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The Study of the Multiple-Depot Vehicle Scheduling
Problem of Intercity Bus Carriers

Student: Chih-Kang Lin Adpvisor: Dr. Jin-Yuan Wang

Department of Transportation Technology and Management

National Chiao Tung University

ABSTRACT

The multiple-depot vehicle scheduling problem (MDVSP) address the work of
assigning vehicle to serve a given set of time trips with the consideration of certain
requirements representing the market rules. Extensive studies in the literature address
the MDVSP, but because of the complexity of the problem, the findings made by
those researches are still not enough to_represent real world situations in Taiwan.
Formulation for the MDVSP typically contains the. following assumptions: (1) the size
of fleet or maximum number of available vehicles at each depot is known already, (2)
all trip serving costs are usually simplified as‘a single term in the objective function,
which fails to reflect public transSit.operator concerns, (3) the applied deadheading
strategy is static less flexibility, (4) without discussing of the difference of route
change frequency in the problem. This study presents a new MDVSP model to
address the above issues. A variable fixing heuristic algorithm based on the
divide-and-conquer technique is also proposed to solve the MDVSP effectively.
Computational tests are performed on the Kinmen Bus Administration (KBA) and
results demonstrate that the proposed new model and the greedy heuristic algorithm

for the MDVSP are effective in solving real world problems.
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‘ip={Au#}L%@fJ5yieN,z=n+Ln+2w”n+p}u
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{(sf,tf)jeN,z:n+1,n+2,...,n+p} DAL R LR R —?(Sf,ff)e{A/Ap}
P S ke PlAFITR BT R AR R A AR TR Ao
PeRdFI 2 FET )2 e B (L) ed B HERS Ao RIA T B IR
THES A P BB ITR 2 DR RS (Ao ke FI 2 E A B i
BB Pk )b PRI G B RT RS Aok TIX j 2 E gk

DR R F)2 e B R R R 22 417

etk A R e B R R L H - R R R i(x) e X))
TP B AR AR RO S AR o R E R e - B R BR(y, €Y )P
Poodept 2 Rt RE PG Aesb Bz L - 0 BB N 40T A7

T .

PR

Min 3 2, o s (2-6)

PpeP (i, j)edud

Yoxr=y, J@O={j:(.t eldod)/ 4"}, VpeP, VieN  (2-7)

Jjet (@)

Yoxl=y, I()={i:(s.t)e(dud)/ A"}, VpeP, VjeN  (2-8)

i€l (j)

> x/<k, VpeP (2-9)
(i.7)ed"

Dy, = Vie N (2-10)
peP
x2 >0 (i,))e(AuAd) A" NpeP (2-11)
Vi 6{0,1} VpeP, VieN (2-12)
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HERALH H A

HRGRG

—> Al
e B AT it

....... > BRNEEEHK
(RBHIEHTF
RAER £95)

LG9k 4R BB

Bl122 % 35b2 fpptie iF 452 @ Ap i

RS S LIENE S 2c)

F({,j)edl A" » R

1,
x) = 0,

J A

N

—

F,ped >

%

JRIIBF AT FI2 {80 d & pHFahind {7

S p FH R B TR o % RIS LAy - S

1, *
p_J7 , PV L v s oy B 24 ,
X = 0. = i BIFLRX 5 P55 {4 51X
s .'/E ”
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FJjeN » Bl

1, #i fT—k*ﬁ;*ﬂf‘*iJ— ENE s RN
Yo H ¢

0 P RS E(2-6) 5 FE R B R AR AT B A S B s LS
(2-7) ~ (2-8)22(2-10) 3 F& e L= Wil Ak g7 - =0 » 2 Bhid ¥ i I
- b2 B EHE S HIN(2-0) 5 AT R Y B sl 2 U] L
NI 5 U E EERERAR Y — ZVFI N (2-10) 5 FEEEAE Y SIS
SRR L ARk

HER A B E HER R B

—> B X, B
4444444 » )g;;»:\ a, i
. L
— > BAIERN
S B R

(k&334 R
EXCEE9)

L5 et B B

Bl 23 5 5b o fmPig itz 5 € i dp e R FHERI[ A 47§ L]

=

b. 3 £ [ # 4p = B B # 3% (Multi-commodity assignment network
formulation)[12] ~ [17] ~ [18]

SRR ‘gia:};];'f«‘}& B o R AR R EFRN FED R
e b I3z sb 0 L 4P I 2 k% Forbes etal. [12]42 4 7 5 & | 40 dp i e B HC
FORFRAGN R AL o ol S dn R - R0 E R dp i e st I AR
Sh R AT BB SRR S R B B @ BRA B RIS Azl
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(source node) ~ FL=X & & & Bh(sink node) ~ Hrxb 3 & & BL B Bk w sE & 8L &
P RER IOV AR KPR R U DR T A 2 AR (e 8 g D S
% Frihg s Forbes 5 7K F & R R T & BEF ESAULE 2 U

LR = AR ﬂﬂpéiﬁa.ﬁ‘sb S E - B - S ;»ﬁ I ERE 2P P

%
<

POFAE B dmenAe sh 205k & JF AR e 20 P 4L 0 Forbes etal. [12]3#-B2 A 5 T3
i A BFIR NI i 8 L BFIR v D Hak | 2 B B i
TP T R R BAKRE AN A g, 2RI BRI LR p a2

FEIRTH T FIFI s B A i BITR G 5 pHeb2 FEDIRATHE
IRTIFL ~ x, # % jTI?;IT:EBf BFALYIFIXZ {6V d F pHahivd
7oz BREIDE - AR E(E B R 23 417) 0 B AR 4
BRELERWP AeT La, 2Pk p D iFIN AL 2 A A (IS FI
2 FEAC BB R F B S P)E R EH T ES A L2 o b A HH
pRLIFIX Y E g2 Z R MUK IIN 2 FEACE LD IRE D H A )

