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WAREN ) -

~ | VHIBERIRAG

AR S
RS R{Ro)gh

aReaERe [ EEER | e

E1E)E SRR <

R (BB PR

P e
LRt e [ 8]

5 HRAR K

FESR R, FRATIAE (02 S 1) B A3 PRBRL ) AR A2 ) R i A [ 5K
M2 EARDL, B 75 5K I [8) Z BRRERHE B, w] R RIS 18] B A7 R 5 A 42
AR 1)

RIS 1) 7 A PR B e ZE APt A 1) ] AR . AN B U 2 Bt E R 24
TALISIEYIRL, B TALRIAL BN K& g, ERRBLIEL 2K 75 5K I 7] — %€,
HEHFRRERE &, L RIS ERATRIEE €, ZOREGEZHFMN
IRIETT S, AE A AR EAS RIIRAL, IR 2 LN 26

(1) BF 2R BCIZ H AR b 2% AL AIPRE R SR AN AN B I e 4t 2 () 28
) A TAL TR DLAGH L, H—K Al — GRS,
(3) ZEApHs BV B TAL R KRR (Bl BCiE Hhots, JFRTEAZ IR B A .
(4) BLW L ZHE 5 SR 18] A 3K 2]
HISZ8 AL, 27— A2 (), MR AL =L L

7.2 1RBINEST
AR, BARPR RIS S R R e e, WA ER. Y T RIEAE
AL E R F ORI TS, FATIMAB LR

si<b,i=12,..L (7. 1)
456 6.2 MR AR S5 AR (7. 1), FRATESH AT
min{¥25, [0, + D71} (7.2)

s.t. 0<n, <L k=12,..2K (7.3)
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MinM;=¢ Vi#j (7.5)
Elrkl- € Rk' Pki € Pk,s. t. id(rki) = ld(pkl) (7 6)
Si < bi,i = 1,2, ,L (7 7)

(7D Ny HAReRE, RIZERECIA SR AR ik, AN 25 R& 5 3 i A] 55 6 21 e
K. 30 (7.2) = (7.6) H& SO BRI RIS SORF, BEAANE &

7.3 1RBUHK R
AS T [FIRER TR B AR SV A AT SR AR, A2 B b ek RO A T AR
e, DR ATT X N R R kAT B B

Cost = Y25, (D + p{P) (7.8)

Fitness = z—" (7.9)

1

AR (7.8 BIAK (7.2) Prid Hirew#, 30 (7.9 B azt 6. 13)
LI

SRIAEIE RIS 5 6.3 FAHE, HAAARFER,

AT ) 8 R A REAR AR B (RERFES 20 RAGES) B, RIARERA]
ERBITRARKT R, AR (1.7 MEENARBIERLERZ, WL
b4 2 [ I 2 JR SR AR A FR R R R IR], 45 R 6 o, “Min
fitness of current pop: inf” ARELFIH LK., X—F HBBEFEIER R
PRYEIG R CREETTTHD, ML TR, 53 —J710, 18 @ = A0 b T A — ]
FFEA VG HEAT T KIS B4, BT 5 R FE T IEARE R B AR 7] T %

Best individual found is [[['B', 21, 12, 22, 22], ['B', 16, 5, 18, 7], ['B', 17, 16, 9, 24], ['B', 8, 3, 11, 5], ['B', 13, 15],
['s*, 1911, [I['D', 45, 36, 70, 461, ['D', 40, 53, 42, 31], ['D', 65, 40, 33, 72], ['D', 56, 51, 59, 531, ['D', 37, 631, ['D',
67111, inf

Min fitness of current pop: inf

6 KMLER

7.4 HlENE
BATHE S EAZIAT W RIS R RS T8 KB, 1E55 3
BRI TR g2 1 T RET AR 51, F5k 2. 3. 15 &2 AT kA E
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# GenA 2 evaluate B9fi2Z is_hard g False Bt AEIE =, 5 True B w2, w3=0

Ala)@ =

import random

from operator import itemgetter

import numpy as np

import seaborn as sns

import matplotlib. pyplot as plt

random. seed (10)

node = {'A':(83,131.5), 'B':(83,111.5), 'C': (83,91.5), 'D"': (83.,61.5),
'E':(1.5,51.5), "F':(83,51.5), 'G': (83,41.5), '"H': (164.5,41.5),
"1":(1.5,31.5), "J": (83,31.5), 'K':(83,21.5), 'L": (164.5,21.5),

'M":(1.5,11.5), '"N": (83,11.5), '0": (1.5,1.5), '"P": (1.5,61.5), 'Q": (164. 5,

61.5), 'R":(83,1.5),
'S':(164.5,1.5),
1:(3.,131.5),2:(23.,131.5),3:(43.,131.5),4: (63.,131.5),
5:(103.,131.5),6:(123.,131.5),7:(143.,131.5),8: (163.,131.5),
9:(3.,111.5),10: (23.,111.5),11: (43. ,111.5),12: (63.,111.5),

13:(103.,111.5),14:(123.,111.5),15: (143.,111.5),16: (163.,111.5),
17:(3.,91.5),18:(23.,91.5),19: (43.,91.5),20: (63.,91.5),

21:
25:
26:
27:
28:
29:
30:
31:
32:
33:

(103.,
(11.
(31.
(51.
(71.
(11.
(31.
(51.
(71.
(11.

