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A Study on the Development and Application of Fuzzy
Evaluation Algorithm to Complex System

Lim, Bong Taeck

Department of Logistics Engineering
Graduate School of Korea Maritime University

Abstract

The evaluation structure of complex system is composed of multiple
attributes and hierarchies. Many studies have been done based upon the
assumption that the evaluation elements were independent. The actual
evaluation structure of complex system, however, has complexity, ambiguity
and inter- linkage among the elements. In this regard, the fuzzy evaluation
process is well known to be effective way with which the complex system
can be dealt.

Introducing fuzzy evaluation process into the complex system, the problems
which might be encountered can be categorized into two kinds: the one
originated from existing fuzzy evaluation process and the other from
extensive evaluation procedure by Multiple Decision- Making Group(MDMG).
The latter is concerned with adjusting and integrating the measures and
evaluation values by MDMG which shows a variety of viewpoints on the
evaluation of complex system. The former, on the other hand, is closely
related to identifying the evaluation hierarchy, the interaction among system

elements, and the evaluation value.



The main objective of this study is to develop the Fuzzy Evaluation
algorithm to Complex System(FECS) which can be universally adapted to the
complex system by both enhancing the existing fuzzy evaluation process and
solving the problems in evaluation procedures by MDMG. This study also aims
to confirm the effectiveness of FECS by applying to the evaluation of national
maritime power system. These were fulfilled, first of all, by suggesting the
framework of which the multiple hierarchical evaluation structure system can
be efficiently composed, and identifying the superiority of fuzzy measure to

linear measure.

The detailed results of this study are as follows:

Firstly, the framework which can logically consist of the multiple
hierarchical evaluation structure has been suggested in order to find the
interactions among attributes, maintain the consistency of structures, and
abstract the hierarchies in structural model of complex system. In this
framework, instead of using the existing through evaluation method from
bottom level to top, in particular, the integrated evaluation of total hierarchy

has been accomplished by the Efficient Hierarchy(EH) only.

Secondly, for the purpose of clarifying the characteristics of measures, the
property and differences between linear and fuzzy measures were discussed
through two level- down evaluation process. Making the integrated evaluation
process which keeps reversibility among hierarchical levels, some necessary

conditions for reversibility of fuzzy evaluation were obtained.

Thirdly, the development of FECS has mainly focused on:

) ldentification process of fuzzy measure for considering the interactions.

) Adoption of uncertainty process for considering the confidence degree

- X]| -



of each evaluator.

) Integration process for integrating the measures of each evaluators by
DS(Dempster- Shafer) theory.

) Level process for adjusting the excessive different of measures per

each evaluation group.

The FECS steps are as follows:

[Step 1] Abstract the attributes composing the evaluation system.

[Step 2] Construct the hierarchical structure of evaluation space.

[Step 3] Determine the efficient hierarchy(EH) in the hierarchical evaluation
structure.

[Step 4] Calculate the measures(w) and interaction(A ) of attributes in EH
by eigen- vector method.

[Step 5] Adjust and integrate the measures by uncertainty process, DS
integration process and level process. Calculate the fuzzy measure by w and
A

[Step 6] In case of the evaluation of Low EH(LEH), calculate the
evaluation value by Sub Fuzzy Integral(SFI) process(in case of evaluation by
unit decision- making group) and Group Fuzzy Integral(GFl) process(in case
of evaluation by multiple decision- making group).

[Step 7] Calculate the integrated evaluation value by fuzzy integral process.

And set the order of alternatives by integrated evaluation value.

Finally, for verifying the effectiveness of FECS which was applied to the
evaluation of national maritime power system, the model of evaluation
structure of national maritime power system was proposed for comparing the
national maritime power of major 20 nations. In order to make the structure

model of national maritime power system by system structural modelling

- X1l -



method, the 50 basic factors were selected by the extensive and thorough
literature survey on maritime power. The basic factors were classified into 36
components by cluster method. 9 attributes were extracted by applying the
Principle Component Analysis(PCA) method. Also, the importance of
considering the interactions among the attributes has been confirmed by
evaluating national maritime power system.

For obtaining measures, interactions and some evaluation values of
qualitative attributes, a questionnaire survey has been made to the 69 experts
who have been engaging in maritime-related area. From the questionnaire
survey, the average interaction coefficient among evaluation attributes was
found - 0.199, and the order of fuzzy measures(fuzzy measure value) was as
follows: the power of ocean research and development(0.134) >the
fundamental power of maritime(0.132) > shipping and port power(0.122) > naval
power(0.117) >the protection power of ocean environment(0.106), the will and
inclination of government(0.106) >shipbuilding power(0.089) >fishing power(0.061),
dependency on seaborne trade(0.061).

As the results of fuzzy integral, the order of national maritime power of 20
nations was as follows: U. S.>Japan>U. K.>France>Germany, Russia>
Canada, Netherlands >China, Italy, Spain>Taiwan>R. O. K., Belgium>
Australia >Brazil >India >Mexico > Argentina > Indonesia.

It was known that R. O. K. ranks the 13th position among 20 nations.
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1.1
(evaluation) (value)
[1].
(utility)
(preference)
(scale)
(measurement) (measure)
[2].
[3-4]. (criteria)
(attribute)
[5- 6].
(decomposition)
(hierarchy structure)
, (multiple
hierarchy) [7].

(complex evaluation problem)



(complex system)

?
?
(interaction) (identification)
(consistency) [89].
(ill- defined)
[10- 12].

[13].

(additive condition) (monotonicity)

(fuzzy integral)

[14- 16].



(HFI: Hierarchical

Fuzzy Integrals), (HFEA: Hierarchical Fuzzy Evaluation
Algorithm) (HFP: Hierarchical Fuzzy Process)
[17-19].

(AHP: Analytical Hierarchy Process)

1.2

, (HFI, HFP)



[20], (Ellsberg paradox)

(ambiguity)
[21].
1.2 2
(AHP)
(HFI)
[22].
)
)
)
(HFP)
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122 :
(FECS, Fuzzy Evaluation algorithm for Complex
System) ,
, (structural knowledge)
(framework) ,
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2.1
J. von Neumann O. Morgenstern
[24- 26].
: X, y c () u(Y)
; H
x 2y < wux) = uy) (2-1)



(comparability) (transitivity) 2

2 Xzy

y ZX

3 X, Y, Z , X2y, y>z , X>Z

3
(partial
order) Fig. 2-1 (1)
(pre- order)
Fig. 221 (2
(total order)

Fig. 221 (3)



N

@ >

7 3 <)

(3) Total order

(1) Partial order relation (2) Pre-order relation relation

Fig 2-1 Order relations

2. 2
(scale)
(measurement) (measure)
(MT: Measurement Target),
(MC: Measurement Criteria), (MR: Measurement Result)

. Fig. 22 MT, MC, MR
(2-2) [27- 28).
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Measurement Measurement
Criteria(MC) Target(MT)

alue system of decision maker
(objective, will etc.)

MC

4,[

Measurement
ResultiMR)

Fig. 2-2 Concept of measure

:MT  ——————> MR

[29].

