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ABSTRACT

Transportation programming is the process of selecting and determining a
final set of transportation projects, including project evaluation, selection,
scheduling and budget portfolio management. Since conventional transportation
programming models lacked the consideration for project portfolios and
synthetic effects, such important research topics arise as the introduction of a
project portfolio management concept, the consideration for benefits, costs and
risks of the project portfolios, the establishment of a project portfolio
programming model, and the selection of optimum project portfolio solutions.
This study developed a project portfolio programming model with project
portfolios as the target for decision making rather than individual projects in the
previous programming models. Since the programming tasks are filled with
uncertainties in terms of benefits, risks and budgets of project portfolios, grey
multiobjective 0-1 integer programming problems were designed. Additionally, a
grey Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)
approach was developed to solve the proposed model. With the large-scale
transportation development projects of the Public Construction Commission,
Executive Yuan, as the assumption basis of numerical examples and applications,
the analysis confirmed the feasibility of the proposed model. The trade-off ratios
between two goals were shown using different goal weight combinations for
negotiations and decision making in regard to project portfolio programming.
The proposed model uses project portfolios as the target for decision making,
and can therefore set up a foundation for transportation programming models
using a project portfolio management approach. The incorporation of grey
numbers in the programming model allows possible ranges for the input values
of benefits, risks and budgets, which helps to maintain the flexibility in decision
making when planners are faced with and dealing with indefinite conditions for
programming.

Key Words: Transportation programming, Project portfolio selection; Grey
multi- objective programming; Grey numbers
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Bil Beaujon % A P QIS TS (U RRE (knapsack problem) JERfEY ST a5 B Bo B -
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A~ RO BB (R B T A R P R B P I S (B R B s - HIASR 1 - B
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A={A, Ay Ay A}, =120 (1)

n

S BULETER P, k= 1,2, ..., m EVE{E B A % R BRI b, b
B e W

B ={4|x =1} )

Hri x5 = {0, 1} BEL 31 AR AGHBE AR R 2 0-1 JEREE ¥ =1 % 4,08
AP B HEE AT R -

RGeS SR AR A A R 220 pE R T
BRI G TIRMGFBEATTR B ARG S » SRR x = (0,1} » HIBIF >
x, =1 o R BUA T P A BB AT - HR AT I R R i o
YL  TRE > TERIBIBI SR B x o MR X BLx 19 0-1 3
e EEEPRIE Y X, o BSEA 2 IOEE B A m N 2
B (m B2 1) 5 BRI o J PR R G R L MR » SRR
PR - I > ASHIZERIBIRIR Y O-1 SRS BRI EY SRR - 45— PR E A B
SRR A4 RBRHEAS P IR RS TE R B
FRIEIBEEEIES » RIERE Sl AR, -

SHEHERIE - FORITROARBIRRE 30 SRS A, SRR A
TC(A) BATU(4)) - TERFASERE I BARRS - s A0 - SPAI0IRIN R
R T AR R A BT (life cycle) SERE « ERABIRRGTHERY » IAVEH
SRR | (EM TSRS - B SR A R T I B R B ¢ TERSEREES
ERIRERRA MR R A © TSRS - M S R A RORRE A -
S B PR T R BRI T B - HERE TR (present worth) » 3Hi8Z 4%
HEF P A ST @ T S AR (welfare) » S8 BB RRITT ik, 1ML
i IR T BB B H HUT K YE (utility) SRIMZEFIfR (consumer
surplus) (UEMEACH R ¢ TERFAG I BB RIANT LB AR RIS
BB TR AR - [FRE » SHEHEBUFHRS A FE R RIS RIS » TR B T Bk B A 7
BRI > HERE I A -

RfE ST » ATTTE IS P A & B 0 o S R A R R AR 2
WL (A AT R IR - L » SHEEHE AT P > R &
Th

TC(R,) = Y. TC(A ! (€)

PHEETEHEETTER R, > HEM B R -
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TUB)=(1+7)2TU(4, ! 4

Hrps y AAEEHEME B iZatE A FRFIRSIEEECR » 0<y, <1 - i v, FRER
RESHEHFERT S5 B AHEEGE - HF L - $HERTEMG TS B, n] ERE TR AR
At - 5 R TR SR T RETE RS BRI SR+ HRFR AR B F R TR ]
SR B TR IH B A FERIEINEIARS ~ s R R SR T RERT BTk 5t
[F] AT B BEARAE A A4 - FPAE LA S RRAVF T & T SRR B s - ]
IKFFAtHH & T Z AR A LS HERH AR ISR v, -

