B4
# TODO import

import re

import os

import sys

import hmz

import pathlib
import mitosheet
import numpy as np
import pandas as pd
import matlab.engine

import scipy
from scipy.integrate import odeint
from scipy.optimize import minimize

import time
from time import time, sleep

import copy
import random

import sympy

from sympy import limit
from sympy import diff

from sympy import integrals

import sklearn

import graphviz

from sklearn import tree

from sklearn.model_selection import cross_val_score

from sklearn.model_selection import train_test_split

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.metrics import classification_report, roc_auc_score

import sko
from sko.GA import GA



import numba
from numba import jit

import plotly

import plotly.express as px

import plotly.graph_objects as go
import plotly.figure_ factory as ff
plotly.offline.init_notebook_mode()

import cufflinks as cf

cf.set_config file(
offline=True,
world_readable=True,
theme="pearl', # cf.getThemes()

import matplotlib.pyplot as plt
plt.rcParams['font.sans-serif'] = ['SimHei'] # KaiTti
plt.rcParams[ 'axes.unicode_minus'] = False

from IPython.core.interactiveshell import InteractiveShell
InteractiveShell.ast _node_interactivity = 'all’
# InteractiveShell.ast _node_interactivity = 'last’

import cv2 as cv

import torch

import torchvision

import torch.nn as nn

import torch.nn.functional as F

# import torch.utils.data as Data

# from torch.utils.data import Dataloader

# from torch.utils.data.dataset import Dataset

H OB R R

import pylatex
import latexify

import warnings
warnings.filterwarnings("ignore")

# T0DO H&E . THES
# from colorama.Fore import RED, RESET
from colorama import Fore



import logging

fmt = '%(asctime)s - %(levelname)8s - %(message)s'

formatter = logging.Formatter(fmt)

handler_control = logging.StreamHandler() # stdout to console
handler control.setlevel('INFO') # W& INFO 275
handler_control.setFormatter(formatter)

logger = logging.getLogger()
# Logger.setlLevel ('INFO")
logger.addHandler (handler_control)

def timeit(text):
def func_deco(func):
mr R R A I A R R
def func_wrapper(*args, **kwargs):
from time import time
t0 = time()

# Logging.info(text + "JF4fitif")
print(Fore.RED, text + "JF#5iilff: ", Fore.RESET)
res = func(*args, **kwargs)
tl = time()

# Logging.info(text + "HWEf: " + str(tl - to) + "s")

print(Fore.RED, text + "&ifitH, M. ", str(tl - t0),

return res
return func_wrapper
return func_deco

# TODO DIR

ROOTDIR = pathlib.Path(os.path.abspath('."))
IMG_HTML = ROOTDIR / 'img-html'

IMG_SVG = ROOTDIR / 'img-svg'

DATA_RAW = ROOTDIR / ‘'data-raw'

DATA_COOKED = ROOTDIR / 'data-processed’

# TODO [ft14% %
FTRE = 4866 # kg
BrREF¥HE =1 #m

FrRAES>EE =3 #m
FTFRERHET>EE = 0.8 #m

RTRE = 2433 # kg
RTFF¥%E =0.5 #m
WTFEE =0.5 #m
WKKI%EE = 1025 # kg/m”3
EHINEE = 9.8 # m/s2
WERIE = 80000 # N/m
MEFRK =0.5 #m

S,

Fore.RESET)



HEEMENIE = 250000 # N-m
ErKIKE 1 A% = 8890.7 # N-

# TODO [ft1f354

class quest10n1234

R E BRI LS
__init
global A5 ik IR 4 %
global ;[ i i &=
global \#& M in ¥ s 15 &
global ¥ XU TH)E R %L
global \#& >4 IHJE &%
global % i /7 IR 18
global Z\%E A /7 45 PR
global iR MiZ

global J¥iRJH A

def

if question ==
# 1. ZH
# TR0 B &
# HPREDUPPE e R EL
# I\BE VRN ) AR R
M&WW%mhg
I3 DL JE R

