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https://keras.io/examples/vision/mnist_convnet/
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import numpy as np

import pandas as pd

from tgqdm import tqgdm

from tensorflow import keras

from tensorflow. keras import layers
import matplotlib. pyplot as plt
import mplhep as hep

hep. styles. use ("ATLAS”)

FELFRA
SR

FEHFIRINES: FEZIFEY "hello world”

Bix: XWFESEF 0 F 9 1 10 MR
WEREA: 60000 4
AR 10000 4

BIMEAR: 28* 28 MER, —MRE (0-9)

# Model / data parameters
num classes = 10
input_shape = (28, 28, 1)

# the data, split between train and test sets
(x_train, y train), (x_test, y test) = keras. datasets. mnist. load data()



# Scale images to the [0, 1] range

X train = x train. astype(“float32”) / 255
X test = x test.astype(“float32”) / 255

# Make sure images have shape (28, 28, 1)
x_train = np. expand dims(x_train, -1)
x_test = np. expand_dims (x_test, —1)

print (“x_train shape:”, x_train. shape)
print (x_train. shape[0], “train samples”)
print (x_test. shape[0], “test samples”)

# convert class vectors to binary class matrices

y train = keras. utils. to categorical (y train, num classes)
y_test = keras.utils. to_categorical (y_test, num classes)

x_train shape: (60000, 28, 28, 1)
60000 train samples
10000 test samples

X _train. shape
#plt. imshow(x_trainl[])

(60000, 28, 28, 1)

t MBS — MR K AR %
plt. imshow(x trainl[0, :, :, 0])

<matplotlib. image. AxesImage at 0x23ea8600460>

0 10 20

# to categorical PRECK 5 ARk [0, 0, 0, 0, 0, 1, 0, 0, 0, 0]
# XK RFRN one-hot Rin, HTZANKAE 5 RESHS
print (y_train[0])

(0. 0. 0. 0. 0. 1. 0. 0. 0. 0.]

[RAfE £ e 2T

XEEfEM keras HfY Sequential BREY, BN, [EEIE. BILE list FEIRAHEMLE,

def create model (input shape, num classes):
model = keras. Sequential (
[

keras. Input (shape=input_shape)



layers. Conv2D (32, kernel size=(3, 3), activation="relu”)
layers. MaxPooling2D (pool _size=(2, 2)),

layers. Conv2D (64, kernel size=(3, 3), activation="relu”),
layers. MaxPooling2D (pool size=(2, 2)),

layers. Flatten ()

layers. Dropout (0. 5)

layers. Dense (num_classes, activation="softmax”),

]
)

return model

model = create model (input shape= (28, 28, 1), num classes=10)
model. summary ()

Model: ”sequential 1”7

Layer (type) Output Shape Param #
conv2£72 (Conv2D) (N;;;: 26, 26, 32)7 320
max_pooling2d 2 (MaxPooling2 (None, 13, 13, 32) 0
conv2d 3 (Conv2D) (None, 11, 11, 64) 18496
max _pooling2d 3 (MaxPooling2 (None, 5, 5, 64) 0
flatten 1 (Flatten) (None, 1600) 0
dropout 1 (Dropout) (None, 1600) 0
dense_1 (Dense) (None, 10) 16010

Total params: 34, 826
Trainable params: 34, 826
Non—-trainable params: 0

WZREFFRE RN
REJL callback ([EIEREL) , Ihae

1. csv_logger IBREA epoch AU IISHEEAIILIERSRE

2. reduce_Ir SISEHFIR, MERERH

3. save_best {(RIFIIEIRE R/ N\ITHNREISE), SR, Brlbid#l&RT validation error
TSP

def mycallbacks (version=1) :
VSRR, HTIE NG R SIS RS R B
:version: HEMERA, M HESEHESHE U RERE

csv_logger = keras. callbacks. CSVLogger (“training v%s. log”%version)

reduce 1r = keras. callbacks. ReduceLROnPlateau (monitor="val loss’,
factor=0.2, patience=20, min_lr=0.000001)

save best = keras. callbacks. ModelCheckpoint (
filepath="model v%s.hdf5”%version,

verbose=1, save best only=True)

return [csv_logger, reduce lr, save best]



