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Appendix: Summary of Work on I&PP

The existing works on deterministic I&PP models, reviewed in Section 4, are summarized in Tables

A.1, A.2, and A.3, whereas the stochastic I&PP models, reviewed in Section 5, are summarized in

Tables A.4 and A.5. In these tables, we identify the paper and the system setting in the first and second

columns, respectively. We list the decision variables for each model in the third column. We note that

the specific decisions of interest for I&PP relate to the specification of the operating parameters for

the inventory and production control policy which designates the following:

• when and how much to manufacture,

• when and how much to remanufacture, and

• when and how much to dispose of.

We give the basic modeling assumptions and the objective function in the fourth and the fifth columns,

respectively. Finally, the solution approach is noted in the sixth column.
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&
K

ra
ss

[8
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-a
(−→

q
m

,
−→ q

d
)

F
in

it
e

h
o
ri

zo
n

U
n
ca

p
a
ci

ta
te

d
S
to

ck
o
u
ts

n
o
t

a
ll
ow

ed
D

is
p
o
sa

l
a
ll
ow

ed

M
in

im
iz

e
th

e
su

m
o
f
p
ie

ce
w

is
e

d
iff

er
en

ti
a
b
le

,
co

n
ca

v
e

m
a
n
u
fa

ct
u
ri

n
g
,

in
v
en

to
ry

h
o
ld

in
g
,

a
n
d

d
is

p
o
sa

l
co

st
s

D
y
n
a
m

ic
p
ro

g
ra

m
m

in
g

G
o
la

n
y

et
a
l.

[3
6
,
3
7
]

S
in

g
le

-i
te

m
C

L
S
C

-2
S
P

-b
(−→

q
m

,
−→ q

r
,
−→ q

d
)

F
in

it
e

h
o
ri

zo
n

U
n
ca

p
a
ci

ta
te

d
S
to

ck
o
u
ts

n
o
t

a
ll
ow

ed
D

is
p
o
sa

l
a
ll
ow

ed

M
in

im
iz

e
th

e
su

m
o
f

g
en

er
a
l

co
n
ca

v
e

m
a
n
-

u
fa

ct
u
ri

n
g
,
re

m
a
n
u
fa

ct
u
ri

n
g
,
in

v
en

to
ry

h
o
ld

-
in

g
,
a
n
d

d
is

p
o
sa

l
co

st
s

N
P

-h
a
rd

w
h
en

a
ll

co
st

s
a
re

g
en

er
a
l
co

n
ca

v
e

P
o
ly

n
o
m

ia
l

ti
m

e
so

lu
ti
o
n

w
h
en

a
ll

co
st

s
a
re

li
n
ea

r

Y
a
n
g

et
a
l.

[1
2
6
]

S
in

g
le

-i
te

m
C

L
S
C

-2
S
P

-b
(−→

q
m

,
−→ q

r
,
−→ q

d
)

F
in

it
e

h
o
ri

zo
n

U
n
ca

p
a
ci

ta
te

d
S
to

ck
o
u
ts

n
o
t

a
ll
ow

ed
D

is
p
o
sa

l
a
ll
ow

ed

M
in

im
iz

e
th

e
su

m
o
f

st
a
ti
o
n
a
ry

co
n
ca

v
e

m
a
n
u
fa

ct
u
ri

n
g
,

re
m

a
n
u
fa

ct
u
ri

n
g
,

in
v
en

to
ry

h
o
ld

in
g
,
a
n
d

d
is

p
o
sa

l
co

st
s

N
P

-h
a
rd

w
h
en

a
ll

co
st

s
a
re

st
a
ti

o
n
a
ry

co
n
ca

v
e

A
p
se

d
u
o
-p

o
ly

n
o
m

ia
l

ti
m

e
D

P
a
lg

o
ri

th
m

A
h
eu

ri
st

ic
b
a
se

d
o
n

th
e

D
P

a
lg

o
ri

th
m

T
eu

n
te

r
et

a
l.

[1
0
9
]

S
in

g
le

-i
te

m
C

L
S
C

-2
S
P

-b
(−→

q
m

,
−→ q

r
)

F
in

it
e

h
o
ri

zo
n

U
n
ca

p
a
ci

ta
te

d
S
to

ck
o
u
ts

n
o
t

a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
th

e
su

m
o
f
fi
x
ed

m
a
n
u
fa

ct
u
ri

n
g

a
n
d

re
m

a
n
u
fa

ct
u
ri

n
g

se
tu

p
a
n
d

li
n
ea

r
in

v
en

to
ry

h
o
ld

in
g

(i
n

U
II

a
n
d

M
R

II
)

co
st

s

D
y
n
a
m

ic
p
ro

g
ra

m
m

in
g

a
n
d

h
eu

ri
st

ic
s

fo
r

a
sp

ec
ia

l
ca

se
d

H
eu

ri
st

ic
s

fo
r

th
e

g
en

er
a
l

ca
se

P
a
n

et
a
l.