2.2 TR B E bk Y

FEMET T s T2 A PALIR - T A B T A B B AN R - HoEdma T A
MUBIRE B - SHEETE AR ~ Flag ~ THE BT TEIRERL - IR < B T b
Ja\Bg - AEAEERE SRR — iR (BT - 25~ AR B - TERTEHNE - FERIUSTRS
MERVERUE - T EEtEMGEHE L FHEMMEERREE A BRI AIARE - AT4Z A7
Fltk ~ SEE AT ELEERTAY o AR AP BUERYANHEE M » Sharpe Z2 A [36] ZEgHELR T &
EBEET TRFAG « IRIEAITFESH AR A ~ Fllad ~ THR R T R EL B R R K B
TERiFAG o IREAER —EERAN TR ~ PHEEVE > T —EREE R ER [33-35, 37,
38] > EER ¢

®x=[®x, ®x]=[x'ex | ®r<x'<®x] 5)
Hrpr » @ Bil @x 53 IR IKEI 5 (lower bound) Bl [-57 (upper bound) ° i K~

R TFEE—HAL(E (whitening value) ®x » FLEFRE IR - KB (grey
transformation) B[Ry IE-FHUS— RSl P Esh

®x=x', x'e[®r,®x], V®xe®x (6)

e

F{LRERKES (whitening function) RIIEsAN[F LR
[0, 1] » & HZ FLRERK SO DA A BUE 2 -

TEERIET S EARBA S AhE T [ - HEEEET R BB, - EBPFE - 2k
NETMERTER » AR AEHENIEMEEE - BVERRAIKBORER - fEatSaEhns
BT BRMAATE G EEIRGE » BB L RS RA R R RSIR A R
A o MEZ R ERAEE By SN T o ST ATIEZ IR H¥E
FRATERG  AREEYE - ERET SR ATEMEE DU R RS o fE RIS AR
B ERIKE > 3Ry ®TC(A) - i » IRB T EF ST NS - BHERIETE 2/
Fls ROk — R KB > 3R ®TU(4) »

%R BZ REEE KO EAEREE TR

p={
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I FE A AT E R A R N MR K - THE Iz EE T
AT Ak B A o T A B A R b e ts I I RS s EEH (life-cycle
assessment) » &5 MR & JA B2 W] IR D 3T AR I RSB I N8 A o R - ARBHFSES [HR
Markowitz % $#5EeH & RO AT & - 58 255 2 R A BB B TR R B
GETELER) - WEEEFEHENERETER A AR E - RS EHEGRITERK ]
REAE AR B 2 ML o (AR E AR ST S e e it L BT - (HERESIT 1]
O G R 22 SR S TR A R o - BEAGETE T Rt B - HE T
EEHE R - RGBT N E R o PR - RRE BN R TEI A
EREE RN — iR - SO R IRBALE RSP THE IR - it EH S TR I T
W] R RIS GHE BT - HAMEERR R FEELAAGET - S DT E R & R s
TR G CITER - WEER TS AR TR WHIKE - mEtEH ST 2
SRt EHE TR B REAE -

2 v Rort MG TIZE B AR P I THR - 1l @y, Rydt B G % B T IR
&R > ®y, =[®y,.®y, ] Hrf1» ©y, 8l @y, s BIHRFFBMAATEIITALS T B3 -
2% Ong A U SR F G 2 ANHEE BRI - ANTSER T B A HE P TS
JE\BRRKEL R(P,) AIFIARy -
(;)y L~

R(P)= (7

Vi

2.3 MEIERK

AbrseE G AR BEGER « s AMERERE R  sIMeiakEH
2 w1571 = v

Max 7, =Y [TU(R)-TC(R)]x, (8)
Min Z, =Y R(P)x, )
FEFEEIRFIZE T - SHEHEE IR N R B 2 HETE B RS - 21T

ARTREAS D DEETEEHITE » SR EERI TR AR 90% » DIBEAMENK
AIRIRAGEIR - RIEEAIFE 25 LR > IRFIFORATE

> TC(P)x, <TB (10)

S TC(P)x, >0.9TB (11)
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Hrp o TB Ry R
HE - AWE B ARG B GG R - AR 3SR g it S

& (E— (B S IR AR IFAL A ) » R - 20 BRIt « 7R85 —HEEat
B B ASE AT ERIERE - Blx, =1 R R R (4, =1 BUReE
AR AL AL A - BRI AT -

Yl =1, vi (12)
k

T A B AS SR I NERR S B A — RSB S HHEE - B
Sx 21 (13)

k

Z HiSE TS S A B AR BT - R

Max Z, = ; [TUR)-TC(P)]x, (14a)
Min Z, = Zk:R(Pk )x, (14b)
S.t.

