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def CallFiles():
HEIAE, ZBE Eof TIZ i}.% EoF SF Jooiel IS EZ{8F Ff
xyz_df _list = glob.glob('./datasets/"')

return xyz_df_list

CallFiles &4 °F 30001742 HIO[EIUS B& 2AER HYFLITE glob O 4
of e TAS 3t 0| BIFUCL Xyz_df lists 20| o
1

SE AT Cesey ]
300742 ETt & ZtZto| 20f= Cf|Oo|Ef IUO|DataFramePE= AZEHY .
def AttachLabel (xyz_df_list):

ASTY filel istOf = x,y z7/5E H£00 =, label/df XL HE, & He Z 3N columE FIAIFHOE &

fileList=[]

columns = ['x', 'y, 'z']

for |, filename in enumerate(xyz_df_list)

file = pd.read_csvi(filenane)
file.colunns = columns

flle[ 'degree'] =0
file['belt'] =0
file['direction'] =0
addDegree(file, filename)
addBelt(file, filename)
addDirection(file, filename)

fileList.append(file)

return fileList

AttachLabel %E, s=CallFiles()& 0|85 Rt= 2|AEQ AZEHGO|E Ty AU, 3
2] columng F7t5t= %#.L'LM Y E 7|2Q HdE, HEE X9 F&, &Y
e 2ISIHZE 6709 columne 712l HO|E{Z2|Uoz st addDegree,

HA =2 T
addBelt, addDirection 3;—.—%



def addDirection(file, filename):

'F filenanel-5] = 0" def addDegree(file, filename):

file['direction'] = 0 if filename[-9] == '0":
elif filename[-5] == "1": ; ' cent ] — 1
file['direction'] = 1 . fllIE[ degree_] - s
elif filename[-5] == '2' elif filename[-9] == "1":
file[ direction'] =2 file[ 'degree'] =
elif filename[-5] == '3': . N
file['direction'] = 3 else :
elif filename[-5] == "4": file[ 'degree'] = -
file['direction'] = 4
elif filename[-5] == '5": . .
File['direction'] =5 def addBelt{file, filename):
elif filename[-5] == "6": - : 71 == 'O
file['direction'] =6 if fl_lenarl'ne[ ,] S
elif filenane[-5] == '7': file[*belt'] =0
l,[fifllel['f-li“f-[f-‘tﬁi]f-‘ll'] =7 elif filename[-7] == "1":
eli | lename[—5] == """ ' | ' _
file['direction'] =& . f||I6[ belt ] -
elif fllename[-5] == '9': elif filename[-7] == '2":
file['direction'] =9 fi|e[le‘|t'] =
else ! . i
file[ 'direction'] = — else :
file['belt'] = -
return fille
ASIM H2YE 7182 24T, MES 29 Y5, Y9 A4S 2EH0| coumnoz
HY5H7| YU Che 452 Ol@MBLLL addDirection WY WS 2E3He &
AQUCHL W e COlE WY Mo HoASHAo| s ooz
filename[-5]& O|&5t0| QIAISHL Lt O|HAH ¥ HEE ‘direction’‘columne = 27}
¢4 Cf.addDegree= 52| 7|82 HEE& Z=ots 0|H, HO|E It A= H
Of|A] 9EHM{O)| YUALEO0 QYO B Z filename[-9]5 O| 25t QUAISHLCH P2 HEE
‘degree’ columnl 2 2713t addBelts H % 20 W E z&£5t= YUY
Ct. Ol= LY A= HOM 7#HMO| YHEO ACHZ filename[-7]2 0|85t ¢l

g@ﬂ4q_@§-§Ef'bdtcdumnoE.Z7PH4q

def Conoatenation(fileList)i

filel is fﬂ'[f,r - = 2 ‘E dfsE .EI_T';;T;'F;;{
df = pd. concat{flleL|st]
return df
O|ZA columng 275t HO|H 2SS Concatenation &+E &off StLHZ &
Z2Ug Hure

AE MY SUYLCL. 000074 2420 ”710'“ 2= oo|gf
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® Y z degree belt direction

