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A study on the outsourcing approach of Air Traffic Service equipment

maintenance
Student : Sui-Chu Chang Advisor : Tai-Sheng Huang
College of Management
National Chiao Tung University

Abstract

Air Navigation and Weather Services (ANWS) of Civil Aeronautics Administration (CAA)
R.O.C as an Air Traffic Service Provider (ATSP), is responsible for providing the Air Traffic
Services (ATS) to the aircraft that flying within Taipei Flight Information Region (Taipei FIR),
for ensure flight safety and the convenience of aerial transport. The equipments utilized for
ATS includes Radar, Communication, NAVAIDS, Air Field Lighting, ATC system,
Meteorological observation and Power Electricity devices.

The operational condition of ATS equipment.relates to the quality of ATS service and
customer satisfactory. Abnormal operation of ATS equipments may cause risks of delay and
impacts the safety of flight. Maintaining ATS equipments operate in optimal condition is an
extremely important subject within international civil aviation society. Due to the variation in
political and economical aspects, ATSP faces the pressure of manpower insufficient and
material shortage. Anxiously to review all the maintenance activities, and seeking for the
feasibility and the approach to broaden the ATS equipments maintenance outsourcing.

This study intends to find out the strategy factors of ATS equipments maintenance
outsourcing by the way of analyze organization structure, scope of business and operational
mechanism..And design questionnaire survey form by using various measures of appraisal
criterion on the marketing, economy, technology, policy, and the financial feasibility. on 18
maintenance outsourcing alternatives. To assessing maintenance outsourcing priority by use
the method of Multiple Criteria Decision Making (MCDM) and Analytic Hierarchy
Precess(AHP).

The finding shows that the Power Electricity system, within all the ATS equipments, shall be
completely outsourced for maintenance. Meteorological and IT equipments shall be
broadened the scope of maintenance outsourcing. Communication equipments could be
selectively for partial outsourced for maintenance. Manpower saved from those outsource
could be transferred to maintain equipments with core competencies, such as Radar,
NAVAIDS and the rest of Communication equipments.

Keywords : Air Traffic Services, Air Traffic Service equipments, Multiple Criteria Decision
Making (MCDM), Analytic Hierarchy Precess (AHP)
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Philip Kotler et al( 2006):% % 7 »<c3% Fa 47 2 B 2.1 #7775 = B
% ;
Define the problem and
research objectives
& PRI B AR
1. & #} 2k J&(Data sources)
2. B} % 7 % (Research approaches)
Devel;;{) éth;ris:ir:c%h plan 3. #t % T B-(Research instrument)
RA G 4. 34 4% 3T & (Sampling plan)
5. Bt # 7 7&(Contact methods)
Collect the information
TR
Analyze the information
AT F R
Present the findings
RBFFRER
Make the decision
HR
B 2.1 B B4 {5 ot 3
VHURFR G AL AL 17, THeE ) 1074 b - 4
P FF a1 v L chengE i oo R X P 4F(2005)F uﬁ;ﬁtﬂﬁ_J 1T
he B g T Ak A g
1 BT 1 e g RApM A1 e ¥ LB %z -
a3 gPuE e ML ITA AR Z R AP A ¥ 0T
é«c%} }X’Jﬂ-b )\ﬁ-’- _\%fr' A '#:7. é_—i';:E-_F\ o
2. F bt THgEE 1 i EAed AR FETAEL > TF @4

10



£ F a2 BB dp E R A

7=
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3.2 A ARBR D THGNE | 1 FA R R R FEELIRT
FRTE S

TR TN ERUL AN T T L R
TR ARGR - AT B9 K gP TP ML)

=

Fl‘ o
5.t TN 1 FRFEEL B P R M GBR 0 i p
ko mRE s EF -

FPHFTAMEL R R L BRI RERLLYHY L3 G
BA PRI FREE 0 F T AT 5 AV AT R L MR R R 2
g P v 7%ﬂi’P° ;.’?ﬂi%ﬂi’WKﬁﬁw—ﬂ&LJb _%Eim

RSP PIREERT e Tﬁo&%i*%ﬁﬁ:i%ﬁlmWﬁﬁﬁ
e p 5 % NE S FET T AA 0 AR ‘E‘.‘j%“« MR B S ARG o B
By#32 4 ¢t o (Hirano, 2004)
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2223 & thep
1. £ 1 i¥3E p
F A nd 3 TER 1 AR A AZ(2002) % LA ¢

(3). F7E_ K ALH

(4). & p s

(5). G leE 2 2 %%
(6). FTREHZ K

(7). 77 LEE R
®.ﬁ%ﬁ%£$%%@
(9). # WA E F L
(10). % sef a3 = &

2. LN R
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and Smith, 2004)
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E0 R
#22 2B PF2ER G2 LEA

i§ 1% (Pricing) ?EF N F‘?J 13 (Intellectual property)

4 »z(Performance) % %18 B (Trade secret)

& B (Quality) % fl(Patent issue)

A R fie & (Staffing) H ¢ Z Xk * (Other contractual issues)

s ¥ P #2(Scheduling) & & 7558 (Agreement or form of contract)