In [8]: # KB NEH KK cross entropy

model. compile (loss="categorical crossentropy”, optimizer="adam”, metrics=["accuracy’

model. fit(x train, y train,

batch size=32, # BIlGrEARE 7 32 DMEAN—D/IMIEK (mini batch)
epochs=10, # AR A NI ZREE 10 Ik (BEDMEERMH T

validation_split=0.1, # ffH 90% AIELHEUILZR, 10% 36
callbacks=mycallbacks (version=1)

)



Epoch 1/10

1681/1688 [ >.] = ETA: 0s — loss: 0.2177 - accuracy: 0.93
27

Epoch 00001: val loss improved from inf to 0.05295, saving model to model vl.hdfb
1688/1688 [ ==== ] - 10s 6ms/step — loss: 0.2174 - accuracy:
0.9329 - val loss: 0.0530 — val accuracy: 0.9830 - 1r: 0.0010

Epoch 2/10

1688/1688 [ ] — ETA: 0s - loss: 0.0816 — accuracy: 0.97
51

Epoch 00002: val loss improved from 0.05295 to 0.04637, saving model to model vl.hdf
5

1688/1688 [ ==== ] — 11s 6ms/step — loss: 0.0816 — accuracy:
0.9751 - val loss: 0.0464 — val accuracy: 0.9870 - 1r: 0.0010

Epoch 3/10

1683/1688 [ >.] — ETA: 0s — loss: 0.0644 - accuracy: 0.98
00

Epoch 00003: val loss improved from 0.04637 to 0.03636, saving model to model vl.hdf
5

1688/1688 [ ==== ] — 11s 6ms/step — loss: 0.0644 - accuracy:
0.9799 - val loss: 0.0364 - val _accuracy: 0.9897 — Ir: 0.0010

Epoch 4/10

1681/1688 [ ==== >.] — ETA: 0s — loss: 0.0545 - accuracy: 0.98
30

Epoch 00004: val loss did not improve from 0. 03636

1688/1688 [ ==== ] - 11s 6ms/step — loss: 0.0546 — accuracy:
0.9830 - val loss: 0.0393 — val accuracy: 0.9878 - 1r: 0.0010

Epoch 5/10

1685/1688 [ ==== >.] = ETA: 0s — loss: 0.0480 - accuracy: 0.98
48

Epoch 00005: val loss improved from 0.03636 to 0.03146, saving model to model vl.hdf
5

1688/1688 [ ==== ] - 11s 6ms/step — loss: 0.0480 — accuracy:
0.9848 - val loss: 0.0315 - val accuracy: 0.9903 — 1r: 0.0010

Epoch 6/10

1683/1688 [ >.] = ETA: O0s - loss: 0.0424 - accuracy: 0.98
62

Epoch 00006: val loss improved from 0.03146 to 0.03032, saving model to model vl.hdf
5

1688/1688 [ ==== ] - 11s 6ms/step — loss: 0.0425 — accuracy:
0.9862 - val loss: 0.0303 — val accuracy: 0.9913 — 1r: 0.0010

Epoch 7/10

1688/1688 [ ==== ] - ETA: 0s — loss: 0.0406 - accuracy: 0.98
67

Epoch 00007: val loss did not improve from 0.03032

1688/1688 [ ] - 11s 6ms/step — loss: 0.0406 — accuracy:
0.9867 — val loss: 0.0303 — val accuracy: 0.9915 — 1r: 0.0010

Epoch 8/10

1680/1688 [ ==== >.] = ETA: 0s — loss: 0.0366 — accuracy: 0.98
85

Epoch 00008: val loss improved from 0.03032 to 0.02955, saving model to model vl.hdf
5

1688/1688 [ ] - 11s 6ms/step — loss: 0.0366 — accuracy:
0.9885 - val loss: 0.0295 - val accuracy: 0.9920 - 1r: 0.0010

Epoch 9/10

1684/1688 [ >.] — ETA: 0s — loss: 0.0355 — accuracy: 0.98
83

Epoch 00009: val loss did not improve from 0.02955

1688/1688 [ ==== ] — 11s 6ms/step — loss: 0.0355 — accuracy:

0.9882 - val loss: 0.0296 — val accuracy: 0.9912 - 1r: 0.0010

Epoch 10/10

1683/1688 [ ==== >.] = ETA: 0s — loss: 0.0345 - accuracy: 0.98
93

Epoch 00010: val loss improved from 0.02955 to 0.02790, saving model to model vl.hdf
5




