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ʀʟʿʘʚʘ ʟʘʭʚʘʣʥʦʩʪʠ: 

 

ɾʝʣʠʦ ʙʠʭ ʜʘ ʩʝ ʦʚʠʤ ʧʫʪʝʤ ʟʘʭʚʘʣʠʤ ʜʨʘʛʠʤ ˀʫʜʠʤʘ ʢʦʿʠ ʩʫ ʥʝʩʝʙʠʯʥʦ 

ʜʘʨʦʚʘʣʠ ʩʚʦʿʝ ʜʨʘʛʦʮʿʝʥʦ ʩʣʦʙʦʜʥʦ ʚʨʠʿʝʤʝ ʢʘʢʦ ʙʠ ʤʠ ʧʨʫʞʠʣʠ ʟʥʘʯʘʿʥʫ 

ʧʦʜʨʰʢʫ ʪʦʢʦʤ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʨʘʜʘ ʥʘ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. 

ʅʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʙʠʣʦ ʥʝʦʧʭʦʜʥʦ ʙʦʨʘʚʠʪʠ ʫ ʥʝʢʦʤ ʦʜ 

ʠʥʦʩʪʨʘʥʠʭ ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʮʝʥʪʘʨʘ ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʠʿʝʜʠʦ ʧʨʝʛʣʝʜ ʜʦʩʪʫʧʥʝ 

ʥʘʫʯʥʝ ʣʠʪʝʨʘʪʫʨʝ ʠʟ ʦʙʣʘʩʪʠ CMP ʩʠʩʪʝʤʘ ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ 

ʠʟʚʨʰʘʚʘˁʝ. ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʟʘ ʪʦ ʜʫʛʫʿʝʤ ʧʨʦʬ. ʜʨ ʇʨʝʜʨʘʛʫ-ʄʠʰʫ 

ʆʙʨʘʜʦʚʠ˂ʫ, ʙʠʚʰʝʤ ʈʝʢʪʦʨʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʎʨʥʝ ɻʦʨʝ, ʢʦʿʠ ʿʝ ʦʙʝʟʙʠʿʝʜʠʦ 

ʧʦʪʨʝʙʥʘ ʬʠʥʘʥʩʠʿʩʢʘ ʩʨʝʜʩʪʚʘ ʟʘ ʤʦʿ ʙʦʨʘʚʘʢ ʥʘ ʌʘʢʫʣʪʝʪʫ ʟʘ ʠʥʬʦʨʤʘʪʠʯʢʦ 

ʠʥʞʝˁʝʨʩʪʚʦ, ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʉʠʿʝʥʠ. ʊʘʢʦʹʝ, ʚʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ ʧʨʦʬ. 

ʜʨ Roberto Giorgi-ʿʫ, ʢʦʿʠ ʿʝ ʦʤʦʛʫ˂ʠʦ ʤʦʿ ʙʦʨʘʚʘʢ ʫ ʩʚʦʿʩʪʚʫ ʛʦʩʪʫʿʫ˂ʝʛ 

ʠʩʪʨʘʞʠʚʘʯʘ ʥʘ ʦʚʦʤ ʬʘʢʫʣʪʝʪʫ.  

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ ʧʨʦʬ. ʝʤʝʨʠʪʫʩʫ ʜʨ ʈʘʜʠʚʦʿʫ ʇʦʧʦʚʠ˂ʫ, ʢʘʦ ʠ 

ʧʨʦʬ. ʜʨ Yusuf Leblebici-ʿʫ ʠ ʧʨʦʬ. ʜʨ Paolo Ienne-ʫ, ʩʘ EPFL-ʘ ʫ ʃʦʟʘʥʠ, ʢʦʿʠ ʩʫ 

ʦʤʦʛʫ˂ʠʣʠ ʤʦʿ ʙʦʨʘʚʘʢ ʥʘ EPFL-ʫ ʢʘʢʦ ʙʠʭ ʥʘ ʂʘʪʝʜʨʠ ʟʘ ʤʠʢʨʦʝʣʝʢʪʨʦʥʩʢʝ 

ʩʠʩʪʝʤʝ ʠ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʦʮʝʩʦʨʘ ʠʟʣʦʞʠʦ ʨʝʟʫʣʪʘʪʝ ʤʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʧʨʝʜʣʦʛʝ 

ʨʿʝʰʝˁʘ ʧʦʜʨʰʢʝ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʠ ʤʝʤʦʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʫ ʩʧʝʢʫʣʘʪʠʚʥʦʤ 

CMP ʩʠʩʪʝʤʫ. 

ʇʦʨʝʜ ʪʦʛʘ, ʞʝʣʠʦ ʙʠʭ ʜʘ ʠʩʢʘʞʝʤ ʚʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʧʨʦʬ. ʜʨ Koen De 

Bosschere-ʫ ʩʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ Ghent-ʫ ʠ HiPEAC ʦʨʛʘʥʠʟʘʮʠʿʠ ʢʦʿʠ ʩʫ ʦʤʦʛʫ˂ʠʣʠ 

ʜʦʙʠʿʘˁʝ ʩʪʠʧʝʥʜʠʿʝ ʟʘ ʙʦʨʘʚʘʢ ʥʘ ʤʝʹʫʥʘʨʜʦʥʠʤ ʩʢʫʧʦʚʠʤʘ ACACES (Advanced 

Computer Architecture and Compilation for High-Performance and Embedded 

Systems). ʇʨʠʩʫʩʪʚʦ ʥʘ ʦʚʠʤ ʩʢʫʧʦʚʠʤʘ ʤʠ ʿʝ ʦʤʦʛʫ˂ʠʣʦ ʜʘ ʦʩʪʚʘʨʠʤ ʥʝʦʧʭʦʜʘʥ 

ʫʚʠʜ ʫ ʩʘʚʨʝʤʝʥʝ ʨʝʟʫʣʪʘʪʝ ʜʨʫʛʠʭ ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʮʝʥʪʘʨʘ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʩʠʩʪʝʤʘ ʢʘʦ ʠ ʜʘ ʧʨʝʟʝʥʪʫʿʝʤ ʧʦʩʪʠʛʥʫʪʝ ʨʝʟʫʣʪʘʪʝ ʫ 

ACACES ʟʙʦʨʥʠʮʠʤʘ ʨʘʜʦʚʘ. 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʫʯʝʰ˂ʠʤʘ ʥʘ ʦʚʠʤ ʤʝʹʫʥʘʨʦʜʥʠʤ ʩʢʫʧʦʚʠʤʘ ʠʤʘʦ ʩʘʤ ʧʨʠʣʠʢʫ ʠ 

ʜʘ ʦʩʪʚʘʨʠʤ ʣʠʯʥʝ ʢʦʥʪʘʪʢʝ ʩʘ ʠʩʪʨʘʞʠʚʘʯʠʤʘ ʢʦʿʠ ʩʫ ʨʘʜʠʣʠ ʥʘ ʜʝʬʠʥʠʩʘˁʫ ʠ 

ʧʨʦʿʝʢʪʦʚʘˁʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʩʠʩʪʝʤʘ ʥʘ ʚʦʜʝ˂ʠʤ ʫʥʠʚʝʨʟʠʪʝʪʠʤʘ ʫ ʩʚʠʿʝʪʫ. 

ʉʪʦʛʘ, ʢʦʨʠʩʪʠʤ ʧʨʠʣʠʢʫ ʜʘ ʩʝ ʦʚʜʿʝ ʥʘʿʩʨʜʘʯʥʠʿʝ ʟʘʭʚʘʣʠʤ ʧʨʦʬ. ʜʨ Gurindar 

Sohi-ʿʫ ʩʘ University of Wisconsin-Madison, ʧʨʦʬ. ʜʨ Kunle Olukotun-ʫ ʩʘ Stanford 

University, ʧʨʦʬ. ʜʨ Josep Torellas ʩʘ University of Illinois at Urbana-Champaign, 

ʧʨʦʬ. ʜʨ Pradip Bose-ʫ ʠʟ IBM T. J. Watson Research Center-ʘ ʠ ʧʨʦʬ ʜʨ. Stefanos 

Kaxiras-ʫ ʩʘ Uppsala University, ʢʦʿʠ ʩʫ ʤʠ ʧʨʫʞʠʣʠ ʜʦʙʨʦʥʘʤʿʝʨʥʝ, 

ʥʝʧʨʦʮʿʝʥˀʠʚʝ ʠ ʜʨʘʛʦʮʿʝʥʝ ʩʘʚʿʝʪʝ ʟʘ ʧʨʝʟʝʥʪʦʚʘʥʘ ʧʨʝʜʣʦʞʝʥʘ ʨʿʝʰʝˁʘ 

ʨʝʛʠʩʪʘʨʩʢʝ ʠ ʤʝʤʦʨʠʿʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʫ ʩʧʝʢʫʣʘʪʠʚʥʦʤ CMP ʩʠʩʪʝʤʫ. ʇʦʨʝʜ 

ʪʦʛʘ, ʞʝʣʠʦ ʙʠʭ ʜʘ ʩʝ ʟʘʭʚʘʣʠʤ ʧʨʦʬ Kaxiras-ʫ ʠ ʥʘ ʚʨʝʤʝʥʫ ʠ ʪʨʫʜʫ ʢʦʿʝ ʿʝ 

ʫʣʦʞʠʦ ʟʘ ʘʥʘʣʠʟʫ ʪʝʭʥʠʯʢʠʭ ʠʟʚʿʝʰʪʘʿʘ ʫ ʚʝʟʠ ʩʘ ʧʨʝʜʣʦʞʝʥʠʤ ʨʿʝʰʝˁʠʤʘ, ʢʘʦ ʠ 

ʩʘʚʿʝʪʠʤʘ ʠ ʧʨʝʜʣʦʟʠʤʘ ʢʦʿʝ ʿʝ ʜʘʦ ʫ ʮʠˀʫ ʜʝʬʠʥʠʩʘˁʘ ʙʫʜʫ˂ʠʭ ʧʨʘʚʘʮʘ 

ʠʩʪʨʘʞʠʚʘˁʘ. 
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ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʠ ʜʨ. James M. Tuck-ʫ, ʩʘ Nʦrth Carolina State 

University, ʠʟ ʠʩʪʨʘʞʠʚʘʯʢʝ ʛʨʫʧʝ I-ACOMA, ʯʠʿʝ ʿʝ ʜʫʛʦʛʦʜʠʰˁʝ ʠʩʢʫʩʪʚʦ ʫ 

ʨʘʜʫ ʩʘ ʩʧʝʢʫʣʘʪʠʚʥʠʤ CMP ʩʠʩʪʝʤʠʤʘ ʠ ʩʠʤʫʣʘʮʠʦʥʠʤ ʦʢʨʫʞʝˁʠʤʘ ʙʠʣʦ ʦʜ 

ʥʝʧʨʦʮʿʝˁʠʚʝ ʧʦʤʦ˂ʠ ʫ ʜʝʬʠʥʠʩʘˁʫ ʩʠʤʫʣʘʮʠʦʥʦʛ ʦʢʨʫʞʝˁʘ ʟʘ ʧʦʪʨʝʙʝ 

ʝʚʘʣʫʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʠʭ ʨʿʝʰʝˁʘ ʫ ʩʧʝʢʫʣʘʪʠʚʥʦʤ CMP ʩʠʩʪʝʤʫ. 

ʊʘʢʦʹʝ, ʚʝʦʤʘ ʩʘʤ ʟʘʭʚʘʣʘʥ ʠ ʧʨʦʬ. ʜʨ ɺʝˀʢʫ ʄʠʣʫʪʠʥʦʚʠ˂ʫ ʥʘ ʚʝʣʠʢʦʿ 

ʧʦʤʦ˂ʠ ʫ ʜʦʙʠʿʘˁʫ ʬʠʥʘʩʠʿʩʢʝ ʧʦʜʨʰʢʝ ʟʘ ʫʯʝʩʪʦʚʘʚʘˁʝ ʥʘ ʤʝʹʫʥʘʨʦʜʥʦʤ ʩʢʫʧʫ, 

ʢʘʦ ʠ ʜʨʘʛʦʮʿʝʥʠʤ ʩʘʚʿʝʪʠʤʘ ʪʦʢʦʤ ʧʫʙʣʠʢʦʚʘˁʘ ʧʨʝʜʣʦʛʘ ʨʝʛʠʩʪʘʨʩʢʝ 

ʢʦʤʫʥʠʢʘʮʠʿʝ ʫ ʩʧʝʢʫʣʘʪʠʚʥʦʤ CMP ʩʠʩʪʝʤʫ. 

ʅʘʿʚʝ˂ʫ ʟʘʭʚʘʣʥʦʩʪ ʟʘ ʧʦʤʦ˂ ʪʦʢʦʤ ʜʝʬʠʥʠʩʘˁʘ ʩʠʤʫʣʘʮʠʦʥʦʛ ʦʢʨʫʞʝˁʘ ʢʘʦ 

ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʠ ʧʨʝʜʣʦʞʝʥʦʛ ʨʿʝʰʝˁʘ ʩʧʝʢʫʣʘʪʠʚʥʦʛ CMP ʩʠʩʪʝʤʘ ʫ UNISIM 

ʩʠʤʫʣʘʪʦʨʫ ʜʫʛʫʿʝʤ ʤʦʤ ʜʨʫʛʫ ʜʨ Sylvain Girbal-ʫ ʠʟ Thales Research & 

Technologies ʫ ʇʘʨʠʟʫ. ʉʘ Sylvain-ʦʤ ʩʘʨʘʹʫʿʝʤ ʚʝ˂ ʚʠʰʝ ʛʦʜʠʥʘ ʠ ʟʘ ʩʚʦ ʦʚʦ 

ʚʨʠʿʝʤʝ ʥʠʿʝ ʞʘʣʠʦ ʥʠ ʚʨʝʤʝʥʘ ʥʠ ʪʨʫʜʘ ʢʘʢʦ ʙʠʩʤʦ ʥʘ ʰʪʦ ʝʬʠʢʘʩʥʠʿʠ ʥʘʯʠʥ 

ʠʟʚʨʰʠʣʠ ʧʨʠʣʘʛʦʹʝˁʝ ʩʠʤʫʣʘʪʦʨʘ UNISIM ʯʠʿʠ ʿʝ ʦʥ ʿʝʜʘʥ ʦʜ ʧʨʦʿʝʢʪʘʥʘʪʘ. 

ʅʘʿʩʨʜʘʯʥʠʿʝ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ʥʘ ʧʦʤʦ˂ʠ ʤʦʤ ʜʨʫʛʫ, ʤʨ ɸʣʝʢʩʘʥʜʨʫ ʉʘʤʘʨ˅ʠ˂ʫ, 

ʯʠʿʠ ʩʫ ʩʘʚʿʝʪʠ ʪʦʢʦʤ ʨʘʜʘ ʥʘ ʫʩʧʦʩʪʘʚˀʘˁʫ ʘʜʝʢʚʘʪʥʦʛ ʩʠʤʫʣʘʮʠʦʥʦʛ ʦʢʨʫʞʝˁʘ 

ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʦʛ ʨʿʝʰʝˁʘ ʩʧʝʢʫʣʘʪʠʚʥʦʛ CMP ʩʠʩʪʝʤʘ ʙʠʣʠ ʦʜ 

ʥʝʧʨʦʮʿʝʥˀʠʚʝ ʢʦʨʠʩʪʠ ʟʘ ʫʩʧʿʝʰʥʦʩʪ ʪʦʛ ʧʨʦʿʝʢʪʘ. 

ʂʦʨʠʩʪʠʤ ʧʨʠʣʠʢʫ ʜʘ ʩʝ ʟʘʭʚʘʣʠʤ ʠ ʤʦʿʠʤ ʜʨʘʛʠʤ ʧʨʠʿʘʪʝˀʠʤʘ, ʥʘʨʦʯʠʪʦ 

ʊʘʪʠʿʘʥʠ ʠ ɻʦʨʘʥʫ ʃʫʯʠ˂ʫ, ʥʘ ˁʠʭʦʚʦʿ ʥʝʠʟʤʿʝʨʥʦʿ ʧʦʜʨʰʮʠ ʢʦʿʫ ʩʫ ʤʠ ʜʘʚʘʣʠ 

ʩʚʠʭ ʦʚʠʭ ʛʦʜʠʥʘ. 

ʊʝʰʢʦ ʿʝ ʨʠʿʝʯʠʤʘ ʠʟʨʘʟʠʪʠ ʩʚʫ ʟʘʭʚʘʣʥʦʩʪ ʟʘ ʩʚʝʩʨʜʥʫ ʠ ʙʝʟʨʝʟʝʨʚʥʫ ʧʨʫʞʝʥʫ 

ʧʦʜʨʰʢʫ, ʢʘʦ ʠ ʥʝʠʟʤʿʝʨʥʦ ʧʦʰʪʦʚʘˁʝ, ʨʘʟʫʤʿʝʚʘˁʝ, ʩʪʨʧˀʝˁʝ ʠ ʧʦʚʿʝʨʝˁʝ ʢʦʿʝ 

ʤʠ ʿʝ ʫʢʘʟʘʦ ʤʦʿ ʤʝʥʪʦʨ, ʧʨʦʬ. ʜʨ. ʄʠʣʦ ʊʦʤʘʰʝʚʠ˂, ʢʘʢʦ ʪʦʢʦʤ ʩʚʠʭ ʦʚʠʭ ʛʦʜʠʥʘ 

ʥʘʰʝʛ ʟʘʿʝʜʥʠʯʢʦʛ ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ ʪʘʢʦ ʠ ʫ ʤʦʿʦʿ ʩʪʨʫʯʥʦʿ ʢʘʨʠʿʝʨʠ. ʉʘ 

ʜʫʞʥʠʤ ʧʦʰʪʦʚʘˁʝʤ ʟʘ ʩʚʝ ʰʪʦ ʩʪʝ ʫʯʠʥʠʣʠ ʠ ʯʠʥʠʪʝ ʟʘ ʤʝʥʝ ʿʝʜʥʦ ʚʝʣʠʢʦ 

ˀʫʜʩʢʦ ʍɺɸʃɸ ʦʜ ʤʦʿʝ ʧʦʨʦʜʠʮʝ ʠ ʤʝʥʝ ʣʠʯʥʦ. 

ʅʘ ʢʨʘʿʫ, ʟʘʭʚʘʣʠʦ ʙʠʭ ʩʝ ʩʚʦʿʦʿ ʧʦʨʦʜʠʮʠ ʢʦʿʘ ʿʝ ʫʚʠʿʝʢ ʙʠʣʘ ʤʦʿ ʛʣʘʚʥʠ 

ʦʩʣʦʥʘʮ ʫ ʞʠʚʦʪʫ, ʢʦʿʘ ʿʝ ʫʚʠʿʝʢ ʙʠʣʘ ʪʫ ʟʘ ʤʝʥʝ ʜʘ ʤʝ ʦʭʨʘʙʨʠ ʢʘʜʘ ʿʝ ʪʝʰʢʦ ʠ ʜʘ 

ʧʦʜʠʿʝʣʠ ʩʘ ʤʥʦʤ ʩʚʝ ʨʘʜʦʩʪʠ ʫʩʧʿʝʭʘ, ʙʝʟ ʯʠʿʝ ˀʫʙʘʚʠ, ʚʿʝʨʝ ʠ ʧʦʜʨʰʢʝ ʥʝ ʙʠ 

ʙʠʣʦ ʤʦʛʫ˂ʝ ʧʦʩʪʠ˂ʠ ʠ ʦʩʪʚʘʨʠʪʠ ʮʠˀʝʚʝ ʢʦʿʝ ʩʘʤ ʧʦʩʪʘʚʠʦ ʫ ʞʠʚʦʪʫ. 

 

 



 

 

ʅʘʩʣʦʚ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: ʇʨʝʜʣʦʛ ʧʦʜʨʰʢʝ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ 

ʥʠʪʠ ʫ CMP ʧʨʦʮʝʩʦʨʠʤʘ 

 

ʈʝʟʠʤʝ: ʋ ʦʚʦʤ ʨʘʜʫ ʩʝ ʧʦʰʣʦ ʦʜ ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ʩʝ ʨʝʩʫʨʩʠ ʚʠʰʝʿʝʟʛʘʨʥʠʭ 

(CMP) ʧʨʦʮʝʩʦʨʘ, ʫʟ ʜʦʜʘʪʥʫ ʭʘʨʜʚʝʨʩʢʫ ʠ/ʠʣʠ ʩʦʬʪʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʟʘ 

ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʥʠʪʠ (TLS), ʤʦʛʫ ʠʩʢʦʨʠʩʪʠʪʠ ʠ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʜʘʥʘʩ 

ʧʨʝʦʚʣʘʹʫʿʫ˂ʠʭ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ. ʄʝʹʫʪʠʤ, ʧʦʿʝʜʠʥʘ ʧʦʩʪʦʿʝ˂ʘ 

ʨʿʝʰʝˁʘ CMP ʧʨʦʮʝʩʦʨʘ ʩʘ TLS ʧʦʜʨʰʢʦʤ ʟʘʭʪʠʝʿʚʘʿʫ ʢʦʨʠʰ˂ʝˁʝ ʟʥʘʪʥʠʭ 

ʜʦʜʘʪʥʠʭ ʭʘʨʜʚʝʨʩʢʠʭ ʠ ʩʦʬʪʚʝʨʩʢʠʭ ʨʝʩʫʨʩʘ ʟʘ ʦʙʘʚˀʘˁʝ ʩʧʝʮʠʬʠʯʥʠʭ 

ʦʧʝʨʘʮʠʿʘ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ. ʉʪʦʛʘ ʿʝ 

ʫ ʦʚʦʤ ʨʘʜʫ ʫʨʘʹʝʥʘ ʦʧʩʝʞʥʘ ʠ ʚʝʦʤʘ ʜʝʪʘˀʥʘ ʢʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʧʦʩʪʦʿʝ˂ʠʭ 

CMP ʩʠʩʪʝʤʘ ʩʘ TLS ʧʦʜʨʰʢʦʤ ʧʨʠ ʯʝʤʫ ʩʫ ʧʦʩʝʙʥʦ ʨʘʟʤʦʪʨʝʥʠ ʝʣʝʤʝʥʪʠ 

ʭʘʨʜʚʝʨʩʢʝ ʠ ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʥʘ ʨʝʛʠʩʪaʨʩʢʦʤ ʠ ʤʝʤʦʨʠʿʩʢʦʤ 

ʥʠʚʦʫ. ʉʘ ʩʪʘʥʦʚʠʰʪʘ ʧʦʜʨʰʢʝ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʝ ʧʦʩʪʦʿʝ˂ʠ ʩʠʩʪʝʤʠ ʩʫ 

ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʧʦ ʥʘʯʠʥʫ ʦʨʛʘʥʠʟʘʮʠʿʝ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʠ ʥʘʯʠʥʫ ʧʦʚʝʟʠʚʘˁʘ, ʘ 

ʥʘʢʦʥ ʪʦʛʘ ʩʫ ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʘʥʠ ʨʝʛʠʩʪʘʨʩʢʠ ʢʦʤʫʥʠʢʘʮʠʦʥʠ ʤʝʭʘʥʠʟʤʠ, 

ʪʝʭʥʠʢʝ ʦʧʦʨʘʚʢʘ ʥʘʢʦʥ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ, ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʩʢʘʣʘʙʠʣʥʦʩʪ. 

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʩʠʩʪʝʤʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʩʧʝʢʫʣʘʪʠʚʥʝ ʤʝʤʦʨʠʿʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʿʝ 

ʫʨʘʹʝʥʘ ʧʨʝʤʘ ʦʨʛʘʥʠʟʘʮʠʿʠ ʤʝʤʦʨʠʿʩʢʝ ʭʠʿʝʨʘʨʭʠʿʝ, ʘ ʟʘʪʠʤ ʿʝ ʨʘʟʤʦʪʨʝʥʘ 

ʩʣʦʞʝʥʦʩʪ ʭʘʨʜʚʝʨʩʢʝ ʠ ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ. ʋʦʯʝʥʠ ʩʫ ʥʝʢʠ 

ʧʦʪʝʥʮʠʿʘʣʥʠ ʫʟʨʦʮʠ ʟʘ ʜʝʛʨʘʜʘʮʠʿʫ ʧʝʨʬʦʨʤʘʥʩʠ ʢʘʦ ʰʪʦ ʩʫ ʥʝʫʿʝʜʥʘʯʝʥ 

ʩʘʦʙʨʘ˂ʘʿ ʧʨʠ ʟʘʚʨʰʝʪʢʫ ʥʠʪʠ ʠ ʥʝʧʨʠʣʘʛʦʹʝʥ ʘʣʛʦʨʠʪʘʤ ʟʘʤʿʝʥʝ ʫ ʢʝʰ ʤʝʤʦʨʠʿʠ. 

ʅʘ ʦʩʥʦʚʫ ʩʧʨʦʚʝʜʝʥʝ ʘʥʘʣʠʟʝ ʧʦʩʪʦʿʝ˂ʠʭ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʩʠʩʪʝʤʘ, ʘ ʫ 

ʮʠˀʫ ʦʩʪʚʘʨʠʚʘˁʘ ʰʪʦ ʙʦˀʝʛ ʦʜʥʦʩʘ ʮʠʿʝʥʘ/ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʦʪʢʣʘˁʘˁʘ ʫʦʯʝʥʠʭ 

ʥʝʝʬʠʢʘʩʥʦʩʪʠ, ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʜʝʬʠʥʠʩʘʥ ʧʨʝʜʣʦʛ ʨʝʿʰʝˁʘ CMP ʧʨʦʮʝʩʦʨʘ 

ʩʘ ʿʝʜʥʦʩʪʘʚʥʠʿʦʤ TLS ʧʦʜʨʰʢʦʤ, ʫ ʢʦʿʝʤ ʩʝ ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ 

ʥʠʪʠ ʦʙʘʚˀʘ ʠ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʠ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ. ʇʨʝʜʣʦʞʝʥʠ CMP 

ʩʠʩʪʝʤ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʥʠʪʠ ʧʨʠʧʘʜʘ ʛʨʫʧʠ CMP ʩʠʩʪʝʤʘ ʩʘ 

ʦʩʥʦʚʥʦʤ ʛʝʥʝʨʠʯʢʦʤ ʘʨʭʠʪʝʢʪʫʨʦʤ ʥʘʜʛʨʘʹʝʥʦʤ ʧʦʜʨʰʢʦʤ ʠ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʠ ʟʘ 

ʤʝʤʦʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ. ʆʥ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʯʝʪʠʨʠ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ ʩʘ 

ʧʨʠʚʘʪʥʠʤ L1 ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ ʟʘ ʧʦʜʘʪʢʝ ʠ ʠʥʩʪʨʫʢʮʠʿʝ ʧʦʚʝʟʘʥʠʤ ʟʘʿʝʜʥʠʯʢʦʤ 

ʤʘʛʠʩʪʨʘʣʦʤ ʩʘ ʟʘʿʝʜʥʠʯʢʦʤ L2 ʢʝʰ ʤʝʤʦʨʠʿʦʤ. ʉʧʝʢʫʣʘʪʠʚʥʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʥʘ 

ʨʝʛʠʩʪʘʨʩʢʦʤ ʠ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ ʩʝ ʦʙʘʚˀʘ ʧʨʝʢʦ ʧʦʩʝʙʥʠʭ ʟʘʿʝʜʥʠʯʢʠʭ 

ʤʘʛʠʩʪʨʘʣʘ ʥʘ ʧʨʠʥʮʠʧʠʤʘ Ăsnoopyñ ʧʨʦʪʦʢʦʣʘ, ʜʦʢ ʩʝ ʩʧʝʢʫʣʘʪʠʚʥʘ 

ʧʘʨʘʣʝʣʠʟʘʮʠʿʘ ʩʧʨʦʚʦʜʠ ʥʘ ʥʠʚʦʫ ʧʝʪˀʠ ʪʘʢʦ ʜʘ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʦʜʛʦʚʘʨʘʿʫ 

ʧʦʿʝʜʠʥʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʧʝʪˀʝ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʠʪʠ ʫ ʧʨʝʜʣʦʞʝʥʦʤ ʩʠʩʪʝʤʫ ʩʝ 

ʚʨʰʠ ʫʟ ʧʦʤʦ˂ ʙʠʥʘʨʥʦʛ ʘʥʦʪʘʪʦʨʘ, ʧʦʩʝʙʥʝ ʩʦʬʪʚʝʨʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʘ ʨʘʜʠ ʥʘʜ 

ʩʝʢʚʝʥʮʠʿʘʣʥʠʤ ʠʟʚʨʰʥʠʤ ʢʦʜʦʤ ʪʘʢʦ ʜʘ ʩʝ ʥʠʿʝ ʧʦʪʨʝʙʥʦ ʧʦʥʦʚʥʦ ʧʨʝʚʦʹʝˁʝ 

ʠʟʚʦʨʥʦʛ ʢʦʜʘ. ʇʦʨʝʜ ʪʦʛʘ, ʙʠʥʘʨʥʠ ʘʥʦʪʘʪʦʨ ʟʘ ʧʦʪʨʝʙʝ ʧʨʦʪʦʢʦʣʘ ʢʦʿʠ 

ʢʦʥʪʨʦʣʠʰʝ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʚʨʰʠ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʠʥʩʪʨʫʢʮʠʿʘ ʫʧʠʩʘ ʫ 

ʨʝʛʠʩʪʨʝ ʯʠʿʝ ʩʝ ʚʨʠʝʿʜʥʦʩʪʠ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʤʦʛʫ ʤʠʿʝˁʘʪʠ ʫ 

ʧʝʪˀʠ. ʉʧʝʢʫʣʘʪʠʚʥʦ ʧʨʦʠʟʚʝʜʝʥʝ ʤʝʤʦʨʠʿʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʩʝ ʜʨʞʝ ʫ ʧʨʠʚʘʪʥʦʿ 



 

 

L1 ʢʝʰ ʤʝʤʦʨʠʿʠ, ʜʦʢ ʟʘʿʝʜʥʠʯʢʘ L2 ʢʝʰ ʤʝʤʦʨʠʿʘ ʯʫʚʘ ʩʝʢʚʝʥʮʠʿʘʣʥʦ ʩʪʘˁʝ 

ʘʧʣʠʢʘʮʠʿʝ. ʄʝʤʦʨʠʿʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʤʦʛʫ ʙʠʪʠ ʧʨʝʥʝʩʝʥʝ ʫ L2 ʢʝʰ ʤʝʤʦʨʠʿʫ 

ʥʘʢʦʥ ʰʪʦ ʥʠʪ ʧʦʩʪʘʥʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ. ʉʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʤʦʞʝ ʜʘ ʯʠʪʘ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʧʦʜʘʪʢʝ ʦʜ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʠʣʠ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʠʣʠ ʥʘʨʝʜʥʠʭ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʧʨʝʜʣʦʞʝʥʦʤ ʨʿʝʰʝˁʫ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ 

ʧʦʜʨʰʢʘ ʟʘ ʜʠʥʘʤʠʯʢʦ ʧʨʝʧʦʟʥʘʚʘˁʝ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʠ 

ʦʧʦʨʘʚʘʢ ʥʘʢʦʥ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ. 

ɿʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʩʫ ʧʨʝʜʣʦʞʝʥʘ ʜʚʘ ʧʨʦʪʦʢʦʣʘ: ʦʩʥʦʚʥʘ ʚʘʨʠʿʘʥʪʘ 

- SIC ʧʨʦʪʦʢʦʣ ʠ ʧʨʦʰʠʨʝʥʘ ʚʘʨʠʿʘʥʪʘ ï ESIC ʧʨʦʪʦʢʦʣ ʢʦʿʠ ʿʝ ʟʘ ʨʘʟʣʠʢʫ ʦʜ SIC-ʘ 

ʟʘʩʥʦʚʘʥ ʥʘ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʧʨʦʩʣʝʹʠʚʘˁʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʩʠʛʫʨʥʠʭ ʚʨʠʝʿʜʥʦʩʪʠ 

ʨʝʛʠʩʪʘʨʘ. ʂʚʘʣʠʪʘʪʠʚʥʦ ʧʦʨʝʹʝˁʝ ʧʨʦʪʦʢʦʣʘ SIC ʠ ESIC ʿʝ ʫʢʘʟʘʣʦ ʥʘ ʧʦʩʪʦʿʘˁʝ 

ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʜʦʙʠʪʢʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʫ ESIC ʫ ʦʜʥʦʩʫ ʥʘ SIC. ʆʚʘʿ ʜʦʙʠʪʘʢ ʿʝ 

ʧʦʩˀʝʜʠʮʘ ʩʤʘˁʝʥʦʛ ʙʣʦʢʠʨʘˁʘ ʥʠʪʠ ʧʦʪʨʦʰʘʯʘ ʠ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ 

ʚʿʝʨʦʚʘʪʥʦ˂ʝ ʜʘ ʩʝ ʧʨʦʩˀʝʹʝʥʘ, ʧʦʪʝʥʮʠʿʘʣʥʦ ʩʠʛʫʨʥʘ ʚʨʠʿʝʜʥʦʩʪ ʨʝʛʠʩʪʨʘ 

ʠʩʧʦʩʪʘʚʠ ʢʘʦ ʢʦʥʘʯʥʘ. ʋ ʩʫʧʨʦʪʥʦʤ, ʧʦʛʨʝʰʥʘ ʩʧʝʢʫʣʘʮʠʿʘ ʠʟʘʟʠʚʘ ʧʦʥʠʰʪʘʚʘˁʝ 

ʥʠʪʠ ʰʪʦ ʤʦʞʝ ʠʤʘʪʠ ʥʝʛʘʪʠʚʘʥ ʝʬʝʢʘʪ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʢʦʨʠʩʪʠ 

ʠʥʬʦʨʤʘʮʠʿʘ ʠʟ ʧʨʦʬʘʿʣʝʨʘ ʦ ʚʿʝʨʦʚʘʪʥʦ˂ʠ ʫʩʧʿʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ ʢʘʢʦ ʙʠ 

ʧʦʥʠʰʪʘʚʘˁʝ ʥʠʪʠ ʙʠʣʦ ʰʪʦ ʨʿʝʹʝ. ʋ ʧʨʦʪʦʢʦʣʠʤʘ SIC ʠ ESIC ʩʝ ʢʦʨʠʩʪʠ 

ʤʝʭʘʥʠʟʘʤ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ʦʜʣʫʯʠʚʘˁʘ ʟʘ ʝʬʠʢʘʩʥʠʿʝ ʧʨʦʥʘʣʘʞʝˁʝ ʥʘʿʙʣʠʞʝ 

ʧʨʝʪʭʦʜʥʝ ʥʠʪʠ. ʆʩʠʤ ʪʦʛʘ, ʙʨʦʿ ʠʥʚʘʣʠʜʘʮʠʦʥʠʭ ʧʨʦʤʘʰʘʿʘ ʟʘ ʢʦʥʩʪʘʥʪʥʝ 

ʨʝʛʠʩʪʨʝ ʫ ʧʨʦʪʦʢʦʣʠʤʘ SIC ʠ ESIC ʿʝ ʩʤʘˁʝʥ ʢʦʨʠʰ˂ʝˁʝʤ Ăread-snarfingñ 

ʪʝʭʥʠʢʝ. ʇʦʨʝʜ ʪʦʛʘ, ʧʨʦʪʦʢʦʣʠ SIC ʠ ESIC ʠʩʧʦˀʘʚʘʿʫ ʩʢʘʣʘʙʠʣʥʦʩʪ ʩʘ 

ʩʪʘʥʦʚʠʰʪʘ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʟʘʪʦ ʰʪʦ ʚʝʣʠʯʠʥʘ ʣʦʢʘʣʥʦʛ ʢʘʪʘʣʦʛʘ ʠ ʭʘʨʜʚʝʨʩʢʘ 

ʧʦʜʨʰʢʘ ʦʩʪʘʿʫ ʩʢʦʨʦ ʢʦʥʩʪʘʥʪʥʠ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ. 

ʇʨʝʜʣʦʞʝʥʝ ʩʫ ʠ ʪʨʠ ʚʘʨʠʿʘʥʪʝ ʤʝʤʦʨʠʿʩʢʦʛ ʧʨʦʪʦʢʦʣʘ ʢʦʿʝ ʠʥʪʝʛʨʠʰʫ 

ʦʜʨʞʘʚʘˁʝ ʢʦʭʝʨʝʥʮʠʿʝ ʢʝʰ ʤʝʤʦʨʠʿʘ ʠ ʧʦʜʨʰʢʫ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ. ʇʨʚʘ ʚʘʨʠʿʘʥʪʘ, 

ʧʨʦʪʦʢʦʣ SISC-WI, ʟʘʩʥʦʚʘʥ ʿʝ ʥʘ ʩʪʨʘʪʝʛʠʿʠ ʧʦʥʠʰʪʘʚʘˁʘ ʠ ʢʦʨʠʩʪʠ 13 ʩʪʘˁʘ ʟʘ 

ʧʨʘ˂ʝˁʝ ʩʪʘʪʫʩʘ ʧʦʜʘʪʢʘ. ʆʥ ʦʤʦʛʫ˂ʘʚʘ ʩʘʤʦ ʢʦʤʫʥʠʢʘʮʠʿʫ ʤʝʹʫ ʥʠʪʠʤʘ ʢʦʿʫ ʿʝ 

ʧʦʢʨʝʥʫʦ ʧʦʪʨʦʰʘʯ. ɼʘ ʙʠ ʩʝ ʩʤʘˁʠʦ ʙʨʦʿ ʠʥʚʘʣʠʜʘʮʠʦʥʠʭ ʧʨʦʤʘʰʘʿʘ ʨʘʟʨʘʹʝʥʘ 

ʿʝ ʠ ʜʨʫʛʘ ʚʝʨʟʠʿʘ ʧʨʦʪʦʢʦʣʘ ʩʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ Ăread-snarfingñ ʪʝʭʥʠʢʝ, 

SISC-WI-RS, ʢʦʿʘ ʚʨʰʠ ʠʩʪʦʚʨʝʤʝʥʫ ʚʘʣʠʜʘʮʠʿʫ ʧʦʥʠʰʪʝʥʠʭ ʢʦʧʠʿʘ. ʊʨʝ˂ʘ 

ʚʘʨʠʿʘʥʪʘ, SISC-WU ʧʨʦʪʦʢʦʣ, ʟʘʩʥʦʚʘʥ ʿʝ ʥʘ ʩʪʨʘʪʝʛʠʿʠ ʘʞʫʨʠʨʘˁʘ ʠ ʢʦʨʠʩʪʠ 9 

ʩʪʘˁʘ ʟʘ ʧʨʘ˂ʝˁʝ ʩʪʘʪʫʩʘ ʧʦʜʘʪʢʘ. ʆʥ ʦʤʦʛʫ˂ʘʚʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʤʝʹʫ ʥʠʪʠʤʘ ʠ ʦʜ 

ʩʪʨʘʥʝ ʧʦʪʨʦʰʘʯʘ ʠ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ. ʇʦʨʝʜ ʪʦʛʘ, ʩʚʘʢʦʿ ʨʠʿʝʯʠ ʫ L1 ʢʝʰ 

ʤʝʤʦʨʠʿʠ ʿʝ ʜʦʜʘʪ ʿʝʜʘʥ ʙʠʪ ʢʦʿʠ ʦʟʥʘʯʘʚʘ ʟʘʩʪʘʨʿʝʣʦʩʪ ʨʠʿʝʯʠ. ʋ ʩʚʠʤ ʚʘʨʠʿʘʥʪʘʤʘ 

ʤʝʤʦʨʠʿʩʢʠʭ ʧʨʦʪʦʢʦʣʘ ʿʝ ʧʨʝʜʣʦʞʝʥ ʠ ʤʝʭʘʥʠʟʘʤ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʘʨʙʠʪʨʘʮʠʿʝ ʥʘ 

ʤʘʛʠʩʪʨʘʣʠ ʟʘ ʠʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫʝ˂ʛ ʜʦʩʪʘʚˀʘʯʘ ʧʦʜʘʪʘʢʘ ʥʘ ʟʘʭʪʿʝʚ ʥʝʢʝ ʥʠʪʠ. 

ʊʘʢʦʹʝ, ʩʚʝ ʪʨʠ ʚʘʨʠʿʘʥʪʝ ʤʝʤʦʨʠʿʩʢʠʭ ʧʨʦʪʦʢʦʣʘ ʢʦʨʠʩʪʝ ʧʨʠʣʘʛʦʹʝʥʠ ʘʣʛʦʨʠʪʘʤ 

ʟʘʤʿʝʥʝ ʢʦʿʠ ʧʨʠʣʠʢʦʤ ʠʟʙʦʨʘ ʨʠʿʝʯʠ ʟʘ ʟʘʤʿʝʥʫ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ˁʝʥʦ ʩʪʘˁʝ ʢʘʦ 

ʧʨʠʤʘʨʥʠ ʢʨʠʪʝʨʠʿʫʤ, ʫʤʿʝʩʪʦ ʫʦʙʠʯʘʿʝʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʠʩʪʦʨʠʿʝ ʧʨʠʩʪʫʧʘ 

ʢʦʨʠʰ˂ʝʥʦʛ ʢʦʜ ʩʚʠʭ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘ. ʉʧʝʢʫʣʘʪʠʚʥʦʿ ʥʠʪʠ ʿʝ ʜʦʟʚʦˀʝʥʦ ʜʘ ʠʟ L1 

ʢʝʰ ʤʝʤʦʨʠʿʝ ʠʟʙʘʮʠ ʤʦʜʠʬʠʢʦʚʘʥʫ ʧʦʪʚʨʹʝʥʫ ʨʠʿʝʯ ʢʦʿʘ ʿʝ ʿʝʜʠʥʘ ʢʦʧʠʿʘ 



 

 

ʧʨʠʣʠʢʦʤ ʦʧʝʨʘʮʠʿʝ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʯʠʪʘˁʘ ʦʜʥʦʩʥʦ ʧʠʩʘˁʘ ʟʘ ʜʘʪʫ ʨʠʿʝʯ. ʇʦʨʝʜ 

ʪʦʛʘ, ʩʚʝ ʨʠʿʝʯʠ ʢʦʿʝ ʥʠʿʝʩʫ ʙʠʣʝ ʩʧʝʢʫʣʘʪʠʚʥʦ ʧʨʦʯʠʪʘʥʝ ʠʣʠ ʠʟʤʠʿʝˁʝʥʝ ʤʦʛʫ ʩʝ 

ʩʤʘʪʨʘʪʠ ʢʘʥʜʠʜʘʪʠʤʘ ʟʘ ʟʘʤʿʝʥʫ, ʯʠʤʝ ʩʝ ʠʟʙʿʝʛʘʚʘ ʟʘʫʩʪʘʚˀʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʦʛ 

ʠʟʚʨʰʘʚʘˁʘ. 

ɿʘ ʧʦʪʨʝʙʝ ʠʤʧʣʝʤʝʥʪʘʮʠʦʥʝ ʠ ʝʚʘʣʫʘʮʠʦʥʝ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʦʛ ʩʠʩʪʝʤʘ, 

ʨʘʟʚʠʿʝʥʦ ʿʝ ʥʦʚʦ ʩʠʤʫʣʘʮʠʦʥʦ ʦʢʨʫʞʝˁʝ ʢʦʿʝ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʤʦʜʫʣʘʨʥʦʤ 

ʩʠʤʫʣʘʪʦʨʫ UNISIM ʢʦʿʠ ʧʦʜʨʞʘʚʘ ʩʠʤʫʣʘʮʠʿʫ ʥʘ ʥʠʚʦʫ ʮʠʢʣʫʩʘ. ʂʘʦ 

ʥʘʿʩʣʦʞʝʥʠʿʠ ʜʠʦ ʫʢʫʧʥʝ ʧʦʜʨʰʢʝ ʟʘ TLS ʫ ʧʨʝʜʣʦʞʝʥʦʤ CMP ʧʨʦʮʝʩʦʨʫ, ʟʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʿʝ ʦʜʘʙʨʘʥ ʧʨʦʪʦʢʦʣ SISC-WI. ʋ ʪʦʤ ʮʠˀʫ ʿʝ ʠʟʚʨʰʝʥʘ 

ʤʦʜʠʬʠʢʘʮʠʿʘ ʧʦʪʨʝʙʥʠʭ ʤʦʜʫʣʘ (ʤʦʜʫʣ ʢʝʰ ʤʝʤʦʨʠʿʝ, ʤʦʜʫʣ ʢʝʰ ʢʦʥʪʨʦʣʝʨʘ ʠ 

ʤʦʜʫʣ ʩʠʩʪʝʤʩʢʝ ʤʘʛʠʩʪʨʘʣʝ) ʫ ʙʠʙʣʠʦʪʝʮʠ ʢʦʤʧʦʥʝʥʪʠ ʩʠʤʫʣʘʪʦʨʘ UNISIM ʢʘʢʦ 

ʙʠ ʩʝ ʟʘʜʦʚʦˀʠʣʠ ʟʘʭʪʿʝʚʠ SISC-WI ʧʨʦʪʦʢʦʣʘ. ʆʩʠʤ ʪʦʛʘ, ʫ ʩʠʤʫʣʘʪʦʨʫ UNISIM 

ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʤʦʜʫʣ ʟʘ MIPS ʩʧʝʢʫʣʘʪʠʚʥʫ ʚʠʰʝʿʝʟʛʘʨʥʫ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʠ 

ʯʝʤʫ ʩʫ ʜʦʜʘʪʘ ʪʨʠ ʥʦʚʘ ʤʦʜʫʣʘ: ʨʘʩʧʦʨʝʹʠʚʘʯ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʥʘ 

ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ, ʤʦʜʫʣ ʢʦʿʠ ʜʝʪʝʢʪʫʿʝ ʥʘʨʫʰʘʚʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʠ 

ʚʨʰʠ ʧʦʥʠʰʪʘʚʘˁʝ ʥʠʪʠ ʠ ʤʦʜʫʣ ʢʦʿʠ ʙʠʨʘ ʜʦʙʘʚˀʘʯʘ ʟʘ ʪʨʘʞʝʥʠ ʧʦʜʘʪʘʢ ʠʟʤʝʹʫ 

ʚʠʰʝ ʥʠʪʠ. ʄʦʜʫʣ ʟʘ ʜʝʪʝʢʮʠʿʫ ʠ ʨʘʟʿʝʰʘʚʘˁʝ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ ʫʩʧʿʝʰʥʦ 

ʨʘʟʨʿʝʰʘʚʘ ʧʨʦʙʣʝʤʝ ʢʦʿʠ ʩʫ ʚʝʟʘʥʠ ʟʘ ʧʦʥʠʰʪʘʚʘˁʝ ʥʠʪʠ, ʘ ʟʘ ʢʦʿʝ ʫ ʜʦʩʪʫʧʥʦʿ 

ʣʠʪʝʨʘʪʫʨʠ ʥʠʿʝʩʫ ʥʘʹʝʥʘ ʨʿʝʰʝˁʘ. ʈʘʟʚʠʿʝʥ ʿʝ ʠ ʢʨʦʩ-ʢʦʤʧʘʿʣʝʨ ʟʘʩʥʦʚʘʥ ʥʘ 

ʨʘʜʥʦʤ ʦʢʚʠʨʫ crosstool-NG. ʅʘ ʢʨʘʿʫ, ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʧʨʦʪʦʢʦʣʘ SISC-WI ʫ 

ʨʝʘʣʠʟʦʚʘʥʦʤ ʩʠʤʫʣʘʮʠʦʥʦʤ ʦʢʨʫʞʝˁʫ ʿʝ ʧʦʢʘʟʘʣʘ ʠʩʧʨʘʚʥʦʩʪ ʢʦʥʮʝʧʪʘ. 

 

ʂˀʫʯʥʝ ʨʠʿʝʯʠ: ʉʄʈ ʧʨʦʮʝʩʦʨʠ, ʩʧʝʢʫʣʘʪʠʚʥʠ ʧʘʨʘʣʝʣʠʟʘʤ ʥʘ ʥʠʚʦʫ ʥʠʪʠ, 

ʨʝʛʠʩʪʘʨʩʢʠ ʧʨʦʪʦʢʦʣ, ʤʝʤʦʨʠʿʩʢʠ ʧʨʦʪʦʢʦʣ, ʤʝʭʘʥʠʟʘʤ ʜʠʩʪʨʠʙʫʠʨʘʥʝ 

ʘʨʙʠʪʨʘʮʠʿʝ, ʘʣʛʦʨʠʪʘʤ ʟʘʤʿʝʥʝ ʢʝʰ ʨʠʿʝʯʠ, ʩʠʤʫʣʘʮʠʦʥʦ ʦʢʨʫʞʝˁʝ 
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Title:  A Proposal of Support for Thread Level Speculation in CMPs 

 

Abstract:  In this research it was assumed that resources of chip multiprocessors (CMP), 

with additional hardware and/or software support for Thread Level Speculation (TLS) 

can be exploited for the execution of sequential applications which prevail today. 

However, some existing CMPs with TLS support require substantial additional 

hardware and software resources to perform specific operations during speculative 

execution of sequential applications. Therefore, an extensive and very detailed 

comparative analysis of existing speculative CMPs is performed focusing on hardware 

and software support for the speculation on both register and memory levels. According 

to the register level communication support, existing systems are classified by the 

organization of register file and interconnection topology. Then, a comparative analysis 

of registration communication mechanisms, misspeculation recovery techniques, and 

performance and scalability, are presented. According to the memory level 

communication support, existing systems are classified by the organization of the 

memory hierarchy, and then, the complexity of hardware and software support for 

speculation is discussed. Some potential causes for performance degradation such as 

burst traffic on thread commit and inappropriate replacement algorithm for cache 

memories are considered. 

Based on the analysis of existing speculative CMPs, in order to achieve a better 

cost/performance and to eliminate the observed inefficiencies, a CMP with a simpler 

TLS support, which enables the communication between speculative threads on both 

register and the memory level, is proposed in this dissertation. The proposed speculative 

CMP belongs to the systems with basically generic architecture enhanced with support 

for register and memory speculative communication. It consists of four processing cores 

with private data and instruction L1 caches which are connected by a shared bus to a 

shared L2 cache. The speculative communication at the register and memory level is 

done through corresponding shared buses following the principles of snoopy protocols. 

Speculative parallelization is implemented at the loop level and speculative threads 

correspond to the loop iterations. Speculative threads are identified using the binary 

annotator, the special software component that operates on a sequential executable code 

without need for source code recompilation. In addition, this tool annotates write 

instructions to loop-alive registers for the purpose of protocol that controls the register 

level communication. Speculatively produced memory values are kept in private L1 

caches, while shared L2 cache stores the sequential state. Memory values can be 

transferred to the L2 cache only after a thread becomes non-speculative. The speculative 

thread can read data from non-speculative thread or some preceding or subsequent 

speculative thread. The proposed solution implements a support for dynamic 

identification of data dependence violations and recovery from misspeculation. 

Two protocols are proposed for register communication: the basic version ï the SIC 

protocol, and its extended version - the ESIC protocol which is, unlike the SIC, based 

on speculative forwarding of potentially safe register values. Qualitative comparison of 



 

 

the SIC and ESIC protocols indicate a potential performance gain in the ESIC compared 

to the SIC protocol. This gain is a result of reduced blocking of consumer threads and it 

directly depends on the probability that forwarded, a potentially safe, register value 

turns out to be final. Otherwise, the misspeculation causes thread squashing which may 

have hurt the performance. By using profiler provided information on probability of 

successful speculation it is possible to decrease the frequency of thread squashing. The 

SIC and ESIC protocols employ a mechanism of distributed arbitration for efficiently 

finding the data supplier threads. Besides, the number of invalidation misses for non 

loop-alive registers in SIC and ESIC protocols is reduced by using read-snarfing 

technique. As for the complexity, both protocols are scalable since the size of the local 

directory and hardware support remain almost constant while increasing the number of 

processor cores. 

Three variants of the memory protocols that integrate the cache coherence with the 

support for speculation are proposed. The first variant, the SISC-WI protocol, is 

invalidation-based and uses 13 states. It allows consumer-initiated communication 

between speculative threads only. The second variant, the SISC-WI-RS protocol, tends 

to reduce the number of invalidation misses using read-snarfing technique for 

simultaneous validation of invalidated copies. The third variant, the SISC-WU protocol, 

is update-based and uses 9 states. It allows both producer- and consumer-initiated 

communication between speculative threads. In addition to state bits, there is a bit per 

each word in L1 cache which indicates if the word is stale. Again, distributed arbitration 

on the shared bus is proposed for the selection of appropriate suppliers of data at a 

thread request. Also, all three memory protocols employ a modified cache memory 

replacement algorithm which first takes into account a word state, instead of history-

based algorithms in all other systems. A speculative thread is allowed to evict a 

modified committed word from the L1 cache during speculative read or write operations 

to this word since it is the only copy. In addition, all the words that are not speculatively 

read or modified can be considered for replacement, thus avoiding the unnecessary 

stalling of speculative execution. 

A new simulation environment based on the UNISIM modular cycle-level simulator 

is developed for the purpose of implementation and evaluation analysis of the proposed 

support. Then, the most complex part of the overall proposed TLS support, the SISC-

WI protocol, is chosen for implementation in such a simulation environment. In order to 

make this possible it was necessary to extensively modify some existing standard 

UNISIM simulator modules: the cache memory, the cache controller and the system 

bus. On top of this, a speculative multi-core MIPS architecture is simulated and three 

new modules are included: Scheduler, Squash Arbiter and Supplier Arbiter. The Squash 

Arbiter module for the detection and resolving of misspeculation successfully solved 

some problems related to thread squashing that are not considered in the open literature. 

Besides, the cross-compiler based on the crosstool-NG framework is developed. Finally, 

the implementation of the SISC-WI protocol in the simulation environment proved the 

validity of the concept. 
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ɻʣʘʚʘ 1  ʋʚʦʜ 
 

ʉʚʝ ʜʦ ʧʨʠʿʝ ʜʝʩʝʪʘʢ ʛʦʜʠʥʘ ʧʨʦʮʝʩʦʨʠ ʩʘ ʿʝʜʥʠʤ ʩʫʧʝʨʩʢʘʣʘʨʥʠʤ ʿʝʟʛʨʦʤ ʩʫ 

ʙʠʣʠ ʜʦʤʠʥʘʥʪʥʠ ʫ ʪʝʭʥʦʣʦʛʠʿʠ ʧʨʦʮʝʩʦʨʘ. ʄʝʹʫʪʠʤ, ʦʛʨʘʥʠʯʝˁʘ ʫ ʠʩʢʦʨʠʰ˂ʝˁʫ 

ʧʘʨʘʣʝʣʠʟʤʘ ʥʘ ʥʠʚʦʫ ʠʥʩʪʨʫʢʮʠʿʝ, ʦʛʨʦʤʥʘ ʩʣʦʞʝʥʦʩʪ ʜʠʟʘʿʥʘ ʢʦʿʘ ʧʨʦʮʝʩʝ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʠ ʪʝʩʪʠʨʘˁʘ ʯʠʥʠ ʚʨʣʦ ʟʘʭʪʿʝʚʥʠʤ, ʢʘʦ ʠ ʧʨʦʙʣʝʤʠ ʩʘ ʜʦʚʦʹʝˁʝʤ 

ʧʦʪʨʝʙʥʝ ʝʥʝʨʛʠʿʝ ʠ ʦʜʚʦʹʝˁʝʤ ʜʠʩʠʧʠʨʘʥʝ ʪʦʧʣʦʪʝ, ʚʨʣʦ ʩʫ ʫʩʧʦʨʠʣʠ ʨʘʩʪ 

ʧʝʨʬʦʨʤʘʥʩʠ ʧʨʦʮʝʩʦʨʘ. ʉʚʝ ʪʦ ʿʝ ʫ ʧʦʩʣʝʜˁʦʿ ʜʝʢʘʜʠ ʫʩʣʦʚʠʣʦ ʧʦʪʧʫʥʫ ʧʨʦʤʿʝʥʫ 

ʨʘʟʚʦʿʥʝ ʬʠʣʦʟʦʬʠʿʝ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʧʨʦʮʝʩʦʨʘ. ʉʨʝʜʠʥʦʤ ʧʨʦʰʣʝ ʜʝʮʝʥʠʿʝ 

ʧʦʿʘʚʠʣʘ ʩʝ ʥʦʚʘ ʧʘʨʘʜʠʛʤʘ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʧʨʦʮʝʩʦʨʘ ʢʦʿʦʤ ʩʝ ʧʨʝʚʘʟʠʣʘʟʝ ʦʚʠ 

ʧʨʦʙʣʝʤʠ. ʆʥʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʨʦʮʝʩʦʨʠʤʘ ʩʘ ʚʠʰʝ ʿʝʟʛʘʨʘ ʥʘ ʯʠʧʫ (CMP ï chip 

multiprocessors ʠʣʠ multicore processors). CMP ʧʨʦʮʝʩʦʨ ʤʦʞʝ ʝʬʠʢʘʩʥʦ ʜʘ 

ʠʩʢʦʨʠʩʪʠ ʠ ʜʘˀʝ ʨʘʩʪʫ˂ʠ ʙʨʦʿ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʿʝʜʥʦʤ ʯʠʧʫ ʪʘʢʦ ʰʪʦ ʩʝ ʥʘ ʯʠʧ 

ʩʤʿʝʰʪʘ ʚʠʰʝ ʨʝʣʘʪʠʚʥʦ ʿʝʜʥʦʩʪʘʚʥʠʭ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʫʤʿʝʩʪʦ ʿʝʜʥʦʛ 

ʩʣʦʞʝʥʦʛ ʿʝʟʛʨʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʧʦʩʪʠʞʝ ʚʝ˂ʘ ʫʢʫʧʥʘ ʧʨʦʮʝʩʥʘ ʩʥʘʛʘ. ʇʦʨʝʜ ʪʦʛʘ, 

ʉMP ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʠ ʢʘʦ ʛʨʘʜʠʚʥʠ ʙʣʦʢ ʫ ʚʝ˂ʠʤ ʩʢʘʣʘʙʠʣʥʠʤ 

ʤʫʣʪʠʧʨʦʮʝʩʦʨʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʜʦ ʥʠʚʦʘ ʩʫʧʝʨʨʘʯʫʥʘʨʘ. 

ɼʦʢ ʿʝ ʫ ʩʫʧʝʨʩʢʘʣʘʨʥʠʤ ʧʨʦʮʝʩʦʨʠʤʘ ʧʨʝʦʚʣʘʜʘʚʘʦ ʧʘʨʘʣʝʣʠʟʘʤ ʥʘ ʥʠʚʦʫ 

ʠʥʩʪʨʫʢʮʠʿʝ, CMP ʧʨʦʮʝʩʦʨʠ ʝʬʠʢʘʩʥʦ ʧʦʜʨʞʘʚʘʿʫ ʧʘʨʘʣʝʣʠʟʘʤ ʥʘ ʥʠʚʦʫ ʥʠʪʠ ʫ 

ʦʢʚʠʨʫ ʘʧʣʠʢʘʮʠʿʝ, ʢʘʦ ʠ ʠʩʪʦʚʨʝʤʝʥʦ ʠʟʚʨʰʘʚʘˁʝ ʚʠʰʝ ʘʧʣʠʢʘʮʠʿʘ. ɿʘʪʦ ʩʝ ʜʘʥʘʩ 

ʉMP ʧʨʦʮʝʩʦʨʠ ʰʠʨʦʢʦ ʢʦʨʠʩʪʝ ʢʘʦ ʧʣʘʪʬʦʨʤʘ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʘʧʣʠʢʘʮʠʿʘ ʢʘʦ 

ʰʪʦ ʩʫ ʙʘʟʝ ʧʦʜʘʪʘʢʘ, Web ʩʝʨʚʝʨʠ, ʤʫʣʪʠʤʝʜʠʿʘʣʥʠ ʢʦʨʠʩʥʠʯʢʠ ʠʥʪʝʨʬʝʿʩʠ, 

ʟʘʭʪʿʝʚʥʝ ʥʘʫʯʥʝ ʠ ʠʥʞʝˁʝʨʩʢʝ ʘʧʣʠʢʘʮʠʿʝ ʩʘ ʜʦʩʪʘ ʠʥʭʝʨʝʥʪʥʦʛ ʧʘʨʘʣʝʣʠʟʤʘ 

ʨʘʟʣʠʯʠʪʦʛ ʥʠʚʦʘ ʛʨʘʥʫʣʘʨʥʦʩʪʠ. 

ʄʝʹʫʪʠʤ, ʨʝʩʫʨʩʝ CMP ʧʨʦʮʝʩʦʨʘ ʪʨʝʙʘ ʠʩʢʦʨʠʩʪʠʪʠ ʠ ʧʨʠʣʠʢʦʤ ʠʟʚʨʰʘʚʘˁʘ 

ʜʘʥʘʩ, ʠʧʘʢ, ʧʨʝʦʚʣʘʹʫʿʫ˂ʠʭ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ 

ʧʨʝʚʦʜʠʦʮʠ ʟʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ ʫʩʧʿʝʰʥʠ ʩʘʤʦ ʟʘ ʦʛʨʘʥʠʯʝʥʫ ʢʣʘʩʫ ʘʧʣʠʢʘʮʠʿʘ, 



 

2 

 

ʿʘʚʠʣʘ ʩʝ ʠʜʝʿʘ ʜʘ ʩʝ ʫ ʮʠˀʫ ʫʙʨʟʘʚʘˁʘ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʧʨʦʛʨʘʤʘ ʫ CMP 

ʧʨʦʮʝʩʦʨʝ ʜʦʜʘ ʧʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʥʘ ʥʠʚʦʫ ʥʠʪʠ - TLS 

(thread-level speculation). TLS ʪʝʭʥʠʢʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʫ ʚʨʠʿʝʤʝ ʧʨʝʚʦʹʝˁʘ ʠʣʠ 

ʠʟʚʨʰʘʚʘˁʘ ʢʨʝʠʨʘʿʫ ʥʠʪʠ ʠʟ ʩʝʢʚʝʥʮʠʿʘʣʥʦʛ ʠʟʚʦʨʥʦʛ ʠʣʠ ʙʠʥʘʨʥʦʛ ʢʦʜʘ ʢʦʿʝ 

ʤʦʛʫ ʜʘ ʩʝ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘʿʫ ʧʘʨʘʣʝʣʥʦ, ʯʘʢ ʠ ʘʢʦ ʠʟʤʝʹʫ ˁʠʭ ʧʦʩʪʦʿʝ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ. ɼʦʜʘʪʥʘ ʭʘʨʜʚʝʨʩʢʘ ʠ/ʠʣʠ ʩʦʬʪʚʝʨʩʢʘ 

ʧʦʜʨʰʢʘ ʥʘʜʛʣʝʜʘ ʠʩʧʨʘʚʥʦʩʪ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ, ʧʘ ʫʢʦʣʠʢʦ ʩʝ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʟʘʚʠʩʥʦʩʪʠ ʥʝ ʦʩʪʚʘʨʝ ʫ ʚʨʠʿʝʤʝ ʠʟʚʨʰʘʚʘˁʘ, ʥʠʪʠ ʩʝ ʥʦʨʤʘʣʥʦ 

ʟʘʚʨʰʘʚʘʿʫ ʠ ʧʝʨʬʦʨʤʘʥʩʝ ʩʝ ʧʦʙʦˀʰʘʚʘʿʫ ʟʙʦʛ ʦʩʪʚʘʨʝʥʦʛ ʧʘʨʘʣʝʣʠʟʤʘ. 

ʄʝʹʫʪʠʤ, ʫ ʩʣʫʯʘʿʫ ʦʪʢʨʠʚʘˁʘ ʠ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ, ʥʠʪʠ ʢʦʜ ʢʦʿʠʭ ʿʝ 

ʜʝʪʝʢʪʦʚʘʥʘ ʧʦʛʨʝʰʥʘ ʩʧʝʢʫʣʘʮʠʿʘ ʩʝ ʧʦʥʠʰʪʘʚʘʿʫ ʟʘʿʝʜʥʦ ʩʘ ʩʚʠʤ ʝʬʝʢʪʠʤʘ ʢʦʿʝ 

ʩʫ ʧʨʦʠʟʚʝʣʝ. ɿʘʪʠʤ ʩʝ ʦʥʝ ʧʦʥʦʚʦ ʠʟʚʨʰʘʚʘʿʫ ʩʘ ʠʩʧʨʘʚʥʠʤ ʨʘʩʧʦʣʦʞʠʚʠʤ 

ʧʦʜʘʮʠʤʘ. ʉʚʝ ʦʚʦ ʥʘʤʝ˂ʝ ʧʦʪʨʝʙʝ ʟʘ ʦʙʠʯʥʦ ʧʨʠʣʠʯʥʦ ʩʣʦʞʝʥʦʤ ʭʘʨʜʚʝʨʩʢʦʤ ʠ 

ʩʦʬʪʚʝʨʩʢʦʤ ʧʦʜʨʰʢʦʤ. ʋ ʩʧʝʢʫʣʘʪʠʚʥʠʤ CMP ʩʠʩʪʝʤʠʤʘ ʢʦʨʝʢʪʥʦ ʫʧʨʘʚˀʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʠʤ ʠʟʚʨʰʘʚʘˁʝʤ ʩʝ ʦʙʠʯʥʦ ʠʥʪʝʛʨʠʰʝ ʩʘ ʧʨʦʪʦʢʦʣʠʤʘ ʟʘ 

ʢʦʭʝʨʝʥʮʠʿʫ. ʉʠʥʭʨʦʥʠʟʘʮʠʿʘ ʠ ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʤʦʞʝ 

ʙʠʪʠ ʦʩʪʚʘʨʝʥʘ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʠʣʠ/ʠ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ. 

CMP ʩʠʩʪʝʤʠ ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ TLS ʤʦʛʫ ʩʝ ʧʦʜʠʿʝʣʠʪʠ ʫ ʪʨʠ ʛʨʫʧʝ. ʇʨʚʫ ʛʨʫʧʫ 

ʯʠʥʝ CMP ʩʠʩʪʝʤʠ ʢʦʿʠ ʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʦʨʠʿʝʥʪʠʩʘʥʠ ʥʘ ʠʩʢʦʨʠʰ˂ʝˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʧʘʨʘʣʝʣʠʟʤʘ, ʛʜʿʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʤʦʛʫ ʢʦʤʫʥʠʮʠʨʘʪʠ ʠ ʥʘ 

ʨʝʛʠʩʪʘʨʩʢʦʤ ʠ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ. ʅʝʢʠ ʦʜ ʦʚʠʭ ʩʠʩʪʝʤʘ, ʢʘʦ ʰʪʦ ʩʫ 

Multiscalar, Multiplex, Trace, ʠ SM ʧʨʦʮʝʩʦʨ, ʠʤʘʿʫ ʭʘʨʜʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʢʦʿʘ ʠʤ 

ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʦʩʪʚʘʨʫʿʫ ʚʠʩʦʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʪʘʢʦ ʰʪʦ ʤʦʛʫ ʦʙʨʘʹʠʚʘʪʠ 

ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʠʟʚʨʰʥʝ ʧʨʦʛʨʘʤʝ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʧʦʥʦʚʥʠʤ ʧʨʝʚʦʹʝˁʝʤ ʠʟʚʦʨʥʦʛ 

ʧʨʦʛʨʘʤʩʢʦʛ ʢʦʜʘ. ʄʝʹʫʪʠʤ, ʢʘʜʘ ʦʚʠ CMP ʩʠʩʪʝʤʠ ʠʟʚʨʰʘʚʘʿʫ ʧʘʨʘʣʝʣʥʝ 

ʘʧʣʠʢʘʮʠʿʝ ʠʣʠ ʚʠʰʝ ʘʧʣʠʢʘʮʠʿʘ ʠʩʪʦʚʨʝʤʝʥʦ ʚʝʣʠʢʠ ʜʠʦ ʭʘʨʜʚʝʨʩʢʝ ʠ 

ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʟʘ TLS ʦʩʪʘʿʝ ʥʝʠʩʢʦʨʠʰ˂ʝʥ. ɼʨʫʛʫ ʛʨʫʧʫ ʧʨʝʜʩʪʘʚˀ ʘʿʫ 

ʛʝʥʝʨʠʯʢʠ CMP ʩʠʩʪʝʤʠ, ʢʘʦ ʰʪʦ ʩʫ Hydra, STAMPede ʠ SP, ʢʦʿʝ ʠʤʘʿʫ 

ʤʠʥʠʤʘʣʥʫ ʧʦʜʨʰʢʫ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ, ʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʩʝ ʦʜʚʠʿʘ ʠʩʢˀʫʯʠʚʦ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ ʰʪʦ ʫʧʨʦʰ˂ʘʚʘ 

ˁʠʭʦʚʦ ʧʨʦʿʝʢʪʦʚʘˁʝ, ʘʣʠ ʧʦʪʨʝʙʘ ʟʘ ʧʦʥʦʚʥʠʤ ʧʨʝʚʦʹʝˁʝʤ ʠʟʚʦʨʥʦʛ 

ʧʨʦʛʨʘʤʩʢʦʛ ʢʦʜʘ ʧʨʝʜʩʪʘʚˀʘ ˁʠʭʦʚ ʛʣʘʚʥʠ ʥʝʜʦʩʪʘʪʘʢ. IACOMA, Atlas ʠ NEKO 

ʩʠʩʪʝʤʠ ʩʫ ʧʨʝʜʩʪʘʚʥʠʮʠ ʪʨʝ˂ʝ ʛʨʫʧʝ. ʆʥʠ ʢʦʤʙʠʥʫʿʫ ʥʘʿʙʦˀʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʧʨʝʪʭʦʜʥʝ ʜʚʠʿʝ ʛʨʫʧʝ ʢʘʦ ʰʪʦ ʩʫ: ʧʦʜʨʰʢʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʠ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʠ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ ʠ ʨʘʜ ʥʘ 

ʩʝʢʚʝʥʮʠʿʘʣʥʠʤ ʠʟʚʨʰʥʠʤ ʧʨʦʛʨʘʤʠʤʘ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʧʦʥʦʚʥʠʤ ʧʨʝʚʦʹʝˁʝʤ 

ʠʟʚʦʨʥʦʛ ʧʨʦʛʨʘʤʩʢʦʛ ʢʦʜʘ ʢʘʦ ʢʦʜ ʧʨʚʝ ʛʨʫʧʝ CMP ʩʠʩʪʝʤʘ, ʘ ʧʨʠʪʦʤ ʩʫ 

ʛʝʥʝʨʠʯʢʝ CMP ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʠʤʘʿʫ ʿʝʜʥʦʩʪʘʚʥʠʿʫ ʭʘʨʜʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʟʘ 

ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʢʘʦ ʢʦʜ ʜʨʫʛʝ ʛʨʫʧʝ. 

ʄʝʹʫʪʠʤ, ʜʝʪʘˀʥʘ ʘʥʘʣʠʟʘ ʧʦʩʪʦʿʝ˂ʠʭ ʨʝʰʝˁʘ ʜʘʪʘ ʫ ʦʚʦʤ ʨʘʜʫ ʧʦʢʘʟʫʿʝ ʜʘ 

ʦʚʘ ʨʝʿʰʝˁʘ ʟʘʭʪʠʿʝʚʘʿʫ ʢʦʨʠʰ˂ʝˁʝ ʟʥʘʪʥʠʭ ʜʦʜʘʪʥʠʭ ʭʘʨʜʚʝʨʩʢʠʭ ʠ ʩʦʬʪʚʝʨʩʢʠʭ 

ʨʝʩʫʨʩʘ ʟʘ ʦʙʘʚˀʘˁʝ ʩʧʝʮʠʬʠʯʥʠʭ ʦʧʝʨʘʮʠʿʘ ʧʨʠʣʠʢʦʤ ʩʧʝʢʫʣʘʮʠʿʝ ʥʘ 
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ʨʝʛʠʩʪʘʨʩʢʦʤ ʠ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ, ʧʘ ʙʠ ʦʜ ʠʥʪʝʨʝʩʘ ʙʠʣʦ ʜʘ ʩʝ ʦʥʠ ʩʤʘˁʝ. 

ʇʦʨʝʜ ʪʦʛʘ, ʤʦʛʫ ʩʝ ʫʦʯʠʪʠ ʠ ʥʝʢʝ ʥʝʝʬʠʢʘʩʥʦʩʪʠ ʧʨʠʣʠʢʦʤ ʟʘʚʨʰʘʚʘˁʘ ʥʠʪʠ 

ʢʘʜʘ ʩʝ ʛʝʥʝʨʠʰʝ ʚʝʣʠʢʠ ʩʘʦʙʨʘ˂ʘʿ ʧʨʠ ʧʦʪʚʨʹʠʚʘˁʫ ʝʬʝʢʘʪʘ ʩʧʝʢʫʣʘʮʠʿʝ. ʅʘ 

ʢʨʘʿʫ, ʠʤʘ ʤʿʝʩʪʘ ʨʘʟʤʠʰˀʘʪʠ ʠ ʦ ʧʦʙʦˀʰʘˁʫ ʘʣʛʦʨʠʪʘʤʘ ʟʘʤʿʝʥʝ ʫ ʢʝʰ 

ʤʝʤʦʨʠʿʘʤʘ ʦʚʘʢʚʠʭ ʧʨʦʮʝʩʦʨʘ. 

ɿʙʦʛ ʪʦʛʘ ʿʝ ʫ ʦʚʦʤ ʨʘʜʫ ʧʨʝʜʣʦʞʝʥʦ ʢʦʤʧʣʝʪʥʦ ʨʿʝʰʝˁʝ ʧʦʜʨʰʢʝ ʟʘ 

ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʥʘ ʥʠʚʦʫ ʥʠʪʠ ʢʦʿʝ ˂ʝ ʧʦ ʩʚʦʤ ʧʨʠʩʪʫʧʫ ʙʠʪʠ ʩʣʠʯʥʦ 

ʨʿʝʰʝˁʠʤʘ ʠʟ ʪʨʝ˂ʝ ʛʨʫʧʝ ʟʘʪʦ ʰʪʦ ʪʘ ʨʝʿʰʝˁʘ ʠʤʘʿʫ ʿʝʜʥʦʩʪʘʚʥʠʿʫ ʭʘʨʜʚʝʨʩʢʫ ʠ 

ʩʦʬʪʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ. ʆʥʦ ʿʝ ʧʨʝʜʚʠʹʝʥʦ ʟʘ CMP 

ʩʠʩʪʝʤ ʩʘ ʯʝʪʠʨʠ ʿʝʟʛʨʘ ʧʦʚʝʟʘʥʘ ʟʘʿʝʜʥʠʯʢʦʤ ʤʝʤʦʨʠʿʦʤ, ʘʣʠ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ 

ʟʘʩʥʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʠʤʘ ʧʨʦʪʦʢʦʣʘ ʧʨʠʣʘʛʦʹʝʥʠʭ ʟʘʿʝʜʥʠʯʢʦʿ ʤʘʛʠʩʪʨʘʣʠ, ʤʦʞʝ 

ʜʘ ʩʝ ʩʢʘʣʠʨʘ ʥʘ ʚʠʰʝ ʿʝʟʛʘʨʘ. ʇʨʝʜʣʦʛ ʦʤʦʛʫ˂ʘʚʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʠ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʠ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ ʜʘ ʙʠ ʩʝ 

ʦʩʪʚʘʨʠʣʝ ʰʪʦ ʙʦˀʝ ʧʝʨʬʦʨʤʘʥʩʝ. ʊʘʢʘʚ ʩʧʝʢʫʣʘʪʠʚʥʠ CMP ʧʨʦʮʝʩʦʨ, ʢʘʦ 

ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʠ ʝʬʠʢʘʩʥʠʿʝ ʨʝʿʰʝˁʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʦʜʥʦʩʘ ʮʠʿʝʥʘ/ʧʝʨʬʦʨʤʘʥʩʝ, 

ʪʨʝʙʘ ʜʘ ʧʦʩʿʝʜʫʿʝ ʨʝʿʰʝˁʘ ʢʦʿʘ ˂ʝ ʤʠʥʠʤʠʟʦʚʘʪʠ ʧʨʝʪʭʦʜʥʦ ʫʦʯʝʥʝ ʧʨʦʙʣʝʤʝ ʢʦʜ 

CMP ʧʨʦʮʝʩʦʨʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʧʦʩʪʠ˂ʠ ʧʦʙʦˀʰʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʘ 

ʨʿʝʰʝˁʘ. 

ɿʘ ʧʦʜʨʰʢʫ ʢʦʤʫʥʠʢʘʮʠʿʝ ʥʘ ʥʠʚʦʫ ʨʝʛʠʩʪʘʨʘ ʧʨʝʜʣʦʞʝʥʘ ʩʫ ʜʚʘ ʧʨʦʪʦʢʦʣʘ. 

ʆʩʥʦʚʥʘ ʚʘʨʠʿʘʥʪʘ, SIC ʧʨʦʪʦʢʦʣ, ʧʨʦʩʝˀʹʫʿʝ ʩʘʤʦ ʩʠʛʫʨʥʝ ʚʨʠʿʝʜʥʦʩʪʠ, ʜʦʢ 

ʜʨʫʛʘ ʚʘʨʠʿʘʥʪʘ, ESIC ʧʨʦʪʦʢʦʣ, ʠʤʘ ʘʛʨʝʩʠʚʥʠʿʠ ʩʧʝʢʫʣʘʪʠʚʥʠ ʧʨʠʩʪʫʧ ʠ 

ʧʨʦʩʝˀʹʫʿʝ ʠ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʩʠʛʫʨʥʝ. ʆʙʘ ʧʨʦʪʦʢʦʣʘ ʩʝ 

ʟʘʩʥʠʚʘʿʫ ʥʘ ʟʘʿʝʜʥʠʯʢʦʿ ʤʘʛʠʩʪʨʘʣʠ ʠ ʢʘʨʘʢʪʝʨʠʰʝ ʠʭ ʤʘʣʠ ʙʨʦʿ ʩʪʘˁʘ ʫ ʢʦʿʠʤʘ 

ʩʝ ʧʦʜʘʪʘʢ ʤʦʞʝ ʥʘ˂ʠ. 

ʂʦʤʫʥʠʢʘʮʠʿʘ ʥʘ ʥʠʚʦʫ ʤʝʤʦʨʠʿʩʢʦʛ ʩʠʩʪʝʤʘ ʧʨʠ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʠʟʚʨʰʘʚʘˁʫ 

ʿʝ ʧʦʜʨʞʘʥʘ ʫ ʚʠʜʫ ʜʚʠʿʝ ʘʣʪʝʨʥʘʪʠʚʥʝ ʚʘʨʠʿʘʥʪʝ ʧʨʦʪʦʢʦʣʘ ʢʦʿʠ ʠʥʪʝʛʨʠʰʫ 

ʢʦʭʝʨʝʥʮʠʿʫ ʢʝʰ ʤʝʤʦʨʠʿʘ ʠ ʩʧʝʢʫʣʘʮʠʿʫ ʠ ʢʦʿʠ ʩʫ, ʪʘʢʦʹʝ, ʟʘʩʥʦʚʘʥʠ ʥʘ 

ʧʨʠʥʮʠʧʠʤʘ ñsnoopyò ʧʨʦʪʦʢʦʣʘ ʟʘ ʟʘʿʝʜʥʠʯʢʫ ʤʘʛʠʩʪʨʘʣʫ. ʆʩʥʦʚʥʘ ʨʘʟʣʠʢʘ ʠʤ ʿʝ 

ʥʘʯʠʥ ʦʜʨʞʘʚʘˁʘ ʢʦʭʝʨʝʥʮʠʿʝ ʧʘ SISC-WI ʧʨʦʪʦʢʦʣ ʢʦʨʠʩʪʠ ʩʪʨʘʪʝʛʠʿʫ 

ʠʥʚʘʣʠʜʘʮʠʿʝ, ʜʦʢ SISC-WU ʧʨʦʪʦʢʦʣ ʧʨʠʤʿʝˁʫʿʝ ʩʪʨʘʪʝʛʠʿʫ ʘʞʫʨʠʨʘˁʘ. 

ɼʘ ʙʠ ʩʝ ʤʦʛʣʝ ʠʟʚʨʰʠʪʠ ʧʨʦʮʿʝʥʝ ʩʣʦʞʝʥʦʩʪʠ ʠ ʝʬʠʢʘʩʥʦʩʪʠ ʦʚʦʛ ʧʨʝʜʣʦʛʘ 

ʙʠʣʦ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ. ɿʘ ʪʝ ʩʚʨʭʝ ʿʝ ʨʘʟʚʠʿʝʥʦ ʧʦʛʦʜʥʦ 

ʩʠʤʫʣʘʮʠʦʥʦ ʦʢʨʫʞʝˁʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʩʠʤʫʣʘʪʦʨʫ UNISIM ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʚʨʣʦ 

ʧʨʝʮʠʟʥʫ ʩʠʤʫʣʘʮʠʿʫ ʥʘ ʥʠʚʦʫ ʮʠʢʣʫʩʘ. MIPS ʘʨʭʠʪʝʢʪʫʨʘ ʿʝ ʠʩʢʦʨʠʰ˂ʝʥʘ ʟʘ 

ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ, ʘ ʟʘʪʠʤ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʧʦʜʨʰʢʘ ʟʘ SISC-WI ʧʨʦʪʦʢʦʣ 

ʤʦʜʠʬʠʢʘʮʠʿʦʤ ʧʦʩʪʦʿʝ˂ʠʭ ʠ ʜʦʜʘʚʘˁʝʤ ʥʦʚʠʭ ʩʠʤʫʣʘʪʦʨʩʢʠʭ ʤʦʜʫʣʘ. ʇʦʨʝʜ 

ʪʦʛʘ, ʢʦʨʠʰ˂ʝˁʝʤ crosstool-NG ʩʦʬʪʚʝʨʩʢʦʛ ʘʣʘʪʘ ʿʝ ʥʘʧʨʘʚˀʝʥ ʢʨʦʩ-ʢʦʤʧʘʿʣʝʨ 

ʢʦʿʠ ʩʣʫʞʠ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʙʠʥʘʨʥʠʭ ʠʟʚʨʰʥʠʭ ʢʦʜʦʚʘ ʘʧʣʠʢʘʮʠʿʘ ʢʦʿʝ ʩʝ 

ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘʿʫ ʫ ʩʠʤʫʣʘʪʦʨʫ. 

