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Abstract

Many studies show that the value of the warehouse is good. However, studies explicitly mention
the tradeoff between costs of operating the warehouse and benefits from the warehouse. Also, it is
important to know when the benefits overcome the costs. We study a one-warehouse/N-retailer(s,Q)
distribution system with stochastic lead times in order to answer two questions: "What are the
optimal policies of the system that minimizes total system costs?” and given the optimal policies,
"Is the value of the warehouse always good?” We use an analytical model for answering the
questions. We find that the optimal policies are different from those with deterministic lead times. In
fact, it is reverse. We alse find the existence of the breakeven point, beyond which the benefits
starts overcomming the costs. And, we show that one of the breakeven points is the mean ratio of
a supplier's lead time to transportation lead time between the warehouse and the retailer. Finally,
we show that the breakeven point is sensitive to the ratio of holding costs of the warehouse and
the retailer and it is also sensitive to the unit backorder costs at the retailer.
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Figure 1 System I vs. System I

A4 EHE gL Agsirsise, Bd7e fshgel FrkAle] {FEAAHE PR
Figure 1 oA HEutsgh o], System 12 FURF-FTAE glo] 333 dalFded AHHo2 EFF
L wjio] Hie {FA Aot} o]ofutal, System e 34 dFdH Tl FURZMEE 2984
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(Fill-rate)7} T4Aste] tialdAre] FE Leadtimeo] Z713te] AAFZEALe] AEE FAAZC
t} A 238, Monahan and Banerjee®] Z&& 42 9 Leadtimeo] #53Y Ao HYEL 93l
At

22 EFAE AA4

Eppen and Schrage (1981) & ERMEle] A4 & ‘Risk-pooling-effect’el 333ttt Z 2E
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Leadtime) v g-n

Eppen and Schrage (1981)% ¥ Leadtime Zero2 71432} Eppend) 2d-2 #}A3o olz
s} o] M7tAIS] {EAMEE vimsie 292 3w

1 el do] gle B HE44
2. ERAE/ gle $YE REAY
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Q : A @9 FEF (Order Quantity)

S - e ALFA (Reorder Point)

Quw : EFAE &9 2E5F (A 29 FEF9 vl4)
Sw ! EFAEY ALy (dAF ALFHY uiF)

Le : ERME A e] XY Leadtime

L, : elH oA e] = Leadtime
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hw t ElLw}
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. : E[Di
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HuoH: ! E5AH (w) £& dadd A9 @913 JufA v-&
n o AnRZzoz QA% ddF 718K 4 vl (Unit Shortage Cost)

BATE Y 45934 2de 448 A8 olgs ge AAE Hah

1. gade SaE A=l YA Poisson £ X F Gt} (Stationary & Independent
Poisson Process)

2. AR Zoz AF BulAAHL 254 FFZdcta A AT (Backlog)

3 2g43 2 e EFolFe g AR,

4 2]y R EFHME NN Leadtime? Exponential £ ¥ & w&r}

32 ERAEHS £4

EFMENAY +ox delde S9FEF, Q, o &8s o]t N-Erlang #¥e] T¢ £%
(Superposition Process)® W&t (Deuermyer and Schwarz, 1981). Kim (1991) Cox and Smith
1954)0 ol5te] i@ A4@ul FRE X Asymptotic 4L @83 daddMe o8 ¥X8 E
ST = o Axz, gaaP A7 207 ol4Yd Ayole EFHAMEHAME a7t 3 Fol
pw = NEL poisson $28 Heda FHAUG.  BAM, ERAHAHS Leadtime XS +2E
Geometric £ X8 w2t} old] AR, EFME Y F7|hv) g, ECW, & ol o] 4E T (Kim,
1991).
1+Qu

Hw
ECW(Sw,Qw) = AWE" + Hwa[ + Sw - )‘-ruw + Bw(Sw 1Q\v)] (31)

Bw(Sw,Qw) = aqu)Zst/QW and R = )kuw /awuw + 1)
33 dye £4

el oA el Leadtime2 E&AME|A 9 Leadtimed BHAES AuiZToz 3 Ade ol
. HA&F F71A 9 Leadtimeo] 2F UAT HEHY EXF w27 AR AA dizgldorae
Leadtime® ZTHE ¥ (Mixed Distribution)}& @24 @ E3 diadd @ EFMAH0AMY HF
Leadtime©] gol@w), tha)@elAle) MM Leadtimedl T olafst o] F719 Exponential X9 3
PXE 2o ol gL EXH4-E 2 (Kim, 1991).
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1) = alAde™ + clAe™ 3.2
Ci = (Felw - l'r)/(l-w - )'r) and Cz2 = Ow - lew)/(lw = A

