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Business Performance for Semiconductor Companies of Taiwan

Student: Meng-Fang Tien Advisor: Dr. Gwo-Hshiung Tzeng

Graduate Institute of Management of Technology

National Chiao Tung University

Abstract

Taiwan Semiconductor industry is one of the promoted industries of the government’s
actively developing project of “two-star, two trillion( & ¢ g% )", after the development of
the past 2 decades, the global market share for Taiwan Semiconductor industry ranks as No.
1 in foundry and ranks as No. 2 in fabless, these show that our Semiconductor industry is in
the position of world leadership. Compare to the other countries, the most comparative
advantages of our Semiconductor industry are the industry clustering effect and
specialization within Semiconductor industry, and these advantages are hard to imitate for
other countries. However, the development-of our -Semiconductor Industry has been
focused on foundry manufacturing, and often needs to invest big bucks on capital
expenditure, but under economic  downturn, this expansion often leads to capacity
overshoots demand. And with joining.into competition in the foundry segment from new
entrants like China and South Korea in:recent.years, our Semiconductor companies are
facing the new threats. How should the Taiwan Semiconductor companies adjust their
business strategies with plentiful long-term accumulating manufacturing experiences under
the scope of the integrated upstream and downstream industry chains to transform
themselves into a high value-added, design-driven industry in order to remain competitive
in global markets is what Taiwan Semiconductor companies and the government need to
face squarely. This paper presents an analysis of business performance for Semiconductor
companies of Taiwan based on the 2003 financial data from the Market Observation Post
System and the application of multivariate statistical analysis techniques—Factor Analysis,
to diminish the 20 financial criteria and represent in 5 common factors, and base on the
factor scores obtained from Factor Analysis to be the inputs for Cluster Analysis, we
divided 67 Semiconductor companies into several groups, and further analyze and explain
the characters of each groups, in order to provide suggestions to Semiconductor companies
for making strategic decisions.

Keywords: Semiconductor industry, business performance, factor analysis, cluster analysis
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FEE (RATSH) 742 1152 1220 1478 1902
*EF (%) 58.2 55.3 5.9 21.1 28.7
poeh gt b (9) 62:38 59:41 51:49 49:51 45:55
FTALNFEE (%) 6.5 6.0 7.8 4.9 3.5

R&D ¥ ¥ % (%) 8.9 9.3 10.1 10.2 12.8

FA KR 1 BpE (2004) 1A



kgt ) E oo b gl £ g 2002 & Ag i 509616 0 2003 & { B i 5590 0 4 &
G RAEME R p BRG M B EOT KRR RP iR REER Y R e
é CHRPEFRRRTI R I A

b g AR BT 0 B ATA SR E B Y P E B4 0 2003 # K E A
Bow ik Eapent £ 12.896 0 & FF i 243 AT 2 N o 21 1999 & pEF e 66 BAT 5
A P ARRFEF AR AT E T A -

2. =¥ ok

231 oBICKFELAENRE

p * 1999 2000 2001 2002 2003
TAEES (=) 2.4 3.1 2.14 2.16 2.16
AT (%) 39.0 42.0 35.2 39.0 40.2
LA (%) 35.4 38.0 34.1 37.9 37.0
FHEF (%) 19.7 23.2 18.7 23.3 21.4
ZHF (%) 17.0 21.9 16.6 21.0 20.4
TR 1A®E (Faro% )| 1236 1516 1245 1252 1514

T kR 2 E2RE (2004) 1R

3. AR B ES

2003 & B A - A IC 3 FH A B EMA B 6190 kLT Y F e
*%;;L't’#E7a§—m“‘§$—“]—.~#k?k:’i\‘$ ez BomRER SR LAEBE
foinz 3 -

42 2003 & SHICHFED LAY i

2002 ¢ iz 2 z
20034 & 2P L ('Sﬁrr’jﬁ) (gﬁ;,ji) SE % (9)

1 inko 3 S¥ 295.1 380.6 29.0
2 SETF 252.0 203.9 -19.1
3 FHAH 86.4 111.0 28.5
4 Ui S ¥ e 66.9 109.1 63.1
5 HE LR 91.6 92.8 1.3

6 TP 60.9 65.2 7.1

7 X 39.0 53.3 36.9
8 HIETF 40.0 46.2 15.4
9 k7 19.4 45.0 132.0
10 =y If S 30.6 44.0 44.0

FH AR 1 ®mRE (2004) 15



R RN

B AL AR ERNTRASUS AR > TR TEARPEF PRSI LED
@]F\ E AL B L > 2003 E 0 F miE 45490 0 e AT RE 4 i*%'%z (4= PC~NB -~ 2

) FE KL AR Y FaHER T > N gant & iR E E <> 2003 4 8 3
W“ PEant £ P Apde B T 5559 -

S5- AkFREEFERY

SICHKT %4 Ep 1998 £ 1 2003 EenE4F & 2 £ F i 32.3% 4 FH &
Bosilgit 12 FAFEFH L3RR PP E AL -FPPICKPES
B4 e d e PC AR B E B B MR S e 0 4 3C dhli i e A SRR

cBICKFAESEE2RICH HFEL LM - = 2001 &# 23R ICF 5§ 87 >
oA ICKIE MG tgF & 22001 #iz 45 > SHICKIFELFERWME > L1
202/ > 2004 & 5 DVD ~ LCD 4p B & 5 12 2 I & 'lgcw#i;%?rs FEFFHLT R
PICHF LA B #T 2 #end £ o & 5 IC R~ % A @5 2005 # -4 6 3000
AT 5% 5 2006 4 F OB € P 1004mF ~ o

2221C g3 ¥

2003 & ~ 8 IC Wi 2 £ 242% > A B — B 722000 & L H 48 5 & 14686
EFT oW B iE 4701 H SR oo
#£12003 &% ~BICH:gFd 2002 #0114 Foprt 5 13 o AW 5 B
FlR1ehofF R ~BR CERAALENRE A ZAKRES ﬁ‘ |D|\/|-§I\-"$"'3 > L
FLE = RE %fiée'hﬁfﬁ_"ﬁ”ﬁy N f&b?ﬁ: A R s T E e R

pERS
o4
=z

1- £ &5 28 Foch i

ZOOSﬁr,?IC%ﬂlE;‘;—%Z,—;Ilzg_ﬁisb—\r}’g;}%&EmJ{%,—\dvﬁ' 'ﬁ?‘ﬂ& 4

R ALY Tt ) 4'5R)ﬁﬁ+im81/mfﬁnﬂbb G % o ¥ — v Bdie
Bl ferm g ’%ﬁr‘ RTINS B LR AR B ey s»fza\%%;frl‘f AT
R&D 73 & ik g £ 3 ’m<d’§i}§&£i 24496 n1% WL B o A @1%@]&2003& il o
ICHBFAELJIF2 ZHF L EEFEDRAP LR -



