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ABSTRACT

Asanimportant part of container transport, theefficiency of container terminal directly affectsthe core competitiveness
of the port. With the continuousincrease of the number of containers, under the condition of limited space, reasonable
container allocation becomes the key to improve efficiency. This paper takes the location allocation of imported
container terminalsat theentrance of container terminal sunder the reservation system astheresearch object, establishes
the optimization model of thelocation all ocation of imported contai ner terminals at theentranceof container terminals,
designs the solution strategy based on genetic algorithm, and conducts the practical verification of the calculation
example. The calculation results show that this method can effectively reduce the volume of overturning containers

and improve the efficiency of dock yard.
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1. INTRODUCTION

With the continuous growth of the world container
throughput inrecent years, the performanceindexes of
the existing storage yard are relatively backward. In
addition, the production of container terminal handling
enterprises has the characteristics of cooperation,
discontinuity and asymmetry. Therefore, in order to
ensure the fast and efficient service of the port, yard
management will be particularly important. It isvery
important to optimize the utilization rate of storageyard
and improvetheefficiency of pick-up operation.

Inthis paper, the management of thestorageyard is
studied only fromthe agpect of optimizing thealocation
of boxes. Taking the import container of primary
unloading asthe decis on-making object, based onthe
determined order of unloading and theorder of picking
up the container, the optimal container position is
alocated for eacharriving a theimport container of the
yard according to the order of unloading. The purpose
of thisstudy isthat when the container isextracted, the
total amount of container turnover generated by therear
yard during operationistheleast.

For thewharf, reducing theturnover rate canimprove
the operation efficiency and thus enhance the
comprehensive competitiveness of the port; For the

customer, reducing the turnover rate enables himto
reducethewaiting time when picking up the container,
improve the turnover rate of goods and promote
development. Therefore, both partiesareeager to reduce
theturnover rate of the container yard, whichindicates
that the gudy onthe optimization of the container Sorage
at the entrance of the container terminal is of great
ggnificance.

2. LITERATUREREVIEW

At present, many dock yardsarefaced with the problem
of over-loading the containerswhen they are picked up,
which not only wastestheresources of the wharf, but
also reducesthe satisfaction of the shippers. Inorder to
reduce the volume of container turnover in the yard,
enterprises and shipping scholarsin various countries
are committed to the study of this problem. The
optimization of container postionfor imported containers
canbedividedinto two sages Inthecaseddivery stage,
it ispreferredto choose the position of unloading box
and stacking, so asto avoid the customer to take the
box after pressing; Inthe case picking stage, if thereisa
caseflipping operationwhen the client picksup the box,
optimize the position of the case shiftingand drop the
box, and avoid the second and multiple cases. Relevant
dudiesareasfollows:
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By andyzing the torage strategy of containers, itis
considered that it is better to pile containers near the
berth (Kozan& Preston,1999). By andlyzing the cyclica
and dynamic changeswhenthe container arrival rateis
constant, Kimand Kim (1999) studied how to dlocate
thestoragepostion for theimported containersto achieve
the minimum expected turnover total. The optimal
alocation of container port sysemisdiscussed fromthe
perspective of storage cos, cargo value and capacity
constraint (Holguin-Veras& Jara-Diaz,1999). The
arriving rules of theinlet box were set asrandom, and
thetime of the container wastaken into account to build
the coordinated scheduling model and solved by the
iterative search algorithm (Holguin-Veras& Jara-
Diaz,2006). A multi-objective and multi-stage
mathematical programming mode was constructed and
a heuristic algorithm based on TLS was developed
(Bigh,2003). Ignoring the effect of cusomer pick-uptime
on the volume, the branch and bound method and
heuristic gorithmwere used to calculate the volume of
all containersinthe bay respectively (KimK H, Park Y
M, Ryu K R,2000). Aiming a minimizing thevolume of
unpacking in the process of pre-unpacking before
loading, the corresponding integer programming model
is proposed, and the position of unpacking box is
optimized by using heuristic method (LeeY & Hsu N
Y,2007). Usng integer programming model to optimize
box allocation (Zhang,2000; Bazzazi,2009). Wan et
al.(2009) and Tang et a.(2015) established the integer
programming model with the goa of minimum volume
turnover.

