RAZEE(CDWFED 09 S LGRS
BRIEEOMRE BT OIS A3, BHOBICLD 3D0T 05 ANFET 3.

o 1HZ: Learning_Digitizer_1-line.py,
o 2iEFZ: Learning_Digitizer_2-lines.py,
o 3EHZ: Learning_Digitizer_3-lines.py
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1. HHE

D095 A( (Learning_Digitizer 1- I|nep Learning_Digitizer_2-lines.
Learning_Digitizer_3-lines.py) | (ﬂﬁﬁq-g’&nb\ 'S TERADRR EEIBILT
BFBETINEERT D, COFBEFTINVEOSIHELI DD S L (WaveForm
Digitizer.py) THW3,

EHOREZR DI S I T, BEOEDPI—H—DEWTEREZXAILTWS, T35 T4H1E
{£Z0O025 /L (WaveForm Digitizer.py) Tld. BRI D ETREZDBEL. =SICAREHIA
21TV REAREN 1 ~ 3 RDT S T (C(EARTEDLearning_Digitizerz FL3 & & (T K DIEHZDER
Bt ZERITID. B—EBTIRULDRENFET DTS I CHUTIERMIETHS

2. BiFIRIE
1) co>’O09S AldWindows10, Ubuntu18-04 COENMEM RSN TLNS

2) cOITOPSLEZRTIBICE. UMTOES1-IHES5HhUshERESNIZEE
IRBETHD. £lt. LHINTLBBADVersionTOEMERERIXITD TLVRLID
TERHBETHD

Python 3.6
Tensorflow-gpu 1.4.0
Keras 2.2.4
sklearn 0.19.1. 0.21.2

o matplotlib 2.2.2

2) 2OTOP S LADFEET ST 1 LU MU TFIC data'$5 LU’ model’D2DD VI T«
LI MUDBETHS
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1) Learning_Digitizer_1-line.py

1. 1-27 17: bR R
2-847: A
10-27 17: EZ2—J)LDA > R— b

2.28-210 {T: FBEFINEERT SR
40-67 1T EFILINS A — S Dsgik
69-2091T: ResNetdD4ARk

3. 211-595 17: HHFZHDERT
218-231 17: BAbA %R
233-244 17: T—H DFRFHAH
246-270 17: T —HF DA > iRh— M EIERI(E
272-281 17 J\SA—HDETE
283-301 17: EF)LIBE
303-358 1T: EFJ)LO> /AL
360-378 1T EFIL I w b
380-419 1T: T3l & 534l
421-456 1T: FBE DL
458-568 17 fERDTOw b~



570-593 1T: ETILDIRE
595 17: END

2) Learning_Digitizer_2-lines.py

1. 1-27 17: BbA%E R
2-847: A
10-26 1T7: EZ a2 —J)LDA>R—

2. 28-240 {T: FBEFINEERT SEE
38-110 1T EF /LIS A=A DLk
112-2391T: ResNet®D4ERK

3. 241-630 1T: HRFBDRT
249-262 17: FAtA%E R
264-274 1. T—H DEdHAH
276-299 1T: T —H DA > iRk— M EIERIE
301-310 1T: J\S A —H DETE
312-330 1T: ES/LIEE
332-389 1T: EF/)LO>/AIL
391409 1T EFIL I« w b~
411-452 17 T3 & STl
454-493 17 FEE DO
495-604 1T: FER0TOw
606-628 1T: ETILODIRF
630 17: END

3) Learning_Digitizer_3-lines.py

1. 1-27 17: BbA%E R
2-847: A
10-26 1T EZa2—ILD1 2R—

2. 28-2591T: FBEFTIIEEM T D
38-116 1T: EFJLI\S A —A DLtk
118-258 17: ResNetD4E%

3. 260-667 1T: HHFBDRIT
270-283 1T: BIAEESR
385-299 1T: T — S DiRd+AH
301-326 1T: T —4 D >Rh— M EERIE
328-335 1T: JI\SA—HDHTE
337-356 1T: EF)LIBE
358-415 11: EF)LO> /AL
417-443 17 EFIL T 4w ~
445-489 17: T8 & 5
491-530 17: FBEDOHE S
532-641 1T: RO w b~
643-665 1T: ET)LDRE
667 1T: END

3.3 Aihn

3.3.1 ABDEET

COTOISLZFETIBDCE. FY. TEDOFIDERIC

1RFEOBZBE(E. Learning_Digitizer_1-line.py 023517
2 BB E (L. Learning_Digitizer 2-lines.py (026617
3D E (L. Learning_Digitizer_3-lines.py (028717

C T —YEEITEAHMRET D

fi: 2ERDIHE
Digitizer_Data_2-lin.pik EL\DF—AZ5RHAD

264  # -—-Dataread --------mmmm e
265  #data_n = input('¥n Data --> ')

266 | data_n ='./data/Digitizer_Data_2-lin.pik’;print(' Data:",data_n)

267  with open(data_n, mode="rb") as f:

268 test_graf = pickle.load(f)

269

RIS, <2. BERIR> ZMICIRIRT Opython ETEITT D

FERT—YDEH

o pickleleR TREFSNEHERDT —FTHDZE. < T—F4.pik >
o 2DMF—'in', 'outZHFS. in'([CEMKT —4. out' (CEHRS —4 1331 (THIE UTE3RERT — 4
MRIFENTNS L

BURT —4:
0-255MEH DI EZE & D, ZTDHA IH1024x1024 T1F v >RIUDT LA P+
7 )DEHRERS(1024,1024,1)

HEH> —4:
0-1023DEHUEHE & D, 1024 * EHE (1~3) DEEEHES



Ef&T —X: HKETT—4:

(1024 x 1024) (1024 x ;R DE)
( A 4

. L

}| 1 [950, 947, 943, ..., 929, 930, 931]
W ¥,
I 102418

— 2ikH:
e [608, 607, 606, ..., 837, 837, 837],
H‘\ [290, 289, 289, ..., 833, 833, 833]
Y
%m-:_u_.._

102418

3k

[558, 557, 556, ..., 547, 547, 546],
-+ [462, 460, 458, ..., 330, 329, 328],
[523, 521, 519, ..., 617, 615, 613]

102418

332HHhT—4

FEEREFNBLUCCOETINREHEERTHR, REOTELERC LN TES,
HUTFICRBOHAH 2BREOFBORS) 2LdHT

(1) ABIS A—H DR

< RUN: MACHIME LEARNING OF WAVEFORM DIGITIZER_ 200317-0700 >
Data: ./data/Digitizer_Data_2-1in_7m5000+15000_1024_200317-1147.pik

Learning Process Start...

This is ResNet-26 with 12-regularizer and dropout
L2-Regularizer = 0

dropout =01

Train_n = 9000, Test_n = 1000
epoch = 800

batch = 40

first_filter = 16
patience = 100

Opimizer: Adam
loss: mean_squared_error

1-gpu running

(2) BEEIEER
loss &accDERE & IEEXDIERR

< Execution time >
Exe time (hr) = 31.94; end_ep = 800, exe/ep = 1437

< loss and accuracy =
loss = 3.52e-04 , val_loss = 2.43e-04 ,
I1-acc = 0.250 , 12-acc = 0.261

loss and epoch accuracy and epoch
10! — |0ss 104 = |1_accuracy
val_loss 11_val_accuracy
08
10-2
06 1
0.4 4
10-*
0.2 4
r ; . T — 00 T T T T
0 200 400 600 8OO 0 200 400 600 80O

< Correct Rate >
Correct answer rate = 0.811, Error count = 189 /1000 (sl = 0.03)
MNote : 10% before and after data are not evaluated. Because there may be a blank.

(3) EHSKTDLLE
1) BE5F<HBILTESZEGEREEVEROLER

< Best and Worst Sample >

Best Sample No.= 303, diff. = 0.00
Worst Sample No.= 959, diff. = 0.29
upper: graph, lower: comparison of value

0 Best Sample 0 Worst Sample
A
"
i
200 1 200 1 Ao
[
|J 1
e
400 1 001 T 0
P ! LR
i s 1 LN
| W i a4 5
500 ‘.\ ;’J l\‘ \'\
. > o
800
1000 1 . . . 1 1000 4 .
o 250 500 750 1000 o 250 500 750 1000
1a 10
0.8 4 0.8+ g
0.6 0.6 - ,
o — - 04
0.2 4 024
0.0 T T T T 0.0 T T T T

0o 0z 0.4 0.6 0.8 10 oo 0z 04 06 08 10

2) SHELBMELTERN O TZEHROF TS A AICEREDH U THRR



< NG sample >
test number = [323 782 513 482 918 39]

= L,
A Pl ‘“““‘.\ .
! e
= ,;'f\.- o= === —m o o s,
. LN W e —- DSLYD » )
- e DaLy'l

3) SELFRTESIZEGDOPR TS HIALCHEZERDE U THRR

< OK sample >
test number = [302 679 880 8 916 12]

- by
BYtanFl

//{\J

(4) EFILHES

EFILBLVETILIARSEER THE, TORICADFERECRBIDT, F—R— RSy %
AT TR ETREFETEDS, y U TIHREFESNR

* TOHE, EFIILRFREFEY. ESILEFELEES

< Model save and print >
Print the model shape? yorn-->n
> Model was NOT printed.

