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An Improved Reorder Policy for the General Multi-Echelon Distribution Supply Chain
based on the Order Risk
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Abstract

The objective of this paper is to provide an improved reorder decision policy for general multi-echelon distribution
systems utilizing the shared stock information. Since it has been known that traditional reorder policies sometimes show
poor performance in distribution systems, in our previous research we introduced the order risk policy which utilizes
the shared stock information more accurately for the 2-echelon distribution system and proved the optimality. However,
since the real world supply chain is generally composed with more than 2 echelons, we extend the order risk policy for
the general multi-echelon systems. Since the calculation of the exact order risk value for general multi-echelon systems
is very complex, we provide two approximation methods. Through the computational experiment comparing the order
risk policy with the existing policies under various conditions, we show the performance of the order risk policy and
analyze the value of the shared stock information varying with the characteristics of the supply chain.

Keywords : supply chain, reorder policy, general multi-echelon distribution systems, shared stock information, order
risk policy

1. A&

A7z dgd ue FFAE WY AAL AL FB FHE 94T FRA2EE ddsy #4
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ol¢} #AFA, A&ATEA AF FF A Y(continuous-review batch ordering policy)o] thd 71&9 A
F& AL A XA 24 Y(installation stock policy)@ 7%= 527 2 (echelon stock policy) 2. & ol d £ ¢
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[Seo2002]l A& AFARAZol Euiy AN2RelN FA ¥ F5E BAFE MY T of

To] dFE 2003 E BEURE it PH| Y APoE ATHUL

— 159 —



oA I AL BRI} 7HFHE FAAA ZAT o] 5L XopF 24T Buly A&

, AN FH A ARE AU BEse AFE AN FEH2A AL AA s
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2. 29
2.1 7tA

Az & Ao Fa@Es 1A o) 48 A9 24 Zujde] lu, &4 23 =g o9
A9 3x EofPE, HFHLE o A9 AuAE Zed. HF AT okHuE, AW xZ(child
node)g ZA ¢ Huls 2uEY 9¢E A Hu, FaE AvFdA¢ D 4 duje 9%
AunzAl A2 FE A Y(continuous-review batch ordering policy) & A&tttz 713 AF 14 F4
T APAAT FAsH, 39 duls shte] 49 duld FEEC 1A Aud FaE O gR F
FANA 3EE Fulstd, F FFAE T FF £%FE Zevn MRS BE Hule A4
AR ARE FY dule AT, 49 due JQ=rtE 3 dAEA BASE AFHH AF
A Ao AR F9 dul9 &9 duld g A=V 74 g E A5E FoAH, g%
TEAY 1o @ A=rRE A AN AxLnZ(stockout)o] BT AL, FH} FaE
E5 ol¥FF(backorder) 2.2 A HH, o] o vYANTF AundgFd EAF 4o Aunuzu g
(stockout cost)o] HAFFTE A o] AulojA Ax nZo] WY Ay, AF Hule §IFHE
(emergency operation)E 3 ¢ AMu] (Fu9 Ao AR FFAAA A FFS dRE 3
A AFdE, o] A AT AndAF A ¥ FFAYugol TG A
BE Aulo FF%H(order quantity)S FAH 29 Fo & B 93 Fojx otz 7RG

22 71% A9
712 "o, =uldS oW Av], t2 A¥ES 47 1,2, ,NH Au]2 Yehig,

CH()= 44 j9 AP F52 I, j=0,...N

L= 2v j29 A%71Zj=0,...N

Q. by, p= 4 o A3FEF, Anf{AH S, Anngv] S, j-0,..N

R, 4= 20 jo AFEH, 1A2FE = L

i), (0= 2¥ jo ANHY AAALAA, AAALFE, j=0,...N

1= 4y jo 4] jo| ZE sALu S P BAARHYAHE, j=0,...N
()= 24 jo BE 394859 ] AXA2AXHE, j=0,...N

