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ABSTRACT

Keywords : intelligent building, facilities management, key performance indices

To maintain the reliability and functionality of intelligent building (IB), it is
necessary to implement high level technology and precise procedures to building
facilities management. To do so, many automation and facilities system have been
installed in the 1B and connected with information network and multi-level integration
system to control the indoor environment of IB. So, building facilities management
system is crucial to the success of an IB operation. Two key factors affect the success
of an IB: integration of facilities and cost/benefit of facilities investment. Since both
factors are strongly inter-related, it is important to establish an evaluation method for
the performance of building facilities. This research will use the key performance
indices (KPI) method to evaluate the cost/benefit of facilities investment and
management. It includes the study on IB facilities management in terms of the life
cycle of the building and the establishment of standard operation procedure (SOP) and
KPI for IB. Having the KPI for the IB established, it can make the investment of IB
facilities be more justified and the investors will be willing to invest more on the 1B
facilities. As a result, the goals of IB (e.g., high functionality, economy, efficiency,

and comfort) can be better achieved.
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K@k 4 & ¥ 7
KRR (p R 0 19945 gRae &~ & & 0 19950 3 7 i~ #8 f& 0 1996) -
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HRAPRAL > 1 d TF A8 | TRFF R PP (236 i
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ARl R EB i 0 HE FARE PR B o a2 R

LR SR 10k s i 2 0 B8 L R B el TR 2 P F KRR X
RPN R R BV S N T AR AR L R A o
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RN R A

o

= lﬂifb_FA ’ /w\x‘l’—lzr"r .

(=) §-mE 22 kefh i
(R - EHARR 0 REHEMERF ARG R PR
Baaidihr %, €8T 2 3G E k- A Eap & F 58
FERE-S B 2R EPN LERST B o

() ¥R LAREARBESE

1,22 2 =t RAed o

IR A A - RBITRIE P AT LR R R - R
His TR P Rt e 28 R KR0ELT 2757 o

24-T (K B frid 2380 ¢ B)

B Tk £
9 FHER | RS Sk EF R 22 AP
7 BHER | FEET AR Zf2Ep

147



ERP R AR e R

5 & SO R A e 22 P
3 WHE R | Sy D4TH Mo 22 51 P
1 -HREE (AR REFAAEELE

1/5 7 ER S By Z) e L2 3 P

/7T |57 ER | FEMAAF RIS L2 AP
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.)J- BN ;}-449"(]5, pti;}-:L/fdl'(ra, :
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i=1
(2) 7% 4218 i o v
W, = Za“/ZZaIJ »1=1,2,3,-+,n
j=1 i=1l j=1

(3) o & rin feenif i it
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Zn: []‘[ ij]n »i=1,2,3,,n
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=
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3. - Rt T

FRHEE LA LTENhE S o E o S RAEE o dofn R F 4
Lo B An(n-1)/2 o SR SRR T RaEE | > A
s B F AR S - & AR 2ALAZ 7. Ano B - & -
ERLTRARET O HE-RFEEVLLN2, 2. ., Wn> 52 dre BT kiE
& ¥t 4 (Pairwise Comparison Matrix) » @ 4B*ieha — 7|8 d 8 - &
FOOREREIE B R FOREE 260 2 o S0 AL EA] PRHERR
aij# ot @ & FAL A2, 7.0, An A RAEE S A=[alj] U B ST 6
A5 7% (Saaty » 1980) :

W/W, W /W, .. W, /W,
W, /W, W, /W, ... W, /W,

A:[aij]: _ _ _
W, /W, W, /W, . W /W,
Hoe
W,
W, .
=W, /W, > a; =1/a; - W = M| I, j=12,..,n
Wn