[8
0
]

S
in

g
le

-i
te

m
C

L
S
C

-2
S
P

-b
(−→

q
m

,
−→ q

r
,
−→ q

d
)

F
in

it
e

h
o
ri

zo
n

C
a
p
a
ci

ta
te

d
S
to

ck
o
u
ts

n
o
t

a
ll
ow

ed
D

is
p
o
sa

l
a
ll
ow

ed

M
in

im
iz

e
th

e
su

m
o
f
co

n
ca

v
e

m
a
n
u
fa

ct
u
ri

n
g
,

re
m

a
n
u
fa

ct
u
ri

n
g
,
in

v
en

to
ry

h
o
ld

in
g
,
a
n
d

d
is

-
p
o
sa

l
co

st
s

D
y
n
a
m

ic
p
ro

g
ra

m
m

in
g

C
o
n
ti
n
u
ed

o
n

N
ex

t
P
a
g
e.

..
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T
a
b
le

A
.3

–
C

o
n
ti
n
u
ed

P
a
p
e
r

S
y
st

e
m

In
v
e
n
to

r
y

c
o
n
tr

o
l

p
o
li
c
y

(d
e
c
is

io
n
s)

M
o
d
e
l
c
h
a
r
a
c
te

r
is

ti
c
s

O
b
je

c
ti

v
e

fu
n
c
ti

o
n

S
o
lu

ti
o
n

a
p
p
r
o
a
c
h

L
i
et

a
l.

[6
7
]

T
w

o
-i
te

m
C

L
S
C

-M
S
P

-b
(−→

q
m

,
−→ q

r
,
−→ q

e
,
−→ q

ij
,
)

F
in

it
e

h
o
ri

zo
n

C
a
p
a
ci

ta
te

d
D

ow
n
w

a
rd

su
b
st

it
u
ti

o
n

E
m

er
g
en

cy
p
ro

cu
re

m
en

ts
S
to

ck
o
u
ts

n
o
t

a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
th

e
su

m
o
f
fi
x
ed

m
a
n
u
fa

ct
u
ri

n
g

a
n
d

re
m

a
n
u
fa

ct
u
ri

n
g

se
tu

p
a
n
d

li
n
ea

r
em

er
g
en

cy
p
ro

cu
re

m
en

t,
m

a
n
u
fa

ct
u
ri

n
g
,

re
m

a
n
u
fa

ct
u
r-

in
g
,
in

v
en

to
ry

h
o
ld

in
g

(i
n

U
II

-i
a
n
d

M
R

II
-i

),
a
n
d

su
b
st

it
u
ti

o
n

co
st

s
e

H
y
b
ri

d
g
en

et
ic

a
lg

o
ri

th
m

a
n
d

d
y
n
a
m

ic
p
ro

g
ra

m
m

in
g

a
p
p
ro

a
ch

L
i
et

a
l.

[6
8
]

M
u
lt
i-
it
em

C
L
S
C

-M
S
P

-b
(−→

q
m

,
−→ q

r
,
−→ q

ij
)

F
in

it
e

h
o
ri

zo
n

U
n
ca

p
a
ci

ta
te

d
D

ow
n
w

a
rd

su
b
st

it
u
ti

o
n

S
to

ck
o
u
ts

n
o
t

a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
th

e
su

m
o
f
fi
x
ed

m
a
n
u
fa

ct
u
ri

n
g

a
n
d

re
m

a
n
u
fa

ct
u
ri

n
g

se
tu

p
a
n
d

li
n
ea

r
in

v
en

to
ry

h
o
ld

in
g

(i
n

U
II

-i
a
n
d

M
R

II
-i

)
a
n
d

su
b
st

it
u
-

ti
o
n

co
st

s

D
y
n
a
m

ic
p
ro

g
ra

m
m

in
g

fo
r

a
sp

ec
ia

l
ca

se
a

2
-s

ta
g
e

h
eu

ri
st

ic
a
p
p
ro

a
ch

fo
r

th
e

g
en

er
a
l
ca

se

a
C

u
m

u
la

ti
v
e

re
tu

rn
s

ex
ce

ed
cu

m
u
la

ti
v
e

d
em

a
n
d

th
ro

u
g
h
o
u
t

th
e

p
la

n
n
in

g
h
o
ri

zo
n
.

