11

Handfield and Nichols (1999)

Stevenson (2002)



1.2

Silver @ d. (1998)

Hiller and Lieberman (1995)

OEM

IBM



- (integer-ratio)

(Roudy,1985 Luand Posner, 1994 Lu, 1995) -

(ECQ)

(quantitative)

1.3

Lu (1995)



Goyd (1977)
(Joint Economic Lot Sizing, JELS )

Banerjee (1986) Goyal (1988)
Banerjee
(quantity discounts) Monahan (1984)

Lee and Rosenblatt (1986), Monahan

(1984), Rosenblatt and Lee (1985), Kim and Hwang (1988), Klastorin et al.
(2002) Zhao and Wang (2002)

(One-Warehouse
Multi-Retailer Problem) (Joint Replenishment Problem,
Goyal, 1974 Van Eiji,1995 Fungand Ma,2001 Viswanathan, 2002 Lee
and Yao, 2003)
(warehouse)

Lu (1995), Goyal
(1995), Hill (1997), Viswanathan (1998), Goya and Nebebee (2000) Goyal



(2000) ( )
Viswanathan and

Piplani (2001)
(One-Warehouse Multi-retailers Problem, OWMR)

Lu (1995)

A O D

1.4



Viswanathan and
Piplani (2001) Stackelberg game



franchise fee



(Procter and Gamble,
P& G)



(operational model) (strategic model)
Thomas and Griffin (1996)

Li and Huang (1995)

2.1



2.1

(coordination) (cooperation) (collaboration)

(Coordination is the act or state of combining in
harmonious relation or interaction.)
(Cooperation is an act or instance of working or acting
together for a common purpose or benefit.)

(Collaboration is the coming together of parties with

diverse skills and backgrounds, contributing those skills and resources in an
atmosphere of trust, respect and flexibility, in order to achieve shared goals
and objectives)) (Viswanathan and Piplani,

2001) “coordination”  “cooperation”
“..., firmsrealize that invertories across the entire supply chain

can be efficiently managed through greater cooperation and better
coordination.”

10



(1988), Tirole (1988)

Jeuland and Shugan (1983), Johnston and Lawrence

Buzzel and Ortmeyer (1995)

2.1

Jonesand The planning and control of tota meaterids flow from suppliers

Riley, 1985 through manufacturing and digtribution chain to the end-users.

Sevens, The connected series of activities whichis concerned with planning,

1989 caordinating and contralling materid, parts and finished goods from
suppliersto the end customer

Scott and The chain linking each dement of the production and supply process

Westhrook, from raw materias through to the end consumer. Typicaly such a

1901 chain will cross severa organizationa boundaries.

Hiram, 1991 | A network of firmsinteracting to ddiver aproduct or service to the
end customer linking flows from raw materid supply to find
adivery.

Towill et d., A system whose condtituent parts include suppliers of materias,

1992 production facilities, digtribution services and cusomers, dl linked

together viathe feed forward flow of materids and the feedback flow
of information.

11




2.1 ()
Chrigtopher, | The network of organizations that are involved, through upstream and
1992 downstream linkages, in the different processes and activities that

produce vaue in the form of products and servicesin the hands of the
ultimate consumer.
Davis, 1993 | A network of processng cdlswith the following characteridics
upply, transformation and demand.
A network of fadilitiesthat procure raw materids, transform them into
Leeand intermediate goods and then find products, and ddliver the productsto
Billington, customers t_hrough a_dl tri b_utl on system. It spans procurement,
meanufacturing and digtribution.
1995
Thomasand | Materid and information flows both in and between fadilities, such as
Griffin, vendors, manufacturing and assembly plants and digtribution
1996 centers, ... there are three traditiond stagesin the SC. procurement,
production and digtribution.
The integration of business processes from end-user through origina
Cooper et suppliers that provides products, services and information thet add
d. 1997 vauefor cusomers.
The network of connected and interdependent organizations mutudly
Christopher, | and cooperatively working together to control, manage, and improve
1998 the flow of materids and information from suppliers to end users.
A network of connected organizations aimed at the fufillment of
Beerseta., | consumer needs ... in conjunction with the fulfillment of needs of
1998 other stakeholders of such an entity.
Trienekens, | A network of processes with precedence relationships that are linked
1999 by the flow of products, informetion and/or money.
Handfidd It encompasses dl activities associated with the flow and
and transformation of goods from the raw materids stage, through to the
Nichols end user, aswell asthe associated information flow. Materids and
1999 information flow up and down the SC.

Banerjee (1986), Goyal

(1988,1995) Lu (1995), Viswanathan (2001), Hill (1997,1999), Chiou and
Yeo (2001)



(operational)

(strategic planning) (@)
@ - k) -
2.2
@ - @ -
e -

2.2
Monehan(1984) Williamg(1981) Clark and Scarf(1960)
Lee and Rosenblatt (1986) [Hag.Vra and Kanda (1991)  |Muckstadt and Thomas(1980)
Banerjex(1986) Hahmand Y ano(1992) Erkip,Hausman and
Benjamin(1990) Pyke and Cohen Nahmias (1990)
Goyd(1989) (1993,1999) Svoronos and
Anupindi and Chien(1993) Tsubakitani (1992)
Akdla(19%3) Chandraand Fisher(1994) Ernst and Pyke (1993)
Kohliaand Park(1994) ('\f;k;adt and Roundy Van Eij1994)
Lau and Lau(1994)
Lu (199%5)
Hill(1997)
Viswanathan (1998)

Goyd and Nebebee
(2000)

13




211 -

IT
Monanhan (1984) K*Q* Lee and Rosenblatt (1986)
k K Banerjee
(1986) Goyal
(1988) Banerjee (1986) (Lot-for-Lot)
Anupindi and Akela (1993)
Kohli and Park (1994)
Lau and Lau (1994)
QR
212 -
(1)
2
3)
Williamg(1981)
Benjamin (1990)
- Hag et 4.
(1991) Pyke and Cohen (1993,1994) Chien

(1993) Chandraand Fisher (1994) Muckstadt and Roundy (1993)

14



2.13 -

(multi-echelon inventory systems)
Clark and Scarf (1960) Silver and Peterson
(1985) Muckstadt and Thomas (1980)
Lagrangian Relaxation
Erkip et a. (1990)

Svoronos and Zipkin (1991)

Rogers and
Tsubakitani (1991) Ernst and Pyke
(1993)
Muckstadt and Roundy (1993)
(nested powers-of-two)
Van Eijs (1994) N

RS

20%

2.2 -

(quantity discounts)
(channel coordination)

15



demand ) (2

2.3 26

221

)
(Forgarty,1983) (4)
(7)
Methodology

EOQ

(D (non-time-phased

(time-phased demand)
(al-units discounts)

(incremental discounts)

1)
(T-S modd) (3) ROI
(Abad, 1988ab) (5) 6)
) )

16



2.3 /
Hadley and Whitin(1963)
Tersine and Price(1981) Monahan(1984) Crowther(1964)
Kuzdrdl and Britney Lee and Rosenblait Monahan(1984)
(1982) (1986) Rosenblatt and Lee(1985)
Rubin, Dilts and Barron Goyal (1987)
(1983) oy Lee and Roserblatt (1986)

Fogarty and Hoffman
(1983)

Aras(1985)

Krupp(1985)

Aucamp and Kuzdrdl
(1986)

Abad (1988)
Patterson(1989)

Burwell, Daveand
Fitzpatrick (1991)
Bento(1991)

Rubin and Benton (1993)
Hall (1992)

Rubin and Benton (1993)

Drezner and Wesolowsky
(1989)

Weng and Wong (1993)
Weng (1995)

Chen, Federgruen and
Zheng (2001)

Muson and Rogsblatt
(2001)

Viswanathan and Piplani
(2001)

Banerjee (1986)

Chakravarty and Martin
(1988)

Joglekar(1988)

Chakravarty and Martin
(1989)

Kim and Hwang(1989)
Li and Huang (1995)

Klastorin, Moinzadeh, and
Son (2002)

2.4 /
Hadley and Kim and Hwang(1988) Dolan(1978)
Whitin(1963) Lal and Stadlin(1984)
Tersine and Toell(1985) Dada and Srikanth(1987)
Abad(1988b) Weng (1599
Guder,Zydigk and

Chaudhry (1994)

17




2.5

Mather(1970)
Callarman and Whybark

Majewicz and Swanson
(1978)

Benton(1980)
Callarman and Whybark
(1981)

Benton (1983)

Benton and Whybark
(1983)

Benton (1985)

Chung Hum, and Kirca
(1996)

Federgruen and Heching
(1999)

Chan, Smchi-Levi, and
Swann (2000)

Zhao and Wang (2002)

2.6 /

Tersneand Todle
(1985)

Federgruen and Lee
(1990)

OpenArea

Open Area

(1)

Hadley and Whitin (1963)

(vaid EOQ)

EOQ

(price breaks)
Barron(1983)