BIREAFE Y A L2 ol AL TBTI jF I RE RS A (o

BITX 2 F T B FIR Y E S AL o r, ﬁiﬂ,u\fg_}k ¢ od H-rbw s &
BT M D EBLR b AR R A Hsh p RN 2 B il k7
AHEp T R DIGRED v, r - B S E HELZON I FHEL ]

PR F i B Frebp fFHGE B EL 0B F 5 B BN 4o 0

PR

Min Zam pi Z :szsz CiipYijp (2-13)
D

ij,p

r, = Zapi =0 for all p (2-14)
> B,-r,=0 for all p (2-15)
Zxﬂp w, = for all ip, (2-16)

~B, =D x;, =0 for all ip, (2-17)
J
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r,<k for all p (2-18)

w, =1 for all i (2-19)
ip

B Y PR E(2-13) A T S AR L R A A
5 I (2-14) ~ (2-15) ~ (2-16)2(2-17) 5 L A& Rz o B T RN R
FINQC-1D) 5 B F 8 §an B TR~ N 2-19) 5 b w S B
TR S LFI N (2-16) B FTAL S BRI R TR F] N (2-17) B L=k
BREEINE TERY] ;NI L F e &M E 2 U] 0 TAR S
d Frabop ikt 20 B gmia g U] S PN (2-19) E BT AR BRE B
REELREEE P VAT 2 UG F R R TIA WA AR R - k2 B ogm e

=
2.1.3 pF 3 B2 #5078 (Time-space network formulation)[24] ~ [16] ~ [23]

AAPEZ F@ﬁ"ﬁ—‘\"ra;} | # feddghon 50 ’ﬁz-éﬁlﬁi#%ﬁii’v R R A T
B RE BN b R TR 4 B $ A g sTac 2 8
jRle s > AT PN AR T ES IR PN U T 2R TR E e
ﬁﬁﬁﬁmﬁﬁﬁﬂﬁﬁﬁm€#ﬁ&<iﬂ*“iPﬁﬁﬂ{uﬁ%ﬁﬁﬁ
METIZX > A AFLR 2 IS F AP R D Y E B I S AER v Y
Wrhbia s PR Y 2 880 - a0 DRPERFE AR RRBDARD 0 &
g 8L 5§ Hrk & 2R pE %) & Bh(time-space index) @ #F 0 -k & BEA L AR & 2L
HigH B f S YRR ARACI R 1 TR R P B F
PE] & BETT A S AR S BEA R L S B W W Y AT PGSR AR R
s Y e 7 IR AR B L & M (start/end arc) ~ FL=X & AR (trip
arc) ~ @ §wFF ¥ & 4 (waiting arc) ~ 2 §& 7 ® & 4 (deadhead arc)y? Jﬁiﬁi a M
(periodic arc) ¥ T f & &> & Hrabh 5 FIFTN O 8 Py & Bhr Ao sk & 8L2
Mo TEHTFILTAZTN > M L RTITIN S A PF S8 0L 8L ;
SR TR AER RGP FFEIL DA SRR FER)D A
A2 FROPTARIFIXGER A FEIRTR - b2 BERF R R H
BES Y SRR R FRNTRZIEPE SR P - IR 2 B S
DGR F IR A LA TIRLR ST ERDTEL IR



PR R T ACE G B B T XKL RS B P
2 ’%@é’iﬁ‘ﬁﬁi » 75 9r 3, o1 b l}‘lﬁe‘rﬁfxl\,,. T E0N g
J&—;-ﬁ{zr'}i%?] 2.4 977 o

—_—> gk

................ > BEMEHS [ ]
........ > BT S Q
N — > PERBBHERE L

444444 > ERER
(€S ETLESEE )

B 2.4 5 322 fpp A2 R A2 P S R RS E AR AT L ]

PR AR PELR AP AT DN Y £ peP AT HE o KM A H R
g hd fmfcp o TERNG =P, A7) R - BB B P OSFP A 4T3 5L
TAGBERLEREE TAFHIGERELE DA 2 REAEL W7
%973 B R R B £ | AP =SFP UDUT UW? ; ¥ £ S % 975 & A4 pF
Bz & F9T3 @RGAPFLEE  RIVP=PUSUF ; FI &8 & ¢f
grpaREL2L A a3 HLR  F G HeSF’ » Bl 2Fxbp i iPF% &8
FEA N Aok IIR (L)) FEAC A D IR B H A R)E D RF Y E S A2

fer B Hew? » Rl 22 dm e p PRI I j2ZFE S A F

ﬂz

(i, j))eD > Fllcp—cj%'é‘fl— FIX I {8 - FL= 2. iﬁiq_ﬁ:é: Aokt T
WA p) i Y AR TR A RERGHT FpHEk 2B
R L H BRE S e T AT
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PR

Min D, D efxj+2, 2 X+, D ¢ (2-20)

peP (i,j)eW peP (i,j)eD PEP (i,j)eSF?
S Vi
Y xl- > x/=0  VpeP, VieV”’ (2-21)
(i,j)eA”? (1,i)eA?
D oxl=1 Y(i, j) e A” (2-22)
peP
D xl<k? VpeP (2-23)
(i,j)eSF?
» e{0,1} VpeP, V(,j)e A’ (2-24)

feat B RS H(2-20) 5 FE T B REAR R L2 S A A (2 dRAT kPR B
F+amaess+2mams2)5bo]l 5 "W 22D 3 mE v 5

LA (2-22) 5 A B B E R AR 55 40 5 "IN (2-23) 5 2T ik B 4w

B p 2 ] A PR (2-24) PR e s i
2.1.4 B &3 F /4 B BC5 (Seteovering /partitioning formulation)[19]~[30]~[31]

