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ABSTRACT

This study aimed to examine the elder drivers’ learning effect and workload
through a driving simulator. Twenty subjects, including 10 elder and 10 young
adult drivers, participated in the study. They all had valid license of small
vehicle. All participants drove on a simulator and the same driving route was
repeated 10 times. Each finishing time was recorded and the workload assessed
by NASA-TLX was evaluated after the first, fifth, and tenth practice. For each
participant, these 10 data of finishing time were used to calculate the learning
rate (p) and theoretical first finishing time (T;) by means of regression.

The ANOVA result showed that elders had significant longer T;, but
learning rate (p) and workload (NASA-TXL) between elder and young people
were not significantly different. Interestingly, the workload decreased with
numbers of practices. Especially, the decreasing amplitude of workload of elders
was bigger than younger. And the workload of female elders was much higher
than others. Understanding the learning effect could be helpful to trainers in
determining how to allocate training resources and/or schedule practices so as
to optimize the training effectiveness. Notably, that of elders having longer
finishing time should be taken into account while legislating regulation,
designing vehicle, and any actions for safety considerations.

Key Words: Learning curve; NASA-TLX; Driving simulator; Elder drivers

18 H K 82 e E A IZE T%1%  PldastE A i (B SR - ARIZ G = BH] 103

T A TIHEBRASREERT | #5621 0RHEE R - 2298 65 Ll B ATITNEE 280 A (#9/5 11.99%)
U HAEPEGER 102 4 T ACBGRIEE « Tt EELRBIR , Bk » B 107
RS e E R R (B 14%) 0 B 114 e A s
20% » EAFRE#ETEE (super aged society) ™ o 534K 97 4 T kit @IS G S LT
S | SEEAIE T 0 65 B A LI 17.1% @ E ~ 37.20% @y ke e + {H 45 A
65 BRHIE 52.1%@BHE  76.4% e EtkeE P 5 JBEE A IHSRERAL » 40~50 BRBEEIS K

IREZNR - HEHBE A BRI R R R AMRREGRE DGR - v Bl E B s H 2B -



SEEHERAZ BRI BL YR REEE AT

TR B S T 102 4FSEISAS B B B AT ) $EET0R » 2B AL
SERASBRRE S 1928 A » 65 5L F it S RESmEHEHEEEE 555 A » H
FET- A8 28.8% ; BIRIASEEHIECHE 4 Nt 1 602 65 sibl L - B EK
BSOS 65 LS S S 15.91% SRS ER (ER AR
A8 (B A)) B2 0 T60~65 B 5 198 A BEERAFE0R 1.02 fF - 1 765 BRbL L | huie
B 112 {1 » IR T30~A0E 40 5% 5~ 40~ 50 5% 4 K TS0~ 60 5%, % 3 fHELE
BEAHER (0.80 ~ 0.82 K% 0.88 £ ™+ [RIHLHEF T e 2 A BB » A5 HLN T -

B % AT A B B e P B S P R B S TR B
le rEBhe T EEIISCR ©F; (H S A AR B SR B R R )y R B
W B AL TS « IARTIFCE LB A (learning curves) 3 bl s 4 BilsE
A BRI EAER A IEIFIFB R NASA-TLX (task load index) EH#HEfiEFoK
i B R RS & (BT B B R B R IS BB SRS » (R AR e e
BERE ks 2B HER -

2.1 SHIEEPEEN

RIEB T BB © SAE e S R - TR 65 BRLL LSt e H EE M
SEBE TR T > 7.6% NFRE QBB EHINGED) - 53H 19.7%0 NSRBI H
SMHTAE » ELETE S RET B e A EL B i RSN I+ SRANASEES T 4E A R B
PSS ) HEETERIEEUR © SleE (60 BRLLL) A TREE R ASLLLEIE 96 4 9.08% - FF
2 102 4 14.98% 7> FIHL A L - YR B R AR S - S R - ek A P 4
AL 1986-2007 £ A BFHEIC IS S B IS B I S AR | 2k 5E
B o 5 56.18% 5 SRS ECEMEERET - KB 100 4E3 102 4ER] - 2EFECH
TEERITRGE » 65 BELL_ERE B ASEL. ABHERTTE 25.3% %) 28.8% » HELBIZET S -
DUFATR, » Sl o e Bl i B B o

FE B BB A B FE B E S E FITIFSC 7T » Lee S A OV 4E3E 129 4 b 231 T RE Bt
P B B B PR B B AR B RE SO B TR o S S o 2 R A B A R L TR AR
(R*=0.66) » HLERIHEE BB AE ] LIt B E B BIGE ) - HANShE S B e B 202 )5
(SR BAELARR 7 B B« ] RSB B R il 2 R B B O BB ST o - A E s e s 1)
HET 65 LA it 22 B R 5 ER RS » He— ik 30~49 BT H-AE AR Bl % 45% ; BR1-dF [V
FI R PHEIO R T 20 BT R Y B SR RA A A (R B B o T R 5 S FE - 38
55~65 s FEBINEE IIHEMER AR E - BioE i Y R RO E - R
AT R RIS E » S5 SR 65 Bl - il et 2 B T B B fC JRERRE T4
RN - HAEBEERE -



EamstEEF Fwtask F-H RE-OZF~A

S A P o R B s B R DR B R L R R - iR R B
Bl H 2 HhRGER (S BUEIR) 5 8 H - DIANIRAL ~ 2.2 8 Bi-RSCRRr A LLis B
JIR » AESREEURER T AGE 5 S TALIREE ) FIEESN - HEREH R EE A B
W - SRR A MY SRR R R 4 SERRERI S ER - WLREIIRIH
SERURF AR E R BIRE T < D - S IBE Bk H A R SR KT 5 - BB SE Rl m]
ML R Blme TR DR -

FELElINE - Bl - 1B  HANRBZRRANTIEE - SOEBI S ERETT HARRAL
S B R R B - BB BIAE TR0 L B D RE L B AR KSE (sensory) ~ BB
(cognition) ELLERMEEE) (psychomotor) #5775 o RREELIREANH ST ~ BES T GEEZALIMTIR
FeAIThRE RN ) » RElR B EEERE )y - th & REE SRR 5 SEBITIREAN FERT
ek g 1 Bl S E e R B B R TS - SRR
BER BB - Ky ~ EEREME ~ R I RERE IR - MORF eHER R =l BRPF
BRI - AEMHEESRER BB TE T - Ho R R AR -

22 DB

BANHE (learning effect) WFE R iRERRUJME (experience effect) EE27HIH G (learning
phenomenon) » J2¥8 A BRI T EATEESERT » (FSERT TR R B8 & BE TG B K B i
BRI S - AR AR R 35 (learning curves) o FREHEm AR T 1936
F1 Wrigh' U9 $21H > Wright B1E2 8B E FReb U A4 ARG - FSis e AN | 505 TR
HOVFSERF TSR AR A 20% » T 5eEES 2 2 oL A e 2RIV ESERF A2 55 1 KN 80% » 55 4
R E2R LIRFE A 2 2RI 80%DARIELAEHE - LB TERE Rty 80%IIEAE R - Bifi Ry T 20%I1y
e U7 o s e s R BT 7 A IR R B T 2 S PO S R o PRI — 1R 4%
Hh#R

e 1936 47 Wright #5555 1 REEE IS » B HFARAET R RERS A
AUt - B RS A A R AR AR X B BE L BRI R - W AR RIRYBREEIR DAL ff
FE AR » Anzanello Efl Fogliatto M'®! #HH H 4y & 407 (log-linear model) ~ F58fE
%I (Exponential models) + EE[i#AfE (Hyperbolic models) 22 fffti% » ifj Blancett " HI|
R S R A bl e L P A i B2 5 AR AR AR = IRl o R PRI R A
VRS2 EAESeR » HEAMEE Vits Bl Gelders ! J Globerson % A P! S5k S 1550 )
JRAPRET N TARSEAURE By LI CA SR R 5 - AME SRR 5 H S e ez - HA
RAH -

T, =Tn" ()

Hrh
n: EERE



SEEHERAZ BRI BL YR REEE AT

T, + T 0 KAEP G

T ¢ 55 | KAEFTRER

b fFHEM (—1<b<0)-

Tig=2" AEHRRTH (eaming rate) - (RRAEHESEHPTTRHI IR MBS
3 FAI (1) MERSC AHRIEAS Q) LATLRIEEES (inear regression) 7t
SIE] LB -

T, =Ln(T,)=Ln(Ty) + bLn(n) =T, + bn’ ()]

BTN IR SRR RTE R (practice curves) » tHL B RTAG A BEEHT T/RREKIH
BOTE s BRI S i3 5e BV 2R F) R SO T SR I s A = T O F ety
BEVZ » AN TIFEMERLE M THIEA0ETE © SR MR IR T - ATT
BUEHIE] ~ FTHIRE]  ENEERBGTAL - ERIRES - B AHIET « FERE YR H
TEEAR A SRS (FESRCHIETE - B YRR A B P T O AR B WS R 2
JE g T

EAEENE » BE T LS Bk (cognition) FIBE{EFLAE (motor skill) ELE RIS
5y 5 KBGOV ST RS W B SRR E FER R R 43 » 1R/ (s B A SR 1 7
TEERZETMIE.  Dar-el %5 A P $5H - Sk —MIMAORRAI B BRSNS - HEERN 07 £4 5
ERRRUER B FEREAER - HIIEE 0.9 245 - TR E RN - RFFUAEERIRR S s
HHEE R - (TR S ERRSE T A A FRHERIET Sy - Wi E
PR ERE - BT R (BRI AR R 5 2 AR B A
EEGETRE - BEEER TR (BEREEKR) CEIFRASEERE - IR
SSEE N 0.7~0.9 R - Fil40 » Konz i Johnson ) FFS2EET » HN RIS/ NESE 1~
EARE, 0.74 ~ SN0 T Ry 0.83 FREIHA R 0.89 5 53 Reid Bil Mirka ™ 7 F 2275
FRETAL FRS O P M ERERNAEE A5 R R 0.83 -

T B B A B BRI P A B B L R SR BT » 41 Sahami 52 A P52 0 DU RA
AVAR(D) FERPZAB N IR TR » BT B & AR R 7 AR (4 U S e 175
J& » %48 Sahami Bil Sayed " #E IER EERRTME T3 (RS R RN 8 B
42 SPECERAE AL 5 SRS R IS B Bk B - HL SRS LY
5 5 Ronen Bl Yair ¥ Ff5ets HH EEERRTAGMTERE EY - WA [EREA 3 E I HIFERS TR A
SRR o 0 1 b AR B AR MBS - BB U PR IE R I BR . s e i
BEBY - RS EAPGRIERIELEITIER 5 - (B3R FE BRI SO ) 2R R e
FERZ » AER BB R e & B 70 PR A R i 2 R B i B B R SR S R Ty AR e Ty

BEEZAL » AN 205 S R TT iR I ~ AR B ~ RIS 284 ~
RS 7T P Sk D FIIEREL (R R P 4815+ (o7 A B J B2 B BT RA L, » S e
[ 5 BB (RS - SESEUUB R e i BB RN AIRE ST P o BGER EE EE E e R



EamstEEF Fwtask F-H RE-OZF~A

TEERE LR BB Ry 21 L B - ANER SN EhERERRE T - mle B VBN FRIR LA
A BB E AR R R R U (B SR e R
EFERERTBIERRE P SR BB R R IR E R A N iR T 22
B3 411 Dorbath %A Y HISeRUR - Ml EERATISESRRER IO - (BfESERIK
BAREEE R - D RE ML AGEA > IRIBHAS e F B AR AR R B e e« 22
B R LR 2 BRAD -

FERE BRSO e B BRI B BIRE 1 Z [RIIRF - AW 5T B — Rt il
A PR RER LA B B RS R FE R B2 38 « ORI /e RS Rl B P RE R (LAY
Ry - R BIBLEERS < SRR - R () REEREENVEREE - HeE sl By S
Hrllskieftas | - DI deE Sl B

23 E¥EaTH

ANFRIE R (WHERURES - 3% - SA8RAE ) ~ AAiBEE ~ ISR TR HIRE
A HIRE - BZITEEAR (workload) FIREEAf A BRESGE G » ANEIS I LI
BRI Fedliai + ERRITEE AR AT RE & B A BAERCERGE 2 - AN - R RIEEEAE
REJ TR S B E - $FE A B —E AR AR ST - B N BRI REAL
HHI A RAREE T E 5 BRI E EAYZE - BT LUE G ARTRAL R T RS
FLEHEEY » DR A ELE -

BB AR ME S B I E RS - IR BRI B fE/FE AR &
b FEUHEE (subjective measures) AGEIKAEHRHE X ~ A S B - LSzl
FR 51 » HGEC A 2 R R B g A B e Hart Bl Staveland P! #2H —2= &l
Ji##:E NASA-TLX (national aeronautics and space administration-task load index) &3> 3
BHESE A B 6 i » 23 Ry 7K (mental demand) ~ #8775 K (physical
demand) ~ BFREEEK (temporal demand) ~ EEGFERE (effort) » #FTFERE (frustration) ~ B EL
W= (performance) + 37558 -3t 6 {8 i) .2 BT A2 BE KoAH A A e L 2 REER Nfea T3
MmiGHERAmEE - HtAfERCHEE AN EHSEERCETE - MEERE
A BT A BE B O B A T T s FE B S MITFE % Ll NASA-TLX B Feskfir & 0 &l - 5
Fétima Pereira da Silva"*! $HF B BLLE ETIEERT » 3R NASA-TLX 2 —RREiZ4i A -
HEGRUE - BUREE R ZHMEFHETH -

CUEFFIISeHs NASA-TLX 5235 F A s e B e it 5 fassmbilsd g s
<o Y ] B R R ) B A = A AN (BT B v IR R B P A8 P R S T R L
B 55 PR 72 58 5 Jahn S A U0 FE SR YS o T B 3% 0k B B P TR 2 - e
Kim g A 1 S0l E PO SRR MR TR A 55 - 3500 NASA-TLX B flir Bl e
s TR BUEREZE A U JRLL NASA-TLX FHE AL 5 SRR & fE5E i Kalllk
AN Bl SORRER NASA-TLX ¥ B FEI MR A fa i il il B m ik -



SEEHERAZ BRI BL YR REEE AT

Sanders £ McCormick " $5H 1 S35 Ky 0/ B A - BEH IS Pk S 17 Ry 1B i
Bt - I BAERAD EBSHIEDL T - MRS ITR - Patten SEA ™1 SEHRH -
s RIS A] AR RS TS AT B IRV E R - SRS RS Bl B AR R e BT ER
TR SR - FLWFSes R B - FE Bt S S B T B RSB R ™ - 1T Lecuwen
A IR iR B R 3E TR RS B SR R B R B TR L g R
NASA-TLX 7£ 3 KA/ BRERE s B8 s - b AR KB I R S i -
HORWTFERE L NASA-TLX Igtfiff il BRI A AE R B SRt an R (PR A By e s L 1
T& - s i SRk HERR - BEZRE BN - fESEE AT NASA-TLX FEZRHE - diE—
DU mli E B A C B2 - REDUE RN B B RESE T -

2.4 VRAREE

fa SO A AR A DA b #Es - HIREES RS e e - 2
(Rl R A PR RE 2 LR T (R A Bl e 2 G TR - BRI S TS E R FE Bl AE
TR B R ANRR - (R B B RS B R AR ~ B A Ko B ES ARy BT
A FLEARMHEERT - B nT R BEER B — R EIn R — K ESIEE
i RERE R MR B H P A B SR iR E R BB 2R B A 0 T RREE EACHY
W SEREEEBEEHRENEE ML - SEFE I H&RERE EBRE RS
23 > Wk A D E AR SRR Y -

FEE XA R B2 RE - SRS AR ANBYERE] (cognition) 275 Bl B /E L BE
(motor skill) B2 7 SERIGRRARIY LR - (WA B RARE AR (B RN Ry
BRI EIER AR (BRI E) MR o hAEHER 22 B B B R 1 B Rl
WEL BT R BT AR FeEEET F i - iR R « BRI
i~ BERRERTER BRI R B -