0 3643 -13504 3640 0 0 0
1 3904 -13568 8512 0 0 0
2 3904 -153440 8704 0 0 0
3 3840 -13568 8704 0 0 0
4 3968 -13504 8576 0 0 0
150 2496 -14848 -5120 1 2 8
151 —2560 -14912 -4864 1 d 8
152 -2660 -14848 -4992 1 2 8
1953 -2560 -14848 -5120 1 2 8
154 2496 —-14976 -5056 1 Vd 8

[50987 rows x 6 columns]

Che2 48E OolH ZYUHL. F 509877HE Of JSHE 4860070 <47t =it

3 o}w

Sl YERBUCH ME Al 4592 3028 ZH5IAT| DRO| 7re] QP
SIAEU HIO[E TS BH 5S 7|29 HE, MES 20l T, ¥el ol
I 271 HOE oI & st

def SaveFile(df)
#HdfE covif 2= HE S
df .to_csv("./data set ver?.csv", header = False, index = False)

X =df.iloc[:,:-1]
y =df.iloc[:,—1]
¥ train, ¥ test, y train, y_test = train_test split{¥, v, test size = 0.2)

train = pd.concat([X_train, y_train], axis = 1)
test = pd.concat ([¥_test, v_test], axis = 1)
train.to_csv("./data_set_train.csv", header =False, index = False)

test.to_csv("./data_set_test.csv", header =False, index = False)

return
SaveFile &= E% e AHgS 73 OOoHME csvIHE X ots A=
AT, '8y FRtrain, testills LHF0] Aol F0{0F 2102 T SIEE
data_set_train.csv, data_set_test.csvE2 50| 25t 1, MLEEO| O| 2357 ¢
Sl sklearn2 2 E2{& U= train, testAl S LHEX| 4Otk T2 =2 O|O|E A ESH
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def Analysis{data_set):

AEIR dfE OIS0 Gf2/IXl GIOIEf E42 Eof &+ =267/

Analysis &= OO =4& £ = +dUH. 2= HOH =
S |

= E5 Analysis 24 Q0|

n_value = data_set . isnull{).sum{).sum()

print('null JH==: ',n_value)
print{data_set . describe())

AE OOl 43 IFYOIM 07|
afepMnulizel 45

=
-1 O
3 222 &0l BotEL)

—

null 2Y=z=: 0

s

¥ Z

5t Q22 nullZfo]

count  SO3E7. 000000 B0287, 000000 50SET Q00000  B09ET 000000  BOIET, 000000

ME&n 276, 003217 14912, 981584 -28. 221280
std 3811 8ERAAT 1449 740547 4068 DE5TTI
min  =10112.000000 -19328. 000000 12160000000
25% —2176. 000000 —15872. 000000 -3648 000000
B0% 576.000000 15424, 000000 -256 . 000000
5% 26816000000 14400, 000000 3072000000
max 8472000000 6336, 000000 14525 000000

direction
count 50987, 000000
mesn 4. 008473
std Z.585193
min 0, O0on00
2% 2.000000
S0% 4., 000000
7% 6. 000000
Ma g. 000000

= (e]]
A = A
of FAEHMH. L3t describe()& &9 HIOIEM SASt

degree belt #
0. 500088 0,995156
0, 500005 0.817327
0, 000000 0, 000000
0, 000000 0, 000000
[ Q00000 | 000000
1. 000000 2, 000000
1000000 2000000

=
x= -10112~9472, 7= -12160~145282 S4~Y40| WS ool 7kS 713
7
H.

y£ -19328~-63362 2 H|unH F2 HY2

< s A
Ae =AY £ UABUL
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- K Nearest Neighbor(KNN)

- LightGBM
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Train_loader?] X_train232(HiR| £=)*3(LZ{x, y, z)O| y train= 32*1(&Y ZH)

et

class :-Jet(nr..Mcﬂule)i

de

de

=

__Init__{self):

BATCH_SIZE = 32
EPOCHS = 10

class CustonDataset (Dataset):
def __init__{salf, csv_path):
df = pd. read_csv(csy_path)

self.inp = df.ilocl:, :3].values
self.outp = df.ilocl:,-1].values. reshapef-1,1)

def __len__(self):
# JIR|3 2l CGlolEiMe] Lol PHEsict
return len(self, inp) # 1314

def __aetiten__(self, idx):
inp = torch.FloatTensor(sel f. inp[idx])
outp = torch. LongTensor(sel f.outpid«])

return Inp, outp # S8k 1dx(2122)2] input b cutput GIOIE

TG0 MNIST GI0IE CH2EEES (Train set, Test set 22(802)

