ʅʝʟʘʚʠʩʠʤʘʷ ʢʦʤʧʠʣʷʮʠʷ ʤʦʜʫʣʝʡ. 

Ç ʆʛʨʘʥʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩ ʛʣʦʙʘʣʴʥʦʡ ʦʙʣʘʩʪʴʶ 

ʚʠʜʠʤʦʩʪʠ. 

Ç ʀʝʨʘʨʭʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦ ʧʨʠʥʮʠʧʫ çʩʚʝʨʭʫ ï ʚʥʠʟè. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʪʝʨʤʠʥʘ, ʦʙʦʟʥʘʯʘʶʱʠʭ 

ʦʙʩʫʞʜʘʝʤʳʡ ʟʜʝʩʴ ʧʨʝʜʤʝʪ: ʧʨʦʮʝʜʫʨʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (ʥʝ ʧʫʪʘʪʴ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ). ʇʦʷʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ, 

ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʷʟʳʢʠ C ʠ C++, ʛʜʝ ʧʦʥʷʪʠʝ çʧʨʦʮʝʜʫʨʘè, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ. 

ʉʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨʥʦʡ ʧʘʨʘʜʠʛʤʳ ï ʩʪʨʫʢʪʫʨʥʦ-

ʠʤʧʝʨʘʪʠʚʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ï ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚʳʰʝ. ʆʩʥʦʚʥʦʝ 

ʦʪʣʠʯʠʝ ʧʨʦʮʝʜʫʨʥʳʭ ʷʟʳʢʦʚ ʦʪ ʧʨʦʩʪʳʭ ʠʤʧʝʨʘʪʠʚʥʳʭ ʷʟʳʢʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʧʨʦʮʝʜʫʨʥʳʝ ʷʟʳʢʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʚʘʞʥʳʭ ʢʦʥʮʝʧʮʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʢ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʝ, 
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 ʠʝʨʘʨʭʠʷ ʠ ʤʦʜʫʣʴʥʦʩʪʴ. ʇʨʦʮʝʜʫʨʥʳʝ ʷʟʳʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 
ʥʘ ʨʘʟʚʠʪʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʢ ʧʦʰʘʛʦʚʦʝ 

ʫʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ. 

ʀʟʫʯʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʢʦʥʮʝʧʮʠʡ ʠ ʤʝʪʦʜʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʠʟʫʯʝʥʠʷ 

ʧʨʦʮʝʜʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

1.2. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʘʙʩʪʨʘʢʮʠʡ ʧʨʦʮʝʜʫʨʥʦʛʦ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʇʨʦʮʝʜʫʨʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠʤʝʝʪ ʜʝʣʦ ʩ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ 

ʚʠʜʘʤʠ ʘʙʩʪʨʘʢʮʠʡ: ʧʨʦʮʝʩʩʦʚ, ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʜʘʥʥʳʭ. 

ɸʙʩʪʨʘʢʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʮʝʜʫʨʘʤʠ ʠ ʬʫʥʢʮʠʷʤʠ, ʘʙʩʪʨʘʢʮʠʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʧʣʝʢʪʦʤ ʦʩʥʦʚʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘʙʩʪʨʘʢʮʠʠ ʜʘʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʘʠʤʝʥʦʚʘʥʠʠ ʧʘʨʘʜʠʛʤʳ ʦʧʨʝʜʝʣʝʥʠʷ 

çʧʨʦʮʝʜʫʨʥʘʷè ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʘʙʩʪʨʘʢʮʠʡ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʨʦʮʝʜʫʨʥʳʭ ʷʟʳʢʘʭ. ʅʝ ʩʣʫʯʘʡʥʦ ʚ ʧʝʨʚʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʦʩʥʦʚʥʳʤʠ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤʠ ʧʦʥʷʪʠʷʤʠ ʙʳʣʠ ʠʤʝʥʥʦ ʧʦʜʧʨʦʛʨʘʤʤʘ 

(subroutine) ʠ ʝʝ ʢʘʪʝʛʦʨʠʠ ï ʧʨʦʮʝʜʫʨʘ ʠ ʬʫʥʢʮʠʷ. ʆʙʦʩʦʙʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʧʦʜʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ: 

Ç ɹ·ʣʴʰʫʶ ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʧʦʥʷʪʥʦʩʪʴ ʟʘ ʩʯʝʪ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ ʦʪ 

ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʦʮʝʩʩʘ, ʥʦ ʥʝ ʥʫʞʥʳʭ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʮʝʣʝʡ ʧʨʦʮʝʩʩʘ. 

Ç ʀʩʢʣʶʯʝʥʠʝ ʜʫʙʣʠʨʦʚʘʥʠʷ ʢʦʜʘ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʠʣʠ ʧʨʦʮʝʜʫʨʥʦʝ ʦʙʦʩʦʙʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ). 

Ç ʋʧʨʦʱʝʥʠʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ 

ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨ ʠʣʠ ʬʫʥʢʮʠʡ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʱʥʦʩʪʠ 

ʚʳʧʦʣʥʷʝʤʳʭ ʜʝʡʩʪʚʠʡ ʠʣʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ. 

Ç ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʢʦʜʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ. 

Ç ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʩ ʮʝʣʴʶ ʠʭ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

Ç ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʴʥʦʡ ʦʪʣʘʜʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. 

ʀʪʘʢ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʜʫʨʥʦʡ ʧʨʦʛʨʘʤʤʳ, 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʧʨʦʮʝʜʫʨ ʠ ʬʫʥʢʮʠʡ. ɼʘʞʝ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʩʪʳʭ ʫʯʝʙʥʳʭ ʟʘʜʘʯ ʩʪʫʜʝʥʪʘʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʵʪʦʪ ʬʘʢʪ. 

ɺʘʞʥʦʩʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʘʙʩʪʨʘʢʮʠʡ ʜʘʥʥʳʭ ʩʪʘʣʘ ʦʩʦʟʥʘʚʘʪʴʩʷ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʧʨʠʤʝʨʥʦ ʚ ʩʝʨʝʜʠʥʝ 70-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩ ʥʘʯʘʣʦʤ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʦʩʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʦʚ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʧʨʦʛʨʘʤʤʳ ʦʯʝʥʴ ʚʘʞʥʫʶ ʯʘʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ 

ʜʘʥʥʳʭ, ʘʜʝʢʚʘʪʥʦ ʦʪʦʙʨʘʞʘʶʱʝʡ ʧʦʥʷʪʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʪʦʡ ʯʘʩʪʠ, 
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ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʘ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʛʨʘʤʤʠʩʪ ʜʦʣʞʝʥ ʥʘʡʪʠ ʩʨʝʜʩʪʚʘ ʚʳʨʘʞʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʥʦ ʠ ʜʣʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʜʫʨʥʳʭ ʠ ʛʠʙʨʠʜʥʳʭ ʷʟʳʢʘʭ 

ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ. 

ʅʘʯʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʚʷʟʠ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʘʙʩʪʨʘʢʮʠʡ 

ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 90-ʝ ʛʛ., ʢʦʛʜʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ 

ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʦʣʴʰʠʥʩʪʚʘ ʷʟʳʢʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ (ʥʝ 

ʧʨʝʪʝʨʧʝʚʰʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʟʘ ʜʝʩʷʪʠʣʝʪʠʷ ʨʘʟʚʠʪʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʦʙʣʘʩʪʝʡ ʝʝ ʧʨʠʤʝʥʝʥʠʷ) ʩʪʘʣʦ ʦʪʤʝʯʘʪʴʩʷ 

ʤʥʦʛʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʵʪʘ ʩʠʪʫʘʮʠʷ ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʪʩʷ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʨʳʚʦʤ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʝʤ ʪʝʦʨʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʟʘʧʨʦʩʘʤʠ ʧʨʘʢʪʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʤʝʶʱʝʡ ʜʝʣʦ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʩʣʦʞʥʦʩʪʴʶ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [ʃʝʢʘʨʝʚ, 1997]. 

ʀʝʨʘʨʭʠʠ ʧʨʦʮʝʜʫʨ ʠ ʬʫʥʢʮʠʡ 
ʇʨʦʮʝʜʫʨʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʚʦʧʣʦʱʘʝʪ ʢʦʥʮʝʧʮʠʶ ʠʝʨʘʨʭʠʠ ʯʝʨʝʟ 

ʠʝʨʘʨʭʠʶ ʧʨʦʮʝʩʩʦʚ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʆʆʇ, ʛʜʝ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʠʝʨʘʨʭʠʷ 

ʜʘʥʥʳʭ, ʠ, ʩʢʘʞʝʤ, ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʛʜʝ ʠʝʨʘʨʭʠʯʥʦʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʦʦʙʱʝ ʚʳʨʘʞʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ). 

ʇʨʦʮʝʜʫʨʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠʝʨʘʨʭʠʯʥʦ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʮʝʜʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʩʝʛʜʘ ʩʚʷʟʘʥʦ ʩ 

ʧʦʩʪʨʦʝʥʠʝʤ ʠʝʨʘʨʭʠʠ ʧʨʦʮʝʜʫʨ ʠ ʬʫʥʢʮʠʡ (ʨʠʩ. 1.2). 
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ʈʠʩ. 1.2. ʀʝʨʘʨʭʠʷ ʬʫʥʢʮʠʡ 

ʆʩʥʦʚʥʳʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʘʮʝʣʝʥʥʳʤ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʜʫʨʥʦʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ. 

ʄʦʜʫʣʴʥʦʩʪʴ ʚ ʧʨʦʮʝʜʫʨʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ 
ʉʣʦʞʥʳʡ ʧʨʦʝʢʪ ʦʙʳʯʥʦ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʙʣʦʢʦʚ. ʆʜʥʘʢʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʪʦʣʴʢʦ ʢʘʢ ʝʜʠʥʦʛʦ ʥʘʙʦʨʘ ʧʨʦʮʝʜʫʨ 
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 ʠ ʬʫʥʢʮʠʡ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʘʜʝʢʚʘʪʥʦʛʦ ʩʣʦʞʥʦʩʪʠ 

ʟʘʜʘʯʠ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʧʨʦʮʝʩʩʦʤ. ʇʦʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʛʨʫʧʧʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʙʱʥʦʩʪʴʶ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ (ʨʠʩ. 1.3). 
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ʈʠʩ. 1.3. ʌʫʥʢʮʠʠ ʠ ʤʦʜʫʣʠ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʝʜʠʥʠʮʝʡ ʤʦʜʫʣʴʥʦʩʪʠ ʯʘʱʝ ʚʩʝʛʦ 

ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʡ ʬʘʡʣ (module, unit). ʇʨʠ ʵʪʦʤ ʛʦʚʦʨʷʪ ʦ ʤʦʜʫʣʴʥʦʩʪʠ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ʆʜʥʘʢʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʣʦʞʥʳʭ ʧʨʦʝʢʪʦʚ ʬʠʟʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʙʦʩʦʙʣʝʥʥʳʝ ʥʘʙʦʨʳ ʬʫʥʢʮʠʡ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʦʜʥʦʡ ʧʦʜʦʙʣʘʩʪʠ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʘ. 

ʅʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʪ ʩʨʝʜʩʪʚ ʧʦ ʩʯʠʪʳʚʘʥʠʶ ʩʠʤʚʦʣʦʚ, ʦʧʨʝʜʝʣʝʥʠʶ 

ʩʠʥʪʝʨʤʘ ʩʯʠʪʘʥʥʦʡ ʣʠʪʝʨʳ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʣʝʢʩʝʤ ʚʭʦʜʥʦʛʦ ʪʝʢʩʪʘ 

ʫʜʦʙʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʧʨʦʝʢʪʘ, ʭʦʪʷ ʚʩʝ 

ʦʥʠ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʩʪʨʦʝʥʠʶ ʣʝʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ (ʨʠʩ. 1.4). 

ɼʣʷ ʚʳʨʘʞʝʥʠʷ ʧʦʥʷʪʠʷ ʤʦʜʫʣʴʥʦʩʪʠ ʥʘ ʫʨʦʚʥʝ, ʫʯʠʪʳʚʘʶʱʝʤ 

ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ ʠʤ ʜʘʥʥʳʤʠ, ʚʦ 

ʤʥʦʛʠʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʧʨʦʩʪʨʘʥʩʪʚ 

ʠʤʝʥ. 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʠʤʝʥ (namespace) ʷʚʣʷʝʪʩʷ ʘʙʩʪʨʘʢʮʠʝʡ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ, ʧʦʩʢʦʣʴʢʫ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʦʜʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʤʝʥ ʤʦʞʝʪ 

ʦʙʲʝʜʠʥʷʪʴ ʦʙʲʝʢʪʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʨʘʟʥʳʭ ʬʘʡʣʘʭ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ 

ʦʜʥʦʤ ʬʘʡʣʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʦʙʲʝʢʪʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʠʤʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʧʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʠ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʫʣʴʥʦʩʪʠ 

ʷʚʣʷʶʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ (ʨʠʩ. 1.5). 



 16 

LEXER

main

OpenFile ProcessTextCloseFile

ScanLexGelLit

GetSynterm LexFirst LexNext LexFinish

LexemaLitera

File

Main

 
ʈʠʩ. 1.4. ʃʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʤʦʜʫʣʴʥʦʩʪʠ 

Namespace B

Namespace A

Module1 Module2 Module3

 
ʈʠʩ. 1.5. ʇʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ 

ʇʦʜʨʦʙʥʦ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚ ʠʤʝʥ ʚ ʨʷʜʝ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ, ʚ C++), ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ 

[ʇʳʰʢʠʥ, 2005]. 

1.3. ʊʠʧʳ ʜʘʥʥʳʭ 
ɺ ʤʘʪʝʤʘʪʠʢʝ ʧʨʠʥʷʪʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʦʩʥʦʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʇʦʵʪʦʤʫ ʚʝʱʝʩʪʚʝʥʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʤʧʣʝʢʩʥʳʭ, ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʦʪ ʨʘʮʠʦʥʘʣʥɹʳʭ ʠ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ, ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʦʪ ʘʣʛʝʙʨʳ ʣʦʛʠʢʠ ʠ ʪ. ʧ. 

ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪʩʷ, ʝʩʣʠ ʦʪʣʠʯʘʪʴ 

ʦʪʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪ ʤʥʦʞʝʩʪʚ ʟʥʘʯʝʥʠʡ, ʘ ʬʫʥʢʮʠʠ ʦʪ ʤʥʦʞʝʩʪʚ ʬʫʥʢʮʠʡ 

[Wirth, 1976]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʥʮʝʧʮʠʷ ʪʠʧʘ ʜʘʥʥʳʭ ʚ ʥʘʠʙʦʣʴʰʝʡ 
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 ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʷʟʳʢʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ 

ʥʘʯʘʣʦʩʴ ʝʱʝ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʠʟ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʚ ʮʝʣʦʤ ʣʦʛʠʢʠ ʧʨʝʜʧʦʯʠʪʘʶʪ ʥʝ ʠʤʝʪʴ ʜʝʣʦ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ, ʠʥʦʛʜʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʠʧʠʟʘʮʠʠ ʪʨʫʜʥʦ ʨʝʰʠʪʴ ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʟʘʜʘʯ ʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʜʦʢʩʳ 

(ʘʥʪʠʥʦʤʠʠ). ɺʦʪ ʠʟʚʝʩʪʥʳʡ ʧʘʨʘʜʦʢʩ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʡ ʈʘʩʩʝʣʦʤ ʚ 1902 

ʛʦʜʫ: çʇʫʩʪʴ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ A ʚʩʝʭ ʤʥʦʞʝʩʪʚ X, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʩʝʙʷ ʚ 
ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ. ʉʦʜʝʨʞʠʪ ʣʠ ʤʥʦʞʝʩʪʚʦ A ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʤʝʥʪʘ?è ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʣʶʙʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚʝʜʝʪ ʢ 

ʧʨʦʪʠʚʦʨʝʯʠʶ. ʆʙʱʝʠʟʚʝʩʪʥʘ ʧʦʯʪʠ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʵʪʦʛʦ 

ʧʘʨʘʜʦʢʩʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʥʷʪʠʡ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ: çɹʨʝʝʪ ʣʠ ʙʨʘʜʦʙʨʝʡ 

ʩʘʤ ʩʝʙʷ, ʝʩʣʠ ʦʥ ʙʨʝʝʪ ʪʦʣʴʢʦ ʪʝʭ, ʢʪʦ ʥʝ ʙʨʝʝʪ ʩʝʙʷ ʩʘʤ?è ʈʘʩʩʝʣ ʠ ʋʘʡʪʭʝʜ 

ʝʱʝ ʚ 1910-13 ʛʛ. ʧʨʝʜʣʦʞʠʣʠ ʠʜʝʶ ʨʘʟʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʘʨʘʜʦʢʩʦʚ 

ʚʚʝʜʝʥʠʝʤ ʢʦʥʮʝʧʮʠʠ ʪʠʧʘ ʧʝʨʝʤʝʥʥʳʭ [Mendelson, 1963]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʝʩʣʠ ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ ʧʨʠʧʠʩʘʪʴ ʥʝʢʦʪʦʨʦʤʫ ʪʠʧʫ Type1, ʩʘʤʠ 

ʤʥʦʞʝʩʪʚʘ ï ʪʠʧʫ Type2, ʘ ʤʥʦʞʝʩʪʚʘ ʤʥʦʞʝʩʪʚ ï ʪʠʧʫ Type3, ʪʦ ʧʘʨʘʜʦʢʩ 
ʧʨʦʩʪʦ ʧʝʨʝʩʪʘʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ: ʦʙʲʝʢʪ ʪʠʧʘ Type3 ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʚʥʫʪʨʠ 
ʩʝʙʷ ʪʦʣʴʢʦ ʦʙʲʝʢʪʳ ʪʠʧʘ Type2, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʘʨʘʜʦʢʩʘ 

ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʧʦʩʪʨʦʝʥʠʝʤ, ʧʦʭʦʞʠʤ ʥʘ ʨʠʩʫʥʢʠ ʕʰʝʨʘ (ʩʤ. ʨʠʩ. ʥʘ 

ʦʙʣʦʞʢʝ). 

ɺʝʨʦʷʪʥʦ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʧʝʨʝʯʠʩʣʝʥʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʦʥʷʪʠʷ ʪʠʧʘ ʜʘʣ ʏ. ʍʦʘʨ [Dahl, Dijkstra, Hoare, 1972]: 

Ç ʊʠʧ ʦʧʨʝʜʝʣʷʝʪ ʢʣʘʩʩ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ 

ʧʝʨʝʤʝʥʥʘʷ ʠʣʠ ʚʳʨʘʞʝʥʠʝ. 

Ç ʂʘʞʜʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʤʫ ʠ ʪʦʣʴʢʦ ʦʜʥʦʤʫ ʪʠʧʫ. 

Ç ʊʠʧ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ, ʧʝʨʝʤʝʥʥʦʡ ʠʣʠ ʚʳʨʘʞʝʥʠʷ ʤʦʞʥʦ 

ʚʳʚʝʩʪʠ ʣʠʙʦ ʠʟ ʢʦʥʪʝʢʩʪʘ, ʣʠʙʦ ʠʟ ʩʘʤʦʛʦ ʦʧʝʨʘʥʜʘ, ʥʝ ʦʙʨʘʱʘʷʩʴ 

ʢ ʟʥʘʯʝʥʠʷʤ, ʚʳʯʠʩʣʷʝʤʳʤ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. 

Ç ʂʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʡ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʪʠʧ ʝʝ 

ʦʧʝʨʘʥʜʦʚ ʠ ʥʝʢʦʪʦʨʳʡ ʬʠʢʩʠʨʦʚʘʥʥʳʡ (ʦʙʳʯʥʦ ʪʘʢʦʡ ʞʝ) ʪʠʧ 

ʨʝʟʫʣʴʪʘʪʘ. ʈʘʟʨʝʰʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʠʤʚʦʣ (ʥʘʧʨʠʤʝʨ, ʩʠʤʚʦʣ '+') 

ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʦʧʝʨʘʥʜʘʤ ʨʘʟʥʦʛʦ ʪʠʧʘ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʢʦʤʧʠʣʷʮʠʠ. 

Ç ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʩʚʦʡʩʪʚʘ ʟʥʘʯʝʥʠʡ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘʜ 

ʟʥʘʯʝʥʠʷʤʠ ʟʘʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʢʩʠʦʤ. 

Ç ʇʨʠ ʨʘʙʦʪʝ ʩ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʟʥʘʥʠʝ ʪʠʧʘ ʧʦʟʚʦʣʷʝʪ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʙʝʩʩʤʳʩʣʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʰʘʪʴ ʚʦʧʨʦʩ ʦ 

ʤʝʪʦʜʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʭ ʚ ʕɺʄ. 

ʊʠʧ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʘʙʩʪʨʘʛʠʨʦʚʘʪʴ ʪʦ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʚ 

ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʠ ʢʘʢʠʝ ʦʧʝʨʘʮʠʠ ʨʘʟʨʝʰʝʥʳ ʥʘʜ ʵʪʠʤʠ ʜʘʥʥʳʤʠ. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʨʘʥʩʣʷʪʦʨʦʤ ʩʘʤʠʭ 

ʦʧʨʝʜʝʣʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʠ ʢʦʥʩʪʘʥʪ ʠ ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʩʝʤʘʥʪʠʢʠ ʦʧʝʨʘʮʠʡ ʥʘʜ 

ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʪʠʧʝ ʧʦʟʚʦʣʷʝʪ ʪʨʘʥʩʣʷʪʦʨʫ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʚ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʝʟ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. 

ʉʧʨʘʚʝʜʣʠʚʦ, ʦʜʥʘʢʦ, ʠ ʪʦ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʪʨʘʥʩʣʷʪʦʨ ʥʝ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʠʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʪʠʧ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚʦ 

ʚʨʝʤʷ ʢʦʤʧʠʣʷʮʠʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ʇʳʰʢʠʥ, 2005]), ʚ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʠʧʝ ʦʙʲʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʥʮʝʧʮʠʷ ʪʠʧʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʢʦʥʮʝʧʮʠʡ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʝʢʦʪʦʨʳʝ ʷʟʳʢʠ ʥʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʠʧʘ ʦʙʲʝʢʪʘ 

(ʥʘʧʨʠʤʝʨ, ʤʥʦʛʠʝ ʷʟʳʢʠ ʩʮʝʥʘʨʠʝʚ). ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʲʝʢʪʦʚ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʪʠʧʫ ʚʳʚʦʜʠʪʩʷ ʠʟ ʢʦʥʪʝʢʩʪʘ. ʆʜʥʘʢʦ ʚ ʮʝʣʦʤ ʪʘʢʠʝ ʷʟʳʢʠ 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʦʮʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʪʠʧʦʚ, ʥʝʢʦʨʨʝʢʪʥʳʝ ʦʧʝʨʘʮʠʠ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʷʚʣʝʥʳ (ʠʣʠ, ʯʪʦ ʝʱʝ ʦʧʘʩʥʝʝ, əɑ ɎɧɫɎɗɑəɧ) ʥʘ ʵʪʘʧʝ 

ʚʳʧʦʣʥʝʥʠʷ. 

ʊʦʯʢʘ ʥʘ

ʧʣʦʩʢʦʩʪʠ

ɸʙʩʮʠʩʩʘ

ʆʢʨʫʞʥʦʩʪɹ ʥʘ

ʧʣʦʩʢʦʩʪʠ

ʎʝʥʪʨ

ʆʨʜʠʥʘʪʘ

ʈʘʜʠʫʩ

ʊʦʣɦ ʠʥʘ

: double

: double

: Point

: double

: int

Point

doubl e x;

doubl e y;

ʉʪʨʫʢʪʫʨʘ

Circle

Poi nt     cent er ;

doubl e   r adi us;

i nt       t hi ckness;

RGBCol or  col or ;

ʉʪʨʫʢʪʫʨʘ

ʎʚʝʪ : RGBColor

ʎʚʝʪ

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ

ʦʙ̡ʝʢʪʘ

Red-ʩʦʩʪʘʚʣ̫ʶɦ ʘ̫

Green-ʩʦʩʪʘʚʣ̫ʶɦ ʘ̫

Blue-ʩʦʩʪʘʚʣ̫ʶɦ ʘ̫

: char

: char

: char

RGBColor

char  r ed;

char  gr een;

char  bl ue;

ʉʪʨʫʢʪʫʨʘ

 
ʈʠʩ. 1.6. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʥʳʭ ʪʠʧʦʚ 

ʊʠʧ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʚʳʨʘʟʠʪʝʣʝʤ ʥʝʢʦʪʦʨʦʡ ʘʙʩʪʨʘʢʮʠʠ. ʅʝʢʦʪʦʨʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʜʘʥʥʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʩʪʦʣʴ ʯʘʩʪʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʷʟʳʢʦʚ ʜʣʷ 

ʥʠʭ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʚʩʪʨʦʝʥʥʳʝ, ʠʣʠ ʩʪʘʥʜʘʨʪʥʳʝ, ʪʠʧʳ. ʂ ʩʪʘʥʜʘʨʪʥʳʤ 

ʪʠʧʘʤ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʯʠʩʣʦʚʳʝ ʪʠʧʳ ʜʘʥʥʳʭ, ʣʦʛʠʯʝʩʢʠʝ (ʙʫʣʝʚʩʢʠʝ) ʪʠʧʳ ʠ 

ʩʠʤʚʦʣʴʥʳʝ ʪʠʧʳ. ʅʝʢʦʪʦʨʳʝ ʷʟʳʢʠ ʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʪʠʧʳ, 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʟʘʜʘʯ (ʥʘʧʨʠʤʝʨ, ʪʠʧ decimal  ʚ ʷʟʳʢʝ 
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 C#). ʄʥʦʛʠʝ ʷʟʳʢʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʠʧʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʘʜʨʝʩʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʫʢʘʟʘʪʝʣʠ ʚ ʷʟʳʢʝ C). 

ʊʠʧ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʨʘʚʥʦʤʦʱʥʦʝ ʤʥʦʞʝʩʪʚʫ 

ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ, (ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʵʪʦʛʦ ʪʠʧʘ ʤʦʞʥʦ 

ʧʝʨʝʥʫʤʝʨʦʚʘʪʴ), ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ, ʠʣʠ ʧʦʨʷʜʢʦʚʳʤ, ʪʠʧʦʤ. ɺ 

ʤʘʪʝʤʘʪʠʢʝ ʪʘʢʠʝ ʤʥʦʞʝʩʪʚʘ ʥʘʟʳʚʘʶʪʩʷ ʩʯʝʪʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʪʠʧʳ int , 

short , long , char , bool , ʘ ʪʘʢʞʝ ʪʠʧʳ-ʧʝʨʝʯʠʩʣʝʥʠʷ (enum) ʚ ʷʟʳʢʝ C++ 

ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤʠ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʘʙʩʪʨʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʥʝ ʚʳʨʘʞʘʶʪʩʷ 

ʚʩʪʨʦʝʥʥʳʤʠ ʪʠʧʘʤʠ, ʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʷʟʳʢʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʥʦʚʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 1.6). 

ʉʪʨʫʢʪʫʨʳ ʠ ʢʣʘʩʩʳ 
ɼʣʷ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʳʭ ʚʩʪʨʦʝʥʥʳʤʠ ʪʠʧʘʤʠ, ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪʩʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʦʩʪʘʚʥʳʝ ʪʠʧʳ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʵʣʝʤʝʥʪʳ 

ʨʘʟʥʳʭ ʪʠʧʦʚ. 

ʊʘʢ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʰʘʭʤʘʪʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʫʤʝʩʪʥʳʤʠ ʤʦʛʫʪ 

ʦʢʘʟʘʪʴʩʷ ʪʠʧ rçʰʘʭʤʘʪʥʘʷ ʧʦʟʠʮʠʷè ʠ çʭʦʜè [Linger, Mills, Witt, 1979]. ʇʨʠ 

ʵʪʦʤ ʧʨʠʤʝʨʦʤ ʨʘʟʨʝʰʝʥʥʦʡ ʦʧʝʨʘʮʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʧʝʨʘʮʠʷ ʭʦʜʘ, 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʢ ʧʦʟʠʮʠʠ (ʨʠʩ. 1.7). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʵʪʘ ʦʧʝʨʘʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʦʧʝʨʘʮʠʷ ʩ ʧʦʙʦʯʥʳʤ ʵʬʬʝʢʪʦʤ (ʰʘʭ, ʤʘʪ ʠʣʠ ʧʘʪ). 

29. ʉd3:g6

ʧʦʟʠʮʠ̫-1 + ʭʦʜ

ʧʦʟʠʮʠ̫-2

ʚʦʟʤʦʞʥr ʝ

ʧʦʙʦʯʥr ʝ

ʬɻʬʝʢʪr

(hʘʭ, ʤʘʪ,é)

29. ʉd3:g6   h7:g6

30. ʃg3-h3+ ʂʨh8-g8

31. ʉg5-f6    ʃf8:f6

32. ʌd2-h6

 
ʈʠʩ. 1.7. ɹʝʣʳʝ ʥʘʯʠʥʘʶʪ ʠ ʚʳʠʛʨʳʚʘʶʪ 

ʊʘʢʠʝ ʩʦʩʪʘʚʥʳʝ ʪʠʧʳ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʩʪʨʫʢʪʫʨʥʳʤʠ ʪʠʧʘʤʠ, ʠʣʠ 

ʧʨʦʩʪʦ ï ʩʪʨʫʢʪʫʨʘʤʠ. ʇʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʨʘʥʝʝ ʥʘ 

ʨʠʩ. 1.6. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ ʥʘ C++ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 



 20 

struct Point  

{  

    double x;  

    double y;  

};  

 

struct RGBColor  

{  

    char red;  

    char green;  

    char blue;  

};  

 

struct Circle  

{  

    Point    center;  

    double   radius;  

    int       thickness ;  

    RGBCOlor color ;  

};  

ʆʙʨʘʱʝʥʠʝ ʢ ʧʦʣʷʤ ʩʪʨʫʢʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʝʨʘʮʠʠ 

ʚʳʙʦʨʘ ʧʦʣʷ ʩʪʨʫʢʪʫʨʘ (çʪʦʯʢʘè): 

Circle crcl;  

 

crcl.radius = 10.0;  

crcl.center.x = - 1.5;  

crcl . center . y = 0.7;  

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʲʝʢʪʳ ʫʧʨʘʚʣʷʶʪʩʷ ʫʢʘʟʘʪʝʣʷʤʠ: 

Point  * p;  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʢ ʧʦʣʷʤ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʷʚʥʦʝ ʨʘʟʳʤʝʥʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʱʝʥʠʝʤ ʢ ʧʦʣʶ ʩʪʨʫʢʪʫʨʳ ʯʝʨʝʟ 

çʪʦʯʢʫè ʠʣʠ ʠʩʧʦʣʴʟʫʷ ʩʧʝʮʠʘʣʴʥʫʶ ʦʧʝʨʘʮʠʶ - > (ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʨʘʟʳʤʝʥʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʷʚʥʦ): 

// ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʫʢʘʟʘʪʝʣʴ p ʩʚʷʟʘʥ ʩ ʢʘʢʦʡ-ʣʠʙʦ 

/ / ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ Point ...  

(* p). x = 1.0; // ʆʙʨʘʱʝʥʠʝ ʩ ʷʚʥʳʤ ʨʘʟʳʤʝʥʦʚʘʥʠʝʤ 

p- >x = 1.0;   // ʆʙʨʘʱʝʥʠʝ ʩ ʥʝʷʚʥʳʤ ʨʘʟʳʤʝʥʦʚʘʥʠʝʤ 

ʋʤʝʥʠʝ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʢʚʘʣʠʬʠʢʘʮʠʶ 

ʧʨʦʛʨʘʤʤʠʩʪʘ. ʅ. ɺʠʨʪ ʦʪʤʝʯʘʝʪ ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ: çʉʫʪʴʶ ʠʩʢʫʩʩʪʚʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ ʫʤʝʥʠʝ ʩʦʩʪʘʚʣʷʪʴ ʦʧʝʨʘʮʠʠ. ʆʜʥʘʢʦ ʤʳ 

ʫʚʠʜʠʤ, ʯʪʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ ʫʤʝʥʠʝ ʩʦʩʪʘʚʣʷʪʴ ʜʘʥʥʳʝè [Wirth, 1976]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʜʘʥʥʳʭ, ʥʦ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʘʚʠʣʴʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʨʘʙʦʪʳ ʩ ʦʙʲʝʢʪʘʤʠ ʜʘʥʥʳʭ ʵʪʦʛʦ ʪʠʧʘ. ʉʦʚʤʝʱʝʥʠʝ ʤʦʜʝʣʠ 

ʜʘʥʥʳʭ ʠ ʧʦʚʝʜʝʥʠʷ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʘʙʩʪʨʘʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʧʦʥʷʪʠʷ ɖɗɌɝɝɌ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. ʃʠʩʪʠʥʛ 1.1 ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʢʣʘʩʩʘ, ʚʦʧʣʦʱʘʶʱʝʛʦ ʘʙʩʪʨʘʢʮʠʶ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʜʨʦʙʠ. 

ʃʠʩʪʠʥʛ 1.1. ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ çʨʘʮʠʦʥʘʣʴʥʘʷ ʜʨʦʙʴè 

/*  
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  * INCLUDE-ʬʘʡʣ   : Rational . h 

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ "ʨʘʮʠʦʥʘʣʴʥʦʝ ʯʠʩʣʦ" 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 19.11.2006 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 */  

#ifndef  _Rational _h_ 

#define  _Rational_h_  

 

#include  <iostream>  

using  namespace  std ;  

 

// ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ "ʨʘʮʠʦʥʘʣʴʥʘʷ ʜʨʦʙʴ" 

class  Rational  

{  

 int  num;  // ʏʠʩʣʠʪʝʣʴ (ʤʦʞʝʪ ʠʤʝʪʴ ʟʥʘʢ) 

 int  denom;  // ɿʥʘʤʝʥʘʪʝʣʴ (ʧʦʣʦʞʠʪʝʣʝʥ) 

  

public :  

 // ʂʦʥʩʪʨʫʢʪʦʨ 

 Rational( int  _num = 0, int  _denom = 1 ) :  

  num( _num ), denom( _denom )  

 {  

  if ( denom <= 0 )  

   throw  out_of_range(  "Incorrect rational value "  

       "denominator "  

       "(should be positive )" );  

  simplify();  

 }  

 

 // ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʜʨʦʙʠ 

 Rational & assign ( int  _num, int  _denom = 1 )  

 {  

  num = _num;  

  denom = _denom;  

   

  if ( denom <= 0 )  

   throw  out_of_range(   "Incorrect rational value "  

       "denominator "  

       "(should be positive )" );  

  simplify();  

  return  * this ;  

 }  

 

 Rational& assign( const  Rational& Val  )  

 {  

  return  assign( val.num, val.denom );  

 }  

 

 // ʇʝʨʝʛʨʫʟʢʘ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

 Rational& operator +=( const  Rational& arg2 )  

 {  

  int  cmnDivisor = gcd( denom, arg2.denom );  

   

  num = num * (arg2.denom / cmnDivisor) +  

    arg2.num * (denom / cmnDivisor);  

  denom = denom / cmnDivisor * arg2.denom;  

 

  return  simplify();  

 }  
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 Rational operator +( const  Rational& arg2 ) const  

 {  

  Rational result( num, denom );  

  return  result += arg2;  

 }  

 

 // ɼʨʫʛʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ 

 // ...  

 

 // ʇʝʨʝʛʨʫʟʢʘ ʦʧʝʨʘʮʠʡ ʦʪʥʦʰʝʥʠʷ 

 int  operator <( const  Rational& arg2 ) const  

 {  

  int  cmnDivisor = gcd( denom, arg2.denom );  

  return  num * (arg2.denom / cmnDivisor) <  

     arg 2. num * ( denom / cmnDivisor );  

 }  

 

 // ɼʨʫʛʠʝ ʦʧʝʨʘʮʠʠ ʦʪʥʦʰʝʥʠʷ 

 // ...  

  

 // ʇʝʨʝʛʨʫʟʢʘ ʦʧʝʨʘʮʠʠ ʚʳʚʦʜʘ ʚ ʚʳʭʦʜʥʦʡ ʧʦʪʦʢ 

 friend  ostream& operator  << ( ostream& out,  

          const  Rational& value )  

 {  

  int  whole = value.num/value.denom;  

  if ( whole!=0 )  

  {  

   out << value.num/value.denom << " ";  

   if ( value.num%value.denom == 0 ) return  out;  

  }  

 

  if ( value.num != 0 )  

   out  << value.num%value.denom << " \ \ " ;  

   out  << value.denom;  

  else  out << "0";  

 

  return  out;  

 }  

 // ...  

 

private :  

 // " ʉʦʢʨʘʱʝʥʠʝ" ʜʨʦʙʠ 

 Rational& simplify()  

 {  

  int  cmnDivisor = gcd( abs( num ), denom );  

   

  num /= cmnDivisor;  

  denom /= cmnDivisor;  

 

  return  * this ;  

 }  

 

 // ʉʣʫʞʝʙʥʘʷ ʬʫʥʢʮʠʷ:  

 // ʚʳʯʠʩʣʝʥʠʝ ʥʘʠʙʦʣʴʰʝʛʦ ʦʙʱʝʛʦ ʜʝʣʠʪʝʣʷ 

 static  int  gcd( int  a, int  b )  

 {  

  if ( a==0 ) return  1;  

  while ( a!= b ) a>b ? a - =b : b - =a;  

  return  a;  

 }  

};  

ʇʨʠʚʦʜʠʤʘʷ ʥʠʞʝ ʪʝʩʪʦʚʘʷ ʧʨʦʛʨʘʤʤʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʲʝʢʪʦʚ ʪʠʧʘ Rational  ʘʥʘʣʦʛʠʯʥʦ ʦʙʲʝʢʪʘʤ ʚʩʪʨʦʝʥʥʳʭ ʯʠʩʣʦʚʳʭ ʪʠʧʦʚ: 
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 #include  "Rational.h"  

 

void  main()  

{  

 Rational value1( 7, 24 );  

 Rational value2( 10, 36 );  

  

 cout << "value1=" << value1 << end l;  

 cout << "value2=" << value2 << endl;  

  

 value2.assign( 1, 3 );  

 cout << "value2=" << value2 << endl;  

 

 value1 += value2;  

 cout << "value1=" << value1 << endl;  

  

 Rational value3 = value1 + Rational( 2 );  

 cout << "value3=" << value3 << endl;  

 

 if ( value1 < value3 )  cout << "Ok" << endl;  

 else      cout  << "???" << endl ;  

}  

ʄʘʩʩʠʚʳ 
ʈʝʰʝʥʠʝ ʤʥʦʛʠʭ ʟʘʜʘʯ ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ ʥʘʙʦʨ ʦʜʥʦʪʠʧʥʳʭ ʦʙʲʝʢʪʦʚ 

ʭʨʘʥʠʪʴ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʩʝʜʥʠʭ ʷʯʝʝʢ ʧʘʤʷʪʠ. ɼʦʩʪʫʧ ʢ ʵʪʠʤ 

ʷʯʝʡʢʘʤ ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʜʝʢʩʘ. 

ɺ ʷʟʳʢʝ C++ ʧʦʜ ʠʥʜʝʢʩʦʤ ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ ʧʦʥʠʤʘʶʪ ʩʤʝʱʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʜʨʝʩʘ ʥʘʯʘʣʘ ʤʘʩʩʠʚʘ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʚʳʨʘʞʝʥʥʦʝ ʚ 

ʵʣʝʤʝʥʪʘʭ (ʨʠʩ. 1.8). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ C++ ʧʨʠʥʷʪʘ ʤʦʜʝʣʴ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʦʡ ʦʧʠʩʘʥʠʝ ʤʘʩʩʠʚʘ, ʧʦ ʩʫʱʝʩʪʚʫ, ʩʚʦʜʠʪʩʷ ʢ ʦʧʠʩʘʥʠʶ ʘʜʨʝʩʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ (ʫʢʘʟʘʪʝʣʷ), ʭʨʘʥʷʱʝʡ ʘʜʨʝʩ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ (ʩ 

ʠʥʜʝʢʩʦʤ 0). 

array

int

int*

0 1 2 i size-1

size

 
ʈʠʩ. 1.8. ʄʘʩʩʠʚʳ ʚ C/ʉ++ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ C++ ʠʥʜʝʢʩ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 0 ʜʦ size -1, ʛʜʝ 

size  ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʩʩʠʚʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʢʦʤʧʠʣʷʪʦʨ ʥʝ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ 

ʵʣʝʤʝʥʪʫ ʤʘʩʩʠʚʘ. ʆʰʠʙʢʠ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ (ʨʘʚʥʦ ʢʘʢ ʠ ʦʰʠʙʢʠ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʥʝʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʦ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʫʢʘʟʘʪʝʣʷʤʠ) ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʥʝʧʨʠʷʪʥʳʤʠ ʚ ʩʚʷʟʠ ʩ ʪʨʫʜʥʦʩʪʴʶ ʠʭ 

ʦʙʥʘʨʫʞʝʥʠʷ: 

const int size = 100;  
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void main()  

{  

    int array[ size ];  

    int ixFirst = 0;  

    int ixLast = size ï 1;  

 

    // ʂʦʨʨʝʢʪʥʳʝ ʦʙʨʘʱʝʥʠʷ 

    array [ ixFirst  ] = 10; // ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʜ:  

                           // *( array  + ixFirst ) = 10;  

 

    array [ ixLast  ] = 10;  // ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʜ:  

                           // *( array  + ixLast ) = 10;  

 

    // ʅʝʢʦʨʨʝʢʪʥʳʝ ʦʙʨʘʱʝʥʠʷ  

    //(ʚʳʭʦʜ ʟʘ ʛʨʘʥʠʮʫ ʤʘʩʩʠʚʘ ʅɽ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʨʘʥʩʣʷʪʦʨʦʤ!) 

    array [ -1 ] = 10;   // ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʜ: 

                        // *( array  -  1) = 10;  

 

    array [ size  ] = 10; // ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʜ: 

                        // *( array  + size ) = 10;  

}  

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʨʫʛʠʝ ʷʟʳʢʠ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʤʦʜʝʣʴ ʠʥʜʝʢʩʘʮʠʠ, 

ʦʪʣʠʯʥʫʶ ʦʪ ʤʦʜʝʣʠ C++. ʅʘʧʨʠʤʝʨ, ʚ ʷʟʳʢʝ Pascal ʠʥʜʝʢʩ ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ 

ʧʦ ʫʤʦʣʯʘʥʠʶ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 1..size . ʇʨʦʛʨʘʤʤʠʩʪ ʤʦʞʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʠ ʜʨʫʛʦʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʠʥʜʝʢʩʘ (ʚʢʣʶʯʘʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʝʢʩʘ ʟʥʘʯʝʥʠʡ ʜʨʫʛʠʭ 

ʧʦʨʷʜʢʦʚʳʭ ʪʠʧʦʚ): 

const  

    size = 100;  

type  

    IntArray = array[ 0.. size - 1] of integer;  

    HexDigit = array[0..15] of char;  

    IntGrades = - 5..5;  

    StringGrades = array[ IntGrades ] of string;  

    WeekDay = ( Sunday, Monday, Tuesday, We dnesday, Thursday,  

                Friday, Saturday );  

var  

    array1 : IntArray;  

    hex : HexDigit = ( '0', '1', '2', '3', '4', '5', '6', '7',  

                       '8', '9', 'A', 'B', 'C', 'D', 'E', 'F' ) ;  

    grades : StringGrades = ( ' ʯʫʜʦʚʠʱʥʦ' ,  

                              ' ʦʪʚʨʘʪʠʪʝʣʴʥʦ',  

                              ' ʦʯʝʥʴ ʧʣʦʭʦ',  

                              ' ʧʣʦʭʦ',  

                              'ʥʝʚʘʞʥʦ', 

                              'ʪʘʢ ʩʝʙʝ', 

                              'ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ', 

                              'ʭʦʨʦʰʦ', 

                              'ʦʯʝʥʴ ʭʦʨʦʰʦ', 

                              'ʦʪʣʠʯʥʦ', 

                              'ʚʝʣʠʢʦʣʝʧʥʦ' ); 

    workHours : array[ WeekDay ] of integer;  

ʌʘʢʪʠʯʝʩʢʠ, ʠʥʜʝʢʩ ʤʘʩʩʠʚʘ ʚ ʷʟʳʢʝ Pascal, ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʜʘʥʥʳʭ 

ʪʠʧʘ çʜʠʘʧʘʟʦʥè, ʞʝʩʪʢʦ ʬʠʢʩʠʨʫʶʱʝʛʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʵʣʝʤʝʥʪʳ ʵʪʦʛʦ ʪʠʧʘ. ʄʦʜʝʣʴ ʤʘʩʩʠʚʘ, 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʷʟʳʢʝ Pascal, ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʷʚʥʦʡ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʠʩʪʘ 

ʩ ʘʜʨʝʩʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ɿʘ ʩʯʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ 
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 ʢʦʤʧʠʣʷʪʦʨ ʇʘʩʢʘʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ. 

ʇʨʦʛʨʘʤʤʘ ʥʘ ʇʘʩʢʘʣʝ, ʨʘʩʧʝʯʘʪʳʚʘʶʱʘʷ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ 

grades  ʚ ʬʘʡʣ, ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

con st  

    minGrade = - 5;  

    maxGrade = 5;  

type  

    IntGrades = minGrade..maxGrade;  

    StringGrades = array[ IntGrades ] of string;  

var  

    grades : StringGrades = ( ' ʯʫʜʦʚʠʱʥʦ' ,  

                              ' ʦʪʚʨʘʪʠʪʝʣʴʥʦ',  

                              ' ʦʯʝʥʴ ʧʣʦʭʦ',  

                              'ʧʣʦʭʦ', 

                              'ʥʝʚʘʞʥʦ', 

                              'ʪʘʢ ʩʝʙʝ', 

                              'ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ', 

                              'ʭʦʨʦʰʦ', 

                              'ʦʯʝʥʴ ʭʦʨʦʰʦ', 

                              'ʦʪʣʠʯʥʦ', 

                              ' ʚʝʣʠʢʦʣʝʧʥʦ' );  

    grd : Grades;  

    fout : text;  

begin  

    assign( fout, ' output.txt '  );  

    rewrite( fout );  

    for grd:=minGrade to maxGrade do  

        writeln ( fout , grades [ grd  ] );  

    close ( fout )  

end .  

ʆʪʤʝʪʠʤ, ʯʪʦ, ʝʩʣʠ ʜʣʷ ʪʠʧʦʚ IntArray  ʠ HexDigit  ʤʦʞʥʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʳʝ ʵʢʚʠʚʘʣʝʥʪʳ ʥʘ C/C++, ʪʦ ʜʣʷ ʪʠʧʘ 

Grades  ʠ ʦʙʲʷʚʣʷʝʤʦʛʦ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʪʠʧʘ StringGrades  ʩʪʨʦʛʦʛʦ 

ʵʢʚʠʚʘʣʝʥʪʘ ʥʘ C/C++ ʥʝʪ, ʭʦʪʷ, ʢʦʥʝʯʥʦ, ʧʦʜʦʙʥʫʶ ʩʝʤʘʥʪʠʢʫ ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʦʞʥʦ (ʣʠʩʪʠʥʛ 1.2). 

ʃʠʩʪʠʥʛ 1.2. ʄʘʩʩʠʚʳ ʚ C/C++ 

#include  <assert.h>  

#include  <stdio.h>  

#include  <stdlib.h>  

 

const  int  minGrade = - 5;  

const  int  maxGrade = 5;  

const  int  totalGrades = maxGrade - minGrade+1;  

 

inlin e int  gradeToIndex( int  grd )  

{  

    // ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʠʘʧʘʟʦʥʘ ï ʥʘ ʧʨʦʛʨʘʤʤʠʩʪʝ 

    assert( grd >= minGrade && grd <= maxGrade );  

 

    return  grd + 5;  

}  

 

typedef  char  *   GradeStr;  

typedef  GradeStr StringGrades[ totalGrades ];  

 

void  main()  

{  
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    StringGrades  grades  = { "ʯʫʜʦʚʠʱʥʦ", 

                            "ʦʪʚʨʘʪʠʪʝʣʴʥʦ", 

                            "ʦʯʝʥʴ ʧʣʦʭʦ", 

                            "ʧʣʦʭʦ", 

                            "ʥʝʚʘʞʥʦ", 

                            "ʪʘʢ ʩʝʙʝ", 

                            "ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ", 

                            "ʭʦʨʦʰʦ", 

                            "ʦʯʝʥʴ ʭʦʨʦʰʦ", 

                            "ʦʪʣʠʯʥʦ", 

                            "ʚʝʣʠʢʦʣʝʧʥʦ" }; 

 

    // ʈʘʩʧʝʯʘʪʘʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ grades  

    // ʚ ʬʘʡʣ "output . txt "  

 

    // ʆʪʢʨʳʪʴ ʧʦʪʦʢ 

    FILE *fout = fopen( "output.txt", "wt" );  

    if ( fout == NULL )  

    {  

        printf( "Error while opening output file" );  

        exit ( 1 );  

    }  

 

    // ʅʘʧʝʯʘʪʘʪʴ ʩʦʜʝʨʞʠʤʦʝ ʤʘʩʩʠʚʘ grades  "ʚ ʩʪʦʣʙʠʢ" 

    for ( int  grd  = minGrade ; grd  <= maxGrade ; grd ++ )  

    {  

        fputs ( grades [ gradeToIndex ( grd  ) ], fout  );  

        fputs ( " \ n", fout  );  

    }  

 

    // ɿʘʢʨʳʪʴ ʧʦʪʦʢ 

    if ( fclose( fout ) == EOF )  

    {  

        printf( "Error while closing output file" );  

        exit ( 2 );  

    }  

    exit ( 0 );  

}  

ʇʝʨʝʯʝʥʴ ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʘʩʩʠʚʘʤʠ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʛʦ, ʢʘʢ ʨʝʘʣʠʟʦʚʘʥʘ ʘʙʩʪʨʘʢʮʠʷ ʤʘʩʩʠʚʘ ʚ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʘʚʠʣʘ ʨʘʙʦʪʳ ʩ ʤʘʩʩʠʚʘʤʠ, ʧʨʠʥʷʪʳʝ ʚ ʉ/ʉ++. 

ɺ ʷʟʳʢʝ C ʣʶʙʘʷ ʦʧʝʨʘʮʠʷ ʥʘʜ ʤʘʩʩʠʚʦʤ ʚ ʮʝʣʦʤ (ʥʘʧʨʠʤʝʨ, 

ʢʦʧʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʜʨʫʛʦʡ) ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʦʧʝʨʘʮʠʡ ʥʘʜ ʦʪʜʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ 

ʢʦʨʨʝʢʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʤʷʪʠ, ʦʪʚʝʜʝʥʥʦʡ ʧʦʜ ʤʘʩʩʠʚʳ, ʧʦʣʥʦʩʪʴʶ ʣʝʞʠʪ 

ʥʘ ʧʨʦʛʨʘʤʤʠʩʪʝ: 

void CopyIntArray( int *array1, int size1,  

                   int *array2, int size2 )  

{  

    if( size1 < size2 )  

    {  

        // ʆʰʠʙʢʘ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʤʘʩʩʠʚ ʩʣʠʰʢʦʤ ʤʘʣ 

        // ...  

        return;  

    }  

    for( int ix = 0; ix < size2; ix++ )  

    {  

        array 1[ ix  ] = array 2[ ix  ];  

    }  
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 }  

ɺ C++ ʚʤʝʩʪʦ ʤʘʩʩʠʚʦʚ C ʧʨʦʛʨʘʤʤʠʩʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʥʪʝʡʥʝʨʥʳʝ ʢʣʘʩʩʳ ʠʟ ʙʠʙʣʠʦʪʝʢʠ STL (ʥʘʧʨʠʤʝʨ, vector ). ʂʣʘʩʩ vector  

ʦʧʨʝʜʝʣʷʝʪ ʘʙʩʪʨʘʢʮʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʪʠʧʘ. 

ʃʠʩʪʠʥʛ 1.3 ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʘʩʩʘ vector  ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʜʨʦʙʝʡ (ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ Rational  - ʩʤ. ʣʠʩʪʠʥʛ 1.1). 