SIS IS RS B I IS S RS

91.
61.
61.
61.
, 61.
, 51.
, 51.
, 51.
, 51.
, 41,

5),22:(123.,91.5),23:(143,91.5),24: (163,91.5),
5),
5),
5),
5),
5),
5),
5),
5),
5),
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34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44
45:
46:
47:
48:
49:
53:
57:
58:
59:
60:
61:
62:
63:
64:
65:
66:
67:
68:
69:
70:
71:
72:

(31.5,41.5),
(51.5,41.5),
(71.5,41.5),
(11.5,31.5),
(31.5,31.5),
(51.5,31.5),
(71.5,31.5),
(11.5,21.5),
(31.5,21.5),
(51.5,21.5),
(71.5,21.5),
(11.5,11.5),
(31.5,11.5),
(51.5,11.5),
(71.5,11.5),

(93, 61.5),50: (113,61.5),51: (133, 61.5),52: (153, 61.5),
(93,51.5),54: (113,51.5),55: (133,51.5),56: (153, 51.5),

(93, 41.5),
(113,41.5),
(133,41.5),
(153, 41.5),
(93,31.5),
(113, 31.5),
(133, 31.5),
(153, 31.5),
(93,21.5),
(113,21.5),
(133,21.5),
(153,21.5),
(93,11.5),
(113,11.5),
(133,11.5),
(153, 11.5)
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def node _dis (nodel, node2) :
if node1[0] == node2[0] or nodel[1]==node2[1]:
diss = abs(node1[0]-node2[0]) + abs(node1[1]-node2[1])
return diss
else:
print ('not at a line:', nodel, ', "', node2)

return O

def cal_dis3(nodes) :
diss = np. zeros (73)
matrix = np. zeros ((73, 73) )
for i in range(1, 25):
tmp = (i-1) // 8
if tmp == 0:
d = node_dis(nodes[i], nodes['A'])
d =d + node dis(node['A'], node['D'])
diss[i] = d
elif tmp == 1:
d = node_dis(nodes[i], nodes['B'])
d =d + node dis(node['B'], node['D'])
diss[i] = d
elif tmp == 2:
d = node_dis(nodes[i], nodes['C'])
d =d + node dis(node['C'], node['D'])
diss[i] = d

for i in range(1, 25):
for j in range(i+1,25) :
if i =1 and j == 12:
debug = 0
tmp_i = (i-1)//8
tmp_j = (j-1)//8
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if abs(tmp_i—tmp_j) == 0:
matrix[i][j]= matrix[j][i] = node dis(node[i], node[j])
elif abs(tmp_i - tmp_j) == 1:
d1,d2 = 0., 0.
for tmp in ['A', 'B']:
d1 += node_dis (node[i], node[tmp])
for tmp in ['B','C']:
d2 += node_dis (node[j], node[tmp])
matrix[il[j]= matrix[j][i] =
d1+d2+node_dis (node['A'], node['B'])
elif abs(tmp_i —tmp_j) == 2:
d1 = node_dis(node[i], node['A'])
d2 = node_dis(node[j], node['C'])
matrix[i][j] = matrix[j][i]
d1+d2+node_dis (node['A'], node['C'])

return diss, matrix

def route dis(road) :
global node
ans = 0.
for i in range(1, len(road)) :
ans += node_dis (node[road[i-1]], node[road[i]])

return ans

def cal _dis1 (nodes) :
diss = np. zeros (73)
matrix = np. zeros ((73, 73) )
for i in range (25, 49) :
if (i —24-1) //4=0:
d = node_dis (nodes[i], nodes['D'])
diss[i] = d
elif (i-24-1)//4 == 1:
d = node_dis(nodes[i], nodes['E'])
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d = d + node_dis (nodes['E'], nodes['P']) +
node dis (node['P'], node['D'])
diss[i] = d
elif (i-24-1)//4 == 2:
d = node_dis (nodes[i], nodes['G'])
d =d + node dis(nodes['G'], nodes['D"'])
diss[i] = d
elif (i-24-1)//4 == 3:
d = node_dis(nodes[i], nodes['|"])

d = d + node_dis (nodes['l'], nodes['P']) +
node dis (node['P'], node['D'])
diss[i] = d

elif (i-24-1)//4 == 4.
d = node_dis (nodes[i], nodes['K'])
d =d + node_dis(nodes['K'], nodes['D"'])
diss[i] = d
elif (i-24-1)//4 == 5:
d = node_dis (nodes[i], nodes['M'])

d = d + node_dis (nodes['M'], nodes['P'])+
node dis (node['P'], node['D'])
diss[i] = d

for i in range (25, 49) :
for j in range(i+1,49) :
tmp_i = (i-24-1)//4
tmp_j = (j=24-1)//4

if i == 25 and j == 29:
debug = 0
if tmp_i == 0:

if tmp_j == 1 or tmp_j == 3 or tmp_j == 5:
d1 = node_dis(nodes[i], nodes['P'])

d2,d3 = 0.,0.