PATH_TRAIN = * . fdrive/MyDrive/WELT/data_set_train.csy'
PATH_TEST = ' /dr ive/MyvDr ive/NELT/data_set_test.csv'

train_dataset = CustonDataset (PATH.TR&IN)
test_dataset = CustonDataset (PATH_TEST)

train_loader = torch.utils.data.Dataloader(clataset = train_dataset,
batch_size = BATCH_3IZE,
shuffle = True)

test_loader = torch.utils data,Dataloader(dataset = test_dataset,
batch_size = BATCH_SIZE.
shuffle = False)

Batch size= 32 Epochs= 1022 MZ5t¥ O, AAGO|E|E 0|51 7| Uj20
CustomDatasetZ2jA S 250 0| &3 &L Tt

[1 for (X_train, w_train) in train_loader:

print("X_train:", ¥_train.size(), 'type:', X_train.type())

print('y_train:*, y_train.size(), 'type:’,

break

y_train, type())

A_train: torch.Size([32, 31) tvpe: torch.FloatTensor
y_train: terch.Size([32, 1]1) type: torch.Longlensor

super(Net, self).__init__()

sl f.fel = nn.Linear(3, 512)

self.fc2 = nn.Linear(512, 256)
salf.fc3 = nn.Linear (256, 9)

sel f.dropout _prob = 0.5

sal f.batch_nornl = nn.Batchtornld(512)
se| f.batch_norn2 = nn.Batchornl d(255)

forward(sel f, x):
%= woview(-1, 3)

% = self. fel(x)

% = self batch_nornl (x)

% = F.relu(x)

% = F.dropout(x, training = self.training, p = self.dropout_prob)

X = self, fe2(x)

% = sel f batch_norn2(x)

% = F.relu(x)

% = F.dropout(x, training = self.training, p = self.dropout_prob)

% = self, feI(x)

% = F.log_softnax(x, dim = 1)

return x

B Hipst
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HE3ISl ZL=2E= 3742 fully connected layerE 71A=& LEstE&YO
Activation  function®Z= RelLUZ A}83I¥L2H, O EWs7| Ao
batchnormalization2 438835 C}. Activation functionS 712l 0|%0f I'— dropout
2 052 ARBsSIAEYH. 0|0 Ofz[afell log_softmaxE O|&St0 && 4f=2 YEf
HEE sty

import torch.nn.init as init
def veight _init(m):
if isinstance(m, nn.Linear):
init.kaining_uniform_{m.weight.data)

mode! = Net().to(DEVICE)

model . apply(weight _init)

optinizer = torch.optin.Adam(model . paraneters(), [r = 0.01)
criterion = nn.CrossEntropylLoss()

Kaiming_uniform_& SdlijparameterE Z7|3} A|Fi1, optimizer2= Adam3 Af

&5t & Learning rate= 0.01, loss function® &&F7|0|AM 0| AtgdH=
CrossEntropyLoss& O|&25% &4 Ct.

Train Epoch: 10 [0/27288 (0%)] Train Loss: 0.595347

Train Epoch: 10 [6400/27288 (23%)] Train Loss: 0.812954
Train Epoch: 10 [12800/27288 (47%)] Train Loss: 0.797070
Train Epoch: 10 [19200/27288 (70%)] Train Loss: 0,739474
Train Epoch: 10 [25600/27288 (94%)] Train Loss: 0.637642

[EPOCH: 107, Test Loss: 0.5476, Test Accuracy: 77.70 %

8
ES: 2~

10 Epoch7tZ| &&3%F At accuracy= 77.70%2 OfArECH M 2
O HEtHEHH. HAULZE AHE7A|7F UE & UWA|T 3|7t Yzretr
HH™2 MLPZF 4@ HIO|EOf UAOIM= d50| B A E5017\|7| [ =0l 2taL
FUH. HAEES 7|82 ot UFY EF7|= 001X FFOHOH CNN,AFH
A2 OOl RNNS =33t Ho|E &
=E20[z[TF HF H|Oo[E0 HsiM= THE ML e*ﬂﬂéoﬂ H|3|1 £2 462 HEUA]
ZTEYHH. I g 822 A4Y0| ofd ML YU ZL=E AlLsiRasyH.

