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Abstract

This study investigates the capacitated vehicle routing problem with overlapping service
regions, which 1s an extension of the conventional vehicle routing problem (VRP). We are
interested in solving the optimal decisions including the fleet deployment using the vehicles in
the original region, the trans-regional vehicles and the vehicles from outsourcing and the
corresponding vehicle routes for logistics companies to satisfy customers’ demand with pre-
determined and overlapping service regions. We present a new districting concept of “general
overlapping service regions” (GOSR) in this study, that is a more generic version of the “chain-
type overlapping service regions” than that presented in a previous study. GOSR allows more
than two service regions overlapping with each other, increases the flexibility in vehicle routing
and fleet deployment, and serves as a novel model of the distribution operations for logistics
companies.

We formulate a mathematical model following the scenario of the capacitated VRP with
overlapping service regions. It is well known that the conventional VRP is NP-hard. Therefore,
the concerned problem in this study is more complicated and hence, more difficult, and we
propose a genetic algorithm (GA) as our solution approach. The Data structure of chromosome
encoding in our GA is not only comprehensive, but also easy to deal with the situation of GOSR.
In addition, we also develop a local search mechanism to enhance the search ability of our GA.
We randomly generate our instances in our numerical experiments by referring to the
benchmark problems for the conventional VRP and taking into account of the characteristics of
GOSR. Our experimental results show that our proposed GA with the proposed local search
mechanism is able to obtain solutions with excellently quality effectively, and making use of

GOSR may save distribution cost up to 10% for logistics companies.

Keywords: General overlapping service regions; vehicle routing problem; genetic algorithm,;

local search
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(Pickup) B - T &> Ra ¥R FE  LABFH 5 RUMTRT 6 - AARAES g
P fEE R AR 2 af ¥ AF 344 4% 0y (Laporte, 2009) » @ Eksioglu et al. (2009) ~ Lahyani et
al. (2015)% Braekers et al. (2016)~ #-% #p3|2 & @k /LK 4L 8 B 23 2 pufops B2
SRS B S RIF A G012 <48 F F R U2 B4R L R 3E(Capacitated VRP;
CVRP) ~ F# & 4] 2 & ke /2 K 32(VRP with time windows; VRPTW) ~ & 4 2 & §mE
2 B 4 (Period VRP; PVRP) ~ Ip ¥z i | 2 & §mik j< R 38 (VRP with pickup and delivery;
VRPPD) » # 425~ |’ 2_ & §wE /2 ¥ 38 (VRP with backhauls; VRPB) ~ 4 Lfei% 2 & §g§ jT
R® 3E(Split deliveries VRP; SDVRP) ~ £ J & [j:2 & jmEs /< k' 42 (Heterogeneous fleet VRP;
HFVRP) ~ % #-:k2_ 8 §mE 2 38 (Multi-depot VRP; MDVRP) ~ S #88F £ 7 2. & §mit /T
R? 3£ (VRP with stochastic demand; VRPSD) ~ # f& & §mE /< ' 42 (Dynamic VRP; DVRP) -

o B iRES fE R 38 (Green VRP; GVRP) £ B 2z ;4 & ks /2 I 38 (Open VRP; OVRP) -

20 B el g %

l"‘\ﬂ

PU4]2 B jwEL SR 3L 0 CVRP 2 ib 5t VRP 2 £ 8 % 4
Haed + 2 RP L2 > X FL UG F 52 &2 VRP B £ 2 P2 QLR RF & 5 o
1295 Brackers etal. (2016) £ 2009 # % 2015 & & chkizt » K5 90%:0= gkﬁ%— CVRP 7] »
ey 482137 o F B S E S e jrY AR mR e RS CVRP &gt

VRP 2 £ & F @ #2 A5 - Mo i@y s B CVRP 2 Uqliaz + 2 8 jmiejo % £

%‘ff‘i{i » T T b ~ REAF ARG T D ﬁti\ BEE W RV EZ R PP ER
F‘ff}‘%iﬁﬁ%?? T g ;\'ﬂfﬁ o2 e+ B g‘_ﬁ;‘, v ,;ﬁum { iz %
1]