ʅʘʢʦʥ ʦʚʝ, ʫʚʦʜʥʝ ʛʣʘʚʝ, ʫ ʥʘʨʝʜʥʦʿ ʜʨʫʛʦʿ ʛʣʘʚʠ ʩʫ ʨʘʟʤʦʪʨʝʥʝ ʧʨʝʜʥʦʩʪʠ 

ʉʄʈ ʧʨʦʮʝʩʦʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʫʧʝʨʩʢʘʣʘʨʥʝ ʧʨʦʮʝʩʦʨʝ ʫ ʩʢʣʘʜʫ ʩʘ ʩʘʜʘʰˁʠʤ ʠ 

ʙʫʜʫ˂ʠʤ ʪʨʝʥʜʦʚʠʤʘ ʫ ʨʘʟʚʦʿʫ ʭʘʨʜʚʝʨa ʠ ʩʦʬʪʚʝʨa ʧʦʩʝʙʥʦ ʫ ʜʦʤʝʥʫ ʢʦʨʠʰ˂ʝˁʘ 
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ʧʘʨʘʣʝʣʠʟʤʘ ʥʘ ʥʠʚʦʫ ʥʠʪʠ. ɿʘʪʠʤ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʪʝʭʥʠʢʘ ʩʧʝʢʫʣʘʪʠʚʝ 

ʧʘʨʘʣʝʣʠʟaʮʠʿʝ ʥʘ ʥʠʚʦʫ ʥʠʪʠ ʢʘʦ ʥʘʯʠʥ ʙʨʞʝʛ ʠʟʚʨʰʘʚʘˁʘ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ 

ʘʧʣʠʢʘʮʠʿʘ. ɼʘʪ ʿʝ ʠ ʢʨʘʪʘʢ ʧʨʝʛʣʝʜ ʧʦʩʪʦʿʝ˂ʠʭ ʩʠʩʪʝʤʘ ʠʟ ʦʪʚʦʨʝʥʝ ʣʠʪʝʨʘʪʫʨʝ ʩʘ 

ʧʦʜʨʰʢʦʤ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʥʠʪʠ ʧʦ ʫʩʚʦʿʝʥʦʿ ʢʣʘʩʠʬʠʢʘʮʠʿʠ. ʆʚʘ 

ʛʣʘʚʘ ʩʝ ʟʘʚʨʰʘʚʘ ʩʘ ʧʦʨʝʹʝˁʝʤ ʩʠʩʪʝʤʘ ʫ ʧʦʛʣʝʜʫ ʥʘʯʠʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʥʠʪʠ ʠ 

ʜʦʤʝʥʘ ʩʧʝʢʫʣʘʮʠʿʝ. 

ʋ ʪʨʝ˂ʦʿ ʛʣʘʚʠ ʿʝ ʧʨʚʦ ʧʨʝʜʣʦʞʝʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʉʄʈ 

ʧʨʦʮʝʩʦʨʘ ʩʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʢʦʤʫʥʠʢʘʮʠʿʦʤ. ɿʘʪʠʤ ʿʝ ʫʨʘʹʝʥʘ ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ 

ʦʚʠʭ ʩʠʩʪʝʤʘ ʩʘ ʘʩʧʝʢʘʪʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʤʝʭʘʥʠʟʘʤʘ ʠ ʪʝʭʥʠʢʘ, 

ʦʧʦʨʘʚʢʘ ʥʘʢʦʥ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ, ʧʝʨʬʦʨʤʘʥʩʠ ʦʚʠʭ ʤʝʭʘʥʠʟʘʤʘ ʢʘʦ ʠ 

ʥʘʤʝʪʥʫʪʠʭ ʦʛʨʘʥʠʯʝˁʘ ʫ ʧʦʛʣʝʜʫ ʩʢʘʣʘʙʠʣʥʦʩʪʠ. ʀʟʣʘʛʘˁʘ ʩʫ ʠʣʫʩʪʨʦʚʘʥʘ 

ʧʦʛʦʜʥʠʤ ʪʘʙʝʣʘʤʘ. 

ʅʘ ʩʣʠʯʘʥ ʦʨʛʘʥʠʟʘʮʠʦʥʠ ʥʘʯʠʥ ʿʝ ʫ ʯʝʪʚʨʪʦʿ ʛʣʘʚʠ ʜʘʪ ʧʨʝʛʣʝʜ ʧʦʜʨʰʢʝ ʟʘ 

ʤʝʤʦʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʫ ʧʦʩʪʦʿʝ˂ʠʤ ʘʢʘʜʝʤʩʢʠʤ ʠ ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʩʠʩʪʝʤʠʤʘ. 

ʅʘʢʦʥ ʧʨʝʜʣʦʞʝʥʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʩʠʩʪʝʤʘ ʩʘ ʦʚʦʛ ʩʪʘʥʦʚʠʰʪʘ, ʧʨʝʜʩʪʘʚˀʝʥʘ ʿʝ 

ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʢʦʿʘ ʨʘʟʤʘʪʨʘ ʩʣʦʞʝʥʦʩʪ ʭʘʨʜʚʝʨʩʢʝ ʠ ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ 

ʤʝʤʦʨʠʿʩʢʠʭ ʧʨʦʪʦʢʦʣʘ ʟʘ ʢʦʭʝʨʝʥʮʠʿʫ ʠ ʩʧʝʢʫʣʘʮʠʿʫ. ʇʨʠʪʦʤ ʩʫ ʫʦʯʝʥʝ ʠ 

ʠʩʪʘʢʥʫʪʝ ʥʝʢʝ ʥʝʝʬʠʢʘʩʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʦʩˀʝʜʠʮʘ ʥʝʫʿʝʜʥʘʯʝʥʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʧʨʠ 

ʟʘʚʨʰʘʚʘˁʫ ʥʠʪʠ ʠ ʥʝʘʜʝʢʚʘʪʥʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘʤʿʝʥʝ ʫ ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ. 

ʇʨʝʪʭʦʜʥʘ ʘʥʘʣʠʟʘ ʿʝ ʧʦʩʣʫʞʠʣʘ ʜʘ ʩʝ, ʥʘʢʦʥ ʧʦʩʪʘʚʢʝ ʧʨʦʙʣʝʤʘ ʠ ʮʠˀʘ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʫ ʧʝʪʦʿ ʛʣʘʚʠ ʜʝʬʠʥʠʰʝ ʧʨʝʜʣʦʛ ʉʄʈ ʧʨʦʮʝʩʦʨʘ ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ 

ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʥʘ ʥʠʚʦʫ ʥʠʪʠ. ɼʝʬʠʥʠʩʘʥʘ ʿʝ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʘ, 

ʦʧʠʩʘʥ ʧʦʩʪʫʧʘʢ ʩʧʝʢʫʣʘʮʠʿʝ, ʘ ʟʘʪʠʤ ʫʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚˀʝʥʠ ʠ ʥʘʿʘʚˀʝʥʠ 

ʧʨʝʜʣʦʟʠ ʧʨʦʪʦʢʦʣʘ ʟʘ ʧʦʜʨʰʢʫ ʩʧʝʢʫʣʘʮʠʿʠ ʠ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʠ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ 

ʥʠʚʦʫ. 

ʋ ʰʝʩʪʦʿ ʛʣʘʚʠ ʩʫ ʜʝʪʘˀʥʦ ʧʨʝʜʩʪʘʚˀʝʥʠ ʧʨʝʜʣʦʞʝʥʠ ʧʨʦʪʦʢʦʣʠ ʟʘ ʧʦʜʨʰʢʫ 

ʩʧʝʢʫʣʘʮʠʿʠ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʥʠʚʦʫ, ʦʩʥʦʚʥʘ ʚʝʨʟʠʿʘ SIC ʧʨʦʪʦʢʦʣ ʠ ʥʘʧʨʝʜʥʘ 

ʚʝʨʟʠʿʘ ESIC ʧʨʦʪʦʢʦʣ, ʢʨʦʟ ʦʧʠʩ ʭʘʨʜʚʝʨʩʢʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʩʦʬʪʚʝʨʩʢʝ 

ʧʦʜʨʰʢʝ, ʢʘʦ ʠ ʘʢʮʠʿʘ ʦʙʘ ʧʨʦʪʦʢʦʣʘ. ɼʘʪʦ ʿʝ ʠ ʢʚʘʣʠʪʘʪʠʚʥʦ ʧʦʨʝʹʝˁʝ 

ʧʨʝʜʣʦʞʝʥʠʭ ʧʨʦʪʦʢʦʣʘ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ. 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʝʜʣʦʞʝʥʦʛ SISC-WI ʧʨʦʪʦʢʦʣʘ ʟʘ ʧʦʜʨʰʢʫ ʩʧʝʢʫʣʘʮʠʿʠ ʥʘ 

ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ ʢʦʿʠ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʩʪʨʘʪʝʛʠʿʠ ʧʦʥʠʰʪʘʚʘˁʘ, ʢʘʦ ʠ ˁʝʛʦʚʘ 

ʚʘʨʠʿʘʥʪʘ ʢʦʿʘ ʠʤʧʣʝʤʝʥʪʠʨʘ Ăread-snarfingñ ʪʝʭʥʠʢʫ, ʩʫ ʜʝʪʘˀʥʦ ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ 

ʩʝʜʤʦʿ ʛʣʘʚʠ ʢʨʦʟ ʦʧʠʩ ʩʪʘˁʘ, ʪʨʘʥʩʘʢʮʠʿʘ ʠ ʩʠʛʥʘʣʘ ʥʘ ʤʘʛʠʩʪʨʘʣʠ, ʘʢʮʠʿʘ ʠ 

ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ ʩʪʘˁʘ. ʊʘʢʦʹʝ, ʦʧʠʩʘʥa ʿʝ ʠ ʤʦʜʠʬʠʢʦʚʘʥʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘʤʿʝʥʝ ʢʝʰ 

ʨʠʿʝʯʠ ʢʦʘʿ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ˁʝʥʦ ʩʪʘˁʝ ʨʠʿʝʯʠ ʫ ʢʝʰ ʤʝʤʦʨʠʿʠ ʢʘʦ ʧʨʠʤʘʨʥʠ 

ʢʨʠʪʝʨʠʿʫʤ. 

ʅʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʿʝ ʫ ʥʘʨʝʜʥʦʿ, ʦʩʤʦʿ ʛʣʘʚʠ ʧʨʝʜʩʪʘʚˀʝʥʘ ʧʨʝʜʣʦʞʝʥʘ 

ʘʣʪʝʨʘʥʪʠʚʥʘ ʚʘʨʠʿʘʥʪʘ ʧʦʜʨʰʢʝ ʟʘ ʤʝʤʦʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ, SISC-WU 

ʧʨʦʪʦʢʦʣ, ʢʦʿʠ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʩʪʨʘʪʝʛʠʿʠ aʞʫʨʠʨʘˁʘ, ʢʨʦʟ ʦʧʠʩ ʩʪʘˁʘ, ʪʨʘʥʩʘʢʮʠʿʘ 

ʠ ʩʠʛʥʘʣʘ ʥʘ ʤʘʛʠʩʪʨʘʣʠ, ʘʢʮʠʿʘ ʠ ʧʨʝʣʘʟʘ ʩʪʘˁʘ. 
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ʉʠʤʫʣʘʮʠʦʥʦ ʦʢʨʫʞʝˁʝ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʝʣʝʤʝʥʘʪʘ ʧʨʝʜʣʦʞʝʥʝ ʧʦʜʨʰʢʝ ʟʘ 

ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʿʝ ʦʧʠʩʘʥʦ ʫ ʜʝʚʝʪʦʿ ʛʣʘʚʠ. ʇʨʚʦ ʿʝ ʜʝʪʘˀʥʦ 

ʦʙʨʘʟʣʦʞʝʥ ʠʟʙʦʨ ʩʠʤʫʣʘʮʠʦʥʦʛ ʦʢʨʫʞʝˁʘ, ʘ ʟʘʪʠʤ ʩʫ ʜʘʪʝ ʠ ˁʝʛʦʚʝ ʦʩʥʦʚʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʅʘʢʦʥ ʪʦʛʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʦʢʨʫʞʝˁʝ ʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʩʝ 

ʛʝʥʝʨʠʰʫ ʩʧʝʢʫʣʘʪʠʚʥʠ ʙʠʥʘʨʥʠ ʢʦʜʦʚʠ ʟʘ ʧʨʝʜʣʦʞʝʥʦ CMP ʨʿʝʰʝˁʝ. 

ʈʘʟʤʦʪʨʝʥʝ ʩʫ ʠ ʧʦʪʨʝʙʥʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʩʠʤʫʣʘʪʦʨʘ ʟʘ ʧʦʜʨʰʢʫ 

ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʠʟʚʨʰʘʚʘˁʫ. 

ʀʤʧʣʝʤʝʥʪʘʮʠʦʥʠ ʜʝʪʘˀʠ ʫ ʚʝʟʠ ʩʘ ʠʥʪʝʛʨʘʮʠʿʦʤ SISC-WI ʧʨʦʪʦʢʦʣʘ ʫ 

UNISIM ʩʠʤʫʣʘʪʦʨʫ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʜʝʩʝʪʦʿ ʛʣʘʚʠ. ʇʦʩʝʙʘʥ ʥʘʛʣʘʩʘʢ ʿʝ 

ʩʪʘʚˀʝʥ ʥʘ ʧʨʦʤʿʝʥʝ ʢʦʿʝ ʿʝ ʙʠʣʦ ʥʝʦʧʭʦʜʥʦ ʫʨʘʜʠʪʠ ʥʘ ʧʦʩʪʦʿʝ˂ʠʤ ʤʦʜʫʣʠʤʘ ʟʘ 

ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ, ʢʝʰ ʢʦʥʪʨʦʣʝʨ ʠ ʤʘʛʠʩʪʨʘʣʫ, ʢʘʦ ʠ ʥʘ ʫʚʦʹʝˁʝ ʥʦʚʠʭ ʤʦʜʫʣʘ 

(Scheduler, Squash Arbiter, Supplier Arbiter), ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʠʿʝʜʠʣʘ ʧʦʪʨʝʙʥʘ 

ʧʦʜʨʰʢʘ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʠʟʚʨʰʘʚʘˁʫ. 

ʋ ʟʘʢˀʫʯʢʫ ʨʘʜʘ ʩʫ ʨʝʟʠʤʠʨʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʩʧʨʦʚʝʜʝʥʝ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ, 

ʠʩʪʘʢʥʫʪʠ ʦʩʪʚʘʨʝʥʠ ʜʦʧʨʠʥʦʩʠ ʠ ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ, ʘ ʨʘʟʤʦʪʨʝʥʠ ʩʫ ʠ 

ʙʫʜʫ˂ʠ ʧʨʘʚʮʠ ʟʘ ʜʘˀʝ ʠʩʪʨʘʞʠʚʘˁʝ. 
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ɻʣʘʚʘ 2  ʉʧʝʢʫʣʘʪʠʚʥʠ CMP ʧʨʦʮʝʩʦʨʠ 
 

ʋ ʧʨʝʪʭʦʜʥʦʿ ʜʝʢʘʜʠ ʪʝʭʥʦʣʦʰʢʠ ʪʨʝʥʜʦʚʠ ʩʫ ʧʨʦʫʟʨʦʢʦʚʘʣʠ ʟʥʘʯʘʿʥʝ 

ʧʨʦʤʿʝʥʝ ʫ ʧʘʨʘʜʠʛʤʘʤʘ ʧʨʦʿʝʢʪʦʚʘˁʘ ʧʨʦʮʝʩʦʨʘ. ʊʘʢʦ ʩʫ ʚʠʰʝʿʝʟʛʘʨʥʠ 

(multicore) ʧʨʦʮʝʩʦʨʠ ʠʣʠ ʤʫʣʪʠʧʨʦʮʝʩʦʨʠ ʥʘ ʯʠʧʫ (chip multiprocessors - CMP) 

ʧʨʝʦʚʣʘʜʘʣʠ ʥʘʜ ʩʣʦʞʝʥʠʤ ʩʫʧʝʨʩʢʘʣʘʨʥʠʤ ʧʨʦʮʝʩʦʨʠʤʘ ʢʘʦ ʙʦˀʝ ʨʝʿʰʝˁʝ ʫ 

ʢʦʨʠʰ˂ʝˁʫ ʩʚʝ ʚʝ˂ʝʛ ʙʨʦʿʘ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʯʠʧʫ ʠ ʧʨʝʚʘʟʠʣʘʞʝˁʘ ʪʝʭʥʦʣʦʰʢʠʭ 

ʦʛʨʘʥʠʯʝˁʘ. ʇʦʨʝʜ ʥʠʞʝʛ ʥʠʚʦʘ ʧʘʨʘʣʝʣʠʟʤʘ ʥʘ ʥʠʚʦʫ ʠʥʩʪʨʫʢʮʠʿʝ (Instruction 

Level Parallelism - ILP) ʦʥʠ ʤʦʛʫ ʜʘ ʢʦʨʠʩʪʝ ʠ ʚʠʰʠ ʥʠʚʦ ʧʘʨʘʣʝʣʠʟʤʘ ʥʘ ʥʠʚʦʫ 

ʥʠʪʠ (Thread Level Parallelism - TLP). ɼʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʧʫʥʘ ʝʬʠʢʘʩʥʦʩʪ 

ʠʟʚʨʰʘʚʘˁʘ ʧʦʩʪʦʿʝ˂ʠʭ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʥʘ CMP ʧʨʦʮʝʩʦʨʠʤʘ ʢʦʨʠʩʪʠ 

ʩʝ ʪʝʭʥʠʢʘ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʥʠʪʠ (Thread Level Speculation - TLS). ʆʥʘ 

ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʯʘʢ ʠ ʥʠʪʠ ʢʦʿʝ ʩʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʟʘʚʠʩʥʝ ʧʦ ʧʦʜʘʮʠʤʘ ʠʟʚʨʰʘʚʘʿʫ 

ʧʘʨʘʣʝʣʥʦ ʟʘʭʚʘˀʫʿʫ˂ʠ ʧʦʩʝʙʥʦʿ ʭʘʨʜʚʝʨʩʢʦʿ ʠ ʩʦʬʪʚʝʨʩʢʦʿ ʧʦʜʨʰʮʠ ʢʦʿʘ 

ʜʠʥʘʤʠʯʢʠ ʜʝʪʝʢʪʫʿʝ ʠ ʢʦʥʪʨʦʣʠʰʝ ʦʩʪʚʘʨʠʚʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʛʘʨʘʥʪʫʿʫ˂ʠ ʢʦʨʝʢʪʥʫ 

ʩʝʤʘʥʪʠʢʫ ʩʝʢʚʝʥʮʠʿʘʣʥʦʛ ʠʟʚʨʰʘʚʘˁʘ. ʊʘʢʚʠ ʩʠʩʪʝʤʠ ʩʝ ʥʘʟʠʚʘʿʫ ʩʧʝʢʫʣʘʪʠʚʥʠ 

CMP ʤʫʣʪʠʧʨʦʮʝʩʦʨʠ. 

 

2.1. ʇʨʦʤʿʝʥʘ ʧʨʠʥʮʠʧʘ ʧʨʦʿʝʢʪʦʚʘˁʘ ʧʨʦʮʝʩʦʨʘ 
 

ʅʘʧʨʝʜʘʢ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʠ ʧʝʨʬʦʨʤʘʥʩʠ ʨʘʯʫʥʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʿʝ ʫ ʧʨʦʪʝʢʣʠʤ 

ʜʝʮʝʥʠʿʘʤʘ ʙʠʦ ʟʘʩʥʦʚʘʥ ʥʘ ʫʩʪʘˀʝʥʠʤ ʪʝʭʥʦʣʦʰʢʠʤ ʪʨʝʥʜʦʚʠʤʘ. ʇʦʢʘʟʘʣʦ ʩʝ ʜʘ 

ʛʫʩʪʠʥʘ ʪʨʘʥʠʟʠʩʪʦʨʘ ʥʘ ʯʠʧʫ ʨʘʩʪʝ ʦʢʦ 35% ʛʦʜʠʰˁʝ, ʜʦʢ ʚʝʣʠʯʠʥʘ ʯʠʧʘ ʨʘʩʪʝ 

10-20% ʛʦʜʠʰˁʝ, ʪʘʢʦ ʜʘ ʫʢʫʧʘʥ ʙʨʦʿ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʯʠʧʫ ʨʘʩʪʝ ʟʘ ʦʢʦ 40-55% 

ʛʦʜʠʰˁʝ. ʆʚʘ ʫʦʯʝʥʘ ʧʨʘʚʠʣʥʦʩʪ ʜʘ ʩʝ ʙʨʦʿ ʪʨʘʥʟʠʩʪʦʨʘ ʜʫʧʣʠʨʘ ʥʘ ʩʚʘʢʠʭ 18 ʜʦ 

24 ʤʿʝʩʝʮʘ ʥʘʟʠʚʘ ʩʝ Moore-ʦʚ ʟʘʢʦʥ. ɼʘʥʘʩ ʿʝ ʙʨʦʿ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʯʠʧʫ ʚʝ ˂
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ʧʨʝʰʘʦ ʤʠʣʠʿʘʨʜʫ [HENN2012]. ʇʦʨʝʜ ʪʦʛʘ, ʜʦʙʠʪʘʢ ʫ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʿʝ, ʜʦ 

ʩʢʦʨʦ, ʫ ʚʝʣʠʢʦʿ ʤʿʝʨʠ ʦʩʪʚʘʨʠʚʘʥ ʠ ʧʦʚʝ˂ʘˁʝʤ ʬʨʝʢʚʝʥʮʠʿʝ ʨʘʜʘ ʧʨʦʮʝʩʦʨʘ. 

ʇʨʠ ʪʘʢʚʠʤ ʪʝʭʥʦʣʦʰʢʠʤ ʪʨʝʥʜʦʚʠʤʘ ʧʨʦʿʝʢʪʘʥʪʠ ʧʨʦʮʝʩʦʨʘ ʩʫ ʙʠʣʠ ʩʫʦʯʝʥʠ 

ʩʘ ʠʟʘʟʦʚʦʤ ʢʘʢʦ ʜʘ ʠʭ ʥʘ ʥʘʿʙʦˀʠ ʥʘʯʠʥ ʠʩʢʦʨʠʩʪʝ. ɱʝʜʘʥ ʫʦʙʠʯʘʿʝʥ ʥʘʯʠʥ ʿʝ 

ʢʦʨʠʰ˂ʝˁʝ ʜʦʜʘʪʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘ ʜʘ ʩʝ ʧʦʚʝ˂ʘ ʣʦʢʘʣʥʦʩʪ ʧʨʠʩʪʫʧʘ ʧʦʜʘʮʠʤʘ, ʧʘ 

ʩʝ ʪʘʢʦ ʢʦʥʩʪʘʥʪʥʦ ʧʦʚʝ˂ʘʚʘʦ ʙʨʦʿ ʥʠʚʦʘ ʠ ʢʘʧʘʮʠʪʝʪ ʭʠʿʝʨʘʨʭʠʿʝ ʢʝʰ ʤʝʤʦʨʠʿʘ. 

ɼʨʫʛʠ ʥʘʯʠʥ ʿʝ ʙʠʦ ʧʦʚʝ˂ʘʚʘˁʝ ʧʘʨʘʣʝʣʠʟʤʘ ʥʘ ʥʠʚʦʫ ʠʥʩʪʨʫʢʮʠʿʝ - ILP, ʢʘʦ ʰʪʦ 

ʿʝ ʧʦʚʝ˂ʘˁʝ ʰʠʨʠʥʝ ʦʙʨʘʜʝ, ʫʚʦʹʝˁʝ ʪʝʭʥʠʢʝ ʧʨʦʪʦʯʥʝ ʦʙʨʘʜʝ, ʠʪʜ. 

ʅʘʿʥʘʧʨʝʜʥʠʿʠ ʿʝʜʥʦʿʝʟʛʘʨʥʠ ʧʨʦʮʝʩʦʨʠ (ʥʧʨ., Intel Pentium-Pro, AMD, MIPS 

R10K, IBM PowerPC, Compaq Alpha) ʠʤʘʿʫ ʩʫʧʝʨʩʢʘʣʘʨʥʫ ʘʨʭʠʪʝʢʪʫʨʫ ʢʦʿʘ 

ʜʦʟʚʦˀʘʚʘ ʜʘ ʩʝ ʚʠʰʝ ʦʜ ʿʝʜʥʝ ʠʥʩʪʨʫʢʮʠʿʝ ʠʟʜʘʿʝ ʥʘ ʠʟʚʨʰʘʚʘˁʝ ʫ ʿʝʜʥʦʤ 

ʮʠʢʣʫʩʫ ʠ ʪʘʢʦ ʧʦʚʝ˂ʘʚʘʿʫ ʥʠʚʦ ILP [JOHN1990]. ʂʦʜ ʩʪʘʪʠʯʢʠʭ (in-order issue) 

ʩʫʧʝʨʩʢʘʣʘʨʘ ʧʨʝʚʦʜʠʣʘʮ ʛʝʥʝʨʠʰʝ ʦʧʪʠʤʘʣʥʠ ʠʥʩʪʨʫʢʮʠʿʩʢʠ ʧʨʦʟʦʨ ʢʦʿʠ 

ʜʦʟʚʦˀʘʚʘ ʜʘ ʩʝ ʚʠʰʝ ʥʝʟʘʚʠʩʥʠʭ ʠʥʩʪʨʫʢʮʠʿʘ ʠʟʜʘʿʝ ʫ ʩʚʘʢʦʤ ʮʠʢʣʫʩʫ. ɱʦʰ ʚʠʰʠ 

ʥʠʚʦ ILP ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʫ ʚʨʠʝʿʤʝ ʠʟʚʨʰʘʚʘˁʘ ʢʦʜ ʜʠʥʘʤʠʯʢʠʭ (out-of-order) 

ʩʫʧʝʨʩʢʘʣʘʨʘ. ʆʚʠ ʧʨʦʮʝʩʦʨʠ ʢʦʨʠʩʪʝ ʜʦʜʘʪʥʠ ʭʘʨʜʚʝʨ ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʫ 

ʥʝʟʘʚʠʩʥʝ ʠʥʩʪʨʫʢʮʠʿʝ ʠʟ ʜʠʥʘʤʠʯʢʦʛ ʠʥʩʪʨʫʢʮʠʿʩʢʦʛ ʧʨʦʟʦʨʘ ʢʦʿʝ ʤʦʛʫ 

ʩʠʤʫʣʪʘʥʦ ʜʘ ʩʝ ʠʟʚʨʰʘʚʘʿʫ. 

ʄʝʹʫʪʠʤ, ʧʦʢʘʟʘʣʦ ʩʝ ʜʘ ʧʘʨʘʣʝʣʠʟʘʤ ʥʘ ʥʠʚʦʫ ʠʥʩʪʨʫʢʮʠʿʝ ʠʤʘ ʩʚʦʿʘ 

ʦʛʨʘʥʠʯʝˁʘ ʠ ʜʘ ʩʫʧʝʨʩʢʘʣʘʨʥʠ ʧʨʦʮʝʩʦʨʠ ʢʦʿʠ ʠʟʜʘʿʫ ʚʠʰʝ ʦʜ ʯʝʪʠʨʠ 

ʠʥʩʪʨʫʢʮʠʿʝ ʠʩʪʦʚʨʝʤʝʥʦ ʥʝ ʤʦʛʫ ʜʘ ʦʩʪʚʘʨʝ ʠʦʣʝ ʚʝ˂ʝ ʧʦʙʦˀʰʘˁʝ (ILP wall). ʉ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʣʦʞʝʥʦʩʪ ʧʦʪʨʝʙʥʝ ʜʦʜʘʪʥʝ ʭʘʨʜʚʝʨʩʢʝ ʣʦʛʠʢʝ ʨʘʩʪʝ ʩʘ ʢʚʘʜʨʘʪʦʤ 

ʙʨʦʿʘ ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʿʝ ʩʝ ʧʘʨʘʣʝʣʥʦ ʠʟʜʘʿʫ [OLUK2007]. ʉʣʦʞʝʥʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʠ ʩʫʧʝʨʩʢʘʣʘʨʥʠ ʜʠʟʘʿʥʠ ʫʟʨʦʢʫʿʫ ʠ ʚʝ˂ʘ ʚʨʝʤʝʥʘ ʧʨʦʩʪʠʨʘˁʘ 

ʩʠʛʥʘʣʘ ʫ ʯʠʧʫ ʢʘʦ ʠ ʚʝ˂ʫ ʦʩʿʝʪˀʠʚʦʩʪ ʥʘ ʬʠʟʠʯʢʝ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʝ ʝʬʝʢʪʝ. ʉʘʤʠ 

ʧʦʩʪʫʧʮʠ ʧʨʦʿʝʢʪʦʚʘˁʘ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʩʫ ʤʥʦʛʦ ʟʘʭʪʠʿʝʚʥʠʿʠ ʠ ʩʢʫʧˀʠ. ʇʦʨʝʜ 

ʩʚʝʛʘ, ʧʦʢʘʟʘʣʦ ʩʝ ʜʘ ʩʫ ʦʚʘʢʚʠ ʜʠʟʘʿʥʠ ʠʟʫʟʝʪʥʦ ʟʘʭʪʠʿʝʚʥʠ ʫ ʧʦʛʣʝʜʫ ʧʦʪʨʝʙʥʝ 

ʝʥʝʨʛʠʿʝ ʠ ʥʘʯʠʥʘ ʦʜʚʦʹʝˁʘ ʜʠʩʠʧʠʨʘʥʝ ʝʥʝʨʛʠʿʝ ʩʘ ʯʠʧʘ (power wall). 

ʉʚʠ ʦʚʠ ʢʦʤʙʠʥʦʚʘʥʠ ʝʬʝʢʪʠ ʩʫ ʫʪʠʮʘʣʠ ʜʘ ʪʨʝʥʜ ʫʩʧʦʨʘʚʘˁʘ ʄʦʦrʝ-ʦʚʦʛ 

ʟʘʢʦʥʘ ʧʦ ʢʦʿʝʤ ʩʫ ʧʝʨʬʦʨʤʘʥʩʝ ʨʘʩʣʝ ʟʘ ʦʢʦ 50% ʩʨʝʜʠʥʦʤ ʧʨʦʰʣʝ ʜʝʮʝʥʠʿʝ 

ʧʘʜʥʝ ʥʘ ʦʢʦ 20% ʠ ʫʢʘʟʘʣʠ ʜʘ ʝʢʩʪʝʥʟʠʚʥʦ ʢʦʨʠʰ˂ʝˁʝ ILP ʥʠʿʝ ʚʠʰʝ ʝʬʝʢʪʠʚʘʥ 

ʥʘʯʠʥ ʜʘ ʩʝ ʜʦʹʝ ʜʦ ʙʦˀʠʭ ʧʝʨʬʦʨʤʘʥʩʠ. ʊʦ ʿʝ ʫʩʣʦʚʠʣʦ ʧʨʦʤʿʝʥʫ ʧʘʨʘʜʠʛʤʠ ʠ 

ʜʦʚʝʣʦ ʜʦ ʥʦʚʦʛ ʘʣʪʝʨʥʘʪʠʚʥʦʛ ʧʨʠʩʪʫʧʘ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʧʨʦʮʝʩʦʨʘ ʟʘ ʝʬʠʢʘʩʥʦ 

ʢʦʨʠʰ˂ʝˁʝ ʩʚʝ ʚʝ˂ʝʛ ʙʨʦʿʘ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʯʠʧʫ ï ʤʫʣʪʠʿʝʟʛʘʨʥʠʭ ʠʣʠ CMP 

ʧʨʦʮʝʩʦʨʘ. ɱʝʜʘʥ CMP ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʥʝʢʦʣʠʢʦ ʤʥʦʛʦ ʧʨʦʩʪʠʿʠʭ ʩʫʧʝʨʩʢʘʣʘʨʥʠʭ 

ʿʝʟʛʘʨʘ ʠʥʪʝʛʨʠʩʘʥʠʭ ʩʘ ʜʠʿʝʣʦʤ ʤʝʤʦʨʠʿʩʢʝ ʭʠʿʝʨʘʨʭʠʿʝ ʫ ʠʩʪʦʤ ʯʠʧʫ. ʈʘʟʚʦʿ 

CMP ʧʨʦʮʝʩʦʨʘ ʿʝ ʫʩʣʦʚˀʝʥ ʥʝ ʩʘʤʦ ʪʝʭʥʦʣʦʰʢʠʤ ʪʨʝʥʜʦʚʠʤʘ ʥʝʛʦ ʠ ʧʦʤʘʮʠʤʘ 

ʥʘ ʩʦʬʪʚʝʨʩʢʦʤ ʧʣʘʥʫ (ʘʧʣʠʢʘʮʠʿʝ ʩʘ ʚʝʣʠʢʠʤ ʩʪʝʧʝʥʦʤ ʧʘʨʘʣʝʣʠʟʤʘ 

[WALL1993]). ʇʦʩʪʦʿʘˁʝ ʚʠʰʝ ʿʝʟʛʘʨʘ ʦʤʦʛʫ˂ʫʿʝ TLP ï ʧʘʨʘʣʝʣʠʟʘʤ ʥʘ ʥʠʚʦʫ 

ʥʠʪʠ. 

ʄʫʣʪʠʧʨʦʮʝʩʦʨʩʢʠ ʩʠʩʪʝʤʠ ʩʫ ʦʜʘʚʥʦ ʢʦʨʠʰ˂ʝʥʠ ʢʘʦ ʨʿʝʰʝˁʝ ʜʘ ʩʝ ʧʨʝʚʘʟʠʹʫ 

ʦʛʨʘʥʠʯʝʥʝ ʧʨʦʮʝʩʥʝ ʩʥʘʛʝ ʿʝʜʥʦʧʨʦʮʝʩʦʨʩʢʠʭ ʩʠʩʪʝʤʘ. ɻʣʘʚʥʠ ʧʨʦʙʣʝʤʠ ʢʦʜ 
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ʤʫʣʪʠʧʨʦʮʝʩʦʨʩʢʠʭ ʩʠʩʪʝʤʘ ʩʫ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʝ ʣʘʪʝʥʮʠʿʝ ʧʨʠʩʪʫʧʘ ʬʠʟʠʯʢʠ 

ʜʠʩʪʨʠʙʫʠʨʘʥʦʤ ʤʝʤʦʨʠʿʩʢʦʤ ʩʠʩʪʝʤʫ ʠ ʧʦʪʨʝʙʘ ʟʘ ʤʝʹʫʧʨʦʮʝʩʦʨʩʢʦʤ 

ʢʦʤʫʥʠʢʘʮʠʿʦʤ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʿʦʤ. ʋ ʜʘʥʘʰˁʝ ʚʨʠʿʝʤʝ, ʢʘʜʘ ʩʫ ʤʫʣʪʠʧʨʦʮʝʩʦʨʠ 

ʫʰʣʠ ʫ ʯʠʧ, ʦʥʠ ʥʫʜʝ ʥʝʢʝ ʟʥʘʯʘʿʥʝ ʧʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʫʧʝʨʩʢʘʣʘʨʝ. 

ʂʘʰˁʝˁʘ ʧʦ ʠʥʪʝʨʢʦʥʝʢʮʠʿʘʤʘ ʫʥʫʪʘʨ ʯʠʧʘ ʧʦʩʪʘʿʫ ʩʚʝ ʟʥʘʯʘʿʥʠʿʘ ʢʘʢʦ CMOS 

ʛʝʿʪʦʚʠ ʧʦʩʪʘʿʫ ʙʨʞʠ, ʘ ʯʠʧʦʚʠ ʬʠʟʠʯʢʠ ʚʝ˂ʠ [CARL2003]. ʋ ʧʦʨʝʹʝˁʫ ʩʘ 

ʥʘʧʨʝʜʥʠʤ ʩʣʦʞʝʥʠʤ ʩʫʧʝʨʩʢʘʣʘʨʦʤ ʫ CMP ʧʨʦʮʝʩʦʨʫ ʩʝ ʩʤʘˁʫʿʫ ʢʘʰˁʝˁʘ ʧʦ 

ʞʠʮʘʤʘ ʠ ʜʫʞʠʥʝ ʢʨʠʪʠʯʥʦʛ ʧʫʪʘ ʥʘ ʯʠʧʫ ʩ ʦʙʟʠʨʦʤ ʥʘ ʤʘˁʘ ʠ ʧʨʦʩʪʠʿʘ ʿʝʟʛʨʘ 

ʢʦʿʘ ʟʘʫʟʠʤʘʿʫ ʨʝʣʘʪʠʚʥʦ ʤʘʣʦ ʧʨʦʩʪʦʨʘ ʥʘ ʚʝ˂ʝʤ ʯʠʧʫ. ɱʝʜʠʥʦ ʨʿʝʹʝ ʢʦʨʠʰ˂ʝʥʝ 

ʚʝʟʝ ʠʟʤʝʹʫ ʿʝʟʛʘʨʘ ʤʦʛʫ ʠʤʘʪʠ ʨʝʣʘʪʠʚʥʦ ʚʝ˂ʘ ʢʘʰˁʝˁʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ, CMP 

ʜʦʟʚʦˀʘʚʘ ʙʨʞʠ ʩʠʛʥʘʣ ʪʘʢʪʘ ʫ ʩʚʘʢʦʤ ʿʝʟʛʨʫ. 

ʇʦʨʝʜ ʪʦʛʘ, CMP ʙʦˀʝ ʢʦʨʠʩʪʠ ʧʨʦʩʪʦʨ ʥʘ ʯʠʧʫ ʿʝʨ ʥʝʤʘ ʧʦʪʨʝʙʝ ʟʘ ʜʦʜʘʪʥʦʤ 

ʣʦʛʠʢʦʤ ʢʦʿʫ ʥʘʤʝ˂ʫ ʮʝʥʪʨʘʣʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ ʫ ʩʫʧʝʨʩʢʘʣʘʨʫ. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ 

CMP ʧʦʩʪʠʞʝ ʝʬʝʢʪʠʚʥʦ ʚʝ˂ʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʠʟʜʘʚʘˁʘ ʠʥʩʪʨʫʢʮʠʿʘ ʥʝʛʦ 

ʩʫʧʝʨʩʢʘʣʘʨ ʩʘ ʠʩʪʦʤ ʧʦʚʨʰʠʥʦʤ ʯʠʧʘ. CMP ʩʘ 8 ʜʚʦʩʪʨʫʢʠʭ (2-issue) 

ʩʫʧʝʨʩʢʘʣʘʨʥʠʭ ʿʝʟʛʘʨʘ ʟʘʫʟʠʤʘ ʠʩʪʠ ʧʨʦʩʪʦʨ ʢʘʦ ʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ 

ʜʚʘʥʘʝʩʪʦʩʪʨʫʢʠ (12-issue) ʩʫʧʝʨʩʢʘʣʘʨ [HAMM1997]. 

ʂʘʢʦ ʩʫ ʿʝʟʛʨʘ ʢʦʜ CMP ʤʥʦʛʦ ʧʨʦʩʪʠʿʘ, ʪʦ ʪʘʢʦʹʝ ʩʤʘˁʫʿʝ ʪʨʦʰʢʦʚʝ ʿʝʨ 

ʩʢʨʘ˂ʫʿʝ ʧʦʪʨʝʙʥʦ ʚʨʠʿʝʤʝ ʧʨʦʿʝʢʪʦʚʘˁʘ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʦʿʝ ʿʝ ʢʦʜ ʩʣʦʞʝʥʠʭ 

ʩʫʧʝʨʩʢʘʣʘʨʘ ʩʨʘʟʤʿʝʨʥʦ ʚʝ˂ʝ. ʐʪʘʚʠʰʝ, ʨʝʧʣʠʢʘʮʠʿʘ ʿʝʜʥʦʛ, ʚʝ˂ ʨʘʟʚʠʿʝʥʦʛ, 

ʧʨʦʮʝʩʦʨʩʢʦʛ ʿʝʟʛʨʘ ʫ CMP ʦʤʦʛʫ˂ʘʚʘ ʧʦʛʦʜʥʦ ʩʢʘʣʠʨʘˁʝ ʢʘ ʚʝ˂ʠʤ ʩʠʩʪʝʤʠʤʘ. 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʢʘʰˁʝˁʘ ʥʘ ʯʠʧʫ ʙʨʞʝ ʩʤʘˁʫʿʫ ʥʝʛʦ ʢʘʰˁʝˁʘ ʠʟʚʘʥ ʯʠʧʘ, 

ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʚʘʥ ʯʠʧʘ ʧʦʩʪʘʿʝ ʨʝʣʘʪʠʚʥʦ ʩʢʫʧˀʘ [AGAR2000]. ɿʘʪʦ ʿʝ ʿʝʜʥʘ ʦʜ 

ʪʝʞˁʠ ʧʨʦʿʝʢʪʘʥʘʪʘ ʜʘ ʦʛʨʘʥʠʯʠ ʠ ʩʤʘˁʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʚʘʥ ʯʠʧʘ. CMP 

ʧʨʦʮʝʩʦʨ ʿʝ ʫʧʨʘʚʦ ʿʝʜʥʦ ʪʘʢʚʦ ʨʝʿʰʝˁʝ ʩ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʚʠʰʝ ʿʝʟʛʘʨʘ ʟʘʿʝʜʥʦ ʩʘ 

ʜʠʿʝʣʦʤ ʤʝʤʦʨʠʿʩʢʝ ʭʠʿʝʨʘʨʭʠʿʝ ʥʘʣʘʟʝ ʫ ʦʢʚʠʨʫ ʯʠʧʘ [ZAHR2003]. 

ʇʦʨʝʜ ʪʦʛʘ, CMP ʠʤʘ ʙʦˀʠ ʦʜʥʦʩ ʮʠʿʝʥʝ ʠ ʧʝʨʬʦʨʤʘʥʩʠ ʥʝʛʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ 

SMP ʤʫʣʪʠʧʨʦʮʝʩʦʨʠ ʢʦʜ ʢʦʿʠʭ ʩʫ ʣʘʪʝʥʮʠʿʝ ʧʨʠʩʪʫʧʘ ʤʝʤʦʨʠʿʠ ʤʥʦʛʦ ʚʝ˂ʝ ʥʝʛʦ 

ʫ CMP ʠʣʠ ʫ ʩʫʧʝʨʩʢʘʣʘʨʫ. ʇʦʨʝʜ ʚʨʝʤʝʥʘ ʧʨʠʩʪʫʧʘ ʩʘʤʦʿ ʤʝʤʦʨʠʿʠ ʫ SMP 

ʤʫʣʪʠʧʨʦʮʝʩʦʨʫ, ʣʘʪʝʥʮʠʿʫ ʧʨʠʩʪʫʧʘ ʠʟʚʘʥ ʯʠʧʘ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʚʘ ʠ ʚʨʠʿʝʤʝ 

ʢʘʰˁʝˁʘ ʧʦ ʠʥʪʝʨʢʦʥʝʢʮʠʦʥʦʿ ʤʨʝʞʠ, ʘʢʮʠʿʝ ʧʨʦʪʦʢʦʣʘ ʟʘ ʢʦʭʝʨʝʥʮʠʿʫ ʢʝʰ 

ʤʝʤʦʨʠʿʘ, ʠʪʜ [CULL1999]. ʀʥʪʝʛʨʘʮʠʿʘ CMP ʫ ʩʢʘʣʘʙʠʣʥʝ ʤʫʣʪʠʧʨʦʮʝʩʦʨʩʢʝ 

ʩʠʩʪʝʤʝ ʠʤʘ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʿʝʨ ʩʝ ʫʟ ʤʘʣʝ ʠʟʤʝʿʥʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʠ ʢʘʦ 

ʛʨʘʜʠʚʥʠ ʙʣʦʢ ʪʘʢʚʠʭ ʩʠʩʪʝʤʘ [STEF2000]. 

CMP ʧʨʦʮʝʩʦʨʠ ʩʝ ʩʪʘʥʜʘʨʜʥʦ ʢʦʨʠʩʪʝ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʘʧʣʠʢʘʮʠʿʘ ʫ Web 

ʩʝʨʚʝʨʠʤʘ ʠ ʩʝʨʚʝʨʠʤʘ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʢʘʦ ʠ ʟʘ ʤʫʣʪʠʧʨʦʛʨʘʤʩʢʦ ʨʘʜʥʦ 

ʦʧʪʝʨʝ˂ʝˁʝ, ʿʝʨ ʩʝ ʦʚʘʢʚʝ ʘʧʣʠʢʘʮʠʿʝ ʜʦʙʨʦ ʠʟʚʨʰʘʚʘʿʫ ʠ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ 

ʤʫʣʪʠʧʨʦʮʝʩʦʨʠʤʘ. ʋ ʜʘʥʘʰˁʠʤ ʠ ʙʫʜʫ˂ʠʤ ʤʫʣʪʠʤʝʜʠʿʘʣʥʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ 

ʚʝʦʤʘ ʩʫ ʟʘʩʪʫʧˀʝʥʠ ʛʨʘʬʠʢʘ, ʦʙʨʘʜʘ ʩʣʠʢʝ ʠ ʛʦʚʦʨʘ. ʆʥʝ ʩʫ ʚʝʦʤʘ ʟʘʭʪʝʿʚʥʝ ʫ 

ʧʦʛʣʝʜʫ ʧʨʦʮʝʩʥʝ ʩʥʘʛʝ ʢʘʦ ʠ ʘʧʣʠʢʘʮʠʿʝ ʟʘ ʤʦʜʝʣʦʚʘˁʝ ʥʘʫʯʥʠʭ ʬʝʥʦʤʝʥʘ ʠ 

ʨʘʟʥʝ ʠʥʞʝˁʝʨʩʢʝ ʘʧʣʠʢʘʮʠʿʝ. CMP ʧʨʦʮʝʩʦʨʠ ʩʫ ʥʘʯʝʣʥʦ ʧʦʛʦʜʥʠ ʟʘ ʠʟʚʨʰʘʚʘˁʝ 

ʦʚʘʢʚʠʭ ʘʧʣʠʢʮʠʿʘ ʩʘ ʢʨʫʧʥʠʿʦʤ ʛʨʘʥʫʣʘʨʥʦʰ˂ʫ ʧʘʨʘʣʝʣʠʟʤʘ. 
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ʄʝʹʫʪʠʤ, ʛʣʘʚʥʠ ʥʝʜʦʩʪʘʪʘʢ CMP ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʦʞʝʥʝ ʩʫʧʝʨʩʢʘʣʘʨʝ ʩʝ ʦʛʣʝʜʘ 

ʫ ʩʧʦʨʠʿʝʤ ʠʟʚʨʰʘʚʘˁʫ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ, ʢʘʜʘ ʩʝ ʧʨʠ ʠʟʚʨʰʘʚʘˁʫ 

ʢʦʨʠʩʪʠ ʩʘʤʦ ʿʝʜʥʦ ʿʝʟʛʨʦ. ɿʘʪʦ ʩʝ, ʟʘ ʰʠʨʠ ʦʧʩʝʛ ʧʨʠʤʝʿʥʘ, ʤʦʨʘʿʫ ʧʦʩʪʠ˂ʠ ʙʦˀʘ 

ʠʩʢʦʨʠʰ˂ʝʥʦʩʪ ʨʝʩʫʨʩʘ ʠ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʠʟʚʨʰʘʚʘˁʫ ʩʝʢʚʝʥʮʠʿʘʣʥʦʛ ʨʘʜʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ. ʆʚʦ ʩʝ ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ ʢʦʥʚʝʨʪʦʚʘˁʝʤ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʧʨʦʛʨʘʤʘ ʫ 

ʚʠʰʝʥʠʪʥʝ (multithreaded) ʧʨʦʛʨʘʤʝ. 

 

2.2 ʇʘʨʘʣʝʣʠʟʘʤ ʥʘ ʥʠʚʦʫ ʥʠʪʠ 
 

ɺʠʰʝʥʠʪʥʦʩʪ (multithreading) ʿʝ ʪʝʭʥʠʢʘ ʢʦʿʘ ʜʦʟʚʦˀʘʚʘ ʜʘ ʩʝ ʩʝʢʚʝʥʮʠʿʘʣʥʠ 

ʧʨʦʛʨʘʤ ʨʘʟʙʠʿʝ ʫ ʤʘˁʝ ʠʥʩʪʨʫʢʮʠʿʩʢʝ ʪʦʢʦʚʝ ï ʥʠʪʠ (threads), ʢʦʿʝ ʩʝ ʤʦʛʫ 

ʠʟʚʨʰʘʚʘʪʠ ʫ ʧʘʨʘʣʝʣʠ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʿʝʟʛʨʠʤʘ ʫ ʦʢʚʠʨʫ CMP ʧʨʦʮʝʩʦʨʘ. ʋ 

ʥʘʩʪʘʚʢʫ ˂ʝ ʩʝ ʟʘ ʦʚʘʿ ʤʝʭʘʥʠʟʘʤ ʢʦʨʠʩʪʠʪʠ ʪʝʨʤʠʥ TLP (Thread Level Parallelism) 

ï ʧʘʨʘʣʝʣʠʟʘʤ ʥʘ ʥʠʚʦʫ ʥʠʪʠ. TLP ʦʤʦʛʫ˂ʘʚʘ ʧʘʨʘʣʝʣʠʟʘʤ ʢʨʫʧʥʝ ʛʨʘʥʫʣʘʨʥʦʩʪʠ, 

ʟʘ ʨʘʟʣʠʢʫ ʦʜ ILP ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʧʘʨʘʣʝʣʠʟʘʤ ʬʠʥʠʿʝ ʛʨʘʥʫʣʘʨʥʦʩʪʠ. ʂʘʢʦ ʩʫ 

ʿʝʟʛʨʘ ʫ CMP ʧʨʦʩʪʠʿʠ ʩʫʧʝʨʩʢʘʣʘʨʠ, ʦʜʨʝʹʝʥʠ ʥʠʚʦ ILP ʩʝ ʠ ʜʘˀʝ ʤʦʞʝ 

ʢʦʨʠʩʪʠʪʠ, ʿʝʨ ʩʫ TLP ʠ ILP ʦʨʪʦʛʦʥʘʣʥʠ.  

ʅʘʿʙʦˀʠ ʢʘʥʜʠʜʘʪʠ ʟʘ ʥʠʪʠ ʩʫ: ʙʘʟʠʯʥʠ ʙʣʦʢʦʚʠ (ʩʝʢʚʝʥʮʝ ʠʥʩʪʨʫʢʮʠʿʘ ʙʝʟ 

ʩʢʦʢʦʚʘ ʫʥʫʪʨʘ ʠ ʥʘʧʦˀʝ ʦʩʠʤ ʥʘ ʧʦʯʝʪʢʫ ʠ ʢʨʘʿʫ), ʠʪʝʨʘʮʠʿʝ ʫʥʫʪʨʘʰˁʠʭ ʠ 

ʩʧʦˀʘʰˁʠʭ ʧʝʪˀʠ, ʧʦʟʠʚʠ ʧʦʪʧʨʦʛʨʘʤʘ, ʠʪʜ. ʆʩʥʦʚʥʠ ʧʨʦʙʣʝʤ ʢʦʜ TLP ʣʝʞʠ ʫ 

ʦʨʛʘʥʠʟʘʮʠʿʠ ʥʠʪʠ, ʪʘʢʦ ʜʘ ʦʥʝ ʤʦʛʫ ʜʘ ʩʝ ʠʟʚʨʰʘʚʘʿʫ ʫ ʧʘʨʘʣʝʣʠ, ʠ ˁʠʭʦʚʦʿ 

ʩʠʥʭʨʦʥʠʟʘʮʠʿʠ, ʚʦʜʝ˂ʠ ʧʨʠʪʦʤ ʨʘʯʫʥʘ ʦ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ. 

 

2.2.1 ɿʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ 

 

ʅʝʢʘ ʧʨʠ ʩʝʢʚʝʥʮʠʿʘʣʥʦʤ ʠʟʚʨʰʘʚʘˁʫ ʧʦʩʪʦʿʠ ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʿʘ ʚʨʰʠ ʫʧʠʩ ʫ 

ʥʝʢʫ ʧʨʦʤʿʝʥˀʠʚʫ, ʘ ʢʘʩʥʠʿʝ ʫ ʢʦʜʫ ʥʝʢʘ ʧʦʩʪʦʿʠ ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʿʘ ʠʩʪʫ 

ʧʨʦʤʿʝʥˀʠʚʫ ʯʠʪʘ. ɿʙʦʛ ʩʝʤʘʥʪʠʯʢʝ ʢʦʨʝʢʪʥʦʩʪʠ ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʩʝ ʪʝ 

ʠʥʩʪʨʫʢʮʠʿʝ ʠ ʫ ʧʘʨʘʣʝʣʠʟʦʚʘʥʦʤ ʢʦʜʫ ʠʟʚʨʰʝ ʫ ʦʨʠʛʠʥʘʣʥʦʤ ʧʨʦʛʨʘʤʩʢʦʤ 

ʧʦʨʝʪʢʫ. ʋ ʩʫʧʨʦʪʥʦʤ, ʿʘʚˀʘ ʩʝ ʧʨʝʨʘʥʦ ʯʠʪʘˁʝ ʠʣʠ RAW (Read after Write) 

ʭʘʟʘʨʜ ʠʟʘʟʚʘʥ ʧʨʘʚʦʤ ʟʘʚʠʩʥʦʰ˂ʫ ʧʦ ʧʦʜʘʮʠʤʘ ʠʟʤʝʹʫ ʦʚʠʭ ʠʥʩʪʨʫʢʮʠʿʘ. 

ɼʝʪʝʢʪʦʚʘˁʝ ʠ ʩʧʨʝʯʘʚʘˁʝ ʦʚʦʛ ʭʘʟʘʨʜʘ ʿʝ ʛʣʘʚʥʠ ʧʨʦʙʣʝʤ ʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʠ 

TLP-ʘ. 

ʋ ʦʙʨʥʫʪʦʤ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʧʨʠ ʩʝʢʚʝʥʮʠʿʘʣʥʦʤ ʠʟʚʨʰʘʚʘˁʫ ʧʨʚʦ ʠʟʚʨʰʘʚʘ 

ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʿʘ ʯʠʪʘ ʥʝʢʫ ʧʨʦʤʿʝʥˀʠʚʫ, ʘ ʟʘʪʠʤ ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʿʝ ʫʧʠʩʫʿʝ ʫ ʠʩʪʫ 

ʧʨʦʤʿʝʥˀʠʚʫ, ʦʚʝ ʜʚʠʿʝ ʠʥʩʪʨʫʢʮʠʿʝ ʩʝ, ʪʘʢʦʹʝ, ʤʦʨʘʿʫ ʠʟʚʨʰʠʪʠ ʫ ʠʩʪʦʤ 

ʧʨʦʛʨʘʤʩʢʦʤ ʨʝʜʦʩˀʝʜʫ. ʋ ʩʫʧʨʦʪʥʦʤ, ʿʘʚˀʘ ʩʝ ʧʨʝʨʘʥʠ ʫʧʠʩ ʠʣʠ WAR (Write 

after Read) ʭʘʟʘʨʜ ʠʟʘʟʚʘʥ ʘʥʪʠʟʘʚʠʩʥʦʰ˂ʫ ʧʦ ʧʦʜʘʮʠʤʘ ʠʟʤʝʹʫ ʦʚʠʭ 

ʠʥʩʪʨʫʢʮʠʿʘ. ʆʚʘʿ ʭʘʟʘʨʜ ʩʝ ʨʿʝʰʘʚʘ ʧʨʝʠʤʝʥʦʚʘˁʝʤ ʧʨʦʤʿʝʥˀʠʚʝ ʫ ʢʦʿʫ ʫʧʠʩʫʿʝ 

ʜʨʫʛʘ ʠʥʩʪʨʫʢʮʠʿʘ ʧʘ ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʧʨʠʿʝ ʯʠʪʘˁʘ ʿʝʨ ʿʝ ʢʦʨʝʢʪʥʘ ʚʨʠʿʝʜʥʦʩʪ 

ʟʘ ʯʠʪʘˁʝ ʩʘʯʫʚʘʥʘ. 
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ɸʢʦ ʜʚʠʿʝ ʦʧʝʨʘʮʠʿʝ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʧʦʨʝʪʢʫ ʚʨʰʝ ʫʧʠʩ ʫ ʠʩʪʫ ʧʨʦʤʿʝʥˀʠʚʫ, 

ʧʦʩʪʦʿʠ ʠʟʣʘʟʥʘ ʟʘʚʠʩʥʦʩʪ ʧʦ ʧʦʜʘʮʠʤʘ ʠʣʠ WAW (Write after Write) ʭʘʟʘʨʜ. ɸʢʦ 

ʩʝ ʠʟʤʝʹʫ ʪʘ ʜʚʘ ʫʧʠʩʘ ʥʝ ʿʘʚˀʘ ʯʠʪʘˁʝ ʦʚʝ ʧʨʦʤʿʝʥˀʠʚʝ, ʧʨʚʠ ʫʧʠʩ ʩʝ ʤʦʞʝ 

ʫʢʣʦʥʠʪʠ. ɸʢʦ ʯʠʪʘˁʝ ʧʦʩʪʦʿʠ, ʦʥʜʘ ʩʝ ʦʚʘʿ ʩʣʫʯʘʿ ʩʚʦʜʠ ʥʘ ʢʦʤʙʠʥʘʮʠʿʫ 

ʧʨʝʪʭʦʜʥʝ ʜʚʠʿʝ ʧʦʤʝʥʫʪʝ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ. 

 

2.2.2 ɺʨʩʪʝ TLP 

 

ʇʦʩʪʦʿʝ ʜʚʠʿʝ ʚʨʩʪʝ TLP: ʝʢʩʧʣʠʮʠʪʥʠ ʠ ʠʤʧʣʠʮʠʪʥʠ. ʆʩʥʦʚʥʝ ʨʘʟʣʠʢʝ ʩʝ ʪʠʯʫ 

ʠʟʜʘʚʘˁʘ ʠ ʠʟʚʨʰʘʚʘˁʘ ʥʠʪʠ, ʢʘʦ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʦʛ ʤʝʭʘʥʠʟʤʘ, ʜʦʢ ʩʫ 

ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʮʝʩʦʨʘ ʠ ʤʝʤʦʨʠʿʩʢʘ ʭʠʿʝʨʘʨʭʠʿʘ ʩʣʠʯʥʠ. ʋ ʝʢʩʧʣʠʮʠʪʥʦʤ 

(ʥʝʩʧʝʢʫʣʘʪʠʚʥʦʤ) TLP ʥʠʪʠ ʤʦʛʫ ʙʠʪʠ ʥʝʟʘʚʠʩʥʝ ʠʣʠ ʟʘʚʠʩʥʝ, ʘʣʠ 

ʩʠʥʭʨʦʥʠʟʦʚʘʥʝ ʥʘ ʩʚʘʢʫ ʧʦʿʘʚʫ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʪʘʢʦ ʜʘ ʤʦʛʫ ʙʠʪʠ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʝʥʝ ʥʘ ʢʦʥʢʫʨʝʥʪʘʥ ʥʘʯʠʥ ʫ ʠʩʧʨʘʚʥʦʤ ʧʦʨʝʪʢʫ. ɿʘʚʠʩʥʦʩʪʠ 

ʠʟʤʝʹʫ ʥʠʪʠ ʩʝ ʢʦʥʪʨʦʣʠʰʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʦʬʪʚʝʨʩʢʠʤ ʧʨʠʤʠʪʠʚʘʤʘ (fork 

primitives).  

ɽʢʩʧʣʠʮʠʪʥʝ ʥʠʪʠ ʫ ʩʝʢʚʝʥʮʠʿʘʣʥʦʿ ʘʧʣʠʢʘʮʠʿʠ ʤʦʛʫ ʙʠʪʠ ʠʜʝʥʪʠʬʠʢʦʚʘʥʝ 

ʧʦʤʦ˂ʫ ʥʘʧʨʝʜʥʠʭ ʧʘʨʘʣʝʣʠʟʫʿʫ˂ʠʭ ʧʨʝʚʦʜʠʣʘʮʘ ʠʣʠ ʤʘʥʫʝʣʥʦʤ ʧʘʨʘʣʝʣʠʟʘʮʠʿʦʤ 

[TORR2011, OLUK2007, OOI2001]. ʄʝʹʫʪʠʤ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʝʢʧʣʠʮʠʪʥʠʭ ʥʠʪʠ 

ʥʠʿʝ ʣʘʢ ʧʦʩʘʦ ʟʙʦʛ ʧʨʦʙʣʝʤʘ ʩʘ ʧʦʢʘʟʠʚʘʯʠʤʘ, ʩ ʢʦʥʪʨʦʣʥʠʤ ʩʪʫʢʪʫʨʘʤʘ 

ʩʝʣʝʢʮʠʿʝ ʠ ʛʨʘʥʘˁʘ, ʠʪʜ. ʏʘʢ ʠ ʫ ʥʫʤʝʨʠʯʢʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ ʧʨʝʚʦʜʠʦʮʠ ʩʫ ʩʘʤʦ ʫ 

ʦʛʨʘʥʠʯʝʥʦʤ ʦʙʠʤʫ ʝʬʠʢʘʩʥʠ ʫ ʧʨʝʧʦʟʥʘʚʘˁʫ ʝʢʩʧʣʠʮʠʪʥʠʭ ʥʠʪʠ. 

ʇʘʨʘʣʝʣʠʟʫʿʫ˂ʠ ʧʨʝʚʦʜʠʦʮʠ ʧʨʠʤʝʿˁʫʿʫ ʢʦʥʟʝʨʚʘʪʠʚʥʫ ʩʪʨʘʪʝʛʠʿʫ ʧʨʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʥʠʪʠ ʿʝʨ ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ ʜʘ ʧʦʩʪʦʿʝ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʥʠʪʠ 

ʫʚʠʿʝʢ ʢʘʜʘ ʥʝ ʤʦʛʫ ʜʘ ʛʘʨʘʥʪʫʿʫ ˁʠʭʦʚʫ ʥʝʟʘʚʠʩʥʦʩʪ, ʯʘʢ ʠ ʘʢʦ ʿʝ ʪʘ ʟʘʚʠʩʥʦʩʪ 

ʤʘʣʦ ʚʿʝʨʦʚʘʪʥʘ. ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʩʣʠʢʝ 2-1, ʘʢʦ ʩʫ ʚʨʠʝʿʜʥʦʩʪʠ ʝʣʝʤʝʥʘʪʘ 

ʥʠʟʦʚʘ L ʠ K ʟʘʚʠʩʥʝ ʦʜ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ, ʧʨʝʚʦʜʠʣʘʮ ʥʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʜʘ ʣʠ 

ʨʘʟʣʠʯʠʪʝ ʠʪʝʨʘʮʠʿʝ ʧʝʪˀʝ ʧʨʠʩʪʫʧʘʿʫ ʨʘʟʣʠʯʠʪʠʤ ʝʣʝʤʝʥʪʠʤʘ ʥʠʟʘ, ʧʘ 

ʦʟʥʘʯʘʚʘʿʫ ʧʝʪˀʫ ʟʘ ʩʝʢʚʝʥʮʠʿʘʣʥʦ ʠʟʚʨʰʘʚʘˁ ʝ. 

 

 
 

ʉʣʠʢʘ 2-1. ʇʨʠʤʿʝʨ ʤʦʛʫ˂ʝ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʠʪʝʨʘʮʠʿʘ ʧʝʪˀʝ [TORR2011] 

ʇʨʝʤʘ ʪʦʤʝ, ʥʠ ʥʘʧʨʝʜʥʠ ʧʨʝʚʦʜʠʦʮʠ ʥʝ ʤʦʛʫ ʦʩʠʛʫʨʘʪʠ ʜʘ CMP ʧʨʦʮʝʩʦʨʠ 

ʤʦʛʫ ʝʬʠʢʘʩʥʦ ʠʟʚʨʰʘʚʘʪʠ ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʘʧʣʠʢʘʮʠʿʝ ʦʧʰʪʝ ʥʘʤʿʝʥʝ ʢʘʦ 
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ʝʢʩʧʣʠʮʠʪʥʝ ʥʠʪʠ. ʇʨʦʙʣʝʤ ʙʠ ʩʝ ʤʦʛʘʦ ʨʠʿʝʰʠʪʠ ʠʤʧʣʠʮʠʪʥʠʤ (ʩʧʝʢʫʣʘʪʠʚʥʠʤ) 

ʥʠʪʠʤʘ ʢʦʿʝ ʙʠ ʩʝ ʤʦʛʣʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʫ ʚʨʠʿʝʤʝ ʧʨʝʚʦʹʝˁʘ ʧʨʦʛʨʘʤʘ ʠʣʠ ʧʨʠ 

ˁʝʛʦʚʦʤ ʠʟʚʨʰʘʚʘˁʫ ʫʟ ʧʦʩʝʙʥʫ ʭʘʨʜʚʝʨʩʢʫ ʧʦʜʨʰʢʫ. ʆʚʝ ʥʠʪʠ ʙʠ ʤʦʛʣʝ ʠʤʘʪʠ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʤʝʹʫʩʦʙʥʝ ʟʘʚʠʩʥʦʩʪʠ ʠ ʠʟʚʨʰʘʚʘʣʝ ʙʠ ʩʝ ʩʧʝʢʫʣʘʪʠʚʥʦ ʫ CMP 

ʧʨʦʮʝʩʦʨʫ ʫʟ ʧʦʩʪʦʿʘˁʝ ʩʦʬʪʚʝʨʩʢʝ ʠʣʠ ʭʘʨʜʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʢʦʿʘ ʙʠ ʜʠʥʘʤʠʯʢʠ 

ʜʝʪʝʢʪʦʚʘʣʘ ʠ ʨʘʟʨʠʝʿʰʘʚʘʣʘ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʥʠʪʠ [TORR2011, OLUK2007, 

KRIS1999]. 

ʋ ʦʚʘʢʚʦʤ ʩʠʩʪʝʤʫ ʥʠʪʠ ʩʝ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘʿʫ ʫ ʧʘʨʘʣʝʣʠ ʥʘ 

ʨʘʟʣʠʯʠʪʠʤ ʿʝʟʛʨʠʤʘ ʩʚʝ ʜʦʢ ʟʘʚʠʩʥʦʩʪʠ ʥʠʿʝʩʫ ʥʘʨʫʰʝʥʝ. ɸʢʦ ʩʝ ʟʘʚʠʩʥʦʩʪ ʥʝ 

ʧʦʿʘʚʠ ʜʦ ʢʨʘʿʘ, ʥʠʪʠ ʩʝ ʟʘʚʨʰʘʚʘʿʫ ʠ ʝʬʝʢʪʠ ˁʠʭʦʚʦʛ ʨʘʜʘ ʩʫ ʚʘʞʝ˂ʠ. ɸʢʦ ʿʝ 

ʩʧʝʢʫʣʘʮʠʿʘ ʥʝʫʩʧjʝʰʥʘ, ʥʠʪ ʢʦʿʘ ʿʝ ʥʘʨʫʰʠʣʘ ʟʘʚʠʩʥʦʩʪ ʠ ʩʚʝ ʥʘʨʝʜʥʝ 

ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʧʨʝʢʠʜʘʿʫ ʠʟʚʨʰʘʚʘˁʝ, ˁʠʭʦʚʠ ʝʬʝʢʪʠ ʩʝ ʧʦʥʠʰʪʘʚʘʿʫ ʠ ʦʥʝ 

ʩʝ ʢʘʩʥʠʿʝ ʠʟʚʨʰʘʚʘʿʫ ʢʘʜʘ ʩʝ ʜʦʙʠʿʫ ʠʩʧʨʘʚʥʠ ʧʦʜʘʮʠ. ɼʘ ʙʠ ʩʝ ʛʘʨʘʥʪʦʚʘʣʠ ʠʩʪʠ 

ʨʝʟʫʣʪʘʪʠ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʢʘʦ ʢʦʜ ʥʝʩʧʝʢʫʣʘʪʠʚʥʦʛ, ʧʦʪʨʝʙʥa ʿʝ 

ʜʦʜʘʪʥʘ ʭʘʨʜʚʝʨʩʢʘ ʣʦʛʠʢʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʥʠʪʠ, ʧʨʝʜʚʠʹʘˁʝ ʠ ʜʝʪʝʢʪʦʚʘˁʝ 

ʟʘʚʠʩʥʦʩʪʠ, ʧʨʝʜʚʠʹʘˁʝ ʚʨʠʿʝʜʥʦʩʪʠ ʧʦʜʘʪʘʢʘ, ʠʪʜ. ʆʚʘ ʪʝʭʥʠʢʘ ʩʝ ʥʘʟʠʚʘ 

ʩʧʝʢʫʣʘʮʠʿʘ ʥʘ ʥʠʚʦʫ ʥʠʪʠ - TLS (Thread-Level Speculation). ʇʦʰʪʦ ʩʝ TLS ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʿʘ ʥʠʪʠ ʥʝ ʠʩʢˀʫʯʫʿʫ, ʜʘ ʙʠ ʩʝ ʧʦʧʨʘʚʠʣʝ ʧʝʨʬʦʨʤʘʥʩʝ ʝʢʩʧʣʠʮʠʪʥʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʿʘ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʢʘʜʘ ʩʫ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʥʠʪʠ ʚʿʝʨʦʚʘʪʥʝ. 

 

2.3 ʉʧʝʢʫʣʘʪʠʚʥʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʘ ʥʘ ʥʠʚʦʫ ʥʠʪʠ 
 

ʋ [KNIG1986] ʿʝ ʧʨʝʜʣʦʞʝʥʘ ʧʨʚʘ ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʿʘ ʧʦʜʨʞʘʚʘ ʠʟʚʨʰʘʚʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʟʘ ʬʫʥʢʮʠʦʥʘʣʥʝ ʿʝʟʠʢʝ ʛʜʝ ʿʝ ʢʦʨʝʢʪʥʦ ʠʟʚʨʰʝˁʝ ʧʘʨʘʣʝʣʥʦʛ 

ʢʦʜʘ ʩʘ ʙʦʯʥʠʤ ʝʬʝʢʪʠʤʘ ʧʦʜʨʞʘʥʦ ʭʘʨʜʚʝʨʩʢʠ. ʅʘʢʦʥ ʪʦʛʘ ʿʝ TLS ʪʝʭʥʠʢʘ 

ʢʦʨʠʰ˂ʝʥʘ ʢʦʜ ʨʘʟʣʠʯʠʪʠʭ CMP ʩʠʩʪʝʤʘ (ʥʧʨ., Multiscalar ʿʝ ʙʠʦ ʿʝʜʘʥ ʦʜ ʧʨʚʠʭ 

ʤʫʣʪʠʧʨʦʮʝʩʦʨʘ ʧʦʪʧʫʥʦ ʦʨʠʿʝʥʪʠʩʘʥ ʢʘ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʠʟʚʨʰʘʚʘˁʫ 

[OLUK2007]). ʇʨʝʛʣʝʜ ʦʚʠʭ ʩʠʩʪʝʤʘ ʿʝ ʜʘʪ ʫ ʩʝʢʮʠʿʠ 2.4. 

 

2.3.1 ʇʨʠʤʿʝʥˀʠʚʦʩʪ TLS-a 

 

ʉʧʝʢʫʣʘʪʠʚʥʠ ʧʘʨʘʣʝʣʠʟʘʤ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʫ ʤʥʦʛʠʤ ʩʝʢʚʝʥʮʠʿʘʣʥʠʤ 

ʘʧʣʠʢʘʮʠʿʘʤʘ (ʥʧʨ., [PACK2009]). TLS ʦʤʦʛʫ˂ʘʚʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ 

ʧʨʦʛʨʘʤʘ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʩʣʦʞʝʥʦʤ ʘʥʘʣʠʟʦʤ ʟʘʚʠʩʥʦʩʪʠ ʠ ʝʢʩʧʣʠʮʠʪʥʦʤ 

ʩʠʥʭʨʦʥʠʟʘʮʠʿʦʤ, ʢʘʦ ʠ ʠʩʢʦʨʠʰ˂ʝˁʝ ʧʫʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ CMP ʧʨʦʮʝʩʦʨʘ ʫ 

ʠʟʚʨʰʘʚʘˁʫ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʦʧʰʪʝ ʥʘʤʿʝʥʝ. ɽʬʝʢʪʠ ʥʠʪʠ ʧʦʩʪʘʿʫ 

ʚʘʞʝ˂ʠ ʫ ʠʩʪʦʤ ʧʦʨʝʪʢʫ ʢʘʦ ʢʘʜʘ ʙʠ ʩʝ ʦʥʝ ʠʟʚʨʰʘʚʘʣʝ ʩʝʢʚʝʥʮʠʿʘʣʥʦ ʠʘʢʦ ʩʝ 

ʩʪʚʘʨʥʦ ʠʟʚʨʰʘʚʘʿʫ ʫ ʧʘʨʘʣʝʣʠ. 

TLS ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʫ ʧʘʨʘʣʝʣʠʟʘʮʠʿʠ ʧʝʪˀʠ ʠ ʧʦʟʠʚʘ ʧʦʪʧʨʦʛʨʘʤʘ. 

ʅʘʿʚʝ˂ʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ ʩʝ ʥʘʣʘʟʠ ʫ ʧʝʪˀʘʤʘ ʿʝʨ ʩʝ ʩʚʘʢʘ ʠʪʝʨʘʮʠʿʘ 

ʧʝʪˀʝ ʠʟʚʨʰʘʚʘ ʢʘʦ ʟʘʩʝʙʥʘ ʥʠʪ. ʊʦ ʩʝ ʧʦʩʪʠʞʝ ʪʘʢʦ ʰʪʦ ʩʝ ʫʙʘʮʫʿʝ spawn 
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ʠʥʩʪʨʫʢʮʠʿʘ, ʢʦʿʦʤ ʩʝ ʧʨʦʮʝʩʦʨʫ ʜʦʜʝˀʫʿʝ ʥʠʪ ʥʘ ʠʟʚʨʰʘʚʘˁʝ. ʉʚʘʢʘ ʥʠʪ 

ʠʟʚʨʰʘʚʘ ʠʩʪʠ ʢʦʜ. ʅʝʰʪʦ ʿʝ ʪʝʞʝ ʧʘʨʘʣʝʣʠʟʦʚʘʪʠ ʧʦʟʠʚʝ ʧʦʪʧʨʦʛʨʘʤʘ. ʋ ʪʦʤ 

ʩʣʫʯʘʿʫ ʩʝ ʦʙʠʯʥʦ ʩʘʤ ʧʦʪʧʨʦʛʨʘʤ ʦʜʚʠʿʘ ʫ ʥʝʩʧʝʢʫʣʘʪʠʚʥʦʿ ʥʠʪʠ, ʜʦʢ ʩʝ ʥʘʩʪʘʚʘʢ 

ʢʦʜʘ ʠʟʘ ʧʦʟʠʚʘ ʦʜʚʠʿʘ ʫ ʩʧʝʢʫʣʘʪʠʚʥʦʿ ʥʠʪʠ ʫʟ ʧʨʝʪʧʦʩʪʘʚˀʝʥʝ ʨʝʟʫʣʪʘʪʝ ʨʘʜʘ 

ʧʦʪʧʨʦʛʨʘʤʘ. ɸʢʦ ʜʦʹʝ ʜʦ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ, ʨʝʟʫʣʪʘʪʠ ʨʘʜʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ 

ʥʠʪʠ ʩʝ ʧʦʥʠʰʪʘʚʘʿʫ. 

 

2.3.2 TLS ʤʝʭʘʥʠʟʘʤ 

 

ʋ ʩʠʩʪʝʤʫ ʩʘ TLS ʧʦʜʨʰʢʦʤ ʦʜ ʚʠʰʝ ʥʠʪʠ ʢʦʿʝ ʩʝ ʠʟʚʨʰʘʚʘʿʫ ʧʘʨʘʣʝʣʥʦ, 

ʥʘʿʨʘʥʠʿʝ ʩʪʘʨʪʦʚʘʥʘ ʥʠʪ ʿʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ, ʜʦʢ ʩʫ ʦʩʪʘʣʝ ʥʠʪʠ ʩʧʝʢʫʣʘʪʠʚʥʝ. 

ʉʘʤʦ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʤʦʞʝ ʜʘ ʤʠʿʝˁʘ ʧʝʨʤʘʥʝʥʪʥʦ ʩʪʘˁʝ ʫ ʤʝʤʦʨʠʿʠ, ʜʦʢ 

ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʩʚʦʿʘ ʩʪʘˁʘ ʠʟʚʨʰʘʚʘˁʘ ʜʨʞʝ ʫ ʣʦʢʘʣʥʠʤ ʙʘʬʝʨʠʤʘ. ʂʘʜʘ ʩʝ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʟʘʚʨʰʠ, ʧʨʚʘ ʥʘʨʝʜʥʘ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʧʦʩʪʘʿʝ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ, ʧʘ ʩʝ ˁʝʥʦ ʩʪʘˁʝ ʧʦʪʚʨʹʫʿʝ ʠ ʧʨʝʙʘʮʫʿʝ ʫ ʤʝʤʦʨʠʿʫ (commit). 

ʊʘʢʦʹʝ, ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʤʦʛʫ ʜʘ ʯʠʪʘʿʫ ʠ ʧʦʜʘʪʢʝ ʠʟ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʩʪʘˁʘ ʢʦʿʠ 

ʩʫ ʫʧʠʩʘʥʠ ʫ ʙʘʬʝʨʝ ʧʨʝʪʭʦʜʥʠʭ (ʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ) ʥʠʪʠ, ʘʣʠ ʥʝ ʠ ʦʥʝ ʠʟ 

ʙʘʬʝʨʘ ʥʘʨʝʜʥʠʭ (ʩʧʝʢʫʣʘʪʠʚʥʠʿʠʭ) ʥʠʪʠ. 

ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʫ ʚʠʜʫ ʠʜʝʘʣʥʦʛ ʩʠʩʪʝʤʘ ʙʠ ʫʢˀʫʯʠʚʘʣʘ 

ʧʦʪʧʫʥʦ ʘʩʦʮʠʿʘʪʠʚʥʝ ʢʝʰ ʤʝʤʦʨʠʿʝ ʧʨʚʦʛ ʥʠʚʦʘ ʥʝʦʛʨʘʥʠʯʝʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʢʦʿʝ 

ʩʫ ʧʨʠʚʘʪʥʝ ʟʘ ʩʚʘʢʦ ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ. ʈʝʟʫʣʪʘʪʠ ʙʠ ʩʝ ʯʫʚʘʣʠ ʫ ʦʚʠʤ ʢʝʰ 

ʤʝʤʦʨʠʿʘʤʘ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʫ ʨʝʞʠʤʫ ʦʜʣʦʞʝʥʦʛ ʫʧʠʩʘ 

(write-back), ʘ ʧʨʦʤʿʝʥʘ ʩʝʢʚʝʥʮʠʿʘʣʥʦʛ ʩʪʘˁʘ ʫ ʤʝʤʦʨʠʿʠ ʙʠ ʩʝ ʥʘʧʨʘʚʠʣʘ ʩʘʤʦ 

ʢʘʜʘ ʩʝ ʦʚʝ ʥʠʪʠ ʫʩʧʿʝʰʥʦ ʟʘʚʨʰʝ. ʋ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ, ʢʘʜʘ ʥʠʪ i ʯʠʪʘ 

ʥʝʢʠ ʧʦʜʘʪʘʢ ʩʧʝʢʫʣʘʪʠʚʥʠ ʭʘʨʜʚʝʨ ʤʦʨʘ ʜʘ ʚʨʘʪʠ ʥʘʿʩʢʦʨʠʿʫ ʚʨʠʿʝʜʥʦʩʪ. ɸʢʦ ʩʝ 

ʦʥʘ ʥʝ ʥʘʹʝ ʫ ʧʨʠʚʘʪʥʦʿ ʢʝʰ ʤʝʤʦʨʠʿʠ ʧʨʚʦʛ ʥʠʚʦʘ, ʦʥʜʘ ʩʝ ʫʟʠʤʘ ʠʟ ʢʝʰ 

ʤʝʤʦʨʠʿʝ ʿʝʟʛʨʘ ʢʦʿʝ ʠʟʚʨʰʘʚʘ ʥʠʪ j ʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʫ ʦʜ i. ɸʢʦ ʥʠʿʝʜʥʘ ʤʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʥʠʿʝ ʧʨʦʠʟʚʝʣʘ ʦʚʫ ʚʨʠʿʝʜʥʦʩʪ, ʦʥʘ ʩʝ ʯʠʪʘ ʠʟ ʢʝʰ ʤʝʤʦʨʠʿʝ 

ʜʨʫʛʦʛ ʥʠʚʦʘ ʠʣʠ ʠʟ ʤʝʤʦʨʠʿʝ [OPLI1997]. 

ɸʜʝʢʚʘʪʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʟʘ TLS ʧʦʩʪʘʚˀʘ ʧʝʪ ʟʘʭʪʿʝʚʘ:  

1. ʇʨʦʩˀʝʹʠʚʘˁʝ ʧʦʜʘʪʘʢʘ ʠʟʤʝʹʫ ʧʘʨʘʣʝʣʥʠʭ ʥʠʪʠ, 

2. ɼʝʪʝʢʪʦʚʘˁʝ RAW ʭʘʟʘʨʜʘ, 

3. ʇʦʥʠʰʪʘʚʘˁʝ ʨʝʟʫʣʪʘʪʘ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʢʘʜʘ ʿʝ ʩʧʝʢʫʣʘʮʠʿʘ 

ʧʦʛʨʝʰʥʘ, 

4. ʀʟʚʨʰʘʚʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʫʧʠʩʘ ʫ ʢʦʨʝʢʪʥʦʤ ʧʦʨʝʪʢʫ (WAW 

ʭʘʟʘʨʜʠ)  

5. ʈʿʝʰʘʚʘˁʝ WAR ʭʘʟʘʨʜʘ ʧʨʝʠʤʝʥʦʚʘˁʝʤ ʤʝʤʦʨʠʿʩʢʠʭ ʧʨʦʤʿʝʥˀʠʚʠʭ. 

 

ʋ ʩʣʫʯʘʿʫ ʧʨʘʚʦʛ ʜʠʿʝˀʝˁʘ ʧʦʜʘʪʘʢʘ ʠʟʤʝʹʫ ʥʠʪʠ, ʢʘʜʘ ʢʘʩʥʠʿʦʿ ʥʠʪʠ ʟʘʪʨʝʙʘ 

ʧʦʜʘʪʘʢ, ʨʘʥʠʿʘ ʥʠʪ ʪʨʝʙʘ ʜʘ ʿʦʿ ʧʨʦʩʣʠʿʝʜʠ ʥʘʿʩʢʦʨʠʿʫ ʚʨʠʿʝʜʥʦʩʪ. ʇʦʥʝʢʘʜ, ʜʘ ʙʠ 

ʩʝ ʩʢʨʘʪʠʣʦ ʯʝʢʘˁʝ, ʥʠʪ ʢʦʿʘ ʧʨʦʠʟʚʦʜʠ ʧʦʜʘʪʘʢ ʤʦʞʝ ʜʘ ʛʘ ʧʦʰʘˀʝ ʥʘʨʝʜʥʠʤ 

ʥʠʪʠʤʘ ʫʥʘʧʨʠʿʝʜ, ʙʝʟ ʟʘʭʪʿʝʚʘ. 
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RAW ʭʘʟʘʨʜ ʩʝ ʜʝʰʘʚʘ ʢʘʜʘ ʿʝ ʥʠʪ ʧʨʝʨʘʥʦ ʧʨʦʯʠʪʘʣʘ ʧʦʜʘʪʘʢ. ɿʘʪʦ ʩʠʪʫʘʮʠʿʘ 

ʫ ʢʦʿʦʿ ʩʧʝʢʫʣʘʪʠʚʥʠʿʘ ʥʠʪ ʧʨʚʦ ʯʠʪʘ ʧʦʜʘʪʘʢ ʢʦʿʠ ʢʘʩʥʠʿʝ ʥʝʢʘ ʨʘʥʠʿʘ, ʤʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʫʧʠʩʫʿʝ ʤʦʨʘ ʙʠʪʠ ʜʠʥʘʤʠʯʢʠ ʜʝʪʝʢʪʦʚʘʥʘ. ʆʚʦ ʩʝ ʦʙʠʯʥʦ 

ʨʘʟʨʝʿʰʘʚʘ ʧʦʥʠʰʪʘʚʘˁʝʤ (squashing) ʥʠʪʠ ʢʦʿʘ ʿʝ ʧʨʦʯʠʪʘʣʘ ʥʝʢʦʨʝʢʪʘʥ ʧʦʜʘʪʘʢ, 

ʘ ʟʘʪʠʤ ˁʝʥʠʤ ʥʘʢʥʘʜʥʠʤ ʠʟʚʨʰʘʚʘˁʝʤ ʩʘ ʠʩʧʨʘʚʥʠʤ ʧʦʜʘʪʢʦʤ. 