;TC(Pk )x, <TB (14c)
;TC(Pk)xk >0.97TB (14d)
P={4]x =1} (14¢)
;xf =1, Vi (149)
Zk:xk >1 (14g)
X ={0,1}, x =1{0,1}, Vi, k (14h)

Hrr > F(14a) ~ (14b) Rl AR - 2(140) — (14h) BRI « Z(140) B (14d) Ry THER

B (e BB AE R - RO4DL RIS AR S AR 7Bl
ch RS AR » (140 IR 3R EE - 2140 R
X! B x By {0, 1}448 -
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FHAAG T B A BRI G F I T I A MEE PRI R Ry B AESEmG B EIRE R
RAE AR R AGET » ML EREE IR — fllaaﬁ%’ﬁl [ASECREVINEGE IR D
PRI - Kbk - ARFreBE R E = - B RBRFAR U DUR LR - E R IR
MEERmAEL L~ MREFRAGTRGE S Ninss) - Rl S ) - AR
THAR B o B EL B M 2 PR R, -

REHASIA ((142)-(14h)) BIKBAHEE SR - @MANIIE KOS HAERFEH G
#2400 [P1] R -

[P1]

Max ®Z, = ; [®TU(R)-®TC(R)]x, (15a)
Min ®Z, = Zk:®R(Pk )x, (15b)
S.t.

;®TC(Pk )x, <®TB (15¢)
§®TC(Pk )x, 20.9®TB (15d)
P={4]x =1} (15¢)
;xf =1, Vi (159)
;xk >1 (15g)
X =01, x =1{0,1}, Vik (15h)

= KEEAE

> ABTEre ERE S SR B ORI TT i - BIR RIS BORIER? - 72
RAEH L B | - SR — S Bea BA TEE S RAB - JeUE G T 5 5 SR B
ARG TR REA R - TR HAR 0-1 BERRELZ R - MR 02 AR EI
ez K - AWFe2s Mg U gk E 4 Y s Lin B2 LY R50RSeAT
e Z Ikt TOPSIS SRAFRETTIRIE o RERAFE BRI ST - /0 BILL SR/ NRR AN s -
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3.1 RREBHURIPHBESHE

RS AR B REL LA R R DR el x| Bl x> FEAR B s rh 3 F B SR P
sy ! x o N BERIRE R R A e L SR » S hIE RE T SRR - (K1 > AAHTSe
FESKIE b SRR EOCARPE B R B - 25— PEB R EM G 5 - 5B B LG
TIE R B SO TG TR ROEEEE -

TEER—PEER BRI | - B R ESHRAY /T2 - HHIPATE ATRERE TG /T4 - Bk
IRERESHID e R TR G 0B - PSP E G 00 - EITATE WTREE T
B  BNSesKR x| - DGR R A A TSR EA A Rl
A - DRSRBERE L Sy x, - DOBITHREORE - MEEETEEECR n - BT R  RfT
B MHAEEETR 2" -1 3 25 n KK » KA A BORZ R IRR IR R R -
e W - (RN REAH & SR IBERERE © K n RS Sr oE T4 » 85
R ETEEECR m (m <<n) » A9 > B BB AR - & BT
Beky 2" —1 o BB S - HIRAMERIG TS ELL 20 i - BEEHEHE 20 R HEETHTE THE
(IRAE - G A2 27 —1=1,048,575 BRI A5 F5PSREMIAETTIG 20 (EFHH
WIS ~ PUTEAL ~ KBRS R E AR ~ BHEEE - el it - Ra s by 4 850 HE
el syt 5 MEtsE - Ao sBmaEHETE M AEREHEE T/ R
4x (2" = 1) = 124 B A 55 » BT AR A I RE SR e s -

B L fEEEE SRR R - DU SR B S E RIS - IR
IREET SRR R H AR ~ BHEBME - TR AT R85 s HE RS - SVIPatE
BOEER P AN EE RS R RESZ S WP ={4, A,,.., A}, n'<n - $FEHT—
FHERHA R P FHRESBRHEGH L - & P AR TS8ES& P, P,,... B, m'
MEFHBMAA TR (m'=2" —1) » SELEFH AT A BT B — A A R DL -3
BHE s RE S P NZIER AL A,,.., A} KT ATREM A 0 W53 B
Cr+C ++Cn =m HFHEMHGTE -

BRI BEFAGET B IR Ty A= {4, 4y, A, A, A5} YURFEASHHE BT B S
EHMEE > VIR Ry 2 B ¢ R ={d4, 4, 4, A5} DU P, = {4,} - FRETEME
BER - ARATREM GIRIE R NYEHEHEG 15

R IREARERRYY

Cy = (A A} (A, Agds (A A} Ay, Ay (s, Ash A, 4s)
C; = {4, Ay, Ay Ay, A, A (AL Ay, Ash A4, Ay, As)
C: =14, 45, 44, 45}