BAREAA ERanTE R L AR & AT R LR Ak

FOEANIRGG AL o AT U 2 A 2 e

Wo/W, W W, o WW, W, T W,
W, /W, W, /W, .. W, /W, W, | |w,

W IW, W /W, .. W, /W, |W W,
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A paEE R EEV Bt W 2 E e TAW=n-W-n
HA PEFE o AW A BRI FAE e £ 0 0 FHCER A T R
U e T i B 5 D (A—nxl) xW=0§ W0 pF o RIW ZA cidice £
PRFEGn BRALED S RAEEA > £ 5 T Gl F(Saaty 0 1977) -
(1) B A HfE~F403 B 5 w8 %> Taij=1/aij
(2)L A ehorg AR5 1 0 2 % X aij=1/alj F5RHL I 6EE
" (Positive Reciprocal Matrix)

(3) *4hv et A ek (Rank) 5 1> 7 rank A=l - F15 % - 7)% £.% -

—

Fleny B o B Ar g gciE Ai1(i=1L,2,.., )¢ P R - BEEECH
IDL R o M 2R FHKE N Amax & o7 e
(4) | A B enghjied > 27 So% i ic® Amax > H 2P endd i

L
B ©

Al
e
.
X
ul
-

> % =Trace(A)=n

E’—ﬁ—)r’ru,‘ ;‘_}, ne ;’,,f( coi=l L /1max =n

a =3 j jk=12..n

ij

Bk tn BEEY hiojok ZBEE-E S
3 ﬁf‘u{aijx ajk=aik » B & 7% - 2] e9 15 & - % (Consistency) » ¥
- BA G- REE i B B (Amax) # 30 F 0 & R
AL A2, .., Anehd e W T 5 2B A%~ B cE Amax TR F e £ %8
it {8 enig o

;‘#%‘;Jﬁa’ fo X|9TE F L - & - RE4pHE (consistency index -
C.IL.)#%& -C. I.=(lmax ) »C.1.=0 % 7w {s2|¥r% > £ - &R+ > Saaty
(1980) £3C. 1. =0.1 37 FFchihEe 2 pam B7F > 24 7 FaC. 1.
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B A5 EH4p 1% (random index, R.I.) > 4r&4-8 #7771 o

£4-8 CEBHHE)

Fe $e 1 2 3 4 5 6 7 8
(n)
R. 1. 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41

wApfen EeodEd T GO E&R L Eant Ff- R F
(consistency ratio, C.R. ) **C.R.=C.I./R.I. » #C.R. =0.1 ¥ » plaE*L
- REARRL A B - FF - S RELS- REPBRIBE LT 0B
R IR B R o Aok B BB KRR B LR
Fo Tk shE A MO FEMERE 2 A MMt EB L o

(=

Jiy
~—

ﬁ’rgf:@] &%Eg-ﬂ-a
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ROREFT U UEE o
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ﬁﬁ—ﬁ&ﬁ%%o%&%ﬁ@ﬂﬁﬁﬁiéwﬁﬁéi’?u#?%4%
F# (brain stroming) ~ @2 %450 ~ /620 4272 (delphi technique)
LLEE -N&ETm> it #“’1 L2 K e F Bl o 355 UG R AR

FadriEat (AR 20 1995)

B R BARR A 1k ik B

PR sARR AT LG 0T R (W, 1989) (¢ -14)
(=) AHP #2304 (65 5+ 0§ ol 5 4e® 32 LR F £

LR
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AFTEREIN R E T AHE 9 EFNGREE v FE
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R RIS G 0 PRI R DG ATRR R ST E- RT3
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G s BB RIS NT -

English “Wersion

AHPO EEZEE DI E (BREOHEYILIITT)

ZO AT LT, CGIEEL, AHPOEBEEEEFEE T RNE I IT7 Y.