Save the learned model? yorn -->
> Model was saved: Digitizer_1024_2-BranchOut_RN26_bt40ft16ep800_200317-0700.h5

5.\ AXA—%

CDTOT S LDINSA—5(F1024x1024DAZ =DFELICRBE LN TS, UL, ¥3
TIBLPINSA—FITRORICEERRETHD . ZOTOTSLADEEHDWVFEDZF
RAUTHORRCERTDZENTED. LIEUFTRRIBICK D TFGPUNCPUDAEURE
REDRSH. FTEERRIMEFEDRICEBRFANEL DIHENHD

FIANL

3 E fat
EHE ETL -t AIEEME
test size = gl 72 MEDEIE  0.9,0.1 astLT1

Jrain_size

FIAI

pos e LT B AJEEIRE

dim BfROAREE 1024 256,360,1024 (F1&EFEH

m_n ResNetDFEAE RN2e  N18.RN34,RNSORN26(

IREEH

reg_f L2-Regularizer 0 0-1

drop_n ROVI 7 hDEIG 0.1 0-1

n_epoch BAIRY I 400 1-

n_batch IOy FE 60 1-

first_fil_n BB T r LR 16 8,16,24,32(I1&EH

n_pat EarIyStop‘C?‘l‘%%ﬂBﬂéQEﬂ?) 100 "
BRA

flag_ver TiRw OBOFRTDIER 0 OFRULEAL, 1:FRRITD

6.0935LURBM

6.1 1iEREE{LT' 09 S L (Learning_Digitizer_1-line.py)

H=

1. 1-27 17: BtRZE R
2-81 T OA

10-27 17: EZ2—J)LDOA>R— b

2.28-210 1T: FBEFINEERT SR

40-67 17: EFTI)LI\S A=A Dk
69-2091T: ResNetD4ER%

3. 211-595 17: HHFZDRT

218-231 17
233-244 17
246-270 1T
272-281 17
283-301 17
303-358 1T
360-378 1T
380-419 1T
421-456 1T

458-568 17 fERDTOw b~
570-593 11: EF)LDIRTF
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595 17: END
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-*- coding: utf-8 -*-

Created on Des.24,2019 / Fixed on Jun.30,2020

<IRDSA > Z2F DI S T2 BB T BT E >

@author: TKONO

import numpy as np
import matplotlib.pyplot as plt

from keras.callbacks import EarlyStopping
from sklearn.model_selection import train_test_split

import pickle, time, sys

from datetime import datetime

from keras.layers import (Input,
Conv2D,
Add,
Activation,
Dense,

GlobalAveragePooling2D,

MaxPooling2D,
Dropout

from keras.models import (Model)
from keras.regularizers import I2

def resnet(input_shape,
num_outputs,
m_name,
n_fil,
If,
drp_n,
In

):

com = ' with I12-regularizer and dropout’

if m_name == 'RN18":

print("\n This is ResNet-18'+com)

nb_blocks = [2,2,2,2]
wide = 2
block = 'plane’

elif m_name == 'RN34":

print("\n This is ResNet-34'+com)

nb_blocks = [3,4,6,3]
wide = 2
block = 'plane’

elif m_name == 'RN50":

print("\n This is ResNet-50'+com)

nb_blocks = [3,4,6,3]
wide = 2
block = 'bottleneck’

else:
print("\n ???')
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print(' L2-Regularizer =',1_f)
print(' dropout =',drp_n)

input = Input(shape=input_shape)

n_filter = n_fil

reg_f=1f

# --- 1st Pre convolution -------

X = input

X = Conv2D(filters=n_fil,
kernel_size=(3,3),
strides=(2,2),
padding="same",

kernel_regularizer=12(reg_f)

)X)
X = Activation(“relu")(X)

# poollig

X = MaxPooling2D(pool_size=(3,3),

strides=(2, 2),
padding="same'

)(X)

# --- 2nd Pre convolution -----

X = Conv2D(filters=n_fil,
kernel_size=(3,3),
strides=(2,2),
padding="same",

kernel_regularizer=12(reg_f)

)(X)
X = Activation(“relu")(X)

# pooling

X = MaxPooling2D(pool_size=(3,3),

strides=(2,2),
padding="same'

)(X)

# --- Residual Net --------------

shortcut = X

if block == 'plane":

for i, repete in enumerate(nb_blocks):

for j in range(repete):
ifi>0andj == 0:

shortcut = Conv2D(n_filter,

kernel_size=(1, 1),
strides=(2, 2),
kernel_regularizer=12(reg_f)
)(shortcut)

X = Activation("relu")(X)
X = Dropout(drp_n)(X)

X = Conv2D(n_filter,

kernel_size=(3,3),

strides= (2,2),
padding="same",
kernel_regularizer=12(reg_f)

)(X)



122 183 padding="same",

123 else: 184 kernel_regularizer=12(reg_f)

124 X = Activation("relu")(X) 185 )(X)

125 X = Dropout(drp_n)(X) 186

126 X = Conv2D(n_filter, 187 X = Activation("relu")(X)

127 kernel_size=(3,3), 188 X = Dropout(drp_n)(X)

128 padding="same", 189 X = Conv2D(n_filter * 4,

129 kernel_regularizer=12(reg_f) 190 kernel_size=(1,1),

130 )(X) 191 padding="same",

131 192 kernel_regularizer=12(reg_f)

132 X = Activation("relu")(X) 193 )(X)

133 X = Dropout(drp_n)(X) 194

134 X = Conv2D(n_filter, 195 #>3a3—hhy hEY—2

135 kernel_size=(3,3), 196 X = Add()([X, shortcut])

136 padding="same", 197 shortcut = X

137 kernel_regularizer=12(reg_f) 198

138 )(X) 199 n_filter *= wide

139 200

140 #>3—hhy hEXY—2 201 X = Activation("relu")(X)

141 X = Add()([X, shortcut]) 202

142 shortcut = X 203 y = GlobalAveragePooling2D()(X)

143 204 y = Dropout(drp_n)(y)

144 n_filter *= wide 205 y = Dense(int(num_outputs))(y)

145 206

146 if block == 'bottleneck': 207 model = Model(inputs=[input], outputs=[y])

147 shortcut = Conv2D(n_filter * 4, 208

148 kernel_size=(1, 1), 209 return model

149 kernel_regularizer=12(reg_f) 210

150 )(shortcut) 2Tl mm e e
151 212 # Machine Learning for 1-line Waveform Digitizer
152 for i, repete in enumerate(nb_blocks): 213 # - Mulch GPU

153 for j in range(repete): 214 # - ResNet with dorpout and I2-regularizer

154 ifi>0and j == 0: 215 # - Ir_schedul

155 shortcut = Conv2D(n_filter * 4, 216 H m
156 kernel_size=(1, 1), 217

157 strides=(2, 2), 218 # === OPENING ===
158 kernel_regularizer=12(reg_f) 219 # Date and time

159 )(shortcut) 220 today = datetime.today().strftime('%y%m%d-%H%M")

160 221 print("\n< Machine Learning for 1-line Waveform Digitizer_",
161 X = Activation("relu”)(X) 222 today,'>")

162 X = Dropout(drp_n)(X) 223

163 X = Conv2D(n_filter, 224 # Start time

164 kernel_size=(1,1), 225 s_time = time.time()

165 strides= (2,2), 226

166 padding="same", 227 # --- GPU Number

167 kernel_regularizer=12(reg_f) 228 gpu_n=2

168 )(X) 229

169 230 # Pass/NG Slice Level, difference between predict and target
170 else: 231 sl =0.03

171 X = Activation("relu")(X) 232

172 X = Dropout(drp_n)(X) 233 # --- Data read ---------m = mm e e e
173 X = Conv2D(n_filter, 234 # data_n = input(‘\n Data --> ')

174 kernel_size=(1,1), 235 data_n ='./data/Digitizer_Data_1-lin_I5000+7m5000_1024_200325-1053.pik'
175 padding="same", 236 print(' Data:',data_n)

176 kernel_regularizer=12(reg_f) 237 with open(data_n, mode='rb’) as f:

177 )(X) 238 test_graf = pickle.load(f)

178 239

179 X = Activation("relu")(X) 240 dim = 1024 #test_graf['para'][0]

180 X = Dropout(drp_n)(X) 241 li_n = 1 #test_graf['para'][3]

181 X = Conv2D(n_filter, 242 # print(' Dimension:',dim,’, Line-number:',li_n)

182 kernel_size=(3,3), 243



244 print("\nLearning Process Start...") 305 from keras.optimizers import Adam

245 306 optimizer = Adam()

246 # --- Data import and normalize ---------------mmmmmmm 307 print("\n Opimizer: Adam’)