D;(t,t;) = (1,,t,) T A jol 2= $£2%F,j=0,...N
Qj(tl’tz) = (tlatz)%c\’l' }éﬁl J*Q] ZIE"E"%‘:,_]‘:O,...,N
Dj(tl’tz) = (4,1,) ¢ Ay J'Q'}' BE 34 du 5o 2Hd e +9F l3—."\3‘],j=0,...,N



FEY2HY FA8E e dA FEAV I A% 2] & (marginal savings of delaying order)
) B 435 dlg Mujo AnH a9 MulEFEY Fogoey
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mQ, i i,)=D,(t,t+ L1 (1) >0
ﬁj(l}([),Dj(t,t'f'L},Ijub(t)))= _ijj s !f ij(t)_Dj(t,t‘FLj;I:‘;‘b(t)) <_Qj (1)
(hy + 20,0 D, (61 + LT )+ 1,0, , elsewhere .

of uf, Ay] jo §AAANE 47t T #E XA 2 W AFEd= Ho| o]Yo] ddk. 2, D=
FEUFol g (NAHAAME 9 o]l ZRHA Aok WA, [Se02002]E 7,9 7IHgE ol &5t
79 NEE 42 e 2 3,

7,0,0)= Elr,,0.D, (1 + LiEP )11, 0= 37,6, @000 PeD, 1.1 + L1 () 15 (1) @

g Zo] Btk AN, y= A 7 FEE o 9stq LA dAANT v UF%E o}
A 59, o]g Au] jof FEY2T(order risk)2 Ao} £ FE23 A I (order risk policy)S A
vl o] FEE2T y7b 0 o8ty gto]l @ o FA] FEste AAoR Aot}

[Se02002]= 2A159 A5l Wd FFel2a FAo HHAALE FHAT vxd Yoz, gury
gAS 28 A&"e dME FFead AL ALEst Al29 H 4 HA8T £ J5E %
A FRE - Qon, UM E RFEFdT

32 FEE 239 At
ne N gFolng, FEe2a9 F&e & Adste AL e B3 FA @ g,y
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7,0, (bt + L1 @) = (, + p )i, (=D, 1 + LT (0))+ 1,0, 3)
€ A8 5 9e Aotk 289, SAHA FEA23E 2 UYehWIZ Fhd, of e v 2.
71, 0)= Elr) 6,00, D, 0+ L1 )L, 0]= 0, + p)i, (00— E[D, e + Lt @) 12 0]+ 1,0, . (@)
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YL@O-D, (et + L)) 7 Aul jo PN 2R D (r+L) ) F87F HAEAL WY FEY2IE
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3 Zol vk Q (t,r+ L +L;L (0, D, (6t + L) #E (hr+ L+ L) T Y] k9 AFEIAF, F, 4
v ko] FFEY2F Fhol 0016}7} 9= R5d s ARAG. Ad kb AFEIHW 7 8 &ol
(b +p)Q B2 FAHEE, yi(1,(0)-D, (1t + L)) E % Zo] et
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71( ](t) I(t i )) (h+p {1 © keczy(j) “ (h + )0, J &
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3.2.1 2AHY 1

zt 2ojA 9 #R% ¥ols $£x& w2ng Au] jo A28 Ll TAs = £29 FHA A
H] jo Al2® e, A jo g9l gl AvAEY gy #AIA My jof Al2d =aEE B4
e ¥olg ¥E7} %t} a9, Au] jo] A28 £R9] o] FoA U u, FALRe Qe 7 Ay
o #£89 g AFste A28 &) v doh € M *&"*«l e ngste o4,
Aoz 89 7|dighe AHE3E, A jo] Al2" Fase 7 gAY 838 AR ok

A; 7t Ao j9o N2® E&EE L}E}Lﬂﬁ, d,(t, )7 (1, )T An jo Al::% T8E Yeitn
. ol !, dt,1,) FELEE 1,(,-1)S EFE FE Xokd £I7 80 dAY A2d 4
I, (t)t zold Qoeng ol JA}H¥'§° A4S D+ L) E d e+ L) A5 fAE 4F
-‘Eh:} 3 D, t+L)E d@te+ L) A8 g 2o @%%‘4
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o gol Ak ANNA, d,(¢+ L t+L+L)E AL E EFE ZE Xotd 7 Aok ®)F (99 A&
ol gste], M) jo| FEH2A, F y,A,ENE G,A,00 2A 44 & & Aok