+ -
S

SRICHSELR LB

p #1999 2000 2001 2002 2003
o iE pdk 21 16 15 14 13
¥R (RATS W) 2649 4686 3025 3785 4701
=& 5 (%) 56.4 76.9 -35.4 25.1 24.2
Bhe@Ea4 (um)l 018 0.15 0.13 0.13 0.09
b 5 (9) 50:50 34:66 34:66 47:53 49:51
TAL MY EE (%) 71.4 65.9 52.1 37.3 8.1
R&D/ % fi (%) 7.0 5.3 12.1 10.1 24.4
?J(i i 2 E8EE (2004) 1
Fe N r'/‘? IC %ﬂla L E‘*A{#Fj%ﬂ
B 1999 2000 2001 2002 2003
FAEESF () 0.8 0.95 0.55 0.63 0.72
FAaEMF (%) 12.6 30.8 95 2.9 6.9
A% (%) 31.4 43.3 10.2 20.9 22.2
FAF (%) 16.5 37.0 -11.7 4.4 9.4
/aﬁ 1% (%) 21.1 36.8 -16.9 1.3 9.0
TR 1A ® (B3 0%) 828 1075 597 836 1020
TR KR 2R E (2004) 1R
2 ®p w2 RH
#4 2003 # ;w4 IC fid E K
2002 & 4z 2003 & 4z
2003 #: & o & (ﬂﬂfgi) (%ﬂfl) HoedEF (%)
1 e i 1609 2019 25
2 iy 674 849 26
3 R 321 295 -8
4 2 17 300 284 -5
5 s 116 263 127
6 751 183 251 37
7 4 & 128 230 80
8 oz 161 175 9
9 Pk 158 163 3
10 & R4 83 109 31
AR 2 ®EE (2004) 1



3. BTG A B

Feo#IC R R FHALA 53 0 Je RSN 2003 £ BN DRAM 4 &
12 v A A i H 4o o ARdE 2 T 0 @ 17 DRAM A D15 4e 0 4 b R S REEAR
DRAM # 3 fe £ T = & 5 ¥ ebo g e R E Fajecd - # Wil ¥
jl*lép/?@lé’:‘;‘:}i et £d 2002 £ 927.3% F 2 1 28.79% o g b A 2 BAR S,
B o d PR e K7 DRAM kAT 35 F B RE P o 0 BR,
2oL £ R 2002 # 79T F 1 2003 & 5.6% -

BHFA TR G 02003 £ A RS F AT AN flr FaEE P kL
FREAH LA FZT > FFIAIREESHICHE A Eant £4 2002 £
65.296 47 7] 2003 4 ¢165.79% o ¥ ¢ > L2 SHFE 1P HpL2 o & IBM - NEC 2
Hynix % IDM Bt B IS 148 o 4e b A9 B i RANTF 2 5 kd &y Ist
Silicon 2 Siltera % & i& % 4 & & 1+, ?J Mis o R ARG 2R L F &I s b 5582002
& 1 73% 4 7% ¥ 2003 & 0719 -

L SRICHEEAR A s PR Wi 5
e | a MR dsx o pa pd ewm ge g
1999 49.9 6.6 1.9 17.9 10.2 11.2 2.3 100
2000 50.3 5.2 3.3 18.3 11.3 10.4 1.2 100
2001 57.5 8.1 2.9 14.9 7.9 7.8 0.9 100
2002 47.3 11.1 9.5 10.8 10.9 13.0 0.3 100
2003 50.8 13.9 4.0 10.3 7.4 11.1 2.5 100

FR KR 2 2EE (2004) 17K
(2) 1 #$3%

At % H_ 27k Fabless e &~ gy » ARA 25 - B FR IR Fla 2R
bt N Ry fh W ﬁ"“] i 2003 EAEE HESHLFIALIASE NS RLEL
627% ° @ ¢ @ 23 EF 2 < ICKZ R Flt o S ARFIA L 4 8 Ry
- 2> 2008 # iRk A gy et £ 0E 22,996

|
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Eo GARPEI SRS Koo
=R S % 7 % 3 4
1999 38.3 47.5 9.4 4.8 100
2000 24.3 55.9 12.2 7.6 100
2001 23.0 55.6 10.8 10.6 100
2002 22.5 63.5 7.0 7.0 100
2003 22.9 62.7 8.0 6.4 100

AR D R E (2004) 1
5. ARFRAERHEY

o 1C i #f 2001 # % 23k HH R ﬁ:
* 2 f(f—]—xﬁ' LT L R4 R AL E A
AR VR R R ARE & AR LISE A S r&f&pc'lﬁﬁf'i‘ﬁ 12
[y 2000 E g > E 1 4701 RBET SR AR o

BHAK AW ST Fabld 2 #1552 B 120 & PR 4o » 385 7 -
e AR RS ABREAL S G a“}”»%%?iﬁﬁé_wc?ﬁ“ o Fe A AR
gk o

2231C #HEE

2003 &£ A R ATE A ¥ & & 501176 RmFFE > #2002 £ & @ & £ 24.19; - 2003 &
B Rk 5 36 Reo

1- £ 25

é’-@?ﬁqi %é%iiﬁ#ﬂﬂmﬂ%\’m%ﬂd”ﬁ? gvlcﬁj\i}i {‘ﬁc_ﬂpl)fﬂ’_g_m
MR ET @ —p 0 B R E s R MR Y R ARE i 2002
FRCZ R £ 36 Roo M fz‘?—%ﬁ'\:}?%i‘g ~IDM £ fiEfFLE R R BET

2003 £ R FHEA LA B #2002 # 3 24% > & » A EE T 976 % 5 Ak o
%P IDM B E e T 52003 vk 4t F Pl g 2002 # h 50968 - B 4
5296 o @ L AL R chtA > 2003 # T X 4 3t BGA (Ball Grid Array) % 3 F#

E‘Ea‘f FaigmP o 2 DriverICHE - BHRERFHEAN NI ERE S bp

B FE3t 5 Driver IC &2 i3 R I B ED H-v 5 = F,-,sgw G ERT 5 e IR R
2003414“5%?*4 DO BERFAEEITAR TS CHE BB LANGTI oA T
FRH B E RS FF ARG 2799k LR G FE N F RS IR
REEE HFE 4 o

