
102

FIG. 1

150

Locations

Path 

170
160

Depot node 

101

110

130

120

103

104

...

180

190

1/13



FIG. 2

230a

210

220

240

230b

230c

2/13



C
o
n

tr
o

ll
er

 3
2
0

Im
p

ro
v
em

en
t 

A
ct

io
n
s 

3
3
0

P
er

tu
rb

at
io

n
 

A
ct

io
n
s 

3
4

0

S
o

lu
ti

o
n

 t
ra

ck
er

 

3
1
0

F
IG

. 
3

3
0
0

3/13



4
1
0

E
n

v
ir

o
n
m

e
n
t

4
2
0

A
g

en
t

4
5
0

A
ct

io
n

 t

4
4
0

S
ta

te
 t+

1

4
7
0

R
ew

ar
d

 t
+

1

4
3
0

S
ta

te
 t

4
6
0

R
ew

ar
d

 t

F
IG

. 
4
A

4
1
1

4
1
2

4/13



S
ta

te
 4

3
2

S
ta

te
 4

3
2

R
o
u

ti
n

g
 s

o
lu

ti
o

n

P
re

v
io

u
s 

a
ct

io
n

s

O
th

er
 i

n
fo

rm
a
ti

o
n

R
o
u

ti
n

g
 s

o
lu

ti
o

n

P
re

v
io

u
s 

a
ct

io
n

s

O
th

er
 i

n
fo

rm
a
ti

o
n

R
o

u
ti

n
g
 s

o
lu

ti
o
n

 4
3
4

R
o

u
ti

n
g
 s

o
lu

ti
o
n

 4
3
4

R
o
u

te
 1

R
o
u

te
 2

..
.

R
o
u

te
 1

R
o
u

te
 2

..
.

R
o

u
te

 4
3
6

R
o

u
te

 4
3
6

fe
at

u
re

s 
o
f 

lo
ca

ti
o
n

 1

fe
at

u
re

s 
o
f 

lo
ca

ti
o
n

 2

..
.

fe
at

u
re

s 
o
f 

lo
ca

ti
o
n

 1

fe
at

u
re

s 
o
f 

lo
ca

ti
o
n

 2

..
.

F
e
a
tu

re
s 

4
3
8

o
f 

a
 l

o
ca

ti
o

n
F

e
a
tu

re
s 

4
3
8

o
f 

a
 l

o
ca

ti
o

n

*
 L

o
c
at

io
n
 i

n
fo

*
 D

e
m

an
d

*
 L

o
c
at

io
n
 i

n
fo

 o
f 

n
ei

g
h

b
o
rs

 o
n
 t

h
e
 r

o
u
te

*
 R

em
ai

n
in

g
 c

ap
ac

it
y
 

o
f 

th
e
 v

e
h
ic

le

..
.

*
 L

o
c
at

io
n
 i

n
fo

*
 D

e
m

an
d

*
 L

o
c
at

io
n
 i

n
fo

 o
f 

n
ei

g
h

b
o
rs

 o
n
 t

h
e
 r

o
u
te

*
 R

em
ai

n
in

g
 c

ap
ac

it
y
 

o
f 

th
e
 v

e
h
ic

le

..
.

F
IG

. 
4
B

5/13



R
o
u
te

 1

R
o
u
te

 2

R
o
u
te

 3

5
1
2

F
IG

. 
5

5
3
2

R
o
u
te

 1
'

R
o
u
te

 2
'

R
o
u
te

 3
'

5
1
0

5
2
0

5
3
0

5
4
0

6/13



R
o
u
te

 1

R
o
u
te

 2

R
o
u
te

 3

6
2
0

R
o
u
te

 1
'

R
o
u

te
 2

'

R
o
u

te
 3

'

F
IG

. 
6

6
1
0

6
3
0

7/13



Cost of routing solution

T
im

e 
S

te
p

s

F
IG

. 
7

7
1
0

7
2
0

7
4
0

t0
t1

t2
t3

t4

7
3
0

8/13



FIG. 8

P
e
rt

u
rb

at
io

n

P
e
rt

u
rb

at
io

n

Iteration 

840a

RL model 1  

810

P
e
rt

u
rb

at
io

n

P
e
rt

u
rb

at
io

n

RL model 2  

820

P
e
rt

u
rb

at
io

n

P
e
rt

u
rb

at
io

n

RL model 3  

830

Routing solution candidate 1

Routing solution candidate 2

Routing solution candidate 3

Routing solution candidate 4

Routing solution candidate 5

Routing solution candidate 6

...

850

Iteration 

840b

Iteration 

840c

Iteration 

840d

Iteration 

840e

Iteration 

840f

Iteration 

840g

Iteration 

840h
Iteration 

840i

9/13



RL 

920
Perturbation 930

Controller

910

FIG. 9

Providing initial routing 

solution 912
Improvement 

iteration 

922

Condition satisfied 924

Perturbating 

the routing 

solution

932

Feeding back to RL 926

Exit signal 918

Exist signal 919

...

Improvement 

iteration 

928

Collecting candidate 

solution 914

Collecting candidate 

solution 916

User

device

900

Specifying 

constraints 

902

Receiving 

routing 

solution 

904

10/13



1010: initializing a state of an RL model based on a routing solution comprising one 
or more routes for routing one or more vehicles through a plurality of locations, 
wherein the RL model comprises a plurality of improvement actions for applying to 
the state according to a policy to reduce a cost of the routing solution 

1010: initializing a state of an RL model based on a routing solution comprising one 
or more routes for routing one or more vehicles through a plurality of locations, 
wherein the RL model comprises a plurality of improvement actions for applying to 
the state according to a policy to reduce a cost of the routing solution 

1010: initializing a state of an RL model based on a routing solution comprising one 
or more routes for routing one or more vehicles through a plurality of locations, 
wherein the RL model comprises a plurality of improvement actions for applying to 
the state according to a policy to reduce a cost of the routing solution 

1030: in response to the predetermined condition being satisfied, applying a 
perturbation action to obtain a perturbed routing solution and feeding the perturbed 
routing solution back to the RL model for the RL model to apply one or more of the 
plurality of improvement actions according to the policy to further reduce the cost of 

the routing solution

1030: in response to the predetermined condition being satisfied, applying a 
perturbation action to obtain a perturbed routing solution and feeding the perturbed 
routing solution back to the RL model for the RL model to apply one or more of the 
plurality of improvement actions according to the policy to further reduce the cost of 

the routing solution

1030: in response to the predetermined condition being satisfied, applying a 
perturbation action to obtain a perturbed routing solution and feeding the perturbed 
routing solution back to the RL model for the RL model to apply one or more of the 
plurality of improvement actions according to the policy to further reduce the cost of 

the routing solution

1020: applying one or more of the plurality of improvement actions to the state 
according to the policy to reduce the cost of the routing solution and to obtain 

updated routing solutions until a predetermined condition is satisfied

1020: applying one or more of the plurality of improvement actions to the state 
according to the policy to reduce the cost of the routing solution and to obtain 

updated routing solutions until a predetermined condition is satisfied

1020: applying one or more of the plurality of improvement actions to the state 
according to the policy to reduce the cost of the routing solution and to obtain 

updated routing solutions until a predetermined condition is satisfied

FIG. 10
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