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Abstract：Containership stowage plans are a piVotal teaches in the system of container transportation．

With the increasing containers shipping，planning containership stowage has become more and more

complicated．So intelligent stowage planning f研containerships is of矿eat sign讯cance．An effective

stowage plan may improVe efficiency of transportation system．First，the progress of containership

stowage plan at home and abmad is revjewed，including the latest developments，such as the印plication

of various optjmization methods and computer techniques to the problem．Then，me complexities of the

problem are discussed and areas where inVestigations are still needed are pointed out．This wm pmvide a

reference for fl眦her research on the subject．
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1 Introduction

COntainer—shipping is a kind of modem transporl：ation

which has a lot of adVantages in speed，securi吼and

quali够comparing with the break．bulk ca唱o ship．It

can increase the leVel of intelligent management and

efficiency of container transponation．OVer 60％of

generaI ca唱oes are transponed by cOntainership at

present．This mode is deeply accepted by shipper and

carrier，and is becoming the main n．end of f论ightage

in the world．It shows powerful Vitalit)r and promising

prospects．

The container stowage plan is a pivotal links tO

containers transponation，and the obiectives of which

is to draw a plan of loading and discha唱ing sequence

of cOntainers for containership．Actual examples show

that containership stowage plans nOt only influence

the income of shipping company f．rom transportation

but also have direct relation to the saf．ety of ships and

fkights．The problem is a combinatorial optimization

problem with cOmplicated restrictions and

multi—objectives o¨，the size of problem depends on the

number of containers and ports of the ship caUing at．

These Droblems have troubled and aroused the

interests of both scholars and commercial shjpping
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o曜anization in many countries since l 970s．With the

deVelopment of container—shipping，more and more

containerS are transponed by sail． Up to now，no

satis母ing solution has been found yet． Rapid

development of container缸。ansportation trade also

makes higher demand of the problem．

It is of theoretical and practical significant to apply

experts system，genetic algorithm，neural networks

and fuzzy logics to deVeloping intelligent

inVestigation on container stowage for solving the

hard problems．

2 Characteristics and complexity of

the problem

The increasing number of containers tI-ansported by

ships led to containership enla唱ing in principal

dimension，whjch makes it more comp】icated to draw

container stowage plan．When we draw the plan，some
factors must be considered，such as s切bilities of ship，

sources of goods and destination ports，strength of hull，

quality of freight tI．ansported and appropriate stabili够
And in order to minimize the n岫ber of tumovers and
reach the best economic profit，how to make the best

ut订ization of Ioading capacity of ship when it is f．uIIy

loaded should also be resolved．

To sum up，the following factors should be considered
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when drawing the stowage plan【2】：

1)The number of containers for a regular ship at

calling ports，characteristics of containers(such as

t)，pe，weight and Iength)，position of the container in
the yard and its destination port，et a1．

2)The stnlcture and perfomance，len舀h and width
and draR，and dead weight of the ship．The number Of

20R and 40R slots loaded，the weight distribution in

dif艳rent parts of the ship．

3)Ship’s stability，longitudinal strength and deck

strength，trim and draR，fastening．

4)Minimizing the costs of loading，unloading and

tmnsponing ca唱o，especially the oVer-stowage．

5)The feature of the special containers waiting for

loading (dangerous goods，refrigerate goods and

non—standard dimensions containersl．

All Of’these t-actors are interactlve and cOnnictive each

other in the processes of making stowage planning，

which make the pmblem become a combinatorial

optimization problem with complicated constraintes．

Being a lot of complicated relationships can not be

expressed by the mathematic models，it depends on

the analysis based on experiences and intelligent

reasOnS tO a great extent．

3 International literature survev

The container stowage problem can be diVided into

two classes：one is management and programming at

the container temlinal，the other is stowage plan for

containership．This paper mainly f’ocuses on the latter．

Since 1 970s，me stowage plan problem has been

studied by shipping o玛anization for commercial

demand．They tried to find a good solution which

would satis母fewer shiRing and hi曲er emciency

when loading肌d discharging containers．According

to the collected actual data，those methods c锄be

gmuped into the following six main classes：

simulation based 0n probabili吼heuristic procedures，

mathematical modeling，mle based on expert systems，

support systems 01’刘and eVolutiona口computation．

279

3．1 Simulation based On probabili钾

This method mainly refers to the findings ofNeMing
and Shields【j。oJ．Ones basic idea was to apply classical