ʋ ʩʣʫʯʘʿʫ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʧʝʨʤʘʥʝʥʪʥʦ ʩʪʘˁʝ ʥʝ ʩʤʠʿʝ ʙʠʪʠ 

ʧʨʦʤʠʿʝˁʝʥʦ ʠ ʩʚʠ ʝʬʝʢʪʠ ʪʝ ʥʠʪʠ ʤʦʨʘʿʫ ʙʠʪʠ ʧʦʥʠʰʪʝʥʠ. ʆʙʠʯʥʦ ʩʝ 

ʩʧʝʢʫʣʘʪʠʚʥʦ ʩʪʘˁʝ ʜʨʞʠ ʩʘʤʦ ʫ ʧʨʠʚʘʪʥʦʿ ʢʝʰ ʤʝʤʦʨʠʿʠ ʧʨʚʦʛ ʥʠʚʦʘ, ʘ 

ʧʝʨʤʘʥʝʥʪʥʦ ʩʪʘˁʝ ʫ ʢʝʰ ʤʝʤʦʨʠʿʠ ʜʨʫʛʦʛ ʥʠʚʦʘ, ʪʘʢʦ ʜʘ ʩʝ ʝʬʝʢʪʠ ʧʦʛʨʝʰʥʝ 

ʩʧʝʢʫʣʘʮʠʿʝ ʣʘʢʦ ʧʦʥʠʰʪʘʚʘʿʫ. 

ʂʘʜʘ ʢʘʩʥʠʿʘ ʥʠʪ (ʩʧʝʢʫʣʘʪʠʚʥʠʿʘ ʥʠʪ) ʫʧʠʩʫʿʝ ʫ ʠʩʪʠ ʧʦʜʘʪʘʢ ʧʨʠʿʝ ʥʝʛʦ ʰʪʦ 

ʨʘʥʠʿʘ ʥʠʪ (ʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ) ʫʧʠʰʝ ʫ ˁʝʛʘ (WAW ʭʘʟʘʨʜ), ʦʩʪʘʣʝ ʥʠʪʠ 

ʤʦʨʘʿʫ ʚʠʜʿʝʪʠ ʝʬʝʢʪʝ ʦʚʠʭ ʫʧʠʩʘ ʫ ʢʦʨʝʢʪʥʦʤ ʧʦʨʝʪʢʫ. ʆʚʦ ʩʝ ʧʦʩʪʠʞʝ ʪʘʢʦ ʰʪʦ 

ʥʠʪʠ ʘʞʫʨʠʨʘʿʫ ʧʝʨʤʘʥʝʥʪʥʦ ʩʪʘˁʝ ʩʪʨʦʛʦ ʧʦʰʪʫʿʫ˂ʠ ʧʨʦʛʨʘʤʩʢʠ ʧʦʨʝʜʘʢ. 

ʂʦʥʘʯʥʦ, ʨʘʥʠʿʘ ʥʠʪ ʥʝ ʩʤʠʿʝ ʥʠʢʘʜʘ ʯʠʪʘʪʠ ʧʦʜʘʪʘʢ ʢʦʿʠ ʿʝ ʧʨʦʠʟʚʝʣʘ ʢʘʩʥʠʿʘ 

ʥʠʪ (WAR ʭʘʟʘʨʜ). ʆʚʦ ʩʝ ʦʩʠʛʫʨʘʚʘ ʜʨʞʘˁʝʤ ʘʢʪʫʝʣʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʧʨʠʚʘʪʥʦʤ 

ʢʝʰʫ ʧʨʚʦʛ ʥʠʚʦʘ ʢʦʿʝʤ ʥʝ ʤʦʛʫ ʧʨʠʩʪʫʧʘʪʠ ʨʘʥʠʿʝ ʥʠʪʠ. ʀʣʫʩʪʨʘʮʠʿʘ ʥʝʢʠʭ 

ʦʧʠʩʘʥʠʭ ʩʠʪʫʘʮʠʿʘ ʿʝ ʜʘʪʘ ʥʘ ʩʣʠʮʠ 2-2. 

 

 
 

ʉʣʠʢʘ 2-2. ʇʨʠʤʿʝʨ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʩʘ ʟʘʚʠʩʥʦʰ˂ʫ ʧʦ ʧʦʜʘʮʠʤʘ [OLUK2007] 

 

CMP ʩʠʩʪʝʤ ʩʘ TLS ʧʦʜʨʰʢʦʤ ʿʝ ʢʚʘʣʠʪʝʪʥʘ ʠ ʝʬʝʢʪʠʚʥʘ ʘʣʪʝʨʥʘʪʠʚʘ ʟʘ 

ʩʣʦʞʝʥʝ ʩʫʧʝʨʩʢʘʣʘʨʥʝ ʧʨʦʮʝʩʦʨʘ. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʧʝʢʫʣʘʪʠʚʥʠ CMP ʠʩʪʝ 

ʧʦʚʨʰʠʥʝ ʯʠʧʘ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʥʘ ʮʿʝʣʦʙʨʦʿʥʠʤ ʥʫʤʝʨʠʯʢʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ 

ʧʝʨʬʦʨʤʘʥʩʝ ʢʘʦ ʠ ʩʫʧʝʨʩʢʘʣʘʨʥʠ ʧʨʦʮʝʩʦʨ [OLUK2007]. ʄʝʹʫʪʠʤ, ʧʦʨʝʜ 

ʧʨʝʜʥʦʩʪʠ ʧʦʩʪʦʿʝ ʠ ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʦʙʣʝʤʠ ʢʦʜ ʧʨʠʤʝʿʥʝ ʦʚʝ ʪʝʭʥʠʢʝ ʢʘʦ ʰʪʦ ʩʫ: 

ʘ) ʥʝʜʦʩʪʘʪʘʢ ʠʥʭʝʨʝʥʪʥʦʛ ʧʘʨʘʣʝʣʠʟʤʘ ʫ ʘʧʣʠʢʘʮʠʿʘʤʘ; ʙ) ʜʦʜʘʪʥʘ ʭʘʨʜʚʝʨʩʢʘ 

ʧʦʜʨʰʢʘ ʢʦʿʠ ʩʝ ʥʝ ʢʦʨʠʩʪʠ ʢʘʜʘ ʩʝ ʠʟʚʨʰʘʚʘ ʯʠʩʪʦ ʧʘʨʘʣʝʣʥʘ ʘʧʣʠʢʘʮʠʿʘ ʠʣʠ 
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ʤʫʣʪʠʧʨʦʛʨʘʤʩʢʦ ʨʘʜʥʦ ʦʧʪʝʨʝ˂ʝˁʝ; ʚ) ʩʦʬʪʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʟʘ ʦʙʨʘʜʫ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ; ʛ) ʧʦʚʝ˂ʘʥʝ ʣʘʪʝʥʮʠʿʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʤʝʹʫ ʥʠʪʠʤʘ; ʜ) 

ʠʟʛʫʙˀʝʥʦ ʚʨʠʝʿʤʝ ʢʦʜ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ.  

 

2.4 ʇʨʝʛʣʝʜ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʩʠʩʪʝʤʘ 
 

ʇʦʩʪʦʿʝ ʪʨʠ ʛʣʘʚʥʘ ʥʘʯʠʥʘ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP-ʘ. ʇʨʚʠ ʥʘʯʠʥ 

ʩʝ ʦʜʥʦʩʠ ʥʘ CMP ʘʨʭʠʪʝʢʪʫʨʝ ʢʦʿʝ ʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʦʨʠʿʝʥʪʠʩʘʥʝ ʢʘ 

ʠʩʢʦʨʠʰ˂ʝˁʫ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʧʘʨʘʣʝʣʠʟʤʘ, ʢʘʦ ʰʪʦ ʩʫ Multiscalar [SOHI1995], 

Multiplex [OOI2001], Trace [ROTE1997], SM [MARC1998], MAJC [TREM2000], 

MP98 (Merlot) [EDAH2000] ʠ Mitosis [MADR2008]. ʆʥʠ ʩʝ ʦʜʣʠʢʫʿʫ ʩʣʦʞʝʥʦʤ 

ʭʘʨʜʚʝʨʩʢʦʤ ʧʦʜʨʰʢʦʤ ʟʘ TLS ʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʩʧʝʢʫʣʘʪʠʚʥʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠ ʥʘ 

ʥʠʚʦʫ ʨʝʛʠʩʪʘʨʘ ʠ ʥʘ ʥʠʚʦʫ ʤʝʤʦʨʠʿʝ. ɼʨʫʛʠ ʥʘʯʠʥ ʩʝ ʦʜʥʦʩʠ ʥʘ ʛʝʥʝʨʠʯʢʝ CMP 

ʘʨʭʠʪʝʢʪʫʨʝ ʩʘ ʤʠʥʠʤʘʣʥʦʤ ʜʦʜʘʪʥʦʤ ʧʦʜʨʰʢʦʤ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ, 

ʢʘʦ ʰʪʦ ʩʫ Hydra [OLUK2007] ʠ STAMPede [STEF2005]. ʆʥʠ ʩʘʜʨʞʝ ʩʘʤʦ 

ʧʦʜʨʰʢʫ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʥʘ ʥʠʚʦʫ ʤʝʤʦʨʠʿʝ. ʊʨʝ˂ʠ ʧʨʠʩʪʫʧ, ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʩʠʩʪʝʤʝ 

I-ACOMA [KRIS1999], Atlas [SASS2005], NECO [BARL2003] ʠ Pinot [OHSA2005], 

ʧʦʢʫʰʘʚʘ ʜʘ ʢʦʤʙʠʥʫʿʝ ʧʨʝʜʥʦʩʪʠ ʧʨʚʘ ʜʚʘ ʧʨʠʩʪʫʧʘ. ʀʘʢʦ ʠ ʦʥʠ ʦʤʦʛʫ˂ʘʚʘʿʫ 

ʨʝʛʠʩʪʘʨʩʢʫ ʠ ʤʝʤʦʨʠʿʩʢʫ ʩʧʝʢʫʣʘʮʠʿʫ, ʦʚʠ ʩʠʩʪʝʤʠ ʩʫ ʙʣʠʞʠ ʛʝʥʝʨʠʯʢʠʤ 

ʘʨʭʠʪʝʢʪʫʨʘʤʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʭʘʨʜʚʝʨʩʢʦʤ ʧʦʜʨʰʢʦʤ ʟʘ TLS [TOMA2005]. 

ʋ ʦʚʦʿ ʛʣʘʚʠ ˂ʝ ʙʠʪʠ ʦʧʠʩʘʥʝ ʦʧʰʪʝ ʦʩʦʙʠʥʝ ʧʦʤʝʥʫʪʠʭ ʩʠʩʪʝʤʘ, ʜʦʢ ˂ʝ 

ʤʝʭʘʥʠʟʤʠ ʨʝʛʠʩʪʘʨʩʢʝ ʠ ʤʝʤʦʨʠʿʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʙʠʪʠ ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʘʥʠ ʫ 

ʥʘʨʝʜʥʠʤ ʛʣʘʚʘʤʘ. ʅʘ ʢʨʘʿʫ ʦʚʝ ʛʣʘʚʝ ˂ʝ ʙʠʪʠ ʨʘʟʤʘʪʨʘʥʠ ʠ ʫʧʦʨʝʹʝʥʠ ʥʘʯʠʥʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʥʠʪʠ, ʢʘʦ ʠ ʜʦʤʝʥ ʩʧʝʢʫʣʘʮʠʿʝ ʢʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʠʩʪʝʤʘ. 

 

2.4.1 ʉʠʩʪʝʤʠ ʧʦʪʧʫʥʦ ʦʨʠʿʝʥʪʠʩʘʥʠ ʥʘ TLS 

 

ʆʚʠ ʩʠʩʪʝʤʠ ʦʙʠʯʥʦ ʠʤʘʿʫ ʟʥʘʯʘʿʥʫ ʭʘʨʜʚʝʨʩʢʫ ʠ ʩʦʬʪʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʟʘ 

ʝʬʠʢʘʩʥʦ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ. ʉʪʦʛʘ, ʦʥʠ ʧʦʜʨʞʘʚʘʿʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ 

ʥʠʪʠ ʠ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʠ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ ʰʪʦ ʠʤ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʧʦʩʪʠʛʥʫ 

ʚʠʩʦʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʧʨʠ ʠʟʚʨʰʘʚʘˁʫ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ 

ʧʦʥʦʚʥʠʤ ʧʨʝʚʦʹʝˁʝʤ ʠʟʚʦʨʥʦʛ ʢʦʜʘ ʧʨʦʛʨʘʤʘ. ʄʝʹʫʪʠʤ, ʢʘʜʘ ʦʚʠ ʩʠʩʪʝʤʠ 

ʠʟʚʨʰʘʚʘʿʫ ʧʘʨʘʣʝʣʥʝ ʘʧʣʠʢʘʮʠʿʝ ʠʣʠ ʚʠʰʝ ʥʝʟʘʚʠʩʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʠʩʪʦʚʨʝʤʝʥʦ, 

ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʧʦʜʨʰʢʝ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʦʩʪʘʿʝ ʥʝʠʩʢʦʨʠʰ˂ʝʥʘ. 

ʄultiscalar. Multiscalar je ʿʝʜʥʦ ʦʜ ʧʨʚʠʭ CMP ʨʿʝʰʝˁʘ ʢʦʿʝ ʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʦʨʠʿʝʥʪʠʩʘʥʦ ʢʘ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʠʟʚʨʰʘʚʘˁʫ ʪʘʢʦ ʰʪʦ ʢʦʨʠʩʪʠ ʘʛʨʝʩʠʚʥʫ 

ʩʧʝʢʫʣʘʮʠʿʫ ʥʘ ʥʠʚʦʫ ʢʦʥʪʨʦʣʝ ʪʦʢʘ, ʢʘʦ ʠ ʥʘ ʩʘʤʠʤ ʧʦʜʘʮʠʤʘ ʫʟ ʧʦʜʨʰʢʫ 

ʥʘʤʿʝʥʩʢʦʛ ʭʘʨʜʚʝʨʘ ʠ ʩʣʦʞʝʥʠʭ ʤʝʭʘʥʠʟʘʤʘ ʧʨʦʩˀʝʹʠʚʘˁʘ. ʇʦʩʪʦʿʝ ʜʚʠʿʝ 

ʨʘʟʣʠʯʠʪʝ ʚʘʨʠʿʘʥʪʝ ʜʠʟʘʿʥʘ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʤʝʤʦʨʠʿʩʢʦʛ ʩʠʩʪʝʤʘ ʢʦʿʝ ʩʫ 

ʧʨʠʤʿʝˁʝʥʝ ʫ Multiscalar-ʫ: ʘ) ARB (Address Resolution Buffer) ʢʘʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʘ 

ʢʝʰ ʤʝʤʦʨʠʿʘ ʧʨʚʦʛ ʥʠʚʦʘ (L1) ʦʙʝʟʙʿʝʹʫʿʝ ʯʫʚʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʧʦʜʘʪʘʢʘ ʠ 
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ʜʝʪʝʢʮʠʿʫ ʥʘʨʫʰʘʚʘˁʘ ʤʝʤʦʨʠʿʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ [SOHI1995], ʠ ʙ) SVC (Speculative 

Versioning Cache) ʢʦʿʠ ʢʦʨʠʩʪʠ ʜʠʩʪʨʠʙʫʠʨʘʥʝ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʫʤʿʝʩʪʦ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʦʛ ʨʝʰʝˁʘ ʜʘ ʝʣʠʤʠʥʠʰʝ ʧʨʦʙʣʝʤʝ ʢʘʰˁʝˁʘ ʠ ʚʝʣʠʯʠʥʝ 

ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʢʦʿʠ ʩʫ ʫʦʯʝʥʠ ʢʦʜ ARB-ʘ [GOPA1998]. 

ʋ ʦʙʿʝ ʚʘʨʠʿʘʥʪʝ ʙʨʟʠ ʿʝʜʥʦʩʤʿʝʨʥʠ ʧʨʩʪʝʥ ʧʦʚʝʟʫʿʝ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ. ɺʝʟʘ 

ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʠ ARB-ʘ ʫ ʧʨʚʦʿ ʚʘʨʠʿʘʥʪʠ ʜʠʟʘʿʥʘ ʿʝ ʢʨʦʩʙʘʨ, ʜʦʢ ʩʫ 

ARB ʠ ʛʣʘʚʥʝ ʤʝʤʦʨʠʿʝ ʚʝʟʘʥʠ ʧʨʝʢʦ ʤʘʛʠʩʪʨʘʣʝ [SOHI1995]. ʋ SVC L1 ʢʝʰ 

ʤʝʤʦʨʠʿʝ ʠ ʛʣʘʚʥʘ ʤʝʤʦʨʠʿʝ ʩʫ ʥʘ ʟʘʿʝʜʥʠʯʢʦʿ ʤʘʛʠʩʪʨʘʣʠ [GOPA1998]. 

Multiplex.  Multiplex CMP [OOI2001] ʿʝ ʜʠʨʝʢʪʥʠ ʥʘʩˀʝʜʥʠʢ Multiscalar-a. 

ʆʩʠʤ ʪʦʛʘ, Multiplex ʿʝ ʧʨʚʠ ʩʧʝʢʫʣʘʪʠʚʥʠ CMP ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʝʢʩʧʣʠʮʠʪʥo ʠ 

ʠʤʧʣʠʮʠʪʥo ʚʠʰʝʥʠʪʥʦ ʠʟʚʨʰʘʚʘˁʝ ʛʨʫʧʠʩʘˁʝʤ ʧʦʜʩʢʫʧʘ ʩʪʘˁʘ ʧʨʦʪʦʢʦʣa ʫ 

ʠʤʧʣʠʮʠʪʥʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʤ CMP-ʫ ʜʘ ʙʠ ʩʝ ʧʦʜʨʞʘʦ ʠʥʚʘʣʠʜʘʮʠʦʥʠ ʧʨʦʪʦʢʦʣ 

ʟʘ ʝʢʩʧʣʠʮʠʪʥʝ ʥʠʪʠ ʙʝʟ ʜʦʜʘʪʥʝ ʭʘʨʜʚʝʨʩʢʝ ʧʦʜʨʰʢʝ. ʄultiplex ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʯʝʪʠʨʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ ʩʘ ʧʨʠʚʘʪʥʠʤ L1 ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ ʟʘ 

ʧʦʜʘʪʢʝ ʠ ʠʥʩʪʨʫʢʮʠʿʝ ʠ ʟʘʿʝʜʥʠʯʢʦʤ L2 ʢʝʰ ʤʝʤʦʨʠʿʦʤ. ʇʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ ʩʫ, 

ʢʘʦ ʢʦʜ Multiscalar-ʘ, ʧʦʚʝʟʘʥʘ ʫ ʙʨʟʠ ʿʝʜʥʦʩʤʿʝʨʥʠ ʧʨʩʪʝʥ ʜʦʢ ʩʫ ʜʠʩʪʨʠʙʫʨʘʥʝ L1 

ʢʝʰ ʤʝʤʦʨʠʿʝ ʧʨʝʢʦ ʟʘʿʝʜʥʠʯʢʝ ʤʘʛʠʩʪʨʘʣʝ ʧʦʚʝʟʘʥʝ ʩʘ ʜʠʿʝˀʝʥʦʤ L2 ʢʝʰ 

ʤʝʤʦʨʠʿʦʤ. 

SM. SM ʧʨʦʮʝʩʦʨ ʠʩʪʦʚʨʝʤʝʥʦ ʠʟʚʨʰʘʚʘ ʥʠʪʠ ʥʘ ʢʦʿʝ ʿʝ ʠʟʜʠʿʝˀʝʥ 

ʩʝʢʚʝʥʮʠʿʘʣʥʠ ʧʨʦʛʨʘʤ ʢʦʨʠʰ˂ʝˁʝʤ ʪʝʭʥʠʢʘ ʩʧʝʢʫʣʘʮʠʿʝ ʢʦʿʝ ʥʝ ʟʘʭʪʠʿʝʚʘʿʫ ʙʠʣʦ 

ʢʘʢʚʫ ʧʦʜʨʰʢʫ ʧʨʝʚʦʜʠʦʮʘ ʠʣʠ ʧʨʦʛʨʘʤʝʨʘ [MARC1998, MARC1999]. ʇʦʨʝʜ ʪʦʛʘ, 

ʥʠʿʝʩʫ ʧʦʪʨʝʙʥʝ ʥʠʢʘʢʚʝ ʧʨʦʤʿʝʥʝ ʫ ʩʢʫʧʫ ʠʥʩʪʨʫʢʮʠʿʘ ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʪʘʥʜʘʨʜʥʠ 

ʧʨʦʛʨʘʤʠ ʢʦʿʠ ʩʫ ʧʨʝʚʝʜʝʥʠ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʥʘ ʩʫʧʝʨʩʢʘʣʘʨʥʠʤ ʧʨʦʮʝʩʦʨʠʤʘ 

ʪʘʢʦʹʝ ʤʦʛʫ ʙʠʪʠ ʠʟʚʨʰʘʚʘʥʠ ʠ ʥʘ SM-ʫ. 

SM ʧʨʦʮʝʩʦʨ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʥʝʢʦʣʠʢʦ ʿʝʜʠʥʠʮʘ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʥʠʪʠ (Thread 

Units - TU) ʢʦʿʝ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʝ ʿʝʜʥʦʩʤʿʝʨʥʠʤ ʧʨʩʪʝʥʦʤ. ʉʚʝ TU ʜʠʿʝʣʝ 

ʠʩʪʫ ʠʥʩʪʨʫʢʮʠʿʩʢʫ ʢʝʰ ʤʝʤʦʨʠʿʫ, ʢʘʦ ʠ MVC (multi-value) ʢʝʰ ʤʝʤʦʨʠʿʫ ʢʦʿʘ 

ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʝʙʘʥ ʚʠʜ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʢʦʿʠ ʦʙʝʟʙʿʝʹʫʿʝ ʧʦʪʨʝʙʥʫ ʧʦʜʨʰʢʫ ʟʘ 

ʯʫʚʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʚʝʨʟʠʿʘ. TU ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʝ ʩʘ MVC ʧʨʝʢʦ 

ʢʨʦʩʙʘʨʘ. 

Trace. ʆʩʥʦʚʥʘ ʿʝʜʠʥʠʮʘ ʢʦʥʪʨʦʣʝ ʪʦʢʘ ʠʟʚʨʰʘʚʘˁʘ ʧʨʦʛʨʘʤʘ ʠ ʢʦʥʪʨʦʣʝ 

ʧʨʝʜʠʢʮʠʿʝ ʫ Trace CMP ʿʝ ʪʨʘʛ (trace) ï ʜʠʥʘʤʠʯʢʠ ʥʠʟ ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʿʠ je 

ʭʘʨʜʚʝʨʩʢʠ ʛʝʥʝʨʠʩʘʥ ʪʦʢʦʤ ʠʟʚʨʰʘʚʘˁʘ, ʘ ʤʦʞʝ ʦʙʫʭʚʘʪʘʪʠ ʙʠʣʦ ʢʦʿʠ ʙʨʦʿ 

ʦʩʪʚʘʨʝʥʠʭ ʠʣʠ ʥʝʦʩʪʚʘʨʝʥʠʭ ʠʥʩʪʨʫʢʮʠʿʘ ʩʢʦʢʘ. ʉʣʠʯʥʦʩʪ ʠʟʤʝʹʫ ʪʨʘʛʘ ʠ ʥʠʪʠ ʿʝ 

ʧʨʝʧʦʟʥʘʪʘ ʫ [VAJA1997, SUND1997] ʛʜʿʝ ʩʝ ʪʨʘʛʦʚʠ ʨʘʟʤʘʪʨʘʿʫ ʢʘʦ ʜʠʥʘʤʠʯʢʝ 

ʚʝʨʟʠʿʝ ʩʪʘʪʠʯʢʠʭ Multiscalar ʥʠʪʠ ʠʘʢʦ ʦʥʝ ʤʦʛʫ ʙʠʪʠ ʧʨʦʠʟʚʦˀʥʦ ʚʝʣʠʢʝ. ʆʚʘʢʦ 

ʩʝ ʫʤʘˁʫʿʝ ʢʦʤʧʣʝʢʩʥʦʩʪ ʩʚʠʭ ʬʘʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʫʚʦʹʝˁʝʤ 

ʭʠʿʝʨʘʨʭʠʿʝ ʫ ʢʦʥʪʨʦʣʠ ʪʦʢʘ ʠʟʚʨʰʘʚʘˁʘ ʧʨʦʛʨʘʤʘ ʥʘ ʥʠʚʦʫ ʪʨʘʛʘ ʠ ʫʥʫʪʘʨ ˁʝʛʘ. 

Trace CMP ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʯʝʪʠʨʠ 4-issue ʩʫʧʝʨʩʢʘʣʘʨʥʘ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ, ʢʝʰ 

ʤʝʤʦʨʠʿʝ ʟʘ ʯʫʚʘˁʝ ʪʨʘʛʦʚʘ ʠ ʜʠʩʧʝʯʝʨʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʭʘʨʜʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʟʘ 

ʛʝʥʝʨʠʩʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʪʨʘʛʘ [ROTE1997]. 
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Mitosis. Mitosis ʿʝ ʩʧʝʢʫʣʘʪʠʚʥʠ CMP ʢʦʿʠ ʚʨʰʠ ʧʨʝʜʠʢʮʠʿʫ ʟʘʚʠʩʥʦʩʪʠ ʧʦ 

ʧʦʜʘʮʠʤʘ ʠʟʤʝʹʫ ʥʠʪʠ, ʢʘʦ ʠ ʫʧʨʘʚˀʘˁʝ ˁʠʤʘ ʫʟ ʩʦʬʪʚʝʨʩʢʫ ʧʦʜʨʰʢʫ. 

ʇʨʝʜʠʢʮʠʿʘ ʠ ʠʟʨʘʯʫʥʘʚʘˁʝ ʫʣʘʟʥʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʟʘ ʜʘʪʫ ʥʠʪ ʩʝ ʦʙʘʚˀʘ ʧʦʤʦ˂ʫ 

ʧʨʦʛʨʘʤʩʢʦʛ ʢʦʜʘ ʢʦʿʠ ʩʝ ʜʦʜʘʿʝ ʥʘ ʧʦʯʝʪʢʫ ʩʚʘʢʝ ʥʠʪʠ ï p-slice (precomputation 

slice) [MADR2008]. 

Mitosis ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʿʝʜʠʥʠʮʘ ʟʘ ʦʙʨʘʜʫ ʥʠʪʠ ʢʦʿʝ ʩʫ ʩʣʠʯʥʝ ʩʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʩʫʧʝʨʩʢʘʣʘʨʥʠʤ ʧʨʦʮʝʩʦʨʠʤʘ, ʧʨʠʚʘʪʥʠʭ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ ʢʦʿʠ 

ʩʫ ʩʘ ʛʣʦʙʘʣʥʦʤ L2 ʢʝʰ ʤʝʤʦʨʠʿʦʤ ʧʦʚʝʟʘʥʠʤ ʧʨʝʢʦ ʜʠʿʝˀʝʥʝ ʤʘʛʠʩʪʨʘʣʝ. 

ʇʦʩʝʙʥʘ ʢʦʤʧʦʥʝʥʪʘ (Speculation Engine) ʫʧʨʘʚˀʘ ʟʘʜʘʮʠʤʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ 

ʠʟʚʨʰʘʚʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ: ʦʜʨʝʹʠʚʘˁʝ ʩʣʦʙʦʜʥʝ ʿʝʜʠʥʠʮʝ ʟʘ ʦʙʨʘʜʫ ʥʠʪʠ, 

ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʘ ʥʝʢʠʭ ʨʝʛʠʩʪʘʨʘ ʠ ʦʜʨʞʘʚʘˁʝ ʧʦʨʝʪʢʘ ʠʟʤʝʹʫ ʘʢʪʠʚʥʠʭ ʥʠʪʠ. 

MP98 (Merlot). MP98, ʢʦʿʠ ʿʝ ʪʘʢʦʹʝ ʧʦʟʥʘʪ ʠ ʧʦʜ ʠʤʝʥʦʤ ʩʚʦʛ ʧʨʚʦʛ 

ʧʨʦʪʦʪʠʧʘ Merlot, ʿʝ ʢʦʤʝʨʮʠʿʘʣʥʠ CMP ʢʦʿʠ ʧʦʜʨʞʘʚʘ ʩʧʝʢʫʣʘʮʠʿʫ ʥʘ ʥʠʚʦʫ 

ʢʦʥʪʨʦʣʝ ʪʦʢʘ ʧʨʦʛʨʘʤʘ ʠ ʥʘ ʧʦʜʘʮʠʤʘ. ɳʝʛʦʚ ʜʠʟʘʿʥ ʩʘ ʤʘʣʦʤ ʧʦʪʨʦʰˁʦʤ 

ʝʥʝʨʛʠʿʝ, ʢʘʦ ʠ ʩʦʬʪʚʝʨ ʟʘ ʘʫʪʦʤʘʪʩʢʫ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ, ʦʙʝʟʙʿʝʹʫʿʫ ʚʠʩʦʢʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʦʤʦʛʫ˂ʘʚʘ ʫʧʦʪʨʝʙʫ ʫ ʧʘʤʝʪʥʠʤ ʠʥʬʦʨʤʘʮʠʦʥʠʤ ʪʝʨʤʠʥʘʣʠʤʘ. 

MP98 (Merlot) ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʯʝʪʠʨʠ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʝ ʢʝʰ 

ʤʝʤʦʨʠʿʝ ʟʘ ʧʦʜʘʪʢʝ ʢʦʿʘ ʿʝ ʜʠʿʝˀʝʥʘ ʠʟʤʝʹʫ ʩʚʠʭ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ. ʇʦʨʝʜ 

ʪʦʛʘ, ʩʚʘʢʦ ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ ʠʤʘ ʩʚʦʿ ʙʘʬʝʨ (SRB) ʟʘ ʯʫʚʘˁʝ ʧʦʜʘʪʘʢʘ ʪʦʢʦʤ 

ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ. ʇʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ ʩʫ ʩʘ ʜʠʿʝˀʝʥʠʤ ʩʢʫʧʦʤ ʨʝʛʠʩʪʘʨʘ 

ʠ SRB ʙʘʬʝʨʠʤʘ ʧʦʚʝʟʘʥʘ ʤʨʝʞʦʤ ʜʠʨʝʢʪʥʝ ʧʦʚʝʟʘʥʦʩʪʠ (point-to-point) 

[EDAH2000, MATS2000]. 

MAJC.  MAJC (Multiprocessor Architecture for Java Computing) CMP ʿ ʝ ʧʦʩʝʙʥʦ 

ʧʦʛʦʜʘʥ ʟʘ ʤʫʣʪʠʤʝʜʠʿʘʣʥʝ ʘʧʣʠʢʘʮʠʿʝ ʿʝʨ ʿʝ ʧʨʦʿʝʢʪʦʚʘʥ ʢʘʦ ʩʢʘʣʘʙʠʣʥʦ ʨʿʝʰʝˁʝ 

ʩʘ ʜʦʙʨʠʤ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʠ ʝʢʩʪʨʝʤʥʦ ʚʝʣʠʢʠʤ ʧʨʦʧʫʩʥʠʤ ʦʧʩʝʛʦʤ ʟʘ 

ʢʦʭʝʨʝʥʮʠʿʫ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʥʘ ʩʘʤʦʤ ʯʠʧʫ [TREM2000, 

SUDH2000]. MAJC-5200 ʿʝ ʧʨʚʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ MAJC ʘʨʭʠʪʝʢʪʫʨʝ ʢʦʿʘ ʿʝ 

ʥʘʤʠʿʝˁʝʥʘ ʤʨʝʞʥʠʤ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʫʨʝʹʘʿʠʤʘ, ʢʣʠʿʝʥʪʩʢʠʤ ʧʣʘʪʬʦʨʤʘʤʘ ʠ 

ʘʧʣʠʢʘʮʠʦʥʠʤ ʩʝʨʚʝʨʠʤʘ ʢʦʿʠ ʠʩʧʦʨʫʯʫʿʫ ʜʠʛʠʪʘʣʥʠ ʩʘʜʨʞʘʿ ʠ Java ʘʧʣʠʢʘʮʠʿʝ. 

MAJC ʠʤʘ ʪʨʠ ʥʠʚʦʘ ʭʠʿʝʨʘʭʠʿʝ: ʧʨʦʮʝʩʦʨʩʢʠ ʢʣʘʩʪʝʨ, ʧʨʦʮʝʩʦʨʩʢʫ ʿʝʜʠʥʠʮʫ 

ʠ ʬʫʥʢʮʠʦʥʘʣʥʫ ʿʝʜʠʥʠʮʫ. ʇʨʦʮʝʩʦʨʩʢʠ ʢʣʘʩʪʝʨ ʩʘʜʨʞʠ ʚʠʰʝ ʧʨʦʮʝʩʦʨʩʢʠʭ 

ʿʝʜʠʥʠʮʘ (CPUs) ʥʘ ʿʝʜʥʦʤ ʯʠʧʫ (ʜʚʠʿʝ ʢʦʜ MAJC-5200). ʉʚʘʢʘ CPU ʩʘʜʨʞʠ 

ʧʨʠʚʘʪʥʫ ʢʝʰ ʤʝʤʦʨʠʿʫ ʟʘ ʠʥʩʪʨʫʢʮʠʿʝ ʜʦʢ ʿʝ ʢʦʭʝʨʝʥʪʥʘ ʢʝʰ ʤʝʤʦʨʠʿʘ ʟʘ ʧʦʜʘʪʢʝ 

ʟʘʿʝʜʥʠʯʢʘ ʟʘ ʩʚʝ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʥʘ ʯʠʧʫ. ʇʦʨʝʜ ʪʦʛʘ, CPU ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʯʝʪʠʨʠ ʬʫʥʢʮʠʦʥʘʣʥʝ ʿʝʜʠʥʠʮʝ, ʧʨʠ ʯʝʤʫ ʩʚʘʢʘ ʦʜ ˁʠʭ ʠʤʘ ʣʦʢʘʣʥʝ ʫʧʨʘʚˀʘʯʢʝ 

ʩʪʨʫʢʪʫʨʝ. ʆʚʘʢʚʘ ʭʠʿʝʨʘʭʠʿʩʢʘ ʦʨʛʘʥʠʟʘʮʠʿʘ MAJC CMP-ʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ 

ʠʟʚʨʰʠ ˁʝʥʦ ʧʨʠʣʘʛʦʹʝˁʝ ʧʦʪʨʝʙʘʤʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʘʧʣʠʢʘʮʠʿʘ [SUDH2000]. 

 

2.4.2 ɻʝʥʝʨʠʯʢʠ ʩʠʩʪʝʤʠ ʩʘ TLS ʧʦʜʨʰʢʦʤ 

 

ʋ ʧʦʿʝʜʠʥʠʤ ʩʪʫʜʠʿʘʤʘ ʦ ʫʪʠʮʘʿʫ ʢʦʤʫʥʠʢʘʮʠʦʥʦʛ ʢʘʰˁʝˁʘ ʥʘ ʫʢʫʧʥʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʩʧʝʢʫʣʘʪʠʚʥʦʛ CMP-ʘ ʩʤʘʪʨʘ ʩʝ ʜʘ ʥʠʿʝ ʧʦʪʨʝʙʥʦ ʫʚʦʹʝˁʝ ʙʨʟʝ 
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ʢʦʤʫʥʠʢʘʮʠʦʥʝ ʰʝʤʝ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʥʘ ʯʠʧʫ ʟʘʪʦ ʰʪʦ ʿʝ 

ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʥʠʪʠ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ ʜʦʚʦˀʥʦ ʙʨʟʘ ʜʘ ʫʤʘˁʠ ʫʪʠʮʘʿ 

ʢʦʤʫʥʠʢʘʮʠʦʥʦʛ ʢʘʰˁʝˁʘ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʩʠʩʪʝʤʘ [PACK2009, OANC2008, 

ZIAR2009, WARG2006]. ʊʘʢʘʚ ʩʠʩʪʝʤ ʦʩʪʚʘʨʫʿʝ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʥʠʪʠ 

ʠʩʢˀʫʯʠʚʦ ʧʨʝʢʦ ʜʠʿʝˀʝʥʝ ʤʝʤʦʨʠʿʝ. ʆʛʨʘʥʠʯʝʥʘ ʭʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʫ ʦʚʘʢʚʦʤ 

CMP-ʫ ʿʝ ʜʦʚʦˀʥʘ ʟʘ ʠʩʧʨʘʚʥʦ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʧʦʰʪʦ ʩʝ ʦʥʠ ʦʩʣʘˁʘʿʫ 

ʥʘ ʧʦʜʨʰʢʫ ʧʨʝʚʦʜʠʦʮʘ ʠ ʩʦʬʪʚʝʨʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʟʘ ʫʧʨʘʚˀʘˁʝ ʩʧʝʢʫʣʘʮʠʿʦʤ ʜʘ 

ʙʠ ʧʨʠʣʘʛʦʜʠʣʠ ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʧʨʦʛʨʘʤʝ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ. ʄʝʹʫʪʠʤ, 

ʧʦʪʨʝʙʘ ʟʘ ʧʦʥʦʚʥʠʤ ʧʨʝʚʦʹʝˁʝʤ ʠʟʚʦʨʥʦʛ ʧʨʦʛʨʘʤʩʢʦʛ ʢʦʜʘ ʤʦʞʝ ʙʠʪʠ ʿʝʜʘʥ ʦʜ 

ʦʟʙʠˀʥʠʭ ʧʨʦʙʣʝʤʘ ʧʦʩʝʙʥʦ ʢʘʜʘ ʠʟʚʦʨʥʠ ʢʦʜ ʧʨʦʛʨʘʤʘ ʥʠʿʝ ʜʦʩʪʫʧʘʥ. 

Hydra.  Hydra CMP ʢʦʤʙʠʥʫʿʝ ʤʫʣʪʠʧʨʦʮʝʩʦʨʩʢʫ ʘʨʭʠʪʝʢʪʫʨʫ ʩʘ ʜʠʿʝˀʝʥʦʤ 

ʤʝʤʦʨʠʿʦʤ, ʩʧʝʮʠʬʠʯʥʝ ʤʝʭʘʥʠʟʤʝ ʩʠʥʭʨʦʥʠʟʘʮʠʿʝ, ʪʝʭʥʦʣʦʛʠʿʫ ʠʥʪʝʛʨʘʣʥʠʭ 

ʢʦʣʘ ʠ ʪʝʭʥʦʣʦʛʠʿʫ ʧʘʨʘʣʝʣʥʠʭ ʧʨʝʚʦʜʠʣʘʮʘ ʜʘ ʙʠ ʦʩʪʚʘʨʠʦ ʙʦˀʠ ʦʜʥʦʩ 

ʮʠʿʝʥʘ/ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʝʬʠʢʘʩʥʠʿʠ ʧʘʨʘʣʝʣʥʠ ʧʨʦʛʨʘʤʩʢʠ ʤʦʜʝʣ [OLUK2007]. 

Hydra ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʯʝʪʠʨʠ ʧʨʦʮʝʩʦʨʘ ʟʘʩʥʦʚʘʥʘ ʥʘ MIPS ʘʨʭʠʪʝʢʪʫʨʠ (ʩʣʠʯʥʠ ʩʫ 

R10000 ʧʨʦʮʝʩʦʨʫ). ɺʝʟʘ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ ʜʠʿʝˀʝʥʦʿ ʤʘʛʠʩʪʨʘʣʠ 

ʜʦʢ ʿʝ ʤʝʤʦʨʠʿʩʢʠ ʩʠʩʪʝʤ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʫ ʯʝʪʠʨʠ ʥʠʚʦʘ: ʧʨʠʚʘʪʥʝ L1 ʢʝʰ 

ʤʝʤʦʨʠʿʝ ʠ ʜʠʿʝˀʝʥʘ L2 ʢʝʰ ʤʝʤʦʨʠʿʘ ʥʘ ʩʘʤʦʤ ʯʠʧʫ, L3 ʢʝʰ ʤʝʤʦʨʠʿʘ ʠ ʛʣʘʚʥʘ 

ʤʝʤʦʨʠʿʘ ʚʘʥ ʯʠʧʘ. ʊʘʢʦʹʝ, ʩʚʘʢʠ ʧʨʦʮʝʩʦʨ ʠʤʘ ʩʚʦʿ ʤʝʤʦʨʠʿʩʢʠ ʢʦʥʪʨʦʣʝʨ ʢʦʿʠ 

ʫʧʨʘʚˀʘ ʧʨʠʩʪʫʧʠʤʘ ʢʘ ʥʠʞʠʤ ʤʝʤʦʨʠʿʩʢʠʤ ʥʠʚʦʠʤʘ, ʦʜ L2 ʢʝʰ ʤʝʤʦʨʠʿʝ ʜʦ 

ʛʣʘʚʥʝ ʤʝʤʦʨʠʿʝ. ʍʘʨʜʚʝʨʩʢʦ/ʩʦʬʪʚʝʨʩʢʠ ʠʥʪʝʨʬʝʿʩ ʢʦʿʠ ʿʝ ʜʦʜʘʪ ʜʘ ʢʦʥʪʨʦʣʠʰʝ 

ʧʦʨʝʜʘʢ ʠʟʚʨʰʘʚʘˁʘ ʥʠʪʠ ʫ Hydra-ʠ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʢʦʨʠʰ˂ʝˁʝʤ MIPS 

ʢʦʧʨʦʮʝʩʦʨʩʢʦʛ CP2 ʠʥʪʝʨʬʝʿʩʘ ʠ ʩʦʬʪʚʝʨʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ [HAMM2000, 

OLUK2007]. 

STAMPede. STAMPede CMP ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ TLS ʿʝ ʚʝʦʤʘ ʩʣʠʯʘʥ ʩʠʩʪʝʤʫ 

Hydra, ʘʣʠ ʩʘ ʿʝʜʥʦʩʪʘʚʥʠʿʠʤ ʭʘʨʜʚʝʨʦʤ [STEF2005]. ʇʨʦʿʝʢʪʘʥʪʠ ʩʫ ʞʝˀʝʣʠ ʜʘ 

ʧʦʜʨʞʝ ʿʝʜʘʥ ʦʙʣʠʢ ʘʛʨʝʩʠʚʥʝ TLS ʫʚʦʜʝ˂ʠ ʩʘʤʦ ʤʠʥʠʤʘʣʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʫ 

ʛʝʥʝʨʠʯʢʠ CMP ʙʝʟ ʫʤʘˁʠʚʘˁʘ ʧʝʨʬʦʨʤʘʥʩʠ ʘʧʣʠʢʘʮʠʿʘ ʢʦʿʝ ʥʝ ʢʦʨʠʩʪʝ TLS 

ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʿʝʛʣʝ ʩʣʦʞʝʥʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʝ ʘʨʭʠʪʝʢʪʫʨʝ ʢʦʿʝ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ 

ʧʦʚʝ˂ʘˁʝ ʢʘʰˁʝˁʘ ʢʦʜ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ ʟʘ ʧʦʜʘʪʢʝ. ʆʧʰʪʠ STAMPede ʩʠʩʪʝʤ 

ʤʦʞʝ ʠʤʘʪʠ ʚʝ˂ʠ ʙʨʦʿ ʥʠʚʦʘ ʢʝʰ ʤʝʤʦʨʠʿʝ. ʄʝʹʫʪʠʤ, ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʘ ʚʝʨʟʠʿʘ 

STAMPede ʠʤʘ ʧʨʠʚʘʪʥʝ ʢʝʰ ʤʝʤʦʨʠʿʝ ʟʘ ʧʦʜʘʪʢʝ ʠ ʠʥʩʪʨʫʢʮʠʿʝ ʟʘ ʩʚʘʢʫ 

ʧʨʦʮʝʩʦʨʩʢʫ ʿʝʜʠʥʠʮʫ ʠ ʜʠʿʝˀʝʥʫ L2 ʢʝʰ ʤʝʤʦʨʠʿʫ. ɼʠʩʪʨʠʙʫʠʨʘʥʝ L1 ʢʝʰ 

ʤʝʤʦʨʠʿʝ ʠ ʜʠʿʝˀʝʥʘ L2 ʢʝʰ ʤʝʤʦʨʠʿʘ ʩʫ ʧʦʚʝʟʘʥʝ ʢʨʦʩʙʘʨʦʤ. 

STAMpede ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ TLS ʿʝ ʧʦʛʦʜʘʥ ʟʘ ʙʠʣʦ ʢʦʿʫ ʧʣʘʪʬʦʨʤʫ ʩʘ 

ʧʘʨʘʣʝʣʥʠʤ ʥʠʪʠʤʘ ʢʘʦ ʰʪʦ ʩʫ: SMT (Simultaneous Multithreaded processor), CMP, 

ʚʠʰʝʩʪʨʫʢʠ ʧʨʦʮʝʩʦʨʠ ʩʘ ʜʠʿʝˀʝʥʦʤ ʤʝʤʦʨʠʿʦʤ ʠʣʠ ʤʘʩʦʚʥʠ ʧʘʨʘʣʝʣʥʠ ʩʠʩʪʝʤʠ 

ʟʘ ʯʠʿʠ ʜʠʟʘʿʥ ʩʫ ʢʘʦ ʛʨʘʜʠʚʥʠ ʙʣʦʢʦʚʠ ʢʦʨʠʰ˂ʝʥʠ CMP ʠʣʠ SMT ʧʨʦʮʝʩʦʨʠ. 

ʇʨʦʛʨʘʤ ʢʦʿʠ ʿʝ ʿʝʜʥʦʤ ʧʨʝʚʝʜʝʥ ʜʘ ʠʩʢʦʨʠʩʪʠ TLS ʤʦʞʝ ʜʠʨʝʢʪʥʦ ʙʠʪʠ ʠʟʚʨʰʝʥ 

ʥʘ ʙʠʣʦ ʢʦʿʦʿ ʦʜ ʧʦʤʝʥʫʪʠʭ ʚʠʰʝʥʠʪʥʠʭ ʧʣʘʪʬʦʨʤʠ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʧʦʥʦʚʥʠʤ 

ʧʨʝʚʦʹʝˁʝʤ ʠʟʚʦʨʥʦʛ ʢʦʜʘ. 
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2.4.3 ʍʠʙʨʠʜʥʠ ʧʨʠʩʪʫʧ 

 

ʉʠʩʪʝʤʠ ʦʚʝ ʛʨʫʧʝ ʧʦʢʫʰʘʚʘʿʫ ʜʘ ʢʦʤʙʠʥʫʿʫ ʥʘʿʙʦˀʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʧʨʝʪʭʦʜʥʘ ʜʚʘ ʧʨʠʩʪʫʧʘ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ CMP ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ TLS: 

¶ ʦʩʥʦʚʥʘ ʛʝʥʝʨʠʯʢʘ CMP ʘʨʭʠʪʝʢʪʫʨʘ ʢʘʦ ʫ ʜʨʫʛʦʿ ʛʨʫʧʠ, 

¶ ʨʘʜ ʩʘ ʩʝʢʚʝʥʮʠʿʘʣʥʠʤ ʙʠʥʘʨʥʠʤ ʢʦʜʦʤ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʨʝʢʦʤʧʠʣʘʮʠʿʦʤ 

ʠʟʚʦʨʥʦʛ ʢʦʜʘ ʢʘʦ ʢʦʜ ʧʨʚʝ ʛʨʫʧʝ, 

¶ ʧʦʜʨʰʢʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʥʠʪʠ ʠ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʠ ʥʘ 

ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ ʢʘʦ ʢʦʜ ʧʨʚʝ ʛʨʫʧʝ, 

¶ ʩʢʨʦʤʥʠʿʘ ʭʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʟʘ TLS ʢʘʦ ʢʦʜ ʜʨʫʛʝ ʛʨʫʧʝ. 

 

ʇʨʝʤʘ ʪʦʤʝ, ʦʚʠ ʩʠʩʪʝʤʠ ʠʤʘʿʫ ʜʦʚʦˀʥʫ ʧʦʜʨʰʢʫ ʟʘ ʠʟʚʨʰʘʚʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʦ ʧʘʨʘʣʝʣʠʟʦʚʘʥʠʭ ʘʧʣʠʢʘʮʠʿʘ, ʘʣʠ ʝʬʠʢʘʩʥʠʿʝ ʢʦʨʠʩʪʝ ʨʝʩʫʨʩʝ ʧʨʠ 

ʠʟʚʨʰʘʚʘˁʫ ʧʨʘʚʠʭ ʧʘʨʘʣʝʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʠʣʠ ʚʠʰʝ ʥʝʟʘʚʠʩʥʠʭ ʘʧʣʠʢʘʮʠʿʘ 

ʠʩʪʦʚʨʝʤʝʥʦ ʥʝʛʦ ʩʠʩʪʝʤʠ ʠʟ ʧʨʚʝ ʛʨʫʧʝ. 

Atlas. ɼʠʟʘʿʥ Atlas ʧʨʦʮʝʩʦʨʘ ʿʝ ʥʘʿʩʣʠʯʥʠʿʠ Multiscalar-ʫ, ʘʣʠ ʩʘ ʜʚʠʿʝ ʙʠʪʥʝ 

ʨʘʟʣʠʢʝ: 1) Atlas ʢʦʨʠʩʪʠ ʥʦʚʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʧʦʜʿʝʣʫ ʪʦʢʘ ʠʥʩʪʨʫʢʮʠʿʘ ʥʘ 

ʤʝʤʦʨʠʿʩʢʠʤ ʨʝʬʝʨʝʥʮʘʤʘ ʫʤʿʝʩʪʦ ʥʘ ʠʥʩʪʨʫʢʮʠʿʘʤʘ ʟʘ ʛʨʘʥʘˁʝ ʪʦʢʘ ʧʨʦʛʨʘʤʘ, ʠ 

2) Atlas ʢʦʨʠʩʪʠ ʘʛʨʝʩʠʚʥʫ ʢʦʤʙʠʥʦʚʘʥʫ ʧʨʝʜʠʢʮʠʿʫ ʚʨʠʿʝʜʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʝ ʪʦʢʘ. 

Atlas ʧʨʦʮʝʩʦʨ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 8 ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʙʘʟʠʨʘʥʠʭ ʥʘ Alpha 21164 

ʧʨʦʮʝʩʦʨʫ, ʢʦʿʠ ʩʫ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʠ ʜʚʦʩʤʿʝʨʥʠʤ ʧʨʩʪʝʥʦʤ. ʊʘʢʦʹʝ, ʩʚʘʢʦ 

ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ ʿʝ ʧʦʚʝʟʘʥʦ ʥʘ ʜʚʠʿʝ ʟʘʿʝʜʥʠʯʢʝ ʤʘʛʠʩʪʨʘʣʝ, ʿʝʜʥʫ ʟʘ ʚʝʟʫ 

ʧʨʝʤʘ ʟʘʿʝʜʥʠʯʢʦʿ L2 ʢʝʰ ʤʝʤʦʨʠʿʠ ʠ ʜʨʫʛʫ ʧʨʝʤʘ ʢʦʤʙʠʥʦʚʘʥʦʤ ʧʨʝʜʠʢʪʦʨʫ 

ʚʨʠʿʝʜʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʝ ʪʦʢʘ. ʆʚʘʢʘʚ ʜʠʟʘʿʥ Atlas ʧʨʦʮʝʩʦʨʘ ʿʝ ʧʦʢʘʟʘʦ ʜʘ ʩʝ 

ʩʧʝʢʫʣʘʮʠʿʘ ʥʠʪʠ ʤʦʞʝ ʢʦʤʙʠʥʦʚʘʪʠ ʩʘ ʧʨʝʜʠʢʮʠʿʦʤ ʚʨʠʿʝʜʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʦʤ 

ʜʠʥʘʤʠʯʢʝ ʧʦʜʿʝʣʝ ʩʝʢʚʝʥʮʠʿʘʣʥʦʛ ʧʨʦʛʨʘʤʘ ʜʘ ʙʠ ʩʝ ʧʦʜʨʞʘʣʦ ʧʘʨʘʣʝʣʥʦ 

ʠʟʚʨʰʘʚʘˁʝ ʤʝʹʫʩʦʙʥʦ ʟʘʚʠʩʥʠʭ ʥʠʪʠ [CODR2001, SASS2005]. 

NEKO.  ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ NEKO ʜʠʟʘʿʥʘ ʩʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʝ ʩʘʤʦ ʤʝʪʦʜʘ ʟʘ 

ʧʦʩʪʠʟʘˁʝ ʚʝ˂ʝ ʪʘʯʥʦʩʪʠ ʩʧʝʢʫʣʘʮʠʿʝ ʚʝ˂ ʠ ʤʝʪʦʜʘ ʯʠʿʠ ʿʝ ʟʘʜʘʪʘʢ ʜʘ ʩʤʘˁʝ ʫʪʠʮʘʿ 

ʧʦʛʨʝʰʥʠʭ ʩʧʝʢʫʣʘʮʠʿʘ ʢʘʦ ʠ ʥʝʛʘʪʠʚʥʝ ʝʬʝʢʪʝ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ (ʥʧʨ. 

ʜʝʛʨʘʜʘʮʠʿʘ ʬʘʢʪʦʨʘ ʧʦʛʦʪʢʘ ʟʘ ʢʝʰ ʤʝʤʦʨʠʿʝ ʠʥʩʪʨʫʢʮʠʿʘ ʠ ʧʦʜʘʪʘʢʘ, ʚʝʣʠʢʠ ʙʨʦʿ 

ʠʥʚʘʣʠʜʘʮʠʦʥʠʭ ʧʨʦʤʘʰʘʿʘ ʫ ʢʝʰʝʚʠʤʘ ʧʦʜʘʪʘʢʘ) [HUNG2002, BARL2004]. 

NEKO ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʿʝʜʠʥʠʮʝ ʟʘ ʢʦʥʪʨʦʣʫ ʥʠʪʠ, ʯʝʪʠʨʠ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ, 

ʧʨʠʚʘʪʥʠʭ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ ʟʘ ʠʥʩʪʨʫʢʮʠʿʝ ʠ ʧʦʜʘʪʢʝ ʠ ʜʠʿʝˀʝʥʝ L2 ʢʝʰ 

ʤʝʤʦʨʠʿʝ. ʇʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ ʩʫ ʧʦʚʝʟʘʥʘ ʿʝʜʥʦʩʤʿʝʨʥʠʤ ʧʨʩʪʝʥʦʤ, ʘ ʧʨʠʚʘʪʥʝ L1 

ʢʝʰ ʤʝʤʦʨʠʿʝ ʩʫ ʧʨʝʢʦ ʜʠʿʝˀʝʥʝ ʤʘʛʠʩʪʨʘʣʝ ʧʦʚʝʟʘʥʠ ʥʘ ʟʘʿʝʜʥʠʯʢʫ L2 ʢʝʰ 

ʤʝʤʦʨʠʿʫ. ʎʝʥʪʨʘʣʠʟʦʚʘʥʘ ʿʝʜʠʥʠʮʘ ʢʦʥʪʨʦʣʝ ʥʠʪʠ ʦʙʨʘʹʫʿʝ ʢʦʥʪʨʦʣʥʝ 

ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʥʠʪʠ ʠ ʚʨʰʠ ʨʘʩʧʦʨʝʹʠʚʘˁʝ ʥʠʪʠ ʥʘ ʩʣʦʙʦʜʥʘ ʧʨʦʮʝʩʦʨʩʢʘ 

ʿʝʟʛʨʘ. ʂʘʦ ʧʦʜʨʰʢʫ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʠʟʚʨʰʘʚʘˁʫ NEKO ʠʤʘ ʭʘʨʜʚʝʨʩʢʝ ʿʝʜʠʥʠʮʝ 

ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʥʠʪʠ ʠ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʪʘʯʥʦʩʪʠ ʧʨʝʜʠʢʮʠʿʝ [HUNG2002, 

BARL2004]. 
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Pinot. Pinot CMP, ʢʘʦ ʠ NEKO, ʪʘʢʦʹʝ ʧʦʜʨʞʘʚʘ ʩʧʝʢʫʣʘʮʠʿʫ ʥʘ ʥʠʚʦʫ 

ʧʦʜʘʪʘʢʘ ʠ ʥʘ ʥʠʚʦʫ ʢʦʥʪʨʦʣʝ ʪʦʢʘ ʠʟʚʨʰʘʚʘˁʘ ʧʨʦʛʨʘʤʘ. Pinot ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʯʝʪʠʨʠ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʢʦʿʠ ʠʤʘʿʫ ʧʨʠʚʘʪʥʝ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʢʦʿʝ ʩʫ ʧʨʝʢʦ 

ʜʠʿʝˀʝʥʝ ʤʘʛʠʩʪʨʘʣʝ ʧʦʚʝʟʘʥʝ ʥʘ ʦʩʪʘʪʘʢ ʤʝʤʦʨʠʿʩʢʦʛ ʩʠʩʪʝʤʘ, ʜʦʢ ʩʫ ʩʘʤʝ 

ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʧʦʚʝʟʘʥʝ ʿʝʜʥʦʩʤʿʝʨʥʠʤ ʧʨʩʪʝʥʦʤ. 

ʇʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʫʥʫʪʘʨ ʩʚʘʢʝ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʦʙʫʭʚʘʪʘ ʜʝʢʦʜʝʨ 

ʠʥʩʪʨʫʢʮʠʿʘ ʟʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ (fork, propagate ʠ cancel ʠʥʩʪʨʫʢʮʠʿʝ ʩʫ ʜʦʜʘʪʝ 

ʧʦʩʪʦʿʝ˂ʦʿ ISA), ʢʦʥʪʨʦʣʫ ʛʝʥʝʨʠʩʘˁʘ ʥʠʪʠ ʩʣʝʜʙʝʥʠʢʘ ʠ ʢʝʰ ʤʝʤʦʨʠʿʫ ʧʦʜʘʪʘʢʘ ʫ 

ʢʦʿʦʿ ʩʝ ʯʫʚʘʿʫ ʩʧʝʢʫʣʘʪʠʚʥʝ ʚʨʠʿʝʜʥʦʩʪʠ [OHSA2005]. 

I -ACOMA . I-ACOMA ʿʝ ʛʝʥʝʨʠʯʢʘ CMP ʘʨʭʠʪʝʢʪʫʨʘ ʩʘ ʜʦʜʘʪʥʦʤ 

ʭʘʨʜʚʝʨʩʢʦʤ ʧʦʜʨʰʢʦʤ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ [KRIS1998, KRIS1999]. 

ʉʘʩʪʦʿʠ ʩʝ ʦʜ ʯʝʪʠʨʠ 4-issue ʜʠʥʘʤʠʯʢʘ ʩʫʧʝʨʩʢʘʣʘʨʥʘ ʧʨʦʮʝʩʦʨʘ (ʩʣʠʯʥʠ ʩʘ R10K 

ʄIPS ʧʨʦʮʝʩʦʨʦʤ), ʧʨʠʚʘʪʥʠʭ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ ʠ ʜʠʿʝˀʝʥʝ L2 ʢʝʰ ʤʝʤʦʨʠʿʝ ʥʘ 

ʯʠʧʫ. ʇʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ ʩʫ ʧʦʚʝʟʘʥʘ ʧʨʝʢʦ ʤʘʛʠʩʪʨʘʣʝ, ʜʦʢ ʩʫ ʧʨʠʚʘʪʥʝ L1 ʢʝʰ 

ʤʝʤʦʨʠʿʝ ʧʦʚʝʟʘʥʠ ʩʘ ʜʠʿʝˀʝʥʦʤ L2 ʢʝʰ ʤʝʤʦʨʠʿʦʤ ʧʨʝʢʦ ʢʨʦʩʙʘʨʘ. 

ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʤʝʤʦʨʠʿʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʫ ʚʠʜʫ 

ʪʘʙʝʣʝ MDT (Memory Disambiguation Table), ʢʦʿʘ ʿʝ ʘʥʘʣʦʛʥʘ ʩʘ ʩʪʨʫʢʪʫʨʦʤ 

ʢʘʪʘʣʦʛʘ (directory) ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʤ ʤʫʣʪʠʧʨʦʮʝʩʦʨʫ ʩʘ ʜʠʿʝˀʝʥʦʤ ʤʝʤʦʨʠʿʦʤ, 

ʟʘʚʠʩʥʦ ʦʜ ʩʚʦʿʝ ʚʝʣʠʯʠʥʝ ʤʦʞʝ ʙʠʪʠ ʩʘʩʪʘʚʥʠ ʜʠʦ L2 ʢʝʰ ʤʝʤʦʨʠʿʝ ʠʣʠ 

ʩʤʿʝʰʪʝʥʘ ʧʦʩʝʙʥʦ ʥʘ ʩʘʤʦʤ ʯʠʧʫ [KRIS1998, KRIS1999]. 

 

2.5 ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʠʪʠ ʠ ʜʦʤʝʥ ʩʧʝʢʫʣʘʮʠʿʝ 
 

ʇʨʠʿʝ ʠʟʚʨʰʘʚʘˁʘ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʫ ʩʧʝʢʫʣʘʪʠʚʥʦʤ CMP 

ʧʨʦʮʝʩʦʨʫ ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʠʟʚʨʰʠʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ 

ʠʣʠ ʧʨʠʿʝ ʧʦʯʝʪʢʘ ʠʟʚʨʰʘʚʘˁʘ (ʥʧʨ., ʧʦʤʦ˂ʫ ʧʨʝʚʦʜʠʦʮʘ, ʢʦʨʠʰ˂ʝˁʝʤ ʦʜʨʝʹʝʥʠʭ 

ʘʥʦʪʘʮʠʦʥʠʭ ʘʣʘʪʘ ʠʣʠ ʘʣʘʪʘ ʟʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ, 

ʤʘʥʫʝʣʥʦʤ ʧʘʨʘʣʝʣʠʟʘʮʠʿʦʤ, ʠʪʜ.) ʠʣʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʪʦʢʦʤ ʠʟʚʨʰʘʚʘˁʘ ʫʟ 

ʭʘʨʜʚʝʨʩʢʫ ʧʦʜʨʰʢʫ [TORR2011, OLUK2007, OOI2001]. ɼʦʤʝʥ ʩʧʝʢʫʣʘʮʠʿʝ 

(ʛʨʘʥʫʣʘʨʥʦʩʪ ʥʠʪʠ) ʦʙʫʭʚʘʪʘ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʦʜ ʦʩʥʦʚʥʠʭ ʙʣʦʢʦʚʘ ʜʦ ʯʠʪʘʚʠʭ 

ʧʦʪʧʨʦʛʨʘʤʘ. ʋ ʪʘʙʝʣʠ 2-1 ʿʝ ʜʘʪ ʧʨʝʛʣʝʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʩʠʩʪʝʤʘ ʫ 

ʧʦʛʣʝʜʫ ˁʠʭʦʚʝ ʧʦʜʨʰʢʝ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʥʠʪʠ ʠ ʜʦʤʝʥʘ ʩʧʝʢʫʣʘʮʠʿʝ. 

 

2.5.1 ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʠʪʠ 

 

ɺʝ˂ʠʥʘ ʨʘʟʤʘʪʨʘʥʠʭ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʩʠʩʪʝʤʘ ʢʦʨʠʩʪʠ ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʠʢʝ 

ʧʨʝʚʦʹʝˁʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʫ ʩʝʢʚʝʥʮʠʿʘʣʥʠʤ 

ʘʧʣʠʢʘʮʠʿʘʤʘ. ʇʨʝʚʦʜʠʦʮʠ ʢʦʜ Multiscalar-ʘ ʠ Multiplex-ʘ ʢʦʨʠʩʪʝ ʭʝʫʨʠʩʪʠʢʝ ʢʦʿʝ 

ʩʝ ʦʜʥʦʩʝ ʥʘ ʢʦʥʪʨʦʣʫ ʪʦʢʘ ʠʟʚʨʰʘʚʘˁʘ ʧʨʦʛʨʘʤʘ, ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʠ 

ʚʝʣʠʯʠʥʫ ʥʠʪʠ ʜʘ ʙʠ ʠʟʜʚʦʿʠʣʠ ʚʠʰʝ ʧʘʨʘʣʝʣʠʟʤʘ ʠʟ ʮʿʝʣʦʙʨʦʿʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʢʘʦ 

ʠ ʘʧʣʠʢʘʮʠʿʘ ʩʘ ʧʦʢʨʝʪʥʠʤ ʟʘʨʝʟʦʤ [SOHI1995, OOI2001]. ʄʝʹʫʪʠʤ, ʧʦʨʝʜ ʪʦʛʘ 
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ʰʪʦ ʦʙʘ CMP ʩʠʩʪʝʤʘ ʧʦʜʨʞʘʚʘʿʫ ʠʤʧʣʠʮʠʪʥʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ, Multiplex 

ʪʘʢʦʹʝ ʧʦʜʨʞʘʚʘ ʠ ʝʢʩʧʣʠʮʠʪʥʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ. Multiplex ʦʙʿʝʜʠˁʫʿʝ Polaris 

ʧʨʝʚʦʜʠʣʘʮ [BLUM1996] ʩʘ Multiscalar ʧʨʝʚʦʜʠʦʮʝʤ ʢʘʢʦ ʙʠ ʦʙʝʟʙʠʿʝʜʠʦ 

ʝʢʩʧʣʠʮʠʪʥʠ ʠ ʠʤʧʣʠʮʠʪʥʠ ʤʦʜʝʣ ʠʟʜʚʘʿʘˁʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʠʟ 

ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʪʦʢʦʤ ʜʦʜʿʝʣʝ ʥʠʪʠ ʧʨʦʮʝʩʦʨʩʢʠʤ ʿʝʜʠʥʠʮʘʤʘ ʪʘʢʦ 

ʰʪʦ ʫʢˀʫʯʫʿʝ ʙʠʪ ʤʦʜʝʣʘ ʫ ʩʚʘʢʦʤ ʜʝʩʢʨʠʧʪʦʨʫ ʥʠʪʠ. 

ʋ ʄP98 (Merlot) ʧʨʝʚʦʜʠʣʘʮ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ FOPE (Fork-once parallel 

execution) ʭʘʨʜʚʝʨʩʢʦʤ ʧʦʜʨʰʢʦʤ ʚʨʰʠ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʥʠʪʠ ʠʟ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ 

ʘʧʣʠʢʘʮʠʿʘ ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʧʨʦʛʨʘʤʝʨʠʤʘ ʜʘ ʫʤʝʪʥʫ ʦʜʨʝʹʝʥʝ ʜʠʨʝʢʪʠʚʝ ʫ ʠʟʚʦʨʥʠ 

ʢʦʜ ʜʘ ʙʠ ʠʟʜʚʦʿʠʣʠ ʝʢʩʧʣʠʮʠʪʥʠ ʧʘʨʘʣʝʣʠʟʘʤ ʠ ʪʠʤʝ ʦʩʪʚʘʨʠʣʠ ʤʘʢʩʠʤʘʣʥʝ 

ʧʝʨʬʦʨʤʘʥʩʝ [EDAH2000, MATS2000]. MAJC ʩʝ ʦʩʣʘˁʘ ʥʘ ʧʦʜʨʰʢʫ ʧʨʝʚʦʜʠʦʮʘ 

ʟʘ ʜʦʜʿʝʣʫ ʠʥʩʪʨʫʢʮʠʿʘ ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʿʝʜʠʥʠʮʘʤʘ [TREM2000]. NEKO ʪʘʢʦʹʝ 

ʢʦʨʠʩʪʠ ʧʨʝʚʦʜʠʣʘʮ ʜʘ ʙʠ ʠʟʚʨʰʠʦ ʩʪʘʪʠʯʢʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ 

ʠʟ ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʘʧʣʠʢʘʮʠʿʝ [BARL2003], ʜʦʢ Mitosis ʧʨʝʚʦʜʠʣʘʮ ʩʪʘʪʠʯʢʠ ʜʠʿʝʣʠ 

ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʧʨʦʛʨʘʤʝ ʫ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʫʤʝʪʘˁʝʤ spawning ʧʘʨʦʚʘ ʫ 

ʧʨʦʛʨʘʤʩʢʠ ʢʦʜ ʠ ʛʝʥʝʨʠʩʘˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ p-slice ʢʦʜʦʚʘ ʟʘ ʩʚʘʢʠ ʧʘʨ 

[MADR2008]. Hydra ʢʦʨʠʩʪʠ SUIF [AMAR1995] ʠ Hydracat [HAMM2000, 

OLUK2007] ʧʨʝʚʦʜʠʦʮʝ ʢʘʢʦ ʙʠ ʠʟʚʨʰʠʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʫ 

ʩʝʢʚʝʥʮʠʿʘʣʥʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ, ʜʦʢ STAMPede ʢʦʨʠʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʧʨʝʚʦʜʠʦʮʘ ʢʦʿʘ ʩʝ ʪʘʢʦʹʝ ʙʘʟʠʨʘ ʥʘ SUIF ʧʨʝʚʦʜʠʦʮʫ [STEF2005]. 

 

ʊʘʙʝʣʘ 2-1. ʇʦʜʨʰʢʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʥʠʪʠ ʠ ʦʙʣʘʩʪ ʩʧʝʢʫʣʘʮʠʿʝ 

CMP 
ʇʦʜʨʰʢʘ  

ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʥʠʪʠ 

ɼʦʤʝʥ ʩʧʝʢʫʣʘʮʠʿʝ 

(ʛʨʘʥʫʣʘʨʥʦʩʪ ʥʠʪʠ) 

Multiscalar  ʇʨʝʚʦʜʠʣʘʮ 

ɹʘʟʠʯʥʠ ʙʣʦʢ ʠʥʩʪʨʫʢʮʠʿʘ, ʚʠʰʝʩʪʨʫʢʠ 

ʙʘʟʠʯʥʠ ʙʣʦʢʦʚʠ ʠʥʩʪʨʫʢʮʠʿʘ, ʠʪʝʨʘʮʠʿʘ 

ʧʝʪˀʝ, ʢʦʤʧʣʝʪʥʝ ʧʝʪˀʝ, ʧʦʪʧʨʦʛʨʘʤʠ. 

Multiplex  ʇʨʝʚʦʜʠʣʘʮ 

ɹʘʟʠʯʥʠ ʙʣʦʢ ʠʥʩʪʨʫʢʮʠʿʘ, ʚʠʰʝʩʪʨʫʢʠ 

ʙʘʟʠʯʥʠ ʙʣʦʢʦʚʠ ʠʥʩʪʨʫʢʮʠʿʘ, ʠʪʝʨʘʮʠʿʘ 

ʧʝʪˀʝ, ʢʦʤʧʣʝʪʥʝ ʧʝʪˀʝ, ʧʦʪʧʨʦʛʨʘʤʠ. 

SM ʍʘʨʜʚʝʨ ʀʪʝʨʘʮʠʿʘ ʧʝʪˀʝ 

MP98 ʇʨʝʚʦʜʠʣʘʮ/ʭʘʨʜʚʝʨ 
ʀʪʝʨʘʮʠʿʘ ʧʝʪˀʝ ʠ ʙʘʟʠʯʥʠ ʙʣʦʢʦʚʠ 

ʠʥʩʪʨʫʢʮʠʿʘ  

MAJC  ʇʨʝʚʦʜʠʣʘʮ ʂʦʤʧʣʝʪʥʝ ʧʝʪˀʝ ʠ ʧʦʪʧʨʦʛʨʘʤʠ 

Trace ʍʘʨʜʚʝʨ ʊʨʘʛʦʚʠ (ʥʠʟʦʚʠ ʜʠʥʘʤʠʯʢʠʭ ʠʥʩʪʨʫʢʮʠʿʘ) 

I -ACOMA  ʉʦʬʪʚʝʨʩʢʠ ʘʥʦʪʘʪʦʨ  ʀʪʝʨʘʮʠʿʘ ʧʝʪˀʝ 

Atlas ʍʘʨʜʚʝʨ 
ʅʠʟʦʚʠ ʠʥʩʪʨʫʢʮʠʿʘ ʦʛʨʘʥʠʯʝʥʠ ʤʝʤʦʨʠʿʩʢʠʤ 

ʠʥʩʪʨʫʢʮʠʿʘʤʘ ʟʘ ʫʧʠʩ ʠ ʯʠʪʘˁʝ 

NEKO ʇʨʝʚʦʜʠʣʘʮ 

ɹʘʟʠʯʥʠ ʙʣʦʢ ʠʥʩʪʨʫʢʮʠʿʘ, ʚʠʰʝʩʪʨʫʢʠ 

ʙʘʟʠʯʥʠ ʙʣʦʢʦʚʠ ʠʥʩʪʨʫʢʮʠʿʘ, ʠʪʝʨʘʮʠʿʘ 

ʧʝʪˀʝ, ʢʦʤʧʣʝʪʥʝ ʧʝʪˀʝ, ʧʦʪʧʨʦʛʨʘʤʠ. 

Pinot ɸʣʘʪ ʟʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ 
ʀʪʝʨʘʮʠʿʘ ʧʝʪˀʝ, ʧʦʪʧʨʦʛʨʘʤʠ ʠ ʙʘʟʠʯʥʠ 

ʙʣʦʢʦʚʠ ʠʥʩʪʨʫʢʮʠʿʘ 

Mitosis ʇʨʝʚʦʜʠʣʘʮ ɹʠʣʦ ʢʦʿʠ ʧʘʨ ʙʘʟʠʯʥʠʭ ʙʣʦʢʦʚʘ ʠʥʩʪʨʫʢʮʠʿʘ 

Hydra  ʇʨʝʚʦʜʠʣʘʮ ʀʪʝʨʘʮʠʿʘ ʧʝʪˀʝ ʠ ʧʦʪʧʨʦʛʨʘʤʠ 

STAMPede ʇʨʝʚʦʜʠʣʘʮ ʀʪʝʨʘʮʠʿʘ ʧʝʪˀʝ ʠ ʧʦʪʧʨʦʛʨʘʤʠ 
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I-ACOMA ʠ Pinot ʢʦʨʠʩʪʝ ʥʘʤʿʝʥʩʢʝ ʩʦʬʪʚʝʨʩʢʝ ʘʣʘʪʝ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʫ ʩʝʢʚʝʥʮʠʿʘʣʥʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ. I-ACOMA ʢʦʨʠʩʪʠ ʘʥʦʪʘʪʦʨ 

ʙʠʥʘʨʥʦʛ ʢʦʜʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʥʠʪʠ ʢʘʦ ʠ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʟʘʚʠʩʥʦʩʪʠ 

ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʥʠʪʠ [KRIS1999]. Pinot ʩʝ ʦʩʣʘˁʘ ʥʘ ʘʣʘʪ ʟʘ 

ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ ʢʦʿʠ ʢʦʨʠʩʪʠ ʧʨʦʬʘʿʣʝʨʩʢʝ ʠʥʬʦʨʤʘʮʠʿʝ ʜʘ ʙʠ ʠʟʜʚʦʿʠʦ ʠʟ 

ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʧʘʨʘʣʝʣʠʟʘʤ ʥʘ ʥʠʚʦʫ ʥʠʪʠ ʩʘ ʙʠʣʦ ʢʦʿʠʤ ʥʠʚʦʦʤ 

ʛʨʘʥʫʣʘʨʥʦʩʪʠ ʠ ʜʘ ʙʠ ʟʘʪʠʤ ʠʟʚʨʰʠʦ ʢʦʥʚʝʨʟʠʿʫ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʫ 

ʩʧʝʢʫʣʘʪʠʚʥʝ ʚʠʰʝʥʠʪʥʝ ʘʧʣʠʢʘʮʠʿʝ [OHSA2005]. 

ʅʘ ʢʨʘʿʫ, SM [MARC1998], Trace [ROTE1997] ʠ Atlas [SASS2005] ʩʝ ʦʩʣʘˁʘʿʫ 

ʫ ʧʦʪʧʫʥʦʩʪʠ ʥʘ ʭʘʨʜʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʜʘ ʙʠ ʜʠʥʘʤʠʯʢʠ ʠʟʜʚʦʿʠʣʠ ʥʠʪʠ ʠʟ 

ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ. ʍʘʨʜʚʝʨʩʢʠ ʤʝʭʘʥʠʟʘʤ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʥʠʪʠ ʠʤʘ 

ʥʝʢʦʣʠʢʦ ʧʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʩʦʬʪʚʝʨʩʢʝ ʪʝʭʥʠʢʝ: a) ʘʥʘʣʠʟʘ ʢʦʥʪʨʦʣʝ ʪʦʢʘ 

ʠʟʚʨʰʘʚʘˁʘ ʧʨʦʛʨʘʤʘ ʦʜ ʩʪʨʘʥʝ ʧʨʝʚʦʜʠʦʮʘ ʿʝ ʥʝʧʨʝʮʠʟʥʠʿʘ; ʙ) ʨʝʟʫʣʪʘʪʠ ʪʝʭʥʠʢʘ 

ʟʘ ʧʨʦʬʠʣʠʩʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʢʦʿʝ ʢʦʨʠʩʪʠ ʧʨʝʚʦʜʠʣʘʮ ʜʘ ʙʠ 

ʧʦʙʦˀʰʘʦ ʘʥʘʣʠʟʫ ʢʦʥʪʨʦʣʝ ʪʦʢʘ ʠʟʚʨʰʘʚʘˁʘ ʧʨʦʛʨʘʤʘ ʩʝ ʦʩʣʘˁʘʿʫ ʥʘ ʢʦʥʢʨʝʪʘʥ 

ʩʢʫʧ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ; ʚ) ʢʦʨʠʰ˂ʝˁʝ ʤʝʭʘʥʠʟʘʤʘ ʟʘ ʧʨʦʬʠʣʠʩʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʧʦ 

ʧʦʜʘʮʠʤʘ ʠʤʘ ʚʨʝʤʝʥʩʢʫ ʠ ʤʝʤʦʨʠʿʩʢʫ ʮʠʿʝʥʫ ʢʘʜʘ ʩʝ ʚʨʰʠ ʧʨʦʬʠʣʠʩʘˁʝ ʚʝʣʠʢʠʭ 

ʘʧʣʠʢʘʮʠʿʘ, ʢʘʦ ʠ ʘʧʣʠʢʘʮʠʿʘ ʯʠʿʝ ʿʝ ʚʨʠʿʝʤʝ ʠʟʚʨʰʘʚʘˁʘ ʜʫʛʦ; ʛ) ʥʝʢʠ ʩʦʬʪʚʝʨʩʢʠ 

ʧʨʠʩʪʫʧʠ ʟʘʭʪʠʿʝʚʘʿʫ ʠʟʤʿʝʥʝ ʫ ISA ʰʪʦ ʥʝ ʦʙʝʟʙʿʝʹʫʿʝ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʩʘ 

ʧʨʝʪʭʦʜʥʠʤ ISA ʠʤʧʣʝʤʝʥʪʘʮʠʿʘʤʘ. 

 

2.5.2 ɼʦʤʝʥ ʩʧʝʢʫʣʘʮʠʿʝ 

 

Pinot ʿʝ ʿʝʜʠʥʩʪʚʝʥ ʫ ʠʟʜʚʘʿʘˁʫ ʧʘʨʘʣʝʣʠʟʤʘ ʠʟ ʙʠʣʦ ʢʦʿʝ ʧʨʦʛʨʘʤʩʢʝ 

ʧʦʜʩʪʨʫʢʪʫʨʝ ʫ ʰʠʨʦʢʦʤ ʨʘʩʧʦʥʫ ʛʨʘʥʫʣʘʮʠʿʝ ʥʠʪʠ. ɸʣʘʪ ʟʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ ʢʦʿʠ 

ʩʝ ʢʦʨʠʩʪʠ ʢʦʜ Pinot-ʘ ʤʦʞʝ ʬʦʨʤʠʨʘʪʠ ʥʠʪ ʦʜ 10K ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʿʘ ʫʢˀʫʯʫʿʝ 

ʯʠʪʘʚʝ ʧʝʪˀʝ ʠʣʠ ʧʦʪʧʨʦʛʨʘʤʝ ʢʘʦ ʠ ʧʘʨʘʣʝʣʠʟʘʤ ʬʠʥʝ ʛʨʘʥʫʣʘʨʥʦʩʪʠ 

[OHSA2005]. ʉ ʦʙʟʠʨʦʤ ʜʘ Multiscalar, NEKO ʠ Multiplex ʧʨʝʚʦʜʠoʮʠ ʟʘʚʨʰʘʚʘʿʫ 

ʬʦʨʤʠʨʘˁʝ ʥʠʪʠ ʢʘʜʘ ʥʘʠʹʫ ʥʘ ʧʦʯʝʪʘʢ ʧʝʪˀʝ ʠʣʠ ʧʦʟʠʚ ʧʦʪʧʨʦʛʨʘʤʘ ʪʘʢʦ ʜʘ, ʟʘ 

ʨʘʟʣʠʢʫ ʦʜ Pinot-ʘ, ʥʝ ʤʦʛʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʜʘ ʠʟʜʚʦʿʝ ʧʘʨʘʣʝʣʠʟʘʤ ʢʨʫʧʥʝ 

ʛʨʘʥʫʣʘʨʥʦʩʪʠ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʦʛʨʘʤʩʢʠʭ ʩʪʨʫʢʪʫʨʘ ʥʘ ʢʦʿʠʤʘ ʩʝ 

ʧʨʠʤʿʝˁʫʿʝ ʩʧʝʢʫʣʘʮʠʿʘ (ʿʝʜʘʥ ʠʣʠ ʚʠʰʝ ʙʘʟʠʯʥʠʭ ʙʣʦʢʦʚʘ ʠʥʩʪʨʫʢʮʠʿʘ, 

ʢʦʤʧʣʝʪʥʝ ʧʝʪˀʝ, ʠʪʝʨʘʮʠʿʝ ʧʝʪˀʠ ʠʣʠ ʧʦʟʠʚʠ ʧʦʪʧʨʦʛʨʘʤʘ). MP98, MAJC, 

Mitosis, Hydra, STAMPede ʠ I-ACOMA ʩʧʝʢʫʣʠʰʫ ʫ ʤʘˁʠʤ ʦʙʣʘʩʪʠʤʘ ʢʘʦ ʰʪʦ ʩʫ 

ʩʘʤʦ ʠʪʝʨʘʮʠʿʝ ʧʝʪˀʝ, ʩʘʤʦ ʙʘʟʠʯʥʠ ʙʣʦʢʦʚʠ ʠʥʩʪʨʫʢʮʠʿʘ, ʠʣʠ ʠ ʠʪʝʨʘʮʠʿʝ ʧʝʪˀʝ 

ʠ ʙʘʟʠʯʥʠ ʙʣʦʢʦʚʠ ʠʥʩʪʨʫʢʮʠʿʘ ʦʜʥʦʩʥʦ ʧʝʪˀʝ ʠ ʧʦʪʧʨʦʛʨʘʤʠ. 

ɼʠʥʘʤʠʯʢʠ ʘʣʛʦʨʠʪʤʠ ʧʘʨʪʠʮʠʦʥʠʨʘˁʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ SM ʠ Trace 

ʦʛʨʘʥʠʯʘʚʘʿʫ ʜʦʤʝʥ ʩʧʝʢʫʣʘʮʠʿʝ ʥʘ ʠʪʝʨʘʮʠʿʝ ʧʝʪˀʠ ʠ ʛʨʘʥʠʮʝ ʢʝʰ ʣʠʥʠʿʝ. 