(2-3)

(2-5)

@ e F, X e F

F

X
(2-4)

A, BeF= AUB, ANB, A€

{An}CF = UE:lAna mg:lAn

, (X, B
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=

(2-2)

(field of sets)

F

F

(measurable space)

(o - field)

(2-3)

(2-4)

(2-95)



(measurable set) . (measurable)

(X, F) B F
[0, 1] , (2-6), (2-7) (2-8)
F , (X, F, ) (measure space)

(boundary condition) ; « (@) = 0

(additive condition) ; A, B « F A (1B = ¢

= (A UB) = p(A)+ u(B)

(CFB) ; {A}CF, Ay T A = puA,) T uA)

(2-8) CFB(Continuous From Bellow)
, CFA(Continuous From Above)

Lebesgue

[30- 31].
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(2-7)

(2-8)



[32- 35].
X={x] x2 ..., xr} , P(X) X , P(X)
g :P(X) - [0, 1] g
X A, B , g
(boundary condition); g(@) = 0, g(X) = 1 (2-9)
(monotonicity); A C B , g(A) < g(B) (2- 10)
X Al A2 A3 .. , Al A2 A3 ,
, Al A2 A3 ,
(continuity); limg(A,) = g(limA,) (2-11)
(2-7) (2- 10)
,A A B B A B . (2-10)
9(A) V g(B) < g(A U B) (2-12)
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g(A) A g(B) > g(A N B)
g(A B) g(A)+g(B)

g(A UB) = g(A) + g(B)
(2- 14)
) 9(A)  9(B)

g(A UB) > g(A) + g(B)
) 9(A)  9(B)

g(A UB) < g(A) + g(B)

) 9(A) g(B)
g(A U B) g(A) + 9(B)
(2-10)
- (A-fuzzy measure, g,)
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(2- 13)

An B=g

(2- 14)

(2- 15)

(2- 16)

(2-17)



(2- 18)

gix(A UB) = giuA) + guB) + 4 -9gu(A) - g(B) (2-18)
, A, BeX, ANB= @, -1< A< co
, A- A
3
) A 0 A probability
) A20 , A- belief
) A0 A plausibility
A 9. A Ay As o Ay
(2-18)
0,(UA) = 2(Ila+ 2-g,A0)- 1) (2-19
CANA = B0 F
P(X) A, Ay, As ., A,
0.(A) . (219
A 9.
ALC (AUAS) C (AUAUAY <, = < (UA) (2- 20
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2. 3

Sugeno (fuzzy integral)
[36- 39].
X g : P(X) — [0, 1] , X
[0, 1] h: X — [0, 1]
, A(AcX) h g Sugeno
(2- 21) . (222

J. N0 = 9()= SUPucoy Min [a g(ANHL], Ho= {x|h(x)>a)

(2-21)

JC h(x)¢g(-) = Supe x Min [Min h(x), g(AME)] (2-22)
Minx E h(x)=a g(An E) E {x |
h(x)< a }=Ha . . (2-21)
(2-22)
Sugeno
X , X E P(X)
9(E) E X h(x),
x X X X
h
JC( h(x) cg(-) = Supe x Min [Min,ce h(x), g(E)] (2-23)

- 16 -



(2- 23)

) Minx E h(x) , E

) Min[Minx E h(x), g(E)]

E

) SupE X Min[Minx E h(x), g(E)]
E

Sugeno

) 0 < h(x)eg(") < 1

yht<h2 [h)eg() < [hy(x) < g()
)ACB [ he0eg() < [ h()-a()
(2- 24) (225
(2- 26)
Sugeno

(simple weighting method)
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(2- 24)

(2- 25)
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(average)

(median)
Sugeno
(weighted median)
2. 4
(AHP)
(HFI) [40].
) AHP (binary comparison) w
) ¢
Xi, Xj X . Xi, Xj (€ i)
b))
foo HCUX) - () px)
i 1) A wlx) SRR (2-27)
, = & = 0 &i (-1 «)
(2-27) Ci=-1 , Xi, X

Xi, X

(2-28)
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w(x; M X)) = wu(X) V #(X;)

(2- 29)

e
7 = {13 (U (1+ )

ni
;N
(2- 30)
=
C” {77; I (1- 77ij)
)
&

coefficient) C

Xi

a(-)

(2-28)
(2-27) B, p(x) p(xi X))
S (-1, )
nij (-11)
§j . (2- 29)
(-1, 0, 0, (0, 1)
& (S (-1, =)
Zj g 8 (2- 30)
w
(fuzzy measure identification
(2- 31)
(2-32)
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g(igxi) = 1 (2- 31)
o(2x) = i1l + 2. oe)- 1= 1 (2-32)
A=C,qg(-)=C-w . (2-32) (2-33)
%[iljl(l boEeC. w)- 1] = 1 (2-33)
(2- 33)
& w C
| (2-33) C
a(-)
w §
) h(*)
) h(- )
a(- )
(2-34)
JQ hy(x) cg(-) = Supe x Min [Min e hy(x), g(E)] (2- 34)

() = [ e 09 < 9()

H , n n-1
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2.5

) AHP

a(?)

filw) =

(HFP)
(AHP)

(AHP)

[42].

((1- D% 1)1 -

U

(2- 36)

(HFI)
, AHP
[41].
(binary comparison)
A-
(2- 35)
A AHP
H w » fal)
A if A=+0
(2- 35)
if A= 0
k
, k+1
(2-37)
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ho(x) = [hu () < g o) (2- 36)

hy(xi)) = hy () - g, t>K (2-37)

Fig. 2-3

Existed fuzzy evaluation process by unit decision-making group
: Fesuk of intermed ags
Evaluation target Evaluation H;=0| avaluahon
Interaction process [ gl
m T MW g e )
i Circulation EVWi:ih [ -]
§ I o e [
o -~
g : _
@ E: E |-ll - HI +
5 [ gi+1oh (1] Mo {_,/I’:_nz
; =h i+1{ =] e ! j>
Mm integral
Result of synthetic
A S R R I ervaluaion
Q;gg«(\ [ A
Py . ributes Q. al ¢ Joh )
L2 7 A : Afternatives i -2
(I iy "' DM ¢ Decizion BMaker
Wi o Weight Value
EV . Evaluation Value

Fig. 2-3 Existed fuzzy evaluation process by unit decision- making group
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2.

6
y P
z1l z2
z; = lpxg +
Z, = lyx; +
Zg = lgxg +
(2- 38) lij
n
p 3 1

e 2qp>Q)

I 12X, +,
I X, +,

lgoXo +,

(p- 1)

+
+

[43].

l1pXop
| 2pX
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v q
p
q
, 1 (2-39) (2- 40)
X X2 _ - X
11 - 1 o o Ilp
15+ 15+, o, o+ 1 =1
(2-39) i 1 (2- 18)
2 1
lij
1 n R
Xi' rit i i . Xi
Xi - . )
rir’ 1 , p
Xi
- n
C X, = 2 Xu.ln
a=1
Vi = 2 (Xam XO)(Xiar X)) 1 (n- 1)
1rll = V|| / Vii Vi'i'
) = 11 21 ) p1 | = 11 21 ) p
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R
A v At + Ap = P
A=A, > 2,20
, XL, X2 ..., Xp
Viz] Aj
,((ANL+A2+..., + A p /p
20 40%
R Aj
1 . J=1 ¢q
Xi (2- 46)
L oading)
FL = V4 - I
. z1 |1
z1 . , 21

0.6

(2- 38)
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q
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.1

(VS: Value System)

VS=<X, P> C
PP XxX
X (preference order)
, (decomposition)
(composition) . (total order)

(pre- order)

P( ,A={(x, xX) x X}
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VS=<X, P> , P A P

ES=<MN{Xa a A}, ST, {Ta a A}> X Mn{Xa a
A} f [44].

VX, yeX:[(xy eP] <

(3-1)
[ 31 esT; Vaesl; ((fxX)a, (f(¥)a) € Tal
,NM{Xa a A} : {Xa a A}
A
Xa: (a A)
ST P(A) :
P(A) : A
Ta Xa Xa: Xa (a A)
( Ja: N{Xb b A} Xa (a A)
3.1. 2
(3-1) ES=<MN{Xa a A}, ST, {Ta a A}> (ES:
Estimation Space) : N{Xa a A}
A (attributers system) , Xa
. ST (ST: attributes STructure)
I ST
ST
{Ta a A} a A Xa
A P VS=<X, P>
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ES

VS
VS ES
) Tga A)
) (1 ST) I'(I' ST)
ST
ST
YA P VS=<X, P>
3.1 3
(3-1) X M{Xa a A} f
VS=<X, P> ES=<N{Xa a A}, ST, {Ta a A}>
f X
VS P A P
Fig. 3-1
: f(X) f(X) N
{Xa a A} , S R
S = f(X) (3-2)
R={(s s)eSxS| 3IeST ; Vacl ; ((9)a. (s))ET o (3-3)

- 29 .