7 4 % 3£ (Data protection) [: 304 FR:}&(.,&FE £ X)(After sale service(maintenance contract))

% 2 (Security) 7 % (Liability)
223 %7 § @

'ﬁﬁdﬁﬁmf~ﬂﬁ%ﬁzﬁ%,
FRCFEA MG LERER S DA
B AL 31”*?15‘"—’4? EALS R S 3R o

“IRF P B R RN
;

oy

F
IR AWy EE R IT g dee > R b F R A - fReh

1.
B Ak FREATIF AR
2. izﬁd ’L?%' : )@-:@F\)\# lﬂ‘ﬁiﬁ-'j lfg%ﬂ]ﬂ*b}% Eﬁfj bh?’:r—l’i /7]‘ L‘]m

¥
i 7477 o ("The logistics behind outsourcing", 1995).
P

SR ARAL AR FALL AR g A3
m 1996) o § 3§ chi (T 2L g F & b3 ])IL NS )
zwﬁzﬁ”%ﬁﬁﬁﬁﬁ?w BHMIE LR L ERERL
x4 £ FE %o (Anfuso 1996) -
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1. &4 4 F'//)?I IaR S Sl > pE AR I TH A ﬁ'%&ﬂiﬁ A1
g;fgzm,y o e E & ¢hendniy H 7‘5 FNF A I”’L %ﬁ‘ PIe g AR ﬁ
YRE D e r A RETH A BFT AP o
(). 2 ERHBPHF 2T P LH IR ELE] > T

-

S RRIL o e TR F R i R uﬁp,}gkgrw b
Bk 2 B Hk 5 - (Knowles, 1996)
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(2). P EF A M RE T RSB G S
o - R 2 2 TR SR 20
R I A LN
Group, 1996)

3). #* TP H P B L L BITIORE AR RS
51

2. 1i¥L§ ¢ Yankee Group (1996)% 7 » /& A 1 & &5 > 80%f 1
WA AW L B F R ARk
LB REEE AT N ER C BABRLORARLE L o B
FHEATE AT R A > 50%PR 1 LT > T ¢ 30%F 1 5

EF LT g B 2 ¢ 3§ B(Navran Assoc, 1996) o
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Bertolini et al (2004)34 % S @ % 151 b K G chifoxps > 4387 4
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# b *% (Judenberg, 1994)” o 4% 17 & ¢k [ g ehk *Ef&wh’ FERP A 3R
Ak 2L A (Tehg snih g B R B it d £ PRI
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® iEAAfriAhVEfRE iy ey
R IPFEARULE A R .

© S FRPUHMEASE L LR 4
hisE T ER S o (Cassidy, 1994;
Engelke, ¢.1995; Laabs, ¢.1996; OECD,
1993; Raynor, 1992).)

Bertolini et al (2004)3% 5 AFE 724 iR~ S BOR B R ERT T i
423 ~EF LN LA T2 AR EHANE kA T

233 am#EK

v 3B 5w i 2 (Reliability Centered Maintenance, RCM) (Rausand M,
1998) 8 B § Ak s * chfkghe > - ﬁ AER AP RER S KRBT
K??Pf’i’i"’”’*“‘%fgl@rm& WE A AP JE > TF J’;/ﬁ'\;{%%-&i

% 4F %4 (Kumar, 2000) -

Bevilacqua et al (2000)3% % ‘@i A 5 7 48 ;

1. $&i+ % (Corrective maintenance) ) %ifk i endF BE R B W AP
1:EF I/ZFE .,_‘u):"ﬁf”}ﬂ-liﬁ Fi® o

2. 3f P 43 (Preventive maintenance) : fpfr A R F etz v 4 a
T ML ARET R R ATIT R T :M* EAR S 2 ‘JIFF IR o A7 T
B AT AR B3R 1 ‘B‘_Fﬁjﬂﬁ ¥ oo Fp P ME R R {f;%;;:fﬁmgﬁj
W - kA L #HEFoa2B ok oii®, FF(FPH) &
;E{ﬁ}; SefBAR g A B AL °€E—%§$ﬁﬁ.‘ IR RS '
BRAEF{#HREE -

-

3. %18 23 (Opportunistic maintenance) : # * S48 B > N kK4
#7222l asgiTn 2o Lbf:é_& BN e 8 Ll I
BB (7 rU ST AR L EF - S e pER T

4. % i ;% 2 (Condition-based maintenance): g PF & 3% & 18 & 38 {7

;E.l it o 3}'7#3* ﬂ'L‘ ;z: E‘r’v'Jt'.»‘-’L‘l'—v— = ﬂ—\'\{*‘ /‘F"ﬁﬁ - «?— _F!;: /?'J}’ F'ﬁﬁ"‘li/{g: /:2‘

oo WRETARRFEERE > Ed HFE 2 EOERKXFFITRRT

FRAERE B Y FRAB B E LR ] SR G
FCIRH L K B (o
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5. Ff 4vi % (Predictive maintenance) @ £7 75 % N 2 e oo AR
?EU R REE E T8 = SUREE FH L ik R
i Ees i&ﬁ K E R E 2 ¥ oA s RJpE R Rd M LR
FEIHES BT e pER o

234 BEL R A

Sunny Yi (1995) TR L P A KR EABR NS 2 D AT
NI e SR fﬁﬂwr@mo
AR A L FER
s}
© A |
&
A
= ¥ AR o
: At
Z 0
g2 Ui
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4 v B
Fooo A4 A A X R

ok
IVBh 3R
&
*
o .

