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ʕʪʘ ʩʪʘʪʴʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʢʦʥʮʝʧʮʠʶ ʤʦʥʠʪʦʨʘ Brinch-Hansen, ʢʘʢ ʤʝʪʦʜʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʥʘ 
ʧʨʝʜʣʘʛʘʝʪ ʩʧʦʩʦʙ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʦʧʠʩʳʚʘʝʪ ʚʦʟʤʦʞʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚ ʪʝʨʤʠʥʘʭ ʩʝʤʘʬʦʨʦʚ ʠ ʜʘʝʪ 
ʨʘʟʫʤʥʳʝ ʧʨʘʚʠʣʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ. ʀʣʣʶʩʪʨʘʮʠʦʥʥʳʝ ʧʨʠʤʝʨʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʣʘʥʠʨʦʚʱʠʢ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʨʝʩʫʨʩʘ, 
ʦʛʨʘʥʠʯʝʥʥʳʡ ʙʫʬʝʨ, ʩʠʛʥʘʣ ʪʨʝʚʦʛʠ, ʙʫʬʝʨʥʳʡ ʧʫʣ, ʦʧʪʠʤʠʟʘʪʦʨ ʜʣʷ ʛʦʣʦʚʦʢ ʜʠʩʢʘ ʠ ʚʘʨʠʘʥʪ ʟʘʜʘʯʠ ʯʠʪʘʪʝʣʝʡ ʠ 
ʧʠʩʘʪʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʬʨʘʟʳ: 

ʤʦʥʠʪʦʨʳ, ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʣʘʥʠʨʦʚʘʥʠʝ, ʚʟʘʠʤʥʦʝ ʠʩʢʣʶʯʝʥʠʝ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ, 
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ʂʘʪʘʣʦʛ ʀʥʜʝʢʩ ʨʘʟʜʝʣʘ

ʆʛʣʘʚʣʝʥʠʝ ɺʧʝʨʝʜ

1. ɺʚʝʜʝʥʠʝ

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʨʘʟʜʝʣʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʤʝʞʜʫ ʤʥʦʛʠʤʠ 
ʧʨʦʛʨʘʤʤʘʤʠ, ʚʳʧʦʣʥʷʶʱʠʤʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʟʘʧʨʦʩʳ ʥʘ ʨʝʩʫʨʩʳ. ɻʣʘʚʥʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʦʵʪʦʤʫ ʜʦʣʞʥʦ 
ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʘʣʛʦʨʠʪʤʳ ʚʳʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ (ʧʣʘʥʠʨʦʚʘʥʠʷ) ʜʣʷ ʨʝʩʫʨʩʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ (ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ, 
ʧʘʤʷʪʴ ʥʘ ʤʘʛʥʠʪʥʳʭ ʙʘʨʘʙʘʥʘʭ, ʤʘʛʥʠʪʥʳʝ ʣʝʥʪʳ, ʢʦʥʩʦʣʠ ʠ ʪ.ʜ.). ʏʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʩʚʦʶ ʟʘʜʘʯʫ, ʦʥ ʤʦʞʝʪ ʧʦʧʨʦʙʦʚʘʪʴ 
ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʧʣʘʥʠʨʦʚʱʠʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʨʝʩʫʨʩʘ. ʂʘʞʜʳʡ ʧʣʘʥʠʨʦʚʱʠʢ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʥʝʢʦʪʦʨʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʣʦʢʘʣʴʥʦʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʤʝʩʪʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʠ ʬʫʥʢʮʠʷʤʠ, ʢʦʪʦʨʳʝ 
ʚʳʟʳʚʘʶʪʩʷ ʧʨʦʛʨʘʤʤʘʤʠ, ʞʝʣʘʶʱʠʤʠ ʧʦʣʫʯʠʪʴ ʠ ʦʩʚʦʙʦʜʠʪʴ ʨʝʩʫʨʩʳ. ʊʘʢʦʝ ʩʦʙʨʘʥʠʝ ʩʚʷʟʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʦʮʝʜʫʨ 
ʠʟʚʝʩʪʥʦ ʢʘʢ ʤʦʥʠʪʦʨ; ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʩʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʥʦʪʘʮʠʠ ʢʣʘʩʩʘ ʷʟʳʢʘ 
SIMULA67 [6]. 

monitorname: monitor
  begin ... ʦʙʲʷʚʣʝʥʠʝ ʜʘʥʥʳʭ, ʣʦʢʘʣʴʥʳʭ ʚ ʤʦʥʠʪʦʨʝ;
    procedure procname ( ʬʦʨʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ...); 
      begin ... ʪʝʣʦ ʧʨʦʮʝʜʫʨʳ ... end;
      ... ʦʙʲʷʚʣʝʥʠʷ ʜʨʫʛʠʭ ʧʨʦʮʝʜʫʨ, ʣʦʢʘʣʴʥʳʭ ʚ ʤʦʥʠʪʦʨʝ;
      ... ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʣʦʢʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʘ ...

  end;

ɿʘʤʝʪʴʪʝ, ʯʪʦ ʚ ʪʝʣʝ ʧʨʦʮʝʜʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʣʦʢʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʵʪʦ ʦʙʳʯʥʳʡ ʧʨʠʝʤ. 

ʏʪʦʙʳ ʚʳʟʳʚʘʪʴ ʧʨʦʮʝʜʫʨʫ ʤʦʥʠʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʠʤʷ ʤʦʥʠʪʦʨʘ ʠ ʠʤʷ ʪʨʝʙʫʝʤʦʡ ʧʨʦʮʝʜʫʨʳ, ʨʘʟʜʝʣʷʷ ʠʭ ʪʦʯʢʦʡ: 

monitorname.procname(... ʬʘʢʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ...);

ɺ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʠʥʦʛʜʘ ʞʝʣʘʪʝʣʴʥʦ ʦʙʲʷʚʠʪʴ ʥʝʩʢʦʣʴʢʦ ʤʦʥʠʪʦʨʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʦʚʝʜʝʥʠʝʤ, 
ʥʘʧʨʠʤʝʨ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʚʫʭ ʧʦʜʦʙʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ, ʦʙʲʷʚʣʝʥʠʶ, ʧʦʢʘʟʘʥʥʦʤʫ ʚʳʰʝ, ʙʫʜʝʪ 
ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʩʣʦʚʦ class, ʠ ʦʪʜʝʣʴʥʳʝ ʤʦʥʠʪʦʨʳ ʙʫʜʫʪ ʦʙʲʷʚʣʝʥʳ ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʢ ʵʪʦʤʫ ʢʣʘʩʩʫ: 

monitor 1, monitor 2: classname;

ʉʪʨʫʢʪʫʨʘ ʢʣʘʩʩʘ ʤʦʥʠʪʦʨʦʚ ʠʜʝʥʪʠʯʥʘ ʦʧʠʩʘʥʥʦʡ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ [13], ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʦʙʘʚʣʝʥʠʷ 
ʢʣʶʯʝʚʦʛʦ ʤʦʥʠʪʦʨʘ ʩʣʦʚʘ class. Brinch-Hansen ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʪʦʡ ʞʝ ʮʝʣʠ ʩʣʦʚʦ shared [3]. 

ʇʨʦʮʝʜʫʨʳ ʤʦʥʠʪʦʨʘ ʦʙʱʠʝ ʜʣʷ ʚʩʝʭ ʚʳʧʦʣʥʷʶʱʠʭʩʷ ʧʨʦʛʨʘʤʤ, ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʣʶʙʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʚ ʣʶʙʦʝ 
ʚʨʝʤʷ ʧʦʧʳʪʘʪʴʩʷ ʚʳʟʳʚʘʪʴ ʪʘʢʫʶ ʧʨʦʮʝʜʫʨʫ. ʆʜʥʘʢʦ, ʚʘʞʥʦ, ʯʪʦʙʳ ʪʦʣʴʢʦ ʦʜʥʘ ʧʨʦʛʨʘʤʤʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʦʰʣʘ ʚ ʧʨʦʮʝʜʫʨʫ ʤʦʥʠʪʦʨʘ, ʘ ʣʶʙʦʡ ʩʣʝʜʫʶʱʠʡ ʟʘʧʨʦʩ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʜʝʨʞʘʥ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 
ʧʨʝʜʳʜʫʱʠʡ ʟʘʧʨʦʩ ʥʝ ʟʘʢʦʥʯʠʪʩʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʫʜʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʜʚʘ ʪʝʣʘ ʧʨʦʮʝʜʫʨʳ, 
ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʥʠʪʦʨʘ ʤʦʛʫʪ ʙʳʪʴ ʭʘʦʪʠʯʝʩʢʠʤʠ. ʇʨʦʮʝʜʫʨʳ, ʣʦʢʘʣʴʥʳʝ ʚ 
ʤʦʥʠʪʦʨʝ, ʥʝ ʜʦʣʞʥʳ ʦʙʨʘʱʘʪʴʩʷ ʢ ʣʶʙʳʤ ʥʝʣʦʢʘʣʴʥʳʤ ʧʝʨʝʤʝʥʥʳʤ, ʢʨʦʤʝ ʣʦʢʘʣʴʥʳʭ ʚ ʪʦʤ ʞʝ ʤʦʥʠʪʦʨʝ, ʠ ʵʪʠ 
ʧʝʨʝʤʝʥʥʳʝ ʤʦʥʠʪʦʨʘ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʜʦʩʪʫʧʥʳ ʠʟʚʥʝ ʤʦʥʠʪʦʨʘ. ɽʩʣʠ ʥʘʣʦʞʝʥʳ ʪʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʦ ʤʦʞʥʦ 
ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʟʘʱʠʪʫ ʦʪ ʩʢʨʳʪʳʭ ʦʰʠʙʦʢ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʨʝʤʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʢʦʜʠʨʦʚʘʥʠʷ ʧʨʦʪʠʚ ʫʚʝʨʝʥʥʦʛʦ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʪʝʤʥʳʭ ʬʦʨʤ ʥʝʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʦʛʨʝʰʥʦʩʪʠ; ʠ ʵʪʘ ʛʘʨʘʥʪʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʠʟʫʘʣʴʥʳʤ 
ʧʨʦʩʤʦʪʨʦʤ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʪʴʩʷ ʢʦʤʧʠʣʷʪʦʨʦʤ. 

ʃʶʙʘʷ ʧʨʦʛʨʘʤʤʘ, ʜʠʥʘʤʠʯʝʩʢʠ ʚʳʜʝʣʷʶʱʘʷ ʨʝʩʫʨʩ, ʠʥʦʛʜʘ ʜʦʣʞʥʘ ʟʘʜʝʨʞʠʚʘʪʴ ʧʨʦʛʨʘʤʤʫ, ʞʝʣʘʶʱʫʶ ʧʦʣʫʯʠʪʴ 
ʨʝʩʫʨʩ, ʢʦʪʦʨʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʜʦʩʪʫʧʝʥ, ʠ ʚʦʟʦʙʥʦʚʣʷʪʴ ʵʪʫ ʧʨʦʛʨʘʤʤʫ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʝʢʦʪʦʨʘʷ ʜʨʫʛʘʷ 
ʧʨʦʛʨʘʤʤʘ ʦʩʚʦʙʦʜʠʪ ʜʘʥʥʳʡ ʨʝʩʫʨʩ. ʄʳ ʧʦʵʪʦʤʫ ʥʫʞʜʘʝʤʩʷ ʚ ʦʧʝʨʘʮʠʠ "wait", ʚʳʟʳʚʘʝʤʦʡ ʠʟʥʫʪʨʠ ʧʨʦʮʝʜʫʨʳ 
ʤʦʥʠʪʦʨʘ, ʢʦʪʦʨʘʷ ʟʘʩʪʘʚʠʪ ʚʳʟʳʚʘʶʱʫʶ ʧʨʦʛʨʘʤʤʫ ʙʳʪʴ ʟʘʜʝʨʞʘʥʥʦʡ; ʠ ʚ ʦʧʝʨʘʮʠʠ "signal", ʪʘʢʞʝ ʚʳʟʳʚʘʝʤʦʡ 
ʠʟʥʫʪʨʠ ʧʨʦʮʝʜʫʨʳ ʪʦʛʦ ʞʝ ʤʦʥʠʪʦʨʘ, ʢʦʪʦʨʘʷ ʟʘʩʪʘʚʠʪ ʪʦʣʴʢʦ ʦʜʥʫ ʠʟ ʦʞʠʜʘʶʱʠʭ ʧʨʦʛʨʘʤʤ ʥʝʤʝʜʣʝʥʥʦ ʚʦʟʦʙʥʦʚʠʪʴʩʷ. 
ɽʩʣʠ ʥʝʪ ʦʞʠʜʘʶʱʠʭ ʧʨʦʛʨʘʤʤ, ʩʠʛʥʘʣ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ ʵʬʬʝʢʪʘ. ʏʪʦʙʳ ʜʘʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʨʫʛʠʤ ʧʨʦʛʨʘʤʤʘʤ 
ʦʩʚʦʙʦʜʠʪʴ ʨʝʩʫʨʩʳ ʚ ʪʝʯʝʥʠʝ ʦʞʠʜʘʥʠʷ, ʦʧʝʨʘʮʠʷ wait ʜʦʣʞʥʘ ʦʩʪʘʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʨʳʚʘʥʠʷ, ʠʥʘʯʝ ʵʪʦ 
ʧʨʝʜʦʪʚʨʘʪʠʣʦ ʙʳ ʚʭʦʜ ʚ ʧʨʦʮʝʜʫʨʫ ʦʩʚʦʙʦʞʜʝʥʠʷ. ʆʜʥʘʢʦ ʤʳ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʯʪʦ ʟʘ ʦʧʝʨʘʮʠʝʡ signal ʜʦʣʞʥʦ 
ʥʝʤʝʜʣʝʥʥʦ ʩʣʝʜʦʚʘʪʴ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʦʞʠʜʘʶʱʝʡ ʧʨʦʛʨʘʤʤʳ, ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚʳʟʦʚʘ ʧʨʦʮʝʜʫʨʳ ʦʪ 
ʪʨʝʪʴʝʡ ʧʨʦʛʨʘʤʤʳ. ʕʪʦ - ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʜʣʷ ʦʞʠʜʘʶʱʝʡ ʧʨʦʛʨʘʤʤʳ, ʯʪʦ ʦʥʘ ʩʤʦʞʝʪ ʧʦʣʫʯʠʪʴ 
ʨʝʩʫʨʩ, ʪʦʣʴʢʦ ʯʪʦ ʦʩʚʦʙʦʞʜʝʥʥʳʡ ʩʠʛʥʘʣʠʟʠʨʫʶʱʝʡ ʧʨʦʛʨʘʤʤʦʡ ʙʝʟ ʨʠʩʢʘ, ʯʪʦ ʪʨʝʪʴʷ ʧʨʦʛʨʘʤʤʘ ʚʢʣʠʥʠʪʩʷ ʚ ʤʦʥʠʪʦʨ ʠ 
ʟʘʭʚʘʪʠʪ ʨʝʩʫʨʩ ʚʤʝʩʪʦ ʥʝʝ. 