247 X = test_graf['data’] 308

248 # X-normalize and black-white reversed 309 "'## Optimizer Adam

249 if np.max(X[0,:]) == 255: 310 from keras.optimizers import Adam

250  nor =255  # case of gray data 311 optimizer = Adam(Ir=0.001)

251 else: 312 print("\n Opimizer: Adam’)

252 nor =1 # case of monochro data 313

253 X =1-X/nor 314 ## Optimizer SGD + Momentum

254 315 from keras.optimizers import SGD

255 # Y-normalize 316 optimizer = SGD(Ir=0.01,decay=1e-6, momentum=0.9, nesterov=True)
256 Y = np.reshape(test_graf[‘out'],(-1,li_n*dim))/dim 317 print("\n Opimizer: SGD + Momentum®)

257 318 '

258 # input/output shape 319 # FPXFepochHCLDEIDEZ D

259 n_in = len(X[0]) 320 from keras.callbacks import LearningRateScheduler
260 n_out = len(Y[0]) 321 def Ir_schedul(epoch):

261 322 "'default: adam:0.001, SDG:0.01

262 # Data split 323

263 x_train, x_test, y_train, y_test = train_test_split( 324 x = 0.001

264 XY, 325 if epoch >=100:

265 test_size = 0.1, 326 x = 0.00075

266 train_size = 0.9, 327 if epoch >=200:

267 random_state= 0 328 x = 0.0005

268 ) 329 if epoch >= 400:

269 # Delet large data 330 x = 0.0005

270 del X; del test_graf 331 return x

271 332

272 # --- Itaration parameter —------ - 333 Ir_decay = LearningRateScheduler(Ir_schedul)

273 m_n = 'RN34' 334

274 335 # loss setting

275 reg_f =le-6 336 loss = ‘mean_squared_error*

276 n_drop =0 337 print(’ loss: ‘,loss)

277 n_epoch =300 338

278 n_batch =40 339 # compile

279 first_filLn = 16 340 ifnotgpu_n==1:

280 n_pat =100 341 # Multi GPU

281 flag_.ver =0 342 print("\n',str(gpu_n)+'-gpu running ‘)

282 343 from keras.utils import multi_gpu_model

283 # --- Model BUilt ------ - oo oo 344 parallel_model = multi_gpu_model(model, gpus=gpu_n)
284 input_= x_train.shape[1:] 345 parallel_model.compile(loss = loss,

285 model = resnet(input_, 346 optimizer = optimizer,

286 n_out, 347 metrics = ['accuracy']

287 m_n, 348 )

288 first_fil_n, 349 else:

289 reg_f, 350 #1-GPU

290 n_drop, 351 print("\n 1-gpu running ‘)

291 li_n 352 model.compile(loss = 'mean_squared_error’,
292 ) 353 optimizer = optimizer,

293 354 metrics = [‘accuracy']

294 # print prameter 355 )

295 print("\n Train_n ="'len(x_train),’, Test_n =',len(x_test)) 356

296 print(' epoch = ',n_epoch) 357 early_stopping = EarlyStopping(monitor="val_loss’,
297 print(* batch ="',n_batch) 358 patience=n_pat)

298 print(' first_filter ="' first_fil_n) 359

299 print(' patience = "',n_pat) 360 # --- Model fitting -----------=mmmmm oo e
300 361 if notgpu_n==1:

301 # print("\n* model_summary") ; model.summary() 362 # Multi GPU

302 363 hist = parallel_model.fit(x_train, y_train,

303 # --- Model compile -------=--m oo 364 epochs = n_epoch,

304 # Optimizer setting 365 batch_size = n_batch,
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validation_data = (x_test, y_test),

verbose = flag_ver,
callbacks = [early_stopping,Ir_decay]
)
else:
#1-GPU
hist = model.fit(x_train, y_train,
epochs = n_epoch,
batch_size = = n_batch,
validation_data = (x_test,y_test),
verbose = flag_ver,
callbacks = [early_stopping,Ir_decay]

)

# --- Predict and evaluation ------------mmmmmmmm oo

predict_ = (model.predict(x_test, batch_size = n_batch))

dif = abs((y_test - predict_))

"S5 T DEIE10%(ZZEEO A EEEN B D

C DB T IFABE D2 LR

spc = int(dim*0.1)

dif_ | = np.reshape(dif,(-1,li_n,dim))

dif Il = np.reshape(dif_I[;,:,;spc:dim-spc],(-1,(dim-2*spc)*li_n))

n_ep = len(hist.history['loss'])

# error count

pp_list =1
pass_list = []; ng_list=[]

for i in range(0,len(y_test)):
# error list
pp = np.max(dif_lI[i,:])
pp_list.append(pp)
if pp > sl:
ng_list.append(i) # NG list
else:
pass_list.append(i) # PASS list

# number of NG

nonzero = len(ng_list)

# pass rate

cor_pr = 1- nonzero/(len(dif_Il))

# Execution time
e_time = time.time()
print('... Finished. )
print("\n< Execution time > ')
print(' Exe time (hr) = ', '{:6.2f}".format(e_time - s_time),
', end_ep = ',n_ep,
', exe/ep =",
"{:4.1f}" format((e_time - s_time)/n_ep)
)

# --- Print out of results -----------mmmmmmm

# loss and accuracy
print("\n< loss and accuracy > ')

print( ' loss =','{:4.2e}'.format(hist.history['loss'][n_ep-1]),
', val_loss =','{:4.2e}'.format(hist.history['val_loss'][n_ep-1]),

427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456

457
458
459
460
461
462
463
464
465
466
467
468
469
470
47
472
473
474
475
476

478
479
480
481
482
483
484
485
486

'‘An I1-acc =','{:4.3f}".format(hist.history['acc'][n_ep-1])

# loss history

fig = plt.figure(figsize=(7, 7))

plt.subplot(2, 2, 1)

x_ep = range(len(hist.history['loss']))
plt.plot(x_ep,hist.history['loss'],label="loss")
plt.plot(x_ep,hist.history['val_loss'],label="val_loss")
plt.yscale('log’)

plt.legend(loc="best’)

plt.title("loss and epoch”,fontsize=15)

# accuracy history

plt.subplot(2, 2, 2)

x_ep = range(len(hist.history['acc']))
plt.plot(x_ep,hist.history['acc'],label="acc")
plt.plot(x_ep,hist.history['val_acc'],label="I1_acc")
plt.title("accuracy and epoch",fontsize=15)
plt.ylim(0, 1.1)

plt.legend(loc="best’)

plt.show()

# error

print(\n< Correct Rate >')

print(' c_r = ','{:4.3f}".format(cor_pr),
', Error count = ',nonzero,'/' len(dif),
' (sl =','{:3.2f} .format(sl),")’

print('  Note : 10% before and after data are not evaluated. Because there may be a
blank.")

# --- Result plotting ---------==---mmmm oo e
# Best & Worst
print("\n< Best and Worst Sample >')
fig = plt.figure(figsize=(7,7))
# Best sample idex
pp_min = np.amin(pp_list)
kp = pp_list.index(pp_min) # Best sample index
print(' Best Sample No.=''{:3.0f}".format(kp),
', diff. = ','{:4.2f}".format(pp_min))

# Worst sample idex

pp_max = np.amax(pp_list)

kg = pp_list.index(pp_max)

print(" Worst Sample No.= ','{:3.0f}".format(kg),

', diff. = ','{:4.2f}' format(pp_max))

print(* upper: graph, lower: comparison of value’)

cor_list = ['r','b','g",'c’,'m",'y",'w']

f = np.linspace(0,1,dim)

# Best graph

plt.subplot(2,2,1)

plt.imshow(1-x_test[kp,:,:,0])

plt.title("Best Sample",fontsize=12)

plt.gray()

# comparison

plt.subplot(2,2,3)

for ii in range(0,li_n):
plt.plot(f1-y_test[kp,dim*ii:dim*(ii+1)],

cor_list[ii],label="Target")
for ii in range(0,li_n):



487 plt.plot(f,1-predict_[kp,dim*ii:dim*(ii+1)], 548 print(’ test number =", n_list)