b
In

fi
n
it
e

su
p
p
ly

o
f
re

tu
rn

s
in

th
e

fi
rs

t
p
er

io
d
.

c
C

a
se

1
:

N
o

in
v
en

to
ry

h
el

d
in

N
M

I
a
n
d

U
II

.
C

a
se

2
:

N
o

in
v
en

to
ry

h
el

d
in

M
R

II
.

d
J
o
in

t
se

tu
p
-c

o
st

fo
r

m
a
n
u
fa

ct
u
ri

n
g

a
n
d

re
m

a
n
u
fa

ct
u
ri

n
g
.

e
U

n
it

su
b
st

it
u
ti
o
n

co
st

is
a
ss

u
m

ed
to

b
e

ze
ro

.
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T
a
b
le

A
.4

:
S
u
m

m
a
ry

o
f
ex

is
ti

n
g

w
o
rk

o
n

st
o
ch

a
st

ic
co

n
ti
n
u
o
u
s

re
v
ie

w
I&

P
P

m
o
d
el

s.

P
a
p
e
r

S
y
st

e
m

In
v
e
n
to

r
y

c
o
n
tr

o
l

p
o
li
c
y

(d
e
c
is

io
n
s)

M
o
d
e
l
c
h
a
r
a
c
te

r
is

ti
c
s

O
b
je

c
ti

v
e

fu
n
c
ti

o
n

S
o
lu

ti
o
n

a
p
p
r
o
a
c
h

H
ey

m
a
n

[4
7
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-a
(r

m
=

−
1
,
q
m

=
1
,
d

m
)

In
fi
n
it

e
h
o
ri

zo
n

E
x
p
o
n
en

ti
a
l
d
em

a
n
d

in
te

ra
rr

iv
a
l

E
x
p
o
n
en

ti
a
l
re

tu
rn

in
te

ra
rr

iv
a
l
in

d
ep

.
o
f
d
em

a
n
d

Z
er

o
m

fg
.
a
n
d

rm
fg

.
L
T

S
to

ck
o
u
ts

n
o
t

a
ll
ow

ed
D

is
p
o
sa

l
a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

d
is

co
u
n
te

d
to

ta
l

co
st

(o
r

lo
n
g
-r

u
n

av
er

a
g
e

co
st

p
er

u
n
it

ti
m

e)
to

in
cl

u
d
e

li
n
ea

r
m

a
n
u
fa

ct
u
ri

n
g
,

re
m

a
n
u
fa

ct
u
ri

n
g
,
in

v
en

to
ry

h
o
ld

in
g

(i
n

M
R

II
),

a
n
d

d
is

p
o
sa

l
co

st
s

O
p
ti
m

a
l

p
o
li
cy

va
n

d
er

L
a
a
n

[1
1
4
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-a
(r

m
=

−
1
,
q
m

,
d

m
=

∞
)

In
fi
n
it

e
h
o
ri

zo
n

E
x
p
o
n
en

ti
a
l
d
em

a
n
d

in
te

ra
rr

iv
a
l

E
x
p
o
n
en

ti
a
l
re

tu
rn

in
te

ra
rr

iv
a
l
in

d
ep

.
o
f
d
em

a
n
d

Z
er

o
m

fg
.
a
n
d

rm
fg

.
L
T

S
to

ck
o
u
ts

n
o
t

a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
a
x
im

iz
e

ex
p
ec

te
d

n
et

p
re

se
n
t
va

lu
e

o
f

p
ro

fi
t

(o
r

lo
n
g
-r

u
n

av
er

a
g
e

p
ro

fi
t

p
er

u
n
it

ti
m

e)
to

co
n
si

d
er

sa
le

s
re

v
en

u
e

a
n
d

fi
x
ed

m
a
n
u
fa

ct
u
ri

n
g

a
lo

n
g

w
it
h

li
n
ea

r
m

a
n
u
fa

ct
u
ri

n
g
,

re
m

a
n
u
fa

ct
u
ri

n
g
,

a
n
d

in
v
en

to
ry

h
o
ld

in
g

(i
n

M
R

II
)

co
st

s

C
lo

se
d

fo
rm

ex
p
re

ss
io

n
fo

r
q
m

F
le

is
ch

m
a
n
n

et
a
l.