RGN EE T B R iaE N R /}\ ) - D fR AT R AL R A T

v
FESIELIREFNE L A BEGY o PR T 2 SR RS 3 R At AR
BB W E O - ma Do b REANATSE i /A R ALY o Bl A7

F- BV YD R F AP I(TILE 2 B L) - Bd Fkp i Ao B
P AE IR RS 10 BRE 0 BN Y ARM PR R WP o7 S
PON={12,, n}&ETF FLX B reR 2475 B Ar2 B & peP 5973 Bk kY
BHEp TR SNBGEED > A ETHEF RPN A ) &R
FEL BRI AENER- R EDE L R FEPZRBEA e AT NIL

SNRIPD 315 W %\'ﬂ\Lﬁiﬁi Frd oo HEN AN o™ pg

P&

Min =~ > > c/x! (2-25)

peP reR
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ZZawxf’ 21 VieN (2-26)
peP reR

> xI'<k, VpeP (2-27)
x is binary (2-28)

Hoat e P RS H(2-25) 5 RN B £ A BTS2 B RIS A A G
Bl 5 RHIN(2-26) 5 B & ik E P4 38 (covering constraints) 0 #t LAV P e AR
FIF - FLX I DGR FT - Lo TR - QG R - FL o FEedR s e 5T
i Ma, =1 F 2 Rla, =0 gt b BRILH|N(2-26)0 5 EN 0 T B L
A BN Bl AR B - FI R R T - 0 UGIN(2-27) 5 R T R L
B U A TG A BT % B gD 2 U] A SUHI N (2-28)RIFE R E - 3

o2 BhAF AR Y - o
2.2 VSP 21 417 i

Con S 2 U I B £ i-ﬁ:}ik AR P REAI L 2 6 0 3 7 Bodin and
Golden[6] ~ Bodin et al.[7] ~ ¥¥ Dadunaand Paixao[10]4p R tﬁ 7 BEIR 2343, o
é}'ﬁtﬁi#kﬁiﬂ 'E\J"JA %_i’] /,,\;f;\’rﬁjj_’ ;ﬁ?‘]% :

1.2 g B PR

BERPARR I OA T I Ao do] A Y E T8 D & 2 FIt ik
Lo Tl et RAEHE S R R R S N R R Sa E /A S SR R
Ay B2 RPAEEL K doie 6 (IR P rE 2 T AR 9 B R ggeke 2 T2
oy AR T2 gmf % PR 4% 5 Bodin and Golden[6]% 45 ) fi% &3
Wtk 2 PER U4 T (T, - D, >T,+ DHE,S;] > B ® T, A FL= FIsb e ~ D, 5 510
PR ~ DHE,S;1 5 A FIA B2 Fab 2 MpPFR) > dmP M v %5 - B2
F e ? LRk 2 g (a directed acyclic network) 5 - @ T 0 B 15% B
HAIFIX G R RERF b s B2 B S AR AT E oA LS A SR
FLend At A b o MR REV 4R 5 Dilworth decomposition problem[13] 5 gt T 2 &
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A B gmE AR R AR 2 AL A R REA R o
2.5 sk E

Dpp AR AN T AL H - Bk S 3 a L 4 > Lenstra and
Rinnooy[25] 38 /1 % K AT AW > B — Hxb 2 VSP o H R AT KR PE 45
polynomial time ; @ Bertossi et al.[S]R|Z P & Hxkficx »t 2 pF » MDVSP | = %
— NP-hard ¥ 38 > Rj2EA28-% 5 FIEL T 4 223F 5 > & MDVSP 2 Rg|#w # &
BIP 5 sk 2§82 B[35]~ [39] -

d B w2 7 2 A A~ (fixed vehicle cost)ig B 4 & = & (operational
cost)  Fut ftf ik B gREE IS B 6 ¢ A & P B 4RHE[16] > & § dics
LR - PPN ER T S AR I E NS BT RO R TP &
Brbtin o 2 B gmRlep P At Agket Y e r o B RRBEE A A IS A
# B gl % & & (capital cost)z J B oBHEt Fut T 1R L E K ik (7 E fRRAE
Fei&pih £4 iﬁﬁ#&ﬁiﬁa’%#? ﬁ‘r‘ B B HLACR 42 (minimum fleet size
problem)[5] » o *t 4 & 8 g2 PR FR(AAFES Mg F ALy B &
SERIP RS S EE SRS I S

4.2 jmAEAR -

v RS DR AR R ATE D fE2 AR K F A A N B - LRI S 2
ST AR T2 FLE o MR BRI FI A2 S N Ak S e B AR P
ARl 2 B+ R REA BT RfE[L] Y - B AR FIRBg LT 2
RHEZFRT > B eV I p (L2 F P2 P REE T
(B<YA<b 88 Pgr vl 5468 4| orm 8 A5z U@ E TIUE) ¥

i,jeN

-4( DS %E:;\‘ KEl';FIJ ;\4 \:‘ _ ]/ii T'\ﬁ;[6] o
5.%» 7% % & (length of duty constraint) :

BT R A E
E
]

BARS RSB e

4 & B EIE2 KR 4] vgﬂ%*&ﬁﬂ

N
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w

2 RJIL 5 H R AR S L PETRR B (cycle) 0 7R W A g ARG TS 2 PR AR 2R S
RH P arf B(F RS (£ )2 THI[17]5 2 ¢ Balll2] P & #»55£
B '] R* 42 (the path-length-constrained problem) % NP-hard F® 4% o

2.3 VSP ffzix 8 i

Heurgon[19]91 % # & & RHEst 2 = # 4 4 f RS » 5407 S )
RewiE e Lo £ f2 F & & LI H55Y o Shepardson and Marstem([31] 7% £_41 *
€¢%ﬁﬂ1%ﬁﬁ¢45ﬁﬁﬁﬁ’&ﬁﬁﬁﬁ%ﬁm&wﬁﬂﬁ%%

