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The study on the application of Fuzzy AHP for assigning
weights in BSC system

Student : Chiu Min-Hung Advisors : Dr. Hsiang-Yi Lee

Department of Information Management
The M.B.A. Program
Nan-Hua University

ABSTRACT
According to the report of Harvard Business Review (HBR),

Balanced ScoreCard (BSC) has been proven to be a powerful tool of
communicating strategy for 100 biggest enterprises in U.S.A. However,
the implementation of BSC always lacks of systematic scheme to
construct strategic themes and performance indices that both consultants
and managers reach consensus. Because the importance of each
performance measure is not equal, each one should receive different
weights. Although there are methods that could assign the weight in term
of users’ real assessment, some of them are not easy to make judgment
and most of them are not easy to derive the result without the aid of the
computer.

This study intends to apply Fuzzy Analytic Hierarchy Process
(FAHP) in the implementation of BSC development project so that it is
easy to assign weight for the KPI. The FAHP is a technique combines
Fuzzy theory and Analytic Hierarchy Process (AHP). AHP is a
quantitative analytic method that transfers the original qualitative
assessment into quantitative assessment. However, sometimes AHP can

not reflect the truly judgment of user as it does not adapt fuzzy concept.



Therefore, it is hoped that FAHP could solved this problem. The study
developed a module that allows users to make their judgment of
importance based on their own scale first and implement the ratio into the
system. The user then judge the relative importance of KPI via the
computer and the aggregated result will come out as soon as everyone
finishes the judgment. It is believed that this is a much faster and easy
handling way to assign weights to KPI that reflect the users’ real

judgments of importance.

Keywords: Balanced Scorecard, Weight Assignment, fuzzy theory,
Analytic Hierarchy Process, Fuzzy Analytic Hierarchy Process.
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CRCOAR CRE I Brgid o
[25][26] 2. F P 5 Mk R | 2 K s e
AR H R R Fal
l.BERFarmett [P AED E7 4
Bk - A 17E | R o I e
[36] 2. EAABEE D |2 AP FERBIER o
R

lLR2stmifeks |[lLiapitas e

B R 72 | 24702 iR EE o B kPR o
[35] 2. BT £ F ik
(s £o

TR &R AL ER
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d e E gt o+ 5 RKPIadp iR = R E R AT 5 93 FE T
Mo~ ERIEE S U Z ;ﬁi%?\fft’i—%ﬁdﬁmbﬂ,, SEIL s R AR
Bk sr 72 > B ERRPEHFAAL Wﬁﬂ%ﬁﬁﬁﬁ\ua%
BAATE RN ARG RE AT R FRE BT A E A 45 et
WGP AT o AT - SO IR B R A T S U o

¥z & HOPE%

H# 2% (Fuzzy theory) - &.d Zadeh*t1965# [49] 5 L4 )
HEL 5T BRI ARG E FOMGE AR R D L e
PP ER N Ao BEAELY AL aliE @it A8
ﬁﬁAﬁﬁ&ﬁ\ﬁgi%ﬁﬁi#ﬁ@%aiﬁiﬁiﬁﬁﬁﬁ
o Tt B A 45 B 1 el Sk 0 B

ARBEDI TP EER o B BTG AT o
TR E

O B A &
E oA ks %" A ok Fr 4059, 95 £260. 04 B eniEB~) #cgh
- fer T 2o v B60. 00 dE Y S fER LS
FERRA ol Eg P o Bl ¢ #59.95 3160.04 m% F§ +60.0
1R REHREPN T @ 260.0 xR -

73 Bl & (Fuzzy Sets)Eipiz # &~ 2 SR N s 5 S
Bo*0 2] 2 BReadeB kAT HEBETMRR T A LT At i
[4]1[14][19] > v =#k @ si- B & & (Binary Value Set) " #_, & T % |
a2l A e X Fenld )~ T#E S0 3§ L0

Pl BB 247230508, #2)=00,1) i s3 N7 5
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wx%@zma,am’%ﬁﬁﬁﬁm%ﬁ%a’ﬁ%%ﬁiﬁﬁ’
RfR kAR EL0 2 B 0.6 B BR L
B Lt e 2-3 A

zﬂ:\' 2—3 fg,«u: IE' S g ﬁ’}’ﬁt}#ﬂ gl g L -ﬁi%\'

gl (- S ke
(Binary Value Set) (Fuzzy Set)
Gl e ToTiae 2 3
ﬁia?]:'i ZEpL e g 7R gL T
B 3 {0,1} [0, 1]
I e s dic 3 p o ik

