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A Study on the Multi-Level Distribution Policy of High
Demand Rate Goods.
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Abstract

This paper deals with ordering policies of consumable goods which have large demand rates in a
multi-level distribution system. The system we are concerned consists of one Central Distribution
Center(CDC) and N non-identical Regional Distribution Centers(RDCs) which have different demand
rates, minimum fillrates, leadtimes, etc. The customer demand on the RDC is stationary poisson
and the RDCs demand on the CDC is superposition of Q-stage Erlang distributions. We
approximate the RDCs and CDC demand distribution to nomal in order to enhance the efficiency of
algorithm.

The relevant costs include a fixed ordering cost and inventory holding cost, and backorder cost.
The objective is to find a continuous-review ordering policy that minimizes the expected average
costs under constraints of minimum fill rates of RDCs and maximum allowable mean delay of CDC.

We developed an algorithm for determining the optimal ordering policies of the CDC and the
RDCs. We verified and compared the performance of the algorithm through the simulation using
the algorithm result as the input parameters.
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Esumatd’ Demand Distribution of
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<Fig.1> Flowchart for Determining Ordering Policies of RDCs and CDC.
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107he] NG Euietet 170 FFEMAEt2 TS EoN2LE 2P v L8t FIE
e 84 2270 ¥ A EFFAQADT 5L <Tab. 1>9 £E8%h AYEujAeziy
TEEMAEL RS 2273, 4 NYRuAEe] 280 HAQRTEZLS5) U YRR E <Tab. 2>
o Yetidd. SH7IRF F2&4 gt 39 PF2 BFad AR ALY FHAY HA
A& n@&HYT.
<Tab. 1> Input Data for Costs, Leadtime and Maximum Allowable Mean Delay of CDC

Holding Shortage |Replenishment| Nominal | T l2mum
. Allowable
Cost Cost Cost Leadtime Mean Delay
RDC 20 10 5 - -
CDC 20 - 5 0.03 0.0015

<Tab. 2> Input Data for Leadtimes, Demand Rates, and Fillrates of RDCs.

RDC i RDC i 1
Data RDC | RDC | RDC | RDC | RDC | RDC | RDC | RDC | RDC | RDC
Fields 1 2 3 4 5 6 7 8 9 | 10
N°’m’,’al 0.012 | 0.017 | 0.017 | 0.014 | 0.015 | 0.018 | 0.010 | 0.015 | 0.018 | 0.015
Leadtime

Large | 22500 | 15000 | 27000 | 30000 | 25000 | 23000 | 24000 | 18000 | 20000 | 28000
Medium | 5000 | 7000 | 7000 | 10000 | 8000 | 6000 | 9000 | 8500 | 7500 | 80000
|Small 900 | 2500 | 1300 | 3000 | 1600 | 1200 | 1800 | 1900 | 1500 | 2200
Target Filhateio.870 0.820 | 0.900 | 0.850 | 0.900 | 0.950 | 0.850 | 0.870 | 0.950 | 0.900

Demand
Rate

£ =RdAM AAE 43 $¥E "Method 170|2} 331, “Method 1"o1M T3 GFAH L ¢ szt
B2 3e] SLAMSYS 40& 3¢ 433YY L "Method 2'2 39 $28° 9o & YRS
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<Tab. 3> o] YehRT. “Method 1"l A& FF 2N Q& 9&H A5 2 F33, "Method 2" &
oAy W42 HAYP we LxF FIeseie} |tk
<Tab. 3> Fill Rate Analysis of the Proposed Algorithm and the Simulation Results

LARGE_DEMAND MEDIUM_DEMAND LOW_DEMAND Target
Fill_Rate Fill_Rate Fill_Rate Fill
QR Method 1|Method 2 QR Method 1 |Method 2 QR Method 1|Method 2| Rate
RDC1 {115/313| 0870 | 0889 53|65 | 0870 | 0877 |28|9 6 0876 | 0846 | 0870
RDC2 {93 (272 | 0820 | 0838 |63|123| 0822 | 0820 138 42| 0841 | 0.792 | 0.820
RDC3 [127]525 | 0900 | 0923 |63|132) 0900 | 0889 129|23| 0900 | 0.862 | 0.900
RDC4 [135/476 | 0850 | 0869 |75|153| 0850 | 0849 |42 43 0854 | 0.808 | 0850
RDC5 |122(434 | 0900 | 0920 67 |135) 0900 | 0883 32|25 0901 | 0.848 | 0.900
RDC6 {114/490 | 0950 | 0961 |58 (127 0950 | 0944 29126 0956 | 0529 | 0.9%0
RDC7 [119]/281 | 0.850 | 0876 |71|100, 0850 | 0843 |35 17, 0867 | 0.827 | 0830
RDC8 [102]302 | 0.870 | 0888 |69|140| 0870 | 0867 |34 |29 0870 | 0846 | 0870
RDCY (106425 | 0950 | 0953 |65|160| 0950 | 0951 |31 33 0960 | 0932 | 0550
RDC10[129| 488 | 0.900 | 0923 |67 |135| 0900 | 0893 [37 36| 0909 | 0864 | 0900
CDC [95016174] - - 1412]1986] - - 155|45%6| - - -
Total Method 1|Method 2 Method 1 [Method 2 Method 1/Method 2
Cost 271670 | 27265 14503 | 14546 6915 6964

