
   

R
e
ce

n
t

R
e
su

lts
in

L
a
rg

e
-S

ca
le

S
to

ch
a
stic

P
ro

g
ra

m
m

in
g

Im
p

le
m

e
n
ta

tio
n

s

J
o
h

n
R

.
B

irg
e

(U
.

o
f

M
ich

ig
a
n

),

C
h

risto
p

h
e
r

J
.

D
o
n

o
h
u

e
(A

lp
h

a
te

ch
)

ism
p

9
7

L
a
u

sa
n

n
e
,

S
w

itze
rla

n
d

A
u

g
u

st
2
7
,

1
9
9
7

U
n

iv
e
rsity

o
f

M
ich

ig
a
n

A
n

n
A

rb
o
r,

M
ich

ig
a
n

,
U

S
A



   

O
u

tlin
e

•
N

D
-U

M
B

a
se

•
B

a
sic

Im
p

le
m

e
n
ta

tio
n

•
P

a
ssin

g
,

H
o
t

S
ta

rts,
a
n

d
M

u
lticu

ts

•
A

b
rid

g
e

V
e
rsio

n
fo

r
R

e
la

tiv
e
ly

C
o
m

p
le

te
R

e
co

u
rse

•
A

b
rid

g
e
d

R
e
su

lts



    

N
D

-U
M

,
G

E
N

E
R

A
L

IN
F

O
R

M
A

T
IO

N

•
P

ro
g
ra

m
m

e
d

in
C

o
n

R
S\6

0
0
0

w
o
rk

sta
tio

n
s.

•
W

o
rk

s
in

te
ra

ctiv
e
ly

w
ith

IB
M

’s
O

p
tim

iza
tio

n
S

u
b

ro
u

tin
e

L
ib

ra
ry

(O
S

L
).

N
e
ste

d
D

e
co

m
p

o
sitio

n
P

a
g
e

1



  
   

    
 
 

S
ta

g
e

1
S

ta
g
e

2
S

ta
g
e

3

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�
�
�
�
�
�
�
� �

S
S
S
S
S
S
S
S
S
S
SS

�
�
�
�
�
�
�
� �

P
P
P
P
P
P
P
PP

�
�
�
�
�
�
�
� �

P
P
P
P
P
P
P
PP

�
�
�
�
�
�
�
� �

P
P
P
P
P
P
P
PP

N
e
ste

d
D

e
co

m
p

o
sitio

n
P

a
g
e

2

m
in

c
1x

1
+
Q

(x
1)

s.t.
W

1x
1

=
h

1

x
1

≥
0

Q
(x

t−
1

k
)

=
∑ξ
t∈

Ξ
t prob(ξ

t)Q
(x

td
(k

) ,ξ
t)

Q
(x

tk ,ξ
t)

=
m

in
c
t(ξ

t)x
tk

+
Q

(x
tk )

s.t.
W

tx
tk

=
h
t(ξ

t)−
T
t−

1(ξ
t)x

t−
1

a
(k

)

x
tk

≥
0

m
in

c
t(ξ

t)x
tk

+
θ
tk

s.t.
W

tx
tk

=
h
t(ξ

t)−
T
t−

1(ξ
t)x

t−
1

a
(k

)

D
tk x

tk
≥

d
tk

E
tk x

tk
+
θ
tk
≥

e
tk

x
t

≥
0



   
   

   
  

 
 

N
e
ste

d
D

e
co

m
p

o
sitio

n
A

lg
o
rith

m

S
te

p
1
:

S
e
t
t

=
1,

k
=

1,
r
tk

=
s
tk

=
0.

A
d

d
th

e
co

n
stra

in
t
θ
tk

=
0

to
1−

5

∀
t,k

.
L

e
t

D
IR

=
F

O
R

W
A

R
D

.
G

o
to

S
te

p
2
.

S
te

p
2
:

S
o
lv

e
th

e
cu

rre
n
t

p
ro

b
le

m
,
S
P

(t,k
).

