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ABSTRACT

This study proposes a new meta-heuristic approach for solving the vehicle
routing problem with backhauls (VRPB). The new approach is a modified
backtracking adaptive threshold accepting (MBATA) solution scheme which
combines the relaxed backtracking adaptive threshold accepting (RBATA)
method and flip-flop heuristics (FF).The benchmark problems described by
Goetschalckx and Jacobs-Blecha (1989) were selected for performance
evaluation. Results showed that our proposed MBATA yielded 37 best-known
solutions among 62 test instances, and the average deviation is merely 0.13%.

Key Words: Vehicle routing problem with backhauls (VRPB); Backtracking
adaptive threshold accepting (BATA), Flip-flop method (FF)

[l

_‘Eﬁ

VIl RS Ry L e B rhAE B 0y — (R BRE - SRR P B I A BRLR A5 A o B -
AR & R Ryl e 2 TR IR HU S H i 2 4R 0/ (vehicle routing problem with
backhauls, VRPB) - VRPB S RAZ = KRB/ Bt B EBL (linchauls) BHEYVERL (backhauls) » ifi
TR Es 2 B DA EUSE AR S B AR TP AT X BB - A REFIGAR B U BB - Casco
SN U B VRPB A5 P E P E A A EER | - B0 « Aol TR F e 5y
T ST I E A A T S B R + R Bl A2 22 o 22 [ Vet 2 M TR » R et
EIRN

VRPB Jy VRP HYZEA » [F]JE NP-hard ARG o & AR AR » SR AR R RE R He 1l
Hr2FREE - RHGEFRAIIIFEA 2 DIESEREE 71 (meta-heuristics) HEFT3KE - B
SR =UENAEE - RIS RERVHES RIS & A B =T T = DI s
A SR e e f# - 40 Tarantilis Bl Kiranoudis P 2 H 2 [B1IFIRE 825275 (backtracking
adaptive threshold accepting, BATA) » HAEFEH/ENE R BT MIETR B a2 fE0F - BATA
AR AT - UMK R A bk i R - RS B S A fBak BATA Z PRI
= B b HRIAR 1 ERst = e IR 527E (relaxed backtracking adaptive threshold
accepting, RBATA) LUK VRP [HE o SRt R ELE I i A B E 0.87% -

frey bl - ARWFEZ HAYZ DL RBATA Ry ASKARZEHE - S5 HAE VRPB HYRAERR
EHSSUR - I HRF Rtk sk (flip-flop, FF) BUSESIIAFTEERISEHI - 33 A=
FRH DS I BARYE S » E— DR S ReR HRBUR RAFOTKE T -
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VAR R B PR 2 ik R ARSI AR IR R AR AR R X FF R

— ~ NBi[EEE

2.1 VRPB [S8%E FEAERIREE

VRPB [ A% B Tk BRI BRI - FERFIRIERAR T - SIS % - O
JHSERPTR R BRI 1% - A REEIVERGEITINE » IR FLRIRIEGE - 21 ] 4 ET
LR AT EE IR - Horr - RRERE A A BT K2 EE HER »
i B — FE > R B A R E A 1A R AR SR R b S R T E
FIREBEA © Rtk VRPB By R 12 FE —HH SR TSR - FREORER AR R B BB &
BRI A ER] - KA FAR R RIRT TRcA R/ IME -

AWFZERST 55 VRPB R EUAE R U B SCRK - AL R D5 A A B B AR
3 RN 1 R » 6 G BEAERERE By Goetschalckx Bl Jacobs-Blecha ™ #2112
62 REAEFHIRE - TV B Fy Toth B Vigo ™ #2112 33 AR -

I’k 1 LIESEEKE VRPB 28R Bl

FR e (EEEDAR-S B ERER

GJ N 31 &
TV S 4 /8

GJ BHHZER 21 &
TV 2R 5
simulated annealing GJ REEZE 36 34 ;
large neighborhood search TV S 28 /E

TV 2N 2 &
(BRI T RE S SR AN
reactive tabu search-adaptive|GJ REJEH 2RI 15 7

2002 |Osman Eil Wassan [© reactive tabu search

2006 |Brandao!” tabu search

2006 |Ropke Ei Pisinger ™

2006 |Tavakkoli-Moghaddam % A"} |memetic algorithm

2007 |Wassan "

memory programming TV SEEEZeH; 9 B
GJ FH[EZEhE 4 #E
2009 |Gajpal £ Abad!™" multi-ant colony system e =

TV REEE S 1

% 1 /12008 4F: Gajpal B Abad ' FI| ] multi-ant colony system i &% K fi# VRPB [
K GJ REFEZEN; 4 REEL TV BEEEZEN; 1 5N » HAFTEREE B KIS ERFCA R - BE
Hij K% VRPB B S ftf HE E ©
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2.2 [EIHRP9HER =2 A M A Bk i

AT S8R R A v A A e ARt X ] PR e Sk i IR T e e o R
HAE VRPB R RIFBCREIGCR - KL - LETR AT 7825 2 BATA » RBATA B
FF 5 GEA TR0 5 2.2.1 /N Aol g TR e S ik B LA (O 3K 5 2.2.2 /)RS FF
ZBEE

2.2.1 EIHAFIEIR 2% BATA BEIEMHTE

BATA ZFHIME#E5Z1 (threshold accepting, TA) &K 3K  TA Hy Dueck Eil Scheuer [
P - HAaIE H MEBBR K ik (simulated annealing, SA) 1)+ TA J# SA # LR :
RISCEs HE T MR 325 (B BRARUCERRBR USRS Ny T ResB A, BlEACH
BRI 1T HEMEARRBRITIERF (C(X) < C(Xe) » C(Xe) Bt Tl Xe & HAHME » CX) Ryshl
fig XHIHERE) A2 - {2 TA FrER FIRVRESAERTRy C(X) < C(Xe)+ Ty » Hodr Th o2 k
EIGRRIFINGE - BRIV iR -

