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Abstract

Recently, as the virtual approach is developing, such as electric business
and TV shopping, etc. The form of product transfer is changing from traditional
way into Home delivery. The traditional transportation transfers a large number
of products to specific selling places or retailers, etc. And Home delivery is
transfer a small number of products to customer. It is getting important to
Home Delivery of domestic market, and it makes traditional transportation
industry transfer to keep up with the market changes.

The study discusses the Vehicle Routing Problem (VRP) of home
delivery car and Consider the constraint of Time Window to offer a Home
Delivery assignment model. The design of planning is using known
information to solve static VRP and improve initial solution by Tabu Search
algorithm to obtain optimal delivery path. After operating car start delivery, we
focus dynamic or canceling demands to start real time planning. We plan the
shortest path Under Time window to save the routing cost and operate
efficiently.

The practical Home Delivery is planning by sales driver whose duty area,
so the study only consider one depot and one duty area to plan the delivery path.
The method of research in time constraint is soft time windows and separate in
morning and afternoon two times to fit in practical operation. In route planning,
we design three stage planning. First two stages plan static demands and the
third stage plans dynamic demands. Stage 1: Using the Nearest Neighborhood
Heuristics to construct initial solution. Stage 2: Using Tabu Search algorithm to
improve initial solution. The local search engine we use swap and op-opt
interchange methods to make four alternatives and test in experimental design.
After test, we choose the optimal alternative which is two times improving
method to improve initial solution. Stage 3: As the real time demands occur, we
start dynamic route planning improving.

After experimental design test, we find out in this way it can be almost
reached 40% cost down improving effect. We put the optimal model into actual
network to analyze and it also can be reached 20% cost down improving effect.

Key Words: Home Delivery, Route Planning, Heuristics, Tabu Search
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1

,— 2

SR &

A5 S S
- .
ES

IR N A TP 2 e ¥ B2 E Y
PR o 5N RN B R f 0 do B 2.3 A5 e

< EREHVERE >
24K
WK B

< —REPK EEER e ~BEPW BERE > %

9:00AM 10:00AM 11:00AM 12:00PM 1:00PM 2:00PM  3:00 PM g4:00 PM  5:00PM\ 6:00 PM

8:00 AM PHEp PHEp 7:00 PM
KRB KHEH

Bl 23 2l f2p- X FEEET LR
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EY SN TR R ok

WENM o AF T 2 R RBEARE D TSP R AL ATy dp iR
Eiryd F-oMERIEE A A EF FENHAFRT FFEF
Joi PR AE o TR E R U] Flp AP Y R A S B
# Ul B s fe i ok 7 40 8 B 42 (Dynamic Pickup-Delivery TSP
with Time Window, DPDTSPTW) » F* 4% % ﬁ&r'f B 2.4 #71 o

15 Ik ] AR
< F K 2 R A
\ 4
VRP
# & ) B &
A 4
PDVRP
* & W% A < R o LS
v
DPDVRPTW
L RE -G > *RE—HE
v
DPDTSPTW

FoRRR [p 7ER]
B 2.4 DPDTSPTW F* 4% % 1 )

11 #7 <& e-Thesys(94 5 & &)



® e AR T B HEE 2

2.2 <‘?§J€‘}"}3;E

~

el

O P R AT BN AT R T F AR R FOR N R
g R ATH G

221 % it ARG P A

B f@ & A2 R $] B AL (VRP) & % d Dantzigfr Ramser s i= & § 3¢
1959 & % & > & P AR 4 5 % ® K 4L (Vehicle Dispatching
Problem) » ¥ 4| % PR 4] en> N B ié}éza;\ ; f2;2 > @ VRPA
AP RARB A RET RS AR M SRR T B H B

VRP?Z g — 2 Ff > j&— B Hzk(depot) ¥ i f 4 3] - # ¢ o F Fhfp g

Feo P RR A EFZ B E T IS AR EERY 0 F R TN
WRAE- o E - B ERBEAGIFERT RE FREFRIRAD
ek 8 o A A E T [13]
N N M
Minimize > > > c;xi (1)
i=0 j=0 k=0
Subject to
N M
> Yxk=1 (=1,2,..,N) (2)
i=0 k=1
N M
3 S xk=1 (i=1,2,...,N) (3)
j=0 k=1
N N
> xkE - xk =0 (h=0,1,...N ;k=1,2,...,M) (4)
i=0 =0
N N
>d, (Y xk <Q) (k=1,2,...,N) (5)
i=0 =0
N
> xk <1 (k=1,2,....M) (6)
j=1
N
> xk <1 (k=1,2,....M) (7)
i=1
M
Yi-Y;+N-D xif<N-1 (i#zj=1,...,N) (8)
k=1
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LB S Y F AR L

i =0or1 forall i, j, k 9)

B - X Rx &7 2Rk TE FLERG ) T X =14
B RAA AR R IPRAATIAE R0 F R X[ =00 S EcF e, T &R )
7 NB o> &

R U S
BLO ik Qz—r_é’.i v ¥
B RN 2) B)EA A E - BEE R - WAL Rd - N
#EFRE > VDA T B R /é%f%,%h%é v % R ﬁ;ﬁf’ﬂz v i
oo HNG)E T E - 7
REE S AL - 4R d ORI UHI R (B) R T I
(9% 7 F# x| 508 [ fFd -
PR AR A KRS R CREAEE B ERARL R 4o
— ~ B @ik A2 JL(VRP)z F£/3 > 2
1.@ % HVRP K AL 0 f2 2 > Bodin % # % [26] i {s & 5 = 47 12

v
= ok

o
5

=
(1) & 2 3 e ( Cluster-first/Route—second)
ij@_%'rj‘*ﬁ!&é?‘:,{}%&fﬁg"g R s F e REFRARSG -

()£ # g s L A # ( Route-first/Cluster—second)
&1%{iiﬂ—$ﬁ@%¢%ﬁ%i&+$$&ﬁ’ﬁ§@§
ﬂ;ﬁaigﬁa\aé S A
& 4 /# (Savings/Insertion )

PR AR T A E G - BRRAREORBERTE B SRR

‘ Ha&w’ﬁﬂ%’ﬁfﬁ_ij&{ﬁ:%%iw:}%“}? - SR 5?1;

BT A2 - EVT TFHRR -

z 2 #E ( Improvement/Exchange)

THLAED - F A\a f2o RislEd L Fr L AR BT

v
( MP-based)
é*%}mé@%a& SRR 1 B 2 R R R ARTAiE R 1
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zﬁp B R ﬁ%u—(}?g/zyﬁﬂz

(6)* # 7 # ;= (Interactive Optimization )
i%%%ﬁ%%ﬁ@éﬁgﬁ’ﬁﬁﬁﬁﬁﬁﬂ B 2] ¥ 1
EERSP FEORTEBDE 0 FL TR R ER DEAR

(7)& 7= fi# {22 ( Exact Algorithm)

Pk R B R AR BRI EE AR E S N ke
Fefg o e d B IR AR R R FRIE AR D] AT R R
AR H < o e R R R R

2. Fisher [29]) #-VRPR R £ f2 > 2 echg B & 2 0T = B AR

(1)f§ 5 f=% ;% f32;# (Simple Heuristics)

BAI RS R AR E oA o RN EE S
P ESE NI I R A B E=F TR

Q)8 & ) E&?&{ﬁ# % ( MP-based Heuristics )

B-VRP R A% 5l e F ARG o g Rgr ¥ ¢
Bt r s kR AR TR AL

3)* 1 FExE iz (Al Algorithm )

BT REE 4 e BVRP RiEz £/ v { F 22 2 2
1L HEE

S PR AR R AT G B AR B i
B imig A2 R B (VRP) ™ % 2 (7 47 & B B 4L (TSP) 4 » 7 %

oy o D IREAR R JRBFET U  F E e AR
PH-xb(depot)E ix i > PIF T4 27 e Al i 2 P fRECAR AL 0 @ b &
#ew BR oz i p 2 B dmik 2R3 K 4L (Vehicle Routing Problem with
Backhaul » VRPB) -~ # i 2§ 5 2R 3] & 4 (Dynamic Vehicle Routing
Problem, DVRP) » ™ 2 & @ § T 4] & §m 4 42 I 3 (Vehicle Routing
Problem with Time Window, VRPTW) -
1. 7 dcix f 2 & 4w 4228 3] #° 3L ( Vehicle Routing Problem with

Backhaul, VRPB )

#73 VRPB =r ’fx—'\ffﬁ Arp R R BR R R GR A
(Linehaul) 2 4z f’ (Backhaul)® fEPRA+5g 3] > & 3 KRB 2TAeiZ 2 § 4
vl prEY S A BT KRBT EL p R Y i

s

. B

£
E\‘ﬂ'\

—

FA T AR
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LB S Y F AR L

Te s BB EERE RN T o KPR EEA - Rk 2
E LR A B AT ﬁJﬁ%ﬁf PA e FRER L
DR ARRLIN T A BRI 2R LA S FF(R2.5):