If
in

fe
a
sib

le
,

a
n

d
t

=
1,

th
e
n

sto
p

;
th

e
p

ro
b

le
m

is
in

fe
a
sib

le
.

If
in

fe
a
sib

le
,

a
n

d
t
>

1,
th

e
n

le
t
r
t−

1
a
(k

)
=
r
t−

1
a
(k

)
+

1
a
n

d
u

se
a

d
u

a
l

b
a
sic

so
lu

tio
n

,
π
tk ,ρ

tk
≥

0
su

ch
th

a
t
π
tk W

t
+
ρ
tk D

tk ≤
0

b
u

t
π
tk (h

tk (ξ
t)−

T
t−

1
k

(ξ
t)x

t−
1

a
(k

) )
+
ρ
tk d

tk
>

0
to

cre
a
te

th
e

fo
llo

w
in

g
fe

a
sib

ility
cu

t
fo

r

S
P

(t−
1,a

(k
)),

D
t−

1
a
(k

),r
t−

1
a(k)

=
π
tk T

t−
1

k
(ξ
t),

d
t−

1
a
(k

),r
t−

1
a(k)

=
π
tk h

tk (ξ
t)

+
ρ
tk d

tk .
L

e
t

t
=
t−

1,
k

=
a

(k
)

a
n

d
re

tu
rn

to
S

te
p

1
.

If
fe

a
sib

le
,

u
p

d
a
te

th
e

p
rim

a
l

a
n

d
d

u
a
l

v
a
lu

e
s.

S
te

p
3
:

F
o
r

a
ll

sce
n

a
rio

s
j

=
1,...,K

t−
1

in
S

ta
g
e
t−

1,
cre

a
te

th
e

fo
llo

w
in

g

o
p

tim
a
lity

cu
t:

E
t−

1
j

=
∑k∈
D
t(j) p

tk π
tk T

t−
1

k
(ξ
t),

e
t−

1
j

=
∑k∈
D
t(j) p

k [π
tk h

tk (ξ
t)

+
ρ
tk d

tk
+
σ
tk e
tk ].

If
θ̄
t−

1
j

>
θ
t−

1
j

,
th

e
n

le
t
s
t−

1
j

=
s
t−

1
j

+
1,

a
n

d
a
d

d
th

e
n

e
w

o
p

tim
a
lity

cu
t

to
S
P

(t−
1,j).

If
t

=
2,

a
n

d
a

n
e
w

cu
t

is
n

o
t

a
d

d
e
d

to
S
P

(1,1),

th
e
n

sto
p

w
ith

th
e

o
p

tim
a
l

so
lu

tio
n

.

N
e
ste

d
D

e
co

m
p

o
sitio

n
P

a
g
e

2



      
  

 

S
M

P
S

=⇒
N

D
-U

M

•
C

o
re

fi
le

b
ro

k
e
n

in
to

N
se

p
a
ra

te
fi

le
s,
t

=
1,...,N

:

m
in

c
tx
t+

θ

s.t.
W

tx
t

=
h
t

x
t

≥
0

θ
u

n
re

stricte
d

•
D

iff
e
re

n
t
T

m
a
trice

s
ta

k
e
n

fro
m

C
o
re

a
n

d
S

ce
n

.
fi

le
s

(if
sto

ch
a
stic)

a
n

d
sto

re
d

se
p

a
ra

te
ly.

•
S

ce
n

a
rio

T
re

e
b

u
ilt

fro
m

S
ce

n
.

fi
le

.

N
e
ste

d
D

e
co

m
p

o
sitio

n
P

a
g
e

3



    
  
 

S
ta

g
e

1
S

ta
g
e

2
S

ta
g
e

3

m
m

mm

mmmmmm

#
#
#
#
#
#
# #

c
c
c
c
c
c
cc

 
 
 
 
 
 
  

`
`
`
`
`
`
`̀

 
 
 
 
 
 
  

`
`
`
`
`
`
`̀

 
 
 
 
 
 
  

