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Abstract

The lack of mutual trust and information exchanges between each
level of a supply chain results in distorted demand information, this
effect is called Bullwhip Effect. Bullwhip Effect was first discovered
and studied by Forrester in 1969. Since then, there have been many
researches dedicated to the causes of Bullwhip Effect and how to reduce
it to achieve better demand information. The methods to reduce Bullwhip
Effect include reducing demand uncertainty, reducing variability, order
batch control, shortening lead time, etc. On the contrary, strategic
partnership relation, also an important factor, has seen less research
effort so far and several related issues remain unaddressed. This research
intends to focus on Vender Managed Inventory (VMI), one important
issue of strategic partnership relation.

This paper considers a typical Supply Chain System to be a
multi-layer system( retailers, distributors, manufacturers and suppliers).
First, Exponential Smoothing was used for demand estimations. Then
three different scenarios, traditional business practice ( no information
sharing ) , information sharing and VMI, were simulated to understand
the relationships between Bullwhip Effect and inventory cost in a supply
chain.

The results show that the Bullwhip Effect in Vender Managed
Inventory ( VMI ) scenario is less than traditional business practice and

information sharing in our design scenarios. By adopting Vender
Managed Inventory ( VMI) , the Bullwhip Effect can be effectively

reduced and the average inventory cost will be lower due to better
demand forecasts in a supply chain.

Key Word : Bullwhip Effect ~ Vender Managed Inventory -~ Exponential
Smoothing ~ inventory cost
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FRKR G EREY RSP (R 87)
c#QRIECRAZ | ¢ 2 TenFup® o) 2 (% 89) # VMI e ¥

NHBIG ERRA S S BRE A Fr BRAK F LA 6 D
EEE O B BRAMS T EARE AR N BRALT 4

1. &£ ¥ p 3= F & (Internal Evaluation Stage)
2. 8¢ & B 1y (Top-Top Meeting Stage)

<

11 #9 <8 eThesys (938 £ 1)



ERF A EE (VM) @387 > Bhsad EU0ORS G S A2 g

st d o) g & (Set up Project Team Stage)

R koaE 2 22 AR FF B (Create Scorecard/Review Cycle)
% 8 EDI &5 8 < # 15 & (EDI Link)
TERESERERZE FIFE (CMI)

B E P B (Testing)

@B (Go live)

o N o o1 b W

T SHQRIECRAF ¢hfitfe? [ R2R % Kiea
B sl %Y 0 ¢ RE W RKE A 671 itk (Daily Work
Process) - * BB L F & F bk > ¢ 31T 1 3 ¢

1. T 2REFE EF! HEAFE vy R 38 78 @Ad=F B SR
F A Renikyy o ¥ OUIER e E N o § & NEE T E
F oo RER ARG R KT R o

ﬁﬁﬁﬁixﬁﬁéfﬁﬁéﬁféﬁvﬁﬁ%F\Q*ﬂ’é%ié_é}°
oot R RAN L P A AT R E LS A
EFE-HFRBRILHE- 5180 - AAH R 4_/HLFL1‘3—E’*K/L3;-%
FAMNR B RFEIFEREF - R
N LR R R LS L R R S e S
o R R AR BLACATERA S ﬁiﬁgfﬁéﬁwmﬁimﬁiio?
G e R R A S he AR - T E AP AR
5. FHEMF L frRMA A N F LA R RILF > N2 FERE DG
R B R T AR I A MR R o
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1 EREEEH

P 27 F TEM
1o =
BABHERARA L% iﬁ;g:
IEEW?‘HJE&’& P . - B g sk g g =
AL A 5 B < R E BB EH

3B B S RGBT X

A A

%2 BfFE
2RAFELRE EARBITE
3.AT B BF R
" ug
Z; ¥ 2 92 AL O %%§%T¥
AR AT T @E%ﬁfiﬁ*&ﬁ ~ BEHRBEOTE
=
|
) BERBITE
STEAE BAE WA
B R
\i
. Wy R
X EAE MR LY

Bl 2-4VMI = | 71 (¥ 42
TR SHQRIECRAF ¢ 2 ThFa* ) = (% 89)

223 BHBPAFHFFLxE

AR A D R D g0 T E T F A2 GRS R R
B 2GR BRFAEEE(YMD) HEA 2 5 a4 > Waller

Johnson, = Davis # 7+ @& * VMI ¥ 12 "% K 8 & 2 22 L pg £ JRAE K
Boo k2 H(2003)3n 5 VMI ™ 0% kv i MEFE el R Gitd
Fon BFREFEOREE o HEER T T U TEME G &
LR BGEFERSFA  HERRF KR T NEER
Rt A g Tl 22 W R F LR ED P LG FETF

VMI # s 4l ez = > S 7 F kT sl ke
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EREAEFE (VM) R 7 > By L0k E 5 h + A2 77