Backhaul

Backhaul

Linehaul Depot Linehaul

a.{f % % VRPB b.;2 4 % VRPB

W25 z e @ dmipdes & 4 6N

@@ﬁ%ﬁ%m&imﬁ%%&i %ﬁ%amk
g%éﬂ%wkﬁﬁ’ﬁi’%pmﬁ%?ﬂﬁﬁﬁ
- W GR e 2 RARiE o F 2 {52 B ¥ Pt B AEAL 5 #F A (static)

3. E @ E T4 2 42 42 K 4L (Vehicle Routing Problem with Time
Window, VRPTW)
ST U4 P fme 2R 4L 5 B - (2P 1 (Homogeneous Fleet)
RAb- FE g kB S A R LS HR DRI DR
BRG] 2 EFRFIAELZEFT > A2 HEFEEFT I TS N
FAler > m HAcdnghdr Bgby Sog-ak > TR F A AE] o

L \\

= o~ PRy B AR

Psaraftis [39]  #&# #F L2 ERARLIFELR S * FF
LS R B E I SR %ﬁ%’&ﬁ%ﬁé;i
F oz mw;ﬁ?aéﬁﬁm‘iﬁ% 2 AR R R ARG

L

g o gt ¢t > Psaraftis* %—ﬁ“r%?] C»AOFMERIFHEERES ST e

dT
s

Jf?i

\n_.

‘é_s\\

’

[}
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LB S Y F AR L

1. ¥ B B (Evolution of Information) @ » 5 # &2 # & & f >
PREMARALIT e RABEE A LRI FLE WEEFFR

She

fea L A7 P B R o

2. F3n A F B (Quality of Information) @ i & A 5 2@ Fvfg @
(Known-Deterministic) ~ ¥¢ i#] (Forecast) ~ # & (Probabilistic) ~ &
(Unknown)z & -

3. T4 B (Available of Information) @ 4 % k& %42 (Local)
¢ 284 (Global) A 85 h WO F R B HF L RPN g ¥
FAREE & 2B EOFTHT %%E} A (e R AR )R E SR
ﬂﬁ@%ﬁg@w%ﬁ?%o

4. F M 3 1 (Processing of Information ): 4 % % ¢ ( Centralized)
22 & 47 (Decentralized) @ #f ; § ¢ £ip#r3 chiad L= §
PORIE o FAR A AR A A H I BIAE R AT

IR H %

= 2
PRGN RGBS Ao KB AR S A S i kRE
> hE Eg_

[ chdc gan @i N H BRARI L & kb g i AL
FEpr L FEMR o R E A [6] B RARA T A AR
1. & 3] 2 fmE &K 42 (On-line VRP)

ML AL LR FEATALTER DA - E -

AT L aro _‘-”F?f‘ MIPE o A a2 e % o 77 IR B
AFFN o R A R FMEROINLSFTR o NE B FERAT- L

FRE g2 P on R AR A LTFAHLFE RO
Ed BEARRET Y AF BT )2 TR EY
TR R FEFE TR 2 ERFEREANS
A B * (Off-line Application)p] & & ¥ & %
BEATEFAREBRIE > LG Pty g
e M P AINAEE N Y g T EEF DGR
FREIRILEFFLRFIOFRT R

e
R A 4

-

\
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Zﬁp

TREE LT

ﬁlﬂ_‘ﬂv]}@'}f ﬁ%];}f’g PE Eﬂz‘

f'rvpz“r?

7 5t
T @

R A
bl

-

R
5 B LY AT 50
%ﬁ% [Ed %,

- HF

B

42 (VRP under real-time information)
AR R &~ 4 W] B3t

’

2
r

) 2 R S 7 pE

m
Brm 23 LEE > FItfi &R F 9 kR > 4oBrown and
Graves [27] # JI”PE% m'f-;&;dﬁéi‘iﬁ X R4 o
AP s [17] %8 AlFEEaas: §-LFHekidh
PP H R R R T 2 WA R LT F g hEE 2
6 ARFEAY B FEEE G2 T A pRAFEE
AE Ry e e RT o I i E kLSS D A R RSR
FlitmPAFEZLEE T ARGR O EF AN EATRAEN G E D] AT
FESR *@»ﬁﬁ@’ﬂ?* yﬁﬁé’ﬁﬁ*%ié%”i
TERA 2 K TUPRLEEITFTRERR I L F Rk &g
FLER IR S B i_‘g],ﬁ? A F B E 2 L A B 2.647 7 o FI AR AH
RGP ER YRR B
- 2
FAE (D) HREEH -_
NFE R E - g
~ ARFS B A
A& (2) % Rub i v
I\
. B E P 23 B4 54 &R
P EICE E ST PN : R I | e g *
‘ % .18 4 = %45 o BE 24 6K =l
‘%ﬁ’%’»(n) S PN
5 4%
Qe | seeesaes
EC
: 2 b :
s o] e ross gl | S AR AL 6 oy
+ SRR Sk Lt x 11t XN .%?ﬁlllﬁﬁ-ﬂﬁﬁgﬁ =
SR
'Eﬂ‘iiié;‘)%liliﬁﬂi%]%‘fi 13(2) » B 73~111]
2.6 i eam b A8 32 N2t ik
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3.

Zﬁp o

LA B HHE 2 g

Ichoua et al.[ 33]) 7] #-# A

BB R AR R A T B
LB * 5 Rz
TRHEFLZRDAL > EFRADEITEE > BT L LSRR
4
(D&#F 2 FNFALR TR Ty EETTAR > 5 F2F Rz
BT R E - B RA S EH R AREEL R T IR
B oo 4-Bell [24] 1% % 3 % &3 = %éiﬁj%ﬁaﬁfgﬁg’
Psaraftis [39] ™ pdpch® A R 5 &) - & 0 - g5 F’i
(D&ﬁ‘*mﬂﬁiﬁﬁfﬂ¢’%ﬁﬂ*ﬁwf’WHﬁE it R
e &%vaﬁ%i’ﬂ@%¥ﬁﬁ’*“@E”*@ﬁﬁ
BeodwHBr»Z2PEFFFRALE  HHFE;Z RIEHER T
fE r B 0 BB IR LA A - Madsenetal. [35) A % b
B RREER D RE RN AR -

N L
2. K_{fﬁ&.‘j'\ﬁ*}z
vk Z@]ﬁaﬁ P AT

TR A - B A RTERET A LA A RfES
(1) 5 ¥ % &} iF 42 (Markov decision processes)

Ev A AR ERERBEBELATE ko H

43 &P AR
AR e HEWREDREF > RO EE Y P E
R - LR R ﬂ}{" St O] ’qém‘ﬁ?’i -1-;!*{&153
EE A FRE AR o d

BB LR PR

CEE R AL L o RIRFEE R R 4
b oS B AT AT o TR R AL K o
(2)5% ¥ 2R 4] (Stochastic programming)
A T EE R Y RIFEF 2 T 2 o Powell
etal. [37) - R & B ¥ 2 LR EAZ BREETRLZ
T RFE

"

k
L NI ERES
Regan et al. [41] # £ M L w2 £z 2 > &oB2.7477 > &
“*%ﬁ?ﬂ%T’Wﬁ FEDA AP B ED T 2P IS B
PATERE AR M E FTHRL 0

'y),%,-%rf"fﬂ%fﬁ’ﬂ Jlﬁiﬁiﬂ L
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Zﬁ° ﬁl—ﬂ_‘ﬂv]}ﬁ%’}f M%J&'_& 2 /E:r;i

AT i B AG ATELE TRARE Ichouaetal[33]ff | * LB A
7 l/ \* :,

C P: 2dmBATAT & E RE
B: T—B#H
A ¥FERE

Bl 2.7 # v ok ff#iz 7 L H
4. A 1 E > 2

A %F%"/za'lgxﬁq_%;é@ﬂ EEAfTEEE, T F 4
oI R "g %% o Shen and Potvin [42] ] * #g 4 ‘g2 2%
& - & 7G5k sL(Expert Consulting System)#if 2% -8 ¥ ﬁ %
R

@ §mpe i B AL 0 @t b > Benyahia and Potvin [25] 7Y ﬁ * 3K TR
Rk RBELEZ D mRER -

222% FH 4B R KA

3 (5 —'F,'z o8 R R RE(TSP)d - B3 GP d & g-(Vertices, V)& & 5
(Edges, E)#f & & » % 5 G=(V,E) « # ¢ V={2 i $ ¢ # § & g
(Vertices)} » E={3Z k¢ 75 &M (Edges)} - w74 B A2 P

mﬁm RIEHPEE T2 fFRT » RF A RREY @HTy & B2
- A E’\*@t‘%‘? 3t e
N N
Minimize > > c¢;x; (10)
i-1 -1
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LB S Y F AR L