TR KR AELEE

BB E R NEs EREL AH AT - BAadx fo- B
BEA M GR G AET N 0 x BWA A Fx 2 RA - Sk
%7 (2-1) 5 [49] :

1, if xeA
¢A(X):{ 0. if xeA (2-1)

FAA-BHEOREE > M A (x) REX A ¢ gl v
PenE A0 &1 22/ > WEE LA T (2-2)40T [49] ¢
ua(X): X =>[0,1] » (7 0= p,(x) =1, xeX) (2-2)
- ~a-#% (a-cut)
¥R e BRI REEE N E a8 HEeieeT 1 H
Bt eET mz Fe-F8kiEa (0=a=1) RIHEHERPEET >
AR EMTGLIHRFE L =[(M-Da+l,u-U-ma]> 0<a<is 2 ¥ >
tsteha-82 & d BFREFE[, 0] rEty A8 a-B R

I’u

L2 F s GoBl T 4o B12-497T [45] o
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B2-4 & = &k #c] cha$ &
B¢ afii PHEE (Threshold Value) > a &A%+ » PHE
ﬁ%’ﬂ%aﬁﬁﬁ' DRI EAR] Wﬁm#{ﬁ AREFE
,T%iﬁﬂ’ FaEEN] B P L H - BiE o

A

- BRI AEL LI N T AR R L AR
o

® o E & T A AT HKHRH

® k% & Ay eh(convex)

® ZHWE & E AR sh(normal)

BV Y il = & 0B 0P o B O B =
SO L R A ER ] Y - BORTORE @ 2z TS
B2 - gho Ao ARl

- ~ = 4 # ¥ (Triangular Fuzzy Number)
Z AP EMNT(rnowEikT 2] = m = u-%0> /1 >

Tz 40Pl T 2 40P IRT o b Sdic gy (X)) e B12-5%F
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¥ #&[45] 0 H U, (x)=C1, m, u)eF3E 5 438 (2-3) 3¢ -

X —|

, l<x<m
m—1|
u-— X .
u, (X) = T m<x<u ; He 5 7>0 (2-3)
0 , otherwise

4 (X)

A

= ~ A5 #i(Trapezoidal fuzzy numbers)

PRl U F =(f,, [, £, [)%7  H ki h
S ¥eu, (x) 0 deB2-69r & [45] 0 Bu,(x)=C f,, £,, f,, [,)eiEE
4o (2-4)5¢ ¢

0 x< f;

X —f, (<
1 X<f2
f2_f1
u,(x)=4 1 , f,<x< (2-4)

x= 1, f,<x<f,
f,—f,

0 x.>f,
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®2-6 17 How

$ - HREE
1% Zimmerman*t 1991 & [48], & #13& J13H B RIL2 T 258 B
WA BEZ AT =(,m,u) % To=(,m,u,) » ¥ i &3
SRR SR S5 £ N ST
- B gz AR et 0 B B et (2-0) 0
'|~'1+'|~'2 =, +1,,m +m,,u, +u,) (2-5)
=L B s AR 0 EE et (2-6)F T
-I:l_-I:Z :(Il_|27ml_m2’u1_u2) (2‘6)

oz Ap kit 5 4ot (2-T)#1r

Jui

'|~'1><1~'2 = (I, x1,,m xm,,u; xu,) (2-7)
T oA e AR AL o E D et (2-8) T
TisTo=(, /1,,m, /m,,u, /u,) (2-8)
ot B2 58 > 38 3 4est (2-9) 9T ¢

Iq

-1

T, = @/u 1/ m 1/1)) (2-9)

-1

T, =(/u,1/m,1/1,)
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B fagse i

TR R R 1 AR R R S - B P A E[4] 0 1 TF LA
WP REART TR 1 B oo R B ARRF E RO AR E o T
H¥E-BHEPEE BEI- BPAkE - B L2788 - T
%%’%ﬁwg&%ﬁainéﬁﬂW@#?ﬁ%%érﬁw%J’
Fl3 R iEARR L [ H TR AP - RER TR PfEEE L £
R R Pl B AR Mo - R G A B T EEgR