PR
foouot e

(1) T MITHF3 LA HEFER T ERE -

Q FrHEFHAAEL DN TTRHGREELH L AR H A i

(4) B FFE R A BT A 4 g~ FEH S A o

R Al

(1) gl s B4 > 35 & psaenys 2 % o

(2 BAXFEIF T PFRLE S G LG B E2 L nip B oo
(3) Hiakms B m - 2 Ry REFL LS

(4) 2 S EE o T pEFwr S SR o

224 B AEHF A MY LB

y
2

Burbidge 3o 5 § RFR & 2 SH 5 sien@il m¢ g 2 3 &
B g R fELFLR BN oz P& e LR ®
Y

(IR s g L AH A2 B J‘I%

&

~

Crawford (1994) 3u 5 7% VMI % > 7 M & 45 iF F

Py T R L AT AR A A R o

¥ sl

‘J(‘\

\

B % & o & (Nestle) >
%> 1999 & 10 * ¥ R &G (Carrefou ) S iE

7 VMI 2.3+ 4 -

BESHT o FEHRERP Y CAEDIEF > 2 d Rk 80
% =+ 2 1 95% P AR AT AR T P B E S A R EAmP LY S H 2 Y
PASDINEF d Ak 70 z+H&2 3 90% =+ B3 % ¥

E
Té“'ﬁffl}éiﬁﬂ.' "ﬁ}{’i?‘:&é“ﬁj—f LE S
225 BRFFF S FHERFEEEP LY

Achabal etal. (2000) # 1 VMI £ F 2 2 8B ¢ A2 H % +

; B, R 3 I Y 1B, 4
2 EH T AL R
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221VMI$H £ R7 2 R &5 2 B4t 8

B P

LVMI i kf a3 8 e ~2 |1 57 BE 5@ F4 [ 2
B4 h- B E o Pt w 2 5o BEF
2. Fd VML ks i ie LA VAV A BN LR
FEETHELZE KA A o
T 2_PRFR KB o 2. ¥~ VMI 2 4 B T30 %
3. FFd VMI st kR &
' f
Z

I

Hed A E o

= @

FREMGL B ¢
BB ERT A F i

=\

[E]

Ig
P
o e

£ 125 JE

1 B 4o g 2% d ~H&g 3 [l 587 o g Fps
Fess s md Az RAR| A khH e R
rEd S R o

2. d A E o~ VML & BepF o S |20 0 VML 2 B BT %
3] ¢ developmented  Ar BAAF o

= o wh

customization ¥ 12 % F| H & A&
HoA o

2.3 ER4a2 E HAITR
231 LB R TEKE DT

FEASA SR AR BT s W E IR L
o EFFEFRNGFER DY F AT L ERF H DT
SRS IR R U T SR A
EH e P EE R A S LT E HOTR (Bullwhip
Effect, BE) | » 4B 2-5 #r7 -

F_*
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BC S RE AR T

BE R H
i
s H \’/ Rf [

B 2-5 & #Wx
74 KR ¢ Gerard P.Cachon, 1999.

£ W B 5 4.4 Forrester(1961)#7#% 1! > Forrester 32 5 & & 4a
POEFER R R d 2 F w4 (information feedback ) #Err W B
pE R (lead time) ehat ¥ > (& % 3T H L F ¥ P A2 EAFITRES T b By
THEGLRom g R Rt mm g wearg 20 £ Hsc ko Forrester
FI#* & BB E A e s ks Y M h TR e I R AR
VU] s 3T H IR P pF R e B s B Tl h Bt R R G R
Frehgg R0 E R 2 RA ek o HE M- gk o FRE S
PRRREAALCERRHLLF R LA ?%&ﬁﬁ@ﬁé’
SR E - R R E R ERRE R A E S TSRS R
Boooodm P FEI R o AR b PFAR L 4o P R o
o

Sterman(1989)# 4 Forrester & & chpL & > FFd TR s B
( beer distribution game ) i & #-# 7 % > 5 & W4k k- F #H3] &
RN LR R R A IR e P FD R R
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EREFAEER (VMDD R ™ o sy R8Ok G i S A2y

—r

W’%ﬁ2£%ﬁ°ﬁﬁ%%ﬁﬁ’i%%%&ﬁﬂ’@%%ﬁﬁ+
BREE > H g MRPF LTI R FROUEER - AR

ﬁﬁ*éﬁﬁ@ﬁ&ﬂispg;
LR F#i bR G ey BRAY B #an
kB Jedak B F A48 (backorder) 2 #E 0 oA A E_uiT

s
SER NS ES S L EL R SR Y
e R d & T2

2. ¥ R a kR s JHT T A 4T B g A
( misperceptions of feedback) s MR E T B AR
e 3] "F,f ¥+ 3T -,‘%;»;%f Fo R Hh IR % o

ﬁ'_}f@ € - - - =_ @ll—‘é =i R g, - ﬁ’[a éﬂ
A l i A
i e
T H N q
g 3 !
e TR | > L);"
f% =S FE
';1_ ,:' ------- > FI FI(‘ /n ( T‘;T E )
R %

Bl 2-6 ™ P25 Ed 2 i Rdd
FofL k&R @ Sunil Chopra. Peter Meindl, 2001.