@A, Ao Leadtimed<te] 485 Geometric ¥ X & Wach ol oAstd, iy
Z7|tiH] 89, , olefis o] Jt& ot

ECR(sr,Qr) = Ar/Qr + 7Br(s,Qp) +
H{Qr + 12 + s - el + by - Fuby) + Bu(s,Q0)] (33)
Bi(snQr) = citt)’RT/Qr + c2hukt)Re™/Q:r |
Re = Qu)/Qi + 1), and Rw = Qalte)/Qhglty + 1)

System 18] & 7]tiH]§-& 4F&87198 e EFAE Y AMul2g9, Fu, B 092 ¥20 97, System 9]
% 71dH] 82, ETS I, & otelis} o] Atzgr}

ETSI = N - Ad/Q; + N - aB(s,Qr) +
N-HlQ/2 + s; - w + M) + Be(s,Qu)] (3.4)
Br(s,Qr) = [1/0: - M)IOlte’Re/Qr - Ml Ru™/Q:
Re = Out)/Oulte + 1), and Ry =0vlty)/Qvuy + 1)

EF @1 3 (32)o1 oA, System 119} & 71giul &2, ETS II HA] otzfs} o] A& gt

ETSII = ETW(SW,QW) + N- ECR(Sr-Qr) (35)

System 19} & 7Itjul§ 45 de@®42A £87 24 2 AF&H9 $44571 75, System
el & 71dulg 84e AAA Rt E718e] Numerical Serache] 7182 843 38 =235
it

4. System I % I1¢] A3

System I & AAF o2 1 Echelon f%Adoltt, wealA, ole HF & Leadtimeo] A + Aw 9]
I FAS JAAPESTE AN ERYgee A dAHe & JuEL AA%EE Ao, Y,
System II¢] ZA¢dle ERAEHE 9% $79 JAAAAESES 2710, 244 oA A gy &
EFAMEHS F 7 4& AL Rot olgiy HAHE EHuSS ol =X g
d8 4oz BAL g

Parameter Aw A Ay A, Hw H; n Wr

gt 4 -25 1 0.12 03 200 50 1 5

41 A J3F SNFEF

System I1A9] HA SAFEFE AL{FAuE, SeNLFug L Sfduge oA ZYEt
Hadley and Whitin (1957)& A SFEF2 AnFAYE R 9 fAvEde Ad sty adg
FHl g vl ddn UG EY, HF SHAFEFL 22 Leadtimed] Al Fche A=
FHAA. 22, System HME d2iFa EFAEY FBBAAE QP A GAFE
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#F 2 QL3R ha] Ao Parametero] A= BFAE S Parameterd] J%& Lot

Zgi Aol A3}, System NlA WY HA SHFEFE System [Ae] A oy FTEFHTD
g4 HeRo] a9=Ut. E£F, rHHHY Aol Tl Y Leadtime®] HlE, b = do/hy, 9]
wolgo] wat Z/3ck. 2 olfrE dgF o] A¥HESs Utk 31 I (33l JASHH, System
el % ARFANEL olgfgh go) AEEG.

IC(SW,QW,Sr,Qr) = Her[(Qw +1)/2 + sw - hwlly + Bw(Sw,Qw)] +
NHr[(Qr + 1)/2 t S - ur()‘f + xw - Fw)‘-w) + Br(Sr,Qr)] (41)

AR, @ <3, faAHY S LFFo] Foitel wta}, Ay R FRAEY Anf{AHE
Zsigt. EA, By @dgFgo] el mal, EFAE A A {ANE] FoiRTh
EFAE S 72dge shte AP AnE fASY FEFA wWEgHozA dAHAMY 29
Leadtime® ZolEZRolth. ol& Hdtole ¥ad Fo GAARE RAsejoldt. HAEF uie} o,
EgAAE sAgEdn A, g3 @a9LFFe] ke ERAHY FAARRANEE F
ANz, ARHoz galHe @uRFF FrE EFAHY AAAR R gAY Au{A
H| 8o 2718 2Pste F PN EL FAUG £, ERAES 29 Leadtimeo] MY 22
Leadtimeo] ®l3l d&oz F718¢ A4, EF4AE] Huago] F748G.  oH# ¥& Mw2EE
FAE7 A8t ARPoz dHe HA dALFFo| gastAdd.  H@AAM, System A9
th21 M3 System UM 2l HA S gFFe] Aol& o7b Frteolnet st Fri3te)