Chen and Lu (2012) constructed the mixed integer
programming model and the mixed sequence
superposition algorithm to determine the allocation of
specific boxes. Rommert et a.(2007) simulated and
analyzed thedlocation rules of an automatic container
terminal. By optimizing allocation rules, the amount of
overturning wasreduced.Lesk(2010) proposed athree-
stage heuristic box-picking optimization algorithmto
reduce the overturning operation and operationtime.
Thisagorithm alowsthe overturning of boxesacross
shells, but in practice, most wharfs do not allow
overturning of boxes across bay. De Castillo and
Daganzo (1993) proposed two storage strategiesfor
imported containers: the expected value of container
turnover and thearriva time of the container to select
thelocation of thetarget container. Cao and Uebe (1995)

constructed nonlinear constraintsfor the alocation of
container stacking positionsinthe yard, and optimized
themwith tabu agorithm. C.F.Daganz (1996) predicted
thegtuationof containers, and etablished theoptimization
function betweentheheight of the storageyard and the
layout of the storageyard, in order to achieve balance
betweentheheight of thestorageyard, thework efficiency
of thestorageyard and the utilizationrate of the storage
yard s0 asto maximize theefficiency of thetorageyard.
Munnichl (2012) studied the operationflow of container
terminal yard, and established the cost mathematical
model to solve the problem. Aydin(2012) proposed
greedy heuristic algorithm and difference heuristic
agorithm, which greatly improved the calculation speed.
Zhao and Anne V et a.(2010) made a detailed
classification of the information of the booking suitcase
of foreign collection card according to different
information quality, including completearriva informetion
of collectioncard, partid arrivd information of collection
card, and sudied theimpact of information qudity at the
arrival time of collection card and bended storage of
storage on therate of import box turnover based onthe
effective booking time.

We can seethat the problemof container allocation
inthe storageyard hascaused wide attention. However,
the previousresearch on container locationalocationin
the container yard mainly focuses ontheissue of export
boxes, whiletherearefew studiesonimport boxes, and
a large part of the research only demonstrates the
feasibility of the algorithm, whichisnot well combined
withthe actual operationin thecontainer yard.

3. RESEARCH ONTURNING OUT PROBLEM

3.1 Analysis of The Reason of The Import Box's
Relocation

The fundamental reason for relocation of imported
containerswhen lifting containersisthat the order of
operation in the yard does not conformto that of the
shipper. Theorder of pick-up depends onthe shipper’s
scheduled pick-uptime, but the dlocation of container
space for imported containers during unloading has
aready determined the order of operationsintheyard,
and both of them affect the change of theturnover volume.
1) The problem of turning over containers during
unloading
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When allocating container locationsfor containers,
theided solutionisfor newly unloaded containersnot to
beloaded onto unpicked containersinthe storage yard.
However, in practice, it is necessary to ensure ahigh
utilizationrate of the yard, so the maximum probability
intheyard isno suitablebay or empty stack when actudly
unloading the ship. So it canonly be placed onthetop
of thebox, which will undoubtedly increase the volume
of relocation.

2) Theproblemof relocation whentheowner takesup
thecontainers

Thereasonwhy thecontainers relocationwhenthe
foreigntruck enterstheyard to pick up the containersis
that the order of the trucksto pick up the containers
doesnot match that of theimported containersinthe
yard at the time of unloading. The more random the
suitcase time, themore difficult to fully grasp formthe
dock side. Inaddition, if thearrangement of the postion
of the obstructed box is not reasonable in the case of
unpacking, it will lead to theincrease of unpacking again.

3.2 The Strategiesof Reducing Relocation

1) Appointment booking mechanism
Themechanismrequiresthe Shipping Coto providethe
pre-departure timeof containers asfar aspossible before
the arriva of the container. Dueto thelarge number of
port shipping companies, the port side does not force
shipping companiesto provide casetime. Inaddition, if
the owner fallsto pick up the container withinthe booking
time, if thecontainer istill withinthefree Sorage period,
the Hong Kong sdewill not punish. It hasbrought adverse
effects, serioudy interfered with the box alocation plan,
resulting in alot of unnecessary turnover of the box.
Therefore, areward and punishment mechanism should
be put forwardto carry out the booking suitcaseto maeke
the owner comply ontime.