ɺ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʤʦʞʝʪ ʠʤʝʪʴʩʷ ʙʦʣʝʝ ʦʜʥʦʡ ʧʨʠʯʠʥʳ ʜʣʷ ʦʞʠʜʘʥʠʷ, ʠ ʵʪʫ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʠʪʴ ʠ ʚ 
ʦʧʝʨʘʮʠʠ ʦʞʠʜʘʥʠʷ ʠ ʚ ʩʠʛʥʘʣʴʥʦʡ ʦʧʝʨʘʮʠʠ. ʄʳ ʧʦʵʪʦʤʫ ʚʚʦʜʠʤ ʥʦʚʳʡ ʪʠʧ "ʧʝʨʝʤʝʥʥʦʡ", ʥʘʟʳʚʘʝʤʳʡ "ʫʩʣʦʚʠʝʤ" ʠ ʪʦʪ, 
ʢʪʦ ʧʠʰʝʪ ʤʦʥʠʪʦʨ, ʜʦʣʞʝʥ ʦʙʲʷʚʠʪʴ ʧʝʨʝʤʝʥʥʫʶ ʪʠʧʘ ʫʩʣʦʚʠʷ ʜʣʷ ʢʘʞʜʦʡ ʧʨʠʯʠʥʝ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʛʨʘʤʤʝ, ʚʦʟʤʦʞʥʦ, 
ʧʨʠʜʝʪʩʷ ʞʜʘʪʴ. ʊʦʛʜʘ ʦʧʝʨʘʮʠʠ wait ʠ signal ʜʦʣʞʥʳ ʧʨʝʜʚʘʨʷʪʴʩʷ ʠʤʝʥʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ ʫʩʣʦʚʠʷ, 
ʦʪʜʝʣʝʥʥʳʤ ʦʪ ʦʧʝʨʘʮʠʠ ʪʦʯʢʦʡ: 

condvariable.wait; 
condvariable.signal;

ɿʘʤʝʪʠʤ, ʯʪʦ "ʧʝʨʝʤʝʥʥʘʷ"-ʫʩʣʦʚʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʥʠ ʠʩʪʠʥʦʡ, ʥʠ ʣʦʞʴʶ; ʦʥʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ 
ʩʦʭʨʘʥʷʝʤʦʛʦ ʟʥʘʯʝʥʠʷ, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʧʨʦʛʨʘʤʤʳ. ʇʨʘʢʪʠʯʝʩʢʠ, ʧʝʨʝʤʝʥʥʘʷ ʫʩʣʦʚʠʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʯʝʨʝʜʴʶ 
ʧʨʦʮʝʩʩʦʚ (ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʫʩʪʦʡ), ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʞʠʜʘʶʪ ʥʘ ʫʩʣʦʚʠʠ; ʥʦ ʵʪʘ ʦʯʝʨʝʜʴ ʥʝʚʠʜʠʤʘ ʥʠ ʜʣʷ 
ʦʞʠʜʘʶʱʠʭ, ʥʠ ʜʣʷ ʩʠʛʥʘʣʠʟʠʨʫʶʱʠʭ. ʊʘʢʦʡ ʚʠʜ ʧʝʨʝʤʝʥʥʦʡ ʫʩʣʦʚʠʷ ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘʩʪʦʣʴʢʦ 
ʧʨʠʤʠʪʠʚʥʳʤ ʠ ʵʣʝʤʝʥʪʘʨʥʳʤ ʥʘʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʦ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʥʘ ʤʦʛʣʦ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʠ ʛʠʙʢʦ 
ʠʩʧʦʣʴʟʦʚʘʥʘ ʠ ʧʦʟʚʦʣʷʣʘ ʜʦʩʪʠʯʴ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʠʩʢʫʰʝʥʠʝ, ʚʚʝʩʪʠ ʙʦʣʝʝ 
ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʠʤʠʪʠʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʣʝʛʢʠʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ. ʅʦ ʤʳ 
ʙʫʜʝʤ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʵʪʦʤʫ ʠʩʢʫʰʝʥʠʶ. 

ʂʘʢ ʧʨʦʩʪʝʡʰʠʡ ʧʨʠʤʝʨ ʤʦʥʠʪʦʨʘ, ʤʳ ʩʧʨʦʝʢʪʠʨʫʝʤ ʘʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʨʝʩʫʨʩʘ, ʢʦʪʦʨʳʡ 
ʜʠʥʘʤʠʯʝʩʢʠ ʚʳʜʝʣʷʪʴʩʷ ʠ ʦʩʚʦʙʦʞʜʘʪʴʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʧʨʦʮʝʩʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʫʪʝʤ ʦʙʨʘʱʝʥʠʷ ʢ 
ʧʨʦʮʝʜʫʨʘʤ: 

procedure acquire; 
procedure release;

ʇʝʨʝʤʝʥʥʘʷ (1) 

busy: Boolean

ʦʧʨʝʜʝʣʷʝʪ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʩʫʨʩ ʠʣʠ ʥʝʪ. ɽʩʣʠ ʜʝʣʘʝʪʩʷ ʧʦʧʳʪʢʘ ʧʦʣʫʯʠʪʴ ʨʝʩʫʨʩ, ʢʦʛʜʘ ʦʥ ʟʘʥʷʪ, ʧʨʦʛʨʘʤʤʘ, ʩʜʝʣʘʚʰʘʷ 
ʪʘʢʫʶ ʧʦʧʳʪʢʫ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʜʝʨʞʘʥʘ ʚ ʦʞʠʜʘʥʠʠ ʥʘ ʧʝʨʝʤʝʥʥʦʡ: 

nonbusy:condition

ʢʦʪʦʨʘʷ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦʙ ʦʯʝʨʝʜʥʦʤ ʦʩʚʦʙʦʞʜʝʥʠʠ ʨʝʩʫʨʩʘ. ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ busy - false. ʇʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ 
ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʢʦʜʫ ʤʦʥʠʪʦʨʘ: 

single resource:monitor 
begin busy:Boolean; 
     nonbusy:condition;
  procedure acquire; 
     begin if busy then nonbusy.wait;
              busy := true
     end; 
  procedure release; 
     begin busy := false; 
           nonbusy.signal
     end;
  busy := false; 
  comment ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ;
end single resource;

ɿʘʤʝʯʘʥʠʷ 

1.  ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʥʠʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʟʘʛʦʣʦʚʢʠ ʧʨʦʮʝʜʫʨ, ʜʘʥʥʳʝ, ʫʩʣʦʚʠʷ ʠ 
ʪʝʣʘ ʧʨʦʮʝʜʫʨ ʠʤʝʥʥʦ ʚ ʪʘʢʦʤ ʧʦʨʷʜʢʝ. ɺʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʠʤʝʨʳ ʙʫʜʫʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʠʤʝʥʥʦ ʪʘʢʠʤ ʧʫʪʝʤ. 

2.  ʇʨʦʮʝʜʫʨʘ, ʧʦʣʫʯʘʶʱʘʷ ʨʝʩʫʨʩ, ʥʝ ʜʦʣʞʥʘ ʧʦʚʪʦʨʥʦ ʧʨʦʚʝʨʷʪʴ, ʯʪʦ busy ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ false, ʢʦʛʜʘ ʦʥʘ 
ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʧʦʩʣʝ ʦʞʠʜʘʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʜʫʨʘ ʦʩʚʦʙʦʞʜʝʥʠʷ ʛʘʨʘʥʪʠʨʫʝʪ ʵʪʦ; ʠ, ʢʘʢ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, ʥʠʢʘʢʘʷ 
ʜʨʫʛʘʷ ʧʨʦʛʨʘʤʤʘ ʥʝ ʤʦʞʝʪ ʚʤʝʰʘʪʴʩʷ ʤʝʞʜʫ ʩʠʛʥʘʣʦʤ ʠ ʧʨʦʜʦʣʞʝʥʠʝʤ ʪʦʣʴʢʦ ʦʜʥʦʡ ʦʞʠʜʘʚʰʝʡ ʧʨʦʛʨʘʤʤʳ. 

3.  ɽʩʣʠ ʙʦʣʝʝ ʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʞʠʜʘʶʪ ʥʘ ʫʩʣʦʚʠʠ, ʤʳ ʧʦʩʪʫʣʠʨʫʝʤ ʯʪʦ, ʦʧʝʨʘʮʠʷ signal ʚʦʩʩʪʘʥʦʚʠʪ ʧʨʦʛʨʘʤʤʫ, 
ʦʞʠʜʘʶʱʫʶ ʜʦʣʴʰʝ ʚʩʝʭ. ʕʪʦ ʜʘʝʪ ʧʨʦʩʪʫʶ ʥʝʡʪʨʘʣʴʥʫʶ ʜʠʩʮʠʧʣʠʥʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʯʝʨʝʜʠ, ʧʨʠ ʢʦʪʦʨʳʡ ʢʘʞʜʘʷ 
ʦʞʠʜʘʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʧʦʣʫʯʠʪ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

4.  ɽʜʠʥʩʪʚʝʥʥʳʡ ʤʦʥʠʪʦʨ ʨʝʩʫʨʩʘ ʤʦʜʝʣʠʨʫʝʪ ʙʫʣʝʚ ʩʝʤʘʬʦʨ [7] ʩ ʦʧʝʨʘʮʠʷʤʠ acquire ʠ release, ʠʩʧʦʣʴʟʫʝʤʳʤʠ 
ʢʘʢ P ʠ V ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ - ʧʨʦʩʪʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ, ʪʦʛʦ ʯʪʦ ʢʦʥʮʝʧʮʠʠ ʤʦʥʠʪʦʨʘ / ʫʩʣʦʚʠʷ ʚ ʧʨʠʥʮʠʧʝ ʥʝ 
ʤʝʥʝʝ ʤʦʱʥʳ ʯʝʤ ʩʝʤʘʬʦʨʳ, ʠ ʜʣʷ ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʮʝʭ ʞʝ ʮʝʣʷʭ. 

5.  ʂʘʢ ʠ ʚ PASCAL [15], ʦʙʲʷʚʣʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʠʤʝʝʪ ʚʠʜ: <ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʝʨʝʤʝʥʥʦʡ>: <ʪʠʧ>; 

ʆʛʣʘʚʣʝʥʠʝ ɺʧʝʨʝʜ
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ʂʘʪʘʣʦʛ ʀʥʜʝʢʩ ʨʘʟʜʝʣʘ

ʅʘʟʘʜ ʆʛʣʘʚʣʝʥʠʝ ɺʧʝʨʝʜ

2. ʀʥʪʝʨʧʨʝʪʘʮʠʷ

ɽʩʣʠ ʤʳ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʩʝʤʘʬʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʯʝʨʝʟ ʤʦʥʠʪʦʨʳ, ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ ʜʦʣʞʥʘ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠ 
ʤʦʥʠʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʯʝʨʝʟ ʩʝʤʘʬʦʨʳ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʥʠʪʦʨʘ ʙʫʣʝʚ ʩʝʤʘʬʦʨ "mutex", ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʪʝʣʘ ʣʦʢʘʣʴʥʳʭ 
ʧʨʦʮʝʜʫʨ ʠʩʢʣʶʯʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʉʝʤʘʬʦʨ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥ ʟʥʘʯʝʥʠʝʤ 1; ʦʧʝʨʘʮʠʷ P(mutex) ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ 
ʚʭʦʜʝ ʚ ʢʘʞʜʫʶ ʣʦʢʘʣʴʥʫʶ ʧʨʦʮʝʜʫʨʫ, ʠ ʦʧʝʨʘʮʠʷ V(mutex) - ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʝʝ. 