P\ I 2 5 3R
NBHRBE = 1
E G T =

G MWL B REL =
3 2 Wi 0 4R
BORMIE = NHPIR
BRI =1 /7 B

elif question == 2:

w2 8

I\E B 0 % 2 18 &=

T D6 P JE R %

# IR U 1 R

G\ B0 % 2l 15 &

IIE DU PHJE R

I\ 18 WU 71 76 I e

N S I TR A R

3 375 B I o &

T 3 % U PH B R B

T Wi AR IE =

BORAE = NPPEIR

BORFAM =1/ WKiIR

H OB R

m

__(self, question):

6779.315 # kg-m"2

151.4388 # N-m-s

1230 # N-m

None # [l fIARMHM, ik bufs /%A, VMG A None
None # [n 1AM, yikbufd /%A, VMG A None
None # [ @lIRMEM, kb /=M, ¥4I A None

.4005 # s~{-1}
1335.535 # kg

656.3616 # N-s/m

= 6250 # N

e
S

7131.29
2992.724

2560

None # [WfB2RAEH], ik fufi H /A, #1461 None
None # [HJ2ARMEM, iR /AR, ¥I14HA None
None # [HJ/2RMEM, NG /AR, V14N None

2.2143
1165.992

167.8395

4890

RS
R



elif question ==
# HE3. B
AR = 1.7152
‘MM E = 1028.876
YR IMELZPE = 7001.914
T MUEMH e &% = 683.4558
PRRNMUEIHE &% = 654.3383
TE % WU 1R TR = 3640
ARE BN I HEHRIE = 1690
PIRANZE = N ST VR A %
BRI = 1 /7 BIRME
elif question ==
# 0 f5i4. BH
NSRRI = 1.9806
FEFG IR E = 1091.099
NREM s & = 7142.493
P MR IH B &% = 528.5018
PREIMUEHE R = 1655.909
T I RIE = 1760
PR I HEIRTE = 2140
PORANE = NS TR A0 %
WIRAW = 1 / BIRHER

return None

class trange:
35 ) T I 14 25
def __init__ (self, left, right, step):
global t_left
global t_right
global t_step

t_left = left
t_right = right
t_step = step

return None

question1234(4)
trange(9, 200, 0.2)

# TODO R EAHRKMSHRE (XAFHAMH, HE2HLEAK

def SIZTIEE func(r=1% TIEER):
return np.pi * r**2

SHFIRMEM = SHEFIRMEMA _func()



def VHE_func(h, pprint=True):

tparam h: [ FE 5244 B N KR BE
:param pprint: J& T EHLIRES
:return: VHE (m”3)

if h >= o:
print (" TEERIE")
VHE = (1/3 * SETFRER * BFEHES S ®E) + (SETFIRM * h)
else:
print (" [ HE 52 AR E")
depth = FFHIHEH 7 E + h
r = FFKRFER * depth / FFRER S & E
VHE = 1/3 * SIF TR _func(r) * depth
return VHE
# print("FFAKER: "
# print( "+ ANIKER:
# print("F T NKER:
# print("FF NKER:
# print("F T NKER: "

VHE func(3))

VHE func(2.4147))
VHE_func(e))

VHE func(-0.001))
VHE_func(-0.8))

- LT LT LTy

def F#/KWKHE /1 _func(h, pprint=False):
mr R (R )T Ji A
:param h: [E A 5E 4K N IK IR JE
:param pprint: & & THURE
:return: Fig/KIKE J1 (N)

FE KA S = WKIIZERE * HEAEE * vHE_func(h, pprint)
return FER/KIKE 5
# FER/KIKE 11_func(2.4147)

def FXBEHLEAI_func(v, k=1 %M uIIE R :

7 qa) R T
:param v: i#fF

:return:
mmnuy

FMUWHE S = k * v
return FXEIHJE B

def FUIRIMJAY /7 _func(t, omega= A5 IRME, =33 B HIRIE)
R 11
:param t: A
sreturn: FUEIRBLNZT (N)

FIIRIR /1 = £ * np.cos(omega * t)



return FJ R G 71
# FIIRIAN J1_func(e)

def FIFINR M 71 _func(m=3F3% M0 i &, g=9 I E ) :
FREMIEPES = m * g
return FHI0IEYE S