A 6
§E "
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Bl 2.3 ‘&;Ei f’l‘iv}?‘g,u I N j"f']ﬁ?‘iraifﬁ'g 4

Triantaphyllou et al (1997):& 3% 12 7 * (Cost) ~ ¥ i3 3 | (Reparability) ~ ¥
F 14 (Reliability)fr< ¥ & (Availability)» B %)% i® 5 B rc LT 2 B0

Quinn (1999)1 & 4FFE P L1 (T3 P PR IB AL %2 Bh
LR FE awr%] 24
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Bevilacqua et al( 2000)#" 7 M3 7 22 AHP 3%/ 78 40l 2.5

[ Objective | [ Criteria | Alternative
—b{ Damages
Product Damage
People Damage
Image Damage
—b{ Plant Damage
\
\
\
A\
Environmental Damage
\
N \
T Corrective Maintenance
AR
R \

N
\
‘>| Production Loss \\
\\
1 MTBF N N \§ \ Preventive Maintenance
~ AN
MTTR
Opportunistic Maintenance
Condition-Based
Maintenance
Predictive Maintenance

7

s
I
o F

Goal )—4>{ Applicability ]

Failure Identification //
-__— /
A Good As New
77

=
5
2
H
5
2
SO~
~
~
~
~

/
Spare Part Stocks
/

B 2.5 agsci2 AHP =5 %

-

i ¥5 Plant Maintenance Resource Center (2001)33 #4842 - § ¥

¥ 534 heimmd Lo

o HiteHdd A
o MR A

o ¢ PRSI PLCER
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Hongzhou Wang (2002) & & % = }*Jn&p: prfAEERSN ARG RER
Ve ST B ho ] 2.6 ;

Y3k Kwg # R A B4R AR AR “e A
2L #H B a1 FR S Bx
LR L &5 X, RAl 2 oM %;
2 ) ER7E a3 Ex3 YN
I PR K-out-of - B e
MR A EK
15323t 8
AR ALE A BT R RIAE AT
ﬁg\ﬁk ;‘k $ Renewal theory &l Kty S -
Rib%EE M ; AIRE . AR

o arkov chain B
PR i [ 3 Probabilit B ki 53
RME T probability i ikt
)&4‘*“ T’T?E'I‘i 01SSon process

B 43 Fouk

B 2.6 & i e {vi 2 REFZ
Jun Hirano (2004)#% ‘}iﬁclﬁs\% E&?{;{ AaE L v AR HTF)
FOPRIEE FEFIE 2 GRFIR R ”3 Sk Bl hd b g o
Bertolini et al(2004):% 5 % ¢ & pﬁi R A REREE K T B R B
I IREERERFARBEL DR G FEITFRE A ERF TR D
FI‘H‘;L%E]' CFREE R A R R 3941‘"’
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24.1 MEFTLE

44 W

Ca O

Ee

WA H B

b F 04 36 3% (Topology of Rates)

BE R P 4% Al

feent 2RI A)

2 T#izr'%] 2.7

RIS

ISO 90003235

5 R A

A&

MR 32

PATHE D HE T

43l a3l

EX N E XS VG

45 2R TR 6 Kot

s |

&) 2
2.4 B P P EUPRTER G L

ML

40 1Y AR5

“eH AR AR

ekl

EOR:d

Mot

*

4O AR A Ao F AR

[

Ko IE 43

LN

[t R 2 0

& RAREF

LR

PR

RlRs

LR 3

A

B g &
LRz B

MEFL M2

' AHP 3% %

¥_3p & 3 (Periodic Maintenance) 2 %
Maintenance) = #§ °
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1. ¢ 17 #3& (Preventive Maintenance) * i ¥ e £ 1 #7372 40 & 5 A&
HHE L R RE A

2. M5t #& & (Performance Check):»t 3 2 pr P X #p 6 A 18 BK & ch1 1%

3. ] {7 223 (Routine Maintenance) @ 3 {7 @&+ P A% F a1 (7o

Fo AR EF AP R RPADAEL (2 B 3 R AR IR
vPRTRE - Ak nd o o e 7o

1. # % P|(fault detection)

2. #ln “,/TT (troubleshooting)

3. #= I f& 3 (fault isolation)

4. { ¥+ q ke i# (replacement of failed components)

T ik 2 A% (schedule) ik g3k # ‘AL P & R W RS P 2
Rrm 2o Y Riw ot Gait o ¥ MEFY ok 2.7 977

327 = EE R 4

AT R B I i ey
1iep (X) BLEEED () | REEDT ()