2) Preferred removal of container

Thestuationof “ Onevotefor multiplecontainers*
generally existsinimported heavy container. However,
multiple containersunder the same bill of lading may be
sacked indifferent locations. The method of preferred
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removal of container is aimed at this kind of box.
Regardlessof the order of container, the centraized stack
exigsat thetop level, which canreducethe turnover of
container.

4. MATHEMATICAL
MODEL

OPTIMIZATION

4.1 Booking M echanism

Inthis paper, the strategy of mixed storage of import
containerswithdifferent billsof lading and different cargo
ownersisadopted, and takesthe pick-up time of import
containersasthe constraint conditionto formulatethe
alocation plan of import carton allocation. It isassumed
that al shippershave already made an appointment to
takethe container. In order to determine the order of
container pick-up, the pick-up time will be converted
into the pick-up priority when the pre-scheduled pick-
up timeis processed. Thelower the number of priority,
thehigher the priority.

4.2 TheRuleof Dropping Position

Inorder to reducethe second flip of the box, thepostion

of theblocking box in thispaper isto follow thefollowing

deps.

1) Ifthereisanempty stack inthecurrent storage Sate,
the emptied box location selectsthe nearest empty
stack fromthe blocking box.

2) Ifthereisno empty stack inthestorage state, locate
the nearest lock box inthe samebay and satisfy the
priority of each imported container inthe stack is
higher thanits stack.

3) If you do not have a stack in the two steps of
speculations, the nearest and shortest stack is
preferred.

Thefollowing isacase study of table 1 to smulate
the selection processof the location of the blocking box
dropping whenthe box isturned. Inthetable, box 5is
thetarget box with ablocking box onit.

According to the above steps, box 7 should be
placed at thelocation of the b$.
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Table 1: The state of the yard at some point.
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4.3 Modd Assumption N
Therearemany factorsaffecting thetimeof unloading. D Xux <1 Vi, j,K (4)
I all factorsaretakeninto account, themodel will become "™
very complicated. In order to study the essenceof ship ixm-k—ZN:X <0 Vi ksk )
unloading inventory problem, thispaper selectsabay = = ™
area, 4*6 sizeoperation area(the actual number is21, M xL_x X > Lo % X k <k (6)

and three positionsneed to bereserved for turning the

box),and makethe following assumptions:

1) Thecontanersaresandard 20-foot-long containers,
and if there is a case of over-loading, the over-
loading will be carried out inthe same bay.

2) The pick-up time of all import boxes has been
booked and taken away within the specified time
period.

3) The order of unloading has been known, and the
storage bay reserved for this batch of boxesinthe
storage yard has been determined and theinitid Sate
isempty.

4) Thebayinvolved intheunloading processdo not
carry out extraction container operation.

5) New boxesarenot dlowed inuntil al theboxesare
taken.

4.4 Mathematical Modéelling
1) Objective Function:
N
Minz:anijk (@)
n=1

2) Congraint Condition:
Rij =Hjj -k if ¢ = ¢, @

PIDIDIT R 3)

i=1 j=1 k=1

if X =1 X =1 k<K

nijk’
thenS, < S,
3) Formulalnterpretation

Formula (1) indicatesthat thetotal volume of the
objectivefunctionisthe smallest.

In constraint conditions. Formula (2) refersto the
amount of over-turning in the storage yard when a
container is extracted, and the lifting priority of the
extracted container isminimal under the current sate;
Formula(3) specifiesthat abox canonly be assigned to
one position; Formula (4) meansthat acontainer can
only be stacked one container at most; Formula (5)
indicatesthat the container inthe storageyard cannot be
placed in suspension, that is, for the container on the
same stack, the container below must be placed before
the container above can be placed; Formula(6) indicates
that the lower and middle containers of the same stack
arrive earlier than the upper containers; Formula (7)
meansthat only thetop container can be operated when
the container isoperated.

The allocation problem of container position in
container yard isacombinatoria optimization problem
with awide range of constraints. As the scale of the
problem increases, the search space also expands
rapidly. Theallocation scheme based on experience will
bring ahigh volume of container turnover, and sometimes

(7)
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the globa optimal solution cannot be obtained on the
computer.