Subject to
N
D ox; =1 g=1,2,....N) (11)
i=1
N
ZXijzl (i=1,2,...,N) (12)
=1
X =(x;)eS (13)
x;=0o0r1 foralli,j (14)

B AR R, AEERG J) ENIF A A
BLig e g TR0 REARREY 2 Z0 HEMRHP Cijilé%«@ 3
BT GBS AR NG &R E e LA N (10) 5 & F AR
P RSN TRBERE S ARE ] oo TH N (1) (12) 5 "Q%}:'ﬂr &
LR RS- A e MU (14) 5 o A BRI o T AR5 (13) 7
2 SPlZ WL A2 F R BEDUIP N SEFT T A Z AN E-
& *

S= {(xij ): Z Z X; =1 for every nonempty proper subset P of V} (15)
ieQ jeQ

S= {(xij ): > > x; <|k| forevery nonempty subset Rof Rof V \1} (16)
iek  jek

S={x;):yi-y,+Nx; <N -1, for2<i=j<N, vy sy sEH| (17)

LA N (15)5 TSP j2 3 £ XB & ° » 5 B & g3 & L0p 2
t - SBEQOhE - SR WAL A S S o TN (16)7 o
k|2 BB V2 222 3 B Shken& BBl o o 20kY 9 HELE B A
Lo @R TR KIE SR F U N (16) A & SR g
EAZE k|-115 > L TR EDA D o T N7 E & N -IN +2ik
LA HP oy, =t &7 & BIATSPR A ch & b4 5 3F -

fm FfE2TSP2. = ;8 ¥ & 5 B if f#f# ;% (Exact Solution)!” % iT i1 f%
f# ;= (Approximation)® ~ #§ o & & f# 3 Kt /fE > H 85 LG %
FRF oMLY R Fr iR FFESEE
PP TR 2 Fe g R AL R o TRI2.85 W LB fRfEE
VR TWIFRfRE 2R B E o
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LB S Y F AR L

TSP# 4
e —
ﬁxfj‘f‘ ﬁ;/é" jj‘f.l/ ﬁ;/é"
\
1.% # ;# (Enumerative Approach) ' '
2.4 4*# & i# (Branch-and-Cut) [N = S E B Vg N fai
3.%%43% ;# (Relaxation)
4.7 2] & ;% (Cutting Plane) l
5.% i #.3](Dynamic Programming)
6.% # A 2 (Column Generation) 1.5 F1;% & /% (Genetic Algorithm, GA)
2. #8159 X 2 (Simulated Annealing, SA)

3.F® ¥ (& #& % /2 (Threshold Accepting, TA)
4 =4 :&"Z’? ;% (Tabu Search, TS)
45 8% 0% B 72 (Ant System, AS)

e
4

B 4| BT 563
1. 488k % 1.K-Opt 2 $ i 1B SUE HEAC 40 2
(Neighbor Procedure) 2.0r-Opt % 4% i* +2-Opt
2. F ik 3.Lin & Kernighan | |2 g s ﬁ—_é,:.g‘;ﬁ;
(Greedy Algorithm) +2-Opt+3-Opt
B R AT
(Minimal Spanning
Tree Approach)

Bl 2.8 ¥ & TSP j&i2 » k#p R
d B2.8%Fm T fEfRE X VAL BAELFNEEEE RS
jaiE > @ H v A N R RfETSPe BT ¢ Far bR 0 T
TERAFERFREZ LA FPT - AP R HITE R TE
A2 ¥ LA F Rz - GHE2Z AR -
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Zﬁp

2.2.

NP-

ﬁlﬂ_‘ﬂv]}@'}f ﬁ%];}f’g PE Eﬂz‘

3 ko N fRE

B ofmik A2 R R (VRP)F % 7 48 & B B 35 (TSP)E 4F s & B
complete » 3 4 & A 3 IR F s F ehk & f# f2.% (Exact Solution) » %]

o S EFY e HEAALZ DR RN TR EFNTEE
E F kB 3% F f#(Local Optimum) > Bodin et al. [26])] #-gx 3 5 32

1.

2 2% %ﬁﬁﬁﬁp\ BT Z A
B S 4g 2 4] (Tour Construction) @ H4E8E T - Bhitl s 428 ¥ {2

BBz R S AEE SR T Al o HRE - R HET
- B2 B AL READATSPY @3 F R e 4o ! BiTHEL 2
(Nearest Neighbor) ~ #& » % (Insertion Method) ~ & %4 /# (Savings
Method) ~ § ;2 (Greedy Algorithm) ~ & /] # 3% A 2 (Minimal
Spanning Tree Approach)% - 127 ﬂ} ¥ B T AN EEE 2 B~

FI’J e T

(1)% iT #8 2L ;* (Nearest Neighbor ; NN)

B iT AR BLE ch R I EE - BoAS s BE o KRR T A 40 Bh BT
SRR R BFLD N E T - B~ 2 8BRS BT D
GELE B Apid o R F REBEL - 0T EFTG S B A
>k o BORRRNER kAPl ) A - B3 R R

(2)4& » % (Insertion Method)
a.B 1% #& » ;2 (Farthest Insertion ; FI)

B r 2 A EZE 2 BEEYSRLRER Ay AR
Reniry G BLY > FERFE X AER S DEEERRY S A
R AZ SRR FFFREFAL - BT 2 597 &

b.# 17 #& » ;2 (Nearest Insertion ; NI)

BT 2 A T EZ B S RAEMR 0 A
Rensr g S8 o FRFE D AR ) PG EE B
RTNA SRR JFF REFYL - T B 59T
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zﬁp B R ﬁ%u—(}?g/zyﬁﬂz

iz L A (Tour Improvement) @ 4 ¥ T 3 - BA4e ¥ (773 > 11
# #7 % % (Local Search Engines)#c & Bt 4 =8 & » F (8 { 4 1z >
e L iE 3 MU 4o K-Opt ## 2 - Lin-Kernighan % #
2 ~Or-Opt< # 72 ~ CROSS % #% ;% ; & 8 % $% /% 4 : A-interchange -
Swap Exchange °

3. % & 4l (Composite) : B M- R EfrR AL & HHFT > & - 5
HERR- G e L BA - ¥ L3 2o &40 8 2 32 (Savings
& Exchange Algorithm) ~ #& » /= ¥ < $% ;2 (Insertion & Exchange
Algorithm) % o @ %2 fog ;N 22 A LB/ 7 » Flar A& &
f2(Local Optimum)m & jZ . 'ééﬁé“ze PHWREDE LT IR B
B R fRE hab B 0 T E ke BB E B N T RfRe s B d R A
ER = SR 3 -IF T - S - S - S = i S A
(Meta-Heuristics) | B & Fx 3 sV 22 a0 @ oo N 20 5 A
A Xy - L3 I hiEE R (Meta-Strategies)dn ¥ T K hfc
FfEE o NERANKGRARE T K HWEZF o Fr 2 F
B g N f2 72 ( Meta-Heuristic ) # 4% # #t 12 4 ;2 ( Simulated
Annealing) ~ 4 % ;2 ( Threshold Accepting Method ) -~ w3
# # = ( Noising Method ) ~ # & 7 & T /F ;2 ( Search Space
Smoothing ) ~ X F1i&% & 2 (Genetic Algorithm, GA)gs # 4|3 % ;2
(Tabu Search) % o @ B &g V22 2 21 2 chr o 078
¥ 3 & ;2 (Local Search Engines) 2 i » = fj‘u{ﬁ - A E AR
Kvs R BB F 2 hNE GRS > 7 MBEHF e

FZK-opt= # ;% ~ Or-optz # ;2 ~ Swapr # /2 & o

LR B FRE B R SRk R B0 E
- ~ B Ry g (Meta-Heuristics)

J5Q-N0:R B S EAPE B S ﬁ%%i%iﬁwww%%%ﬁ

> oM

Iy

- REE PR ERMEFEFS R E s BN
e 1 € F R Atk EfEm g2 M2 F 8 > Flrdogn B3] 2
B R WALT R AL R p FE 0 T B Y g
FfRE T woAR
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zﬁp ﬁ%iv]}@’# ﬁ%uﬁgg/zyﬁﬂz

. Bo#:% L 2 (Simulated Annealing, SA)

