
ANN 10-fold cross-validation model 

All features： 

The results were cross-verified ten times 

{'acc': 0.667664647102356, 'auc': 0.6609997093868061, 'tnr': 0.8602150537634409, 'fnr': 

0.581081081081081, 'frr': 0.13978494623655913, 'loss': 0.6819909436260155},  

{'acc': 0.682634711265564, 'auc': 0.652002427184466, 'tnr': 0.8349514563106796, 'fnr': 

0.5625, 'frr': 0.1650485436893204, 'loss': 0.6951385143988147},  

{'acc': 0.6467065811157227, 'auc': 0.6288145539906104, 'tnr': 0.8541666666666666, 'fnr': 

0.6338028169014085, 'frr': 0.14583333333333334, 'loss': 0.7342561394154669},  

{'acc': 0.727544903755188, 'auc': 0.7017345399698341, 'tnr': 0.9019607843137255, 'fnr': 

0.5538461538461539, 'frr': 0.09803921568627451, 'loss': 0.6509591858544036},  

{'acc': 0.658682644367218, 'auc': 0.6521422325852521, 'tnr': 0.7872340425531915, 'fnr': 

0.5068493150684932, 'frr': 0.2127659574468085, 'loss': 0.7267280610021717},  

{'acc': 0.6766467094421387, 'auc': 0.6767676767676768, 'tnr': 0.9292929292929293, 'fnr': 

0.6764705882352942, 'frr': 0.0707070707070707, 'loss': 0.6641568363069774},  

{'acc': 0.697604775428772, 'auc': 0.5816199376947041, 'tnr': 0.9532710280373832, 'fnr': 

0.7666666666666667, 'frr': 0.04672897196261682, 'loss': 0.8866584267088039},  

{'acc': 0.7065868377685547, 'auc': 0.654179104477612, 'tnr': 0.83, 'fnr': 

0.47761194029850745, 'frr': 0.17, 'loss': 0.7221663408650609},  

{'acc': 0.7048192620277405, 'auc': 0.6977987421383647, 'tnr': 0.9150943396226415, 'fnr': 

0.6666666666666666, 'frr': 0.08490566037735849, 'loss': 0.6783635968185333},  

{'acc': 0.6445783376693726, 'auc': 0.6621212121212121, 'tnr': 0.83, 'fnr': 

0.6363636363636364, 'frr': 0.17, 'loss': 0.6668690198875336}] 

The average results 

{'avg_acc': 0.6813469409942627, 'avg_auc': 0.6568180136316539, 'avg_tnr': 

0.8696186300560658, 'avg_fnr': 0.6061858865127908, 'avg_frr': 0.13038136994393418, 

'avg_loss': 0.7107287064883783} 

The test results 

{'acc': 0.65016746163368225, 'auc': 0.624194229351032449, 'tnr': 0.8545132743362832, 

'fnr': 0.6650833333333334, 'frr': 0.13858672566371684, 'loss': 0.7002809304369694} 



Feature selection 

The results were cross-verified ten times 

[{'acc': 0.652694582939148, 'auc': 0.673278116826504, 'tnr': 0.7634408602150538, 'fnr': 

0.4864864864864865, 'frr': 0.23655913978494625, 'loss': 0.6744846376830232},  

{'acc': 0.6946107745170593, 'auc': 0.7097997572815533, 'tnr': 0.8155339805825242, 'fnr': 

0.5, 'frr': 0.18446601941747573, 'loss': 0.6359324869281517},  

{'acc': 0.6467065811157227, 'auc': 0.646200117370892, 'tnr': 0.9270833333333334, 'fnr': 

0.7323943661971831, 'frr': 0.07291666666666667, 'loss': 0.6889348776040677}, 

 {'acc': 0.697604775428772, 'auc': 0.7018099547511313, 'tnr': 0.9117647058823529, 'fnr': 

0.6307692307692307, 'frr': 0.08823529411764706, 'loss': 0.6458202910994342}, 

  {'acc': 0.6946107745170593, 'auc': 0.6967356455843778, 'tnr': 0.8723404255319149, 

'fnr': 0.5342465753424658, 'frr': 0.1276595744680851, 'loss': 0.6660355375912375},  

