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˄̓˸˷̄̔̍̑˳̄˸ 
ʊʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʉʃɸʋ), ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʪʨʝʭʤʝʨʥʳʭ ʢʨʘʝʚʳʭ 

ʟʘʜʘʯ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʈʘʟʨʝʞʝʥʥʦʩʪʴ ʤʘʪʨʠʮ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ ʪʘʢʠʭ ʉʃɸʋ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʠʭ ʨʝʰʝʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʧʨʦʛʨʘʤʤʘʭ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʙʘʟʝ 

ʠʪʝʨʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʨʘʟʨʝʞʝʥʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʜʝʰʝʚʠʟʥʫ ʦʧʝʨʘʮʠʠ 

ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮʳ ʥʘ ʚʝʢʪʦʨ.  

ʄʝʪʦʜ ɻʘʫʩʩʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʨʝʫʛʦʣʴʥʦʡ ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʷʚʣʷʝʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʉʃɸʋ ʩ ʨʘʟʨʝʞʝʥʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʅʝʧʦʣʥʳʡ 

ʩʧʠʩʦʢ ʙʠʙʣʠʦʪʝʢ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ɻʘʫʩʩʘ, ʚʢʣʶʯʘʝʪ 

¶ PARDISO 

¶ MUMPS 

¶ Super LU 

¶ WSMP 

ɺ ʵʪʦʪ ʩʧʠʩʦʢ ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ IntelÈMath Kernel Library, ʦʜʥʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʚʝʨʩʠʷ PARDISO, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ ʦʨʠʛʠʥʘʣʴʥʦʡ, ʫʧʦʤʷʥʫʪʦʡ ʚʳʰʝ. ɺ ʢʦʥʪʝʢʩʪʝ ʦʙʟʦʨʘ 

ʤʝʪʦʜʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʉʃɸʋ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʝ ʠʜʝʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʞʘʪʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʚʳʯʠʩʣʝʥʠʡ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʤʘʣʦʨʘʥʛʦʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [1, 2]. 

ʇʘʢʝʪ USPARS ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʱʝ ʦʜʠʥ ʵʣʝʤʝʥʪ ʵʪʦʛʦ ʨʷʜʘ. 

ɸʜʨʝʩ ʧʦʜʜʝʨʞʢʠ: uspars-dev@unipro.ru 

  

https://www.pardiso-project.org/
http://mumps.enseeiht.fr/
https://portal.nersc.gov/project/sparse/superlu/
https://researcher.watson.ibm.com/researcher/view_group.php?id=1426
https://software.intel.com/en-us/intel-mkl
mailto:uspars-dev@unipro.ru
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ˆ̖̗̖̗̓̈̓˰ ˷̗̑̈̎˸̖̏˰ 
ʄʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ ʩʯʠʪʘʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʬʦʨʤʘʪʝ CSR (Compressed Sparse 

Row) ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʨʝʞʝʥʥʳʭ ʤʘʪʨʠʮ. ʆʧʠʩʘʥʠʝ ʵʪʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ 

ʛʣʘʚʝ 1. ʊʘʤ ʞʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʧʦʨʪʨʝʪʘ ʨʘʟʨʝʞʝʥʥʦʡ ʤʘʪʨʠʮʳ, ʧʨʠʚʝʜʝʥʘ ʩʚʦʜʢʘ ʦʧʨʝʜʝʣʝʥʠʡ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʠʧʦʚ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʘʢʝʪʝ USPARS. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ USPARS ʨʘʟʙʠʪʘ ʥʘ ʜʚʘ ʫʨʦʚʥʷ. ʆʩʥʦʚʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʧʘʢʝʪʘ 

ʧʨʠʥʘʜʣʝʞʘʪ ʥʠʞʥʝʤʫ, ʩʢʨʳʪʦʤʫ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʫʨʦʚʥʶ. ʇʨʝʜʥʘʟʥʘʯʝʥʠʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʫʟʢʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳ, ʘ ʠʥʪʝʨʬʝʡʩʳ ʥʝ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʳ. ʇʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧʝʥ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ 

ʩ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʡ, ʦʧʠʩʘʥʥʦʤ ʚ ʛʣʘʚʝ 2. 

ɼʦʢʫʤʝʥʪ ʜʦʧʦʣʥʝʥ ʇʨʠʣʦʞʝʥʠʷʤʠ: 

¶ ʇʨʠʝʤʳ ʨʘʙʦʪʳ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ USPARS ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʚ ʧʨʠʤʝʨʘʭ ʚ ʛʣʘʚʝ A; 

¶ ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʠʥʠʤʫʤ, ʣʝʞʘʱʠʡ ʚ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʧʘʢʝʪʘ ï ʩʤ. B; 

¶ ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʙʦʪʝ ʩ ʧʘʢʝʪʦʤ ʤʦʞʥʦ ʥʘʡʪʠ ʚ C; 

¶ Python-ʠʥʪʝʨʬʝʡʩʳ ʢ ʬʫʥʢʮʠʷʤ USPARS ï ʩʤ D. 
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1 ˃ ̒̓˸˷˸̍˸̬̏̄ɯ̄ɯ̧̖̄̒ɯ˷˰̧̞̏̏ 

ɺ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʘʣʝʝ ʚ ʪʝʢʩʪʝ. 

1.3 ˏ̑̓̎˰̖ "21ɯ̞̓˰̏˸̬̏̄ɯ̓˰̂̓˸˼˸̧̞̏̏ɯ̎˰̖̠̓̄ 
ɸʙʙʨʝʚʠʘʪʫʨʘ CSR ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ Compressed Sparse Row. ʇʨʠ ʟʘʧʠʩʠ ʤʘʪʨʠʮʳ ʚ ʵʪʦʪ 

ʬʦʨʤʘʪ ʧʨʦʠʩʭʦʜʠʪ 'ʩʞʘʪʠʝ' ʨʘʟʨʝʞʝʥʥʳʭ ʩʪʨʦʢ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʠʟʚʝʩʪʠ ʩʞʘʪʠʝ ʩʪʨʦʢʠ, ʥʫʞʥʦ 

ʟʥʘʪʴ ʝʝ ʜʣʠʥʫ, ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʝʡ, ʧʦʟʠʮʠʠ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʟʥʘʯʝʥʠʷ. 

ʇʦʟʠʮʠʠ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʨʦʢʝ ð ʵʪʦ ʮʝʣʳʝ ʠʥʜʝʢʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʦʣʙʮʦʚ, ʟʥʘʯʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ð ʯʠʩʣʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ.  

ʌʦʨʤʘʪ CSR ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʬʦʨʤʘʪʦʚ ʭʨʘʥʝʥʠʷ ʨʘʟʨʝʞʝʥʥʳʭ ʤʘʪʨʠʮ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʙʠʙʣʠʦʪʝʢʘʭ ʧʦ ʨʘʙʦʪʝ ʩ ʨʘʟʨʝʞʝʥʥʳʤʠ ʤʘʪʨʠʮʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʬʦʨʤʘʪ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʤʧʦʥʝʥʪʝ PARDISO ʙʠʙʣʠʦʪʝʢʠ IntelÈ MKL. ʌʦʨʤʘʪ CSR ʚ ʧʘʢʝʪʝ USPARS 

ʠʩʧʦʣʴʟʫʝʪ ʪʨʠ ʤʘʩʩʠʚʘ, ʥʦ ʪʘʢʞʝ ʠʟʚʝʩʪʥʘ ʨʘʟʥʦʚʠʜʥʦʩʪʴ CSR, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ 

ʤʘʩʩʠʚʘ. 

1.3.2 ˅˰̂̓˸˼˸̏̏˰̬ɯ̎˰̖̠̓̄˰ɯ̑˲̥˸˴̑ɯ̒̑̍̑˼˸̬̏̄ 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʨʝʞʝʥʥʦʡ ʤʘʪʨʠʮʳ ʦʙʱʝʛʦ ʧʦʣʦʞʝʥʠʷ1 ʚ ʬʦʨʤʘʪʝ CSR ʥʫʞʥʳ ʪʨʠ ʣʠʥʝʡʥʳʭ 

ʤʘʩʩʠʚʘ. ɼʣʷ ʤʘʪʨʠʮʳ ὃ ʧʦʨʷʜʢʘ N, ʠʤʝʶʱʝʡ NNZ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʵʪʠ ʤʘʩʩʠʚʳ ʪʘʢʦʚʳ: 

o ia  ï ʮʝʣʦʯʠʩʣʝʥʥʳʡ ʤʘʩʩʠʚ ʜʣʠʥʳ N+1; 

o ja  ï ʮʝʣʦʯʠʩʣʝʥʥʳʡ ʤʘʩʩʠʚ ʜʣʠʥʳ NNZ; 
o a ï ʚʝʱʝʩʪʚʝʥʥʳʡ ʠʣʠ ʢʦʤʧʣʝʢʩʥʳʡ ʤʘʩʩʠʚ ʜʣʠʥʳ NNZ.  ɽʛʦ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (float  

ʠʣʠ double ) ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʪʨʠʮʳ. 

ʅʝʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʫʧʘʢʦʚʘʥʳ ʚ ʵʪʠ ʪʨʠ ʤʘʩʩʠʚʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʝʨʚʳʡ ʵʣʝʤʝʥʪ 

ia[0 ] ʤʘʩʩʠʚʘ  ia   ʚʩʝʛʜʘ ʨʘʚʝʥ ʥʫʣʶ,  ia[1]  ʨʘʚʝʥ ʯʠʩʣʫ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ 

ʤʘʪʨʠʮʳ.  K=ia[1] -  ia[0]    ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʚʦʡ ʩʪʨʦʢʠ ʧʦʤʝʱʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʳʭ k 
ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ  a   ʚ ʪʦʤ ʞʝ ʧʦʨʷʜʢʝ, ʢʘʢ ʦʥʠ ʧʦʷʚʣʷʶʪʩʷ ʚ ʩʪʨʦʢʝ. ʀʭ ʩʪʦʣʙʮʦʚʳʝ ʠʥʜʝʢʩʳ 

ʧʦʤʝʱʘʶʪʩʷ ʚ ʧʝʨʚʳʝ k    ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ ja . ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʚʪʦʨʦʡ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ ï 

ʩʪʦʣʙʮʦʚʳʝ ʠʥʜʝʢʩʳ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʤʘʩʩʠʚ ja   ʚ ʧʦʨʷʜʢʝ ʠʭ ʧʦʷʚʣʝʥʠʷ ʚ 

ʩʪʨʦʢʝ ʤʘʪʨʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʧʘʜʘʶʪ ʚ a, ʟʥʘʯʝʥʠʝ ia[2]  
ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʯʠʩʣʫ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʚʳʭ ʜʚʫʭ ʩʪʨʦʢʘʭ. 

ʇʨʦʜʦʣʞʘʷ ʧʨʦʮʝʩʩ ʜʣʷ ʦʩʪʘʚʰʠʭʩʷ ʩʪʨʦʢ ʤʘʪʨʠʮʳ, ʥʝʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʫʧʘʢʦʚʳʚʘʶʪ ʚ 

ʪʨʠ ʤʘʩʩʠʚʘ. ʅʝʪʨʫʜʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ia[N]  ʨʘʚʝʥ   NNZ. ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʷ 
ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ ja ʦʢʘʟʳʚʘʶʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʩʪʨʦʢʠ. ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʈʘʟʥʦʩʪʴ 

ia [ i +1]  ð ia [ i ], ( i  = 0,  1,  é, N- 1)  

ʚʩʝʛʜʘ ʨʘʚʥʘ ʯʠʩʣʫ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ὃȟ ʣʝʞʘʱʠʭ ʚ i -ʦʡ ʩʪʨʦʢʝ. ʇʦ ʵʪʦʤʫ ʧʨʘʚʠʣʫ    

ia [ i +1]  = ia [ i ]    ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚ   i-ʦʡ ʩʪʨʦʢʝ ʤʘʪʨʠʮʳ ʥʝʪ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʥʝʥʫʣʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮʳ ʠ ʵʣʝʤʝʥʪʘʤʠ ʤʘʩʩʠʚʘ a ʦʢʘʟʳʚʘʝʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ 

a[k]  = ὃȟ     ʜʣʷ    ia[i]  k < ia[i+1], (i  = 0,  1,  é, N- 1).  

ɿʘʤʝʯʘʥʠʝ. ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʦʧʠʩʘʥʠʠ ʚʩʝ ʠʥʜʝʢʩʳ, ʚʢʣʶʯʘʷ ʠʥʜʝʢʩʳ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ 

ʧʦʜʯʠʥʷʶʪʩʷ ʧʨʘʚʠʣʘʤ ʷʟʳʢʘ ʉʠ: ʥʘʯʠʥʘʶʪʩʷ ʩ ʥʫʣʷ (0-based indices ð ʠʥʜʝʢʩʳ ʧʦ ʙʘʟʝ 0). ɼʘʣʝʝ ʚ 

ʵʪʦʤ ʜʦʢʫʤʝʥʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʠʥʜʝʢʩʘʭ ʧʦ ʙʘʟʝ ʥʫʣʴ.  

                                                      
1 ʍʨʘʥʝʥʠʝ ʩʠʤʤʝʪʨʠʯʥʳʭ (ʚʝʱʝʩʪʚʝʥʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ) ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʵʨʤʠʪʦʚʳʭ ʤʘʪʨʠʮ ʦʧʠʩʘʥʦ ʚ 
ʧʦʜʨʘʟʜʝʣʝ 1.1.2 

https://software.intel.com/en-us/intel-mkl
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ʊʨʦʡʢʫ ʤʘʩʩʠʚʦʚ (ia , ja , a), ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʟʨʝʞʝʥʥʦʡ ʤʘʪʨʠʮʳ ὃ ʚ ʬʦʨʤʘʪʝ CSR, 

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ CSR-ʤʘʪʨʠʮʝʡ  ὃ. ɼʣʷ ʙʫʜʫʱʠʭ ʩʩʳʣʦʢ ʧʨʠʚʝʜʝʤ ʚ ʷʚʥʦʤ ʚʠʜʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʤ 

ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʵʣʝʤʝʥʪʳ ʠʥʜʝʢʩʥʳʭ ʤʘʩʩʠʚʦʚ: 

1. ʋʧʦʨʷʜʦʯʝʥʥʦʩʪʴ   ia    

0 = ia[0]  ia[1]   ia[2]  é  ia[n - 1]  ia[N] = NNZ .                     (1.1)  

2. ʋʧʦʨʷʜʦʯʝʥʥʦʩʪʴ   ja    ʚ ʩʪʨʦʢʝ 

   0  ja[k] < ja[k+1]  < N ȭȴɈ ia[i]  k < k+1 < ia[i+1],  0   i < N .       (1.2) 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʪʨʠʮʳ  

                                                                

ở

Ở
Ở
ờ

ρ π υ π π π
π ς π ψ π π
ρ π σ π π π
π π π ρ π π
π σ π π ς ρ
π π π π ρ ρỢ

ỡ
ỡ
Ỡ
                                                                           ρȢσ 

ʚ ʬʦʨʤʘʪʝ CSR. ʉʦʜʝʨʞʠʤʦʝ ʤʘʩʩʠʚʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ 

  ia  = 0,  2,  4,  6,  7, 10, 11;   

  ja  = 0,  2,  1,  3,  0,  2,   3,  1,  4,  5,  4;  
  a = 1., 5., 2., 8., 1., 3., 1., 3., 2., 1., 1.  

ʌʦʨʤʘʣʴʥʦ ʛʦʚʦʨʷ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ CSR-ʬʦʨʤʘʪʝ, ʩʦʚʩʝʤ 

ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʥʫʣʝʚʳʤʠ. ʅʘʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʘʷ ʪʨʦʡʢʘ ʤʘʩʩʠʚʦʚ 

   ia  = 0, 2, 5, 7, 9, 12, 14;  
  j a = 0,  2,  1,  3,  4,  0,  2,  1,  3,  1,  4,  5,  4,  5;  
   a = 1., 5., 2., 8., 0., 1., 3., 0., 1., 3., 2., 1., 1., 0  

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʩʝ ʪʫ ʞʝ ʤʘʪʨʠʮʫ (1.3), ʥʦ ʪʝʧʝʨʴ ʝʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʦʨʪʨʝʪ (ʩʤ. ʨʘʟʜʝʣ 1.2) 

ʩʠʤʤʝʪʨʠʯʝʥ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʜʚʘ ʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʘ ʤʘʪʨʠʮʳ ʙʳʣʠ ʚʥʝʩʝʥʳ ʚ ʩʝʤʝʡʩʪʚʦ 'ʥʝʥʫʣʝʚʳʭ'.  

1.1.2 ː ̓˰̏˸̏̄˸ɯ̔̄̎̎˸̡̖̓̄̏̑̅ɯ̓˰̂̓˸˼˸̏̏̑̅ɯ̎˰̧̖̠̓̄ɯ˳ɯ"21ɯ̝̑̓̎˰̖˸ɯɯ 
ʇʨʠ ʥʘʣʠʯʠʠ ʫ ʤʘʪʨʠʮʳ ʩʚʦʡʩʪʚʘ ʩʠʤʤʝʪʨʠʠ (ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ὃ ὃ  ʚʝʱʝʩʪʚʝʥʥʦʡ ʠʣʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʪʨʠʮʳ, ʠʣʠ ʵʨʤʠʪʦʚʦʩʪʴ ὃ ὃ  ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʪʨʠʮʳ) ʚʩʝ ʝʝ ʵʣʝʤʝʥʪʳ ʦʜʥʦʟʥʘʯʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʵʣʝʤʝʥʪʘʤ ʣʶʙʦʛʦ (ʚʝʨʭʥʝʛʦ ʠʣʠ ʥʠʞʥʝʛʦ) ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʤʘʪʨʠʮʳ. ɺ 

ʧʘʢʝʪʝ USPARS ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʘʢʠʭ ʤʘʪʨʠʮ ʚʳʙʨʘʥ ʚʝʨʭʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ, ʚʢʣʶʯʘʷ ʜʠʘʛʦʥʘʣʴ.  

ʇʫʩʪʴ ʩʠʤʤʝʪʨʠʯʥʘʷ ʤʘʪʨʠʮʘ ὃ ʧʦʨʷʜʢʘ ὔ  ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʦʨʤʘʪʝ CSR. ɺ ʦʧʠʩʘʥʠʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʨʘʟʜʝʣʝ 1.1.1 ʪʨʝʙʫʝʪʩʷ ʚʥʝʩʪʠ ʥʝʙʦʣʴʰʠʝ ʢʦʨʨʝʢʪʠʚʳ. ɼʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʪʨʠʮ   

NNZ   ʦʙʦʟʥʘʯʘʝʪ ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ὃ, ʣʝʞʘʱʠʭ ʚ ʝʝ ʚʝʨʭʥʝʤ ʪʨʝʫʛʦʣʴʥʠʢʝ, 
ʚʢʣʶʯʘʷ ʜʠʘʛʦʥʘʣʴ.  

ʋʧʘʢʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʚʝʨʭʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʤʘʪʨʠʮʳ ʚ ʪʨʠ ʤʘʩʩʠʚʘ CSR ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ 

ʦʧʠʩʘʥʠʶ ʠʟ ʨʘʟʜʝʣʘ 1.1.1. ʈʘʟʥʦʩʪʴ  

ia [ i +1]  ð ia [ i ] , ( i =0,  1,  é, N- 1)  

ʨʘʚʥʘ ʯʠʩʣʫ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ὃ, ʣʝʞʘʱʠʭ ʚ i -ʦʡ ʩʪʨʦʢʝ ʚʝʨʭʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, 

ʚʢʣʶʯʘʷ ʜʠʘʛʦʥʘʣʴ. 

ʋʩʣʦʚʠʷ ʥʘ ʵʣʝʤʝʥʪʳ ʠʥʜʝʢʩʥʳʭ ʤʘʩʩʠʚʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʠʤʤʝʪʨʠʯʥʫʶ ʣʠʙʦ ʵʨʤʠʪʦʚʫ ʤʘʪʨʠʮʫ 

(ʩʨ. (1.1), (1.2)): 

3. ʋʧʦʨʷʜʦʯʝʥʥʦʩʪʴ   ia    
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0 = ia[0]   ia[1]  ia[2]   é   ia[N - 1]  ia[N] = NNZ ;       (1.4) 

4. ʋʧʦʨʷʜʦʯʝʥʥʦʩʪʴ   ja    ʚ ʩʪʨʦʢʝ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʚʝʨʭʥʝʤʫ ʪʨʝʫʛʦʣʴʥʠʢʫ 

  i  ja[k]  < ja[k+1] < N   ʜʣʷ    ia[i]  k < k+1 < ia[i+1], 0  i < N  .  (1.5) 

ɿʘʚʝʨʰʠʤ ʨʘʟʜʝʣ ʧʨʠʤʝʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʳ 

          

ở

ỞỞ
ờ

τ π ς π π π
π σ π σ ς π
ς π ρ π π π
π σ π ρ π ς
π ς π π τ π
π π ρ ς π ψỢ

ỡỡ
Ỡ

 

ʚ ʬʦʨʤʘʪʝ CSR 

  ia  = 0,   2,  5,    6,   8,  9, 1 0;  
 ja  = 0,   2,  1,   3,   4,  2,  3,  5,  4,  5;  
  a = 4.,  2., 3.,  - 3., - 2., 1., 1., 2., 4., 8.  

 

1.2 ˄ ̖̑̓̓˸̧̖ɯ̓˰̂̓˸˼˸̧̞̏̏ɯ̎˰̖̠̓̄ 
ʊʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʦʨʪʨʝʪʳ ʨʘʟʨʝʞʝʥʥʳʭ ʤʘʪʨʠʮ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʪʨʠʮʝ. ʅʘ ʈʠʩ 1.1 ʠʟʦʙʨʘʞʝʥʳ ʪʘʢʠʝ ʧʦʨʪʨʝʪʳ ʜʣʷ 

ʩʣʫʯʘʷ ʤʘʪʨʠʮ ʥʝʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ʊʦʯʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʟʠʮʠʠ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʘʪʨʠʮʝ. ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʧʦʨʪʨʝʪʦʚ ʤʳ ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʜʠʘʛʦʥʘʣʠ ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ, ʠ ʵʪʦ 

ʥʘʰʣʦ ʷʚʥʦʝ ʦʪʨʘʞʝʥʠʝ ʥʘ ʨʠʩʫʥʢ˰̞ȭ 

 

ʈʠʩ 1.1 ʉʣʝʚʘ: ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʧʦʨʪʨʝʪ ʨʘʟʨʝʞʝʥʥʦʡ ʤʘʪʨʠʮʳ.  

ʉʧʨʘʚʘ: ʩʠʤʤʝʪʨʠʟʘʮʠʷ ʧʦʨʪʨʝʪʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʩʣʝʚʘ. 

 

ʅʘ ʧʦʨʪʨʝʪʝ ʩʧʨʘʚʘ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʛʦʥʘʣʠ ʤʘʪʨʠʮʳ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʦʨʪʨʝʪ ʩʣʝʚʘ ʪʘʢʠʤ ʩʚʦʡʩʪʚʦʤ ʥʝ ʦʙʣʘʜʘʝʪ. ɻʦʚʦʨʷʪ, ʯʪʦ ʤʘʪʨʠʮʘ, ʧʦʨʪʨʝʪ ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʝʥ 

ʩʧʨʘʚʘ, ʦʙʣʘʜʘʝʪ ʩʠʤʤʝʪʨʠʯʥʳʤ ʧʦʨʪʨʝʪʦʤ. ʕʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʘ ʩʘʤʘ ʩʠʤʤʝʪʨʠʯʥʘ ð ʜʣʷ 

ʵʪʦʛʦ ʥʫʞʥʦ, ʯʪʦʙʳ ʩʚʦʡʩʪʚʦʤ ʩʠʤʤʝʪʨʠʠ ʦʙʣʘʜʘʣʠ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʚ ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʟʠʮʠʷʭ. 

1.3 ̂ ̒˸̠̄˰̨̧̍̏˸ɯ̧̖̄̒ɯ˷˰̧̞̏̏ɯ̒˰̈˸̖˰ɯ42/ 12 
ɺ ʩʧʠʩʢʝ ʘʨʛʫʤʝʥʪʦʚ ʬʫʥʢʮʠʡ ʧʘʢʝʪʘ USPARS ʫʢʘʟʘʪʝʣʠ ʥʘ ʤʘʩʩʠʚʳ ʯʠʩʝʣ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 

ʧʨʠʚʝʜʝʥʳ ʢ ʪʠʧʫ void* . 
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ɼʣʷ ʧʝʨʝʜʘʯʠ ʚ ʬʫʥʢʮʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʘʢʪʠʯʝʩʢʦʤ ʪʠʧʝ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʧʝʨʝʯʠʩʣʷʝʤʦʛʦ ʪʠʧʘ usp_scalar_type , ʩʧʠʩʦʢ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʝ 1.1. 

ʊʘʙʣʠʮʘ 1.1: ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʠʧʘ usp_scalar_type  

ɿʥʘʯʝʥʠʝ ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʥʦʤʫ ʪʠʧʫ 
USP_FLOAT ɺʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʩ ʦʙʳʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ (float) 
USP_DOUBLE ɺʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʩ ʜʚʦʡʥʦʡ 

ʪʦʯʥʦʩʪʴʶ (double) 
USP_COMPLEX_FLOAT ɺʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʩ ʜʚʦʡʥʦʡ 

ʪʦʯʥʦʩʪʴʶ (double) 
USP_COMPLEX_DOUBLE ʂʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʩ ʦʙʳʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ (Complex float) 

 

ɺ ʧʘʢʝʪʝ USPARS ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʪʨʝʫʛʦʣʴʥʦʡ ʬʘʢʪʦʨʠʟʘʮʠʠ ʨʘʟʨʝʞʝʥʥʳʭ ʤʘʪʨʠʮ. 

ʊʠʧ ʬʘʢʪʦʨʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʢʪʦʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʤʘʪʨʠʮʳ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʢʣʘʩʩʫ (ʩʤ ʨʘʟʜʝʣ 

B.1). ʕʪʦʤʫ ʪʠʧʫ ʧʦʩʪʘʚʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʝʨʝʤʝʥʥʘʷ ʧʝʨʝʯʠʩʣʷʝʤʦʛʦ ʪʠʧʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʊʘʙʣʠʮʝ 1.2 

ʊʘʙʣʠʮʘ 1.2: ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʠʧʘ usp_ factorize _type  

ɿʥʘʯʝʥʠʝ ʉʤʳʩʣʦʚʦʝ ʥʘʧʦʣʥʝʥʠʝ 
USP_LLH ʈʘʟʣʦʞʝʥʠʝ ʍʦʣʝʮʢʦʛʦ (ʩʤ (B.4)) ʚʝʱʝʩʪʚʝʥʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠʣʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʵʨʤʠʪʦʚʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʪʨʠʮʳ 
USP_LDLT LDLT-ʨʘʟʣʦʞʝʥʠʝ ʩʠʤʤʝʪʨʠʯʥʦʡ (ʚʝʱʝʩʪʚʝʥʥʦʡ ʠʣʠ ʢʦʤʧʣʝʢʩʥʦʡ) ʤʘʪʨʠʮʳ (B.12) 
USP_LDLH LDLH-ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʵʨʤʠʪʦʚʦʡ ʤʘʪʨʠʮʳ (B.12) 
USP_LU LU-ʨʘʟʣʦʞʝʥʠʝ (ʚʝʱʝʩʪʚʝʥʥʦʡ ʠʣʠ ʢʦʤʧʣʝʢʩʥʦʡ) ʤʘʪʨʠʮʳ ʦʙʱʝʛʦ ʚʠʜʘ (B.16) 

 

ʌʫʥʢʮʠʠ uspars_param_get()  ʠ uspars_param_set()  (ʩʤ ʨʘʟʜʝʣʳ 2.5, 2.6) ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ, ʠʣʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʫʧʨʘʚʣʷʶʱʠʭ ʭʦʜʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʧʠʩʦʢ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ ʧʝʨʝʯʠʩʣʷʝʤʦʛʦ ʪʠʧʘ usp_ param _data  (ʩʤ ʊʘʙʣʠʮʫ 1.3). 

ʊʘʙʣʠʮʘ 1.3: ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʠʧʘ usp_ param _data  

ɿʥʘʯʝʥʠʝ ʉʤʳʩʣʦʚʦʝ ʥʘʧʦʣʥʝʥʠʝ 
USP_ERR ʢʦʜ ʦʰʠʙʢʠ 

USP_NNZL ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ L-ʬʘʢʪʦʨʘ.  

ʇʨʠ ʚʢʣʶʯʝʥʠʠ options [ USP_GLOBAL_PIVOT] ʧʦʧʳʪʢʘ ʚʳʯʠʩʣʠʪʴ 

ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ L-ʬʘʢʪʦʨʝ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ 

ʦʪʚʝʪʫ.  

USP_PERM_VECTOR ʚʝʢʪʦʨ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʜʣʷ ʧʝʨʝʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ʧʝʨʝʜ ʬʘʢʪʦʨʠʟʘʮʠʝʡ 
USP_ITER_STOP_CRIT ʯʠʩʣʦ ʩ ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʴʶ ï ʢʨʠʪʝʨʠʡ ʦʩʪʘʥʦʚʢʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ (ʩʤ 

ʨʘʟʜʝʣ C.2) 
USP_BOOSTING_VALUE ʯʠʩʣʦ ʩ ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʴʶ ï ʫʨʦʚʝʥʴ ʜʦʧʫʩʢʘ ʜʣʷ ôʧʦʜʜʝʨʞʢʠô (ʩʤ ʨʘʟʜʝʣ 

C.3.1)  
USP_GP_EPS ʯʠʩʣʦ ʩ ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʴʶ ï ʧʘʨʘʤʝʪʨ ʤʘʣʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʘʣʛʦʨʠʪʤʝ 

ʛʣʦʙʘʣʴʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ (ʩʤ ʨʘʟʜʝʣ C.3.2) 
USP_GET_LU ʇʘʨʘʤʝʪʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚ ʧʣʦʪʥʦʤ ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʤʘʪʨʠʮʳ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʳʯʠʩʣʝʥʠʡ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʠʢʘʢʠʝ 

ʧʝʨʝʩʪʘʥʦʚʢʠ.  

USP_MEM_FCT ʇʘʨʘʤʝʪʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʮʝʥʢʝ ʦʙʲʝʤʘ ʧʘʤʷʪʠ (ʚ ʙʘʡʪʘʭ), 

ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʬʘʢʪʦʨʠʟʘʮʠʠ.  
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ƕȭƘɯ˄˸̓˸̖̔˰̏̑˳̈̄ 
ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʘʤʷʪʠ ʚ ʘʣʛʦʨʠʪʤʘʭ ʪʨʝʫʛʦʣʴʥʦʡ ʬʘʢʪʦʨʠʟʘʮʠʠ ʨʘʟʨʝʞʝʥʥʳʭ ʤʘʪʨʠʮ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʦʩʪʨʦʝʥʥʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ 

(ʩʤ ʨʘʟʜʝʣ B.1.4). ɺ ʩʣʫʯʘʝ ʩʠʤʤʝʪʨʠʯʥʦʡ ὔ ὔ ʤʘʪʨʠʮʳ ὃ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʧʝʨʝʩʪʘʥʦʚʢʘʤʠ 

                                                          ὃ ὖὃὖ                                                                                                         ρȢφ       

ʛʜʝ ὖ  ʤʘʪʨʠʮʘ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʘ ὖ  ʝʝ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ. ʗʩʥʦ ʯʪʦ ʤʘʪʨʠʮʘ ὃ ʪʘʢʞʝ ʙʫʜʝʪ 

ʩʠʤʤʝʪʨʠʯʥʦʡ. ʉʠʤʤʝʪʨʠʯʥʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʢ ʤʘʪʨʠʮʘʤ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ 

ʧʦʨʪʨʝʪʦʤ. 

ɺ ʢʘʞʜʦʡ ʩʪʨʦʢʝ (ʠ ʩʪʦʣʙʮʝ) ʤʘʪʨʠʮʳ ʧʝʨʝʩʪʘʥʦʚʦʢ ʨʘʩʧʦʣʦʞʝʥʦ ʨʦʚʥʦ ʧʦ ʦʜʥʦʤʫ ʥʝʥʫʣʝʚʦʤʫ 

ʵʣʝʤʝʥʪʫ, ʠ ʚʩʝ ʥʝʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ ʝʜʠʥʠʮʝ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʤʘʪʨʠʮʘ ὖ ʧʦʣʫʯʘʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʦʣʙʮʦʚ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʳ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

                                          ὖ
ρ   ̅̌ ̠ Ὥ ὴ

π   ̅̌ ̠Ὥ ὴ
                                  Ὦ ρȟςȟȣȟὔ                                     ρȢχ    

ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʦʥʷʪʠʝ ʚʝʢʪʦʨʘ ʧʝʨʝʩʪʘʥʦʚʦʢ ὴ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ὴ. ʗʩʥʦ, ʯʪʦ ʚʝʢʪʦʨ ὴ ʧʦʣʥʦʩʪʴʶ 
ʦʧʨʝʜʝʣʷʝʪ ʤʘʪʨʠʮʫ ὖ. 

ʊʫ ʞʝ ʩʘʤʫʶ ʤʘʪʨʠʮʫ ὖ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʝʨʝʩʪʘʚʣʷʷ ʩʪʨʦʢʠ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʳ 

                                    ὖ
ρ   ̅̌ ̠ Ὦ ή
π   ̅̌ ̠Ὦ ή

                                  Ὥ ρȟςȟȣȟὔ                                            ρȢψ  

ʠ ʵʪʘ ʧʝʨʝʩʪʘʥʦʚʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ή. ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʚʝʢʪʦʨ ή ʦʧʨʝʜʝʣʷʝʪ 

ʧʝʨʝʩʪʘʥʦʚʢʫ, ʦʙʨʘʪʥʫʶ ʢ ὖ  

ὴ Ὥȟ               Ὥ ρȟςȟȣȟὔȠ

ή Ὦȟ               Ὦ ρȟςȟȣȟὔȢ 
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2 ˄̨̑̍̂̑˳˰̖˸̨̍̔̈˰̬ɯ̝̗̠̏̈̄̑̏˰̨̨̖̍̏̑̔ 
ʉʨʝʜʠ ʘʨʛʫʤʝʥʪʦʚ ʢʘʞʜʦʡ ʠʟ ʬʫʥʢʮʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʫʨʦʚʥʷ ʧʘʢʝʪʘ USPARS ʠʤʝʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʡ ʘʨʛʫʤʝʥʪ (ʪʠʧʘ void**). ɺ ʢʦʜʘʭ ʬʫʥʢʮʠʡ ʪʠʧ ʵʪʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʨʠʚʦʜʠʪʩʷ ʢ ʪʠʧʫ 

ʫʢʘʟʘʪʝʣʴ-ʥʘ-ʫʢʘʟʘʪʝʣʴ ʥʘ ʧʝʨʝʤʝʥʥʫʶ ʪʠʧʘ structure (ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʨʝʯʠ ʥʘʟʳʚʘʝʤʫʶ USP-

ʩʪʨʫʢʪʫʨʦʡ), ʧʦʣʷ ʢʦʪʦʨʦʡ ʭʨʘʥʷʪ ʫʢʘʟʘʪʝʣʠ ʥʘ ʤʘʩʩʠʚʳ ʠʩʭʦʜʥʳʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʘʥʥʳʭ. ʕʪʠ 

ʜʘʥʥʳʝ ʥʝ ʨʘʩʢʨʳʚʘʶʪʩʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʨʘʟʨʝʞʝʥʥʦʡ ʤʘʪʨʠʮʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʥʫʞʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʟʚʘʪʴ ʯʝʪʳʨʝ ʬʫʥʢʮʠʠ ʧʘʢʝʪʘ USPARS: 

1. uspars_alloc()  ʩʦʟʜʘʝʪ USP-ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ; 

2. uspars_init ()  ʧʨʦʠʟʚʦʜʠʪ ʧʦʜʛʦʪʦʚʢʫ ʢ ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; 

3. uspars_fact ()  ʧʨʦʠʟʚʦʜʠʪ ʩʦʙʩʪʚʝʥʥʦ ʬʘʢʪʦʨʠʟʘʮʠʶ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; 

4. uspars_solve ()  ʧʨʦʠʟʚʦʜʠʪ ʠʩʢʣʶʯʝʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ. 

ʆʩʦʙʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʫʢʘʟʘʥʥʳʡ ʧʦʨʷʜʦʢ 

  uspars _alloc () ᵼ uspars _init ()  ᵼ uspars _fact ()  ᵼ uspars _solve ()    (2.1)    

ʚʳʟʦʚʘ ʬʫʥʢʮʠʡ ʧʨʝʜʦʧʨʝʜʝʣʝʥ ʪʝʤ, ʯʪʦ ʢʘʞʜʘʷ ʬʫʥʢʮʠʷ ʚ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ 

ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʠ. ʅʘʨʫʰʝʥʠʝ ʧʦʨʷʜʢʘ (2.1) ʚʳʟʦʚʘ ʬʫʥʢʮʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʦʰʠʙʢʝ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ USP-ʩʪʨʫʢʪʫʨʘ, ʠ ʚʥʝʰʥʝ ʵʪʦ ʥʠʢʘʢ ʥʝ 

ʧʨʦʷʚʣʷʝʪʩʷ. 

 

ɿʘʤʝʯʘʥʠʝ 2.0.1. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʤʘʪʨʠʮʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʥʦ ʨʘʟʥʳʤʠ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ, ʪʦ ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʟʚʘʚ ʬʫʥʢʮʠʶ 

uspars_solve()  ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʝʢʪʦʨʘʤʠ ʧʨʘʚʳʭ ʯʘʩʪʝʡ.                                                                                                                                                                                                                                                  

ʂʘʞʜʘʷ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚʦʟʚʨʘʱʘʝʪ ʢʦʜ ʟʘʚʝʨʰʝʥʠʷ. ɿʥʘʯʝʥʠʝ ʢʦʜʘ ʩʠʛʥʘʣʠʟʠʨʫʝʪ, ʯʪʦ 

ʚʳʯʠʩʣʝʥʠʷ ʟʘʚʝʨʰʠʣʠʩʴ ʢʦʨʨʝʢʪʥʦ, ʣʠʙʦ ʢʦʜ ʦʰʠʙʢʠ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʥʝʰʪʘʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʝʞʜʝ, 

ʯʝʤ ʚʳʟʳʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʬʫʥʢʮʠʶ ʥʘʩʪʦʷʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʜ ʟʘʚʝʨʰʝʥʠʷ.  

2.1 uspars_alloc() : c̑̂˷˰̏̄˸ɯ42/-̧̖̗̖̗̔̓̈̓ 

ʉʠʥʪʘʢʩʠʩ 

int uspars_alloc (void **tt)  

Include 

uspars . h 

ʆʧʠʩʘʥʠʝ 

ʌʫʥʢʮʠʷ ʩʣʫʞʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ USP-ʩʪʨʫʢʪʫʨʳ ** tt , ʠʩʧʦʣʴʟʫʝʤʦʡ ʬʫʥʢʮʠʷʤʠ ʧʘʢʝʪʘ ʜʣʷ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ. ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʠ uspars_alloc()  ʩʤ ʚ ʜʠʨʝʢʪʦʨʠʠ examples . 

ʂʦʜʳ ʚʦʟʚʨʘʪʘ 

ʂʦʜ ɺʠʜ ʦʰʠʙʢʠ 

0 ʋʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ 

3 ʆʰʠʙʢʘ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ 

 

2.2 uspars _init () ȯɯ̒̑˷˴̖̑̑˳̈˰ɯ̈ɯ̝˰̖̈̑̓̄̂˰̠̄̄ɯ̎˰̧̖̠̓̄ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ 

ʉʠʥʪʘʢʩʠʩ 
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int uspars_init(void **tt,  int n, int *ia, int *ja, void *a,  

                usp_scalar_type  utype, usp_factorize_type  ftype,  

                int *options)  

Include 

uspars.h  

ʆʧʠʩʘʥʠʝ 

ʌʫʥʢʮʠʷ uspars _init ()  ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ὃὼ ὪȢ 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʦ ʚʳʟʦʚʘ ʬʫʥʢʮʠʠ uspars _init ( )  ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʟʚʘʥʘ ʬʫʥʢʮʠʷ 

uspars _alloc ()  (ʩʤ ʨʘʟʜʝʣ 2.1), ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪ USP-ʩʪʨʫʢʪʫʨʫ ** tt . ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʜʝʡʩʪʚʠʡ uspars _init ()  ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʩʧʠʩʢʝ. 

a) ʋʢʘʟʘʪʝʣʠ ʥʘ ʤʘʩʩʠʚʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʘʪʨʠʮʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʬʦʨʤʘʪʝ CSR (ʩʤ ʨʘʟʜʝʣ 

1.1), ʟʘʥʦʩʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʷ USP-ʩʪʨʫʢʪʫʨʳ ** tt .  

b) ɹʘʣʘʥʩʠʨʦʚʢʘ (ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʝʨʤʠʥʳ scaling ʠʣʠ balancing) 

ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʝʝ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʜʠʘʛʦʥʘʣʴʥʳʝ 

ʤʘʪʨʠʮʳ (ʩʤ ʧʦʜʨʘʟʜʝʣ B.2). ɹʘʣʘʥʩʠʨʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥʘ ʠʣʠ ʚʳʢʣʶʯʝʥʘ (ʦ ʩʧʦʩʦʙʘʭ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʤ ʦʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʘ options [ USP_SCALING] ). ɺʟʘʤʝʥ ʤʘʪʨʠʮʳ ὃ 

ʚʦʟʥʠʢʘʝʪ ʤʘʪʨʠʮʘ 

ὃ
ὈὃὈ         ̂́̌́̎̒̉̑̏̃̋́ ̟̘̃̋̌̆̎́Ƞ
ὃ                ̂́̌́̎̒̉̑̏̃̋́ ̜̟̘̃̋̌̆̎́Ȣ

 

c) ʇʝʨʝʩʪʘʥʦʚʢʘ ʩʪʨʦʢ ʤʘʪʨʠʮʳ (ʩʤ ʧʦʜʨʘʟʜʝʣ B.3) ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʠʪʴ ʤʠʥʠʤʫʤ ʘʙʩʦʣʶʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʝʝ ʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʘʷ ʦʧʝʨʘʮʠʷ ʥʘʟʳʚʘʝʪʩʷ matching ʠ ʧʨʠʤʝʥʷʝʪʩʷ 

ʪʦʣʴʢʦ ʜʣʷ ʤʘʪʨʠʮ ʦʙʱʝʛʦ ʚʠʜʘ (ftype  == USP_LU) (ʦ ʪʦʤ, ʢʘʢ ʦʥʘ ʚʢʣʶʯʘʝʪʩʷ, ʩʤ 
ʦʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʘ options ). ʌʦʨʤʫʣʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʪʦʡ ʦʧʝʨʘʮʠʠ 

ὃ
ὖὃ              ÍÁÔÃÈÉÎÇ ̟̘̃̋̌̆̎Ƞ
ὃ                ÍÁÔÃÈÉÎÇ ̜̟̘̃̋̌̆̎Ȣ

 

ɿʜʝʩʴ ὖ ʦʙʦʟʥʘʯʘʝʪ ʤʘʪʨʠʮʫ ʧʝʨʝʩʪʘʥʦʚʦʢ. 

 

d) ʉʠʤʤʝʪʨʠʟʘʮʠʷ ʧʦʨʪʨʝʪʘ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

e) ʉʠʤʤʝʪʨʠʯʥʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ (ʘʣʛʦʨʠʪʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʧʘʨʘʤʝʪʨʦʤ options [ USP_RTYPE] ) ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʥʝʥʫʣʝʚʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʤʘʪʨʠʮʘ ὃ ὖὃὖ (ὖ Ὅ, ʝʩʣʠ 
ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʩʪʘʥʦʚʢʠ).  

f) ʉʠʤʚʦʣʴʥʘʷ ʬʘʢʪʦʨʠʟʘʮʠʷ ʤʘʪʨʠʮʳ ὃ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʥʦʚʠʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʨʪʨʝʪ 
ʨʘʟʨʝʞʝʥʥʦʡ ʤʘʪʨʠʮʳ ὒ (ʠ ʤʘʪʨʠʮʳ Ὗ  ʚ ʩʣʫʯʘʝ LU-ʨʘʟʣʦʞʝʥʠʷ), ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʲʝʤ 

ʪʨʝʙʫʝʤʦʡ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʝʝ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. ɺʳʜʝʣʝʥʠʝ ʧʘʤʷʪʠ ʧʦʜ ʤʘʩʩʠʚʳ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʘʥʥʳʭ ʠ ʥʝʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʦʚ. ʋʢʘʟʘʪʝʣʠ ʥʘ ʵʪʠ 

ʤʘʩʩʠʚʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʧʦʣʷʭ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʤʝʥʥʦʡ tt . 

ʊʘʙʣʠʮʘ 2.1: ɸʨʛʫʤʝʥʪʳ ʬʫʥʢʮʠʠ uspars _init ( )  
ʪʠʧ ʠʤ ̫ ʅʘʟʥʘʯʝʥʠʝ 

in/out tt  ʋʢʘʟʘʪʝʣʴ-ʥʘ-ʫʢʘʟʘʪʝʣʴ ʥʘ USP-ʩʪʨʫʢʪʫʨʫ 

input n ʇʦʨʷʜʦʢ ʤʘʪʨʠʮʳ, >0 

input ia, ja, 
a 

ʊʨʦʡʢʘ ʤʘʩʩʠʚʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ CSR-ʤʘʪʨʠʮʫ (ʩʤ ʨʘʟʜʝʣ 1.1) ʢʦʵʬʬʠʮʠʝʥʪʦʚ ὃ  

ʊʠʧ ʫʢʘʟʘʪʝʣʷ a ʧʨʠʚʝʜʝʥ ʢ ʪʠʧʫ void *, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʩʪʠʥʥʦʤ ʪʠʧʝ 
ʵʣʝʤʝʥʪʦʚ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ utype  

input utype  ʀʥʬʦʨʤʘʮʠʷ ʦ ʪʠʧʝ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ (ʩʤ ʊʘʙʣʠʮʫ 1.1) 

input ftype  ʀʥʬʦʨʤʘʮʠʷ ʦ ʪʠʧʝ ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʘʪʨʠʮʳ (ʩʤ ʊʘʙʣʠʮʫ 1.2) 

input options  ʄʘʩʩʠʚ (ʜʣʠʥʦʡ USP_OPTIONS) ʦʧʮʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʫʥʢʮʠʷʤʠ ʧʘʢʝʪʘ 
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USPARS. ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ USP_OPTIONS ʦʧʨʝʜʝʣʝʥʦ ʚ uspars.h . 

 

*) ʀʥʜʝʢʩʳ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ, ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʦʚ ia, ja ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʜʚʠʛʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʯʘʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʩʩʠʚʦʚ ʠ ʥʘʯʠʥʘʶʪʩʷ ʩ ʥʫʣʷ (ʉ-ʰʥʘʷ ʥʫʤʝʨʘʮʠʷ). 

**) ʕʣʝʤʝʥʪʳ ʤʘʩʩʠʚʦʚ ia, ja ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ (1.1), (1.2) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʫʩʣʦʚʠʷʤ (1.4), 

(1.5) ʚ ʩʠʤʤʝʪʨʠʯʥʦʤ ʠʣʠ ʵʨʤʠʪʦʚʦʤ ʩʣʫʯʘʝ. 

ʉʧʠʩʦʢ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ options : 

Á options[USP_MSGLVL ]  
o 0: 'ʤʦʣʯʘʣʠʚʳʝ' ʚʳʯʠʩʣʝʥʠʷ (ʥʠʢʘʢʦʡ ʧʝʯʘʪʠ ʥʘ ʵʢʨʘʥ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ). 

o 1: ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ 'ʛʦʚʦʨʣʠʚʦʩʪʠ' ʚʳʯʠʩʣʝʥʠʡ ñ ʚʳʧʦʣʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʬʫʥʢʮʠʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʘʯʝʡ ʥʘ ʵʢʨʘʥ (ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ).  

o 2: ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 'ʛʦʚʦʨʣʠʚʦʩʪʠ' (ʬʫʥʢʮʠʠ ʩʦʦʙʱʘʶʪ ʦ ʚʭʦʜʝ-ʚʳʭʦʜʝ, ʦʙ 

ʦʰʠʙʦʯʥʳʭ ʩʠʪʫʘʮʠʷʭ, ...). 

Á options [ USP_SCALING]  ʦʧʨʝʜʝʣʷʝʪ, ʚʢʣʶʯʘʪʴ ʠʣʠ ʥʝʪ ʙʘʣʘʥʩʠʨʦʚʢʫ ʤʘʪʨʠʮʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʩʤ ʨʘʟʜʝʣ B.2). ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ LU-, LDLT- ʠ LDLH-ʬʘʢʪʦʨʠʟʘʮʠʡ. ɺ ʩʣʫʯʘʝ LLH-ʬʘʢʪʦʨʠʟʘʮʠʠ ʟʥʘʯʝʥʠʷ 

ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʛʥʦʨʠʨʫʶʪʩʷ. 

o 0: ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʣʘʥʩʠʨʦʚʢʫ (ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ LLH , LDLT, LDLH ).  

o 1: ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʣʘʥʩʠʨʦʚʢʫ (ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ LU). 

Á options [ USP_MATCHING]  ʦʧʨʝʜʝʣʷʝʪ, ʚʢʣʶʯʘʪʴ ʠʣʠ ʥʝʪ matching (ʩʤ ʨʘʟʜʝʣ B.3). ɿʥʘʯʝʥʠʝ 

ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ LU-ʬʘʢʪʦʨʠʟʘʮʠʠ, 

(ʨʘʟʜʝʣ B.1.3). ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʛʥʦʨʠʨʫʶʪʩʷ. 

o 0: ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ matching (ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ LLH , LDLT, LDLH ).  

o 1: ʠʩʧʦʣʴʟʦʚʘʪʴ matching (ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ LU). 

Á options [ USP_RTYPE]  ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʩʪʘʥʦʚʢʫ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ, ʧʨʠʤʝʥʷʝʤʫʶ 

ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʘʭ. ʇʝʨʝʩʪʘʥʦʚʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʚʳʯʠʩʣʷʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʣʠʙʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʚʩʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʥʘʯʝʥʠʷ options [ USP_RTYPE] : 

o 0: ʚʝʢʪʦʨ ʧʝʨʝʩʪʘʥʦʚʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

o 1: ʚʝʢʪʦʨ ʧʝʨʝʩʪʘʥʦʚʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷʤʠ USPARS-ʢʦʤʧʦʥʝʥʪʳ Atlant 

(ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ);  

o 2: ʚʝʢʪʦʨ ʧʝʨʝʩʪʘʥʦʚʢʠ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ Metis, ʝʩʣʠ ʧʘʢʝʪ ʫʩʪʘʥʦʚʣʝʥ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʦʧʮʠʠ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ 1 ʠ ʚʳʯʠʩʣʝʥʠʝ ʚʝʢʪʦʨʘ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʦʥʝʥʪʳ Atlant;  

o 3: ʚʝʢʪʦʨ ʧʝʨʝʩʪʘʥʦʚʢʠ ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɺʝʢʪʦʨ ʧʝʨʝʩʪʘʥʦʚʢʠ ʜʦʣʞʝʥ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʷʤ (1.7). 

