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Abstract

Key words: Building Construction, Construction Risk, Risk Assessment

[. Introduction

With the area limitation of land use, the developments of building
structure tend to large scale, high-rise, complex shape and height
technology. Therefore, there exist a lot of risks in building
construction process. These risks may come from operations of
construction equipments, shortages of protection facilities,
difficulties of construction environment and quality of site works.
These often result in poor performance with increasing costs and time
delays. With the need for improved performance in building industry
and increasing contractual obligations, the requirement of an

effective risk assessment approach has been more necessary.

[I. Research Methods and Procedures

For the above purpose, the methods taken in this research project
mainly are: documents analysis; data collection and investigation;
experts discussion; and other risk assessment approaches review. The
research project scheme begins from the collection of related
documents, including information of construction disasters issued by
public entities, risk assessment approach of domestic and
international journals. Then, it introduces the concepts of risk
management and Multiple Criteria Decision Making (MCDM) approach and
fuzzy theory to construct the basic structure of assessment of building
construction risk. Finally, it develop a decision support system to

11lustrate a case study for expected objectives of the project.

ITI. Important Findings

X1V
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Therefore, this research project follows the above methods and

working schedule, to obtain the results in one year mainly as follows:

L.

After literatures review and experts discussions, the sources of
building construction risk are affected by many factors, including
construction environment and the ability of engineers and site
workers and so on. It is complicated and hard to discuss. Besides,
the mechanical and electrical equipments are also contained in
construction items of building. If this factor also been discussed
in this project, the omissions about the risk assessment criteria
will not been avoided. For this reason, the range of this research
1s limited in civil engineering of new constructions. The system
of construction risk assessment developing in this project focuses
on the activities, related risk factors and disaster categories of
new constructions.

Due to different conditions of projects, the considerations of risk
factors might be differential. Thus, this research developed a
multi-function decision making system for those extra needs of
projects. This whole-thinking open system has the capabilities,
flexibilities, and conveniences of adding extra factors (such as
task items, activity items, risk factors and types of disasters)
for project evaluator.

It hasn’t been considered and requested for the risk evaluation of
related Building Codes in Taiwan. Procedures, peoples and processes
of construction safety are the only concern for this industry.
Therefore, it is very important to build up a mechanism in related
laws and regulations involving risk evaluation and operation in

project management.

IV. Suggestions and Recommendations

XV
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This project comes to the immediate and long-term strategies.
For immediate strategies:
Main-responsible Sector : Public Construction Commission (PCC),
Executive Yuan
Minor-responsible Sectors : Construction and Planning Agency Ministry
of The Interior (CPAMI) and Local Governments

Base on the present related legal provisions issued by PCC, CPAMI
and local government, request current and on-going public projects
involve the method and process of risk management before contracts have
been signed. Standards, procedures and guidelines of risk evaluation
process are a must 1n the process of construction phase. Risk
evaluation process has to be involved and approved in the proposal
before projects started. Check lists of each item of risk analysis are
needed in all documentations and reports.
For long-term strategies- Certificate for professional risk
evaluation system
Main-responsible Sector: Public Construction Commission (PCC),
Executive Yuan
Minor-responsible Sectors : Construction and Planning Agency Ministry
of The Interior (CPAMI)

Same as safety certification system of occupational safety &

health manager, in order to reduce the risk and hazard of construction
project, people who involved risk evaluation has to be trained and

passed the test of professional risk evaluation system.

XVI
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EEIR P E BT R TSR LT TR EFE ARG
EREOA AR UE AR R GITR AR LA H P 2R o

!

o & R RFREESRGER LA

Pk 'w?E R & % P32 € (Project Management Institute, PMI) % 2 &
st TREF5EaY 7B edt i pEa4L 397 118
B FRRAY (20060 IRk g ERER P WP R 1’,’?&:}%—
BPEEBEANT S RIS N2 PRER S FTE Lenz(1983)#-k ‘4
TEREABEA 0 ¥ - AL TE &g 4 7 FE R (Riskis Uncertainty) > %
SR T F R A ¥ A4 o ¢ (Riskis the Chance of Loss) » Akintoye and
MacLeod(1997)» dp i ga=1d2 5 Behp ' R L 7 AT F R S ¥ &5

