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EiEamEN | 0.973348 0.976512 0.973595 0.968299 -0.73725

6. JEIT Python X TALEL ) SLI
6.1. RIEAEE

WAVETFRFEF I 7 H 8B 7R A ek, R 7R b SO . AR ) e 1) 5
8, FTRARBEE “RIEE LR SRR, SRR Ot 1 a5 AR P S Bl 7 sUR .

6.2. FEFFRM

#1 G

# 1.1 bpifElE

# G g ]

# H#

# kYl

# A

# &

# T excel W/
# G A excel H/E

it E

1 AR

.1.1 samples %

1.2 H— 2% E
1.3 Hfth

.2 R

H OH R R R R
N NN DNDNN

HHEHT-FA

# 3.1 [ excel

# FIHxls XA
# FIFHE KK

H
W

# 3.2 #HHH-FA samples[]
# AL attributes
# BEE T (KD
# L —1 Label
# #/ temp _samples, FF#7 Label FA
# LBRE A E— T rE (L)
# X EFIE A AT I — 1 A 2

# Mdata HIEWH attributes, ZHHITIH—HLFE, K7 5K E]
temp_samples[].attributes[ ] & J4F—T7

# HHIH— 1L

# W BEE A HTIH— L PE (5 Label )

# W) #F1> attributes
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# 3.3 #E class Sample

# 3.4 J¥samples[] 7/ training _samples[ ] #/ testing _samples[]

# 4 Mz

# WL E

# A1

# B e

# RIJIEIELL: T TR, R 161 T 7 BT [ T, 2 R S s 45 78 AT HE 3¢
RE

# i ENAE R

# NZEPEE A

# DRI 45 5E R ZZ R AT I 748 P 65 1

# 5 FIEHIIH
# 5.1 HRARKFEKT HFETEG

# 5.2 EMIABEREX T INGHHEEAIEGR 2 FE

# 5.3 WML RER TG EAEE, I IEGE T ML RZER T IR ER, T2

# 5.4 Hexcel

# 5.5 FAMHAHLHEE
# JETIME R GA excel
# SETI R85 515

# 6 FENIRE
# 6.1 H—#

# 6.2 KIT—H

# 6.3 KBRS

# 6.4 BIE 1 IEEXDIIIERE

# 6.5 &KX sigmoid K4

# 6.6 FXsigmoid )G
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# 7 LFEF

# FEAHEI AT AL FE

# SEAEREPLEF T

# LI Excel #H—KF (CHIZEHIEH)

# A samples

# LK Excel FH K& (FMWERIEH)

# FApredict_samples

# I EHIZEL 5 9 1 4RI i 5

# BT L ST

# PG HEIE: AR, R, iR T
# AL

# R BRI 2] LB LG I D
# Bl HIEE

#

AT I 19 T

# 8 FEIFEIGHAT

6.3. RIEEFRE

# 1 FAHE

# 1.1 FriElE

import time # FEHLAiHT/H]

import math # #/2%

import random # /#7]

import numpy as np # #/%

import matplotlib.pyplot as plt # @/
import xlrd # £ excel HI/F

import xlwt # %A excel /7%

# 2 2% HE

# 2.1 FfFLFEE

# 2.1.1 samples %

samples = []

predict_samples = []

training samples = []

testing _samples = []

# 2.1.2 H—HIriHZENERE
norm_keys = []

norm_min_data = []
norm_max_data = []

#2.1.3 A

neural network = None

# 2.2 2=
samples_split rate = 0.7 # training_samples /[ samples HI[LH] 0-1 2 [H]5R1E
folder_path = 'F:\JTMIFHTCMA\\2017.12.23 BRI EE 200 \ S0 \ B A E0HE \\ 1\ \*
input_excel path = "Jllif 1.x1s"
output_excel_path = "4t 1.x1s"
show_plot = False
training_cycle_limit = 10000000
training_time_limit = 10.0
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# 3 HEHI-FA

# 3.1 i excel

def read_excel(path, sheet_num=0):
data_sheet = xlrd.open_workbook(path) # ////xls v/}
first_sheet = data_sheet.sheets()[sheet_num] # 7/ /7 5%
return first_sheet

# 3.2 HHHFA samples[]

def import_samples(data, what_samples="samples'):
# L attributes
sheet_head = data.row(Q) # FHZE 7744 (F2L)
num_attributes = len(sheet _head) - 1 # /77 7 Label