Á options [ USP_ITER_REF]  -  ʦʛʨʘʥʠʯʝʥʠʝ ʯʠʩʣʘ ʰʘʛʦʚ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʪʦʯʥʝʥʠ ̫(ʩʤ ʨʘʟʜʝʣ 

C.2). ɽʩʣʠ options [ USP_ITER _REF]  == 0, ʪʦ ʠʪʝʨʘʮʠʦʥʥʦʝ ʫʪʦʯʥʝʥʠʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 
(ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ). ʏʪʦʙʳ ʠʪʝʨʘʮʠʦʥʥʦʝ ʫʪʦʯʥʝʥʠʝ ʚʢʣʶʯʠʣʦʩʴ, ʟʥʘʯʝʥʠʝ 

options [ USP_ITER_REF]  ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʀʪʝʨʘʮʠʦʥʥʦʝ ʫʪʦʯʥʝʥʠʝ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʦʛʨʘʥʠʯʝʥʠʷ ʯʠʩʣʘ ʰʘʛʦʚ ʣʠʙʦ, ʝʩʣʠ ʚʳʧʦʣʥʝʥ ʢʨʠʪʝʨʠʡ 

ʦʩʪʘʥʦʚʢʠ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʚʷʟʢʝ (C.1). ɿʥʘʯʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʘʨʘʤʝʪʨʘ ‌ ʚ (ʉ.1): 

o 1Ȯ- 6 ʜʣʷ ʦʙʳʯʥʦʡ ʪʦʯʥʦʩʪʠ; 

o 1Ȯ- 14  ʜʣʷ ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʠ.  

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʟʦʚ ʬʫʥʢʮʠʠ  

uspars_param_set(&t, USP_ITER_STOP_CRIT, &value);  

ʛʜʝ t  ʫʢʘʟʘʪʝʣʴ ʥʘ USP-ʩʪʨʫʢʪʫʨʫ, value   ╖  ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ.  
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Á options [ USP_BOOSTING]  ╖ ʚʢʣʶʯʝʥʠʝ ʜʠʘʛʦʥʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ (ʩʤ ʨʘʟʜʝʣ C.3.1) ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ LDLT-, LDLH-, ʠ LU-ʬʘʢʪʦʨʠʟʘʮʠʡ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʢʠ Zero  
Pivot .   
o 0: ʧʦʜʜʝʨʞʢʘ ʥʝ ʚʢʣʶʯʝʥʘ (ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ);  

o 1: ʚʢʣʶʯʠʪʴ ʜʠʘʛʦʥʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ. 

ʇʨʠ ʚʢʣʶʯʝʥʥʦʡ ʜʠʘʛʦʥʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʝ ʥʝʢʦʪʦʨʳʝ ʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʝ ʵʣʝʤʝʥʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ 'ʫʨʦʚʝʥʴ ʤʘʣʦʩʪʠ' ‏  (ʩʤ (C.4)). ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʟʥʘʯʝʥʠʝ 

‏  ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʟʦʚ ʬʫʥʢʮʠʠ 

uspars _param _set ( &t , USP_BOOSTING_VALUE, &value ),  

ʛʜʝ t  ʫʢʘʟʘʪʝʣʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ USP-ʩʪʨʫʢʪʫʨʫ, value   ╖  ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʝ ʟʥʘʯʝʥʠʝ 

‏ . ɽʩʣʠ ʚʢʣʶʯʝʥʘ ʜʠʘʛʦʥʘʣʴʥʘʷ ʧʦʜʜʝʨʞʢʘ ʠ ʥʝ ʚʢʣʶʯʝʥʦ ʠʪʝʨʘʮʠʦʥʥʦʝ ʫʪʦʯʥʝʥʠʝ, ʪʦ ʦʥʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʢʣʶʯʘʝʪʩʷ ʥʘ 8 ʠʪʝʨʘʮʠʡ. 

Á options [ USP_GLOBAL_PIVOT]  ╖ ʚʢʣʶʯʝʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 
LDLT-, LDLH-, ʠ LU-ʬʘʢʪʦʨʠʟʘʮʠʡ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʢʠ Zero Pivot (ʩʤ 

ʨʘʟʜʝʣ C.3.2). 

ɽʩʣʠ options [ USP_GLOBAL_PIVOT]  == 0, ʪʦ ʛʣʦʙʘʣʴʥʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʚʳʢʣʶʯʝʥʳ 
(ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ). ʏʪʦʙʳ ʚʢʣʶʯʠʪʴ ʛʣʦʙʘʣʴʥʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʟʥʘʯʝʥʠʝ 

options [ USP_GLOBAL_PIVOT]  ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 1.  

ɿʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʘʨʘʤʝʪʨʘ ʤʘʣʦʩʪʠ ‏   (ʩʨ (C.5)) ʨʘʚʥʦ 1Ȯ- 8. ʏʪʦʙʳ ʝʛʦ ʠʟʤʝʥʠʪʴ, 

ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʟʦʚ ʬʫʥʢʮʠʠ 

uspars _param _set ( &t , USP_GP_EPS, &value ),  

ʛʜʝ t  ʫʢʘʟʘʪʝʣʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ USP-ʩʪʨʫʢʪʫʨʫ, value   ╖  ʪʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

‏ . 

Á options [ USP_WARN_AS_ERR]  ╖  ʧʝʨʝʢʣʶʯʝʥʠʝ ʩʝʨʴʝʟʥʦʩʪʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʡ. 

 

ɽʩʣʠ options [ USP_WARN_AS_ERR]=1, WARNING ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʦʰʠʙʢʘ, ʧʨʠ ʫʩʣʦʚʠʠ 
options [ USP_MSGLVL]=2 ʧʨʦʛʨʘʤʤʘ ʧʝʯʘʪʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ, 

ʧʨʦʛʨʘʤʤʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʚʳʜʘʝʪ ʥʝʥʫʣʝʚʦʡ ʢʦʜ ʚʦʟʚʨʘʪʘ. 

 

ɽʩʣʠ options [ USP_WARN_AS_ERR]=0, ʪʦ ʧʨʠ ʥʘʣʠʯʠʠ WARNING ʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 
options [ USP_MSGLVL]=2 ʧʨʦʛʨʘʤʤʘ ʧʝʯʘʪʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ, ʥʦ 

ʧʨʦʜʦʣʞʘʝʪ ʚʳʯʠʩʣʝʥʠʷ ʜʘʣʴʰʝ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ, ʝʩʣʠ ʥʝ ʙʳʣʦ ʚʩʪʨʝʯʝʥʦ ʜʨʫʛʠʭ ʦʰʠʙʦʯʥʳʭ 

ʩʠʪʫʘʮʠʡ, ʚʳʜʘʝʪʩʷ ʥʫʣʝʚʦʡ ʢʦʜ ʚʦʟʚʨʘʪʘ. ʇʦ ʫʤʦʣʯʘʥʠʶ options [ USP_WARN_AS_ERR]=0.  
 
ɺ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ WARNING -  ȶʘʣʠʯʠʝ ʚ ʠʩʭʦʜʥʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ 
ʤʘʪʨʠʮʝ ʥʫʣʝʚʦʛʦ ʜʠʘʛʦʥʘʣʴʥʦʛʦ 2ʭ2-ʙʣʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʙʦʪʢʝ ʢʦʜʘ ʦʰʠʙʢʠ 209.  ʂʘʢ 

ʦʧʠʩʘʥʦ ʚʳʰʝ, ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʪʨʘʢʪʦʚʘʪʴʩʷ ʢʘʢ ʦʰʠʙʢʘ ʠʣʠ ʢʘʢ WARNING.  
 

Á options [ USP_PAR_SOLVE]  ʧʦʟʚʦʣʷʝʪ ʚʢʣʶʯʠʪʴ/ʚʳʢʣʶʯʠʪʴ OpenMP-ʧʘʨʘʣʣʝʣʠʟʘʮʠʶ 

ʬʫʥʢʮʠʠ uspars _solve ().  

 
ɽʩʣʠ options [ USP_PAR_SOLVE] =0, uspars _solve ()  ʚʳʟʳʚʘʝʪʩʷ ʚ ʩʝʨʠʡʥʦʡ ʤʦʜʝ. 
ɽʩʣʠ options [ USP_PAR_SOLVE] =1, ʬʫʥʢʮʠʷ uspars _solve ()  ʚʳʟʳʚʘʝʪʩʷ ʚ 
ʧʘʨʘʣʣʝʣʴʥʦʡ ʡ ʤʦʜʝ  (ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ). 

 

ɿʘʤʝʯʘʥʠʝ 2.2.1. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʢʘʢʦʛʦ-ʪʦ ʵʣʝʤʝʥʪʘ ʤʘʩʩʠʚʘ options  ʨʘʚʥʦ -1 (ʠʣʠ ʤʝʥʴʰʝ), ʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʯʠʩʣʝʥʠʡ ʵʪʦ ʟʥʘʯʝʥʠʝ ʧʦʜʤʝʥʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʧʦ ʫʤʦʣʯʘʥʠʶ. 
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ʂʦʜʳ ʚʦʟʚʨʘʪʘ 

ʂʦʜ ʏʪʦ ʦʟʥʘʯʘʝʪ 

0 ʋʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ 

1 * tt ==NULL. ʇʨʦʚʝʨʠʪʴ, ʯʪʦ uspars _alloc ()  ʙʳʣʘ ʚʳʟʚʘʥʘ ʜʦ ʚʳʟʦʚʘ 

uspars _init ()  ʠ ʝʝ ʢʦʜ ʚʦʟʚʨʘʪʘ  ʨʘʚʝʥ 0 

2 ʅʝ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʥʘ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʩʤ ʩʧʠʩʦʢ ʥʠʞʝ) 

3 ʆʰʠʙʢʘ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ. ʇʨʦʚʝʨʠʪʴ ʨʘʟʤʝʨʳ ʤʘʩʩʠʚʦʚ 

999 ʅʝʢʣʘʩʩʠʬʠʮʠʨʫʝʤʘʷ ʚʥʫʪʨʝʥʥʷʷ ʦʰʠʙʢʘ 

ʋʩʣʦʚʠʷ ʥʘ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʬʫʥʢʮʠʠ uspars _init ()  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʧʠʩʢʝ: 

¶ n > 0;  

¶ ʋʢʘʟʘʪʝʣʠ ia , ja ,  a ʢʦʨʨʝʢʪʥʦ ʦʧʨʝʜʝʣʝʥʳ; 

¶ ɼʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʤʧʣʝʢʩʥʦʡ ʵʨʤʠʪʦʚʦʡ ʤʘʪʨʠʮʳ ʚʝʱʝʩʪʚʝʥʥʳ; 

¶ ʕʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ ja  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ (1.1), (1.2) ((1.4), (1.5) ʚ ʩʠʤʤʝʪʨʠʯʥʦʤ 

ʩʣʫʯʘʝ).  

 

2.3 uspars_fact() ȯɯˈ̓˸̗˴̨̑̍̏˰̬ɯ̝˰̖̈̑̓̄̂˰̠̬̄ɯ̓˰̂̓˸˼˸̧̞̏̏ɯ̎˰̖̠̓̄ɯ 

ʉʠʥʪʘʢʩʠʩ 

int uspars_fact (void **tt)  

Include 

uspars . h 

ʆʧʠʩʘʥʠʝ 

ʌʫʥʢʮʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʠʟʘʮʠʡ  (ʩʨ. (B.7), (B.12), (B.15)) 

ὃ ὒὒ  ʧʨʠ  ὃᶰὙ  ὃ ὃ π   ftype  == USP_LLH;  (2.2) 

ὃ ὒὈὒ  ʧʨʠ  ὃᶰὙ  ὃ ὃ        ftype  == USP_LDLT;  (2.3) 

ὃ ὒὒ  ʧʨʠ  ὃᶰὅ  ὃ ὃ π   ftype  == USP_LLH;  (2.4) 

ὃ ὒὈὒ   ʧʨʠ  ὃᶰὅ  ὃ ὃ      ftype  == USP_LDLH; (2.5) 

ὃ ὒὈὒ  ʧʨʠ  ὃᶰὅ  ὃ ὃ     ftype  == USP_LDLT;  (2.6) 

ὃ ὒὟ  ʧʨʠ  ὃ  ╖  ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʦʙʱʝʛʦ ʚʠʜʘ ftype  == USP_LU.  (2.3) 

ʇʦʨʷʜʦʢ ʤʘʪʨʠʮʳ n ʫʢʘʟʘʪʝʣʠ ʥʘ ʤʘʩʩʠʚʳ (ia, ja, a ), ʩʣʫʞʘʱʠʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʨʠʮʳ ὃ ʚ 

ʬʦʨʤʘʪʝ CSR, ʭʨʘʥʷʪʩʷ ʚ ʧʦʣʷʭ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʫʢʘʟʳʚʘʝʤʦʡ *tt . ɼʦ ʚʳʟʦʚʘ ʬʫʥʢʮʠʠ  
uspars_fact()  ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʟʚʘʥʘ ʬʫʥʢʮʠʷ uspars_init() . USP-ʩʪʨʫʢʪʫʨʘ ** tt  

ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʠ ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʬʫʥʢʮʠʠ uspars_fact()  ╖ ʤʘʩʩʠʚʳ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʘʢʪʦʨʠʟʘʮʠʠ ʪʘʢʞʝ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʧʦʣʷ **tt . 

ʂʦʜʳ ʚʦʟʚʨʘʪʘ 

ʂʦʜ ʏʪʦ ʦʟʥʘʯʘʝʪ 

0 ʋʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ 

1 * tt ==NULL. ʇʨʦʚʝʨʠʪʴ, ʯʪʦ uspars _alloc ()  ʙʳʣʘ ʚʳʟʚʘʥʘ ʜʦ ʚʳʟʦʚʘ uspars _init ()  ʠ 

ʝʝ ʢʦʜ ʚʦʟʚʨʘʪʘ  ʨʘʚʝʥ 0 

3 ʆʰʠʙʢʘ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ. ʇʨʦʚʝʨʠʪʴ ʨʘʟʤʝʨʳ ʤʘʩʩʠʚʦʚ 

4 óZero pivotô (ʩʤ ʨʘʟʜʝʣʳ C.3.1, C.3.2) 

6 ʅʘʨʫʰʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (2.1) ʚʳʟʦʚʘ ʬʫʥʢʮʠʡ 
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999 ɺʥʫʪʨʝʥʥʷʷ ʥʝʢʣʘʩʩʠʬʠʮʠʨʫʝʤʘʷ ʦʰʠʙʢʘ 

ɿʘʤʝʯʘʥʠʝ 2.3.1. ɺ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ ʧʘʢʝʪʘ USPARS ʜʣʷ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʨʘʟʣʦʞʝʥʠʡ ʤʘʪʨʠʮ ʩʦ 

ʩʚʦʡʩʪʚʦʤ ʩʠʤʤʝʪʨʠʠ (2.3, 2.5, 2.6) ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʩʨʝʜʠ ʜʠʘʛʦʥʘʣʴʥʳʭ 2x2-ʙʣʦʢʦʚ ʤʘʪʨʠʮʳ ʥʝ 

ʙʳʣʦ ʥʫʣʝʚʳʭ2. 

2.4 uspars_solve() ȯɯ˅˸̤˸̏̄˸ɯ̖̔̄̔˸̎ɯ̍̄̏˸̧̞̅̏ɯ̗̓˰˳̏˸̏̄̅ɯ̔ɯ

̝˰̖̈̑̓̄̂̑˳˰̏̏̑̅ɯ̎˰̖̠̓̄˸̅ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ 

ʉʠʥʪʘʢʩʠʩ 

int uspars_solve (void **t, int nrhs, void *b, usp_scalar_type  utype)  

Include 

uspars . h 

ʆʧʠʩʘʥʠʝ 

ʌʫʥʢʮʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ  

                                                                         ὃὢ ὄ                                                                                        ςȢψ 

ʩ ʨʘʟʨʝʞʝʥʥʦʡ ὲ ὲ-ʤʘʪʨʠʮʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ὃ ʠ nrhs  ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ (2.8) 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ὲ ά ʤʘʪʨʠʮʝʡ ὄ. ʄʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʘʢʪʦʨʠʟʦʚʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʚʳʟʦʚʘ ʬʫʥʢʮʠʠ uspars_fact ().  

ʪʠʧ ʠʤ ̫ ʥʘʟʥʘʯʝʥʠʝ 

in/out tt  USP-ʩʪʨʫʢʪʫʨʘ 

input nrhs  ʯʠʩʣʦ ʧʨʘʚʳʭ ʯʘʩʪʝʡ 

in/out B ʄʘʩʩʠʚ (ʜʣʠʥʳ ὲ*nrhs ) ʯʠʩʝʣ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. ʋʢʘʟʘʪʝʣʴ ʧʨʠʚʝʜʝʥ ʢ 
ʪʠʧʫ void*  ʜʣʷ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ ʠʥʪʝʨʬʝʡʩʘ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʩʪʦʷʱʝʤ ʪʠʧʝ 

ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ b ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ utype . ʅʘ ʚʭʦʜʝ ʤʘʩʩʠʚ 
ʩʦʜʝʨʞʠʪ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ-ʩʪʦʣʙʮʦʚ ʧʨʘʚʳʭ ʯʘʩʪʝʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ 

ʧʘʤʷʪʠ ʧʦ ʩʪʦʣʙʮʘʤ (j -ʷ ʢʦʤʧʦʥʝʥʪʘ k-ʛʦ ʚʝʢʪʦʨʘ ʠʤʝʝʪ ʘʜʨʝʩ b+k *ὲ+j ). ʅʘ 

ʚʳʭʦʜʝ ʧʦʜʦʙʥʳʤ ʞʝ ʦʙʨʘʟʦʤ ʚ ʤʘʩʩʠʚʝ b ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʢʪʦʨʦʚ ʥʝʠʟʚʝʩʪʥʳʭ (ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ ὢ) 

input utype  ʀʥʬʦʨʤʘʮʠʷ ʦ ʬʘʢʪʠʯʝʩʢʦʤ ʪʠʧʝ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ B. ɿʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʜʦʣʞʥʦ ʩʦʚʧʘʜʘʪʴ ʩʦ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ utype , ʢʦʪʦʨʳʡ 
ʦʧʨʝʜʝʣʷʣ ʪʠʧ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʚʳʟʦʚʝ ʬʫʥʢʮʠʠ 
uspars_init()  

 

ʂʦʜʳ ʚʦʟʚʨʘʪʘ 

ʢʦʜ ʯʪʦ ʦʟʥʘʯʘʝʪ 

0 ʋʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ 

1 *tt= =NULL. ʇʨʦʚʝʨʠʪʴ, ʯʪʦ uspars_alloc()  ʙʳʣʘ ʚʳʟʚʘʥʘ ʜʦ ʚʳʟʦʚʘ 

uspars_init()  ʠ ʝʝ ʢʦʜ ʚʦʟʚʨʘʪʘ  ʨʘʚʝʥ 0 
  2 nrhs  <0, ʠʣʠ b==NULL ʠʣʠ utype  ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʪʠʧʦʤ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

3 ʆʰʠʙʢʘ ʚʳʜʝʣʝʥʠʷ ʧʘʤʷʪʠ.  

6 ʅʘʨʫʰʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (2.1) ʚʳʟʦʚʘ ʬʫʥʢʮʠʡ 

7 ʀʪʝʨʘʮʠʦʥʥʦʝ ʫʪʦʯʥʝʥʠʝ ʨʝʰʝʥʠʷ (ʩʤ ʨʘʟʜʝʣ C.2) ʥʝ ʩʦʰʣʦʩʴ 

999 ɺʥʫʪʨʝʥʥʷʷ ʥʝʢʣʘʩʩʠʬʠʮʠʨʫʝʤʘʷ ʦʰʠʙʢʘ 

                                                      
2 ʏʪʦʙʳ ʦʙʦʡʪʠ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ, ʤʦʞʥʦ 'ʟʘʙʳʪʴ' ʦ ʩʠʤʤʝʪʨʠʠ ʤʘʪʨʠʮʳ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ LU-ʨʘʟʣʦʞʝʥʠʝ. 

ʇʨʠʜʝʪʩʷ ʧʦʜʧʨʘʚʠʪʴ ʤʘʩʩʠʚʳ ʧʦʪʦʤʫ, ʯʪʦ ʜʣʷ LU ʥʫʞʥʘ ʚʩʝ ʤʘʪʨʠʮʘ, ʘ ʥʝ ʚʝʨʭʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ. 
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2.5 uspars_param_get() ȯɯ˷̖̗̑̔̒ɯ̈ɯ̏˸̧̖̈̑̑̓̎ɯ̬̒̑̍̎ɯtt  

ʉʠʥʪʘʢʩʠʩ 

int uspars_param_get (void **tt, usp_param_data id, void *a)  

Include 

uspars . h 

ʆʧʠʩʘʥʠʝ 

ʌʫʥʢʮʠʷ ʩʣʫʞʠʪ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʷʱʝʡʩʷ ʚ ʧʦʣʷʭ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, 

ʫʢʘʟʳʚʘʝʤʦʡ ʫʢʘʟʘʪʝʣʝʤ * tt . ʊʠʧ ʠʟʚʣʝʢʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʚʭʦʜʥʦʛʦ 
ʧʘʨʘʤʝʪʨʘ id  (ʩʤ ʊʘʙʣʠʮʫ 1.3) 

ʊʘʙʣʠʮʘ 2.3: ɸʨʛʫʤʝʥʪʳ ʬʫʥʢʮʠʠ uspars_param_get() 

ʪʠʧ ʠʤ ̫ ʥʘʟʥʘʯʝʥʠʝ 

input tt  ʋʢʘʟʘʪʝʣʴ-ʥʘ-ʫʢʘʟʘʪʝʣʴ ʥʘ USP-ʩʪʨʫʢʪʫʨʫ 

input id  ʏʪʦ ʠʟʚʣʝʯʴ3 

output a ʋʢʘʟʘʪʝʣʴ ʥʘ ʤʘʩʩʠʚ, ʢʫʜʘ ʧʦʤʝʩʪʠʪʴ ʠʟʚʣʝʢʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʇʘʤʷʪʴ ʧʦʜ 

ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʜʝʣʝʥʘ ʜʦ ʚʳʟʦʚʘ ʬʫʥʢʮʠʠ 
uspars _param _get ( )  

 

ʂʦʜʳ ʚʦʟʚʨʘʪʘ 

ʢʦʜ ʯʪʦ ʦʟʥʘʯʘʝʪ 

0 ʫʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ 

1 *tt ==NULL. ʇʨʦʚʝʨʠʪʴ, ʯʪʦ uspars_alloc()  ʙʳʣʘ ʚʳʟʚʘʥʘ ʜʦ ʚʳʟʦʚʘ 

uspars_init()  ʠ ʝʝ ʢʦʜ ʚʦʟʚʨʘʪʘ  ʨʘʚʝʥ 0 

2 ʥʝʢʦʨʨʝʢʪʥʳʝ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ 

  

2.6 uspars_param_set() ȯɯ̓˸˷˰̖̈̄̓̑˳˰̏̄˸ɯ̒̑̍˸̅ɯtt  

ʉʠʥʪʘʢʩʠʩ 

int uspars_param_set (void **tt,  usp_param_data  id, void *a)  

Include 

uspars . h 

ʆʧʠʩʘʥʠʝ 

ʌʫʥʢʮʠʷ ʩʣʫʞʠʪ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʷʱʝʡʩʷ ʚ ʧʦʣʷʭ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, 

ʫʢʘʟʳʚʘʝʤʦʡ ʫʢʘʟʘʪʝʣʝʤ * tt.  ʊʠʧ ʠʥʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ id  (ʩʤ 

ʊʘʙʣʠʮʫ 2.4. 

                                                      
3 ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ: USP_ERR, USP_NNZL, USP_PERM_VECTOR, USP_GET_LU, USP_MEM_FCT 
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ʊʘʙʣʠʮʘ 2.4: ɸʨʛʫʤʝʥʪʳ ʬʫʥʢʮʠʠ uspars _param _set ()  

ʪʠʧ ʠʤ ̫ ʥʘʟʥʘʯʝʥʠʝ 

input t t  USP-ʩʪʨʫʢʪʫʨʘ 

input id  ʏʪʦ ʨʝʜʘʢʪʠʨʦʚʘʪʴ4 

input a ʋʢʘʟʘʪʝʣʴ ʥʘ ʤʘʩʩʠʚ 

 

ʂʦʜʳ ʚʦʟʚʨʘʪʘ 

ʢʦʜ ʯʪʦ ʦʟʥʘʯʘʝʪ 

0 ʫʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ 

1 *tt= =NULL. ʇʨʦʚʝʨʠʪʴ, ʯʪʦ uspars_alloc()  ʙʳʣʘ ʚʳʟʚʘʥʘ ʜʦ ʚʳʟʦʚʘ 

uspars_init()  ʠ ʝʝ ʢʦʜ ʚʦʟʚʨʘʪʘ  ʨʘʚʝʥ 0 

2 ʥʝʢʦʨʨʝʢʪʥʳʝ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ 

 

2.7 uspars_destroy() : ̓ ˰̗̤̂̓˸̏̄˸ɯ42/-̧̖̗̖̗̔̓̈̓ 

ʉʠʥʪʘʢʩʠʩ 

int uspars_destroy (void **tt)  

Include 

uspars . h 

ʆʧʠʩʘʥʠʝ 

ʌʫʥʢʮʠʷ ʩʣʫʞʠʪ ʜʣʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʧʘʤʷʪʠ, ʟʘʭʚʘʯʝʥʥʦʡ ʥʘ ʰʘʛʝ ʠʥʠʮʠʘʣʠʟʘʮʠʠ. ʅʘ ʚʳʭʦʜʝ ʠʟ ʵʪʦʡ 

ʬʫʥʢʮʠʠ ʟʥʘʯʝʥʠʝ ʫʢʘʟʘʪʝʣʷ *tt  ʨʘʚʥʦ NULL.  