  {'acc': 0.658682644367218, 'auc': 0.6697118241235889, 'tnr': 0.9393939393939394, 

'fnr': 0.75, 'frr': 0.06060606060606061, 'loss': 0.6666583932802349},  

  {'acc': 0.682634711265564, 'auc': 0.6333333333333334, 'tnr': 0.8691588785046729, 

'fnr': 0.65, 'frr': 0.1308411214953271, 'loss': 0.6716121149634173},  

  {'acc': 0.6706587076187134, 'auc': 0.6497014925373135, 'tnr': 0.87, 'fnr': 

0.6268656716417911, 'frr': 0.13, 'loss': 0.675612704482621},  

  {'acc': 0.7289156913757324, 'auc': 0.7317610062893082, 'tnr': 0.8773584905660378, 

'fnr': 0.5333333333333333, 'frr': 0.12264150943396226, 'loss': 0.6136133038854025},  

  {'acc': 0.6686747074127197, 'auc': 0.6887121212121212, 'tnr': 0.82, 'fnr': 

0.5606060606060606, 'frr': 0.18, 'loss': 0.6470056556793581}] 

The average results 

{'avg_acc': 0.6895793950557709, 'avg_auc': 0.6801043369310124, 'avg_tnr': 

0.866607461400983, 'avg_fnr': 0.6004701724376551, 'avg_frr': 0.1333925385990171, 

'avg_loss': 0.6585710003196947} 

The test results 

{'acc': 0.66833014154434204, 'auc': 0.6544010877581121, 'tnr': 0.92254867256637168, 

'fnr': 0.755375, 'frr': 0.07825132743362832, 'loss': 0.691482071956379} 

 



Grace Variable set 

The results were cross-verified ten times 

[{'acc': 0.6407185792922974, 'auc': 0.6648503342051729, 'tnr': 0.8279569892473119, 

'fnr': 0.581081081081081, 'frr': 0.17204301075268819, 'loss': 0.6665298267752825},  

{'acc': 0.589820384979248, 'auc': 0.5798695388349515, 'tnr': 0.8155339805825242, 'fnr': 

0.765625, 'frr': 0.18446601941747573, 'loss': 0.6709241024748294},  

{'acc': 0.56886225938797, 'auc': 0.574163732394366, 'tnr': 0.78125, 'fnr': 

0.7183098591549296, 'frr': 0.21875, 'loss': 0.683570411033973},  

{'acc': 0.658682644367218, 'auc': 0.6790346907993967, 'tnr': 0.8431372549019608, 'fnr': 

0.6307692307692307, 'frr': 0.1568627450980392, 'loss': 0.6521756181459941},  

{'acc': 0.589820384979248, 'auc': 0.6348003497522587, 'tnr': 0.8297872340425532, 'fnr': 

0.7123287671232876, 'frr': 0.1702127659574468, 'loss': 0.673468379203431},  

{'acc': 0.57485032081604, 'auc': 0.5973707664884136, 'tnr': 0.7878787878787878, 'fnr': 

0.7205882352941176, 'frr': 0.21212121212121213, 'loss': 0.6746285489933219},  

{'acc': 0.6377245783805847, 'auc': 0.5901090342679128, 'tnr': 0.8411214953271028, 'fnr': 

0.7166666666666667, 'frr': 0.1588785046728972, 'loss': 0.6657841908717583},  

{'acc': 0.6317365169525146, 'auc': 0.6548507462686567, 'tnr': 0.83, 'fnr': 

0.6716417910447762, 'frr': 0.17, 'loss': 0.658357067379409},  

{'acc': 0.6536144614219666, 'auc': 0.6522012578616352, 'tnr': 0.7830188679245284, 'fnr': 

0.5833333333333334, 'frr': 0.2169811320754717, 'loss': 0.651420051793018},  

{'acc': 0.6204819083213806, 'auc': 0.6389393939393939, 'tnr': 0.79, 'fnr': 

0.6363636363636364, 'frr': 0.21, 'loss': 0.6625863241862102}] 

The average results 

{'avg_acc': 0.666312038898468, 'avg_auc': 0.6266189844812158, 'avg_tnr': 

0.8129684609904769, 'avg_fnr': 0.673670760083106, 'avg_frr': 0.18703153900952307, 

'avg_loss': 0.6659444520857227} 

The test results 

{'acc': 0.6439473652839661, 'auc': 0.5941556231563422, 'tnr': 0.8921849557522124, 'fnr': 

0.77822916666666666, 'frr': 0.108111504424778761, 'loss': 0.6937975290289335} 