# #/ temp_samples, 777 Label FA

head = str(sheet_head[9])

col = data.col_values(9)

col.pop(@) # LB —FIWHE—1TwE (F£%)

normed_col = norm(col, head) # X/ ZFUIZI#o 77— 1L PE

num_input_samples = len(normed_col)

temp_samples = []

for y in range(num_input_samples):
temp_samples.append(Sample())
temp_samples[y].label = normed_col[y]
temp_samples[y].attributes = []

# Mdata HIEHHi attributes, FHHITIH—HLEE, KG9 52
temp_samples[].attributes[ ] &4 —T
# HHIH— 1P
# N EFIEATH T IH— 6L P (5 Label )
for x in range(1l, num_attributes + 1): # #//%/ /> attributes
head = str(sheet_head[x])
col = data.col_values(x)
col.pop(9)
normed_col = norm(col, head)
for y in range(num_input_samples):
temp_samples[y].attributes.append(normed col[y])

if what_samples == ‘samples’:
global samples
samples = temp_samples

else:
global predict_samples
predict_samples = temp_samples

# 3.3 #E class Sample

class Sample:
attributes = None
label = ©

# 3.4 JFsamples[] 74k training samples[ ] #i/ testing samples[ ]
def split samples():

global training_samples, testing samples

temp_samples = []
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for sample in samples:
temp_samples.append(sample)
num_training samples = int(len(samples) * samples_split_rate)
for x in range(num_training_samples):
index = int(random.random() * len(temp_samples))
training_samples.append(temp_samples[index])
temp_samples.pop(index)
testing samples = temp_samples

# 4 AP
class NeuralNetwork:

def __init_ (self): # WL 4E
# LIS K
self.input_n = 0
self.hidden_n = ©
self.output_n = ©
self.input_cells = [
self.hidden_cells
self.output_cells
self.input_weights = []
self.output_weights = []
self.input_correction =
self.output_correction =
# IRUHIPHLE IS AT
self.best_test_error = 1
self.best_cycle = 0
self.best_input_weights = []
self.best_output_weights = [
# Log
self.log training _error = []
self.log testing _error = []

1}

def setup(self, ni, nh, no):
self.input_n = ni + 1 # #HALG+WET
self.hidden_n = nh # 5/
self.output_n = no # Zil)]

# AT

self.input_cells = [1.0] * self.input_n
self.hidden_cells = [1.0] * self.hidden_n
self.output_cells = [1.09] * self.output_n

# BUEHELEL 92K

self.input_weights = make_matrix(self.input_n, self.hidden_n)
FAR : TN J=- > e )=

self.output_weights = make_matrix(self.hidden_n, self.output_n)
FEFIAR : i85 - > i =

# BEPLEIIGIE LI : N TR IAE-F M55 - - - > BEPLBTAE 1E 19 H 1942 (EXT B K34
for i in range(self.input_n):
for h in range(self.hidden_n):

# B

self.input_weights[i][h] = rand(-0.2, ©.2) # HImAEF1 T FF/

KGR G N0 IR IBEDL 1

for h in range(self.hidden_n):
for o in range(self.output_n):

(=
N
~
=
[+



self.output_weights[h][o] = rand(-2.0, 2.0) # HI/EE/EH1 NTEF)
it ZF#E J 1T FHIL R IBEL
# IRIFICIEAERE, & T LT i 25 10 v 35
self.input_correction = make_matrix(self.input_n, self.hidden_n)
self.output_correction = make_matrix(self.hidden_n, self.output_n)

# Ja it A

def predict(self, inputs):
# TN ELTHRIEF A
for i in range(self.input_n - 1):
self.input_cells[i] = inputs[i] # n 7~/ AM O~n-1
# I EEREEIR Y, BT R R AT AR A T R B R
for j in range(self.hidden_n):
total = 0.0
for i in range(self.input_n):
total += self.input_cells[i] * self.input_weights[i][]j]
# UL TR G, LEEE/E TR IGH s FAFELDIFH, B T
NG TR — TN, (6P T — /5
self.hidden_cells[j] = sigmoid(total) # [ F HIFmH 2RI —/EI G A

for k in range(self.output_n):
total = 0.0
for j in range(self.hidden_n):
total += self.hidden_cells[j] * self.output_weights[j][k]
self.output_cells[k] = sigmoid(total) # FHnH/Z# 10 FEHI1EH
return self.output cells[:] # Z/THitH /5155400