& p 1 +0x=1%
et 1 +1x =3=
= F 1 +3x=7%
& - iF 1 +3x=7%
& 3 1 +7%x=15%
F - 1 +7x=15%
& % 1 +15%x=31=
Fa 1 +30%x=61%
& 1 +45x=91=
- E 1 +90% =181=
z & 1 +120%=241=%
Eg-: 1 +120% =241=
A GE 1 +120%=241=%
L - E 1 +120%=241=%

¥ T 2 B § & > Systems Flow Inc. (1994)# * #ix &
% =% H#(The Job Element Rating Technique) » & i (Knowledge) ~ # it
(Skills) % &t # (Abilities) & = & % (KSAs) > #-% - {3 KSA M w B REAZEE
PR T [

A: & Jr5 ¥ 2 & % (Barely Acceptable Worker)

B: #* % & % (Superior Workers)
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Bl F ARSI B R | F RPURSBRA SRAEF R BT PR
‘E‘E‘%‘”E”wilw B o i 28

% 2.8 WAURTEK K AP F RE

S FeEk s :btﬁtr‘sb”
Rank Knowledge, Skill, and Ability
3 L aAe s A0 2 RO & TRk i Sl it 4

Ability to recognize, analyze, and deal with short term, real time equipment parameter trends

5 LR S SR LN B Al

Ability to maintain a wide scope of awareness

21 | O F RN Bk S TS AR A (blde® F 0 2 R ) §)
Knowledge of extensive site-specific information within geographical area of concern (i.e., climate,
terrain, roads, airport layouts)

28 PR RREEAMMN TG4 d E W s PRI H  FREBRY)

In-depth technical knowledge of a specialty (i.e., Radar, NAVAIDS, Communications, Automation,
Environmental)

30 EHF RIAFEL P Aaom

Knowledge of weather forecasting terminology

34 ERfEEF T

Ability to interpret weather.data

242 B AR%
5 BB BRI (AII' Navigation Service Provider, ANSP)‘,SK o FT R

A EASHE 0 o ﬁ/ﬁhfﬁﬁﬁg?& B e AR B AE S 1T 0 B b AR
) F R B E - o X FUA TR B BEURIE TR
FHARTEL TR M ®SURFEER R ¥ o % VB R(CAO)R & H4n
JRAR T » % 3R T 5 T84 FHURFEeN 32 0 2 BT FL L | P eh7

% ®

Flot o B AR G IRE FIRC AR S 2 p A iR s RAUR
o BEURIHE B for © 3 FH 4] < (ICAO Doc 9082/5)’5' L& F)F G
gl
l. 23 ¢ @Jiﬁq—%i&%ﬁ%é{ﬁ » B R T b B R R AE
Flfeidfert ¢ g & B A7 RERIH® > URAfe e 2bd b
VEPRIFET F B o
2. BEPALERT o FRHEd 2R FT A AREFHFRET -2
R BUR TR & KL o
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EE]P\'fr]ngKﬂ4}ﬁ,¢ﬂi§‘j’f"j_@3 R MU T L &i?/,ﬁ-—.ﬁ;‘;j}(ﬁ\mv}g
SURRER XA/ i sl

A SR 7% %2 2 (The Civil Air Navigation Services Organization, CANSO)
1998 & ik e w] 4R 2, «}FF; A f‘« 20 e o & i enfE SR AR e oo v B
FHGNT A LA 2.9 1P B Ak Al

% 2.9 Mw;ﬁu,z_z%h = & % (ANSP Model)

= Lk ﬁ:" E_‘%\ 4 ﬁ—

1 ‘Wg’f pev 3t | NATS, ¥ R

2 | 210 Bmf%w NAV Canada > *c £ +

3| s By Airway New Zealand » ‘= & ff
AirServices Australia > ;£

4 ?EJ%’T'J,; Py ot AEROTHALI, ? &)

AEROPUERTOS ESPANOLESY NAVEGACION AEREA » AENA » & 517
AIR NAVIGATION SERVICES OF THE CZECH REPUBLIC > ANS CR » #_i.
AIR TRAFFIC & NAVIGATION SERVICES » ATNS » & 2