1688/1688 [ ==== ] - 11s 6ms/step — loss: 0.0346 — accuracy:
0.9893 - val loss: 0.0279 - val accuracy: 0.9918 — 1r: 0.0010
{tensorflow. python. keras. callbacks. History at 0x23ea8d57820>

del check performance (version) :
history = pd. read csv(“training v%s. log”%version)
plt. plot (history[”“epoch”], history[”accuracy”], label="training acc”)
plt. plot(history[“epoch”], history[”val accuracy”], label="validation acc”)
plt. legend (loc="best’)
plt. xlabel ("epochs”)

check performance (version=1)
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ERFIEESDSE (Quark Gluon Jet
classification)

HUBEE: https://zenodo.org/record/3164691#.YGwuCOj7Q2w
& QG_jets.npz
REAE: HEIER/data/QG_jets.npz

RES SR FHREARIRSET, FMXEERETSRERRT

There are 20 files in each dataset, each in compressed NumPy
format. Files including charm and bottom jets have 'withbc' in
their filename. There are two arrays in each file

X: (100000,M,4), exactly 50k quark and 50k gluon jets, randomly
sorted, where M is the max multiplicity of the jets in that file
(other jets have been padded with zero-particles), and the
features of each particle are its pt, rapidity, azimuthal angle,
and pdgid.

y: (100000,), an array of labels for the jets where gluon is @ and
quark is 1.

If you use this dataset, please cite this Zenodo record as well as
the corresponding paper:



P. T. Komiske, E. M. Metodiev, J. Thaler, Energy Flow Networks:
Deep Sets for Particle Jets, JHEP 01 (2019) 121, arXiv:1810.05165.

EANEIE (Know your data)

with np. load(“data/QG jets.npz”) as dat:
x qg = dat[”X”]
y_qg = dat["y”]

#139 ABEHR R AR FHE, 4 BRMAMWT (pt, rapidity, phi, pdgid) {58
# PR = mE R R TN T 139, B (0, 0, 0, 0) fh4
Xx_qg. shape

(100000, 139, 4)

& py, RE (rapidity, —fRA y =) LIRTTAIA ¢ B3I FIUENE (B, pr, Py, p.) B

B—FhERR.
pe = /D3 + D} (1)
¢ = arctan2(py, pz) (2)
1. E+
y=5ln——2= (3)
2 E-—p,
vy _qg. shape
(100000, )

# NG REEA 0 AT =47%HE: pt, rapidity, phi, pdgid
# pdgid=22 F£~ T, pdgid = -211 £/~ pion— N1

print(x_qgl0, 0:3, :])

[[ 2.68769142e-01 3.56903171e-01 4.74138734e+00 2.20000000e+01]
[ 1.60076377e-01 —2.55609533e-01 4.55022910e+00 2.20000000e+01]
[ 1.14868731e+00 —6.24380156e-02 4.50385377e+00 —2. 11000000e+02]]

# Fr%5: 0 for gluon; 1 for quark

y_ag[:20]
array([1., 1., 1., 1., 1., 0., 1., 1., 1., 1., 1., 0., 1., 0., 1., 1., oO.,
0., 1., 0.1)

v _qg onehot = keras. utils. to categorical (y qg, 2)

HIET WAL  (Know your data)

def visualize(eid=0):
VUOXTE eid MEEARBHATATA, REHE
dat = x_qgleid]
pt = dat[:, 0]
rapidity = dat[:, 1]
phi = dat[:, 2]
plt. hist2d(rapidity, phi,
bins=28, cmin=0, cmax=5)
# X BN TR count>emax IR RN nan



visualize (eid=0)

SUETIALIE

xmin, xmax = —1.7, 1.7
ymin, ymax = 0, 2%np. pil
# W E G E R |yl < 1.7, phi in [0, 2pi] VG

ranges = [[xmin, xmax], [ymin, ymax]]

def to img(eid=0, bins=28):

dat = x qgleid]

rapidity = dat[:, 1]

phi = dat[:, 2]

# # C(eta, phi) AN 2D EK

img, , _ = np. histogram2d(rapidity, phi,
bins = bins,
range-ranges,
normed=True)

return img

num_events = len(x qg)
x qg_imgs = [to img(i) for i in tqgdm(range (num events)) ]
100% AN EEEEEE 100000/100000 [00:18<00:00, 5440.50it/s]