Rubin, Dilts and

EOQ Hadley and Whitin (1963)

18



2)

1982 Kuzdral and Britney total setup lot sizing mode! (T-S Lot
sSize Modd)

Rubin, Dilts and Barron (1983) T-S Lot sze Modd
(i) T-SModd
(ii)
(iii) (Make-to-stock)

(iv)
Britney, Kuzdrall and Fartuch (1983b)

3
Forgarty and Hoffman (1983) (Return On Investment,
ROI)
(excess inventory)
(ROI) Krupp (1985) EOQ
EOQ ROI

Patterson(1989) Krupp
T-S Modd ROI

19



(4)

Abad (1988)
EOQ
Abad (1988) Hadley and Whitin (1963)
( )
(5)
Burwell et a.(1991) Abad (1988a)
Abad Tersne and
Price(1981)
Aull-Hyde (1992)
(6)
Aucamp and
Kuzdral (1986) (minimizing the
present value of the cash flow) EOQ
1989 Aucamp and
Kuzdrall

Hall (1992)

20



(7)
Pirkul and Aras (1985)
Lagrangian Relaxation
(problem size)

Lagrangian
Benton (1992)
Lagrangian relaxation  ?
Rubin and Benton (1993) Benton (1992)
?
(collectively search)
(8)
(z d
Wang and Wu
(2000)

Robinson-Patman (Stein and El-Ansary,1992)

Wang and Wu (2000) Dolan (1987) -
(Quantity Discount Schedule)

9)

(Wang and Wu, 2000 La and Stadlin,
1984)

21



2.2.2

Monahan (1984)

()
(quantity discount schedule) Monahan

(1984)

(profit)
(cost) Joglekar (1988)
Lee and Rosenblatt (1986) Goyd (1987)
Drezner and

Wesolowsky (1989) (al-unit
quantity discount schedule) Weng and Wong (1993)
Weng (1995)

Muson and Rosblatt (2001)

Viswanathan and Piplani (2001)

:Goyal(1988)  Lu (1995)



Goyal
(1995)
Hill (1997) Goyal
(1995) [1,P/D]
Viswanathan (1998)

(Identical Dédlivery Quantity, 1DQ)
(Deliver What Produced, DW P)

Goya and Nebebee (2000)

Goyal (2000)  Hill (1997)

223 -

(1)
Crowther (1964)
(Joint Economic Lot Sizing Problem,

23



JELSP) Mondhan (1984)

Manahan

(net accounting profit function)

K Q K" = ’%+1 S

S
K' = %+1 S.S K* 1 S, 0
S S
K*
(quantity discount schedule) S S Monahan
(1984)
(i)
( Lot-for-Lot-policy)
(if)
Rosenblatt and Lee (1985)
KQ*

(K-1) KQ*, (K-2)KQ*,... KQ* 0
Rosenblatt and Lee (1985)

(2)

24



L ee and Rosenblatt (1986)

L ee and Rosenblatt(1986)
k K’ K’ S S

(Lot-for-Lot policy)
©)
Goyad (1987) Lee and Rosenblatt (1986)

Lee and Rosenblatt (1986)
k K’

Rosenblatt and Lee (1985) Lee and Rosenblatt (1986)

Lot-for-Lot
(4) ( )
Banerjee (1986)
Manahan (1984)
Manahan Banerjee Manahan K*
Banerjee K* 1

EOCQ Q)

25



Banerjee
Joglekar (1988) Banerjee
(1986) Manahan

Kim and Hwang(1989)

() :

(if)
(iii)
Kim and Hwang
Jogleker (1988) Manahan S
S S ( )

S

Drenzer and
Wesolowsky (1989)
(optimal price break quantity)
(optimal discount price)

Chakravarty and Martin(1988)
(M

26



Chakravarty and Martin (1989)

2.3
Lu (1995)

- (integer-ratio policy)

Viswananthan and Piplani (2001) EOQ

(Common
Replenishment Epochs, CRE )

Monahan (1984), Banerjee (1986), Lee and Rosenblatt
(1986), Goyal (1988,1995) Lu (1995), Viswanathan (2001), Hill (1997,1999)

Crowther (1964) Dolan (1987)
Benton and Park (1996)

27



Weng and Wong(1993)
Weng (1995)

24

(Goya and Gupta, 1989 Muson and
Rosenblatt, 1988 Tsay et d., 1999)

Lu (1995), Goya

(1995), Hill (1997) Viswanathan (1998), Goyal and Nebebee (2000) Goyal
(2000) ( )

Viswanathan & Piplani

28



(2001) (One-Warehouse
Multi-retailers Problem, OWMR)

29



3.1
311

EOQ

EOQ

EOQ 1.1
10%

(stationary nested policy)
(ratio policy )

Roundy(1986)



.11
1/k (ki {15,5,...})
(nested policy) Lu and Posner (1994)

Hanhn and Y ano (1995)
312
Goya (1977)

Banerjee (1986) (lot-for-lot)
(joint economic lot size model, ELS), Goyal (1988) Lu (1995)

Goyal
(1995)
Hill (1997) Goyal
(1995) [1,P/D]
Viswanathan (1998)

(Identical Déelivery Quantity, 1DQ)
(Deliver What Produced, DWP)
Goyad and
Nebebee (2000)
Goyd (2000) Hill (1997)

Lu (1995)

31



3.13

3.2
321

32



— &N ™ <

Lo

10.

322



b i
AC
.
K
3.2.3
Min AC(T.k)=S/T +%rCDT[1+(2D/P- k- D/P] (3.18)
st. T30, (3.1b)
%(I'OlkT+ KT/IT®) £b (3.1c)
S11
q {15,5,...} (3.1d)
(3.1a) ST (3.1a)
(Lu, 1995) k
k 3.1 (31c) T°
(=+/2A/(fCD))
(EOQ) (3.1 (kT)
(T°)



b (3.1¢) T
9e7ed
k k

qa=T°(b +b*-1)
g=T°(b - 1/b2-1)

(3.1d)

(nested policy)

3.1

31 Ki{z,

Rl

N

Wk
&
—

(k)

35

(M

(3.20)
(3.20)
(3.20)

(kT) k£l

kT{l;%,%,“}
(k=



T(k) =+/S/0.5rCD[(2D /P - )k + (1- D/P)]

U, =%rCD(2D/P- 1) UZZ%rCD(l— D/P) (3.3

T(k) =S/ uk + u,

T (3.1¢)
K [%,%] T(K) =/STuk +u,
\/S/ulk +Uy K %
AC(K)
}S<+uzg/k+ulg i T(k) =g/k
AC(K)=1 2|STuk+uy, LT (k) = /STuk+uy)
1Sk +ug/k +ug L 1K) =q/k

3.3

T

AC(T,K)

(3.3)

(34)

(35)

(35)

T

(small-step search procedure)

AC(T,Kk)

3.31



( or= 0.0001)

T
B2p) (B2) qa g
(pT) T
949
k k T [k.k]
k kli{f,i 1 ..i.} k T
123 m
(3.29) AC(T, k)
T T
AC(T, k) k T
T
m
m AC(T, k)
Proposition 3.1 AC(T,K)
k T
3.1 T g94a
(319 .3
111 1
T ey
ACTTK) SRSTP T,

AC(T, k) m .

37



332

m D
P (Case 1. 2D>P Case2 2D>P Case 3
2D>P)
Cael 2D>P
(2D) (P)
AC(T,k) T (piece-wise convex
curve) 3.2 T k AC(T,k)
AC(T,k)
3.2 T=1.0 K =|_1=% AC(T,K)
=t -1 AC(T, k')
I+1 6
AC(K(T)Q&G

280

2601

240

2201

200f

1801

160

140 * * * . * :
05 1 15 2 2.5 3 3.5

3.2 2D>P AC(T)



7\—
—_
~
Rl
N |~

AC(K)

AC(K)

R=u§u2+u2ﬁ+4i3
é U9 g
T
Proposition 3.2  2D>P

(1) k
'IA'(IQ) = 1/S/ullz +U,
(2 k

T(K) =+/S/uk+u,

3)

~)

1 1
ki {1,1,1,_
1'2°3
9
k
o Sk+ug/k+ug
ki R
(convex function)
Wideman et d. (1997)
(3.6)

gq
T T’_A
[ k]
g q
T T,T
[k' k']
K'=1/(L/K- 1)

T

39

:2:|H

?\_>|(Q



AC(T, k)

2D>P T k
AC(T,K)
k T

g q

K CETEL

T(k) =./S/uk +u, T(K) T
JSiuk+u,
-

g a T(k') =+/S/uk'+u,

[1/(1/k -1) "1/ k- 1)]

K'=1/(1/K - 1)
(1) T [%T%] \JSIuk +u,
2,/ S(ulI2 +U,)
g
2 T T =
(2 0
X+ u,g/ K + ug
3 T

g a_ JS/uk+u, K'=1/(1/k- 1)

