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FisR A IZRF1KES
1.1 F—mErs

import numpy as np
from scipy.integrate import dblquad

def get relative D(theta, s, a, c):
theta = np.radians (theta)
a h = a * np.sin(theta)
¢ h = c¢c * np.cos(theta)

if theta == 0.0:

return 0.0, a, lambda x: 0.0, lambda x, val=s / a: val
if a h >= c_h:

s ¢ =c * c / np.tan(theta) / 2.0

s a=a*c-sc

if s <= s_c:

X _max = np.sqrt(2.0 * s / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x max=x max, tan theta=np.tan(theta)):
return (x max - x) * tan theta

return 0.0, x max, gfun, hfun

elif s <= s_a:
x max = ¢ / np.tan(theta) + (s - s c) / ¢
gfun = lambda x: 0.0

def hfun(x, X max=x max, theta=theta, c=c, t=(s -
s c) / c):
return ¢ if x <= t else (x max - x) *
np.tan (theta)

return 0.0, x max, gfun, hfun
else:
X max = a
1ft = np.sqgrt(2 * (a * ¢ - s) / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x ex=a - 1lft + ¢ / np.tan(theta),
theta=theta, c=c, t=a - 1ft):

return ¢ if x <= t else (x ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun

else:
s a=a * a * np.tan(theta) / 2.0
s c=a*c- s a

if s <= s_a:
X max = np.sqgrt (2.0 * s / np.tan(theta))
gfun = lambda x: 0.0
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def hfun(x, x max=x max, tan theta=np.tan(theta)):
return (x max - x) * tan theta

return 0.0, x max, gfun, hfun
elif s <= s _c:

X _max = a
gfun = lambda x: 0.0
c u=a * np.tan(theta) + (s - s _a) / a

def hfun(x, X ex=c u / np.tan(theta), theta=theta):
return (x ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun
else:
X max = a
1ft = np.sqrt(2 * (a * ¢ - s) / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x ex=a - 1lft + c / np.tan(theta),
theta=theta, c=c, t=a - 1ft):
return c if x <= t else (x ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun

def get relative xz (theta, s, a, c):
if theta == 0.0:
return 0.0, s / a / 2.0 - c / 2.0
relative D = get relative D(np.abs(theta), s, a, c)
x = dblquad(lambda z, x: x, *relative_D)[O]/s
z dblquad (lambda z, x: z, *relative D) [0]/s
if theta > 0:
return x - a / 2.0, z - ¢ / 2.0
else:
return a / 2.0 - x, z - ¢ / 2.0

def get real xyz(theta, v, x, y, z, a, b, c¢):
rt x, rt z = get relative xz(theta, v / b, a, c)
return x + rt x, y, z + rt z

def centroid(env, tanks, bird theta, used fuel):
theta = bird theta['theta']

x = env['bird x'] * env['bird m']
y = env['bird y'] * env['bird m']
z = env['bird z'] * env['bird m']
m sum = env|['bird m']
for tank in tanks:
left = tank['first'] - used fuel[str(int(tank['id']))]

/ env['fuel density']
m = left * env['fuel density']
x t, y t, z t = get real xyz(theta,
left,
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tank['x'],
tank(['y'],
tank['z'],
tank['a'],
tank['b'],
tank['c'])

X += X t m

y t=y t *m

z += z t m

m sum += m
return x / m sum, y / m sum, z / m sum

def txt to table(path):

table = []

with open(path, 'r') as fp:
attr = fp.readline () .split();
for line in fp.readlines():

table.append(dict (zip(attr, map (float,
line.split()))))
return table

if name == " main ":
tanks = txt to table('tank.txt')
env = txt to table('env.txt') [0]
used fuels = txt to table('used fuel.txt')
bird thetas = txt to table('bird theta.txt')
for i, x in enumerate (used fuels):

used fuels[i]['2'] -= used fuels[i]['1l"']
used fuels[i]['5'] -= used fuels[i]['6']
if i > 0:

id =1

while str(id) in x:
used fuels[i] [str(id)] += used fuels[i -
1] [str(id)]
id += 1
print (used fuels[-1])
with open('Probleml.txt', 'w') as fp:
fp.write ('time\tx\ty\tz\n'")
for i, (used fuel, bird theta) in
enumerate (zip (used fuels, bird thetas)):
t=1i+1
print (t)
fp.write(str(t) + ' ")
fp.write ('$f %f %f\n' % centroid(env, tanks,
bird theta, used fuel))

1.2 F R

import numpy as np
from scipy.integrate import dblquad
from scipy import optimize
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from copy import deepcopy

def get relative D(theta, s, a, c):
theta = np.radians (theta)
a h = a * np.sin(theta)
¢ h = c * np.cos(theta)

if theta == 0.0:

return 0.0, a, lambda x: 0.0, lambda x, val=s / a: val
if a h >= c_h:

s ¢ =c * c / np.tan(theta) / 2.0

s a=a*c-sc

if 5 <= s c:

X max = np.sqrt(2.0 * s / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, X max=x max, tan theta=np.tan(theta)):
return (x max - x) * tan theta

return 0.0, x max, gfun, hfun

elif s <= s_a:
x max = ¢ / np.tan(theta) + (s - s c) / ¢
gfun = lambda x: 0.0

def hfun(x, x max=x max, theta=theta, c=c, t=(s -
s c) / c):
return ¢ if x <= t else (x max - x) *
np.tan (theta)

return 0.0, x max, gfun, hfun
else:
X max = a
1ft = np.sgrt(2 * (a * ¢ - s) / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x ex=a - 1lft + ¢ / np.tan(theta),
theta=theta, c=c, t=a - 1ft):

return ¢ if x <= t else (x _ex - X) * np.tan(theta)

return 0.0, x max, gfun, hfun

else:
s a=a * a * np.tan(theta) / 2.0
s c=a*c- s a

if s <= s a:
X max = np.sqgrt(2.0 * s / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, X max=x max, tan theta=np.tan(theta)):
return (x max - x) * tan theta

return 0.0, x max, gfun, hfun
elif s <= s _c:
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X max = a
gfun = lambda x: 0.0
c u=a * np.tan(theta) + (s - s a) / a

def hfun(x, x ex=c u / np.tan(theta), theta=theta):
return (X ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun
else:
X max = a
1ft = np.sgrt(2 * (a * ¢ - s) / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x ex=a - 1lft + ¢ / np.tan(theta),
theta=theta, c=c, t=a - 1ft):
return ¢ if x <= t else (x _ex - X) * np.tan(theta)

return 0.0, x max, gfun, hfun

def get relative xz (theta, s, a, c):
if theta == 0.0:
return 0.0, s / a / 2.0 - ¢ / 2.0
relative D = get relative D(np.abs(theta), s, a, c)
x = dblquad(lambda z, x: x, *relative D) [0] / s
z = dblquad(lambda z, x: z, *relative D) [0] / s
if theta > 0:

return x - a / 2.0, z - ¢ / 2.0
else:
return a / 2.0 - x, z - ¢ / 2.0

def get real xyz(theta, v, x, y, z, a, b, ¢):
rt x, rt z = get relative xz(theta, v / b, a, c)
return x + rt x, y, z + rt z

def centroid(env, tanks, bird theta, used fuel v):
theta = bird theta['theta']

x = env['bird x'] * env['bird m']
y = env['bird y'] * env['bird m']
z = env['bird z'] * env['bird m']
m sum = env(['bird m']
for tank in tanks:
left = tank['first'] - used fuel v([str(int(tank['id']))]

m = left * env['fuel density']
x t, y t, z t = get real xyz(theta,
left,



+= x t *m
+=y t *m
+=z t *m
m sum += m
return x / m sum, y / m sum, z / m sum

N X

def txt to table(path):

table = []

with open(path, 'r') as fp:
attr = fp.readline () .split();
for line in fp.readlines():

table.append(dict (zip (attr, map (float,
line.split()))))
return table

def find best change(env, tanks, bird theta, used fuel,
use tanks, target, min fuel):
def distance (change) :
for i, use tank in enumerate (use tanks):
used fuel[use tank] += change[i]
X, y, z = centroid(env, tanks, bird theta, used fuel)
for i, use tank in enumerate (use tanks):
used fuel[use tank] -= change[i]
return sum(((x - target[0]) ** 2, (y - target[l]) ** 2,
(z - target[2]) ** 2))

tanks bounds = [(le-15, max(le-15,min(tanks[int (use_ tank)
- 1]['first'] - used fuelluse_ tank],
tanks[int (use tank) - 1]['upper']))) for

use tank in
use tanks]

cons = (
{'type': 'eq', 'fun': lambda x, min fuel=min fuel:
np.sum(x) - min fuel}
# {'type': 'ineqg', 'fun': lambda x, min fuel=min fuel:
min fuel - np.sum(x) + 0.0001}
)
distance min = optimize.minimize (distance,

np.zeros (len(use_ tanks)), bounds=tanks bounds,
constraints=cons,

method="SLSQP"')

if distance min.success:

return distance min.fun, tuple(distance min.x)
else:

return -1, use tanks

use tanks list = [
(ll‘, 131),
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if name == " main ":
env = txt to table('env.txt') [0]
tanks = txt to table('tank.txt')
bird theta = {'theta': 0.0}
min fuels = txt to table('min fuel.txt')
for tank in tanks:
tank['upper'] /= env['fuel density']
for min fuel in min fuels:

min fuel['min fuel'] J= env|['fuel density']
image xyzs = txt to table('image xyz.txt')
sum _min fuels = np.sum([min fuel['min fuel'] for min fuel
in min fuels])
first all tanks = np.sum([tank['first'] for tank in tanks])
AA = (first all tanks - sum min fuels) / 7200.0

used fuel v = {'1': 0, '2': 0, '3': 0, '4': 0, '5': O,
'6': 0}

ans_use fuel per time = []

ans_xyz per time = []

ans_dis per time []

ans max = 0

for k in range(120) :
kt = k * 60
now max = 9999999999

fuel v wanna use = None
fuel v wanna use per time t = None
Xyz wanna use per time t = None

