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Route | Vesselssize | Cargo | Route descriptions | Weightings
Capesize Market
C2 160,000 Iron ore | Tubarao to Rotterdam 10%
C3 150,000 Iron ore | Tubarao to Beilun / Baoshan 15%
C4 150,000 Coal Richard’s Bay to Rotterdam 5%
C5 150,000 Iron ore | West Australia to Beilun / Baoshan 15%
C7 150,000 Coal Bolivar to Rotterdam 5%,
Del. Gibraltar / Hamburg trans Atlantic RV, Redel. o
C8 172,000 Gibraltar/Hamburg, 30-45 days 10%
Del. ARA or passing Passero, °
C9 172,000 Redel. China / Japan, about 65 days 5%
Del. China /J t Pacific RV,
Clo_ | 172000 | Bt e e e 20
Cl1 172,000 (]1):;.8 China / Japan, Redel. ARA or passing Passero, about 65 15%
Panamax Market
Delivery and redelivery Skaw-Gib. range, Transatlantic RV, o
P1A_03 74,000 duration 50-60 days 25%
Delivery Skaw- Gib. range, for a trip to FarEaet, Redelivery o
P2A_03 74,000 Taiwan-Japan range, duration 60-65 days 25%
P3A_03 74,000 Transpacific round voyage, duration 35-50 days, delivery and 259,

redelivery Japan-S. Korea range.

Delivery Japan-South Korea range for a trip via US West
P4A 03 74,000 Coast-British Columbia range or Australia, redelivery 25%
- Skaw-Passero range, duration 50/60 days

Supramax Market

S1A 52,454 Delivery Antwerp-Skaw range , a trip of 60/65 days 12.5%
S1B 52,454 Del. passing Canakkale for a trip of 50/55 days 12.5%
Del. South Korea-Japan range for 1 Australian or trans Pacific o
S2 52,454 round voyage, for a 35/40 day 25%
S3 52,454 Del. South Korea-Japan, for a trip of 60/65 days 25%
S4A 52,454 Del. US Gulf for a trip of about 30 days 12.5%
S4B 52,454 Del. Skaw/Passero range for a trip of about 30days 12.5
Handy Size Market
Del. Skaw-Passero for a trip about 35/45 days, redelivery o
HSI 28,000 Recalada-Rio de janeiro range. 12.5%
HS2 28,000 Del. Skaw-Passero range for a trip about 35/45 days. 12.5%
Del. Recalada-Rio de janeiro for a trip about 35/45 days, o
HS3 28,000 redelivery Skaw/ Passero range. 12.5%
Del. US Gulf for a trip about 35/45 days, via US Gulf or NC o
HS4 28,000 South America, redelivery Skaw/ Passero range. 12.5%
Del. SE Asia for a trip via Australia, about 25/30 days, o
HSS 28,000 redelivery Singapore - Japan range including China. 25%
HS6 28,000 Del. S Korea - Japan range for a trip via Nopac of about 40/45 250,

days, redelivery Singapore—Japan range including China.
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27 e (B R AT 0 2000) ¢

O (k) ©
e (k)= (k)= 2 (k) 100 % , k = 2,3,-

00|

HAER 5 1-e(K) » FTIOHFLR < 0 90% » Bl K3 h3f RIoci 24 o

- R R 7] ARIMA #23)

AF¥FATHREMRRF AP ¥ @& * o> 2 £ Box and Jenkins (1976)#% !
gip A Ep’fff & # % T 3247 (Auto Regressive Integrated Moving Average of
order (p,d,q) & #- 5 ARIMA(p,d,#H-3] » # - 4 & F 4o !

%, (BN1-B)' X, =6,(BNV,, t=1..T

#d Y (B)=1-¥B-..-¥,B" 6,(B)=1-6B-..—-0,B" ; Bf-5 s #:&
¥ %]+ (Backshift operation factor) ; BX, = X, ; d B] % & £ & d=t s X, 5 #47
TORRAEAOSIEREE T SRR E2Z R L8V 249 « g0
_P v ARV, hT o8l 00 HRHL KMol dz2 o X FhkpR- B2
AR Bz eny R

fosFTLRALC PR A AR F Renie L BAIE R T 4EA T B
XA AR IL A E TR FIE 4L £F 1 1 ARMA(D Qi

¥,(B)Y, =6(BN, (4)

kpeig BAY, B Y, =(1-Bf'X, 29X Bd=x£Atsehig » HF A% p-
q & 4ot i+ i\,f,' TR IR o - B2 % R i}k M T fE (Covariance
stationary)en i 7] > A X e R EL SHccnH Y BT AR 0 P 3 R BEeang i
ZERBEORFIEFFIEDA Fa §97h ko RTird § FAFFEDT Fa
Ao FLLRIILYY, 0 BV €

E(Yt): E(Yt—s): M VS

et B T A BT ARY, 2Y, a2 4p B S di(Auto Correlation Function,
ACF) frify f 2\ 4p B 3 #ic(Partial ACF, PACF)4r ™

_ COV(Yt,ths) _7s
Var(Y,) 7o

S

ACF r &5 enilic s 7 B
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1 P Py P
P 1 Pi o P
Ps Ps—2 Ps3 1
5 o Z(Y “Y)(Y, ;- Y) N
PACF 5 py,pyseees ps ndndic e ¥ 1% p (] )= > k&3t
=

Zm—h

pi 8 o B pLpy,..., psEidi ) T RSN dip, 2 E BIE p()) B
R gt T ORE g B o Wei (1990)4% ] A (s)eh% B #7121 % T 5 eh
R

1
Var ()= s -
1425 500y
_ + ;1/3(]) ’S>1°

7
I Qg R BT g \/Aar((i,ss):_ri,vs e fg 3t o

B P(S) ~ P A B % H A i I L (T Var(p(s)) £ \/Var((pss))mr' 3+
BT IREp 9 H a0

ko e ARPEA Y, (BY, =V, T > 9, 20 ¥ @ =0 Vs2p+l; @ &
MAQ#A T Y, =6,BNV, T » p,#02 p,=0> Vs 2q+l > @ ARMA(p,q)4p % **
L AR(p)fr MA(Q) i & > — A A f g AR(p) » 2 18 £ M £ kfeif MA(q) >
WER T AT pqe prqAAREE VA § AL KB R gk MR
¥ A * iE it &) T 2 5242 (Conditional least square estimator, CLSE) &k & 2+ 7]
?;Qﬂ;: ° ;Lz‘}\‘ (4)):1 24 f‘:r

Y = WY 4t Y Y, =0V, - OV,

q t-q

opt o E EV =Y WY = =Y HOV OV i ivﬁ B
t=1

2 F W, 20,75 CLSE« p i#i3) e TiE 2 JLSE R 2 F1 t— j<1PF V|

o T EBERF AL - AL B L 00 R R E

BHAL - aARLAF PR EARR > B7 T3 PR fef 473k ni & ity o &

TEN A RNp(s)E G kB BRE AT RIS ’ﬁ; gh’ﬂps o F B

0> PIFfEALZF R4 5 ZR > TRZALT M - ARLFTF M > RSP
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R ZIY, ¢ W Gk Shehjdl do £ A~ 03¢ 0 Fpt A RCRI I A R S Y
BE TR o ALERAM > SABES LR F T LEATER A k2R
BIE o TERS & Y ER B Y, 02 CLSE 3 1 % e i i® 5t 12 40 4l iz
B N ST

Yo=Y, =Y, + OV +o+ OV

He t=T+1,T+2,.. > AFFtE B33 EkNERSEEF 5 o r

Y=(1-B)'X, »f* - @ BER v @

\(‘:(1—13)dxt:zdlci“(—B)ixt:zdlc;’(—l)iH :Xt+Zd‘,Ci“(—1L1 B IV
i=0 i il

4 d B L 7z, - 3% S 4 .
Fox =y =Y, F X ZARRET T A S R
i=1

~ ~ d ’
X =Y -2 Cl(-1)X,,, t=T+1,T +2,.

