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# TODO import

import hmz

from hmz.math_model.evaluate import GRA

from hmz.math_model.predict import BP, predict_accuracy

import mitosheet

import numpy as np

import pandas as pd

import plotly as py

import cufflinks as cf

import plotly.express as px

import plotly.graph_objects as go
import plotly.figure factory as ff

cf.set_config file(
offline=True,
world_readable=True,
theme="white", # WE 2% X

import warnings
warnings.filterwarnings("ignore")

import sklearn

from sklearn.metrics import r2_score

from sklearn.metrics import mean_squared_error as MSE
from sklearn.metrics import mean_absolute_error as MAE
from sklearn.model_selection import cross_val_score
from sklearn.model_selection import train_test_split

sheetl = pd.read_excel(
io="fff {41 (Attachment 1)2022-51MCM-Problem B.x1lsx",
index_col=None,
sheet_name="i% ¥ (temperature)', )
sheet2 = pd.read_excel(
io="fft {41 (Attachment 1)2022-51MCM-Problem B.x1lsx",



index_col=None,

sheet_name='7" i Jii & (quality of the products)', )
sheet3 = pd.read_excel(

io="fft {1 (Attachment 1)2022-51MCM-Problem B.x1lsx",

index_col=None,

sheet_name='Jilfi" Z#{ (mineral parameter)', )

mitosheet.sheet(sheetl, sheet2, sheet3, analysis_to_replay="id-cfmwwnbuec")

MitoWidget(analysis_data_json="'{"analysisName": "id-cfmwwnbuec", "analysisToReplay": null, "code": [], "stepSu..

EEEE

# todo & F|A7 IR B A4

condl= sheetl.iloc[:, @].astype('string').apply(lambda x: x[14: 16]) == "50"
data_partl = sheetl[condl].iloc[:-2, :]

data_partl.index = [i for i in range(len(data_partl))]
print(data_partl.shape)

data_partl

(235, 3)
BdiE (Time) ZEHFLEE (Temperature of system ) RFILGEE (Temperature of system Il)

0 2022-01-13 00:50:00 1173.63 813.92
1 2022-01-13 01:50:00 854.55 767.64
2 2022-01-13 02:50:00 855.34 767.99
3 2022-01-13 03:50:00 853.57 766.20
4 2022-01-13 04:50:00 854.81 768.08
230 2022-01-22 17:50:00 1406.05 932.16
231 2022-01-22 18:50:00 1404.32 93143
232 2022-01-22 19:50:00 1404.68 930.64
233 2022-01-22 20:50:00 1404.85 931.16

234 2022-01-22 21:50:00 1404.76 931.28



# todo K B XK i b1 & A

sheet2_time_string = sheet2.iloc[:, @].astype('string').apply(lambda x: x)

exp_date = ["2022-01-20 08:50:00", "2022-01-20 09:50:00", "2022-01-20 10:50:00"]

cond2 = sheet2_time_string.apply(lambda x: x == exp_date[@] or x == exp_date[1l] or x == exp_date[2])
data_part2 = sheet2[cond2.apply(lambda x: not x)].iloc[2:, :]

data_part2.index = [i for i in range(len(data_part2))]

print(data_part2.shape)

data_part2

(235, 5)
BJE (Time) 3ISHFA (index A) 3E#%B (index B) #SHRC (index C) #5#FD (index D)

0 2022-01-13 02:50:00 78.15 26.21 12.93 14.59
1 2022-01-13 03:50:00 7839 25.22 12.93 14.28
2 2022-01-13 04:50:00 79.22 24.60 12.41 13.70
3 2022-01-13 05:50:00 79.52 23.88 11.55 13.56
4 2022-01-13 06:50:00 80.04 23.48 11.55 13.47
230 2022-01-22 19:50:00 79.76 22.00 11.72 18.84
231 2022-01-22 20:49:00 80.51 22.00 11.37 18.53
232 2022-01-22 21:50:00 80.16 21.78 10.85 17.90
233 2022-01-22 22:50:00 79.79 22.58 11.20 17.05
234 2022-01-22 23:50:00 80.19 21.69 10.68 17.19

# todo K E|EH S B A
cnt = data_partl.iloc[:, ©].astype('string').apply(lambda x: x[8: 10])
time_cnt = []
for i in pd.DataFrame(cnt).groupby(by="M/}[a] (Time)"'):
time_cnt.append(len(i[1]))
data_part3 = pd.DataFrame(np.repeat(sheet3.iloc[:-2, :].values, time_cnt, axis=0), columns=sheet3.columns)
print(data_part3.shape)
data_part3

(235, 5)



