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Abstract-This study addresses the retrieval problem to export 

containers stored in a seaport yard block and waiting for loading 

up. The previous models construct models from two dimensions 

without considering container stacks. The purpose of this paper 

is to propose an optimization model that minimizes the duration 

of crane moving and container handling subject to the required 

container category of each loading sequence. Because this 

container-based model takes into account the stacks of the yard 

block, its decision can avoid possible reshuffles caused by an 

inappropriate arrangement of retrieval sequences. This paper 

proposes a tabu search algorithm for solution and presents test 

results of some practical cases. 
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I. INTRODUCTION 

The rapid growth of marine containerized freight and 
container ship capacity has directly affected the operation of 
seaport container terminals. As the volumes of loading and 
unloading containers per ship steadily increase, transshipments 
in the port terminal become more vital and complicated than 
ever before. Some studies have contributed to the overview of 
container terminal operations and introduced fruitful academic 
contributions on port logistics research [1, 2, 3]. 

In a container terminal, yard areas play a buffer role in 
balancing the various directions of container flow, i.e., 
inbound, outbound and transfer. The operational performance 
of yard areas affects the speed of quays ide operation and 
thereby the duration of a ship's turnaround at port. Since the 
operational performance of yard areas is concerned with the 
material handling equipment system, several studies have dealt 
with scheduling yard handling tasks for different systems. The 
basic problem relative to yard crane routing is a single gantry 
crane moves along a yard block to retrieve export containers 
for supporting the loading requirement of one quay crane (QC). 
Narashimhan and Palekar [4] proved this problem is NP
Complete. Before this research, Kim and Kim [5, 6] presented 
a comprehensive description for export operations at a seaport 
container terminal. They divided this basic problem into a 
transportation problem for retrieving the required quantities of 
specific attribute containers in a batch and a routing problem of 
a crane's moving tour. All the export containers were assumed 
to have already been stored in a block. One yard bay stacks 
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containers with the same attribute. An approach to generate all 
possible assemblies of matching batch requirements using 
dynamic programming procedure to obtain the solution was 
proposed. After comparing all the solutions, the best one can be 
selected. For solving a large-scale problem, Kim and Kim [7] 
further designed a genetic algorithm and a beam search 
algorithm to apply to the same problem for the yard handling 
equipment. The test results showed the beam search algorithm 
had a better solution quality than the genetic algorithm. 

Several studies have contributed to the problems with 
various layouts of yard areas and/or different characteristics of 
equipment systems, such as scheduling rubber tired gantry 
crane(s) (RTGC) among different blocks [8, 9, 10, 11, 12, 13], 
rail-mounted gantry cranes (RMGCs) combining yard trucks 
system in multiple yard blocks [14, 15], multiple yard cranes 
serving in the same block [16, 17, 18], and a double rail
mounted gantry crane (DRMGC) system [19]. The models 
proposed by these studies all based on the assumption of [5, 6] 
in block stacking patterns. 

Taking into account the stacking pattern of containers, this 
study proposes a new model for simultaneously considering the 
retrieval sequences of individual export containers and the 
moving tour of a yard crane. A tabu search algorithm is 
developed to swap containers with the same attributes 
iteratively for each retrieval sequence to reduce the total 
working time expended from crane movement and possible 
reshuffles. The test results for the numerical experiments and 
practical cases reveal this algorithm is promising. 

II. MODEL FORMULATION 

A. Crane Operations in Yard Block 
At a seaport terminal, a yard area is divided into many 

blocks for the temporary storage of distinct containers. 
According to the existing slot positions, containers are stacked 
side by side and one on one. This characteristic forms a first-in
last-out shuffle on a stack. If a certain container requires 
retrieval, the upper containers on it, if there are any, have to be 
first moved to the neighbored stacks. After picking out the 
target container, those containers just moved away can be 
restored to the original stacks or not, according to the 
operational requirement. When the retrieval sequences of 
containers on the same stack are opposite to the stacking 



sequences, at least a so-called reshuffle is necessary. 
Reshuffling is an unproductive activity, expending extra time 
in an outbound loading operation. 