ʂʦʜʳ ʚʦʟʚʨʘʪʘ 

ʢʦʜ ʯʪʦ ʦʟʥʘʯʘʝʪ 

0 ʫʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ 

1 *tt= =NULL  

 

  

                                                      
4 ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ: USP_ITER_STOP_CRIT, USP_BOOSTING_VALUE, USP_GP_EPS, 
USP_PERM_VECTOR 
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Ɨɯʺ̑˷̧ɯ̤̑̄˲̈̄ 

Ɨȭƕɯˏ̑̓̎̄̓̑˳˰̏̄˸ɯ̤̑̄˲̑̈ 

ˏ̗̠̏̈̄̄ɯUSPARS ˳̑̂˳̓˰̥˰̫̖ɯ ̠˸̍̑˸Ȯɯ ̖̈̑̑̓̑˸ɯ ̖̓˰̖̗̈˸̖̬̔ɯ ̈˰̈ɯ ̈̑˷ɯ ˳̑̂˳̓˰̖˰ȭɯ ʨ̑̂̎̑˼̧̏˸ɯ

̂̏˰̡˸̬̏̄ɯ̈̑˷̑˳ɯ˳̑̂˳̓˰̖˰ɯ̔ɯ̖̔̑̑˳˸̖̖̔˳̗̫̥̄̎̄ɯ̖̄̏˸̓̒̓˸̖˰̠̬̄̎̄ɯ̒̓̄˳˸˷˸̧̏ɯ˳ɯ̑̒̄̔˰̬̞̏̄ɯ

̝̗̠̏̈̄̅ȭɯ 

ʺ̑˷̧ɯ ˳̑̂˳̓˰̖˰ɯ ̝̗̫̖̬̑̓̎̄̓̔ɯ ̒̑ɯ ̂̏˰̡˸̬̏̄̎ɯ ̈̑˷̑˳ɯ ̤̑̄˲̑̈Ȯɯ ̧̖̈̑̑̓˸ɯ ̎̑˴̗̖ɯ ˳̑̂̏̄̈˰̨̖ɯ ˳ɯ

̠̒̓̑˸̔̔˸ɯ˳̧̡̄̔̍˸̏̄̅ɯ̄ɯ̧̖̈̑̑̓˸ɯ̔̑˷˸̓˼˰̖ɯ˲̑̍˸˸ɯ˷˸̖˰̨̗̫̍̏ɯ̝̄̏̑̓̎˰̠̫̄ɯ̑ɯ̡̗̔̍̄˳̤˸̬̅̔ɯ

̤̑̄˲̈˸ȭɯ ˛̖˰ɯ ˲̑̍˸˸ɯ ˷˸̖˰̨̍̏˰̬ɯ ̝̄̏̑̓̎˰̠̬̄ɯ ̎̑˼˸̖ɯ ˲̧̨̖ɯ ̒̑̍˸̂̏̑̅ɯ ̒̓̄ɯ ̄̔̔̍˸˷̑˳˰̏̄̄ɯ

̒̓̑˲̍˸̧̎Ȯɯ˳̤̑̂̏̄̈˸̅ɯ˳ɯ̠̒̓̑˸̔̔˸ɯ̨̄̔̒̑̍̂̑˳˰̬̏̄ɯ̝̗̠̏̈̄̅ɯUSPARS. ʬ̬̍ɯ̄̂˳̍˸̡˸̬̏̄ɯ̖˰̈̑̅ɯ

̝̄̏̑̓̎˰̠̄̄ɯ̗̔̍˼̖̄ɯ̝̗̠̬̏̈̄ɯuspars _param _get () ȹ̔̎ɯ̓˰̂˷˸̍ɯ2.5)ȭɯ ʨɯ̩̖̑̅ɯ˴̍˰˳˸ɯ̧̎ɯ

̒̓̄˳̑˷̄̎ɯ̖˰˲̧̠̍̄ɯ̈̑˷̑˳ɯ̤̑̄˲̑̈ȭ 

ƗȭƖɯ˃̤̄˲̈̄ɯ˳̞̑˷̧̞̏ɯ˷˰̧̞̏̏ɯȹ̈̑˷ɯ˳̑̂˳̓˰̖˰ɯƖȺ 

˓̄̔̍̑˳̑˸ɯ

̂̏˰̡˸̏̄˸ 

ʶ̖̏˸̓̒̓˸̖˰̠̬̄ 

201 ˄˰̓˰̎˸̖̓ɯN ̏˸ɯ̒̑̍̑˼̖̄˸̍˸̏ 

202 ˋ̈˰̂˰̖˸̨̍ɯia  CSR-̎˰̧̖̠̓̄ɯ̓˰˳˸̏ɯNULL 

203 ˋ̈˰̂˰̖˸̨̍ɯja  CSR-̎˰̧̖̠̓̄ɯ̓˰˳˸̏ɯNULL 

204 ˋ̈˰̂˰̖˸̨̍ɯa CSR-̎˰̧̖̠̓̄ɯ̓˰˳˸̏ɯNULL 

205 ˁ˸˳˸̥˸̖̔˳˸̏̏˰̬ɯ˷̄˰˴̑̏˰̨̍ɯ̎˰̧̖̠̓̄Ȯɯ̑˲̦̬˳̍˸̏̏̑̅ɯ̩̖̓̎̄̑˳̑̅ 

206 ˁ˸̔̑˳̒˰˷˸̏̄˸ɯ̖̄̒̑˳ɯ̩̍˸̎˸̖̏̑˳ɯ̎˰̧̖̠̓̄ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ɯ̄ɯ˳˸̖̈̑̓˰ɯ̒̓˰˳̑̅ɯ

̡˰̖̔̄ 

207 ˄˰̓˰̎˸̖̓ɯNRHS ̏˸ɯ̒̑̍̑˼̖̄˸̍˸̏ 

208 ˋ̈˰̂˰̖˸̨̍ɯ̏˰ɯ̎˰̔̔̄˳ɯ̔ɯ̩̍˸̎˸̖̏˰̎̄ɯ̒̓˰˳̑̅ɯ̡˰̖̔̄ɯˆʿʥˋɯ̓˰˳˸̏ɯNULL 

209 ˁ̗̍˸˳̑̅ɯ˷̄˰˴̑̏˰̨̧̍̏̅ɯƖ̞Ɩ-˲̍̑̈ɯ˳ɯ̔̄̎̎˸̡̖̓̄̏̑̅ɯ̎˰̖̠̓̄˸ 

210 ˁ˸̗̬̒̑̓˷̡̑˸̧̏̏˸ɯ̩̍˸̎˸̧̖̏ɯ˳ɯ̎˰̔̔̄˳˸ɯja  CSR-̎˰̧̖̠̓̄ 

211 ˆ̖̗̖̗̓̈̓˰ɯ˳̞̑˷̏̑̅ɯ̎˰̧̖̠̓̄ɯ̏˸ɯ̒̑̂˳̬̑̍˸̖ɯ̈̑̓̓˸̖̈̏̑ɯ̂˰˳˸̨̤̖̓̄ɯ̓˰˲̖̗̑ɯmatching 

212 ˁ˸̈̑̓̓˸̖̈̏̑˸ɯ̂̏˰̡˸̏̄˸ɯ̒˰̓˰̎˸̖̓˰ɯid  ˳ɯ̝̗̠̏̈̄̄ɯuspars _param _set ()  

213 ˁ˸̈̑̓̓˸̖̈̏̑˸ɯ̂̏˰̡˸̏̄˸ɯ̒˰̓˰̎˸̖̓˰ɯid  ˳ɯ̝̗̠̏̈̄̄ɯuspars _param _get ()  

 

ƗȭƗɯ˃̤̄˲̈̄ɯ˳̧˷˸̍˸̬̏̄ɯ̒˰̬̖̎̄ɯȹ̈̑˷ɯ˳̑̂˳̓˰̖˰ 3) 

˓̄̔̍̑˳̑˸ɯ

̂̏˰̡˸̏̄˸ 

ʶ̖̏˸̓̒̓˸̖˰̠̬̄ 

301 ˃̤̄˲̈̄ɯ˳̧˷˸̍˸̬̏̄ɯ̒˰̬̖̎̄ 

 

ƗȭƘɯ˃̤̄˲̈̄ɯ̝˰̖̈̑̓̄̂˰̠̄̄ɯȹ̈̑˷ɯ˳̑̂˳̓˰̖˰ɯƘȺ 

 

˓̄̔̍̑˳̑˸ɯ

̂̏˰̡˸̏̄˸ 

ʶ̖̏˸̓̒̓˸̖˰̠̬̄ 

401 ˁ˸ɯ̒̑̍̑˼̖̄˸̨̍̏̑-̑̒̓˸˷˸̍˸̏̏˰̬ɯ˳̞̑˷̏˰̬ɯ̎˰̖̠̓̄˰ɯ̒̓̄ɯ̨̄̔̒̑̍̂̑˳˰̏̄̄ɯ
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̓˰̂̍̑˼˸̬̏̄ɯː̑̍˸̠̈̑˴̑ 

402 ˁ̗̍˸˳̑̅ɯ˳˸˷̗̥̄̅ɯ̩̍˸̎˸̖̏ɯ̒̓̄ɯ˳̧̒̑̍̏˸̏̄̄ɯ̝˰̖̈̑̓̄̂˰̠̄̄ 

403 ˓̄̔̍̑ɯ˴̍̑˲˰̨̧̞̍̏ɯ̒˸̓˸̖̔˰̏̑˳̑̈ɯ̒̓˸˳̧̔̄̍̑ɯ̗̖̔˰̏̑˳̍˸̧̏̏̅ɯ̖̍̄̎̄ 

 

3.5 ˃̤̄˲̈̄ɯ̒̓̄ɯ̑˲̓˰̥˸̏̄̄ɯ̝˰̖̈̑̓̑˳ɯȹ̈̑˷ɯ˳̑̂˳̓˰̖˰ɯƙȮɯ̒̑̈˰ɯ̏˸ɯ̖̑̔̍˸˼̄˳˰˸̖̬̔Ⱥ 

Ɨȭƚɯˁ˸̈̑̓̓˸̧̖̈̏̅ɯ̬̒̑̓˷̑̈ɯ˳̧̂̑˳˰ɯ̝̗̠̏̈̄̅ɯȹ̈̑˷ɯ˳̑̂˳̓˰̖˰ɯƚȺ 

 

˓̄̔̍̑˳̑˸ɯ

̂̏˰̡˸̏̄˸ 

ʶ̖̏˸̓̒̓˸̖˰̠̬̄ 

601 ˁ˸̈̑̓̓˸̧̖̈̏̅ɯ̬̒̑̓˷̑̈ɯ˳̧̂̑˳˰ɯ̝̗̠̏̈̄̅ȯɯ uspars _fact ()  ˳̧̂˳˰̏˰ɯ˷̑ɯ
uspars _init ()  

602 ˁ˸̈̑̓̓˸̧̖̈̏̅ɯ̬̒̑̓˷̑̈ɯ˳̧̂̑˳˰ɯ̝̗̠̏̈̄̅ȯɯ uspars _solve ()  ˳̧̂˳˰̏˰ɯ˷̑ɯ
uspars _init ()  

603 ˁ˸̈̑̓̓˸̧̖̈̏̅ɯ̬̒̑̓˷̑̈ɯ˳̧̂̑˳˰ɯ̝̗̠̏̈̄̅ȯɯ uspars _solve ()  ˳̧̂˳˰̏˰ɯ˷̑ɯ
uspars _fac t ()  

 

3.7 ˃̤̄˲̈̄ɯ̝˰̧̂ɯ̓˸̤˸̬̏̄ɯȹ̈̑˷ɯ˳̑̂˳̓˰̖˰ɯƛȺ 

 

˓̄̔̍̑˳̑˸ɯ

̂̏˰̡˸̏̄˸ 

ʶ̖̏˸̓̒̓˸̖˰̠̬̄ 

701 ʶ̖˸̓˰̠̄̑̏̏̑˸ɯ̡̗̖̑̏˸̏̄˸ɯ̏˸ɯ̨̤̔̑̍̑̔ɯ̂˰ɯ̂˰˷˰̏̏̑˸ɯ̡̄̔̍̑ɯ̤˰˴̑˳ 

 

ƗȭƜɯ˃̤̄˲̈̄ɯ̨̄̔̒̑̍̂̑˳˰̬̏̄ɯMetis ȹ̈̑˷ɯ˳̑̂˳̓˰̖˰ɯ8) 

˓̄̔̍̑˳̑˸ɯ

̂̏˰̡˸̏̄˸ 

ʶ̖̏˸̓̒̓˸̖˰̠̬̄ 

801 ʬ̄̏˰̡̎̄˸̔̈˰̬ɯ˲̄˲̖̍̄̑˸̈˰ɯMetis ̏˸ɯ̏˰̅˷˸̏˰ȭ 

802 ˁ˸˳̑̂̎̑˼̏̑ɯ˳̧̂˳˰̨̖ɯMetis ˳ɯ̠̒̓̑˸̔̔˸ɯ˳̧̒̑̍̏˸̬̏̄ɯ̒̓̑˴̓˰̧̎̎ 

 

3.9 ˁ˸̈̍˰̝̠̗̔̔̄̄̄̓˸̧̎˸ɯ̤̑̄˲̈̄ɯȹ̈̑˷ɯ˳̑̂˳̓˰̖˰ɯƝƝƝȺ 

 

˓̄̔̍̑˳̑˸ɯ

̂̏˰̡˸̏̄˸ 

ʶ̖̏˸̓̒̓˸̖˰̠̬̄ 

99900 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 

99901 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 

99902 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 

99903 ʨ̗̖̏̓˸̬̬̏̏ ̤̑̄˲̈˰ 

99904 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 

99905 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 

99906 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 

99907 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 

99908 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 

99909 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 
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99910 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 

99911 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 

99912 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 

99913 ʨ̗̖̏̓˸̬̬̏̏ɯ̤̑̄˲̈˰ 
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A ˄̓̄̎˸̧̓ 
ɺ ʜʠʨʝʢʪʦʨʠʠ examples  ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʠʩʭʦʜʥʳʝ ʢʦʜʳ ʥʘ ʷʟʳʢʝ C ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʫʥʢʮʠʡ ʧʘʢʝʪʘ USPARS ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʨʘʟʨʝʞʝʥʥʳʤʠ ʤʘʪʨʠʮʘʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʉʮʝʥʘʨʠʠ ʧʨʠʤʝʨʦʚ ʦʜʥʦʪʠʧʥʳ: 

¶ ʀʥʠʮʠʘʣʠʟʠʨʦʚʘʪʴ ʤʘʪʨʠʮʫ ʚ CSR ʬʦʨʤʘʪʝ. 

¶ ʀʥʠʮʠʘʣʠʟʠʨʦʚʘʪʴ ʚʝʢʪʦʨ ʧʨʘʚʦʡ ʯʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʦʯʥʦʤʫ ʨʝʰʝʥʠʶ ὼ . 

¶ ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʨʝʰʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʟʳʚʘʪʴ ʬʫʥʢʮʠʠ 

o uspars_init(), 

o uspars_fact(), 

o uspars_solve(). 

ʂʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʬʫʥʢʮʠʷ ʚʳʟʳʚʘʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʧʨʝʜʳʜʫʱʝʡ, 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʢʦʜ ʚʦʟʚʨʘʪʘ. 

¶ ʈʘʩʧʝʯʘʪʘʪʴ ʚʝʢʪʦʨʳ ʪʦʯʥʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ.  

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʪʦʯʥʳʤ ʠ ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʷʤʠ ʦʙʫʩʣʦʚʣʝʥʘ ʚʣʠʷʥʠʝʤ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʢʨʫʛʣʝʥʠʷ. 

ʅʘ ʚʝʣʠʯʠʥʫ ʵʪʦʡ ʨʘʟʥʠʮʳ ʚʣʠʷʶʪ ʢʘʢ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʪʘʢ ʠ 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʨʘʙʦʯʘʷ ʪʦʯʥʦʩʪʴ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʤʳ ʧʨʠʚʦʜʠʤ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʚʳʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚʤʝʩʪʝ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʝʣ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

A.1 ˄ ˸̓˸̖̔˰̏̑˳̈̄ɯ̄ɯ̡̄̔̍̑ɯ̏˸̗̏̍˸˳̧̞ɯ̩̍˸̎˸̖̏̑˳ ˳ɯ̖̓˸̗˴̨̧̞̑̍̏ɯ̝˰̖̈̑̓˰̞ 

ʇʨʠʤʝʨ ʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʯʠʩʣʘ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʪʨʠʮʘʭ ὒ ʠ Ὗ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʘʢʪʦʨʠʟʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʫʧʦʨʷʜʦʯʠʚʘʥʠʡ. ɺʝʣʠʯʠʥʘ nnz(A)  ʚ ʚʳʚʦʜʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʝ, ʘ nnz(L+U)  ʩʫʤʤʘʨʥʦʝ ʚ ὒ ʠ Ὗ.  

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʦʙʨʘʟʦʚʘʥʘ ʥʘ ʤʘʪʨʠʮʝ https://sparse.tamu.edu/Mathworks/Sieber  ʩ ʯʠʩʣʦʤ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ 4.613510e+08. ɺʝʢʪʦʨ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʝʜʠʥʠʮ  

ὼ

ὼ
ὼ
ể
ὼ

ρ
ρ
ể
ρ

. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʧʨʘʚʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʝʥʘ ʫʤʥʦʞʝʥʠʝʤ ʤʘʪʨʠʮʳ 

ʥʘ ʚʝʢʪʦʨ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʩʣʫʯʘʷ ʨʝʰʝʥʠʷ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʝʨʝʫʧʦʨʷʜʦʯʠʚʘʥʠʷ, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ METIS ʠ Atlant:  

    w/o reorder results:  
name             |   n   |nnz(A)  | nnz(L+U) |     error C    |   error L2   |   
./mtx/ Sieber .mtx |   2290  |   14873  |  3125286 |   7. 622005 e- 09 | 1.7 48052 e- 10|  
 
METIS results:  
name             |   n   |nnz(A)  | nnz(L+U) |     error C    |  error L2   |  
./mtx/Sieber.mtx |  2290 |  14873 |    4194   |   2. 409236 e- 09 | 1. 068810 e- 10|  
 
Atlant reorder results:  
name             |   n   |nnz(A)  | nnz(L+U) |     error C    |  error L2   |  
./mtx/Sieber.mtx |  2290 |  14873 |    41174  |   1. 78262 5e- 09 | 2. 290986 e- 10|  

ɿʜʝʩʴ nnz(A)  ʦʙʦʟʥʘʯʘʝʪ ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʪʨʠʮʝ ὃ, ʘ nnz(L+U)  ï ʦʙʱʝʝ ʯʠʩʣʦ 

ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʪʨʠʮʘʭ ὒ ʠ Ὗ, error C  ʠ error L2  ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ 

ʨʝʰʝʥʠʷ 
ᴁὼ ὼ̃ ̜ᴁ̘

ᴁὼᴁ
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ʚ ʥʦʨʤʘʭ ôʤʘʢʩʠʤʫʤ ʤʦʜʫʣʷô ʠ ʝʚʢʣʠʜʦʚʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ 
example_compare_reorder.c .  
 
 

A.2 ɹ ˰̎˸̓ ˳̓˸̎˸̏̄ɯ̓˰˲̧̖̑ɯ̝˰̂ 
ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʬʘʟ ʧʘʢʝʪʘ 

USPARS. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʟʷʪʘ ʥʝʩʠʤʤʝʪʨʠʯʥʘʷ ʤʘʪʨʠʮʘ 

https://sparse.tamu.edu/Mathworks/Sieber  ʩ ʯʠʩʣʦʤ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ 4.613510e+08. ɺʝʢʪʦʨ ʪʦʯʥʦʛʦ 

ʨʝʰʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʝʜʠʥʠʮ  

ὼ

ὼ
ὼ
ể
ὼ

ρ
ρ
ể
ρ

. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʧʨʘʚʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʝʥʘ ʫʤʥʦʞʝʥʠʝʤ ʤʘʪʨʠʮʳ 

ʥʘ ʚʝʢʪʦʨ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ. ɺʳʜʘʯʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

USPARS Init  time: 0.028851 seconds.  
USPARS Fact  time: 0.035071 seconds.  
USPARS Solve time: 0.001889 seconds.  
Results:  
name             | n    | nnz(A) |   error C    |  error L2    |  
./mtx/Sieber.mtx | 2290 |  14873 | 1.782625e - 09 | 2.290986e - 10 |  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʘ ʚʨʝʤʝʥʠ ʤʦʛʫʪ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ. 

ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_timer.c . 
 
 

AȭƗɯʨ˸̥˸̖̔˳˸̏̏˰̬ɯ̔̄̎̎˸̡̖̓̄̏˰̬ɯ̒̑̍̑˼̖̄˸̨̍̏̑-̑̒̓˸˷˸̍˸̏̏˰̬ɯ̎˰̖̠̓̄˰ɯ

̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ̑˷̄̏˰̓̏̑̅ɯ̡̨̖̖̫̑̏̑̔ 

ˆ̖̄̔˸̎˰ɯ̗̓˰˳̏˸̏̄̅ 
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ỡỡ
Ỡ

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὼ
ὼ
ὼ
ὼ
ὼ
ὼỨ
ủ
ủ
ủ
ủ
Ủ

ụ
Ụ
Ụ
Ụ
Ụ
ợ
τ
π
υ
τ
πȢπτ
ρσȢρφỨ

ủ
ủ
ủ
ủ
Ủ

 

ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LLH_s.c. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

 

     
ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 5.0787e+05, ʯʪʦ ʦʧʨʘʚʜʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʢʣʦʥʝʥʠʝ 2.26e-04 ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ. 

 

A.4 ʨ˸̥˸̖̔˳˸̏̏˰̬ɯ̔̄̎̎˸̡̖̓̄̏˰̬ɯ̒̑̍̑˼̖̄˸̨̍̏̑-̑̒̓˸˷˸̍˸̏̏˰̬ɯ̎˰̖̠̓̄˰ɯ

̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ˷˳ ̑̅̏̑̅ ̡̨̖̖̫̑̏̑̔  

ˆ̖̄̔˸̎˰ɯ̗̓˰˳̏˸̏̄̅ 
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LLH_d.c. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

 

ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 5.0787e+05, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 5.98e-

12 ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʦ. 

 

A.5 ̋ ̑̎̒̍˸̈̔̏˰̬ɯ̩̖̓̎̄̑˳˰ɯ̒̑̍̑˼̖̄˸̨̍̏̑-̑̒̓˸˷˸̍˸̏̏˰̬ɯ̎˰̖̠̓̄˰ɯ

̩̝̝̠̈̑̄̄˸̖̏̑˳ɯ̔ɯ̑˷̄̏˰̓̏̑̅ɯ̡̨̖̖̫̑̏̑̔ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LLH_Ⱥ.c. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

 

ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 88.23. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 4.58e-04 ʢʘʞʝʪʩʷ ʚʝʣʠʢʦʚʘʪʦʡ ʜʣʷ ʪʘʢʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ. 

A.6 ʺ̑̎̒̍˸̈̔̏˰̬ɯ̩̖̓̎̄̑˳˰ɯ̒̑̍̑˼̖̄˸̨̍̏̑-̑̒̓˸˷˸̍˸̏̏˰̬ɯ̎˰̖̠̓̄˰ɯ

̩̝̝̠̈̑̄̄˸̖̏̑˳ɯ̔ɯ˷˳̑̅̏̑̅ɯ̡̨̖̖̫̑̏̑̔ 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LLH_z.c . ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʡ 1.66e-12 ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ ʯʠʩʣʘ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ 1.38e+05 ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  

A.7 ʨ˸̥˸̖̔˳˸̏̏˰̬ɯ̔̄̎̎˸̡̖̓̄̏˰̬ɯ̎˰̖̠̓̄˰ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ̑˷̄̏˰̓̏̑̅ɯ
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LDLH_s.c. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʡ 5.63e-05 ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ ʯʠʩʣʘ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ 1.88e+03 ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

A.8 ʨ˸̥˸̖̔˳˸̏̏˰̬ɯ̔̄̎̎˸̡̖̓̄̏˰̬ɯ̎˰̖̠̓̄˰ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ˷˳ ̑̅̏̑̅ɯ

̡̨̖̖̫̑̏̑̔ 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LDLH_ d.c.  ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ:  

 

ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 1.90e+03.  ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 2.66e-11 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʚʳʛʣʷʜʠʪ ʚʝʣʠʢʦʚʘʪʳʤ. 

A.9 ˅ ˰̂̍̑˼˸̏̄˸ɯː̑̍˸̠̈̑˴̑ ˷̬̍ɯ̏˸ɯ̒̑̍̑˼̖̄˸̨̍̏̑-̑̒̓˸˷˸̍˸̏̏̑̅ɯ̎˰̧̖̠̓̄ 
ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʤʘʪʨʠʮʫ bfwb62, ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʚʥʳ ʝʜʠʥʠʮʝ: 
ὼ
ὼ
ể
ὼ

ρ
ρ
ể
ρ

Ȣ 

ɺʝʢʪʦʨ ʧʨʘʚʦʡ ʯʘʩʪʠ ʧʦʣʫʯʝʥ ʫʤʥʦʞʝʥʠʝʤ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ. ʇʦʧʳʪʢʘ 

ʨʝʰʠʪʴ ʵʪʫ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʦʞʝʥʠʝ ʍʦʣʝʮʢʦʛʦ (USP_fact=LLH ), ʚʳʟʳʚʘʝʪ 
ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ 4 ʥʘ ʩʪʘʜʠʠ ʬʘʢʪʦʨʠʟʘʮʠʠ. ʅʘʧʨʦʪʠʚ, ʟʥʘʯʝʥʠʝ USP_fact=LDLH  ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʧʝʭʫ: 

--- -  Trying to solve system with LLH  
USPARS factorization failed.  
Nonzero return code ier=4 was obtained from uspars_fact()  
----  Solving system with LDLH  
Results:  
            name | n    | nnz(A) |   error C    |   error L2   |  
./mtx/bfwb62.mtx |  62 |     202| 6.770540e - 16 | 3.614540e - 16 |  

ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_pos_def.c  

A.10 ʺ̑̎̒̍˸̈̔̏˰̬ ̔̄̎̎˸̡̖̓̄̏˰̬ɯ̎˰̖̠̓̄˰ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ̑˷̄̏˰̓̏̑̅ɯ

̡̨̖̖̫̑̏̑̔ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LDLT_c.c . ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

http://sparse.tamu.edu/Bai/bfwb62
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ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 12.58. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 3.3e-04 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʚʳʛʣʷʜʠʪ ʚʝʣʠʢʦʚʘʪʳʤ. 