SA H_d Kirkpatrick(1983)% A 3% ) - SARZ R p ¥ r?%*" bv A
I- EARG Y ALLEHEIMAY f:w.*fz.ts*f;& R 24P
R EATREANAFH DR TL AL b PRI EFEY
Rip- BEHLAERRAG M OB F LT LTRSS ARLDAT
f2 o IR B EBEHF IO X G fEmidhe B ARABER 0T

R fEER ] PR AL AT AF BEARY R KRG

-z R EK-DPF > BISAg LT AN A D - W FE
P(AE):eAE/Tk
P(AE) : & % 4% < K% fi 2 #
ANE Kk zZ PEE-—KLRz piRiE
Ty KR ER

BPRE I P A 2 BA L - BASOIZBER XS AT
BLo ki o ¥ R>PUE) P o @J%’xia,qma](o F 2 > % R<P(AE)
o R ER R K. Fl 0 PAE)Ef 5 > R BKRES B T 4
r’g °

3

SA.’rﬁi# o Bhe T (FofE bl bR AT

AL A Aedesk il B2 - BAS T fRxg R B Ef(xg) A
ité‘«i;"'y’_)iTw £ B X, = x> B F R ESxg) = flxp)

4B RT, =T, & f= #k=0 -

B2 R EFMBEF (DA R R -

A3 A ETEE B R AR F S Sfx)PF 0 E = X f(x)
=flxi) o % f(xp) >flxp)PE > RIFTH §L§i§_~ AL - BA
WO, 12 B ERy M H T E TR XA o FR>P(AE) ] =
PR K FRSP(AE) R 45 £ 6 Ko xp= x4~ f(xp) =f(x1)

HAATREFER DL T =oTy 2 Ty = T-6(a ~ 05 — Trhdc) e

HAS DRl ER L EE (DEE Ak ER e ke Q5@
AR S xpE flxp) o
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zﬁp B R ﬁ%uﬁgg/zyﬁﬂz

M EXRE =\\j%?fﬂ/// A RRRITH

&
y
KE k& A — A 0-1
B A — AR Z flEuzuexp( -
AE/T) RIBUK 347 42
v
aﬁgﬁ%fﬁ =B ED R AN EHRE
&
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2. P4+ % % (Threshold Accepting, TA)

TA%_d Dueck and Scheuer(1990)#r3  » H j24gf 4 Kk p b
SA> A H 7 P2 et SAFEF X B2 A TARY R iR
ER o BN L AFHES LS - BREE 0 TR THEF MRT
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3. #k 3§ # # ;2 (Noising Method, NM)
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A 7% 5 % (Genetic Algorithm, GA)# % &_d Holland** 1975
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ZAFIHFLALF R
(3) % % (Mutation)
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6. %2 4|4 % ;2 (Tabu Search » TS)

2 E 2 E d Glover>t 1989 & 738 £ » % - B 5 H
Bt toffzd iﬁai@ 2 B 3L Willard(1989) # & 49 % 2 1= j2 £ 4
e Y £ FHEBBORTIESILEERLERD DR IE
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BT LR e
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FETAAMAaFRFLEAY > B LF R E LIRS
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Bl 2.14 #4405 2 5 42 B
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K-opt2 # i# 4 Lin** 1965 & 1 [34] - @ 2-opt# 7 K=2> ¥ %
AU ORI L2 RAAME L - BREDBRAMEY 5 S M(
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FORE L BLE R - '\ﬁer%\" o U BB LB ERG B HEE R

%zf”ﬁﬁxiﬂﬁy;éﬁé +12. % > 4o B2.1657 1 » #-fE £ BE3e00E

%%ii%‘:&%&»olfi’/éa%—é« B e — BATHRRRE > B e >

= M 4‘rm&é‘»€£ﬁ” Bt R B E B A JE R { A7Optimum Solution » % & R

ﬁﬁ-%’ﬁﬁéfﬂﬁ*’m%ﬁ%ﬁuﬂ%gﬁ FEFEIATH T oA LD E ST
AR E o

6&‘ 5 6&‘ 5

] Depot O Linehaul
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500 & TE I jeacairek s oa BFLE CZRHANF T IRERT
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ZRIARFNEF LT E®RA - AR 22 HT70FF KRBT
PAE B > BHIEFEALFFPNEL G P & E B} Rk
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[ 0.24% 5.30% | 13.46% | 10.84% | 11.12% | 15.77% 3.22% | 13.75% | 13.61% | 12.69% | 10.00%
FREN 0.36% 5.30% | 13.46% 2.50% | 11.12% | 17.28% 3.22% | 13.75% | 13.61% | 11.51% 9.21%

32503 LR A KA 474 -
&7 | 1 ERR e w et a
LI R I SRS M S Ei%ﬁit}lj\ A 4o fE 2 A Ei%ﬁ’q’:t}lj\ A= b 3 Ei%ﬁi v
1 - 20084.289 19991.235 18232.233 18232.23 | 38316.52 | 38223.47 0.24%
50 1 = 20084.289 19991.235 18232.233 18232.23 | 38316.52 | 38223.47 0.24%
1 = 20084.289 19991.235 18232.233 18232.23 | 38316.52 | 38223.47 0.24%
1 s 20084.289 19947.457 18232.233 18232.23 | 38316.52 | 38179.69 0.36%
JEAE WE N W - -

2 - 18498.257 17143.246 18087.752 18087.75 | 36586.01 35231 3.70%
50 2 = 18498.257 16559.453 18087.752 18087.75 | 36586.01 | 34647.21 5.30%

2 = 18498.257 16559.453 18087.752 18087.75 | 36586.01 | 34647.21 5.30%

2 s 18498.257 16559.453 18087.752 18087.75 | 36586.01 | 34647.21 5.30%

EE AL N I -
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22503 REEA S A A 4T £ 2

&7 | & S = =@ R v
BE R | | A e fE e A |l e A | A dpfEe A | d RS A | A s R e A v

3 - 24530.874 18394.17 21945.401 21945.4 | 46476.28 | 40339.57 13.20%
50 3 = 24530.874 18394.17 21945.401 21945.4 | 46476.28 | 40339.57 13.20%

3 = 24530.874 18274.793 21945.401 21945.4 | 46476.28 | 40220.19 13.46%

3 s 24530.874 18274.793 21945.401 21945.4 | 46476.28 | 40220.19 13.46%

;igﬁii PR s

4 - 18193.867 18193.867 20486.133 20486.13 38680 38680 0.00%
50 4 | = 18193.867 17225.713 20486.133 20486.13 38680 | 37711.85 2.50%

4 | = 18193.867 17225.713 20486.133 17262.39 38680 34488.1 10.84%

4 s 18193.867 17225.713 20486.133 20486.13 38680 | 37711.85 2.50%

S W S =

5 - 23688.983 20050.712 23293.916 21995.04 | 46982.9 | 42045.75 10.51%
50 5 = 23688.983 19761.408 23293.916 23293.92 | 46982.9 | 43055.32 8.36%

5 = 23688.983 19761.408 23293.916 21995.04 | 46982.9 | 41756.45 11.12%

5 a 23688.983 19761.408 23293.916 21995.04 | 46982.9 | 41756.45 11.12%

CEE A W I W - N

6 - 24649.258 19831.407 23892.734 21538.68 | 48541.99 | 41370.09 14.77%
50 6 | = 24649.258 18703.537 23892.734 21859.5 | 48541.99 | 40563.03 16.44%

6 | = 24649.258 19349.513 23892.734 21538.68 | 48541.99 40888.2 15.77%

6 a 24649.258 18703.537 23892.734 21450.4 | 48541.99 | 40153.94 17.28%

IEAE WE N W - -
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2250 % REBA S A AT £ -3

17 | & EE TR R ey
L R E R T S I A I G P C U S I AN N S =3 A v
7 - 21254.559 20049.628 19406.529 19406.53 | 40661.09 | 39456.16 2.96%
50 7 = 21254.559 19943.799 19406.529 19406.53 | 40661.09 | 39350.33 3.22%
7 = 21254.559 19943.799 19406.529 19406.53 | 40661.09 | 39350.33 3.22%
7 = 21254.559 19943.799 19406.529 19406.53 | 40661.09 | 39350.33 3.22%
e AL W S W E R
8 - 25388.177 23005.567 15605.624 15605.62 40993.8 | 38611.19 5.81%
50 8 = 25388.177 19752.303 15605.624 15605.62 40993.8 | 35357.93 13.75%
8 = 25388.177 19752.303 15605.624 15605.62 40993.8 | 35357.93 13.75%
8 = 25388.177 19752.303 15605.624 15605.62 40993.8 | 35357.93 13.75%
CEIEAL W S W E R
9 - 22138.617 18510.327 15674.002 15674 | 37812.62 | 34184.33 9.60%
50 9 = 22138.617 16993.567 15674.002 15674 | 37812.62 | 32667.57 13.61%
9 = 22138.617 16993.567 15674.002 15674 | 37812.62 | 32667.57 13.61%
9 7 22138.617 16993.567 15674.002 15674 | 37812.62 | 32667.57 13.61%
CIEAE W S W L N
10 | - 26886.734 23103.915 18466.351 18466.35 | 45353.08 | 41570.27 8.34%
50 10 | = 26886.734 21666.53 18466.351 18466.35 | 45353.08 | 40132.88 11.51%
10 | = 26886.734 21132.317 18466.351 18466.35 | 45353.08 | 39598.67 12.69%
10 | 26886.734 21666.53 18466.351 18466.35 | 45353.08 | 40132.88 11.51%
EIEAE W S W
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%370 F fBR P b AL