WABRTAL SRR - A e R iR S A RERIZ LR L - BIEEREIVEE 1 RIEERF
[ (T1 @ REE TR SRR KRR AR - MEBEE AR (NASA-TLX) 7R
HIFEE R X B IIMRRAK - SSARTE LI E R (learning curves) AU REEBIEEE Y
HUERTESR » N g e e BRI A B B Al o B 22 B > DU Ry AR K BB BB 5 23 3 ok
EEEERE) )2 2% s el B -

= MHEFGE
31 BHE

AWTE EZRGT Re E BLAES AE RS B e T i < SR B S e 22 B - A2k
HEM/NEHEERESRRER T CHEA 5 DL EERNSE) el Es2Enk



szt FEF Fwtrg HoH RBE-OzF<A

BIRRAFFAFIREEERIRERE 65 BREFES - Hralets it R KRR IR B H AT
AP TEBITRE - 55 Rml i BRI - ARl s BTl Ll 6043
Bk EEH A -

ERHASE A3 20 A HPEsbaEsg (735 50 Bmle (K960 %) %5 10 A i)
FOBIER A 0.8 DL HIROE - JEREIRESS © MR  CBW s E R LU B L
BN - A EARBRIME TR 1 AR -

x1 ZHBEREHEEIR

FEA il (FF) BEEE ()
=l (5N 62.442.7 29.6+7.4
=liz-20 (5 N) 59.442.3 23.449.0
-5 (5 AN) 33.843.6 10.414.9
-2 (5 N) 33.6+3.3 12.0 +2.7

3.2 BEuG R

ARERGHR 2.5 R " 2.5 ARG ERE - BRI RGCE R
R 2622C - BEZEABREAEAT HAVERSE NEITEER - MERINERSE N R B SR RE - B
N L ERE S R R B ey < S THE RS AR - 2 THR HTC ELEANE 1 Fo -

SR -
-
B -
4 | E
: =& i
. - 7"{,.@ N
87.3° 5
24
% ¥
— 40| . 1 o
uﬂ T ] l JTF
zsa}K&%u -
131 ~
N AR ~
.
\ ——
T
-
i s s HhiE >l 160cm >
(a) FbilE (b)

| BEREuELEE

AT BT AR BB s B R B BB R o R o Ty =KAoy



SEEHERAZ BRI BL YR REEE AT

(—) ~ BT G 25

FAEAUST Ry Dell Precision T3400 » /F Ryt 5t B BEEREEAY RIS - HERHA Intel
(R) Core (TM) Duo CPU E8400 3.00GHz » {EZ %M WINDOWS XP SP3 » #iEhR
NVIDIA Quadro FX 570 » & #% 2.0 GB ©
(D)~ L E (BRERELIR)

HU%EE HITACHI CP-X400 » #45 220W UHB #3531 » 3£ %] 3000ANSI JHREHIY S 525
WM E RIS (Matte) AR RST (RS ERE) FBl 162.6 25315 121.9 353 -
() ~ EBEBYE 2 (& 2 FiR)

1. BERFESE 90 28N ~ FEFE 52 1Ny JIaE ARy 24 N4y -

2. NEMARMERS) 25 /053 ~ BE 45 1053 Hrhssfeg e B IA TR - (H ] iR aREE 15 53
BB A AR P TR 4 2257 Bt DU A B A 7T BT n] A B e Y 3 e A i
ISR TEE R EERE - HARIERE Ry 65 /250 » IR Ry 46 057 » B REfLET
BB MEEfTEE: -

BEUN Y
(2) FERLE (b) SRS
2 BEEHR

33 ERBERMIE

REBR DU = Ry AR i - BRI S (R r e ke 2 fEfaafii - i
[T R 840 AR - BEEREEA) 6 Ul ; BrEEMRRy 540 DR - TR B 4 %
iE - A EERESAREEERY 1380 AR RN M At - ARG EATE o ERRT TR
wRasea TR 2 (A 2 {7 5 SOREIBG SRl L R B TN - I RIREE Ry
05 () K - RPN ST BGE R 28 3IRDL (AIEREHE TR AT AZH8) - DIBERE R
BLEsDL - BB RS Bl AR S = S ANE] 3(a) B 3(b) A ©



st FF Fwtrsk F-8 RE-OZFSA

AT B A R E R B RES 1L AR AR SRR SR S Ay - QIR
A E R ERRRE TSR ERE - BERARE T BT B ITEERERE - SR E R
EH R R L IHPTER] (NSE R E) RSN (PSR IERR - SR FFE IR ELE
) > AEASERCCEMN (EEEERRE] - e AGETTHERGRE) - FEBLE T SHgES T 10 1]
GEE  EGAE R R - BIRHENG SE iR R B B MRS A
L& - EhEmiRE faan T
LB B e H B B - W B B RS JIH R A ARAE R -

2. HEE A BASGAEEI TR E R ERR - SRR RE S mii RAl - 52
MERERERT M ERET TRE -

3. IEEVEBRR - SEA B IRt h SO TR Bl - JOHEREER 10 [nl5 > WACHRERIA5E
PR (¢, 1=123,..10) » FEIGERARPAIRIRE 2 708 - DU B siE SRS

4. SEREE 1 a5 ~ 26 5 [l S BES 10 [R5 - Y RIHEES NASA-TLX 85 -

(a) EXERE (b) B

3.4 BERRGETIBEFEIE

ARWFEE e A 32l E C BB SE IR (¢, 1=123,..10) 77 ABE AR
(2) » U DA BRI BR A BEHE A 2 — ST BRI (1) R (4=2)) PG T ¢
Kt NASA-TLX LU T#kHE STATISTICA 8.0 ET TR ME#ET Bl BT (ANOVA) - 44
o R E S FIE TERRE -

ThgaE T R SIPIR it (nested-factorial design) » R EZHRET IR T (Rl ~ 4F
) BNEEBIERE R AR - ERIA T (B~ Z0h) AP (nested) FAEFERIAT



SEEHERAZ BRI BL YR REEE AT

L BIERT (55~ Z0) el (il ~ FRES) [R5~ IRt - SOl B IR il

BRI T2 B R ReaR A2 3 - BB TR /K YE (o) Jy 0.05 - HSIE BTG A
T
1. %8I -

(D) e « =i ~ FEEASLRIRKEE (levels) -

() R - ARERR iR T 5 Rl ~ FIATR L5 10 5 -

() B8 W E 1 IElE 5 5 [BlE R 10 [ml 5 - 2k 3T/KAE (levels) AT NASA-TLX
TESRAfTRTE -

(4) 358 IRENTER B Z T -

2. HRAEATE -

(D5 1 REEpHERI R (Th) @ (AFREEEHERATHERL <5 1 TALB5E R -

(2) BBER (¢) + RERAMERSE AT TR AIEE M TS 1y seg -

(3) NASA-TLX fES A et i « AAREZATZ X T RN AR - EHEHE 1~ 5> 10 (4]
G U7 R EE A2 RE -

MM FEREETR

4.1 E—XIERRTHEFE (T) RBEX (9

K235 E 10 [BIEHISERURF R E AR R A QR WIS B H R
FTPEl SRR - A5 5 | RSeHEERIH (1) KEER (P i Lt BB e
fiti Ty e g > DASAR (nested design) S EREMTHET T/ 4T -

2 1 RGERRE RS (1) & ANOVA FEREUR - i (Rl » 58 B8 1 Koo
amlRefE] (1) HH#ERZE (F(1,16)=17.088, p=0.0001) : /5 (258.2 BB RACFEEA
(1829 ) » BURGR SR fHERm  ZULIF A AT REE e R AR BBERE R e AT RER 1K
IR 1 RSERRERRRE (1) ZAER 5 TERITH - FIFEERHA - B T1 AR
=5 (F(2,16)=0.097, p=0.9084) -

EREBER (9 Tl - BHEFERHE (Sl > F5) WHEEEER (F(1,160=3.470,
p=0.0810) - thAFRmElcE MEAR A BIIRER(L - B EAHERA R FEE ST 5 AT
I A ERH A DS L B ER (f) IR AR (F(2,16)=0.596, p=0.5630) » S5¥f IR
Dar-el A P2 W52 » — TR S5 A A iR A S BN E R RS WA R A+ L3
FKEHGH 0.7~0.9 > AWIFERERER T i E NS ERGAEEEE - (el ER
SPEFERERR 0.87 TIEARE BB EE R B FRE 2 E - HPFREA (0.91) Mg E
fie# (0.85) Rl B RFE A LAFRMEE RN - HAESIRER AR A - tHR
BORPERETRIANR 2 FR -



szt FEF Fwtrg HoH RBE-OzF<A

K2 F1RTHRITFRERE (1) RBER (9 ZFRbMHETR

; T, ¢
PSE 7k HE \ ;
SEEE REHERE SEEIE REHEFE

2ol 220.6 54.0 0.87 0.05
_— FEER (n=10) 182.9 29.5 0.91 0.04
< ER(n=10) 258.2 46.0 0.85 0.04
- LM (n=5) 177.5 27.8 0.92 0.04
FERR* B (n=5) 188.2 33.4 0.90 0.05
el - 2o (n=5) 256.4 60.1 0.86 0.05
ik B (n=5) 260.0 34.0 0.85 0.03

IRIE _Et S BB ARG IR © FERIGRE (BlE ~ TPIS) B T GEEE R HE g HIfE

HMAE T Feg EREEBEE 28 WK ST il 70 e e i b Bl R T T Y TR Y
AW TR SR 523 0l & EIERSE IR T T 988 (BRHNER 3 ForR) » BHRIR A
(Q)HETTER AT - SEMS e B AR Ay SR AR P A K ATAFTR -

EAEH ¢ T, = 25870217 R*=0.78 ARG)
R ¢ T, =183, 01081 R*=0.69 At

X3 MASESERTAEFERNFEE T Ré

[ 1-10 AL ERRS2 Rk (7))
S = & T, | ¢
1 2 3 4 5 6 7 8 9 10
AFERHH 187 155 150 140 141 142 133 133 130 133 | 183 | 0.91
S 252 | 233 197 190 177 177 165 162 155 153 | 258 | 0.85

AR 135 1.50 | 1.32 | 136 | 1.25 | 1.25 | 1.24 | 1.22 | 1.19 | 1.15

bt e AR A S FIE R R BET 0.7 B 0.8 » BERILAERYHE A AWISE &t
BT TS ER AR SR — R SE BRI (1) ~ 28 b TR (42")
it < S E AR AT (3) 1951 H =258 F » b=-0.2176 > ¢=0.85 5 FFR&HH 2 SRR A
(4) 151 > H T1=183 ¥ > b=—0.1681 » ¢=0.91 > AHFFERF 1L — B iR < BUERHE A GE B fE
4 » FEAHAS B RS VS B RE S Rs A e R 2 B [ -

fEEl 4 23 > BIFBGRER T FREEIRGE - R-FEZ T QI MR mnlig - thAFRa]
F B ELD IR B R - PEEBRIRDERE I - SRR £ SR BRIk (F
FOAIE PR - the cognitive-dominant phase) » SEEUEEPUHGEE - L RAIFRBIfFERE FE



SEEHERAZ BRI BL YR REEE AT

(FEBTFFZHE R, » the motor-dominant phase) » HEFEATAENR 2 » HorhiplRiysE %
SRR Sl B BRSO » R E M/ - RIS E S
RIS - R TRBE IR R R TAE -

SItelE 4 Bl 3 EIEAGH Wl < ERRSE BN EIRF IR R L 1.35~1.5 £
EAR 10 ZGRE 1% - ZRERENE 115 65 » SRR A (3) B (4) FRHIBCHERY -
E el HBRERITRL TR (933 2K) Wy - HSgpRr s @ BT - (HERRATRER
BB S ELPEELUE S - AR RER 2 i R i B P TIA & - Rl ik
RN - WFRORRER AR A T - Sl T AR E WIS
TP~ B SRR CREAIERE - HOE D IR R AR - BETIIEL e AR A2 R
D 5 MRl E PR A AR - AR E AR E R B F AR SR E B - R
iy N ERRE BN ERRE R - (HHFIR R AR —E 2 - W& SERENRE
B A SR IR - ARG T =l A S E E KB PUERI SR FIIGRERE - H
REREEOR b JEGTEAIAINFREABIR - BTG L N HERIRESE - QR I ARYEZ e
EIFRRIIRE - DR el B BRI -

300
275
250
225
=
J. 200
|57 175
iE3 150
F'Eﬁ 125
— 100
» 75
50
i [EE (8|S | | Ee [ Es [E | B | s
1 2 3 4 5 6 7 8 9 10
— R
N 258 | 222 | 203 | 191 | 182 | 175 | 169 | 164 | 160 | 156
(B 3w PRERD)
¢ SR
252 | 233 | 197 | 190 | 177 | 177 | 165 | 162 | 155 | 153
(ETRRIERE)
oo MG
- 183 | 163 | 152 | 145 | 140 | 135 | 132 | 129 | 126 | 124
(B EmIRERED)
A R
Ll 187 | 155 | 150 | 140 | 141 | 142 | 133 | 133 | 130 | 133
(ETRRIERE)

4 SEEETIECBE MR



szt FEF Fwtrg HoH RBE-OzF<A

42 fEXBM

NASA-TLX MHEIRGRPEMET BRI 4 s - ABFERE NASA-TLX ST T SGIRIA 74
RHONTR - BIMER T (Sl - FRESHH) BHESERAREEERE (F(1,32)=0.35,
p=0.5613) » W HI I AMZRARE (Rl : 55.38 5 4FIEH @ 56.97) - AN [E [
G GE 1510 [BE) B NASA-TLX HIE#EEZ5 (F(2,32)=3.90, p=0.0305) » &#85%
HIF BB EATESS 1 [\ 61.17 N 10 [H15 52.08 - {HIEFHbE N GBI A IFH
RHN AT SRR (F(2,32)=3.33, p=0.0486) » ZRFILAC A IEFIAGELNE] S -

5 Rl B VA RN ERA - BEE R EERIRFR R S B - Sl &
iR B R YRR - PR A B L 2 BAHERSE - IFORHEE KRB el
{RAESRE S ArEVSCREE R AR - 1€ Ll S LIBTE - nlREMUR il Er A R BB R L
FHEGER R FAHERRAZL - SE IR EIE SR T A R B IR R R A R TE
I SRR R AT - (EREER T  EE  REAR (E E T - BETR A RF S AR R -
REZXRE R BHRIEAGE - D EETTERRA - EMEEREB & 5 s A
REST RSB SRt aR R VT T B R A e e R SRR e S B 1 A - i
JAHRET RS B R 2 AN [F) SR i O B2 T R Sy - T REEE 2 T TR e 7 BT A B B O AR Bk 22
LR - JERRERIGERE T R EfrE L o AT EER A IR R PR
MR ERIIR BT - S AR R e R 1 A B B L

FEMER TG - B F U REFN T 0 H) NASA-TLX A 2R (F(2,32)=3.30,
p=0.0496) - RIS E AR ZCMEMESE S T BRE R MR < RS - RH RIS ~ &
MR (S5 50.6 /e 2L 60.17 5 FFIEES 55.91 /4§84 58.02) » PLAURAEAE
MBS B E LAM I E S ST DS BT - S MRS MRS R B -
FELbIR ] REEL R 1 L BB SR  EBISERSBEG  BRE R 2 AR - SR BB s
LR R RS - NER A R B R AT R - BIGEME SRty 7 Bl B

b~ EREER

ARWTFE R iR e B AR SR R F A RS R - TR ER B R RRER 1
REEHERIREH (1) BLERER (¢) 2R REEBENIEERMEUEE - DUERS
E B2 -

B R Rl G S — X (7)) DRSS A - PR 720 - 4K
Rl RS - HENERET T b EE ST Nk - AT ER R - (HSle B AR A
TEERTER (¢) AR 2R - EREEMhREREE - WLRE R A (3) B (4)
PRHE R gl B BRI RS K B LT S M Se iR f] A SRBUR Rl L B RE Tl
ARAAHEGRALTERFEA - iErE 2 E iRt i Sl B A E IR IR A