By =4 R, =45 R =140, By =4}, Bs = 14, AL R g =14, 445,

By =4, Ash, R g =4y, Ay, Bg = 1, As 1 By = 1A As 1 By = {4, 4, 4y,

Ry ={4, 45,45} R 3 = {4, Ay, As} Ry = {4y, Ay, A} Rys = {4, 45, 4y, As

— 76—
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DI Py = {4,} 35+ 16 EEFEMEGTIEE - FEHE I 16 [HEHEM G 58T EM G
BRI BRI -

P FTE TS TV R - ADER LR R T 0 A A SEEE S RRE
(k-means clustering) ~ fERA/#E1E (fuzzy clustering) ~ JKEaEREEE (grey clustering) %5 » 33
BEHER TS BMERE WEFENE - HBY ~ #E - 3EBITEASE) - mBIRE T
FBITRE o MR BRI RE8R:) Z80E - AN RIERTER 0 RRE S BB AE T ik
iE o

3.2 FERIRE TOPSIS ;%

BRAEEAR U IE 7 RiF: (TOPSIS) % Hwang B2 Yoon U Fraf s 2 HERI R T
% HEE S RN R IEE F AR (positive ideal solution) H3TT A (negative
ideal solution) FEAVMR - Lai %A Y J TOPSIS A SRR ME R 2% E LR BIRTRE | -
I8 26118 1 AR T e 7 L AT AR i 2 B A8 o MR B+ T SRR 1E AR IT
e AR A 2% (compromise solution) o TiMESR Bl (i PO Mk B VLB 4
BU\Lin 81 Li ¥ RIRFSEAIE A TOPSIS 2 FEMIASA IR (ki BIsK i 714 - BEHI R 5 TOPSIS
B DURIBIK % F RS B S - ASWFFCEIRE R JK € TOPSIS B3 sKig et 2 K
2% EHE 0-1 BB RIRE -

SHEF IR AR BIRTRE - 448 Huang Bl Moore B i G/ R Tt » HomT 43
BESKAR » 20T DU R TR & OF— 0 SRR » (ELLZEIIA L SRS A A T S phsid ey
Z R o DUR RIDLSM R i e TRt 5k » AR E B B B2 Sk - SI5R B2 H
sk [P1] (R(152)-(15h) Dl—itgeonan [P2] - Hrb » 5 HER 2, R/ ME » 1 2,
e B(-1) BRI AL EAE - i /(X)) RAFTEZER . ©B Ry T HRREH] -

[P2]
Max ®Z,(-®Z,)
s.t.

f(X)<®B 6
Xe{o,n

IKEEEEEHA R TR b FH s SRRl it [P2-1] B [P2-2] - HA3H
R B BB BN SR » 7RRI - I8 SRR U i IR R IR PR RS DL |
FYERA 5 KRB Rt AR FFYERA -
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[P2-1]
Max ®Z,(-®Z,)
S.t.

F(X)<®B

X e{0,1} (17

[P2-2]
Max @Zl > (_@Zz )
S.t.

f(X)<®B
X 0,1} (18)

FEEHP2-1] > TSR fmzl Z, & FREER ®FZ - ®Z, » Fr¥iES Pk
B, ®x,..., @} » i [P2-2] » WRIFGEE - B Z, « Z, & FRUILh 87 -
@, » Sy S PURE Y (®x ®x2, L8}

i e TOPSIS & TFF A B e AR . SR | S 43 IS HEHE A B — EAE (B max ®Z,
Bl min®Z,) T HEFTRAE - WEHEEE — F AR & i A — 8 B A - B
FTT BRI (payoff table) » FORATF :

(2,227, 2,2, 2). (2], Z5)) (19)

Hrh» 7 #17, ﬁﬂuwﬁaffﬁfﬁ@%uﬁrmtza@ﬂa IREN - Z) b B A
max Z, FZBHERME 25 BRI EE min Z, Fo B - wdsd - (27,2))
R IEBARSR i (2], Zy) Ry A BRALAR -

FEFTK (4 TOPSIS 325 + SKIEIK (02 FI R 0-1 S SIRIRE - sRIGSBESS A -

Stepl : #8#Z BIERIERE BIZE=E

A bt 2 Ik A O BRI - o3 BISKRIRE R HARARG A me g - DI
% EEMEN TR 2 HARAY IE R AR il e BRAR R - MRS BRI - 5 2 AR A
R T B AR BIRRE - R A HARRIAIRER - AP TERRIIAN T
(N = SVAI= (N

AT BRATS 2 ERR iR i i - A eI FAREE - $ibfeEna 0t
FEACEITEDL T » HAEABERGIRDL o 38 DORTSE RS H AR TEFE AR X (2 1 A Bl 5 R AR
PIENHAS I
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2. I FE A B B A

ZHHERIE (global criterion method) 27 FE A B B T FRARSR & BEBE(E 1 b JEoE +
#0055 [0 L E AR IR L M S RN 2 E AR AR 2 - ot B A e
{4 EEAYTE ~ GFRARMR » SRR T IERUL - 662 B MR s, -
I A AR 7 S A I e FE A B A T o