BE (Time) [REFE%#01 (Mineral parameter 1) [RH"£#{2 (Mineral parameter 2) [Ri"£%43 (Mineral parameter 3) [Ri £#{4 (Mineral parameter 4)

0 2022-01-13 49.24 90.38 46.13
1 2022-01-13 49.24 90.38 46.13
2 2022-01-13 49.24 90.38 46.13
3 2022-01-13 49.24 90.38 46.13
4 2022-01-13 49.24 90.38 46.13
230 2022-01-22 54.74 93.05 49.03
231 2022-01-22 54.74 93.05 49.03
232 2022-01-22 54.74 93.05 49.03
233 2022-01-22 54.74 93.05 49.03
234 2022-01-22 54.74 93.05 49.03
mitosheet.sheet(data_partl, data_part2, data_part3, analysis_to_replay="id-hwuxbrihpd")
MitoWidget(analysis_data_json="{"analysisName": "id-txxvqwavch", "analysisToReplay": {"analysisName": "id-hwux..

mESIERHIRRE—RXIED T

X = pd.concat([data_part2.iloc[:, 1:], data_part3.iloc[:, 1:]], axis=1)
Ys = data_partl.iloc[:, 1:]

wendu_zhibiao = pd.concat([X.iloc[:, :4], Ys], axis=1)
wendu_zhibiao = pd.DataFrame(wendu_zhibiao, dtype=np.float)
wendu_zhibiao.columns = ['#8#5A', 'fEtsB', 'fEtrC', 'fEFRD', 'RATEIE', 'RAITERE ']

def plot_ScatterMatrix_Heatmap(data, fig pre_name, save=True):
# todo P HI A B
fig = px.scatter_matrix(
data,
title=fig_pre _name + 'HIJHFEHLAE ",
)

if save:

fig.write_image('./img/lif2-" + fig_pre_name + '[J%H[FEL S K .svg', width=1100, height=800)
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fig.show()

# todo HHIKREHIIE
corrs = data.corr(method="pearson') # 'pearson’, 'kendall', 'spearman'’
figure = ff.create_annotated_heatmap(
z=corrs.values,
x=1list(corrs.columns),
y=list(corrs.index),
annotation_text=corrs.round(3).values,
showscale=True,
colorscale="reds"',
)
figure.update_layout(title=fig_pre_name + 'MIAH<RZZHNE")
if save:
figure.write_image('./img/l@2-' + fig pre_name + 'K RZEMTIE .svg")
figure.show()
return None

plot_ScatterMatrix_Heatmap(wendu_zhibiao, ' J¥ 54645, True)



R SR RN

10

25
20
15 o

Iﬁ 82 ’

4= 80 ]
o7, .! ! I
n 26 ®

s 24 Y | '.|
B 3 Pt

O 14 o
= 12 ® -'
5 idl
o

1%

Vm

-+

1 % §88e8 o8
™ 1500 = . e o eseess oo
EI;E ° ° [ M) m.
e 1222 o® - ..:° e ..t.ii Et. B bt :..dao'qﬁ. o o® oc!

e e e WP



BESIERRIERR IR E

FEITA 15178 FEtRC 815D AALE

RRILEE -0.244

RALRE

184RD
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18tmB

2 SRR B REXE

In [10]: # KB REE
data_temp = pd.concat([Ys, X], axis=1)
data_temp.columns = ['RATIE", 'RAITIRE ", "f8bsA", 'fitsB', '#E4sC', "#845D', 'JEH Z#%(1 (Mineral parameter 1)', 'JEf Z#(2 (Mineral p

rga = GRA(data_temp[['R&TIRIZ", "48F5rA", "fE845B', 'fEbrC’, '#EHED']])
print(' RATIRE: ")
rga.gamma()

rga = GRA(data_temp[[' R&AILIRE ", "f8F5sA', 'fatsB', 'fitsC', '#845D'1])
print(' RFZITIRE: ")
rga.gamma()



RETRE:
I A SRR
[0.76119146 ©.74778561 ©.74120439 0.77103186]

RAIIRE:
IR A I
[0.86530354 0.83196642 0.80451489 0.7950681 |

array([0.86530354, 0.83196642, 0.80451489, 0.7950681 ])

# In) 24 4%

X.to_csv("quention2-X_data.csv")
Ys.to_csv("quention2-Y_data.csv")

mitosheet.sheet(X, Ys, analysis_to_replay="id-yrblhfrhjp")

MitoWidget(analysis_data_json="{"analysisName": "id-1ljuwcysdbe", "analysisToReplay'