for tmp in ['E',"I"','M']:
d_tmp = node_dis (nodes[j], nodes[tmp])
if d3 == 0:
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d3 = node_dis(nodes[tmp], nodes['P']) if
d tmp !=0 else 0
d2 += d_tmp
matrix[il[j] = matrix[jl1[i] = d1 + d2 + d3
elif tmp_j == 2 or tmp_j == 4:
d1 = node_dis(nodes[i], nodes['D'])
d2,d3 = 0.,0.
for tmp in ['G', 'K']:
d_tmp = node_dis (nodes[j], nodes[tmp])
if d3 == 0:
d3 = node_dis(nodes[tmp], nodes['D']) if
dtmp '=0 else O
d2 += d_tmp
matrix[il[j] = matrix[j][i] = d1+d2+d3
elif tmp_j == 0:
matrix[i][j]
node_dis (nodes[i], nodes[j])

matrix[j][i] =

elif tmp_i == 1:
if tmp_j == 1:
matrix[i][j]
node dis (nodes[i], nodes[j])

matrix[j][i] =

elif tmp_j == 3 or tmp_j == 5:
d1 = node_dis(nodes[i], nodes['E'])
d2 = node_dis(nodes[j], nodes['1']) if tmp_j =
else node_dis(nodes[j], nodes['M'])
d3 = node dis(nodes['E'], nodes['I']) if tmp_j ==
3 else node _dis(nodes['E'], nodes['M'])
matrix[il[j] = matrix[j][i] = d1+d2+d3

|
I
w

elif tmp_j == 2 or tmp_j == 4:
d1 = node_dis(nodes[i], nodes['E'])
d2 = node_dis(nodes[j], nodes['G'])
d3 = node dis (nodes['G'], nodes['D']) +
node_dis (nodes['D'], nodes['P']) + node _dis(nodes['P'], nodes['E'])
matrix[il[j] = matrix[j]1[i] = d1 + d2 + d3
elif tmp_i == 2:
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if tmp_j == tmp_i:
matrix[i][j] = matrix[i]l[j] = node_dis(nodes[il,

nodes[j])
elif tmp_j == 3:
d1 = node_dis (nodes[i], nodes['G']) +
node dis (nodes['G'], nodes['D']) + node _dis(nodes['D'], nodes['P']) +

node_dis (nodes['P'], nodes['|"])
d2 = node_dis(nodes[j], nodes['I"'])
matrix[il[j] = matrix[j][i] = d1 + d2
elif tmp_j == 4:
d1 = node_dis(nodes[i], nodes['G'])
d2 = node_dis(nodes[j], nodes['K'])
matrix[il[j] = matrix[jI[i] = dI + d2 +
node_dis (nodes['G'], nodes['K'])
elif tmp_j == 5:
d1 = node_dis(nodes[i], nodes['G'])
d2 = node_dis(nodes[j], nodes['M'])
matrix[il[j] = matrix[jI[i] = d1 + d2 +
node dis (nodes['M'], nodes['0']) + node _dis(nodes['0'], nodes['R'])
node_dis (nodes['R'], nodes['G'])
elif tmp_i == 3:
if tmp_j == 3:
matrix[i][j] = matrix[j][i] = node_dis(nodes[il,

+

nodes[j])
elif tmp_j == 4:
d1 = node_dis(nodes[i], nodes['I'])
d2 = node_dis(nodes[j], nodes['K'])
d3 = node_dis (nodes['l'], nodes['0']) +
node_dis (nodes['0'], nodes['R']) + node_dis(nodes['R'], nodes['K'])
matrix[il[j] = matrix[jl[i] = d1 + d2 + d3
elif tmp_j == 5:

d1 = node_dis(nodes[i], nodes['I"'])
d2 = node_dis(nodes[j], nodes['M'])
d3 = node_dis(nodes['M'], nodes['1"'])

matrix[il[j] = matrix[j]1[i] = d1 + d2 + d3
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elif tmp_i == 4:
if tmp_j == 4:
matrix[i][j] = matrix[i]l[j] = node_dis(nodes[il,
nodes[j])
elif tmp_j == 5:
d1 = node_dis(nodes[i], nodes['K'])
d2 = node_dis(nodes[j], nodes['M'])
d3 = node_dis (nodes['M'], nodes['0']) +
node_dis (nodes['0'], nodes['K'])
matrix[il[j] = matrix[jl1[i] = d1 + d2 + d3
elif tmp_i == 5:

matrix[il[j] = matrix[jl[i] node dis (nodes[i],

nodes[j])