# x _qg_imgs FEFKE R AMEZ KT 1,
# [ TAEF T, 2d image & & A AT 48 %

X _qg imgs = np. array(x_qg imgs)

x qg imgs[0]. max ()

31.946835635779856

X _qg imgs = x_qg_imgs / x_qg imgs. max ()

x _qg imgs[0]. max ()

0.8768115942028987

X (g imgs. shape



(100000, 28, 28)

#ONTAER mnist FroaGRINE M4, 3508838 n— A4 %
X _qg imgs = x_qg_imgs. reshape (100000, 28, 28, -1)

v_qg_onehot[0]

array ([0., 1.], dtype=float32)

BEIESD M=
XEBFAEER scikit-learn HfY

NS

sklearn.model_selection.train_test_split

BEIREN DR IIZE 5 MidsE

from sklearn.model selection import train test split

x_train, x test, y_train, y_test = train test split(x_qg imgs, y_qg onehot, test siz

X_train. shape

(90000, 28, 28, 1)

145 ZEMEEHITS BB ED S

B RGNS, AT IR FE 2R

£ 2 RES, ¥ num _classes HEN 2

qg_model = create model (input_shape= (28, 28, 1), num_classes=2)
qg_model. summary ()

B — M A XS AR R R cross entropy

gg_model. compile (loss="categorical crossentropy”, optimizer="adam”, metrics=["accur:

gqg model. fit(x train, y train,
batch size=32, t B GFEARE & 32 PMEN—D/PHER (mini batch)
epochs=10, # P 2% 0k JT) BT A ) 2k 5B 10 W (AN FEARMEH T
validation split=0.1, # fHifH 90% MIEIEIN LR, 10% B)EIE 5 IE
callbacks=mycallbacks (version=2)

)



Model: ”sequential 3”7

Layer (type) Output Shape Param #
conv2d 6 (Conv2D) (N;;;j 26, 26, 32) 320
max_pooling2d 6 (MaxPooling2 (None, 13, 13, 32) 0
conv2d 7 (Conv2D) (None, 11, 11, 64) 18496
max_pooling2d 7 (MaxPooling2 (None, 5, 5, 64) 0
flatten_ 3 (Flatten) (None, 1600) 0
dropout 3 (Dropout) (None, 1600) 0
dense 3 (Dense) (None, 2) 3202

Total params: 22,018
Trainable params: 22,018
Non—-trainable params: 0

Epoch 1/10

2524/2532 [ ==== >.] — ETA: 0s — loss: 0.5407 - accuracy: 0.73
35

Epoch 00001: val loss improved from inf to 0.50198, saving model to model v2.hdfb
2532/2532 [ ] - 17s Tms/step — loss: 0.5407 — accuracy:
0.7335 = val loss: 0.5020 - val accuracy: 0.7612 — 1r: 0.0010

Epoch 2/10

2530/2532 [ == >.] = ETA: 0s — loss: 0.5082 - accuracy: 0.75
96

Epoch 00002: val loss improved from 0.50198 to 0.50002, saving model to model v2.hdf
5

2532/2532 [ ==== ] - 17s Tms/step — loss: 0.5082 — accuracy:
0.7596 - val loss: 0.5000 - val accuracy: 0.7607 - 1r: 0.0010

Epoch 3/10

2524/2532 [ >.] — ETA: 0s — loss: 0.5058 — accuracy: 0.76
05

Epoch 00003: val loss did not improve from 0.50002

2532/2532 [ ==== ] - 17s Tms/step — loss: 0.5056 — accuracy:
0.7606 — val loss: 0.5000 — val accuracy: 0.7621 — 1r: 0.0010

Epoch 4/10

2527/2532 [ >.] = ETA: O0s - loss: 0.5035 - accuracy: 0.76
17

Epoch 00004: val loss did not improve from 0.50002

2532/2532 [ ] — 17s Tms/step — loss: 0.5035 — accuracy:
0.7617 - val loss: 0.5051 — val accuracy: 0.7583 - 1r: 0.0010

Epoch 5/10

2526/2532 [ ==== >.] = ETA: 0s — loss: 0.5028 — accuracy: 0.76
28

Epoch 00005: val loss improved from 0.50002 to 0.49625, saving model to model v2.hdf
5

