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Summary

To make a choice from the plan proposals such as a sketch, a concept or personal likes are to be
evaluated sometimes as a multi-sided problem which depends on the requirements and constraints
placed on the decision-maker.

When it is difficult to make a choice from the plan proposals by an estimation based on the principal
items under evaluation, a substitutive and a complementary evaluation can be used. The former
method of evaluation makes a judgement on the substitutive items or their good points under evalua-
tion and the later method of evaluation chooses the plan that has the least number of weak points.

A method for this multi-sided evaluation is proposed through the technique of management engineer-
ing applying the fuzzy measure to a preference criterion developed in this paper. As a practical
example for the application of the proposed method, the problem of making a rational reduction of
human hands at a mooring system is evaluated and a choice is made for the next generation mooring
systems.
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Fig. 4 Concepts of the next generation mooring systems

WL —Aa Ry MIZHLERE[ER, HEO A2 NER

%,

4) YA FRTRY—EH HEELHEBETHD, BEROLDOOBENIGRETS
EEODHLEBTHY, BAEBTETHY, BEERIC MR DENER Y e, T2, MEOME, FEHEA
FERTH D, —H, HEEREICL2BENHENL S, ~N— AWML 2 5,

TRETH O, MAERS, RERELRCHELDZ, 6) WX
¥ o, HitRAROBREIDZ W, HECHEZ O EEREORVWEBTH 25, T
5)  ARREIEER T — AR D, MOKES~OBERE, TLOEHLELCL2 R

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

828

BOHER, MEOSIEFEHECHEND D,

EERS

HER DR OBELNIE L 255, MEDO3IEHF

THBDHYED THELEE L 25, THOZE, BO

KESADBREMNENLETDH S,

B 8 FER 7 — A5

AR R L 2 20, HERLHIREETE

JIEhRIERE&E W,

fE LB T 7 — 43K

AP OIRFEMERLSHEET, MoXkE Lz wn

Hrd D HEBENLI S, BEIERS,

B, BEEXEARIMROKE s, WESH 2EREH
ELELZN, ZL OMORBI L Y EHEEL2ELL T 3,

3.2 EWMEOER
(1) FHmEHE:EERE, A

KEREM S R 7 ADBEFERD & EBHOWHEN: % 57l L
TEET 5 1D OFHliORIEH 2 Hlk, HEE, B, 5
T, 2ZA b, BAEBRE L, Fig. 5 RT & 5 2lEE#EE
ELT &8, HRO/NEH E L CElbEZ R B,
WTNOERHE L REICIEML 2 WEBL T2 2 L 244
LT, ZOHEBIZEBELZY,

FHIEE OBEEE I — W EBEIC L D RO 109, Zh
BEEHEHOMEED, SBERESEICLT, HELE
ZEBCHERBIC L D BEE S 2 F - 11T ORKE
BRZPUVEERELIEODREERE L L, BlELT
Level-10 KTEHBEMOFER % Table 1127~ $, ¥ 72, Level-2

7

8)

9)

O/NEEMOBEREED{E% Fig. 5 W RIEE T2 L Level
L2 DMEWEEEEIX Table2 DX 51225,

BEMEN R T B FEAS, SR (1: M) TE,
2:FEy, 31T, 4By, 51 EBHDTRW) L, 2B
HEBE L VAT AT¥EMROBANLRTE S A, L
REREFEOBEY B L LT Table. 2 1277 ¥, &8, FEEId
kAR R I DIT “5°, OEE X “3” LI
25z, hOFENRIE I h 2B FHESE 52 12,

(2) EHERHmHEE

KRR R T LADOBREHEDREIF 21T 12012,
Table. 2 Io#D S EUFHMfERCESHE T 2, Bz, FHE
BIFHEL R 2 BEHEREES Y., HAEEE®(8),
(9), MOXX VKD 2, fHlziE, (3)RDOFLIEH
Table2 CEH L -FHfiHBOIETH » B EH I,
Table3 D& 512k %, FEABBOKNM LY, Y. DfFHE
BEDLIVEROHAGDEEIEDLS L,

Rz, ZO Y. %EH T REOERANEE % Table.
2OLBROFFEACIVEHES S, Hlzi1E, 7—2R GF
R S) DK GFHENRD T 2@HEERT
Bel, Pl {EFFIHEL cos1, crsi, B L UEHORETOER
FOFEE cnst 13 (14), (A.4)RUC X D Fig. 6 R EESE
BA%k Fs, Fr, Fn @ Stielies 3z L0 EtE T3, &85,
B PREHREERNE cvst ZTRL T 3, T XRCOFEMTSRE D
Caiiy Criiy Cnie % (16), (A.6)R X VRS T % L BIERE
DEVRHIIEI cor, criy cm FHETE B,

- FHEBE O OB AMEZIR, V-, HEE - IREOEE

KRR 2T 4

]

glﬁAm%%]

5 g o
tevel-l §| #1# Sl e v 5! a2 % q
I
level-2 § : § § §
n LYl e
l | |T
n =4 7

- {zLLe)
FRE

- (6T1°)