Fi2 | L a-REjRikEc 2 B A kT o

(=) £wix

£ w2 (Center of Gravity Method)# & % % faficks iv = i 7 &
Fr o4 - miii 6@, &0k £.d Yager>t 1981 # [48] %7
FHdo 2 a 8 KBRS Y o ﬂﬁgi}ug\u Bk g &2
TH i AR AR E S 2 E 25 4R (2-10) ~ (2-11) »
(2-12)%77%

Bk (0= 2kl = ([ ,m, w2 &Fp 3> @ = &34
BT £ o B R(DE T -

Txft(x)dx

RT)=-—— (2-10)
Ift(x)dx

RT) : R A i B &2 £ i
X HERREZ —BEEMEREEEK
f()dx: & B 8 & 4 Sl
ST=(0mu) > 1 =1,2,3, LN AniE = &S B B

Tfti(x)dx:%(li _u) (2-11)
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lTfﬁ(x)dx :%(Ii +m; +u;)(u; —1,) (2-12)

22N ° . ’7 L ¥ 1 2) - FARE A N] » 2
ANV ESR: N - R(Ti)=§(li+mi+ui) s heptniE = & A R0 i

ﬁﬂ

Fou S A RE B AT E Ak

(Z) Edpp &2

B To= (1, muu) 2 To=(l,,m,,u) A % 5 F = & ok dicr RIH &

# B BEARA(T,, T,) 8 5 4038 (2-13) 477 5 [36]

AT T) =210, + (- myy?+ @ —u,) ] (2-13)
FU%* WOk BoAp $HEEE < 30 1T 5 a5 o 1 79 L R BRI
B0t 1 T4EChen(2002)[36] % % o 17 BEAED S T H-CH Hich 1

A B e (214 5

d +d” (2-14)

Ao d =dT,TY) 2 d =dT,T) T st el 1) T
=i £ ©(0,0,0)

CANE R $ S

3% 4 % #c(Linguistic variable) £:2 2. ® #cf_ p RE 2 ¢ hiE
WLE o bdem e (B £ HH o R kEAEER
=

HEnERAR R ShE 2 A 8P RF T Y xRk g o
L

SEAE ARG R S g hoat R BAS] - REL
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Fhcs o FFH
£

1R #3T R

IR A S

PR B

LSt 2

5%

LR FARE R ARR o el TP IE
WBE'?
TRAERE S k-
B PR

PSR T 2L R R T 85

Huang% Lin(1997)[46 % £
Ak & T o
P ek e

7

- PR H 2 B TR
Tk L :téw‘#‘;f;;g PSS 2 R R EE B SAp

BB F O L F L PR oA 24477 o

224 FLHPrER L

EX %l I = &30 i 1L 5] iE ok e
Fo LY LR (9,9,9 (1/9,1/9,1/9)
hava ko (7,8,9) (1/9,1/8,1/7)
B~ £ & (6,7,8) (1/8,1/7,1/6)
i3a A2/ (5,6,7) (1/7,1/6,1/5)
o~ RER (4,5, 6) (1/6,1/5,1/4)
hxed K2 /@ (3,4,5) (1/5,1/4,1/3)
Wik~ et R (2,3,4) (1/4,1/3,1/2)
e %z (1,2,3) (1/3,1/2,1/1)

- HKER (1,1, (1,1,

FH kR [46]

27




 JE A GE

R A hp ¥FAE > 23 £ % FREF ERAER O § AP AR
ﬁ%’ﬁﬁﬁﬁiﬁﬁaé‘ﬁﬂﬁmmf 28 BIE eS8 0t
BAhiphldy 2 { EIRFR AL PR TP Rl %
fRA-RPRE > frig * L LA R es H) 1> g pA3t i a0
FhFMARa 5P > 295k %42 R 2 ( The Analytic Hierarchy

Process, AHP) # % B L& -
R B A7i% 5 Saaty[42]47 IV A TAFFE R BE 0 2 0 A B R
AFPFETRT 2R S GG B g R 4R O*;é’d'*‘v:“;‘ir%’iﬁ P E=

i R 5 ’*ﬁ*ﬁ p B R o L g b i S R B 2

%%%ﬁé%&%i’ﬁ%&&ﬁ&%{iiﬂﬁﬁ¢%§W%

T epg B e £1925[25][26][28] -

o kBEAELEEHR

FI* R os 37287 KPP A& e EUT T BRFER
[25][26] :
SRR N

FU# K A A fRAF R AL 0 R AT AR S P EHTR
b e BT o Fla RgpSaaty g ik 0 BF 2 R AZETH
AN ET R AR LR s R RI2-T) -
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-