5 I ¥4z
" 1 2 3 4 5 6 7 8 9 10 o
% + ¥
v - 44.80% | 34.83% | 51.02% | 46.86% | 26.69% | 12.99% | 20.00% | 25.24% | 24.82% | 21.29% | 30.85%
[ e 52.59% | 39.30% | 63.08% | 53.09% | 19.24% | 27.82% | 26.72% | 33.49% | 27.64% | 26.38% | 36.93%
ek = 48.67% | 39.76% | 57.18% | 52.21% | 19.24% | 27.71% | 29.10% | 34.92% | 29.38% | 29.76% | 36.79%
L 52.58% | 40.34% | 63.34% | 53.81% | 19.25% | 27.83% | 28.59% | 35.12% | 30.37% | 29.46% | 38.07%

% 470 F REBEH L A L7 4 -1

&7 | & IR = = pE g RS iy
LU R AR Y £ - S = A AN N I S EN AN SR I+ A AN N I SR RN A I A 4 v

1 - 119883.1 32687.81 78602.54 76868.74 | 198485.7 | 109556.5 44.80%
70 1 = 119883.1 26797.23 74027.2 65129.72 | 193910.3 | 91926.95 52.59%

1 = 119883.1 30397.28 87774.19 76200.09 | 207657.3 | 106597.4 | 48.67%

1 s 119883.1 26797.23 74077.3 65170.71 | 193960.4 | 91967.94 | 52.58%

e AR N S W E

2 - 76662.72 29933.75 97704.83 83709.85 | 174367.5 | 113643.6 | 34.83%
70 2 = 76662.72 25039.78 97177.82 80477.78 | 173840.5 | 105517.6 39.30%

2 = 76662.72 26375.98 99026.13 79461.54 | 175688.8 | 105837.5 39.76%

2 s 76662.72 25039.78 97177.82 78676.76 | 173840.5 | 103716.5 40.34%

L b fw
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%470 % fELi X A A4 42

87 % 1 E R T xR B A ey
2| O N A R P N T A N P v
3 129394.1 37396.66 166875 107728.9 | 296269.1 | 145125.6 | 51.02%
NERE 129394.1 29639.57 167823.5 80106.25 | 297217.6 | 109745.8 |  63.08%
3 | = 129394.1 32323.85 166167.5 94243.99 | 295561.6 | 126567.8 | 57.18%
3 |w 129394.1 29639.57 167823.5 79318.54 | 297217.6 | 108958.1 | 63.34%
S SR S
4 |- 112019.3 31891.07 100895.4 81259.78 | 212914.7 | 113150.8 | 46.86%
NENE 112019.3 26770.51 112887.9 78743.12 | 224907.2 | 105513.6 | 53.09%
4 |z 112019.3 25894.33 88121 69754.1 | 200140.3 | 95648.43 | 52.21%
4 |w 112019.3 26549.81 112546.4 77185.32 | 224565.7 | 103735.1 | 53.81%
cX BiE o R
5 |- 40198.15 35431.46 39531.41 23017.01 | 79729.56 | 58448.47 | 26.69%
SNENE 40198.15 29928.66 24336.64 22192.4 | 64534.8 | 52121.06 | 19.24%
5 |z 40198.15 29928.66 24336.64 22192.4 | 64534.8| 52121.06| 19.24%
5 | 40198.15 29928.66 24336.64 22186.17 | 64534.8 | 52114.84 | 19.25%
cf B gk
6 36796.31 29224.23 21510.61 21510.61 | 58306.93 | 50734.84 | 12.99%
o6 1= 36796.31 23694.93 28252.27 23256.54 | 65048.58 | 46951.47 | 27.82%
6 |= 36796.31 23510.5 28155.06 23443.96 | 64951.38 | 46954.46 | 27.71%
6 36796.31 23694.93 28256.6 23252.21 | 65052.91 | 46947.14 | 27.83%
£ :Pﬁ N E %{\ué
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20470 F RBE LS AL L3

&7 | & e = E ph R v
B4 | vE [ dnja A A | L RS A A dnfE S A e LR A | dsjg e g | ¢
T - 44688.98 35238.7 22424 .81 18453.32 | 67113.79 | 53692.02 20.00%
70 7| = 44688.98 29986.03 22424 .81 19195.16 | 67113.79 | 49181.19 26.72%
7] = 44688.98 28140.55 22424 81 19443.46 | 67113.79 | 47584.01 | 29.10%
7| 44688.98 29925.74 22424 81 17999.65 | 67113.79 | 4792538 |  28.59%
EIE A N I W E
8 [ - 42988.59 30163.42 25898.4 21338.61 | 68886.98 | 51502.03 | 25.24%
NEIE 42988.59 25123.74 25898.4 20694.8 | 68886.98 | 45818.54 |  33.49%
8| = 42988.59 23689.73 25898.4 21141.93 | 68886.98 | 44831.66 | 34.92%
8| = 42988.59 23820.39 25898 4 20874.73 | 68886.98 | 44695.12 | 35.12%
A N I e -
9] - 45219.18 33599.99 28543.75 21853.15 | 73762.93 | 55453.14 | 24.82%
NIE 45219.18 29075.55 25505.52 22099.19 | 70724.7 | 51174.73 | 27.64%
9] = 45219.18 27991.84 25505.52 21955.77 | 70724.7 | 49947.61 | 29.38%
9| w 45219.18 28652.04 25505.52 20593.15 70724.7 49245.2 30.37%
I A N I S
0] - 29610.28 23875.27 29184.16 22402.43 | 58794.44 | 46277.7 21.29%
70 10| = 29610.28 22460.64 31601.12 22605.98 | 61211.41 | 45066.62 26.38%
10| = 29610.28 22460.64 31601.12 20533.47 | 61211.41 | 42994.11 29.76%
10| = 29610.28 22460.64 31601.12 20716.38 | 61211.41 | 43177.01 29.46%

A N I
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% 5100 % fgrs 2 A A 45 4

o 1 2 3 4 5 6 7 8 9 10 o
RS A
g - 36.35% | 32.60% | 34.61% | 35.73% | 17.42% | 25.69% | 21.95% | 16.12% | 29.10% | 13.26% | 26.28%
[ 50.98% | 45.41% | 39.56% | 46.39% | 42.99% | 40.21% | 28.55% | 29.87% | 37.80% | 21.55% | 38.33%
Wk = 44.23% | 45.10% | 39.25% | 43.46% | 41.86% | 41.26% | 28.32% | 31.61% | 41.28% | 21.55% | 37.79%
R 50.21% | 45.41% | 39.56% | 30.21% | 42.99% | 39.80% | 28.55% | 29.88% | 37.80% | 21.54% | 36.59%
% 6100 F REEB = A & 37 % -1

& |7 | & e e R et
Bl vk | dednfE S A (L fEA A AR A | IR A | AdafE | e i fE v

1 - 197644 .4 56320.24 234805.4 218938.5 | 432449.8 | 275258.7| 36.35%
100 1 = 197644 .4 30781.61 186024.5 157301.3 | 383668.9 | 188082.9 | 50.98%

1 = 197644 .4 36114.82 206364.1 189183.8 | 404008.5 | 225298.7 | 44.23%

1 U3 197644.4 30458.94 184411.1 159779.1 | 382055.6 190238 | 50.21%

e AR N S W E

2 |- 203467.5 46186.39 308882.1 299114.4 | 512349.5 | 345300.8 | 32.60%
100 2 = 203467.5 31865.07 222647.2 200739.7 | 426114.6 | 232604.7 | 45.41%

2 | = 203467.5 33954.51 2334935 205922.7 436961 | 239877.2 | 45.10%

2 s 203467.5 31865.07 222647.2 200739.7 | 426114.6 | 232604.7 | 45.41%

L BiE D R s
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% 6100 % fop 2 A A4 42

& |7 | & e = = @A A A v
B (A keiEd Ak [ s A [AkeEs Ak [ @Ea Ak Ak (g |77

3 - 162666.8 38153.86 206583.3 203310.5 369250 | 241464.4 34.61%
100 3 = 162666.8 31655.78 189551.3 181213.3 | 352218.1 | 212869.1 39.56%

