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A Study on a Dynamic Waste Withdrawing and Multi-Product
Remanufacturing Planning Problem with Multiple Finite

Remanufacturing Rates

Abstract

This paper considers a withdrawing and remanufacturing
planning problem, in which wastes are withdrew by a container
and can be remanufactured at each period by any value in the
set {0,P, ---,mP} where the rate P 1is the increment of a
remanufacturing capacity and m is a nonnegative integer. The
freight cost is proportional to the number of containers used.
The multiple products are remanufactured by each taking a fixed
portion (0<a;<1) of the input wastes to satisfy dynamic
demands of each product over a discrete and finite time horizon.
Also, a start-up cost is only incurred at the first period of a
remanufacturing block which is consecutively remanufactured. It
is assumed that the related cost (withdrawing and inventory
holding costs of the wastes, and the remanufacturing and
inventory holding costs of the remanufactured products)
functions are concave and backlogging is not allowed. The
objective of this paper is to simultaneously determine the optimal
withdrawing and remanufacturing plans that minimize the total
cost to satisfy dynamic demands of the multiple products. In this
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paper, the optimal solution properties are characterized and then,
based on these properties, a dynamic programming algorithm is
presented to find the optimal plan. Also, a network model is
proposed to efficiently find the optimal solution to
(u,v)-subproblems. Finally, the procedure for applying the

algorithm is illustrated by a numerical example.

Keywords : withdrawal planning, remanufacturing planning,

multiple finite remanufacturing rate, dynamic demands, dynamic

programming
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T

1) u=0 wj

® k=0 & (=0 T

D, ..(3)=100]1 [=00]B& gz, =4,z,=6,2,=00]C}  T}}A],

2z, =4, 2, =4, z, =6, z; =00]C}.
dy3(0,0) =10x34+1x(4—4)+1x(10—10)+1 < (10— 10)
+20+2x(4x%—1)+2x(10x%—2)+2x(10x%—3)

+2x(4x%—2)+2X(10X%—5)+2><(10x%—6)
6 4

:30+20+€+4+2+§+2:60

@ k=0 & =2 T
D,..(3)=100]1 [=20]82 z, =4,z,=6,2, =00] 1L,
2, =4, 2, =8,2,=0 o|t}.
dy3(0,2) =10<34+1x(4—4)+1x(12—10)+1 < (12—10)

2 2 2
+20+2x(4xg—1)+2x(10x€—2)+2x(10xg—3)

+2x(4x%—2)+2x(10><%—5)+2x(10x%—6)

:30+0+2+2+20+§+4+2+%+2=64
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1) u=0 of

O k=0 & [=0¥ T
D, .. (4)=100]1 [=00]2& z, =4,2y = 6,2, =0,2, =00] 1L
2y =4,2,=6,2z, =0, 2, =00]C}.
dy, (0,0) =10x3+1x(4—4)+1x(10—10)+1x(10—10)+1>x (10— 10)

+20+2x(4x§—1)+2x(10x%—2)+2x(10x%—3)

2
+2X(10X3—4)+2X(4X%—2)+2x(10x%—5)

+2><(10><%—6)+2X(10><%—6)

4
=30+20+§+4+2+3+2:60

@ k=0 & =29 ©
D,..(4)=100]1 [=20]0 2 z, =4,z, =6, 2, =0,z, =00] 1,
2z =4,2,=8,2,=0,2, =00|}.
dp, (0,2) =10x3+1x(4—4)+1x(12—10)+1 < (12— 10)

+1x(12—10)+20+2X(4><%—1)+2x(10><§_2)

+2X(10><%—3)+2x(10><%—4)+2><(4X%_2)

+2><(10><%—5)+2><(10x%—6)+2><(10><%_6)

:30+0+2+2+2+20+§+4+2+%+2:66
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D u=0% of

@ k=0 & I=0¥ T
D, (6)=200]1 [=00]82 x =4,2,=6,1,=2,7, =2, =2, 75 =4

O]1l 2z, =4,2,=8,2,=0,2, =4, 2, =0, 2, =40]|}.

dys(0,0) =10x1+1x(4—4)+10x24+1x(12—10)
+10x1+1x(12—12)+10x1+1x(16—14)
+10x14+1x(16—16)+10x1+1x(20—20)
2