return diss, matrix

def cal_dis2(nodes) :
diss = np. zeros (73)
matrix = np. zeros ((73, 73) )
for i in range(49,73):
if (i —48-1) //4=0:
d = node_dis(nodes[i], nodes['D'])
diss[i] = d
elif (i-48-1)//4 == 1:
d = node_dis(nodes[i], nodes['F'])
d =d + node dis(nodes['F'], nodes['D"'])
diss[i] = d
elif (i-48-1)//4 == 2:
d = node_dis (nodes[i], nodes['H'])

d = d + node_dis (nodes['H'], nodes['Q']) +
node_dis (nodes['Q'], nodes['D'])
diss[i] = d

elif (i-48-1)//4 == 3:
d = node_dis(nodes[i], nodes['J'])
d =d + node_dis(nodes['J'], nodes['D"'])
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diss[i] = d
elif (i-48-1)//4 == 4:

d = node_dis (nodes[i], nodes['L"])

d = d + node_dis (nodes['L'], nodes['Q'])
node_dis (nodes['Q'], nodes['D'])
diss[i] = d
elif (i-48-1)//4 == 5:
d = node_dis (nodes[i], nodes['N'])

d =d + node_dis(nodes['N'], nodes['D"'])

diss[i] = d

for i in range(49,73):
for j in range(i+1,73):
tmp_i = (i—48-1)//4
tmp_j = (j-48-1)//4
if tmp_i==tmp_j:
matrix[i][j]
node_dis (nodes[i], nodes[j])
elif tmp_i == 0:
if tmp_j == 1:
matrix[i][j]
route_dis ([i, 'D", 'F', j1)
elif tmp_j == 2:
matrix[i][j]

"H', D
elif tmp_j == 3:
matrix[i][j] =
J, D
elif tmp_j == 4:
matrix[i][j] =
'L, D
elif tmp_j == 5:
matrix[i][j] =
‘N, D

elif tmp_i == 1:

27

matrix[j][i]

matrix[j][i]

matrix[j][i]

matrix[j][i]

matrix[j][i]

matrix[j][i]

= route_dis([i,

= route_dis([i,

= route_dis([i,

= route_dis([i,



‘D', 'Q", "H'
KU
‘D', 'Q", "L’
‘"N, D)
‘Qt,'D', "]
'L, b
'S', 'R, NS
‘R','S",'L'
‘"N, D
'S', 'R, NS

if tmp_j == 2:
matrix[i][j]

3D

elif tmp_j == 3:
matrix[i][j]

elif tmp_j == 4:
matrix[i][j]

3D

elif tmp_j == 5:
matrix[i][j]

elif tmp_i == 2:
if tmp_j == 3:
matrix[i][j]

3D

elif tmp_j == 4:
matrix[i][j]

elif tmp_j == 5:
matrix[i][j]

3D

elif tmp_i == 3:
if tmp_j == 4:
matrix[i][j]

3D

elif tmp_j == 5:
matrix[i][j]

elif tmp_i == 4:
if tmp_j == 5:
matrix[i][j]

3D
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matrix[j][i]

matrix[j][i]

matrix[j][i]

matrix[j][i]

matrix[j][i]

matrix[j][i]

matrix[j][i]

matrix[j][i]

matrix[j][i]

matrix[j][i]

route_dis ([i,

route_dis ([i,

route_dis ([i,

route_dis ([i,

route dis ([i,

route_dis ([i,

route_dis ([i,

route_dis ([i,

route_dis ([i,

route_dis ([i,



def

il

l' IDI' IFI

return diss,

1211 (nodes) :
matrix = np.

for i

matrix

zeros ((73,73))

in range (25, 49) :

for j in range(49,73):

tmp_
tmp_

i = (i-24-1) //4
= (j-48-1)//4

if tmp_i == 0:

LD

LD

LD

LD

LD

if tmp_j == O:
matrix[i][j]

elif tmp_j == 1:
matrix[i][j]

elif tmp_j == 2:
matrix[i][j]

elif tmp_j == 3:
matrix[i][j]

elif tmp_j == 4:
matrix[i][j]

elif tmp_j == 5:
matrix[i][j]

elif tmp_i == 1:

P, JD

3D

if tmp_j == 0:
matrix[i][j]

elif tmp_j == 1:

matrix[jl[i] =

matrix[jl[i] =

matrix[jl[i] =

matrix[jl[i] =

matrix[jl[i] =

matrix[jl[i] =

matrix[j][i]

route_dis([i, 'D',

route_dis([i, 'D',

route_dis([i, 'Q",

route_dis([i, 'D',

route_dis([i, 'Q",

route_dis([i, 'D',

route_dis ([i,

matrix[i][j] = matrix[j][i] = route dis([i, 'E',

elif tmp_j == 2:
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route_dis([i, 'E',

matrix[i][j] = matrix[j][i]
P, QY HY, DD
elif tmp_j == 3:
matrix[il[j] = matrix[j][i]

route_dis([i, 'E',
'P', D', "I, D

elif tmp_j == 4:

matrix[i][j]