Value system of Measurement -
decision- maker of result Evaluation space
VS =<X P> ES=<T {Xa a A}
ST, {Ta a A} >
Relationship X : set of result of f T }
between VS " gecision- making - N {Xa a A} attributes
and ES P : preference order . system
on X ST : attributes structure
Ta : total order on Xa

Motivation

Value system(VS) of decision- maker can be represented
by an evaluation space(ES)

Fig. 3-1 Relationship between the value system of decision- maker and the
evaluation space based on attributes system

R S , S R VS
X P ES .S R EAS =
<S§, R> (EAS: Evaluation Attributes System)
3.2
, (top level) (middle level), (low
level) ,
. ES=<N{Xa a
A}, ST, {Ta a A}> EAS=<S, R> ,
1A | R[I]
R[I] = {(s s)eS xS | Vaecl; ((9a.(5)a) €T} (34

(s, s') RJI] , [




, D P(A) D R(D)

R[D] = U{R[I] | I €D} (3-5)
3. 2. 1
A I, J J I
Vs seS:(s s)eR[I] - (s s)eR[J (3-6)
(3-6) (I, J AD(Abstraction Dependency)
. (1,3 AD |
J , | J
J I
I, J P(A) (1, J) AD, (J, 1) AD R
AD . AD
A o | P(A)
) (I, 19 AD |+
) | , (1% 1) AD | *
I+ | I

- 31 -



> 1

3. 2.2

(AD) s, S

AD
KD(KD P(A)x P(A))
, KD
3
) 1,3 P(A), 1 J , (1, J)
)1, 3, K P(A), (1, ), J, K) KD , (1, K)
) 1, J, K P(A), (1, J) KD (I K, J K)
3
[45], 3

KD , KD

(AD) KD
KD AD
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3.3

3.3 1
n
, Hn ..., HO P(A) . (37 Hm
hm(m=0, ..., n-1) , (Hn ..., HOQ
Vm=0 -, n-1; VI, Hy,;: (In, hy(ly)) € AD
hm
(37 hm
. Fig. 3-2
,H2={1®, H1= {116 113, HO= {IGG |07, I1®B 1@
29) ,hO 16107 116 ,1810® 117
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H m+l

(3-7)
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(16 119, (107 119, (1B 1), (I8 11, (156 1D, 17 15

AD , hm
Fig. 3-2 1
wal, wil, w2l
i ; . Evaluation | Evaluation :
Hle:ram]:uc?] structure fusction | hierarchy Levels
@ H., Top level
__________ -'F . GEE S e oy T e e R e s e
L -h:l:l.j.
T T T T T T T T T T T T T T T T T T Ty T T vaddle |
___________________________ i | dewel
o | \ hi-l
L) (1) (,I H Middle
2 e 28 Sty NI, < lewal
______ /T N S N Y
R — . V.S ... 0 A —
b L 4 hiiddle
({t%l @g‘ugl? L I;f}rl Lt Hl lawal
o ___/('____“\._____rl\___ ——————————————
AW AN 3 O )
[OOSR N R

Fig. 3-2 A general hierarchical structure of evaluation attributes

)

331 hm

Fig. 3-3

(interaction)
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. Fig. 3-3 , HO 1B 18
H1 116 117 , H1
116 117
, 116 117
(Wb wij
) H1
PR L -+ Evaluation | Evaluabion al
Hierarchical structure futction: | higraschy Lavals
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Fig. 3-4 An identification process of interactions by measure
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, 3
, Fig. 3-3 H1 116 117
Fig. 3-2
3.3. 3
(Hn ..., HQ ,m=1, ..., n, Im Hm , (3-8
low(Im) Im . , (3-9) (In
- 10 Hnx ... x HO
IOW (Im) = {Im—lEHm—l | hm—l(lm—l) = Im} (3'8)
v m= 1 .., n; Im = hm— 1(|m— l) (3'9)
(n )
o )
, . Fig. 3-2 low(115={10@G 102,
low(ID={IG® 163, low(I H={I1 1T} (15815610, (15

16 10), (18 117, 1
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3.3. 4

(VS) (ES)
(Hn ..., HO

ImE (Im+

Im Iml low(lm

Im Iml

low(Im

(Hm ..., HO
(3-10)
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Fig. 3-5

Step
Step 1
()
(AD), AD ,

Step 2 )

° ( )

o Step 2
Step 3

o Step 3

, Step 2

Step 4

Fig. 3-5 The procedures for composing the model of evaluation structure

, Fig. 3-5 (technique)
(tools) . , Step 1
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, (creative confrontation) brainstorming,

brainwriting, (synectics), NGT(Normal Group T echnology)
, (pooling of experts/participants)
(content  analysis), (surveys), Delphi, (conference),
hearings, (questionnaires) . Step 2

(systematic structuring)
(relevance trees), ISM(Interpretive Structural M odelling), ,
, FSM(Fuzzy Structural Modelling), DEMATEL(DEcision MAking Trial
& Evaluation Laboratory), cognitive map

, (DM: Decision- Maker)  Step 1, 2

. Step 3, 4
(EH: Efficiency Hierarchy) ,

, Fig. 3-6

(EH) :

3.35
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Fig. 3-6 The comparison of evaluation structures between existed method(left)

and the result of this study(right)

(accuracy) . ,

511 521

- 42 -




(reversibility) . ,

(LI: evaluation by Linear Integration) (FI:

evaluation by Fuzzy Integration) :

4. 1
4. 1. 1
, Fig. 4-1
Fig. 3-2
n , Ht k (1) Ht-1
k I (t- 1) A= {1 (t- D]k= 1,2 ..., m}
A (1)
Ht-1 I (t- 1) ,
A A (membership function) g, |
[46].
M, - A\it—l - [0, 1], A 1= {1 (t- 1), pa_ (I(t- 1))},
L(t- 1) € A, (41
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| (d_“)-'-i_}"':_? el e S

;17;1;. FARESE S Iplt-22

Fig. 4-1 A hierarchical structure of complex system

) #A‘,l(lk(t' 1)) Ht-1 K A
(grade) C A, A, I(t- 1)
pa, (Le(t= 2) [T (t- 1)) :

At-l Ht‘2 At-2

4. 1. 2 Level-down

Ht-1 I(t- 1)



I(t- 1)

B(I(t- 1)) = 2o (I(t- 1)) - B' (I(t- 1)) (4-2)

, 2 a (I(t- 1) = 1

a'(I(t- 1)) I(t- 1) i , Bi(I(t- 1))
i . (42
a(I(t- 1))  B'I(t- 1))
PATTERN, AHP

(L- ) TDR(Total Direct
Relevance)
TDR(I(n)) = lm,_rl[,z, L BUM) (4-3)
, B(I(t)) [0 1]
I(t- 1) pa, (I(t- 1))
11(t)) , Hn I(n) (F- )
aa, (1) = /N (K D) (D) (4-4)

coua (D) 11(2)) = pa,(1(1)) 5 pa, (I(t- 1) [I(E)) [0, 1]

L- F- I B(())= K

v a (1(N)) H B(I(t)) vopa (- 1) ] I(T))
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max (I3, 1o oo 1) | 24, (1(n)) - I BCI(D)) |
= max(lqyly oyly) [Min(ly, 1y ooy 1) - K| (4-5)

: 1:[h= Kos o= BO()) = pa,, (I(t- 1) [1(1)) € [0, 1]

, n=2 Fig. 4-2
0 < min(ly, 1,)- K < VK (1- VK) (4- 6)
, =1, , max (I, 1) min(ly, 1,)- K|= VK
Ip
1 o~
P
Iy =1
.{.-"
/’: {i iz = mk
> e
. S m [
S "““-h-i 2
k- —1 —t ==
e i
e L 3
,Jj o
L~ | |
e !
- i |
KI(_\._? ‘-E 1 I1

i ialt Iy. I = ]
Fig. 4-2 The accumulated evaluation value of attributes

, K , 1 1,= mK L l,= 1,= Vm VK

max | min (I, 1,) - mK|= Vm VK- mK . 1 1,= K
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(Vm VK - mK)/ (VK - K) [47].