I TG HE A VEL

) Zn: )A('(O)(k)_ X(O)(kX
MAPE =— x100%
T 32 ¥ 7 ~ v 3£ (Mean absolute pencentage error, MAPE) % E

Y AR EEINS 2 A o HiE .\.} o o BOA] I FE AR R A \-}53 » IR P
Jl«’-»kd-%;—h)ﬁiﬁ_}lcab—}é{ )iﬁ—x o MAPE i< J:‘L"’fg—'mj“’ﬁlﬂnb’; N
ST fAE B dok 34T o

3 LG HE AV ELIFRGA 2 E R
MAPE & Tp R 4
MAPE < 10% % B
10% < MAPE < 20% a4
20% < MAPE < 50% & =
MAPE > 50% * AT

74 kiR - Chung et al. (2009).

< BDI ;}F]g{?ﬁ:ﬂgﬁxg FR TR FHRE EFR - F A% B 458
P ~iF TR F RS AR GMCL, DRI A BiE 7 AER] S FIROR 4 R
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WA AT s g D B A SEAT U E A B RICA B A

WR-p a2 0 R BT RS ARIMAGD, d, @)BR3IEERE > T AT
HIpRl2 % o bots 4™ MAPE & 1% 3 SE iRl AR 3 1R 28 > 2038 B BDI 47 ek
i EDTRIECE] -

- ~GM(L, D&% 4147

A2 0200797 30 p 5 A% B P~ (F0k) 0 (TR E
(L sogc)chdp o dew 8 0 2 (7 BDI 3 BIERIF A - IR AR Z B (7
Bo~dE s 2 s F)IpHcgE o B2 AP M Ap BT R ot 2 - 91T o iRl BDI gk
P N S FPREE TR EfeR L 0 Aok 4’P‘fr’)‘]ﬁm2?'lii5’ﬂ‘%ﬁ
T o BDI dp#icehip ~ ik~ ¢~ Tl A 5 99.96% ~ 99. 56% ~ 98. 35% ~ 94. 87% -
TioiE 5 98.19% o Flet o & A HCAITRR] BDI g #c i - pnin AR IR o

% 4 J’Kﬁf‘]?‘] BDI#F}J@’(B ~3ES S ﬁrﬁﬁ’ VS B ~ FRB] lgv'fr'%(
ERE S i B ? dadkc F dn

K

ElR o EERIE ][R L0 R R B[R E AL R R EFRIE[AL06)|F R E TR E | AL

13703 [3.703 | 0 [3.536[3.536 | 0 | 1958|1958 0 |7.123[7.123| 0

2[3.703 [ 3.704 | 0.03 | 3,777 [ 3,793 | 042 | 1,658 | 1,640 | 1.09 | 1,164 | 1,038 | 10.82

3[3.734 (3,731 | 0.08 | 3812 3,778 | 0.89 | 2.540 | 2,469 | 2.80 | 1,574 | 1,633 | 3.75

413,757 [ 3,758 | 0.03 | 3,746 | 3.763 | 0.45 |3.823 | 3,719 | 2.72 | 2,731 | 2.569 | 5.93

5 3.786 3.747 5.601 4,043

6 3.813 3.732 8.345 6.362

7 3.841 3.717 12,703 10,010

T ¥t FE R (%) | 99.96 99.56 98.35 94.87
MAPE 0.04% 0.59% 2.20% 6.84%

ML PR B EIER EE e BT~ kT o

= ~ARIMA %% £ 47

~ = 1% 2004-2007 # 60 ¥ BDI :}Flﬁi:mﬁl ~FE R F"‘%’\ k= Hp R
o &4 40 M BDI 43 B il o 4o i = St o 4935 SAS HHE E o Ao RN
250 p FH BT EFH 2 ARIMA(L,0,1):7 7 74 | 5 ARIMA(1,0,2) - ARIMA
TR BDI p TR R EE~FFRIEfeAR L o Aok 5977 o SRR R P i
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B FEE TR 7 £ (%) 95% 7 R 95%+ %
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MAPE 7.98%