[3
2
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-a
(r

m
,
q
m

,
d

m
=

∞
)

In
fi
n
it

e
h
o
ri

zo
n

E
x
p
o
n
en

ti
a
l
d
em

a
n
d

in
te

ra
rr

iv
a
l

E
x
p
o
n
en

ti
a
l
re

tu
rn

in
te

ra
rr

iv
a
l
in

d
ep

.
o
f
d
em

a
n
d

Z
er

o
m

fg
.
a
n
d

rm
fg

.
L
T

B
a
ck

o
rd

er
in

g
a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

lo
n
g
-r

u
n

av
er

a
g
e

co
st

p
er

u
n
it

ti
m

e
to

in
cl

u
d
e

fi
x
ed

m
a
n
-

u
fa

ct
u
ri

n
g

a
lo

n
g

w
it
h

li
n
ea

r
in

v
en

to
ry

h
o
ld

in
g

(i
n

M
R

II
)

a
n
d

b
a
ck

o
rd

er
in

g
co

st
s

O
p
ti
m

a
l

p
o
li
cy

Y
u
a
n

&
C

h
e-

u
n
g

[1
2
7
]

S
in

g
le

it
em

C
L
S
C

-1
S
P

-a
(r

m
,
q
m

,
d

m
=

∞
)

In
fi
n
it

e
h
o
ri

zo
n

E
x
p
o
n
en

ti
a
l
d
em

a
n
d

in
te

ra
rr

iv
a
l

E
x
p
o
n
en

ti
a
l
re

tu
rn

in
te

ra
rr

iv
a
l
d
ep

.
o
n

d
em

a
n
d

Z
er

o
m

fg
.
a
n
d

rm
fg

.
L
T

B
a
ck

o
rd

er
in

g
a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

lo
n
g
-r

u
n

av
er

a
g
e

co
st

p
er

u
n
it

ti
m

e
to

in
cl

u
d
e

fi
x
ed

m
a
n
-

u
fa

ct
u
ri

n
g

a
lo

n
g

w
it
h

li
n
ea

r
in

v
en

to
ry

h
o
ld

in
g

(i
n

M
R

II
)

a
n
d

b
a
ck

o
rd

er
in

g
co

st
s

N
u
m

er
ic

a
l

se
a
rc

h

T
o
k
ta

y
et

a
l.

[1
1
3
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-b
(q

r
=

1
,
q
m

=
1
,
r
)

In
fi
n
it

e
h
o
ri

zo
n

E
x
p
o
n
en

ti
a
l
d
em

a
n
d

in
te

ra
rr

iv
a
l

E
x
p
o
n
en

ti
a
l
re

tu
rn

in
te

ra
rr

iv
a
l
d
ep

.
o
n

d
em

a
n
d

S
to

ch
a
st

ic
m

fg
.a

a
n
d

rm
fg

.b
L
T

L
o
st

sa
le

s
a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

lo
n
g
-r

u
n

av
er

a
g
e

co
st

p
er

u
n
it

ti
m

e
to

in
cl

u
d
e

fi
x
ed

m
a
n
u
fa

ct
u
ri

n
g

a
lo

n
g

w
it
h

li
n
ea

r
p
ro

-
cu

re
m

en
t,

in
v
en

to
ry

h
o
ld

in
g

(i
n

M
R

II
)

a
n
d

lo
st

sa
le

s
co

st
s

A
p
p
ro

x
im

a
ti

o
n

S
im

u
la

ti
o
n

a
n
a
ly

si
s

B
ay

ın
d
ır

et
a
l.

[5
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-c
(q

r
=

1
,
q
m

=
1
,
r
)

In
fi
n
it

e
h
o
ri

zo
n

E
x
p
o
n
en

ti
a
l
d
em

a
n
d

in
te

ra
rr

iv
a
l

E
x
p
o
n
en

ti
a
l
re

tu
rn

in
te

ra
rr

iv
a
l
d
ep

.
o
n

d
em

a
n
d

S
to

ch
a
st

ic
m

fg
.c

a
n
d

rm
fg

.d
L
T

B
a
ck

o
rd

er
in

g
a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

lo
n
g
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p
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p
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b
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b
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b
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b
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c
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c
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b
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c
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c
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n
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p
r
o
a
c
h

va
n

d
er

L
a
a
n
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1
4
]
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C

L
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C
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P
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=

∞
)
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d
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d
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l
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p
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p
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p
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p
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u
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n
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n
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)
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[1
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d
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d
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p
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u
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n
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n
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d
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n
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m
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l
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h
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n
a
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n
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r
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0
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]