SR E R AZ BB YHR

MAEXA

Ak

MZ R

"4 NASA-TLX iR R

ESER 7k HE SEHE AL 7
v 56.18 12.52
" ka5t 56.97 9.46
i s 55.38 15.10
1 61.17 14.27
[] & 8 5 55.28 9.35
10 52.08 12.28
_— éﬁﬁi 58.02 9.04
. I 55.91 10.07
AR .
_— roqin 60.17 17.01
ik B 50.60 11.56
1 58.03 13.44
A 5 55.87 6.18
10 57.00 8.19
ik AN
Pl E 1 64.30 15.09
= 5 54.70 12.07
10 47.15 14.04
65
60
=
F
« 55
(7]
<L
=2
50
45
£1E ESE £10[E]
| ——Egman 58.0 55.9 57.0
BS54 64.3 54.7 47.2
5 EIEEE NASA-TLX {EEERmAISE

W A e NREE I A - 1 B ER R R B R A R AR [ E - AR m i

HEas iR E_ R GEH LR R AR AT RIRERIOKAE - ORI Rl

B Z A N E R R/




szt FEF Fwtrg HoH RBE-OzF<A

AT T LB - AR R BERE T ARIIATYE LB 0E - R B IRER A AR B2 7 ) LG E]
TRE R - BCE 2 2Bl if < IN5R DAER T el B B AE

FE NASA-TLX {ESEE M7 - e Bl &l 5 i A g R ss » L
R feE A BRI AR BB - (RSSO SR BRI E R 2258
T ERRSVIERID 5 TAETER T - SRSl 2o M FSE A s B m R SR TR 3
g LHEEED ~ 22 REVIE - IAREBMREER I RIEEE I - Sl AN
H 255 TIRRHEE - CH e AT RS IR - HCE T i B2 e < B B B SR 2R
Jiltl - ATRERE RS R R E AT R B S R -

AW e R TR RN R - BB Bl R 75 SRR ] sl B A A 5 1fiAE
BERES) Ll E AR AR S ERS R EHES - HimlE IR EE
B LRSS - R il B AT iE 2 S R R A A AR - AR
Bttt as H DRI pRE B B BIRE I T 1H » IMSEIIE R B ERIAER

TR E R T S B RS AN S E R - AN Rl HER IR AT R A SRS
KRYE » AR EN SE R B E B BRI EGHITTIAS & - Rk E R BEE
i HEEEE S BRI B K ARAEIFIRA A L 3Gt AnERE R
BB RS AHE NI IR - Al T B IR Z ME KB GERI R ERE ; %
Al B BUE B R - BROAETT ~ BHERETT ~ BE07 ~ 1SBIRE I A B RSt JRw]
TEHtRE BT AR BRI 25 51 - B el BRE RIS RZATNE - ANEiie By
BRI GG RSkt < BRI B E R S L B MKAE - REERAR AN S ERE
Bl AREL A PR I — T B e - (E 2RSS B st BRI - 1A v Fte— 20 3R A
RIS B (BRIFECRE SRR R ANE) BYRITRERAE » BRI B2 S E B AT S|
RE IR A BALR -

SENRK

I ABEBF R A CTERE - T REERE AR ER — A DRSS REE .
http://www.ris.gov.tw/346 » R[] 104 4 -

2. WEGE - AOBESRAKE * 2F&it > SiRIEERBERE - KB 102 4 -

3. MRESE - T Elint EritTe i Sl SR AR RS T ) o Sl SRR
DB NI S SR - TR R R R Rk B = et S e - IR 97 4
H 1-66 -

4. B » 102 FERRBEHSERREFFES T - KB 102 4 -

5. Roenker, D. L., Cissell, G. M., Ball, K. K., Wadley, V. G., and Edwards, J. D.,
“Speed-of-Processing and Driving Simulator Training Result in Improved Driving

Performance”, Human Factors.: The Journal of the Human Factors and Ergonomics Society,
Vol. 45, No. 2, 2003, pp. 218-233.



SEEHERAZ BRI BL YR REEE AT

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

BRF15 ~ BRI - T Sl sl L R MEN R )« AOEHER AR L e EEE
BEiteis - KB 82 4 -

TEWMMENKEFERER - T HEEBBR A - &FR
http://www.motc.gov.tw/ch/home.jsp?id=62&parentpath=0,6 » K[ 104 5 -

FEAEZR ~ I3~ AT~ R  TRIREE - AREERR - PLTHER - T E=iE 1986-2007 R
HGFEILCHEE T, - ALThEE RS - S 65 - 3] - REI 98 4 » H 174-184 -
Lee, H. C., Cameron, D., and Lee, A. H., “Assessing the Driving Performance of Older

Adult Drivers: On-Road Versus Simulated Driving”, Accident Analysis and Prevention, Vol.
35, No. 5, 2003, pp.797-803.

AGETSERMITET > REENRRRARRER R AARAEBRTREGIERZH
7o KB 944 -
BRAEHF - TR R Rl A R IR B SRR O, - BV ERE TR TR

B T A PHER R 3w S 0 K 96 4F- -

POt - " EREBIEEE BT AT L 0 FEPARMECOK B B B AR R A SE T ST AT IR
30 RE] 101 4 -

SRR ~ PRHESS ~ BIREGR - T R SRR BRI BHRG o - TP T TS 101
FREFGEEME S - KERE - KE 101 4 -

FUEE ~ k)1~ FRasE - TREH 5 HETIRIH & TIE AR Rl EHEZE )
EEETEIET) - 539 % - 3 I - KRB 99 4F » H 251-276 -

Eby, D. W., Trombley, D., Molnar, L. J., and Shope, J. T., “The Assessment of Older
Driver’s Capabilities: A Review of the Literature”, Ann Arbor, Vol. 1001, 1998, pp.48109.

Wright, T. P., “Factors Affecting the Cost of Airplanes”, Journal of the Aeronautical
Sciences, Vol. 3, No. 2, 1936, pp.122-128.

Yelle, L. E., “The Learning Curve: Historical Review and Comprehensive Survey”, Decision
Sciences, Vol. 10, No. 2, 1979, pp. 302-328.

Anzanello, M. J. and Fogliatto, F. S., “Learning Curve Models and Applications: Literature
Review and Research Directions”, International Journal of Industrial Ergonomics, Vol. 41,
No. 5, 2011, pp. 573-583.

Blancett, R. S.,“Learning from Productivity Learning Curves”, Research-Technology
Management, Vol. 45, No. 3, 2002, pp. 54-58.

Vits, J. and Gelders, L., “Performance Improvement Theory”, International Journal of
Production Economics, Vol. 77, No. 3, 2002, pp. 285-298.

Globerson, S., Levin, N., and Shtub, A., “The Impact of Breaks on Forgetting When
Performing a Repetitive Task”, IIE Transactions, Vol. 21, No. 4, 1989, pp. 376-381.

Dar-el, E. M., Ayas, K., and Gilad, 1., “A Dual-Phase Model for the Individual Learning
Process in Industrial Tasks”, IIE Transactions, Vol. 27, No. 3, 1995, pp. 265-271.

Konz, S. A. and Johnson, S, Work Design: Industrial Ergonomics, Holcomb Hathaway,
Scottsdale, AZ, 2000.

Reid, S. A. and Mirka, G. A., “Learning Curve Analysis of a Patient Lift-Assist Device”,
Applied Ergonomics, Vol. 38, No. 6, 2007, pp. 765-771.



EamstEEF Fwtask F-H RE-OZF~A

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Sahami, S., Jenkins, J. M., and Sayed, T., “Methodology to Analyze Adaptation in Driving
Simulators”, Transportation Research Record: Journal of the Transportation Research
Board, Vol. 2138, No. 1, 2009, pp. 94-101.

Sahami, S. and Sayed, T., “Insight into Steering Adaptation Patterns in a Driving Simulator”,
Transportation Research Record: Journal of the Transportation Research Board, Vol. 2185,
No. 1, 2010, pp. 33-39.

Sahami, S. and Sayed, T., “How Drivers Adapt to Drive in Driving Simulator, and What Is
the Impact of Practice Scenario on the Research ?”, Transportation Research Part F: Traffic
Psychology and Behaviour, Vol. 16, 2013, pp. 41-52.

Ronen, A. and Yair, N., “The Adaptation Period to a Driving Simulator”, Transportation
Research Part F: Traffic Psychology and Behaviour, Vol. 18,2013, pp. 94-106.

=HEIH - GEE - S8R% - HFpsUbESE - 26 KE 100 4 -
Buch, E. R., Young, S., and Contreras-Vidal, J. L., “Visuomotor Adaptation in Normal
Aging”, Learning & Memory, Vol. 10, No. 1, 2003, pp. 55-63.

Harrington, D. L. and Haaland, K. Y., “Skill Learning in the Elderly: Diminished Implicit
and Explicit Memory for a Motor Sequence”, Psychology and Aging, Vol. 7, No. 3, 1992,
pp- 425-434.

Seidler, R. D., “Multiple Motor Learning Experiences Enhance Motor Adaptability”, Journal
of Cognitive Neuroscience, Vol. 16, No. 1, 2004, pp. 65-73.

Seidler, R. D., “Older Adults Can Learn to Learn New Motor Skills”, Behavioural Brain
Research, Vol. 183, No. 1, 2007, pp. 118-122.

Dorbath, L., Hasselhorn, M., and Titz, C., “Aging and Executive Functioning: A Training
Study on Focus-Switching”, Frontiers in Psychology, Vol. 2, No. 257, 2011, pp. 1-12.
Sheridan, T., “Mental Workload-What Is 1t? Why Bother with It?”, Human Factors Society
Bulletin, Vol. 23, No. 2, 1980, pp. 1-2.

Hart, S. G. and Staveland, L. E., “Development of NASA-TLX (Task Load Index): Results

of Empirical and Theoretical Research”, Advances in Psychology, Vol. 52, 1988, pp.
139-183.

AR ~ FR - BB MR - EHHE - ROUE - BEEABEIETIRE  DIEEFE -
TAFEHERBRE ZREMEMT (1/3) » ZGEEGEYAT » 26 0 KB 96 4 -
Fatima Pereira da Silva, “Mental Workload, Task Demand and Driving Performance: What
Relation?”, Procedia-Social and Behavioral Sciences, Vol. 162, 2014, pp. 310-319.

fagm ~ EE - T EAERUREIR BRI BT, KRR TG
FERTIE AR S+ IR 94 4 -

Jahn, G., Ochme, A., Krems, J. F., and Gelau, C., “Peripheral Detection as a Workload
Measure in Driving: Effects of Traffic Complexity and Route Guidance System Use in a

Driving Study”, Transportation Research Part F: Traffic Psychology and Behaviour, Vol. 8,
No. 3, 2005, pp. 255-275.

Kim, H., Kwon, S., Heo, J., Lee, H., and Chung, M. K., “The Effect of Touch-Key Size on
the Usability of In-Vehicle Information Systems and Driving Safety During Simulated



SEAH M AEEAZ ERRE RS M RBEE AT K

42.

43.

44,

45.

Driving”, Applied Ergonomics, Vol. 45, No. 3, 2014, pp. 379-388.

Sanders, M. S. and McCormick, E. J., Human Factors in Engineering and Design, McGraw-
Hill, New York, 1993.

Patten, C. J. D., Kircher, A., Ostlund, J., Nilsson, L., and Svenson, O., “Driver Experience
and Cognitive Workload in Different Traffic Environments”, Accident Analysis &
Prevention, Vol. 38, No. 5, 2006, pp. 887-894.

Konstantopoulos, P., Chapman, P., and Crundall, D., “Driver's Visual Attention as a
Function of Driving Experience and Visibility-Using a Driving Simulator to Explore
Drivers’ Eye Movements in Day, Night and Rain Driving”, Accident Analysis & Prevention,
Vol. 42, No. 3, 2010, pp. 827-834.

van Leeuwen, P. M., Happee, R., and de Winter, J. C. F., “Vertical Field of View Restriction
in Driver Training: A Simulator-Based Evaluation”, Transportation Research Part F: Traffic
Psychology and Behaviour, Vol. 24, 2014, pp. 169-182.



szt FEF Fwtrg HoH RBE-OzF<A

—100—



Eanst 2 &) Transportation Planning Journal

Fwt+ak H=i Vol. 45 No. 2
EE—QOR%EA June 2016
" 101~%& 132 PP. 101 ~ 132

TR AACE RAE X 7 ik KR
% T B ERIR AR B A AT R

A PARTICLE SWARM OPTIMIZATION SOLUTION APPROACH
FOR THE MULTI-COMPARTMENT VEHICLE ROUTING
PROBLEM

##48 3% Anthony F. Han '
% 4 # Yu-Ching Chu?
# 535 Jhih-Syuan Lin

(104 55 H 26 Hiiehe > 10551 H 12 HES 1 XfEdk
105 4 5 F 25 HEE 2 Xf&dk - 105 £ 6 H 15 HIER)

wm R

% WA Bk 4 B (Multi-Compartment Vehicle Routing Problem,
MCVRP) %1% % $ 3wk 42 A8 (Vehicle Routing Problem, VRP) #4474
Mz — o f£ MCVRP ¥ L AETH 40 G REE & PWMITRA %
87 BB 2 RE MR & 8 HIE — A 4F T4 5 o K 84k B -MCVRP 4&"
Tk TR X AR E TR RELEEN S Y
b JAw R — BARRA  BE R AR B Y SR R dIREF o ABF
7% J& A %= T Bk f£ 1t (Particle Swarm Optimization, PSO) E % B X figi%
KAEMCVRP o Hob  RIE " AT 5% 1 T T 3% | ey PAARE - 303K
ot AR 4 AR RS Oy AR Bk TR A A SLIRALEE F ey KA o ssh 0 B3R AR
B 6L 35 R v AR K AL Y S o5 AR 3R AR M ST ek o) % By AR 3R T & (Variable

L. BRTAGEASEE P B E P R B (BRIt + 30010 /T isRIE AR, 1001 5% AG@E A
SERRH AR R  BEEE  03-5731680 ; E-mail: athan@mail.nctu.edu.tw) o

2. BV AGEA B B B SR s

3. BNAGE AR R S B SR L

—101—



EamstEEF Fwtask F-H RE-OZF~A

Neighborhood Descent, VND) 2 58240 A38 56 52 R > R 4t# T T4
% e PR TR R b — B RTRY (1, 0)* ARIRIL Tk o ABF R H 4L FRAT
F AR EATR A5, 80 AR - KB R KAF 16 AABLA SRk AL AR
ERET 34 AL RAERLER -

RESEEE | % WAL RIRRAR R ; T RRRAEAL ) S EART S E R 7%
ABSTRACT

Multi-compartment vehicle routing problem (MCVRP) is a variant of the
conventional vehicle routing problem (VRP). The MCVRP considers multiple
products to be delivered, and each product must load on a specific compartment
in the vehicle. The problem considers two cases for customer delivery, “no split”
and “split”, depending on if the multiple products are allowed to be split among
multiple routes. We applied the particle swarm optimization (PSO) metaheuristic
approach to solve the MCVRP. Two new solution representation methods were
designed to generate and evolve the particles for both the no-split and split
cases respectively. A variable neighborhood descent (VND) module with an
innovative (1, 0)* node-interchange operator was built to improve the quantity
of particles during its evolution process. Two sets of benchmark instances for
MCVRP were adopted to test the proposed PSO metaheuristic method. Results
showed that the PSO method is very competitive as compared to the best
algorithms published in the MCVRP literature. Out of the 80 benchmark
instances tested, the PSO found 16, and improved 34 best known solutions.