AR MR A 12 BFA2 R o EERFE S R EIBAMLZIL R
BRApdp % i rmibiiatg - d M AF T A A% LT B
BB E S 5 > AP oarF1 b o )]}nf 1iEARY T A2 X

MR A PR T o

Fr¥th e E IR 2ok 3 F S Q/E’H LpRNEPHgE o A
Fairley(1994)#& 11 7 k *& ¢ 32— B 3 1 BBk "G F1F ~ =R k'8 5 e
PR R e b %~ Tih & FF o b et

FRAEWTE ~JLA Y IR Chapman(1997)fs it & R b '& » 1782 F 32
(Project Risk Analysis and Management, PRAM):% 5 b & B &% ¢ 454 BiE
A2 0 &k B &Pk (Define) ~ B E B *& 38 P (Focus) ~ 3 % b 'k #14
(Identify) ~ %11 B *& % = (Structure) ~ » fe b *& Eﬁ?@%(OwnerShip) ~ 3B

33’7
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ZRAIARG LR GRS EEY

= b % ¥ % (Estimate) ~ 3= % b & 424 (Evaluate) ~ #3k ' L% (Plan) ~
# 2% b & (Management) ; PMI (2004)%f i ch % % ¥ 12 5oz 48 % (Project
Management Body of Knowledge, PMBOK) » ¥tk *& ¢ L e 7 & {7 e & -
Lo BiEAR 0 A8 5 b 'k p 2R3 (Risk Management Planning) ~ R '
# w (Risk Identification) ~ Rk *& Z_ 4 4~ 47 (Qualitative Risk
Analysis) » ¥ ¥ ~ ¥7(Quantitative Risk Analysis) ~ k & B ¥ 3
(Risk Response Planning) ~ R *& £ 7 {= 4 #] (Risk Monitoring and
Control) - Baranoff et al.(2006)%% = h *& g 37 A = =~ = ﬁg FERAE 4 7]
% (Identifying loss exposures) ~ 4 1736 % F]% (Analyzing loss exposures) ~ # 5
¥ {7 Rk ' p I i (Examining the feasibility of risk management
techniques) ~ i # i § b *& ¢ IZ 3k ji7 (Selecting the appropriate risk
management techniques) ~ 4 {7 ¥ % Ok & ¥ I H ji¥(Implementing the
selected risk management techniques) ~ £ - (75 % % B L kb & F I
(Monitoring results and revising the risk management techniques) e

FETE R % B B AIP > TR fRA 2 G 3 eend|As o 4R
e hRIr AL fitmit RN @ ¢ > B b GFhie- H P 4T
F 27 N omdE & #H 2 o 1 3T3) b 'R 7= (Risk assessment) ik g (7 IR
L€ (2006) 2 b e F IR WP R GITE A - B IER & PR (Risk
identification) ~ & * 4 47 (Risk analysis) % hk * :®¥ (Risk evaluation)=ig4z » H
¢ R “ﬁ?*”‘”"\l“#ﬁ’}‘iﬁﬂ RFANFEZBF L ARTFF LN o AR A
¥R & H%%ﬁ?ﬁﬁﬁﬁn’%H%%iiﬁ%iﬁﬁﬁﬁﬂ%%ﬁ%
TR IR GRS

Al LR RO R A TR ISR BB AR - 2N AEFR

Jr’f”*ii—a&“ﬁ’gi“’ifé“'ﬁ}%mﬁ% '@ ¥
%I hiT¥ 3 5 0 Clemens and Simmons (1998):% & ™ £ L 4 &k T & b
Wy T 0 4 RAGTR R CGARR 0K 0] > T U F BB AR A (potential losses) MR
% (Frequency) £ B £ & (Severity) 2 Ap e ff % 77 » & i3] LM S R AL T 3 0
FA2ZPF O REARMAF XTI FEFAPFDBELF AR o ¥V RFEATHH
A 4 F R IR(Ministry of Manpower, MOM)(2005) 1 b & 3% #7237 ma‘F, Hm R
(Guidelines on Risk Assessment) » » P b " ixd = B > WE LD

iR E 2 g 4 ¥ 5 12 (likelihood of the occurrence) ™ % i3 ¥ 5 e, b &
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TP E B4 IE T B E M (expected severity) ) ¥ b % 3R chd (T ARR
CFAZ A h I (@FERE AT Tk 2 iEA 2 G 2 T KR (b)iER
BEFIN T B h e N ARR o () HIBE AR LR E R MR
FERARE S R TH BAER o AR G - AV RET 2 ET
?% S SRR S AN E