ʄʝʹʫʪʠʤ, MEM slicing ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʩʝ ʧʨʠʤʿeˁ ʫʿʝ ʫ Atlas-ʫ ʧʨʝʜʩʪʘʚˀʘ 

ʧʦʙʦˀʰʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʘʣʛʦʨʠʪʤʝ ʧʘʨʪʠʮʠʦʥʠʨʘˁʘ ʥʘ ʬʠʢʩʥʦʤ ʠʥʪʝʨʚʘʣʫ ʢʦʿʠ 

ʩʝ ʧʨʠʤʿeˁ ʫʿʫ ʢʦʜ SM ʠ Trace ʿʝʨ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʠʟʜʚʘʿʘ ʥʘ ʤʝʤʦʨʠʿʩʢʠʤ 

ʦʧʝʨʘʮʠʿʘʤʘ ʟʘ ʯʠʪʘˁʝ ʠʣʠ ʫʧʠʩ ʰʪʦ ʥʠʪʠ ʯʠʥʠ ʚʝ˂ʠʤa ʠ ʧʨʝʜʚʠʜˀʠʚʠʿʠʤʘ. 
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ɻʣʘʚʘ 3  ʈʝʛʠʩʪʘʨʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʢʦʜ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʧʨʦʮʝʩʦʨʘ 
 

ʇʨʝʛʣʝʜ ʩʠʩʪʝʤʘ ʠʟ ʧʨʝʪʭʦʜʥʝ ʛʣʘʚʝ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʧʦʜʨʰʢʘ ʟʘ TLS ʥʘ ʥʠʚʦʫ 

ʨʝʛʠʩʪʘʨʘ ʚʝʦʤʘ ʯʝʩʪʘ ʫ ʩʧʝʢʫʣʘʪʠʚʥʠʤ CMP ʧʨʦʮʝʩʦʨʠʤʘ, ʢʘʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ 

ʤʝʭʘʥʠʟʘʤ ʫʟ ʤʝʤʦʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ. ɿʘʪʦ ʩʝ ʫ ʦʚʦʿ ʛʣʘʚʠ ʧʨʝʜʣʘʞʝ ʿʝʜʥʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʠ ʜʘʿʝ ʧʦʜʨʦʙʥʘ ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʦʚʦʛ ʤʝʭʘʥʠʟʤʘ ʠʟ ʚʠʰʝ 

ʨʝʣʝʚʘʥʪʥʠʭ ʘʩʧʝʢʘʪʘ [RADU2014]. 

 

3.1  ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʧʨʦʮʝʩʦʨʘ ʩʘ 

ʨʝʛʠʩʪʘʨʩʢʦʤ ʢʦʤʫʥʠʢʘʮʠʿʦʤ 
 

ʆʨʛʘʥʠʟʘʮʠʿʘ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʠʤʘ ʚʨʣʦ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 

ʤʝʭʘʥʠʟʘʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʝ ʠ ʢʦʤʫʥʠʢʘʮʠʿʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʤʝʹʫ 

ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʫ ʩʧʝʢʫʣʘʪʠʚʥʦʤ CMP. ɿʙʦʛ ʪʦʛʘ ʿʝ ʦʥʘ ʫʩʚʦʿʝʥʘ ʢʘʦ ʛʣʘʚʥʠ 

ʢʨʠʪʝʨʠʿʫʤ ʢʣʘʩʠʬʠʢʘʮʠʿʝ. ʇʨʝʧʦʟʥʘʪʘ ʩʫ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʧʨʠʩʪʫʧʘ ʫ ʦʨʛʘʥʠʟʘʮʠʿʠ 

ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ: 

¶ ʜʠʩʪʨʠʙʫʠʨʘʥʠ (ʣʦʢʘʣʥʠ) ʩʢʫʧʦʚʠ ʨʝʛʠʩʪʘʨʘ (LRF ï Local Register File), 

¶ ʜʠʿʝˀʝʥʠ (ʛʣʦʙʘʣʥʠ) ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ (GRF ï Global Register File), 

¶ ʭʠʙʨʠʜʥʠ ʧʨʠʩʪʫʧ ʢʦʿʠ ʢʦʤʙʠʥʫʿʝ ʣʦʢʘʣʥʝ ʩʢʫʧʦʚʝ ʨʝʛʠʩʪʘʨʘ ʩʘ 

ʛʣʦʙʘʣʥʠʤ ʩʢʫʧʦʤ ʨʝʛʠʩʪʘʨʘ. 

 

ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʤʠʢʨʦʧʨʦʮʝʩʦʨʠ ʫʛʣʘʚʥʦʤ ʠʤʘʿʫ GRF ʢʦʿʠ ʤʝʹʫʩʦʙʥʦ ʜʠʿʝʣʠ 

ʚʠʰʝ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʿʝʜʠʥʠʮʘ ʰʪʦ ʫʪʠʯʝ ʥʘ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʧʦʨʪʦʚʘ ʟʘ ʫʧʠʩ ʠ 

ʯʠʪʘˁʝ ʠ ʚʦʜʠ ʢʘ ʩʣʦʞʝʥʠʿʝʤ ʦʞʠʯʝˁʫ, ʧʨʦʤʿʝʥʘʤʘ ʚʨʝʤʝʥʘ ʮʠʢʣʫʩʘ ʠ ʧʦʚʝ˂ʘˁʫ 

ʢʘʰˁʝˁʘ. ʇʦʜʨʰʢʘ ʚʠʰʠʤ ʩʪʝʧʝʥʠʤʘ ILP ʠ TLP ʧʘʨʘʣʝʣʠʟʤʘ ʫʩʣʦʚˀʘʚʘ ʚʝʦʤʘ 
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ʙʨʟ ʨʘʩʪ ʩʣʦʞʝʥʦʩʪʠ ʭʘʨʜʚʝʨʩʢʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʜʠʟʘʿʥʘ ʩʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʠʤ 

ʩʢʫʧʦʤ ʨʝʛʠʩʪʘʨʘ ʠ ʚʝʣʠʢʠʤ ʠ ʢʦʤʧʣʝʢʩʥʠʤ ʤʨʝʞʘʤʘ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ. ʋ ʝʢʩʪʨʝʤʥʦ ʬʠʟʠʯʢʠ ʤʘʣʠʤ ʜʠʟʘʿʥʠʤʘ ʧʘʨʘʣʝʣʥʠʭ ʧʨʦʮʝʩʦʨʘ, ʢʘʦ 

ʰʪʦ ʿʝ CMP, ʜʠʿʝˀʝʥʠ (ʛʣʦʙʘʣʥʠ) ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ ʤʦʨʘ ʙʠʪʠ ʟʘʤʠʿʝˁʝʥ ʩʘ 

ʜʠʩʪʨʠʙʫʨʘʥʠʤ ʩʢʫʧʦʚʠʤʘ ʨʝʛʠʩʪʘʨʘ ʩʘ ʣʦʢʘʣʥʠʤ ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʧʫʪʝʚʠʤʘ ʢʘʢʦ 

ʙʠ ʩʝ ʫʙʣʘʞʠʣʠ ʧʨʦʙʣʝʤʠ ʢʦʿʝ ʠʟʘʟʠʚʘ ʚʝʣʠʢʠ ʙʨʦʿ ʜʫʛʠʭ ʠʥʪʝʨʢʦʥʝʢʮʠʿʘ ʠʟʤʝʹʫ 

ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʠ ʤʨʝʞʝ ʟʘ ʨʘʟʤʿʝʥʫ ʦʧʝʨʘʥʘʜʘ. ʆʚʦ ʿʝ ʨʘʟʣʦʛ ʟʙʦʛ ʢʦʿʝʛ ʿʝ 

ʝʢʩʢʣʫʟʠʚʥʦ ʢʦʨʠʰ˂ʝˁʝ ʜʠʿʝˀʝʥʦʛ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʫ CMP ʜʠʟʘʿʥʫ ʨʠʿʝʪʢʦ. 

ɼʠʩʪʨʠʙʫʠʨʘʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʩʫ ʚʝʦʤʘ ʩʢʘʣʘʙʠʣʥʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʦʤ ʜʠʿʝˀʝʥʦʤ ʦʨʛʘʥʠʟʘʮʠʿʦʤ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʟʘʪʦ ʰʪʦ ʟʥʘʯʘʿʥʦ 

ʩʤʘˁʫʿʫ ʚʝʣʠʯʠʥʫ ʯʠʧʘ, ʢʘʰˁʝˁʝ ʠ ʜʠʩʠʧʘʮʠʿʫ. ɿʙʦʛ ʪʦʛʘ ʚʝʣʠʢʘ ʚʝ˂ʠʥʘ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP-ʘ ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʢʦʨʠʩʪʠ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʧʨʠʩʪʫʧ ʦʨʛʘʥʠʟʘʮʠʿʝ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʠʣʠ ʛʘ ʢʦʤʙʠʥʫʿʝ ʩʘ ʤʘʣʠʤ 

ʜʠʿʝˀʝʥʠʤ ʩʢʫʧʦʤ ʨʝʛʠʩʪʘʨʘ [PATT2007, BELL2006, TANA2009, ALIP2012]. 

ʇʦʨʝʜ ʦʨʛʘʥʠʟʘʮʠʿʝ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ, ʢʦʿʘ ʿʝ ʛʣʘʚʥʠ ʢʨʠʪʝʨʠʿʫʤ ʢʣʘʩʠʬʠʢʘʮʠʿʝ, 

ʢʘʦ ʜʨʫʛʠ ʢʣʘʩʠʬʠʢʘʮʠʦʥʠ ʢʨʠʪʝʨʠʿʫʤ ʢʦʿʠ ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʜʠʟʘʿʥ ʿʝ ʫʟʝʪʘ 

ʪʦʧʦʣʦʛʠʿʘ ʤʨʝʞʝ ʟʘ ʨʘʟʤʿʝʥʫ ʚʨʠʿʝʜʥʦʩʪʠ ʨʝʛʠʩʪʘʨʘ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ 

ʥʘ ʯʠʧʫ. ʇʨʩʪʝʥ ʢʦʜ Multiscalar, Multiplex, SM, Atlas, NEKʆ ʠ Pinot 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʧʨʦʮʝʩʦʨʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʨʦʜʘʥ ʠʟʙʦʨ ʪʦʧʦʣʦʛʠʿʝ ʤʨʝʞʝ 

ʟʘʪʦ ʰʪʦ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʿʝʟʛʨʘ ʥʘ ʯʠʧʫ ʧʨʠʤʘʨʥʦ ʢʦʤʫʥʠʮʠʨʘʿʫ 

ʩʘ ʩʚʦʿʘ ʜʚʘ ʥʘʿʙʣʠʞʘ ʩʫʩʿʝʜʘ ï ʛʝʥʝʨʠʩʘʥʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʩʝ ʰʘˀʫ ʢʘ 

ʿʝʟʛʨʫ ʢʦʿʝ ʠʟʚʨʰʘʚʘ ʥʘʨʝʜʥʘ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʜʦʢ ʪʨʘʞʝʥʝ ʨʝʛʠʩʪʘʨʩʢʝ 

ʚʨʠʿʝʜʥʦʩʪʠ ʜʦʣʘʟʝ ʦʜ ʿʝʟʛʨʘ ʥʘ ʢʦʿʝʤ ʩʝ ʠʟʚʨʰʘʚʘ ʧʨʝʪʭʦʜʥʘ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ.  

ʄʘʛʠʩʪʨʘʣʘ je ʩˀʝʜʝ˂ʠ ʠʟʙʦʨ ʫ ʪʦʧʦʣʦʛʠʿʠ ʤʨʝʞʝ ʢʦʿʘ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʢʦʜ 

Trace, IACOMA ʠ Mitosis ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʧʨʦʮʝʩʦʨʘ. ʄʘʛʠʩʪʨʘʣʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ 

ʙʫʜʝ ʜʦʚʦˀʥʘ ʜʘ ʦʧʩʣʫʞʠ ʤʘʣʠ ʙʨʦʿ ʿʝʟʛʘʨʘ ʥʘ ʯʠʧʫ (ʥʧʨ., ʦʜ 4 ʜʦ 8 ʿʝʟʛʘʨʘ). 

ʄʝʹʫʪʠʤ, ʚʝ˂ʠ ʙʨʦʿ ʿʝʟʛʘʨʘ ʠʣʠ ʢʦʨʠʰ˂ʝˁʝ ʙʨʞʠʭ ʿʝʟʛʘʨʘ ʥʝʤʠʥʦʚʥʦ ʪʨʘʞʠ ʠ 

ʚʝ˂ʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʥʘ ʤʘʛʠʩʪʨʘʣʠ ʰʪʦ ʟʘʫʟʚʨʘʪ ʟʘʭʪʠʿʝʚʘ ʠʣʠ ʫʚʦʹʝˁʝ ʚʝ˂ʝʛ 

ʙʨʦʿʘ ʤʘʛʠʩʪʨʘʣʘ ʠʣʠ ʫʚʦʹʝˁʝ ʭʠʿʝʨʘʨʭʠʿʝ ʣʦʢʘʣʥʠʭ ʠ ʛʣʦʙʘʣʥʠʭ ʤʘʛʠʩʪʨʘʣʘ.  

ʂʦʜ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʧʨʦʮʝʩʦʨʘ ʩʘ GRF ʢʘʦ ʰʪʦ ʩʫ MP98 (Merlot) ʠ MAJC, 

ʤʨʝʞʝ ʜʠʨʝʢʪʥʝ ʧʦʚʝʟʘʥʦʩʪʠ (point-to-point) ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ 

ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʿʝʟʛʘʨʘ ʥʘ ʯʠʧʫ. 

ʅʘ ʩʣʠʮʠ 3-1 ʿʝ ʧʨʠʢʘʟʘʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP-ʘ ʩʘ ʧʦʜʨʰʢʦʤ 

ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʘ ʜʚʘ 

ʢʨʠʪʝʨʠʿʫʤʘ. 

 

3.2  ʋʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʪʝʭʥʠʢʘ ʨʝʛʠʩʪʘʨʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ 
 

ʋʧʦʨʝʜʥʫ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ ʪʝʭʥʠʢʘ ʨʝʛʠʩʪʘʨʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ 

ʨʝʘʣʠʟʦʚʘʥʠʭ ʫ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʤ ʩʧʝʢʫʣʘʪʠʚʥʠʤ CMP ʧʨʦʮʝʩʦʨʠʤa ʿʝ ʚʝʦʤʘ 

ʪʝʰʢʦ ʠʟʚʝʩʪʠ ʟʙʦʛ ʚʝʦʤʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʿʝʢʪʥʠʭ ʨʝʿʰʝˁʘ. ɿʘʪʦ ʿʝ ʦʚʜʿʝ 

ʩʧʨʦʚʝʜʝʥʦ ʢʚʘʣʠʪʘʪʠʚʥʦ ʧʦʨʝʹʝˁʝ ʧʨʝʜʣʦʛʘ ʟʘ ʧʦʜʨʰʢʫ ʨʝʛʠʩʪʘʨʩʢʝ 
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ʢʦʤʫʥʠʢʘʮʠʿʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʝ ʠ ʢʦʤʫʥʠʢʘʮʠʿʝ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ, ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʪʝʭʥʠʢʝ ʦʧʦʨʘʚʢʘ ʥʘʢʦʥ ʛʨʝʰʢʝ ʫ ʩʧʝʢʫʣʘʮʠʿʠ, ʢʘʦ ʠ 

ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʧʦʢʘʟʘʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʠ ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʩʠʩʪʝʤʘ. 

 

 

ʉʣʠʢʘ 3-1. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʧʨʦʮʝʩʦʨʘ ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ 

ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ 

 

3.2.1 ʈʝʛʠʩʪʘʨʩʢʠ ʢʦʤʫʥʠʢʘʮʠʦʥʠ ʤʝʭʘʥʠʟʤʠ 
 

ɺʝ˂ʠʥʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ 

ʩʧʝʢʫʣʠʰʫ ʥʘ ʨʝʛʠʩʪʘʨʩʢʠʤ ʚʨʠʿʝʜʥʦʩʪʠʤʘ ʥʘ ʜʚʘ ʥʘʯʠʥʘ: ʢʦʨʠʰ˂ʝˁʝʤ ʦʜʨʝʹʝʥʠʭ 

ʤʝʭʘʥʠʟʘʤʘ ʨʘʟʤʿʝʥʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ (ʥʧʨ., ʄultiscalar, 

Multiplex, NEKO ʠ Pinot) ʠʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ 

ʜʦʙʠʿʝʥʝ ʧʨʝʜʠʢʮʠʿʦʤ (ʥʧʨ., SM, Atlas, Trace ʠ Mitosis). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʠʩʪʝʤʠ 

ʢʘʦ ʰʪʦ ʩʫ I-ACOMA ʠ MP98 (Merlot) ʢʦʨʠʩʪʝ ʦʜʨʝʹʝʥʝ ʤʝʭʘʥʠʟʤʝ 

ʩʠʥʭʨʦʥʠʟʘʮʠʿʝ ʜʘ ʙʠ ʫʧʨʘʚˀʘʣʠ ʢʦʤʫʥʠʢʘʮʠʿʦʤ ʠʟʤʝʹʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʥʘ 

ʨʝʛʠʩʪʘʨʩʢʦʤ ʥʠʚʦʫ. 

 

ʈʘʟʤʿʝʥʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. ʆʚʘʿ ʥʘʯʠʥ ʫʢˀʫʯʫʿʝ 

ʤʝʭʘʥʠʟʤʝ ʛʜʿʝ ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʿʫ ʠʟʚʨʰʘʚʘ ʢʘʩʥʠʿʘ, ʚʠʰʝ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ, ʘ ʢʦʿʘ 

ʟʘʚʠʩʠ ʦʜ ʨʝʟʫʣʪʘʪʘ ʠʟʚʨʰʘʚʘˁʘ ʠʥʩʪʨʫʢʮʠʿʝ ʢʦʜ ʨʘʥʠʿʝ, ʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ, 

ʤʦʨʘ ʜʘ ʩʘʯʝʢʘ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ ʢʦʿʫ ˂ʝ ʩʪʘʨʠʿʘ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ 

ʧʨʦʠʟʚʝʩʪʠ. ʆʚʠ ʤʝʭʘʥʠʟʤʠ ʨʘʟʤʿʝʥʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ 

ʫʥʦʩʝ ʜʫʞʘ ʢʘʰˁʝˁʘ ʫ ʢʦʤʫʥʠʢʘʮʠʿʠ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʩʧʝʢʫʣʘʪʠʚʥʦʛ 
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CMP-a ʠ ʫʟʨʦʢʫʿʫ ʟʘʫʩʪʘʚˀʘˁʝ ʠʟʚʨʰʘʚʘˁʘ ʟʙʦʛ ʥʝʜʦʩʪʘʪʢʘ ʧʦʪʨʝʙʥʠʭ ʧʦʜʘʪʘʢʘ. 

ʄʝʹʫʪʠʤ, ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʪʝʭʥʠʢʘ, ʢʘʦ ʰʪʦ ʩʫ: ʘ) ʜʠʨʝʢʪʥʘ ʢʦʤʫʥʠʢʘʮʠʿʘ 

ʠʟʤʝʹʫ ʨʝʛʠʩʪʘʨʘ ʫ ʯʚʨʩʪʦ ʩʧʨʝʛʥʫʪʠʤ ʘʨʭʠʪʝʢʪʫʨʘʤʘ; ʙ) ʧʨʦʩˀʝʹʠʚʘˁʝ 

ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ, ʙʠʣʦ ʜʘ ʩʫ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʥʘʯʥʝ ʠʣʠ ʥʝ, ʦʜ ʥʠʪʠ ʢʦʿʘ ʠʭ 

ʿʝ ʧʨʦʠʟʚʝʣʘ ʙʣʠʞʝ ʥʠʪʠ ʢʦʿʘ ʠʭ ʪʨʘʞʠ; ʠʣʠ ʚ) ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʦʩˀʝʜˁʝ ʥʠʪʠ 

ʢʦʿʘ ʿʝ ʧʨʦʠʟʚʝʣʘ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ, ʤʦʛʫ ʩʝ ʩʤʘˁʠʪʠ ʚʝʣʠʢʘ ʢʘʰˁʝˁʘ ʠ 

ʠʟʙʿʝ˂ʠ ʟʘʫʩʪʘʚˀʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ. 

Multiscalar ʠ Multiplex ʢʦʨʠʩʪʝ ʿʝʜʥʦʩʤʿʝʨʥʠ ʧʨʩʪʝʥ ʢʘʦ ʠʥʪʝʨʢʦʥʝʢʮʠʿʫ 

ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʟʘ ʜʠʨʝʢʪʥʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʣʦʢʘʣʥʠʭ ʩʢʫʧʦʚʘ ʨʝʛʠʩʪʘʨʘ 

ʢʘʢʦ ʙʠ ʩʤʘˁʠʦ ʢʘʰˁʝˁʘ ʫ ʢʦʤʫʥʠʢʘʮʠʿʠ, ʜʦʢ ʿʝ ʨʘʟʤʿʝʥʘ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʥʪʨʦʣʠʩʘʥʘ ʧʦʤʦ˂ʫ ʿʝʜʥʦʩʪʘʚʥʠʭ ʣʦʛʠʯʢʠʭ ʦʧʝʨʘʮʠʿʘ ʥʘ ʢʘʪʘʣʦʛʫ 

ʦʜ ʰʝʩʪ ʩʢʫʧʦʚʘ ʤʘʩʢʠ ʙʠʪʦʚʘ ʢʦʿʝ ʩʝ ʜʝʬʠʥʠʰʫ ʟʘ ʩʚʘʢʠ ʨʝʛʠʩʪʘʨ. ʇʨʦʙʣʝʤ 

ʧʦʩˀʝʜˁʝ ʢʦʧʠʿʝ ʿʝ ʨʠʿʝʰʝʥ ʪʘʢʦ ʰʪʦ ʫʥʫʪʘʨ ʩʚʘʢʦʛ ʧʨʦʮʝʩʦʨʘ ʧʦʩʪʦʿʝ ʜʚʠʿʝ 

ʢʦʧʠʿʝ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ. ʂʦʧʠʿʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʨʦʩˀʝʹʝʥʝ ʦʜ 

ʩʪʨʘʥʝ ʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʢʘ ʥʘʨʝʜʥʦʿ, ʚʠʰʝ ʩʧʝʢʫʣʘʪʠʚʥʦʿ ʥʠʪʠ ʩʝ ʯʫʚʘʿʫ ʫ past 

ʩʢʫʧʫ ʨʝʛʠʩʪʘʨʘ ʜʦʢ ʩʝ ʥʦʚʦ ʧʨʦʠʟʚʝʜʝʥʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʯʫʚʘʿʫ ʫ present 

ʩʢʫʧʫ ʨʝʛʠʩʪʘʨʘ [SOHI1995, OOI2001]. 

ʈʝʛʠʩʪʘʨʩʢʠ ʩʠʥʭʨʦʥʠʟʘʮʠʦʥʠ ʤʝʭʘʥʠʟʘʤ ʢʦʿʠ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʫ NEKO 

CMP-ʫ ʿʝ ʩʣʠʯʘʥ ʄultiscalar-ʦʚʦʤ, ʘʣʠ ʩʝ ʨʘʟʣʠʢʫʿʝ ʫ ʥʝʢʦʣʠʢʦ ʙʠʪʥʠʭ ʜʝʪʘˀʘ. 

ʅʘʠʤʝ, NEKO-ʦʚ ʤʝʭʘʥʠʟʘʤ ʩʝ ʫʤʥʦʛʦʤʝ ʦʩʣʘˁʘ ʥʘ ʧʦʤʦ˂ ʧʨʝʚʦʜʠʦʮʘ ʫ ʮʠˀʫ 

ʩʤʘʝˁˁʘ ʭʘʨʜʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʪʘʢʦ ʰʪʦ ʩʝ ʫ 

ʙʠʥʘʨʥʠ ʢʦʜ ʫʤʝ˂ʫ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʨʝʛʠʩʪʨʠʤʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʨʝʜʝʬʠʥʠʩʘʪʠ ʫ ʥʠʪʠ, 

ʢʘʦ ʠ ʝʢʩʧʣʠʮʠʪʥʝ ʠʥʩʪʨʫʢʮʠʿʝ ʟʘ ʩʣʘˁʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. ʊʘʢʦʹʝ, 

ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʩʝ ʧʨʝʤʿʝʰʪʘʿʫ ʙʣʠʞʝ ʥʠʪʠ ʢʦʿʘ ʠʭ ʪʨʘʞʠ ʯʘʢ ʠʘʢʦ ʪʝ 

ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʥʠʿʝʩʫ ʢʦʥʘʯʥʝ, ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʢʘʰˁʝˁʝ ʫ 

ʢʦʤʫʥʠʢʘʮʠʿʠ ʠʟʤʝʹʫ ʥʠʪʠ. ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʫ ʫ ʚʠʜʫ IRB 

(Intermediate Register Buffer) ʠ CRB (Communication Register Buffer) ʦʙʝʟʙʿʝʹʫʿʝ 

ʯʫʚʘˁʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠ ʨʿʝʰʘʚʘ ʧʨʦʙʣʝʤ ʧʦʩˀʝʜˁʝ ʢʦʧʠʿʝ ʩʣʠʯʥʦ 

past ʠ present ʩʢʫʧʦʚʠʤʘ ʨʝʛʠʩʪʘʨʘ ʢʦʜ Multiscalar-ʘ. ʂʦʥʪʨʦʣʘ ʨʝʛʠʩʪʘʨʩʢʝ 

ʢʦʤʫʥʠʢʘʮʠʿʝ ʩʝ, ʪʘʢʦʹʝ, ʦʙʘʚˀʘ ʭʘʨʜʚʝʨʩʢʠ ʥʘ ʦʩʥʦʚʫ ʧʨʘ˂ʝˁʘ ʩʪʘʪʫʩʘ ʩʚʘʢʦʛ 

ʨʝʛʠʩʪʨʘ ʫ CSC-ʫ (Communication Scoreboard) ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʫ [BARL2003]. 

Pinot ʢʦʨʠʩʪʠ ʿʝʜʥʦʩʤʿʝʨʥʠ ʧʨʩʪʝʥ ʢʘʦ ʠʥʪʝʨʢʦʥʝʢʮʠʿʫ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʟʘ 

ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʙʝʟ ʧʦʜʨʰʢʝ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʩʘ 

ʝʢʩʧʣʠʮʠʪʥʠʤ ʠʥʩʪʨʫʢʮʠʿʘʤʘ. ʈʘʟʤʿʝʥʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʿʝ ʧʦʜʨʞʘʥʘ 

ʥʦʚʠʤ ʠʥʩʪʨʫʢʮʠʿʘʤʘ (fork, propagate ʠ cancel) ʢʦʿʝ ʩʫ ʜʦʜʘʪʝ ʫ ʧʦʩʪʦʿʝ˂ʫ ISA ʠ 

ʦʙʘʚˀʘ ʩʝ ʫ ʪʨʝʥʫʪʢʫ ʛʝʥʝʨʠʩʘˁʘ ʠʣʠ ʥʘʢʦʥ ʛʝʥʝʨʠʩʘˁʘ ʥʦʚʝ ʥʠʪʠ [OHSA2005]. 

ʂʦʜ MAJC-ʘ ʧʨʝʚʦʜʠʣʘʮ ʦʙʝʟʙʿʝʹʫʿʝ ʜʘ VLIW ʧʘʢʝʪʠ ʥʝ ʩʤʠʿʫ ʠʤʘʪʠ 

ʤʝʹʫʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʠʪʘˁʫ ʧʦʜʘʪʘʢʘ, ʪʦʢʦʚʘ ʢʦʥʪʨʦʣʝ ʠʣʠ ʢʦʨʠʰ˂ʝʥʠʭ ʨʝʩʫʨʩʘ. 

ɻʣʦʙʘʣʥʠ ʜʠʿʝˀʝʥʠ ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ ʫ ʩʚʘʢʦʤ MAJC ʧʨʦʮʝʩʦʨʫ ʦʤʦʛʫ˂ʘʚʘ ʙʨʟʫ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʜʠʿʝˀʝʥʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʤʝʫ́ ʥʠʪʠ ʧʦʤʦ˂ʫ 

ʚʠʨʪʫʝʣʥʠʭ ʢʘʥʘʣʘ ʢʘʦ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʠʟʤʝʹʫ ʥʠʪʠ ʧʦʤʦ˂ʫ ʙʨʟʦʛ ʧʨʝʢʠʜʥʦʛ 

ʤʝʭʘʥʠʟʤʘ [TREM2000, SUDH2000]. 
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ʊʘʙʝʣʘ 3-1 ʩʫʤʘʨʥʦ ʧʨʠʢʘʟʫʿʝ ʧʦʜʨʰʢʫ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʥʠʚʦʫ 

ʠ ʥʘʯʠʥʝ ʨʘʟʤʿʝʥʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʜ ʜʘʪʠʭ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP-a. 

 

ʊʘʙʝʣʘ 3-1. ʇʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʠ ʥʘʯʠʥʠ ʨʘʟʤʿʝʥʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ 

CMP 
ʇʘʨʘʤʝʪʨʠ 

ʇʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʈʝʛʠʩʪʘʨʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ 

Multiscalar  

Multiplex  

ɼʚʦʩʪʨʫʢʠ ʩʢʫʧʦʚʠ ʨʝʛʠʩʪʘʨʘ ʧʦ 

ʧʨʦʮʝʩʦʨʫ 

ʐʝʩʪ ʩʢʫʧʦʚʘ ʙʠʪ ʤʘʩʢʠ ʧʦ 

ʧʨʦʮʝʩʦʨʫ 

ʀʥʠʮʠʨʘʥʘ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ 

ʧʨʦʠʟʚʝʣʘ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ  

NEKO  

IRB ʠ CRB ʧʦ ʧʨʦʮʝʩʦʨʫ 

CSC ʟʘ ʢʦʥʪʨʦʣʫ ʢʦʤʫʥʠʢʘʮʠʿʝ 

ʈʘʥʠʿʝ ʧʨʦʩˀʝʹʠʚʘˁʝ ʚʨʠʿʝʜʥʦʩʪʠ 

ʇʦʜʨʰʢʘ ʧʨʝʚʦʜʠʦʮʘ 

ʀʥʠʮʠʨʘʥʘ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ 

ʧʨʦʠʟʚʝʣʘ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ  

Pinot  
Fork, propagate ʠ cancel 

ʠʥʩʪʨʫʢʮʠʿʝ 
ʀʥʠʮʠʨʘʥʘ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ 

ʧʨʦʠʟʚʝʣʘ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ  

MAJC  

ɻʣʦʙʘʣʥʠ ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ 

ɺʠʨʪʫʘʣʥʠ ʢʘʥʘʣʠ 

ʄʝʭʘʥʠʟʘʤ ʙʨʟʦʛ ʠʥʪʝʨʘʧʪʘ 

ʇʦʜʨʰʢʘ ʧʨʝʚʦʜʠʦʮʘ  

ʉʠʥʭʨʦʥʠʟʦʚʘʥʘ ʢʦʤʫʥʠʢʘʮʠʿʘ 

ʠʟʤʝʹʫ ʥʠʪʠ ʢʦʿʘ ʿʝ ʧʨʦʠʟʚʝʣʘ 

ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ ʠ ʥʠʪʠ 

ʢʦʿʘ ʿʝ ʧʦʪʨʘʞʫʿʝ  

 

ʇʨʝʜʠʢʮʠʿʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. ʇʨʝʜʠʢʮʠʿʘ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ ʤʦʞʝ ʙʠʪʠ ʚʝʦʤʘ ʢʦʨʠʩʥʘ ʟʘ ʧʦʙʦˀʰʘˁʝ ʫʢʫʧʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ 

ʩʠʩʪʝʤʘ. ʂʦʨʠʰ˂ʝˁʝʤ ʧʨʝʜʠʢʮʠʿʝ ʤʦʛʫ˂ʝ ʿʝ ʨʘʥʠʿʝ ʦʙʝʟʙʠʿʝʜʠʪʠ ʨʝʛʠʩʪʘʨʩʢʝ 

ʚʨʠʿʝʜʥʦʩʪʠ ʥʝʛʦ ʰʪʦ ʿʝ ʪʦ ʙʠʦ ʩʣʫʯʘʿ ʫ ʧʨʝʪʭʦʜʥʦ ʘʥʘʣʠʟʠʨʘʥʠʤ ʩʧʝʢʫʣʘʪʠʚʥʠʤ 

CMP ʩʠʩʪʝʤʠʤʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʩʠʥʭʨʦʥʠʟʘʮʠʦʥʠʤ ʤʝʭʘʥʠʟʤʠʤʘ. ʋʢʦʣʠʢʦ ʩʝ 

ʠʩʧʦʩʪʘʚʠ ʜʘ ʿʝ ʧʨʝʜʠʢʮʠʿʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʩʧʨʘʚʥʘ, ʪʘʜʘ ʩʝ 

ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʢʦʿʝ ʠʤʘʿʫ ʤʝʹʫʟʘʚʠʩʥʦʩʪʠ ʠʟʚʨʰʘʚʘʿʫ ʢʘʦ ʜʘ ʩʫ ʥʝʟʘʚʠʩʥʝ. 

ʄʝʹʫʪʠʤ, ʫʩʧʿʝʰʥʦʩʪ ʪʘʢʦ ʘʛʨʝʩʠʚʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ 

ʟʘʚʠʩʠ ʦʜ ʪʘʯʥʦʩʪʠ ʧʨʝʜʠʢʮʠʿʝ. ʄʝʭʘʥʠʟʤʠ ʧʨʝʜʠʢʮʠʿʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ SM, 

Atlas ʠ Trace ʩʫ ʭʘʨʜʚʝʨʩʢʠ ʧʦʜʨʞʘʥʠ, ʜʦʢ ʩʝ ʢʦʜ Mitosis-ʘ ʙʘʟʠʨʘʿʫ ʥʘ 

ʩʦʬʪʚʝʨʩʢʦʿ ʧʦʜʨʰʮʠ. 

SM ʢʦʨʠʩʪʠ ʧʨʝʜʠʢʮʠʿʫ ʟʘʚʠʩʥʦʩʪʠ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʫ ʥʦʚʫ 

ʩʧʝʢʫʣʘʪʠʚʥʫ ʥʠʪ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʫ, ʢʘʦ ʠ ʧʨʝʜʠʢʮʠʿʫ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ˂ʝ ʩʝ ʨʘʟʤʿʝˁʠʚʘʪʠ ʠʟʤʝʹʫ ʥʠʪʠ. ʂʘʜʘ ʩʝ ʛʝʥʝʨʠʰʝ ʥʦʚʘ 

ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʫ SM ʪʘʜʘ ʩʝ ʚʨʰʠ ʢʦʧʠʨʘˁʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟ 

ʣʦʢʘʣʥʦʛ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʧʨʝʪʭʦʜʥʝ ʥʠʪʠ ʫ ʣʦʢʘʣʥʠ ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ ʥʦʚʝ ʥʠʪʠ. 

ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʩʚʘʢʠ ʘʢʪʠʚʥʠ (live) ʨʝʛʠʩʪʘʨ ʟʘ ʢʦʿʝʛ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ 

ʧʨʝʜʠʢʮʠʿʫ ʠʥʠʮʠʿʘʣʠʟʫʿʝ ʧʨʝʜʚʠʹʝʥʠʤ ʚʨʠʿʝʜʥʦʩʪʠʤʘ, ʜʦʢ ʩʝ ʟʘ ʦʥʝ ʯʠʿʝ 

ʚʨʠʿʝʜʥʦʩʪʠ ʥʠʿʝ ʤʦʛʫ˂ʝ ʧʨʝʜʚʠʜʿʝʪʠ ʢʦʨʠʩʪʝ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟ ʣʦʢʘʣʥʦʛ ʩʢʫʧʘ 

ʨʝʛʠʩʪʘʨʘ ʩʘ ʧʨʝʥʝʩʝʥʠʤ ʚʨʠʿʝʜʥʦʩʪʠʤʘ (live-in) [MARC1998]. 

Atlas ʢʦʨʠʩʪʠ AMA (Atlas Multi Adaptive) ʧʨʝʜʠʢʪʦʨ, ʤʥʦʛʦ ʘʛʨʝʩʠʚʥʠʿʫ 

ʢʦʨʝʣʠʩʘʥʫ ʧʨʝʜʠʢʮʠʿʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʥʝʛʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʢʦʜ SM ʠ 

Trace, ʜʘ ʙʠ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʠʟʙʿʝʛʣʦ ʩʣʘˁʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʜʨʫʛʠʤ 
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ʥʠʪʠʤʘ ʥʘ ʟʘʭʪʿʝʚ ʥʠʪʠ ʧʦʪʨʦʰʘʯʘ ʠʣʠ ʙʝʟ ˁʝʛʘ (broadcast). ʊʦʢʦʤ ʧʨʦʮʝʩʘ 

ʟʘʚʨʰʝʪʢʘ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʚʨʰʠ ʩʝ ʚʝʨʠʬʠʢʘʮʠʿʘ ʧʨʝʜʠʢʮʠʿʝ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʥʝ ʢʦʿʝ ʿʝ ʥʘ ʟʘʭʪʿʝʚ ʠʥʠʮʠʨʘʥ ʦʜ ʪʨʝʥʫʪʥʝ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʧʨʦʩʣʠʿʝʜʠʣʘ ʧʨʝʪʭʦʜʥʘ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ [CODR1998]. 

ɿʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʠʟʤʝʹʫ ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʜ Trace ʩʫ ʫʙʣʘʞʝʥʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʝʜʠʢʮʠʿʝ ʟʘ ʛʣʦʙʘʣʥʝ ʫʣʘʟʥʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʠ 

ʪʨʘʛ. ʉʚʘʢʦ ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ ʠʤʘ ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ ʫ ʢʦʿʝʤ ʩʝ ʯʫʚʘʿʫ ʨʝʛʠʩʪʘʨʩʢʝ 

ʚʨʠʿʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ ʧʨʝʜʠʢʮʠʿʦʤ, ʢʘʦ ʠ ʭʘʨʜʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʪʘʯʥʦʩʪʠ ʧʨʝʜʠʢʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʨʠʤˀʝʥʝ ʦʜ 

ʜʨʫʛʠʭ ʪʨʘʛʦʚʘ (ʥʠʪʠ). ʇʨʦʚʿʝʨʘ ʪʘʯʥʦʩʪʠ ʧʨʝʜʠʢʮʠʿʝ ʟʘ ʛʣʦʙʘʣʥʝ ʫʣʘʟʥʝ 

ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʩʝ ʦʙʘʚˀʘ ʢʘʜʘ ʩʝ ʠʟʨʘʯʫʥʘʪʝ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʙʘʮʝ ʥʘ 

ʛʣʦʙʘʣʥʝ ʤʘʛʠʩʪʨʘʣʝ. ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʟʘʚʨʰʝʪʢʘ ʥʝʩʧʝʢʫʣʘʪʠʚʥʦʛ ʪʨʘʛʘ ʚʨʰʠ ʩʝ 

ʩʣʘˁʝ ʩʘʤʦ ʛʣʦʙʘʣʥʠʭ ʠʟʣʘʟʥʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʩʚʠʤ ʢʦʧʠʿʘʤʘ 

ʛʣʦʙʘʣʥʦʛ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ, ʢʘʦ ʠ ˁʠʭʦʚʦ ʤʘʧʠʨʘˁʝ 

ʫ ʬʠʟʠʯʢʝ ʨʝʛʠʩʪʨʝ [ROTE1997]. 

Mitosis ʢʦʨʠʩʪʠ ʧʨʝʜʠʢʮʠʦʥʫ ʰʝʤʫ ʢʦʿʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʩʦʬʪʚʝʨʩʢʦʿ ʧʦʜʨʰʮʠ 

ʧʦʤʦ˂ʫ ʢʦʿʝ ʩʝ ʚʨʰʠ ʧʨʝʜʠʢʮʠʿʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʜʠʨʝʢʪʥʦ ʠʟ ʠʟʚʦʨʥʦʛ 

ʢʦʜʘ (p-slice) ʯʠʤʝ ʩʝ ʫʥʘʧʨʝʹʫʿʝ ʪʘʯʥʦʩʪ ʧʨʝʜʠʢʮʠʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʝʜʠʢʮʠʦʥʠʤ 

ʰʝʤʘʤʘ ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʭʘʨʜʚʝʨʩʢʦʿ ʧʦʜʨʰʮʠ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʢʦʜ SM, 

Trace ʠ Atlas. ʇʦʨʝʜ ʪʦʛʘ, ʦʚʘ ʧʨʝʜʠʢʮʠʦʥʘ ʰʝʤʘ ʝʥʢʘʧʩʫʣʠʨʘ ʚʠʰʝʩʪʨʫʢʝ ʪʦʢʦʚʝ 

ʢʦʥʪʨʦʣʝ ʧʨʦʛʨʘʤʘ ʢʦʿʠ ʜʦʧʨʠʥʦʩʝ ʠʟʨʘʯʫʥʘʚʘˁʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʙʝʟ 

ʢʦʨʠʰ˂ʝˁʘ ʙʠʣʦ ʢʘʢʚʝ ʭʘʨʜʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʢʦʥʪʨʦʣʝ ʪʦʢʘ 

ʨʦʜʠʪʝˀʩʢʝ ʥʠʪʠ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʢʦʜ Trace-ʘ. ʇʨʦʚʿʝʨʘ ʪʘʯʥʦʩʪʠ 

ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʿʝ ʛʝʥʝʨʠʩʘʦ p-slice ʠ ʦʥʠʭ ʢʦʿʝ ʿʝ ʥʠʪ ʥʘ ʩʚʦʿ 

ʟʘʭʪʿʝʚ ʜʦʙʠʣʘ ʦʜ ʜʨʫʛʠʭ ʥʠʪʠ ʩʝ ʚʨʰʠ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʜ ʧʨʝʪʭʦʜʥʝ ʥʠʪʠ ʧʨʠʣʠʢʦʤ ʧʨʦʮʝʩʘ ʟʘʚʨʰʝʪʢʘ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ [MADR2008]. 

ʂʦʨʠʰ˂ʝˁʝ ʧʨʝʜʠʢʮʠʿʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʩʘ ʚʝʣʠʢʦʤ ʪʘʯʥʦʰ˂ʫ 

ʫʩʧʿʝʰʥʦ ʨʿʝʰʘʚʘ ʨʝʛʠʩʪʘʨʩʢʝ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʥʠʪʠ ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʨʘʥʠʿʝ 

ʠʟʚʨʰʘʚʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ. ʄʝʹʫʪʠʤ, ʤʦʨʘ ʩʝ ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ʧʨʦʚʿʝʨʘ 

ʪʘʯʥʦʩʪʠ ʧʨʝʜʠʢʮʠʿʘ ʫʥʦʩʠ ʦʜʨʝʹʝʥʦ ʢʘʰˁʝˁʝ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʰʝʤʘ ʧʨʝʜʠʢʮʠʿʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʜ ʨʘʟʤʘʪʨʘʥʠʭ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʧʨʦʮʝʩʦʨʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʪʘʙʝʣʠ 3-2. 

 

ʅʝʩʧʝʢʫʣʘʪʠʚʥʘ ʨʘʟʤʿʝʥʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. I-ACOMA ʠʟʙʿʝʛʘʚʘ 

ʧʦʪʨʝʙʫ ʟʘ ʫʚʦʹʝˁʝʤ ʜʚʦʩʪʨʫʢʦʛ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʟʘ ʯʫʚʘˁʝ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ ʠ ʨjʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʧʦʩˀʝʜˁʝ ʢʦʧʠʿʝ, ʢʘʦ ʢʦʜ ʄultiscalar-a, 

Multiplex-a ʠ NEKO-ʘ, ʫʚʦʹʝˁʝʤ ʿʝʜʥʦʩʪʘʚʥʠʿʠʭ ʭʘʨʜʚʝʨʩʢʠʭ ʩʪʨʫʢʪʫʨʘ ʟʘ 

ʧʦʜʨʰʢʫ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʨʘʟʤʿʝʥʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʥʠʪʠ. ʃʦʛʠʢʘ 

ʢʦʿʘ ʦʜʨʝʹʫʿʝ ʜʦʩʪʫʧʥʦʩʪ ʨʝʛʠʩʪʘʨʘ, ʢʘʦ ʠ ʣʦʛʠʢʘ ʟʘ ʧʨʦʥʘʣʘʞʝˁʝ ʧʦʩˀʝʜˁʝ 

ʢʦʧʠʿʝ ʟʘ ʩʚʘʢʠ ʨʝʛʠʩʪʘʨ, ʫʟ ʧʦʤʦ˂ ʦʜʨʝʹʝʥʠʭ ʭʘʨʜʚʝʨʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʿʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʘ ʧʦʜʨʰʢʘ 
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ʧʨʦʧʘʛʘʮʠʿʝ ʩʠʛʫʨʥʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʫ ʢʦʤʫʥʠʢʘʮʠʿʠ ʢʦʿʘ ʿʝ 

ʠʥʠʮʠʨʘʥʘ ʠʣʠ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ ʠʣʠ ʦʜ ʩʪʨʘʥʝ ʧʦʪʨʦʰʘʯʘ. ʄʝʹʫʪʠʤ, 

ʢʦʨʠʰ˂ʝˁʝ ʜʠʿʝˀʝʥʝ ʤʘʛʠʩʪʨʘʣʝ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʤʝʹʫ 

ʿʝʟʛʘʨʘ ʫʥʦʩʠ ʜʦʜʘʪʥʦ ʢʘʰˁʝˁʝ ʫʟʨʦʢʦʚʘʥʦ ʘʨʙʠʪʨʘʮʠʿʦʤ ʥʘ ʤʘʛʠʩʪʨʘʣʠ 

[KRIS1999]. 

 

ʊʘʙʝʣʘ 3-2. ʇʨʝʜʠʢʮʠʿʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ 

CMP 

ʇʘʨʘʤʝʪʨʠ 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʝʜʠʢʮʠʿʝ ʈʝʛʠʩʪʘʨʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ 

SM  

ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ 

ʇʨʝʜʠʢʮʠʿʘ ʪʦʢʘ ʠʟʚʨʰʘʚʘˁʘ ʠ 

ʧʦʜʘʪʘʢʘ 

ʀʥʠʮʠʨʘʥʘ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ 

ʧʨʦʠʟʚʝʣʘ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ  

Atlas  
ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ 

ʇʨʝʜʠʢʮʠʿʘ ʧʦʜʘʪʘʢʘ 

ʇʨʦʚʿʝʨʘ ʪʘʯʥʦʩʪʠ ʚʨʠʿʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ 

ʧʨʝʜʠʢʮʠʿʦʤ ʠʥʠʮʠʨʘʥʘ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ 

ʢʦʿʘ ʿʝ ʧʨʦʠʟʚʝʣʘ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ  

Trace  

ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ 

ʇʨʝʜʠʢʮʠʿʘ ʪʦʢʘ ʠʟʚʨʰʘʚʘˁʘ ʠ 

ʧʦʜʘʪʘʢʘ 

ʇʨʦʚʿʝʨʘ ʪʘʯʥʦʩʪʠ ʚʨʠʿʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ 

ʧʨʝʜʠʢʮʠʿʦʤ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ 

ʧʨʦʠʟʚʝʣʘ ʜʘʪʝ ʚʨʠʿʝʜʥʦʩʪʠ 

Mitosis  
ʉʦʬʪʚʝʨʩʢʘ ʧʦʜʨʰʢʘ 

ʇʨʝʜʠʢʮʠʿʘ ʧʦʜʘʪʘʢʘ 

ʀʥʠʮʠʨʘʥʘ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ 

ʧʨʦʠʟʚʝʣʘ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ ʠʣʠ ʦʜ 

ʥʠʪʠ ʢʦʿʘ ʧʦʪʨʘʞʫʿʝ ʨʝʛʠʩʪʘʨʩʢʫ 

ʚʨʠʿʝʜʥʦʩʪ  

 

MP98 (Merlot) ʢʦʨʠʩʪʠ ʤʝʭʘʥʠʟʘʤ ʥʘʩˀʝʹʠʚʘˁʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ 

ʪʘʢʦ ʰʪʦ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʧʨʦʠʟʚʝʜʝ ʧʨʝʪʭʦʜʥʘ ʥʠʪ ʥʘʩˀʝʹʫʿʝ ʥʦʚʘ 

ʥʠʪ. ʋʤʿʝʩʪʦ ʢʦʧʠʨʘˁʘ ʩʚʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ, ʰʪʦ ʙʠ ʟʘʭʪʠʿʝʚʘʣʦ ʚʝʣʠʢʠ 

ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ, MP98 (Merlot) ʢʦʨʠʩʪʠ ʛʣʦʙʘʣʥʠ ʜʠʿʝˀʝʥʠ ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ ʜʘ 

ʢʦʧʠʨʘ ʩʘʤʦ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʧʨʝʠʤʝʥʦʚʘʥʫ ʤʘʧʫ ʢʘʢʦ ʙʠ ʩʝ ʥʦʚʦʿ ʥʠʪʠ ʦʤʦʛʫ˂ʠʣʦ ʜʘ 

ʢʦʨʠʩʪʠ ʠʩʧʨʘʚʥʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ [EDAH2000, MATS2000]. 

ʋ ʪʘʙʝʣʠ 3-3 ʩʫ ʜʘʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʨʘʟʤʿʝʥʝ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʜ I-ACOMA-ʝ ʠ MP98 (Merlot) ʧʨʦʮʝʩʦʨʘ. 

 

ʊʘʙʝʣʘ 3-3. ʅʝʩʧʝʢʫʣʘʪʠʚʥʘ ʨʘʟʤʿʝʥʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ 

CMP 

ʇʘʨʘʤʝʪʨʠ 

ʇʦʜʨʰʢʘ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ 

ʧʦʜʘʪʘʢʘ 
ʈʝʛʠʩʪʘʨʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ 

IACOMA  

ʂʘʪʘʣʦʛ ʩʘ ʠʥʬʦʨʤʘʮʠʿʦʤ  

ʦ ʩʪʘˁʫ ʨʝʛʠʩʪʘʨʘ 

ʃʦʛʠʢʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʜʦʩʪʫʧʥʦʩʪʠ 

ʨʝʛʠʩʪʨʘ ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʫ 

ʃʦʛʠʢʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʦʩˀʝʜˁʝ 

ʢʦʧʠʿʝ ʨʝʛʠʩʪʨʘ ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʫ 

ʀʥʠʮʠʨʘʥʘ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ 

ʧʨʦʠʟʚʝʣʘ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ 

ʠʣʠ ʠʥʠʮʠʨʘʥʘ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʢʦʿʘ 

ʧʦʪʨʘʞʫʿʝ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ  

MP98  ɻʣʦʙʘʣʥʠ ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ 
ʄʝʭʘʥʠʟʘʤ ʥʘʩˀʝʹʠʚʘˁʘ 

ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ 
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3.2.2 ʆʧʦʨʘʚʘʢ ʥʘʢʦʥ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ  
 

ʇʦʜʨʰʢʘ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʫ ʩʧʝʢʫʣʘʪʠʚʥʠʤ CMP ʩʠʩʪʝʤʠʤʘ, 

ʪʘʢʦʹʝ, ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʠʿʝʜʠ ʭʘʨʜʚʝʨʩʢʫ ʠ/ʠʣʠ ʩʦʬʪʚʝʨʩʢʫ ʜʝʪʝʢʮʠʿʫ ʥʘʨʫʰʘʚʘˁʘ 

ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʪʠʧʘ RAW ʭʘʟʘʨʜʘ. ɻʨʝʰʢʘ ʫ ʩʧʝʢʫʣʘʮʠʿʠ ʩʝ ʦʙʠʯʥʦ 

ʨʿʝʰʘʚʘ ʧʦʥʠʰʪʘʚʘˁʝʤ ʥʠʪʠ ʢʦʿʘ ʿʝ ʠʟʘʟʚʘʣʘ ʥʘʨʫʰʘʚʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʧʦʜʘʪʘʢʘ ʢʘʦ 

ʠ ʩʚʠʭ ʥʠʪʠ ʢʦʿʝ ʠʤʘʿʫ ʚʝ˂ʠ ʩʪʝʧʝʥ ʩʧʝʢʫʣʘʪʠʚʥʦʩʪʠ ʦʜ ˁʝ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ 

ʩʧʨʝʯʘʚʘ ʜʘ ʥʠʿʝʜʥʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʧʨʦʠʟʚʝʜʝʥʘ ʚʨʠʿʝʜʥʦʩʪ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ 

ʠʟʘʟʚʘʣʘ ʥʘʨʫʰʘʚʘˁʝ ʟʘʚʠʩʥʦʩʪʠ ʥʝ ʙʫʜʝ ʧʨʦʩˀʝʹʝʥʘ ʜʦ ʥʠʪʠ ʢʦʿʝ ʿʝ ʩʣʠʿʝʜʝ. 

ʇʦʥʠʰʪʘʚʘˁʝ ʢʦʤʧʣʝʪʥʦʛ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʨʘʜʘ ʫ ʩʣʫʯʘʿʫ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ 

ʧʦʜʘʪʘʢʘ ʠʟʤʝʹʫ ʥʠʪʠ ʯʠʥʠ ʦʧʝʨʘʮʠʿʫ ʧʦʥʠʰʪʘʚʘˁʘ ʥʠʪʠ ʚʝʦʤʘ ʩʢʫʧʦʤ. 

ʋ ʩʧʝʢʫʣʘʪʠʚʥʠʤ ʧʨʦʮʝʩʦʨʠʤʘ ʢʦʿʠ ʩʫ ʦʚʜʿʝ ʧʨʝʜʩʪʘʚˀʝʥʠ ʧʦʛʨʝʰʥʘ 

ʩʧʝʢʫʣʘʮʠʿʘ ʤʦʞʝ ʙʠʪʠ ʫʟʨʦʢʦʚʘʥʘ ʠʣʠ ʥʘʨʫʰʘʚʘˁʝʤ ʨʝʛʠʩʪʘʨʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ 

ʠʟʤʝʹʫ ʥʠʪʠ ʠʣʠ ʧʦʛʨʝʰʥʦʤ ʧʨʝʜʠʢʮʠʿʦʤ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ. ʇʦʜʨʰʢʘ ʟʘ 

ʦʧʦʨʘʚʘʢ ʦʜ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ ʤʦʞʝ ʙʠʪʠ ʠʣʠ ʯʠʩʪʦ ʭʘʨʜʚʝʨʩʢʘ (ʥʧʨ., NEKO, 

Pinot) ʠʣʠ ʭʘʨʜʚʝʨʩʢʦ/ʩʦʬʪʚʝʨʩʢʘ (ʥʧʨ., Multiscalar, Mulitplex). ʂʦʜ MP98 (Merlot) 

ʠ I-ACOMA ʦʚʘʢʚʘ ʧʦʜʨʰʢʘ ʥʝ ʧʦʩʪʦʿʠ ʧʦʰʪʦ ʫ ʦʚʠʤ ʩʠʩʪʝʤʠʤʘ ʥʝʤʘ 

ʩʧʝʢʫʣʘʮʠʿʝ ʥʘ ʨʝʛʠʩʪʘʨʩʢʠʤ ʚʨʠʿʝʜʥʦʩʪʠʤʘ. 

 

ʅʘʨʫʰʘʚʘˁʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ. Multiscalar, ʢʘʦ ʠ Multiplex, ʢʦʨʠʩʪʝ 

ʜʚʦʩʪʨʫʢʝ ʩʢʫʧʦʚʝ ʨʝʛʠʩʪʘʨʘ ʜʘ ʙʠ ʯʫʚʘʣʠ ʠʩʧʨʘʚʥʘ ʩʪʘˁʘ ʨʝʛʠʩʪʘʨʘ ʪʦʢʦʤ 

ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʤʦʛʫ˂ʠʣʠ ʦʧʦʨʘʚʘʢ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʩʪʘˁʘ ʫ ʩʣʫʯʘʿʫ ʥʘʨʫʰʘʚʘˁʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʥʠʪʠ. ʋʢʦʣʠʢʦ ʜʦʹʝ 

ʜʦ ʛʨʝʰʢʝ ʫ ʩʧʝʢʫʣʘʮʠʿʠ present ʤʘʩʢʘ ʩʝ ʘʞʫʨʠʨʘ ʩʘ past ʤʘʩʢʦʤ ʧʨʠ ʯʝʤʫ ʩʝ 

ʦʜʙʘʮʫʿʫ ʩʧʝʢʫʣʘʪʠʚʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʿʝ ʧʨʦʠʟʚʝʣʘ ʪʝʢʫ˂ʘ ʥʠʪ ʠ ʟʘʜʨʞʘʚʘʿʫ 

ʧʨʝʪʭʦʜʥʝ ʧʨʦʠʟʚʝʜʝʥʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ. ʄʥʦʛʦ ʢʦʤʧʣʝʢʩʥʠʿʠ ʜʠʦ 

ʧʨʦʮʝʩʘ ʦʧʦʨʘʚʢʘ ʿʝ ʦʜʙʘʮʠʚʘˁʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʚʝ˂ ʧʨʦʩˀʝʹʝʥʝ 

ʥʠʪʠʤʘ ʩʘ ʚʝ˂ʠʤ ʩʪʝʧʝʥʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʩʪʠ. ɿʘ ʙʠʣʦ ʢʦʿʫ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ 

ʢʦʿʘ ʿʝ ʧʨʦʠʟʚʝʜʝʥʘ ʫ ʩʧʝʢʫʣʘʪʠʚʥʦʿ ʥʠʪʠ ʢʦʿʘ ʿʝ ʜʠʦ ʥʝʢʦʨʝʢʪʥʦʛ ʩʧʝʢʫʣʘʪʠʚʥʦʛ 

ʠʟʚʨʰʘʚʘˁʘ ʩʝ ʤʦʨʘ ʠʟʚʨʰʠʪʠ ˁʝʥ ʦʧʦʨʘʚʘʢ. ɼʘ ʙʠ ʩʝ ʪʦ ʦʙʝʟʙʿʝʜʠʣʦ ʧʦʪʨʝʙʥʦ ʿʝ 

ʢʦʥʩʫʣʪʦʚʘʪʠ recover ʠ squash ʙʠʪ ʤʘʩʢʝ ʢʘʢʦ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʧʨʦʩˀʝʹʝʥʠʭ ʥʝʢʦʨʝʢʪʥʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. Recover ʙʠʪ ʤʘʩʢʘ ʦʟʥʘʯʘʚʘ 

ʦʥʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʢʦʿʘ ʿʝ ʥʘʨʫʰʠʣʘ ʩʧʝʢʫʣʘʮʠʿʫ 

ʤʦʨʘ ʧʨʦʩʣʠʿʝʜʠʪʠ ʜʦ ʩʧʝʢʫʣʘʪʠʚʥʠʿʠʭ ʥʠʪʠ ʜʘ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʟʘʤʿʝʥʘ 

ʥʝʢʦʨʝʢʪʥʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, squash ʙʠʪ ʤʘʩʢʘ ʿʝ 

ʢʦʤʙʠʥʘʮʠʿʘ recover ʙʠʪ ʤʘʩʢʠ ʩʚʠʭ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʩʘ ʥʠʞʠʤ ʩʪʝʧʝʥʦʤ 

ʩʧʝʢʫʣʘʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʫ ʙʠʣʝ ʫʢˀʫʯʝʥʝ ʫ ʧʨʦʮʝʩ ʦʧʦʨʘʚʢʘ ʠ ʢʦʨʠʩʪʠ ʩʝ ʟʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʦʧʦʨʘʚˀʝʥʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. ʀʘʢʦ ʿʝ ʦʚʘʿ ʤʝʭʘʥʠʟʘʤ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʭʘʨʜʚʝʨʩʢʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥ, ˁʝʛʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʿʝ ʧʦʙʦˀʰʘʥʘ 

ʠʟʚʿʝʩʥʦʤ ʧʦʜʨʰʢʦʤ ʦʜ ʩʪʨʘʥʝ ʧʨʝʚʦʜʠʦʮʘ [SOHI1995, OOI2001]. 

ʋ ʩʣʫʯʘʿʫ ʛʨʝʰʢʝ ʫ ʩʧʝʢʫʣʘʮʠʿʠ ʢʦʜ NEKO ʧʨʦʮʝʩ ʦʧʦʨʘʚʢʘ ʧʨʚʦ ʪʨʝʙʘ ʜʘ 

ʨʝʩʝʪʫʿʝ ʩʪʘʪʫʩ ʢʦʤʫʥʠʢʘʮʠʿʝ ʠ ʟʘʪʠʤ ʜʘ ʧʦʥʦʚʦ ʧʦʢʨʝʥʝ ʧʨʦʮʝʩ ʘʞʫʨʠʨʘˁʘ ʠ 



 

30 

 

ʧʨʦʧʘʛʘʮʠʿʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. ʉʚʘʢʘ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʜʠʥʠʮʘ ʫ NEKO-ʫ 

ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʩʝ ʨʝʩʪʘʨʪʫʿʝ ʤʦʨʘ ʨʝʩʝʪʦʚʘʪʠ ʙʠʪʦʚʝ ʘʞʫʨʥʦʩʪʠ ʠ ʧʨʦʧʘʛʘʮʠʿʝ ʫ 

ʩʚʦʤ ʢʘʪʘʣʦʛʫ ʜʘ ʙʠ ʩʝ ʨʝʩʪʘʨʪʦʚʘʦ ʧʨʦʮʝʩ ʘʞʫʨʠʨʘˁʘ ʠ ʧʨʦʧʘʛʘʮʠʿʝ. ʊʘʢʦʹʝ, 

ʤʦʨʘ ʩʝ ʠʟʚʨʰʠʪʠ ʠʥʚʘʣʠʜʘʮʠʿʘ ʩʪʘʪʫʩʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʨʝʩʝʪʦʚʘˁʝʤ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʙʠʪʦʚʘ ʫ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ ʢʦʿʝ ʠʟʚʨʰʘʚʘ ʩʧʝʢʫʣʘʪʠʚʥʠʿʫ ʥʠʪ 

[BARL2003]. 

ʂʦʜ MAJC-ʘ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʠʣʠ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʩʘ ʥʠʞʠʤ ʥʠʚʦʦʤ 

ʩʧʝʢʫʣʘʪʠʚʥʦʩʪʠ ʧʨʦʩˀʝʹʫʿʝ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ ʢʨʦʟ ʚʠʨʪʫʝʣʥʠ ʢʘʥʘʣ ʜʦ 

ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ ʫʟʨʦʢʦʚʘʣʘ ʧʦʛʨʝʰʥʫ ʩʧʝʢʫʣʘʮʠʿʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ 

ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʢʦʿʘ ʫʟʨʦʢʫʿʝ ʛʨʝʰʢʫ ʫ ʩʧʝʢʫʣʘʮʠʿʠ ʜʦʙʠʿʘ ʘʢʪʫʝʣʥʫ 

ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ ʧʨʦʠʟʚʝʜʝʥʫ ʦʜ ʩʪʨʘʥʝ ʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʰʪʦ ʿʦʿ 

ʧʦʤʘʞʝ ʜʘ ʦʜʨʞʠ ʩʝʢʚʝʥʮʠʿʘʣʥʫ ʩʝʤʘʥʪʠʢʫ ʦʨʠʛʠʥʘʣʥʦʛ ʧʨʦʛʨʘʤʘ [TREM2000]. 

ʈʦʜʠʪʝˀʩʢʘ ʥʠʪ ʫ Pinot-ʫ ʧʨʦʚʿʝʨʘʚʘ ʪʘʯʥʦʩʪ ʩʧʝʢʫʣʘʮʠʿʝ ʠ ʫ ʩʣʫʯʘʿʫ ʛʨʝʰʢʝ ʫ 

ʩʧʝʢʫʣʘʮʠʿʠ ʦʪʢʘʟʫʿʝ ʥʠʪ ʢʦʿʫ ʿʝ ʛʝʥʝʨʠʩʘʣʘ ʢʘʦ ʠ ʩʚʝ ʤʦʛʫ˂ʝ ʩˀʝʜʝ˂ʝ ʚʠʰʝ 

ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ. ɻʨʝʰʢʘ ʫ ʩʧʝʢʫʣʘʮʠʿʠ ʫ Pinot-ʫ ʩʝ ʜʝʪʝʢʪʫʿʝ ʫʟ ʧʦʤʦ˂ 

ʭʘʨʜʚʝʨʘ ʢʦʿʠ ʿʝ ʧʦʜʨʞʘʥ ʤʠʥʠʤʘʣʥʠʤ ʠʟʤʿʝʥʘʤʘ ʫ ʠʟʚʨʰʥʦʤ ʙʠʥʘʨʥʦʤ ʢʦʜʫ 

ʧʦʟʠʚʘˁʝʤ ʥʦʚʝ fork ʠʥʩʪʨʫʢʮʠʿʝ ʠʣʠ ʧʦʩʝʙʥʝ cancel ʠʥʩʪʨʫʢʮʠʿʝ ʢʘʜʘ ʿʝ ʛʨʝʰʢʘ 

ʜʝʪʝʢʪʦʚʘʥʘ [OHSA2005]. 

ʋ ʪʘʙʝʣʠ 3-4 ʩʫ ʜʘʪʝ ʩʫʤʘʨʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʨʘʟʣʠʯʠʪʠʤ ʧʦʜʨʰʢʘʤʘ ʟʘ 

ʦʧʦʨʘʚʘʢ ʥʘʢʦʥ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ ʫ ʩʣʫʯʘʿʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ 

ʥʠʪʠ ʟʘ ʨʘʟʤʘʪʨʘʥʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʧʨʦʮʝʩʦʨʝ. 

 

ʊʘʙʝʣʘ 3-4. ʇʦʜʨʰʢʘ ʟʘ ʦʧʦʨʘʚʘʢ ʥʘʢʦʥ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ 

CMP 
ʇʦʜʨʰʢʘ ʟʘ ʦʧʦʨʘʚʘʢ  

ʥʘʢʦʥ ʛʨʝʰʢʝ ʫ ʩʧʝʢʫʣʘʮʠʿʠ 

Multiscalar  

Multiplex  

ɼʚʦʩʪʨʫʢʠ ʩʢʫʧʦʚʠ ʨʝʛʠʩʪʘʨʘ ʧʦ ʧʨʦʮʝʩʦʨʫ 

Recover ʠ squash ʙʠʪ ʤʘʩʢʝ ʧʦ ʧʨʦʮʝʩʦʨʫ 

MAJC  ɺʠʨʪʫʝʣʥʠ ʢʘʥʘʣʠ 

NEKO  ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ (CSC ʠ CRB ʧʦ ʧʨʦʮʝʩʦʨʫ) 

Pinot  ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʩʘ ʤʦʜʠʢʘʮʠʿʘʤʘ ʫ ISA 

 

ɻʨʝʰʢʘ ʫ ʧʨʝʜʠʢʮʠʿʠ. ʉʚʘʢʠ ʧʫʪ ʢʘʜʘ ʩʝ ʠʟʚʨʰʠ ʫʧʠʩ ʫ ʥʝʢʠ ʦʜ ʨʝʛʠʩʪʘʨʘ ʫ 

SM ʜʝʢʨʝʤʝʥʪʠʨʘ ʩʝ ˁʝʛʦʚ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʙʨʦʿʘʯ ʫ ʧʦʩʝʙʥʦʿ Rwrite ʪʘʙʝʣʠ. ʂʘʜʘ 

ʚʨʠʿʝʜʥʦʩʪ ʙʨʦʿʘʯʘ ʫ ʪʘʙʝʣʠ ʟʘ ʜʘʪʠ ʨʝʛʠʩʪʘʨ ʧʦʩʪʘʥʝ ʤʘˁʘ ʦʜ ʥʫʣʝ, ʪʘʜʘ ʿʝ ʜʦʰʣʦ 

ʜʦ ʥʝʧʨʝʜʚʠʹʝʥʦʛ ʫʧʠʩʘ ʠ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ. ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʩʚʝ ʩˀʝʜʝ˂ʝ ʥʠʪʠ 

ʩʘ ʚʠʰʠʤ ʩʪʝʧʝʥʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʩʪʠ ʤʦʨʘʿʫ ʦʜʙʘʮʠʪʠ ʜʦʢ ʿʝ ʩʚʝ ʬʠʟʠʯʢʝ ʨʝʛʠʩʪʨʝ 

ʢʦʿʠ ʥʠʿʝʩʫ ʜʠʿʝˀʝʥʠ ʩʘ ʧʨʝʪʭʦʜʥʦʤ ʥʠʪʠ ʧʦʪʨʝʙʥʦ ʦʩʣʦʙʦʜʠʪʠ [MARC1999]. 

Trace ʫʚʦʜʠ ʤʦʜʝʣ ʩʝʣʝʢʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʛʨʝʰʢʦʤ ʫ 

ʩʧʝʢʫʣʘʮʠʿʠ ʢʘʜʘ ʩʝ ʜʦʛʦʜʠ ʛʨʝʰʢʘ ʫ ʧʨʝʜʠʢʮʠʿʠ ʠʟʚʦʨʥʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ. ʂʘʜʘ ʩʝ ʠʟʨʘʯʫʥʘʪʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʧʦʰʘˀʫ ʥʘ ʛʣʦʙʘʣʥʝ 
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ʤʘʛʠʩʪʨʘʣʝ, ʪʘʜʘ ʩʝ ʚʨʰʠ ʧʨʦʚʿʝʨʘ ʧʨʝʜʠʢʮʠʿʝ ʫʣʘʟʥʠʭ ʛʣʦʙʘʣʥʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. 

ɸʢʦ ʩʝ ʧʨʝʜʚʠʹʝʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʥʝ ʩʣʘʞʫ ʩʘ ʠʟʨʘʯʫʥʘʪʠʤ, ʜʦʣʘʟʠ ʜʦ ʧʦʛʨʝʰʥʝ 

ʩʧʝʢʫʣʘʮʠʿʝ ʠ ʠʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʧʨʝʜʚʠʹʝʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʩʝ ʤʦʨʘʿʫ ʧʦʥʦʚʦ 

ʠʟʚʨʰʠʪʠ ʩʘ ʥʦʚʠʤ ʚʨʠʿʝʜʥʦʩʪʠʤʘ ʦʧʝʨʘʥʘʜʘ. ʇʦʩʪʦʿʝ˂ʠ ʤʝʭʘʥʠʟʘʤ ʫ Trace-ʫ 

ʧʦʥʦʚʦ ʠʟʚʨʰʘʚʘ ʩʘʤʦ ʦʥʝ ʠʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ ʩʫ ʫ ʣʘʥʮʫ ʟʘʚʠʩʥʦʩʪʠ [ROTE1997]. 

Atlas ʢʦʨʠʩʪʠ ʤʦʜʝʣ ʦʧʦʨʘʚʢʘ ʬʠʥʝ ʛʨʘʥʫʣʘʨʥʦʩʪʠ ʫ ʩʣʫʯʘʿʫ ʛʨʝʰʢʝ ʫ 

ʧʨʝʜʠʢʮʠʿʠ ʜʘ ʙʠ ʠʟʚʨʰʠʦ ʩʘʤʦ ʦʥʝ ʠʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ ʟʘʚʠʩʝ ʦʜ ʥʝʪʘʯʥʠʭ 

ʧʦʜʘʪʘʢʘ. ʂʘʦ ʧʦʩˀʝʜʠʮʘ ʪʦʛʘ, ʥʠʪʠ ʩʘ ʚʝ˂ʠʤ ʩʪʝʧʝʥʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʩʪʠ ʥʝ˂ʝ 

ʙʠʪʠ ʦʜʙʘʯʝʥʝ ʯʠʤʝ ˂ʝ ʩʝ ʦʤʦʛʫ˂ʠʪʠ ˁʠʭʦʚʦ ʢʦʨʝʢʪʥʦ ʠʟʚʨʰʘʚʘˁʝ ʠ ʟʘʚʨʰʝʪʘʢ, 

ʯʘʢ ʠ ʫ ʩʣʫʯʘʿʫ ʛʨʝʰʢʝ ʫ ʧʨʝʜʠʢʮʠʿʠ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʜ ʧʨʝʪʭʦʜʥʝ, 

ʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ [CODR2001]. 

ʋ ʩʣʫʯʘʿʫ ʛʨʝʰʢʝ ʫ ʩʧʝʢʫʣʘʮʠʿʠ ʢʦʜ Mitosis-ʘ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʢʦʿʘ ʿʝ 

ʫʟʨʦʢʦʚʘʣʘ ʛʨʝʰʢʫ ʢʘʦ ʠ ʩʚʝ ʥʠʪʠ ʩʘ ʚʝ˂ʠʤ ʩʪʝʧʝʥʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʩʪʠ ʦʜ ˁʝ ˂ʝ 

ʙʠʪʠ ʦʜʙʘʯʝʥʝ. Mitosis ʝʢʩʧʣʠʮʠʪʥʦ ʧʨʘʪʠ ʢʦʨʠʰ˂ʝʥʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ 

ʧʦʤʦ˂ʫ ʜʦʜʘʪʥʝ RVS (Register Validation Store) ʩʪʨʫʢʪʫʨʝ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʩʚʘʢʦʤ 

ʧʨʦʮʝʩʦʨʫ, ʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʚʿʝʨʫ ʪʘʯʥʦʩʪʠ ʧʨʝʜʚʠʹʝʥʠʭ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ. ʅʝʪʘʯʥʦ ʧʨʝʜʚʠʹʝʥʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʨʦʠʟʚʝʜʝʥʝ ʦʜ 

ʩʪʨʘʥʝ p-slice-ʘ, ʘʣʠ ʥʠʿʝʩʫ ʢʦʨʠʰ˂ʝʥʝ ʦʜ ʩʪʨʘʥʝ ʜʘʪʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ, ʥʝ˂ʝ 

ʫʟʨʦʢʦʚʘʪʠ ʛʨʝʰʢʫ ʫ ʩʧʝʢʫʣʘʮʠʿʠ. Mitosis ʿʝ ʨʝʣʘʪʠʚʥʦ ʥʝʦʩʿʝʪˀʠʚ ʥʘ ʦʜʙʘʮʠʚʘˁʝ 

ʥʠʪʠ ʟʘʪʦ ʰʪʦ ʿʝ ʪʘʯʥʦʩʪ ʧʨʝʜʠʢʮʠʿʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʚʝʣʠʢʘ 

[MADR2008]. 

ʉʫʤʘʨʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʨʘʟʣʠʯʠʪʠʤ ʧʦʜʨʰʢʘʤʘ ʟʘ ʦʧʦʨʘʚʘʢ ʫʩˀʝʜ ʧʦʛʨʝʰʥʝ 

ʧʨʝʜʠʢʮʠʿʝ ʢʦʜ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP-ʘ ʢʦʿʠ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʠʢʝ ʧʨʝʜʠʢʮʠʿʝ 

ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʜʘ ʙʠ ʨʘʟʨʠʿʝʰʠʣʠ ʨʝʛʠʩʪʘʨʩʢʝ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʩʫ ʜʘʪʝ ʫ ʪʘʙʝʣʠ 3-5. 

 

Tʘʙʝʣʘ 3-5. ʇʦʜʨʰʢʘ ʟʘ ʦʧʦʨʘʚʘʢ ʩʧʝʢʫʣʘʮʠʿʝ ʥʘʢʦʥ ʛʨʝʰʢʝ ʫ ʧʨʝʜʠʢʮʠʿʠ 

CMP 
ʇʦʜʨʰʢʘ ʟʘ ʦʧʦʨʘʚʘʢ ʩʧʝʢʫʣʘʮʠʿʝ  

ʥʘʢʦʥ ʛʨʝʰʢʝ ʫ ʧʨʝʜʠʢʮʠʿʠ  

SM  Rwrite ʪʘʙʝʣʘ 

Trace  ʄʝʭʘʥʠʟʘʤ ʩʝʣʝʢʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʠʥʩʪʨʫʢʮʠʿʘ 

Atlas  ʄʦʜʝʣ ʦʧʦʨʘʚʢʘ ʬʠʥʝ ʛʨʘʥʫʣʘʨʥʦʩʪʠ 

Mitosis  RVS ʩʪʨʫʢʪʫʨʘ ʟʘ ʧʨʦʚʿʝʨʫ ʪʘʯʥʦʩʪʠ p-slice-ʘ 

 

3.2.3 ʇʝʨʬʦʨʤʘʥʩʝ 
 

ɽʚʘʣʫʘʮʠʿʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʧʨʦʮʝʩʦʨʘ ʢʦʿʠ ʧʦʜʨʞʘʚʘʿʫ ʢʦʤʫʥʠʢʘʮʠʿʫ 

ʠʟʤʝʹʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʥʠʚʦʫ ʩʫ ʚʨʰʝʥʝ ʫ ʥʘʤʿʝʥʩʢʠʤ 

ʩʠʤʫʣʘʮʠʦʥʠʤ ʦʢʨʫʞʝˁʠʤʘ ʢʦʿʘ ʚʿʝʨʥʦ ʤʦʜʝʣʫʿʫ ʦʜʨʝʹʝʥʠ ʩʧʝʢʫʣʘʪʠʚʥʠ CMP ʫʟ 

ʢʦʨʠʰ˂ʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʘʧʣʠʢʘʮʠʿʘ. ʀʘʢʦ ʿʝ ʧʨʠʣʠʯʥʦ ʪʝʰʢʦ ʫʨʘʜʠʪʠ ʧʦʨʝʹʝˁʝ ʥʘ 

ʦʚʘʿ ʥʘʯʠʥ ʜʦʙʠʿʝʥʠʭ ʝʚʘʣʫʘʮʠʦʥʠʭ ʨʝʟʫʣʪʘʪʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʧʝʢʫʣʘʪʠʚʥʝ 

ʧʨʦʮʝʩʦʨʝ ʠʧʘʢ ʿʝ ʤʦʛʫ˂ʝ ʜʘʪʠ ʦʜʨʝʹʝʥʝ ʢʦʤʝʥʪʘʨʝ ʥʘ ʥʝʢʝ ʦʜ ʠʥʜʠʢʘʪʦʨʘ 
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ʧʝʨʬʦʨʤʘʥʩʠ ʫ ʦʚʠʤ ʩʠʩʪʝʤʠʤʘ ʢʘʦ ʰʪʦ ʩʫ: ʙʨʦʿ ʠʥʩʪʨʫʢʮʠʿʘ ʧʦ ʮʠʢʣʫʩʫ (IPC), 

ʢʘʰˁʝˁʘ ʠ ʫʙʨʟʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʮʝʩʦʨ ʩʘ ʿʝʜʥʠʤ ʿʝʟʛʨʦʤ ʠʣʠ ʠʜʝʘʣʥʫ CMP 

ʢʦʥʬʠʛʫʨʘʮʠʿʫ. ʇʦʨʝʜ ʪʦʛʘ, ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʝʚʘʣʫʘʮʠʿʝ ʧʝʨʬʦʨʤʘʥʩʠ 

ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʠʩʪʝʤʝ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʭʘʨʜʚʝʨʩʢʝ ʠ/ʠʣʠ ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʟʘ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʥʠʪʠ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʥʠʚʦʫ: ʦʨʛʘʥʠʟʘʮʠʿʘ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ, 

ʪʠʧ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ ʠ ʧʦʜʨʰʢʘ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʟʘ ʨʘʟʤʿʝʥʫ 

ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. 

 

ʆʨʛʘʥʠʟʘʮʠʿʘ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ. ɽʚʘʣʫʘʮʠʿʘ MAJC-ʘ ʩʘ ʦʜʨʝʹʝʥʠʤ ʩʠʛʥʘʣʥʠʤ 

ʠ ʚʠʜʝʦ ʘʧʣʠʢʘʮʠʿʘʤʘ, ʢʘʦ ʠ ʘʧʣʠʢʘʮʠʿʘʤʘ ʟʘ ʦʙʨʘʜʫ ʩʣʠʢʝ ʿʝ ʧʦʢʘʟʘʣʘ ʝʬʠʢʘʩʥʦʩʪ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʚʝʣʠʢʦʛ ʿʝʜʠʥʩʪʚʝʥʦʛ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʢʦʿʠ ʤʦʞʝ ʩʘʜʨʞʘʪʠ ʙʠʣʦ 

ʢʦʿʠ ʪʠʧ ʧʦʜʘʪʘʢʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʦʙʝʟʙʿʝʹʫʿʝ ʚʠʰʝ ʨʝʛʠʩʪʘʨʘ ʟʘ ʘʧʣʠʢʘʮʠʿʝ ʢʦʿʝ 

ʫʢˀʫʯʫʿʫ ʦʙʨʘʜʫ ʥʘʤʿʝʥʩʢʠʭ ʪʠʧʦʚʘ ʧʦʜʘʪʘʢʘ [TREM2000]. 

ʍʠʿʝʨʘʨʭʠʿʩʢʠ ʤʦʜʝʣ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʢʦʿʠ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʫ Trace ʿʝ 

ʝʚʘʣʫʠʨʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʭʠʿʝʨʘʨʭʠʿʩʢʠ ʤʦʜʝʣ ʩʘ ʚʘʨʠʿʘʮʠʿʘʤʘ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʟʘ 

ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʣʠ ʢʘʰˁʝˁʘ ʫ ʨʝʛʠʩʪʘʨʩʢʦʿ ʢʦʤʫʥʠʢʘʮʠʿʠ. ʈʝʟʫʣʪʘʪʠ 

ʝʚʘʣʫʮʠʿʝ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʭʠʿʝʨʘʭʠʿʩʢʠ ʤʦʜʝʣ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘʚʘ ʧʝʨʬʦʨʤʘʥʩʝ 

(ʙʨʦʿ ʠʥʩʪʨʫʢʮʠʿʘ ʧʦ ʪʘʢʪʫ - IPC ʜʦ 6.8) ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʝ ʢʦʜ ˁʝʛʘ ʚʝ˂ʠ ʜʠʦ 

ʨʝʛʠʩʪʘʨʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʦʙʘʚˀʘ ʧʨʝʢʦ ʣʦʢʘʣʥʠʭ ʤʘʛʠʩʪʨʘʣʘ [ROTE1997]. 

