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A Study on the Application of AHP to Design Decision Model
on Fuzzy System
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Abstract

As a part of study to develop a building design support system for architectural designer’s design decision process,
the drawbacks of fuzzy system-based design decision model suggested in the previous study have been made up for.
A method of logically taking the characteristic and impact of design elements into designing HVAC type was
suggested. For purpose of mirroring HAVC designer’s working process, a model was developed using AHP, a way of
decision making process in the inference process of optimum design values.
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Fig. 1. Decision model of HVAC type.
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Table 1. Design knowledge in HVAC type decision
Kind Form of value | Decision process
Economizer Necessary of

cycle introduction
Humidity Necess
Tyvoe control ary HVAC desingner
ylp Individual Necess is decided by
control ary equipment grade
Indoor air
. Necessary
quality
Low noise Necessary
Architectural .
Degree of size
area
Floor area Degree of size | HVAC designer
Type Degree of accept and decide
1T Levels height on architectural
Architectural Suitabilit designer’s request
structure y
Expansion Necessary
.LOW initial Important
investment .
- ; Value decide
Zoning Complexity
through
Low ..
. coordination and
maintenance Important .
Type cost consultation

m among HVAC

Waste heat .
Necessary designers and
‘recovery architectural
Simultaneity designers
(Cooling & Necessary
Heating)

| Architectural designer ‘ |
|

HVAC designer |
I

Eguipment grade

Type |
(Arch?/ifeecllure) (Environment & (Ez)g?weorlxl'\ly)
Equipment))

Consultation

HVAC type decision
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Fig. 2. Decision process of design elements. -
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Table 2. Mean fuzzy number and Crisp number.

A= ATt

Design Team |Mean fuzzy| Crisp
Element
1121314 number | number
Economizer
cycle(XD) N|N|NiM|(283848 | 38
Humidity coc e -
control(X2) I | MM I |(@253545)| 35
Individual e
control(X3) VN|VN| N [ N | (35455 4.4
Indoor air
quality(X4) M|I|[I|[TI|@283848 | 38
Low noise(X5) I |VI| I [VI| (35455) 44
Architectural |y ol gl v | M | (152535 | 25
area(X6)
Floor
area(X7) M|M|UE| M |(182838 | 28
Levels(X8) M|M|L|L|152535 | 25
Architectural
structure(X9) S| S |VS| S| (33435 42
Expansion . _
(X10) M|M|I 1 |(253545) 35
Low initiat
investment VI| I VI 1| (35455 4.4
(X11)
Zoning(X12) M| M (2,34 3
Low maintenance o
cost(X13) VI|VI| 1| 1] (35455 44
Waste heat
recovery N|N|N|M|(283848 | 38
(X14)
Simultaneity
(Cooling & | \p | v | N | N | 253545 ] 35
Heating)
(X15)
N:Z88 M: B2 1: %8
VN : "% g2 VI d$ 8
UE: E32 L:2g S: 3%, VS % Y

Very unimportant
Very unenough
Very unnecessary

1.0

Medium

Very important
Very enough
Very necessary
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Table 3. Pairwise comparision matrix for relative
important (ex: Class 1 and 2).

Suitable HVAC Enwro.nment Architecture | Economy
type & Equipment
Environment & -
Equipment 1 ° 14
Architecture 1/5 1 1/6
Economy 4 6 1
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Table 4. Pairwise comparisiori matrix for relative
important (ex: Class 2 and 3).

Economy | X11 X12 X13 X14 X15
X11 1 6 5 5
X12 1/6 1 5 6
X13 1/4 1/4 4 1/5
X14 1/5 1/5 1/4 1 4
X15 1/5 1/6 5 1/4 2
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" Table 4. Pairwise comparision matrix for relative
important (ex: Class 3 and 4).

X11 All-Air Water-Air | All-Water
All-Air 1 1/4 1/5
Water—-Air 4 1 1/4
All-Water 5 4 1
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Table 6. Relative important of inter-class
design elements.

Variable | al | a2 | a3
Value |0.33(0.07]039
Variable | bl | b2 | b3 | b4 | b5 | b6 | b7 | b8
Value [0.03|013(0.39{032]013} 01 |0.07|0.39
Variable | b9 | bl0 | b1l | b12 | b13 | bl4 | bld
Value 03 (014038029 01 [ 01 |0.13
Variable | ¢l | c2 | ¢3 | c4d | cH | cb | 7| B
Value [0.63(053|{060(066|061{ 01 | 01|01
Variable | ¢9 | cl0 | cll [ cl2 | cl3 | cld | cld
Value [063]0.11{0.09|065]065]066 |0.11
Variable | dl | d2 | d3 | d4d | &5 | d6 | d7 | d8
Value [0.30]024]0.31]0290290290.29 029
Variable | d9 | d10 | d11 | d12 | d13 | d14 | d15
Value [0.27]031{031(028]0.28{0.27|0.31
Variable | el | e2 | e3 | ed | 5 | e6 | 7 | €8
Value |0.07|023|090|005| 01 [0.61]061]061
Variable | €9 | elO | ell | el2 | el3 | eld | el5
Value 01 058 06 {0.07]0.07|0.07 | 058
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[(0.33%0.03x0.63%3.8)+(0.33x(0.13%0.53x3.5)+(0.33%0.39x0.60
%4.4)+(0.33x0.32x0.66%3.8)+(0.33x0.13x0.61 x4.4)]+
[(0.07x0.1x0.1x2.5)+(0.07x0.07x0.1x2.8)+(0.07x0.39x0.1 x2.
5)+(0.07%0.3x0.63x4.2)+(0.07x0.14x0.11x4.2)]+
[(0.59x0.38x0.09x4.4)+(0.59%0.29x0.65x3.0)+(0.59x0.10x0.65
x4.4)+(0.59x0.1x0.66%3.8)+(0.59%0.13x0.11x3.5)]

=1.665
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Table 7. Satlsfactlon value by inference model.

HVAC type All-Air Water-Air | All-Water

Crisp number 1.665 1.127 1.040
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