B PR

PRI P

(%- %) 0, 0,

(%= %) xl  x2 --Xn yl y2 - yn z1 Z2 -+ 7Zn

®2-7 AHPK 5457 . Bl
FH kiR : [25]

SRS S Tisg 8

HEE AT R FRE I FO K A7 aRER ¢ R
LI TEEEE |~ THER | ~ Tipd g | » TREL
ME TRHER | > XL L CRLN357 9 ehfFE B o ¥
FRIEANT BRAARRZF > HLA2-4-6-8 TR E - A
BT inEL R EE L& 0 k25 1T o

PP LBEFF I REENGEFEE 7 F- 4 el
A 43t (2-15)975F -
1 a, oq
B L (2-15)
1}aln 1/z;12n 1

A:[aij] =

B¢ o AAR AV ERER R E

a; =1l/a; » i1=12,..., n-> j=12,..., n
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%2-5 AHP:=% = R R &

e SR TR EA
1 FEER At RATRAEREF
(Equal Importance) FEEM o
3 HEg e L G ot
(Weak Importance) - 3% o
5 LR S BT A e B4R
(Essential Importance) -3 %
7 BEE FRET AT R 8

(Very Strong Importance) | %- > % o

9 BHLE FERERY LS HIFSE
(Absolute Importance) - > %o
2-4-6-8 ApER T Rz P R E BB ITRERF o

(Intermediate values)

TR %R 0 [25][26]

P ERFREEEE

YA RIEE » T RBL K BE F L o
A F * g pcie (Bigenvalue) f#iz » 325 & $hb s g i

fui

v £ (eigenvector) » § AR e - AT § = 2 - KL
o QT
FELAL - Boxnd- REPAELEF A jee £ X8 FHE A
fosE LAl dhe(2-16) 77
AX = X (2-16)
S VIEN2-1T)
(A— )X =0 (2-17)
Bt T REEEAIMBEAE A B P B B X
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N RIEA LA, A B3 Gad it fE s > 4ot (2-15) %7
B A B A DI ER R LW W, A 5 5 BIEA S

BEAZE ¥ TE ai-zvvvv I =t B v e B 4est (2-18)

Gy
wlwgow fw, e W W
A=fa,]- W?/W1 WZ{WZ W?/Wn (2-18)
W;]/Wl Wn}w2 wé/wn

é’\W %Hf@‘ %'&mmﬁié’i ’ ’L’l /’T\‘%‘%W:[Wlawzy"'vwn]-r ’ El'lt'\'

Hit et AL » EWR F 7 F50(2-19) ¢

wolw o wlw, o W w | wg nw,
Ae W= WZ./Wl Wz{Wz Wz(Wn V\{z _ nvlvz (2_19>
w,/w, wfw, eow fw |l w nw,

RN Q-16)HHFae £ 2 2.5 VHFRN(2-19)7 #L£wEW

PG R H RAEEAL B B o T 0l s BHE R Y - B &R

(2-19) 7 =B % ;4(2-20) :
AeX=4_oW (2-20)

\Z_L N — ;f;(l}i’}’ﬁi

FETE FAX P B EE - R R IPEF- R T
(Consistency Index » C. 1. )W & iR & “7% ¥ eh§ ka4 s
L RAEE R E L - REEL o F AP L R - R

An=N FRIRIREBEE AL =ne F o %A ,4#4%:%@9? - REAR
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RAF o - RPGRE o B E 422D 57 [42]

C.l = fma =N (2-21)
n-1

A - ™ E B S FFHTE
n::Tz 232 Bk

I - gk > FC 10 & 7 @ S 2% 2 % - it
BC L0 IR 27 2%r7 @y o §C IK00IFFE7 PRn o S $t i
FEELE G - R

H L RAEE &7 e chari B(Order) T 0 g A2 3 e LE >
F & SE ¥ 4p % (Random Index s RI) » 40 2-5 #77% o ffp b eiELT
C.lEe&R [. Eant & i - & F(Consistency Ratio :
C.R) o #C.R0. 1p* » PlAEL - RIEARR
L ARR o - R FantE 4oV (2-22)[42] ¢

C.R.:C—':' (2-22)

'S 1 2 3 4 5 6 T 8 9 10 11

R.I |0.00]0.000.5810.9 | 1.12 |1.24 | 1.32 | 1.41 | 1.45 | 1.49 | 1.51

FHL kR [41]