Continental Europe * # I % K

5| #2v CSTA -
FAA > £ R
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1 | Antoon W.J. Kolen An analysis of shift class | 4wk #f AE Y R 2 1 (TR F TAGFRIT
(1994) design problems Eoooaarig B EX FRntE s PR
MHETTERFRERRY DL RAPE S A
2L g Bl It oo A FR i FARAR AR R ot
Esfriz o TAoEEERT L BA R
(preemptive variant) 3 2 if L % ¥ o
2 | Robert E. Blanchard. | Human Factors in Airway | 8% 58§ #20pR343% # xli i 4% pF fF (downtime) & ‘&
Jennifer J. Vardaman | Facilities Maintenance: 2 FE ¢ 5 REFLLF S AR AT RN
(1994) Development of a TR s FAETRT B F R ET
irszfstsyrlzz rglll;avg; tory AR K A R E- RHEEDD
HHPRIEE G R PpFRF T 2232218 -
3 | Kara A. Latorella A review of human error IIFHRE SERRA K B EE A LA ER
Prasad V. Prabhu in aviation maintenance R R SN TR RN S A R
(2000) and Inspection 3o AV IFHILFA BB G A TL AR h
B AFEZ FIA SRS 2 RN AL
SERA R APRiE o BEGKS R TEZ BB
Moo
4 | Todd R. Truitt, Situation Awareness, in FRMNEy AP FRRFRBRET Y O F
Vicki Ahlstrom, Airway Facilities: EA3BIFELF|? o FAFEY (FER R
(2000) Replacement of ClE Az B > TR A RS B RIEKIE o KAT T R
Mantenly |5 o TEE R BE RE L L (5 BE R EE R
Contro'l =i #R.3K % (Situation Awareness, SA)Z i ] i ~ 4%
Operations Control 20 . . -
Centers B E B XM AT RS T4
He Bk AR ALK B oA B i L el ko
5 | Raymond P. Goldsby | Optimization of Aviation A AR pEGEREK G REARZVREER
Antonios S. Soulis Maintenance personnel drim o Rt FARILAS B VREERY P
(2002) training and Certification LAREEE fho kB e AT
HOR G AR A F RS TR R
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E L o T EMERT KR 2 G iiaE R o
6 | Office of Aviation DOT/FAA/AR-02/122 iFfﬁﬁﬁEﬁﬁ%é%ﬁ§ﬁ~§g\?%
Research o Practices anfi Pergpectives ¥ = —Jﬁ BEW G2 FAER B O G g
Fedetal. AVl?.thIl in Qutsourcmg Aircraft B o % B L R 3 Bk (2 8ok
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(2003) iR E2 33, o BERE R IRTER E B RApIRA S
ZOBATE o MR 4 ARG AR FE LR
PIRSBR1IIFE%R 1L CRRREE o AFE
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WA N1 FR A S FERNALSRT ~ i
FRRBALE o R AR 5 18 42 AR
S
7 | C. G Drury Language Error in B AL EREYZ (AN R RS T B
J. Ma Aviation Maintenance FERBE T > EEE AR ROPA R B AR
(CZ.O\(;.SI)\/Iarin (Final Report) LRSS AL ATE T E RSB R o AT
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WP BT L T EREFDFF e
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8 | Michael Maddox Human Error and Safety Jf\ v AR R A 1 oot A ML A R {f‘ﬂnfg +13%
Larry Avery Risk Analysis % Mg B e % 2 425 > 4L 5 Human Error
(2005) Methodology for Federal | 514 Safety Risk Analysis (HESRA) » & f, EE SN
AYIathIl Administration FAA i 4 ? F1% % GBI 2 T o H P hhgE
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2.6 £ 4T FHA
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o FE Ttk ML T e R RB DR G R AT
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WAL D o AR R N bR

E A TE PR R R AR A e B 2.8 BT

28




Tﬁ-*i'fﬁl‘l‘ [/#&ZE?M’ ﬂ'i‘/fﬁi] [ EE;?.ELFX% ]

mE
48 wARITHE | é%@ ) | &85 %
Ly

R

[%Eﬁ%ﬁfﬁ]
B 2.8 #HTErF B AR

)

& E&%ﬁf?ﬁ%]

THERE
o

FHEEEL
RRR3HS

AL ERP 2 ek 201 4 ) 0 R Y RHT F A

A BET S G 2 ERIFE S T AN T A TR

@ ZEV Fl-
@ HVTNH
® Mix¥ 7
® EAY 7
® H kv (T
® TRV AL
® TRV AL
o Hu
+ ~ 2, S % s 2z — o \ - Y EA
211 AP MRS R ATt R R
; < kA w|
fﬁ TR T xR + e
X 1(2|3(4|5|6|7|8[9|10[11(12(13|14(15(16(|17[18|19(20|21|+ || &7
3| 5l
1|2 20 L 2z A A 2
MRS A
A A
2 " 3
A¥EHE M
3 EZWHE A 1
B2 B
SWOT &
4 A A 2
Jil Y
SFA&ER £
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#EE 1T E]
15 :;J; P 1
16|74 a * 7 Flda 47 1
17|# 37 7447 9
18|y 2 HiEvw A4 1
19| & ¥ RHCALFER AL 1
20[* 4 FRT FREA 1
EERF R
21|(Enterpreneurial Al
readiness)
22|p43x 7 [T 4T A 13
23 :: hRES 1
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T rEm 17| #
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[
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29(HE 4 T AL 4T A 10 i
12| #
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e
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%0212 5 ERIEER AL AR

Pl L =t el = % (Alternatives)
(Weight) (Criteria) | A; Az ¢ o cAje o o o o o e Ay
#1717 2k(Evaluation Score)
W, C €l B2ttt tenc t c o+ e tem
W, G € €p c v oteyc ot ot v+ e
VYs (?3 €3 €apc * > sEye e v e e v oem
W, C. . . .
. . - Cij ’
W, G : ..
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(Performance)