il

| il

-
N
~

BESSN — b

[—-\:x\nx-z-xq‘- >
>

|
[

I
(5) (6) (N |(8) 9
7 g B r T
1 & Tt B &
N ~ U4 7 7
= B[] 4]
= AR

Fig.5 Hierarchy analysis model for the next generation

mooring systems

NI | -El ectronic Library Service



The Soci ety of Naval

Architects of Japan

(R - ST IR I 50  RRISEE TR BR Y 4 B

829
Tablel Table of pair test for weighting evaluation under level 1 of the hierarchy analysis model
7T i X8 H (1)  (2) (3) (&) (5 (6) |EHERE
(1) Hl# 1 5 1 1 9 1 0.325
(2) ¥ HE 1/5 1 1 1/3 1 1/3 0.023
(3)&‘:14‘5 1/17 1 1 1/5 3 1/5 0.031
(O {EHEH 1 3 5 1 5 1/8 0.198
(5) 2 X b 1/9 1 1/3 1/5 1 1/5 0.046
(6)HALTHR 1 3 5 3 5 1 0.377
I.R.=0.070
— 3 B il p=AUN
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Table2 Table of goodness gradation for the next
generation mooring systems
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n @ | % . i fE | HE . " ® =4 # 7| ® it
2 t n|h| & %
FH 3 g L g
(1) fesknd 94v¥F - a=7 |5 5 3 3 3 3 3 3 3 3 3 3 3 5 1
5] S 3 3 3 3| 3 31 3 3 3| 3] 3 5
(2) A 7 =— 58 5 5 1 3 3 3 3 4 4 4 3 3 4 4 2
3] s 1| 1 3| 3] 3 4| 4 4 2| 2| 2 4
(8) 2%y PR 3 |4 |a 4 |3 2 |3 4 |a |2 2 |2 |4 |3 4
1| 2 4 2 2| 2 3 1l 1 2 2| 2| 2 4
(4) Y4 FRIRE— 1 3 5 4 1 2 3 3 2 1 1 2 1 5 4
1| 3 5 s| 2] 2 3 il 3 1 1l 2| 1 4
(5) 7 s 4 |5 la 2 |4 3 |2 4 3 |a 2 |3 3 |2 4
2| 2 4 1 il 2] 2 4 1 2 2 2| 2 2
(6) PBELXIZ B (BER) 2 |s 4 14 |a 4 |3 3 2 |2 3 |2 2 |3 3
21 3 4 4| 4 al 3] 2 2f 2 3 2| 2 3
(7) RS 13 2 3 4 4 4 4 4 5 4 2 3 2 3 4 3
2| 3 ' 4 4 3| 3 al a 2 3l 2| 2 3
(8) LET -8R 2 |s 4 2 | a 3 |2 1 3 |a 2 |13 3 |2 4
2 2 4 1 1 2 2 4 1 2 2 2 2 2
(9) FERT - 43 2 4 4 4 |4 2 |2 4 2 |3 1 |1 1 |1 3
2 1 4 2 2 2 2 4 1 2 1 1 1 1
i .271) .054] .004| .001| .018| .005| .026] .119| .040| .040] .019 | .019 | .005 | -002| .377

(?,‘{i:n_f_i) S:Ex_cellent, 4:Good, 3:Fair, 2:Bad, 1:Very bad
PR L EBRIFE A TRIEFFEEBART. LB AMTOADDI DM NSO VEE L5 5.
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Table3 Table of baseset of weighting for the next generation mooring systems
Yk {%3 1 vj =vk} m(Yi)
1] x x15 | 0-271
2 X] X Xg X15 | 0.054
31 x x3 x3 X5 Xg X7 Xg X9 Xj0 X1] X123 ¥13 X)5 | 0-004
4] x1 X3 X3 X4 X5 Xg X7 Xg X9 X109 X11 X12 X13 X34 X15 | 0.001
51 x1 xp X5 X7 Xg X9 Xjg X11 X12 X155 | 0.018
61 x x5 X5 Xg X7 Xg Xg Xj0 X11 X12 X13 ¥15 | 0.005
7 X1 X X7 Xg X9 X190 X15 0.026
8| x Xg X15 0.119
9 X1 X9 Xg Xg X10 x15 | 0-040
10| x3 %Xy Xg X9 XjQ x5 { 0.040
11 x7 % X7 Xg X9 X1(0 X11 X12 X155 | 0.019
12} x1 %9 X7 Xg X9 Xjp0 ¥X11 X12 X155 | 0.019
13 X] X X5 Xg X7 Xg Xg X10 X11 X12 ¥13 X15 0.005
141 x3 x x3 X5 Xg X7 Xg X9 Xj0 X1 X12 ¥13 X14 ¥15 | 0.002
15 x15 | 0-377
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Fig.7 A change of concordance dominance indices of Bel, Pl and normal measures for mooring
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Table4 Table of concordance dominance indices (CDI) of Bel, Pl and normal measures and preference ordering
for mooring systems using the type A evaluation

System BegDI Preference P1CDI Preference Emgﬁil Preference
number measure |ordering measure |ordering measure |ordering
1 -3. 445 9 ~-2.388 9 -1.189 8
2 -.169 4 -1.251 8 L1170 4
8 2.251 2 1.238 2 1.163 2
4 =111 6 1.005 3 -1.535 9
5 3. 444 1 1.816 1 2.092 1
6 -1.265 1 -.353 1 -1.076 6
1 -. 298 5 -. 284 5 .006 5
8 1.718 3 1.005 3 .813 3
9 -1. 460 8 -.284 6 -1.105 1
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Fig.8 Normalized concordance dominance indices of
Bel, Pl and normal measures for the next gener-
ation mooring systems
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Table5 Table of concordance dominance indices (CDI) of Bel, Pl and normal measures and
preference ordering for mooring systems using the type B evaluation

CDIL CDI CDI

System Bel Preference Pl Preference Normal Preference
number measure |ordering measure |ordering measure |ordering

1 -2.332 9 -2.388 9 .033 5

2 ~-1.267 8 -1.251 8 .321 4

3 . 638 3 1.005 1 ~.390 6

4 .010 5 1.005 4 -.592 8

5 2.072 1 1.005 1 . 640 1

6 -.878 1 -.126 5 -. 426 7

1 . 519 4 -.126 5 .528 3

8 2.0172 1 1.005 1 . 640 1

9 -.834 6 -.126 1 -. 154 9
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