'E', 'P','Q",'L", j]), route_dis([i, 'E', '0','S",'L",j]))

elif tmp_j == 5:

matrix[i][j]

'E', 'P','D','N',jD), route_dis([i, "E',"'0",'R", 'N',jI))

matrix[jl[i] = min(route dis([i,

matrix[jl[i] = min(route dis([i,

elif tmp_i == 2:
if tmp_j== 0:
matrix[i][j] = matrix[j][i] = route dis([i, 'G'
D', D
elif tmp_j == 1:
matrix[i][j] = matrix[j][i] = route dis([i, 'G'
'F, 0D

elif tmp_j == 2:
matrix[i][j]

matrix[j][i] route dis([i, 'G',
‘D', 'Q", 'H', jD

elif tmp_j == 3:

matrix[i][j]

matrix[j][i] route dis([i, 'G',

J, D
elif tmp_j == 4:
matrix[i][j] = matrix[jl[i] = min(route dis([i,
'G', 'D','Q",'L", jD),route_dis([i, 'G", 'R','S','L", j]))
elif tmp_j == 5:
matrix[il[j] = matrix[j][i]

route_dis([i, 'G',
‘N, D
elif tmp_i == 3:
if tmp_j == 0:

matrix[il[j] = matrix[j][i] route dis([i, ',

P, JD
elif tmp_j == 1:
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matrix[i][j] = matrix[j][i] = route dis([i, 'I",
'P', D, 'FY, DD
elif tmp_j == 2:
matrix[i][j] = matrix[j][i] = route dis([i, 'I",
P, 'Q", 'HY, D)
elif tmp_j == 3:
matrix[i][j] = matrix[j][i] = route dis([i, 'I",

'P, "D, Y, D
elif tmp_j == 4:
matrix[i][j] = matrix[jl[i] = min(route dis([i,
., 'P','Q', 'L, jD),route_dis([i, "I', '0','S", 'L, j1))
elif tmp_j == 5:
matrix[il[j] = matrix[j][i]

route_dis([i, "I',
0L RN, D)

elif tmp_i == 4:
if tmp_j== 0:
matrix[i][j] = matrix[j][i] = route dis([i, 'K',
D', D
elif tmp_j == 1:
matrix[i][j] = matrix[j][i] = route dis([i, 'K',
'F, 0D

elif tmp_j == 2:
matrix[il[j] = matrix[j][i]

route_dis([i, 'K',

elif tmp_j == 3:
matrix[il[j] = matrix[j][i]

route dis([i, 'K',
J', D
elif tmp_j == 4:
matrix[i][j] = matrix[jl[i] = min(route dis([i,
'K', 'D','Q",'L", j1),route dis([i, 'K', 'R','S",'L", 1))
elif tmp_j == 5:
matrix[i][j] = matrix[j][i] = route dis([i, 'K',
‘N, D
elif tmp_i == 5:
if tmp_j == O:
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def

route_dis([i, 'M',

matrix[il[j] = matrix[j][i]
ih
elif tmp_j == 1:

matrix[il[j] = matrix[j][i] route dis([i, 'M'

RYFY D

elif tmp_j == 2:
matrix[i][j] = matrix[jl[i] = min(route dis([i,
'P','Q", 'H", jl),route_dis([i, 'M', '0','S","H", j]))
elif tmp_j == 3:

matrix[il[j] = matrix[j][i] route dis([i, 'M'

RN, GD

elif tmp_j == 4:

matrix[il[j] = matrix[j][i] route dis([i, 'M'

'Y'S'Y'L'Y .j])

elif tmp_j == 5:
matrix[il[j] = matrix[j][i]

route_dis([i, 'M',

RYUNY, D

return matrix

cal _distance (matrix) :
task = []
distance = []
for i in range(1, 25):
Jj = 24+i
jj= 48+ i
distance. append ((matrix[i][j], i, j))
distance. append ((matrix[i][jjl, i, jj))
sort_dist = sorted(distance, key=lambda x:x[0])
#print (sort_dist)

left =0
right = len(sort_dist) - 1
tmp_task = []
while(left < right-1):
# tmp_task. append (sort_dist[left])
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# if (len(task) <2 and len(tmp_task) == 4) or len(tmp_task) ==

# task. append (tmp_task)
# tmp_task = []
# left +=1

tmp_task. append (sort_dist[right])
if (len(task) <2 and len(tmp_task) == 4) or len(tmp_task) ==

task. append (tmp_task)
tmp_task = []
right = 1

tmp_task. append (sort_dist[left])
if (len(task) < 2 and len(tmp_task) == 4) or len(tmp_task) ==

task. append (tmp_task)
tmp_task = []
left += 1

tmp_task. append (sort_dist[left])
if len(tmp_task) == 5:
task. append (tmp_task)
tmp_task = []
left += 1