1. * % (alternative) : T {F=:E et §
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=
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=
o
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e
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B ArR Y AR ER R BFES X0 =12,. . me
2.3 i & p(criteria) * THF RIFH G X AR OEMAE D o FTEF S
B PR 2FEEE FREGY PR A2 JR 2EE a3

o ? P CR LA T I BITHEDR > I=12,..n0

3. &) Jfé‘a‘(weight) P kKL BRI FpHERRRE ok
w, N E R I BERNGEL E
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270 A5 R AR 2
TSR AR A (AHP)L & 5% A2 FER DR T 2 24 4 BiER 8
Rl ey R 42+ (Satty, 1980) - H p mr—k:tzhg FerfR AL kAL > d A e in
Ro 63 Rorfr, $HEEE DI LEBRERL R FLETR » U
Ca iﬁéﬁ'éi&iﬁ, SR TN PR AR AL R % o
- @S o AHP 2 eni A B 0 A & ¢ 45T 54 I
C— TR BT AR A fF A 3F § fE4E (Classes) & = i (Components) o A5 =
o RRE B
2. BB 0 & - K bk % 39K & b2 4 (Independence)
3.EF - RAapeanEE > WUt b - BN R Aarg B F 0L R
PooiBfFiriE o
4V PFGTEREE T RS $EcE © R R 5] * & (Ratio Scale) -

5. = ¥t $i (Pairwise Comparison) (& > ¥ @ * i i 4& 'L (Positive

p—

Reciprocal Matrix) /&2 o
6. Wh4F B %% EAE A 1 (Transitivity)e % % 7 B (306 B4 (A B30

B> Bt Co RIA B C) > b pFag A B ke 5 LEH (A B0 B
SRBOBBEWCZRRABRWCHR)
7.2 2R MBHEIEE S TR HEFERBE T A TR -

3% 14 (Consistency) 42 & o
8. & 2 chig$ 4z R - X4 42 Pl(Weighting Principle)@ % -
9.z & F L NMAlF A BHEY > A wmE B o | o 94
m;TﬁﬁirAﬁpw,ai%%ﬁ%%%ﬁﬁ%iﬁo
HP =it 1 7 %GR REAEL BT i )RR bR A §1
oo ik Satty 5% 0 AHP 3 & g% 0™ L - R 52 ¢ (Satty, 1980)
1. &2 % = B (Setting Priorities)
2. A4

% * % (Generating a Set of Alternatives)
3. #E#H & % > % (Choosing a Best Policy Alternatives)
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=3

- %_F F(Determining Requirements)
7k 4 fe(Allocating Resources)
TR % % & b & %1% (Predicting Outcomes / Risk Assessment)

5 2 =% (Measuring Performance)

2 LL

4 5Lk 3+ (Designing Systems)

o X 2N bk

FE % % ¥42 T (Ensuring System Stability)
10. # & i (Optimization)

11. #.%](Planning)

12. j#;3-1% (Resolving Conflict)

AHP 2 2 a8 F3®R ) » AR A4 a2 H 3> - sz %
S AR o f A AHP B f o mE R RE E 2 AR F 2 LR
RN DA & ) AL %ﬁ# o % = & (Ratio Scales)z. & P
2 & (Nominal Scales) k # & & riasv il i 2 & = spid o

IEER JNCS I

Bt 3 R AR FAR AL UE &rf* =8 (Delph1 Method) ~ 4 4 i i %
gi*f@"’/é TR g FRAE - A s /\,.vbll”*;\'—i’?&ﬁﬁp‘
%@éﬁaﬁ*oiﬁﬁﬁzg’m %ELiﬂ R L
E2FPFRde- B at > ¥ L0 kstd o 2RI A
BA- Bl - RBL AR FRLE P FL g

ﬁ*‘

Rl v
p} J

™ ‘ﬁ&% ‘&\

o

W

™ A

[BA2/ ] A

. B/Blz\B3

B 2.9 K k45 B

o $HAF fe e K R R K B AR R & * 4 f2(Decomposition) & | > H#-FF AE
d & b R el P - (Objective) 4~ f# = j&- % B (Criteria) ~ i R + # B
(Subcriteria) # & 7 & h¥ {7 > % (Alternatives) » 7} = — & & = % 4§ (Satty,
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1985) » 4@ 2.9 -
2. AT Ay i £

M kB2ZE-E 250 AE BB Q%«iﬁ EZRFELE Mo
it fii(Pairwise Comparison) > £ 1335 % 213 TR R R » A 3 B & 2
FAPHE R AZR - Hg* £ p 2 & (Nominal Scale) > ;{ T H AR E B Mot
# (Ratio) » B (6 (7' % S B » o Sh4R % Sht B X TS 2 2
55 V2 252 e AT Ron(n-1)/2 =% 0 TV ol 2302 F koo

1 a, a,, W,
Ao 1/a, 1 B | (W
W3
1/a,, 1/a,, 1| W 23 2.2)
1 a, AT w,
AW = 1/a, 1 oAy, || W,
& .. . || w, A2 23)
1/a, Wa,— <= 1 jiw,]
AW =nW
(A=nl)W =0 =324

He n2 W5 W EGTHIE P e PR RE S RAETL(A)Z B+ 5
Mz (& (the maximum eigenvalue » Ay )40 & 0 727 &% B2 3% 2.5 #7i8 2 4p %
& E o~ 2 )% Right Eigenvector % > 34 8 47 3 S % FHHcw £ Anax