# RIEIFEZIL: VTR L, RYTIR 715 75 KK )T 7T [ W, 2 R -5 SE 25 Rk o] FE
R
def back_propagate(self, attributes, label, learn, correct):
# XFIAFELR T
self.predict(attributes) # X/SCHIH7T N
output_deltas = [0.0] * self.output_n # #2511
for o in range(self.output_n):
error = label - self.output_cells[o] # IE#ZRFTMEERNiRZE: 0,1, -
1
output_deltas[o] = sigmoid_derivate(self.output_cells[o]) * error #

IR ETE 0~1 A

hidden_deltas = [0.0] * self.hidden_n
for h in range(self.hidden_n):
error = 0.9
for o in range(self.output_n):
error += output_deltas[o] * self.output_weights[h][o]
hidden_deltas[h] = sigmoid_derivate(self.hidden_cells[h]) * error
# RIIERHEZILRW
# l//f///’%///éf > %/7//7 o %)Z H#
for h in range(self.hidden_n):
for o in range(self.output_n):
change = output_deltas[o] * self.hidden_cells[h]
# HWBENRE: L—/FR1 TR E 2] 3+ B IE 5
self.output_weights[h][o] += learn * change + correct *
self.output_correction[h][o]
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# RN - > B I
for i in range(self.input_n):
for h in range(self.hidden_n):

change = hidden_deltas[h] * self.input_cells[i]
self.input_weights[i][h] += learn * change + correct *

self.input_correction[i][h]
self.input_correction[i][h] = change
# K2R

error = 0.5 * (label - self.output_cells[0]) ** 2

return error

def test_error(self):
error = 0.0
for n in range(len(testing_samples)):
error += 0.5 * (testing_samples[n].label -

self.predict(testing samples[n].attributes)[0]) ** 2 # /7m0

error /= len(testing samples)
return error

def train(self, nn_samples, limit, learn, correct, expire_time):

start_time = time.time()

self.log training _error = []

for i in range(int(limit)):
error = 0.0

for j in range(len(nn_samples)): # X/ AL 771

label = nn_samples[j].label
attributes = nn_samples[j].attributes

# I REEH

error += self.back_propagate(attributes, label, learn, correct)

¥ BB, B 2%, R
error /= len(nn_samples)
self.log_training_error.append(error)
test_error = self.test_error()
self.log_testing_error.append(test_error)
if test_error < self.best_test_error:

self.best_test_error = test_error

self.best_input_weights = self.input_weights
self.best_output_weights = self.output_weights

self.best_cycle = i

if time.time() > start_time + expire_time:

print('cycles = ; best_test_error =
self.best_test_error, self.best_cycle))
break

def load _best parameters(self):
self.input_weights = self.best_input_weights
self.output_weights = self.best_output_weights

# 5 ZHEHTH
# 5.1 HRAKLEKTHEANEER
def draw_result plot():

x =[]

y =[]

for n in range(len(samples)):

# AP E T2 KNG FE

; best_cycle

"% (i,

raw_x = samples[n].attributes # /7 Label 7 attributes HJ5 —IiH]EK%¢

y.append(de_norm(neural network.predict(raw_x)[©], norm_keys[0]))
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x .append(de_norm(raw_x[0], norm_keys[1]))

plt.plot(x, y)

plt.grid(True)

plt.title('x vs y")
plt.savefig(folder_path + 'x vs y.png")
if show_plot:

plt.show()

else:

plt.close('all")

# 5.2 BN ERERT NGHHIIEE, REIZHGET
def draw_test_error_plot():

X
y

range(len(neural_network.log testing error))
neural_network.log_testing_error

plt.plot(x, y)

plt.grid(True)

plt.title('test_error')
plt.savefig(folder_path + 'test_error.png')
if show_plot:

plt.show()

else:

# 5.3 EHHERZIET W50 5, 2 LG5 B2 iR 2
1LEET

plt.close('all")

def draw_train_error_plot():

X
y

range(len(neural_network.log training_error))
neural network.log training_error

plt.plot(x, y)

plt.grid(True)

plt.title('train_error')
plt.savefig(folder_path + 'train_error.png')
if show_plot:

plt.show()

else:

# 5.4

Z

plt.close('all")

5 excel

def write_excel(path, value):

wb

= xlwt.Workbook()

sheet = wb.add_sheet("2003 Jllif#")
for i in range(©, len(value)):

for j in range(@, len(value[i])):
sheet.write(i, j, value[i][j])

wb.save(path)
print("EAHHERII! ")