Fdp
1 3,536 2,415 39 1,845 2,986
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(-1
iR BDI g #cp ~ 3 ~ 7~ F2 dpdkc
HEFE S Fip ¥k LS Fdpk
2 7 ERES 2 ik | HF ip ¥k 2 ip ¥
2009/06/25 3,703 |2009/06/8-12 |3,536.40| 2009/03 * | 1,957.82 (2008/7-9 * 7,123.45
2009/06/26 3,703 |2009/06/15-19 |3,776.60| 2009/04 * | 1,657.95 |2008/10-12 * |1,163.53
2009/06/29 3,734 |2009/06/22-26 3,812.00| 2009/05 * | 2,539.84 (2009/1-3 * 1,574.37
2009/06/30 3,757 |2009/06/29-30 |3,754.50| 2009/06 * | 3,822.55 (2009/4-6 * 2,730.90
[t = ]
ARIMA i£2~BDI p ~ 3% ~ * FH 8 F2 dh8k
P dpdc
2 F dp B 2 SRS 2 F thdk
2009/05/11 p 2,215 2009/05/26 p 2,942 2009/06/09 p 3,583
2009/05/12 p 2,253 2009/05/27 p 3,164 2009/06/10 p 3,452
2009/05/13 p 2,332 2009/05/28 p 3,298 2009/06/11 p 4,383
2009/05/14 p 2,432 2009/05/29 p 3,494 2009/06/12 p 3,583
2009/05/15 p 2,544 2009/06/01 p 3,681 2009/06/15 p 3,783
2009/05/18 p 2,605 2009/06/02 p 4,106 2009/06/16 p 3,951
2009/05/19 p 2,644 2009/06/03 p 4,291 2009/06/17 p 4,026
2009/05/20 p 2,665 2009/06/04 p 4,093 2009/06/18 P 4,073
2009/05/21 p 2,707 2009/06/05 p 3,809 2009/06/19 p 4,070
2009/05/22 p 2,786 2009/06/08 p 3,646 2009/06/25 p 3,703
Fipdk
#F dp B 1N SRS #F th ¥k
2008/10/20-24 p 1,223.8 2009/01/05-09 p 805.80 2009/03/16-20 p 1,894.00
2008/10/27-31 p 938.2 2009/01/12-16 p 901.80 2009/03/23-27 p 1,732.60
2008/11/13-07 p 827.2 2009/01/19-23 p 913.00 2009/03/30-04/3 p 1,592.83
2008/11/10-14 p 828.20 2009/01/26-30 p 1,023.80 | 2009/04/06-09 p 1,473.25
2008/11/17-21 p 852.60 2009/02/02-06 p 1,340.60 2009/04/14-16 p 1,543.33
2008/11/24-28 p 757.80 2009/02/09-13 p 1,948.20 2009/0420-24 p 1,834.60
2008/12/01-05 p 677.00 2009/02/16-20 p 1,976.60 | 2009/0427-05/01 p 1,798.60
2008/12/08-12 p 703.20 2009/02/23-27 p 1,998.00 | 2009/05/05-08 p 2,092.50
2008/12/15-19 p 822.80 2009/03/02-06 p 2104.80 2009/05/11-15 p 2,355.20
2008/12/22-31 p 783.00 2009/03/09-13 p 2,230.80 | 2009/06/08-12 p 3,536.40
P dpdk
PR in B PR ¥ P ¥
2006/09 * 4,039.14 2007/07 * 6,572.14 2008/05 * 10,843.65
2006/10 * 4,027.64 2007/08 * 7,195.09 2008/06 * 10,245.10
2006/12 * 4,189.73 2007/09 * 8,574.05 2008/07 * 8,935.74
2009/01 * 4,335.81 2007/10 * 10,425.91 2008/08 * 7,402.50
2007/02 * 4,461.68 2007/11 * 10,542.58 2008/09 * 4,975.09
2007/02 * 4,398.75 2007/12 2 9,854.13 2008/10 * 1,807.52
2007/03 * 5,118.45 2008/01 * 7,171.95 2008/11 * 820.95
2007/04 * 5,726.22 2008/02 * 6,874.24 2008/12 * 744.58
2007/05 * 6,393.62 2008/03 * 8,083.61 2009/01 * 911.10
2007/06 * 5,772.14 2008/04 * 8,286.86 2009/02 * 1,815.85
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The Performance of Baltic Dry Index
Forecasting Model:An Application of
Time Series and Grey Forecasting Models

Gin-Shuh Liang  Cheng-Chi Chung  Huan-Yi Chen

ABSTRACT

Bulk shipping markets are close to a perfect competitive market that is influenced
by many unpredictable factors. Freight rate and charter hire fluctuate unexpectedly
so that owners and charterers encounter extreme high investment risks. The purpose
of this paper is to forecast and analyze the Baltic Dry Index in order to effectively
reduce shipping market risks. This paper applied Grey Model (1,1) and ARIMA
(p,d,q) Model to construct BDI forecasting model for bulk shipping service, and to
discuss its accuracy. The results of this paper will provide owners and charterers as a

good reference for chartering decision-making.

Key words: Grey forecasting, Auto-Regressive Integrated Moving Average, Baltic
Dry Index, Bulk shipping transportation
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NGB A LS 6 Chung et al. (2009)4: * 4 35 GM(1,1)A £ 1
RS B~ A AT i e B AR P P i GM(L )R £ 2
5 2 R A 3R B GM(, 1)%3_’\ » BRI GM(L)A L8 BN R e 2
% (2005)8 * A TRR GM(1,DH5N » 2 A A FELT R Ui R *F s BN E 2
TER| o b pEIE ¥ Wl%%@%"gﬂ?/?‘lﬂmﬁ REmBREFERg £8 2P A478F
ARG AR A4 BT AT o 5 2R(2005)E * A FER GM(L DRSS o it a0
EARGER cdpda il PIRETE PP AL EE S LS R T AR
BIWRE G T AME EEM .IEA’E*EE % (1996) 45 t”. O T I A 5|
%\]%%B@QQ;% .,.Lj‘_l}\]_ MV 'F’l‘—}""l" ZRCGEEIER P AR D
EHRAET 0 ATRRDCE T 2 BV AR ) B

2.4 3FEFF

FCEHUE D F4RiT3 R 2 S 7 ¥-(Kavussanos, 1996) > #2683 H-b ' 4k 'k
BREL s B R E RN EREVTRFZEF ETF RS S
od MR FA SRR SUWER AP T R FF o HEERE LT
¢ +  %%(Bendall and Stent, 2003) * >3k %% £ > F L & A AP B
ARG EIRH Y T £ B ARIUR 4T T A A4 ,77—1 B3 AT 9 1] & LA 4y
W EIA FE S o Fp ¥ BPI #ﬂgd\%ii#i’*“% R R FE T g B
oA E Ty HIFSRIA AT S B dE -

FAEAEE G R F RPN B 2REARE F R L LM - RIERIE G
@Z@**?f@ﬁﬂéﬁéﬁ" i{m.\,\wﬁomﬂm@ﬂ%@’kn TEFRAFRT
AT L R ATRE | 2 B o 3R T F 2 8 4 (1996)F
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i~ RER LD AR T £ 5 1R U408 4 AR 2 4 4

TApd EF e LA R f'r"jﬁif“' LR RIS o Bt A v ¥ A& d 323 (Grey
theory)z. % 3g i) GM(1,1)% £ 3 T #05¢ - 42& BPL3p Bigpl;t » T e f7 st—,}\ il
FER AT - L %7 -'1#'%'3’—4’ LR AR LN IPE A S

F ~ FLRBEES H A4

$$@ﬁﬁ%ﬁ@ﬁﬁwﬁiﬁw¢%%ﬁwi%ﬁWﬂ*%ﬁﬁ“ﬁ*V
BopE 2 HE Gk $ o B A ATED B R heATE S
FaEEG

31 LA BPl ed R s

1998 & 11 * 23 p # Wt b /a2 5 ¥ 3 BPI #ﬁﬁ?ﬁﬁ A d = 0E
AR RS A PF R B e S 21998 £ 12 7 21 P p THEH BPI:}F@:Q,, )
BB TEAK 2007 & 10 2 p iRk B E LA ﬁxzﬁ;}ﬂ@: Sei e e
HPE L BRREE AL 25% 2010 # A B AT £ 5 %@‘“’*‘J%:}Fﬁﬁﬁ RN

E)é.%ﬁ’\—"’f”f&i dod 1 557 o

21 gBpAT £5 B iR TS RM
BUFRLA | dpdaeR e | 4 pE £ B S gy i BE
Skaw-Gib to Skaw-Gib, Transatlantic RV,

> o
P1A 03 74,000 T/C duration 50-60 days 25%

Skaw- Gibraltar via US Gulf to Taiwan-Japan,

P2A 03 | 74,000 T/C duration 50-60 days 25%

P3A 03 74,000 T/C dT;a}t}t;spamﬁc round voyage, duration 35-50 25%
Delivery Japan-South Korea range for a trip