BE T T OUFRAE T R A KRS P RN 52 s B RRN 07

vﬁwtsw AEEE T 0 TR AR 202 &A%t B iR Y 0 ¥ A R4

F_&
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WA #2280 P AR o

[v

AT B A ASBP RN AT AR A A e B gmd A

2 ip
R LR RS L TR U TSI PN ESTES
R 92% 0 YR B dEAR M & A2 2 }I% P ik 38% (Braekers et al., 2016) > 2@ *
FrrRdjmip S Aol S g 2t 2 Afothe 2 B §Ra A b & Fpt B
j@i & %P Chu (2005)#7#& 412 Truckload and Less-Than-Truckload Problem %4 14 %
Bolduc et al. (2008)#% 412 L & p 5 £ & b2 @ §gE /T K* 48(Vehicle Routing Problem with

Private Fleet and Common Carrier; VRPPC) o

AR WA E R B 0] 2357 o & VRPPC 2 S T 0 #in 2

=Y

PERBIE 2 PR AR BT R MR B e BH R 2P 2 W AT e R
BrfERd He oA 2te TR 3N d e P £ 0 F R
IRHCGE Y FlB R ROTEZIRIRZREE T AT Y VR R e A2k B Rz (TR

Bl > @ W RAF T 2 VRP VARG @ R * Bics 2 U2 N 0 WA R A AR

ZERRTAPA G EREN Y BiR2 A AT LR TP AAFE TR FE
i RfRERY R EFAVARZAL N A REEFIIARFESIT FfELBT N

213 B fmE TR T2 RfE 2

B RE TR AL e AREM 5 - NP-hard B 4Z(Lenstra & Rinnooy Kan, 1981) » #= § #i-5"
PRt R 2 FERSATE G R P Y R R S N o R R i T

PR A N R B 2 (Heuristic)iE {7 8 REE AT R 4T 2 Kjz > pREASTEFF N RET
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FiE B Bz FF N FE 2 A R R GE 0 FlA A 90 £ R B Ax kxS

F 5 & NG g SR B2 (Metaheuristic) £ % & /82 dfmit o M AL 2 H 47 4 3
(Cordeau et al., 2002; Ombuki et al., 2006) » H @ @ ez g B2 8 8 * fogF ;N7 5 2
iiﬂé§¥ﬁ%$ﬁﬁé%7—?W%%$&%ﬂiﬁﬁ’%Uﬁﬁﬁﬁiﬂi%ﬁ
¥4 Brackers et al. (2016)2 ku3* » 2009~2015 & ¥ 9§ 70%2 8 4 i@ * § * fog 54 q ¥ i
07 B BTN AT B0 B R Y AEAERE 4 B A SR E L 2 i 8 17%e
10%> d ¢+ 7 L g * o S B 2 ¢ BT & RKj2 VRP FPAE2 38> @ &g * i Vw8
Z P BW L% 3t VRP B RE2 K2 2 5 # & #6F ;2 (Tabu Search)~ #5219 1 /2 (Simulated

Annealing)#? £ ;% & ;2 (Genetic Algorithm) (Tan et al., 2001) °

R B ARE RN 2R MR fe b2 S E R T dicd 2 & 405 2 4 R4S (Cordeau

et al., 2002; Baker & Ayechew, 2003) » e Thangiah (1999)~ % 77 & Flif & i & ¢ *4)
(VRPTW) ~ % 3-::(MDVRP) % & fmie 2t ) B35 & # ik 3o ¥ Tanetal. (2001)zk 2
b BARE i RIT LR R R R R 2 S 2 ¢ ORI L B b L R
AN BLIIE AR R AR R B R BRI F . KEpET Y A sl
220 B ARNFEEL 2B AL AAREE L FREBER L LB ITRER
Baker & Ayechew (2003)7] £ %t 3 Flif & /2 Rj2 2 mE S A GUE » S F > 1538 &
AR SRR T L P S IR L T