S
in
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C
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C
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P
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∞
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d
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d
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l
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d
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u
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n
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r
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d
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n
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p
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d
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n
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∞
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∞
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d
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d
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n
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l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

lo
n
g
-r

u
n

av
er

a
g
e

co
st

p
er

u
n
it

ti
m

e
to

in
cl

u
d
e

fi
x
ed

m
a
n
-

u
fa

ct
u
ri

n
g

a
n
d

re
m

a
n
u
fa

ct
u
ri

n
g

a
lo

n
g

w
it
h

li
n
ea

r
in

v
en

to
ry

h
o
ld

in
g

(i
n

U
II

a
n
d

M
R

II
)

a
n
d

b
a
ck

o
rd

er
in

g
co

st
s

A
p
p
ro

x
im

a
ti

o
n

N
u
m

er
ic

a
l

se
a
rc

h

va
n

d
er

L
a
a
n

a
n
d

S
a
lo

m
o
n

[1
1
8
]

S
in

g
le

-i
te

m
C

L
S
C

-2
S
P

-c

(q
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n
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r
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b
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b
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d
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u
d
e

fi
x
ed

m
a
n
-

u
fa

ct
u
ri

n
g

a
lo

n
g

w
it
h

li
n
ea

r
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b
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h

va
n

d
er

L
a
a
n

et
a
l.

[1
1
9
]

S
in

g
le

-i
te

m
C

L
S
C

-2
S
P

-c

(q
r
,
r
m

,
q
m

,
d

u
=

∞
)

(r
r
,
R

r
,
r
m

,
q
m

,
d

u
=

∞
)

In
fi
n
it

e
h
o
ri

zo
n

E
x
p
o
n
en

ti
a
l
d
em

a
n
d

in
te

ra
rr

iv
a
l

E
x
p
o
n
en

ti
a
l
re

tu
rn

in
te

ra
rr

iv
a
l
in

d
ep

.
o
f
d
em

a
n
d

S
to

ch
a
st

ic
d
is

cr
et

e
m

fg
.
a
n
d

rm
fg

.
L
T

B
a
ck

o
rd

er
in

g
a
ll
ow

ed
D

is
p
o
sa

l
a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

lo
n
g
-r

u
n

av
er

a
g
e

co
st

p
er

u
n
it

ti
m

e
to

in
cl

u
d
e

fi
x
ed

m
a
n
-

u
fa

ct
u
ri

n
g

a
n
d

re
m

a
n
u
fa

ct
u
ri

n
g

a
lo

n
g

w
it

h
li
n
ea

r
m

a
n
u
fa

ct
u
ri

n
g
,

re
m

a
n
u
-

fa
ct

u
ri

n
g
,

in
v
en

to
ry

h
o
ld

in
g

(i
n

U
II

a
n
d

M
R

II
),

b
a
ck

o
rd

er
in

g
,
a
n
d

d
is

p
o
sa

l
co

st
s

N
u
m

er
ic

a
l

se
a
rc

h

B
ay

ın
d
ır

et
a
l.

[6
]

S
in

g
le

-i
te

m
C

L
S
C

-2
S
P

-d
(r

r
,
q
r

=
1
,
r
m

,
q
m

=
1
)

In
fi
n
it

e
h
o
ri

zo
n

N
o

ex
p
li
ci

t
m

o
d
el

in
g

o
f
re

tu
rn

p
ro

ce
ss

E
x
p
o
n
en

ti
a
l
m

fg
’d

it
em

d
em

a
n
d

in
te

ra
rr

iv
a
l

E
x
p
o
n
en

ti
a
l
re

m
fg

’d
it
em

d
em

a
n
d

in
te

ra
rr

iv
a
l

E
x
p
o
n
en

ti
a
l
m

fg
.
a
n
d

rm
fg

.
L
T

O
n
e-

w
ay

su
b
st

it
u
ti

o
n

o
f
m

fg
’d

it
em

s
fo

r
re

m
fg

’d
it
em

s
L
o
st

sa
le

s
a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
a
x
im

iz
e

ex
p
ec

te
d

n
et

p
re

se
n
t
va

lu
e

o
f

p
ro

fi
t

(o
r

lo
n
g
-r

u
n

av
er

a
g
e

p
ro

fi
t

p
er

u
n
it

ti
m

e)
to

co
n
si

d
er

sa
le

s
re

v
en

u
e

a
n
d

li
n
ea

r
m

a
n
u
fa

ct
u
ri

n
g
,
re

m
a
n
u
fa

ct
u
ri

n
g
,

in
v
en

to
ry

h
o
ld

in
g

(i
n

U
II

a
n
d

M
R

II
),

a
n
d

su
b
st

it
u
ti

o
n

co
st

s

N
u
m

er
ic

a
l

se
a
rc

h

C
o
n
ti
n
u
ed

o
n

N
ex

t
P
a
g
e.