HEN T REES 0 B Ak AP AR B a2 ins
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Y A 2 A 4

A
e BN

A 4
o WD FiEE
A
¥ 4 g A g e
EE?
iz it A

A R E TS R

g]z 8 AHP‘E“ ﬁ}:/& = - ﬁim
AL &R [25]

AR, AR S S Y 13
ABELETE S RO E R R R REERN L R ER 2 AR
H)%r > @ Saaty[42]2. @A s s 172 T A E B o LA
Wl ARG S B 2 R RSB A AT AR R R AP
W2 ) (RGBS s eBl2-9) REFE S BRAK AR 2

Bt o FI A A ek G F LT R AL
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1 a;, e ay,
l/la, 1 - a,
1/a, 1a, - 1
B12-9 & XAHP = ¢ e [
1. % HFER AL
W a AR T A D B R RLA A 2 R FE R
BRSO AL W R G R R R A S TR ML E R

FE o REEERE A ARF WA LA -
2. T 3ol L FREZ AT

Rortiiz2 ;7852 s L2 T80 Ra Tk L

£ 24 “ﬁm’mfﬁ%vi'%f@%o

ok * AHP 3% 0§ K sl 4o pF o RIATE DT R A A i
MeGipler ko FEREFFFY FNAE S > LHRA O FROE

,%’#7 i&]ﬁli’]ﬁiaﬂ\i?% /i‘ai;ﬁéffé'li‘
€ BRI XREEZF BT EE

BPRERSITE LR, ERITFHUMNGF

Sy
2
€

{

)t

Cd

‘él.\\

4 P
b
o
/\‘
ﬂ =

I % ok sl 472
d 3@ BAHP#é * P a4 5 18 (FFuzzy AHPRE A 2 > Buckly § #-

Saaty7 ]_Q }é] &A\ﬂ}frlz- 4r I!,%’IL ’ 7}} ’}’3_‘]"9@] f-k/n\“f’ﬁ’ » = ’i’ﬁf
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WHcE BT O~ AL RaEE Y > U FEAR A 4o BI2-10077 0 B P
Q3 r) ~ Qg3 R) & BB MR B EPIHTE ~ HETREARY A A

2 AR B e AFT T BRI }|£Fi§;'ﬁ ;}grﬁgv}}%ﬁf LS TS

Aq-r)  Qo-r)  QizL-R)
Ay-r)  Qop-r)  Aaz(L-R)

Au-r)  Q(-r) A33(L-R)

Bl12-10 FAHPz = $fv* e L [§]

- . De Grann(1980)[38] :

Mﬂmmﬁiﬁﬁﬁﬁ@@*&ﬁ%&ﬁﬁ%ﬂﬁéiowiu
iiﬁﬁ&%%ﬁﬂ%ﬁﬁﬁ%ﬁwﬂéiﬁﬁﬁﬁ"%%ﬁm%
ARER T LD R g A AT 72 % ehi A B
Tk o BEHRGT 7 % o

< Buckley(1985) [35] :

Buckley# @ik & £ 14 k" & @ 2AHPY > 7 ¥ A fkeid
PR - RERAL o LR R AR R A 7 5 5 R
FEARHERBR DR NPT GEEL L1 B 2ok
SRR - Hop e R E 0 R E A R L
BB B kAL F RS Fenip g o

Iy

W

ke B (1995)[17]

SRR AHP: chad Bh ] BRCk B S 1A aPE A Rt BB SAHP
PohE - B R 0 ¥ AiE - B R EEAIPRS 5 2. P EEAR
EIAFSE B B H o Ft o bk & M Buckley ks AHP 5 A A
P72 el a8 Bk @ 2 - B R AA R0k ARP
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o~ 5k A w (1997)[21]

L R BORARPR R E Y ] ERIE TR G 200 24
T o H A e B F 0 Buckley (1985) stk AHP 2 $05¢ 5 AL # - R &
A B R ARPE RN L G T AR 1L I 2 &
&ﬁ@ﬁﬁﬁiii’?@iﬂéﬂ Bl Lo FEXZFELL

BANBIMPLFFHEL L% 20 Hd = AL TR R

WA BRI G 0 T oee L BAANPE BN Y o MApgtE B B2 3 M
g TR B AR et X o 3. M= & 5k BicP M Buckley(1985)[35]
Z R AHPE 5N ¢ e o B AR M R E > T it E i fe
Bo®%gF*ie 4, BB EER 7 L k& E(1995)[17]
SR HOWARPE B Y AR AR 7 b e k2 Lyt
4 o