[umﬁ4fmuﬁn

Case2 2D=P

P)

(2D)
(convex curve )

AC(T,K) T



3.3

AC|

T = [25rcD@- D/P)

(K(T),T)
2600

AC(T,K)

2500[

24001

23001

22001

21001

20001

1900

18001

17001

1600

01

3.3

Case 3

curve)

kl

1

I +1

0.2 0.3

2D<P

AC(T,K)

all

T
34

L L L L L L
0.4 05 0.6 07 0.8 0.9

1

AC(T)

(2D)

T=0.6

AC(T,K')

41

(M

37

(P)
(piece-wise convex
AC(T,k)
AC(T, k)

AC(T, k)



(ACK))

a
k

(convex function)

kTl R

(convex function)

(1997)

Cae1 (2D>P)

.6 0
K=1/g 12+1/2 1+ 22 4
é UAd"

AC(K(T),T)

S(/Uzq /k+u1q

T
S/u,g/k+ug
Casel
~111 1
kl {I’E’g’ﬁ}
SK/uq/k+ug Kk
Wideman et a
(3.8)

2600

24001

2200F

2000

18001

16001

14001

34

2D<P

AC(T)

42



Proposition 3.3
2D<P

(1) K
T(K) =+/S/uk +u,
2 «

T(K') =+/S/uk'+u,

3) k

|

2D<P

T(K)=+/S/ Uk +u,
q
JS/uk+u, E

T

T(K') =/S/uk'+u,

T 94
[k k]
gq

T 2=
[k' k,]

K'=1/(1/ Kk +1)

T

—3 9
1A/ k+1) "L/ k+1)

K'=1/(1/K +1)

x~|@Q

AC(T k)
AC(T ,K)

eTed



(1) T 2
2/S(uk+u,)
2 T
% K +u,g/K +ug
©)
[ 1

1/(L/K+1) "1/(1/ K +1)

34

3.1
Lu (1995) Example 1

¢=25, D=2000, ¢ =20, P=3200,S=400 b=11

0.2

2D>P Casel

(1) T°=42A/fCD) =0.0707 ¢=0.0454 ¢=0.1102

~ é )
) K=1/g 12+1/2 /1+ as i
é U9

g q
QT 2 AC(T, K)

T (K) =+/S/uk +u, =0.5014

(36)

1/S/u1|2+u2

Js/uK+u, k'=1/(1/k +1)

Q:i
1

24/S(uk +u,) =1595.4

=

2,



4 T % AcT.k)  K+ug/k+ug =1595.5 T(K) = m
=05 Kk :%
(5) AC(T,K) 2,/ S(uk'+u,) =1600

(3),(4).(5) 1595.4

AC =1595.4,
T=05014, k= 1_11 , KT=0.0456,
=776.35, = 237175 =
32

A =25, ¢=25 D =1000, ¢ =20, P=3200, S=400 b =1.1
0.2

2D<P Case 3

(1) to=42a/CD)=0.1 q=0.1558 ¢=0.0642

2) K=1/g 1/2+1/2 1+ 22 4 (38) k=1
é ug- g 3
R T [%%] AC(T.K) 24/ S(uk +u,) (

T(K) =+/S/uk +u, =0.5963 [0.1925,0.4675])

@ T % ACT,)  SK+uq/K+uq=1381

(5) AC(T k) 2./S(uk+u,) =1378.4
T(K) =4S/ uk+u, =0.5804 12':%



(3),(4).(5) 1378.4

AC =137841 ,
T=0.5804, k=1, KT=0.1451,
=535.04, =191345 »
33
Lu (1995)  Example 2 . A =15,
¢=30, D =150, ¢ =20, P=300, S=450 b =11
0.2
2D=P Case 2 (37) T =,/25/rCD(1- D/P)
AC =519.615,
T=1.7325, k:é, KT=0.1925, =164.54,
= 684.155
Lu(1995) AC =51962 ,
T=1.7318 k:%, KT=0.1237,
=176.93, = 69655 =
35
Lu (1995) Lu (1995)



(Mixed-Integer Programming Moddl)

Lu
(Identica Ddivery Quantity, IDQ)

Goyal (1995)  Hill (1997)

1 D/IP

47



4.1

4.1.1
Roundy (1986) (stationary nested
policy) (ratio policy )
11
Uk (ki {1,5,5,...})
(nested policy)

Luand Posner (1994) Hanhn and Y ano (1995)



(integer policy)
(mgor setup)

)

(2)

3)

Pittsand Lei (2000)

49

(minor setup)



4.12

Goyal (1977)
Banerjee (1986)
(lot-for-lot) (oint
economic lot size model, JELYS)
( )
Lu (1995), Goya (1995,2000), Hill(1997), Viswanathan (1998) ,
Goyd and Nebebee (2000)

Hahm and Yano(1992)
Hahm and Y ano(1995a,1995b) (lot-for-lot)
(stationary nested) Hall (1996)
(lot-for-lot)

4.1.3
Lu (1995)

4.2
4.2.1



— o o <

o

10.

11.

12.

«©Q
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4272
Case1l

k1{23,..}

ki1 {23,..}
4.1
t3(=kT)
kT

t (=mT)

52

kiD;T /R

4.1



(kpT/R) m Kk

(k- m)T2* kDT/R >(k - m - 1T

_& . DU
m—gkl(l Pi)H
ex( X
[ kT
iTD iki(z_ L ZL)
i ki
A
t tp t3
41 k1 {23,..} i
Case 2 R
ol {1’2’3’ J
~ 111 i
S == |
oL {1’2’3’ J
4.2
ti(=kT) qz(:kiFi,T)
kDT & (FkRT-kDiT)

(4.1)

(4.2)

(4.3



(T B(=DT/R)
t, GmkT)

MkT 3 DT/P 3 (M - Dk T

m =é; kR
i 4.2
(i*) t,(5(W - DkT)
(12) t, ty (112)
. .
P=1/2(R - D)(M - (M - DK’T? +1/2(M - Dk?RT?
17=(R - Dy)( - DkT* +1/ 4(1- @*)kR +2MkD; - D*/RIT®
r3=1/2(1- mk;)(1- mk +k)DT?
(459) (4.5h) (4.50 i i
1 _ D, 0
> DiTgi +k, -
A
0
q2 ............................ .
ty ty t3 t4
~ 111
42 ki {1 E’E’"} [ T

(4.9

(4.59)
(4.50)

(4.50)

(4.6



43) (4.9

ma oD (1+minflky . P 2m
2ia:lmax{],kl}c,D|(1+mm{],k,} = K)
4.2.3
(M
n
1c,8_ 9
T(S+ia=1max{lk})
S 111
ARSTPIEE
S
=
S
()
(s)
(kT)
42.4
(M « kﬂ{l,Z,S,K}E{%,%,%,...} k,T{%

(k)

(4.7)

(4.9

(kT)



1, T, (kT)
2 (T) T

)£ b,
(T°)

Siegredl
k k

q, =T°(b,+b2-1),i=1, 2,..,n.
g =T°(b;-Jb?-1),i=1,2,..n

42.5
. 1 s 5
=—(S+3 ——~
Min AC(T,ky,Ky,....k,) =] al {1,ki})
+ T8 max{Lk Jo Dy L+ min{Lk} - 2. 2M,
2 P K
st. T30
1, T1° (kiT)
2((kiT)+ T JE by,
111
ki1 {123, }E{ 55},
m =§ki(1- &)3,i=1, 2,...,N.
e i 0
TO = A%A‘ =1, 2,...,n.
rc,D;

(4.9

(4.100)

(4.100)
(4.100)

(4.11a)

(4.11b)

(4.11c)

(4.11d)

(4.116)

(4.11)



4.3

(small-step search procedure)

AC(T k)
4.31
( or=0.0001) T
(410b) (4100 4, g
g, T (o)
T T i1 {% %g}
AC(T k)
a, T (or)
T T k1 {123,..}
AC(T k)
n n
n
4.32

:A=20, ¢=25, p=200, ¢ =20, p=320, <=100 b =11
k. (Cael Cae2)
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K
~ 111
Case 1 k; 1 {1,5,5,...}
(4.108) T g ki
T AC

q =0.3117 4 =0.1283
AC(T =0.1283,k =1) = 849.99

T=0.3 K 1 2
< AC(T,k =1) AC(T, ki)
(piece-wise convex curve) 4.3
n
- 111
kil {I E,g,..} |

(VBg) Min AC; (ki,T):? +—c D, (1+k -

SR o A

9 G
It

1
AC(T k==
( 5)

(4.12a)

(4.12b)



1000
900f
8oof
700
=
S s00f-
g ki=1
5001 ki=1/2 y
4001 k> Kiz 1
" 3\._&1/4 ki=1/6
300p K= ki=1/7 1
200 :
02 04 06 08 1 12 14 16 18 2
T
43 kii{li,l,...} AC(T)
123
1 T° k.T
49 T+ &g p, ,