Torr
r N

r 2 2 Mo [N

>

H7F8r

o)
d

K Nearest Neighbor

eoz Myt ¢ie|E2 Ff(clustering) ¥1E|E F S KNNYYL.
KNN2 O S& HIo|E{7} S0igS Wl 1 HOo|Ee 7t 71710 U&= sh& HIOIHE
kil BtE 121 O F 7t U2 HES7tA= label& AdEiSt= YA SUHH
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test_scores = []
train_scores = []

for i in range(1,20):
knn = KNeighborsClassifier(i)
FEF JHEE 012 E2 H==gLict.

best = G|0|E{0CH CH=D| (@

HY ZE2 Moo gi== Ho| JH=

= oco=

12HSE 2000 DEA|

knn. fit(¥_train,y_train)

train_scores.append(knn.score(X_train,v_train))
test_scores.append(knn.score(X_test,y_test))

max_train_score = max(train_scores)
train_scores_ind = [I for i, v in enumerate{train_scores) if v == max_train_score]
print{'Max train score {} % and k = {}'.format (max_train_score«100, |ist (nap(lambda x: x+1, train_scores_ind))))

max_test_score = max(test_scores)

test_scores_Ind = [1 for i, v in enumerate(test_scores) if v == max_test_score]
print('Max test score {} % and k = {}'. format(max_test_score=100, | st (map(lambda »: %+1, test_scores_ind))))

HE 207tA| =Ot7tHtrain_scores®} test_scoresE AHE5I¢ 1, O|F 714F
o

1
E2 W= 7fknndt 1 S s

Max train score 98.6060419506618 % and k = [1]
Max test score 95.53249494327676 % and k = [5]

\ —+— Train Score
\ Test Score

25 5.0 75 100 12.5 15.0 17.5

Max test scorem k=5¢ W 95.532% =% 7% U
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from |ightgbm import LGBMC assifier

AZHol HA AR EHAH[Z

ds= HUEUZ| 0 LightGBME O]

lgbm_c|f = LGEMC | assifier{rn_est inators=500)

eval_set = [(K_tr, v tr), (H_val, y_val]]

Ighbi_c IF FIt(d_tr, v_tr, early_stopping_rounds = 100, eval_metric = "auc_mu", eval_set = eval_sst)

lghti_pred = lgom_clf predict (H_test)

|gbm_accuracy_score = accuracy_scorefy_test, lgbm_pred)

print{"LGEY E==: ", gbm_accuracy_score)

oy T T T8 H I e PRI T T T PTG R FEITHZ TSI e
550 0139777

[187]  training's auc_mu: 0999046 training's multi_logloss: O.0440957 valid 1's auc_mu: 0, 999481 valid_1's multi_loglo
g5 0.139918

[1848] training’'s auc_mu: 0. 9498046 training's multi_logloss: . 043385 valid_1's auc_mu: O.89945 walid_1's multi_loglo
831 0, 139955

[188]  training's auc_mu: 0339947 training's multi_logloss: 0.0436366 valld_!'s adc_mu: 0.993451 val td_1's multi_loglo
550 0, 140051

[140] tralning's auc_my: 0. 939345 training's multi_logloss: 00435245 valld_t's auc_m: 0,99945 val td_1's multi_loglo
s5! 0.140285

[1a1] training's auc_mu: 0 935348 training's multi_logloss: O 04337652 valid_1's auc_mu: 0.599478 wal itd_1"'s multi_loglo
550 0.140478

[132] training's auc_mu: 0 999048 training's multi_logloss: 0. 0432547 valid_1's auc_mu: O.899477 wal id_1"'s multi_loglo
550 0,140674

[133] training's auc_mu: 0 935344 training's multi_logloss: 0043052 valid_1's auc_mu: O.899473 wal td_1"'s multi_loglo
g0 0.140943

[194]  training's auc_mu: 0939949 training's malti_logloss: 0.0429361 valid 1's auc_mu: 0.999474 val id_1's multi_loglo
850 0.14124
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| gbm_search_space = {'num_leaves':
‘max_depth':
‘min_child_samples':
'subsample ' :
"learning_rate':