42 Py AwxH

o} At e} o), System [AE dalye ALFHL thajFe 2 Leadtime o] Hl#H s 71§
tt. Y, System HelAE 99 A$7 Agdcl.  BdT7AA #3¥AulzE, System Ol A<
e HA dusge ERMES daye] 29 Leadtimed] Hl&d] Hl#H s Frifch ol
285Mel st dalde] Y Leadtimeo] ulgo] Fobdol wal, EFAMESY Muligo] F7187] el
th. T3 A2 A BF Y Leadtimeo] Hl 3o F713ck Aoz Y 3

Order Quantity, Qr
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423

¢ .
Qr {(aystem 1)
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daita

Figure 2. 33 &9 w3

(Figure 3)e1A} Eiubel zho] System MelA ol dieliel A3 AFHL EFAMEHS ddHe =g
Leadtime®] H]&o wulafd, :
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reorder point

200

JB( “qeereesrerasernsastnrierasiintaraternaretannnsaerenrimuesensacnsrstononanserars ¥ inr

D0 T S T

Sr (zystem II)
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delta

Figure 3. dial3de] A3 AL3H

a4 29 3 (Figure 2 & 3)9IA o3 g2 9uj7t g250nt, 2@ BHE upe) go), 33
g2l FF Leadtimeol thelHe] = Leadtimed] Hl3te] F71842 System I3} Mol M9 thalde)
HAH ALFHe olrl vAFHY Fsstn it System INME AN FF Leadtimeo] 27}
845 B3 UL E Fol7|Hste YA dfEFFo] Fs13A €@k ool wHE o, System IIo]
M dizlFde HF a9eFFe dge A olf2 gAFHAAC A, A&FPuig 2ol
'Joint-ordering A3'E @837, System AME 715 dizlde FEL EY&Pdd =
A, System LA, d2lFe] S LFFo] HolAL S EFME AN Mulago] FrdA8Tt. o
ZA, T FF Leadtimeo] 712+ E, System Io1A dialye] AH 224 Z7134, System
neA digigdel 33 iz PLr3iAdd AAHorw e FF Leadtimeo) 271842 &
FME e Y Leadtime &1 AP HAATE FASAY dalFe XY Leadtimed Z3E= 'Depot
A3}'7 FMSAER. A RSAE, System 9] FHFol e EFMENA AATE §AF
o2, e ALRGE £l Aotk Of HdAME 0¥ &3 € o FAE A3 B3
712§,

5. System I 3} System II¢] 4413 (Breakeven Point)

ERMEe] 4P 85E Sunk Cost® 7MY u), System IolAH EFAMEE 93 wgg=
F/M8 AnfA R w3 v goz AAY £ Uk wH, EFAMEAN AAADE FAFoZA
el e] X Leadtime® Hul A + MoolM A4 L7AR] 4T 4 glon, o]l sty tialFdN o
A AnHA vE R FANLEE QAN 5 A% o)AP Z System 9 AVHEL fEHE ¥
2 (Table 2) 8} zri,

Table 2. /1A N2de] Fa3y

System 2 3 g 3

System I ERMEl 290z A% g2de Aufa ¢
FHu 8o g4 v g 35

System II t2de] Aasz R EFAE 2902 A%
fAY o A F71H] 8o 4
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51 44474 (Breakeven Point)

F71A Al2¥ 38, 349 FF Leadtime ¥ di2lHe =< Leadtimeo] 71842, & 7du| g
ZsAESY. 28U, EFAEI £9F £UE Leadtime® FH9 FF Leadtimeo|td.  ulabA,
ERfMAES] 5848 T4 FTF Leadtimeo] JdlFH oz U2yHe XY Leadtimes] u|dte] gulutx
21710 &g B Wy ialdel YT Y Leadtime, &, (N BFAARA Y &4 Leadtime)2 1
2 3% n, 349 HF TF Leadtime, v, & HHAAANWA, T A 2" & Jlin|§ F0)5 s
ek 2% 4 (Figure 4914 EEnlst o), System 18] & 7|tfu] g ETS I, ¥ System I8} & »)
ol g, ETS I, 2% F%9 FF Leadtimed} ti2jHe] £Y Leadtimed ¥ &, 5 = b/, o] 7%
o wa} u sy FIF  aPAM B nle} go), SR o]2W ETS I o) ETS IIE =3}
8o} FBst= 3 (447 Breakeven Point)& 8 £tk EAF dAE A4, 571 814A AL
System 19} & 7]tjulg-o] System 1] F v ¥R} A2 ¢ 4 k. dAZstAd, 571 8
oldd ALY BERMHE FdscH] dg AAFol ¥ £k o]4e 2 System I3} System II
9 Z 7)hu] g Alolo) A A (Breakeven Point), 8 0] &4432 AAlstgcl, olo}Al = BAME B,
o] o' Mg Ztm &Hol=rto] Bl Mgt

