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Mistreed] o)d ®F3 %7} 33L& AA gt AUAA Frlow 2lE37] dEd AR uFAHA
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2. AHP(Analytic Hierarchy Process)

2.1 AHPY F98 53

1) AHAQA EAZ FFAQ A0 HAFOTA AARE AAHLE T & k.

@) 2Z3n 2usd BAS oy Aoz Ay R e dud vAE 33 Azl F
840 AHES Hrgto 24 AAAe F9 AU oA 2HE T 4+ Ao

3) B BAAES] AT BAAES] ¥FL wdFosA B ARAA FrE T F U4

AHPE o]43l7] fl8lXe 19 13 & ASTZE wEolo @tk 94 Z gt 718E] 7H3AE
Ay HNE F& AP e 2 B} 7R AP A N1EES AZEARAT)E vhA7HAR Al
o WIS E3) Y F, 4% 2% BHAAM Z OigS AR FAso AF d€S o

Level 1 (Decision)

Level 2 (Criterion)

Level 3 (Alternative)
Figure 1. The Hierarchy of Decision Problem
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4 A(DBD: Decision Based Design)ol Al o]¥ A@& oA} A3 (decision making)& £ o]50)A|n] 44
Ze] A8 A ARL 8= Aolth.[314]5]

Table 1. Individual Comparison

How strongly more important is element i than element j?

Compared with Element j, Element i is a;
Equally more important 1
Weakly more important 3
Strongly more important 5
Very strongly more important 7
Absolutely more important 9
* Intermediate values 2,468
a,-,~=1 , a,-,-=1/a,;
Table 2. The pairwise comparison matnx A
A B C D
A 1 ap ag ay
B 1/ay; 1 axn ay
C 1/ a;s 1/ an 1 ay
D 1/ay 1/an Vay 1

31 A9 A3 €Y 23

A FAAA o APEL Ad, BY 222 F A9 APFe R E5H 4 vk nE P B
AcM e A4 A9 &Y A7 298 347 g

%) A7 (selection decision)< A wigte] o] 7}A £A(attribute)2 B71sto] shte) gt
gt Aot Ad AA9 ZAL 2pzbe] £A4d diF Hrlkd wal oy ASAHEL So Yk
o] B7ke V) g F842 2= 71539 8 F(functional requirement)dl] vlE-S Ft}.

B} Z7%(compromise decision)& ¥ APZAFY EXEL 71F 2 BE:AF= AA w459 e
AR%e Aol F, FolA 4A dYdA o 71A] Rese EXE 7o) HAF 6YL 53 98
ARE A= Ao

AT AA FAHANME 9A 7Hed AA Ugs F HAY st e Adg olg) o} ujgl
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dolth, dE 5] vi9] AL GM 22, vle) e FrE £9 ©a A4z B8 4 A 43
7HA £ EE I 1ete] shiel diehe Adde Ad AR AS "ot 71Fo) e 7 £459 A
FH AR M2 OE A G498 7Y gy AFSA A 4 W2 s 71EA7) A
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I Ao|gd A¥ HHE B3 EF3Hnormalize) Pt

(@ 2% F2 3% (b) F&FE FL& 3%
(Aj — Ajmin) R = 1 — _‘Ai = Aimin)
(Almax = Ajmin) v (Almax - A)mm)
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3% AAdAM FYaued Fre 99 A52A 339 £ A a7sE J49 9a A4S YolN
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A& Aol =P AFAE Hrlshe AX2ZAY GM 94 873E GMe) e QoMM 1 HE%
€ #43 3712 £ dov AUNA AAE 3§ 5 F7171 FolAY) W& 271 Age B4 A A
o|t}.

oA I EAE 44 AEst HuToel AP AE 444 g52A Bd] o e Wit
B @A dAAE FolX UiEY] £4X%e ol ZPAA Aol AA JFHY HREL 1}
Fo2 £4AE B/HE Wart Atk AHP 71He Aoz AARS Betd A & o)S A
Hoz £8% 4 ok

42 AHP 71§ & o] 43 A9 HA oA - A5 A9 FA

A Aoe o3} g

AZ EX - & 7o AL u[49 [ Beam $4] A€

A9 7|E : AEEGEE ZE Hob, vy TAG A5y ¥am)

M9 "ot : A B, C

MY AL ddo) Zale Hul 8L 30 Akoln ulLe HAF $150 o)so|olot g},

AA FG7E718e] HE Axg vg9 73S AU Has 53 71ENE AR

7t vl vlE deit FAIILY RE SR waEtA 2 AT ug9 EAE (067,
033} 7} Ak, thE & 33 22 2 dietE e £ E noZ X 4 JAE Mistreed] S o) g3 &
A Bole g2sEa Qo

