
ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
 

ʋɼʂ 004.4ô242 

ɻʈʅʊʀ 20.01.01,  28.23.29 

ʀʥʚ. ˉ 310275 

ʋʊɺɽʈɾɼɽʅʆ: 
ʀʩʧʦʣʥʠʪʝʣʴ: 

ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʥɹʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠè 

ʈʝʢʪʦʨ ʌɻɹʆʋ ɺʇʆ çʉʇʙʅʀʋ ʀʊʄʆè 

 

______________/ ɺ.ʅ. ɺʘʩʠʣʴʝʚ/ 

      ʄ.ʇ. 

 

ȹȬȿɃȹȺ-ȾȱɁȹȴɃȱȽȶȴȵ 

ȺȾɃȱȾ 

ʦ ʚʳʧʦʣʥʝʥʠʠ 3 ʵʪʘʧʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʘʢʪʘ 

ˉ 16.740.11.0455 ʦʪ 13 ʤʘʷ 2011 ʛ. ʠ ɼʦʧʦʣʥʝʥʠʶ ʦʪ 25 ʦʢʪʷʙʨʷ 2011 ʛ. ˉ 1 
 

 
ʀʩʧʦʣʥʠʪʝʣʴ: ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠè 

 
ʇʨʦʛʨʘʤʤʘ (ʤʝʨʦʧʨʠʷʪʠʝ): ʌʝʜʝʨʘʣʴʥʘʷ ʮʝʣʝʚʘʷ ʧʨʦʛʨʘʤʤʘ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009ï2013 ʛʛ., ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʨʦʧʨʠʷʪʠʷ ˉ 1.2.1 ʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʜ ʨʫ-

ʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʦʚ ʥʘʫʢ. 

 
ʇʨʦʝʢʪ: ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ 

 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʐʘʣʳʪʦ ɸʥʘʪʦʣʠʡ ɸʙʨʘʤʦʚʠʯ 
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2 

 

ʉʇʀʉʆʂ ʆʉʅʆɺʅʓʍ ʀʉʇʆʃʅʀʊɽʃɽʁ 
ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʢʦʥʪʨʘʢʪʫ 16.740.11.0455 ʦʪ 13 ʤʘʷ 2011 ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʦʠʩʢʦʚʳʭ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʫʞʜ 
 

ʆʨʛʘʥʠʟʘʮʠʷ-ʀʩʧʦʣʥʠʪʝʣʴ: ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠè. 

 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʪʝʤʳ:    

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 
  ɸ.ɸ. ʐʘʣʳʪʦ  

ʀʩʧʦʣʥʠʪʝʣʠ ʪʝʤʳ:    

ʙʝʟ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ, ʙʝʟ 

ʫʯʝʥʦʛʦ ʟʚʘʥʠʷ 
  ɺ.ʀ. ʋʣʴʷʥʮʝʚ  

ʙʝʟ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ, ʙʝʟ 

ʫʯʝʥʦʛʦ ʟʚʘʥʠʷ 
  

 

ʌ.ʅ. ʎʘʨʝʚ 

ʙʝʟ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ, ʙʝʟ 

ʫʯʝʥʦʛʦ ʟʚʘʥʠʷ 
  ʄ.ɺ. ɹʫʟʜʘʣʦʚ  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ 
  ɻ.ɸ. ʂʦʨʥʝʝʚ 

ʙʝʟ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ, ʙʝʟ 

ʫʯʝʥʦʛʦ ʟʚʘʥʠʷ 
  ʉ.ɺ. ʂʘʟʘʢʦʚ  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ 
  ɸ.ʉ. ʉʪʘʥʢʝʚʠʯ 
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ʈɽʌɽʈɸʊ 

ʆʪʯʝʪ 70 ʩ., 1 ʯ., 12 ʨʠʩ., 2 ʪʘʙʣ., 18 ʠʩʪʦʯʥ., 6 ʧʨʠʣ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʫʧʨʘʚʣʷʶʱʠʡ ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ, ʘʚʪʦʤʘʪʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʟʘʜʘʯʘ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ, ʜʝʨʝʚʦ ʩʮʝʥʘʨʠʝʚ, ʛʨʘʬ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʂʅʌ-ʬʦʨʤʫʣʘ 

 

ɺ ʦʪʯʝʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ 3 ʵʪʘʧʫ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʘʢʪʘ ˉ 16.740.11.0455 çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚè (ʰʠʬʨ ç2011-1.2.1-113-002è)  ʦʪ        

13 ʤʘʷ 2011 ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠè ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʷ     

1.2.1 çʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʜʦʢʪʦʨʦʚ ʥʘʫʢè, ʤʝʨʦʧʨʠʷʪʠʷ 1.2 çʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʠ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢè, ʥʘʧʨʘʚʣʝʥʠʷ 1 

çʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʟʘʢʨʝʧʣʝʥʠʷ ʤʦʣʦʜʝʞʠ ʚ ʩʬʝʨʝ ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʳʩʦʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡè ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ 

ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009ï2013 ʛʦʜʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ 

ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ 

ɺ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʢʦʥʪʨʘʢʪʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʙʦʪ (ʵʪʘʧʦʚ), ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʅʀʈ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʣʝʜʫʶʱʠʡ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ: 



ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʜʣʷ 
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1. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036527. 

2. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036528. 

3. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036529. 

4. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036530. 

5. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036531. 

6. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036532. 

7. ʂʦʤʧʴʶʪʝʨ Aquar7ius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036533. 

8. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036534. 

9. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036535. 

10. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036536. 

11. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036537. 

12. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036538. 

13. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036539. 

14. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036540. 

15. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036541. 

16. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036542. 

17. ʂʦʤʧʴʶʪʝʨ Aquarius Elt E50 S46. ʀʥʚ. ʥʦʤʝʨ. 110104.7.0036543. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʪʯʝʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ: 

Å ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 4 ʤʘʷ 2005 ʛ. ˉ 284 

çʆ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʯʝʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷè; 

Å ɻʨʘʞʜʘʥʩʢʠʡ ʢʦʜʝʢʩ ʈʌ; 

Å ɻʆʉʊ 7.32-2001 çʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʠ, ʙʠʙʣʠʦʪʝʯʥʦʤʫ ʠ 

ʠʟʜʘʪʝʣʴʩʢʦʤʫ ʜʝʣʫ. ʆʪʯʝʪ ʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ. ʉʪʨʫʢʪʫʨʘ ʠ ʧʨʘʚʠʣʘ 

ʦʬʦʨʤʣʝʥʠʷè; 
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Å ɻʆʉʊ 15.101.98 çʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʜʫʢʮʠʠ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪè. 

          ɺ ʭʦʜʝ ʠʩʧʦʣʥʝʥʠʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʢʦʥʪʨʘʢʪʫ 

ˉ 16.740.11.0455 ʦʪ 13 ʤʘʷ 2011 ʛ. ʙʳʣ ʩʦʟʜʘʥ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʦʪʯʝʪ, 

ʚʢʣʶʯʘʶʱʠʡ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʧʦ ʛʨʘʬʫ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʧʦ 

ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ʥʘʡʜʝʥʥʦʡ ʚʳʧʦʣʥʷʶʱʝʡ 

ʧʦʜʩʪʘʥʦʚʢʝ, ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ʥʘʡʜʝʥʥʦʡ 

ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ ʠ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʅʀʈ. 
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ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʤ ʦʪʯʝʪʝ ʠʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʵʪʘʧʘ 3 çʈʘʟʨʘʙʦʪʢʘ ʠ 

ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʧʦ ʛʨʘʬʫ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ ʵʪʦʡ 

ʬʦʨʤʫʣʳè ʧʦʠʩʢʦʚʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪ rʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ 

ʬʦʨʤʫʣʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚè, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʘʢʪʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʤʝʞʜʫ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʫʯʨʝʞʜʝʥʠʝʤ 

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʰʝʥʠʝʤ ʂʦʥʢʫʨʩʥʦʡ ʢʦʤʠʩʩʠʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ˉ 1 (ʧʨʦʪʦʢʦʣ ʦʪ 25.03.2011 ˉ 3/0173100003711000031) ʧʦ ʣʦʪʫ ʰʠʬʨ 

ç2011-1.2.1-113-002è çʇʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʪʠʢʠè ʚ ʨʘʤʢʘʭ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ 

ʧʨʦʛʨʘʤʤʳ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 

2009 ï 2013 ʛʦʜʳ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʦʪ 28 ʠʶʣʷ 2008 ʛʦʜʘ ˉ 568 çʆ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʝ çʅʘʫʯʥʳʝ 

ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009ï2013 ʛʦʜʳè. 

ʎʝʣʷʤʠ ʥʘʩʪʦʷʱʝʛʦ ʵʪʘʧʘ ʷʚʣʷʶʪʩʷ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʧʦ ʛʨʘʬʫ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

2. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʧʦ 

ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ʥʘʡʜʝʥʥʦʡ ʚʳʧʦʣʥʷʶʱʝʡ 

ʧʦʜʩʪʘʥʦʚʢʝ. 
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4. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ʚʳʧʦʣʥʷʶʱʝʡ 

ʧʦʜʩʪʘʥʦʚʢʝ. 

ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʥʘʩʪʦʷʱʝʛʦ ʵʪʘʧʘ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʡʪʠ ʦʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʢ ʵʢʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ʆʪʯʝʪ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ 

ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʧʦ ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʆʧʠʩʳʚʘʶʪʩʷ 

ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʘ, ʧʨʠʤʝʨʳ ʝʛʦ ʨʘʙʦʪʳ ʥʘ ʜʚʫʭ ʟʘʜʘʯʘʭ. ɺʦ 

ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ 

ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ. ʆʧʠʩʳʚʘʶʪʩʷ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʘ, 

ʧʨʠʤʝʨʳ ʝʛʦ ʨʘʙʦʪʳ ʜʣʷ ʜʚʫʭ ʟʘʜʘʯ. ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʂʘʞʜʘʷ ʠʟ ʛʣʘʚ ʩʥʘʙʞʝʥʘ ʚʳʚʦʜʘʤʠ, ʢʨʘʪʢʦ ʨʝʟʶʤʠʨʫʶʱʠʤʠ ʩʦʜʝʨʞʘʥʠʝ ʛʣʘʚʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʜʘʝʪʩʷ ʦʙʱʘʷ ʦʮʝʥʢʘ ʨʘʙʦʪ ʧʦ ʵʪʘʧʫ. 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ [3] ï ʩʦʚʨʝʤʝʥʥʳʡ ʨʘʟʜʝʣ ʠʥʬʦʨʤʘʪʠʢʠ, ʧʦʩʚʷʱʝʥʥʳʡ ʩʦ-

ʟʜʘʥʠʶ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʦʙʫʯʘʶʪ ʧʘʨʘʤʝʪʨʳ ʥʝʢʦʪʦʨʦʡ ʤʦʜʝʣʠ ʥʘ ʟʘʨʘʥʝʝ ʧʦʜʛʦ-

ʪʦʚʣʝʥʥʳʭ ʪʝʩʪʦʚʳʭ ʧʨʠʤʝʨʘʭ, ʣʠʙʦ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʝʝ ʨʘʙʦʪʳ ʚ ʥʝʢʦʪʦʨʦʡ 

ʚʥʝʰʥʝʡ ʩʨʝʜʝ (ʦʙʫʯʝʥʠʝ çʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʦʰʠʙʢʘʭè). 

ɿʘʜʘʯʘ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ï ʦʜʥʘ ʠʟ ʟʘʜʘʯ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʠʥʬʦʨʤʘʪʠʢʝ. ʆʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦ ʟʘʜʘʥʥʦʡ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʝ 

ʥʘʡʪʠ ʪʘʢʦʡ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ ʧʝʨʝʤʝʥʥʳʭ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ 

ʬʦʨʤʫʣʳ ï çʠʩʪʠʥʘè. ʕʪʘ ʟʘʜʘʯʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ NP-ʧʦʣʥʳʭ ʟʘʜʘʯ, ʥʦ ʜʣʷ ʝʝ ʨʝʰʝ-

ʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ. ʅʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʟ ʵʪʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢʠʝ ʢʘʢ zChaff [18], 
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MiniSat [11], CryptoMiniSat [10], Plingeling [8], ʩʧʦʩʦʙʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴ ʬʦʨʤʫʣʳ ʜʣʠ-

ʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ ʩʠʤʚʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʪʳʩʷʯ ʧʝʨʝʤʝʥʥʳʭ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʰʘʶʪʩʷ ʪʘʢʠʝ 

ʟʘʜʘʯʠ, ʢʘʢ ʧʨʦʚʝʨʢʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʬʦʨʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʨʘʤʤ, ʚʝʨʠʬʠʢʘʮʠʷ 

ʤʦʜʝʣʝʡ ʧʨʦʛʨʘʤʤ, ʬʦʨʤʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ, ʛʝʥʝʨʘʮʠʷ ʪʝʩʪʦʚʳʭ 

ʰʘʙʣʦʥʦʚ, ʨʘʟʚʦʜʢʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʠ ʪ. ʜ. 

ɸʚʪʦʤʘʪʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ [4] ï ʧʘʨʘʜʠʛʤʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʧʨʦʛʨʘʤʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

(ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʢʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ) ʠ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʘ 

ʪʘʢʞʝ ʜʚʫʤʷ ʥʘʙʦʨʘʤʠ ʬʫʥʢʮʠʡ: ʤʥʦʞʝʩʪʚʦʤ ʧʨʝʜʠʢʘʪʦʚ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ (çʠʩʪʠʥʘè ʠʣʠ çʣʦʞʴè), ʠ ʤʥʦʞʝʩʪʚʦʤ ʜʝʡ-

ʩʪʚʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʤʝʥʷʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʋʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʤʥʦʞʝʩʪʚʦʤ ʫʧʨʘʚʣʷʶʱʠʭ ʩʦʩʪʦʷʥʠʡ, ʬʫʥʢʮʠʝʡ ʧʝʨʝʭʦʜʦʚ ʠ 

ʬʫʥʢʮʠʝʡ ʜʝʡʩʪʚʠʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʨʷʜʝ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʤʠʨʘ (ʥʘʧʨʠʤʝʨ, ʚ ʉʪʵʥʬʦʨʜ-

ʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ), ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʩʪʦʷʥʠʷʭ, ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʩʦ ʩʣʦʞʥʳʤ ʧʦʚʝʜʝʥʠʝʤ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʚ 

ʦʪʚʝʪ ʥʘ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʳʭʦʜʥʳʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ ʨʘʙʦʪʳ. 

ʄʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʩʪʦʷʥʠʷʭ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝ-

ʥʠʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʶʪʩʷ ʄʘʨʢʦʚʩʢʠʝ ʮʝʧʠ ʠ ʩʢʨʳʪʳʝ ʄʘʨʢʦʚʩʢʠʝ ʤʦ-

ʜʝʣʠ [16]. ʆʥʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʪʘʢʠʭ ʟʘʜʘʯʘʭ, ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʠ ʜʣʷ ʥʠʭ 

ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ. ʆʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ 
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ʵʪʠ ʤʦʜʝʣʠ ʠʤʝʶʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʢ ʥʠʤ ʤʦʜʝʣʷʤʠ, ʠʤʝ-

ʶʱʠʤʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʷʚʣʷʁ ʪʩʷ ʢʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ. 

ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʘʚʪʦʤʘʪʥʳʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʝʨʠʬʠʢʘʮʠʠ [1], ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʜʣʷ 

ʩʠʩʪʝʤ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʥʘʜʝʞʥʦʩʪʠ. ɼʣʷ ʵʪʠʭ ʩʠʩʪʝʤ ʚʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʳʭ 

ʘʚʪʦʤʘʪʦʚ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʢʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʨʘʩʧʦʟʥʘʚʘʪʝʣʠ ʨʝʛʫʣʷʨʥʳʭ ʷʟʳʢʦʚ [14], ʠʣʠ ʢʘʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩʣʦʚ ʦʜʥʦʛʦ ʨʝʛʫ-

ʣʷʨʥʦʛʦ ʷʟʳʢʘ ʚ ʩʣʦʚʘ ʜʨʫʛʦʛʦ. ɺ ʩʣʫʯʘʝ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʘʚʪʦʤʘʪʦʚ ʦʙʳʯʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ ʩ ʤʘʣʳʤ ʯʠʩʣʦʤ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʦʜʥʦʡ ʠʣʠ ʜʚʫʤʷ), 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʝ ʦʙʫʯʝʥʠʷ çʥʘ ʩʦʙʩʪʚʝʥʥʳʭ ʦʰʠʙʢʘʭè ʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʷʜʘ ʟʘʜʘʯ, ʪʘʢ ʢʘʢ ʥʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ 

ʫʯʠʪʳʚʘʪʴ ʟʥʘʥʠʷ ʯʝʣʦʚʝʢʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥrʝ ʥʘ ʧʨʠʥʮʠʧʝ ʦʙʫ-

ʯʝʥʠʷ ʥʘ ʧʨʠʤʝʨʘʭ, ʦʙʣʘʜʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʜʣʷ ʠʩʧʦʣɹ -

ʟʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ ï ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʩ ʘʚʪʦʤʘʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʧʷʪʴ-

ʜʝʩʷʪʴ ʩʦʩʪʦʷʥʠʡ, ʘ ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʦʙʫʯʘʶʱʠʭ ʧʨʠʤʝʨʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ 

ʜʚʫʭʩʦʪ-ʪʨʝʭʩʦʪ ʩʦʙʳʪʠʡ. ʇʦʩʪʨʦʝʥʠʝ ʘʚʪʦʤʘʪʘ ʩ ʧʦʤʦʱʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ 

ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ.  

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʪʦʜ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ 

ʬʦʨʤʫʣʳ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʵʪʦʪ ʤʝʪʦʜ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʮʝʥʘʨʠʠ 

ʨʘʙʦʪʳ ï ʦʜʠʥ ʠʟ ʪʠʧʦʚ ʦʙʫʯʘʶʱʠʭ ʧʨʠʤʝʨʦʚ (ʪʝʩʪʦʚ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʦʚʳʡ ʤʝʪʦʜ ʙʫʜʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʚ 10-100 ʨʘʟ ʙʦʣʝʝ ʚʳʩʦʢʫʶ, ʯʝʤ ʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ) ʠ 

ʩʤʦʞʝʪ ʩʪʨʦʠʪʴ ʘʚʪʦʤʘʪʳ ʩ ʜʝʩʷʪʢʘʤʠ ʩʦʩʪʦʷʥʠʡ, ʘ ʨʘʟʤʝʨ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ ʪʳʩʷʯʠ ʩʦʙʳʪʠʡ. 

ʀʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʫʜʫʪ ʧʨʝʚʳʰʘʪʴ ʤʠʨʦʚʦʡ ʫʨʦʚʝʥʴ ʨʘʟʨʘʙʦʪʦʢ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ. 
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1. ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄɸ ʇʆʉʊʈʆɽʅʀʗ ɹʋʃɽɺʆʁ ʌʆʈʄʋʃʓ ʇʆ ɻʈɸʌʋ 

ʉʆɺʄɽʉʊʀʄʆʉʊʀ 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʬʦʨ-

ʤʫʣʳ ʧʦ ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ [5]. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʦʩ-

ʥʦʚʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʦʚ, ʙʫʣʝʚʦʡ ʣʦʛʠʢʠ. 

1.1. ɺʍʆɼʅʓɽ ʀ ɺʓʍʆɼʅʓɽ ɼɸʅʅʓɽ ɸʃɻʆʈʀʊʄɸ 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʶʪʩʷ: 

¶ ʜʝʨʝʚʦ ʩʮʝʥʘʨʠʝʚ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ; 

¶ ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʜʘʥʥʦʤʫ ʜʝʨʝʚʫ ʛʨʘʬ ʩʦʚʤʝʩʪʠʤʦʩʪʠ; 

¶ ʯʠʩʣʦ C ʩʦʩʪʦʷʥʠʡ ʠʩʢʦʤʦʛʦ ʘʚʪʦʤʘʪʘ. 

ʇʨʠʤʝʨ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1.  

 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ 
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ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥ ʛʨʘʬ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʣʷ ʜʘʥʥʦʛʦ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ (ʨʝʙʨʘ 

ʛʨʘʬʘ ʠʟʦʙʨʘʞʝʥʳ ʧʦʣʫʞʠʨʥʳʤʠ ʣʠʥʠʷʤʠ). 

 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʛʨʘʬʘ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ɺʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʂʅʌ-ʬʦʨʤʫʣʘ, ʟʘʜʘʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʨʘʩʢʨʘʩʢʝ ʧʦʩʪʨʦʝʥʥʦʛʦ ʛʨʘʬʘ ʠ ʚʳʨʘʞʘʶʱʘʷ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʧʝʨʝʭʦʜʦʚ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʘʚʪʦʤʘʪʘ. ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʦʨʤʘʪʝ 

DIMACS [17] ï ʩʪʘʥʜʘʨʪʥʦʤ ʬʦʨʤʘʪʝ ʜʣʷ ʟʘʧʠʩʠ ʪʘʢʦʛʦ ʪʠʧʘ ʬʦʨʤʫʣ. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ 

ʟʘʧʠʩʠ ʂʅʌ-ʬʦʨʤʫʣʳ ʚ ʜʘʥʥʦʤ ʬʦʨʤʘʪʝ. 
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c 

c start  with  comments  

c 

p cnf  5 3  

1 - 5 4 0  

- 1 5 3 4 0  

- 3 - 4 0  

1.2. ɸʃɻʆʈʀʊʄ ʇʆʉʊʈʆɽʅʀʗ ɹʋʃɽɺʆʁ ʌʆʈʄʋʃʓ ʇʆ ɻʈɸʌʋ ʉʆɺʄɽʉʊʀʄʆʉʊʀ 

ʆʧʠʰʝʤ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʂʅʌ-ʬʦʨʤʫʣʳ, ʟʘʜʘʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʨʘʩʢʨʘʩʢʝ ʧʦʩʪʨʦʝʥʥʦʛʦ ʛʨʘʬʘ ʠ ʚʳʨʘʞʘʶʱʝʡ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʧʝʨʝʭʦʜʦʚ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʘʚʪʦʤʘʪʘ. ɼʘʥʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦ ʧʦʩʪʨʦʝʥʠʶ ʂʅʌ-

ʬʦʨʤʫʣʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʨʘʙʦʪʝ [14] ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ-ʨʘʩʧʦʟʥʘʚʘʪʝʣʷ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʚʭʦʜ ʘʣʛʦʨʠʪʤʫ ʧʦʜʘʝʪʩʷ ʯʠʩʣʦ C 

ʩʦʩʪʦʷʥʠʡ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʘʚʪʦʤʘʪʘ. 

ɺ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ: 

¶ xv,i (ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ v ʠ ʮʚʝʪʘ ʚʝʨʰʠʥʳ i ï ʯʠʩʣʘ ʦʪ 0 ʜʦ 

Cī1) ï ʚʝʨʥʦ ʣʠ, ʯʪʦ ʚʝʨʰʠʥʘ v ʠʤʝʝʪ ʮʚʝʪ i? ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚʝʨʰʠʥʳ ʦʜʥʦʛʦ 

ʮʚʝʪʘ ʙʫʜʫʪ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʥʦ ʩʦʩʪʦʷʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʘʚʪʦʤʘʪʘ; 

¶ ya,b,e,f (ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʩʦʩʪʦʷʥʠʡ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʘʚʪʦʤʘʪʘ a ʠ b, ʢʘʞʜʦʛʦ ʩʦ-

ʙʳʪʠʷ e, ʢʘʞʜʦʡ ʬʦʨʤʫʣʳ f, ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʚ ʩʮʝʥʘʨʠʷʭ) ï ʚʝʨʥʦ ʣʠ, ʯʪʦ ʚ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʝʤ ʘʚʪʦʤʘʪʝ ʩʫʱʝʩʪʚʫʝʪ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ a ʚ ʩʦʩʪʦʷʥʠʝ b, ʧʦ-

ʤʝʯʝʥʥʳʡ ʩʦʙʳʪʠʝʤ e ʠ ʬʦʨʤʫʣʦʡ f ? 

ʂʅʌ-ʬʦʨʤʫʣʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʜʠʟʲʶʥʢʪʦʚ: 

¶ (xv,0 ӝ é ӝ xv,C-1) (ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ v ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ) ï ʥʘʢʣʘʜʳʚʘʝʤ 

ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʮʚʝʪʘ ʚʝʨʰʠʥʳ v; 
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¶ (âxv,i ӝ âxv,j) (ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ v ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ, ʮʚʝʪʘ i ʠ ʮʚʝʪʘ j, ʛʜʝ 

i < j)  ï ʥʘʢʣʘʜʳʚʘʝʤ ʫʩʣʦʚʠʝ, ʯʪʦ ʚʝʨʰʠʥʘ v ʥʝ ʧʦʢʨʘʰʝʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʮʚʝ-

ʪʘ i ʠ j; 

¶ (âxv,i ӝ âxu,i) (ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʚʝʨʰʠʥ u ʠ v ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ ʠ 

ʮʚʝʪʘ i) ï ʥʘʢʣʘʜʳʚʘʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʩʢʨʘʩʢʫ, ʟʘʜʘʚʘʝʤʳʝ ʛʨʘʬʦʤ ʩʦʚʤʝ-

ʩʪʠʤʦʩʪʠ; 

¶ (âya,b,e,f ӝ âya,d,e,f) (ʜʣʷ ʢʘʞʜʦʡ ʪʨʦʡʢʠ ʩʦʩʪʦʷʥʠʡ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʘʚʪʦʤʘʪʘ a, b 

ʠ d (b < d), ʢʘʞʜʦʛʦ ʩʦʙʳʪʠʷ e, ʢʘʞʜʦʡ ʬʦʨʤʫʣʳ f) ï ʠʟ ʩʦʩʪʦʷʥʠʷ a ʚʳʭʦʜʠʪ ʥʝ 

ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʝʙʨʘ, ʧʦʤʝʯʝʥʥʦʛʦ ʩʦʙʪrʠʝʤ e ʠ ʬʦʨʤʫʣʦʡ f; 

¶ (ya,b,e,f  ӝ âxv,a ӝ âxu,b) (ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʙʨʘ vu ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ) ï ʝʩʣʠ ʚʳʧʦʣʥʷ-

ʝʪʩʷ: 

ï ʨʝʙʨʦ ʠʟ ʚʝʨʰʠʥʳ ʜʝʨʝʚʘ v ʚ ʚʝʨʰʠʥʫ u ʧʦʤʝʯʝʥʦ ʩʦʙʳʪʠʝʤ e ʠ ʬʦʨʤʫ-

ʣʦʡ f; 

ï ʚʝʨʰʠʥʘ v ʧʦʢʨʘʰʝʥʘ ʚ ʮʚʝʪ a; 

ï ʚʝʨʰʠʥʘ u ʧʦʢʨʘʰʝʥʘ ʚ ʮʚʝʪ b; 

ʪʦ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʘʚʪʦʤʘʪʝ ʩʫʱʝʩʪʚʫʝʪ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ a ʚ ʩʦʩʪʦʷʥʠʝ 

b, ʧʦʤʝʯʝʥʥʳʡ ʩʦʙʳʪʠʝʤ e ʠ ʬʦʨʤʫʣʦʡ f; 

¶ (âya,b,e,f  ӝ âxv,a ӝ xu,b) (ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʙʨʘ vu ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ) ï ʝʩʣʠ ʚʳʧʦʣʥʷ-

ʝʪʩʷ: 

ï ʨʝʙʨʦ ʠʟ ʚʝʨʰʠʥʳ ʜʝʨʝʚʘ v ʚ ʚʝʨʰʠʥʫ ʜʝʨʝʚʘ u ʧʦʤʝʯʝʥʦ ʩʦʙʳʪʠʝʤ e ʠ 

ʬʦʨʤʫʣʦʡ f;  

ï ʚʝʨʰʠʥʘ v ʧʦʢʨʘʰʝʥʘ ʚ ʮʚʝʪ a;  

ï ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʘʚʪʦʤʘʪʝ ʩʫʱʝʩʪʚʫʝʪ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ a ʚ ʩʦʩʪʦʷ-

ʥʠʝ b, ʧʦʤʝʯʝʥʥʳʡ ʩʦʙʳʪʠʝʤ e ʠ ʬʦʨʤʫʣʦʡ f; 

ʪʦ ʚʝʨʰʠʥʘ u ʧʦʢʨʘʰʝʥʘ ʚ ʮʚʝʪ b. 
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1.3. ʇʈʀʄɽʈʓ ʈɸɹʆʊʓ ʇʈɽɼʃʆɾɽʅʅʆɻʆ ɸʃɻʆʈʀʊʄɸ 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʧʦ ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʉʥʘʯʘʣʘ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ 

ʛʨʘʬ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʥʝʙʦʣʴʰʦʤʫ ʥʘʙʦʨʫ ʩʮʝʥʘʨʠʝʚ. ɿʘʪʝʤ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʛʨʘʬ, 

ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʙʦʣʴʰʝʤʫ ʥʘʙʦʨʫ ʩʮʝʥʘʨʠʝʚ, ʦʧʠʩʳʚʘʶʱʝʤʫ ʨʘʙʦʪʫ ʘʚʪʦʤʘʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʘʤʠ ʩ ʙʫʜʠʣʴʥʠʢʦʤ. 