Key Words: Multi-Compartment vehicle routing problem (MCVRP); Particle
swarm optimization (PSO), Variable neighborhood descent (VND),
Metaheuristic
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WK - EHEAEKAE EATEAEZIBIRER (global) MIRES @ EBAENYZRIL - JR ]k Gk 13l
WP A s 5 2 > w EBVINEY - RIEEISEE: (local) REJJERLE - WITETH
R EERTICR © KL R PSO /88 &= DU Rl = G- Pl RE T e i i AR
8w BUECE FIREEREL (o) ARVEERK - GRS w BRI A RN 3) Frr > Hr T3
TR

Xidt+1)

Xial?) Piy

2 NFBEREE

W) =w(l)
1 b ©

w(t) =w(l) -

FRIE IR TR REA 1B 1 R E w AT R R oA H B T = g R R 1Y
TEMESHE - SR A — (AR rY e R = - DS B AR IR A -

JREZERIF I » ¢p ~ co SRR AR i (R - FHiS e BILE - & o d
BRI » SER FREMR B B YT S RO = E AT T AR b, (IO ERE
c, HE T - BEBERL TR B BsA R i iy el =5 - (AT RERR s HoAth
ZEFER AT RETE IR + BBEK A AN JRal g - —iEE ¢ o RMERMEE R 2 SR
1.49445 B4 gk 778 [ B DU AE it e U s A FERIRT EL R

B3 T {55 PSO [y pbest Bl gbest fifHl B2 72K 7-4} » Pongchairerks il Kachitvichyanukul ¥
Wi R mab i Ef# (local best, Ibest) BAARITIR{:f# (near neighborhood best, nbest) Rl
HTHYEREA T - $2H GLNPSO 22752848 - Hor - Ibest Ry R 183 i % pbest J&EIE5E
TR KAl AR - H s FE(E e YKL F- » nbest Rl Esa%oh 7 J& EIE EE B R A LU FDR
(fitness distance ratio) i AHIKI T » ERi i 15 » HELSS K j fEAERE d B89 FDRyq
EEFAE :

X)-eF) ..
FDRW:w, i+ )

|xid_pjd|
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@) T o(X;) Bl o(P,) 53R R Ri T~ i BATHAELRL T/ B pbest L EE(EL - x;, Bl Py, 73741
FoRi ¥ i FEMERE d AT ELBRE 1~/ 1Y pbest fEAENE d MUNIE - 5. » FK T o = arg max
jeN{FDRyq| i #j} » QUKL T o ToRi ¥ i FEMERE d HUARIT i % nbest » JRE P, By x,, HY nbest ©
GLNPSO i S E L 4 fEERER T (pbest » gbest » Ibest UK nbest) » jREJ S 15HEE
AL () - B FIZA6)

Via (¢ +1) =w(0)viy (1) + cp ur (Fy = Xiq () + g 2 (Pyy — X4 (1)) (5)
+ erus (B =X (D) + ¢y ua (BY = x4 (1))

bR PL B PY 43 RBIFREF i 1Y Ibest B nbest 7EAERE d BIALE » ¢ Bl ¢, 43 A1 By Ibest
Bl nbest HYERERI T » wy »uy » us DUz ug Ty /T 0 2 1 [EIRYBERERLEUE - 2860 i
Co v cp v Bl o, TR BT EE DL 0.5 2 0.5~ 1.5 Bl 1.5 ORI GERE -

2.1.2 PSO KZEIMIEHRE

i PSO BURI RS AU @ 8 IR TR T2 B b A] B B8 A S R e 2= e 1 =iy
g 590 o S PSO JEFT IR VRP | » HIES SRR A fR R B R TR SRS i
Jil TCEE B RERYBR AR o JTHESK » 7E PSO JEAIY VRP AHBARIERY K _EOA R EAINT
5 i HEEARFFZ RAIFRIER -

PSO fi FHEFIRS VRP RFSE Ry 2006 4 Chen A 1 » {5 IR PSO HRHS
PO EGR ki (simulated annealing) SKfEE#T CVRP (capacitated VRP) » JHIE 16 R VRP
TP - KRBT AR (best known solution, BKS) ~PHFRR7ETy 0.97% ©

Ai Bl Kachitvichyanukul B $2H SR-1 Bil SR-2 [l HiE M A i =05l GLNPSO
BRI EF A KR CVRP DU [FIFRFKGX &R VRPSPD (VRP with simultaneous pickup
and delivery) « SRFEHIFEHEL IS BKS AUTIIESE Christofides 22 A 12 $2HAY 14 1
CVRP HEFHIREER 53 Ky 0.88% » 534F 98 7 VRPSPD AEEHIREAS 73 Al Fs—4.21% -

Marinakis % A 1" £ PSO R4 3 i f3kamoKfgE CVRP [ - &% By —
B e EEM =2 (multiple phase neighborhood search— greedy randomized adaptive
search procedure) ~ #& A#R = (expanding neighborhood search) L) Jz BRIREFTEAL (path
relinking) * FHHFELL 14 B CVRP AEEBIRE ™ HETTHIGK - 455288 BKS 372 0.08% -

Qi M 2k IS HRRE PSO Bd 4 ILS (iterated local search) jHIZk CVRP » SLRIZEH 12
8 CVRP £EEBIE » SRRy 0.57% -

Goksal % A ") $2H1—% PSO (&L B4R ={E1: (variable neighborhood descent,
VND) 3Kf# VRPSPD B VRPMPD (VRP with mixed pickup and delivery) RiffEl VRP fHEIRS
ORGSR BLEIRF BKS S35 53 7Ry 0.01% (VRPSPD) DL K~1.58% (VRPMPD) -

s ) 2 SR-2 (RS ) LUK GLSPSO MYERERNE KR OVRP -
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FZHFELL 2-0pt* ~ 1-0 ~ 1-1 ~ 2-opt LUKz Or-opt % 5 FEARRIGEAFERCOKE - HIEK OVRP A2
RS IR 0.57% - S/ NE K VRP - BRGSO IIRRAE Ry 0.51% -

Belmecheri % A U1 &3k PSO JE I SR fife LA R 104 28 S ReR RS o5 (e R U e g
#REE HVRPMBTW (VRP with heterogeneous fleet, mixed backhauls, and time windows) » ¥
SREEHL PSO WYSKRAERTHE ACO -

Norouzi 2 A U7 7 o HL5% 57 IS 2 S A 1 B R 45 5E PVRPCTW (periodic vehicle
routing problem with competitive time windows)» 31| F 775 BT 2 A BRI TIPSO H#EfTR
FRHER o AR/ NUBTEREE > Je B Lingo FbiR » #EH IPSO TERARIRFR IR 1 /NRFAY R
T B R RIFEER A2 Fy 0.01% » #8242 Lingo /Y 0.04% - FERAIBIRETR /> HILL TPSO B
#f PSO I THIEALLER - SRR R 2R IPSO FEFT A BIEE v KIS PSO By ZE » SKIFIRF
[l f [ PSO Y 1.5 4% -

Kachitvichyanukul % A" 2 — i 16 2 85 06 2 S04 75 SR B B A P03 GVRP-
MDMPDR (generalized multi-depot vehicle routing problem with multiple pickup and delivery
requests) » 3.0 GLNPSO #5¥C 3 FlEAN ] AR 1 Hriis a1 TR AT -

2.2 MCVRP B2 FERIUR BRI
2.2.1 MCVRP S &5

MCVRP H Fallahi % A U Szl » 8 2RO fass R e 2oiir H At - 31
HEIRER S N'= {0, 1,..., n} (HEL 0 FoREG0h) DU n B IIBIESRE N={1,2,....n}
IR G )) HIREEERRA c; = ¢ Bk HEREE S p BAFRNMEMTHEEHRCE < P= {1,
2,....p} REWNEES - FrARIFEKE v StHEAS A EREE TR S (B — R -
WA p (EEE - HBVERS V= (1,2, v} o S HIRIVEE p AR ARG p
HERAE O, FIETAT - B i BHMIAh p IFEK ¢ KIRTFER 0 H/NRTER O, - 4
ANFPIELREIR TR ERER E AR - 25 Bl LG IRE R R ENIRE] L - MCVRP (205
A Frte -

Min = X > ;v (6)
i,jeN keV

s.t. 'Z]\:/‘xijk <1, VjeN,VkeV, @)
> X 3 Xk VjeN,VkeV )
ieN' ieN'

> xp <|S|-1, VkeV,vScV,|8|>2, )
i,jeN'
Viip S 2 Xk s VjeN,VkeV, VpeP, (10)
ieN'
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Zyjkpzla VJENa vp€P> (11)
keV

Z yjkqup nga VkEVa VPEPa (12)
JjeN

3 Xk < L, VkeV, (13)
i,jeN'
X € 10,13, VieN,VjeN, iz, VkeV, (14)
Vi €10,1}, VjeN,VkeV,VpeP,q,;, #0, (15)

e B AR - 3 (6) Ry HARRA S - FoRe i TR A i ML 5 L (7) TR
PRI — A B EERE A — I oC RS 5 20 (8) ZoRinE I 5 3\ (9) MR g A
2 (10) FoE B &k BOErsan p faRAE J RF - BOEBE v (ER 1 BHR 05 20 (1) &
TN RS p TSR — I E AR 5 20 (12) B2 (13) 43R 25 s BR i B ey
IRFFEIRR 5 3K (14) FORIRIRBEL x5 Ty T - B ElR & FETRL 1 7TBIEATRL 7 Bk 1 -
AR 05 3 (15) TR vy, Fo —ICHES > HRAZ j FHEE A ARG p Bl 1> &
A% 0 -

2.2.2 MCVRP #HR8#Z;£[E1EE

SRS P RS A AT IR A AE 1979 4E4% Christofides 2 A " #5% » igdks
2 VRP BYZEMRRE - s IBa A ERInII e A - Blanst it U g
2022 s R P R B R - MRS EEIIYE B SRR SRR - (HFTEHEIfE S
TBEAE - WFEArE ERRRFIE 25 o ARWTSEATEREIHY MCVRP [ Ry 2008 4 Fallahi
g AU BRI AORITRRIRE - SE0TSEETE MCVRP HEH B sk, - W E 3% MCVRP FIf
e H ARERRRTE o BTG HE i R - DU R 9T 2% - HR$HE MCVRP 2
R DA RE R TR S8R 2 i, « DU 43 A TIalRE - I/ F R BRI
KA LR E 52 -

Fallahi % A ") 33+ DIMERREEE (memetic algorithm, MA) LUK S (tabu
search, TS) WHEEFERZE=CEE0 BIFEHD 2-opt ~ Relocate A1 1-Interchange K% MCVRP -
TR 2 B3t 40 EPIEAVEFERE REBCEITHES - WL T AR08 ) DUk TAf533%
PR RE AU REHES T MA Bl TS Ffd /7 iAnURc tbiR « MIERRS RAEEL - %848 b TS AYKAE
FEMERE B MA » SKIERCERANE MA #R TS o TR[4326 ) AYSEERIBEERCEIIEN A
A[GE e

Muyldermans 25 A % $#2H guided local search (GLS) 3Kfi# MCVRP o S5HF5e(# Fffi&
RSB IG5 2-opt ~ Relocate ~ Exchange DU Cross 55 4 Tl = i Tl an i
W BEREA GLS Jife B EITHERIUIF L BRE R Sy 1k - BEFFE DS — AR E R R
REREIRR ) 2 9 BEPIREREAC " Rl4r% ) RIRTERREEI TRESGHIG - #EBKTS 5 R
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Fallahi %5 A ") (o sR s 58 -

Mendoza % A 12! g et 22K Ry MCVRPSD (MCVRP with stochastic demands)
HELTRE o BTl MA PE L EEOKAEEE - AGEHC Relocate DL K¢ 2-opt st 8 sk # 4%
R TR OGS « BFFR LA T 43 8 R BO S FR G T 40 REASE SRR » SR 2en 13 /-

2.3 X RA[CIEE—/)\Ef

ARWFFEENRE PSO FHBAEE LU A VRP MR WT9E - #8BHE%A(E VRP @ FEA
RIFIKRIESUR - 72 MCVRP JiiHl - % B0y s iR EE A TS HIFE BAEH
Y8 ST » (HEE] 2008 4E7 FH Fallahi 22 A M) S8 H FIRES Sy, » (K10 F ATRARIRTZE
REH, -

Rl » K928 L GLNPSO E2 725K IS E FH A Sk il MCVRP < 22 Al Bil Kachitvichyanukul
B U B SR-1 ARSI - 3eatiiey MCVRP JE R TR AR e - I $HEHEerrE
JFEANIFIRE T ATo3i% ) BORHE - BRET RS ARS AR DI I SR -

= - FER PSO K MCVRP 25218555

TEARMFERTEREETHY PSO KEZEREH 2L GLNPSO E 2278006 » K PR iRk T
AR ERILA MCVRP BRIT T - R BORRL T RETRUEL © 29R 1 R EARIS T 24
FESNME - BIEE] AR E R - AR i Erfris i - RHERE T rR TR As iR
FEERRER) MCVRP K71 - FERRRBABERIR - Feffs MCVRP BUERHIINA - (EFSRERS 1%
FRE A2 Fy— {8l MCVRP BRI Tf# » BT I EhAR i (ke S R 1% - J0E 5
UCE R AR R SR T BB E(E - 2R RSB B R O E HEBE RIS S - 4
7 GLNPSO rhiyaiskim E% gbest » {EfE i pbest » [RTREAEME Ibest DU i f#
nbest * FKIEFRLTFIA GLNPSO 2N PUER BB Bof HaRtls (RLEAR) - A
PR SR AR IR SR T Bt - oG DU SR 0T 3 AP B - ik H e
HhE B B R MCVRP BEERREIR -

AN ZEHEE ] GLNPSO SR 5 K% MCVRP > 73 jl3%G + MCSR-1 LLF MCSR-2 @i
RS SR T A ATk ) Bl Tl 3k ) WafdEXEAURY MCVRP [ - (AR5 - BR T
MRS HR A BB AR AR AHRIE LIS - IRE IS ARRCERIRIRERF I - AR VRP (230
Skl DR LR DRE - SR HEF T n] o0k | RIERETERY (1, 0)* IR DUMMIRAFEREL -
AWTFERIEEROR AU L 2L0AE 3 EFR 50 « KL T BRI B - A =B LU PSO B
SRR 0 RIRGERR LU 3 {lE/1NEf -
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3.1 KB RARISHEEH

Fallahi % A U*) % MCVRP 430 T RA[433% , B T W]4pi | ROfERIRERIRE » T RAfsy
2% RIS IFTE YR SR B — R TIRES 5 T It B IR E R
H] 43 B R Rl B TR S - ANWFFE S 58 MR R A9 Pc 4 B0 8 43 B2 HE R 7
MCSR-1 il MCSR-2 #f#RERHH o

BT HIRRAERS T PSO 0 RRB AT EHAIEAT VRP HRA IR RS - KILFR{22
%% Ai Bil Kachitvichyanukul ™' SRRy SR-1 BORRARRERES: - ARG IS » 343
MCSR-1 Eil MCSR-2 » SR-1 #@ft /7= AN : SR-1 AURRIEIE | 18 n+2m HERERSHAE M
RAS (n FsBEZEL 5 m R B - Horh 2m RF m BB T 22 MRS (v, y) WOREHRERE
B o ARSI - SRR o MEEEROALE H NI AHES 7 A A ATS B - PR B A% Ehl
S R RS T A S % R RS U B SE KT It DU B A T A L S e s T
fi# o BRI » SR-1 AREEFIFT (x, p) BT SRR e B G R A eI S e T RS A 1
T v DR B R A B B R P e e AR % o AR 3 A B TR e
SE RSB B R R R YT E R - A EAL - ATFFeER AT MCSR-1 Bil MCSR-2 #Rf#
MEREAHASRR T I5 SR-1 ARIEIY (v, ) SRR EERET » Okl B W2 Bl L B s PG AeE -2
A RT3 o 15 MCSR-1 Bil MCSR-2 7E i {8 55 T2 B B R g B AR e B ) e - 40
LT RESG A BRI R LU 2 B R AR AR S B A SRS 5 30 DU AT