488 cor_list[ii]+":",label="Predict") 549 foriin range(n):
489 plt.ylim(0,1);plt.xlim(0,1) 550 nn = n_list[i]
490 551 # graph
491 # Worst graph 552 ax = plt.subplot(2,n,i+1)
492 plt.subplot(2,2,2) 553 plt.imshow(1-x_test[nn,:,:,0])
493 plt.imshow(1-x_test[kg,:,:,01) 554 plt.gray()
494 plt.title("Worst Sample”,fontsize=12) 555 ax.get_xaxis().set_visible(False)
495 plt.gray() 556 ax.get_yaxis().set_visible(False)
496 557 # comparison
497 # comparison 558 ax = plt.subplot(2,n,n+i+1)
498 plt.subplot(2,2,4) 559 for ii in range(0,li_n):
499 foriiin range(0,li_n): 560 plt.plot(f1-y_test[nn,dim*ii:dim*(ii+1)],
500 plt.plot(f,1-y_test[kg,dim*ii:dim*(ii+1)], 561 cor_list[ii],label="Target")
501 cor_list[ii],label="Target") 562 for ii in range(0,li_n):
502 foriiin range(0,li_n): 563 plt.plot(f1-predict_[nn,dim*ii:dim*(ii+1)],
503 plt.plot(f,1-predict_[kg,dim*ii:dim*(ii+1)], 564 cor_list[ii]+":',label="Predict")
504 cor_list[ii]+":",label="Predict") 565 plt.ylim(0,1);plt.xlim(0,1)
505 plt.ylim(0,1);plt.xlim(0,1) 566 ax.get_xaxis().set_visible(False)
506 plt.show() 567 ax.get_yaxis().set_visible(False)
507 568 plt.show()
508 # NG sample plot 569
509 print("\n< NG sample >') 570 # --- Model print and save-------------oo oo
510 fig = plt.figure(figsize=(16, 5)) 571 print("\n< Model save and print >')
511 n =6 572 m_para = m_n+'_bt'+str(n_batch)+'ft'+str(first_fil_n)+'ep'+str(n_ep)
512 n_list = np.random.choice(ng_list, n) 573 model_n = 'Digitizer_'+str(li_n)+'-lin_'+str(dim)+'_'+m_para+'_'+today
513 print(' test number = ', n_list) 574 mp_flag = input(’ Print the model shape? y orn -->")
514 575
515 foriin range(n): 576 # model print
516 nn = n_list[i] 577 ifmp_flag =="y":
517  #graph 578  from keras.utils import plot_model
518 ax = plt.subplot(2,n,i+1) 579 plot_model(model, to_file = './model/'+model_n+'.png’, show_shapes=True)
519 plt.imshow(1-x_test[nn,:,:,0]) 580 print(' > Model was printed: ‘+model_n+'.png ')
520  plt.gray() 581 else:
521 ax.get_xaxis().set_visible(False) 582 print(' > Model was NOT printed.")
522 ax.get_yaxis().set_visible(False) 583
523 # comparison 584 # model save
524 ax = plt.subplot(2,n,n+i+1) 585 ms_flag = input("\n Save the learned model? y or n --> )
525 for ii in range(0,li_n): 586 if ms_flag =="y":
526 plt.plot(f1-y_test[nn,dim*ii:dim*(ii+1)], 587 model.save('./model/'+model_n+'.h5")
527 cor_list[ii],label="Target") 588 print(' > Model was saved: '+model_n+'.h5")
528 for ii in range(0,li_n): 589 else:
529 plt.plot(f,1-predict_[nn,dim*ii:dim*(ii +1)], 590 print(' > Model was NOT saved.")
530 cor_list[ii] +"',label="Predict") 591
531 plt.ylim(0,1);plt.xlim(0,1) 592 # del large data
532 ax.get_xaxis().set_visible(False) 593 del x_train ; del x_test
533 ax.get_yaxis().set_visible(False) 594
534 plt.show() 595 # END of code
535
536 # OK sample plot
gg; print(‘\n< OK sample >") 6.2 2iEAzEME{LT O S s (Learning_Digitizer_2-lines.py)
539 # special exit
540 if len(pass_list) == 0: v
541 print("\n *** The Proceess was terminated, because an OK sample does not exist. *** \n') _ o
542  sys.exit() 1. 1-27 17: Bt % m
543 2-81T: A b
544 # plot ] o 10-26 1T: EZ 21 —ILDA 2R—
o fig = g't-f'gure(f'gs'ze=“‘5' 5) 2. 28-240 17: ¥BEFIINEEMT BRI
n =

547 n_list = np.random.choice(pass_list, n) 38-110 1T: )L/ (S A =S DTk
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-*- coding: utf-8 -*-

Created on Des.24,2019 / Fixed on Jun.30,2020

< 2RDSA 2 EFF DI T T2 HUEIL T DIeb DTS >

@author: TKONO

import numpy as np
import matplotlib.pyplot as plt

from keras.callbacks import EarlyStopping
from sklearn.model_selection import train_test_split

import pickle, time, sys

from datetime import datetime

from keras.layers import (Input,
Conv2D,
Add,
Activation,
Dense,

GlobalAveragePooling2D,

MaxPooling2D,
Dropout

from keras.models import (Model)
from keras.regularizers import |2

def resnet(input_shape,
num_outputs,
m_name,
n_fil,
I_f,
drp_n,
In

):

com = ' with 12-regularizer and dropout’

if m_name == 'RN18":

print("\n This is ResNet-18'+com)
nb_blocks = [2,2,2,2]

wide = 2

block = ‘plane’

elif m_name == 'RN34":
print(‘\n This is ResNet-34'+com)
nb_blocks = [3,4,6,3]
wide = 2
block = ‘plane’

elif m_name == 'RN50":
print("\n This is ResNet-50'+com)
nb_blocks = [3,4,6,3]
wide = 2
block = 'bottleneck’

elif m_name == 'RN101":
print("\n This is ResNet-101'+com)
nb_blocks = [3,4,23,3]
wide = 2
block = 'bottleneck’

elif m_name == 'RN152":
print("\n This is ResNet-152'+com)
nb_blocks = [3,4,36,3]
wide = 2
block = ‘plane’

elif m_name == "W-RN":
print("\n This is Wide-ResNet '+com)
nb_blocks = [3,3,3]
wide = 3
block = ‘plane’

elif m_name == 'RN26":
print("\n This is ResNet-26'+com)
nb_blocks = [2,2,2,2,2,2]
wide = 2
block = 'plane’

elif m_name == 'RN46'":
print("\n This is ResNet-46'+com)
nb_blocks = [3,3,3,4,6,3]
wide = 2
block = ‘plane’

elif m_name == 'RN22"
print("\n This is ResNet-22'+com)
nb_blocks = [2,2,2,2,2]
wide = 2
block = ‘plane’

elif m_name == 'RN40":
print(‘\n This is ResNet-40'+com)
nb_blocks = [3,3,4,6,3]
wide = 2
block = 'plane’

else:
print("\n ???')
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print(' L2-Regularizer =",1_f)
print(' dropout =',drp_n)

input = Input(shape=input_shape)
X = input
n_filter = n_fil

reg_f=1f

# --- Pre convolution -------------o o

X = Conv2D(filters=n_fil,
kernel_size=(3,3),
strides=(2,2),
padding="same",
kernel_regularizer=12(reg_f)
)(X)

X = Activation("relu")(X)

# poolling

X = MaxPooling2D(pool_size=(3,3),

strides=(2, 2),
padding='same’

)(X)

# --- Residual Net -~=~-=r=r=mmmmmmmoe e

shortcut = X

if block == 'plane’:
for i, repete in enumerate(nb_blocks):
for j in range(repete):
ifi>0andj == 0:
shortcut = Conv2D(n_filter,
kernel_size=(1, 1),
strides=(2, 2),
kernel_regularizer=12(reg_f)
)(shortcut)

X = Activation("relu”)(X)

X = Dropout(drp_n)(X)

X = Conv2D(n_filter,
kernel_size=(3,3),
strides= (2,2),
padding="same",
kernel_regularizer=12(reg_f)

)(X)

else:
X = Activation("relu")(X)
X = Dropout(drp_n)(X)
X = Conv2D(n_filter,
kernel_size=(3,3),
padding="same",
kernel_regularizer=12(reg_f)

)(X)

X = Activation("relu")(X)

X = Dropout(drp_n)(X)

X = Conv2D(n_filter,
kernel_size=(3,3),
padding="same",
kernel_regularizer=12(reg_f)
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)X)

#>3—bhhy hEY—2
X = Add()([X, shortcut])
shortcut = X

n_filter *= wide

if block == 'bottleneck:
shortcut = Conv2D(n_filter * 4,
kernel_size=(1, 1),
kernel_regularizer=12(reg_f)
)(shortcut)

for i, repete in enumerate(nb_blocks):
for j in range(repete):
ifi>0andj == 0:
shortcut = Conv2D(n_filter * 4,
kernel_size=(1, 1),
strides=(2, 2),
kernel_regularizer=12(reg_f)
)(shortcut)

X = Activation("relu”)(X)

X = Dropout(drp_n)(X)

X = Conv2D(n_filter,
kernel_size=(1,1),
strides= (2,2),
padding="same",
kernel_regularizer=12(reg_f)
)(X)

else:

X = Activation(“relu")(X)

X = Dropout(drp_n)(X)

X = Conv2D(n_filter,
kernel_size=(1,1),
padding="same",
kernel_regularizer=12(reg_f)
)(X)

X = Activation("relu")(X)

X = Dropout(drp_n)(X)

X = Conv2D(n_filter,
kernel_size=(3,3),
padding="same",
kernel_regularizer=12(reg_f)

)(X)

X = Activation(“relu")(X)

X = Dropout(drp_n)(X)