11



Ll CARMTHEEFELRHE
3

p 1999 2000 2001 2002 2003
R rdk 38 44 40 39 36
FEE (RATSR) 549 838 660 788 976
2 E % (%) 31 53 -21 19 24
okl (%) 50:50 48:52 52:48 50:50 48:52
AL NIEEE (%) 52.1 35.1 24.7 11.5 13.8
R&D/F ¥3F (%) 3 1.9 2.4 2.9 2.7
TR KR 3 ®EE (2004) 1A
2 5 F gtk
d FES iRk 2003 ERFTHEAF AR J WAPFHRR HELERFE
kL IS R Ap gt PRk ﬂmﬁidﬁnﬁm o&yﬁh%tﬁﬁﬂﬁf%f
HPprg B o fed R IFOTE 2 HR S AR o v g 2 2003 E FAAT A A £
AEEBE - AR F B 2000 £ > £ 3 m%iﬁaér’ﬁﬁia/‘,w,lﬂ (X 128 e I
FRE &S g o
Pt RTIER 1 A i R G0 d Y BCASE H B 2 B L AR EY
W ek 7 oo Ao P AR Driver ICH EE B s B AL ok ERF L o A 2003
EAFBETHELTOA 1A EEE 3R FAT o N FLATER B A kv iy
i_-f | % H g et XD B9 R J—i”ﬁ 1 AT FIEFEFH A A B E
BondtEE R A L RAR SRE ¥ E g - -

Pz SARTHELREYEHhE

. #1099 2000 2001 2002 2003
FREEE (%) 1.0 1.2 0.8 0.92 0.98
FRAFPE (%) 227 223 -6.8 1.6 2.0
241 (9) 18.2 20.2 4.1 11.8 12.7
FA% (%) 11.1 14.6 2.5 4.2 6.0
EAIE (%) 24.9 143 -8.9 15 2.0
TR 1A E (FATSH) 203 279 264 276 322

FH kR 2 ®REE (2004) 1FE
3-WpHI 4K

YR ET9% R HER E P Hias
DEES w;Wﬁd%g AR A5 kB
LAY oo B 2003 & BT R £ £ et

R RE LG 2P —R Y g T -

2003 & R T3 & T < B =
%\%lt#k’ g_;?ﬁf ’ }i -T- 4 3

BB AL - B2 o
Ao F- Livd p oA Joﬁﬁ.j



I he f;.ﬂfm Wi 2002 £ et LER 0 A W] 4 a,flxbk’i&«-*’m%;‘:*":‘ZOOf))
RAM ¢ LCD Driver IC 1 |74 pLes 32 IFL% # > % st DRAM 4522 Driver IC
2l 7f % 2003 & &c 3 R B ehE IR FHEINS 2 F i 2002 £ F 72% 0+ tF
o Fa S AEEEYT CRE

. 2002 "z 2003 ks i
. Na e E% (0
0035 =7 eH Casraty  (mpamy FEF OO
1 porokgE 256.4 358.9 40.0
2 o 196.6 249.1 26.7
3 i;ji T+ 72.5 73.6 1.5
4 RLERTF 40.9 47.0 14.9
5 2 )J:&A?fiii 23.9 41.1 72.0

T kR 2 E2RE (2004) 1R

4. ARFRAEFARY

2004 E4FEE LT R FERD AL LTI A1 2 IDMEFFL H 3K 0 HE
FRMALY FTZEFAPFRM 00 FRBIC A S AT B F K
BRRAG R FES > B (B = EREFRMT AL o B Ey -

W?ﬁimkﬁWﬁwﬁﬁwﬁaam3&ﬁ4mywzm4ﬁwxp%gi&@
FH-R AR B E RS R G R BRIDM Ry A vt 3R G g < AR Bldep
1ok d pE NEC § g m @57 H » @ *M\ IC ¥ %7~ %< % 3 BGA - Flip Chip---
ERRHE CTHRETHEDEELRGF ek o

224 1C Bl %

2003 # Pl ¥ A E 5 409 RAT & W 2 2002 £ = £ 2990 o BiRliE E AR E ,
ﬁ*lﬁﬂé#%lZiwﬁﬁéuL$§T’ww%wﬁﬂﬁﬁmﬁiMFﬁP£’
o FLRIGAL PV EEHRF > ZRPRGFERF TR WD Fo p L EFEIRD
AR« FA Ly I @ﬁﬁ%*”iﬁﬁ’kﬁ%ﬂépi%vw#%JmRRH
WM m A SOCRIE » o PIMEF 2 SoC ka4 PABE RPN T > Fp
ﬂé;ﬂ%ﬂiﬁﬁﬁa»m AELRRRE IR (T R L RELRIRE L
7R > AP e E 4R URkEE SoC RIGRE A% o

2l —'i-‘
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1-£& 4%

217 cRICRREFELLHE
&+

s 1999 2000 2001 2002 2003
@ Rk 33 37 36 35 34
¥EE (RATSH) 185 328 253 318 409
*EF (%) 41 77 -23 26 29
poekdnt & (95) 61:39 60:40 59:41 58:42 57:43
EALNIEEE (%) 117.4 87.5 28.3 33.4 33.8
R&D/F ¥3F (%) 7.4 2.6 2.7 3.0 2.5

=

RALkR D 2 EEE (2004) 1R

2 2§ ok

L SHICRIREERE Y EE

p # 1999 2000 2001 2002 2003
FAFES (=) 0.6 1.0 0.6 0.88 0.9
TAEMF (%) 10.7 12.3 -13.2 9.2 5.2
A (%) 22.0 28.3 -5.8 7.2 16.2
¥FAEF (%) 16.3 21.8 -32.2 7.6 8.2
ZF (%) 15.4 17:5 -30.0 9.0 4.0
TR 1A E (Fi70H) 250 256 220 247 273

FA KR 2 ®pE (2004) 1A

& 2003 & A RRIE A FRE P Lt o d B 83 RATEF hp P R R BA
o AP P RETERE FRRBRERDI P —AGT TS 0 G PP KB RN R
giug »];:LL Al s PR IR M N N 21 »]z?r/;cm K pAt2003 & 7 8 AE FBR
FAP—p Y Ao @ 2003 & B FEFALSR R 3F S Wi EF 2 IDM 4 5 gk
ﬁi%ﬁ@wﬁaﬁﬂéﬁ’ﬂﬁzkﬁfJMEMﬁiPm"ﬁ B w &m i
B - xFap~gd i T Boahkd Be @l HFIRETE > 2003 # &
dER I G EOBET 0 G T RAR Y FL o s SRR 4 S RIA )Y
%+ 2003 & LCD Driver IC ~ CMOS Image Sensor ¥ DRAM -~ Flash % #& &7 3= & 4

FHHA S 0 @ 2003 EA BB EZ EFE L2 o
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L= SRICRIFEDT AP

. 2002 z 2003 z i )
20034 7 2P L (,.Wvl) (,.Wvl) SEH (%)
1 porok i@ 59.5 83.0 39.5
2 R e R S 51.8 67.9 31.1
3 2 Kﬁiﬁ 41.0 43.0 49
4 4 kalii 17.3 28.1 62.4
5 F o 27.4 22.3 -18.6