PAA_ 03 74,000 T/C via US West Coast-British Columbia range or 25%

Australia, redelivery Skaw-Passero range,
duration 50/60 days
TR kR ¢ &< #F1@p The Baltic Exchange (2010) -

d & 17w ET £ 5 1AM L'%J}F]@C”‘l E S PR R AL B AL A ST
Bl 2 G AT 70 SRR ERA AT BT YT
A 5chch BDI & E x% jﬂ&’ Z45A] % ] ® A 5k B3 /a3 BCI-BPI-BSI £2 BHSI
‘Iﬁﬁiﬁﬁi"ﬁ‘ﬁ/ﬁ»g@i # BDI ﬂ‘r' '%;}Flg(bt’x'*'ﬁi—%% P":';}Flgcm% é’\%ﬁ"
b Bl dede 2 BT o

% 2 1999-2009 # ;¢ %ep 4 BDI s ffp 8t £ 33 573 iy ® 1

P BDI #; BCI 4, ¥k BPI 4; ¥k BSI 4 ¥ BHSI #; ¥«

1999 | 1338 () | 1252 (9 | 1,065 (9

2000 | 1,608 (20.16) | 2,187 (74.71) | 1,540 (44.63)

2001 | 1,217 (24.33)] 1,473 (-32.66)| 1,248 (-18.96)

2002 | 1,137 (-6.51) | 1394 (-5.32) | 1,130 (-9.47)

2003 | 2,617 (130.11)] 3,663 (162.66)| 2,544 (125.14)

2004 | 4510 (72.30)| 6,011 (64.11) | 4,383 (72.29)

2005 | 3371 (-25.26)] 4,603 (-23.42)| 3,128 (-28.63)| 1,869 ()

2006 | 3,180 (-5.67) | 4289 (-6.82) | 3,021 (-3.43) | 2,248 (20.29) | 1,402 ()

2007 | 7,071 (122.39)] 9,922 (131.35)] 7,033 (132.81)] 4,538 (101.82)] 2219 (58.32)

2008 | 6,390 (9.63) | 9,363 (-5.63) | 6,090 (-13.41)] 3,973 (-12.44)| 2,006 (-9.61)

2009 | 2,617 (-59.05)| 4,104 (-56.17)| 2,405 (-60.51)] 1,658 (-58.27)| 788 (-60.72)
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=% (%)

2005-2009 44.40 44.68 47.76 48.21 42.88

1999-2009 47.54 56.29 50.93 48.21 42.88

HHEL1 ()2 7 & & 3 5 BSUBHSI A %[t 2005 & 7 7 1 p /2006 £ 9 * 5 p 5 # -
FTALK R ¢ &2 #12 p Clarkson (2010) -

d 22V RIERARFBIE Y o mzﬁl%:}ﬂﬂ{ » BDI 57 & &}
#ﬁﬁ”{ﬁ 1999 # 1,338 8L F 7k % 2009 # 2,617 B » FktgiE 95.59% » L3945 :F
47.54% ; BCI & i} :}ﬁ@:r’ 1999 # 1,252 gh}t &% 2009 & 4,104 2- - jfktgiE
227.80% » T 3= # i 56.29% ; BPI & i #ﬁﬁid 1999 & 1,065 g+ &3 2009 &
2,405 8L > FRtgiE 125.82% 0 T 3ok Beif 50.93% 5 BSIiE § :JFI:‘I #icd 2005 & 1,869
BT gk § 2009 & 1,658 BL o pEtgiE 11.29% 0 L35k $5:E 48.21% ; BHSI & l%&‘
#icd 2006 & 1,402 B & T 2009 & 788 2L & tgiE 43.79% T 35 $5 i 42.88%-
BRm 2 0 A AT £ L Eagd S Ti06

= f i 42%0 b 2 o

3.2 FTET FHpep il

VAR T 0 ACERGED A S BS HES  RRAeE s 0 A
ER J’“”"] T £ Jféi‘r’“'] A4 I &= TLA] ~ ér; ]—t»v: FEAu A o @ dpda Y iE
PF XS FERLE TR EE CBFIARL CERPHPEEE MR
BV RRTE M AL dg i 3‘ i@ LIRS o %’i‘ : Clarkson (2010)F #2+# & >
2000 2009 & > ZREg 4 *;5 LA F 0 Aok 35T e
%3 D2IRATEARELE
PR A dm 3 " £ 54 | RET fé"'”'l ¥ &1 & 3
Ml [F 1 £ A0H | 7 H 1 £ | ol [p A9 £ Al [ S 1 £ | ik [F A £
2000 512 83.41 994 69.77 1,017 | 46.29 |2,846| 75.41 5,369 275
2001 532 87.05 |1,074| 76.01 1,101 50.56 2,770 73.33 5,477 287
2002 542 89.39 |1,108 78.85 1,179 | 54.55 |2,718| 71.96 5,547 295
2003 564 93.6 1,123 80.07 1,231 57.29 12,685 71.11 5,603 302
2004 610 102.33 (1,205 86.36 1,308 61.3 2,726 72.5 5,849 322
2005 657 110.99 1,299 93.69 1,410 | 66.82 |2,758| 73.52 6,124 345
2006 713 121.11 |1,399| 101.75 1,501 71.7 2,768 73.82 6,381 368
2007 768 131.46 (1,479 108.23 1,599 | 77.01 |2,839| 75.68 6,685 392
2008 822 143.3 |1,558| 114.75 1,709 83.1 2,888 76.98 6,977 418
2009 954 169.83 1,631 121.1 1,866 92 2,857| 76.44 7,308 459
T oA E & (%)
2005-2009 | 9.41 10.73 6.25 7.00 7.37 8.47 0.95 1.07 4.55 7.34
2000-2009 | 7.23 8.30 5.68 6.34 6.98 7.94 0.06 0.17 3.50 5.89
AL kR 1 A~ AL A Clarkson (2010) °
¥ 2000-2009 & %2 2005-2009 & -T i’—:’?‘ ElL o SN IR I 5 S T I e 4

7.34%%1 539% 3% 2 > TEF|TY D FEF A EEL dmmﬁp'»zy ’
BAATENREL TR TR - 2 BT S K F a3 0 2005-2009 & 12 s e
Wip P LB 4ed 5> X SR~ T £ 5 R e T

33 40K H MG R

%#dﬁl* RERF I AT FIFRE LD A F G 2IEARSEIEDE AT
IFRAFREE - ATHFREE LRI P SRR ESHEEYE 26 3



A2 X F @ fpms s
Ui e P HFREHE R

énhn

&

G

)
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cHTp Tk

Yot Rl )

% 4

I S kB

I 4

=
A

F L

BEE L b

v ded 4 97T ﬁ’”{é
5 574% > /k-giz,%{%u % 1.61% ; 7 3’%‘5&—{%365{% = &
56% - 22 2000-2009 & T35 £ S ¥ v AR TR & #%L"
R ACHT