..
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T
a
b
le

A
.4

–
C

o
n
ti
n
u
ed

P
a
p
e
r

S
y
st

e
m

In
v
e
n
to

r
y

c
o
n
tr

o
l

p
o
li
c
y

(d
e
c
is

io
n
s)

M
o
d
e
l
c
h
a
r
a
c
te

r
is

ti
c
s

O
b
je

c
ti

v
e

fu
n
c
ti

o
n

S
o
lu

ti
o
n

a
p
p
r
o
a
c
h

A
ra

s
et

a
l.

[1
]

S
in

g
le

-i
te

m
C

L
S
C

-3
S
P

-b
(r

r
,
q
r
,
q
m

,
d

g
1
,
d

g
2
)

In
fi
n
it

e
h
o
ri

zo
n

E
x
p
o
n
en

ti
a
l
d
em

a
n
d

in
te

ra
rr

iv
a
l

E
x
p
o
n
en

ti
a
l
re

tu
rn

in
te

ra
rr

iv
a
l
in

d
ep

en
d
en

t
o
f
d
em

a
n
d

Z
er

o
m

fg
.
a
n
d

ex
p
o
n
en

ti
a
l
rm

fg
.e

L
T

S
to

ck
o
u
ts

n
o
t

a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

lo
n
g
-r

u
n

av
er

a
g
e

co
st

p
er

u
n
it

ti
m

e
to

in
cl

u
d
e

li
n
ea

r
m

a
n
u
fa

ct
u
ri

n
g
,

re
m

a
n
u
fa

ct
u
ri

n
g
,

in
-

v
en

to
ry

h
o
ld

in
g

(i
n

U
II

-g
1
,
U

II
-g

2
,

re
-

m
a
n
u
fa

ct
u
ri

n
g

w
o
rk

-i
n
-p

ro
ce

ss
in

v
en

-
to

ry
,
a
n
d

R
II

),
a
n
d

d
is

p
o
sa

l
co

st
s

N
u
m

er
ic

a
l

se
a
rc

h

a
In

cl
u
d
in

g
su

p
p
li
er

,
sh

ip
p
in

g
,
p
ro

d
u
ct

io
n
,
a
n
d

d
is
tr

ib
u
ti

o
n

st
a
g
es

.
b
In

cl
u
d
in

g
cu

st
o
m

er
u
se

,
p
ro

d
u
ct

io
n
,
a
n
d

d
is
tr

ib
u
ti
o
n

st
a
g
es

.
c
In

cl
u
d
in

g
su

p
p
li
er

,
p
re

p
ro

ce
ss

in
g
,
a
n
d

a
ss

em
b
ly

st
a
g
es

.
d
In

cl
u
d
in

g
cu

st
o
m

er
u
se

,
d
is
a
ss

em
b
ly

,
a
n
d

a
ss

em
b
ly

st
a
g
es

.
e
R

em
fg

.
L
T

fo
r

U
II

-g
1

is
sh

o
rt

er
th

a
n

th
a
t

fo
r

U
II

-g
2
.
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T
a
b
le

A
.5

:
S
u
m

m
a
ry

o
f
ex

is
ti

n
g

w
o
rk

o
n

st
o
ch

a
st

ic
p
er

io
d
ic

re
v
ie

w
I&

P
P

m
o
d
el

s.

P
a
p
e
r

S
y
st

e
m

In
v
e
n
to

r
y

c
o
n
tr

o
l

p
o
li
c
y

(d
e
c
is

io
n
s)

M
o
d
e
l
c
h
a
r
a
c
te

r
is

ti
c
s

O
b
je

c
ti

v
e

fu
n
c
ti

o
n

S
o
lu

ti
o
n

a
p
p
r
o
a
c
h

W
h
is

le
r

[1
2
3
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-a
(−→
R

m
,
−→ R

d
)

B
o
th

fi
n
it

e
a
n
d

in
fi
n
it

e
h
o
ri

zo
n

P
o
is

so
n

d
em

a
n
d
s

N
eg

a
ti

v
e

ex
p
o
n
en

ti
a
l
cu

st
o
m

er
u
se

ti
m

e
Z
er

o
m

fg
.
a
n
d

rm
fg

.
L
T

L
o
st

sa
le

s
a
ll
ow

ed
D

is
p
o
sa

l
a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

to
ta

l
co

st
to

in
cl

u
d
e

li
n
ea

r
m

a
n
u
fa

ct
u
ri

n
g
,

in
v
en

to
ry

h
o
ld

in
g

(i
n

M
R

II
),

sh
o
rt

a
g
e,

a
n
d

d
is

p
o
sa

l
co

st
s

O
p
ti
m

a
l

p
o
li
cy

C
o
h
en

et
a
l.