Monte Carlo simulation technique to create many

dif矗：rent possible stowage plans at random，and then

evaluate and compare these plans by actually

simulating Voyage across a number of legs，one of

which would Dresent the smallest number Of

Ove卜stowage to be chosen．

Dyke and Webste，1 first tried to solve the problem by

using computer． They put f-onVard a heuristic

algorithm that could create a random stowage plan．

But the method could not achieve conHnercial

印plication because it neglects the constraints

conceming the decking，mcking，lashing strength and

the regulations on hazardous cargo transportation．

Shields【6J introduced a computer-aided preplanning

system(CAPS)which had been used by American

President Lines．The CAPS produced stowage plan by

computer using Monte Carlo theory．Group technique

had been used t0 produce stowage plan，containers

with homogeneities(such as the same destination port，
the same cargoes)were掣ouped together，卸d then the

location of each groups of homogeneit)r was selected．

Using this model，some algorithms similar to the ideas

of stowage planner were designed 锄d seVeral

scheming was brought fbrward． The scheming is

eValuated according to the rules of stowage，and a few

of plans are selected．AboVe—mentioned methods haVe

been applied tcl the case of one pon．If seVeral ports

aI．e caned at by ship，the number of aRer ports needs

tobe known．

3·2 Heuristic procedures

The method uses heuristic nlles derived fi．om the

experience of loading pl锄ers to prodllce stowage
plans．The researches of Scott and Chen【7】Beliech【引，

Thieu【91．Martin【101 and Avriel【11】were focused on this

view．

Scott 锄d Chen【7】 constructed a model． in which

containers were sorted into ten classes based on sOme

characteristics(such as够pe of cargoes，len舀h，height
and weight，racking stl．en舒h and destination)and thcn

three heuristic mles were used to assign哪dually
each够pe of containers to slots of the ship by four

steps，while the shiRing problem had not becn
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considered in their model．AvrielI
1

1】presented a O．1

binary linear programming fomulation based on

minimizing the number shi衔ng in a single bay of a

ship calling at a giVen number of ports．HoweVer，the

formulation of many binary variables and constraints

made the working—out of model quite dif矗cult，so in

this p印er， the Suspensory Heuristic procedure is

develoDed to solve the model．

A general algorithm for Heuristic procedures has not

been put fonvard．The algorithm shouId be designed

based on actuaJ proiect situation．The characterization

of algorithm depends entirely on concrete instance，so

the method is verv nexible and the solution of the

problem is nOt Optimal generally，but it can meet the

demand of engineering．

3．3 Mathematical programming approach
Mathematical modelling describes container stowage

plan as an optimal probIem，included the ref．erences

below【12．1引．

Chao I“J fonnulated an oDtimal model of minimum

ballast and maximum loading． The model using

constrained assignment approach assigned the

containers tO slots on board the ship， without

considering the cun．ent pon’s influence on the plan of

next pon．In fact，it was a stowage plan model that

onIy considered one pon．

Aslidis【14】came f．rom MIT had proposed a model

whose objective血nction was to minimize the loading

cost． But the model was merelv of academic

signincance for it only took the constraints of

longitudinal moment and metacentric hei曲t under

advisement．

Botter and Brinati【11 created a model called comDlete

mathematical model for the stowage plan problem，

which used binarv decision vanables乜o detennine the

containers unloading and loading sequence f．or each

port．The ob{ective function of this model for the

stowage plan involved two inlportant f．actors： the

number of re．stowing along the route and the

longitud{nal cmne moVement along the quay during

the container loading and unloading operation．The

number of over towages along port the ship calling at，

weight limiting in one Vertical stack，the渤bility，
stmctural stress and other feasible conditions were
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considered as constraints．The advantages were that

the model considered eVery port the ship caUing at as

a difkrent stage of the whole system，which made the

model much more corresDond to the actual cases．But

too manv factors were considered in the model．the

dimension of fonnulization was t0·o lar2e to solve

because of large number of binary variables and

constraints arising in the model．For example，fbr a

container ship of 1 000 TEU，calling at 4 pons，the

mathematic model would have nearlv 1 07 decision

variables and approxinlatelV 1 00 constraints．

ObvjousJ y，the solution of this problem cannot be

obtained eVen using the best computer and the integer

linear programming computer code．In order to reduce

the complexity of the problem， me authors put

f．or、Ⅳard two solutions：one was decomDosition of the

complete model。 and the other was implicit

enumeration algorithm though the model was still too

di币cult to solve the problem in polynomial．time．

Fmm 1997 tO 2001． Wilson et al[16_19J had ever

discussed the complexities of stowage plan in his a

few of papers．In one’s paper“Container stowage

pre-planning： Using search to generate solutions，a

case study’’，the stowage—planning task was split into

two parts．The first step was called strategic planning

process which mainly simulated human loading

planner’s way of assigning containers to a blocked

ca曙。一space according t0 the够pe of container(such
as destination，catego呵of goods and so on)to achieVe