EP T GH BRI A >V A R R FIE Y 2 2 Rjgska o &0

N
BN
B

by
£

\T:t

S o RfRPER > LB ,

PR AR LEEL B EE RS AATIRE S b

VRP 474 £F %62 £ 3 L4 20 o

I AT Y LB R TR W] 0 P SR irit > IR AT AR 2
REANECHMIFHRF 2 TR FIL AL ERES 2R AFFH 2 320
FE YK - FREEFBIP I AL BRI R A FE AR S

it -

i
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22 A HKEA

BRAMERY L 2B A TR P L RIPFAA L 5 BRE BHE B RE
A I BB g R R 21§ 0 e w AT A L A RN AT
R AT AT T S SR Tl A S A R RT3 8 2 R A

AR 2 S ke

Y AR AR B IRE LR ALY § 2 A R LA F AT o 4R
PEFRFPZ K DRI TFEFN - BRBP TREL YD B - P IRE SRS RS

RIE B e @ LeF iy - md 0 PARAAE T R AL ZRT 0 &) A

Haugland etal. (2007)% g & § S % R 2R/ SR BRIV FEZ F K:

- RE ORI, T AR g%ﬁlﬁ.‘ Ko F UARRZ NI A R

(\x,

& 1A P2
B

CESSE LIRS T TV SN S ¥

Bardetal. (2010)2 & 4 £ & p#fcis 2 & §mis K 4L(VRPPD) 2 S 7 » #in %
EEAF 0 P ARE ]I f—ﬁiﬁ’{ (R AEFRERE N EBRE A - iﬁqﬁ P‘F'ﬁ'é%#ﬁ R
o Bl B R e R VAR & B It 2 gmdic 0 @ Jarrah & Bard (2012)7F %R e B

W2 P imEL TR AT 0 SR H 2 Bardetal (2010)2 L & X R AR R F REMEWHE L -

Lei et al. (2012)fr Lei et al. (2016)1¢ * & Fp B 5% 2 A-SE AR 2 o2 §REL /[ {r A %
MR ES-FRALEFARZAR SR BRFPEF D RROL P2 S

AR X o

Linetal. (2017)2.#7 3 R4 & 24> 5 @ feis § 2 2 @k /2 K 48 (Vehicle routing with
multiple deliverymen) » * B 382 P4 5 MACTAFZ B EF A e > @ L e gdpe -+ 2
R R BRE PR e B E R R P F AN Ed 2D i

gl Rfeopd DR B RPSFEEIAEE G R4y LR 4o F] 2.2 77 -Pureza
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etal. (2012)dp M RAEF * A U BB Ko A FHFFREF AT EF & AT
B Hd D RGP R 2B R R R i R AR
Mi-fE o F2omprueiHreiRE  depfd RERFFREIHpTE -
Lin et al. 2017)#-p* P24 B * > REeEI 2 B AL > SR DR 2 7 Fo i a3 id
AT BB S B d R AR RL R F R L2 FO Ra B N A ekt

23 RG22 AP F UG R 2 ]

(Pureza et al., 2012)

Prischink (2016)% jg =% 4 A 2 B EE » PR BV AL A R ERSS BIA - &
FTIAATR AR RPN TEEE A TR R SRR R &
PREH N R - X LA ML R R

EEFRE AR BRI SRS E R

FRIARMEZ AR IPFERLIRIAFET TE 4]0 P HRE) e REcE CAcB 230
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Min TC
TC = FC-Zzzxgg +(0C — FC) - max ZZZ% —m, 0
T€EK jEN t€T TEK jEN t€T
(3.1)
ORI
T€K tET IEDUN jEDUN
Subject to
z Alyr =1 VieN (3.2)
reK
zyir:lVieN (3.3)
reK
yi=xlf VieN; JEDUN; teT; r€K (3.4)
yj 2x{f ViEDUN; JEN; teT; r€K (3.5)

ZZ Z xif =1VjEN (3.6)