dis wanna use per time t = None
for use tanks in use tanks list:
t used fuel per time = []
t xyz per time = []
t dis per time []
t used fuel v = deepcopy(used fuel v)
t max = 0
for i in range (60) :
time = kt + 1

min fuel = min fuels[time] ['min fuel']
uppers = np.sum([tanks[int (use tank) -
1] ['upper'] for use tank in use tanks])
lefts = np.sum([tanks[int (use tank) - 1]['first']
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- t used fuel v[use tank] for use tank in
use tanks])
if min fuel > uppers or min fuel > lefts:
t max = -1
break

dis, change = find best change(env, tanks,
bird theta, t used fuel v, use_ tanks,
[image xyzs[time] [c] for c
in 'xyz'], min_ fuel +
le-8)

t diet = {'1': 0.0, '2': 0.0, '3': 0.0, '4': 0.0,
'5': 0.0, '6': 0.0}

if dis == -1:
t max = -1
break

for i, tank in enumerate (use_tanks):
if tank == '1"':

t dict['2'] += change[i] *
env|['fuel density']
if tank == '6':
t dict['5'] += change[i] *
env|['fuel density']
t dict[tank] += change[i] * env['fuel density']
X,Y,2 =
centroid(env, tanks,bird theta,t used fuel v)
t used fuel per time.append(t dict)
t dis per time.append(np.sqrt(dis))
t xyz per time.append({'x':x,'y':y,'z"':2})
t max = max(t max, dis)
for i, use_ tank in enumerate (use_ tanks) :
t used fuel v[use tank] += change[i]

if £t max != -1 and t max < now max:
now max = t max
fuel v wanna use = t used fuel v
fuel v wanna use per time t = t used fuel per time
XyzZ wanna use per time t = t xyz per time
dis wanna use per time t = t dis per time

if fuel v wanna use:
used fuel v = fuel v wanna_ use

ans_use fuel per time.extend(fuel v wanna use per time t)
ans _xyz per time.extend(xyz wanna use per time t)
ans _dis per time.extend(dis wanna use per time t)

else:
print ("no solution")
exit (0)
ans max = max(ans max, NOwW_max)
print (k, np.sgrt(ans max))
with open('use fuel per time.txt', 'w') as fp:

fp.write('ans max:%.20f\n' % (np.sqgrt(ans max)))
fp.write ('time\t1\t2\t3\t4\t5\t6\n")
for i, per time in enumerate (ans _use fuel per time):
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fp.write ("$d\t%.20£\t%.20£\t%.20£\t%.20£\t%.20£\t%.20f\n"
5
i+ 1, per time['l'], per time['2'],
per time['3'], per time['4'], per time['5'],
per time['6']))
with open('dis per time.txt', 'w') as fp:
fp.write('time\tdis\n"')
for i, per time in enumerate(ans _dis per time):
fp.write ('$d\t%.20f\n' % (i+l,per time))
with open('xyz per time.txt', 'w') as fp:
fp.write ('time\tx\ty\tz\n'")
for i, per time in enumerate(ans xyz per time):
fp.write ('$d\t%.20£\t%.20£\t%.20f\n" %
(i+l,per time['x'],per time['y'],per time['z']))

from sko.SA import SA
import matplotlib.pyplot as plt
import pandas as pd
import numpy as np
from scipy.integrate import dblquad
from scipy import optimize
from copy import deepcopy

def get relative D(theta, s, a, c):
theta = np.radians (theta)
a h = a * np.sin(theta)
c h = c¢c * np.cos(theta)

if theta == 0.0:

return 0.0, a, lambda x: 0.0, lambda x, val=s / a: val
if a h >= c_h:

s ¢c=c¢* c / np.tan(theta) / 2.0

s a=a*c-sc

if s <= s c:

X max = np.sqrt(2.0 * s / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x max=x max, tan theta=np.tan(theta)):
return (x max - x) * tan theta

return 0.0, x max, gfun, hfun

elif s <= s_a:
x max = ¢ / np.tan(theta) + (s - s ¢c) / c
gfun = lambda x: 0.0

def hfun(x, X max=x max, theta=theta, c=c, t=(s - s ¢)
/L ©)) 8
return ¢ if x <= t else (x max - x) * np.tan(theta)

return 0.0, x max, gfun, hfun
else:
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X max = a
1ft = np.sqgrt(2 * (a * ¢ - s) / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x ex=a - 1lft + ¢ / np.tan(theta),
theta=theta, c=c, t=a - 1ft):

return ¢ if x <= t else (x ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun

else:
s a=a * a * np.tan(theta) / 2.0
s ¢c=a*c- s a

if s <= s_a:
X max = np.sqrt(2.0 * s / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x max=x max, tan theta=np.tan(theta)):
return (X max - x) * tan theta

return 0.0, x max, gfun, hfun
elif s <= s _c:

X _max = a
gfun = lambda x: 0.0
c u=a * np.tan(theta) + (s - s a) / a

def hfun(x, X ex=c u / np.tan(theta), theta=theta):
return (X ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun
else:
X max = a
1ft = np.sgrt(2 * (a * ¢ - s) / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x ex=a - 1ft + ¢ / np.tan(theta),
theta=theta, c=c, t=a - 1ft):
return ¢ if x <= t else (x ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun

def get relative xz(theta, s, a, c):
if theta == 0.0:
return 0.0, s / a / 2.0 - c / 2.0
relative D = get relative D(np.abs(theta), s, a, c)
x = dblquad(lambda z, x: x, *relative D) [0] / s
z = dblquad(lambda z, x: z, *relative D) [0] / s
if theta > 0:
return x - a / 2.0, z - c / 2.0
else:
return a / 2.0 - x, z - ¢ / 2.0

def get real xyz(theta, v, x, y, z, a, b, c):
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rt x, rt z = get relative xz(theta, v / b, a, c)
return x + rt x, y, z + rt z

def centroid(env, tanks, bird theta, used fuel v):
theta = bird theta['theta']

x = env['bird x'] * env['bird m']
y = env['bird y'] * env['bird m']
z = env['bird z'] * env['bird m']
m sum = env|['bird m']
for tank in tanks:
left = tank['first'] - used fuel v[str(int(tank['id']))]

m = left * env['fuel density']
X t, y t, z t = get real xyz(theta,
left,

X += X t *m
y f=y_ t *
z += z t *m
m sum += m

return x / m sum, y / m sum, z / m sum

=

def txt to table(path):
table = []
with open(path, 'r') as fp:
attr = fp.readline () .split ()
for line in fp.readlines() :
table.append(dict (zip(attr, map(float, line.split()))))
return table

def find best change(env, tanks, bird theta, used fuel,
use tanks, target, min fuel):
def distance (change) :
for i, use tank in enumerate (use tanks):
used fuel[use tank] += change[i]

X, y, z = centroid(env, tanks, bird theta, used fuel)
for i, use tank in enumerate (use_ tanks):
used fuel[use tank] -= change[i]
return sum(((x - target[0]) ** 2, (y - target[l]) ** 2, (z

- target[2]) ** 2))

tanks bounds = [(0, max(0,min(tanks[int (use_ tank) -
1]['first'] - used fuel[use tank],
tanks[int (use tank) - 1]['upper']))) for

use tank in
use tanks]
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cons = (

{'"type': 'eq', 'fun': lambda x, min fuel=min fuel:
np.sum(x) - min fuel}
# {'type': 'ineq', 'fun': lambda x, min fuel=min fuel:

min fuel - np.sum(x) + 0.0001}

distance min = optimize.minimize (distance,
np.zeros (len(use tanks)), bounds=tanks bounds,
constraints=cons)

# print (distance min)
if distance min.success:

return distance min.fun, tuple(distance min.x)
else:

return -1, use tanks

use tanks list = [
l, V3'),
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class SA2 (SA) :
# def get new x(self, x):

# u = np.random.uniform(-1, 1, size=self.n dims)
# x new = x + 20 * np.sign(u) * self.T * ((1 + 1.0 /
self.T) ** np.abs(u) - 1.0)
# return x new
def get new x(self, x):
# X new = np.array(x, dtype=bool)
# idx t = np.random.randint (120) # FEALEE —A 8t E
# idx 1 = idx list[np.random.randint (12)]
# x new[idx t, :] = False
# x new[idx t, idx i] = True

return generate(x, self.T / self.T max+0.01)

p = np.array([2.4, 2.2, 2.9, 3.6, 3.4, 4.1, 2.3, 4.0, 4.7, 2.9,
4.5, 2.71)
p /= sum(p)
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def generate (old strategy=None, cx=1):
global AA, min fuels
global p
if old strategy is not None:
for i in range (7200) :
if np.random.randn () < cx*(1/7200) :
old strategyli] =
np.random.rand () * (1-1/7200)
return old strategy
else:
strategy = np.zeros((7200,), dtype=float)
for i in range (7200) :
strategy[i] = min fuels[i]['min fuel'] + AA *
np.random.rand ()
return strategy

CNT=0

def demo func(x):
global env, tanks, bird theta, image xyzs,CNT
used fuel v = {'1': 0, '2': O, '3': 0, "4': 0, '5': O,
ans_use fuel per time = []
ans max = 0
for k in range(120) :
kt = k * 60
now max = 9999999999
fuel v wanna use = None
fuel v wanna use per time t = None
for use tanks in use tanks list:
t used fuel per time = []
t used fuel v = deepcopy(used fuel v)
t max = 0
for i in range (60) :
time = kt + 1
dis, change = find best change(env, tanks,
bird theta, t used fuel v, use tanks,

min fuels[i]['min fuel'] + AA *

0}

[image xyzs[time] [c] for c in

'xyz'], x[time])
t dict = {'1': 0.0, '2': 0.0, '3': 0.0, '"4': 0.0,
'5': 0.0, '6': 0.0}
if dis == -1:
t max = -1
break
for i, tank in enumerate (use_ tanks):
if tank == '1':
t dict['2"'] += change[i] * env['fuel density']
if tank == '6':

t dict['5"'] += change[i] * env['fuel density']

t dict[tank] += change[i] * env['fuel density']

t used fuel per time.append(t dict)
t max = max(t max, dis)
for i, use_tank in enumerate (use_ tanks):
t used fuel v[use tank] += change[i]
if £t max != -1 and t max < now _max:
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now max = t max