H OH H H H

if left == right — 1:
tmp_task. append (sort_dist[left])
tmp_task. append (sort_dist[right])

if len(tmp_task) > O:
task. append (tmp_task)

print (task)

cost_list = []
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for car_task in task:
cost = 0.
for ct, , in car_task:
cost += ct
cost_list. append (cost)
print('max cost: ', max(cost_ list))

print (cost_list)

def calB(nodes) :
disB = np. zeros (25)
for i in range(1, 25):
tmp_i = (i-1) //8

if tmp_i == 0:
d1 = route_dis([i, 'A", 'B'])
disB[i] = d1
elif tmp_i == 1:
disB[i] = route dis([i, 'B'])
elif tmp_i == 2:
disB[i] = route dis([i, 'C', 'B'])

return disB

class Gene:
def __init__ (self, data, use, not_use) :
store, work = self.create_store (data)
self.data = [store, work]
self.use = use
self.not_use = not_use

self.d backup = data

def create store(self, data) :
store = []
work = []
for i in range(len(data)) :

s t =[]
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s.w=1[]

for j in range(len(datalil)):
tmp = datali][j]
if j 1=0:

store_tmp = 24 if tmp % 24 == 0 else tmp % 24

s_t. append (store_tmp)
s_w. append (tmp)
else:
s_t.append ('B")
s_w. append ('D")
store. append (s_t)
work. append (s_w)

return store, work

def copy (self):

gen = Gene (self.d_backup, self. use, self. not_use)

return gen

class TaskNode:
def _init_ (self, time_list):
self.time_list = time_list

self.cur = 0

def step(self):

val = self.time_list[self.cur] if len(self.time list) — 1 >=

self.cur else —1
self.cur += 1

return val

def restore(self):

self.cur = 0

class GenA:

def

__init__(self, parameter, matrix, disB, task, car_num, disD, w1=100, w2=0. 2, w
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3=1, v=5,11=3, t2=3) :

:param parameter :

:param matrix:

:param disB:

‘param task: [tuple(point, time)]
:param car_num:
self.pop_size = parameter[0]
self. epoch = parameter[1]
self.CXPB = parameter[2]
self. MUTPB = parameter [3]
self.matrix = matrix
self.disB = disB

self. task = task

self. car_num = car_num
self.disD = disD
self.task dic = {}

self.wl = wil

self.w2 = w2

self.w3 = w3

self.v=v # HERE

self.tl = t1 # RI5ATE

self.t2 = t2 # E)EEAT|H]

cycle_num = len(task) // (self.car_num * 4)

num_rest = car_num if (len(task) % (4*self.car_num)) > 0 else

self.car_num = self.car_num * (len(task)//(4*self.car_num)) +

num_rest

pop = []

for p, t in task:
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#points. append (p)
work_li = self.task_dic.get(p, [])
work_|i. append (t)
self.task dic[p] = work_li
for k in list(self.task dic.keys()):
self.task dic[k] = sorted(self.task dic[k])
self.task dic[k] = TaskNode (self. task dic[k])

while len(pop) < self.pop_size:
plan = []
task_num = len(task)
points = []
for p, t in task:
points. append (p)
random. shuffle (points)
all _s = points
use = []
for j in range(self.car_num) :
car_tmp = ['B']
#num = random. randint (0, min(len(points), 4))
car_tmp. extend (points[0:4])
#use = use | set(points[0:num])
use. extend (points[0:4])
points = points[4:len(points)]
plan. append (car_tmp)
not_use = points
gene = Gene (plan, use, not_use)
if not self.check (gene) :
print (self. check (gene))
continue
score = self. evaluate (gene)
pop. append ({'Gene' : gene, 'score' :score})
self. pop = pop
self.bestindividual = self. selectBest (self. pop)
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def evaluate(self, gene, is_hard=False) :

D_R =0 # ITEBELKRE
DP=0 # -l‘-{_E-ILa\l_J\Eg?E

Tw=0 #HESFREE
Tp=0 # HESEEE
# XHEEIER

# print (gene)
for k in range (len(gene. data[0])):
# R TH (L
k_r = gene. data[0] [k]
if len(tk_r) ==
continue
# 1ZieF BT IRTE
dr =0
# MZzECHN SRR
for r in range(len(k_r) - 1):
# MREB =
if isinstance(k_r[r], str):
d r += self.disBlk_r[r + 1]]
# GIRIEB =
else:
d_r += self.matrix[k_r[r]]1[k_r[r + 1]]
FH=5D mHiEES
d r += self.disD[k_r[-1]]
DR +=d_ r
# BNEERTIE]
t current = d r / self.v + len(k_r) * self.t1
# FREREZIE R T
k_p = gene.data[1] [k]
# W RiEH
for p in range(len(k_p) - 1):
# MRED =
if isinstance(k_p[p], str):
D P += self.disD[k_p[p + 1]1]
t_current += self.disD[k _p[p + 1]] / self.v
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# MRETAL
else:
D_P += self.matrix[k_p[pll[k_plp + 111
t_current += self.matrix[k plpl]l[k plp + 111 /
self.v
# REVMESFKETE
req_time = self.task diclk_p[p + 1]]. step()
# B3
if t_current < req_time:
T w+= (req_time — t_current)
t_current = req_time + self.t2
# B E|
elif t_current > req_time:
T p += (t_current — req_time)
t_current = t_current + self.t2
if is_hard:
return float ("inf")
# RENS5DRIES
D P += self.disD[k_p[-1]]
for key in self.task _dic. keys():
self. task _dic[key]. restore()
cost = self.wl * DR+ DP) + self.w2 *T w+ self.w3 *Tp

return cost

def selectBest (self, pop) :
s_inds = sorted(pop, key=itemgetter ("score")) # from large to
small, return a pop

return s_inds[0]

def check (self, gene: Gene) :