Tarantilis Bl Kiranoudis ! ¥ TA 3#E£7o 5 » $2H [m PR 82521 BATA - BATA Bl TA
AR EILEA PGS LAY TR, - BATA fE5e— 38 SsHpEiE - BEE SR
IR - BRI Sz » RIEIF I E P T = - (B i ny IR fE A rT S R —
R ZIIFIMGIE - AN IS R B RE 28 A R MR M a5 - AER TA
(% L ELRFKAVEIRE - BATA BIEIHARS © 7, =T, +(T, -T,)xb » HA1 T, FA3EIHHFT
e s T R HARIFIEE 5 T, Renii— KW 2rIF e » b R FIERImay LEBIE - 55
—flil BATA B TA fY752 - 72X BATA Hys IR TERTEEREEEZ S - TR
EAE I — (A THE R B A BEREUT A — 8 T2 09 - B (BB s k-

TR B B S A EU BATA W45 & GENIUS B HL Sl sty =575k i VRP
MIRE © ARWFFek B S B S A 2 SRR 208 b SR it Um0 A 252 75 (relaxed back-
tracking adaptive threshold accepting, RBATA) - RBATA ¢ BATA (B =/ AR Bk
Ry Ty =T, +|T), = T.|xb » HHBVZHFRIFEA BATA th b {HREF/ML 1 HYRRTM] - 1555 b
EEEARRY 1 IR — Bl S RYFIREE TR =& A e I FIRE(E - {H b BRI 136
B A AR - ERE AT — Bl S RPIEE 7, MR IRITFIRGRE 7. (T, -7, <0) -
JFA BATA RN RAGF T IGE T, - SEAREIIS M NREAYIEE o KIHREA
M AINARREHME - LB B TE 3 -

BATA Eil RBATA JfEHARH & A LRTERY SO B RITE A % s BATA J71H » Tarantilis
Bl Kiranoudis ) $7 HH 3% 735 » J1% JEL I PR A D 80— {11 B A5 1 152 mH B oK/ N2 e e g o
(heterogeneous fixed fleet vehicle routing problem, HFFVRP) « A 2004 4F » Tarantilis '* 2 A_
FIFH BATA K% HFFVRP AUEEFRERE o BESHE IR N E R O AR M8 0.31% » 38
H BATA j2—ZRig B iR E HARCRINEEE: -« e BdfhifE U DL BATA Jiik
T —E R B AT [ =C I 527  (two-phase backtracking threshold accepting, TBTA)
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VAR R B PR 2 ik R ARSI AR IR R AR AR R X FF R

Kfi#E VRPBTW (vehicle routing problem with backhauls and time windows) [/ » EZRTFEHk
HECER o0 FH B L B A T B P AN (R P S g AR - 8 SR AR 43 R IR B - AP Bt 2
DX BATA SKfi - sRIRS: RSSO AR ML - ARG B 3.52% » BRIFIREITR
728 2.81% » R FRBRLF -

RBATA Jiiii » B4 ) S KSR HIEE A2 R iR VRP [IRE - WFSERs S b AR
1SRRG b E/INA 1 1B R - BLEIREAE B L - 33 14 EHIE A 7 @
IR fEAGR - SPIRR S 0.87% - s{EFEmpihEs U e RS AT HERCRI% - % VRPBTW [HRE
R ERFEFRY VRPB RRE - 820 RBATA K o KR AR 15 A& -
YRR A Ry 5.8%  FRTTRFLTIER A Ry 5.32% o

2.2.2 WtEpkiEE

Rt (flip-flop, FF) FsBREI U7 Arig » 2 S s Rigai A g
Sl ARy - RS r iR R 5 = UB HE L W dsk - (2 1% PR S — el St T =5 - !
FASKEEREBRBI G Wb ek L F] - [RILEAS . R otk - B 1 Ry R Miphetvk 2 SR iR
RUREIE o EREAERER R RANE R AR - SAaR R A B DUk R MERH
BEHEITUGE (flop) » RURISRIGUE SR HEAF B &f (local min optimum) » B2 LU Ak
(flip) J5=0RE - iR EAR S R AR B AL BESRT TR S 2B H s i R T £ B B 1
Ayl bl (i C Bl (local max optimum) » AM1IEL SO 7 FSR AR » BESRAFE R B L Rk [ ak
] BB B i PRS-

JAR

A

local max
optimum local max
optimum

E

local min
optimum

D

local min
optimum

4Ea
global min optimum

SRERHBIE TS

1 mERkEEREE
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=  MBATA 3% VRPB 2 Z2H5

AHFESE S RBATA B FF » $2H MBATA (modified backtracking adaptive threshold
accepting) 113K VRPB (AR AN - i LARES MR B S B Lo /5
i T EREHIAE A IR A SRASST LR - MBATA FH00 b = {E A « 55— R B aafins
FERERH » 28 T Rl S OCE T - TR = F MBATA EEERGEAH -