MR EREOMELE- HmE LRI DEF D TR AEY
FRBETIRAY €T T RDLGITFA  FHEAIENG R REFT

B e AR R 0 T A R LT SR, IR
- B e R '#%ﬁﬁ@ﬁ&fz”wﬁ% WAL 0 M6 A
WA T2 TEFR A IRk L E - R kA R
L sfaqes BAph (T E IR P A0 A D AE(E H R Gh R TS
1€73 - BTl W) RFLFEAIAS IR G KRR & FF )4
FEs o ﬂ*{“‘ ik EAIE IR HITEE R P Ed LT AP
b3 o B Rl R R TF]F g gAld A vl A koo

A - BEAWIR GG AHIFN -
S REAAT AN THE IR GTER L AMERT 0 F AT 2 TR
PR TR ' FlF o A E AR EFFEET o 5d BNk ¥

/

LRFEREF A I LR T & T i 1 (Probability or Possibility) » 1F & {3
ﬁ?ﬁ&%ﬁ&ﬁ$—ﬁéii%06&@§E$$1ﬁ%%’?S
LR FFATES A G i % o AT B T B E & (Severity) en| ¥7 o

zl%

Mo ild & b e F]F g S T 2T R BE AR ke 0RET 2T X
TREADHEE, B ERGRAE DY - EE AR c BFRE- AL
R MEeOPEL KB e IR B2 4R ff (Product) s @ jEBE 1 L E
R EARRE L] 0 TR RGITE LA

BT E Rp R EORR G TS F L ER B M R EV R

-k

\““b

/

I

RE R GARR AP ESEE  APT RSN B R T
FHEAREE LT RGBSR N ST A e (N -
ZROMREE) RO R NI ITR AR EIRA R AR R DR R T BT
R g R0 > NEF R E RS R 0 BT T RAE
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R E=-AREATREXRERLE 1
¢ Risk
Calculation
TR PR AL 4B [
J\ M 42 FE HE T
Rt R R
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JA JA
TR &
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B9 (1995) k45 & 1 fE2 (TR A S fEATRK R E (TE P H or R
IARRE R EAPE R NEER P > A G BRRIAR AH IR B4
PRI MR S RCEHM L A2 o F SR A2 K21 AR
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P BRI AR26%7 2 o WA 1 AR 24%% = 0 B AT 220 o H Y B
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121 42(27%) Wk 3 #2(16%)
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(FHR KB 2L ER)
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Bt it ¥ 47 16. 38
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AR ¥ 4 1.39

22




3 #iE B A %)
Bokiv# 4 1.39
P iTE 4 1.39
HE AL T E 3 1.05
R it ¥ 3 1.05
SIS L W 3 1.05
%f%f%;‘—; 2 0.70
FFRITE 11 3.83
Y1 2EiTHE 9 3.14
HrAgFpeEd o ir g 8 2.79
TAWPIARIIEE 7 2.44
Mg iEg 7 2.44
BAAFrF TR 14 4. 88
Bqe 287 100. 00
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- AP RGRGITHOY - AR > BEAN IR TR B
-1 AR P A PR FHEN K § 0 BRAREE S RFpLLHEL
1A P TERTER P AT Al R R R TS E LT RER A NEBETR R T
FHEAPRFEIRGFFF AT LT AL DR ERR A UFER o Kb
G FFFAPWF R LTSI ERRE ) AR FF I LN AR
BALEES Y TR B R GIR 07 2 - B E R L
E AN %F:T‘%‘udkp TOATACER R BN 0 T B pi K (Multiple
Criteria Decision Making, MCDM) /& 32 % 4ic#s 72 % (Fuzzy Theory) » & {7 2
RIENARE 0 3 1 SR AFEREFF BRI LT RERRTEPEGA
HOTT F NG ARIE AR E {VHRB AL TR R TIAR