WE R & B LR &1
:param gene:

:return:
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# 6.4
for k_data in gene.datal[0]:
if len(k _data) — 1 > len(task) or len(k _data) — 1 < O:
print('6.4")
return False
# 6.5
N=20
for k_data in gene.datal[0]:
N += (len(k_data) - 1)
if N != len(task) :
print('6.5")
return False
# 6.6 and 6.7
# for k in range(len(gene. datal0])) :
# # REN k I
k_r = gene. data[0] [k]
# IREL k 2By Tz
k_p = gene.data[1] [k]
for o_k in range(len(gene. data[0])):
# 3REX o_k £ R B HEL
o_r = gene.datal[0] [o_k]
# FREY o_k 23RV T L
o_p = gene.datal[1] [o_k]
# set (o_r)
# 6.10
def id(no) :

H OH O H OH O H OH H =

return no % 24
for k in range (len(gene. data[0])):

# REX k I

k_r = gene. data[0] [k]

# IREL k £ By Tz

k_p = gene.data[1] [k]

for i in range(1, len(k _r)):
ok = False

for j in range(1, len(k _p)):
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if idk_r[i]) == idk_p[jD):
ok = True
break
if not ok:
print('6.10")
return False

return True

def selection(self, individuals, k) :

s_inds = sorted(individuals, key=itemgetter ('score'))

sum_fits = sum(ind['score'] for ind in individuals)

chosen = []
for i in range(k):
u = random. random() * sum_fits
sum_ = 0
for ind in s_inds:
if not self.check(ind['Gene']) :
continue
sum_ += ind['score']
if sum_ <= u:
chosen. append (ind)
s_inds. pop (0)
break
chosen = sorted(chosen, key=itemgetter ('score'))

return chosen

def crossoperate(self, offspring):

springl = offspring[0]['Gene']
spring2 = offspring[1]['Gene']
car_numl = len(springl.data[0])
car_num2 = len(spring2.data[0])
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car1 = random. randint (0, car _num1-1)

car1_num = len(springl.data[0] [car1])

if car1_num >=3:

pos = random. randint (1, car1_num-2)

s_task_id = springl.data[0] [car1] [pos:pos+2]
w_task_id = springl.data[1] [car1] [pos:pos+2]
loc = []

s = set()

for i in range(car_num2) :

work_list = spring2.data[1][i]
for j,w_i in enumerate (work list):
if w.i inw task id and w_i not in s:
loc. append ( (i, j))
s.add (w_i)

curl = pos
task_cur = 0
for car_id, work_id in loc:
springl. data[0] [car1] [cur1] =
spring2. data[0] [car_id] [work_id]
springl.datal[1] [car1] [cur1] =
spring2. data[1] [car_id] [work_id]

s_task_id[task_cur]
w_task_id[task_cur]

spring2. data[0] [car_id] [work_id]
spring2. data[1] [car_id] [work_id]

curl += 1

task_cur += 1

return springl, spring?2

def mutation(self, crossoff) :

muteoff = crossoff
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car_num = len(crossoff. data[0])

car1 = random. randint (0, car_num-1)
car2 = random. randint (0, car_num-1)
if len (muteoff. datal[0] [car1]) > 1 and

len (muteoff. data[0] [car2]) > 1:#fiNZE Z [BIRY3C R
pos1 = random. randint (1, len (muteoff. data[0] [car1])-1)
pos2 = random. randint (1, len (muteoff. data[0] [car2])-1)

muteoff. data[0] [car1] [pos1]
muteoff. data[1] [car1] [pos1]

tmp_s

tmp_w

muteoff. data[0] [car1] [pos1]
muteoff. data[1] [car1] [pos1]

muteoff. data[0] [car2] [pos2]
muteoff. data[1] [car2] [pos2]

muteoff. data[0] [car2] [pos2]
muteoff. data[1] [car2] [pos2]
elif len (muteoff. data[0] [car1]) > 1 or

len (muteoff. data[0] [car2]) > 1: # ZHIFEELVHET#H

car_more = car1 if len(muteoff.data[0] [car1]) > 1 else car2

tmp_s

tmp_w

car_less = car1 + car2 — car_more

pos = random. randint (1, len (muteoff. data[0] [car_more])-1)
tmp_s = muteoff. data[0] [car_more] [pos]

tmp_w = muteoff.data[1] [car_more] [pos]