(Lagrangean relaxation method) ¥ fie & &~ £ U287 RfE L2 H & » 274 -

Carraresi and Gallo[9] 5 £ I * ¥dgiege i it 2 2 V4 § Fab 2 fptfe
Bt o o iien T Lo A P47 | (Cluster first - Schedule second) ~ 12 % T &
A2 ~ # | (Schedule first - Cluster second) @ fEfca 3¢ f#j2 » Rjg b dpinfitst 2 5
%%ﬁﬁﬁﬁﬁﬁ}%i;ri@ﬁ@ﬁﬁd%%Ki%ﬂﬁﬁgﬁiﬁyﬁﬁ’
Zyp ek BHos B BB R AT QRS B S Fé&g?’m‘»‘ wH - Bk B iR AR R AR
A R RV A - 4% A Nl AR RGPS W £

Mhptfp g o3 ) 2 2 PR AR RADCRLS - 302 (P e 30 1318 4
AN R P PN ISR U AP P E %«lfi‘i‘? S DR el S W R R
HA UL A TR A - Bhol P ARG KRS EET LR
32 T A FfF o

Carpaneto et al.[8]f]#* % € [ 4~ dp iR e B i3t 2 2 3V 4 § Brek B dmPrigfic

PRI A S S SENCIESS -8 SR TS E

Mesquita and Paixao[26]1]* & dp ke ficst 2 = U 4paE 5 Hrop 2 fmPtfe e
o A RN ffrAe L f%ﬁ A BFr BT RE PR iAo B 55 F
- 2 R REGE R Y B "$ o J i % 3V L5 jx (Lagrangean relaxation method)
2o FITHEH AL N RS TP RN 18 1% =X - & % (Lagrangean relaxation method
with subgradient methods):& (7 Ff% » &S PIJI* - FoF N 287 A K - @& K7
LEEAEY 2 B AeArib B R 2 o o

Lammatsch[24]4] * pF 7 e g 50 22 & 3¢ ﬁ‘;g K A R PRGN Fg
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3V £45 2 =t B R 2 (Lagrangean relaxation method with subgradient methods)i#
AN RN TRE L RE- FEZHLTREEFAFE R EF S
Bgmit * fioi s L B 4R E £

Hoffman and Padberg[21]4] * pF 3 e B T30 2 & U fpddy o @ 4 | g il
;10 I i * & & 75 % (branch-and-cut method):i& (7 #5558 KfF o b3 2 VAL 5 A £
T _'2 224 T g (cutting plane method)2. B & > d >t H 3@ #* 2r T g 2 RKfE»
57 HATLE[2] 0 P AR T RPERBESEHp FE B2 L AT R
BiE o AREAXTVIZFRET 0BG BN TR 2) 0 AR A
Fefgrnd o (T4 LR B AR S UM ARFIRS ALK > £ R Y Bz o2 7N
%@Fﬁﬁﬁﬂlﬁ”j*ﬂ“£ﬁ¢i$%4W%ﬁﬁiﬁ&%@ﬁﬂﬁg—
Fe e B0 2% 328 e Blpe & Clique ¥2 Odd Cycle & $79 0 & 4 #icip 5 7272 &
5“%“Tmm@mm@w*7vwﬁ&‘wﬁﬁ AL R (FALS A
A - BATeRA LB FEfe b o BT A fEF S 0 I PR T A A

2 TR L R T R R 2 S vty N 15 R T e i R

Forbes et al.[12] 5 4 1% S & JardpiRie BBt 2 =~ 5S4 5 3k 2 dpit i
Bt Tl R HETR LT %‘ﬂa‘ﬂ e B RGN R S g iR St
(quasi-assignment formulation, QAP) > o *T QAP #-3% &~ i % g d B 42 (pure
network flow problem) » F]p* & L ¥ QAP 5 2 7 £f2 > T RIF R L R 5 £
% Pig i RN TR 2 B R R S A R R 2 A

%o 1 fe & ¥ s H 82 (dual simplex algorithm)¥ i % }T%:}% TR RN i TR
20 F RELFREFBGERF > S 2T L S S RN i B Rkl
FHfE >R AL UFEFRE B2 AL Flh G5 o

Ribeiro and Soumis[30]R] 1% & & & BIH50 2 = M4 § ek 2 et AR 0

9o A A 4 2 (column generation methods) 4 #-1 B 482 = ~ % Hc AR
IR LRSS 5 AUMARFIBESY o 1 H 12 (simplex method) R f2 7 % #c2 B i
20 FEEE 2P irori RS S 20 (841 B EE TR 38 (shortest path
problem) i s 3 K ALAFR 2 ik Ff o 1143 NHA RALP R G TR B 54
AP EATRECE I EZAS TR EL ) o A P RET LR L R
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T B E R o

Beasley and Cao[4]1 * #ejtin & fir5t 2 2 ;e - H 3o 4 f pfe st - £
i * 35\ £t T X PR 2 (Lagrangean relaxation method with subgradient
methods)Z_ /% & /2 R T RR 0 d vt S T B b 050 0 e A K %
B d HreE N 0 Bt iT "$ Bl iE - IR WA T - ) 2 U
2P RN FRRET 5 - RN R S L 0 2 I kE s
ERLELD T ST E XA R AL NN T R | RpAGRIOF 245 R
B i i o
Haghani and Banihashemi[l7]“,$ fix 3 €8 EERRLE 3 4N Nz ﬁ;g 5 B
B FREARHOGY b o TN HN Y e BARPER 42 4 £ (MDVS problem with
route time, MDVSRTC) » f ;% £f2> 5 » T’F—‘ﬁ L3 * Forbes[12]2. #f% > i 35
' FF R AR U2 BN 2 B fE 0 M2 5 MDVSRTC 2 7 ffE > £ A #
LN e R BE F BT B HcE S TN Y EATRE S E T AT
T OB IRIER K P APE R G 0 0 W fE T 5 MDVSRTC 2 & if f2 o f%ﬁ IR 1
fo M EZ AR O RS BACHE T RS '1"\? Bediost Rfzpr oo