FOUEE I IO

index_num = Ys.shape[1]
index_name = ["RAIRERE", "R I KERE"]
index_colors = ["red", "lightpink", "blue", "lightblue"]

data_to_predict = np.array(
[[79.17, 22.72, 10.51, 17.085, 57.5, 108.62, 44.5, 20.09, ],

[80.10, 23.34, 11.03, 13.29, 57.5, 108.62, 44.5, 20.09, 1,1,

from hmz.math_model.process import Dimensionalize

dim = Dimensionalize(X)

XX = dim.fit(method="standard")
XX = XX.fillna(9)

dim = Dimensionalize(Ys)

YYs = dim.fit(method="standard")

th = 0.5

con = 0.2
test_size = 0.3
random_state = 10

: {"analysisName": "id-yrbl..



def run_model(model name, model, X=X, Ys=Ys, index_num=index_num, test_size=test_size, random_state=random_state):

non

:param :
data = []
yhats = []

print(model_name, ":\n")
for i in range(index_num):
Y = Ys.iloc[:, i]
xtrain, xtest, ytrain, ytest = train_test split(
np.array(X, dtype=float), np.array(Y, dtype=float),
test_size=test_size,
random_state=random_state,
shuffle=True,
) # object -> float

try:
model.fit(xtrain, ytrain) # sklearn
except:
model.train(xtrain, ytrain, lr=1le-2, init_method='kmeans', train_method=1, epoch=1000) # RBF
yhat = model.predict(xtest)
yhats.append(yhat)

acc = predict_accuracy(ytest, yhat, type=1, th=th, con=con) # todo V¥ fiks: [a])7]
print("accuracy:", acc)
print("MSE:", MSE(yhat, ytest), "MAE:", MAE(yhat, ytest), end="")
try:
print(" R2:", model.score(xtest, ytest))
except:
pass

print("TMZH: ", model.predict(data_to_predict))

# todo mH A
Yhat = model.predict(np.array(X, dtype=float))
data.append(go.Scatter(
x=data_partl.index, y=Y,
name=index_name[i] + "-FLSZfH",
line=dict(color=index_colors[i * 2 + 1], width=1.9)),
)
data.append(go.Scatter(
x=data_partl.index, y=Yhat,
name=index_name[i] + "-FilI{E ",
line=dict(color=index_colors[i * 2], width=1.9)),



# todo H . rZE K

cols = str(Y.name)

Yhat = pd.DataFrame(Yhat)

Y.index = [i for i in range(len(Y))]
Y_data = pd.concat([Y, Yhat], axis=1)
Y_data.columns = ["ESAE", "TMI{E"]

Y_data.figure(
kind="spread',
color=[index_colors[i * 2 + 1], index_colors[i * 2]],
title="2£T' + model name + '[J' + cols + 'TRIMAEA ",
).write_image('./img/[@2-%F"' + model name + '[J' + cols + 'TMIFEA .svg")
Y_data.iplot(
kind="spread',
color=[index_colors[i * 2], index_colors[i * 2 + 1]],
title="ZE£T' + model name + 'fJ' + cols + 'FHMIFAL",
)
print()
fig = go.Figure(data=data)

annotations = []
annotations.append(dict(
x=0.5, y=-0.1,
xref="paper', yref='paper',
xanchor="center', yanchor="top",
text="Mf[H] ",
font=dict(size=16),
showarrow=False,
)
fig.update_layout(
title="J4T' + model _name + ') G5i P ALAL ",
annotations=annotations,
)
fig.write_image('./img/lH fi2-3EF ' + model_name + ') F Gt TMALA . svg')
fig.show()

wendu_zhibiao = pd.concat(
[pd.DataFrame(xtest[:, :4]), pd.DataFrame(yhats).T],
axis=1,

ignore_index=True,
).astype(float) # 47 48hr. 24NIEE

wendu_zhibiao .columns = ['#B#RrA', '#E4sB', 'fEARC', 'FEEED', 'RALERE', 'RAILEE ']

# R A

plot_ScatterMatrix_Heatmap(wendu_zhibiao , model name + 'Tiilli& /¥ 54545", save=True)



# KRR

rga = GRA(wendu_zhibiao [['R&ATIE ", 'fEFsA", '#EFB', '#BFsC', 'fBH5D']1])
print(' RATIHE: ")

rga.gamma()

rga = GRA(wendu_zhibiao [['RAILIWE ", "#EFsA", '#8FsB', '$8FrC', 'f845D']1])
print(' RAITHE: ")

rga.gamma()

return wendu_zhibiao_
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for
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from

mode

@3, RS, FEHLRRMK. XGBoost, RBF

_size =10.3

Learn JE&

sklearn.linear_model import LinearRegression as LR

sklearn.tree import ExtraTreeRegressor as ETR, DecisionTreeRegressor as DTR
sklearn.ensemble import RandomForestRegressor as RFR

xgboost import XGBRegressor, XGBRFRegressor

1s_names = [
REIE A EA = R
CRER T,
“BEALAR A",
"XGBoost",

1s = [

LR(),

ETR(),

RFR(criterion="mae', n_estimators=100, random_state=24), # mse, friedman_mse, mae
XGBRFRegressor(n_estimators=100, random_state=0),

name, model in zip(models_names, models):
_ = run_model(name, model, test_size=test_size )