1.3.1. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʥʘ ʥʝʙʦʣʴʰʦʤ ʥʘʙʦʨʝ ʩʮʝʥʘʨʠʝʚ 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʩʮʝʥʘʨʠʷʤ: 

¶ <A, âx, (z2)>, <A, x, (z1)>, <A, true, (z1,z1)>; 

¶ <A, x, (z1)>, <B, true, (z1,z2)>, <A, x, (z1)>; 

¶ <A, x, (z1)>, <B, true, (z1,z2)>, <A, âx, (z2)>, <A, âx, (z2)>. 

ʇʨʠʚʝʜʝʤ ʙʫʣʝʚʫ ʂʅʌ-ʬʦʨʤʫʣʫ, ʧʦʩʪʨʦʝʥʥʫʶ ʧʦ ʜʘʥʥʦʤʫ ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʘʚʪʦʤʘʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʜʚʘ ʩʦʩʪʦʷʥʠʷ, ʧʦʵʪʦʤʫ ʧʘʨʘʤʝʪʨ C ʨʘʚʝʥ 

ʜʚʫʤ. ɺ ʬʦʨʤʫʣʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. ʇʝʨʝʤʝʥʥʳʝ ʧʦʩʪʨʦʝʥʥʦʡ ʂʅʌ-ʬʦʨʤʫʣʳ 

ʆʧʠʩʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʇʝʨʝʤʝʥʥʳʝ 

ʇʝʨʝʤʝʥʥʳʝ ʚʠʜʘ xv,i x0,0, x0,1, 

x1,0, x1,1, 

x2,0, x2,1, 

x3,0, x3,1, 

x4,0, x4,1, 

x5,0, x5,1, 

x6,0, x6,1, 

x7,0, x7,1, 

x8,0, x8,1 

ʇʝʨʝʤʝʥʥʳʝ ʚʠʜʘ ya,b,e,f y0,0,A,true, y0,0,A,x, y0,0,A,âx, y0,0,B,true, 

y0,1,A,true, y0,1,A,x, y0,1,A,âx, y0,1,B,true, 

y1,0,A,true, y1,0,A,x, y1,0,A,âx, y1,0,B,true, 

y1,1,A,true, y1,1,A,x, y1,1,A,âx, y1,1,B,true 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʬʦʨʤʫʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 34 ʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ. ɺ ʪʘʙʣ. 2 

ʧʨʠʚʝʜʝʥʳ ʜʠʟʲʶʥʢʪʳ ʢʘʞʜʦʛʦ ʚʠʜʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʟʜʝʣʝ 1.2, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʬʦʨʤʫʣʳ. 

ʊʘʙʣʠʮʘ 2. ɼʠʟʲʶʥʢʪʳ ʧʦʩʪʨʦʝʥʥʦʡ ʂʅʌ-ʬʦʨʤʫʣ  r

ʆʧʠʩʘʥʠʝ ʜʠʟʲʶʥʢʪʦʚ ɼʠʟʲʶʥʢʪʳ 

ɼʠʟʲʶʥʢʪ, ʩʪʘʚʷʱʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʢʦʨʥʶ ʜʝʨʝʚʘ ʮʚʝʪ 0 
(x0,0) 

9 ʜʠʟʲʶʥʢʪʦʚ ʚʠʜʘ (xv,0 ӝ é ӝ xv,C-1) (x0,0 ӝ x0,1), 

(x1,0 ӝ x1,1), 

(x2,0 ӝ x2,1), 

(x3,0 ӝ x3,1), 

(x4,0 ӝ x4,1), 

(x5,0 ӝ x5,1), 

(x6,0 ӝ x6,1), 

(x7,0 ӝ x7,1),  

(x8,0 ӝ x8,1) 

9 ʜʠʟʲʶʥʢʪʦʚ ʚʠʜʘ (âxv,i ӝ âxv,j) (âx0,0 ӝ âx0,1), 

(âx1,0 ӝ âx1,1), 

(âx2,0 ӝ âx2,1), 

(âx3,0 ӝ âx3,1), 

(âx4,0 ӝ âx4,1), 

(âx5,0 ӝ âx5,1), 

(âx6,0 ӝ âx6,1), 

(âx7,0 ӝ âx7,1), 

(âx8,0 ӝ âx8,1) 

8 ʜʠʟʲʶʥʢʪʦʚ ʚʠʜʘ (âxv,i ӝ âxu,i) (âx2,0 ӝ âx0,0), 

(âx2,1 ӝ âx0,1), 

(âx2,0 ӝ âx1,0), 

(âx2,1 ӝ âx1,1), 

(âx2,0 ӝ âx5,0), 

(âx2,1 ӝ âx5,1), 
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(âx2,0 ӝ âx7,0), 

(âx2,1 ӝ âx7,1) 

8 ʜʠʟʲʶʥʢʪʦʚ ʚʠʜʘ (âya,b,e,f ӝ âya,d,e,f) (ây0,0,A,true ӝ ây0,1,A,true), 

(ây1,0,A,true ӝ ây1,1,A,true), 

(ây0,0,A,x ӝ ây0,1,A,x), 

(ây1,0,A,x ӝ ây1,1,A,x), 

(ây0,0,A,âx ӝ ây0,1,A,âx), 

(ây1,0,A,âx ӝ ây1,1,A,âx), 

(ây0,0,B,true ӝ ây0,1,B,true), 

(ây1,0,B,true ӝ ây1,1,B,true) 

32 ʜʠʟʲʶʥʢʪʘ ʚʠʜʘ (ya,b,e,f ӝ âxv,a ӝ âxu,b) (y0,0,A,âx ӝ âx0,0 ӝ âx1,0), 

(y0,1,A,âx ӝ âx0,0 ӝ âx1,1), 

(y1,0,A,âx ӝ âx0,1 ӝ âx1,0), 

(y1,1,A,âx ӝ âx0,1 ӝ âx1,1), 

 

(y0,0,A,x ӝ âx1,0 ӝ âx2,0), 

(y0,1,A,x ӝ âx1,0 ӝ âx2,1), 

(y1,0,A,x ӝ âx1,1 ӝ âx2,0), 

(y1,1,A,x ӝ âx1,1 ӝ âx2,1), 

 

(y0,0,A,true ӝ âx2,0 ӝ âx3,0), 

(y0,1,A,true ӝ âx2,0 ӝ âx3,1), 

(y1,0,A,true ӝ âx2,1 ӝ âx3,0), 

(y1,1,A,true ӝ âx2,1 ӝ âx3,1), 

 

(y0,0,A,x ӝ âx0,0 ӝ âx4,0), 

(y0,1,A,x ӝ âx0,0 ӝ âx4,1), 

(y1,0,A,x ӝ âx0,1 ӝ âx4,0), 

(y1,1,A,x ӝ âx0,1 ӝ âx4,1), 

 

(y0,0,B,true ӝ âx4,0 ӝ âx5,0), 

(y0,1,B,true ӝ âx4,0 ӝ âx5,1), 

(y1,0,B,true ӝ âx4,1 ӝ âx5,0), 

(y1,1,B,true ӝ âx4,1 ӝ âx5,1), 

 

(y0,0,A,x ӝ âx5,0 ӝ âx6,0), 
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(y0,1,A,x ӝ âx5,0 ӝ âx6,1), 

(y1,0,A,x ӝ âx5,1 ӝ âx6,0), 

(y1,1,A,x ӝ âx5,1 ӝ âx6,1), 

 

(y0,0,A,âx ӝ âx5,0 ӝ âx7,0), 

(y0,1,A,âx ӝ âx5,0 ӝ âx7,1), 

(y1,0,A,âx ӝ âx5,1 ӝ âx7,0), 

(y1,1,A,âx ӝ âx5,1 ӝ âx7,1), 

 

(y0,0,A,âx ӝ âx7,0 ӝ âx8,0), 

(y0,1,A,âx ӝ âx7,0 ӝ âx8,1), 

(y1,0,A,âx ӝ âx7,1 ӝ âx8,0), 

(y1,1,A,âx ӝ âx7,1 ӝ âx8,1) 

32 ʜʠʟʲʶʥʢʪʘ ʚʠʜʘ (âya,b,e,f ӝ âxv,a ӝ xu,b) (ây0,0,A,âx ӝ âx0,0 ӝ x1,0), 

(ây0,1,A,âx ӝ âx0,0 ӝ x1,1), 

(ây1,0,A,âx ӝ âx0,1 ӝ x1,0), 

(ây1,1,A,âx ӝ âx0,1 ӝ x1,1), 

 

(ây0,0,A,x ӝ âx1,0 ӝ x2,0), 

(ây0,1,A,x ӝ âx1,0 ӝ x2,1), 

(ây1,0,A,x ӝ âx1,1 ӝ x2,0), 

(ây1,1,A,x ӝ âx1,1 ӝ x2,1), 

 

(ây0,0,A,true ӝ âx2,0 ӝ x3,0), 

(ây0,1,A,true ӝ âx2,0 ӝ x3,1), 

(ây1,0,A,true ӝ âx2,1 ӝ x3,0), 

(ây1,1,A,true ӝ âx2,1 ӝ x3,1), 

 

(ây0,0,A,x ӝ âx0,0 ӝ x4,0), 

(ây0,1,A,x ӝ âx0,0 ӝ x4,1), 

(ây1,0,A,x ӝ âx0,1 ӝ x4,0), 

(ây1,1,A,x ӝ âx0,1 ӝ x4,1), 

 

(ây0,0,B,true ӝ âx4,0 ӝ x5,0), 

(ây0,1,B,true ӝ âx4,0 ӝ x5,1), 
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(ây1,0,B,true ӝ âx4,1 ӝ x5,0), 

(ây1,1,B,true ӝ âx4,1 ӝ x5,1), 

 

(ây0,0,A,x ӝ âx5,0 ӝ x6,0), 

(ây0,1,A,x ӝ âx5,0 ӝ x6,1), 

(ây1,0,A,x ӝ âx5,1 ӝ x6,0), 

(ây1,1,A,x ӝ âx5,1 ӝ x6,1), 

 

(ây0,0,A,âx ӝ âx5,0 ӝ x7,0), 

(ây0,1,A,âx ӝ âx5,0 ӝ x7,1), 

(ây1,0,A,âx ӝ âx5,1 ӝ x7,0), 

(ây1,1,A,âx ӝ âx5,1 ӝ x7,1), 

 

(ây0,0,A,âx ӝ âx7,0 ӝ x8,0), 

(ây0,1,A,âx ӝ âx7,0 ӝ x8,1), 

(ây1,0,A,âx ӝ âx7,1 ӝ x8,0), 

(ây1,1,A,âx ӝ âx7,1 ӝ x8,1) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʂʅʌ-ʬʦʨʤʫʣʘ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʝʥʘ ʠʟ 99 ʦʧʠʩʘʥʥʳʭ 

ʜʠʟʲʶʥʢʪʦʚ. ɺ ʧʨʠʣʦʞʝʥʠʠ ɸ ʧʨʠʚʝʜʝʥʘ ʟʘʧʠʩʴ ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ ʚ ʬʦʨʤʘʪʝ DIMACS. 

1.3.2. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʛʨʘʬʘ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ 

ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʘʤʠ ʩ ʙʫʜʠʣʴʥʠʢʦʤ 

ɺ ʨʘʟʜʝʣʝ 2.2.2 ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ [5] ʦ ʚʳʧʦʣʥʝʥʠʠ ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ 

ʢʦʥʪʨʘʢʪʘ ʧʨʠʚʦʜʷʪʩʷ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʯʘʩʦʚ ʩ ʙʫʜʠʣʴʥʠʢʦʤ, ʩʠʩʪʝʤʘ ʩʮʝʥʘʨʠʝʚ 

ʨʘʙʦʪʳ ʜʘʥʥʳʭ ʯʘʩʦʚ, ʦʧʠʩʘʥʠʝ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʩʮʝʥʘʨʠʝʚ ʨʘʙʦʪʳ, ʦʧʠʩʘʥʠʝ ʛʨʘʬʘ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʜʘʥʥʦʤʫ ʜʝʨʝʚʫ 

ʩʮʝʥʘʨʠʝʚ. ʇʦʩʪʨʦʝʥʥʳʡ ʛʨʘʬ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3. 
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ʈʠʩ. 3. ɻʨʘʬ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʣʷ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ ʨʘʙʦʪʳ ʯʘʩʦʚ ʩ  

ʙʫʜʠʣʴʥʠʢʦʤ 
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ɼʝʨʝʚʦ ʩʮʝʥʘʨʠʝʚ ʩʦʩʪʦʠʪ ʠʟ 116 ʚʝʨʰʠʥ, ʘ ʠʩʢʦʤʳʡ ʘʚʪʦʤʘʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ 

ʪʨʠ ʩʦʩʪʦʷʥʠʷ. ʇʦʵʪʦʤʫ ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ ʚʠʜʘ xv,i ʨʘʚʥʦ 116 Ā 3 = 348. ɺ ʜʝʨʝʚʝ 

ʩʮʝʥʘʨʠʝʚ ʚʩʪʨʝʯʘʝʪʩʷ ʩʝʤʴ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʚʭʦʜʥʦʝ ʩʦʙʳʪʠʝ ï ʦʭʨʘʥʥʦʝ 

ʫʩʣʦʚʠʝ. ʇʦʵʪʦʤʫ ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ ʚʠʜʘ ya,b,e,f ʨʘʚʥʦ 7 Ā 3 Ā 3 = 63. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʂʅʌ-ʬʦʨʤʫʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 348 + 63 = 411 ʧʝʨʝʤʝʥʥʳʭ.  