GMmrdMﬂﬂﬂ*%i%&ﬁﬁi%ﬁﬁgﬁééﬁﬁiﬁﬁﬁﬁﬁﬁ
PR TR G N R 2 O SR B R g AL S R
7 % & 4 (deadhead arc) % #c > F] M & I latest-first-matches & 405 %% o 2 fe H-xk
PR gh A2 B 4R B & AU (waiting arc) > AT i A 4 hd iRy R AR > Fp
W IE S R A REAP AR R L G o A Rl R R
& B4 R 42 (mixed integer programming, MIP) ; >t £ 2/ &2 > & » 2 ¢ &%
It fix-and-optimize 2. fxF ;N fEi2 e TR RKfg o 2 E AR S Hpo B iR A
RORE R sk B 1 G BB H Bsb AT B4 W % R f2 R R 4048 (CPLEX 8.0)
17 MIP HoN RfEMS > B A4 2 R Y S RPHS il AL ¥ 51
4 i& & 1 (first-in-first-out) £7 ¥7 =t {5 38 2L ) (last-in-first-out) & & 4 f2 { v ¥ & H
Hrb 2 B if fR:E (7 #4544 fR(decomposition of the aggregated flows) » M F& T #77F
e WBE - TR LR RBLES LR N P2 HEIDT
FTERLIB A EHFEFRIE 2297 TN M ARIEREEY S0 o
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Kliewer et al.[23]7% 8.4 % ¥ e fiist 2 & 5N fpad S 3=k 4 2 f8 0 4
AR H YR 2 5 & 5 (deadhead arc) #HcEF N 3 V2R £ EERCGRDI R AR
2_J&J2 2 ;N 35¢2 Gintner et al[16]4pF » 2 £ B A A B A7 7 3 RjgiF 52 v £
B4R % K23 L 40H(CPLEX 8.0)i 7 MIP 558 2. #12 » Ft 050 2 R j2 s &
T LR R B EfFE oo otk i’r—%’f 7ol i CPLEX ff2fcfiz = 6 S &
(Network ~ Dual ¥ Barrier)sn o f#»c 3 o

24 *3 |12

Lt = 52 5

F_*

FFapta bl e peis ¥ @ avo g MDVSP 030 2 4 = 54305 g 0 &
EimmEF/ A BB A 3 0 RS T R RRRIRE L B AR 2 I T iR
o e AFT RO n® Hrrb B p2 BRR R T o HGN T R R B Bk
g T 2RO q”*ﬁ—'\F\~/LT‘f\%&'ﬁ$‘i§x FTR) T FE AL
A BRI RIL R 0 AR N IT R B L ek B 2
ﬁﬁﬁﬂ?ziirm’Eﬁiﬁﬁﬁ?ﬁﬁﬁﬁﬁﬁﬂiéiiﬁml¥%
T ARG AIL B e Hn BHEGVRIRE S AR R RRAN T S A
ﬁi%ﬂ’@%%Hi&%%%@iiﬁ%@$imﬁéi—r%%ﬁ%%@J
BT LA VAT o T A A B S S AR R
ERRIANRE > I ARS Y AR REBELS o A2
(complete network) 2 - B L B 7 ~ 5 fd o wdgiRPRE S 5 0 0 E
I S L S AR S RV SESE FREE (SRR NUE | Rl RS A ]|
HIp ot cndh Bh Bk 1A B 3 R TR 2 PRGN (B R RGE
RBO)BE 2 A A 0 TPt 0 AT BaAP P 2 B RPN ALY o dp R RS
A AR R R YRR B ERF RGNS -

grib o d 3 },?H TR v fee Ahgg e f5 MDVSP 2 058 308
AR Y ER R D 2 G e e B TR g A AR G -
JTIJ -\ E] ’P’— \,_l‘yﬁ'(J -ji- IFH l—/"‘i K"’?#Jp,,, ], ’ )‘\—,‘-v&rgp 1‘]’ ‘3‘ “T’HT 5 ,&r. N ; ]Fﬁ '_,k; Kq#]&‘? ]%

® MDVSP 2B 3 T8 e BN Rz P 5 % 5 o 4ry 4]0 A g

Ly
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FT=1 #c
H1 H2  H3 - #f HI H2 H3  &#fE  HIP 2 H3 B 4f3 HI H2 H3 Bifz

395 59416 59.116 59317 751 909 554

(%) (235%) (1.83%) (2.18%) 58,054 [98.61%] [98.24%] [98.92%] S11.51 69,473 69,473 69,473 208419 26 26 26 27
100,298 100311 99,873 1956  26.10  18.28

503 (223%) (224%) (1.80%) 98,107 [99.02%] [98.70%] [99.09%] 2,003.07 155870 155870 155,870 467,610 42 42 42 42
136,409 137.336 136,448 4768 7203 4676

790 (2.62%) (3.32%) (2.65%) 132,922 [99.03%] [98.53%] [99:05%] 4:907.12 275,747 275,747 275,747 827245 59 59 59 61
172,372 172,727 171,574 8432 12012 84.61

988  (2.28%) (249%) (1.81%) 168,518 [99.19%] [98.84%] [9918%110.354.84 430,383 430,383 430383 1291,149 72 73 74 76
201,732 201,886 202,369 139.73 22518 19657

1185 (223%) (231%) (2.56%) 197,313 [99.21%] [98.74%] [99.12%]17,861.77 619,361 619,361 619,361 1,858,083 88 89 88 92
228361 229,526 228,405 23031 38475 25076