L- F- (4-7)
oot (T 1)) ua (T [T (E+ 1))
L F-
Vit pa,, (1= 1) [T (1) = pa (1) [I(t+ 1)) (4-7)
4, 2
Ht-1
r (4-8)
h?= [ hY (1.(t- 1)), h (1o(t- 1)), ..., hiy (In(t- 1)) ] (4-8)
t=1, 2, .., n;p=12 ..,r; h’(.(t- 1))=[0,1], i=1, ... m
, hP(I(t- 1)) Ht1 k p
t-1 Ht
: L- F-
L F- LI
), FI( ) . Ht-1 p

, Ht
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(4-9)

LIP(t) = g:lwk(t— 1) - hP(l(t- 1)) (4-9)

, 38 R, Bglns ((t- 1)) = g:lwk(t— )= 1

(4-9) L- B(I(t- 1)) w(t- 1)
w(t- 1) Kk Ht-1 p
Ht
, m Ht-1 A

(4- 10)

FE = [0t (e D) cg)= VTR0 9) AgAT L) ]

(4- 10)
, P (t- 1) < hP(l . (t- 1)), k= 1,2, ..., m- 1
g(AT 1) = {1,(t- 1), 1(t- 1), 14(t- 1), ..., I (t- 1)}
(4-9 (4- 10) 2 (Ht Ht-1
)
, Ht Bo(1), ta (1o(1)) , Htl
k L- , F- (4- 11) (4-12)
Bi(t- 1) = Bo(t) - B (I, (t- 1)) (4-11)
Fu(t- 1) = ga (1o(t)) A za, ((t- 1) [1o(1)) (4-12)
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(4-9) (4-11) Wi (t- 1)= BBo(t) - B(I(t- 1))

Ht-1 (4-13)
LIP(t) = gl{BBo(t)'B(lk(t' 1)} Bl (t- 1)) (4-13)
L17= Bo(t) . (413 (L1)
B(I,(t)) : (4 14)
|LIP(D)- Bo(D)] = Bo(t)‘ﬂ kgl{B(lk(t- ny*- 1 (4-14)
, FIP P (- 1)= pa (1 ()) A pa, (1 (t- 1) [1o(1)) (4-15)

FIP(D) =V Laa, (o) A, (4t D [1o()) AGAT D] (415)

copa (Tt 1) [1o(0) < pa (T 2 (- 1) [ 1o(1))

(4- 15) ua(lo(t)) Kk v #a(lo(t))= 0

(4-15)  (4-16)

FIP() = min(a V [#a,  (I(t- 1) | 14(t) Ag(AE DD (4- 16)
(4- 16) , V(AT D) = ua (L (t 1) [14(1) (4-17)
(4- 18)
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Tk pa (et 1) [16(0) < pa (16(0) < pa,, (e (- 1) [1g(1))

(4-17)
FIP(t) = min(a, max[(ua, (1(t- 1) [ 1(t)])
= q (4-18)
= ﬂAl(IO(t))
Cg(AT ) < a, (1 (t= 1) [1,(1) FIP(t)= min(g, max g(AF )
. max g(Af )
q< max g(AL y)
, FIP FIP(t)= ua, (1o(1))
pa, () 9() , A
(L1) : (F1)
2
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122

, (FECS,

Fuzzy Evaluation algorithm for Complex System)

(UDMG: Unit Decision- Making Group):

(MDMG: Multiple Decision- Making Group) :

122

5. 1.1
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(EH) , EH

. Fig. 3-6

(5-1) . (51 H EH
(EH) , hEH
, 9B )
Hew (X)) = [hew (X)) © gen (+) (51
, 3.35
Fig. 5-1
(accuracy)
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Evaluation structure | Attributes type | Gaining weight G E V Interactions
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Fig. 5-1 The characteristics of measures by hierarchy level

.12

. 332

(5-2

332

(2- 19)
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igjlgi - glgi * A(i,jzzl,ngi. 9;) + A2 g 9;- 9«)

i,j,k=1,n
i, i< iz jz k, ig<k
o A0 02 s s G0, 0= L L 0 (52
(5-2) A
gi, gj, ..., gn

(5-2)
(5-3)

i ,
iz, i< i 2k, ig<k

‘ulgi ) iZlgi ¥ ijzzl nA”(gi. 9) * 'jkzzln Ai(9i- 95 i)

+, ..., t L Zn: 1 nAij,,_k(gi' gj ... On ), g = l, ..., N (5_ 3)
%% N
i<j<..<k
(5-3) A
(5-3
3 A
3 A
2
, 3
(5-3) gi [0, 1]
C A -1 1]
, 3.35
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(5-3) (5 4)
igjlgi = i21% + iyjzzlynﬂij(gi' g) + ¢() (5-4)
i£j, i<j
, P(A) = i,j,kzzl,n Ai(Gi 95 gk)+ . .
i# j# K i<<k
+ i,j,.._,zn: lynAij...k(gi' g ... 9n); g =1 .., n
i#jt .#n
i<j<..<k
(5-4) (5-2)
A
(5-5) 2 X (59 2
2 ( Aij)
by iJ_:Z}lnxij/ (n(n- 1)/2) (5-5)
izj,i<j
(5-4) A (5-6)

- 56 -



ATJ i= 1 i.:. 1, n (5_ 6)
(5-6) () (2-27)

2 . (5-6)

(binary comparison)

5. 1.3

EH

. Fig. 5-1



) (EH) (AP (5-7)

EH . Ap
h (Ap) = hey (Ay) (5-7)
) (Ai)
Ai
(EH) , LEH(Low EH)
LEH = low (EH) (5-8)

) LEH , Ai
(SFI: Sub Fuzzy Integral)
Al . LEH

h (A,) = SFI (59
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SFI =

Fig. 5-2

JthEH (+)

Ouen ()

(5- 10)

Fig. 2-3

Advanced fuzzy evaluation process by unit decision—making group

Evaluation target
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process for Wy

Apenl-! o Mgl ) = hgyle)
LEH LEH i)l BV angg )

Fesult of intermadiate
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WV iged - )

SFl Process

WV tgenl )

BNt

l

EH : Efficeant Hierarchy
LEH: Low Efficient Hisrarchy

5F1 : Sub Fuzzy Inteoral

~
el Al
\ BRI BEEIT
= \\\ //
w Fuzzy intagral
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Qepl * Jo hggl - )

Fig. 5-2 Advanced fuzzy evaluation process by unit decision- making group
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EH(LEH)

(EH)

(LEH)

(EH),

(MDMG)
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51

(MDMG)

as a UDMG Level)

Hew (Xi) = Hau (X5)

(5- 11)

5. 2.2

- 61 -

(AUL: Attributes
. AUL
(UDMG)

(5- 11)

, 10

(UMDG)



, DS

5. 2.2 1
(uncertainty) [48].
n (Ai, i=1, n) , Gj(j=1, m)
k (DMK k=1, I) (eigen- vector method)
(mik) (5- 12) M
My My m m s,
m.21 m.zz : m.2| : m 2n
Mjl — : : : : : : (5_ 12)
mkl m.kz e mkl e mkn
mp; mp; my; My,
(CD: Confidence Degree) (5-13)
, . CD
(5-13) (5-14)
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CD = [ ] ] ’
CD = [ 0.95 0.8, 0.65 0.50]
Gj k CD (CDj)) (5- 15)
(5- 16) M/
M? (5-17)
CD; = [ CD;, CD, .., CDy, .., CD,]"
sz (M) = CDg- my, i=1 n
My My m g My, Mgy
My My m o Mo Mgy
M2 = E
. Mg My m.ki Mygn Mgy
mp mp my; M, m g,
(5 1) mk k=11 (518

Mg = 1- (Zl my;)

5.2. 2. 2DS
(5-17) Gj
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1GJ

(5- 13)

(5 14)

(5- 15)

(5- 16)

(5-17)

(5- 18)



(5- 17) 1.0

, DS
(Dempster- Shafer theory)
DS , (belief function),
. DS [49-50].
Bell Bel2 (Q) (simple support function), mi(F),
mZG) (degree of support) , Dempster
(orthogonal sum) (basic probability assign-
ment) BellDBel2 , (5-19)
mE) = k' > my(F) my(G), E* @ (5 19)
,m(@) = 0, k= 1- 2 my(F) m(G)
(5- 19) (5-17) . (5-20)
(M7)
Mjs = [ my my ..., m;, .., m, Mg (5- 20)
(5-20) (mz)
1.0 (normalization)
(5-21) M
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MJA(mi) = m/ K, K= \ 21("102 (5-21)

