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Abstract

Due to the markets are trending towards globalization, how to effectively use
global resources becomes a key managerial issue, and all enterprises activities from
raw-material purchase, products design to finished-product delivery have to consider
the government’s decree and environmental consciousness to accord with the request
of green supply chain. In addition, if enterprises want to make a difference between
them and competitors, they can extend their logistics services from traditional forward
logistics services to reverse logistics services (including products return, repair,
recovery, remanufacturing and reuse). Owing to the products recovery,
remanufacturing and reuse, enterprises have strong impact on their raw-material
acquiring and purchase activities (The sources of raw material can be from original
raw material suppliers that provide new parts and from remanufacturing centers that
provide remanufacturing parts. The quantities of raw material from remanufacturing

centers are very highly uncertain).

In this research, to consider the conformity with government’s decree and
minimalization of the total cost, we propose a collaborative mechanism and order
forecasting model based on the CPFR (Collaborative Planning, Forecasting and
Replenishment) for the manufacturer/enterprise, its original raw material suppliers
and remanufacturing centers to decide the remanufacturing quantity of
remanufacturing parts from remanufacturing centers and the order quantity of new
parts from original raw material suppliers. This research also builds a prototype of the
decision support system based on the proposed collaborative mechanism and order
forecast model to help making remanufacturing decisions for remanufacturing pars

and ordering decisions for new parts.

Keywords : Reverse Logistics, CPFR, Remanufacturing, Order Forecasting,
Inventory Management
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Bal)~ 3£ %8 (FI%3RR) & 2 BIFRIZ 48 o Fip F(1999) 43R = 2 & =

AN
S,
sk
=
A
—=
&
b

L3 R s RS SR S TR AR A 1 EE o

3 %

F 2-2 SRR IR

A3 & ﬁw%% A
3| Wr3E R 2 < ;% (Baysian) 1. Fe ?ﬁ‘iié.i J
(Judgmental ) & 2% (Delphi) 2. B RpP-k aip RIS S
P A& 7 (Time Serials) | ff ¥ # % T 35(Simple | 1. TR ERT o
Averages) F= X =253
# & T 5 (Moving 2. FTHEAIRZT SIS
Averages) e
ip#T F (Exponential |3, FHEF #2 § &
Smoothing) 4. BB IR L% e i
M+ AE% (Linear trend) | 5. 2 # 2 F * ¢ A
PEE 5 )
¥ % B % i Eﬁ?é\ 17 (Regression) 1. FHEEF SRy aEs
(Cause-and-effect) R EAL T outllers
(Econometric) 2. FHEEANRE S
By~ iy A A 3. *"‘Jmﬁ By TR
(Input-out) BF o M %
KA A5 e B

[F4 % F W (2004)]
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2.2.2 3gRC 2 ER AL

Levary frHan (1995) #£7]7 48 & 58 $pbrspip] > 2 e jlix i 5 @ PR

METRR 2 E R DF R G T A

Lo Pprermgf = & o RTERPURE R iz
B g FEERDETREE oL SRR F SRR Y

KT JIE S 2 R ER ARG

2. FHREBE AR FRG AR TREES £ L2

o

3. FAlen onlh t FHSOET F AR S LRETR S E

m-
3
e
e
i
e

4, FHFFE A FETN A P IER D R E P FRAS ORI > A7 FE Tl

T L E R & .

D. PR NI ek ATHEE B SR B G APRT 0 H 5 i 6 6 Y

oo PREREBRERS § .

6. Hirs BT+ 0 FHTF B X I 07 e R 5 pF o RIS R AT

TRFIEREE AT HEIFR S E T IR ER A ERITEY o

Makridakis and Wheelwright(1997)4 #f- 3| 287 F FF % oy

Mk

Rt

o

I Bdgpl > 2 EH& > L5 AP L ER IVEIER] D 2 idF o F & F R AR

)
A
,«;\m
=
|
i
&y
oy
=
A
e
o

0. RALAIFTY 1 TIRIEAR B > T T S AR o

3.

W

HAMCA] IR

W

RALG VPR AEFER kR BT VR B L i

% B oo
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4. B

FIERS 2 0 H GRS T A B H AT B o

&)

5. FEEEEA BT G} TR b kel B Bo) T 0 B Rl E

MO R TR R L S RE ~ MBI T 02

Mentzer et al. (1995) “%t478 R PP ¥R 4 ° BT HH T2 |
@ T i AR B R EREDRERZ Z > 2 A F B S ERGE T2 B
LENPE S 4 F= > Bl R ,j}tﬁé%&gﬁja’ﬁjﬁq'&ﬁ% » §oH ¢ r#ﬁﬁt—:ﬁ?ﬁfﬁJ
LABZERRE IR RIFIF-

Makridakis et al. (2000) 55 4 M2 — f6 2 $51F rpEE A 7 & 50 0]
AE RS R S R S L LR B

BREERAPR F AR DR F IR R FR OV HHE D M
Jain(2002)# 3 @ &£ 41 1236 7&E %3 & > #F R 61. 33H* R A 7|4 47>
22. 65%FF * Tl & A 47~ 13, 92%Fk * HlET A 472 ~ 2 10%Fk *F B p TR E o

4o [B)

M)A A
Cause-and-Effect 22,66

Others H2.1

|
161.33

Bl 2-2 & FpRIBEAERY iR
(54 %R ¢ § 3 (2004)]

Ozturkmen(2000) ~ Charles(2002)£ Jain(2002)# 73 ¥ #3u5 > f1* - 3¢
B E FRENH I AN fRAd AEBRBR MY AT EEFE R L
ERIIER R E S E2 R /A BIEFEN o 3 AR (2004) ~ g
A5 (2005) &2 B 5 (2005) FF % ¢ o4 A RIGER T AIF R & N DTER 2 2T L
e L HIpRESE o

24



d batARB b g o S BT IERIECA Y o SRR AT
THEAFTEHEFGEFRRZ o AFETREY L BAHE U X Eh Tl
TR A bty g R PIEHIRE AR o I R G SRR 2 T
MEEREEE CF AT AT EIER R FE AT AH O R LBAY
BEmgAe g ol iR e RN BT - HRET

PEATE

2.2.3 F1RAH-% 2w Fat

F_*

- dgeh s Ad fFA TR ST o ARG - AR S A
B0 R T 0 AU T S AU (S 1 2 H(Seni-log) AU
v {4t c(Double-log) S v G HE2) ¥ 5 % & o iE 8 SUH W F Y R de

™
Lo -5 RSB w A Y =B+ B+ X,
2. EHEMREFFHL Y = f+ 6+ X,

3. %%ﬁﬁﬁ?ﬁﬁﬁimY:%+Zﬂ*K+Zm*mM

A X Xiw 5l pis Ry B Y S v SRRk

# 2-3 F1 % FER S B i

f%”ﬁ I B
Venkatesh and Lakshman(1996) B4t sy
Mulhern et al. (1998) LR

Blatterg and Wisniewski(1989)
Mulhern and Leone(1991)

Bolton(1989)
7 £ (2000)
Jeong et al. (2002) - @tﬁiktﬁ~ﬁ%
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Venkatesh and Lakshman(1996):% 5 4 & € Sofic X e 2 £ 7 172 < 4§56
FooWRAHLE R AR RET A 2NIE Y dpdicd T 20 Mt
AP I TS dog g s Y~ Hu %) 5 g 5 % #ic(Dunmy Variable)

"1 8 T0, k& TP E) & - SRR kL7 RE8Y -
e ET s F R L R (e ) B S BB §7 B R R

2 G o @ FEEEAREA T R R IR R o

AR Y LR PETEIRCAR AP F § S R -
T ICH AR SRR PR SRS REE ER TS O

S SV EE R EE R RN A £t T UL SRRPEOE R
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2.3 H@diwhi

2.3.1 g HE2 R

- iRk g

% 3 (2003) @ s it ed A B okehB E L RF S Fo v HiER

£

Lo 5 m30F 3 5 a3FiE &)™ ez

2. o W EAG PR REN A E 2K
3. FE A rjprg it (Heuristic) #ik s

4. F i A HrrdirmEEfE (Global Near-optimum) ; i i vk &

HILG PfRA 2 FF BREEL > G FHA TP A
A

= B FF R eng g

ST 78 (2003) 4 FIiF 3 2 FT- AR eih 1L S 290 A b2 4 B HPA e

I AFFEZ2EY » A& 2 5HGERBHZATE Foooa 2t ides

Lo il e d0F A7 b A R Gl g e

2. ATFIFEEETUEE SRR PEREE (S REEFL) 3 N (R

fo s R 0 TR T LA B AR R E R & 0 5] 1 AR

ﬁ* ) \T' ﬁ'&@ u'&f’*ﬁ.d&;&\g \ /z‘l; J:F‘:E’f"ﬁ ,i!;évf;t }3‘&7%% 5\‘ 7‘—; l/i o

3. ATwEZELRETR AL R p R didic (Objective
Function) % i &> & 2 F # # coff 2r T (o s fieejie A 14 > i

) o T & R R AP RSl o
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> BRI V22 Fd

T

FEHQIODFIRITVE TR - AR FFLEFAFE v L0 B

B AR 0D E o AOF uEARY o W W AR AR ES .

o BV H g R e N FE 2 P ER BRI 4 fed

2. BEBHFERY CEFZIRIFIEEAL A FIRD FIKED

3. MU RPREET BHAICE A - L5 RH B EBE i aaR

LUHHOF R PP -

BRIV > N L B F > 0 KPR A WEFE R A
I R e B P e R B ATIRRIT U B S Y R
Mk - B P Sl RS Sl B2 FWEF R R o
MATFF B2 B N B R LR N F R AR T KR
AENATEPCEE Y EFSTER S T TE SRR T L F R
#7 % Arnold(2002) ~ Beyer(1995, 2001, 2002)#7 #FwmiF 347 5 o i F A%

Bl BEAEE o F 1 ek ehd BRI Y 4] zk 88 3] (Sphere Model )

\\Xr

B F s BRATIFE R G F T Kt P L AN S
Bl AP 330350 o
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2.3.2 it Xz i %

1964 & > 44 ® * Rechenberg % 7 f#iA-/n48 4 B¢ #3441 48m 2 B 1)1
it v iE o it Kvp i A A Bt A 1 E (Artificial Intelligence, AD)
AR - i A FERER 2 Darwin# N TR g F 2 G g
i*#% (Evolutionism) % A# A -+ R AR 2 B2 24 S BMAT AT
RERT 0 A0 R 2 AU L FEERTE P RFC AR
fp B 4 R St RO b U I SRR A O A R Ch A P

SR EagE D ko

-

1.:# &% 5 /% (Genetic Algorithm, GA) -

2.7 v ¥ & (Evolutionary Strategy, ES) -

3. &+ #RE|(Evolutionary Programming, EP) -

4, JFREERBEE Y 458 % 3(Classifier System, CS) -

GA 3 2 & B 2 enh#A] > LA 3 B AR GA v 4eds

Aok o BSE GA X 7 b2 At 3t ES ¢ BHR ¢ I F Hr A
A e B - B N EAG R AT Y FHATEAS TGS R AL
ZFRARE SRTELALG R ITGEAEER o

B OES S MEBIEE R G RELEER BT HET1I+1R
v ez ( (141)-ES, ¥ & B enES» 85 g% 6 - @Qﬂ@ﬁ%%%ﬂ@“
THEL 0P HELL DAL - BTAGR) BFLEF BB R A8
o BB T RGR )RS F R T EFEF RG> ((+ A K el
AD)F Y k) > e 2 Frerg i 8 — £ 4] (Recombination) » & ¥4
PR ST LE -t BARESA R LR L (utA)-ES,
BRAAL AehF Ao P Kyt A BfE? PEEGHhy B L L BFT - &
#FE 5m (u, A)-ES, B id? g2 A>uB+ R ¥ v girsdd a3
R EN G BrmE A LEFT - RFE) - ES 30t E 2 487

BS HuE B R E L ek end B 54 %53 ;¢ (Representation) i &S
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;*(Fitness Function) -~ # %2 (Recombination) ~ % % (Mutation) % 2