7z Jiz
hmz.math_model.predict import RBF

1 = RBF(hidden_num=int((1 - test_size_) * len(X)), rbf_type=2)



_ = run_model("RBF", model, test_size=test _size_ )
Z u Lk al
accuracy: 0.7479576906028069

MSE: 85593.81999063717 MAE: 207.28683707736184 R2: 0.2015792522640284
TR 45 . [943.87170068 935.68652472]

BT 2ok tERIFMNEFRLEE (Temperature of system I)FGNiER
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accuracy: 0.9328286273382573
MSE: 6981.525264683283 MAE: 56.635045033290325 R2: 0.07930916612915195
TR 45 . [742.76419838 753.05783666]
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Zresett R FFuNEE SERER R ETA I E

FEITA 8178 (e 815D AALE

RRILEE -0.221 -0.531

RALRE

184RD

f8tmC

18tmB

/\é}ﬁ]j]%ll}g:
TR AR BRJE
[0.70941952 0.64707675 ©.64223381 0.64418555]

ARG T E .
IR R
[0.86825905 0.78983481 0.75940625 ©.73559382]

A
accuracy: 0.8848045843508983

MSE: 58348.09547323943 MAE: 125.91295774647887 R2: 0.45572787822988137
T 4E R [1028.67 1028.67]



HTRFERNRALEE (Temperature of system I)FGNER
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accuracy: 0.9568313827242567
MSE: 4963.522398591549 MAE: 41.45338028169012 R2: 0.34543392699400377
T 45 . [595.57 574.42]
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RRTRNEE SERIER R EFAIE

FEITA 8178 (e 815D AALE

RRILEE -0.368 -0.336

RALRE

184RD

f8tmC

18tmB

/\éﬁIyﬁ}gt
IR SRR -
[0.74050733 ©.71993199 0.7070888 0.74321624]

RGITIRE .
IR R IR
[0.85728006 ©.80723298 ©.78897056 0.77112458]

BEHLARAR

accuracy: 0.8151595491593185
MSE: 51581.94969618424 MAE: 173.18280774647883 R2: 0.5188426121113454
TR 45 . [1251.7375 1152.7035]
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FEHTA 8178 (e 815D AALE
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/\éﬁ]j]%ll}g:
IR AR BR L
[0.78209704 ©.74668038 0.7369901 0.76563996]

REITIR ¥ -
KA R IR
[0.88908324 0.81973345 0.81252091 0.77987629]

XGBoost :
accuracy: 0.8077794637943121

MSE: 58744.46985501162 MAE: 182.625312018596 R2: 0.4520304906110959
TR 45 R [1379.749 1251.7885]
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TR 45 5H . [823.028 794.621]
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/\éﬁIyﬁ}E:
TR R BR L
[0.77401751 ©.73659772 ©.72989512 0.75327141]

REITIR ¥ -
KA R IR
[0.88451616 0.81453299 0.80912308 0.78086379]

RBF :

accuracy: 0.8133333743708631
MSE: 62441.28197591328 MAE: 184.14521386725897 il : [846.07515545 767.0030533 ]
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FEITA 8178 FEtRC 815D RS
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/\é}ﬁIyEll}g:
IR SRR -
[0.76966827 ©.73766116 0.73568668 0.74454208]

RGITHR ¥ -
KA RIS
[0.86783797 0.82764907 0.82136425 0.78910302]

81T, [BIE Y
BP



TR, REWOET

hidden_num = [12, 20, 8]
1r = 0.01

epoch = 1000

optimizer = 'adam’
normalization = False

th = 0.5

con = 0.2
test_size = 0.3
random_state = 10

def run_BP(X=X, Ys=Ys, index_num=index_num):
data_to_predict = np.array([
[79.17, 22.72, 10.51, 17.05, 57.5, 108.62, 44.5, 20.09, ],
[80.10, 23.34, 11.03, 13.29, 57.5, 108.62, 44.5, 20.09, ],