ʇʦʩʪʨʦʝʥʥʘʷ ʂʅʌ-ʬʦʨʤʫʣʘ ʩʦʩʪʦʠʪ ʠʟ 4977 ʜʠʟʲʶʥʢʪʦʚ. ʇʦʵʪʦʤʫ ʦʛʨʘʥʠʯʠʤʩʷ 

ʧʦʜʩʯʝʪʦʤ ʯʠʩʣʘ ʜʠʟʲʶʥʢʪʦʚ ʢʘʞʜʦʛʦ ʚʠʜʘ. ʌʦʨʤʫʣʘ ʩʦʩʪʦʠʪ ʠʟ: 

¶ ʦʜʥʦʛʦ ʜʠʟʲʶʥʢʪʘ, ʩʪʘʚʷʱʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʨʥʶ ʜʝʨʝʚʘ ʮʚʝʪ 0; 

¶ 116 ʜʠʟʲʶʥʢʪʦʚ ʚʠʜʘ (xv,0 ӝ é ӝ xv,C-1); 

¶ 349 ʜʠʟʲʶʥʢʪʦʚ ʚʠʜʘ (âxv,i ӝ âxv,j); 

¶ 2379 ʜʠʟʲʶʥʢʪʦʚ ʚʠʜʘ (âxv,i ӝ âxu,i), ʯʪʦ ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ ʯʠʩʣʘ ʨʝʙʝʨ ʛʨʘʬʘ, 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩ. 3, ʥʘ C, ʨʘʚʥʦʤʫ ʪʨʝʤ; 

¶ 63 ʜʠʟʲʶʥʢʪʘ ʚʠʜʘ (âya,b,e,f ӝ âya,d,e,f); 

¶ 1035 ʜʠʟʲʶʥʢʪʦʚ ʚʠʜʘ (ya,b,e,f ӝ âxv,a ӝ âxu,b); 

¶ 1035 ʜʠʟʲʶʥʢʪʦʚ ʚʠʜʘ (âya,b,e,f ӝ âxv,a ӝ xu,b). 
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ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ 1 

1. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʧʦ ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ, 

ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʦʚ, ʙʫʣʝʚʦʡ ʣʦʛʠʢʠ. ʆʧʠʩʘʥʳ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʘʣʛʦʨʠʪʤʘ. 

2. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʜʝʨʝʚʘ ʪʨʝʭ ʩʮʝʥʘʨʠʝʚ 

ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʝʤʫ ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʇʨʠʚʝʜʝʥʘ 

ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʂʅʌ-ʬʦʨʤʫʣʘ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʫʝʪ 34 ʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʩʦʩʪʦʠʪ ʠʟ 99 ʜʠʟʲʶʥʢʪʦʚ. 

3. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʛʨʘʬʘ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʜʝʨʝʚʘ 

ʩʮʝʥʘʨʠʝʚ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʘʤʠ ʩ ʙʫʜʠʣʴʥʠʢʦʤ. ʇʦʩʪʨʦʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʂʅʌ-ʬʦʨʤʫʣʘ ʠʩʧʦʣʴʟʫʝʪ 411 ʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʩʦʩʪʦʠʪ ʠʟ 4977 ʜʠʟʲʶʥʢʪʦʚ. 
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2. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ɸʃɻʆʈʀʊʄɸ ʇʆʉʊʈʆɽʅʀʗ ɹʋʃɽɺʆʁ 

ʌʆʈʄʋʃʓ ʇʆ ɻʈɸʌʋ ʉʆɺʄɽʉʊʀʄʆʉʊʀ 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ 

ʬʦʨʤʫʣʳ ʧʦ ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʢʣʘʩʩʝ DimacsCnfBuilder , ʩʦʜʝʨʞʘʱʠʡ 

ʩʪʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ getCnf . ɼʘʥʥʳʡ ʤʝʪʦʜ ʚʦʟʚʨʘʱʘʝʪ ʩʪʨʦʢʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʂʅʌ-

ʬʦʨʤʫʣʳ ʚ ʬʦʨʤʘʪʝ DIMACS ʠ ʧʨʠʥʠʤʘʝʪ ʢʘʢ ʧʘʨʘʤʝʪʨ ʜʝʨʝʚʦ ʩʮʝʥʘʨʠʝʚ tree  ʪʠʧʘ 

ScenariosTree , ʦʧʠʩʘʥʥʦʛʦ ʚ [5], ʠ ʯʠʩʣʦ k  ʩʦʩʪʦʷʥʠʡ ʠʩʢʦʤʦʛʦ ʘʚʪʦʤʘʪʘ. 

 

public  class  DimacsCnfBuilder  {  

  public  static  String  getCnf ( ScenariosTree  tree ,  int  k)  {  

    ...  

  }  

}  

 

ʆʧʠʰʝʤ ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʵʪʘʧʦʚ ʩʦʟʜʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʩʦʟʜʘʥʠʷ 

ʜʠʟʲʶʥʢʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʠʟʲʶʥʢʪʦʚ ʚ ʬʦʨʤʘʪʝ DIMACS. ʇʦʣʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʢʣʘʩʩʘ DimacsCnfBuilder  ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ɹ. 

2.1. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ʕʊɸʇɸ ʉʆɿɼɸʅʀʗ ʇɽʈɽʄɽʅʅʓʍ 

ʇʝʨʝʤʝʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʪʘʙʣʠʮʝ vars  ʪʠʧʘ Map<String , Integer >, ʢʦʪʦʨʘʷ 

ʩʪʘʚʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʨʦʢʦʚʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʝʨʝʤʝʥʥʦʡ ʝʝ ʥʦʤʝʨ. 

 

    Map<String ,  Integer > vars  = new HashMap<String ,  Integer >();  
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ɼʦʙʘʚʠʤ ʚ ʪʘʙʣʠʮʫ ʧʝʨʝʤʝʥʥʳʝ xv,i ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ node  

ʠ ʮʚʝʪʘ ʚʝʨʰʠʥʳ color . ʂʘʞʜʘʷ ʜʦʙʘʚʣʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʦʟʥʘʯʘʝʪ, ʚʝʨʥʦ ʣʠ, ʯʪʦ 

ʚʝʨʰʠʥʘ node ʠʤʝʝʪ ʮʚʝʪ color . 

 

    for  ( Node node  :  tree . getNodes ())  {  

      for  ( int  color  = 0;  color  < k;  color ++)  {  

        vars . put ( "x_"  + node . getNumber ()  + "_"  + color ,  vars . size ()  + 1);  

      }  

    }  

 

ʇʦʩʣʝ ʵʪʦʛʦ ʜʦʙʘʚʠʤ ʚ ʪʘʙʣʠʮʫ ʧʝʨʝʤʝʥʥʳʝ ya,b,e,f, ʨʘʩʩʤʦʪʨʝʚ ʚʩʝ ʨʝʙʨʘ ʜʝʨʝʚʘ 

ʩʮʝʥʘʨʠʝʚ t  ʪʠʧʘ Transition . ɽʩʣʠ ʚ ʪʘʙʣʠʮʝ ʥʝʪ ʧʝʨʝʤʝʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʤʙʠʥʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʦʙʳʪʠʷ t . getEvent ()  ʠ ʦʭʨʘʥʥʦʛʦ ʫʩʣʦʚʠʷ t . getExpr () , 

ʜʦʙʘʚʠʤ ʪʘʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʮʚʝʪʦʚ nodeColor  ʠ childColor . 

ʂʘʞʜʘʷ ʜʦʙʘʚʣʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʦʟʥʘʯʘʝʪ: çɺʝʨʥʦ ʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʘʚʪʦʤʘʪʝ 

ʩʫʱʝʩʪʚʫʝʪ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ nodeColor  ʚ ʩʦʩʪʦʷʥʠʝ childColor , ʧʦʤʝʯʝʥʥʳʡ 

ʩʦʙʳʪʠʝʤ t . getEvent ()  ʠ ʬʦʨʤʫʣʦʡ t . getExpr () ?è. 

 

    for  ( Node node  :  tree . getNodes ())  {  

      for  ( Transition  t  :  node . getTransitions ())  {  

        String  key  = "y_"  + t . getEvent ()  + "_"  +  

                t . getExpr (). toString ()  + "_0_0" ;  

        if  (! vars . containsKey ( key ))  {  

          for  ( int  nodeColor  = 0;  nodeColor  < k;  nodeColor ++)  {  

            for  ( int  child Color  = 0;  childColor  < k;  childColor ++)  {  

              String  s = "y_"  + t . getEvent ()  + "_"  +  

                t . getExpr ()  + "_"  + nodeColor  + "_"  + childColor ;  

              vars . put ( s,  vars . size ()  + 1);  

            }  
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          }  

        }  

      }  

    }  

2.2. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ʕʊɸʇɸ ʉʆɿɼɸʅʀʗ ɼʀɿʒʖʅʂʊʆɺ 

ɼʠʟʲʶʥʢʪʳ ʭʨʘʥʷʪʩʷ ʚ ʩʧʠʩʢʝ clauses  ʪʠʧʘ List <String >. ʂʘʞʜʳʡ 

ʜʠʟʲʶʥʢʪ ʭʨʘʥʠʪʩʷ ʚ ʚʠʜʝ ʩʪʨʦʢʠ, ʚ ʢʦʪʦʨʦʡ ʯʝʨʝʟ ʧʨʦʙʝʣ ʟʘʧʠʩʘʥʳ ʥʦʤʝʨʘ 

ʧʝʨʝʤʝʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʦʤ ʜʠʟʲʶʥʢʪʝ, ʩʦ ʟʥʘʢʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʤ 

ʪʨʝʙʫʝʤʦʤʫ ʟʥʘʯʝʥʠʶ ʜʘʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

 

    List <String > clauses  = new ArrayList <String >();  

 

ɼʦʙʘʚʠʤ ʜʠʟʲʶʥʢʪ, ʩʪʘʚʷʱʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʨʥʶ ʜʝʨʝʚʘ ʮʚʝʪ 0 ï ʪʨʝʙʫʶʱʠʡ 

ʠʩʪʠʥʥʦʩʪʴ ʧʝʨʝʤʝʥʥʦʡ x0,0. 

 

    String  initClause  = vars . get ( "x_0_0" )  + "" ;  

    clauses . add ( initClause );  

 

ɼʦʙʘʚʠʤ ʜʠʟʲʶʥʢʪʳ ʚʠʜʘ (xv,0 ӝ é ӝ xv,C-1) ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʜʝʨʝʚʘ 

ʩʮʝʥʘʨʠʝʚ node  ʠ ʮʚʝʪʘ color . ʂʘʞʜʳʡ ʠʟ ʜʠʟʲʶʥʢʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ 

ʚʝʨʰʠʥʘ node  ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʢʨʘʰʝʥʘ ʭʦʪʷ ʙʳ ʚ ʦʜʠʥ ʠʟ ʮʚʝʪʦʚ color . 

 

    for  ( Node node  :  tree . getNodes ())  {  

      String  clause  = "" ;  

      for  ( int  color  = 0;  color  < k;  color ++)  {  

        clause  += vars . get ( "x_"  + node . getNumber ()  + "_"  + color )  + " " ;   

      }  

      clauses . add ( clause );  
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    }  

 

ɿʘʪʝʤ ʜʦʙʘʚʠʤ ʜʠʟʲʶʥʢʪʳ ʚʠʜʘ (âxv,i ӝ âxv,j) ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʜʝʨʝʚʘ 

ʩʮʝʥʘʨʠʝʚ node  ʠ ʧʘʨʳ ʮʚʝʪʦʚ c1, c2, ʪʘʢʦʡ, ʯʪʦ c1 ʤʝʥʴʰʝ c2. ʂʘʞʜʳʡ ʠʟ 

ʜʠʟʲʶʥʢʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʚʝʨʰʠʥʘ node  ʥʝ ʧʦʢʨʘʰʝʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʮʚʝʪ 

c1 ʠ c2. 

 

    for  ( Node node  :  tree . getNodes ())  {  

      for  ( int  c1  = 0;  c1  < k;  c1 ++)  {  

        for  ( int  c2  = 0;  c2  < c1 ;  c2 ++)  {  

          int  v1  = vars . get ( "x_"  + node . getNumber ()  + "_"  + c1 );  

          int  v2  = vars . get ( "x_"  + node . getNumber ()  + "_"  + c2 );  

          clauses . add ( - v1 + " "  + - v2);  

        }  

      }  

    }  

 

ɼʦʙʘʚʠʤ ʜʠʟʲʶʥʢʪʳ ʚʠʜʘ (âxv,i ӝ âxu,i) ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʚʝʨʰʠʥ node  ʠ other , 

ʩʦʝʜʠʥʝʥʥʳʭ ʨʝʙʨʦʤ ʚ ʛʨʘʬʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʠ ʮʚʝʪʘ color . ʂʘʞʜʳʡ ʠʟ ʜʠʟʲʶʥʢʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʥʝʩʦʚʤʝʩʪʠʤʳʝ ʚʝʨʰʠʥʳ node  ʠ other  ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ ʥʝ 

ʧʦʢʨʘʰʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʮʚʝʪ color . ʅʝʩʦʚʤʝʩʪʠʤʳʝ ʚʝʨʰʠʥ rʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ 

ʭʨʘʥʷʪʩʷ ʚ ʧʝʨʝʤʝʥʥʦʡ adjacent  ʪʠʧʘ Map<Node,  Set <Node>>. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʚʝʨʰʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ getAdjacent  ʢʣʘʩʩʘ 

AdjacentCalculator , ʢʦʪʦʨʳʡ ʦʧʠʩʘʥ ʚ ʨʘʟʜʝʣʝ 5.1 ʦʪʯʝʪʘ [5]. 