(Selection) °
2.3.3 % RS
FCRE T 5L A Sl AT B RS 1 o AN R R

B XeR"™ N He n L RISk Bl 2 SAPLT- BPEIN

f:R" >R >t @ Rl p o - x0@)=f(X) > #9 X sdk

,dm
&
A

R 2= 0 WG = (X Kyyeeer Xy Xy, Ayl > X 5 Blica 5 0% S8

BB £ 0 1E 5 R Wk o BHI<m<n > AR AR S F AT

RN PR IR § RS ST

BRSP4 B R R HCE TR ALE R - 30 8 e R

»

Fofh X e (X, X0 Xgo X,) * HFL TP IS F(X)eRBFR TR S¥ca > 51
KRN o \(D(Xl,Xz,x3,x4,a1,a2,a3,a4) °
2.3.4 £ *®(recombination)

Fowit W S (utA)-ESHeCu, A)-ES € 5 I & e GAHFY ht
fedple > A B £ 5 T ECHBHMAI MIPAH G HOFT AR AL I MEST
LRDERA - M QBRI T P HRREEFE RS K Sl
FRHEFLEA-FRE @t R 3 F AL e N - BT A LA

(Discrete) % ¢ B A& 4 4% (Intermediate) *» HFH 3 ;247
-~ BETAI
KR W B &P EERA ®f2 5 pl{10,20,30,40,50}& p2{12, 24, 28, 44, 48}, &~

FERITL 2N, 1,2, 2, 1JCGERF ARkt g > 1 44 pl E5 2
A d p2iEE) o 253 %{10,20,28,44,50} c 4= B ¥ -
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pl
10 20 30 40 50

child

10 |20 |28 |44 |50

IR ={1,1,2,2,1}

p2
12 24 28 |44 |48

W 2-3 #icd w2 W
=~ VREAFA

PRAS LR AT EEY TR P R ASEL S
{0.4,0.3,0.6,0.6,.5} L vk FATF L end B Rz Ligd QR HAS S

child ® % - B %8 11.2 FE10x0.4+12x(1-0.4)3+ 5 &1 -

pl
10 (20 |30 |40 |50

child

11.2122.8 |29.2 |42 |49

[ 1% #={0.4,0.3,0.6,0.5,0.5} E>
p2

12 |24 |28 |44 |48

W2-4 ¢ BFAFATLE
2.3.5 R %

it Regiz? o FEF AR p WA DAFEEE AT WP F AR
%ﬁ/’?‘sﬁ*’ﬂﬁﬁ@%ﬁ*bifi R cEERE o R R TE wiE El__#?’g_r/;c
A LB REASF A F 3 R E #/2(Local Solution)® » i & eh

a—

v+ Rl 285 4 f2(Global Solution) s # ¢ 7 &5 R #F 1K

bt
Ak
Ny
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o =0, -exp(r-N(0.1)+ 7 -N(0.1) i=123,...n,

X; =X;+0;.N@O]1) j=123,.,n

<

BRI RN SRS

\\?{y

o HF R H B

#

X; 5 %P % B

<

XjaF 08 B P RgE
-1
r=+2Jn »8 &Y % (Global Learning Rate), n=p &% # i #&

r=+2n" %3 & 3% & (Local Learning Rate),n=p &% #c B #&

2.3.6 EF g a

FEBH AT XY 3 N E L3449 (Deterministic) » w s E((u
FA)FE K oy A)FE K)o A B AR A8 LW ANy + A)ES
P AN AR TR RBEAL AR R 2 ,g,jaxgﬁilv}mgtpl,fpg‘;, g
BRI A (pu+A)FFEFY REN LB ZT- B 4L (o LES
PIEAFTRR R Y RABT A2 8ED B2 T - R & F i IR AR R4 B

2-5°

N~

A FEET B Y L GE o F G T A N TR R AT AR R R o
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L.

2.

3.

R

AT PR

REEREG R LRAR 0§ LB I3

L
=N

/Fg_o

FES SRR 1S

El[gﬂﬁgf[l PUE Y R
|':‘E—[7T€§§$T’ Fj:ék

4[‘\

TR I
AR T i

Bl 2-5 7 v IR ARR]
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2.4 #¥+wiF% ¢ 2 (Reverse Logistics Management)

AER R EOE L BE AR ol © Py T F o @ B R E ST
gy FLREARRARLE L o £ Wi Fints § (Reverse Logistics
Executive Council, RLEC)#-if & 47 ik € & 5  # o ind - b 48 & e

P EERMPe BRI RE, DRI T EEARE 2 G RZ I

—x

o AE G HASREF O o [F 4L kim & ¥ 3 (2006)]

X NP AR S A EATESE & AN Yo - I
P & e £ (Source Reduction) ~ £ # (Recycling) -~ % #(Substitution) »
P42 E 117* (Reuse) 2 iF72(Disposal) ¥ = Fi& {72 fiidp b 26 > Ad inARR
PiiEy &L 2 s KB # 5 =(Waste Disposal) % 7 ¥ 4 B (Hazardous

Materials) g ®ihd & o U T LB F H40 G o F L2 &

Stock(1992) i @ £ 4 - w2 SIv ~F AR E £ 24 (Recycling)
PRS- ERE Y~ RS FE - fiT(Refurbishing) ~ 4 (Repair) ~ £
@ ig (Remanufacturing) svE# ; ¥ 305 e @ L4 WA - f& 4 S e £ 450
Ios AR EERT B i@ LIS R AEB R REDBERT TR §E

R B o [FH R R 1£(2004)]

% B e b e it 4

gm

Carter and Ellram (1998) 325 if % 38 & & & E & ;
B G A Sy i L H e BER Rt A S B E
Bede e ERLEDR Y FREERER O R Er gy FEFRS
MEREAEET LR oL 2 gJZF L 2 o Dowlatshahi(2000) = & i v
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FLLEAMAT R RASFSF L W RN U2 T RRILEFT
125 3 2 g s 1% Tk o Fleischmann (2000) £ 372 &g E £ -

“gnE e e g T IUUEE AT R o B Rl § AR i 2

AT o Ww LAY RFEE R B RIS EiT

(AN PER)RFFR - SRR FE BT H B R BTl o @

- 38 T et o e iF L3 K Ae kA ik £ 8 2 & 4% (Rogers,
2001) » AF B EfoW 2 42 > H e F L A B ERE L 2 & eb%-6%

(Raimer, 1997) - %fmDaughertysrp s 54501 » Tk v i £ &
FX

b FFZ R A9, 49% (Daugherty et al, 2001) o Flt w38 £ & M2 5
F L L ERSMEE R o [F4 &R - aniE-T (2005)]

FIEEAL G SR e LA B B PR M s g
e

&2 > 379 Chone(1988)if wif £ 1 & p A xtd = § ¥
PHR-FPRAFAT? TRIEER* LR/E Vg - 27 & 440 ~60% o
* Ao ¥ tMarien(1998)F7 7 ¢ #MA £ ST RIFHE T LG 0 EE

(LR £ 5 £ S AR

24.2 ¥+ ELhn b E

B itend Afef WA P W R 2 AR RA § - BASE W&o
WEREEARE RS ALY R oAb T el WS A
AT RATEF A AETECL A AR IR A BT R
R0 8 g E REBEATHERAEOQ T g AR R e

Fhd e g PSR FE T LR LA BRI A LA A K

e
qa:
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FE R BB kG p 45 7R F b (Serviceable Inventory)# w 4t

&3 b~ f s ¥4 & 5 B (Recoverable Inventory) e

Exl
i

supplier \

man ure

¥ i
¥ V remanufacturing / VIR

FREHR

End-user

Bl 2-6 £ Wigiwd s f ko

ERETEAGHRT ) fE el AR Kk T VRIS RS KR
4T AEA G- AA R AT TR AR RS R V- P ESEE

Rt -l p A §E(ERL U C e ey g L8) SFAL

oy o
&

SRR WA R R e w eSO AR 0 e 2 )
SR Sl SRS S S £ 5 ¥

e WGP ERETU G FIFFRLF LM E» LT F kehiphl 5 |

2.4.3 ATPHFER

¥ - B R R A0 Schrady(1967) » A= g @ 8 #-F f2r v AR 5
-V B PP e PR oY A RUNE A X oW AT BANANTHE R A
Flr g R(F R O)RALQEFFTAL ORI AR P ERE]CEE
PRGNSR B BEI RATIRBGFRETRRG LG > A2 Flgrps
FOoFENA- BAZAMEY ¢ 0 BR AP EHA, REY Ko 0 K F
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Richter (1996) #+4 EOQ #73] &7 ki Kenf 4 & 55 it 2 # i 5 &
Bl e B iR S B F A R T E RS HBRE PR D
HETS S RLE

Wy
Sy
1

Co RfRd i ] FBCE IR I AR T RAE W T o

Teunter(2001)#- Schrady(1967) * #% 41 ¢(1, R)E i K& enficd] - 4

oo g5 Schrady(1967) 7 ##-3 7 (P, DR ETE AP AEdEe
- AR REE R 2 AR AR S w e R E R E s K &

Al 4 LEER Y D Rl ARG R SRS

Nahmias and Rivera(1979) HI* 3 *TedR 5 2 #7 1 Schrady(1967) e fic
A RE > B BERAAFERRF - R AR T RRFEANFTRF T
H N, DF*EadiE ot - H 3 & Koh et al. (2002)- #BEx 4 2 54 &
i afR R A A U 0 2 8 i Koh et al. T g ¢ iER R

EEEEERE EEREEY (G ONCAPETE

Koh et al. (2002) &% 45 B%PE > 3 HF L7 d PRAA &S HHATE
SR s L SR SR S S
BRI B - IR RESEY P el BT R A - BATAS

RGBSR AT S BRRER . A B ST BT g s

m

3 3 B S E R

2-\‘

FRAREE D R FRR BRI TR RIS R AR E
i BALHEAY B - AT AR P RARATREE TS AERR
AR REE G a0 HA P VR RGeS RGO
RA &G BRI R AR RARR o B Y BRI 88 0 Mabini et

al. (1992) ~ Richter(1996)4= Schrady(1967) = :“?4 cle = R ARAY W
FAR e 4 HEm U Fe o PV B &% Recoverable Items ® 48 4% =

Serviceable Items - f& & % mT™ & %44 & it # (Recoverable Capacity) &
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AU e Al E AR AR e e 2o e AV AP B R AR

i e

Teunter(2004)#-7] ¢ #& 7] » F FF &2 w2 &K (Deterministic) #+ 2 4
10 G APR E S A S TR R # 2 A (Ordering Recovery Lots) » 37pE
4 & = & (Ordering Production Lots), & E+# 4 h4F3 = & Holding
Recoverable Items in Stock, £ E4%73 #7244 h 2 5= & (Holding
New/Recovered Items in Stock). fie#A|? # ¥ FI&Fa372 T8 h A
oA A/ E o AL Y HHm e §t R K & AR (Original Equipment
Manufactures) s+~ Product Recovery. W ci5# % % Jg Disposal 78 B o f&ii-/4

T A /¥ 4k (Production/Procurement and Recovery )& if it 3+

’E_ FFB "??E °
servicable T
slock p—d
(1-d/p)Qp |- r—-d -d —¢ .
(I-d/r)Q, |
0 —
0 time
tecoverable T
stock
1]
—
fume

B 2-7 Serviceable and Recoverable Stock Corresponding to the (1,R)

[ 74 %k : Teunter(2004)]
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servicable T
stock p-d r-d

(I-d/p)Qy -d d i
(1-d/'r)Q,

0

0

recoverable T
stock

~(r-Jd)

(r=fd)(Q./r)
0

{Q:"r ) Time

Bl 2-8 Serviceable and Recoverable Stock Corresponding to the (P, 1)

[ F4 %k : Teunter(2004)]

Teuntera and Vlachosb(2002)%#=% - B ¥ - 2 Faul &584 & k%

(Manufacturing and Remanufacturing)# % ® X £ @WdiEd 43 {15 a2

F’_*

LR T AR o JF BRSO A R nd o woje s Wi e
SR REER o A kY ¢ 75 EPe3 ER (Disposal Option) » 3+ & 4
FERL D] HFLFREFRF L AER(F EDG R0 B)

FHRREEF ARG EF T T IERFE ST (S I LE X A

00%) » * & H R F LK B (2540 A2 00 ASHHRT » &R
RPN LT R LA T UERA RS ATHIEF AL F A

Lo 2 MEFT AT ok v e FgR AN g REFoyebEmy P L
W xR fEHERERE 3 g Disposal Wk @ SRARGEIR A R0 L F L FRR
B ARV OUE By T 5R R 2R &84 &k se(Hybrid Production

