23 2 Vol 23, Na 2
2015 2 Chinese Journal of Management Science Feb., 2015

:1003—207(2015)02—0059—11
DOI:10. 16381/j. cnki. issn1003—207x. 2015. 02. 008

( s 430074)
. F253;0227 A
1 , Jaber  Bonney™
b

b

’ [5]

b b
oht ! -
. Wright . Jaber  Guiffrida®®
b
’
s L7]
b
’ ) ° Pan

b

, Wright!!

. Keachie Fontan

b
’ b
b b
. Steedman'’
Keachie Fontana™ ,
:2012—10—11; :2014—02—04 o
(71131004) ;
(71371107,71471071) 5
(BS2013SF016) ° ’

(1979—), ( ),

Hung  Chen Pingting™’



.« 60 o 2015
b
b b b b
Tsai'"
b
b hY
o b b
s . Bernstein %!
o b b
, Ofek B
[31]
b o
[11]
o o ’
b b
b b
b Y Y o
b b
. [12]
b
b
b b
b b o
o b
o b
b o b
Dumrongsiri "'+ , )
[14]
2
; . Stack-
elberg  Nash H )
[15]
[16] D . 0
) D, ,
17]
K: .

[16—24] IOF '



e 61
S/(t)y: i z °
al.:l?za' ' 1, ’
S,\([) 7 L . ’
7121927 s 1, ’
0: ,0<<9<1, o
P]([): ° 5. ’
P2 (1) s r , 1—r
t o
’ a]‘9/)j20(j:192)apj(f):aj+bj[o ’ ’ Ai =
Cr: o Alai — 172""’71§ )
Co 2 o ’
Css . ,Cheng **
A N A=A =12,
A22---2AM 3
[2h] o
. Hung 3.1
Reploglet** ’
[0. 70,0. 957,
b o °
. In ’ ’
Wrightt! b—ESZQ s 0.7 ’ ]
95 ,—0.5<0.074 ,
1. s
) K>D +D, , .
2. o s
3. R ) S; 11(12192$"'977)
; . ‘ ’ ’
N 1 s S = O’S,,+1 == I_Io 49 t(t e (S, 9t,':|)
| =7 .
B,([) [_S,',‘,]G (Oel:l H
. 2, t(t € (tissia D g =ti_t_,17
° 6 (0’1] ° . 7 S t; ’
4. 7
[31]
’ s _

D, — B (DS (D5, 2 4, e

dt



2015

. 62 .
. i .
SIGs) = 0, . S =
D](t_S;) . f
777_’_1 ° 1 :S, (t,-)
_ Dl([i*S,) L L
7]+1 ) i b i
Si1 Sir1 . 1 —
oS St = IG) =0 1) = (K —
% 2, i DOG—s). W[50 I

SPIl - f)l(S,')S,'/(t;) +p1(t,')s,'/($,;1) - (a1 +

brsy PR TS gy PG )

p+1 n+1
o 4,
bHD = F—"p (5 iG]
B = L s G
Sim1 — L
7 (t;95;+1] t ’
1
SP? = J"b} (OB (Ds! (Dt +J”’b?<z>p?<z)
o/ _ D, {zpl(-\'i) . Dy fzpl(t,) S
st de 207 D (t; —s;) + 25+ D ($p1 — 1;)
7 ,
ds:
clit(t) — D2 S b SS,'+1 (2)
Si(s;) =0, :Si() = D, (¢
— 5 i :Si(si) =

Dg (Si-H *S,) ’ H
SP? - pZ(Si)S}\:(SiJrl) - (az +b25i)D2(Si71 75:') °

7 : S;

t(s; <t <ty)

AW _g_p,o<i<y, @

dt

I = J”I(z)dz — (K—D,) % (1, — )
i (fi9.§1'+1]

dl (1)

a =—D,,t; < S €Y

I(S,'+1) - S,j‘(.s',ur]) o
I1(t) = MJFDz(SH»I — )

p+1
] (L5501 ] ’
IZ
‘ D 1
I,Z = J‘S,;lltl(t)dt — (77_~_Il+?D2)(\,+1 _l‘{)Z
RI, z s I} I?