FH KR 2 ®RE (2004) 1P
4. ARFRAEFHEY

2B P DRAM 2 13 5 4c > » 278 DRAM # 248 % ~DDRIl % = £ Z &30
R RARIRIE G L A RRIGE A F 2004 E YRR L e b a s S il qp s ¥
B R Rt FT 0 23k Flash 3 57 8- A3~ 0 p AL IR S 0 R
2004 & Rz BRI A 54 F 7 hFlash il 8- HE 2 o P AEF %5 SoC
Witae 4 pARS R o g BeanR bm%@&iﬁﬁﬂo
2004 # R E A R ERD AR LFIA 1 2 IDM#EFFL 4R T o R
2003 £ R E AR oD SRS E S 5 o LCD 4 M SRt ~ i IC £ FAp st
Do H S 4RARE IC > 4o DVD &gy v DSC #141 IC 3545 4 & £ > 2004 &
W% % 4 @i 2700 l,gﬁfr; o 2003 &4 £ 42/ CHBES G DN AR
Hgeg - %1 ﬁ:m FaFFtho Bt £ 7 2 #2003 & & £ 42590 77 G B
R p R NF AL A KD Elﬁjaaavlf:’iﬂaavu oo K FE R
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23 SALEMEEBEL 2 SWOT £ 45

L SRTEMALHHIFES 5
Strengths Weakness Development Direction
« Cost control « Product innovation . Strengthen analog,
« Proximity to . Analog, wireless telecoms, SoC
downstream IT communications technologies
IC Design applications « SoC, technology . Develop mainland
market lacking China market
« Weak marketing
capabilities

. Weak in DRAM
technologies

« Marketing
capabilities

« Production
capacity

« Service quality

. Foundry process
technology

IC Manufacturing

« Global deployment

. Establish DRAM
technologies

« Build 12-inch wafer
fabs

« Proximity to . Insufficient cost
foundry companies competitiveness in

« Raise capabilities in
mixed-signal and SoC

« Advanced low-end products  testing
IC Packaging technology « Lack.of strong . Small and
and Testing presence in China  medium-sized
packaging vendors
move toward high-end
technologies
« Many domestic «/Uniform pricing .« Begin with component
wafer fab, IC for equipment, supply
packaging, IC global market « Maintain close
testing companies  increasingly interaction with
controlled by downstream
Equipment limited number of
suppliers
. Difficult to
persuade potential
customers to
switch suppliers
« Domestic wafer . Difficult to « Work with technology
fabs develop providers and jointly
« Numerous IC technology for develop new
packaging, testing  high-end products  technologies
Materials companies « Customers for « Maintain close
advanced products interaction with
have little downstream customers
willingness to

switch suppliers

74L&k : Chang, David C. W. (2004) , ITRI
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A4 L EA £ SWOT & 49 52

Strengths

Weakness

* Specialization within semiconductor
industry, industry clustering effect evident

» Strong professional foundry segment,
stimulating development of upstream and
downstream industries

* Support of downstream PC industry

* Operational flexibility

» Comparative cost advantage

» Strong in digital design technologies and
CMOS process capabilities

» Redundancy in industry segments and
products targeted for vendor investment,
little innovation

» Shortage of talent in high-frequency
devices, wireless communications, analog
design, and systems

* SoC-related design, manufacturing,
packaging, and testing technologies in need
of strengthening

» Marketing channels and market sensitivity
insufficient

Opportunities

Threats

* Great potential of China market for PCs
and digital consumer devices

» Demand for components for emerging 1A
products

* Industry alliances, technology transfers;
mergers are strengthening capabilities

* Large IDM vendors are continuing to place
orders, greatly benefiting the
manufacturing, packaging, and testing
industries

» Competition in the foundry segment from
new entrants, such as Korea, China

* Rapid development of latecomer design
industries, such as Israel, Europe

« Barriers to entry for wireless
communications products is high ;
companies without key technologies or
who enter too early find it difficult to
survive

F 4% k& : Chang, David C. W. (2004) , ITRI
gd bt SWOT A 47> o 2 FMA P 5 kR T F R 1 ei 5
FRMAE SR SRR FTACEEL ik?z!:’ KRR e IRAR 0 £ T2 ASIC
NEREP p24E ap s AEEF A rin@ge g FREIPUEE
LR hf o P ST EHA R ER o TE ks FURS ﬁf,; Me R kAR
FARHETE PR SHFLEN AT UG BT T LR AR
I+ B IC K2 BE o LR H LA B EE 4 o 2Tk S PR
FHM o eo@x s ®lg o R SBAY AR EERSE ) REVER
FAREHRARFARF PRI S o

L+
5
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LB HEBARIEN ST g Fn AT HRLYBEFEFEY Fok 2
;]ch V2SR FFEATOINA > AT A OB TR (Market Observatlon Post
System) # > WHE T AR ERZ 67 R P HFLETEM P AL TTR (2F 3
20 7 M axdp 1R ) i F]5 4 47 (Factor Analysis) % #7% 4 47 (Cluster Analysis) = 2
e NIRRT AT e

31 A A k2 B

3lﬂ4?(2003) HEBALE L
BHAXZBEG o AT TR r‘TE’—_J 3
—3_; n *j&'m){{*/i.—s o AR T B ﬁgf[w}
FA I REL TR ;,’rsaa L1
ﬂ‘ii*ﬁ o AP RS 3 A pk & AR
R RIE R AE 0 T3 LA h;i;g;ro
wagg Bzt (2003) cfrses Al CERASE (R G 2 M3t a i 2 3 TR
o2 SRS P ERED L B %E\%#%Ln'éﬁbﬁ*ﬂ+ﬁﬁ(a&
000~ Vg » 72 i 23% ) AHP (2 Fuzzy AHP) » 7% &~ #ic ( 2 C-means » Fuzzy
C-means ) 2| &] 4 45 ( 7 #E i~ T Logit 3% - probit #7% ~ g4 jg e 2] 6] 4 47 5 >
Iz Fuzzy 323 > % 31 fuzzy fi 2 20 RS (Ao % v fF ~ 0 5 R iF 0
P BT Bk piecewise 3 §F 0 B0l - it G a1 ~fuzzy #® i [ ~ARIMA-
mwd . Chaos iRl ~ Kalman Filtering iRl ~ GMDH ~ = B4p i & > 3 HOW LW )
SPEARB Ao > ¢ 7 1950 £ Rz B Eip itj2 ~ 1955 & pERAREE
1970 £ R 4TRfEE 0 1978 £ 2 Tl a7 (DEA) - $rERAE (3 Fuzzy 51
HRA1E ) o 5 P RRENE (70 %850 - TREG ~ dkicl ) > De NovoRi »
$45 De Novo#.3] % » Fuzzy DEA~Fuzzy M02 ’stf%ﬂ el 5 PR 2w E % TOPSIS
2 MODM » ¥ AR okt f6 514 R S5 5 PHRAR -
BT SmEE K oo ¢ Z,arﬂfgjr} »eh W4 (% Fuzzy) - k& s 454 (AHP;
% Fuzzy AHP, ANP, Fuzzy ANP ) ELECTRE I ~ 1 ~1II ~IV>PROMETHEE I ~ 1 ~
Il ~ IV - TOPSIS i# > #o % Bl R - kst~ > VR4S & G E > Fuzzy 54
;&V%M¢%HL§3°
¥ 8 B (2003) > APT R AR LB REDERT o HFEAPG
TR RLHE 45 3 chs 2 o A P F 0 AR IR S LR R R R
APEEITEOTHR G2 ERT LA AR5 R FH I EF AP A B
THRBLD > HEF m?,i SRS T A AR FRATBERFR
ufr;gw AR Z I B A B LIRS B RO E o AAPE 2 EF