System) fe & & ¥ #akig ik o 4ok B #id7

‘ll-\

B JIET T AT i e

EERE R A B AT E Lk e



HHE A (2006) AL B Y WS F R R EE T A FF S [k
BERT (- A0 BRFH V- Ed R o vl d 3) s
TP HErREE R R AR v TP E - kB FER TR TR
PRHBETEFLF R AVFTHABRT T Y RIE A ILER > B H
RIPEE T T A 5 - R o B B g RFE v iR B vt

R WY CEERRFRIIAE Y o A TR RN HEF P AR
g 00 WA PR xR (2R LW B A A 2 EF BT
A A UEZw i RAET S AL URT AL A A) ROE L APy

é‘,;r E&-;}"‘L —El_ °
2.4.4 EBHF IR

Heyman(19771)# 3 ¢ BR BB AFHR A AP i REE v B X

AV BT EFRE G AR iR B F AT 2 A ik 0 R
FHRHEA A IRERERLRERT  SEEHEA et B A FERR I A
o T o B ERFY R e I RAPART REEG AL A
EETgre g i3 RSl v o [F4 %R 18 L5(2006)]

Muckstadt §= Isaac(1981 )47 3 ¥ Bk # & PRV 222 % £ w4z 5 Poisson
Afe B EREREF A A B E A A2 B RS A P AL E TR

BT (s, QA EhT f g HEA] o [FA %R 18 235(2006)]
Fleischmann et al. (1997) teif » 3@ L4417 > Wi ~ L 8/~ F 3 ~ pLF 27

FHR i B F e ehig fE EECA X AT R ey BEIEH T
=

gl o

Van Der Laan and Salomo(1997) # % 4341 % suiv P32 e 3 b R B g
A G R R Fak F) 0 £t ik Push-disposal ¥ Pull-disposal #3]% & -

i 4> 2 Y R PushdrPull e72 pBE 2R T ¥ Y REEZZ RIS
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2B GARRE AL T L ARG LR RN TIRBOG LR AT &

* Pull-disposal » 2 & PRI Push-disposal #if & -

Inderfurth and Van Der Laan (2001) 7 i#stigisiz p#Al? » 4o » @
FEGP AT ET v el R v e SRR R R B ERT |
BRI g e Flep > § v AT LG RV LR AT R & 0 o Flhopt i

B oo B pFER yﬁ@wﬁéi’%uaxkﬁﬁﬁﬁyéﬁm&@mﬁﬁﬁ@o

Fleischmann and Kuik(2003) &= 3 42 » ¥ 32 %0 + § e sg 8 5 b g 79+
A R TR IL D N R R g0 TP R F RS
frassilige FrE-FE 3 A YR B v B gt B &

PE BT D ASEBHIEIRT > FRE (s, F R el RSk

B2 52000 HAP Fr RN EwFLY v el WS S
Fr#g > a3 aefed & henfFnT™ (- v S 5EL W hF e
T R R R AR B ) e - A5 G 2 g R
B e F SRR T S E RS ATIRE E R L g R

ﬁ,a§@$iﬁ+@o

41



ElES SEs ]

Ee
(R EHEMHE
HEE
; frE v
B E o BEEEH [ s
esk(n)
ERERED

Bl 2-9 R L(2006) 7 fF 2

Van Der Laan and Teunter(2006)% g Wit &2 £ W Ed ez sk - F
W AR R AP RT O 2 K - B E mﬂf NSRS
2 BP R E R S (RS E R R I g d 1 R
fRigfe e )Y M2 Ae g WgEeann R Y Lt E by oo g2
s ARITEKEFAFFAMNUEIR[RFAFRESNE S LT IEFI AR
o H R 5 G s aei ot BEE Rk ERAp 016n(s, Q% 0 4L R
A RTHEL IR * Push or Pull ®vg o #75 e9p rn)’j%{ttév *E] R T 2
Eh- o d FERE Sl e ARG AR E T Z AT s B o

Push ~ Simple Pull §= General Pull > % 3 General Pull #x 3 4% o
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— Serviceable
inventory
on-hand

——- Serviceable
inventory

position ¥

Remanutacturable

time

inventory
on-hand r rr_/r P - 3 ]S!L_)f T
el s
time
% 2-10 Push Control
n
A
1
I ‘\
11
— Serviceable L :
inventory o ! Qm I
on-hand :I‘“ :\\_‘ : : ‘\\
5 | Q!h v I~
— = Serviceable \\I
inventory \\I \ \_l
position N -
time
Remanufacturable pu Ml
inventory | e \ _f—/’l
on-hand [y " I//
A =
time
Bl 2-11 Simple Pull Control
™y
It
] ~
— Serviceable L :
Inventory R\_. " I Qm N
on-hand :| = :‘-\_‘ : ] o
Qr \\I 1 I

Sp
== Serviceahle S

Inventory
position

Remanufacturable
inventory
on-hand

r

time

B 2-12 General Pull Control
[ F#4L %R : Van Der Laan and Teunter(2006)]
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2.9 WHFEH

2.0.1 R E®mL A 5

PRSI IR IR FEEPREOTKOME Ao F B W
Mg TR A T R R TR PR BRI
FEPAEDTREAGEN L hF o L4emd £10 0 LB L& TR FW
B 2 1967 £d 2 WT F 4541 % jehl A Zadeh & 11 > v - AT A

FitedEI1 27 RAZERZPREIETHPEIML cFuzzy BH AL L

MERRER 2 AL - iR L ARF G AR Do d MR R R
2o EBERG (£, T 0 FERALEG FHMAPIT &2 2§ - Zadeh

SR R 6T - R R TRl L MEARA CHOR R &7 AR
P BRREFRE v EB TFha, Bk BEE -

@i & (crisp set)

(x) = 1, xe A
=00, xe A
i &
x-a as<x<b
b-a
Pax)=+1 b<x<c)
d-x c<x<d
d-c
W IEAT S AP E & ~ M % (Fuzzy Relation) ~ #4848 (Fuzzy

Logic) ~ #4541 (Fuzzy Control) ~ #5# € ipl(Fuzzy Measure)... 12 %2 i3

fo 21974 # B WK~ & Mamdani &I F B = # SRR FIEH R 2 E

FolH e Edk T > B oI B L R ERER A A
HAED SFuzzy BHe S s Y LA 2P > B IER S p B

FAE 22 R997) OB EARF R L 7 v T A B e F2EY R L
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=i

BAZEY PR o
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2.5.2 BRI H] &

B £ ] BB B g KA e Bt g B et e 04 B B

21
\‘:

PIRAERIA T E 2 A A SR AH Y > BEE T e RN kA

-3‘.1\?,

D- P B R A S TE RS AR R P TR SR R
R AR S A AR A e BB B e d - wenled T2
Fodlo Flet g FHAF e ARt gl R o I BARS FEE KD e A
SRR G RP g 5 AR R A ST A T AR IR o Mg iE 250
FoalRplg i & op il Ked 0 BTk 01974 & 5 E H Mamdani 1% #°
R N A e A FT S F gl BRI B kg
FEGEF TR o Pl s b Y R E o PGB - BATORGIPE

R BOR Al A A EEE R R L gk el A 0 A A B Rehig sk
AR Rk S SUBLTHGG A R T AT R RGBT R Y
AR Ak I T g e o 1A B R gL = A

- ARkt dEw BI%A 1L ik it (Fuzzifierion) ~ 2.
4 2P| E (Fuzzy Rule Base) ~ 3. #1331 & (Inference Engine) ~ 4. f2Hs

it (Defuzzifierion) - %44

[T T T m e
! BRI
] R R !
| I
| Fiet st i
|

g ! i 7o _ — !

il R [t HEAEL] .
| |
o _fowewr iy S |

T A
PR

W 2-13 oA % 2 4 )
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2.5.3 #A# it (Fuzzifierion)

WErd] k Srri s oA @ w kool L ¥ #(State Variables) s 27 £ it
(Quantization) %> 14 i #eiy » oD ik TIAR $ R eTsi 38 o 1 5 440
AT AR B A L TGRS R I R AISE T I B E SR
Rlen|3f 5 B TR S @ S e 3k o i R I R RS IR G F
B ORI d] s - b 3o L Al F 4 s = 42 (Triangular Shape)

S ~ 7 (Trapezoid Shape) & fic ~ 7 & A Sl ~ S Soffe ~ 7 e ~ 4 e

B
1. 7 # 575304
Ak G Ao o cndh o w4575 (Bell Shape) iy 2 f o dndicd R 2 0 G

S(x;c—b,c—%,c),x <c

z(x,b,c)= 5
Z(x;c,c+E,c+b),x >cC

c+b

c-b c

E] 2_14 T ;ﬁ\q;&rﬁ'{
A9 Flch i AT SBnd F e rd AT Edck A Tx 4 9L

Cy itk R EL -
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2. P33k

Ak G oA, 0 Sk T 2 A

0 x<a

X—a a<x<b

b-a

d—x c<x<d

d-c

0 d<x

.,
P
I
I
I
I
I
I
I
I
I
1
a b ¢ d
B 2-15 2 3dc
3. = &5k

Akt Aoz £ Sk S s

0 x<a
S_a a<x<bh
_Jb-a
wAX%-C:E b<x<c
c-b -
0 C<X
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O F—————————

B 2-16 = &34

4 R ETA Sl
KA F SRR G B oA RS R AR EE RER 10§

BIUA o - A B AETE % 2y it D 4 oS oyt i

~(x=p)
N(X,u,0)=¢e e

N,

poAF A s e B @ oo Bl b S Bt B AR o b Sl AR Ot
Tett etk i) e o
BB s 9 ARk A Rl e B ok RoA R

7

fe P oan X - gk BT AT s b P SR S0l B S BB 1 K R
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F T R4 5 (2006)
Lo 0k Se3h 33 4o UFE T

2. FI* B F RS U HIT AT T

4. B AE Y EE (AN, GA)
5. AA L Rrip 4 i R L

dar g ke PR ARRER R G THEA S 2 B33 F B

s

—_}33‘@413&' ) ' g ﬁgﬁ?&fil%/ﬁ,o

2.5.4 R PR (Fuzzy Rule Base)
AR ZRMNEBFTHES -

BASRPIE ¢ E B B 4 B 3 B | ErenlE p) o ) e
AR RN AGNEHREFERTEL 0 T2 if - then i 73558 55 o
R aF B LD B dlscsd o - A58 ™ &7
if <Situation i>than Actionj i=123,..,n j=123,.,m
He ] REAFAFTRER AL AP T o
AR A 4 eh> 3

-3 e B2

(a) P44 (TR ok (TR I8 55 5 0035 2 1241280 -

(b) 1345 ARSI ~ & J B enF B JFR R4 5 0 R AR
2L,
:

(¢) G ) h i hLie7HY 13 & £24 2R (ANN, GA) -



B p R s A ER AT 2 G TR S F RS BB a

FEALFE pAEY T EREFR

2. FHE TR PRETH ORI B U SR B 8
TR AR RPRREY BROTA QLG MicR SP R & TR

BN R R L onlicE o o i e N AR Sl o
2.5.5 #3251 & (Inference Engine)

BT EFEE BTl ek K0 o R AL Z 870 2 BT 1 1 eh

<=

%&%m%s@mukk,ﬁ@hm@ﬂﬁf@sﬁo'ﬁfwﬂﬂﬁﬁ“%ﬁ
ME o TR 2 (20000 F P A N B K L hfeIR il EF o

s SR L A H S R (ERE)
MEREGRE AN ()

B kB IR (B R2) o
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If il ffijEB Then % ['fFIﬁB

P X, is A, g | X isAy e Y is B,
Fgﬁil iyl B 1
) # /\ ¢ —_—
/ Min FtET
/ | "/ \
0 X, 0 X, 0 Y

Rulel | [opUgHis

- X,is A, o X, isA, o Yis B,
Tl wrl Lo
L A % L
\ Min FtET
0 X, 0 X, 0 Y

Rule2 : Elﬁ*ﬁ#%ﬁ%

A

1 ?%iﬁfu A

0 Y

= APPSR

Bl 2-18 Hoksdeshon A W

(54 % 1 & (1998)]
FoAl- IF x1 1s All and x2 1s A21 THEN y is Bl
FoAl= IF x1 1s Al2 and x2 1s A22 THEN y is B2