X = Conv2D(n_filter * 4,
kernel_size=(1,1),
padding="same",
kernel_regularizer=12(reg_f)
)(X)

#>3—hhy hEXY—2
X = Add()([X, shortcut])
shortcut = X



224 n_filter *= wide 285 # Y-normalize

225 286 Y = np.reshape(test_graf['out'],(-1,li_n*dim))/dim
226 X = Activation("relu")(X) 287

227 288 # input/output shape

228 # 2-Branch Out 289 n_in = len(X[0])

229 y1 = GlobalAveragePooling2D()(X) 290 n_out = len(Y[0])

230 y1 = Dropout(drp_n)(y1) 291

231 y1 = Dense(int(num_outputs/2),name="11")(y1) 292 # Data split

232 293 x_train, x_test, y_train, y_test = train_test_split(
233 y2 = GlobalAveragePooling2D()(X) 294 Y,

234 y2 = Dropout(drp_n)(y2) 295 test_size =0.2,

235 y2 = Dense(int(hum_outputs/2),name="12")(y2) 296 train_size = 0.8

236 297 )

237 model = Model(inputs=[input], outputs=[y1,y2]) 298 # Delet large data

238 299 del X; del test_graf

239 return model 300

240 301 # --- Itaration parameter -----------=-- oo
24 A e 302 m_n = 'RN26'

242 # Machine Learning for 2-lines Waveform Digitizer 303

243 # - Mulch GPU 304 reg_f =0

244 # - ResNet with dorpout and L2-regularizer 305 n.drop =0.1

245 # - Ir_schedul 306 n_epoch =100

246 # - branch out type 307 n_batch =40

2T e 308 first_filLn = 16

248 309 n_pat =100

249 # —-- OPENING - oo oo oo oo s 310 flag_.ver =0

250 # Date and time 31

251 today = datetime.today().strftime('%y%m%d-%H%M") 312 # --- Model Built ---===-=== ==
252 print("\n< Machine Learning for 2-lines Waveform Digitizer_", 313 input_= x_train.shape[1:]

253 today,"'>") 314 model = resnet(input_,

254 315 n_out,

255 # Start time 316 m_n,

256 s_time = time.time() 317 first_fil_n,

257 318 reg_f,

258 # GPU Number 319 n_drop,

259 gpu.n=1 320 li_n

260 321 )

261 # Pass/NG Slice Level: difference between predict and target 322

262 sl =0.03 323 # print prameter

263 324 print("\n Train_n ="len(x_train),’, Test_n =',len(x_test))
264 # --- Data read —------mmm s 325 print(' epoch =',n_epoch)

265 # data_n = input(‘\n Data --> ') 326 print(‘ batch = ',n_batch)

266 data_n ='/data/Digitizer_Data_2-lin.pik’;print(' Data:',data_n) 327 print(’ first_filter =" first_fil_n)

267 with open(data_n, mode="rb’) as f: 328 print(' patience =',n_pat)

268 test_graf = pickle.load(f) 329

269 330 # print("\n* model_summary") ; model.summary()
270 dim = 1024# test_graf['para'][0] 331

271 li_n = 2 # li_n = test_graf['para'][3] 332 # --- Model compiile --------- oot
272 # print(' Dimension:',dim,’, Line-number:',li_n) 333 # Optimizer setting

273 334 from keras.optimizers import Adam

274 print("\nLearning Process Start...") 335 optimizer = Adam()

275 336 print("\n Opimizer: Adam’)

276 # --- Data import and normalize -----------=- oo oo 337

277 X = test_graf['data’] 338 "'## Optimizer Adam

278 # X-normalize and black-white reversed 339 from keras.optimizers import Adam

279 if np.max(X[0,:]) == 255: 340 optimizer = Adam(Ir=0.001)

280 nor = 255 # case of gray data 341 print("\n Opimizer: Adam')

281 else: 342

282 nor =1 # case of monochro data 343 ## Optimizer SGD + Momentum

283 X =1-X/nor 344 from keras.optimizers import SGD

284 345 optimizer = SGD(Ir=0.01,decay=1e-6, momentum=0.9, nesterov=True)



346 print("\n Opimizer: SGD + Momentum’) 407 verbose = flag_ver,

347 ™ 408 callbacks = [early_stopping,Ir_decay]

348 409 )

349 # FBEZepoch#ICLDEIDEZ D 410

350 from keras.callbacks import LearningRateScheduler 411 # --- Predict and evaluation ----------- oo mmmmmm
351 def Ir_schedul(epoch): 412 predict_ = (model.predict(x_test, batch_size = n_batch))

352 # default: Adam:0.001, SDG:0.01 413 predict = np.concatenate([predict_[0], predict_[1]],1)

353 414

354 # adam 415 dif = abs((y_test - predict))

355 x = 0.001 416

356 if epoch >=100: 47 IS I DRIE10%(FZEADREEEN B D

357 x = 0.00075 418 COOMEIE T (SHEE D iz Liduy

358 if epoch >= 200: 419 ™

359 x = 0.0005 420 spc = int(dim*0.1)

360 if epoch >= 400: 421 dif I = np.reshape(dif,(-1,li_n,dim))

361 x = 0.0005 422 dif_ll = np.reshape(dif_I[:,:,spc:dim-spc],(-1,(dim-2*spc)*li_n))
362 return x 423

363 424 n_ep = len(hist.history['loss'])

364 Ir_decay = LearningRateScheduler(Ir_schedul) 425

365 426 # error count

366 # loss setting 427 pp_list =]

367 loss = ‘'mean_squared_error' 428 pass_list = []; ng_list=[]

368 print(' loss: ‘,loss) 429

369 430 foriin range(0,len(y_test)):

370 # Compile 431 # error list

371 if notgpu_n==1: 432 pp = np.max(dif_lI[i,:])

372 # Multi GPU 433 pp_list.append(pp)

373 print("\n',str(gpu_n)+'-gpu running ‘) 434 if pp > sl:

374  from keras.utils import multi_gpu_model 435 ng_list.append(i) # NG list

375 parallel_model = multi_gpu_model(model, gpus=gpu_n) 436 else:

376 parallel_model.compile(loss = loss, 437 pass_list.append(i) # Pass list

377 optimizer = optimizer, 438

378 metrics = ['accuracy'] 439 # number of NG

379 ) 440 nonzero = len(ng_list)

380 else: 441 # pass rate

381 #1-GPU 442 cor_pr =1 - nonzero/(len(dif_ll))

382 print("\n 1-gpu running ‘) 443

383 model.compile(loss = 'mean_squared_error’, 444 # --- Execution time

384 optimizer = optimizer, 445 e_time = time.time()

385 metrics = [‘accuracy'] 446 print('... Finished. ')

386 ) 447 print("\n< Execution time > )

387 448 print(' Exe time (hr) = ', '{:6.2f} .format((e_time - s_time)/3600),
388 early_stopping = EarlyStopping(monitor="loss’, 449 ', end_ep = ",n_ep,

389 patience=n_pat) 450 ', exe/ep =,

390 451 "{:4.1f}" format((e_time - s_time)/n_ep)

391 # --- Model fitting --------=-=== == 452 )

392 ifnotgpun==1: 453

393 # Multi GPU 454 # --- Print out of results ----------- = m oo
394 hist = parallel_model.fit(x_train, [y_train[:,0:dim],y_train[:,dim:dim*2]], 455 # loss and accuracy

395 epochs = n_epoch, 456 print("\n< loss and accuracy > )

396 batch_size = n_batch, 457

397 validation_data = (x_test, [y_train[:,0:dim],y_train[:,dim:dim*2]]), 458 print( ' loss =','{:4.2e}'.format(hist.history['loss'][n_ep-1]),
398 verbose = flag_ver, 459 ', val_loss =','{:4.2e}'.format(hist.history['val_loss'][n_ep-1]),
399 callbacks = [early_stopping,Ir_decay] 460 ‘An 1-acc =','{:4.3f}".format(hist.history['1_acc'][n_ep-1]),
400 ) 461 ', 12-acc =','{:4.3f}" .format(hist.history['12_acc'][n_ep-1])
401 else: 462 )

402 #1-GPU 463

403 hist = model.fit(x_train, [y_train[:,0:dim],y_train[:,dim:dim*2]], 464 # loss history

404 epochs = n_epoch, 465 fig = plt.figure(figsize=(7, 7))

405 batch_size = n_batch, 466 plt.subplot(2, 2, 1)

406 validation_data = (x_test, [y_test[:,0:dim],y_test[:,dim:dim*2]]), 467 x_ep = range(len(hist.history['loss']))
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plt.plot(x_ep,hist.history['loss'],label="loss")
plt.plot(x_ep,hist.history['val_loss'],label="val_loss")
plt.yscale(‘log’)

plt.legend(loc="best’)

plt.title("loss and epoch” fontsize=15)

# accuracy history

plt.subplot(2, 2, 2)

x_ep = range(len(hist.history[‘l1_acc']))
plt.plot(x_ep,hist.history['1_acc'],label="11_acc")
plt.plot(x_ep,hist.history['val_I1_acc'],label="11_val_acc")
# plt.plot(x_ep,hist.history['|2_acc'],label="accuracy")
# plt.plot(x_ep,hist.history['val_l2_acc'],label="val_acc")
#plt.yscale('log’)

plt.title("accuracy and epoch",fontsize=15)

plt.ylim(0, 1.1)

plt.legend(loc="best’)

plt.show()

# error

print("\n< Correct Rate >')

print(' Correct answer rate = ','{:4.3f}".format(cor_pr),
', Error count = ',nonzero,'/' len(dif),
' (sl = ','{:3.2f}' .format(sl),")"

print("  Note : 10% before and after data are not evaluated. Because there may be a

blank.")