6]1@%?/ = ,&)7 a?}j}' j\;&_m;

}F’,%FFT'IA

=

FRE T £ 5 )48

)5 (8
At

ES

2 £ g

s

» 2005-2009 & 1

I, ',—j\pq

b S

U

i 4p B 2 A 4

DB L
o A f R G R R A R A S o FT K AR
BHRFA S Jﬁkf’:ilﬁi{,% b @ =3 3 o 245 Clarkson (2010).4
BN 4 ‘*h’fk—%#mi:% EER- 0 o

RS
x
,“2

)
-~
v
IS

I?:}f‘é'%\{ °

i 44

PR (E) | sBTRF)

% A

g orde

4
A Te

2000 HA47(11.47

516(12.91)

264(6.88)

54(0)

30(-9.09)

1311(9.98)

749(3.03)

2060(7.35)

2001 |450(0.67)

550(6.59)

260(-1.52)

52(-3.70)

31(3.33)

1343(2.44)

765(2.14)

2108(2.33)

2002 |480(6.67)

573(4.18)

271(4.23)

55(5.77)

30(-3.23)

1409(4.91)

776(1.44)

2185(3.65)

2003 |515(7.29)

619(8.03)

264(-2.57)

60(9.09)

29(-3.33)

1487(5.57)

815(5.03)

2302(5.35)

2004 586(13.79

660(6.62)

275(4.17)

68(13.33)

31(6.90)

1620(8.94)

873(7.12)

2493(3.30)

2005 p58(12.29

638(4.24)

272(-1.09)

78(14.71)

31(0)

1727(6.60)

900(3.09)

2627(5.39)

2006 |722(9.73)

729(5.96)

291(6.99)

79(1.28)

30(-3.23)

1851(7.18)

956(6.22)

2807(6.85)

2007 |782(3.31)

772(5.90)

304(4.47)

84(6.33)

32(6.67)

1974(6.65)

986(3.14)

2960(6.45)

2008 |343(7.80)

793(2.72)

314(3.29)

86(2.38)

33(3.13)

2069(4.81)

997(1.12)

3066(3.58)

2009 [907(7.59)

822(3.66)

312(-0.64)

79(-8.14)

D1(-36.36)

2141(3.48)

942(-5.52)

3083(0.55)

EREEAE?

(%)

2005-2009| 9.14

4.50

2.60

3.31

-5.99

5.74

1.61

4.56

2000-2009| 8.56

6.08

2.42

4.10

-3.53

6.06

2.68

4.98

HHE O 7 -

Fl’}'j»/),g'l ﬂ‘?ﬁ:

b4

P

i =

mh% \rm

S
BFHE - REK

ERRNE M

? g Clarkson (2010) °

B 2IRBFHF T H2 5
PPN I
R 3 f_;;fi,ll N g\@\ﬁ—lbi/l' ° 3“#7»'& BB {A;]}]\,,,JI bkiliﬁ}i,_f_f:ﬁ
vﬁ;é%’iw\aiﬂﬁﬁiﬂomﬁmumw)
BRI RREE F Aok S

I

e ,3:_‘;!’_, = ,Il

5 =<

EoPEIX?R P ABEERZLF

s

4

&4

a

R LD FREE AR

chth i &

5 #75% o

e @RE P R

st 2Ll
U g

BIHRF)

]

s

1.;824(278.5)
2.3 £ 7+ 7

#(250.9)

3.7 '(115.3)

1.8 (250.5)

2. % w1 (

3 A7

85.2)
#(66.2)

1. ®(133.4)
2.% % (116.8)

3.4 £ % (20.8)

1.* ®(379.0)
2.p ~(138.9)
3.3 ®(106.2)

EY
2.5 R(

3.3 £/

186.5)
131.2)

7 (30.9)

1. R (62.5)
2,245 (49.7)
3.5 B £(29.2)

WL 0% F R

FH KR © A< LA ISL(2009) -

d &5
, H

v-—‘”\

FArs 2P R Z S goac g

Pl @ EE LN, e ,f:—i

L#j:l}.\:gx_‘

;—i@—;'l'll ﬁt« "55-3’-
= W ~ E] ﬂ\l—}?

IS ORI THEY
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4019""?#?‘;§’¢r']_3§]ﬁgj\\_‘&*ﬁ]g—:&:é‘i’}woiﬁiﬁﬁx,‘ lrﬁ]{i@],}i:’(
IR ENEA LS R AR ZEROHEILIENEERIE o] LT Ios I

BHBH B RZFTERERY D BENEIBHH CRRILIEL AR FRE KPS
iiié%’ﬁéiié?%c

3.4 5 & 747
FOEPUE D BRI S A R R 5 E S SR R G

i 51%1 B Flddrn EPEFTRE B E R R BB rﬂwwsfgw o
58 IR R A % RE e m % PR L AR SR % A A g F rl’g’i‘a DAl =~ ‘= Hp
Tk e L . q‘”’ PEEEA S T > 2009 E 23R4k Ar At 459 B gP*?
2000-2009 # 2 T¥o8 £ F 5 589% 0 77 £ T L Fgid 734% - N iRE
Fem 3 02009 & 2xkicach F AR5 3083 e H Y T < gEth & 69.45%
T EGIE PP E R R EH 2 AR T S gt h AR AR EHR S 4K

FiF i 4p 7 % L BCI~BPI-BSI~BHSI > i + & Tia% a3 § i 42%
b2 gpde e AONAD R BRR O B R A R T 0 Fa G 2k E ¥E BPLdpdk
ABFE B > TR Ay LR A A 5 T £ B ARSI, IR 2 R 0 K BNy
PG RIS R R

Foz B2 o 1345 Tvedt (2003)F7 7 4p 01 > dp e iR @ 2 W8 A= iR A W > 318

BETAK 3

AR R T £ B R UR A AR A T R L N 2 AR
Rl i HOS RS NG R L R

e &1 B

ﬁﬁ#%&wMMdGW{ﬁJHm AAH 0w A Ad FRIEHZ P e
Hd kTR 53—!-—*7"{’53% =g - I\%]f]p\%ﬁi ﬁﬁﬁ’ﬂﬁﬁ@#ﬁfﬁgi
REAR e H A B2 A ﬁk%*#} R S s LRRPRT LA
he BPR SE AIR 1S 0 RE P Heenp AREN > G AUTE S 2 Bl L s
Ao E 2 ARl GM HEEY e 50 & F GM(LDI HF R > 7 Al R L2
GM(1,1) » 1213 & RS » 7= % GM(1,1)A& £ 18 & H58 o

TP A2 AT s - PR B 0N GM(L, D)2 HE2 R (R R
7€ 22000) o A IR R GM(1,D)HES 2 — FEaes & 425 ¢

@
%+ax(” _b (1)