Ape o ALl AL2, A21, A22, BI, B2 % 5 HoW & £ - K G @ B~ & x1, x2°

HARRIE Y ST AL, 2 PR R e {

AN

R G- ERRD T ALK

LRI & B AT

Hp- @ & & W1 = UALI(x1) ~ UA21 (x2)
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@ &R W2 = UA12(x1) ~ UA22 (x2)

H @ UALL(x1), UA12(x1) & & AlLL, Al12 #x1 pFengd/f i - UA21 (x2), UA22 (x2)
i A21, A22 Ax2 b eaugE R o

BE > BDERagui LREF RIS ERdFuzzy B & > TV KL RP| ek
3

U Bl(y) = W1~ UB1(y)

U B2(y) = W2" UB2(y)

2.5.6 f2ficks i (Defuzzifierion)

RS IS B O i P A 0 R i
TP BTl F IS o REH 1 A 2 N 2F S A 199 T E 45 (2000) K

AT R I

1. €2 (Center of Area Method)

2. % Ffc& <2 (Center of Sums Method)

3. % A (Height Method)

4, # = & | i (Max-Min Method)

5. # =~ BT 322 (Mean of Maximum Method)
6. % - &=+ @2 (First of Maxima Method)

7. % #% £ =2 (Center of Largest Area Method)

2.5.7 I &%
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ARy R e R Wi KegE e T 2 CPFRIEFRIFE > £ & ki &
CPFR 4% ¥ o - Wi e d ¥ pied - MY £ 58 & jod Weap bl 3t
FRARED L F RMAR R 5 (BB N v L Wk f
B et TR R R T AR B SR PR p A F Y R

FeaftmiFaAR L2 - kAT Td Z BERF o
(D g @B e Agani £ FHmiofaicy 7 5B R
(2) X HE - AN DFR S FEPER

)

D EEE R R

(3) @M sk L ARG PRt g

_ﬁ

AT TP RGIFERRLH DL SRD L AH DD E (L RE )W R

v 323 £.072 (Center of Area Method) °
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PR E v Y R R e SO A RTERIL 2L R R AT R
WE L B E AT B0 F AL RT3 E BRI s
Mosrrt ey HARRIECA Y > AR R R BRI~ wIFEC Y TR & DR

oM EFEF LGRS GERTY R ST EIERE -
WAL 2T HBN F 0 AR 3-2 Tr 0 ledy e T
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FE- G AW AR R F AL R L A
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AFEE o ALy WP S EERL A PR B g R ¢ R R
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o RAEFEF PR P LR s LY cn Y ol AR

do AP HRFF ESFALERF 2 CPFR ™ 2 F'&ml?%' KB SRR A
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B EFRFRGFEA T 0 RETRAE T 0 BRFARILL LR A AR - 2
G AT RS G TR EA e B BT TR R BCE R R R
FRATRE T AR R e ut o AT BB PHF R E T
FEfdl s FR e E R A2~ Sl ER- LY ALLET]S
S ¢ @i A CPFR 225887 S B H £ 7] 40T ¢
1. & &5l (VICS, 2006) : & VICSz2snCPFR % & ™ » 4 & spplrs s 57 H
Rl- AR T ERF o M LR ALLLLHI S EFFLIALN

UEEEESE R AN S RN T E R LN DR

I

s A THARRIF P AT FFRE LT EER Y Ry %
FHRGPE R G R T EEY G B BRIP4
Fl & > F S AT H bR T AR R R S T 4 8 AR
THARRY fp R £ R T E

2. B AZI-FLTE (M, 2005) e FAIY BE A AT kA
RV H T e AR BpER B S R g R e 5w A
AESEY TR ERAY TEERTS -

3. WP EF#H3 + 4~ (Johnson, 1999; M5, 2005): CPFR % - &= &£ ¥

R
—n nh

TG A UERES A BHAENT A TN R DR GG
FARRE P R T RGET L BRF A AR R
H@Hﬂ?ﬁﬂﬁéﬁﬁ’—%ﬁﬁﬂﬁgﬁé’4?%@%§ﬁ%’f&
FFAAnF EELT 0 BRI DEGTR % o F hRARSE S BRE HEHT R

FA R LB AL PR TR A TR R

(i
X

7 P

~m)

g AL o F LR MR REGE G S AT B

iy
o+

o

[

4, = ¥ pF (Luhtala, 1994; Frank Chen, 2000; VICS, 2006) : & % PR

ALFABUEARBEE 2 AGEIRET FEFRIRETE BT EER
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Luhtala (1994) # 3| - S WF EFFNBRE2Z RE D EFFE 222258
PR IR 20% 3EiE o B PFRF IR 24% @ B AR DA%P] 5 £ A B PR - Frank Chen
(2000) # B PRV erdx £ > HpF A4t H P B 1 5 R4 - 5 B PFAVARE
B4 Fink e s e s 3 i 2R GHFEI > T

%mﬁiwym#%ﬁm%bmg%é%oﬂbﬁﬁ*ﬁ BRER AR

VR AT 0 g R RERSZ B ERORE o A et B DR E T H

. % 2>R7% (Chen, 1998; Mm% 7%, 2005) : ® 2R 33k 2.5 7 k423
TR B PR R St S T Y SRS BTy S

AORMRT o B ARG L T M H BB FERET 2T 0 A

F’_*

AR B AT S R TR R Sk OEARF o 2 4o B 86442 o Frank Chen
(1998) « Fp B & F 2 ehk 235 [k > § W8 £ e Foe % o 7]
B X RRGEFET e BRF A S EELER RHf - o

FTH %Y (Baumann, 2002; VICS, 2006): i H 3 #d7 B2 € 5+ Bk
R ¥t 8§ fenF penif 002 RS B F RenfE Rt o BT
B¥PZ 4> @ @ HERF ¢ 1 4% « v H¥ P 27 A i
R ER PR

e e % (Arminger, 2002; MR, 2005; VICS, 2006): = = & 37 p

e AT Adfe R P RA L © TREE G E X TEIF AR E o TR

BHBad AT BARARERRT A F LG 0 FE 0T PR
WBAAF A AEEERY TAFL PR EAE BRI AT 2 p
B R REIPH L2 ALR ke RAEFE L AR RS

&+ B3 € (Arminger, 2002; Baumann, 2002; mt %75, 2005; VICS, 2006) :

PR ApRA PREERY LR o L LRGSR 0 KD BEEIE
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T RE F LRGSR X FEFICTTHEGER B HT B
THEFTRER T FIL AL R G EAERIP A ANHE g w0

5 .
x
b

|

B S £ FF o FN R R R R s LR

# B %% (Baumann, 2002; Arminger, 2002; VICS, 2006) : % § v g # >
PRI E 5 By 7P BER - 85 (s, Q)3 K m
BHERT ed vTREE S FRE 0 FREESF A FETE DL R
e F R BT RIBL PR EFRRFRIBLAOET, - F(s, S)E
P pr > HRg R v iR 2 AEa EF G R REL A
RH ARG RENI R TEG LFE IR N B L RT AR
(s, S)%HfE  RBANE ZHT IR BT LA EWT R B
EFTo (s, SHtRIFHEIERIEFA2EHEFTERE (R SHFERK
- g REGFEL A BEAEINELFERM P & bliod 2 A
HITEHEPE A E R B E LA EEEHEBIHIEUEE E AL (R S)
GBS FARZE I AR ARG U AT G o 3% ke gl
FREF I AEFRFE L AR s, SHFH R RBRAE(R S)H(s, S)
BORGRERY NI EI R FE R THETRE o B RET

FERTHE 2 L DV RAFA R FERL S A o

A LPHY R WA R T A AT Tl R B

ARty RE Y s - B BRSNS R RIS £ F

2

R RE (A B EI B TR ER I RFEN S YA T E

\fmm o

%‘Aﬁv

*

LR WO B O TR S E S AT & A AT R 2

FORRADREBAY R Y AT A W EB R TR EI A
B3] o S AR R BT RS T A B AT R AGTIEE

Rt A HEPER A 2R H G HEGRE G R

FEELH &% 5 BEER R AN A A Y g B S Rl
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1 péj_*i_ﬂql,]{#EF&gA)%_%@ SR \Tl ‘l;l :ﬁ‘le {_‘E)ﬂ% \4;}'*7#’}?' MAPE"% X Ij%c

BrES R JRERRTMEYFEL T

F T (2004) 7§ 2 8 BRI w PRI - RREHARRIF PG &
EEEREHE LR L F R RS A A & L A
Ao FhRBERR LR F ARG K] R BRI

KB L TEER S 2 5 A IO A R e T

log y(t) = B, + B, log TNQ(t) + £, log SupHC (1) + S, Leadtime(t) + 5, log SafeStock(t) +
Ss0rderCycle(t) + S, logOnorder(t) + £, Strategy(t) + ¢
(3-1)

logy(t) = & t #+7H 5P| & ¥¥

logTNQ(t) = #74 Lzt & Stk

logSUPHC(t) = & #4 & & %k

Leadtime(t) = # % PR (Bi %)

log SafeStock(t) = = > & 3 & #¥

OrderCycle(t) = 3 Hix# (¥ = 5i¥)

logOnorder(t) = © 37p % & $t#c

Strategy(t) = T h kv~ f:1 (s, QR 2 £(s, K% 3 £(R
S) Wk 54 £(R, s, S) Wk oo

ARG I SSPS Bt g A 4TI E TR X S HHCU R R AT F L R
TR B & MU TE a7 > R F & w GRS iR TE LR T gk L A B
Befz o LR FE B 28R

3.2.2 ‘H}:?F: Bk doplirpb s 8 5 -

doR RS o £ R GERPERIE 0 ¢ TR S Aok g AR R

i g

WM FARER D IEE T R A SR EFERIIAY o AP TR
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- Y

P ELRE B LA S5 BRI R AR RS R
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)
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<

£l d kg

4

o b FFEY G A PR R R T o TR 2 R
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EEZhEae B AT fﬁiéﬁ“%ﬁxiﬁ%‘%ﬁ L SRS - S ek

B oo hPRERMH A S k2 B RS e 5 .

AR YR L 5(2006) 0 F FEAR(2006) ¢ ATk 0 Rk 4o 0L 2
Wood 33 Fiad P Sl WRiEHpr g Ebd BRE - RS
Ko FEIL; KA s [ aRe i E o § R R R
TREFER R A R B EFFRR L DR MO 2R R PR
WP AT e kR E R R AT R G R Y o ATy Y
R ARG R P w e B R - AR TRk L W YR R
FIAPROEREFITETIRIE G H o FIL T IR b 2% 2 (o fLE &
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Total NewPart num PR TEE v ikl P T A 4 3T

3. AP N Egn

t
MinTotal Cost = Z UniTime Cost (3-2)

i=l1
lqﬁ;.] ;\: T
UniTime Cost, = HCost _service* Inv_ser num, + HCost _recovery*Inv_re num,
+OCost _service*Part Order Point, + SCost _recovery * Remanuacture _Point,
+ Add Remanufacturing _ point;* Add Re Cost + Back Point;* Back OrderCost

*Shortage _num, + Re purchase  C*Ex_Q Point,* External _Q+Return_Check _Point,
*Law_ Cost *Unreturn_num,

(3-3)

Inv_ser num =Inv_ser num,_, —Demand Q, +Part Order Point,* NewPart num
+Remanufacture _Point,* Remanufacturing _num+ Ex_Q Point,* External _Q
+ Add Remanufacturing _ point,* Inv_re num

(3-4)
Inv_re num. =Inv_re num_, +Return Q, —Remanufacture Point,* Remanufacturing num
— Add Remanufacturing _ point;*Inv_re_num,

(3-5)
if Inv_ser num<Rop than Part Order Point=1
, else Part Order Point=0

(3-6)
if Inv_re num> Remanufacturing Q than Remanufacture POint =1
, else Remanufacture =0

(3-7)
if i=t than Return Check Point=1 ,else Reurn Check Point=0

(3-8)

if (Unreturn _num, —Inv_re num,)>0 {

if

Unreturn _num, * Law _Cost > Add Re_ Cost +(Unreturn _num, —Inv_re num)
*Law Cost than Add Remanufacturing Point=1 , else
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Add Re manufacturing Point =0 }