R REHSEHER @ ZEEER (Z (®x),2Z, (®x)) Bl & 5 5 i
(Z,(®x), 7, (®x) ) < FEHRIEE MR (w,, w,) » iR E A B (PR AAA B, £ B
RO M S B TR » By B E AR E L1 - it B E A A RS

Min ®@7<w |4 @N-Z®x) 2" (®x)-7,(®x) 20)
\z@0-2 @) | 2,®0)-2, (®x)

Hep» HEX Z 2HEER w ~ B Z 2E R w, ©
Step2 : Kk 8 B B iZ R B8

B PR R OSSR 17k - A [P2-1] e [P2-2) ‘ZIRHIBERF4 » SRS I A
RIS -

Step3 : E#iTEHSREIR

TR AR BRZ AR - RISy ©x=[®x,0x,,-,®x,] » Hi1®x, =5
AEHE T EAE - bR A Rtima T S S A ETRR -

- FER &5

Fo B AW rIATHE - AWFSEEt B — e BB B T AT - AT 280
TTRURE T -

4.1 #EHIERER

ARWFFE L TBE A 3 TS B E{E R 99 4RFTy e & B A ARG ) Rl
HEAEIR A FRE R L AT o AU A EACKRY 100 (5L B AR ETEER & - 1F
Fo RN E B BUEE G L FLRE - WAL SIS BIRE R « 28 T B LBk - B
R BT LU AR U B i o T A | P R P o I 0 -

PR FEIFAAEOR Al R E A T AT M St B S AR BRI AR S AR T
B AR - Se P TR RSB LR R RE AT N IE R EAGER T E ]
TR - (HETSEARBITRTEELIRHEE TR A - [RGB R S A F e I TR S
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RIGTEZ AL - M EETERR AL - AIARHRI2E R A TR Bt S
FEMEL ~ R RUEAHT o BB A LUAG T S B R BUE - M E T S L A B R
TR 2 R « VISR IS - GG 550 Ry 6 HEHERE - B EEHERE
MEBRFE T RECATEMRE % - s -

L GTHEHHE R Py {4, 4}

R bERBHEUGE T - Hi e S ElE 2 SRR EETE(4) ) KELE | SRR BRI R
THE (4y) Hh XAkt — SR G mEENGTEHEGHTE WP, {4},
Ryt e
2. GHEMAARE P : {4, 4,,4,)

Ryl WEDE R SUcEE - HP U EBhE 6 JRrkBEERitE (4,)  BlE 4
SRR IR S A E e 4 SHEREERETE (4,)  EHAEE 2 SRAEEEL 4 REILR
(4)) % 3 {HEHHE - CATHE LA RHRR G + C 3t 6 (Rt B A% HI P, 14, A4
Pyi{d, A, Poyiddn A4S, B4y, B4, Bgi{d) -

3. BHEMERE P {4, 4,,4,,}

R kRS BN RS+ - Hh & 2k E B B R et
(4,) ~ Bk E R E s ke B iae e T TR TS (4,)) ~ PREEIRERE S —
RS TREARE (4,) F 3 MR - HApSCTE A RIFER G + G 2t 6 [
ATEMAEAE P {44y}, Boiidg Ay, Poyi{dy, Ay}, PByiidd, Psiidy),
P gi{dy} °
4. FHEMGIHRE Pa {4, 4, 4,5 A5}

Fosps i e & R - HP S 28 80g B HE LS @ R R R et
(Bl — %) (4) ~ ZhEGEERRSAEELIE (4,) SRR NEEE LR
= (4, ZEHgEisEepkEREIUERETE (4;) F 4 HEHE - HPh TGS
MERHER G + G + G 26 14 3R AT 1 :

Py {4y, Ay Ay, Py {4 A, Asy s Py i {dg A, Ash, Py t{dgs 4y Asy, P {4 Ay
Pgiidg, A, Py A Asy, Py i{dg, Ay, Py i{dg, Ash, Py {4, Asy s Py o4
Py A4t B4y}, By {ds) »
5. BPEMERE Ps ¢ {4, 45,4, 4}

RSB R AU E - A E = b @it MR ELRE (4) » 2#
R bE T R N EETE (4,) St MU g R E (4,) B
WS AL (4,) 5 4 31 - KOOI IBAS RIFRR C + G + G 3 14
et A% - H
P i{dy, Ay Ay, By Ay, Ay Al By i{dg Ay Ay, By iidy, Ay Ay, Bs {4y, Ay,
Bogi{dy, Ay}, Py {4y, Al By i{dy. Ayt Bgi{dy, Agt, By i{dyAg), FPoyiid),
P4y, By Ayt By iidy), Py i{de) o
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’2 ERASEGIZEREELEH