FIInASPE S = FR IS 71 _func()

def FHE Jj func(m=F TR E+R TR E, g=F I MEE):
SR [ 1
FE /] =m* g
return FE&E /j

FEE /] = FE JJ_func()

def cHZPH B3 MFHJE REL_funcl():
CHZFH e MPH)E 2% = 10000 # N-s/m
return cHZ[H B HIFHE R %L

def cHZFHE BHIFHE &2 ¥ func2(viF T, vIRT, k=10000, a=0.5):
CHZMERMHE &% = k * abs(ViF T - ViR T )**a # N-s/m
return cE ZE[H B &% 1ITHE R 2L

# TODO [H 3. 24

ml, m2, me = F¥i=E, RFHE, ELMNHEE

j2_func = lambda y3: ((©.969588 + y3)**3 - (0.469558 + y3)*¥3) * m2 / 1.5 # y3
j1, je = 33000, HIEMINFE B E

omega = AU IR A

c = 10000 # FEZL[HJE %%

f = |y B SRR

k = 3N

ki = -HE MW FHE R

k2 = -i/KIEE * EJMEE * S TR MM
C = 1000 # WEFEH)E 2%

L = R BRI 7156 R

K = 1% 325 W

K1 = -8 MU PH e R 3L

K2 = -F/KWE J15E RHL

BEAIRE

KE97E 100s £ATaE, X 100 — 200s



# TODO ode_func
c = 10000 # HZ[HJE %
C = 1000 # Jig4:[H)e 2

def ode_func(y, t):

dyl = y[2-1]
dy3 = y[4-1]
dy4 = c * (y[2-1] - y[4-1] * np.cos(y[7-1])) + k * (y[1-1] - y[3-1] * np.cos(y[7-1]))

dy2 = f * np.cos(omega * t) + k1 * y[2-1] + k2 * y[1-1] - dy4
dy2 /= ml + me

dy4d /= m2 * np.cos(y[7-1])

j2 = j2_func(y[3-1])

dy5 = y[6-1]

dy7 = y[8-1]

dy8 = C * (y[6-1] - y[8-1]) + K * (y[5-1] - y[7-1])

dy6 = L * np.cos(omega * t) + K1 * y[6-1] + K2 * y[5-1] - dy8
dy6 /= jl + je

dy8 /= j2

return [dyl, dy2, dy3, dy4, dy5, dy6, dy7, dy8]

# TODO solve

t = np.linspace(t_left, t_right, num=int(t_right / t_step) + 1)
yo = [0 for _ in range(8)]

res4 = odeint(ode_func, ye@, t)

# TODO 2V (ARAFIZEE )
def get_resultd4_df(t=t, resultd=res4d):
columns = ['Bf[H] (s)', "FTEHAMFE (m)', "FTEGZEE (n/s)', "IRFEHNE (n)', "WTEGEE (n/s)',
R TR (rad)', B THEMERE (rad/s)’, HRTAEMAE (rad)', RTHEMEE (rad/s)"]
shijian = pd.DataFrame(t, columns=columns[:1])
result4 = pd.DataFrame(result4, columns=columns[1:])
result4_df = pd.concat([shijian, result4], axis=1)
result4_df = result4_df.iloc[:, [0, 1, 2, 5, 6, 3, 4, 7, 8]]
return result4 _df
resultd df = get result4_df()
result4 df.iplot(x="H[a] (s)', )



| %”\ﬁ\ﬂ\\\“”\ﬂ*\
i

t 1 t
IR P = #/ ’ FoAv+ MoAwdt = —/ ’ cAV? + CA dt
to —t1 Jy ta —t1 Jt1

y—




dy4d /= m2 * np.cos(y[7-1])

j2 = j2_func(y[3-1])

dy5 = y[6-1]
dy7 = y[8-1]
dy8 = C * (y[6-1] - y[8-1]) + K * (y[5-1] - y[7-1])

dy6 = L * np.cos(omega * t) + K1 * y[6-1] + K2 * y[5-1] - dy8
dy6 /= jl + je
dy8 /= j2
return [dyl, dy2, dy3, dy4, dy5, dy6, dy7, dy8]
def Power_func(res, c, C):
:param res: [X1, X1', X2, X2', thetal, thetal', theta2, theta2']
[X1, vi, X2, V2, thetal, omegal, theta2, omega2]
:param c: HZ%k
:param C: %%
:return: P
t_stable = 100
begin = int(t_stable / t_step)
end = int(t_right / t_step)
# end = -2