A.11 ʺ̑̎̒̍˸̈̔̏˰̬ ̔̄̎̎˸̡̖̓̄̏˰̬ɯ̎˰̖̠̓̄˰ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ˷˳̑̅̏̑̅ɯ

̡̨̖̖̫̑̏̑̔ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LDLT_ z.c . ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

 

ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 12.58. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 3.07e-13 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʚʳʛʣʷʜʠʪ ʚʝʣʠʢʦʚʘʪʳʤ. 

A.12 ʺ̑̎̒̍˸̈̔̏˰̬ ̩̖̓̎̄̑˳˰ ̎˰̖̠̓̄˰ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ̑˷̄̏˰̓̏̑̅ɯ̡̨̖̖̫̑̏̑̔ 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LDL H_c.c . ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 
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ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 12.63. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 1.65e-4 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʚʳʛʣʷʜʠʪ ʚʝʣʠʢʦʚʘʪʳʤ. 

A.13 ʺ̑̎̒̍˸̈̔̏˰̬ ̩̖̓̎̄̑˳˰ ̎˰̖̠̓̄˰ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ˷˳̑̅̏̑̅ɯ̡̨̖̖̫̑̏̑̔ 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LDL H_z.c . ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

 

ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 12.63. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 3.07e-13 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʚʳʛʣʷʜʠʪ ʚʝʣʠʢʦʚʘʪʳʤ. 

A.14 ʨ˸̥˸̖̔˳˸̏̏˰̬ɯ̎˰̖̠̓̄˰ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ̑˷̄̏˰̓̏̑̅ɯ̡̨̖̖̫̑̏̑̔ 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LU_s.c . ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 
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ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 73.89. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 2.81e-05 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʝʜʝʣʘʭ. 

A.15 ʨ˸̥˸̖̔˳˸̏̏˰̬ɯ̎˰̖̠̓̄˰ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ˷˳̑̅̏̑̅ɯ̡̨̖̖̫̑̏̑̔ 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LU_ d.c . ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

 

ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 3.06e+04. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 2.91e-14 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʝʜʝʣʘʭ. 

A.16 ʺ̑̎̒̍˸̈̔̏˰̬ ̎˰̖̠̓̄˰ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ̑˷̄̏˰̓̏̑̅ɯ̡̨̖̖̫̑̏̑̔ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 
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ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LU_ c.c . ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

 

ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 9.45e+05. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 4.61e-05 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʝʜʝʣʘʭ. 

A.17 ʺ̑̎̒̍˸̈̔̏˰̬ ̎˰̖̠̓̄˰ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ˷˳̑̅̏̑̅ɯ̡̨̖̖̫̑̏̑̔ 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 



31 

 

ở

Ở
Ở
Ở
ờ

ρπτ π ρπυὭ π π π σπτὭ
π ρ Ὥ π π ρ ψὭ π π
π ρ π ρ π π ωχ
π π π π ρ ρ πȢρ
π π π π ρ ρ π
ρ π πȢωφὭ π ρρρςπὭ π π
π π π Ὥ π ρ σὭỢ

ỡ
ỡ
ỡ
Ỡ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὼ
ὼ
ὼ
ὼ
ὼ
ὼ
ὼỨ
ủ
ủ
ủ
ủ
ủ
Ủ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ρστρπρὭ
ς χὭ
ωχςὭ
ρȢρ Ὥ
ρ Ὥ

ρρςρωȢπτὭ
ρ τὭ Ứ

ủ
ủ
ủ
ủ
ủ
Ủ

Ȣ 

ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_LU_ c.c . ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

 

ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 1.098e+08. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 1.59e-11 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʝʜʝʣʘʭ. 

A.18 ʨ˸̥˸̖̔˳˸̏̏˰̬ɯ̔̄̎̎˸̡̖̓̄̏˰̬ɯ̒̑̍̑˼̖̄˸̨̍̏̑-̑̒̓˸˷˸̍˸̏̏˰̬ɯ̎˰̖̠̓̄˰ɯ

̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ̑˷̄̏˰̓̏̑̅ɯ̡̨̖̖̫̑̏̑̔Ȯɯ˷˳˸ɯ̒̓˰˳̧˸ɯ̡˰̖̔̄ 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ở

ỞỞ
ờ

τ π ς π π ς
π υ π σ ς π
ς π τ π π σ
π σ π υ π ς
π ς π π σȢωφ ς
ς π σ ς ς ψȢρφỢ

ỡỡ
Ỡ

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὼ ὼ
ὼ ὼ
ὼ ὼ
ὼ ὼ
ὼ ὼ
ὼ ὼ Ứ

ủ
ủ
ủ
ủ
Ủ

ụ
Ụ
Ụ
Ụ
Ụ
ợ
τ π
π τ
υ ρ
τ τ
πȢπτ χȢωφ
ρσȢρφ χȢρφỨ

ủ
ủ
ủ
ủ
Ủ

Ȣ 

ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example 2rhs _LLH_s.c . ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ 

ʧʨʠʤʝʨʘ: 

 
ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 5.0787e+05. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 6.92e-4 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʦ. 
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A.19 ʨ˸̥˸̖̔˳˸̏̏˰̬ɯ̎˰̖̠̓̄˰ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ ̔ɯ̑˷̄̏˰̓̏̑̅ɯ̡̨̖̖̫̑̏̑̔Ȯɯ˷˳˸ɯ

̒̓˰˳̧˸ɯ̡˰̖̔̄ 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ở

Ở
Ở
Ở
ờ

ρ π υ π π π ρπ
π ς π ψ π π π
ρ π σ π π π π
π π π ρ π π σ
π ρȢπρπ π ς ρ π
π π π π ρ π ρ
π π π ρ π ρ ρỢ

ỡ
ỡ
ỡ
Ỡ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὼ ὼ
ὼ ὼ
ὼ ὼ
ὼ ὼ
ὼ ὼ
ὼ ὼ
ὼ ὼ Ứ

ủ
ủ
ủ
ủ
ủ
Ủ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ψφ ρφ
τπ ρπ
ρπ τ
ρχ ς
ρφ τȢπρ
ρς ς
σ ρỨ

ủ
ủ
ủ
ủ
ủ
Ủ

Ȣ 

ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example 2rhs _LU_s.c . ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

 

ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʦ 73.89. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʣʦʥʝʥʠʝ 2.81e-5 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʪʦʯʥʦʛʦ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʦ. 

A.20 ʶ̨̔̒̑̍̂̑˳˰̏̄˸ɯ̖̄˸̓˰̠̄̑̏̏̑˴̑ɯ̡̗̖̑̏˸̬̏̄ ˷̬̍ɯ̡̗̗̤̍˸̬̏̄ɯ̡̖̖̑̏̑̔̄ 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʦʙʨʘʟʦʚʘʥʘ ʥʘ ʤʘʪʨʠʮʝ rw496 ʩ ʚʝʢʪʦʨʦʤ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʝʜʠʥʠʮ 

ὼ
ὼ
ể
ὼ

ρ
ρ
ể
ρ

Ȣ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. ɺʢʣʶʯʝʥʠʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʩʧʦʩʦʙʥʦ ʫʣʫʯʰʠʪʴ 

ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚ ʵʪʦʤ ʧʨʠʤʝʨʝ: 

  Results w/o iter ref:  

            name |   n   |  nnz(A)  |     error C    |    error L2    |  

 ./mtx/rw496.mtx |   496 |     1859 |   2.334311e - 03 |   1.337001e - 04 |  

 

  Results with iter ref:  

            name |   n   |  nnz(A)  |     error C    |    error L2    |  

 ./mtx/rw496.mtx |   496 |     1859 |   1.479370e - 06 |   7.691817e - 08 |  

ɺ ʵʪʠʭ ʪʘʙʣʠʮʘʭ ʚ ʢʦʣʦʥʢʘʭ error  C ʠ error  L2 ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ  

ᴁ ̜̃ᴁ̘

ᴁᴁ
   ̉    

ᴁ ̜̃ᴁ̘

ᴁᴁ
ȟ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʥʦʨʤʘʭ  

https://sparse.tamu.edu/Bai/rw496
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ᴁὼᴁ ÍÁØȿὼȿȟ    ᴁὼᴁ ȿὼȿ Ȣ               

 

A.21 ʬ̄˰˴̑̏˰̨̍̏˰̬ɯ̒̑˷˷˸̓˼̈˰ ̡̖̑˲̧ɯȿ̑ ˲̖̑̅̄ɀ ̒̓̑˲̍˸̗̎ɯZero Pivot  
ʇʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪ ʚʢʣʶʯʝʥʠ ̫ʜʠʘʛʦʥʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ (ʩʤ C.3.1) ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʢʦʜʘ ʦʰʠʙʢʠ 4 ʥʘ ʩʪʘʜʠʠ ʬʘʢʪʦʨʠʟʘʮʠʠ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʦʙʨʘʟʦʚʘʥʘ (ʩʤ ʪʘʢʞʝ A.22) ʥʘ ʤʘʪʨʠʮʝ 

impcol_c ʩ ʚʝʢʪʦʨʦʤ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʝʜʠʥʠʮ 

ὼ
ὼ
ể
ὼ

ρ
ρ
ể
ρ

 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

----  Trying to solve system with boosting turned off.  
USPARS factorization failed.  
 Nonzero return code 4 was obtained from uspars_fact()  
 
----  Solving system with boosting turned on.  
  Results:  
              name |   n   |  nnz(A)  |     error C     |    error L2    |  
./mtx/impcol_c.mtx |   137 |      411 |   6.661338e - 16 |   9.485275e - 17 |  

 

A.22 ʩ̍̑˲˰̨̧̍̏˸ɯ̒˸̓˸̖̔˰̏̑˳̈̄ ̡̖̑˲̧ɯȿ̑ ˲̖̑̅̄ɀ ̒̓̑˲̍˸̗̎ɯZero Pivot  
ʇʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʛʣʦʙʘʣʴʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ (ʩʤ C.3.2) ʜʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠ ̫ʦʰʠʙʢʠ 4 ʥʘ ʩʪʘʜʠʠ ʬʘʢʪʦʨʠʟʘʮʠʠ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (ʩʤ ʪʘʢʞʝ A.21) 

ʦʙʨʘʟʦʚʘʥʘ ʥʘ ʤʘʪʨʠʮʝ impcol_c ʩ ʚʝʢʪʦʨʦʤ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʝʜʠʥʠʮ 

ὼ
ὼ
ể
ὼ

ρ
ρ
ể
ρ

 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʚʳʜʘʯʘ ʵʪʦʛʦ ʧʨʠʤʝʨʘ: 

----  Trying to solve system with global pivot turned off.  
USPARS factorization failed.  
Nonzero return code ier=4 was obtained from uspars_fact()  

----  Global pivot turned on.  
Results:   
              name | n   | nnz(A)  |   error C    |   error L2    |  
./mtx/impcol_c.mtx | 137 |     411 | 4.440892e - 16 |  7.705874e - 17 |  

ʀʩʭʦʜʥʳʡ ʢʦʜ ʧʨʠʤʝʨʘ ʩʤ ʚ ʬʘʡʣʝ example_gp.c .  

 

 

 

 

https://sparse.tamu.edu/HB/impcol_c
https://sparse.tamu.edu/HB/impcol_c
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B ʿ̄̏˸̅̏̑-˰̍˴˸˲̓˰̡̄˸̔̈̄˸ɯ̄ ˰̍˴̡̖̑̓̄̎̄˸̔̈̄˸ɯ̑̔̏̑˳̧ 

B.1 ˀ ˸̖̑˷ɯ̡̫̄̔̈̍˸̬̏̄ɯʩ˰̗̔̔˰ 
ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

                                                     ὃὼ Ὢȟ                                                                                  "Ȣρ    

ʛʜʝ ʚʝʢʪʦʨʳ ὼ ʠ Ὢ ʠʤʝʶʪ ʧʦ ὔ ʢʦʤʧʦʥʝʥʪ, ʤʘʪʨʠʮʘ ὃ ʠʤʝʝʪ ʨʘʟʤʝʨʳ ὔ ὔ. ʉ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʤʘʪʨʠʮʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

B.1.1 ʨ˸̥˸̖̔˳˸̧̏̏˸ɯ̔̄̎̎˸̡̧̖̓̄̏˸ɯ̄̍̄ɯ̈̑̎̒̍˸̧̈̔̏˸ɯ̩̖̓̎̄̑˳̧ɯ̒̑̍̑˼̖̄˸̨̍̏̑ɯ

̑̒̓˸˷˸̍˸̧̏̏˸ɯ̎˰̧̖̠̓̄ 
ɺ ʚʝʱʝʩʪʚʝʥʥʦʤ ʩʣʫʯʘʝ ʢʣʘʩʩ ʤʘʪʨʠʮ ʚʳʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ 

                                          ὃ ὃ πȟ                                                                                  ὄȢς 

ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʫʩʣʦʚʠʝ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

                                              ὃ ὃ πȢ                                                                                "Ȣσ 

ɿʜʝʩʴ ὃ  ʦʙʦʟʥʘʯʘʝʪ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ὃ, ὃ ὃ ╖  ʵʨʤʠʪʦʚʦ ʩʦʧʨʷʞʝʥʠʝ. ɼʣʷ ʪʘʢʦʛʦ 

ʢʣʘʩʩʘ ʤʘʪʨʠʮ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʦʞʝʥʠʝ ʍʦʣʝʮʢʦʛʦ 

            ὃ
ὒὒ                     ̜̃̆̆̒̓̃̆̎̎̊̚ ̘̜̒̉̍̍̆̓̑̉̎̊ ̘̒̌̔́̊

ὒὒ                                    ̜̋̏̍̐̌̆̋̒̎̊ ̞̑̍̉̓̏̃ ̘̒̌̔́̊
                ὄȢτ 

ɿʘʤʝʪʠʤ, ʯʪʦ ʟʜʝʩʴ ὒ ï ʥʠʞʥʝʪʨʝʫʛʦʣʴʥʘʷ, ʘ ὒ ʠ ὒ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʣʫʯʘʶʪʩʷ ʚʝʨʭʥʝʪʨʝʫʛʦʣʴʥʳʤʠ5. 

ɺ ʩʣʫʯʘʝ ʨʘʟʨʝʞʝʥʥʦʡ ʤʘʪʨʠʮʳ ὃ ʥʠʞʥʝʪʨʝʫʛʦʣʴʥʘʷ ʤʘʪʨʠʮʘ ὒ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʟʨʝʞʝʥʥʦʡ, ʥʦ 
ʦʙʳʯʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ (ʵʬʬʝʢʪ ʟʘʧʦʣʥʝʥʠʷ). 

ʏʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ὒ ʯʘʩʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʚ ʠʩʭʦʜʥʦʡ 
ʤʘʪʨʠʮʝ. ʕʪʦ ʯʠʩʣʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ ʩʪʨʦʢ (ʠ ʩʪʦʣʙʮʦʚ), ʚʳʙʨʘʥʥʦʛʦ ʜʣʷ ʟʘʧʠʩʠ ʠʩʭʦʜʥʦʡ 

ʤʘʪʨʠʮʳ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ὒ, ʩʥʠʟʠʚ ʪʝʤ ʩʘʤʳʤ ʥʘʛʨʫʟʢʫ ʥʘ ʧʘʤʷʪʴ ʠ 

ʫʤʝʥʴʰʠʚ ʪʨʝʙʫʶʱʝʝʩʷ ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʧʝʨʝʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʛʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʤʝʩʪʦ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ʬʘʢʪʦʨʠʟʘʮʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ὖὃὖ, ʛʜʝ ὖ ï ʤʘʪʨʠʮʘ ʧʝʨʝʩʪʘʥʦʚʢʠ (ʩʤ 1.4).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (B.1) ʩ ʤʘʪʨʠʮʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʩʣʦʚʠʷʤ (B.2) ʠʣʠ (B.3), ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ: 

1. ʉʠʤʤʝʪʨʠʯʥʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ  

                                                            ὃ  ὖὃὖ                                                              "Ȣυ    

 ʠ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʧʨʘʚʦʡ ʯʘʩʪʠ     

                                                            Ὣ ὖὪȠ                                                                    "Ȣφ  

2. Tʨʝʫʛʦʣʴʥʘʷ ʬʘʢʪʦʨʠʟʘʮʠʷ ʤʘʪʨʠʮʳ 

ὃ
ὒὒ                     ̜̃̆̆̒̓̃̆̎̎̊̚ ̘̜̒̉̍̍̆̓̑̉̎̊ ̘̒̌̔́̊

ὒὒ                                    ̜̋̏̍̐̌̆̋̒̎̊ ̞̑̍̉̓̏̃ ̘̒̌̔́̊
               "Ȣχ 

                                                      
5 ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʚ ʧʘʢʝʪʝ LAPACK ï ʧʦʜʧʨʦʛʨʘʤʤʘ ?POTRF, ʛʜʝ ʩʠʤʚʦʣ ? 
ʦʙʦʟʥʘʯʘʝʪ ʦʜʥʫ ʠʟ ʙʫʢʚ { S, D, C, Z }, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʠʧ ʜʘʥʥʳʭ (S = ósingle 

precisionô, D=ôdouble precisionô, C=ôcomplexô, Z=ôdouble complexô) 
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3. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ὒώ ὫȠ         
ὒᾀ ώ

ὒᾀ ώ

         ̜̃̆̆̒̓̃̆̎̎̊̚ ̘̜̒̉̍̍̆̓̑̉̎̊ ̘̒̌̔́̊
                         ̜̋̏̍̐̌̆̋̒̎̊ ̞̑̍̉̓̏̃ ̘̒̌̔́̊

     "Ȣψ 

4. ʇʝʨʝʩʪʘʥʦʚʢʘ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʥʝʠʟʚʝʩʪʥʳʭ 
                                    ὼ ὖᾀȢ                                                                                 "Ȣω  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʫʩʣʦʚʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ (B.2),  (B.3) ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʯʠʩʣʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʣʛʦʨʠʪʤʘ.  

B.1.2 ̂ ̄̎̎˸̡̧̖̓̄̏˸ɯȹ˳˸̥˸̖̔˳˸̧̏̏˸ɯ̄̍̄ɯ̈̑̎̒̍˸̧̈̔̏˸Ⱥ ̄ɯ̈̑̎̒̍˸̧̈̔̏˸ɯ̩̖̓̎̄̑˳̧ɯ

̎˰̧̖̠̓̄ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳Ⱦɯɯ 

ʂʣʘʩʩ ʤʘʪʨʠʮ ʚʳʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ 

           ὃ
ὃ                              ̘̜̒̉̍̍̆̓̑̉̎̊ ̘̒̌̔́̊

ὃ               ̜̋̏̍̐̌̆̋̒̎̊ ̞̑̍̉̓̏̃ ̘̒̌̔́̊
                                     "Ȣρπ 

ʕʪʦʪ ʢʣʘʩʩ ʧʦʣʥʦʩʪʴʶ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʘʪʨʠʮʳ, ʚʳʜʝʣʝʥʥʳʝ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʧʦʜʨʘʟʜʝʣʝ. ʊʝʤ ʩʘʤʳʤ, ʚʩʝ, ʯʪʦ ʦʧʠʩʘʥʦ ʥʠʞʝ ʚ ʵʪʦʤ ʧʦʜʨʘʟʜʝʣʝ, ʧʨʠʤʝʥʠʤʦ ʠ ʢ 

ʧʨʝʜʳʜʫʱʝʤʫ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʟʣʦʞʝʥʠʝ ʥʘʟʳʚʘʶʪ LDLT-ʨʘʟʣʦʞʝʥʠʝʤ (LDLH-ʨʘʟʣʦʞʝʥʠʝʤ ʚ ʵʨʤʠʪʦʚʦʤ 

ʩʣʫʯʘʝ) 

           ὖὃὖ
ὒὈὒ                             ̘̜̒̉̍̍̆̓̑̉̎̊ ̘̒̌̔́̊

ὒὈὒ               ̜̋̏̍̐̌̆̋̒̎̊ ̞̑̍̉̓̏̃ ̘̒̌̔́̊
                                     "Ȣρρ 

ɺ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ὖ ʦʙʦʟʥʘʯʘʝʪ ʤʘʪʨʠʮʫ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʘʣʛʦʨʠʪʤʘ, ὒ  ʥʠʞʥʝʪʨʝʫʛʦʣʴʥʘʷ ʩ ʝʜʠʥʠʮʘʤʠ ʥʘ ʜʠʘʛʦʥʘʣʠ, Ὀ ʦʙʦʟʥʘʯʘʝʪ ʙʣʦʯʥʦ-ʜʠʘʛʦʥʘʣʴʥʫʶ 

ʤʘʪʨʠʮʫ ʩ (ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʠʣʠ ʵʨʤʠʪʦʚʳʤʠ) ʙʣʦʢʘʤʠ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʥʘ ʜʠʘʛʦʥʘʣʠ6.  

ɺʩʝ ʩʢʘʟʘʥʥʦʝ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʦʜʨʘʟʜʝʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʨʫʢʪʫʨʳ ʪʨʝʫʛʦʣʴʥʦʛʦ ʤʥʦʞʠʪʝʣʷ 

ʧʨʠʤʝʥʠʤʦ ʠ ʢ ʩʣʫʯʘʶ LDLT-ʨʘʟʣʦʞʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (B.1) ʩ ʤʘʪʨʠʮʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʩʣʦʚʠʷʤ (B.10), ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʰʘʛʠ: 

1. ʉʠʤʤʝʪʨʠʯʥʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ (B.5) ʤʘʪʨʠʮʳ ʠ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʧʨʘʚʦʡ 

ʯʘʩʪʠ  (B.6).   

2. ʊʨʝʫʛʦʣʴʥʘʷ ʬʘʢʪʦʨʠʟʘʮʠʷ ʤʘʪʨʠʮʳ (ʩʨ. (B.11)) 

ὃ
ὒὈὒ                             ̘̜̒̉̍̍̆̓̑̉̎̊ ̘̒̌̔́̊

ὒὈὒ               ̜̋̏̍̐̌̆̋̒̎̊ ̞̑̍̉̓̏̃ ̘̒̌̔́̊
                                     "Ȣρς 

3. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʩ ʤʘʪʨʠʮʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʘʢʪʦʨʠʟʘʮʠʠ 
                                               ὒώ ὫȠ                                                                                

                                                         Ὀύ ώȠ                                                                       "Ȣρσ    

   ὒᾀ ύȢ                                    

 

ɺ ɻʨʤʠʪʦʚʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝʜʥʷʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʨʠʤʝʪ ʚʠʜ 

                                               ὒώ ὫȠ                                                                                
                                                         Ὀύ ώȠ                                                                       "Ȣρτ    

   ὒᾀ ύȢ                                    

 

4. ʇʝʨʝʩʪʘʥʦʚʢʘ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʥʝʠʟʚʝʩʪʥʳʭ (B.9) 

                                                      
6 ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʠ ʚ LAPACK ʠʤʝʶʪ ʥʘʟʚʘʥʠʝ ?SYTRF, CHETRF, ZHETRF , ʛʜʝ ʟʥʘʢ ? 

ʦʙʦʟʥʘʯʘʝʪ ʦʜʥʫ ʠʟ ʙʫʢʚ S, D, C, Z . 
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B.1.3 ˀ ˰̧̖̠̓̄ɯ̩̝̝̠̈̑̄̄˸̖̏̑˳ɯ̑˲̥˸˴̑ɯ˳̄˷˰ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʧʦʜʨʘʟʜʝʣʦʚ, ʥʠʢʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʤʘʪʨʠʮʫ $A$ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (B.1) ʥʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ.  

ʊʨʝʫʛʦʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʤʝʝʪ ʚʠʜ 

                                                             ὃ ὒὟ                                                                                 "Ȣρυ 

ʛʜʝ ὒ  ʥʠʞʥʝʪʨʝʫʛʦʣʴʥʘʷ ʤʘʪʨʠʮʘ ʩ ʝʜʠʥʠʮʘʤʠ ʥʘ ʜʠʘʛʦʥʘʣʠ, Ὗ   ʚʝʨʭʥʝʪʨʝʫʛʦʣʴʥʘʷ ʤʘʪʨʠʮʘ. 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʦʜʨʘʟʜʝʣʝ, ʢ ʨʘʟʨʝʞʝʥʥʦʡ ʤʘʪʨʠʮʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʘʭ ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʢ ʦʰʠʙʢʘʤ ʦʢʨʫʛʣʝʥʠʡ. ʊʦʣʴʢʦ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʨʘʟʣʠʯʥʳ. ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʠʜʝʡʥʦ ʧʦʭʦʞʠʤ ʥʘ ʦʧʠʩʘʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʠʭ ʧʦʜʨʘʟʜʝʣʘʭ. 