P8 SAIRGIRGIER S ETA

3BT EIRES GOk RIFR D },% P HERF ARG 22 e £ 3147
Al e B¢ By Y S K & A ATARE # (Analytic Hierarchy Process,
AHP) 2 o s &3 i2 » B P Rl iedeh 2 > A&+ £ 5 BRli-{ e
- RN BRFREIRL kb G TS T AEE - R R TV R E R
BT FIER R F]F T A A b RARR NEE | ET s Fla 5 W»\%P?Z—‘F'fﬁﬂ%‘k
oo ¥ - HORITERE SN GFEAZAIRE R ANGE 0 T FaoA L
EitE7 AR 0 H AT Henh 'k F]Z A 4 7 i (Possibility) & €8
FAek (Impact) L &3 2 /2> A 23 AR TR R h= 2 > T & K %
ks 1225 (Fuzzy Theory)# & % 234 ch iﬁlrii AUk FLit E IR s T
AR E AR B A RS S S R R i L
%ﬁ‘@ﬁﬁm’&@ﬁ@%ﬁpf@%W—ﬁpf%ﬁ%bﬂ_fﬁﬂ#
%‘% A .
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23-11pM2R1AER GFRAY

F 3 #

Pyt

% 4 i (2006)

R B 5 AR

B #1(2008)

R B T4 RE S AR RS ~ 5 PR S AR A

172

#.51(2007)

G FE AT e B A

gede & (2008)

4 il 2 S 4G 242 (Delphi) ~ B A 492

2 &% E ¥ £(2007)

R B ARER E S WP B A

Trak > Fl3 £(2006)

Pl g NS 2 o)
*3?7}?9 ST @ PFie i

PR B A 72~ Z E S RS 72

FRiaE S 3E 3 (2005)

@&ﬁﬁﬁﬁ%\&wﬁﬁﬁ%

2 5 (2006)

B RT E E  R A TARA B § B ik

& 7(2007)

K s AR 2

F 46T ~ M AR(2004)

#i% Borda #ict 5 2

£ %~ 3 m(2006)

1iEET AR & 2l b A A HTiE ~ A T
WO R AT

High gl gk F2 e

R o AT AR i

(2007)
Paek et al.(1993) ¥k & & (Fuzzy sets)
Zhi(1995) R AT AR E
Tah and Carr(2001) Wk & & (Fuzzy sets)¥ #iok 46 # (Fuzzy reasoning)
Baloi and Price (2003) Hok & & (Fuzzy sets)
Lee and Halpin(2003) Bk BB (Fuzzy logic)2. #c g Hjkrfe 1 & 7E L

Dikmen and Birgonul(2006)

J o A7 AR R 2

(FH KR 2P RRE)
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% = & % & @)% (Multiple Criteria Decision Making, MCDM)

AREA BT VPR AEEEERITN L )2 BAERY £
BE PP RAOPPERRIITREDEREE > 2 FEBRUBSY Rg o
LE GRS ER T RE A LB E AR AE R R bp AR S
BEFEaUEET o ALY E S £ 8D (Criteria) & P 1% (Objectives)
Rt SR MCDMiizfiﬁfmj'H FLE e R § B R R R chg e o
Fpt 19708 % 4= 99 B 45 > MCDMiE b= 5 — SE £ & A £ 458 > § 4% 5 en

Bahmfedl e FR Ny 2 FHE e+ L (Carlson & Fuller,1996) * » 2™
E-ENCDMerna g 2 22 ATy 3 M anI@ i = 2 iv- P& en i 5 o

Hwang & Yoon( 1981 )%32.% % MR A K hR 457 MR Zen® A 5 = S % ¢
5 A R (Multiple Attribute Decision Making, MADM) #7 % p &4 3%
(Multiple Objective Decision Making, MODM) - A% 7%+ > MADMi & &
* i:‘#fﬁﬁ (Decision Maker, DM) #3t3 e @ % (Alternatives)
EH o~ FR AR A o MODMAT AR 3 “r3) e 2> % £ i ’iii—?ﬁ?f £y
RER A2 A EBonp kT > PSR (Best) & ¥ e
(Most Promising) == % - Zeleny (1982) 26:}% a4t MCDMi& % % /';L,ri*x’*
(Multiple Attribute Utility Theory, MAUT) 4= % P s 4.4] (Multiple
Objective Linear Programming, MOLP) = f&:@:#% =2 ; & Wz% £ (1988)
T W & 5 ot 2 135 & R, 2 42 P % (Superobjective) 3 % -

Bibo B rokh AL SR KA EEAL LS AFE S 55
fodlE T s BER LR aEs ) AR F AL BB

* Carlson, C. &Fuller, R. (1996). “Fuzzymultiple criteriadecisionmaking: Recent
developments.” Fuzzy Sets and Systems, 78 (2), pp.139-153.