BHe tZ iz p¥EoaidBiEb
R 5H o B R A BT Aor

KO — (X<0> 1),x?(2),---,x” (n)) @)

d Al gE o a b st

i
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Bod kst HOPE o A Y RASE ] 1T - & % 4 4 2 (Accumulated
Generating Operation, AGO) » % 5 #& ez ez ¢ B 4 > 133 1Y o dics| 2 SE 8
Moo a2 £ XV L x©eh- & AGO #5) 0 T

X = (x(”(l),x(” (2),--~,x“)(n))

n 3
=(Zl‘,X“”(k),ZZ‘,X(O’(k),-‘-,zx(”(k)) ®
k=1 k=1 k=1
d()~@)F 25 T3 RiFfhEe 45 ¢
A a T -1pT
a:M:(B B)'By, “4)

2
k0@ ex0@)] 1
B - 2 . . (5)

FEIEw T Y, 5 ¢

y, = [x0@).x0 @), xO )] (6)

#orfd Giee £ A2 F GEica®r b s B O jies 2 AR B RN ST F
TR R G

RO +1) = {x(o)(l)—g}eak .0 ™

()8 718 ) 20 e s - =2 & B 2 = (Inversed-Accumulated Generating
Operation, IAGO) » ¥ £ *7 & & i 2. $ 40T #77 :

29 (k) = {x(o)(l)—g}e‘a““” (1-€%) (8)
£k=12,n > TR R G
RO = (X1 (2)+-%"(n)) ©)

7 O Q)5 2 £ 2 5 LUeA » e(10)55 47
£ = (60,6 ), ()

0 G (0 0 & (0 0 & (0 (10)
= (X1 = RO 1), X (2) = KO (2),+-, X (M) = K (m))

it SEIORBIOFRE R FE DL IRRE L FE S8 S
&0 =(601),29(2)2(n) (1
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AL BRI E 20 8 1 R AT E RO T @ GM(1 1A £ 1 st
2 3E R R RO .

Q) _ ()A((O)(I)Jrg(o>(1),)ﬂ((o)(2)+5(0)(2)’...g(o)(n)Jrg(O)(n)) (12)

42 WG B2k

S AR ERE s Fi- HRHRFRSELHEREE Y
TRERREERIERZEALC o A TG HF A AL (Mean absolute
percentage error, MAPE)£2 352 X (Mean square error, MSE) ¥+ %7 P2 % & (7 %

T U st 2 2 2 p R % E o H2LE 23 VP de™ o

-~ TR T AL (MAPE)

L@ )A(’“’)(k)—x“’)(kX
— 100
n kZ::‘ x?(k) < 100%

MAPE =

(13)

Tiag ¥y A EL(MAPE)L & B f5N P AARFERINS 2| A o
MAPE ;_gr_'ﬁ o FeoF RN I FE SR B A A N} 58 1;{,2 TN Y "t’}ﬁQ < fL e
£ 7}%“5&:)‘?{,@ <~ o MAPE B2 + ] BHNFFRN A RA G AESR 4ok 6 97
7 > % MAPE & -] 3% 10%PF » & 7 FpRlac 4 5 8 BAFF -

% 6 LTI AL IR

MAPE & 5?’? Pl ae 4
MAPE < 10% % B HFE
10% < MAPE < 20% a4
20% < MAPE < 50% & 2
MAPE > 50% % AT
F 4 % & : Chung et al. (2009).

< 353 % (MSE)

1< ’

MSE =~ (%@ (k) - x©(k))

N3

(14)

E3 3 P _’Ei)ﬂ('(o)(k)éﬂl”S il ¥s s n A 3ERE
e gt AR 4] PIER  4 HA
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Z”:(FPEK — APE, )7
_ = n-1

U= ; (15)
D (APE,)*/n-1
k=2
X’(O)(k)—x(o)(k—l) .
;E! é ’ FPEk = X((O)(k_l) ﬂF #El —f‘]‘% 4
XV k)= xPk-1)
APE, = LA e gL oo
k X(O)(k _1) R #B é@ =
US 872 &3 pAR L2 (T 358) 8 4% d\ﬁpgﬂh;p |t % 3E R T
S gt gie U SR 2 B8 dok 7 R > T LRI 2 i

g o Aot AR MENTER T G RPERARE TR G G - L E 2R
FLFRGRG §HRE L 1997) ¢

37 Uss- B2 457 2

)

Uk & TERIHCRS 2 Rt
U>1 R E T IR
u=1 B RIARRIZ B EF R 2R
U<l B RARRIZ R b
u=0 % % 2_3p P

CFREET B

M Ry B AT R BPLApdic g A TR RO A TR T - ) R SR IR R
HFRER B Mo xR BRI o

B TR A

ﬂ\é I/Z‘;:y%\/ﬁ»gﬁ‘_ /‘3 \L % 1 'D’z}# #H%’ |F,1~ T‘?‘l/’\dz BPI #Hﬁt"? /F }/%l'h\;'
FAL o R AE S H-P o Ay @zw B - ¥ A 30-50 X s TR A o F
A2 F R TR GM(L1)A £ Y580 0% 2009 & 70 1P :a 2010 &

97 30 H Bpuﬂgz’ A ul Bpuﬂgv S-S -E & 2cF SIS M-
e g T AT RBP4 etk A 4 ] 2 A ERIZ R Y+ BPI 4 #0F
BI2 i 1o % TR 82 FTR ] BPI :}ggcﬁﬁ&z%?g@r% 8 w77 o

% 8 ’?? PR Liskes ’ﬁ—"?ﬁ' /7 BPI #Fj Q'J:‘H: 37 7‘2’— Hi+:%
e i 1% 58 B N L3
; 94.46 93.69 90.58 87.73 84.36 81.36
B 93.39 88.49 86.61 85.27 83.72 84.36
% 93.05 92.27 92.03 90.94 90.20 87.61
LTI RR 93.63 91.48 89.74 87.98 86.09 84.44
PR R aw +- 1 L-4 =zl L4 N
: 87.18 87.91 88.78 85.78 82.55 81.44
B 80.53 78.11 62.55 64.76 40.40 11.52
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%
T iof R

38.51 16.85

53.55

21.76
59.80 51.96

d & 8 4o LTI FER B 5 0 MER B B & R o0 B DR B BTER

AEAEIRRI R MR TGRS o R ER A v o B Y e TR
Az FRRIB G AR 0 BPL dpdcz P - B B2 R 4 Y 5 94.46%
93.39% ~ 93.05% » # LIS FE R & 93.63% o o 447 Ao BPI g el TR A

25.53
53.77

27.76
48.38

29.58
42.17

SRR A el P %; ﬂxﬁkiﬁﬁsa;ﬁq P UFEERHIERI A o FIP AT uw F
TR T BPLip iz Rkl e 5 8- ¥ ¥ BPI #ﬁﬁtﬁ%ﬁif’f\% » T R * MAPE -
MSE £ U %3t & iF 5370 %%i% o d MAPE ~ MSE & 2| i re B 16 2572 5 % >

4\11% ﬁggﬁng;.{];§~4ﬁ_~\w% j\mmzﬁ']}k“é;°??
FRRE PRI E A AFEFIRRIEE 0 Aok 9 97T o