T€EK teT iEDUN

22 z xif =1VieN (3.7)

r€K tET jEDUN

inrzf—Zx;?:OVpeN;teT;rEK (3.8)
i{EDUN JEDUN

Yapi<iveeTrek (3.9)
en

Zx{,gs1 VEET; r €K (3.10)
iEN
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Zdi Z AE<QVLET; rek 3.11)

iEN  jEDUN

Zhi Z KPSV VEET; reK (3.12)
iEN  jEDUN

zi—zj+n-xjf <Sn—1VieN;jEN; teT; r€K (3.13)
x{{€{0,1} ViEDUN; jJEDUN; teT; r €K (3.14)
y; €{0,1} VieN; reK (3.15)
zZERViEN (3.16)

AR@DE A RE2ZPEN B BRRE X A(TO)E § 2 RFHTE A (FC)
b e BgmS A (0C)E B RELIE X A(C )2 BINA 0 AR R A E 2 AT A Y-
A ARG RH*2 D WUB IR TS AFE A FF R b 2 D mR K - A

CER R EEN RN CEET SR T SRR R P Y 2 TR TR

ARBDE NG E A FedpiRZ U 0 2 A AT T H BRI REER L
ARF P BUUF BARE B RARRIBIE - BRE S 250G HE 2GSRI A
Pt 2 ARERES R AR KRREE M R U ARkEE BRI R L B
Tk i - B A Tl SR A 2 58(3.6) 1 258(3.10) A B wEs TR AT A

KQ#IJ;\A 5 ’l}_ﬂ.L__ %[‘g&\ i;ﬂi“‘frcgkLiﬂ @J_:é,_"v";\;\é 'liglg/{TEK—L—% ;\%’E”P«‘,‘;—E‘ 3

A T2 U] o e il 32 &0 TR 2 0 U RBPr2tE mC U2 R T R EFIRIE S B

B BEE AL FLonk o B 2NB6)8 2N GBT)E T E BAEE B R ARIRIE R4
- 2XG)FmEFE SN NG E 2NGIORUF - S BT G eFE -

R A RGN B RPE ] 2R GADR S 2 RERRA T 2N
(GI3) 3 WA K ? MM A GEF 2 T BRI L T eyl L 0-1 - A g EiE

A2 NG E 2 NGAS) 0 P R - R ER R 2 N (3.16)4 T .



AR R D 2 B N R Y Y Gurobi SR8 R fR o fed St iR 2 PRt 52t
M2 A FI AT RS - AR 0 D RS A L S R
R h T AR AR AT - R B o w € {0, n) ) H2 HGL)E

4o 38 (3.17) 0 T RTHE - P 3V Ao e 38 (3.18) T

TC=FC-ZZZJCDJ+(OC FC) - w+22 Z z Cxlt (3.17)

T€EK jEN teT TEK tET iEDUN jJEDUN

DI (3.18)

r€K jEN teT

2N BA7) L & #2NE) e 2 B flomax(Y,ex X jen Deer Xp; — M, 0)F 11 #
BwhF o EFF R 42 BIR 0 R TY ek Vjen Leer Xpj — M s & Hez it T o fdo] i
RARPER? ARG L EN E 2 o PlwE RS 2 P gwle TEAR Y o &
At Bamo BN ek Yjen DeerXpj —Ma f S 00 fEWRH 52 50 5 000 P
R g E ke B R XA o AT F U gt AT R Bl LIS 2 2 NP RN

el %%'J‘l i# * B i i JH Gurobi f# o

SFh N i A Mt BFHCA P R 2 U R iR S S

a4

.ﬁ-
e H A AFIRN A G 0 NGB EFE Y VIiENFE AT H P g nif 0
FGBI)TiEPFVIENFnIE LI S 2 28BA4)2LVIEN; JEDUN; teT;, reE KRl 5
n-(m+1) n-kig g8 > REH2N3E5D 2583B13)% 2 8318)2 | N #c R B &
¥

L—‘-,;J—_'é:'% —ktk\ﬁ;}’g_ v 144 ﬁj&_ '\‘(3 19)er—T :