Export containers are categorized into various attributes 
according to their discharge ports, sizes, contents (laden or 
empty), types (dry or special), and even weights. For example, 
each container is marked with a number to represent its 
retrieval sequence and an alphabet in parentheses to indicate its 
attribute as shown in Figure I. It is easily found rows I, 2, 4, 5 
and 8 all require reshuffles to retrieve the buried containers 
with prior loading sequences. It is also obvious some reshuffles 
can be avoided to exchange the retrieval sequences, such as 
sequences I and 5. However, some cases are unavoidable, for 
example at row 4. In practice, reshuffles cannot be entirely 
avoided because the arrival time for each container cannot be 
controlled in advance, as it depends on the loading sequences at 
the quayside. Some containers are even heaped below the 
containers belonging to the late voyages, indicated by a cross in 
Figure 1. To conquer reshuffles, the pre-marshalling tasks are 
normally implemented at available times for gathering and 
shuffling containers together with the same attributes. It uses 
much time and is quite not easy to fully implement at a busy 
terminal. 
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Figure l. An illustration of container stacks and trolley operation in a single 
bay 

The width and height of container heaps in a block are 
decided on the equipped crane system. Three dimensions, row, 
bay, and tier can record the exact storage position of each 
container. The crane is set across the whole block, as shown in 
Figures I and 2. For a retrieval operation, the crane body 
moves in the direction of the bays to the target position. The 
trolley moves in the row direction to aim for the stack and uses 
a spreader to raise the specified container to the yard truck. 
Based on bay numbers, this study refers to a positive direction 
if the crane moves from a small bay number to a large bay 
number and a negative direction when the crane moves in the 
opposite way, as shown in Figure 2. 

For the export operation, the retrieval sequences of the 
containers depend on the requirement of the quayside, which is 
planned according to the storage plan on-board and the quay 
crane handling practice. The loading requirement, meaning the 
quantity and attributes of containers, normally has a grouping 
characteristic for an operating quay crane because the same 
attribute containers are always arranged to put the neighbored 
positions on-board. The upper side of Figure 3 illustrates a 
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simple case of the work schedule for a quay crane. Since this 
study considers the stack status of every individual container in 
the yard block, the work schedule is extended to each loading 
sequence in the original requirement, as shown in Figure 3. 

13!1Y 1 2 3 ..... --------------Negative dinx:uon 

I Tmlley 

7 8 9 10 -------------. Positive dinx:uon 

Figure 2. An illustration of the surface concept of a crane moving in a yard 
block 

Bay sequence in quayside 1 1 2 2 
Loading sub-group 1 2 3 4 

Category of containers A B C B 
Quantity of loaded containers 2 3 2 4 

Bay sequence in quayside I I I I I 2 2 2 2 2 2 
Loading sequence I 2 3 4 5 6 7 8 9 10 11 

Category of containers A A B B B C C B B B B 
Quantity of loaded containers 1 1 1 1 1 1 1 1 1 1 1 

Figure 3. An example of a work schedule for a quay crane and its extended 
version 

B. Mathematical Models 
This study constructs models in term of the container-based 

concept to consider the individual retrieval sequences of all 
export containers on the same voyage. It is assumed no other 
containers will alter the stacking status in the yard block during 
the working time. Let Qi represent the set of loading sequences 
that can be assigned to container i, Aj the set of containers with 
the required attribute of loading sequence j. If there are N 
export containers, also meaning N loading sequences herein, 
model [CM] records the bay position of the yard crane in 
implementing each loading sequence to form its moving tour. 