Kelle et al. (1999) 25 £ #>c g 5.0 >t £ 37 ~ 2 R & 27
AL % o Hig* (s, S) 7 Eﬁ%ﬁ/w\“%]a‘%’i g2 BT

LA
TREE R EADEH K W R ) SR E

o FEFLPF R EARFF OV OUE KBRS ERDF
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EREAEEE (VMD) R0 T 5 ey £ 0B G S A2 g

b EAREF R ARIAFIAEY 0 3 AF R HOLESR
oo NEBREFNERD T O RGIAETPRER)NE RE DR
m » Kahn et al. (1987 ) #r @ At F ene % » T4 F F R <

g8 %8 ) ¥ Kahn(1987) &2 Naish (1994) & - # 4 & >
HEEHEH MR LT BBz 2 £a g 9o Naish (1994)
LB ick z Rt v 3o % pF (just-in-time) w F 2% F
@,pFW%wmﬁiﬁio

Lee et al. (1997a, 1997b) { & - Hh D RHEOTEL & R
G T L BN L W BT NS R IR %o ho ] 2-7 T o
B SR8 cBhi & R FF A LG RIER -~ B pFEF - PR
RS e Fh (BB AH7E) T30 A Yoo

Z F3g ik (Demand Forecasting)

] ,um;}%"glwfzﬁ\’%}tzé ERNE A b

Pk ﬁiiﬁ%ﬂ“ ’éT firﬁu_@ﬁ#

r2order-up-toz
T%u%fﬁfc%iﬁéi#i'f—ﬁﬂiffﬁi%o&fé;’y‘;%i\ A g AR Y o A%
,{ilﬁ% ﬂ]"}g;“,\ﬂaﬂm F‘f;}‘d], ‘F"%;C’\ml‘l“ﬁ’)i

wEFRE AP Vs BT AR EE 5 R Bk

o 2 FER AR S e KRR
X 7 2o g ?“,‘iﬂ. w1 R 4aY

2.w % 1% (Lead Time)

S TEWEBR ) AT ERRIP S B RS TEE
18 #9 4 & eThesys (93 & & & )



ERBF R EE R (VMDD v ™ o sa? R0k s S A2 g

PR bR AR > BEBFRLEL Y A 5 LT
FROREF R FELT R T EFRPATRFL DG R BRE LR
ZF ks REEL 0T M @wﬁwwwmm

Pk B Su i 5

AL AL
St+l = Uiyt L0

AL L

N
) i sl gn b B o2 ow gk ; T 1a® £, o
4 VU R R E T W B PFRF T2 TH:E R A gwm

et
|k

é?ﬁ’mmmﬁﬁﬁ P ZB) RO TRAR R BT T

3.3 = 37 p£ ( Order-batching )

P ) R RE W T R 2 - o TR
Fe A anfil - 3 THZRPEERHFATDOTHRR T F L E
| # % X (min-max policy )» @ % ™ P p # 2 § *Fo
HEFTEEEZPF "  RTHRFER £ 2T éi%f%?f?%?ﬁ%i'l
- TAFREF A P ERPT ETE’*?{@J PERRTF
é%ﬂ—%%imﬁﬁﬁ’%%&—&ﬁ@mﬁaﬁﬁ’wuj
ERFRERI - Bhd P 3 ARSENEHET -5V - &4 &7
R RS @ﬁ(TruckLoad,TL)?V?%@’E’(LGSSW&”
Truck Load, LTL) z B ei@ i & A4 i+ ehdL B > FP > T 5K
ﬁ?téigﬁw’%ﬁﬁgﬁﬁﬂmaﬁ%h«’%¥X&¢
ErH > a4 EREBABE M T o

o AP R AT F o 27 f R ETHRSRE
TR T P E S r& j 37 it | (Periodic batching)fc 3 &
s 4% 4 (Order pushing) - ¥ £ 4> TP, chins > 5 =2
EPL AR
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R AR

“.‘_\

\%\« \"1-

543* G Ak
=

Bk
3

4.% # %

Ak

2T

A I
.

7~

N
~ B

ER

FhO(VML) R 7 > B ka? RHEDCRE G ALY

(1) # B 37 p(Correlated ordering) : &l — FPFREF N - & -
B o & ?ré’l#‘—)@'f‘%';f% B AR PFERE REF oo H
i ?-é:*ngiﬁ'“l’ﬁ E Feoo # 1 1——}@?,»\’;? Tl BB .

(2) * #=s pL(Balanced ordering) : F] T e S g H & - K
RN T3ATe s B EERE G ORE R Lok R
BRE T E o

(3) % 1% 37 p(Random ordering) @ /A >t A M TR 2 T fgriT R
F§°'¢ij‘£’§\ﬁ_ -F;E"F'&P\ IR SIS S S il - p e
m%ﬁ?ﬁim@%i%%%’%ﬂﬁo@

e
ﬁ%% B PEEA AR TS R E @
THZRWEEZREN P L R S T
?# e TR RATA E I BR L R NITHEE
FE TR DR RER D CRBY P iagiﬂf_‘ﬁjﬁ.liﬂwﬁ%
24 &0 i G fE G 3E | (Forward buying) > d 3 B ehic 8 ¥
AR EE SRR La R FRE SRy P FRF R
P RGO RELH

# ( Price Variations)

[
1

EREHFLFS ¢33+ E ﬁii)f%°*ll‘)"kvf‘-' v RRA
',E%VT“méﬁ’? BEES LGS

i

MR H DBy EEMR L RCSHEREY PR
P IAFLFLERE A LT R SR T
§alAc R MRl o Bl > P ERPOTELALE SRR D
kA

J

5.724 F h (#3%5 « 37 ¥ ) (Rationing and Shortage gaming )

b ERE T AN UHT  TERE R REET §
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BT AEEh (VML) K™ o ey REOLRE T S A2 7