D

data = []
print("BP#Z ML ")
for i in range(index_num):
Y = Ys.iloc[:, 1i]
xtrain, xtest, ytrain, ytest = train_test_split(
np.array(X, dtype=float), np.array(Y, dtype=float),
test_size=0.3,
random_state=10,
shuffle=True,

)
bp = BP(
X.shape[1], hidden_num, 1,
1r=1r,
epoch=epoch,
optimizer=optimizer,
normalization=normalization,
)

bp.train(xtrain, ytrain)
y_pre = bp.predict(xtest).cpu().detach().numpy()

acc = predict_accuracy(ytest[:, None], y pre, type=1, th=th, con=con) # [f|/]
print("accuracy:", acc)
print("TM45H: ", bp.predict(data_to_predict))

# print(mean_squared_error(y_true=ytest[:, None], y_pred=y_pre))



# todo H A

Yhat = bp.predict(
np.array(X, dtype=float)).cpu().detach().numpy()

data.append(go.Scatter(
x=data_partl.iloc[:, 0], y=Y,
name=index_name[i] + "-FESZ{H",
line=dict(color=index_colors[i * 2])),

)

data.append(go.Scatter(
x=data_partl.iloc[:, @], y=np.squeeze(Yhat),
name=index_name[i] + "-FilI{E ",
line=dict(color=index_colors[i * 2 + 1])),

)

# todo . riZEK
cols = str(Y.name)
Yhat = pd.DataFrame(Yhat)
Y.index = [i for i in range(len(Y))]
Y_data = pd.concat([Y, Yhat], axis=1)
Y_data.columns = ["HESZH", "TMI{E"]
Y_data.figure(
kind="spread',
color=[index_colors[i * 2 + 1], index_colors[i * 2]],
title="2E T BPHIZ P4 [\ 5 B AL —" + cols,
).write_image('./img/ i) fi2-JE T BPH A4 + cols + 'R . svg')
Y_data.iplot(
kind="spread',
color=[index_colors[i * 2 + 1], index_colors[i * 2]],
title="2E T BPHIZA M4 a5 B AL —" + cols,

fig = go.Figure(data=data)

annotations = []
annotations.append(dict(
x=0.5, y=-0.1,
xref="paper', yref='paper',
xanchor="'center', yanchor="top",
text="HHf[H] ",
font=dict(size=16),
showarrow=False,
))
fig.update_layout(
title="JE T BPHI £ 0 45 (1) 2 4 I B T AL AL
annotations=annotations,
)
fig.write_image("'./img/ ] i 2-3L T BPHI 4 0 2% [ 22 48 i T AR 7Y . svg ")



fig.show()
return None

run_BP()
BP i 25 I £ :
Layer (type) Output Shape Param #
Linear-1 [64, 12] 108
Linear-2 [64, 12] 108
RelU-3 [64, 12] 0
RelU-4 [64, 12] 0
Linear-5 [64, 20] 260
RelLU-6 [64, 20] 0
RelLU-7 [64, 20] 0
Linear-8 [64, 8] 168
RelLU-9 [64, 8] 0
RelLU-10 [64, 8] 0
Linear-11 [64, 1] 9
Linear-12 [64, 1] 9

Total params: 662

Trainable params: 662

Non-trainable params: ©

Input size (MB): 0.00
Forward/backward pass size (MB): 0.07
Params size (MB): 0.00

Estimated Total Size (MB): 0.07

epoch: 999, train loss: 146838.32, eval loss: 42733.27: 1e0% || NN 1000/1000 [00:13<00:00, 73.74it/s]
accuracy: 0.7388629357580284
T4 tensor([[1057.2500],

[1037.6388]], device='cuda:0', grad_fn=<AddmmBackwardo>)
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Linear-1 [64, 12] 108
Linear-2 [64, 12] 108
RelU-3 [64, 12] 0
RelLU-4 [64, 12] 0
Linear-5 [64, 20] 260
RelLU-6 [64, 20] 0
RelLU-7 [64, 20] 0
Linear-8 [64, 8] 168
ReLU-9 [64, 8] 0
RelLU-10 [64, 8] 0
Linear-11 [64, 1] 9
Linear-12 [64, 1] 9

Total params: 662

Trainable params: 662

Non-trainable params: ©

Input size (MB): ©.00
Forward/backward pass size (MB): 0.07
Params size (MB): 0.00

Estimated Total Size (MB): ©.07

epoch: 999, train loss: 15489.72, eval loss: 5071.24: 100% || EEGEGEEE | 1900/1000 [00:12<00:00, 78.65it/s]
accuracy: 0.9279832851911516
T 4E R tensor([[780.8580],

[748.0912]], device='cuda:0', grad_fn=<AddmmBackwarde>)
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