® Hwang, C. L. & Yoon, K. (1981), Multiple Attribute Decision Making: Methods and
Applications, New York: Springer-Verlag.

® Zeleny, M. (1982). Multiple Criteria Decision Making, New York, McGraw-Hill..

TR BELE o RIRR 0 (1988) o THmM LY S da ot g, o PEFE T )
%16 % %7 & > 1008~1017 &

53



ZHIENI R GTR I ELAY

(Preferences Structure) » 2 {s 8 2% 2 (Non-inferior Solutions) >
AR FAXBETEE (Ordering) s 477 2
AT AR AN A EITEE A ARG I R R IRER o AT AT
H R iIE—’_ﬁZF’ etz e A2 (Target Work)z # B g2 > L d
AR EAT GG FOE ARG TG oA Ppt dTid S L AR e
" M‘r LR A0 MCDM 7 e g+ 9r s gt MCDM AP ATV e
MT AR R A H A A o

R R B
A | Siie Sz .. S

S: Az Sz] Szz Szn
Am B Sml SmZ Smn |

P=[pi,pyssp,]

He A, i=1--,m 5 m 3 3T A (Accident) > R, i=1--,n 5 n
HhEFF S, i=leem j=1,- APERE R I RT AT j ARG
F|F A E D E AR (Severlty)’f—% & (Judgment Value) 2 #=% & (Rating
Value) > p,, j=l-n 5 2BRGFFOFL PP FSFT 1 o @ =, L
éﬁi‘] pE 428 (Impact) > A% ;f—x;ﬁ ( Evaluator ) /;‘i—%f;'*2 (DM)

%

Rt
=

¥ CE AR - kTS Tg 4 ) kwT s H2nse (Recognition) ¥F3%
TR DR EARR R e U ETE A ELE T L LT R
GAER TR GAER=RGFFF L OPFAT R PXRTFEALRGT]T
T i £ & (Degree of Risk=Possibility x Severity, DR=PxS) » ¥ i 5 & & #7
B L UT R GRS AR RIS DRAH AR EREL I 2 S
DR=[DR,,DR, ,--,DR,] > & "% % - LT b "GARR(E)~ % - 52
AR (E) 0 2 Smig L kb 'efeR () -
Ra bl MCDM st #rt F T ph AR (E) » B9 - B &5

P—R'&FlF gL vl XAV gd B4 KT v AL

1AL R PTG R B BRIRT  TELR S AT ARG TS F A
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FoFpr N T A e 7 2 S LGE 2 S X Ed 1A%
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- PR v Ad Zadeh *t1965# 7 A D A R AHFHAHFIES LT E
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— ke 2 AT

FAPEYH- BMAEARER MR RE P EUMAY EHEA T O
Bmo - mAgmggERry T, & T3 ) kv k- affrdcdw
BT A=l K& u AR RN ARE 8 AW=0 R AT u ~F R R
AR Bl AL BELELBE 2 B EL{01) - FH G L
Pl Lt d b &t > C ARELERL B0 R FE
R A R R R 17 REON Pl s H R P AR
AR AR > BEPIARRIT ] F 248 ] o

P dRA > NPT RN k- B

ty: U —[0,1] u—> p, (v) 3.1 5%

SREAT O BB UL G R R A G R AR S £
oy o fueU BASER N g, ()R u HERE APRBR 0 &
TR u B AR -

HOhH UL TR S fo A o R B i o(U) £ A

D

o(U)={4d():U >[0.1]} 30 5
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R EA RS2 AR U A 51 UE R RS o 130G LS

U:{uwuza u}Fﬁ’E #%?'}T‘I;ﬁéaﬁ"%:

(1) Zadeh # 7w j*

g Aw) M) | Aw,) -
u, u, u,

FAEY 0 Aw,) R u, R EATRER  u, 2 UP R - 2k o § ¢
() u, 3 L2 7 oo @ AT H F o (ho T4 % 224 T dpde o

AEA T b U g P ok koS

(2)F 1 % 7 i

4 :{(4(”1)’”1)>(4(”2)’”2)a"'a(é(”n)aun)} 3.4 5

PAEE T ETRD AFE TR ER RS X4 OER - = A .