W THE Z R IR AV H O SR SEF NERFERE
Feid B4 - Py > FALRHART KB FEr B> T2
B> € FWiTHEZ RBE cdogt - ko FPHEREF EFEMNETH
FRAH AR ERF AN R o T ERT R
Fz2o o FRIAFHZTREL T ¢ EREF B RenF8 2 o
( shortage gaming ) £ & % e % (supply rationing)

i

SO RS EE FAE IO ERRERE S AR P RARSE A
R R FHEL N R R ERg 0 A g
< HEE P PR AN L TSR TH > 4 AR
IAKE T F ARt ERT R EE AL e T

Consumer Sales Retailer's Orders to Manufacturer
N M
= 15F = 15
= =
g £
o 0 =
2 &
) M -
0 { N S N I — 1 1 11 11 1 i 1 1 1 1 1 1 1 ]
Time Time
Wholesaler's Orders to Manufacturer Manufacturer's Orders to Supplier
a0 AN n
[
z z18F A /
: : /)
3 3 0k | \/
2 3 l
o = 5
VAN

b
>
\‘
F
&
&
TR

R R SR LAY
TR kR ot Lee et al., 1997,a
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2.3.2 & B Pr 3 iE

35 Lee et al. (1997b) 2z 32 » "% M & Mg > 2 b EY
7w IE L

1. # 4 £ 4+ 2 &350 (Avoid Multiple Demand Forecast Updates )

Brkpdaans | A Peand BB 3G - RARF R
ths & E %@@*Em%‘%—@T%m%w&ﬁaﬁﬁﬂ@
& 1% 3g P o w@rf%ﬂiﬁﬁﬂmm@ R i IR W
B e @ frd \Eﬁ_r—tﬂ FAoent ks T 348 8Tk (POS,
Point-of -Sale) 2 & + F# < # (EDI) > » ij}u—«‘i;&i PR A
HEBRPEFTLFHLHTR St TR RRT .#L%E;‘E'J o e
Kiely (1998) = Fop¥d 212 * & & gLz s seiv g Hakg > 75
éf LR A 2 P L ARk & 4 B g TR ,3‘, S B e

i‘%w T Tl TR % ik TS i4\f-"4*i“$ °
R TRk F R R RROTAEG RIFR
RN ETERFGALRE o P ERPE TR AL 7
& BB BRI A 2 fI‘u—ELL BFHRPT L THRER RS
FREEE R TMAKRRMEY = L ARE Y L (passive partner) o
B4 B REREGFEE LS (VML Vender-Managed Inventory )
2§ AT Bk 52 (CRP, Continuous Replenishment Program) <
}\i“f?‘o

Vo @ TR R RS S L E T R LR
el Apple 2 Dell ehpege e 4 ﬁ"\ﬁ}ﬂ;ﬁx-ﬁ* mvl]—”r o ¥
o FFEASEEOR R ER (Iead time) » =7 % K F T &
TR AT KRB o

2. B U 3mEs & + -] (Break Order Batches)

Lee etal. (1997b) 4 % 3+ & 37 [ ~ 4 b 2 45 % ehim p ¢
Bk WO eyl 0 Bl T RE B R HE LSRR
RN EH T R R HE IR PR R

i
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T h Mo fLdrgt - ko RS BTSN D0 A
—w%**%%%ﬁ@%*iifﬂiﬁﬁwﬂﬁﬁﬁ?%%
R b v K o

RS

X od A pEE R kﬁ%%-ﬁéﬁ@‘ﬁ%]:}ljx% - O RT R TR
ERHHRT O EREEPG EAE S [ iFE (full truckloads)
FUEE S S g”f? RETHRETRL &2 AETH AL E
b1 If@;’ Al de kR R BT S ”F'\/"iil%,féi"ﬂ*;:_‘;_r’

TE RN AT ﬁuFRE@’ﬁ@ﬁ%}#j\xQﬂﬁq% 3

2
3
EIE R Pt
B

’:L:E’E:/"‘ "A"‘ﬁ‘l—%’\{?T T’ti—?“iﬁ;i% - = *Tj’fr#r o E ;FK
ERMIEPIF P aF G FpF > 2T b ASHS N hBE -
:’Z%%ﬁﬁk*ii“ﬁjé_w’ﬁrﬁ“ji’lgm;lT{"%‘:“ g 4

W A HEHAL R EHRT DR

U (third-party Iogistics) mﬁ*f&& T /]‘ o
B

3. &8 =_§ # (Stabilize Price)

BATR TR o i H S S0 R RE 0 R i i e i
AR WP HFHTI-ZERR RS2 LFR
wHE R hig > 2 3 545 EDLP (Everyday low price) o &g i& ¢h
LRSS E AR R L X
AR LR EBEPER O o st 2w Y ABC
( Activity-based costing) 4 seFrin? & & ek DR 7 2 % @
=~ A o

4. =4k F H »x & (Eliminate Gaming in Shortage Situations)

FEBE RO FF o BEHRRT ERP EL 8 ks
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EREAEEE (VMD) R0 T 5 ey £ 0B G S A2 g

T EITE AL b AT ERE LG T R
ﬂoﬁ%%mﬁﬁﬂ’%%T FREE 2 0 AR hEREREA

Nmffﬁ*’*“5£‘ﬂ¢*éﬁﬁ%,ﬁ?ﬂ’ﬁ%
7 & LR RER L DsE e XA o Y IE A
’zu@amQ%EZQ’ﬂ@ﬁ\ '
T H AR o B R B ER RS LELEE
LG RA R TH