ʃʠʩʪʠʥʛ 1.3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʩʘ vector 
#include  <vector > 

#include  <algorithm>  

#include  <stdexcept>  

#include  <iostream>  

#include  <iomanip>  

 

using  namespace  std;  

 

#include  " Rational . h"  

 

// ʌʫʥʢʮʠʷ ʧʝʯʘʪʠ ʩʦʜʝʨʞʠʤʦʛʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, 

// ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʧʨʷʤʫʶ ʠʪʝʨʘʮʠʶ 

template  <class  C> 

void  print( const  C& c, ostream& out = cout )  

{  

 typename  C::const_iterator it = c.begin();  

 int  counter = 0;  

 

 while ( it != c.end() )  

 {  

  out << out.width( 2 ) << counter << ": " << *it << endl;  

  ++counter ;  

  ++it ;  

 }  

}  

 

// ʌʫʥʢʮʠʷ ʚʳʯʠʩʣʝʥʠʷ ʩʫʤʤʳ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, 

// ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʧʨʷʤʫʶ ʠʪʝʨʘʮʠʶ 

template  <class  C> 

typename  C::value_type sum( const  C& c )  

{  

 typename  C::value_type s( 0 );  

 typename  C::const_iterator it = c.begin();  

 

 while ( it != c.end() )  

 {  

  s  += * it ; // NB! ɼʣʷ ʧʦʣʴʟʦʚʪʝʣʴʩʢʦʛʦ ʪʠʧʘ ʜʦʣʞʥʘ 

    //     ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩʝʤʘʥʪʠʢʘ ʦʧʝʨʘʮʠʠ += 

  ++it;  

 }  

 return  s;  

}  

 

void  main()  

{  

 vector<Rational> vec;  

 

 vec.push_back( Rational( 7, 24 ) );  

 vec.push_back( Rational( 10, 36 ) );  

 cout << "Size(vec) = " << vec.size() << endl;  

 print( vec );  

  

 Rational  result = sum( vec );  
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 cout << "sum = " << result << endl;  

 

 vec.insert( vec.begin()+1, Rational( 2, 3 ) );  

 cout << "Size(vec) = " << vec.size() << endl;  

 print( vec );  

 result = sum( vec );  

 cout << "sum = " << result << endl;  

 

 sort( vec.begin(), vec.end() );  

 print ( vec  );  

}  

ʇʦʜʨʦʙʥʝʝ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʠʧʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ STL ʩʤ., ʥʘʧʨʠʤʝʨ, 

ʢʥʠʛʠ [Austern, 1999], [Sytroustrup, 2000] ʠʣʠ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 

[ɼʘʚʳʜʦʚ, 2005]. ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧ rʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʢʦʥʪʝʡʥʝʨʥʳʭ ʪʠʧʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ, ʩʦʚʤʝʩʪʠʤʳʭ ʩ STL, ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʛʣ. 8 ʜʘʥʥʦʛʦ ʫʯʝʙʥʦʛʦ 

ʧʦʩʦʙʠʷ. 

ʄʘʩʩʠʚʳ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʧʨʠʤʝʨʘʭ, ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʤʝʨʥʳʤʠ: ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʦʪʜʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʪʨʝʙʫʝʪʩʷ ʦʜʠʥ ʠʥʜʝʢʩ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʭ ʦʜʥʦʤʝʨʥʳʤʠ 

ʤʘʩʩʠʚʘʤʠ, ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ, ʦʜʥʘʢʦ ʠʥʦʛʜʘ ʧʨʦʛʨʘʤʤʠʩʪʫ ʧʨʠʭʦʜʠʪʩʷ 

ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚʦʚ, ʠʤʝʶʱʠʭ ʜʚʘ 

(ʤʘʪʨʠʯʥʳʝ ʢʦʥʪʝʡʥʝʨʳ, ʩʤ. ʪʘʢʞʝ ʛʣ. 8) ʠʣʠ ʙʦʣʝʝ ʠʟʤʝʨʝʥʠʡ. 

ʄʥʦʞʝʩʪʚʘ 
ɸʥʘʣʦʛʠʯʥʦ ʤʘʩʩʠʚʘʤ, ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ 

ʦʜʥʦʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʘʩʩʠʚʦʚ, ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ. ɽʩʣʠ ʜʣʷ ʤʘʩʩʠʚʘ ʦʩʥʦʚʥʦʡ 

ʦʧʝʨʘʮʠʝʡ ʜʦʩʪʫʧʘ ʢ ʵʣʝʤʝʥʪʫ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʦʙʨʘʱʝʥʠʷ ʧʦ ʠʥʜʝʢʩʫ, ʪʦ 

ʜʣʷ ʤʥʦʞʝʩʪʚʘ ï ʵʪʦ ʦʧʝʨʘʮʠʷ ʧʨʦʚʝʨʢʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʣʝʤʝʥʪʘ ʤʥʦʞʝʩʪʚʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʜ ʤʥʦʞʝʩʪʚʦʤ ʦʧʨʝʜʝʣʷʶʪ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ: 

ʜʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʤʥʦʞʝʩʪʚʦ, ʦʙʲʝʜʠʥʝʥʠʝ, ʧʝʨʝʩʝʯʝʥʠʝ ʠ ʨʘʟʥʦʩʪʴ 

ʤʥʦʞʝʩʪʚ, ʧʨʦʚʝʨʢʘ ʷʚʣʷʝʪʩʷ ʣʠ ʦʜʥʦ ʤʥʦʞʝʩʪʚʦ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʠʣʠ 

ʥʘʜʤʥʦʞʝʩʪʚʦʤ ʜʨʫʛʦʛʦ, ʜʦʧʦʣʥʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʠ ʜʨ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʙʳʯʥʳʡ ʦʜʥʦʤʝʨʥʳʡ ʤʘʩʩʠʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʡ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʞʝʩʪʚʘ, ʦʜʥʘʢʦ ʪʘʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʣʠʙʦ ʤʥʦʛʠʝ ʪʠʧʠʯʥʳʝ ʜʣʷ ʤʥʦʞʝʩʪʚʘ 

ʦʧʝʨʘʮʠʠ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩʣʠʰʢʦʤ ʜʦʣʛʦ. ɺ ʧʨʦʛʨʘʤʤʠʩʪʩʢʦʡ ʧʨʘʢʪʠʢʝ, 

ʦʜʥʘʢʦ, ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝ ʤʥʦʞʝʩʪʚʘ ʦʙʱʝʛʦ ʚʠʜʘ, ʘ ʪʘʢʠʝ 

ʤʥʦʞʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʤʥʦʞʝʩʪʚʫ ʮʝʣʳʭ ʯʠʩʣʝ ʠʟ 

ʥʝʢʦʪʦʨʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʦʙʳʯʥʦ ʥʝ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʛʦ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʦʣʫʯʘʝʪʩʷ, ʝʩʣʠ ʭʨʘʥʠʪʴ ʥʝ ʩʘʤʠ ʵʣʝʤʝʥʪʳ 

ʤʥʦʞʝʩʪʚʘ, ʘ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʤʥʦʞʝʩʪʚʫ. ɺ ʦʩʥʦʚʝ ʪʘʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʙʳʯʥʦ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ ʰʢʘʣʳ ʙʠʪʦʚ. ʂʘʞʜʳʡ ʙʠʪ ʠ ʦʧʨʝʜʝʣʷʝʪ, ʧʨʠʥʘʜʣʝʞʠʪ ʵʣʝʤʝʥʪ 

ʤʥʦʞʝʩʪʚʫ ʠʣʠ ʥʝʪ. ʆʙʱʝʝ ʯʠʩʣʦ ʙʠʪʦʚ ʚ ʰʢʘʣʝ ʨʘʚʥʦ ʯʠʩʣʫ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ (ʪʦ ʝʩʪʴ ʤʦʱʥʦʩʪʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʜʣʷ 

ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ). 
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 ʉʨʝʜʩʪʚʘʤʠ ʷʟʳʢʘ C++ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʠʪʦʚʫʶ 

ʰʢʘʣʫ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʩʩʠʚʘ ʩʣʦʚ ʦʜʠʥʘʢʦʚʦʡ ʨʘʟʨʷʜʥʦʩʪʠ (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʥʠʞʝ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 16-ʨʘʟʨʷʜʥʳʝ ʩʣʦʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʧʫ 

unsigned  short ). ʊʦʛʜʘ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʙʠʪʫ ʥʦʤʝʨ n ʩʣʝʜʫʝʪ ʩʥʘʯʘʣʘ 

ʦʧʨʝʜʝʣʠʪʴ ʠʥʜʝʢʩ ʩʣʦʚʘ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ï ʵʪʦ n/16), ʘ ʟʘʪʝʤ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʥʢʨʝʪʥʳʡ ʙʠʪ ʚ ʩʣʦʚʝ, ʚʳʯʠʩʣʠʚ ʦʩʪʘʪʦʢ ʦʪ ʜʝʣʝʥʠʷ ʥʘ 16.(ʨʠʩ. 1.9). 

word[0]

word[1]

word[2]

word[numWords-1]

n = 40

n/16

n%16

...
ʙʠʪ 40 ʚ 

ʢhʘʣʝ 

ʙʠʪʦʚ

 
ʈʠʩ. 1.9. ʐʢʘʣʘ ʙʠʪʦʚ 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʡʩʪʚʠʷ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʫʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʧʝʨʘʮʠʡ ʧʦʨʘʟʨʷʜʥʦʛʦ ʩʜʚʠʛʘ. ʆʧʨʝʜʝʣʠʚ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʩʢʦʤʦʛʦ ʙʠʪʘ, 

ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʝ ʙʘʟʦʚʳʝ ʦʧʝʨʘʮʠʠ ï ʜʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ 

(ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʝʨʘʮʠʷ ʧʦʨʘʟʨʷʜʥʦʛʦ ʀʃʀ) ʠ ʧʨʦʚʝʨʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʵʣʝʤʝʥʪʘ ʤʥʦʞʝʩʪʚʫ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʝʨʘʮʠʷ ʧʦʨʘʟʨʷʜʥʦʛʦ ʀ). ɺʦʟʤʦʞʥʫʶ 

ʨʝʘʣʠʟʘʮʠʶ ʰʢʘʣʳ ʙʠʪʦʚ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠʩʪʠʥʛ 1.4. 

ʃʠʩʪʠʥʛ 1.4. ʆʧʨʝʜʝʣʝʥʠʝ ʰʢʘʣʳ ʙʠʪʦʚ 

/*  

 * INCLUDE-ʬʘʡʣ   : BitScale . h 

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ "ʰʢʘʣʘ ʙʠʪʦʚ" 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 22.09.2006 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 */  

#ifndef  _BitScale _h_ 

#define  _BitScale_h_  

 

class  BitScale  

{  

protected :  

 // ɹʘʟʦʚʳʡ ʪʠʧ "ʩʣʦʚʦ ʰʢʘʣʳ ʙʠʪʦʚ" 

 typedef  unsigned  short  Word;  

  

 // ʈʘʟʤʝʨ ʩʣʦʚʘ ʰʢʘʣʳ ʙʠʪʦʚ (ʚ ʙʠʪʘʭ) 

 static  const  int  WordBitSize;  

 

 Word *words;  // ʄʘʩʩʠʚ ʩʣʦʚ 
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 int  numWords;  // ʏʠʩʣʦ ʩʣʦʚ 

 int  numBits;  // ʏʠʩʣʦ ʙʠʪʦʚ 

public :  

 // ʂʦʥʩʪʨʫʢʪʦʨʳ 

 BitScale( int  numBits = 256 );  

 BitScale( const  BitScale& );  

 

 ~BitScale();  

 

 bool  hasBit( int  ixBit ); // ʇʨʦʚʝʨʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 BitScale& setBit( int  ixBit ); // ʋʩʪʘʥʦʚʢʘ ʙʠʪʘ 

 BitScale& clearBit( int  ixBit ); // ʆʯʠʩʪʢʘ ʙʠʪʘ 

 BitScale & inverse (); // ʆʧʝʨʘʮʠʷ ʠʥʚʝʨʪʠʨʦʚʘʥʠʷ 

 

 // ʆʧʝʨʘʮʠʷ ʟʘʥʝʩʝʥʠʷ ʵʣʝʤʝʥʪʘ  

 // (ʪʦ ʞʝ , ʯʪʦ ʫʩʪʘʥʦʚʢʘ ʙʠʪʘ) 

 BitScale& operator  |=( int  ixBit )  

 {  

  return  setBit( ixBit );  

 }  

 

 // ʆʧʝʨʘʮʠʷ ʫʜʘʣʝʥʠʷ ʵʣʝʤʝʥʪʘ  

 // (ʪʦ ʞʝ , ʯʪʦ ʦʯʠʩʪʢʘ ʙʠʪʘ) 

 BitScale& operator  - =( int  ixBit )  

 {  

  return  clearBit( ixBit );  

 }  

 

 // ʆʧʝʨʘʮʠʠ ʥʘʜ ʤʥʦʞʝʩʪʚʘʤʠ 

 BitScale& operator  |=( const  BitScale& arg ); // ʆʙʲʝʜʠʥʝʥʠʝ 

 BitScale& operator  &=( const  BitScale& arg ); // ʇʝʨʝʩʝʯʝʥʠʝ 

 BitScale& operator  - =( const  BitScale& arg ); // ʈʘʟʥʦʩʪʴ 

 

 void  Print (); // ʇʝʯʘʪʴ ʩʦʜʝʨʞʠʤʦʛʦ ʰʢʘʣʳ ʙʠʪʦʚ 

};  

 

#endif  

 

/*  

 * ʌʘʡʣ   : BitScale . cpp  

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visu al  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʢʣʘʩʩʘ BitScale  

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 22.09.2006 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 */  

#include  <iostream > 

#include  <iomanip>  

#include  <stdexcept>  

using  namespace  std;  

 

#include  <memory.h>  

 

#include  "BitScale.h"  

 

const  int  BitScale::WordBitSize = 8* sizeof ( BitScale::Word );  

 

BitScale::BitScale( int  numBits )  

{  

 this - >numBits = numBits;  

 numWords = (numBits+WordBitSize - 1) / WordBitSize;  

 words = new Word[ numWords ];  
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 memset( words, 0, numWords* sizeof (Word) );  

}  

 

BitScale::BitScale( const  BitScale& arg )  

{  

 numBits = arg.numBits;  

 words = new Word[ numWords = arg.numWords ];  

 

 memcpy( words, arg.words, numWords* sizeof (Word) );  

}  

 

BitScale::~BitScale()  

{  

 delete  [] words;  

}  

 

void  BitScale::Print()  

{  

 char  oldFill = cout.fill( '0' );  

 for ( int  i=numWords - 1; i>=0; i --  )  

 {  

  cout << hex << setw( sizeof (Word)*2 ) ;  

  cout  << words[i] << " ";  

 }  

    cout << dec << setfill( oldFill ) << endl;  

}  

 

bool  BitScale::hasBit( int  ixBit )  

{  

 if ( ixBit < 0 || ixBit >= num Bits ) return  false ;  

  

 return   ( words[ ixBit / WordBitSize ] &  

   ( 1 << ixBit % WordBitSize ) ) != 0;  

}  

 

BitScale& BitScale::setBit( int  ixBit )  

{  

 if ( ixBit < 0 || ixBit >= numBits )  

  throw  out_of_range(  "Cannot set the bit that "  

      " is out of bit scale range" );  

 

 words[ ixBit / WordBitSize ] |= ( 1 << ixBit % WordBitSize );  

 return  * this ;  

}  

 

BitScale& BitScale::clearBit( int  ixBit )  

{  

 if ( ixBit < 0 || ixBit >= numBits )  

  throw  out_of_range(  "Cannot set the bit that "  

      " is out of bit sc ale range" );  

 

 words[ ixBit / WordBitSize ] &= ~( 1 << ixBit % WordBitSize 

);  

 return  * this ;  

}  

 

BitScale& BitScale::inverse()  

{  

 for ( int  i=numWords - 1; i>=0; i --  )  

 {  

  words[ i ] = ~words[ i ];  

 }  

 return  * this ;  
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}  

 

BitScale& BitScale:: operator  |=( const  BitScale& arg )  

{  

 if ( numBits < arg.numBits )  

  throw  out_of_range( "Incomparable bit scales" );  

 for ( int  i=arg.numWords - 1; i>=0; i --  )  

 {  

  words[ i ] |= arg.words[ i ];  

 }  

 return  * this ;  

}  

 

BitScale& BitScale:: operator  &=( const  BitScale& arg )  

{  

 for ( int  i=numWords - 1; i>=0; i --  )  

 {  

  words[ i ] &= arg.words[ i ];  

 }  

 return  * this ;  

}  

 

BitScale& BitScale:: operator  - =( const  BitScale& arg )  

{  

 for ( int  i=numWords - 1; i>=0; i --  )  

 {  

  words[ i ] &= ~arg.words[ i ];  

 }  

 return  * this ;  

}  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʢʘʣʳ ʙʠʪʦʚ ʥʝʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʣʘʩʩ, 

ʨʝʘʣʠʟʫʶʱʠʡ ʤʥʦʞʝʩʪʚʦ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ: 

/*  

 * INCLUDE-ʬʘʡʣ   : intSet . h 

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ "ʤʥʦʞʝʩʪʚʦ ʮʝʣʳʭ ʯʠʩʝʣ" 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 22.09.2006 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 */  

#ifndef  _IntSet _h_ 

#define  _IntSet_h_  

 

#include  "BitScale.h"  

 

class  IntSet  

{  

 BitScale bitScale;  

 int  ixBegin;  

 int  ixLast;  

public :  

 IntSet( int  ixBegin = 0, int  ixLast = 255 ) :  

  bitScale( ixL ast - ixBegin+1 )  

 {  

  if ( ixBegin < ixLast )  

  {  

   this - >ixBegin = ixBegin;  

   this - >ixLast = ixLast;  

  }  

  else  
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   {  

   this - >ixLast = ixBegin;  

   this - >ixBegin = ixLast;  

  }  

 }  

  

 IntSet( const  IntSet& arg ) : bitScale( arg.bitScale )  

 {  

  ixBegin = arg.ixBegin;  

  ixLast  = arg . ixLast ;  

 }  

 

 // ʇʨʦʚʝʨʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʣʝʤʝʥʪʘ ʤʥʦʞʝʩʪʚʫ 

 bool  in ( int  item  )  

 {  

  return  bitScale.hasBit( item -  ixBegin );  

 }  

 

 IntSet& operator  |=( int  item )  

 {  

  bitScale.setBit( item -  ixBegin );  

  return  * this ;  

 }  

 

 IntSet& operator  - =( int  item )  

 {  

  bitScale.clearBit( item -  ixBegin );  

  return  * this ;  

 }  

  

 IntSet& operator  |=( const  IntSet& arg )  

 {  

  bitScale |= arg.bitScale;  

  return  * this ;  

 

 }  

 

 // ɼʨʫʛʠʝ ʦʧʝʨʘʮʠʠ 

 // ...  

};  

 

#endif  

1.4. ɸʣʛʦʨʠʪʤʳ ʠ ʩʧʦʩʦʙʳ ʠʭ ʟʘʧʠʩʠ 
ʇʦʥʷʪʠʝ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʦʥʷʪʠʡ 

ʠʥʬʦʨʤʘʪʠʢʠ. ɺ ʥʘʯʘʣʝ ʠʟʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʦʩʥʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʦʙʳʯʥʦ ʜʦʩʪʘʪʦʯʥʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ çʚ 

ʠʥʪʫʠʪʠʚʥʦʤ ʩʤʳʩʣʝè, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʤ: ʘʣʛʦʨʠʪʤ ï ʵʪʦ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʷʟʳʢʝ ʢʦʥʝʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʠʩʘʥʠʡ 

(ʠʥʩʪʨʫʢʮʠʡ, ʢʦʤʘʥʜ), ʟʘʜʘʶʱʘʷ ʧʦʨʷʜʦʢ ʠʩʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ 

ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʅʝʬʦʨʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʝʛʦ ʵʣʝʤʝʥʪʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʬʦʨʤʘʣʴʥʦ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. ʉ 

ʬʦʨʤʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʦʩʥʦʚʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʪʝʦʨʠʠ 

ʘʣʛʦʨʠʪʤʦʚ ʯʠʪʘʪʝʣʴ ʤʦʞʝʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʝ, 

ʥʘʧʨʠʤʝʨ, ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ [ʂʘʨʧʦʚ, 2003]. ɿʜʝʩʴ ʚʳʜʝʣʠʤ ʦʜʥʦ ʚʘʞʥʦʝ 

ʧʦʣʦʞʝʥʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʪʦʤ, ʯʪʦ ʣʶʙʦʝ ʨʘʟʫʤʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 
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ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʦ ʚ ʙʫʜʫʱʝʤ, ʦʢʘʞʝʪʩʷ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʫʞʝ ʠʟʚʝʩʪʥʳʤ ʦʧʨʝʜʝʣʝʥʠʷʤ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʧʦ ʩʫʪʠ, 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦʥʷʪʠʡ ʘʣʛʦʨʠʪʤʘ ʚ ʠʥʪʫʠʪʠʚʥʦʤ ʩʤʳʩʣʝ ʠ 

ʘʣʛʦʨʠʪʤʘ ʚ ʪʦʯʥʦʤ ʩʤʳʩʣʝ ʚ ʦʜʥʦʤ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʬʦʨʤʘʣʠʟʤʦʚ. 

ʂʘʞʜʘʷ ʦʧʝʨʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʦʙʲʝʢʪʘ (ʠʣʠ ʦʙʲʝʢʪʦʚ) 

ʜʘʥʥʳʭ, ʢ ʢʦʪʦʨʦʤʫ (ʠʣʠ ʢ ʢʦʪʦʨʳʤ) ʵʪʘ ʦʧʝʨʘʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ. ɺʳʧʦʣʥʝʥʠʝ 

ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʥʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʯʪʦ ʠ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʝʥʘ. ʉʠʩʪʝʤʘʪʠʟʠʨʫʷ ʵʪʦ 

ʦʧʠʩʘʥʠʝ, ɺ.ʌ. ʄʝʣʝʭʠʥ ʚʳʜʝʣʷʝʪ 7 ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʘʣʛʦʨʠʪʤ: 

Ç ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

Ç ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

Ç ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

Ç ʇʨʘʚʠʣʦ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

Ç ʇʨʘʚʠʣʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

Ç ʇʨʘʚʠʣʦ ʦʢʦʥʯʘʥʠʷ ʦʙʨʘʙʦʪʢʠ. 

Ç ʇʨʘʚʠʣʦ ʠʟʚʣʝʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. 

ɸʣʛʦʨʠʪʤ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʘʤʠ ʤʘʩʩʦʚʦʩʪʠ, ʪʦ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʣʶʙʳʭ ʥʘʙʦʨʦʚ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʦʟʤʦʞʥʳʭ, ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʝʥʠ ̫

ʨʝʟʫʣʴʪʘʪʘ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʦʟʤʦʞʥʳʭ ʟʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʟʘʧʠʩʠ ʘʣʛʦʨʠʪʤʘ. ʈʘʩʩʤʦʪʨʠʤ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʧʦʩʦʙʳ ʟʘʧʠʩʠ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʧʨʦʝʢʪʥʦʡ ʧʨʘʢʪʠʢʝ, ʥʘ ʧʨʠʤʝʨʝ ʘʣʛʦʨʠʪʤʘ ʥʘʭʦʞʜʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʦʙʱʝʛʦ 

ʜʝʣʠʪʝʣʷ ʜʚʫʭ ʯʠʩʝʣ X ʠ Y. 

ʊʝʢʩʪʫʘʣʴʥʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ 
1. ʉʢʦʧʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ X ʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʧʝʨʝʤʝʥʥʫʶ x. 

2. ʉʢʦʧʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ Y ʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʧʝʨʝʤʝʥʥʫʶ y. 

3. ɽʩʣʠ xÍy, ʧʝʨʝʡʪʠ ʢ ʧ. 4, ʠʥʘʯʝ ï ʢ ʧ. 7. 

4. ɽʩʣʠ x>y, ʧʝʨʝʡʪʠ ʢ ʧ. 5, ʠʥʘʯʝ ï ʢ ʧ. 6. 

5. ɿʘʧʠʩʘʪʴ ʚ x ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʚʳʨʘʞʝʥʠʷ x-y ʠ ʧʝʨʝʡʪʠ ʢ ʧ. 3. 

6. ɿʘʧʠʩʘʪʴ ʚ y ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʚʳʨʘʞʝʥʠʷ y-x ʠ ʧʝʨʝʡʪʠ ʢ ʧ. 3. 

7. ʂʦʥʝʮ. x ï ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʢʩʪʫʘʣʴʥʘʷ ʟʘʧʠʩʴ ʘʣʛʦʨʠʪʤʘ, 

ʠʥʦʛʜʘ ʙʳʚʘʝʪ ʧʦʣʝʟʥʦʡ ʢʘʢ ʥʘʠʤʝʥʝʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ, ʦʜʥʘʢʦ ʜʘʞʝ ʜʣʷ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʥʝʩʣʦʞʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʞʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʥʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʩʪʘʪʦʯʥʫʶ ʥʘʛʣʷʜʥʦʩʪʴ ʨʝʰʝʥʠʷ. 

ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ 
ʉʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ (flowcharts) ʷʚʣʷʶʪʩʷ ʚʠʟʫʘʣʴʥʳʤ ʬʦʨʤʘʣʠʟʤʦʤ, 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʫʞʝ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠʣʝʪʠʡ. ʇʨʘʚʠʣʘ ʠʟʦʙʨʘʞʝʥʠʷ ʩʭʝʤ 
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 ʘʣʛʦʨʠʪʤʦʚ ʨʝʛʫʣʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʠ 

ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʦʤ 

ISO 5807-85 ʠ ʨʦʩʩʠʡʩʢʠʤ [ɻʆʉʊ 19.701-90]. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʦʠʩʢʘ ʥʘʠʙʦʣʴʰʝʛʦ ʦʙʱʝʛʦ ʜʝʣʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.10. 

ʅʆɼ( X, Y )

x := X

y := Y

ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ

ʥʘʠʙʦʣɹ ʝhʛʦ ʦʙɦ ʝʛʦ

ʜʝʣʠʪʝʣ̫

X, Y - ʠʩʭʦʜʥr ʝ ʜʘʥʥr ʝ

x ʥʝ ʨʘʚʥʦ y

y := Y

x > y
ʜʘ

ʥʝʪ

ʜʘ

ʥʝʪ

x

x := x - yy := y - x

    x - ʠʩʢʦʤʦʝ ʯʠʩʣʦ

 
ʈʠʩ. 1.10. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ 

ɺ ʤʦʥʦʛʨʘʬʠʠ [ʃʝʢʘʨʝʚ, 1997] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʜʣʷ ʧʨʦʩʪʦʡ ʟʘʜʘʯʠ 

ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʫʩʣʦʚʥʫ  ʁʥʘʛʣʷʜʥʦʩʪʴ, ʪʦ ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʩʣʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ çʝʛʦ ʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʯʠʥʘʝʪ çʪʦʥʫʪʴè ʚ çʢʣʫʙʢʝ 

ʩʧʘʛʝʪʪʠè, ʚ ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘè. ɽʱʝ ʚ 

ʧʝʨʚʦʤ ʠʟʜʘʥʠʠ ʢʥʠʛʠ [Brooks, 1995], ʚʳʰʝʜʰʝʡ ʚ ʩʚʝʪ ʚ 1975 ʛʦʜʫ, ʌ. ɹʨʫʢʩ 

ʟʘʤʝʯʘʝʪ, ʯʪʦ çʧʦʰʘʛʦʚʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʷʚʣʷʝʪʩʷ ʜʦʩʘʜʥʳʤ ʘʥʘʭʨʦʥʠʟʤʦʤ, 

ʧʨʠʛʦʜʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʥʦʚʠʯʢʦʚ ʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʤʳʰʣʝʥʠʠè, ʠ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʛʨʘʤʤʠʩʪʦʚ, ʝʩʣʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʨʠʩʫʶʪ ʩʭʝʤʫ ʘʣʛʦʨʠʪʤʘ 

ʥʘ ʦʩʥʦʚʝ ʫʞʝ ʟʘʢʦʥʯʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ʇʩʝʚʜʦʢʦʜ 
ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʬʬʝʢʪʠʚʥʦʡ ʬʦʨʤʦʡ ʪʝʢʩʪʫʘʣʴʥʦʡ ʟʘʧʠʩʠ 

ʘʣʛʦʨʠʪʤʘ, ʘʙʩʪʨʘʛʠʨʦʚʘʥʥʦʡ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʷʟʳʢʘ, ʷʚʣʷʝʪʩʷ ʧʩʝʚʜʦʢʦʜ: 

ʅʆɼ( X, Y )  



 36 

    x := X;  

    y := Y;  

    ʧʦʢʘ( x Í y  ) ʧʦʚʪʦʨʷʪʴ 

        ʝʩʣʠ( x > y ) ʪʦ x:= x- y;  

        ʠʥʘʯʝ            y:= y- x;  

    ʢʦʥʝʮ ʮʠʢʣʘ 

    ʚʳʚʝʩʪʠ x 

ʢʦʥʝʮ 

ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʤʝʥʪʳ ʧʩʝʚʜʦʢʦʜʘ, ʢʦʛʜʘ 

ʭʦʪʷʪ ʦʪʣʦʞʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʟʘʧʠʩʴ ʨʝʰʝʥʠʷ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʝ ʚʨʝʤʷ. 

ɿʘʧʠʩʴ ʚ ʬʦʨʤʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʅʘʢʦʥʝʮ, ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʚ ʬʦʨʤʝ ʟʘʢʦʥʯʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ ʥʘ ʥʝʢʦʪʦʨʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʃʠʩʪʠʥʛ 1.5 ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʚʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʬʦʨʤʝ ʬʫʥʢʮʠʠ ʥʘ ʷʟʳʢʝ C++. 

ʃʠʩʪʠʥʛ 1.5. ʌʫʥʢʮʠʷ ʚʳʯʠʩʣʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʦʙʱʝʛʦ ʜʝʣʠʪʝʣʷ 

int grtCmnDivsor( int x , int y  )  

{  

    while( x != y )  

    {  

        if( x > y ) x = x ï y;  

        else        y = y ï x;  

    }  

    return  x;  

}  

ɿʘʧʠʩʴ ʘʣʛʦʨʠʪʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʨʝʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ʇʦʜ ʨʝʘʢʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʥʠʤʘʝʪʩʷ ʦʩʦʙʳʡ ʢʣʘʩʩ ʩʠʩʪʝʤ, ʘ 

ʠʤʝʥʥʦ: ʩʠʩʪʝʤ rʫʧʨʘʚʣʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʚʥʝʰʥʠʤ ʦʢʨʫʞʝʥʠʝʤ ʠ 

ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ ʚʥʝʰʥʠʝ ʩʦʙʳʪʠʷ. ʆʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʦʙʳʪʠʷʭ, ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʠʟʤ 

ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʠ ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʜʨʫʛʠʝ ʬʦʨʤʘʣʠʟʤʳ. 

ʗʚʣʷʷʩʴ ʧʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʥʝʯʥʳʝ 

ʘʚʪʦʤʘʪ r ʠʩʧʦʣʴʟʫʪʁʩʷ ʪʘʢʞʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ 

ʜʠʩʢʨʝʪʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ ʣʝʞʠʪ ʤʝʪʦʜʠʯʝʩʢʠ ʚʘʞʥʦʝ 

ʧʦʥʷʪʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʷʚʣʷʶʪʩʷ ʮʠʬʨʦʚʳʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʩʢʨʝʪʥʳʝ ʚʝʣʠʯʠʥʳ (ʯʠʩʣʘ). 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ ʦʙʳʯʥʦ 

ʠʟʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʩʭʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʣʦʢʦʚ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. ʉ 

ʢʘʞʜʳʤ ʙʣʦʢʦʤ ʩʚʷʟʘʥʳ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʚʳʧʦʣʥʷʝʤʘʷ 

ʙʣʦʢʦʤ ʬʫʥʢʮʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʦʢʠ ʷʚʣʷʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 

ʠʥʬʦʨʤʘʮʠʠ. 
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 ʇʫʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʝʪ n  ʚʭʦʜʦʚ ʠ 

p  ʚʳʭʦʜʦʚ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʦʧʨʝʜʝʣʝʥʳ ʚʝʢʪʦʨ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

),...,,( 21 nxxxX  ʠ ʚʝʢʪʦʨ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ),...,,( 21 pyyyY . 

ɿʘʚʠʩʠʤʦʩʪʴ, ʨʝʘʣʠʟʫʝʤʘʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠʣʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʥʠʢʘʢ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ. ʈʝʘʣʠʟʘʮʠʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ (ʝʛʦ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʘʚʪʦʤʘʪʦʤ ʙʝʟ ʧʘʤʷʪʠ) 

ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ï ʩʝʪʴ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʚʳʭʦʜʥʳʝ ʤʦʞʝʪ 

ʟʘʚʠʩʝʪʴ ʠ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʥʘʟʳʚʘʶʪʩʷ ʘʚʪʦʤʘʪʘʤʠ ʩ ʧʘʤʷʪʴʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʝʜʳʩʪʦʨʠʠ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

),...,,( 21 sqqqQ , ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʚʥʫʪʨʝʥʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʘʚʪʦʤʘʪʘ. ɽʩʣʠ ʤʥʦʞʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʦʩʪʦʷʥʠʡ ʢʦʥʝʯʥʦ (ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʷʟʳʢʝ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʚʭʦʜʥʳʭ ʠʩʪʦʨʠʡ 

ʢʦʥʝʯʥʦ), ʪʦ ʪʘʢʦʡ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʘʟʳʚʘʶʪ 

ʢʦʥʝʯʥʳʤ ʘʚʪʦʤʘʪʦʤ. 

ɸʙʩʪʨʘʢʪʥʳʡ ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ ʩ ʚʳʜʝʣʝʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʰʝʩʪʝʨʢʘ ʦʙʲʝʢʪʦʚ <In, Out, State, S0, FTrans, FOut>, ʛʜʝ: 

In  = { In i } , i=1..n ï ʚʭʦʜʥʦʡ ʘʣʬʘʚʠʪ; 

Out = { Outj }, j=1..p ï ʚʳʭʦʜʥʦʡ ʘʣʬʘʚʠʪ; 

State = { Statek }, k=1..s ï ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ; 

S0 ï ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʵʣʝʤʝʥʪ ʤʥʦʞʝʩʪʚʘ State); 

FTrans : StateĬInŸState ï ʬʫʥʢʮʠʠ ʧʝʨʝʭʦʜʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʘʚʪʦʤʘʪʘ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ ʦʪ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʥʘʧʨʠʤʝʨ Statek+1=FTrans( Statek, Ini ) ï ʬʫʥʢʮʠʷ ʧʝʨʝʭʦʜʘ ʠʟ 

ʩʦʩʪʦʷʥʠʷ Statek ʚ ʩʦʩʪʦʷʥʠʝ Statek+1 ʧʨʠ ʚʭʦʜʥʦʤ ʩʠʛʥʘʣʝ Ini; 

FOut : StateĬInŸOut ï ʬʫʥʢʮʠʠ ʚʳʭʦʜʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ, 

ʥʘʧʨʠʤʝʨ, Outj=FOut( Statek, Ini ) ï ʬʫʥʢʮʠʷ ʚʳʭʦʜʘ Outj, ʬʦʨʤʠʨʫʝʤʦʛʦ ʧʨʠ 

ʘʢʪʠʚʘʮʠʠ ʧʝʨʝʭʦʜʘ ʠʟ Statek ʧʨʠ ʚʭʦʜʥʦʤ ʩʠʛʥʘʣʝ Ini. 

ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ 

ʷʚʣʷʝʪʩʷ ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ ʛʨʘʬʳ ʢʘʢ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʧʦʪʦʢʦʚ ʫʧʨʘʚʣʝʥʠʷ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ, ʠ ʜʣʷ ʥʠʭ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʚ ʬʦʨʤʝ 

ʛʨʘʬʦʚ ʠʤʝʝʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʝʩʪʴ ʪʘʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʣʫʯʰʝ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʯʝʣʦʚʝʢʦʤ. 



 38 

ʅʘ ʨʠʩ. 1.11 ʧʨʠʚʝʜʝʥ ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ, 

ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʨʘʟʜʝʣʝʥʥʳʝ ʧʨʦʙʝʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ. 

ɸʚʪʦʤʘʪ ʠʤʝʝʪ ʜʚʘ ʢʦʥʝʯʥʳʭ ʩʦʩʪʦʷʥʠʷ: çʫʩʧʝʭè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʠʤʚʦʣʫ 

çʢʦʥʝʮ ʬʘʡʣʘè ʚʦ ʚʭʦʜʥʦʤ ʧʦʪʦʢʝ, ʠ çʦʰʠʙʢʘè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʠʪʫʘʮʠʠ, 

ʝʩʣʠ ʚʦ ʚʭʦʜʥʦʤ ʧʦʪʦʢʝ ʦʙʥʘʨʫʞʝʥ ʥʝʢʦʨʨʝʢʪʥʳʡ ʩʠʤʚʦʣ. 

S0 NXTLIT

ERROR

STOP

ʙʫʢʚʘ

ʨʝʛ1

ʙʫʢʚʘ | ʮʠʬʨʘ

ʨʝʛʩʣ

ʧʨʦʙʝʣ

ʚr ʚʦʜ

EOFEOF

ʨʝʛ1

ʨʝʛʩʣ

ʈʝʛʠʩʪʨʘʮʠ̫ ʧʝʨʚʦʡ ʣʠʪʝʨr

ʈʝʛʠʩʪʨʘʮʠ̫ ʦʯʝʨʝʜʥʦʡ ʣʠʪʝʨr

ʚr ʚʦʜ ɿʘʚʝʨh ʝʥʠʝ ʨʝʛʠcʪʨʘʮʠʠ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʠ ʚrʚʦʜ

ʧʨʦʙʝʣ

ʚr ʚʦʜ

 
ʈʠʩ. 1.11. ɻʨʘʬ ʧʝʨʝʭʦʜʦʚ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ 

ɸʚʪʦʤʘʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʟʳʚʘʶʪ ʘʚʪʦʤʘʪʦʤ ʄʠʣʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ, ʥʘʟʳʚʘʝʤʘʷ ʘʚʪʦʤʘʪʦʤ ʄʫʨʘ, 

ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʪʝʤ, ʯʪʦ ʚʳʭʦʜʥʘʷ ʬʫʥʢʮʠʷ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ 

ʦʪ ʤʥʦʞʝʩʪʚʘ ʩʦʩʪʦʷʥʠʡ, ʪʦ ʝʩʪʴ FOut : StateŸOut. ʇʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʘʚʪʦʤʘʪ ʄʫʨʘ ʧʦʣʥʦʩʪʴʶ ʵʢʚʠʚʘʣʝʥʪʝʥ ʘʚʪʦʤʘʪʫ ʄʠʣʠ. 

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʘʚʪʦʤʘʪʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʧʘʨʘʤʝʪʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʦʪʩʫʪʩʪʚʠʝ ʧʦʥʷʪʠʷ ʚʨʝʤʝʥʠ. ɼʨʫʛʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ 

ʷʚʣʷʶʪʩʷ: ʦʪʩʫʪʩʪʚʠʝ ʠʝʨʘʨʭʠʠ ʩʦʩʪʦʷʥʠʡ, ʦʙʦʙʱʝʥʠʷ ʧʝʨʝʭʦʜʦʚ, ʩʨʝʜʩʪʚ 

ʚʳʨʘʞʝʥʠʷ ʧʨʝʨʳʚʘʥʠʡ ʠ ʧʨʦʜʦʣʞʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦʩʣʝ ʠʭ 

ʦʙʨʘʙʦʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝ ʦʧʨʝʜʝʣʝʥʘ ʩʝʤʘʥʪʠʢʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ [ʂʘʨʧʦʚ, 2003]. 

ʋʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʣʠʰʝʥʳ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʡ, ʧʨʝʜʣʦʞʝʥʥʳʝ 

ɼ. ʍʘʨʝʣʦʤ [Harel, 1988], ʘ ʪʘʢʞʝ SWITCH-ʪʝʭʥʦʣʦʛʠʷ ï ʧʦʜʭʦʜ, 

ʦʩʥʦʚʳʚʘʶʱʠʡʩʷ ʥʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʨʝʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʚ ʬʦʨʤʝ ʩʝʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʘʚʪʦʤʘʪʦʚ [ʐʘʣʳʪʦ, 1998]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ, ʜʦʧʦʣʥʝʥʥʦʝ ʫʩʣʦʚʠʝʤ 

ʥʝʦʙʷʟʘʪʝʣʴʥʦʛʦ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʚʭʦʜʥʦʡ ʮʝʧʦʯʢʝ, ʧʦʣʦʞʝʥʦ ʚ ʦʩʥʦʚʫ ʩʨʝʜʳ 

ʨʘʟʚʝʪʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʆ ʥʘ 

ʙʘʟʝ L-ʩʝʪʠ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʠ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ 

ʄ.ʌ. ʃʝʢʘʨʝʚʳʤ [Lekarev, 1993], [ʃʝʢʘʨʝʚ, 1997]. 
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 ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ ʢʦʥʝʯʥʦʛʦ 
ʘʚʪʦʤʘʪʘ 

ʄʫʣʴʪʠʚʝʪʚʣʝʥʠʷ ʧʦʟʚʦʣʷʪʁ ʜʦʩʪʘʪʦʯʥʦ ʥʘʛʣʷʜʥʦ ʠ ʧʨʦʩʪʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʤʦʜʝʣʴ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ. ɼʣʷ ʢʦʥʝʯʥʦʛʦ 

ʘʚʪʦʤʘʪʘ, ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʧʦʩʪʨʦʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ ʠʣʣʶʩʪʨʠʨʫʝʪ ʣʠʩʪʠʥʛ 1.6: 

ʃʠʩʪʠʥʛ 1.6. ʂʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ, ʨʘʩʧʦʟʥʘʶʱʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ 

/*  

 * INCLUDE -ʬʘʡʣ   : FSM_Model.h 

 *  

 * ʇʨʦʝʢʪ : FSM_Idents  

 *          Console application  

 *  

 * ʆʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʧʨʦʝʢʪʘ: FSM_Idents _Main . cpp  

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ "ʂʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ,  

 *                                 ʨʘʩʧʦʟʥʘʶʱʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ" 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 06.02.2006 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 */  

#ifndef  _FSM_Model _h_ 

#define  _FSM_Model_h_  

 

#include  <stdio.h>  

 

class  FSM_Model 

{  

public :  

 /*  

  * ʉʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ 

  * (ʵʪʘʧʳ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ) 

  */  

 enum StateType  

 {  

  S0,       // ʆʞʠʜʘʥʠʝ ʧʝʨʚʦʡ ʙʫʢʚʳ (ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ) 

  NXTLIT,  // ʆʞʠʜʘʥʠʝ ʦʯʝʨʝʜʥʦʡ ʣʠʪʝʨʳ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ 

  STOP,    // ʂʦʥʝʮ ʪʝʢʩʪʘ (ʟʘʚʝʨʰʘʶʱʝʝ ʩʦʩʪʦʷʥʠʝ) 

  ERROR    // ʆʰʠʙʢʘ (ʟʘʚʝʨʰʘʶʱʝʝ ʩʦʩʪʦʷʥʠʝ) 

 };  

private :  

 FILE  * input ;  // ɺʭʦʜʥʦʡ ʧʦʪʦʢ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ 

 FILE  * output ;  // ɺʳʭʦʜʥʦʡ ʧʦʪʦʢ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ 

 

 StateType   state ;    // ʉʦʩʪʦʷʥʠʝ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ 

public :  

 FSM_Model( FILE *input, FILE *output) : state( S0 )  

 {  

  this - >input = input;  

  this - >output = output;  

 }  

 void  Start ();  

private :  

 /*  

  * ʌʫʥʢʮʠʠ, ʚʳʟʳʚʘʝʤʳʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʩʦʩʪʦʷʥʠʷ ʢʦʥʝʯʥʦʛʦ 

ʘʚʪʦʤʘʪʘ 

  */  

 void  Process_S0( const  Litera&, Lexema& );  
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 void  Process_NXTLIT( const  Litera&, Lexema& );  

 void  Process_STOP();  

 void  Process_ERROR();  

};  

 

#endif  

 

/*  

 * ʌʘʡʣ   : FSM_Model.cpp  

 *  

 * ʇʨʦʝʢʪ : FSM_Idents  

 *          Console application  

 *  

 * ʆʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʧʨʦʝʢʪʘ: FSM_Idents _Main . cpp  

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʢʣʘʩʩʘ FSM_Model  

 *             (ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ) 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 06.02.2006 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 */  

#include  <stdio . h> 

#include  <stdlib.h>  

 

#include  "Litera.h"  

#include  "Lexema.h"  

#include  "FSM_Model.h"  

 

/*  

 * ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ 

 */  

void  FSM_Model :: Start ()  

{  

    Litera  lit ;   // ʃʠʪʝʨʘ ʩʢʘʥʠʨʫʝʤʦʛʦ ʪʝʢʩʪʘ 

    Lexema ident ; // ʀʜʝʥʪʠʬʠʢʘʪʦʨ ʚ ʩʢʘʥʠʨʫʝʤʦʤ ʪʝʢʩʪʝ 

  

    // ʎʠʢʣ ʨʘʙʦʪʳ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ 

    while ( 1 )  

    {  

        // ʉʯʠʪʘʪʴ ʦʯʝʨʝʜʥʦʡ ʩʠʤʚʦʣ ʠʟ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ 

        lit . GetLit ( input  );  

 

        // ʉʦʩʪʦʷʥʠʷ ʠ ʧʝʨʝʭʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

        // ʚʭʦʜʥʦʛʦ ʩʠʤʚʦʣʘ 

        switch ( state )  

        {  

        case  S0     : Process_S0( lit, ident );  

                      break ;  

        case  NXTLIT : Process_NXTLIT( lit, ident );  

                      break ;  

        case  STOP   : Process_STOP();  

                      return ;  

        case  ERROR  : Process_ERROR();  

                      return ;  

        }  

    }  

}  

 

/*  

 * ʆʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʡ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʦʷʥʠʡ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ 

 */  

void  FSM_Model::Process_S0( const  Litera& lit, Lexema& ident )  
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 {  

 switch ( lit.GetSynterm() )  

    {  

  case  Litera::SPACE   :  state = S0;  

       break ;  

  case  Litera::ENDFILE :  state = STOP;  

       break ;  

  case  Litera::LETTER  :  ident.LexFirst( lit );  

       state = NXTLIT;  

       break ;  

        default      :  state = ERROR;  

       break ;  

    }  

}  

 

void  FSM_Model::Process_NXTLIT( const  Litera& lit, Lexema& ident )  

{  

    switch ( lit.GetSynterm()  )  

    {  

        case  Litera::SPACE   :  ident.LexStop();  

      ident.Print( output );  

      fputc( ' \ n', output );  

      state = S0;  

      break ;  

        case  Litera::ENDFILE :  ident.LexStop();  

      ident.Print( output );  

      fputc( ' \ n', output );  

      state = STOP;  

      break ;  

        case  Litera::LETTER  :  

        case  Litera::DIGIT   :  ident.LexNext( lit );  

      state = NXTLIT;  

      break ;  

        default        :  state = ERROR;  

      break ;  

    }  

}  

 

void  FSM_Model::Process_STOP()  

{  

    fputs( "St opped successfully \ n", output );  

}  

 

void  FSM_Model::Process_ERROR()  

{  

    fputs( "Stopped in error state \ n", output );  

}  

 

/*  

 * INCLUDE -ʬʘʡʣ   : Litera.h  

 *  

 * ʇʨʦʝʢʪ : FSM_Idents  

 *          Console application  

 *  

 * ʆʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʧʨʦʝʢʪʘ: FSM_Idents_Main.cpp  

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ʆʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʘ "ʣʠʪʝʨʘ ʠʟ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ" 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 06.02.2006 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 */  

#ifndef  _Litera _h_ 
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#define  _Litera_h_  

 

#include  <st dio.h>  

#include  <ctype . h> 

 

/*  

 * ʊʠʧʳ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʘʚʪʦʤʘʪʘ  

 * (ʩʠʥʪʝʨʤʳ ʣʠʪʝʨ ʩʢʘʥʠʨʫʝʤʦʛʦ ʪʝʢʩʪʘ) 

 */  

enum InputType  

{  

    ENDFILE, // ʂʦʥʝʮ ʬʘʡʣʘ 

    SPACE,   // ʉʠʤʚʦʣ ʧʨʦʙʝʣʴʥʦʡ ʛʨʫʧʧʳ 

    LETTER,  // ʃʘʪʠʥʩʢʘʷ ʙʫʢʚʘ 

    DIGIT ,   // ɼʝʩʷʪʠʯʥʘʷ ʮʠʬʨʘ 

    NOALP    // ɿʘʧʨʝʱʝʥʥʳʡ ʩʠʤʚʦʣ 

};  

 

/*  

 * ʊʠʧ: ʣʠʪʝʨʘ ʩʢʘʥʠʨʫʝʤʦʛʦ ʪʝʢʩʪʘ 

 */  

class  Litera  

{  

public :  

 /*  

  * ʊʠʧʳ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʘʚʪʦʤʘʪʘ  

  * (ʩʠʥʪʝʨʤʳ ʣʠʪʝʨ ʩʢʘʥʠʨʫʝʤʦʛʦ ʪʝʢʩʪʘ) 

  */  

 enum InputType  

 {  

  ENDFILE, // ʂʦʥʝʮ ʬʘʡʣʘ 

  SPACE,   // ʉʠʤʚʦʣ ʧʨʦʙʝʣʴʥʦʡ ʛʨʫʧʧʳ 

  LETTER,  // ʃʘʪʠʥʩʢʘʷ ʙʫʢʚʘ 

  DIGIT ,   // ɼʝʩʷʪʠʯʥʘʷ ʮʠʬʨʘ 

  NOALP    // ɿʘʧʨʝʱʝʥʥʳʡ ʩʠʤʚʦʣ 

 };  

private :  

    char         value ;   // ɿʥʘʯʝʥʠʝ ʣʠʪʝʨʳ 

    InputType    synterm ; // ɿʥʘʯʝʥʠʝ ʩʠʥʪʝʨʤʘ 

public :  

 /*  

  * ʌʫʥʢʮʠʷ ʩʯʠʪʳʚʘʥʠʷ ʣʠʪʝʨʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʥʪʝʨʤʘ 

  * (ʧʨʦʜʚʠʞʝʥʠʝ ʧʦ ʚʭʦʜʥʦʡ ʮʝʧʦʯʢʝ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ) 

  */  

 InputType GetLit( FILE* input )  

 {  

  value = fgetc( input );  

  if ( value == EOF )  

  {  

   return  synterm = ENDFILE;  

  }  

  else  if ( isspace( val ue ) )  

  {  

   return  synterm = SPACE;  

  }  

  else  if ( isdigit( value ) )  

  {  

   return  synterm = DIGIT;  

  }  

  else  if ( isalpha( value ) )  

  {  

   return  synterm = LETTER;  

  }  
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   return  synterm  = NOALP;  

 }  

  

 /*  

  * ʌʫʥʢʮʠʷ ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʨʤʘ 

  */  

 InputType GetSynterm() const  { return  synterm; }  

 

 friend  class  Lexema;  

};  

 

#endif  

 

/*  

 * INCLUDE -ʬʘʡʣ   : Lexema.h  

 *  

 * ʇʨʦʝʢʪ : FSM_Idents  

 *          Console application  

 *  

 * ʆʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʧʨʦʝʢʪʘ: FSM_Idents _Main . cpp  

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ "ʣʝʢʩʝʤʘ ʠʟ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ" 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 06.02.2006 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 */  

#ifndef  _Lexema_h_ 

#define  _Lexema_h_  

 

#include  <stdio.h>  

 

#include  " Litera . h"  

 

/*  

 * ʃʝʢʩʝʤʘ ʩʢʘʥʠʨʫʝʤʦʛʦ ʪʝʢʩʪʘ 

 */  

class  Lexema 

{  

    char  value[ 32 ];  

    char  ix;  

    char  ixLast ;  

public :  

 /*  

  * ʌʫʥʢʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʢʩʝʤʳ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ 

  */  

 

 // LEXema: register  FIRST litera  

 // ʌʫʥʢʮʠʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʚʦʡ ʣʠʪʝʨʳ ʚ ʩʦʩʪʘʚʝ ʣʝʢʩʝʤ r

 void  LexFirst( const  Litera& lit )  

 {  

  ix = 0;  

  ixLast = 30;  

 

  value[ 0 ] = lit.value;  

 }  

  

 // LEXema: register  NEXT litera  

 // ʌʫʥʢʮʠʷ ʨʝʛʠʩʪʨʘʮʠʠ ʦʯʝʨʝʜʥʦʡ ʣʠʪʝʨʳ ʚ ʩʦʩʪʘʚʝ ʣʝʢʩʝʤʳ 

 void  LexNext( const  Litera& lit )  

 {  

  if ( ix != ixLast )  

  {  
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   value[ ++ix ] = lit.value;  

  }  

 }  

 

 // LEXema: STOP register  literas  

 // ʌʫʥʢʮʠʷ ʟʘʚʝʨʰʝʥʠʷ ʨʝʛʠʩʪʨʘʮʠʠ ʣʠʪʝʨ ʚ ʩʦʩʪʘʚʝ ʣʝʢʩʝʤʳ 

 void  LexStop()  

 {  

  value[ ++ix ] = ' \ 0';  

 }  

 

 // lexema : PRINT value  

 // ɺʳʚʦʜ ʣʝʢʩʝʤʳ ʚ ʚʳʭʦʜʥʦʡ ʧʦʪʦʢ 

 void  Print( FILE * output ) const  

 {  

  fputs( value, output );  

 }  

};  

 

#endif  

 

/*  

 * ʌʘʡʣ   : FSM_Idents_Main.cpp  

 *  

 * ʇʨʦʝʢʪ : FSM_Idents  

 *          Console application  

 *  

 * ʇʨʦʝʢʪ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʬʘʡʣʳ: FSM_Model.cpp, FSM_Model.h,  

 *                              Litera.cpp, Litera.h,  

 *                              Lexema.cpp, Lexema.h  

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʧʨʠʤʝʨ. 

 *             ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ, 

 *             ʨʘʩʧʦʟʥʘʶʱʝʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʚʦ ʚʭʦʜʥʦʤ ʧʦʪʦʢʝ 

 *  

 * ʊʝʤʳ: ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ 

 *       ʌʦʨʤʘʣʠʟʤ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ ʚ ʟʘʜʘʯʘʭ ʣʝʢʩʠʯʝʩʢʦʛʦ ʠ 

 *       ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 10.07.2005 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 06.02.2006 

 *  

 * ʀʩʭʦʜʥʳʝ ʪʝʢʩʪʳ ʧʨʠʤʝʨʦʚ ʧʨʦʛʨʘʤʤ ʢ ʢʫʨʩʫ 

 * "ʉʪʨʫʢʪʫʨʳ ʠ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ" 

 * ʃʝʢʮʠʷ 1. ʈʘʟʜʝʣ "ʂʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ"  

 *  

 * Copyright  ( C) ʇʳʰʢʠʥ ɽʚʛʝʥʠʡ ɺʘʣʝʨʴʝʚʠʯ, 2005- 2006  

 *               ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ  

 *               ʫʥʠʚʝʨʩʠʪʝʪ, 

 *               ʌʘʢʫʣʴʪʝʪ ʪʝʭʥʠʯʝʩʢʦʡ ʢʠʙʝʨʥʝʪʠʢʠ, 

 *               ʂʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ 

 */  

#include  <stdio.h>  

#include  <stdlib.h>  

 

 

 

#include  "Litera.h"  

#include  "Lexema.h"  

#include  "FSM_Model.h"  
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 void  main()  

{  

 // ʇʦʜʛʦʪʦʚʢʘ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ 

 FILE *fin = fopen( "input.txt", "rt" );  

 if ( fin == NULL )  

 {  

  printf( "Error while opening input file \ n" );  

  exit ( 1 );  

 }  

 

 FSM_Model  FiniteStateMachine ( fin , stdout  );  

 FiniteStateMachine . Start ();  

 

 fclose ( fin  );  

 exit ( 0 );  

 

}  

ʆʪʤʝʪʠʤ, ʯʪʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [ʃʝʢʘʨʝʚ, 2000-1], ʧʨʦʜʚʠʞʝʥʠʝ ʧʦ 

ʚʭʦʜʥʦʡ ʮʝʧʦʯʢʝ ʥʝ ʷʚʣʷʝʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠ ʢʘʞʜʦʤ 

ʧʝʨʝʭʦʜʝ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ. ɽʩʣʠ ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʯʪʝʥʠʷ ʧʨʠ ʢʘʞʜʦʤ ʧʝʨʝʭʦʜʝ, ʪʦ ʪʘʢʘʷ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ 

ʤʦʞʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʷʟʳʢ, ʥʝ ʨʘʩʧʦʟʥʘʚʘʝʤʳʡ ʦʙʳʯʥʳʤ ʢʦʥʝʯʥʳʤ ʘʚʪʦʤʘʪʦʤ. 

ʇʦʵʪʦʤʫ ʧʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʙ·ʣʴʰʫʶ ʦʙʱʥʦʩʪʴ 

ʨʝʰʝʥʠʷ, ʝʩʣʠ ʦʧʝʨʘʮʠʶ GetLit  ʧʝʨʝʥʝʩʪʠ ʚʥʫʪʨʴ ʦʙʨʘʙʦʪʯʠʢʦʚ ʩʦʩʪʦʷʥʠʡ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʢʦʜʘ ʦʩʪʘʚʣʷʝʤ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʫʧʨʘʞʥʝʥʠʷ. 
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ɻʣʘʚʘ 2. ʆʮʝʥʢʘ ʘʣʛʦʨʠʪʤʦʚ, ʨʝʢʫʨʩʠʷ, ʩʦʨʪʠʨʦʚʢʘ 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʪʘʥʦʚʢʫ ʠ ʧʨʠʥʮʠʧʳ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʚʥʫʪʨʝʥʥʝʡ ʩʦʨʪʠʨʦʚʢʠ. 

2.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʚʥʫʪʨʝʥʥʝʡ ʩʦʨʪʠʨʦʚʢʠ 
ʠ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʥʝʢʦʪʦʨʳʤ ʢʨʠʪʝʨʠʝʤ ʫʧʨʦʱʘʝʪ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ, 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʚʦʠʯʥʦʛʦ ʧʦʠʩʢʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʦʠʩʢʦʤ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʦʩʥʦʚʘʥʠʝʤ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ, ʧʦʪʨʘʪʠʚ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʩʦʨʪʠʨʦʚʢʫ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʝʩʧʝʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʠʛʨʳʰ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʜʚʦʠʯʥʦʛʦ ʠʣʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʦʠʩʢʘ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʩʦʨʪʠʨʦʚʢʠ in situ (ʥʘ ʤʝʩʪʝ), 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʩʪʘʥʦʚʢʫ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʧʘʤʷʪʠ, 

ʟʘʥʠʤʘʝʤʦʡ ʩʦʨʪʠʨʫʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. ʇʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʜʘʥʥʳʭ ʧʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʧʦʥʠʤʘʝʪʩʷ ʤʘʩʩʠʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ ï ʩʦʨʪʠʨʦʚʢʘ ʪʘʢʠʭ ʤʘʩʩʠʚʦʚ ʠ ʥʘʟʳʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʝʡ ʩʦʨʪʠʨʦʚʢʠ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʚʥʝʰʥʝʡ ʩʦʨʪʠʨʦʚʢʠ ï ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʥʝʢʦʪʦʨʦʛʦ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ (ʥʘʧʨʠʤʝʨ, ʬʘʡʣʘ ʥʘ ʜʠʩʢʝ). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʦʨʪʠʨʦʚʢʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʦʨʷʜʢʝ 

ʚʦʟʨʘʩʪʘʥʠʷ ʠʣʠ ʫʙʳʚʘʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʢʣʶʯʝʚʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʡ 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʮʝʣʳʝ ʠʣʠ ʩʠʤʚʦʣʴʥʳʝ ʜʘʥʥʳʝ, ʩʪʨʦʢʠ ʩʠʤʚʦʣʦʚ, ʥʘʢʦʥʝʮ, 

ʦʪʥʦʰʝʥʠʝ ʧʦʨʷʜʢʘ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʢʨʠʪʝʨʠʝʚ ï 

ʚʩʝ ʵʪʦ ʥʝ ʤʝʰʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʩʦʨʪʠʨʦʚʢʠ, ʘʙʩʪʨʘʛʠʨʫʷʩʴ ʜʦ ʧʦʨʳ ʜʦ ʚʨʝʤʝʥʠ ʦʪ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʢʣʶʯʝʚʳʭ ʜʘʥʥʳʭ. 

ɸʥʘʣʠʟ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, 

ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʟʘʪʨʘʯʝʥʦ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ 

ʘʣʛʦʨʠʪʤʘ. ʇʨʠ ʦʮʝʥʢʝ ʘʣʛʦʨʠʪʤʘ ʠʩʭʦʜʷʪ ʠʟ ʢʦʣʠʯʝʩʪʚʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 

ʜʣʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʭʦʜʝ ʝʛʦ ʨʘʙʦʪʳ. ɼʣʷ 

ʘʣʛʦʨʠʪʤʦʚ ʩʦʨʪʠʨʦʚʢʠ ʪʘʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʧʝʨʘʮʠʠ ʩʨʘʚʥʝʥʠʷ 

ʢʣʶʯʝʡ ʠ ʦʧʝʨʘʮʠʠ ʧʝʨʝʩʳʣʢʠ ʵʣʝʤʝʥʪʦʚ ʩʦʨʪʠʨʫʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʦʙʳʯʥʦ ʩʪʘʨʘʶʪʩʷ ʦʮʝʥʠʪʴ ʪʨʠ 

ʚʘʨʠʘʥʪʘ: ʥʘʠʣʫʯʰʠʡ ʩʣʫʯʘʡ (ʢʦʛʜʘ ʫʧʦʨʷʜʦʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʥʘʠʤʝʥʴʰʝʝ 

ʚʨʝʤʷ), ʥʘʠʭʫʜʰʠʡ ʩʣʫʯʘʡ (ʢʦʛʜʘ ʫʧʦʨʷʜʦʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʚʨʝʤʷ) ʠ ʩʨʝʜʥʠʡ ʩʣʫʯʘʡ, ʘʥʘʣʠʟ ʢʦʪʦʨʦʛʦ ʠ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʦ ʩʘʤʳʤ ʩʣʦʞʥʳʤ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʘʣʛʦʨʠʪʤʦʚ ʩʦʨʪʠʨʦʚʢʠ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʯʠʩʣʦ 

ʩʨʘʚʥʝʥʠʡ ʠ ʧʝʨʝʩʳʣʦʢ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. 

ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʝ ʟʥʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ 

ʘʣʛʦʨʠʪʤʦʤ, ʥʝ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɹʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʯʠʩʣʘ ʦʧʝʨʘʮʠʠ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ n ï 

ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ. ɺ [McConnell, 2001] ʧʨʠʚʝʜʝʥʘ ʥʘʛʣʷʜʥʘʷ ʪʘʙʣʠʮʘ 
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ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ: n2log , n , nn 2log , 

2n , 
3n , 

n2 . ɹʳʩʪʨʦʨʘʩʪʫʱʠʝ ʬʫʥʢʮʠʠ ʜʦʤʠʥʠʨʫʶʪ ʚ ʦʮʝʥʢʝ ʩʫʤʤʘʨʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ, ʧʦʵʪʦʤʫ, ʝʩʣʠ ʚʳʷʩʥʷʝʪʩʷ, ʩʢʘʞʝʤ, ʯʪʦ ʩʣʦʞʥʦʩʪʴ 

ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʣʠʥʝʡʥʦʡ ʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʡ, ʪʦ 

ʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ ʥʫʞʥʦ ʦʪʙʨʦʩʠʪʴ, ʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʢʘʢ 

ʬʫʥʢʮʠʷ, ʩʦʧʦʩʪʘʚʠʤʘʷ ʩ 
2n . 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʢʣʘʩʩ ʬʫʥʢʮʠʡ, ʦʙʦʟʥʘʯʘʝʤʳʡ ʢʘʢ )( fO  (ʯʠʪʘʝʪʩʷ çʦ ʙʦʣʴʰʦʝè), 

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʬʫʥʢʮʠʡ, ʨʘʩʪʫʱʠʭ ʥʝ ʙʳʩʪʨʝʝ f . ɺ ʵʪʦʤ ʩʣʫʯʘʝ f  

ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʜʣʷ ʢʣʘʩʩʘ )( fO . ɺʘʞʥʦʩʪʴ ʵʪʦʛʦ ʢʣʘʩʩʘ 

ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ. 

ɽʩʣʠ ʫʜʘʝʪʩʷ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʣʦʞʥʦʩʪʴ ʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ 

çʦ ʙʦʣʴʰʦʝè ʦʪ ʩʣʦʞʥʦʩʪʠ ʚʪʦʨʦʛʦ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʪʦʨʦʡ ʘʣʛʦʨʠʪʤ 

ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʥʝ ʣʫʯʰʝ ʧʝʨʚʦʛʦ. 

ʉʠʤʚʦʣ O  ʙʳʣ ʚʚʝʜʝʥ ʇ. ɹʘʭʤʘʥʦʤ ʚ ʢʥʠʛʝ çAnalytische 

Zahlentheorieè ʚ 1892 ʛ. (ʩʤ. [Knuth, 1968]). ʇʦ ʩʫʪʠ, ʚʚʝʜʝʥʠʝ ʢʣʘʩʩʘ 

ʩʣʦʞʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʚ ʦʮʝʥʦʯʥʳʭ ʬʫʥʢʮʠʷʭ ʟʥʘʢ ʧʨʠʙʣʠʞʝʥʥʦʛʦ 

ʨʘʚʝʥʩʪʚʘ ʟʥʘʢʦʤ ʨʘʚʝʥʩʪʚʘ. ɼʣʷ ʬʫʥʢʮʠʠ )(nf , ʛʜʝ n  ʟʘʧʠʩʴ 

))(( nfO  ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ, ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ 

ʥʝʠʟʚʝʩʪʥʦ, ʘ ʠʟʚʝʩʪʥʦ ʣʠʰʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʵʪʦ çʥʝ ʦʯʝʥʴ ʙʦʣʴʰʘʷè, ʘ ʠʤʝʥʥʦ: 

0,MconstM  (ʧʨʠʯʝʤ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʮʝʣʦʝ) ʪʘʢʦʝ, ʯʪʦ nx , 

ʧʨʝʜʩʪʘʚʣʷʝʤʘʷ ʧʦʩʨʝʜʩʪʚʦʤ ))(( nfO , ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

|)(||| nfMxn . ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʫʤʤr ʨʷʜʘ n...21  ʠʤʝʝʤ: 

)(
2

)1(...21 2nO
n

nn , ʪʦ ʝʩʪʴ 
2

)1(: 2 n
nMnM  

(ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 2M ). 

2.2. ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ 
ɸʣʛʦʨʠʪʤ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ (ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

çʧʫʟʳʨʴʢʦʚʘʷ ʩʦʨʪʠʨʦʚʢʘè) ʚʘʞʝʥ ʥʝ ʩʪʦʣʴʢʦ ʩʘʤ ʧʦ ʩʝʙʝ, ʩʢʦʣʴʢʦ ʦʩʥʦʚʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʧʦʩʦʙʦʚ 

ʟʘʧʠʩʠ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʠʚʦʜʷʪʩʷ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʨʪʠʨʦʚʢʠ 

ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ, ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʭ ʩʣʦʞʥʦʩʪʠ. ɿʜʝʩʴ ʤʳ ʦʧʠʰʝʤ ʦʜʠʥ ʠʟ ʥʠʭ. 
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ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʧʨʠʤʝʨʝ ʩʦʨʪʠʨʦʚʢʠ ʤʘʩʩʠʚʘ 
ʮʝʣʳʭ ʯʠʩʝʣ 

ʈʝʘʣʠʟʘʮʠʶ ʬʫʥʢʮʠʠ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ ʜʣʷ ʤʘʩʩʠʚʘ 

ʮʝʣʳʭ ʯʠʩʝʣ ʠʣʣʶʩʪʨʠʨʫʝʪ ʣʠʩʪʠʥʛ 2.1. 

ʃʠʩʪʠʥʛ 2.1. ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ 
void  BubbleSortInt ( int  * array , int  n )  

{  

    for( int i = 1; i < n; i++ )  

        for( int j = n - 1; j>=i; j --  )  

            if( array[ j ] < array[ j - 1 ] ) {  

                  

                 int copy = array[ j ];  

                 array[ j ] = array[ j - 1 ];  

                 array [ j - 1 ] = copy ;  

            }  

}  

-4 -1 7 6 3

i

10 8

0 n-1

1 11

-4 -1 7 6 3

i

10 1

0 n-1

8 11

-4 -1 7 6 3

i

1 10

0 n-1

8 11

-4 -1 7 6 1

i

3 10

0 n-1

8 11

-4 -1 7 1 6

i

3 10

0 n-1

8 11

-4 -1 1 7 6

i

3 10

0 n-1

8 11

 
ʈʠʩ. 2.1. ʆʜʠʥ ʧʨʦʩʤʦʪʨ ʚ ʭʦʜʝ ʧʫʟʳʨʴʢʦʚʦʡ 

ʩʦʨʪʠʨʦʚʢʠ 

ɺ ʭʦʜʝ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ ʥʘ ʢʘʞʜʦʤ i -ʤ ʧʨʦʭʦʜʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʘʨʳ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ, ʥʘʯʠʥʘʷ ʩ 

ʧʘʨʳ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩ ʠʥʜʝʢʩʘʤʠ n- 1 ʠ n- 2,  ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʘʨʦʡ 
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 ʵʣʝʤʝʥʪʦʚ ʩ ʠʥʜʝʢʩʘʤʠ i  ʠ i - 1 (ʦʜʠʥ ʧʨʦʩʤʦʪʨ ʠʩʭʦʜʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 2.1). ʇʨʠ ʵʪʦʤ i  ʧʨʦʙʝʛʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 

1 ʜʦ n- 1 ʚʢʣʶʯʠʪʝʣʴʥʦ.  

ɽʩʣʠ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʘʨʳ ʥʘʨʫʰʝʥ (ʚ 

ʜʘʥʥʦʡ ʚʝʨʩʠʠ ʤʘʩʩʠʚ array  ʩʦʨʪʠʨʫʝʪʩʷ ʧʦ ʥʝʫʙʳʚʘʥʠʶ), ʪʦ ʵʣʝʤʝʥʪʳ 

ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. ʅʝ ʧʦʟʜʥʝʝ ʯʝʤ, ʟʘ n- 1 ʧʨʦʩʤʦʪʨʦʚ ʤʘʩʩʠʚʘ, ʦʥ 

ʦʢʘʟʳʚʘʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʤ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʧʨʠ ʦʯʝʨʝʜʥʦʤ ʧʨʦʩʤʦʪʨʝ ʥʝ ʧʨʦʠʟʦʰʣʦ ʥʠ ʦʜʥʦʛʦ 

ʦʙʤʝʥʘ, ʧʨʦʮʝʩʩ ʩʦʨʪʠʨʦʚʢʠ ʤʦʞʥʦ ʟʘʚʝʨʰʘʪʴ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʣʠʩʪʠʥʛ 2.2. 

ʃʠʩʪʠʥʛ 2.2. ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ (ʚʘʨʠʘʥʪ ʩ ʢʦʥʪʨʦʣʝʤ 
ʥʘʣʠʯʠʷ ʦʙʤʝʥʦʚ) 

void  BubbleSortInt 2( int  * array , int  n ) {  

 

    bool changed = true;  

 

    int i = 1;  

    while (  changed ) {  

 

        changed = false;  

 

        for( int j = n - 1; j>=i; j --  )  

            if( array[ j ] < array[ j - 1 ] ) {  

                  

                 int copy = array[ j ];  

                 array[ j ] = array[ j - 1 ];  

                 array [ j - 1 ] = copy ;  

 

                 changed = true;  

            }  

         

        i ++;  

    }  

}  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʂʦʣʠʯʝʩʪʚʦ ʩʨʘʚʥʝʥʠʡ ʢʣʶʯʝʡ ʚ ʚʘʨʠʘʥʪʝ ʠʟ ʣʠʩʪʠʥʛʘ 2.1 ʦʮʝʥʠʪʴ 

ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ. ʅʘ ʧʝʨʚʦʤ ʧʨʦʭʦʜʝ ʩʦʚʝʨʰʘʝʪʩʷ 1n  ʩʨʘʚʥʝʥʠʡ, ʥʘ 

ʚʪʦʨʦʤ ï 2n  ʩʨʘʚʥʝʥʠʡ, ʠ ʪ. ʜ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʧʨʦʭʦʜʝ ʩʦʚʝʨʰʘʝʪʩʷ 1 

ʩʨʘʚʥʝʥʠʝ. ɺ ʩʨʝʜʥʝʤ ʥʘ ʢʘʞʜʦʤ ʧʨʦʭʦʜʝ ʩʦʚʝʨʰʘʝʪʩʷ 
22

1)1( nn
 

ʩʨʘʚʥʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʩʨʘʚʥʝʥʠʡ ʨʘʚʥʦ 

)(
2

)1( 2nO
n

nCʩʨ .  

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʧʝʨʝʩʳʣʦʢ, ʠʥʦʛʜʘ ʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʧʨʦʚʝʨʷʝʤʦʝ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [ɼʘʚʳʜʦʚ,  2003]). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʧʝʨʝʩʳʣʦʢ 
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)(
4

)1(
33

2
)1(

2

1 2nO
nnn

nMʩʨ . ɽʩʣʠ ʤʘʩʩʠʚ ʫʞʝ 

ʫʧʦʨʷʜʦʯʝʥ, ʥʝ ʩʦʚʝʨʰʘʝʪʩʷ ʥʠ ʦʜʥʦʡ ʧʝʨʝʩʳʣʢʠ, ʪʦ ʝʩʪʴ 0minM . ɺ 

ʥʘʠʭʫʜʰʝʤ ʩʣʫʯʘʝ (ʢʦʛʜʘ ʢʘʞʜʦʝ ʩʨʘʚʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʤʝʥʫ) 

2

)1(
3max

nn
M . 

ʇʨʠʚʝʜʝʤ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʘ ʚ ʚʝʨʩʠʠ ʠʟ ʣʠʩʪʠʥʛʘ 2.2. 

ʇʨʠ ʧʝʨʚʦʤ ʧʨʦʭʦʜʝ ʮʠʢʣ for ʠʩʧʦʣʥʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ, ʪʦ ʝʩʪʴ 

ʩʦʚʝʨʰʘʝʪʩʷ 1n  ʩʨʘʚʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʜʘʞʝ ʚ ʥʘʠʣʫʯʰʝʤ ʩʣʫʯʘʝ (ʤʘʩʩʠʚ ʠ 

ʪʘʢ ʫʧʦʨʷʜʦʯʝʥ) ʩʦʚʝʨʰʘʝʪʩʷ 1n  ʩʨʘʚʥʝʥʠʡ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʥʘʠʭʫʜʰʠʡ ʩʣʫʯʘʡ. ɸʥʘʣʠʟʠʨʫʷ ʨʠʩ. 2.1, ʥʝʪʨʫʜʥʦ 

ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʦʥ ʚʦʟʥʠʢʘʝʪ, ʝʩʣʠ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ ʩʣʝʜʫʪʁ ʚ ʧʦʨʷʜʢʝ, 

ʦʙʨʘʪʥʦʤ ʪʨʝʙʫʝʤʦʤʫ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʠʢʣ for ʙʫʜʝʪ ʧʦʚʪʦʨʝʥ 1n  ʨʘʟ. ʅʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ 

ʚʳʧʦʣʥʷʝʪʩʷ 1n  ʩʨʘʚʥʝʥʠʡ ʥʘ ʚʪʦʨʦʡ ʠʪʝʨʘʮʠʠ ï 2n  ʩʨʘʚʥʝʥʠʡ, ʠ ʪ. ʜ. 

ʅʘ ʧʦʩʣʝʜʥʝʡ ʠʪʝʨʘʮʠʠ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ 1 ʩʨʘʚʥʝʥʠʝ. ʆʙʱʝʝ ʯʠʩʣʦ ʩʨʘʚʥʝʥʠʡ 

ʚ ʥʘʠʭʫʜʰʝʤ ʩʣʫʯʘʝ ʨʘʚʥʦ )(
222

)1( 2
21

1

max nO
nnnn

iC
n

i

. 

ʇʝʨʝʩʪʘʥʦʚʢʘ ʚʦʟʥʠʢʘʝʪ, ʝʩʣʠ ʧʦʨʷʜʦʢ ʩʨʘʚʥʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʪʨʝʙʫʝʤʦʤʫ (ʘ ʚ ʥʘʠʭʫʜʰʝʤ ʩʣʫʯʘʝ ʚʩʝʛʜʘ). ʇʦʩʢʦʣʴʢʫ 

ʢʘʞʜʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʦʜʝʨʞʠʪ 3 ʧʝʨʝʩʳʣʢʠ, ʦʙʱʝʝ ʯʠʩʣʦ ʧʝʨʝʩʳʣʦʢ 

)(3 2

maxmax nOCM . 

ʉʨʝʜʥʠʡ ʩʣʫʯʘʡ ʨʘʩʩʤʦʪʨʠʤ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʧʨʦʭʦʜʘ 

ʙʝʟ ʧʝʨʝʩʪʘʥʦʚʢʠ ʨʘʚʥʦʚʝʨʦʷʪʥʦ ʚ ʣʶʙʦʤ ʠʟ 1n . ʧʨʦʭʦʜʦʚ. ʇʫʩʪʴ iC  ï 

ʯʠʩʣʦ ʩʨʘʚʥʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʧʝʨʚʳʭ i  ʧʨʦʭʦʜʘʭ. ʊʦʛʜʘ ʩʨʝʜʥʝʝ ʯʠʩʣʦ 

ʩʨʘʚʥʝʥʠʡ 
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ʊʦʯʥʳʡ ʘʥʘʣʠʟ cpC  ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ, ʦʜʥʘʢʦ ʦʮʝʥʢʘ ʢʣʘʩʩʘ ʩʣʦʞʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʢʘʢ ʧʦ ʯʠʩʣʫ 

ʩʨʘʚʥʝʥʠʡ, ʪʘʢ ʠ ʧʦ ʯʠʩʣʫ ʧʝʨʝʩʳʣʦʢ ʦʧʠʩʳʚʘʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʝʡ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʘʨʠʘʥʪ ʠʟ ʣʠʩʪʠʥʛʘ 2.2 ʧʨʝʚʦʩʭʦʜʠʪ ʚʘʨʠʘʥʪ ʠʟ ʣʠʩʪʠʥʛʘ 

2.1 ʪʦʣʴʢʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʨʘʚʥʝʥʠʡ ï ʣʝʛʢʦ ʧʦʥʷʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʩʳʣʦʢ 

ʦʪ ʚʚʝʜʝʥʠʷ change ʥʝ ʤʝʥʷʝʪʩʷ, ʘ ʚʝʜʴ ʧʝʨʝʩʳʣʢʘ ʦʙʳʯʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʜʦʨʦʛʦʩʪʦʷʱʘʷ ʦʧʝʨʘʮʠʷ ʯʝʤ ʩʨʘʚʥʝʥʠʝ ʢʣʶʯʝʡ. 

ʋʣʫʯʰʝʥʥʘʷ ʩʦʨʪʠʨʦʚʢʘ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ 
ʈʝʘʣʠʟʘʮʠʶ ʠʟ ʣʠʩʪʠʥʛʘ 2.2 ʤʦʞʥʦ ʝʱʝ ʥʝʤʥʦʛʦ ʫʣʫʯʰʠʪʴ, ʬʠʢʩʠʨʫʷ 

ʥʝ ʪʦʣʴʢʦ ʬʘʢʪ ʦʪʩʫʪʩʪʚʠʷ ʦʙʤʝʥʦʚ, ʥʦ ʠ ʧʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ j , ʧʨʠ 

ʢʦʪʦʨʦʤ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʦʙʤʝʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʝ, ʧʨʠʚʝʜʝʥʥʦʝ 

ʚ ʣʠʩʪʠʥʛʝ 2.3. 

ʃʠʩʪʠʥʛ 2.3. ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ ʩ ʟʘʧʦʤʠʥʘʥʠʝʤ 
ʠʥʜʝʢʩʘ ʧʦʩʣʝʜʥʝʛʦ ʫʯʘʩʪʚʦʚʘʚʰʝʛʦ ʚ ʦʙʤʝʥʝ ʵʣʝʤʝʥʪʘ 

template <class T>  

void BetterBubbleSortPlus( T *a, int n )  

{  

    int ixL astChange = 0;  

 

    int i = 1;  

    while( ixL astChange < n )  

    {  

        lastChange = n;  

        for( int j = n - 1; j>=i; j --  )  

        {  

            if( a[ j ] < a[ j - 1 ] )  

            {  

                T copy  = a[ j ] ;  

                a[ j ] = a[ j - 1 ];  

                a[ j - 1 ] = copy;  

                ixL astChange  = j ;  

            }  

        }  

        i  = lastChange  + 1;  

    }  

}  

ʊʝʧʝʨʴ ʧʨʠʚʝʜʝʤ ʙʦʣʝʝ ʩʪʨʦʛʠʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʣʫʯʰʝʥʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʧʫʟʳʨʴʢʦʚʦʡ ʩʦʨʪʠʨʦʚʢʠ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʫʣʫʯʰʝʥʠʷ 

ʢʘʩʘʶʪʩʷ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʩʨʘʚʥʝʥʠʡ, ʦʮʝʥʢʘ ʜʣʷ ʯʠʩʣʘ ʧʝʨʝʩʳʣʦʢ ʦʩʪʘʝʪʩʷ 

ʧʨʝʞʥʝʡ. 

ɺ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʧʫʟʳʨʴʢʦʚʦʡ 

ʩʦʨʪʠʨʦʚʢʠ ʚ ʫʣʫʯʰʝʥʥʦʤ ʚʘʨʠʘʥʪʝ ʣʝʞʠʪ ʘʥʘʣʠʟ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʘʙʣʠʮʳ 

ʠʥʚʝʨʩʠʡ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʠʥʚʝʨʩʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ 

naaa ...21  ï ʧʝʨʝʩʪʘʥʦʚʢʘ ʤʥʦʞʝʩʪʚʘ },...,2,1{ n .  ɽʩʣʠ ʜʣʷ ji  ʠʤʝʝʪ 

ʤʝʩʪʦ ʥʘʨʫʰʝʥʠʝ ʧʦʨʷʜʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʩʪʘʥʦʚʢʠ (ʚ ʩʣʫʯʘʝ 

ʩʦʨʪʠʨʦʚʢʠ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʥʘʨʫʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ji aa ), ʪʦ ʧʘʨʘ ),( ji aa  

ʥʘʟʳʚʘʝʪʩʷ ʠʥʚʝʨʩʠʝʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʩʪʘʥʦʚʢʘ, ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʠʥʚʝʨʩʠʡ, 

ʷʚʣʷʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʡ. 
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ʊʘʙʣʠʮʝʡ ʠʥʚʝʨʩʠʡ ʧʝʨʝʩʪʘʥʦʚʢʠ naaa ...21  ʥʘʟʳʚʘʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʠʩʝʣ nbbb ...21 , ʛʜʝ ib  ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, ʙ·ʣʴʰʠʭ i  ʠ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʣʝʚʝʝ i , ʪʦ ʝʩʪʴ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, ʥʘʨʫʰʘʶʱʠʭ ʧʦʨʷʜʦʢ 
ʦʪʥʦʩʠʪʝʣʴʥʦ i -ʛʦ ʵʣʝʤʝʥʪʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘ ʢʘʞʜʦʤ ʧʨʦʭʦʜʝ ʚʩʝ ʥʝʥʫʣʝʚʳʝ 

ʵʣʝʤʝʥʪʳ ʪʘʙʣʠʮʳ ʠʥʚʝʨʩʠʡ ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ 1, ʧʦʵʪʦʤʫ ʦʙʱʝʝ ʯʠʩʣʦ 

ʧʨʦʭʦʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ),...,,max(1 21 nbbb . 

ʆʮʝʥʠʤ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʧʨʦʭʦʜʦʚ ʩʨS ʩʦʨʪʠʨʦʚʢʠ. ʆʙʦʟʥʘʯʠʤ ʟʘ kSP  

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʙʫʜʝʪ ʩʦʚʝʨʰʝʥʦ kS  ʧʨʦʭʦʜʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ kSP  

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ 
!

1

n
 ʥʘ ʯʠʩʣʦ ʪʘʙʣʠʮ ʠʥʚʝʨʩʠʡ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ 

ʢʦʤʧʦʥʝʥʪ, ʙʦʣʴʰʠʭ ʠʣʠ ʨʘʚʥʳʭ k, ʪʦ ʝʩʪʴ: 

)!(
!

1
kk
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ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʙʫʜʝʪ ʩʦʚʝʨʰʝʥʦ ʨʦʚʥʦ k ʧʨʦʩʤʦʪʨʦʚ, 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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kSʩʨ  [Knuth, 1973] 

ɼʣʷ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʩʨʘʚʥʝʥʠʡ ʂʥʫʪ ʧʨʠʚʦʜʠʪ ʩʣʝʜʫʶʱʫʶ ʦʮʝʥʢʫ: 

)())12ln(lnn(
2

1 2 nOnnnCʩʨ , ʛʜʝ  ï ʢʦʥʩʪʘʥʪʘ 

ʕʡʣʝʨʘ ( ...5772,0 ). 

ʇʫʟʳʨʴʢʦʚʘʷ ʩʦʨʪʠʨʦʚʢʘ ʷʚʣʷʝʪʩʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʩʣʠʰʢʦʤ 

ʵʬʬʝʢʪʠʚʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʤʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʦʩʪʝʡʰʠʤ 

ʚʘʨʠʘʥʪʦʤ ʠʟ ʣʠʩʪʠʥʛʘ 2.1 ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʘʞʥʳʭ ʜʣʷ ʧʨʘʢʪʠʢʠ 

ʘʩʧʝʢʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʩʦʨʪʠʨʦʚʢʠ. 

ʆʙʦʙʱʝʥʠʝ ʨʝʰʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ 
ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ 

ʌʫʥʢʮʠʷ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ (callback function) ï ʵʪʦ ʬʫʥʢʮʠʷ, 

ʚʳʟʳʚʘʝʤʘʷ ʥʝ ʧʦ ʠʤʝʥʠ, ʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʢʘʟʘʪʝʣʷ ʥʘ ʬʫʥʢʮʠʶ, 

ʭʨʘʥʷʱʝʛʦ ʘʜʨʝʩ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʬʫʥʢʮʠʠ (ʨʠʩ. 2.2). 
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ʈʠʩ. 2.2. ʌʫʥʢʮʠʠ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ 

ʏʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ ʩʦʨʪʠʨʦʚʢʠ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʘʥʥʳʭ ʜʨʫʛʠʭ ʪʠʧʦʚ, ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʜʚʝ ʚʝʱʠ: 

Ç ʪʠʧ ʬʫʥʢʮʠʠ ʩʨʘʚʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʠʧʘ; 

Ç ʬʫʥʢʮʠʶ ʩʦʨʪʠʨʦʚʢʠ, ʠʩʧʦʣʴʟʫʶʱʫʶ ʵʪʫ ʬʫʥʢʮʠʶ ʩʨʘʚʥʝʥʠʷ. 

ɺ [ʇʳʰʢʠʥ, 2005] ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʩʪʝʡʰʝʛʦ 

ʘʣʛʦʨʠʪʤʘ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʙʳʣʦ ʩʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʪʠʧʦʚ (ʣʠʩʪʠʥʛ 2.4). 

ʃʠʩʪʠʥʛ 2.4. ʌʫʥʢʮʠʠ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ 
// ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʬʫʥʢʮʠʠ, ʩʨʘʚʥʠʚʘʶʱʝʡ ʜʚʘ ʟʥʘʯʝʥʠʷ 

// ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʠʧʘ 

typedef  int  (* CompareFunctionType )( const  void * pArg 1,  

                                    const  void * pArg 2 );  

    // ʌʫʥʢʮʠʷ ʜʦʣʞʥʘ ʚʦʟʚʨʘʱʘʪʴ: 

    //    ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, 

    //           ʝʩʣʠ ʟʥʘʯʝʥʠʝ *pArg1 ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ *pArg 2;  

    //    ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, 

    //           ʝʩʣʠ ʟʥʘʯʝʥʠʝ *pArg1 ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ *pArg 2;  

    //    0,     ʝʩʣʠ ʟʥʘʯʝʥʠʷ *pArg1 ʠ *pArg2 ʨʘʚʥʳ. 

     

// ʆʙʦʙʱʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ 

void  BubbleSortGeneric (  

    void  * begin , // ɸʜʨʝʩ ʥʘʯʘʣʘ ʩʦʨʪʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ 

                 // (ʣʶʙʦʡ ʫʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʩʚʦʝʥ 

                 //  ʫʢʘʟʘʪʝʣʶ ʥʘ void )  

    int  n,       // ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʩʦʨʪʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ 

    int  elemSize ,// ʈʘʟʤʝʨ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʙʘʡʪʘʭ 

    CompareFunctionType  compare  )  

                 // ʋʢʘʟʘʪʝʣʴ ʥʘ ʬʫʥʢʮʠʶ ʩʨʘʚʥʝʥʠʷ 

{  

 

    // ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʫʢʘʟʘʪʝʣʷ ʥʘ ʥʘʯʘʣʦ ʤʘʩʩʠʚʘ 

    // ʢ ʪʠʧʫ char *  

    // NB! ʅʝʦʙʭʦʜʠʤʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʫʢʘʟʘʪʝʣʷ ʥʘ void  

    //     ʥʝ ʨʘʟʨʝʰʝʥʳ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ 

    char  * base  = static _cast  <char  *> ( begin  );  

 

ptrFun

ʪʠʧ ʬʫʥʢʮʠʠ

...

ʜʦʣʞʥr

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪɹ

ʪʠʧʫ ʫʢʘʟʘʪʝʣ̫ ʥʘ

ʬʫʥʢʮʠʁ
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    for( int i = 1; i < n; i++ )  

    {  

        for( int j = n - 1; j>=i; j --  )  

        {  

            char *basej = b ase+j*elemSize;         //  base[ j ]  

            char *basejmin1 = base+(j - 1)*elemSize;  // base[ j - 1 ]  

 

            if( compare( basej, basejmin1 ) < 0 )  

            {  

                // ʄʝʥʷʝʤ ʤʝʩʪʘʤʠ base [ j  ] ʠ base [ j - 1 ]  

                // ( ʧʝʨʝʩʪʘʚʣʷʝʤ ʙʘʡʪʳ)  

                for ( int  curByte  = 0;  

                         curByte < elemSize;  

                         curByte++ )  

                {  

                    char byteCopy        = basej[  curByte  ];  

                    basej[  curByte  ]     = basejmin1[  curByte  ];  

                    basejmin1[  curByte  ] = byteCopy;  

                }  

            }  

        }  

    }  

}  

ʂʘʢ ʷʚʩʪʚʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤʳ, ʧʘʨʘʤʝʪʨ compare  

ʬʫʥʢʮʠʠ BubbleSortGeneric  ʷʚʣʷʝʪʩʷ ʫʢʘʟʘʪʝʣʝʤ ʥʘ ʬʫʥʢʮʠʶ, ʪʦ ʝʩʪʴ  

ʧʨʠʥʠʤʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ ʘʜʨʝʩ ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʝʤʘʥʪʠʢʫ 

ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʠʧʘ (ʨʠʩ. 2.3). 

CompareInt

BubbleSort

compare

CompareFunctionType

main

4

begin

n

elemSize

array

size

size

 
ʈʠʩ. 2.3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʠ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʨʪʠʨʦʚʢʠ 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʮʝʣʳʭ ʯʠʩʝʣ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʶ 

ʩʨʘʚʥʝʥʠʷ, ʩʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʦʟʚʨʘʱʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʚ ʪʦʯʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʫ CompareFunctionType : 

int CompareInt( const void* px, const void* py )  

{  

    int difference = *( (c onst int*) px )  -  *( (const int*)  py);  

    return  difference ;  

}  
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 ɺʳʟʦʚ ʬʫʥʢʮʠʠ BubbleSortGeneric  ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ 

ʥʝʢʦʪʦʨʦʛʦ ʤʘʩʩʠʚʘ array , ʩʦʜʝʨʞʘʱʝʛʦ size  ʵʣʝʤʝʥʪʦʚ ʮʝʣʦʛʦ ʪʠʧʘ, ʙʫʜʝʪ 

ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

BubbleSortGeneric( array, size, sizeof( int ),  CompareInt );  

ʉʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʬʫʥʢʮʠʡ BubbleSort  ʠ CompareInt  

ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2.4. ɼʣʷ ʩʦʨʪʠʨʦʚʢʠ ʤʘʩʩʠʚʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ 

ʜʨʫʛʦʛʦ ʪʠʧʘ, ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ɩɞɚɘɟ ʪʠʧʫ ʚʘʨʠʘʥʪ 

ʬʫʥʢʮʠʠ ʩʨʘʚʥʝʥʠʷ. 

size

4

CompareInt

begin

n

elemSize

compare

base

basejmin1

basej

px

py

0 1 j-1 j size-1

BubbleSortGeneric

 
ʈʠʩ. 2.4. ʆʙʦʙʱʝʥʥʘʷ ʩʦʨʪʠʨʦʚʢʘ ʧʨʦʩʪʳʤʠ 

ʦʙʤʝʥʘʤʠ 

ʇʨʠʚʝʜʝʥʥʦʝ ʟʜʝʩʴ ʨʝʰʝʥʠʝ  ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, 

ʩʦʩʪʦʷʱʝʝ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩʣʦʞʥʳʭ ʪʠʧʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʩʳʣʢʠ ʥʘ 

ʚʥʝʰʥʠʝ ʨʝʩʫʨʩʳ (ʥʘʧʨʠʤʝʨ, ʫʢʘʟʘʪʝʣʠ ʥʘ ʫʯʘʩʪʢʠ ʚʳʜʝʣʝʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʘʤʷʪʠ), ʩʝʤʘʥʪʠʢʘ ʧʦʙʘʡʪʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʬʫʥʢʮʠʝʡ BubbleSortGeneric  ʧʨʠ ʦʙʤʝʥʝ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ, ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʥʝʧʦʜʭʦʜʷʱʝʡ. ʇʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ 

ʠ ʚʳʟʦʚ ʬʫʥʢʮʠʠ, ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʨʝʘʣʠʟʘʮʠʶ ʦʧʝʨʘʮʠʠ ʦʙʤʝʥʘ ʦʙʲʝʢʪʦʚ (ʩʤ. 

ʣʠʩʪʠʥʛ 2.5). 

ʃʠʩʪʠʥʛ 2.5. ʀʩʧʨʘʚʣʝʥʥʘʷ ʩʝʤʘʥʪʠʢʘ ʦʙʤʝʥʘ ʦʙʲʝʢʪʦʚ ʜʘʥʥʳʭ 
/ *  ʌʘʡʣ BubbleSort . h 

 * ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʪʠʧʦʚ ʬʫʥʢʮʠʡ ʦʙʨʘʪʥʦʛʦ ʚʳʟʦʚʘ ʠ 

 * ʦʙʲʷʚʣʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʬʫʥʢʮʠʠ ʩʦʨʪʠʨʦʚʢʠ 

 */  

#ifndef  _BubbleSort _h_ 

#define  _BubbleSort _h_ 
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// ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʬʫʥʢʮʠʠ, ʩʨʘʚʥʠʚʘʶʱʝʡ ʜʚʘ ʟʥʘʯʝʥʠʷ 

// ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʠʧʘ 

typedef  int  (* CompareFunctionType )( const  void * pArg 1,  

                                    const  void * pArg 2 );  

 

// ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʬʫʥʢʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʦʙʤʝʥ ʜʚʫʭ ʦʙʲʝʢʪʦʚ 

// ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʠʧʘ 

typedef  void  (* SwapFunctionType )( void * pArg 1,  

                                  void * pArg 2 );  

 

// ʆʙʲʷʚʣʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʬʫʥʢʮʠʠ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ 

void  BubbleSortGeneric (  

    void  * begin , // ɸʜʨʝʩ ʥʘʯʘʣʘ ʩʦʨʪʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ 

                 // (ʣʶʙʦʡ ʫʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʩʚʦʝʥ 

                 //  ʫʢʘʟʘʪʝʣʶ ʥʘ void )  

    int  n,       // ʏʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʩʦʨʪʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ 

    int  elemSize ,// ʈʘʟʤʝʨ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʙʘʡʪʘʭ 

    CompareFunctionTyp e compare ,  // ʋʢʘʟʘʪʝʣʴ ʥʘ ʬʫʥʢʮʠʶ 

ʩʨʘʚʥʝʥʠʷ 

    SwapFunctionType  swap = 0 );  // ʋʢʘʟʘʪʝʣʴ ʥʘ ʬʫʥʢʮʠʶ ʦʙʤʝʥʘ 

                                  //    ɽʩʣʠ ʥʝ ʟʘʜʘʥ, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

                                  //    ʧʦʙʘʡʪʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ 

#endif  

 

/* ʌʘʡʣ BubbleSort . cpp  

 * ʈʝʘʣʠʟʘʮʠʷ 

 */  

void  BubbleSortGeneric (  void  * begin , int  n,  int  elemSize ,  

                        CompareFunctionType  compare ,  

                        SwapFunctionType  swap )  

{  

    // ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʫʢʘʟʘʪʝʣʷ ʥʘ ʥʘʯʘʣʦ ʤʘʩʩʠʚʘ 

    // ʢ ʪʠʧʫ char *  

    // NB! ʅʝʦʙʭʦʜʠʤʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʫʢʘʟʘʪʝʣʷ ʥʘ void  

    //     ʥʝ ʨʘʟʨʝʰʝʥʳ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ 

    char  * base  = static _cast  <char  *> ( begin  );  

 

    for( int i = 1; i < n; i++ )  

    {  

        for( int j = n - 1; j>=i; j --  )  

        {  

            char *basej = base+j*elemSize;         //  base[ j ]  

            char *basejmin1 = base+(j - 1)*elemSize;  // base[ j - 1 ]  

 

            if( compare( basej, basejmin1 ) < 0 )  

            {  

                if( swap != 0 ) swap( basej, basejmin1 );  

                else  

                {  

                    // ʄʝʥʷʝʤ ʤʝʩʪʘʤʠ base [ j  ] ʠ base [ j - 1 ]  

                    // ( ʧʝʨʝʩʪʘʚʣʷʝʤ ʙʘʡʪʳ)  

                    for ( int  curByte  = 0;  

                             curByte < elemSize;  

                             curByte++ )  

                    {  

                        char byteCopy        = basej[  curByte  ];  

                        basej[  curByte  ]     = basejmin1[  curByte  

];  

                        basejmin1[  curByte  ] = byteCopy;  

                    }  

                } // ʜʣ ̫ else  

            }  
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         }  

    }  

}  

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʥʝʰʥʠʤ ʢʦʜʦʤ 

ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʬʫʥʢʮʠʠ ʩʦʨʪʠʨʦʚʢʠ qsort  ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ C/C++. 

ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʷ qsort  ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤ ʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʠ, 

ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʜʘʣʝʝ. 

ʈʝʘʣʠʟʘʮʠʷ ʚ ʚʠʜʝ ʰʘʙʣʦʥʥʦʡ ʬʫʥʢʮʠʠ 
ʅʝʜʦʩʪʘʪʦʢ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ (ʝʜʠʥʩʪʚʝʥʥʦ 

ʚʦʟʤʦʞʥʦʛʦ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʥʘ ʷʟʳʢʝ C) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʢʘʢʦʡ-ʣʠʙʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʠʧʝ ʩʦʨʪʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʣʶʙʦʛʦ ʫʢʘʟʘʪʝʣʷ ʢ ʫʢʘʟʘʪʝʣʶ ʥʘ void  ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʩʧʝʰʥʦ, ʧʦʵʪʦʤʫ ʥʝʪ 

ʥʠʢʘʢʦʡ ʛʘʨʘʥʪʠʠ, ʯʪʦ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʪʠʧʳ. 

ʌʫʥʢʮʠʷ ʩʨʘʚʥʝʥʠʷ, ʪʨʝʙʫʝʤʘʷ ʜʣʷ ʨʘʙʦʪʳ BubbleSortGeneric , ʥʝ ʪʘʢʘʷ 

ʫʞ ʥʘʛʣʷʜʥʘʷ, ʧʦʩʢʦʣʴʢʫ ʦʙʷʟʘʥʘ ʦʧʝʨʠʨʦʚʘʪʴ ʫʢʘʟʘʪʝʣʷʤʠ ʥʘ void .  ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʟ ʦʙʲʷʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʝʘʣʠʟʘʮʠʶ ʩʝʤʘʥʪʠʢʠ ʩʨʘʚʥʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʪʠʧʘ. 

ɼʨʫʛʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ 

BubbleSortGeneric  ʚ ʩʪʠʣʝ ʷʟʳʢʘ C ʪʨʝʙʫʝʪ ʘʢʢʫʨʘʪʥʦʡ ʨʘʙʦʪʳ ʩ 

ʦʪʜʝʣʴʥʳʤʠ ʙʘʡʪʘʤʠ ʩʦʨʪʠʨʫʝʤʳʭ ʜʘʥʥʳʭ, ʠ ʧʦʵʪʦʤʫ ʤʝʥʝʝ ʥʘʛʣʷʜʥʘ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʥʝʝ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ, ʯʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʚʝʨʩʠʷ BubbleSortInt . 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʰʘʙʣʦʥʥʫʶ ʬʫʥʢʮʠʶ, ʥʫʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʝʜʣʦʞʝʥʠʝʤ ʷʟʳʢʘ C++, ʧʨʝʜʚʘʨʷʶʱʠʤ ʵʪʦ 

ʦʧʨʝʜʝʣʝʥʠʝ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʪʘʢʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

template  <class  T> 

ʀʜʝʥʪʠʬʠʢʘʪʦʨ T ʠʩʧʦʣʥʷʝʪ ʚ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʣʴ ʧʘʨʘʤʝʪʨʘ 

ʰʘʙʣʦʥʘ. ʉʣʦʚʦ class  ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʩʥʦʚʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʰʘʙʣʦʥʦʚ ï ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʟʫʝʤʳʭ ʪʠʧʦʤ ʢʣʘʩʩʦʚ, 

ʦʜʥʘʢʦ ʰʘʙʣʦʥʥʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʚʣʝʥʳ ʠ ʦʪʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ. ʐʘʙʣʦʥ 

ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ. 

ɺʘʨʠʘʥʪ ʰʘʙʣʦʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ BubbleSort  ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʣʠʩʪʠʥʛʝ 2.6. 

ʃʠʩʪʠʥʛ 2.6. ʐʘʙʣʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ 
template  <class  T> 

void BubbleSort( T *array, int n ) {  

 

    for( int i = 1; i < n; i++ )  

        for( int j = n - 1; j>=i; j --  )  

            if( array[ j ] < array[ j - 1 ] ) {  

                  

                 T copy = array[ j ];  

                 array[ j ] = array[ j - 1 ];  

                 array [ j - 1 ] = copy ;  

            }  
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}  

ʇʨʦʮʝʩʩ ʠʥʩʪʘʥʮʠʨʦʚʘʥʠʷ ʰʘʙʣʦʥʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2.5. 

size

int *array

int n

0 1 j-1 j size-1

T *array

int n

T

int

ʠʥʩʪʘʥʮʠʨʦʚʘʥʠʝ

BubbleSort

BubbleSort<int>

 

ʈʠʩ. 2.5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʰʘʙʣʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʩʦʨʪʠʨʦʚʢʠ  

ʕʪʘ ʚʝʨʩʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʠ 

ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʤʘʩʩʠʚʘ ʮʝʣʳʭ ʯʠʩʝʣ (ʣʠʩʪʠʥʛ 2.1). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʝʡ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʥʘ ʬʫʥʢʮʠʶ, ʦʩʫʱʝʩʪʚʣʷʶʱʫʶ ʩʨʘʚʥʝʥʠʝ. ɺʤʝʩʪʦ 

ʵʪʦʛʦ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʝʛʨʫʟʠʪʴ ʦʧʝʨʘʮʠʶ ʦʪʥʦʰʝʥʠʷ < ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʥʫʞʥʦʛʦ ʪʠʧʘ. ʈʘʟʫʤʝʝʪʩʷ, ʜʣʷ ʚʩʪʨʦʝʥʥʳʭ ʪʠʧʦʚ ʵʪʦʛʦ 

ʜʝʣʘʪʴ ʥʝ ʥʫʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʩʝʤʘʥʪʠʢʘ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʚʩʪʨʦʝʥʥʳʭ ʪʠʧʦʚ 

ʠʟʚʝʩʪʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʨʪʠʨʦʚʢʠ ʜʘʥʥʳʭ ʮʝʣʦʛʦ ʪʠʧʘ ʵʪʘ ʬʫʥʢʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʬʫʥʢʮʠʷ BubbleSortInt : 

void SortInt( int *a, int length ) {  

 

    BubbleSort ( a, length  );  

 

}  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʰʘʙʣʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʠʧʘ, ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʭʦʜʷʱʫʶ 

ʩʝʤʘʥʪʠʢʫ ʦʧʝʨʘʮʠʠ ʩʨʘʚʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ: 

class  SportResult  { // ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ 

                    // ʩʧʦʨʪʠʚʥʦʛʦ ʩʦʨʝʚʥʦʚʘʥʠʷ 

   int  points ; // ʅʘʙʨʘʥʥʳʝ ʦʯʢʠ 

   int  wins ;   // ʆʜʝʨʞʘʥʥʳʝ ʧʦʙʝʜʳ 

 

public:  

   // ...  

 

   int  operator  < (  const SportResult & arg 2 ) {  
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      // ɽʩʣʠ ʥʘʙʨʘʥʥʳʝ ʦʯʢʠ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʩʨʘʚʥʠʚʘʝʤ 

ʧʦʙʝʜʳ 

     if  ( points == arg2.points ) return wins < arg2.wins;  

 

     // ʆʩʥʦʚʥʘʷ ʚʝʪʚʴ: ʩʨʘʚʥʠʚʘʝʤ ʥʘʙʨʘʥʥʳʝ ʦʯʢʠ 

     return  points  < arg 2. points ;  

   }  

};  

 

// ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ʩʦʨʪʠʨʦʚʢʠ 

void  SortExample ( SportResult  * standings , int  length  ) {  

 

   BubbleSort ( standings , length  );  

 

}  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʥʠʢʘʢʠʭ ʧʨʦʙʣʝʤ ʦʧʨʝʜʝʣʝʥʠʝ ʩʝʤʘʥʪʠʢʠ 

ʢʦʧʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʠʧʘ 

ʩʣʝʜʫʝʪ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʨʝʘʣʠʟʘʮʠʶ ʧʝʨʝʛʨʫʞʝʥʥʦʡ ʦʧʝʨʘʮʠʠ ʧʨʠʩʚʘʠʚʘʥʠʷ. 