3

1#

r

E3

T

iGE fr—f#(iir“q‘és* ®e )
%&%'JJ ﬂ IIU S REAK R
%ﬁ%i’@&‘ﬁ%‘ﬂi@
RGP QLR GRS a »

I IPIETIPNE i E e S
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\z*m

5
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B& i eh (ovithr— BT ) &l M (2003) #enzE ™ > T FA AR | Ko 2
Bt e dg s E B AF R e F R (Data Mmmg) 7 E (dotitdk- B2 )0 F
ﬁgﬁfl;@wm FERF D ET K"‘"l“]'éy‘ B =

FTHIREAP P EALEEY SRR LS FHFIFL el R B
(1981) R B 67 & 28k 5 76 FILE + 3 27 5 6] 135 S X 2 2 b'“r??a‘:iz
NSEMAZ A P AREOET EAIFRL P B RS i‘"‘#’* IR A “'gii"_ »xen 25
Bipths EHH % > 7 ALJI* FF 247 (FactorAnaIy5|s) Bl B F]F LT L

FHARE A L RUTFFOFHE I AL 0 74 FlF =2 (Factor Loading) kP - &
Bl n e TREEERS TR EEFSF TR 2 F S ST RS T F Ak
]+ J\r*jx..‘s—*-f#@]—l 0 RS 4L d 28 k2 L4 A %) S 78 (Factor Score) 0 #-
EHEARS BT BRAEE AZ R 2 B F)F FeLiT s Filk/u}‘f’?_iﬁgj)\ TR

BT RTREEET AT (CIusterAnaIy5|s) A THFLtGEE S H) AR E
¢Jm@WT’%J6ﬁﬁ$2€wugaﬁw’%vAéi«a’AW§rﬁ@%&
A T E A T ARE AR TR A TR TR T
A TRE TR FEFRE TETI T EFARI jod AR A L TR
FETERLI-AR P S i E-‘Cf—! PR B% 7 Bt M Ao HRELFEE LS B

otz 18 EEEREARE G ST R
&@’%P%ﬁzﬁﬁff a%wXéfuws&’gr?&~%mﬁ%%’

ﬂﬁg,uﬁﬁﬂ% £ 2.5 ﬁo

d FikE% o ad §gE it et @ﬁ#—”% FroFEE L1 v, T llfg'"lﬂﬁ
Sedk i (7 0 F1F A 44 L R %ﬁﬁ%;mﬂ%gﬁ’% 'R

BRI REFREI R - EEIAR TG AR A g Lx% ﬁ;ﬂ-{ ;
FHEAITRIIVEE %2 4’3‘:}’}/}‘}-15]’152,5;7 = J‘-x% ﬂ,”’F’ S HeniE sk d n]%lj/,,\ﬁ’
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Tree Diagram for 33 Cases
Single Linkage
Euclidean distances
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Single Linkage
Euclidean distances
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Data Processing / Statistic and

Multivariate Analysis

External Environment

Programming / Designing

g PR AT R

Evaluating / Choosing

l MODM [ I | I | I
I_I_I 1T
Internal real | Response op MOP
or
situations Perception Cron G Gy
W oo Wi oo Wy
A A - = rl
\ a
v v Single level Performance
+ ) .
Personal / Social Attribute “ (crisp/fuzzy)
Fuzzy .
alternative ap
+
Multi-level
+ Weightings
i AHP
Data Descriptive Explorative Multi-stage +Fuzzy
crisp / fuzzy Model Model + ANP
Dynamics L.
. Additive Types
e SWA
o . TOPSIS, VIKOR
Investigating / Data Fuigge Lo main PROMETHEE
Data Collecting Processing Prosigiing ELECTR.E
Grey relation
MAUT:
De Novo Programming .
(including Fuzzy ) Ul m) = Z; i ()
Nonadditive Types
MAUT:
Wisdom u(xl,...,x”)=iw,u,(x,)
i=1

Data —p Information —p Knowledge —p (Intelligence)

Data
Mining

Idea

Knowledge

Database

—» Discoveryin —p Skill
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Economic
Value-Added

n-1 n
+AY 3 wow,u (x)u, (x,)

=1y =i+1

ot AWy w g (x,) o u, (x,)
Fuzzy Integral

g, {x,,..-,X,,}: ’Z: g, ({x,})

S8 % s (D ()

to.+ A" g, ({’H})"'ga ({x” })
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# Bz (2003)



. Wisdom
Data — Information —y Knowledge —3» (Intelligence)

)

Idea
Knowledge Discovery
Data Knowledge For E i
i i or Expandin
Mining —» Discoveryin —p P g
Database

Competence Set

Y

Value- Creativity
created (Innovation)

Knowledge
Economy

i FAL 4R ¥ Wze (2003)
SR E AT B

=
1=y
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”x}
w

Multi-Dimensions

Multi-Features )
Multi-Attributes

Multi-Criteria

Data:
Crisp Sets
Fuzzy Sets
Grey Hazy Sets
Rough Sets

Value Function

FAL kR ¥ M (2003)

D S 73 BRI Rk AT )
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Data Processing & Statistical Analysis