2 (k,T) T,°
T ki ?%| E]//%| % K ki
ACq (K., T) AC(T)

Cae2.  k1{123..}

(4.109 T o] k T
[i—%} T AC "
AC(T = 0.3117,k =1) = 49226
T=0.15 K [1,2]
Kk 2 AC(T,k = 2) < AC(T ,k =1) AC
(piece-wise convex curve) 4.4
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400p kuli\::\\ek A _
44 k1{1,23.} AC(T)
k1{123,..} [
. S rk,T D, 2m
. Ak = — 4+ cD(2- =211
(VB.;) Min Ac,(k,T) kTt oD Pk )
St. k(M1 {123K}Clég; /TL i /T
1,.71° (k,T)
(4.9 2((kiT)+ T YE b, :
T K [égi/T0 e /T K
AC,,(k.T) AC,,(T)
Lemma 4.1 Lemma 4.2
AC(T Ky, Ky,....k,)) T

Lemma4l  AC.(T) AC.(T) T

(4.12a) (4.133) AC,,(T)

AC,,(T)

(4.13a)

(4.130)



T
T k(T)
AC; (T)
AC; (T) T
Lemma4.2 AC; (T) T
Ac,(n=min{ AC,,(T) AC,(T)}
AC,(T)  Ac,(T)
ki (D E%% y AGm=AC,(T) kM (23K}
AC; (T) T .
AC(T)
Proposition 4.1  AC(T) T

AC(T)= ¥ +é’n1 AC (T)
i=1

Lemma4.2 é AC; (T) n
i=1
4 Ac(m)

i=1
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ki (T)

AC; (T) = AC(T)

Lemma 4.1



4.33
n S
T
S
T
(piece-wise convex curve)
T 4.5

2000 T T T T T
1800 | 4
1600 [ AC(T) M
1400 i
1200 | .

£

2 1000 | 1
8o prodcut 4 ]
600 product -
400 M |

prodcut 3

b
200 :‘1‘";‘_' ———y J

prodcut 2

0.5 1 1.5 2 2.5 3 3.5
T
4.5 AC(T) T
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AC(M(=

%

4.3.4

Proposition 4.2 (Lu, 1995)
2 3/242 =106.07%

)

== o
N
Wl

b, 33/2J2

Cae1l

% +a Acm)
i=1

AC(T)

AC(T)
AC (T)

T ki {1,2,3...}

Sy <l

T T

EOQ

b;>39/8 2,/bi2-1isbi- b%-1
9i q—'_g—'
(4.9 = L 7-75



Case 2 (4.9) 9 , L. T
T gi ql
1
T T 2T\/b2 3L(bi- ,— ,—) (b; +1/b2 1)__>1
9 q T T (b; +4/b% - 1)
(4.9 -
Lemma4.3. K, -1 m1l m
r
1
. _rT+1
ki:i ki': 1
m m+1
me 1 m (4.xx)
1
; T m iy . =
ki [mg; ,mq; ] k'=—0
T [(m+1g;,(m+1)q,]
mg; <(m+ 1)g; (4.14)

g = Tio(bi - bi2 - 1) qi = Tio(bi + bi2 - 1) (4.14)

- 2-
1Em<li-Abi-1 (4.15)
2b%-1
.3
(4.15) b'</2«/§

(4.2) T



: <111
KI{123.} Bz 52}
Oi of 3 3
TER<T 2 Do
k .
Proposition 43 «T{%.%.%4..} ACq, T
9i
ki
k'=¥ m t ST
t=Yi (=g K:%m+x) T=t
k x>0 X (4.10a)
k
-9 _9 9 _ a9 _
m+x)g =——==L£T £ =—1 =(m+x), 4.16
(m+x)g vk K%w( at (4.16)
T=t K :%m+x) x>0 X
A AC, (1) =t K
Ki (k1 :%m_ y)) &R,i(-r) y>0
y
s . n 1 Dby,s,.n 1D
t+20iDi(1+m_y Fi,)>t+2(%Di(1+m Pi)- (4.17)



(4.17)
(=== k=X
. k1 {123,.)
Problem)
K (T)

k (T) =argmin{AC(T k)| T k (T)}

€g U &; U

k(M1 (a2 o
! ETUETH

Corollary 4.1

i1 {}{}é%)}
ki

ki (T)

Proposition 4.3

AC(T)

Proposition 4.4.

ACx; (t’ki ) > ACx; (tyki ') T=t K;'

ki(T)=1¢é/a:(

(Joint Replenishment

AC(T. ki (T))

NP- hard
(4.18)
T
T
T>g, AC,,(T)

9i i
n m+1

AC,(T)



AC(T) AC,,(T)

AC(T) Propogtion 4.3 .
Corollary 4.2
b, b, AC(T) b,<b,. (b;,by).
K

Corollary 4.1  Proposition 4.4

K(by by AC(T) ki
T by b, K
AC(T) Corollary 4.2 Proposition 4.4
AC,,(T) AC,(T)
AC,,(T)
(relaxation)
m K
D=100  P=300 k k=1 k =10 m,
41. m K

67



4.4

pT =0.0001) T T

4.4.1

® kYK

4.3.4 m
AC,(T)
434
03550
(P)
(P)
(P) Min AC(T k. k,,....k,) :Ti(s+§ s) +%§ cD,(1+k - %) (4.19)

St. (411b),4110),4116),(4110) K {}{.15.%..}," i.



P (VB) (4.11d)

NRCSYETE

s g
AC(T) 4.3 45
kT {Y %%} Tg
ki{1,23, ...} T<g T
s
T
kT {}.%5. 34,
K143, %40)
Goya (1995), Hill (1997), Viswanathan (1998), Goyal
(2000) and Goyal and Nebebe (2000) KT (Y ¥y Y}
ki (3.3 %53
442
(P) ACq, (T)
4421
P)
EPQ Pr
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1.2 (T 8 D.
P Min —(S 3c¢D (- =
(PR) I T( +§S)+ 2§1C'D'(1 Pi)

(4.20)

Pr (4.11b), ( 4.11c), ( 4116,
( 4.11f) ki {%}/2%} T
(P Pg P
T, (P) T T
Pr T T
TR*:JZ(S+§ s) g_rci D.(1- D, /P) (4.21)
AC(Ty) (P) T=1’
Tp*k (PR) Aq _I_R* )
T
Proposition 4.5
T P AC(r,) -
r (P AT, ) T
Te1, £TY
(Pr) (strictly convex) Tt g T
< T (PR)
AC( TR* ) T TP* T T, n
4.6 T ™ T i

(bisection)
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]
44.2.2

(P)

P)

Proposition 4.5
Proposition 4.3

(P)
AC ()
AC ()
[T T
[T, 7
Proposition 4.1 Proposition 4.2 P)
Coradllary 4.2

AC(T)
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(P)
(by.b,]
4.42.3

Proposition 4.6

b, b, AC(T) b,<b,.

K (b,,b,]

i1, if AC(K(by,1 )£ AC(K(b,),b,)
':\bz’ otherwise.

| J o W K K@, " .
a izlrci Di (1+ki - %)

(b,,b,]
U
4.6
AC(T) b, K(b,)
b, .
(b, b,]
AC(K(by),l ) £ AC(K (b,),b) I

AC(K (b,),b,) b,

4.4.2.4

1. T [THTY]

72

Kb)  K(b)

(4.22)

AC(K (b)), )>



2. (i=1,...,n) [T TY]
3.
AC(T)

4, 3
4.5

4.2

5, 10, 20, 30 20
Lu Pentium

[11-600 CPU Matlab

20 1

4.2
S A éi Di Ci I:)| Si

(1) [300 |[1530] |[1530] [[1002000 |[1020] |[250,320]  |[80,150]
() |500 |[5060] |[50100] |[250500] |[100,150] |[400,800]  |[100,200]
(3) |1000([100,120] |[100,150] |[500,1000] |[150,200] |[600,1200] |[150,300]
(4) 1500 ([150,180] ([150,200] ([750,1500] |([200,250] ([800,1600] |[200,400]
(5) [3000([200,240] |[200400] |[1000,2000] |[250,300] |[1200,2400] |[500,1000]
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4.6

4.3

Lu

2.36%

74

Lu
10.23%

(DT=10"%)

(VB)

Lu

20



4.3

Lu
Lu's (=€) 000
WL (YO ©
n=>5
) 166035 1617.8 266
© 4709 45373 3.80
&) 8582.6 80417 6.73
4 17636 16484 6.98
5) 37425 36083 3.70
n=10
(1) 4467.6 43155 351
@ 8567.8 82325 406
€) 16790 15259 1003
) 32844 297% 10.23
) 62864 50845 5.04
n=20
) 6489.7 6292.9 313
) 15541 14722 5.56
&) 32038 29018 7.09
) 63782 58633 8.78
5) 136010 130340 5.04
n=30
1) 77659 7586.6 2.36
) 22739 21523 5.65
&) 48605 44769 8.60
@ 90744 8.81
) 199120 189360 553
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5.1
511