ME = [ My ma e my o, my (522

5.2. 2. 3

(level process) .
n (A, i=1, n) , m (Gj, j=1, m)
DS
(miji) (5 23) M5
(5 23)
1 MEmjk k=1, 1)
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(M My,
My My
Mmjp  Mjp
7mml rnm2
(M My,
My My
Mmjp  Mjp
7mml rnm2
(5- 25)
(VI 1=1, n-1)

M 6

(5-27)

rn2n

M,

(mjl, j=1, m)
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(5- 25)

(5- 26)
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my = my = V,,
My My
My My
. : :
M = .'k .'k
my; mj
mml rnm2
, M7
1.0
M8
my, mi,
My My
M8 = :'k'k "k'k
.Jl .J2
mml rnm2
, M8

— * % * %

my, mi,

* % * %

My My

9 : :

M = * % * %
j1 j2

.'k'k .'k'k

mml rnm2

| = n- 1,
m g
m o
mmk
m g
m o
o Mk
mmk
, M5
M9
1i
m i
ji
mi

1.0
(5- 21)

i(=1, m)
Ai(i=1, n)

67 -

(5- 27)

(5- 28)
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(5- 30)

(5 31)
Mlo = [ ml m; rn| mn ]
5. 2.3
521 EH
(DM) (UDMG)
(LEH) UDMG LEH
) (EH)
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EH . Ap

., (EH)
(UDMG)
(huome(A p)) (5-32) : UMDG
(MDMG)
( hMDMG(A p)) (5' 33) . (5' 32) (5' 33) [
o
huows(Ap) = 20 hi(Ag) / n (5 32)
nuouc(Ap) = 25 2Ni(A L) [ (m x ) (5-33)
) (EH) (A)
Al
EH , LEH(Low EH) . LEH (UDMG)
, 513
h (Ai) = hieq (Low A)) (5- 34)
) Ai (UDMG)
LEH , UDMG
(GFI: Group Fuzzy Integral) , Al
LEH

- 69 -



h (A)) = GFI

GFl = JthEH (+) 9uen (+)

(UDMG) (MDMG)

Fig. 5-3
, 5.1

uncertainty process,

process

)
EH
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Advanced fuzzy evaluation process by multi decision-making group
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Fig. 5- 3 Advanced fuzzy evaluation process by multi decision- making groups
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Evaluation




(FECS)

. 3

(framework)

. 51

, 5.2
, uncertainty process, DS
integration process, level process
FECS
[ 1 ] (evaluation attributes)

(techniques & tools ; creative confrontation(brainstorming, brainwriting,
synectics, NGT), pooling of experts/participants(content analysis, survey,

Delphi, conference, hearing, questionnaires)).

[ 2 ] (total order) (hierarchical
structure) (evaluation space) (techniques &
tools ; systematic structuring(relevance trees, , , ISM,

FSM, DEMATEL)).
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(33 ).
[ 3 ]2
(335, 511, 521 ).
[ 4 ]

eigen- vector method

A . (2-35)
a(- )
(5-12)  (5-31)
process
a(- )
[ 6 ] (EH)
EH(LEH)
(5-8) (5-10) SFI1 process
(5-35) (5- 36) GF| process
a(- ) h()
[ 7 ]
(2-23)
FECS
Fig. 5 4
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(DM) EH

(5-5) A

, b.2.2
DS integration
, level process

(2- 35)

h(- )

a(- ) h(- )

(alternatives)

(flow chart)



{by UDMG)

Abstraction the attribines
of evaluation svstem

v

Comstruction the hierarchical
structure of evalualion space

v

Deternvining the efficiency
hierarchy(EH)

v

Calenlating the weight{ ajand
interactions( &) of atnbutes m EH

% the evaluation system
evaluated by MG

Adjusting and integrating the weight
by uncertamty process, 18 mlegration
provess, level process

v

Calculating the fizzy measure] g)
by @ aod A,

v

Setting the g in EH

v

Calculating the evaluation
valwe{#) of attnbutes in EH

Caleulating the evaluation
wvarlue by SFT process(UMIDG )
and GFI process{MDMG )

Setting the & in EH ¢

v

Caleulating the mtegrated
evalwation value by fiugzy imtegral

v

Setting the order of altemnatives
by integrated evaluation value

End

Fig. 5-4 The flow chart of FECS
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6. 1
1990
, 1994 200
EEZ, 1998 :
2
10 [51- 53].
1997
[54].
: 20
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6. 2

) 20
FECS

(basic factor) :
(component factor) . ,
, 2.6
(PCA: Principle Component Analysis)

20 . b
THE MATH WORKS Inc. MATLAB Ver. 53
6. 3
6. 3. 1
1890 (Alfred
T. Mahan) - The Influence of Sea Power upon History-
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[55- 60]. , Alfred T. Mahan[61], Anthony E. Sokol[62], William

Reitzel[63], Geoffrey Till[64], H. Richmond[65], [66], [67],
[68] . Alfred T. Mahan
Table 6-1 , Table 6-2
Table 6-3

Table 6-1 The definition and attributes of maritime power by Alfred T. Mahan

o (natural condition)
(geographical position)1l
(physical conformation)2
(extent of territory)3
(number of population)4

(character of the people)

o (character of the government)
1.
(
).
2 ( >
> ). ( )
3. (
( ) )
4, (
).
* >
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Table 6-2 The definition and attributes of maritime power by I. S. Lim

1
)
(naval power)
(naval force)
(naval support system)
O
(shipping power)
2 : (shipping force)
(shipping support system)
O
@ (maritime will)
0 1)
88 (1995
)
2) 3
(power), (force), (support system)
(sub- system)
(fishing
power)
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Table 6- 3 Integrated result of the definition and attributes of maritime power

in existed studies

A. T. Mahan
[¢]
A. E. Sokol '
*
, Sea Power o ( )
W. Reizel Maritime Power ) +
* o « )
[¢]
. .
G. Till , o
. .
H. Richimond ,




6-4

, T able
[69].

Table 6-4 A some content relating the maritime power in existed studies

(geography)
(merchant shipping)

(naval force)
(bases)

The times atlas of
the oceansl

(ocean environment)
(resources of the ocean)

(farming the sea), (world fishing
fleet), (world fish production),

(oil basin & production), (seabed
minerals)

(ocean trade)
(port development & location),

(commodity port), (commodity flows),
(modern merchant ships), (ownership
merchant fleets), (shipbuilding),

(dependence on sea- born trade),

(the world ocean)
(sea power of the major states),
(international ocean research)

: 1) Times Books Limited, London, The times atlas of the oceans, 1983
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. 3.2

. Mahan

, Table 6-2

M ahan

, Sea power
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: )
« )
Richmond

maritime power
maritime power

[70],

maritime



pow er Seéa power

6. 4

24

[71].