3.1 iR E BRI AN S SR EEE

AIFZ2ER F i B e Bh 2 e Hh AL (farthest-start cheapest insertion, FCI) {F R #LiAf#E
AL o H ORISRy R Wiy - IG S A ESH ST BRI -
AER 1 $E R EIREES G ROEN B B E Rl 8L - S nE S R REEAGESHR -
ABR 2 FHEPTE MR IR R B BB AR P E M BRI AR » e e 28
BR[O R2 IV Z ARG T » B AR R/ NEEITHEA -
ABR 3 EEDER 2 pyHRAER] - HEPTE RS R OIS Ry 1k -
AMFEZ AR OG- HI53 Ry SRR R A HA R B AR A A HAA B SR R A8 A
EH 1-0 FEEAHE ~ 1-1 HIRACHREEL 2-Opt* HiifRACHGE - T ERARAASHATE S » £R
Fi 2-Opt Ed Or-Opt FfEAZ AT TR AR AR FRRE O  F5HIE SRR AR B ER AR I B
BRENRR A HAYE - BRIARREI T AN UGS o DIRHEART TROAS -
TEF A T =+ DR B AR T A A S R R T A =
(1) FfEEE (best improvement) : {EFTE T FAVARE S » ERUCE R L HIRIEAETTAS
‘]Ejiﬁcl o
(2) Btk (firstimprovement) : FEEFEE B AIITHYAHAR RIS » HEITACH -
(3) FhfEdE (semi-best improvement) : iy B EH AR E —RIFTREH BN AR R
i ERBUCE RS NIARRE TR -
bl = FEIRIS AR UGS SR T TR AR SRRGE B A R B AR SEE T AR S
IR B iR O (semi-best improvement) TRHEE -

3.2 tAREEMPIEIRZE (MBATA) 1R3H5%E

ISR FHEE S B 52 A Frd 2 RBATA ZEHSNG A RO S » MR
RERIE I 327k MBATA » MBATA SHHAE ST RUA M SR B A i G TR
DGR - MRz iy 730 - DUVIRE R Bhvg A sk (A BRI TREBEISE - iemk
firruhiE o [8 2 fy MBATA SKfi# VRPB (YFRAEEM - /£ MBATA Zgfgr - AfldiE =l
BERHIRFPBE A 1-0 ~ 1-1 ~ 2-Opt* ~ 2-Opt £ Or-Opt 71## > Ak = G B B A T s
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VAR R ) PR AR 2 ik R AR e A2 IR

TR R B AR AR

(R TR Ry bk FH Vit (Semi-best) Tl

T

I

:
Jmax
I
v r

| ﬁﬁfﬁiﬁf"?ﬂﬁé | Tb
[1=1J=0;7,=T,=T]| ;

)

| Reset 7, = T: H=0 |

»]

R
SRR T=1,2, -
C PR EE
CEERERIE RS 0 J=0,1,
DEE R P L R

: Ez‘;c hz,/\ﬁ Ojng }iz%l
PR ERR LR

C PR LR

T E e 2 I

D AP

T

I<=K I=+1 |«
P

K

-Jmax

Aol ) PR (E

IS & <
Py
=

| wsmamRy, |

SR e HTRX Ry
Min{C(X) : C(X)) <= C(Xo) + T}

Fm

BT FE—HRX R
Max {C(X) : O(X) <= (LX) + T}

sl

s

2 MBATA KEZR1E
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MBATA #¢r 7 FREBHHER: £ L& (A AR » BT QAT BroeI
— R e 7 B B T S RO - D SRR SR A B PTG
HIRRE IR (1) 35 Jmax =0 » FORMUGIEAE b — 8L TR » RKRT—Z
B KBTS IR R AR R BT « (2) 25 Jmax >0+ BIFGRI G IELAE b
T FIE » AT — 2K R PR 2 P BT T B e - B2
SRR TR 0 NR B W L VR PR IR - T SR L R
2 - SBIBNIRR ERI E RRATT BB AP AORE - YRR B2 - HIBRIGE
LA -

AT EL AP © BB TARADAT - RIS S — AT
X, AFIR X, Setrelr - AL AR OO0 NRBTH COX) I EBVAFUEGE T, - %
2 FUNABE AR SATBITAE - SHIHIBTR T CI AT AR - 2T A8
Se - ITBOAIT LB ST EAR - HIRF T — S S B LU
BUR - AN UG RN i - A A I R T P S B T B AT 2
R : 75 - RO VI A 2B -

FERE ILIEEIAT - MBATA BUSLRI) TA BRI - TA (9082 - H R SRR T2
SEBITER K 20 P TA BT OO i FREEHI Se7E2E K (P IR IR
KPR CLPIGIUIRIE 0) PRI ¢ i MBATA HIfs ELAF I
ROREIE R » LG S TR - RGBT K o i
EEBITEAY Jmax KARPELETER] - UBREE Hoh 2 — GRS R S -

I« VRPB IR¥ B E A BRI 57

AREE F P RE RS TR ST - 4.1 BRI AR R 5 4.2 BT MBATA 15
FHAETTHIE 5 4.3 EHIGRATEE SRR 2 AN 5 4.4 BRGSO A FE A L -

ATl CHEGE S HETHE=NEEE - W HAE Microsoft Visual Studio 2005 gz »
SRS ] Windows Vista Home Premium FY{EZE 25~ Intel(R) Core(TM)2 Duo CPU T7300
@ 2.00GHz ~ RAM 2G HfE A R -

4.1 VRPB I =2 EER A

ZRHJFF2LL Goetschalckx Eil Jacobs-Blecha ! 7 Hi1) 62 REAZSFIREESTHIES - ARAERE
ZERFEADE
1. AR o A 2 B AR Ry 35 2 53 AT o
2. GUEAIR RO E 5 BIfR (1)) ERASEFR R | £ ) BCR EIGIERE -
3. A TR E S by 500 - FEHEF B 200 » DUE REMC A A 5 BEABEEE 25 3 150 B -
14 FAFEFIE -
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VAR R B PR 2 ik R ARSI AR IR R AR AR R X FF R

4. Z BB ERRE S AT E R LEEA 50% ~ 66% Hil 80% —HE -
5. BPIEREFBCHIUAE - (MBS TAGE 3 2 12 fiASEF -
6. FeFE(E HAR R IR TR A R/ ML -