ʇʝʨʬʦʨʤʘʥʩʝ ʤʝʭʘʥʠʟʤʘ ʟʘ ʧʨʦʩˀʝʹʠʚʘˁʝ ʫ I-ACOMA ʩʫ ʫʧʦʨʝʹʝʥʝ ʩʘ 

ʠʜʝʘʣʥʠʤ ʦʢʨʫʞʝˁʝʤ ʫ ʢʦʿʝʤ ʥʝ ʧʦʩʪʦʿʠ ʢʘʰˁʝˁʝ ʫ ʢʦʤʫʥʠʢʘʮʠʿʠ ï ʙʠʣʦ ʢʦʿʘ 

ʨʝʛʠʩʪʘʨʩʢʘ ʚʨʠʿʝʜʥʦʩʪ ʘʞʫʨʠʨʘʥʘ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʢʦʿʘ ʿʫ ʿʝ ʧʨʦʠʟʚʝʣʘ ʿʝ ʦʜʤʘʭ 

ʚʠʜˀʠʚʘ ʟʘ ʥʠʪ ʢʦʿʘ ʧʦʪʨʘʞʫʿʝ ʜʘʪʫ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ. ɼʦʜʘʪʥʘ ʩʣʦʞʝʥʦʩʪ ʿʝ 

ʧʨʠʣʠʯʥʦ ʩʢʨʦʤʥʘ ʧʦʰʪʦ ʩʫ ʩʘʤʦ ʧʦ ʿʝʜʘʥ ʧʦʨʪ ʟʘ ʯʠʪʘˁʝ ʠ ʟʘ ʫʧʠʩ ʜʦʜʘʪʠ ʟʘ 

ʩʚʘʢʠ ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ. ɿʙʦʛ ʪʦʛʘ ʩʘʤʦ ʿʝʜʥʘ ʨʝʛʠʩʪʘʨʩʢʘ ʚʨʠʿʝʜʥʦʩʪ ʤʦʞʝ ʙʠʪʠ 

ʧʨʦʯʠʪʘʥʘ ʩʘ ʤʘʛʠʩʪʨʘʣʝ ʠʣʠ ʫʧʠʩʘʥʘ ʥʘ ˁʫ ʫ ʜʘʪʦʤ ʮʠʢʣʫʩʫ ʰʪʦ ʟʘʫʟʚʨʘʪ ʠʤʘ 

ʤʘˁʠ ʫʪʠʮʘʿ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʨʝʛʠʩʪʘʨʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ. ʊʘʢʦʹʝ, ʨʝʧʣʠʢʘʮʠʿʦʤ 

ʣʦʛʠʢʘ ʟʘ ʜʦʩʪʫʧʥʦʩʪ ʨʝʛʠʩʪʨʘ ʠ ʧʦʩˀʝʜˁʫ ʢʦʧʠʿʫ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʟʘ 

ʩʚʘʢʠ ʨʝʛʠʩʪʘʨ ʧʦʥʘʦʩʦʙ ʩʝ ʫʥʦʩʠ ʜʦʜʘʪʥʦ ʫʩʣʦʞˁʝˁʝ. ʄʝʹʫʪʠʤ, ʨʝʟʫʣʪʘʪʠ 

ʝʚʘʣʫʘʮʠʿʝ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʠ ʧʦʨʝʜ ʪʦʛʘ I-ACOMA ʟʘʭʪʠʿʝʚʘ ʥʝʟʥʘʪʥʦ ʚʝ˂ʫ 

ʧʦʚʨʰʠʥʫ ʯʠʧʘ ʫ ʦʜʥʦʩʫ ʥʘ 12-issue ʩʫʧʝʨʩʢʘʣʘʨʥʠ ʧʨʦʮʝʩʦʨ [KRIS1999]. 

ɼʠʟʘʿʥ Mitosis MRF ʩʪʨʫʢʪʫʨʝ ʧʦʩʪʠʞʝ ʦʯʝʢʠʚʘʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʧʦʰʪʦ ʿʝ 

ʩʨʝʜˁʝ ʢʘʰˁʝˁʝ ʨʝʛʠʩʪʘʨʩʢʦʛ ʧʨʠʩʪʫʧʘ ʿʝʜʥʘʢʦ ʢʘʰˁʝˁʫ ʫ ʧʦʿʝʜʠʥʘʯʥʦʤ LRF-ʫ, 

ʦʜʥʦʩʥʦ 99% ʨʝʛʠʩʪʘʨʩʢʠʭ ʧʨʠʩʪʫʧʘ ʢʦʜ ʝʚʘʣʫʠʨʘʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʿʝ ʙʠʣʦ 

ʟʘʜʦʚʦˀʝʥʦ ʠʟ LRF ʩʪʨʫʢʪʫʨʝ. ʆʚʠʤ ʩʝ ʧʦʪʚʨʹʫʿʝ ʪʘʯʥʦʩʪ p-slice ʢʦʥʮʝʧʪʘ ʟʘʪʦ 

ʰʪʦ ʿʝ ʚʝ˂ʠʥʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʦʪʨʝʙʥʝ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ 

ʠʟʚʨʰʘʚʘˁʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʜ ʩʪʨʘʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ p-slice-ʘ [MADR2008]. 

 

ʊʠʧ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ. ʇʝʨʬʦʨʤʘʥʩʝ ʿʝʜʥʦʩʪʘʚʥʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʢʦʜ Multiscalar-ʘ ʩʘ ʤʘʣʠʤ ʧʨʦʧʫʩʥʠʤ 

ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ ʦʧʩʝʛʦʤ ʠʟʤʝʹʫ ʩʫʩʿʝʜʥʠʭ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʦʜ ʿʝʜʥʦʛ 

ʨʝʛʠʩʪʨʘ ʧʦ ʮʠʢʣʫʩʫ ʿʝ ʩʘʩʚʠʤ ʫʧʦʨʝʜʠʚʘ ʩʘ ʠʜʝʘʣʥʦʤ ʢʦʥʬʠʛʫʨʘʮʠʿʦʤ ʩʘ 
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ʥʝʦʛʨʘʥʠʯʝʥʠʤ ʧʨʦʧʫʩʥʠʤ ʦʧʩʝʛʦʤ. ʇʦʢʘʟʘʣʦ ʩʝ ʜʘ ʩʝ ʤʘˁʝ ʦʜ ʯʝʪʚʨʪʠʥʝ 

ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʩʪʚʘʨʥʦ ʢʦʨʠʩʪʠ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ 

ʠʟʚʨʰʘʚʘˁʘ ʜʦʢ ʨʝʜʦʚʠ ʟʘ ʯʝʢʘˁʝ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʩʘʜʨʞʝ ʥʝ ʚʠʰʝ 

ʦʜ ʿʝʜʥʦʛ ʨʝʛʠʩʪʨʘ ʪʦʢʦʤ ʚʝ˂ʠʥʝ ʚʨʝʤʝʥʘ ʠʟʚʨʰʘʚʘˁʘ. ʊʘʢʦʹʝ, ʤʘʣʠ ʧʦʨʘʩʪ 

ʢʘʰˁʝˁʘ ʫ ʢʦʤʫʥʠʢʘʮʠʿʠ ʠʟʤʝʹʫ ʩʫʩʿʝʜʥʠʭ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʠʤʘ ʥʝʟʥʘʪʘʥ 

ʫʪʠʮʘʿ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʨʝʛʠʩʪʘʨʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʫ Multiscalar-ʫ [SOHI1995]. 

ʋʩʧʿʝʰʥʦʩʪ ʧʦʜʨʰʢʝ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʢʦʿʘ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʫ 

NEKO ʿʝ ʝʚʘʣʫʠʨʘʥʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʠʟʤʝʹʫ 

ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ, ʩʘ ʧʨʦʤʿʝʥˀʠʚʠʤ 

ʢʘʰˁʝˁʝʤ ʠ ʧʨʦʧʫʩʥʠʤ ʦʧʩʝʛʦʤ ʘʞʫʨʠʨʘˁʘ ʠ ʧʨʦʧʘʛʘʮʠʿʝ. ɺʘʨʠʿʘʮʠʿʘ ʫ 

ʢʘʰˁʝˁʫ ʠ ʧʨʦʧʫʩʥʦʤ ʦʧʩʝʛʫ ʘʞʫʨʠʨʘˁʘ ʠ ʧʨʦʧʘʛʘʮʠʦʥʦʛ ʧʫʪʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʩʫ 

ʧʝʨʬʦʨʤʘʥʩʝ ʚʠʰʝ ʦʩʿʝʪˀʠʚʝ ʥʘ ʢʘʰˁʝˁʝ ʠ ʚʝʣʠʯʠʥʫ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ 

ʘʞʫʨʠʨʘˁʘ ʥʝʛʦ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʦʧʘʛʘʮʠʦʥʦʛ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʟʘʪʦ ʰʪʦ ʩʝ ʚʝ˂ʠʥʘ 

ʨʝʛʠʩʪʘʨʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʥʠʪʠ ʦʜʥʦʩʠ ʥʘ ʜʚʠʿʝ ʩʫʩʿʝʜʥʝ ʥʠʪʠ. ʄʝʹʫʪʠʤ, 

ʧʦʨʘʩʪ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʘʞʫʨʠʨʘˁʘ ʫ ʢʦʥʬʠʛʫʨʘʮʠʿʠ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʟʘʭʪʠʿʝʚʘ 

ʫʚʦʹʝˁʝ ʜʦʜʘʪʥʠʭ ʧʦʨʪʦʚʘ ʫ ʩʢʫʧʫ ʨʝʛʠʩʪʘʨʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʦʥʬʠʛʫʨʘʮʠʿʘ 

ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʩʘ ʥʘʧʨʝʜʥʠʿʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʦʜʿʝʣʝ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ 

ʦʥʠʤ ʥʠʪʠʤʘ ʢʦʿʝ ʠʭ ʚʝ˂ ʧʦʪʨʘʞʫʿʫ ʿʝ ʜʘʣʘ ʠʩʪʝ ʨʝʟʫʣʪʘʪʝ ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ 

ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʩʘ ʧʦʚʝ˂ʘʥʠʤ ʧʨʦʧʫʩʥʠʤ ʦʧʩʝʛʦʤ ʘʞʫʨʠʨʘˁʘ. ʉʪʦʛʘ ʩʝ ʤʦʞʝ 

ʩʤʘʪʨʘʪʠ ʜʘ ʿʝ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʩʘ ʥʘʧʨʝʜʥʠʿʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʦʜʿʝʣʝ 

ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʙʦˀʝ ʧʨʦʿʝʢʪʥʦ ʨʝʿʰʝˁʝ ʿʝʨ ʥʝ ʟʘʭʪʠʿʝʚʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʜʦʜʘʪʥʠʭ ʧʦʨʪʦʚʘ. ʆʩʪʚʘʨʝʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʧʦʛʣʝʜʫ IPC-ʘ ʩʫ ʫ 

ʧʨʦʩʿʝʢʫ ʩʘʤʦ 6% ʥʠʞʝ ʫ ʦʜʥʦʩʫ ʥʘ ʠʜʝʘʣʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʩʘ 

ʥʫʣʪʠʤ ʢʘʰˁʝˁʝʤ ʠ ʥʝʦʛʨʘʥʠʯʝʥʠʤ ʧʨʦʧʫʩʥʠʤ ʦʧʩʝʛʦʤ [BARL2003]. 

ʆʩʿʝʪˀʠʚʦʩʪ ʦʨʛʘʥʠʟʘʮʠʿʝ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʫ Trace-ʫ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʦ 

ʢʘʰˁʝˁʝ ʛʣʦʙʘʣʥʝ ʤʘʛʠʩʪʨʘʣʝ ʿʝ ʤʿʝʨʝʥʘ ʧʨʠ ʥʝʦʛʨʘʥʠʯʝʥʦʤ ʧʨʦʧʫʩʥʦʤ ʦʧʩʝʛʫ 

ʛʣʦʙʘʣʥʝ ʤʘʛʠʩʪʨʘʣʝ ʜʘ ʙʠ ʩʝ ʠʟʦʣʦʚʘʦ ʫʪʠʮʘʿ ʢʘʰˁʝˁʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ 

ʿʝ ʥʝʭʠʿʝʨʘʨʭʠʿʩʢʠ ʤʦʜʝʣ ʦʨʛʘʥʠʟʘʮʠʿʝ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʩʤʘˁʠʦ IPC ʦʜ 20% ʜʦ 

35% ʿʝʨ ʜʘʪʠ ʤʦʜʝʣ ʠ ʣʦʢʘʣʥʠʤ ʠ ʛʣʦʙʘʣʥʠʤ ʨʝʛʠʩʪʘʨʩʢʠʤ ʚʨʠʿʝʜʥʦʩʪʠʤʘ ʜʦʜʘʿʝ 

ʿʝʜʘʥ ʮʠʿʝʣʠ ʮʠʢʣʫʩ ʟʘ ʢʘʰˁʝˁʝ ʪʦʢʦʤ ʨʘʟʤʿʝʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʥʠʪʠ ʰʪʦ ʫ 

ʢʨʘʿˁʝʤ ʜʦʧʨʠʥʦʩʠ ʫʚʝ˂ʘˁʫ ʢʦʤʫʥʠʢʘʮʠʦʥʦʛ ʢʘʰˁʝˁʘ ʟʘ ʩʚʝ ʚʨʠʿʝʜʥʦʩʪʠ. ʉʘ 

ʜʨʫʛʝ ʩʪʨʘʥʝ, ʭʠʿʝʨʘʨʭʠʿʩʢʠ ʤʦʜʝʣ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ ʨʘʟʤʘʪʨʘ ʩʘʤʦ ʛʣʦʙʘʣʥʝ 

ʚʨʠʿʝʜʥʦʩʪʠ ʰʪʦ ʩʤʘˁʫʿʝ ʦʚʘʿ ʛʫʙʠʪʘʢ ʫ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʥʘ ʚʠʰʝ ʦʜ ʧʦʣʘ. ʇʦʨʝʜ 

ʪʦʛʘ, ʝʚʘʣʫʘʮʠʦʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʟʘʭʚʘˀʫʿʫ˂ʠ ʫʚʦʹʝˁʫ ʭʠʿʝʨʘʨʭʠʿʩʢʦʛ 

ʤʦʜʝʣʘ ʫ ʢʦʥʪʨʦʣʠ ʪʦʢʘ ʠʟʚʨʰʘʚʘˁʘ ʠ ʪʦʢʫ ʧʦʜʘʪʘʢʘ Trace ʫʩʧʿʝʚʘ ʜʘ ʧʨʝʚʘʟʠʹʝ 

ʢʦʤʧʣʝʢʩʥʦʩʪ ʠ ʧʨʦʿʝʢʪʥʘ ʦʛʨʘʥʠʯʝˁʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʫʧʝʨʩʢʘʣʘʨʥʠʭ 

ʧʨʦʮʝʩʦʨʘ [ROTE1997]. 

ɽʚʘʣʫʘʮʠʿʘ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʤʘʛʠʩʪʨʘʣʝ ʫ I-ACOMA ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʧʦʚʝ˂ʘˁʝ 

ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʤʘʛʠʩʪʨʘʣʝ ʟʘ ʚʠʰʝ ʦʜ ʿʝʜʥʝ ʨʠʿʝʯʠ ʧʦ ʮʠʢʣʫʩʫ ʠʤʘ ʚʨʣʦ 

ʥʝʟʥʘʪʘʥ ʫʪʠʮʘʿ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʩʠʩʪʝʤʘ. ʋ ʩʣʫʯʘʿʫ ʠʜʝʘʣʥʦʛ ʦʢʨʫʞʝˁʘ ʩʘ 

ʥʝʦʛʨʘʥʠʯʝʥʠʤ ʧʨʦʧʫʩʥʠʤ ʦʧʩʝʛʦʤ ʧʦʙʦˀʰʘˁʝ ʿʝ ʤʘˁʝ ʦʜ 5% ʫ ʦʜʥʦʩʫ ʥʘ 

ʤʘʛʠʩʪʨʘʣʫ ʩʘ ʧʨʦʧʫʩʥʠʤ ʦʧʩʝʛʦʤ ʦʜ ʿʝʜʥʦʛ ʨʝʛʠʩʪʨʘ ʧʦ ʮʠʢʣʫʩʫ. ʆʩʠʤ ʪʦʛʘ, ʯʘʢ 
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ʩʝ ʠ ʫ ʩʣʫʯʘʿʫ ʥʘʿʚʝ˂ʝʛ ʢʘʰˁʝˁʘ ʥʘ ʤʘʛʠʩʪʨʘʣʠ ʦʜ 3 ʮʠʢʣʫʩʘ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʘ 

ʢʦʿʠ ʩʫ ʥʘʿʚʠʰʝ ʫʜʘˀʝʥʠ ʥʝ ʫʦʯʘʚʘʿʫ ʜʝʛʨʘʜʘʮʠʿʝ ʧʝʨʬʦʨʤʘʥʩʠ. ʆʚʦ ʧʦʢʘʟʫʿʝ ʜʘ ʩʝ 

ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʥʠʪʠ ʢʦʿʘ ʿʝ ʧʨʦʠʟʚʝʣʘ ʜʘʪʫ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʠʿʝʜʥʦʩʪ ʠ ʥʠʪʠ 

ʢʦʿʘ ʧʦʪʨʘʞʫʿʝ ʠʩʪʫ ʥʘʿʯʝʰ˂ʝ ʜʦʛʘʹʘ ʠʟʤʝʹʫ ʩʫʩʿʝʜʥʠʭ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʫ 

I-ACOMA ʫʧʨʢʦʩ ʯʠˁʝʥʠʮʠ ʜʘ ʿʝ ʫʤʿʝʩʪʦ ʧʨʩʪʝʥʘ ʢʘʦ ʠʥʪʝʨʢʦʥʝʢʮʠʿʘ ʟʘ ʨʘʟʤʿʝʥʫ 

ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʨʠʰ˂ʝʥʘ ʜʠʿʝˀʝʥʘ ʤʘʛʠʩʪʨʘʣʘ [KRIS1999]. 

ʄʘˁʘ ʦʩʿʝʪˀʠʚʦʩʪ ʧʝʨʬʦʨʤʘʥʩʠ ʥʘ ʢʘʰˁʝˁʝ ʠ ʚʝʣʠʯʠʥʫ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ 

ʧʨʦʧʘʛʘʮʠʦʥʦʛ ʧʫʪʘ ʫʢʘʟʫʿʝ ʥʘ ʪʦ ʜʘ ʿʝ ʠʥʪʝʨʢʦʥʝʢʮʠʿʘ ʫ ʚʠʜʫ ʧʨʩʪʝʥʘ ʠʣʠ 

ʜʠʿʝˀʝʥʝ ʤʘʛʠʩʪʨʘʣʝ ʜʦʚʦˀʥʘ ʟʘ ʫʩʧʿʝʰʥʦ ʫʧʨʘʚˀʘˁʝ ʨʝʛʠʩʪʘʨʩʢʦʤ 

ʢʦʤʫʥʠʢʘʮʠʿʦʤ ʫ ʩʧʝʢʫʣʘʪʠʚʥʠʤ CMP-ʤʘ. 

 

ʋʙʨʟʘˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʮʝʩʦʨ ʩʘ ʿʝʜʥʠʤ ʿʝʟʛʨʦʤ. ɹʠʣʦ ʙʠ ʚʝʦʤʘ 

ʠʥʪʝʨʝʩʘʥʪʥʦ ʠʟʚʨʰʠʪʠ ʤʝʹʫʩʦʙʥʦ ʧʦʨʝʹʝˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʦʚʜʿʝ ʧʨʝʜʩʪʘʚˀʝʥʠʭ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʧʨʦʮʝʩʦʨʘ ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ. ʄʝʹʫʪʠʤ, 

ʪʘʢʚʘ ʢʦʤʧʘʨʘʪʠʚʥʘ ʝʚʘʣʫʘʮʠʿʘ ʥʝ ʧʦʩʪʦʿʠ ʯʘʢ ʥʠ ʟʘ ʩʘʤʦ ʧʦ ʜʚʘ ʦʜ ʥʘʚʝʜʝʥʠʭ 

ʨʿʝʰʝˁʘ ʟʘʪʦ ʰʪʦ ʿʝ ʩʚʘʢʦ ʦʜ ˁʠʭ ʝʚʘʣʫʠʨʘʥʦ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ 

ʦʢʨʫʞʝˁʠʤʘ ʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʤʝʪʦʜʦʣʦʛʠʿʘʤʘ ʧʘ ʿʝ ʢʦʨʝʢʪʥʘ ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ 

ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʛʫ˂ʘ. ʇʨʠ ʪʦʤʝ, ʨʝʟʫʣʪʘʪʠ ʝʚʘʣʫʘʮʠʿʝ ʩʢʦʨʦ ʫʚʠʿʝʢ ʠʟʨʘʞʘʚʘʿʫ 

ʢʦʤʙʠʥʦʚʘʥʝ ʝʬʝʢʪʝ ʩʧʝʢʫʣʘʮʠʿʝ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʠ ʨʝʛʠʩʪʘʨʩʢʦʤ ʥʠʚʦʫ ʪʘʢʦ ʜʘ ʿʝ 

ʪʝʰʢʦ ʠʟʦʣʦʚʘʪʠ ʩʘʤʦ ʝʬʝʢʪʝ ʨʝʛʠʩʪʘʨʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ. ʀ ʧʦʨʝʜ ʪʦʛʘ, ʠʤʘʿʫ˂ʠ ʫ 

ʚʠʜʫ ʩʚʘ ʥʘʚʝʜʝʥʘ ʦʛʨʘʥʠʯʝˁʘ, ʫ ʪʘʙʝʣʠ 3-6 ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʨʝʟʫʣʪʘʪʠ 

ʨʘʟʣʠʯʠʪʠʭ ʝʚʘʣʫʘʮʠʦʥʠʭ ʩʪʫʜʠʿʘ ʧʝʨʬʦʨʤʘʥʩʠ ʧʨʝʜʩʪʘʚˀʝʥʠʭ ʨʝʿʰʝˁʘ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP-ʘ ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʩʘ ʥʘʛʣʘʩʢʦʤ ʥʘ 

ʥʘʿʚʠʰʝ ʢʦʨʠʰ˂ʝʥʠ ʠʥʜʠʢʘʪʦʨ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʝʚʘʣʫʘʮʠʿʠ ʧʘʨʘʣʝʣʥʠʭ ʩʠʩʪʝʤʘ ï 

ʫʙʨʟʘˁʝ (speedup) ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʮʝʩʦʨ ʩʘ ʿʝʜʥʠʤ ʿʝʟʛʨʦʤ. 

ɼʘʪʠ ʨʝʟʫʣʪʘʪʠ ʦʙʝʟʙʿʝʹʫʿʫ ʿʘʩʘʥ ʜʦʢʘʟ ʦ ʧʦʪʝʥʮʠʿʘʣʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP 

ʧʨʦʮʝʩʦʨʘ ʜʘ ʠʟʜʚʦʿʝ ʧʘʨʘʣʝʣʠʟʘʤ ʠʟ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʠ ʜʘ ʠʭ ʟʘʪʠʤ 

ʙʨʞʝ ʠʟʚʨʰʘʚʘʿʫ ʥʝʛʦ ʰʪʦ ʙʠ ʩʝ ʦʥʝ ʠʟʚʨʰʘʚʘʣʝ ʥʘ ʿʝʜʥʦʤ ʧʨʦʮʝʩʦʨʫ. ʋʙʨʟʘˁʝ 

ʧʨʠʨʦʜʥʦ ʟʘʚʠʩʠ ʦʜ ʪʠʧʘ ʘʧʣʠʢʘʮʠʿʝ. ɳʝʛʦʚʘ ʚʨʠʿʝʜʥʦʩʪ ʿʝ ʫʦʙʠʯʘʿʝʥʦ ʚʝ˂ʘ ʟʘ 

ʘʧʣʠʢʘʮʠʿʝ ʩʘ ʙʨʦʿʝʚʠʤʘ ʩʘ ʧʦʢʨʝʪʥʠʤ ʟʘʨʝʟʦʤ ʥʝʛʦ ʟʘ ʮʿʝʣʦʙʨʦʿʥʝ ʘʧʣʠʢʘʮʠʿʝ ʩ 

ʦʙʟʠʨʦʤ ʜʘ ʫ ʮʿʝʣʦʙʨʦʿʥʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ ʚʝ˂ʠʥʘ ʧʨʦʛʨʘʤʩʢʠʭ ʧʝʪˀʠ ʠʤʘ ʥʠʞʠ 

ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ ʠ ʬʨʝʢʚʝʥʪʥʠʿʫ ʧʦʿʘʚʫ ʫʧʨʘʚˀʘʯʢʠʭ ʠʥʩʪʨʫʢʮʠʿʘ ʫʥʫʪʘʨ ʥʠʪʠ. 

ʇʨʠʤʿʝʨʠ Multiscalar ʠ NEKO ʧʨʦʮʝʩʦʨʘ ʫʢʘʟʫʿʫ ʥʘ ʪʦ ʜʘ ʢʦʨʠʰ˂ʝˁʝ 

ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʩʘ ʚʝ˂ʠʤ ʙʨʦʿʝʤ ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʠʩʪʦʚʨʝʤʝʥʦ 

ʠʟʚʨʰʠʪʠ (issue width) ʥʝ ʜʦʧʨʠʥʦʩʝ ʠ ʚʝ˂ʝʤ ʫʙʨʟʘˁʫ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ. 

ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʢʦʜ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʢʦʜ ʢʦʿʠʭ ʩʝ ʨʝʛʠʩʪʘʨʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ 

ʟʘʩʥʠʚʘ ʥʘ ʧʨʝʜʠʢʮʠʿʠ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ (ʥʧʨ., Trace), ʪʘʯʥʦʩʪ ʧʨʝʜʠʢʮʠʿʝ 

ʿʝ ʧʨʝʩʫʜʥʘ ʟʘ ʧʝʨʬʦʨʤʘʥʩʝ ʩʠʩʪʝʤʘ. 
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ʊʘʙʝʣʘ 3-6. ʋʙʨʟʘˁʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʮʝʩʦʨ ʩʘ ʿʝʜʥʠʤ ʿʝʟʛʨʦʤ 

CMP 
ɹʨ. 

ʇɱ 

ɹʨʦʿ 

ʠʥʩʪ. 

ʀʟʚʨʰʘʚʘˁʝ 

ʠʥʩʪʨʫʢʮʠʿʘ 

ʋʙʨʟʘˁʝ 

(ʩʨʝʜˁʘ 

ʚʨʠʿʝʜʥʦʩʪ) 

ʅʘʧʦʤʝʥʘ ʊʝʩʪ ʘʧʣʠʢʘʮʠʿʝ 

Multiscalar  

4 

1 

in-order 

1.9 

ʅʘʧʨʝʜʥʘ ʧʦʜʨʰʢʘ 
ʧʨʝʚʦʜʠʦʮʘ ʧʦʙʦˀʰʘʚʘ 

ʧʝʨʬʦʨʤʘʥʩʝ ʨʝʛʠʩʪʘʨʩʢʝ 

ʢʦʤʫʥʠʢʘʮʠʿʝ  
ʜʦ 67% (in-order)  

ʠ 59% (out-of-order) 

SPEC92 suite 

GNU diffutils2.6 

GNU textutils1.9 

2 1.7 

8 

1 

in-order 

2.8 

2 2.6 

4 
1 

out-of-order 
2 

2 1.6 

8 
1 

out-of-order 
3 

2 2.4 

Multiplex  4 2 out-of-order 2.63 

ɼʦʩʝʞʝ ʠʣʠ ʥʘʜʤʘʰʫʿʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʩʘʤʦ 

ʠʤʧʣʠʮʠʪʥʠʭ ʠʣʠ ʩʘʤʦ 
ʝʢʩʧʣʠʮʠʪʥʠʭ TLS CMP ʟʘ 

ʩʢʦʨʦ ʩʚʝ ʢʦʨʠʰ˂ʝʥʝ ʪʝʩʪ 

ʘʧʣʠʢʘʮʠʿʝ. 

SPECfp95 suite 
Perfect suite 

SM 4 4 in-order 1-3 

ɺʝ˂ʝ ʫʙʨʟʘˁʝ ʢʦʜ ʘʧʣʠʢʘʮʠʿʘ 

ʩʘ ʙʨʦʿʝʚʠʤʘ ʩʘ ʧʦʢʨʝʪʥʠʤ 

ʟʘʨʝʟʦʤ. 

SPEC95 suite 

MP98 4 2 in-order 3 

ʇʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʢʦʿʝ ʩʝ 

ʥʝ ʢʦʨʠʩʪʝ ʩʝ ʠʩʢˀʫʯʫʿʫ ʫ 
ʩʣʫʯʘʿʫ ʤʘˁʝʛ ʘʧʣʠʢʘʮʠʿʩʢʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ. 

ɸʧʣʠʢʘʮʠʿʝ ʟʘ 
ʧʨʝʧʦʟʥʘʚʘˁʝ 

ʛʦʚʦʨʘ 
 

IDCT code 

MAJC  2 4 in-order 1.6 

ʇʘʨʘʣʝʣʠʟʘʤ ʥʘ ʚʠʰʝ ʥʠʚʦʘ 

(ʠʥʩʪʨʫʢʮʠʿʝ, ʧʦʜʘʮʠ, ʥʠʪʠ ʠ 
ʧʨʦʮʝʩʠ) ʩʘ ʙʨʟʠʤ 

ʢʦʤʫʥʠʢʘʮʠʦʥʠʤ 

ʤʝʭʘʥʠʟʤʦʤ. 

ɸʧʣʠʢʘʮʠʿʝ ʟʘ 
ʦʙʨʘʜʫ ʚʠʜʝʦ ʟʘʧʠʩʘ 

ʠ ʩʣʠʢʝ 

Trace 8 4 out-of-order 

1.1 - 1.25 ɹʝʟ ʧʨʝʜʠʢʮʠʿʝ ʧʦʜʘʪʘʢʘ. 

SPECint95 suite 
1.08 

ʈʝʘʣʥʘ ʧʨʝʜʠʢʮʠʿʘ ʧʦʜʘʪʘʢʘ 

ʫʤʘˁʫʿʝ ʜʦʙʠʪʘʢ ʫ 
ʧʝʨʬʦʨʤʘʥʩʘʤʘ. 

1.45 

ʀʜʝʘʣʥʘ ʧʨʝʜʠʢʮʠʿʘ ʧʦʜʘʪʘʢʘ 

ʫʚʝ˂ʘʚʘ ʧʝʨʬʦʨʤʘʥʩʝ ʟʘ 

ʩʢʦʨʦ ʩʚʝ ʢʦʨʠʰ˂ʝʥʝ 
ʘʧʣʠʢʘʮʠʿʝ. 

IACOMA  4 4 out-of-order 1-2 

ɿʘ ʘʧʣʠʢʘʮʠʿʝ ʩʘ ʙʨʦʿʝʚʠʤʘ 

ʩʘ ʧʦʢʨʝʪʥʠʤ ʟʘʨʝʟʦʤ 
ʫʙʨʟʘˁʝ ʿʝ ʫ ʧʨʦʩʿʝʢʫ ʩʢʦʨʦ 

ʜʚʘ ʧʫʪʘ ʚʝ˂ʝ. 

SPEC92 suite 

SPEC95 suite 

Media-Bench suite 

Atlas 8 1 in-order 3.4 

ʊʘʯʥʦʩʪ ʧʨʝʜʠʢʮʠʿʝ 
ʚʨʠʿʝʜʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʝ ʪʦʢʘ 

ʧʨʦʛʨʘʤʘ, ʙʨʟʠ ʤʝʭʘʥʠʟʘʤ 

ʦʧʦʨʘʚʢʘ ʦʜ ʛʨʝʰʢʝ ʫ 
ʧʨʝʜʠʢʮʠʿʠ ʠ ʝʬʠʢʘʩʘʥ ʥʘʯʠʥ 

ʜʝʬʠʥʠʩʘˁʘ ʥʠʪʠ. 

SPECint95 suite 
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ʊʘʙʝʣʘ 3-6. (ʥʘʩʪʘʚʘʢ) 

CMP 
ɹʨ. 

ʇɱ 

ɹʨʦʿ 

ʠʥʩʪ. 

ʀʟʚʨʰʘʚʘˁʝ 

ʠʥʩʪʨʫʢʮʠʿʘ 

ʋʙʨʟʘˁʝ 

(ʩʨʝʜˁʘ 

ʚʨʠʿʝʜʥʦʩʪ) 

ʅʘʧʦʤʝʥʘ ʊʝʩʪ ʘʧʣʠʢʘʮʠʿʝ 

NEKO 

4 

4 

out-of-order 

1.22 

ʀʥʪʝʛʨʘʮʠʿʘ ʧʨʦʮʝʩʦʨʩʢʠʭ 
ʿʝʜʠʥʠʮʘ ʩʘ ʤʘˁʠʤ ʙʨʦʿʝʤ 

ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʿʝ ʩʝ 

ʠʩʪʦʚʨʝʤʝʥʦ ʠʟʜʘʿʫ ʫʚʝ˂ʘʚʘ  
ʧʨʦʪʦʢ ʠ ʦʜʨʞʘʚʘ ʚʠʩʦʢʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʫ 
ʩʝʢʚʝʥʮʠʿʘʣʥʠʤ 

ʘʧʣʠʢʘʮʠʿʘʤʘ ʪʦʢʦʤ 

ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ. 

SPECint95 suite 

2 1.28 

8 

4 1.24 

2 1.32 

Pinot 4 4 out-of-order 3.7 

ʀʩʢʦʨʠʰ˂ʘʚʘˁʝ ʢʨʫʧʥʦʛ 

ʧʘʨʘʣʝʣʠʟʤʘ ʿʝ ʦʜ 
ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʟʘ 

ʧʦʙʦˀʰʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ. 

SPEC95 suite 
MiBench suite 

Mitosis 4 6 out-of-order 2.2 

ɺʠʩʦʢʦ ʧʨʝʮʠʟʥʘ ʧʨʝʜʠʢʮʠʿʘ 

ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʠ 
ʝʬʠʢʘʩʥʘ ʨʘʟʤʿʝʥʘ ʧʦʜʘʪʘʢʘ 

ʠʟʤʝʹʫ ʥʠʪʠ. 

Olden suite 

 

3.2.4 ʆʛʨʘʥʠʯʝˁʘ ʫ ʩʢʘʣʘʙʠʣʥʦʩʪʠ  
 

ʇʦʜʨʰʢʘ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʥʠʚʦʫ ʿʝ ʪʘʢʦʹʝ 

ʘʥʘʣʠʟʠʨʘʥʘ ʠ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʩʢʘʣʘʙʠʣʥʦʩʪʠ. ɿʥʘʯʘʿʥʘ ʧʠʪʘˁʘ ʢʦʿʘ ʩʫ ʨʘʟʤʘʪʨʘʥʘ 

ʫ ʚʝʟʠ ʩʘ ʩʢʘʣʘʙʠʣʥʦʰ˂ʫ ʩʝ ʦʜʥʦʩʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʿʫ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ, 

ʠʥʪʝʨʢʦʥʝʢʮʠʿʫ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʩʢʠʭ 

ʿʝʜʠʥʠʮʘ ʠ ʧʦʜʨʰʢʫ ʟʘ ʩʠʭʥʨʦʥʠʟʘʮʠʿʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. 

 

ʆʨʛʘʥʠʟʘʮʠʿʘ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ. ʀʘʢʦ ʛʣʦʙʘʣʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ 

(ʥʧʨ., MP98 ʠ MAJC) ʰʪʝʜʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʫ ʠʟʫʟʝʪʥʦ ʤʘʣʠʤ ʤʫʣʪʠʧʨʦʮʝʩʦʨʠʤʘ 

ʧʦʧʫʪ CMP, ʦʥʘ ʥʘʤʝ˂ʝ ʩʣʦʞʝʥʦ ʦʞʠʯʝˁʝ, ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʧʦʨʪʦʚʘ ʟʘ ʯʠʪʘˁʝ ʠ 

ʫʧʠʩ ʠ ʫʪʠʯʝ ʥʘ ʚʨʠʿʝʤʝ ʮʠʢʣʫʩʘ ʠ ʢʘʰˁʝˁʘ. ɿʙʦʛ ʪʦʛʘ ʚʝ˂ʠʥʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ 

ʧʨʦʮʝʩʦʨʘ ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʢʦʨʠʩʪʠ ʜʠʩʪʨʠʙʫʠʨʘʥʝ 

ʩʢʫʧʦʚʝ ʨʝʛʠʩʪʘʨʘ ʜʘ ʙʠ ʩʝ ʫʙʣʘʞʠʣʠ ʧʦʤʝʥʫʪʠ ʥʝʛʘʪʠʚʥʠ ʝʬʝʢʪʠ ʢʦʿʠ ʩʫ ʫʦʯʝʥʠ ʫ 

ʜʠʟʘʿʥʠʤʘ ʩʘ ʜʠʿ ʝˀʝʥʦʤ ʦʨʛʘʥʠʟʘʮʠʿʦʤ ʩʢʫʧʘ ʨʝʛʠʩʪʘʨʘ. 

 

ʇʦʜʨʰʢʘ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ. ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʟʘ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʫ Multiscalar, Multiplex ʠ NEKO ʟʘʭʪʠʿʝʚʘ 

ʜʦʜʘʪʥʝ ʭʘʨʜʚʝʨʩʢʝ ʩʪʨʫʢʪʫʨʝ ʟʘ ʯʫʚʘˁʝ ʨʝʛʠʩʪʘʨʘ ʠ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ 

ʧʦʩˀʝʜˁʝ ʢʦʧʠʿʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʟʘ ʩʚʘʢʦ ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ ʰʪʦ ʫʪʠʯʝ 

ʥʘ ʩʣʦʞʝʥʦʩʪ ˁʠʭʦʚʠʭ ʜʠʟʘʿʥʘ. ʇʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʠ 

ʧʨʝʜʠʢʮʠʿʫ ʫ SM ʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʟʘʩʥʦʚʘʥʘ ʥʘ ʭʘʨʜʚʝʨʩʢʠʤ ʤʝʭʘʥʠʟʤʠʤʘ ʰʪʦ 

ʟʘʫʟʚʨʘʪ ʚʝʦʤʘ ʫʪʠʯʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʩʪ ʩʚʝʫʢʫʧʥʦʛ ʜʠʟʘʿʥʘ. Atlas ʢʦʨʠʩʪʠ 
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ʧʨʝʜʠʢʪʦʨ ʚʨʠʿʝʜʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʝ ʪʦʢʘ ʠʟʚʨʰʘʚʘˁʘ ʢʦʿʠ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʥʘ 

ʩʘʤʦʤ ʯʠʧʫ ʧʨʠ ʯʝʤʫ ʿʝ ˁʝʛʦʚʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʩʘ ʦʩʪʘʣʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʧʨʝʢʦ 

ʜʠʿʝˀʝʥʝ ʤʘʛʠʩʪʨʘʣʝ, ʰʪʦ ʪʘʢʦʹʝ ʫʪʠʯʝ ʥʘ ʝʬʠʢʘʩʥʦ ʠʩʢʦʨʠʰ˂ʝˁʝ ʧʨʦʩʪʦʨʘ ʠ 

ʝʥʝʨʛʠʿʝ. 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʜʠʤʝʥʟʠʿʘ ʢʘʪʘʣʦʛʘ ʫ I-ACOMA, ʢʘʦ ʠ ʭʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʟʘ 

ʫʪʚʨʹʠʚʘˁʝ ʧʦʩˀʝʜˁʝ ʢʦʧʠʿʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʨʝʛʠʩʪʘʨʩʢʝ 

ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ, ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʥʠ ʦʜ 

ʙʨʦʿʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʭ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ˁʠʭʦʚ ʜʠʟʘʿʥ ʫʪʠʯʝ ʥʘ ʫʢʫʧʥʫ 

ʩʢʘʣʘʙʠʣʥʦʩʪ ʩʠʩʪʝʤʘ. ʊʘʢʦʹʝ, ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʫ Mitosis-ʫ 

˂ʝ ʫʟʨʦʢʦʚʘʪʠ ʧʦʚʝ˂ʘˁʝ ʚʝʣʠʯʠʥʝ RVT (Register Versioning Table) ʩʪʨʫʢʪʫʨʝ ʩ 

ʦʙʟʠʨʦʤ ʜʘ ʿʝ ˁʝʥʘ ʜʠʤʝʥʟʠʿʘ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʥʘ ʦʜ ʙʨʦʿʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠʭ 

ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ. 

 

ʀʥʪʝʨʢʦʥʝʢʮʠʿʘ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. ʂʦʨʠʰ˂ʝˁʝ 

ʧʨʩʪʝʥʘ, ʢʘʦ ʧʨʠʨʦʜʥʦʛ ʠʟʙʦʨʘ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ, ʿʝ ʨʿʝʰʝˁʝ ʢʦʿʝ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʦ ʫ 

Multiscalar, Multiplex, SM, Atlas, NEKO ʠ Pinot. ʀʘʢʦ ʩʫ ʮʠʿʝʥʘ ʭʘʨʜʚʝʨʘ ʠ 

ʢʘʰˁʝˁʝ ʫ ʪʦʧʦʣʦʛʠʿʠ ʧʨʩʪʝʥʘ ʤʘʣʠ, ʦʥʘ ʦʛʨʘʥʠʯʘʚʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʠʟʚʨʰʠ 

ʦʧʪʠʤʠʟʘʮʠʿʘ ʣʦʢʘʣʥʦʩʪʠ ʧʦʜʘʪʘʢʘ ʠ ʠʟʚʝʜʝ ʫʩʧʿʝʰʥʦ ʠʩʪʦʚʨʝʤʝʥʦ ʠʟʚʨʰʘʚʘˁʝ 

ʚʠhʝ ʥʝʟʘʚʠʩʥʠʭ ʘʧʣʠʢʘʮʠʿʘ. ʊʘʢʦʹʝ, ʫ ʩʣʫʯʘʿʫ ʧʦʚʝ˂ʘˁʘ ʙʨʦʿʘ ʧʨʦʮʝʩʦʨʩʢʠʭ 

ʿʝʟʛʘʨʘ ʤʨʝʞʘ ʫ ʚʠʜʫ ʧʨʩʪʝʥʘ ʥʠʿʝ ʩʢʘʣʘʙʠʣʥʦ ʨʝʿʰʝˁʝ. ɽʚʘʣʫʘʮʠʿʘ ʩʢʘʣʘʙʠʣʥʦʩʪʠ 

ʨʘʟʣʠʯʠʪʠʭ Atlas ʜʠʟʘʿʥʘ ʩʘ 4, 8, ʠ 16 ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʤʦʞʝ 

ʧʨʦʿʝʢʪʦʚʘʪʠ ʿʝʜʘʥ ʝʬʠʢʘʩʘʥ ʩʠʩʪʝʤ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ. 

ʄʝʹʫʪʠʤ, ʜʘˀʝ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ (ʧʨʝʢʦ 16) ʨʝʟʫʣʪʫʿʝ ʫ 

ʣʦʰʠʿʠʤ ʧʝʨʬʦʨʤʘʥʩʘʤʘ (ʧʨʝʜʠʢʮʠʿʘ ʪʦʢʘ ʧʨʦʛʨʘʤʘ ʠ ʧʦʜʘʪʘʢʘ ʠʤʘ ʤʘˁʫ 

ʪʘʯʥʦʩʪ), ʣʦʰʠʿʝʤ ʠʩʢʦʨʠʰ˂ʝˁʫ ʧʨʦʩʪʦʨʘ ʠ ʚʝ˂ʦʿ ʧʦʪʨʦʰˁʠ ʝʥʝʨʛʠʿʝ ʥʝʛʦ ʰʪʦ ʿʝ 

ʪʦ ʩʣʫʯʘʿ ʢʦʜ ʧʨʦʮʝʩʦʨʘ ʩʘ ʿʝʜʥʠʤ ʿʝʟʛʨʦʤ [SASS2005]. 

Trace ʢʦʨʠʩʪʠ ʚʠʰʝ ʛʣʦʙʘʣʥʠʭ ʤʘʛʠʩʪʨʘʣʘ ʜʦʢ I-ACOMA ʠ Mitosis ʢʦʨʠʩʪʝ 

ʜʠʿʝˀʝʥʫ ʤʘʛʠʩʪʨʘʣʫ ʢʘʦ ʠʥʪʝʨʢʦʥʝʢʮʠʿʫ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʟʘ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʥʠʚʦʫ. ʋʢʫʧʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʥʝ ʟʘʚʠʩʝ ʩʘʤʦ ʦʜ 

ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʩʝ ʧʨʝʥʦʩʠ ʚʝ˂, ʪʘʢʦʹʝ, ʠ ʦʜ ʧʨʦʪʦʢʦʣʘ ʥʘ ʤʘʛʠʩʪʨʘʣʠ, ʦʜ 

ʧʘʨʘʤʝʪʘʨʘ ʤʘʛʠʩʪʨʘʣʝ (ʰʠʨʠʥʘ ʤʘʛʠʩʪʨʘʣʝ, ʧʦʣʠʪʠʢʝ ʧʨʠʦʨʠʪʝʪʘ, ʚʝʣʠʯʠʥʘ 

ʙʣʦʢʘ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʧʨʝʥʦʩʠ, ʤʝʭʘʥʠʟʤʘ ʘʨʙʠʪʨʘʮʠʿʝ ʠʪʜ.), ʬʨʝʢʚʝʥʮʠʿʝ ʪʘʢʪʘ 

ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ ʩʣʦʞʝʥʦʩʪʠ ʩʧʨʝʞʥʝ ʣʦʛʠʢʝ, ʦʞʠʯʝˁʘ ʠ ʨʘʩʧʦʨʝʜʘ ʨʘʟʣʠʯʠʪʠʭ 

ʢʦʤʧʦʥʝʥʪʠ, ʢʘʦ ʠ ʦʜ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʤʘʛʠʩʪʨʘʣʠ. ɱʝʜʥʦʩʪʘʚʥʘ 

ʜʠʿʝˀʝʥʘ ʤʘʛʠʩʪʨʘʣʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʜʦʚʦˀʥʘ ʜʘ ʦʧʩʣʫʞʠ ʤʘˁʠ ʙʨʦʿ 

ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ (4 ʜʦ 8) ʫ CMP, ʘʣʠ ʚʠʰʝ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʜʠʥʠʮʘ ʠʣʠ ʯʘʢ 

ʙʨʞʝ ʧʨʦʮʝʩʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʙʠ ʤʦʛʣʝ ʟʘʭʪʠʿʝʚʘʪʠ ʚʝ˂ʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʰʪʦ 

ʟʘʫʟʚʨʘʪ ʥʘʤʝ˂ʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʠʣʠ ʚʠʰʝ ʤʘʛʠʩʪʨʘʣʘ ʠʣʠ ʭʠʿʝʨʘʨʭʠʿʫ 

ʤʘʛʠʩʪʨʘʣʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʨʿʝʰʝˁʝ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʩʘ ʤʘʛʠʩʪʨʘʣʦʤ ʤʦʞʝ ʙʠʪʠ 

ʩʢʫʧʦ ʨʿʝʰʝˁʝ, ʦʥʦ ˂ʝ ʚʿʝʨʦʚʘʪʥʦ ʙʠʪʠ ʠ ʿʝʜʘʥ ʦʜ ʦʛʨʘʥʠʯʘʚʘʿʫ˂ʠʭ ʬʘʢʪʦʨʘ ʫ 
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ʩʣʦʞʝʥʦʩʪʠ ʜʠʟʘʿʥʘ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʢʘʦ ʠ ʫʢʫʧʥʝ ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʠ 

ʧʝʨʬʦʨʤʘʥʩʠ CMP-ʘ. 

ʅʘ ʢʨʘʿʫ, ʦʛʨʘʥʠʯʝˁʘ ʫ ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʫʦʯʝʥʘ ʢʦʜ ʧʨʝʪʭʦʜʥʦ ʘʥʘʣʠʟʠʨʘʥʠʭ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP-ʘ ʢʦʿʠ ʧʦʜʨʞʘʚʘʿʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʥʠʚʦʫ ʩʫ 

ʩʘʞʝʪʘ ʫ ʪʘʙʝʣʠ 3-7. 

 

ʊʘʙʝʣʘ 3-7.  ʆʛʨʘʥʠʯʝˁʘ ʫ ʩʢʘʣʘʙʠʣʥʦʩʪʠ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP-ʘ  

ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ 

CMP ʆʛʨʘʥʠʯʝˁʘ ʩʢʘʣʘʙʠʣʥʦʩʪʠ 

Multiscalar  

ʉʣʦʞʝʥʘ ʧʦʜʨʰʢʘ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ ʫ ʩʚʘʢʦʿ ʧʨʦʮʝʩʦʨʩʢʦʿ ʿʝʜʠʥʠʮʠ. 

ʊʦʧʦʣʦʛʠʿʘ ʧʨʩʪʝʥʘ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. 

Multiplex  

ʉʣʦʞʝʥʘ ʧʦʜʨʰʢʘ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ ʫ ʩʚʘʢʦʿ ʧʨʦʮʝʩʦʨʩʢʦʿ ʿʝʜʠʥʠʮʠ. 

ʊʦʧʦʣʦʛʠʿʘ ʧʨʩʪʝʥʘ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. 

SM 
ʍʘʨʜʚʝʨʩʢʠ ʤʝʭʘʥʠʟʤʠ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʠ ʧʨʝʜʠʢʮʠʿʫ. 

ʊʦʧʦʣʦʛʠʿʘ ʧʨʩʪʝʥʘ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. 

MP98 

ʏʚʨʩʪʦ ʩʧʨʝʛʥʫʪʘ ʘʨʭʠʪʝʢʪʫʨʘ.  

ɻʣʦʙʘʣʥʠ (ʜʠʿʝˀʝʥʠ) ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ, ʟʘʭʪʿʝʚʠ ʩʘ ʚʝ˂ʠʤ ʙʨʦʿʝʤ ʫʣʘʟʘ 

(ʧʦʨʪʦʚʘ) ʟʘ ʫʧʠʩ ʠ ʯʠʪʘˁʝ, ʜʫʛʘʯʢʘ ʦʞʠʯʝˁʘ.  

MAJC  

ʏʚʨʩʪʦ ʩʧʨʝʛʥʫʪʘ ʘʨʭʠʪʝʢʪʫʨʘ. 

ɻʣʦʙʘʣʥʠ (ʜʠʿʝˀʝʥʠ) ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ, ʟʘʭʪʿʝʚʠ ʩʘ ʚʝ˂ʠʤ ʙʨʦʿʝʤ ʫʣʘʟʘ 

(ʧʦʨʪʦʚʘ) ʟʘ ʫʧʠʩ ʠ ʯʠʪʘˁʝ, ʜʫʛʘʯʢʘ ʦʞʠʯʝˁʘ.  

Trace 

ɻʣʦʙʘʣʥʠ (ʜʠʿʝˀʝʥʠ) ʩʢʫʧ ʨʝʛʠʩʪʘʨʘ, ʟʘʭʪʿʝʚʠ ʩʘ ʚʝ˂ʠʤ ʙʨʦʿʝʤ ʫʣʘʟʘ 

(ʧʦʨʪʦʚʘ) ʟʘ ʫʧʠʩ ʠ ʯʠʪʘˁʝ, ʜʫʛʘʯʢʘ ʦʞʠʯʝˁʘ. 

ɻʣʦʙʘʣʥʝ ʠ ʣʦʢʘʣʥʝ ʤʘʛʠʩʪʨʘʣʝ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʟʫʣʪʘʪʘ ʠʟʚʨʰʘʚʘˁʘ ʥʠʪʠ  

IACOMA  

ʃʦʛʠʢʘ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʜʦʩʪʫʧʥʦʩʪʠ ʜʘʪʦʛ ʨʝʛʠʩʪʨʘ ʢʦʿʘ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʫ 

ʩʚʘʢʦʿ ʧʨʦʮʝʩʦʨʩʢʦʿ ʿʝʜʠʥʠʮʠ. 

ʃʦʛʠʢʘ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʧʦʩˀʝʜˁʝ ʨʝʛʠʩʪʘʨʩʢʝ ʢʦʧʠʿʝ ʢʦʿʘ ʿʝ ʠʤʧʣʝʤʝʪʠʨʘʥʘ ʫ 

ʩʚʘʢʦʿ ʧʨʦʮʝʩʦʨʩʢʦʿ ʿʝʜʠʥʠʮʠ. 

ɼʠʿʝˀʝʥʘ ʤʘʛʠʩʪʨʘʣʘ. 

Atlas 

ʇʨʝʜʠʢʪʦʨ ʟʘ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʫ ʪʦʢʘ ʧʨʦʛʨʘʤʘ. 

ɼʠʿʝˀʝʥʘ ʤʘʛʠʩʪʨʘʣʘ. 

ʊʦʧʦʣʦʛʠʿʘ ʧʨʩʪʝʥʘ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. 

NEKO 

ʉʣʦʞʝʥʘ ʧʦʜʨʰʢʘ ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʨʝʛʠʩʪʘʨʩʢʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ ʫ ʩʚʘʢʦʿ ʧʨʦʮʝʩʦʨʩʢʦʿ ʿʝʜʠʥʠʮʠ. 

ʊʦʧʦʣʦʛʠʿʘ ʧʨʩʪʝʥʘ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. 

Pinot ʊʦʧʦʣʦʛʠʿʘ ʧʨʩʪʝʥʘ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. 

Mitosis 
RVT ʩʪʨʫʢʪʫʨʘ. 

ʊʦʧʦʣʦʛʠʿʘ ʧʨʩʪʝʥʘ ʟʘ ʨʘʟʤʿʝʥʫ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. 
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ɻʣʘʚʘ 4.  ʄʝʤʦʨʠʿʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʢʦʜ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʧʨʦʮʝʩʦʨʘ 
 

ʇʨʠʣʠʢʦʤ ʠʟʚʨʰʘʚʘˁʘ ʧʨʦʛʨʘʤʘ, ʩʘʤʦ ʤʘˁʠ ʜʠʦ ʧʦʜʘʪʘʢʘ ʤʦʞʝ ʜʘ ʩʝ ʜʨʞʠ ʫ 

ʨʝʛʠʩʪʨʠʤʘ ʟʙʦʛ ˁʠʭʦʚʦʛ ʦʛʨʘʥʠʯʝʥʦʛ ʙʨʦʿʘ, ʘ ʚʝ˂ʠʥʘ ʧʦʜʘʪʘʢʘ ʩʝ ʥʘʣʘʟʠ ʫ 

ʤʝʤʦʨʠʿʩʢʦʿ ʭʠʿʝʨʘʨʭʠʿʠ. ɿʘʪʦ ʩʚʘʢʠ ʦʜ ʧʦʩʪʦʿʝ˂ʠʭ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʩʠʩʪʝʤʘ 

ʧʦʜʨʞʘʚʘ ʩʧʝʢʫʣʘʮʠʿʫ ʥʘ ʥʠʚʦʫ ʤʝʤʦʨʠʿʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ. ʈʘʜʠ ʙʦˀʝʛ 

ʨʘʟʫʤʠʿʝʚʘˁʘ ʠ ʦʚʜʿʝ ʿʝ, ʢʘʦ ʫ ʧʨʝʪʭʦʜʥʦʿ ʛʣʘʚʠ, ʧʨʚʦ ʥʘʧʨʘʚˀʝʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ 

ʦʚʠʭ ʩʠʩʪʝʤʘ ʧʦ ʢʨʠʪʝʨʠʿʫʤʫ ʦʨʛʘʥʠʟʘʮʠʿʝ ʤʝʤʦʨʠʿʩʢʝ ʭʠʿʝʨʘʨʭʠʿʝ, ʘ ʟʘʪʠʤ ʿʝ 

ʩʧʨʦʚʝʜʝʥʘ ʜʝʪʘˀʥʘ ʘʥʘʣʠʟʘ ˁʠʭʦʚʝ ʭʘʨʜʚʝʨʩʢʝ ʠ ʩʦʬʪʚʝʨʩʢʝ ʩʣʦʞʝʥʦʩʪʠ 

ʧʦʜʨʰʢʝ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ. 

 

4.1  ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʧʨʦʮʝʩʦʨʘ ʩʘ 

ʤʝʤʦʨʠʿʩʢʦʤ ʢʦʤʫʥʠʢʘʮʠʿʦʤ 
 

ʆʨʛʘʥʠʟʘʮʠʿʘ ʤʝʤʦʨʠʿʩʢʝ ʭʠʿʝʨʘʨʭʠʿʝ ʿʝ ʿʝʜʘʥ ʦʜ ʦʜʣʫʯʫʿʫ˂ʠʭ ʬʘʢʪʦʨʘ ʢʦʿʠ 

ʫʪʠʯʫ ʥʘ ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʩʣʦʞʝʥʦʩʪ ʩʠʩʪʝʤʘ. ʆʧʪʠʤʘʣʥʦ ʨʿʝʰʝˁʝ ʩʝ ʦʙʠʯʥʦ ʜʦʙʠʿʘ 

ʢʘʦ ʢʦʤʧʨʦʤʠʩ ʦʚʘ ʜʚʘ ʠʥʜʠʢʘʪʦʨʘ. ʇʝʨʬʦʨʤʘʥʩʝ ʤʝʤʦʨʠʿʩʢʦʛ ʩʠʩʪʝʤʘ ʫ 

ʤʫʣʪʠʧʨʦʮʝʩʦʨʫ ʦʙʠʯʥʦ ʟʘʚʠʩʝ ʦʜ ʚʨʝʤʝʥʘ ʧʨʠʩʪʫʧʘ ʜʠʿʝˀʝʥʠʤ ʧʦʜʘʮʠʤʘ, ʢʘʦ ʠ 

ʦʜ ʚʝʣʠʯʠʥʝ ʜʠʿʝʣʘ ʤʝʤʦʨʠʿʩʢʝ ʭʠʿʝʨʘʨʭʠʿʝ ʧʨʠʚʘʪʥʦʛ ʟʘ ʩʚʘʢʠ ʧʨʦʮʝʩʦʨ, ʜʦʢ 

ʩʣʦʞʝʥʦʩʪ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʘ ʢʦʧʠʿʘ ʿʝʜʥʦʛ ʧʦʜʘʪʢʘ ʫ ʤʝʤʦʨʠʿʩʢʦʤ ʩʠʩʪʝʤʫ. ʋ 

ʩʪʫʜʠʿʠ [NAYF1996] ʩʫ ʝʚʘʣʫʠʨʘʥʝ ʪʨʠ ʘʨʭʠʪʝʢʪʫʨʝ ʤʝʤʦʨʠʿʩʢʦʛ ʩʠʩʪʝʤʘ ʧʨʠ 

ʠʟʚʨʰʘʚʘˁʫ ʧʘʨʘʣʝʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʠ ʤʫʣʪʠʧʨʦʛʨʘʤʩʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʈʝʟʫʣʪʘʪʠ 

ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 4-1 ʧʦʢʘʟʫʿʫ ʜʘ ʩʫ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʟʘ ʧʘʨʘʣʝʣʥʝ ʘʧʣʠʢʘʮʠʿʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʙʦˀʝ ʠ ʩʣʦʞʝʥʦʩʪ ʤʘˁʘ ʰʪʦ ʿʝ ʟʘʿʝʜʥʠʯʢʠ ʜʠʦ ʭʠʿʝʨʘʨʭʠʿʝ ʙʣʠʞʠ 
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ʧʨʦʮʝʩʦʨʠʤʘ, ʜʦʢ ʩʫ ʟʘ ʤʫʣʪʠʧʨʦʛʨʘʤʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʧʝʨʬʦʨʤʘʥʩʝ ʙʦˀʝ ʰʪʦ ʿʝ 

ʠʥʪʝʨʢʦʥʮʝʢʮʠʿʘ ʜʘˀʘ ʦʜ ʧʨʦʮʝʩʦʨʘ.  

 

ʊʘʙʝʣʘ 4-1. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʘʨʭʠʪʝʢʪʫʨʝ ʩʘ ʜʠʿʝˀʝʥʦʤ ʤʝʤʦʨʠʿʦʤ 

ʅʠʚʦ 

ʧʝʨʬʦʨʤʘʥʩʠ 

ʇʝʨʬʦʨʤʘʥʩʝ 

ʧʘʨʘʣʝʣʥʝ ʘʧʣʠʢʘʮʠʿʝ 

ʇʝʨʬʦʨʤʘʥʩʝ 

ʤʫʣʪʠʧʨʦʛʨʘʤʩʢʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ 

ʉʣʦʞʝʥʦʩʪ 

ʅʘʿʙʦˀʝ ɼʠʿʝˀʝʥʘ L1 ʢʝʰ ʤʝʤ. ɼʠʿʝˀʝʥʘ ʛʣʘʚʥʘ ʤʝʤ. ɼʠʿʝˀʝʥʘ L1 ʢʝʰ ʤʝʤ. 

é ɼʠʿʝˀʝʥʘ L2 ʢʝʰ ʤʝʤ. ɼʠʿʝˀʝʥʘ L2 ʢʝʰ ʤʝʤ. ɼʠʿʝˀʝʥʘ L2 ʢʝʰ ʤʝʤ. 

ʅʘʿʣʦʰʠʿʝ ɼʠʿʝˀʝʥʘ ʛʣʘʚʥʘ ʤʝʤ. ɼʠʿʝˀʝʥʘ L1 ʢʝʰ ʤʝʤ. ɼʠʿʝˀʝʥʘ ʛʣʘʚʥʘ ʤʝʤ. 

 

ʆʨʛʘʥʠʟʘʮʠʿʘ ʤʝʤʦʨʠʿʩʢʦʛ ʩʠʩʪʝʤʘ ʠʤʘ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 

ʤʝʭʘʥʠʟʘʤʘ ʯʫʚʘˁʘ, ʩʠʥʭʨʦʥʠʟʘʮʠʿʝ ʠ ʢʦʤʫʥʠʢʘʮʠʿʝ ʤʝʤʦʨʠʿʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ 

ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʫ ʩʧʝʢʫʣʘʪʠʚʥʠʤ CMP ʩʠʩʪʝʤʠʤʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʦʥʘ 

ʫʩʚʦʿʝʥʘ ʢʘʦ ʛʣʘʚʥʠ ʢʨʠʪʝʨʠʿʫʤ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʫ ʦʚʦʤ ʧʨʝʛʣʝʜʫ. ʇʦʩʪʦʿʝ ʪʨʠ 

ʤʦʛʫ˂ʘ ʧʨʠʩʪʫʧʘ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʤʝʤʦʨʠʿʩʢʝ ʭʠʿʝʨʘʨʭʠʿʝ ʫ CMP aʨʭʠʪʝʢʪʫʨʘʤʘ: 

ʜʠʿʝˀʝʥʘ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ, ʜʠʩʪʨʠʙʫʠʨʘʥʝ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʠ ʜʠʿʝˀʝʥʘ L2 ʢʝʰ 

ʤʝʤʦʨʠʿʘ, ʢʘʦ ʠ ʜʠʩʪʨʠʙʫʠʨʘʥʝ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʠ ʜʠʿʝˀʝʥʘ ʛʣʘʚʥʘ ʤʝʤʦʨʠʿʘ. 

ʄʦʪʠʚʘʮʠʿʘ ʟʘ ʫʚʦʹʝˁʝ ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ ʣʝʞʠ ʫ ʪʦʤʝ ʰʪʦ ʩʝ 

ʩʘ ʦʚʠʤ ʧʨʠʩʪʫʧʦʤ ʦʙʝʟʙʿʝʹʫʿʝ ʚʝʣʠʢʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʠ ʤʘʣʘ ʣʘʪʝʥʮʠʿʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʜʠʿʝˀʝʥʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʫ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʦʪʨʝʙʘ ʟʘ ʦʜʨʞʘʚʘˁʝ ʢʦʭʝʨʝʥʮʠʿʝ 

ʥʘ ʥʠʚʦʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ ʣʝʞʠ ʫ ʪʦʤʝ ʰʪʦ ʙʝʟ ʘʧʩʪʨʘʢʮʠʿʝ ʜʠʿʝˀʝʥʝ ʤʝʤʦʨʠʿʝ 

ʧʦʩʘʦ ʧʨʝʚʦʜʠʦʮʘ ʧʦʩʪʘʿʝ ʚʝʦʤʘ ʪʝʞʘʢ. 

ʇʦʩʪʦʿʠ ʟʥʘʯʘʿʥʘ ʢʦʣʠʯʠʥʘ ʜʠʝʿˀʝʥʠʭ ʧʦʜʘʪʘʢʘ ʠʟʤʝʹʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ 

ʟʘʪʦ ʰʪʦ ʩʫ ʪʘʢʚʝ ʥʠʪʠ ʜʦʙʠʿʝʥʝ ʠʟ ʧʨʦʛʨʘʤʘ ʢʦʿʠ ʥʠʿʝ ʧʠʩʘʥ ʢʘʦ ʧʘʨʘʣʝʣʘʥ ʦʜ 

ʩʘʤʦʛ ʧʦʯʝʪʢʘ. ʇʦʰʪʦ ʩʧʝʢʫʣʘʪʠʚʥʠ ʩʠʩʪʝʤ ʤʦʨʘ ʜʘ ʧʨʦʩʣʠʝʿʜʠ ʜʠʿʝˀʝʥʝ ʧʦʜʘʪʢʝ 

ʙʨʟʦ ʠ ʝʬʠʢʘʩʥʦ, ʧʦʨʝʜ ʦʨʛʘʥʠʟʘʮʠʿʝ ʤʝʤʦʨʠʿʩʢʦʛ ʩʠʩʪʝʤʘ ʢʦʿʘ ʿʝ ʫʩʚʦʿʝʥʘ ʢʘʦ 

ʛʣʘʚʥʠ ʢʨʠʪʝʨʠʿʫʤ, ʢʘʦ ʜʨʫʛʠ ʢʣʘʩʠʬʠʢʘʮʠʦʥʠ ʢʨʠʪʝʨʠʿʫʤ ʢʦʿʠ ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ 

ʜʠʟʘʿʥ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʧʨʦʮʝʩʦʨʘ ʩʘ ʭʘʨʜʚʝʨʩʢʦʤ ʠ ʩʦʬʪʚʝʨʩʢʦʤ ʧʦʜʨʰʢʦʤ 

ʟʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʤʝʤʦʨʠʿʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʿʝʟʛʘʨʘ ʥʘ 

ʯʠʧʫ ʿʝ ʪʦʧʦʣʦʛʠʿʘ ʧʦʚʝʟʠʚʘˁʘ ʿʝʟʛʘʨʘ ʠ ʤʝʤʦʨʠʿʩʢʦʛ ʩʠʩʪʝʤʘ. 

ʄʘʛʠʩʪʨʘʣʘ je ʛʣʘʚʥʠ ʠʟʙʦʨ ʫ ʪʦʧʦʣʦʛʠʿʠ ʤʨʝʞʝ ʢʦʿʘ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʢʦʜ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʧʨʦʮʝʩʦʨʘ Multiscalar, Hydra, STAMPede, Atlas, Trace, NEKO, Pinot 

ʠ Mitosis. ɱʝʜʥʦʩʪʘʚʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʤʘʛʠʩʪʨʘʣʝ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʜʦʚʦˀʥʘ ʜʘ ʦʧʩʣʫʞʠ 

ʤʘʣʠ ʙʨʦʿ ʿʝʟʛʘʨʘ ʥʘ ʯʠʧʫ (ʥʧʨ., ʦʜ 4 ʜʦ 8 ʿʝʟʛʘʨʘ). ʄʝʹʫʪʠʤ, ʚʝ˂ʠ ʙʨʦʿ ʿʝʟʛʘʨʘ ʠʣʠ 

ʢʦʨʠʰ˂ʝˁʝ ʙʨʞʠʭ ʿʝʟʛʘʨʘ ʥʝʤʠʥʦʚʥʦ ʪʨʘʞʠ ʚʝ˂ʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʥʘ ʤʘʛʠʩʪʨʘʣʠ 

ʰʪʦ ʩʝ ʤʦʞʝ ʧʦʩʪʠ˂ʠ ʫʚʦʹʝˁʝʤ ʚʠʰʝ ʤʘʛʠʩʪʨʘʣʘ ʠʣʠ ʭʠʿʝʨʘʨʭʠʿʝ ʣʦʢʘʣʥʠʭ ʠ 

ʛʣʦʙʘʣʥʠʭ ʤʘʛʠʩʪʨʘʣʘ. ʂʦʜ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʧʨʦʮʝʩʦʨʘ ʢʘʦ ʰʪʦ ʩʫ SM, MP98 

(Merlot), MAJC ʠ I-ACOMA, ʤʨʝʞʝ ʜʠʨʝʢʪʥʝ ʧʦʚʝʟʘʥʦʩʪʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʤʝʤʦʨʠʿʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʿʝʟʛʘʨʘ ʥʘ ʯʠʧʫ. 

ʅʘ ʩʣʠʮʠ 4-1 ʿʝ ʧʨʠʢʘʟʘʥʘ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʨʘʟʤʘʪʨʘʥʠʭ ʩʠʩʪʝʤʘ ʜʦʙʠʿʝʥʘ 

ʧʨʠʤʿʝʥʦʤ ʜʚʘ ʧʦʤʝʥʫʪʘ ʢʨʠʪʝʨʠʿʫʤʘ. 
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ʉʣʠʢʘ 4-1. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP-ʦʚʘ ʩʘ ʧʦʜʨʰʢʦʤ ʟʘ ʤʝʤʦʨʠʿʩʢʫ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ 

 

ʉʧʝʢʫʣʘʪʠʚʥʠ ʤʝʤʦʨʠʿʩʢʠ ʩʠʩʪʝʤ ʤʦʨʘ ʜʘ ʦʙʝʟʙʠʝʿʜʠ ʠ ʤʝʭʘʥʠʟʘʤ ʟʘ ʧʨʘ˂ʝˁʝ 

ʯʠʪʘˁʘ ʠ ʫʧʠʩʘ ʜʠʿʝˀʝʥʝ ʤʝʤʦʨʠʿʝ. ʂʘʜʘ ʩʧʝʢʫʣʘʪʠʚʥʠʿʘ ʥʠʪ ʧʨʦʯʠʪʘ ʧʦʜʘʪʘʢ, ʘ 

ʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʘ ʛʘ ʥʘʢʦʥ ʪʦʛʘ ʫʧʠʰʝ, ʜʦʰʣʦ ʿʝ ʜʦ ʥʘʨʫʰʘʚʘˁʘ ʤʝʤʦʨʠʿʩʢʠʭ 

ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ. ɼʝʪʝʢʮʠʿʘ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ 

ʦʤʦʛʫ˂ʘʚʘ ʩʠʩʪʝʤʫ ʜʘ ʫʪʚʨʜʠ ʢʘʜʘ ʥʠʪʠ ʥʠʿʝʩʫ ʫ ʩʪʚʘʨʠ ʧʘʨʘʣʝʣʥʝ, ʢʘʢʦ ʙʠ ʩʝ ʥʠʪ 

ʢʦʿʘ ʿʝ ʠʟʘʟʚʘʣʘ ʥʘʨʫʰʘʚʘˁʝ ʧʦʥʦʚʦ ʠʟʚʨʰʠʣʘ ʩʘ ʠʩʧʨʘʚʥʦʤ ʚʨʠʿʝʜʥʦʰ˂ʫ ʧʦʜʘʪʢʘ. 

ʊʘʢʦʹʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʠʿʝʜʠʪʠ ʠ ʤʝʭʘʥʠʟʘʤ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʧʝʢʫʣʘʪʠʚʥʘ 

ʤʝʤʦʨʠʿʘ ʙʫʜʝ ʨʝʩʝʪʦʚʘʥʘ ʧʦʩʣʠʿʝ ʜʝʪʝʢʮʠʿʝ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ; 

ʩʚʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʠʟʤʝʿʥʝ ʩʪʘˁʘ ʤʝʤʦʨʠʿʝ ʤʦʨʘʿʫ ʜʘ ʙʫʜʫ ʦʜʙʘʯʝʥʝ, ʘ ʥʠʿʝʜʥʦ 

ʩʪʘʣʥʦ ʩʪʘˁʝ ʤʝʤʦʨʠʿʝ ʥʝ ʩʤʠʿʝ ʜʘ ʙʫʜʝ ʠʟʛʫʙˀʝʥʦ ʫ ʪʦʤ ʧʨʦʮʝʩʫ. 

ʂʘʜʘ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʫʩʧʝʿʰʥʦ ʟʘʚʨʰʠ ʠʟʚʨʰʘʚʘˁʝ, ʤʦʨʘ ʩʝ ʘʞʫʨʠʨʘʪʠ 

ʩʪʘʣʥʦ ʩʪʘˁʝ ʤʝʤʦʨʠʿʝ ʫ ʢʦʨʝʢʪʥʦʤ ʧʨʦʛʨʘʤʩʢʦʤ ʧʦʨʝʪʢʫ ʧʦʰʪʫʿʫ˂ʠ 

ʩʝʢʚʝʥʮʠʿʘʣʥʫ ʩʝʤʘʥʪʠʢʫ. ʆʚʦ ʤʦʞʝ ʜʘ ʟʘʭʪʠʿʝʚʘ ʦʜʣʘʛʘˁʝ ʫʧʠʩʘ ʦʜ ʩʪʨʘʥʝ 

ʩʧʝʢʫʣʘʪʠʚʥʠʿʠʭ ʥʠʪʠ ʢʦʿʠ ʩʫ ʩʝ ʟʘʠʩʪʘ ʜʦʛʦʜʠʣʠ ʧʨʠʿʝ ʫʧʠʩʘ ʦʜ ʩʪʨʘʥʝ 

ʧʨʝʪʭʦʜʥʠʭ, ʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ. ʊʘʢʦʹʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʠʿʝʜʠʪʠ ʜʘ 

ʧʨʝʪʭʦʜʥʘ ʥʠʪ, ʙʠʣʦ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʠʣʠ ʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ, ʥʝ ʤʦʞʝ ʜʘ ʚʠʜʠ 

ʥʠʿʝʜʥʫ ʧʨʦʤʿʝʥʫ ʥʘʯʠˁʝʥʫ ʦʜ ʩʪʨʘʥʝ ʩʧʝʢʫʣʘʪʠʚʥʠʿʝ ʥʠʪʠ ʧʦʰʪʦ ʩʝ ʪʦ ʥʝ ʙʠ 

ʜʝʩʠʣʦ ʥʠ ʫ ʦʨʠʛʠʥʘʣʥʦʤ ʩʝʢʚʝʥʮʠʿʘʣʥʦʤ ʧʨʦʛʨʘʤʫ. 

ʋ ʥʘʩʪʘʚʢʫ ˂ʝ ʙʠʪʠ ʘʥʘʣʠʟʠʨʘʥʦ ʢʘʢʦ ʧʦʩʪʦʿʝ˂ʠ ʩʧʝʢʫʣʘʪʠʚʥʠ CMP ʩʠʩʪʝʤʠ 

ʟʘʜʦʚʦˀʘʚʘʿʫ ʟʘʭʪʿʝʚʝ ʟʘ ʢʦʨʝʢʪʥʦ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʫʟ ʧʦʤʦ˂ 

ʤʝʤʦʨʠʿʩʢʠʭ ʧʨʦʪʦʢʦʣʘ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʠ ʢʦʭʝʨʝʥʮʠʿʫ ʩʘ ʦʜʨʝʹʝʥʦʤ ʭʘʨʜʚʝʨʩʢʦʤ 
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ʠ/ʠʣʠ ʩʦʬʪʚʝʨʩʢʦʤ ʧʦʜʨʰʢʦʤ ʢʦʿʠ ʫʥʦʩʝ ʜʦʜʘʪʥʫ ʩʣʦʞʝʥʦʩʪ (overhead) ʫ ʦʜʥʦʩʫ 

ʥʘ ʛʝʥʝʨʠʯʢʝ CMP ʩʠʩʪʝʤʝ. ʅʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʦʚʠʭ ʫʦʯʝʥʠʭ ʜʦʜʘʪʥʠʭ ʪʨʦʰʢʦʚʘ 

ʤʦʛʫ˂ʝ ʿʝ ʠʟʚʝʩʪʠ ʦʜʨʝʹʝʥʝ ʟʘʢˀʫʯʢʝ ʢʦʿʠ ʩʫ ʦʜ ʧʦʤʦ˂ʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ 

ʭʘʨʜʚʝʨʩʢʦ/ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʟʘ ʤʝʤʦʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʫ ʧʨʝʜʣʦʞʝʥʦʤ 

ʩʧʝʢʫʣʘʪʠʚʥʦʤ CMP ʨʿʝʰʝˁʫ [RADU2006, RADU2007, RADU2007a]. 

 

4.2  ɸʥʘʣʠʟʘ ʤʝʤʦʨʠʿʩʢʠʭ ʧʨʦʪʦʢʦʣʘ 

ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʠ ʢʦʭʝʨʝʥʮʠʿʫ ʫ CMP ʧʨʦʮʝʩʦʨʠʤʘ 
 

ʋ ʩʧʝʢʫʣʘʪʠʚʥʠʤ CMP ʩʠʩʪʝʤʠʤʘ ʧʦʜʨʰʢʘ ʟʘ ʢʦʨʝʢʪʥʦ ʫʧʨʘʚˀʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʠʤ ʠʟʚʨʰʘʚʘˁʝʤ ʿʝ ʦʙʠʯʥʦ ʠʥʪʝʛʨʠʩʘʥʘ ʫ ʤʝʤʦʨʠʿʩʢʝ ʧʨʦʪʦʢʦʣʝ ʟʘ 

ʩʧʝʢʫʣʘʮʠʿʫ ʠ ʢʦʭʝʨʝʥʮʠʿʫ ʠ, ʧʦ ʧʨʘʚʠʣʫ, ʿʝ ʚʝʦʤʘ ʩʣʦʞʝʥʘ. ʆʚʘ ʘʥʘʣʠʟʘ ʠʤʘ ʟʘ 

ʮʠˀ ʜʘ ʨʘʟʤʦʪʨʠ ʟʘʭʪʿʝʚʥʝ ʝʣʝʤʝʥʪʝ ʦʚʝ ʧʦʜʨʰʢʝ ʫ ʧʦʩʪʦʿʝ˂ʠʤ ʩʠʩʪʝʤʠʤʘ ʢʘʢʦ ʙʠ 

ʩʝ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʜʦʰʣʦ ʜʦ ʧʨʝʜʣʦʛʘ ʝʬʠʢʘʩʥʦʛ ʨʝʿʰʝˁʘ ʢʦʿʝ ʙʠ ʠʤʘʣʦ ʩʢʨʦʤʥʫ 

ʭʘʨʜʚʝʨʩʢʫ ʠ ʩʦʬʪʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʠ ʢʦʿʝ ʙʠ ʦʪʢʣʦʥʠʣʦ ʥʝʢʝ ʥʝʝʬʠʢʘʩʥʦʩʪʠ. 

ʋ ʦʚʦʿ ʘʥʘʣʠʟʠ ʧʦʜʨʰʢʝ ʫʦʯʝʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʘʩʧʝʢʘʪʘ: 

ʘ) ʩʣʦʞʝʥʦʩʪ ʭʘʨʜʚʝʨʩʢʝ ʧʦʜʨʰʢʝ, 

ʙ) ʩʣʦʞʝʥʦʩʪ ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ, 

ʚ) ʥʝʫʿʝʜʥʘʯʝʥ ʩʘʦʙʨʘ˂ʘʿ (bursty traffic) ʧʨʠʣʠʢʦʤ ʟʘʚʨʰʝʪʢʘ ʥʠʪʠ, 

ʛ) ʥʝʧʨʠʣʘʛʦʹʝʥʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘʤʿʝʥʝ. 

 

4.2.1 ʉʣʦʞʝʥʦʩʪ ʭʘʨʜʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ 

 

ʉʚʠ ʩʧʝʢʫʣʘʪʠʚʥʠ CMP ʩʠʩʪʝʤʠ ʰʠʨʦʢʦ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʝ ʭʘʨʜʚʝʨʩʢʝ 

ʤʝʭʘʥʠʟʤʝ ʟʘ ʨʿʝʰʘʚʘˁʝ ʤʝʤʦʨʠʿʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʠ ʯʫʚʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʩʪʘˁʘ. ʆʚʘ ʧʦʜʨʰʢʘ ʥʘʤʝ˂ʝ ʧʦʪʨʝʙʫ ʟʘ, ʯʝʩʪʦ, ʩʣʦʞʝʥʦʤ ʜʦʜʘʪʥʦʤ 

ʭʘʨʜʚʝʨʩʢʦʤ ʣʦʛʠʢʦʤ. 

ʎʝʥʪʨʘʣʠʟʦʚʘʥʠ ARB (Address Resolution Buffer) ʙʣʦʢ ʫ Multiscalar-ʫ ʿʝ ʩʣʠʯʘʥ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʿ ʢʝʰ ʤʝʤʦʨʠʿʠ ʟʘ ʧʦʜʘʪʢʝ. ʉʚʘʢʠ ʫʣʘʟ ʩʘʜʨʞʠ ʘʜʨʝʩʥʠ ʪʘʛ, ʧʦ 

ʿʝʜʥʦ ʧʦˀʝ ʚʝʣʠʯʠʥʝ ʢʝʰ ʨʠʿʝʯʠ ʟʘ ʩʚʘʢʦ ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ ʠ ʙʠʪʦʚʘ ʩʪʘˁʘ (3 

ʙʠʪʘ) ʟʘ ʩʚʘʢʠ ʦʜ ʧʦʜʘʪʘʢʘ. ʆʥʠ ʩʣʫʞʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʜʘ ʣʠ ʿʝ ʚʝʨʟʠʿʘ ʚʘʣʠʜʥʘ ʠ ʜʘ 

ʣʠ ʩʫ ʚʨʰʝʥʝ ʦʧʝʨʘʮʠʿʝ ʯʠʪʘˁʘ ʠ ʫʧʠʩʘ. ʂʦʜ ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ARB-ʘ ʩʚʘʢʦ 

ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ ʿʝ ʧʦʚʝʟʘʥʦ ʩʘ ʧʨʠʚʘʪʥʦʤ ʢʦʧʠʿʦʤ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ARB-ʘ ʠ ʢʝʰʘ ʟʘ ʧʦʜʘʪʢʝ, ʧʘ ʚʝʨʟʠʿʝ ʧʦʜʘʪʘʢʘ ʥʠʩʫ ʦʜʤʘʭ ʜʦʩʪʫʧʥʝ ʢʘʦ ʢʦʜ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʝ ʰʝʤʝ. ʉʪʨʫʢʪʫʨʘ ʫʣʘʟʘ ʢʦʜ ʦʙʘ ARB-ʘ ʿʝ ʩʣʠʯʥʘ, ʘʣʠ ʢʦʜ 

ʜʠʩʪʨʠʙʫʠʨʘʥʦʛ ARB-ʘ ʧʦʜʘʮʠ ʥʠʿʝʩʫ ʩʪʚʘʨʥʝ ʚʝʨʟʠʿʝ ʚʝ˂ ʜʫʧʣʠʢʘʪʠ ʫʧʠʩʘ 

ʦʟʥʘʯʝʥʠ ʜʦʜʘʪʥʠʤ ʙʠʪʦʤ ʩʪʘˁʘ. ʅʘʨʫʰʘʚʘˁʝ ʤʝʤʦʨʠʿʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʧʦ 

ʧʦʜʘʮʠʤʘ ʩʝ ʜʝʪʝʢʪʫʿʝ ʧʦʤʦ˂ʫ ʙʠʪʦʚʘ ʩʪʘˁʘ ʟʘ ʩʚʘʢʠ ʫʧʠʩ ʫ ARB ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʢʦʥʪʨʦʣʥʝ ʣʦʛʠʢʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʫʛʠʭ, ARB ʨʿʝʰʝˁʝ ʢʦʨʠʩʪʠ ʜʠʿʝˀʝʥʫ L1 ʢʝʰ 

ʤʝʤʦʨʠʿʫ ʪʘʢʦ ʜʘ ʩʝ ʰʝʤʘ ʢʝʰ ʢʦʭʝʨʝʥʮʠʿʝ ʥʝ ʤʠʿʝˁʘ ʜʠʨʝʢʪʥʦ. ɻʣʘʚʥʠ 

ʥʝʜʦʩʪʘʪʘʢ ARB-ʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʩʚʝ ʤʝʤʦʨʠʿʩʢʝ ʦʧʝʨʘʮʠʿʝ ʫʢˀʫʯʫʿʫ ʢʘʰˁʝˁʝ 
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ʠʥʪʝʨʢʦʥʝʢʮʠʦʥʝ ʤʨʝʞʝ ʢʦʿʘ ʧʦʚʝʟʫʿʝ ARB ʠ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ. ʆʚʘ ʤʨʝʞʘ ʤʦʨʘ 

ʜʘ ʦʤʦʛʫ˂ʠ ʚʝʣʠʢʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʟʘ ʩʚʘ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ ʩʣʠʯʥʦ ʦʛʨʘʥʠʟʘʮʠʿʠ 

ʜʠʿʝˀʝʥʦʛ ʢʝʰʘ. Multiscalar, ʪʘʢʦʹʝ, ʫʢˀʫʯʫʿʝ ʠ ʭʘʨʜʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʫ ʚʠʜʫ 

ʩʝʢʚʝʥʮʝʨʘ ʥʠʪʠ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʢʦʥʪʨʦʣʝ ʪʦʢʘ ʧʨʦʛʨʘʤʘ [FRAN1996]. 