.‘i’%—g‘;} U VU\:‘LB jé:j—"j 5
#-7: 3 P BPI «fpﬁt\

%9 BPl4p#k® ~F® ~F2F%E - PRlEf-AL
K i P dpdk B2 Tk
FrRE | ERE | RL(%) | FEE|FFRIE| RL(%) |FEE|FRIE| A L(%)
1 | 3342 3,590 3,443
2 12,242 | 2343 | 451 | 4,095 | 4,564 | 1145 | 3,667 | 4379 | 19.40
3 12,857 | 2,691 | 581 [ 2792 | 3,891 | 3936 | 3,844 | 3,872 0.73
4 |2,994 | 3,088 | 3.14 | 2,926 | 3,352 | 14.57 | 2,698 | 3,427 | 27.03
MAPE 95.51 78.21 84.28
MSE 15560.5 536455.5 346274.7
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Forecasting Freight Rates 1n
the Dry Bulk Shipping
Sector,” Transportation
Research Part A, Vol. 31,
No. 6, pp. 447-458.

An Analysis of the Baltic Panamax Index in the
Bulk Shipping Sectors

Cheng-Chi Chung  Chia-Yang Hsu  Kuen-Shan Huang

Abstract

The bulk shipping market is almost a perfect competitive market. Since the
market freight rates and charter hires are mainly decided by vessel tonnage supply and
cargo source demand of the market; meanwhile, they affect owners’ shipping
revenues and charterers’ operational costs. In the bulk shipping services, the vessels
can be divided into four categories by the vessel’s deadweight tonnages: Cape size,
Panamax size, Supramax size and Handy size. Under certain market conditions, the
Panamax vessel can compete with not only Cape size vessels but also Supramax
vessels on partial transportation activities. Further, the swing of the BPI index
directly indicated the price fluctuation of freight rates and charter hires in the
Panamax market. Moreover, since most of the earlier researches only discussed
related derivative instruments and vessel prices; they did not focus on the particular
target for analysis of the market and its index. The vessel tonnage supplies and
cargo source demands were used to analyze the present bulk shipping market.
Besides, the Grey Model GM(1,1) of Grey Theory with the recursive residual model
was applied to forecast the trends of BPI index in different periods, and then evaluated
the models and discussed the results of the interval estimation. To conclude, these
results showed that the vessel supply and cargo demand was getting increasing
recently in terms of market supply and demand. In the future, the BPI index will
take an upward turn in the short-term; however it may become downwards in the
medium- and long-term. The findings of this research can be used as a good
reference to owners and charterers when they are making chartering decisions, which
differ from the degree of operational risks.
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The Application of RFID in Ports of Taiwan

Tzay-An Shiau Li-Mei Lin Chwan-kai Kao Ding-Hsun Hsiao

ABSTRACT

In recent years, the major international ports around Taiwan have not only
vigorously boosted the development of software and hardware to promote the
business efficiencies for inviting more fleet of international lines to call at the ports,
but also actively developed their port logistics to improve the competitiveness for
attracting international logistics enterprises to establish their business in the ports. To
respond to the globalization of rival competition, the ports of Taiwan are under the
corporatization reform and apply the technique of Radio Frequency Identification
(RFID) , with the features of contactless reading, massive reading and unique
identification, to the domestic logistic operations and the control of cargo
transportation in order to increase the automation of logistics operation and ports for
strengthening the competitive advantages of Taiwan’s ports.

Keywords: RFID, Harbor, Automatic Gateway Management System
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V(Ss,Sp)=1, V(Ss,Sp)=1, V(Ss,Sr)=1, V(Ss,S0)=1; V(Sr,Ss)=0.429, V(S»,Sp)=0.615, V(S
St )=1, V(S»,Sg)=1; V(Sp.Ss)=0.743, V(Sp,S»)=1, V(Sp,S)=1, V(Sp.So)=1; V(S
S5)=0.103, (Sr,5-)=0.669, V(Sr,Sp)=0.358, V(S1,50)=0.724; V(S,,95)=0.322, V(S,,
Sr)=0.939, V(Sq, Sp)=0.619, V(So, S+)=1.

EFBES B AP TR LR HE R RR(E 2) BELEEKESELE
LA A AR R R ERER R R E o 13950 N (9)~(10) 0 T EE £
2 %] ¥ i d (S)=V(S1> S2,53,54,85)= min(1,1,1,1)=1, d (P)= V(S2>S1,S3,
S4,85)= min (0.429,0.615,1,1)= 0.429, d (D)= V(S3 > S1,52,54,S5) =
min(0.743,1,1,1)=0.743, d (T)=V(S4>51,52,53,55)=0.103, d (Q)=V/(S5>51,52,S3,

S4) = min(0.322, 0.939,0.619,1)=0.322. FE4 % & &

W, = (1, 0.429,0.743,0.103,0.322)
g2 5 (10) 0 7 @ I)E BRI EE L BREE
W,,, = (0.385,0.165,0.286,0.04,0.124) T
% ND(Sg) =0.385, ND(S,) = 0.165 ND(S,) = 0.286, ND(S;) =0.04,
ND(S,) =0.124 - & @ # B| e f& & + 4 € £ W, =ND(S;)= 0.385,
W, =ND(S,)= 0.165  W,=ND(S,)= 0286, W, =ND(S,)= 0.04,
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W, = ND(Sy) =0.124. # A EE & % b R % &i™f B R A > i F 01K 5

¢YRERPTE LT IRAKIE 0385 b2 5T 2 0286 ¥ # 0.165 -
TR 0124 T HHT0.04 0 HFEHF ERK G AR 0 R FER 0 L
FRAE S e LT BEACR 20 R HEFRDER LR L2 FE N LR
plenifpdis £ (FE)4cd 324 70

% 3 3 EPK ORI G E R K 24 F BRIE R =R -
+#P Sy S, S fE TR P Pe Ps ¥
S 1 1 2% o414 P, 1 2 2 04
Sz 1 1 2 0215 P2 20 1 2 0.351
Ss 2 21 1 0371 Ps 2t 27t 1 0.199
#5 F B OB TREL-L i 6 F ER K HR TR B P
R Dy D, D it RN T T, T g
D1 1 2 2 0491 T1 1 2 5 0553
D, 21 1 3 0342 T2 4* 1 4% 0353
D3 21 3! 1 0168 Ts 51 2 1 009
27 3 BRI R B S

+ R Q1 Q2 Qs i

Q 1 3 3 0.445

Q 3t 1 3 0.363

Qs 3 3 1 0.192

% 3 TIRF-KE | W SELEAERE Sy, Sy S & Sy = (0.23, 0.40, 0.65),
S.,=(0.18, 0.25, 0.391), S, =(0.18, 0.351, 0.652) = iz 4§ 2 7% (7) (9) (10)7 7 3| 12
T 4 £ W, = ND(S,,) =0.414, W,, = ND(S,,)=0.215, W, =ND(S,,)=0.371.
BE AT ERad (SY)EIRAKEEEY fF B e P w B(S3)E - 0 FHY
(S)E &M * LR T ER FlEFEH 3y - Lo 2 3CRF A5 b
PWh-2=FF 23 s g v FIH AT BRI RERCE R EAR o
2 4T B f R E LR E P, Py P35 S, =(02048]1),