ʂʦʛʜʘ ʧʨʦʮʝʩʩ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦʙ ʫʩʣʦʚʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʜʨʫʛʦʡ ʧʨʦʮʝʩʩ ʦʞʠʜʘʝʪ, ʩʠʛʥʘʣʠʟʠʨʫʶʱʠʡ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʞʜʘʪʴ, 
ʧʦʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʧʨʦʮʝʩʩ ʨʘʟʨʝʰʠʪ ʝʤʫ ʧʨʦʜʦʣʞʠʪʴʩʷ. ʄʳ ʧʦʵʪʦʤʫ ʚʚʦʜʠʤ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʥʠʪʦʨʘ ʚʪʦʨʦʡ ʩʝʤʘʬʦʨ 
"urgent" (ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʟʥʘʯʝʥʠʝʤ 0), ʥʘ ʢʦʪʦʨʦʤ ʩʠʛʥʘʣʠʟʠʨʫʶʱʠʡ ʧʨʦʮʝʩʩ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʦʧʝʨʘʮʠʝʡ P
(urgent). ʇʝʨʝʜ ʨʘʟʨʝʰʝʥʠʝʤ ʧʨʝʨʳʚʘʥʠʷ ʢʘʞʜʳʡ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʧʨʦʚʝʨʠʪʴ, ʥʝʪ ʣʠ ʜʨʫʛʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʞʠʜʘʶʱʝʛʦ ʥʘ 
urgent, ʠ, ʝʩʣʠ ʪʘʢ, ʜʦʣʞʝʥ ʦʩʚʦʙʦʜʠʪʴ ʝʛʦ ʚʤʝʩʪʦ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ V(urgent). ʄʳ ʧʦʵʪʦʤʫ ʜʦʣʞʥʳ ʧʦʜʩʯʠʪʳʚʘʪʴ 
ʯʠʩʣʦ ʧʨʦʮʝʩʩʦʚ, ʦʞʠʜʘʶʱʠʭ ʥʘ urgent, ʚ ʮʝʣʦʡ ʧʝʨʝʤʝʥʥʦʡ "urgentcount" (ʩ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ - 0). ʊʘʢ ʠʤ 
ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʚʳʭʦʜ ʠʟ ʧʨʦʮʝʜʫʨʳ ʤʦʥʠʪʦʨʘ ʜʦʣʞʝʥ ʢʦʜʠʨʦʚʘʪʴʩʷ ʪʘʢ: 

if urgentcount > 0 then V(urgent) else V(mutex) 

ʅʘʢʦʥʝʮ, ʜʣʷ ʢʘʞʜʦʛʦ ʫʩʣʦʚʠʷ, ʣʦʢʘʣʴʥʦʛʦ ʚ ʤʦʥʠʪʦʨʝ, ʤʳ ʚʚʦʜʠʤ ʩʝʤʘʬʦʨ "condsem" (ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʟʥʘʯʝʥʠʝʤ 
0), ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʮʝʩʩ, ʞʝʣʘʶʱʠʡ ʞʜʘʪʴ, ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʦʧʝʨʘʮʠʝʡ P(condsem). ʊʘʢ ʢʘʢ ʧʨʦʮʝʩʩ, ʩʠʛʥʘʣʠʟʠʨʫʶʱʠʡ ʦʙ 
ʵʪʦʤ ʫʩʣʦʚʠʠ ʜʦʣʞʝʥ ʟʥʘʪʴ, ʦʞʠʜʘʝʪ ʣʠ ʥʘ ʥʝʤ ʢʪʦ-ʣʠʙʦ, ʥʘʤ ʪʘʢʞʝ ʥʫʞʥʦ ʧʦʜʩʯʠʪʳʚʘʪʴ ʯʠʩʣʦ ʞʜʫʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ 
ʮʝʣʦʡ ʧʝʨʝʤʝʥʥʦʡ "condcount" (ʧʝʨʚʦʥʘʯʘʣʴʥʦ - 0). ʆʧʝʨʘʮʠʷ "cond.wait" ʤʦʞʝʪ ʪʝʧʝʨʴ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ (ʚʩʧʦʤʥʠʪʝ, ʯʪʦ ʦʞʠʜʘʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʨʘʟʨʝʰʠʪʴ ʧʨʝʨʳʚʘʥʠʝ ʧʝʨʝʜ ʧʨʠʦʩʪʘʥʦʚʢʦʡ): 

condocunt := condcount + 1;
if urgentcount > 0 then V(urgent) else V(mutex);
P(condsem);
comment ɿʜʝʩʴ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʞʠʜʘʥʠʝ;
condcount := condcount - 1

ʆʧʝʨʘʮʠʷ signal ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢʠʤ ʢʦʜʦʤ: 

urgentcount := urgentcount + 1;
if condcount > 0 then {V(condsem); P(urgent) }; 
urgentcount := urgentcount - 1;

ɺ ʵʪʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʚʣʘʜʝʥʠʝ ʤʦʥʠʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʧʨʠʚʠʣʝʛʠʷ, ʢʦʪʦʨʘʷ ʷʚʥʦ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 
ʜʨʫʛʦʤʫ. ʊʦʣʴʢʦ, ʢʦʛʜʘ ʥʠʢʪʦ ʙʦʣʝʝ ʥʝ ʭʦʯʝʪ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʵʪʫ ʧʨʠʚʠʣʝʛʠʶ, - mutex ʥʘʢʦʥʝʮ ʦʩʚʦʙʦʞʜʘʝʪʩʷ. 

ʕʪʦ ʨʝʰʝʥʠʝ ʥʝ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʢʦʤʝʥʜʫʝʤʦʤʫ "ʩʪʠʣʶ" ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʤʘʬʦʨʦʚ. ʇʦʥʷʪʠʝ ʧʝʨʝʤʝʥʥʦʡ-
ʫʩʣʦʚʠʷ ʚʚʝʜʝʥʦ ʢʘʢ ʟʘʤʝʥʘ ʩʝʤʘʬʦʨʦʚ, ʠ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʩʪʠʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢ ʞʝ, ʢʘʢ ʮʠʢʣʳ ʩ ʫʩʣʦʚʠʝʤ ʠʣʠ 
ʩʦʧʨʦʛʨʘʤʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʢʘʢ ʟʘʤʝʥʳ ʧʝʨʝʭʦʜʦʚ. ɺ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʥʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʠ ʚʦʟʤʦʞʥʳ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʩʤʳʩʣʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

1.  ʂʦʛʜʘ ʪʝʣʦ ʧʨʦʮʝʜʫʨʳ ʤʦʥʠʪʦʨʘ ʥʝ ʩʦʜʝʨʞʠʪ wait ʠʣʠ signal, ʚʳʭʦʜ ʠʟ ʧʨʦʮʝʜʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʟʘʢʦʜʠʨʦʚʘʥ 
ʧʨʦʩʪʦʡ ʦʧʝʨʘʮʠʝʡ V(mutex), ʪʘʢ ʢʘʢ urgentcount ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ. 

2.  ɽʩʣʠ cond.signal - ʧʦʩʣʝʜʥʷʷ ʦʧʝʨʘʮʠʷ ʚ ʪʝʣʝ ʧʨʦʮʝʜʫʨʳ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʘ ʩ ʚʳʭʦʜʦʤ ʠʟ ʤʦʥʠʪʦʨʘ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

if condcount > 0 then V(condsem) 
else if urgentcount > 0 then V(urgent) 
                        else V(mutex)

3.  ɽʩʣʠ ʥʝ ʠʤʝʝʪʩʷ ʜʨʫʛʠʭ wait ʠʣʠ signal ʚ ʪʝʣʝ ʧʨʦʮʝʜʫʨʳ, ʚʪʦʨʘʷ ʩʪʨʦʢʘ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʢʦʜʝ, ʪʘʢʞʝ ʤʦʞʝʪ 
ʙʳʪʴ ʦʧʫʱʝʥʘ. 

4.  ɽʩʣʠ ʢʘʞʜʳʡ ʩʠʛʥʘʣ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʝʡ ʦʧʝʨʘʮʠʝʡ ʚ ʪʝʣʝ ʧʨʦʮʝʜʫʨʳ, ʧʝʨʝʤʝʥʥʳʝ urgentcount ʠ urgent ʤʦʛʫʪ 
ʙʳʪʴ ʦʧʫʱʝʥʳ, ʚʤʝʩʪʝ ʩʦ ʚʩʝʤʠ ʜʝʡʩʪʚʠʷʤʠ ʥʘʜ ʥʠʤʠ. ʕʪʦ ʧʦʜʦʙʥʦ ʫʧʨʦʱʝʥʠʶ, ʢʦʪʦʨʦʝ ʧʨʝʜʣʘʛʘʝʪ O-J. Dahl, - 
ʯʪʦʙʳ signal ʚʩʝʛʜʘ ʙʳʣ ʧʦʩʣʝʜʥʝʡ ʦʧʝʨʘʮʠʝʡ ʧʨʦʮʝʜʫʨʳ ʤʦʥʠʪʦʨʘ; ʬʘʢʪʠʯʝʩʢʠ, ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ - ʦʯʝʥʴ 
ʝʩʪʝʩʪʚʝʥʥʦʝ, ʦʥʦ ʥʝʚʦʣʴʥʦ ʩʦʙʣʶʜʘʣʦʩʴ ʚʦ ʚʩʝʭ ʧʨʠʤʝʨʘʭ ʵʪʦʡ ʩʪʘʪʴʠ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʛʫʪ ʪʘʢʞʝ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʩʢʣʶʯʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʩʝʤʘʬʦʨʦʚ, ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʫʩʣʦʚʠʷ ʧʨʷʤʦ ʥʘ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚʘʭ, ʠʣʠ ʥʘ ʩʘʤʦʤ ʥʠʟʢʦʤ ʠ ʥʝʧʨʝʨʳʚʘʝʤʦʤ ʫʨʦʚʥʝ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʪ.ʝ., ʚ ʨʝʞʠʤʝ ʩʫʧʝʨʚʠʟʦʨʘ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʠʟʘʮʠʠ. 

1.  urgentcount ʠ condcount ʤʦʛʫʪ ʙʳʪʴ ʦʪʤʝʥʝʥʳ, ʪʘʢ ʢʘʢ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʪʦ-ʪʦ ʦʞʠʜʘʝʪ, ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ 
ʧʨʦʚʝʨʢʦʡ ʟʥʘʯʝʥʠʷ ʩʝʤʘʬʦʨʘ, ʢʦʪʦʨʦʝ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʥʝʟʘʤʝʪʥʦ ʚ ʧʨʝʜʝʣʘʭ ʥʝʧʨʝʨʳʚʘʝʤʦʛʦ ʨʝʞʠʤʘ. 

2.  ʄʥʦʛʠʝ ʤʦʥʠʪʦʨʳ ʦʯʝʥʴ ʢʦʨʦʪʢʠ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʚʳʟʦʚʦʚ ʜʨʫʛʠʭ ʤʦʥʠʪʦʨʦʚ. ʊʘʢʠʝ ʤʦʥʠʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ 
ʧʦʣʥʦʩʪʴʶ ʚ ʥʝʧʨʝʨʳʚʘʝʤʦʤ ʨʝʞʠʤʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʢʘʢ ʠ ʨʘʥʝʝ, ʦʙʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʝʨʳʚʘʥʠʡ, 
ʦʙʝʩʧʝʯʠʚʘʝʤʦʛʦ ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʪʦ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʚ 
ʥʝʧʨʝʨʳʚʘʝʤʦʤ ʨʝʞʠʤʝ, ʯʝʤ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʥʠʪʦʨʘ. 

ʗ ʙʣʘʛʦʜʘʨʝʥ J. Bezivin, J. Horning, ʠ R.M. McKeag ʜʣʷ ʧʦʤʦʱʠ ʚ ʥʘʭʦʞʜʝʥʠʠ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʅʘʟʘʜ ʆʛʣʘʚʣʝʥʠʝ ɺʧʝʨʝʜ
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ʂʘʪʘʣʦʛ ʀʥʜʝʢʩ ʨʘʟʜʝʣʘ

ʅʘʟʘʜ ʆʛʣʘʚʣʝʥʠʝ ɺʧʝʨʝʜ

3. ʇʨʘʚʠʣʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ

ɸʥʘʣʦʛʠʷ ʤʝʞʜʫ ʤʦʥʠʪʦʨʦʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʜʘʥʥʳʭ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚʦ ʚʚʝʜʝʥʠʠ. ɺʟʘʠʤʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʥʘ ʢʦʜʝ 
ʤʦʥʠʪʦʨʘ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚʳʟʦʚʳ ʧʨʦʮʝʜʫʨ ʩʣʝʜʫʶʪ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʚʦ ʚʨʝʤʝʥʠ, ʢʘʢ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʪʝ ʞʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʣʦʞʝʥʳ ʥʘ ʜʦʩʪʫʧ ʢ ʥʝʣʦʢʘʣʴʥʳʤ ʜʘʥʥʳʤ. ʇʦʵʪʦʤʫ ʢ ʤʦʥʠʪʦʨʘʤ ʤʦʛʫʪ 
ʧʨʠʤʝʥʷʪʴʩʷ ʪʝ ʞʝ ʧʨʘʚʠʣʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʠ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʜʘʥʥʳʭ. 

ʂʘʢ ʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʘʥʥʳʭ, ʧʨʦʛʨʘʤʤʠʩʪ ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴ ʠʥʚʘʨʠʘʥʪ g ʩ ʣʦʢʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʥʠʪʦʨʘ, ʯʪʦʙʳ 
ʦʧʠʩʘʪʴ ʥʝʢʦʪʦʨʦʝ ʫʩʣʦʚʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʠʩʪʠʥʥʳʤ ʜʣʷ ʵʪʠʭ ʜʘʥʥʳʭ ʜʦ ʠ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʚʳʟʦʚʘ ʧʨʦʮʝʜʫʨʳ. g ʜʦʣʞʝʥ 
ʪʘʢʞʝ ʙʳʪʴ ʠʩʪʠʥʥʳʤ ʧʦʩʣʝ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʠ ʧʝʨʝʜ ʢʘʞʜʦʡ ʢʦʤʘʥʜʦʡ wait; ʠʥʘʯʝ ʩʣʝʜʫʶʱʠʡ ʚʳʟʦʚ ʧʨʦʮʝʜʫʨʳ 
ʥʝ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴ ʣʦʢʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʦʞʠʜʘʝʤʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʉ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ ʫʩʣʦʚʠʷ b ʧʨʦʛʨʘʤʤʠʩʪ ʤʦʞʝʪ ʩʚʷʟʳʚʘʪʴ ʫʪʚʝʨʞʜʝʥʠʝ B, ʦʧʠʩʳʚʘʶʱʝʝ ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 
ʧʨʦʛʨʘʤʤʘ, ʦʞʠʜʘʶʱʘʷ ʥʘ b, ʞʝʣʘʝʪ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥʥʦʡ. ʊʘʢ ʢʘʢ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʤʦʥʠʪʦʨ ʚʦ ʚʨʝʤʷ 
ʦʞʠʜʘʥʠʷ, ʦʞʠʜʘʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʠʥʚʘʨʠʘʥʪ g ʜʣʷ ʤʦʥʠʪʦʨʘ ʟʘʨʘʥʝʝ ʠʩʪʠʥʝʥ. ʕʪʦ ʜʘʝʪ, 
ʧʨʘʚʠʣʦ ʜʣʷ wait: 

g {b.wait} g&B

ʊʘʢ ʢʘʢ ʩʠʛʥʘʣ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʤʝʜʣʝʥʥʦʤʫ ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʦʞʠʜʘʶʱʝʡ ʧʨʦʛʨʘʤʤʳ, ʫʩʣʦʚʠʷ g&B, ʢʦʪʦʨʳʝ 
ʦʞʠʜʘʶʪʩʷ ʵʪʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʜʦʣʞʥʳ ʩʪʘʪʴ ʠʩʪʠʥʥʳʤʠ ʜʦ ʩʠʛʥʘʣʘ; ʠ ʧʦʩʢʦʣʴʢʫ B ʤʦʞʝʪ ʩʥʦʚʘ ʙʳʪʴ ʩʜʝʣʘʥʥʳʤ ʣʦʞʥʳʤ 
ʧʨʦʜʦʣʞʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʪʦʣʴʢʦ g ʤʦʞʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴʩʷ ʠʩʪʠʥʥʳʤ ʚʧʦʩʣʝʜʩʪʚʠʠ. ʇʨʘʚʠʣʦ ʜʣʷ signal ʪʘʢʦʝ: 

g&B{b.signal}g 

ɿʜʝʩʴ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠʷʪʥʘʷ ʩʠʤʤʝʪʨʠʷ ʩ ʧʨʘʚʠʣʦʤ ʜʣʷ wait. 

ɺʚʝʜʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷ ʜʝʣʘʝʪ, ʚʦʟʤʦʞʥʳʤ ʥʘʧʠʩʘʥʠʝ ʤʦʥʠʪʦʨʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʨʠʩʢʫ ʪʫʧʠʢʦʚ [7]. ʀʟʙʝʞʘʥʠʝ 
ʵʪʦʛʦ ʨʠʩʢʘ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʦʧʘʩʥʦʩʪʝʡ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʪʨʝʰ, ʙʝʩʢʦʥʝʯʥʦʝ ʦʪʢʣʘʜʳʚʘʥʠʝ ʠ ʪ.ʜ. [11]) - ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 
ʧʨʦʛʨʘʤʤʠʩʪʘ. ʇʨʘʚʠʣʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʫʪʚʝʨʞʜʝʥʠʷ, ʥʝ ʤʦʛʫʪ ʜʦʢʘʟʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʨʠʩʢʦʚ; ʚʦʟʤʦʞʥʦ, ʜʣʷ 
ʪʘʢʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʝʝ ʬʦʨʤʘʣʴʥʳʝ ʤʝʪʦʜʳ. ʅʘʢʦʥʝʮ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʦʥʠʪʦʨ ʦʧʝʨʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ ʩʦʟʜʘʝʪ ʥʝʢʦʪʦʨʳʡ "ʚʠʨʪʫʘʣʴʥʳʡ" ʨʝʩʫʨʩ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʤʝʩʪʦ ʨʝʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʦʛʨʘʤʤʘʤʠ 
ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʦʪ ʚʠʨʪʫʘʣʴʥʳʡ ʨʝʩʫʨʩ - ʘʙʩʪʨʘʢʮʠʷ ʥʘʙʦʨʘ ʣʦʢʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʦʥʠʪʦʨʘ. ʊʦʪ, ʢʪʦ ʜʦʢʘʟʳʚʘʝʪ 
ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ, ʜʦʣʞʝʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʨʝʜʝʣʠʪʴ ʵʪʫ ʘʙʩʪʨʘʢʮʠʶ ʚ ʪʝʨʤʠʥʘʭ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʠ 
ʟʘʪʝʤ ʚʳʨʘʟʠʪʴ ʞʝʣʘʝʤʳʡ ʵʬʬʝʢʪ ʢʘʞʜʦʡ ʠʟ ʧʨʦʮʝʜʫʨʳ ʚ ʪʝʨʤʠʥʘʭ ʘʙʩʪʨʘʢʮʠʠ. ʕʪʦ ʧʨʘʚʠʣʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʦʜʨʦʙʥʦ 
ʦʧʠʩʘʥʦ ʚ [13]. 
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4. ʇʨʠʤʝʨ: ʦʛʨʘʥʠʯʝʥʥʳʡ ʙʫʬʝʨ

ʆʛʨʘʥʠʯʝʥʥʳʡ ʙʫʬʝʨ - ʢʦʥʢʨʝʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʙʩʪʨʘʢʪʥʦʡ ʠʜʝʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʨʮʠʡ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ʜʦʩʪʫʧʥʘ ʜʣʷ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʧʦʣʥʷʶʱʠʭʩʷ ʧʨʦʛʨʘʤʤ: ʧʝʨʚʘʷ ʠʟ ʥʠʭ (ʧʨʦʠʟʚʦʜʠʪʝʣʴ) ʤʦʜʠʬʠʮʠʨʫʝʪ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʜʦʙʘʚʣʷʷ ʥʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʥʦʚʫʶ ʧʦʨʮʠʶ x; ʘ ʚʪʦʨʘʷ (ʧʦʪʨʝʙʠʪʝʣʴ) ʤʦʜʠʬʠʮʠʨʫʝʪ ʝʝ, 
ʫʜʘʣʷʷ ʧʝʨʚʫʶ ʧʦʨʮʠʶ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʫʩʪʘ. ʅʘʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʫʞʥʦ ʜʚʘ ʜʝʡʩʪʚʠʷ: 

 (1) append(x: portion);

ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦ ʘʙʩʪʨʘʢʪʥʦʡ ʦʧʝʨʘʮʠʠ 

   sequence := sequence  <x>;

ʛʜʝ <x>; - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ - x, ʘ  ʦʙʦʟʥʘʯʘʝʪ ʢʦʥʢʘʪʝʥʘʮʠʶ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

 (2) remove(result x:portion);

ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦ ʘʙʩʪʨʘʢʪʥʳʤ ʦʧʝʨʘʮʠʷʤ 

    x := first(sequence); sequence := rest(sequence);

ʛʜʝ first ʚʳʙʠʨʘʝʪ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʘ rest ʦʙʦʟʥʘʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩ ʫʜʘʣʝʥʥʳʤ ʧʝʨʚʳʤ 
ʵʣʝʤʝʥʪʦʤ. ʆʯʝʚʠʜʥʦ, ʝʩʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʫʩʪʘ, ʦʧʝʨʘʮʠʷ first ʥʝ ʦʧʨʝʜʝʣʝʥʘ; ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʭʦʪʠʤ ʙʳʪʴ 
ʫʚʝʨʝʥʳ, ʯʪʦ ʧʦʪʨʝʙʠʪʝʣʴ ʦʞʠʜʘʝʪ, ʧʦʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʥʝ ʩʜʝʣʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʧʫʩʪʦʡ. 

ʄʳ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦʨʮʠʠ, ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ 
ʪʦʛʦ, ʯʪʦʙʳ ʜʦʙʘʚʠʪʴ ʠʣʠ ʫʜʘʣʠʪʴ ʝʝ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʄʳ ʜʦʣʞʥʳ ʧʦʵʪʦʤʫ ʩʦʟʜʘʪʴ ʧʨʦʝʢʪ, ʚ ʢʦʪʦʨʦʤ ʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʠ ʧʦʪʨʝʙʠʪʝʣʴ ʦʙʘ ʤʦʛʫʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʥʦ ʥʝ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʩʩʠʚʦʤ: 

buffer :array 0. .N - 1 of portion;

ʠ ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ: 

(1)  lastpointer: 0..N - 1;

ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʟʠʮʠʶ ʚ ʙʫʬʝʨʝ, ʚ ʢʦʪʦʨʫʶ ʩʣʝʜʫʶʱʘʷ ʦʧʝʨʘʮʠʷ ʜʦʙʘʚʣʝʥʠʷ, ʧʦʤʝʩʪʠʪ ʥʦʚʳʡ ʵʣʝʤʝʥʪ, ʠ 

(2)  count:0.. N;

ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʭʨʘʥʠʪ ʜʣʠʥʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʧʝʨʚʦʥʘʯʘʣʴʥʦ 0). 

ʄʳ ʦʧʨʝʜʝʣʷʝʤ ʬʫʥʢʮʠʶ 

  seq (b,l,c) =df if c = 0 then empty
                  else seq(b,l 1,c - 1)  <b[l  1]>

ʛʜʝ ʦʧʝʨʘʮʠʷ ʢʨʫʞʦʯʢʘ ʦʙʦʟʥʘʯʘʝʪ ʜʝʣʝʥʠʝ ʧʦ ʤʦʜʫʣʶ N. ɿʘʤʝʪʴʪʝ, ʯʪʦ ʝʩʣʠ ʩ ʥʝ ʨʘʚʥʦ 0, 

   first(seq(b,l,c)) = b[l c]

ʠ 

   rest(seq(b,l,c)) = seq(b,l,c - 1)

ʊʝʧʝʨʴ ʤʦʞʥʦ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʘʙʩʪʨʘʢʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʪʝʨʤʠʥʘʭ ʜʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ: 

   sequence =df seq(buffer, lastpointer, count) 

ʄʝʥʝʝ ʬʦʨʤʘʣʴʥʦ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʪʘʢ: 

   sequence = df <buffer[lastpointer count],
               buffer[lastpointer count 1],
               ...,
               buffer[lastpointer 1]>

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʦʜʘʯʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛ ʙʳ ʙʳʪʴ ʧʨʠʤʝʨ ʠ ʨʠʩʫʥʦʢ, ʢʦʪʦʨʳʡ ʙʳʣ ʙʳ ʜʘʞʝ ʤʝʥʝʝ ʬʦʨʤʘʣʴʥʳʤ. 

ʀʥʚʘʨʠʘʥʪ ʜʣʷ ʤʦʥʠʪʦʨʘ: 

    0 <= count <= N & 0 <= lastpointer <= N - 1

ʀʤʝʶʪʩʷ ʜʚʝ ʧʨʠʯʠʥʳ ʜʣʷ ʦʞʠʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʝʤʝʥʥʳʤʠ ʫʩʣʦʚʠʷ: 

    nonempty:condition;

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʯʝʪʯʠʢ ʧʦʨʮʠʡ ʙʦʣʴʰʝ 0, ʠ 

    nonfull:condition;

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʯʝʪʯʠʢ ʧʦʨʮʠʡ ʤʝʥʴʰʝ N. 

ʉ ʪʘʢʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʨʦʝʢʪʫ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʟʘʢʦʜʠʨʦʚʘʪʴ ʤʦʥʠʪʦʨ ʙʝʟ ʦʰʠʙʦʢ. 

bounded buffer:monitor
   begin buffer:array O..N - 1 of portion; 
         lastpointer: O..N - 1; 
         count: O..N;
         nonempty,nonfull:condition;
   procedure append(x:portion);
      begin if count = N then nonfull.wait; 
            note 0 <= count < N;
            buffer[lastpointer] := x;
            lastpointer := lastpointer  l;
            count := count + 1; 
            nonempty.signal
      end append; 
   procedure remove(result x: portion);
      begin if count = 0 then nonempty.wait; 
            note 0 < count < N;
            x := buffer[lastpointer  count];
            nonfull.signal
      end remove;
   count := 0; lastpointer := 0; 
 end bounded buffer;

ʌʦʨʤʘʣʴʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʵʪʦʛʦ ʤʦʥʠʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʘʙʩʪʨʘʢʮʠʡ ʠ ʠʥʚʘʨʠʘʥʪʘ ʤʦʞʥʦ 
ʧʨʠ ʞʝʣʘʥʠʠ ʚʳʧʦʣʥʠʪʴ ʤʝʪʦʜʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ [13]. ʆʜʥʘʢʦ ʵʪʠ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʤʠ ʢ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʚ ʵʪʦʡ ʩʪʘʪʴʝ. 

ɺʚʦʜ ʠ ʚʳʚʦʜ ʩ ʦʜʥʠʤ ʙʫʬʝʨʦʤ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʫʧʨʦʱʝʥʥʳʡ ʩʣʫʯʘʡ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʙʫʬʝʨʘ ʩ N = 1. ɺ ʵʪʦʤ 
ʫʧʨʦʱʝʥʥʦʤ ʩʣʫʯʘʝ ʤʘʩʩʠʚ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʧʝʨʝʤʝʥʥʘʷ lastpointer ʠʟʙʳʪʦʯʥʘ, ʠ ʤʳ 
ʧʦʣʫʯʘʝʤ: 

iostream: monitor
begin buffer: portion; 
      count 0..1;      
      nonmepty,nonfull:condition;
 procedure append(x:portion);
   begin if count = 1 then nonfull.wait;
     buffer := x;
     count := 1;
     nonempty.signal
   end append;
 procedure remove(result x:portion);
   begin if count = 0 then nonempty.wait;
         x := buffer;
         count: = 0;
         nonfull.signal
   end remove;
 count := O;
 end iostream;

ɽʩʣʠ ʬʠʟʠʯʝʩʢʠʡ ʚʳʚʦʜ ʚʳʧʦʣʥʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤ ʩʧʝʮʠʘʣʴʥʳʤ ʢʘʥʘʣʦʤ, ʪʦ ʧʨʝʨʳʚʘʥʠʝ ʦʪ ʢʘʥʘʣʘ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 
ʚʳʟʦʚʦʤ iostream.remove(x); ʠ ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʚʚʦʜʘ - iostream.append(x). 

