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13
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. Crisp

. Deterministic

. Logical Language

. Probability Theory

. Stochastic Uncertainty
. Vague

. Fuzziness

. Randomness

. Incomplete Information
10. Inaccuracy

11. Zadeh, 1965

12. Fuzzy Set Theory (FST)
13. Goguen, 1967
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X= [0,%100 ]
u(x) '

50

14 13

:(Shapiro, 2004)

[0,%100 ]

80
(80 50)

12 11 10u

. Fuzzy Logic

. Logical Facet

. Set Theoretic Facet

. Relational Facet

. Epistemic Facet

. Linguistic Variables

. Membership Function
. Object

. Grade of Membership
10. S-Shaped

11. Triangular

12. Trapezoidal

13. Gaussian

14. Generalized Bell
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supy (x) =1
supx  (x) x) A

X X S(A)

(1)

2)
)
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. Collection

. Characteristic Function
. Degree of Membership
. Mapping

. Range

. Support

. 0-Level Set

. Strong o-Level Set

. Convexity
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. Cardinality

Power

. Relative Cardinality
. Fuzzy Numbers
Real Line

Mean

. Piecewise

. Spreads
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(.) a R A=(C, )

| :(Zimmermann, 1996)
1-—— fora- x a
= 11 fora x a+
L 0 otherwise
1
A
4
ifﬂ"w CE
g , % --1_}. |
. A=(C. )
=[ , I=[ - @-) + (- )] a[0]] (6)
- -
() () M,N- ()
Z M N
@=min{ () ()} z=xty (7)

()

1. a-Cut
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f(M,N)=M N
(M 0=M) noon
M ( M)#0
R R* 2 -
N M
M N= ( M N) M
M M #1 : (M 1=M)
M N . 3 -
M N=M ( N)
2= min{ (), ()} z=xy
= min{ (), ()} z=x+y
= min{ (), ()} z=x+y (8)
M N N M
5
4
(X) °
D (©) (G)
D CG 5 C G
5
po(X) Ha(X)

1. Extended Addition

2. Extended Product

3. Extended Subtraction

4. Decision Making

5. Bellman and Zadeh, 1970



=arg[max min{ (), ()}

:(Zimmermann, 1996)

Zi<bi-A;

M(z)=a

Zi=bi-A+Aia

C=Cy+A-Aa

XH

18

XL

©)

(10)

Zi=b;

1. Tolerance Interval
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Maximize :a
Subject to :z; - A =b; - A;

C+ Mo <Cyt+A
O<o<1 (11)
2 1
6
3
7 6 5 4
1 8
1
| —
Y
10 9 ( )
1
12
13
1. Carretero and Viejo, 2000
2. Chang, 2003
3. Fuzzy Inference System
4. Fuzzy Rule-based Systems
5. Fuzzy Expert Systems
6. Fuzzy Models
7. Fuzzy Associative Memories
8. Fuzzy Logic Controllers
9. Knowledge Base

10. Process

11. Input

12. Fuzzification

13. Inference Engine



max min

= Z

X Yo

Cj Bj Aj yo Xo

A&B; C

(=1.2)

1. Defuzzification

2. Triangular-Norms
3. Mamdani, 1974
4. Intersection

5. Firing

6. Union
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2
= ()x ()

n Xnxp NXP

(2=<c=n-1) c

s ool |

!
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. Center of Gravity
. Abscissa
. Kuo et al., 2001
. Young, 1997
. Fuzzy C-means Algorithm
. Clustering
. Centers
. Database



m C t
pxp G
a €
t
u() ( )
(+1)—- () (+1)
t
€
5 4
8
8 7 6
13 12 1 10 9
.(Shapiro, 2004)
8-1
15 14
. Patterns
. Features

. Exponential Weight

. Classification
. Underwriting
. Projected Liabilities
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10. Pricing

11. Asset Allocation
12. Cash Flows

13. Investment

14. Claim

15. Fraud

. Derrig and Ostaszewski, 1994
. Verrall and Yakoubov, 1999

. Fuzzy Future and Present Values
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10