3.1.1 MCSR-1 i{RiEIEIE4E

MCSR-1 258 " ARk | BIBCERRAT T ATaa HIMmas /T2 - HAERE (D) FEE
B (n) « KLy REAURIAAICRRIS 2R 2R THURTRAEREELLL 0 2 1 RAVBERERL B L 52k -
PR MRS - B R TR RS DUSGR RERE D BR -
MCSR-1 ft8—{J X; AR —{E MCVRP SRR’ fEnh sEig ffm U~ A0 Bs
AER L. (BRBHER) R X RSN 2 AR (R oo FH/INTTORET THRFF - IRIHRHERE D
FREEE - HFRNFYIRIER HRFIRBBENES C -
AEE2. GEEME TR AEAAEEHR) -
2-1: DURFIEG (16) Bz (17) 2 mlRt SyE A e i m - DU R IR

M

Hg-

N P P
m= Eglqlp/z‘lQﬁ +1 (16)
g=[D/m]-1 (17)

22 BESHABREIEZ M T BRI L = C o B T RIS S— ¢
23 R L AR | IERINRE R T - IR —RIABRR (0 /- 0 4 5
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EELWMAESS BIL=L\{f} * S=SU{} -

2-4 1 S| = m - BICEL A fanpsH - AR Frary s Bl C e - 3
HRiRBESES C=C\ S Qe 3 » [AIEDER2-5 -

2-5 1 Ry lERRE T RRAR LRGN - HiERS L RSB £ BERREE A e NYRT g
ElREZT » R[EEER 2-3

AEE3. GlHABSRRIIERIHE) 5 C iy S RAZ R K B2 PR A 1 R R
ST BN HAd ARSI e KT -

ABR 4. (RFEER A BGHTRIESHY) « &85 C R 1 ARV Ry o IRIRRT—2
BREE AR RB ST K » BRI E s [ THYRTHE © - DUREH AR ¢
AR I BRI E s 5 SRR E St R IR B R ¢ FrE )iy
TookE o RIS R ARSI - LLIRFE PTRESRE - FTE B TR IfEn] 1T
YRS AT ¢ - HIBTRI—RERER {0 - ¢ - 0} » NORFHE b HoAth i R IR 5
R ARSI RARIANL © 77 ¢ BESERGE A BGHT RS ERfRR - HIfE C
Bl BIC=Cl{c} -

HBRS.  (FEILERIR) 5 C= ¢ Al Ik - AR § AYRSERIE S RRIEIFEZEER 4 -

3 By MCSR-1 frfEtSnnZ e - IExBEE S n =6 » K+ i WUHRNE X HUHERE D=n

= 6 EHRLIFERELEED: 6 (EHEREE - AR 3a 7R » RIS LRI FHURmAS o fRuSEs Ry
BR 1 AR o IV NTTR AR IR R RS C={6,4,1,3,5,2} » Ak 3b fizs - B2 : &
BTG R m DU IR A B g ABIEE m =2 Alg=l6/2]-1=2- FE
R TR RS L=C={6,4,1,3,5,2} » Bl TEEES S= ¢ 53R L ohi 1 (R
% BB 6 Ryl — IR aRRRARITE 1B » 8720 1 PRRIEAGESHR{0 - 6 - 0} » WERSE L = L\{6}
H S§=8SU{6} < [tIF [S|=1=m (2) AIESES L BEREL 6 DUKEEBEES 6 £oaiy 2 [HBEE (g
=2) » JufiRaEh 4 BEL 5 2 L BRARELEL 6 BREER A R N R ERES: » RIEEHT L = L\{5, 4}
={1,3,2} « I L HGEHES 2 BREIAERARAYAE BB 1 - ZEV5E 2 REEAGREHR{0- 1 -0} »
AGHEHT L=L\W{1H S=SU {1} o lF [S|=2=m» 8E C=C\S={4,3,5,2} - 4l&E 3c fit
N o B3 1 A3 C R o AR B AA PR AAE T R BEEE - HhT A A AR AR
BSEIER » Ak 3d fir - BB 4 2 RPE C PRYBE IR A AR A B X rRm H
AT THIRE B AR R AR I DAL B » 35 P BB E S m A TR BR B A 2= DU H AR
AT > RITRERARAR S & » BEEIE] 3e TR AEG 2 PP TISAR - IR 3 BRERAR (0 -
2 - 0} RIS - #E A MARRRE < BE » AIRFERAR 3 3 F HANI RAR S < B B e fi A
PEAR o BT KEESE AL - Y C RBER » SROEHITE C = ¢ W2 (-0 - 206 3e Fix
A AR ARG S Ry X, A AR BRARAR S, » A6 3f FiR -

3.1.2 MCSR-2 i{RiEIEIEHE

AWFFEAEHE T 535% | BTN - ATt MCSR-1 FHEMEIE B MCSR-2 DUKfiEE
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1 2 3 4 5 6
[042]091]054]027]063]0.18]

___________ @ _ _ __ ________
o] 4

FER R4 AE BB RHE S AR BER2 T EARME TR A A ARAE IR
BREESC S={6,1}

6 4 1 3 5 2 C=C\5=1{4,3,5.2}
[0.18]027]042]054]063]091] s34 0-6-0
C=1{6.4,1,3,52} Ao 35402 0-1-0
(b) 2> (©
BHE3 B A S R AL B
MAmFz | AR
ik AR
4 1 2
3 2 I
5 1 2
2 2 1
(d

&

FERA AR HE AR A B 45

BE | BaH% B R
4 1 0-6-4-0
3 2 0-3-1-0
5 1 0-6-4-5-0
—— A Y ) 0-2-0
R RATE R
ERHEE TR (©)
HAEE2 » AL
B854k -

T RFT R MR BB ANAR iy B8 4R RS,

B IR BBREER
1 0-6-4-5-0
2 0-3-1-0
3 0-2-0

®

3 MCSR-1 fuFimESRE 5
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JERJ MCVRP » lHATE RIS H0ERE T » EE—HBEE T TEE p A RYISHIFEK - ok
FREE E ER A S R — BN T IR KB - DUETITHRGS - M52 @ n EEMHE R
n x p (EECE TR KES < (KL » MCSR-2 KT HHRASHIREHERS D = np » ELIGHIFRISIKR A S EH1E
k7S BB DA RE R ELE (0 £ 1) B4 -

MCSR-2 #RfERSHIZ BFEF - AR LB MCSR-1 fH[F] » Fultp EBAERYRGL » 2K DI 4
HIFRGHIAETHA MCSR-2 Wy BR » B0 6 {ERZ (n = 6) » MIfH A/ 09%) (p = 2) » i
HRFHRISZHEREE D =6 x 2 =12 - [@ 4a FoR | {EFER ARG 12 @ AR TR
W5 Hrp2E (2k— 1) BEES 2k fEAYHEREE ST AIERES kEAE (k=1,2,...,n) 25 1 fH @ %H)
B2 2 F# (b BH) Wik T KES - 85 BRI X H9EE 9 BEES 10 fRYHRAS(E - 0.57
i 0.15 BI53 RIAIREES 5 ERAZ £ a B b MadEYinAO R K8 -

4 fRnSPE B BR 1 AR i HV NI R EE AR R IR A 825 C = {5b, 3b, 1b, 4b, 6b,
la, 2b, 5a, 3a, 4a, 6a, 2a} » A& 4b F7R o 2B 2 : FHETAMGEHEIREE m DU S IRE B
ZW g AR m=2H]g=[12/2]-1=5 - ZEHIEIEGXIETEEEES L=C
={5b, 3b, 1b, 4b, 6b, 1a, 2b, 5a, 3a, 4a, 6a, 2a} > HHHFE FELEE D S= ¢ o 38E L thEE | {EREEE
BIIES 5b » Fosf 1 PRECAGESARAYRE T-BE » 750 1 BRESIGESAR {0 - 5b - 0} » 3%E L = L\{5b}
H §=SU{5b} « HLIFIS| = 1 = m (2) - BIIHEES L BBERES 5b DU BRREERS 5b alhy 5 (ER%
(g=15) » ZufFE®l 4a ~ 4b ~ 5a - 6a BEf 6b & L e EAEL Sb BREERANER N 5 fERE
RURSHCH L R H - WEREHT L Ky {3b, 1b, 1a, 2b, 3a, 2a}  fFEY L A& HIEE 2 BREAGERARAY
T BhREE 3b - FATE 2 PRERARERAR {0 - 3b - 0} - BEHT L = L\{3b} H S =SU {3b} = {3b,
5b} e HEE S| =2=m 35E C=C\S={lb, 4b, 6b, 1a, 2b, 5a, 3a, 4a, 6a, 2a} » Z[I[E 4c Fix °
HEE 3 L o RE C PRV - KRB AR KRR AE T B RO PR - BT SR A A RS
B » anlE 4d Fios o 225 4 @ RFE C VRS DU E i AR A B AR i B a7
HUTE T EEAR T o (8 4e TEREAES 2a IFF » R B STAYBSER Rl 2 - RER R 2 INA R
TR » HHRARBIEAIESHR 1 - HFFKEGEHEEAL - X C kR - REMITE C=¢
1 L AR - 2 4e Firo » S HE AR BRITIAS S R X ARG £ FERYBS AR S; - 20 4f B -

3.2 SENHPE T PRCIERAE

P IR Mt X, fnG i Ry BRARIE S, 1% - B LUSENARIE N % (variable neighborhood
descent, VND) 1) e feisf 8 = H S i (Ef (local optimal) JEFTEREE b sKIRNKE
MRS » VND S EAHS TRFE A 8 A A TR B =il - WA A DL 6
TR AR A R o AR P A HROE 43 » A 2-opt Hi A H#ED T B, Or-opt fiighRc ik Y e
5 R WATEPEAR N ASHUER R » 1B Sa Sy aZHACGESAITAYES AR » B Sb B Sc 43Rl T
2-opt Bl Or-opt ZHE R TR ElE -
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la 1b 2a 2b 3a 3b 4a 4b Sa 5b 6a 6b
[045]0.36]0.98]0.54]0.66 | 0.18 [ 0.75| 037 0.57 [ 0.15] 0.87 [ 0.39 |

A % B

S REEAH DRI RIEEFRBBEESC
5b 3b 1b 4b 6b la. 2b 5a 3a 4a 6a 2a
[0.15]0.18]0.36 037039 ] 0.45 [ 0.54] 057 ] 0.66] 0.75] 0.87 [ 0.98 |
C = {5b, 3b, 1b, 4b, 6b, 1a, 2b, 5a, 3a, 4a, 6a, 2a}

l 2 (b)

FERD SRR T UL A A RIS B F 3 ¢ A A 4R 6 A HE A
S={5b, 3b} — Ty
UFYt =3 ‘
C= {1b, 4b, 6b, 1a, 2b, 5a, 3a, 4a, 6a, 2a} 2 ;% .
Al | 00 :> o
Ao 9542 0-3b-0 0 T3
© 6b ]2
F A AR BB la 2 |
2b 2 |
BE | skt YU
1b 2 0-1b-3b-0 52 b2
4b 1 0-4b-5b-0 3a 2 |1
6b 1 0-6b-5b-4b-0 4a L
la 2 0-1la-1b-3b-0 6a L
2b 2 0-1la-1b-2b-3b-0 2a 2 11
5a 1 0-6b-5a-5b-4b-0 d)
3a 2 0-1a-1b-2b-3a-3b-0
4a 1 0-6b-5a-5b-4a-4b-0
6a 1 0-6a-6b-5a-5b-4a-4b-0
2a [1QAT47)| 0-6a-6b-2a-5a-5b-4a-4b-0
ks 824 7 @)
B FIRAGHE
%2a 0 REIFER
LI 52 A AR AT Bt 2 AR,
1 0-6a-6b-2a-5a-5b-4a-4b-0
2 0-la-1b-2b-3a-3b-0
®

B4 MCSR-2 ¥FiREEREE
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Depot

(b) 2-opt & 4% X 3% (c) Or-opt FiZE X % (v=2)

5 BRARBETREE

FHEIS - 1] Sb ZoniReE ] Sa BERRITVETRR (2, 3) UK (5, 6) BoBRTR  EAERGHIRR (2,
5) Blk (3, 6) JERGAEEZER#R o Or-opt ZHZ IR UEHEE v EHTE: (v=1,2,3) BBEIE
BRI HARAL B AR U © [ Sc )& v= 2 IRf Or-opt SRR — (B R » Horh st (1
Sa) [YRIMEETRE 2 ~ 3 RHIRE (2,3) HARLENEHTR S Bl 6 L[] -

AWHFESAER 6 MREHRATAHES - ih S HE \-HHBE Ak P DUR 2-opt*HligRac itk
BV o - FHEHAC R AT B AR R1 B R2 ] - A3 USSBIE 2 1 (MBS FARRS B 55— ik
R IR TE ARSI G o ABTSEHRA Cordeau B Laporte U 2 56 - % 2 3%k 2 - 1EIlL
BGE NHTHE Y A-FTR A HUAERFR A AV & 2% - B (L0~ (1, D~ (2,0)~ (2,
1) DUk (2,2) 5 S EARINETESCHR (RoEh) i - 8 6 Ky 6 FRERHRFE AN RERE - 5
rhliE 6a fy ACHARTHYESHR IR B 8 6b 2 6f 7351 Ry 5 1l A-Hii R A A IR = R A R AU -
6g IRy 2-opt* {iff A HGA RS RIS HUR B © DUE 6e Tyff] - HARGRIE 6a Wifbers#R -
R1BL R2 - 8 (2, 1) HiREACHARE - BBEMS - [E 6e ZiFISE R2 AURIERTE: (RiTES
10 B2 11) B2 R1 _ERY—{EERL (RiRG 1) 1T aCHAER - & 6g AY 2-opt*HifRacH - AIIE
SrAREERIE R1 EL R2 BEHRAY (1,2) B (9, 10) Hifk - FE5R1LL (1, 10) B (9, 2) i TLL
EREHRTR -
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Depot |

(©) (1, 1) # 2 % 4%

Depot |

R2 ‘C7
1
. i
T R2
2 T Ié\
&/
@0 FEsH ©) (1) i g3
Depot | Depot |
<% ) .
Q\ R2 ,f@ <4/\
\\ @’I ‘ 1 1 \\
) AN
R1 (@ R2 ; . Q/
i g 10 ;
9).\\ : 1 9>_§§ :
! \<8> @- ~~~~~~~~ ‘é ﬁ(@

o6 HBRERBEREE
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FHAY T RIopiE ) RO BURESE MCSR-2 fRRSIREE i 25 Vit e Kbl R TR KRS - AR
Feos iR —ES T T n ok ) BOR YRR MR R AR R A - My (1, O)*EiTRLES Bl
2o (1L,0)* R (1, 0) BIRASENRIAES - 22— (8 Fm e Hi st S B mny s 5t - [
(1, 0) HIERSEY - R R rs AR LA —(ERTR R A 2 5 %M%ﬁ%ﬁ@&i
% o (B Al R AURRR AR ERA A A0 p FEARIRUPLLRE K - ARFZEREETHY (1, 0)* 3
ERIE R EIERAE | TER B — AR BRI TR AR _EAY p PG A DA i A ZIH A » (-
<p) BRAFIESHRAT AR FTREDE - MSFEHH A5 8 5 R 2RSS RIS R, » DA 7 ol - Btk
p =2 % i BREY)NG ia B ib [RIRFFHESHR R2 IR - 200 7a Fizs - (1, 0)* & [R5 L
AT WEERSGER S EH T + (1) r= 1 IYEDL > 206 7 Fr » ’EFReK a B ib [H]
IR BN ZEBR AR R1 - BLR R fEREHYT (1, 0) EIEGREE) 5 (2) r=2=p BYIEDL > A0 Te Frx - iR
Vit ia B 15 S BIRSBIE] R1 B R3 WIfARERAR o