—_——Ll -
0 x e 1) : &) : LW
MO, 1® e, 1® | %/ =Len ! A Xy X X
1 2, s M vz Hp 2 : f_(l) S.(l)z l—l » : Z(l) . £
0-1(1) ,...,O-[_(D ,...,O-LD I i i I 1 Xyg oo Xy Xg,
| : f Testing : f : :
1 | 2 1 Xy oo X X,
I | Y A
N NONRENCRRENG ' ! s '
1 1A ’ 1 . 1 ~
H o W *) p(k) I REAEEL ! A7 § e
ll'll ’.“’Il'li ’.”’ILI 1 ) 1 ~ ]
) , , ! , | x®, 5% =1 p 1 W S
o ..,o® ,~~-,o—,(f) o " § *
1 4. . | Q
| Sampling f | Testing f ‘é Factor Analysis
| |
I I
| |
x1<”7>,--~,xl.("‘),-~-,x;”” : - | " l
(m) (m) (m) I xi/ ’]:1""”1 1 /um -
| ™™ ) I , 1 ) Cluster Analysis
. . i x5, s i=1,p | b
o_l(m) | ',U[(m) , G;m) | 1
| S S S
Sampling Testing
";E%g%loffl Response Frequency, Proposition, Moment generating function
(Physical « or = Mean, Variance (or Standard Deviation), Covariance
Environments, Perception | | /mVestigalion=) 2 test, F-test, z-test, r-test
Features/Attributes P Correlation analysis, Grey relation
[Variables) ANalysis Of VAriance (ANOVA)
¢ Time Series, Regression Analysis, ARIMA
Multivariate Analysis
Personal / Social Attribute
Relation function
Data Sets | (including Fuzzy) [ | Forecasting
Crisp Sets Fuzzy +TSA Multi-regression . Multivariate ARIMA
Fuzzy Sets ganon_lca_l CoTrLeIatloln Analysis Chaos Forecasting
uantitative Theory ;
EougPLSets s Causal Analysis (Path Analysis or Er?y Forlé:‘_clist!ng
Frov Hamy Qo Structure Model) alman Fiitering
Baysian Regression
Data Qualitative and/or Discriminant function Comoint Analysis
AGETT —Pp itati include Fuzzy, Neural ) .
Investigation Quarxltailvg Data ?\letwork, If—t%\len rLle) et Logit Model, Probit Model
nalysis Fuzzy Neural Networks

Discriminant Analysis

. incipal s Quantitative Theory Il
Primary Data Principa Component_Ana ysis Catastrophe Theory Classification
Secondary Data Factor Analysis Latent Analvsis

Quantitative 11, IV

Cluster function

(including Fuzzy, Neural
Network, If-then rule, [
Genetic Algorithm)

Bl-  FARIRZ AT FH &R ¥ B (2003)
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“tér=  F]F & 45 (Factor Analysis) = 2 4 %

1 5]+ & 452 P50

FlF AT E 50 B

HEAMED SRR ORER TR > FH BB

BPEL YT R AT RN R FlS 0 T iEd 2l 51 B kiR R e LR

FALg R FF AT LR L 5

BRI BB p BREEL

e+ nRBHp FRERRE

FF B0k o
BE o dedw LA s FH D EBEE TSR

WP pBREREFLZAMBME > SR Em B EE TS 7 RCRK

BE
- X X X, b

. 1 2

X 1} ! 4
1 X1 X12 Xy X1p
2 X1 X22 X2 X2p
J X X j2 Xji Xjp
n lel xn2 xm' ‘xnp

X :allfjl +"'+almfjm te,

x}’l

1p :aplfnl +.“+apm

nm

(j=1.2,...,n)

+ enp

TR Y B

(L)

(2)

Bt A 5 F]+ fjmeetL (Factor Loading Matrix) » f, = %]+ ¥ 8= & (Factor Score

Vector) e, 5 #7AFF (4L 515 ) 2 F g o £

RIS =5



0 FBHes Lo HATIT ¢.ie, TI0Mcs 00 RBHE d2.d? » A FAFS fp 3

ZREMEFARFFIERAFT I FERT S EaM (73 St jpk GBkiF )&
A FF S, f, 2 Fadphl 3 8 AR BK T 5 &M PFAL2 5 2 2 %5 (Orthogonal
Factor) » & R|fL2 & # 2 F]+ (Oblique Factor ) >

FERXFF ()M S 2 pREF R AT FR L)Y (FHRE

Tiofei o $BHE 10 & ENPREL) e T AN A

dY=4A4+D (3)

pxXmmxp  pxp
pxp

£ D=Diag(d12,-~,d;) P ERpA - ZBPIE KRB (3) N2 FF LT AR
PARF]F 2 R ¥k

(3) Fz2 iR 7T 4T 23847 ¢

l=0, =h?+d*?
v J J (4)

2 _ 2 2
hj =a, +--+a;,

hy 27 F1RL B f @ g6 (jREITPERA) > fE2 5 =ik (communality) -
PR R R b, ex, f o B RS R (D)NM R jrAL f e o (i=12,n) ¢

PR IR pxplE RELL TR

X.=Af+e.=A (TT" ) f+e.=A" f +e, (5)

Gt AT =AT > £ =T'f « £F5 A48 B x, SRBMTA > 2GR A f o 5]
SAL=AfRAARE  EEm RIS LT OURP x 23 R TS R
TR LB EA SR (2) S m i

b & F)S AT L E L R (PR A S f 5 R Tl R R R
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FlF o7 M E 2 2 ER - R A28 AFEAERAY SR E PR A
- AL FFw o

hlz P 0 Py

Z*: P2 h22 vt Py (6)
ppl pp2 .“ h;

PR EAL TS AR AR R 2 SRR FRCARE B AR YT

VIR fRA PR m e A B AT e DY LT A m o M p BET R
W2 22, > A, ==4,=02m B30 p-m BRI -

PO HBA A2 A R e, B Y T R BT 5

S el et dect = aeo e, | W fie.] =

¥
>

A:l\/ch,m,\/Zch (8)

-

Em A (3) M ke Ae i FlF 242 1% 4o U2 B e T 2 H I A o
A F]F R JUF o b N2 B e T 2 A I A -
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(1) e hipMELC=(,)2 862 % > & r 2@z 2k, (j=1p) @

J
C' 5 R ®» x &gl 6 %8244 M s T > (Squared Multiple
Correction) SMC =1-1/r, > (r; : Cz iyt (jj)ns) >Nk ¥obd

TR xR G R M Rl 2 bt i ()= max(r, ) des

k#j

(2) #C° 2 AT EWA - RAF L4242 2L #HEAT B2 AT+ £

CpsCystesC, s

(3) #ixxdm [ ERzZmBHF B HEIZFHF E2HF»E7 > £ o

AZ[\/Z@\/Z@’“"\/Z%} 2 (9)
2- A%+ (ERfEE)
(1) %2 i e 2t 2 (sl p)i > fhfpMELCo e g o @
c’
(2) f2C" 2 B} BRI RAF E4L2 L2 21, 2] 5 £E6,8,C,

(3) #izxm [ EE2zZmBAGE I HEEAT EZHAF»E £
A:|:\/Zél’\/7262”vimémj| ; (9)

(4) Wi C' e 1:1121'1%5& E o AT N Tk Pl B g s

m

2

rjj zajk
k=1

<g, (jzl,---,p) (10)
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DMK EF) S Hom R AL FE o A e TS bt A - AL AT 2
RS AR SRR L L= PR OF

