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T
Minimize Y { Cu, + G IR, + Cp,+ Gy, + G5, } (1)

t=1

subject to
IR, +r,—x,=IR, t=1,2,..., T, (2)
where IR, =0,
15 _+x+y,—d =15, t=1,2,.. 1T (3)
where 15, =0,
2, <Ru, t=1,2,.., T (4)
7
where R = ,;Tt’
y =<, t=1,2,..., 1T, (5)

T
where D= d,,

x, Yy, IR, 1S, = 0, t=1,2,..., T, and

u, v, =0 or 1.

A2 olt), o7l = AB-FA ) setup HI 83 A 75 AFe] AL
H) &, AAAEe] FEue Fao mE F7F HE, 1F
of A FAHLol EFE AUt T4 (29 (3)2 A AATE
|52 AaLet AT AiFE BEsHE T otk 4
af AABFAHol LA, x, > 0)F wWintth setup H]Eo] F7}
(&, u,=1). o]¢ HxaAl 2 G)= BAAFS FH7F TS,
y, > 0 Wit} FEH]Eo] FrhE o] IoH(E, v, = 1).

o]Ad AF(Richter and Sombrutzki, 2000, Richter and Weber,
2001 and Richter and Gobsch, 2003) ®¥H<?l DP(Dynamic
Programming)® ©] A& Zo] By 33 o4y DPE 7|20 = 3=

EEHQ BT PRS2 b gdth ad4 A4 AFa

T2 (DS Ag ZI3E 52t o] ZA9 HAA H&S HAstetr] g

Nﬂ-lkl:f_llﬂ

=
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3. LINGOE °|&& ¥

3.1 LINGOZ & &7

sk AAE T3 HolA AAG MILPEY S LINGOE o]&

O E T A= vt 2

o

T=5,r=(43,27,33,46,19), d= (92,79, 75, 112, 109),
a: 50, C;Il - ]., C:):407 CLZS,and 0}72: 2.

o] A8 & nlg o 7 LINGOE 3|E ol 3} 72 =
ATE 303 9] ¥HE-S F3 d7F AojAH S E A=dH A=

12 olsolck. ae [Faa 2ok

z=(0,70,0,79,19),y= (101, 0,75, 33,90
IR = (43,0,33,0,0), and-IS= (9,0,0,0,0).

A dAE £7] 93 LINGO 94832 [213 31+ 2ot
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[29 3] LINGO 4%

2 LINGO - LINGO Model - LINGO3

Eile Edit LINGD Window Halp

B 2| vede| BRBR &BE
EEX

il

PERIOD: REM VOL, PUR VOL, REP, SER,
RET, DEM, R SIGN, F SIGN;
ENDSETS

DATA:
PERICD = 1..5;
RELT =43/ 27, aff, 46 1
=192, 79405, 112, 1008
ENDDATE

MIN = @SUM(PERIODWE) : 40 * P SIGN(I) + 50 = R SIGN(I)
+ 3%, PUR_VOBRT) + 2 = [SER(T) "+ 1 ~ REP(T)
)i

@FOR (PERIOD (I) : REM VOL(I) < 500 = R_SIGN(I)):
@FOR (PERIOD 1) :“BUR VOL(I) < 500 = P SIGN(L)):

@FOR (PERIOD (I): @B
@FOR (PERIOD (I} : @B

T (P-SIGHI) )
IN (R _SIGN{I}))s

REP(1) = RET (1) - REM VOL(1):
SER(1) = PUR VOL(1) + REM VOL(1) - DEM(1):

BFOR (PERIOD(I) | I #GE% 2: REP(I - 1) +
RET (I) - REM VOL(I) = REP(I)
Yy

BFOR(PERIOD(I)| I #GE# 2: SERII - 1) +

REM VOL(I) + PUR VOL(I) - DEM(I)} = SER(I)
)i

_14_



3.2 LINGO 2% 24

LINGOE Eol& A& A AAgE A28l 722 Yedd [
o 419 ok

A 71k & W 71k ATYS AlES] a8 Fol EY A
At HAHHE e ¢ AT T3 A4, 5olM = AAIME
et A8 AL AAAFE] FSol Al FAFE = F Uk o