4.2 MBATA 15850

AW FEAET THE A i A A A - SRR At R B SO h AR FE R
25.1% - FEEITHMSAE S UGE BRAHAT - M E R TP A HE BT THIIES - HRRESLBE
TR - IR PTAE A 120 A EINEFROHEY 1T - FGHIER - USRI RAT 6
TR FERY AR TIEF? - SET TR BIERHIGE - W3 IR ar 7 F NS-001 £
NS-006 » 2% 2 Fyi% 6 FHAHRIEHI TIAFFIUEI - DURCES 62 #E VRPB AR R % B H
A E AR IR VTR AER » FHER 2 1901 » 6 AR TIE - RERE 1S PP 2R M gt
FEif) 10%

R2 NEREBHIERE

i RIS Z A BRI TIE SRR AR
NS-001 1-1, Or-Opt, 2-Opt*, 1-0, 2-Opt 10.01%
NS-002 2-Opt*, Or-Opt, 1-0, 1-1, 2-Opt 10.05%
NS-003 2-Opt*, 1-0, 1-1, 2-Opt, Or-Opt 10.06%
NS-004 2-Opt*, 1-0, 2-Opt, 1-1, Or-Opt 10.07%
NS-005 2-Opt*, 1-0, 2-Opt, Or-Opt, 1-1 10.12%
NS-006 2-Opt*, 1-0, Or-Opt, 1-1, 2-Opt 10.12%

4.2.1 BEERRRETIZ BT

1 MBATA fAHHEGE S - FEASLUT&RIE © (1) PISEYIREHE K ZHE 5 )
REAAFTIHE EERAE T) BRI TR LE3R r (B2 22 I 5 (3) PRI LLRAE b ELFIRE FIRELL
HRAE r 2B SCGHER 5 (4) SHHRE R R KRB Jmax (B JIE -

MBATA 5 o 4 PR Dk 7R HE R A S LB IR X 5 HM B B E Ry « (D)
FEAEFIRE FESRAE T) = 0.01, 0.02, 0.03, ... ,0.10 5 (2) I FRELLAE = 0.7, 0.8, 0.9, 0.99 ; (3)
FEREEILESRME b =0.5, 0.7, 0.9 ,0.98, 3, 5, 10, ...,35 ; (4) PIREHEFIEE K = 120, 240, 360 ;
(5) EEREEIIAY Fe KB Jmax = 20 - HEISEE S UCERRHBEH NS-001 £ NS-006 H/SHHHETT
WEK » R AT SR B A i FE A BR AR DI IEROR -
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4.2.2 FIEESIREZAH

BB TR TR E K (K =120, 240, 360) S THIE HIEAIGRE ST Fy b (HEL K {F -
DURARIY Tp ~ r EHEB K EREEBGEE - HRSBEVERIIT2SBE S5 B F AL
Ko B hEE U 2 5 - RAAM I LLR T)= 0.01 ~ P8 FRELLER r = 0.9 ~ IRk
[958 Jmax = 20 « /5 —HH 228 DL NS 2 NS6 ATEAR S SicE i i S <
AR AR B BAEANE P E AR M R -

HIEK b fEEE K {ELZAGRANNE 3 Fizs 5 FHRE el RIE b B/ MR SRR 20 I - th=HH K
RIGEERAAAR] - 10 b ELARY 5 LB VETRREI A TIRIIGE - PR~ 3.59% B2
3.57% 5 b {EHKRAER 20 KBRAHME DRI - SRFHERIDER b E/IMR 20 BINEHL > 7]
RMEE AR R EMATSCR - (AR R AGE AR K BRI - BRTLE b
ERIR SRS 20 2 A/ IMEZERR - HERRERARBAHE » PL K =360 EFTHIEARYAE b [HHE
ABREZHIR - MR B — A FEAEIE » BRARIBE R FERESRIGIEEAVRT R - B
RAFEE P SR FERR - SRIERTIEE IR AT bR » RIPEEREHR FERY AV ] - HESZ B RIEERF R
AP SRR -

3.7

3.6
el
S'Z
., —H—Kk=120
¥ 3.5 H

o A\%

33 T T T 1

0 10 20 30 40
b{H

3 BEK b ZEHEMT (1,=001,r=009)

WERAREN T~ r{HEL K {8 BB r=0.8 Bl r=0.99 Mifd{EM » LhiHEIEFT#
& Ty BAFIRER0YIRS KRR R ERYZEE - IR EbFEe Ry b = 20 - [E 4 W[
HiE =08 K » =R FEIRY KBS SRRRS SR 22 o AL 5 - = 0.99 FFEEE - R
Ty)=0.01,0.02, 0.03 [f » K =240, 360 HYAGHER K = 120 BYFSIRES 5 T T, #5#8 0.03 2 1%
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VAR RA O P 2 ok R AR IR R m Ik 4 PR Z A

BE# ToH4im » K =120 B K = 240 B PERRA AR AR » (HIELIRF K = 360 KRR PR
FEEAE 1% foA5 - [ S th DIPTSR RE K = 360 HUMERRtE o RIAE 2 SRl - It
BrIIRS BEky 360 » DUREHB R —HHIVRER -

4.0
62 Wl\\ --8--K=120
H
f 35 ‘m ==X - K =240
1 A\ — A - K =360
= \
1) A}
7= X _ L@_M_
3.0 < - . »
B ik &
(%)
2.5 : ; ; . .
0.00 0.02 0.04 0.06 0.08 0.10
ToE
4B K T) 258D (r=08,b=20)
4.5
4.0 5—a—"
62 e
= O -
5{_7‘ 30 /Z/E/
¥ 25 ﬂ\ /z X EK=120
# 20 \\E/ X - XK =240
= s A\ X
= ) I xR — A= K=360
1.0 -—*L*—'—%——A—W-‘—
(%)
0.5
0.0 T T T T T
0.00 0.02 0.04 0.06 0.08 0.10
Ty &