[CM] 

subject to 

Min. 
N N 

L(d; +d7 )js+tLmj 
J=1 J=1 

Ix" =1 Vj = 1, ... ,N 
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(2) 
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(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

m/E {a, I}; d;,d7?:o and integer; y/?:o (10) 

where 

Xij = a binary variable if container i is assigned to sequence 
j; I for yes, 0 otherwise, 

Yj = variable to indicate the bay position when crane 
executes sequence j, 

d/ = variable to indicate the number of bays the crane 
moves in a positive direction from (j - 1 )th sequence to jth 
sequence, 

4- = variable to indicate the number of bays the crane 
moves in a negative direction from (j - l)th sequence to jth 
sequence, 

mj = a binary variable to judge if the crane moves or not 
when executing sequence j; 1 for yes, 0 otherwise, 

Ii = stacking bay of container i, 

s = average speed of crane move (bays per second), 

t = setup time when crane moves to another specified 
position, 

B = maximum bay number, and 

Yo = the initial bay position of crane. 

The objective function (1) minimizes the working time only 
relative to the crane body, which includes moving expense and 
setups for movements from bay to bay. Equations (2) to (3) are 
the assignment of each container and each sequence to satisfy 
the requirement for each other. Equation (4) indicates the exact 
bay location of the crane for each sequence. Equations (5) and 
(6) distinguish the moving direction of the crane and the 
number of bays it passes between consecutive sequences. If the 
crane stops at the same bay for consecutive works, the decision 
variables of recording movement, i.e. d /  and cr, will all equal 
zero. On the other hand, the movement distance will be 
allocated to one of them. Equations (7) and (8) can then judge 
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if the crane moves or stays at the same bay between each 
consecutive sequence. If the crane is moving, it cannot move 
over the maximum number of bays. The setup time will be 
calculated in the objective function according to the judgment 
from this constraint. Equations (9) and (10) express 
nonnegative and integral constraints of decision variables. 

Since model [CM] is formulated with the individual 
container, it can be further combined with the trolley handling 
to avoid unnecessary reshuffles in each stack after arranging 
suitable sequences. Let U represent the set of the indexes of 
containers that are stacked at the lowest tier of its column for 
containers belonging to the planning voyage, and L/ the set of 
containers stacked in the same column with container i and 
beneath it. Model [CT] considers the trolley handling. 

[CT] 

N N N 

Min. I (d; +d7 )js+tImj +eI z/ +CN 
� � � 

subject to 

(2) � (10) 

" . - " . <Mb � jXij � jX/'j - ii' 
.lEn, .lEn" 

where 

(11 ) 

(12) 

(13) 

(14) 

(15) 

Zi = a binary variable to judge if container i requires 
reshuffling before it is retrieved; I for yes, 0 otherwise, 

bu' = a binary variable to judge if the sequence of container 
i is later than that of container i' which is stacked beneath 
container i, i' E L/; 1 for yes, 0 otherwise, 

e = the penalty for a reshuffle; it can be set as the average 
handling time, 

C = average handling time for raising one container from 
the stacks to the yard truck, and 

M = a large enough number. 

The objective function of model [CT], Equation (11), 
appends a penalty item for the time expense of reshuffles and 
the total time of retrieving containers from the yard block to 
trucks. Noted that the former does not express the actual total 
time expended in the reshuffling operation because there might 
have containers not delivered to the same ship stacking among 
the planning ones. The stacking status and reshuffling 



processes might have many different situations, so this item is 
only set as a penalty to avoid as many reshuffles as possible. 
Moreover, the latter item could be neglected in the solution 
because it is a fixed value. 

In addition to constraints (2) to (10), Equation (12) ensures 
there is no reshuffle penalties from all the containers stacked at 
the lowest tier of its column belonging to the planning voyage. 
A container not stacked at the lowest tier of its column can 
judge, by Equations (13) and (14), if it has to be given a 
reshuffle penalty because its retrieval sequence is later than that 
assigned to any container stacked beneath it. Equation (15) is 
0-1 constraint for those variables is set to judge if reshuffles 
occur or not. 

Models [CM] and [CT] are all a mixed linear integer 
programming problem. The former can be regarded as a special 
case of the latter, i.e. without consideration of the block 
stacking status. Model [CM] cares only about surface storage 
status, while model [CT] considers a three-dimensional 
stacking status of the yard block. 

