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Tabu Search Based Vehicle Routing Planning
for Freight Container Transportation

Dong-Won Jang

Department of Industrial Engineering, Graduate School,
Pukyong National University

Abstract

This thesis addresses vehicle planning and routing problems in freight
container transportation systems where a number of loaded containers
are to be delivered to their destination places and some empty
containers are transported form locations with excess empty containers
to shortage locations. The system under consideration is static in that
all the transportation requirements are known at the beginning of a
planning horizon. A two-phase vehicle planning and routing procedure
is presented for the static container transportation system. In the first
phase, a mixed integer programming model is presented to determine
optimal flows between container handling centers and provide the
minimum number of vehicles required. Based on the results form the
first phase, a tabu search based procedure is proposed in the second
phase where vehicle routings are determined with the least number of
vehicles. Some simulaticn experiments are performed to compare the
performance of the new procedure and some existing procedures under
various container transportation settings. The experiments show that
container transportation can be realized with less number of vehicles or
less completion time in the new model compared with the existing
procedures. The research result in this thesis is believed to be used in

some other transportation environment such as AGV systems, unit-load
transportation system, similar to the container transportation system.

kevwords : tabu search, transportation, vehicle routing
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i =) 4 makespan G A7 ¥ 4] 11

Tabu Search 19 466 8809

| Insertion " 22 480 9890
Ao uhy 19 528 9521
_Insertion®$'i 9] AFdFE A48 AH

Wy 5 makespan gk A 7he] g A 3
Tabu Search 22 399 8714 16.88% A
Insertion ¥4 22 480 \ 9890

Insertion ¥'8 9] T AAHAROF)INFES S
o)

Wy zpard 4 makespan g A0 g B 1
labu. Search 19 466 8809 30 A7
Insertion ¥ 2 480 9890
s Tabu Search®] makespang A% &8 AdA Tz 44
~ oy Al makespan e AITHY FF 2] st
Tabu Search 19 466 a0 3] A%
Insertion % 22 463 9875 o
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M_Size 8 (0] ¥ 528 : 396 AL Agdi$ : 21) - #AAAH
n RE o) EH #571F
why a2k 4 makespan g Al zke] # H] o
__Tabu Search 21 506 10545
| Insertion WY 27 479 12128 |
| e wy 21 340 10258
B Insertion¥ Y & AFd+E #H{d 3%
g = EF ol 5 makespan A 7hel & u 3
Tabu Search 27 406 10840 _ ,
15.24% %4
| Insertion 4 EG 479 12128 et e
Insertion {4 AR ZHABOE) /w20 A
i Aol makespan R s B I
Tabu Search 23 462 10576 an A
__Insertion ¥ 27 479 12128 )
Tabu Search® makespan$ A F-Ed AgAztez A8
H o) 4= makespan | oermaA 7Y % d] a1
Tabu Search 21 506 10545 4 M
Insertion 549 25 506 12062 }
M_Size 8 (o] FE : 306 HAAFd s : 21) - 27F A9
RE o|5EF FFIF N
Ty 3} 2 makespan | SEA S § NE
Tabu Search 21 478 9902
Insertion " 27 479 12128 |
Azel Wy 21 540 10058
- Insertion$ ¥ o) AFi+5 AL F%
Wy AL makespan Ak B ¥l 1
Tabu Search 27 383 9782 o s
| ; BEAH
| Insertion 2 27 479 12128 | 20085 =

Insertion ' 2|

A F e AN THAB0R) T TS A5

- N a4 makespan QJ‘L?-}‘]Z}Q] g H]ﬁ al
Tabu Search 21 478 9902 6ol H 7t
Insertion ¥ 27 479 12128 ’
Tabu Search® makespan® #F L8 AFAzte =z Hi
i g makespan gz A 3 g a2
,_Tabu Search 21 478 9902 gy A7
| Insertion ¥ 27 476 12102 -
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M_Size 9 (o] 523 . 438 A LA LT