After years of research and practice, genetic
agorithmhasshown its superior performancein solving
some NP uncertain problems. Therefore, thispaper will
try to usegenetic dgorithmto solvethe container location
alocation problem.

5. ALGORITHM SOLUTION

5.1 Overview of GeneticAlgorithm

Genetic algorithmisbased on the genetic evolution of
natura organisms, that is, the solution of the problemis
expressed into chromosomes through simple coding
technology, and then the chromosomeisselected based
onfitnessvalue. Genetic agorithmmainly uses selection
operator, crossover operator and mutation operator to
smulate biologica evolution, so that the population can
continue. The basic stepsof thegeneticalgorithmareas
follows
1) Coding

The code determinesthefeasible solution of genetic
agorithmonchromosome. Theapplication of thegenetic
algorithm, thefirst to find the appropriate code will be
mapped to the chromosome in the solution, whichisa
key step in designing the genetic algorithm. Duringthe
execution of thegenetic algorithm, different problems
arecoded, andthecodeisdirectly affected by the genetic
agorithm, suchasselection, crossing, variation, etc. In
theory, the purpose of coding isto better solve problems
rather than smply explainthem.
2) Generationof Initid Population

Two issues need to be considered to generate the
initia population: Oneistheselection of the generation
method and the other isthe determination of population
size. Inorder to ensurethe evolution of the population
and find theglobd optimal solution, theinitia population
was selected randomly. However, therandom selection
of initial population increases the evolution algebra of
population, and the selection method based on certain
rulescan reduce randomness. When thepopulationsize
is determined, the fitness value will be increased to
caculate, and the number of iterationswill beincreased,
andthelocal minimum pointiseasy tofdl into. Therefore,
areasonable population size needsto be determined
according to practicd problems.
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3) FitnessEvauation

Fitness of an individual or solution is expressed
through fitness, which is usually proportional to the
probability that the individua inherits to the next
generation. Thefunction of individual fitnessiscalled
fitnessfunction. For different problems, the definition of
fitnessfunctionisdifferent. Thefitnessfunctionisaways
non-negative. Anyway, thebigger the better.

4) Sdection

Selectionisthe processof selecting individualswith
srong vitdity inagroup to produceanew group. This
process embodies Darwin's principle of survival. The
purpose of selectionisto select theindividualsinthe
group to adapt to the environment and allow the sdlected
individualsto reproducethe next generation. Generdly,
two strategiesare adopted. Thefirst iseliteretention
strategy and the second isroulette selection strategy.
Use dliteretention strategieswhen you want to passon
two better genesto the next generation. Select aroulette
sdlection Srategy when you want to randomly sdect two
good individuals in a group, and process the next
generationwithaspecific strategy.

5) Crossng

The so-called crossover in genetic algorithmsisthe
exchange of two pairsof chromosomes, oneway or the
other, to formtwo new individuals. Crossover operation
isanimportant feature of genetic algorithm, whichis
different fromother evolutionary dgorithmsand playsa
key rolein genetic dgorithm. The new individua method
ismainly completed in the crossover operation, which
determinestheglobal search ability of genetic agorithm.
6) Varidion

Themutationfirst randomly selectsindividuasinthe
population and then randomly changesthe value of the
geneinthe chromosometo the selected individuals. As
in biology, the chance of mutationin genetic dgorithms
isvery low, often very smdl. Theuseof mutation operator
in genetic algorithm has two main purposes. I|mprove
thelocd search ability of genetic dgorithm; Mantainthe
diversity of the group and prevent precocity. The
crossover operator improvesthe global search ahility
and the mutation operator improves the local search
ability.

5.2 Sepsof GeneticAlgorithm
1) Randomly generated population.
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2) Thestrategy isused to determinethefitnessof the
individual and determine whether the individual
conformsto the optimization criteria. 1f o, output
the best individual and itsoptima solution, and end.
Otherwise, proceed to the next step.

3) Regeneraionindividualswere selected accordingto
fitness, theindividuaswith highfitnesswere selected
with high probability, and thosewithlow fitnesswere
diminated.

4) According to acertain crossover probability and
crossover method, new individualsare generated.

5) According to a certain mutation probability and
mutation method, new individuasare generated.