ʇʨʦʮʝʩʩ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ 

ʦʙ ʘʨʛʫʤʝʥʪʝ ʰʘʙʣʦʥʘ ʥʘʟʳʚʘʝʪʩʷ ʠʥʩʪʘʥʮʠʨʦʚʘʥʠʝʤ ʰʘʙʣʦʥʘ. ʂʦʤʧʠʣʷʪʦʨ 

ʚʳʚʦʜʠʪ ʪʠʧʳ ʧʘʨʘʤʝʪʨʦʚ ʰʘʙʣʦʥʘ ʥʘ ʦʩʥʦʚʝ ʪʠʧʦʚ ʘʨʛʫʤʝʥʪʦʚ ʬʫʥʢʮʠʠ ʧʨʠ 

ʚʳʟʦʚʝ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʪʠʧ ʧʘʨʘʤʝʪʨʘ ʰʘʙʣʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʳʤ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʰʘʙʣʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʬʫʥʢʮʠʷ. ɺʝʨʩʠʷ ʰʘʙʣʦʥʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʘʨʛʫʤʝʥʪʘ ʥʘʟʳʚʘʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʰʘʙʣʦʥʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʧʨʠʤʝʨʝ ʪʘʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʩ ʠʥʪʝʨʬʝʡʩʦʤ BubbleSort(  SportResult*,  int  ) , 

ʢʦʜ ʢʦʪʦʨʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʪʨʘʥʩʣʷʪʦʨʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʘʙʣʦʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ 

ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ (ʧʦʵʪʦʤʫ ʠʥʦʛʜʘ ʰʘʙʣʦʥʳ 

ʥʘʟʳʚʘʶʪ ʨʝʘʣʠʟʘʮʠʝʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ, ʪʦ ʝʩʪʴ 

ʧʦʣʠʤʦʨʬʠʟʤʘ ʚʨʝʤʝʥʠ ʢʦʤʧʠʣʷʮʠʠ). ɺ ʵʪʦʤ ʢʨʦʝʪʩʷ ʠ ʥʝʜʦʩʪʘʪʦʢ ʰʘʙʣʦʥʥʳʭ 

ʦʧʨʝʜʝʣʝʥʠʡ. ʆʙʨʘʱʝʥʠʝ ʢ ʰʘʙʣʦʥʥʳʤ ʬʫʥʢʮʠʷʤ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ 

ʘʨʛʫʤʝʥʪʦʚ ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʤʥʦʞʝʩʪʚʘ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʜ 

ʢʦʪʦʨʳʭ, ʨʘʟʫʤʝʝʪʩʷ, ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʤʝʩʪʦ ʚ ʧʘʤʷʪʠ (ʯʝʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʦʙʱʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ ʩʪʠʣʝ C ï ʪʘʤ ʨʘʙʦʪʘʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʵʢʟʝʤʧʣʷʨ). ʈʠʩʢ ʨʘʩʪʦʯʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʦʚʘʥʠʷ ʧʘʤʷʪʠ ʷʚʣʷʝʪʩʷ ʧʣʘʪʦʡ ʟʘ ʪʝ 

ʫʜʦʙʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʰʘʙʣʦʥʳ. 

2.3. ʈʝʢʫʨʩʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ 
ʄʥʦʛʠʝ ʧʦʥʷʪʠ,̫ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʘʪʝʤʘʪʠʢʝ, ʣʠʥʛʚʠʩʪʠʢʝ, ʬʠʣʦʩʦʬʠʠ 

ʷʚʣʷʶʪʩʷ ʨʝʢʫʨʩʠʚʥʳʤʠ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʥʷʪʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʘʤʦ ʵʪʦ ʧʦʥʷʪʠʝ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʠʘʣʘ: 0! :: =1; n! ::= n*(n-1)! 

ʈʝʢʫʨʩʠʚʥʘʷ ʬʫʥʢʮʠʷ ï ʵʪʘ ʪʘʢʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʷʤʦ ʠʣʠ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʚʳʟʳʚʘʝʪ ʩʘʤʘ ʩʝʙʷ. ʇʨʠʤʝʨʳ ʬʫʥʢʮʠʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʳʟʳʚʘʶʱʠʭ ʩʘʤʠ ʩʝʙʷ, ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʚ ʜʘʥʥʦʡ ʣʝʢʮʠʠ. ʇʨʠʤʝʨʳ ʚʟʘʠʤʥʦ 

ʨʝʢʫʨʩʠʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʟʞʝ 
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ɿʘʜʘʯʘ ʧʦʠʩʢʘ ʚʳʭʦʜʘ ʠʟ ʣʘʙʠʨʠʥʪʘ 
ʆʜʥʠʤ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ ʨʝʢʫʨʩʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʙʭʦʜʘ ʣʘʙʠʨʠʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʣʠʩʪʠʥʛʝ 2.7 ʚ ʬʦʨʤʝ 

ʧʩʝʚʜʦʢʦʜʘ. 

ʃʠʩʪʠʥʛ 2.7. ʇʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʦʙʭʦʜʘ ʣʘʙʠʨʠʥʪʘ (ʧʩʝʚʜʦʢʦʜ) 

// ʅʝʦʙʭʦʜʠʤʳʝ ʪʠʧʳ: 

//  

// MAZE_TYPE  ï ʪʠʧ-ʣʘʙʠʨʠʥʪ 

// MAZE_POINT ï ʪʠʧ-ʢʦʦʨʜʠʥʘʪʘ ʧʦʟʠʮʠʠ ʚ ʣʘʙʠʨʠʥʪʝ 

// MAZE_PATH  ï ʧʫʪʴ ʯʝʨʝʟ ʣʘʙʠʨʠʥʪ 

 

MAZE_TYPE  maze; // ʆʧʨʝʜʝʣʝʥʠʝ ʣʘʙʠʨʠʥʪʘ 

MAZE_PATH  path ; // ʇʫʪʴ ʯʝʨʝʟ ʣʘʙʠʨʠʥʪ 

                 // (ʟʘʥʝʩʝʥʠʝ-ʠʟʚʣʝʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʧʦ  

                 //  ʧʨʘʚʠʣʘʤ ʩʪʝʢʘ) 

 

// ʈʝʢʫʨʩʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʧʫʪʠ 

bool  FindMazePath ( MAZE_TYPE&  maze,  

                   MAZE_POINT& position  )  

{  

    MAZE_POINT attempt ; // ʇʦʧʳʪʢʠ ʜʚʠʞʝʥʠʷ ʚ ʣʘʙʠʨʠʥʪʝ 

                        // (ʚʧʨʘʚʦ, ʚʣʝʚʦ, ʚʚʝʨʭ, ʚʥʠʟ) 

 

    // ʇʨʦʚʝʨʷʝʤ, ʥʝ ʧʦʩʝʱʘʣʠ ʣʠ ʨʘʥʴʰʝ 

    if( AlreadyTried( maze, position ) ) return false;  

 

    // ʇʨʦʚʝʨʷʝʤ, ʥʝ ʚʳʭʦʜ ʣʠ ʵʪʦ 

    if ( PositionIsExit ( maze, position  ) )  

    {  

        PushToPath(  path, position );  

        return true;  

    }  

 

    MarkAsTried ( maze, position  ); // ʆʪʤʝʪʠʪʴ ʧʦʟʠʮʠʶ ʢʘʢ 

                                   // ʧʦʩʝʱʝʥʥʫʶ 

    PushToPath ( path , position  );  // ɺʪʦʣʢʥʫʪʴ ʚ ʩʪʝʢ 

 

    // ʉʦʚʝʨʰʘʝʤ ʧʦʧʳʪʢʠ ʜʚʠʞʝʥʠʷ ʠ ʨʝʢʫʨʩʠʚʥʦ 

    // ʚʳʟʳʚʘʝʤ ʧʦʠʩʢ ʧʫʪʠ ʠʟ ʥʦʚʦʡ ʧʦʟʠʮʠʠ 

    if( MoveLeft( maze, position, attempt ) )  

    {  

        if( FindMazePath( maze, attempt ) ) return true;  

    }  

 

    if( MoveRight ( maze, position, attempt ) )  

    {  

        if( FindMazePath( maze,  attempt ) ) return true;  

    }  

 

    if( MoveUp( maze, position, attempt ) )  

    {  

        if( FindMazePath( maze, attempt ) ) return true;  

    }  

 

    if( MoveDown ( maze, position, attempt ) )  

    {  

        if( FindMazePath( maze, attempt ) ) return true;  

    }  

    // ɿʜʝʩʴ: ʥʠ ʦʜʥʘ ʧʦʧʳʪʢʘ ʥʝ ʫʚʝʥʯʘʣʘʩʴ ʫʩʧʝʭʦʤ, 

    // ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ ʵʪʦʡ ʧʦʟʠʮʠʠ ʧʫʪʠ ʥʝʪ 

    PopFromPath ( path  ); // ʀʩʢʣʶʯʠʪʴ ʠʟ ʩʪʝʢʘ 
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     return  false ;  

}  

ɺ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʧʫʪʠ ʬʫʥʢʮʠʷ FindMazePath  ʨʝʢʫʨʩʠʚʥʦ 

ʚʳʟʳʚʘʝʪ ʩʘʤʘ ʩʝʙʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʦʜʥʦ ʠʟ ʫʩʣʦʚʠʡ ï 

ʚʳʭʦʜ ʠʟ ʣʘʙʠʨʠʥʪʘ ʦʙʥʘʨʫʞʝʥ ʠʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ. 

ʇʨʦʮʝʩʩ ʧʦʠʩʢʘ ʧʫʪʠ ʠʟ ʣʘʙʠʨʠʥʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʚʝʜʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2.6. 

ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʨʝʢʫʨʩʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

Ç ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʨʝʢʫʨʩʠʷ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (ʦʩʦʙʫʶ ʚʥʠʤʘʪʝʣʴʥʦʩʪʴ 

ʩʣʝʜʫʝʪ ʧʨʦʷʚʣʷʪʴ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʚʟʘʠʤʥʦ-ʨʝʢʫʨʩʠʚʥʳʭ ʬʫʥʢʮʠʡ, 

ʝʩʣʠ ʫʞ ʠʭ ʥʠʢʘʢ ʥʝ ʠʟʙʝʞʘʪʴ). 

Ç ʆʮʝʥʠʪʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʣʫʙʠʥʫ ʨʝʢʫʨʩʠʠ ʠ ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʵʪʦʛʦ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʥʦʤʫ ʩʪʝʢʫ. ʉʦʧʦʩʪʘʚʴʪʝ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʚʦʟʤʦʞʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʚ 

ʠʪʝʨʘʮʠʦʥʥʦʡ ʬʦʨʤʝ. 

Ç ʅʝ ʠʩʧʦʣʴʟʫʡʪʝ ʨʝʢʫʨʩʠʶ ʜʣʷ ʪʨʠʚʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 
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ʈʠʩ. 2.6. ʇʦʠʩʢ ʧʫʪʠ ʧʦ ʘʣʛʦʨʠʪʤʫ FindMazePath 

ʅʝ ʚʩʝ ʪʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʢʫʨʩʠʚʥʦ, ʩʣʝʜʫʝʪ ʨʝʢʫʨʩʠʚʥʦ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ. ʅʘʧʨʠʤʝʨ, ʟʘʜʘʯʘ ʚʳʯʠʩʣʝʥʠʷ ʬʘʢʪʦʨʠʘʣʘ ʧʨʝʢʨʘʩʥʦ ʨʝʰʘʝʪʩʷ 

ʯʠʩʪʦ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʦʡ. ɺ ʧʨʠʥʮʠʧʝ, ʣʶʙʦʡ ʨʝʢʫʨʩʠʚʥʳʡ ʘʣʛʦʨʠʪʤ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥ ʢ ʠʪʝʨʘʮʠʦʥʥʦʡ ʬʦʨʤʝ. ɺ ʧʨʦʩʪʝʡʰʠʭ ʩʣʫʯʘʷʭ ʵʪʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ çʙʝʩʧʣʘʪʥʦè (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʬʘʢʪʦʨʠʘʣʘ ʠʣʠ 

ʚʳʯʠʩʣʝʥʠʷ ʯʠʩʝʣ ʌʠʙʦʥʘʯʯʠ). ʆʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ 

ʪʘʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʟʘʤʝʥʷʶʱʠʭ ʩʪʝʢ ʨʝʢʫʨʩʠʚʥʳʭ ʚʳʟʦʚʦʚ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʚʳʙʦʨʝ ʚʘʨʠʘʥʪʘ ʨʝʰʝʥʠʷ ʩʣʝʜʫʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ 

ʨʝʢʫʨʩʠʚʥʳʭ ʚʳʯʠʩʣʝʥʠʡ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ 

ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʪʝʢʝ ʧʨʠʣʦʞʝʥʠʷ) ʩ ʨʘʩʭʦʜʘʤʠ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ. 

ʀʩʩʣʝʜʫʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʝʢʫʨʩʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢ ʠʪʝʨʘʮʠʦʥʥʦʤʫ 

ʥʘ ʧʨʠʤʝʨʝ ʬʫʥʢʮʠʠ ʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʠ ʤʘʩʩʠʚʘ, ʭʨʘʥʷʱʝʛʦʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʡ 
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ʧʘʤʷʪʠ, ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʦʨʪʠʨʦʚʢʠ ʍʦʘʨʘ [Dahl, Dijkstra, Hoare, 1972]. 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʠʟʣʦʞʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʩʦʨʪʠʨʦʚʢʫ ʤʘʩʩʠʚʘ ʮʝʣʳʭ ʯʠʩʝʣ. 

ɹʳʩʪʨʘʷ ʩʦʨʪʠʨʦʚʢʘ ʍʦʘʨʘ (ʨʝʢʫʨʩʠʚʥʳʡ ʚʘʨʠʘʥʪ) 
ɹʳʩʪʨʘʷ ʩʦʨʪʠʨʦʚʢʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʢʣʘʩʩʘ ʦʙʤʝʥʥʳʭ 

ʩʦʨʪʠʨʦʚʦʢ (ʧʨʦʩʪʝʡʰʠʤ ʧʨʠʤʝʨʦʤ ʦʙʤʝʥʥʦʡ ʩʦʨʪʠʨʦʚʢʠ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚʳʰʝ ʘʣʛʦʨʠʪʤ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ). ʆʩʥʦʚʥʘʷ 

ʧʨʦʙʣʝʤʘ ʘʣʛʦʨʠʪʤʘ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʦʙʤʝʥʳ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ çʥʝʫʜʘʯʥʳʝè 

ʵʣʝʤʝʥʪʳ ʜʦʩʪʠʛʘʶʪ ʩʚʦʝʛʦ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʤʝʩʪʘ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʯʪʦ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ, 

ʦʮʝʥʠʚʘʝʤʫʶ ʚʝʣʠʯʠʥʦʡ )( 2nO  (ʧʦ ʯʠʩʣʫ ʩʨʘʚʥʝʥʠʡ ʠ ʧʝʨʝʩʳʣʦʢ). ʇʦʵʪʦʤʫ 

ʚʦʟʥʠʢʘʝʪ ʠʜʝʷ ʫʚʝʣʠʯʠʪʴ ʨʘʩʩʪʦʷʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʦʙʤʝʥʳ. 

ʕʪʘ ʠʜʝʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʏ. ʍʦʘʨʦʤ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ. ɺ 

ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʣʝʞʘʪ ʨʘʟʜʝʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʚʝ 

ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ (ʢʦʪʦʨʳʡ 

ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʜʝʣʷʶʱʠʤ ʵʣʝʤʝʥʪʦʤ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʦʜʥʦʢʨʘʪʥʳʤ ʧʨʦʩʤʦʪʨʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʩʤ. ʨʠʩ. 2.7). 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʟʘ x ʟʥʘʯʝʥʠʝ ʨʘʟʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ a, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ n ʵʣʝʤʝʥʪʦʚ ʮʝʣʦʛʦ ʪʠʧʘ, ʬʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʳ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʟʜʝʣʝʥʠʝ, ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ʃʠʩʪʠʥʛ 2.8. ʈʘʟʜʝʣʝʥʠʝ ʩʝʛʤʝʥʪʘ 
int  ixLeft ;  // ʀʥʜʝʢʩ ʧʨʦʩʤʦʪʨʘ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ ʩʣʝʚʘ ʥʘʧʨʘʚʦ 

int  ixRight ; // ʀʥʜʝʢʩ ʧʨʦʩʤʦʪʨʘ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ ʩʧʨʘʚʘ ʥʘʣʝʚʦ 

int  copy;    // ɺʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʜʣʷ ʧʝʨʝʩʪʘʥʦʚʢʠ 

 

ixLeft = 0;  

ixRight = n - 1;  

 

while( ixLeft <= ixRight )  

{  

    while( a[ ixLeft ] < x            ) ixLeft++;  

    while( x           < a[ ixRight ] ) ixRight -- ;  

 

    if( ixLeft <= ixRight )  

    {  

        copy = a[ ixLeft ];  

        a[ ixLeft ] =  a[ ixRight ];  

        a[ ixRight ] = copy;  

 

        ixLeft ++;  

        ixRight -- ;  

    }  

}  
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x>=x <=x

ixLeft ixRight

ʕʣʝʤʝʥʪr,

ʤʝʥɹ ʠhʝ ʠʣʠ

ʨʘʚʥr ʝ x

ʕʣʝʤʝʥʪr,

ʙʦʣɹ ʠhʝ ʠʣʠ

ʨʘʚʥr ʝ x

 
ʈʠʩ. 2.7. ʈʘʟʜʝʣʝʥʠʝ ʩʝʛʤʝʥʪʘ ʚ ʭʦʜʝ ʩʦʨʪʠʨʦʚʢʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʘ ʨʘʟʜʝʣʝʥʠʷ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʦʢʘʟʳʚʘʶʪʩʷ ʚʩʝ 

ʵʣʝʤʝʥʪʳ, ʤʝʥʴʰʠʝ ʠʣʠ ʨʘʚʥʳʝ x, ʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ï ʚʩʝ ʵʣʝʤʝʥʪʳ, 

ʙʦʣʴʰʠʝ ʠʣʠ ʨʘʚʥʳʝ x. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʨʘʟʜʝʣʝʥʘ ʥʘ 2 ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʥʝʟʘʚʠʩʠʤʦ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʢʘʞʜʫʶ ʠʟ ʧʦʣʫʯʠʚʰʠʭʩʷ 

ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʧʦʨʷʜʦʯʠʪʴ, ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʦʢʘʞʝʪʩʷ ʠ ʠʩʭʦʜʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ, ʧʨʦʜʦʣʞʘʷ ʜʘʣʝʝ ʨʘʟʜʝʣʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʤʳ ʠ ʧʦʣʫʯʠʤ ʪʨʝʙʫʝʤʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʵʣʝʤʝʥʪʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʝʢʫʨʩʠʚʥʦʡ ʧʨʦʮʝʜʫʨʳ (ʩʤ. ʣʠʩʪʠʥʛ 2.9). ɼʣʷ ʩʦʨʪʠʨʦʚʢʠ ʚʩʝʛʦ ʤʘʩʩʠʚʘ 

ʩʣʝʜʫʝʪ ʚʳʟʚʘʪʴ ʬʫʥʢʮʠʶ Split , ʫʢʘʟʘʚ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʮ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ 

ʯʘʩʪʝʡ ʩʝʛʤʝʥʪʘ ʠʥʜʝʢʩʳ ʧʝʨʚʦʛʦ ʠ ʧʦʩʣʝʜʥʝʛʦ ʵʣʝʤʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʃʠʩʪʠʥʛ 2.9. ʈʝʢʫʨʩʠʚʥʘʷ ʬʫʥʢʮʠʷ ʩʦʨʪʠʨʦʚʢʠ ʍʦʘʨʘ 
// ʌʫʥʢʮʠʷ ʨʘʟʜʝʣʝʥʠʷ ʩʝʛʤʝʥʪʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʠʥʜʝʢʩʘʤʠ 

// left  ʠ right  

void Split( int *a, int n, int left, int right )  

{  

    int  ixLeft ;   // ʀʥʜʝʢʩ ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʩʣʝʚʘ ʥʘʧʨʘʚʦ 

    int  ixRight ;  // ʀʥʜʝʢʩ ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʩʧʨʘʚʘ ʥʘʣʝʚʦ 

 

    int  copy;     // ɺʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʜʣʷ ʧʝʨʝʩʪʘʥʦʚʢʠ 

 

    int  x ;        // ʈʘʟʜʝʣʷʶʱʠʡ ʵʣʝʤʝʥʪ 

 

    if( right <= left ) return;  

 

    // ɿʜʝʩʴ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʙʨʘʥ ʨʘʟʜʝʣʷʶʱʠʡ ʵʣʝʤʝʥʪ x 

    // ʩʨʝʜʠ ʵʣʝʤʝʥʪʦʚ a[ left ] ... a[ right ]  

    // ...  
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    ixLeft  = left;  

    ixRight = right;  

 

    while( ixLeft <= ixRight )  

    {  

        while( a[ ixLeft ] < x            ) ixLeft++;  

        while( x           < a[ ixRi ght ] ) ixRight -- ;  

 

        if( ixLeft <= ixRight )  

        {  

            copy = a[ ixLeft ];  

            a[ ixLeft ] = a[ ixRight ];  

            a[ ixRight ] = copy;  

 

            ixLeft ++;  

            ixRight -- ;  

        }  

    }  

    // ɿʜʝʩʴ: ʧʦʣʫʯʝʥʳ ʜʚʝ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

    //    ʇʝʨʚʘʷ: a[ left  ] ... a[ ixRight ]  

    //    ɺʪʦʨʘʷ  a[ ixLeft  ] ... a[ right ]  

 

    // ʊʝʧʝʨʴ ʥʫʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦʣʫʯʠʚʰʠʝʩʷ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ, 

    // ʧʨʠʯʝʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ ʨʝʢʫʨʩʠʠ 

    // ʣʫʯʰʝ ʩʥʘʯʘʣʘ ʨʘʟʜʝʣʷʪʴ ʙʦʣʝʝ ʢʦʨʦʪʢʫʶ 

    if ( ixRight  ï left  < right  ï ixLeft  )  

    {  

        Split( a, n, left, ixRight );  

        Split( a, n, ixLeft, right );  

    }  

    else  

    {  

        Split( a, n, ixLeft, right );  

        Split( a, n, left, ixRight );  

    }  

}  

 

// ʌʫʥʢʮʠʷ ʩʦʨʪʠʨʦʚʢʠ ʍʦʘʨʘ (ʨʝʢʫʨʩʠʚʥʳʡ ʚʘʨʠʘʥʪ) 

void QuickSort( int *a, int n )  

{  

    Split ( a, n, 0, n- 1 );  

}  

ʇʦʥʷʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʩʦʨʪʠʨʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ 

ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʠ ʢʘʞʜʦʤ ʦʯʝʨʝʜʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʜʝʣʠʪʩʷ ʥʘ 2 ʨʘʚʥʳʝ ʯʘʩʪʠ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʦʨʪʠʨʫʝʪʩʷ ʟʘ n2log  ʨʘʟʙʠʝʥʠʡ). ʅʘʠʭʫʜʰʠʡ ʩʣʫʯʘʡ ʚʦʟʥʠʢʘʝʪ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʠʣʠ ʥʘʠʤʝʥʴʰʠʡ 

ʵʣʝʤʝʥʪ ʨʘʟʜʝʣʷʝʤʦʡ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪʦʤ 

ʨʘʟʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʚʝ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ 

ʣʠhʴ 1 ʵʣʝʤʝʥʪ, ʘ ʚʪʦʨʘʷ ï ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ 

ʨʘʟʙʠʝʥʠʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʨʪʠʨʦʚʢʠ ʙʫʜʝʪ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʦʙʤʝʥʘʤʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚʳʙʦʨ ʵʣʝʤʝʥʪʘ x, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʞʝʣʘʝʤʦʤʫ ʨʘʟʙʠʝʥʠʶ 

(ʪʘʢʦʡ ʞʝʣʘʝʤʳʡ ʵʣʝʤʝʥʪ ʥʘʟʳʚʘʝʪʩʷ ʤʝʜʠʘʥʦʡ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ), ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ. ʇʦʵʪʦʤʫ ʨʘʟʜʝʣʷʶʱʠʡ ʵʣʝʤʝʥʪ 

ʚʳʙʠʨʘʶʪ ʢʘʢʠʤ-ʣʠʙʦ ʧʨʦʩʪʳʤ ʨʝʛʫʣʷʨʥʳʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʯʠʪʳʚʘʷ ʥʘ ʪʦ, ʯʪʦ ʚ 
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 ʩʨʝʜʥʝʤ ʤʳ ʥʝ ʙʫʜʝʤ ʧʦʣʫʯʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʨʘʟʜʝʣʝʥʠʷ 
ʩʣʠʰʢʦʤ ʯʘʩʪʦ. ʄʘʪʝʤʘʪʠʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʦʨʪʠʨʦʚʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʨʘʟʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʡ ʠʟ 

ʣʠʩʪʠʥʛʘ 2.6 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʩʪʘʥʜʘʨʪʥʦʡ 

ʙʠʙʣʠʦʪʝʢʠ C ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

#include <stdlib.h>  

#include <time.h>  

 

void Split( int *a, int n, int left, int right )  

{  

    // ...  

 

    // ɺʳʙʦʨ ʨʘʟʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

    x  = a[ left  + rand () % (right - left) ];  

 

    // ...  

}  

 

void  QuickSort ( int  * a, int  n )  

{  

    // "ʈʘʩʩʝʠʚʘʥʠʝ" ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ 

    // ʥʘ ʦʩʥʦʚʝ ʥʝʢʦʪʦʨʦʛʦ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʛʦ ʬʘʢʪʦʨʘ 

    // (ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝʢʫʱʝʝ ʚʨʝʤʷ) 

    srand ( ( unsigned ) time ( NULL ) );  

 

    // ɺʳʟʦʚ ʬʫʥʢʮʠʠ ʨʘʟʜʝʣʝʥʠʷ ʩʝʛʤʝʥʪʦʚ 

    Split ( a, n, 0, n- 1 );  

}  

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʜʦʢʫʤʝʥʪʘʮʠʠ ʢ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʝ, 

ʬʫʥʢʮʠʷ rand  ʛʝʥʝʨʠʨʫʝʪ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 

0..0x7FFF . ʇʨʠ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ 32-ʨʘʟʨʷʜʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʨʘʟʤʝʨ ʦʙʲʝʢʪʘ 

ʜʘʥʥʳʭ ʪʠʧʘ int  ʩʦʩʪʘʚʣʷʝʪ 4 ʙʘʡʪʘ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ left  ʠ right  ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0..0x7FFFFFFF . 

ʇʦʵʪʦʤʫ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʚʳʨʘʞʝʥʠʝ rand%(right - left)  ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ min(right -

left,0x7FFF) . 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʠ 
ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʠ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

ʤʥʦʞʝʩʪʚʦ ʢʣʶʯʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʨ ʥʘʙʦʨ ʥʝʧʦʚʪʦʨʷʶʱʠʭʩʷ ʥʘʪʫʨʘʣʴʥʳʡ 

ʯʠʩʝʣ ʦʪ 1 ʜʦ n, ʪʦ ʝʩʪʴ ʤʳ ʠʤʝʝʤ ʢʣʶʯʠ 1, 2, é , n. ʇʫʩʪʴ ʥʝʢʦʪʦʨʳʡ ʢʣʶʯ 

},...,2,1{ nx  ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʊʦʛʜʘ ʧʦʩʣʝ 

ʨʘʟʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪ ʩ ʢʣʶʯʦʤ x  ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʧʦʟʠʮʠʶ x  ʚ ʩʦʨʪʠʨʫʝʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʏʠʩʣʦ ʦʙʤʝʥʦʚ, ʩʦʚʝʨʰʘʝʤʳʭ ʚ ʭʦʜʝ ʨʘʟʜʝʣʝʥʠʷ, ʨʘʚʥʦ 

ʯʠʩʣʫ ʵʣʝʤʝʥʪʦʚ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʠʭ 1x ), ʫʤʥʦʞʝʥʥʦʤʫ 

ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʵʪʦʪ ʵʣʝʤʝʥʪ ʩʣʝʜʫʝʪ ʦʙʤʝʥʷʪʴ (ʪʦ ʝʩʪʴ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʢʣʶʯ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ x), ʘ ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 
n

xn )1(
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʝ ʯʠʩʣʦ ʦʙʤʝʥʦʚ 
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ʚ ʭʦʜʝ ʨʘʟʜʝʣʝʥʠʷ ʨʘʚʥʦ 
n

xn
x

1
)1( . ʋʩʨʝʜʥʷʷ ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ 

ʚʘʨʠʘʥʪʘʤ ʚʳʙʦʨʘ ʛʨʘʥʠʯʥʦʛʦ ʢʣʶʯʘ ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʢʘʞʜʳʡ ʦʙʤʝʥ ʩʦʜʝʨʞʠʪ 

ʪʨʠ ʧʝʨʝʩʳʣʢʠ, ʧʦʣʫʯʘʝʤ: 

22

1

2

1
)1(

1
3

1

n

n

n

n

xn
x

n
M

n

x

ʨʘʟʜ  

ɽʩʣʠ ʥʘʤ ʦʯʝʥʴ ʚʝʟʝʪ, ʠ ʤʳ ʚʩʝʛʜʘ ʚʳʙʠʨʘʝʤ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʤʝʜʠʘʥʫ, ʪʦ ʢʘʞʜʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʙʠʝʥʠʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ 2 ʨʘʚʥʳʝ ʯʘʩʪʠ ʠʣʠ ʯʘʩʪʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 1 ʵʣʝʤʝʥʪ. ʊʦʛʜʘ ʯʠʩʣʦ ʨʘʟʜʝʣʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ 

ʩʦʨʪʠʨʦʚʢʠ ʨʘʚʥʦ n2log , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʥʘʠʣʫʯʰʝʤ ʩʣʫʯʘʝ: 

nnC 2min log , n
n

M 2min log
2

. 

ʈʘʟʫʤʝʝʪʩʷ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʤʳ ʥʝ ʚʩʝʛʜʘ ʙʫʜʝʤ ʧʦʧʘʜʘʪʴ ʥʘ ʤʝʜʠʘʥʫ 

(ʚʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ ʚʩʝʛʦ ʣʠʰʴ 
n

1
). ʉʫʱʝʩʪʚʫʶʪ ʦʮʝʥʢʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʳʤʠ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʨʘʟʜʝʣʷʶʱʠʡ ʵʣʝʤʝʥʪ ʚʳʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʫʞʝ ʦʧʪʠʤʘʣʴʥʦʡ ʣʠʰʴ ʚ 2ln2  ʨʘʟ. 

ʊʝʧʝʨʴ ʦʮʝʥʠʤ ʥʘʠʭʫʜʰʠʡ ʩʣʫʯʘʡ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʟʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʤʝʥʴʰʠʡ ʠʣʠ ʥʘʠʙʦʣʴʰʠʡ ʵʣʝʤʝʥʪ 

ʨʘʟʜʝʣʷʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʚʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ 
n

2
). ʈʘʟʜʝʣʝʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʜʚʫʭ ʯʘʩʪʝʡ: ʦʜʥʘ 

ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʵʣʝʤʝʥʪ, ʘ ʜʨʫʛʘʷ ï ʚʩʝ ʦʩʪʘʣʴʥʳʝ. ʇʦʵʪʦʤʫ ʚʤʝʩʪʦ n2log  

ʨʘʟʙʠʝʥʠʡ ʪʨʝʙʫʝʪʩʷ n  ʨʘʟʙʠʝʥʠʡ, ʘ ʩʫʤʤʘʨʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ )( 2nO , ʪʘʢ 

ʯʪʦ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʚʳʙʦʨʝ ʨʘʟʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ 

ʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʦʧʦʩʪʘʚʠʤʦʡ ʩʦ ʩʢʦʨʦʩʪʴ ʁʧʫʟʳʨʴʢʦʚʦʡ 

ʩʦʨʪʠʨʦʚʢʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʙʳʩʪʨʦʡ ʩʦʨʪʠʨʦʚʢʠ ʚ ʠʪʝʨʘʮʠʦʥʥʦʡ 
ʬʦʨʤʝ 

ʂʘʞʜʳʡ ʨʝʢʫʨʩʠʚʥʳʡ ʚʳʟʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʦʯʝʨʝʜʥʦʛʦ ʢʘʜʨʘ 

ʩʪʝʢʘ, ʚ ʢʦʪʦʨʳʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʤʝʱʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʠ ʣʦʢʘʣʴʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʬʫʥʢʮʠʠ QuickSort . ʇʦʵʪʦʤʫ ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ n ʩʪʝʢ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʝʪ ʧʝʨʝʧʦʣʥʠʪʴʩʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʨʝʢʫʨʩʠʠ ʷʚʣʷʝʪʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʙʦʩʥʦʚʘʥʥʦʡ. 
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 ɸʥʘʣʠʟʠʨʫʷ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʬʫʥʢʮʠʠ QuickSort , ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʩʚʷʟʠ ʩ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʝʢʫʨʩʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʝʤʝʥʥʳʤ left  ʠ right , 

ʦʙʦʟʥʘʯʘʶʱʠʤ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʷʝʤʦʛʦ ʩʝʛʤʝʥʪʘ. ɽʩʣʠ ʚʤʝʩʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʪʝʢʘ ʧʨʠʣʦʞʝʥʠʷ ʩʦʟʜʘʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʩʪʝʢ ʟʘʧʨʦʩʦʚ ʥʘ ʨʘʟʜʝʣʝʥʠʝ (ʩʪʝʢ 

ʦʪʣʦʞʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ), ʪʦ ʨʝʢʫʨʩʠʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ. 

ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʢʣʘʩʩ QuickSortStack , 

ʩʦʜʝʨʞʘʱʠʡ ʩʪʨʫʢʪʫʨʫ StackItem , ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʦʧʠʩʘʥʠʝ 

ʦʪʜʝʣʴʥʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʨʘʟʜʝʣʝʥʠʝ (ʧʘʨʫ ʠʥʜʝʢʩʦʚ left  ʠ right ), ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʳ ʜʣʷ ʟʘʥʝʩʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʟʘʧʨʦʩʘ ʚ ʩʪʝʢ ʠ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʛʦ. ʕʪʠ 

ʬʫʥʢʮʠʠ ʦʯʝʥʴ ʧʨʦʩʪʳ, ʧʦʵʪʦʤʫ ʠʭ ʨʘʟʫʤʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʚʩʪʨʦʝʥʥʳʝ 

(inline) ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʪʝʨʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʚʳʟʦʚʘ 

ʬʫʥʢʮʠʡ: 

class  QuickSortStack  // ʉʪʝʢ ʦʪʣʦʞʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ 

{  

    struct  StackItem // ɻʨʘʥʠʮʳ ʩʝʛʤʝʥʪʘ 

    {  

        int left;  

        int right;  

    };  

public:  

    QuickSortStack( int  _size )  

    {  

        size = _size;  

        body = new StackItem[ size ];  

 

        top  = - 1;  

    }  

 

    ~QuickSortStack ()  

    {  

        delete  [] body ;  

    }  

 

    // ɿʘʥʝʩʝʥʠʝ ʦʯʝʨʝʜʥʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʚ ʩʪʝʢ 

    void  push( int  left, int  right )  

    {  

        if ( (right - left)>=1 )  

        {  

            top++;  

            body[ top ].left = left;  

            body [ top  ]. right  = right ;  

        }  

    }  

 

    // ʀʟʚʣʝʯʝʥʠʝ ʟʘʧʨʦʩʘ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʠʟ ʩʪʝʢʘ 

    void  pop( int & left, int & right )  

    {  

        left = body[ top ].left;  

        ri ght = body[ top ].right;  

        top -- ;  

    }  

 

    // ʇʨʦʚʝʨʢʘ: ʩʪʝʢʘ ʧʫʩʪ 

    int  is Empty ()  

    {  

        return  top  == -1; // ɹʦʣʴʰʝ ʥʝʪ ʟʘʧʨʦʩʦʚ ʥʘ ʨʘʟʜʝʣʝʥʠʝ 

    }  
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private :  

    StackItem  * body; // ɸʜʨʝʩ ʥʘʯʘʣʘ ʦʙʣʘʩʪʠ ʚ ʧʘʤʷʪʠ, 

                     // ʛʜʝ ʭʨʘʥʠʪʩʷ ʤʘʩʩʠʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʪʝʢʘ 

    int  size ;        // ʈʘʟʤʝʨ ʤʘʩʩʠʚʘ body  

    int  top ;         // ɺʝʨʰʠʥʘ ʩʪʝʢʘ 

};  

ʊʦʛʜʘ ʩʭʝʤʘʪʠʯʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʩʦʨʪʠʨʦʚʢʠ ʚ ʥʝʨʝʢʫʨʩʠʚʥʦʡ 

ʬʦʨʤʝ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

#include <stdlib.h>  

#include <time.h>  

 

void  QuickSort 2( int  * a, int  n )  

{  

    int  left ;  // ʃʝʚʘʷ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʷʝʤʦʛʦ ʩʝʛʤʝʥʪʘ 

    int  right ; // ʇʨʘʚʘʷ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʷʝʤʦʛʦ ʩʝʛʤʝʥʪʘ 

 

    int  ixLeft ;    // ʀʥʜʝʢʩ ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʩʣʝʚʘ ʥʘʧʨʘʚʦ 

    int  ixRight ;   // ʀʥʜʝʢʩ ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʩʧʨʘʚʘ ʥʘʣʝʚʦ 

 

    int  copy;      // ɺʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʜʣʷ ʧʝʨʝʩʪʘʥʦʚʢʠ 

 

    int  x;         // ʈʘʟʜʝʣʷʶʱʠʡ ʵʣʝʤʝʥʪ 

 

    QuickSortStack  stack ( ... ) ; // ʉʪʝʢ ʟʘʧʨʦʩʦʚ 

                                 // (ʦ ʨʘʟʤʝʨʝ ʩʪʝʢʘ ʟʘʧʨʦʩʦʚ 

                                 //  ʩʤ. ʜʘʣʝʝ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ)  

 

    // ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʛʝʥʝʨʘʪʦʨʘ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ 

    srand ( ( unsigned ) time ( NULL ) );  

 

    // ʇʝʨʚʳʤ ʨʘʟʜʝʣʷʝʤʳʤ ʩʝʛʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʤʘʩʩʠʚ ʚ ʮʝʣʦʤ 

    stack . push (  0, n- 1 );  

 

    // ʈʘʟʜʝʣʷʝʤ, ʧʦʢʘ ʚ ʩʪʝʢʝ ʝʩʪʴ ʟʘʧʨʦʩʳ 

    while( ! stack. isEmpty() )  

    {  

        stack.p op(  left, right );  

 

        // ɺʳʙʦʨ ʨʘʟʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

        x  = a[ left  + rand () % ( right - left ) ];  

 

        // ʈʘʟʜʝʣʝʥʠʝ ʦʯʝʨʝʜʥʦʛʦ ʩʝʛʤʝʥʪʘ (ʩʤ. ʣʠʩʪʠʥʛ 2. 8)  

        // ...  

 

        // ʇʦʣʫʯʠʚʰʠʝʩʷ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ ʟʘʥʦʩʠʤ ʚ ʩʪʝʢ 

        // ʧʨʠʯʝʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʝʨʘ ʩʪʝʢʘ 

        // ʩʥʘʯʘʣʘ ʣʫʯʰʝ ʧʦʤʝʱʘʪʴ ʙʦʣʝʝ ʜʣʠʥʥʳʝ 

        // (ʪʦ ʝʩʪʴ ʢʦʨʦʪʢʠʝ ʙʫʜʫʪ ʠʟʚʣʝʯʝʥʳ ʨʘʥʴʰʝ) 

        if ( ixRight  ï left  < right  ï ixLeft  )  

        {  

            stack.p ush(  ixLeft, right );  

            stack.p ush(  left, ixRight );  

        }  

        else  

        {  

            stack.p ush(  left, ixRight );  

            stack . push ( ixLeft , right  );  

        }  

    }  

}  



 69  69 
 

 ʂʨʠʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʚ ʩʚʷʟʠ ʩ ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʪʝʢʘ ʟʘʧʨʦʩʦʚ. ʉʣʝʜʫʝʪ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʤʝʥʴʰʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʪʦʡ ʧʘʤʷʪʠ. ʆʢʘʟʳʚʘʝʪʩʷ, ʜʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ, ʝʩʣʠ ʧʦʤʝʱʘʪʴ ʚ ʩʪʝʢ ʟʘʧʨʦʩʦʚ 

ʪʦʣʴʢʦ ʜʣʠʥʥʳʝ ʩʝʛʤʝʥʪʳ, ʘ ʩ ʢʦʨʦʪʢʠʤʠ çʨʘʟʙʠʨʘʪʴʩʷ ʥʘ ʤʝʩʪʝè. ʎʠʢʣ 

ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ʃʠʩʪʠʥʛ 2.10. ʆʙʨʘʙʦʪʢʘ ʟʘʧʨʦʩʦʚ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʚ ʥʝʨʝʢʫʨʩʠʚʥʦʤ 
ʚʘʨʠʘʥʪʝ 

    // ʈʘʟʜʝʣʷʝʤ, ʧʦʢʘ ʚ ʩʪʝʢʝ ʝʩʪʴ ʟʘʧʨʦʩʳ 

    while( ! stack. isEmpty() )  

    {  

        stack.p op( left, right );  

 

        // ʈʘʟʜʝʣʷʝʤ ʢʦʨʦʪʢʠʝ ʩʝʛʤʝʥʪʳ, ʧʦʢʘ ʦʥʠ ʝʩʪʴ 

        while ( left  < right  )  

        {  

            // ɺʳʙʦʨ ʨʘʟʜʝʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

            x  = a[ left  + rand () % ( right - left ) ];  

 

            // ʈʘʟʜʝʣʝʥʠʝ ʦʯʝʨʝʜʥʦʛʦ ʩʝʛʤʝʥʪʘ 

            ixLeft  = left ;  

            ixRight = right;  

 

            while( ixLeft <= ixRight )  

            {  

                while( a[ ixLeft ] < x            ) ixLeft++;  

                while( x           < a[ ixRight ] ) ixRight -- ;  

 

                if( ixLeft <= ixRight )  

                {  

                    copy = a[ ixLeft ];  

                    a[ ixLeft ] = a[ ixRight ];  

                    a[ ixRight ] = copy;  

 

                    ixLeft ++;  

                    ixRight -- ;  

                }  

            }  

 

            // ɺ ʩʪʝʢ ʟʘʥʦʩʠʤ ʪʦʣʴʢʦ ʜʣʠʥʥʫʶ  

            // ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 

            // ʩ ʢʦʨʦʪʢʦʡ ʨʘʟʙʠʨʘʝʤʩʷ ʩʨʘʟʫ, ʠʟʤʝʥʷʷ ʟʥʘʯʝʥʠʝ 

            // ʠʥʜʝʢʩʘ left ʠʣʠ right  

            if ( ixRight  ï left  < right  ï ixLeft  )  

            {  

                stack.p ush( ixLeft, right );  

                right = ixRight;  

            }  

            else  

            {  

                stack.p ush( left, ixRight );  

                left = ixLeft ;  

            }  

        } // while( left < right )  

    } // while ( ! stack . isEmpty () )  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ 

ʙʦʣʝʝ ʯʝʤ ʟʘ n2log  ʨʘʟʜʝʣʝʥʠʡ. ʉ ʫʯʝʪʦʤ ʧʝʨʚʦʛʦ ʟʘʧʨʦʩʘ ʩʪʝʢ ʟʘʧʨʦʩʦʚ 
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ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ 1log2 n  ʵʣʝʤʝʥʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʚʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ: 

#include  <math . h> 

 

// ...  

 

int stackSize = log10( (double) n ) / log10( 2.0 ) + 1 ;  

QuickSortStack  stack ( stackSize  ) ;  

ʇʨʦʠʟʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʘʪʨʘʪ ʩʪʝʢʘ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʨʝʢʫʨʩʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʩʪʝʢ 

ʟʘʧʨʦʩʦʚ ʚ ʠʪʝʨʘʮʠʦʥʥʦʤ ʚʘʨʠʘʥʪʝ ʯʠʪʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

2.4. ɼʨʫʛʠʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ 
ʚʥʫʪʨʝʥʥʝʡ ʩʦʨʪʠʨʦʚʢʠ ʠ ʠʭ ʘʥʘʣʠʟ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʚʥʫʪʨʝʥʥʝʡ ʩʦʨʪʠʨʦʚʢʠ ʚ ʠʭ ʦʙʦʙʱʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʩʪʳʤʠ ʚʩʪʘʚʢʘʤʠ 
ɺ ʦʩʥʦʚʝ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʚʩʪʘʚʢʘʤʠ, ʠʣʠ ʚʢʣʶʯʝʥʠʷʤʠ, ʣʝʞʠʪ 

ʩʣʝʜʫʶʱʘʷ ʠʜʝʷ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʠʛʨʦʢʘʤʠ ʚ ʢʘʨʪʳ. ʕʣʝʤʝʥʪʳ 

ʩʦʨʪʠʨʫʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ. ɺ ʧʝʨʚʦʡ 

ʥʘʭʦʜʷʪʩʷ ʫʞʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʚʦ ʚʪʦʨʦʡ ï ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʧʝʨʚʘʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʩ ʠʥʜʝʢʩʦʤ 

0). ɺ ʭʦʜʝ ʩʦʨʪʠʨʦʚʢʠ ʦʯʝʨʝʜʥʦʡ ʵʣʝʤʝʥʪ (ʚ ʥʘʯʘʣʝ ï ʵʣʝʤʝʥʪ ʩ ʠʥʜʝʢʩʦʤ 1) 

ʚʩʪʘʚʣʷʝʪʩʷ ʥʘ ʧʦʜʭʦʜʷʱʝʝ ʤʝʩʪʦ ʫʞʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʯʘʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʵʪʘ ʯʘʩʪʴ ʫʜʣʠʥʷʝʪʩʷ ʥʘ 1 ʵʣʝʤʝʥʪ (ʩʤ. ʨʠʩ. 2.8). 

ʋʧʦʨ̫ʜʦʯʝʥʥʘ̫ 

ʯʘʩʪɹ

ʅʝʫʧʦʨ̫ʜʦʯʝʥʥʘ̫ 

ʯʘʩʪɹ

x
ʣɻʝʤʝʥʪr 

<= x

 
ʈʠʩ. 2.8. ʉʦʨʪʠʨʦʚʢʘ ʚʩʪʘʚʢʘʤʠ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʝ ʵʣʝʤʝʥʪʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʧʦʩʣʝ ʚʩʪʘʚʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ, ʩʜʚʠʛʘʶʪʩʷ ʥʘ ʦʜʠʥ 

ʵʣʝʤʝʥʪ. 

ʃʠʩʪʠʥʛ 2.11. ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʩʦʨʪʠʨʦʚʢʠ 

ʧʨʦʩʪʳʤʠ ʚʩʪʘʚʢʘʤʠ ʚ ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʝ. 

ʃʠʩʪʠʥʛ 2.11. ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʩʪʳʤʠ ʚʩʪʘʚʢʘʤʠ 

template  <class  T> 

void StraightInsertionSort( T *a, int n )  

{  
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     for( int i = 1; i < n; i++ )  

    {  

        T x = a[ i  ]; // ɺʩʪʘʚʣʷʝʤʳʡ ʵʣʝʤʝʥʪ 

 

        int  j  = i  -  1;  

 

        // ʇʦʠʩʢ ʧʦʜʭʦʜʷʱʝʛʦ ʤʝʩʪʘ ʚʩʪʘʚʢʠ 

        while ( j  != - 1  && ( x < a[ j  ]) )  

        {  

            a[ j  + 1 ] = a[ j  ]; // ʇʝʨʝʤʝʱʝʥʠʝ ʧʨʦʧʫʩʢʘʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ 

                                 // ʚʧʨʘʚʦ 

            j -- ;  

        }  

 

        a[ j  + 1 ] = x; // ʕʣʝʤʝʥʪ ʟʘʧʦʣʥʷʝʪ ʦʩʚʦʙʦʜʠʚʰʝʝʩʷ ʤʝʩʪʦ 

    }  

}  

ɺ ʭʦʜʝ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʚʩʪʘʚʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 1n  

ʧʨʦʩʤʦʪʨʦʚ. ʂʘʞʜʳʡ i -ʡ ʩʨʘʚʥʠʚʘʝʪʩʷ ʤʠʥʠʤʫʤ ʩ ʦʜʥʠʤ, ʤʘʢʩʠʤʫʤ ʩ 1i  

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ cpiC , ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ 

ʦʪ 1 ʜʦ 1i . ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʝʨʝʩʪʘʥʦʚʢʠ ʠʩʭʦʜʥʳʭ ʢʣʶʯʝʡ 

ʨʘʚʥʦʚʝʨʦʷʪʥʳ, ʧʦʣʫʯʘʝʤ 
2

,

i
C ʩʨi . ʊʦʛʜʘ ʜʣʷ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʩʨʘʚʥʝʥʠʡ ʚ 

ʮʝʣʦʤ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: 

1

1

2
1

1

, )(
4

)2)(1(

2

1n

i

n

i

ʩʨicʨ nO
nn

iCC . 

ʇʦʩʢʦʣʴʢʫ ʥʘ ʢʘʞʜʦʤ ʧʨʦʩʤʦʪʨʝ ʯʠʩʣʦ ʧʝʨʝʩʳʣʦʢ ʥʘ 2 ʙʦʣʴʰʝ, ʯʝʤ 

ʯʠʩʣʦ ʩʨʘʚʥʝʥʠʡ, ʧʦ ʯʠʩʣʫ ʧʝʨʝʩʳʣʦʢ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤ ʪʘʢʞʝ ʠʤʝʝʪ 

ʢʚʘʜʨʘʪʠʯʥʳʡ ʢʣʘʩʩ ʩʣʦʞʥʦʩʪʠ: 

1

1

2

, )()1(2
4

)2)(1(
)2(

n

i

ʩʨicʨ nOn
nn

CM  

ʉʦʨʪʠʨʦʚʢʘ ʙʠʥʘʨʥʳʤʠ ʚʩʪʘʚʢʘʤʠ 
ɸʣʛʦʨʠʪʤ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʩʪʳʤʠ ʚʩʪʘʚʢʘʤʠ ʤʦʞʥʦ ʣʝʛʢʦ ʫʣʫʯʰʠʪʴ, 

ʝʩʣʠ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʙʳʩʪʨʝʥʠʷ ʧʦʠʩʢʘ ʤʝʩʪʘ ʚʩʪʘʚʢʠ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʤ 

ʬʨʘʛʤʝʥʪʝ ʤʘʩʩʠʚʘ. ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʙʠʥʘʨʥʳʤ ʧʦʠʩʢʦʤ, ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʩʨʘʚʥʝʥʠʡ ʥʘ i -ʤ ʧʨʦʩʤʦʪʨʝ ʜʦ ʚʝʣʠʯʠʥʳ i2log  

(ʩʤ. ʣʠʩʪʠʥʛ 2.12). 

ʃʠʩʪʠʥʛ 2.12. ʉʦʨʪʠʨʦʚʢʘ ʙʠʥʘʨʥʳʤʠ ʚʩʪʘʚʢʘʤʠ. 
template  <class  T> 

void BinaryInsertionSort( T *a, int n )  

{  

    for( int i = 1; i < n; i++ )  

    {  

        T x = a[ i  ]; // ɺʩʪʘʚʣʷʝʤʳʡ ʵʣʝʤʝʥʪ 



 72 

 

        int  left  = 0;    // ʃʝʚʘʷ ʛʨʘʥʠʮʘ ʫʯʘʩʪʢʘ ʚʩʪʘʚʢʠ 

        int  right  = i -1; // ʇʨʘʚʘʷ ʛʨʘʥʠʮʘ ʫʯʘʩʪʢʘ ʚʩʪʘʚʢʠ 

 

        while( left < = right )  

        {  

            int j = (left+right)/2;  // ʀʥʜʝʢʩ ʵʣʝʤʝʥʪʘ 

                                    // ʧʦʩʝʨʝʜʠʥʝ ʫʯʘʩʪʢʘ ʚʩʪʘʚʢʠ 

 

            if ( x  < a[ j  ] )   right  = j - 1;  

            else                left   = j +1;  

        }  

        // ɿʜʝʩʴ: ʥʘʰʣʠ ʤʝʩʪʦ ʚʩʪʘʚʢʠ (left >right )  

 

        // ʉʜʚʠʛʘʝʤ ʵʣʝʤʝʥʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʨʘʚʝʝ ʤʝʩʪʘ ʚʩʪʘʚʢʠ 

        for( int k = i - 1; k >=left; k --  )  

            a[ k+1 ] = a[ k ];  

 

        a[ left ] = x;  

    }  

}  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʨʘʚʥʝʥʠʡ ʧʦʣʫʯʘʝʤ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʫʣʫʯʰʝʥʠʝ: 

)logO( 2nnCʩʨ  

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ ʤʝʩʪʘ ʚʩʪʘʚʢʠ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʚ ʮʝʣʦʤ, ʧʦʩʢʦʣʴʢʫ ʥʘ 

ʢʘʞʜʦʤ ʧʨʦʩʤʦʪʨʝ ʚʩʝ ʨʘʚʥʦ ʥʫʞʥʦ ʩʜʚʠʥʫʪʴ ʧʨʠʤʝʨʥʦ 
2

i
 ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʳʭ, 

ʪʦ ʝʩʪʴ ʩʨM  ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʨʷʜʢʘ 
2n . 