1. —I TR TR - B GREE B T (IS REOE) & A 00 TS0 (—ES T8 it 3 B aE U T )
2. 2Ll Pl T odiEE X LTSS,

—f e T 8-
A

VIEE B HEED (ERO— LTS, 12,9 £ 1/21/3..1/9 EFEE, CC(F oo FEANTIEL )
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[ —HHEERosD ]

CDAHP WebD==a 7).
. AHP@TT'\—iA’\“—“‘/
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AR L WA rdg R Y

Fofp i e REAAHE &R~ R4 C 1.<0.15 C.R.<0.2)
B4
"3 | 4.014 | 4115 | 4.000 | 4.496 | 4.224 | 4.340 | 4.198 | 4.288 | 4.683 | 4.088 | 5.297 | 4.043 | 4.117 | 4.155
C.1.=10.005 |0.038 |2.961|0.165 | 0.075 |0.113 |0.066 | 0.096 |0.228 | 0.029 | 0.432 | 0.014 | 0.039 | 0.052
R.1.=10.900 | 0.900 |0.900|0.900 |0.900 |0.900 |0.900 |0.900 |0.900 |0.900 |0.900 |0.900 |0.900 | 0.900
C.R.=10.005 | 0.043 |3.290|0.184 | 0.083 |0.126 |0.073 | 0.107 |0.253 |0.032 | 0.480 | 0.016 | 0.043 | 0.057
0.074 | 0.412 | 0.300 | 0.568 | 0.689 | 0.609 | 0.658 |0.062 |0.576 |0.573 | 0.432 | 0.522 | 0.565 | 0.487
% 10404 |0.069 |0.3000.087 |0.128 |0.175 |0.099 |0.578 |0.052 |0.110 | 0.267 |0.200 | 0.262 | 0.162
¢ | 0.441 |0.210 |0.300 | 0.217 |0.077 |0.175 |0.155 | 0.263 |0.115 |0.271 |0.110 |0.200 | 0.118 | 0.127
0.081 | 0.310 | 0.100|0.128 | 0.106 |0.041 |0.088 |0.097 |0.258 |0.045 | 0.190 |0.078 | 0.055 | 0.223
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B4
"3 | 4.033 | 4.198 | 4.000 | 4.725 | 4.314 | 4.765 | 4.225 | 4.187 | 4.309 | 4.069 | 4.880 | 4.000 | 4.155 | 4.117 | 4.187
C.1.=10.011 | 0.066 | 0.000 | 0.242 | 0.105 | 0.255 | 0.075 | 0.062 | 0.103 | 0.023 | 0.293 | 0.000 | 0.052 | 0.039 | 0.062
R.1.=10.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900
C.R.=10.012 | 0.073 | 0.000 | 0.268 | 0.116 | 0.283 | 0.083 | 0.069 | 0.115 | 0.026 | 0.326 | 0.000 | 0.057 | 0.043 | 0.069
~10.333/0.248 | 0.125 | 0.520 | 0.257 | 0.486 | 0.093 | 0.054 | 0.120 | 0.457 | 0.438 | 0.500 | 0.223 | 0.262 | 0.575
; 0.086 | 0.129 | 0.125 | 0.250 | 0.053 | 0.294 | 0.100 | 0.196 | 0.069 | 0.414 | 0.180 | 0.167 | 0.287 | 0.118 | 0.177
% 0.291 | 0.549 | 0.375 | 0.069 | 0.540 | 0.143 | 0.512 | 0.637 | 0.602 | 0.088 | 0.279 | 0.167 | 0.394 | 0.565 | 0.147
0.291 | 0.074 | 0.375| 0.161 | 0.151 | 0.077 | 0.295 | 0.112 | 0.208 | 0.041 | 0.104 | 0.167 | 0.096 | 0.055 | 0.101
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B
A3 | 4.187 | 5.392 | 4.155 | 4.414 | 4578 | 4.309 | 4.198 | 4.228 | 4.496 | 4.177 | 4.033 | 4.033 | 4.198 | 4.363 | 4.155
C.I1.= 1 0.062 | 0.464 | 0.052 | 0.138 | 0.193 | 0.103 | 0.066 | 0.076 | 0.165 | 0.059 | 0.011 | 0.011 | 0.066 | 0.121 | 0.052
R.1.= 1 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900
C.R.=]0.069 | 0.515 | 0.057 | 0.153 | 0.214 | 0.115| 0.073 | 0.084 | 0.184 | 0.065 | 0.012 | 0.012 | 0.073 | 0.134 | 0.057
N 0.101 | 0.645 | 0.331 | 0.090 | 0.051 | 0.494 | 0.508 | 0.549 | 0.667 | 0.613 | 0.383 | 0.544 | 0.075 | 0.118 | 0.223
j 0.575|0.217 | 0.241 | 0.605 | 0.168 | 0.285 | 0.265 | 0.053 | 0.207 | 0.096 | 0.086 | 0.140 | 0.265 | 0.055 | 0.287
g 0.177 | 0.096 | 0.188 | 0.260 | 0.074 | 0.165 | 0.151 | 0.102 | 0.079 | 0.238 | 0.099 | 0.158 | 0.151 | 0.338 | 0.096
0.147 | 0.042 | 0.241 | 0.045 | 0.707 | 0.057 | 0.075 | 0.297 | 0.047 | 0.053 | 0.432 | 0.158 | 0.508 | 0.489 | 0.394
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B4
"3 | 4.663 | 4.872 | 4.155 | 4.228 | 4.293 | 4.309 | 4.264 | 4.082 | 4.496 | 4.171 | 4.492 | 4.000 | 4.117 | 4.117 | 4.141
C.1.=10.221 | 0.291 | 0.052 | 0.076 | 0.098 | 0.103 | 0.088 | 0.027 | 0.165 | 0.057 | 0.164 | 0.000 | 0.039 | 0.039 | 0.047
R.1.=10.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900 | 0.900
C.R.=10.246 | 0.323 | 0.057 | 0.084 | 0.109 | 0.115 | 0.098 | 0.030 | 0.184 | 0.063 | 0.182 | 0.000 | 0.043 | 0.043 | 0.052
~10.050 | 0.675 | 0.487 | 0.102 | 0.692 | 0.731 | 0.452 | 0.571 | 0.667 | 0.566 | 0.105 | 0.500 | 0.055 | 0.565 | 0.057
; 0.084 | 0.224 | 0.127 | 0.549 | 0.061 | 0.141 | 0.150 | 0.267 | 0.044 | 0.267 | 0.144 | 0.167 | 0.118 | 0.118 | 0.183
g 0.577 | 0.046 | 0.162 | 0.053 | 0.095 | 0.081 | 0.164 | 0.090 | 0.107 | 0.040 | 0.530 | 0.167 | 0.262 | 0.262 | 0.175
0.288 | 0.055 | 0.223 | 0.297 | 0.152 | 0.047 | 0.235 | 0.073 | 0.182 | 0.127 | 0.221 | 0.167 | 0.565 | 0.055 | 0.585