, else Unreturn num, *Law_Cost > Add Re Cost than

Add Remanufacturing Point=1 , else Add Remanufacturing Point =0
(3-9)

if External Q*LawCost > Extermal Q*Re purchase C+ Add Re Cost

than Ex Q Point=1 ,else Ex Q_ Point=0

(3-10)
if Demand Q, >Inv_ser num, than Back Point, =1 ,else
Back _Point; =0

(3-11)
Unreturn _num, = Total Remanufacturing num— ATotal Re manufacturing _num,

(3-12)
Shortage _num, = DemandQ, — Inv_ser _num;

(3-13)
Total Remanufacturing = SaleQ * LawRate

(3-14)

Atotal Remaufacturing _num, = ATotal Remanufacturing _mun._, + Remanufacture Point,
*Remanufacturing _num+ Add Re manufacturing _Point;* Inv_re _num,
+Ex_Q Point,*External Q

(3-15)
External _Q =Unreturn_num,_ —Inv_re_num,_,

(3-16)
Total New_Part num, =Total New_ Part num, , + Part_Order Point,* NewPart num

(3-17)
Expect _Sale Product = SaleQ/t

(3-18)
Demand Q ~ A(Expect _Sale Product)

(3-19
Return _Q ~ A(Expect Return)

(3-20)
0 < NewPart _Num < NewPart _Limt

(3-21)
0 < Reamnufacturing _num <ReM _ Limit

(3-22)
A(Expect _SaleProduct) >0

(3-23)
A(Expect _Return) >0

(3-24)
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HCost _service < HCost _recovery
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PRFIEY 5 20 ATd R rHoR Fd bt £ Wik 15 5 0 & ok
LT E g 2200 E R G ORTROE TR R A Wk T

PR W RS AR Aok 4-3 4-4 -

£4-3 AU HRA AB 6 PR

p 3 8/15/04 8/22/04 8/29/04 9/5/04
NQ 347 250 433 311
RQ 319 323 326 385
%5 NQ 2B 150~500 283~633 186~536
%% RQ 144~494 123~473 126~4776 185~535
Tia% =~ & 33285 36515 54525 41920
P 9/12/04 9/19/04 9/26/04 10/3/04
NQ 358 339 569 729
RQ 159 384 278 379
2 NQ 258~608 239~589 419~769 554~904
% RQ 84~434 84~434 178~528 179~529
T ok & A 27520 21372 47528 99612

(NQ : #7443 R R SRQ: B iE £ i k)
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#4-4 % 21 T HFEL AT

P Ey 8/15/04
)| 1 2 3 4 5}
LS. 1 56358. 33 83105 41950. 95 74436 71083. 33
FERE 3 5 21 10 9
R 6 7 8 9 10
LS. 1 48196.25 | 63783.75 59745 34651. 5 51505
FEBE 4 12 12 10 8
% Y 11 12 13 14 15
v gk 39343.94 | 66553.57 | 37118.57 | T78839.38 45044
FHEBE 33 7 28 8 10
FHEY 180
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% 4-5 % 22X E#E~L T

8/22/04
1 ) 3 4 3
45705 42205 43010 40615 40470
15 15 15 15 15
6 1 8 9 10
39075 39930 38045 36545 40265
15 15 15 15 15
11 12 13 14 15
39140 38255 39370 38495 37620
15 15 15 15 15
225
#4-6 % 23 EHEAHT
8/29/04
1 ) 3 4 3
68295 64795 61295 59060 57575
15 15 15 15 15
6 7 8 9 10
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15 15 15 15 15
11 12 13 14 15
96375 56880 57635 56890 55765
15 15 15 15 15
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P Ey 9/5/04
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LAY 13 50287. 5 77430 63949.29 | 54617. 81 44200
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AT 6 7 8 i 10
LAY 13 57010 66911. 82 74105 42150 73167.5
FHEBE 9 11 7 15 8
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FHEBE 9 5 10 4 34
FHEY 225
% 4-8 % 25 X EEL T
p i 9/12/04
)| 1 2 3 4 5}
LS. 1 109739 81041.11 | 55885.33 | 60196.43 | 64409.17
FHEBE 5 9 15 14 24
AT 6 7 8 i 10
LS. 1 43000. 93 | 106407.5 | 51872.25 34921 47921. 94
FERE 27 10 20 10 18
4 B 11 12 13 14 15
vk 85161.67 | 30621.82 | T71282.62 75097. 5 39295
FHEBEK 6 11 21 6 18
B 214
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81655. 5 47860 107493.8 | 104903.3 | 39063.13
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6 1 8 9 10
64354.58 | 31470.94 | 110426.7 68615 52961.9
12 16 3 9 21
11 12 13 14 15
34838. 1 43305 84770 27480 58391. 43
21 22 5 1 14
179
2 4-10 % 2T X #4047
9/26/04
1 ) 3 4 3
51873.44 | 66650.71 102084. 2 70760 89853. 24
16 7 6 11 17
6 7 8 9 10
98486.67 | 76162.94 | 55452.17 | 48733.75 | 93597. 81
9 17 23 4 16
11 12 13 14 15
80642. 27 | 62590.28 | 79884.06 | 73524.57 58725
22 18 16 23 20
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PRy 1 2 3 4 5
@k | 109531.3 | 116534.2

148889.6 | 106202.3 | 103584.2
FERE 31 12 13 37 30
B4 6 1 8 9 10
v EL 100529. 1 142524.5

113410 156755. 9 163020
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L 160020 152489. 6 145811. 5 119320 138706. 7
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34-12 2 E TR EARHTR
p #F 8/15/04 8/22/04 8/29/04 9/5/04
SR =k N N 33285 36515 54525 41920
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p #F 9/12/04 9/19/04 9/26/04 10/3/04
SR =k N N 27520 27372 47528 99612
AR -3 4 12 14 9 6
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HEFRETES R TR AFREVREI ZHEAIEE S F Y

2

1)

NQ A d 2723 B8 HPERLEEFFZ APt RQ-m 84 4-12 ¢ 225
B LR NTHRAREE P AR TR RN RG22 P o F L AT Y
FRA R ER R FE 2 A TR T VR B 1T

LRI QR A S I

FRwE
4.4.1 % 2w Fsdch 7
AP AR E Y i &S M ARG R F R UE G Ror T A
&

i

Yo s AR E LR TIRA S EAR © T
SHL S T ﬂ\FJ e r BB A4 TFE R EFIp R Al e { Ae = 7L—>-= o % ’Iﬁ-‘b%\? = ’E‘

Ao FRL T RARRE BFE 6 AT 2 RicsiE T

log y(t) = B, + B, 1ogTNQ(t) + S, log SupHC(t) + S, Leadtime(t) + 4, log SafeStock(t) +
Ss0rderCycle(t) + S, logOnorder(t) + £, Strategy(t) + ¢

(4-1)
logy(t) = % t#37H R E Hik
logTNQ(t) = #74#Li i e & ¥
logSUpHC(t) = & # 7 = * $ic
Leadtime(t) = 7 % pFi¥
log SafeStock(t) = % > B3 & $t#c
OrderCycle(t) = 37 H it ¥
logOnorder(t) = = 37REZ 2 ¥

Strategy(t) = % f Wk

FEg @ 02 SPSS stk A 4TI R o w FHCA] & Rl xR R e
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4-13 - § R8T 55 2 R % MR 2 e 1% R 0wk 5]+ (Variance
inflation factor, VIF) % % ¥ 5 ~wjF& it o4y o i # VIF E/k] > 10 5

[£3

E

% 4-13 wEF A AT Sl
Model B Std. error t Sig. VIF
Constant Bo -. 115 .387 -.297  .T69
log TNQ(t) Bi 1.014 .032 31.288 .001 1.047
log SupHC(t) B . 409 217 1.885  .069 1.029
log SafeStock(t) B: 0. 03203 . 141 L2270 .822 1.024
logOnorder(t) Bs -0. 02510 .038 -.667 .510 1.038
R =.985

R Square=. 971
Adjusted R Square=. 967
Std. Error of the Estimate=. 2356

Sig. =0.05

1295 SPSS su3* it d w 7 #-3] % R - Leadtime(t) ~ OrderCycle(t) 4
Strategy(t) = F1% $4k# |3 ; Hepfz @2 VIF# B> A< 100 PHEAEMR
PR AT b WA R4 > 45 2] % %8R Square 5 0. 971 » 3 £ 15 2 4F 2

#

,—\-./?

(Adjusted R Square)d] % 0.967 -

4. 4.2 % i Kok 53
yp 2§ A~ w Rl SR A Y g TR g Sl A e
b 348 o d 30 F FEE1~36 ¥ e Leadtime(t) ~ OrderCycle(t) ¥ Strategy(t) » #%

BHoRd MAREFTHEOE Z 502 ARDFRY FRBEORET A R
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Py b B, b B B Bq b

-0.115| 1.014| 0.409| 0.001 |0.03203| 0.001|-0.02510| 0.001

R SR
1wt Al i 8 (37-44)
2. RRIEH 8 (45~52)
3. AP REH L Bl 20 B
4, FHRAZEFE L0 B
5, REF 10.15~0.95(x1 AREF EE)
6. it ek (BAS) Kk it
T, GEiv R Rk E 0~500
8. i feSficicfEr £ 1a=0.7, b=0.3

B PR 2 N R R F e LS OB F P P o T}
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o5 e @EE 2 8 88888 4d 89 ¢
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Bl 4. 12 & i 3 b & BB
Z 4-15 FIC TR R R F 0 RIF %
R MAD MSE MAPE g 2,
0.15 183. 3426 499995. 47 26.01808 | 6
0.25 162. 8593 4426517. 83 25. T5475 | 2
0.35 175. 5419 497999. 71 25. 93641 | 5
0.45 283. 7585 614468. 39 27. 40505 | 9
0.55 166. 6997 449112. 23 25. 82885 | 3
0.65 160. 3392 438411. 56 17.33887 | 1
0.75 175. 5419 481987. 92 25. 89028 | 4
0.85 187. 8536 592975. 14 26.57745 | 8
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4.4.3 F 2w AR

l

—_F .

\\\?{r

Bk T

REHAD S AL

PSS Y 1=

Al =

Rk
Frw ER
2= = ]|

96

B - (5 2w R0 2 ok i
ﬁ‘ﬁ’#"}l TF%-‘:\_\E W;n] L]

IL' ﬁ\gx 2yl

2 ip BT i R 5 (2005) 77 H SRR



MRAL S AR P Ty A S T (2005) 3T HIERIE ¢ A A ] gk

SRR HREAL 8 T ke LR SR M § A w RF R L e &

4-16 -
£ 4-16 w IR L P ok
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MAD MSE MAPE Rank

1 539. 7662983 465052. 888 | 0.272734487 | 5
2 607. 7858118 529520. 108 | 0.328467055 | 7
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AVG 558. 292707 | 503808. 8118 0.29168726
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MAD MSE MAPE Rank
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A Reputation-Based Model for Selecting Collaborative Partners with High
Level of Initial Trust

Le-Hui Chen and Woo-Tsong Lin
Department of Management Information Systems, National Chengchi University
64, Sec. 2, Chihnan Rd., Mucha Dist, Taipei 116, Taiwan
{d92506, lin}(@mis.nccu.edu.tw

ABSTRACT

The problem of partner selection has become one of the most important issues for
establishing an effective collaborative supply chain system. One of the obstacles to
implementing collaborative environment is lack of trust among participants in terms of
sharing sensitive information. Empirical testing demonstrated the reputation of business
transaction partner that significantly and positively impacts level of trust. Accordingly,
partner reputation is a critical trust-building factor for individuals with no previous track
record with a particular firm. This study proposed a model that adopts the reputation system
and referral networks for selecting collaborative partners, who are strangers to the requestor,
with high level of initial trust in three trust types such as competence, goodwill and
predictability. The experiment was designed to test the model that can help the requestor
enterprise to select a highest initial-trusted partner among multiple candidates. The results
showed that the candidate with fine temperament was selected far more often than other
competitors, over the probability 50%, after multiple tests of computer simulation. Moreover,
we also identified the critical factors that most affect the results of this model and the critical
value of the critical factors to make this model select a most reputable candidate.