RI, = o, (I 1) = e[ (K= D.,) &, — )"

1 Dy ooy
+(2D2+77_'_1)(.s,-+1 tH*]
. 5,
A1r+(1—r>A1ibo ]
K(l‘,‘is,’)g Z
CQ
CQ =Ar+ U —rA+ Dl K —s)
i=1
7 t;
, [Si’ti)
[f,v&'ﬂ] o
(.3 ) . :
K —s) = (P D)y — 50 (5)
i Si 77_'_1 2 Sit1 Si



2 63 .
s 1 n
s i1=1,2,yn, Ssu1—5 :E
n n
maxETP1:’Z;(SP}+SP,Z+SP?fRI{f(D,-) t—sAzaH a=D1+< + 1D,
ot (5) ' n ’ (+ DK
S1 — OyS,I+1 - Hasl’ < z; <S,‘+191’ — 1929"'777
, . FCay) = by %Dlx FbD. (3 +
Siot; ETPI
, .. <21jl D), 2(’7121)&4 Di+Doy+
ETP, s 2D
— Y(K—Dy)y—( L+ Dyx]
L(ﬂyS,‘al‘,‘aA,’) 1) D) K 77+ Y +
" : (xlayl) (JCQa
Il(nysiytiyki) — ETP1 + ;A,[K(l‘, - S,‘) - y2) f(Il 7y1) _fv(l‘zayz) =0, z
(D Dl _\)] = X2sY1 — V2o ’ (1‘1,y1) (l'z ,yg)
2 a8 Si
7+l FCray) = fla ) = 0, @1 £ T
L(nys,'vl‘r,"ki)v Lv Aivt,"s,' ichv 1’.1<1.29y1<y27 f(19y>
zi — K(t,—s5) — (— 4+ D,) (5., —5,) = 0 2 7
7Ll 9 + +]1+D2)][1_ +1 ):|+sz2>0
= = by LDI[(SHI —t,) — (4 *51)] +
dt; 2(p+ 1 f(xsy) — nt2 e (K—D») 1
dy ‘2(+1>‘ : YK +1
A — DK — [ (K — D, i
nt+1 +D,) +b6,D, >0 flasy) x oy
D) (s —2)] =0 sy < flassy) <
(?L*[lJ;AFZ Dl[(l‘,'_s,')_(s;_l‘r,;l)]#* f(~T29y2)9 (6)’ l':29"'97’l
ds; (77+ i) P . . . o
i Sis l; S; — ti Si—1 Sit1 t;
[72D2[(S,‘+1_S,')_(5,'_5,'71)]_(A,'_Cl)K‘FCQ[(K =5 — 1. (t,'_51)+(5;+1_t,'):S;+1_5;9
2D
_Dz)(t[—.vl)—(77+llJrDz)(s,—t,—,l)]Jr(A,— s — s s s :go
) ) =20 aL e H
- TLl I, 0, ! ’ e
Lol oL _ |
N 0 at; =0 s, ’
By 2Dy
=1
n+2 o e
b] 2(7]+1)D]|:(3,+] f,) <§, t,—]):l + (7)
H H (n+1)
bDy[ s — 50— (i —se0 e (ZPL L DO >t S S
7+l -
(8)
) — (s — 1 nt2 1..D
t,) (3, t; ])] + b] 2( +1)D] K( +1 + Cheng
D)[<t_5)_(t 1S 1)+(t_$+1) i _5)]

S _ : b : b _ Al b1
+% +1 YK —D)[(t;—5)— iy —s501)] ;Ai— ;Al i NJ()AI idi = =n
(P DG ) — (i — D] =0 (6 (9)

71 (H— ETP,
@“) . (n+2)D/H (p+2)Q2+a)D, H*
— Ui 1 n a)
1. 0. H ETP =a 50+ T 4g+ D



o« G4 . 2015
. (gt 2)DieH*n! 1 o
[)1 4(77+1) +(12D2H+ 2/)2D2H (1
n')—nAr— (1 —r) A n" — ¢, [ (K — D,)
1 b+1 2 2
i 2 172 D, i N2 g2,
2aH+<7]+1+2D2)(1 O H In o KeH
y ETP, n o
ETP, . ’
2. . , i
nl* ETP1 3
o : D, (tiy — )
S;’(t, ) = et e
ETP, n ! n+1
o n . SP} = p, () Dl(t,vl — ;)
’ n ’ 77+1
ETP, n :
2 2 —2 D
JETP, _ (7]+ 2)Dya" H*n'* i 2 2 SP} = 1) d‘(tfkl —t;)
—Avr— A+ o[(K— D) o+ (D4 l
1 ! 2 2 2(1 77+1 SP?:p2<[,)D2(I,H_f,)
Ipha—wE I =0 ’ ! |
2z SP! + SP} + SP! = (a + bt
JETP, PETP, D, (n-+2)( _
-0, l; L)
Z on P | ! ’72(77+1+)1 + Cay + byt Dy (1 — 1)
PETP, b b+ 2D Hon ;
e AT 2(p+ D a
+;i>b2DZH2n AL m ! — (24 e [(K — D)
dl (¢)
i 2 172 D, i Nz rg2l.-3 =—D, —0I()t; 2 <1y
ya' H +<77+1+2D2)(1 OH Jn? <0 dt
__ f
—0.5<<b<<—0.074,b, ,b, =0, [Ct) = SH)
ETP, n R () = [%4’%]30“54’17” 7%
3.2 .
H 1
RN D, | Dty — )7 4 )
: Q= |G+ =
° 1 l,-(i:1,2,---,n) D n
, 7 }+ DA+ —nA"]
i=1
° R 7
’ t; RI,':(Cz +0C5)I,5 ]
, Livy it D, D, (t;y —t;)
3 _ _ 2 1\l i
: 2 I j Tt [02 RRNEESYY) ]
’ [e"tin™ *1]*%“#1 — )
° maxETP, = > (SP! + SP? 4+ SP! —RI, —(Q))
i=1