23t = olHdATYA “the reverse Wagner/Whitin model"o| A= -

(2% 4] ojA]e] 23

101
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Wiy 25 Fato] £t
) (0, 0.442, 0)
SA3. AF 1A FE A2 AB7Ls AlFe] AasFe] TA 24
Al T FE weke F ok
o) =3 o] (10, 15, 20091 A-¢

(0) x (10) = (0) (1)
(0, 0.442) x (10, 25) = (0, 11) (2)
(0, 0.442, 0) x (10, 25, 34) = (0, 11, 0) (3)

A3 ()l A H20 o] Aoz 257F Ha1, (3)] A 3004
A AlH2e] AegS A 3471 dArkolgA 7 FE F
Qo)A W@ Wagner®t Whitin(1958)9] <adl&e g&sto] 7|70d
THFL AP AFE 7L 5 ATk

Lo

4.2.2 WH2INFE EAD)

whiloe] WAk ofe a2k

AL AF 7R 0% 19} o] A& A SHA B gt
o) (0, 1, 0,0, 1
SA2. dAlAA AdE 57 00l AHZg2 0, ofyd thg 19]
271 A7A ] o YelA 7zl Augs AR AYA
Fia=
o) 42.(35, 30, 45, 50, 40), =3 (15, 20, 20, 15, 15)
AYAEZFL (0, 35, 0, 0, 40)

GA2NAM TR AR7F Hx 10 AF2 23, v 10] U2 AA
=

< 5tk AR200AM 7R A agF2 350]aL amje] a= 309



AugEey 2u2 A2 o] AR 7HA AL o= dAl
Aar 357k Ak vref ZRA AL = AaL L
A0 rA Fanct Acd, FA FadEd A s

3ol AAks et g

SAL. AF7IAREE 03 19 o] W& WHSHA B4 gt
o) (0, 1,0, 0, 1)
gA2. dATAA BdE 57 0olH A= 0, oY
Uo7l A7tAC] 8 oA 7HA AnZgs F
Siciasy
o) 48(35, 30, 45, 50, 40), ¥8 (15, 20, 20, 15, 15)
A A =L (0, 30, 0, 0, 40)
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% 2] w1 A 24
Pro. Period 5 10 15 20 25 30
Mean 1.65 3.00 3.55 3.99 4.23 5.83