O

I’ B OE
“1*’}

e}

=

3

—r

i

Simchi-Levi et al. (2000) plza & 3} f EHATRT UK T e
* F £

=N

1. *% M 7 7z =_#+ ( Reducing uncertainty )

Bob o RGP DA M AW R ERTEEEEE R
@igajxg;g%ﬂhxﬁfiZ£iiﬁ.oﬁﬂ * %ané g

2. "% M % 2 M (Reducing variability )

1 EDLP lﬁ’f’JL\‘f;\!? B i F] g 'E ;%' R RS R @F‘—%‘: ;ﬁ%
Rl A B e gt R ¢ ERT PR S A R

A

2 REE G RAE -
3. B w ¥ pFRE (Lead time reduction)

cE T AP MG H R R A RS
BEREFF SRR e BT S B
~F i Hgwm R EFRE (ié_ s@’%]}:a‘v'mPF'“) SR B
1 v % A B (T % (cross-docking)
# (EDI) %% ™ o

P
=% =3
—
=k
(J« Wk‘

4. Fvk M35 Rtk ensE = (Strategic partnerships)

Hee gy Filas 3 2 5 f g mean 38 o blaofFd Bk
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FREGFE AR (VM) ehez > > B ppr s EEHd LT
W2 REGE P FEDHGRIFRE ] AL nE o W FER
BRES R ERFEFEFE LN 3T UHEFEFESF
BYNFRELBEIRREFORA LT HEEF A 0 R Y

=4

BB  E T AP R 0 S R 2 QA A

2.4 W-f4dY 20 F R 3E R
2.4.1 ¥ L2 F KIgip
- ~ # & X352 (Moving Average, MA)
BRTBRIT KPP FT R T i T - IR o K H B F

T 3m. B 2 MA(K): M, =%(xtkﬂ+xtk+2+...+xt) ;M oA T - pF Rt

FFERE P, =My TETAKBIFEDTHE TR T - FE ]
FITERE o F L PFER G BB E X, 60 BB IEREEL S x,—F

m A @ T - Ej{‘g" t+2 m"? ’?J E F+2 :Mt+1 :E(Xt—k+2+"'+xt+xt=l)

I Ft t+1+(xt+l_xt—k+1)/k

= ~ & &TF 2 (Exponential Smoothing, ES)

FETHES A Thm- i GETET AL oL BTF

&ﬁ&ﬁﬂw%’f&ﬁéﬁﬁﬁwﬁ’Eﬁ@iwmé—%’ﬁﬁﬁﬂﬁi

CEEAI (AR KT B - HHBT YL
waﬁ’@ﬁmﬁﬁ€ Y

BT R A B pF R e T T
o I Z BT EERG T - WA RE o
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- F¢ 3 &< T f = (first-order exponential method) :
Fii=a Y+ (l-a)F,
Fup @ tH18p ch3E B &
Yot (5 )0y RRFE
Fi @ tHp ensp p) &
T4 #(0<=a <=1): & &
» ¥ B 2 Fuma Yir(l-a)F,
=Ft+a (Y F)

B o T fdcq @l N RBARD BEFT RN FTR
WAL AR B ER BT R F o AR hT i Sl B
ARG T ARAE T pF TR G T o
= ~ Box-Jenkins FF R # A B » T A ﬁfiff 5 6 T 3ok

( Autoregressive Integrated Moving Average Models,ARIMA)

Box-Jenkins % 1970 & & % E ARIMA(p, d, q)pF & &3] #- 4] » H
3 - e pF R s 3 h I T AE X A3 T ARG SR G P g
foo B9 H R EA A 4o T AT

#(B)-V' W =0(B)e,, n=0+1+2A
H ¢

)

B = backshift operator, ex: B, X =X _;

p .
¢(B)=1-> »,B’ = AR operator,
j=1

@
6(B)=1->_6,B' = MA operator,

VvV =1-B,
{&.} = white —noise process such that: E{¢ }=0 for all n, and Cov(¢,,&, ) =3, 0’
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FAPATRRAFTENG ZERLFAZF (THEEELAF 0P
A MR- TIEFRFE K 0 4o stime-units (hELR E > T FHEIFRFR
M cRELRI BN 3 & A4 20 ARIMA #2732 pattern > 3%k ch#ic 7| if &L
THFEEEFNFOFRE]) AP RT ST DB
B~ Box eaficd] ¢ (% Seasonal operator @ o(B®),®(B*),vP® ) - i #-
A HZFEFF- ABRF MNPFRFEIIFIERE 0T AT 5 H
(e SAN A I

#(B)-d(B*)- V' - V2 -W =0+0(B*)d(B)s,,n=0,+1,+2, A
H ¢

)

P .
®(B*)=1-> @ B*, analogous to #(B),

j=1
Q _

©(B*)=1-> @ B", analogous to &(B),
i=1

VY =(1-B®)", analogous to V°

Box-Jenkins & ARIMA(p,q,d)FF B #ic 7| i3] » 58§ § hid e
BT RLENERDFEREIECE 2 R pF R LG A
fochir i 2 B Rtk o B BRI SR G A &L DE R E
e D ERASSORGRE TV RBEHELTH > BEGE G O H R
= pF R B R 7 A kTR R o

® o~ § AR gFA 472 (Multiple Regression)

“3) ehit G A 42 T A 5§ H o §F (simple regression) #5052 4F
@ §F (multiple regression » = F % 5 ~i fF) 53 8 o i fFA 474
B2 P AN R pRMEL Y UEE - BRI -
fep R Bl T e