2 e 65 .
N — — ) — cee . 2 2
sot ty = 04t = Hot; <ty 1 1.2, ,m Alr—(l—r)A177"+(Cl+2+63)E(D16Hn +
ETP, . DoHn Dt — a1y =0
. 0
1:2’37"'97’1’ ZETP
dJ 2
JETP, _ b, Ji])l +b.Dy |[ (1 — ) ETP, ’ In®
at, 2(p+ D
JETP, PETP,
- (ti - t,’—l)] -+ (6‘1 + % —+ L'g){ 7]D+11[e”“i+1”;> — <0, In =0, an’
PETP, b D, (p+2)H'n'*
ST 4 [ = (tipy — 1) +D2:|e€“"“ﬂ’) - m> - 2 L 2+ D N
7+1
[ DO, _, +D, ] =0 DD H T4 Aur S e+ S com g ()
7+1
H
X = —»
n
: — JiD b, D, . C2 2 2 3 oo
S [/)12(77+1) L b, Z]I+((l+6+ g(z) = Di[— (b + 2) Ox“e™ O ae 1+
D D an 7+1 7+1
N 1 O 1 Dr) o "
‘”Fﬁf +<7]+1+ e J f(x) =z DZ[guar—1>—bxe”f—oxzeaf]
>0 .
—0.5 << 0.074 by > 0.6, >0,
aETPZ =0 tiq —t: =1t —t: 2 .
N , i+ i i — i o d E’{P ~ (6 +Cf2+cg)7f]g(1)o
an’ 0
0 o i O N
3 . o g(x) < g(x) x
1 ° g(O):Os ) .T>O ’g(l')<g(0):
n 1)
PETP,
. <0,
i =1,2,,n, If;+1_t;:nﬂo 0 anz =
;. 3.3
) n
) ETP, (mn=1.2) , n
Sy =HiHy @Dy JETP
—~ n n n 2 , no—
on
(10)
ns(m=1,2) ,
(9 (10) ETP, .
_ Dyt 4 D, (p+2)H* '
ETP, =, 267D H+a2DZH+[l;] Teeny X
1 2 1 Al n n ’ ETP, ; n
b, D, H* ((1—n") — —(1— -
bl }(1 ) A= (L g ETP,(n) = ETP,(n — D).ETP,(n) =
n(c‘1+fi+c‘3>[( D11 Ll + %)e# — %] + ETP (it 1.
0 7+ 1, ETP,(n) =ETP,(n—1)
Co D] 2
2 +D,\H , (n+2)DieH? | 1 , B
(gHe)(Gr1 P by J—4<7i+11> + 5hDH 4 o[(K — D)
) Loem (P I p a0 H = Ay —
4. ’ 2 (7]+1 2 ) -
ny ETP, ° A, 1 b+l
) ’ i 1)—(1—V)b+1[(n—1) 2 Jn(n— 1)
, ETP, n an
. ETP,(n) = ETP,(n+ 1)
2 2
TP, ) Dt 2H | 1, 1 ppegye p AT 2Pl LD 4 e [(K — D))

n 4p+1D 2

1+ D



.« 66 o 2015
l 2 2 _ . A] b D1 DIHYZ !
2aH _'_ DA —o)'H ] << Air(n+ r)b+1 61(7]+1+D2)H s .

