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Abstract

A designer must make a lot of decisions in a design process. The decisions may be
classified into selection decisions and compromise decisions. As the results of two decisions
depends on the designer’s intention, it is necessary that the designer's intention should be
reflected in the design systematically and precisely. As the AHP(Analytic Hierarchy Process)
technique analyzes and evaluates a obscure selection problem hierarchically, designer’s
intention can be reflected in the design systematically. Also as qualitative attributes can be
rated at quantitative criterion, the designer’s intention can be reflected consistently.
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Usually an engineering problem is a coupled problem in which a designer must select one
alternative from a set of alternatives and find optimal characteristics of the alternative
concurrently. As considered attributes are functions of the compromise system variables and the
atuibutes’s units and orders are different each other, attribute ratings must be normalized. This
paper introduces a newral network at this normalization. So the attribute ratings can reflect
designer’s intention and the knowledge from his(her) experience automatically.
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3. AHP
(Analytic Hierarchy Process)
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Level 3 (Alternative)

Fig. 1 The hierarchy of decision problem
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Table 1 Individual comparison

How strongly more lmportant is element i
than element j?

Compared with Element j, a;
: Element i is

Equally more important
Weakly more important
Strongly more important
Very strongly more important
Absolutely more important
* Intermediate values

O =301 —

2,468
a; =1 ., a; =1 ay;

Table 2 The pairwise comparison matrix A

A B C D
A 1 ay a3 Qi
B 1/ay 1 an Az
C 1/(113 1/6123 1 a3y
D 1/014 1/024 1/(134 1
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Table 3 The attribute values of
materials A, B, C

. Ultimate
Materials Strength(0.67) Cost(0.33)
A 50 MPa $ 100
B 45 MPa $ 90
C 45 MPa $ 50

Table 4 Normalization of the ratings by
Mistree’s method

Ultimate
Materials | Strength | Cost(0.33) MF
(0.67)
1(1.0) 0.0(0.000) {0.670(0.750)
000.0) 0.2(0.167) {0.066(0.055)
0(0.0) 1.0(0.833) 10.330(0.275)

Mistree ¥'Holl <3+ Z}= Table 49 #o]
MF @l 7 & A5 A7l dg=in itk
AHPo] oj& ®olMEe s7HE I3 A=t
30MPa AEolB® =H37r% 50MPa™ 45MPat
T FRE Fuxn ¥ F o ¥8e Hgf
Z7] 2ol v]E $50& $100°1 $90°0 H] s
F03n & 4 Utk F HA4 i ddid
%3} Table 59 Table 63} 2-& |3
/333 o]E9] afHE WE 73] 2z} o)

[@ivalle

k-2
=
=

= 2 J}m td

to R %o



86

el MEES FHTh EE DA Ay, 7 Ui
o A% 3] SABTRE A2 B Be AYHL
SH1SIGT) Table 7€ 2h Tidkel MF gk 2
32 9ok 3% Bsel o 2 AFAE FUL
£ E7eR A de) IeAsel dg Wbt
ulgsy] BEel wlgo] W3 e vt Crh
duie HeEn gee veFa g

Table 5 Comparison with respect to
the ultimate strength

A B C
A 1 2 2
B 1/2 1 1
C 1/2 1 1

W = {05, 025, 025} Amax = 30

Table 6 Comparison with respect to

the cost
A B C
A 1 1/3 1/9
B 3 1 1/7
C 9 7 1

W = {0.065, 0148, 0785} A ax = 3.08

Table 7 Normalization of the ratings by

AHP method
Material Ultimate Cost(0.33] MF
Strength(0.67) )
A 0.5 0.065 0.366
B 0.25 0.148 0.216
C 0.25 0.785 0.427
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Fig. 2 Alternatives of the 3 bar
truss example
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Table 8 Casefa) The attribute values and
normalization of ratings at the

solution
Attribute Normalization
values of rating
Wgt | Disp. Wgt | Disp.
Alter | oy | we ool 0e | M
0.003 -
A (1605|000 10475 | 0.839 | 0.694
B |11.91] 0.009 | 0.791 | 0.166 |. 0416
infeasible
c [14.24] 0.003 [06aa | 0758 |, 0712
infeasible
D |594| 0024 |0812|-1.249] 042
infeasible

Table 9 Case(b) The attribute values and
normalization of ratings at the

solution
Attribute Normalization
values of rating
Wsgt Disp. Wgt | Disp.
Alter- | 01| 0.2 Jos | 02 | M
A |15.86] 0.003 |0.493] 0.757 | 9546
infeasible
0.008
B |[13.53 Load 20 0.6991 0.326 0.625
C |1365 0006 |0.691| 0.404 | 0
infeasible
D | 454 0028 |o660|-1.668] 019
infeasible
Loo Altemnative C
N Y
; CASE(a) SLOPE = - 0.4/0.6
B 4 h
g . -
§0.6u, /o: l
2 N\ D 0
2 0. \*‘
ot i /*“'6
N

0.20.

000 020 040 060 080 100
Z1(Weight)

Fig. 4 Pareto optimal set of alternative
A B . C D
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Fig. 5 The alternative barge general
arrangement
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Fig. 6-c Preference Fig. 6-d Preference
of steel weight of welding length
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Table 10 Attribute weighting

Stability | Strength | Weight | Welding
Stability 1 2 4 5
Strength 1/2 1 3 4
Weight 1/4 1/3 1 2
Welding 1/5 1/4 172 1

I={0.49, 0.31, 0.12, 0.08}, Amax =4.05

54 83

Tables 11, 129} o] EE3Hd GM ko] 0640
o7 o2 gkt dA8] e AL & ik
GMS] #& 1-2 m AlelolA 2 HEk7t 543
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Table 11 The attribute values

— Steel | Welding
St th
Stability| Strength | Length

CMm) | Z/Zreq| (o) | (m)

Alt.1 0.002 2.639 100.43 | 530.42
Alt2 | 2129 | 3.048 | 75.39 | 530.42
Alt3 | 1189 | 2.946 | 6441 | 373.64

Table 12 Normalization of the ratings

e Steel | Welding
Sizbig)ty St(f)egf)th Weight| Length | MF

: : ©12 | (0.08)
Alt1| 0.152 | 0342 | 0204 | 0.288 [0.227
Alt,2] 0.640 | 0327 | 0.356 | 0.288 |0.481
Alt3| 0208 | 0331 | 0.441 | 0.424 |0.292

b oigh 2 7L ddEglon da) Wa ghol
et 2o,
L=57.03, B=9.00, T=2.60, D=3.13, t=0.006
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