() & 4 72

ﬂ'bﬁﬁ%‘\ T E o ?P{;f'_é‘.ﬁﬁnlﬁﬁga&% ;U.% E‘J/”,—r B

7T =

(4) Zadeh &2 » & ;N enid & £ o1

4=£4(“1)+M+...+Mj 3.6;7\:
u, u, u,

?Uﬁé’ﬁ,“i’%vxw;@yé};g‘,
%U:{ul,uz,---,un} ’ F"‘I" AET(U)

A(un)z—(nzl,Z,---),un eU 3.7 ;¢
n
(1) Zadeh % 7 i
4:1/_1+1/_2+...+1/_n 38 ;\;
u, u, u,
Q) B & % 7 %
A={(Lu),(1/2,u,) -, (n),u,} 3.9 &
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B)w & 472
A=(1,1/2,--,1/n) 3.10 3¢

(4) Zadeh &2 % & ;8 enld & £ 7 2

A(u)

U u

A=

He Bl M ¥ 2 474 AN a4 7AhB UY hi A28 i8R

R RER BB
A BAAPUEPENELEEAL W E AL £ HF ok
TR RWETARLEE R 0o je FHBHRIgRT L 1T
TE SRR 5 S B R AR GEE Y T
(Dfichs 2 B ene g 2dp = B i3
1.3k 4, Ber(U) 2 YuelU »§ Au)>Bu) %+ A¢ 2 B 3 ADB »
FrREEUY BEL AR uM B ASPRER YR B
2% A4, Ber(U)E YueU % Au)=Bu) B4 7t AL Bip% 38 4=8B>
2AREUY BR AR u B AR Y E20 B e
QBB RENE 2~ piFE

1L 4,8,Cer(U) & VueU » 8% Cu)=Aw)v Bu) s > RIFEC &
B BE o f3e L C=AUB ° F Cu)=A)ABu) 5 > RIFC 5

g Bt s 355 C=ANB o
2% A,Bet(U)2 YueU » % Bu)=1-Aw) P > RIFEB 5 A sk >
s B=4 -
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- = 2Pl
FZER ORRITRZ

R PR EIE T & 7 Fs B R B oid s 254
HPRTIHEDEY - 3R UL n BEPEF > TRULSF > 04

B AR S e

(géymggémn=mw{4wx@@a~34wn 313 5
(ééngééwrﬂmq4wx@w»~Axm} 314 5

B B (4,B,Cer(U)) it 7@ E e pr > 3 &% &0 T (T

(D) $%&: 4ud=44n4=4

Q) 2#E  AUB=BUAANB=BN4

(3) % & (AuB)UC=4U(BUC)
(4) » peit: AU(BNC)=(4UB)n(4wC)

(5) mfcE:  (4UB)nA=4,(4NB)ud=4

(6) 0-1 AUD =4, AND =D
4

(7) s (AUB) =4°NB°

®) ht: (L) =4
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S Bl R .

— RIS ENR B

FETHHRSES BFRAFIRIR L FP BER R sE-

RIS U T A0,1]2 Voo BT R HOR B asE R R Sl

SRR ARIORE A T AL AT EEEATROB R > TR
N AR AR R A ttéﬁf#,%%)i S i Az Y { AT R S 2 e
Tt o

dr- B R R A BRML  TABRHIRTFRBLESES T

FIFEERG . A TR - AR H - RO RAR . LA AT AR
$ERE P BB ER LR TGS KL R R R
- o R SERG 26 R R A T

3 S B R B e

(DFHA G 7 Pt fen- L 27 s BEAF 2 2 By Lpend s
B BURERR T R O S R S s i g o

QIFHHEF PR BEFRE P OB & & @ Sk fos] % gt i 5
Delphi ;# % 7z 4% 4 S e if -

Q)yF o & F i g © 5 40 = Bendpih 2 gtk igasiF 5 F
AT S P P ARY S RFEREY Stk A HFTd 2 2 EE
*ﬂW%%ﬁ%%&%°

DR LA LE RGP I B : T RAPT IL KA <3 4p
HRHEER > T R AREE R RS k.