(brainstorming

, brainwriting

- 82 -

, synectics, NGT

)



, Table 6-5
50

(basic factor)

Table 6-5 Basic factors composing the national maritime power system

@ 6

@ 7

©) 8

@ 9

® 0 GNP

® line 1 ( )

@ main trunk 2
3

4

©) 5 (

0 )

1 ( ) 6

2 , )

3 7

4 8

5 9

6 ( ) 0

7 ( o1

, 2 (
)

8 3

9 4

0 (

1 ( )

) 6 (

9 ( ) )
7

3 ( , 8 (

) )

9

4 0 (

5 )
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36 (component factor) . Table

6-6 @D 6

Table 6- 6 Component factors composing the national maritime power system

@ (sV) 9 (SN)
@ (CV) 0 GNP (GP)
® (CM) 1 (NV)
@ line (LN) 2 (NW)
® main trunk (MT)1 3 (NN)
® , (BN) 4 (PAY4
@ (PC) 5 (PS)5
(PS) 6 (SE)
@ (FV) 7 (cL)
0 (FY) 3 (HC)
1 (FT)2 9 (HL)
2 (FM) 0 (PN)6
3 (FP) 1 (CA)
4 (RV)3 2 (MF)
5 (RN) 3 (MN)
6 (RS) 4 (GT)7
7 (SB) 5 (GN)8
8 (ST) 6 (OA)9
1. main trunk 5.
2 6.
3. 7.
4, 8.
9. In Bound & Out Bound
6. 4. 2
2.6 (PCA)
36x 36 R < 1>
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'R [0, 1]

(eigen- value) < 2> , A Al AD
, 7.56, 481, 409, 3.78, 286, 2.81, 2.68, 2.05 1.64,
-1.07, 133, -0.71, - 064, 1.03, - 044, 0.75 0.69, -0.34, 0.65, 0.58, -0.23, 0.46,

-0.12, -0.09, 0.35, - 0.02, 0.31, 0.02, 0.08, 0.22, 0.22, 0.14, 0.20, 0.19, 0.10

, (eigen- vector) < 3>
) Al A2 1, 2
’ < 3>
Fig. 6-1
Gl
{\9P
| " P 1L e L
G10 sv O N /’// - 7\\\\\
< PCa ) 4 -0.1¢
2 ﬁ Ht *HC SMtP - 2 0.1
) -
Ve M Gl1 4 -0.20
< -0.30
-0.40 -0.30 —00.20 -0.10 0.00

Fig. 6-1 A grouping result by PCA process with R

Fig. 61 . , G1, G2, G3
GNP , , , G10 G11
, G4 G9
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< 2>

b l 2
12.37 34%(12.37/36)
, (fuzzy relation) a - cut
, Fig. 61 < 3>
binary . , binary
binary R’ < 4> ,

< 5> . < 5> Al AP v 1

16 0.00, 17 0.60, 041, -0.27, -0.55, -0.78, 0.88, 1.05,

-1.05, -1.22, 1.39, 148, -162, -1.81, -2.32, 231, 249, -3.42, 6.37, 11.28, 20.87
< 6> ,
AD AD 1, 2 , < 6>
Fig. 6-2
046 G2 -
””” *EM

0.10 2% Flo — ZV

305 G% R NW NN BS# YPA G6

.00 (:tip 1 L 1 1 ]
-0.058 F

0.10
515 | G9
-3.20 |

' G12 .
025 } cyumren G G102/

s (& o) A PR
-¢.a0 NSV L & Tswps
-3.35 L

0.00 0.05 0.10 0.15 0.20 0.25

Fig. 6-2 A grouping result by PCA process with R’
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Fig. 6-2 . , G1, G2, G3, G8, G9

GNP , , , , , G11, G12
, G4 , G5
, G6
, G7 G10

< 5 . 1 AP 2 AD

32.15 89%(32.15/ 36) , Fig. 6-2

1, 2 R’
, Fig 6-2 G4 G7
(R") , Fig. 6-3

, Fig. 6-3 Gl, G2, G4 GNP , )

, G3 , | | |
| G3
0.05
0.00
0.03
-0.10
018
0.20
-0.25 e
-0.30 (fe -
Qas Lo
0.00 003 Q.10 015 - .

Fig. 6-3 A grouping result by PCA process with R"
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Fig. 6-2

6. 4. 3
50 :
9
Table 6-7
Table 6-7
Fig. 6-4

Fig. 6-4 , (interaction)

, . Table 6-7

1 2

Flg 6'2 . ]
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Table 6-7 The attributes composing the national maritime power system

1
1 | (The fundamental
power of maritime)
, " GNP
2 | (Shipping & port '
power) line main
trunk
3
(Naval power)
4 i
(Fishing power)
5 (Shipbuilding — GNP
power)
6 (The power of GNP
ocean research &
development)
GNP
"line
7 (Dependency on main trunk
seaborne trade)
8 (T he protection
power of ocean
environment)
9 (The will and GNP
inclination of
government)
0 1)
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Hierarchical Structure of National Maritime Power System Level

Mational Maritime Power
Goal

Aftribute

I6
Composite
factor

Fig. 6-4 The hierarchical evaluation structure model of national maritime power system

6. 5
6.4 5
(FECS)
20
6.5 1
GDP, , . , GDP
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(2,000 ) 1,000 20
Table 6-8
Table 6-8 The general indexes indicating the national power
GDP
(10 ) (1,000 ha)

476.6 11 45,991 13 9,926 17
917.7 7 | 1243738 1 59,696 3
430.6 13 960,178 2 328,759 7
215.0 20 203,480 4 190,457 10
4192.7 2 125,638 7 37,780 13
284.3 18 21,683 17 300 20
625.6 9 29,943 15 997,061 2
402.5 14 94,281 8 195,820 9
8110.9 1 271,648 3 936,352 4
323.5 17 35,671 16 278,040 8
804.1 8 163,132 5 854,740 5
2425 19 10,188 20 3,310 19
1392.4 4 58,542 10 55,150 11
2102.7 3 82,190 9 35,698 14
11454 6 57,241 12 30,127 15
360.5 16 15,661 19 4,084 18
443.1 12 147,708 6 | 1,707,540 1
532.0 10 39,717 14 50,599 12
1288.2 5 58,200 11 24,488 16
393.9 15 18,250 18 774,122 6

: R.OK. N.S.O.

International Statistics Yearbook 1999
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< 7> . 9
: 6 5
(UDMG) 5.2
(MDMG)
6 1
1999
T able
6-9
Table 6-9 The number of respondents to questionnaire
20 15 7 11 8 8 691
1) AHP (C.R) 67
, 5.3 (FECS) 4, 5
)
, (AHP)
(5-12)
(CD) (5-17)
(6-1)
CD = | (0.5), (0.7),
(0. 8), (0.9), (6-1)
(1.0) 1]
(5-17)
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, (5-19) DS
., (5-20)
, (5-21)
. (522
T able
6- 10
Table 6- 10 The integration result of measure by 6 UDMG
1 2 3 4 5 6 7 8 9
0.04 0.32 0.11 0.01 0.09 0.13 0.09 0.11 0.09
0.09 0.08 0.41 0.01 0.03 0.08 0.04 0.04 0.23
0.22 007 | 009 | 0.12 | 006 0.14 0.07 0.09 0.15
0.07 0.10 0.20 0.06 0.21 0.14 0.06 0.08 0.08
0.13 0.13 0.06 0.09 0.08 0.20 0.12 0.09 0.09
0.17 011 | 005 | 008 | 007 0.09 0.04 0.22 0.16
Table 6-10 ,
, Table 6-10
, 5223
(level process) ,
Table 6-10 (5-23) (5- 24) (5-31)

Table 6- 11

- 03 -



Table 6- 11 The integration result of measure by MDMG

1 2 3 4 5 6 7 8 9
0146 | 0132 | 0127 | 0067 | 0097 | 0145 | 0067 | 0115 | 0.115
, Fig. 6-4 Table 6-7 , 9
: Table 6-12 (A)
51.2
(6-2)
Table 6- 12 A A -0.199
A= - 0.1) (- 0.2
’ ’ 6_ 2
- 0.3), (- 0.4)] (6-2)
Table 6- 12 The integration result of measure by 6 UDMG
1 2 3 4 5 6 7 8 9
1 00 | -242 | -201|-223|-201| -243 | -188 | -166 | -246
2 00 |-192|-166-240| -200 | -267 | -138 | -2.86
3 00 |-112|-235| -135 | -135 | -110 | -3.14
4 00 |-166| -204 | -1.74 | -212 | -272
5 00 | -229 | -207 | -119 | -241
6 0.0 -153 | -231 | -290
7 0.0 -1.02 | -288
8 0.0 -3.18
9 0.0




A FECS 5
<) Table 6-13
: (6-3)
Table 6- 13 The result of fuzzy measure by MDMG
1 2 3 4 5 6 7 8 9
0.132 | 0.122 | 0.117 | 0.061 | 0.089 | 0.134 0.061 0.106 | 0.106
> > -
6- 3
> ~ > > ~ (&3
6. 5. 3
FECS 6
h(- ) 513 523