 

    Map<Node,  Set <Node>> adjacent  = AdjacentCalculator . getAdjacent ( tree );  

    for  ( Node node  :  tree . getNodes ())  {  

      for  ( Node other  :  adjacent . get ( node ))  {  
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        if  ( other . getNumber ()  < node . getNumber ())  {  

          for  ( int  color  = 0;  color  < k;  color ++)  {  

            int  v1  = vars . get ( "x_"  + node . getNumber ()  + "_"  + color );  

            int  v2  = vars . get ( "x_"  + other . getNumber ()  + "_"  + color );  

            clauses . add ( " - "  + v1  + " - "  + v2 );  

          }  

        }  

      }  

    }  

ʈʘʩʩʤʦʪʨʝʚ ʚʩʝ ʨʝʙʨʘ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ t , ʜʦʙʘʚʠʤ ʜʠʟʲʶʥʢʪʳ ʚʠʜʘ 

(âya,b,e,f ӝ âya,d,e,f). ɽʩʣʠ ʜʠʟʲʶʥʢʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʙʠʥʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʦʙʳʪʠʷ 

t . getEvent ()  ʠ ʦʭʨʘʥʥʦʛʦ ʫʩʣʦʚʠʷ t . getExpr () , ʝʱʝ ʥʝ ʜʦʙʘʚʣʝʥʳ, ʪʦ ʜʦʙʘʚʠʤ 

ʠʭ ʜʣʷ ʢʘʞʜʦʡ ʪʨʦʡʢʠ ʮʚʝʪʦʚ (par entColor , c1, c2), ʪʘʢʦʡ ʯʪʦ c1 ʙʦʣʴʰʝ c2. ɼʣʷ 

ʜʘʥʥʦʡ ʧʨʦʚʝʨʢʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ was ʪʠʧʘ Set <String >. ʂʘʞʜʳʡ ʠʟ 

ʜʦʙʘʚʣʝʥʥʳʭ ʜʠʟʁ̡ʥʢʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʚ ʠʩʢʦʤʦʤ ʘʚʪʦʤʘʪʝ ʥʝ ʜʦʣʞʥʦ 

ʚʩʪʨʝʯʘʪʴʩʷ ʙʦʣʴʰʝ ʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʧʦʤʝʯʝʥʥʦʛʦ ʚʭʦʜʥʳʤ ʩʦʙʳʪʠʝʤ 

t . getEvent ()  ʠ ʦʭʨʘʥʥʳʤ ʫʩʣʦʚʠʝʤ t . getExpr () , ʠʟ ʩʦʩʪʦʷʥʠʷ parentColor : 

 

    Set <String > was = new HashSet <String >();  

    for  ( Node node  :  tree . getNodes ())  {  

      for  ( Transition  t  :  node . getTransitions ())  {  

        String  key  = t . getEvent ()  + "_"  + t . getExpr ();  

        if  (! was. contains ( key ))  {  

          was. add ( key );  

          for  ( int  parentColor  = 0;  parentColor  < k;  parentColor ++)  {  

            for  ( int  c1  = 0;  c1  < k;  c1 ++)  {  

              for  ( int  c2  = 0;  c2  < c1 ;  c2 ++)  {  

                int  v1  = vars . get ( "y_"  + key  + "_"  +  

                  parentColor  + "_"  + c1 );  
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                int  v2  = vars . get ( "y_"  + key  + "_"  +  

                  parentColor  + "_"  + c2 );  

                clauses . add ( - v1  + " "  + - v2 );  

              }  

            }  

          }  

        }  

      }  

    }  

 

ʅʘʢʦʥʝʮ, ʜʦʙʘʚʠʤ ʜʠʟʲʶʥʢʪʳ ʚʠʜʘ (ya,b,e,f ӝ âxv,a ӝ âxu,b)  ʠ (âya,b,e,f ӝ âxv,a ӝ xu,b) 

ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʘ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ t , ʩʦʝʜʠʥʷʶʱʝʛʦ ʚʝʨʰʠʥʳ node  ʠ 

t . getDst () , ʠ ʮʚʝʪʦʚ nodeColor  ʠ childColor : 

    for  ( Node node  :  tre e. getNodes ())  {  

      for  ( Transition  t  :  node . getTransitions ())  {  

        for  ( int  nodeColor  = 0;  nodeColor  < k;  nodeColor ++)  {  

          for  ( int  childColor  = 0;  childColor  < k;  childColor ++)  {  

            int  nodeVar  = vars . get ( "x_"  + node . getNumber ()  +  

                "_"  + nodeColor );  

            int  childVar  = vars . get ( "x_"  +  

                t . getDst (). getNumber ()  + "_"  + childColor );  

            int  re l ationVar  = vars . get ( "y_"  + t . getEvent ()  +  

                "_"  + t . getExpr ()  + "_"  + nodeColor  + "_"  +  

                childColor );  

             

            clauses . add ( re l ationVar  + " "  + - nodeVar  + " "  + - childVar );  

            clauses . add ( - re l ationVar  + " "  + - nodeVar  + " "  + childVar );  

          }  

        }  

      }  
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    }  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʩʧʠʩʦʢ clauses  ʩʪʨʦʢʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʜʠʟʲʶʥʢʪʦʚ ʠʩʢʦʤʦʡ ʂʅʌ-ʬʦʨʤʫʣʳ. 

2.3. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ʕʊɸʇɸ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ɼʀɿʒʖʅʂʊʆɺ ɺ 

ʌʆʈʄɸʊɽ DIMACS 

ʇʦʩʪʨʦʠʤ ʠʩʢʦʤʫʶ ʂʅʌ-ʬʦʨʤʫʣʫ ʚ ʬʦʨʤʘʪʝ DIMACS. ɼʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʧʝʨʘʮʠʠ ʢʦʥʢʘʪʝʥʘʮʠʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʵʢʟʝʤʧʣʷʨʦʤ sb  ʢʣʘʩʩʘ 

StringBuilder , ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʙʠʙʣʠʦʪʝʢʫ ʷʟʳʢʘ Java. ʉʥʘʯʘʣʘ, 

ʩʣʝʜʫʷ ʬʦʨʤʘʪʫ, ʜʦʙʘʚʠʤ ʩʪʨʦʢʫ ʩ ʯʠʩʣʦʤ ʧʝʨʝʤʝʥʥʳʭ ʠ ʜʠʟʲʶʥʢʪʦʚ ʂʅʌ-ʬʦʨʤʫʣʳ. 

ɿʘʪʝʤ ʜʦʙʘʚʠʤ ʩʦʩʪʘʚʣʝʥʥʳʝ ʜʠʟʲʶʥʢʪʳ, ʟʘʢʘʥʯʠʚʘʷ ʢʘʞʜʳʡ ʠʟ ʜʠʟʲʶʥʢʪʦʚ ʩʠʤʚʦʣʦʤ 

ç0è. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʦʧʠʩʳʚʘʝʤʦʡ ʬʫʥʢʮʠʠ getCnf  ʷʚʣʷʝʪʩʷ ʩʪʨʦʢʦʚʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ sb  ï sb . toString () . 

    StringBuilder  sb  = new StringBuilder ();  

    sb . append ( "p cnf "  + vars . size ()  + " "  + clauses . size ()  + " \ n" );  

    for  ( String  s :  clauses )  {  

      sb . append ( s + " 0 \ n" );  

    }  

    return  sb . toString ();  
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ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ 2 

1. ʈʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʂʅʌ-ʬʦʨʤʫʣʳ ʧʦ ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʤʝʪʦʜʝ getCnf  

ʢʣʘʩʩʘ DimacsCnfBuilder . 

2. ʇʨʠʚʝʜʝʥʳ ʦʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʘʧʦʚ ʩʦʟʜʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, 

ʩʦʟʜʘʥʠʷ ʜʠʟʲʶʥʢʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʠʟʲʶʥʢʪʦʚ ʚ ʬʦʨʤʘʪʝ DIMACS. 
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3. ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄɸ ʇʆʉʊʈʆɽʅʀʗ ɸɺʊʆʄɸʊɸ ʇʆ ʅɸʁɼɽʅʅʆʁ 

ɺʓʇʆʃʅʗʖʑɽʁ ʇʆɼʉʊɸʅʆɺʂɽ 

ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ʥʘʡʜʝʥʥʦʡ ʚʳʧʦʣʥʷʶʱʝʡ 

ʧʦʜʩʪʘʥʦʚʢʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʠ ʪʝʦʨʠʠ 

ʘʚʪʦʤʘʪʦʚ. 

3.1. ɺʍʆɼʅʓɽ ʀ ɺʓʍʆɼʅʓɽ ɼɸʅʅʓɽ ɸʃɻʆʈʀʊʄɸ 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʷʚʣʷʶʪʩʷ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʩʪʦʨʦʥʥʝʡ ʧʨʦʛʨʘʤʤʳ, ʨʝʰʘʶʱʫʶ ʟʘʜʘʯʫ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʘ: 

c Outputting solution to console  

c Reading file 'sample - cnf'  

c Memory used : 0.00 MB  

c CPU time : 0.01 s  

s SATISFIABLE  

v 1 2 - 3 4 - 5 0  

ɼʘʥʥʳʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʦʤ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʩʪʦʨʦʥʥʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʂʅʌ-ʬʦʨʤʫʣʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 1.1. 

ʉʪʨʦʢʠ, ʥʘʯʠʥʘʶʱʠʝʩʷ ʩ ʩʠʤʚʦʣʘ çcè, Ƅ ʢʦʤʤʝʥʪʘʨʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ 

ʘʣʛʦʨʠʪʤʘ. ʉʪʨʦʢʘ, ʥʘʯʠʥʘʶʱʘʷʩʷ ʩ ʩʠʤʚʦʣʘ çsè, ʩʦʜʝʨʞʠʪ ʚʳʚʦʜ ʩʪʦʨʦʥʥʝʛʦ ʩʨʝʜʩʪʚʘ 

ʦ ʪʦʤ, ʷʚʣʷʝʪʩʷ ʣʠ ʫʜʦʚʣʝʪʚʦʨʠʤʦʡ ʟʘʜʘʥʥʘʷ ʂʅʌ-ʬʦʨʤʫʣʘ, ʘ ʩʪʨʦʢʘ, ʥʘʯʠʥʘʶʱʘʷʩʷ ʩ 

ʩʠʤʚʦʣʘ çvè, ʩʦʜʝʨʞʠʪ ʚʳʧʦʣʥʷʶʱʫʶ ʧʦʜʩʪʘʥʦʚʢʫ ʬʦʨʤʫʣʳ, ʝʩʣʠ ʪʘʢʦʚʘʷ 

ʩʫʱʝʩʪʚʫʝʪ. 

ɺʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʪʠʧʘ 

Automaton . 
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3.2. ɸʃɻʆʈʀʊʄ ʇʆʉʊʈʆɽʅʀʗ ɸɺʊʆʄɸʊɸ ʇʆ ʅɸʁɼɽʅʅʆʁ ɺʓʇʆʃʅʗʖʑɽʁ 

ʇʆɼʉʊɸʅʆɺʂɽ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʡʪʠ ʚʳʧʦʣʥʷʶʱʠʡ ʥʘʙʦʨ ʜʣʷ ʧʦʩʪʨʦʝʥʥʦʡ ʂʅʌ-ʬʦʨʤʫʣʳ, 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʪʦʨʦʥʥʝʡ ʧʨʦʛʨʘʤʤʦʡ, ʨʝʰʘʶʱʝʡ ʟʘʜʘʯʫ SAT. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʨʝʚʥʦʚʘʥʠʷ SAT-Race 2010 [15] ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʚʳʙʦʨ ʧʨʦʛʨʘʤʤʳ Cryptominisat [10], ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʦʜʘʜʠʤ ʥʘ ʚʭʦʜ ʚʳʙʨʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʦʩʪʨʦʝʥʥʫʶ ʂʅʌ-ʬʦʨʤʫʣʫ, 

ʟʘʧʠʩʘʥʥʫʶ ʚ ʬʦʨʤʘʪʝ DIMACS. ɽʩʣʠ ʧʨʦʛʨʘʤʤʘ ʥʝ ʦʙʥʘʨʫʞʠʣʘ ʚʳʧʦʣʥʷʶʱʠʡ ʥʘʙʦʨ 

ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ, ʪʦ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦ ʜʘʥʥʦʤʫ ʥʘʙʦʨʫ ʩʮʝʥʘʨʠʝʚ ʥʝʚʦʟʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʩ ʟʘʜʘʥʥʳʤ ʯʠʩʣʦʤ ʩʦʩʪʦʷʥʠʡ. 