Total Casts (Thousands)

A System 1

e
] S
o

0.65 /

0.45 %;
| i

02s

Sysem I

1 4

8 10 12 14 16 18 20 2 24
§1, ]
Figure 4. F A28 & 7gu)&

52 A9 = B4 (Sensitivity Analysis)

FHE 922 A% FoEF dEAHYD R, AEy AnfA vl ol Aoz &9
AnFA 88 Heol W@t /5 7139 714 2 23998 4484, EF4EHS 2943
FA g2 dzgads g uftA vgng ¢4 A gy, gF RddMe F adAns
A ulg-2] H&, « = Hy / He , € $4 185 Aok spgstget

AE3nie} o], BEFAEY D940 AU Eo] Ag+2, FFAEE Depot 'S} J¥L Bt &
X2 58 At ZAAH2=2 Hert 4% wal, 443 5 QA Waste] gasAgn
249 5 (Figure 5ol Hieuls} o], azt 04U B ¢ols Aol 14014 BAS LY, a7t 022 348
oA A 602 F2PT. dAM, 57T AF GrIAHe] Fo] old A%, EFME
M E-SAFE FAR22N ERAEY F9u8 2 AAR) AA) H L AP 59U
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Toral Costs (Thousands}
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Figure 5. a9 ¥isle] @& A4AH9 APx
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ERAEHY AAHL ALiuls} go] dAH AuRFE AFATIER ] shtelm, £ ey
29 Leadtime® £oF22A, daFdA vl fA2 AF €& BHRHA 2 A4 EFo U
g2ty, ERAEe sHXE daddel fA4E A dFdM SAfAnsE e
o, 2% 6c14 RE uis} o), FAHL az wHPT. AE =0, 17t 1Y BIlE FAFH] 18
oA WA s, no] 22 F71E A FAHL 8oz Foid.

Toml Coms

1850

1350
ETSI(r =2)

ETS II (r = 2)

850

ETS I (x = 1)

ETSI(r=1)
1 1 [

[ 8 10 12 14 16 I8 20 2 24
Sr(n=1) St(em1y

§
Figure 6. #2489 ¥igte] & F449 0=
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6. 2&

B A7 1 ERAEH - N ddd d=9 284 /-F Adol oA ERAE Y FAH @slo B
7t HEL #3394tk ¥ Leadtime ©] &3 HolZ Zerod A%, EFEQ (Quantity Discout) 3
e gald L BEFAEH A dEe 2o 2 dAde gdg wg £30n, EFAEHE o
g 3232 A gt 2 BE4E Y8 +3Udk. 23y, £€ Leadtimeo] &Y F gl 2
o) Al ARG, B3 FAY FF Leadtime of 2l e Y Leadtimed] Bl&<Q] 8=ho/A0)
Z71% A daHe FF gL FFo] FAu

E54H 2 e H¥3 AL dadn /3, EF4HY FAHde 34 4dsA4e v
. APZHoE AZAY u, EFAHY A R ALL EFALH) FLAAFE U FTF IF
Leadtimed] Hl 33t Z718ch, A7l 239 AFde ot ZFMAEY A {4 Bt & A7
Eo] Yo, AF-ALFH L3 Yo Bl AUHez A7/ @A F%od, 3 g

S So] 239 #PFL HAZ Y}t 3], Silver and Peterson (1985) A&H¢ Afn 43 4
do] A71A HFAH Bt 4 SAddL FAHPOY olF FFEF U AdFE 7] ¥
gich.

BApdME otdist Ze ZEL FEHUA.

L f5Ade] 3982 ZAESF2 /1Y A, dade A FHALFFE Leadtime H
£08%59 870 #FAHY A Boh HEAHA F9rt 3 Ao

2. 25 4H9 715% 112 'Depot A= FHIMS] AZ Leadtime o] EFAME S} i
S 44 Leadtimed] ¥l&of wl3ste] Fr1go

3. BERAEe AAdL ERAEY 902 AF Frugn EFAES £922 42 F
e 2P = Leadtime®] 342 AF ¥ EAP Ao E§ .

4 EFAEHS 5L BrAe F EAsn, o)t FANM A= Leadtime o] EFAE G
W2 dzte] 44 Leadtime® ®l&o] ol3te] ¥WF A

5. BFAEY A4¥ AL ERAES delF e G4 -9 v & wnl ], dHe
29 FAvl gl AuAF.
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