. Insurability of Municipalities

. Occupational Injury

. Disability Index

. Age Groupings in General Insurance
. Preferred Risk

. Lemaire, 1990

. Fuzziness

. Ostazewski, 1993

. Manton et al., 1994

0. Derrig and Ostazewski, 1995a
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3 2
(c=5)

20 (e0.05) 5 (m=2) 2

12 8
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8
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1+ ¢ o 1F" G O |- - -

TCA TC2 TCS TC1 TIC2 'II'CS
0 5 10 0 5 10
=0 =0
( )
387 . ( )

127 . 62 4
-3) 0) : (c=5) 5 | 0-10
( ) > Z .(10) (7-9) (4-6) (1

2 1 6

1. Bodily Injury Liability (BI)

2. Personal Injury Protection (PIP)
3. Property Damage Liability (PDL)
4. Coder

5. Suspicion

6. Adjuster
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100%

80%

60%

40%

20%

0%
50 100 150

275 525

775 1025 1500

20

1. Investigator

2. Fraud Vote

3. Screen

4, Hellman, 1995

5. Gross Margin Rating
6. Solidity Rating

7. Interest



= + + + (12)

10 : 50,000

. Joint Deviation
. Verrall and Yakoubov, 1999
0. Distortion Effects

1. McCauley-Bell and Badiru, 1996
2. Analytic Hierarchy Processing

3. Fuzzy Rule Base

4. Mapping

5. Possibilistic Regression Approach
6. Support

7. Task

8

1

1
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20 (c=6)
1
1
7 6 5 4 3 2 1
6 5 3 4 3 2 1
69+ | 52-68 48-51 32-47 28-31 26-27 -25
61 72 100 90 115 136 406
( )
4 . 5
8-2
3 2
. 30
! (TR (O (T
1. Anomaly
2. De Wit, 1982
3. Subjective
4. Technical Aspects
5. Health
6. Profession
7. Commercial
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=(() ~—  2min(05 ))I ¢ (13)
o5 ) (C)?
( )?° (0/5 )
(7)°
_ (6 )5 -
8 7
9
10
3 2

. Intensification

. Concentration

. Dilation

. Lemaire, 1990

. Bounded Difference

. Hamacher and Yager Operators
. Hosler, 1992

. Young, 1993

. Multiple-Option Plans
10. Turnover Rate

11. Carreno and Jani, 1993
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90

60 30

@ (9) ®) ()

© )

10

1.0
08
0.2
0.0

. Knowledge Based System (KBS)
. Rule-Based Expert System

. Improved Decision Aid

. Incremental

. Jump Discontinuities

. Joblonowski, 1997

. Profile

. Knowledge Imperfections

. Mosmans et al., 2002

0. Care Channels
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2 1
10
10
I T Ry .
3,0 " i
0 10 20 30 40 50 60 70 80 90 100
3
4
5
6" 11}
11 !
( ) ( ) 30
1. Boissonnade, 1984
2. Pattern Recognition
3. Discriminative Function

. Bayes’ Criterion

. Cummins and Derrig,1993
. “Good” Forecast

. Reasonableness

~NOo ol
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HGoal 2

(2)

A1

HGoai 2

/ ’|..I/Goa| 1

1.014

(b)

1993

2(1-a)

(14)

~NOoO O~ WN -

. Chen and He, 1997

. Overall Disability Index (ODI)

. Sanchez and Gomez, 2003

. Incurred But Not Reported (IBNR)
. Possibilistic Regression

. Chain Ladder Method

. Ordinary Least Square (OLS)



Yy X
[as,as] [as,az] x)
()= +C =)
()= - =) (15)
1,234 (1])
12
y =M, (X)
i
n
= @a ) (16)
3 Cl)
()= T
()= Cl)a+ (1) .12 (17)
A
A& = (@1 ) if 50
PVZ(S'n):{ 0 otherwise (18)

1. Fuzzy Future & Present Value
2. Buckley, 1987

32



a,<ay PV,(S,n)

33
PV,(S,n) ) as<as
()= C1ra+ 1) =12 (19)
2 1
13
13
H(x) He(x)
45 6 7 8 77 87 97 "
(1@ iy"° 10Pss
HA(X)

300 400 500 600 700 "