- 05 -




6.5 31

Table 6-7 ,

Table 6- 14

Table 6- 14 The evaluation value of the fundamental power of maritime

h(- )1| 0.60 0.55 0.49 0.46 1.00 0.70 0.82 0.50 0.98 0.58

h(- ) 0.53 0.60 0.79 0.80 0.79 0.87 0.72 0.74 0.99 0.88

1) [0, 1]

6. 5 3.2

Table 6- 15

- 96 -



Table 6- 15 The evaluation value of shipping and port power

[Eny

7,430, 16,339, 6,934 3,195 18516, 5931 2527 1145 11,789 579

N

280,780| 325,066/ 75,263 95,137| 759,711| 236,506415,351| 177,177| 1,587,715| 56,820

h(- )3 | 035 0.65 0.28 0.16 0.89 0.28 0.24 0.13 1.00 0.12

4,372 169| 4,682 6,950 6194 4947 12,282 1688 14,046 2,607

117,997| 329,141| 559,729 958,043| 450,672| 373,035/161,939| 227,080, 593,161| 128,783

h(- ) 0.20 0.19 0.36 0.59 0.37 0.30 0.46 0.14 0.68 0.14

1999, R.O.K. N.S.O. International Statistics Yearbook 1999

: 1) 100GT ( : 1,000GT, 1997 ).

2 - ( $, 1997 ).
3) , 11
, 0.1 0.1
6. 5 3.3
4 10
T able 6- 16
T able 6-17




Table 6- 16 The class of naval power and evaluation value

h(- )
( )(CS-1) 0.05
(€9 ( 0.10
(Costal Sea power) )(CS-2)

( 0.15

)(CS-3)

(
(FS) ; 0.30

(Forward Sea )(FS-1)
pow er) (
0.35
)(FS-2)
( 0.50
)(RS-1)

(RS) (

(Regional Sea 0.55
power) )(RS-2)
(
0.60
(RS-3))
(
0.80
)(GS-1)
(GS)
(Global Sea power) (
, 1.0
)(GS-2),

80 (1993. 9),

- 08 -




Table 6- 17 The evaluation value of naval power

2 3 1
6 26 55 4.3 44 6.8 9 3.7 38 2
SS 14 |SS 63 SS 19 [SS 2 SS 16 |[SS4 |SS3 |DD3 |SS84 |SS 3
DD 1 (SSBN 1)|CVv 1 |FF 17 |[DD 9 |DD 18 |[DD 4 |FF 6 |(ssBN20) DD 6
FF 33 |DD 18 DD 6 |PC 57 |FF 48 |FF 18 |FF 12 |PC 106 |CV 12 |FF 7
PC 105 |FF 35 FF 18 MC 13 |[PC 6 |PC 101 |PC 14 |[AM 2 |CG 29 |PC 14
MC 14 |PC747 PC 49 |AM 26 [MC 32 MC 12 MC 2 |SM 22 DD 57 |AM 20
AM 16 |MC117 MC 20 |SM 15 |[AM 6 |AM 19 |SM 7 FF 40 |SM 9
SM 13 |AM 73 |AM 10 SM 23 |SM 20 PC 21
SM167 |SM 28 MC 26
AM 43
SM 99
FS-2 RS- 3 RS-2 | FS-1 | RS-3 | FS-2 | CS-3 | FS-1 | GS-2 | FS-1
h(- ) 0.35 0.60 0.55 0.30 0.60 0.35 0.15 0.30 1.0 0.30
6.8 2.6 6.3 2.7 4 14 18 3.7 4.5 14
SS 6 FF 3 SS 14 |[SS14 |SS8 |SS4 |SS98 |[SS8 |SS15 |SSs 4
Cv 1 MC 11 (SSBN 4)|DD 3 Cv 1 |DD 4 |(ssBN15)|CV 1 |(ssBN 3) |[FF 8
FF 18 |SM 4 Ccv1 |FF12 |[CG1 |FF 12 |[CV 1 |FF 17 |CV 3 PC 15
PC 36 CG1 |PC30 |bDD 4 |MC 17 |CG 17 |PC 32 DD 12 |[MC 7
MC 6 DD 4 MC 38 |FF 24 |[AM 1 DD 13 MC 12 [FF 23 |AM 7
AM 4 FF 35 |SM 42 |PC 17 |SM 10 |FF 13 |/AM 4 |PC 26 |SM 8
SM 25 PC 40 MC 13 PC124 |SM 34 [MC 19
MC 21 AM 3 M C106 AM 7
AM 9 SM 44 AM 27 SM 21
SM 36 SM 480
RS- 2 Cs-2 RS-3 | FS-2 | RS-2 | FS-1 | GS-1 | GS-2 | RS-3 | FS-1
h(- ) 0.55 0.10 0.60 0.35 0.55 0.30 0.80 0.55 0.60 0.30
: The Military Balance 1998/99
1 1) S( ), SSBN( ), CV( ), CG( ), DD( ), FF(
), PC( ), MC( ), AM( ), SM(
2) RS-1 ,
3) RS- 1 ,
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6.5 3. 4

Table 6- 18

Table 6- 18 The evaluation value of fishing power

2414 | 14222 | 3492 | 3,730 | 5964 968 901 1,423 | 5,001 1,238
h(- )1 | 0.30 1.00 0.50 0.50 0.70 0.15 0.10 0.20 0.70 0.20
799 - 542 237 359 363 4,676 | 1,055 868 192
h(- ) 0.15 0.102 0.10 0.10 0.10 0.10 0.65 0.20 0.15 0.10
: FAO Fishery Statistics 1997 ( :1,000MT).
D 1) 1.0 , 01
0.1
2)
6. 5 3.5

6-19
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Table 6- 19 The evaluation value of shipbuilding power

6,578,452 848,885 21,163 | 19,799 |9,431,827|573,701| 6,028 | 7,956 | 54,438 | 10,142
h(- )1 0.80 0.40 0.10 0.10 1.00 0.25 0.10 0.10 0.10 0.10
148,052 | 13,295 183,173/ 1,023,118 | 543,510 |231,675| 57,520 |256,463| 146,962 | 37,090
h(- ) 0.15 0.10 0.15 0.50 0.25 0.15 0.10 0.15 0.15 0.10
: Lloyd's Register World Shipbuilding Statistics 1999 ,
5 (1994- 1998) ( GI/T).
D 1) 1.0 , .01
01
6. 5.3. 6
( : : : )
Table 6- 20

Table 6- 20 The evaluation value of the power of ocean research and development

h(- )1 | 050 0.38 0.27 0.26 0.92 0.55 0.73 0.37 1.00 0.48
h(- ) 0.43 0.53 0.80 0.78 0.65 0.77 0.68 0.65 0.88 0.68
1 [0, 1]
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6. 5 3.7

Table 6-21

GNP

GNP

Table 6-21 The evaluation value of dependency on seaborne trade

[ | 2857/ | 19.93/ | 7.95/ | 24.86/ | 9.25/ | 43.09/ | 34.27/ | 27.43/ | 8.49/ 8.15/
1| 3034 | 1549 9.53 19.39 8.08 40.39 | 3212 | 19.07 | 11.08 9.41
h(- )2 | 071 0.42 0.21 0.53 0.21 1.00 0.80 0.56 0.23 0.21
/ 6.59/ 32.8Y | 24.37/ | 2099/ | 24.07/ | 19.94/ | 9.62/ | 21.87/ | 15.96/
8.08 2485 | 21.19 | 1836 | 4941 | 1661 | 23.07 | 2417 | 16.72
h(- ) 0.18 0.803 | 0.69 0.55 047 0.88 0.44 0.39 0.55 0.39

1 ROK. N.S.O. International Statistics Yearbook 1999
: %, 1997

: 1) GDP
2)
0.1 0.1
3

6.5 3.8

GDP

(

102 -
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Table 6- 22

Table 6- 22 The evaluation value of the protection power of ocean environment

h(- )1 | 053 041 0.39 0.39 0.84 0.54 0.93 0.44 1.00 0.40

h(- ) 0.49 0.70 0.81 0.82 0.74 0.81 0.49 0.60 0.89 0.86

1 1) [0, 1]

