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Dynamic Programming Model for Optimal Replacement Policy
with Multiple Challengers

Tae-Hyun Kim + Sheung-Kown Kim

A backward Dynamic Programming(DP) model for the optimal facility replacement decision problem
during a finite planning horizon is presented. Multiple alternative challengers to a current defender
are considered. All facilities are assumed to have finite service lives. The objective of the DP model is
to maximize the profit over a finite planning horizon. As for the cost elements, purchasing cost,
maintenance costs and repair costs as well as salvage value are considered. The time to failure is
assumed to follow a weibull distribution and the maximum likelihood estimation of Weibull
parameters is used to evaluate the expected cost of repair. To evaluate the revenue, the rate of
operation during a specified period is employed. The cash flow component of each challenger can vary
independently according to the time of occurrence and the item can be extended easily. The effects of
inflation and the time value of money are considered. The algorithm is illustrated with a numerical
example. A MATLAB implementation of the model is used to identify the optimal sequence and

timing of the replacement,
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16 ~Ak)-AK)-C(r)-Ck)-Clk)-Ck)-Clk)-Clk)y -A(k)-C(n)-C(k)-C(k)-Ck)-Cik)-Clk)-Cik)
47,682,731 48,097,530
Alk)-Ak)-Ack)-Adk)-Ak)-AK)-Ak)-Ak) AR)-Ak)-AK)-Adk)-Ak)-Alk)-Ak)-Ak)
19 -Ak)-C(1)-C(k)-Clk)-Ck)-Ck)-Clk)-Clk)-Cek)-Clk) -A(k)-C(0)-Ck)-Clk)-Clk)-Clk)-Clk)-Clk)-D(r)-D(k)
53,439,953 53,934,582




th5e] 23] EAA dele] AR £33 dAEYE AT I AY Ry 473

O|g 12 % - @Ol @ 2%

W5,450 S B

F W50 g ‘

- 7 | -8 AE
w4 A ; x

& %0 o [ CHE

o 4l | -o-D AE

of w4100 |- Z b AE

¢ //;/
//
W3,650 Z
v
/
W3,200 5

8 12 16 20
Ag7|2t

a9 7. a7 vl

i o

a9 s Fa g nHFd gE
AAE e aA A

Ao e wA A7t 2olERL AHA AAAFE
EpiLas

A o8 g FAtul- 82 Aol mE e s g 9%
$ 7] fFofl B 71zbd 7FEE < Aol7h AlF Bk G A
Atk 719 Ag oA 9] AFaANE % F 352 Y
Zol7h el A A Aolgka 38 5 Ut

6.2 % ¥F ESFA

B Q7o dE Frle) 7Hs g3 FAE S-S DB EN B
vl ZHA) A3 713 AN 8-S 2 T 5 AT ok
HAWE Q49 71708 7HE B T EA B39 dA
H44e P AL & AT 538 & 7NN FHE
AYRF & AFolgH ATolied 1T A7 T
Q&g neFo M AAH BAHEE AR 4
Al & S AT £ G714 AAE T ARRYL
AFEHZ B7)o) A m¥ o2 ARAY FE30A
§o13 A7} gjXo] 7sdleg RYsd & AU AAR
289 AYL AT A A FAAF7] ZH L AT EA
ol g8 oA ARHAHA A AT BAH s8] 2d
o golehs ARE AUk & ZY A A28 DPE ©] 8%

S 2 oFe AFEAA 4B A" A4 oA A3 2
FE AN AT S 9D & led e 4929
A & 5 QAxo] FAHE-E LT 2N 57U 48
X AFuAE £ F= LAFAE A 2F 9
AP 183 5 es F FHEEgE o] LAY
o ARl o 2 TS Ed= A EF MUed ol F
2ul &9 3¢ 7 358 249 o7t g dusad F
AN ETt Ho} wARF ) Y F FFLE FA X
wEoltt. 28yt o8] B¢ 4 AFE 7HEEL HsAA
T 1 g9 g e Zol7t A wARH A & IFE F
ot mEtA HH A aAF7) 23S Aede v &
E o9 ZA 9% v A A 389 W e A
FASE AL A% BEHY vl 2 A L] 75
ol Zadin] T4 ALRFE BE8t] nAF7E s
Zo] uhg A3t

2%

RE M HAA Y F(1998)0] AL FHIF7] ML
sl A HHE §-83e SfolE £XY F EFE 73}
Atk Adae] FuF7) 3P E AT GolE £X F BEF
FAL AZ OE AY 7T T B $EF}SE T
o AA S E T ok 3] ol shiel setrEE
DA O E B E SA T e R FPAE
FYck 2 & A7 AY BHF7E 498 AY 9
71T 2§ 547] &l o A AN

SinL(a.8) _, nL(e.B) _,
Sa ’ 98

02 ¥ 5 AL AYPAAE £ 4749 devEE T+
4 At

slolB B39 £ B4E 7] A% AL g 2
o WA s X2 H0)E 42 X, FEHE L 5
g 39| 21 FEUE 57t Hol gk ©9A Hi 4
M489 (Xp Xy, X0 FAEEESFE T BH v
7 Zo.