119) - dE4dd

=
e

O EEF #5FE

H A makespan sk Ajrel ¥ v i1
Tabu Search 19 500 9468
Insertion ¥ 22 480 10190
A 19 277 9771
Insertion’3 ¥ 2] A Fd+& HEH 3¢
g e makespan fu el g I
Tabu Search 22 438 9585 875%
Insertion 4 22 480 10190 B
Insertion W89 AFLBANUAB0F)IZIEA B ¥
W k) makespan b A el jF 4] 31
Tabu Search 20 480 9539 o =27
Insertion ¥ 2 480 10190 o
Tabu Search®) makespan® 2 #£8 A@A g2 AL
kS ‘5 R}l makespan Sk Al b 3 AR
Tabu Search 19 500 9468 o W3t
& £
Insertion " 21 499 9982 "
M_Size 9 (o] EE%F : 438 H A Fd4 1 19) - 27 A4
BE ol 5E8F S7F
o R makespan 25 r zke) 3 v o
Tabu Search 19 467 8824
Insertion " 22 10190
IEECEL 19 577 9771
Insertion'}g4 9] AFi+5 H L8 J¢
Wy 2} makespan gaATY 3 B i
Tabu- Search 22 404 8857 15,8305 a4}
Insertion %4 22 480 10190
Insertion 49 AFTPA A0/ ED B ¥
i =k o 4= makespan grsz A 7he] & B 5t
Tabu Search 19 467 8824 3 A7
Insertion 3 22 A 10190 e
Tabu Search®] makespan2 A% A{Ato 2 I
T T
uHy ol makespan Sz A7y G vl o
Tabu Search 19 467 8324 47 A7
Insertion "3 23 467 10120 o
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] M Size 10 (cl5¥% ¢ 371 A2A205 1 22) - AY N 1
RE o587 &F7F
B Wy AT makespan gAY Hl 3
Tabu Search 22 501 10970
Insertion 3HH 26 479 11772
| el uo_}% 22 537 10700
Insertion'4 9 AFA5E A EF F 5
HhY =gkl makespan ohg A zte] 7t C]
Tabu Search 26 435 11216 0.19% 4
 Insertion 8 26 479 11772
Insertion 42} 2 A 7HABOR)Z)#2 A F
o A2% | makespan gl zte) @ RE
Tabu Search 24 475 11253 oy B
Insertion ¥4 26 479 11772 o
| Tabu Search® makespang A E&8 A@dAztoz A G
Wy 2ol makespan g AITE] F ¥ 11
Tabu Search 22 501 10970 3 B
| Insertion "H¥ 25 501 11693
| M_Size 10 (15 ¥ - 371 AxAFdF 0 22) - 278 U9
BE ol 5EF F7F
AR b 4 makespan SR AITEE) § 2] i
Tabu Search 22 480 10478
Insertion 24 26 479 11772
kel u 22 537 10700
B Insertion'$ ¥ ¢ AFd+E JL4d 3¢
il s makespan gt Akl § I
~_Tabu Search 26 406 10424 15240 &4
Insertion W4 26 479 ‘ 11772
Insertion HHH o} L FA7HAB0R) 7% A&
sk ko 4 makespan er Al The] # ¥ 1
- o
Iabu_ Search 22 480 10478 au) A7
__Insertion 26 479 11772 ]
Tabu Search®) makespang %@ AgAte= /L
ol e+ makespan g Al 7he] ?]’ 8] 3t
Tabu Search 22 480 10478 Ach A7
Insertion 4§ 26 479 11772 )
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[AR2]5 2 ANREE 7HAE 459 Ad 4324

Tabu Search makespan
% 10% 15% 20% 25%

Sim_1 502.27 504.14 506.21 508.28 510.35

Sim_2 503.11 506.22 509.33 512.44 516.80
Sim_3 506.92 513.84 520.76 527.68 534.61 )