# --- Result plotting ----=-----=cmmmm e e

# Best & Worst
print("\n< Best and Worst Sample >")
fig = plt.figure(figsize=(7,7))
# Best sample idex
pp_min = np.amin(pp_list)
kp = pp_list.index(pp_min) # Best sample index
print(' Best Sample No.= ','{:3.0f}".format(kp),
', diff. = ','{:4.2f}".format(pp_min))

# Worst sample idex
pp_max = np.amax(pp_list)
kg = pp_list.index(pp_max)
print(" Worst Sample No.= ','{:3.0f}".format(kg),
', diff. = ','{:4.2f}' .format(pp_max))
print(' upper: graph, lower: comparison of value')
cor_list = ['r','b",'g",'c','m",'y",'w']
f = np.linspace(0,1,dim)
# Best graph
plt.subplot(2,2,1)
plt.imshow(1-x_test[kp,:,:,0])
plt.title("Best Sample",fontsize=12)
plt.gray()
# comparison
plt.subplot(2,2,3)
for ii in range(0,li_n):
plt.plot(f1-y_test[kp,dim*ii:dim*(ii+1)],
cor_list[ii],label="Target")
for ii in range(0,li_n):
plt.plot(f,1-predict[kp,dim*ii:dim*(ii+1)],
cor_list[ii]+":',label="Predict")
plt.ylim(0,1);plt.xlim(0,1)

528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588

# Worst graph

plt.subplot(2,2,2)
plt.imshow(1-x_test[kg,:,:,0])
plt.title("Worst Sample" fontsize=12)
plt.gray()

# comparison

plt.subplot(2,2,4)

for ii in range(0,li_n):
plt.plot(f,1-y_test[kg,dim*ii:dim*(ii+1)],

cor_list[ii],label="Target")

for ii in range(0,li_n):

plt.plot(f,1-predict[kg,dim*ii:dim*(ii+1)],
cor_list[ii]+":',label="Predict")
plt.ylim(0,1);plt.xlim(0,1)
plt.show()

# NG sample plot

print("\n< NG sample >")

fig = plt-figure(figsize=(16, 5))
n =6

n_list = np.random.choice(ng_list, n)
print(' test number =, n_list)

for i in range(n):
nn = n_list[i]
# graph
ax = plt.subplot(2,n,i+1)
plt.imshow(1-x_test[nn,:,:,0])
plt.gray()
ax.get_xaxis().set_visible(False)
ax.get_yaxis().set_visible(False)
# comparison
ax = plt.subplot(2,n,n+i+1)
for ii in range(0,li_n):
plt.plot(f1-y_test[nn,dim*ii:dim*(ii+1)],
cor_list[ii],label="Target")
for ii in range(0,li_n):
plt.plot(f,1-predict[nn,dim*ii:dim*(ii+1)],
cor_list[ii]+":'",label="Predict")
plt.ylim(0,1);plt.xlim(0,1)
ax.get_xaxis().set_visible(False)
ax.get_yaxis().set_visible(False)
plt.show()

# OK sample plot
print("\n< OK sample >")

# --- Special exit

if len(pass_list) == 0:
print('\n *** The Proceess was terminated, because an OK sample does not exist. *** \n')
sys.exit()

# plot

fig = plt-figure(figsize=(16, 5))

n =6

n_list = np.random.choice(pass_list, n)
print(' test number ="', n_list)
for i in range(n):

nn = n_list[i]

# graph

ax = plt.subplot(2,n,i+1)



589 plt.imshow(1-x_test[nn,:,:,0])
590 plt.gray()
591 ax.get_xaxis().set_visible(False)
592 ax.get_yaxis().set_visible(False)
593 # comparison
594 ax = plt.subplot(2,n,n+i+1)
595 for ii in range(0,li_n):
596 plt.plot(f,1-y_test[nn,dim*ii:dim*(ii+1)],
597 cor_list[ii],label="Target")
598 for ii in range(0,li_n):
599 plt.plot(f,1-predict[nn,dim*ii:dim*(ii+1)],
600 cor_list[ii]+":',label="Predict")
601 plt.ylim(0,1);plt.xlim(0,1)
602 ax.get_xaxis().set_visible(False)
603 ax.get_yaxis().set_visible(False)
604 plt.show()
605
606 # --- Model Print and Save ------===- === m oo oo e
607 print("\n< Model save and print >')
608 m_para = m_n+'_bt'+str(n_batch)+'ft'+str(first_fil_n)+'ep'+str(n_ep)
609 model_n = 'Digitizer_'+str(dim)+'_'+str(li_n)+'-lines_BranchOut_'+m_para+'_'+today
610 mp_flag = input(’ Print the model shape? y orn -->")
611 # model print
612 if mp_flag=="y":
613 from keras.utils import plot_model
614 plot_model(model, to_file = './model/'+model_n+'.png’, show_shapes=True)
615 print(' > Model was printed: ‘+model_n+'.png ‘)
616 else:
617 print(' > Model was NOT printed.")
618
619 # model save
620 ms_flag = input(‘\n Save the learned model? y or n --> %)
621 if ms_flag =="y":
622 model.save('./model/'+model_n+'.h5")
623 print(' > Model was saved: '+model_n+'.h5")
624 else:
625 print(' > Model was NOT saved.")
626
627 # Del large data
628 del x_train ; del x_test
629
630 # END of Code
6.3 3iEABE{LT O S A (Learning_Digitizer_3-lines.py)
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# -*- coding: utf-8 -*-

Created on Des.24,2019 / Fixed on Jun.30,2020

<3ARDSA 2 =FF DI T I 2HUBIL S Db DT E >

@author: TKONO

import numpy as np
import matplotlib.pyplot as plt
from keras.callbacks import EarlyStopping
from sklearn.model_selection import train_test_split
import pickle, time, sys
from datetime import datetime
from keras.layers import (Input,
Conv2D,
Add,
Activation,
Dense,
GlobalAveragePooling2D,
MaxPooling2D,
Dropout

from keras.models import (Model)
from keras.regularizers import |2

def resnet(input_shape,
num_outputs,
m_name,
n_fil,
If,
drp_n,
In

):
com = ' with I2-regularizer and dropout’

if m_name == 'RN18":
print("\n This is ResNet-18'+com)
nb_blocks = [2,2,2,2]
wide = 2
bottleneck = False

elif m_name == 'RN34":



print("\n This is ResNet-34'+com)
nb_blocks = [3,4,6,3]

wide = 2

bottleneck = False

elif m_name == 'RN50":
print("\n This is ResNet-50'+com)
nb_blocks = [3,4,6,3]
wide = 2
bottleneck = True

elif m_name == 'RN101":
print("\n This is ResNet-101'+com)
nb_blocks = [3,4,23,3]
wide = 2
bottleneck = True

elif m_name == 'RN152":
print("\n This is ResNet-152'+com)
nb_blocks = [3,4,36,3]
wide = 2
bottleneck = False

elif m_name == 'W-RN"
print("\n This is Wide-ResNet '+com)
nb_blocks = [3,3,3]
wide = 3
bottleneck = False

elif m_name == 'RN26":
print("\n This is ResNet-26'+com)
nb_blocks = [2,2,2,2,2,2]
wide = 2
bottleneck = False

elif m_name == 'RN46":
print("\n This is ResNet-46'+com)
nb_blocks = [3,4,6,3,3,3]
wide = 2
bottleneck = False

elif m_name == 'RN54":
print("\n This is ResNet-54'+com)
nb_blocks = [3,4,6,6,4,3]
wide = 2
bottleneck = False

elif m_name == 'RN22":
print("\n This is ResNet-22'+com)
nb_blocks = [2,2,2,2,2]
wide = 2
bottleneck = False

elif m_name == 'RN40":
print(‘\n This is ResNet-40'+com)
nb_blocks = [3,4,6,3,3]
wide = 2
bottleneck = False

else:
print("\n ???')
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print(' L2-Regularizer =',1_f)
print(' dropout =',drp_n)

input = Input(shape=input_shape)
X = input
n_filter = n_fil

reg_f=1f

# --- 1st Pre convolution -----------mmmmmmmm oo

X = Conv2D(filters=n_fil,
kernel_size=(3,3),
strides=(2,2),
padding="same",
kernel_regularizer=12(reg_f)
)(X)