O)F- BHBPMERZFIERFF T ARFTLFZEREORD
Sl Lika RENOPIA TuE Sk o

AR o SR ¥ L L(Convex)E I H.(Normal)shdd {4+ » B 2

BlE S AT R E R R EE N E B AR AR
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BooE RN A sl S SRR R S A AT
B U EE A FERBR BRI DM G B9 S8 0T e s
% xﬁ;l'lj,é,\'é? ~ Fi‘]/q\'é? ~ F ﬁ/}'ﬁ \Cauchy,év\'é? \J(%'jt'],é}'ﬁ?%ﬁﬂ};\l s EI‘JL
Lo HHolEi- BPRALH» ZF L B HET - B A3 08 1 2

B s (2 & 3 AT R ) £ TR en el S -

= ~ 154 #(Fuzzy Number)
Wk Bz F #ic (Real Numbers ) sk 3 & (Fuzzy Subset) » @ & U &_
% i % B (Confidence Interval ) BL 4 73— fa4% o 5 243 Dubois & Prade®
(1978) #rhcha h » Hfolic A fidn— oW & & (Fuzzy Set) & 2 &/ o
#ic (Membership Function) p.(x) * R—=>[0,1] > # ¢ x Pedpstem S EE SRE RN
FOUTEAER
(1) py(x) & fhdpg T &E R I[0,1]5 F 1+ g i ph 54 (Mapping) -
(2) py(x) + 5 - ik (Convex) ehfichs + B & » 1 dics & 74eT o
Alhx, +(1=L)x, 1> min[A(x,), A(x,)], Ae[0,]]
(3) uy(x) @ 5 - o+ & it (Normalization) » 7% f— T #cx, i
@ ua(x)=1>
wa E R el T S ol T - s ARk A= (L,M,U)
2 Hon LR (B 3-1) P fioh ez 42 -

(x=L)(M=-L) L<x<M
p, () =|U-x)/(U-M) M<x<U 3.15 3

0 otherwise

(4) o & (o-cut/o-level) ‘o G afip it teprmE & (Crisp Set)
PDFE-BARAEEDES L FTUREIHBE Lo L L2 B - B
HiE F o o) acl0l] Rtk 4 o BRAAE 4 A

*® Dubis, D., and Prade, H., 1978 , "Operations on fuzzy numbers", International Journal of
Systems Science , Vol. 9, No.6, pp.613~626 °
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“A={x|p;()2a}l » EFRE x ZHBRE po(x) <R EN T
BeoaoZ AHowE A= (LM, U) 2 a £ 4o o
“4=[(M-Lya+L,—(U-Mo+U]=["L, “U] 3.16 &

P X
L arL M ay U
B 3-1 = £ #KZ a-level 7 & @
(FH kR 2Py FR)
= ~ # R %% (Linguistic Variable )

1295 Zadeh (1975) P4 | 2370847 3 S 5 2 R R PR > B 4 R
MG S Nk 218k i rﬂumﬁ s ¥ 3% 3 % e % o
WEHRR e A FRARE AR AT R AFEF T I RE - BT A - A

PoosER AR

g8 Bldo o 71‘»55"“ WAh GG 2 EG P
EBREIEEFREC SRR TR L TamENER L T o Ay
SR R PR L T BEL AL A
AL ARG T T LAV IR R B4 ol Tiag ) -
M ) M H B R F R LIET o o R IRG 2 G A FE TR

Fp - LR R YRR E AT U SHEL SRR .

N ST

Ji
%

¥ Zadeh L. A. (1975) . “The concept of a linguistic variable and its application to approximate
reasoning.” Information Sciences, 8 (1) , 199-249.
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AR RSB R AR L AU R A R B E T s e
Bipes anmg o gy Tigy ~ Ty~ e ) ~ T~ T
A IBErPELRREAT oA GF LI TR ~TF
Mg )~ Ty ~ T T BEsZl cRAkAT BT BEsmh

# 4 ¢ B %51 % Chen & Hwang™ (1992)#7#% ¢ B A 8 Rl 4o @] 3-2 #757 °

P«Aﬁ(x)
A
T E X N +F {2 4F
1.0 ;
0 : >
0 0.5 1.0

B3-2 T 8%cZ3 % B E6
(FHR %k 2Ef FR)