- e i| BTE it
it st R G | 5C | e
(Eo Y
4, BliE 2 SR AT 128.71 | 164.75 | 1.28 | 3.25
4, |BDE 6 BEE R B GHE 375.58 | 495.77 | 1.32 | 16.18
Ay |BlE 4 SRR RGUE R TEE 4 SERS AT 317.76 | 409.92 |1.29%| 10.09
Ay |EHPARTERE 2 BRAREREL © 4 BREILER 206.96 | 262.84 | 1.27 | 10.09
4s  |BLE 1 SRR EGREIR R TR 882.57 [1,103.21|1.25%| 4.08
4 | EEBEBIEE SR MEE R G E 1,138.50 |1,525.59| 1.34 | 6.92
4; | EEEEEE B NER RIS E 486.42 | 860.96 | 1.77 | 15.51
Ay | EEEGEEE( RS RS GEE -5 | 84.84 | 11453 | 1.35] 9.00
Ay | EALTHE RS N LR R e A 830.69 | 938.68 | 1.13 | 12.84
4y | BEPE G SR EIEE(LEE 288.31 | 32291 |1.12*%| 8.26
An | SR AN E LR 152.37 | 201.13 | 1.32 | 6.00
A | E#EICER LS @SR LT 715.82 | 909.1 |1.27 | 10.51

ae [HHEGE LRSS ERTR 1o | 00 |13 sor

A |EHETTE I LA B E T E 106.62 | 146.07 [1.37%| 8.76
A5 | EEE G EEE CEE IR E 308.44 | 363.96 | 1.18 | 8.92
A | EFETEEREM LS 293.6 | 393.42 | 1.34| 8.3
Ay |2 EREEERARICERE 110.38 | 151.22 | 1.37 | 19.01

an | EEPICERRESREEE | BB 1o | s | 120 ] 492

A | =9 RICEREARSE 3 BB IGEEE 35.62 | 4559 |1.28 | 4.00

Ay | ETEEIERAGERMAERGTE (DR 360 | 6552 | 1.82| 17.01

Ay | EEPE B E R R R R T TR = 107.42 | 14931 | 1.39| 3.50

4 |BEEELEME - RERRESEHEAFLREE 00 | 2540 |128] 300

] =

A e R R YN A S (BGE 7 5%) 659.92 | 864.5 | 1.31] 12.51

EHAE - TERALTREEEY )
() FIERABRKR  ARTREESY -
() FIEFSRERHMRHETER AT LA (B/C ratio) #E(LTTF -
(3) HoFIE (ER*E) ZRARNAERNS I EHERHR ERSE AT H AL -
ZEEtE (HMEERE) CERLE AL ES R
(4) FIETEP TR E R A S E IR E SR E R TS -
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6. FFHIEIEE Pot {4y, Ay, Ay}

R RS b SRR (L 8 — TSRO S R B
BE 2R AL © B 1| SURERAKUEEE - 2 0 SUEEARE 3 RN TGSE
% 3 MEEH - TR S R G+ G4t 6 fHEH IS A - B :

PG*I :{Al3’Al7} H P672 :{A13’A19} > PG*} :{A17’Al9} > P674 :{AH} > P675 :{Al7} s P676 :{AIQ} °

TR SRt A (AR » HIBUR ST AR A - BB G
SMEB MU (Prdy) » BPSAPSISH B LM R e T | e Byt
(R (P ~ TS EER TR PR (DBR) (Prdoo) B ES eSS BB}
5B (B 7 38) (Pro=das) » R » SHERBORERIEE 23 HAT{T 2 IR GEREH - 5k 58 1
Sh A -

SRIRERIERG), (@), (7) » AL IRA  FRSHE TR R R - 3
T FRBBIINE 3 » FEHIAHEZMRREMNE - B8 L MEPHE I & R B
TR | MR IIZRR T - SRRERIIE R ARG 2 B U - (6
R TR S 2R R T 5e L B BIBUR M 2 S 2 A L T
BB - J5H L > FFA A N - 7R I R SRR » T
R AR SRR BR 7, - MEAL A A BT s B R 3t -
P I TR TR R L~ R » IRl MR I T A R R A - Tt
A I R L 2R IR R ORI IR B GUTRZ IS IR fasbiizimb
B - Aol HE S R EEE | FIR - RO R -