1 SD 0.84 1.46 1.15 0.90 0.80 1.44
Min 0.45 0.94 2.29 1.93 3.25 3.14

Max 2.81 5.30 5.40 4.83 6.03 7.60
Mean 1.48 3.40 4.07 3.40 5.85 7.18

5 SD 0.73 1.45 1.38 1.31 1.69 1.98
Min 0.33 1.60 2.32 1.86 3.89 4.24

Max 2.75 5.89 6.55 5.72 8.42 10.14
Mean 1.54 4.17 4.34 4.22 6.17 6.33

3 SD 1.45 1.36 1.35 1.80 1.89 1.50
Min 0.13 1.33 2.27 2.42 3.72 4.51

Max 4.61 6.01 7.24 8.74 10.06 8.77
Mean 271 3.01 3.10 4.02 5.22 6.81

4 SD 1.49 1.03 0.73 1.37 1.09 2.58
Min 0.95 1.53 1.81 2.59 3.40 4.33

Max 5.07 4.55 3.81 7.34 7.19 13.10
Mean 2.92 3.45 3.61 5.46 5.83 6.05

5 SD 1.92 1.37 0.93 0.70 1.99 2.06
Min 0.26 1.69 2.01 4.25 3.13 3.63

Max 6.79 6.14 5.10 6.32 8.41 9.69
Mean 1.80 2.24 4.75 4.21 5.09 6.09

6 SD 0.80 0.87 1.79 0.73 1.24 1.52
Min 0.66 0.64 3.12 3.42 3.92 3.91

Max 3.54 3.13 9.39 5.67 7.00 8.62
Mean 1.93 2.00 4.27 468 5.44 6.59

7 SD 1.03 0.63 2.8 1.54 1.95 1.95
Min 0.26 0.90 1.85 2.96 3.78 4.20

Max 3.70 2.91 9.06 7.72 10.06 10.84
Mean 2.10 3.25 4.37 5.40 5.02 5.36

3 SD 1.60 0.61 1.03 1.14 1.70 1.18
Min 0.70 2.15 3.05 3.95 3.26 3.72

Max 5.90 4.07 6.79 8.22 8.21 7.48
Mean 2.53 2.53 3.57 4.12 4.72 6.12

9 SD 1.26 0.85 0.82 1.27 1.34 1.66
Min 1.01 0.97 2.17 2.45 2.76 3.15

Max 5.25 4.01 5.24 6.79 7.23 8.42
Mean 1.63 2.59 5.06 3.95 5.40 5.86

10 SD 0.97 0.99 1.39 1.76 1.32 1.71
Min 0.49 1.47 2.95 2.11 3.48 3.51

Max 3.45 4.20 7.27 7.91 8.23 9.13
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% 3] 2 A5 24

Problem  Period 5 10 15 20 25 30
Mean 0.00 0.09 0.68 0.57 0.78 1.16

1 SD 0.00 0.29 0.20 0.24 0.45 0.29
Min 0.00 0.00 0.30 0.24 0.25 0.89

Max 0.00 0.91 0.94 1.05 1.48 1.87
Mean 0.39 0.07 0.44 0.68 0.75 1.37

5 SD 0.00 0.13 0.12 0.44 0.30 0.50
Min 0.39 0.03 0.22 0.22 0.33 0.58

Max 0.39 0.43 0.62 1.37 1.23 2.15
Mean 0.51 0.42 0.49 1.08 1.02 0.88

3 SD 0.00 0.28 0.26 0.42 0.43 0.22
Min 0.51 0.33 0.11 0.47 0.47 0.61

Max 0.51 1.23 0.76 1.82 1.97 1.25
Mean 0.05 0.27 0.25 0.64 1.12 1.95

4 SD 0.11 0.24 0.18 045 0.29 0.41
Min 0.11 0.20 0.00 0.41 0.67 1.44

Max 0.27 0.94 0.51 0.87 1.44 2.54
Mean 0.00 0.04 0.96 0.66 0.88 1.34

5 SD 0.00 0.12 0.15 0.16 0.44 0.44
Min 0.00 0.00 0.76 0.51 0.45 0.86

Max 0.00 0.37 1.17 0.92 1#G5 2.18
Mean 0.00 0.10 0.59 1L 4248) 0.73 1.24

6 SD 0.00 0.22 0.39 0.28 0.45 0.30
Min 0.00 0.00 0.22 0.79 0.03 0.85

Max 0.00 0.52 1.41 1.59 1.33 1.84
Mean 0.08 0.21 0.36 0.46 0.64 0.73

- SD 0.24 0.07 0.35 0.28 0.21 0.20
Min 0.00 0.19 0.00 0.08 0.27 0.47

Max 0.77 040 1.09 0.94 0.93 1.10
Mean 0.00 0.15 0.29 1.26 1.34 0.88

3 SD 0.00 0.20 0.36 0.30 0.46 0.38
Min 0.00 0.00 0.00 0.79 0.64 0.21

Max 0.00 0.45 0.91 1.65 1.89 1.28
Mean 0.00 0.04 0.49 0.98 0.59 0.79

9 SD 0.00 0.10 0.42 0.28 0.39 0.33
Min 0.00 0.00 0.00 0.44 0.10 0.39

Max 0.00 0.32 1.10 1.30 1.21 1.40
Mean 1.11 0.00 0.90 0.61 1.18 1.26

10 SD 0.00 0.00 0.47 0.26 0.51 0.42
Min 1.11 0.00 0.31 0.23 0.62 0.53

Max 1.11 0.00 1.68 1.11 2.16 1.78
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Problem  Period 5 10 15 20 25 30
Mean 4.63 4.27 1.97 1.93 2.33 2.69