III. TABU SEARCH ALGORITHM 

Tabu search (TS) is one of the popular meta-heuristics for 
solving large-scale problems in many fields [20]. A general TS 
algorithm is based on the establishment of moves from a 
current solution to one of its neighbors. At each step, the better 
one of the neighbors without a tabu limitation is selected to be 
moved. The recent solutions are prohibited to visit again within 
certain iterations through the tabu settings. The tabu will be 
released iteration by iteration for a preset tenure until it is clear. 
This mechanism let moves escape from the local optimal 
solutions by allowing worse moves to be conducted. 
Sometimes an aspiration criteria function is set to lead the tabu 
status over-ridden for restarting the search from the current 
solution, and without any tabu limitation [21]. The entire 
search procedure starts from finding an initial solution. 

A. Initial Solution 
An intuitive concept to form a feasible assigmnent is easily 

achieved by simply assigning a container with the request 
attribute to each loading sequence. Besides this basic 
requirement, the initial assignment procedure is developed to 
involve the distance of the crane's movement in each 
consecutive assignment. It selects the candidate container, in 
attribute, with the closest distance to the position of the last 
task, producing the least possible movement of the crane for 
each assigmnent. The initial bay position Yo is the first 
reference for the entire work. Figure 4 displays the procedure 
of generating an initial solution. 

Given a solution, checking if containers with the same 
attributes require reshuffling, and then swapping their loading 
sequences, can reduce the crane's working time. The developed 
procedure, as shown in Figure 5, starts from the second loading 
sequence to check previous ones with the same required 
attributes until the last sequence. If there are two containers 
with the same attributes, assigned specific sequences that 
require reshuffling, they are swapped for each other. The rule 
to recognize reshuffling is two containers are stored in the 
same bay and row, but their tiers have opposite loading 
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sequences. Since this procedure only swaps two containers 
with the same attributes, it can improve the solution without 
altering the feasibility. 

The solution generated from these two steps may obtain a 
good upper bound of the optimal solution in some special 
instances. However, reshuffles of containers with different 
attributes may not be reduced at all. The following search 
algorithm is expected to achieve this level of effectiveness. 

Figure 4. Flowchart for the procedure of generating an initial solution 

Figure 5. Flowchart for the procedure of reducing reshuflles 

B. Neighborhood Search and Tabu Mechanism 
Based on a given solution, an efficient move is to find 

another feasible solution with a better objective. Insertion and 
swap methods are normally used in the neighborhood search. 
This study swaps the assigned containers for two sequences 
with the same required attributes to find another solution. 
Suppose two sequences j and j', j < j', are considered to 
exchange their assigned containers. The influence of the 
objective includes the changes in crane movement and setup 
between sequencesj - I  toj, j toj + I, j' - I toj' andj' toj' + 1, 
as well as the changes in reshuffles between sequencesj and}'. 
These two kinds of improvement stem from the different 
storage locations of exchanged containers. As shown in Figure 
6, four kinds of possibilities might occur for two sequences 
considering swap containers. 

• j = 1 and j' = 2, the improved objective is only 
concerned with the initial bay position of crane (Yo) 
and sequences 1, 2 and 3; 



• } = N - I and j' = N, the improved objective is only 
concerned with sequences N - 2, N - 1 and N; 

• j' = } + I, } *- l or N - 1, the improved objective is 
concerned with sequences} - I,} ,} + 1 and} +2; and 

• }f > } + I, the improved objective is concerned with 
sequence} - 1 to sequence j' + 1. 
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Figure 6. Neighborhood search for a given solution 

The aim of a neighborhood search is to find a move, 
without any tabu, with the most improvement in objective, 
even a worse move. Given a specific sequence and a feasible 
solution, as shown in Figure 7, the developed procedure 
searches a move for each call. Further, a tabu mechanism is set 
to maintain a tabu list for recording two containers that are 
exchanged in recent iterations or not. If there are N containers 
involved, the list maintains a length of N(N - 1)/2 for every 
container pair. When two containers are just swapped by a call 
of the neighborhood search, a fixed number of iterations, i.e. 
tabu tenure, will be added to the record list to prohibit them 
from exchanging again before the tenure is entirely released. 
Existing tabu records will be reduced one time after a call of a 
neighborhood search. This mechanism can avoid solutions in 
the search processes always tumbling in the local optimization 
by allowing worse moves to be accepted. 