(Common Replenishment Epochs, CRE ) (price discount)
( )

(retallers’
orders consolidation)

Viswanathan and Piplani
(2001) Stackdberg
franchise fee

Stackelberg

1) ( )
@) ( )

76



3)

(EOQ )
(4)

D) ( )
2
(3)

(EOQ )
(4)
5)
franchisefee
(1), ((39)
Stackelberg (2)(5)
Stackelberg
franchise fee
$5 EOQ $100 Stackelberg

$20
$110
2 ( $110-$100=$10)



(EOQ 5%)
$20-($110-$100)-$100*5%= $5

$110-($110-$100)- $100*5%=$95 %%
EOQ $H
$30
$113 Stackelberg
(EOQ 506)
$30-($113-$100)-$100* 5%=$12
$113-($113-$100) - $100*5%=$95 $12
EOQ $5 Stackelberg
12-5=%7

franchise fee $2
$3 franchise fee
$12-$2= $10 EOQ
$7 Stackelberg

512

(coordination mechanism)

Johnston and Lawrence (1988), Tirole (1988) Buzzel and Ortmeyer
(1995), Jeulad and Shugan (1999)
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Stackelberg
Steinberg (1987)
and Wang(1994)

Eliashberg and

Wang and Wu (2000)

(heterogeneous)
Stackelberg

Zhao and Wang (2002)

Crowther (1964) Dolan (1987)
Benton and Park(1996)
Weng and Wong (1993)

al., (2001)

Piplani (2001)

Mishra (2004)

Parlar
(homogeneous)
Stackelberg
21.1%
Weng (1995)
Chen et

Viswanathan and

Banerjee (1986),

Goya (1995, 2000) Lu (1995), Hill (1997), Viswanathan (1998), Chiou and

Y ao (2001), Kim and Ha (2003)
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513

Viswanathan and Piplani

(V&P)
franchisefee
? ? (piece-wise linear curve)
Viswanathan and Piplani (2001)
5.2
521
1.
2.
3.
4.
5.



Z i
AC

A—C(ZITO) To

52.2V&P  Sackdberg

(2001) Stackelberg

Viswanathan and Piplani (2001)

81

Viswanathan and Piplani



(T,)

EOQ
Viswanathan and Piplani (2001)
EOQ i
D, Ki h
i nT,, N n’
EOQ S
A, i A
i 7. (%) z
Z Z zZ
Z Z
Viswanathan and Piplani (2001)
CRE
Min (P)
AC(T5, Z.0) = As/Ty+Q (DZ +(A/nT) (5.1)
i=1
st
DiZ 3 (Ki/nTo)+HinTy- (1- §2{KiH; ,i=1,...m, (5.2
T, X (5.3)
N 31  andinteger,i=1,...,m, (5.4)

82



H; =¥ Dh,i=1,...m (5.9

X1 {1/3651/521/261/12,2/121/ 4 (5.6)
AC(Ty, Z,1) T, Z
5.2) Z
(5.4)
() EOQ
(5.5 (5.6)
(To) (5.2)
DZ =(K;/nTy) +HinT, - (1- §2KH; (5.7)
JRP

Viswanathan and Piplani (2001)
franchise fee
(cooperative strategy)

nT, 2

(EOQ )
Viswanathan and Piplani (2001)

0 T,=x( X), (5.8) i

n



n(n - DEKHTYEN (W +D).

(5.9)
Z
.

Zi 3 %[(Ki /rfTo)+ Hirﬁ*To - (1' S)Z\/KiHi]-

(i) 7.1 X 0)

Viswanathan and Piplani
i n
ny 7 T
{ny 7
52.3

Viswanathan and Piplani (2001)

6
CRE

To

Visvanathan and Piplani (2001)

{n}

(smultaneoudly)

Stackelberg
(1)

(5.9)

(5.9

(5.10)

CRE

CRE

CRE

Viswanathan and Piplani (2001)



Stackelberg Stackelberg

franchise fee

(simultaneously)

5.3
N ; (2 3)
(4)
5.3.1
? m
?
TO
T /=7
{ni*(zl)}
A_C(ZITO) T A_C(ZITO)
AC(Z|T,) = AC(Z{n ()}T,)  AC(Z{n (Z)}[T,)
I’{Y}f}\ AC(T,,Z2=7 '{ﬂ}) A—C(ZITO)
(  ¥=0.00001) Z



T, Z (5.2)

n’ AC(ZlT)  Z n,
5311
D, =1,000,000
K, =100 h, =10%
EOQ $0.1
A= i A =200
To=1/26 ?
3x 104
2,54
’ 0.5 1 1.5Z 2 2.5 X 1033
5.1 (AC) (2)
5312
10
m ’)



5.2 ?

x10°

I 1
15 2 2.5 3
x 10°

5.2 AC(ZIT,) 4
5.1 AC(Z|T,) AC (2)

Z (piece-wise linear)

Lemma 5.1 (P) s (P [

(P)
T\r}] 97 (Z[T) =D, Z + (A nT,) (5.11)
Qubject to
DZ ® (K /nT,)+HnT,- (- 92/KH (5.12)
n3i |i (5.13)
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(P) n Z

Z
(5.12)
(P) Z=7 n’
n (Z[T,) (5.12)
ni*(Z'ITO) Z
n DZ Z
(A/nT,) To n (F)
Z I
Proposition 5.1 (P) Z
Minimize g§(ZfT)=A, /T, +& 02T (5.14)
St. (5.3 —(5.6)
(P) m (P) AC(Z[T,)
m A_C(Z|To) :

DZ® 0

9o(Z1To)



532

Z
5.2
(2" Z
Proposition 5.2
T, Z z"
Z" =Maxq{ Z} (5.15)
z' = ((K;/n°Ty) + Hini[;ro) - - §2KH, (5.16)
s_€1 1 4K, U
n°= ée S5 it HiTOZE i=1, 2,..., m (5.17)
(5.3 i zZ z Z =
Min((K, /nT,)+ HNnT,))- 1- 9)2/KH,
il L i=1,2,...m
D
Wildeman, Frenk and Dekker (1995)
Min((K, /n T,) +H.nT,)=(K, /n°T,) +H n°T, (5.18)
s €11 4K; U
n = —+=- 1 ! =
| gz+2 +HiT02§’I 1,2,...m
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V4 z" =Max{z;} !
Z Proposition
5.1
Z|b
T, Z {ni*}
Proposition 5.3 T, Z n (2) (i=1..m
. ép +./P2- 4QR U
n'(z) =T Ry (5.19
g R4

P=D,z +(@1- 92(KH;, Q=(K;/Ty) R=HT,

AC(T, Z{n}) = A/T, +& (DZ +(A/NT)) m
(P) T, Z n
(5.12) N
€an VR - 4QR U R +R’- 4QR,(°
& R 48§ 2R @
_SR+yR*- 4QR |
N (2)~e 2R g
e ! ¢
R
n (Z)



(5.19)

8p + [P~ QR U U0
Minimize 9o (Z[Ty) =A 1T, +a_§DZ+A/g%J P‘ 'HTH :
&

n’'(2) gn /R~ 4QR, 2 ?
¢ 2R
e ﬂ
Problem (R)
G2 0 uO
Minimize 95(Z[T,) = AT, +a§DZ+A Qaqa PR R th
33 g Ug

P=Dz +(- S)Z/KiHi , Q=(K,/T,) R=HT,

95(ZTy) 2 95(Z[Ty) yA (P
(R
Lemmab.2 Z (R)
R Z>0
d’gg/dz?>0 |

EOQ (T* :’\’2Ki/(hdi))
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(5.20)

(5.21)



o =& (A+A)T 62)

i=1

do ) (ceiling)
CRE CRE
Z
2 = max{arg] of (ZTo) = o (523)
Zw z
T, Zw Z s CRE
Lemmab.2 95 (Z[T,)
(5.22) (P)
CRE 9o
CRE
(5.21) s yA
2 =max{ gl g5 (2]T,) = &8 ) z>7*,95(Z[T) > 9
95(Z]T)  95(Z[Ty) 7>0 T,
gcc> (Z|To) 3 ch;(ZlTo) Z>0
%(2)° %@  Z»z* 9@ @) > %
(line search agorithm bisection search, or
quadratic fit search Bazarra, Sherali and Shetty (1993)) z'"

'}

533 Z in}
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P =di(k)
n°+(k+1) n°  (517)

d, (k) = (K /ATy) + Hiﬁi'II;))- @- 92K H,

A=n°+k k k3 0.
7 (Zlb)

Corollary 5.1 Proposition 5.1

Corollary 5.1 T, AC(Z[T,)
(P)
d, (k) (P)
AC(Z[T,)

'} z (z°)
Z" = max{d, (0}

Corollary 5.2 Z
o
ns, if Z1 [d. (0).d, (1)

< 1
ni =9 3
nS+k if 2T [d(k).d: (k +1).