/@——————D
e

Depot ;/ I3
“"- \\“s~ b l
T
(a)
/Q—— -—- —Q S
R1 /
/

—
Depot Depot | > \J )
— R2 @) ia
i b ib

B7 (1-0* EEYRIFEXTEE
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3.3 GLNPSO KERIZF

KT i E565 tﬂili%ﬁﬁ—*f‘@i@%ﬁﬁﬁﬁ%ﬁ%ﬂ%?J*j%w“ﬁﬁ Si(t) » FERNZE ARSI
Bt Ref# S*(r) » WA MCVRP FERERAE (X 6) FHEME S*(0) RIBAMETE KL+ i 1
55 ¢ EEAREIEE o(X; (1) « B R TR FTE R P seRa T B - (Hhatn B4
R 71T GLNPSO 2.7 » Frh THIMIE - KFH X ESBERGRATT ¢

ABR L (WIAMEZE) @ BEEAE =1 #OERRE T K FRER/INT -

WER2.  (WISAERIFRE) « A TR FHRhs X E R FRE > i = 1.0 R ESR

T i RHMEEE d WIREAETEE via(1) = 0 » e FLAR 1 i o e B e e (A P (L
53Ry @ (Py)= 008 ¢ (Pg) = o0
3. (FRWSEEAERAR) © BRI | BUMRAE Xi(r) » SEFTRRAS DUEE 4= HERERAR Si0) -
BF 4. (VND #BEES) B4 Si(H) LU VND SHMET ek 1S I H Rk g S+ ()
A EFEH BN E FiZ R TR FE(E o(X(D)) °
ABRS. (BT pbest P) © %5 o(Xi0) <o(Py) » RISEHTRLT i R EcERE - Bl Pi=X(0) °
ABR 6. (BT gbest Py) : 75 @(P) <o(Py) » RISEF AT AR FHIRF AR » Bl Po =P
SR, (FEH lbest P WRKIT i 0 HEE o(P) REBIT o(X(0) HY K BRI T+ j =
i BEHT o(P) BN PAERKIT i B9 P -
AEES. (FEHT nbest P)) @ WRKIT | WOREMERS o » EHEHAMK TAIEIHED FDR
B an= (3) » EIELEAKMERR T a BT i BUART MR (nbest) » Al 5H
WP =P, -
R FRIRE ) « FIA 5) FHERMERIT | IR HERE d MIRTFEIRET via(t +
D B 2) BEFHALE xu+ 1) - 722X (5) HHY w(REEEER 3 AT
TR Q) FEs B g
ABE10. (FILWROE) : =T AZIE > Wi o(Py) 5 HHI » 1= +1 WHK[EPEEE 3 -

&%
&=
Nej

M« MCVRP R B A SR LB MR

4.1 MCVRP (&4 8RR

HIRTSCE EARIE MCVRP RIS - DUNAE R 1 (Set 1) Bl 2 (Set
2) » ¥ Fallahi S A ") $2H - REEESLEEEYS (0 = 2) » % 20 EHRE - BE
BHUHEITE S0 5 483 B35 20 FEEIEE LMk Christofides 2 A ") (15 14 FHDL K Golden
FA 6 %_fﬁfffﬁ VRP HHIEAGIREE SN L - RIfH R 40 fERIEABIRERIAHEI R
s 3 A - EEBIEATE (instances) ~ BHEH (n) ~ IRBSRFEHREEIRT] (L) LUK
c%”fﬂ@ﬁ@ﬁéﬂéﬁ%i%gﬂ + 01 B O, - YR IEEG
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REJEH 1 BLE)E 2 FoAHEE R SEBRE - FIOREEI VRP JIEBIERIBER L (n) - R
IR EERETE K E (¢)  DIKEHEIEA R (Q) FHRB IIRFREIIRE] (L) - R A5
FEAER B RE E R AYTT K » qn B g » DURCS B s it ) iy B AR 2 & » Bl
01 B Oy B [AIEE T - A 5 - | AYERET 2 O Bl ¢, o famitdE Yy Bl 01 = 0, =0
122 H qin=qn=q;/2 - & 2 AIELIFERE 700 ¢, 5346 i B g > BIEEHY [3, 5] E&REIARY
BJE%%%& k» SedE qn = qi k kil qn=qi—dqn ° ﬁ*ﬁ%ﬁﬁﬁﬁﬁ% QLEE@ K (EEME - BN O
BLO,H » &E Q=0 x0)/(Q+0) Bl 0=(0 x0,)/ (O +0,) » # g # gn H.
0,# 0, « ffiiS & » Fallahi S A " DL T#94) | LUK T 9689453 ) iR IR SE B4
e 1 B 2 -

=3 MCVRP R¥EEE

Set 1 Set 2
Instances n L
O 0 0, O
Vrpnel 50 - 80 80 56.99 103.01
Vrpnc2 75 - 70 70 50.11 89.89
Vrpnc3 100 - 100 100 70.99 129.01
Vrpnc4 150 - 100 100 71.71 128.29
Vrpnc5 199 - 100 100 71.68 128.32
Vrpnc6 50 200 80 80 56.99 103.01
Vrpnc7 75 160 70 70 50.11 89.89
Vrpnc8 100 230 100 100 70.99 129.01
Vrpnc9 150 200 100 100 71.71 128.29
Vrpncl0 199 200 100 100 71.68 128.32
Vrpnell 120 - 100 100 72.00 128.00
Vrpncl2 100 - 100 100 70.70 129.30
Vrpnel3 120 720 100 100 72.00 128.00
Vrpncl4 100 1040 100 100 70.70 129.30
E072-04f 71 - 15000 15000 9668.56 20331.40
E076-07u 75 - 110 110 78.74 141.26
E076-08s 75 - 90 90 64.43 115.57
E135-07f 134 - 1105 1105 689.89 1520.11
E241-22k 240 - 100 100 71.03 128.97
E484-19k 483 - 500 500 350.97 649.03
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4.2 PSO ZH i VND ITRFZETE

PSO HEIEPI TR EINI 2 - HE GLNPSO K2 HEHIAHRI 28D KAt
R TR EE AR BRI 8 - 5% » GLNPSO 2 ERHRAN 2 B S0 E M w(l)
BASEME w(D) ~ ZER 8 K DURBRERE ¢, ~ o> o Bl ¢, - RIFFTHRIE Ai B
Kachitvichyanukul (5. 111 Kachitvichyanukul ¢ A 7 )y i p e B A S 452 4 s ke
GLNPSO #&HIE R TkEs » 73 REE w(1) =09 ~w(1) =04~ K=5~¢,=0.5~¢,=0.5~¢=
1.5 B ¢, = 1.5 » M LA3E S 2 B e 1 T B L RR EEA R AR R B S Bl - 3N
T °

& PSO B A » SRR BN BVE E B KR — e R EE - — i
M5 EAEELRL 1B KRS SR ARGt B DURGHE RN R 2 B LERA SR - BEIE A S
BR B3 E B S Y RS RIS T B B EE R My I il = - £ Al B
Kachitvichyanukul > " fyRERRFZE 3 % FRBI0R 1,000 » 780k 50 - SRS HE B E
I B0 1,000 K T80k 20 » MURHTSEEEE 2% HaR - BHERE (D) Bk T
B (D) A2 43 FIAE T= 500750 Bil 1,000 LUKz 1=10~20 30 Bl 50 {4 #@ETHE, -
TE AR e K R B B R R B% - LUK T = 750 USRI T80 1 = 30 fE R T
PSO [HEEM i 28E%E - ZAWTFE PSO HEEFTE HHR 2 BIER E [ER AR 4 ik -

&4 PSOEFEZHEMZENRTE

2 BEEH
AR I=30
BB T=750

AR K=5

WIERTEMEE w(1)=0.9

A E R w(T)=0.4
pbest 2R ¢,~0.5
gbest E2E (R C~0.5
Ibest 235 {RE C~1.5
nbest Z2E{RH C=15

BrT PSO JHEFEEMERIRYZ B - VND SCEEH A RIS A ST R et T DAEx
SE o 4 3.2 HiifTl - AWFSTER RS VND HE RIS AR AL 6 FEERRRIAYAS S - B
S REBRARIEAYACHGE - B (1,00~ (1, 1)~ (2,0) ~ (2, 1) B2 (2,2) AHiyk - ATHEET) 1
)= 2 f] A-interchanges ZRAHH < 401k » VND #8H 7] f5{b Ey 2-opt~ Or-opt~ 2-opt*EH A-interchanges
4 EZRBERH - BT B 4! = 24 FEARRIHE » AWF7EEE 24 FH G THES - AR
Bi (Or-opt ~ 2-opt* » JA-interchanges ~ 2-opt) AV THH & FIFRERERAT » BUK 3 E fy PSO
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BATEFERFIRY VND X% - R PSO JHE L VND BT HIERAGHIET » T 2RI s
HfE 3R P e

4.3 RS RARW S

AW5E PSO HERANEINEEALL CHRESHEE - 1€ Win 7 fESERHM T - A i7-3770
(3.40GHz) CPU HYflH A FEHEFET T 2 AR S RE R L G - PSO JERB THURRA R 30 K- DIH:
I FERGRUFR PSO (LAY - A PSO B2 EREA R M ARG RE RN R 5 BR 8 -
HRILFERIAERATT 77 3 W AlE S HEE (instance) Y441 - BEFE R (n) BLELHA]
ik tEf# (best known solution, BKS) HYRA © fief% 3 Ml CFRANTZE PSO {HETAR 2
AR R - AR (Cost) ~ B BKS ZHHVH 73 LEERAE (Gap) DU FEMEGET . CPU
IRFfH] (Time) - £ PEHLIR RS AR HEUE B 5 PSO FERRAVEIT IR EME (current
best known solution, CBKS)Af . ZEA o HERrHRIFUMIAIAEEL PSO M1 TR LA H Al
MCVRP SRIFFEFIAMRIFEHRK (Cost » Gap Bl Time) o FHR S FIALERE 2 E DU IR
IRF > PR FIRIBERGES (R A AR > [RIEAE H AR SIARY Time SAZFTHEBHAYBIE R B |
PSS SRR B - 6 DA RER A S Sk T E BRI A SE A CPU A% - Dlefit2
%

4.3.1 BE 1 ARBERED T

REJEE 1 AR T AW ) B T AT S35 ) At fee T AIHIGAAS SR - 43 AN 5 BaSR 6 R o
A014.1 G FTa - #EJE 1 XIS S TE VRP HIERE =R K () HEHAE (Q)
o Ry WtE ) cta Tl RS SEoHIRRE S AE—P)iuiy VRP PR tse i@ iR 55
—FEYISHHIECE o Rl - EHARENE | AYRHEIEUET S - e T ATt ) BT AlAriE
IR » HEFERY VRP 7RS4 MCVRP 1y a]{Tfg - [F3H » fEHE 1 &8 MCVRP ¢
R FERRI AR IFUNE S e B H B HERY VRP 2 BKS ifE:fi# - FHE L - 4158 5 B3k 6 s
fidme TSR ) B T ATk ) BIRAE - VRP HAITRY BKS 2 MCVRP HJ#H 1 SHES
REHY BKS Kz CBKS -

REJE 1R TAT]435%  BORE MR PRYIIGURS SRANER 5 Fir « BUE SUR T E2 LV E R di
LIS S A% - (875 Fallahi 2 A '™y MA JEEE] TS 8% LR Mendoza % A P
KAERERE R KHY MCVRPSD FRrfg iy MA _sd {85032 - 7RI 20 BIRERTSKAEATHR I » A5
HURARISE.Z PSO JHiEERSHERE JTTHBHERE N A7k - Hfgm S » 78 20 {EHEE -
PSO m]3K75 7 B H BTSUM R EE » SPEIREE Ry 1.10% « HERTTAFLL TS BRI G R %
£ > TSRS 2 SRR IR MR » XSRS By 2.94% o FE KRR | - DL MA sd (1.42
GrEE) et 0 MA (2.53 438) RfE > ARWF5E PSO (16.83 438#) MHEFERFRE -
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£S5 BE 1 "AUSE ) REBERAEMLER

MA® TS* MA_sd® PSO
Instance n BKS Cost  Gap T1r‘ne° Cost  Gap T1r.ne° Cost  Gap Terled Cost  Gap Time®
cost (min.) (min.) (min.)
Vrpncl 50 524.6" 524.6 0.00 0.29 524.6 0.00 033 524.6 0.00 0.16 524.6 0.00 0.72
Vrpne2 75 83537 8558 245 042 850 1.76 0.94 8573 2.63 0.27 8364 0.13 2.10
Vipne3 100 826.1°7 8768 6.14 0.36 831.3 0.63 0.85 841.6 1.88 0.39 826.1 0.00 4.04
Vipnc4 150  1028.4° 1089.6 595 1.57 1061.1 3.18 4.76 10459 1.70 0.78 1043.8 1.50 11.13
Vipne5 199 129147 1389.6 7.60 1.93 13483 441 6.73 13819 7.01 143 1329.1 2.92 21.38
Vrpnc6 50 555.4" 5714 288 1.02 5759 3.69 021 556.7 023 0.14 555.4 0.00 0.82
Vrpne7 75 909.7" 933.0 256 0.65 970.8 6.72 036 9243 1.60 0.27 915.0 0.58 2.60
Vipne8 100 865.9° 969.2 11.93 0.31 888.6 2.62 1.01 877.6 135 0.40 865.9 0.00 4.46
Vipne9 150  1162.5° 12309 588 1.65 1232.1 599 1.64 1223.1 521 0.79 1177.3 127 13.07
Vipnel0 199 1395.8" 1520.1 891 2.34 1538.6 1023 0.59 14975 729 1.12 1436.5 2.92 2431
Vipnell 120  1042.1°7 1046.1 038 0.80 1043.3 0.12 238 10469 046 0.64 1042.1 0.00 2.17
Vipnel2 100 819.6" 820.6 0.12 0.30 819.6 0.00 1.05 821.0 0.17 041 819.6 0.00 3.69
Vipnel3 120 1541.1° 15474 041 1.27 1582.2 2.67 0.74 15869 297 0.74 1547.7 043 745
Vipncl4 100 866.4° 8669 0.06 0.39 868.6 025 0.73 868.1 0.20 0.40 866.4 0.00 3.64
E072-04f 71 237.0° 2419 207 020 2445 3.16 045 242.0 211 032 2419 2.07 1.68
E076-07u 75 682.5"  703.5 3.08 025 6922 142 042 698.8 239 0.26 687.5 0.73 2.11
E076-08s 75 735.0° 7619 3.66 026 748.5 1.84 041 757.1 3.01 0.27 740.6 0.76 2.17
E135-07f 134 1162.9" 11932 2.61 0.79 11744 099 1.60 11953 2.79 0.98 11633 0.03 8.98
E241-22k 240 707.7°¢ 748.6 578 8.4l 7414 476 645 763.5 7.88 1.83 7234 222 33.58
E484-19k 483  1101.5% 1250.1 13.49 2739 1149.5 436 59.86 12509 13.56 16.84 1171.3 6.34 186.69
Average 914.5 957.1 430 253 9443 294 457 948.1 322 142 925.7 1.10 16.83
CBKS count 20 1 2 1 7
* Fallahi 2 A" ; ® Mendoza % A*' ; ©P4,2.4 GHz ; “2.4 GHz ; ©i7-3770, 3.4 GHz ; " VRP Web ; ¢ Jianyong % A B4 -

(min.)