6.5 39

T able 6-23

Table 6- 23 The evaluation value of the will and inclination of government

h(- )1 | 0.60 0.61 0.51 0.50 1.00 0.74 0.85 0.58 1.00 0.58

h(- ) 0.56 0.65 0.85 0.83 0.82 0.84 0.77 0.75 0.99 0.90

1 1) [0, 1]
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Table 6-24 The integration result of evaluation value

T able 6-24

0.60 0.35 0.35 0.30 0.80 0.50 0.71 0.53 0.60
0.55 0.65 0.60 1.00 0.40 0.38 0.42 041 0.61
0.49 0.28 0.55 0.50 0.10 0.27 0.21 0.39 0.51
0.46 0.16 0.30 0.50 0.10 0.26 0.53 0.39 0.50
1.00 0.89 0.60 0.70 1.00 0.92 0.21 0.84 1.00
0.70 0.28 0.35 0.15 0.25 0.55 1.00 0.54 0.74
0.82 0.24 0.15 0.10 0.10 0.73 0.80 0.93 0.85
0.50 0.13 0.30 0.20 0.10 0.37 0.56 0.44 0.58
0.98 1.00 1.00 0.70 0.10 1.00 0.23 1.00 1.00
0.58 0.12 0.30 0.20 0.10 0.48 0.21 0.40 0.58
0.53 0.20 0.55 0.15 0.15 043 0.18 0.49 0.56
0.60 0.19 0.10 0.10 0.10 0.53 0.80 0.70 0.65
0.79 0.36 0.60 0.10 0.15 0.80 0.69 0.81 0.85
0.80 0.59 0.35 0.10 0.50 0.78 0.55 0.82 0.83
0.79 0.37 0.55 0.10 0.25 0.65 0.47 0.74 0.82
0.87 0.30 0.30 0.10 0.15 0.77 0.88 0.81 0.84
0.72 0.46 0.80 0.65 0.10 0.68 0.44 0.49 0.77
0.74 0.14 0.55 0.20 0.15 0.65 0.39 0.60 0.75
0.99 0.68 0.60 0.15 0.15 0.88 0.55 0.89 0.99
0.88 0.14 0.30 0.10 0.10 0.68 0.39 0.86 0.90
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a(- ) h(- ) , FECS
. Table 6-25
, Table 6-26
Table 6-25 The order of national maritime power

1 0.77 9 0.55

2 0.74 12 0.54

3 0.65 0.53

13

4 0.60 0.53
0.59 15 0.52

5
0.59 16 0.49
0.58 17 0.45

7
0.58 18 0.44
0.55 19 0.40

9
0.55 20 0.39
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Table 6-26 The fuzzy integral process and result of fuzzy integral

h(- ). 9(- )

1

5

7

1 9

8

6

2

3

h(- )

080 071 060 060 053 050 035 0.35

0.30

g9(Ei)

0.105

0.162

0.309 0.418

0.532

0.677

0.808

0.934

1.00

0.53

4

2

9 3

1

7

8

5

h(- )

1.00

0.65

0.61 0.60

0.55

0.42

0.41

0.40

0.38

g9(Ei)

0.072

0.197

0.311 0.438

0.580

0.645

0.760

0.856

1.00

0.55

3

9

4 1

8

2

6

7

h(- )

0.55

0.51

0.50 0.49

0.39

0.28

0.27

0.21

0.10

g9(Ei)

0.137

0.240

0.306 0.448

0.563

0.694

0.838

0.904

1.00

0.45

7

4

9 1

8

3

6

2

h(- )

0.53

0.50

0.50 0.46

0.39

0.30

0.26

0.16

0.10

g9(Ei)

0.072

0.131

0.246 0.388

0.502

0.628

0.773

0.904

1.00

0.39

1

5

9 6

2

8

4

3

h(- )

1.00

1.00

1.00 0.92

0.89

0.84

0.70

0.60

021

g9(Ei)

0.157

0.238

0.352 0.497

0.628

0.742

0.808

0.934

1.00

0.74

7

9

1 6

8

3

2

5

h(- )

1.00

0.74

0.70 055

0.54

0.35

0.28

0.25

0.15

g9(Ei)

0.072

0.180

0.322 0.467

0.581

0.707

0.838

0.934

1.00

0.54

8

9

1 7

6

2

3

4

h(- )

0.93

0.85

0.82 0.80

0.73

0.24

0.15

0.10

0.10

g9(Ei)

0.124

0.228

0.371 0.436

0.581

0.712

0.838

0.904

1.00

0.58

9

7

1 8

6

3

4

2

h(- )

0.58

0.56

0.50 0.44

0.37

0.30

0.20

0.13

0.10

g9(Ei)

0.124

0.180

0.322 0.436

0.581

0.707

0.773

0.904

1.00

0.44

2

3

6 8

9

1

4

7

h(- )

1.00

1.00

1.00 1.00

1.00

0.98

0.70

0.23

0.10

g9(Ei)

0.142

0.258

0.402 0.516

0.630

0.773

0.838

0.904

1.00

0.77

1

9

6 8

3

7

4

2

h(- )

0.58

0.58

048 0.40

0.30

0.21

0.20

0.12

0.10

g9(Ei)

0.157

0.256

0.401 0.515

0.641

0.707

0.773

0.904

1.00

0.40

1) 1(

),
), 8(

), 3(
),

), 4
)
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Table 6-26 The fuzzy integral

process and result of fuzzy integral(cont'd)

h(- ). 9(- )

1

3

1

8

6

2

7

4

h(- )

0.56

055 053 049 043 020 018 0.15

0.15

g9(Ei)

0.124

0.240

0.384

0.497

0.641

0.773

0.838

0.904

1.00

0.49

8

9

1

6

2

3

4

h(- )

0.80

0.70

0.65

0.60

0.53

0.19

0.10

0.10

0.10

g9(Ei)

0.072

0.180

0.294

0.436

0.581

0.712

0.838

0.904

1.00

0.53

8

6

1

7

3

2

5

h(- )

0.85

0.81

0.80

0.78

0.69

0.60

0.36

0.15

0.10

g9(Ei)

0.124

0.228

0.373

0.515

0.581

0.707

0.838

0.934

1.00

0.60

8

1

6

2

7

5

3

h(- )

0.83

0.82

0.80

0.78

0.59

0.55

0.50

0.35

0.10

g9(Ei)

0.124

0.228

0.371

0.515

0.647

0.712

0.808

0.934

1.00

0.59

1

8

6

3

7

2

5

h(- )

0.82

0.79

0.74

0.65

0.55

0.47

0.37

0.25

0.10

g9(Ei)

0.124

0.256

0.371

0.515

0.641

0.707

0.838

0.934

1.00

0.55

1

9

8

6

2

3

5

h(- )

0.88

0.87

0.84

0.81

0.77

0.30

0.30

0.15

0.10

g9(Ei)

0.072

0.208

0.322

0.436

0.581

0.712

0.838

0.934

1.00
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h(- ) (0.80) > (0.71) >
(0.60), (0.60) > (0.53) > (0.50) >
(0.35), (0.35) > (0.30) , 5 h(
) (Fig. 6-5 (2)).
h(- ) (1.00), (1.00),
(1.00), (1.00), (1.00) > (0.98) > (0.70) >
(0.23) > (0.10) , 6 g(x2, x3,
X6, x8, x9, x1) (Fig. 6-5 (2)).
(1) R. O. K. (2) U.S.A.
Fig. 6-5 The fuzzy integral process
h(- ) (1.00) > (0.74) >
(0.70) > (0.55) > (0.54) > (0.35) >
(0.28) > (0.25) > (0.15) , 5 h(
) (Fig. 6-6 (1)).
h(- ) (0.80) > (0.77) >
(0.72) > (0.68) > (0.65) > (0.49) > - (0]
46) > (0.44) > (0.10) 5
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g(x3, x9, x1, x6, x4, x8) (Fig. 6-6 (2)).

(1) Taiwan (2) Russia
Fig. 6- 6 The fuzzy integral process

, Table 6-25

. Table 6-27
4

Table 6-27 The group order of national maritime power
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> >
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