3n3k + 3n%k + 4nk + 4n + 1 (3.19)
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re R - AT Y EE R RS E R U2 P IR R A 2 AR 2
(Genetic Algorithm) > B 15 B/ P i o P 2 fei¥ i A(TC) - AFiF &2 24
¢ Holland (1975) #7441 » B 7845 5 & K ARR L% 30 & BARS - dode i F K Ja B AL~ %2
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S AT R ERF 2R R TS 0 R R TR X AR TR

L

-
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Mo AT HRI - BEHRZY B BFLI 2 ER > TwiE23 431 &¢ 15 @
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YL E IR R BRI R AL TR K AT B kAP R AR
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ﬁﬂﬁﬁi%ﬁtbi“aﬁtiﬁﬁ%iﬁ"ﬁi% BofRARFEINRZIPF  HFLEEF1C DAY
PE RBEE S ZAGHI R AiE s T HBPENT R R P EL

A N2 R PIBRA N R IR B R ot R R RHFRAFFE 225 2

BEBLER S B SA N

32



S EAL RS AR

fiﬂ

&
EHREFIRY
RE2L QS M
| — oo ----
I \ 4 \ 4
I Y = Y .
P B e PR e
(I i*
: % l g l
= P2
:g x % Bl 2%
L | |
?\: iﬁajf'-?g
{ 78 B ik 1y \
hgg o ey [ AR

W 4.1 A TR 2 E R

33




AP TAFIFE M2 5E NH8 4] &9 it > ¥ 42 81 & 1 BRBLAE
Bgih gt a MY ATIFE 2 EE S e 50 43 &9t #3F P I EE K
Boe SR E AR AT TR D2 FREF RS Bts 45 EEP AF T AT E E TR

* 3 Q,L,’.:gfioa
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IS

TEMARMATIFE R AT R B33 2 #0601 18 AR E

Bh(n = 18)2 3 B A T (k = 3)ik (TIP3 Hefp b5 T A 31 2 Sl § G E A RSLH]

#2o#3)2 4 41 R IS F B 2o d £ P 2 AR R BATH L T iR B
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30 vs. 40 0.6796 aif 90 vs. 100 0.2805 aii
40 vs. 50 0.1080 aif 70 vs. 90 0.4883 aii
50 vs. 60 0.3051 Z4R 70 vs. 100 0.0065 yJE
60 vs. 70 0.0416 e 80 vs. 100 0.0298 yJE
70 vs. 80 0.7289 Z4R
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i p-value 43 X2 5 e p-value kBB
20 vs. 30 0.0355 R 60 vs. 70 0.1265 £ AR
30 vs. 40 0.1695 #£ AR 70 vs. 80 0.2642 £ AR
40 vs. 50 0.8220 #4132 80 vs. 90 0.0240 R
50 vs. 60 0.0003 ES: 90 vs. 100 0.6798 £ AR
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%7 WEkE | FEBT 95% iz | R4 WP | #riT 95% 2
i p-value KBRS e p-value ki 5
20 vs. 30 0.0024 R 70 vs. 80 0.6225 #4132
30 vs. 40 0.5694 & L3 80 vs. 90 0.1935 £ 43
40 vs. 50 0.0045 R 90 vs. 100 0.6342 & L3
50 vs. 60 0.2085 a4 50 vs. 70 0.0010 ES
60 vs. 70 0.0750 a4 3 70 vs. 90 0.0294 3 £ 3
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s ~ 3 RYEEL YIRS Ly
2 A21 1 2F R EWRB TR 2B (n=37)

REH FER REP FEYN

A E ;zkf_a: Sk 3k ;ﬂw_a; R
1 6874.13 6860.17 0.20% | 12 9027.20 7799.50 13.60%
2 8637.40 7490.40 13.28% | 13 6086.03 6066.20 0.33%
3 6412.90 6049.27 5.67% | 14 6183.37 5746.83 7.06%
4 5495.47 5631.47 2.47% | 15 6921.57 6369.47 7.98%
5 6813.37 6096.03 10.53% | 16 7110.83 6661.33 6.32%
6 7557.93 6537.93 13.50% | 17 6269.60 6075.23 3.10%
7 5444.63 5368.30 1.40% | 18 5924.57 5640.37 4.80%
8 6712.77 5697.83 15.12% | 19 8555.40 7545.67 11.80%
9 674133 6191.00 8.16% | 20 8167.43 7139.20 12.59%
10 7081.20 6521.20 7.91% | T
1 6112.50 5289.90 13.46% | 3 20048 sited 7%