(Maximal or Principle Eigenvalue) % i #jcw & » H#-1 ke & £
(Normalization){¢ » X % % & % 4 & i L » & (Priority Vector) °
(A=A W =0
max A ;\ 25)
AW =1 W
% 213AHP: = R B & & % P
e R & E
1 e % £ & (Equal Importance) BALKRS APOTRBERLFIEL P
3 # £ & (Week Importance) S T e EEE - 2 %
5 1g € & (Essential Importance) o 87 5] 55 7] MR e i HE- 3%
7 &£ & (Very Strong Importance) FmET AR E R - 3 %
9 7 ¥+ £ & (Absolute Importance) P ENERF LA REELE- S &
2,4,6,8 ipHR < &z @ R @ (Intermediate Value) | F &£ 47 %} &
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CIH=YClLwW
RIH=YRLW"

%1 W‘I%\ k2 e BoT k2 - K ]“:L;}HJ{E—CIE “zi*ﬁ‘x‘«‘fpﬁ—RIl

gk ff o R 0 - R24p iR(Consistency Index: C.l)z 3+ 5 20 5840 > Hg i
ip 1% (Random Index : R.L) : * & ;ﬁd 44214 EE o

238 2.6)

C.I=(h\ —0)/(n-1) a5 2.7)
e oon G RBFIFBE L, &R F o 20 RAEL 2 BRRE o
% 2.14 '&iwﬂ %f—rRI B R A
J T E 2 3 6 7 8 9 10
R.I & 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

% CRH>0.1> 0|7 ek & ¥ B L2~ kML 3 (Consistency Ratio:
R)m B CR <= 0.1 Rk g a2 St ol ph o #1930 L & 3
BEXNSrniph LR & A7 MRS dfeRp T T E G - R CR.>0.1
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- -
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LIR30 0 MAEF F5 %-ﬁmﬁ;{:x}?r °
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512721 | 1.674 | 3.789 | 1256 | 2.640 | 1.623 | 2325 | 1.713 | 3.082 | 1.629
6 | 2538 | 1775 | 3.136 | 1.509 | 2.601 | 1593 | 2.640 | 1.638 | 3.183 | 1.546
7 12338 | 1816 | 2511 | 1.567 | 2719 | 1.600 | 2.848 | 1652 | 3.254 | 1421
8 | 2217 | 1.633 | 1.941 | 1481 | 2181 | 1589 | 1555 | 1.748 | 2.103 | 1.819
9 | 2337 | 1519 | 1.837 | 1.818 | 1.631 | 1.772 | 1.527 | 1.818 | 1.837 | 1.864

10 | 2.261 1.843 | 2.349 1.589 | 2.455 1.835 | 2.126 1.848 | 3.085 1.619
11 | 1.920 1.711 1.375 1.708 1.328 1.667 | 0.985 1.720 1.512 1.901
12 | 1.894 1.737 1.016 1.467 1.120 1.636 1.036 1.715 1.579 1.949
13 | 2.205 1.592 1.774 1.694 1.360 1.708 1.264 1.789 1.719 1.813
14 | 1.561 1.700 | 0.894 1.564 1.153 1.686 | 0.970 1.723 1.289 1.909
15 | 2.131 1.642 1.367 1.790 1.364 1.834 1.202 1.779 1.583 1.891
16 | 2.628 1.776 1.657 1.759 1.657 1.742 1.184 1.825 2.487 1.807
17 | 2.210 1.804 1.334 1.780 1.514 1.755 1.225 1.804 | 2.210 1.804
18 | 2.552 1.701 1.485 1.872 1.407 1.793 1.097 1.846 1.809 1.968
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THRAFRLEED A X P2LRBERF LY BT HRE £
L2 5.56%(5F A 510 Hiom ) 0 AR A IR gy K 2 X
FHIRIEMURE Lo

514 ER> B IEPE K q‘i—' FN - TEIEG R 2

s

= = —T-lp [ _“_L

£ B F1E(C) F i 2 R p (C2)
5 T i e T o LR
1 1.351 1.788 2.445 2.023
2 1.841 1.386 1.841 1.386
3 2.610 1.750 3.121 1.633
4 1.825 1.855 2.183 1.876
5 2.062 1.757 2310 1.964
6 1.616 1.933 2.045 2.100
7 2.062 1.757 2.445 2.023
8 1.442 1.462 3.148 1.257
9 2.062 1.757 3.121 1.633
10 1.841 1.386 1.932 1.994
11 2.183 1.750 2.786 1.474
12 1.351 1.740 1.130 1.503
13 1.949 1.598 1.949 1.598
14 1.526 1.722 1.442 1.462
15 2.183 1.876 3.527 1.370
16 3.332 1.333 3.527 1.370
17 2.610 1.750 2.949 1.571
18 2310 1.886 2.949 1.571
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Z&Q 515 l';r'ﬁl %1 = +