ʉʦʨʪʠʨʦʚʢʘ ʐʝʣʣʘ 
ɼ. ʐʝʣʣ ʧʨʝʜʣʦʞʠʣ ʫʣʫʯʰʝʥʠʝ ʤʝʪʦʜʘ ʩʦʨʪʠʨʦʚʢʠ ʚʩʪʘʚʢʘʤʠ, 

ʦʩʥʦʚʳʚʘʶʱʝʝʩʷ ʥʘ ʤʝʭʘʥʠʟʤʝ, ʧʦʟʚʦʣʷʶʱʝʤ ʫʚʝʣʠʯʠʪʴ ʨʘʩʩʪʦʷʥʠʷ, ʥʘ 

ʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʵʣʝʤʝʥʪʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʝʡʰʠʡ ʚʘʨʠʘʥʪ ʩʦʨʪʠʨʦʚʢʠ ʐʝʣʣʘ, ʠʟʚʝʩʪʥʦʡ ʪʘʢʞʝ 

ʧʦʜ ʥʘʟʚʘʥʠʷʤʠ çʩʦʨʪʠʨʦʚʢʘ ʩʣʦʞʥʳʤʠ ʚʩʪʘʚʢʘʤʠè ʠ çʩʦʨʪʠʨʦʚʢʘ ʚʩʪʘʚʢʘʤʠ ʩ 

ʫʙʳʚʘʶʱʠʤ ʧʨʠʨʘʱʝʥʠʝʤè. ʇʫʩʪʴ ʟʘʜʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 9 ʵʣʝʤʝʥʪʦʚ 

(ʨʠʩ. 2.9, ʘ). ʀʩʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʣʠʪʩʷ ʥʘ 4 ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ, 

ʦʪʩʪʦʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 4 ʵʣʝʤʝʥʪʘ (ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 

ʜʠʩʪʘʥʮʠʝʡ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʨʪʠʨʦʚʢʠ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʤʘʩʩʠʚ (ʨʠʩ. 2.9, ʙ). 
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5 1 7 2 3 12 3 7 4

3 4 51 123 72 7

3 4 71 73 52 12

1 4 122 53 73 7

(ʘ)

(ʙ)

(ʚ)

(ʛ)

distance = 4

distance = 2

distance = 1

 
ʈʠʩ. 2.9. ʉʦʨʪʠʨʦʚʢʘ ʐʝʣʣʘ 

ɿʘʪʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʛʨʫʧʧ ʫʤʝʥʴʰʘʝʪʩʷ (ʥʘʧʨʠʤʝʨ, 

ʚʜʚʦʝ). ʇʦʣʫʯʘʝʤ ʜʚʝ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ, ʦʪʩʪʦʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 2 

ʧʦʟʠʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʟʘʚʠʩʠʤʦʡ ʩʦʨʪʠʨʦʚʢʠ ʧʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2.9, ʚ. 

ɼʘʣʝʝ ʜʠʩʪʘʥʮʠʷ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 1, ʠ ʚʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ 

ʮʝʣʦʤ ʩʦʨʪʠʨʫʝʪʩʷ ʚʩʪʘʚʢʘʤʠ (ʨʠʩ. 2.9, ʛ). ɿʘʤʝʪʠʤ, ʯʪʦ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ 

ʠʩʭʦʜʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʣʠʟʢʘ ʢ ʫʧʦʨʷʜʦʯʝʥʥʦʡ, ʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʦʨʪʠʨʦʚʢʠ ʚʩʪʘʚʢʘʤʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ. 

ʃʠʩʪʠʥʛ 2.13 ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʩ ʪʦʣʴʢʦ ʯʪʦ 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʚʳʙʦʨʘ ʜʠʩʪʘʥʮʠʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʬʫʥʢʮʠʠ ʥʝʟʘʚʠʩʠʤʘʷ ʩʦʨʪʠʨʦʚʢʘ 

ʛʨʫʧʧ ʵʣʝʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʙʳ çʧʘʨʘʣʣʝʣʴʥʦè. ʅʘ ʚʳʭʦʜʝ ʮʠʢʣʘ ʧʦ i  

ʧʦʣʫʯʘʝʪʩʷ çʢʦʤʧʣʝʢʩʥʳʡè ʨʝʟʫʣʴʪʘʪ: ʚʩʝ ʛʨʫʧʧʳ ʦʪʩʦʨʪʠʨʦʚʘʥʳ. 

ʃʠʩʪʠʥʛ 2.13. ʉʦʨʪʠʨʦʚʢʘ ʐʝʣʣʘ (ʧʨʦʩʪʝʡʰʠʡ ʚʘʨʠʘʥʪ) 
template  <class  T> 

void  ShellSort ( T * a, int  n )  

{  

    int  distance  = n/2;  

 

    while ( distance  > 0 )  

    {  

        // ʇʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʵʣʝʤʝʥʪʦʚ, 

        // ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ distance ,  

        // ʩʦʨʪʠʨʫʶʪʩʷ ʚʩʪʘʚʢʘʤʠ 

        for( int i = distance; i < n; i++ )  

        {  

            T x = a[ i ];  

 

            int j = i -  distance;  
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            while( j >= 0  && (x < a[ j ]) )  

            {  

                a[ j  + distance  ] = a[ j  ];  

                j - =distance ;  

            }  

 

            a[ j  + distance  ] = x;  

        }  

        distance  /= 2;  

    }  

}  

ʉʪʨʘʪʝʛʠʷ ʚʳʙʦʨʘ ʜʠʩʪʘʥʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ ʠʟ 

ʣʠʩʪʠʥʛʘ 2.13, ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʠ 

ʥʘʠʣʫʯʰʝʡ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʧʦʜʦʙʥʦʡ ʩʪʨʘʪʝʛʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʛʨʫʧʧʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʢʘʞʜʦʤ ʥʦʚʦʤ ʰʘʛʝ ʩʦʨʪʠʨʦʚʢʠ, ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ çʩʢʣʝʠʚʘʥʠʷè ʧʨʝʞʥʠʭ ʛʨʫʧʧ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ 

ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫʞʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʜʠʩʪʘʥʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʣʶʙʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 11,...,, ddd tt , ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʫʩʣʦʚʠʷʤ: 

11d  ʠ 1kk dd . ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʩʪʘʥʮʠʠ ʥʝ 

ʢʨʘʪʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʅʘʧʨʠʤʝʨ, ʂʥʫʪ ʨʝʢʦʤʝʥʜʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

131 kk dd , ʧʨʠ ʵʪʦʤ 1log3nt . 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ 121 kk dd , ʛʜʝ 

1log2nt . 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʦʡ ʩʪʨʘʪʝʛʠʠ ʚʳʙʦʨʘ ʜʠʩʪʘʥʮʠʠ ʥʘʯʘʣʴʥʳʡ 

ʬʨʘʛʤʝʥʪ ʬʫʥʢʮʠʠ ʩʦʨʪʠʨʦʚʢʠ ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʘʨʠʘʥʪʘ 

121 kk dd  ʠʩʧʨʘʚʣʝʥʠʝ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

    int  distance  = 1;  

 

    while ( distance  < n ) distance  *=2;  

    distance  = distance  / 2 -  1;  

    if ( distance  <= 0 ) distance  = 1;  

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʨʪʠʨʦʚʢʠ ʐʝʣʣʘ ʚʝʩʴʤʘ ʥʝ ʪʨʠʚʠʘʣʝʥ. ʂʥʫʪ 

ʧʨʠʚʦʜʠʪ ʚʝʨʭʥʶʶ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ )( 5,1nO , ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʤʝʯʘʷ, 

ʯʪʦ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʘ ʐʝʣʣʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʠʩʢ ʥʘʠʣʫʯʰʝʡ ʩʪʨʘʪʝʛʠʠ 

ʚʳʙʦʨʘ ʜʠʩʪʘʥʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ, 

ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʜʦ ʢʦʥʮʘ ʥʝ ʨʝʰʝʥʳ. 

ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʩʪʳʤ ʚʳʙʦʨʦʤ 
ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʩʪʳʤ ʚʳʙʦʨʦʤ ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʠʩʢʝ ʦʙʲʝʢʪʘ ʜʘʥʥʳʭ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʣʶʯʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʤʝʥʦʤ ʝʛʦ ʩ ʧʝʨʚʳʤ 

ʵʣʝʤʝʥʪʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʠʩʢʣʶʯʘʝʪʩʷ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʬʨʘʛʤʝʥʪ ʠʟ 
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 ʦʩʪʘʚʰʠʭʩʷ 1n  ʵʣʝʤʝʥʪʦʚ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʮʝʩʩ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʜʘʣʝʝ (ʩʤ. ʣʠʩʪʠʥʛ 2.14). 

ʃʠʩʪʠʥʛ 2.14. ʉʦʨʪʠʨʦʚʢʘ ʧʨʦʩʪʳʤ ʚʳʙʦʨʦʤ 

template <class T>  

void StraightSelectionSort( T *a, int n )  

{  

    for( int i = 0; i < n - 1; i++ )  

    {  

        T min  = a[ i ];  

        int ixMin  = i;  

 

        for( int k = i+1; k < n; k++ )  

        {  

            if( a[ k ] < min )  

            {  

                min = a[ k ];  

                ixMin = k;  

            }  

        }  

 

        a[ ixMin ] = a[ i ];  

        a[ i  ]     = min ;  

    }  

}  

ʆʮʝʥʢʘ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʩʨʘʚʥʝʥʠʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʫʜʘ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʣʶʯʝʡ. ɺʥʝʰʥʠʡ ʮʠʢʣ ʬʫʥʢʮʠʠ 

StraightSelectionSort  ʚʳʧʦʣʥʷʝʪʩʷ 1n  ʨʘʟ. ʅʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚ 

ʩʨʝʜʥʝʤ ʚʳʧʦʣʥʷʝʪʩʷ 
2

n
 ʩʨʘʚʥʝʥʠʡ, ʧʦʵʪʦʤʫ ʦʙʱʝʝ ʯʠʩʣʦ ʩʨʘʚʥʝʥʠʡ 

)(
2

)1( 2nO
n

nC . 

ʅʝʪʨʫʜʥʦ ʦʮʝʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ 

ʧʝʨʝʩʳʣʦʢ. 

ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʩʳʣʢʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʮʠʢʣʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʝʨʝʤʝʥʥʦʡ 

k, ʚʳʧʦʣʥʷʶʪʩʷ ʚʩʝʛʜʘ, ʪʦ ʚ ʩʣʫʯʘʝ ʠʟʥʘʯʘʣʴʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʜʘʥʥʳʭ 

)1(3min nM . 

ɺ ʥʘʠʭʫʜʰʝʤ ʩʣʫʯʘʝ (ʢʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʪʥʳʡ ʪʨʝʙʫʝʤʦʤʫ 

ʧʦʨʷʜʦʢ) ʥʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʝʨʝʤʝʥʥʦʡ k, ʚʳʧʦʣʥʷʝʪʩʷ 1n  

ʧʝʨʝʩʳʣʦʢ, ʥʘ ʚʪʦʨʦʡ ï 3n  ʧʝʨʝʩʳʣʦʢ, ʥʘ ʧʦʩʣʝʜʥʝʡ ʠʪʝʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

1 ʧʝʨʝʩʳʣʢʘ. ʉʫʤʤʠʨʫʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʠ ʜʦʙʘʚʣʷʷ ʦʩʪʘʣʴʥʳʝ çʦʙʷʟʘʪʝʣʴʥʳʝè 

ʧʝʨʝʩʳʣʢʠ, ʧʦʣʫʯʘʝʤ: 

)()1(3
4

2
2

max nOn
n

M  

ɺʨʦʜʝ ʙʳ ʚʳʛʣʷʜʠʪ ʥʝ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʦ. ʆʜʥʘʢʦ ʵʪʦ ʙʳʣ ʥʘʠʭʫʜʰʠʡ 

ʩʣʫʯʘʡ. 
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ʆʮʝʥʢʘ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ ʧʝʨʝʩʳʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʜʝʩʴ ʥʘʠʙʦʣʴʰʫʶ 

ʪʨʫʜʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʢʣʶʯʝʡ. 

ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʧʝʨʝʩʳʣʦʢ ʥʘ i -ʤ ʧʨʦʭʦʜʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʩʢʦʣʴʢʦ ʨʘʟ 

ʚʳʧʦʣʥʠʣʦʩʴ ʫʩʣʦʚʠʝ a[k]<a [0], a[k]<a[1], é , a[k]<a[k- 1] . 

ʀʥʦʛʜʘ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʘʥʘʣʠʟʘ ʘʣʛʦʨʠʪʤʘ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʫʩʣʦʚʠʷ 

ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʩʦʚʩʝʤ ʚʝʨʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʠʟ ʨʘʚʥʦʚʝʨʦʷʪʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʥʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ 

ʢʘʞʜʦʤ ʧʨʦʩʤʦʪʨʝ ʵʣʝʤʝʥʪ x  ʩʨʘʚʥʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʩ ʧʦʣʦʚʠʥʦʡ ʚʦʟʤʦʞʥʳʭ 

ʢʘʥʜʠʜʘʪʦʚ. 

ɺ [Knuth, 1968] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʠʩʣʦ ʧʝʨʝʩʳʣʦʢ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʚ 

ʮʠʢʣʝ ʧʦ k , ʥʘ ʦʯʝʨʝʜʥʦʡ ʠʪʝʨʘʮʠʠ ʮʠʢʣʘ ʧʦ i  ʨʘʚʥʦ 1cp, ii HC , ʛʜʝ 

ʚʝʣʠʯʠʥʫ 
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H
1

11
...

3
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2

1
1  ʂʥʫʪ ʥʘʟʳʚʘʝʪ i -ʤ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʯʠʩʣʦʤ (ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ: 
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ɸʧʧʨʦʢʩʠʤʠʨʫʷ iH ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠ ʩʫʤʤʠʨʫʷ ʧʦ i , 

ʧʦʣʫʯʘʝʤ [Wirth, 1976]: 

n

i

n

i

ʩʨ nnOiniM
1 1

)ln(ln)1(1ln  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠʩʚʘʠʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʦʙʳʯʥʦ ʩʣʦʞʥʝʝ ʩʨʘʚʥʝʥʠʷ ʢʣʶʯʝʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʨʝʜʠ ʧʨʦʩʪʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʚʥʫʪʨʝʥʥʝʡ ʩʦʨʪʠʨʦʚʢʠ. 
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ɻʣʘʚʘ 3. ʋʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʥʳʤʠ 
ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ 

ʄʥʦʛʠʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʥʝ ʧʨʦʩʪʦ ʦʙʲʝʢʪ, ʩʦʜʝʨʞʘʱʠʡ ʦʙʲʝʢʪʳ ʜʨʫʛʠʭ ʪʠʧʦʚ, ʥʦ ʦʙʲʝʢʪ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʚʥʝʰʥʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠʣʠ ʨʝʩʫʨʩʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʩʳʣʦʢ ʠʣʠ 

ʫʢʘʟʘʪʝʣʝʡ. ʇʨʘʚʠʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʦʙʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʢʫʩʩʪʚʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʦʦʙʱʝ 

ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʯʘʩʪʥʦʩʪʠ. 

ʄʘʩʩʠʚʳ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʦʡ ʬʦʨʤʦʡ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʦʙʲʝʤ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʝʥ ʠ ʥʝ ʧʦʜʚʝʨʞʝʥ 

ʠʟʤʝʥʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ. 

ʀʥʦʛʜʘ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʚ ʩʚʷʟʠ ʩ ʤʦʜʝʣʠʨʫʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʴʶ ʪʘʢʦʚʘ, ʯʪʦ ʟʘʨʘʥʝʝ ʥʝʣʴʟʷ ʧʨʝʜʩʢʘʟʘʪʴ ʠʭ ʦʙʲʝʤ, ʘ ʪʘʢʞʝ ʯʘʩʪʦ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʧʝʨʘʮʠʷʭ ʫʜʘʣʝʥʠʷ ʠ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ, ʧʨʠʯʝʤ ʚʨʝʤʷ, ʪʨʝʙʫʶʱʝʝʩʷ ʥʘ ʟʘʚʝʨʰʝʥʠʝ ʵʪʦʡ 

ʦʧʝʨʘʮʠʠ, ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʫʜʘʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ (ʨʠʩ. 3.1). ɽʱʝ 

ʙʦʣʴʰʝ ʧʨʦʙʣʝʤ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʘʚʠʪʴ ʵʣʝʤʝʥʪʳ ʚ ʤʘʩʩʠʚ. 

ɽʩʣʠ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ çʣʠʰʥʝʡè ʧʘʤʷʪʠ, ʵʪʘ 

ʦʧʝʨʘʮʠʷ ʣʠʙʦ ʪʨʝʙʫʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʤʷʪʠ, ʣʠʙʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤ ʤʘʩʩʠʚʦʤ) ʚʦʦʙʱʝ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʥʝʦʩʫʱʝʩʪʚʠʤʦʡ. 
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ʈʠʩ. 3.1. ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʤʘʩʩʠʚʘ 

ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʧʨʘʚʜʘʥʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʠʩʦʯʥʳʭ 

ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʛʜʝ ʦʧʨʝʜʝʣʝʥʥʘʷ ʨʘʩʪʦʯʠʪʝʣʴʥʦʩʪʴ ʨʘʩʭʦʜʦʚʘʥʠʷ ʧʘʤʷʪʠ 

ʤʦʞʝʪ ʦʢʫʧʘʪʴʩʷ ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʮʠʡ ʜʦʙʘʚʣʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʛʠʙʨʠʜʥʳʝ 

ʨʝʰʝʥʠʷ, ʢʦʛʜʘ ʩʧʠʩʦʢ ʭʨʘʥʠʪ ʥʝ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ, ʘ ʩʩʳʣʢʠ ʥʘ 

çʢʫʩʢʠè ʧʘʤʷʪʠ (chunks), ʫʧʨʘʚʣʷʝʤʳʝ ʠʥʳʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʘʩʩʠʚʳ (ʨʠʩ. 3.2). ʊʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ 

ʩʦʚʤʝʩʪʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʦʛʦ çʢʫʩʢʘè ʩ 

ʛʠʙʢʦʩʪʴʶ ʩʧʠʩʦʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 
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ʈʠʩ. 3.2 ɻʠʙʨʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 

3.1. ʆʙʨʘʙʦʪʢʘ ʣʠʥʝʡʥʦʛʦ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ 
ʩʧʠʩʢʘ: ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ 

ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʝʡʰʠʡ ʚʘʨʠʘʥʪ ʩʧʠʩʢʘ ï ʣʠʥʝʡʥʳʡ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʩʧʠʩʦʢ, ʦʩʪʘʚʠʚ ʨʘʟʨʘʙʦʪʢʫ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
ʃʠʥʝʡʥʳʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʩʧʠʩʦʢ ï ʵʪʦ ʪʘʢʦʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ, ʛʜʝ 

ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚ ʷʚʥʦʤ ʚʠʜʝ ʭʨʘʥʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʤʝʱʝʥʠʠ 

çʩʦʩʝʜʥʝʛʦè ʵʣʝʤʝʥʪʘ (ʩʣʝʜʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ). ɺ C++ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙʳʯʥʦ 

ʭʨʘʥʠʪʩʷ ʚ ʚʠʜʝ ʫʢʘʟʘʪʝʣʷ ʥʘ ʩʣʝʜʫʶʱʠʡ ʵʣʝʤʝʥʪ. ʇʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ 

ʭʨʘʥʠʪ ʥʫʣʝʚʦʡ ʫʢʘʟʘʪʝʣʴ (ʨʠʩ. 3.3). 

first

0next
...

 
ʈʠʩ. 3.3. ʃʠʥʝʡʥʳʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʩʧʠʩʦʢ 

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ ʠ ʩʘʤʦʛʦ ʩʧʠʩʢʘ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʪʴ 

ʢʦʤʧʣʝʢʪ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʩʧʠʩʢʦʤ. 

ʈʝʘʣʠʟʘʮʠʷ ʘʙʩʪʨʘʢʮʠʠ ʩʧʠʩʢʘ ʠ ʙʘʟʦʚʦʛʦ 
ʢʦʤʧʣʝʢʪʘ ʦʧʝʨʘʮʠʡ 

ɺ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʣʠʥʝʡʥʦʛʦ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʧʠʩʢʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʣʠʩʪʠʥʛ 3.1): 

ʃʠʩʪʠʥʛ 3.1. ʕʣʝʤʝʥʪ ʩʧʠʩʢʘ 

template  <class  T> 

class  List  

{  

public :  

 // ʀʩʢʣʶʯʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʚʳʧʦʣʥʝʥʠʝʤ  

 // ʦʧʝʨʘʮʠʡ ʥʘʜ ʩʧʠʩʢʦʤ 

 class  RemoveItemException {};  // ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʠ  

       // ʥʝʚʦʟʤʦʞʥʦʩʪʠ  

       // ʫʜʘʣʝʥʠʷ ʵʣʝʤʝʥʪʘ  

 class  InsertItemException {};  // ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʠ  
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        // ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

       // ʚʩʪʘʚʢʠ 

ʵʣʝʤʝʥʪʘ 

 

private :  

 template  <class  ITEM> 

 struct  ListItem  // ʕʣʝʤʝʥʪʘ ʩʧʠʩʢʘ 

 {  

  ITEM data ; // ʆʙʲʝʢʪ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʡʩʷ ʚ ʩʧʠʩʢʝ 

  ListItem <ITEM> * next ; // ʋʢʘʟʘʪʝʣʴ ʥʘ ʩʣʝʜʫʶʱʠʡ 

        // ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ 

 

  // ʂʦʥʩʪʨʫʢʪʦʨ ʵʣʝʤʝʥʪʘ ʩʧʠʩʢʘ 

  ListItem ( const  ITEM& data , ListItem <ITEM>* next  = 0 )  

  {  

   this - >data = data;  

   this - >next = next;  

  }  

 };  

 

public :  

 // ʂʦʥʩʪʨʫʢʪʦʨ ʩʧʠʩʢʘ:  

 // ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʨʝʢʪʥʫʶ ʠʥʠʮʠʘʣʠʟʘʮʠʶ first  

 List ()  

 {  

  first  = 0;  

 }  

 

 // ɼʝʩʪʨʫʢʪʦʨ:  

 // ʦʩʚʦʙʦʞʜʘʝʪ ʧʘʤʷʪʴ, ʟʘʥʷʪʫʶ ʵʣʝʤʝʥʪʘʤʠ ʩʧʠʩʢʘ 

 ~List ()  

 {  

  if ( ! isEmpty () ) removeAll ();  

 }  

 

 // ʇʨʦʚʝʨʢʘ: ʩʧʠʩʦʢ ʧʫʩʪ? 

 bool  isEmpty ()  

 {  

  return  first  == 0;  

 }  

 

 /*  

  * ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʜʝʡʩʪʚʠʡ ʥʘʜ ʩʧʠʩʢʦʤ 

  */  

 

 // ɼʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʥʘʯʘʣʦ ʩʧʠʩʢʘ 

 void  pushBegin ( const  T& data  );  

 // ɼʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʢʦʥʝʮ ʩʧʠʩʢʘ 

 void  pushEnd ( const  T& data  );  

  

 // ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʥʘʯʘʣʘ ʩʧʠʩʢʘ 

 void  removeBegin ();  

 // ʋʜʘʣʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ 

 void  remove All ();  

 // ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʢʦʥʮʘ ʩʧʠʩʢʘ 

 void  removeEnd ();  

  

 // ʇʨʦʚʝʨʢʘ: ʝʩʪʴ ʣʠ ʚ ʩʧʠʩʢʝ ʟʘʜʘʥʥʳʡ ʦʙʲʝʢʪ? 

 bool hasItem( const T& dataToFind );  

 

 // ʉʣʫʞʝʙʥʳʡ ʤʝʪʦʜ: ʧʝʯʘʪʴ ʟʥʘʯʝʥʠʡ ʦʙʲʝʢʪʦʚ, 

 // ʭʨʘʥʷʱʠʭʩʷ ʚ ʩʧʠʩʢʝ 

 void print( ostream& out = cout  );  
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private :  

 ListItem <T> * first ; // ʋʢʘʟʘʪʝʣʴ ʥʘ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ 

};  

ɿʘʧʦʣʥʝʥʠʝ ʩʧʠʩʢʘ ʵʣʝʤʝʥʪʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʝʨʘʮʠʠ 

ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʩʧʠʩʦʢ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ 

ʵʣʝʤʝʥʪʘ ʚ ʥʘʯʘʣʦ ʩʧʠʩʢʘ (ʩʤ. ʨʠʩ. 3.4 ʠ ʣʠʩʪʠʥʛ 3.2). 

first
...

item

 
ʈʠʩ. 3.4. ɼʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʥʘʯʘʣʦ ʩʧʠʩʢʘ 

ʃʠʩʪʠʥʛ 3.2. ɼʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʥʘʯʘʣʦ ʩʧʠʩʢʘ 

template <class T>  

void List<T>::pushBegin( const T& data )  

{  

 ListItem<T> *item = new ListItem<T>( data, first );  

 

 first  = item ;  

}  

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ Standard ʉ++, ʦʧʝʨʘʮʠʷ 

new ʛʝʥʝʨʠʨʫʝʪ ʠʩʢʣʶʯʝʥʠʝ bad_alloc . ʇʦʵʪʦʤʫ ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ çʩʪʘʨʳʤè ʤʝʭʘʥʠʟʤʦʤ ʧʨʦʚʝʨʢʠ ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʪʝʣʷ item , 

ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʩʧʝʮʠʬʠʢʘʪʦʨ nothrow . ʇʨʠ ʵʪʦʤ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʦʜʢʣʶʯʝʥʠʝ ʟʘʛʦʣʦʚʦʯʥʦʛʦ ʬʘʡʣʘ new ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʤʝʥ: 

#include <new>  

using namespace std;  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʘʞʥʦ, ʯʪʦʙʳ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ 

ʚ ʩʧʠʩʢʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʧʦʨʷʜʢʫ ʟʘʥʝʩʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʵʣʝʤʝʥʪʳ ʜʦʣʞʥʳ 

ʜʦʙʘʚʣʷʪʴʩʷ ʚ ʢʦʥʝʮ ʩʧʠʩʢʘ (ʨʠʩ. 3.5). ɼʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʢʦʥʝʮ ʩʧʠʩʢʘ 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʦʜʧʨʦʮʝʩʩʦʚ: ʨʘʟʤʝʱʝʥʠʝ ʥʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʘʤʷʪʠ, ʧʦʠʩʢ 

ʧʦʩʣʝʜʥʝʛʦ ʵʣʝʤʝʥʪʘ ʩʧʠʩʢʘ, ʩʦʙʩʪʚʝʥʥʦ ʜʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ (ʣʠʩʪʠʥʛ 3.3). 

first
...

0

current item

 
ʈʠʩ. 3.5. ɼʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʢʦʥʝʮ ʩʧʠʩʢʘ 

ʃʠʩʪʠʥʛ 3.3. ɼʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʢʦʥʝʮ ʩʧʠʩʢʘ 

template <class T>  
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 void List<T>::pushEnd( const T& data )  

{  

 ListItem<T> *item = new ListItem<T>( data );  

      

 // ʆʙʨʘʙʦʪʢʘ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʧʠʩʦʢ ʧʫʩʪ 

 if ( first  == 0 )  

 {  

  first  = item ;  

  return ;  

 }  

 

 // ʇʦʠʩʢ ʧʦʩʣʝʜʥʝʛʦ ʵʣʝʤʝʥʪʘ 

 ListItem<T> *current = first;  

 while( current - >next != 0 )  

 {  

  current  = current - >next ;  

 }  

 

 // ʇʦʤʝʱʝʥʠʝ ʩʦʟʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʢʦʥʝʮ 

 current - >next  = item ;  

 

 return ;  

}  

ʋʤʝʩʪʥʦ ʩʨʘʟʫ ʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʩʣʦʞʥʳʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʮʠʠ 

ʫʜʘʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʠʟ ʥʘʯʘʣʘ ʩʧʠʩʢʘ ʠ ʠʟ ʢʦʥʮʘ ʩʧʠʩʢʘ. 

ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʥʘʯʘʣʘ ʩʧʠʩʢʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʫʢʘʟʘʪʝʣʷ list.first  (ʩʤ. ʨʠʩ. 3.6 ʠ ʣʠʩʪʠʥʛ 3.4). 

ʃʠʩʪʠʥʛ 3.4. ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʥʘʯʘʣʘ ʩʧʠʩʢʘ 

template <class T>  

void List<T>::removeBegin()  

{  

 ListItem <T> * delItem ; // ʋʢʘʟʘʪʝʣʴ ʥʘ ʫʜʘʣʷʝʤʳʡ ʵʣʝʤʝʥʪ 

 

 if( first == 0 ) // ʥʝʯʝʛʦ ʫʜʘʣʷʪʴ 

 {  

  throw RemoveItemException();  

 }  

 

 delItem  = first ; // ʋʜʘʣʷʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʡ 

 

 first  = delItem - >next ; // ʀʟʤʝʥʷʝʤ ʫʢʘʟʘʪʝʣʴ ʥʘ ʥʘʯʘʣʦ 

                           // ʩʧʠʩʢʘ 

 

 // ʉʦʙʩʪʚʝʥʥʦ ʫʜʘʣʝʥʠʝ 

 delete  delItem ;  

 return ;  

}  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ RemoveBegin  ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʫʥʢʮʠʷ ʫʜʘʣʝʥʠʷ ʚʩʝʛʦ ʩʧʠʩʢʘ (ʣʠʩʪʠʥʛ 3.5). 
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first
...

delItem

 
ʈʠʩ. 3.6. ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʥʘʯʘʣʘ ʩʧʠʩʢʘ 

ʃʠʩʪʠʥʛ 3.5. ʋʜʘʣʝʥʠʝ ʩʧʠʩʢʘ ʠʟ ʧʘʤʷʪʠ 

template  <class  T> 

void List<T>::removeAll()  

{  

 if( first == 0 )  

 {  

  throw RemoveItemException();  

 }  

 

 while( first != 0 )  

 {  

  removeBegin ();  

 }  

 return ;  

}  

ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʢʦʥʮʘ ʩʧʠʩʢʘ çʫʜʣʠʥʷʝʪʩʷè ʥʘ ʬʘʟʫ ʧʨʦʩʤʦʪʨʘ 

ʩʧʠʩʢʘ (ʩʤ. ʨʠʩ. 3.7 ʠ ʣʠʩʪʠʥʛ 3.6). 

first
...

00

current

 
ʈʠʩ. 3.7. ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʢʦʥʮʘ ʩʧʠʩʢʘ 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʩʤʦʪʨʘ ʩʧʠʩʢʘ ʥʫʞʥʦ ʥʘʡʪʠ ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ, 

əɑɛɚɝɜɑɐɝɞɎɑəəɚ ɛɜɑɐɤɑɝɞɎɟɪɥɔɕ ɛɚɝɗɑɐəɑɘɟ (ʩʤ. 
ʣʠʩʪʠʥʛ 3.6).  

ʃʠʩʪʠʥʛ 3.6. ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʢʦʥʮʘ ʩʧʠʩʢʘ 
template  <class  T> 

void  List <T>:: removeEnd ()  

{  

 ListItem <T> * current ; // ʋʢʘʟʘʪʝʣʴ ʥʘ ʦʙʦʟʨʝʚʘʝʤʳʡ ʵʣʝʤʝʥʪ 

 

 if( first == 0 ) // ʥʝʯʝʛʦ ʫʜʘʣʷʪʴ 

 {  

  throw RemoveItemException();  

 }  

 

 current  = first ;  

 if ( current - >next  == 0 ) // ʉʧʠʩʦʢ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ 
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  {  

  return  removeBegin ();  

 }  

 

 // ʎʠʢʣ ʧʦʠʩʢʘ ʵʣʝʤʝʥʪʘ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʧʦʩʣʝʜʥʝʤʫ 

 while ( current - >next - >next  != 0 )  

 {  

  current = current - >next;  

 }  

 // ɿʜʝʩʴ: current  ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʣʝʤʝʥʪ,  

 //        ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʧʦʩʣʝʜʥʝʤʫ 

 

 // ʉʦʙʩʪʚʝʥʥʦ ʫʜʘʣʝʥʠʝ ʧʦʩʣʝʥʝʛʦ ʵʣʝʤʝʥʪʘ 

 delete current - >next;  

 current - >next = 0;  

 

 return ;  

}  

ʇʦʣʝʟʥʦʡ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʧʝʨʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ, ʩʦʜʝʨʞʠʪʩʷ 

ʣʠ ʟʘʜʘʥʥʳʡ ʦʙʲʝʢʪ ʜʘʥʥʳʭ ʚ ʩʧʠʩʢʝ ʠʣʠ ʥʝʪ (ʣʠʩʪʠʥʛ 3.7). 

ʃʠʩʪʠʥʛ 3.7. ʇʦʠʩʢ ʵʣʝʤʝʥʪʘ ʩʧʠʩʢʘ 

template  <class  T> 

bool List<T>::hasItem( const T& dataToFind )  

{  

 ListItem<T> *current;  

 

 current = first;  

 while( current != 0 )  

 {  

  if( current - >data == dataToFind )  

  {  

   return true;  

  }  

  current = current - >next;  

 }  

 

 return  false ;  

}  

ʌʫʥʢʮʠʷ ʨʘʙʦʪʘʝʪ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʠʧʘ 

ʦʧʨʝʜʝʣʝʥʘ ʩʝʤʘʥʪʠʢʘ ʦʧʝʨʘʮʠʠ ʦʪʥʦʰʝʥʠʷ ==. ɺ C++ ʜʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʥʪʘʢʩʠʩʦʤ ʧʝʨʝʛʨʫʟʢʠ ʦʧʝʨʘʮʠʡ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʭ ʩʧʠʩʢʘ ʠʤʝʶʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ: 

struct  DataBlock  

{  

    int  value ;   // ʎʝʣʦʝ ʯʠʩʣʦ 

    int  counter ; // ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʵʪʦʛʦ ʯʠʩʣʘ 

                 // ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ 

};  

ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʵʣʝʤʝʥʪʳ ʩʦʚʧʘʜʘʶʱʠʤʠ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ ʧʦʣʝʡ value ʫ 

ʜʚʫʭ ʦʙʲʝʢʪʦʚ ʜʘʥʥʳʭ ʨʘʚʥʳ. ʊʦʛʜʘ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ 

FindItem , ʦʧʝʨʘʮʠʶ == ʥʫʞʥʦ ʧʝʨʝʛʨʫʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

int operator==( const DataBlock& arg1, const DataBlock& arg2 )  

{  

    return arg1.value == arg2.value;  

}  
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3.2. ʆʧʨʝʜʝʣʝʥʠʝ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ 
ʩʧʠʩʢʦʤ. ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ 
ʠʪʝʨʘʪʦʨʘʭ 

ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ 

ʥʝʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʷ ʥʘʜ ʦʙʲʝʢʪʘʤʠ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʩʧʠʩʢʝ. ʉʘʤʳʡ 

ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʝʡʩʪʚʠʡ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʢʣʘʩʩʘ List . ʆʜʥʘʢʦ ʪʘʢʦʝ ʨʝʰʝʥʠʝ 

ʛʦʜʠʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʜʝʡʩʪʚʠʡ, ʠʤʝʶʱʠʭ ʩʤʳʩʣ ʜʣʷ 

ʨʘʟʥʳʭ ʩʧʠʩʢʦʚ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʘ ʪʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʯʘʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦ ʦʙʨʘʙʦʪʢʝ ʦʙʲʝʢʪʘ ʜʘʥʥʳʭ, 

ʭʨʘʥʷʱʝʛʦʩʷ ʚ ʩʧʠʩʢʝ, ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʘʤʠ ʢʣʘʩʩʘ List . ʆʜʥʦ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʘʙʩʪʨʘʢʪʥʦʛʦ ʢʣʘʩʩʘ, ʦʜʠʥ ʠʟ 

ʤʝʪʦʜʦʚ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʚʠʨʪʫʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ: 

template <class T>  

class SimpleVisitor  

{  

public:  

 virtual void process( T& data ) = 0;  

};  

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜ ʢʣʘʩʩʘ List , ʨʝʘʣʠʟʫʶʱʠʡ ʧʨʦʩʤʦʪʨ 

ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʜʘʥʥʳʭ ʚʳʟʳʚʘʶʱʠʡ ʤʝʪʦʜ 

process , ʚʳʟʳʚʘʝʤʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʩʳʣʢʠ ʥʘ ʦʙʲʝʢʪ ʧʨʦʠʟʚʦʜʥʦʛʦ ʦʪ 

SimpleVisitor  ʢʣʘʩʩʘ: 

template <class T>  

class ListIt  

{  

 // ...  

public:  

 void iterate( SimpleVisitor<T>& visit )  

 {  

  ListItem<T> *current = first;  

 

  while( current != 0 )  

  {  

   visit.process ( current - >data );  

   current = current - >next;  

  }  

 }  

private :  

 ListItem <T> * first ;  

};  

ʈʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ ʧʨʠʤʝʨʝ ʚʳʯʠʩʣʝʥʠʷ 

ʩʫʤʤʳ ʨʘʮʠʦʥʘʣʴʥʳʭ ʜʨʦʙʝʡ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʩʧʠʩʢʝ. 

ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʤ ʢʣʘʩʩ, ʧʨʦʠʟʚʦʜʥʳʡ ʦʪ SimpleVisitor : 

// ʀʩʧʦʣʴʟʫʝʤ ʪʠʧ Rational , ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʨʘʥʝʝ 

 

class  SumRational  : public  SimpleVisitor <Rational > 

{  

 Rational sum;  

public:  

 SumRational() : sum( 0 ) {}  
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 void process( Rational& data )  

 {  

  sum += data;  

 }  

  

 Rational  getSum ()  

 {  

  return  sum;  

 }  

};  

ʆʩʥʦʚʥʦʝ ʜʝʡʩʪʚʠʝ, ʚʳʧʦʣʥʷʝʤʦʝ ʚ ʭʦʜʝ ʠʪʝʨʘʮʠʠ ʩʧʠʩʢʘ, ʩʦʩʪʦʠʪ ʚ 

ʜʦʙʘʚʣʝʥʠʠ ʢ ʟʥʘʯʝʥʠʶ ʧʝʨʝʤʝʥʥʦʡ sum ʟʥʘʯʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʜʨʦʙʠ. ʄʝʪʦʜ getSum  ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʯʴ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʡ: 

ListIt <Rational > list 2;  

list 2. pushBegin ( Rational ( 1, 3 ) );  

list2.pushEnd( Rational( 2, 3 ) );  

  

SumRational rsum;  

list2.iterate( rsum );  

cout << "Sum of rationals = " << rsum.getSum() << endl;  

ɽʩʣʠ ʧʝʨʝʜ ʠʪʝʨʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ ʪʨʝʙʫʶʪʩʷ ʢʘʢʠʝ-ʣʠʙʦ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ, ʩʧʝʮʠʬʠʯʥʳʝ ʜʣʷ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʠʭ ʪʘʢʞʝ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʢʣʘʩʩʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʬʝʡʩʘ 

SimpleVisitor . ʅʘʧʨʠʤʝʨ, ʚʳʚʦʜ ʧʝʨʝʥʫʤʝʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

class  ListPrinter : public  Simp leVisitor< int > 

{  

 ostream& out;  

 int  counter;  

public :  

 ListPrinter( ostream& _out = cout ) :  

  out( _out ), counter (0)  

 {}  

 void  start()  

 {  

  out << "List:" << endl;  

  counter = 0;  

 }  

 void  process( int & data )  

 {  

  out << ++counter << " : " << data << endl;  

 }  

 void  stop()  

 {  

  if ( counter  == 0 ) out << "Empty" << endl;  

 }  

};  

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʬʨʘʛʤʝʥʪ ʩʦʟʜʘʥʠʷ ʩʧʠʩʢʘ ʠʟ ʧʷʪʠ ʵʣʝʤʝʥʪʦʚ ʠ 

ʧʝʯʘʪʠ ʭʨʘʥʷʱʠʭʩʷ ʚ ʥʝʤ ʟʥʘʯʝʥʠʡ: 

ListIt< int > list1;  

 

list1.pushBegin( 1 );  

list1.pushEnd( 2 );  

list1.pushEnd( 3 );  

list1.pushBegin( 0 );  
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list1.pushEnd( 4 );  

 

ListPrinter prn;  

prn.start();  

list1.iterate( prn );  

prn . stop ();  

ɼʘʥʥʫ  ʁʨʝʘʣʠʟʘʮʠʶ ʤʦʞʥʦ ʝʱʝ ʫʧʨʦʩʪʠʪʴ, ʝʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʘʙʩʪʨʘʢʪʥʦʛʦ ʢʣʘʩʩʘ SimpleVisitor  ʩʦʩʪʦʠʪ ʚ 

ʟʘʜʘʥʠʠ ʠʥʪʝʨʬʝʡʩʘ ʦʙʨʘʙʦʪʯʠʢʘ ʦʪʜʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʜʘʥʥʳʭ (ʪʦ ʝʩʪʴ, ʤʝʪʦʜʘ 

process ). ʋʯʠʪʳʚʘʷ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʤʦʞʥʦ, ʚʤʝʩʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʙʩʪʨʘʢʪʥʦʛʦ ʢʣʘʩʩʘ, ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜ iterate  ʩ ʧʘʨʘʤʝʪʨʦʤ-ʩʩʳʣʢʦʡ ʥʘ 

ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʬʫʥʢʮʠʶ ʩ ʧʘʨʘʤʝʪʨʦʤ ʪʠʧʘ T. 

template <class T>  

class ListIt  

{  

public:  

 template <class Op>  

 void iterate( Op& callback )  

 {  

  ListItem<T> *current = first;  

 

  while( current != 0 )  

  {  

   callback( current - >data );  

   current  = current - >next ;  

  }  

 }  

private :  

 ListItem <T> * first ;  

};  

ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ, ʠʥʩʪʘʥʮʠʨʫʶʱʝʡ ʰʘʙʣʦʥʥʳʡ ʤʝʪʦʜ iterate , 

ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʦʙʳʯʥʘʷ ʬʫʥʢʮʠʷ, ʪʘʢ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʙʲʝʢʪ, ʪʦ ʝʩʪʴ 

ʦʙʲʝʢʪ ʢʣʘʩʩʘ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʝʛʨʫʞʝʥʘ ʦʧʝʨʘʮʠʷ çʢʨʫʛʣʳʝ ʩʢʦʙʢʠè, ʥʘʧʨʠʤʝʨ: 

// ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʣʘʩʩ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

// ʩʫʤʤʳ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʩʧʠʩʢʝ 

class  Summator  

{  

 int  sum;  

public :  

 Summator() : sum( 0 ) {}  

 

 void  operator () ( int & value )  

 {  

  sum += value;  

 }  

  

 int  getSum()  

 {  

  return  sum;  

 }  

};  

 

// ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʣʘʩʩ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

// ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ 

class  Adder  

{  

 int  valueToAdd;  

public :  
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  Adder( int  value ) : valueToAdd( value ) {}  

 

 void  operator () ( int & value ) const  

 {  

  value  += valueToAdd ;  

 }  

};  

 

// ʌʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

// ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʥʘ 10 

void  adderFunction( int & value )  

{  

 value += 10;  

}  

 

void  main()  

{  

 ListIt< int > list1;  

 

 list1.pushBegin( 1 );  

 list1.pushEnd( 2 );  

 list1.pushEnd( 3 );  

 list1.pushBegin( 0 );  

 list 1. pushEnd ( 4 );  

 

 list 1. print ();  

 

 // ʉʫʤʤʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ 

 Summator  summator ;  

 list1.iterate( summator );  

 cout << "sum=" << summator.getSum() << endl;  

 

 // ʋʚʝʣʠʯʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 5 

 list 1. iterate ( Adder ( 5 ) );  

 list 1. print ();  

 

 // ʋʚʝʣʠʯʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 10 

 list1.iterate( adderFunction );  

 list1.print();  

}  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʩʧʠʩʢʘ ʦʙʘ ʧʨʠʚʝʜʝʥʥʳʭ ʚʘʨʠʘʥʪʘ 

(ʠ ʩ ʘʙʩʪʨʘʢʪʥʳʤ ʢʣʘʩʩʦʤ, ʠ ʩ ʰʘʙʣʦʥʥʳʤ ʤʝʪʦʜʦʤ iterate ) ʷʚʣʷʶʪʩʷ 

ʨʝʘʣʠʟʘʮʠʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʠʪʝʨʘʪʦʨʘ, ʪʦ ʝʩʪʴ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʦʙʭʦʜʘ ʵʣʝʤʝʥʪʦʚ 

ʩʧʠʩʢʘ, ʢʦʪʦʨʳʡ ʞʝʩʪʢʦ ʦʧʨʝʜʝʣʝʥ ʚʥʫʪʨʠ ʢʣʘʩʩʘ List . ʆʪʤʝʪʠʤ, ʯʪʦ 

ʧʦʜʦʙʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʝʘʣʠʟʫʝʪ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʩʢʚʦʟʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʧʠʩʢʘ ʠ, 

ʙʝʟʫʩʣʦʚʥʦ, ʥʝ ʣʠʰʝʥʘ ʠʟʷʱʝʩʪʚʘ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʠ ʥʘ ʨʷʜ ʦʯʝʚʠʜʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ. 

ʅʝʜʦʩʪʘʪʢʠ ʧʨʦʩʤʦʪʨʘ ʩʧʠʩʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʚʥʫʪʨʝʥʥʝʛʦ ʠʪʝʨʘʪʦʨʘ 

ʇʝʨʚʳʡ ʥʝʜʦʩʪʘʪʦʢ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʝ 

ʚʩʷʢʠʡ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʧʨʦʩʤʦʪʨʘ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʟʘʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʧʠʩʢʝ, ʧʨʝʜʩʪʘʚʠʚ ʥʘ ʤʠʥʫʪʢʫ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʦʜʘ ʥʝʪ ʚ ʢʣʘʩʩʝ List . 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʪʘʢ (ʧʨʠʚʦʜʠʪʩʷ ʚʘʨʠʘʥʪ ʜʣʷ ʩʧʠʩʢʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ): 



 88 

class  ListFind : public  SimpleVisitor< int > 

{  

 int  valueToFind;  

 bool  found;  

public :  

 ListFind( int  userValue ) : valueToFind( userValue ), found( 

false  ) {}  

 

 void  process( int & data )  

 {  

  if ( data == valueToFind ) found = true ;  

 }  

 

 bool  isFound () { return  found ; }  

};  

ɼʣʷ ʧʦʠʩʢʘ ʵʣʝʤʝʥʪʘ ʜʘʥʥʳʭ ʚ ʥʝʢʦʪʦʨʦʤ ʩʧʠʩʢʝ ʩʣʝʜʫʝʪ ʩʦʟʜʘʪʴ 

ʦʙʲʝʢʪ ʢʣʘʩʩʘ ListFind , ʚʳʟʚʘʪʴ ʤʝʪʦʜ iterate  ʥʘ ʦʙʲʝʢʪʝ ʩʧʠʩʢʘ, ʘ 

ʟʘʪʝʤ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ isFound , 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ ʢʣʘʩʩʝ ListFind : 

ListFind find( 5 );  // ʀʱʝʤ ʟʥʘʯʝʥʠʝ 5 

list1.iterate( find );  

if ( find.isFound() ) cout << "Found" << endl;  

else      cout << "Not found" << endl;  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʜʘʞʝ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʩʧʠʩʢʘ ʩʦʜʝʨʞʠʪ ʠʩʢʦʤʦʝ 

ʟʥʘʯʝʥʠʝ, ʧʨʦʩʤʦʪʨʝʥʳ ʙʫʜʫʪ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʧʠʩʢʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʫ 

ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʤʝʭʘʥʠʟʤ ʦʙʨʘʙʦʪʢʠ ʠʩʢʣʶʯʝʥʠʡ: 

class  ListFindModified : public  SimpleVisitor< int > 

{  

 int  valueToFind;  

 bool  found;  

public :  

 class  ObjectFoundException {};  

 

 ListFindModified( int  userValue ) :  

  valueToFind( userValue ), found( false  )  

 {}  

 

 void  proc ess( int & data )  

 {  

  if ( data == valueToFind ) throw  ObjectFoundException();  

 }  

};  

ʊʦʛʜʘ ʚʤʝʩʪʦ ʧʨʦʚʝʨʢʠ ʫʩʧʝʰʥʦʩʪʠ ʧʦʠʩʢʘ ʤʦʞʥʦ ʧʝʨʝʭʚʘʪʠʪʴ 

ʠʩʢʣʶʯʝʥʠʝ ObjectFoundException : 

ListFindModified find2( 4 );  

try  

{  

 list1.iterate( find2 );  

 cout << "Not found" << endl;  

}  

catch ( ListFindModified::ObjectFoundException )  

{  

 cout  << " Found " << endl ;  

}  

ʆʜʥʘʢʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʝʨʝʜʘʯʘ, ʚ ʦʙʱʝʤ-ʪʦ, ʧʦʟʠʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʧʦʠʩʢʘ ʚ ʚʠʜʝ ʠʩʢʣʶʯʝʥʠʷ ʚʳʛʣʷʜʠʪ ʥʝʩʢʦʣʴʢʦ ʥʝʝʩʪʝʩʪʚʝʥʥʦ. ɺʦ-ʚʪʦʨʳʭ, 
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 ʧʦʜʦʙʥʳʡ ʪʨʶʢ ʚʨʷʜ ʣʠ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ. 

ʅʘʢʦʥʝʮ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʤʥʝʥʠʝ ʉʪʨʘʫʩʪʨʫʧʘ, ʦʩʫʞʜʘʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʨʘʙʦʪʢʠ ʠʩʢʣʶʯʝʥʠʡ ʥʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʰʠʙʦʢ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ [Stroustrup, 2000]. 

ʉʣʝʜʫʶʱʠʡ ʥʝʜʦʩʪʘʪʦʢ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʡ 

ʦʧʝʨʘʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʜʝʣʘʪʴ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʢʣʘʩʩʘ, ʧʨʦʠʟʚʦʜʥʦʛʦ ʦʪ SimpleVisitor  ʠʣʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʣʘʩʩʘ. 

ɼʘʣʝʝ, ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʣʶʙʘʷ ʦʧʝʨʘʮʠʷ ʥʘʜ ʩʧʠʩʢʦʤ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʥʝʟʘʚʠʩʠʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ (ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ). 

ʂʫʙʝʥʩʢʠʡ ʟʘʤʝʯʘʝʪ, ʯʪʦ ʪʨʫʜʥʦʩʪʠ ʚʦʟʥʠʢʥʫʪ ʜʘʞʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʘʢʦʡ 

ʧʨʦʩʪʦʡ ʦʧʝʨʘʮʠʠ ʢʘʢ ʧʨʦʚʝʨʢʘ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʧʠʩʢʘ [ʂʫʙʝʥʩʢʠʡ, 2004] 

(ʭʦʪʷ ʵʪʘ ʢʦʥʢʨʝʪʥʘʷ ʟʘʜʘʯʘ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʜʘ ʚʩʝ ʞʝ ʨʝʰʘʝʪʩʷ ï 

ʦʩʪʘʚʣʷʝʤ ʝʝ ʯʠʪʘʪʝʣʶ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʘʞʥʝʥʠʷ). 

ʅʘʢʦʥʝʮ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʧʠʩʢʦʚ (ʥʘʧʨʠʤʝʨ, ʥʝʣʴʟʷ ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢʦʡ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʢʘʢ ʩʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ ʜʚʫʭ ʩʧʠʩʢʦʚ). 

ɺʥʝʰʥʝʝ ʫʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʚʥʫʪʨʝʥʥʝʛʦ 
ʠʪʝʨʘʪʦʨʘ 

ʏʘʩʪʠʯʥʦ ʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʨʝʘʣʠʟʦʚʘʚ ʚʥʝʰʥʝʝ 

ʫʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʠʪʝʨʘʪʦʨʘ. ɺ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʘʙʩʪʨʘʢʪʥʦʛʦ 

ʠʪʝʨʘʪʦʨʘ ʠ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʠʪʝʨʠʨʫʝʤʦʛʦ ʩʧʠʩʢʘ (ʩʤ. ʣʠʩʪʠʥʛ 3.8). 