Figure 7. Flowchart for the neighborhood search 

C. Complete Algorithm 
As well as the mentioned procedures, an aspiration criterion 

is checked to clear out all the tabu records if the elite solution 
has not been improved for consecutively accumulating certain 
iterations. It is just like a special anmesty. It can restart the 
search process under no tabu limitation. 
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Figure 8 shows the whole algorithm. The termination 
condition of this algorithm sets the search iterations reaching a 
preset limitation. After the initial solution is found, the 
neighborhood search begins from the first sequence, one by 
one, and circles around after the last sequence is indicated. 

j = remainder (iter, N) 

Figure 8. Flowchart for the tabu search algorithm 

IV. EXPERIMENTAL ANALYSIS 

This section reports the test results for the proposed 
mathematical models and the TS algorithm in some practical 
cases. The formulated models, [CM] and [CT], were 
programmed by C language to call the branch-and-bound 
(B&B) procedure in the commercial optimization 
package-CPLEX 6.0 for test instances. These tests and the TS 
solutions were conducted on a personal computer with 
Microsoft window XP operation system and Duo T5670 CPU 
1.8GHz and 789MHz, 2GB RAM. 

The studied company operates a dedicated terminal at the 
port of Kaohsiung, Taiwan. According to the data provided by 
this company, the moving speed of cranes averages 6 seconds 
per bay for the length of 40 feet containers. The crane body 
expends the same time for a setup after each movement. The 
average speed of export handlings is 110 seconds for a trolley 
move, which includes the times of position alignment with 
container corners and the waiting of yard trucks. Each reshuffle 
at the yard block spends almost the same time on average. 

For distinguishing the complexity for each test case, some 
criteria are used to describe the characteristics of instances. 
Table I shows the numbers of containers are not too many with 
ten practical cases, but the distribution ranges of the container 
stacks are wide. Since the containers in these cases are all pre
marshaled, there are only a few stacks with distinct attribute 
containers. Comparing the optimal solutions based on models 
[CM] and [CT], the moving distances, moving times, and setup 
times of the yard crane are same. Reshuffles appear many 
times in the results of the model [CM]. Therefore, they had a 
much longer retrieval time and total working time than the 
results obtained from model [CT]. The performances of this 
sector, without considering yard crane movement, are worse 
than that of real-world experiences. The results attained from 
model [CM] are all better than that of the company's records. 

Using the TS algorithm to test the same cases, the 
termination condition is limited at 400 iterations. Tabu tenure 



is set as the number of containers, while the aspiration criterion 
is to release all tabus if the elite solution is not improved for 
100 consecutive iterations. Compared with the B&B approach 
shown in Table II, there is almost no difference in the objective 
values, except 0.3% of gap, 6 seconds, in the last case. The 
initial solutions proposed in the TS algorithm have already 
obtained the optimal solutions in seven cases. The consumption 
times in computer CPU for the TS algorithm are competitive. 

TABLE I. SOLUTION COMPARISONS OF DIFFERENT MODELS FOR 
PRACTICAL CASES 

Case PI P2 P3 P4 P5 P6 P7 P8 P9 P10 
Number of containers 7 9 18 23 35 38 38 4 1  52 52 

Number of categories 2 4 4 6 3 8 6 4 6 9 

Number of cub-groups 2 4 5 II 4 II II 6 14 14 

Bay range 24 48 22 48 37 42 38 32 45 48 

Number of stacks 4 5 10 II 12 18 17 16 19 22 

Stacks of distinct types 0 1 0 0 0 2 0 1 0 0 

Moving Real-world 55 9 1  4 1  3 1 1  107 245 205 8 1  225 455 

distances Model CM 55 9 1  4 1  3 1 1  107 173 185 8 1  225 373 
(bays) Model [CTl 55 9 1  4 1  3 1 1  107 173 185 8 1  225 373 