delta V = (res[:, 1] - res[:, 3])**2
delta_omega = (res[:, 5] - res[:, 7])**2
power_i = c * delta_ V + C * delta_omega

power_ = power_i[begin:end+1]
# power = power_* t step # JHIE
# P = power.sum() / (t_right - t_stable)

power = (power [1:] + power_ [:-1]) * t_step / 2 # I/
P = power.sum() / (t_right - t_stable - t_step)
# print(P)

return P
def LMS_func(c, C, pprint=False):
res = odeint(
ode_func,
[0 for _ in range(8)],
np.linspace(t_left, t_right, num=int(t_right / t_step) + 1),
args=(c, C),

)
P = Power_func(res, c, C)
if pprint:

print (" HH I, ", P)



def

def

return P

GA_func(c, C, pprint=False):
"ttosko HiAR HAneg g vt

P = LMS_func(c, C)

target = -P

return target

Program_func(x):

return GA_func(x[0@], x[1], pprint=False)

A RY EAE

# TODO SRR 285
class Solver:

def __init_ (self):

self.lb = @
self.ub = 1e5
self.cs = None
self.CS = None
self.pss = None

self.jit = False
self.epoch = 100
self.pprint = False

# TODO it f%
@timeit ("WifE")
def run_GA(self):

ga = GA(
func=GA_func,
n_dim=2,

size pop=50,
max_iter=200,
prob_mut=0.001,
lb=[self.1lb, self.lb],
ub=[self.ub, self.ub],
constraint_eq=tuple(),
constraint_ueqg=tuple(),
precision=1e-06,

early stop=True,

)

xbest, ybest = ga.run()

print("[E £ JE 4% I BHJE R %, TefeFH e & I FH e R4 ]

return xbest, -ybest

", xbest, " KfiiThFE", -ybest)



# TODO #%I
@timeit("HEI")
def run_Program(self, x0=[50000, 50000]):
"t Mkl Program "M
opt = minimize(
Program_func,
X0=x0,
bounds=((self.1lb, self.ub), (self.lb, self.ub), ),
method="'trust-constr', # SLSQP trust-constr
# options={'xtol': le-30, 'gtol': 1le-30, 'disp': True},
)
xbest = opt.x
ybest = -Program_func(xbest)
print("[EZAEARIPITEE 2%, e E4mEE 2%]: ", xbest,

return xbest, ybest

# TODO “ZIb K
@timeit ("L K ")
def run_LMS(self, *args, **kwargs):
if self.jit:
return self. run_LMS_jit(*args, **kwargs)
else:
return self. run_LMS nojit(*args, **kwargs)

def _find_LMS best(self, cs, CS, pss):
self.cs = cs
self.CS = CS
self.pss = pss
index = np.unravel_index(self.pss.argmax(), self.pss.shape)
return [self.cs[index[0@]], self.CS[index[1]]], self.pss[index]

def _LMS_main(self,
cs_1b=0, cs_ub=1e5, cs_num=100, cs_alpha=0,
CS_1b=0, CS_ub=1e5, CS_num=100, CS_alpha=0):
to = time()
batch_size = cs_num // self.epoch
num_len = len(str(cs_num))
fm = "%" + str(num_len) + "d/%" + str(num_len) + "d"

if self.epoch is not None: # [/ H)4) &
batch_size = cs_num // self.epoch
if batch_size == 0: # M/ AEESH
self.epoch = None
if self.epoch is None: # [ 3h4ibHAEk 5 #
batch_size = cs_num // 100 # 7r#| 100 {i
self.epoch = 100

"B KK D", ybest)



batch_size = cs_num // 10 if batch_size == 0 else batch_size # 77| 10 iy
self.epoch = 10

batch_size = cs_num // 1 if batch_size == 0 else batch_size # /%] 1
self.epoch = 1

pss = np.zeros([cs_num+l, CS_num+l])