1383 O O b ] ] ] b 843,164 843,164 843,164 2529492 97 97 99 b
265,115 266,186 264,907 37871  676.95 441.12

1580 () () (4 b ] ] ] b 1,100,637 1,100,637 1,100,637 3301910 114 115 115 b
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L53YFAGENHLP FE A AL NP RAPFLEREL

B AT s R(R)
BRI B =R B A Hrbp B E A A BRIt~ & PERY R R A A =0 rofenll.” SNV S
Hi+pFgiE
(R)2 48) ¥ H1 H2 H3 & iff& HI H2 H3 & iEf% HI H2 H3 i Hl H2 H3 #iFf& HI H2 H3 B iffz
59,416 59,116 59,317 42,744 42,744 42,744 44,388
3.33 (2.35%) (1.83%) (2.18%) 58,054 14,006 13,907 13,907 12,799 [26] [26] [26] [27] 740 740 740 760 1,926 1,725 1,725 107
60,516 60,204 60,687 44 388 44,388 42,744 46,032
3.66 (2.18%) (1.65%) (2.47%) 59,226 13,410 13,321 15277 12,227 [27] [27] [26] [28] 840 770 740 860 1,878 1,725 1,926 107
61,459 61,960 61,621 46,032 44,388 46,032 46,032
3.99 (1.91%) (2.74%) (2.18%) 60,307 12,679 14,553 12,579 13,308 [28] [27] [28] [28] 870 770 870 860 1,878 2,249 2,140 0
63,188 62,465 63,189 47,676 47,676 47,676 47,676
4.33 (3.16%) (1.98%) (3.16%) 61,253 11,667 11,903 11,688 12,677 [29] [29] [29] [29] 980 960 960 900 2,865 1,926 2,865 0
63,532 63,784 63,427 47,676 46,032'47,676 47,676
4.66 (2.25%) (2.66%) (2.09%) 62,131 12,535 14,704 12,722 13,555 [29] [28] ~[29] [291 980 860 950 900 2,341 2,188 2,079 0
64,518 64,861 64,785 47?676 47676 47,676 49,320
4.99 (2.45%) (2.99%) (2.87%) 62,977 13,460 13,461 13,485 12,677 +.[29] [29] [29] [30] 980 920 960 980 2,402 2,840 2,664 0
65,697 65,391 65,341 49,320 49,320 47,676 49,320
5.33 (3.03%) (2.55%) (2.47%) 63,766 12,420 12,472 14,575 13,466  [30] [30] [29] [30] 1,000 1,000 950 980 2,957 2,599 2,140 0
66,446 65,988 66,116 49,320 49,320 49,320 49,320
5.66 (2.98%) (2.27%) (2.47%) 64,522 13,169 13,341 13,255 14,222 [30] [30] [30] [30] 1,000 990 990 980 2957 2337 2,551 0
66,783 66,999 67,062 49,320 49,320 49,320 49,320
5.99 (2.24%) (2.57%) (2.67%) 65,319 13,969 14,029 13,939 14,989 [30] [30] [30] [30] 1,000 990 990 1,010 2494 2,660 2,813 0
67,765 68,171 67,965 49,320 49,320 49,320 49,320
6.33 (2.53%) (3.14%) (2.83%) 66,094 14,750 14,939 14,842 15,764  [30] [30] [30] [30] 1,000 990 990 1,010 2,695 2,922 2813 0
68,510 68,143 68,397 49,320 49,320 49,320 49,320
6.66 (2.51%) (1.96%) (2.34%) 66,835 15,495 15,697 15,597 16,505 [30] [30] [30] [30] 1,000 990 990 1,010 2,695 2,136 2,490 0
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Bl 53 @ B2 hdizi s ARIEZ %1485 F)

3% HI ~H2 £ H3 2 g g it ('&r%\» 54 7 ERZ FH L T
B RErs H2 4 S i (H1(2.52%) ~ H2Q.45%) ~ H3(2.55%)) » @ = & #3 d id f22 T35
EE PR H3 £ B & (HI6.10 ) ~ H2(9.26 #y) ~ H3(5.58 #))) » &7 H2 »t 4 &
Plifz Rfzqfraed it LT g RREERFRE T LA L 2 A A s idfis T

PR IES TR H A F At o R AT S FRRERLLIEEA 4 o

e 5-4 BB R o B RA T THBTIESREE BT 4
FHRFUTE 22 fg 2
H1 H2 H3
B g} 22 T F EE(%) 2.52 2.45 2.55
T 3238 B (F)) 6.10 9.26 5.58

532 8 4TS k2 B0
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3055 BIRITE S AL AR B AT R4