`
`
`
`
`
`
`̀

=⇒
O

p
tim

a
lity

&
F
e
a
sib

ility
C

u
ts

=⇒
S

ta
g
e

D
a
ta

=⇒
R

H
S

/
O

B
J
/
T

D
a
ta

N
O

D
E

IN
F

O

S
ta

g
e

R
e
la

tiv
e

N
u

m
b

e
r

T
-M

a
trix

N
u

m
b

e
r

P
ro

b
a
b

ility

N
u

m
b

e
r

o
f

C
h

ild
re

n

•P
rim

a
l

S
o
lu

tio
n

•D
u

a
l

S
o
lu

tio
n

•O
p

tim
a
lity

C
u

ts

•F
e
a
sib

ility
C

u
ts

•S
ib

lin
g

•C
o
u

sin

•C
h

ild

•P
a
re

n
t

N
e
ste

d
D

e
co

m
p

o
sitio

n
P

a
g
e

4



    
  

P
A

S
S

IN
G

B
A

S
IS

IN
F

O
R

M
A

T
IO

N

S
tage

1
S

tage
2

S
tage

3

m
m

mm

mmmmmm

�
�
�
�
� �

S
S
S
S
SS

�
�
�
� �

P
P
P
PP

�
�
�
� �

P
P
P
PP

�
�
�
� �

P
P
P
PP

W
ith

o
u

t
P

a
ssin

g
B

a
sis

P
a
ssin

g
B

a
sis

a
t

T
o
p

N
o
d

e

P
a
ssin

g
a
t

E
ld

e
st

D
e
sce

n
d

a
n
t

0
.2

0
.4

0
.6

0
.8

1
.0

S
G

P
F

.5
.5

S
C

S
D

.5
.4

F
X

M
.4

.6

N
e
ste

d
D

e
co

m
p

o
sitio

n
P

a
g
e

5



    

H
O

T
S

T
A

R
T

S

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�
�
�
�
�
� �

S
S
S
S
S
S
S
S
SS

�
�
�
�
�
�
�

P
P
P
P
P
P
P

�
�
�
�
�
�
�

P
P
P
P
P
P
P

�
�
�
�
�
�
�

P
P
P
P
P
P
P

&
%

'
$

'&

$%

'&

$%

?
?

AAAAU

�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�
�
�
�
�
� �

S
S
S
S
S
S
S
S
SS

�
�
�
�
�
�
�

P
P
P
P
P
P
P

�
�
�
�
�
�
�

P
P
P
P
P
P
P

�
�
�
�
�
�
�

P
P
P
P
P
P
P

�
�
�
�

�
�
�
�
�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�
�
�
�

@
@
@
@
@
@
@

'&

$%
'&

$%
'&

$%

N
e
ste

d
D

e
co

m
p

o
sitio

n
P

a
g
e

6



   

H
O

T
S

T
A

R
T

S
C

o
ld

H
o
t

.2
0

.4
0

.6
0

.8
0

1
.0

C
o
ld

H
o
t

P
L
T

E
X

P
.4

.1
6

C
o
ld

H
o
t

P
L
T

E
X

P
.5

.6

C
o
ld

H
o
t

S
T

O
R

M
.1

2
5

C
o
ld

H
o
t

S
T

O
R

M
.1

0
0
0

C
o
ld

H
o
t

F
X

M
.3

.6

C
o
ld

H
o
t

F
X

M
.4

.6

N
e
ste

d
D

e
co

m
p

o
sitio

n
P

a
g
e

7



   
 

  
     

 
 
  

M
U

L
T

IC
U

T
S

l
l
l
l
l
l
(
(
(
!
!
!
� � � � � �

Q
(x

t)

x
t

S
S
S
S
SS
"
"
"
"
"
" "

Q
(x

t,ξ
t+

1
1

)

x
t

X
X
X
X
X
X
X
XX
� � � � � � � � � � �

Q
(x

t,ξ
t+

1
2

)

x
t

P
P
P
P
P
PP
(
(
(
( (

Q
(x

t,ξ
t+

1
3

)

x
t

m
in

c
t(ξ

t)x
tk

+
θ
tk

s.t.
W

tx
tk

=
h
t(ξ

t)−
T
t−

1(ξ
t)x

t−
1

a
(k

)