7_7>Sim_4 505.14 510.29 515.43 520.58 525.72

Eim_S 503.88 507.76 51165 515.53 519.41

| Sim_6 505.51 511.03 516.54 522.0b 527.56

7Sirr1_7 503.257 306.51 509.76 513.02 516.32

Sim_8 502.49 504.98 507.47 209.95 512.44

Sim_9 501.03 502.05 503.19 506.92 508.64

Sim_10 505.10 510.20 01529 520.39 525.49

Tabu Search & A7+ &

5% 10% 15% 20% 259%
Sim_ 1| 601451 | 690401 | 6893527 | 688302 | 687253
| Sim.2 | 69858 | 693216 | 603574 | 693033 | 694291
Sim 3 | 693030 | 603560 | 604090 | 694620 | 695150
Sim 4| 693158 | 693817 | 694475 | 695133 | 6O57.02
Sim 5 | 691717 | 690934 | 690151 | 689368 | 688585
Sim 6 | 693337 | 694174 | 6950.11 | 695849 | 6966.86
Sim 7| 609371 | 602042 | 602113 | 691084 | 691855
Sim 8| 692771 | 693042 | 693314 | 693585 | 6038.56
Sim O | 692704 | 692008 | 693112 | 603316 | 693520
Sim_10| 693419 | 694338 | 695257 | 696176 | 697085
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Insertion %H makespan
o 5% 10% 15% 20% 25%
Sim_1 543.71 24742 251.13 564.85 558.56
Sim_2 041.62 543.25 544.87 546.50 548.12
_Sim_3 541.93 543.87 545.80 547.74 549.67
Sim_4 540.11 540.22 540.33 540.44 540.55
Sim_b H43.93 547.85 551.78 555.71 205.64
| Sim_6 545.19 550.38 50bh.5H7 560.76 565.95
Sim_7 24414 548.28 5h2.41 a56.35 560.69
Sim_8 546.05 552.10 558.14 564.19 570.23
Sim_9 247.82 500.63 563.45 o71.27 579.08
>Sim_1 0 5;43.13 546.25 549.38 552.50 555.63
Insertion W9 A ¥
5% 10% 15% 20% 25%
Sim_1 7277.89 7270.79 7263.68 7256.58 724947
Sim_2 7270.48 725596 7241.43 722691 7212.38
; Sim_3 7294.43 7303.86 7313.29 7322.72 7332.15
7 Sim_4 T282.73 7280.46 7278.20 727593 7273.66
Sim_5 7274.08 7263.16 7252.24 7241.32 7230.40
Sim_6 7291.54 7298.08 7304.62 7311.17 731771
Sim_7 7289.56 7294.12 7298.67 7303.23 7307.79
I._éim_S 7294:42 7303.85 7313.27 7322.70 7332.12
5im_9 7271.7714 7258.48 7245.21 7231.95 7218.69
| Sim_10| 728260 7280.20 T277.80 727240 7273.00
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& 2] 21 makespan

2% 10% 15% 20% 25%
Sim_1 581.59 579.98 H&3.07 583.10 581.11
Sim_2 573.17 571.83 569.06 571.06 57190
Sim_3 584.86 584.19 584.39 983.37 582.03
—Sim_él 540.76 539.31 539.63 542.67 541.13
i Sim_5 533.06 583.46 o80.14 583.48 584.19
Sim_6 583.81 584.35 583.79 583.27 580.04
Sim_7 579.50 580.48 580.00 580,79 579.02
Sim_S 581.91 0984.93 585.63 583.96 58740
7 Sim_9 580.90 579.24 584.38 584.23 585.64
Sim_10 581.55 58263 579.64 583.00 h82.31 J
g A= A7k
2% 10% 15% 20% 25%
Sim_1 79599.46 7588.65 7609.84 7594.31 7570.98
—Si—m_Z 7438.20 7436.20 7436.00 7445.86 7460.24
Sim_3 7637.20 7636.42 762876 7633.62 7602.58
Sim_4 7354.22 7348.67 7337.38 1331.37 7350.64
Sim_5 7486.75 7495.02 7499.19 7497.44 7514.61
Sim_6 7551.04 7951.76 7526.36 7558.44 7519.24
ASim_7 7597.30 7605.23 7611.95 7587.44 7642.45
Sim_3 7652.09 7652.73 7656.20 765761 7673.92
Sim_9 7563.29 7561.49 7084.41 7594.68 7578.60
Sim_10| 7549.00 7556.04 7o48.84 7528.43 7557.76
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{(+Z%1] AMPL ¥ #ols HAs a2y

1. Felay mde 9§ T2y
File Name ' fleet.mod

#3720 €

param N; #REF

param Tali in 1.N, j in 1.N}

7 2o A Faj2 3 E AdelWE Au olFdtEd AlHE ARG
(& A/ e A AT

param vii in 1.N, j in 1.N}L

#3818 AU E Ala AriolM AR olFsle 34

param Thii in 1.N, j in 1.NJ};