SVC h ʝʤʘ ʿʝ ʧʨʝʜʣʦʞʝʥʘ ʢʘʦ ʘʣʪʝʨʥʘʪʠʚʘ ʟʘ ARB ʰʝʤʫ ʢʦʜ Multiscalar-ʘ. ʆʥʘ 

ʩʘʜʨʞʠ ʧʨʠʚʘʪʥʝ ʢʝʰ ʤʝʤʦʨʠʿʝ ʟʘ ʩʚʘʢʦ ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ ʥʘ ʯʠʧʫ ʦʨʛʘʥʠʟʦʚʘʥʝ 

ʩʣʠʯʥʦ ʢʘʦ ʫ ʩʠʤʝʪʨʠʯʥʠʤ ʤʫʣʪʠʧʨʦʮʝʩʦʨʠʤʘ ʩʘ ʠʥʚʘʣʠʜʘʮʠʦʥʠʤ snoopy 

ʧʨʦʪʦʢʦʣʠʤʘ ʟʘ ʢʝʰ ʢʦʭʝʨʝʥʮʠʿʫ, ʩʘ ʜʦʜʘʪʢʦʤ ʧʦʩʝʙʥʠʭ ʙʠʪʦʚʘ ʫ ʢʝʰ ʣʠʥʠʿʝ. SVC 

ʰʝʤʘ ʢʦʨʠʩʪʠ ʭʘʨʜʚʝʨʩʢʫ ʣʦʛʠʢʫ ʟʘ ʢʦʥʪʨʦʣʫ ʚʝʨʟʠʿʘ ʧʦʜʘʪʘʢʘ, VCL (Version 

Control List), ʢʦʿʝ ʩʫ ʦʨʛʘʥʠʟʦʚʘʥʝ ʫ ʦʙʣʠʢʫ VOL (Version Ordering List) ʣʠʩʪʝ. 

ʇʦʨʝʜ ʜʦʜʘʪʥʠʭ ʙʠʪʦʚʘ, ʩʚʘʢʘ ʢʝʰ ʣʠʥʠʿʘ ʩʘʜʨʞʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʮʝʩʦʨʩʢʦʛ 

ʿʝʟʛʨʘ ʯʠʿʠ L1 ʢʝʰ ʠʤʘ ʥʘʨʝʜʥʫ ʚʝʨʟʠʿʫ ʫ ʣʠʩʪʠ ʟʘ ʪʫ ʣʠʥʠʿʫ. ʂʦʥʪʨʦʣʥʘ ʣʦʛʠʢʘ 

ʫʧʨʘʚˀʘ ʩʧʝʢʫʣʘʪʠʚʥʠʤ ʧʨʠʩʪʫʧʠʤʘ ʤʝʤʦʨʠʿʠ ʧʨʘ˂ʝˁʝʤ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ 

ʤʘʛʠʩʪʨʘʣʠ. SVC ʰʝʤʘ ʠʤʘ ʠ ʤʝʭʘʥʠʟʤʝ ʜʝʪʝʢʮʠʿʝ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʧʦ 

ʧʦʜʘʮʠʤʘ ʠ ʦʜʙʘʮʠʚʘˁʘ ʥʠʪʠ ʢʦʿʘ ʿʫ ʿʝ ʫʟʨʦʢʦʚʘʣʘ ʢʘʦ ʠ ʩʚʠʭ ʥʘʨʝʜʥʠʭ ʥʠʪʠ 

[GOPA1998]. 

Multiplex ʦʙʿʝʜʠˁʫʿʝ ʢʝʰ ʢʦʭʝʨʝʥʮʠʿʫ ʩʘ ʧʨʝʠʤʝʥʦʚʘˁʝʤ ʤʝʤʦʨʠʿʩʢʠʭ 

ʨʝʬʝʨʝʥʮʠ ʠ ʤʝʭʘʥʠʟʤʦʤ ʨʘʟʨʿʝʰʘʚʘˁʘ ʤʝʤʦʨʠʿʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʫ L1 ʢʝʰ 

ʤʝʤʦʨʠʿʘʤʘ ʢʨʦʟ MUCS ʧʨʦʪʦʢʦʣ ʢʦʿʠ ʿʝ ʠʟʚʝʜʝʥ ʠʟ ʄultiscalar SVC ʧʨʦʪʦʢʦʣʘ. 

ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʥʠʪʠ ʫ Multiplex-ʫ ʿʝ 

ʧʨʦʰʠʨʝʥʘ ʩʘ ʜʦʜʘʪʥʠʭ 6 ʙʠʪʦʚʘ ʩʪʘˁʘ ʟʘ ʩʚʘʢʫ L1 ʢʝʰ ʣʠʥʠʿʫ. MUCS ʧʨʦʪʦʢʦʣ 

ʢʦʨʠʩʪʠ ʢʦʥʘʯʥʠ ʘʫʪʦʤʘʪ ʩʘ ʜʚʘ ʩʢʫʧʘ ʩʪʘˁʘ. ʇʨʚʠ ʦʙʫʭʚʘʪʘ ʩʪʘˁʘ ʢʦʿʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʢʦʭʝʨʝʥʮʠʿʫ ʠʟʤʝʹʫ ʚʠʰʝʩʪʨʫʢʠʭ ʢʦʧʠʿʘ ʧʦʜʘʪʢʘ ʠ ʫ 

ʠʤʧʣʠʮʠʪʥʦʤ ʠ ʫ ʝʢʩʧʣʠʮʠʪʥʦʤ ʤʦʜʫ ʨʘʜʘ, ʘ ʜʨʫʛʠ ʦʙʫʭʚʘʪʘ ʩʪʘˁʘ ʢʦʿʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʩʧʝʢʫʣʘʮʠʿʫ ʜʘ ʙʠ ʩʝ ʦʜʨʞʘʦ ʧʨʦʛʨʘʤʩʢʠ ʨʘʩʧʦʨʝʜ ʠʟʤʝʹʫ ʚʠʰʝ 

ʚʝʨʟʠʿʘ ʫ ʠʤʧʣʠʮʠʪʥʦʤ ʤʦʜʫ ʨʘʜʘ [OOI2001]. 

ʉʧʝʢʫʣʘʪʠʚʥʘ ʰʝʤʘ ʢʦʭʝʨʝʥʮʠʿʝ ʟʘ ʩʚʘʢʫ L1 ʢʝʰ ʣʠʥʠʿʫ ʫ Hydrʘ-ʠ ʢʦʨʠʩʪʠ 

ʜʦʜʘʪʥʝ ʙʠʪʦʚʝ ʢʦʿʠ ʦʟʥʘʯʘʚʘʿʫ ʩʘʤʦ ʦʥʝ ʢʝʰ ʣʠʥʠʿʝ ʫ ʢʦʿʝ ʿʝ ʠʟʚʨʰʝʥ 

ʩʧʝʢʫʣʘʪʠʚʥʠ ʫʧʠʩ, ʧʘ ʤʦʛʫ ʜʘ ʠʭ ʯʠʪʘʿʫ ʩˀʝʜʝ˂ʝ ʥʠʪʠ ʢʦʿʝ ʪʨʝʙʘ ʜʘ ʙʫʜʫ 

ʠʟʚʨʰʝʥʝ ʥʘ ʪʦʤ ʿʝʟʛʨʫ. ɿʘ ʜʝʪʝʢʮʠʿʫ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʩʚʘʢʘ 

L1 ʢʝʰ ʣʠʥʠʿʘ ʩʝ ʧʨʦʰʠʨʫʿʝ ʠ ʩʘ ʜʦʜʘʪʥʠʭ 16 ʙʠʪʦʚʘ ʨʘʜʠ ʩʧʨʝʯʘʚʘˁʘ 

ʥʝʧʦʪʨʝʙʥʠʭ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʧʨʝʠʤʝʥʦʚʘˁʝ 

ʤʝʤʦʨʠʿʩʢʠʭ ʣʦʢʘʮʠʿʘ ʢʦʿʝ ʢʦʨʠʩʪʝ ʚʠʰʝ ʥʠʪʠ. ʆʩʠʤ ʦʚʠʭ ʜʦʜʘʪʥʠʭ ʙʠʪʦʚʘ Hydrʘ 

ʢʦʨʠʩʪʠ L2 ʩʝʢʫʥʜʘʨʥʝ ʙʘʬʝʨʝ ʫʤʿʝʩʪʦ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ ʟʘ ʯʫʚʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ 

ʚʨʠʿʝʜʥʦʩʪʠ ʜʦʢ ʥʝ ʧʦʩʪʘʥʫ ʩʠʛʫʨʥʝ ʜʘ ʙʠ ʩʝ ʤʦʛʣʝ ʩʘʯʫʚʘʪʠ ʫ L2 ʢʝʰʫ ʢʦʿʠ 

ʩʘʜʨʞʠ ʩʘʤʦ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʚʨʠʿʝʜʥʦʩʪʠ. ʉʧʝʢʫʣʘʪʠʚʥʦ ʩʪʘˁʝ ʩʝ ʦʜʨʞʘʚʘ ʥʘ 

ʥʠʚʦʫ ʢʝʰ ʣʠʥʠʿʝ ʫ ʨʝʞʠʤʫ ʪʨʝʥʫʪʥʦʛ ʫʧʠʩʘ, ʘ ʜʠʨʝʢʪʥʦ ʫ ʤʝʤʦʨʠʿʫ ʩʝ ʫʧʠʩʫʿʫ 

ʩʘʤʦ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʚʨʠʿʝʜʥʦʩʪʠ. ʇʦ ʿʝʜʘʥ L2 ʩʝʢʫʥʜʘʨʥʠ ʙʘʬʝʨ ʩʝ ʜʦʜʿʝˀʫʿʝ 

ʩʚʘʢʦʿ ʩʧʝʢʫʣʘʪʠʚʥʦʿ ʥʠʪʠ ʧʘ ʩʝ ʫʧʠʩʠ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʥʠʪʠ ʜʨʞʝ ʦʜʚʦʿʝʥʠʤ. 

ʇʦʩʪʦʿʠ ʚʠʰʝ L2 ʩʝʢʫʥʜʘʨʥʠʭ ʙʘʬʝʨʘ ʥʝʛʦ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʜʘ ʙʠ ʩʝ 

ʦʤʦʛʫ˂ʠʣʘ ʢʦʥʪʠʥʫʘʣʥʦʩʪ ʫ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʠʟʚʨʰʘʚʘˁʫ ʢʘʜʘ ʦʚʠ ʙʘʬʝʨʠ 

ʧʨʝʙʘʮʫʿʫ ʧʦʜʘʪʢʝ ʫ ʜʠʿʝˀʝʥʠ L2 ʢʝʰ. ʀʘʢʦ ʫʚʦʹʝˁʝ ʦʚʠʭ ʙʘʬʝʨʘ ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ 
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ʧʨʦʪʦʢʦʣ ʟʘ ʢʦʭʝʨʝʥʮʠʿʫ, ʦʥʠ ʩʝ ʤʦʛʫ ʧʨʝʧʫʥʠʪʠ ʠ ʟʘʫʩʪʘʚʠʪʠ ʠʟʚʨʰʘʚʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ. ʇʦʨʝʜ ʦʚʦʛʘ, ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ ʿʝ ʧʨʠʜʨʫʞʝʥ 

ʢʦʧʨʦʮʝʩʦʨ ʢʦʿʠ ʚʨʰʠ ʨʘʩʧʦʨʝʹʠʚʘˁʝ ʥʠʪʠ ʥʘ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ ʢʦʿʠ ʟʘʭʪʝʚʘ 

ʜʦʜʘʪʥʠ ʧʨʦʩʪʦʨ [OLUK2007]. 

ʋ STAMPede-ʫ ʫʦʙʠʯʘʿʝʥʠ MESI ʧʨʦʪʦʢʦʣ ʿʝ ʧʨʦʰʠʨʝʥ ʜʦʜʘʪʥʠʤ ʩʪʘˁʠʤʘ 

ʢʦʿʘ ʧʦʜʨʞʘʚʘʿʫ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ Hydrʘ-ʝ, ʩʧʝʢʫʣʘʪʠʚʥʝ 

ʚʨʠʿʝʜʥʦʩʪʠ ʩʝ ʯʫʚʘʿʫ ʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ ʟʘ ʧʦʜʘʪʢʝ ʜʦʢ ʥʝ ʧʦʩʪʘʥʫ ʩʠʛʫʨʥʝ ʟʘ 

ʧʨʝʙʘʮʠʚʘˁʝ ʫ ʚʠʰʠ ʥʠʚʦ ʤʝʤʦʨʠʿʝ. ʂʘʜʘ ʥʠʪ ʧʦʩʪʘʿʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʧʦʪʨʝʙʥʦ ʿʝ 

ʦʩʠʛʫʨʘʪʠ ʜʘ ˁʝʥʝ ʩʧʝʢʫʣʘʪʠʚʥʦ ʤʦʜʠʬʠʢʦʚʘʥʝ ʢʝʰ ʣʠʥʠʿʝ ʙʫʜʫ ʚʠʜˀʠʚʝ ʟʘ 

ʦʩʪʘʪʘʢ ʩʠʩʪʝʤʘ. ɿʘ ʪʫ ʩʚʨʭʫ STAMPede ʢʦʨʠʩʪʠ ʧʦʩʝʙʘʥ ORB (Ownership 

Required Buffer) ʙʘʬʝʨ ʪʘʢʦ ʰʪʦ ʫ ˁʝʤʫ ʯʫʚʘ ʘʜʨʝʩʫ ʩʚʘʢʝ ʩʧʝʢʫʣʘʪʠʚʥʦ 

ʤʦʜʠʬʠʢʦʚʘʥʝ ʠ ʜʠʿʝˀʝʥʝ ʢʝʰ ʣʠʥʠʿʝ ʟʘ ʧʦʪʨʝʙʝ ʿʝʜʥʦʩʪʘʚʥʠʿʝʛ ʧʨʦʣʘʩʢʘ ʢʨʦʟ L1 

ʢʝʰ ʤʝʤʦʨʠʿʫ ʢʘʜʘ ʦʚʝ ʢʝʰ ʣʠʥʠʿʝ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʧʦʪʚʨʹʝʥʝ ʫ ʩˀʝʜʝ˂ʝʤ 

ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ [STEF2005]. ɿʘ ʢʦʜʠʨʘˁʝ ʩʪʘˁʘ ʩʝ ʢʦʨʠʩʪʠ 5 ʜʦʜʘʪʥʠʭ ʙʠʪʦʚʘ 

ʟʘ ʩʚʘʢʫ ʢʝʰ ʣʠʥʠʿʫ. ʆʜ ʪʦʛʘ ʩʝ 3 ʙʠʪʘ ʢʦʨʠʩʪʝ ʟʘ ʢʦʜʠʨʘˁʝ ʩʪʘˁʘ ʢʦʭʝʨʝʥʮʠʿʝ ʜʦʢ 

ʩʝ ʧʨʝʦʩʪʘʣʘ 2 ʙʠʪʘ ʢʦʨʠʩʪʝ ʟʘ ʨʘʟʣʠʢʦʚʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʦʜ ʥʝʩʧʝʢʫʣʘʪʠʚʥʠʭ 

ʩʪʘˁʘ. ʆʩʠʤ ʪʦʛʘ, ʩʚʘʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʩʪʘˁʫ ʿʝ ʧʨʠʜʨʫʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʿʘ ʩʝ 

ʩʘʩʪʦʿʠ ʦʜ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʥʠʪʠ ʠ ʨʝʜʥʦʛ ʙʨʦʿʘ ʫ ʧʦʨʝʪʢʫ ʤʝʤʦʨʠʿʩʢʠʭ ʧʨʠʩʪʫʧʘ, 

ʟʘʪʠʤ ʘʜʨʝʩʝ ʨʫʪʠʥʘ ʟʘ ʦʙʨʘʜʫ ʧʨʝʢʠʜʘ ʠ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ, ORB ʙʘʬʝʨʘ, ʢʘʦ 

ʠ ʙʠʪʘ ʢʦʿʠ ʦʟʥʘʯʘʚʘ ʜʘ ʣʠ ʿʝ ʜʦʰʣʦ ʜʦ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʧʦʜʘʪʘʢʘ. 

ʉʧʝʢʫʣʘʪʠʚʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʫ I-ACOMA ʩʝ ʪʦʢʦʤ ʠʟʚʨʰʘʚʘˁʘ, ʪʘʢʦʹʝ, ʯʫʚʘʿʫ ʫ 

ʧʨʠʚʘʪʥʠʤ L1 ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ. ʉʚʘʢʘ ʨʠʿʝʯ ʫ ʧʨʠʚʘʪʥʦʤ L1 ʢʝʰʫ ʿʝ ʧʨʦʰʠʨʝʥʘ ʩʘ 

ʜʦʜʘʪʥʠʭ 6 ʙʠʪʦʚʘ ʦʜ ʢʦʿʠʭ ʩʝ 2 ʙʠʪʘ ʢʦʨʠʩʪʝ ʟʘ ʢʦʭʝʨʝʥʮʠʿʫ ʜʦʢ ʦʩʪʘʣʘ 4 ʙʠʪʘ 

ʢʦʨʠʩʪʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʟʘ ʦʧʝʨʘʮʠʿʝ ʯʠʪʘˁʘ, ʧʠʩʘˁʘ, ʧʨʦʩˀʝʹʠʚʘˁʘ ʠ 

ʠʥʚʘʣʠʜʘʮʠʿʝ. ʆʜʨʞʘʚʘˁʝ ʦʚʠʭ ʙʠʪʦʚʘ ʥʘ ʥʠʚʦʫ ʢʝʰ ʣʠʥʠʿʝ ʤʦʛʣʦ ʙʠ ʜʘ ʜʦʚʝʜʝ ʜʦ 

ʣʘʞʥʦʛ ʜʠʿʝˀʝˁʘ, ʘ ʪʠʤʝ ʠ ʜʦ ʥʝʧʦʪʨʝʙʥʠʭ ʦʜʙʘʮʠʚʘˁʘ ʥʠʪʠ, ʧʘ ʩʝ ʦʥʠ ʦʜʨʞʘʚʘʿʫ 

ʥʘ ʥʠʚʦʫ ʨʠʿʝʯʠ. ʎʝʥʪʨʘʣʠʟʦʚʘʥʠ ʤʝʭʘʥʠʟʘʤ ʨʘʟʨʿʝʰʘʚʘˁʘ ʤʝʤʦʨʠʿʩʢʠʭ 

ʟʘʚʠʩʥʦʩʪʠ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʧʦʩʝʙʥʦʿ MDT (Memory Disʘmbiguʘtion Tʘble) ʪʘʙʝʣʠ 

ʩʣʠʯʥʦʿ ʢʘʪʘʣʦʛʫ ʟʘ ʦʜʨʞʘʚʘˁʝ ʢʦʭʝʨʝʥʮʠʿʝ ʫ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦʤ SMP ʩʠʩʪʝʤʫ. 

MDT ʿʝ ʩʤʿʝʰʪʝʥʘ ʠʟʤʝʹʫ ʧʨʠʚʘʪʥʠʭ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ ʠ ʜʠʿʝˀʝʥʝ L2 ʢʝʰ 

ʤʝʤʦʨʠʿʝ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʫ ʚʠʰʝ ʙʘʥʘʢʘ. ʋʣʘʟʠ ʫ MDT ʩʝ ʦʜʨʞʘʚʘʿʫ ʥʘ ʥʠʚʦʫ ʢʝʰ 

ʣʠʥʠʿʝ ʜʦʢ ʩʝ ʠʥʬʦʨʤʘʮʠʿʝ ʯʫʚʘʿʫ ʥʘ ʥʠʚʦʫ ʨʠʿʝʯʠ. ʉʚʘʢʘ ʨʠʿʝʯ ʫ MDT-ʫ ʠʤʘ 

ʙʠʪʦʚʝ ʯʠʪʘˁʘ ʠ ʫʧʠʩʘ ʟʘ ʩʚʘʢʦ ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ. ʊʘʢʦʹʝ, ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ 

ʩʝ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ MDT ʧʦʧʫʥʠ ʰʪʦ ʤʦʞʝ ʧʨʦʫʟʨʦʢʦʚʘʪʠ 

ʟʘʫʩʪʘʚˀʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʧʨʠ ʧʦʢʫʰʘʿʫ ʜʘ ʫʤʝʪʥʝ ʥʦʚʠ ʫʣʘʟ ʫ MDT. 

ʂʦʨʠʰ˂ʝˁʝʤ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟ MDT ʜʦʜʘʪʥʘ ʣʦʛʠʢʘ ʢʦʿʘ ʧʨʦʚʿʝʨʘʚʘ ʟʘʧʠʩ ʧʨʠʿʝ 

ʫʤʝʪʘˁʘ ʫ MDT ʦʜʨʝʹʫʿʝ ʜʘ ʣʠ ʿʝ ʙʠʣʦ ʢʦʿʘ ʩʧʝʢʫʣʘʪʠʚʥʠʿʘ ʥʠʪ ʠʟʚʨʰʠʣʘ ʧʨʝʨʘʥʦ 

ʯʠʪʘˁʝ ʢʦʿʝ ʧʨʦʫʟʨʦʢʫʿʝ ʥʘʨʫʰʘʚʘˁʝ ʤʝʤʦʨʠʿʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ 

[KRIS1999]. 

ʍʘʨʜʚʝʨʩʢa ʧʦʜʨʰʢʘ ʩʧʝʢʫʣʘʮʠʿʠ ʫ NEKO ʦʙʫʭʚʘʪʘ ʜʠʥʘʤʠʯʢʠ ʧʨʝʜʠʢʪʦʨ 

ʥʠʪʠ, ʿʝʜʠʥʠʮʫ ʟʘ ʧʨʦʚʿʝʨʫ ʠʩʧʨʘʚʥʦʩʪʠ ʥʠʪʠ ʠ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʟʘ ʧʦʜʘʪʢʝ. 

ʉʧʝʢʫʣʘʪʠʚʥʠ ʧʦʜʘʮʠ ʥʠʪʠ ʩʝ ʯʫʚʘʿʫ ʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ ʢʦʿʠ ʫʢˀʫʯʫʿʫ 



 

45 

 

ʧʦʜʨʰʢʫ ʟʘ ʨʘʟʤʿʝʥʫ ʧʦʜʘʪʘʢʘ ʫ ʩʣʫʯʘʿʫ ʧʨʦʤʘʰʘʿʘ ʧʨʠ ʯʠʪʘˁʫ, ʢʘʦ ʠ ʧʦʜʨʰʢʫ ʟʘ 

ʜʝʪʝʢʮʠʿʫ ʥʘʨʫʰʘʚʘˁʘ ʤʝʤʦʨʠʿʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ. ʄʦʜʠʬʠʢʘʮʠʿʘ MSI ʧʨʦʪʦʢʦʣʘ ʟʘ 

ʢʦʭʝʨʝʥʮʠʿʫ ʢʦʨʠʩʪʠ ʯʘʢ 8 ʜʦʜʘʪʥʠʭ ʙʠʪʦʚʘ ʟʘ ʩʚʘʢʫ ʨʠʿʝʯʠ ʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ 

ʟʘ ʧʦʜʘʪʢʝ ʢʘʦ ʧʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ. ɿʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʩʪʘˁʘ 

ʜʘʪʝ ʢʝʰ ʨʠʿʝʯʠ ʩʝ ʢʦʨʠʩʪʝ 4 ʙʠʪʘ, ʟʘ ʠʟʙʿʝʛʘʚʘˁʝ ʥʝʧʦʪʨʝʙʥʠʭ ʜʝʪʝʢʮʠʿʘ 

ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʪʨʠ ʙʠʪʘ, ʘ ʿʝʜʘʥ ʙʠʪ ʦʟʥʘʯʘʚʘ ʜʘ ʣʠ ʿʝ ʢʝʰ 

ʨʠʿʝʯ ʟʘʩʪʘʨʿʝʣʘ. ʉʣʦʞʝʥʘ ʿʝ ʠ ʜʦʜʘʪʥʘ ʢʦʥʪʨʦʣʥʘ ʣʦʛʠʢʘ ʫ ʢʝʰ ʢʦʥʪʨʦʣʝʨʫ ʟʘ 

ʧʨʦʚʿʝʨʫ ʚʣʘʩʥʠʰʪʚʘ ʥʘʜ ʧʦʜʘʮʠʤʘ ʠ ʧʨʝʥʦʩ ʧʦʜʘʪʘʢʘ ʠʟʤʝʹʫ ʧʨʦʮʝʩʦʨʩʢʠʭ 

ʿʝʟʛʘʨʘ, ʜʝʪʝʢʮʠʿʫ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʠ ʢʦʥʪʨʦʣʫ ʧʨʝʣʘʟʘ 

ʠʟʤʝʹʫ ʩʪʘˁʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʫʧʨʘʚˀʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʤ ʩʪʘˁʝʤ ʦʙʘʚˀʘ ʥʘ 

ʥʠʚʦʫ ʢʝʰ ʨʠʿʝʯʠ, ʜʦʜʘʪʥʠ ʧʨʦʩʪʦʨ ʿʝ ʟʥʘʯʘʿʥʦ ʚʝ˂ʠ ʥʝʛʦ ʢʦʜ MSI. ʇʨʦʮʿʝʥʘ 

ʢʘʰˁʝˁʘ ʢʦʿʝ ʫʥʦʩʠ ʢʦʥʪʨʦʣʥʘ ʣʦʛʠʢʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʦʥʘ ʫʥʦʩʠ ʚʠʰʝ ʦʜ ʧʦʣʘ 

ʫʢʫʧʥʦʛ ʢʘʰˁʝˁʘ ʟʘ ʚʝ˂ʠʥʫ ʦʧʝʨʘʮʠʿʘ ʧʨʦʪʦʢʦʣʘ [YANA2003, BARL2004]. 

Atlʘs ʢʦʤʙʠʥʫʿʝ ʩʧʝʢʫʣʘʮʠʿʫ ʥʠʪʠ ʩʘ ʧʨʝʜʠʢʮʠʿʦʤ ʚʨʠʿʝʜʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʝ ʪʦʢʘ 

ʧʘ ʚʝʦʤʘ ʟʘʚʠʩʠ ʦʜ ʧʝʨʬʦʨʤʘʥʩʠ ʩʦʬʠʩʪʠʮʠʨʘʥʦʛ ʧʨʝʜʠʢʪʦʨʘ. ʄʝʹʫʪʠʤ, 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʧʨʝʜʠʢʪʦʨʘ, ʛʜʿʝ ʭʘʨʜʚʝʨ ʚʨʰʠ ʠ ʧʨʝʜʠʢʮʠʿʫ ʚʨʠʿʝʜʥʦʩʪʠ ʠ 

ˁʠʭʦʚʫ ʚʝʨʠʬʠʢʘʮʠʿʫ, ʧʨʦʫʟʨʦʢʫʿʝ ʜʦʜʘʪʥʝ ʧʨʦʩʪʦʨʥʝ ʠ ʚʨʝʤʝʥʩʢʝ ʪʨʦʰʢʦʚʝ. 

ʇʨʝʜʠʢʮʠʿʘ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʨʘʟʤʿʝˁʫʿʫ ʠʟʤʝʹʫ ʥʠʪʠ ʿʝ ʧʦʪʨʝʙʥʘ ʜʘ ʙʠ ʩʝ 

ʝʣʠʤʠʥʠʩʘʣʘ ʧʦʪʨʝʙʘ ʟʘ ʝʢʩʧʣʠʮʠʪʥʦʤ ʩʠʥʭʨʦʥʠʟʘʮʠʿʦʤ, ʢʘʦ ʠ ʫ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ 

ʠʩʢʦʨʠʰ˂ʝˁʘ ʧʘʨʘʣʝʣʠʟʤʘ ʠ ʩʤʘˁʝˁʘ ʥʘʨʫʰʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ. ʇʨʠ 

ʦʧʦʨʘʚʢʫ ʦʜ ʧʦʛʨʝʰʥʝ ʧʨʝʜʠʢʮʠʿʝ ʚʨʠʿʝʜʥʦʩʪʠ ʧʦʜʘʪʘʢʘ ʧʦʥʦʚʦ ʩʝ ʠʟʚʨʰʘʚʘʿʫ 

ʩʘʤʦ ʦʥʝ ʠʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ ʟʘʚʠʩʝ ʦʜ ʧʦʛʨʝʰʥʦ ʧʨʝʜʚʠʹʝʥʠʭ ʚʨʠʿʝʜʥʦʩʪʠ. ʉʚʘʢʦ 

ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ ʢʘʦ ʧʦʜʨʰʢʫ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʫʢˀʫʯʫʿʝ ʧʨʝʜʠʢʪʦʨ ʟʘʚʠʩʥʦʩʪʠ 

ʠʟʤʝʹʫ ʥʠʪʠ ʠ ˁʝʤʫ ʧʨʠʜʨʫʞʝʥʠ ʘʩʦʮʠʿʘʪʠʚʥʠ ʢʝʰ ʫ ʢʦʿʝʤ ʩʝ ʯʫʚʘʿʫ ʧʨʝʜʚʠʹʝʥʝ 

ʚʨʠʿʝʜʥʦʩʪʠ, ʢʘʦ ʠ ʤʘʣʠ ʧʦʪʧʫʥʦ ʘʩʦʮʠʿʘʪʠʚʥʠ ʨʝʜ ʯʠʿʠ ʿʝ ʟʘʜʘʪʘʢ ʜʘ ʧʨʘʪʠ 

ʘʢʪʠʚʥʝ ʧʨʝʜʠʢʮʠʿʝ ʥʘ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ. ʆʥʘ ʦʙʫʭʚʘʪʘ ʠ ʤʦʜʠʬʠʢʦʚʘʥʫ L1 

ʢʝʰ ʤʝʤʦʨʠʿʫ ʛʜʿʝ ʿʝ ʩʚʘʢʦʿ ʣʠʥʠʿʠ ʜʦʜʘʪ ʩʧʝʢʫʣʘʪʠʚʥʠ ʙʠʪ ʢʦʿʠ ʦʟʥʘʯʘʚʘ ʜʘ ʣʠ 

ʜʘʪʘ ʢʝʰ ʣʠʥʠʿʘ ʫʯʝʩʪʚʫʿʝ ʫ ʩʧʝʢʫʣʘʮʠʿʠ, ʙʘʬʝʨʘ ʫ ʢʦʿʝʤ ʩʝ ʯʫʚʘʿʫ ʚʨʠʿʝʜʥʦʩʪʠ 

ʢʦʿʝ ʩʫ ʧʨʦʠʟʚʝʜʝʥʝ ʪʦʢʦʤ ʩʧʝʢʫʣʘʮʠʿʝ ʠ ʢʦʤʧʦʥʝʥʪʝ ʟʘ ʦʧʦʨʘʚʘʢ ʦʜ ʧʦʛʨʝʰʥʝ 

ʩʧʝʢʫʣʘʮʠʿʝ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʧʦʥʦʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʩʘʤʦ ʦʥʠʭ ʠʥʩʪʨʫʢʮʠʿʘ ʢʦʿʝ 

ʟʘʚʠʩʝ ʦʜ ʥʝʪʘʯʥʦ ʧʨʝʜʚʠʹʝʥʠʭ ʚʨʠʿʝʜʥʦʩʪʠ [CODR2001]. 

ʆʩʥʦʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʣʝʪʥʦ ʭʘʨʜʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʫ SM-ʫ ʿʝ 

ʚʠʰʝʚʨʠʿʝʜʥʦʩʥʠ MVC (Multi-Vʘlue Cʘche) ʢʝʰ ʤʝʤʦʨʠʿʘ ʜʦʢ ʩʝ ʟʘʚʠʩʥʦʩʪʠ 

ʠʟʤʝʹʫ ʥʠʪʠ ʠ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʦʥʝ ʨʘʟʤʠʿʝˁʫʿʫ ʧʨʝʜʚʠʹʘʿʫ ʥʘ ʦʩʥʦʚʫ ʪʘʙʝʣʝ 

ʠʪʝʨʘʮʠʿʘ ʧʝʪˀʝ (loop iterʘtion tʘble). MVC ʢʝʰ ʟʘ ʩʚʘʢʫ ʘʜʨʝʩʫ ʯʫʚʘ ʦʥʦʣʠʢʦ 

ʨʘʟʣʠʯʠʪʠʭ ʨʠʿʝʯʠ ʢʦʣʠʢʦ ʠʤʘ ʿʝʜʠʥʠʮʘ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʥʠʪʠ. ɿʘ ʩʚʘʢʫ ʢʦʧʠʿʫ 

ʨʠʿʝʯʠ, ʦʥ ʩʘʜʨʞʠ ʜʚʘ ʜʦʜʘʪʥʘ ʧʦˀʘ: ʧʨʝʜʚʠʹʝʥʠ ʙʨʦʿ ʫʧʠʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʥʠʪʠ ʠ 

ʙʠʪ ʢʦʿʠ ʦʟʥʘʯʘʚʘ ʜʘ ʣʠ ʿʝ ʧʦʜʘʪʘʢ ʦʚʝ ʥʠʪʠ ʧʨʦʠʟʚʝʜʝʥ. ʉʚʘʢʠ ʫʣʘʟ ʩʘʜʨʞʠ ʿʝʜʘʥ 

ʙʠʪ ʧʨʠʩʫʪʥʦʩʪʠ ʢʦʿʠ ʦʟʥʘʯʘʚʘ ʜʘ ʣʠ ʪʠ ʫʣʘʟʠ ʟʘʠʩʪʘ ʩʘʜʨʞʝ ʧʦʜʘʪʢʝ ʠʣʠ ʠʭ ʪʨʝʙʘ 

ʟʘʪʨʘʞʠʪʠ ʦʜ ʜʨʫʛʦʛ ʥʠʚʦʘ ʤʝʤʦʨʠʿʝ. MVC ʢʝʰ ʤʦʞʝ ʜʘ ʨʘʜʠ ʙʝʟ ʣʦʢʘʣʥʝ 

ʤʝʤʦʨʠʿʝ, ʢʘʦ ʟʘʤʿʝʥʘ ʟʘ L1 ʢʝʰ, ʘʣʠ ʩʝ ʣʦʢʘʣʥʘ ʤʝʤʦʨʠʿʘ, ʠʧʘʢ ʢʦʨʠʩʪʠ, ʟʙʦʛ 

ʧʦʙʦˀʰʘˁʘ ʧʝʨʬʦʨʤʘʥʩʠ, ʢʘʢʦ ʙʠ ʩʝ ʠʩʢʦʨʠʩʪʠʣʘ ʣʦʢʘʣʥʦʩʪ ʫ ʚʨʠʿʝʜʥʦʩʪʠʤʘ 
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ʢʨʝʠʨʘʥʠʤ ʦʜ ʩʪʨʘʥʝ ʠʩʪʝ ʥʠʪʠ. ʇʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ ʦʙʨʘʹʫʿʝ ʢʦʥʪʨʦʣʥʘ ʣʦʛʠʢʘ 

ʪʘʢʦ ʰʪʦ ʧʨʦʚʿʝʨʘʚʘ ʫ ʩʚʦʤ loʘd/store ʨʝʜʫ ʜʘ ʣʠ ʧʦʩʪʦʿʠ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʦʧʝʨʘʮʠʿʘ 

ʯʠʪʘˁʘ ʠ ʫʢʦʣʠʢʦ ʧʨʦʥʘʹʝ ʪʘʢʚʫ, ʧʦʥʦʚʦ ʿʝ ʠʟʚʨʰʘʚʘ ʢʘʦ ʠ ʠʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ 

ʟʘʚʠʩʝ ʦʜ ˁʝ. ʄʝʭʘʥʠʟʘʤ ʟʘ ʧʨʦʚʿʝʨʫ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ ʩʝ, ʪʘʢʦʹʝ, ʘʢʪʠʚʠʨʘ 

ʧʨʠ ʦʧʝʨʘʮʠʿʠ ʫʧʠʩʘ ʢʘʜʘ ʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʣʠʥʠʿʘ ʥʝ ʥʘʣʘʟʠ ʫ MVC ʢʝʰʫ 

[MARC1998, MARC2003]. 

MP98 (Merlot) ʯʫʚʘ ʘʜʨʝʩʝ ʠ ʚʨʠʿʝʜʥʦʩʪʠ ʩʧʝʢʫʣʘʪʠʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʭ ʧʦʜʘʪʘʢʘ 

ʫ SRB (Store Reservʘtion Buffer) ʙʘʬʝʨʠʤʘ ʟʘ ʩʚʘʢʦ ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ. ʂʘʜʘ ʩʝ ʥʠʪ 

ʟʘʚʨʰʠ, ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʿʝ ʧʨʦʠʟʚʝʣʘ ʩʝ ʰʘˀʫ ʫ ʟʘʿʝʜʥʠʯʢʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʫ ʟʘ 

ʧʦʜʘʪʢʝ, ʘ ʘʢʦ ʩʝ ʥʠʪ ʧʦʥʠʰʪʠ ʩʚʝ ʩʧʝʢʫʣʘʪʠʚʥʦ ʧʨʦʠʟʚʝʜʝʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʩʝ 

ʧʦʥʠʰʪʘʚʘʿʫ. ɼʘ ʙʠ ʩʝ ʰʪʦ ʝʬʠʢʘʩʥʠʿʝ ʠʩʢʦʨʠʩʪʠʦ ʤʘʣʠ ʙʨʦʿ ʫʣʘʟʘ ʫ SRB ʙʘʬʝʨʫ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʠ ʫʧʠʩʠ ʩʝ ʜʠʨʝʢʪʥʦ ʧʨʦʧʘʛʠʨʘʿʫ ʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʫ ʟʘ ʧʦʜʘʪʢʝ. ʋ 

ʮʠˀʫ ʩʤʘˁʝˁʘ ʩʘʦʙʨʘ˂ʘʿʘ ʟʘ ʧʨʠʩʪʫʧ ʢʝʰʫ ʟʘ ʧʦʜʘʪʢʝ ʦʜ ʩʪʨʘʥʝ ʧʨʦʮʝʩʦʨʩʢʠʭ 

ʿʝʟʛʘʨʘ, ʢʘʜʘ ʥʠʿʝʩʫ ʧʫʥʠ, SRB ʙʘʬʝʨʠ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʤʘʣʠ, ʧʦʪʧʫʥʦ ʘʩʦʮʠʿʘʪʠʚʥʠ 

ʢʝʰʝʚʠ. ʇʦʨʝʜ ʪʦʛʘ, ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʢʦʜ MP98 (Merlot) ʠʤʘ ʭʘʨʜʚʝʨʩʢʫ 

ʧʦʜʨʰʢʫ ʫ ʚʠʜʫ FOPE (Fork-Once Pʘrʘllel Execution) ʤʦʜʝʣʘ ʛʜʿʝ ʩʚʘʢʘ ʥʠʪ 

ʛʝʥʝʨʠʰʝ ʥʘʿʚʠʰʝ ʿʝʜʥʫ ʥʦʚʫ ʩʧʝʢʫʣʘʪʠʚʥʫ ʥʠʪ ʰʪʦ ʦʣʘʢʰʘʚʘ ʘʥʘʣʠʟʫ ʟʘʚʠʩʥʦʩʪʠ 

ʠʟʤʝʫ́ ʥʠʪʠ ʧʦ ʢʦʥʪʨʦʣʠ ʪʦʢʘ ʠ ʧʦ ʧʦʜʘʮʠʤʘ [EDAH2000, MATS2000]. 

ʉʚʘʢʦ ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ ʫ MAJC-ʫ ʬʫʥʢʮʠʦʥʠʰʝ ʢʘʦ 4-issue VLIW ʤʘʰʠʥʘ 

ʢʦʿʘ ʧʦʩʿʝʜʫʿʝ ʭʘʨʜʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʟʘ ʚʝʨʪʠʢʘʣʥʦ ʚʠʰʝʥʠʪʥʦ ʠʟʚʨʰʘʚʘˁʝ. ʆʚʦ 

ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ ʜʘ ʩʝ ʧʨʝʙʘʮʠ ʥʘ ʠʟʚʨʰʘʚʘˁʝ ʥʦʚʦʛ ʪʦʢʘ 

ʠʥʩʪʨʫʢʮʠʿʘ (ʧʨʦʤʿʝʥʘ ʢʦʥʪʝʢʩʪʘ) ʫ ʢʦʭʝʨʝʥʪʥʦʿ ʜʠʿʝˀʝʥʦʿ L1 ʢʝʰ ʤʝʤʦʨʠʿʠ ʟʘ 

ʧʦʜʘʪʢʝ. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ ʧʦʩʪʦʿʠ ʧʦʩʝʙʥʘ LSU ʿʝʜʠʥʠʮʘ 

ʢʦʿʘ ʫʧʨʘʚˀʘ ʩʚʠʤ ʤʝʤʦʨʠʿʩʢʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʚʠʰʝʩʪʨʫʢʝ 

ʦʧʝʨʘʮʠʿʝ ʯʠʪʘˁʘ ʠ ʫʧʠʩʘ, ʢʘʦ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʥʠʪʠ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ 

ʠʟʚʨʰʘʚʘˁʘ [TREM2000, SUDH2000]. 

ʉʧʝʢʫʣʘʪʠʚʥʦ ʧʨʦʠʟʚʝʜʝʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʫ Trʘce-ʫ ʩʝ ʯʫʚʘʿʫ ʫ ʧʦʩʝʙʥʦʤ 

ʛʣʦʙʘʣʥʦʤ ʙʘʬʝʨʫ ʢʦʿʠ ʤʦʞʝ ʙʠʪʠ ʦʨʛʘʥʠʟʦʚʘʥ ʢʘʦ ARB ʫ Multiscʘlʘr-ʫ ʠʣʠ 

ʠʥʪʝʛʨʠʩʘʥ ʢʘʦ ʜʠʦ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʟʘ ʧʦʜʘʪʢʝ ʢʦʜ SVC h ʝʤʝ ʫ ʠʩʪʦʤ ʩʠʩʪʝʤʫ 

[BREA1996]. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ ʩʝ ʥʘʣʘʟʝ ʙʘʬʝʨʠ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʝ ʧʨʠʣʠʢʦʤ ʦʧʝʨʘʮʠʿʘ ʯʠʪʘˁʘ ʠ ʫʧʠʩʘ. Trʘce ʢʦʨʠʩʪʠ ʘʛʨʝʩʠʚʥʫ 

ʩʧʝʢʫʣʘʮʠʿʫ ʜʘ ʙʠ ʫʙʣʘʞʠʦ ʦʛʨʘʥʠʯʝˁʘ ʫʟʨʦʢʦʚʘʥʘ ʟʘʚʠʩʥʦʩʪʠʤʘ ʧʦ ʢʦʥʪʨʦʣʠ 

ʪʦʢʘ ʠ ʧʦ ʧʦʜʘʮʠʤʘ, ʢʦʨʠʩʪʝ˂ʠ ʧʨʝʜʠʢʮʠʿʫ ʠ ʟʘ ʢʦʥʪʨʦʣʫ ʪʦʢʘ ʧʨʦʛʨʘʤʘ ʠ ʟʘ 

ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʨʘʟʤʿʝˁʫʿʫ ʠʟʤʝʹʫ ʥʠʪʠ. ʂʘʜʘ ʥʠʪ ʧʦʯʥʝ ʠʟʚʨʰʘʚʘˁʝ ʩʚʠʤ 

ˁʝʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʯʠʪʘˁʘ ʠ ʫʧʠʩʘ ʩʝ ʧʨʠʜʨʫʞʫʿʫ ʨʝʜʥʠ ʙʨʦʿʝʚʠ ʢʦʿʠʤʘ ʩʝ 

ʦʜʨʝʹʫʿʝ ʧʦʨʝʜʘʢ ʤʝʤʦʨʠʿʩʢʠʭ ʦʧʝʨʘʮʠʿʘ ʪʦʢʦʤ ʠʟʚʨʰʘʚʘˁʘ. ɼʝʪʝʢʮʠʿʫ ʛʨʝʰʢʝ ʫ 

ʩʧʝʢʫʣʘʮʠʿʠ ʚʨʰʠ ʣʦʛʠʢʘ ʜʠʩʪʨʠʙʫʠʨʘʥʘ ʫ ʧʨʦʮʝʩʦʨʩʢʠʤ ʿʝʟʛʨʠʤʘ ʧʨʘ˂ʝˁʝʤ 

ʦʧʝʨʘʮʠʿʘ ʯʠʪʘˁʘ ʥʘ ʤʘʛʠʩʪʨʘʣʘʤʘ ʢʝʰ ʤʝʤʦʨʠʿʘ. ʊʘʢʦ ʩʝ ʧʦʥʦʚʦ ʠʟʚʨʰʘʚʘʿʫ ʩʘʤʦ 

ʦʥʝ ʠʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ ʩʫ ʥʘʨʫʰʠʣʝ ʩʧʝʢʫʣʘʮʠʿʫ, ʢʘʦ ʠ ʠʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ ʩʫ ʩʘ ˁʠʤʘ 

ʠʤʘʣʝ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ. 

Pinot ʢʦʨʠʩʪʠ ʭʘʨʜʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʫ ʚʠʜʫ VRC (Version Resolution Cʘche) ʢʝʰ 

ʤʝʤʦʨʠʿʝ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʟʘʤʿʝʥʫ ʟʘ L1 ʢʝʰ ʤʝʤʦʨʠʿʫ ʟʘ ʧʦʜʘʪʢʝ. ʋ ˁʝʤʫ ʩʝ 
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ʯʫʚʘʿʫ ʩʧʝʢʫʣʘʪʠʚʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʥʠʪʠ ʧʨʦʠʟʚʝʜʫ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ 

ʠʟʚʨʰʘʚʘˁʘ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʧʨʦʰʠʨʫʿʝ ʪʘʛ ʩʚʘʢʝ ʢʝʰ ʣʠʥʠʿʝ ʜʦʜʘʪʥʠʤ ʙʠʪ ʚʝʢʪʦʨʦʤ 

ʢʘʢʦ ʙʠ ʩʝ ʚʦʜʠʣʦ ʨʘʯʫʥʘ ʦ ʧʦʟʠʮʠʿʘʤʘ ʩʚʘʢʝ ʤʦʜʠʬʠʢʦʚʘʥʝ ʨʠʿʝʯʠ ʫ ʢʝʰ ʣʠʥʠʿʠ. 

ʄʝʤʦʨʠʿʩʢʝ ʠʥʩʪʨʫʢʮʠʿʝ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʥʠʪʠ ʫʯʠʪʘʚʘʿʫ ʠ 

ʫʧʠʩʫʿʫ ʤʝʤʦʨʠʿʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ ʫ ʨʘʟʣʠʯʠʪʦʤ ʧʦʨʝʪʢʫ ʰʪʦ ʦʪʝʞʘʚʘ ʨʘʟʨʿʝʰʘʚʘˁʝ 

ʤʝʤʦʨʠʿʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ, ʧʘ ʩʝ ʟʘʪʦ ʢʦʨʠʩʪʠ ʭʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʟʘ 

ʧʨʘ˂ʝˁʝ ʧʦʨʝʪʢʘ ʠʟʚʨʰʘʚʘˁʘ ʥʠʪʠ [OHSA2005]. 

Mitosis ʫʢˀʫʯʫʿʝ ʧʦʜʨʰʢʫ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʠ ʧʨʦʚʿʝʨʫ ʠʩʧʨʘʚʥʦʩʪʠ p-slice-ʚʘ 

ʢʘʦ ʠ ʤʝʤʦʨʠʿʩʢʠ ʧʦʜʩʠʩʪʝʤ ʢʦʿʠ ʨʘʟʣʠʯʠʪʠʤ ʥʠʪʠʤʘ ʦʙʝʟʙʿʝʹʫʿʝ ʧʦʜʨʰʢʫ ʟʘ 

ʯʫʚʘˁʝ ʚʠʰʝ ʚʝʨʟʠʿʘ ʟʘ ʩʚʘʢʫ ʤʝʤʦʨʠʿʩʢʫ ʣʦʢʘʮʠʿʫ. ʋ ʧʨʠʚʘʪʥʠʤ L1 ʢʝʰ 

ʤʝʤʦʨʠʿʘʤʘ ʟʘ ʧʦʜʘʪʢʝ ʩʝ ʯʫʚʘʿʫ ʩʧʝʢʫʣʘʪʠʚʥʝ ʚʨʠʿʝʜʥʦʩʪʠ, ʘ ʩʚʘʢʦʿ ʣʠʥʠʿʠ ʿʝ 

ʜʦʜʘʪ ʙʠʪ ʩʪʘˁʘ ʟʘ ʦʟʥʘʯʘʚʘˁʝ ʟʘʩʪʘʨʿʝʣʠʭ ʚʨʠʿʝʜʥʦʩʪʠ, ʢʘʦ ʠ ʪʨʠ ʜʦʜʘʪʥʝ 

ʩʪʨʫʢʪʫʨʝ. ʆʥʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʩʤʿʝʰʪʘʿ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʧʨʦʠʟʚʝʜʝ p-slice (Slice 

Buffer) ʠ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʙʫʜʫ ʠʟʤʿʝˁʝʥʝ ʦʜ ʩʪʨʘʥʝ ʥʦʚʠʭ ʥʠʪʠ ʢʦʿʝ ʠʟʚʨʰʘʚʘʿʫ 

p-slice (Old Buffer), ʢʘʦ ʠ ʨʝʧʣʠʢʘʮʠʦʥʠ ʢʝʰ ʫ ʢʦʿʠ ʩʝ ʫʧʠʩʫʿʫ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ 

ʧʨʦʠʟʚʝʜʝ ʧʨʝʪʭʦʜʥʘ ʥʠʪ ʠ ʯʠʿʘ ʿʝ ʥʘʤʿʝʥʘ ʜʘ ʩʝ ʩʤʘˁʠ ʧʨʦʮʝʥʘʪ ʧʨʦʤʘʰʘʿʘ 

ʧʨʠʣʠʢʦʤ ʦʧʝʨʘʮʠʿʝ ʯʠʪʘˁʘ ʢʘʜʘ ʩʝ ʦʥ ʧʨʦʚʿʝʨʘʚʘ ʩʠʤʫʣʪʘʥʦ ʩʘ L1 ʢʝʰ 

ʤʝʤʦʨʠʿʦʤ. ʋ ʛʣʦʙʘʣʥʦʤ ʜʠʿʝˀʝʥʦʤ L2 ʢʝʰʫ ʩʝ ʯʫʚʘʿʫ ʧʦʜʘʮʠ ʢʦʿʝ ʿʝ ʫʯʠʪʘʣʘ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ, ʜʦʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʘ ʢʦʥʪʨʦʣʥʘ ʣʦʛʠʢʘ VCL (Version Control 

Logic) ʫʧʨʘʚˀʘ ʧʦʨʝʪʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʚʝʨʟʠʿʘ ʤʝʤʦʨʠʿʩʢʝ ʣʦʢʘʮʠʿʝ ʢʘʦ ʢʦʜ 

SVC h ʝʤʝ ʫ Multiscʘlʘr-ʫ [MADR2008]. 

ɽʣʝʤʝʥʪʠ ʭʘʨʜʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʟʘ ʤʝʤʦʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʢʦʜ ʨʘʟʤʘʪʨʘʥʠʭ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʩʠʩʪʝʤʘ ʩʫ ʩʘʞʝʪʦ ʧʨʝʜʩʪʘʚˀʝʥʠ ʫ ʪʘʙʝʣʠ 4-2. 

 

ʊʘʙʝʣʘ 4-2.ɽʣʝʤʝʥʪʠ ʭʘʨʜʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʟʘ ʤʝʤʦʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ 

CMP 

ʂʘʪʝʛʦʨʠʿʝ ʭʘʨʜʚʝʨʩʢʝ ʧʦʜʨʰʢʝ 

ɼʦʜʘʪʥʠ ʙʠʪʦʚʠ ʩʪʘˁʘ 

ɼʦʜʘʪʥʠ 

ʤʝʤʦʨʠʿʩʢʠ 

ʙʘʬʝʨʠ 

ʇʦʜʨʰʢʘ ʟʘ 

ʨʘʟʨʿʝʰʘʚʘˁʝ 

ʟʘʚʠʩʥʦʩʪʠ ʠ 

ʦʜʨʞʘʚʘˁʝ ʩʧʝʢʫʣʘʪʠʚ. 

ʚʝʨʟʠʿʘ 

ʇʦʜʨʰʢʘ ʟʘ 

ʧʨʝʜʠʢʮʠʿʫ 

Multiscʘlʘr 

(ʮʝʥʪʨʘʣʠʟʦ

ʚʘʥʠ ARB) 

3 ʙʠʪʘ ʟʘ ʩʚʘʢʫ ʨʠʿʝʯ  N/A 

ɹʠʪʦʚʠ ʩʪʘˁʘ + 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʘ 

ʢʦʥʪʨʦʣʥʘ ʣʦʛʠʢʘ 

ʉʝʢʚʝʥʮʝʨ ʥʠʪʠ 

Multiscʘlʘr 

(ʜʠʩʪʨʠʙʫʠʨ

ʘʥʠ ARB) 

3 ʙʠʪʘ ʟʘ ʩʚʘʢʫ ʨʠʿʝʯ + 3 
ʙʠʪʘ ʟʘ ʜʫʧʣʠʢʘʪʝ ʫʧʠʩʘ 

N/A 

ɹʠʪʦʚʠ ʩʪʘˁʘ + 

ʢʦʥʪʨʦʣʥʘ ʣʦʛʠʢʘ ʧʦ 

ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ 

ʉʝʢʚʝʥʮʝʨ ʥʠʪʠ 

Multiscʘlʘr 

(SVC) 

6 ʙʠʪʦʚʘ + ʧʦʢʘʟʠʚʘʯ ʟʘ 
ʩʚʘʢʫ ʣʠʥʠʿʫ  

N/A 
L1 ʙʠʪʦʚʠ ʩʪʘˁʘ + VCL + 
VOL 

ʉʝʢʚʝʥʮʝʨ ʥʠʪʠ 

Multiplex  6 ʙʠʪʦʚʘ ʟʘ ʩʚʘʢʫ ʣʠʥʠʿʫ N/A 
L1 ʙʠʪʦʚʠ ʩʪʘˁʘ + MUCS 

ʘʫʪʦʤʘʪʠ ʩʪʘˁʘ 
ʉʝʢʚʝʥʮʝʨ ʥʠʪʠ 

Hydrʘ 18 ʙʠʪʦʚʘ ʧʦ ʣʠʥʠʿʠ 

ʉʝʢʫʥʜʘʨʥʠ 

ʤʝʤʦʨʠʿʩʢʠ 

ʙʘʬʝʨʠ + victim 
ʢʝʰʝʚʠ 

L1 ʙʠʪʦʚʠ ʩʪʘˁʘ + 

ʩʝʢʫʥʜʘʨʥʠ ʤʝʤʦʨʠʿʩʢʠ 

ʙʘʬʝʨʠ + ʢʦʧʨʦʮʝʩʦʨ ʧʦ 

ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ 

ʿʝʟʛʨʫ 

N/A 
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ʊʘʙʝʣʘ 4-2. (ʥʘʩʪʘʚʘʢ) 

CMP 

ʂʘʪʝʛʦʨʠʿʝ ʭʘʨʜʚʝʨʩʢʝ ʧʦʜʨʰʢʝ 

ɼʦʜʘʪʥʠ ʙʠʪʦʚʠ ʩʪʘˁʘ 

ɼʦʜʘʪʥʠ 

ʤʝʤʦʨʠʿʩʢʠ 

ʙʘʬʝʨʠ 

ʇʦʜʨʰʢʘ ʟʘ 

ʨʘʟʨʿʝʰʘʚʘˁʝ 

ʟʘʚʠʩʥʦʩʪʠ ʠ 

ʦʜʨʞʘʚʘˁʝ ʩʧʝʢʫʣʘʪʠʚ. 

ʚʝʨʟʠʿʘ 

ʇʦʜʨʰʢʘ ʟʘ 

ʧʨʝʜʠʢʮʠʿʫ 

STAMPede 
5 ʙʠʪʦʚʘ ʧʦ ʣʠʥʠʿʠ + ʙʨʦʿ 

ʥʠʪʠ + ʬʣʘʛ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ 

ORB + victim 

ʢʝʰʝʚʠ 

L1 ʙʠʪʦʚʠ ʩʪʘˁʘ + 
ʙʨʦʿʝʚʠ ʥʠʪʠ + ʣʦʛʠʢʘ ʟʘ 

ˁʠʭʦʚʦ ʧʦʨʝʹʝˁʝ  

N/A 

I -ACOMA  

6 ʙʠʪʦʚʘ ʧʦ ʨʠʿʝʯʠ + 8 

ʙʠʪʦʚʘ ʟʘ ʩʚʘʢʠ ʫʣʘʟ ʫ 
MDT 

N/A 

L1 ʙʠʪʦʚʠ ʩʪʘˁʘ + MDT 

+ ʢʦʥʪʨʦʣʥʘ ʣʦʛʠʢʘ ʫ 

ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ 
ʿʝʟʛʨʫ ʟʘ ʧʨʦʚʿʝʨʫ 

ʦʧʝʨʘʮʠʿʝ ʫʧʠʩʘ 

N/A 

NEKO 8 ʙʠʪʦʚʘ ʧʦ ʨʠʿʝʯʠ N/A 

L1 ʙʠʪʦʚʠ ʩʪʘˁʘ + 

ʿʝʜʠʥʠʮʘ ʟʘ ʧʨʦʚʿʝʨʫ 

ʠʩʧʨʘʚʥʦʩʪʠ ʥʠʪʠ + 
ʢʦʥʪʨʦʣʥʘ ʣʦʛʠʢʘ ʫ ʢʝʰ 

ʢʦʥʪʨʦʣʝʨʫ 

ɼʠʥʘʤʠʯʢʠ ʧʨʝʜʠʢʪʦʨ 

ʥʠʪʠ 

Atlʘs 1 ʙʠʪ ʧʦ ʨʠʿʝʯʠ 

ʉʧʝʢʫʣʘʪʠʚʥʠ 
ʢʝʰ ʟʘ ʧʦʜʘʪʢʝ + 

ʚʨʠʿʝʜʥʦʩʥʠ ʢʝʰ 

ʧʦ ʧʨʦʮʝʩʦʨʩʢʦʤ 
ʿʝʟʛʨʫ 

ʉʧʝʢʫʣʘʪʠʚʥʠ ʢʝʰ ʟʘ 
ʧʦʜʘʪʢʝ + ʚʨʠʿʝʜʥʦʩʥʠ 

ʢʝʰ ʧʦ ʧʨʦʮʝʩʦʨʩʢʦʤ 

ʿʝʟʛʨʫ + ʛʣʦʙʘʣʥʘ ʣʦʛʠʢʘ 
ʟʘ ʢʦʥʪʨʦʣʫ ʥʠʪʠ 

ʉʦʬʠʩʪʠʮʠʨʘʥʠ 

ʛʣʦʙʘʣʥʠ ʧʨʝʜʠʢʪʦʨ 

ʚʨʠʿʝʜʥʦʩʪʠ/ʢʦʥʪʨʦʣʝ 

ʪʦʢʘ ʠ ʣʦʢʘʣʥʠ 

ʧʨʝʜʠʢʪʦʨʠ 

ʚʨʠʿʝʜʥʦʩʪʠ 

SM 

ɹʠʪ ʚʘʣʠʜʥʦʩʪʠ ʧʦ ʨʠʿʝʯʠ 
+ ʙʠʪ ʧʨʠʩʫʪʥʦʩʪʠ ʟʘ ʩʚʘʢʠ 

ʫʣʘʟ ʫ ʢʝʰ  

load/store ʨʝʜʦʚʠ 
ʧʦ ʧʨʦʮʝʩʦʨʢʦʤ 

ʿʝʟʛʨʫ 

ʂʦʥʪʨʦʣʥʘ ʣʦʛʠʢʘ ʧʦ 

ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ 

ʊʘʙʝʣʘ ʠʪʝʨʘʮʠʿʘ 

ʧʝʪˀʝ  

Trace 
Store Buffer ʦʨʛʘʥʠʟʦʚʘʥ 

ʢʘʦ ARB ʠʣʠ SVC 

load/store ʙʘʬʝʨʠ 
ʧʦ ʧʨʦʮʝʩʦʨʩʢʦʤ 

ʿʝʟʛʨʫ 

Store Buffer ʦʨʛʘʥʠʟʦʚʘʥ 

ʢʘʦ ARB ʠʣʠ SVC 

ɼʠʥʘʤʠʯʢʠ ʧʨʝʜʠʢʪʦʨ 
ʥʠʪʠ ʠ ʧʨʝʜʠʢʪʦʨ 

ʚʨʠʿʝʜʥʦʩʪʠ  

MP98 

(Merlot)  

N/A 
SRB ʙʘʬʝʨʠ FOPE 

N/A 

MAJC  N/A 
LSU ʧʦ 
ʧʨʦʮʝʩʦʨʩʢʦʤ 

ʿʝʟʛʨʫ 

LSU ʧʦ ʧʨʦʮʝʩʦʨʩʢʦʤ 

ʿʝʟʛʨʫ + ʭʘʨʜʚʝʨʩʢʘ 

ʧʦʜʨʰʢʘ ʟʘ ʚʠʰʝʥʠʪʥʦ 
ʠʟʚʨʰʘʚʘˁʝ 

N/A 

Pinot 

ɹʠʪ ʚʝʢʪʦʨ ï 3 ʙʠʪʘ ʩʪʘˁʘ 

ʧʦ ʣʠʥʠʿʠ + 8 ʙʠʪʦʚʘ ʧʦ 
ʣʠʥʠʿʠ ʟʘ ʧʨʘ˂ʝˁʝ 

ʠʩʪʦʨʠʿʝ ʫʯʠʪʘʚʘˁʘ + 32 

ʙʠʪʘ ʟʘ ʧʨʘ˂ʝˁʝ ʠʩʪʦʨʠʿʝ 
ʫʧʠʩʘ + 3 ʙʠʪʘ ʟʘ ʙʨʦʿ 

ʧʨʦʮʝʩʦʨʩʢʦʛ ʿʝʟʛʨʘ 

 VRC 
N/A 

Mitosis 1 ʙʠʪ ʧʦ ʣʠʥʠʿʠ 

Slice Buffer +  
Old Buffer + 

ʨʝʧʣʠʢʘʮʠʦʥʠ 

ʢʝʰ 

ʃʦʛʠʢʘ ʟʘ ʢʦʥʪʨʦʣʫ 

ʚʠʰʝʩʪʨʫʢʠʭ ʚʝʨʟʠʿʘ 
(VCL) 

N/A 

 

4.2.2 ʉʣʦʞʝʥʦʩʪ ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ 

 

ɿʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʟʘ ʧʘʨʘʣʝʣʥʦ ʠʟʚʨʰʘʚʘˁʝ ʚʝ˂ʠʥʘ 

ʨʘʟʤʘʪʨʘʥʠʭ ʩʠʩʪʝʤʘ ʢʦʨʠʩʪʠ ʩʦʬʠʩʪʠʮʠʨʘʥʝ ʧʨʝʚʦʜʠʦʮʝ (Multiscʘlʘr, Hydrʘ, 

STAMPede, Atlʘs, Trʘce, NEKO, MP98 (Merlot), MAJC, Mitosis) ʠʣʠ ʧʦʩʝʙʥʦ 

ʨʘʟʚʠʿʝʥʝ ʘʣʘʪʝ ʟʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ ʩʝʢʚʝʥʠʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ (ʥʧʨ., I-ACOMA, 

Pinot). ʊʘʢʦʹʝ, ʟʘ ʧʦʪʨʝʙʝ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʧʦʿʝʜʠʥʠ ʩʠʩʪʝʤʠ ʢʦʨʠʩʪʝ ʠ 
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ʤʝʪʦʜʝ ʧʨʝʜʠʢʮʠʿʝ ʢʦʥʪʨʦʣʝ ʪʦʢʘ ʧʨʦʛʨʘʤʘ ʠ/ʠʣʠ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʨʘʟʤʿʝˁʫʿʫ 

ʠʟʤʝʹʫ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ (ʥʧʨ., Mitosis, MAJC, STAMPede). 

ʉʝʣʝʢʮʠʿʘ ʥʠʪʠ ʠʟ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʫʢʫʧʥʝ 

ʧʝʨʬʦʨʤʘʥʩʝ. ʋ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʙʦˀʠʭ ʧʝʨʬʦʨʤʘʥʩʠ Multiscʘlʘr ʧʨʝʚʦʜʠʣʘʮ 

ʢʦʨʠʩʪʠ ʭʝʫʨʠʩʪʠʢʝ ʢʘʢʦ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʘ ʩʝʣʝʢʮʠʿʘ ʥʠʪʠ ʩʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ 

ʧʦʛʦʜʥʠʤ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ. ʅʘʿʚʘʞʥʠʿʝ ʭʝʫʨʠʩʪʠʢʝ ʩʝ ʦʜʥʦʩʝ ʥʘ 

ʚʝʣʠʯʠʥʫ ʥʠʪʠ, ʙʨʦʿ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʢʦʿʝ ʩʣʠʿʝʜʝ ʥʠʪ ʢʦʿʘ ʩʝ ʠʟʚʨʰʘʚʘ, 

ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʢʦʿʝ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʫʢˀʫʯʝʥʝ ʫʥʫʪʘʨ ʩʘʤʝ ʥʠʪʠ ʢʘʢʦ ʙʠ ʩʝ 

ʠʟʙʿʝʛʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʦʥʘ ʢʘʰˁʝˁʘ ʠʣʠ ʛʨʝʰʢʝ ʫ ʩʧʝʢʫʣʘʮʠʿʠ [SOHI1995]. 

Hydrʘ ʢʦʨʠʩʪʠ ʢʦʧʨʦʮʝʩʦʨʝ ʢʦʿʠ ʠʟʚʨʰʘʚʘʿʫ ʩʦʬʪʚʝʨʩʢʝ ʨʫʪʠʥʝ ʟʘ ʢʦʥʪʨʦʣʫ 

ʧʦʨʝʪʢʘ ʠʟʚʨʰʘʚʘˁʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ, ʜʦʢ STAMPede, ʪʘʢʦʹʝ, ʢʦʨʠʩʪʠ 

ʧʦʩʝʙʥʝ ʩʦʬʪʚʝʨʩʢʝ ʨʫʪʠʥʝ ʢʘʦ ʧʦʜʨʰʢʫ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ. ʆʩʠʤ ʪʦʛʘ, 

Hydrʘ ʠ STAMPede ʟʘʭʪʠʿʝʚʘʿʫ ʧʦʥʦʚʥʦ ʧʨʝʚʦʹʝˁʝ ʠʟʚʦʨʥʦʛ ʢʦʜʘ ʘʧʣʠʢʘʮʠʿʝ ʰʪʦ 

ʤʦʞʝ ʧʨʝʜʩʪʘʚˀʘʪʠ ʦʟʙʠˀʘʥ ʧʨʦʙʣʝʤ ʢʘʜʘ ʠʟʚʦʨʥʠ ʢʦʜ ʥʠʿʝ ʜʦʩʪʫʧʘʥ 

[OLUK2007, STEF2005]. ʇʦʨʝʜ ʪʦʛʘ, ʧʨʝʚʦʜʠʣʘʮ ʫ STAMPede-ʫ ʧʦʜʨʞʘʚʘ ʠ 

ʧʨʝʜʠʢʮʠʿʫ ʢʦʥʪʨʦʣʝ ʪʦʢʘ ʧʨʦʛʨʘʤʘ [STEF2005]. 

ʋ MP98 (Merlot) ʧʨʝʚʦʜʠʣʘʮ ʫʤʝ˂ʝ ʧʦʩʝʙʥʝ ʠʥʩʪʨʫʢʮʠʿʝ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʥʦʚʠʭ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʢʘʦ ʠ ʟʘ ʧʨʦʚʿʝʨʫ ʪʘʯʥʦʩʪʠ ʠʣʠ ʧʦʥʠʰʪʘʚʘˁʝ ʩʧʝʢʫʣʘʮʠʿʝ ʥʘ 

ʥʠʚʦʫ ʢʦʥʪʨʦʣʝ ʪʦʢʘ ʧʨʦʛʨʘʤʘ [EDAH2000, MATS2000]. 

ʆʜʨʞʘʚʘˁʝ ʢʦʨʝʢʪʥʠʭ ʤʝʤʦʨʠʿʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʠʟʤʝʹʫ ʥʠʪʠ 

ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʫ MAJC-ʫ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʧʨʝʚʦʜʠʦʮʫ. STC 

(Spʘce Time Consuming) ʪʝʭʥʠʢʘ, ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʚʠʰʝʥʠʪʥʦʤ ʤʦʜʝʣʫ ʫ MAJC-ʫ 

ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʠʟʚʨʰʘʚʘʿʫ ʫ ˁʠʭʦʚʦʤ ʩʦʧʩʪʚʝʥʦʤ ʧʨʦʩʪʦʨʫ 

ʢʦʿʠ ʩʝ ʟʦʚʝ Ăspeculʘtive heʘpñ ʠ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ Ăfuture timeñ ʜʦʢ ʩʝ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʠʟʚʨʰʘʚʘ ʫ ʪʝʢʫ˂ʝʤ ʚʨʝʤʝʥʫ ʠ ʘʢʪʫʝʣʥʦʤ ʤʝʤʦʨʠʿʩʢʦʤ 

ʧʨʦʩʪʦʨʫ. MAJC ʧʨʝʚʦʜʠʣʘʮ ʧʦʜʨʞʘʚʘ ʩʪʘʪʠʯʢʫ ʧʨʝʜʠʢʮʠʿʫ ʢʦʥʪʨʦʣʝ ʪʦʢʘ 

ʠʟʚʨʰʘʚʘˁʘ ʧʨʦʛʨʘʤʘ ʪʘʢʦ ʰʪʦ ʜʠʨʝʢʪʥʦ ʧʨʝʥʦʩʠ ʠʥʬʦʨʤʘʮʠʿʫ ʭʘʨʜʚʝʨʫ ʜʘ ʣʠ ʩʝ 

ʦʯʝʢʫʿʝ ʛʨʘʥʘˁʝ ʧʨʦʛʨʘʤʘ ʠʣʠ ʥʝ [TREM2000, SUDH2000]. 

ʀʟʚʣʘʯʝˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʠʟ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʩʝ ʫ Atlʘs-ʫ 

ʚʨʰʠ ʜʠʥʘʤʠʯʢʠ ʢʦʨʠʰ˂ʝˁʝʤ ʥʦʚʦʛ MEM-slicing ʘʣʛʦʨʠʪʤʘ ʢʦʿʠ ʟʘ ʛʨʘʥʠʮʝ ʥʠʪʠ 

ʫʟʠʤʘ ʤʝʤʦʨʠʿʩʢʝ ʠʥʩʪʨʫʢʮʠʿʝ ʯʠʪʘˁʘ ʠ ʫʧʠʩʘ [CODR1999, CODR2001]. 

Pinot ʠʟʜʚʘʿʘ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʛʨʘʥʫʣʘʮʠʿʝ ʠʟ 

ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ ʙʝʟ ʧʦʤʦ˂ʠ ʧʨʝʚʦʜʠʦʮʘ ʢʦʨʠʩʪʝ˂ʠ, ʢʘʦ ʠ I-ACOMA, 

ʧʦʩʝʙʥʠ ʩʦʬʪʚʝʨʩʢʠ ʘʣʘʪ ʟʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ [OHSA2005]. 

ʇʨʝʚʦʜʠʣʘʮ ʟʘ Mitosis, ʧʦʨʝʜ ʛʝʥʝʨʠʩʘˁʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ, ʦʙʘʚˀʘ ʠ 

ʛʝʥʝʨʠʩʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ p-slice ʢʦʜʦʚʘ. ʆʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʜʩʢʫʧʦʚʝ 

ʠʥʩʪʨʫʢʮʠʿʘ ʟʘ ʧʨʝʜʠʢʮʠʿʫ ʪʘʯʥʠʭ ʫʣʘʟʥʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ˂ʝ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ 

ʢʦʨʠʩʪʠʪʠ ʪʦʢʦʤ ʩʚʦʛ ʠʟʚʨʰʘʚʘˁʘ [MADR2008]. 

ɽʣʝʤʝʥʪʠ ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʢʦʜ ʨʘʟʤʘʪʨʘʥʠʭ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʩʠʩʪʝʤʘ 

ʩʫ ʩʘʞʝʪʦ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 4-3. 
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CMP 

ʂʘʪʝʛʦʨʠʿʝ ʩʦʬʪʚʝʨʩʢʠʭ ʧʦʜʨʰʢʠ 

ʈʫʪʠʥʝ ʟʘ 

ʧʦʜʨʰʢʫ 

ʩʧʝʢʫʣʘʮʠʿʠ 

ʇʦʥʦʚʥʦ 

ʧʨʝʚʦʹʝˁʝ 

ʠʟʚʦʨʥʦʛ ʢʦʜʘ 

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʥʠʪʠ ʧʦʤʦ˂ʫ 

ʧʨʝʚʦʜʠʦʮʘ 

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʥʠʪʠ ʧʦʤʦ˂ʫ 

ʥʘʤʿʝʥʩʢʠʭ ʘʣʘʪʘ 

ʇʦʜʨʰʢʘ ʟʘ 

ʧʨʝʜʠʢʮʠʿʫ 

Multiscʘlʘr 

(ARB) 
ʅʝ ʅʝ ɼʘ ʅʝ ʅʝ 

Multiscʘlʘr 

(SVC) 
ʅʝ ʅʝ ɼʘ ʅʝ ʅʝ 

Multiplex  ɼʘ ʅʝ ɼʘ ʅʝ ʅʝ 

Hydrʘ ɼʘ ɼʘ ɼʘ ʅʝ ʅʝ 

STAMPede ɼʘ ɼʘ ɼʘ ʅʝ ɼʘ 

IACOMA  ʅʝ ʅʝ ʅʝ ɼʘ ʅʝ 

NEKO ʅʝ ʅʝ ɼʘ ʅʝ ʅʝ 

Atlʘs ʅʝ ʅʝ ɼʘ ʅʝ ʅʝ 

SM ʅʝ ʅʝ ʅʝ ʅʝ ʅʝ 

Trace ʅʝ ʅʝ ɼʘ ʅʝ ʅʝ 

MP98 (Merlot) ɼʘ ʅʝ ɼʘ ʅʝ ʅʝ 

MAJC  ɼʘ ʅʝ ɼʘ ʅʝ ɼʘ 

Pinot ʅʝ ʅʝ ʅʝ ɼʘ ʅʝ 

Mitosis ɼʘ ʅʝ ɼʘ ʅʝ ɼʘ 

 

4.2.3 ʅʝʫʿʝʜʥʘʯʝʥ ʩʘʦʙʨʘ˂ʘʿ  

 

ʇʨʦʪʦʢʦʣʠ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʠ ʢʦʭʝʨʝʥʮʠʿʫ ʫ ʩʧʝʢʫʣʘʪʠʚʥʠʤ CMP ʩʠʩʪʝʤʠʤʘ, 

ʢʘʦ ʰʪʦ ʩʫ Multiscʘlʘr (ARB), Hydrʘ, I-ACOMA, STAMPede, Atlʘs, Trʘce, MP98 

(Merlot), MAJC, NEKO, Pinot ʠ Mitosis, ʦʤʦʛʫ˂ʘʚʘʿʫ ʠʟʤʿʝʰʪʘˁʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʦʛ 

ʩʘʜʨʞʘʿʘ ʠʟ ʧʨʠʚʘʪʥʠʭ ʢʝʰ ʤʝʤʦʨʠʿʘ ʟʘ ʧʦʜʘʪʢʝ, ʦʜʥʦʩʥʦ ʩʪʨʫʢʪʫʨʘ ʢʦʿʝ ʩʝ 

ʢʦʨʠʩʪʝ ʟʘ ʯʫʚʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʫ 

ʚʠʰʠ ʥʠʚʦ ʤʝʤʦʨʠʿʩʢʝ ʭʠʿʝʨʘʨʭʠʿʝ (ʜʠʿʝˀʝʥʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʫ ʟʘ ʧʦʜʘʪʢʝ, 

ʜʠʿʝˀʝʥʫ L2 ʢʝʰ ʤʝʤʦʨʠʿʫ, ʜʠʿʝˀʝʥʫ ʛʣʘʚʥʫ ʤʝʤʦʨʠʿʫ) ʩʘʤʦ ʧʨʠʣʠʢʦʤ ʟʘʚʨʰʝʪʢʘ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ. ʋ ʪʦʤ ʪʨʝʥʫʪʢʫ ʩʝ ʿʘʚˀʘ ʥʝʫʿʝʜʥʘʯʝʥ ʩʘʦʙʨʘ˂ʘʿ (bursty 
trʘffic) ʥʘ ʠʥʪʝʨʢʦʥʝʢʮʠʦʥʦʿ ʤʨʝʞʠ ʢʦʿʠ ʤʦʞʝ ʫʚʝ˂ʘʪʠ ʚʨʠʿʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ 

ʟʘʚʨʰʝʪʘʢ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʠ ʧʨʦʩˀʝʹʠʚʘˁʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʦʛ ʩʪʘʪʫʩʘ 

ʩˀʝʜʝ˂ʦʿ ʥʠʪʠ, ʢʘʦ ʠ ʫʚʝ˂ʘʪʠ ʢʘʰˁʝˁʝ ʧʨʠʣʠʢʦʤ ʜʦʜʿʝˀʠʚʘˁʘ ʥʦʚʝ ʩʧʝʢʫʣʘʪʠʚʥʝ 

ʥʠʪʠ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʰʪʦ ʤʦʞʝ ʜʝʛʨʘʜʠʨʘʪʠ ʧʝʨʬʦʨʤʘʥʩʝ ʩʠʩʪʝʤʘ. 

ʂʦʜ Atlʘs ʠ Mitosis ʿʝ ʿʦʰ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʜʘ ʩʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʚʨʠʿʝʜʥʦʩʪʠ 

ʪʦʢʦʤ ʠʟʚʨʰʘʚʘˁʘ ʧʨʝʪʭʦʜʥʦ ʰʘˀʫ ʥʘ ʤʘʛʠʩʪʨʘʣʫ ʢʘʢʦ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʧʦʪʨʝʙʥʘ 

ʚʝʨʠʬʠʢʘʮʠʿʘ ʠ, ʫ ʩʣʫʯʘʿʫ ʧʦʛʨʝʰʥʝ ʧʨʝʜʠʢʮʠʿʝ, ʫʨʘʜʠʣʘ ˁʠʭʦʚʘ ʢʦʨʝʢʮʠʿʘ. ʆʚʦ, 

ʪʘʢʦʹʝ, ʠʤʘ ʜʦʜʘʪʥʠ ʫʪʠʮʘʿ ʥʘ ʩʘʦʙʨʘ˂ʘʿ ʥʘ ʟʘʿʝʜʥʠʯʢʦʿ ʤʘʛʠʩʪʨʘʣʠ ʠ ʚʨʠʿʝʤʝ 

ʧʦʪʨʝʙʥʦ ʟʘ ʟʘʚʨʰʝʪʘʢ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ [CODR2001, MADR2008]. 

ʊʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʫ I-ACOMA ʨʘʜʝ ʫ 

ʦʛʨʘʥʠʯʝʥʦʤ ʨʝʞʠʤʫ ʦʜʣʦʞʝʥʦʛ ʫʧʠʩʘ (write-back) ʠ ʥʠʿʝ ʠʤ ʜʦʟʚʦˀʝʥʦ ʜʘ 

ʤʦʜʠʬʠʢʦʚʘʥʝ ʢʝʰ ʣʠʥʠʿʝ ʧʨʝʙʘʮʫʿʫ ʫ ʚʠʰʠ ʥʠʚʦ ʤʝʤʦʨʠʿʝ. ʄʝʹʫʪʠʤ, ʢʘʜʘ 
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ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʩʪʝʢʥʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʠ ʩʪʘʪʫʩ ʤʦʜʠʬʠʢʦʚʘʥʝ ʢʝʰ ʣʠʥʠʿʝ ʩʝ 

ʤʦʛʫ ʠʟʤʿʝʩʪʠʪʠ ʠʟ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ ʠ ʪʘʜʘ ʦʥʝ ʧʦʯʠˁʫ ʜʘ ʨʘʜʝ ʫ ʨʝʞʠʤʫ 

ʜʠʨʝʢʪʥʦʛ ʫʧʠʩʘ (write-through) [KRIS1999]. 

Hydrʘ ʢʦʨʠʩʪʠ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʩʘ ʜʠʨʝʢʪʥʠʤ ʫʧʠʩʦʤ ʪʘʢʦ ʜʘ ʩʝ ʩʧʝʢʫʣʘʪʠʚʥʠ 

ʧʦʜʘʮʠ ʫʧʠʩʫʿʫ ʜʠʨʝʢʪʥʦ ʫ L2 ʩʝʢʫʥʜʘʨʥʝ ʙʘʬʝʨʝ, ʩʚʝ ʜʦʢ ʥʠʪ ʥʝ ʧʦʩʪʘʥʝ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʠ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʟʘʚʨʰʝʥʘ. ʊʘʜʘ ʠʟʤʿʝʥʝ ʤʦʛʫ ʜʘ ʙʫʜʫ ʫʢˀʫʯʝʥʝ ʫ 

ʧʝʨʤʘʥʝʥʪʥʦ ʩʪʘˁʝ ʜʠʿʝˀʝʥʝ L2 ʢʝʰ ʤʝʤʦʨʠʿʝ [OLUK2007]. 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʩʠʩʪʝʤʘ Multiscʘlʘr SVC ʰʝʤʘ ʧʨʠʣʠʢʦʤ 

ʟʘʚʨʰʝʪʢʘ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʟʘʜʨʞʘʚʘ ʠʟʤʠʿʝˁʝʥʝ ʚʝʨʟʠʿʝ ʫ L1 ʢʝʰ 

ʤʝʤʦʨʠʿʘʤʘ ʢʦʿʝ ʢʘʩʥʠʿʝ ʫʧʠʩʫʿʝ ʥʘʟʘʜ ʫ ʤʝʤʦʨʠʿʫ ʧʨʠ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʧʨʠʩʪʫʧʫ 

ʪʠʤ ʣʠʥʠʿʘʤʘ ʢʝʰʘ. ʊʠʤʝ ʩʝ ʩʧʨʝʯʘʚʘ ʧʨʦʙʣʝʤ ʩʘ ʟʘʛʫʰʝˁʝʤ ʤʘʛʠʩʪʨʘʣʝ ʪʦʢʦʤ 

ʟʘʚʨʰʝʪʢʘ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʧʦʰʪʦ ʩʝ ʫʧʠʩ ʫ ʤʝʤʦʨʠʿʫ ʦʜʣʘʞʝ ʜʦʢ ʪʦ ʟʘʠʩʪʘ 

ʥʝ ʙʫʜʝ ʧʦʪʨʝʙʥʦ. ʊʘʢʦʹʝ, ʘʢʦ ʩʝ ʢʘʩʥʠʿʝ ʧʦʿʘʚʠ ʥʦʚʠʿʘ ʚʝʨʟʠʿʘ ʢʝʰ ʣʠʥʠʿʝ ʤʦʛʫ˂ʝ 

ʿʝ ʜʘ ʪʘ ʣʠʥʠʿʘ ʥʝ ʙʫʜʝ ʥʠʢʘʜʘ ʫʧʠʩʘʥʘ ʥʘʟʘʜ ʫ ʤʝʤʦʨʠʿʫ [GOPA1998]. 