€SO = 58467.62477501568
CSO = 47662.22129472601

cs_1b = ¢cs_1b * (1 - cs_alpha)
cs_ub = cs_ub * (1 + cs_alpha)
CS_1b = CS_1b * (1 - CS_alpha)
CS_ub = CS_ub * (1 + CS_alpha)

cs = np.linspace(cs_lb, cs_ub, cs_num+l)
CS = np.linspace(CS_1b, CS_ub, CS_num+l)
for i, ¢ in enumerate(cs):
for j, C in enumerate(CS):
pss[i, j] = LMS_func(c, C, pprint=False)

if i % batch_size == 0:

tl = time()

_stars = "[' + "*' * (i // batch_size) + '.' * ((cs_num - i) // batch_size) + ']’
print(fm % (i, cs_num), _stars, round(tl - t@, 2), "s/iter")

t0 = time()

xbest, ybest = self. find_LMS_best(cs, CS, pss)
print("[H L&A HIFHE 2%, TREIAE 4 MIRE &2%0]: ", xbest, "M KHEHIIE", ybest)
return xbest, ybest
def _run_LMS nojit(self, *args, **kwargs):
return self. LMS_main(*args, **kwargs)
@jit
def _run_LMS jit(self, *args, **kwargs):
return self. LMS_main(*args, **kwargs)

# TODO %A
def _plot_Surface(self, show=True, save=False):
fig = go.Figure(data=[go.Surface(

x=self.cs,
y=self.CS,
z=self.pss,
)1
if save:

fig.write_image(IMG_SVG / '] #i4-3DIZE & .svg")
if show:



fig.show()
return True
def _plt contourf(self, show=True, save=False):
mi, mx = self.pss.min(), self.pss.max()
1b1, ubl, 1b2, ub2 = self.cs.min(), self.cs.max(), self.CS.min(), self.CS.max()

plt.figure(dpi=100)

plt.contourf(self.pss.T, np.arange(mi, mx+1, (mx - mi) / 100), origin='lower', extent=[1lbl, ubl, 1b2, ub2], cmap=plt.cm.jet)
plt.xlabel(' HZ[H /e #FH e %)

plt.ylabel('Jie % fH)E #PH Je &% ")

plt.title(" FMtHIh=x")

if save:

plt.savefig(IMG_SVG / ‘i fi4- — 4w 48 . svg")
if show:

plt.show()

return True

def plot_result(self, *args, **kwargs):
self. plot_Surface(*args, **kwargs)
self. plt contourf(*args, **kwargs)
return None

# TODO EAMIBAT KA

= question1234(4)

_ = trange(0, 150, 0.2)
solver = Solver()

solver.run_GA() # iitf%

solver.run_Program() # #i %

solver.run_LMS(cs_num=10, CS_num=10) # A5 K

# solver.run_LMS(cs_num=100, CS_num=100) # i }fj. — &% 56 Bk 1 GE,
# solver.run_LMS(cs_num=1000, CS_num=1000) # #&Jjj: LEHR BMMERE, FFH: o (B A mIE)

# solver.run_LMS(cs_num=10000, CS_num=10000) # i&[jj: FUME R M MERE, TIFHN: o (BT ARE)
# solver.run_LMS(cs_num=100000, CS_num=100000) # i)jj: HiFR5 50 HLMIVERE, TR FHE: e (I A RNIED

Tt IS . oo (BRI A HIED

solver.plot_result(show=True, save=False) # Ii[4

A% TF 4G TR

[EHLMERMIE R %, LB RMME &2%]: [57536.87948714 31004.29883511] fix N tH I3 [317.69786004 ]
WAL 5 R, I 25.64826989173889 s

(array([57536.87948714, 31004.29883511]), array([317.69786004]))

FLRI T 46 T B
[ELHESMIME R %, LB MIE #2%]: [50000.23073816 49999.8185654 | fix N I 314.74575018315727
Mk 45 it , . 111.9183702468872 s

(array([50000.23073816, 49999.8185654 ]), 314.74575018315727)



LK ITFIE T

0/10
1/10
2/10
3/10
4/10
5/10
6/10
7/10
8/10
9/10
lo/10

[ceeevnennn. ]
| ]
[**..ooee. ]
[*¥**. .. ..., ]
[¥***, ... .. ]
[k ]
[rrxkks ]
[Frxkksnk ]
[Forxkkskskk ]

[*********. ]
3k 3k %k 3k Kk >k ok k ko
[ ]