fuel v wanna use = t used fuel v
fuel v wanna use per time t = t used fuel per time
if fuel v wanna use:
used fuel v = fuel v wanna use
ans_use fuel per time.extend(fuel v _wanna use per time t)

else:
print ("no solution")
return 999999
ans max = max(ans_max, NOw max)
print (k, np.sqgrt(ans max))
with open('use fuel per time sa %d.txt's(CNT),
fp.write('ans max:%f\n'% (np.sqrt (ans max)))
fp.write ('time\t1\t2\t3\t4\t5\t6\n")
for i, per time in enumerate(ans _use fuel per time):
fp.write ('$d\t%.20f\t%.20f\t%.20f\t%.20f\t%.20£\t%.20f\n"

o
5

'w') as fp:

i+ 1, per time['l'"'], per time['2'], per time['3'],
per time['4'], per time['5'], per time['6']))
CNT+=1
return np.sqrt (ans_max) *1000

if name == ' main ':
env = txt to table('env.txt') [0]
tanks = txt to table('tank.txt')
bird theta = {'theta': 0.0}
min fuels = txt to table('min fuel.txt')
for tank in tanks:
tank['upper'] /= env['fuel density']
for min fuel in min fuels:

min fuel['min fuel'] e env['fuel density']

sum min fuels = np.sum([min fuel['min fuel'] for min fuel in
min fuels])

first all tanks = np.sum([tank['first'] for tank in tanks])

AA = (first all tanks - sum min fuels) / 7200

image xyzs = txt to table('image xyz.txt')

x0 = generate ()

sa = SA2(func=demo_ func, x0=x0, T max=999, T min=le-9,
L=3000, max stay counter=150)

best x, best y = sa.run()

print ('best x:', best x[10, :], 'best y', best y)
plt.plot (pd.DataFrame (sa.best y history) .cummin (axis=0))
plt.show ()

1.3 F=HARHE

import numpy as np
from scipy.integrate import dblquad
from scipy import optimize
from copy import deepcopy
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def get relative D(theta, s, a, c):
theta = np.radians (theta)
a h = a * np.sin(theta)
c h = c¢ * np.cos(theta)

if theta == 0.0:

return 0.0, a, lambda x: 0.0, lambda x, val=s / a: val
if a h >= c_h:

s ¢c=c * c / np.tan(theta) / 2.0

s a=a*c-sc

if 5 <= s c:

X max = np.sqrt(2.0 * s / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x max=x max, tan theta=np.tan(theta)):
return (X max - x) * tan theta

return 0.0, x max, gfun, hfun

elif s <= s_a:
x max = ¢ / np.tan(theta) + (s - s c) / ¢
gfun = lambda x: 0.0

def hfun(x, x max=x max, theta=theta, c=c, t=(s - s c)
/ @) g
return ¢ if x <= t else (x max - x) * np.tan(theta)

return 0.0, x max, gfun, hfun
else:
X max = a
1ft = np.sgrt(2 * (a * ¢ - s) / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x ex=a - 1ft + ¢ / np.tan(theta),
theta=theta, c=c, t=a - 1ft):

return ¢ if x <= t else (x ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun

else:
s a=a * a * np.tan(theta) / 2.0
s ¢c=a*c- s a

if s <= s_a:
X max = np.sqrt(2.0 * s / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x max=x max, tan theta=np.tan(theta)):
return (X max - x) * tan theta

return 0.0, x max, gfun, hfun
elif s <= s c:

X _max = a
gfun = lambda x: 0.0
c u=a * np.tan(theta) + (s - s _a) / a
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def hfun(x, X ex=c u / np.tan(theta), theta=theta):
return (X ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun
else:
X max = a
1ft = np.sqgrt(2 * (a * ¢ - s) / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x ex=a - 1lft + ¢ / np.tan(theta),
theta=theta, c=c, t=a - 1ft):
return ¢ if x <= t else (x ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun

def get relative xz(theta, s, a, c):
if theta == 0.0:
return 0.0, s / a / 2.0 - c / 2.0
relative D = get relative D(np.abs(theta), s, a, c)
x = dblquad(lambda z, x: x, *relative D) [0] / s
z = dblquad(lambda z, x: z, *relative D) [0] / s
if theta > 0:
return x - a / 2.0, z - c / 2.0
else:
return a / 2.0 - x, z - ¢ / 2.0

def get real xyz(theta, v, x, y, z, a, b, c¢):
rt x, rt z = get relative xz(theta, v / b, a, c)
return x + rt x, y, z + rt z

def centroid(env, tanks, bird theta, used fuel v):
theta = bird theta['theta']

x = env['bird x'] * env['bird m']
y = env['bird y'] * env['bird m']
z = env['bird z'] * env['bird m']
m sum = env|['bird m']
for tank in tanks:
left = tank['first'] - used fuel v[str(int(tank['id']))]

m = left * env['fuel density']
X t, y t, z t = get real xyz(theta,
left,

X += X t *m
y t=y t *m
z += z t *m
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m _sum += m
return x / m sum, y / m sum, z / m sum

def txt to table(path):

table = []
with open(path, 'r') as fp:
attr = fp.readline () .split ()
for line in fp.readlines():
table.append(dict (zip(attr, map(float, line.split()))))
return table

def find best change(env, tanks, bird theta, used fuel,

use tanks, target, min fuel):
def distance (change) :
for i, use tank in enumerate (use tanks):
used fuel[use tank] += change[i]

x, y, z = centroid(env, tanks, bird theta, used fuel)
for i, use tank in enumerate (use_ tanks):
used fuel[use tank] -= change[i]
return sum(((x - target[0]) ** 2, (y - target[l]) ** 2, (z