1. ʇʝʨʝʩʪʘʥʦʚʢʠ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʧʨʘʚʦʡ ʯʘʩʪʠ 

                                                           
ὃ ὖὃὖȠ
Ὣ ὖὪȢ      

                                                                          "Ȣρφ          

2. ʊʨʝʫʛʦʣʴʥʘʷ ʬʘʢʪʦʨʠʟʘʮʠʷ ʤʘʪʨʠʮʳ (ʩʨ. (B.15)) 

                                                             ὃ ὒὟ                                                                                     "Ȣρχ 

3. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

                                                                        
ὒώ ὫȠ
Ὗᾀ ώȢ

                                                                        "Ȣρψ          

4. ʇʝʨʝʩʪʘʥʦʚʢʘ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʥʝʠʟʚʝʩʪʥʳʭ  
                                                         ὼ ὖᾀȢ                                                                                   "Ȣρω        

 

B.1.4 ̂ ̖̗̖̗̓̈̓˰ ̖̓˸̗˴̨̧̞̑̍̏ ̝˰̖̈̑̓̑˳ 

ʊʨʝʫʛʦʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʠʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ, ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʨʘʟʨʝʞʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʥʦ ʩ ʦʜʥʦʡ ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʛʦʚʦʨʢʦʡ. ʏʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʨʝʫʛʦʣʴʥʳʭ 

ʬʘʢʪʦʨʘʭ ʦʙʳʯʥʦ ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʝ. ɺ ʵʪʦʤ ʧʨʦʷʚʣʷʝʪʩʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʵʬʬʝʢʪ ʟʘʧʦʣʥʝʥʠʷ (fill -in). ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʨʘʩʩʤʦʪʨʠʤ ʩʠʤʤʝʪʨʠʯʥʫʶ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʤʘʪʨʠʮʫ 

ὃ

ở

Ở
Ở
Ở
ờ

χ ρ ρ ρ ρ ρ ρ
ρ ρ π π π π π
ρ π ρ π π π π
ρ π π ρ π π π
ρ π π π ρ π π
ρ π π π π ρ π
ρ π π π π π ρỢ

ỡ
ỡ
ỡ
Ỡ

 

ɺʳʯʠʩʣʷʷ ʝʝ ʨʘʟʣʦʞʝʥʠʝ ʍʦʣʝʮʢʦʛʦ  ὃ ὒὒ, ʧʦʣʫʯʘʝʤ 

ὒ

ở

Ở
Ở
Ở
ờ

ςȢφτυψ π π π π π π
πȢσχψππȢωςυψ π π π π π
πȢσχψππȢρυτσπȢωρςω π π π π
πȢσχψππȢρυτσπȢρψςφπȢψωττ π π π
πȢσχψππȢρυτσπȢρψςφπȢςςσφπȢψφφπ π π
πȢσχψππȢρυτσπȢρψςφπȢςςσφπȢςψψχπȢψρφυ π
πȢσχψππȢρυτσπȢρψςφπȢςςσφπȢςψψχπτπψςπȢχπχρỢ

ỡ
ỡ
ỡ
Ỡ
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ʈʘʟʣʦʞʝʥʠʝ ʍʦʣʝʮʢʦʛʦ ʪʦʡ ʞʝ ʤʘʪʨʠʮʳ, ʥʦ ʩ ʩʠʤʤʝʪʨʠʯʥʦ ʧʝʨʝʩʪʘʚʣʝʥʥʳʤʠ ʩʪʨʦʢʘʤʠ ʠ ʩʪʦʣʙʮʘʤʠ, 

ʠʤʝʝʪ ʚʠʜ 

ở

Ở
Ở
Ở
ờ

ρ π π π π π ρ
π ρ π π π π ρ
π π ρ π π π ρ
π π π ρ π π ρ
π π π π ρ π ρ
π π π π π ρ ρ
ρ ρ ρ ρ ρ ρ χỢ

ỡ
ỡ
ỡ
Ỡ

ở

Ở
Ở
Ở
ờ

ρ π π π π π π
π ρ π π π π π
π π ρ π π π π
π π π ρ π π π
π π π π ρ π π
π π π π π ρ π
ρ ρ ρ ρ ρ ρ ρỢ

ỡ
ỡ
ỡ
Ỡ

ở

Ở
Ở
Ở
ờ

ρ π π π π π ρ
π ρ π π π π ρ
π π ρ π π π ρ
π π π ρ π π ρ
π π π π ρ π ρ
π π π π π ρ ρ
π π π π π π ρỢ

ỡ
ỡ
ỡ
Ỡ

 

ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʨʘʟʣʦʞʝʥʠʡ ʠʣʣʶʩʪʨʠʨʫʝʪ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʘʭ ʤʝʪʦʜʘ ɻʘʫʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʧʦʨʷʜʢʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ. 

ʕʬʬʝʢʪ ʟʘʧʦʣʥʝʥʠʷ ʚʣʠʷʝʪ ʥʘ ʦʙʲʝʤ ʪʨʝʙʫʝʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʅʝʪʨʫʜʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʦʪ 

ʟʘʧʦʣʥʝʥʠʷ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʯʠʩʣʦ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʪʨʝʙʫʶʱʠʭʩʷ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʪʨʝʫʛʦʣʴʥʦʡ ʬʘʢʪʦʨʠʟʘʮʠʠ. ɿʘʜʘʯʘ ʦ ʥʘʭʦʞʜʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ (ʚ ʩʤʳʩʣʝ ʤʠʥʠʤʠʟʘʮʠʠ ʵʬʬʝʢʪʘ 

ʟʘʧʦʣʥʝʥʠʷ) ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ NP-ʩʣʦʞʥʘʷ, ʠ ʧʦʪʦʤʫ ʥʝ ʠʤʝʝʪ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ ([4], [5], [6]), ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʪʦʨʳʭ ʵʬʬʝʢʪ ʟʘʧʦʣʥʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʥʳʤ.  

ɺ ʧʘʢʝʪʝ USPARS ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʩʪʘʥʦʚʦʢ ʤʘʪʨʠʮ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʟʘʧʦʣʥʝʥʥʦʩʪʠ 

ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʚʩʪʨʦʝʥʳ ʧʘʢʝʪʳ Metis ([7]) ʠ Atlant. Atlant ʨʘʟʨʘʙʦʪʘʥ ʚ ʨʘʤʢʘʭ ʧʘʢʝʪʘ 

USPARS. ʀʤʝʝʪʩʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʩʪʘʥʦʚʢʫ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠʣʠ 

ʚʦʦʙʱʝ ʥʝ ʧʦʜʚʝʨʛʘʪʴ ʠʩʭʦʜʥʫʶ ʤʘʪʨʠʮʫ ʥʠʢʘʢʠʤ ʧʝʨʝʩʪʘʥʦʚʢʘʤ. 

B.2 ʧ˰̍˰̏̔̄̓̑˳̈˰ ̩̝̝̠̈̑̄̄˸̖̏̑˳ɯ̗̓˰˳̏˸̏̄̅ 
ɺ ʘʣʛʦʨʠʪʤʘʭ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʢ 

ʧʦʛʨʝʰʥʦʩʪʷʤ ʦʢʨʫʛʣʝʥʠʡ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ 

ʤʘʪʨʠʮʳ ╖ ʚʟʘʤʝʥ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ὃὼ Ὢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ  

ὃώ ὈὪ 

ʚ ʢʦʪʦʨʦʡ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ʫʤʥʦʞʝʥʠʝʤ  

ὃ ὈὃὈ  

ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʜʠʘʛʦʥʘʣʴʥʳʝ ʤʘʩʰʪʘʙʠʨʫʶʱʠʝ ʤʘʪʨʠʮʳ Ὀ ʠ Ὀ. 

ʕʣʝʤʝʥʪʳ ʜʠʘʛʦʥʘʣʝʡ ʤʘʩʰʪʘʙʠʨʫʶʱʠʭ ʤʘʪʨʠʮ ʚʳʙʠʨʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʚ ʩʪʨʦʢʘʭ ʠ ʩʪʦʣʙʮʘʭ 

ʤʘʪʨʠʮʳ ὃ   ʤʘʢʩʠʤʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʙʳʣʠ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮʳ. ʊʘʢʦʡ ʧʨʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʯʠʩʣʘ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

B.3 Matching  

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʪʘʢ ʧʝʨʝʩʪʘʚʠʪʴ 

ʫʨʘʚʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ὃὼ Ὢ 

ʯʪʦʙʳ òʫʩʠʣʠʪʴò ʜʠʘʛʦʥʘʣʴ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ὖ  
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 ʩʪʨʦʢ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ ὃ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʥʘ ʛʣʘʚʥʫʶ ʜʠʘʛʦʥʘʣʴ ʧʦʧʘʜʘʶʪ ʙʦʣʴʰʠʝ ʧʦ 
ʤʦʜʫʣʠ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ; ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʧʨʘʚʦʡ ʯʘʩʪʠ Ὢ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘ ʞʝ ʩʘʤʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ:  

ὃ ὖὃȟ   Ὢ ὖὪȢ  
ɺ ʧʘʢʝʪʝ USPARS ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʤʘʢʩʠʤʠʟʘʮʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʩʤ 

[8]) 

 

B.4 Atlant  
ɺ ʩʦʩʪʘʚ ʧʘʢʝʪʘ USPARS ʚʭʦʜʠʪ ʢʦʤʧʦʥʝʥʪʘ Atlant ʜʣʷ ʧʝʨʝʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʨʘʟʨʝʞʝʥʥʳʭ ʤʘʪʨʠʮ ʩ 

ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʟʘʧʦʣʥʷʝʤʦʩʪʠ ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʤʘʪʨʠʮʳ ʬʘʢʪʦʨʦʚ (fill-in 

reducing reordering). ɺ ʢʦʤʧʦʥʝʥʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʤʝʪʦʜʘ ʚʣʦʞʝʥʥʳʭ ʩʝʯʝʥʠʡ [9] ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʚʪʦʨʩʢʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʧʦʜʛʨʘʬʦʚ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʥʘ ʦʩʥʦʚʝ 

ʘʣʛʦʨʠʪʤʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ [5]. 
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C ˄̓˰̡̖̈̄˸̔̈̄˸ɯ̓˸̈̑̎˸̏˷˰̠̄̄ɯ̒̑ɯ̨̄̔̒̑̍̂̑˳˰̫̏̄ɯ̒˰̈˸̖˰ɯUSPARS 

C.ƕɯʶ̨̔̒̑̍̂̑˳˰̏̄˸ɯ̎̏̑˴̡̖̖̑̒̑̑̏̑̔̄ 
ʌʫʥʢʮʠʠ ʧʘʢʝʪʘ USPARS ʨʘʩʧʘʨʘʣʣʝʣʝʥʳ7 ʧʦʜ ʤʥʦʛʦʷʜʝʨʥʳʝ ʩʠʩʪʝʤʳ ʩʨʝʜʩʪʚʘʤʠ OpenMP. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʚ ʧʨʦʛʨʘʤʤʝ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʬʫʥʢʮʠʠ USPARS, ʠʩʧʦʣʥʝʥʠʝ USPARS ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʤʥʦʛʦʧʦʪʦʯʥʦʤ ʨʝʞʠʤʝ, ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʯʠʩʣʦ ʠʩʧʦʣʴʟʫʝʤʳʭ omp-ʧʦʪʦʢʦʚ8. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 16 ʧʦʪʦʢʦʚ, ʪʦ ʧʝʨʝʜ ʩʘʤʳʤ ʧʝʨʚʳʤ ʚʳʟʦʚʦʤ ʬʫʥʢʮʠʡ USPARS ʤʦʞʥʦ 

ʧʦʩʪʘʚʠʪʴ ʦʧʝʨʘʪʦʨ omp_set _num_threads (16) .  

ʋʩʪʘʥʦʚʠʪʴ ʯʠʩʣʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʪʦʢʦʚ ʤʦʞʥʦ, ʧʨʠʩʚʦʠʚ ʧʝʨʝʤʝʥʥʦʡ ʦʢʨʫʞʝʥʠʷ 

OMP_NUM_THREADS ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ ʪʨʝʙʫʝʤʦʤʫ ʯʠʩʣʫ ʧʦʪʦʢʦʚ. ɺ ʩʨʝʜʝ Linux ʵʪʦ ʜʝʣʘʝʪʩʷ 

ʢʦʤʘʥʜʦʡ  

export OMP_NUM_THREADS=16  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʩʨʝʜʝ Windows ʢʦʤʘʥʜʘ ʚʳʛʣʷʜʠʪ ʪʘʢ  

set OMP_NUM_THREADS=16 

"ȭƖɯʶ̖˸̓˰̠̄̑̏̏̑˸ɯ̡̗̖̑̏˸̏̄˸ 
ʊʨʝʪʴʷ ʧʦ ʩʧʠʩʢʫ   

o ʧʝʨʝʩʪʘʥʦʚʢʘ, 

o ʬʘʢʪʦʨʠʟʘʮʠʷ, 

o ʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʬʘʟʘ ʘʣʛʦʨʠʪʤʘ ʧʘʢʝʪʘ USPARS, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ὃὼ Ὢȟ 

ʦʙʳʯʥʦ ʟʘʥʠʤʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʫʶ ʜʦʣʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ (ʩʤ 

options [ USP_ITER_REF]  ʚ ʨʘʟʜʝʣʝ 2.2) ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. ʆʨʛʘʥʠʟʦʚʳʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʨʝʰʝʥʠʝ 

ʧʦʣʫʯʘʝʪʩʷ ʟʘ ʥʝʩʢʦʣʴʢʦ ʦʜʥʦʪʠʧʥʳʭ ʰʘʛʦʚ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʨʦʮʝʩʩʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʝʰʝʥʘ ʩʠʩʪʝʤʘ 

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʬʘʢʪʦʨʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʝʢʪʦʨʘ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʣʫʞʠʪ ʥʝʚʷʟʢʘ ʦʪ ʫʪʦʯʥʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ.  ɺ ʚʳʯʠʩʣʝʥʠʷʭ ʥʝʚʷʟʢʠ ʫʯʘʩʪʚʫʝʪ ʠʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ, ʧʨʠʯʝʤ, 

ʝʩʣʠ ʚʦʟʤʦʞʥʦ, ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʷʪ ʚ ʬʦʨʤʘʪʝ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʠʩʘʥʥʦʛʦ 

ʧʨʠʝʤʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʩ ʣʫʯʰʝʡ ʪʦʯʥʦʩʪʴʶ, ʯʝʤ ʙʝʟ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʘʝʤʳʡ ʥʘ Ὧ-ʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʝʢʪʦʨ 

ὼ  ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʰʝʥʠʝ ʩ ʣʫʯʰʝʡ ʥʝʚʷʟʢʦʡ  

ὃὼ Ὢ ὃὼ ὪȢ 

ɺʳʭʦʜ ʠʟ ʧʨʦʮʝʩʩʘ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʢʨʠʪʝʨʠ ̫ ʤʘʣʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʳ ʥʝʚʷʟʢʠ 

                                                      
7ɺ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ ʧʘʢʝʪʘ ʨʘʩʧʘʨʘʣʣʝʣʝʥʳ ʬʘʢʪʦʨʠʟʘʮʠʷ ʠ ʯʘʩʪʠʯʥʦ ʠʥʠʮʠʘʣʠʟʘʮʠʷ. 
8ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʯʠʩʣʦ ʧʦʪʦʢʦʚ ʥʝ ʧʨʝʚʳʰʘʣʦ ʯʠʩʣʘ ʬʠʟʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʷʜʝʨ ʧʨʦʮʝʩʩʦʨʘ. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʘ ʜʝʛʨʘʜʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
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ὃὼ Ὢ

ᴁὪᴁ
‌                                                                #Ȣρ  

ʣʠʙʦ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʧʨʝʜʝʣʘ ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ 

                                                          Ὧ Ὧ                                                                             #Ȣς 

ʇʘʨʘʤʝʪʨʳ ‌ ʠ Ὧ  ʟʘʜʘʥʳ ʧʦ ʫʤʦʣʯʘʥʠʶ ʣʠʙʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ (ʩʤ ʨʘʟʜʝʣ 2.2). ɺ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʭʦʜ ʧʦ ʫʩʣʦʚʠʶ (C.2), ʧʨʦʮʝʩʩ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʦʙʲʷʚʣʷʝʪʩʷ 

ʥʝʩʦʰʝʜʰʠʤʩʷ ʠ ʬʫʥʢʮʠʷ uspars_solve()  (ʩʤ ʨʘʟʜʝʣ 2.4) ʚʦʟʚʨʘʱʘʝʪ ʢʦʜ ʦʰʠʙʢʠ 7. 

C.3 ˄ ̓̄˸̧̎ɯɅ̑˲̞̑˷˰Ʌɯ̤̑̄˲̈̄ɯ9ÌÙÖɯPivot  
ɺ ʧʨʦʮʝʩʩʝ ʪʨʝʫʛʦʣʴʥʦʡ ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʘʪʨʠʮʳ ʜʠʘʛʦʥʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʨʘʚʥʳʤ 

ʥʫʣʶ. ʇʨʦʮʝʩʩ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥ ʧʦʪʦʤʫ, ʯʪʦ ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʟʥʘʤʝʥʘʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʬʘʢʪʦʨʠʟʘʮʠʠ. ʇʦʷʚʣʝʥʠʝ ʥʫʣʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʥʠʢʦʠʤ ʦʙʨʘʟʦʤ ʥʝ 

ʩʚʷʟʘʥʦ ʩ ʚʳʨʦʞʜʝʥʥʦʩʪʴʶ ʤʘʪʨʠʮʳ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʛʦ ʟʘʪʨʫʜʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʚʳʙʦʨ ʚʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʪʦʣʙʮʝ (pivoting) ╖  ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʪʨʦʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʡ ʥʘ ʤʝʩʪʦ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʧʘʜʘʝʪ ʥʝʥʫʣʝʚʦʡ ʵʣʝʤʝʥʪ ʠʟ ʪʦʛʦ ʞʝ ʩʪʦʣʙʮʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʠʞʝ ʜʠʘʛʦʥʘʣʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʬʘʢʪʦʨʠʟʘʮʠʶ ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʩʣʝʜʫʶʱʝʛʦ ʥʫʣʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʜʠʘʛʦʥʘʣʠ. ʊʦʛʜʘ ʩʥʦʚʘ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʪʨʦʢ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʨʠʮʘ ʦʢʘʟʳʚʘʝʪʩʷ ʬʘʢʪʦʨʠʟʦʚʘʥʥʦʡ ╖ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ 

ʪʨʝʫʛʦʣʴʥʳʭ ʤʘʪʨʠʮ ʠ ʤʘʪʨʠʮʳ ʧʝʨʝʩʪʘʥʦʚʦʢ. 

ɽʩʣʠ ʥʘ ʢʘʢʦʤ-ʪʦ hʘʛʝ ʥʝ ʫʜʘʝʪʩʷ ʥʘʡʪʠ ʥʝʥʫʣʝʚʦʡ ʚʝʜʫʱʠʡ ʵʣʝʤʝʥʪ ʚ ʩʪʦʣʙʮʝ ʥʠʞʝ ʥʫʣʝʚʦʛʦ 

ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʪʦ ɻʪʦ ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ ʚʳʨʦʞʜʝʥʘ ʩʦ ʚʩʝʤʠ 

ʚʳʪʝʢʘʶʱʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ɺ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʯʠʩʣʘʤʠ 

ʧʦʜʚʝʨʞʝʥʳ ʦʢʨʫʛʣʝʥʠʷʤ, ʠ ʨʘʩʩʫʞʜʝʥʠʷ ʚʳʰʝ ʜʦʣʞʥʳ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ. ɺʦ-ʧʝʨʚʳʭ, ʜʘʞʝ 

ʝʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʬʘʢʪʦʨʠʟʘʮʠʠ ʥʘ ʜʠʘʛʦʥʘʣʠ ʥʝ ʧʦʷʚʣʷʶʪʩʷ ʥʫʣʠ, ʜʝʣʝʥʠʝ ʥʘ ʤʘʣʳʝ ʟʥʘʤʝʥʘʪʝʣʠ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʙʦʣʴʰʠʤ ʚʝʣʠʯʠʥʘʤ ʚʧʣʦʪʴ ʜʦ overflow . ɺʦ-ʚʪʦʨʳʭ, ʠʤʝʶʪʩʷ ʝʱʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʦʞʝ ʤʦʛʫʪ ʜʘʪʴ ʨʦʩʪ. ʊʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘʢʦʧʣʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʦʢʨʫʛʣʝʥʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʠʩʢʘʞʘʪʴ ʨʝʟʫʣʴʪʘʪ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʚʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ 

ʥʝʦʙʭʦʜʠʤ, ʥʦ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥ. 

ʗʩʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʚʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʫʞʥʦ ʧʨʦʩʪʦ ʙʨʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦ ʤʦʜʫʣʶ ʵʣʝʤʝʥʪ, 

ʧʨʠʯʝʤ ʵʪʦ ʜʝʣʘʪʴ ʚʩʝʛʜʘ. ʈʘʟʣʠʯʘʶʪ ʜʚʝ ʩʪʨʘʪʝʛʠʠ ʚʳʙʦʨʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦ ʤʦʜʫʣʶ ʵʣʝʤʝʥʪʘ: 

A. ɺʳʙʦʨ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚ ʩʪʦʣʙʮʝ (Partial pivoting). ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ὃ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʚʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩʣʝʜʫʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ  

ÍÁØȿὃ ȿ 

ʅʘʡʜʝʥʥʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʜʦʣʞʝʥ ʙʳʪʴ ʧʝʨʝʩʪʘʚʣʝʥ ʥʘ ʤʝʩʪʦ ὃ  . ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ 

ʧʝʨʝʩʪʘʚʠʪʴ ʜʚʝ ʩʪʨʦʢʠ. 

B. ɺʳʙʦʨ ʧʦ ʚʩʝ ʤʘʪʨʠʮʝ (Full pivoting).  ɿʜʝʩʴ ʨʝʰʘʝʤʘʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʚʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠʤʝʝʪ 

ʚʠʜ     

ÍÁØȿὃ ȿ 

ɿʜʝʩʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʩʪʘʚʠʪʴ ʥʘʡʜʝʥʥʳʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪʘ ʥʘ ʤʝʩʪʴ $(i,i)$, ʥʫʞʥʦ 

ʙʫʜʝʪ ʧʝʨʝʩʪʘʚʠʪʴ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ. 
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ɺ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʪʠʣʴʜʘ ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 

ʤʘʩʩʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ, ʯʪʦʙʳ ʦʪʣʠʯʠʪʴ ʠʭ ʦʪ ʵʣʝʤʝʥʪʦʚ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ (ʚʩʝ 

ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ 'ʥʘ ʤʝʩʪʝ'). 

ʊʝʦʨʝʤʳ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ ʜʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʳʙʦʨ ʚʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʚʩʝʡ ʤʘʪʨʠʮʝ. ʊʝʦʨʝʤ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʚʳʙʦʨʝ ʧʦ ʩʪʦʣʙʮʫ, ʥʝʪ. 

ɹʦʣʝʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʳ ʢʦʥʪʨʧʨʠʤʝʨʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʙʦʨʘ ʚʝʜʫʱʝʛʦ ʧʦ 

ʩʪʦʣʙʮʫ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ. ʆʜʥʘʢʦ, ʧʦ ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʳʤ 

ʧʨʠʯʠʥʘʤ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʠ Partial pivoting. ʇʨʠ ʵʪʦʤ 

ʘʚʪʦʨʳ ʩʩʳʣʘʶʪʩʷ ʥʘ ʪʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ ʦʙʳʯʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʪʦʡʯʠʚʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ɺʩʝ ʧʨʝʜʳʜʫʱʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ʥʝ ʧʨʠʥʠʤʘʶʪ ʚʦ ʚʥʠʤʘʥʠʝ ʩʪʨʫʢʪʫʨʫ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʪʨʠʮʝ 

ʠ ʧʦʪʦʤʫ ʦʪʥʦʩʷʪʩʷ ʢ ʧʣʦʪʥʳʤ ʤʘʪʨʠʮʘʤ. ʇʝʨʝʜ ʬʘʢʪʦʨʠʟʘʮʠʝʡ ʨʘʟʨʝʞʝʥʥʦʡ ʤʘʪʨʠʮʳ ʧʨʠʤʝʥʷʶʪ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ, ʧʨʠʟʚʘʥʥʳʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʨʝʙʣʷʝʤʫʶ ʧʘʤʷʪʴ. 

ʇʨʠ ʵʪʦʤ ʚ ʤʘʪʨʠʮʝ ʚʦʟʥʠʢʘʝʪ ʥʝʢʦʪʦʨʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʘʨʫʰʝʥʘ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʨʘʟʨʝʰʝʥʳ, ʥʦ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʝʜʝʣʘʭ. ʉʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ, ʩʦʜʝʨʞʠʪ ʢʚʘʜʨʘʪʥʳʝ ʙʣʦʢʠ ʥʘ 

ʜʠʘʛʦʥʘʣʠ ʤʘʪʨʠʮʳ, ʠ ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʥʝ ʠʤʝʶʪ ʧʨʘʚʦ ʥʘʨʫʰʘʪʴ ʵʪʫ ʙʣʦʯʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʕʪʦ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ 
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ɿʜʝʩʴ ʷʚʥʦ ʚʳʜʝʣʝʥʳ ʜʠʘʛʦʥʘʣʴʥʳʝ ʢʚʘʜʨʘʪʥʳʝ ʙʣʦʢʠ ὃȟ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʨʷʜʢʠ ʠ 

ʪʨʘʢʪʫʶʪʩʷ ʢʘʢ ʧʣʦʪʥʳʝ. ʂʨʝʩʪʘʤʠ ʦʙʦʟʥʘʯʝʥʳ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʙʣʦʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʯʠʩʪʦ ʥʫʣʝʚʳʤʠ ʠʣʠ ʠʤʝʪʴ ʥʝʥʫʣʝʚʳʝ ʵʣʝʤʝʥʪʳ. 