(1) i C2 \F g @ o 1+ %2 55 ds

(2) #£ABLHREN S > #4222 CY 2L hAG E B

P2 BT g FF EA LA O ITRL AR s Ak
3. 7+ 2 fafg

LIS e b é ERs b/l RN é V= (&1/('&2/(7""&%)% —%’ w5 ﬁiﬁ °

“ift 2 A AR TR > TR E R SRR g 40P T A e 2 2 0 2 T ph
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2 w2z Varimax j# kP o
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WL TG EL B=AT A A2 TS K AR F A F 2 AR o

&&ﬂ4ﬁﬁ%@¥kﬁ’U#ﬁﬁﬁ@ﬁﬁiﬂiéﬁiﬁi%@WﬁJ:Lmﬁ
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FFd mBFFEPEES B2 FFhL 0 BT w @ TE
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b, =—a,sin6, +a, cosg,,
f_g ) ekk’ 1 —Qr—f Z_ = ;\4 ‘J'\_y\ :

5-2aflp
_(az —,32)/[7
(6 —2ap1 p)sinad,, >0

2 ) p
a= Z(xj —y_/.), B = Zijy_,
=1

=1
(I ey

tan4o,. =
r

s~

=

N

: P
=4 xy,(x; - 7))
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ez ¥ A 47 (Cluster Analysis) =i 4 %

#7% 4 47 (Cluster Analysis) E#-8 % A 42> 493 800K FR G- Az ¥
(cluster) » « 3 B R 45 % §e bl 22 = 2 > AL S feie ~ 32 (numerical
classification) o #£5% A 45 * (A » A HHE P 5 F REFH2Z A o BD Fheu s
2 ’T“J“p S FEIE o RIS FTRAFE SR e F F orkeh TR EFF
H ek o R FREROPE D FET A A G R Tabed 2 A4

sl

B iF s A EE AT AT AN PR A s e sk E 0 PR A
PR EEAN AT AL RS FE BRI E A RS i
DRSS SUOE EE SN SR E T

2 1p R A 0 32

S o BE R (B RERT )G, X, 0 T LRI 8 x 2 B

n

L S i’ dl‘j B éf’f];‘m(dy :dji) £

%o BRI R 2 gty 4ot BESRAn (Rl oK & AT 002 E 2 G oA B T dicdp
[ dﬂz AR o G BA if BAEZ SRR gt e :dﬂz Ap Al & 2 i &
(dissimilarity ) » £ 2 dp hAL2 & 47 00 (similarity )o 2™ 5 f§ B 3p 42 8> 12 d,

iaie
Aol F A TR R 2 IR RGP .
Fe Rl #HE A 72 5 N R B2 R 4, 2 B 2 B fE2 R BRI R A A

<@l (dendrogram) 1 = Ak &~ S 17 5 P 2 A 4772 - AZAH BleE § 27 3
?U@N%%%fo“%?Uﬂ%ﬁiwﬁ”%é*&ﬁ*ﬁﬁiﬁf’ﬁ?ﬂﬁﬁ
< R g ;gtﬂ}:#:,\.ﬁ 2 FHE o wT NTFEMVRB L HE S LA FE
;;:Z:’t"—l—?ﬁ/~ FI\&A\ ‘\ [").FI_;L‘, 5“"’*#
%ﬂw/%Hzéwaiﬁ@’-%ﬂﬁﬁf11/3ﬁfﬁ*:

(1) d 5 - B+ 82 nEE 048

(2) ;;&ﬁ@%i;ga*,itﬁﬁfu}ii@idy v BEE MR 2B f[;%i;*gﬁ,ﬁg - BET

(3) #Hizde- BpFEE » FREIT - A3

(4) 3 EAHFM2 T HFHE B EEL 2R (AT RELd,



TIH 2
Bt LATR IR > v I 4, 2 RO 0 d L RTE 2 2L 0 R B R

s S 2 oL
N NESR D= )

PR GRESSE S FRFEF A ER VR LRT o
S FEARBEEA L LM 2

bt HH AP E o HEFAFOR LA 2 LI -
B2 ¥iks - AHF Y72 -

(1) &&=pedg;2 (nearest neighbor method)

REFHRE pEHEFgF SATHE 2R F - FE L o et Y S E

#i i np,nq,nt(: n, +nq) °

ﬁﬁ@Zfﬁﬁ?)‘?b’L’rfé&%\Lﬁztb‘" LA HEETr2 Menzbsgiuid, " pé
FRE R p ~ ¥R qBHE T r2 2R d dy, T
d,=minld,.d,) (1)

PR EIEF LR SE e - BRI B% 2 BEAFLAROAE > 50
g 'riﬁms F 2 Wi iR kTR o LA 5 BmEEdE: (nearest neighbor
method ) * ¥ - ¢ %2 (single linkage method ) -

(2) & & gedg;2 (furthest neighbor method)

ﬁﬁr’t\‘?ﬂ:"‘p = qt’\'ﬁpllptﬂs’illpt'ﬁf ’E;ﬁfé%ii%hr’\]m ;Liﬁf'}&d
g &
d,=max(d,.d,) (2)
PR BCEFEYE R 0 2 BEE R 2 N R G R B0 R B M 2 B en2higiy
Bk Az oo LA LB R FEYE (furthest neighbor method ) # = 2 52

(complete linkage method ) -
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(3) $# X359+ (group average method)

(B CEEEALE 2 A KRR A HIE R L 0RO A S b RS E K R
FBoHITIEELHM HEEIR 2 NR > NGEHRF IR THE R E 0 B

T e 7 e
d, (npdpr+nqdqr)/(np+nq) (3)

(4) £ i# (centroid method)

AE SR HETASENR LIS - BETEC (THeE) P2 2R &
R SR EH T @ AR ()

g s ) v [Z(P) -] (=@ —(a) v e, —(1) —()
'Fa\é-l/); p> q_?\'g__:uéa\vvljﬁ (x1p ,---’xmp) (xlq ’...,xrg )FE 5%—3'_/; t—L—_é__'\“ (xl ,"',Xm)

}5’) (np;5P)+nq;§q))/(np+nq) (4)

PR B AHE e T AT IR EL T L A T AT

m — — — 2
2 (p) (9) (r)
E = E {(npxj +n,x; )/(np+nq)—xj }

J=1

5
I’lp 2 n 2 nn ()
= R4 0 p2__ T g

P

r qr ( )_2 rq
I’lp—i-l’lq np+nq np+nq

AR BB A, =E 5 VAo LR 2 AT 5N o

n n nn
dy=—+—d +——d, ——"0d (6)
np+nq np+nq (np+nq)2
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(5) ¥ =#2 (mediam method)
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1 1. 1
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FHEPLYIBH R FHOARE L RREE ) AAE HE pp gD

[ -3 (8)
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FREHE pEFEF g - ATHF IS FEEMNT oA 5 AS o

2
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A8, =S ) (9)