- target[2]) ** 2))

tanks bounds = [(le-15, max(le-15,min (tanks[int (use tank) -
1]['first'] - used fuel[use tank],
tanks[int (use_tank) - 1]['upper']-le-7)))

for use tank in
use tanks]

cons = (
{'"type': 'eq', '"fun': lambda x, min fuel=min fuel:
np.sum(x) - min fuel}
# {'type': 'ineq', 'fun': lambda x, min fuel=min fuel:
min fuel - np.sum(x) + 0.0001}
)
distance min = optimize.minimize (distance,
np.zeros (len(use tanks)), bounds=tanks bounds,

constraints=cons)

# print (distance min)
if distance min.success:

return distance min.fun, tuple(distance min.x)
else:

return -1, use tanks

use tanks list = [

('1', V3'),
('1" |4|),
('1', V5'),
('2', '3,
(r2', ran,
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def find best tank first(env, tanks, bird theta, use tanks,
target, sum fuel tO0):
global L all tanks

def distance(tank firsts):

used fuel = dict()
for i, use tank in enumerate (use tanks):
used fuel[use tank] = -tank firsts[i]
x, y, z = centroid(env, tanks, bird theta, used fuel)
return sum(((x - target[0]) ** 2, (y - target[l]) ** 2,

- target[2]) ** 2))

tanks bounds = [(0, tanks[int(use tank) - 1]['a'] *
tanks[int (use tank) - 1]['b'] * tanks[int(use tank) -
11[0'c'])

for use tank in
use tanks]

init tanks = [
sum_fuel t0 * tanks[int (use tank) - 1]['a'] *
tanks[int (use tank) - 1]['b'] * tanks[int (use_ tank)
171
'c'] / L _all tanks
for use tank in
use tanks]

cons = (
{'"type': 'eq', '"fun': lambda x, sum fuel tO=sum fuel tO:
np.sum(x) - sum fuel tO0}
# {'type': 'ineq', 'fun': lambda x, min fuel=min fuel:

min fuel - np.sum(x) + 0.0001}

distance min = optimize.minimize (distance, init tanks,
bounds=tanks bounds, constraints=cons)

# print (distance min)
if distance min.success:

return distance min.fun, tuple(distance min.x)
else:

return -1, use tanks

if name == " main ":
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env = txt to table('env.txt') [0]
tanks = txt to table('tank.txt')
bird theta = {'theta': 0.0}
min fuels = txt to table('min fuel.txt')
for tank in tanks:

tank['upper'] /= env['fuel density']
for min fuel in min fuels:

min fuel['min fuel'] e env['fuel density']
image xyzs = txt to table('image xyz.txt')
sum min fuels = np.sum([min fuel['min fuel'] for min fuel in
min fuels])
first all tanks = np.sum([tank['first'] for tank in tanks])
L all tanks = np.sum(
[tanks[int (use tank) - 1]['a'] * tanks[int (use tank) -
1]['b'] * tanks[int(use tank) - 1]['c'] for use tank in
'123456'1])
print (L all tanks - sum min fuels)
AA = (first all tanks - sum min fuels) / 7200.0
first dis, tank fisrts = find best tank first (env, tanks,

bird theta, list('123456'"),
[image xyzs[0][c] for c in

'xyz'], sum min fuels +
1.2 + le-4)
if first dis == -1:
print ('error sum fuel')
exit ()

print (tank fisrts)

with open('tank first.txt', 'w') as fp:
fp.write ('I\t2\t3\t4\t5\t6\n")
fp.write ('%.20£\t%.20£\t%.20£\t%.20£\t%.20£\t%.20£f\n" %
tuple (tank fisrts))

for i, tank in enumerate (tanks) :
tank['first'] = tank fisrts[i]

used fuel v = {'1': 0, '2': 0, '3': 0, "4': 0, '5': 0, '6': O}
ans_use fuel per time = []
ans_xyz per time = []
ans_dis per time []
ans _max = first dis
for k in range(120) :
kt = k * 60
now max = 9999999999

fuel v wanna use = None
fuel v wanna use per time t = None
Xyz wanna use per time t = None

dis wanna use per time t = None
for use tanks in use tanks list:
t used fuel per time = []
t xyz per time = []
t dis per time []
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t used fuel v = deepcopy(used fuel v)
t max = 0
for i in range (60):
time = kt + 1
min fuel = min fuels[time] ['min fuel']
uppers = np.sum([tanks[int (use tank) - 1]['upper']
for use tank in use tanks])

lefts = np.sum([tanks[int (use tank) - 1]['first'] -
t used fuel v[use tank] for use tank in
use tanks])