Keyword: Collaboration, Collaborative supply chain, Partner selection, Reputation system,
Referral Networks

1. INTRODUCTION

The changing business environment (i.e., changeable demand, decreased customer loyalty,
shorter product life cycles, mass-customized production, etc.) forces enterprises to lower their
costs, increase product and service quality to survive. In this situation, the supply chain
should respond quickly and collaboratively (Chan & Chan, 2005). Powell (1987) noted that
changing environmental conditions lead to inter-firm collaboration. Beyond the
buyer-supplier transaction relationship, firms can develop collaborative relationships like
inter-organizational knowledge sharing, knowledge creation, and knowledge usage as firms
jointly work towards performing various activities such as research, design, production,
marketing, and logistics (Holsapple & Singh, 2000). Cases have shown that enterprises are
increasingly collaborating with their partners, thereby shifting the nature of the traditional
buyer-seller relationship from one that was adversarial to one that is collaborative (Tapscott,
2000).

Failure to take adequate care in selecting the right collaborative partners is a critical
contributor to collaboration failure. Relationships among participants in collaborative supply
chain as virtual business relationships may be characterized by project-based manner, neither
without past history of interaction, nor any plan for future cooperation. This does not mean
that trust can not exist in temporary groups; on the contrary, trust in initial relationships can
often be high (Kasper-Fuehrer, & Ashkanasy, 2001). Trust is an important factor in
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collaborative supply chain and virtual organization/enterprise (VO/VE); similarly, trust is a
critical factor in fostering commitment among supply chain partners. Lack of trust among
supply chain partners frequently leads to inefficient performance owing to increasing
transaction costs associated with the verification, inspection and certification of trading
partners (Kwon & Suh, 2004). Partner reputation is a critical trust-building agent for
individuals with no previous track record with a particular firm (Kwon & Suh, 2004;
Koufaris & Hompton-Sosa, 2004). Personal experience typically is more important in
establishing trust than second hand referrals, but in the absence of personal experience, trust
is often based on recommendations from others (Josang, Ismail & Boyd, 2007).

This study proposed a model to select a collaborative partner with high level of initial
trust, whom the requestor enterprise (as trustor) has no previous experience to collaborate
with. First, the trustor gathered the testimonies of three trust types (e.g. such as, competence,
goodwill and consistent behavior/ predictability) about candidates from third parties (as raters)
with previous experiences of collaborating with the trustees, using the referral networks and
reputation system. Subsequently, the testimonies were translated into the score of
“Initial-trust” due to the trust level was not obtained for long-term friendships, but for initial
relationships. Finally, the trustor selected the candidate who obtained the highest initial-trust
score to be the collaborative partner.

The experiment was designed to test the model that can help the requestor enterprise to
select the partner with high initial trust. The results of computer simulation showed that the
candidate with finest temperament was selected far more often than other candidates after
multiple tests of simulation, in a specific combination of value for the specific factors.
Further, we identified the critical factors, such as the number of initial friends of the trustor
and searching degree in the referral networks, that most affect the results of our model by
using the ANOVA test. Finally, the critical value of the critical factors also be identified that
make the results of the selection more stable. This model can also be implemented as a
decision-making tool by intelligent software agents capable of automating the partner
selection process, reducing the searching costs, and then accelerate the implementation of
collaborative supply chain.

The rest of this paper is structured as follows. Section 2 reviews related works. In Section
3, we describe the details of our model, and Section 4 presents the experiment and results. In
Section 5, we present our conclusions

2. RELATED WORKS
2.1 Collaborative supply chain

As in the new business era, supply chain management (SCM) is considered as a medium
for achieving short-term economic benefits and gaining long-term competitive advantages.
The rapid evolution of traditional supply chain and outsourcing practice leads to a growing
trend consists of tasks performed by autonomous teams of a small number of people or small
and medium enterprises (SMEs), set up as independent contractors or small firms and linked
by a network. Furthermore, the emerging paradigm of collaborative networked organization
(CNO), as virtual enterprise/organization (VE/VO), or collaborative network, fundamentally
change the way that commercial industry, culture, and social activities are organized
(Camarinha-Matos & Afsarmanesh, 2004). These types of organizations, usually in the
project-based manner or come together in contemporary arrangement, appear in the field of
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design for manufacturing, in software development, or in the film industry. These networks of
organization can support SMEs to identify and exploit new business potentials, to boost
innovation, and to increase their knowledge.

The relationships between supply chain members are categorized by AMR (1998), and
they were identified as (1) transactional relationship, (2) information sharing relationships,
and (3) collaborative relationships. Additionally, collaborative relationships enable trading
partners to work together to better understand future demand and to put plans in place to
satisfy it profitably. Furthermore, in this type of relationship, information is not just
exchanged and transmitted, but it is also jointly developed by the buyer and with the seller.

2.2 Inter-Organizational Trust

Trust is an important factor in collaborative supply chain and virtual
organization/enterprise (VO/VE); similarly, trust is a critical factor in fostering commitment
among supply chain partners. Lack of trust among supply chain partners frequently leads to
inefficient performance owing to increasing transaction costs associated with the verification,
inspection and certification of trading partners (Kwon & Suh, 2004). However, trust is not a
simple phenomenon and encompasses constructs as diverse as ethics, morals, emotions,
values, and natural attitudes (Kasper-Fuehrer & Ashkanasy, 2001).

Ratnasingam (2005) proposed three types of inter-organizational trust existed in B2B
e-commerce: competence, predictability, and goodwill trust. First, competence trust
determines the ability, skills, competence, and technical knowledge of trading partners to
transact correctly. Second, predictability trust depends on the ability of one party make
forecasts, predictions and judgments regarding their partner based on previous experience.
Finally, goodwill trust involves dependence on the care, concern, honesty and benevolence of
a trading partner.

2.3 Initial Trust and Reputation

Trust has traditionally been studied in terms of long-term relationships; accordingly, trust
builds incrementally and accumulates over time. Relationships among participants in
collaborative supply chain as virtual business relationships may be characterized by
project-based manner, neither without past history of interaction, nor any plan for future
cooperation. This does not mean that trust can not exist in temporary groups; on the contrary,
trust in initial relationships can often be high (Kasper-Fuehrer, & Ashkanasy, 2001).
Additionally, Jarvenpaa and Leidner (1998) noted that trust is crucially important in new and
temporary organizations, since it acts as a substitute for the traditional mechanisms of control
and coordination.

Koufaris believed that initial trust beliefs can be formed without any prior experience or
interaction between two parties. Hampton Sosa demonstrated that perceived reputation
positively influenced initial trust in a firm; restated, despite the lack of previous experience
with a company, new customers could form opinions regarding its reputation, and these
perceptions impacted their initial trust in the company. Kwon and Suh (2004) demonstrated
that partner reputation in business transactions significantly and positively impacts level of
trust; similarly, partner’s reputation is a critical trust building factor for individuals with no
experience of interaction with a firm, but base their willingness to do business solely on
partner reputation in the market.

2.4 Reputation System and Referral System
6



Reputation is defined as ‘what is generally said or believed about the character or standing
of a person or thing’. Additionally, reputation system is based on allowing parties to rate each
other, and to use the aggregation information as ratings of a specific party and derive the
score in the form of reputation or trust, which can assist other parties in deciding whether to
do business with that party in the future (Josang, et al., 2007). Reputation system contains
two fundamental aspects to consider (Josang & Ismail, 2002):

® Propagation mechanism: This enables entities to obtain the needed information to
calculate reputation score.
® Reputation engine: This calculates the value of user reputation ratings using various

inputs, including feedback from other parties.

The referral system can be used to identify available resource or target partners in the
distributed environment called a referral network. The basic idea of this concept is that a
query, specifying the information sought by the requestor, is sent to selected acquaintances,
with the response, if given, then including an answer or a referral. Parties answer only if they
are reasonably confident that their expertise matches the query. On the other hand, a referral
is given only if the referring party has sufficient confidence in the relevance of the party
being referred (Yu & Singh, 2003).

3. A TRUSTED PARTNER SELECTION MODEL
3.1 Overview

This study develops a model that a trustor selects a collaborative partner with high level
of initial trust among numerous trustees using a reputation system and referral networks. The
proposed model contains three steps: namely, (1) testimony definition step, (2) testimony
propagation step and (3) testimony aggregation step (see Fig. 1). First, during the testimony
definition step, the required information elements (i.e. ratings, past history and performance
etc.) are defined. Second, during the testimony propagation step, the testimonies, obtained
from raters with previous experience of interacting with the trustees, contain not only the
subjective perceptions from raters, but also the objective data. In other words, the trustor
requests testimonies of trustees from trusted neighbors. If the neighbor is a rater, he returns
the testimonies; on the other hands, neighbors with no previous contact with the trustee may
return the referral and recommend others who may be able to provide the testimonies.
Subsequently, the trustor constructs a referral network for all related members and calculates
their weights.



Testimony
competence predictability goodwill Definition
step
Weighted Testimony
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Aggregate Predictability Trust P
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Fig. 1. The trusted partner selection model

During the testimony aggregation step, the trustor has collected the required testimonies
and then translated into the initial-trust scores in competence, goodwill and predictability.
Finally, the trustor aggregates these scores of three trust types into the score of initial-trust for
each trustee, and selects the best one to be collaborative partner.

3.2 Testimony definition step

Josang et al. (2007) depicted that the first fundamental question in the research agenda for
trust and reputation system was ‘what information elements are most suitable for deriving
measures of trust and reputation in a given application’. However, the reputation system
about partner selection in the collaborative supply chain is not similar with the reputation
system in C2C or B2C environment that simply depends on the subjective perception of
raters like binary ratings as ‘trust / not trust’ , or discrete ratings as ‘very trust’, ‘trustworthy’,
‘untrustworthy’, and ‘very untrustworthy’. Actually, the reputation system not only based on
the subjective ratings by the end user, but also with the objective view of performance history
(Kalepu et al., 2004).

Testimonies used in reputation systems related to potential collaborative partners in B2B
environment not only consider skill, technical knowledge and abilities, but also consistent
behavior, care, concern, honesty and benevolence etc. This study thus adopts the definition of
trading partner trust proposed by Ratnasingam (2005) who identified three types of
inter-organizational trust like competence, predictability, and goodwill trust.

3.3 Testimony Propagation Step

Like the social behavior of human beings, the trustor 4/ searches for the rater 472 via
friends or friends of friends (as recommenders, e.g. such as, A2, 43, A4 and A5). The trustor
issues the request to his neighbors and obtains the associated information, in the form of
testimonies or referral, from raters or recommenders respectively. The trustor receives
testimonies while the recommender is a rater; on the other hand, the trustor receives referrals
while the recommender with no previous interaction history with the trustee. Based on the
received messages, the trustor constructs referral networks as social relationships involving
related participants (see Fig. 2).



Referral networks resemble social networks containing nodes, edges, as well as
relationship degree and strength. Relationship strength in referral networks describes the
number of times for interaction between two adjacent nodes. Josang and Pope (2005)
demonstrated how trust was weakened or diluted through transitivity. Accordingly, this study
adopts the method of Yu & Singh (2003) to weigh the referral networks. Each node and edge
in the referral networks is weighted (Chen & Lin, 2007).

A2

Al12

. Trustor agent

Recommender
A8
O agent

@ Trustee agent
B Rater agent

Fig. 2. The referral networks

3.4 Testimony Aggregation Step

3.4.1 Aggregation of Competence Trust

In this study, the competence trust is derived from the conformance of objective data. The
conformance measures the difference of each indicator between the value of contract, signed
by the rater and trustee before each transaction, and the value of actual performance that the
trustee fulfilled the contract after each transaction. The conformance was then normalized
and dealt with time decay factor. Subsequently, the normalized conformance was obtained to
yield the competence reputation that leads to the derivation of competence trust. The
competence trust is obtained as Figure 3:

To obtain ]
the objective —1{ Time decay factor
testimonies
. To derive
contormance competence reputation
Normalized To derive
conformance competence trust

Fig. 3. To aggregate the competence trust



3.4.2 Aggregation of Goodwill Trust

One obstacle to implementing a collaborative supply chain environment is the lack of
goodwill among participants in sharing sensitive information. The process to derive goodwill
trust was described as Figure 4. First, the subjective ratings of goodwill indicators are
collected and the testimonies are then processed by filtering out unfair ratings and dealing
with time decay. Subsequently, the subjective ratings are transformed into goodwill
reputation scores that can be used to derive goodwill trust.