6) A new generation of population is generated by
crossover and mutation, returning to step 2.
The specificstepsof genetic dgorithmare shownin

figure1:
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problem parameter set

Y

Encode the parameter
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Y

Initializing population
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decoding
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function
m The value of the function is

#  Evaluation of group

r

adjusted to the appropriate value
m Adjustment of adaptive value
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Meet stop
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= Selection
m Crossing

¥

Genelic operalions

m variation

Figure 1: The specific stepsof genetic algorithm.
5.3 Optimization M odel Algorithm Design

5.3.1 Generation of Chromosome Coding and
Initial Solution

Coding isthe purpose of thetransfer problem of feasble
solutionsinthe search space of genetic algorithm. For
practical problems, coding should take into account
crossover and variation, and then consider the optimal
solution of decoding. Binary encoding iscommonly used
in genetic algorithms, and each variableisrepresented in

binary form. Such encoding and decoding operations
are easy to carry out, and the genetic process of
crossover and mutationisaso convenient for subsequent
implementation. However, the problem of courtyard
gpaceallocationinthis paper needsto be solved dueto
gpecid conditions. Using binary or floating point encode
can make the problem more complicated. Using real
code can not only be moreimage, expressthe problem,
shortenthelength of the code, and thereis no decoding,
easy to caculate.



Study on the optimization of imported container allocation of container terminals under the reservation system

Table 2: A sketch of a bay.

The layer

4 41 42 43 44 45 46
3 31 32 33 34 35 36
2 21 22 23 24 25 26
1 11 12 13 14 15 16
The stack 1 2 4 5 6

The number of each container locationisshownin
table 2. The number of the onesrepresentsthe stack of
containers and the number of the tens represents the
layer of containers.

X(11, 21, 31, 41,12,13,14, 23), Means the first
container goesto no. 11, the second container goesto
no. 21, thethird container goesto no. 31,and soon. In
thispaper, in order to avoid the overhanging container
and smplify therepresentation of thecontainer position,
we use the following transformation: X(11, 21, 31,
41,1213, 14, 23) ' X(1, 1,1, 1, 2, 3, 4, 3). The
transformed code X(1, 1, 1, 1, 2, 3, 4, 3) representsthe
first container onthefirst sack, andthe second container
onthefirg stack, Sincethefirst container hasbeen put
inthe box, the container number of the second container
is21, and the container number of thethird container is
31. It can beseenfromthe analysisthat the converted
coding method can also represent the position of the
container inthestorage yard, and thiscoding method is
also applicableto the case of multi-bay bit.

The generation of initial population is a random
generationof M initia feasiblesolutions.

5.3.2 Design of Fitness Function

Thefitnessfunction solvesthe evaluation criteriaand
decidesthat thetarget functionisused to distinguishthe
individual fromthe organization standard. Usng genetic
algorithm to solve the problem, fitness function will
directly affect the convergencerate of genetic algorithm,
can seek the optimal solution. Given that the objective
function of the mathematical model inthispaper isthe
minimum volume and non-negative, it canbeused asan
inverseobjective function of fitnessfunction. Andinorder
to avoid thepossibility that the denominator iszero, use

fithess =1/(1+ Z) to ensurethat the optimal direction

of the objectivefunction correspondsto the direction of
fitnessvalueincrease.

5.3.3 Determination of Genetic Operators
1) "TheDetermination of The Selection Operator

The operation of selecting good individualsfrom
groups and diminating bad onesiscalled selection. The
goal of selectionissurviva of thefittest, which means
that highly adaptableindividuals have agreater chance
of passing on directly to the next generation or to the
next. Inthispaper, eliteretention strategy is adopted,
that is, those whosefitnessis higher thanthe sandard
areretained.

2) The Determination of The Crossover Operator

A single point crossing meansto select apoint and
thendivideit into left and right parts, wheretheleft and
right partsof thetwo genesexchange their sequences
with each other. Dueto itssimple operation, this paper
mainly uses the single point crossing method for
chromosome hybridization.