£~ HopP M GaioPiEw

— ~ o B T
ERFRTFE - TOM GG §APRY T I HETF 2
BEGGPE S AP EERAEHM G Y RAF oA M GY o B i

BE2 Wi n e} A I R Mo T KM G S B A
FALRY UM AN R EARLY S TR THAMARD 4

FALR ) o A ATR fy i M GRS BB M B 5 R &

P

% Chen, S. J. and Hwang, C. L., 1992, Fuzzy Multiple Attribute Decision Making-Method and
Applications, Springer-Verlag, New York.
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ERIAG LR GIER S R ATG

EHAMARY > Adpd BREE Ao BEff o s AXBe #E A
B R A SERM G B AR E BIfEA - BIR T B

v

2 AXBea o+ E R A AEREEY ~FHEAM I’T‘mﬁﬁ“%&: ° 3T A&
AxB={(a,b)|aec A,be B} 3.17 ;¢

R={ug(a,b)| py €[0,1] 3.18 ¢

B (@) 27 L EE AXB P ~ A (ab)lF ik .
FHEORM AR R 5 LEEE S BV U LR B A T

4o TR
Vll ”12 rlm
, 12 12
21 22 2m
R = [r] =
'~ ij :
rnl rn2 .“ rnm 319 ;\

oo OSI’U <1(i=1,23,....01; j=1,2,3,..,m) » K 5da e 756_,; WopaErd > A3 ¥y
LAB LAY N iB A A a ok EBY BB AADL BEH® (a,b) 0 A7
ey g %’-ﬁﬁ%ﬁﬁfﬁg ﬁgﬁjﬁi)i , ‘—T’Pﬂg(ai,bj)zrﬁﬂ o d MV AT ’}’if;]’vé“ Fﬁg fﬁ"ﬁﬁ:ﬁ
BB 1] el -

GBS BELERE N -RYF IR LR

el
B AxB + G0 BHORM GELR=[r]{rS=[s] &

1.3 8 8
T=RuUS 3.20

I

Ho T=[t;],(i=L12,-n;j=12,--,m) » & 1, =r,vs; =max(r,,s;) °

TP ER R 4 Y F (2002), HoR F T 8 B, 2 E AR R L .
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2 fEY

T=RNS 321 %
2t =r; As,; =min(r,s,;)
3EERREE S

R=1-R 3.22 ;¢

B R=[r,],(i=12,mj=12,---,;m) > 2 r,=1-r,

FHWAEL R=[r] #XHEHPEL S=[5] MU R=S%7F ;F
pSs, 0 RIS E F R MRCS A7 o F ok mL R=AxB =[]

(=12, n=12,...m) 4= H # & & S=BxC=[s;] (=12...m
k=1.2,...0) » Bl tezhid AXC A 47 o RecS thé S8 5 7 5 ¥

T=RoS 323 &

B8 T =[G =12 mk=1,20) » b =V (5 AS,) o & SEE? & F

TR HREL R FlEEfopEL § iF A TR

2 e
AR R F R T = fiE it Ee:
1.% A R B 3
Z“fAthenB” > H¥ AB B L% kihEafiwg s o
2 AR BZERCA
z 5 “ffAthenBelseC”> 2 ¥ A4B~C#%H % » @ B=C #%H# o
3. AF BRlC3l
wa“ifAandBthenC”> 29 A-BfrC A B : 2 FHmPBZIHEE -
$ 2 WO IS 22T pende s o h@hﬁﬂ—ﬁ@*%%@ﬁ@ﬁﬁ
Tndasm = o BRI R AfwB  BP R tp 5 Ufe Vo 5 E 5 236
AEEL L afckaEL > PR Y E AR BAGDIERE AT LA e UxXV
Fih- BHOBM AR
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R=(4xB)V(AXE)=[p,) A iy IV -, ), VueU,veV 324 3¢

B RO AL kALY o T s BB F e i R & A R
Fad M AR OER TR E S B T
B=AoR 325 ;¢
i 3% 9“if A then B else C”+ A fiZ % “if A then B”&“if 4 then C” - f&
UM A5 AU ~B=C=V #%H#¥ > Bl 22 7“fAthenBelse C” 2
B UXV i R 5

R=(4xB)U(4xC) 3.26 5
R RS AR T Sd kB R gk oW aie g L
B ’ QI":

B=A4°R 3.27 &
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