2532/2532 [ ] - 17s Tms/step — loss: 0.5028 — accuracy:
0.7628 — val loss: 0.4963 — val accuracy: 0.7631 - 1r: 0.0010

Epoch 6/10

2530/2532 [ == >.] — ETA: 0s — loss: 0.5034 — accuracy: 0.76
31

Epoch 00006: val loss improved from 0.49625 to 0.49513, saving model to model v2.hdf
5

2532/2532 [ ==== ] - 17s Tms/step — loss: 0.5034 — accuracy:
0.7632 — val loss: 0.4951 - val accuracy: 0.7629 - 1r: 0.0010

Epoch 7/10

2531/2532 [ >.] = ETA: 0s - loss: 0.5019 - accuracy: 0.76

22



Epoch 00007: val loss did not improve from 0.49513

2532/2532 [ ==== ] - 17s Tms/step — loss: 0.5019 — accuracy:
0.7622 - val loss: 0.4987 - val accuracy: 0.7619 - 1r: 0.0010

Epoch 8/10

2526/2532 [ ==== >.1 = ETA: 0s - loss: 0.5009 - accuracy: 0.76
26

Epoch 00008: val loss did not improve from 0.49513

2532/2532 [ ] - 17s Tms/step — loss: 0.5008 — accuracy:
0.7627 - val loss: 0.4960 — val accuracy: 0.7636 - 1r: 0.0010

Epoch 9/10

2531/2532 [ ==== >.] = ETA: 0s — loss: 0.5011 - accuracy: 0.76
20

Epoch 00009: val loss improved from 0.49513 to 0.49474, saving model to model v2.hdf
5

2532/2532 [ ] = 17s Tms/step — loss: 0.5011 — accuracy:
0.7620 - val loss: 0.4947 - val accuracy: 0.7638 — 1r: 0.0010

Epoch 10/10

2531/2532 [ ==== >.] = ETA: O0s - loss: 0.5013 - accuracy: 0.76
35

Epoch 00010: val loss did not improve from 0.49474

2532/2532 [ ==== ] = 17s Tms/step — loss: 0.5013 - accuracy:

0.7635 - val loss: 0.5003 - val accuracy: 0.7636 — Ir: 0.0010
{tensorflow. python. keras. callbacks. History at 0x23ea635c160>

check performance (version=2)
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def pointcloud plot(eid=0) :
dat = x qgl2]
pt = dat[:, 0]
phi = datl[:, 2]
x = pt * np. cos (phi)
y = pt * np. sin(phi)
plt. scatter (x, y)
plt. xlabel (r”$p x$ [GeV]”)



plt. ylabel (r"$p y$ [GeV]”)

pointcloud plot(eid=5)

L I e e B T L

=
1]
S w0
a

=
III|IIIIlIIIIIIIII|IIII|IIII

1] 10 20 30 40 50 60 70
px [GeV]

g-lIII|IIII|IIII|IIII|IIII|IIII|IIII

def model pointcloud(features=4, activ="relu’, padding size=139):

LEERS)

:features: &ANKL T-HIRFIEAN %L

ractiv: WUE KL, keras HAl

:padding size: HLEF A KK T %L

S _input = layers. Input (shape= (padding size, features), dtype= float’)
0 seq = layers. ConvlD (256, 1, activation=activ) (S input)

0 seq = layers. ConvlD (128, 1, activation=activ) (0 seq)

0 seq = layers. ConvlD(128, 1, activation=activ) (0 seq)

0 seq = layers. GlobalMaxPoolinglD() (0 seq)

0 seq = layers. Dense (32, activation=activ) (0 seq)

0 seq = layers. Dense(2, activation="softmax’ ) (0 _seq)

model = keras. models. Model (inputs=S_input, outputs=0_seq)

return model

model3 = model pointcloud()

#Oor R — M AE A K 2L cross entropy

model3. compile (loss="categorical crossentropy”, optimizer="adam”, metrics=["accurac)

model3. fit (x_qg, v_qg onehot

batch size=32, e A7 = N 74 32 MEN—D/NEK (mini batch)
epochs=10, # PR T A U gR B 10 IR (EDNEEARMER T

validation split=0. 1, # A 90% MBS, 10% B9 EHE 56T
callbacks=mycallbacks (version=3)