B iR 5B ()
B gmat & PP oA A Bl R A A B Rt S A BhA Y OB AUHE A A PR RS A
L i A
(r-/ﬁ) HI  H2 H3 & #&f HI H2 H3 #&#@&j HI H2 H3 & #f HI H2 H3 &#f& HI H2 H3 #Hitjz
59,416 59,116 59,317 42,744 42,744 42,744 44,388
1644.0  (235%) (1.83%) (2.18%) 58,054 14,006 13,907 13,907 12,799  [26] [26] [26] [27] 740 740 740 760 1,926 1,725 1,725 107
63,621 63,420 63,883 45,210 45,210 45210 47,018
1808.4  (2.02%) (1.70%) (2.44%) 62,360 15,734 15,734 15,734 14,455 [26] [25] [25] [25] 690 690 690 710 1,987 1,786 2249 177
67,731 67,469 67,408 49,320 49,320 49,320 49,320
1972.8  (1.66%) (1.27%) (1.18%) 66,622 15,734 15,734 15,734 16,258  [25] [25] [25] [25] 690 690 690 690 1,987 1,725 1,664 354
71,841 71,579 71,518 53,4301153,430 53,430 53,430
21372 (1.57%) (1.20%) (1.11%) 70,732 15,734 15,734 15,734 16,2585 [25] _ [25] [25] [25] 690 690 690 690 1,987 1,725 1,664 354
75,689 75,951 76,152 57,540 37,540 57,540 57,540
2301.6  (1.13%) (1.48%) (1.75%) 74,842 15,734 15,734 15,734 16,258 [25]~ [25] - [25] [25] 690 690 690 690 1,725 1987 2,188 354
80,061 79,864 80,585 61.650°615650 61,650 61,650
2466.0  (1.40%) (1.15%) (2.07%) 78,952 15,734 15,734 15,734 16,258 .. [25] [25] [25] [25] 690 690 690 690 1,987 1,786 2,511 354
84,171 83,647 84,171 65,760 65,760 65,760 65,760
26304 (1.34%) (0.70%) (1.34%) 83,062 15,734 15,734 15,734 16258 [25] [25] [25] [25] 690 690 690 690 1,987 1463 1987 354
88,281 87,757 88,220 69,870 69,870 69,870 69,870
2794.8  (1.27%) (0.67%) (1.20%) 87,172 15,734 15,734 15,734 16,258  [25] [25] [25] [25] 690 690 690 690 1,987 1463 1926 354
92,190 92,129 92,330 73,980 73,980 73,980 73,980
2959.2  (0.99%) (0.93%) (1.15%) 91,282 15,734 15,734 15,734 16,258  [25] [25] [25] [25] 690 690 690 690 1,786 1,725 1,926 354
96,300 96,239 96,440 78,090 78,090 78,090 78,090
3123.6  (0.95%) (0.89%) (1.10%) 95,392 15,734 15,734 15,734 16,258  [25] [25] [25] [25] 690 690 690 690 1,786 1,725 1926 354
100,410 100,611 100,550 82,200 82,200 82,200 82,200

3288.0  (0.91%) (1.11%) (1.05%) 99,502 15,734 15,734 15,734 16,258 [25] [25] [25] [25] 690 690 690 690 1786 1,987 1926 354
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%57 B BRAER S AR RS E E A

H i AT o ()
B ik e AR oA A Bl PR S A BRITE S A AR P R S A HERT B A A
NN
(/%) HI H2 H3 #i#f HI H2 H3 # 4§ HI H2 H3 % @&f HI H2 H3 %i#f HI H2 H3 &tz
59,416 59,116 59,317 42,744 427744 42,744 44,388
10 (2.35%) (1.83%) (2.18%) 58,054 14,006 13,907 13,907 12,799 [26] [26] [26] [27] 740 740 740 760 1926 1,725 1,725 107
59,490 59,452 59,391 42,744 427744 42,744 44,388
11 (2.34%) (2.27%) (2.17%) 58,132 14,006 13,907 13,907 12,801  [26] [26] [26] [27] 814 814 814 836 1,926 1,987 1,926 107
59,564 59,264 59,727 42,744 427744 42,744 44,388
12 (2.33%) (1.82%) (2.61%) 58,206 14,006 13,907 13,907 12,799 [26] [26] [26] [27] 888 888 888 912 1,926 1,725 2,188 107
59,114 59,600 59,862 42,744 42744 42,744 44,388
13 (1.43%) (2.26%) (2.71%) 58,282 14,006 13,907 13,907 12,799.3°[26] [26] [26] [27] 962 962 962 988 1,402 1,987 2249 107
59,974 59,674 60,137 42,744 42,744 41,100 44,388
14 (2.77%) (2.26%) (2.57%) 58,358 14,006 13,907 13,907 12,7997 [26] -~ [26] - [25] [27] 1,036 1,036 1,036 1,064 2,188 1,987 2450 107
60,048 59,023 60,010 4274442744/ 42 744 44,388
15 (2.76%) (1.01%) (2.70%) 58,434 14,006 13,907 13,907 12,799 . [26] [26}° [26] [27] 1,110 1,110 1,110 1,140 2,188 1,262 2,249 107
59,598 59,822 60,346 42,744 427744 42,744 44,388
16 (1.86%) (2.24%) (3.14%) 58,510 14,006 13,907 13,907 12,799 [26] [26] [26] [27] 1,184 1,184 1,184 1216 1,664 1,987 2,511 107
60,195 59,897 60,158 41,100 42,744 42,744 42,744
17 (2.75%) (2.24%) (2.69%) 58,583 15,768 13,925 13,924 14,472 [25] [26] [26] [26] 1,139 1,241 1,241 1,190 2,188 1,987 2249 177
59,537 59,909 60,169 41,100 42,744 42,744 42,744
18 (1.51%) (2.14%) (2.59%) 58,652 15,768 13,943 13,941 14,489 [25] [26] [26] [26] 1,206 1,296 1,296 1242 1,463 1,926 2,188 177
59,866 60,242 60,241 41,100 42,744 42,744 42,744
19 (1.95%) (2.59%) (2.59%) 58,721 15,768 13,942 13,941 14,489 [25] [26] [26] [26] 1,273 1,368 1,368 1,311 1,725 2,188 2,188 177
60,134 60,052 60,313 41,100 42,744 42,744 42,744
20 (2.29%) (2.15%) (2.59%) 58,790 15,768 13,942 13941 14,489 [25] [26] [26] [26] 1,340 1,440 1,440 1380 1,926 1926 2,188 177

(): FHE5Lp i3 £ 7 & ik 22 MEEF A v,
[1: * 35 kT 270" 2 dmlko

57



FHRARPRL) > A B EfEY A B AT T RE IR RS AR (K

‘5“),

B U S A2 e B gelp (B ARITE S A) s BHRT R S AT ¥

FARR o FEH T R A ATPRIBEAT F(RESAE) S BERMRS 2 ke VA
BEFH AP = BAFRERERT 2 AT EP AR P (4oB 5.5 4977)