£ 6 RHIRGEEE | 4E T A% ) IR0 FAIERRS SR - ZEIL TR R R Ll S 52k
THIIEAY MA B TS 3EELISL - AMEHE Muyldermans 2 A P g GLS j55%: « DI5E% 20
ARSI S PSO FE KRS TERE JTTRIRER M » AISRIG 7 RSO LR - P
f§% 1.10% » TS B2 MA HIFEAAfRZ R » TS BUIERE (2.02%) B MA (2.32%) » 15 MA
(2 ) %% TS (1 ) %3R5 1 8 BKS » FfY GLS 2 e B 5 BE i IR gt - BLAgE
P BRI SR I HIERRE - AR R A T 9 fEREE - DL GLS KRz 9 RERIRE:E
FTHEEE » PSO 2 P3R5y 1.41% » RIS GLS SEENY 1.38% o SRR A1 - LL 20
BESPHMS » MA (3.78 434) ffE » TS (8.43 434) K.~ » PSO iR (38.88 434) -

FIHERE | PORERET S - KIHEH VRP RG34 - 918 MCVRP HEE I
Ho 2 R IEAR IR MAZE VRP F-RIES DRI  FEELIEM T » ¥k VRP T-REA
CEfFEE LR 55— VRP FRIEA IR MR « ILIF - MCVRP 76 T ARW] 436 | Bl T Af435%
RERC L I N R RS RS B « M0 S WREBE I A e s SR 2 A DT
REFEHIBEARTIRE » KRR VRP AR s bR » At st AR &y s A 40 Al — R
EHIREY L BRI AR B0 T 406 EEE o ARRFSELL PSO SKARRERS 1 78 T Al 435
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RfE NAOHIEARS R (3R 6) RUBRRREIRGE AR - I 20 AR ARG HMER A
AL ) HUBRHRAURE -

R6 mEE 1 "HE KEREREBWLIEER

MA® TS? GLS® PSO

. c . c 3 d . e
Instance  n ]z(ljs? Cost  Gap gnllr;:) Cost  Gap gnllr;:) Cost  Gap 2;;?:) Cost  Gap Time
Vipnel 50  524.6° 524.6 0.00 0.40 524.6 0.00 0.26 524.6 0.00 897 524.6 0.00 1.50
Vipnc2 75  8353" 8427 0.89 0.92 851.8 198 0.36 8374 025 8.61 8364 0.13 431
Vipne3 100 826.1° 8532 328 1.04 8352 1.10 1.59 829.8 045 941 826.1 0.00 7.85
Vipncd 150  1028.4° 10709 4.13 3.45 1055.1 2.60 6.85 1040.2 1.15 10.11 1040.4 1.17 21.83

VipneS 199  1291.4" 13303 3.01 6.84 13488 4.44 1349 13140 1.75 102 13264 2.71 47.53

(min.)

Vipne6 50  555.4°  559.3 0.70 0.32 560.0 0.83 0.24 555.4 0.00 1.77
Vipne7 75 909.7° 9281 2.02 0.77 937.1 3.01 0.90 9129 035 5.16
Vipnc8 100 865.9" 8922 3.04 0.95 8945 330 1.75 865.9 0.00 8.70
Vipnc9 150  1162.5° 1199.9 322 262 11842 187 6.59 1180.3 1.53 25.92
Vipnel0 199  1395.8" 14612 4.69 835 1467.6 5.14 6.59 1443.5 3.42 50.29

Vipncll 120 1042.17 10447 025 2.11 1043.8 0.16 1.08 1048.7 0.63 833  1042.1 0.00 10.99
Vrpncl2 100  819.6°  819.6 0.00 1.28 822.0 029 0.58 819.6 0.00 9.31 819.6 0.00 6.10

Vipnel3 120 154117 15412 0.01 233 15429 0.12 2.80 1548.7 0.49 1397
Vipncl4 100  866.4°  866.8 0.05 093 867.1 0.08 0.70 866.4 0.00 691
E072-04f 71 237.0° 2448 329 0.19 2419 2.07 047 2419 207 299
E076-07u 75 6825 6908 122 047 6902 1.13 0.49 687.6 0.75 3.92
E076-08s 75  735.0° 7495 197 0.54 7479 176 0.38 740.7 0.78  4.09
E135-07f 134 1162.9" 11656 023 267 11792 1.40 2.35 1163.3 0.03 17.06

E241-22k 240 707.7¢ 743.8 5.10 5.11 7412 473 1343 7197 1.70 1097 7232 219 7276
E484-19k 483 1101.5% 1204.1 9.31 3427 11489 4.30 107.66 11734 6.53 18.13 11719 6.39 463.86

Average 914.5 936.7 232 3.78 9342 202 843 9259 1.10 38.88
Average 9" 908.5 937.1 2.89 6.16 930.2 2.18 16.14 923.0 138 1045 9344 140 70.75
CBKS count 20 2 1 2 7

* Fallahi % A " ; ® Muyldermans % A 2% ; © P4, 2.4 GHz ; ¢ Pentium M740, 1.73 GHz ; ©i7-3770, 3.40 GHz ;
"VRP Web ; ¢Jianyong % A4 ; " the average of the 9 instances tested by GLS -

4.3.2 BE 2 ARBERED T

e 2 S DIRER e a T AL MR An e KA HIEUE o FRASA B g eE - 2 T A]
orik g BL URIORE ) RIREGRIE RS (RE) SR BRIEERH - SRIEE AR o EYeE
AHF5E PSO HE\ MCVRP jEHJE 2 78 T ANr[ 33k fRfF FAURHBARGR < %155 K » Bl PSO
GRS LA B B AR RV N ATy MA - TS Bl MA _sd 55 3 T /5% 5 #5Hl50ERY BKS HI
Fo 3 THTTVERIRAVIREES © WIER 7 FoR » 7E 20 faHIERES - HATSCOEAY BKS 4 3 /8 - 10
REEL 7 /> 735l MA > TS Bl MA_sd FTisgfy 2000 #SEEANTFE PSO BUAS R ELHE -
BB 20 JEHE 17 Y BKS #% PSO 281 - I_EEERA BKS -Fy 1 i - PSO HHE4T 18
REEHTEY CBKS fo#k - PSO HIENGHERE /T i BRI V252 [ - HEBSER BKS
R RRAR IR A Ty — 1.09% » FiAtl 3 B SRATREHERE 240 PSO » Hirr MA _sd HYR
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Einst 3 EF

$wmtagsk H-H RE-—ORFSA

BMIEE » SPRRAE R 1.75% - MA B2 TS FRBHPERRZENIT Ry 2.19%  soRAgRF RIS -
MA_sd B TR - PR 1.25 7388 - MA Bl TS Kz - “PAIREERIE 2.52 B2 2.60
Jr§i o PSO R » FRE Vg SE 17 i -

R7 BE2 "SR KFEREBTULR
MA® TS* MA_sd PSO

Instance n ]:(I)(Sf Cost  Gap ;Fnllrlr;e; Cost  Gap 2;::;6; Cost  Gap Z;rlr:le; Cost  Gap ;Fnllrlr;e;
Vrpnel 50 550.2 558.8 1.56 0.29 556.1 1.07 0.26 550.2 0.00 0.16 549.5 -0.13 0.78
Vrpne2 75 863.6 888.6 2.89 043 863.6 0.00 0.23 8843 240 0.29 863.0 -0.07 2.17
Vrpne3 100 837.6 878.4 4.87 0.36 837.6 0.00 0.66 852.7 1.80 0.42 830.2 -0.89 4.06
Vrpne4 150 10707 1089.1 1.72 1.57 1070.7 0.00 1.83 1080.0 0.87 0.84 10584 -1.15 11.16
Vrpne5 199 13614 14085 346 193 13614 0.00 347 14035 3.09 1.52 1359.0 -0.18 21.31
Vrpnc6 50  562.7 569.4 1.19 0.28 5634 0.12 0.17 562.7 0.00 0.14 557.5 -0.92 0.87
Vrpne7 75 946.3 955.1 0.93 0.65 949.0 029 0.37 946.3 0.00 0.27 931.2 -1.60 2.49
Vrpne8 100 874.7 9589 9.63 0.31 9162 474 031 874.7 0.00 0.40 866.9 -0.80 4.34
Vrpnc9 150 12405 12627 1.79 1.65 1290.8 4.05 0.14 1240.5 0.00 0.86 1181.1 -4.79 12.51
Vrpncl0 199 14902 1509.1 1.27 234 14902 0.00 3.17 15156 1.70 130 1451.1 -2.62 23.63
Vrpncll 120 11229 11229 0.00 0.80 1201.6 7.01 047 11624 3.52 080 1118.5 -0.39 5.62
Vrpncl2 100 916.6 926.5 1.08 0.30 9341 191 026 916.6 0.00 0.39 896.9 -2.15 3.66
Vrpncl3 120 15424 15424 0.00 1.27 15823 2.59 037 16074 421 0.62 15495 046 742
Vrpncl4 100  937.6 966.5 3.08 039 1141.6 21.76 0.60 937.6 0.00 0.39 931.0 -0.70 3.68
E072-04f 71 262.3 263.6 0.50 0.20 262.3 0.00 0.09 262.5 0.08 037 262.3 0.00 221
E076-07u 75 697.8 7022 0.63 0.25 697.8 0.00 0.28 704.1 090 0.26 693.3 -0.64 2.10
E076-08s 75 772.2 793.5 276 0.26 7722 0.00 0.23 7782 0.78 0.25 7484 -3.08 2.12
E135-07f 134 12332 12332 0.00 124 12352 0.16 0.87 1293.8 491 0.81 1219.8 -1.09 9.24
E241-22k 240  787.8 796.7 1.13 841 787.8 0.00 3.38 810.7 291 194 772.4 -1.95 34.07
E484-19k 483 1177.3 12409 540 27.39 1177.3 0.00 3538 1269.0 7.79 13.04 1189.8 1.06 187.41

Average 964.2 983.4 2.19 252 984.6 2.19 2.60 982.6 175 1.25 951.5 -1.09 17.00

BKS count 20 3 10 7 1
CBKS count 18

* Fallahi ¢ A "8 ; ® Mendoza % A ' ; ©P4,2.4 GHz ; 2.4 GHz ; ©i7-3770, 3.40 GHz -

R 2 AE T Rforit ) R FRBIERS RATE 8 -

FrpEd PSO i LLIRA A R8T

MA i TS [ © 20 flEHIEE S H ATy BKS 23414 8 B 12 3 - [ MA B2 TS @if#
JTEFTHinG o B UL ) RAE N RO FORIFERBUHIE] - PSO £ 20 JEH - 28R 1 17 /8
B BKS - i LB BKS S8y 1 - PSO FE T ] 73k | Bokfeeft T~ - JRHiER 18 &
EoRTHY CBKS #C#k » PSO B BKS AR Ry —0.78% » HHAMS A S » TS
Bl MA (PR Ry 0.38%E 0.78% o FESKRIRFTE] 5T - HIDE MA JEE (3.46 73 5)
TS Rz (6.13 534i) » PSO #44% (38.96 S34i) -
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R8 FEE2 A KEBEREEVIEE
MA® TS PSO

Time" Time® Time*
Instances BKS Cost Gap (min.) Cost Gap (min.) Cost Gap (min.)
Vrpnel 50 5484 548.4 0.00 0.38 550.5 0.38 0.21 545.8 -0.47 1.50
Vrpne2 75  873.6 874.5 0.10 0.75 873.6 0.00 0.93 857.7 -1.82 445
Vipnc3 100 8329 8434 126 1.53 8329 0.00 2.65 830.2 -0.32 791
Vrpne4 150 1076.0 1078.1 0.20 2.65 1076.0 0.00 5.78 1057.4 -1.73 21.72
VrpneS 199  1362.8 1368.8 0.44 8.12 1362.8 0.00 6.51 1354.9 -0.58 46.83
Vrpnc6 50  558.6 558.7 0.02 0.45 558.6  0.00 0.50 5575 -0.20 1.75
Vrpne7 75 952.6 9599 0.77 0.30 952.6 0.00 0.56 9264 -2.75 5.16
Vrpne8 100 890.1 890.1 0.00 1.69 8974 0.82 1.89 866.9 -2.61 8.70
Vipnc9 150 1186.2 12249 326 2.57 11862 0.00 5.18 1180.8 -0.46 25.72
Vrpncl0 199 1475.8 1475.8 0.00 6.88 1500.3 1.66 6.14 1472.6 -0.89 49.63
Vrpnell 120 11134 11134 0.00 1.58 11552 3.75 1.32 1095.1 -1.64 11.24
Vrpncl2 100 906.9 906.9 0.00 0.56 907.3 0.04 1.52 896.9 -1.10 7.00
Vrpncl3 120 1541.2 1541.2 0.00 236 1543.0 0.12 2.74 1549.5 0.54 14.15
Vrpncl4 100 934.7 9347 0.00 1.03 9414 0.72 0.89 9304 -0.46 7.73
E072-04f 71  262.5 262.5 0.00 0.21 262.7 0.08 0.23 262.3 -0.08 3.73
E076-07u 75  699.2 705.8 094 0.85 699.2 0.00 0.36 693.3 -0.84 4.01
E076-08s 75  748.4 756.7 1.11 0.71 748.4 0.00 0.87 7484 0.00 4.11
E135-07f 134 12483 1256.8 0.68 1.19 1248.3 0.00 434 1219.2 -2.33 18.87
E241-22k 240 771.2 7927 279 9.81 7712 0.00 1532 7694 -0.23 76.52
E484-19k 483 1175.5 1224.0 4.13 2577 11755 0.00 64.64 1194.7 1.63 458.54

Average 957.9 9659 0.78 3.46 962.1 038 6.13 950.0 -0.78 38.96
BKS count 20 8 12 1
CBKS count 18

 Fallahi % A" ; ®P4, 2.4 GHz ; ©i7-3770, 3.40 GHz »

433 ZEDEER

i MCVRP {8 e Bl el s e 1 M AOTIEARE IR (3R 5 B3R 8) ARFSEsE iy PSO
BEIAE 4 FRIEHE 80 (HMERREN SRRy 0.08% » M@ Fallahi A" #2119 MA
(2.40%) B TS (1.88%) Jjik o [EIF - {Eig 80 fEHEEES - PSO K15 16 HESUHK BKS - ilf:
UGS T 34 78 5 [AlIRFRAE 80 BEHTHTHY CBKS i 1 50 JEHAYFCER - AWTFTRFCE BKS g1
EKHIRIRE - B 2 Vipne9 ]335k (150 ) B 2 Vipne7_R[43x (75 &) AURERS
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DR B R A e 2 B A B 8% 0 SEEERY 50 @ MCVRP i HY CBKS #5 3R RIIE R
http://db.tt/FBxD94Gc - fLEf722% -

Frt R flE ) - PSO {ERE[RE 2 HUREHHRAE R H 7R B 1 AR 5 Zeh BKS 1Y 34 &
EER AT 2 - SRR 1 RURIREGT - SRRSO iR B 2 VRP 1Y
BKS - [fij;5£E VRP 1) BKS ZG#E L F2KGE 2 /7155 80N 2 2 H 55 2EAFE R © TEE
HELUH L - AWToefrdEE 1 B PERR Ay 1.01% » FEZ MR DIE S R EERERERIE - 55—
J3TH » VRP #E3EE MCVRP 1R - Hij VRP BKS AU EE SR LT - kAR #
—fitHy MCVRP - ¥ S » & 2 @2 HlEA MCVRP JH R L s iy — AR E i -

MCVRP Hf TARA[433% ) B TAlopit | RYmItERTEANRE - Bigm LIS - BB RIRRS]
R ELFR - B IEMERE (exact solution) HYAHSR @ —EER (BEER) 7 o HHMLA
SCEERTELELERAY 5% - PSO ~ MA ~ TS ~ MA_sd Bl GLS # 2R ik - HoRE/RHER
ELf% (approximate solution) » [KIFLMEECREEHEAT T A438 | AESRERN R T AA5%
FERAVIEE - BE L fERERERHENEE T A RE] ) R ER TR aE ) ERAED
ANREJEE 1 : MA (19 E072-04f 5 ~ TS 1 Vrpnc12 BB Kz PSO (4 Vrpne8 B (& 53 6); &
JE£ 2 : MA /9 Vrpnc7 B ~ TS #Y Vrpnc2 FEHEH PSO Y Vrpnel0 B8 (FHL3R 7 2 8) - #ERF A
HHIh - RAEEEEE RS BOHGER R RESTRIG T Rl4r ) bb TARETARRE ) R TR
(BEFR) WIRER -