D
tk x

tk
≥

d
tk

E
tk x

tk
+
θ
tk
≥

e
tk

x
t

≥
0

m
in

c
t(ξ

t)x
tk

+
∑

ξ
t+

1∈
Ξ
t+

1 θ
tξ
t+

1

s.t.
W

tx
tk

=
h
t(ξ

t)−
T
t−

1(ξ
t)x

t−
1

a
(k

)

D
tk x

tk
≥

d
tk

E
tξ
t+

1 x
tk

+
θ
tξ
t+

1
≥

e
tξ
t+

1

x
t

≥
0

N
e
ste

d
D

e
co

m
p

o
sitio

n
P

a
g
e

8



   

N
e
ste

d
D

e
co

m
p

o
sitio

n
P

a
g
e

9

M
U

L
T

IC
U

T
S

C
o
ld

H
o
t

M
u

lticu
t

.2
0

.4
0

.6
0

.8
0

1
.0

S
T

O
R

M
.2

.8 1
S

T
O

R
M

.2
.2

7 1
P

L
T

E
X

P
.3

.1
6

1
2

P
L
T

E
X

P
.4

.6
1

2
S

C
S

D
.5

.4
1

2
3

4



    
 

H
O

T
S

T
A

R
T

+
M

U
L
T

IC
U

T
S

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�
�
�
�
� �

@
@
@
@
@
@
@
@@

C
o
ld

H
o
t

M
u

lticu
t

H
o
t

S
ta

rt
+

M
u

lticu
t

.2
0

.4
0

.6
0

.8
0

1
.0

P
L
T

E
X

P
.3

.1
6

P
L
T

E
X

P
.5

.6
F

X
M

.4
.1

6

N
e
ste

d
D

e
co

m
p

o
sitio

n
P

a
g
e

1
0



  

A
B

R
ID

G
E

D
V

E
R

S
IO

N

•
Id

e
a
:

B
a
se

o
n

P
e
re

ira
a
n

d
P

in
to

–
U

se
sa

m
p

le
s

o
f

tre
e

–
In

cre
a
se

sa
m

p
le

size
to

g
a
in

co
n
v
e
rg

e
n

ce

–
C

a
n

u
se

sta
tistica

l
p

ro
p

e
rtie

s

•
E

n
h

a
n

ce
m

e
n
t:

A
b

rid
g
e

S
ce

n
a
rio

T
re

e

–
O

n
ly

b
ra

n
ch

fro
m

ce
rta

in
n

o
d

e
s

–
A

b
rid

g
e

V
e
rsio

n
fo

r
R

e
la

tiv
e
ly

C
o
m

p
le

te
R

e
co

u
rse

–
S

h
a
re

C
u

ts
w

ith
A

ll
N

o
d

e
s

–
S

o
lv

e
w

ith
th

e
S

h
a
re

d
C

u
ts

•
R

e
su

lt:

–
C

a
n

S
till

O
b

ta
in

C
o
n
v
e
rg

e
n

ce

–
E

lim
in

a
te

s
M

a
n
y

B
ra

n
ce

s



   

C
O

M
P

A
R

IS
O

N
T

O
N

O
N

-N
D

.2
0

.4
0

.6
0

.8
0

1
.0



   

R
E

S
U

L
T

S
:

D
y
n

a
m

ic
V

e
h

icle
A

llo
ca

tio
n

.

.2
0

.4
0

.6
0

.8
0

1
.0



   

C
o
n

clu
sio

n
s

•
N

e
ste

d
D

e
co

m
p

o
sitio

n

•
A

d
v
a
n
ta

g
e
s

o
f

H
o
t

S
ta

rts
a
n

d
M

u
lticu

ts

•
B

e
n

e
fi

ts
o
f

A
b

rid
g
e
d

V
e
rsio

n

•
P

ro
b

le
m

s
w

ith
o
v
e
r

2
B

illio
n

S
ce

n
a
rio

s,
5
0
0

B
illio

n
V

a
ria

b
le

s