S,,=(0.16,0.33,0.7), S, = (0.11,0.19,0.43), iz 4% 2 5%(7) (9) (10)¥ @ 3|11 = ¢ &
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W,, = ND(S,,) = (0.451), W,, =ND(S,,)=(0.351), W,; =ND(S,,)= (0.199). s
BE® LR d RS APELp B R E RS BT d A(P2) 2
Bt ehag 34 A (P3) o

25 Tad ks ema i@ D, Dy Ds 5 S,=(0.194, 0.442, 0.884),
S,,=(0.215, 0.397, 0.758), S,,=(0.102, 0.161, 0.316), # f# & i & 1345 2 5(7) (9)
(10)¥ # W, = ND(S,,) =0.491, W,, = ND(S,,) =0.342, W,; = ND(S,,) =0.168.
2m e T e > R (D& S £40 0 S 2 2 ik (D2) &6 5
EAFFIE (D3) -

206 T, R EEMRAEE Ty, To Tz 5 S, =(0.402, 0599, 0.884),
S;, =(0.070, 0.090, 0.123), S, =(0.209, 0.311, 0.461) - # f & F & @@
W,, = ND(S;,) = 0553, W, =ND(S;,) = 0.353, W;,=ND(S;,)=0.094. # 7 t
CRie ) chdy EHopEdd » 254 (TL) LR8P EFE > 2 L ¥
R a 4 (T2) 2 iz 4 (T3)

27 TR WS EAR E QL QaQs 5 Sg=(0.143, 0.539, 1.668), S,,= (0.104,
0.333,1.059), S,;,=(0.067,0.127,0.455). # £ & 5 W, = ND(S,, ) =0.445,
Wo, = ND(S,,) =0.363, Wo; = ND(S,,) =0.192, # 7 & " &, #hp =5 gt @

£ R(QL) hos £& 0 Z2 hat¥ B(Q2) s : ¥ 2H(Q3)-

~

FRFIERTHEZRiFFELAEL

F_*

FIpEERD 2 LA IR TAEFZBEEANTEERAE £ 85 3T

o & TIRIRRE | P ik i 4 %A AB,C = BipE X gk
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208 Bbid 28 A A e

=T A B C
A 1 3 7
B 3 1 2
C 4—1 2—1 1

A, Band C st 5% & i .54 =(0.357, 0.627, 1.106), S&=(0.133,0.261, .498), S,
= (0.046, 0.113, 0.259) - # 4 ¢ 18 & 1245 2 5%(7) (9) (10)7 # Py = ND(S4) =0.661.
P =ND(S5)=0.184, PS5 =ND(S5)=0.156> & % A % TJRF%-kE | ¢ chidfy

T £ 0 B LS B SRR A LERD Co R
FAEHFE Y nt T BER LR FHZ B GE L DES R 2 5(T)
(9) (10} & % 334 . 9

Ay P =W, x P+ Wo, x P +Woy x P 355 B 1335 4 chipHi A » £ 34 5

LEPIT hE BigE L iEE o drd 100 B4 E R M BRT ALEG S

SER R BE2 0 BRE ChRAMER LAk 2 AUPES

ERL T RF AL GEA L RGBT ER DR R A PR
(%4 9-10) -

i~ B

ARG EYEREY > ERPERH UL EL T 5 2 ERK o
O FP AR R ERANE R - BRG h E A 0 A 2k
B A A AT T R AR TR T R R AT B R R Ho
B Y 0 RfENE R BB BT L GRBLISHEIFES Y CHRR
ThE > TENRERER P F A REATL EALENF ORI ERA LR
Ao FEn R ERFIEMLE L RRORT .
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IAE S ZEL AR R B iR BT TR R

290 2 BiEEA BE R

R #E  FEP L EeF A #rpEB ®#rEC
JRF:-KE (S)  0.385 a4 (S1) 0414 0661 0.184 0.156
% F 2 (S2) 0215 0.262 0.674  0.063
M i (S3) 0371 0430 0.388 0.186
w8 B 0.490 0.365 0.148
B (P) 0.165 #kp= A (P1) 0.451 0.635 0231 0.140
iz S & (P2) 0351 0.262 0.674 0.063
134 & (P3) 0.199 0431 0366 0.203
& & 0.464 0.414 0.125
21 (D) 0.286 & pj+(D1) 0.491 0.758 0.108 0.135
2 pE4(D2) 0.342 0521 0.465 0.015
WA E 1 (D3) 0.168 0.445 0338 0.217
s (T) FEE 0.625 0.269  0.108
0.040 & %4 4 (T1) 0553 0451 0.347 0.201
B¥Apges 4 (T2) 0353 0432 0357 0211
iz 4 (T3) 0.094 0497 0304 0.199
w8 B 0.448 0.347  0.204
&7 (Q) 0.124 #£ % & (Q1) 0.445 0521 0.465 0.015
a4 (Q2) 0.363 0.085 0.476 0.440
% > 1£(Q3) 0.192 0550 0.402 0.048
A 0.369 0.457 0.176

210 = BEBHER LB B BELER

Rl #E ERT A ERT B ERE C
K (S) 0.385 0.490 0.365 0.148
4 (P) 0.165 0.464 0.414 0.125
2 (D) 0.286 0.625 0.269 0.108
s (T) 0.040 0.448 0.347 0.204
27 (Q) 0.124 0.369 0.457 0.176
A 0508  0.357 0.139
HE 1 2 3
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Evaluation Model of Supplier Selection Based on
Fuzzy Analytic Hierarchy Process

Min-Hua Wang Hsuan-Shih Lee

ABSTRACT

Supply chain management can to promote cooperation relationship between
suppliers, the enterprise by seeks for the appropriate supplier to enhance
competitiveness. Suppliers play a key role in achieving corporate competition and
evaluation. Effective supplier selection evaluation design calls for robust analytical
models and design tools. The selection of supplier among alternative locations is a
multicriteria decision-making problem including both quantitative and qualitative
criteria. How to search and plan a well-arranged supplier selection has become an
important issue for the manufacturing development. The aim of the paper is to linked
qualitative and quantitative analysis to evaluate and rank the Supplier. In the
decision-making process, the human preference model is usually uncertain and it is
extremely difficult for decision makers to express the strengths of their preferences. To
solve this problem, this paper establishes a structured model for evaluating Supplier
selection using the Fuzzy Analytical Hierarchy Process (FAHP) to determine the
weighting of subjective judgments. The results show that decision makers are most
concerned with Service level, followed by Delivery, Price, Quality, and Technology.
This supposes model and methods can effectively summarize the views of decision
maker.

Keyword: Supplier selection, Fuzzy Analytical Hierarchy Process (FAHP).
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