ʃʠʩʪʠʥʛ 3.8. ɺʥʝʰʥʝʝ ʫʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʠʪʝʨʘʪʦʨʘ 

#ifndef  _ListIt _h_ 

#define  _ListIt_h_  

 

#include  <iostream>  

using  namespace  std ;  

 

// ɸʙʩʪʨʘʢʪʥʳʡ ʠʪʝʨʘʪʦʨ (ʧʨʦʩʪʝʡʰʠʡ ʚʘʨʠʘʥʪ) 

template  <class  T> 

class  Iterator  

{  

public :  

 virtual  void  start () = 0;   // ʀʥʠʮʠʘʣʠʟʠʨʫʝʪ ʠʪʝʨʘʮʠʶ 

 virtual  bool  hasMore () = 0; // ʇʨʦʚʝʨʷʝʪ, ʝʩʪʴ ʣʠ ʝʱʝ 

                                 // ʵʣʝʤʝʥʪʳ 

 virtual  void  next () = 0;    // ʇʝʨʝʭʦʜʠʪ ʢ ʦʯʝʨʝʜʥʦʤʫ  

 virtual  T* get () = 0;        // ɺʦʟʚʨʘʱʘʝʪ ʘʜʨʝʩ ʵʣʝʤʝʥʪʘ 

};  

 

// ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʚʝʨʩʠʷ ʩʧʠʩʢʘ 

template  <class  T> 

class  ListIt : public  Iterator<T>  

{  

public :  

 class  RemoveItemException{};  

 class  InsertItemException{};  
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private :  

 template  <class  ITEM> 

 struct  ListItem  

 {  

  ITEM data;  

  ListItem<ITEM> *next;  

 

  ListItem( const  ITEM& data, ListItem<ITEM>* next = 0 )  

  {  

   this - >data = data;  

   this - >next = next;  

  }  

 };  

 

public :  

 

 // ʄʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʩʧʠʩʢʦʤ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʥʝʝ 

 // ...  

 

 // ʄʝʪʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʪʝʨʘʮʠʶ ʩʧʠʩʢʘ 

 void  start ()  

 {  

  currentIt=first;  

 }  

 

 bool  hasMore()  

 {  

  return  currentIt!=0;  

 }  

 

 void  next()  

 {  

  if ( currentIt == 0 ) throw  BadIteratorException();  

  currentIt = currentIt - >next;  

 }  

 

 T* get()  

 {  

  if ( currentIt == 0 ) throw  BadIteratorException();  

  return  &(currentIt - >data);  

 }  

 

private :  

 ListItem <T> * first ;   // ɸʜʨʝʩ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩʧʠʩʢʘ 

 ListItem <T> * currentIt ;  // ɸʜʨʝʩ ʪʝʢʫʱʝʛʦ ʦʙʦʟʨʝʚʘʝʤʦʛʦ 

      // ʵʣʝʤʝʥʪʘ ʩʧʠʩʢʘ 

};  

 

#endif  

ʇʨʦʮʝʜʫʨʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʪʝʨʠʨʫʝʤʦʛʦ ʩʧʠʩʢʘ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʩʣʝʜʫʶʱʠʡ ʪʝʢʩʪ: 

// ʇʨʦʚʝʨʢʘ ʥʘʣʠʯʠʷ ʟʘʜʘʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʜʘʥʥʳʭ ʚ ʩʧʠʩʢʝ 

template  <class  T> 

bool  HasItem ( ListIt <T>& list , const  T& checkData  )  

{  

 for ( list.start(); list.hasMore(); list.next() )  

  // ʅʝʦʙʭʦʜʠʤʘ ʪʦʯʥʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʚʳʟʦʚʦʚ ï  

  // ʇɽʈɺʓʁ ʅɽɼʆʉʊɸʊʆʂ 

 {  

  T* ptrItem = list.get();  

  if ( *ptrItem == checkData ) return  true ;  

 }  
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return  false ;  

 

 // ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʜ ʩʧʠʩʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʫʱʝʥ 

 //  ʪʦʣʴʢʦ ʆɼʀʅ ʠʪʝʨʘʪʦʨ -  ɺʊʆʈʆʁ ʅɽɼʆʉʊɸʊʆʂ =>  

 // ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪʤʦʚ 

}  

 

void  main ()  

{  

 ListIt <int > list 1;  

 

 list1.pushBegin( 1 );  

 list1.pushEnd( 2 );  

 list1.pushEnd( 3 );  

 list1.pushBegin( 0 );  

 list1.pushEnd( 4 );  

 

 list1.print();  

 

 if ( HasItem( list1, 4 ) )  

 {  

  cout  << " Found " << endl ;  

 }  

}  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʬʨʘʛʤʝʥʪʝ ʫʢʘʟʘʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ, ʛʣʘʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦ ʟʘʧʫʩʢʘ 

ʥʘʜ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʩʧʠʩʢʦʤ ʥʝʩʢʦʣʴʢʠʭ ʠʪʝʨʘʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʪʝʢʫʱʝʤ ʧʦʣʦʞʝʥʠʠ ʠʪʝʨʘʪʦʨʘ ʭʨʘʥʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʧʠʩʦʯʥʦʤ 

ʦʙʲʝʢʪʝ. 

ʇʦʩʪʨʦʝʥʠʝ ʚʥʝʰʥʝʛʦ ʠʪʝʨʘʪʦʨʘ ʩʧʠʩʢʘ 
ʈʝʰʠʪʴ ʫʢʘʟʘʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ, ʝʩʣʠ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʝʤ ʧʦʣʦʞʝʥʠʠ ʠʪʝʨʘʪʦʨʘ ʭʨʘʥʠʪʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ 

ʦʙʲʝʢʪʝ, ʢʦʪʦʨʳʡ ʠ ʩʦʟʜʘʚʘʪʴ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʪʝʨʘʮʠʠ ʩʧʠʩʢʘ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʥʫʞʥʦ ʧʦʩʪʨʦʠʪʴ ʚʥʝʰʥʠʡ ʠʪʝʨʘʪʦʨ ʩʧʠʩʢʘ. 

ʇʦʩʢʦʣʴʢʫ ʠʪʝʨʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪ ʵʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʧʠʩʢʘ, ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʤʝʩʪʠʪʴ ʚ ʢʣʘʩʩ ʩʧʠʩʢʘ. ʀʪʝʨʘʪʦʨ ʤʦʞʝʪ ʜʦʧʫʩʢʘʪʴ 

ʠʣʠ ʥʝ ʜʦʧʫʩʢʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʩʧʠʩʢʘ. ʄʳ ʨʘʩʩʤʦʪʨʠʤ 

ʨʝʘʣʠʟʘʮʠʶ ʠʪʝʨʘʪʦʨʘ, ʜʦʧʫʩʢʘʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʩʧʠʩʢʘ (ʩʤ. ʣʠʩʪʠʥʛ 3.9). 

ʃʠʩʪʠʥʛ 3.9. ʇʦʩʪʨʦʝʥʠʝ ʚʥʝʰʥʝʛʦ ʠʪʝʨʘʪʦʨʘ ʩʧʠʩʢʘ 

template  <class  T> 

class  ListIt  

{  

public :  

 class  RemoveItemException{};  

 class  InsertItemException{};  

 

private :  

 template  <class  ITEM> 

 struct  ListItem  

 {  

  ITEM data;  

  ListItem<ITEM> *next;  

 

  ListItem( const  ITEM& data, ListItem<ITEM>* next = 0 )  



 92 

  {  

   this - >data = data;  

   this - >next = next;  

  }  

 };  

 

public :  

 // ʄʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʩʧʠʩʢʦʤ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʥʝʝ 

 // ...  

  

 friend  class  Iterator ;  //  ɼʨʫʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʥʝʦʙʭʦʜʠʤ, 

      // ʧʦʩʢʦʣʴʢʫ ʢʣʘʩʩ Iterator  

      // ʨʘʙʦʪʘʝʪ ʚ ʪʝʩʥʦʡ ʢʦʦʧʝʨʘʮʠʠ 

      // ʩ ʢʣʘʩʩʦʤ ListIt  

 

 // ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ ʠʪʝʨʘʪʦʨʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

 // ʤʦʜʠʬʠʢʘʮʠʠ ʩʧʠʩʢʘ 

 class  Iterator  

 {  

  ListItem<T> *currentIt;  

  ListItem<T> **ptrToCurrentIt;  

   

 public :  

  Iterator( ListIt<T>* pList )  

  {  

   ptrToCurrentIt = &( pList - >first );  

   currentIt = *ptrToCurrentIt;  

  }  

 

  bool  hasMore()  

  {  

   return  currentIt!=0;  

  }  

 

  void   next()  

  {  

   if ( currentIt==0 ) throw  BadIteratorException();  

    

   ptrToCurrentIt = &( currentIt - >next );  

   currentIt = *ptrToCurrentIt;  

  }  

 

  T* get()  

  {  

   if ( currentIt==0 ) throw  BadIteratorException();  

   return  &( cur rentIt - >data );  

  }  

 

  // ɼʘʣʝʝ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʳ, ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʩʧʠʩʦʢ 

  // ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʪʝʨʘʪʦʨʘ 

   

  // ʋʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʩʧʠʩʢʘ, ʥʘ ʢʦʪʦʨʳʡ 

  // ʫʢʘʟʳʚʘʝʪ ʠʪʝʨʘʪʦʨ 

  void  remove()  

  {  

   if ( currentIt == 0 ) throw  RemoveItemException();  

    

   *ptrToCurrentIt = currentIt - >next;  

   delete  currentIt;  

 

   currentIt  = * ptrToCurrentIt ;  

  }  

 

   // ɺʩʪʘʚʢʘ ʥʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʩʣʝ ʵʣʝʤʝʥʪʘ ʩʧʠʩʢʘ, 
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    // ʥʘ ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʠʪʝʨʘʪʦʨ 

  void  insertAfter ( const  T& newData  )  

  {  

   if ( currentIt == 0 ) throw  InsertItemException();  

 

   ListItem<T> *newItem =  

    new ListItem<T>( newData, currentIt - >next );  

   currentIt - >next = newItem;  

 

   ptrToCurrentIt = &( newItem - >next );  

 

   currentIt  = * ptrToCurrentIt ;  

  }  

 

  // ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ 

  // ...  

 };  

 

 Iterator *iterator()  

 {  

  return  new Iterator( this );  

 }  

private :  

 ListItem <T> * first ;  

};  

ʅʠʞʝ ʩʣʝʜʫʝʪ ʬʨʘʛʤʝʥʪ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʥʝʰʥʝʛʦ ʠʪʝʨʘʪʦʨʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʧʠʩʢʘ. 

template  <class  T> 

bool  HasItem( ListIt<T> & list, const  T& checkData )  

{  

 ListIt<T>::Iterator *iterator = list.iterator();  

  

 bool  found = false ;  

 while( iterator - >hasMore() )  

 {  

  T* ptrItem = iterator - >get();  

  if ( *ptrItem == checkData )  

  {  

   found = true ;  

   break ;  

  }  

 

  iterator - >next();  

 }  

  

 delete  iterator;  

 return  found;   

}  

 

template  <class  T> 

bool  FindAndDelete( ListIt<T>& list, const  T& checkData )  

{  

 ListIt<T>::Iterator *iterator = list.iterator();  

  

 bool  found = false ;  

 while ( iterator - >hasMore() )  

 {  

  T* ptrItem = iterator - >get ();  

  if ( *ptrItem == checkData )  

  {  

   iterator - >remove();  

   found = true ;  
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   break ;  

  }  

  iterator - >next();  

 }  

  

 delete  iterator;  

 return  found;  

}  

 

template  <class  T> 

bool  FindAndInsert( ListIt<T>& list,  

    const  T& checkData, const  T& insertData )  

{  

 ListIt<T>::Iterator *iterator = list.iterator();  

  

 bool  found = false ;  

 while ( iterator - >hasMore() )  

 {  

  T* ptrItem = iterator - >get();  

  if ( *ptrItem == checkData )  

  {  

   iterator - >insertAfter( insertData );  

   found = true ;  

   break ;  

  }  

  iterator - >next();  

 }  

  

 delete  iterator;  

 return  found;   

}  

 

void  main()  

{  

 ListIt<int> list1;  

 

 list1.pushBegin( 1 );  

 list1.pushEnd( 2 );  

 list1.pushEnd( 3 );  

 list1.pushBegin( 0 );  

 list1.pushEnd( 4 );  

 list1.print();  

 

 if ( HasItem( list1, 4 ) )  

 {  

  cout << "Found" << endl;  

 }  

 

 if ( FindAndDelete( list1, 3 ) )  

 {  

  cout << "Found and deleted" << endl;  

 }  

 list1.print();  

 

 if ( FindAndInsert( list1, 2, 3 ) )  

 {  

  cout << "Found and inserted" << endl;  

 }  

 list 1. print ();  

}  

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʢʣʘʩʩʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʚʥʝʰʥʠʭ ʠʪʝʨʘʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʦʙʨʘʙʦʪʢʠ ʩʧʠʩʢʘ 
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 (ʥʘʧʨʠʤʝʨ, ʦʪʜʝʣʴʥʳʝ ʠʪʝʨʘʪʦʨʳ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʩʧʠʩʢʘ ʚ 

ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʠʪʝʨʘʪʦʨʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʩʪʘʚʢʠ, ʠʪʝʨʘʪʦʨʳ, 

ʜʦʧʫʩʢʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʠʤʦʛʦ ʵʣʝʤʝʥʪʦʚ ʩʧʠʩʢʘ ʠ ʜʨ.) 

3.3. ɼʨʫʛʠʝ ʚʠʜʳ ʩʧʠʩʢʦʚ 
ʀʟʫʯʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʧʠʩʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʦʩʥʦʚʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʧʨʘʚʣʝʥʠʠ ʩʚʷʟʘʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʘʥʥʳʭ. ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ 

ʣʠʥʝʡʥʳʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʩʧʠʩʢʦʤ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʛʠʙʢʦʩʪʴ ʩʧʠʩʦʯʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʧʨʠʚʦʜʠʪ 

ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʧʦʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʚʷʟʴ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʵʣʝʤʝʥʪʦʤ, ʥʦ ʠ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʧʠʩʢʘ. ʅʘʧʨʠʤʝʨ, ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ 

ʩʧʠʩʦʢ ʩʦʜʝʨʞʠʪ ʫʢʘʟʘʪʝʣʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʩʣʝʜʫʶʱʠʡ, ʥʦ ʠ ʥʘ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʵʣʝʤʝʥʪ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʦʣʝʡ ʜʣʷ 

ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʩʤʦʪʨʘ ʩʧʠʩʢʘ, ʧʨʠ ʵʪʦʤ ʦʜʥʦ 

ʧʦʣʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʚʷʟʠ ʩʦ ʩʣʝʜʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʩʧʠʩʢʘ, ʘ 

ʜʨʫʛʦʝ ï ʜʣʷ ʩʚʷʟʠ ʩʦ ʩʣʝʜʫʶʱʠʤ çʨʘʟʜʝʣʦʤè ʩʧʠʩʢʘ. 
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ɻʣʘʚʘ 4. ɼʨʝʚʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ɺ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʜʝʨʝʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʛʨʘʬ ʙʝʟ ʮʠʢʣʦʚ. ʕʣʝʤʝʥʪʳ 

ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʦʙʳʯʥʦ ʠʟʫʯʘʶʪʩʷ ʩʪʫʜʝʥʪʘʤʠ ʚ ʨʘʤʢʘʭ ʢʫʨʩʦʚ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʠʥʬʦʨʤʘʪʠʢʠ. ʄʳ ʩʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʧʨʠʢʣʘʜʥʳʭ ʘʩʧʝʢʪʘʭ ʧʨʠʤʝʥʝʥʠʷ 

ʜʨʝʚʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. 

4.1. ʆʨʛʘʥʠʟʘʮʠʷ ʜʨʝʚʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 
ʂʘʢ ʬʦʨʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʜʝʨʝʚʦ ʷʚʣʷʝʪʩʷ ʩʚʷʟʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʛʜʝ ʩ ʢʘʞʜʳʤ ʵʣʝʤʝʥʪʦʤ ʜʘʥʥʳʭ (ʫʟʣʦʤ, ʠʣʠ ʚʝʨʰʠʥʦʡ), ʢʨʦʤʝ ʦʜʥʦʛʦ, ʩʚʷʟʘʥ 

ʦʜʠʥ ʫʟʝʣ-ʨʦʜʠʪʝʣʴ (parent node) ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ 

ʫʟʣʦʚ-ʧʦʪʦʤʢʦʚ (child nodes). ɽʩʣʠ ʫʟʝʣ ʥʝ ʠʤʝʝʪ ʧʦʪʦʤʢʦʚ, ʦʥ ʥʘʟʳʚʘʝʪʩʷ 

ʢʦʥʮʝʚʳʤ ʫʟʣʦʤ, ʠʣʠ ʣʠʩʪʦʤ (leaf node). ɽʩʣʠ ʫʟʝʣ ʥʝ ʠʤʝʝʪ ʨʦʜʠʪʝʣʷ, ʦʥ 

ʥʘʟʳʚʘʝʪʩʷ ʢʦʨʥʝʚʳʤ ʫʟʣʦʤ (root node). 

ʘ

root

ʙ

leaves

 
ʈʠʩ. 4.1. ɼʝʨʝʚʴʷ ʦʙʱʝʛʦ ʚʠʜʘ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʨʤʠʥʦʣʦʛʠʝʡ, ʣʦʛʠʯʥʦ ʠʟʦʙʨʘʞʘʪʴ ʜʝʨʝʚʦ, ʧʦʤʝʱʘʷ 

ʢʦʨʥʝʚʦʡ ʫʟʝʣ ʚʥʠʟʫ ʢʘʨʪʠʥʢʠ (ʨʠʩ. 4.1, ʘ). ʂʘʢ ʵʪʦ ʥʠ ʧʘʨʘʜʦʢʩʘʣʴʥʦ, 

ʩʣʦʞʠʚʰʘʷʩʷ ʪʨʘʜʠʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʜʝʨʝʚʴʝʚ ʚ ʟʘʜʘʯʘʭ ʠʥʬʦʨʤʘʪʠʢʠ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʤʝʱʝʥʠʝ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ ʚʚʝʨʭʫ 

(ʨʠʩ. 4.1, ʙ). 

ʇʨʠ ʚʳʙʦʨʝ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʨʝʚʦʚʠʜʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʭʦʜʷʪ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ɽʩʣʠ 

ʪʨʝʙʫʝʪʩʷ ʙʳʩʪʨʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʜʝʨʝʚʘ ʢʘʢ ʚʚʝʨʭ, ʪʘʢ ʠ ʚʥʠʟ ʧʦ 

ʜʝʨʝʚʫ, ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʚʢʣʶʯʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʦ 

ʨʦʜʠʪʝʣʴʩʢʦʤ, ʪʘʢ ʠ ʦ ʜʦʯʝʨʥʠʭ ʫʟʣʘʭ. 

ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʜʝʨʝʚʘ ʦʙʱʝʛʦ ʚʠʜʘ ʷʚʣʷʝʪʩʷ ʙʠʥʘʨʥʦʝ, ʠʣʠ 

ʜʚʦʠʯʥʦʝ, ʜʝʨʝʚʦ, ʚ ʢʦʪʦʨʦʤ ʫ ʢʘʞʜʦʛʦ ʫʟʣʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʜʚʫʭ 
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 ʧʦʪʦʤʢʦʚ. ɹʠʥʘʨʥʳʝ ʜʝʨʝʚʴʷ ʷʚʣʷʶʪʩʷ, ʚʝʨʦʷʪʥʦ, ʥʘʠʙʦʣʝʝ 
ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʜʨʝʚʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʪʠʧʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʟʣʘ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʤʦʞʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

// Binary TRE E NODE 

template  <class  DATA> 

struct  BTreeNode  

{   

 BTreeNode<DATA> *parent;// ʋʢʘʟʘʪʝʣʴ ʥʘ ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ 

 

 BTreeNode <DATA> * left ;  // ʋʢʘʟʘʪʝʣʴ ʥʘ ʫʟʝʣ-ʢʦʨʝʥʴ ʣʝʚʦʛʦ 

      // ʧʦʜʜʝʨʝʚʘ 

 BTreeNode <DATA> * right ;  // ʋʢʘʟʘʪʝʣʴ ʥʘ ʫʟʝʣ-ʢʦʨʝʥʴ ʧʨʘʚʦʛʦ 

      //  ʧʦʜʜʝʨʝʚʘ 

 

 DATA data ; // ʆʙʲʝʢʪ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʫʟʣʝ ʜʝʨʝʚʘ 

};  

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʜʝʨʝʚʦ ʦʙʱʝʛʦ ʚʠʜʘ ʯʘʱʝ ʚʩʝʛʦ ʭʨʘʥʷʪ ʚ ʧʘʤʷʪʠ 

ʠʤʝʥʥʦ ʚ ʚʠʜʝ ʙʠʥʘʨʥʦʛʦ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ʂʫʙʝʥʩʢʠʡ, 2004]). ɼʣʷ ʵʪʦʛʦ ʚʤʝʩʪʦ 

ʫʢʘʟʘʪʝʣʝʡ ʥʘ ʚʩʝʭ ʧʦʪʦʤʢʦʚ ʦʧʨʝʜʝʣʷʶʪ ʜʚʘ ʫʢʘʟʘʪʝʣʷ. ʇʝʨʚʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʜʥʦʛʦ ʠʟ ʧʦʪʦʤʢʦʚ (son node), ʚʪʦʨʦʡ ï ʥʘ ʩʦʩʝʜʥʠʡ ʫʟʝʣ, ʠʤʝʶʱʠʡ ʪʦʛʦ ʞʝ 

ʨʦʜʠʪʝʣʷ (brother node): 

// General T REE NODE 

 

template <class T>  

struct  GTreeNode  

{  

    // ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ "ʫʢʘʟʘʪʝʣʴ ʥʘ ʫʟʝʣ" 

    typedef  TreeNode <T>*  PtrTreeNode ;  

 

    PtrTreeNode  parent ; // ʋʢʘʟʘʪʝʣʴ ʥʘ ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ 

                        // (ʜʣʷ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ: 0)  

 

    PtrTreeNode  brother ; // ʋʢʘʟʘʪʝʣʴ ʥʘ ʦʯʝʨʝʜʥʦʡ ʫʟʝʣ  

                         // ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ 

    PtrTreeNode  so n;     // ʋʢʘʟʘʪʝʣʴ ʥʘ "ʩʪʘʨʰʝʛʦ"  ʠʟ ʧʦʪʦʤʢʦʚ 

                         // (ʫʟʣʦʚ ʩʣʝʜʫʶʱʝʛʦ ʫʨʦʚʥʷ) 

 

    T data ; // ʆʙʲʝʢʪ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʫʟʣʝ ʜʝʨʝʚʘ 

};  

ɺ ʜʘʥʥʦʤ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʤʳ ʩʦʩʨʝʜʦʪʦʯʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʚʘʞʥʳʭ ʜʣʷ 

ʧʨʘʢʪʠʢʠ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʝʚʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʙʠʥʘʨʥʳʝ ʜʝʨʝʚʴʷ. 

ɹʠʥʘʨʥʳʝ ʜʝʨʝʚʴʷ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 
ʋʟʣʳ, ʠʤʝʶʱʠʝ ʦʜʥʦʛʦ ʨʦʜʠʪʝʣʷ, ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʫʟʣʘʤʠ, 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʜʝʨʝʚʘ. ʏʠʩʣʦ ʫʨʦʚʥʝʡ ʜʝʨʝʚʘ ʦʧʨʝʜʝʣʷʝʪ 

ʚʳʩʦʪʫ ʜʝʨʝʚʘ (ʨʠʩ. 4.2). 

ɼʝʨʝʚʦ ʥʘʟʳʚʘʶʪ ʚʳʨʦʚʥʝʥʥʳʤ, ʝʩʣʠ ʦʥʦ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ 

ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ ʫʟʣʦʚ. ɹʠʥʘʨʥʦʝ ʜʝʨʝʚʦ, ʠʟʦʙʨʘʞʝʥʥʦʝ ʥʘ ʨʠʩ. 4.2, 

ʷʚʣʷʝʪʩʷ ʥʝʚʳʨʦʚʥʝʥʥʳʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʝʨʝʚʦ ʥʘ ʨʠʩ. 4.3 ï ʚʳʨʦʚʥʝʥʥʦʝ. 

ɽʩʣʠ ʫʟʣʳ ʜʝʨʝʚʘ ʧʝʨʝʥʫʤʝʨʦʚʘʪʴ, ʪʦ ʚ ʚʳʨʦʚʥʝʥʥʦʤ ʜʝʨʝʚʝ ʯʠʩʣʦ 

ʫʨʦʚʥʝʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ ʢʘʢ 1][log 2 n , ʛʜʝ n  ï ʯʠʩʣʦ ʫʟʣʦʚ, ʘ 
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ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ ʦʙʦʟʥʘʯʘʶʪ ʙʣʠʞʘʡʰʝʝ ʮʝʣʦʝ, ʤʝʥʴʰʝʝ ʠʣʠ ʨʘʚʥʦʝ 

ʟʥʘʯʝʥʠʷ ʚ ʩʢʦʙʢʘʭ. 

5

ʫʨʦʚʥʝʡ

1

2 3

4 5 6 7

8 9

10 11

 
ʈʠʩ. 4.2. ɹʠʥʘʨʥʦʝ ʜʝʨʝʚʦ 

ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʙʠʥʘʨʥʳʤ ʜʝʨʝʚʦʤ ʥʘʟʳʚʘʶʪ ʜʝʨʝʚʦ, ʫ ʢʦʪʦʨʦʛʦ 

ʜʣʷ ʣʶʙʦʛʦ ʫʟʣʘ ʚʳʩʦʪʘ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʧʦʜʜʝʨʝʚʴʝʚ ʦʪʣʠʯʘʝʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 1. ʈʘʟʫʤʝʝʪʩʷ, ʣʶʙʦʝ ʚʳʨʦʚʥʝʥʥʦʝ ʜʝʨʝʚʦ ʷʚʣʷʝʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ. 

ɹʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʚʳʨʦʚʥʝʥʥʳʝ ʙʠʥʘʨʥʳʝ 

ʜʝʨʝʚʴʷ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʫʨʦʚʥʠ ʟʘʧʦʣʥʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʣʝʚʘ ʥʘʧʨʘʚʦ (ʩʤ. ʨʠʩ. 4.3). 

4

ʫʨʦʚʥ̫

1

2 3

4 5 6 7

8 9 10 11

 
ʈʠʩ. 4.3. ɺʳʨʦʚʥʝʥʥʦʝ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ 

ɺʳʨʦʚʥʝʥʥʳʝ ʜʝʨʝʚʴʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʧʦʠʩʢʝ. ʆʜʥʘʢʦ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʜʦʙʘʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʫʟʣʦʚ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴ ʧʝʨʝʩʪʨʦʡʢʠ ʚʩʝʛʦ ʜʝʨʝʚʘ. ʇʦʵʪʦʤʫ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʦʩʪʘʚ 

ʫʟʣʦʚ ʜʝʨʝʚʘ ʧʦʜʚʝʨʞʝʥ ʧʦʩʪʦʷʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ 
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 ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ, ʠʣʠ ɸɺʃ-ʜʝʨʝʚʴʷ (ɸʜʝʣʴʩʦʥ-ɺʝʣʴʩʢʠʡ ʠ 

ʃʘʥʜʠʩ, 1962). ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʜʝʨʝʚʴʷ ʫʩʪʫʧʘʶʪ ʚʳʨʦʚʥʝʥʥʳʤ ʧʦ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʠʩʢʘ, ʦʜʥʘʢʦ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʚʩʪʘʚʢʠ ʠ 

ʫʜʘʣʝʥʠʷ ʫʟʣʦʚ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʟʘʪʨʘʛʠʚʘʝʪ ʪʦʣʴʢʦ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʫʟʣʦʚ ʠ 

ʥʝ ʪʨʝʙʫʝʪ ʧʝʨʝʩʪʨʦʡʢʠ ʚʩʝʛʦ ʜʝʨʝʚʘ. 

ɹʠʥʘʨʥʦʝ ʜʝʨʝʚʦ ʢʘʢ ʚʘʨʠʘʥʪ ʦʨʛʘʥʠʟʘʮʠʠ 
ʜʘʥʥʳʭ ʚ ʦʜʥʦʤʝʨʥʦʤ ʤʘʩʩʠʚʝ 

ɺʳʨʦʚʥʝʥʥʦʝ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ, ʧʦʜʦʙʥʦʝ ʪʦʤʫ, ʢʦʪʦʨʦʝ ʠʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 4.3, ʤʦʞʥʦ çʭʨʘʥʠʪʴè ʚ ʫʧʘʢʦʚʘʥʥʦʤ ʚʠʜʝ ʚ ʤʘʩʩʠʚʝ, ʛʜʝ ʠʥʜʝʢʩ ʵʣʝʤʝʥʪʘ 

ʤʘʩʩʠʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʥʦʤʝʨ ʫʟʣʘ ʤʠʥʫʩ 1è, ʧʦʵʪʦʤʫ ʧʝʨʝʭʦʜ ʦʪ ʫʟʣʘ 

ʜʝʨʝʚʘ ʢ ʨʦʜʠʪʝʣʴʩʢʦʤʫ ʫʟʣʫ ʠʣʠ ʢ ʫʟʣʘʤ-ʧʦʪʦʤʢʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʥʘʜ ʥʦʤʝʨʘʤʠ ʫʟʣʦʚ. 

ʇʫʩʪʴ r  ï ʥʦʤʝʨ ʫʟʣʘ ʜʝʨʝʚʘ, ʧʨʠʯʝʤ nr1 . ʊʦʛʜʘ ʥʦʤʝʨ ʝʛʦ 

ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʫʟʣʘ ʣʝʛʢʦ ʚʳʯʠʩʣʠʪʴ ʢʘʢ ]2/[r . ʅʦʤʝʨ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ ʣʝʚʦʛʦ 

ʧʦʜʜʝʨʝʚʘ ʜʣʷ r  ʝʩʪʴ r2 ; ʥʦʤʝʨ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ ʧʨʘʚʦʛʦ ʧʦʜʜʝʨʝʚʘ ʝʩʪʴ 

12 r . 

ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʙʨʘʙʦʪʢʘ ʜʝʨʝʚʘ ʩ ʢʦʨʥʝʤ ʚ ʫʟʣʝ 

r  ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʝʛʦ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ 

ʧʦʜʜʝʨʝʚʴʝʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ 

ʙʠʥʘʨʥʳʤʠ ʜʝʨʝʚʴʷʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ 

ʨʝʢʫʨʩʠʚʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. ɺ ʧʩʝʚʜʦʢʦʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʮʝʩʩ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

// ʆʙʨʘʙʦʪʘʪʴ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ ʠʟ n ʫʟʣʦʚ ʩ ʢʦʨʥʝʤ ʚ ʫʟʣʝ noRoot  

void ProcessTree( int noRoot )  

{  

    if( noRoot  > n ) return; // ʚʳʭʦʜ ʠʟ ʨʝʢʫʨʩʠʠ 

 

    // ʆʙʨʘʙʦʪʘʪʴ ʣʝʚʦʝ ʧʦʜʜʝʨʝʚʦ 

    ProcessTree ( noRoot *2 );  

 

    // ʆʙʨʘʙʦʪʘʪʴ ʢʦʨʝʥʴ ʜʝʨʝʚʘ 

    // ...  

 

    // ʆʙʨʘʙʦʪʘʪʴ ʧʨʘʚʦʝ ʧʦʜʜʝʨʝʚʦ 

    ProcessTree ( noRoot *2 +  1 );  

}  

ʆʨʛʘʥʠʟʘʮʠʷ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʫʧʘʢʦʚʘʥʥʦʛʦ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʣʝʞʠʪ ʚ 

ʦʩʥʦʚʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʧʦ ʢʣʶʯʫ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʠʤʝʥʥʦ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʷ bsearch  ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ 

C++). 

4.2. ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ 

ɿʘʜʘʯʘ ʧʦʠʩʢʘ ʩʪʘʚʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 

 ʫʥʠʢʘʣʴʥʳʭ ʢʣʶʯʝʡ nkkk ,...,, 21 , ʧʨʠʯʝʤ ʥʘ ʤʥʦʞʝʩʪʚʝ  ʦʧʨʝʜʝʣʝʥʦ 
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ʦʪʥʦʰʝʥʠʝ ʩʪʨʦʛʦʛʦ ʧʦʨʷʜʢʘ. ʉ ʢʘʞʜʳʤ ʠʟ ʢʣʶʯʝʡ niki ,1,  ʩʚʷʟʘʥʳ 

ʥʝʢʦʪʦʨʳʝ ʦʙʲʝʢʪʳ ʜʘʥʥʳʭ ʠʟ ʤʥʦʞʝʩʪʚʘ },1|{ mjj . ʊʨʝʙʫʝʪʩʷ ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʢʣʶʯʫ  ʥʘʡʪʠ sk  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʢʦʤʳʤ 

ʢʣʶʯʦʤ ʜʘʥʥʳʝ. 

ʇʨʦʩʪʝʡʰʠʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʢʣʶʯʘ  ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʥʦʞʝʩʪʚʘ , ʦʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠ ʨʘʚʥʦʚʝʨʦʷʪʥʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʢʣʶʯʝʡ ʥʝʚʳʩʦʢʘ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 
2

n
 ʩʨʘʚʥʝʥʠʡ ʢʣʶʯʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʣʶʯʝʡ ʚ ʬʦʨʤʝ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʠʩʢʘ 

ʜʦ ʦʮʝʥʢʠ )(log2 nO . 

ʇʫʩʪʴ )(rk  ï ʟʥʘʯʝʥʠʝ ʢʣʶʯʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʟʣʫ ʩ ʥʦʤʝʨʦʤ r . 

ʈʘʟʤʝʩʪʠʤ n  ʫʥʠʢʘʣʴʥʳʭ ʢʣʶʯʝʡ ʚ ʫʟʣʘʭ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ r  ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʦʪʥʦʰʝʥʠʷ: 

Ç ɺ ʧʦʜʜʝʨʝʚʝ ʩ ʢʦʨʥʝʤ r2  ʚʩʝ ʢʣʶʯʠ ʤʝʥʴʰʝ ʢʣʶʯʘ )(rk . 

Ç ɺ ʧʦʜʜʝʨʝʚʝ ʩ ʢʦʨʥʝʤ 12 r  ʚʩʝ ʢʣʶʯʠ ʙʦʣʴʰʝ ʢʣʶʯʘ )(rk . 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʨʘʚʥʠʚʘʷ ʠʩʭʦʜʥʳʡ ʢʣʶʯ ʩ ʢʣʶʯʦʤ, ʭʨʘʥʷʱʠʤʩʷ ʚ 

ʢʦʨʥʝ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ, ʤʳ ʣʠʙʦ ʥʘʭʦʜʠʤ ʠʩʢʦʤʳʡ ʢʣʶʯ, ʣʠʙʦ ʤʦʞʝʤ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʜʝʨʝʚʦ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʠʩʢʦʤʳʡ ʢʣʶʯ. ʅʘ 

ʢʘʞʜʦʤ ʩʨʘʚʥʝʥʠʠ ʯʠʩʣʦ ʥʝʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʣʶʯʝʡ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ 

ʚʜʚʦʝ, ʯʪʦ ʠ ʜʘʝʪ ʧʨʠʚʝʜʝʥʥʫʶ ʚʳʰʝ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʛʦʪʦʚʢʝ ʤʘʩʩʠʚʘ ʢʣʶʯʝʡ. 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ 

ʢʣʶʯʝʡ ʧʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʧʩʝʚʜʦʢʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʰʘʝʪ ʟʘʜʘʯʫ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʙʭʦʜ ʫʟʣʦʚ ʜʝʨʝʚʘ ʚ ʥʫʞʥʦʤ 

ʧʦʨʷʜʢʝ. ʃʠʩʪʠʥʛ 4.1 ʠʣʣʶʩʪʨʠʨʫʝʪ ʘʜʘʧʪʘʮʠʶ ʘʣʛʦʨʠʪʤʘ çʘʙʩʪʨʘʢʪʥʦʛʦè 

ʦʙʭʦʜʘ ʜʝʨʝʚʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʤʘʩʩʠʚʘ 

ʢʣʶʯʝʡ. 

ʃʠʩʪʠʥʛ 4.1. ʇʦʜʛʦʪʦʚʢʘ ʜʝʨʝʚʘ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ (ʧʩʝʚʜʦʢʦʜ) 
struct  SearchTreeNode  

{  

    KeyType   key;      // ʂʣʶʯ 

    DataType  * ptrData ; // ʋʢʘʟʘʪʝʣʴ ʥʘ ʦʙʲʝʢʪ ʜʘʥʥʳʭ, 

                       // ʩʚʷʟʘʥʥʳʭ ʩ ʜʘʥʥʳʤ ʢʣʶʯʦʤ 

};  

 

SearchTreeNode  btree [ n ]; // ɼʝʨʝʚʦ ʧʦʠʩʢʘ, ʫʧʘʢʦʚʘʥʥʦʝ ʚ ʤʘʩʩʠʚ 

 

// ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʤʘʩʩʠʚʘ ʢʣʶʯʝʡ ʜʣʷ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ 

void  PrepareTree ( int  noRoot  )  

{  

    if( noRoot  > n ) return; // ʚʳʭʦʜ ʠʟ ʨʝʢʫʨʩʠʠ 
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    // ʇʦʜʛʦʪʦʚʠʪʴ ʣʝʚʦʝ ʧʦʜʜʝʨʝʚʦ (ʚʩʝ ʤʝʥʴʰʠʝ ʢʣʶʯʠ) 

    PrepareTree ( noRoot *2 );  

 

    // ɿʘʥʝʩʪʠ ʢʣʶʯ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʥʥʳʭ ʚ ʢʦʨʥʝʚʦʡ ʫʟʝʣ 

    btree [ noRoot - 1 ]. key  = GetNextKey (); // ʀʟʚʣʝʯʝʥʠʝ ʦʯʝʨʝʜʥʦʛʦ 

                                          // ʢʣʶʯʘ 

                                          // ʠʟ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ 

                                          // ʥʘʙʦʨʘ 

    btree [ noRoot - 1 ]. ptrData  = GetNextData (); // ʀʟʚʣʝʯʝʥʠʝ 

                                               // ʜʘʥʥʳʭ 

 

    // ʇʦʜʛʦʪʦʚʠʪʴ ʧʨʘʚʦʝ ʧʦʜʜʝʨʝʚʦ (ʚʩʝ ʙʦʣʴʰʠʝ ʢʣʶʯʠ) 

    PrepareTree ( noRoot *2 +  1 );  

}  

ʈʝʘʣʠʟʘʮʠʷ ʧʦʠʩʢʘ ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ ʜʝʨʝʚʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʫʜʘ. 

ʃʠʩʪʠʥʛ 4.2 ʩʦʜʝʨʞʠʪ ʧʩʝʚʜʦʢʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʠʩʢʘ. 

ʃʠʩʪʠʥʛ 4.2. ɹʠʥʘʨʥʳʡ ʧʦʠʩʢ ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ ʜʝʨʝʚʝ (ʧʩʝʚʜʦʢʦʜ) 

// ʇʦʠʩʢ ʢʣʶʯʘ key  ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ ʤʘʩʩʠʚʘ 

// ʈʝʟʫʣʴʪʘʪ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʩʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ: 

//    ʠʥʜʝʢʩ ʵʣʝʤʝʥʪʘ ʚ ʤʘʩʩʠʚʝ 

// ɺʦʟʚʨʘʱʘʝʪ true , ʝʩʣʠ ʢʣʶʯ ʥʘʡʜʝʥ, 

//            false  ï ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

bool  BSearch (  

              KeyType  key,           // ʀʩʭʦʜʥʳʡ ʢʣʶʯ 

              int & ixFound            // ʉʩʳʣʢʘ ʥʘ ʠʩʢʦʤʳʡ ʠʥʜʝʢʩ 

             )  

{  

    int noRoot = 1;  

 

    while ( noRoot <= n )  

    {  

        if( key == btree[ noRoot - 1 ].key )  

        {  

            ixFound = noRoot - 1;  

            return true;  

        }  

 

        if( key < btree[ noRoot - 1 ].key ) noRoot = noRoot*2;  

        else                              noRoot = noRoot*2 + 1;  

    }  

 

    ixFound  = - 1;  

    return  false ;  

}  

ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʝʨʝʚʘ ʠ ʧʦʠʩʢʘ ʚ ʥʝʤ 

ʥʝʢʦʪʦʨʦʛʦ ʩʠʤʚʦʣʴʥʦʛʦ ʢʣʶʯʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 4.4. 
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ʈʠʩ. 4.4. ɹʠʥʘʨʥʳʡ ʧʦʠʩʢ 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʢʣʶʯʝʡ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʘ ʩʪʫʜʝʥʪʘʤ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ. 

ɺʧʨʦʯʝʤ, ʧʨʠʤʝʨ ʜʣʷ ʢʣʶʯʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʪʨʦʢʠ ʩʠʤʚʦʣʦʚ, ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʣʝʢʮʠʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ ʜʣʷ ʢʣʶʯʝʡ-ʩʪʨʦʢ 
ʩʠʤʚʦʣʦʚ (ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʧʨʠʤʝʨ) 

ɸʥʘʣʠʟʠʨʫʝʤʳʡ ʧʨʦʝʢʪ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʬʘʡʣʦʚ: 

Ç ʌʘʡʣ TreeNode.h ʩʦʜʝʨʞʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʟʣʘ ʜʝʨʝʚʘ ʧʦʠʩʢʘ. 

Ç ʌʘʡʣ BSearch.cpp ʩʦʜʝʨʞʠʪ ʢʦʤʧʣʝʢʪ ʬʫʥʢʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ. 

Ç ʌʘʡʣ BSearch.h ʷʚʣʷʝʪʩʷ ʟʘʛʦʣʦʚʦʯʥʳʤ ʬʘʡʣʦʤ, ʚʳʩʪʫʧʘʶʱʠʤ ʚ 

ʨʦʣʠ ʠʥʪʝʨʬʝʡʩʘ ʢ ʤʦʜʫʣʶ BSearch.cpp. 

Ç ʌʘʡʣ main.cpp ʩʦʜʝʨʞʠʪ ʦʩʥʦʚʥʫʶ ʧʨʦʛʨʘʤʤʫ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ 

ʧʨʠʤʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʟʘʛʨʫʟʢʫ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʠ ʟʘʧʫʩʢ 

ʧʨʦʮʝʜʫʨʳ ʧʦʠʩʢʘ. 

ʃʠʩʪʠʥʛʠ 4.3ð4.6 ʩʦʜʝʨʞʘʪ ʪʝʢʩʪʳ ʚʩʝʭ ʤʦʜʫʣʝʡ ʧʨʦʝʢʪʘ. 

ʃʠʩʪʠʥʛ 4.3. ʆʧʨʝʜʝʣʝʥʠʝ ʫʟʣʘ ʜʝʨʝʚʘ (ʩʪʨʦʢʠ ʚ ʪʘʙʣʠʮʝ ʧʦʠʩʢʘ) 
/*  

 * INCLUDE -ʬʘʡʣ   : TreeNode.h  

 *  

 * ʇʨʦʝʢʪ : BSearch  

 *          Console application  

 *  
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  * ʆʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʧʨʦʝʢʪʘ: main.cpp  

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ 

 *             "ʫʟʝʣ ʜʝʨʝʚʘ ʧʦʠʩʢʘ" 

 *  

 * ʊʝʤʘ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʥʘʨʥʳʭ ʜʝʨʝʚʴʝʚ ʚ ʧʨʦʝʢʪʥʦʡ ʧʨʘʢʪʠʢʝ 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 06.08.2005 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 *  

 * ʀʩʭʦʜʥʳʝ ʪʝʢʩʪʳ ʧʨʠʤʝʨʦʚ ʧʨʦʛʨʘʤʤ ʢ ʢʫʨʩʫ ʣʝʢʮʠʡ 

 * "ʉʪʨʫʢʪʫʨʳ ʠ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ" 

 *  ʃʝʢʮʠʷ 4  

 *  ʃʠʩʪʠʥʛʠ 4.3- 4.6  

 *  

 * Copyright  ( C) ʇʳʰʢʠʥ ɽʚʛʝʥʠʡ ɺʘʣʝʨʴʝʚʠʯ, 2005 

 *               ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

 *               ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 */  

#ifndef  _TreeNode_h_  

#define  _TreeNode_h_  

 

#define  KEYLEN 8 

#define  DATALEN 64 

 

struct  SearchTreeNode  

{  

    char   key [ KEYLEN ];      // ʂʣʶʯ (ʩʪʨʦʢʘ ʩʠʤʚʦʣʦʚ) 

    char   ptrData [ DATALEN ]; // ʋʢʘʟʘʪʝʣʴ ʥʘ ʩʪʨʦʢʫ ʜʘʥʥʳʭ, 

                              // ʩʚʷʟʘʥʥʳʭ ʩ ʜʘʥʥʳʤ ʢʣʶʯʦʤ 

};  

 

#endif  

 

/*  

 * ʂʦʥʝʮ ʬʘʡʣʘ TreeNode . h 

 */  

ʃʠʩʪʠʥʛ 4.4. ʌʫʥʢʮʠʠ ʧʦʜʛʦʪʦʚʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ 
/*  

 * ʌʘʡʣ   : BSearch.cpp  

 *  

 * ʇʨʦʝʢʪ : BSearch  

 *          Console application  

 *  

 * ʆʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʧʨʦʝʢʪʘ: main . cpp  

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʧʨʠʤʝʨ. 

 *             ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʡ ʜʣʷ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ. 

 *             ʂʣʶʯʠ -  ʩʪʨʦʢʠ ʩʠʤʚʦʣʦʚ, ʜʘʥʥʳʝ -  ʩʪʨʦʢʠ ʩʠʤʚʦʣʦʚ 

 *  

 * ʊʝʤʘ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʥʘʨʥʳʭ ʜʝʨʝʚʴʝʚ ʚ ʧʨʦʝʢʪʥʦʡ ʧʨʘʢʪʠʢʝ 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 06.08.2005 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 *  

 * ʀʩʭʦʜʥʳʝ ʪʝʢʩʪʳ ʧʨʠʤʝʨʦʚ ʧʨʦʛʨʘʤʤ ʢ ʢʫʨʩʫ ʣʝʢʮʠʡ 

 * "ʉʪʨʫʢʪʫʨʳ ʠ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ" 

 *  ʃʝʢʮʠʷ 4  
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 *  ʃʠʩʪʠʥʛʠ 4.3- 4.6  

 *  

 * Copyright  ( C) ʇʳʰʢʠʥ ɽʚʛʝʥʠʡ ɺʘʣʝʨʴʝʚʠʯ, 2005 

 *               ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

 *               ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 */  

#include  <string.h>  

#include  <assert.h>  

#include  <stdio.h>  

#include  <stdlib.h>  

 

#include  <new> 

using namespace  std;  

 

#include  "TreeNode.h"  

#include  "BSearch.h"  

 

static  SearchTreeNode *btree; // ʊʘʙʣʠʮʘ ʧʦʠʩʢʘ (ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ,  

                              //   "ʫʧʘʢʦʚʘʥʥʦʝ" ʚ ʤʘʩʩʠʚ) 

static  int  size ;              // ɽʛʦ ʨʘʟʤʝʨ 

 

static  FILE  * fInput ; // ʌʘʡʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʯʠʪʳʚʘʝʪʩʷ 

                     // ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʣʶʯʝʡ 

                     // ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʢʣʶʯʘʤʠ ʜʘʥʥʳʭ 

 

// ʇʦʜʛʦʪʦʚʢʘ ʪʘʙʣʠʮʳ ʧʦʠʩʢʘ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ, 

// ʟʘʛʨʫʞʘʝʤʦʡ ʠʟ ʬʘʡʣʘ 

void  PrepareTreeFromFile( int  size, const  char * filename )  

{  

    fInput = fopen( filename, "rt" );  

    if ( fInput == NULL )  

    {  

       printf( "Error while opening key file \ n" );  

       exit( 1  );  

    }  

 

    InitSearchTree( size );  

 

    PrepareTree( 1 );  

 

    if ( fclose( fInput ) == EOF )  

    {  

        printf( "Error while closing key file \ n" );  

        exit ( 2 );  

    }  

}  

 

// ʉʦʟʜʘʥʠʝ ʜʝʨʝʚʘ ʧʦʠʩʢʘ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ 

void  InitSearchTree( int  siz e )  

{  

    if ( size < 1 )  

    {  

        printf( "Incorrect key table size for binary search \ n" );  

        exit( 3 );  

    }  

 

    btree = new ( nothrow) SearchTreeNode[ size ];  

    if ( btree ==  0 )  

    {  

        printf( "Error while allocating key table \ n" );  

        exit ( 4 );  

    }  

 

    // ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʪʘʙʣʠʮʳ 
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     for ( int  ix  = 0; ix  < size ; ix ++ )  

    {  

        strcpy( btree[ ix ].key, "" );  

        strcpy( btree[ ix ].ptrData, "" );  

    }  

 

    :: size  = size ;  

}  

 

// ʋʜʘʣʝʥʠʝ ʜʝʨʝʚʘ ʧʦʠʩʢʘ ʠʟ ʧʘʤʷʪʠ 

void  DestroyTree ()  

{  

    delete  [] btree ;  

}  

 

// ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʤʘʩʩʠʚʘ ʢʣʶʯʝʡ ʜʣʷ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ 

//    ʈʘʙʦʪʘʝʪ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʥʘʙʦʨ ʢʣʶʯʝʡ ʠ ʩʚʷʟʘʥʥʳʭ ʩ  

//    ʥʠʤʠ ʜʘʥʥʳʭ  

//    ʟʘʛʨʫʞʘʝʪʩʷ ʠʟ ʬʘʡʣʘ (ʢʣʶʯʠ ʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ) 

//    ɺ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʬʘʡʣʘ ʧʝʨʚʳʝ 8 ʧʦʟʠʮʠʡ ʟʘʥʠʤʘʝʪ ʢʣʶʯ, 

//    ʧʦʩʣʝʜʫʶʱʠʝ 64 ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʜʘʥʥʳʝ 

void  PrepareTree ( int  noRoot  )  

{  

    if ( noRoot > size ) return ; // ʚʳʭʦʜ ʠʟ ʨʝʢʫʨʩʠʠ 

 

    // ʇʦʜʛʦʪʦʚʠʪʴ ʣʝʚʦʝ ʧʦʜʜʝʨʝʚʦ (ʚʩʝ ʤʝʥʴʰʠʝ ʢʣʶʯʠ) 

    PrepareTree ( noRoot *2 );  

 

    // ɿʘʥʝʩʪʠ ʢʣʶʯ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʥʥʳʭ ʚ ʢʦʨʥʝʚʦʡ ʫʟʝʣ 

    int  retScan = fscanf( fInput, "%8s%64s",  

                                  btree[ noRoot - 1 ].key,  

                                  btree[ noRoot - 1 ].ptrData );  

    if ( retScan != 2 )  

    {  

        printf( "Not enough data in the key file \ n" );  

        exit ( 5 );  

    }  

 

    // ʇʦʜʛʦʪʦʚʠʪʴ ʧʨʘʚʦʝ ʧʦʜʜʝʨʝʚʦ (ʚʩʝ ʙʦʣʴʰʠʝ ʢʣʶʯʠ) 

    PrepareTree ( noRoot *2 + 1 );  

}  

 

// ʇʦʠʩʢ ʢʣʶʯʘ key  ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ ʤʘʩʩʠʚʘ 

// ʈʝʟʫʣʴʪʘʪ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʩʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ: 

//    ʠʥʜʝʢʩ ʵʣʝʤʝʥʪʘ ʚ ʤʘʩʩʠʚʝ 

// ɺʦʟʚʨʘʱʘʝʪ true , ʝʩʣʠ ʢʣʶʯ ʥʘʡʜʝʥ, 

//            false  -  ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

bool  BSearch (  

              char  key [ KEYLEN ],    // ʀʩʭʦʜʥʳʡ ʢʣʶʯ 

              int & ixFound            // ʉʩʳʣʢʘ ʥʘ ʠʩʢʦʤʳʡ ʠʥʜʝʢʩ 

             )  

{  

    int  noRoot = 1;  

 

    while ( noRoot <= size )  

    {  

        if ( strcmp( key, btree[ noRoot - 1 ].key ) == 0 )  

        {  

            ixFound = noRoot - 1;  

            return  true ;  

        }  

 

        if ( strcmp( key, btree[ noRoot - 1 ].key ) < 0 )  

                noRoot = noRoot*2;  
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        else     noRoot = noRoot*2 + 1;  

    }  

 

    ixFound  = - 1;  

    return  false ;  

}  

// ʀʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʪʘʙʣʠʮʳ ʧʦʠʩʢʘ ʧʦ 

// ʠʥʜʝʢʩʫ ʩʪʨʦʢʠ ʪʘʙʣʠʮʳ 

bool  GetFromTable ( int  ixGet , char  data [ DATALEN ] )  

{  

    if ( ixGet < 0 || ixGet >= size )  return  false ;  

 

    strcpy( data, btree[ ixGet ].ptrData );  

    return true;  

}  

 

/*  

 * ʂʦʥʝʮ ʬʘʡʣʘ BSearch.cpp  

 */  

ʃʠʩʪʠʥʛ 4.5. ɿʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʢ ʤʦʜʫʣʶ BSearch.cpp 

/ *  

 * INCLUDE -ʬʘʡʣ   : BSearch.h  

 *  

 * ʇʨʦʝʢʪ : BSearch  

 *          Console application  

 *  

 * ʆʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʧʨʦʝʢʪʘ: main.cpp  

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ɿʘʛʦʣʦʚʦʯʥʳʡ ʬʘʡʣ ʢ ʤʦʜʫʣʶ BSearch . cpp  

 *  

 * ʊʝʤʘ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʥʘʨʥʳʭ ʜʝʨʝʚʴʝʚ ʚ ʧʨʦʝʢʪʥʦʡ ʧʨʘʢʪʠʢʝ 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 06.08.2005 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 *  

 * ʀʩʭʦʜʥʳʝ ʪʝʢʩʪʳ ʧʨʠʤʝʨʦʚ ʧʨʦʛʨʘʤʤ ʢ ʢʫʨʩʫ ʣʝʢʮʠʡ 

 * "ʉʪʨʫʢʪʫʨʳ ʠ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ" 

 *  ʃʝʢʮʠʷ 4  

 *  ʃʠʩʪʠʥʛʠ 4.3- 4.6  

 *  

 * Copyright  ( C) ʇʳʰʢʠʥ ɽʚʛʝʥʠʡ ɺʘʣʝʨʴʝʚʠʯ, 2005 

 *               ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

 *               ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 */  

#ifndef  _BSearch _h_ 

#define  _BSearch_h_  

 

#include  "TreeNode.h"  

 

void  PrepareTreeFromFile( int  size, const  char * filename );  

void  InitSearchTree( int  size );  

void  DestroyTree();  

void  PrepareTree( int  noRoot );  

bool  BSearch(  

              char  key [ KEYLEN ],    //  ʀʩʭʦʜʥʳʡ ʢʣʶʯ 

              int & ixFound            // ʉʩʳʣʢʘ ʥʘ ʠʩʢʦʤʳʡ ʠʥʜʝʢʩ 

             );  

bool  GetFromTable( int  ixGet, char  data[ DATALEN ] );  

 

#endif  
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/*  

 * ʂʦʥʝʮ ʬʘʡʣʘ BSearch.h  

 */  

ʃʠʩʪʠʥʛ 4.6. ʆʩʥʦʚʥʦʡ ʤʦʜʫʣʴ ʧʨʦʝʢʪʘ 

/*  

 * ʌʘʡʣ   : main . cpp  

 *  

 * ʇʨʦʝʢʪ : BSearch  

 *          Console  application  

 *  

 * ʇʨʦʝʢʪ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʬʘʡʣʳ: BSearch . cpp , BSearch . h,  

 *                              TreeNode . cpp                      

 *  

 * ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: Microsoft  Visual  C++ . NET 

 *  

 * ʅʘʟʥʘʯʝʥʠʝ: ɼʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʧʨʠʤʝʨ. 

 *             ʀʣʣʶʩʪʨʘʮʠʷ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ 

 *  

 * ʊʝʤʘ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʥʘʨʥʳʭ ʜʝʨʝʚʴʝʚ ʚ ʧʨʦʝʢʪʥʦʡ ʧʨʘʢʪʠʢʝ 

 *  

 * ɼʘʪʘ ʩʦʟʜʘʥʠʷ     : 06.08.2005 

 * ɼʘʪʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ: 

 *  

 * ʀʩʭʦʜʥʳʝ ʪʝʢʩʪʳ ʧʨʠʤʝʨʦʚ ʧʨʦʛʨʘʤʤ ʢ ʢʫʨʩʫ ʣʝʢʮʠʡ 

 * "ʉʪʨʫʢʪʫʨʳ ʠ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ" 

 *  ʃʝʢʮʠʷ 4  

 *  ʃʠʩʪʠʥʛʠ 4.3- 4.6  

 *  

 * Copyright  ( C) ʇʳʰʢʠʥ ɽʚʛʝʥʠʡ ɺʘʣʝʨʴʝʚʠʯ, 2005 

 *               ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

 *               ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 */  

#include  <stdio.h>  

 

#include  "BSearch.h"  

 

void  main()  

{  

    int  ixFound;  

    char  data[ DATALEN ];  

 

    PrepareTreeFromFile( 11, "btable.txt" );  

 

    if ( BSearch( "E", ixFound ) )  

    {  

        printf( "Key \ "E \ " is found in line %d \ n", ixFound );  

        GetFromTable( ixFound, data );  

        printf( "Associated data: %s \ n", data );  

    }  

    else  

    {  

        printf( "Ke y \ "E \ " is not found \ n"  );  

    }  

 

    if ( BSearch( "L", ixFound ) )  

    {  

        printf( "Key \ "L \ " is found in line %d \ n", ixF ound );  

        GetFromTable( ixFound, data );  

        printf( "Associated data: %s \ n", data );  

    }  

    else  
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    {  

        printf( "Ke y \ "L \ " is not found \ n"  );  

    }  

 

    DestroyTree();  

}  

 

/*  

 * ʂʦʥʝʮ ʬʘʡʣʘ main.cpp 

 */  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʬʘʡʣʝ btable.txt ʩʦʜʝʨʞʠʪʩʷ ʩʣʝʜʫʶʱʘʷ ʪʘʙʣʠʮʘ: 

A       Adam  

B       Bartok  

C       Chopin  

D       Dvorak  

E       Elgar  

F       Francais  

G       Grieg  

H       Hindemith  

I       Ives  

J       Jensen  

K       Klemperer  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʘ ʧʦʨʦʞʜʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: 

Key " E"  is found in line 9  

Associated data: Elgar  

Key " L"  is  not  found  

4.3. ɸʣʛʦʨʠʪʤ ʩʦʨʪʠʨʦʚʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ 

ʅʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʜʝʠ ʦʙʨʘʙʦʪʢʠ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ ʢʘʢ ʫʟʣʦʚ ʜʝʨʝʚʘ 

ʦʩʥʦʚʘʥ ʜʦʚʦʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʩʦʨʪʠʨʦʚʢʠ ʤʘʩʩʠʚʘ, ʠʟʚʝʩʪʥʳʡ ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ ʧʠʨʘʤʠʜʘʣʴʥʦʡ ʩʦʨʪʠʨʦʚʢʠ, ʠʣʠ ʩʦʨʪʠʨʦʚʢʠ ʩʣʦʞʥʳʤ ʚʳʙʦʨʦʤ 

(ʧʨʝʜʣʦʞʝʥ ɼʞ. ʋʠʣʴʷʤʩʦʤ). ʉʦʨʪʠʨʦʚʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʝ ʤʘʩʩʠʚʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʵʣʝʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʦʙʨʘʟʦʚʳʚʘʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʧʠʨʘʤʠʜʫ, ʪʦ ʝʩʪʴ 

ʚʳʧʦʣʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

Ç ɼʣʷ ʣʶʙʦʛʦ ʫʟʣʘ r , ʠʤʝʶʱʝʛʦ ʦʜʥʦʛʦ ʧʦʪʦʤʢʘ (ʪʦ ʝʩʪʴ ʩʚʷʟʘʥʥʦʛʦ 
ʩ ʣʝʚʳʤ ʧʦʜʜʝʨʝʚʦʤ) )2()( rkrk . 

Ç ɼʣʷ ʣʶʙʦʛʦ ʫʟʣʘ r , ʠʤʝʶʱʝʛʦ ʜʚʫʭ ʧʦʪʦʤʢʦʚ, )2()( rkrk  ʠ 

)12()( rkrk . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʠʨʘʤʠʜʝ ʢʦʨʥʝʚʘʷ ʚʝʨʰʠʥʘ ʣʶʙʦʛʦ ʧʦʜʜʝʨʝʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʴʰʝʤʫ ʢʣʶʯʫ ʚ ʵʪʦʤ ʧʦʜʜʝʨʝʚʝ (ʝʩʪʝʩʪʚʝʥʥʦ, ʣʶʙʦʡ ʣʠʩʪ 

ʜʝʨʝʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʧʠʨʘʤʠʜʦʡ). ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʠʨʘʤʠʜʘ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ. ʊʦʛʜʘ ʧʨʦʮʝʩʩ ʩʦʨʪʠʨʦʚʢʠ ʤʘʩʩʠʚʘ ʠʟ n  ʵʣʝʤʝʥʪʦʚ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʠʪʝʨʘʮʠʦʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ: 

for ( last  = n; // ʅʦʤʝʨ ʧʦʩʣʝʜʥʝʛʦ ʫʟʣʘ ʚ ʥʘʯʘʣʝ ʨʘʚʝʥ n 

     last  > 1 ; // ʇʨʦʜʦʣʞʘʝʤ, ʧʦʢʘ ʥʝ ʨʘʩʩʤʦʪʨʝʣʠ ʚʩʝ ʫʟʣʳ 

     last --  )  

{  

    // ʇʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʫʟʣʳ ʩ ʥʦʤʝʨʘʤʠ 1 (ʢʦʨʥʝʚʦʡ) ʠ last  
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     // ...  

 

    // ɺʦʩʩʪʘʥʦʚʠʪʴ ʧʠʨʘʤʠʜʫ ʠʟ ʜʝʨʝʚʘ ʩ ʫʟʣʘʤʠ ʦʪ 1 ʜʦ last - 1 

    // ...  

}  

ʇʦʩʢʦʣʴʢʫ ʥʘ ʚʝʨʰʠʥʝ ʧʠʨʘʤʠʜʳ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʵʣʝʤʝʥʪ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʢʣʶʯʘ, ʪʦ ʧʦʩʣʝ ʦʙʤʝʥʘ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʧʦʩʣʝʜʥʠʤ 

ʵʣʝʤʝʥʪʦʤ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʯʘʩʪʠ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ, ʦʥ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʚʦʝʤ 

ʤʝʩʪʝ ʠ ʝʛʦ ʙʦʣʴʰʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʥʫʞʥʦ. 
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ʈʠʩ. 4.5. ʇʠʨʘʤʠʜʘʣʴʥʘʷ ʩʦʨʪʠʨʦʚʢʘ 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʯʘʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʠʨʘʤʠʜʳ. ʇʨʦʮʝʩʩ ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʠʨʘʤʠʜʳ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʨʠʩ. 4.5. 
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ʇʦʩʣʝ ʩʦʚʝʨʰʝʥʥʦʛʦ ʦʙʤʝʥʘ ʵʣʝʤʝʥʪ, ʦʢʘʟʘʚʰʠʡʩʷ ʚ ʢʦʨʥʝ ʜʝʨʝʚʘ, 

ʢʦʧʠʨʫʝʪʩʷ ʚ ʥʝʢʦʪʦʨʫʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʧʝʨʝʤʝʥʥʫʶ (ʦʙʦʟʥʘʯʠʤ ʝʝ x ). 

ʇʨʝʪʝʥʜʝʥʪʦʤ ʥʘ ʟʘʧʦʣʥʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚʘʢʘʥʩʠʠ (çʜʳʨʳè ʚ ʜʝʨʝʚʝ) 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʠʟ ʢʦʨʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʧʦʜʜʝʨʝʚʴʝʚ. 

ɼʘʣʝʝ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ: 

Ç ʇʨʝʪʝʥʜʝʥʪ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʝʥ x . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʢʘʥʩʠʷ 

ʟʘʧʦʣʥʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʠʟ x. ʇʠʨʘʤʠʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʘ. 

Ç ʇʨʝʪʝʥʜʝʥʪ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ ʢʣʶʯʘ, ʭʨʘʥʷʱʝʛʦʩʷ ʚ x, ʦʥ ʟʘʥʠʤʘʝʪ 

ʚʘʢʘʥʩʠʶ, ʦʩʪʘʚʣʷʷ ʟʘ ʩʦʙʦʡ ʥʦʚʫʶ çʜʳʨʫè. ʇʨʝʪʝʥʜʝʥʪʦʤ ʥʘ 

ʥʦʚʫʶ ʚʘʢʘʥʩʠʶ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʴʰʠʡ ʠʟ ʢʦʨʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʧʦʜʜʝʨʝʚʴʝʚ ʦʪʥʦʩʠʪʝʣʴʥʦ çʜʳʨʳè. ʇʨʝʪʝʥʜʝʥʪ 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʢʣʶʯʦʤ ʠʟ x, ʠ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʣʠʙʦ ʧʠʨʘʤʠʜʘ ʥʝ ʙʫʜʝʪ ʚʦʩʩʪʘʚʣʝʥʘ ʧʦ ʧʝʨʚʦʤʫ ʚʘʨʠʘʥʪʫ, 

ʣʠʙʦ ʥʝ ʦʙʥʘʨʫʞʝʥ ʣʠʩʪ ʜʝʨʝʚʘ. 

ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʠʨʘʤʠʜʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʤʝʩʪʝ ʧʨʦʜʚʠʛʘʝʤʳʭ çʚʚʝʨʭè ʵʣʝʤʝʥʪʦʚ ʚʘʢʘʥʩʠʡ, ʦʙʳʯʥʦ 

ʥʘʟʳʚʘʶʪ ʧʨʦʩʝʠʚʘʥʠʝʤ. ʌʫʥʢʮʠʶ ʧʨʦʩʝʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠʩʪʠʥʛ 4.7. 

ʃʠʩʪʠʥʛ 4.7. ʇʨʦʩʝʠʚʘʥʠʝ ʜʳʨ 

// ʇʨʦʩʝʠʚʘʥʠʝ ʜʝʨʝʚʘ ʩ ʢʦʨʥʝʤ ʚ root  

t emplate  <class  T> 

void  Sift ( T * a,     // ʆʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʩʩʠʚ 

           int  root , // ʅʦʤʝʨ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ 

           int  last   // ʅʦʤʝʨ ʧʦʩʣʝʜʥʝʛʦ ʫʟʣʘ 

          )  

{  

    int  hole  = root ;   // ɼʳʨʘ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʤʝʩʪʝ ʢʦʨʥʷ 

  

    T x = a[ hole - 1 ];  

 

    for( ; ; )  

    {  

        int  left  = 2* hole ;    // ʂʦʨʝʥʴ ʣʝʚʦʛʦ ʧʦʜʜʝʨʝʚʘ 

        int  right  = left  + 1; // ʂʦʨʝʥʴ ʧʨʘʚʦʛʦ ʧʦʜʜʝʨʝʚʘ 

 

        int  pretender ;        // ʅʦʤʝʨ ʧʨʝʪʝʥʜʝʥʪʘ 

 

        if ( left  > last  )  break ; // ɽʩʣʠ ʵʪʦ ʣʠʩʪ ï ʧʨʦʩʝʠʚʘʥʠʝ 

                                  // ʟʘʢʦʥʯʝʥʦ 

 

        // ɺʳʙʠʨʘʝʤ ʧʨʝʪʝʥʜʝʥʪʘ 

        if ( left  == last  ) pretender  = left ;  

        else  

        {  

            if( a[ left - 1 ] < a[ right - 1 ] )   pretender = right;  

            else                               pretender  = left ;  

        }  

 

        // ɽʩʣʠ ʧʨʝʪʝʥʜʝʥʪ ʥʝ ʣʫʯʰʝ x ï ʧʨʦʩʝʠʚʘʥʠʝ ʟʘʢʦʥʯʝʥʦ 

        if( a[ pretender - 1 ] < x  )  bre ak;  

        if( a[ pretender - 1 ] == x )  break;  

 

        a[ hole - 1 ] = a[ pretender - 1 ]; // ʆʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʜʳʨʳ 

        hole = pretender;  

    }  

    // ɿʘʧʦʣʥʷʝʤ ʜʳʨʫ 
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     a[ hole - 1 ] = x;  

}  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʦʩʝʠʚʘʥʠʝ (1n  ʮʠʢʣʦʚ) ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʚʩʝʛʦ ʤʘʩʩʠʚʘ. ʆʩʪʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʟʘʷʚʣʝʥʥʦʛʦ 

ʫʩʣʦʚʠʷ: ʚ ʥʘʯʘʣʝ ʩʦʨʪʠʨʦʚʢʠ ʜʝʨʝʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʧʠʨʘʤʠʜʦʡ. 

6

9

7 7 2

8

2

4

1

2 3

4 5 6 7

8

6 4 9

0 1 2 3 4 5 6 7

2 7 7 2 8

6

9

7 7 2

8

4

1

2 3

4 5 6 7

8

6 4 9

0 1 2 3 4 5 6 7

2 7 7 2 8

2 2

ʃʠʩʪr

ʜʝʨʝʚʘ

6

9

2 7 28

4

1

2 3

4 5 6 7

8

6 4 9

0 1 2 3 4 5 6 7

8 7 2 2 8

2 2

6 4 9

0 1 2 3 4 5 6 7

8 7 7 2 2

2

6

7 7 2

2

8

4

1

2 3

4 5 6 7

8

6 4 9

0 1 2 3 4 5 6 7

8 7 7 2 2

9 9

6 4 9

0 1 2 3 4 5 6 7

8 7 7 2 2

9

 
ʈʠʩ. 4.6. ʇʦʜʛʦʪʦʚʢʘ ʧʠʨʘʤʠʜʳ 



 112 

6

9

7 7 2

2

8

1

2 3

4 5 6 7

8

6 4 9

0 1 2 3 4 5 6 7

8 7 7 2 2

4 4

6 8 9

0 1 2 3 4 5 6 7

8 7 7 2 2

4

6

9

7 7 2

2

8

1

2 3

4 5 6 7

8

6 8 9

0 1 2 3 4 5 6 7

4 7 7 2 2

4 4

9

7 7 2

2

4

8

1

2 3

4 5 6 7

8

6 8 9

0 1 2 3 4 5 6 7

4 7 7 2 2

6 6

9 8 9

0 1 2 3 4 5 6 7

4 7 7 2 2

6

9

7 7 2

2

4

8

1

2 3

4 5 6 7

8

9 8 7

0 1 2 3 4 5 6 7

4 7 7 2 4

6 6

9 8 7

0 1 2 3 4 5 6 7

4 7 6 2 2

6

 
ʈʠʩ. 4.6 (ʧʨʦʜʦʣʞʝʥʠʝ) 

ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʣʠʩʪ ʷʚʣʷʝʪʩʷ ʧʠʨʘʤʠʜʦʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʧʠʨʘʤʠʜʳ ʥʫʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʦʩʝʠʚʘʥʠʝ 

çʩʥʠʟʫ ʚʚʝʨʭè: ʦʪ ʧʦʜʜʝʨʝʚʘ ʩ ʢʦʨʥʝʤ ʥʦʤʝʨ 
2

n
 ʜʦ ʧʦʜʜʝʨʝʚʘ ʩ ʢʦʨʥʝʤ 

ʥʦʤʝʨ 1. (ʨʠʩ. 4.6). 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʠʨʘʤʠʜʘʣʴʥʦʡ ʩʦʨʪʠʨʦʚʢʠ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʣʠʩʪʠʥʛ 4.8. 
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 ʃʠʩʪʠʥʛ 4.8. ʇʠʨʘʤʠʜʘʣʴʥʘʷ ʩʦʨʪʠʨʦʚʢʘ 
template  <class  T> 

void  HeapSort ( T * a, int  n )  

{  

    int  root ;  

    int  last ;  

 

    // ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʠʨʘʤʠʜʳ 

    for ( root  = n/2; root  > 0; root --  )  Sift ( a, root , n );  

 

    // ʎʠʢʣ ʩʦʨʪʠʨʦʚʢʠ 

    for( last = n; last > 1; last --  )  

    {  

        // ʆʙʤʝʥ ʢʦʨʥʝʚʦʛʦ ʠ ʧʦʩʣʝʜʥʝʛʦ ʫʟʣʦʚ 

        T copy  = a[ 0 ];  

        a[ 0 ] = a[ last - 1 ];  

        a[ last - 1 ] = copy;  

 

        // ʇʨʦʩʝʠʚʘʥʠʝ 

        Sift ( a, 1, last - 1 );  

    }  

}  

ɺ [McConnell, 2001] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʠʨʘʤʠʜʘʣʴʥʦʡ 

ʩʦʨʪʠʨʦʚʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ )log( 2 nnO . 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʝ C++ ʧʦʩʪʨʦʝʥʠʝ 

ʧʠʨʘʤʠʜʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʚʝʢʪʦʨʦʚ STL. 

4.4. ɼʚʦʠʯʥʳʝ ʜʝʨʝʚʴʷ ʦʙʱʝʛʦ ʚʠʜʘ: ʫʜʘʣʝʥʠʝ 
ʠ ʜʦʙʘʚʣʝʥʠʝ ʫʟʣʦʚ 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʫ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʙʘʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʘʪ ʭʨʘʥʝʥʠʷ ʚ ʚʠʜʝ 

ʤʘʩʩʠʚʘ ʥʝ ʧʦʜʭʦʜʠʪ, ʧʦʩʢʦʣʴʢʫ ʜʦʙʘʚʣʝʥʠʝ ʠʣʠ ʫʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʪʨʝʙʫʝʪ ʧʦʣʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʜʝʨʝʚʘ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʥʘʯʘʣʝ ʛʣʘʚʳ ʩʪʨʫʢʪʫʨʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʫʟʝʣ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ, ʨʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ, 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʜʚʦʠʯʥʳʤ 

ʜʝʨʝʚʦʤ(ʣʠʩʪʠʥʛ 4.9). 

ʃʠʩʪʠʥʛ 4.9. ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ 

template  <class  T> 

class  BTree  

{  

public :  

 // ʋʟʝʣ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ 

 template <class DATA>  

 struct BTreeNode  

 {   

  BTreeNode <DATA> * parent ;  // ʋʢʘʟʘʪʝʣʴ ʥʘ ʨʦʜʠʪʝʣʴʩʢʠʡ 

       // ʫʟʝʣ 

 

  BTreeNode <DATA> * left ;  // ʋʢʘʟʘʪʝʣʴ ʥʘ ʫʟʝʣ-ʢʦʨʝʥʴ 

       // ʣʝʚʦʛʦ ʧʦʜʜʝʨʝʚʘ 
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   BTreeNode <DATA> * right ;  // ʋʢʘʟʘʪʝʣʴ ʥʘ ʫʟʝʣ-ʢʦʨʝʥʴ 

        // ʧʨʘʚʦʛʦ ʧʦʜʜʝʨʝʚʘ 

 

  DATA data ; // ʆʙʲʝʢʪ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʫʟʣʝ ʜʝʨʝʚʘ 

 

  BTreeNode(  const DATA& _data,  

     BTreeNode<DATA>* _parent = NULL,  

     BTreeNode<DATA>* _ left = NULL,  

     BTreeNode<DATA>* _right = NULL  

     )  

  {  

   data = _data;  

   parent = _parent;  

   left = _left;  

   right = _right;  

  }  

 };  

 

private:  

 BTreeNode<T> *root;  // ʂʦʨʝʥʴ ʜʝʨʝʚʘ 

 

public :  

 BTree ()  

 {  

  root  = NULL;  

 }  

 

 // ɺʩʪʘʚʢʘ ʫʟʣʘ ʚ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ 

 BTreeNode <T> * InsertNode ( const  T& data  );  

 

 // ʇʦʠʩʢ ʫʟʣʘ ʚ ʙʠʥʘʨʥʦʤ ʜʝʨʝʚʝ 

 BTreeNode <T> * FindNode ( const  T& data  );  

 

 // ʋʜʘʣʝʥʠʝ ʫʟʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʟʘʜʘʥʥʳʡ ʦʙʲʝʢʪ 

 void  DeleteNode ( const  T& data  );  

 

 // ʋʜʘʣʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʫʟʣʘ ʜʝʨʝʚʘ 

 void  DeleteNode ( BTreeNode <T> * toDelete  );  

 

 // ʂʦʥʪʨʦʣʴʥʘʷ ʧʝʯʘʪʴ ʫʟʣʦʚ ʜʝʨʝʚʘ 

 void  Print ();  

 

private :  

 // ʇʝʯʘʪʴ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʫʨʦʚʥʷʭ 

 void PrintTree( BTreeNode<T> *root );  

};  

ʆʧʝʨʘʮʠʠ ʜʦʙʘʚʣʝʥʠʷ ʫʟʣʘ ʜʝʨʝʚʘ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʧʦʜʭʦʜʷʱʝʛʦ 

ʤʝʩʪʘ ʜʣʷ ʚʩʪʘʚʢʠ ʣʠʩʪʘ ʜʝʨʝʚʘ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʙʠʥʘʨʥʦʛʦ 

ʧʦʠʩʢʘ) ʠ çʧʨʠʩʦʝʜʠʥʝʥʠʶè ʥʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʝ (ʩʤ. 

ʣʠʩʪʠʥʛ 4.10). ʆʪʤʝʪʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ ʨʘʙʦʪʘʝʪ ʢʦʨʨʝʢʪʥʦ ʜʣʷ ʜʘʥʥʳʭ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʠʧʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ 

ʦʧʨʝʜʝʣʝʥʳ ʦʧʝʨʘʮʠʠ ʦʪʥʦʰʝʥʠʷ == ʠ <. 

ʃʠʩʪʠʥʛ 4.10. ɺʩʪʘʚʢʘ ʫʟʣʘ ʚ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ 

// ɺʩʪʘʚʢʘ ʫʟʣʘ ʚ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ 

template  <class  T> 

typename  BTree <T>:: BTreeNode <T> * BTree <T>:: InsertNode ( const  T& 

data  )  

{  

 // ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʫʢʘʟʘʪʝʣʠ: 

 BTreeNode <T> * newItem ; // ʥʘ ʥʦʚʳʡ ʵʣʝʤʝʥʪ 
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  BTreeNode <T> * current ; // ʥʘ ʦʙʦʟʨʝʚʘʝʤʳʡ 

ʵʣʝʤʝʥʪ 

 BTreeNode <T> * parent ;  // ʥʘ ʨʦʜʠʪʝʣʴʩʢʠʡ ʵʣʝʤʝʥʪ ʜʣʷ 

                     // ʦʙʦʟʨʝʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ 

 

 // ʇʦʠʩʢ ʤʝʩʪʘ ʚʩʪʘʚʢʠ 

 current  = root ;  

 parent = NULL;  

 

 while ( current != NULL )  

 {  

  if ( data == current - >data ) return  current;  

          // ʊ. ʝ. ʪʘʢʦʡ ʫʟʝʣ 

          // ʫʞʝ ʝʩʪʴ 

  parent = current;  

  if ( data < current - >data ) current = current - >left;  

  else                        current = current - >right;  

 }  

 

 // ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʫʟʣʘ 

 newItem = new BTreeNode<T>( data, parent );  

 

 // ʇʨʠʚʷʟʢʘ ʥʦʚʦʛʦ ʫʟʣʘ ʢ ʜʝʨʝʚʫ 

 if ( parent  == NULL )  

 {  

  root  = newItem ;  

 }  

 else  

 {  

  // ɿʜʝʩʴ: ʥʦʚʳʡ ʵʣʝʤʝʥʪ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʨʥʝʤ ʜʝʨʝʚʘ 

  if ( newItem - >data < parent - >data )  

    parent - >left  = newItem ;  

  else   parent - >right  = newItem ;  

 }  

 

 return  newItem ;  

}  

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʬʫʥʢʮʠʠ ʟʥʘʯʝʥʠʝ 

root  ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ. 

ʂʘʢ ʷʚʩʪʚʫʝʪ ʠʟ ʨʠʩ. 4.7, ʜʦʙʘʚʣʝʥʠʝ ʫʟʣʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʜʝʨʝʚʘ. ɽʩʣʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʜʝʨʝʚʘ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʦʙʨʘʙʦʪʢʠ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ, ʥʝʣʴʟʷ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʘʠʣʫʯʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʜʚʦʠʯʥʦʛʦ ʧʦʠʩʢʘ )(log2 nO , ʧʦʵʪʦʤʫ ʚʦ ʤʥʦʛʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ ʧʦʩʣʝ ʚʩʪʘʚʢʠ ʵʣʝʤʝʥʪʘ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʝʩʪʠ 

çʙʘʣʘʥʩʠʨʦʚʢʫè ʜʚʦʠʯʥʦʛʦ ʜʝʨʝʚʘ (ʵʪʦʤʫ ʧʦʩʚʷʱʝʥ ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ 

ʜʘʥʥʦʛʦ ʛʣʘʚʳ). 
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ʈʠʩ. 4.7. ʅʘʨʫʰʝʥʠʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʦʛʦ ʫʟʣʘ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʯʘʩʪʦ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʦʙʲʝʢʪʘ ʜʘʥʥʳʭ. 

ʃʠʩʪʠʥʛ 4.11 ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʚ ʙʠʥʘʨʥʦʤ 

ʜʝʨʝʚʝ ʦʙʱʝʛʦ ʚʠʜʘ. 

ʃʠʩʪʠʥʛ 4.11. ʇʦʠʩʢ ʚ ʙʠʥʘʨʥʦʤ ʜʝʨʝʚʝ ʦʙʱʝʛʦ ʚʠʜʘ 
// ʇʦʠʩʢ ʫʟʣʘ ʚ ʙʠʥʘʨʥʦʤ ʜʝʨʝʚʝ 

template  <class  T> 

typename  BTree<T>::BTreeNode<T> *BTree<T>::FindNode( const  T& data 

)  

{  

 BTreeNode<T> *current = root;  

 

 for ( ; ; )  

 {  

  if ( current == NULL ) return  NULL;  

 

  if ( current - >data == data ) return  current;  

 

  if ( data < current - >data )  current = current - >left;  

  else       current  = current - >right ;  

 }  

}  

ʌʫʥʢʮʠʷ ʚʦʟʚʨʘʱʘʝʪ ʫʢʘʟʘʪʝʣʴ ʥʘ ʫʟʝʣ ʜʝʨʝʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʧʨʦʮʝʩʩʘ ʚ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʘʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʫʜʘʣʝʥʠʠ ʫʟʣʘ ʠʟ ʜʚʦʠʯʥʦʛʦ ʜʝʨʝʚʘ. 

ʇʨʦʮʝʜʫʨʘ ʫʜʘʣʝʥʠʷ ʫʟʣʘ ʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʚ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʚ ʜʝʨʝʚʝ ʦʩʪʘʝʪʩʷ çʜʳʨʘè ʠ ʪʨʝʙʫʝʪʩʷ ʨʝʦʨʛʘʥʠʟʦʚʘʪʴ 

ʦʜʥʦ ʠʟ ʧʦʜʜʝʨʝʚʴʝʚ (ʩʤ. ʨʠʩ. 4.8). ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʥʘʡʪʠ ʫʟʝʣ ʩ ʥʘʠʤʝʥʴʰʠʤ 

ʟʥʘʯʝʥʠʝʤ ʚ ʧʨʘʚʦʤ ʧʦʜʜʝʨʝʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʜʘʣʷʝʤʦʛʦ ʫʟʣʘ. ʇʦʠʩʢ ʪʘʢʦʛʦ 

ʫʟʣʘ ʩʦʩʪʦʠʪ ʠʟ ʩʧʫʩʢʦʚ çʰʘʛ ʚʧʨʘʚʦ - ʰʘʛ ʚʣʝʚʦè ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʮʝʚʦʛʦ 

ʫʟʣʘ. 
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ʈʠʩ. 4.8. ʋʜʘʣʝʥʠʝ ʫʟʣʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ 

ʈʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʫʜʘʣʝʥʠʷ ʫʟʣʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʣʠʩʪʠʥʛ 4.12. 

ʃʠʩʪʠʥʛ 4.12. ʋʜʘʣʝʥʠʝ ʫʟʣʘ ʠʟ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 
ʩʪʨʫʢʪʫʨʳ ʜʝʨʝʚʘ 
// ʋʜʘʣʝʥʠʝ ʫʟʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʟʘʜʘʥʥʳʡ ʦʙʲʝʢʪ 

template  <class  T> 

void  typename  BTree<T>::DeleteNode( const  T& data )  

{  

 BTreeNode<T> *toDelete = FindNode( data );  

 DeleteNode ( toDelete  );  

}  

 

// ʋʜʘʣʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʫʟʣʘ ʜʝʨʝʚʘ 

template  <class  T> 

void  typename  BTree<T>::DeleteNode( BTreeNode<T> *toDelete )  

{  

 BTreeNode <T> * x, * y;  // ʋʢʘʟʘʪʝʣʠ ʥʘ ʫʟʣʳ ʚ ʭʦʜʝ 

     // ʩʧʫʩʢʦʚ ʚʣʝʚʦ-ʚʧʨʘʚʦ 

 

 if ( toDelete == NULL ) return ;  

 

 if ( toDelete - >left == NULL || toDelete - >right == NULL )  

 {  

  // ʍʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʧʦʜʜʝʨʝʚʴʝʚ ʦʪʩʫʪʩʪʚʫʝʪ 

  y  = toDelete ;  

 }  

 else  

 {  

  // ɽʩʪʴ ʦʙʘ ʧʦʜʜʝʨʝʚʘ 

  y = toDelete - >right;  

 

  while ( y - >left != NULL ) y = y- >left ;  

 }  

 

 // ʆʙʨʘʙʘʪʳʚʘʝʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʫ ʫʟʣʘ "y" ʪʦʣʴʢʦ ʦʜʠʥ ʧʦʪʦʤʦʢ 

 if ( y - >left != NULL ) x = y - >left;  

 else                   x  = y- >right ;  

 

 // ʀʩʢʣʶʯʘʝʤ ʫʟʝʣ "y" ʠʟ "ʨʦʜʠʪʝʣʴʩʢʦʡ" ʮʝʧʦʯʢʠ 

 if ( x != NULL ) x- >parent  = y- >parent ;  

 if ( y- >parent  != NULL )  
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 {  

  if ( y  == y- >parent - >left  ) y- >parent - >left  = x;  

  else                        y- >parent - >right = x;  

 }  

 else  root = x;  

 

 if ( y != toDelete )  

 {  

  toDelete - >data =y - >data;  

 }  

 

 delete  y;  

}  

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠ ʧʨʠ ʫʜʘʣʝʥʠʠ ʫʟʣʘ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ.  

ʈʝʘʣʠʟʘʮʠʶ ʬʫʥʢʮʠʡ ʢʦʥʪʨʦʣʴʥʦʡ ʧʝʯʘʪʠ ʩʦʜʝʨʞʠʤʦʛʦ ʜʝʨʝʚʘ 

ʦʩʪʘʚʣʷʝʤ ʯʠʪʘʪʝʣʶ ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʫʧʨʘʞʥʝʥʠʷ. 

ʂʨʘʩʥʦ-ʯʝʨʥʳʝ ʜʝʨʝʚʴʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʜʚʦʠʯʥʳʭ 
ʜʝʨʝʚʴʝʚ 

ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʧʦʜʜʝʨʞʘʥʠʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʜʚʦʠʯʥʦʛʦ ʜʝʨʝʚʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ. ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʝʤʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʯʘʩʪʠʯʥʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʜʚʦʠʯʥʳʭ ʜʝʨʝʚʴʝʚ, ʷʚʣʷʶʪʩʷ ʢʨʘʩʥʦ-ʯʝʨʥʳʝ ʜʝʨʝʚʴʷ. 

ʅʘʟʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʫʩʣʦʚʥʦʡ ʨʘʩʢʨʘʩʢʠ ʫʟʣʦʚ ʜʝʨʝʚʘ ʚ ʯʝʨʥʳʡ ʠ ʢʨʘʩʥʳʡ 

ʮʚʝʪʘ. ɺʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʡ ʚʩʪʘʚʢʠ ʠ ʫʜʘʣʝʥʠʷ ʫʟʣʦʚ ʧʨʦʠʩʭʦʜʷʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʧʦʚʦʨʦʪʳ ʜʝʨʝʚʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʝʛʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʢʘʢ ʚ ʥʘʠʭʫʜʰʝʤ ʩʣʫʯʘʝ, ʪʘʢ ʠ ʚ ʩʨʝʜʥʝʤ 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʣʘʩʩʦʤ ʩʣʦʞʥʦʩʪʠ )(lg nO  [Niemann, 1995]. 

ʂʨʘʩʥʦ-ʯʝʨʥʦʝ ʜʝʨʝʚʦ ï ʵʪʦ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ, ʦʙʣʘʜʘʶʱʝʝ 

ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

Ç ʂʘʞʜʳʡ ʫʟʝʣ ʧʦʢʨʘʰʝʥ ʣʠʙʦ ʚ ʢʨʘʩʥʳʡ, ʣʠʙʦ ʚ ʯʝʨʥʳʡ ʮʚʝʪ. 

Ç ʃʠʩʪʴʷʤʠ ʦʙʲʷʚʣʷʶʪʩʷ NIL -ʫʟʣʳ ï çʚʠʨʪʫʘʣʴʥʳʝè ʫʟʣʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʢʘʢ ʙʳ ʧʦʪʦʤʢʘʤʠ ʢʦʥʮʝʚʳʭ ʫʟʣʦʚ (ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʠ 

ʥʘʟʳʚʘʶʪ ʣʠʩʪʴʷʤʠ). ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʢʘʟʘʪʝʣʴ NULL 

çʫʢʘʟʳʚʘʝʪè ʥʘ ʣʠʩʪ ʢʨʘʩʥʦ-ʯʝʨʥʦʛʦ ʜʝʨʝʚʘ. NIL-ʫʟʣʳ ʦʢʨʘʰʝʥʳ ʚ 

ʯʝʨʥʳʡ ʮʚʝʪ. 

Ç ʋ ʢʨʘʩʥʦʛʦ ʫʟʣʘ ʦʙʘ ʧʦʪʦʤʢʘ ʦʙʷʟʘʪʝʣʴʥʦ ʯʝʨʥʳʝ (ʦʜʥʘʢʦ ʫ ʯʝʨʥʦʛʦ 

ʫʟʣʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʢʨʘʩʥʳʝ ʧʦʪʦʤʢʠ). 

Ç ʅʘ ʚʩʝʭ ʚʝʪʚʷʭ ʜʝʨʝʚʘ, ʚʝʜʫʱʠʭ ʦʪ ʢʦʨʥʷ ʢ ʣʠʩʪʴʷʤ (NIL-ʫʟʣʘʤ), 

ʯʠʩʣʦ ʯʝʨʥʳʭ ʫʟʣʦʚ ʦʜʠʥʘʢʦʚʦ (ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʯʝʨʥʦʡ 

ʚʳʩʦʪʦʡ ʜʝʨʝʚʘ). 

Ç ʂʦʨʝʥʴ ʜʝʨʝʚʘ ʦʢʨʘʰʝʥ ʚ ʯʝʨʥʳʡ ʮʚʝʪ. 
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ʈʠʩ. 4.9. ʂʨʘʩʥʦ-ʯʝʨʥʦʝ ʜʝʨʝʚʦ ʩ ʯʝʨʥʦʡ ʚʳʩʦʪʦʡ 3 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʘʨʘʥʪʠʨʫʶʪ, ʯʪʦ ʩʘʤʘʷ ʜʣʠʥʥʘʷ ʚʝʪʚʴ ʦʪ 

ʢʦʨʥʷ ʢ ʣʠʩʪʫ ʥʝ ʙʦʣʝʝ ʯʝʤ ʚʜʚʦʝ ʜʣʠʥʥʝʝ ʣʶʙʦʡ ʜʨʫʛʦʡ ʚʝʪʚʠ ʦʪ ʢʦʨʥʷ ʢ 

ʣʠʩʪʫ (ʩʤ. ʨʠʩ. 4.9). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʢʨʘʩʥʦ-ʯʝʨʥʳʝ ʜʝʨʝʚʴʷ ʛʘʨʘʥʪʠʨʫʶʪ 

ʣʠʰʴ ʯʘʩʪʠʯʥʫʶ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ, ʦʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʠ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ. 

ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʟʣʘ ʢʨʘʩʥʦ-ʯʝʨʥʦʛʦ ʜʝʨʝʚʘ 

ʜʦʧʦʣʥʷʝʪʩʷ ʦʜʥʠʤ ʧʦʣʝʤ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʮʚʝʪʘ ʫʟʣʘ. ʀʥʠʮʠʘʣʠʟʘʮʠʷ 

ʢʨʘʩʥʦ-ʯʝʨʥʦʛʦ ʜʝʨʝʚʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ (ʚʤʝʩʪʦ TYPE 

ʥʫʞʥʦ ʚʩʪʘʚʠʪʴ ʠʤʷ ʪʠʧʘ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʜʝʨʝʚʝ): 

Ç ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʦʨʦʞʝʚʦʛʦ NIL-ʫʟʣʘ. 

Ç ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʢʦʨʥʷ ʜʝʨʝʚʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʩʪʦʨʦʞʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʣʠʩʪʴʝʚ, 

ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʨʘʟʨʘʙʦʪʢʫ 

ʘʣʛʦʨʠʪʤʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʧʨʠʚʦʜʠʤʦʡ ʥʠʞʝ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʝʪ ʦʪʣʠʯʘʪʴ 

ʟʥʘʯʝʥʠʝ ʫʢʘʟʘʪʝʣʷ NULL ʦʪ ʟʥʘʯʝʥʠʷ NIL (ʘʜʨʝʩ ʩʪʦʨʦʞʝʚʦʛʦ ʫʟʣʘ). 

ʃʠʩʪʠʥʛ 4.13 ʩʦʜʝʨʞʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʨʘʩʥʦ-

ʯʝʨʥʦʛʦ ʙʠʥʘʨʥʦʛʦ ʜʝʨʝʚʘ. ʇʦʷʩʥʝʥʠʷ ʢ ʵʪʦʤʫ ʪʝʢʩʪʫ ʧʨʠʚʦʜʷʪʩʷ ʜʘʣʝʝ ʚ ʵʪʦʤ 

ʨʘʟʜʝʣʝ. 

ʃʠʩʪʠʥʛ 4.13. ʂʣʘʩʩ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʨʘʩʥʦ-ʯʝʨʥʦʛʦ ʜʝʨʝʚʘ 

template <class T>  

class RBTree  

{  

public:  

 typedef enum { BLACK, RED } NodeColor;  

 // ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʦʨʦʞʝʚʦʛʦ ʫʟʣʘ 

 // (ʬʠʢʪʠʚʥʦʛʦ ʯʝʨʥʦʛʦ ʣʠʩʪʘ ʢʨʘʩʥʦ-ʯʝʨʥʦʛʦ ʜʝʨʝʚʘ 

 #define NIL &sentinel  

 

 // Red Black TREE NODE  

 template <class DATA>  

 struct RBTreeNode  

 {  

  RBTreeNode <DATA> * parent ;  // ʋʢʘʟʘʪʝʣʴ ʥʘ ʨʦʜʠʪʝʣʴʩʢʠʡ 

       // ʫʟʝʣ 
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  RBTreeNode <DATA> * left ;  // ʋʢʘʟʘʪʝʣʴ ʥʘ ʫʟʝʣ-ʢʦʨʝʥʴ 

       //  ʣʝʚʦʛʦ ʧʦʜʜʝʨʝʚʘ 

  RBTreeNode <DATA> * right ;  // ʋʢʘʟʘʪʝʣʴ ʥʘ ʫʟʝʣ-ʢʦʨʝʥʴ 

       //  ʧʨʘʚʦʛʦ ʧʦʜʜʝʨʝʚʘ 

 

  NodeColor       color ;  // ʎʚʝʪ ʫʟʣʘ 

 

  DATA data ; // ʆʙʲʝʢʪ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʫʟʣʝ ʜʝʨʝʚʘ 

 

  RBTreeNode(  const DATA& _data,  

     RBTreeNode<DATA>* _parent = NULL,  

     RBTreeNode<DATA>* _left = NIL,  

     RBTreeNode<DATA>* _right = NIL,  

     NodeColor _color = RED 

     )  

  {  

   data = _data;  

   parent = _parent;  

   left = _left;  

   right = _right;  

   color = _color;  

  }  

 };  

 

private:  

 RBTreeNode<T> sentinel;  // ʉʪʦʨʦʞʝʚʦʡ ʫʟʝʣ 

 RBTreeNode<T> *root;   // ʂʦʨʝʥʴ ʜʝʨʝʚʘ 

 

public:  

 RBTree() : sentinel( 0, NULL, NIL, NIL, BLACK )  

 {  

  root = NIL;  

 }  

 

 // ɺʩʪʘʚʢʘ ʫʟʣʘ 

 RBTreeNode<T> *InsertNode( const T& data )  

 {  

  // ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʫʢʘʟʘʪʝʣʠ: 

  RBTreeNode <T> * newItem ; // ʥʘ ʥʦʚʳʡ ʵʣʝʤʝʥʪ 

  RBTreeNode <T> * current ; // ʥʘ ʦʙʦʟʨʝʚʘʝʤʳʡ ʵʣʝʤʝʥʪ 

  RBTreeNode <T> * parent ;  // ʥʘ ʨʦʜʠʪʝʣʴʩʢʠʡ ʵʣʝʤʝʥʪ ʜʣʷ 

                          // ʦʙʦʟʨʝʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ 

  

  // ʇʦʠʩʢ ʤʝʩʪʘ ʚʩʪʘʚʢʠ 

  current  = root ;  

  parent = NULL;  

 

  while( current != NIL )  

  {  

   if( data == current - >data ) return current;  

         // ʊʘʢʦʡ ʫʟʝʣ 

         // ʫʞʝ ʝʩʪʴ 

 

   parent  = current ;  

   if( data < current - >data )  

    current  = current - >left ;  

   else  ʩurrent  = current - >right ;  

  }  

 

  // ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʫʟʣʘ 

  newItem = new RBTreeNode<T>( data,parent,NIL,NIL,RED );  

 

  // ʇʨʠʚʷʟʢʘ ʥʦʚʦʛʦ ʫʟʣʘ ʢ ʜʝʨʝʚʫ 
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   if ( parent  == NULL )  

  {  

   root  = newItem ;  

  }  

  else  

  {  

   // ɿʜʝʩʴ: ʥʦʚʳʡ ʵʣʝʤʝʥʪ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʨʥʝʤ ʜʝʨʝʚʘ 

   if( newItem - >data < parent - >data )  

     parent - >left = newItem;  

   else   parent - >right = newItem;  

  }  

 

  // ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʣʘʥʩʘ ʧʦʩʣʝ ʚʩʪʘʚʢʠ 

  InsertFixup ( newItem  );  

  return newItem;  

 }  

 

 // ʇʦʠʩʢ ʫʟʣʘ 

 RBTreeNode<T> *FindNode( const T& data )  

 {  

  RBTreeNode<T> *current = root;  

 

  for( ; ; )  

  {  

   if( current == NIL ) return NULL;  

 

   if( current - >data == data ) return current;  

 

   if ( data < current - >data )  

     ʩurrent = current - >left;  

   else   current  = current - >right ;  

  }  

 }  

 

 // ʋʜʘʣʝʥʠʝ ʫʟʣʘ ʧʦ ʟʥʘʯʝʥʠʶ ʜʘʥʥʳʭ 

 void DeleteNode( const T& data )  

 {  

  RBTreeNode<T> *toDelete = FindNode( data );  

  DeleteNode ( toDelete  );  

 }  

 

 

 // ʋʜʘʣʝʥʠʝ ʫʟʣʘ ʧʦ ʘʜʨʝʩʫ ʫʟʣʘ 

 void DeleteNode( RBTreeNode<T> *toDelete )  

 {  

  RBTreeNode <T> * x, * y;  // ʋʢʘʟʘʪʝʣʠ ʥʘ ʫʟʣʳ ʚ ʭʦʜʝ 

       // ʩʧʫʩʢʦʚ ʚʣʝʚʦ-ʚʧʨʘʚʦ 

 

  if( toDelete == NULL || toDelete == NIL ) return;  

 

  if( toDelete - >left == NIL || toDelete - >right == NIL )  

  {  

   // ʍʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʧʦʜʜʝʨʝʚʴʝʚ ʦʪʩʫʪʩʪʚʫʝʪ 

   y  = toDelete ;  

  }  

  else  

  {  

   // ɽʩʪʴ ʦʙʘ ʧʦʜʜʝʨʝʚʘ 

   y = toDelete - >right;  

 

   while( y - >left != NIL  ) y  = y- >left ;  

  }  

 

  // ʆʙʨʘʙʘʪʳʚʘʝʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʫ ʫʟʣʘ "y"  
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  // ʪʦʣʴʢʦ ʦʜʠʥ ʧʦʪʦʤʦʢ 

  if ( y- >left  != NIL ) x = y - >left;  

  else                 x = y - >right;  

 

  // ʀʩʢʣʶʯʘʝʤ ʫʟʝʣ "y" ʠʟ "ʨʦʜʠʪʝʣʴʩʢʦʡ" ʮʝʧʦʯʢʠ 

  x- >parent  = y- >parent ;  

  if ( y- >parent  != NULL )  

  {  

   if ( y  == y- >parent - >left  ) y- >parent - >left  = x;  

   else                        y- >parent - >right  = x;  

  }  

  else root = x;  

 

  if( y != toDelete )  

  {  

   toDelete - >data =y - >data;  

  }  

 

  if( y - >color == BLACK )  

  {  

   // ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʣʘʥʩʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

   DeleteFixup ( x );  

  }  

 

  delete  y;  

 }  

 

private :  

 // ʇʦʚʦʨʦʪ ʜʝʨʝʚʘ ʩ ʢʦʨʥʝʤ root  ʚʧʨʘʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʣʘ x 

 void RotateRight( RBTreeNode<T> *x )  

 {  

  RBTreeNode <T> * y = x- >left ;  

 

  // ʌʦʨʤʠʨʫʝʤ ʣʝʚʦʝ ʧʦʜʜʝʨʝʚʦ ʜʣʷ x 

  x- >left  = y- >right ;  

  if( y - >right != NIL ) y - >right - >parent = x;  

 

  if( y != NIL ) y - >parent = x - >parent;  

  if( x - >parent != NULL )  

  {  

   if( x == x - >parent - >right ) x - >parent - >right = y;  

   else                        x - >parent - >left = y;  

  }  

  else  root  = y;  

 

  // ʉʚʷʟʳʚʘʝʤ x ʠ y 

  y- >right = x;  

  if( x != NIL  ) x- >parent  = y;  

 }  

 

 // ʇʦʚʦʨʦʪ ʜʝʨʝʚʘ ʩ ʢʦʨʥʝʤ root  ʚʣʝʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʣʘ x 

 void RotateLeft( RBTreeNode<T> *x )  

 {  

  RBTreeNode <T> * y = x- >right ;  

 

  // ʌʦʨʤʠʨʫʝʤ ʧʨʘʚʦʝ ʧʦʜʜʝʨʝʚʦ ʜʣʷ x 

  x- >right  = y- >left ;  

  if( y - >left != NIL ) y - >left - >parent = x;  

 

  if( y != NIL ) y - >parent = x - >parent;  

  if( x - >parent != NULL )  

  {  

   if( x == x - >parent - >left ) x - >parent - >left = y;  

   else                       x - >parent - >right = y;  
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   }  

  else  root  = y;  

 

  // ʉʚʷʟʳʚʘʝʤ x  ʠ y  

  y- >left  = x ;  

  if( x != NIL  ) x- >parent  = y;  

 }  

 

 // ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʣʘʥʩʘ ʧʦʩʣʝ ʚʩʪʘʚʢʠ ʫʟʣʘ x 

 void  InsertFixup  ( RBTreeNode <T> * x )  

 {  

  // ɼʚʠʛʘʝʤʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ root  ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

  // ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʩʚʦʡʩʪʚʦ 3 

  while( x != root && x - >parent - >color == RED )  

  {  

   if ( x- >parent  == x- >parent - >parent - >left  )  

   {  

    // ʈʦʜʠʪʝʣʴ ʚ ʣʝʚʦʤ ʧʦʜʜʝʨʝʚʝ 

    // ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʜʘ 

    RBTreeNode <T> * uncle  =  

     x- >parent - >parent - >right;  

 

    if ( uncle - >color  == RED )  

    {  

     // ʇʝʨʝʢʨʘʰʠʚʘʝʤ ʨʦʜʠʪʝʣʷ ʠ ʜʷʜʶ ʚ 

     // ʯʝʨʥʳʡ...  

     x- >parent - >color = uncle - >color = BLACK;  

     // ... ʘ ʜʝʜʘ ï ʚ ʢʨʘʩʥʳʡ 

     x- >parent - >parent - >color = RED;  

 

     x = x - >parent - >parent;  // ʊʝʧʝʨʴ ʜʝʜ ï 

          // ʵʪʦ x 

    }  

    else  // ɼʷʜʷ ï ʯʝʨʥʳʡ 

    {  

     if( x == x - >parent - >right )  

     {  

      x = x - >parent;  

      RotateLeft( x );  

     }  

     x- >parent - >color = BLACK;  

     x- >parent - >parent - >color = RED;  

     RotateRight( x - >parent - >parent );  

    }  

   }  

   else  

   {  

    // ʈʦʜʠʪʝʣʴ ʚ ʧʨʘʚʦʤ ʧʦʜʜʝʨʝʚʝ 

    // ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʜʘ 

    // (ʟʝʨʢʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ ʧʨʝʜʳʜʫʱʝʛʦ ʙʣʦʢʘ) 

    RBTreeNode <T> * uncle  =  

     x- >parent - >parent - >left;  

 

    if( uncle - >color == RED )  

    {  

     x- >parent - >color = uncle - >color = BLACK;  

     x- >parent - >parent - >color = RED;  

     x = x - >parent - >parent;  

    }  

    else  

    {  

     if( x == x - >parent - >left )  

     {  

      x = x - >parent;  
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      RotateRight( x );  

     }  

     x- >parent - >color = BLACK;  

     x- >parent - >parent - >color = RED;  

     RotateLeft( x - >parent - >parent );  

    }  

   }  

  }  

 

  root - >color = BLACK;  

 }  

 

 // ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʣʘʥʩʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʫʟʣʘ x 

 void DeleteFixup ( RBTreeNode<T> *x )  

 {  

  while( x != root && x - >color == BLACK )  

  {  

   if( x == x - >parent - >left )  

   {  

    // ʋʜʘʣʷʝʤʳʡ ʵʣʝʤʝʥʪ ï ʢʦʨʝʥʴ ʣʝʚʦʛʦ 

    // ʧʦʜʜʝʨʝʚʘ 

    RBTreeNode<T> *brother = x - >parent - >right;  

 

    if( brother - >color == RED )  

    {  

     brother - >color = BLACK;  

     x- >parent - >color = RED;  

     RotateLeft( x - >parent );  

     brother = x - >parent - >right;  

    }  

 

    if( brother - >left - >color == BLACK &&  

     brother - >right - >color == BLACK )  

    {  

     brother - >color = RED;  

     x =  x- >parent;  

    }  

    else  

    {  

     if( brother - >right - >color == BLACK )  

     {  

      brother - >left - >color = BLACK;  

      brother - >color = RED;  

      RotateRight( brother );  

      brother = x - >parent - >right;  

     }  

     brother - >color = x - >parent - >color;  

     x- >parent - >color = BLACK;  

     brother - >right - >color = BLACK;  

     RotateLeft( x - >parent );  

     x = root;  

    }  

   }  

   else  

   {  

    // ʋʜʘʣʷʝʤʳʡ ʵʣʝʤʝʥʪ ï ʢʦʨʝʥʴ ʧʨʘʚʦʛʦ 

    // ʧʦʜʜʝʨʝʚʘ 

    RBTreeNode<T> *brother = x - >parent - >left;  

 

    if( brother - >color == RED )  

    {  

     brother - >color = BLACK;  

     x- >parent - >color = RED;  

     RotateRight( x - >parent );  
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      brother = x - >parent - >left;  

    }  

 

    if( brother - >right - >color == BLACK &&  

     brother - >left - >color == BLAC K )  

    {  

     brother - >color = RED;  

     x = x - >parent;  

    }  

    else  

    {  

     if( brother - >left - >color == BLACK )  

     {  

      brother - >right - >color = BLACK;  

      brother - >color = RED;  

      RotateLeft( brother );  

      brother = x - >parent - >left;  

     }  

     brother - >color = x - >parent - >color;  

     x- >parent - >color = BLACK;  

     brother - >left - >color = BLACK;  

     RotateRight( x - >parent );  

     x = root;  

    }  

   }  

  }  

 

  x- >color = BLACK;  

 }  

 

 void DeleteNode( RBTreeNode<T> *&root,  

               RBTreeNode<T> *toDelete )  

 {  

  RBTreeNode <T> * x, * y;  // ʋʢʘʟʘʪʝʣʠ ʥʘ ʫʟʣʳ ʚ ʭʦʜʝ 

       // ʩʧʫʩʢʦʚ ʚʣʝʚʦ-ʚʧʨʘʚʦ 

 

  if( toDelete == NULL || toDelete == NIL ) return;  

 

  if( toDelete - >left == NIL || toDelete - >right == NIL )  

  {  

   // ʍʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʧʦʜʜʝʨʝʚʴʝʚ ʦʪʩʫʪʩʪʚʫʝʪ 

   y  = toDelete ;  

  }  

  else  

  {  

   // ɽʩʪʴ ʦʙʘ ʧʦʜʜʝʨʝʚʘ 

   y = toDelete - >right;  

 

   while( y - >left != NIL  ) y  = y- >left ;  

  }  

 

  // ʆʙʨʘʙʘʪʳʚʘʝʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʫ ʫʟʣʘ "y" ʪʦʣʴʢʦ 

  // ʦʜʠʥ ʧʦʪʦʤʦʢ 

  if ( y- >left  != NIL ) x = y - >left;  

  else                 x = y - >right;  

 

  // ʀʩʢʣʶʯʘʝʤ ʫʟʝʣ "y" ʠʟ "ʨʦʜʠʪʝʣʴʩʢʦʡ" ʮʝʧʦʯʢʠ 

  x- >parent  = y- >parent ;  

  if ( y- >parent  != NULL )  

  {  

   if ( y  == y- >parent - >left  ) y- >parent - >left  = x;  

   else                        y- >parent - >right  = x;  

  }  

  else root = x;  



 126 

 

  if( y != toDelete )  

  {  

         toDelete - >data =y - >data;  

  }  

 

  if( y - >color == BLACK )  

  {  

   // ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʘʣʘʥʩʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

   DeleteFixup ( root , x  );  

  }  

 

  delete  y;  

 }  

ɺʩʪʘʚʢʘ ʫʟʣʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʶʱʠʭʩʷ ʵʪʘʧʦʚ. 