FAHP2 et {7 4% B fo @ seemAHP2 ~ 3R 4p e > 49 B et Hop AHP
FRIIWFL BRI E R BT E RHOpAHPR M A T &

BAed 2-T97m o

#.2-7 FAHPAP B 4= § 2 72

ER | FPIH Py il P EEs

F

1983 | Laarhoven | &%+ @& $LAHP | $oB 3R | 2 2 :cd @ SAHP
[40] | Pedrycz |i* cde hf s B | = & HOk dc | 2 4P B 4% Bh2 H0R
ferzrd oo AHPZ & 47 #5250

1985 | Buckley | &-#ti% sLAHP o IR, | 2E e @ SUAHP
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[35]

i AP B 4 B

4E J‘j Ef(;:]‘;_ o

B35 o B
a-# &

i% AP BE 4% BE2_ HOkS
AHP:% 4 45 H5¢

1995 | JEAR | Eorm AT | HORIEH | SR L EuE L s
[31] BORAZ PR | Z AECRE | 2K BT EG o
Lo B L

L
1995 ik B, ii@ﬁ%ﬁ*%d Z AR |22 HH S E I
[17] TR o a-#F | FF 2 LETR
IR L o
1997 sEEw |E2REFEZ | FlE Ao |22 P ) g E
[21] POl EEY | Uz A | *ITE A2 B
EE L oo #x Euid | AIPA 4TRSS o
» A2 A
3 AHP ;2
1998 | mrE % ST RTAR | M AOR | AP S
[15] ARG | HE 2 | FRTMFETH
¥R R T T | AN | RRZEY AR 2
> %o #3 AHP /2 A
Moo
2002 | B4 = | @R TIIT R | M= S HH | B HoAIDE 2
[34] BHLERTRG (BEECE | 2R TIFRRE
Host ARA N | REEESHES

FoAPi
3 57 & 3

S
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R
i

2004 R EATHM | Mz A (2L AT RS
[22] Hor Ty o | BE Euik | PGER A BF
s A 5 FR BB L

5 AHP;2 AR R iR

TR KR AR R
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%ﬁmﬁ%@1ﬁ£%$£ﬁ%§%&§@;»%i@é%?*%ﬁ
FERE 2R AR E G B o 22 RE[D

AT AT 2P0 038 F 0 Buckley (1985)[ 35 ] etk & s &
T G A R B EBSCIEAGE Y Ho R~ Wk 232 KPI
BE S, Fe s o B A A 172 2 B ARG SRAT ~ 3R
B KPIZ BEAFEFZFETPHELEESN L e E S FHP
Ty EL £ FINBSCr < g T2 % A M i E 4 148
TE o B &Tﬁé’%?r‘%@ﬁ?iﬁd P WBRTE PN T T o

= VR FR

Buckley(1985)[3b]3% 5 K B 472 B pI2=® F > &2 if § 1
BORGE G F 0 BLiATE S8 0 Fa B IR 0 K s 1T AP
o RNTRE B2 0 B 6 R IR R4 1 BN AT BT e
s 2 R a7 B A1 AN A T iR FREFRET
o738 38 R 3L 3B 2 ok & &4 972 2 Chen, Huang % Lin (1997) [46]
SRR BB 4 S ST L R0 @ AFT T # Buckley ks A A 47
2SR mAHL T R P FRLRESARERN EH 0 7
e R RER KB OB S N et o B0 A B A 473
hh FEELP 4o 3-1 T
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EE N A A R T e 4

A\ 4

ZFRipRL R REFFLE

Bk BR T

A 4

IHELMED S

Lt 2 B E L frid

s

B 3-1 Tt o+ g E & fe i\ I ALE

FOREFART

PR R R B R T AF ER L
-"5 ’ ].—-I fg,‘r"\‘[‘ln\"F ’}f&é_&\]ﬁa}é—:f# ﬁijz %{—FF ‘ ;3\:;:& .E’_. Z

(=) FRAH

R -
,5}? 4T L

v

Bomui Ay Ed ) ~TER -~ Tvpds |~ THILE ) -
S RER RSl Ao d HEFARTAF LR TER

TRRER T TR R EEY O RHE R

AR 20 14~

C BRS04 dE o 2R SR & A RO Bl i > Bk

i

\\\Xy
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% Chen, Huang? Lin (1997)[46] 3% = 3% > 4o 3-2 #7577 o