5 BEKTHZEERN (r=099,b=20)
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4.2.3 FEAAPIMGLE REAPTIE T PREE R 2 X AR

b/ NG A REART TR LR B 7o BT SR r AT AT A Ty b < 1 Bl b >
1 R © b < 1 B9 558 b= 0.98 5 b> 1 BYERZHIEA b =20 - FKEIRANNE 6 BdlE 7 iy
7 LA AT B ERAE SR AN ] (E R ISD T - fEAaF I EERAE T) = 0.01 BRI 22T
IMEES To WUREAN - SR 2 NRERDBIES - T T, £ 0.05 2 0.10 ZH - SRR H.
BRTRERVIREE © HrPJELL Tp = 0.07 RFVEIRRZER 0.94% 8 R it  [KLAE Z RAVHIEK -
FLAGFIMEELLR T, (EEIE Ry 0.07 » DIORBSCR—2 -

SHMERE 6 Bl 7 JRA] LIS - i To (EAEMARTEDL N - BEE r EEYIEIN - BEHany
SRR Ry NIRRT S - HARIRBRI AR - rIE IRy r (EHER A R AR E AR
FRAES - T ELES AP R IBEELSRAE = 0.99 BERE AR » PHRE A 1D /EA »

4.2.4 PI4E[E1HALE 3= B FI4E T B LE 3R 2 32 STAIE

2 RSB LERAE b BLFIHE N IERAE ~ EEFTACSCHIE s [ 8 T 7o = 0.07 A
6] r (EEHA SRS R 2 - I DIBBIE b < 1| Kf - VR ERRy b [EIBS I (10
B M b>1 H r=070F » SPHERRGERBGEES b EHAVRINITA R8s, - HE
T DGR b > | PR b < | IR B 35 - > 0.70 B - SRFEIRERIE
B - rhlE 8 IEH - BOKRY r (ERIEBEA BEE HB R RRE IR -

FHANEOAHY r (BRI E N SERE ik e - AP IEESIRE T - &
(K B T REBMS D (1S b [EAYSZ BT TGS RUR - [RIBt - TEREH] b n] DU R
R r{H > BEFSRBERTIIRE -

45 B\m

4.0 <
62 A W BB

3.5 =
=g RN SR =

3.0 \ K NN X == K w2 < - X
s 3 N =X > —H=H—r=0.70
£ N
SR B NG Pr v X =0.80
=0 . - T —A
i 2.0 an = — k= ;=090
(%) 1.5 \‘I~ — - =099

KV — S

0.5 T T T T 1

0.00 0.02 0.04 0.06 0.08 0.10
T,{d

6 BRI, r 2EEFM (b=0.98 K=360)
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VAR R B PR 2 ik R ARSI AR IR R AR AR R X FF R

4.5
Sjg\r\ 1 1

3.5 >
62 AT T e o
%E: \ ><~..><-_><‘.'><"'X"' ~.><¢‘>< = r=20.70
¥ 25 \\ > ¢ 0.80
2 : —_ e a2 r=20.
L — A= =090
7= ) —m— =099
o -\I—I\.—l\._./l\.

05 T T T T T

0.00 0.02 0.04 0.06 0.08 0.10
Ty {8

7 BT, r ZEED (b=20,K=360)

Sé —8B—r=0.70
jis5 )
2SN Py R Ty €T T ST X gy )
s —k== ;=090
El=|
i ==, =099
= 1.0
(%)

0.0 T T T T T T T

0 5 10 15 20 25 30 35
b fi

8 AE r EHIKEBERNEE (1)=0.07, K=360)
FHANEAHY r RS HFMEE R SERE RS - AP SRS IRE T - &
[P BT RES B - fE1S b (EAYRZ BT TR, - IKIIL - FEME R b mT DU
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4.2.5 ERBEIMRARE AR

FE3H1T MBATA JHIEREY - SEEEI SR REL Jmax BEIEER] » BB e fE P
S A DR e s U0 (e - I HEGE TS 20 © 5% 3 Js MBATA 7£ K =360, b =20
FITEDL S - $EHC 40 FHRFIY T, BB r EHETHIGRECERER » BOSRE . RO AL/ SHHAT
St = 2 B R B R B - A SR AT it 2 SO S AR e W o B KRy 3 2K ik
Jmax = 5 JE Ry T ERAVHIE]

*3 EBERSAEMXEE

r 0.01 | 0.02 | 0.03 | 0.04 | 0.05 | 0.06 | 0.07 | 0.08 | 0.09 | 0.10
0.70 1 1 1 1 2 1 2 2 2 1
0.80 2 3 1 1 2 3 2 1 2 1
0.90 2 2 2 2 2 2 2 2 1 1
0.99 2 2 2 1 1 1 1 1 1 1

4.2.6 \¥E

H1 MBATA ZBCHIEA AT PIEEG IR EEE K = 360 BRI K = 120 B 240 -
IMEEAAF ML LESRAE T) = 0.01 BRI - HEEE T, (ERVREIIERZ50W Mg & 7o = 0.05 ~ 0.10
] - SRR HARE 5 I MIRELESRIE r SO - SRR HARERY SRR 5 PR
WILERAE b > 1 I PR NS - BURA B Rl FEAREROR - 25 AR
r {HE To fH - &1 b ERE T IR BEA U -

[KIIEL - A 2 B R R AR AL AR I LER B Ty = 0.05 22 0.10 5 FIME NREELR{E = 0.99 5
PRI LERAE b =20 5 FIEBT TR ECE K = 360 5 SHREEIIR AR Jmax =5 -