ʇʝʨʚʳʡ ʵʪʘʧ ï ʵʪʦ ʩʦʙʩʪʚʝʥʥʦ ʚʩʪʘʚʢʘ ʥʦʚʦʛʦ ʫʟʣʘ ʚ ʜʝʨʝʚʦ (ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʩʪʘʚʢʠ ʫʟʣʘ ʚ ʦʙʳʯʥʦʝ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ ʪʦʣʴʢʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʢʨʘʩʢʠ ʫʟʣʘ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ). ɺʪʦʨʦʡ ʵʪʘʧ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʢʨʘʩʥʦ-ʯʝʨʥʳʭ ʩʚʦʡʩʪʚ ʜʝʨʝʚʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ. ʕʪʫ 

ʟʘʜʘʯʫ ʨʝʰʘʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʤʝʪʦʜ ʢʣʘʩʩʘ InsertFixup . 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʢʨʘʩʥʦ-ʯʝʨʥʦʛʦ ʜʝʨʝʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʚʩʪʘʚʢʠ ʤʳ ʧʦʢʨʘʩʠʣʠ 

ʚʩʪʘʚʣʝʥʥʳʡ ʫʟʝʣ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ. ʊʝʧʝʨʴ ʩʣʝʜʫʝʪ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʨʦʜʠʪʝʣʴʩʢʠʡ 

ʫʟʝʣ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ, ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʣʠ ʧʨʠ ʚʩʪʘʚʢʝ ʩʚʦʡʩʪʚʦ 3. ʈʘʩʩʤʦʪʨʠʤ 

ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʨʦʜʠʪʝʣʴʩʢʠʡ ʫʟʝʣ ʢʨʘʩʥʳʡ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʩʣʝʜʫʶʱʠʝ ʜʚʘ ʩʣʫʯʘʷ: 

ʂʨʘʩʥʳʡ çʨʦʜʠʪʝʣʴè, ʢʨʘʩʥʳʡ çʜʷʜʷè (ʨʠʩ. 4.10). ɺ ʵʪʦʤ ʩʣʫʯʘʷ ʦʪ 

ʥʘʨʫʰʝʥʠʷ ʩʚʦʡʩʪʚʘ 3 ʤʦʞʥʦ ʠʟʙʘʚʠʪʴʩʷ ʧʨʦʩʪʳʤ ʧʝʨʝʢʨʘʰʠʚʘʥʠʝʤ ʫʟʣʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʜʚʠʞʝʥʠʝʤ ʢ ʢʦʨʥʶ ʜʝʨʝʚʘ, ʪʦ ʝʩʪʴ ʮʚʝʪ ʨʦʜʠʪʝʣʷ ʠ ʜʷʜʠ 

ʤʝʥʷʝʪʩʷ ʥʘ ʯʝʨʥʳʡ, ʘ ʮʚʝʪ ʜʝʜʘ ï ʥʘ ʢʨʘʩʥʳʡ. ɼʘʣʝʝ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ 

ʜʝʜʘ. ɺ ʩʘʤʦʤ ʢʦʥʮʝ ʢʦʨʝʥʴ ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʯʝʨʥʳʡ ʮʚʝʪ. ɽʩʣʠ ʜʦ ʵʪʦʛʦ ʦʥ ʙʳʣ 

ʢʨʘʩʥʳʤ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʝʨʥʘʷ ʚʳʩʦʪʘ ʜʝʨʝʚʘ. 
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ʈʠʩ. 4.10. ɺʩʪʘʚʢʘ çʢʨʘʩʥʳʡ ʨʦʜʠʪʝʣʴ ï ʢʨʘʩʥʳʡ 

ʜʷʜʷè 

ʂʨʘʩʥʳʡ çʨʦʜʠʪʝʣʴè, ʯʝʨʥʳʡ çʜʷʜʷè (ʨʠʩ. 4.11). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʦʜʜʝʨʝʚʴʝʚ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʚʨʘʱʝʥʠʝʤ ʫʟʣʦʚ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʩʪʘʚʣʷʝʤʳʡ ʫʟʝʣ ʷʚʣʷʝʪʩʷ ʣʝʚʳʤ ʧʦʪʦʤʢʦʤ ʩʚʦʝʛʦ ʨʦʜʠʪʝʣʷ, 

ʪʦ ʮʚʝʪ ʨʦʜʠʪʝʣʷ ʤʝʥʷʝʪʩʷ ʥʘ ʯʝʨʥʳʡ, ʮʚʝʪ ʜʝʜʘ ï ʥʘ ʢʨʘʩʥʳʡ, ʘ ʜʝʨʝʚʦ 

çʧʦʚʦʨʘʯʠʚʘʝʪʩʷè ʚʧʨʘʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʜʠʪʝʣʷ ʚʩʪʘʚʣʷʝʤʦʛʦ ʫʟʣʘ (ʩʤ. ʪʘʢʞʝ 

ʨʠʩ. 4.12). 
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ʈʠʩ. 4.11. ɺʩʪʘʚʢʘ çʢʨʘʩʥʳʡ ʨʦʜʠʪʝʣʴ ï ʯʝʨʥʳʡ ʜʷʜʷè 

ʅʘ ʨʠʩ. 4.11 ʧʦʢʘʟʘʥ ʧʦʚʦʨʦʪ ʜʝʨʝʚʘ ʚʧʨʘʚʦ. ɺ ʧʨʦʮʝʩʩʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʤʦʞʝʪ ʪʘʢʞʝ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʦʚʦʨʦʪ 

ʜʝʨʝʚʘ ʚʣʝʚʦ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʡʩʪʚʠʷ ʨʝʘʣʠʟʫʶ ʟʘʢʨʳʪʳʝ ʤʝʪʦʜʳ 

RotateRight  ʠ RotateLeft . 

ʈʠʩ. 4.12 ʠ 4.13 ʠʣʣʶʩʪʨʠʨʫʶʪ ʥʘʯʘʣʴʥʦʝ ʠ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʬʨʘʛʤʝʥʪʘ ʜʝʨʝʚʘ ʧʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʨʘʱʝʥʠʡ ʚʧʨʘʚʦ ʠ ʚʣʝʚʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʣʘ x. ʇʨʠ ʵʪʦʤ ʫʪʦʣʱʝʥʥʳʤʠ ʣʠʥʠʷʤʠ ʚʳʜʝʣʝʥʳ ʩʚʷʟʠ, 

ʦʨʠʝʥʪʘʮʠʷ ʢʦʪʦʨʳʭ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʨʘʱʝʥʠʷ. 
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ʈʠʩ. 4.12. ɺʨʘʱʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʜʝʨʝʚʘ ʚʧʨʘʚʦ 
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ʈʠʩ. 4.13. ɺʨʘʱʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʜʝʨʝʚʘ ʚʣʝʚʦ 

ʅʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ ʧʦʚʦʨʦʪʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʧʦʩʣʝ ʚʩʪʘʚʢʠ InsertFixup . 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʫʟʣʘ ʫʜʣʠʥʷʝʪʩʷ ʥʘ ʬʘʟʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ DeleteFixup , ʝʩʣʠ ʵʪʦ ʪʨʝʙʫʝʪʩʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʨʘʩʥʦ-ʯʝʨʥʳʭ 

ʜʝʨʝʚʴʝʚ ʦʧʨʘʚʜʘʥʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʘʥʥʳʝ ʯʘʩʪʦ ʤʝʥʷʶʪʩʷ. ɼʣʷ ʜʝʨʝʚʴʝʚ ʩ 

ʥʝʠʟʤʝʥʥʦʡ ʠʣʠ ʨʝʜʢʦ ʤʝʥʷʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʦʡ, ʩʢʦʨʝʡ ʚʩʝʛʦ, ʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʟʘʨʘʥʝʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʝ ʙʠʥʘʨʥʦʝ ʜʝʨʝʚʦ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʝʰʠʨʦʚʘʥʠʷ. 
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ɻʣʘʚʘ 5. ɸʣʛʦʨʠʪʤʳ ʥʘ ʛʨʘʬʘʭ 

ɻʨʘʬʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʤʝʭʘʥʠʟʤ ʬʦʨʤʘʣʠʟʘʮʠʠ ʤʥʦʛʠʭ ʟʘʜʘʯ, ʚ 

ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʝ ʧʦʩʪʘʥʦʚʢʠ ʣʝʞʠʪ ʥʘʙʦʨ ʦʪʥʦʰʝʥʠʡ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, 

ʟʘʜʘʯ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʜʦʨʦʛ (ʢʦʤʤʫʥʠʢʘʮʠʡ), ʩʝʪʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ, ʟʘʜʘʯ, ʠʤʝʶʱʠʭ ʜʝʣʦ ʩ ʧʨʦʛʨʘʤʤʥʳʤʠ ʠʣʠ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ (ʥʘʛʣʷʜʥʳʝ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʟʘʜʘʯ ʧʨʠʚʝʜʝʥʳ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʥʠʛʝ [ʅʦʚʠʢʦʚ, 2000]). 

ɺ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʣʫʯʘʷʭ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʚ 

ʪʝʨʤʠʥʘʭ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʨʝʰʝʥʠʝ ʦʜʥʦʡ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ (ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ): 

Ç ʥʘʭʦʞʜʝʥʠʝ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʠʟ ʦʜʥʦʡ ʚʝʨʰʠʥʳ ʛʨʘʬʘ ʚ ʜʨʫʛʫʶ; 

Ç ʥʘʭʦʞʜʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ ʛʨʘʬʘ, ʠʣʠ 

ʢʨʘʪʯʘʡʰʝʛʦ ʦʩʪʦʚʘ; 

Ç ʥʘʭʦʞʜʝʥʠʝ ʧʫʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʚʢʣʶʯʘʶʱʝʛʦ ʚʩʝ 

ʚʝʨʰʠʥʳ ʛʨʘʬʘ ʠʣʠ ʝʛʦ ʧʦʜʛʨʘʬʘ (ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ); 

Ç ʥʘʭʦʞʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʩʚʷʟʥʦʩʪʠ ʛʨʘʬʘ. 

ɺ ʵʪʦʤ ʢʫʨʩʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʠʩʢʘ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʩʪʦʚʘ ʛʨʘʬʘ, ʦʩʪʘʚʠʚ ʠʟʫʯʝʥʠʝ ʦʩʪʘʣʴʥʳʭ 

ʟʘʜʘʯ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ. 

5.1. ʅʝʢʦʪʦʨʳʝ ʥʘʧʦʤʠʥʘʥʠʷ ʠʟ ʪʝʦʨʠʠ ʛʨʘʬʦʚ 
ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʳ ʥʘʧʦʤʥʠʤ ʦʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʦʨʠʠ ʛʨʘʬʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʫʶʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʣʦʞʝʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʬʘ 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʩ ʬʦʨʤʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʨʘʬ G  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʧʘʨʘ ʤʥʦʞʝʩʪʚ ),( EV , ʛʜʝ V  ï ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ, ʘ E  ï 

ʤʥʦʞʝʩʪʚʦ ʧʘʨ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ V , ʧʨʠʯʝʤ ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʘʨʘʭ, ʪʦ ʛʨʘʬ G  ʥʘʟʳʚʘʝʪʩʷ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ (ʘ 

ʤʥʦʞʝʩʪʚʦ E  ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʨʝʙʝʨ). ɽʩʣʠ ʞʝ E  ʩʦʩʪʦʠʪ ʠʟ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʘʨ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ 

ʛʨʘʬʦʤ (ʦʨʛʨʘʬʦʤ), ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʫʟʣʘʤʠ, ʘ ʤʥʦʞʝʩʪʚʦ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʘʨ ï ʤʥʦʞʝʩʪʚʦʤ ʜʫʛ. 

ʉʤʝʞʥʦʩʪʴ ʠ ʠʥʮʠʜʝʥʪʥʦʩʪʴ 

ʇʫʩʪʴ ʠʤʝʶʪʩʷ ʜʚʝ ʚʝʨʰʠʥʳ 1v  ʠ 2v , ʘ ),( 21 vve  ï ʩʦʝʜʠʥʷʶʱʝʝ 

ʵʪʠ ʚʝʨʰʠʥʳ ʨʝʙʨʦ. ʊʦʛʜʘ ʨʝʙʨʦ e ʥʘʟʳʚʘʝʪʩʷ ʠʥʮʠʜʝʥʪʥʳʤ ʚʝʨʰʠʥʘʤ 1v  ʠ 

2v , ʘ ʩʘʤʠ ʚʝʨʰʠʥʳ ï ʩʤʝʞʥʳʤʠ. 
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ʄʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ, ʩʤʝʞʥʳʭ ʩ ʥʝʢʦʪʦʨʦʡ ʚʝʨʰʠʥʦʡ, ʥʘʟʳʚʘʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦʤ ʩʤʝʞʥʦʩʪʠ ʵʪʦʡ ʚʝʨʰʠʥʳ. 

ʇʦʜʛʨʘʬ 

ʇʦʜʛʨʘʬ ),( ss EV  ʛʨʘʬʘ ʠʣʠ ʦʨʛʨʘʬʘ ),( EV  ʩʦʩʪʦʠʪ ʠʟ ʥʝʢʦʪʦʨʦʛʦ 

ʧʦʜʤʥʦʞʝʩʪʚʘ ʚʝʨʰʠʥ VVs ʠ ʥʝʢʦʪʦʨʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʨʝʙʝʨ (ʜʫʛ) 

EEs , ʧʨʠʯʝʤ ʝʩʣʠ VVs , ʧʦʜʛʨʘʬ ),( ss EV  ʥʘʟʳʚʘʝʪʩʷ ʦʩʪʦʚʥʳʤ 

ʧʦʜʛʨʘʬʦʤ. 

ʇʫʪʴ ʠ ʨʘʩʩʪʦʷʥʠʝ 
ʏʝʨʝʜʫʶʱʘʷʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ 

kk vevevev ,,...,,,,, 22110 , ʚ ʢʦʪʦʨʦʡ ʣʶʙʳʝ ʜʚʘ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʘ 

ʠʥʮʠʜʝʥʪʥʳ, ʥʘʟʳʚʘʝʪʩʷ ʤʘʨʰʨʫʪʦʤ ʜʣʠʥʳ k. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʚʩʝ ʨʝʙʨʘ 
ʨʘʟʣʠʯʥʳ, ʪʦ ʤʘʨʰʨʫʪ ʥʘʟʳʚʘʝʪʩʷ ʮʝʧʴʶ, ʘ ʝʩʣʠ ʚʩʝ ʚʝʨʰʠʥʳ ʨʘʟʣʠʯʥʳ ï 

ʧʨʦʩʪʦʡ ʮʝʧʴʶ. ɺ ʦʨʛʨʘʬʝ ʮʝʧʴ ʥʘʟʳʚʘʝʪʩʷ ʧʫʪʝʤ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʣʝʤʝʥʪʘʤʠ 

ʧʫʪʠ ʷʚʣʷʶʪʩʷ ʫʟʣʳ ʠ ʜʫʛʠ). ɿʘʤʢʥʫʪʘʷ ʮʝʧʴ ʥʘʟʳʚʘʝʪʩʷ ʮʠʢʣʦʤ. 

ʈʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʚʝʨʰʠʥʘʤʠ ʷʚʣʷʝʪʩʷ ʮʝʧʴ ʢʨʘʪʯʘʡʰʝʡ 

ʜʣʠʥʳ. 

ɽʩʣʠ ʛʨʘʬ ʠʣʠ ʦʨʛʨʘʬ ʷʚʣʷʝʪʩʷ ʚʟʚʝʰʝʥʥʳʤ (ʪʦ ʝʩʪʴ ʢʘʞʜʦʤʫ ʨʝʙʨʫ 

ʠʣʠ ʜʫʛʝ ʧʨʠʧʠʩʘʥʦ ʯʠʩʣʦ, ʥʘʟʳʚʘʝʤʦʝ ʚʝʩʦʤ ʨʝʙʨʘ), ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʦʥʷʪʠʝ 

ʩʪʦʠʤʦʩʪʠ ʤʘʨʰʨʫʪʘ, ʢʘʢ ʩʫʤʤʳ ʚʝʩʦʚ ʚʩʝʭ ʨʝʙʝʨ ʤʘʨʰʨʫʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʨʘʪʯʘʡʰʠʤ ʧʫʪʝʤ ʚ ʦʨʛʨʘʬʝ ʷʚʣʷʝʪʩʷ ʧʫʪʴ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ. 

ʉʚʷʟʥʦʩʪʴ 
ɼʚʝ ʚʝʨʰʠʥʳ ʛʨʘʬʘ ʥʘʟʳʚʘʶʪʩʷ ʩʚʷʟʘʥʥʳʤʠ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ 

ʩʦʝʜʠʥʷʶʱʘʷ ʠʭ ʮʝʧʴ. ɻʨʘʬ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʚʝʨʰʠʥʳ ʩʚʷʟʘʥʳ, ʥʘʟʳʚʘʝʪʩʷ 

ʩʚʷʟʥʳʤ. ʇʦʠʩʢ ʢʦʤʧʦʥʝʥʪ ʩʚʷʟʥʦʩʪʠ ʛʨʘʬʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʨʝʰʘʝʤʦʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʩʝʪʝʚʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʉʚʷʟʥʦʩʪʴ ʛʨʘʬʦʚ, ʚʚʝʜʝʥʠʝ ʤʝʨ ʩʚʷʟʥʦʩʪʠ, ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʦ ʧʦʪʦʢʘʭ 

ʚ ʩʝʪʷʭ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʦʙʳʯʥʦ ʠʟʫʯʘʝʪʩʷ ʚ ʢʫʨʩʘʭ 

ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʢʫʨʩʝ ʤʳ ʵʪʦʪ 

ʨʘʟʜʝʣ ʦʧʫʩʢʘʝʤ. 

ɼʨʝʚʦʚʠʜʥʳʡ ʛʨʘʬ 
ɼʝʨʝʚʦʤ ʥʘʟʳʚʘʝʪʩʷ ʩʚʷʟʥʳʡ ʛʨʘʬ ʙʝʟ ʮʠʢʣʦʚ. ʇʫʩʪʴ p  ï ʯʠʩʣʦ 

ʚʝʨʰʠʥ ʚ ʛʨʘʬʝ G, ʘ q  ï ʯʠʩʣʦ ʨʝʙʝʨ, ʊʦʛʜʘ ʜʣʷ ʜʨʝʚʦʚʠʜʥʦʛʦ ʛʨʘʬʘ 

ʩʧʨʘʚʝʜʣʠʚʦ 1pq . ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʟʘʜʘʯ ʠʤʝʝʪ 

ʤʠʥʠʤʘʣʴʥʦʝ ʦʩʪʦʚʥʦʝ ʜʝʨʝʚʦ. ʄʠʥʠʤʘʣʴʥʳʤ ʦʩʪʦʚʥʳʤ ʜʝʨʝʚʦʤ ʩʚʷʟʥʦʛʦ 

ʚʟʚʝʰʝʥʥʦʛʦ ʛʨʘʬʘ ʥʘʟʳʚʘʝʪʩʷ ʜʝʨʝʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʚʩʝʭ ʚʝʨʰʠʥ ʛʨʘʬʘ, ʠ 

ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʨʝʙʝʨ, ʧʨʠʯʝʤ ʩʫʤʤʘ ʚʝʩʦʚ ʨʝʙʝʨ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ ʩʨʝʜʠ 

ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʦʩʪʦʚʥʳʭ ʜʝʨʝʚʴʝʚ. 
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 ʆʪʤʝʪʠʤ, ʯʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʛʨʘʬ ʤʦʞʝʪ ʠʤʝʪʴ 

ʥʝʩʢʦʣʴʢʦ ʤʠʥʠʤʘʣʴʥʳʭ ʦʩʪʦʚʥʳʭ ʜʝʨʝʚʴʝʚ. 

ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ 
ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʛʨʘʬʘ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʦʩʦʙʘ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʨʝʰʘʝʤʦʡ 

ʟʘʜʘʯʠ, ʩʪʨʫʢʪʫʨʳ ʘʣʛʦʨʠʪʤʘ, ʦʪ ʦʙʲʝʤʘ ʧʘʤʷʪʠ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʘʬʝ ʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ 

ʜʦʩʪʫʧʫ ʢ ʵʣʝʤʝʥʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʬʘ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ 

ʩʧʦʩʦʙʦʚ. 

ʄʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ AdjMatʨʘʟʤʝʨʦʤ pp  ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʤʝʥʪʦʚ 

]][[ jiAdjMat  ʪʘʢʠʭ, ʯʪʦ 1]][[ jiAdjMat , ʝʩʣʠ ʚʝʨʰʠʥʘ iv  ʷʚʣʷʝʪʩʷ 

ʩʤʝʞʥʦʡ ʩ ʚʝʨʰʠʥʦʡ jv . ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, 0]][[ jiAdjMat . ʆʙʲʝʤ 

ʧʘʤʷʪʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʤʘʪʨʠʮʝ ʩʤʝʞʥʦʩʪʠ ʦʮʝʥʠʚʘʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ )( 2pO . ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʨʘʟʫʤʥʳʤ ʜʣʷ ʩʠʣʴʥʦ ʩʚʷʟʥʳʭ ʛʨʘʬʦʚ. 

ɼʣʷ ʚʟʚʝʰʝʥʥʦʛʦ ʦʨʛʨʘʬʘ ʤʘʪʨʠʮʫ ʩʤʝʞʥʦʩʪʠ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʶʪ 

ʥʝʩʢʦʣʴʢʦ ʠʥʘʯʝ. ɺʦ ʚʟʚʝʰʝʥʥʦʤ ʛʨʘʬʝ ]][[ jiAdjMat , ʝʩʣʠ iv  ʥʝ 

ʷʚʣʷʝʪʩʷ ʩʤʝʞʥʦʡ ʩ ʚʝʨʰʠʥʦʡ jv . ɽʩʣʠ ʞʝ ʠʟ ʫʟʣʘ iv  ʚ ʫʟʝʣ jv  ʚʝʜʝʪ ʜʫʛʘ ʩ 

ʚʝʩʦʤ ijw , ʪʦ ijwjiAdjMat ]][[ . ɺ ʯʘʩʪʥʦʩʪʠ, 0]][[ jiAdjMat . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ jiij ww , ʪʦ ʝʩʪʴ 

]][[]][[ ijAdjMatjiAdjMat . 

ʄʘʪʨʠʮʘ ʠʥʮʠʜʝʥʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʦʤ qp

, ʚ ʢʦʪʦʨʦʡ 1]][[ jiIncMat , ʝʩʣʠ ʚʝʨʰʠʥʘ iv  ʠʥʮʠʜʝʥʪʥʘ ʨʝʙʨʫ je . ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, 0]][[ jiIncMat . ʆʙʲʝʤ ʧʘʤʷʪʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʤʘʪʨʠʮʝ ʩʤʝʞʥʦʩʪʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ )( qpO . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʛʨʘʬ ʠʤʝʝʪ ʤʥʦʛʦ ʚʝʨʰʠʥ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʨʝʙʝʨ, 

ʭʨʘʥʝʥʠʝ ʝʛʦ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʠʥʮʠʜʝʥʪʥʦʩʪʠ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦ, ʯʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʟʘʧʠʩʠ ʘʣʛʦʨʠʪʤʦʚ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʦʢʘʟʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʨʘʬʝ ʚ ʚʠʜʝ ʩʧʠʩʢʦʚ ʩʤʝʞʥʦʩʪʠ, ʠʣʠ ʩʧʠʩʢʦʚ ʧʨʠʤʳʢʘʥʠʡ. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʩʧʠʩʦʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʠʚ ʠʟ p  ʫʢʘʟʘʪʝʣʝʡ ʥʘ ʩʧʠʩʢʠ ʩʤʝʞʥʳʭ 

ʚʝʨʰʠʥ. ɼʣʷ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ ʟʘʪʨʘʪʳ ʥʘ ʭʨʘʥʝʥʠʝ ʦʮʝʥʠʚʘʶʪʩʷ 

ʚʝʣʠʯʠʥʦʡ )2( qpO . ɼʣʷ ʦʨʛʨʘʬʘ ʧʦʣʫʯʠʤ )( qpO . ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʠʩʢʦʚ ʩʤʝʞʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʘʣʴʥʦ 
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ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʨʝʙʨʘʭ ʠʣʠ ʜʫʛʘʭ, ʦʜʥʘʢʦ ʟʘ ʵʪʦ ʧʨʠʭʦʜʠʪʩʷ ʧʣʘʪʠʪʴ 

ʥʘʢʣʘʜʥʳʤʠ ʨʘʩʭʦʜʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʧʠʩʢʘ. ʊʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʘʤʷʪʴ ʜʣʷ ʫʢʘʟʘʪʝʣʝʡ ʥʘ ʵʣʝʤʝʥʪʳ ʩʧʠʩʢʘ, ʢʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʫʧ 

ʢ ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʯʘʩʪʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʘ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

(ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ ʠʣʠ ʫʜʘʣʝʥʠʝ ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ), ʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʠʩʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʝʪʩʷ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ. 

ʇʨʦʩʪʳʤ (ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ï ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʟʘʪʨʘʪ) ʩʧʦʩʦʙʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʘ ʷʚʣʷʝʪʩʷ ʤʘʩʩʠʚ ʨʝʙʝʨ (ʠʣʠ ʤʘʩʩʠʚ ʜʫʛ 

ʜʣʷ ʦʨʛʨʘʬʘ). ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʩʠʚʘ ʜʫʛ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʠʚʦʜʠʤʘʷ 

ʥʠʞʝ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ. 

ʅʘ ʨʠʩ. 5.1 ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʥʝʢʦʪʦʨʦʛʦ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʘ ʠ ʩʧʦʩʦʙ ʝʛʦ ʟʘʜʘʥʠʷ ʚ ʬʦʨʤʝ ʩʧʠʩʢʘ ʩʤʝʞʥʦʩʪʠ. ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʠʩʫʥʢʦʚ ʠ ʤʘʩʩʠʚʦʚ C/C++ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʚʝʨʰʠʥʳ ʛʨʘʬʘ 

ʠʤʝʥʫʶʪʩʷ, ʥʘʯʠʥʘʷ ʩʦ ʟʥʘʯʝʥʠʷ 0. 
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ʈʠʩ. 5.1. ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʛʨʘʬʘ 

ʄʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ ʠ ʠʥʮʠʜʝʥʪʥʦʩʪʠ ʜʘʥʥʦʛʦ ʛʨʘʬʘ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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 5.2. ʇʦʠʩʢ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʥʘ ʛʨʘʬʝ 
ɿʘʜʘʯʫ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʨʘʩʩʤʦʪʨʠʤ ʜʣʷ ʩʣʫʯʘʷ ʚʟʚʝʰʝʥʥʦʛʦ 

ʦʨʛʨʘʬʘ, ʟʘʜʘʥʥʦʛʦ ʚ ʚʠʜʝ ʤʘʩʩʠʚʘ ʜʫʛ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʠʥʜʝʢʩʦʤ (ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʵʪʦʪ ʠʥʜʝʢʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʠʥʜʝʢʩʘ ʤʘʩʩʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʢʠʝ-

ʣʠʙʦ ʩʚʝʜʝʥʠʷ ʦ ʚʝʨʰʠʥʝ). 

ʉʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 
ɼʫʛʘ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʨʦʛʨʘʤʤʝ ʩʣʝʜʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ: 

struct  Arc  

{  

    int     from ;   // ʀʥʜʝʢʩ ʠʩʭʦʜʷʱʝʡ ʚʝʨʰʠʥʳ 

    int     to ;     // ʀʥʜʝʢʩ ʚʭʦʜʷʱʝʡ ʚʝʨʰʠʥʳ 

    double  weight ; // ɺʝʩ ʜʫʛʠ 

};  

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʫʪʠ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ, ʠʩʧʦʣʴʟʫʝʤ 

ʤʘʩʩʠʚ ʩʪʨʫʢʪʫʨ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

struct  Way;  

{  

    bool    exist ;     // ʇʨʠʟʥʘʢ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʫʪʠ (true , ʝʩʣʠ 

ʝʩʪʴ) 

    double  sumWeight ; // ʉʫʤʤʘʨʥʳʡ ʚʝʩ (ʩʪʦʠʤʦʩʪʴ ʧʫʪʠ) 

    int     refPrev ;   // ʀʥʜʝʢʩ ʧʨʝʜʳʜʫʱʝʛʦ ʫʟʣʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ  

                      // ʧʨʦʭʦʜʠʪ ʧʫʪʴ 

};  

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʘ ʠ ʩʚʝʜʝʥʠʡ ʦ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʧʫʪʠ ʥʘ ʛʨʘʬʝ 

ʦʧʨʝʜʝʣʠʤ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ. 

struct  Graph  

{  

    int  numNodes; // ʏʠʩʣʦ ʚʝʨʰʠʥ 

    int  numArcs;  // ʏʠʩʣʦ ʜʫʛ 

    Arc  * arcs ;    // ʋʢʘʟʘʪʝʣʴ ʥʘ ʥʘʯʘʣʦ ʤʘʩʩʠʚʘ ʜʫʛ 

 

    Way * pMinWay; // ɸʜʨʝʩ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ ʩ ʠʥʬʦʨʤʘʮʠʝʡ 

                  // ʦ ʤʠʥʠʤʘʣʴʥʦʤ ʧʫʪʠ ʦʪ start  ʜʦ finish  

                  //     pMinWay[ i  ] ʭʨʘʥʠʪ ʩʚʝʜʝʥʠʷ ʦ ʧʫʪʠ 

                  //     ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʠʟ i  ʚ start  

};  

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ 
ʅʘ ʦʩʥʦʚʝ ʚʚʝʜʝʥʥʳʭ ʪʠʧʦʚ ʜʘʥʥʳʭ ʨʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ 

ʘʣʛʦʨʠʪʤʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʕ. ɼʝʡʢʩʪʨʦʡ, ʚ ʨʝʢʫʨʩʠʚʥʦʡ ʬʦʨʤʝ. ɺ ʦʩʥʦʚʝ 

ʘʣʛʦʨʠʪʤʘ ʕ. ɼʝʡʢʩʪʨʳ ʣʝʞʠʪ ʩʣʝʜʫʶʱʘʷ ʠʜʝʷ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʫʪʴ ʦʪ 

ʚʝʨʰʠʥʳ start ʜʦ ʥʝʢʦʪʦʨʦʡ ʚʝʨʰʠʥʳ transit ʥʘʡʜʝʥ (ʩʤ. ʨʠʩ. 5.2.). 



 134 

w(step2,fiish)

w(step1, finish)

w(stepnumStep,finish)

4

...

transit finish

step1

step2

stepnumStep

?

?

FindWay FindWayForStep

start

 
ʈʠʩ. 5.2. ʈʘʩʢʨʳʪʠʝ ʚʝʨʰʠʥ ʚ ʭʦʜʝ ʧʦʠʩʢʘ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ 

ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ },1{},{ numStepistepStep i , 

ʩʤʝʞʥʳʭ ʩ ʚʝʨʰʠʥʦʡ transit, ʧʨʠʯʝʤ numStep ï ʯʠʩʣʦ ʩʤʝʞʥʳʭ ʚʝʨʰʠʥ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʦʪ ʚʝʨʰʠʥʳ transit ʜʦ ʚʝʨʰʠʥʳ finish 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʝʨʰʠʥʫ minstep , ʜʣʷ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ 

)),(),((min },1{ finishstepsumWsteptransitw iinumStepi , 

ʛʜʝ ),( isteptransitw  ï ʚʝʩ ʜʫʛʠ ʤʝʞʜʫ transit ʠ istep, ʘ 

),( finishstepsumW i  ï ʚʝʩ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʤʝʞʜʫ istep  ʠ finish . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʫʪʴ ʜʦ ʚʝʨʰʠʥʳ transit  ʠʟʚʝʩʪʝʥ, ʥʘʠʣʫʯʰʠʡ 

ʧʫʪʴ ʜʦ finish ʚʳʙʠʨʘʝʪʩʷ ʧʫʪʝʤ ʨʝʢʫʨʩʠʚʥʳʭ ʚʳʟʦʚʦʚ ʬʫʥʢʮʠʠ 

ʥʘʭʦʞʜʝʥʠʷ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʠ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʨʰʠʥʳ minstep . 

ɺ ʥʘʯʘʣʝ transit  ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʨʰʠʥʦʡ start . ɸʣʛʦʨʠʪʤ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, 

ʢʦʛʜʘ transit  ʩʦʚʧʘʜʘʝʪ ʩ finish . 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʚʠʜʝ ʧʘʨʳ ʚʟʘʠʤʥʦ 

ʨʝʢʫʨʩʠʚʥʳʭ ʬʫʥʢʮʠʡ. ʌʫʥʢʮʠʷ FindWay  ʠʱʝʪ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʠʟ ʟʘʜʘʥʥʦʡ 

(ʧʨʦʤʝʞʫʪʦʯʥʦʡ) ʚʝʨʰʠʥʳ transit  ʜʦ ʚʝʨʰʠʥʳ finish , ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʧʝʨʝʙʦʨ ʚʝʨʰʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ transit , ʠ ʚʳʟʳʚʘʝʪ ʬʫʥʢʮʠʶ ForStep . 

ʌʫʥʢʮʠʷ ForStep  ʧʨʦʚʝʨʷʝʪ, ʥʝ ʙʳʣ ʣʠ ʨʘʥʴʰʝ ʦʙʥʘʨʫʞʝʥ ʧʫʪʴ, ʧʨʦʭʦʜʷʱʠʡ 

ʯʝʨʝʟ ʚʳʙʨʘʥʥʫʶ ʩʤʝʞʥʫʶ ʚʝʨʰʠʥʫ, ʠ ʚʳʯʠʩʣʷʝʪ ʥʦʚʫʶ ʩʪʦʠʤʦʩʪʴ ʧʫʪʠ, 

ʚʳʟʳʚʘʷ FindWay  ʜʣʷ ʦʮʝʥʢʠ ʧʫʪʠ ʦʪ ʜʘʥʥʦʡ ʩʤʝʞʥʦʡ ʚʝʨʰʠʥʳ ʜʦ finish . 

ʈʝʘʣʠʟʘʮʠʶ ʵʪʠʭ ʬʫʥʢʮʠʡ ʠʣʣʶʩʪʨʠʨʫʝʪ ʣʠʩʪʠʥʛ 5.1. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʳ ʨʘʩʩʯʠʪʳʚʘʝʤ ʥʘ ʪʦ, ʯʪʦ ʟʘʧʦʣʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʛʨʘʬʘ ʢʦʥʢʨʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʧʘʤʷʪʠ ʜʣʷ ʤʘʩʩʠʚʦʚ arcs  

ʠ pMinWay ʥʝ ʩʦʩʪʘʚʠʪ ʪʨʫʜʘ ʜʣʷ ʩʪʫʜʝʥʪʘ, ʠʤʝʶʱʝʛʦ ʵʣʝʤʝʥʪʘʨʥʳʝ ʥʘʚʳʢʠ 

ʧʨʦʮʝʜʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʝ ʨʝʰʝʥʠʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʩʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʫʞʝ ʧʨʦʚʝʜʝʥʘ. 
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 ʃʠʩʪʠʥʛ 5.1. ʇʦʠʩʢ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʚ ʛʨʘʬʝ (ʨʝʢʫʨʩʠʚʥʳʡ 
ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ) 

void  FindWay ( Graph &, int , int  ); // ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʲʷʚʣʝʥʠʝ 

 

// ʐʘʛ ʧʦ ʜʫʛʝ ixArc  ʢ ʚʝʨʰʠʥʝ, ʩʤʝʞʥʦʡ ʩ ʚʝʨʰʠʥʦʡ transit  

void ForStep( Graph& g, int ixArc )  

{  

    int transit = g.arcs[ ixArc ].from;  // ʊʨʘʥʟʠʪʥʘʷ ʚʝʨʰʠʥʘ 

    int step    = g.arcs[ ixArc ].to;    // ʉʤʝʞʥʘʷ ʚʝʨʰʠʥʘ 

 

    // ɺʳʯʠʩʣʷʝʤ ʥʦʚʳʡ ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʧʫʪʠ ʯʝʨʝʟ transit  ʜʦ step  

    double newSumWeight = g.pMinWay[ transit ].sumWeight +  

                          g.arcs[ ixArc ].weight;  

 

    if( !g.pMinWay[ step ].exist )  

    {  

        // ʕʪʘ ʚʝʨʰʠʥʘ ʨʘʩʢʨʳʪʘ ʚʧʝʨʚʳʝ 

        g. pMinWay[ step  ]. exist  = true ;  

 

        g.pMinWay[ step ].sumWeight = newSumWeight;  

 

        g.pMinWay[ step ].refP rev = transit;  

        FindWay ( g, step , finish  );  

    }  

    else  

    {  

        // ʕʪʘ ʚʝʨʰʠʥʘ ʨʘʥʴʰʝ ʚʩʪʨʝʯʘʣʘʩʴ 

        if( g.pMinWay[ step ].sumWeight > newSumWeight )  

        {  

            // ʅʦʚʳʡ ʧʫʪʴ ʢʦʨʦʯʝ 

            g.pMinWay[ step ].sumWeight = newSumWeight;  

            g.pMinWay[ step].refPrev = transit;  

            FindWay ( g, step , finish  );  

        }  

        // ɿʜʝʩʴ: ʧʨʝʞʥʠʡ ʧʫʪʴ ʣʫʯʰʝ, ʪʦ ʝʩʪʴ ʜʘʣʴʰʝ ʠʩʢʘʪʴ 

        // ʥʝʯʝʛʦ, ʧʦʵʪʦʤʫ ʠʛʥʦʨʠʨʫʝʤ ʵʪʦʪ ʰʘʛ 

    }  

}  

 

// ʇʦʠʩʢ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ transit  ʜʦ finish  

void FindWay( Graph& g,  

              int transit,  

              int finish  

             )  

{  

    if( transit == finish ) return;  

 

    // ʅʘʭʦʜʠʤ ʜʫʛʠ, ʠʩʭʦʜʷʱʠʝ ʠʟ transit  ʠ 

    // ʚʳʧʦʣʥʷʝʤ ʰʘʛ ʧʦ ʢʘʞʜʦʡ ʥʘʡʜʝʥʥʦʡ ʜʫʛʝ 

    for( int ixArc=0; ixArc < g.numArcs; ixArc++ )  

    {  

        // ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʩʣʫʯʘʡ ʦʨʛʨʘʬʘ, ʧʦʵʪʦʤʫ ʘʥʘʣʠʟʠʨʫʝʤ 

        // ʪʦʣʴʢʦ ʠʩʭʦʜʷʱʫʶ ʚʝʨʰʠʥʫ ʜʫʛʠ 

        if ( g. arcs [ ixArc  ]. from  == transit )  

            ForStep ( g, ixArc  );  

    }  

    return ; // ɹʦʣʴʰʝ ʧʫʪʝʡ ʥʝʪ 

}  

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʣʠʩʪʠʥʛʝ 5.1 ʧʨʠʚʝʜʝʥ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʜʣʷ ʦʨʛʨʘʬʘ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʬʫʥʢʮʠʠ FindWay  ʚ ʤʘʩʩʠʚʝ ʜʫʛ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ 

ʠʩʭʦʜʷʱʠʝ ʚʝʨʰʠʥʳ. ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʠ ForStep  ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʝʜʘʪʴ 

ʪʦʣʴʢʦ ʠʥʜʝʢʩ ʜʫʛʠ (ʠʥʜʝʢʩʳ ʚʝʨʰʠʥ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
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ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ ʜʫʛ). ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʦʙʨʘʙʦʪʢʫ 

ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʛʨʘʬʦʚ, ʪʦ ʚ ʨʝʘʣʠʟʘʮʠʶ ʩʣʝʜʫʝʪ ʚʥʝʩʪʠ ʦʧʠʩʳʚʘʝʤʳʝ 

ʥʠʞʝ ʠʟʤʝʥʝʥʠʷ. 

ʌʫʥʢʮʠʠ ForStep  ʥʫʞʥʦ ʧʝʨʝʜʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʥʜʝʢʩ ʨʝʙʨʘ, ʥʦ ʠ 

ʠʥʜʝʢʩʳ ʚʝʨʰʠʥ ʚ ʷʚʥʦʤ ʚʠʜʝ, ʥʘʧʨʠʤʝʨ: 

// ɼʣʷ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ 

void  ForStep ( Graph & g,  

              int  ixArc ,  

              int  transit , // ʪʨʘʥʟʠʪʥʘʷ ʚʝʨʰʠʥʘ 

              int  step      // ʩʤʝʞʥʘʷ ʚʝʨʰʠʥʘ 

             )  

{ /* ... */ }  

ɺ ʮʠʢʣʝ for  ʬʫʥʢʮʠʠ FindWay  ʩʣʝʜʫʝʪ ʧʨʦʚʝʨʷʪʴ ʥʝ ʪʦʣʴʢʦ ʚʝʨʰʠʥʫ 

from , ʥʦ ʠ ʚʝʨʰʠʥʫ to : 

// ʇʦʠʩʢ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ transit  ʜʦ finish  ʚ ʚʝʨʩʠʠ 

// ʜʣʷ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ 

void  FindWay ( Graph & g,  

              int transit,  

              int finish  

             )  

{  

    if( transit == finish ) return;  

 

    // ʅʘʭʦʜʠʤ ʨʝʙʨʘ, ʠʥʮʠʜʝʥʪʥʳʝ ʚʝʨʰʠʥʝ transit  ʠ 

    // ʚʳʧʦʣʥʷʝʤ ʰʘʛ ʧʦ ʢʘʞʜʦʤʫ ʥʘʡʜʝʥʥʦʤʫ ʨʝʙʨʫ 

    for( int ixArc=0; ixArc < g.numArcs; ixArc++ )  

    {  

        if ( g. arcs [  ixArc  ]. from  == transit )  

            ForStep ( g, ixArc, from, to  );  

        else if( g . arcs [ ixArc  ]. to  == transit )  

            ForStep ( g, ixArc, to , from  );  

    }  

 

    return ; // ɹʦʣʴʰʝ ʧʫʪʝʡ ʥʝʪ 

}  

ɼʣʷ ʟʘʧʫʩʢʘ ʬʫʥʢʮʠʠ FindWay  ʩʣʝʜʫʝʪ ʧʦʜʛʦʪʦʚʠʪʴ pMinWay: 

// ʇʦʠʩʢ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ g. start  ʜʦ g. finish  

void FindBestWay( Graph& g, int start, int finish )  

{  

    for( ix ixNode=0; ixNode <g.numNodes; ixNode++ )  

    {  

        g.pMinWay[ ixNode ].exist = false;  

    }  

 

    g.pMinWay[ start ].exist = true ;  

    g.pMinWay[ start ].sumWeight = 0.0;  

    g.pMinWay[ start ].refPrev = - 1;  

 

    FindWay ( g, start , finish  );  

}  

ɼʣʷ ʚʳʚʦʜʘ ʠʩʢʦʤʦʛʦ ʧʫʪʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʩʦʜʝʨʞʠʤʦʝ 

ʤʘʩʩʠʚʘ pMinWay ʚ ʧʦʨʷʜʢʝ ʩʩʳʣʦʢ refPrev  ʦʪ ʚʝʨʰʠʥʳ finish  ʜʦ 

ʚʝʨʰʠʥʳ, ʫ ʢʦʪʦʨʦʡ ʩʩʳʣʢʘ refPrev  ʨʘʚʥʘ -1, ʥʘʧʨʠʤʝʨ: 

void PrintBestWay( FILE *output,  

                   const Graph& g,  

                   int  start ,  
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                    int  finish  

                  )  

{  

    fprintf ( output , "ʇʦʠʩʢ ʧʫʪʠ ʦʪ ʚʝʨʰʠʥʳ %d ʜʦ ʚʝʨʰʠʥʳ %d\ n",  

                     start,  

                     finish  );  

 

    if( !g.pMinWay[ finish ].exist )  

    {  

        fprintf ( output , "ʀʩʢʦʤʦʛʦ ʧʫʪʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ\ n" );  

        return ;  

    }  

    fprintf ( output , "ʂʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʠʤʝʝʪ ʚʝʩ %le \ n",  

                     g. pMinWay[ finish  ]. sumWeight  );  

    fprintf ( output , "ʇʫʪʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʣʝʜʫʶʱʠʝ ʚʝʨʰʠʥʳ: " ); 

 

    int  wayNode = finish ;  

    while ( wayNode != - 1 )  

    {  

        fprintf ( output , "%d ", wayNode );  

        wayNode = g.pMinWay[ wayNode ].refPrev;  

    }  

 

    fprintf ( output , " \ n";  

}  

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʵʢʦʥʦʤʠʠ ʩʪʝʢʘ ʧʨʠ ʨʝʢʫʨʩʠʚʥʳʭ ʚʳʟʦʚʘʭ ʯʠʩʣʦ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʢʫʨʩʠʚʥʳʭ ʬʫʥʢʮʠʡ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʠʥʠʤʘʣʴʥʳʤ.  

3

2

1

64

5

0

5

start finish

10

20

10

4

8

5

10

12

14

1

ʄʘʩʩʠʚ ʜʫʛ

1 2 20

from to weight

ɼʠʘʛʨʘʤʤʘ ʚʟʚʝh ʝʥʥʦʛʦ ʦʨʛʨʘʬʘ

0

1 0 51

0 2 102

2 3 43

2 4 84

3 1 105

3 4 56

3 5 147

4 6 108

3 6 129

6 5 110

start ï ʥʘʯʘʣɹʥʘ̫ ʚʝʨh ʠʥʘ ʜʣ̫ ʧʦʠʩʢʘ

finish ï ʢʦʥʝʯʥʘ̫ ʚʝʨh ʠʥʘ

 
ʈʠʩ. 5.3. ʆʨʛʨʘʬ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ 

ʅʘ ʩʩʳʣʦʯʥʦʡ ʧʝʨʝʤʝʥʥʦʡ g ʤʦʞʥʦ ʩʵʢʦʥʦʤʠʪʴ, ʝʩʣʠ ʦʧʨʝʜʝʣʠʪʴ 

ʧʝʨʝʤʝʥʥʫʶ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʘ ʥʘ ʫʨʦʚʥʝ ʤʦʜʫʣʷ (ʩʤ.  [ɼʘʚʳʜʦʚ, 2003]). 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʪ ʬʫʥʢʮʠʡ ʙʫʜʝʪ ʧʨʠʛʦʜʝʥ ʪʦʣʴʢʦ ʜʣʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʛʦ ʛʨʘʬʘ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʧʝʮʠʬʠʢʠ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. 

ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 
ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʟʘʜʘʥ ʦʨʛʨʘʬ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 5.3. 
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ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ pMinWay ʠ ʧʨʦʮʝʩʩ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ 

ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ ʛʨʘʬʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 5.4. 
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ʆʪʢʨr ʪ ʧʫʪɹ 1-2-3-4-6-5

ʇʫʪɹ 3-5 ʣʫʯh ʝ ʧʫʪʠ 3-4-6-5

ʇʫʪɹ 3-6-5 ʣʫʯh ʝ ʧʫʪʠ 3-5

ʇʫʪɹ 2-4 ʣʫʯh ʝ ʧʫʪʠ 2-3-4, ʥʦ

ʧʫʪɹ 2-4-6-5 ʥʝ ʣʫʯh ʝ ʨʘʥʝʝ

ʦʪʢʨr ʪʦʛʦ 2-3-6-5

ʇʫʪɹ 1-0-2 ʣʫʯh ʝ ʧʫʪʠ 1-2,

ʠʩʢʦʤr ʡ ʧʫʪɹ: 1-0-2-3-6-5

 
ʈʠʩ. 5.4. ʀʣʣʶʩʪʨʘʮʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘFindWay 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʦʙʥʘʨʫʞʝʥʠʝ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ start  ʜʦ finish , ʭʦʪʷ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʩʢʨʳʪʳ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʢʨʘʪʯʘʡʰʠʝ ʧʫʪʠ. 

5.3. ʇʦʠʩʢ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʩʪʦʚʥʦʛʦ ʜʝʨʝʚʘ 
ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʣʛʦʨʠʪʤʦʤ ʧʦʩʪʨʦʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʩʪʦʚʘ ʛʨʘʬʘ, ʷʚʣʷʝʪʩʷ, ʧʦʞʘʣʫʡ, ʘʣʛʦʨʠʪʤ ʂʨʘʩʢʘʣʘ. ɼʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʞʘʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ (ʪʦ 