}

def objective_func(search_space):
= LGBMClassifier(n_estimators=100, num_|eaves=int (search_space[ num_leaves']),
max_depth=int (search_space[ 'max_depth']),
nin_child_samples=int (search_space( 'min_child_samples']),

Igbm_c| f

# I k-fold BN OF EHE roc auc Al

accuracy_list = []

# I k-fold8laf HE
- KFold{n_splits=3)

kf
#

X traing CiAl B1&3 2 EE GIOIEE

subsamp|e=search_space[ 'subsample’

hp.quniform('nun_leaves',
hp.quniform('max_depth’,
hp.guniform('min_child_sanples', 20,60,2),
hp.uniform{'subsample', 0.7,1),
hp.uniform{' learning_rate',

32, 64, 2,
100, 200, 2),

0.01,0.2)

I,

learning_rate=search_space[ ' learning_rate'])

22/

for tr_index, val_index in kf.split(X_train):
# kf.spiit{X irain)CF F£& S5H HE indexzlCF S5 2
¥_tr, y_tr = ¥_train.iloc[tr_index], v_train.iloc[tr_index]
%_val, y_val = ¥_train.iloc[val_index],

#

# early stoppingS I0EZE |
Ilgbm_clf fit{¥_tr,
eval_set=[ (¥_tr,

#1F s 5

y_tr,
y_tr),

Z FE5

score = accuracy_score(y_val,
accuracy_| ist.append(score)

37 K

# Hperpts S&EE
return —1=np. mean(accuracy_\ ist)

fold=E HAE 1

= E')HDJA.

auecglel B

Jf FLElE

L= D

{(%_val,

S 5& /st

y_train.iloc[val_index]

roc auc HMEI D T roc auc

lgbm_clf .predict(¥_val))
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early stopping

= Liole HE 22

auc_mu",

S &E LIO/EHE XGBClass/fler &5
ear|ly_stopping_rounds=30, eval_metric="
y_valll)
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st¥&YL.  num_leaves,  max_depth,  min_child_samples,subsamples,
learning_rateS2| Lf2tO|E|E EWSi&L O

lgbm_c1f = LGBMClassifier(n_estimators=200, num_leaves=int (best[ ' nun_leaves']),
nax_depth=int (best [ 'nax_cepth’ 1),
min_child_samples=int( IJ st[‘min_child_samples']),
subsample:'aLnd[hestl'SJtsarrL'n e'], &),
learning_rate=round(best [ ' learning_rate'], 5)

_tr, early_: LEJ[JU n.g ruund
eval_metric="auc_mu' eval_set=[(X_tr, v_tr), (X_val, v_val)])

gbm_accuracy_score = accuracy_score(y_test, lobm_clf.predict(¥_test])
print{ Accuracy: {00 4F}" format {lgbm_accuracy_scare))

[138]  training's auc_mu: 0 990962 training's multi_logloss: 0,0337079 valid_1's auc_my: 0, 992406 valid_1's multi_leglo
ss0 D1BBITT
[138] training's auc_mu: 0, 990962 training's multi_logloss: O 0235652 valid_1's auc_mu: O 898408 valid_1's mulli_loglo
280 0.16365
(1401 training's auc_mu: 0,939362 training's multi_logloss: 0,0334129 valid_1's auc_my: 0, 992406 valid_1's multi_leglo
es: 0169035
[141] training's auc_mu: (959963 training's multi_logloss: 00232717 valid_1's auc_mu: O 998408 valid_1's multi_loglo
=50 0.169438
[142]  training's auc_mu: 0, 990963 training's multi_logloss: 0.033134 valid_1's auc_my: 0, 992407 valid_1's multi_leglo
=50 0169931
[142] training's auc_mu: O, 920963 training's multi_logloss: O 0329977 valid_1's auc_mu: O 592408 valid_1's mulli_loglo
g8 0170433
[144]  training's auc_mu: 0, 999963 training's multi_logloss: 0,0328774 valid_1's auc_my: 0, 993401 valid_1's multi_loglo
gt 0171108
[145] training's adc_mu: (950963 training's multi_logloss: O 0227364 valid_1's auc_mu: O 9983496 valid_1's multi_loglo
g8 0172131
[146]  training's auc_mu: 0, 990964 training's multi_logloss: 0,0326266 valid_1's auc_my: 0, 993395 valid 1's multi_leglo
=80 0172693

Accuracy: 08511
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