FRAR VR

RF {1P(CD § 3 ks - i (C)

c R 7ok s Z oy

1 2.507 1.351 3.455 2.445

2 1.309 1.841 0.787 1.841

3 2.447 2.610 2.948 3.121

4 2.331 1.825 2.337 2.183

5 2.721 2.062 3.789 2.310

6 2.538 1.616 3.136 2.045

7 2.338 2.062 2.511 2.445

8 2217 1.442 1.941 3.148

9 2.337 2.062 1.837 3.121

10 2.261 1.841 2.349 1.932

11 1.920 2.183 1375 2.786

12 1.894 1.351 1.016 1.130

13 2.205 1.949 1.774 1.949

14 1.561 1.526 0.894 1.442

15 2.131 2.183 1.367 3.527

16 2.628 3.332 1.657 3.527

17 2.210 2.610 1.334 2.949

18 2.310 2.310 1.485 2.949
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2506 bk et hik zgiw $ira F 235 9 E
5 & 2

B R ) A DOV | R | 2R
(Alt#m) | WP FIR | F & m@dic |98 sk %%’t—ﬁ’ﬁ EEF | VHRIEE (S 00 B
(elm) Z }&—I’g (eZm) i:ﬁ-‘(e3m) 7‘/{3 (e4m) (eim)
1 2.507 3.455 2.902 2.902 3.380 3.080 1
2 1.309 0.787 1.102 0.671 1.208 0.967 18
3 2.447 2.948 1.882 1.476 1.744 2.069 6
4 2.331 2.337 1.452 1.381 2.103 1.818 8
5 2.721 3.789 2.640 2.325 3.082 2.921 2
6 2.538 3.136 2.601 2.640 3.183 2.825 3
7 2.338 2.511 2.719 2.848 3.254 2.756 4
8 2.217 1.941 2.181 1.555 2.103 1.980 7
9 2.337 1.837 1.631 1.527 1.837 1.746 10
10 2.261 2.349 2.455 2.126 3.085 2.445 5
11 1.920 1.375 1.328 0.985 1.512 1.341 15
12 1.894 1.016 1.120 1.036 1.579 1.211 16
13 2.205 1.774 1.360 1.264 1.719 1.560 12
14 1.561 0.894 1.153 0.970 1.289 1.106 17
15 2.131 1.367 1364 1.202 1.583 1.425 14
16 2.628 1.657 1.657 1.184 2.487 1.762 9
17 2.210 1.334 1.514 1.225 2.210 1.574 11
18 2.552 1.485 1.407 1.097 1.809 1.512 13
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25186 FHE >R EE 2T (FEL

5% S gL

H | REAIEC) Bt REC) | HEFGUERC) | HERE L () | TRIFEEG)
1 1.351 2.445 2.902 2.902 3.380

2 1.841 1.841 1.102 0.671 1.208

3 2.610 3.121 1.882 1.476 1.744

4 1.825 2.183 1.452 1.381 2.103

5 2.062 2.310 2.640 2.325 3.082

6 1.616 2.045 2.601 2.640 3.183

7 2.062 2.445 2.719 2.848 3.254

8 1.442 3.148 2.181 1.555 2.103

9 2.062 3.121 1.631 1.527 1.837

10 1.841 1.932 2.455 2.126 3.085

11 2.183 2.786 1.328 0.985 1.512

12 1.351 1.130 1.120 1.036 1.579

13 1.949 1.949 1.360 1.264 1.719

14 1.526 1.442 1.153 0.970 1.289

15 2.183 3.527 1.364 1.202 1.583

16 3.332 3.527 1.657 1.184 2.487

17 2.610 2.949 1.514 1.225 2.210

18 2.310 2.949 1.407 1.097 1.809

%519 2> %2 2R -k ETHE IR EEL T ER

> % O R TR RN
(AIHN) | 5 1) | 3 2= Foatbds 2R )| P £ FCR2 R )| T 285 208 o] 7 7 PR (o) | O | "5
1 1.351 2.445 2.902 2.902 3380 (2752 1
2 1.841 1.841 1.102 0.671 1.208 1.258] 16
3 2.610 3.121 1.882 1.476 1.744  [2.122| 8
4 1.825 2.183 1.452 1.381 2.103 1.742| 13
5 2.062 2.310 2.640 2.325 3.082  [2.521 3
6 1.616 2.045 2.601 2.640 3183|2496 4
7 2.062 2.445 2.719 2.848 3254|2719 2
8 1.442 3.148 2.181 1.555 2.103  |2205| 7
9 2.062 3.121 1.631 1.527 1.837  [2.028) 9
10 1.841 1.932 2.455 2.126 3.085  [2313] 5
11 2.183 2.786 1.328 0.985 1.512 1.694| 14
12 1.351 1.130 1.120 1.036 1.579 1.196| 18
13 1.949 1.949 1.360 1.264 1.719 1.582| 15
14 1.526 1.442 1.153 0.970 1.289 1.233] 17
15 2.183 3.527 1.364 1.202 1.583 1939 11
16 3.332 3.527 1.657 1.184 2487  [2258| 6
17 2.610 2.949 1514 1.225 2.210 1.986| 10
18 2.310 2.949 1.407 1.097 1.809 1.838] 12
W1=0.078 W2=0.236 W3=0.310 W4=0.219 W5=0.158
BB ALE | 7R RE | PEFGUAR | HEBE LG RE | VRIEE
= AR L
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