3 = 162666.8 30666.8 189712 183406.7 | 352378.7 | 214073.4 39.25%

3 .n 162666.8 31655.78 189551.3 181213.3 | 352218.1 | 212869.1 39.56%

CEJE A U I O = A

4 - 176423 66795.99 309140.7 245289.4 | 485563.7 | 312085.4 35.73%
100 4 = 176423 36203.77 185030.2 157579.9 | 361453.2 | 193783.7 46.39%

4 = 176423 34112.25 195996.3 176452.8 | 372419.3 | 210565.1 43.46%

4 .n 176423 36234.22 423827.4 382699.8 | 600250.4 418934 30.21%

e AR N S W E

S - 83139.18 76151.47 42457.65 27567.98 | 125596.8 | 103719.4 17.42%
100 5 = 83139.18 45082.67 50425.79 31057.71 133565 | 76140.38 42.99%

S = 83139.18 45082.67 50425.79 32566.89 133565 | 77649.55 41.86%

5 o 83139.18 45082.67 50425.79 31057.71 133565 | 76140.38 42.99%

CEE A W I W - I

6 - 71792.33 65257.97 65394.7 36689.15 137187 | 101947.1 25.69%
100 6 = 71792.33 46475.7 64901.44 35252.83 | 136693.8 | 81728.53 40.21%

6 = 71792.33 44502.09 74099.17 41199.5 | 145891.5 | 85701.59 41.26%

6 o 71792.33 46377.01 66691.49 36987.84 | 138483.8 | 83364.85 39.80%

EAEAE W S W E
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% 6100 % fEps 2 A 44543

& |7 |« P EER T E @R R v
B[ vk e dn iR ok L RS A A hafE S A | LR A A hapR | ggE | ¢

7 - 61434.71 48998.11 36369.89 27341.4 | 97804.6 | 76339.51 21.95%
oo L7 1= 61434.71 45224.46 36369.89 24661.18 | 97804.6 | 69885.64 | 28.55%

7 = 61434.71 45643.03 36920.43 24859.9 | 98355.14 | 70502.93 28.32%

7 |w 61434.71 45224.46 36369.89 24661.18 | 97804.6 | 69885.64 | 28.55%

L BiE D R s

8 - 60045.14 50352.62 32260.23 27075.1 1 92305.36 | 77427.72 16.12%
100 8 = 60045.14 44282.24 32260.23 20447.14 | 92305.36 | 64729.39 29.87%

8 = 60045.14 42005.89 32260.23 21118.39 | 92305.36 | 63124.28 31.61%

8 |m 60045.14 44282.24 32260.23 20445.88 | 92305.36 | 64728.12|  29.88%

Tl B e =

9 |- 68694.92 56621.64 50323.66 27760.72 | 119018.6 | 84382.36 | 29.10%
100 9 = 68694.92 48041.48 52811.35 27538.8 | 121506.3 | 75580.28 37.80%

9 | = 68694.92 44033.79 53345.58 27628.71 | 122040.5 | 71662.49 |  41.28%

9 o 68694.92 48041.48 52811.35 27538.8 | 121506.3 | 75580.28 37.80%

EJEAE W S W E

10 [ - 70591.21 58472.09 33517.8 31830.68 | 104109 | 90302.77 |  13.26%
100 10 | = 70591.21 48400.29 44079.77 41558.94 114671 | 89959.23 21.55%

10 | = 70591.21 48400.29 44079.77 41558.94 | 114671 | 89959.23 | 21.55%

10 | = 70591.21 48400.29 44167.82 41640.7 114759 | 90040.99 21.54%

e A N S W - I =
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7120 % fEps 2 A A 45 4

= 3L I i3
W 1 2 3 4 5 6 7 8 9 10 . 4
% + ¥
v - 34.92% | 24.03% | 31.25% | 28.94% 9.52% | 17.39% | 16.39% 9.52% | 19.33% | 13.07% | 20.44%
[ e 23.14% | 38.54% | 39.74% | 38.74% | 30.48% | 36.30% | 30.83% | 30.86% | 38.12% | 42.65% | 34.94%
Wk = 42.04% | 35.00% | 35.96% | 38.18% | 31.03% | 36.35% | 30.83% | 36.60% | 38.02% | 33.04% | 35.70%
R 32.69% | 38.59% | 40.23% | 39.34% | 31.18% | 36.53% | 30.85% | 30.86% | 38.45% | 42.65% | 36.14%
% 8120 F RELX = A & 47 & -1

F 7 & L EER TR e R ey
2L ok | A iR S A Ei%ﬁig\;j\ A7 45 iR A Ei%ﬁig\;ﬁ\ A= b % EI%}?’% "

1 - 241976.3 45255.41 335866.2 330820.5 | 577842.5 | 376075.9 | 34.92%
120 1 = 241976.3 107746.2 550215.7 501114.9 792192 | 608861.1 23.14%

1 = 241976.3 32776.99 331031.3 299354.1 | 573007.6 | 332131.1 42.04%

1 s 241976.3 56657.35 355402.7 345410.6 597379 402068 | 32.69%

S-SR =

2 - 226918.7 107711.8 559180.4 489456.5 | 786099.1 | 597168.3 | 24.03%
120 2 = 226918.7 39734.07 331060.7 303176.9 | 557979.4 | 342910.9 | 38.54%

2 = 226918.7 44867.56 372504.3 344753.8 599423 | 389621.3 | 35.00%

2 s 226918.7 38865.08 332833.9 304860.6 | 559752.6 | 343725.7 | 38.59%

EI;;‘,'_ iR
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% 8120 % Rop 2 A A4 42

& 7 | % T EER T E @R R .
L S - B I A S N S I O A N S I S R - M S S A - I S Y £ T =y ¢ T
3 - 249126.6 73254.34 361204.6 346359.7 | 610331.2 | 419614.1 31.25%
120 3 = 249126.6 37819.07 337127.4 315445.1 586254 | 353264.2 39.74%
3 = 249126.6 50918.32 362130.4 340515.7 611257 391434 35.96%
3 o 249126.6 37768.81 336700.2 312405.6 | 585826.8 | 350174.4 40.23%
AR A S G
4 - 224140.7 67091.66 342188.3 335370 566329 | 402461.6 28.94%
120 4 = 224140.7 35310.72 273818.8 269736.5 | 497959.5 | 305047.2 38.74%
4 = 224140.7 37359.75 283985.1 276785.2 | 508125.8 | 314144.9 38.18%
4 o 224140.7 35310.72 273818.8 266747.1 | 497959.5 | 302057.8 39.34%
e AR W S
S - 134091.1 119398 99096.77 91580.73 | 233187.9 | 210978.7 9.52%
120 5 = 134091.1 78358.06 111431.8 92339.63 | 245522.9 | 170697.7 30.48%
S = 134091.1 77084.93 117269.5 96282 | 251360.6 | 173366.9 31.03%
5 o 134091.1 78358.06 111431.8 90620.82 | 245522.9 | 168978.9 31.18%
AR W S W
6 - 124370.1 108668.9 75981.48 56837.42 | 200351.6 | 165506.4 17.39%
120 6 = 124370.1 81015.35 141633.7 88436.78 | 266003.7 | 169452.1 36.30%
6 = 124370.1 80761.79 132430.8 82692.1 | 256800.8 | 163453.9 36.35%
6 o 124370.1 80494.62 140397.9 87563.31 264768 | 168057.9 36.53%
AR W S G
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% 8120 % fmps 2 A A 4543

& |7 |« P EER T E @R R v
B R v (A e iR A [ RS A | AdpfE S ok | djra kAo defg |edgr | ¢

7 - 125093.7 103572.2 80824.68 68586.7 | 205918.4 | 172158.9 16.39%
N E 125093.7 73323.58 97378.24 80555.25 | 222471.9 | 153878.8 |  30.83%

7 = 125093.7 72666.81 99366.55 82585.78 | 224460.2 | 155252.6 30.83%

7 e 125093.7 73307.1 97287.61 80464.61 | 222381.3 | 153771.7| 30.85%

A U S G E R &

8 - 128722 114313.4 73736.24 68865.24 | 202458.2 | 183178.7 9.52%
120 8 = 128722 68075.89 84829 79567.99 213551 | 147643.9 30.86%

8 = 128722 67334.54 111828.9 85175.33 | 240550.9 | 152509.9 36.60%

8 |m 128722 68075.89 84829 79567.99 | 213551 | 147643.9| 30.86%

Tl B e =

9 |- 132876.8 104466.3 87911.51 73642.72 | 220788.3 | 178109 | 19.33%
120 9 = 132876.8 69343.18 98431.57 73798.69 | 231308.3 | 143141.9 38.12%