Table 3. The afttribute values of materials A, B, C

Materials Ultimate Strength(0.67) Cost(0.33)
A 50 $ 100
B 45 $9
C 45 $ 50
Table 4. Normalization of the ratings by Mistree Method
Materials Ultimate Strength(0.67) Cost(0.33)

A 1 0(0)

B 0 0.2(0.167) \ X

C 0 1(0.833) 0.33(0.275)
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Mistree®] Hie] o@ ZAF}E ¥ 49+ 2ol Merit Function kel 74 & A& A7l ddHn o
AHPel 9@ PHME A THE I 257 30 AE0|EE FIJFE 503t HE BT T Fun ¥
& glom HlEE HS4E F7] ghFo BlE $50e $100014} $900) HiE sl TR F 5 AT ES
3 ¥ 6L F £4d P U vag §ao Z Yok HAZEE Faa lon ® 72 7 d¢e MF
e BaFEn Ao 2P AT o & HEAE FASNE BT A O] FEFEd A 3ot
ulga7) gEo ulgol 453 AL uigh b AUE ddHD Qe ¢ & Ao

Table 5. Comparison with respect to the Table 6. Comparison with respect
ultimate strength o the cost
A B C A B C
A 1 2 2 A 1 1/3 1/9
B 1/2 1 1 B 3 1 17
C 1/2 1 1 C 9 1/7 1
W = {05, 0.25, 0.25} W = {0065, 0.148, 0.785}
A max = 30 A max = 308

Table 7. Nommalization of the ratings by AHP method

Material Ultimate Strength(0.67) Cost(0.33) MF
A 05 0.065 0.366
B 0.25 0.148 0.216
C 0.25 0.785

43 ARD A9 By FAAAY £4 Wb 3y - 49F A% ¥ AHPHY A

AZE A9 B BAE A9 71F0] He A5 3ol B AL AA b5 n2t AL W
2o AsHoz T3 ok dast Ao

Mistreed] W& Fo12 tgiziel Auig7iz AAAA FFPdA el 717t ol B W7t A8 EA
RAFAQ Ao E3y] WEo) AARe] ATt AYE AL At A codingdl AF A2
a &A%l A% dde A5 g EE23 ¢ 5 Ao

AHP Wl oo tietse) A%} 57] o3 A £4& vnd 4 =S W 5H0
2 w50 Zoh walA A2 ALghe] oJatd] A& Wyolr] i AAAE oY /A 2AS A
3 malde AN BPA BB & Aok v H43k0) ALFA Fahs B¢ o) Aol A3
Byrigdde AL Brbssith

o] B AHPS) YUY HlAREE AT ARG F5AA A5H T 5 AT} - AF AL B
@ WA 715 JHAT Qlon thekd BAld 4A A4 e 54L JH ez duA ATEl AE
e g 42 288 AU HEE AAED ol AF AFBA FFAG. o A 3
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%% NODE : 17}, X%¥ Yol uj3} dnty 953712
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44 AF AALL 0|48 AHP HE o4 - 3 Bar Truss
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743 e %3 498 2e gt Ads 93 A4 24
A dF 20, 30, 402 SPHR FEH
Given
AA d<gt: A B, C, D28 2
Y7t & 5%, 49
Find
713 AL 33 W9 E Ze U
Zt RAe) @A z
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3o digtehe Mdesied] gag A9 A 2
Z+ BAje $¥o] 34 ¢8E YA R = B AP 2A(|a)l<5 , 16,120, [651<5)
Zt B @AY gy =3
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_Minimize

Ae Ex9| olg F

f ‘@
LI 1 @
20 /l\ 40 20 /l\

ALTERNATIVE A ALTERNATIVE B

V) T \/
A
20 /l\ 40 20 /l\ 40

ALTERNATIVE C ALTERNATIVE D

Figure 2. Altemalives of the 3 Bar Truss Example
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Figure 3-b. The relative preference of