(=) 5 R gFfcst - B4
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Y=o+ X, +BXu+ .+ B, X+ B, X, +¢
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Y: o Rl ke
o B & FFH B (j=22..n)
X, R
g A ffEA L (residual)
V585 R A L
Ynxl = anpﬂnxl + &
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(=) #+E% & ~N0o0)
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2.F- AR B 3

3HEAA L -
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Ao d PEERADEF T, 18 Fd 0B Ras F 45 5 LER
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Forrester( 1961 )™ st e & e & > A B X h 88 (4
RS KT M2 X 2B EORTE) DA fE
Eo T kGl R 2Y 3&@?%%%‘&%mﬁﬁ
AR ARSNGB - SRR N 1 ) A= sk e

PR (2003) # 4 & & A dfstw B pF R (Lead Time) sc % T
I e N R R B R A (Cost)e £ H sz i (Bullwhip Effect)
ZM e Py P o BRERERAEGDEFERE Y M H T 52 (Moving
Average) kg ipl Z * - & & §i H 5 order-up-to i fac R k& TP
P BRE T EFRAF A 2 KL ¥ & A e (Normal distribution) -
T P A MEERM LS AT EIFRSS THE LR Y S
A2 B A RERET R ERMBIEEIZFE FPERSED T
Bz $f RFAF LS X A2 Mo AFERBAT EAY > B9 3

4

MR RA L E AT RS NS > TSNS AP GRS A
PIEFLED B PR A E 2 & AT SRS 2 B

BE - Pl e BERET  EHOLRY
TIRD AR RE 2B TR oo

‘p..
S
N,
B
14
W
\ﬁ'
b
Py
flm

SILEL 0 P 2 e I X B (Object-Oriented Petri Nets, OOPN)
FE R LIRS P R ik R R BT T
/= (Exponential Smoothing Forecasts) & :& {7 § KIER > &HF £ ™
o4 ¥ X B (Fuzzy Petri Net, FPN) %z = 4| 7p& @ o B o o
b iR L (Simulated Annealing, SA) 4e 07 B & 8% ok 3 R A
i# i* ( Ant Colony Optimization, ACO ) % & f4d & K ek if PR3-k
B2 b G E W o Rt N RFEIFE R R F AR G2
RREEATy TH o

2% & (2003) 5 A B AdFEHD - BEEF - - BB - B
ARPirles 2 2R i Ay P BEgnh T 7 A
7 - that i Chen et al.(2000a,b)2 # # * 325 ( Moving Average ) £ 4
#ic T & ( Exponential Smoothing) & &3 # > 2 T > & # ARIMA
(0,00)~(1,0,0)~(0,1,0) 2 (0,0,1) ¥ A+ F 577 F3 & > &
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WREFLFERMFLERER X AH R F RAEEFRC
2EET O REPFERAF TR H L LBk L Kl EAER L
B2EHGET RALRIFZ LR T FHEHEBCRE L

Chenetetal. ( 2000a) - fI* ff 8 = FF &4t - SR * 3
RIFEHRFR D EIFF 2 REERTHETEF IR LREAER
40 BRI IR R o XA W3t i FF A4 B (correlated demand
process) ~ s 4% (lineartrend) 2 s {88 2 £ 52 b= 2 K2 2 &
ALET 2 f I # & T (moving average ) & 4 B T F 2
( exponential smoothing ) ¥ 3 B #7i & h g2 58 o

Chen et al. ( 2000b) » - H#H #-+ bz [ A M F e é

Bh TR REN I Y FREEH I HR G T

Mg B¢ 7 KRF 3 (centralizing demand information) 33 ;%% 1y
EREES o) SRR R R

1

Xu et. al. ( 2001) i& - # £ # Chen et al. (2000b) ﬁﬂﬂ;z 1
EYTHERBFRIERY LT FE > RERT RER S L] BN
LB o oA 2R RIEAL et E oo 52‘@’1&‘@?_ Pl H
@ T Tl RPFEIMEEFEND ST RERF BT
ﬁ%%§’@ﬂé*@L%@%ﬁ%@ﬁ%@m;%&ﬂy%gw,
(R A '?"%?lla g TR T 2 SRR M Y HIERRLS R
HEF -3 RO N7 HFI 8T HF AFaas s
Fl* F T kE B 7 - =g (one-forecast policy) kec ¥ ®id
TRRIEAL B X Mg o

=t

Xiaolong Zhang (2004) #F:t5g | > 2 £ Wt P8 &
@@%%#ﬁﬁkiﬁiwi*hﬁAﬁﬁ@ﬁ%ﬁﬁ—ﬁﬁﬁ*
AR e RlBEB A iTE ) KRG RER TAEMNT RE
f2¢ > RApRFALAET A0 (MMSE) - 3 B F
e E(MA) s T F2(ES)- P8R &f L&Y > 72 kD
R 2 AR BT E A A Sl BEBBEH LR L] o

#

SRS D EIFRZ R AR AEKAEETFR S 2 EDFE

FAT P 0 jE 4o T
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| # N E A %ﬁfﬂ%%ﬁh%oMWEiﬁM%%’éﬁﬁﬁ
AAr M G D F i

BT R PR R R § 2
ES = ;2 spl g % é%tﬁﬂﬂ%ﬂ&méP’m@”iﬁﬁiﬁ
B R RS §

25 % | = &

RIS R 3R RS R R AL R P AT WY

B AT
- ~ % & A2 (Procurement Cost)