ɽʩʣʠ ʞʝ ʧʨʦʛʨʘʤʤʘ ʦʙʥʘʨʫʞʠʣʘ ʚʳʧʦʣʥʷʶʱʠʡ ʥʘʙʦʨ, ʪʦ ʧʦʩʪʨʦʠʤ ʠʩʢʦʤʳʡ 

ʘʚʪʦʤʘʪ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ xv,i ʦʧʨʝʜʝʣʠʤ ʮʚʝʪ 

ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ. ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʘʩʢʨʘʩʢʠ ʜʝʨʝʚʘ 

ʩʮʝʥʘʨʠʝʚ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 4. ʇʨʠʤʝʨ ʨʘʩʢʨʘʩʢʠ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ ʚ ʜʚʘ ʮʚʝʪʘ 

ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʲʝʜʠʥʠʤ ʚʩʝ ʚʝʨʰʠʥʳ ʦʜʥʦʛʦ ʮʚʝʪʘ ʚ ʦʜʥʦ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʘ, ʘ 

ʥʘʯʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʦʣʦʞʠʤ ʩʦʩʪʦʷʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʮʚʝʪʫ ʢʦʨʥʷ ʜʝʨʝʚʘ 

ʩʮʝʥʘʨʠʝʚ. ʄʥʦʞʝʩʪʚʦ ʠʩʭʦʜʷʱʠʭ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʭʦʜʦʚ ʧʦʩʪʨʦʠʤ ʠʟ ʦʙʲʝʜʠʥʝʥʠʷ 

ʤʥʦʞʝʩʪʚ ʨʝʙʝʨ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʚʝʨʰʠʥ ʟʘʜʘʥʥʦʛʦ ʮʚʝʪʘ.  

ʅʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʦʙʲʝʜʠʥʝʥʠʷ ʚʝʨʰʠʥ ʜʝʨʝʚʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩ. 4, ʧʦʣʫʯʠʤ 

ʘʚʪʦʤʘʪ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 5. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝ ʠʩʢʣʶʯʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʘʚʪʦʤʘʪʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʮʝʥʘʨʠʷʤ ʤʥʦʞʝʩʪʚʘ Sc. 
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ʈʠʩ. 5. ɸʚʪʦʤʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʦʙʲʝʜʠʥʝʥʠʷ ʚʝʨʰʠʥ ʜʝʨʝʚʘ 

3.3. ʇʈʀʄɽʈʓ ʈɸɹʆʊʓ ʇʈɽɼʃʆɾɽʅʅʆɻʆ ɸʃɻʆʈʀʊʄɸ 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʧʦ ʥʘʡʜʝʥʥʦʡ ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ. ʉʥʘʯʘʣʘ 

ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʚʳʧʦʣʥʷʶʱʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʂʅʌ-ʬʦʨʤʫʣʳ, ʧʦʩʪʨʦʝʥʥʘ ̫ ʜʣʷ 

ʥʝʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʩʮʝʥʘʨʠʝʚ. ɿʘʪʝʤ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʚʳʧʦʣʥʷʶʱʘʷ ʧʦʜʩʪʘʥʦʚʢʘ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʜʣʷ ʥʘʙʦʨʘ ʩʮʝʥʘʨʠʝʚ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʘʤʠ ʩ ʙʫʜʠʣʴʥʠʢʦʤ. 

3.3.1. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʜʣ ̫ʥʝʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʩʮʝʥʘʨʠʝʚ 

ɺ ʨʘʟʜʝʣʝ 1.3.1 ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʂʅʌ-ʬʦʨʤʫʣʘ ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʩʮʝʥʘʨʠʝʚ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ɸ ʧʨʠʚʝʜʝʥʘ ʜʘʥʥʘʷ ʬʦʨʤʫʣʘ ʚ ʬʦʨʤʘʪʝ DIMACS. ɿʘʪʝʤ, ʜʘʥʥʘʷ 

ʬʦʨʤʫʣʘ ʙʳʣʘ ʧʦʜʘʥʘ ʥʘ ʚʭʦʜ ʩʪʦʨʦʥʥʝʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʩʨʝʜʩʪʚʫ cryptominisat, ʚʳʭʦʜ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ ʚ ʧʨʠʣʦʞʝʥʠʠ ɺ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦ ʥʘʡʜʝʥʥʦʡ ʚʳʧʦʣʥʷʶʱʝʡ 

ʧʦʜʩʪʘʥʦʚʢʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʨʘʩʢʨʘʩʢʘ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩ. 4, ʠ 

ʧʦʩʪʨʦʝʥ ʘʚʪʦʤʘʪ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 5. 

ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʚʳʧʦʣʥʷʶʱʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ 

ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʥʦʡ ʂʅʌ-ʬʦʨʤʫʣʳ. ʅʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥ 

ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʨʘʩʢʨʘʩʢʠ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʘʨʠʘʥʪʘ, 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩ. 4, ʪʦʣʴʢʦ ʮʚʝʪʦʤ ʚʝʨʰʠʥʳ 3. ɼʘʥʥʦʤʫ ʚʘʨʠʘʥʪʫ ʨʘʩʢʨʘʩʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʚʪʦʤʘʪ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 7. 
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ʈʠʩ. 6. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʨʘʩʢʨʘʩʢʠ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ 

 

 

ʈʠʩ. 7. ɺʪʦʨʦʡ ʘʚʪʦʤʘʪ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʟʘʜʘʥʥʳʤ ʩʮʝʥʘʨʠʷʤ 

ʀʥʳʭ ʚʳʧʦʣʥʷʶʱʠʭ ʧʦʜʩʪʘʥʦʚʦʢ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʂʅʌ-ʬʦʨʤʫʣʳ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʪʣʠʯʥʳʭ ʦʪ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 5,ʨʠʩ. 7 

ʘʚʪʦʤʘʪʦʚ ʩ ʜʚʫʤʷ ʩʦʩʪʦʷʥʠʷʤʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʟʘʜʘʥʥʳʤ ʩʮʝʥʘʨʠʷʤ ʨʘʙʦʪʳ. 
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3.3.2. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʩʮʝʥʘʨʠʝʚ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʘʤʠ ʩ 

ʙʫʜʠʣʴʥʠʢʦʤ 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʧʦ 

ʥʘʡʜʝʥʥʦʡ ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ ʜʣʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʘʤʠ ʩ ʙʫʜʠʣʴʥʠʢʦʤ. ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ 

ʩ ʪʨʝʤʷ ʩʦʩʪʦʷʥʠʷʤʠ. 

ɺ ʨʘʟʜʝʣʝ 1.3.2 ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʂʅʌ-ʬʦʨʤʫʣʘ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ 

cryptominisat. ɺʳʧʦʣʥʷʶʱʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʙʳʣʘ ʥʘʡʜʝʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʝʥʘ ʨʘʩʢʨʘʩʢʘ 

ʚ ʪʨʠ ʮʚʝʪʘ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ [5]. ʊʘʢ ʢʘʢ ʜʝʨʝʚʦ ʩʮʝʥʘʨʠʝʚ ʜʦʩʪʘʪʦʯʥʦ 

ʚʝʣʠʢʦ, ʨʘʟʦʙʴʝʤ ʝʛʦ ʥʘ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʨʠʩ. 8 ï ʨʠʩ. 11 (ʢʦʨʥʠ ʧʨʠʚʝʜʝʥʥʳʭ 

ʯʘʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʨʥʶ ʜʝʨʝʚʘ). 
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ʈʠʩ. 8. ʇʝʨʚʘʷ ʯʘʩʪʴ ʨʘʩʢʨʘʰʝʥʥʦʛʦ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʘʤʠ ʩ ʙʫʜʠʣʴʥʠʢʦʤ 
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ʈʠʩ. 9. ɺʪʦʨʘʷ ʯʘʩʪʴ ʨʘʩʢʨʘʰʝʥʥʦʛʦ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʘʤʠ ʩ ʙʫʜʠʣʴʥʠʢʦʤ 
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ʈʠʩ. 10. ʊʨʝʪʴʷ ʯʘʩʪʴ ʨʘʩʢʨʘʰʝʥʥʦʛʦ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʘʤʠ ʩ ʙʫʜʠʣʴʥʠʢʦʤ 
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ʈʠʩ. 11. ʏʝʪʚʝʨʪʘʷ ʯʘʩʪʴ ʨʘʩʢʨʘʰʝʥʥʦʛʦ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ 

ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʘʤʠ ʩ ʙʫʜʠʣʴʥʠʢʦʤ 

ɿʘʪʝʤ, ʦʙʲʝʜʠʥʠʚ ʚʝʨʰʠʥʳ ʦʜʥʦʛʦ ʮʚʝʪʘ, ʧʦʩʪʨʦʠʤ ʠʩʢʦʤʳʡ ʫʧʨʘʚʣʷʶʱʠʡ 

ʘʚʪʦʤʘʪ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 12.  



ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ  

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʦʪʯʝʪ ʟʘ III ʵʪʘʧ  

43 

 

 

ʈʠʩ. 12. ɸʚʪʦʤʘʪ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʘʤʠ ʩ ʙʫʜʠʣʴʥʠʢʦʤ 

ɹʝʣʳʤ ʚʝʨʰʠʥʘʤ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʘ 

ç1 ɹʫʜʠʣʴʥʠʢ ʚʳʢʣʶʯʝʥè, ʩʝʨʳʤ ï ç2 ʋʩʪʘʥʦʚʢʘ ʚʨʝʤʝʥʠ ʙʫʜʠʣʴʥʠʢʘè, 

ʯʝʨʥʳʤ ï ç3 ɹʫʜʠʣʴʥʠʢ ʚʢʣʶʯʝʥè. 
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ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ 3 

1. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʧʦ ʥʘʡʜʝʥʥʦʡ 

ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʠ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʦʚ. 

2. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʘʚʪʦʤʘʪʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʥʝʙʦʣʴʰʦʤʫ ʥʘʙʦʨʫ ʩʮʝʥʘʨʠʝʚ ʨʘʙʦʪʳ. ʇʦ 

ʥʘʡʜʝʥʥʦʡ ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ ʧʨʦʠʟʚʝʜʝʥʘ ʨʘʩʢʨʘʩʢʘ ʜʝʨʝʚʘ 

ʩʮʝʥʘʨʠʝʚ ʚ ʜʚʘ ʮʚʝʪʘ ʠ ʧʦʩʪʨʦʝʥʠʝ ʘʚʪʦʤʘʪʘ ʩ ʜʚʫʤʷ ʩʦʩʪʦʷʥʠʷʤʠ. ʇʨʠʚʝʜʝʥʦ 

ʜʚʘ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. 

3. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʘʤʠ ʩ ʙʫʜʠʣʴʥʠʢʦʤ. ʇʦ ʥʘʡʜʝʥʥʦʡ ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ 

ʧʨʦʠʟʚʝʜʝʥʘ ʨʘʩʢʨʘʩʢʘ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩ. 8 ï ʨʠʩ. 11, ʚ 

ʪʨʠ ʮʚʝʪʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣ ʧʦʩʪʨʦʝʥ ʠʩʢʦʤʳʡ ʘʚʪʦʤʘʪ ʩ ʪʨʝʤʷ ʩʦʩʪʦʷʥʠʷʤʠ, 

ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 12. 
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4. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ɸʃɻʆʈʀʊʄɸ ʇʆʉʊʈʆɽʅʀʗ ɸɺʊʆʄɸʊɸ ʇʆ 

ɺʓʇʆʃʅʗʖʑɽʁ ʇʆɼʉʊɸʅʆɺʂɽ 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ 

ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. ʈʝʘʣʠʟʘʮʠʷ 

ʘʣʛʦʨʠʪʤʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʢʣʘʩʩʝ CryptominisatAutomatonBuilder  (ʥʘʧʦʤʥʠʤ, 

ʯʪʦ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ 

cryptominisat). 

ɼʘʥʥʳʡ ʢʣʘʩʩ ʩʦʜʝʨʞʠʪ ʩʪʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ build ,  ʢʦʪʦʨʳʡ ʚʦʟʚʨʘʱʘʝʪ 

ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʪʠʧʘ Automaton  ʠ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

¶ ʜʝʨʝʚʦ ʩʮʝʥʘʨʠʝʚ tree  ʪʠʧʘ ScenariosTree ; 

¶ ʯʠʩʣʦ k  ʩʦʩʪʦʷʥʠʡ ʠʩʢʦʤʦʛʦ ʘʚʪʦʤʘʪʘ; 

¶ ʵʢʟʝʤʧʣʷʨ cnfPrintWriter  ʢʣʘʩʩʘ PrintWriter  ʠʟ ʩʪʘʥʜʘʨʪʥʦʡ 

ʙʠʙʣʠʦʪʝʢʠ Java, ʚ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥʘ ʟʘʧʠʩʴ ʧʦʩʪʨʦʝʥʥʦʡ ʂʅʌ-

ʬʦʨʤʫʣʳ ʚ ʬʦʨʤʘʪʝ DIMACS; 

¶ ʵʢʟʝʤʧʣʷʨ solverPrintWriter  ʢʣʘʩʩʘ PrintWriter , ʚ ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʧʨʦʠʟʚʝʜʝʥʘ ʟʘʧʠʩʴ ʚʳʚʦʜʘ ʩʪʦʨʦʥʥʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ï cryptominisat). 

public  class  CryptominisatAutomatonBuilder  {  

  public  static  Automaton  build ( ScenariosTree  tree ,  

 int  k,  PrintWriter  cnfPrintWriter ,  PrintWriter  solve r PrintWriter )  

  throws  I OException  {  

    ...  

  }  

}  

ʆʧʠʰʝʤ ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʵʪʘʧʦʚ ʥʘʭʦʞʜʝʥʠʷ ʚʳʧʦʣʥʷʶʱʝʡ 

ʧʦʜʩʪʘʥʦʚʢʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʠʩʢʦʤʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʧʦ ʚʳʧʦʣʥʷʶʱʝʡ 
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ʧʦʜʩʪʘʥʦʚʢʝ. ʇʦʣʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʣʘʩʩʘ 

CryptominisatAutomatonBuilder  ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ɻ. 

4.1. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ʕʊɸʇɸ ʅɸʍʆɾɼɽʅʀʗ ɺʓʇʆʃʅʗʖʑɽʁ 

ʇʆɼʉʊɸʅʆɺʂʀ 

ɺʳʟʚʘʚ ʦʧʠʩʘʥʥʳʡ ʚ ʛʣʘʚʝ [5] ʤʝʪʦʜ getCnf  ʢʣʘʩʩʘ DimacsCnfBuilder , 

ʧʦʣʫʯʠʤ ʩʪʨʦʢʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʂʅʌ-ʬʦʨʤʫʣʳ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ 

tree  ʠ ʯʠʩʣʘ ʩʦʩʪʦʷʥʠʡ ʠʩʢʦʤʦʛʦ ʘʚʪʦʤʘʪʘ k. ɺʳʚʝʜʝʤ, ʝʩʣʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, 

ʬʦʨʤʫʣʫ ʚ ʟʘʜʘʥʥʳʡ cnfPrintWriter . 