A A4 AajE W Aoy g A3 ol FakEd ~aHE AT
param Tcli in 1.N, j in 1.N};

£ oA 2R FAE o)FImd 2auE A

param NF{i in 1.N} #2124 ol o] 2 £EE

param si{i in 1.N} #7342 10 T8 F 7 U= d dHel |y
param dii in 1.N}; #34 o "az = d1 Aol +
7 HH e

var v{i in 1.N, j in 1.N}>=0;

gapgro] Wl e E 21 A2idA FajE olF )

rir

27

var xti in 1.N, j iIn 1.N}>=0;

saherel BAZ AaihA Fa jB o FdE F&
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=

)

g

minimize TR:

sum{i in 1.N, j in 1.NYTalijlv[ij] +
sum{i in 1.N, j in 1L.N}Tblijl=ylij] +
sumi{i in 1.N, j in L.N}Telijl*x[ijl;

#A] oF 2|

subject to C1{i in 1.N} #NF(il+dli)-s[i]l>=0 2 ZE id] thate]
sumik in 1.N}x[ik]=Gf NF[i]+dli]-s[i]>=0 then NF[i}+sumi{j in
1Nl il-sumik mn 1.N)ylikD:

subject to C2{i in 1.N}) #NFli]+dli]-s[i1<0 91 2E 1ol 3l
sumtj in 1.N}x0,il=Gf NFL]+dli]-s[il<0 then -NF[i]l-sum{j in

1.NJvl,il+sumik in 1.N}ylikD:

subject to C3{i in 1.N} #s[il>02 2& e tisl
sum{k in 1.N}v[ik]=Gf s[il>0 then s[iD);

subject to C4{i in 1.N} #d[i]1>09 BE o] i3l
sumij in 1.N)v[.il=(@f dlil>0 then dlil);
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2. 42|58 dojg #de =waysd

File Name : fleet.dat

param N = 12, #7}

#7) ) 0] 5 4| 7

param Ta:

1 0
2 a0
3 30
4 35
5 40
6 35
7 30
8 30
9 30
10 0
11 0
12 0
#o] E 34
param v:

1 0
2 0
3 0
4 0
5 3
6 0

50

0
30
30
40

o o oo o o o

o o o O

10

AP

o o o o o o

B

40
40
10

< wn

6
35 30
3» 30
25 30
20 25
15 20
0 10
10 0
15 5
5 5
0 0
0 0
0 0
6
0 0
0 0
0 0
0 0
0 0
0 0
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10
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11

o o0 O o o oo o © o o o 2

11

o O o o o o O o o O o

(o T s B e B o B s B v

12 :

e

12 :



an]

0;

0

1 A Eie]d o] F A

10

11

11 12

10

i~

g

1

param Th:

30
35

30
35

40 3B 30
40

35

50 30

0

30

35

o]

15

20
25

10
25

30
40
32

30
40
30

0

Lo

10

20

30 30 30
35

30
30

0

25
25

30
30

35
RISER S

7 o5 A2

10
S

11

"

11 12

10
0

o

1

param Tct

0

0 30 0

30

035

40
10

50 30 B

0

35

o]

¢

5 30
- 76 -

O

2

0
15

0
5

20

9,

30 30

35 3% 5
40 10
35

40
35



2 20 10

30
30

30 30 36

30
30

25

35 35

25

3B 3B

10

11

0

il
ol
B

e
——

param NF :=

10

-15

11

O

12

param § °:
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5 10
6 0
7 Q
8 40
9 0
10 0
11 0
12 0;
#Zas H
param d =
1 10
2 30
3 0
4 0
5 0
6 5
7 5
8 0
9 0
10 0
11 0
12 10;

Aol 4
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3. RUNZE & xzafvy g

File Name ' fleet.run

reset: #@ A JHg delHE x7|gA7Th
model fleet.mod; #n s ABE JEI
data fleet.dat; #ndal AR o2 AFdoHE YHs.

opticn solver cplexamp.exe;  #Solver Engine2 2 CPLEXE o] &gt}
option cplex_options 'nodes=500000 backtrack=1";
#AMPLel A CPLEXY slvlg s ZA gt}