# 5.5 JNHLHIEG
def predict_and_draw():

X
y
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excel data = [[norm_keys[@], norm_keys[1]]]

for n in range(len(predict_samples)):
raw_x = predict_samples[n].attributes
y.append(de_norm(neural_network.predict(raw_x)[@], norm_keys[©0]))
x.append(de_norm(raw_x[@], norm_keys[1]))
excel data.append([y[n], x[n]])

write_excel(folder_path + output_excel path, excel_data)

plt.plot(x, y)
plt.grid(True)
plt.title('predict: x vs y')
plt.savefig(folder_path + 'predict x vs y.png')
if show_plot:
plt.show()
else:
plt.close('all")
print('The end")

def norm(data, key):
global norm_keys
if key in norm_keys:
lock_index = norm_keys.index(key)
else:
norm_keys.append(key)
lock_index = len(norm_keys) - 1
norm_max_data.append(max(data))
norm_min_data.append(min(data))
for n in range(len(data)):
data[n] = (data[n] - norm_min_data[lock_index]) /
(norm_max_data[lock_index] - norm_min_data[lock_index])
return data

def de_norm(data, key):

lock_index = norm_keys.index(key)

data = data * (norm_max_data[lock_index] - norm_min_data[lock_index]) +
norm_min_data[lock_index]

return data

def rand(a, b):
return (b - a) * random.random() + a

def make_matrix(m, n, fill=0.0):
mat = []
for i in range(m):
mat.append([fill] * n)
return mat



# 6.5 FXsigmoid K%t
def sigmoid(x):
return 1.0 / (1.9 + math.exp(-x))

# 6.6 T Xsigmoid []-F#
def sigmoid_derivate(x):
return x * (1 - Xx)

# 7 FEF
def main():

# FALIEFIATHAIALFE

random.seed(time.time()) # /= LLAHLAA

print('Importing")

data = read_excel(folder_path + input_excel_path) # LMK Excel #—iK# (ZH%E
HIEC#)

import_samples(data) # 5 A samples

data = read_excel(folder_path + input_excel path, 1) # /W Excel 77 54 (J)
VIETE €/,

import_samples(data, 'predict samples') # A predict samples

split_samples() # #ZEHIZEL] 5 FyilllZ5ZERN i 2

# LI IT VG

global neural_network

neural network = NeuralNetwork()

neural_network.setup(len(samples[0].attributes), 5, 1) # /4 /L2 /mas: 4 A

print('Start training')

neural network.train(training_samples, training_cycle limit, 1.0, 0.1,
training time limit) # /2[00

neural_network.load_best_parameters() # MR IR LFH %] (%G L EHIRT1E)D

# Ll RIR
draw_result_plot()
draw_test_error_plot()
draw_train_error_plot()

# T TR EE R T
predict_and_draw()

# 8 FEIFEIEHAT

if __name__ == '__main__
main()

7. RES5REE

— AU B i A DO B A2 BT T KRB, R NIRRT BUA I 2
Blo X FARU AN PN I L, AR TS SRR T JA T AT BT b5 FATHCEE T 1999-
2015 £E3% 17 SERAL A Bl DAURIXHARAE RN . GDP ARSI S5 DA 3% R 408

A BP AR M AT BEAT 15 Jm i AE S BTN . BATVRIL BRI 20T A e 0 T A 25 1)
iErfER . BEAh, ARG R LOELL R R, IXAFRER L TG I B AGE S, AT
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CIKR I 75 ZE PR 8 SR B TULER, X AT AR T A2 A 2 2 iy FE PR M
IR

SRT, HTIRISCR, ASOFRCATHEMA . HOTBONS . A2 2 i T a4, T hinids
SEXS s U] e AE L AR . T, ASCRCARIEA R A L AR R AT PR,
T2 SR P 3 5 B R 2 SR A R AT I I £ G5 R et PTREVCE TR BRI IORA . seAah, AT H
T3 A T A Bl A B B2 SR LA Y AT R A, R R e AR W AR IR

FATWT TGRS . X T L EHAB R R R A L, BATVS SR TR BT 18 . XA
PACIRI R, FRATTRSE L4 5 SRR S ALY (U Elman #4883 EEASHIT FURIARSRATT 7T 1Y
D, AT 2Aiie . FEERATHIFIT

8. % HR

JEAE,  (PLas21) , imHERSE TR, 9787302423287
http://www.bjstats.gov.cn/tjsj/, At Gt/ B XK G RAb 5 A e A
http://data.stats.gov.cn/, N RILFEEZK S5
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