4.2 B

SRR ARG < FE I EEE] - ZRAEE B AREIR - 30 2 8EE R A HEEIRRE - 11
IR TEASE - THEREEE —ISE &I - KL - #fIhEEZ AR ~ Flk - R s
Je FEERR 3 Ko W R B+ TR EE 2 R E » BRI T LUK O 10%EHH - %
FHEK bR b~ N2 BRI % HATE TS G H R - AR5E
TERIFIR % BT EH GBI R - B EAERS T AEREE (v, w) » FREEKT
TOPSIS 3Kzt s Hrb - HiEX Z) GFBE ) ZREER w ~ BEE 2, (R8s
HEE) ZHEER w, - #HlH - KIFFEHE @ 0 =05w,=05, {w=Lw,=0},
w, =0,w, =1}, {w, =0.75,w, =0.25}, {w, =0.25w,=0.75} I 5 fHEEFEHEG » EITKEO
TOPSIS 3Z5Kfi# » 1K L - ABFSEHER] Lingo (11.0 hix) o IOP #RAHNKME 5 NEREHEMH S
N HAERERANER 4 Fis

FERET » AL ~ IRA R RE & » 8RRl - H— i AL ERFHREEE B
REEE {w, =1,w, =0} ) BHEEHA R A LARFBUE E AR (BIREE (w, =0.75,w, =0.25}) Z K]
FEAtEIE - HAERSR . Z) B FOFEEUE) &K > 2, HEMEGERBRE)INRK - s
fris R A AT B A AT G » SR HUEROX - (H B TH 1 S R B A S = -
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R3 FHEHESHEEHM

T & T F SHEHE SrEMHGRA | GrEMEME | B/C | FHIHFHH
P A, A, 1,011.28 1,645.81 1.63 | 425
P, 4, 128.71 164.75 128 | 325
P, A, 882.57 1,103.21 125 | 408
P, Ay, A, A, 900.30 1,731.75 192 | 18.10
P, 4y, A, 693.34 1,241.87 179 | 18.10
P, 4y, 4, 582.54 995.20 171 | 18.10
P, A, A, 524.72 861.75 1.64 | 10.09
P, 4, 375.58 495.77 132 | 16.18
P, A, 317.76 409.92 129 | 10.09
P, 4, 206.96 262.84 127 | 10.09
P, A Ay, Ay 1,265.83 2,528.81 200 | 884
P A, Ay 1,245.91 1,676.46 135 | 158
P, Ag, Ay 1,158.41 2,242.63 194 | 5.0l
P, Ay, Ay, 127.33 183.36 144 | 692
P, 4, 1,138.50 1,525.59 134 | 692
P, 4, 107.42 149.31 139 | 3.50
P, 4, 19.91 25.49 128 | 3.00
P, A Ay, A A 833.96 1,186.00 142 | 1292
P, A, A, A, 525.52 712.21 136 | 9.42
P, A, Ay A 681.59 921.27 135 | 1292
P, A Ay, A 545.65 761.00 139 | 1292
P, As Ay, A 749.12 1,033.97 138 | 1243
P, A, A, 373.15 473.26 127 | 9.84
P, A, A, 237.21 332.09 140 | 9.00
P, A, A 393.28 519.79 132 | 1292
P Ao A, 440.68 574.71 130 | 892
P, A A 596.75 776.82 130 | 11.76
P, A, Ay 460.81 622.23 135 | 1243
P, A4 84.84 114.53 135 | 9.00
P, 4, 288.31 32291 112 | 826




LR R

Fut—% H-H RE-O=F=A

x3 EEHEAEEN @

STEMHE TR SHEHEE SrEMERA | FrEMHENR | B/C | HEIFH
P, 4, 152.37 201.13 132 | 6.00
P, A, 308.44 363.96 1.18 | 892

P, Ay, Ay Ay A 1,946.73 3,153.58 1.62 | 19.10
P, Ay Ay A, 1,653.13 2,537.34 153 | 19.10
P, Ay Ay Ay 1,840.12 2,921.23 159 | 19.10
P, Ay Ay Ay 1,230.91 1,778.19 144 | 1243
P, Ay, A, A 1,116.04 1,715.16 1.54 | 17.18
P Ay, A, 1,546.52 2,318.98 150 | 17.18
P, 4y, A, 937.31 1,252.40 134 | 19.10
P, Ay, A 1,124.29 1,579.06 140 | 19.10
P A, A, 822.44 1,198.26 146 | 1243
P, Ay, A 1,009.42 1,519.32 151 | 1243
P, A A, 400.22 575.09 144 | 876
P, 4, 830.69 938.68 113 | 12.84
P, 4, 715.82 909.10 127 | 1051
P, 4, 106.62 146.07 137 | 876
P, Ay 293.60 393.42 134 | 823

P, Ay, A, A, 296.00 607.78 205 | 2001
P, A, A, 260.38 515.75 1.98 | 20.01
P, A, A, 185.62 328.21 177 | 5.01
P, Ao Ay 146.00 248.05 1.70 | 20.01
P, 4, 150.00 201.00 134 | 5.0l
P A, 110.38 151.22 137 | 19.01
P, 4, 35.62 45.59 128 | 4.00
P, 4 486.42 860.96 177 | 1551
P A, 11531 148.74 129 | 492
Py A, 360.00 655.20 182 | 17.01
Py A 659.92 864.50 131 | 1251