Propogtion5.2  Corollary 5.1
Corollary 5.1  Corollary 5.2

93

(5.24)

Z" = maqd, (0}

(z")

(5.25)



{d(k):i=oL ,m

Z Zlb Zub
534
7 Z|b
Zub
TO
AC = AC(T,,Z',n")
' ={n (2"} z°
A) T,T X

(5.14) — (5.16)
(5.21) 95

AC(T,, 2" {n' (2"}

ZC

yA

z Z
Corollary 5.2
Wh,  z=z°
ze=Z"

(current)

Zub



z¢ =min{d, (k):d,(k)> z¢}

(1) ilze)
(2) AC(T,.z°{n (z°h z°
)  Acm,.zin(zeh<ac z =z n={n(zc}
AC" = AC(T,, Z5{n'(z° )
(4)
B) CRE T,7 X
54
Viswanathan and Piplani
(V&P)
franchise fee
Stackelberg
Proposition 5.4 i Stackelberg
Ai + Ki 3 T
2H, °
g5 = AC(T,.Z{n}) = A/T, +&(DZ +(A/nT,)) o =
(K, /nT,)+H.nT, Stackelberg AC(T,,Z{A})

95



gg:AC(fO,ﬁ,{ﬁi}) = As/-l:o + ém (Diﬁ +(A /ﬁifo))
i=1

g°=(K, /AT )+HAT,, i=1,...m,

AC(T* .z {n )

05 =AC(T* Z* {R ") = AL ITy* +4 (D.Z* +(A /0 *T,%)

(Ki /ni *TO*)+Hini *To*'(Ki/ﬁ-Ico) - Hiﬁfo

AT, +DZ+(AIART)- AJT,* DZ*-(AIn*Tr)

giC:(Ki In*Te*)+ Hin *To ™, i=1,...m,

Stackelberg

TO*,Z*

A+K
T

A~

T, Z

n *

1 1 -
(=- —*) >HTo(n*- 1)
non

~ W
-(n+—-)<0
A

(5.26)

(5.27)

(5.28)

(5.29)



é 0'0
W
U =f +—
n;
OV (SRR I TR
! é 2 ’ 2 l:l
€ a
(5.30) (5.31)
Franchise fee
U +U’- aW _
] I I 3 ni +1
2
+K
UI :ﬁ +¥ VVI:A 2|
n HT

U =+ 5 (5.33)
A
(R +12F - (3 +1)§ﬁ + MW £0
N o
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(5.30)

(5.31)

(5.32)

(5.33)

(5.34)



JI+aW 3 3, 1+4W 3 9
(5.39)

A+Ki 3T
2H, °

5.1
5.1
5.5.1

(1) Stackelberg

(5.35)
(5.36)
(5.37)
(5.38)
A+K L
H i-I-O2
(5.39)

(5.39) Stackelberg

W=, 3 1,4 1,2 1, 3 1, 1;

Z*=0.001587 ; g¢(z) =$188,905; T, = 1/26=0.385

98



(2) h1=123 1413131 2;
z'=0.001587 ; gc(z)=$173,738; T,=1/26

@ @3 /% =0.0775 00866 0.0447 01173  0.0346

00645 0.0293 0.0829 0.0258 0.0387]

A +K, .
(4) 2—H, T, Z
Stackelberg
® Tz
A +K;
T (5.39)
(6) Stackelberg (5.30)
U, +4/U,° - 4

=[8.1120 3.3800 1.7040 4.6475 1.6224 3.1167

1.1589 3.0983 1.0000 2.0280]

(i) Stackelberg (8 ) |JAK

Stackelberg
(i) Stackelberg ( n ) (5.30)
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5.5

5.5.1
5.2
10 m=10 () i
(K,) 5.1 A=$200 A=$500
(h=0.1) T, =1/26
Z'°=0,001587 (gY =$208,047)
zw  (2*=0.0029%) [Z" 7]
12 12
n Corollary 5.1 n {@z°)  [23 1
4 1, 3, 1, 3 1 2 Z= Z° n={n(z")} ,
AC" = AC(T,, 2" {n (2"} =$173,738 12
5.2 T, 5.3
Viseanathan and Piplani
Viseanathan and Piplani z z =0.001587
W} 11314121317 9:(2) =$188,905
T,=1/26 ( CRE 2 ) 2'=0.001587,
il 2314131312 $173,738

8.73%
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5.3 T,
T, n Z 9
1/365 R 51 24 57 2 |0001581 220224.95
45 20 54 19 R
1/52 4 7 3 8 3 | 000152 17803344
6 2 7 2 4
1/26 2 3 1 4 1 | 0001587 17373820
3 1 3 1 2
1/12 1 2 1 2 1 | 0002%1 216109.76
1 1 2 1 1
1/6 1 1 1 2 1 | 0007065 417,900.76
1 1 1 1 1
1/4 1 1 1 1 1 00112  636%4.21
1 1 1 1 1
55.2
Viswanathan and Piplani(2001)
Stackelberg
60%
franchise fee
5.1
A=$5000 A =$5000 0.1 Stackelberg
5.4 Stackelberg
$141,940
$9726 Stackelberg

$132,214(=141940-9726)
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54, Stackelberg

Stackelberg(S) Cooperative(C) (C-S) Diff

313,866 241057 | 23.19 (%) 250,783 2009 (%) | 9,726
2,972,103 1181454 |60.24(%)| 1029,788 | 65.35(%) |-151,666
3,285,969 1422511 | 56.70(%)| 1280571 | 61.02 (%) |-141,940

55.3

Viswanathan and Piplani
(2001) Stackelberg

Viswanathan and Piplani (2001)

CRE
Viswanathan and Piplani (2001) 48
17 32 32
55 267% 3R 19 5%
Plentium IV 1.6GHz PC CPU
0.08 sec.
5.6
minmax
C )

minmax
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? (piece-wise linear curve)

Viswanathan and Piplani
(2001) Stackelberg
franchise fee

5.5 Stackelberg

DataSet |Stackelberg| Cooperative | Dev.(%)| Data Set |Stackelberg| Cooperative| Dev.(%)
1 106,725 101,557 509 33 190963 181429 525
2 125855 115826 8.66 34 229,269 210203 9.07
3 183705 168538 9.00 35 315888 297822 6.07
4 276780 260167 6.39 36 426388 409548 411
5 109172 106138 2.86 37 196163 186629 511
6 128455 121026 6.14 33 234469 215402 8.85
7 186305 171138 8.86 39 318488 303022 5.10
8 277909 261368 6.33 40 428988 411655 421
9 111772 108738 2.79 41 201363 191829 497
10 131055 124988 4.85 42 239669 220603 8.64
11 188905 173738 873 43 321088 312421 277
12 279110 262568 630 44 431588 414255 418
13 119572 116538 2.60 45 216963 207429 4.60
14 138,855 132,783 457 46 255269 236203 8.07
15 196705 181538 835 47 328383 320221 27
16 282709 266,167 6.21 48 439388 422055 411
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6.1
6.1.1

setup)

(Chen,2002)

1.1

105

(major setup)
(minor

EOQ
10%



Wadgreen, CVS  Kroger
(Procter and Gamble, P&G)
wWdmart, Target  K-mart

(5%)

106



6.1.2

Lu
(1995) Viswanathan & Piplani (2001) Lu (1995)

Viswanathan & Piplani (2001)
(price schedule)

6.1
(OneWarehouse Multi-retailers
Problem OWMR) OWMR
OWMR
(Chen , 2002) (power of two)
(generd integer) (nested policy) -

(integer-ratio policy)

? (29,q )

(multiplier)
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6.1

Viswanathan :
and Piplani 2. (CRE) (
(2001) )
Stackelberg game
Lu (1995)

ok~ 0D PR AODDPRO OO

(ratio policy )

Roundy(1986) Lu and Posner (1994)
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1)

Jeuland and Shugan (1983)

Ingene and Parry (1995)

Moorthy (1987)
(two-part tariff)
2
EOQ  ( )
/ Monahan (1984)
(common order interval)
Lee and Rosenblatt (1986)

La and Staelin(1984)

Boyaci and Gallego (2002)
Boyaci and Gallego
(consignment selling)

D 2 3
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(1) : ( )

2
3)

Lu (1995), Goyal (1995), Hill (1997) Viswanathan (1998), Goya and
Nebebee (2000)  Goya (2000) ( )

Viswanathan & Piplani (2001)
(One-Warehouse Multiretailers Problem, OWMR)

6.13

Thomas and Griffin(1996)
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(1)
2

3)
(4)

6.2
6.2.1

6.2.2
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O

P i i
S
S, i
k. |
T | (Ti=kT)
C i
C i
r. i
r i
R EOQ
(R)
z i ®)
m = & (- D,/P)0:i=12,...,n
co=  [2A
| fED,
d, = T°(b,+o7-1),i=1, 2.0
g = T°(b;-\b2-1)i=1,2,..,n
6.2.3
Min MB(T,ki,kz ...... kn,;):
g mg Elélmax{l,ki}ci g’umn{l,k} % ng éDI