+20+2X(4X%—1)+2X(10X%—2)+2x(12xg—3)
+2><(14><%—4)+2><(16><%—6)+2><(20><%_8)
+2x(4XZ—=2)+2x (10X ==5)+2x (12X =—6)
+2><(14><3—6)+2><(16><EA9)+2><(20><3_12)

18 1
:10+20+2+10+10+2+1o+10+20+g+4+?8+?6
4 4 12 24 6
gyl T
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2) u=3

@D k=0 & I=0
D, (6)—D_ (3)=20—10=100]1 I,=1,l=00]22
x, =2,x, =4, 2, =401 z, =2,z =4, 2, =40]|C}.
dy(0,0) =10x3+1x(2—2)+1x(6—6)+1x(10—10)+20
+2X(1+2X%—1)+2X(1+6x§—3)+2x(1+10x§—5)

+2x(2x—§—0)+2x(6x—§—3)+2x(10x—§—6)
8 4 12 6

=30+20+—+—+ —+—=

30+20 Ftetets 56

@ k=2 & 1=0
D,..(6)—D,,.(3)—k=20—10-2=80]1 I,=1,I=00]22
xy =2,05 =4, 15 =40| 1L 2, =0, z; =4, z; = 40|}
dy(2,0) =10x24+1x(2—2)+1x(6—6)+1x(10—10)+20
+2x(1+2x3—1)+2x(1+6x3—3)+2x(1+10x3—5)

5 5 5
3 3 3
+2><(2X€—0)+2><(6><3—3)+2><(10><g—6)
=204+20+6=146
3) u=4
D k=0 & 1=0

D,..6)—D,,. (4)=20—10=100]1L [=00]8B2 z,=6,2,=4 O|1
25 = 6,2 =4 o|c},
dy5(0,0) =10x3+1x(6—5)+1x(10—10)+ 20

+2><(6><%—2)+2><(10><%—4)+2><(6><%—3)+2><(10><%—6)
_ 4,6 _
—30+1+5+5+20—53
® k=2 & =0
D, ..6)—D, . (4)—k=20—10—2=80]1 [=00]B&

x5 =6, x5 =40]|1L z; =4, z5 =40]C}.
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dys(2,0) =10x2+1x(2+4—5)+1x(2+8-10)+20
+2X(6X%—2)+2x(10x%—4)+2x(6x%—3)
+2x(10x%—6)

:20+1+20+%+§:43

_43_



7 AL 9

HAL Hoj A A 7w, g =23

S

o1&l ke

il
o
7K
TR

=
N

!
g
E

fvze)

)

o
ﬁo
!
N
il

o

j—

N

o

el

oA A

o =
T=
9)

A

g 171
o o

O

N

KN
T

M

oA

Sk

o A4

S =
9=

Al

j
a-

] LA R S

=3

s
il

A

W

vt
g
E

ol
o

0
g
E

¢+
B

~H

p—

N

o

el
ey

ol A5t

ol
G

—

B
of-

o

Jmu-o

T
A

o
RS
—~
fite)

s ute 2 Ao Aslsh AAE AL

1% ollsh vhel A}

B

]

o

8

20159

_44_



	I.   서   론 
	1. 연구의 목적과 필요성 
	가. 국내・외 연구동향 

	2. 연구 목표 및 내용 
	가. 연구 대상문제의 정의 및 연구 목표 
	나. 연구 대상문제의 내용 및 범위 

	3. 연구의 추진전략 및 방법 

	II.  수리모형 
	1. 회수비용함수 
	2. 재생산비용함수 
	3. 재고유지비용함수 

	III.  최적해의 성질 
	IV.  동적계획법 알고리즘 
	V.   수치예제 
	VI.  결   론 
	참고문헌 
	[부록]  


<startpage>12
I.   서   론  1
 1. 연구의 목적과 필요성  1
  가. 국내・외 연구동향  5
 2. 연구 목표 및 내용  9
  가. 연구 대상문제의 정의 및 연구 목표  9
  나. 연구 대상문제의 내용 및 범위  9
 3. 연구의 추진전략 및 방법  11
II.  수리모형  13
 1. 회수비용함수  13
 2. 재생산비용함수  13
 3. 재고유지비용함수  14
III.  최적해의 성질  17
IV.  동적계획법 알고리즘  23
V.   수치예제  28
VI.  결   론  33
참고문헌  36
[부록]   39
</body>