Times of 
Real-world 2 3 3 10 4 16 II 6 10 17 

Model [CMl 2 3 3 10 4 14 10 5 10 14 
setup 

Model [CTl 2 3 3 10 4 14 \0 5 \0 14 

Time of Real-world 342 564 264 1926 666 1566 1296 522 14\0 2832 

crane move Model CM 342 564 264 1926 666 1 122 1 170 516  14\0 2322 
(sec.) Model [CTl 342 564 264 1926 666 1 122 1 170 516  1410 2322 

Real-world 0 0 0 3 0 3 I 4 3 2 

Reshuffles Model [CMl 2 I 6 6 18 14 20 18 2 1  22 

Model [CTl 0 0 0 0 0 0 0 0 0 0 

Time of Real-world 574 738 1476 2216 2870 3446 3226 3802 4594 4484 

retrievals Model CM 794 848 2136 2546 4850 4656 53 16 5342 6574 6684 
(sec.) Model [CTl 574 738 1476 1886 2870 3 1 16 3 1 16 3362 4264 4264 

Total Real-world 916  1302 1740 4142 3536 50 12 4522 4324 6004 73 16 

working Model [CMl 1 136 1412 2400 4472 5516 5778 6486 5858 7984 9006 
time Model [CTl 916  1302 1740 3812 3536 4238 4286 3878 5674 6586 

TABLE lI. SOLUTION COMPARISONS OF B&B APPROACH AND TS 
ALGORITHM FOR PRACTICAL CASES 

Case Variables 

PI 64 

P2 74 

P3 212  

P4 252 

P5 1 189 

P6 489 

P7 655 

P8 898 

P9 889 

PIO 693 

Branch and Bound 
Tabu Search (TS) 

Gap 
(B&B) between 

Constraints 
Upper Lower 

CPU 
Initial TS CPU Time 

TS and 

Time B&B 
Bound Bound 

(sec.) 
Solution Solution (sec.) 

(%) 

49 342 342 0 342 342 0 0.0 

62 564 564 0 564 564 0 0.0 

130 264 264 0 264 264 0 0.0 

173 1926 1926 0 1926 1926 I 0.0 

276 666 666 2 1  666 666 0 0.0 

284 1 122 1 122 5 1472 1 122 1 0.0 

289 1 170 1 170 4 1 176 1 170 1 0.0 

3 1 3  5 1 6  5 1 6  5 516  516  0 0.0 

412  1410 1410 2 1  1 4 1 0  1 4 1 0  0 0.0 

388 2322 2322 34 2328 2328 I 0.3 

a. Gap = (TS SoiutlOn - Upper Bound of B&B/Upper Bound of 8&8) X 100% 

v. CONCLUSIONS AND SUGGESTIONS 

The operation of yard areas plays an indispensable role in 
improving the performance of the whole seaport container 
terminal. Most previous studies assumed the export containers 
have been sorted at the same bays according to their attributes. 
This concept might be suitable for the cases where container 
stacks have been pre-marshaled before vessel arrival. However, 
perfect storage status does not occur all the time nor at all 
ports. This study proposed a mathematical model that takes 
both vertical and horizontal stacking of containers at a yard 
block into account for the export operation. It can 
simultaneously decide the retrieval sequences of containers and 
the moving tour of a yard crane, under the objective function 
for the time expended on the crane's movement, setups and 
reshuffle penalties. Moreover, a TS algorithm has been 
designed for solving the large-scale instances. Through the test 
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of practical cases, the proposed model can sufficiently achieve 
ideal results. It with a slight modification can apply to the cases 
for multiple yare areas. The heuristics has the basic advantage 
of solving time and is promising for further numerical 
experiment. 
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