#3-1 ALY LF LRI ARN L £

WS A FAHPE & % B 58 0¥ 30T — FFEFAHPRE ¥
TR ATEN ) FAH T A B R R 2 R R
Ao P s B2 BEALRT I 1D I09E BEEA o bl
HIHER  ampmEre K7 051,230 4
FETAERAPER(A 203 Fs T REL ) (&
BE)gER AR E M v P BIEA 535455 ﬁ;aa@;&»\
REBB 45 4T A s H P M P B s ilF Y
Edre e FE A FOOK (USMSL)R R 4

BARR PR ILEBIT L2 FEARR o

ERAER L M U

-fkEX 1 1 1

esEk

R E &

&

Ol > W | DN| —

EFER

()

A

1.0
0.5
0.0 >

01 2 3 456 7 8 9 10

TR KR . ATY

Bt
)

#3-2 AP LY ELHBIR IR LS F 6

H1E | BLERE | LEhbEk | SEnpk

L1 -HRER (1,1, (1,1,

L2 R (23,4 | (1/4,1/3,1/2)
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L3 iR & (4,5,6) (1/6,1/5,1/4)

L4 & (6,7,8) (1/8,1/7,1/6)

L5 2y LR (8,9,10) (1/10,1/9,1/8)
(=) B Ex3

RyporiE 2o B B R Y R - g T HREER D
U LaA AL RALTEP2Z BFENE 2 AFTHYT B AR
T dd FFFOpHEL M BB 7 FIZRPAHER AR
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(& W iE ’f-‘?—‘f"‘ 5] 1= B S iaby 7V (3‘1)”"[‘7“1' :
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Al R AR ERE S N KRB RE D e
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T = tim|__ (3-4)
WS =] > i= 1,2, (3-5)

(2) $a=0 >» 7 RN Fk =& g T AP FED G EELE 1Y
PR FlEE > A ul kT 54 (3-6)2 (3-T) I *
B ETEHE S N AR KB TEE 5 B AoV (3-8)
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Tﬁ::hm o (3-6)
TS =[tg| (3-7)
W< =jwi] > i= 1,2, n (3-8)
W =[] s i= 1,2, 1 (3-9)
(3) 7 Wy =|wi| ~ Wl =|wi| ~wy=|wh| EREEATE g E |
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A FREMEL 2T RE D TL T A58 (3-12)
(3-13)
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W, =lwi| > W =IQwy| 1= 1,2, -+, n (3-13)
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e E o 4N (3-14) 577 -
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wizl/k[wi@wi@ ..... @Wij (3-15)
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o fERfCR T

F1%* Chen(2002)[36]#& 41 enfdficks i 2 5% £48 & 2 & e i
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A3-Eg3n e

R

(- DFFd P AR GFL R U B RO R - R

T REEE AT

1 3 1/7 1 16 1/3 1 51/16
A'=|1/3 1 1/83| A*=|1/16 1 1/3 A®=|1/5 1 1/5
7 83 1 3 3 1 16 5 1

FI* K o472 (3-19) » 17 Amax - -ﬁ%ﬁd Amax ¥ # C. 1 2 C.R

(3-20) 4= -
C.I'=0.048 C.I?=0.012 C.I°=0.013

CR'=0.092 C.R*=0.024 C.R*=0.025

1 3 U7 1x3x1/7 =0.42 3/0.42 =0.754
Al=[1/3 1 1/83| = 1/3x1x1/8.3=0.04 = 3/0.04 =0.342 (3-20)
7 83 1 7x8.3x1=58.1 3/63 =3.877

0750403400 357, | O0754+4981=0148
. + U. + o.
= = 0.342:4931=0.067 =W?*=[ 0.148 0.067 0.785 ]

=4.931
3.877+4.931=0.785

1 3 170148
AW'=|1/3 1 183| |0.067|= 4,  =3.0955
7 83 1 ]0.785

C.I* =(3.0955 - 3)/(3—-1) = 0.048 (3-21)

C.R' =0.048/0.52 = 0.092

(=) Aa=1"f1* a-# 4 > 7 @ELT 4T
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1 3014 11 033 1 5 1
T:=/033 1 011| T2=|11033| T2 =|020 1 020
7 9 1 33 1 1 5 1