0/03) 10
10Pss (0/09 0/07 0/05
65 1000

14 . 10

1. Lemaire, 1990
2. Pure Endowment Policy
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10%
8%

6%

5%

0%

1982

10
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. Net Single Premium

. Term Insurance

. Terceno et al.,1996

. Mortality Rate

. Deferred Annuity

. Bonus-Malus Rating System
. Lemaire, 1990

. Excess of Loss Retention

. Probability of Ruin
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15

(x10%
5
{xi;j,i=1,...,n,j=1,....p}
( ) of =1
H
H — Z=1-u ~
(c=2)
6
7 —-—
= M O (20)
'S -
. Cedent
. Deductible
. Retention

~NOoO U WN R

. Degree of Applicability

. Ostaszewski and Karwowski, 1992
. Krasteva et al., 1994

. S-Shaped Response Curve



(%)
NA NA -
NA 0 NA
+ Na NA
) Not Applicable NA
( )
(
16 min

1. Possibility Measure
2. Necessity Measure
3. Young, 1996

4. Prescriptive Phase
5. Descriptive Phase
6. Rate Changing

36
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37

()

) [-%5 %10]
[%80 %100] ( 500 40]

1.Young, 1997

2. Worker Compensation Insurance
3. Verbal Rules

4. Cummins and Derring, 1997

5. Risk Premium



A7

H(x)

max-min

( )=max{min { () (O}
n n IID n

17

1. Carretero and Viejo, 2000
2. Carretero, 2003

3. Nonsymmetrical Model
4. Luetal., 2001

5. Importance & Superiority
6. Nash Equilibrium

38
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PVi(Sm=A & = (1 )

! PV1(S,n)
(1= Cl1)a+ ) ,j=L12

n’ n

1+)E ) {G3
= M? (D-M,D,D+M)

(S<0)
(22)

(23)

. Asset Allocation
. Buckley, 1987
. Internal Rate of Return
. Hosler, 1992
. Call of a Bond
. Buehlman and Berliner, 1992
. Fuzzy Zooming
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(a)18
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j]
P
(@)
«C — )
. Chang, 2003

. Classical Immunization Theory

. Matching of Assets and Liabilities
. Guo and Huang, 1996

. Skewness

. The Most Optimistic Value

. The Most Possible Value

. The Most Pessimistic Value

. Zimmermann, 1978

40
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32/4

( ) : ( 32 31/4 32/4 33/6)

10 9

. Derrig and Ostaszewski, 1997

. Risk Free Rate

. Expected Investment Tax Liability
. Differential Tax Treatment

. Dividend

. Capital Gain

. Bouet and Dalaud, 1996

. Cash Flow Matching

. Duration

0. Utility
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11

12

10

14

9-1

15

. Romahi and Shen, 2000

. Rule-Based Expert System
. S’anchez and G’omez, 2003
. Possibilistic Regression

. Quadratic Splines

. Spot & Forward Rates

. Net Single Premium

. Zadeh, 1992

. Soft Computing (SC)

10. Genetic Algorithm

11. Neural Network

12. Search

13. Learning

14. Curve Fitting

15. Yoo et al., 1994
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16

10

( . )

1. Compensation Rate

2. Comparative Negligence

3. Responsibility Rate

4Expert Knowledge Structure

5. Cox, 1995

6. Anomalous

7. Peer Group

8. Unsupervised NN

9. Kolmogorov-Smirnov Test (KS)
10. Kurtosis

11 .Population Compatibility Number



444 > 4
9 239

10
11

12

24 .
3100

. Pena-Reyes and Sipper, 1999
. Diagnostic Systems

. Pittsburgh-Style of GA

. Database

. Rule Base

. Bentley, 2000

. Evolutionary Fuzzy Approach
. Suspicious

. Committee Decisions

10. Abraham et al., 2001

11. Principal Component Analysis
12. 1-Day Ahead Stock

13. Nasdag-100 Main Index
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10

1. Kuo et al., 2001
2. Knowledge Base
3. Qualitative Effect
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