ʋ ʪʘʙʝʣʠ 4-4 ʩʫ ʩʘʞʝʪʦ ʧʨʠʢʘʟʘʥʠ ʧʦʿʝʜʠʥʠ ʝʣʝʤʝʥʪʠ ʢʦʿʠ ʤʦʛʫ ʜʘ ʧʨʦʫʟʨʦʢʫʿʫ 

ʥʝʫʿʝʜʥʘʯʝʥ ʩʘʦʙʨʘ˂ʘʿ ʧʨʠʣʠʢʦʤ ʟʘʚʨʰʝʪʢʘ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʥʘ 

ʠʥʪʝʨʢʦʥʝʢʮʠʦʥʦʿ ʤʨʝʞʠ ʢʦʜ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʩʠʩʪʝʤʘ. 

 

4.2.4 ʉʪʨʘʪʝʛʠʿʘ ʟʘʤʿʝʥʝ 

 

ɿʘʤʿʝʥʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʤʦʜʠʬʠʢʦʚʘʥʠʭ ʢʝʰ ʨʠʿʝʯʠ ʠʣʠ ʣʠʥʠʿʘ ʫ L1 ʢʝʰ 

ʤʝʤʦʨʠʿʘʤʘ ʟʘ ʧʦʜʘʪʢʝ ʠʣʠ ʭʘʨʜʚʝʨʩʢʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʧʨʝʜʚʠʹʝʥʠʤ ʟʘ ʯʫʚʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʫ ʧʨʦʪʦʢʦʣʠʤʘ ʟʘ 

ʢʦʭʝʨʝʥʮʠʿʫ ʠ ʩʧʝʢʫʣʘʮʠʿʫ ʢʦʜ ʩʚʠʭ ʨʘʟʤʘʪʨʘʥʠʭ ʩʧʝʢʫʣʘʪʠʚʥʠʭ CMP ʩʠʩʪʝʤʘ 

ʥʠʿʝ ʜʦʟʚʦˀʝʥʘ ʿʝʨ ʙʠ ʩʝ, ʥʘ ʪʘʿ ʥʘʯʠʥ, ʧʨʦʤʠʿʝʥʠʣʦ ʥʝʩʧʝʢʫʣʘʪʠʚʥʦ ʩʪʘˁʝ ʫ 

ʚʠʰʝʤ ʥʠʚʦʫ ʭʠʿʝʨʘʨʭʠʿʝ. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ʩʝ ʚʨʰʠ ʧʨʠʚʨʝʤʝʥʦ ʟʘʫʩʪʘʚˀʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʢʦʿʘ ʧʦʢʫʰʘʚʘ ʜʘ ʠʟʚʨʰʠ ʟʘʤʿʝʥʫ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʧʦʜʘʪʢʘ ʩʚʝ 

ʜʦʢ ʦʥʘ ʥʝ ʜʦʙʠʿʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʠ ʩʪʘʪʫʩ ʠʣʠ ʥʝ ʙʫʜʝ ʧʦʢʨʝʥʫʪʦ ˁʝʥʦ ʧʦʥʦʚʥʦ 

ʠʟʚʨʰʘʚʘˁʝ (ʥʧʨ., Multiscʘlʘr (ARB), Hydrʘ, I-ACOMA, Atlʘs). ʋ STAMPede-ʫ, 

ʤʝʹʫʪʠʤ, ʧʨʦʪʦʢʦʣ ʟʘ ʢʦʭʝʨʝʥʮʠʿʫ ʠ ʩʧʝʢʫʣʘʮʠʿʫ ˂ʝ ʠʩʪʫ ʩʠʪʫʘʮʠʿʫ ʧʦʩʤʘʪʨʘʪʠ 

ʢʘʦ ʥʘʨʫʰʘʚʘˁʝ ʤʝʤʦʨʠʿʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʰʪʦ ˂ʝ ʫ ʢʨʘʿˁʝʤ 

ʨʝʟʫʣʪʦʚʘʪʠ ʧʦʥʠʰʪʘʚʘˁʝʤ ʜʘʪʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʠ ʩʚʠʭ ʥʠʪʠ ʢʦʿʝ ʿʝ ʩʣʠʿʝʜʝ.  

Hydrʘ ʠ STAMPede ʢʦʨʠʩʪe victim ʢʝʰ ʫʟ ʩʚʘʢʠ L1 ʢʝʰ ʟʘ ʧʦʜʘʪʢʝ ʢʘʦ ʤʿʝʨʫ 

ʧʨʝʜʦʩʪʨʦʞʥʦʩʪʠ ʜʘ ʙʠ ʝʣʠʤʠʥʠʩʘʣʠ ʧʨʦʙʣʝʤ ʟʘʫʩʪʘʚˀʘˁʘ ʧʨʦʮʝʩʦʨʩʢʦʛ ʿʝʟʛʨʘ 

ʦʜʥʦʩʥʦ ʧʦʥʠʰʪʘʚʘˁʝ ʩʧʝʢʫʣʘʮʠʿʝ, ʨʝʩʧʝʢʪʠʚʥʦ, ʘʢʦ L1 ʢʝʰ ʟʘ ʧʦʜʘʪʢʝ ʧʦʢʫʰʘ 

ʜʘ ʠʟʙʘʮʠ ʩʧʝʢʫʣʘʪʠʚʥʫ ʢʝʰ ʣʠʥʠʿʫ. ʄʝʹʫʪʠʤ, victim ʢʝʰ ʿʝ ʢʦʥʘʯʘʥ ʨʝʩʫʨʩ ʢʦʿʠ 

ʩʝ ʪʦʢʦʤ ʠʟʚʨʰʘʚʘˁʘ ʤʦʞʝ ʧʨʝʧʫʥʠʪʠ ʰʪʦ, ʥʘ ʢʨʘʿʫ, ʠʧʘʢ ʤʦʞʝ ʧʨʦʫʟʨʦʢʦʚʘʪʠ 

ʟʘʫʩʪʘʚˀʘˁʝ ʧʨʦʮʝʩʦʨʩʢʦʛ ʿʝʟʛʨʘ ʢʦʜ Hydra-e [OLUK2007], ʦʜʥʦʩʥʦ ʧʦʥʠʰʪʘʚʘˁʝ 

ʩʧʝʢʫʣʘʮʠʿʝ ʢʦʜ STAMPede-a [STEF2000, STEF2005]. 

ʂʝʰ ʣʠʥʠʿʘ ʫ ʄVC ʢʝʰʫ ʢʦʜ SM ʩʝ ʩʤʘʪʨʘ ʢʘʥʜʠʜʘʪʦʤ ʟʘ ʟʘʤʿʝʥʫ ʩʘʤʦ 

ʫʢʦʣʠʢʦ ʩʫ ʩʚʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʟʘ ʢʦʿʝ ʿʝ ʧʨʝʜʚʠʹʝʥʦ ʜʘ ˂ʝ ʚʨʰʠʪʠ ʫʧʠʩ ʫ ʜʘʪʫ 

ʢʝʰ ʣʠʥʠʿʫ ʟʘʚʨʰʠʣʝ ʩʘ ʩʚʦʿʠʤ ʠʟʚʨʰʘʚʘˁʝʤ. ʊʘʢʦʹʝ, ʫʢʦʣʠʢʦ ʩʝ ʨʘʜʠ ʦ ʟʘʤʿʝʥʠ 
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ʤʦʜʠʬʠʢʦʚʘʥʝ ʢʝʰ ʣʠʥʠʿʝ ʠʩʪʘ ˂ʝ ʙʠʪʠ ʨʘʟʤʦʪʨʝʥʘ ʢʘʦ ʢʘʥʜʠʜʘʪ ʟʘ ʟʘʤʿʝʥʫ ʩʘʤʦ ʫ 

ʩʣʫʯʘjʫ ʜʘ ʥʝʤʘ ʘʢʪʠʚʥʠʭ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ [MARC1998]. MAJC ʜʦʟʚʦˀʘʚʘ 

ʩʘʤʦ ʥʝʩʧʝʢʫʣʘʪʠʚʥʦʿ ʥʠʪʠ ʜʘ ʠʟʚʨʰʠ ʟʘʤʿʝʥʫ ʢʝʰ ʣʠʥʠʿʘ ʠʟ ʟʘʿʝʜʥʠʯʢʝ L1 ʢʝʰ 

ʤʝʤʦʨʠʿʝ ʟʘ ʧʦʜʘʪʢʝ [TREM2000, SUDH2000]. 

 

ʊʘʙʝʣʘ 4-4. ʋʟʨʦʮʠ ʢʦʿʠ ʤʦʛʫ ʜʘ ʧʨʦʫʟʨʦʢʫʿʫ ʥʝʫʿʝʜʥʘʯʝʥ ʩʘʦʙʨʘ˂ʘʿ 

CMP 

ʋʟʨʦʮʠ ʟʘ ʥʝʫʿʝʜʥʘʯʝʥ ʩʘʦʙʨʘ˂ʘʿ 

ʈʝʞʠʤ ʫʧʠʩʘ ʫ L1 ʢʝʰ  

ʈʫʢʦʚʘˁʝ ʤʦʜʠʬʠʢʦʚʘʥʠʤ 

ʧʦʜʘʮʠʤʘ ʥʘ ʟʘʚʨʰʝʪʢʫ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ 

ʋʚʝ˂ʘˁʝ ʚʨʝʤʝʥʘ ʟʘʚʨʰʝʪʢʘ 

ʥʠʪʠ ʠ ʢʘʰˁʝˁʘ ʫ 

ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʠ ʥʦʚʝ ʥʠʪʠ 

Multiscʘlʘr (ARB) ʆʜʣʦʞʝʥʠ ʫʧʠʩ 
ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 

ʰʘˀʫ ʫ ʜʠʿʝˀʝʥʠ L2 ʢʝʰ 
ɼʘ 

Multiscʘlʘr (SVC) ʆʜʣʦʞʝʥʠ ʫʧʠʩ  

ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 

ʟʘʜʨʞʘʚʘʿʫ ʫ ʧʨʠʚʘʪʥʠʤ L1 

ʢʝʰʝʚʠʤʘ 

ʅʝ 

Hydrʘ ɼʠʨʝʢʪʥʠ ʫʧʠʩ  

ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ ʠʟ 

ʩʝʢʫʥʜʘʨʥʠʭ ʙʘʬʝʨʘ ʰʘˀʫ ʫ 

ʜʠʿʝˀʝʥʠ L2 ʢʝʰ 

ɼʘ 

STAMPede ʆʜʣʦʞʝʥʠ ʫʧʠʩ  
ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 

ʰʘˀʫ ʫ ʜʠʿʝˀʝʥʠ L2 ʢʝʰ 
ɼʘ 

IACOMA  

ʆʜʣʦʞʝʥʠ ʫʧʠʩ  ʫ 

ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʤʦʜʫ ʠ 
ʜʠʨʝʢʪʘʥ ʫʧʠʩ  ʫ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʦʤ ʤʦʜʫ 

ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 
ʰʘˀʫ ʫ ʜʠʿʝˀʝʥʠ L2 ʢʝʰ 

ɼʘ 

NEKO ʆʜʣʦʞʝʥʠ ʫʧʠʩ  
ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 

ʰʘˀʫ ʫ ʜʠʿʝˀʝʥʠ L2 ʢʝʰ 
ɼʘ 

Atlʘs ʆʜʣʦʞʝʥʠ ʫʧʠʩ  

ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 

ʰʘˀʫ ʫ ʜʠʿʝˀʝʥʠ L2 ʢʝʰ ʠ ʢʘ 
ʩʚʠʤ ʥʠʪʠʤʘ ʩˀʝʜʙʝʥʠʮʘʤʘ 

ʨʘʜʠ ʧʨʦʚʿʝʨʝ ʧʨʝʜʠʢʮʠʿʝ 

ɼʘ 

SM ʆʜʣʦʞʝʥʠ ʫʧʠʩ  
ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 
ʰʘˀʫ ʫ ʛʣʘʚʥʫ ʤʝʤʦʨʠʿʫ 

ɼʘ 

Trace ʆʜʣʦʞʝʥʠ ʫʧʠʩ  
ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 

ʰʘˀʫ ʫ ʜʠʿʝˀʝʥʠ L1 ʢʝʰ 
ɼʘ 

MP98 (Merlot) ʆʜʣʦʞʝʥʠ ʫʧʠʩ  
ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 
ʰʘˀʫ ʫ  ʛʣʘʚʥʫ ʤʝʤʦʨʠʿʫ 

ɼʘ 

MAJC  ʆʜʣʦʞʝʥʠ ʫʧʠʩ  
ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 

ʰʘˀʫ ʫ ʛʣʘʚʥʫ ʤʝʤʦʨʠʿʫ 
ɼʘ 

Pinot ʆʜʣʦʞʝʥʠ ʫʧʠʩ  
ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 

ʰʘˀʫ ʫ ʛʣʘʚʥʫ ʤʝʤʦʨʠʿʫ 
ɼʘ 

Mitosis ʆʜʣʦʞʝʥʠ ʫʧʠʩ  

ʄʦʜʠʬʠʢʦʚʘʥʠ ʧʦʜʘʮʠ ʩʝ 
ʰʘˀʫ ʫ ʜʠʿʝˀʝʥʠ L2 ʢʝʰ ʠ ʢʘ 

ʩʚʠʤ ʥʠʪʠʤʘ ʩˀʝʜʙʝʥʠʮʘʤʘ 

ʨʘʜʠ ʧʨʦʚʿʝʨʝ ʧʨʝʜʠʢʮʠʿʝ 

ɼʘ 

 

ʋʢʦʣʠʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʟʘʤʿʝʥʫ ʥʝʩʧʝʢʫʣʘʪʠʚʥʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʠʟ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʠʣʠ ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʝ ʧʦʜʨʞʘʚʘʿʫ ʚʠʰʝʩʪʨʫʢʝ 

ʚʝʨʟʠʿʝ ʟʘ ʩʚʘʢʫ ʤʝʤʦʨʠʿʩʢʫ ʘʜʨʝʩʫ, ʢʦʿʝ ʢʦʥʪʨʦʣʠʰʝ ʙʠʣʦ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʠʣʠ 

ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ, ʥʘ ʦʩʥʦʚʫ ʜʦʩʪʫʧʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʣʠʪʝʨʘʪʫʨʠ ʟʘ ʦʜʨʝʹʝʥʝ 

ʩʧʝʢʫʣʘʪʠʚʥʝ CMP ʩʠʩʪʝʤʝ, ʢʘʦ ʰʪʦ ʩʫ Multiscʘlʘr (SVC), Multiplex, Hydrʘ, Trʘce, 

Pinot ʠ SM, ʧʨʠʤʿʝˁʫʿʝ ʩʝ LRU (Leʘst Recently Used) ʩʪʨʘʪʝʛʠʿʘ ʟʘʤʿʝʥʝ. ʇʨʝʤʘ 

ʪʦʤʝ, ʠʟʙʦʨ ʢʘʥʜʠʜʘʪʘ ʟʘ ʟʘʤʿʝʥʫ ʩʝ ʨʘʜʠ ʥʘ ʦʩʥʦʚʫ ʫʦʙʠʯʘʿʝʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ 

ʠʩʪʦʨʠʿʝ ʧʨʠʩʪʫʧʘ ʥʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʥʠʢʘʢʚʝ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʩʧʝʢʫʣʘʪʠʚʥʠʭ 

ʩʠʩʪʝʤʘ. 
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ɻʣʘʚʘ 5  ʇʨʝʜʣʦʛ ʧʦʜʨʰʢʝ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ 

ʥʘ ʥʠʚʦʫ ʥʠʪʠ  ʫ CMP ʩʠʩʪʝʤʫ 
 

ʇʨʝʪʭʦʜʥʘ ʘʥʘʣʠʟʘ ʧʦʜʨʰʢʝ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʥʠʪʠ ʫ CMP ʩʠʩʪʝʤʫ 

ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʦʥʘ ʯʝʩʪʦ ʚʨʣʦ ʩʣʦʞʝʥʘ, ʧʦʩʝʙʥʦ ʫ ʩʠʩʪʝʤʠʤʘ ʠʟ ʧʨʚʝ ʛʨʫʧʝ ʧʦʪʧʫʥʦ 

ʦʨʠʿʝʥʪʠʩʘʥʠʤ ʢʘ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʠʟʚʨʰʘʚʘˁʫ. ʄʝʹʫʪʠʤ, ʢʘʜʘ ʩʝ ʠʟʚʨʰʘʚʘ 

ʤʫʣʪʠʧʨʦʛʨʘʤʩʢʦ ʦʧʪʝʨʝ˂ʝˁʝ ʠ ʫ ʧʨʘʚʠʤ ʧʘʨʘʣʝʣʥʠʤ ʘʧʣʠʢʘʮʠʿʘ, ʪʘ ʧʦʜʨʰʢʘ 

ʦʩʪʘʿʝ ʥʝʠʩʢʦʨʠʰ˂ʝʥʘ. ʉʠʩʪʝʤʠ ʧʨʝʪʝʞʥʦ ʛʝʥʝʨʠʯʢʝ ʘʨʭʠʪʝʢʪʫʨʝ ʠʟ ʜʨʫʛʝ ʛʨʫʧʝ 

ʢʦʨʠʩʪʝ ʩʘʤʦ ʩʧʝʢʫʣʘʮʠʿʫ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ ʰʪʦ, ʠʧʘʢ, ʥʝ ʜʘʿʝ ʦʧʪʠʤʘʣʥʝ 

ʧʨʝʜʫʩʣʦʚʝ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʦʜʣʫʯʝʥʦ ʜʘ ʧʨʝʜʣʦʞʝʥʠ 

ʩʠʩʪʝʤ ʧʦ ʩʚʦʤ ʧʨʠʩʪʫʧʫ ʧʨʠʧʘʜʘ ʪʨʝ˂ʦʿ ʛʨʫʧʠ ʭʠʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʠʤʘʿʫ 

ʦʩʥʦʚʥʫ ʛʝʥʝʨʠʯʢʫ CMP ʘʨʭʠʪʝʢʪʫʨʫ ʥʘʜʛʨʘʹʝʥʫ ʧʦʜʨʰʢʦʤ ʠ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʠ ʟʘ 

ʤʝʤʦʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ. 

ʆʩʥʦʚʥʠ ʮʠˀ ʿʝ ʙʠʦ ʜʘ ʩʝ ʧʨʝʜʣʦʞʠ ʩʠʩʪʝʤ ʩʘ ʜʦʙʨʠʤ ʦʜʥʦʩʦʤ 

ʮʠʿʝʥʘ/ʧʝʨʬʦʨʤʘʥʩʝ ʩʘ ʿʝʜʥʦʩʪʘʚʥʠʿʦʤ ʭʘʨʜʚʝʨʩʢʦ/ʩʦʬʪʚʝʨʩʢʦʤ ʧʦʜʨʰʢʦʤ ʟʘ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʠ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʠ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ 

ʧʦʥʦʚʥʠʤ ʧʨʝʚʦʹʝˁʝʤ ʠʟʚʦʨʥʦʛ ʢʦʜʘ ʩʝʢʚʝʥʮʠʿʘʣʥʠʭ ʘʧʣʠʢʘʮʠʿʘ. ʇʦʨʝʜ ʪʦʛʘ, ʮʠˀ 

ʿʝ ʙʠʦ ʜʘ ʩʝ ʦʪʢʣʦʥʝ ʠ ʥʝʢʝ ʤʦʛʫ˂ʝ ʥʝʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʧʦʟʥʘʪʝ ʫ ʯʝʪʚʨʪʦʿ ʛʣʘʚʠ, 

ʢʘʦ ʰʪʦ ʩʫ ʥʝʫʿʝʜʥʘʯʝʥ ʩʘʦʙʨʘ˂ʘʿ ʧʨʠ ʟʘʚʨʰʘʚʘˁʫ ʥʠʪʠ ʠ ʥʝʧʨʠʣʘʛʦʹʝʥʘ 

ʩʪʨʘʪʝʛʠʿʘ ʟʘʤʿʝʥʝ ʫ ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ. 

ʋ ʥʘʩʪʘʚʢʫ ˂ʝ ʫʢʨʘʪʢʦ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʣʦʞʝʥʦʛ CMP 

ʨʿʝʰʝˁʘ ʩʘ TLS ʧʦʜʨʰʢʦʤ, ʟʘʪʠʤ ʥʘʯʠʥ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʥʠʪʠ ʠ ʩʧʝʢʫʣʘʪʠʚʥʦʛ 

ʠʟʚʨʰʘʚʘˁʘ, ʢʘʦ ʠ ʭʘʨʜʚʝʨʩʢʦ/ʩʦʬʪʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʥʠʪʠ ʥʘ 

ʨʝʛʠʩʪʘʨʩʢʦʤ ʠ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ. 
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5.1 ʉʪʨʫʢʪʫʨʘ ʧʨʝʜʣʦʞʝʥʦʛ ʩʠʩʪʝʤʘ 
 

ʇʨʝʪʧʦʩʪʘʚˀʝʥʘ ʩʪʨʫʢʪʫʨʘ CMP ʩʠʩʪʝʤʘ ʟʘ ʢʦʿʠ ʩʝ ʫ ʦʚʦʤ ʨʘʜʫ ʧʨʝʜʣʘʞʝ 

ʧʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʿʝ ʩʣʠʯʥʘ ʩʠʩʪʝʤʠʤʘ I-ACOMA [KRIS1999], 

Atlas [CODR2001] ʠ Neko [BARL2003, YANA2003]. ʈʘʥʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ 

ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʤʝʤʦʨʠʿʩʢʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʘ ʧʨʠʚʘʪʥʠʤ L1 ʢʝʰ ʤʝʤʦʨʠʿʠʤʘ ʠ 

ʟʘʿʝʜʥʠʯʢʦʤ L2 ʢʝʰ ʤʝʤʦʨʠʿʦʤ ʧʦʢʘʟʘʣʘ ʢʘʦ ʙʦˀʘ ʘʣʪʝʨʥʘʪʠʚʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʟʘʿʝʜʥʠʯʢʦʤ L1 ʢʝʰ ʤʝʤʦʨʠʿʦʤ ʿʝʨ ʠʤʘ ʜʦʙʨʫ ʩʢʘʣʘʙʠʣʥʦʩʪ ʠ ʥʝ ʪʨʘʞʠ ʩʣʦʞʝʥʝ 

ʠʥʪʝʨʢʦʥʝʢʮʠʦʥʝ ʤʨʝʞʝ ʠʟʤʝʹʫ ʿʝʟʛʘʨʘ ʠ ʙʘʥʢʠ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ 

ʧʦʩʪʠʞʝ ʠ ʙʨʞʠ ʧʨʠʩʪʫʧ ʠ ʚʝ˂ʠ ʫʢʫʧʘʥ ʤʝʤʦʨʠʿʩʢʠ ʢʘʧʘʮʠʪʝʪ ʧʨʚʦʛ ʥʠʚʦʘ. 

ʊʘʢʦʹʝ, ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʫ ʧʝʨʬʦʨʤʘʥʩʝ ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʘʧʣʠʢʘʮʠʿʝ ʙʦˀʝ ʩʘ ʦʚʦʤ 

ʘʨʭʠʪʝʢʪʫʨʦʤ ʢʝʰ ʤʝʤʦʨʠʿʘ [MADR2008, STEF2005, SASS2005, BARL2003, 

OHSA2005, STEF2000, TSAI1999]. 

ʇʨʝʤʘ ʪʦʤʝ, CMP ʩʠʩʪʝʤ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʯʝʪʠʨʠ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ ʦʜ ʢʦʿʠʭ 

ʩʚʘʢʦ ʠʤʘ ʧʨʠʚʘʪʥʝ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʟʘ ʧʦʜʘʪʢʝ ʠ ʠʥʩʪʨʫʢʮʠʿʝ ʧʦʚʝʟʘʥʝ 

ʟʘʿʝʜʥʠʯʢʦʤ ʤʘʛʠʩʪʨʘʣʦʤ ʩʘ ʿʝʜʠʥʩʪʚʝʥʦʤ L2 ʢʝʰ ʤʝʤʦʨʠʿʦʤ ʢʦʿʘ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ 

ʛʣʘʚʥʦʤ ʤʝʤʦʨʠʿʦʤ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʚʘʥ ʯʠʧʘ (ʩʣʠʢʘ 5-1). ʇʨʝʢʦ ʦʚʝ ʤʘʛʠʩʪʨʘʣʝ ʩʝ 

ʦʙʘʚˀʘ ʩʧʝʢʫʣʘʪʠʚʥʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʥʘ ʤʝʤʦʨʠʿʩʢʦʤ ʥʠʚʦʫ. ʆʙʘ ʥʠʚʦʘ ʢʝʰ 

ʤʝʤʦʨʠʿʝ ʢʦʨʠʩʪʝ ʩʪʨʘʪʝʛʠʿʫ ʦʜʣʦʞʝʥʦʛ ʫʧʠʩʘ (write-back). ʀʘʢʦ ʙʠ ʟʘ ʯʫʚʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʩʪʘˁʘ ʠʜʝʘʣʘʥ ʙʠʦ ʧʦʪʧʫʥʦ ʘʩʦʮʠʿʘʪʠʚʥʠ ʥʘʯʠʥ ʤʘʧʠʨʘˁʘ, ʮʠʿʝʥʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʥʘʣʘʞʝ ʢʦʨʠʰ˂ʝˁʝ ʩʝʪ-ʘʩʦʮʠʿʘʪʠʚʥʦʛ ʥʘʯʠʥʘ ʤʘʧʠʨʘˁʘ.  

ʉʧʝʢʫʣʘʪʠʚʥʠ CMP ʩʠʩʪʝʤ ʦʤʦʛʫ˂ʘʚʘ ʤʝʹʫʧʨʦʮʝʩʦʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠ ʥʘ 

ʥʠʚʦʫ ʨʝʛʠʩʪʘʨʘ ʠ ʥʘ ʥʠʚʦʫ ʤʝʤʦʨʠʿʝ. ʈʝʛʠʩʪʘʨʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ 

ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʩʝ ʦʙʘʚˀʘ ʧʨʝʢʦ ʧʦʩʝʙʥʝ 

ʟʘʿʝʜʥʠʯʢʝ ʤʘʛʠʩʪʨʘʣʝ (ʩʣʠʢʘ 5-1). ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʠ ʨʝʛʠʩʪʘʨʩʢʘ ʠ ʤʝʤʦʨʠʿʩʢʘ 

ʢʦʤʫʥʠʢʘʮʠʿʘ ʦʙʘʚˀʘʿʫ ʥʘ ʧʨʠʥʮʠʧʠʤʘ Ăsnoopyñ ʧʨʦʪʦʢʦʣʘ, ʩʣʦʞʝʥʦʩʪ ʦʚʝ 

ʧʦʜʨʰʢʝ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʚʠʩʠ ʦʜ ʙʨʦʿʘ ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ, ʧʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʧʨʦʧʫʩʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʰʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʦʙʝʿ ʟʘʿʝʜʥʠʯʢʝ ʤʘʛʠʩʪʨʘʣʝ ʙʨʦʿ 

ʧʨʦʮʝʩʦʨʩʢʠʭ ʿʝʟʛʘʨʘ ʩʘ ʧʨʠʚʘʪʥʠʤ L1 ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ ʩʝ ʤʦʞʝ ʣʘʢʦ ʧʦʚʝ˂ʘʪʠ. 

 

5.2 ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʠʪʠ ʠ ʧʦʩʪʫʧʘʢ ʩʧʝʢʫʣʘʮʠʿʝ 
 

ʂʘʦ ʠ ʢʦʜ ʚʝ˂ʠʥʝ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘ ʦʧʠʩʘʥʠʭ ʫ ʧʨʝʛʣʝʜʫ, ʠ ʫ ʦʚʦʤ ʧʨʝʜʣʦʛʫ 

ʩʧʝʢʫʣʘʪʠʚʥʘ ʧʘʣʘʣʝʣʠʟʘʮʠʿʘ ʩʝ ʩʧʨʦʚʦʜʠ ʥʘ ʥʠʚʦʫ ʧʝʪˀʠ ʿʝʨ ʫ ˁʠʤʘ ʧʦʩʪʦʿʠ 

ʥʘʿʚʝ˂ʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘ ʧʘʨʘʣʝʣʠʟʘʮʠʿʫ. ʋʢʦʣʠʢʦ ʩʫ ʧʝʪˀʝ ʫʛˁʝʞʜʝʥʝ, ʦʥʜʘ ʩʝ 

ʩʧʝʢʫʣʘʪʠʚʥʦ ʧʘʨʘʣʝʣʠʟʫʿʝ ʫʥʫʪʨʘʰˁʘ ʧʝʪˀʘ ʿʝʨ ʦʥʘ ʜʦʤʠʥʘʥʪʥʦ ʫʪʠʯʝ ʥʘ 

ʚʨʠʿʝʤʝ ʠʟʚʨʰʘʚʘˁʘ. ʇʨʝʤʘ ʪʦʤʝ, ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʦʜʛʦʚʘʨʘʿʫ ʧʦʿʝʜʠʥʠʤ 

ʠʪʝʨʘʮʠʿʘʤʘ ʦʚʝ ʧʝʪˀʝ. 
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ʉʣʠʢʘ 5-1. ʉʪʨʫʢʪʫʨʘ ʧʨʝʜʣʦʞʝʥʦʛ ʩʠʩʪʝʤʘ 

 

ʉʧʝʢʫʣʘʪʠʚʥʠ ʤʝʪʦʜ ʠ ʧʦʩʪʫʧʘʢ ʩʫ ʩʣʠʯʥʠ ʦʥʦʤ ʢʦʿʠ ʩʝ ʧʨʠʤʿʝˁʫʿʝ ʫ 

I-ACOMA [KRIS1999]. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʩʠʩʪʝʤʘ ʢʦʿʠ ʠʟʜʚʘʿʘʿʫ ʥʠʪʠ ʫ ʚʨʠʿʝʤʝ 

ʠʟʚʨʰʘʚʘˁʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʠʪʠ ʩʝ ʚʨʰʠ ʧʨʠʿʝ ʠʟʚʨʰʘʚʘˁʘ ʫʟ ʧʦʤʦ˂ ʧʦʩʝʙʥʝ 

ʩʦʬʪʚʝʨʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ï ʙʠʥʘʨʥʦʛ ʘʥʦʪʘʪʦʨʘ. ʆʥ ʨʘʜʠ ʥʘʜ ʩʝʢʚʝʥʮʠʿʘʣʥʠʤ 

ʠʟʚʨʰʥʠʤ, ʙʠʥʘʨʥʠʤ ʢʦʜʦʤ ʪʘʢʦ ʜʘ ʩʝ ʠʟʙʿʝʛʘʚʘ ʧʦʪʨʝʙʘ ʟʘ ʧʦʥʦʚʥʠʤ ʧʨʝʚʦʹʝˁʝʤ 

ʠʟʚʦʨʥʦʛ ʢʦʜʘ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʪʝʨaʮʠʿʝ ʠʩʪʝ ʧʝʪˀʝ, ʩʚʝ ʥʠʪʠ ʠʤʘʿʫ 

ʠʩʪʠ ʢʦʜ, ʘ ʘʥʦʪʘʪʦʨ ʦʟʥʘʯʘʚʘ ʧʦʯʝʪʥʝ ʠ ʟʘʚʨʰʥʝ ʪʘʯʢʝ ʥʠʪʠ. ʇoʨʝʜ ʪʦʛʘ, ʟʘ 

ʨʘʟʣʠʢʫ ʦʜ ʩʠʩʪʝʤʘ I-ACOMA, ʦʚʜʿʝ ʘʥʦʪʘʪʦʨ ʠʤʘ ʠ ʧʦʩʝʙʥʫ ʦʜʛʦʚʦʨʥʦʩʪ ʜʘ ʟʘ 

ʧʦʪʨʝʙʝ ʧʨʦʪʦʢʦʣʘ ʢʦʿʠ ʢʦʥʪʨʦʣʠʰʝ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʚʨʰʠ 

ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʠʥʩʪʨʫʢʮʠʿʘ ʫʧʠʩʘ ʫ ʧʨʦʤʿʝʥˀʠʚʝ (loop-live) ʨʝʛʠʩʪʨʝ ʯʠʿʝ ʩʝ 

ʚʨʠʝʿʜʥʦʩʪʠ ʤʦʛʫ ʤʦʜʠʬʠʢʦʚʘʪʠ ʫ ʧʝʪˀʠ, ʰʪʦ ˂ʝ ʢʘʩʥʠʿʝ ʙʠʪʠ ʦʙʿʘʰʝˁʥʦ ʫ 

ʥʘʨʝʜʥʦʿ, ʰʝʩʪʦʿ ʛʣʘʚʠ. 

ʉʝʢʚʝʥʮʠʿʘʣʥʘ ʘʧʣʠʢʘʮʠʿʘ ʧʦʯʠˁʝ ʜʘ ʩʝ ʠʟʚʨʰʘʚʘ ʥʘ ʿʝʜʥʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ 

ʿʝʟʛʨʫ. ʂʘʜʘ ʩʝ ʩʪʠʛʥʝ ʜʦ ʫʣʘʟʥʝ ʪʘʯʢʝ ʧʝʪˀʝ, ʧʦʯʠˁʫ ʜʘ ʩʝ ʠʟʚʨʰʘʚʘʿʫ ʯʝʪʠʨʠ 

ʧʨʚʝ ʠʪʝʨʘʮʠʿʝ ʢʘʦ ʧʘʨʘʣʝʣʥʝ ʥʠʪʠ ʥʘ ʯʝʪʠʨʠ ʧʨʦʮʝʩʦʨʩʢʘ ʿʝʟʛʨʘ. ʇʨʚʘ ʪʝʢʫ˂ʘ 

ʠʪʝʨʘʮʠʿʘ ʩʝ ʠʟʚʨʰʘʚʘ ʢʘʦ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ, ʜʦʢ ʩʝ ʥʘʨʝʜʥʝ ʪʨʠ ʠʟʚʨʰʘʚʘʿʫ ʢʘʦ 

ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ. ʂʘʜʘ ʩʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʟʘʚʨʰʠ, ʩʪʘʪʫʩ ʩʧʝʢʫʣʘʪʠʚʥʦʩʪʠ 

ʩʝ ʘʞʫʨʠʨʘ. ʅʘʨʝʜʥʘ, ʥʘʿʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʜʦʙʠʿʘ ʩʪʘʪʫʩ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ 

ʥʠʪʠ, ʘ ʩʪʘʪʫʩ ʩʧʝʢʫʣʘʪʠʚʥʦʩʪʠ ʟʘ ʦʩʪʘʣʝ ʩʝ ʧʦʤʿʝʨʘ. ʅʘ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ ʢʦʿʝ 

ʿʝ ʧʦʩʪʘʣʦ ʩʣʦʙʦʜʥʦ ʥʘʢʦʥ ʟʘʚʨʰʝʪʢʘ ʧʨʝʪʭʦʜʥʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʧʦʯʠˁʝ ʜʘ 
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ʩʝ ʠʟʚʨʰʘʚʘ ʥʦʚʘ ʥʠʪ ʢʦʿʘ ʜʦʙʠʿʘ ʥʘʿʩʧʝʢʫʣʘʪʠʚʥʠʿʠ ʩʪʘʪʫʩ. ɼʘ ʙʠ ʩʝ ʦʯʫʚʘʣʘ 

ʩʝʤʘʥʪʠʢʘ ʩʝʢʚʝʥʮʠʿʘʣʥʦʛ ʠʟʚʨʰʘʚʘˁʘ, ʥʠʪʠ ʩʝ ʩʪʘʨʪʫʿʫ ʫ ˁʠʭʦʚʦʤ ʧʨʦʛʨʘʤʩʢʦʤ 

ʧʦʨʝʪʢʫ, ʘ ʠ ʝʬʝʢʪʠ ʥʠʪʠ ʤʦʨʘʿʫ ʜʘ ʩʝ ʧʦʿʘʚˀʫʿʫ ʩʪʨʦʛʦ ʫ ʪʦʤ ʧʦʨʝʪʢʫ. ʇʨʝʤʘ 

ʪʦʤʝ, ʘʢʦ ʥʝʢʘ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʩʪʠʛʥʝ ʜʦ ʢʨʘʿʘ ʠʟʚʨʰʘʚʘˁʘ, ʤʦʨʘ ʜʘ ʯʝʢʘ ʜʘ 

ʧʦʩʪʘʥʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʜʘ ʙʠ ʩʝ ˁʝʥʠ ʨʝʟʫʣʘʪʘʪʠ ʧʦʪʚʨʜʠʣʠ ʠ ʜʘ ʙʠ ʦʩʣʦʙʦʜʠʣʦ 

ʧʨʦʮʝʩʦʨʩʢʦ ʿʝʟʛʨʦ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʥʦʚʝ ʥʠʪʠ.  

ʉʧʝʢʫʣʘʪʠʚʥʠ ʩʪʘʪʫʩ ʥʠʪʠ ʢʦʿʘ ʩʝ ʪʨʝʥʫʪʥʦ ʠʟʚʨʰʘʚʘ ʥʘ ʿʝʟʛʨʫ ʩʝ ʦʟʥʘʯʘʚʘ 

ʜʚʦʙʠʪʥʠʤ ʢʦʜʦʤ ʫ ʧʦʩʝʙʥʦʤ ʨʝʛʠʩʪʨʫ. ʅʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ (ʢʦʜ 00) ʠʟʚʨʰʘʚʘ 

ʪʝʢʫ˂ʫ ʠʪʝʨʘʮʠʿʫ ʧʝʪˀʝ, ʜʦʢ ʩʧʝʢʫʣʘʪʠʚʥʠ ʩʝˀʜʙʝʥʠʮʠ ʠʟʚʨʰʘʚʘʿʫ ʧʨʚʫ (ʤʘʩʢʘ 

01), ʜʨʫʛʫ (ʤʘʩʢʘ 10) ʠ ʪʨʝ˂ʫ (ʤʘʩʢʘ 11) ʩʫʢʮʝʩʠʚʥʫ ʩʧʝʢʫʣʘʪʠʚʥʫ ʠʪʝʨʘʮʠʿʫ, 

ʨʝʩʧʝʢʪʠʚʥʦ. ʇʨʝʤʘ ʪʦʤʝ, ʢʘʜʘ ʩʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʟʘʚʨʰʠ ˁʝʥʘ ʥʘʨʝʜʥʘ ʥʠʪ 

ʧʦʩʪʘʿʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʜʦʢ ʩʝ ʤʘʩʢʝ ʦʩʪʘʣʠʭ ʥʠʪʠ ʢʦʿʝ ʩʝ ʠʟʚʨʰʘʚʘʿʫ 

ʜʝʢʨʝʤʝʥʪʠʨʘʿʫ. ʅʦʚʘ ʥʠʪ ʧʦʯʠˁʝ ʠʟʚʨʰʘʚʘˁʝ ʥʘ ʦʩʣʦʙʦʹʝʥʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ 

ʿʝʟʛʨʫ ʠ ʜʦʙʠʿʘ ʥʘʿʚʝ˂ʠ ʩʧʝʢʫʣʘʪʠʚʥʠ ʩʪʘʪʫʩ (ʤʘʩʢʘ 11). ʂʘʜʘ ʩʝ ʧʦʩʝˀʜˁʘ 

ʠʪʝʨʘʮʠʿʘ ʧʝʪˀʝ ʟʘʚʨʰʠ ʢʘʦ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ, ʩʚʝ ʥʘʨʝʜʥʝ ʩʧʝʢʫʣʘʪʠʚʥʦ ʟʘʧʦʯʝʪʝ 

ʥʠʪʠ ʩʝ ʧʦʥʠʰʪʘʚʘʿʫ. 

ʉʧʝʢʫʣʘʪʠʚʥʦ ʩʪʘˁʝ ʥʠʪʠ ʩʝ ʟʘ ʚʨʠʿʝʤʝ ˁʝʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʜʨʞʠ ʫ ʧʨʠʚʘʪʥʦʿ 

L1 ʢʝʰ ʤʝʤʦʨʠʿʠ ʜʦʢ ʟʘʿʝʜʥʠʯʢʘ L2 ʢʝʰ ʤʝʤʦʨʠʿʘ ʯʫʚʘ ʩʝʢʚʝʥʮʠʿʘʣʥʦ ʩʪʘˁʝ 

ʘʧʣʠʢʘʮʠʿʝ (ʩʣʠʢʘ 5-1). ʉʧʝʢʫʣʘʪʠʚʥʦ ʩʪʘˁʝ ʤʦʞʝ ʙʠʪʠ ʧʨʝʥʝʩʝʥʦ ʫ L2 ʢʝʰ 

ʤʝʤʦʨʠʿʫ ʩʘʤʦ ʢʘʜʘ ʥʠʪ ʧʦʩʪʘʥʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ. ʉʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʤʦʞʝ ʜʘ ʯʠʪʘ 

ʧʦʜʘʪʢʝ ʦʜ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʠʣʠ ʦʜ ʧʨʝʪʭʦʜʥʠʭ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ. ʊʘʢʦʹʝ, 

ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʤʦʞʝ ʜʘ ʯʠʪʘ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʧʦʜʘʪʢʝ ʠ ʦʜ ʥʘʨʝʜʥʠʭ ʥʠʪʠ 

ʫʢʦʣʠʢʦ ʠʩʪʠ ʧʦʩʪʦʿʝ ʫ ˁʠʭʦʚʠʤ ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ. ʋʢʦʣʠʢʦ ʩʝ ʜʠʥʘʤʠʯʢʠ 

ʧʨʝʧʦʟʥʘ ʧʦʛʨʝʰʥʘ ʩʧʝʢʫʣʘʮʠʿʘ (ʪʿ., ʘʢʦ ʪʘʢʦ ʧʨʦʯʠʪʘʥʘ ʚʨʠʿʝʜʥʦʩʪ ʙʫʜʝ ʢʘʩʥʠʿʝ 

ʧʨʦʤʠʿʝˁʝʥʘ ʦʜ ʩʪʨʘʥʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʝ ʠʣʠ ʥʝʢʝ ʨʘʥʠʿʝ ʤʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ï 

RAW ʭʘʟʘʨʜ), ʪʘʜʘ ʩʝ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʢʦʿʘ ʿʝ ʧʨʦʯʠʪʘʣʘ ʠ ʢʦʨʠʩʪʠʣʘ ʧʦʛʨʝʰʥʫ 

ʚʨʠʿʝʜʥʦʩʪ ʧʦʥʠʰʪʘʚʘ ʠ ʢʘʩʥʠʿʝ ʧʦʥʦʚʦ ʠʟʚʨʰʘʚʘ ʩʘ ʠʩʧʨʘʚʥʦʤ ʚʨʠʿʝʜʥʦʰ˂ʫ. 

ʇʦʨʝʜ ʪʦʛʘ, ʧʦʥʠʰʪʘʚʘʿʫ ʩʝ ʠ ʩʚʝ ʥʘʨʝʜʥʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʿʝʨ ʩʫ ʤʦʛʣʝ 

ʢʦʨʠʩʪʠʪʠ ʧʦʜʘʪʢʝ ʧʨʦʠʟʚʝʜʝʥʝ ʦʜ ʩʪʨʘʥʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ ʜʝʪʝʢʪʦʚʘʣʘ 

ʧʦʛʨʝʰʥʫ ʩʧʝʢʫʣʘʮʠʿʫ. 

 

5.3 ʇʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʥʘ ʥʠʚʦʫ ʨʝʛʠʩʪʘʨʘ 
 

ʀʘʢʦ ʧʦʜʨʰʢʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʥʘ ʥʠʚʦʫ ʨʝʛʠʩʪʘʨʘ ʧʦʚʝ˂ʘʚʘ ʩʣʦʞʝʥʦʩʪ 

ʩʠʩʪʝʤʘ (ʙʨʟʘ ʠʥʪʝʨʢʦʥʝʢʮʠʿʘ ʟʘ ʨʘʟʤʿʝʥʫ ʚʨʠʿʝʜʥʦʩʪʠ, ʜʦʜʘʪʥʘ ʣʦʛʠʢʘ, ʠʪʜ.), ʢʘʦ 

ʰʪʦ ʩʝ ʚʠʜʠ ʠ ʠʟ ʧʨʝʛʣʝʜʘ ʫ ʪʨʝ˂ʦʿ ʛʣʘʚʠ, ʨʘʥʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʟʘʢˀʫʯʠʣʘ ʜʘ ʩʝ 

ʠʩʧʣʘʪʠ ʠʟʙʿʝ˂ʠ ʟʘʭʪʿʝʚʥʫ ʤʝʤʦʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʢʦʿʘ ʥʘʤʝ˂ʝ ʠʥʩʪʨʫʢʮʠʿʝ ʟʘ 

ʯʠʪʘˁʝ ʠ ʫʧʠʩ ʚʨʠʿʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʨʘʟʤʿʝˁʫʿʫ ʧʨʝʢʦ ʤʝʤʦʨʠʿʝ, ʢʘʦ ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʿʫ ʥʠʪʠ. ʇʦʢʘʟʘʥʦ ʿʝ ʫ [KECK1998] ʜʘ ʿʝ ʨʝʛʠʩʪʘʨʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ 

10 ʧʫʪʘ ʙʨʞʘ, ʘ ʩʠʥʭʨʦʥʠʟʘʮʠʿʘ 60 ʧʫʪʘ ʙʨʞʘ ʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʭʘʥʠʟʘʤʘ ʥʘ 

ʥʠʚʦʫ ʤʝʤʦʨʠʿʝ. ʋʪʠʮʘʿ ʠʟʦʩʪʘʥʢʘ ʨʝʛʠʩʪʘʨʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʥʘ ʫʢʫʧʥʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʩʠʩʪʝʤʘ ʿʝ ʝʚʘʣʫʠʨʘʥ ʫ [KRIS1998]. ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʢʦʤʫʥʠʢʘʮʠʿʘ 
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ʩʘʤʦ ʢʨʦʟ L2 ʢʝʰ ʤʝʤʦʨʠʿʫ (ʘ ʥʝ ʠ ʢʨʦʟ ʨʝʛʠʩʪʨʝ) ʫ CMP ʩʘ ʯʝʪʠʨʠ ʩʫʧʝʨʩʢʘʣʘʨʥʘ 

4-issue ʿʝʟʛʨʘ ʜʦʚʦʜʠ ʜʦ ʜʝʛʨʘʜʘʮʠʿʝ ʧʝʨʬʦʨʤʘʥʩʠ ʯʘʢ ʠ ʜʦ 50%. ʇʨʝʤʘ ʪʦʤʝ, ʦʚʦ 

ʿʝ ʙʠʣʘ ʿʘʢʘ ʤʦʪʠʚʘʮʠʿʘ ʜʘ ʩʝ ʫ ʧʨʝʜʣʦʞʝʥʦ ʨʿʝʰʝˁʝ ʫʢˀʫʯʠ ʠ ʧʦʜʨʰʢʘ 

ʩʧʝʢʫʣʘʮʠʿʠ ʥʘ ʥʠʚʦʫ ʨʝʛʠʩʪʘʨʘ. 

ʎʠˀ ʦʚʝ ʧʦʜʨʰʢʝ ʿʝ ʙʠʦ ʜʘ ʦʤʦʛʫ˂ʠ ʤʠʥʠʤʘʣʥʫ ʜʦʜʘʪʥʫ ʭʘʨʜʚʝʨʩʢʫ 

ʩʣʦʞʝʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʩʣʠʯʥʝ ʧʨʠʩʪʫʧʝ (ʥʧʨ., I-ACOMA, NEKO) ʦʜʨʞʘʚʘʿʫ˂ʠ 

ʣʘʪʝʥʮʠʿʫ ʨʝʛʠʩʪʘʨʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ ʰʪʦ ʤʘˁʦʤ. ʋ ʪʦʤ ʩʤʠʩʣʫ ʧʨʝʜʣʦʞʝʥʦ 

ʨʿʝʰʝˁʝ ʠʟʙʿʝʛʘʚʘ ʟʘʿʝʜʥʠʯʢʝ ʩʢʫʧʦʚʝ ʨʝʛʠʩʪʘʨʘ ʩʘ ʚʠʰʝ ʧʦʨʪʦʚʘ, ʜʦʜʘʪʥʝ ʩʢʫʧʦʚʝ 

ʟʘ ʯʫʚʘˁʝ ʢʦʨʝʢʪʥʠʭ ʚʨʠʿʝʜʥʦʩʪʠ, ʧʨʝʜʠʢʮʠʦʥʝ ʪʝʭʥʠʢʝ, ʟʘʭʪʿʝʚʥʝ ʢʦʤʫʥʠʢʘʮʠʦʥʝ 

ʤʝʭʘʥʠʟʤʝ ʠ ʩʣʦʞʝʥʝ ʪʘʙʝʣʝ ʩʪʘʪʫʩʘ. ɿʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʥʘ ʨʝʛʠʩʪʘʨʩʢʦʤ ʥʠʚʦʫ ʩʫ 

ʧʨʝʜʣʦʞʝʥʘ ʜʚʘ ʘʣʪʝʨʥʘʪʠʚʥʘ ʧʨʦʪʦʢʦʣʘ: ʘ) ʦʩʥʦʚʥʘ ʚʘʨʠʿʘʥʪʘ - SIC ʧʨʦʪʦʢʦʣ 

[RADU2005] ʠ ʙ) ʧʨʦʰʠʨʝʥʘ ʚʘʨʠʿʘʥʪʘ ï ESIC ʧʨʦʪʦʢʦʣ [RADU2005a]. ʆʚʠ 

ʧʨʦʪʦʢʦʣʠ ʠʤʘʿʫ ʟʘ ʮʠˀ ʜʘ ʦʤʦʛʫ˂ʝ ʿʝʜʥʦʩʪʘʚʥʦʩʪ, ʩʢʘʣʘʙʠʣʥʦʩʪ, ʢʘʦ ʠ ʙʦˀʠ 

ʦʜʥʦʩ ʮʠʿʝʥʘ/ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʩʣʠʯʥʠʤ ʧʨʠʩʪʫʧʠʤʘ ʠʟ ʣʠʪʝʨʘʪʫʨʝ 

(ʥʧʨ., I-ACOMA, NEKO). ʆʥʠ ʩʫ ʥʘʤʠʿʝˁʝʥʠ ʟʘ ʛʝʥʝʨʠʯʢʫ CMP ʘʨʭʠʪʝʢʪʫʨʫ ʠ 

ʟʘʪʦ ʫʢˀʫʯʫʿʫ ʩʘʤʦ ʥʝʦʧʭʦʜʥʫ ʧʦʜʨʰʢʫ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ. 

ʂʘʢʦ ʩʝ ʢʦʤʫʥʠʢʘʮʠʿʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʚʨʰʠ ʩʝ ʧʨʝʢʦ ʧʦʩʝʙʥʝ 

ʟʘʿʝʜʥʠʯʢʝ ʤʘʛʠʩʪʨʘʣʝ, ʦʚʠ ʧʨʦʪʦʢʦʣʠ ʩʫ ʧʨʠʨʦʜʥʦ ʟʘʩʥʦʚʘʥʠ ʥʘ ʧʨʠʥʮʠʧʠʤʘ 

Ăsnoopyñ ʧʨʦʪʦʢʦʣʘ ʟʘ ʢʦʭʝʨʝʥʮʠʿʫ ʢʝʰ ʤʝʤʦʨʠʿʘ [TOMA1993]. ɸʢʮʠʿʝ ʧʨʦʪʦʢʦʣʘ 

ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʫ ʭʘʨʜʚʝʨʫ. ʄʝʹʫʪʠʤ, ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʩʝ ʦʩʣʘˁʘ ʠ ʥʘ 

ʩʦʬʪʚʝʨʩʢʫ ʧʦʜʨʰʢʫ ʫ ʚʠʜʫ ʙʠʥʘʨʥʦʛ ʘʥʦʪʘʪʦʨʘ ʢʦʿʠ, ʧʦʨʝʜ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʥʠʪʠ, 

ʪʨʝʙʘ ʜʘ ʢʣʘʩʠʬʠʢʫʿʝ ʠ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ ʦʟʥʘʯʠ ʠʥʩʪʨʫʢʮʠʿʝ ʫʧʠʩʘ ʫ 

ʧʨʦʤʿʝʥˀʠʚʝ ʨʝʛʠʩʪʨʝ ʯʠʿʝ ʩʝ ʚʨʠʝʿʜʥʦʩʪʠ ʤʦʛʫ ʤʦʜʠʬʠʢʦʚʘʪʠ ʫ ʧʝʪˀʠ ʫ ʦʜʥʦʩʫ 

ʥʘ ʪʦ ʜʘ ʣʠ ʬʦʨʤʠʨʘʿʫ ʬʠʥʘʣʥʝ ʚʨʠʿʝʜʥʦʩʪʠ ʠʣʠ ʥʝ. ʇʨʦʪʦʢʦʣ ʚʦʜʠ ʨʘʯʫʥʘ ʠ ʦ 

ʨʝʛʠʩʪʨʠʤʘ ʯʠʿʝ ʩʝ ʚʨʠʿʝʜʥʦʩʪʠ ʥʝ ʤʠʿʝˁʘʿʫ ʫ ʧʝʪˀʠ (ʢʦʥʩʪʘʥʪʥʠ ʨʝʛʠʩʪʨʠ). 

ʊʨʝʥʫʪʥʠ ʩʪʘʪʫʩ ʚʨʠjʝʜʥʦʩʪʠ ʨʝʛʠʩʪʨʘ ʫ ʧʨʦʪʦʢʦʣʫ ʩʝ ʯʫʚʘ ʫ ʚʠʜʫ ʙʠʪʦʚʘ ʩʪʘˁʘ ʫ 

ʣʦʢʘʣʥʦʤ ʢʘʪʘʣʦʛʫ ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ ʧʦʩʝʙʥʦ. 

SIC ʧʨʦʪʦʢʦʣ ʠʤʘ ʢʦʥʟʝʨʚʘʪʠʚʥʠʿʠ ʧʨʠʩʪʫʧ ʠ ʧʨʦʩʣʝʹʫʿʝ ʩʘʤʦ ʢʦʥʘʯʥʝ 

ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ. ʆʥ ʢʦʨʠʩʪʠ ʯʝʪʠʨʠ ʩʪʘˁʘ ʟʘ ʧʨʘ˂ʝˁʝ ʩʪʘʪʫʩʘ 

ʧʨʦʤʿʝʥˀʠʚʠʭ ʨʝʛʠʩʪʘʨʘ: INV (Invalid), VU (Valid-Unsafe), VS (Valid-Safe) ʠ LC 

(Last Copy), ʜʦʢ ʢʦʥʩʪʘʥʪʥʠ ʨʝʛʠʩʪʨʠ ʤʦʛʫ ʙʠʪʠ ʫ INV (Invalid) ʠʣʠ ʫ VS 

(Valid-Safe) ʩʪʘˁʫ. 

ESIC ʧʨʦʪʦʢʦʣ ʧʨʠʤʿʝˁʫʿʝ ʘʛʨʝʩʠʚʥʠʿʠ ʩʧʝʢʫʣʘʪʠʚʥʠ ʧʨʠʩʪʫʧ ʧʘ ʧʨʦʩʣʝʹʫʿʝ ʠ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʢʦʥʘʯʥʝ ʨʝʛʠʩʪʘʨʩʢʝ ʚʨʠʿʝʜʥʦʩʪʠ. ʆʥ ʠʤʘ ʦʩʘʤ ʩʪʘˁʘ ʟʘ 

ʧʨʦʤʿʝʥˀʠʚʝ ʨʝʛʠʩʪʨʝ: INV ( Invalid), VU (Valid-Unsafe), VS (Valid-Safe), VPS 

(Valid-Possibly-Safe), VPSF (Valid-Possibly-Safe-Forwarded) ʠ LC (Last Copy), ʜʦʢ 

ʢʦʥʩʪʘʥʪʥʠ ʨʝʛʠʩʪʨʠ ʤʦʛʫ ʙʠʪʠ ʫ INVO (Invalid-Others) ʠʣʠ ʫ VSO (Valid-Safe-

Others). ʆʙʘ ʧʨʦʪʦʢʦʣʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʥʠʮʠʨʘʥʫ ʦʜ ʢʦʨʠʩʥʠʢʘ 

(consumer initiated) ʠ ʦʜ ʧʨʦʠʟʚʦʹʘʯʘ (producer initiated). ʊʘʢʦʹʝ, ʤʝʭʘʥʠʟʘʤ 

ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʘʨʙʠʪʨʘʮʠʿʝ ʿʝ ʧʨʝʜʣʦʞʝʥ ʢʦʜ ʦʙʘ ʧʨʦʪʦʢʦʣʘ ʟʘ ʙʠʨʘˁʝ ʥʘʿʙʣʠʞʝ, 

ʥʘʿʩʢʦʨʠʿʝ ʧʨʝʪʭʦʜʥʝ ʥʠʪʠ ʢʦʿʦʿ ʿʝ ʜʦʟʚʦˀʝʥʦ ʜʘ ʧʦʰʘˀʝ ʚʘʣʠʜʥʫ ʚʨʠʝʿʜʥʦʩʪ 

ʨʝʛʠʩʪʨʘ ʥʘ ʤʘʛʠʩʪʨʘʣʫ ʧʨʠ ʟʘʜʦʚʦˀʘʚʘˁʫ ʟʘʭʪʿʝʚʘ ʟʘ ʧʦʜʘʮʠʤʘ ʦʜ ʩʪʨʘʥʝ 



 

58 

 

ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ. ʇʦʨʝʜ ʪʦʛʘ, ʦʙʘ ʧʨʦʪʦʢʦʣʘ ʢʦʨʠʩʪʝ Ăread-snarfingñ ʪʝʭʥʠʢʫ 

ʢʘʢʦ ʙʠ ʩʤʘˁʠʣʠ ʙʨʦʿ ʠʥʚʘʣʠʜʘʮʠʦʥʠʭ ʧʨʦʤʘʰʘʿʘ ʧʨʠ ʦʧʝʨʘʮʠʿʠ ʯʠʪʘˁʘ ʢʦʜ 

ʢʦʥʩʪʘʥʪʥʠʭ ʨʝʛʠʩʪʘʨʘ. 

ʂʦʤʧʣʝʪʥʘ, ʜʝʪʘˀʥʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʦʙʘ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʪʦʢʦʣʘ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʿʝ ʜʘʪʘ ʫ ʥʘʨʝʜʥʦʿ, ʰʝʩʪʦʿ ʛʣʘʚʠ. 

 

5.4 ʇʦʜʨʰʢʘ ʟʘ ʩʧʝʢʫʣʘʮʠʿʫ ʥʘ ʥʠʚʦʫ ʤʝʤʦʨʠʿʝ  
 

ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʛʠʩʪʘʨʩʢʠʤ ʟʘʚʠʩʥʦʩʪʠʤʘ ʧʦ ʧʦʜʘʮʠʤʘ, ʚʝʦʤʘ ʿʝ ʪʝʰʢʦ 

ʧʨʦʥʘ˂ʠ ʤʝʤʦʨʠʿʩʢʝ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʠʟʚʨʰʥʠ ʙʠʥʘʨʥʠ 

ʢʦʜ. ɿʘʪʦ ʿʝ ʦʜʣʫʯʝʥʦ ʜʘ ʩʝ ʫ ʦʚʦʤ ʧʨʝʜʣʦʛʫ ʦʙʝʟʙʠʿʝʜʠ ʭʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʢʦʿʘ 

ʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʦʜʛʦʚʦʨʥʘ ʟʘ ʧʨʦʥʘʣʘʞʝˁʝ ʠ ʦʙʨʘʜʫ ʤʝʤʦʨʠʿʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ ʧʦ 

ʧʦʜʘʮʠʤʘ, ʢʘʦ ʠ ʦʧʦʨʘʚʘʢ ʦʜ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ ʧʨʠʣʠʢʦʤ ʠʟʚʨʰʘʚʘˁʘ. ʆʥʘ 

ʛʘʨʘʥʪʫʿʝ ʜʘ ʩʝ ʫʧʠʩʠ ʠ ʯʠʪʘˁʘ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʿʝʟʛʘʨʘ ʦʜʚʠʿʘʿʫ ʫ ʧʨʦʛʨʘʤʩʢʦʤ 

ʧʦʨʝʪʢʫ. ʆʚʘʿ ʧʨʝʜʣʦʛ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʧʦʰʪʫʿʝ ʩʪʨʠʢʪʥʫ 

ʩʝʢʚʝʥʮʠʿʘʣʥʫ ʩʝʤʘʥʪʠʢʫ ʧʨʠʣʠʢʦʤ ʟʘʚʨʰʝʪʢʘ ʥʠʪʠ ʠ ʧʨʠʣʠʢʦʤ ʠʥʠʮʠʨʘˁʘ ʥʦʚʝ 

ʥʠʪʠ. 

ʄʝʤʦʨʠʿʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ, ʯʫʚʘˁʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʜʝʪʝʢʮʠʿʘ 

ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʫ ʧʨʝʜʣʦʞʝʥʦʤ CMP ʩʠʩʪʝʤʫ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʧʦʤʦ˂ʫ 

ʜʠʩʪʨʠʙʫʠʨʘʥʠʭ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ ʧʦʜʘʪʘʢʘ ʩʘ ʦʜʣʦʞʝʥʠʤ ʫʧʠʩʦʤ ʠ ʩʘ ʜʦʜʘʪʦʤ 

ʧʦʜʨʰʢʦʤ ʟʘ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ. L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʩʫ, ʪʘʢʦʹʝ, ʧʦʚʝʟʘʥʝ 

ʟʘʿʝʜʥʠʯʢʦʤ ʤʘʛʠʩʪʨʘʣʦʤ. ɿʘ ʦʚʫ ʥʘʤʿʝʥʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʥʝʦʧʭʦʜʥʘ ʟʘ ʢʦʥʪʨʦʣʫ 

ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʫ ʦʢʚʠʨʫ ʢʝʰ ʢʦʥʪʦʣʝʨʘ ʧʨʠʚʘʪʥʠʭ 

L1 ʢʝʰ ʤʝʤʦʨʠʿʘ. ɿʘʪʦ ʠ ʟʘʿʝʜʥʠʯʢʘ ʤʘʛʠʩʪʨʘʣʘ, ʧʦʨʝʜ ʩʪʘʥʜʘʨʜʥʠʭ ʣʠʥʠʿʘ 

ʧʦʜʘʪʘʢʘ, ʘʜʨʝʩʘ ʠ ʢʦʥʪʨʦʣʝ, ʩʘʜʨʞʠ ʠ ʧʦʩʝʙʥʝ ʣʠʥʠʿʝ ʟʘ ʧʦʜʨʰʢʫ ʠʥʪʝʛʨʠʩʘʥʦʿ 

ʢʦʥʪʨʦʣʠ ʢʦʭʝʨʝʥʮʠʿʝ ʠ ʩʧʝʢʫʣʘʮʠʿʝ. ɿʘ ʧʦʪʨʝʙʝ ʘʨʙʠʪʘʮʠʿʝ ʧʨʠ ʟʘʜʦʚʦˀʘʚʘˁʫ 

ʟʘʭʪʿʝʚʘ ʟʘ ʧʦʜʘʮʠʤʘ ʦʜ ʩʪʨʘʥʝ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʧʨʝʜʣʦʞʝʥ ʿʝ ʤʝʭʘʥʠʟʘʤ 

ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʘʨʙʠʪʨʘʮʠʿʝ. ʆʥ ʦʪʢʣʘˁʘ ʧʦʪʨʝʙʫ ʟʘ ʮʝʥʪʨʘʣʥʠʤ ʘʨʙʠʪʨʘʪʦʨʦʤ ʠ 

ʦʤʦʛʫ˂ʘʚʘ ʝʬʠʢʘʩʥʫ ʘʨʙʠʪʨʘʮʠʿʫ ʥʘ ʦʩʥʦʚʫ ʤʘʩʢʠ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ. 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʢʦʨʠʰ˂ʝˁʝ ʤʘʛʠʩʪʨʘʣʝ, ʠ TLS ʧʦʜʨʰʢʘ ʟʘ ʤʝʤʦʨʠʩʿʢʫ 

ʢʦʤʫʥʠʢʘʮʠʿʫ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʨʠʥʮʠʧʠʤʘ Ăsnoopyñ ʧʨʦʪʦʢʦʣʘ ʟʘ ʢʦʭʝʨʝʥʮʠʿʫ ʢʝʰ 

ʤʝʤʦʨʠʿʘ. ɿʙʦʛ ʪʦʛʘ ʰʪʦ ʦʙʿʝʜʠˁʫʿʝ ʦʜʨʞʘʚʘˁʝ ʢʝʰ ʢʦʭʝʨʝʥʮʠʿʫ ʠ ʢʦʥʪʨʦʣʫ 

ʩʧʝʢʫʣʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʠ ʧʨʦʪʦʢʦʣ ʿʝ ʥʘʟʚʘʥ SISC (Speculation Integrated with 

Snoopy Coherence) ʧʨʦʪʦʢʦʣ. ʇʨʦʪʦʢʦʣ ʢʦʨʠʩʪʠ ʩʢʫʧ ʩʪʘˁʘ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʢʝʰ 

ʢʦʭʝʨʝʥʮʠʿʫ ʠ ʩʧʝʢʫʣʘʮʠʿʫ ʪʘʢʦ ʜʘ ʟʘʜʨʞʠ ʧʨʦʛʨʘʤʩʢʠ ʧʦʨʝʜʘʢ ʤʝʹʫ ʨʘʟʣʠʯʠʪʠʤ 

ʚʝʨʟʠʿʘʤʘ ʧʦʜʘʪʘʢʘ. ʉʪʘˁʝ ʤʝʤʦʨʠʿʝ ʩʝ ʦʜʨʞʘʚʘ ʥʘ ʥʠʚʦʫ ʿʝʜʥʝ ʨʠʿʝʯʠ, ʿʝʨ ʩʫ 

ʧʨʝʪʭʦʜʥʠ ʨʘʜʦʚʠ ʧʦʢʘʟʘʣʠ ʜʘ ʛʨʘʥʫʣʘʨʥʦʩʪ ʦʙʿʝʢʪʘ ʩʧʝʢʫʣʘʮʠʿʝ ʥʘ ʥʠʚʦʫ ʿʝʜʥʝ 

ʢʝʰ ʣʠʥʠʿʝ ʤʦʞʝ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʠʟʨʘʞʝʥʫ ʧʦʿʘʚʫ ʣʘʞʥʝ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ, 

ʢʦʿʘ ʟʘʭʪʠʿʝʚʘ ʥʝʧʦʪʨʝʙʥʦ ʧʦʥʠʰʪʘʚʘˁʝ ʥʠʪʠ, ʰʪʦ ʩʤʘˁʫʿʝ ʧʝʨʬʦʨʤʘʥʩʝ 

[GOPA1998, TSAI1999, KRIS1999, CINT2000, ZAHR2003, YANA2003]. 

ʇʨʦʪʦʢʦʣʠ ʟʘ ʦʯʫʚʘˁʝ ʢʦʭʝʨʝʥʮʠʿʝ ʧʨʚʝʥʩʪʚʝʥʦ ʢʦʨʠʩʪʝ ʜʚʠʿʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ 

ʦʯʫʚʘˁʝ ʢʦʭʝʨʝʥʮʠʿʝ: ʧʦʥʠʰʪʘʚʘˁʝ (invalidation) ʠ ʘʞʫʨʠʨʘˁʝ (update). ʄʥʦʛʝ 
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ʩʪʫʜʠʿʝ ʩʫ ʝʚʘʣʫʠʨʘʣʝ ʦʚʝ ʩʪʨʘʪʝʛʠʿʝ, ʘʣʠ ʩʝ ʥʠʿʝʜʥʘ ʥʠʿʝ ʧʦʢʘʟʘʣʘ ʩʫʧʝʨʠʦʨʥʠʿʦʤ 

ʫ ʩʚʠʤ ʫʩʣʦʚʠʤʘ, ʿʝʨ ˁʠʭʦʚʝ ʧʝʨʬʦʨʤʘʥʩʝ ʚʝʦʤʘ ʟʘʚʠʩʝ ʦʜ ʧʨʝʦʚʣʘʹʫʿʫ˂ʝʛ ʥʘʯʠʥʘ 

ʜʠʿʝˀʝˁʘ ʧʦʜʘʪʘʢʘ ʫ ʘʧʣʠʢʘʮʠʿʠ. ɿʘʪʦ ʩʫ ʦʚʜʿʝ ʧʨʝʜʣʦʞʝʥʝ ʜʚʠʿʝ ʚʘʨʠʿʘʥʪʝ 

ʤʝʤʦʨʠʿʩʢʦʛ ʧʨʦʪʦʢʦʣʘ. 

ʇʨʚʘ ʚʘʨʠʿʘʥʪʘ, SISC-WI ʧʨʦʪʦʢʦʣ, jʝ ʟʘʩʥʦʚʘʥ ʥʘ ʩʪʨʘʪʝʛʠʿʠ ʧʦʥʠʰʪʘʚʘˁʘ. 

ʂʘʦ ʦʩʥʦʚʘ ʟʘ ʧʨʝʜʣʦʞʝʥʠ ʧʨʦʪʦʢʦʣ ʢʦʨʠʰ˂ʝʥ ʿʝ ʩʪʘʥʜʘʨʥʠ MSI (Modified-Shared-

Invalidation) ʧʨʦʪʦʢʦʣ ʩʘ ʦʜʣʦʞʝʥʠʤ ʫʧʠʩʦʤ ʢʦʜ ʢʦʿʝʛ ʿʝʜʘʥ ʙʣʦʢ ʫ ʢʝʰ ʤʝʤʦʨʠʿʠ 

ʤʦʞʝ ʙʠʪʠ ʫ ʿʝʜʥʦʤ ʦʜ ʪʨʠ ʩʪʘˁʘ: I (Invalid), S (Shared) ʠʣʠ M (Modified). ʈʘʜʠ 

ʜʝʪʝʢʮʠʿʝ ʟʘʚʠʩʥʦʩʪʠ ʧʦ ʧʦʜʘʮʠʤʘ ʠ ʨʘʜʠ ʯʫʚʘˁʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʫʧʠʩʘ ʫ 

ʤʝʤʦʨʠʿʫ ʦʚʘʿ ʩʪʘʥʜʘʨʜʥʠ ʩʢʫʧ ʩʪʘˁʘ ʤʦʨʘ ʜʘ ʩʝ ʧʨʦʰʠʨʠ, ʢʘʦ ʰʪʦ ʿʝ ʫʨʘʹʝʥʦ ʫ 

SVC [GOPA1998], Multiplex [OOI2001], STAMPede [STEF2005] ʠʣʠ NEKO 

[BARL2004]. 

SISC WI ʧʨʦʪʦʢʦʣʘ ʢʦʨʠʩʪʠ 13 ʩʪʘˁʘ ʟʘ ʧʨʘ˂ʝˁʝ ʩʪʘʪʫʩʘ ʧʦʜʘʪʘʢʘ: INV 

(Invalid), S (Shared), SSp (Shared-Speculative), StM (Stale-Modified), StS (Stale-

Shared), StSp (Stale-Speculative), StSpM (Stale-Speculative-Modified), StMSp (Stale-

Modified-Speculatively), M (Modified), MSp (Modified-Speculative), MSpF (Modified-

Speculative-Forwarded), MSSp (Modified-Shared-Speculative), MSSpF (Modified-

Shared-Speculative-Forwarded). SISC-WI ʧʨʦʪʦʢʦʣ ʦʤʦʛʫ˂ʘʚʘ ʩʘʤʦ ʢʦʤʫʥʠʢʘʮʠʿʫ 

ʤʝʹʫ ʥʠʪʠʤʘ ʢʦʿʫ ʿʝ ʧʦʢʨʝʥʫʦ ʧʦʪʨʦʰʘʯ. ʂʦʨʝʢʪʥʫ ʚʨʠʿʝʜʥʦʩʪ ʜʦʩʪʘʚˀʘ ʥʘʿʙʣʠʞʘ 

ʧʨʝʪʭʦʜʥʘ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ, ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʠʣʠ ʜʠʿʝˀʝʥʘ L2 ʢʝʰ ʤʝʤʦʨʠʿʘ. 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʥʝʢʠʭ ʜʨʫʛʠʭ ʨʿʝʰʝˁʘ, ʢʘʜʘ ʩʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʟʘʚʨʰʠ ˁʝʥʠ 

ʧʦʜʘʮʠ ʤʦʛʫ ʜʘ ʦʩʪʘʥʫ ʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʠ ʠ ʥʝ ʤʦʨʘʿʫ ʦʜʤʘʭ ʜʘ ʩʝ ʰʘˀʫ ʫ L2 ʢʝʰ 

ʤʝʤʦʨʠʿʫ ʥʘʢʦʥ ʰʪʦ ʿʝ ʥʠʪ ʢʦʿʘ ʿʝ ʫʧʠʩʘʣʘ ʧʦʜʘʪʢʝ ʟʘʚʨʰʝʥʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ 

ʠʟʙʿʝʛʘʚʘ ʤʦʛʫ˂ʝ ʧʦʚʝ˂ʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʤʘʛʠʩʪʨʘʣʠ ʢʦʿʝ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʚʨʠʿʝʤʝ 

ʧʦʪʨʝʙʥʦ ʟʘ ʟʘʚʨʰʝʪʘʢ ʥʠʪʠ ʢʘʦ ʠ ʚʨʠʿʝʤʝ ʟʘ ʠʥʠʮʠʨʘˁʝ ʥʦʚʝ ʥʠʪʠ ʥʘ ʠʩʪʦʤ 

ʧʨʦʮʝʩʦʨʫ. ʄʦʜʠʬʠʢʦʚʘʥʘ ʠ ʧʦʪʚʨʹʝʥʘ ʨʠʿʝʯ ʩʝ ʫʧʠʩʫʿʝ ʠʟ L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʫ L2 

ʢʝʰ ʤʝʤʦʨʠʿʫ ʢʘʜʘ ʿʦʿ ʩʝ ʧʨʠʩʪʫʧʠ ʥʘʨʝʜʥʠ ʧʫʪ, ʙʠʣʦ ʦʜ ʩʪʨʘʥʝ ʣʦʢʘʣʥʝ ʠʣʠ ʥʝʢʝ 

ʜʨʫʛʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ. ʈʠʿʝʯʠ ʫ ʢʝʰ ʤʝʤʦʨʠʿʠ ʢʦʿʝ ʩʫ ʫ ʥʝʢʦʤ ʦʜ stale ʩʪʘˁʘ, St 

ʠʣʠ StS, ʟʘʪʠʤ ʫ S ʩʪʘˁʫ ʠʣʠ ʄ ʩʪʘˁʫ, ʦʩʪʘʿʫ ʫ ʠʩʪʦʤ ʩʪʘˁʫ ʢʘʜʘ ʩʧʝʢʫʣʘʪʠʚʥʘ 

ʥʠʪ ʧʦʩʪʘʥʝ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ. ʊʘʜʘ, ʥʠʪ ʤʦʞʝ ʜʘ ʩʝ ʟʘʚʨʰʠ ʠ ʜʘ ʩʝ ʠʥʠʮʠʨʘ ʥʦʚʘ 

ʥʠʪ ʥʘ ʠʩʪʦʤ ʿʝʟʛʨʫ. ɼʝʪʘˀʘʥ ʧʨʠʢʘʟ SISC-WI ʧʨʦʪʦʢʦʣʘ ʿʝ ʜʘʪ ʫ ʩʝʜʤʦʿ ʛʣʘʚʠ. 

ʂʦʜ ʧʨʦʪʦʢʦʣʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʧʦʥʠʰʪʘʚʘˁʫ ʿʝʜʘʥ ʦʜ ʘʢʫʪʥʠʭ ʧʨʦʙʣʝʤʘ ʩʫ 

ʠʥʚʘʣʠʜʘʮʠʦʥʠ ʧʨʦʤʘʰʘʿʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʢʘʦ ʥʝʟʘʦʙʠʣʘʟʥʘ ʧʦʩˀʝʜʠʮʘ ʦʚʝ 

ʩʪʨʘʪʝʛʠʿʝ. ʂʦʜ ʚʝ˂ʝʛ ʙʨʦʿʘ ʜʠʿʝˀʝʥʠʭ ʢʦʧʠʿʘ ʧʦʜʘʪʢʘ ʦʚʦ ʤʦʞʝ ʟʥʘʯʘʿʥʦ 

ʜʝʛʨʘʜʠʨʘʪʠ ʧʝʨʬʦʨʤʘʥʩʝ. ɿʘʪʦ ʿʝ ʫ ʨʘʥʠʿʠʤ ʨʘʜʦʚʠʤʘ ʧʨʝʜʣʦʞʝʥʘ Ăread-snarfingñ 

ʪʝʭʥʠʢʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ, ʢʘʜʘ ʿʝʜʥʘ ʢʝʰ ʤʝʤʦʨʠʿʘ ʟʘʜʦʚʦˀʘʚʘ ʠʥʚʘʣʠʜʘʮʠʦʥʠ 

ʧʨʦʤʘʰʘʿ ʜʦʭʚʘʪʘˁʝʤ ʧʦʜʘʪʘʢʘ, ʩʚʝ ʦʩʪʘʣʝ ʢʦʿʝ ʠʤʘʿʫ ʧʦʥʠʰʪʝʥʫ ʢʦʧʠʿʫ ʤʦʛʫ ʜʘ 

ʠʭ ʠʩʪʦʚʨʝʤʝʥʦ ʘʞʫʨʫʨʘʿʫ ʫʟʠʤʘˁʝʤ ʜʦʩʪʫʧʥʠʭ ʧʦʜʘʪʘʢʘ ʩʘ ʤʘʛʠʩʪʨʘʣʝ 

[EGGE1989, CULL1999]. ʉ ʦʙʟʠʨʦʤ ʜʘ ʪʦ ʩʘʤʦ ʥʝʟʥʘʪʥʦ ʧʦʚʝ˂ʘʚʘ ʩʣʦʞʝʥʦʩʪ 

ʧʦʩʪʦʿʝ˂ʝʛ ʢʝʰ ʢʦʥʪʨʦʣʝʨʘ ʦʜʣʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʧʨʝʜʣʦʞʠ ʠ ʚʝʨʟʠʿʘ SISC-WI 

ʧʨʦʪʦʢʦʣʘ ʢʦʿʘ ʠʤʧʣʝʤʝʥʪʠʨʘ ʘʢʮʠʿʝ Ăread-snarfingñ ʪʝʭʥʠʢʝ. ʆʚʘ ʚʝʨʟʠʿʘ ʿʝ 
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ʥʘʟʚʘʥʘ SISC-WI-RS. ɼʝʪʘˀʘʥ ʧʨʠʢʘʟ ʦʚʝ ʚʝʨʟʠʿʝ ʧʨʦʪʦʢʦʣʘ ʿʝ, ʪʘʢʦʹʝ, ʜʘʪ ʫ 

ʩʝʜʤʦʿ ʛʣʘʚʠ. 

ʇʨʝʜʣʦʞʝʥʘ ʿʝ ʠ ʘʣʪʝʨʥʘʪʠʚʥʘ ʚʘʨʠʿʘʥʪʘ SISC ʧʨʦʪʦʢʦʣʘ ʢʦʿʘ ʿʝ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʩʪʨʘʪʝʛʠʿʠ ʘʞʫʨʠʨʘˁʘ, SISC-WU ʧʨʦʪʦʢʦʣ. ʄʦʪʠʚʘʮʠʿʘ ʟʘ ʨʘʟʚʦʿ ʦʚʦʛ ʧʨʦʪʦʢʦʣʘ 

ʜʦʣʘʟʠ ʠʟ ʯʠˁʝʥʠʮʝ ʜʘ ʩʪʨʘʪʝʛʠʿʘ ʘʞʫʨʠʨʘˁʘ ʚʠʰʝ ʦʜʛʦʚʘʨʘ ʥʝʢʠʤ ʘʧʣʠʢʘʮʠʿʘʤʘ 

ʩʘ ʤʘˁʦʤ ʜʫʞʠʥʦʤ ʫʧʠʩʥʦʛ ʥʠʟʘ, ʢʘʦ ʠ ʛʨʘʥʫʣʘʮʠʿʠ ʦʙʿʝʢʪʘ ʢʦʭʝʨʝʥʮʠʿʝ ʥʘ ʥʠʚʦʫ 

ʨʠʿʝʯʠ. ʂʦʜ ʦʚʝ ʩʪʨʘʪʝʛʠʿʝ, ʧʨʦʮʝʩʦʨ ʚʨʰʠ ʫʧʠʩ ʫ ʣʦʢʘʣʥʫ ʢʝʰ ʤʝʤʦʨʠʿʫ ʠ ʰʘˀʝ 

ʠʥʬʦʨʤʘʮʠʿʫ ʩʚʠʤ ʦʩʪʘʣʠʤ ʧʨʦʮʝʩʦʨʠʤʘ ʢʦʿʠ ʠʤʘʿʫ ʢʦʧʠʿʫ ʧʦʜʘʪʢʘ. ɼʨʫʛʠ 

ʧʨʦʮʝʩʦʨʠ ʯʠʪʘʿʫ ʢʦʧʠʿʝ ʧʦʜʘʪʘʢʘ ʠʟ ʣʦʢʘʣʥʝ ʢʝʰ ʤʝʤʦʨʠʿʝ, ʙʝʟ ʠʥʠʮʠʨʘˁʘ 

ʢʦʤʫʥʠʢʘʮʠʿʝ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʧʦʪʨʦʰʘʯʘ ʠʟʙʿʝʛʘʚʘʿʫ˂ʠ ʩʢʫʧʝ ʠʥʚʘʣʠʜʘʮʠʦʥʝ 

ʧʨʦʤʘʰʘʿʝ. SISC-WU ʧʨʦʪʦʢʦʣ ʢʦʨʠʩʪʠ 9 ʩʪʘˁʘ: M (Modified), S (Shared), SU 

(Shared-Unsafe), SUSp (Shared-Unsafe-Speculative), SSp (Shared-Speculative), MSp 

(Modified-Speculative), MSpF (Modified-Speculative-Forwarded), MSSp (Modified-

Shared-Speculative), MSSpF (Modified-Shared-Speculative-Forwarded). ʉʚʘʢʦʿ 

ʨʠʿʝʯʠ ʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʠ ʩʝ ʜʦʜʘʿʝ ʠ ʿʦʰ ʿʝʜʘʥ ʙʠʪ ʥʘʟʚʘʥ St (Stale) ʙʠʪ. ʇʦʤʦ˂ʫ 

ʦʚʦʛ ʙʠʪʘ ʩʝ ʦʟʥʘʯʘʚʘ ʨʠʿʝʯ ʫ ʢʝʰ ʤʝʤʦʨʠʿʠ ʢʦʿʘ ʧʨʠʧʘʜʘ ʥʝʢʦʿ ʦʜ ʧʨʝʪʭʦʜʥʠʭ 

ʥʠʪʠ ʠ ʢʦʿʫ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʪʝʢʫ˂ʘ ʥʠʪ ʠʣʠ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʦʩʣʠʝʿʜʠʪʠ ʥʝʢʦʿ 

ʥʘʨʝʜʥʦʿ ʥʠʪʠ ʥʘ ʟʘʭʪʿʝʚ, ʘʣʠ ʩʝ ʪʘ ʨʠʿʝʯ ʥʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫ ʥʠʪʠʤʘ ʢʦʿʝ ˂ʝ ʙʠʪʠ 

ʠʥʠʮʠʨʘʥʝ ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʥʘ ʠʩʪʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ. 