F1* K aasdriz(3-21) 0 v RERE £ ¢

w!=[015 007 079 ] W2=[ 020 020 060 | W:=[ 0.45 0.09 0.45 ]

1 3 014 1x3x0.14 = 0.42 3/0.42 = 0.749
T!=1033 1 011| = 0.33x1x0.11=0.04 =3/0.04 =0.342 (3-22)
7 9 1 7x9x1=63 3/63 =3.98
0.749+0342 4398  _ 49+>071=0.148
O _ggy | = 0842+5071=0067 — W, =[ 015 0.07 0.79 ]

3.98+5.071=0.785

(2) £ a=0-fI" a-#§ 7 @ELT R T4

1 1 0.11] 1 1020 1 3033
T'=[020 1 0.11 T?=/033 1020 T’=|014 1 0.14
5 7 1 | 1 11 1 31
- 5 0.20] 1 31 1 7 1
T = 1 014 T/=| 1 1 1 T} =033 1 0.33
i 9 1 | 5 5 1 3 71

Fir R o472 (3-22)~(3-23) ¥ RFF T UEE e E o H 5 L
w!=[ 012 008 081 ] W?=[030 020 050 ] W*=[ 037 010 053 |

W!=[ 017 0.09 074 | w2=[ 027 019 054 | W:=[ 037 009 054 ]

1 1 011 1x1x0.11=0.11 3/0.11 = 0.479
T'!=/020 1 0.11] = 0.20x1x0.11=0.02 =3/0.02 =0.271 (3-23)
5 7 1 5x7x1=35 3/35 =3.271
0.479 +0.2714 3.271 0.479 +4.021=0.119
' +_£'1021+ N L 0.271:4.021=0067 =W =[ 0.12 007 081 ]

3.271+4.021=0.813
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15 0.20 1x5%0.20 =1 =1

T!=1 1 014| = 1x1x0.14=0.14 =3/0.14 =0.519 (3-24)
99 1 9x9x1=81 381 =4.327
1+5.846=0.171
1+0.519 + 4.327

— 0519+5.846=0.089 =W, '=[ 0.17 0.09 0.74 ]
4.327 +5.846 = 0.740

=5.846

)
|

() B 2L F2 FEw BB HH(3-24)~ (3-25) » H % 4.
Q=088 Q=067 Q°=085

Ql=1.08 Q2=111 Q=122

. L (0.5 0.07 0.79 B
Q —mln{ ||1<|<n} m|n{0.12,0.08,0.80} (3-25)

= .25, 0.88,0.98} = 0.88

1
W, :
Qp =maxq—m[1<i < n} = max{
w

iu

0.15 0.07 0.79} (3-26)

0.18'0.09'0.73

ax{083, 0.78,1.08}=1.08

(T) FELERAFL2ZEBES E(3-26)~ (3-27) H&% 5
*=[ 011 007 070 | W*=[020 013 034 ] W5 =[ 031 009 045 ]

WX =[019 010 079 | W* =[ 030 021 060 | W* =[ 045 0.11 0.66 |

W, =|Qiwj| =W, =0.88x[0.12,0.08,0.80]=[0.11,0.07, 0.70] (3-27)

W, =

QU iu

=W} =1.08x[0.18,0.09,0.73]=[0.19,0.10,0.79] (3-28)

(=) BHERIHEPIEL B 5
Wi=(011 015 019) W;=(020 020 030) W;=(031l 045 045)

W2=(007 007 010) W>=(013 020 021) W;=(009 009 0.11)
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Ws=(0.70 079 0.79)

W:=(034 060 060) Ws:=(045 045 0.66)

(=) Beitbraafih®EL(3-28) %5

\
Y

W, =(021 027 031) W,=(010 012 014) W;=(051 061 0.68)

— 0.11+0.20+0.31, ,0.15+0.20+0.45, ,0.19+0.30+0.45

Wl:(( )!(

) (= ' —)) (3-29)

3
=(0.21,0.27,0.31)

(~) faficks v & 5 (3-29

3 3

)~ (3-30) ~ (3-31) ¢

r,=027 r1,=012 r,,=0.60

d~(w:,0) = \/% [(0.21-0)? + (0.27 - 0)* + (0.31-0)?| = 0.267 (3-30)

d-(W21) = \/% [(0.21-1)% + (0.27 1) + (0.31-1)?| = 0.733 (3-31)
0.267

= 026750738 % (3-32)
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