ase(a) : & e 71FEA = {04, 0
qﬂ' A (A1 = 7145 , Az = 1803 . A3 = 2.926)
Weight Displacement
Real Value 16.06 0.00263(Load 40)
Normalized 0475 0. 839
¢t B (A, = 8.006 , Ay, = 4.552)
Weight Displacement MF
Real Value 1587 0.00458(Load 20)
Normalized 0.492 0.647 058
W C (A, = 8.006, A; = 4.43%)
Weight Displacement MF
Real Value 17.60 0.00252(Load 40)
Nommalized 0.333 0.850 0,643
qa D(A2 = 10.0, A; = 10.0)
Weight Displacement MF
Real Value 24.14 0.00628(Load 40)
Normalized 0.101 0577 0.387
Case(b) %3 W9l 7153 = {08, 0.2}
ot A (A, = 6.961, A, = 2.452, Az = 2.616)
Weight Displacement MF ]
Real Value 16.00 0.00272(Load 40)
Normalized 0.480 0.830 0.550
‘1‘2}_‘ B (A1 = 8.006 , Az = 2.210)
Weight Displacement MF
Real Value 13.53 0.00783(Load 20)
Normalized 0.699 0.326
et C (A;=8.006 , A; = 4.281)
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Weight Displacement MF
Real Value 17.38 0.00252(Load 40)
Normalized 0.352 0.850 0451
‘:“c:_} D (Az = 2887 s A3 = 8006)
Weight Displacement MF
Real Value 14.21 0.0126(Load 40)
Normalized 0.647 -0.153 0.487

45 AFE A9 B £A9 HA3

Case (a) : %3 @919} 715R = (04, 06}
gt A Ad, ARHANY 7 tietel YA EZBE 4HE E 83t 2o}

7.14 , Az = 1.80, A3 = 2.93

AHY A

Table 8. Case (a) The attribute values and normalization of the ratings at the solution

Attribute values Normalization of rating
Weight(0.4) | Displacement(0.6) | Weight(0.4) | Displacement(0.6)
B 1191 0.00044 0.791 0.166 e )
C 1424 0.00345 0.644 0.738 (inPéZiizble)
D 594 0.02378 0812 -1.249 (in}&ggle)

Case (b) : %3 W99 7154 = (08 02}
uigt B A, AFFPoIM9 2t igtel £4X1s BESE £A4AE ® 93 2o

A83 : Ay

8.001 , A,

2.210 , A;

1.648

Table 9. Case (b) The attribute values and nommalization of the ratings at the solution

Normalization of rating

Attribute values
Alternative | Weight(0.8) | Displacement(0.2) | Weight(0.8) | Displacement(0.2) MF
A 15.86 0.00346 0.493 0.757 (infoéasgifli)le)
C 1365 0.00613 0691 0.494 (o )
D 454 0.02801 0.660 -1.668 (infoéallgﬁﬂe)

a9 45 ge A7y BENE $448 AYsae pareto optimal setolth. 1Yk ol F 8%t ¥ 9
A4 i AR 9AS HAT 4 itk IYAY U As BE 247 29 AEA% F¥ A
HEA7E 252 AYRE AP) Atk & FoIA AP £AE VFHAN UL AT WATH 2 o)

3 gk B FF0l A2 A4S 7HAT A& ¢+ A
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1.00— Alternative C

o CASE(z) SLOPE = - 0.4/0.6

)
: b
g Alternative B °
3] j \ * CASE(b)
8 ] N SLOPE = - 0.8/0.2
% 040 4 .
n ‘ A . oomeeim e LS ]
Rl - 3 |
N 0.20 JJ Alternative D i
_{ A“ aa bl .
0.00 T [ T {7 T r T ,—r [ T ' T ] T ' T ’ T j
0.00 0.20 0.40 0.60 0.80 1.00

Z1(Weight)

Figure 4. Pareto optimal set of alternative A, B, C D
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ARRANGEMENT 1
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r—__:

ARRANGEMENT 2

Al

Collosion Bulkheads

A g
l‘“ r

(11

owL ARRANGEMENT 3
= = = —
MIDSHIP
SECTION PROFILE
Figure 5. The alternative barge general
arrangement

Barge 500 9] A9t 500 £ S/HTE Hol YL S AA slolof ot wtelA] Bargeoll= 323
& ol e Ao AAFolof | ZAR AzPct Sl 29 5% 2 A 7HA WX o) giEiA A
2% AT e Exe olFoA MY AAF AL s Aol olgd wje] Aol F, E4, 3o,
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A W FA(effective plate thickness)E ule] o&l 715E-E nd AR Aot A7l $&7 A
g9 7130 He AL Asd g5 g

o 034 * BE

* 3d 3% o £33 v

o] Barge EAE 79 dA A¥d A9 g EAlolt & A 7ol de= d# £45EL €Y
EA9 A 4L, B, D, T, t)5= FAHY] i AF 227 13 ZEE =3 eby B4 44
W L Add wiAd A &

52 49 s3] HE 4459 T2y
Zt digtE e} £43] PrHrating)¥] EE3H(normalize)= <G8 AT A4FL o83 ZASAY & &
AEH Axxds) BAE 9t 2] AR

¢ A 1 GMY ol 45 ¢ABA A AR GM kol o 20 m § YoNE BFR F717}
FolA Azl U 4 Q7] WEd dake E3AH.(2E 6-a F=E)