9 |= 132876.8 67077.06 106410.9 81225.37 | 239287.6 | 148302.4 | 38.02%

9 o 132876.8 68753.51 97782.94 73209.02 | 230659.7 | 141962.5 38.45%

IEAE WE N W - -

10 | - 129703.1 106865.2 89343.22 83562.11 | 219046.3 | 190427.3 | 13.07%
120 10 | = 129703.1 71680.68 163242.6 96320.78 | 292945.7 | 168001.5 42.65%

10| = 129703.1 75545.98 91201.54 72377.23 | 220904.7 | 147923.2 |  33.04%

10 | = 129703.1 71680.68 163218.1 96300.29 | 292921.3 167981 42.65%

e A W I W N
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% 9150 F fg-k = & & 47 4

< 1 2 3 4 5 6 7 8 9 10 .
v ¥
Wk - | 24.25% | 20.30% | 25.79% | 32.29% | 13.98% | 16.96% | 31.52% | 19.09% | 27.13% | 15.29% | 22.66%
W9k = | 13.24% | 29.74% | 28.66% | 30.05% | 37.04% | 43.60% | 44.64% | 32.33% | 40.30% | 36.70% | 33.63%
2= ] 2656% | 51.27% | 27.17% | 25.25% | 29.00% | 42.16% | 46.21% | 34.43% | 36.22% | 31.09% | 34.93%
Rt e | 26.29% | 25.30% | 28.66% | 30.22% | 37.20% | 43.60% | 44.64% | 32.35% | 40.37% | 37.89% | 34.65%
7 10 150 37 KRB & A & 47 £ -1
& | F R FEER T s E R B A e
Bl vk | dednfE S A (L fEA A AR A | IR A | AdafE | e i fE v
1 |- 322796.6 73281.09 806498.6 782151.1| 1129295 | 855432.2 | 24.25%
150 1 | = 322796.6 208695.2 852711.4 811229.8 | 1175508 | 1019925 | 13.24%
1 | = 322796.6 51286.31 837258.6 800643.9 | 1160055 | 851930.2 | 26.56%
1 |z 322796.6 67871.31 797065.8 757552.1 | 1119862 | 825423.4 | 26.29%
A N I L
2 |- 290567 91699.51 789982 769505.1 | 1080549 | 861204.7 | 20.30%
150 2 |z 290567 81481.71 957394 795371.9 | 1247961 | 876853.6 | 29.74%
2 | = 290567 91816.95 1279962 673579.9 | 1570529 | 765396.9 | 51.27%
2 |z 290567 79751.63 719422.5 674697.1 | 1009990 | 754448.8 | 25.30%
CEAE U IR O =
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% 10150 % fopip & & A 45 4 -2

& (7 [ % e T s R ks -
B[ v [drdefE ok (e g Ak [ defE ok e Ak (A i e v

3 284350 85720.68 1039246 896518.2 | 1323596 | 982238.9 25.79%
150 3 284350 39017.91 684846 652367.5 969196 | 691385.4 28.66%

3 284350 45675.05 733770.3 695837.6 | 1018120 | 741512.6 27.17%

3 284350 39017.91 684846 652367.5 969196 | 691385.4 28.66%

L BiE D R s

4 - 286134.1 74196.43 1165072 908449.4 | 1451206 | 982645.8 32.29%
150 4 By 286134.1 50941.3 869419.5 757339.1 | 1155554 | 808280.4 30.05%

4 = 286134.1 73017.12 660376.2 634489.8 | 946510.3 | 707506.9 25.25%

4 A 286134.1 50617.68 863999 751999.5 | 1150133 | 802617.2 30.22%

g B R -

5 - 205508.8 153726.5 246729.7 235271.1 | 452238.5 | 388997.5 13.98%
150 5 = 205508.8 109201.9 404665.6 274960.7 | 610174.3 | 384162.6 37.04%

5 = 205508.8 104057.1 297306.9 252935.7 | 502815.6 | 356992.8 29.00%

5 A 205508.8 109150.2 399074.7 270522.4 | 604583.5 | 379672.6 37.20%

IEAE WE N W - -

6 - 229090.4 194530.1 376352.9 308222.6 | 605443.3 | 502752.7 16.96%
150 6 = 229090.4 104116.7 453498.7 280890.7 | 682589.1 | 385007.4 43.60%

6 | = 229090.4 102967.3 437824.2 282754.7 | 666914.6 | 385721.9 42.16%

6 A 229090.4 104116.7 453498.7 280878.4 | 682589.1 384995 43.60%

IS AL U IR GLE T
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% 10150 % fopi & & A 45 4 -3

& |7 | & E T =@ Ak v
R R R I N e N T - R
7 - 365622.8 198477.2 233722.8 211936.7 | 599345.6 | 410413.9 31.52%
N E 365622.8 118789.9 430213.2 321751.8 | 795836 | 440541.7 |  44.64%
7 = 365622.8 124309.4 468586.3 324450.5 | 834209.1 | 448759.9 46.21%
7 |w 365622.8 118789.9 430213.2 321751.8 | 795836 | 440541.7 |  44.64%
el i Rk =
8 - 192190.4 147231.9 383205.5 318335.1 | 575395.9 465567 19.09%
150 8 = 192190.4 125369.1 472592.3 324483.9 | 664782.7 449853 32.33%
8 = 192190.4 115088.7 437434.6 297765.1 629625 | 412853.8 34.43%
g8 |= 192190.4 125327 471887.1 323896.2 | 664077.5 | 449223.2 | 32.35%
el i R =
9 |- 207275.7 177169.3 317170.9 204993.4 | 524446.5 | 382162.7 | 27.13%
150 9 = 207275.7 112796.8 426077.4 265314.2 | 633353.1 378111 40.30%
9 | = 207275.7 114490.8 461004.9 311738.8 | 668280.5 | 426229.6 |  36.22%
9 A 207275.7 112772.3 424119.3 263721.2 631395 | 376493.4 40.37%
I A N IR N
10 [ - 190939.5 157748.7 237546 205202.6 | 428485.5 | 362951.3 |  15.29%
150 10 | = 190939.5 104676.9 416633.1 279922.3 1 607572.6 | 384599.2 36.70%
10 | = 190939.5 105392.1 350770.6 267923 | 541710.1 [ 373315.2|  31.09%
10 | = 190939.5 103876.4 430380.9 282044.4 | 621320.4 | 385920.8 37.89%
IEAE WE N W - -
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2B B4H0F 2277

Eg ¥Yehicle Bonting Flannang for Home Delivery Frogram - With Tabu Search

Date [2006% 78 48 =l
—MmitizfSetting——— — Timeand Business Sctting—— Stage 2: Prak Improve-— Stage?:-Keal Improve (I necessary)
R R Time Cut in - Two Stape Improve— 1. Aceident Event I 3. Remowve Demands |

]D:WII'ICEI'I‘modeES.mdb _ﬂ ) :
Business Bervice  [pmBusiness = 1. Bwap |
DataSheet  [ooferimfo =]

ot ListLengh [ _ oot |
Tabu Tenure o0 =

Stage - Initiaf Solmion—— IHusiration of Solmtion—

Improve Times  [3q 1. Bervice Demands' Position |

1. Gensral Demand |

Speed 20 EM 2. The Planning Service Path |
2. Business Demand
Mascload e it s |

— Original Service Denyands - — Sofutions

£01 pm 500 2000 1 o .
402 pm 800 2200 3 Load Armive Time Order Dptimal
A02 pm 500 2200 & ey A23
L4171 pom 800 2200 -6 75 a00 213 413 ALl
412 pm 800 2300 -2 73 917 502073597575 417 4132
417 pm 800 2300 -5 &7 047 2164 39542046 411 £11
418 pm 800 2200 -7 63 003 075534035342 A01 401
431 pm B00 2300 -12 55 1019.42636352021 471 £21
423 pmBusiness 1600 1700 14 13 1046 54500056031 403 413
423 pmBusiness 1500 2000 14 54 1113043702904 32 402 408 AT

57 1143107423334515 415 402 Azl

51 122029701 720603 417 417 Fon n22

65 1500 423 423

79 1617.39410316756 427 452 e

AU al7
AM & PM Tuastration
Travel Distance|1 1808 1734532056 Total Cost |11898.1724522056 —
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-~ FIEI AR

|
Rk 2
R &

A A
KR ol

R I
|
|

1. Initial Setting

y

2. Time and Business Setting

3. Stage 1: Initial Solution I

v

4. Stage 2: Path Improve

Bt KA G % FRBE T R

EESR S

F
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LB S Y F AR L

(Initial Setting)
ﬁw@éaiﬁﬁ%%\%%ﬁﬁ&ﬁﬂ%&ai~ﬁﬁw%?ﬂ%

VP 4T

,«}

(_
\:

/1‘-\}

—fﬂffﬁfgﬂﬂﬁ?g . Data Source
Diata Somice KELFPHEFTE
. Data Sheet

|D:".‘5.FII'ICEI'I".11I:H:IEES.mdh
RRFHE LA

. Tabu List Length

Tabu List Length |j.' %R AL LHE

Diata Sheet |]'1|:l|:1E.'1 info

Tabu Tenure |5|:| . Tabu Tenure

EE SRR

.- Improve Times
EE S EY

Mae Lioad : . Speed
%D R

. Max Load
ERS R R E

Improtve Times

Bpeed

2. % % Z_(Time and Business Settung)
LN A T A R IS e S S

. Time Cut
WAIRIFZPEG o

— Time and Business Sefting—

Time Cut ) .
|am . Business Service

Business Service |amEus:jJ1ess

2.2 ARG F iz
Fe B — ~ %7 4> f# (Stage 1: Initial Solution)

PR L A e R B P e T
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1. Without Business

Rofd - mF KL AR
2. With Business
Bl s R I S PN £

—Stage IrInitizf Soltion——

Without Business

P& Bl =~ B JE e L (Stage 2: Path Improve)

PR AR N AL PR 0 R e

Swap Improve

— Stage 2 Pk Improve-
Two Staee Im

44

% - XL @ Swap Rf% o
Or-opt improve

% - Z:xid ! Or-opt Ff% o

1. Bwap

2.3 RfE TR B
7| 4

. (Original Service Demands)

— Original Service Demands . Original Service Demands

A0% am 0 800 6 t“ﬁ?‘]ﬂmfbﬁi =N T
404 am 0 200 6

408 om0 200 6 BEwE R U2
407 am 02200 5
400 am 0 800 7 HL o
410 am 0 800 -8

412 am 02200 -8

414 am 0 800 -4

415 am 0 600 -2

416 5m 0 800 -5

413 am 0 2200-9

430 am 0 800 -4

424 amBusiness 600 700 8

2. ﬁia?J:", % % (Solutions)
ek R R W AT

=

pui
4
ey
gjﬁ(
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Load
BpilE s BE RgL KPR

Arrive Time

AmiveTime  Omer  Optimal BRI LA B G RBZFR

0 R . Order

.S
11 18646061640 A1 A1 o
£8.0385505757183 415 A5 HESERER o
92 0160210066112 A AT
135 70071204801 it A5 -
1503683 A3 403 - Optimal
136.260047250800 413 A13 o o o
704 417678236012 Alf A6 2R ARG AR B E R o
766 54055AAA1 204 410 A0
3201571 31697314 409 A9 . Travel Distance
7501 A5A050301 261 A04 A4

3 41404021 3672107 3 A14 3 414 3 = IR FE 3 o

Total Cost

R N

Travel Distance(14511 6944422867 Total Cost (15883.770831715

BovE (TREMtiE FOPF R

U

2.4 B0 B o

1.® 25 % % B 5+ (Illustration of Solution)

1. Service Demands’ Position

— Hustration of Solution- 5 e h e B R -

1. Bervice Demands' Posibon

The Planning Service Path
2. The Planning Service Path BRI EE T -

Combination of AM and PM

EE T E R R
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AM Mustration

Aus

PM THustration

i—Stzged-Keal Improve (If necessary)

1. Accident Event | {ﬁﬁﬁM&”ﬁMi 3. Eemove Demands |

Accident Event 4. Swap Improve

E'Iralggiiii/%@ﬁ"‘—ﬁj%])‘ ° T % - FFE Swap T pFi L oo

Real Time Demands . Or-opt Improve
3% RA 4 I o # 7% = FFF Or-opt 2 pFez & o
Remove Demands . Show The Result

Blve TRp 2§ R e BT L 2 % B
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E Condition Choosze

(=163

Condition 1: Ingert New Demands

W D |

Condition 2: Remove Demands

Remove Demands |

1. Add New Demand % 58 fx # 37 3
FRART -

2. Remove Demands % 7 fx & # “,f 4
FAFT o

Condition 1:

Hame

Coond X

Coond_¥

Onantity

Z K

Satrt_Thme

Close_Time

Operation Car Posttion

Condition 2: f@pEB 7 £ T o

Eg Remove E] @

Ciperation Car Position [
Mame

I . - ||

St

A

Real ITmprove Tllustration

Show The Result 4= 4] 38 :
BT pEic L 2 B %A E S F
BB APRFE2F RELPAR o
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it dx =
REP VI RETH
Zhe | XAE | YAR | Z2RE B4R | 2dBFF maER
FO1 -210.8 | -653.4 2 800 2200 10
F02 754.1 | -1125.1 1 800 2200 10
F03 -1013.1 | -1862.3 1 0 800 10
F04 223 | -1824.3 1 0 800 10
FO05 109 -1200.9 4 0 2200 10
F06 1296.2 | -1103.4 2 0 800 10
FO7 | -1484.7 | -1173.8 6 0 2200 10
FO8 -763.7 | -1477.4 1 800 2200 10
F09 -877.5 | -566.7 7 0 800 10
F10 493.9 | -1108.8 1 0 800 10
F11 190.4 | -1531.6 6 800 2200 10
F12 634.9 | -604.7 3 800 2200 10
F13 732.4 | -1580.4 3 0 2200 10
F14 765 -1856.9 1 0 800 10
F15 -313.8 | -1347.3 3 0 800 10
F16 596.9 | -946.2 1 0 800 10
F17 1068.5 | -1135.9 6 800 2200 10
F18 710.8 | -1379.8 3 800 2200 10
F19 -362.6 | -1146.7 4 0 2200 10
F20 -487.2 | -1629.2 2 800 2200 10
F21 -725.8 | -1260.6 1 800 2200 10
F22 -471 -658.9 5 0 800 10
F23 -920.9 | -859.4 5 0 800 10
F24 | -1311.2 | -1320.2 4 0 2200 10
F25 445.1 | -1309.4 3 0 800 10
F26 -199.9 | -1862.3 3 0 2200 10
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TokE | XAt | YREE | FR oo PR | AP R
F27 591.5 | -1997.8 -5 800 2200 10
F28 195.8 | -1992.4 -3 0 800 10
F29 1345 -940.7 -4 0 800 10
F30 1101.1 | -734.8 -3 800 2200 10
F31 152.4 | -696.8 -2 800 2200 10
F32 -704.1 | -198.1 -4 0 2200 10
F33 -519.8 -30.1 -6 0 800 10
F34 -124 -409.5 -6 0 800 10
F35 1166.1 | -1298.5 -7 0 800 10
F36 439.7 | -1705.1 -6 800 2200 10
F37 396.3 | -669.7 -7 800 2200 10
F38 -438.5 -892 -8 0 2200 10
F39 1561.8 | -919.1 -8 800 2200 10
F40 -205.4 | -946.2 -6 800 2200 10
F41 -1132.3 | -696.8 -4 800 2200 10
F42 -758.3 | -1764.7 -8 0 800 10
F43 250 -940.7 L7 0 800 10
F44 163.3 | -1748.4 -6 0 800 10
F45 1046.8 | -1477.4 -1 800 2200 10
F46 1003.5 | -1000.4 -6 0 800 10
F47 -1099.8 | -1000.4 -2 0 800 10
F48 -1240.7 | -1591.2 -3 800 2200 10
F49 -53.6 | -1932.8 -3 800 2200 10
F50 -736.6 | -1997.8 -2 0 800 10
F51 1193.2 | -1022.1 -2 0 800 10
F52 -216.2 | -816.1 -1 0 800 10
F53 677 -859.4 -8 0 800 10
F54 60.3 | -1461.1 -2 800 2200 10
F55 857.1 | -1721.3 -2 0 800 10
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ZkE | XAE | YRE KR (BT | A T R R
F56 | -351.7 | -171 5 800 2200 10
F57 | -752.9 | 78.4 5 800 2200 10
F58 | -1116.1 | -1396.1 | -14 800 2200 10
F59 | -4493 | -1851.4 7 800 2200 10
F60 | -1593.1 | -1537 5 0 800 10
F61 390.9 | -1103.4 7 800 2200 10
F62 | -584.8 | -409.5 9 0 800 10
F63 1008.9 | -1298.5 2 0 800 10
F64 1448 | -1135.9 14 1850 1950 20
F65 1307 | -469.1 17 250 750 20
F66 15.6 | -669.7 15 600 700 20
F67 | -129.5 | -1520.8 11 1600 1700 20
F68 | -1067.3 | -431.2 13 1800 2200 20
F69 | -1354.6 | -799.8 8 100 800 20
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