159



2RI E o F LR M g T g

FoWA R L ERFRHE R A LY EPE (- RR%C1.<0.15CR<0.2)

PR

#®3 | 3.000 | 3.029 | 3.000 | 3.136 | 3.561 | 3.436 | 3.872 | 3.007 | 3.000 | 3.080 | 3.029 | 3.136 | 3.136 | 3.183 | 3.013

C.1.=10.000 | 0.015 | 2.220 | 0.068 | 0.280 | 0.218 | 0.436 | 0.004 | 0.000 | 0.040 | 0.015 | 0.068 | 0.068 | 0.091 | 0.006

R.1.=10.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.580 | 0.580

C.R.=10.000 | 0.025 | 3.828 | 0.117 | 0.483 | 0.376 | 0.751 | 0.006 | 0.000 | 0.069 | 0.025 | 0.117 | 0.117 | 0.158 | 0.011
% 10.143 ] 0.114 | 0.200 | 0.618 | 0.584 | 0.742 | 0.214 | 0.088 | 0.067 | 0.149 | 0.156 | 0.460 | 0.086 | 0.218 | 0.119
Eﬁi 0.143 | 0.481 | 0.600 | 0.086 | 0.135 | 0.203 | 0.527 | 0.669 | 0.467 | 0.785 | 0.659 | 0.221 | 0.297 | 0.715 | 0.747
< 10.714 | 0.405 | 0.200 | 0.297 | 0.281 | 0.055 | 0.260 | 0.243 | 0.467 | 0.066 | 0.185 | 0.319 | 0.618 | 0.067 | 0.134
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