TEPRFENFADERL N - —FFEBREA LT M
4HYE XA HABRA AT FFEITEH AT T hig iz
Rk A

1L Ez+ A @ ¥ Af S0 E =@y §#-

2. THEA A Lo FE P LA mE BRI o 0
EEEE
()i 8 2@ p ML H =@ ifer fiaed & o
(2)#-37 & ,"1§K§§ THRBREE N ELERE DA o
(3)%;}74:1’] \ﬁ@b’%%»}{ié,ﬂ\o
(DEFF» - RmRE L D] o TR A ¥ A
T EEIEE T o
- AT WEEFE TSR ERS o M EEFMRY I
BB EE R X F PR T B A AT N2

=~ 3R A A2 & A (Carrying Cost & Holding Cost)
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b’%%mxwiﬂ’.oiiﬂsEﬁﬁ’fﬁ@’*?\‘;@*i‘“fﬁf@“*
j\\:ﬁ-“ﬁﬁyf 12V N

SR
RS A N R L ETECE R U - 2
FAEMTF o MF LR A %{;ﬁa C BE R E R

PBRREHEESNRTOLF A AL A 4 T AL B S
(Shortage Cost) cd R A2 T A A DT L (1)AE
BAh o Flm A 4 ut &3 f = & (backorder cost) ; (2)4f

FEM #E% Ry 2:"H Fla g2 EpA = zk(lostsalescost) o

1. 2£ 3837 [ & 4 (backorder cost) : % 4 b 3 4 ¥ > FHAF

A NI F RN TE G R E R R
SRR E) TR R RS
WL mded » BTG EEFE - kw203 PR
*LERURREEBRRRG A s £
3T HRTE R B A 1k e e

2. 4 & 45 4 & & (lost sales cost) @ o Mg & i ¥ # ¥ B8 47
MR ZF & RS F A EFAIF F
ZAFEF  BEIESE REFTTTAS B2 (1)
EA A QR -

2 A ¥ AR S - f8 & 2 g(Intangible) A& o g E R
TEEE o TS AR A A B ARSI N - A
TOVHERAE AEY FRAGEEES L2 H o Fa
FRERE LA EIRBRE RO BT S AEH LA SR

A e d BT OUE IR B A AR F TR 2 e
4o B] 2-9%7 5% o
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¥z % e
3.1 & & B&K

AF g #Fd Leeetal (2000) 2 & Ff i sdd ot (T H -
WP H-FLP) SAR S HEE - BRFAEY 2 E R
AR LA P L AT e Pk WEF TP
2FEW LR RAEER > B 31977 o ¥ b AR
gl Y - EREFAEEE (VML) R > BERATLH
e éf r‘;~)7 ¥ 4e » Ir_)@.r‘; xl«;‘: ,;}, (VMI) § > T 52 fil’\g IV
& 2 7 1 (Point of Sale, POS) 2z = % » 4[] 3-2 #77 » #-4 & F 3
AEEY L AR E B A RE R A 2 AT
FEZ GRRIGPd A L e P HFd B T TR H
BEORBIMTELRBEERZ ERM LAY br VML R
ke oo AT E 2 BN R AR Ao B] 3-4 r A o

-
A

%tbwwﬂwﬂv‘**+régw“¥wﬁ’fx;’{érw SRk & L
] o 4o B 3397 o AL TTHEZ R E G R 2 R E S, T
w2 TR AR A Tﬂa°¥’4’iﬁﬂififﬁﬁ—é_é’f?%ﬁi
AREBER G- FEARE & K2 F Ry T2
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CFEBFRUDBREAR T ARKD P P T RE -
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R A R BTG ARKD P T REDREL
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3.3 Btk R4 F KHECN

RSy V- F L%ﬁmxmmﬁw@,@?g
FRRFERIGREFTAIND 2L st g £E
D,=d+pD,_ +&, &, iid N(0,o%) (3-1)

FB1)? 2 di- A 02E pBERLI-LIL2ZFSNE ey

-~

- WA BRBEFAPIATE BT HEL 0 KREKLo

ETIS

Xuetal.(2001)% > * @ ¥ d (3-1)5% ¢ # 4 E(D)=d/(1-p) "
P AEYPETRAGEETHLCAEFAEANG G Fdl(L-p)F TERS

£ 7 g 5 b > Xuetal.(2001) 2 nglcv‘ & - 5 d EF A Var (Dy)
=0%I(1-p% % Cov(Dy,Dip)=0%pP/(1-0%) - 2t 5§ Lee etal. (2000)
P2 BRd>>o 0 T AR A0 7 RL Ao

AY RE OB L TP AR T ) AIFEEY LR E
TEF St A E T2 #&® Yy 5 (Chenetal, 2000a) :
Y _Dt+St+l_St (3-2)

/\IDR AIDR
S,=D, +1zoc, (3-3)

EARE I R #%“Eﬁ”ﬁ”iﬁﬁ?%#ﬁ%ﬁﬁ
GRS R R AR REd R ER (2 89) A

A IDR

Fﬁéégkv’ e e b - SEH R K TS e N kB v 2o,

foek s REAFROHEFEF AT AT EFRE (Lead Time) &

I =l+p (273 BEXFFH & [ F+F =0.1~05) (3-4)
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AP (33T KL
A Ior A Ior LA Ior A Ipr
S,;=D, +z0, =ID, =(l+p)D, (3-5)
EF2FRBRE- TR S B2 F R