A2go] o7 A weig ol AA duje] digte 719 A AR doE Yo o4
A A Fo7 B, P AviFe A4 dulse] FEI2AW WAHA ot gk, 47
o MoA, a7t HAF AviFH A9 Aulsol daiNt GgE AMEE HA, oA @ 2
2 AAEdE £+ Aok 29, g AN del F4 7339 Zdolg Kt gt A|2H9 ¥olE§ He
g o, 2AbEY 19 Ad E3EE o'yt 9o

322 ALY 2
AP 19 AN BFREE 2" Fold dd] AFAHoE & Holnz, Big FFAIE g
Ae o g 2ol dasit A R T wolAe FH olfE WH(floor)F o 71Uz

A dgoleh We AURe Adets Wy, Aoz 4,9 AdRE Agshe, 083 2o |
o,
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4. A Ag

487FA Ao dgt, dAAQnAZ A, AFAnAY, FEA2I AY 2y 1, FEHAI A
AP 29 47k R G AL RS o AlAE v LS HEEE AP £Y5AY. 2EY A9
Ztzto A, A28 Eg9 EolE H 3L o, 120 Y&t Aulg dFFFFL 50x277 2 319t}
A7l 0FEL FEREE Y 1$F dulg AugAussd fguaduge 2z 2x0577
20x0.577 2 e, .1 59 HH2RY 15£F HH29 AR/ THE maxQH-I+1)E T} o7)
A, A% FE 2,342, HFAA S (fan-out ratio)S 1,2,342, 2vlde 25388 24682 2zt WA
AA 283 499 3¢ 4Zd dal, A4z Y3 ASAng A Ggd AFY AFEAL
Al EHolAL T3 A&

a2d ALdA, FEH23 Y Ay 12 A A, ASADZYL AL A9 vE
B 62%, AAARLPYE AMET H9o v HF 17.5%9 v §A2ER7 g Aoz Jehgr
2L FHRd we 33 RQAAS AEsnz, Avide 9u$L ALSE Ao ue W)}
A Fed g, 2P E AT o2 du|Eo] s v &L wmed, wegLZe 727 PJ7F
203%%} 57.1%2 JEY, FEI2T FAL o FH A ARE G§3H 07 A gao] wat Age
Hl g A a7t e AoR YERt 2AMY 28 AMEE A9 AP 19 vlE Avjd e 1
g A A 2.6%, 2HE 2R && A HF 8.9%9 H{ F e AeE: Y, 24}
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By 29 W 437 FAR F Qe FELE YEen, oo dsiAE oA AAF GE

a8 12 4 AFoAA AARY v gAolE BoFEg. B, M okl AFTE AT 1E, A4 AT
< £HdE AF 2, 3,42 dEhrl2 gk AF 12 avder FAS] geng, AN B
ol7b yetuA gteh Aol #AQlol, FEH23 AH SAbEY 10] P #& ¥ EE YEhdo,
I Az AR &84 A adE dFEYY FEHALI A ASARAZ Y £ A2
AA v gxols AF 2004 Hdlo 2P FAAT ez JHAN Fadte Aoz UK oA
2 A9 AFeE ZE 8 A9 Fod IFE v Ao 7t Frkste, AE Axn AR I}
A Zady] ded Aoz 49d £ ok T AP v 8Aols AF 2 olddME dge 3
#& Bo)x gt 2y, AF e AFAREAY d5o] TAY 28 A2 ALE v
Uz g o|2RE, A9 AFdAAE AP 1€ ASEAY AdFZol EAZ 2 A AFAZA
A& AHgste Aol nEAEEs & F o ‘