4.3 SIS EERRTCAR

FEAMFEEEZ BT » HIEL7 AN RIS AR A PR R AR 4 - TR EE]
H A (R BATER 5 - 18 3% 4 W] HAfHE A NS-006 SEAH AT B Ry i b s =psiAe]
TERTERII 2L T RIGHI IR A2 E 0.89% » BERERAT s T HiFR 5 ] 28 - i F NS-006
TEIE LS BN RIS E R M P E B R S » KA SR HERE B i tE2 8 - 5
NS-006 1 Ry g = A R IS i sdoim (2 -

4.4 AABRAN R MR ERLLER S

STEERK » KA VRPB RIREM EAERE R A 24 =04 (tabu search) 710« fifER
KiE: (simulated annealing) '~ A%RIk#8 =% (large neighborhood search) )~ ¥R} E A
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(memetic algorithm) ™) Bl B3k (ant colony system) ' % » 352677 u R HERCS 143
1B R o RNFSEHKE ot /73K % VRPB Ao R i G R s B Ry DR R » A AN S
LI MBATA HIEAPTES & BRI E 2HE 6 -

}/4 BEMIIEFIRBFIIRELLR

62 BESEHIERER (%) (r=0.99, K =360, b =20, Jmax = 5)

T, NS-001 NS-002 NS-003 NS-004 NS-005 NS-006
0.05 0.97 1.04 0.93 0.94 1.07 0.86
0.06 1.00 0.92 1.06 0.89 1.14 0.95
0.07 0.94 0.81 0.98 0.89 1.07 0.88
0.08 0.95 0.88 0.90 1.05 1.03 0.87
0.09 1.03 1.09 1.00 1.01 1.08 0.92
0.10 0.97 0.98 0.87 1.07 1.03 0.85
HESE32(%) 0.98 0.95 0.96 0.98 1.07 0.89

’"5 JEMESRARERBRWEER

62 HLRIF AR EAEE (=099, K =360, b =20, Jmax =5)

7, NS-001 NS-002 NS-003 NS-004 NS-005 NS-006
0.05 18 12 16 14 13 20
0.06 16 17 19 16 15 14
0.07 21 19 15 16 13 19
0.08 15 19 16 17 13 21
0.09 14 16 16 14 16 15
0.10 17 16 14 16 18 18
SEESREEL 16.83 16.50 16.00 15.50 14.67 17.83

*6 AMARBZEERASERREER

e e

g | EL R R - — P RIS

= R e e |
%) @ | 1, | r 6] K [Jmax| ot | @

Al | 229,885.65 |229,885.65|0.00 | 229,885.65* | 0.00 [0.05]0.99(20(360| 5 NS-006 0.40
A2 | 180,119.21 | 180,119.21 | 0.00 | 180,119.21* | 0.00 [0.06{0.99 [20|360| 5 NS-001 0.81
A3 | 163,405.38 | 163,405.38 [ 0.00 | 163,405.38* | 0.00 [0.06[0.99{20|360| 5 NS-006 0.81
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*6 AMAEBZEERAKERREER (B

HESHR % FEA
A | B | ERE o AR eIz SRAAERF ]
JISEIBEN JISEIZEN -

(%) (%) | To | r | b | K |Jmax|HEEGRL | (F))
A4 | 155,796.41 | 155,796.41|0.00 | 155,796.41* | 0.00 {0.05[0.99| 20 [360| 5 NS-002 0.85
B1 | 239,080.16 |239,080.16 | 0.00 | 239,080.16* | 0.00 {0.07|0.99| 20 (240| 5 NS-006 0.67
B2 | 198,047.77 |198,047.77 | 0.00 | 198,047.77* | 0.00 |0.07]0.99| 20 |240| 5 NS-006 0.63
B3 | 169,372.29 |169,372.29 | 0.00 | 169,372.29* | 0.00 {0.07|0.99| 20 (240| 5 NS-006 0.90
Cl | 250,556.77 |250,590.60 | 0.01 | 250,556.77* | 0.00 [0.10{0.99| 20 |360| 5 NS-006 1.30
C2 | 215,020.23 | 215,622.54 | 0.28 | 215,020.23* | 0.00 |0.10{0.99| 20 |360| 5 NS-006 1.21
C3 | 199,345.96 |199,345.96 | 0.00 | 199,345.96* | 0.00 [0.10{0.99| 20 |360| 5 NS-006 1.44
C4 | 195,366.63 | 195,366.63 | 0.00 | 195,366.63* | 0.00 [0.10{0.99| 20 |360| 5 NS-006 1.21
D1 | 322,530.13 |322,704.56 | 0.05 | 322,530.13* | 0.00 {0.05[0.99| 20 [360| 5 NS-006 1.12
D2 | 316,708.86 |318,301.30 | 0.50 | 316,708.86* | 0.00 {0.05[0.99| 20 [360| 5 NS-006 0.72
D3 | 239,478.63 |239,478.63 | 0.00 | 239,478.63* | 0.00 |0.05|0.99| 20 |360| 5 NS-006 1.08
D4 | 205,831.94 |205,831.94 | 0.00 | 205,831.94* | 0.00 {0.07[0.99| 20 [360| 5 NS-001 1.17
E1 | 238,879.58 |238,879.58 | 0.00 | 238,879.58* | 0.00 |0.07]0.99| 20 |360| 5 NS-006 1.93
E2 | 212,263.11 |212,263.11 | 0.00 | 212,263.11* | 0.00 [0.07[0.99| 20 |360| 5 NS-006 1.30
E3 | 206,659.17 |211,469.26 | 2.33 | 206,659.17* | 0.00 [0.07[0.99| 20 |360| 5 NS-006 1.53
F1 | 263,173.96 |269,798.73 |2.52 | 267,060.43* | 1.48 {0.09(0.99| 20 |360| 5 NS-004 1.93
F2 | 265,214.16 |265,214.16|0.00 | 265,214.16* | 0.00 {0.06{0.99| 20 [360| 5 NS-001 2.79
F3 | 241,120.77 |243,873.18 | 1.14 | 241,969.77* | 0.35 {0.15| 0.8 |0.98|240( 5 NS-003 1.30
F4 | 233,861.84 |237,919.78 | 1.74 | 235,175.20* | 0.56 | 0.2 | 0.9 | 0.8 [240| 5 NS-006 1.35
G1 | 306,305.40 |306,492.34|0.06 | 306,305.40* | 0.00 {0.07|0.99| 20 (360| 5 NS-001 1.80
G2 | 245,440.99 |245,660.11 | 0.09 | 245,440.99* | 0.00 {0.07|0.99| 20 (360| 5 NS-001 1.53
G3 | 229,507.48 |229,507.48 | 0.00 | 229,507.48* | 0.00 {0.07|0.99| 20 (360| 5 NS-006 1.98
G4 | 232,521.25 |233,319.76 | 0.34 | 232,521.25* | 0.00 |0.07]0.99| 20 |360| 5 NS-004 1.98
G5 | 221,730.35 |222,097.66 | 0.17 | 221,730.35* | 0.00 {0.05|0.99| 20 (360| 5 NS-001 1.89
G6 | 213,457.45 |213,457.45|0.00 | 213,457.45*% | 0.00 {0.07|0.99| 20 (360| 5 NS-004 2.07
H1 | 268,933.06 |268,933.06 | 0.00 | 268,933.06* | 0.00 {0.08(0.99| 20 [360| 5 NS-001 2.52
H2 | 253,365.50 |253,848.48 | 0.19 | 253,365.50* | 0.00 |0.06|0.99| 20 |360| 5 NS-001 243
H3 | 247,449.04 | 247,449.04 | 0.00 | 247,449.04* | 0.00 {0.06(0.99| 20 [360| 5 NS-001 2.52
H4 | 250,220.77 |250,550.60 | 0.13 | 250,220.77* | 0.00 {0.07[0.99| 20 [360| 5 NS-003 2.74
H5 | 246,121.31 |246,121.31 | 0.00 | 246,121.31* | 0.00 {0.06[0.99| 20 [360| 5 NS-001 2.74