if min fuel > uppers or min fuel > lefts:
t max = -1
break

dis, change = find best change(env, tanks,
bird theta, t used fuel v, use tanks,
[image xyzs[time] [c] for c in
'xyz'], min fuel + le-8)

t dict = {'1': 0.0, '"2': 0.0, '3': 0.0, '"4': 0.0,
'5': 0.0, '6': 0.0}

if dis == -1:
t max = -1
break
for i, tank in enumerate (use_ tanks):
if tank == '1"':
t dict['2'] += change[i] * env['fuel density']
if tank == '6':

t dict['5'] += change[i] * env(['fuel density']
t dict[tank] += change[i] * env['fuel density']
X, y, z = centroid(env, tanks, bird theta,
t used fuel v)
t used fuel per time.append(t dict)
t dis per time.append(np.sqrt(dis))

t xyz per time.append({'x': x, 'y': y, 'z': z})
t max = max(t max, dis)
for i, use tank in enumerate (use tanks):
t used fuel v[use tank] = change[i]
if £t max != -1 and t max < now max:
now max = t max
fuel v wanna use = t used fuel v
fuel v wanna use per time t = t used fuel per time
XyZ wanna use per time t = t xyz per time

dis wanna use per time t

if fuel v wanna use:

used fuel v = fuel v wanna use

ans_use fuel per time.extend(fuel v wanna use per time t)

ans_xyz per time.extend(xyz wanna use per time t)

ans_dis per time.extend(dis wanna use per time t)
else:

print ("no solution")

exit (0)

t dis per time
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ans max = max(ans max, Now_max)
print (k, np.sgrt(ans max))

with open('use fuel per time.txt', 'w') as fp:
fp.write('ans max:%.20f\n' % (np.sqgrt(ans max)))
fp.write ('time\t1\t2\t3\t4\t5\t6\n")
for i, per time in enumerate(ans _use fuel per time):
fp.write ("$d\t%.20£\t%.20£\t%.20£\t%.20£\t%.20£\t%.20f\n"'
5
i+ 1, per time['l'], per time['2'], per time['3'],
per time['4'], per time['5'], per time['6']))
with open('dis per time.txt', 'w') as fp:
fp.write('time\tdis\n")
for i, per time in enumerate(ans_dis per time):
fp.write ('$d\t%.20f\n"' % (i+l,per time))
with open('xyz per time.txt', 'w') as fp:
fp.write('time\tx\ty\tz\n")
for i, per time in enumerate(ans_xyz per time):
fp.write ("$d\t%.20£\t%.20£\t%.20f\n" %
(i+l,per time['x'],per time['y'],per time['z']))

1.4 S0 fFS

import numpy as np

from scipy.integrate import dblquad
from scipy import optimize
from copy import deepcopy

def get relative D(theta, s, a, c):

if s < 0.0:
return 0, 0, 0.0, 0.0, 0.0
theta = np.radians (theta)
a h = a * np.sin(theta)
c h = c¢ * np.cos(theta)

if theta == 0.0:

return 0.0, a, lambda x: 0.0, lambda x, val=s / a: val
if a h >=c h

s ¢ =c * c / np.tan(theta) / 2.0

s a=a*c-sc

if 5 <= s c:

X max = np.sqrt(2.0 * s / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x max=x max, tan theta=np.tan(theta)):
return (X max - x) * tan_ theta

return 0.0, x max, gfun, hfun

elif s <= s_a:
x max = ¢ / np.tan(theta) + (s - s c) / ¢
gfun = lambda x: 0.0
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def hfun(x, x max=x max, theta=theta, c=c, t=(s - s c)
J @) g

return ¢ if x <= t else (x max - x) * np.tan(theta)

return 0.0, x max, gfun, hfun
else:
X max = a
1ft = np.sqrt(2 * (a * ¢ - s) / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x ex=a - 1lft + c¢ / np.tan(theta),
theta=theta, c=c, t=a - 1ft):
return ¢ if x <= t else (x _ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun
else:
s a a * a * np.tan(theta) / 2.0
s c=a*c- s a
if s <= s_a:
X max = np.sqrt(2.0 * s / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, X max=x max, tan theta=np.tan(theta)):
return (X max - x) * tan theta

return 0.0, x max, gfun, hfun
elif s <= s c:

X max = a
gfun = lambda x: 0.0
c u=a * np.tan(theta) + (s - s a) / a

def hfun(x, x ex=c u / np.tan(theta), theta=theta):
return (X ex - xX) * np.tan(theta)

return 0.0, x max, gfun, hfun
else:
X max = a
1ft = np.sqgrt(2 * (a * ¢ - s) / np.tan(theta))
gfun = lambda x: 0.0

def hfun(x, x ex=a - 1lft + c¢ / np.tan(theta),
theta=theta, c=c, t=a - 1ft):
return ¢ if x <= t else (x _ex - x) * np.tan(theta)

return 0.0, x max, gfun, hfun

def get relative xz(theta, s, a, c):
if s <= 0.0:
return 0.0,
if theta == 0.0:
return 0.0, s / a / 2.0 - ¢ / 2.0
relative D = get relative D(np.abs(theta), s, a, c)