X = Activation("relu")(X)

# pooling

X = MaxPooling2D(pool_size=(3,3),
strides=(2, 2),
padding="same’

# --- ResNet -----cmmmmmeem e e e e

)(X)
shortcut = X

if bottleneck == False:
for i, repete in enumerate(nb_blocks):
for j in range(repete):
ifi>0and j == 0:

shortcut = Conv2D(n_filter,
kernel_size=(1,1),
strides=(2, 2),
kernel_regularizer=12(reg_f)
)(shortcut)

X = Activation("relu")(X)
X = Dropout(drp_n)(X)

X = Conv2D(n_filter,
kernel_size=(3,3),
strides= (2,2),
padding="same",
kernel_regularizer=12(reg_f)
)(X)

else:
X = Activation(“relu")(X)
X = Dropout(drp_n)(X)

X = Conv2D(n_filter,
kernel_size=(3,3),
padding="same",
kernel_regularizer=12(reg_f)

)(X)

X = Activation("relu")(X)
X = Dropout(drp_n)(X)
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X = Conv2D(n_filter,
kernel_size=(3,3),
padding="same",
kernel_regularizer=12(reg_f)

)(X)

#>3—bhHy hEY—2
X = Add()([X, shortcut])
shortcut = X

n_filter *= wide
if bottleneck == True:

shortcut = Conv2D(n_filter * 4,
kernel_size=(1, 1),

kernel_regularizer=12(reg_f)

)(shortcut)

for i, repete in enumerate(nb_blocks):
for j in range(repete):
ifi>0and j == 0:
shortcut = Conv2D(n_filter * 4,
kernel_size=(1, 1),
strides=(2, 2),

kernel_regularizer=12(reg_f)

)(shortcut)

X = Activation("relu")(X)
X = Dropout(drp_n)(X)

X = Conv2D(n_filter,
kernel_size=(1,1),
strides= (2,2),
padding="same",
kernel_regularizer=12(reg_f)

)(X)

else:
X = Activation("relu”)(X)
X = Dropout(drp_n)(X)

X = Conv2D(n_filter,
kernel_size=(1,1),
padding="same",
kernel_regularizer=12(reg_f)

)(X)

X = Activation(“relu")(X)
X = Dropout(drp_n)(X)

X = Conv2D(n_filter,
kernel_size=(3,3),
padding="same",
kernel_regularizer=12(reg_f)

)(X)

X = Activation("relu")(X)
X = Dropout(drp_n)(X)

X = Conv2D(n_filter * 4,
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kernel_size=(1,1),
padding="same",
kernel_regularizer=12(reg_f)

)(X)

#>3—hhy hEXY—2
X = Add()([X, shortcut])
shortcut = X

n_filter *= wide
X = Activation("relu")(X)

# Branch Out

y1 = GlobalAveragePooling2D()(X)

y1 = Dropout(drp_n)(y1)

y1 = Dense(int(hum_outputs/3),name="11")(y1)

y2 = GlobalAveragePooling2D()(X)

y2 = Dropout(drp_n)(y2)

y2 = Dense(int(hum_outputs/3),name="12")(y2)

y3 = GlobalAveragePooling2D()(X)

y3 = Dropout(drp_n)(y3)

y3 = Dense(int(num_outputs/3),name="13")(y3)
model = Model(inputs=[input], outputs=[y1,y2,y3])

return model

B oo e mm e mm o mmeen
#

# Machine Learning for 3-lines Waveform Digitizer

# - Mulch GPU

# - ResNet with dorpout and L2-regularizer

# - Ir_schedul

# - branch out type

#

B oo o e e e e e o e
# —-- OPENING - m oo

# Date and time

today = datetime.today().strftime(‘%y%m%d-%H%M')

print("\n< RUN: Machine Learning for 3-lines Waveform Digitizer",
today,'>")

# Start time
s_time = time.time()

# GPU Number
gpu_n =2

# Pass/NG Slice Level, difference between predict and target
sl =0.03

# --- Data read —--------- - oo
# data_n = input(’' Data --> ')
data_n ='./data/Digitizer_Data_3-lin_I5000+m5000_1024_200319-1030.pik’;print('
Data:',data_n)
with open(data_n, mode="rb’) as f:
test_graf = pickle.load(f)
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dim = 1024 #test_graf['para‘][0]

lin=3
print(' Dimension:',dim,’,

if notli_n == 3:

Line-number:',li_n)

print('This Learning Model is for 3-Line only.")

sys.exit()

print("\nLearning Process Start...")

# --- Data import and normalize -----------------mmm o

X = test_graf['data’]
# Y-normalize

Y = np.reshape(test_graf['out'],(-1,li_n*dim))/dim

del test_graf

# X-normalize and black-white reversed

if np.max(X[0,:]) == 255:
nor = 255
else:

# case of gray data

nor =1 # case of monochro data

X =1-X/nor

# input/output shape
n_in = len(X[0])
n_out = len(Y[0])

# Data split

x_train, x_test, y_train, y_test = train_test_split(

XY,
test_size = 0.1,
train_size = 0.9

)
# Delet large data

#del X;

# --- |taration parameter
reg_f =0

n_drop =0.1

n_epoch =200
n_batch =40
first_filn = 18

n_pat =100

flag.ver =0

# --- Model Built ---------

input_= x_train.shape[1:]

m_n = 'RN26'

model = resnet(input_,
n_out,
m_n,
first_fil_n,
reg_f,
n_drop,
li_n

)

# print prameter

print(\n Train_n = ",len(x_train),’, Test_n ='len(x_test))
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print(' epoch ',n_epoch)
print(* batch ',n_batch)
print(’ first_filter =" first_fil_n)
print(' patience = ',n_pat)

# print("\n* model_summary") ; model.summary()

# --- Model compile ----- -

# Optimizer setting

# Optimizer Adam

from keras.optimizers import Adam
optimizer = Adam()

print("\n Opimizer: Adam’)

""'## Optimizer Adam

## Optimizer Adam (Ir:default 0.001)
from keras.optimizers import Adam
optimizer = Adam(lr=0.001)
print("\n Opimizer: Adam’)

## Optimizer SGD + Momentum(lr:default 0.01)
from keras.optimizers import SGD

optimizer = SGD(Ir=0.01,decay=1e-6, momentum=0.9, nesterov=True)

print("\n Opimizer: SGD + Momentum®)

# FBEZepochHICKDYIDEZSD
from keras.callbacks import LearningRateScheduler
def Ir_schedul(epoch):

""default: adam=0.001, SDG=0.01
x = 0.001
if epoch >=100:

x = 0.00075
if epoch >=200:

x = 0.0005
if epoch >= 400:

x = 0.0005
return x

Ir_decay = LearningRateScheduler(Ir_schedul)

# loss setting
loss = 'mean_squared_error'
print(' loss: *,loss)

# Compile

if not gpu_n ==1:
# Multi GPU
print("\n',str(gpu_n)+'-gpu running ‘)
from keras.utils import multi_gpu_model

parallel_model = multi_gpu_model(model, gpus=gpu_n)

parallel_model.compile(loss = loss,
optimizer = optimizer,
metrics = ['accuracy']
)
else:
#1-GPU
print("\n 1-gpu running ‘)
model.compile(loss = 'mean_squared_error’,
optimizer = optimizer,
metrics = ['accuracy']



412 ) 473 else:

413 474 pass_list.append(i) # Pass list

414 early_stopping = EarlyStopping(monitor="val_loss', 475

415 patience=n_pat) 476 # number of NG

416 477 nonzero = len(ng_list)

417 # --- Model fit ----- 478 # pass rate

418 if notgpu_n==1: 479 cor_pr =1 - nonzero/(len(dif_Il))

419 # Multi GPU 480

420 hist = parallel_model.fit(x_train, [y_train[:0:dim], 481 # --- Execution time ---

421 y_train[:,dim:dim*2], 482 e_time = time.time()

422 y_train[;,dim*2:dim*3]], 483 print('... Finished. )

423 epochs = n_epoch, 484 print("\n< Execution time > ')

424 batch_size = n_batch, 485 print(' Exe time (s) = ', '{:6.1f} .format(e_time - s_time),
425 validation_data = (x_test, [y_test[:,0:dim], 486 ', end_ep = ",n_ep,

426 y_test[:,dim:dim*2], 487 ', exe/ep =,

427 y_test[:,dim*2:dim*3]]), 488 {:4.1f}' format((e_time - s_time)/n_ep)

428 verbose = flag_ver, 489 )

429 callbacks = [early_stopping,Ir_decay] 490

430 ) 491 # --- Print out of results -----==-=-==m oo
431 else: 492 # loss and accuracy

432 #1-GPU 493 print("\n< loss and accuracy > ')