%2 A22 3 2 REHRDTHE 2 I (n=43)

_REd FEd RERP TEd

i ;ﬂxfi ALk - ke :fog i
1 7120.20 7172.97 0.74% | 12 8923.17 7980.60 10.56%
2 9462.23 9105.67 3.77% | 13 8629.00 8449.63 2.08%
3 7847.80 7005.80 10.73% | 14 8508.10 7794.97 8.38%
4 8052.83 7748.57 3.78% | 15 8572.30 7797.30 9.04%
5 8283.27 7531.07 9.08% | 16 7894.57 6814.17 13.69%
6 7297.23 7128.47 231% | 17 7290.40 6900.20 5.35%
7 9421.30 8730.93 7.33% | 18 7791.30 7304.30 6.25%
8 9403.93 8929.03 5.05% | 19 6874.77 6251.30 9.07%
9 8229.40 7913.70 3.84% | 20 8277.57 7886.67 4.72%
10 9175.17 8592.73 6.35% | T
1 8578.30 8094.77 5.64% | ¥ 8281.64 773664 6-31%
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% A23 3 &% R EWIRIFEE 2 Ed (n=49)

RERF $Ed REd $Ed

xR iE ;ﬂ&fﬁ_ ;i%dﬁ'& & RE ;d\i_ﬁ_ &%ﬁ.ﬁ
1 9234.90 8385.10 9.20% | 12 8865.73 8947.20 -0.92%
2 9650.30 9344.13 3.17% | 13 9436.50 9253.33 1.94%
3 9989.17 9588.83 4.01% | 14 8808.60 8257.90 6.25%
4 9987.87 9413.63 5.75% | 15 8494.37 8121.30 4.39%
5 9648.70 9353.23 3.06% | 16 9536.83 9106.00 4.52%
6 9496.60 8811.83 721% | 17 10047.57 9604.63 4.41%
7 10292.27 9936.63 3.46% | 18 9749.27 9652.57 0.99%
8 10935.43 10158.53 7.10% | 19 9434.13 9106.70 3.47%
9 10233.20 9915.03 3.11% | 20 7930.00 7865.80 0.81%
10 9595.53 8969.07 6.53% | ¥

9546.51 9164.80 3.95%

11 9563.30 9504.50 0.61% | ¥
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FES R T F &8 LiER <1