muteoff. data[0] [car_more]. pop (pos)
muteoff. data[1] [car_more]. pop (pos)

muteoff. data[0] [car less]. append (tmp_s)
muteoff. data[1] [car_less]. append (tmp_w)

if 0<=random. random() <= 0.5:
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car3 = random. randint (0, car_num-1)

if len(muteoff.data[0] [car3])>=3:
pos1 = random. randint (1, len (muteoff. data[0] [car3])-1)
pos2 = random. randint (1, len (muteoff. data[0] [car3])-1)

muteoff. data[0] [car3] [pos1]
muteoff. data[1] [car3] [pos1]

tmp_s

tmp_w

muteoff. data[0] [car3] [pos1] =
muteoff. data[0] [car3] [pos2]

muteoff. data[1] [car3] [pos1] =
muteoff. data[1] [car3] [pos2]

muteoff. data[0] [car3] [pos2]
muteoff. data[1] [car3] [pos2]

tmp_s

tmp_w

return muteoff

def GA main(self, select _num = 100) :

popsize = self.pop_size

for step in range(self. epoch):

selectpop = self.selection(self. pop, select_num)

nextoff = []
while len(nextoff) != popsize:
if len(selectpop) <2:
break

offspring = [selectpop. pop() for in range (2)]

if random. random() < self. CXPB:

crossoff1, crossoff?2
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self. crossoperate (offspring)
if random. random() < self. MUTPB:

muteoff1

muteoff2

fit_muteoffi

fit_muteoff2

self.mutation(crossoff1)

self.mutation(crossoff2)

self. evaluate (muteoff1)

self. evaluate (muteoff2)

nextoff. append ({' Gene' :muteoff1, 'score':fit_muteoffl})
nextoff. append ({'Gene': muteoff2, "score':
fit_muteoff2})

else:

fit_crossoffl = self.evaluate(crossoff1)

fit_crossoff2

self. evaluate (crossoff2)

nextoff. append ({'Gene': crossoffl, 'score':
fit_crossoff1})

nextoff. append ({'Gene': crossoff2, 'score':
fit_crossoff2})

else:
nextoff. extend (offspring)
self. pop = nextoff

fits = [ind['score'] for ind in self.pop]

best_ind = self. selectBest (self. pop)

if best_ind['score'] < self.bestindividual['score']:
self.bestindividual ['score'] = best_ind['score']

self.bestindividual ['Gene'] = best_ind['Gene']. copy ()

print ("Best individual found is {1,
{}". format (self.bestindividual ['Gene']. data,

self.bestindividual ['score']))

print(" Min fitness of current pop: {}". format(min(fits)))
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if name_ == '_ main__":

cal_dis3(node)
cal_dis2(node)
cal_dis1 (node)

diss3, matrix3

diss2, matrix2

diss1, matrix1

matrix1to2 = 1211 (node)
diss_total = np. zeros(72)
diss_total = diss1+diss2+diss3

matrix = np. zeros ((73, 73) )
for i in range(1, 25):

for j in range(25,73):

matrix[i][j]= matrix[j][i] = diss_total[i] + diss_total[j]

matrix = matrix + matrix3 + matrix1 + matrix2 + matrix1to2
print(diss3,diss2,diss1)
print(diss_total)
print (matrix)
print (matrix[30] [47], matrix[47][30], diss_total[1], diss_total [12])

#ax = sns. heatmap (matrix, center=0)
#plt. show()
dic = {}
for i in range(1, 25):
j =24+
jj =48 + i
li = dic.get(matrix[i]l[j],0)
li +=1
dic[matrix[il[j]] = Ii
li = dic.get(matrix[ill[jjl,0)
li +=1

dic[matrix[il[jjl] = i
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print(i, j, " :",matrix[i]l[j])
print(i, jj, ' :",matrix[il[jj])

#plt.bar (list(dic. keys()), list(dic. values()))
#plt. show()

cal_distance (matrix)

disB = calB(node)

print (disB)

# task = [(27,112), (28,130), (32, 150), (31, 167),

# (59,122), (60, 144), (63,158), (64,171)]

# task = [(37, 60), (31, 62), (45, 65), (36, 72),

# (40, 80), (33, 82), (46, 85), (42, 100),
(40, 110), (83, 55), (63, 58), (51, 94),
(65, 96), (67, 100), (56, 120), (70, 121),
(72, 123), (53, 140), (59, 150)
]

H OH H H

task = [(46,51),
(41,53),
(38, 55),
(45, 62),
(36, 67),
(43, 69),
(29,74),
(25,79),
(37, 80),
(42, 85),
(27, 89),
(31,93),
(30, 97),
(56, 48) ,
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(57, 50),
(67, 55),
(49, 58)
(70, 63),
(65, 67),
(60, 68),
(50, 69),
(72,72),
(61,78)1]

parameter = [10000, 10000, 0. 8, 0. 1]

ga = GenA(parameter, matrix, disB, task, 6, diss_total)
ga. GA_main (select_num=1000)
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