ʅʘʟʘʜ ʆʛʣʘʚʣʝʥʠʝ ɺʧʝʨʝʜ
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ʅʘʟʘʜ ʆʛʣʘʚʣʝʥʠʝ ɺʧʝʨʝʜ

5. ʇʣʘʥʠʨʫʝʤʦʝ ʦʞʠʜʘʥʠʝ

ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ, ʝʩʣʠ ʙʦʣʝʝ ʯʝʤ ʦʜʥʘ ʧʨʦʛʨʘʤʤʘ ʦʞʠʜʘʝʪ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʩʣʦʚʠʠ, ʪʦ ʩʠʛʥʘʣ ʚʳʙʝʨʝʪ 
ʜʣʷ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʫ, ʦʞʠʜʘʶʱʫʶ ʜʦʣʴʰʝ ʚʩʝʭ. ʕʪʦ - ʭʦʨʦʰʘʷ ʠ ʧʨʦʩʪʘʷ ʩʪʨʘʪʝʛʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ 
ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʤʫ ʦʪʢʣʘʜʳʚʘʥʠʶ ʞʜʫʱʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʪʘʢʦʝ ʧʨʦʩʪʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʥʘ 
ʦʩʥʦʚʝ "ʧʝʨʚʳʤ ʧʨʠʰʝʣ - ʧʝʨʚʳʤ ʦʙʩʣʫʞʠʚʘʝʪʩʷ" ʥʝ ʘʜʝʢʚʘʪʥʦ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʪʨʘʪʝʛʠʝʡ 
ʧʣʘʥʠʨʦʚʘʥʠʷ, ʤʳ ʚʚʦʜʠʤ ʜʦʙʘʚʦʯʥʦʝ ʩʚʦʡʩʪʚʦ ʫʩʣʦʚʥʦʛʦ ʦʞʠʜʘʥʠʷ, ʢʦʪʦʨʦʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 
ʧʘʨʘʤʝʪʨʘ ʦʞʠʜʘʥʠʷ ʥʝʢʦʪʦʨʳʡ ʠʥʜʠʢʘʪʦʨ ʧʨʠʦʨʠʪʝʪʘ ʦʞʠʜʘʶʱʝʡ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʠʤʝʨ: 

busy.wait (p);

ʂʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʠʛʥʘʣʠʟʘʮʠʷ ʦʙ ʫʩʣʦʚʠʠ, ʪʦ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʟʘʜʘʥʦ ʩʘʤʦʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ p. 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʤʦʥʠʪʦʨʘ ʜʦʣʞʝʥ ʩʦʙʣʶʜʘʪʴ ʦʩʪʦʨʦʞʥʦʩʪʴ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʨʠʩʢʘ 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʪʢʣʘʜʳʚʘʥʠʷ; ʠ ʯʘʩʪʦ ʞʝʣʘʪʝʣʴʥʦ ʜʝʣʘʪʴ ʧʨʠʦʨʠʪʝʪ ʥʝʫʤʝʥʴʰʘʶʱʝʡʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ 
ʦʞʠʜʘʥʠʷ. 

ʕʪʦ ʚʚʝʜʝʥʠʝ "ʧʣʘʥʠʨʫʝʤʦʛʦ ʦʞʠʜʘʥʠʷ" ʫʩʪʫʧʘʝʪ ʠʩʢʫʰʝʥʠʶ ʩʜʝʣʘʪʴ ʧʦʥʷʪʠʝ ʫʩʣʦʚʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ. ʆʩʥʦʚʥʳʝ 
ʦʧʨʘʚʜʘʥʠʷ ʵʪʦʤʫ ʩʣʝʜʫʶʱʠʝ: 

1.  ʆʥʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʠʢʘʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʣʦʛʠʢʫ ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʥʘ ʧʨʘʚʠʣʘ ʬʦʨʤʘʣʴʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ. ʃʶʙʘʷ 
ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʙʝʟ ʧʣʘʥʠʨʫʝʤʦʛʦ ʦʞʠʜʘʥʠʷ, ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʠ ʩ ʥʠʤ, ʥʦ, ʚʦʟʤʦʞʥʦ, ʩ ʣʫʯʰʠʤʠ 
ʚʨʝʤʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

2.  ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʦʯʝʨʝʜʠ ʞʜʫʱʠʭ ʧʨʦʮʝʩʩʦʚ - ʧʨʦʩʪʘʷ ʠ ʙʳʩʪʨʘʷ ʤʝʪʦʜʠʢʘ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʨʦʤʝ ʪʝʭ 
ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʜʣʠʥʥʦʡ, ʘ ʜʘʞʝ ʝʩʣʠ ʵʪʦ ʠ ʪʘʢ, ʪʦ ʚʨʝʤʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʥʝ 
ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʢʨʠʪʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ. 

3.  ʄʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʪʨʝʙʫʝʤʦʡ ʧʘʤʷʪʠ - ʦʜʥʦ ʩʣʦʚʦ ʥʘ ʢʘʞʜʳʡ ʧʨʦʮʝʩʩ. ɹʝʟ ʪʘʢʦʛʦ ʚʩʪʨʦʝʥʥʦʛʦ ʤʝʪʦʜʘ 
ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʘʞʜʦʤʫ ʤʦʥʠʪʦʨʫ, ʚʝʨʦʷʪʥʦ, ʧʨʠʜʝʪʩʷ ʚʳʜʝʣʷʪʴ ʧʘʤʷʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 
ʘʣʴʪʝʨʥʘʪʠʚʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ ʤʘʣʳʤʠ ʧʦʨʮʠʷʤʠ ʥʝʧʨʠʚʣʝʢʘʪʝʣʴʥʘ ʥʘ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 
ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʤʦʥʠʪʦʨʳ. 

ʗ ʧʦʜʜʘʤʩʷ ʝʱʝ ʦʜʥʦʤʫ ʠʩʢʫʰʝʥʠʶ ʠ ʚʚʝʜʫ ʙʫʣʝʚʫ ʬʫʥʢʮʠʶ ʫʩʣʦʚʠʷ: 

condname.queue

ʢʦʪʦʨʘʷ ʚʳʜʘʝʪ ʟʥʘʯʝʥʠʝ true, ʝʩʣʠ ʢʪʦ-ʣʠʙʦ ʦʞʠʜʘʝʪ ʥʘ condname ʠ false - ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʥʘ 
ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʥʘ ʧʘʨʦʡ ʢʦʤʘʥʜ, ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʠʥʘʯʝ ʤʦʛʣʘ ʙʳ ʙʳʪʴ 
ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʘʤʷʪʠ, ʚʨʝʤʝʥʠ ʠ ʭʣʦʧʦʪ. 

ʊʨʠʚʠʘʣʴʥʦ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ - ʤʦʥʠʪʦʨ alarmclock, ʢʦʪʦʨʳʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʟʳʚʘʶʱʝʡ ʧʨʦʛʨʘʤʤʝ ʟʘʜʝʨʞʘʪʴʩʷ ʥʘ 
ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ - n - "ʪʠʢʦʚ". ʆʥ ʠʤʝʝʪ ʜʚʘ ʚʭʦʜʘ: 

procedure wakeme(n:inleger);
procodure tick;

ɺʪʦʨʦʡ ʠʭ ʥʠʭ ʚʳʟʳʚʘʝʪʩʷ ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ (ʥʘʧʨʠʤʝʨ, ʧʨʝʨʳʚʘʥʠʝʤ) ʯʝʨʝʟ ʨʝʛʫʣʷʨʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, 
ʩʢʘʞʝʤ, ʜʝʩʷʪʴ ʨʘʟ ʚ ʩʝʢʫʥʜʫ. ʃʦʢʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

now:integer;

ʢʦʪʦʨʘʷ ʧʦʜʩʯʠʪʳʚʘʝʪ ʪʝʢʫʱʝʝ ʚʨʝʤʝʥʷ (ʧʝʨʚʦʥʘʯʘʣʴʥʦ - 0) ʠ 

wakeup :condition

ʥʘ ʢʦʪʦʨʦʤ ʞʜʫʪ "ʩʧʷʱʠʝ" ʧʨʦʛʨʘʤʤʳ. ʅʦ ʟʥʘʯʝʥʠʝ alarmsetting - ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʦʝ ʵʪʠ ʧʨʦʛʨʘʤʤʳ ʙʫʜʫʪ ʨʘʟʙʫʞʝʥʳ, 
ʠʟʚʝʩʪʥʦ ʧʨʠ ʩʪʘʨʪʝ ʦʞʠʜʘʥʠʷ; ʠ ʦʥʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʘʚʠʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
ʧʨʦʙʫʞʜʝʥʠʷ. 

alarmclock:monitor
begin now:integer;     
      wakeup:condition;
  procedure wakeme(n:integer);
    begin alarmsetting:integer;
      alarmsetting := now + n;
      while now < alarmsetting do wakeup.wait(alarmsetting);
      wakeup.signal;
      comment ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʣʝʜʫʶʱʠʡ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʧʨʦʙʫʜʠʪʴʩʷ ʚ ʪʦ ʞʝ ʩʘʤʦʝ ʚʨʝʤʷ;
    end;
  procedure tick;
    begin now := now + 1;
      wakeup.signal    
    end;
  now := 0;
end alarmclock;

ɺ ʧʨʦʛʨʘʤʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ, ʩʣʝʜʫʶʱʠʡ ʢʘʥʜʠʜʘʪ ʥʘ ʧʨʦʙʫʞʜʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʙʫʞʜʘʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʪʠʢʝ ʯʘʩʦʚ. 
ʕʪʦ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ, ʝʩʣʠ ʯʘʩʪʦʪʘ ʪʠʢʦʚ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘ ʠ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʧʨʠʥʷʪʠʝ ʩʠʛʥʘʣʘ ʥʝ ʩʣʠʰʢʦʤ 
ʚʳʩʦʢʠ. 

ʗ ʙʣʘʛʦʜʘʨʝʥ A. Ballard ʠ J. Horning ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 
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6. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ

ɺ ʧʨʝʜʣʦʞʝʥʠʷʭ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʜʣʷ ʷʟʳʢʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʦʯʝʥʴ ʪʨʫʜʥʦ ʧʨʠʚʝʩʪʠ ʫʙʝʜʠʪʝʣʴʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ 
ʩʚʦʡʩʪʚʦ ʙʫʜʝʪ ʠ ʣʝʛʢʠʤ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʠ ʣʝʛʢʠʤ ʚ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʂʘʯʝʩʪʚʦ ʨʝʘʣʠʟʘʮʠʠ 
ʤʦʞʝʪ ʙʳʪʴ ʜʦʢʘʟʘʥʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʭʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ, ʥʦ ʣʝʛʢʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ 
ʯʠʩʣʘ ʨʝʘʣʴʥʳʭ ʧʨʠʤʝʨʦʚ; ʠʥʘʯʝ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʥʦʚʦʝ ʩʚʦʡʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʵʪʠʭ ʧʨʠʤʝʨʦʚ, ʘ ʥʝ 
ʥʘʦʙʦʨʦʪ. ʕʪʘ ʩʝʢʮʠʷ ʩʦʜʝʨʞʠʪ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʤʝʨʦʚ ʨʝʰʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʟʘʜʘʯ. ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ ʤʦʛʫʪ ʙʳʪʴ 
ʥʘʡʜʝʥʳ ʚ [14]. 

6.1 ɺʳʜʝʣʝʥʠʝ ʙʫʬʝʨʦʚ

ʆʛʨʘʥʠʯʝʥʥʳʡ ʙʫʬʝʨ, ʦʧʠʩʘʥʥʳʡ ʚ ʩʝʢʮʠʠ 4, ʧʨʠʩʧʦʩʦʙʣʝʥ ʪʦʣʴʢʦ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʤʘʣʳʤʠ ʧʦʨʮʠʷʤʠ, 
ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʯʝʨʝʜʝʡ ʩʦʦʙʱʝʥʠʡ. ɽʩʣʠ ʙʫʬʝʨʳ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ (ʥʘʧʨʠʤʝʨ, ʬʘʡʣʳ 
ʦʬʬʣʘʡʥʦʚʦʛʦ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ), ʦʛʨʘʥʠʯʝʥʥʳʡ ʙʫʬʝʨ ʧʦ-ʧʨʝʞʥʝʤʫ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʟʘʧʦʤʠʥʘʥʠʷ ʘʜʨʝʩʦʚ 
ʙʫʬʝʨʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʤʦʞʝʪ ʟʘʧʦʣʥʷʪʴ ʦʜʠʥ ʙʫʬʝʨ, 
ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʪʨʝʙʠʪʝʣʴ ʨʘʟʛʨʫʞʘʝʪ ʜʨʫʛʦʡ ʙʫʬʝʨ ʪʦʡ ʞʝ ʩʘʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʦ ʵʪʦ ʪʨʝʙʫʝʪ ʧʨʦʛʨʘʤʤʳ-
ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠ ʦʩʚʦʙʦʞʜʝʥʠʷ ʙʫʬʝʨʥʳʭ ʘʜʨʝʩʦʚ. 

ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʚʣʝʥʳ ʢʘʢ ʪʠʧ 

type bufferaddress = 1..B;

ʛʜʝ B - ʯʠʩʣʦ ʙʫʬʝʨʦʚ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʈʘʩʧʨʝʜʝʣʠʪʝʣʴ ʙʫʬʝʨʦʚ ʠʤʝʝʪ ʜʚʘ ʚʭʦʜʘ: 

procedure acquire (result b:bufferaddress);

ʢʦʪʦʨʳʡ ʚʳʜʘʝʪ ʘʜʨʝʩ b - ʩʚʦʙʦʜʥʦʛʦ ʙʫʬʝʨʘ; ʠ 

procedure release(b: bufferaddress);

ʢʦʪʦʨʳʡ ʚʦʟʚʨʘʱʘʝʪ ʚ ʧʫʣ bufferaddress; ʢʦʛʜʘ ʦʥ ʙʦʣʴʰʝ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʏʪʦʙʳ ʚʝʩʪʠ ʫʯʝʪ ʘʜʨʝʩʦʚ ʩʚʦʙʦʜʥʳʭ 
ʙʫʬʝʨʦʚ, ʤʦʥʠʪʦʨʫ ʧʦʪʨʝʙʫʝʪʩʷ 

freepool:powerset bufferaddress;

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʩʨʝʜʩʪʚʦ powerset ʷʟʳʢʘ ʇɸʉʂɸʃʔ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʥʥʫʶ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʦʭʚʘʪʳʚʘʶʪ 
ʚʩʝ ʤʥʦʞʝʩʪʚʦ ʙʫʬʝʨʥʳʭ ʘʜʨʝʩʦʚ ʦʪ ʧʫʩʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʜʦ ʤʥʦʞʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚʩʝ ʙʫʬʝʨʥʳʝ ʘʜʨʝʩʘ. ʆʥʦ ʤʦʞʝʪ 
ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʢʘʢ ʙʠʪʦʚʘʷ ʢʘʨʪʘ ʠʟ B ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʙʠʪʦʚ, ʛʜʝ i-ʡ ʙʠʪ ʨʘʚʝʥ 1, ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ i 
ʚʭʦʜʠʪ ʚʦ ʤʥʦʞʝʩʪʚʦ. ʅʫʞʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʧʝʨʝʤʝʥʥʘʷ ʫʩʣʦʚʠʷ: 

nonempty:condition 

ʢʦʪʦʨʘʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ freepool < > ʧʫʩʪʦ. ʂʦʜ ʧʨʦʛʨʘʤʤʳ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ: 

buffer allocator: monitor 
begin freepool:powerset bufferaddress; 
     nonempty:condition; 
  procedure acquire (result b:bufferaddress); 
    begin if freepool = empty then nonempty.wait; 
      b := first(freepool); 
      comment ɼʝʣʘʝʪʩʷ ʯʪʦ ʫʛʦʜʥʦ; 
      freepool := freepool - { b }; 
      comment ɺʳʯʠʪʘʥʠʝ ʠʟ ʤʥʦʞʝʩʪʚʘ; 
    end acquire; 
  procedure release(b:bufferaddress); 
    begin freepool := freepool + { b };
      nonempty.signal
    end release;
  freepool := all buffer addresses 
end buffer allocator

ɼʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ ʧʦʪʨʝʙʠʪʝʣʷ ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʦʪʨʝʙʠʪʝʣʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ: 

producer: begin b:bufferaddress; ...
            while not finished do
              begin bufferallocator.acquire(b);
               ... ʟʘʧʦʣʥʝʥʠʝ ʙʫʬʝʨʘ b ...;
               bounded buffer.append(b)
              end; ...
          end producer;

consumer: begin b:bufferaddress; ...
            while not finished do
              begin bounded buffer.remove(b);
                ... ʦʧʫʩʪʦʰʝʥʠʝ ʙʫʬʝʨʘ b ...;
                buffer allocator.release(b)
              end; ...
          end consumer;

ʕʪʦʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʙʫʬʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʫʬʝʨʘ 
ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʪʦʢʘʤʠ, ʢʘʞʜʳʡ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʠ ʩ ʩʦʙʩʪʚʝʥʥʳʤ 
ʵʢʟʝʤʧʣʷʨʦʤ ʤʦʥʠʪʦʨʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʙʫʬʝʨʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʢʦʛʜʘ ʧʦʪʦʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʰʠʨʦʢʦ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 
ʩʢʦʨʦʩʪʝʡ ʠ ʢʦʛʜʘ freepool ʧʫʩʪ, ʘʣʛʦʨʠʪʤ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʤʦʞʝʪ ʧʦʩʪʦʷʥʥʦ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ. 
ɽʩʣʠ ʜʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʦʨʝʚʥʫʶʪʩʷ ʟʘ ʢʘʞʜʳʡ ʙʫʬʝʨ ʧʨʠ ʝʛʦ ʦʩʚʦʙʦʞʜʝʥʠʠ, ʜʠʩʮʠʧʣʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ "ʧʝʨʚʳʤ 
ʧʨʠʙʳʣ - ʧʝʨʚʳʤ ʦʙʩʣʫʞʠʚʘʝʪʩʷ", ʙʫʜʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ (ʜʦʚʦʣʴʥʦ ʩʧʨʘʚʝʜʣʠʚʦ), ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʦʣʫʯʠʪ ʦʯʝʨʝʜʥʦʡ 
ʙʫʬʝʨ; ʠ ʦʥʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʘʥʫʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ʨʘʚʥʳʭ ʩʢʦʨʦʩʪʷʭ. ʅʦ ʝʩʣʠ ʦʜʠʥ ʧʦʪʨʝʙʠʪʝʣʴ - ʧʨʠʥʪʝʨ ʩʦ ʩʢʦʨʦʩʪʴʶ 
1000 ʩʪʨʦʢ/ʤʠʥ, ʘ ʜʨʫʛʦʡ - ʪʝʣʝʪʘʡʧ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʩʪʨʦʢ/ʤʠʥ, ʪʦ ʩʢʦʨʦʩʪʴ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʙʫʜʝʪ ʚ ʢʦʥʝʯʥʦʤ 
ʩʯʝʪʝ ʧʦʥʠʞʝʥʘ ʜʦ ʩʢʦʨʦʩʪʠ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʛʦ, ʪʘʢ ʢʘʢ ʦʥ ʥʠʢʦʛʜʘ ʥʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴ. ɺ 
ʵʪʦʡ ʩʪʘʜʠʠ ʧʦʯʪʠ ʚʩʝ ʙʫʬʝʨʘ ʙʫʜʫʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʤʫ ʧʦʪʦʢʫ, ʪʘʢ ʯʪʦ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ 
ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʧʨʦʷʩʥʝʥʠʷ. 

ʇʫʪʴ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʛʦ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʥʠʨʫʝʤʦʛʦ ʦʞʠʜʘʥʠʷ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʡ 
ʥʘʛʨʫʟʢʠ ʜʦʩʪʫʧʥʳʝ ʙʫʬʝʨʳ ʙʫʜʫʪ ʨʘʟʜʝʣʷʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʧʨʘʚʝʜʣʠʚʦ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʨʝʚʥʫʶʪʩʷ ʟʘ ʥʠʭ. 
ʂʦʥʝʯʥʦ, ʥʝ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝʘʢʪʠʚʥʳʝ ʧʦʪʦʢʠ ʠ ʧʦʪʦʢʠ ʚ ʢʦʪʦʨʳʭ ʧʦʪʨʝʙʠʪʝʣʴ ʨʘʙʦʪʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʫʪ ʟʘʧʨʘʰʠʚʘʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʜʚʘ ʙʫʬʝʨʘ. ʏʪʦʙʳ ʜʦʩʪʠʯʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʚ 
ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʜʝʣʷʪʴ ʪʦʣʴʢʦ ʯʪʦ ʦʩʚʦʙʦʞʜʝʥʥʳʡ ʙʫʬʝʨ ʪʦʤʫ ʠʟ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʯʝʡ 
ʧʦʪʦʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʫʬʝʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʠʩʢʘʪʴ ʪʦʯʢʫ, ʥʘʩʪʦʣʴʢʦ 
ʜʘʣʝʢʦ ʦʪʩʪʦʷʱʫʶ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʘʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʦ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʭʦʜʳ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʜʦʣʞʥʳ ʫʢʘʟʳʚʘʪʴ, ʜʣʷ ʢʘʢʦʛʦ ʧʦʪʦʢʘ ʙʫʬʝʨ ʜʦʣʞʝʥ ʙʳʪʴ (ʠʣʠ ʙʳʣ) 
ʠʩʧʦʣʴʟʦʚʘʥ, ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʜʦʣʞʝʥ ʭʨʘʥʠʪʴ ʩʯʝʪʯʠʢ ʪʝʢʫʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ ʚ ʤʘʩʩʠʚʝ: 

count:array stream of integer;

ʅʦʚʘʷ ʚʝʨʩʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ: 

bufferallocator: monitor
  begin freepool:powerset bufferaddress;
        nonempty:condition
        count:array stream of integer;
    procedure acquire(result b:bufferaddress; s:stream);
      begin if freepool = empty then nonempty.wait(count[s]);
        count[s] := count[s] + 1;
        b := first(freepool);
        freepool := freepool - {b}
      end acquire;
    procedure release(b:bufferaddress; s:stream)
      begin count[s] := count[s] - 1;
        freepool := freepool - {b};
        nonempty.signal
      end;
    freepool := all buffer addresses;
    for s:stream do count[s] := 0
  end bufferallocator

ʂʦʥʝʯʥʦ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʧʦʪʨʝʙʠʪʝʣʴ ʦʩʪʘʥʦʚʠʪʩʷ ʩʦʚʩʝʤ, ʥʘʧʨʠʤʝʨ, ʚʩʣʝʜʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 
ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʜʦʣʞʝʥ ʪʘʢʞʝ ʙʳʪʴ ʧʨʠʦʩʪʘʥʦʚʣʝʥ ʧʨʝʞʜʝ ʯʝʤ ʦʥ ʧʦʣʫʯʠʪ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʙʫʬʝʨʦʚ, ʜʘʞʝ ʝʩʣʠ ʥʠʢʪʦ 
ʙʦʣʴʰʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʥʠʭ. ʕʪʦ ʤʦʞʥʦ ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʠʢʩʘʮʠʝʡ ʨʘʟʤʝʨʘ 
ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʙʫʬʝʨʘ ʜʣʷ ʧʦʪʦʢʘ ʠ/ʠʣʠ, ʛʘʨʘʥʪʠʨʫʷ, ʯʪʦʙʳ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʘ ʙʫʬʝʨʘ ʙʳʣʠ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʳ ʜʣʷ 
ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ, ʜʘʞʝ ʢʦʛʜʘ ʦʥ ʥʝʘʢʪʠʚʝʥ. ɺʦʪ ʠʥʪʝʨʝʩʥʦʝ ʧʨʠʤʝʯʘʥʠʝ ʢ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʩʫʨʩʦʚ: 
ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʪʘʢ, ʯʪʦʙʳ ʧʨʠ ʪʷʞʝʣʦʡ ʟʘʛʨʫʟʢʝ ʨʝʩʫʨʩʦʚ, ʦʪʢʘʪʳʚʘʪʴʩʷ ʢ ʙʦʣʝʝ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʫ. 

ʗ ʙʣʘʛʦʜʘʨʝʥ E. W. Dijkstra ʟʘ ʧʦʩʪʘʥʦʚʢʫ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠ ʨʝʰʝʥʠʝ ʚ [10]. 

6.2 ʇʣʘʥʠʨʦʚʱʠʢ ʛʦʣʦʚʦʢ ʜʠʩʢʘ

ʅʘ ʚʨʘʱʘʶʱʝʤʩʷ ʜʠʩʢʝ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʛʦʣʦʚʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʦʥʦʪʦʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʝʤ. ɽʩʣʠ 
ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʤ ʞʝʣʘʶʪ ʧʝʨʝʤʝʩʪʠʪʴ ʛʦʣʦʚʢʠ, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʦ, ʝʩʣʠ ʦʙʩʣʫʞʠʚʘʪʴ 
ʧʝʨʚʦʡ ʪʫ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ ʞʝʣʘʝʪ ʧʝʨʝʤʝʩʪʠʪʴ ʠʭ ʥʘ ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ. ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʵʪʘ ʩʪʨʘʪʝʛʠʷ 
ʥʝʫʩʪʦʡʯʠʚʘ, ʪʘʢ ʢʘʢ ʧʨʦʛʨʘʤʤʘ, ʞʝʣʘʶʱʘʷ ʦʙʨʘʪʠʪʴʩʷ ʢ ʮʠʣʠʥʜʨʫ ʥʘ ʦʜʥʦʤ ʢʨʘʶ ʜʠʩʢʘ, ʤʦʞʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦ ʜʦʣʛʦ 
ʦʪʢʣʘʜʳʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʜʨʫʛʦʤ ʢʨʘʶ ʠʣʠ ʚ ʩʝʨʝʜʠʥʝ. 

ʈʝʰʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʯʘʩʪʦʪʳ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʛʦʣʦʚʦʢ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ 
ʛʦʣʦʚʢʠ ʩʦʭʨʘʥʷʶʪ ʜʚʠʞʝʥʠʝ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ ʦʥʠ ʦʙʩʣʫʞʠʚʘʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʟʘʧʨʦʩʳ ʢ ʩʘʤʦʤʫ ʙʣʠʟʢʦʤʫ 
ʮʠʣʠʥʜʨʫ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɽʩʣʠ ʞʝ ʥʝ ʙʦʣʴʰʝ ʥʝʪ ʪʘʢʠʭ ʟʘʧʨʦʩʦʚ, ʠʟʤʝʥʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ, ʠ ʛʦʣʦʚʢʠ ʜʝʣʘʶʪ ʜʨʫʛʦʡ 
ʧʨʦʭʦʜ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥʦ ʘʣʛʦʨʠʪʤʦʤ "ʣʠʬʪʘ", ʪʘʢ ʢʘʢ ʤʦʜʝʣʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʣʠʬʪʘ ʚ 
ʤʥʦʛʦʵʪʘʞʥʦʤ ʟʜʘʥʠʠ. ʀʤʝʶʪʩʷ ʜʚʘ ʚʭʦʜʘ ʚ ʧʣʘʥʠʨʦʚʱʠʢ ʛʦʣʦʚʦʢ ʜʠʩʢʘ: 

(1)  request(dest:cylinder); 

ʛʜʝ 

    type cylinder = 0..cylmax.

ʢʦʪʦʨʳʡ ʚʚʦʜʠʪʩʷ ʧʨʦʛʨʘʤʤʦʡ ʧʝʨʝʜ ʩʘʤʦʡ ʚʳʜʘʯʝʡ ʢʦʤʘʥʜʳ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʛʦʣʦʚʦʢ ʢ ʮʠʣʠʥʜʨʫ dest. 

(2)  release; 

ʢʦʪʦʨʳʡ ʚʚʦʜʠʪʩʷ ʧʨʦʛʨʘʤʤʦʡ, ʢʦʛʜʘ ʦʥʘ ʚʳʧʦʣʥʠʣʘ ʚʩʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʨʝʙʫʝʤʳʝ ʥʘ ʪʝʢʫʱʝʤ ʮʠʣʠʥʜʨʝ. 

ʃʦʢʘʣʴʥʳʝ ʜʘʥʥʳʝ ʤʦʥʠʪʦʨʘ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ headpos - ʟʘʧʠʩʴ ʦ ʪʝʢʫʱʝʡ ʧʦʟʠʮʠʠ ʛʦʣʦʚʦʢ, ʪʝʢʫʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ 
ʧʨʦʭʦʜʘ, ʠ ʧʨʠʟʥʘʢ, ʷʚʣʷʝʪʩʷ ʣʠ ʜʠʩʢ ʟʘʥʷʪʳʤ: 

     headpos:cylinder;
     direction:(up,down);
     busy:Boolean

ʄʳ ʥʫʞʜʘʝʤʩʷ ʚ ʜʚʫʭ ʫʩʣʦʚʠʷʭ: ʦʜʥʦ ʜʣʷ ʟʘʧʨʦʩʦʚ, ʦʞʠʜʘʶʱʠʭ ʧʨʦʭʦʜʘ ʚʚʝʨʭ (upsweep), ʠ ʜʨʫʛʦʝ - ʜʣʷ ʟʘʧʨʦʩʦʚ, 
ʦʞʠʜʘʶʱʠʭ ʧʨʦʭʦʜʘ ʚʥʠʟ (downsweep): 

dischead:monitor
begin headpos:cylinder;
     direction:(up,down);
     busy:Boolean;
     upsweep,downsweep:condition;
   procedure request(dest:cylinder);
      begin if busy then
         {if headpos < dest or headpos = dest & direction = up
                  then upsweep.wait(dest)
            else downsweep.wait(dest)};
          busy := true; headpos := dest
      end request;
   procedure release;
      begin busy := false;
         if direction = up then
            {if upsweep.queue then upsweep.signal
                                else {direction := down;
                   downsweep.signal}}
         else if downsweep.queue then downsweep.signal
                                               else {direction := up;
                                                    upsweep.signal}
     end release;
     headpos := 0; direction := up; busy := false
end dischead;

6.3 ʏʠʪʘʪʝʣʠ ʠ ʧʠʩʘʪʝʣʠ

ʂʘʢ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʤʝʨ, ʤʳ ʚʦʟʴʤʝʤ ʧʨʦʙʣʝʤʫ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʚ ʦʥʣʘʡʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ, ʪʘʢʠʭ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʘʞʜʳʡ ʩʘʤʦʣʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʟʘʧʠʩʴʶ, ʠ 
ʯʪʦ ʘʢʪʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʪʦʡ ʟʘʧʠʩʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʷʜʦʤ ʧʨʦʮʝʩʩʦʚ "ʧʠʩʘʪʝʣʝʡ", ʠ ʢ ʟʘʧʠʩʠ ʦʙʨʘʱʘʝʪʩʷ ʨʷʜ 
ʧʨʦʮʝʩʩʦʚ "ʯʠʪʘʪʝʣʝʡ". ʃʶʙʦʝ ʯʠʩʣʦ "ʯʠʪʘʪʝʣʝʡ" ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʱʘʪʴʩʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʟʘʧʠʩʠ, ʥʦ ʦʯʝʚʠʜʥʦ, 
ʯʪʦ ʣʶʙʦʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʤʦʜʠʬʠʮʠʨʫʝʪ (ʟʘʧʠʩʳʚʘʝʪ) ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʟʘʧʠʩʠ, ʜʦʣʞʝʥ ʠʤʝʪʴ ʤʦʥʦʧʦʣʴʥʳʡ 
ʜʦʩʪʫʧ ʢ ʥʝʡ, ʠʥʘʯʝ ʤʳ ʧʦʣʫʯʠʤ ʭʘʦʩ. ʀʪʘʢ, ʥʘʤ ʥʫʞʝʥ ʢʣʘʩʩ ʤʦʥʠʪʦʨʦʚ; ʵʢʟʝʤʧʣʷʨ ʵʪʦʛʦ ʢʣʘʩʩʘ, ʣʦʢʘʣʴʥʳʡ ʜʣʷ ʢʘʞʜʦʡ 
ʟʘʧʠʩʠ ʦ ʩʘʤʦʣʝʪʝ, ʧʨʠʚʦʜʠʪ ʚ ʠʩʧʦʣʥʝʥʠʝ ʟʘʜʘʥʥʫʶ ʜʠʩʮʠʧʣʠʥʫ ʜʣʷ ʵʪʦʡ ʟʘʧʠʩʠ. ɽʩʣʠ ʝʩʪʴ ʤʥʦʛʦ ʩʘʤʦʣʝʪʘ, ʠʤʝʝʪʩʷ 
ʚʝʩʢʦʝ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʘ; ʠ ʝʩʣʠ ʢʘʞʜʘʷ ʦʧʝʨʘʮʠʷ ʯʪʝʥʠʷ ʠʣʠ ʟʘʧʠʩʠ ʢʦʨʦʪʢʘʷ, ʪʦ 
ʤʳ ʜʦʣʞʥʳ ʪʘʢʞʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ ʦʙʨʘʱʝʥʠʷ ʢ ʤʦʥʠʪʦʨʫ. 

ʂʦʛʜʘ ʤʥʦʛʦ ʯʠʪʘʪʝʣʝʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʝʜʠʥʩʪʚʝʥʥʦʡ ʟʘʧʠʩʠ ʦ ʩʘʤʦʣʝʪʝ, ʝʩʪʴ ʦʧʘʩʥʦʩʪʴ, ʯʪʦ ʧʠʩʘʪʝʣʴ ʙʫʜʝʪ ʥʘ 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʦʪʢʣʘʜʳʚʘʪʴʩʷ ʠ ʥʝ ʩʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʟʘʧʠʩʠ. ʄʳ ʧʦʵʪʦʤʫ ʨʝʰʘʝʤ, ʯʪʦ ʥʦʚʦʤʫ 
ʯʠʪʘʪʝʣʶ ʥʝʣʴʟʷ ʨʘʟʨʝʰʠʪʴ ʥʘʯʘʪʴʩʷ, ʝʩʣʠ ʠʤʝʝʪʩʷ ʦʞʠʜʘʶʱʠʡ ʧʠʩʘʪʝʣʴ. ʊʦʯʥʦ ʪʘʢ ʞʝ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʧʘʩʥʦʩʪʠ 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʪʢʣʘʜʳʚʘʥʠʷ ʯʠʪʘʪʝʣʝʡ, ʚʩʝ ʯʠʪʘʪʝʣʠ, ʦʞʠʜʘʶʱʠʝ ʟʘʚʝʨʰʝʥʠʷ ʟʘʧʠʩʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʠʦʨʠʪʝʪ ʧʝʨʝʜ 
ʩʣʝʜʫʶʱʠʤʠ ʧʠʩʘʪʝʣʷʤʠ. ɿʘʤʝʪʴʪʝ, ʯʪʦ ʵʪʠ ʧʨʘʚʠʣʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʯʝʥʴ ʦʪʣʠʯʥʳ ʦʪ ʦʙʩʫʞʜʘʝʤʳʭ ʚ [4], ʠ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ ʪʘʢʦʡ ʪʦʥʢʦʩʪʠ ʚ ʨʝʘʣʠʟʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʠ ʤʦʛʫʪ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪʴ ʜʣʷ ʪʘʢʠʭ 
ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʣʫʯʰʝ ʯʠʪʘʪʴ ʧʨʦʩʨʦʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʯʝʤ ʞʜʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦ ʜʦʣʛʦ! 

ʄʦʥʠʪʦʨ ʦʯʝʚʠʜʥʦ ʪʨʝʙʫʝʪ ʯʝʪʳʨʝʭ ʣʦʢʘʣʴʥʳʭ ʧʨʦʮʝʜʫʨ: 

startread 

    ʚʳʟʳʚʘʝʪʩʷ ʯʠʪʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʞʝʣʘʝʪ ʯʠʪʘʪʴ. 

endread 

    ʚʳʟʳʚʘʝʪʩʷ ʯʠʪʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʟʘʢʦʥʯʠʣ ʯʪʝʥʠʝ. 

startwrite 

    ʚʳʟʳʚʘʝʪʩʷ ʧʠʩʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʞʝʣʘʝʪ ʧʠʩʘʪʴ. 

endwrite 

    ʚʳʟʳʚʘʝʪʩʷ ʧʠʩʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʟʘʢʦʥʯʠʣ ʧʠʩʘʪʴ. 

ʄʳ ʜʦʣʞʥʳ ʭʨʘʥʠʪʴ ʩʯʝʪʯʠʢ ʯʠʩʣʘ ʯʠʪʘʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦʙʳ ʧʦʩʣʝʜʥʠʡ ʟʘʢʘʥʯʠʚʘʶʱʠʡʩʷ ʯʠʪʘʪʝʣʴ ʟʥʘʣ ʦʙ ʵʪʦʤ: 

    readercount: integer

ʄʳ ʪʘʢʞʝ ʥʫʞʜʘʝʤʩʷ ʚ ʙʫʣʝʚʦʤ ʠʥʜʠʢʘʪʦʨʝ ʪʦʛʦ, ʯʪʦ ʢʪʦ-ʪʦ ʩʝʡʯʘʩ ʧʠʰʝʪ: 

    busy: Boolean; 

ʄʳ ʚʚʦʜʠʤ ʦʪʜʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʞʠʜʘʥʠʷ ʯʠʪʘʪʝʣʝʡ ʠ ʧʠʩʘʪʝʣʝʡ: 

    OKtoread, OKtowrite:condition; 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ: 

    OKtoread = not busy
    OKtowrite = not busy & readercount = 0
    invariant: busy => readercount = 0

class readers and writers: monitors
   begin readercount:integer;
        busy:Boolean;
        OKtoread, OKtowrite:condition;
     procedure startread;
        begin if busy or OKtowrite.queue then OKtoread.wait;
          readercount := readercount + 1;
          OKtoread.signal;
          comment ɽʩʣʠ ʤʦʞʝʪ ʩʪʘʪʨʦʚʘʪʴ ʦʜʠʥ ʯʠʪʘʪʝʣʴ, ʪʦ ʤʦʛʫʪ ʠ ʚʩʝ;
        end startread;
     procedure endread;
        begin readercount := readercount - 1;
          if readercount = 0 then OKtowrite.signal
        end endread;
     procedure startwrite;
        begin
          if readercount > 0 or busy then OKtowrite.wait
          busy := true
        end startwrite;
     procedure endwrite;
        begin busy := false;
          if OKtoread.queue then OKtoread.signal
                             else OKtowrite.signal
        end endwrite;
     readercount := 0;
     busy := false;
   end readers and writers;

ʗ ʙʣʘʛʦʜʘʨʝʥ Dave Gorman ʟʘ ʧʦʤʦʱʴ ʚ ʥʘʭʦʞʜʝʥʠʠ ʵʪʦʛʦ ʨʝʰʝʥʠʷ. 
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7. ɿʘʢʣʶʯʝʥʠʝ

ʕʪʘ ʩʪʘʪʴʷ ʧʨʝʜʣʘʛʘʝʪ ʩʪʨʫʢʪʫʨʫ ʤʦʜʫʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʧʣʘʥʠʨʫʝʪ ʨʝʩʫʨʩʳ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʯʝʥʴ ʧʦʭʦʞʫʶ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ. 
ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʤʦʥʠʪʦʨʦʚ, ʪʝʣʘ ʧʨʦʮʝʜʫʨ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʦʪ ʧʦʚʪʦʨʥʦʛʦ ʚʭʦʜʘ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʢʘʢ 
ʢʨʠʪʠʯʝʩʢʠʝ ʩʝʢʮʠʠ. ɻʨʫʧʧʠʨʦʚʘʥʠʝ ʚ ʪʝʢʩʪʝ ʢʨʠʪʠʯʝʩʢʠʭ ʩʝʢʮʠʡ ʚʤʝʩʪʝ ʩ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʝ ʦʥʠ ʤʦʜʠʬʠʮʠʨʫʶʪ, 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʣʫʯʰʠʤ, ʯʝʤ ʨʘʩʩʨʝʜʦʪʦʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʩʝʢʮʠʡ ʧʦ ʚʩʝʡ ʧʨʦʛʨʘʤʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [7, 12]. 
ʆʥʦ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʨʘʢʪʠʢʝ ʥʘʧʠʩʘʥʠʷ ʩʫʧʝʨʚʠʟʦʨʦʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʤʦʞʥʦ 
ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʙʝʟʦʛʦʚʦʨʦʯʥʦ. 