Thefollowingexampleisagnglepoint of intersection:

Parent Q:11112 | 343 — 11112 241(filial Q)

ParentP: 121437 241 — 12143 343(filial P)

If the resulting ultra-high case (likefive 1inthefilia
Q) is present, the dternative is discarded and the
dternativeisre-crossed.
3) Determination of Mutation Operator

The mutation operationin genetic algorithmisan
indispensable method to generate new individuals. This
paper adoptsthe proportion of 5% for selection. The
method of mutationisto randomly select two genesfrom
one chromosome (the actual stack position) and
exchangethemif the stack pogtionisdifferent.

6. ALGORITHM VERIFICATION AND
COMPARATIVEANALYSIS

6.1 CaseBackground

Assumethat one of the bay positions of astorageyard
is empty, and 21 standard boxes are arranged in this
bay. According to the unloading sequence of these 21
boxesand the pick-up priority based on the reservation
system, a reasonable allocation scheme of boxes is
required to make the overall volume of containers
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minimum. Here the loading sequence is reasonably  equivalent to the container number.
Table 3: The order of unloading of containers and priority of picking up containers.

Sequence of ship unloaded 1 2 3 4
Extract container box priority 7 20 11 10
Sequence of ship unloaded 12 13 14 15
Extract container box priority 15 4 16 1

5

16
18

6

13
17
21

7
2
18
8

8
19
19
5

9

14
20
12

10
17
21
6

11

6.2 Case Solution

A concrete exampleisused to verify the effectiveness of
the genetic algorithm. Dataasshowninthetable 3. In
thispaper, theinitid population sizeis 100 and the genetic

Table 4: The optimal solution for 21 containers.

algebrais500 generations. Designthecomputer solution
program of genetic agorithm. And through MATLAB
software programming. Theoptimd solutionresultsare
shownintable4 and 5:

Enter order

Extract container box priority
Storage location

Extract container box order

1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18-19-20-21
7-20-11-10-9-13-2-19-14-17-3-15-4-16-1-18-21-8-5-12-6

1-6-5-2-3-3-5-2-6-2-6-4-6-1-3-1-5-5-1-4-4

15-7-11-13-19-21-1-18-5-4-3-20-6-9-12-14-10-16-8-2-17

Table 5: Optimal allocation of 21 containers.

19 18 13
16 10 15 21 17 11
14 8 6 20 7 9
1 4 5 12 3 2

6.3 Compare with The Conventional Box
Allocation Plan

Thefollowing isacomparison between the conventional

Table 6: The conventional box allocation plan.

box locationdistribution schemeand it. Theinformation
such aspick-up priority isconsstent with that shownin
table4, asshownintable6:

19 20 21

13 14 15 16 17 18

7 8 9 10 11 12

1 2 3 4 5 6
According to the program, the optimized number of  turning by 21 times.

rear casesturning is 37, and theoptimization degree of
the conventional box location distribution scheme is
56.8%, which can reduce the number of rear cases

It can be seen from the above results that, in the
caseof theunloading sequence and thetimefor the owner
to pick up the container, the box location distribution
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result obtained by genetic algorithm cangrestly reduce
the volume of turning over the container and improve
the efficiency of the dock yard, which also provesthe
vaidity of thealgorithmin this paper.

7. CONCLUSION

The problem of space dlocation of container yard isan
important part of dock management. However, inthe
actual unloading process, relevant managers may also
mainly rely on persond experience, whichnot only wastes
Space resources, but aso failsto give full play to the
efficiency of port machinery. Thispaper comprehensvely
analyzes the research status of container spatial
distribution at home and abroad. In view of the existing
problems, agenetic algorithmisproposed to optimize
theallocation of imported containers.

This paper usesthe method of dynamic caculation
of volume turnover, and gives the specific rules of the
location of the specific location of the volumeturnover.
Withtheobjective of minimizing theturnover of suitcases
amathematical model based on genetic algorithm for
the allocation of specific box postionsintherear yard
entrance box isestablished. According to the modd, the
corresponding solving programiscompiled. Througha
specific example, thefeasibility and vaidity of the genetic
agorithmfor solving the allocation scheme of container
location are verified when the unloading sequence and
the time of the cargo owner’s suitcase are known.
Comparing withthe conventional scheme, it can be seen
that the allocation result of box location obtained by
genetic dgorithmcan greetly reducetheturnover of box
and improvetheefficiency of dock yard.
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