0.7 0.5
06 | N
T S 0.4
05 / T
04 | // R 0.3
0.3 J/ 0.2
02 r 7 ’ 0.4
01 /7 T e "y
W 3 - » 0
ol LB 4 o1 e
—— Echelon Stock - Installation Stock —+-Echelon Stock -+ Installation Stock
-#- Order Risk (Approx.1) -+~ Order Risk (Approx.2) -&- Order Risk (Approx.1) —+- Order Risk (Approx.2)

[2¥ 1] AF Eold W& FAL v §A| [29 2] BEAAFd B2 ZI vj§ato]

a9 2= P A2 F(fan-out ratio)’} W3l W AH uj§ Aol FolE RAF: Y FE
gl2a AAo] HFAAFo FAGOl HF ¢ v EE BHAaFa o SAPPEEY b gatols Fo
o BFAA4d w2t dge WwErl 9 AR JeElnt F7AAFs 19 de e AFALZ YR
FEI2344 ZAYY 19 v &0t YEUA gk, ol A8y AN2"-dME AFALRY
o] §Ao|7] WjFolth [Axsal993] ASARA AT FEY2ARY Alo] 9] u]§3pol= HAAAFI} 29
o JAgcrt, Ao F4ge] ue gaste Aoz JEyd, olgd Adde FaAFs $
o uie} 319 An|E9 FEF FAE FAZ3A E(central limit theorem)oll & AFEEo| 233
A Sy, A AnAgne AXe 747 REQD Ao AP 5 gk ol F A= [Se02002)9)
24159 73$9 A ¥l

g 38 FaEFgo] Wi wE FA y
43lolg RAEY FEH2AZY 2APHY 19
E&g #AQ0) M @2 v S B a Qo
SA Y bl &atoje Ao mdgo ue
g2 Asst gtk A4z v GAlolE E&Eo
Ztgtol wel Zade Aeq JeEwy. ogd
Ade Xolfy EXY 54 =g FUHE
uel &9 duizREe FEZF BAFRE FU1E
o A Ax AR 7tAE Hoj=g 7] giEQl A
o A9y # Ao ugH, FEHLI FF9
3% 2380 ¥ W o IA Ygun, o& 2
A%2l 9ol dF [Seo2002]9] Ao} H§}3c
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5. 48

B AT M=, [Se02002]9 AFE FHEY, ity dAS BulE AL dste] FEELA A
AL AREAY. o7 Fold EX 2 wAEn 2/ ol AFTE Y Buly Azd"d dato
FANGEA L 28 FEY2IE FAFEYY. TR ASG & AdstE AL e FF
oz, B AFdie AR Yehte 27tA 9 SAPE S A ]5]'“‘4

JNEY A FEL3I AYS vudde AN IS Fao, FEHLI AL GG
"J‘“’} g A 2t ded 45t Fegsa 349 EJ—P‘ amfjdo] ojd W AFUF

g, 34 AAF7L Z‘i%?%, FREFHEol HEF4E 2 € Ao YEW. SAPEY v §4to)
E ‘3]5’-“—‘] Aoy, & AFAAE SAEH 27} AZALZAR Y 2 H &S YEhUTE oA,
< A9 duldMe ZAPEY 1| BE AFALEAE AHEEe Aol vhdA st

%_1/\}‘5““ 12 AMEREZ w31, ZAY 28 2 ASdA FA 32 A5E 299 g 2o
HH}E_TL AEgg A g ‘E:rL 7} @78 e Uiot Fele ”%’““(neural network)[Jung2002]

T SVM(Support Vector Machine)3} Q% AFA 5714 0] Ef‘ﬂ'% F AL Aol AA FFAENA
78 dg A9 sleste FEREE Fohd7] oY1, @3 FA9 8 AR FoAAE H§
b Boeuz, ALF ofidAE o 315} AEAF71HE *}%E}C 7;1‘ o] F&¢ digto] dr} viA L
2, 2ulE N2"93 29y A299 T3¢ 2Y4 difA FEH2I AFE FFae A= JUdE
A7t @ Aog AZH.
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