U
Da—=n 1 LD =1 TGk D n,  ETP; 2ETP,
nZn, o
(12)
1 4
an a2 ny
2. ETP,(n) =ETP,(n—1)
DiGp+2H | 1 o
[)1 4(77+]) + [)7D7 (Cl TL + o
1. H =
Cg)n(n*l){ +1(6’ *6")4— 3 s .K = 120,D,
i = 60.D, = 40,9 = 0. 2,A, = 20,p,(t) = 36 +
1)err ]—— Fntn—D{Ar+ 0 —r) 2 [p 7 ' P
/+1 L 5tap, () =38+ 2t.c, = 2.c, = lar =0 4=
— (=D 13 0.75 .
ETP,(n) > ETP,(n+1) .
2
p Dt D H 4(( 121))H Lo, < (e + g Fe) g AD ’
7 5 a1 (12) .
+Dn {77+ (e — e ) + 2[(n+1)e+l—nem]— . an
880. 31, ny
}+ i+ DnfAr+ A —r Sl + D" = 11097, 66
n"H] (14) 1,
(13) (14 ny 2. H =
2 ° 3 ) :
. Dl — 609D2 — 40,77: O. 19A1 — 369P1(f) —
o ETP, ETP, 46 +1 5t,p, (1) = 48+ 2t ¢y = 2,¢, = 1,c5 = 0. 5,
, , r=04.0=0 06,0=0 75,
0 g:(n) (13) ,
a—1 de, (p+ D) b
= K—D ’ !
LN | b1D1(1+a)(7]+2)|:( )
DG+ 2 H +—1 D, H* — 746, 59,
_D 1+ D
77+1 n; :87
o 21387, 04 2,
5. , ) ). i
meon=m , ETP, (m =1,
2) \ 3,
ETP, > ETP, . 5
&1+ f0r 0<<o<1
r ’
ETP, ETPY ,

ETPY = g, DGt 2)y + a.D,H + [b
2(p+ D

D, (p+2)H’ 4 szzH]

o1y _
TCESD) (1—n')—nA,r— =1



’ ’ ’
° ’ s @ > 1 ’
3. s o ,
1 g = 0. 06 c; = 0.5,
5
’ ’
8 11, 11097. 66 o
16475 51, , ANAETP =FETP,—ETP,, ,
[ ’ ’
4,
’ ’ ’ ’
o )
b o
’ N )
) . 5 o
) )
b
° 4 ’ © °
’
1 1
n 1 2 3 4 5 6 7 8 9 10
g1 (n) 0 36.51 97.42 181.79 288.72 417,57 567. 60 739. 32 931. 56 1144. 38
g1(n+1) 36.51 97.42 181.79 288.72 417.57 567. 60 739.32 931.56 1144. 38 1377. 55
2 2
n 1 2 3 4 5 6 7 8 9 10
g2 (n) - -871.92 —711.69 —541. 65 —339. 66 —101. 82 172.78 484. 27 832.52 1217. 32
go(n+1) —871.92 —711.69 —541. 65 —339. 66 —101. 82 172.78 484.27 832.52 1217. 32 1638. 45
3 1 2 r
r 0 0.2 0.4 0.5 0.6 0.8 1.0
ni 10 9 8 8 8 7 7
ETP, 11121. 42 11108. 23 11097. 66 11093. 20 11088. 74 11081. 83 11075. 18
ng 11 9 8 8 8 7 7
ETP, 21431. 62 21406. 47 21387. 04 21379. 01 21370. 98 21357.98 21345.99
4 3 @
@ 0.7 0.75 0.8 0. 85 0.9 0.95
ni* 9 8 8 8 7 7
ETP, 11099. 30 11097. 66 11094. 41 11089. 89 11085. 49 11080. 63
n¥ 12 11 11 10 10 9
ETP, 16480. 68 16475.51 16468. 96 16460. 74 16452. 38 16442. 84