¢ Bx A FolA AA W4 gEd M 87 A4 Z, BT AREL 0] Z,,9 B
WMATH Z/Z,e, )5 B71e) ARZ F Aok A ES o 152032 u33n2 a9 ho] 1-2 Al
dx 2 ds%rt FHAA S/ AT AUAA 23 @A He F5@-Hdde 233 2 dFxrt
234 9o 4 AB%(28 6-b IF=E)

* A FF: THFE 25 AUEL AR AT AUANA AAA Agu§o] AR B opy
AR E A3 iAo frlME A4 AUl &30l 100t AL 7HAFAA o5 Yolde 3
3 dskxe 333 994 Aoth(ad 6-c F=E)

e &3 o] : 87 W82 84 dold v#sar &4 A7t FojYd wWa} 2 HIEL HFHL
2 295 Rolth(ad 6-d F=E)

A9t o] 7HE AU E ugeE ARTK: UG £ dd ddd va Hrig A
olF AF ARFY AT § AE7R: WA £49A9 Ao, A& YH4M ol e Fdo =27
7Fe® oCe W] duld HRE AAJsY 93 AA%E Al oS F43 3 F AL A &
AAES g Hing AF VAT Af 2AE 53 As st viagd A5 DEG. o] v ¥
29 A{AE P AF AEHE I EENED 44 HAE 7

53 4 £4E59] 43N 594 (Attribute weight I; )
AHP 714& o838 & £4E2] 713AE Hrial 24 vudd As 7154 WeEe & 10 3 2o

Table 10. Attribute weighting

Stability Strength Weight Welding
Stability 1 2 4 5
Strength 12 1 3 4
Weight /4 13 1 2
Welding 15 1/4 12 1
I = {0.49, 0.31, 0.12, 0.08} Am = 4.05
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GM STRENGTH (Z/Zreq)

Figure 6-a. The relative preference of Figure 6-b. The relative preference of
stability compared with 0.3(m) strength compared with Z/Zreq=1

1.00?‘ 1.001
8 0.80 8 0.80-]
Z ] Z ]
= 0.60 & 0.60
e TR
E 0.40 E 0.40]
= i = ]
& o0.20] = 0.20
A ] W ]

0.0 200.0 400.0 600.0 800.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0
STEEL WEIGHT LENGTH OF WELDING

Figure 6-c. The relative preference of Figure 6-d. The relalive preference of
steel weight compared with 50(l) welding compared with 300(m)
54 As}

gk 2 7t A ow AA A4 Fhol o 28 o 2 digte] £A43k3 EEsE £4%e ¥ 11,
12 ¢} 2. L1=6035, B=8.81 , T=248 , D=3.0, t=0.005 ‘

gt 2 o] RESHE GM #ho) 06412 g2 dgiy dA3] & A2 4+ A GMe @2 1-2 m
Aboldlal 2 AE %7t FA38] E7187] W&o GM ol 2 m Bet 2 gk 29 AZEE ¢& ggdsayg
458 A4, dvy GFAA AR 74 A7 dEd AA AP A YL v 1 o), vy
744 23 §470le digt 30] /MR $48AW 2 FATL F7] Qo] AX Adoe  F¥L 1)
A 231 A

Table 11. The attribute values at the solution

Stability Strength Steel Weight Length of
(GM(m)) (Z/Zreq) (ton) Welding(m)

Alternative 1 0.0087 2.25 105.34 562.80
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Table 12. Normalization of the ratings at the solution

Stability | Strength | Steel Weight Length of MF
(0.49) 031 (0.12) Welding(0.08)
Alternative 1 0.150 0.316 0.197 0.279 0217
Alternative 3 0.209 0.340 0452 0.442 0297
6. W&

SJAL AR g1l AAAY 7HA ] E 712 AAd 2AAQA 4% Fot AHP 71 A3 A
ol o TALE ojHF A NS AR HUFE HEE F UES Ao 4L JI Ut &
Add Bag A2 71FANE TaE U AFE 718 £ don 72t £4 YriE BEJT dx AH
Hol Ao GAEZ H71E AL BT & A S 2¢A A9 ey FAdME AR o
2L AF AAF GFAZ o ZH tietE e £A4%kel AA WFd gl denar AF AFGA o3
AEHo 2 Yt 4 QA Stk WA B A7 E AA 349 Nx7) He oA A4 AAAY
AFE U@ w9 £ e Y $EE AAE L e Ao,

39 A% &Y EAle 7129 A3 uhyd o3 sldo] 83| sMEdte, A EAE 2/A 4
22 7HAse 7120 AAS wpyo g Fe o] A4Hol A AFat o 1HU € =
BojA 9} o] Al EAE formulation Fo2A AFE A9 1) FAE FAd Fe A3 Y 7}
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