0.0
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x = dblquad(lambda z, x: x, *relative D) [0] / s
z dblquad(lambda z, x: z, *relative D) [0] / s
if theta > 0:

return x - a / 2.0, z - c / 2.0
else:
return a / 2.0 - x, z - c / 2.0

def get real xyz(theta, v, x, y, z, a, b, ¢):
rt x, rt z = get relative xz(theta, v / b, a, c)
return x + rt x, y, z + rt z

def centroid(env, tanks, bird theta, used fuel v):
theta = bird theta['theta']

x = env['bird x'] * env['bird m']
y = env['bird y'] * env['bird m']
z = env['bird z'] * env['bird m']
m sum = env|['bird m']
for tank in tanks:
left = tank['first'] - used fuel v[str(int(tank['id']))]

m = left * env['fuel density']
Xx t, y t, z t = get real xyz(theta,
left,

X += x t *m
y t= y t *
z += z t * m
m sum += m

return x / m sum, y / m sum, z / m sum

B

def txt to table(path):
table = []
with open(path, 'r') as fp:
attr = fp.readline () .split();
for line in fp.readlines():
table.append(dict (zip(attr, map(float, line.split()))))
return table

def find best change(env, tanks, bird theta, used fuel,
use tanks, target, min fuel):
def distance (change) :
for i, use tank in enumerate (use_ tanks):
used fuel[use tank] += change[i]
X, y, z = centroid(env, tanks, bird theta, used fuel)
for i, use tank in enumerate (use tanks):
used fuel[use tank] -= change[i]
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return sum(((x - target[0]) ** 2, (y - target[l]) ** 2, (z
- target[2]) ** 2))

tanks bounds = [(le-15, max(le-15, min(tanks[int (use tank) -
1]['first'] - used fuel[use tank],
tanks[int (use_tank) -

1] ['upper'])-1e-10)) for use tank
in
use tanks]
cons = (
{'"type': 'ineq', 'fun': lambda x, min fuel=min fuel:
np.sum(x) - min fuel}
# {'type': 'ineq', 'fun': lambda x, min fuel=min fuel:

min fuel - np.sum(x) + 0.0001}

distance min = optimize.minimize (distance,
np.zeros (len(use tanks)), bounds=tanks bounds,
constraints=cons)

# print (distance min)
if distance min.success:

return distance min.fun, tuple(distance min.x)
else:

return -1, use tanks

use tanks list = [
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if name == " main ":
env = txt to table('env.txt') [0]
tanks = txt to table('tank.txt')
bird thetas = txt to table('bird theta.txt')
# bird theta = {'theta':0.0}
min fuels = txt to table('min fuel.txt')
for tank in tanks:
tank['upper'] /= env['fuel density']
for min fuel in min fuels:
min fuel['min fuel'] /= env['fuel density']
image xyzs = txt to table('image xyz.txt')
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for image xyz in image xyzs:

image xyz['x'] 0.
image xyz['y'] = 0.
image xyz['z'] 0.
ans_use fuel vs =

o o O

[]

used fuel v = {'1': 0, '2': O, '3': 0, '4': 0, '5': 0, '6': 0}
ans_use fuel per time = []

ans_max =

0

for k in range (120) :

kt = k * 60

now max = 9999999999

fuel v _wanna use = None

fuel v wanna use per time t = None

for use tanks in use tanks list:
t used fuel per time = []
t used fuel v = deepcopy(used fuel v)
t max = 0
for i in range (60):

if

time = kt + i
dis, change = find best change(env, tanks,

bird thetas[time], t used fuel v, use tanks,
[image xyzs[time] [c] for c in
'xyz'l,
min fuels[time] ['min fuel']
+ le-8)
t dict = {'1': 0.0, '2': 0.0, '3': 0.0, '4': 0.0,
'5': 0.0, '6': 0.0}

if dis == -1:
t max = -1
break
for i, tank in enumerate (use_ tanks):
if tank == '1"':
t dict['2'] += change[i] * env['fuel density']
if tank == '6':

t dict['5'] += change[i] * env]['fuel density']
t dict[tank] += change[i] * env['fuel density']
t used fuel per time.append(t dict)
t max = max(t max, dis)
for i, use tank in enumerate (use tanks):
t used fuel v[use tank] += change[i]

t max != -1 and t max < now max:

now max = t max

fuel v wanna use = t used fuel v

fuel v wanna use per time t = t used fuel per time

if fuel v wanna use:
used fuel v = fuel v wanna use
ans_use fuel per time.extend(fuel v wanna use per time t)

else:
print ("no solution")
exit (0)
ans max = max(ans max, Now max)

print (k, np.sgrt(ans max))
with open('use fuel per time.txt', 'w') as fp:
fp.write('ans max:%.20f\n' % (np.sqgrt(ans max)))
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fp.write ('time\t1\t2\t3\t4\t5\t6\n")
for i, per time in enumerate(ans use fuel per time):
fp.write ("%d\t%.20f\t%.20£\t%.20£\t%.20£\t%.20£\t%.20£\n"
s
i+ 1, per time['l'], per time['2'], per time['3'],
per time['4'], per time['5'], per time['6']))
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