% A31 3 £ EREBEFESZ S (n=37)
3R RBEE H B 5% BB HF
[ ¥ = N [t XA E
san | nam AN ey | ey | sse ey | er
# () . # ) iR ) ) WA
1 6979.13 221.73 0.36 | 6881.00 146.33 0.70 1.41% | 6860.17 182.53 0.76 1.70%
2 7503.50 182.53 0.35 7463.90 143.50 0.71 0.53% | 7490.40 165.83 0.76 0.17%
3 6070.07 233.70 0.36 | 5995.93 168.50 0.71 1.22% | 6049.27 221.40 0.75 0.34%
4 5682.00 242.17 0.37 5636.00 225.73 0.72 0.81% 5631.47 220.03 0.74 0.89%
5 6110.97 229.13 0.37 6150.50 176.47 0.69 -0.65% | 6096.03 181.07 0.76 0.24%
6 6801.50 245.63 0.36 | 6524.47 223.87 0.69 4.07% | 6537.93 221.03 0.77 3.88%
7 5506.80 197.57 0.36 | 5451.27 190.57 0.70 1.01% | 5368.30 182.80 0.80 2.52%
8 5765.83 236.20 0.36 | 5681.30 170.17 0.71 1.47% | 5697.83 183.80 0.76 1.18%
9 6276.23 205.83 0.38 | 6195.23 239.27 0.70 1.29% | 6191.00 184.30 0.78 1.36%
10 6652.37 206.83 0.37 6487.87 181.03 0.70 2.47% | 6521.20 150.13 0.80 1.97%
11 5549.20 248.10 0.36 | 5445.93 205.50 0.72 1.86% | 5289.90 244.13 0.78 4.67%
12 7883.33 247.70 0.36 | 7828.43 130.60 0.69 0.70% | 7799.50 166.77 0.77 1.06%
13 6083.57 215.50 0.36 | 6029.83 168.60 0.70 0.88% | 6066.20 193.23 0.79 0.29%
14 5876.40 249.67 0.36 | 5675.63 176.47 0.71 3.42% | 5746.83 195.83 0.77 2.20%
15 6486.97 222.17 0.36 | 6394.60 168.23 0.71 1.42% | 6369.47 140.20 0.78 1.81%
16 6770.87 207.10 0.36 | 6671.43 158.87 0.69 1.47% 6661.33 138.13 0.77 1.62%
17 6179.57 238.83 0.36 | 6144.20 212.77 0.70 0.57% 6075.23 207.40 0.77 1.69%
18 5659.17 205.57 0.35 5669.20 178.47 0.70 -0.18% [ 5640.37 193.37 0.77 0.33%
19 7671.70 210.07 0.37 7485.83 138.00 0.70 2.42% | 7545.67 171.23 0.78 1.64%
20 7278.07 208.87 0.37 7134.37 158.80 0.70 1.97% | 7139.20 117.00 0.77 1.91%
=
15 6439.36 222.75 0.36 | 6347.35 178.09 0.70 1.41% 6338.87 183.01 0.77 1.57%
[38]: F AECLFER LB FRIEF 2 A B R
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% A32 &Y HROF BB (n=43)

3T R ¥ 5B H SR 5 W BT

saw | nmm | M | sas | nam | PP |Gy | sea | aam | M| oy

poo| BT po| BT | wn poo| BT | wr

1 7255.03 300.87 0.44 | 7189.17 219.10 0.80 091% | 7172.97 228.60 0.91 1.13%
2 9209.37 314.77 0.43 | 9042.90 169.27 0.81 1.81% | 9105.67 244.40 0.94 1.13%
3 7004.97 333.67 0.44 | 6959.97 227.53 0.82 0.64% | 7005.80 235.40 0.92 -0.01%
4 7779.17 326.63 0.44 | 7734.33 214.33 0.81 0.58% | 7748.57 258.47 0.94 0.39%
5 7693.67 313.03 0.44 | 7601.93 272.20 0.80 1.19% | 7531.07 283.87 0.89 2.11%
6 7198.87 300.50 043 | 7027.83 203.40 0.79 2.38% | 7128.47 223.00 0.90 0.98%
7 8971.20 350.07 0.44 | 8772.73 228.53 0.79 221% | 8730.93 211.90 0.87 2.68%
8 8939.93 246.23 043 | 8851.33 194.33 0.80 0.99% | 8929.03 196.97 0.94 0.12%
9 8003.87 331.70 0.44 | 7899.73 226.33 0.79 1.30% | 7913.70 269.17 0.90 1.13%
10 | 8752.87 266.67 0.43 | 8635.73 162.00 0.79 1.34% | 8592.73 222.53 091 1.83%
11 | 8259.10 281.33 0.43 | 8074.87 209.37 0.79 223% | 8094.77 187.43 0.92 1.99%
12 | 832523 290.33 0.43 | 8067.20 179.50 0.80 3.10% | 7980.60 197.77 091 4.14%
13 | 8581.13 303.17 0.42 | 8499.17 242.83 0.82 0.96% | 8449.63 237.90 0.90 1.53%
14 | 7899.17 299.47 0.44 | 7804.47 236.97 0.81 1.20% | 7794.97 173.60 091 1.32%
15 | 7918.50 253.10 0.43 | 7866.90 208.43 0.80 0.65% | 7797.30 241.97 0.91 1.53%
16 | 6901.10 317.17 0.42 | 6800.30 191.37 0.81 1.46% | 6814.17 209.77 0.94 1.26%
17 | 6983.00 323.93 044 | 6921.57 254.43 0.82 0.88% | 6900.20 252.13 0.96 1.19%
18 | 7354.27 296.47 0.44 | 7259.90 193.97 0.80 1.28% | 7304.30 221.30 0.93 0.68%
19 | 631143 303.90 043 | 6301.70 211.33 0.82 0.15% | 6251.30 237.60 0.95 0.95%