To obtain
the subjective
testimonies
Changeful
Goodwill reputation
Filter out

unfair rating

Derive goodwill trust

Time decay factor

I

Fig. 4. To aggregate the goodwill trust

3.4.3 To derive the predictability trust

Predictability trust implies consistent behavior of trading partner and indicates partner
reliability. This study thus defines predictability trust as being derived from the predictability
of competence and goodwill (see Fig. 5). Additionally, the competence predictability is
derived from variance of competence reputation during numerous interactions between the
trustee and multiple raters; similarly, the goodwill predictability is derived from variance of
goodwill reputation during numerous interactions between the trustee and raters. The ultimate
aim of this method is to identify a collaborative partner with high initial trust level of
competence and goodwill and low variance of the performance about two kinds of trust types.

To obtain the To obtain the
Competence predictability Goodwill predictability

Derive
Predictability trust

Fig. 5. To derive the predictability trust
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3.4.4 Obtaining Initial-Trust
Finally, the initial-trust dr,, (o) was obtained by the weighted terms of competence

trust Comp ,, goodwill trust GW P and predictability Pred P
dt,; (a@)=W xComp ,, +W,xGW ,, )xPred, . , W, +W,6 =1

4. Experiment

A model was developed in this study to select trusted partners with fine trust
characteristics like competence, goodwill and predictability via reputation system and referral
networks in a collaborative business environment. An experiment, a computer simulation,
was developed to test the ability of this model that helps the trustor enterprises to select a
trusted trustee in certain values for certain factors. Therefore, there are four objectives to
evaluate the model:

® To evaluate the model that can help the trustor to select partners who have high level
of initial trust with a high probability by using reputation system and referral
networks.

® To identify the critical factors that most affect the results of the model.

® To identify the critical values of the critical factors that make our model select a most

reputable trustee.

4.1 Experiment Design

An experiment was developed to achieve the objectives previously mentioned. First, a
computer simulation was designed to demonstrate that the model is an effective way to help
trustor enterprises to select a partner with fine characteristics in trust types as competence,
goodwill and predictability. Second, a 2k factorial design for the simulation was created to
identify the critical factors by using multivariate statistical analysis method as ANOVA test.
Third, a 5k factorial design was created to identify the critical values of the critical factors by
using ANOVA test. Three experiments were described as below:

4.1.1 Partner Selection

During the simulation for partner selection, numerous agents were created in the agent
community. Additionally, each agent has various numbers of friends who can recommend
others to search the raters. The raters that were identified are weighted according to the
position in the referral networks; then, the testimonies of trustee agents were obtained and
calculated into initial trust score. During each process for selecting partners called
“partner-selection”, the trustor agent selects one trustee agent with highest initial trust score
to be a partner. After numerous “partner-selections” (e.g., 500 times) called “one round of
partner-selections”, the number of times was obtained that each trustee agent was selected by
the trustor agent. If the trustee agent, with high level of trust in competence, goodwill and
predictability, was selected far more often than other competitors, the model can be
manifested as an effective way to select a trusted partner.

The experiment of partner selection contains two steps: (1) environment setting step, and
(2) partner selection step. During the environment setting step, numerous agents were created
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and the roles of agents like trustee, raters, and recommenders were defined. During the
partner selection step, the trustor agent was selected from agent community in the beginning
of the “partner-selection” and then to search the raters from his friends and friends of friends;
additionally, the referral network was constructed and the raters that were identified are
weighted, and the initial trust scores for trustee agents were then calculated.

4.1.1.1 Environment setting step

In the environment setting step, many agents were created to form an agent community,
simulating an enterprise selecting a trusted partner in a collaborative business environment.
The environment of the agent community was defined as follows:

® An agent community was created with M agents.

® FEight agents were chosen from the agent community to be trustee agents (named AH,
BH, CH, DH, AL, BL, CL, DL). Each trustee agent had a given level of performance
in competence, goodwill and predictability.

® N rater agents were randomly chosen for each trustee agent from the agent
community.

® P recommender agents were randomly chosen for each rater agent from the agent
community.

® The searching degree S was defined such for the trustor agent to identify the rater
agents in a searching path of referral networks.

® The collaboration threshold was set to 0.

The eight trustee agents were assigned various probabilities of performing well the trust
types of competence (%), goodwill ( £ ) and predictability (7) (see Table 1).

Good performance in these characteristics was denoted as “H”, while bad performance
was given as “L”. In other words, if a trustee agent had a performance “H”, he would behave
well with a high probability of 0.8, while a trustee agent had a performance “L” would he
behaves well with a low probability of 0.2.

Table 1. The various natures of the trustee agents

trustees | Competence (a) Goodwill (B) predictability (7)
AH H H H
BH H H L
CH H L H
DH H L L
AL L H H
BL L H L
CL L L H
DL L L L
H=0.8 L=0.2

The rules for obtaining competence reputation Z" are listed as Rule_Comp.
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® Rule Comp:
» Whenais “H”
If random_number (i) <= 0.8 then
0.5<= 7% <=1
else
0.1<= Z% <05
» Whenais “L”
If random_number (i) >= 0.2 then
0.1<= Z% <05
else
0.5<= Z% <=1
The initial-trust score of competence can then be calculated using Eqn. (7) in Section 3.

The rules for deriving the goodwill reputation T are listed as Rule GW:

® Rule GW:
» Whenpis “H”
If random_number (j) <= 0.8 then
0.5<=T" <=I
else
0.1<=T" <05
» Whenpfis “L”
If random_number (j) >= 0.2 then
0.1<=T" <05
else
0.5<=T" <=1
The score of initial goodwill trust can then be derived by utilizing Eqn. (11) in section 3.

Finally, the initial predictability trust score Pred ar, Was determined by adopting the rules as

Rule Pred:
® Rule Pred:
» Whenyis “H”
If random_number (k) <= 0.8 then
0.5 <= Pred, <=I
else

0.1 <= Pred, <0.5

13



» Whenyis “L”
If random_number (k) >= 0.2 then
0.1 <= Pred, <05
else

0.5<= Pred,, <=I

4.1.1.2 Partner selection step

During the partner selection step, the agents with various roles (e.g., trustor, recommender,
rater and trustee) interacted to identify the rater agents and determine their weights. The
testimonies were then aggregated into the initial-trust score. The trustor agent then selected
the trustee with the highest score as a collaborative partner (see Fig.6).

The “partner-selection” process was run 500 times, constituting “one round of
partner-selection”. The number of times each trustee agent was selected by the trustor agent
was observed. The most frequently selected trustee agent with fine characteristics (e.g., AH)
was derived to determine the model’s effectiveness in selecting suitable collaborative

partners.
4,‘ Select an agent to be a trustor }47

F

Assign k agents | The trustor
to be trustor’s friends has any friends?
T

To identify raters by
using referral networks

l

To weight the raters

l

To derive the initial trust
scores of trustees

Does the best trustee
reach threshold?

T

To select best trustee
to be a partner Next partner-selection

Fig. 6. The process of the “partner-selection”

The searching path in the referral networks

In the “partner-selection” phase, the trustor agent was randomly chosen from the agent
community. If the trustor agent had no friends, then k friends were assigned to him. These
friends could have been recommenders, raters, trustees or agents with no information for
further recommendations. Figure 7 illustrates the searching path to identify the raters. The
searching degree (S.D) was initially set to zero, and the trustor agent initiated the search path
by asking his friends to act as recommenders. The S.D was then incremented by one, and the
search path was extended to the friends of the friends of the trustor agent. If the agents, such
as friends of the friends, had no further friends to provide recommendation, or the searching
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path reached a previously defined threshold of S degrees, then the searching path was
terminated. The trustor agent then constructed the referral networks containing the
recommender agents, identified rater agents and identified trustee agents after all searching
paths were terminated.

To start the searching path | Searching Degree (S.D) = 0

To ask the friend S.D=S.D+1

To ask friends of the friends SD=S.D+1

The agents has no
further friends?

T
=

S.D reaches|S degree?

F
T

To terminate the searching path

Fig. 7. The life cycle of a searching path

Weighing the identified raters
The trustor agent constructed the referral networks and then derived the weights of the
raters. The following rules were utilized to determine the weights of the rater agents:

® The searching path SP; was represented as a set that contains m agents (e.g., SP; =
{agl2, ag66, ...}).

® The threshold was defined as 6.

® The rater ag; was the nth element in SP; and the pth element in SP;.

® The weight of the rater ag; was calculated as: wr,,, = (%)”_1 + (%)” -

4.1.2 To Identify the Critical Factors

After each process of “partner selection”, the trustor agent selects one trustee agent or not
to be a partner. Therefore, “one round of partner selection” may obtain the number of times
that each trustee agent that was selected by the trustor agent. The simulation of the
experiment was programmed by Java language and the factors or parameters for the
simulation are described as Table 2.
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Teble 2. The parameters in the simulation

Parameters Description
AgNo The number of agents in the agent community.
RaNo The number of rater agents for each trustee agent.
ReNo The number of recommender agents for each rater agent.
IFNo }"l;elllsenr(l)u;?ll;et{rizlfl grlllelrﬁilasl 12;51gned by the system when the trustor
SDNo The searching degree for each searching path in the referral
networks.
PSNo The number of times for each “round of partner selections”.
RoNo The number of “round of partner selections”.
0 The threshold for calculating the weights of raters.
W, The weights of trust type “competence”.
W, The weights of trust type “goodwill”.

For identifying the critical factors which most affect the results of the simulation, a 2k
factorial design was develop that includes factors like RaNo, ReNo, IFNo And SDNo. The
values of 2k factorial are ‘3 and ‘6’ (see Table 3.). The results of each factor combination are
the number of being selected by trustor agent for each trustee agent during “multiple rounds
of partner selections”. This study focuses on the results of selections for the fine trustee agent
‘AH’. However, the ‘AH%’ represents the percentage that the number of selections for ‘AH’
in the total number of selections for “one round of partner selection”. Further, the ‘average
AH%’ represents the mean of AH% for “m rounds of partner selections”.

Each factor combination runs multiple rounds (e.g., 50 times) of “partner-selections”. We
hope to identify the specific factor combination and critical factors that may result in high
mean as “average AH%” and low variation of “AH%” during multiple rounds of
“partner-selection”. The results of all factor combinations are processed by multivariate
statistics analysis as 4-way ANOVA test for identifying the effect power of each factor and
their interaction effects. Finally, the critical factors can be observed that most affect the
results in the simulation.
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Table 3. 2" factorial design

Factor
combiqation RaNo ReNo IFNo SDNo

(design

point)
1 3 3 3 3
2 3 3 3 6
3 3 3 6 3
4 3 3 6 6
5 3 6 3 3
6 3 6 3 6
7 3 6 : 3
8 3 6 6 6
9 6 3 3 3
10 6 3 3 6
1 6 3 6 3
12 6 3 6 6
13 6 6 3 3
14 6 6 3 6
15 6 6 6 3
16 6 6 6 6

4.1.3 To Identify the Critical Values of the Critical Factors

For identifying the critical value of the critical factors, a S5k factorial design was
developed to test the experiment. The term ‘k’ represents the number of critical factors and
the value of critical factors is ranged as [2,6].

The values of the parameters for the simulation were defined as follows:

The AgNo = 1000.

The PSNo = 500.

The RoNo = 30.

The RaNo. and ReNo. are combined and ranged as {22, 33, 44, 55, 66}. That is, the
term ‘22’ represents RaNo = 2 and ReNo = 2.

The INFNo is ranged as [2,6].

The SDNo is ranged as [2,6].

The results of each factor combination were processed by using ANOVA test. First, the
“AH%” of each “round of partner-selections” for all factor combinations was tested for
homogeneity of variance. Second, the factor combinations were filtered out if their “AH%”
with high variance as standard deviation and could not pass the test for homogeneity of
variance. Third, the one-way ANOVA test was processed and the multiple comparison and
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homogeneous subset for the filtered factor combinations were obtained. Finally, we can
observe and identify the critical factor combinations and critical values for critical factors.

4.2 Experiment Results

In the computer simulation, the programs for environment setting and partner selection
are coded by Java; additionally, the tests for identifying critical factors and critical values of
critical factors are tested by ANOVA test and processed by using software package SPSS
v.15.0 for Microsoft Windows.