ʌʘʢʪʦʨʠʟʘʮʠʷ ʚʩʝʡ ʤʘʪʨʠʮʳ ʚʢʣʶʯʘʝʪ ʬʘʢʪʦʨʠʟʘʮʠʶ ʜʠʘʛʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʠ ʦʙʨʘʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʦʚ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʜʠʘʛʦʥʘʣʴʥʳʡ ʙʣʦʢ ʥʘ ʤʦʤʝʥʪ ʬʘʢʪʦʨʠʟʘʮʠʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʥʝʚʳʨʦʞʜʝʥʥʳʤ, ʧʨʘʚʠʣʴʥʝʝ ʩʢʘʟʘʪʴ, ʭʦʨʦʰʦ ʦʙʫʩʣʦʚʣʝʥʥʳʤ. ɺʦ ʚʨʝʤʷ ʬʘʢʪʦʨʠʟʘʮʠʠ 

ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ὃȟ  ʨʘʟʨʝʰʝʥʳ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʨʦʢ, ʥʦʤʝʨʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʦʤʝʨʘʤʠ 

ʩʪʨʦʢ ʙʣʦʢʘ ὃȟ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ LU-ʬʘʢʪʦʨʠʟʘʮʠʠ ʚ ʧʘʢʝʪʝ USPARS ʚʳʙʦʨ ʛʣʘʚʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʭʝʤʝ Full pivoting ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʘʛʦʥʘʣʴʥʳʤ ʙʣʦʢʘʤ. ʄʳ ʥʘʟʳʚʘʝʤ ʪʘʢʫʶ 

ʩʪʨʘʪʝʛʠʶ Local Full Pivoting. 

ʇʨʦʮʝʩʩ ʬʘʢʪʦʨʠʟʘʮʠʠ ʧʣʦʪʥʦʛʦ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ά ά-ʙʣʦʢʘ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʨʠʩʫʥʢʦʤ  
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ɿʜʝʩʴ ʢʨʝʩʪʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʫʞʝ ʦʙʨʘʙʦʪʘʥʥʳʝ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ, ʥʘ ʦʯʝʨʝʜʠ ʦʙʨʘʙʦʪʢʘ 

ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ὥ , ʚʳʜʝʣʝʥ ʦʩʪʘʚʰʠʡʩʷ ʥʝ ʬʘʢʪʦʨʠʟʦʚʘʥʥʳʤ ʧʦʜʙʣʦʢ ʨʘʟʤʝʨʘ ά Ὧ
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ρ ά Ὧ ρ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʳʙʦʨ ʚʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʦʛʨʘʥʠʯʝʥ ʵʣʝʤʝʥʪʘʤʠ ʚʳʜʝʣʝʥʥʦʛʦ 

ʙʣʦʢʘ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚʩʝ ʵʣʝʤʝʥʪʳ ʵʪʦʛʦ ʙʣʦʢʘ ʤʘʣʳ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʠ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʚʟʷʪʳ ʚ ʢʘʯʝʩʪʚʝ ʚʝʜʫʱʠʭ. ʆʪʤʝʪʠʤ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʠ ʵʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪ ɹʩʠʛʥʘʣʦʤ ʦ ʧʣʦʭʦʡ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ, ʧʦʜʚʝʨʛʘʝʤʦʛʦ ʬʘʢʪʦʨʠʟʘʮʠʠ, ʥʦ ʥʝ ʦʙʷʟʘʥʦ ʦʟʥʘʯʘʪ ɹʧʣʦʭʫʶ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ. ʌʫʥʢʮʠʷ uspars_fact()  ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʦʟʚʨʘʱʘʝʪ ʢʦʜ 

ʦʰʠʙʢʠ 4 (Zero pivot ). ʊʘʢʦʡ ʢʦʜ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʬʘʢʪʦʨʠʟʘʮʠʷ ʥʝ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʣʦʢʘʣʴʥʦʡ ʤʘʪʨʠʮʝ ʥʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʚʝʜʫʱʠʡ ʵʣʝʤʝʥʪ. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʚʦʟʥʠʢʘʶʱʝʛʦ ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʧʘʢʝʪʝ USPARS ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʝʤʳ, 

ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʟʜʝʣʘʭ ʉ.3.1, C.3.2. 

C.3.1 ʬ̄˰˴̑̏˰̨̍̏˰̬ɯ̒̑˷˷˸̓˼̈˰ 

ʇʫʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʬʘʢʪʦʨʠʟʘʮʠʠ ʚʩʪʨʝʪʠʣʘʩʴ ʩʠʪʫʘʮʠʷ Zero pivot  (ʬʫʥʢʮʠʷ uspars_fact()  

ʚʝʨʥʫʣʘ ʢʦʜ ʦʰʠʙʢʠ 4).  ʀʥʘʯʝ ʛʦʚʦʨʷ, ʧʨʦʮʝʩʩ ʧʦʧʘʣ ʚ ʩʠʪʫʘʮʠʶ, ʦʧʠʩʳʚʘʝʤʫʶ ʬʦʨʤʫʣʦʡ (C.3), ʛʜʝ 

ʚʩʝ ʵʣʝʤʝʥʪʳ ʚʳʜʝʣʝʥʥʦʛʦ ʙʣʦʢʘ ʤʘʣʳ. ɽʩʣʠ ʚʳʜʝʣʝʥʥʳʡ ʙʣʦʢ ʟʘʤʝʥʠʪʴ ʤʘʪʨʠʮʝʡ  

‏                                   ᴁὃᴁὍ ȟ                                                                                   #Ȣτ    

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʝ ʧʦʨʷʜʢʘ ά Ὧ ρ ʩ ʥʝʢʦʪʦʨʳʤ ʥʝ ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ‏ ,  ʪʦ ʬʘʢʪʦʨʠʟʘʮʠʶ ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ. ʊʘʢʦʡ ʧʨʠʝʤ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʝʪʩʷ boosting (ʧʦʜʜʝʨʞʢʘ). ʉʧʦʩʦʙ ʚʢʣʶʯʝʥʠʷ ʦʧʮʠʠ  ╖  ʩʤ ʨʘʟʜʝʣ 2.2.   

ʇʨʠʤʝʥʷʷ, ʝʩʣʠ ʥʫʞʥʦ, ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʵʪʦʪ ʧʨʠʝʤ, ʬʘʢʪʦʨʠʟʘʮʠʶ ʫʜʘʝʪʩʷ ʜʦʚʝʩʪʠ ʜʦ ʢʦʥʮʘ. ʆʜʥʘʢʦ, 

ʬʘʢʪʦʨʠʟʦʚʘʥʥʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʠʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ, ʘ ʥʝʢʦʪʦʨʦʝ ʝʝ ʚʦʟʤʫʱʝʥʠʝ. ɽʩʣʠ ʚʥʦʩʠʤʦʝ 

ʚʦʟʤʫʱʝʥʠʝ ʥʘ ʰʘʛʘʭ ʧʦʜʜʝʨʞʢʠ ʥʝ ʚʝʣʠʢʦ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʥʝ ʚʝʣʠʢʦ ‏ , ʪʦ ʤʦʞʥʦ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʢʘʟʘʣʘʩʴ ʬʘʢʪʦʨʠʟʦʚʘʥʥʦʡ ʤʘʪʨʠʮʘ, ʙʣʠʟʢʘʷ ʢ ʠʩʭʦʜʥʦʡ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʳʝ ʬʘʢʪʦʨʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʦʙʫʩʣʘʚʣʠʚʘʪʝʣʷ, ʤʦʞʥʦ ʨʝʰʠʪʴ 

ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʧʘʢʝʪʝ 

USPARS ʚ ʢʘʯʝʩʪʚʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʠ,  ʚ ʢʦʪʦʨʦʤ ʥʝʚʷʟʢʠ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʨʝʫʛʦʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʜʝʨʞʢʠ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʥʝʩʝʥʥʦʝ 

ʚʦʟʤʫʱʝʥʠʝ ʙʳʣʦ ʥʝ ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ, ʤʦʞʥʦ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʠʪʝʨʘʮʠʠ ʩʦʡʜʫʪʩʷ, ʯʪʦ ʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘ ʤʥʦʛʠʭ (ʥʦ ʥʝ ʚʩʝʭ) ʧʨʠʤʝʨʘʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʠʪʝʨʘʮʠʦʥʥʳʤ ʫʪʦʯʥʝʥʠʝʤ. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ, ʢʦʛʜʘ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ ʫʜʘʣʦʩʴ 

ʧʨʦʚʝʩʪʠ ʙʝʟ ʧʦʜʜʝʨʞʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʜʝʨʞʢʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ example_boosting.c , ʩʤ ʪʘʢʞʝ ʨʘʟʜʝʣ A.21. 

 

C.3.2 ʩ̍̑˲˰̨̧̍̏˸ɯ̒˸̓˸̖̔˰̏̑˳̈ ̄

ɺʚʦʜʥʳʝ ʜʣʷ ʦʧʠʩʳʚʘʝʤʦʛʦ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʠʝʤʘ ʪʝ ʞʝ ʩʘʤʳʝ, ʯʪʦ ʠ ʜʣʷ ʧʨʝʜʳʜʫʱʝʛʦ  ╖  ʬʫʥʢʮʠʷ 

uspars_fact()  ʚʝʨʥʫʣʘ ʢʦʜ ʦʰʠʙʢʠ 4, ʚʳʜʝʣʝʥʥʳʡ ʙʣʦʢ  
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ʚ ʬʦʨʤʫʣʝ (C.3) ʷʚʣʷʝʪʩʷ 'ʥʫʣʝʚʳʤ', ʪ. ʝ. ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʫʩʣʦʚʠʶ 

                                                                          ὃ ‏                                                          #Ȣυ  

ʇʨʠʝʤ, ʠʟʣʘʛʘʝʤʳʡ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʩʠʪʫʘʮʠʠ ʩ 'ʥʫʣʝʚʳʤ' ʧʦʜʙʣʦʢʦʤ ʙʣʦʢʘ ὃ ʤʦʞʥʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤʠ.  
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                              #Ȣφ   

ɿʜʝʩʴ ʚʳʜʝʣʝʥʥʘʷ ʙʣʦʯʥʘʷ ʩʪʨʦʢʘ ʠ ʚʳʜʝʣʝʥʥʳʡ ʙʣʦʯʥʳʡ ʩʪʦʣʙʝʮ ʦʧʠʨʘʶʪʩʷ ʥʘ 'ʥʫʣʝʚʦʡ' ʧʦʜʙʣʦʢ 

ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ ὃ. ʏʪʦʙʳ ʦʪʨʘʟʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʵʪʦ ╖ ʯʘʩʪʴ ʚʩʝʛʦ ʙʣʦʢʘ, ʛʨʘʥʠʮʳ ʥʘʨʠʩʦʚʘʥʳ 

ʧʝʨʝʩʝʢʘʶʱʠʤʠ ʩʠʤʚʦʣ ὃ. ʄʘʪʨʠʮʘ ʦʢʘʡʤʣʷʝʪʩʷ ʩʧʨʘʚʘ ʙʣʦʯʥʳʤ ʩʪʦʣʙʮʦʤ ʠ ʩʥʠʟʫ ʙʣʦʯʥʦʡ 

ʩʪʨʦʢʦʡ, ʰʠʨʠʥʳ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʨʷʜʢʦʤ 'ʥʫʣʝʚʦʛʦ' ʙʣʦʢʘ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʦʢʘʡʤʣʝʥʠʷ ʨʘʚʥʳ 

ʥʫʣʶ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʘʚʦʛʦ ʥʠʞʥʝʛʦ ʙʣʦʢʘ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʤʝʨʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʩʪʦʣʙʮʦʚ   ʚ ʤʘʪʨʠʮʫ ʚ ʪʝʨʤʠʥʘʭ ʨʝʰʘʝʤʦʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ 

ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ ʚ ʩʠʩʪʝʤʫ. ɼʦʧʦʣʥʠʤ ʚʝʢʪʦʨ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʥʠʟʫ ʥʫʣʷʤʠ ʪʘʢ, 

ʯʪʦʙʳ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ ʚ ʚʝʢʪʦʨʝ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ ʯʠʩʣʫ ʩʪʨʦʢ ʚ ʦʢʘʡʤʣʝʥʥʦʡ ʤʘʪʨʠʮʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʨʦʢʠ ʦʟʥʘʯʘʶʪ ʜʦʙʘʚʣʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

ʂ ʨʘʩʰʠʨʝʥʥʦʡ ʤʘʪʨʠʮʝ (C.6) ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʪʘʢ, ʯʪʦʙʳ 

ʜʦʙʘʚʣʝʥʥʳʡ ʝʜʠʥʠʯʥʳʡ ʙʣʦʢ ʠʟ ʦʢʘʡʤʣʝʥʠʷ ʧʦʧʘʣ ʥʘ ʤʝʩʪʦ 'ʥʫʣʝʚʦʛʦ' ʙʣʦʢʘ. ʉʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʳ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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                              #Ȣχ   

ʅʘ ʤʝʩʪʦ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʳ ʚ ʧʨʘʚʦʤ ʥʠʞʥʝʤ ʫʛʣʫ ʧʦʧʘʣ ôʥʫʣʝʚʦʡô ʙʣʦʢ, ʦʙʦʟʥʘʯʝʥʥʳʡ ὃ. ʏʪʦʙʳ 
ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʙʣʦʢʝ ὃôʥʫʣʝʚʦʡô ʙʣʦʢ ʦʢʘʟʘʣʩʷ ʟʘʤʝʱʝʥʥʳʤ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʝʡ, ʤʳ 
ʀʩʧʦʣʴʟʫʝʤ ʟʥʘʢ ʪʠʣʴʜʳ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʜʝʣʘʥʳ ʪʘʢʞʝ ʚ ʚʝʢʪʦʨʝ 

ʧʨʘʚʦʡ ʯʘʩʪʠ.  

ʇʦʩʣʝ ʧʨʦʜʝʣʘʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʪʫʘʮʠʷ, ʚʳʟʳʚʘʶʱʘʷ Zero pivot ʠʩʯʝʟʘʝʪ ʠ ʧʨʦʮʝʩʩ 

ʬʘʢʪʦʨʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʥʦʚʘ ʚʩʪʨʝʯʘʝʪʩʷ Zero pivot, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʪʦʨʷʶʪʩʷ. ʗʩʥʦ, ʯʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʜʦʡʪʠ ʜʦ ʙʣʦʢʘ ὃ , ʧʦʩʣʝ ʯʝʛʦ 

ʦʩʪʘʥʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʣʝʥʥʳʭ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ. ɼʣʷ ʠʭ ʠʩʢʣʶʯʝʥʠʷ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʯʠʩʣʝʥʥʫʶ ʬʘʢʪʦʨʠʟʘʮʠʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʘʪʨʠʮʳ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ 

ʧʨʠʚʝʜʝʪ ʢ ʟʘʜʘʯʝ ʬʘʢʪʦʨʠʟʘʮʠʠ ʜʦʙʘʚʣʝʥʥʦʛʦ ʙʣʦʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʧʨʘʚʦʤ ʥʠʞʥʝʤ ʫʛʣʫ. 
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ʌʘʢʪʦʨʠʟʫʷ ʝʛʦ, ʧʦʣʫʯʠʤ ʨʘʟʣʦʞʝʥʠʝ ʚ ʪʨʝʫʛʦʣʴʥʳʝ ʤʘʪʨʠʮʳ ʨʘʩʰʠʨʝʥʥʦʡ ʤʘʪʨʠʮʳ. ʈʝʰʘʷ 

ʨʘʩʰʠʨʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʤʳ ʦʧʨʝʜʝʣʠʤ ʚʝʢʪʦʨ ʥʝʠʟʚʝʩʪʥʳʭ, ʚ ʢʦʪʦʨʦʤ ʠʤʝʶʪʩʷ ʜʦʙʘʚʣʝʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ. ʀʭ ʩʣʝʜʫʝʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʦʪʚʝʪʘ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʙʳʣʘ ʭʦʨʦʰʦ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʠ ʦʰʠʙʢʠ Zero pivot 

ʧʦʷʚʣʷʣʠʩʴ ʚʩʣʝʜʩʪʚʠʝ ʥʝ ʩʣʠʰʢʦʤ ʫʜʘʯʥʦʛʦ ʚʳʙʨʘʥʥʦʛʦ ʧʦʨʷʜʢʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ, 

ʧʦʩʣʝʜʥʠʡ ʥʠʞʥʠʡ ʙʣʦʢ ʙʫʜʝʪ ʥʝ ʩʣʠʰʢʦʤ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʳʤ9 ʠ ʝʛʦ ʬʘʢʪʦʨʠʟʘʮʠʷ ʦʢʘʞʝʪʩʷ 

ʚʦʟʤʦʞʥʦʡ. ʇʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʧʨʠʝʤʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦ. ʉʧʦʩʦʙ ʚʢʣʶʯʝʥʠʷ ʦʧʮʠʠ 

ï ʩʤ ʨʘʟʜʝʣ 2.2. 

ʆʯʝʚʠʜʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʦʧʠʩʘʥʥʦʛʦ ʧʨʠʝʤʘ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʧʘʤʷʪʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚʨʝʤʷ ʬʘʢʪʦʨʠʟʘʮʠʠ, ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʝʛʦ ʩ ʛʠʧʦʪʝʪʠʯʝʩʢʠʤ ʚʨʝʤʝʥʝʤ, ʢʦʪʦʨʦʝ ʙʳ 

ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʝʩʣʠ ʙʳ ʦʰʠʙʢʘ Zero pivot ʥʝ ʚʦʟʥʠʢʘʣʘ ʠ ʬʘʢʪʦʨʠʟʘʮʠʶ ʫʜʘʣʦʩʴ ʙʳ ʦʩʫʱʝʩʪʚʠʪʴ ʜʣʷ 

ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ. 

D Python -̖̄̏˸̝̓˸̧̅̔ɯ̧̬̞̒̓̎ɯ̓˸̤˰̖˸̍˸̅ 
ʇʨʠʤʝʨʳ ʜʦʩʪʫʧʥʳʭ ʚ Python ʧʘʢʝʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʣʠʥʝʡʥʦ-ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʜʣʷ ʨʘʟʨʝʞʝʥʥʳʭ ʤʘʪʨʠʮ, ʚʢʣʶʯʘʷ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

¶ Scipy Sparse linear algebra 

¶ PySparse 

ʆʙʘ ʧʘʢʝʪʘ ʠʩʧʦʣʴʟʫʶʪ SuperLU ʠ umfpack ʚ ʢʘʯʝʩʪʚʝ ʧʨʷʤʳʭ ʨʝʰʘʪʝʣʝʡ. 

¶ PyMesh - ʩʦʜʝʨʞʠʪ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ SparseLU, SparseQR, SuperLU, umfpack ʠ PARDISO 

¶ https://bitbucket.org/petsc/petsc4py/src/master/ - ʩʦʜʝʨʞʠʪ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʚʩʝʭ ʧʨʷʤʳʭ 

ʨʝʰʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʝʪ PETSc, MUMPS, PARDISO ʠ ʜʨʫʛʠʝ 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʦʪ ʩʧʠʩʦʢ ʰʠʨʝ, ʧʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʨʷʜʢʝ ʜʣʷ ʩʚʦʠʭ 

ʧʨʦʝʢʪʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʠʰʫʪ ʦʙʚʷʟʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʰʘʪʝʣʝʡ. 

D.1 ˄ ˰̈˸̖ɯPyUSPARS 

D.1.1 ʁ ̝̏̑̓̎˰̠̬̄ɯ̑ɯ̒˰̈˸̖˸ 

ʇʘʢʝʪ ʧʦʜʜʝʨʞʠʚʘʝʪ ʯʝʪʳʨʝ ʪʠʧʘ ʯʠʩʝʣ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ 

C python  

float numpy.float32  

double numpy.float 64 

_Complex float numpy.complex64 

_Complex double numpy.complex128 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʨʠʚʝʜʝʥʠʷ ʪʠʧʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʧʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮ ʠ ʚʝʢʪʦʨʦʚ, ʪʠʧʳ ʵʣʝʤʝʥʪʦʚ 

ʤʘʪʨʠʮʳ ʠ ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ. ɺ PyUSPARS ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʪʦʜʳ, ʩʦʚʤʝʩʪʠʤʳʝ ʩ 

ʙʠʙʣʠʦʪʝʢʦʡ scipy.sparse.linalg ï ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʥʘ USPARS ʩʚʦʠ ʨʘʟʨʝʞʝʥʥʳʝ 

ʨʝʰʘʪʝʣʠ, ʧʨʦʩʪʦ ʠʤʧʦʨʪʠʨʦʚʘʚ ʜʨʫʛʫʶ ʙʠʙʣʠʦʪʝʢʫ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ PyUSPARS ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʦʣʥʦʮʝʥʥʘʷ ʦʙʚʷʟʢʘ ʧʦʜ ʚʝʩʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʬʫʥʢʮʠʦʥʘʣ C-ʙʠʙʣʠʦʪʝʢʠ USPARS. 

D.1.2 ̀ ̖̔˰̏̑˳̈˰ 

ʉʠʩʪʝʤʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

Ubuntu 20.04+  
Python 3.8  

                                                      
9 ʊʘʢʘʷ ʦʩʪʦʨʦʞʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʚʳʙʨʘʥʘ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʦʨʝʤʳ, ʦʙʦʩʥʦʚʳʚʘʶʱʠʝ ʵʪʦ 

ʫʪʚʝʨʞʜʝʥʠʝ, ʥʝʠʟʚʝʩʪʥʳ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʠʭ ʧʨʦʩʪʦ ʥʝʪ. 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʦʡ python-ʩʨʝʜʳ ʩʢʘʯʠʚʘʝʤ ʠ ʟʘʧʫʩʢʘʝʤ ʫʩʪʘʥʦʚʦʯʥʳʡ ʩʢʨʠʧʪ 

$ wget https://repo.anaconda.com/miniconda/Miniconda3 - py38_4.12.0 - Linux - x86_64.sh  
$ bash Miniconda3 - py38_4.12.0 - Linux - x86_64.sh  

ʠʩʧʦʣʴʟʫʶʱʠʡ Miniconda . ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʩʦʟʜʘʝʤ ʥʦʚʦʝ ʦʢʨʫʞʝʥʠʝ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʜʦʞʠʜʘʝʤʩʷ ʠʭ ʩʢʘʯʠʚʘʥʠʷ, ʠ ʘʢʪʠʚʠʨʫʝʤ ʝʛʦ 

$ conda create - n usp python=3.8 mkl mkl - service  scipy numpy  
$ conda  activate  usp  

ʊʝʧʝʨʴ ʧʘʢʝʪ PyUspars ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʚ Python ʢʦʤʘʥʜʦʡ 

$ pip install pyuspars_package - 0.1.6.tar.gz  

ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ USPARS ʚ ʩʠʩʪʝʤʝ ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ METIS, ʣʠʙʦ ʧʝʨʝʤʝʥʥʘʷ 

ʦʢʨʫʞʝʥʠʷ METIS_DLL ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʧʫʪʴ ʢ ʙʠʙʣʠʦʪʝʢʝ libmetis.so, ʘ ʪʘʢ ʞʝ ʫʩʪʘʥʦʚʣʝʥʘ 

OpenMP. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʤʘʥʜʦʡ 

$ sudo  apt - get  install  libmetis - dev  libomp =dev  

ɿʘʤʝʯʘʥʠʝ D.1.1 ˩͙ͫ͡ ͤ  ͊Ή͔ͭ͊ͨ ͙ͣͨͦͪͭ͊ ͍͔ͫͦͪ͊͡ 
$ python3  

>>> from  pyuspars_package . solver import  PyUspars  

ʙʠʙʣʠʦʪʝʢʘ mkl ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʫʧʥʦʡ 

OSError : libmkl_intel_lp64 .so: cannot open shared object file :  

No such file or directory  , 

ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʘʧʢʫ ʥʝʦʙʭʦʜʠʤʦ ʚʨʫʯʥʫʶ ʜʦʙʘʚʠʪʴ ʚ LD_LIBRARY_PATH. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

ʧʨʠ ʫʩʪʘʥʦʚʢʝ Miniconda  ʫʩʪʘʥʦʚʦʯʥʘʷ ʜʠʨʝʢʪʦʨʠʷ ʥʝ ʠʟʤʝʥʷʣʘʩʴ, ʦʙʥʦʚʠʪʴ ʧʝʨʝʤʝʥʥʫʶ 

ʦʢʨʫʞʝʥʠʷ ʤʦʞʥʦ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʦʡ 

$ export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:~/miniconda3/envs/usp/lib/  

D.1.3 ʶ̖̎̒̑̓ 

ʀʤʧʦʨʪʠʨʫʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʘʢʝʪ ʩʪʘʥʜʘʨʪʥʳʤ ʜʣʷ Python ʦʙʨʘʟʦʤ 

>>> import  pyuspars_package  

 

D.1.4 ˄˸̓˸̡̬̄̔̍˸̧̎˸ɯ̧̖̄̒ɯ˷˰̧̞̏̏ 

ɺʩʝ ʧʝʨʝʯʠʩʣʷʝʤʳʝ ʪʠʧʳ ʜʘʥʥʳʭ USPARS ʦʧʨʝʜʝʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 1.3 (ʩʤ ʊʘʙʣʠʮʳ 1.1, 1.2, 1.3). ɼʣʷ 

ʪʠʧʘ usp_factorize_type , ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ C-ʠʥʪʝʨʬʝʡʩʘʭ USPARS, ʥʘʧʠʩʘʥʘ ʦʙʚʷʟʢʘ, ʯʪʦʙʳ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʛ ʩ ʥʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ. ʀʤʧʦʨʪʠʨʫʝʪʩʷ ʦʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

>>> from  pyuspars _package . solver  import  FACTORIZE_TYPE 

ɺ ʦʙʚʷʟʢʝ usp_scalar_type  ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʪ, ʩʢʘʣʷʨʥʳʡ ʪʠʧ ʙʝʨʝʪʩʷ ʠʟ ʟʘʜʘʚʘʝʤʦʡ ʤʘʪʨʠʮʳ. 

ɺʩʝ ʵʣʝʤʝʥʪʳ ʩʧʠʩʢʦʚ usp_param_data  ʠ usp_opt  ʧʝʨʝʚʝʜʝʥʳ ʚ data descriptors. 