[1
4
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-a
(−→
R

m
,
−→ R

d
=

∞
)

F
in

it
e

h
o
ri

zo
n

C
o
n
ti
n
u
o
u
s

d
em

a
n
d
s

C
o
n
st

a
n
t

cu
st

o
m

er
u
se

ti
m

e
Z
er

o
m

fg
.
a
n
d

rm
fg

.
L
T

L
o
st

sa
le

s
a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed
A

fr
a
ct

io
n

o
f
in

v
en

to
ry

is
lo

st
d
u
e

to
d
ec

ay

M
in

im
iz

e
ex

p
ec

te
d

d
is

co
u
n
te

d
to

ta
l

co
st

to
in

cl
u
d
e

li
n
ea

r
m

a
n
u
fa

ct
u
ri

n
g
,

in
v
en

to
ry

h
o
ld

in
g

(i
n

M
R

II
),

a
n
d

sh
o
rt

-
a
g
e

co
st

s

O
p
ti
m

a
l

p
o
li
cy

w
h
en

cu
st

o
m

er
u
se

ti
m

e
is

o
n
e

p
er

io
d

K
el

le
&

S
il
-

v
er

[5
4
]

S
in

g
le

it
em

C
L
S
C

-1
S
P

-a
(−→
R

m
,
−→ R

d
)

F
in

it
e

h
o
ri

zo
n

N
o
rm

a
l
d
em

a
n
d
s

n
et

o
f
re

tu
rn

s
Z
er

o
m

fg
.
a
n
d

rm
fg

.
L
T

B
a
ck

o
rd

er
in

g
a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

to
ta

l
co

st
to

in
cl

u
d
e

m
a
n
u
fa

ct
u
ri

n
g

se
tu

p
a
s

w
el

l
a
s

li
n
ea

r
m

a
n
u
fa

ct
u
ri

n
g

a
n
d

in
v
en

to
ry

h
o
ld

in
g

(i
n

M
R

II
)

co
st

s

D
y
n
a
m

ic
p
ro

-
g
ra

m
m

in
g

B
u
ch

a
n
a
n

&
A

b
a
d

[1
1
]

S
in

g
le

it
em

C
L
S
C

-1
S
P

-a
(−→
R

m
,
−→ R

d
=

∞
)

F
in

it
e

h
o
ri

zo
n

C
o
n
ti
n
u
o
u
s

d
em

a
n
d
s

C
o
n
ti
n
u
o
u
s

re
tu

rn
s

d
ep

en
d
en

t
o
n

th
e

n
u
m

b
er

o
f

it
em

s
in

u
se

Z
er

o
m

fg
.
a
n
d

rm
fg

.
L
T

B
a
ck

o
rd

er
in

g
a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

su
m

o
f

li
n
ea

r
m

a
n
u
-

fa
ct

u
ri

n
g
,

in
v
en

to
ry

h
o
ld

in
g

(i
n

M
R

II
),

b
a
ck

o
rd

er
in

g
,
a
n
d

sa
lv

a
g
in

g
co

st
s

D
y
n
a
m

ic
p
ro

-
g
ra

m
m

in
g

In
d
er

fu
rt

h
[4

9
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-a
(−→
R

m
,
−→ R

d
)

F
in

it
e

h
o
ri

zo
n

C
o
n
ti
n
u
o
u
s

d
em

a
n
d
s

C
o
n
ti
n
u
o
u
s

re
tu

rn
s

in
d
ep

en
d
en

t
o
f
d
em

a
n
d

C
o
n
st

a
n
t

id
en

ti
ca

l
m

fg
.
a
n
d

rm
fg

.
L
T

B
a
ck

o
rd

er
in

g
a
ll
ow

ed
D

is
p
o
sa

l
a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

to
ta

l
co

st
to

in
cl

u
d
e

li
n
ea

r
m

a
n
u
fa

ct
u
ri

n
g
,

re
m

a
n
u
fa

ct
u
ri

n
g
,

in
v
en

to
ry

h
o
ld

in
g

(i
n

M
R

II
),

b
a
ck

o
rd

er
-

in
g
,
a
n
d

d
is

p
o
sa

l
co

st
s

O
p
ti
m

a
l

p
o
li
cy

K
ie

sm
ü
ll
er

&
S
ch

er
er

[5
9
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-a
(−→
R

m
,
−→ R

d
)