ANETP 5381. 37 5377. 85 5374. 55 5370. 85 5366. 89 5362. 21




. 68 2015
[yl ,2010,
30(12):2203—2211.
[1] Wright T. Factors affecting the cost of airplanes[]]. [16] ’ ’ g
Journal of Aeronautical Sciences,1936,3(4).:122—128. L. »2011,25(2):45
[2] Keachie E C, Fontana R J. Effects of learning on opti- —o52.
mal lot size[ ] ]. Management Science,1966,13(2): 102 [17] , . [Jl.
—108. ,2010,15(3) :26—44.
[3] Steedman I. Some improvement curve theory[]]. Inter- [18] ’
national Journal of production Research,1970,8(3): 189 [1]. »2006,9(6) :23—30.
—206. (19] , .
[4] Jaber M Y,Bonney M. Optimal lot sizing under learning [Jl. , 2006, 26
considerations: The bounded learning case[J]. Applied (1):35—4L
Mathematical Modeling,1996,20(10); 750—755. [20] s . s
[5] [Jl. ,2007,21(3) ;49—
[JJ. ,1998,20(3) ;36— 38. 55
[6] Jaber M Y, Guiffrida A L. Learning curves for proces- [21] ’
ses generating defects requiring reworks[]J]. European [J1. ,2008, 28(9) :59—66.
Journal of Operational Research, 2004, 159 (3): 663 — [22] s
672. [J1. 2 2009, 24(4):430—437.
[7] , . [23] ,
[l 22004,12(2) :55—59. 1l +2010,13(6) :1—10.
[8] Pan ] C H, Lo M C. The learning effect on setup cost [24] . , ,
reduction for mixture inventory models with variable [1]. ,2010,30(10):1741 —
lead time[J]. Asia-Pacific Journal of OperationalRe- 1752.
search,2008,25(4) ;513 —529. [25] .
[9] Hung T W, Chen Pingting. On the optimal replenish- [J]. ,2009,17(6) :84—90.

ment in a finite planning horizon with learning effect of
setup costs[ J]. Journal of Industrial and Management
Optimization,2010,6(2) ; 425—433.

[10] Tsai D M. An optimal production and shipment policy
for a single-vendor single-buyer integrated system with
both learning effect and deteriorating items[ J |. Interna-
tional Journal of Production Research,2011,49(3).903
—922.

[11] ) ,

[JJ. ,
2013,33(5):1167—1174.

[12] Mukhopadhyay S K, Yao Dongging, Yue Xiaohang.
Information sharing of value-adding retailer in a mixed
channel hi-tech supply chain[J]. Journal of Business
Research,2008,61(9):950—958.

[13] Dumrongsiri A, Fan Ming, Jain A, et al. A supply
chain model with direct and retailer channels[]J]. Euro-
pean Journal of Operational Research, 2008, 187 (3) .
691—718.

[14] s , .

[Jl. ,2006,9(2) :18—27.

[15] ) ,

[26] Yue Xiaohang,Liu J. Demand forecast sharing in a du-
al-channel supply chain[J]. European Journal of Oper-
ational Research,2006,174(1) :646—667.

[27] Mukhopadhyay S.Zhu Xiaowei, Yue Xiaohang. Optimal
contract design for mixed channels under information a-
symmetry[ J |. Production and Operations Management,
2008,17(6): 641—650.

[28] Hua Guowei, Wang Shouyang,Cheng T C E. Price and
lead time decisions in dual-channel supply chains[]].
European Journal of Operational Research, 2010, 205
(1):113—126.

[29] Bernstein F, Song Jingsheng, Zheng Xiaona. “Bricks-
and-mortar” vs. “clicks-and-mortar”: An equilibrium a-
nalysis [ J]. European Journal of Operational Research,
2008,187(3):671—690.

[30] Ofek E,Katona Z,Sarvary M. “Bricks and clicks”: The
impact of product returns on the strategies of multi-
channel retailers [ J]. Marketing Science, 2011, 30(1):
42—60.

[31] , s ,

[Jl. ,2010,
30(2):236—242.



2 : ¢« 69 o

[32] Cheng T C E. An EOQ model with learning effect on [33] Replogle S H. The strategic use of smaller lot sizes
setups[ J]. Production and Inventory Management Jour- through a new EOQ model[ J]. Production and Invento-

nal,1991,32(1) .83 —84. ry Management Journal,1988,29(3) :41—44,

Study of Inventory Policy in a Dual-channel Supply Chain with Learning Effects

BAI Qing-guo, XU Xian-hao
( School of Management, Huazhong University of Science and Technology.Wuhan 430074 ,China)

Abstract: The optimal inventory policy for a dual-channel supply chain problem with learning effects is
considered in this paper. Distributor satisfies the downstream customer’s demands of both traditional
channel and internet channel in a finite planning horizon. The sell price of each channel is assumed to be a
non-decreasing linear function of time. When learning effect of fixed set-up cost is incorporated into a sup-
ply chain system with a constant probability,a mixed-integer constraint optimization model for non-perisha-
ble items and a unconstrained optimization model for perishable items are established. The objectives of
two models are maximizing the total profits. By analyzing the optimal properties for each model, it is
proved that the optimal inventory policy is unique by using the technique of relaxing the number of replen-
ishments to continuous variable. In addition, the solving method of the optimal inventory policy for each
model is proposed and both of these models are compared. Finally,some numerical examples are provided
to illustrate above theoretical models and the numerical results also show that more profit can be obtained
when learning effect is incorporated into the supply chain system.

Key words: supply chain; learning effect; dual channel; optimal policy