BoWard 242 #EPM T ok YR 0 F EHRBEERE TS L HAAS, A

SH

o FR T p z}i?*—i%‘qi?tﬁéﬁffu}idpq i # ASpq xR~

v = - v arav e e d cu oav e = 5 g 4 -
Flafé 2BHEFPpE qeATHE IR L BHEZTr REPFT L AS A7

4o 7F

nn. [ —0) n +n. n +n
AS, =—""— (x,- —X; )ZZ#ASW+#AS —_—T AS (10)
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LR R 2 L AT G AT

n +n n +n n

P r q r _ r
d, + d, d, (11)
n,+n, n,+n,

;?:F '»\ZI % d - IB 1]%—7»:%]'@‘ g‘{},ﬂaﬁ;/ﬁfﬁb ’ }Ey"ﬁ éf@ﬁ&éti\ﬁw&i s 4B AT 1Y
O BATRAC RS2 12 T o

d:

r
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(7) ¥ %2 (flexible method)

DEFNY REFS IR C R LT T PN PR S Y
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Lance £ Williams (1967 ) #& *1 ¢ * (12) ;2 2 2 - 2% #a,a,f7 % L
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S g AR BRI %2 s
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2 - Bk BRI = = 0 - O 3R
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3.2 T A 4 0 0 O e
nt nt
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4k i — — 0 « @
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1 1 1
5- ¢ ixdci2 - — —= 0 X A
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L HURZ IR ERRHEERE AL AN AT AR X o L
TLUEE SR

X2 R R »];:%iﬁ—ﬁ”ytﬂg PRRE S BEMA S - HN o S H L EF R T dﬁ 54
j*'ﬂz"fr ﬁf-qu_F”*j(ﬁﬁ"‘ﬂfﬁ-\pq_F'” ik &E‘gﬁ'l% e NS
I o.&rpﬁﬁ,\fp&]}vgﬁ_/ziq_ﬁli{ ﬁﬁ, ﬁﬁi‘_q-—— l[}&Egﬁ,xfrdz , IF'J‘E'\’—' lJlaf\mfﬁ;Pq

Fi—'%’—l

4-(2%) A2 BHTHE

(1) BRF2Z LR

SEBEXR I nBRMEm BRELEPIE ok e LT > BREFZLERF
Tm 2R A T E A T2

Fow L=

n i BEAEm B %L ERE
®E
@4 X, X, X
X1 Xo1 X1
2 X12 X2 X2
n X1 Xon X

R

(i) s A4t -T > g8 (Squared Euclidean distance )

BB j 2 ik‘fﬁlﬁid TR ACT L

dyZZ(xkf_xk/)z (13)
k=1
(ii) & g2 g3 (Standardized Squared Euclidean Distance )

l[;gé‘rlpkaj7 ik fUEZd L%“Q‘-"—r :

dy:i(xki_xk/)z Sy (14)

k=1
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WSPE T 2 HB D R LF B HEEREENL Lok (13) 0 RT e
(iii) Mahalanobis (;~) g3 (Mahalanobis Distance )

By bh"]\/il:éé‘ﬁ}}idij 7‘1;5&-!1?—" :

dij:(xi—xj) S"(xi—xj) (15)

B2 x i AT BRIRRETE SEEATHEIREEL
(iv) Minkowsky §E3g

b4

d, :{i‘x,i —xlj‘k} (16)

L hk=2pF > G- B2 FARRAIER A k=1 > % 973 07 FFEH (city-block
distance ) -

(2) BEFaEmR

{
Ik
o

2T REFHENRZ B2 ook ®E S w2487 e Bpl & (association
measure) « ¥]5 § g @4 < PF o WA GF 0 TUF 2 FEF AT EARL LR
IPRCE ¥

(A) B < & (internal scale)

LT R IR R KRR T MR R ¥ AP R B E_2 Pearson Ap M il T o

(B) &p = A (nominal scale)

LR P RN THRAMzZ TR REE 2BREFLMGT Urxe 2=
A B E AT o LR MERIE IR RIER (40T H % 5678
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7 ) 24345 Goodman-Kruskal’s fgip] (4oF & % 93 ) o

(v) T3mE 3 - 3% ¥ (root mean square contingency coefficient)

#=x*/n)*
X' = ZZ(fu _sz)z/Fi/" by = n,:,
=Y -2h+ F)E,

DRI R WA DI (an
DRV DWW WAL
i

Barpt X’ B p 2 c o3 Mo Ep g (RME) BIAZ - Rkl Vd doT 27

P AT

¢° =x2/n=ZZﬁf/"i”j—1 (18)

svrv(/ﬁ:(xz/n)yz R R X

(vi) - 3 ta3& (coefficient of contingency )

Cz{xz/(szrn)}% (19)

(17) F#¢° & g2 thled % n ~ [ 2 F 8> w2 4 - Bk (category) #cr ~ s ¥
o ABB L (RMW) o F - 7135,-,»(5,7=f,-j—F,7)7% 0 g 74ms 0 i

S>tRDBISPFEG B L -1 o fpt person #-z &K L

C* = ¢2/(l+¢2): xz/(n+x2)

€= {7/ +n)"

(20)
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pearson — R 4#c C ¥ 22H 2@ > Fr>sP o ¢*2 b Emit-1>4d (19) 2 ¥ & C
2B A E (R2MBPF2Z E) 2

I

max C =./(t—1)/t (21)

t=o0 PFL 1o et B pF o HEse™ A7y

Zw Lt =  pearson - R GHECZ2 B x B (R 2HB)

max C

0.707
0.816
0.866
0.894
0.913
0.926
0.935
0.943
0.949

cTBowovoos~wN|

TR &R § R

(vii) Cramer’s 2V

V= {(xz/n) min(r—l, c—l)}y2 (22)

riom A 2 A ck o ko

22

PR BCTE R 2 R A S 3] gtz L Cramer’s 2 — 3% 7 8 (Cramer’s coefficient
of contingency ) » #* adcm MBPF S 0> R 2MIHPFS 1o

(viii) Tschuprow’s T

7 = /) T e-D) (23)

T S R L A B T S L N P
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(ix) Goodman-Kruskal’s 4

Zm?x(nij)+ z max(n, ) - mjax(nj)— max(n, )

A=

2 max(n, ) - max(n,) (24)

i

ny s oI A, j) e n, s on A EE (F ) 2l n bR

Pk AR Gl 2 ko Bera R B AL 70 B4R
(category ) 2 3E R 1 B 2 fEvEpE > B G U IERIT av 2 o] P X AB B B2 AT
Bt %@z A0 8 3 1954 & Goodman-Kruskal 2 = =738 2 T Eoiff 35 i8] 4 i
(coefficient of optimal prediction) | # & &% B % (mode) #*& 5 B, » # =¥ 5 n,,
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