4.2.1 Multiple rounds of partner selection
The four “partner-selections” as PS1, PS2, PS3 and PS4 runs 50 times and named as MPS,
MPS2, MPS3 and MPS4. The parameters are defined as below:

AgNo | RaNo | ReNo | IFNo | SDNo | PSNo | RoNo
MPS1 1000 5 3 5 6 500 50
MPS?2 1000 5 3 5 3 500 50
MPS3 1000 3 3 3 3 500 50
MPS4 1000 6 6 6 6 500 50

In the simulation as MPS1, 50 values for each trustee agent as AH%, BH% and CH% etc.
are obtained. The Figure 8 demonstrates that the teustee agent ‘AH’ performs well over 50
rounds of “partner-selection”, and we may obtain that the means of ‘AH’ as Average AH%
= .54 and standard deviation for AH% = .054.

0.70

0.60

f*w\d\/h/\ /\/\m/“\/ \/V\ B
{ v v CH%
DH%

—— AL%

——BL%

——CL%

—DL%

135 7 9111315171921 232527 29 31 33 35 37 39 41 43 45 47 49

Fig. 8. The results of MPS1

On the other hands, the results of the simulation as MPS2 are shown as Figure 9. There is
no any trustee agent performs well over 50 times of simulations, and we may obtain the
Average AH% = .14 and standard deviation for AH% = .07.
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The Figure 10 demonstrates that no trustee agents perform well in this factor combination
over 50 times of simulation MPS3. The results show that the Average AH% = .14 and

Fig. 9. The results of MPS2

standard deviation for AH% = .057.

MM

—— AH%
—=—BH%

i) m v

'4 N =
—= =
4“7
—»

“\ .4 .ﬂl

\‘gﬁ g%' L/ ‘v"’ ’i

‘ l

I l
M

CH%
DH%
—*—AL%
——BL%
—+—CL%
——DL%

1 357 9111315171921232527

29 31 33 35 37 39 41 43 45 47 49

The last case MPS4 demonstrates that the trustee agent ‘AH’ also performs well and wins
selections far more often than other trustee agents over multiple selections (see Fig. 11) in
this factor combination. The results of the simulation show that the Average AH% = .57 and

Fig. 10. The results of MPS3

standard deviation for AH% = .03.
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Fig. 11. The results of MPS4

4.2.2 Critical Factors

The results of experiments as MPS1, MPS2, MPS3 and MPS4 demonstrate that the
specific values for specific factors may seriously affect the performance of the model to
select a fine trustee agent as ‘AH’ to be a collaborative partner. During the experiment, a
factorial design is developed by using ANOVA test to identify the critical factors that most
affect the partner selection for ‘AH’.

The 2k factorial design, as Table 3, was developed and all the 16 factor combinations
performs 30 rounds of “partner-selections” and then obtains the results as ‘AH%’ for each
round of selection.

The 4-way ANOVA test was used for identifying the most effective factors that cause the
most portion of total variation for the results of the simulation. The confidence interval was
99% (a=.01), and the test of between-subjects effects is shown as Table 4.

The term ‘source ’in Table 4 lists the individual factor and the interaction between the
factors. Besides, the ‘partial-Eta-squared’ means “the proportion of total variability
attributable to a factor” and is ranged as [0,1]. From the results by ANOVA test, the factors
that mostly contribute to the total variation can be obtained. That is, we observe the
significances (as sig.) for ‘IFNo’, ‘SDNo’, and ‘IFNo*SDNo’ are less than .01 and the
‘partial-Eta-squared’ for ‘SDNo’ = .855, ‘IFNo’ = .227 and interaction effect as IFNo*SDNo
is .168. Finally, the number of initial friends for trustor agent and the searching degree in
each searching path (as SDNo and IFNo) are two critical factors that mostly affect the results
of the model.
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Table 4. The test of between-subject effects

Source F Sig. Partial Eta Squared
Corrected Model 221.787 0.000 0.877
Intercept 9171.726 0.000 0.955

RaNo 5.530 0.019 0.013

ReNo 6.284 0.013 0.014

IFNo 127.368 0.000 0.227

SDNo 2555.503 0.000 0.855

RaNo * ReNo 0.164 0.686 0.000
RaNo * ITFNo 0.153 0.696 0.000
ReNo * TFNo 0.210 0.647 0.000
RaNo * ReNo * IFNo 2.563 0.110 0.006
RaNo * SDNo 0.738 0.391 0.002
ReNo * SDNo 0.113 0.737 0.000
RaNo * ReNo * SDNo 0.168 0.682 0.000
IFNo * SDNo 87.561 0.000 0.168
RaNo * TFNo * SDNo 2.440 0.119 0.006
ReNo * IFNo * SDNo 2.134 0.145 0.005
RaNo * ReNo * IFNo * SDNo . . 0.000

a. Computed using alpha = .01
b. R Squared = .877 (Adjusted R Squared = .873)

4.2.3 Critical Values for Critical Factors

Two factors as ‘IFNO’ and ‘SDNo’ are identified as the critical factors to affect the
performance of the model. Next, an ANOVA test is designed to identify the critical values for
these two factors that make the model selects the trustee agent ‘AH’ with high
“average AH%” and low variance of AH% during multiple rounds of “partner-selections”.

4.2.3.1 Descriptive Data of Multiple Factor Combination

The multiple factor combinations are designed and the factor combination ‘4456’
represents the RaNo = 4, ReNo =4, INFNo = 5 and SDNo = 6. A one-way ANOVA test was
processed; then, the factor combination with extreme high standard deviation is filtered out
by using homogeneity test of variation. The significance of test for homogeneity of variance
is .053 (sig. = .053); that is, the variances of multiple rounds of ‘partner-selections’ for
‘AH%’ among multiple factor combinations are not different.

Table 5 demonstrates the descriptive data for testing, include factor combination, number
of rounds for selections (as N), mean as ‘Average  AH%’ (as mean), and standard deviation
(as Std. Deviation).
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Table 5. The descriptive data for ANOVA test

Factor Combination N Mean Std. Deviation
3323 30 0.1200 0.0508
3324 30 0.1443 0.0507
3326 30 0.1510 0.0501
3356 30 0.5600 0.0457
3366 30 0.5723 0.0404
4423 30 0.1337 0.0482
4425 30 0.1647 0.0445
4443 30 0.1277 0.0488
4456 30 0.5580 0.0426
4465 30 0.5577 0.0458
4466 30 0.5657 0.0402
5523 30 0.1270 0.0365
5524 30 0.1657 0.0421
5525 30 0.1873 0.0421
5533 30 0.1403 0.0345
5543 30 0.1250 0.0400
5546 30 0.5257 0.0417
5553 30 0.1753 0.0391
5556 30 0.5590 0.0322
5565 30 0.5430 0.0531
5566 30 0.5593 0.0313
6623 30 0.1283 0.0323
6624 30 0.1657 0.0375
6625 30 0.1847 0.0468
6633 30 0.1503 0.0303
6643 30 0.1457 0.0455
6646 30 0.5067 0.0550
6653 30 0.1473 0.0423
6655 30 0.5373 0.0508
6656 30 0.5590 0.0387
6663 30 0.1653 0.0504
6665 30 0.5527 0.0389
6666 30 0.5673 0.0288

Total 990 0.3204 0.2040

4.2.3.2 ANOVA test

After evaluating the homogeneity of variances for descriptive data, we can obtain the
result of Post Hoc tests for multiple comparisons in One-Way ANOVA by using ‘scheffe’
method. The significance level is .05; namely, the confidence intervals are .95.

Finally, the homogeneous subset was obtained in Table 6. The factor combinations for
selecting ‘AH’ are divided into two subsets: the lower mean and higher mean. They are
illustrated as follows:

® The members in the subset 1 obtain lower means as ‘Average AH%’ less than .2 due to
the factor combination with less searching degree (e.g., SDNo = 3) or fewer initial friends
(e.g., [FNo =2). For obtaining higher Average AH%, the trustor agent has to increase his
initial friends and searching degree simultaneously. Actually, this model is not suitable
for the trustor as a newcomer in the business environment with few initial friends or less
searching degree.
® The members in the subset 2 derive high Average AH% higher than .5 and low standard
deviation less than .041 due to the trustor agent who has more initial friends (e.g., [FNo =
6) and searching degree (e.g., SDNo = 6). The analysis of critical factors was illustrated
below:
€ Ifthe IFNo > 5 and SDNo = 5, the trustor agent can only select the trustee agent

with more than four raters (e.g., RaNo. > 4) who have more than four
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recommenders (e.g., ReNo. > 4). That is, the trustee with less than 4 raters can
not be identified by using the model.

If the IFNo > 5 and SDNo = 6, the trustor agent can select the trustee agents
with fewer rater agents (e.g., RaNo=3) who have fewer recommender agent (e.g.,
ReNo=3). That is, the trustee agent as newcomer who has fine characteristics can
be selected by a trustor agent who has more initial friends and searching degree.
Additionally, the factor combination with [IFNo >5 and SDNo = 6 can make the
model with high mean (Average AH% > .5) and low variance (Std. deviation

<.041) to select a fine collaborative partner ‘AH’.

Table 6. The homogeneous subset of multiple selection tests

Factor Combination N Subsct for alpha = .05
1 2

3323 30 0.1200
5543 30 0.1250
5523 30 0.1270
4443 30 0.1277
6623 30 0.1283
4423 30 0.1337
5533 30 0.1403
3324 30 0.1443
6643 30 0.1457
6653 30 0.1473
6633 30 0.1503
3326 30 0.1510
4425 30 0.1647
6663 30 0.1653
5524 30 0.1657
6624 30 0.1657
5553 30 0.1753
6625 30 0.1847
5525 30 0.1873
6646 30 0.5067
5546 30 0.5257
6655 30 0.5373
5565 30 0.5430
6665 30 0.5527
4465 30 0.5577
4456 30 0.5580
6656 30 0.5590
5556 30 0.5590
5566 30 0.5593
3356 30 0.5600
4466 30 0.5657
6666 30 0.5673
3366 30 0.5723

5. CONCLUSION

In a collaborative environment, the enterprise has to share privacy and strategic
information, like financial reports, manufacturing schedules and inventory, to his
collaborative partners. The enterprise has to select a partner not only with good competence,
but also with care, concern and honesty. Partner selection in traditional transaction-based
B2B environments is based on candidate claims regarding their abilities, and considered
competence or capability. The reputation system previously applied in B2C or C2C
environments is based only on subjective ratings and general measures. The traditional
methods for partner selection and the traditional reputation system thus are not suitable for
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selecting trusted business partners with fine competence, goodwill and predictability /
constant behavior in B2B environments.

This study developed a model for selecting a trusted partner with fine characteristics in
competence, goodwill and predictability based on subjective and objective testimonies using
reputation and referral system. Additionally, this study adopts objective and subjective
testimonies to evaluate the trustees to eliminate unfair subjective ratings and make the
reputation system more robust than traditional methods.

The experiment results indicate that the best candidates were selected far more often than
other competitors in one round of partner selections, and obtained high means and low
standard deviation of selections in multiple rounds of partner selections with specific
combinations of parameters values. Further, the results of ANOVA test indicates that the
number of initial friends and searching degree in referral networks for the trustor enterprise
are two main critical factors attribute to the results of the model. Finally, critical values of the
critical factors were identified that the number of initial friends greater than 5 (IFNo = 5)
and searching degree greater as 6 (SDNo = 6) can make the model with high mean and low
variance to select a fine collaborative partner ‘AH’.

This method makes the partner selection more systematic and fair than traditional
methods that only adopt subjective perception and collect testimonies from partner
themselves. Meanwhile, this method can be implemented as an intelligent agent system due
to the complexity and complication in the process for propagation and aggregating these
testimonies. During the modeling, the roles (as trustor, recommender, rater and trustee) will
be defined, and the interaction between these roles can be described.

The partner selection can be automated, but then the enterprise has to negotiate the trustee
who was selected about the rules for later collaboration; that is, the model in this study can
not substitute the human decision in the negotiation step. However, our model can really help
the enterprise selects a reputable partner during the initial step of collaboration by using a
systematic and quantitative way, and it may be implemented by using intelligent agent system
for reducing searching cost and accelerate the implementation of collaboration.
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