ʄʝʹʫʥʠʪʥʘ ʤʝʤʦʨʠʿʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʫ ʦʚʦʿ ʚʘʨʠʿʘʥʪʠ ʧʨʦʪʦʢʦʣʘ ʤʦʞʝ ʙʠʪʠ 

ʠʥʠʮʠʨʘʥʘ ʠ ʦʜ ʩʪʨʘʥʝ ʧʦʪʨʦʰʘʯʘ ʠ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ. ʂʘʜʘ ʩʝ ʜʠʿʝˀʝʥʘ ʨʝʯ 

ʫ SISC-WU ʧʨʦʪʦʢʦʣʫ ʫʧʠʰʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʫ, ˁʝʥʘ ʚʨʠʿʝʜʥʦʩʪ ʩʝ 

ʘʞʫʨʠʨʘ ʫ L1 ʢʝʰ ʤʝʤʦʨʠʿʘʤʘ ʩʚʠʭ ʩʣʝʜʙʝʥʠʢʘ ʢʦʿʠ ʪʘʢʦʹʝ ʠʤʘʿʫ ʪʫ ʨʠʿʝʯ ʫ ʠʩʪʦʤ 

ʜʠʿʝˀʝʥʦʤ ʩʪʘˁʫ. ʂʘʜʘ ʢʘʩʥʠʿʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʟʘʭʪʠʿʝʚʘʿʫ ʪʫ ʨʠʿʝʯ, ʦʥʘ ʤʦʞʝ 

ʙʠʪʠ ʜʦʭʚʘ˂ʝʥʘ ʠʟ ˁʠʭʦʚʠʭ ʣʦʢʘʣʥʠʭ L1 ʢʝʰ ʤʝʤʦʨʠʿʘ ʩʘ ʤʘʣʦʤ ʣʘʪʝʥʮʠʿʦʤ. 

ʇʦʨʝʜ ʪʦʛʘ, L1 ʢʝʰ ʤʝʤʦʨʠʿʝ ʥʘʨʝʜʥʠʭ ʥʠʪʠ ˂ʝ ʙʠʪʠ ʘʞʫʨʠʨʘʥʝ ʩʘʤʦ ʿʝʜʥʦʤ 

ʪʨʘʥʩʘʢʮʠʿʦʤ ʥʘ ʤʘʛʠʩʪʨʘʣʠ ʯʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʩʘʦʙʨʘ˂ʘʿ ʥʘ ʤʘʛʠʩʪʨʘʣʠ. ʂʦʤʧʣʝʪʘʥ 

ʧʨʠʢʘʟ SISC-WU ʧʨʦʪʦʢʦʣʘ ʟʘ ʤʝʤʦʨʠʿʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʿʝ ʜʘʪ ʫ ʦʩʤʦʿ ʛʣʘʚʠ. 

ʋ ʩʚʝ ʪʨʠ ʚʘʨʠʿʘʥʪʝ ʧʨʦʪʦʢʦʣʘ ʢʦʭʝʨʝʥʮʠʿʝ ʠ ʩʧʝʢʫʣʘʮʠʿʝ ʩʝ ʢʦʨʠʩʪʠ 

ʧʨʠʣʘʛʦʹʝʥʠ ʘʣʛʦʨʠʪʘʤ ʟʘʤʿʝʥʝ (replacement policy). ʇʨʠʣʠʢʦʤ ʠʟʙʦʨʘ ʨʠʿʝʯʠ ʟʘ 

ʟʘʤʿʝʥʫ ʘʣʛʦʨʠʪʘʤ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʩʪʘˁʝ ʨʠʿʝʯʠ ʢʘʦ ʧʨʠʤʘʨʥʠ ʢʨʠʪʝʨʠʿʫʤ ʫʤʿʝʩʪʦ 

ʫʦʙʠʯʘʿʝʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʠʩʪʦʨʠʿʝ ʧʨʠʩʪʫʧʘ (ʩʣʠʯʥʦ ʢʘʦ ʫ [TOMA2005a]). ʇʨʚʠ 

ʢʘʥʜʠʜʘʪʠ ʟʘ ʟʘʤʿʝʥʫ ʩʫ ʨʠʿʝʯʠ ʫ ʥʝʩʧʝʢʫʣʘʪʠʚʥʠʤ ʩʪʘˁʠʤʘ, ʿʝʨ ʙʠ ʟʘʤʿʝʥʘ 

ʩʧʝʢʫʣʘʪʠʚʥʝ ʨʠʿʝʯʠ ʧʨʦʫʟʨʦʢʦʚʘʣʘ ʧʦʥʠʰʪʘʚʘˁʝ ʠ ʧʦʥʦʚʥʦ ʧʦʢʨʝʪʘˁʝ 

ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ. ɸʣʛʦʨʠʪʘʤ ʜʦʟʚʦˀʘʚʘ ʩʧʝʢʫʣʘʪʠʚʥʦʿ ʥʠʪʠ ʜʘ ʠʟʙʘʮʠ ʠʟ L1 

ʢʝʰ ʤʝʤʦʨʠʿʝ ʤʦʜʠʬʠʢʦʚʘʥʫ ʧʦʪʚʨʹʝʥʫ ʨʠʿʝʯ ʢʦʿʘ ʿʝ ʿʝʜʠʥʘ ʢʦʧʠʿʘ ʠ ʢʦʿʘ ʿʝ ʙʠʣʘ 

ʩʧʝʢʫʣʘʪʠʚʥʦ ʧʨʦʯʠʪʘʥʘ ʠʣʠ ʠʟʤʠʿʝˁʝʥʘ. ʊʘʢʦʹʝ, ʨʠʿʝʯʠ ʢʦʿʝ ʥʠʿʝʩʫ ʙʠʣʝ 

ʩʧʝʢʫʣʘʪʠʚʥʦ ʧʨʦʯʠʪʘʥʝ ʠʣʠ ʠʟʤʠʿʝˁʝʥʝ ʤʦʛʫ ʙʠʪʠ ʢʘʥʜʠʜʘʪʠ ʟʘ ʟʘʤʿʝʥʫ. ʊʠʤʝ ʩʝ 

ʠʟʙʿʝʛʘʚʘ ʟʘʫʩʪʘʚˀʘˁʝ ʧʨʦʮʝʩʦʨʘ ʠ ʩʧʝʢʫʣʘʪʠʚʥʦ ʠʟʚʨʰʘʚʘˁʝ ʩʝ ʥʘʩʪʘʚˀʘ. 

ʄʝʹʫʪʠʤ, ʘʢʦ ʩʝ ʚʠʰʝ ʨʠʿʝʯʠ ʥʘʣʘʟʠ ʫ ʠʩʪʦʤ ʩʪʘˁʫ, ʟʘ ʠʟʙʦʨ ʠʟʤʝʹʫ ˁʠʭ ʢʦʨʠʩʪʠ 

ʩʝ ʢʘʦ ʩʝʢʫʥʜʘʨʥʠ ʢʨʠʪʝʨʠʿʫʤ ʩʪʘʥʜʘʨʜʥʠ ʥʘʯʠʥ ʢʦʿʠ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʚʨʝʤʝʥʩʢʦʿ 

ʣʦʢʘʣʥʦʩʪʠ (ʢʘʦ ʰʪʦ ʿʝ FIFO ʠʣʠ LRU) ʠʣʠ ʘʣʛʦʨʠʪʘʤ ʩʣʫʯʘʿʥʦʛ ʠʟʙʦʨʘ. 
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ɻʣʘʚʘ 6 ʇʨʝʜʣʦʛ ʧʨʦʪʦʢʦʣʘ 

ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ 
 

ʂʘʦ ʰʪʦ ʿʝ ʥʘʿʘʚˀʝʥʦ ʫ ʧʨʝʪʭʦʜʥʦʿ ʛʣʘʚʠ, ʧʨʝʜʣʦʞʝʥe ʩʫ ʜʚʠʿʝ ʚʘʨʠʿʘʥʪʝ 

ʧʦʜʨʰʢʝ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ ʥʠʪʠ ʫ ʩʧʝʢʫʣʘʪʠʚʥʦʤ CMP 

ʩʠʩʪʝʤʫ: a) ʦʩʥʦʚʥʘ ʚʝʨʟʠʿʘ - SIC ʧʨʦʪʦʢʦʣ [RADU2005]; ʠ ʙ) ʥʘʧʨʝʜʥʘ ʚʝʨʟʠʿʘ ï 

ESIC ʧʨʦʪʦʢʦʣ [RADU2005a]. ʋ ʦʚʦʿ ʛʣʘʚʠ ˂ʝ ʜʝʪʘˀʥʦ ʙʠʪʠ ʦʧʠʩʘʥʘ ʩʦʬʪʚʝʨʩʢʘ 

ʧʦʜʨʰʢʘ, ʭʘʨʜʚʝʨʩʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʢʘʦ ʠ ʘʢʮʠʿʝ ʦʙʘ ʧʨʦʪʦʢʦʣʘ, ʘ ʥʘ ʢʨʘʿʫ ˂ʝ 

ʙʠʪʠ ʜʘʪʦ ˁʠʭʦʚʦ ʢʚʘʣʠʪʘʪʠʚʥʦ ʧʦʨʝʹʝˁʝ [RADU2014]. 

 

6.1 SIC ʧʨʦʪʦʢʦʣ 
 

SIC
1
 (Snoopy Inter-register Communication) ʧʨʦʪʦʢʦʣ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ 

ʢʦʥʟʝʨʚʘʪʠʚʥʦʤ ʧʨʠʩʪʫʧʫ ʿʝʨ ʧʨʦʩʝˀʹʫʿʝ ʩʘʤʦ ʩʠʛʫʨʥʝ ʚʨʠʝʿʜʥʦʩʪʠ ʨʝʛʠʩʪʘʨʘ 

ʥʘʨʝʜʥʠʤ ʩʧʝʢʫʣʘʪʠʚʥʠʤ ʥʠʪʠʤʘ. 

 

6.1.1 ʉʦʬʪʚʝʨʩʢʘ ʧʦʜʨʰʢʘ 

 

ʄʝʪʦʜ ʩʧʝʢʫʣʘʮʠʿʝ ʠ ʧʨʠʩʪʫʧ ʿʝ ʩʣʠʯʘʥ ʢʘʦ ʢʦʜ I-ACOMA ʧʨʦʮʝʩʦʨʘ. 

ʉʦʬʪʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʫ ʚʠʜʫ ʙʠʥʘʨʥʦʛ ʘʥʦʪʘʪʦʨʘ ʨʘʜʠ ʥʘ ʠʟʚʨʰʥʦʤ, ʙʠʥʘʨʥʦʤ 

ʢʦʜʫ ʩʝʢʚʝʥʮʠʿʘʣʥʝ ʘʧʣʠʢʘʮʠʿʝ. ʊʘʢʦ ʩʝ ʠʟʙʿʝʛʘʚʘ ʧʦʪʨʝʙʘ ʟʘ ʠʟʚʦʨʥʠʤ ʢʦʜʦʤ ʠ ʟʘ 

ˁʝʛʦʚʠʤ ʧʦʥʦʚʥʠʤ ʧʨʝʚʦʹʝˁʝʤ ʰʪʦ ʿʝ ʟʥʘʯʘʿʥʘ ʧʨʝʜʥʦʩʪ. ʂʘʦ ʠ ʫ I-ACOMA, 

ʙʠʥʘʨʥʠ ʘʥʦʪʘʪʦʨ ʠʜʝʥʪʠʬʠʢʫʿʝ ʥʠʪʠ, ʧʨʦʥʘʣʘʟʠ ʨʝʛʠʩʪʘʨʩʢʝ ʠʥʩʪʨʫʢʮʠʿʝ ʟʘ ʫʧʠʩ 

                                                           
1 ñsicò (ʣʘʪʠʥʩʢʠ) ï ʪʘʢʦ, ʦʚʘʢʦ, ʥʘ ʦʚʘʿ ʥʘʯʠʥ  
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ʢʦʿʝ ʛʝʥʝʨʠʰʫ ʪʘʯʥʝ ʚʨʠʝʿʜʥʦʩʪʠ ʟʘ ʧʨʦʩʝˀʹʠʚʘˁʝ ʥʘʨʝʜʥʠʤ ʥʠʪʠʤʘ ʠ ʫ ʩʢʣʘʜʫ ʩʘ 

ʪʠʤ ʘʥʦʪʠʨʘ ʙʠʥʘʨʥʠ ʢʦʜ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʿʝ ʨʝʣʘʪʠʚʥʦ ʿʝʜʥʦʩʪʘʚʥʘ ʩ ʦʙʟʠʨʦʤ ʜʘ ʩʫ 

ʦʥʝ ʦʛʨʘʥʠʯʝʥʝ ʥʘ ʠʪʝʨʘʮʠʿʝ ʧʝʪˀʠ ʠ, ʫ ʩʢʣʘʜʫ ʩʘ ʪʠʤ, ʧʨʦʛʨʘʤʩʢʠ ʢʦʜ ʥʠʪʠ ʢʦʿʝ 

ʩʝ ʠʟʚʨʰʘʚʘʿʫ ʧʘʨʘʣʝʣʥʦ ʿʝ ʠʩʪʠ. ɱʝʜʠʥʦ ʫʣʘʟʥʝ ʠ ʠʟʣʘʟʥʝ ʪʘʯʢʝ ʟʘ ʩʚʘʢʫ ʧʝʪˀʫ 

ʤʦʨʘʿʫ ʙʠʪʠ ʦʟʥʘʯʝʥʝ. ɸʥʘʣʠʟʘ ʫʧʠʩʘ ʫ ʨʝʛʠʩʪʨʝ ʿʝ ʤʥʦʛʦ ʟʘʭʪʝʿʚʥʠʿʘ. ʇʨʚʦ, 

ʘʥʦʪʘʪʦʨ ʧʨʝʧʦʟʥʘʿʝ ʨʝʛʠʩʪʨʝ ʯʠʿʝ ʩʝ ʚʨʠʿʝʜʥʦʩʪʠ ʫʥʦʩʝ ʫ ʧʝʪˀʫ ʠ ʠʟʥʦʩʝ ʠʟ ˁʝ ʠ 

ʫ ʢʦʿʝ ʤʦʞʝ ʙʠʪʠ ʫʧʠʩʠʚʘʥʦ ʫ ʦʢʚʠʨʫ ʧʝʪˀʝ ï ʧʨʦʤʿʝʥˀʠʚʠ (loop-live) ʨʝʛʠʩʪʨʠ. 

ʈʝʛʠʩʪʨʠ ʠʟ ʢʦʿʠʭ ʩʝ ʤʦʞʝ ʩʘʤʦ ʯʠʪʘʪʠ ʫ ʦʢʚʠʨʫ ʧʝʪˀʝ ʩʝ ʥʘʟʠʚʘʿʫ ʢʦʥʩʪʘʥʪʥʠ 

(non loop-live) ʨʝʛʠʩʪʨʠ. ʅʘ ʢʨʘʿʫ, ʠʥʩʪʨʫʢʮʠʿʝ ʫʧʠʩʘ ʫ ʧʨʦʤʿʝʥˀʠʚʝ ʨʝʛʠʩʪʨʝ 

ʤʦʨʘʿʫ ʙʠʪʠ ʦʟʥʘʯʝʥʝ. ʆʚʠ ʫʧʠʩʠ ʤʦʛʫ ʙʠʪʠ ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʢʘʦ ʪʝʢʫ˂ʠ (NFW - 

non-final write) ʠʣʠ ʢʦʥʘʯʥʠ (FW ï final write). ʊʝʢʫ˂ʠ ʫʧʠʩʠ ʛʝʥʝʨʠʰʫ 

ʚʨʠʝʿʜʥʦʩʪʠ ʨʝʛʠʩʪʘʨʘ ʢʦʿʝ ʤʦʛʫ ʙʠʪʠ ʧʨʝʧʠʩʘʥʝ ʫ ʪʦʢʫ ʠʪʝʨʘʮʠʿʝ ʧʝʪˀʝ, ʜʦʢ 

ʢʦʥʘʯʥʠ ʫʧʠʩʠ ʛʝʥʝʨʠʰʫ ʚʨʠʝʿʜʥʦʩʪʠ ʨʝʛʠʩʪʘʨʘ ʢʦʿʝ ʥʝ ʤʦʛʫ ʙʠʪʠ ʧʨʦʤʠʝʿˁʝʥʝ ʫ 

ʪʝʢʫ˂ʦʿ ʠʪʝʨʘʮʠʿʠ ʧʝʪˀʝ. ʅʘ ʩʣʠʮʠ 6-1 ʿʝ ʜʘʪ ʧʨʠʤʿʝʨ ʟʘ ʦʚʝ ʜʚʠʿʝ ʚʨʩʪʝ ʫʧʠʩʘ. 

 

 
 

ʉʣʠʢʘ 6-1. ʇʨʠʤʝʿʨ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʫʧʠʩʘ ʫ ʧʨʦʤʿʝʥˀʠʚʝ ʨʝʛʠʩʪʨʝ ʫ SIC ʧʨʦʪʦʢʦʣʫ 

 

6.1.2 ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ 

 

ʇʦʩʝʙʥʘ ʜʠʿʝˀʝʥʘ ʤʘʛʠʩʪʨʘʣʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʥʦʩ ʚʨʠʝʿʜʥʦʩʪʠ ʨʝʛʠʩʪʘʨʘ 

ʠʟʤʝʹʫ ʿʝʟʛʘʨʘ. ʍʘʨʜʚʝʨʩʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ ʟʘ 

ʧʦʜʨʰʢʫ SIC ʧʨʦʪʦʢʦʣʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʠʥʪʝʨʬʝʿʩʘ ʜʠʝʿˀʝʥʝ ʤʘʛʠʩʪʨʘʣʝ, ʣʦʛʠʢʝ ʟʘ 
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ʯʫʚʘˁʝ ʠ ʧʨʦʤʿʝʥʫ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʩʪʘʪʫʩʘ ʥʠʪʠ, ʢʦʥʪʨʦʣʥʝ ʣʦʛʠʢʝ ʟʘ ʦʩʪʚʘʨʠʚʘˁʝ 

ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ ʩʪʘˁʘ ʧʨʦʪʦʢʦʣʘ ʠ ʣʦʢʘʣʥʦʛ ʢʘʪʘʣʦʛʘ ʟʘ ʯʫʚʘˁʝ ʩʪʘˁʘ ʩʚʘʢʦʛ 

ʨʝʛʠʩʪʨʘ (ʩʣʠʢʘ 6-2). ʋʣʘʟ ʫ ʣʦʢʘʣʥʦʤ ʢʘʪʘʣʦʛʫ ʟʘ ʩʚʘʢʠ ʨʝʛʠʩʪʘʨ ʿʝ ʚʝʣʠʯʠʥʝ ʩʘʤʦ 

ʥʝʢʦʣʠʢʦ ʙʠʪʘ ʠ ʩʘʜʨʞʠ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʚʘʣʠʜʥʦʩʪʠ, ʜʦʩʪʫʧʥʦʩʪʠ ʟʘ 

ʧʨʦʩʝˀʹʠʚʘˁʝ, ʠʪʜ. ʉʧʝʢʫʣʘʪʠʚʥʠ ʩʪʘʪʫʩ ʟʘ ʥʠʪ ʢʦʿʘ ʩʝ ʪʨʝʥʫʪʥʦ ʠʟʚʨʰʘʚʘ ʥʘ 

ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ ʩʝ ʯʫʚʘ ʫ ʧʦʩʝʙʥʦʤ ʨʝʛʠʩʪʨʫ. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʯʝʪʠʨʠ ʥʠʪʠ 

ʤʦʛʫ ʠʟʚʨʰʘʚʘʪʠ ʧʘʨʘʣʝʣʥʦ, ʩʪʘʪʫʩ ʥʠʪʠ ʩʝ ʧʨʝʜʩʪʘʚˀʘ ʩʘ ʜʚʘ ʙʠʪʘ. 

 

 
 

ʉʣʠʢʘ 6-2. ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʟʘ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ 

 

ʈʝʛʠʩʪʘʨʩʢʠ ʢʘʪʘʣʦʛ ʠʤʘ ʫʣʘʟ ʟʘ ʩʚʘʢʠ ʨʝʛʠʩʪʘʨ ʟʘ ʯʫʚʘˁʝ ˁʝʛʦʚʦʛ ʪʨʝʥʫʪʥʦʛ 

ʩʪʘˁʘ. ʇʨʦʤʿʝʥˀʠʚʠ ʨʝʛʠʩʪʨʠ ʤʦʛʫ ʙʠʪʠ ʫ ʿʝʜʥʦʤ ʦʜ ʯʝʪʠʨʠ ʩʪʘˁʘ: INV (Invalid), 

VU (Valid-Unsafe), VS (Valid-Safe) ʠ LC (Last Copy). ʂʦʥʩʪʘʥʪʥʠ ʨʝʛʠʩʪʨʠ ʤʦʛʫ 

ʙʠʪʠ ʠʣʠ ʫ INV (Invalid) ʠʣʠ ʫ VS (Valid-Safe) ʩʪʘˁʫ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʫ ʣʦʢʘʣʥʦʤ 

ʢʘʪʘʣʦʛʫ ʥʘʣʘʟʝ ʧʦ ʪʨʠ ʙʠʪʘ ʟʘ ʩʚʘʢʠ ʨʝʛʠʩʪʘʨ, ʿʝʜʘʥ ʙʠʪ ʟʘ ʨʘʟʣʠʢʦʚʘˁʝ 

ʧʨʦʤʿʝʥˀʠʚʠʭ ʠ ʢʦʥʩʪʘʥʪʥʠʭ ʨʝʛʠʩʪʘʨʘ ʠ ʜʚʘ ʙʠʪʘ ʟʘ ʢʦʜʠʨʘˁʝ ʥʘʿʚʠʰʝ ʯʝʪʠʨʠ 

ʩʪʘˁʘ. 

ʉʪʘˁʝ INV ʫʢʘʟʫʿʝ ʜʘ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʥʠʿʝ ʚʘʣʠʜʥʘ ʠ ʜʘ ʥʝ ʤʦʞʝ ʙʠʪʠ 

ʢʦʨʠʰʝ˂ʥʘ ʫ ʣʦʢʘʣʥʦʿ ʥʠʪʠ ʠʣʠ ʧʨʦʩʝˀʹʝʥʘ ʜʨʫʛʠʤ ʥʠʪʠʤʘ. ʉʪʘˁʝ VU ʧʦʢʘʟʫʿʝ 

ʜʘ ʿʝ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʚʘʣʠʜʥʘ ʟʘ ʪʝʢʫ˂ʫ ʥʠʪ, ʘʣʠ ʥʠʿʝ ʢʦʥʘʯʥʘ ʚʨʠʝʿʜʥʦʩʪ ʢʦʿʫ 

ʛʝʥʝʨʠʰʝ ʦʚʘ ʥʠʪ ʠ ʥʝ ʤʦʞʝ ʙʠʪʠ ʧʨʦʩʝˀ́ ʝʥʘ ʥʘʨʝʜʥʠʤ ʥʠʪʠʤʘ. ʉʪʘˁʝ VS ʫʢʘʟʫʿʝ 

ʜʘ ʿʝ ʚʨʠʿʝʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʚʘʣʠʜʥʘ ʟʘ ʪʝʢʫ˂ʫ ʥʠʪ, ʜʘ ʿʝ ʦʥʘ ʢʦʥʘʯʥʘ ʠ ʜʘ ʩʝ ʤʦʞʝ 



 

64 

 

ʧʨʦʩʝˀʜʠʪʠ ʥʘʨʝʜʥʠʤ ʥʠʪʠʤʘ. ʉʪʘˁʝ LC ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʪʦ ʿʝʜʠʥʘ ʢʦʧʠʿʘ ʚʘʣʠʜʥʝ 

ʚʨʠʝʿʜʥʦʩʪʠ ʨʝʛʠʩʪʨʘ.  

ʂʦʤʫʥʠʢʘʮʠʿʘ ʥʘ ʥʠʚʦʫ ʨʝʛʠʩʪʘʨʘ ʩʝ ʦʜʚʠʿʘ ʧʨʝʢʦ ʧʦʩʝʙʥʝ ʜʠʝʿˀʝʥʝ 

ʤʘʛʠʩʪʨʘʣʝ. ʆʥʘ ʦʙʫʭʚʘʪʘ ʘʜʨʝʩʥʝ ʣʠʥʠʿʝ ʨʝʛʠʩʪʘʨʘ, ʣʠʥʠʿʝ ʧʦʜʘʪʘʢʘ ʟʘ 

ʚʨʠʝʿʜʥʦʩʪʠ ʨʝʛʠʩʪʘʨʘ, ʢʘʦ ʠ ʥʝʢʝ ʢʦʥʪʨʦʣʥʝ ʣʠʥʠʿʝ. ʂʦʥʪʨʦʣʥʠ ʜʠʦ ʫʢˀʫʯʫʿʝ 

BusR, BusW, Mask ʠ Shared ʩʠʛʥʘʣʝ. 

ʉʠʛʥʘʣ BusR ʦʟʥʘʯʘʚʘ ʪʨʘʥʩʘʢʮʠʿʫ ʯʠʪʘˁʘ ʥʘ ʤʘʛʠʩʪʨʘʣʠ ʢʦʿʫ ʛʝʥʝʨʠʰʝ 

ʟʘʭʪʝʿʚ ʟʘ ʯʠʪʘˁʝ ʦʜ ʩʪʨʘʥʝ ʧʨʦʮʝʩʦʨʘ ʟʘ ʨʝʛʠʩʪʘʨ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʩʪʘˁʫ INV. 

ɿʘʭʪʝʿʚ ʟʘ ʯʠʪʘˁʝ ʩʝ ʟʘʜʘʿʝ ʥʘ ʤʘʛʠʩʪʨʘʣʠ ʟʘʿʝʜʥʦ ʩʘ ʤʘʩʢʦʤ ʥʠʪʠ ʢʦʿʘ ʩʝ ʠʟʚʨʰʘʚʘ 

ʥʘ ʜʘʪʦʤ ʧʨʦʮʝʩʦʨʫ.  

ʉʠʛʥʘʣ BusW ʦʟʥʘʯʘʚʘ ʪʨʘʥʩʘʢʮʠʿʫ ʫʧʠʩʘ ʥʘ ʤʘʛʠʩʪʨʘʣʠ ʢʦʿʫ ʛʝʥʝʨʠʰʝ ʟʘʭʪʝʿʚ 

ʟʘ ʫʧʠʩ ʧʨʦʮʝʩʦʨʘ ʢʘʜʘ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʜʦʩʪʠʛʥʝ ʩʪʘˁʝ VS ʟʘ ʜʘʪʠ ʨʝʛʠʩʪʘʨ ʠʣʠ 

ʢʘʜʘ ʿʝ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ LC ʧʦʩʣʘʪʘ ʧʨʝʢʦ ʤʘʛʠʩʪʨʘʣʝ. ɺʨʠʝʿʜʥʦʩʪ 

ʨʝʛʠʩʪʨʘ ʿʝ ʧʦʩʣʘʪʘ ʧʨʝʢʦ ʤʘʛʠʩʪʨʘʣʝ ʪʘʢʦ ʜʘ ʥʠʪ ʢʦʿʦʿ ʿʝ ʧʦʪʨʝʙʥʘ ʤʦʞʝ ʜʘ ʿʝ 

ʫʯʠʪʘ. ʋ ʦʙʘ ʩʣʫʯʘʿʘ, ʧʨʦʠʟʚʦʹʘʯ ʠʥʠʮʠʨʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʿʝʨ ʩʝ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, 

ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʥʝ ʧʨʝʥʦʩʠ ʥʘ ʟʘʭʪʿʝʚ ʢʦʨʠʩʥʠʢʘ. 

ʉʠʛʥʘʣʠ Mask ʩʝ ʧʦʩʪʘʚˀʘʿʫ ʥʘ ʤʘʛʠʩʪʨʘʣʫ ʪʦʢʦʤ ʪʨʘʥʩʘʢʮʠʿʝ ʯʠʪʘˁʘ ʥʘ 

ʤʘʛʠʩʪʨʘʣʠ, ʢʘʜʘ ʥʠʪ ʪʨʘʞʠ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʦʜ ʨʘʥʠʿʝ ʥʠʪʠ. ʉʚʘʢʘ ʧʨʝʪʭʦʜʥʘ 

ʥʠʪ ʩʘ ʪʨʘʞʝʥʦʤ ʚʨʠʝʿʜʥʦʰ˂ʫ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ VS ʦʜʛʦʚʘʨʘ ʪʘʢʦ ʰʪʦ ʧʨʦʩʝˀʹʫʿʝ 

ʩʚʦʿʫ ʤʘʩʢʫ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʣʠʥʠʿʝ ʤʘʛʠʩʪʨʘʣʝ, ʢʦʿʝ ʩʫ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʢʘʦ 

Ăʦʞʠʯʝʥʦ-ʀʃʀò. ʃʦʛʠʢʘ ʠʥʪʝʨʬʝʿʩʘ ʤʘʛʠʩʪʨʘʣʝ ʫ ʩʚʘʢʦʤ ʧʨʦʮʝʩʦʨʩʢʦʤ ʿʝʟʛʨʫ 

ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʜʘ ʣʠ ʿʝ ʥʝʢʠ ʜʨʫʛʘ ʨʘʥʠʿʘ ʥʠʪ ʧʦʩʪʘʚˀʘʣʘ ʩʚʦʿʫ ʤʘʩʢʫ ʥʘ 

ʤʘʛʠʩʪʨʘʣʫ. ʄʝʭʘʥʠʟʘʤ ʜʠʩʪʨʠʙʫʠʨʘʥʝ ʘʨʙʠʪʨʘʮʠʿʝ ʙʠʨʘ ʥʘʿʙʣʠʞʫ, ʥʘʿʩʢʦʨʠʿʫ 

ʧʨʝʪʭʦʜʥʫ ʥʠʪ ʢʦʿʦʿ ʿʝ ʜʦʟʚʦˀʝʥʦ ʜʘ ʧʦʰʘˀʝ ʚʘʣʠʜʥʫ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʥʘ 

ʤʘʛʠʩʪʨʘʣʫ. 

ʉʠʛʥʘʣ Shared, ʢʦʿʠ ʩʝ ʪʘʢʦʹʝ ʰʘˀʝ ʧʨʝʢʦ Ăʦʞʠʯʝʥʦ-ʀʃʀò ʣʠʥʠʿʝ ʤʘʛʠʩʪʨʘʣʝ, 

ʧʦʩʪʘʚˀʘ ʥʠʪ ʧʦʪʨʦʰʘʯ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘ ʪʨʘʥʩʘʢʮʠʿʫ ʢʦʿʫ ʠʥʠʮʠʨʘ ʧʨʦʠʟʚʦʹʘʯ 

ʢʘʜʘ ʰʘˀʝ ʚʨʠʝʿʜʥʦʩʪʠ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ VS ʠʣʠ LC. ʂʘʜʘ ʿʝ ʦʚʘ ʣʠʥʠʿʘ ʩʝʪʦʚʘʥʘ 

ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ ʧʦʪʨʦʰʘʯʘ, ʧʨʦʠʟʚʦʹʘʯ ʿʝ ʦʙʘʚʠʿʝʰʪʝʥ ʜʘ ʿʝ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ 

ʢʦʿʘ ʿʝ ʧʦʩʣʘʪʘ ʥʘ ʤʘʛʠʩʪʨʘʣʫ ʪʘʢʦʹʝ ʫʯʠʪʘʥʘ ʦʜ ʩʪʨʘʥʝ ʥʝʢʦʛ ʜʨʫʛʦʛ ʧʨʦʮʝʩʦʨʘ ʠ 

ʜʘ ʦʥʘ ʥʠʿʝ ʧʦʩʝˀʜˁʘ ʠ ʿʝʜʠʥʘ ʢʦʧʠʿʘ. 

 

6.1.3 ʆʧʠʩ ʘʢʮʠʿʘ SIC ʧʨʦʪʦʢʦʣʘ 

 

ɼʘ ʙʠ ʧʨʠʩʪʫʧʠʦ ʨʝʛʠʩʪʨʫ, ʧʨʦʮʝʩʦʨ ʤʦʞʝ ʠʟʜʘʪʠ ʜʚʘ ʪʠʧʘ ʟʘʭʪʝʿʚʘ: ʯʠʪʘˁʝ (R 

- read) ʠʣʠ ʫʧʠʩ. ʋʧʠʩʠ ʤʦʛʫ ʙʠʪʠ ʢʦʥʘʯʥʠ (FW) ʠʣʠ ʪʝʢʫ˂ʠ (NFW) ʢʘʢʦ ʠʭ 

ʦʟʥʘʯʘʚʘ ʙʠʥʘʨʥʠ ʘʥʦʪʘʪʦʨ. SIC ʧʨʦʪʦʢʦʣ ʫʢˀʫʯʫʿʝ ʨʝʛʠʩʪʘʨʩʢʫ ʢʦʤʫʥʠʢʘʮʠʿʫ 

ʠʥʠʮʠʨʘʥʫ ʠ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ ʠ ʦʜ ʩʪʨʘʥʝ ʧʦʪʨʦʰʘʯʘ. ʆʚʘʿ ʧʨʦʪʦʢʦʣ ʿʝ 

ʙʘʟʠʨʘʥ ʥʘ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʠʤ ʩʪʘˁʠʤʘ ʠ ʪʨʘʥʩʘʢʮʠʿʘʤʘ ʤʝʹʫ ˁʠʤʘ. 

ʇʨʦʪʦʢʦʣ ʨʘʟʣʠʯʠʪʦ ʫʧʨʘʚˀʘ ʧʨʠʩʪʫʧʦʤ ʢʦʥʩʪʘʥʪʥʠʤ ʠ ʧʨʦʤʿʝʥˀʠʚʠʤ 

ʨʝʛʠʩʪʨʠʤʘ. ʇʨʝʣʘʟʠ ʠʟʤʝʹʫ ʩʪʘˁʘ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʠʥʩʪʨʫʢʮʠʿʝ ʧʨʦʮʝʩʦʨʘ 
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(processor-induced) ʠ ʧʨʝʣʘʟʠ ʩʪʘˁʘ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʪʨʘʥʩʘʢʮʠʿʝ ʥʘ ʤʘʛʠʩʪʨʘʣʠ 

(bus-induced) ʟʘ ʧʨʦʤʿʝʥˀʠʚʝ ʨʝʛʠʩʪʨʝ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʥʘ ʩʣʠʮʠ 6-3. 

 

 
 

ʉʣʠʢʘ 6-3. ʊʨʘʥʩʘʢʮʠʿʝ ʩʪʘˁʘ ʢʦʿʝ ʠʟʘʟʠʚʘ ʧʨʦʮʝʩʦʨ (ʧʫʥʝ ʣʠʥʠʿʝ) ʠ ʪʨʘʥʩʘʢʮʠʿʝ 

ʩʪʘˁʘ ʢʦʿʝ ʠʟʘʟʠʚʘ ʤʘʛʠʩʪʨʘʣʘ (ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ) ʟʘ ʧʨʦʤʿʝʥˀʠʚʝ 

ʨʝʛʠʩʪʨʝ ʫ SIC ʧʨʦʪʦʢʦʣʫ. ʏʠʪʘˁʘ ʧʨʦʮʝʩʦʨʘ ʩʫ ʦʟʥʘʯʝʥʘ ʩʘ R. 

ʅʦʪʘʮʠʿʘ A/B ʟʥʘʯʠ ʜʘ ʩʫ ʧʨʦʮʝʩʦʨʩʢʠ ʫʧʠʩʠ (FW ʠʣʠ NFW)  

ʧʦʩʤʘʪʨʘʥʠ ʫ ʨʝʣʘʮʠʿʠ ʩʘ ʩʠʛʥʘʣʦʤ Shared ʢʦʿʠ ʿʝ ʠʣʠ ʘʢʪʠʚʘʥ  

(SH) ʠʣʠ ʥʝʘʢʪʠʚʘʥ (SL). 

 

ʄʝʭʘʥʠʟʘʤ ʧʨʦʪʦʢʦʣʘ ʟʘ ʧʨʦʤʿʝʥˀʠʚʝ ʨʝʛʠʩʪʨʝ ʨʘʜʠ ʥʘ ʩˀʝʜʝ˂ʠ ʥʘʯʠʥ: 

 

(1) ʇʦʛʦʜʘʢ ʧʨʠ ʯʠʪʘˁʫ. ɸʢʦ ʩʧʝʢʫʣʘʪʠʚʥʘ ʠʣʠ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʠʟʜʘ 

ʟʘʭʪʝʿʚ ʟʘ ʯʠʪʘˁʝʤ ʨʝʛʠʩʪʨʘ ʫ ʚʘʣʠʜʥʦʤ ʩʪʘˁʫ (VU, VS ʠʣʠ LC) ʟʘʭʪʝʿʚ ʿʝ 

ʟʘʜʦʚʦˀʝʥ ʣʦʢʘʣʥʦ ʠ ʨʝʛʠʩʪʘʨ ʦʩʪʘʿʝ ʫ ʠʩʪʦʤ ʩʪʘˁʫ. 

(2) ʇʨʦʤʘʰʘʿ ʧʨʠ ʯʠʪʘˁʫ. ɿʘʭʪʝʿʚ ʟʘ ʯʠʪʘˁʝʤ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ INV ʠʟʘʟʠʚʘ 

ʧʨʦʤʘʰʘʿ ʧʨʠ ʯʠʪʘˁʫ ʠ ʠʥʠʮʠʨʘ ʪʨʘʥʩʘʢʮʠʿʫ BusR. ɿʘʭʪʝʿʚ ʟʘ ʯʠʪʘˁʝʤ ʦʚʦʛ 

ʨʝʛʠʩʪʨʘ ʩʝ hʘˀʝ ʥʘ ʤʘʛʠʩʪʨʘʣʫ ʟʘʿʝʜʥʦ ʩʘ ʢʦʜʦʤ ʤʘʩʢʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ 

ʠʟʜʘʣʘ ʟʘʭʪʿʝʚ. ʇʦʩˀʝʜʠʮʘ ʪʦʛʘ ʿʝ ʜʘ ʧʨʦʤʘʰʘʿ ʯʠʪʘˁʘ ʛʝʥʝʨʠʰʝ ʢʦʤʫʥʠʢʘʮʠʿʫ 

ʤʝʹʫ ʥʠʪʠʤʘ ʢʦʿʫ ʠʥʠʮʠʨʘ ʧʦʪʨʦʰʘʯ. ʉʚʠ ʤʦʛʫ˂ʠ ʜʦʩʪʘʚˀʘʯʠ ʦʜʥʦʩʥʦ ʨʘʥʠʿʝ 

ʥʠʪʠ (ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʠ/ʠʣʠ ʨʘʥʠʿʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ) ʢʦʿʝ ʠʤʘʿʫ ʪʨʘʞʝʥʠ 

ʨʝʛʠʩʪʘʨ ʠʣʠ ʫ ʩʪʘˁʫ VS ʠʣʠ ʫ LC, ʦʜʛʦʚʘʨʘʿʫ ʧʦʩʪʘʚˀʘʿʫ˂ʠ ʩʚʦʿʝ ʢʦʜʦʚʝ ʤʘʩʢʝ ʥʘ 

ʤʘʛʠʩʪʨʘʣʫ ʠ ʜʠʩʪʨʠʙʫʠʨʘʥʠ ʘʨʙʠʪʘʨ ʙʠʨʘ ʥʘʿʙʣʠʞʫ ʧʨʝʪʭʦʜʥʫ ʥʠʪ. ʅʘʢʦʥ ʪʦʛʘ 

ʠʟʘʙʨʘʥʘ ʧʨʝʪʭʦʜʥʘ ʥʠʪ ʦʙʝʟʙʝʿʹʫʿʝ ʪʨʘʞʝʥʫ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʥʘ ʤʘʛʠʩʪʨʘʣʠ ʠ 

ʦʥʘ ʩʝ ʫ ʩʪʘˁʫ VU ʫʯʠʪʘʚʘ ʦʜ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʢʦʿʘ ʿʝ ʠʟʜʘʣʘ ʟʘʭʪʿʝʚ ʟʘ 

ʯʠʪʘˁʝʤ. ɸʢʦ ʿʝ ʟʘʭʪʝʿʚʘʥʠ ʨʝʛʠʩʪʘʨ ʙʠʦ ʫ ʩʪʘˁʫ LC ʥʘ ʩʪʨʘʥʠ ʜʦʩʪʘʚˀʘʯʘ, 

ˁʝʛʦʚʦ ʩʪʘˁʝ ʩʝ ʤʠʝʿˁʘ ʠʟ ʩʪʘˁʘ LC ʫ VS. ɸʢʦ ʥʝʤʘ ʜʦʩʪʫʧʥʦʛ ʜʦʩʪʘʚˀʘʯʘ ʢʘʜʘ 
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ʥʠʪ ʧʦʪʨʦʰʘʯ ʠʟʜʘ ʟʘʭʪʿʝʚ ʟʘ ʯʠʪʘˁʝʤ ʥʘ ʤʘʛʠʩʪʨʘʣʫ, ʥʠʪ ʧʦʪʨʦʰʘʯ ʩʝ ʙʣʦʢʠʨʘ ʠ 

ʯʝʢʘ ʜʦʢ ʧʨʦʠʟʚʦʹʘʯ ʥʝ ʛʝʥʝʨʠʰʝ ʠ ʧʦʰʘˀʝ ʪʨʘʞʝʥʫ ʚʨʠʝʿʜʥʦʩʪ. 

(3) ʇʦʛʦʜʘʢ ʧʨʠ ʫʧʠʩʫ. ɸʢʦ ʿʝ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ VU ʢʘʜʘ ʥʠʪ, ʙʠʣʦ 

ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʠʣʠ ʩʧʝʢʫʣʘʪʠʚʥʘ, ʦʙʘʚˀʘ NFW ʫʧʠʩ, ʨʝʛʠʩʪʘʨ ʩʝ ʘʞʫʨʠʨʘ 

ʣʦʢʘʣʥʦ ʠ ʦʩʪʘʿʝ ʫ ʩʪʘˁʫ VU. ʄʝʹʫʪʠʤ, ʘʢʦ ʿʝ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ VU 

ʢʘʜʘ ʥʠʪ ʦʙʘʚˀʘ FW ʫʧʠʩ, ʨʝʛʠʩʪʘʨ ʩʝ ʘʞʫʨʠʨʘ ʠ ʩʪʘˁʝ ʩʝ ʤʠʝʿˁʘ ʠʟ ʩʪʘˁʘ VU ʫ 

VS. ʊʘʢʦʹʝ, FW ʫʧʠʩ ʠʟʘʟʠʚʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʥʠʮʠʨʘʥʫ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ 

ʰʘˀʫ˂ʠ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʥʘ ʤʘʛʠʩʪʨʘʣʫ ʟʘ ʥʘʿʙʣʠʞʫ ʢʘʩʥʠʿʫ ʥʠʪ. ɸʢʦ ʿʝ 

ʚʨʠʝʿʜʥʦʩʪ ʫʯʠʪʘʥʘ ʫ ʨʝʛʠʩʪʘʨ ʥʘʿʙʣʠʞʝ ʢʘʩʥʠʿʝ ʥʠʪʠ, ʩʪʘˁʝ ʨʝʛʠʩʪʨʘ ʩʝ ʤʠʿʝˁʘ 

ʠʟ ʩʪʘˁʘ INV ʫ VU ʠ ʢʘʩʥʠʿʘ ʥʠʪ ʧʦʩʪʘʚˀʘ ʣʠʥʠʿʫ Shared ʦʙʘʚʝʿʰʪʘʚʘʿʫ˂ʠ 

ʧʨʦʠʟʚʦʹʘʯʘ ʜʘ ʿʝ ʚʨʠʝʿʜʥʦʩʪ ʫʯʠʪʘʥʘ. ʊʘʢʦʹʝ, ʢʘʩʥʠʿʘ ʥʠʪ ʢʦʘʿ ʿʝ ʙʠʣʘ ʙʣʦʢʠʨʘʥʘ 

ʯʝʢʘʿʫ˂ʠ ʙʘʰ ʦʚʫ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ, ʥʘʩʪʘʚˀʘ ʠʟʚʨʰʘʚʘˁʝ. ɸʢʦ ʿʝ ʣʠʥʠʿʘ 

Shared ʦʩʪʘʣʘ ʥʝʘʢʪʠʚʥʘ, ʧʨʦʠʟʚʦʹʘʯ ʤʠʝʿˁʘ ʩʪʘˁʝ ʦʚʦʛ ʨʝʛʠʩʪʨʘ ʠʟ ʩʪʘˁʘ VS ʫ 

LC, ʦʟʥʘʯʘʚʘʿʫ˂ʠ ʜʘ ʿʝ ʪʦ ʿʝʜʠʥʘ ʚʘʣʠʜʥʘ ʢʦʧʠʿʘ. 

(4) ʇʨʦʤʘʰʘʿ ʧʨʠ ʫʧʠʩʫ. NFW ʠʣʠ FW ʫʧʠʩ ʫ ʨʝʛʠʩʪʘʨ ʫ ʩʪʘˁʫ INV ʠʟʘʟʠʚʘ 

ʧʨʦʤʘʰʘʿ ʧʨʠ ʫʧʠʩʫ. ɸʢʮʠʿʝ ʧʨʦʪʦʢʦʣʘ ʟʘ ʦʙʿʝ ʚʨʩʪʝ ʫʧʠʩʘ ʩʫ ʠʩʪʝ ʢʘʦ ʫ 

ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʧʦʛʦʪʢʘ ʧʨʠ ʫʧʠʩʫ. ʂʨʘʿˁʘ ʩʪʘˁʘ ʧʨʠ ʧʨʝʣʘʟʫ 

ʩʪʘˁʘ ʩʫ, ʪʘʢʦʹʝ, ʠʩʪʘ, ʜʦʢ ʿʝ ʧʦʯʝʪʥʦ ʩʪʘˁʝ INV (ʫʤʝʿʩʪʦ ʩʪʘˁʘ VU ʫ ʩʣʫʯʘʿʫ 

ʧʦʛʦʪʢʘ ʧʨʠ ʫʧʠʩʫ). 

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʢʦʥʩʪʘʥʪʥʠ ʨʝʛʠʩʪʨʠ ʤʦʛʫ ʙʠʪʠ ʩʘʤʦ ʯʠʪʘʥʠ ʦʜ ʩʪʨʘʥʝ ʥʠʪʠ, 

ʤʝʭʘʥʠʟʘʤ ʧʨʦʪʦʢʦʣʘ ʟʘ ˁʠʭ ʨʘʜʠ ʥʘ ʩˀʝʜʝ˂ʠ ʥʘʯʠʥ: 

 

(1) ʇʦʛʦʜʘʢ ʧʨʠ ʯʠʪʘˁʫ. ɸʢʦ ʿʝ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ VS ʢʘʜʘ ʥʠʪ, 

ʙʠʣʦ ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʠʣʠ ʩʧʝʢʫʣʘʪʠʚʥʘ, ʠʟʜʘ ʟʘʭʪʿʝʚ ʟʘ ʯʠʪʘˁʝʤ, ʦʥ ʩʝ ʟʘʜʦʚʦˀʘʚʘ 

ʣʦʢʘʣʥʦ ʠ ʨʝʛʠʩʪʘʨ ʦʩʪʘʿʝ ʫ ʩʪʘˁʫ VS. 

(2) ʇʨʦʤʘʰʘʿ ʧʨʠ ʯʠʪʘˁʫ. ʆʚʘʿ ʩʣʫʯʘʿ ʤʦʞʝ ʜʘ ʩʝ ʜʦʛʦʜʠ ʩʘʤʦ ʢʘʜʘ ʩʝ ʥʘ 

ʧʨʦʮʝʩʦʨʫ ʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʠʟʚʨʰʘʚʘ ʧʦ ʧʨʚʠ ʧʫʪ ʥʘʢʦʥ ʥʝʢʦʛ ʩʝʢʚʝʥʮʠʿʘʣʥʦʛ 

ʜʠʿʝʣʘ ʘʧʣʠʢʘʮʠʿʝ. ɿʘʭʪʿʝʚ ʟʘ ʯʠʪʘˁʝʤ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ INV ʠʥʠʮʠʨʘ ʪʨʘʥʩʘʢʮʠʿʫ 

BusR. ɿʘʪʠʤ, ʥʝʩʧʝʢʫʣʘʪʠʚʥʘ ʥʠʪ ʠʣʠ ʥʝʢʘ ʦʜ ʩʧʝʢʫʣʘʪʠʚʥʠʭ ʥʠʪʠ ʦʙʝʟʙʝʿʹʫʿʝ 

ʟʘʭʪʠʝʿʚʘʥʫ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʢʦʿʘ ʩʝ ʫʯʠʪʘʚʘ ʫ ʩʪʘˁʫ VS ʦʜ ʥʠʪʠ ʢʦʿʘ ʿʝ ʠʟʜʘʣʘ 

ʟʘʭʪʿʝʚ. ʀʩʪʦʚʨʝʤʝʥʦ ʜʨʫʛʝ, ʚʠʰʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʢʦʝʿ ʪʘʢʦʹʝ ʠʤʘʿʫ ʠʩʪʠ 

ʨʝʛʠʩʪʘʨ ʫ ʩʪʘˁʫ INV ʦʩʣʫʰʢʫʿʫ ʤʘʛʠʩʪʨʘʣʫ ʠ ʫʯʠʪʘʚʘʿʫ ʧʦʩʣʘʪʫ ʚʨʠʝʿʜʥʦʩʪ ʫ 

ʩʪʘˁʫ VS ʫ ʩʢʣʘʜʫ ʩʘ Ăread-snarfingò ʪʝʭʥʠʢʦʤ [TOMA1993]. 

 

6.1.4 ʀʥʠʮʠʿʘʣʠʟʘʮʠʿʘ ʠ ʟʘʚʨʰʝʪʘʢ ʥʠʪʠ 

 

ʂʘʜʘ ʧʨʦʮʝʩʦʨ ʠʥʠʮʠʨʘ ʥʦʚʫ ʩʧʝʢʫʣʘʪʠʚʥʫ ʥʠʪ (ʥʘʿʩʧʝʢʫʣʘʪʠʚʥʠʿʘ ʥʠʪ) 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʠʥʚʘʣʠʜʘʮʠʿʫ ʩʚʠʭ ʧʨʦʤʿʝʥˀʠʚʠʭ ʨʝʛʠʩʪʘʨʘ ʧʦʩʪʘʚˀʘʿʫ˂ʠ 

ˁʠʭʦʚʦ ʩʪʘˁʝ ʥʘ INV, ʜʦʢ ʢʦʥʩʪʘʥʪʥʠ ʨʝʛʠʩʪʨʠ ʦʩʪʘʿʫ ʫ ʩʚʦʤ ʪʝʢʫ˂ʝʤ ʩʪʘˁʫ. ʂʘʜʘ 

ʝʿ ʥʠʪ ʥʘ ʢʨʘʿʫ ʩʚʦʛ ʠʟʚʨʰʘʚʘˁʘ, ʪʘʜʘ ʩʝ ʚʨʰʠ ʧʨʝʪʨʘʛʘ ʟʘ ʨʝʛʠʩʪʨʠʤʘ ʫ ʣʦʢʘʣʥʦʤ 

ʢʘʪʘʣʦʛʫ ʢʦʿʠ ʩʫ ʧʦʩʝˀʜˁʝ ʢʦʧʠʿʝ (ʩʪʘˁʝ LC). ʅʠʪʠ ʿʝ ʜʦʟʚʦˀʝʥʦ ʜʘ ʟʘʚʨʰʠ ʩʚʦʿʝ 
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ʠʟʚʨʰʘʚʘˁʝ ʩʘʤʦ ʘʢʦ ʥʝʤʘ ʨʝʛʠʩʪʘʨʩʢʠʭ ʚʨʠʿʝʜʥʦʩʪʠ ʫ ʩʪʘˁʫ LC ʫ ʣʦʢʘʣʥʦʤ 

ʢʘʪʘʣʦʛʫ. ʋ ʩʫʧʨʦʪʥʦʤ, ʩʚʘʢʘ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ LC ʤʦʨʘ ʙʠʪʠ ʩʘʯʫʚʘʥʘ 

ʪʘʢʦ ʰʪʦ ʠʭ ʥʠʪ ʧʦʰʘˀʝ ʧʨʝʢʦ ʤʘʛʠʩʪʨʘʣʝ ʥʘʨʝʜʥʠʤ ʥʠʪʠʤʘ, ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʦʙʨʘʜʝ 

FW ʫʧʠʩʘ ʫ ʢʦʤʫʥʠʢʘʮʠʿʠ ʠʥʠʮʠʨʘʥʦʿ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ. 

 

6.2 ESIC ʧʨʦʪʦʢʦʣ 
 

ʋ ʪʝʞˁʠ ʜʘ ʩʝ ʧʦʙʦˀʰʘʿʫ ʧʝʨʬʦʨʤʘʥʩʝ SIC ʧʨʦʪʦʢʦʣʘ, ʙʣʦʢʠʨʘˁʝ ʥʠʪʠ 

ʧʦʪʨʦʰʘʯʘ ʜʦʢ ʯʝʢʘ ʥʘ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʧʨʦʠʟʚʦʹʘʯʘ ʿʝ ʧʨʝʧʦʟʥʘʪʦ ʢʘʦ ʛʣʘʚʥʘ 

ʧʨʝʧʨʝʢʘ. SIC ʧʨʦʪʦʢʦʣ ʿʝ ʩʧʝʢʫʣʘʪʠʚʥʦ ʢʦʥʟʝʨʚʘʪʠʚʘʥ ʿʝʨ ʩʫ ʪʦʢʦʤ ʨʝʛʠʩʪʘʨʩʢʝ 

ʢʦʤʫʥʠʢʘʮʠʿʝ ʠʥʠʮʠʨʘʥʝ ʠ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ ʠ ʦʜ ʩʪʨʘʥʝ ʧʦʪʨʦʰʘʯʘ 

ʨʘʟʤʿʝˁʫʿʫ ʩʘʤʦ ʩʠʛʫʨʥʝ ʚʨʠʿʝʜʥʦʩʪʠ. ʄʝʹʫʪʠʤ, ʧʦʩʪʦʿʝ ʩʣʫʯʘʿʝʚʠ (ʧʦʩʝʙʥʦ ʢʘʜʘ 

ʩʝ ʧʦʿʘʚʠ ʫʩʣʦʚʥʦ ʠʟʚʨʰʘʚʘˁʝ) ʛʜʝʿ ʢʦʥʘʯʥʝ ʚʨʠʝʿʜʥʦʩʪʠ ʥʝ ʤʦʛʫ ʙʠʪʠ 

ʥʝʜʚʦʩʤʠʩʣʝʥʦ ʠʜʝʥʪʠʬʠʢʦʚʘʥʝ ʦʜ ʩʪʨʘʥʝ ʙʠʥʘʨʥʦʛ ʘʥʦʪʘʪʦʨʘ. ʋʧʠʩ ʫ ʨʝʛʠʩʪʘʨ, 

ʢʦʿʠ ʧʨʝʪʭʦʜʠ If-ʠʩʢʘʟʫ, ʩʝ ʧʨʠ ʠʟʚʨʰʘʚʘˁʫ ʤʦʞʝ ʠʩʧʦʩʪʘʚʠʪʠ ʢʘʦ ʢʦʥʘʯʘʥ (FW) 

ʘʢʦ ʫʩʣʦʚ ʥʠʿʝ ʠʩʧʫˁʝʥ, ʘʣʠ ʠ ʢʘʦ ʪʝʢʫ˂ʠ (NFW) ʘʢʦ ʿʝ ʫʩʣʦʚ ʠʩʧʫˁʝʥ, ʢʘʦ ʰʪʦ ʿʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 6-4. 

 

 
 

ʉʣʠʢʘ 6-4. ʇʨʠʤʝʿʨʠ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʫʧʠʩʘ ʫ ɽSIC ʘʥʦʪʘʪʦʨʫ 
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ɿʘʪʦ SIC ʘʥʦʪʘʪʦʨ ʦʚʘʿ ʫʧʠʩ ʢʦʥʟʝʨʚʘʪʠʚʥʦ ʢʣʘʩʠʬʠʢʫʿʝ ʢʘʦ ʪʝʢʫ˂ʠ. ɸʢʦ ʫʩʣʦʚ 

ʪʦʢʦʤ ʠʟʚʨʰʘʚʘˁʘ ʧʦʩʪʘʥʝ ʠʩʧʫˁʝʥ, ʪʦ ʤʦʞʝ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʥʝʧʦʪʨʝʙʥʦ 

ʙʣʦʢʠʨʘˁʝ ʥʝʢʝ ʥʘʨʝʜʥʝ ʩʧʝʢʫʣʘʪʠʚʥʝ ʥʠʪʠ ʢʦʿʘ ʟʘʭʪʠʿʝʚʘ ʦʚʘʿ ʨʝʛʠʩʪʘʨ. ɿʙʦʛ ʪʦʛʘ 

ʿʝ ʫ ʮʠˀʫ ʧʦʪʝʥʮʠʿ ʘʣʥʦʛ ʧʦʙʦˀʰʘˁʘ ʧʝʨʬʦʨʤʘʥʩʠ ʫ ʦʚʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ 

ʧʨʝʜʣʦʞʝʥ ESIC (Enhanced SIC) ʧʨʦʪʦʢʦʣ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ SIC-ʘ, ʦʥ ʝʿ ʟʘʩʥʦʚʘʥ ʥʘ 

ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʧʨʦʩʣʝʹʠʚʘˁʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʩʠʛʫʨʥʠʭ ʚʨʠʝʿʜʥʦʩʪʠ ʨʝʛʠʩʪʘʨʘ. ʋ 

ʩʝˀʜʝ˂ʠʤ ʩʝʢʮʠʿʘʤʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʥʘʜʛʨʘʜˁʘ ESIC-ʘ ʫ ʦʜʥʦʩʫ ʥʘ SIC ʧʨʦʪʦʢʦʣ. 

 

6.2.1 ʉʦʬʪʚʝʨʩʢʘ ʧʦʜʨʰʢʘ 

 

ESIC ʧʨʦʪʦʢʦʣ ʟʘʭʪʠʿʝʚʘ ʥʝʢʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʙʠʥʘʨʥʦʛ ʘʥʦʪʘʪʦʨʘ. 

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʫʧʠʩʘ ʿʝ ʫʧʦʪʧʫˁʝʥʘ ʜʦʜʘʚʘˁʝʤ ʧʨʝʧʦʟʥʘʚʘˁʘ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʢʦʥʘʯʥʦʛ ʫʧʠʩʘ (PFW ï Possibly Final Write) (ʩʣʠʢʘ 6-4). ʂʘʦ ʠ ʨʘʥʠʿʝ, ʪʝʢʫ˂ʠ ʫʧʠʩ 

ʿʝ ʧʨʘ˂ʝʥ ʙʘʨ ʿʦʰ ʿʝʜʥʠʤ ʫʧʠʩʦʤ ʫ ʠʩʪʠ ʨʝʛʠʩʪʘʨ, ʜʦʢ ʿʝ ʢʦʥʘʯʘʥ ʫʧʠʩ ʧʦʩˀʝʜˁʠ 

ʠʟʚʨʰʝʥʠ ʫʧʠʩ ʫ ʥʠʪʠ. ʇʦʪʝʥʮʠʿʘʣʥʦ ʢʦʥʘʯʘʥ ʫʧʠʩ ʤʦʞʝ ʫ ʠʟʚʨʰʘʚʘˁʫ ʙʠʪʠ ʠʣʠ 

ʪʝʢʫ˂ʠ ʠʣʠ ʢʦʥʘʯʘʥ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʢʘ ʢʦʥʪʨʦʣʝ. ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʥʠʪ ʧʦʪʨʦʰʘʯ 

ʟʘʭʪʠʿʝʚʘ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʢʦʿʘ ʿʦʰ ʫʚʝʢ ʥʠʿʝ ʢʦʥʘʯʥʦ ʛʝʥʝʨʠʩʘʥʘ, 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʢʦʥʘʯʥʘ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʤʦʞʝ ʙʠʪʠ ʧʨʦʩˀʝ́ʝʥʘ ʥʠʪʠ 

ʧʦʪʨʦʰʘʯʫ ʜʘ ʙʠ ʩʝ ʟʘʜʦʚʦˀʠʦ ʟʘʭʪʿʝʚ ʠ ʠʟʙʿʝʛʣʦ ˁʝʥʦ ʙʣʦʢʠʨʘˁʝ. ʂʘʩʥʠʿʝ, ʘʢʦ 

ʥʠʪ ʧʨʦʠʟʚʦʹʘʯ ʠʟʚʨʰʠ ʢʦʥʘʯʘʥ ʫʧʠʩ ʟʘ ʨʘʥʠʿʝ ʧʨʦʩʝˀʹʝʥʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʢʦʥʘʯʥʫ 

ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ, ʦʥʘ ʰʘˀʝ ʩʠʛʥʘʣ Squash ʧʦʪʨʦʰʘʯʢʦʿ ʥʠʪʠ, ʢʦʿʘ ʿʫ ʿʝ ʚʝ˂ 

ʠʩʢʦʨʠʩʪʠʣʘ, ʜʘ ʙʠ ʧʦʥʠʰʪʠʣʘ ʝʬʝʢʪʝ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ. 

ɼʦʙʠʪʘʢ ʥʘ ʧʝʨʬʦʨʤʘʥʩʘʤʘ ʦʚʘʢʦ ʘʛʨʝʩʠʚʥʝ ʩʧʝʢʫʣʘʮʠʿʝ ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ 

ʚʿʝʨʦʚʘʪʥʦ˂ʝ ʜʘ ʩʝ ʫʧʠʩ ʦʟʥʘʯʝʥ ʩʘ PFW ʦʜ ʩʪʨʘʥʝ ʘʥʦʪʘʪʦʨʘ ʠʩʧʦʩʪʘʚʠ ʢʘʦ 

ʢʦʥʘʯʘʥ ʪʦʢʦʤ ʩʧʝʢʫʣʘʪʠʚʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʠ ʜʘ ʩʧʝʢʫʣʘʮʠʿʘ ʙʫʜʝ ʫʩʧʝʿʰʥʘ. ʀʥʘʯʝ, 

ʧʦʛʨʝʰʥʘ ʩʧʝʢʫʣʘʮʠʿʘ ʠʟʘʟʠʚʘ ʦʜʨʝʹʝʥʝ ʪʨʦʰʢʦʚʝ. ʆʚʘ ʚʝʿʨʦʚʘʪʥʦ˂ʘ ʩʝ ʤʦʞʝ 

ʧʨʦʮʠʝʿʥʠʪʠ ʧʨʦʬʘʿʣʠʨʘˁʝʤ ʘʧʣʠʢʘʮʠʿʝ. ɿʙʦʛ ʪʦʛʘ, ʫ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʥʘʿʙʦˀʠʭ 

ʧʝʨʬʦʨʤʘʥʩʠ ʧʨʝʧʨʦʮʝʩʠʨʘˁʝ ʘʧʣʠʢʘʮʠʿʝ, ʪʘʢʦʹʝ, ʦʙʫʭʚʘʪʘ ʠ ʩˀʝʜʝ˂ʝ ʢʦʨʘʢʝ: 

¶ ʇʨʦʬʘʿʣʠʨʘˁʝʤ ʘʧʣʠʢʘʮʠʿʝ ʟʘ ʩʚʘʢʠ ʫʧʠʩ ʦʟʥʘʯʝʥ ʢʘʦ PWF ʦʜ ʩʪʨʘʥʝ 

ʘʥʦʪʘʪʦʨʘ, ʩʪʘʪʠʩʪʠʢʘ ʩʘʢʫʧˀʘ ʢʦʣʠʢʦ ʩʝ ʧʫʪʘ (fcnt ï final counter) ʦʚʘʿ 

ʫʧʠʩ ʧʦʿʘʚʠʦ ʢʘʦ ʢʦʥʘʯʘʥ ʫ ʩʚʠʭ n ʠʪʝʨʘʮʠʿʘ ʟʘ ʚʨʠʝʿʤʝ ʠʟʚʨʰʘʚʘˁʘ. 

¶ ɸʢʦ ʿʝ ʚʝʿʨʦʚʘʪʥʦ˂ʘ ʫʩʧʝʿʭʘ ʩʧʝʢʫʣʘʮʠʿʝ (fcnt/n) ʠʟʥʘʜ ʧʨʝʜʚʠʹʝʥʦʛ 

ʧʨʘʛʘ ʟʘ ʧʦʿʝʜʠʥʠ PFW ʫʧʠʩ, ʩʧʝʢʫʣʘʮʠʿʘ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʩʥʘ ʠ ʦʚʘʿ 

ʫʧʠʩ ʦʩʪʘʿʝ ʦʟʥʘʯʝʥ ʢʘʦ PFW. ʋ ʩʫʧʨʦʪʥʦʤ, ʦʚʘʿ ʫʧʠʩ ʩʝ ʦʟʥʘʯʘʚʘ ʢʘʦ 

NFW, ʩ ʦʙʟʠʨʦʤ ʜʘ ʧʨʝʚʠʰʝ ʘʛʨʝʩʠʚʥʘ ʩʧʝʢʫʣʘʮʠʿʘ ʤʦʞʝ ʙʠʪʠ ʯʘʢ ʠ 

ʢʦʥʪʨʘʧʨʦʜʫʢʪʠʚʥʘ. 

 

ʂʦʥʢʨʝʪʥʘ ʚʨʠʝʿʜʥʦʩʪ ʧʨʘʛʘ ʟʘʚʠʩʠ ʦʜ ʩʠʩʪʝʤʘ ʠ ʘʧʣʠʢʘʮʠʿʝ, ʘ ʤʦʞʝ ʩʝ 

ʦʜʨʝʜʠʪʠ ʩʠʤʫʣʘʮʠʿʘʤʘ. 
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6.2.2 ʍʘʨʜʚʝʨʩʢʘ ʧʦʜʨʰʢʘ 

 

ʇʨʦʤʿʝʥˀʠʚʠ ʨʝʛʠʩʪʨʠ ʫ ESIC ʧʨʦʪʦʢʦʣʫ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʿʝʜʥʦʤ ʦʜ ʩˀʝʜʝ˂ʠʭ 

ʩʪʘˁʘ: INV (Invalid), VU (Valid-Unsafe), VS (Valid-Safe), VPS (Valid-Possibly-Safe), 

VPSF (Valid-Possibly-Safe-Forwarded) ʠ LC (Last Copy). ʂʦʥʩʪʘʥʪʥʠ ʨʝʛʠʩʪʨʠ ʤʦʛʫ 

ʙʠʪʠ ʠʣʠ ʫ INVO (Invalid-Others) ʠʣʠ ʫ VSO (Valid-Safe-Others) ʩʪʘˁʫ. 

ʉʪʘˁʘ INV, VU, VS, LC, INVO ʠ VSO ʩʫ ʥʘʩʣʠʝʿʹʝʥʘ ʠʟ SIC ʧʨʦʪʦʢʦʣʘ, ʜʦʢ ʩʫ 

ʩʪʘˁʘ VPS ʠ VPSF ʫʚʝʜʝʥʘ ʩʘʤʦ ʫ ESIC ʧʨʦʪʦʢʦʣʫ. ʉʪʘˁʝ VPS ʦʟʥʘʯʘʚʘ ʜʘ ʿʝ 

ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʚʘʣʠʜʥʘ ʟʘ ʪʝʢʫ˂ʫ ʥʠʪ ʠ ʢʘʦ ʧʦʪʝʥʮʠʿʘʣʥʦ ʢʦʥʘʯʥʘ ʚʨʠʝʿʜʥʦʩʪ 

ʤʦʞʝ ʙʠʪʠ ʩʧʝʢʫʣʘʪʠʚʥʦ ʧʨʦʩʝˀʹʝʥʘ ʥʘʨʝʜʥʠʤ ʥʠʪʠʤʘ ʥʘ ˁʠʭʦʚ ʟʘʭʪʿʝʚ. ʉʪʘˁʝ 

VPSF ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʜʘʪʘ ʚʨʝʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʚʘʣʠʜʥʘ ʟʘ ʪʝʢʫ˂ʫ ʥʠʪ ʠ ʜʘ ʿʝ ʦʥʘ ʚʝ˂ 

ʧʨʦʩʝˀʹʝʥʘ ʥʘʨʝʜʥʠʤ ʥʠʪʠʤʘ ʥʘ ˁʠʭʦʚ ʟʘʭʪʝʿʚ. ʆʚʦ ʩʪʘˁʝ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʧʨʘʪʝ 

ʤʦʛʫ˂ʝ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ ʠ ʜʝʪʝʢʪʫʿʫ ʥʘʨʫʰʘʚʘˁʘ. 

Kaʦ ʜʦʜʘʪʘʢ ʩʠʛʥʘʣʠʤʘ BusR, BusW, Mask ʠ Shared, ʢʦʥʪʨʦʣʥʠ ʜʠʦ ʜʠʝʿˀʝʥʝ 

ʤʘʛʠʩʪʨʘʣʝ ʪʘʢʦʹʝ ʫʢˀʫʯʫʿʝ ʩʠʛʥʘʣ Squash (Sq). ʆʚʘʿ ʩʠʛʥʘʣ ʩʝ ʠʟʜʘʿʝ ʥʘ 

ʤʘʛʠʩʪʨʘʣʠ ʢʘʦ ʧʦʩˀʝʜʠʮʘ ʫʧʠʩʘ ʧʨʦʮʝʩʦʨʘ ʫ ʨʝʛʠʩʪʘʨ ʫ VPSF ʩʪʘˁʫ. 

ʇʦʪʨʦʰʘʯʢʘ ʥʠʪ ʢʦʿʘ ʿʝ ʧʨʝʚʨʝʤʝʥʦ ʫʯʠʪʘʣʘ ʜʘʪʠ ʨʝʛʠʩʪʘʨ ʩʝ ʧʦʥʠʰʪʘʚʘ ʢʘʜʘ ʩʝ 

ʜʝʪʝʢʪʫʿʝ ʩʠʛʥʘʣ Squash ʟʘ ʦʚʘʿ ʨʝʛʠʩʪʘʨ ʥʘ ʤʘʛʠʩʪʨʘʣʠ. 

 

6.2.3 ʆʧʠʩ ʘʢʮʠʿʘ ESIC ʧʨʦʪʦʢʦʣʘ 

 

ʈʝʛʠʩʪʘʨʩʢʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʠʟʤʝʹʫ ʥʠʪʠ ʫ ESIC ʧʨʦʪʦʢʦʣʫ ʤʦʞʝ ʙʠʪʠ 

ʠʥʠʮʠʨʘʥʘ ʦʜ ʩʪʨʘʥʝ ʧʨʦʠʟʚʦʹʘʯʘ ʠʣʠ ʦʜ ʩʪʨʘʥʝ ʧʦʪʨʦʰʘʯʘ, ʢʘʦ ʠ ʫ SIC 

ʧʨʦʪʦʢʦʣʫ. ʇʨʝʣʘʟʠ ʩʪʘˁʘ ʠʥʠʮʠʨʘʥʠ ʦʜ ʩʪʨʘʥʝ ʧʨʦʮʝʩʦʨʘ ʠʣʠ ʤʘʛʠʩʪʨʘʣʝ ʟʘ 

ʧʨʦʤʿʝʥˀʠʚʝ ʨʝʛʠʩʪʨʝ ʫ ESIC ʧʨʦʪʦʢʦʣʫ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʥʘ ʩʣʠʮʠ 6-5. 

ʇʨʦʪʦʢʦʣ ʟʘ ʧʨʦʤʿʝʥˀʠʚʝ ʨʝʛʠʩʪʨʝ ʨʘʜʠ ʥʘ ʩʝˀʜʝ˂ʠ ʥʘʯʠʥ: 

 

(1) ʇʦʛʦʜʘʢ ʧʨʠ ʯʠʪʘˁʫ. ʂʘʦ ʫ SIC ʧʨʦʪʦʢʦʣʫ, ʟʘʭʪʿʝʚ ʟʘ ʯʠʪʘˁʝʤ ʨʝʛʠʩʪʨʘ ʫ 

ʚʘʣʠʜʥʦʤ ʩʪʘˁʫ (ʦʚʜʝ ʩʫ ʫʢˀʫʯʝʥʘ ʩʪʘˁʘ ʠ VPS ʠ VPSF) ʩʝ ʟʘʜʦʚʦˀʘʚʘ ʣʦʢʘʣʥʦ 

ʙʝʟ ʧʨʦʤʝʿʥʝ ʩʪʘˁʘ. 

(2) ʇʨʦʤʘʰʘʿ ʧʨʠ ʯʠʪʘˁʫ. ɿʘʭʪʝʿʚ ʟʘ ʯʠʪʘˁʝʤ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ INV ʠʥʠʮʠʨʘ 

ʪʨʘʥʩʘʢʮʠʿʫ BusR, ʢʘʦ ʠ ʢʦʜ SIC ʧʨʦʪʦʢʦʣʘ. ʇʨʦʮʝʜʫʨʘ ʿʝ ʠʩʪʘ ʠ ʿʝʜʠʥʘ ʨʘʟʣʠʢʘ ʿʝ 

ʰʪʦ ʧʦʪʝʥʠʿʘʣʥʠ ʜʦʩʪʘʚˀʘʯ ʤʦʞʝ, ʪʘʢʦʹʝ, ʙʠʪʠ ʥʝʢʘ ʧʨʝʪʭʦʜʥʘ ʥʠʪ ʩʘ ʪʨʘʞʝʥʠʤ 

ʨʝʛʠʩʪʨʦʤ ʫ ʩʪʘˁʫ VPS. ɸʢʦ ʿʝ ʪʨʘʞʝʥʠ ʨʝʛʠʩʪʘʨ ʙʠʦ ʫ ʩʪʘˁʫ VPS ʥʘ ʩʪʨʘʥʠ 

ʜʦʩʪʘʚˀʘʯʘ, ʦʥ ʧʨʝʣʘʟʠ ʠʟ ʩʪʘˁʘ VPS ʫ VPSF ʩʪʘˁʝ ʜʘ ʙʠ ʩʝ ʩʘʯʫʚʘʣʘ 

ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʩʧʝʢʫʣʘʪʠʚʥʦʤ ʧʨʦʩˀʝ́ʠʚʘˁʫ. ʊʨʘʞʝʥʠ ʨʝʛʠʩʪʘʨ ʩʝ ʫʯʠʪʘʚʘ ʫ 

ʩʪʘˁʫ VU ʥʘ ʩʪʨʘʥʠ ʧʦʪʨʦʰʘʯʘ. 

ʋ SIC ʧʨʦʪʦʢʦʣʫ ʥʠʪ ʧʦʪʨʦʰʘʯ ʩʝ ʙʣʦʢʠʨʘ, ʢʘʜʘ ʠʟʜʘ ʟʘʭʪʿʝʚ ʟʘ ʯʠʪʘˁʝʤ ʥʘ 

ʤʘʛʠʩʪʨʘʣʠ, ʘʢʦ ʥʝʤʘ ʜʦʩʪʘʚˀʘʯʘ ʢʦʿʠ ˂ʝ ʿʦʿ ʧʨʦʩˀʝʜʠʪʠ ʢʦʥʘʯʥʫ ʚʨʠʝʿʜʥʦʩʪ. 

ʄʝʹʫʪʠʤ, ʫ ʠʩʪʦʿ ʩʠʪʫʘʮʠʿʠ ESIC ʧʨʦʪʦʢʦʣ ʠʟʙʿʝʛʘʚʘ ʙʣʦʢʠʨʘˁʝ ʘʢʦ ʧʦʩʪʦʿʠ 

ʜʦʩʪʘʚˀʘʯ ʧʦʪʝʥʮʠʿʘʣʥʦ ʢʦʥʘʯʥʝ ʚʨʠʝʿʜʥʦʩʪʠ. ʅʠʪ ʧʦʪʨʦʰʘʯ ʫ ESIC ʧʨʦʪʦʢʦʣʫ ʩʝ 
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ʙʣʦʢʠʨʘ ʩʘʤʦ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʥʝʤʘ ʜʦʩʪʘʚˀʘʯʘ ʠʣʠ ʢʦʥʘʯʥʝ ʠʣʠ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʢʦʥʘʯʥʝ ʚʨʠʝʿʜʥʦʩʪʠ. 

(3) ʇʦʛʦʜʘʢ ʧʨʠ ʫʧʠʩʫ. ʈʝʘʢʮʠʿʘ ʥʘ NFW ʫʧʠʩ ʫ ʩʪʘˁʫ VU ʠ ʥʘ FW ʫʧʠʩ ʫ 

ʩʪʘˁʫ VU ʠʣʠ VPS ʩʫ ʠʩʪʝ ʢʘʦ ʫ SIC ʧʨʦʪʦʢʦʣʫ. ʄʝʹʫʪʠʤ, ʘʢʦ FW ʫʧʠʩ ʟʘʪʝʢʥʝ 

ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ VPSF, ʥʠʪ ʧʨʚʦ ʰʘˀʝ ʩʠʛʥʘʣ Squash ʥʘ ʤʘʛʠʩʪʨʘʣʫ 

ʥʘʨʝʜʥʠʤ ʥʠʪʠʤʘ ʢʦʿʝ ʩʫ ʨʘʥʠʿʝ ʫʯʠʪʘʣʝ ʜʘʪʫ ʨʝʛʠʩʪʘʨʩʢʫ ʚʨʝʜʥʦʩʪ, ʜʘ ʙʠ 

ʧʦʥʠʰʪʠʣʘ ʝʬʝʢʪʝ ʧʦʛʨʝʰʥʝ ʩʧʝʢʫʣʘʮʠʿʝ. ʅʘʢʦʥ ʪʦʛʘ, ʧʦʥʘʚˀʘ ʩʝ ʠʩʪʘ ʧʨʦʮʝʜʫʨʘ 

ʢʘʦ ʫ ʩʣʫʯʘʿʫ FW ʫʧʠʩʘ ʫ ʩʪʘˁʫ VPS ʜʘ ʙʠ ʩʝ ʥʘʨʝʜʥʠʤ ʥʠʪʠʤʘ ʦʙʝʟʙʠʝʿʜʠʣʘ 

ʢʦʨʝʢʪʥʘ ʚʨʠʝʿʜʥʦʩʪ. 

 

 
 

ʉʣʠʢʘ 6-5. ʇʨʝʣʘʟʠ ʠʟʤʝʹʫ ʩʪʘˁʘ ʠʥʠʮʠʨʘʥʠ ʦʜ ʩʪʨʘʥʝ ʧʨʦʮʝʩʦʨʘ ʠʣʠ ʤʘʛʠʩʪʨʘʣʝ  

ʟʘ ʧʨʦʤʿʝʥˀʠʚʝ ʨʝʛʠʩʪʨʝ ʫ ESIC ʧʨʦʪʦʢʦʣʫ. ʅʦʪʘʮʠʿʘ A/B ʟʥʘʯʠ ʜʘ ʿʝ  

ʧʨʠ ʫʧʠʩʫ ʧʨʦʮʝʩʦʨʘ (FW, PFW ʠ NFW) ʜʝʪʝʢʪʦʚʘʥʦ ʘʢʪʠʚʥʦ (SH) ʠʣʠ 

ʥʝʘʢʪʠʚʥʦ (SL) ʩʪʘˁʝ ʩʠʛʥʘʣʘ Shared. R ʦʟʥʘʯʘʚʘ ʯʠʪʘˁʘ ʧʨʦʮʝʩʦʨʘ. 

ʀʩʧʨʝʢʠʜʘʥʦʤ ʣʠʥʠʿʦʤ ʩʫ ʧʨʠʢʘʟʘʥʠ ʧʨʝʣʘʟʠ ʢʦʿʝ ʠʟʘʟʠʚʘ ʤʘʛʠʩʪʨʘʣʘ, 

ʜʦʢ ʩʫ ʧʨʝʣʘʟʠ ʢʦʿʝ ʠʟʘʟʠʚʘ ʧʨʦʮʝʩʦʨ ʧʨʠʢʘʟʘʥʠ ʧʫʥʦʤ ʣʠʥʠʿʦʤ. 

 

ʋ ʩʣʫʯʘʿʫ PFW ʫʧʠʩʘ ʫ ʩʪʘˁʫ VU, ʨʝʛʠʩʪʘʨ ʩʝ ʘʞʫʨʠʨʘ ʣʦʢʘʣʥʦ ʠ ˁʝʛʦʚʦ 

ʩʪʘˁʝ ʩʝ ʤʠʝʿˁʘ ʠʟ ʩʪʘˁʘ VU ʫ ʩʪʘˁʝ VPS. ɸʢʦ PFW ʫʧʠʩ ʟʘʪʝʢʥʝ ʚʨʠʝʿʜʥʦʩʪ 

ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ VPS, ʨʝʛʠʩʪʘʨ ʩʝ ʘʞʫʨʠʨʘ ʣʦʢʘʣʥʦ ʠ ʦʩʪʘʿʝ ʫ ʩʪʘˁʫ VPS. ʅʘ 

ʢʨʘʿʫ, ʢʘʜʘ PFW ʟʘʪʝʢʥʝ ʚʨʠʝʿʜʥʦʩʪ ʨʝʛʠʩʪʨʘ ʫ ʩʪʘˁʫ VPSF, ʥʠʪ ʠʟʜʘʿʝ ʩʠʛʥʘʣ 

Squash ʥʘ ʤʘʛʠʩʪʨʘʣʠ ʟʘ ʥʘʨʝʜʥʝ ʥʠʪʠ ʢʦʿʝ ʩʫ ʨʘʥʠʿʝ ʫʯʠʪʘʣʝ ʜʘʪʫ ʚʨʠʝʿʜʥʦʩʪ. ʋ 

ʪʦʤ ʩʣʫʯʘʿʫ ʩʝ ʨʝʛʠʩʪʘʨ ʘʞʫʨʠʨʘ ʣʦʢʘʣʥʦ ʠ ʧʨʝʣʘʟʠ ʠʟ ʩʪʘˁʘ VPSF ʫ ʩʪʘˁʝVPS. 
































































































































































