—228—




VAR R B PR 2 ik R ARSI AR IR R AR AR R X FF R

*6 AMAEBZEERAKERREER (B

HESHR % FEA
A | B | ERE o AR eIz SRAAERF ]
JISEIBEN JISEIZEN -

(%) (%) | To | r | b | K |Jmax|HEEGRL | (F))
H6 | 249,135.32 |249,618.30 | 0.19 | 249,135.32* | 0.00 {0.06[0.99| 20 [360| 5 NS-001 2.92
I1 | 350,245.28 |354,981.88 | 1.35 | 352,954.56 | 0.77 [{0.04|0.99| 20 (360 NS-004 4.86
12 | 309,943.84 |314,619.36 | 1.51 | 309,943.84 | 0.00 {0.03| 0.9 | 10 [240| 5 NS-006 2.20
I3 | 294,507.38 |297,198.25|0.91 | 294,507.38 | 0.00 {0.07|0.99]0.98 (240 5 NS-006 3.78
14 | 295,988.44 |296,896.13 | 0.31 | 296,271.32 | 0.10 {0.07| 0.9 {0.98(240| 5 NS-006 4.41
I5 | 301,236.00 |304,553.27|1.10| 301,236.00 | 0.00 | 0.2 | 0.7 {0.98(240| 5 NS-005 1.89
J1 | 335,006.68 |342,698.48 |2.30 | 336,519.02 | 0.45]0.07{0.99(0.98]|240| 5 NS-003 4.14
J2 | 310,417.21 |314,816.80 | 1.42 | 310,848.48 | 0.14|0.01| 0.9 | 0.8 |240| 5 NS-002 2.61
J3 | 279,219.21 | 282,465.30 | 1.16 | 279,639.36 |0.15]0.05{0.99(0.98|240| 5 NS-006 5.76
J4 | 296,533.16 |299,055.71 | 0.85 | 296,533.16 |0.00|0.05{0.99(0.98|240| 5 NS-006 4.18
K1 | 394,071.16 |399,783.84 | 1.45 | 394,375.63* | 0.08 |0.05|0.99| 20 |360| 5 NS-005 6.75
K2 | 362,130.00 |364,381.25|0.62 | 363,735.07 | 0.44|0.04| 0.9 |0.98(240| 5 NS-005 2.83
K3 | 365,694.08 |373,651.76 | 2.18 | 366,709.39* | 0.28 | 0.1 [0.99| 20 [360| 5 NS-004 8.32
K4 | 348,949.39 |355,018.95 | 1.74 | 349,806.95 | 0.25(0.01| 0.7 | 75 |360| 5 NS-001 5.53
L1 | 417,896.72 |420,216.52 | 0.56 | 418,024.70* | 0.03 [0.05]0.99| 20 |360| 5 NS-006 13.86
L2 | 401,228.80 |407,734.59 | 1.62 | 401,356.79 |0.03 |0.04| 0.9 [0.98]240| 5 NS-005 5.76
L3 | 402,677.72 | 410,818.87 |2.02 | 403,163.78 |0.12|0.01]{0.99(0.98]|240| 5 NS-006 8.05
L4 | 384,636.33 |387,181.70 | 0.66 | 384,728.74* | 0.02 | 0.1 {0.99| 20 |360| 5 NS-005 18.27
L5 | 387,564.55 |387,772.25 | 0.05 | 387,564.55* | 0.00 [0.03]0.99| 20 |360| 5 NS-002 13.81
M1 | 398,593.19 [401,702.13 | 0.78 | 399,705.99 |0.28 | 0.4 | 0.9 | 0.8 [240| 5 NS-006 4.50
M2 | 396,916.97 |411,863.06 | 3.77 | 399,194.26* | 0.57 |0.05|0.99| 20 (360| 5 NS-004 9.13
M3 | 375,695.41 |380,876.44 | 1.38 | 377,623.08* | 0.51 {0.07| 0.8 | 20 (360| 5 NS-006 5.76
M4 | 348,140.16 |351,245.22 | 0.89 | 348,604.10* | 0.13 |0.08]0.99| 20 |360| 5 NS-001 11.25
N1 | 408,100.62 |414,164.53|1.49 | 409,545.08* | 0.35{0.06{0.99| 20 |360| 5 NS-004 15.75
N2 | 408,065.44 | 417,343.68 |2.27 | 408,930.77* | 0.21 {0.04{0.99| 20 |360| 5 NS-004 15.93
N3 | 394,337.86 |406,302.75|3.03 | 394,495.11 |0.04|0.15| 0.9 |0.98|240| 5 NS-005 6.30
N4 | 394,788.36 |402,524.32| 1.96 | 396,729.58* | 0.49 (0.09(0.99| 20 [360| 5 NS-002 19.80
NS5 | 373,476.30 | 374,338.4910.23 | 373,983.60 |0.14{0.07[{0.99| 20 |360| 5 NS-003 16.60
N6 | 373,758.65 | 383,759.62|2.68 | 375,027.15* | 0.34 {0.05[0.99| 20 |360| 5 NS-001 14.71
SF 0.81 0.13 4.68