D.2 SciPy-̖̄̏˸̝̓˸̧̅̔ PyUSPARS 

spsolve(A, b)  

ʈʝʬʝʨʝʥʪʥʘʷ ʬʫʥʢʮʠʷ - scipy.sparse.linalg.spsolve.  
ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʩ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. ʂʘʢ ʠ ʚ scipy , ʧʨʠ ʚʳʟʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚʩʝʛʜʘ ʧʨʠʤʝʥʷʝʪʩʷ LU-

ʬʘʢʪʦʨʠʟʘʮʠʷ. ʅʘ ʩʪʦʨʦʥʝ ʦʙʚʷʟʢʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʦʰʠʙʢʠ. ʇʨʠ ʝʝ ʧʦʷʚʣʝʥʠʠ ʙʫʜʝʪ 

ʟʘʧʫʱʝʥ ʤʝʪʦʜ uspars_param_get  ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʦʜʘ. ʉʦ ʩʪʦʨʦʥʳ ʙʠʙʣʠʦʪʝʢʠ 

ʙʫʜʝʪ ʚʳʜʘʥʦ ʩʦʦʙʱʝʥʠʝ, ʧʝʯʘʪʘʝʤʦʝ ʧʨʠ ʚʳʟʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʦ ʪʠʧʫ: 
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Error in uspars_fact: Zero pivot has been appeared during factoization process  

ʘ ʩʦ ʩʪʦʨʦʥʳ ʦʙʚʷʟʢʠ ʙʫʜʝʪ ʚʳʜʘʥʦ ʩʦʦʙʱʝʥʠʝ 

Traceback (most recent call last):  
File .stdin> line 1, in <module>  
RuntimeError: Calculation failed. USPARS error code -  402  

>>> from  pyuspars_package . s c ipy import  sps o l v e  
>>> x = spsolve (A, b)  
 

factorized(A)  

ʈʝʬʝʨʝʥʪʥʘʷ ʬʫʥʢʮʠʷ - scipy.sparse.linalg.factorized. 

ɺʦʟʚʨʘʱʘʝʪ ʬʫʥʢʮʠʶ, ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʬʘʢʪʦʨʠʟʦʚʘʥʥʦʡ ʤʘʪʨʠʮʝʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʟʘʜʘʥʥʳʤ ʚʝʢʪʦʨʦʤ ʧʨʘʚʦʡ ʯʘʩʪʠ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʥʦʛʦʢʨʘʪʥʦ 

ʜʣʷ ʜʨʫʛʠʭ ʧʨʘʚʳʭ ʯʘʩʪʝʡ. 

>>> from pyuspars_package.scipy import factorized  

>>> so lve = fact orized(A)  

>>> x=solve(B)  

D.3 ˃ ˲˳̬̂̈˰ C-˲̄˲̖̍̄̑˸̈ 
ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʳʚʘʶʪʩʷ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ Python ʚʝʩʴ ʬʫʥʢʮʠʦʥʘʣ 

USPARS (ʩʨ. ʩ D.2). 

D.3.1 ˄˸̓˸˷˰̡˰ɯ̂̏˰̡˸̏̄̅ɯ̎˰̔̔̄˳˰ɯoptions  

ɺ ʧʘʢʝʪʝ PyUSPARS ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ options  (ʩʤ ʨʘʟʜʝʣ 2.2) ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʭ 

ʟʥʘʯʝʥʠʡ ʚ C-ʬʫʥʢʮʠʠ USPARS. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʝʩʢʨʠʧʪʦʨʳ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʝʪ 

ʪʠʧ int . 

ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ óʛʦʚʦʨʣʠʚʦʩʪʠô ʠ ʚʢʣʶʯʝʥʠʷ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʩ 

ʦʛʨʘʥʠʯʝʥʠʝʤ 10 ʯʠʩʣʘ ʠʪʝʨʘʮʠʡ ʧʨʠʚʝʜʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʣʠʩʪʠʥʛʝ. 

>>> from  pyuspars_package.solver import  PyUspars  
>>> tt = PyUspars ( )  
>>> tt. msglvl = 0  
>>> tt.iter_ref=10  

ʇʦʣʥʳʡ ʩʧʠʩʦʢ ʜʝʩʢʨʠʧʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʟʥʘʯʝʥʠʡ ʦʧʮʠʡ, ʠʭ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 

ʠ ʟʥʘʯʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ D.1. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʬʬʝʢʪʦʚ, ʜʦʩʪʠʛʘʝʤʳʭ ʟʘ 

ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʦʧʮʠʡ, ʩʤ ʚ ʨʘʟʜʝʣʝ 2.2 ʠ ʚ ʦʧʠʩʘʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʝʤʦʚ. 

ɿʘʤʝʪʠʤ, ʝʩʣʠ ʜʣʷ ʢʘʢʦʛʦ-ʪʦ ʜʝʩʢʨʠʧʪʦʨʘ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʝ, ʥʝ ʚʭʦʜʷʱʝʛʦ ʚ ʩʧʠʩʦʢ ʜʦʧʫʩʪʠʤʳʭ, ʪʦ ʵʪʦ 

ʚʳʟʦʚʝʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ʜʝʩʢʨʠʧʪʦʨʘ ʚ ʟʥʘʯʝʥʠʝ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

D.3.2 ˅˸̤˸̏̄˸ɯ̍̄̏˸̧̞̅̏ɯ̖̔̄̔˸̎ 

__init __()  

ʉʦʟʜʘʥʠʝ ʦʙʲʝʢʪʘ PyUspars. ʀʥʠʮʠʘʣʠʟʘʮʠʷ USPARS, ʚʥʫʪʨʠ ʩʝʙʷ ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ uspars_alloc  

(ʩʤ. 2.1). ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʙʲʝʢʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʟʳʚʘʝʪʩʷ ʜʝʩʪʨʫʢʪʦʨ uspars_destroy  (ʩʤ. 2.7). 

>>> from  pyuspars_package.solver import  PyUspars  
>>> tt = PyUspars ( )  

 ʟʥʘʯʝʥʠʝ ʜʝʡʩʪʚʠʝ 

 

tt.msglvel 

0 ʅʫʣʝʚʦʝ ʣʦʛʠʨʦʚʘʥʠʝ 

1 ʆʪʦʙʨʘʞʝʥʠʝ ʪʝʢʫʱʝʛʦ ʩʪʘʪʫʩʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʚ ʧʨʦʮʝʥʪʘʭ 

2 ʇʦʣʥʦʝ ʣʦʛʠʨʦʚʘʥʠʝ 
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tt.scaling 0 ʅʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʣʘʥʩʠʨʦʚʢʫ 

1 ʀʩʧʦʣʴʟʦʚʘʪʴ ʙʘʣʘʥʩʠʨʦʚʢʫ 

tt.matching 0 ʅʝ ʠʩʧʦʣʴʟʦʚʘʪʴ matching 

1 ʀʩʧʦʣʴʟʦʚʘʪʴ matching 

 

tt.rtype 

0 ʅʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʩʪʘʥʦʚʢʠ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ ʩ ʮʝʣʴʶ 

ʫʤʝʥʴʰʝʥʠʷ ʵʬʬʝʢʪʘ ʟʘʧʦʣʥʝʥʠʷ ʚ ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʘʭ 

1 ʀʩʧʦʣʴʟʦʚʘʪʴ Atlant ʜʣʷ ʧʝʨʝʩʪʘʥʦʚʦʢ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ ʩ ʮʝʣʴʶ 

ʫʤʝʥʴʰʝʥʠʷ ʵʬʬʝʢʪʘ ʟʘʧʦʣʥʝʥʠʷ ʚ ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʘʭ 

2 ʀʩʧʦʣʴʟʦʚʘʪʴ Metis ʜʣʷ ʧʝʨʝʩʪʘʥʦʚʦʢ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ ʩ ʮʝʣʴʶ 

ʫʤʝʥʴʰʝʥʠʷ ʵʬʬʝʢʪʘ ʟʘʧʦʣʥʝʥʠʷ ʚ ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʘʭ 

3 ʀʩʧʦʣʴʟʦʚʘʪʴ ʚʥʝʰʥʠʡ ʚʝʢʪʦʨ ʧʝʨʝʩʪʘʥʦʚʦʢ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ ʩ 

ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʵʬʬʝʢʪʘ ʟʘʧʦʣʥʝʥʠʷ ʚ ʪʨʝʫʛʦʣʴʥʳʭ ʬʘʢʪʦʨʘʭ (ʩʤ 

ʧʨʠʤʝʨ D.4.2) 

tt.iter_ref 0 ʅʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʪʝʨʘʮʠʦʥʥʦʝ ʫʪʦʯʥʝʥʠʝ 

>0 ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ 

tt.boosting 0 ʅʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʘʛʦʥʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ 

1 ɺʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ ‏  ʚ (C.4) ʨʘʟʜʝʣ C.3.1 

tt.global_pivot 0 ʅʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ 

1 ʀʩʧʦʣʴʟʦʚʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʧʝʨʝʩʪʘʥʦʚʢʠ 

 

init(self,  matrix, [ftype, options])  
ʉʪʘʜʠʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ (ʩʨ. 2.2). 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʉ-ʤʝʪʦʜʘ, ʟʜʝʩʴ ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʝʪʩʷ ʚ Scipy CSR ʬʦʨʤʘʪʝ. ʈʘʟʤʝʨ ʤʘʪʨʠʮʳ ʠ ʪʠʧ 

ʜʘʥʥʳʭ ʙʝʨʫʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ matrix . ʇʘʨʘʤʝʪʨ ftype  ʟʜʝʩʴ ʦʧʮʠʦʥʘʣʝʥ - ʧʦ ʫʤʦʣʯʘʥʠʶ ʚ 

ʢʘʯʝʩʪʚʝ ʪʠʧʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʙʫʜʝʪ ʚʳʙʨʘʥʘ LU. 

>>> import  numpy as np  
>>> from  pyuspars_package.solver import  FACTORIZE_TYPE as ftype  
>>> tt.rtype = 1  
>>> tt.init(A, ftype.LDLH)  

 

f act ( self )  
ʉʪʘʜʠʷ ʬʘʢʪʦʨʠʟʘʮʠʠ (ʩʨ. 2.3). 

ɿʜʝʩʴ ʩʠʛʥʘʪʫʨʘ ʤʝʪʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ C 

>>> tt . fact  ( )  

 
solve ( self , b)  
ʉʪʘʜʠʷ ʨʝʰʝʥʠʷ (ʩʨ. 2.4). 

ʏʠʩʣʦ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʠ ʪʠʧ ʜʘʥʥʳʭ ʩʯʠʪʳʚʘʶʪʩʷ ʠʟ b. ɸʨʛʫʤʝʥʪ ʟʘʜʘʝʪʩʷ ʚ ʬʦʨʤʘʪʝ numpy.array 

(ʣʠʙʦ numpy.matrix ʚ ʚʠʜʝ ʚʝʢʪʦʨ-ʩʪʦʣʙʮʘ) ʜʣʷ ʦʜʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʠ, ʠ ʚ ʬʦʨʤʘʪʝ numpy.matrix ʜʣʷ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʨʘʚʳʭ ʯʘʩʪʝʡ. 

>>> tt.solve(b)  

 

D.3.3 ˅˸˰̍̄̂˰̠̬̄ɯ̔˸̓˳̄̔˰ 
ʌʫʥʢʮʠʠ uspars_param_set()  ʠ uspars_param_get()  ʧʘʢʝʪʘ USPARS ʩʣʫʞʘʪ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ/ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʦʣʝʡ USP-ʩʪʨʫʢʪʫʨʳ (ʩʤ ʨʘʟʜʝʣʳ 2.5, 2.6). 

ʉʨʝʜʩʪʚʦʤ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʚ PyUSPARS ʩʣʫʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʩʢʨʠʧʪʦʨʦʚ ʜʘʥʥʳʭ, ʩʧʠʩʦʢ 

ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ D.2. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʟʘʜʘʥʠʷ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʘ ʤʘʣʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʠʘʛʦʥʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʠ: 

>>> tt . boosting _value  = 1 e- 9 
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ʊʘʙʣʠʮʘ D.2: ʊʘʙʣʠʮʘ ʜʝʩʢʨʠʧʪʦʨʦʚ ʜʘʥʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚ USPARS 
tt.boosting_value  ʚʝʱʝʩʪʚʝʥʥʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʇʘʨʘʤʝʪʨ ôʤʘʣʦʩʪʠô ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʜʠʘʛʦʥʘʣʴʥʦʡ 

ʧʦʜʜʝʨʞʢʠ C.3.1. 
tt. gp_eps  ʚʝʱʝʩʪʚʝʥʥʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʇʘʨʘʤʝʪʨ ôʤʘʣʦʩʪʠô ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʛʣʦʙʘʣʴʥʳʭ 

ʧʝʨʝʩʪʘʥʦʚʦʢ C.3.2 
tt. iter_stop_crit  ʚʝʱʝʩʪʚʝʥʥʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʂʨʠʪʝʨʠʡ ʦʩʪʘʥʦʚʢʠ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʝ ʥʝʚʷʟʢʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʉ.2 
tt. perm_vector  ʎʝʣʦʯʠʩʣʝʥʥʳʡ ʤʘʩʩʠʚ ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʚʝʢʪʦʨ ʧʝʨʝʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʉ-ʰʥʦʡ ʬʫʥʢʮʠʠ uspars _init ()  

ɺ ʧʨʦʮʝʩʩʝ ʚʳʯʠʩʣʝʥʠʡ ʥʝʢʦʪʦʨʳʝ ʠʟ ʜʝʩʢʨʠʧʪʦʨʦʚ ʜʘʥʥʳʭ ʠʟʤʝʥʷʶʪʩʷ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ 

ʠʟʚʣʝʯʴ. ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʠʟʚʣʝʯʴ ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ L-ʬʘʢʪʦʨʝ, ʠʩʧʦʣʴʟʫʝʤ ʢʦʤʘʥʜʫ 

>>> nnzl = tt.nnzl  

ʕʪʦ ʯʠʩʣʦ ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʳʤ ʧʦʩʣʝ ʬʘʟʳ ʠʥʠʮʠʘʣʠʟʘʮʠʠ. ɼʦʩʪʫʧʥʳʝ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʜʝʩʢʨʠʧʪʦʨʳ ʜʘʥʥʳʭ 

ʩʤ ʚ ʊʘʙʣʠʮʝ D.3. 

ʊʘʙʣʠʮʘ D.3: ʊʘʙʣʠʮʘ ʜʝʩʢʨʠʧʪʦʨʦʚ ʜʘʥʥʳʭ ʜʣʷ ʯʪʝʥʠʷ 

tt.boosting_value  ʚʝʱʝʩʪʚʝʥʥʦʝ 
ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʇʘʨʘʤʝʪʨ ôʤʘʣʦʩʪʠô ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʜʠʘʛʦʥʘʣʴʥʦʡ 

ʧʦʜʜʝʨʞʢʠ C.3.1. 
tt. gp_eps  ʚʝʱʝʩʪʚʝʥʥʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʇʘʨʘʤʝʪʨ ôʤʘʣʦʩʪʠô ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʛʣʦʙʘʣʴʥʳʭ 

ʧʝʨʝʩʪʘʥʦʚʦʢ C.3.2 
tt. iter_stop_crit  ʚʝʱʝʩʪʚʝʥʥʦʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʂʨʠʪʝʨʠʡ ʦʩʪʘʥʦʚʢʠ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʝ ʥʝʚʷʟʢʠ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʉ.2 
tt. perm_vector  ʎʝʣʦʯʠʩʣʝʥʥʳʡ ʤʘʩʩʠʚ ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʚʝʢʪʦʨ ʧʝʨʝʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʉ-ʰʥʦʡ ʬʫʥʢʮʠʠ uspars _init ()  
tt.nnzl  ʎʝʣʦʝ ʯʠʩʣʦ ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʬʫʥʢʮʠʠ uspars_init()  

ʯʠʩʣʦ ʥʝʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ L-ʬʘʢʪʦʨʝ. 

 

D.3.4 ˅˰̤̔̄̓˸̧̏̏̅ɯ̝̗̠̏̈̄̑̏˰̍ 

calc_residual_norm(self)  
ʇʦʜʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʳ ʥʝʚʷʟʢʠ10 
>>> value=tt.calc_residual_norm()  

calc_norm_error(self,x)  
ʇʦʜʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʳ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦ ʟʘʜʘʥʥʦʤʫ ʚʝʢʪʦʨʫ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ11 
>>> value=tt.calc_norm_error(x_exact)  

calc_op_criterion(self)  
ʇʦʜʩʯʝʪ ʢʨʠʪʝʨʠʷ ʆʵʪʪʣʠ-ʇʨʘʛʝʨʘ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 
>>>value=tt.calc_op_criterion()  

get_permuted_matrix(self)  
ɺʦʟʚʨʘʱʘʝʪ ʠʩʭʦʜʥʫʶ ʤʘʪʨʠʮʫ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠ ̫ʢ ʥʝʡ ʧʝʨʝʩʪʘʥʦʚʦʢ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ. ʄʦʞʝʪ ʙʳʪʴ 

ʚʳʟʚʘʥʘ ʧʦʩʣʝ ʩʪʘʜʠʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ 
>>> A_perm =tt . get _permuted _matrix ()  

cond(matrix,k,q)  
ʏʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ (ʦʧʝʨʘʪʦʨʘ), ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʝʚʢʣʠʜʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ „ ὃ
„ ὃ ʝʝ ʩʪʘʨʰʝʛʦ ʠ ʤʣʘʜʰʝʛʦ ʩʠʥʛʫʣʷʨʥʳʭ ʯʠʩʝʣ. ʌʫʥʢʮʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʮʝʥʢʫ ʯʠʩʣʘ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ. ʇʘʨʘʤʝʪʨʳ: k  ï ʢʦʣʠʯʝʩʪʚʦ ʦʮʝʥʠʚʘʝʤʳʭ ʩʪʘʨʰʠʭ ʠ ʤʣʘʜʰʠʭ ʩʠʥʛʫʣʷʨʥʳʭ ʯʠʩʝʣ, q 

ï ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ. ʉʦ ʩʪʦʨʦʥʳ USPARS ʙʫʜʫʪ ʬʘʢʪʦʨʠʟʦʚʘʥʳ 2 ʤʘʪʨʠʮʳ (ὃ ʠ ὃ ), ʘ ʪʘʢ ʞʝ 2*q  ʨʘʟ ʨʝʰʝʥʳ 

                                                      
10 ʆʪʥʦʩʠʪʝʣʴʥʳʭ ʥʦʨʤ ʥʝʚʷʟʦʢ ʚ ʩʣʫʯʘʝ ʤʥʦʛʠʭ ʧʨʘʚʳʭ ʯʘʩʪʝʡ 
11 ʆʪʥʦʩʠʪʝʣʴʥʳʭ ʥʦʨʤ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʩʣʫʯʘʝ ʤʥʦʛʠʭ ʧʨʘʚʳʭ ʯʘʩʪʝʡ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʥʦʛʠʭ ʚʝʢʪʦʨʦʚ 

ʨʝʰʝʥʠʡ 
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ʩʠʩʪʝʤʳ ʩ k  ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ. ʋʚʝʣʠʯʠʚʘʷ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʨʘʩʯʝʪʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ. 
>>> from  pyuspars _package . tools  import  cond  
>>> cond_number = cond(A, k=5, q=20)  

DȭƘɯ˄̓̄̎˸̧̓ 

D.4.1 ˅˰˲̖̑˰ɯ̔ɯnumpy /scipy ̖̄̏˸̝̓˸̅̔˰̎̄ 

ʉʯʠʪʳʚʘʥʠʝ ʤʘʪʨʠʮ MatrixMarket  
>>> from  scipy.io import  mmread 
>>> A_mm = mmread( "matrix.mtx" ).tocsr()  

ʇʝʨʝʚʦʜ ʧʣʦʪʥʦʡ ʤʘʪʨʠʮʳ ʚ CSR ʬʦʨʤʘʪ 
>>> import numpy as np  
>>> from s c ipy import spa r s e  
>>> A_d = [[16., =2, 0, 0], [0,  4., 0, 0], [0, 0, 0, 5.], [0, 0, 1., 0]]  
>>> A = sparse.csr_matrix (A_d)  

ʈʫʯʥʦʝ ʧʨʠʚʝʜʝʥʠʝ ʪʠʧʘ 
>>> import  numpy as np  
>>> from  scipy import  sparse  
>>> A_d = [[16., - 2, 0, 0], [0, 4., 0, 0 ], [ 0, 0, 0, 5.], [0, 0, 1., 0]]  
>>> b = np.array([1, 1, 1, 1], dtype=np.complex128)  
>>> A = sparse.csr_matrix (A_d, dtype=np.complex128)  

ʈʝʰʝʥʠʝ ʯʝʨʝʟ spsolve 
>>> from  scipy.io import  mmread 
>>> import  numpy as np  
>>> from  pyuspars_package.scipy import  spsolv e  
>>> A = mmread("matrix.mtx").tocsr()  
>>> x_exact = np.full (A.shape[0], 1)  
>>> b = A * x_exact  
>>> x = spsolve(A, b)  

ʈʝʰʝʥʠʝ ʯʝʨʝʟ factorized 
>>> from  scipy.io import  mmread 
>>> import  numpy as np  
>>> from  pyuspars_package.scipy import  facto r ized  
>>> A = mmread("matrix.mtx").tocsr()  
>>> x_exact = np.full(A.shape[0], 1)  
>>> b = A * x_exact  
>>> solve=factorized(A)  
>>> x = solve ( b)  

D.ƘȭƖɯ˅˰˲̖̑˰ɯ̔ɯUSPARS ̖̄̏˸̝̓˸̅̔˰̎̄ 

ʉʣʝʜʫʶʱʘʷ ʟʘʛʦʪʦʚʢʘ ʙʫʜʝʪ ʝʜʠʥʦʡ ʜʣʷ ʚʩʝʭ ʟʘʧʫʩʢʦʚ 

>>> from  pyuspars_package.solver import  PyUspars  
>>> from pyuspars_package.solver import  FACTORIZE_TYPE as f type  
>>> from  scipy.io import  mmread 
>>> import  numpy as np  
>>> A = mmread("matrix.mtx").tocsr()  
>>> x_exact = np.full(A.shape[0], 1)  
>>> b = A * x_exact  

ɺ ʥʝʡ ʤʳ: 

(1, 2) ʠʤʧʦʨʪʠʨʫʝʤ USPARS; 

(3, 4) ʠʤʧʦʨʪʠʨʫʝʤ ʤʝʪʦʜ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʤʘʪʨʠʮʳ ʚ mtx  ʬʦʨʤʘʪʝ ʠ ʙʠʙʣʠʦʪʝʢʫ numpy, ʢʦʪʦʨʫʶ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʣʦʪʥʳʤʠ ʚʝʢʪʦʨʘʤʠ; 

(5) ʩʯʠʪʳʚʘʝʤ ʤʘʪʨʠʮʫ ʠ ʧʝʨʝʚʦʜʠʤ ʝʝ ʚ CSR ʬʦʨʤʘʪ; 

(6) ʩʦʟʜʘʝʤ ʚʝʢʪʦʨ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʝʜʠʥʠʮ; 

(7) ʋʤʥʦʞʘʷ ʤʘʪʨʠʮʫ ʥʘ ʚʝʢʪʦʨ ʩʦʟʜʘʝʤ ʧʨʘʚʫʶ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. 
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ʉʪʘʥʜʘʨʪʥʳʡ ʟʘʧʫʩʢ ʨʝʰʝʥʠʷ 

>>> tt  = PyUspars ()  
>>> tt . init ( A, ftype . LU)  
>>> tt.fact()  
>>> x = tt.solve(b)  

ʈʝʰʝʥʠʝ ʩ ʧʦʣʥʳʤ ʣʦʛʠʨʦʚʘʥʠʝʤ ʠ ʙʫʩʪʠʥʛʦʤ 

>>> tt.boosting = 2  
>>> tt.msglvl = 2  
>>> tt = PyUspars()  
>>> tt.init(A, ftype.LU)  
>>> tt.fact()  
>>> x= tt . solve ( b)  

ʈʝʰʝʥʠʝ ʩ ʚʥʝʰʥʠʤ ʚʝʢʪʦʨʦʤ ʧʝʨʝʩʪʘʥʦʚʦʢ 
>>> perm = list ( range (A.shape[0] -  1, - 1, - 1)) #ȐȩȭȩȮȵ ȫȮȳȻȷȹ ȸȮȹȮȺȻȩȶȷȫȷȳ 
>>> tt  = PyUspars ()  
>>> tt . rtype  = 2  
>>> tt . perm _vector  = perm  #ȘȮȹȮȭȩȮȵ Ȯ Ȭȷ ȫ USPARS 
>>> tt.init(A, ftype.LU)  
>>> tt.fact()  
>>> x = tt.solve(b)  
 

ɿʘʜʘʥʠʝ ʢʨʠʪʝʨʠʷ ʦʩʪʘʥʦʚʢʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

>>> tt  = PyUspars  ()  
>>> tt.iter_ref = 2  
>>> tt.iter_stop_crit = 1e - 12 
>>> tt.init(A, ftype.LU)  
>>> tt.fact()  
>>> x = solve(b)  
 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʨʪʨʝʪʘ ʨʘʟʨʝʞʝʥʥʦʡ ʤʘʪʨʠʮʳ ʧʦʩʣʝ ʧʝʨʝʩʪʘʥʦʚʢ 

ʉʤ. ʨʘʟʜʝʣ 1.2. 
>>> import matplotlib.pylab as plt  
>>> tt = PyUspars()  
>>> tt.init(A)  
>>> plt.spy(tt.get_permuted_matrix())  

ɺʳʛʨʫʟʢʘ ʟʥʘʯʝʥʠʷ nnzl 

>>> tt = PyUspars()  
>>> tt.init(A)  
>>> print (tt.nnzl )  

ʈʘʩʯʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʥʝʚʷʟʢʠ 

>>> tt  = PyUspars ( )  
>>> tt.init(A, ftype.LU)  
>>> tt.fact()  
>>> x = tt.solve(b)  
>>> print ( "discrepancy =" , tt.calc_norm_discrepancy() )  
>>> print ( "error =" , tt.calc_norm_error(x_exact ) )    






