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Production and Remanufacturing Planning under Uncertain Supply
of Recovery Cores and a Disassemble-to—order Environment

Changmuk Kang*:

m Abstract

Remanufacturing is a process of recovering end-of-life products into

involved in only one part is propagated to all other parts.

to the limited supply of recovery cores to remanufacture, a remanufacturing firm also needs to produce or procure new parts
for fulfilling the demand. This paper is targeted for solving the problem of determining the optimal amount of newly produced
and remanufacturing parts, which is called production and remanufacturing planning (PRP) problem, under uncertain supply
of recovery cores. The new production mitigates the risk of insufficient core supply while it takes more costs than the remanufacturing.
The PRP model in this paper also considers disassemble-to-order (DTO) environment, in which multiple kinds of parts are
remanufactured from multiple products on order of the parts. Whereas existing studies presents only heuristic solutions for
DTO remanufacturing, this paper provides an exact solution for this problem and analytical sensitivity of the involved cost
parameters, adopting multi-dimensional newsvendor modeling and stochastic linear programming techniques. The result shows

that production and remanufacturing plans for multiple products are mutually dependent, and a change of cost parameters

Keyword : Production and Remanufacturing Planning, Core Supply Uncertainty, Disassemble— to—-Order,
Mutli-Dimensional Newsvendor, Stochastic Linear Programming

serviceable parts for producing new products. Due
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=ps / / f(8,), 8,)dS,dS, +¢, / / f(8,, 8,)dS,ds,
oy J oy Jy 9@y J &8

9 Q=@ oo
te L f f (S, S,)dS,dsS,
06y J Q-5

= _02/ (@ — &y 5. 2
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—lpy (P{SER,,,(Q)}) +¢,(P{SE2,(Q)}) + ¢, (P{SE2(Q)})]

a Q3 QJ_SI (‘) QJ |

:pSa_Qg/O fo £(s., 52)d52d51+c16@/ f £(S,, 5,)dS,dS,
o A—Q ©

+ot f / £(S, S,)dS,ds,
06y J Q-5

=»f 15 Q- s)as, ral f 105 - @)is - f 15, Q= 5)ds)]

362

‘I'Cz[/:f(Qg_ Gy Sz)d52_ fOQBsz(Sp QB_Sl)dsl]

&~ @
/ (S, @—5,)dS+(p, )fo (s, Q3_51)d51+/Q3Q2f(517 @, —S,)dS,

-l—cl/ (S, @— @, dS-l—ch f(Q— @, .S,)dS.

£S5, 9 S S AgHeEE I (joint probability distribution) &<Folt}h. o] 4e] &S Van Mieghem
7AAA 3

H
[30]e A ¢} Zo] o] AA A A2 E(line integration) SEZ AedtH Hi= tf&-3} o] Aot
% 9leh.
C+ 4 0 —A
H=| 0 D+B -B |,
-4 —-B E+A+B

<, A:CI/QIf(Sl7 5~ Ql)dSp
B=c2/:f(Q3— Q,, S,)dS,,

=) [ 1@ s)asi [ 105, Q- @S,

fe'e}

D= (pQ—c2>f:Qf<Sl, @isien, [ 1150 @)as

&= Q
/ 7Sy Q= S)ds =) [ 1S, Q3—S1)d51+p3/% (5 @=s)as,
0 —
24 mini{p} > max{cgle WEsta Ao n= 2t A B, C, D, E 352 B 01t A 2
th webd e theat o] Aejgrh
a, +a, +ag a; a, +ay

-1_
H = a, a, tas+ag a, +ag
a, ta, a, +ay a, *ayt+a;+ay



62

ol
o3l
Mo

W, o, =|HI'AB, a,=|HI'AD, a,=|H'BC, a,=IHI'CD,
ay =|HI"'(BD+ BE+ DE), ay =|H'(AC+ AE+ CE),
|H|= ABC+ ABD+ ABE+ ACD+ BCD+ ADE+ BCE+ CDE.

ety RE H o] RE FE52 0wt AAY gk M= D-QolBg Mo dsiAE 3571 v
o] ZHE A (22)7} Yz}

(42 3] 59 :
21 (19 FOCel 98l @ = @A r=E\(Qlc, p), S)7F BETh o]F 58 vli(implicit differen-
tiation)stH thgo] Aojxltt,

Q) -1 0 Q) -1 0
-— == , —FK » 2)5 = ) ——E > 2
o, [V BN @, S)] oc, AQ 9 o, [V 0B, 5)] o7, A )
metA] Zh ¢ B pe] Wstel tigh Qo] Wshee o 2t
0 0 00000 1 1
29 _p1lo 00000 0 0 0|(P, -, P)
ac,
0 00001000
[P+ Py [~ (ay+ay)(Py+ Py + Py) —as(P+ Py)
=—-H' 0 |= —a,(Py+ P+ Py) —a,Py ,
Py —(a, +ay) (Py+ Py + Py) — (a3 +ay) Py
0 0 0000 0O O
W glo 0000010 1[(PB)
¢y
0 0001 00O0O0
0 —al(P5+P7+P9)—a2P5
=—H '+ P|=|—(a, +a))(Py+ P+ Py) —ag(P+ P, |,
Py —(a1+a3)(P5+P7+P9)—(a2+a4)P5
1 0 1 1 1 01 00
0 _ ’
LA 00 00 00 1 0 1|(P,- P)
ac,
0 0001 0000
(P, +P,+P,+P,+P, —(ay+ay+a;) (P + P+ P+ P+ P;)
——pg! 0 = —a,(P,+ P+ P,+P,+P,) ,
0 —(a,+a)(P,+P,+P,+P,+P,)
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0 —a,(P+P,+P,+P,+F)
=—H P+ P+ P+ P+ P|=|—(a,*ay+as) (P, + P+ P,+ P+ F,)

i

i 0 —(a, +a;) (P, + P+ P+ P+ P)
0 0 0 0 00000

—~=—-F7'0 00 0 00 0 0 0P, P)
11100 000 0
0 —(a,+a)(P,+P,+P,)

=_—fg! 0

—(a, +a;) (P, + P+ P,)

(PPt Pyl | —(a,4+ay+ay+a,) (P + P+ Py)

M = D-QO|BZ Mol Wairs F37t vt o]27e 2 (23)~24 247t 44dh. W