1 SD 0.08 0.85 0.56 0.46 0.45 0.37
Min 4.60 3.25 0.76 1.10 1.88 2.17

Max 4.86 5.53 2.63 2.45 3.41 3.49
Mean 1.44 2.25 2.34 2.48 2.41 2.79

5 SD 0.00 0.44 0.49 0.38 0.40 0.29
Min 1.44 1.56 1.63 1.99 1.87 2.39

Max 1.44 3.09 3.24 3.15 3.15 3.29
Mean 2.04 2.85 2.38 2.89 2.31 2.84

3 SD 0.78 0.78 0.73 0.47 0.42 0.28
Min 1.67 1.86 1.27 1.99 1.76 2.45

Max 3.52 445 3.45 3.47 3.01 3.34
Mean 412 1.42 2.52 2:15 2.51 3.56

4 SD 0.64 0.64 0.33 0.58 0.50 0.44
Min 3.92 0.78 1.85 1.20 1.73 2.85

Max 5.95 2.80 2.89 3.19 3.49 4.32
Mean 6.33 3.73 1.98 2.26 2.63 2.44

5 SD 0.00 1.10 0.47 0.41 0.41 0.55
Min 6.33 2.33 0.82 1.35 1.84 1.89

Max 6.33 5.16 2.55 2.72 7 3.34
Mean 442 2.04 2.60 2.41 2.12 2.79

6 SD 0.47 0.35 0.29 0.49 ©d5 ¥ 0.33
Min 4.19 1.61 2.28 1.44 1.36 2.22

Max 5.31 2.61 2.99 3.05 3.09 3.34
Mean 4.59 1.89 2.10 1.87 1.97 2.59

- SD 0.00 0.25 0.65 0.79 0.37 0.53
Min 4.59 1.67 0.87 0.83 1.12 1.88

Max 4.59 2.32 2.98 3.05 2.36 3.51
Mean 2.26 2.33 2.55 2.54 2.95 2.59

3 SD 0.32 0.44 0.67 0.52 0.56 0.48
Min 2.16 1.63 1.38 1.83 2.04 2.06

Max 3.17 3.01 3.61 3.43 3.75 3.53
Mean 1.58 1.36 3.07 2.13 2.25 3.18

9 SD 0.67 0.57 0.68 0.48 0.50 0.57
Min 1.27 0.71 1.86 1.24 1.71 2.55

Max 2.85 2.69 4.25 2.65 3.11 4.37
Mean 3.41 2.68 4.05 1.66 2.18 3.22

10 SD 0.24 0.80 0.56 0.69 0.60 0.44
Min 3.26 1.67 3.13 0.68 1.45 2.53

Max 3.76 3.70 4.70 2.49 3.19 3.83

_26_



B

il

=/
oF
J)

27|

ol 1A=
gt g

5

o}

ol

ol

il

T

o)
e

£ 03} 19] o

31 Fax

22

FHA%ke] 091 LINGO

ATk EF

PN
T

ol
K

]

o))
L

4
of-
ﬁo

K

i

o
N

j—

™

o)
N

© WWo= A4 E LINGOS A

3¢ Ao},

LINGO glo] &4

T akel o

3

A= Hony

]

1ol =

H = 3§

L

ks

1
|

]