<Tab. 3>} 989, @H7F F8&0] F& A+ AGPLAete Mu25EE BFeHA XA
foh. ol FERuAMEY] 2grIe] $AE FHY W, 47 HEFS AFEXE A EH o3
7k Bl TASEZR, ZApsd] e ox2 ¥ & Uk 2Y, Fo&0] L Aot ¥4 ¥H
d3td 3¢ Fognd, 3Gy 2972 a7t AFEIE T A, FLNARS 9
o g BAFE T 243 B NGB AN 4R H2aTEFE MG BEGe ¥FA
o] YA, WA, B =82 Fag0] ¥ LUAAF R, Mu2FEL HFATH FH &
£ Hazse daAd 1344 2AH7Pes HEPE & & AT

6. d&

B =EdHE 7129 B2 2348 FAVNE @4 &Y §f FAV HE HAES 9%
AQozM, F4euetst NAS Fold AGRMAetZ TAHY 2RA2de] AN TFFNE A%
H A48 & e 45 L Adsgod, AGENdel e L8 TFFE) RHE A& 2%
I, FGENAEY A9E AP EAIANL) e AFxAE THHAT.

E =R Mdste AA7EL A 449 RERGENAeS] AN LT FARE, FEEHA
ete] 2g7| $oEF Y FARE, FYENAES] N2 F P ARG, FHENARY TP 4
EE)Z FAYLeH, & RELY AdBAE nAHd AGeeidets FIE A HNIFARS
ARE AL FYHAT. T € NG HF 133 RSN AGH(RFENA
B H28T73FE ¥ FTIENAELY HAHLAAANE FHH o2 oFA T A (Penalty
Method)& ©] &3] HA Ao

DAY 87 ¥olFE o] st LAY o, $8&°] L Aol AQEMAes FFEw A



N RE2RF4

28713 F8E ATRER SAZREAG. AGEAdete] 233 HE FEEAete] DAt HE
B FAg n s £€710Y 88 A5, 20 A HU2FEL 2o AAEY. ol § F
GEudele] AAALL M/G/1 ti718 ol 8o dAd AR3e. FIENAe TFA[LE AJE
wjete] SFAAHG JFAQANLE AGE DA FAEY. FIRNARY FaHfP e A2
B}o] 33149 Q-Stage Erlang® X & ¥ 3t +8¢] Fd# E4L 732 o] F ATEXE 2458}
pi ke

E =794 AgE s e HEAE 237 A% FAHYY sPBRE JH2E 3o
NEHINE P& B, F8E&0] £& A4 FAF P f T HEIH
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[Appendix 1] Propositions derived by Hadley & Whitin [8]
(1) Average Inventory Level

Qr = —20—+r—u+B(Q,r)

(2) Average Backorders
B(Qn = 5 [B(N-8(r+ @)= 58(n)

where,
B(r) = 5[+ (r-w2 e (L) - - (r-wye( L)

(3) Stock-Out Probahility

Posz = %[q(r)—q(r+0)] = %[d(r)]

where,
a(r) = oo (L) - (r-w oS E)
) d
[Appendix 2] Gradient Vector (- 3752 v T aY;C.:z) , fori=l, - - -.N

Case 1 : (1-fi)Qi—a(ry) 2 0

3 TCxQ;,ri,P LY C CstC

F) iy =t —

Lgogl’_k) =Cr(%)[(ri“ui)¢( L roiu )

Case 2 : (1-f)Qi-a(r) < 0

dTC(Qiri,Px) _ M Cu Cs+C 2[ 1-£)?*Q;i-(1-fi)a(ry)]
3 Q; A Rl S O Ps
d TCx(Qi,ri,Px)
ar,-
Cs+CH ri=

= G (252 (rimua( "';_“" Malr)-(1-£)Qi]

B oo (L)1 29(

0



dTCy dTCs )

[Appendix 3] Gradient Vector (- 300 ' 9ro
Case 1 : ————Bk(g;) < Do
. Corc
3TC4§%JO.T0.PI¢) - —#C)ﬁ—i—(_%‘z‘i)s(r”)
aTC"(ﬁz’ro’pk) = Cu CSOCH ) (ro- o) ro Oy _gg0( "oo-ouo )]
Case 2 : —B)%‘;—) > D omax
CstC
3TC4§%(:"0.PI<) - 32 Cr+ CZH —( SQ £.)8(ro)
B(ro) (B(ro)
-1 50, De=l "5t )

BTCA(aCio,ro,pk) = Car( CSQCH I (ro-no)é( ro- uo) o ( —TOHe ro Mo 41
0
*‘;;9‘“( ﬁx(crzf,) =D )55 (7o UO)‘P(_'Q‘_Q‘) og( L))