WAE— % T RAl4pik ) B T R4pik ) BYRAE R REHET TR ST o HHRENE 2
FollIEA MCVRP #5 Ry 2 IR B - RIBLEAME R 2 Hh P& ] o3 X B AN AT 43k i %
B9 Vrpnell DURA[IPESTAA T 735 %1 Vipnel 0 mafERERS SRS T L oAt - S8
Vrpnell FER[43E R (CFHY)) FEd=Rul5E 98.3% - MEEWEAA]/0%0E (86.0%) m]LIEEE
12.3%H93E#H3E 5 [LAh » Vipnell T3 LEAN AT A3 IR AUAS SR IR L BT A —RESHR - K » ¥
Vrpncl0 AYSKIEE » W] 43308 EEAN AT 43 4R 5 SR A Sfeshl =R Bl B AR B 5 TRIS IS - Ha ]l
22 1 SRR IR IF U] 4352 e MCVRP FFAy—{E B 22 RIZE 5 JRIRIANLL » ARIFSE PSO A
FEAE V]S SRS IR S AT 7 G SRR R » IR ATRERARKS | I#HER | ARSI R
PSE

h - EmEAER

Z A HIRS AR H 2008 FEHHEH % - WA EBEMEE - HRiC2 W2 2IHR -
AWTFEE X IRH PSO EARRGEE AT HEORMERL IR » MESFEIH: " AN ] o5k 5 Bl T R]o3ss 5 i
TR0 3RS MCSR-1 Bl MCSR-2 WESHTHURRMFISTEFF - WAE VND it Hoass
—flEl (1, O)*EiERAHGELIMAN T I3k | SKAFIRFAIPRIE IR - Bl GLNPSO K 7R ER
W T L AU RE i g - DA BRI AT S R BB AS SRR - RBIFSeg Hify PSO 5
R EBEF ] -
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FESRSE T Al opik o TRERY B CBI R A SRR AN ] o33k ) FIRERYIRFTE] - 38 AT HEZ MCSR-2
FRIRASHERERE & MCSR-1 MRS ZI » BN - T 111G RAFARIERSTEIE DUAR E 1 - 3
TR IR AT AR TR E TR I Se 38HY 8 Hl A T B A e = e T TG+ IR
GEESEEAiS

AW A S B B SEEE T L FIRTE R DUARRI R A TE R AR - KGR 2
1y Vrpnell Bl VrpnelO Bl - SRR IE KM ] 73 £ 5 MCVRP Ry —{E B 2]
F o LRI R T IRAEIE LN - TRIE R SRR A ] I A S & -

ot LSt - ARAE R SRIBRIREIERE L T » BxatH A R B & R A T
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1l B SRR

ZENRK

1. Kennedy, J. and Eberhart, R. C., “Particle Swarm Optimization”, Proceedings of IEEE
International Conference on Neural Networks, Vol. IV, Institute of Electrical and Electronics
Engineers, 1995, pp. 1942-1948.

2. Shi, Y. and Eberhart, R. C., “A Modified Particle Swarm Optimizer”, Evolutionary
Computation Proceedings, IEEE World Congress on Computational Intelligence, 1998, pp.
69-73.

3. Eberhart, R. C. and Shi, Y., “Comparison between Genetic Algorithms And Particle Swarm
Optimization”, Proceedings of the 7th International Conference on Evolutionary
Programming VII, INSTICC, 1998, pp. 611-616.

4. Pongchairerks, P. and Kachitvichyanukul, V., “A Non-homogenous Particle Swarm
Optimization with Multiple Social Structures”, Proceedings of International Conference on
Simulation and Modeling, INSTICC, 2005, pp. A5-02.

5. Ai, T. J. and Kachitvichyanukul, V., “Particle Swarm Optimization and Two Solution
Representations for Solving the Capacitated Vehicle Routing Problem”, Computers &
Industrial Engineering, Vol. 56, No. 1, 2009, pp. 380-387.

6. FEISHE  Bynat - T ERTRL T RREEOKE OVRP RIE.ZHZE | - EEEAT - 56 25 % -
B2 H] - BB 102 4 H 199-220

7. Kachitvichyanukul, V., Sombuntham, P., and Kunnapapdeelert, S., “Two Solution
Representations for Solving Multi-Depot Vehicle Routing Problem with Multiple Pickup and
Delivery Requests via PSO”, Computers & Industrial Engineering, Vol. 89, 2015, pp.
125-136.

8. Clerc, M., “The Swarm and the Queen: Towards a Deterministic and Adaptive Particle
Swarm Optimization”, Proceedings of the IEEE Congress on Evolutionary Computation,
Vol. 3, Institute of Electrical and Electronics Engineers, 1999, pp. 1951-1957.

—127—



EamstEEF Fwtask F-H RE-OZF~A

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Clerc, M. and Kennedy, J., “The Particle Swarm — Explosion, Stability, and Convergence in
a Multidimensional Complex Space”, IEEE Transactions on Evolutionary Computation,
Vol. 6, No. 1, 2002, pp. 58-73.

Chen, A. L., Yang, G. K., and Wu, Z. M., “Hybrid Discrete Particle Swarm Optimization
Algorithm for Capacitated Vehicle Routing Problem”, Journal of Zhejiang
University-Science A, Vol. 7, No. 4, 2006, pp. 607-614.

Ai, T. J. and Kachitvichyanukul, V., “A Particle Swarm Optimization for the Vehicle
Routing Problem with Simultaneous Pickup and Delivery”, Computers & Operations
Research, Vol. 36, No. 5, 2009, pp. 1693-1702.

Christofides, N., Mingozzi, A., and Toth, P., “The Vehicle Routing Problem”, In:
Christofides, N. et al. (Eds.), Combinatorial Optimization, Wiley, Chichester, UK, 1979, pp.
315-38.

Marinakis, Y., Marinaki M., and Dounias, G., “A Hybrid Particle Swarm Optimization
Algorithm for the Vehicle Routing Problem”, Engineering Applications of Artificial
Intelligence, Vol. 23, No. 4, 2010, pp. 463-472.

Qi, C., “Application of Improved Discrete Particle Swarm Optimization in Logistics
Distribution Routing Problem”, Procedia Engineering, Vol. 15, 2011, pp. 3673-3677.

Goksal, F. P., Karaoglan, 1., and Altiparmak, F., “A Hybrid Discrete Particle Swarm
Optimization for Vehicle Routing Problem with Simultaneous Pickup and Delivery”,
Computers & Industrial Engineering, Vol. 65, No. 1, 2013, pp. 39-53.

Belmecheri, F., Prins, C., Yalaoui, F., and Amodeo, L., “Particle Swarm Optimization
Algorithm for a Vehicle Routing Problem with Heterogeneous Fleet, Mixed Backhauls, and
Time Windows”, Journal of Intelligent Manufacturing, Vol. 24, No. 4, 2013, pp. 775-789.

Norouzi, N., Sadegh-Amalnick, M., Yalaoui, F., and Alinaghiyan, M., “Evaluating of the
Particle Swarm Optimization in a Periodic Vehicle Routing Problem”, Measurement, Vol.
62,2015, pp. 162-169.

Fallahi, A. E., Prins, C., and Wolfler Calvo, R., “A Memetic Algorithm and a Tabu Search
for the Multi-Compartment Vehicle Routing Problem”, Computers & Operations Research,
Vol. 35, No. 5, 2008, pp. 1725-1741.

Chajakis, E. D. and Guignard, M., “Scheduling Deliveries in Vehicles with Multiple
Compartments”, Journal of Global Optimization, Vol. 26, No. 1, 2003, pp. 43-78.

Brown, G. G., Prins, C., and Wolfler Calvo, R., “Real-Time, Wide Area Dispatch of Mobil
Tank Trucks”, Interfaces, Vol. 17, No. 1, 1987, pp. 107-120.

Van der Bruggen, L., Gruson, R., and Salomon, M., “Reconsidering the Distribution
Structure of Gasoline Products for a Large Oil Company”, European Journal of Operational
Research, Vol. 81, No. 3, 1995, pp. 460-473.

Avella, P., Boccia, M., and Sforza, A., “Solving a Fuel Delivery Problem by Heuristic and
Exact Approaches”, European Journal of Operational Research, Vol. 152, No. 1, 2004, pp.
170-179.

Reed, M., Yiannakou, A., and Evering, R., “An Ant Colony Algorithm for the
Multi-Compartment Vehicle Routing Problem”, Applied Soft Computing, Vol. 15, 2014, pp.

—128—



BT RREALE RRE X Tk KM S WA Rk a2 B AT R

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

169-176.

Muyldermans, L., Ellis, C. J., Graves, G. W., and Ronen, D., “On the Benefits of
Co-Collection: Experiments with a Multi-Compartment Vehicle Routing Algorithm”,
European Journal of Operational Research, Vol. 206, No. 1, 2010, pp. 93-103.

Mendoza, J. E., Castanier, B., Guéret, C., Medaglia, A. L., and Velasco, N., “A Memetic
Algorithm for the Multi-Compartment Vehicle Routing Problem with Stochastic Demands”,
Computers & Operations Research, Vol. 37, No. 11, 2010, pp. 1886-1898.

Mladenovié, N. and Hansen, P., “Variable Neighborhood Search”, Computers & Operations
Research, Vol. 24, No. 11, 1997, pp. 1097-1100.

Lin, S. and Kernighan, B. W., “An Effective Heuristic Algorithm for the Traveling-Salesman
Problem”, Operational Research, Vol. 21, No. 2, 1973, pp. 498-516.

Or, L., “Traveling Salesman-Type Combinatorial Problems and Their Relation to the
Logistics of Regional Blood Banking”, PhD. Dissertation, Northwestern University, 1976.

Osman, I. H., “Metastrategy Simulated Annealing and Tabu Search Algorithms for the
Vehicle Routing Problem”, Annals of Operations Research, Vol. 41, No. 4, 1993, pp. 421-
451.

Potvin, J. Y. and Rousseau, J. M., “A Parallel Route Building Algorithm for the Vehicle
Routing and Scheduling Problem with Time Windows”, European Journal of Operational
Research, Vol. 66, No. 3, 1993, pp. 331-340.

Cordeau, J. F. and Laporte, G., “Tabu Search Heuristics for the Vehicle Routing Problem”,
In Sharda, R. et al. (Eds.), Metaheuristic Optimization via Memory and Evolution, Springer,
US, Vol. 30, 2005, pp. 145-163.

Golden, B. L., Wasil, E. A., Kelly, J. P., and Chao, I. M., “Metaheuristics in Vehicle
Routing”, In Crainic, T. G. and Laporte, G. (Eds.), Fleet Management and Logistics, Kluwer,
Boston, MA, 1998, pp. 35-36.

PR > T HEF PSO SRIGZ MM B ARITE | - BT OB A TR
fE L R 104 £ -

Jianyong, J., Crainic, T. G., and Lekketangen, A., “A Cooperative Parallel Metaheuristic for

the Capacitated Vehicle Routing Problem”, Computers & Operations Research, Vol. 44,
2014, pp. 33-41.

—129—



szt FEF Fwtrg HoH RBE-OzF<A

Biigx - MIRE MCVRP S XRIREBRZER

Problem instance: Set 2_Vrpnc9 no split ‘ Best known solution cost: 1240.5 ‘ Our result cost: 1181.1 (-4.79%)

No. of customers: 150 | Capacity (a/b): 71.71/128.29 ‘ Route Duration Constraint: 200 ‘ Customer service time: 10

Route # Route sequence Loading (a/b) Cost
1 0-132-1-122-30-131-32-90-108-10-70-101-69-0 48.10/97.08 79.74
2 0-137-144-57-15-43-142-42-87-13-0 41.00/73.24 75.35
3 0-105-40-73-74-133-22-41-145-115-2-58-53-0 66.10/86.08 64.72
4 0-28-12-150-80-68-121-29-129-3-77-116-76-111-0 57.70/126.50 69.82
5 0-47-36-143-49-64-63-126-31-0 43.80/82.33 112.65
6 0-51-71-65-136-35-135-34-78-79-0 48.00/68.08 109.08
7 0-18-83-114-8-125-45-46-124-48-82-146-0 57.60/107.50 89.13
8 0-26-149-54-130-55-25-24-134-109-138-0 45.30/89.83 81.84
9 0-52-106-7-123-19-107-11-62-148-88-127-27-0 64.20/105.00 74.60
10 0-110-4-139-39-67-23-56-75-72-21-0 65.40/117.59 96.14
11 0-147-104-99-5-61-16-141-44-119-14-97-117-0 69.20/120.84 79.96
12 0-50-102-33-81-120-9-103-66-128-20-0 69.70/118.26 92.35
13 0-112-95-92-98-37-100-91-85-93-59-96-6-0 65.10/127.00 56.75
14 0-94-38-140-86-113-17-84-118-60-89-0 60.70/115.42 99.03

. B depot
Route Graph of Set 2_Vrpnc9_no split | ¢ i customer
80
70 +
60 -
50 | J
40 -
30 -
20 -
10 +
0 1 1 1 J
0 10 20 30 40 50 60 70
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Problem instance: Set 2_Vrpnc7_split | Best known solution cost: 952.6

| Ourresult cost: 926.4 (-2.75%)

No. of customers: 75 | Capacity (a/b): 50.11/89.89 | Route Duration Constraint: 160 | Customer service time: 10

Loading (a/b)

34.40/87.75
38.50/64.50
10.00/20.00
50.00/71.50
28.60/55.50
48.90/87.59
42.50/70.58
47.80/84.33
43.30/86.75
48.20/82.99
46.70/76.41
49.60/88.42

Cost
83.85
89.84
10.77
82.78
93.55
77.23
92.97
78.61
74.38
76.87
79.89
85.71

H depot
@ no-split customer
A split customer

Route # Route sequence
1 0-6-33-43-41-56-23-63-0
2 0-73-1-42-64-22-62-68-0
3 0-67-0
4 0-8-19-59-14-35-7(b)-26-0
5  0-5-37-20-70-60-71-0
6  0-7(a)-53-11-66-65-38-0
7 0-32-50-18-55-25-9-0
8  0-34-52-27-15-57-13-54-46-0
9  0-2-28-61-21-74-30-0
10 0-17-44-3-24-49-16-51-75-0
11 0-4-45-29-36-69-47-48-0
12 0-12-72-58-10-31-39-40-0
Route Graph of Set 2 Vrpnc7_split
80
70 t
60
50 t
40
30 t
20
10
0 1 1 1
0 10 20 30 40 50

60 70 80
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ABSTRACT

While automatic driving vehicles can be controlled automatically by a
safety vehicle computer system and driven on a road, we will face the challenge
of how to properly make the automatic driving vehicle passing through the lane
where automatic and manual driven vehicles mix near the event area and
adjacent to automated highway system. The main subject of research topic is to
design an automatic car-following logic by the judgment of the front vehicle
behavior wunder the assumption of an incidence occurring on in
single-automated-lane highway system. The purpose of automatic car-following
logic is to avoid instability in the rvear traffic. There are two indicators,
maximum dynamic setting distance and minimum one designed in the logic. We
also considered the rider comfort and used the programming languages to
simulate various scenarios of car-following. Then we compared with the traffic
simulation software in the General Motors car-index to determine the stability of
automatic driven vehicles under car-following situations. The study concludes
four kinds of automatic car-following logic, to judge the acceleration or
deceleration of automatic driven vehicle possible by the relative distance and
speed of the front two vehicles. The results of this research can support
automatic driven vehicle control logic under abnormal traffic.

Key Words: Maximum dynamic setting distance; Minimum dynamic setting
distance; Dynamic distance; Micro-traffic flow simulation
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