NNOOOOO OO N

.16
.25
.17
.41
.48
.14
.22
.35
.07
.46
7.
[ELRLE &I R ¥, ekt e s i e R %]

19

K R,
([60000.0, 50000.0], 317.6470046262132)

s/iter
s/iter
s/iter
s/iter
s/iter
s/iter
s/iter
s/iter
s/iter
s/iter
s/iter

72.915207862854 s

[60000.0, 50000.0] fH KfilthII# 317.6470046262132
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BO0OOO
=
Eg &000
m
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% 40000
20000
20000 A0000 &0000
B4 EEBEERY
# TODO HkAI18AT K fE

= question1234(4)
= trange(0, 150, 0.2)

solver = Solver()
solver.epoch = 10
solver.pprint = False
solver.jit = False

#

TODO GA + LMS

to = time()
xbest, ybest = solver.run GA() # iifk
# xbest = (58467.64816206559, 47662.22129472)

solver.run_LMS(cs_lb=xbest[0], cs_ub=xbest[@], cs_num=10, cs_alpha=0.1,
CS_1b=xbest[1], CS_ub=xbest[1], CS_num=10, CS_alpha=0.1)

print("EBHE: ", time() - tO)
solver.plot_result(show=True, save=False) # % &

print('-' * 100)

#

TODO Program + LMS

to = time()
xbest, ybest = solver.run_Program() # Il

# LK



# xbest = (58467.64816206559, 47662.22129472)

solver.run_LMS(cs_lb=xbest[0], cs_ub=xbest[@], cs_num=10, cs_alpha=0.1,
CS_lb=xbest[1], CS_ub=xbest[1], CS_num=10, CS_alpha=0.1) # LK

print("EHE: ", time() - t0)

solver.plot_result(show=True, save=False) # %4

B AL UG TR

[HLMHESMME &%, e 8 MIHE £2%0]: [57556.41995171 37094.13072674] fix K% [317.70030272]
WAL, AR 26.062267065048218 s

225 KIF U

0/10 [...vvvnnn. ] 5.01 s/iter
1/10 [*...vennn. ] 5.0 s/iter

2/10 [**........ ] 5.01 s/iter
3/10 [***,...... ] 4.94 s/iter
4/10 [**** ., ] 5.07 s/iter
5/10 [****x .. ] 5.12 s/iter
6/10 [*****x_ _ ] 5.23 s/iter
7/10 [*¥xk*xx 1 5,16 s/iter
8/10 [*¥¥*k*x*xx 1 5 27 s/iter
9/1@ [*¥*kkkkkx ] 5 13 s/iter

10/10 [*********x] 4,93 s/iter
[HZ&MHEEnrH e 2%, eI EsmPl)e £%0]: [58131.98415122411, 37316.695511103295] & Kkt Ih#* 317.7262368268232
A K45 W IF, . 55.871594190597534 s

([58131.98415122411, 37316.695511103295], 317.7262368268232)
BB 81.93683743476868






SRS ES

37400

37300

37200

37100

37000

nEPRfE S ER Y

36900

36800

57200 57400 57600 57800 58000
BExlBEsEERY

LI T 46 T 1
[HZ&MH e 25, el E ssmPl)e £%0]: [50000.23073816 49999.8185654 | % Kl Th#% 314.74575018315727
R 45w, . 126.50902438163757 s

B AT IR T I

0/10 [.......... ] 6.46 s/iter
1/10 [*....onn.. ] 5.82 s/iter
2/10 [**........ ] 5.26 s/iter
3/10 [***, . ..... ] 5.65 s/iter
4/10 [*¥*** .. ... ] 5.61 s/iter
5/10 [***** .. ] 5.31 s/iter
6/10 [******_ _ ] 5,57 s/iter
7/10@ [*¥*¥%%% ] 7,26 s/iter
8/1@ [***¥*¥¥% ] 5,92 s/iter
9/1@ [***¥¥¥kkk ] 5 25 s/iter

10/10@ [*****kkkkk] 5 21 s/iter
[HZ&H e 2%, eI sPH)e £%]: [50500.23304554521, 49499.82037974576] & K Th% 315.11129621858487
KA, FIRF: 63.31871557235718 s

([50500.23304554521, 49499.82037974576], 315.11129621858487)
MAHES: 189.8307318687439
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