FxlXi(x; |xi-) = P(Xi<x; | X, >x:9) =

Plx, < Xi<x) L,:,“B(Bt)a_lewwdt

P(Xz‘>xi—1) fxm aﬂ(ﬂt)aAle—(Bt)"dt

fx’ aﬁ(ﬂt)avle—(ﬂt)"dt
1— fo N aﬁ(ﬁt)avIGV(ﬂt)adt

HA f:laﬂ(ﬁt)a—le—(m«dt 2 2§ Juap oot g



474 A48 - A5

— (8= 3 3T YL o] B3l VBB —ap(a)* Lia,®=a"g%e 7 Tz
= dx/dt7} FP 018 aroll Bl RIS BH dx= — a8 . et
- /\g; == o] s 82 a Ax ST g 492 IS A5 e 2ok
' nL(a, §) = nina+naln B
o} 9o i3t = (8D +(a=Dn( [Tx)

-J. " aBB) T x[aBB) ) e
o o] $EFFE pol B HlE}A 4 109 FHANE T
_ f" O = —[e B g TR 29,

-1

z9lnL(a,§2 — _ha Ta(BT) a—1=0

% - « 98 B
a t)a 1 _~(8) ar
= fx"'x et na—af*T"=n—(B)"=0,(a *0)
1— "laB(Bt)”'le'(ﬂ')aa’t 1 1
j;) . ) n a =BT N /9= nT
g e —e () .
- - {(Bx;-))" Fa
1-1+ ' _n
1te B3 )
w2}A] . I o
o (o e Geog ool B FEs 4128 A%E 8¢5 Uk
anx,l(xi lxi—l)= 197‘:‘ = %ﬁl:%"" ]nB—nln(BY‘)-*‘ln(lllx,)
aBf(Bx) e By e _(ﬁx')”, x> Xi-1 1
(X, X, X)) 2¢ JEUE F4E 7HEA 4717 SuiAl L & iU
fxx, xo(x %2, Xp) = 1 N
%-Fnln "T —-n 1n(n")+1n(LIx,-)=0

sz.Xa.”,X,,(xZ,xB ..... Xn |x1)fxl(x1) = A N
fxox, x.(%3, %4, Zad%1 %) x(Halx ) (20)) = Zinm(n)—nhT-nln(n")+ ln(,l:I‘xl-) =0

ol {5 H& 27} ol AR o) HEHT X, = HE 2 _ 5 In T+In( Hxi)zo
A x5 GE& ol ol 9} 2Ho] Bl o] Atk e a =

Fox,xo x93, %0, Xn 122 ru (Xl fr(21) =

Fxox, x(%4 %5, %n 1%3)f 5153l %) -

PRRCATD e 2= [J(£)

Fx(x)F x, 1x(x2%1) = Fx, 1%, (XalXp1) =

“ ”
., - a 1 —(Arp)° « = L (12)
aB( ) e () x af(Bry)" e Axd s o A | T
x af( Br)* e ) B M

X aﬁ(ﬁx,,)”_le —(8x) e (Bx,-1} =

anﬂ na, —(Bx.) Ialeiawl
7=

AA T 713 T aEAAe] ARMOIE (X, X5 X.)
2 Ao Yshd x, o] FY BEE vIYEA] RIEE A, wls, 38, FUR1998), HaFE|E R FV AN A
X, 2T X, = 2,) 8 361 The3) 20| S5 EH(likeli- Yol 14 34 2 AT W4, o YHEe 9
"t no v 3(1), 217-228.

Faed

hood function}& T-FTHAAH 5, 1998). Alchian, A. A. (1952), Economic Replacement Plicy, The Rand Corp., Santa monica,
PX,12TX,=2)=1-PX,.<T X, =%, CA., Publication, R-224.

r Bean, J. C., Lohmann, J. R. and Simth, R. L. (1985), A dynamic infinite horizon

=1- f 0 AX il X)dip1=1-F(T |X,) replacement economy decision model, The Engineering Economist, 3(2),

99-120.
—(Bxa)" (AT N (Br) _ —(8D)°
=1-(1—e e U )= e Y Bellman, R (1955), Equipment replacement policy, SIAM Journal of Applied



ohes] 23] SAA 2l A $05 A2 GAEYE A8 54 Ay ey 475

Mathematics, 3, 133-136.

Jayabalan, V. and Chaudhuri, D. (1995), Replacement polices: a near optimal
algorithm, IIE Transactions, 27(27), 784-788.

Lohmann, J. R. (1986), A stochastic replacement economic decision model, IIE
Transactions, 18(18), 182-194.

Oakford, R. V., Lohmann, J. R. and Salazar, A. (1984), A dynamic replacement
economy decision model, IIE Transactions, 16(1), 86-96.

Sethi, S. and Chand, S. (1979), Planning horizon procedures for machine

replacement models, Management Science, 25(2), 140-151.

Sethi 8. and Mortan, T. (1972), A mixed optimization technique for the
generalized machine replacement problem, Naval Research Logistics Quarterly,
19(3), 471- 481.

Terborgh, G. (1949), Dynamic Equipment Policy, Machinery and Allied Products
Institure, Washington, D.C.

Wagner, H. and Whitin, T. (1958), Dynamic version of the economic lot size
model, Management Science, 5(5), 86-96.



	1: 