it R S ZEORIS IR AR - RO ESIHE S 128
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& 6 WE T ARWIFEHEAR AT R E 28N R ARG - DU
FEP ARG A R ARG IR - B B BURAE Tp = 0.07> 7=0.992b=20~K =360 J Jmax=
5 HURE FATRES © H 62 VSRR 0.81% » 19 BURESTHIREEM o M ks R AlE
BRI H A ERRGE - WY H AL S8E - b AZEH R ZHBEDRG R
FaR o (EAEDLEEY I H b — 28 - FRZR 6 1900 > B EAG R 62 RSP IRREE 0.13% »
H 62 34T 37 ERIFE AR AN - MHFR ARy 1.48% - FRIEH B — A2
G > AWTFERE MBATA SRR RS R » BLSCRR Rl - HoAh B SRR U PR 2R
DUR AT THRsfE] e T b - AR 7 « FER 7 1900 > FE VAR ARRIL [ - MBATA [y
RIGERERMERAN B i - (HBLEM AR ACKZZ R « AV EITIRFAT 5 THT - MBATA
RPIIBT TR 4.68 B AHER HAt /574 - MBATA FESRIERFHA]_LIEH DGR - $7 5
MEZATH - AW FEFTEGETHY MBATA o —EHE BAE I ERREEATTE -

R AAAREBREEGEESEEREER

SEEIRAR SRR ZHR(%) SEEIRA TR (FD)
B E 290576.22 — _
Osman B Wassan ! 291261.78 0.19 3982.15
Ropke i Pisinger ¥ 290896.73 0.09 69.98
Wassan !% 290981.84 0.11 1835.98
Gajpal B Abad 'Y 290576.22 0.00 67.57
MBATA 291027.63 0.13 4.68

h - EmEAER

AWFSELL RBATA FyBERE - NN R Bk E < B2 MBATA » 355 B
i fd ik BRI SR ARSI - MBATA BERH B B SR agFIRE R i A= » K]
WLEERAE b > 1 BB ARG « SRRtk LA A e = - B R
TERI—MARD T Ry B G R A I P E DA N S/ N T s (E S R R s M4 =
BT 50 R A SR Ar) AR S Y A HARY R T R P s P P P M (R T T )
Gh » i H SRR R R R AN EF IR DA T e KB 1 73R - DLB Bhisist fy
R AR o 0 IR RE R 5 T ANAFSR LA Goetschalckx Bil Jacobs-Blecha I #2H119 62 B VRPB
R AT R e A 1 T SR et SR o EER S AT

ARWFFEH H MBATA 3Kf# VRPB » 11 22835 i fafk Fotl G I LL=R1E To= 0.05 % 0.10~
PR N RELLSRME = 0.99 ~ PIREEIILESRIE b > | DI PIREST R K = 360 I » #EfEK
R PERR A2 Ry 0.81% » BURKIERBIAEE o MAEILZEECELZ T » HHEHC NS-006 #RiiH
FUCEETHEY - SRR -
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AHHFE L I At R BT A SR B R SRR 3 < TR (R AH EL - 383 MBATA K
Goetschalckx Fil Jacobs-Blecha!®! 7 VRPB BRI AEAEREE » #EBMSZ L3R5 0.13% » HAE 37
RERIS TR R - 78] MBATA EAGHEE# ROVKHER o H &2 KRR TRy 4.68
B+ SRIERSEIAHE O + BT MBATA 22— E5me HACR B SRR i -

R et R 3 T e P e Y+ REA B A R A DABSE e B (A AR S2 BRI A LR
T KRB VRPB - H RS SRRSO M I I WME b AR 1 89 BATA Gk « AHfF
5 By RAEFIREET T IE R B A RSB O BE 2 A B S MRS R » ARG AR IR AN ey
A B R A AthAd 7 ORI IF « RO T LUE G R ke i 2 0 B i) » BRET
OGS SR AR IR » A rT R 1 T sk i e ok g it 1 11 K/ NS 5 22 B TR
iE °

RHFFEE DUA R AR IR GE SRR R Y 7SR AR SCEENE » 1F Ro G AR s s i
fH » SR BTG UCEIR EE » WA TR e 8 B SRR U RIS R I L AE IR « RAR
A AR = EL MBATA WL LA AR BT THES E 450 2 A [EIRY RS BdaRE T #R
ERECN v o
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