F
in

it
e

h
o
ri

zo
n

N
o
rm

a
l
d
em

a
n
d
s

N
o
rm

a
l
re

tu
rn

s
in

d
ep

en
d
en

t
o
f
d
em

a
n
d

C
o
n
st

a
n
t

id
en

ti
ca

l
m

fg
.
a
n
d

rm
fg

.
L
T

B
a
ck

o
rd

er
in

g
a
ll
ow

ed
D

is
p
o
sa

l
a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

to
ta

l
co

st
to

in
cl

u
d
e

m
a
n
u
fa

ct
u
ri

n
g
,

re
m

a
n
u
fa

ct
u
ri

n
g
,

in
v
en

-
to

ry
h
o
ld

in
g

(i
n

M
R

II
),

b
a
ck

o
rd

er
in

g
,

a
n
d

d
is

p
o
sa

l
co

st
s

A
p
p
ro

x
im

a
ti
o
n

C
o
n
ti
n
u
ed

o
n

N
ex

t
P
a
g
e.

..
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T
a
b
le

A
.5

–
C

o
n
ti
n
u
ed

P
a
p
e
r

S
y
st

e
m

In
v
e
n
to

r
y

c
o
n
tr

o
l

p
o
li
c
y

(d
e
c
is

io
n
s)

M
o
d
e
l
c
h
a
r
a
c
te

r
is

ti
c
s

O
b
je

c
ti

v
e

fu
n
c
ti

o
n

S
o
lu

ti
o
n

a
p
p
r
o
a
c
h

F
le

is
ch

m
a
n
n

&
K

u
ik

[3
1
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-a
(r

m
,
R

m
)

In
fi
n
it

e
h
o
ri

zo
n

D
is

cr
et

e
d
em

a
n
d
sa

D
is

cr
et

e
re

tu
rn

s
in

d
ep

en
d
en

t
o
f
d
em

a
n
d

Z
er

o
a
n
d

co
n
st

a
n
t

id
en

ti
ca

l
m

fg
.
a
n
d

rm
fg

.
L
T

b

B
a
ck

o
rd

er
in

g
a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

M
in

im
iz

e
ex

p
ec

te
d

lo
n
g
-r

u
n

av
er

a
g
e

co
st

p
er

u
n
it

ti
m

e
to

in
cl

u
d
e

m
a
n
u
fa

ct
u
ri

n
g

se
tu

p
a
s

w
el

l
a
s

li
n
ea

r
in

v
en

to
ry

h
o
ld

in
g

(i
n

M
R

II
)

a
n
d

b
a
ck

o
rd

er
in

g
co

st
s

O
p
ti
m

a
l

p
o
li
cy

H
ei

si
g

&
F
le

is
ch

m
a
n
n

[4
6
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-a
(r

m
,
R

m
)

B
o
th

fi
n
it

e
a
n
d

in
fi
n
it

e
h
o
ri

zo
n

P
o
is

so
n

d
em

a
n
d
s

P
o
is

so
n

re
tu

rn
s

in
d
ep

en
d
en

t
o
f
d
em

a
n
d
s

Z
er

o
m

fg
.
a
n
d

rm
fg

.
L
T

B
a
ck

o
rd

er
in

g
a
ll
ow

ed
D

is
p
o
sa

l
n
o
t

a
ll
ow

ed

S
ta

b
il
iz

e
sy

st
em

n
er

v
o
u
sn

es
s

N
u
m

er
ic

a
l

st
u
d
y

K
ie

sm
ü
ll
er

&
va

n
d
er

L
a
a
n

[6
0
]

S
in

g
le

-i
te

m
C

L
S
C

-1
S
P

-a
(q

0
,
R

m
)

F
in

it
e

h
o
ri

zo
n

P
o
is

so
n

d
em

a
n
d
s

C
o
n
st

a
n
t

cu
st

o
m

er
u
se

ti
m

e
C

o
n
st

a
n
t

m
fg

.
a
n
d

rm
fg

.
L
T

B
a
ck

o
rd

er
in

g
a
ll
ow

ed
D

is
p
o
sa

l
o
f
u
n
re

m
a
n
u
fa

ct
u
ra

b
le

re
tu

rn
s

o
n
ly

D
is

p
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