8010.27 263.70 043 | 7920.03 229.97 0.79 1.13% | 7886.67 191.67 0.91 1.54%

7867.61 300.84 0.43 | 7761.59 213.76 0.80 1.32% | 7756.64 226.27 0.92 1.38%
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% A33 2 R HROF B (n=49)

3T R ¥ 5B H SR 5 W BT

saw | nmm | M | sas | nam | PP |Gy | sea | aam | M| oy

poo| BT po| BT | wn poo| BT | wr

1 8556.93 327.17 0.48 | 8450.17 282.43 0.90 1.25% | 8385.10 264.90 0.98 2.01%
2 9556.57 378.87 0.47 | 9430.03 267.10 0.90 1.32% | 9344.13 273.57 0.95 2.22%
3 9784.87 336.43 0.47 | 9580.63 243.63 0.87 2.09% | 9588.83 225.93 0.96 2.00%
4 9664.63 347.43 048 | 9451.23 248.80 0.87 221% | 9413.63 237.60 0.99 2.60%
5 9449.47 362.73 0.47 | 9342.87 258.13 0.87 1.13% | 9353.23 262.63 0.98 1.02%
6 8973.10 330.83 048 | 8825.37 246.90 0.88 1.65% | 8811.83 248.03 1.02 1.80%
7 10071.67 325.20 0.50 | 9917.53 240.60 0.87 1.53% | 9936.63 247.70 1.01 1.34%
8 10445.30 285.53 0.48 | 10206.80 265.57 0.87 2.28% | 10158.53 247.67 1.04 2.75%
9 10208.13 324.93 0.47 | 10037.63 233.30 0.87 1.67% | 9915.03 219.13 1.01 2.87%
10 | 9076.13 383.63 0.47 | 8918.70 265.50 0.87 1.73% | 8969.07 233.67 1.00 1.18%
11 | 9550.13 353.63 0.48 | 9525.13 225.78 0.87 0.26% | 9504.50 187.30 0.98 0.48%
12 | 9134.07 305.37 0.48 | 9002.70 236.70 0.88 1.44% | 8947.20 254.63 0.99 2.05%
13 | 9334.20 328.10 0.48 | 9246.03 241.77 0.87 0.94% | 9253.33 240.67 0.99 0.87%
14 | 8396.07 340.37 0.47 | 8258.80 239.10 0.86 1.63% | 8257.90 236.73 0.98 1.65%
15 | 8286.93 352.53 0.48 | 8093.20 250.40 0.87 2.34% | 812130 265.37 1.00 2.00%
16 | 9358.40 332.23 0.46 | 9197.50 198.47 0.86 1.72% | 9106.00 256.63 1.00 2.70%
17 | 9842.83 324.70 0.46 | 9641.07 272.03 0.87 2.05% | 9604.63 213.67 1.02 2.42%
18 | 975433 351.57 0.46 | 9655.77 236.47 0.91 1.01% | 9652.57 267.13 1.01 1.04%
19 | 9223.77 345.67 047 | 9132.83 250.10 0.89 0.99% | 9106.70 260.50 0.99 1.27%

7967.57 360.40 047 | 7697.73 282.70 0.90 3.39% | 7865.80 268.40 1.01 1.28%

9331.76 339.87 0.47 | 9180.59 249.27 0.88 1.63% | 9164.80 245.59 1.00 1.78%

DA
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