the general ammgement of containers．EValuation of

the general arrangement used the following objectiVe
如nctions： minimizing the number of cargo spaces

occupied by each destination；maximizing the number

of cranes in Operation at each port of destination

(POD)；minimizing the number of hatch lids moVed；

minimizing the number Of re-handling；minimizing

the number of cargo blocks occupied by containers．

The algorithm used branch and bound search to

produce the model．Once the best solution was found，

the procedure would tum to the second step called

tactical planning process．In the second phase，each

container was assigned to a specific slot within blocks

detennined during the strategic planning phase．In the

model， the following obiects were considered：

minimizing the number of re—hand“ng； grading

upwards the container wei曲t， 行om heaviest to

li曲test；minimizing the stacks of container with

mixed POD．TaboO search was employed to obtain a11
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optimal solution．Wilson’s model was feasible for it

can change configuration step by step until each

container was assi印ed to specific slot．

Avriel and Penn【20】proposed a brief 0．1 binary linear

program fomulation to reduce the shiRing numbers of

loading and unloading．His model supposed that a ship

OnIy contained a single bay and called at a lot of ports．

Jt assumed that all the containers could be loaded into

the bay．AVriel and Penn expatiated on computational

complexity of the container ship stowage and showed

that the general optimization problem was

NP—complete．Further，they showed that 6nding the

minimum number of columns fbr which there was a

zero shiRs stowage plan is equiValent to finding the

coloring number of circle graphs．

Describing stowage problem with ma恤ematic

algorithm is such a la唱e and hard problem that it is

impossible to work Om when considering

simultaneouslV all possible constraints such as

stability of ship，s缸_ength of huU，noat states of ship

and t)，pe of containerS．While the model would be

unsuitable for practical applications because of too

many simplification hypotheses to be made．In this

sense． it is difhcult屯o cOnsnllct a consummate

mathematic fornlulation for optimizing the container

stowage plan．

3．4 Decision support system

Decision support system attempts to proVide me

planner a powerml tool for stowage plan．

conceicao[2l】，sha【22】，saginaw㈣haVe done much
contribution to this field．

Conceicao and Pires“11established an integmted

system for container management containing three

subsvstems． The sVstcm could be used either

independently or interco加ected t0 create a net work

highly integrated．In the same year，Shao。z纠deVeloped

an mtemctlVe computer progr锄 11lnnmg on
HP．9845B for container stowage by he谢stic

approach．There were menus on user interf．ace t0

handle container a110cation，load and discha玛e at

container te蛐inal， check constraints about

containership卸d display information of port．n was

tested success向lly 6Dr a 6 l 8 TEU containership

n锄ed ‘HOLSTEN CRUISER’ played between
Sousse to Charleswonh in USA．

28l

In 1 994， CNS sub．corporation of South．锄pton
established CNS Boxtrack svstem based on United

Nation’s EDIFACT criterion．It was able to transfer

stowage plall infomation by tclecommunicating
be似een loading planner of quay and planner of Ship

Company．The system also pernlits operators examine

and edit the data with graphic view on their Own

computers． 0nce operator receives the renewed

stowage plan，the plan of ship could destgn ef五cient

management proiect of containers on board the

containershiD and container temlinal． It is 孤

infornlation management system which has the

characteristics 0f EDI and has been used in manv

la曙e container quays．

Decision system wouId rather ofrer some o—ginal

datum and inf．omation which can be analyzed and

treated in order to proVide some insi曲ts on the

prOblem，sO as to assist loading planner to work out

stowage plan instead of attempting to generate an

automating stowage planning．This system makes fun

use of accuracy，speed of computer in processing data

and human expenise and creativi班which has lots of

appIlcatlon to contamerShlp at present．

3．5 Expen systems

Expert system is a most actiVe research and practical

field of Anificial Intelligent(AI)．Appling expert

system to container stowage plan fo衄s stowage
expert system．This include the references below【24_271．