 

    String  cnf  = DimacsCnfBuilder . getCnf ( tree ,  k);  

    if  ( cnfPrintWriter  !=  null )  {  

      cnfPrintWriter . println ( cnf );  

      cnfPrintWriter . flush ();  

    }  

 

ɺʳʚʝʜʝʤ ʧʦʣʫʯʝʥʥʫʶ ʂʅʌ-ʬʦʨʤʫʣʫ ʚʦ ʚʨʝʤʝʥʥʳʡ ʬʘʡʣ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʠʤ 

ʧʦ ʘʜʨʝʩʫ çtmp . cnf è. ʇʦʩʣʝ ʵʪʦʛʦ ʟʘʧʫʩʪʠʤ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ cryptominisat, 

ʢʦʪʦʨʦʤʫ ʧʦʜʘʜʠʤ ʥʘ ʚʭʦʜ ʜʘʥʥʳʡ ʬʘʡʣ. ɿʘʧʫʩʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʘʨʘʤʝʪʨʦʤ ç--

threads =4è, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʨʝʰʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʝʪʳʨʝ ʧʦʪʦʢʘ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ. 

 

    File  tmpFile  = new File ( "tmp.cnf" );  

    PrintWriter  tmpPW = new PrintWriter ( tmpFile );  

    tmpPW. print ( cnf );  

    tmpPW. close ();  

    Process  p = Runtime . getRuntime (). exec ( "cryptominisat  

                -- threads =4 tmp . cnf " );  
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ʆʙʨʘʙʦʪʘʝʤ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʚʝʜʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʦʤ ʚ ʧʦʪʦʢ 

p. getInputStream () . ʈʘʩʩʤʦʪʨʝʚ ʚʩʝ ʚʳʚʝʜʝʥʥʳʝ ʩʪʨʦʢʠ, ʥʘʡʜʝʤ ʩʪʨʦʢʫ 

ansLine , ʥʘʯʠʥʘʶʱʫʶʩʷ ʩ ʩʠʤʚʦʣʘ çvè. ɽʩʣʠ ʧʝʨʝʜʘʥ ʧʘʨʘʤʝʪʨ 

solverPrintWriter , ʪʦ ʚʳʚʝʜʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʪʦʢ ʜʘʥʥʳʝ ʩʪʨʦʢʠ. 

 

    String ansLine = null;  

    BufferedReader input = new BufferedReader( new  

                InputStreamReader(p.getInputStream()));  

    String line;  

    while  ((line = input.readLine()) != null ) {  

      if  (solverPrintWriter != null ) {  

        solverPrin tWriter.println(line);  

      }  

      if  (line.charAt(0) == 'v') {  

        ansLine = line;  

      }  

    }  

    input . close ();  

 

ʇʦʩʣʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʪʨʦʢ ʫʜʘʣʠʤ ʚʨʝʤʝʥʥʳʡ ʬʘʡʣ ʩ ʂʅʌ-ʬʦʨʤʫʣʦʡ 

çtmp . cnf è ʠ ʚʳʡʜʝʤ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ build , ʚʝʨʥʫʚ null , ʝʩʣʠ ʠʩʢʦʤʘʷ 

ʩʪʨʦʢʘ ansLine  ʥʝ ʙʳʣʘ ʥʘʡʜʝʥʘ. 

 

    tmpFile.delete();  

    if (ansLine = = null ) {  

      return  null ;  

    }  
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4.2. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ʕʊɸʇɸ ʇʆʉʊʈʆɽʅʀʗ ʋʇʈɸɺʃʗʖʑɽɻʆ 

ɸɺʊʆʄɸʊɸ ʇʆ ɺʓʇʆʃʅʗʖʑɽʁ ʇʆɼʉʊɸʅʆɺʂɽ 

ʉʦʩʪʘʚʠʤ ʤʘʩʩʠʚ nodesColors , ʭʨʘʥʷʱʠʡ ʮʚʝʪʘ ʨʘʩʢʨʘʰʝʥʥʦʛʦ ʜʝʨʝʚʘ 

ʩʮʝʥʘʨʠʝʚ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʟʥʘʯʝʥʠʷ ʧʝʨʚʳʭ tree . nodesCount ()  *  k  

ʧʝʨʝʤʝʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʘʡʜʝʥʥʦʡ ʩʪʨʦʢʝ ansLine . ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ ʧʝʨʝʤʝʥʥʳʭ xv,i. ʎʚʝʪ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʩ ʥʦʤʝʨʦʤ nodeNum 

ʨʘʚʝʥ ʪʘʢʦʤʫ ʟʥʘʯʝʥʠʶ color , ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʩ ʥʦʤʝʨʦʤ 

nodeNum *  k + color  ʠʩʪʠʥʥʦ. 

 

    int[] nodesColors = new int[tree.nodesCount()];  

    String[] sp = ansLine.split ("  " );  

    for  ( int  nodeNum = 0;  nodeNum < tree . nodesCount ();  nodeNum++)  {  

      for  ( int  color  = 0;  co lor  < k;  color ++)  {  

        if  ( sp [ 1 + nodeNum *  k + color ]. charAt ( 0)  !=  ' - ' )  {  

          nodesColors [ nodeNum]  = color ;  

        }  

      }  

    }  

 

ʇʦʩʪʨʦʠʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʮʚʝʪʦʚ ʚʝʨʰʠʥ ʜʝʨʝʚʘ ʩʮʝʥʘʨʠʝʚ ʘʚʪʦʤʘʪ ans . ɼʣʷ ʵʪʦʛʦ 

ʦʙʲʝʜʠʥʠʤ ʚʩʝ ʚʝʨʰʠʥʳ ʦʜʥʦʛʦ ʮʚʝʪʘ color  ʚ ʦʜʥʦ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʘ state , ʘ 

ʥʘʯʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʦʣʦʞʠʤ ʩʦʩʪʦʷʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʮʚʝʪʫ ʢʦʨʥʷ ʜʝʨʝʚʘ 

ʩʮʝʥʘʨʠʝʚ ï ʮʚʝʪʫ 0. ʄʥʦʞʝʩʪʚʦ ʠʩʭʦʜʷʱʠʭ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʭʦʜʦʚ ʧʦʩʪʨʦʠʤ ʠʟ 

ʦʙʲʝʜʠʥʝʥʠʷ ʤʥʦʞʝʩʪʚ ʨʝʙʝʨ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʚʝʨʰʠʥ ʟʘʜʘʥʥʦʛʦ ʮʚʝʪʘ. ʅʘʢʦʥʝʮ, ʚʝʨʥʝʤ 

ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ build  ʢʣʘʩʩʘ CryptominisatAutomatonBuilder  

ʧʦʩʪʨʦʝʥʥʳʡ ʘʚʪʦʤʘʪ ans . 
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    Automaton  ans  = new Automaton ( k);  

    for  ( int  i  = 0;  i  < tree . nodesCount ();  i ++)  {  

      int  color  = nodesColors [ i ];  

      Node state  = ans. getState ( color );  

      for  ( Transition  t  :  tree . getNodes (). get ( i ). getTransitions ())  {  

        if  (! state . hasTransition ( t . getEvent (),  t . getExpr ()))  {  

          int  childColor  = nodesColors [ t . getDst (). getNumber ()];  

          state . addTransition ( t . getEvent ( ),  t . getExpr (),   

              t . getActions (),  ans . getState ( childColor ));  

        }  

      }  

    }  

    return  ans ;  
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ɺʓɺʆɼ ʇʆ ɻʃɸɺɽ 4 

1. ʈʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ. 

ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʤʝʪʦʜʝ build  

ʢʣʘʩʩʘ CryptominisatAutomatonBuilder . 

2. ʇʨʠʚʝʜʝʥʳ ʦʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʘʧʦʚ ʥʘʭʦʞʜʝʥʠʷ 

ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʠʩʢʦʤʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ 

ʧʦ ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ. 
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5. ʇʋɹʃʀʂɸʎʀʀ ʈɽɿʋʃʔʊɸʊʆɺ ʅʀʈ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʅʀʈ ʚ ʞʫʨʥʘʣʝ çʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠè 2012. ˉ 1(77) ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ çʇʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʚʳʧʦʣʥʠʤʦʩʪʠ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʧʦ ʩʮʝʥʘʨʠʷʤ ʨʘʙʦʪʳè. ʊʝʢʩʪ ʩʪʘʪʴʠ ʧʨʠʚʝʜʝʥ ʚ 

ʧʨʠʣʦʞʝʥʠʠ ɼ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʅʀʈ ʩʜʝʣʘʥʳ ʜʦʢʣʘʜʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ: 

¶ ʋʣʴʷʥʮʝʚ ɺ.ʀ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʦʛʨʘʥʠʯʝʥʠʷʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʧʦ ʩʮʝʥʘʨʠʷʤ 

ʨʘʙʦʪʳ / ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʢʦʥʛʨʝʩʩʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ɺʳʧʫʩʢ 1. 

ʊʨʫʜʳ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ʉʇʙ: ʅʀʋ ʀʊʄʆ, 2012. ï 246 ʩ.  

¶ Ulyantsev V., Tsarev F. Extended Finite-State Machine Induction using SAT-Solver  

/ Proceedings of the 14th IFAC Symposium çInformation Control Problems in 

Manufacturing  (INCOM'12)è. IFAC. 2012, pp. 512ï517. 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ ʪʘʢʞʝ ʦʪʧʨʘʚʣʝʥʘ ʟʘʷʚʢʘ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ (ʢʦʧʠʷ ʟʘʷʚʢʠ ʧʨʠʚʝʜʝʥʘ ʚ 

ʧʨʠʣʦʞʝʥʠʠ ɽ). 
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ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʨʘʙʦʪ ʧʦ ʢʦʥʪʨʘʢʪʫ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ:  

¶ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʧʦ ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ; 

¶ ʚʳʧʦʣʥʝʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʧʦ 

ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ; 

¶ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ʥʘʡʜʝʥʥʦʡ ʚʳʧʦʣʥʷʶʱʝʡ 

ʧʦʜʩʪʘʥʦʚʢʝ; 

¶ ʚʳʧʦʣʥʝʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ 

ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ. 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ 

ʙʫʣʝʚʦʡ ʬʦʨʤʫʣʳ ʧʦ ʛʨʘʬʫ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʦʚ, ʙʫʣʝʚʦʡ ʣʦʛʠʢʠ. ʇʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʝʛʦ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ 

ʘʚʪʦʤʘʪʘ ʧʦ ʥʘʡʜʝʥʥʦʡ ʚʳʧʦʣʥʷʶʱʝʡ ʧʦʜʩʪʘʥʦʚʢʝ. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʠ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʦʚ. ʇʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʝʛʦ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ, 

ʧʨʦʚʦʜʠʤʳʭ ʚ ʣʫʯʰʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʘʭ ʤʠʨʘ.  
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ʇʈʀʃʆɾɽʅʀɽ ɸ. ʂʅʌ-ʌʆʈʄʋʃɸ ɺ ʌʆʈʄɸʊɽ DIMACS 

c CNF for scenarios tree with 9 nodes, colored in 2 colors  

p cnf  34 99  

1 0  

1 2 0 

3 4  0 

5 6  0 

7 8  0 

9 10  0 

11 12  0 

13 14  0 

15 1 6 0 

17 18  0 

- 2 - 1 0  

- 4 - 3 0  

- 6 - 5 0  

- 8 - 7 0  

- 10 - 9 0  

- 12 - 11 0  

- 14 - 13 0  

- 16 - 15 0  

- 18 - 17 0  

- 15 - 9 0  

- 16 - 10 0  

- 15 - 13 0  

- 16 - 14 0  

- 15 - 5 0  

- 16 - 6 0  

- 15 - 1 0  

- 16 - 2 0  

- 20 - 19 0  

- 22 - 21 0  

- 24 - 23 0  

- 26 - 25 0  

- 28 - 27 0  

- 30 - 29 0  

- 32 - 31 0  

- 34 - 33 0  

19 - 1 - 3 0  

- 19 - 1 3 0  

20 - 1 - 4 0  

- 20 - 1 4 0  

21 - 2 - 3 0  

- 21 - 2 3 0  

22 - 2 - 4 0  
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- 22 - 2 4 0  

23 - 1 - 13 0  

- 23 - 1 13 0  

24 - 1 - 14 0  

- 24 - 1 14 0  

25 - 2 - 13 0  

- 25 - 2 13 0  

26 - 2 - 14 0  

- 26 - 2 14 0  

27 - 3 - 5 0  

- 27 - 3 5 0  

28 - 3 - 6 0  

- 28 - 3 6 0  

29 - 4 - 5 0  

- 29 - 4 5 0  

30 - 4 - 6 0  

- 30 - 4 6 0  

19 - 5 - 7 0  

- 19 - 5 7 0  

20 - 5 - 8 0  

- 20 - 5 8 0  

21 - 6 - 7 0  

- 21 - 6 7 0  

22 - 6 - 8 0  

- 22 - 6 8 0  

23 - 5 - 9 0  

- 23 - 5 9 0  

24 - 5 - 10 0  

- 24 - 5 10 0  

25 - 6 - 9 0  

- 25 - 6 9 0  

26 - 6 - 10 0  

- 26 - 6 10 0  

23 - 9 - 11 0  

- 23 - 9 11 0  

24 - 9 - 12 0  

- 24 - 9 12  0 

25 - 10 - 11 0  

- 25 - 10 11 0  

26 - 10 - 12 0  

- 26 - 10 12 0  

19 - 13 - 15 0  

- 19 - 13 15 0  

20 - 13 - 16 0  

- 20 - 13 16 0  

21 - 14 - 15 0  
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- 21 - 14 15 0  