#Branch and Bound?] M »-T & 50000002 FA s
#A oA S G2 93 FAenEHE g

9 QlEE nEy AR doly ARE o &l £AE AT,

display TR; #E A g9 NS BAFE
display _solve_time; $2 A2 AMeed 288" NS RAE
display x; 2R Fge BT
display y: s AWM g BHoFEr

4, iAo e T2 el

File Name : fleet.bat

ampl fleetrun >fleet_resulttxt #runi & HPA A Ax~ezdoz 2
E woFr
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500000

CPLEX 6.0.2: nodes

=1

backtrack

CPLEX 6.0.2: optimal solution; objective 6655

16 iterations (9 in phase I)

TR = 6655

solve_time = 0.0400576

% [**]

12

i1

10

15

0

0

¢ 0 0 0 0 0 0 0

15 0

10

11
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v EX3

12

11

10

™

20

10

10

11

12
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[ &2] Visual Basic6.03 o| 83t & 147

Insertion®s (4808 H-& 3H)

I3

g

I S

i
§

Ed
]
u
5
=
r

A
o SRR
SRR

R

5o o 1B 180 B 10 BT 18581 10
1615|131 513 1-8) B0% 113 18- 18581
0L |- 2101 16 T 1B M 1481
AT AR 3| £28-13 162 A T3 1SR 1R 1651

i Jowoon 10,82

Tabu Search@ el & A7tAlet WEg & FaAEE 24

(ol A mebrlEl @ 4808 AlzkA| e, 234 33, FAESSE 1008)

R
i e

oepots -1 1-b> i W

anct 7535105 28 351 V5 AT 1A 3 - Ao
14 13513 |8 B0 g B

ol 1 14 By A e ) 6

S T

e v

B %

C 3 25 515
|ov0s0 1B B225 GT 3326 book ) B 1D BB
v 15433220035 351 DD PR bR 1S

350 Bel 0 Lo ¥ a1 82 £

Bz vanwtee
1 Vbt S5 (7200
i (72

BT
b1 61 1B B 2 3 1B BT
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|&t
Hu
14
a2
R
ofl
104
-z
i

Option Explicit

Public fMainForm As frmMain

Public Total_Vehicle_Num As Long '& 234
Public Tabu_Num As Long ‘tabu listell 2531
Public T As Long "% w314

Public Sdepot As Long ‘713t & depot#l 3

Public Edepot As Long '71302 depot* 3

Public Spot_Num As Long FA

Public Total_Con_Num As Long ‘& ZHeolH 2% %
Public Spot_Time(2000, 2000) As Long ‘A8 7t o] FA 7
Public Job_Complete_Time(9999) As Long
Fdshts Selsled Aele AR

Public Job_Info(9999) As String AAdAHE

Public Job_Prev(9999) As Long 'k o] ok
Public Job_Succ(9999) As Long ‘24 4 124
Public Count_Num(9999) As Long "xhgke)] BkEl g AL
Public Vehicle Num(2000, 2000} As String
A g el o] dy AGAE

Public Vehicle Num_2(2000, 2000) As Long
AFNESG Ao dFE FUNE

Public Assigned Job(9999) As Long

E7HARA o] REIAFHEA AFEAA 0l E
Public Vehicle_Makespan(9999) As Long

"2+ 2] makespan

Public W As Long
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Pubilic
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public

Min_Makespan_Vehicle_Num As Long

Optimal_Sol(2000, 2000) As String  ’©] 3} optimal sold 2 &
Optimal_Sol_2(2000, 2000) As Long
Optimal_Sol_Makespan(9999) As Long
Optimal_Sol_Count_Num(9999) As Long
Optimal_Sol_Max_Makespan As Long
Optimal_Sol_Total_CT As Long AR AT B
Storelni_Sol(2000, 2000) As String ‘o3 =713 RE=
Storelni_Sol_2(2000, 2000) As Long
Storelni_Sol_Makespan(9999) As Long
Storelni_Sol_Count_Num(9999) As Long
Storelni_Sol_Total_CT As Long

iteration As Long ERE gl

Busiest_Vehicle As Long '7}% busiest3 #@¥ =

Tabu_List{(9999) As String ‘tabu listel &

S
™
2
2
oiL
s

Tabu_List_2(9999) As Long ‘tabu list] &

ir)
2
i)
ol
T
fob

Tabu_Count(9993) As Long 'tabu list 4534
Tabu_index As Long
Tabu As Long

Tabu_OK As Long

Compare As Long

Move_Job As String 'FAA 2]
Move_Joh_2 As Long

Use_Samelni_Sol As Long

Add_Vehicle As Long

A As Long e i ghQle] AR
Forced_End As Long

Limite_Time As Long
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Public Number As Long
Public Check_Same As Long
Public Check_Same_Ok As Long