4

22

il
=
W

o

Lol wlal A4 o=

Aoz vehdrh v

i

R

I D o e

o
T

A= @l o

H20] H]

jp

o}

o

=)
i
sl

o]
- 27 -

=13

o

e B

A7k Hof

1

-

b2

]

o

el



Core

AMD Athlon(tm)64 X2 Dual

Processor 4200+ CPU% Hl =& 27]719] AFE oA

5.2 CPU-Time 4]

T

],O

o
JoH
<

3=

K

a5

o}AA %

j=i3

o

CEESIER

]

71ro] Solke] uhat

A4

N

-

LINGO

rech

0

A YERA

-
LN

7}

NJo

J7e]

e
o

=" LINGO

gt

s

24 B B2 Al

ol
K

Al

K

i
o

5.0

2.5
1.8

30
116.0

35.0
4.1
2.0
1.7

25

6.0
2.8
1.5
1.2

20

15
2:0
1.8
1.3
L. i

o CPU-Time

(e]

=

A

F 5]

10
0.0
1.4
0.9
0.9

[

0.0
1.0
0.8
0.8

LINGO

53 2&

o
"
Ho
o
oF

EdelE

3T

Fieh w3 LINGO 4

°©

Q.

°]8
_28_

=

=

o

E 9o

3T

3 LINGO 4

°©

A



A B & Asleh ol AREER
& old AT WAL WolNA BRYRN U Wk B

3 O
}1\_]_'1'5"5'

Al AL

_29_



(1]

[2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

A3 EF

Cho, D.I. and Parlar, M., 1991, A survey of maintenance models for
multi-unit systems. European Jounal of Operational Research, 51,
1-23.

Cohen, M.A., Pierskalla, W.P. and Nahmias, S, 1980, A dynamic
inventory system with recycling. Naval Research Logistics
Quarterly, 27, 289-296.

Fleischmann, M., Bloemhof-Ruwaard, J.M., Dekker, R., van der Laan,
E., van Nunen, JA. and Van Wassenhove, L.N., 1997, Quantitative
models for reverse logistics: A review. European Journal of
Operational Research, 103, 1-17.

Guide, V.D.R.,, 2000, Production.. planning and  control for
remanufacturing: industry practice and research needs. Journal of
Operations Management, 18, 467-483.

Guide, V.D.R,, Jayaraman, V. and Srivastava, R., 1997, Repairable
inventory theory: Models and applications. European Journal of
Operational Research,. 102, 1-20.

Gungor, A. and Gupta, SM., 1999, Issues in environmentally conscious
manufacturing and.. product. _recovery: a survey. Computers &
Industrial Engineering, 36, 811-853.

Heyman, D.P., 1977, Optimal disposal policies for a single-item
inventory system with returns. Naval Research Logistics Quarterly,
24, 385-405.

Kely, P. and Silver, E.A., 1989, Purchasing policy of new containers
considering the random returns of previously issued containers. IIE
Transactions, 21, 349-354.

Kim, JS., Hur, S. and Shin, K.c. 1998, An algorithm to determine the
gpare inventory level for repairable-item inventory system with
depot spares. Journal of the Korean Institute of Industrial
Engineers, 24, 387-396.

_30_



[10] Kim, JS. and Shin, K.C. 1993, Algorithm to determine the optimal
gpare inventory level for repairable-item inventory system, Journal
of the Korean Ingtitute of Industrial Engineers, 19, 81-90.

[11] Koh, S.G., Hwang, H., Sohn, K.I. and Ko, C.S., 2002, An optimal
ordering and recovery policy for reusable items. Computers &
Industrial Engineering, 43, 59-73.

[12] van der Laan, E., Dekker, R. and Saomon, M., 1996a, Product
remanufacturing and disposa: A numerical comparison  of
aternative control strategies. International Journal of Production
Economics, 45, 489-498.

[13] van der Laan, E., Dekker, R., Salomon,-M. and Ridder, A., 1996b, An
(s, Q) inventory model with remanufacturing and disposal.
International Journal of Production Economics, 46, 339-350.