Bk kR EE%)

12.00%

11.00%
10.00%
9.00% r

8.00%

7.00% —

6.00% - I
—&—H3

5.00% r

4.00% |

3.00%

2.00%

1.00%

0.00% -
10 11 12 13 14 15 16 17 18 19 20

Poahr e AU A R

B 550 B b it 2R EE2 B 455 B

3t HIH2 & H3 2 fagf fart ot 4k 5-8) 7 g = F ¥ d i fRe T35

B EEr H2 4 s i (HI(2.20%) ~ H2(2.10%) ~ H3(2.68%)) » @ = ¥ $* ik f2 T35
PR H3 43R (H1(6.31 #) ~ H2(9.11 #5) ~ H3(5.67 #))) » & m H2 »tpt 58
BliEz Rz e iE LT R RNE R R NI RS o A A Z BRI HA

AR EfR2 THOMIEN TR TS S hi R 5 398 F - ek o
4 5-8 FUE R A BAR B A YT THOREEEL T 4
REFUTE 22 fag 2
H1 H2 H3
2B R 2 TR EE(%) 2.20 2.10 2.68
L3038 5 (F)) 6.31 9.11 5.67

58



534w mA A g1

§A 59T @ f flco R AP R fRARY AR RER A AT 2R
o (L3 4o ciBARY o BT R A j\’l Fﬁﬁlg TR ek %
AEARE O PE o EHAeA R P BT R RN e o BB

A&
(w
[e=3
PO
K
B
d} F'*

Y A F o2 o R H A ABE VR BEOFREL ) ORELRET X
NAITE B AR A S AN R F AR GRS S A AT 2 £ A
AP FIL LA E A AREERY B AF A - BB T F o EFEH A

Z BECR RSB GIER 2 LB RS 2 AR (40 B] 5.6 F7T ) ©

4.50% r —&—H3
N A M
TS0t A\ A N/ o)

3.50% -
o/ | P N . iy

;28(;) E—(‘j{ = 7~ \' /~/ . \ '}

. 0 N

2.00% - h .-}/_,_..4 - N

10.00%
9.50%
9.00% |-
8.50%
8.00% |
7.50%
7.00% |
. 6.50% |-
g} 6.00% |
o 5.50% —=—H1
o 5.00% - 2
HH
3

®-.. -- -6 <X
1.50% | g * ¢

1.00% [
0.50% |
0.00%

467 514 5.6 6.07 654 701 747 794 84l 8.87 934
DR REE N A A

B 5.6 B2 H F 2R EZ B85 E

59



159 PR AL AP RAT RS R A

ol A1 oW (R)
L e wa A BB A A BRITE S A AP AR A A S E A A
R SR
AR/ H1 H2 H3 & iFf& HI H2 H3 # iEf% HI H2 H3 #iFfF HI H2 H3 FfE HI H2 H3 & &f%
59,416 59,116 59,317 42,744 42,744 42,744 44,388
4.67 (2.35%) (1.83%) (2.18%) 58,054 14,006 13,907 13,907 12,799 [26] [26] [26] [27] 740 740 740 760 1,926 1,725 1,725 107
59,675 59,576 59,797 42,744 42,744 42,744 44,388
5.14 (2.67%) (2.50%) (2.88%) 58,122 14,006 13,907 13,907 12,856 [26] [26] [26] [27] 740 740 740 760 2,185 2,185 2,406 118
59,245 60,088 59,847 42744 42,744 42,744 44,388
5.60 (1.81%) (3.26%) (2.85%) 58,190 14,006 13,907 13,907 12,913 [26] [26] [26] [27] 740 740 740 760 1,755 2,697 2,456 129
59,391 59,292 60,233 42,744 425744 42,744 44,388
6.07 (1.95%) (1.77%) (3.30%) 58,258 14,006 13,907 13,907 12,970 [26] [26] [26] [27] 740 740 740 760 1,901 1,901 2,842 140
59,620 59,803 59,803 42,744 42,744 41,100 44,388
6.54 (2.22%) (2.53%) (2.53%) 58,325 14,006 13,907 13,907 13,027  [26]  [26] = [25] [27] 740 740 740 760 2,130 2412 2412 150
58,897 60,366 60,366 42,744 '4'2,744 42,744 44,388
7.01 (0.86%) (3.38%) (3.38%) 58,392 14,006 13,907 13,907 13,083 [26] [26] [26] [27] 740 740 740 760 1,407 2,975 2,975 161
60,148 60,564 60,982 42744 42,744 42,744 44,388
7.47 (2.89%) (3.60%) (4.31%) 58,460 14,006 13,907 13,907 13,140 [26] [26] [26] [27] 740 740 740 760 2,658 3,173 3,591 172
60,758 61,103 60,215 42,744 42,744 42,744 44,388
7.94 (3.81%) (4.40%) (2.88%) 58,528 14,006 13,907 13,907 13,197 [26] [26] [26] [27] 740 740 740 760 3,268 3,712 2,824 183
60,950 61,321 61,321 42744 42,744 42,744 44,388
8.41 (4.02%) (4.65%) (4.65%) 58,595 14,006 13,907 13,907 13,254 [26] [26] [26] [27] 740 740 740 760 3,460 3,930 3,930 193
61,636 61,156 60,545 42,744 42,744 42,744 44,388
8.87 (5.07%) (4.25%) (3.21%) 58,662 14,006 13,907 13,907 13,310 [26] [26] [26] [27] 740 740 740 760 4,146 3,765 3,154 204
61,344 60,721 61,769 42744 42,744 42,744 44,388
9.34 (4.45%) (3.38%) (5.17%) 58,733 14,006 13,907 13,907 13,370 [26] [26] [26] [27] 740 740 740 760 3,854 3330 4,378 215
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