433 hist = model.fit(x_train, [y_train[:,0:dim], 494

434 y_train[:,dim:dim*2], 495 print( ' loss =','{:4.2e}'.format(hist.history['loss'][n_ep-1]),
435 y_train[;,dim*2:dim*3]], 496 ', val_loss =','{:4.2e}'.format(hist.history['val_loss'][n_ep-1]),
436 epochs = n_epoch, 497 ‘An 1-accuracy =','{:4.3f}'.format(hist.history['[1_acc'][n_ep-1]),
437 batch_size = n_batch, 498 ', 12-accuracy =','{:4.3f}".format(hist.history['12_acc'][n_ep-1])
438 validation_data = (x_test, [y_test[:,0:dim], 499 )

439 y_test[:,dim:dim*2], 500

440 y_test[:,dim*2:dim*3]]), 501 # loss history

441 verbose = flag_ver, 502 fig = plt.figure(figsize=(7, 7))

442 callbacks = [early_stopping,Ir_decay] 503 plt.subplot(2, 2, 1)

443 ) 504 x_ep = range(len(hist.history['loss']))

444 505 plt.plot(x_ep,hist.history['loss'],label="loss")

445 # --- Predict and evaluation ------==-===== = - oo 506 plt.plot(x_ep,hist.history['val_loss'],label="val_loss")

446 # Predict 507 plt.yscale('log’)

447 predict_ = (model.predict(x_test, batch_size = n_batch)) 508 plt.legend(loc="'best")

448 " INLEOLIBDZsbpredictZiERE 9 D 509 plt.title("loss and epoch”,fontsize=15)

449 510

450 predict = np.concatenate([predict_[0], predict_[1], predict_[2]],1) 511 # accuracy history

451 512 plt.subplot(2, 2, 2)

452 # evaluation 513 x_ep = range(len(hist.history['|1_acc']))

453 dif = abs((y_test - predict)) 514 # plt.plot(x_ep,hist.history['l1_acc'],label="11_accu")

454 S JDHIE10%(FZEEDEREENH B 515 # plt.plot(x_ep,hist.history['val_I1_acc'],label="I1_val_acc")
455 COOFEIET(IEE O MZE LR 516 plt.plot(x_ep,hist.history['I1_acc'],label="acc")

456 ' 517 plt.plot(x_ep,hist.history['val_I1_acc'],label="val_acc")
457 spc = int(dim*0.1) 518 #plt.yscale('log’)

458 dif_ | = np.reshape(dif,(-1,li_n,dim)) 519 plt.title("accuracy and epoch",fontsize=15)

459 dif Il = np.reshape(dif_I[:,:,spc:dim-spc],(-1,(dim-2*spc)*li_n)) 520 pltylim(0, 1.1)

460 521 plt.legend(loc="best’)

461 n_ep = len(hist.history['loss']) 522 plt.show()

462 523

463 # error count 524 # error

464 pp_list =] 525 print("\n< Correct Rate >")

465 pass_list = []; ng_list=[] 526 print(' Correct answer rate = ','{:4.3f}'.format(cor_pr),
466 527 ', Error count = ',nonzero,'/' len(dif),

467 foriin range(0,len(y_test)): 528 ' (sl = ','{:3.2f}' .format(sl),")"

468 # error list 529 )

469 pp = np.max(dif_II[i,:]) 530 print('" Note : 10% before and after data are not evaluated. Because there may be a
470 pp_list.append(pp) blank.")

471 if pp > sl: 531

472 ng_list.append(i) # NG list 532 | # --- Result plotting -----=-=-=nmnmmmmmm e



533 # Best & Worst 594 plt.gray()

534 print("\n< Best and Worst Sample >') 595 ax.get_xaxis().set_visible(False)

535 fig = plt.figure(figsize=(7,7)) 596 ax.get_yaxis().set_visible(False)

536 # Best sample idex 597  ## comparison

537 pp_min = np.amin(pp_list) 598 ax = plt.subplot(2,n,n+i+1)

538 kp = pp_list.index(pp_min) # Best sample index 599 for ii in range(0,li_n):

539 print(' Best Sample No.="''{:3.0f} .format(kp), 600 plt.plot(f,1-y_test[nn,dim*ii:dim*(ii+1)],

540 ', diff. = ','{:4.2f}'.format(pp_min)) 601 cor_list[ii],label="Target")

541 602 for ii in range(0,li_n):

542 # Worst sample idex 603 plt.plot(f,1-predict[nn,dim*ii:dim*(ii+1)],

543 pp_max = np.amax(pp_list) 604 cor_list[ii]+":',label="Predict")

544 kg = pp_list.index(pp_max) 605 plt.ylim(0,1);plt.xlim(0,1)

545 print(' Worst Sample No.=",'{:3.0f}'.format(kg), 606 ax.get_xaxis().set_visible(False)

546 ', diff. = *,'{:4.2f}' format(pp_max)) 607 ax.get_yaxis().set_visible(False)

547 print(' upper: graph, lower: comparison of value') 608 plt.show()

548 cor_list = ['r','b",'g’,'c’,'m",'y",'wW'] 609

549 f = np.linspace(0,1,dim) 610 # OK sample plot

550 # Best graph 611 print("\n< OK sample >)

551 plt.subplot(2,2,1) 612

552 pltimshow(1-x_test[kp,:,:,0]) 613 # --- Special exit ---

553 plt.title("Best Sample", fontsize=12) 614 if len(pass_list) == 0:

554 plt.gray() 615 print("\n *** The Proceess was terminated, because an OK sample does not exist. *** \n')
555 #### comparison 616 sys.exit()

556 plt.subplot(2,2,3) 617 # plot

557 foriiin range(0,li_n): 618 fig = plt.figure(figsize=(16, 5))

558 plt.plot(f,1-y_test[kp,dim*ii:dim*(ii+1)], 619 n =6

559 cor_list[ii],label="Target") 620 n_list = np.random.choice(pass_list, n)

560 for ii in range(0,li_n): 621 print(' test number ="', n_list)

561 plt.plot(f,1-predict[kp,dim*ii:dim*(ii+1)], 622 foriin range(n):

562 cor_list[ii]+"',label="Predict") 623 nn = n_list[i]

563 plt.ylim(0,1);plt.xlim(0,1) 624  ## graph

564 625 ax = plt.subplot(2,n,i+1)

565 # Worst graph 626 plt.imshow(1-x_test[nn,:,:,0])

566 plt.subplot(2,2,2) 627 plt.gray()

567 plt.imshow(1-x_test[kg,:,:,0]) 628 ax.get_xaxis().set_visible(False)

568 plt.title("Worst Sample”,fontsize=12) 629 ax.get_yaxis().set_visible(False)

569 plt.gray() 630 ## comparison

570 631 ax = plt.subplot(2,n,n+i+1)

571 # comparison 632 for ii in range(0,li_n):

572 plt.subplot(2,2,4) 633 plt.plot(f,1-y_test[nn,dim*ii:dim*(ii+1)],

573 foriiin range(0,li_n): 634 cor_list[ii],label="Target")

574 plt.plot(f,1-y_test[kg,dim*ii:dim*(ii+1)], 635 for ii in range(0,li_n):

575 cor_list[ii],label="Target") 636 plt.plot(f,1-predict[nn,dim*ii:dim*(ii+1)],

576 foriiin range(0,li_n): 637 cor_list[ii] +":',label="Predict")

577 plt.plot(f,1-predict[kg,dim*ii:dim*(ii+1)], 638 plt.ylim(0,1);plt.xlim(0,1)

578 cor_list[ii]+"',label="Predict") 639 ax.get_xaxis().set_visible(False)

579 pltylim(0,1);plt.xlim(0,1) 640 ax.get_yaxis().set_visible(False)

580 plt.show() 641 plt.show()

581 642

582 # NG sample plot 643 # --- Model print and save -------------m oo
583 print("\n< NG sample >") 644 print("\n< Model save and print >')

584 fig = plt.figure(figsize=(16, 5)) 645 m_para = m_n+'_bt'+str(n_batch)+'ft'+str(first_fil_n)+'ep'+str(n_ep)
585 n =6 646 model_n = 'Digitizer_'+str(li_n)+'-lin_'+str(dim)+'_'+m_para+'_'+today
586 n_list = np.random.choice(ng_list, n) 647 mp_flag = input(’ Print the model shape? yorn--> )
587 print(' test number ="', n_list) 648 # model print

588 649 if mp_flag=="y"':

589 foriin range(n): 650  from keras.utils import plot_model

590 nn = n_list[i] 651 plot_model(model, to_file = model_n+'.png’, show_shapes=True)
591 ## graph 652 print(' > Model was printed: ‘+model_n+'.png ‘)
592 ax = plt.subplot(2,n,i+1) 653 else:

593 plt.imshow(1-x_test[nn,:,:,0]) 654 print(' > Model was NOT printed.")



655

656 # model save

657 ms_flag = input('\n Save the learned model? y or n --> ")
658 if ms_flag=="y':

659 model.save('./model/'+model_n+'.h5")

660 print(' > Model was saved: '+model_n+'.h5')
661 else:

662 print(" > Model was NOT saved.")

663

664 # Del large data ---

665 del x_train ; del x_test

666

667 # END of code

END