RE S BAR & oA E st R R

i W H AR A [ R {w =0.5,w, =0.5} BB 7y 5 & B B H AR (IR E
{w =0.25,w, =0.75}) ZHHBEREFRAAR - AT EGES AT B S BERHE R SRR D -
ey S\ (B LR R (B B N - Tl R DR SRBEL] = T 5 2 DU\ BB oy PR TR
[ (B — e MERREBE E FAR O = 0,w, = 1}) B > HAERERE 2 BAME (RURBR{E)
B/ 2y HEME (RGSE) e ) - SUETRR i asE i et S NSl S - 30T
RS L MR ey N - HEREIFEEINE ] -

IR KR BRI g o AR RISRAS R 0 H AR s Forfr HEER {wy = Lw, = 0}
Bl {w, =0.75,w, =0.25} Z BN KFEFIE - M HEE v, =0.5w, =0.5} Bl {w, =0.25,
w, = 0.75} Z AR ETRARAHAHIE - (RIKTER AR BNy 0-1 B HEIBATRATEL - S E AR ARE R &
NHAFNIKZ B E A EE R - BURBISEE R 5RE (robust) - FRFEATREAIIRIA] - &
AU EAR A GRE - BRI R B T2 (H (right-hand-side, RHS) W [EIREL - {HARE]
DRI Ry 0 5 1 k) - PRI S IK S B EN B - 5300 > B EIE RAETH
B N ZRREIRE R nI Ry B B 2 R 1) - RSAE R B AT E R IR 2 B TE T - BITR]
BB EE - AF EEAREELS N At EH SRS 20 RFRE (Z) R
JIBRIE (Z,) ERMEC RERZER] - BETRANE ~ IR TS5 IR EFUREC - 73 IAnE 1(a)(c)
FHE 1(a)~(c) » AT BERAN R H AR URE B A & P (X 3 .2 W AR P R R iy B R (trade-off
rate) » REEPRIRE nI PRI FEIREE R & ¥ HARSUE - rIER IR R

4.3 BRESH

1. MEREEZHRE DT

ST A A BRI KL R AR T A - R bR B T S A L 2
AR B B+ ATFSRE TSR ORI ST « ATISEI TSR ISR T
2 6,300.6 7 + MBI 10% + S}k 5,513.025 70K, 7.088.175 (87T « i3tz
A L) 2 00 e 80 407 4 307980 S LIR30 [ B R 0 ED ARG 2 M AR A5
(0w =05,m, =0.5)) + LT 23 PRSI & 16 L A5 S PR M TR - Tt
B R B R S -

Fhie 5 T - BATEELAUE RN + F A AT AR T A AT + LR
SSE A7 A A T TR A AT TP ST B AR B, T e 5 ]
A1+ TSR TR 10%) » ARG A TR A A A AR 5 T
TR GETESETH 10%) W5 + IGEcRE A& T 2R3 S A A TR - 165
5 ARATER IR TR TSR R R + JN B TS TR L AT -

2. REBREEZHRED T

2 AWIEE T2 BOK ORI C UK AT - DR E AR EIRIE Z WIERE EE
SRy - BB RS A S - AU 2B IO DL 10% R e - SplREEE
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szt FEF Fwt—% %M RBE-O=#=A

KRS HREESRESHZGEHERBESEZRRER

THERR S i THEREE R 10% JFInTHE RS THEAEEI0 10%
K2 T | FEIE| B T |FeEE ER T RREE| R
P, P, P, P, P, P, P, P, P,
P, P, P, P, P, P, P, P, P,
Ps Ps P P; P Ps P; P P;
HHENE P4y Pyq Pys Py P4y Pyq Py Pys Py
FOHRTEMET| Py | Psy | Py | Pag | Pag | Pag | Pag | Pag | Pug
Ps, Ps, Ps, Ps Ps Ps
Py Py Py
Py Py Py
%gﬁgﬁ 8855.4219347.389|9839.357(9399.88319922.099 | 10444.31|11056.37 | 11670.62 | 12284.86
Wigﬁgﬁ 5126.03 | 5410.81 |5695.589 [5543.516| 5851.49 [6159.463 |6446.394 | 6804.52 | 7162.66

Z, : HEMS
MFIRE  3729.391(3936.579 |4143.768 |3856.367 | 4070.61 |4284.852 | 4609.98 |4866.097 | 5122.2
(&0

Z, : GG

, 5 0.61458 | 0.61458 | 0.61458 [0.661275|0.661275|0.661275|1.111306 | 1.111306 | 1.111306
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