[14] van der Laan, E. and Salomon, .M., 1997, Production. planning and
inventory  control  with remanufacturing and disposal. European
Journal of Operational Research, 102, 264-278.

[15] van der Laan, E. and Salomon, M., 1999a An investigation of
lead-time effects in manufacturing / remanufacturing systems
under simple PUSH and PULL control = strategies. European
Journal of Operational Research, 115, 195-214.

[16] van der Laan,-E., Salomon, M., Dekker, R. and Van Wassenhove, L.,
1999b, Inventory control in hybrid systems with remanufacturing.
Management Science, 45, 733-747.

[17] Mabini, M.C., Pintdon, L.M. and Gelders, L.F., 1992, EOQ type
formulation for controlling repairable inventories. International
Journal of Production Economics, 28, 21-33.

[18] Muchstadt, JA. and lIssac, M.H., 1981, An analysis of single item
inventory systems with returns. Naval Research Logistics
Quarterly, 28, 237-254.

[19] Nahmias, N. and Rivera, H., 1979, A deterministic model for a
repairable item inventory system with finite repair rate.
International Journal of Production Research, 17, 215-221.

_31_



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Orlicky, j., 1975, Material requirements planning, McGraw Hill, New
York.

Richter, K., 1996a, The EOQ repair and waste disposa model with
variable setup numbers. European Journal of Operational
Research, 95, 313-324.

Richter, K., 1996b, The extended EOQ repair and waste disposa
model. International Journal of Production Economics, 45,
443-447.

Richter, K. and Sombrutzki, M., 2000, Remanufacturing planning for
the reverse Wagner/Whitin  models. European Journal of
Operational Research, 121, 304-315

Richter, K. and-Weber, J, 2001, The reverse Wagner/Whitin model
with -~ variable — manufacturing and  remanufacturing  cost.
International Journal.-of Production Economics, 71, 447-456.

Richter, K. and Gobsch, B., 2003, The market-oriented dynamic product
recovery modd in the just-in-time framework, International
Journal of Production Economics, 81-82, 369-374.

Schrady, D.A., 1967, A deterministic inventory model for repairable
items. Naval Research Logistics Quarterly, 14, 391-398.

Simpson, “V.P., 1978, Optima @ solution structure for a repairable
inventory. problem.-Operations Research, 26, 270-281.

Spengler, Th., Puchert,—H., Penkuhm, T.-and Rentz, O., 1997,
Environmental integrated production and recycling management.
European Journal of Operational Research, 97, 308-326.

Teunter, R.H., 2001, Economic order quantities for recoverable item
inventory systems. Naval Research Logigtics, 48, 484-495.

Teunter, R.H. (2004). Lot-sizing for inventory systems with product
recovery. Computers & Industrial Engineering, 46, 431-441.

Thierry, M.C., Sadlomon, M., van Nunen, J. and Van Wassenhove, L.,
1995, Strategic issues in product recovery management. California
Management Review, 37, 114-135.

_32_



[32] Wagner, HW. and Whitin, T.H., 1958, Dynamic version of the
economic lot size model, Management Science, 5, 88-96.

_33_



Dynamic scheduling for optimal management of an integrated

recycling — purchasing system

Jeong Soo Lee

Department of Systems Management & Engineering

Graduate School of Industry, Pukyong National University

Abstract

This paper deals with a two level dynamic lot sizing problem in which
the dynamic demand can-be satisfied by recycled products as well as
newly purchased products. The model assumes that-a proportion of the
used products are collected from customers and later recovered for
reuse. The recovered products are .regarded as perfectly new ones.
First, a mixed integer programming model is presented to obtain the
economic recovery schedule for the recoverable items as well as the
economic order schedule for newly. procured products, simultaneously.
Then, using LINGO software, the optimal solution for the mathematical
model can be found. A numerical example 1s given to verify the model
and its solution. Futhermore we developed a hybrid GA. And we

compared the results of GA with LINGO optimal solutions.
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