)



Epoch 1/10
2811/2813 [
45

Epoch 00001:

2813/2813 [
y: 0.6745 -
Epoch 2/10

2809/2813 [
74

Epoch 00002:

5

2813/2813 [
y: 0.7274 -
Epoch 3/10

2809/2813 [
98

Epoch 00003:

2813/2813 [
y: 0.7297 -
Epoch 4/10

2809/2813 [
70

Epoch 00004 :

2813/2813 [
y: 0.7270 —
Epoch 5/10

2812/2813 [
16

Epoch 00005:

2813/2813 [
y: 0.7316 -
Epoch 6/10

2810/2813 [
29

Epoch 00006:

5

2813/2813 [
y: 0.7328 —
Epoch 7/10

2810/2813 [
52

Epoch 00007:

5

2813/2813 [
y: 0.7352 -
Epoch 8/10

2812/2813 [
95

Epoch 00008:

5

2813/2813 [
y: 0.7395 -
Epoch 9/10

2813/2813 [
14

Epoch 00009:

5

2813/2813 [
y: 0.7414 -
Epoch 10/10
2810/2813 [
54

Epoch 00010:

>.] — ETA: 0s — loss: 1.2952 - accuracy: 0.67

val loss improved from inf to 0.60334, saving model to model v3.hdfb
==== ] - 29s 10ms/step — loss: 1.2949 — accurac
val loss: 0.6033 - val accuracy: 0.6912 — Ir: 0.0010
>.] = ETA: 0s — loss: 0.5539 - accuracy: 0.72
val loss improved from 0.60334 to 0.54390, saving model to model v3.hdf
==== ] - 29s 10ms/step — loss: 0.5539 — accurac
val loss: 0.5439 - val accuracy: 0.7327 — 1r: 0.0010
>.] — ETA: 0s — loss: 0.5476 - accuracy: 0.72
val loss did not improve from 0.54390
] - 29s 10ms/step — loss: 0.5477 - accurac
val loss: 0.5534 — val accuracy: 0.7249 — Ir: 0.0010
==== >.] — ETA: 0s — loss: 0.5528 - accuracy: 0.72
val loss did not improve from 0.54390
==== ] - 29s 10ms/step — loss: 0.5528 — accurac
val loss: 0.5502 - val accuracy: 0.7265 — Ir: 0.0010
>.] — ETA: 0s — loss: 0.5441 - accuracy: 0.73
val loss did not improve from 0.54390
== ] - 30s 1lms/step — loss: 0.5441 — accurac
val loss: 0.5510 — val accuracy: 0.7319 — Ir: 0.0010
==== >.] — ETA: 0s — loss: 0.5432 - accuracy: 0.73
val loss improved from 0.54390 to 0.53940, saving model to model v3.hdf
] - 29s 10ms/step — loss: 0.5433 — accurac
val loss: 0.5394 - val accuracy: 0.7357 — 1r: 0.0010
==== >.] = ETA: 0s — loss: 0.5390 - accuracy: 0.73
val loss improved from 0.53940 to 0.53935, saving model to model v3.hdf
] - 29s 10ms/step — loss: 0.5390 — accurac
val loss: 0.5394 - val accuracy: 0.7357 - 1r: 0.0010
==== >.] = ETA: 0s — loss: 0.5347 - accuracy: 0.73
val loss improved from 0.53935 to 0.53800, saving model to model v3.hdf
==== ] - 29s 10ms/step — loss: 0.5347 — accurac
val loss: 0.5380 - val accuracy: 0.7363 - 1r: 0.0010
] — ETA: 0s - loss: 0.5299 — accuracy: 0.74
val loss improved from 0.53800 to 0.53098, saving model to model v3.hdf
==== ] = 30s 1lms/step — loss: 0.5299 — accurac
val loss: 0.5310 - val accuracy: 0.7443 - 1r: 0.0010
==== >.] — ETA: 0s — loss: 0.5255 - accuracy: 0.74
val loss did not improve from 0.53098



2813/2813 [ == ] - 30s 10ms/step — loss: 0.5255 — accurac
y: 0.7454 - val loss: 0.5327 — val accuracy: 0.7389 — 1r: 0.0010
{tensorflow. python. keras. callbacks. History at 0x23ea9adab550>

check performance (version=3)
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—— training acc
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