22 - 14 - 16 0  

- 22 - 14 16 0  

31 - 15 - 17 0  

- 31 - 15 17 0  

32 - 15 - 18 0  

- 32 - 15 18 0  

33 - 16 - 17 0  

- 33 - 16 17 0  

34 - 16 - 18 0  

- 34 - 16 18 0  
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ʇʈʀʃʆɾɽʅʀɽ ɹ. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ɸʃɻʆʈʀʊʄɸ ʇʆʉʊʈʆɽʅʀʗ 

ɹʋʃɽɺʆʁ ʌʆʈʄʋʃʓ ʇʆ ɻʈɸʌʋ ʉʆɺʄɽʉʊʀʄʆʉʊʀ 

package  algorithms ;  

 

import  java.util.ArrayList ;  

import  java.util.HashMap ;  

import  java.util.HashSet ;  

import  java.util.List ;  

import  java.util.Map ;  

impor t  java.util.Set ;  

 

import  structures.Node ;  

import  structures.ScenariosTree ;  

import  structures.Transition ;  

 

public  class  DimacsCnfBuilder  {  

   

  public  static  String  getCnf ( ScenariosTree  tree ,  int  k)  {  

    Map<String ,  Integer > vars  = new HashMap<String ,  Inte ger >();  

    for  ( Node node  :  tree . getNodes ())  {  

      for  ( int  color  = 0;  color  < k;  color ++)  {  

        vars . put ( "x_"  + node . getNumber ()  + "_"  + color ,   

                vars . size ()  + 1);  

      }  

    }  

     

    for  ( Node node  :  tree . getNodes ())  {  

      for  ( Transition  t  :  node . getTransitions ())  {  

        String  key  = "y_"  + t . getEvent ()  + "_"  +  

                t . getExpr (). toString ()  + "_0_0" ;  

        if  (! vars . containsKey ( key ))  {  

          for  ( int  nodeColor  = 0;  nodeColor  < k;   

                nodeColor ++)  {  

            for  ( int  childColor  = 0;  childColor  < k;   

                childColor ++)  {  

              String  s = "y_"  + t . getEvent ()  + "_"  +  

                t . getExpr ()  + "_"  + nodeColor  + "_"  +  

                childColor ;  

              vars . put ( s,  vars . size ()  + 1);  

            }  

          }  

        }  

      }  

    }  

     

    List <String > clauses  = new ArrayList <String >();  

    String  initClause  = vars . get ( "x_0_0" )  + "" ;  

    clauses . add( initClause );  
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    for  ( Node node  :  tree . getNodes ())  {  

      String  clause  = "" ;  

      for  ( int  color  = 0;  color  < k;  color ++)  {  

        clause  += vars . get ( "x_"  + node . getNumber ()  + "_"  +  

                color )  + " " ;   

      }  

      clauses . add( clause );  

    }  

     

    for  ( Node node  :  tree . getNodes ())  {  

      for  ( int  c1  = 0;  c1  < k;  c1 ++)  {  

        for  ( int  c2  = 0;  c2  < c1 ;  c2 ++)  {  

          int  v1  = vars . get ( "x_"  + node . getNumber ()  + "_"  + c1 );  

          int  v2  = vars . get ( "x_"  + node . getNumber ()  + "_"  + c2 );  

          clauses . add ( - v1  + " "  + - v2 );  

        }  

      }  

    }  

     

    Map<Node,  Set <Node>> adjacent  =  

                AdjacentCalculator . getAdjacent ( tree );  

    for  ( Node node  :  tree . getNodes ())  {  

      for  ( Node other  :  adjacent . get ( node ))  {  

        if  ( other . getNumber ()  < node . getNumber ())  {  

          for  ( int  co lor  = 0;  color  < k;  color ++)  {  

            int  v1  = vars . get ( "x_"  + node . getNumber ()  + "_"  + color );  

            int  v2  = vars . get ( "x_"  + other . getNumber ()  + "_"  + color );  

            clauses . add( " - "  + v1  + " - "  + v2 );        

          }  

        }  

      }  

    }  

     

    Set <String > was = new HashSet <String >();  

    for  ( Node node  :  tree . getNodes ())  {  

      for  ( Transition  t  :  node . getTransitions ())  {  

        String  key  = t . getEvent ()  + "_"  + t . getExpr ();  

        if  (! was. contains ( key ))  {  

          was. add( key );  

          for  ( int  parentColor  = 0;  parentColor  < k;   

                parentColor ++)  {  

            for  ( int  c1  = 0;  c1  < k;  c1 ++)  {  

              for  ( int  c2  = 0;  c2  < c1 ;  c2 ++)  {  

                int  v1  = vars . get ( "y_"  + key  + "_"  +  

                  parentColor  + "_"  + c1 );  

                int  v2  = vars . get ( "y_"  + key  + "_"  +  

                  parentColor  + "_"  + c2 );  

                clauses . add( - v1  + " "  + - v2 );  

              }  

            }  
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          }  

        }  

      }  

    }  

     

    for  ( Node node  :  tree . getNodes ())  {  

      for  ( Transition  t  :  node . getTransitions ())  {  

        for  ( int  nodeColor  = 0;  nodeColor  < k;  nodeColor ++)  {  

          for  ( int  childColor  = 0;  childColor  < k;   

                childColor ++)  {  

            int  nodeVar  = vars . get ( "x _"  + node . getNumber ()  +  

                "_"  + nodeColor );  

            int  childVar  = vars . get ( "x_"  +  

                t . getDst (). getNumber ()  + "_"  + childColor );  

            int  realtionVar  = vars . get ( "y_"  + t . getEvent ()  +  

                "_"  + t . getExpr ()  + "_"  + nodeColor  + "_"  +  

                childColor );  

             

            clauses . add( realtionVar  + " "  + - nodeVar  + " "  +  

                - childVar );  

            clauses . add( - realtionVar  + " "  + - nodeVar  + " "   

                + childVar );  

          }  

        }  

      }  

    }  

     

    StringBuilder  sb  = new StringBuilder ();  

    sb . append ( "c CNF for scenarios tree with "  +  

                tree . nodesCount ()  + " nodes, colored in "  +  

                k + " colors \ n" );  

    sb . append ( "p cnf "  + vars . size ()  + " "  + clauses . size ()  + " \ n" );  

    for  ( String  s :  clauses )  {  

      sb . append ( s + " 0 \ n" );  

    }  

     

    return  sb . toString ();  

  }  

}  
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ʇʈʀʃʆɾɽʅʀɽ ɺ. ʇʈʀʄɽʈ ɺʓʍʆɼʅʓʍ ɼɸʅʅʓʍ ʇʈʀʃʆɾɽʅʀʗ 

CRYPTOMINISAT.EXE 

c Outputting solution to console  

c This is Cryp toMiniSat Jan 20 2011  

c compiled with non - gcc compiler  

c Reading file 'sample - cnf'  

c --  header says num vars:             34  

c --  header says num clauses:          99  

c --  clauses added:       0 learnts,        99 normals,      0 xors  

c --  vars added         34 

c Parsing time:  0.01 s  

c  N st  0    0   34     0    46    0     92   0   no data   no data  

c asymm  cl - useful: 0/0/0 lits - rem:0 time: 0.00  

c Flit:     0 Blit:      0 bXBeca:    0 bXProp:    3 Bins:      0 BRemL:      

0 BRemN:      0 P:  0.0M T:  0. 00 

c Replacing        3 vars Replaced       34 lits Time:     0.00 s  

c bin - w- bin subsume rem            0 bins  time:  0.00 s  

c subs with bin:        0  lits - rem:       0  v - fix:    0  time:  0.00 s  

c Subs w/ non - existent bins:      0 l - rem:      0 v - fix:      0 done:      

9 time:  0.00 s  

c Removed useless bin:   0  fixed:  0  props:   0.00M  time:  0.00 s  

c lits - rem: 0  cl - subs: 0  v - elim: 0  v - fix:    0  time:  0.00 s  

c Finding binary XORs  T:     0.00 s  found:       0  

c Finding non - binary XORs:     0.00  s (found:   0, avg size: - 1.$)  

c calculated reachability. Time: 0.00  

c Calc default polars -   time:  0.00 s pos: 0 undec: 26 neg:       8  

c types(t): F = full restart, N = normal restart  

c types(t): S = simplification begin/end, E = solution found  

c resta rt types(rt): st = static, dy = dynamic  

c  t rt  Rest     Confl      Vars   NormCls    BinCls   Learnts    ClLits    

LtLits  

c  B st     0         0         9         0         4         0         8         

0   no data   no data  

c  E st     1         0         0         0         4         0         8         

0   no data   no data  

c Verified 0 clauses.  

c Verified 0 clauses.  

c num threads              : 1           

c restarts                 : 1           

c dynamic restarts         : 0           

c static rest arts          : 1           

c full restarts            : 0           

c total simplify time      : 0.00        

c learnts DL2              : 0           
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c learnts size 2           : 46          

c learnts size 1           : 22          (64.71     % of vars)  

c filedLit time            : 0.00        (0.00      % time)  

c v - elim SatELite          : 0           (0.00      % vars)  

c SatELite time            : 0.00        (0.00      % time)  

c v - elim xor               : 0           (0.00      % vars)  

c xor elim time            : 0.00        (0.00      % time)  

c num binary xor trees     : 1           

c binxor trees' crown      : 3           (3.00      leafs/tree)  

c bin xor find time        : 0.00        

c OTF clause improved      : 0           ( - 1.#J     clauses/conflic t)  

c OTF impr. size diff      : 0           ( - 1.#J      lits/clause)  

c OTF cl watch - shrink      : 0           ( - 1.#J     clauses/conflict)  

c OTF cl watch - sh - lit      : 0           ( - 1.#J      lits/clause)  

c tried to recurMin cls    : 0           ( - 1.#J      % of conflicts)  

c updated cache            : 0           ( - 1.#J      lits/tried recurMin)  

c clauses over max glue    : 0           ( - 1.#J     % of all clauses)  

c conflicts                : 0           (0.00      / sec)  

c decisions                : 7           (0.00      % random)  

c bogo - props               : 164         (10933.33  / sec)  

c conflict literals        : 0           ( - 1.#J     % deleted)  

c Memory used              : 0.00        MB  

c CPU time                 : 0.01        s  

s SATISFIABLE  

v 1 - 2 - 3 4 5 - 6 - 7 8 9 - 10 11 - 12 13 - 14 - 15 16 17 - 18 - 19 20 - 21 22 23 

- 24 - 25 - 26 27 - 28 29 - 30 31 - 32 33 - 34 0  
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ʇʈʀʃʆɾɽʅʀɽ ɻ. ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ɸʃɻʆʈʀʊʄɸ ʇʆʉʊʈʆɽʅʀʗ 

ɸɺʊʆʄɸʊɸ ʇʆ ɺʓʇʆʃʅʗʖʑɽʁ ʇʆɼʉʊɸʅʆɺʂɽ 

package  algorithms ;  

 

import  java.io.BufferedReader ;  

i mport  java.io.File ;  

import  java.io.IOException ;  

import  java.io.InputStreamReader ;  

import  java.io.PrintWriter ;  

 

import  structures.Automaton ;  

import  structures.Node ;  

import  structures.ScenariosTree ;  

import  structures.Transition ;  

 

public  class  CryptominisatAu tomatonBuilder  {  

  public  static  Automaton  build ( ScenariosTree  tree ,  int  k)   

                throws  IOException  {  

    return  build ( tree ,  k,  null );  

  }   

   

  public  static  Automaton  build ( ScenariosTree  tree ,  int  k,   

                PrintWriter  cnfPrintWrite r )  throws   

                IOException  {  

    return  build ( tree ,  k,  cnfPrintWriter ,  null );  

  }  

 

  public  static  Automaton  build ( ScenariosTree  tree ,  int  k,   

                PrintWriter  cnfPrintWriter ,  PrintWriter   

                solverPrintWriter )  

      thr ows IOException  {  

 

    String  cnf  = DimacsCnfBuilder . getCnf ( tree ,  k);  

    if  ( cnfPrintWriter  !=  null )  {  

      cnfPrintWriter . println ( cnf );  

      cnfPrintWriter . flush ();  

    }  

 

    File  tmpFile  = new File ( "tmp.cnf" );  

    PrintWriter  tmpPW = new PrintWriter ( tmpFile );  

    tmpPW. print ( cnf );  

    tmpPW. close ();  

 

    Process  p = Runtime . getRuntime (). exec ( "cryptominisat  

                -- threads=4 tmp.cnf" );  

 

    String ansLine = null;  

    BufferedReader input = new BufferedReader( new  
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                InputStreamR eader(p.getInputStream()));  

    String line;  

    while  ((line = input.readLine()) != null ) {  

      if  (solverPrintWriter != null ) {  

        solverPrintWriter.println(line);  

      }  

      if  (line.charAt(0) == 'v') {  

        ansLine = line;  

      }  

    }  

    input.close();  

    tmpFile.delete();  

 

    if (ansLine != null) {  

      int[] nodesColors = new int[tree.nodesCount()];  

      String[] sp = ansLine.split ("  " );  

      for  ( int  nodeNum = 0;  nodeNum < tree . nodesCount ();   

                nodeNum++)  {  

        for  ( int  color  = 0;  color  < k;  color ++)  {  

          if  ( sp [ 1 + nodeNum *  k + color ]. charAt ( 0)  !=  ' - ' )  {  

            nodesColors [ nodeNum]  = color ;  

          }  

        }  

      }  

 

      Automaton  ans  = new Automaton ( k);  

      for  ( int  i  = 0;  i  < tree . nodesCou nt ();  i ++)  {  

        int  color  = nodesColors [ i ];  

        Node state  = ans . getState ( color );  

        for  ( Transition  t  :   

                tree . getNodes (). get ( i ). getTransitions ())  {  

          if  (! state . hasTransition ( t . getEvent (),   

                t . getExpr () ))  {  

            int  childColor  =  

                nodesColors [ t . getDst (). getNumber ()];  

            state . addTransition ( t . getEvent (),  t . getExpr (),   

                t . getActions (),  ans . getState ( childColor ));  

          }  

        }  

      }  

      return  ans ;  

    }  

 

    return  null ;  

  }  

}  
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