PER
i (ES) #WIER > P > 2 EF A5 tH 2RI
Fode T

Dy =aX Dt +(1-a) x Dy (3-6)

FREBNIFREY ] 2 PFR D tHpptl 2 BRI F RS

Ipg +1 A Ibr
z Dt+i = IDR x Dt+1
= (3-7)

A |DR

=l X[ % Dt+(1—a)>< D, 1]

*ﬁ‘ﬁ

AT A N(3-2) 233 cFTiE- HHHEFCFLE
th B h sz g L

Y - D +(St+1 t)
A IDR A
:Dt+[(IDR+ﬁ)X Dt+l _(IDR+ﬁ)XDt t]

A lDR

=D, +H{(loz + f) x[@x D, +(1-a)x D, 1} (3-8)

A IDR
_(IDR +ﬂ) X Dt t
A IDR

=D, +a(l,, + B)D, —ax D,

pL ’E:“" -@J? %-ﬁ%
£

B pF R t+1 3 PF R t+ lpp +1 2
BT E (e d ?\3 S e

PERGEE L 2R t+ lyp +1 2
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o VML vk 0 48 B304 3 (POS) = 55 % s R
£ o FMY o ARG S i&-fg_%ﬁzk%gr‘;\gog B VML 8% o 4o
Bl 4-4 577 > P FBRAET > FEFE il 2 A KL T R
Bl @ ;‘%’d VMI 1}%?,—mﬁ\ﬂx’llﬁ EgFAs 3 (POS) & &
+ FR A LR (ED) 2223 Fabdlldy WEporeF

ZFRFHRITIBEEZFET R 2 WEF REFARL T LRI
¥ FTasrs il d WP Le BRFTRIALZ

BN EEE TR B AN ks t% > B MABREEERE
TR AREE AR RS KU ERE 5 5
—— FH BN A FCPONFTX ABERELLHIEEEH A

Al B BF R 2% A LVMI

Bl 3-5 & AT 2 sk B 4 2 VML ReE HE5

WP st i HogEg Res:

D,=d+pD_ +&, ¢, iid N(0,0?%) (3-9)

0,, =D, +(5,,~S) (3-10)
A b A A b

S =D, +zo0, =(,, +8)D (3-11)
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A IVMI A 'VMI

D, =axD +(l a) x Dy (3-12)

AR FNPEFFED LI PFF D tHlyy+l 2 LFR T RE

b +1 A i

=|. xD

t+i VMI t+1

o (3-13)
=l X[ x Dt +1-a)xD, ]

AR A NB-11) BN B-12)¢ s Ti- HHRETCE L A
St sz e

O, =D +(5,,-3)
D+ [lly + A% Doy ~(ly +)xD, ]
D +{(l,, + ) x[ax D, +(-a)x D, T} (3-14)
~(yy + )%,

=D, +a(,, +$)D,—axD,

T BERFERAEE AFFEY +1 T PEFF Y t+ lyy +1

by +1
v

LmFRES S0

o W
t+i -
i=1

PRk Y de r VMI Ru T oo H i

Mssd LFF K 2 M hdcd 3297 o H R EFE T F 2 UEF A3
495G #a § KL D, -
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PCR =A%+ QLf (Ir)+ fQR (9)]
= A"+ q[min{p, 4 e """, upCost™} (3-15)
+m|n{max{pRﬂ e lowCost®}, upCost?}]

PCP® = AD +QLf (lyo) + To' ()]
= A® +q[min{p 4, e " upCost"} (3-16)
+min{max{pg AJe 2% lowCost®}, upCost®}]
> WBH
PC" = A" +Q[f_(Ig,) + fo' ()]
= A" +q[min{p A e "' ,upCost' } (3-17)

+min{max{o¥ 44e %", lowCost®}, upCost}]
& HiAEG EA
ARG Y AR BRI E AR FAE LA B
> o RGFAGE (Y EFEREANFTELZRE )
HCs.q =h[5+(3—d)] (3-18)

}Ju,‘}%<fr’vg+¥]?%]\} ?’?—1%’1\’_&)

HC,., =h(2) (3-19)
® fE A
fi‘l:i _—;g ;ﬁ, 4 4h % Eiy ’ g %I =V
BC = r(d -S) (3-20)
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A L AR ﬂn%gﬁ;&j‘\ l_»}%. % A Z E:,\lj&o_‘;:' Esad 4p
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& s A

> flup

PCY = A" +Q[ fi C(h ) + fQM (@)]
= A" +q[min{p A_e "M upCost'}

(3-21)
+min{max{py 4'e %, lowCost®},upCost°}]
® G EHEF A
> ORFHFEZZE (TP EFEOREARFRELFRE )
HC&d=M%+%S—dH (3-22)
> oA RF (TrEGF kRN R LG RE )
HC, 4 =h(2) (3-23)
& A
WEGAF A P EF o M HA A
BC =r(d-$) (3-24)
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( Seasonal variation) ~ ¥ # & mézév ( Cyclical variation) % % » 2
d 3 e > REFIFR > 4ot - K4 ¢ F7F i&}ﬁmﬁp Pl

M

2

SRed AT ZFIRHEIE A RBBFALDE R BFTHFRL2
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