(6.13)
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st. T30

iéTiO (kiT) u ,i:1,2,...,n.
28 AT)T T eyt

kT{123.}E{U/11/21/3.},i=1,2,...,n.
m:é(i (1' Di/Pi)G’ i::l-! 21"'1n'

10 = 2R i=1 2.0
r,¢, D,
1., / 1..
Dz 3 (A /kiT)+§riciDikiT- (1- R2 Azrici D,

S
S)
S
( Tmax{Lk} )
(6.10) i
(kT) (6.1d)
6.19) k1 {2,3,.}
(mT) (6.1f)
(6.19)
(R

6.3
6.3.1

6.3.11 k1 {11/21/3..}

k1 {11/21/3..} i

113

(6.1b)
(6.1c)

(6.1d)
(6.1¢)

(6.1f)

(6.19)

EOQ

EOQ



(MBg;) MinMmBy, (k, ,T,zi):% Jr%ci D,(1+k - %) +D,z

St Dz% (A /KT)+2AEDKT - (- R2A 276D,
JUIBEEE IR 74 S
11237} 07 /0,

~REDKT EOQ J2ATED,

i (ATKT)+2 76 DKT-ZATED,

EOQ R
ie, L T, (kiz)] £b,
(kT) T,

111 s [er /G, /é7/ W
k1G53t k AL
K MBg, (k.T,z) MB,,(T.z)

Zi ki T mR,i(T’Z)

(6.29)

(6.20)
(6.2c)

ATKT +

(6.2b)

(6.10),

(6.20)
MB, (T)

(A/kiT)+%réiDikiT - (- R)Z,/A%réiDi

6.1
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350

TC(K(T),T)

300

250

200 g ;
05 1

6.3.1.2 k1 {123.}

k1 {123K} i
| (k T2z)=S_ b 2m
(MBL)  MB,(k.T.2)= T Fkep - 5= Th 02 (6.3)
St. kMI {123K}Q[ 32&3 (6.30)
TueTu
(6.2b)
6.3.11 (6.2b)
i EOQ R
- : T.° (k,T)
k1 {123K} (6.10),i.e., ?[(kT) T 1£ b,
(6.3b) T ki {123k} K
ég U &y U | | MB, (k,T,Z,
Eriery © K (k. T,2,)
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MB, ,(T,Z) z ki T MB,(T,Z)

6.2

800

750
700
650
600 - ki=1
550 | \/ /
AC(RRRT, Ki=5

450

400 |

ki=3
350 |

300 t t ! 1 t ! ! t t
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

6.2 ki1{123K}

Lemma6.1 MB,, (T) MB, . (T), i=1,2,...n T

Lemma 6.2 MB, (T) T

MB (T)=mir{ MB,,(T) MB,,(T)}

B, (1) M8, (7 (o]

Rl
N| =

Wk
~
o
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AC, (T) =MBg; (T); ki (M)T {23K} MB (T)=MB, (T)

Mem T .
6.3.1.3
Proposition 6.1  MB(T) T
MB(T) = & +§ MB (T) (6.9
(1) Lemmatl é MB, (T) n
4 vam
(2) MB(T) & MB(T) %

i=1

MB(T)(= 3 +& MB (T))
T s MB(T)

6.32

MB(T)
MB (T)
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kii {%,%,%,}
k1 {%,%,%,} MBg,; (T) T

9
K
% (6.10) T digTel
ki MBR,i (T)
g 9%
ki k
kT {L23K}
k1 {1,23,..} MB,(T) T
9 Q4
ki k
Proposition 6.2 MB(T) MB, (T)
MB(T) (separable
function) MB,,(T) MB,(T) MB(T) Proposition 6.1
6.3.3

k1 {11/21/3..} k1 {123..}

6.3.3.1 k1 {11/21/3,..}

Lemma 6.3 k1 {

IR

N

Wl
-

K= Jx+1)

_ AW D

118
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=%

K= Jx+)
MB,, (k)= +7TcD(1+K —)+DZ T Dz
(A/kT)+1r“|6|D|k|T @- R2,(ALecD

ME ()= + oD vk _)+(A/KT)+1f6DKT (- R2[AZ7ED

- R2 /Alr“qo %

MBg, (k) =MBg; (k )

T D, rGDT —
—¢D, @+ Y- )+(Ax/T)+T

T r¢DT

SO0 Mgy ) HAKFY + Ao

_ [2A)” (x+])

T (K)_\/ Go+iop
(6.5) T (k) (x+Dg,  xq,
6.3.3.2 k1 {123..}
1 {123k}
111
ARREPIE
| T
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b, b (b, >b) k'(T) m

= ) Kb+
(b.b,) k'(T)
b, K k'(b,) =P b
K, k (b)) =p+X ki =U k=V
uv) T(u,v)

u=p, p+1,... p+(x-1)
V=Uu+l, u+2,..., ptx

(in the worst case) cr

6.1

6.3 b, K, k'(b,) =5p=3
b k K'(b)= p+tx =3+3=6 u= p, p+l,...

pt(x-1)=3,45 v=u+l,u+2... ptx=4,56 T.(u,v)
(uv)=(34), (3.5),(36)
(4,5), (4,6)
(5.6)
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C2X+l - C23+l :6

(34)
45 (46) (35) (5,6)
(34), (35),(36) 3
I Tuv) k=u k=V
TYT maqd g mnd 3 Ty
Tuwi magd, 9 mngd 391 Ty (byb,)
u v u v
650
600
550r
MB(K(T),T) ki
500 T~
450
400
ki=
3
S o005 o1 02 025 035 04
by T b
6'3 (bl’bZ) kl*(T)
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k=u k=v

ie, S+ Tyep2- 2. 2Myip,
(6.3a),|.e.,KT+2|gc,D,(2 = K)+D'Z'

Y=y
w5022
28(1- %)ﬂ | S 2qi %)E
— i e i Gy U b é i
Ui=316D @ - =) - Srab(2- 5 —)
Vi=2fED, - - 7ED,
2 2
Lenma64 k1 {1,23.} T b,
b(b, >h) k'(b,)=P Kk (b)=p+X k=U k=
Vv Y ={T(uv)} u=p, p+1,... p+(x-1) v=u+1,
u+2,..., p+x
| W
T.(uv)= U+ (6.79)
w=E- 5.4 48, (6.7)
u \% u \Y)
ooy 2ai1- 2y
=Viepp.Di. e R4 U 5o D e i
U, 2rc,D|(2 = ) 5" D, (2 . % (6.7¢)
V.. u..
\/I_E iCi D| EriCiDl (6 7d)
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Proposition 6.3 MB(T) MB; (T)

Proposition 6.2 MB(T)
MB,,(T) MmB(T) MB(T) Proposition 6.1

Proposition 6.2 Proposition 6.3 Lemma6.3 Lemma6.4

-
[T, T] Y q
[T, T] (pta+1) (pta+1) T
Corollary 6.1 b, b, MB(T) T
b,<b,. (b,,b,) T
ki
Proposition 6.2 Proposition 6.3 Lemma6.3
Lemma6.4 .
T k (T)
6.3.4 T k
ki T
-
K T

MB(T, k (T)) ki (T)
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6.3.4.1 k1 {11/21/3,.} k
Proposition 6.4 ki {}{}é}é} T

MB, (T) K k (T)

= pi1l1l u.¢/e
() = agmin B, .k (DT 1552 %Qg%g]/Juﬂ (6.9)
(6.2c), 6.1 Propostion 6.1
6.3.4.2 ki {123..} T k
kT {123K} JRP
T KT i
JRP
NP hard
JRP
k1{123..} T

k

Proposition 6.5 T kT{123..}
K'(T) [k (T é‘qﬁjﬁ j K
k (T)

K (T) =max{ k (T), ETE (6.9)

AR 8(s +A)PR :

K(T) §(1+\/ T2[rcD, (2D, - P)+fED,1" g (6.10)
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~_&a o
=80y, 6.11
&7 H k (T) (6.11)
6.1c), G 0 Ui
(6.1c) ek <
K, k (T €g U &q;
(D Erirer

+
MB (k) = M+'rk—iTci D, (2- %)+EFA6.DAK.T- rTe,D,m -2ARED,  (6.12)

kT 2 S
J2AFE D, k T
k. ( kT A" k1{123.1})
(612) ( SkTTAi +mTTQ D (2' %) +%ﬁéi DikiT)
K (convex) K
k(T) k(T
> " _ 2(s +A)P ’ "
k (T) (k(T)- ) < Tl oD (2D - P)+TED] <k (T)(k (T) +1) (6.13)
(6.13) T K
sy =& 8(s +A)P, u
K (T) = 6.14
0 g(1+\/1+T2[riCiDi (2D; - P)+r¢ Di])/za ( )
k <k (T) f.(k) f,(k (T))
mi:gki (1- %)E i <i2.(T) m
e i u
ki (riTCi Di m ) ki
k <k (T) f.(k) f,(k (T))
O 9 U):mm{la(T),g%E} K
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k' (T) [k (1), 2 ST