ʆʜʥʘʢʦ, ʛʦʨʘʟʜʦ ʪʨʫʜʥʝʝ ʫʙʝʜʠʪʴʩʷ ʚ ʧʦʣʝʟʥʦʩʪʠ ʧʦʥʷʪʠʷ ʫʩʣʦʚʠʷ ʢʘʢ ʧʨʠʤʠʪʠʚʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʇʨʦʩʪʝʡʰʝʝ ʚ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʩʪʚʦ ʩʠʥʭʨʦʥʠʟʘʮʠʠ - ʵʪʦ, ʚʝʨʦʷʪʥʦ ʫʩʣʦʚʥʦʝ ʦʞʠʜʘʥʠʝ [2,12]: 

wait(B);

ʛʜʝ B - ʦʙʳʯʥʦʝ ʙʫʣʝʚʦ ʚʳʨʘʞʝʥʠʝ (wait ʟʘʩʪʘʚʣʷʝʪ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʞʜʘʪʴ, ʧʦʢʘ B ʥʝ ʩʪʘʥʝʪ ʠʩʪʠʥʥʳʤ); ʥʦ ʦʥʦ ʤʦʞʝʪ 
ʙʳʪʴ ʩʣʠʰʢʦʤ ʥʝʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʦʙʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʦʪʦʤʫ ʯʪʦ ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʫʝʪ 
ʟʘʥʦʚʦ ʦʮʝʥʠʚʘʪʴ ʚʳʨʘʞʝʥʠʝ B ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʚʳʭʦʜʘ ʠʟ ʧʨʦʮʝʜʫʨʳ ʤʦʥʠʪʦʨʘ. ʇʝʨʝʤʝʥʥʘʷ ʫʩʣʦʚʠʷ ʜʘʝʪ ʧʨʦʛʨʘʤʤʠʩʪʫ 
ʣʫʯʰʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝʤ; ʵʪʦ ʧʦʥʷʪʠʝ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ, ʪʘʢ, ʯʪʦʙʳ ʙʳʪʴ ʦʯʝʥʴ 
ʧʨʠʤʠʪʠʚʥʳʤ, ʠ ʠʤʝʪʴ ʧʨʦʩʪʦʝ ʧʨʘʚʠʣʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ. ʅʦ, ʚʦʟʤʦʞʥʦ, ʥʝʢʦʪʦʨʳʡ ʜʨʫʛʦʡ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʫʜʦʙʩʪʚʦʤ ʠ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʤʦʛ ʙʳ ʙʳʪʴ ʣʫʯʰʝ. ɺʦʧʨʦʩ ʦ ʪʦʤ, ʜʦʣʞʥʘ ʣʠ ʦʧʝʨʘʮʠʷ signal ʚʩʝʛʜʘ ʙʳʪʴ ʧʦʩʣʝʜʥʝʡ ʦʧʝʨʘʮʠʝʡ 
ʧʨʦʮʝʜʫʨʳ ʤʦʥʠʪʦʨʘ, ʚʩʝ ʝʱʝ ʦʪʢʨʳʪ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʙʫʜʫʪ ʠʟʫʯʘʪʴʩʷ ʠ ʚʦʧʣʦʱʘʪʴʩʷ ʚ ʧʠʣʦʪʥʦʤ ʧʨʦʝʢʪʝ ʦʧʝʨʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʳ, ʧʦʣʫʯʠʚʰʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʜʝʨʞʢʫ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʉʦʚʝʪʘ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ. 

ɼʨʫʛʠʤ ʚʦʧʨʦʩʦʤ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʟʫʯʘʪʴʩʷ, ʙʫʜʝʪ ʚʦʧʨʦʩ ʥʝʧʝʨʝʩʝʢʘʝʤʦʩʪʠ ʤʦʥʠʪʦʨʦʚ. ʄʦʞʥʦ ʣʠ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 
ʦʪʜʝʣʴʥʳʡ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʤʦʥʠʪʦʨ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʨʝʩʫʨʩʦʚ, ʪʘʢ, ʯʪʦʙʳ ʦʥ ʧʨʠʥʠʤʘʣ ʨʝʰʝʥʠʷ ʦ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʪʦʛʦ 
ʨʝʩʫʨʩʘ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʤʠʥʠʤʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʵʪʦʛʦ ʨʝʩʫʨʩʘ, ʠ ʥʝ ʠʩʧʦʣʴʟʫʷ ʥʠʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʩʦʩʪʦʷʥʠʠ ʣʶʙʦʛʦ ʨʝʩʫʨʩʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʜʨʫʛʠʤʠ ʤʦʥʠʪʦʨʘʤʠ? ɺ ʧʨʠʥʮʠʧʝ, ʢʘʟʘʣʦʩʴ ʙʳ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʥʠʡ ʦ 
ʩʦʩʪʦʷʥʠʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʤʳ ʠʤʝʝʤ, ʪʝʤ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʱʝ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʦʧʪʠʤʘʣʴʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 
ʧʨʠʥʮʠʧʝ, ʥʝʟʘʚʠʩʠʤʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʝʩʫʨʩʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʫʧʠʢʫ. ʕʪʠ ʩʦʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ 
ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʝʢʪʫ ʪʨʘʜʠʮʠʦʥʥʦʛʦ "ʤʦʥʦʣʠʪʥʦʛʦ" ʤʦʥʠʪʦʨʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʙʦʣʴʰʠʝ ʩʠʩʪʝʤʥʳʝ ʪʘʙʣʠʮʳ, ʢ ʢʦʪʦʨʳʤ ʢʦ 
ʚʩʝʤ ʤʦʞʥʦ ʦʙʨʘʱʘʪʴʩʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʠʟ ʣʶʙʦʡ ʧʨʦʮʝʜʫʨʳ ʤʦʥʠʪʦʨʘ. 

ʅʝʪ ʥʠʢʘʢʠʭ ʘʧʨʠʦʨʥʳʭ ʧʨʠʯʠʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʧʳʪʢʘ ʨʘʟʙʠʪʴ ʬʫʥʢʮʠʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʷʜ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 
ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʤʦʥʠʪʦʨʦʚ ʦʢʘʟʘʣʘʩʴ ʫʩʧʝʰʥʦʡ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦʡ ʪʦʣʴʢʦ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ 
ʭʦʨʦʰʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʢʘʞʜʦʤ ʤʦʥʠʪʦʨʝ. ʏʪʦʙʳ ʠʟʙʝʛʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 
ʦʪʜʝʣʴʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʩʦʙʣʶʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʨʘʚʠʣ: 

1.  ʅʠʢʦʛʜʘ ʥʝ ʩʪʨʝʤʠʪʝʩʴ ʩʜʝʣʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ; ʧʨʦʩʪʦ ʩʪʨʝʤʠʪʝʩʴ ʠʟʙʝʛʘʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʥʷʪʠʷ 
ʧʝʩʩʠʤʠʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

2.  ʅʝ ʩʪʨʝʤʠʪʝʩʴ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʦʪʨʝʙʠʪʝʣʷ ʩ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʦʡ, ʢʦʪʦʨʘʷ ʣʫʯʰʝ, ʯʝʤ ʨʝʘʣʴʥʳʝ ʘʧʧʘʨʘʪʥʳʝ 
ʩʨʝʜʩʪʚʘ; ʧʨʦʩʪʦ ʩʪʨʝʤʠʪʝʩʴ ʦʪʨʘʟʠʪʴ ʩʢʦʨʦʩʪʴ, ʨʘʟʤʝʨ, ʠ ʧʣʦʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʩʪʳʭ ʥʝʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 
ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ. 

3.  ʀʩʧʦʣʴʟʫʡʪʝ ʚʳʪʝʩʥʷʶʱʠʝ ʤʝʪʦʜʳ ʚʤʝʩʪʦ ʥʝʚʳʪʝʩʥʷʶʱʠʭ ʚʝʟʜʝ, ʛʜʝ ʪʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ. 
4.  ʀʩʧʦʣʴʟʫʡʪʝ ʤʝʪʦʜʳ "ʫʩʢʦʨʝʥʠʷ ʚʨʝʤʝʥʠ" [9] ʤʝʪʦʜʦʚ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ cʪʨʘʪʝʛʠʡ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. 
5.  ʉʦʭʨʘʥʷʡʪʝ ʥʠʟʢʫʶ ʜʠʩʧʝʨʩʠʶ (ʪʘʢʞʝ, ʢʘʢ ʠ ʥʠʟʢʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ) ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ. 
6.  ʀʟʙʝʛʘʡʪʝ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ; ʚʤʝʩʪʦ ʵʪʦʛʦ, ʩʪʘʨʘʡʪʝʩʴ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʢʘʞʜʦʡ 

ʧʨʦʛʨʘʤʤʳ ʚ ʩʠʩʪʝʤʝ ʧʨʦʜʚʠʛʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʤʝʨʥʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʙʝʛʘʡʪʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʪʢʣʘʜʳʚʘʥʠʷ. 
7.  ɻʘʨʘʥʪʠʨʫʡʪʝ, ʯʪʦ, ʢʦʛʜʘ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʨʝʩʫʨʩʳ ʧʨʝʚʟʦʡʜʝʪ ʠʭ ʧʨʝʜʣʦʞʝʥʠʝ (ʪʦ ʝʩʪʴ, ʚ ʨʝʞʠʤʝ ʧʝʨʝʛʨʫʟʢʠ), 

ʧʦʚʝʜʝʥʠʝ ʧʣʘʥʠʨʦʚʱʠʢʘ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ (ʪʦ ʝʩʪʴ, ʠʩʢʣʶʯʘʝʪʩʷ ʪʨʝʰ). 
8.  ʆʧʨʝʜʝʣʠʪʝ ʢʦʨʨʝʢʪʥʳʝ ʠ ʨʘʟʫʤʥʳʝ ʧʨʘʚʠʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʢ ʤʦʥʠʪʦʨʫ ʠ ʧʨʝʜʧʦʣʘʛʘʡʪʝ, ʯʪʦ ʧʨʦʛʨʘʤʤʳ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʳʧʦʣʥʷʶʪ ʠʭ ʫʩʣʦʚʠʷ. ʃʶʙʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʚʝʨʢʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝ ʮʝʥʪʨʘʣʴʥʳʤ 
ʤʦʥʠʪʦʨʦʤ ʩ ʦʙʱʠʤ ʜʦʩʪʫʧʦʤ, ʘ ʣʫʯʰʝ ʘʣʛʦʨʠʪʤʦʤ (ʥʘʟʳʚʘʝʤʳʤ "ʦʙʦʣʦʯʢʦʡ ʧʦʣʴʟʦʚʘʪʝʣʷ") ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 
ʣʦʢʘʣʴʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʧʨʦʛʨʘʤʤʫ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʜʦʣʞʝʥ ʙʳʪʴ 
ʨʝʘʣʠʟʦʚʘʥ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʯʘʩʪʠʯʥʦ, ʚ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚʘʭ (ʥʘʧʨʠʤʝʨ ʙʘʟʦʚʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʨʝʛʠʩʪʨʳ, ʩʚʦʡʩʪʚʘ 
ʤʝʭʘʥʠʟʤʘ ʪʨʘʥʩʣʷʮʠʠ ʘʜʨʝʩʦʚ ʠ ʪ.ʜ.). 

ʕʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʦʥʠʪʦʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ, ʠ ʦʪʜʝʣʝʥʠʷ ʨʝʰʝʥʠʡ ʧʣʘʥʠʨʦʚʘʥʠʷ, 
ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʤʦʥʠʪʦʨʘʭ, ʦʪ ʧʨʦʚʝʨʢʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʦʙʦʣʦʯʢʘʭ ʧʦʪʨʝʙʠʪʝʣʷ, ʤʦʛʫʪ ʜʘʚʘʪʴ ʥʘʜʝʞʜʫ ʥʘ ʪʦ, ʯʪʦ 
ʤʦʥʠʪʦʨʳ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʧʦʥʷʪʠʝʤ ʜʣʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʢʦʡ ʢʦʥʮʝʧʮʠʠ ʤʦʥʠʪʦʨʘ ʷ ʦʙʷʟʘʥ ʯʘʩʪʳʤ ʜʠʩʢʫʩʩʠʷʤ ʠ ʧʝʨʝʧʠʩʢʝ ʩ E. W. Dijkstra ʠ P. Brinch- 
Hansen. ʄʦʥʠʪʦʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ "ʩʝʢʨʝʪʘʨʶ", ʦʧʠʩʘʥʥʦʤʫ ʚ [9], ʠ ʪʘʢʞʝ ʚ [1,3]. 

ʊʘʢʞʝ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʦʜʜʝʨʞʢʫ - IFIP WG. 2.3., ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʩʪʦ ʚʩʪʨʝʯʠ, ʚ ʢʦʪʦʨʦʤ ʵʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 
ʠʜʝʠ ʚʦʟʥʠʢʣʠ, ʨʘʟʚʠʚʘʣʠʩʴ ʠ ʧʨʦʚʝʨʷʣʠʩʴ. 
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