Private Sub Commandl_Click()

EXEIEE P

1) 2718E AT
'2) HlolE E kol wido] HFwr)
'3) Z7IEE A

) z718) WBAEAFRE 2SR BAE

Dim 1 As Long

If rtfText. Text <> "" And Textl.Text <> " And TextZ.Text

<> "  And Text3.Text <> "" And _Textd.Text <> "" And
Texth. Text <> "" Then

Call Initialization ‘&2 718 A I

Call Input_Data ‘dlolElE
Call Make_Ini_Sol ‘Z271EE A
Call Show_Ini_Sol ‘2718 R
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If Optionl.Value = True Then
z7le) e ARRE.

For i = 1 To Total_Vehicle_Num

Storelni_Sol(i, Storelni_Sol_Count_Numdi))

Vehicle Num(i, Count_Num(i))
Storelni_5ol_Count_Num(1))

Storelni_Sol_2(3,
Vehicle Num_2{, Count_Num!i})

Storelni_Sol_Count_Num(i) = Count_Num(i)

Storelni_Sol Makespan(i)=  Vehicle_Makespan(1)

Storelni_Sol_Total_CT = Optimal_Sol_Total CT
Next i
Commandl.Enabled = False

Elself Option2.Value = True Then

Commandl.Enabled = False

End If
Else
MsgBox “@Ad el 7 £&FUs, 9ddeolHE BF
AAlar
End If
End Sub
Private Sub Command?2_Click()
"Tabu Searchdn¥] &S FH&sted 271aslE TG40
')A ] makespang 71 ZAFHEL FE=Th
A2
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ok AEo R AYE moved A o

ok Aol AAA AT Ada A

Dim 1 As Long
Forced_End = 0
If Commandl.Enabled = False Then
Use_Samelni_Sol = 0
Call Search_Max_Makespan
"H 1] makespanes =t busiest_vehicled R 2 &
Call Busiest_Vehicle_Adjustment

‘714 busiestd xpE 24 24

Do
If Compare = 1 Then 'HrE 3l Frhglo]
Call Search_Max_Makespan
Call Busiest_Vehicle_Adjustment
Elself Compare = 2 Then "¥FE-31% F7}
Forced End = 0
Call Select_Move_Job_lmplement
'AAL Zde] ME remove position FHE=F
Call Insert_Move_Job_Implement
aeE HAE U
If Forced_End <> Q Then
iteration = T

Call Show_Final_Sol

=

=
[}

Labell4.Caption = "Fesible Neighbor?l ¢lol 7
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Elself Forced End = 0 Then
iteration = iteration + 1
Call Check_Optimal_Sol
‘bR B 47 Z27bE] 9 current_sol® optimal _sol ¥l 3T,
End If
End If

Loop Until iteration = T

Call Show_Final_Sol 'Azds BaEr

CommandZ Enabled = False

Command3.Enabled = True
Else
MsgBox "A4dd z787 slgdd 2718e WA AYA7I
28"

End If

End Sub
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A ARe BAber Tekge Asn ASdch A 4de A7H A

-z
AT
e
)
o
N
Fﬂ
o
vy
2L
jusl
_—
2
X,
o
jul
=
of
o
2
ol
o
ki
H=
I
AW
hul

Agets ge A5 A75e] e fFA @A AEge ¥ A 2
Utk vbe] 98 W Fop~ “odxivt #@F vk o dell sl ol
vt Aoy BE Age) gFe] Fob Eo] ok shHE =
12 2% Frb gl Wivh Stdolata SEW EAbda sii T RRCl
& 7 AFd 2R~ “BEop, W7k e vhA g4z FEo o Ed
g7 wel thEARAA e fdwnh gl vt 3w Wt ve g
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