6.1
n=4,S=80; r =f=02 b=11  T=0.025
_ %: k*T
[K(F),ST;J (M)
6.2 K, k' (T)
Aleglc|D|R[s [km|eau|lkm|aalkm]]
& Y &T i
1/ 120 30| 20| 180 [ 800|300 | 27 | 18 | 27 | ® | 29 | 3
2 80| 30| 20| 20| 70| 150 19 | 10 | 19 | 2 | 21 | 4
3|10 5| 20| 20| 70| 20| 21 | 14 | 21 | 2 | R |12
41160 30| 5| 20 | 80| 120 | 14 | 13 | 14 | D | 28 | I7
T K
@ 7T min{ g;} T K
kT1{123..}
(2 T max{ g} T K
~1111 0
k,(T)1 733 K\é
6.3.5
(MB)
(b,,b,]
Proposition6.6 b, b, MB(T)
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b,<b,. Kloy) Kby K
(by, b, ]
it MB(K (b,),! )£ MB(K(b,),b,).

il
% ) s otherwise. (6.15)
| = AS+@ (s /maqLk}+A/K)]
& ,.reD @+ mn{1k}- % - 2m /k) + & e Dk
ki K(b), " i.
(by,b;]
U Proposition 6.1
b, MB(T) b,
K(b,) b,
(bl’bz]
MB(K (), )£ MB(K(b,),b,) !
MB(K (by),! )> MB(K (b,),b,) b, .
6.3.6
6.3.6.1 T
(RJ2A7ED,)
(MB)
EPQ
MB
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MBs

(MBr) Min %(S+§ §)+ %g c,D,(1- %)+ RJZAﬁéI Di (616)
MB, (6.1¢),(6.1d),(6.1e), (6.1f)
kT {}{.%.%..) T MB
MBy (MB)
T, (MB) T T
MB, T Ta
TR*=J2[S+§ (s +A) /& 1r6D,A- D/R)+7ED)] (6.17)
Ry2ARGD
MB(T;) (MB) =7 T
(MBg) MB(T.") T
Proposition 6.7 TV (MBy) MB(T,")
T T, £T
Proposition 4.5 (MBy)
(strictly convex) T<T MBR(T)<MB(T)
TL TP* [ ]
63.6.2 JRP T
k1{123..} T

kT{123,.} T (Goyd (1974),van Eijs (1993), Fung
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and Ma (2001), Viswanathan (2002), Y ao and Lee (2002))

(Joint Replenishment Problem, JRP) T
TL
T =Max2S/MB", min{J(s + A)reD, (2- D) +FED 1) (6.18)
MB* (6.18)
(2sS/MB*) van Eijs (1993)
(6.18) (min{J@ +A)/[rcD, (2- %>+r:a.r>i})
ven Eijs (1993) Goya (1974)
( min{ 25 /fED} )
(min{ \/s/fED;}) JRP
T
van Eijs (1993)
Viswanathan (2002) T, T
MB* {k} wmB*
T {k}=1  wmB*

6.4
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(1.3)
(1.2)
(1.3)
(1.4)
(1.5)
(1.6)

(1.7

2.1)

(2.2)

(23
(2.4)

3.0)
(32)

(3.3)

62d ©29) g q
6.2 max{g}
Proposition6.7 T (1Y)
6.18) T (™
65) (6.6) (6.7
{maqg}, T} T

{ T, max{g}} T

T=max{g;}

22,23 T

T=max{g;}
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(3.4)
(35)

(6.18) (™)
(32) (33) (34)

6.4

T
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(62d) (6.22) g q max{g} }

I

Proposition6.7 T (™)
618 T (T
65 (6.6 (6.7

v

{mex{g}, T}
{ TL 1ma({g|}}

6.4
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6.5

Lu (1995)
6.5.1
6.2 ( 63 (N=10,
S$=100,r =0.1; b,=1.1; R=0.05)
6.3 6.2
1 2 3 4 5 6 7 8 9 10
Al 5| 12 | @ | 20| B | 180 | B3 |20 | 137 | B51
c 27 n 24 25 14 18 18 20 21 15
D 110 | 228 241 177 25 104 233 172 126 227
¢ 45 17 35 37 25 24 2 29 27 26
P 326 | 43 448 306 | 38 389 482 297 325 489
S 77 14 155 101 110 160 5] 166 73 117
(1. (6.d) (6.22) g q,
g, =[0.5079, 0.4879, 0.1036, 0.5115, 0.5121, 0.7707, 0.1384,
0.5747, 0.5759, 0.4651]
q, =[ 1.2332, 1.1846, 0.2517, 1.2419, 1.2435, 1.8714,
0.3360,1.3954, 1.3985, 1.1293]
(L2) T=max{g }=0.7707 MB(T)= 3,373.8
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(1.3) (6.8) T. =0.8669, Proposition 6.6 T'=
1.3390
(14) (6.18) T-=0.2789
(15) 65) (66) (6.7)
6.5

6.4 6.2 {ma{g}, T}

0.7707 08162 08377 08707 08348
0.8928 0.9036 0.9302 09357 0.9620
09743 09757 1.0066 1.0157 10229
1.0243 11293 11494 1.1519 11846
12332 12419 1.2435 1.2583 12839
6.5 6.2 {T ,maq{g}}
0.7550 0.7290 0.6992 06977 06919
0.6813 06720 0.6238 0.6218 06166
05923 05759 05747 0.5647 0.5563
05535 05182 05121 05115 05079
05033 04879 04679 0.4662 04651
04309 04151 04146 04111 0.3993
0.3948* 0.38%4 03764 03743 0.349%
0.3489 0.3360 0.3109 0.3105 0.3083
0.3047 0.2061 0.2873 0.2823 0.2797
02791
(2.1) T=max{ g }=0.7707 MB(T)=$3,373.8
22 ( 659 T T=0.8162

MB(T)=$ 3,511.5
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(2.3) 0.7707
MB(T)=$3,517.4

(2.4) 22 (23 7T

(31) T=maq g}=0.7707
B2 ( 659 T
MB(T)=$ 3,511.5

(3.3 0.7707
MB(T)=$ 3,377.9

(34) (6.18)
(35) 32 (33 (34)

0.8162 | =0.7709

(T =1.3390)
MB(T)= 3,373.8

MB(T)=$3,373.8
T=0.7550

0.7550 | =0.7677

T-=0.2789
-

T=03%8 MB(T)=$3,126.5

T=03948 MB(T)=$31265 k =[2, 3, 1/3,3, 2, 3,
1/2,3,2,2]  z=[0.1781, 0.1938, 0.0401, 0.3819, 0.0999,

0.1444, 0.0279, 0.2320, 0.1410, 0.1011]

6.5.2

Lu (1995)
6.6

(hi= ﬁ =10%)
EOQ

136
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Lu

(
) 67 6.8
6.6 (Lu, 1995)
S A él Di CI R S
DO (30| 20 25 200 20 320 100
@ [300] 20 15 200 10 300 80
@ [300] 25 25 200 15 250 100
@ [300] 30 30 100 25 300 0
G [300]| 15 30 150 20 300 150
6.7
EOQ VB1 Lu MB
T, T (To=1.2177) (To=11371)
® ® Ti=k*To ® Ti=* To ©)
1 | 0.2000 | 200.00 | 0.1284 219.96 1/9 215.47 14 189.48
2 | 02582 | 154.92 | 0.1657 17041 17 167.16 1/6 147.03
3 [ 02236 | 22361 | 0.1435 245.97 1/8 240.35 7 212.12
4 | 03162 | 189.74 | 0.4927 208.70 1/6 208.70 1/5 183.15
5 [0.1826 | 164.32 | 0.1237 176.93 1/10 177.97 1/9 154.17
932.59 1021.97 1009.75 885.95
EOQ : EOQ
VBl
Lu : Lu

MB
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6.8

EOQ 93259 258252 3B1511
VB1 102197 2156.61 317858
Lu 1000.0 1617.70 2627.40
MB 885.95 173310 2619.05
EOQ
=032.59
=2582.52
=3515.11
=1021.97 =2156.6
=3178.58
Lu
=1009.7 = 1617.7
=2627.4
= 885.95
=1733.1
=2619.05
15.35% (885.95 1021.97)/885.95=
0.1535 24.44% (1733.1 -2156.61) /1733.1=
0.24436 21.36% (2619.05-3178.58)/

2619.05=0.2136

138




6.5.3

(Muson and

Rosenblatt, 2001; Viswanahan, 2003; Wang and Wu, 2000; Klastorin et a.,
2002)

(S=100, 500, 1000, 2000, 3000) (1 =5%, 10%,
20%) (N=5, 10, 20, 50)
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