Dillingh锄 and perakis【25，26】 introduced tbeir

researches on expert system of stowa2e based on mles．

Each of the suggestcd container movements was

displayed铲aphically as the decisions were made．

Database in me system could not only accomplish the

stowage plan， but also仃ack the 10cation of tbe

container．It was highly interactive，the user could

intemⅡpt the system at锄y time when the pl锄ing
proceeded and oveITode or revoked suggestions that

the system had made． This expert system was

deVeIoped entireIy iIl the PROLOG language

cOntaining approximately 2200 lines Of PROLOG

source code and 26 loading mles．For the pu叩ose of

dealing with problem conVeniently，two

simDlifications were done as follows： one did not

consider the afrection of hatch—lid’s separation，the

0ther did nqIt consider reefer and hazardous containers．

n must add about 50 to 100 rules even on the
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condition of unconsidered foregoing simplifications if

such a system could be used．

Expert system has superiority when tackling the

problems such as requiring experience and Very

complicated work，like stowage plan．But traditional

expert system exists ‘neck of bottle’of acquiring

knowledge and combinatorial explosion problem in

reasoning，there are la唱e numbers of study work

needed to be done when using expen system to soIVe

stowage plan problem．

3．6 EVoIutionary cOmputation

Algorithm of evolutionaW computation came f．rom

Danvjn’s biologic theory of evolution．There are two

or three branches at present，among which genetic

algorithm is used widely．Genetic algorithm is a

central issue both in engineering and theoretical fields．

The application in engineering has gradually∥own up．

The researchers who firstly attempted to apply genetic

algorithm to the stowage plaJl were Tbdd and Sen弘引．

They brought forward a multi—criteria complete

encoding genetic algorithm for solVing the stowage

problem．In their approach，dif百erent sections of the

solution vector corresponded to each port． Each

section of the solution contained integer vectors of

size P，where P was equal tO the tOtal number Of

container slots in the ship．Each element in such a

vector indicated the destination port of the cOntainer

that occupies the con．esponding slot at the giVen port。

The major disadVantage of the approach is that Vector

of encoding is too long．For example，to encode a ship

can．ying 1 500 containers and Visiting 1 5 ports， a

vector of length 22 500 is needed．Such long vectors

would cause the search space too large and reduce the

convergence rate of the algorithm．

Dubrovskv O．and Levitin G-【291 put fb刑ard a compact

encoding technique，whose objectiVe was to oVercome

disadVantages of complete encoding．The compact

encoding method just saved the mu协tiVe part aRer the

Operation Of Ioading and unloading completed along

the route of ship calling，rather than holding the

complete layout．Since the ship layout has a relatiVely

small number of changes at each port，the size of

solution encoding vectors would become much

smaller than complete code．So this method would

significantly reduce space of solution and adVance

emciency of algorithm．
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Though the appIication of artificial intelligence and

soft computing based on neural network and genetic

aIgorithm is few in stowage plan at present，it will be

a research point at issue in the future．

4 Research in China

The container shipping of our count呵appeared later

relatively than that of European countries，and

stemmed from Tianjin port，at which the container

transponation business was exploited since 1 970s．

With the ref．onning and opening，container shipping
has gone thmu曲the course of gmwing out f．rom

nothing and from small to la唱e．Domestic foreign

trade containers number had achieved 2 l miUion TEU

in 2005，about 20％higher than the average level of

the world seabome container capacity．At the same

time．we should be aware of that our soR circumstance

could not meet the demands of sharply deVeloping of

container transportation． This not only af诧cts the

efnciency of conveVance of container。 but also

rest“cts the regional development of hinterland．Some

researchers and scholars were not conscious of the

essentialiW of stowage pmblem unt订the end of l 980s

and they started some investigation on stowage

models for container ship using computer．

JIANG Shixin【jul presented the contajner stowage

analytic way and ideas of designing the system．He

also put fonvard a mathematic model for computing

the stability of containership． XU Dongping⋯1

introduced the main design ideas Of the stowage

application sof研are，and presented a general frame of

stowage system and partial algorithms．LIU Shi—ning，

et alp纠developed a self二loading expert system f-or the

containerships of‘Bing Cit)r’and‘Song City’that

belonged to Shanghai Ocean Corporation．WAGN
ZhaoningL"1 put fbnvard an integrative inf．omation

management system with expert system and used the

method of仃ansfoming仔om low to hi曲to probe into

design and realization of auto—stowage system for

containershiD．WANG YU and XING Yuehua【”1

introduced a decision supponing system of Ioading

and unloading operation of container f．or Tianj in port．

The main mnction of this system was to support

production managing，help dispatcher making plan for

general and single ship，manage container teminal，

implement opemtion dispatch and accomplish

operation statistics．Dr．HAO Jumin【∞。j
7

jcoming f．rom
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Dali柚UniVersny of TecIlIlolog)，mised a concept of

姗xed sequence operation for container teminal BAY
then constmcted three optimization models for mixed

sequence operation container teminal under
containers 删ved at random．The models settled
preferably the import containers stacking in BAY in

container temlinal．Hjs solution had supported a sound

foundation for the next stowage of containership．On

the basis of optimization of quay temlinal， using

genetic algorittlIll based on mzzy evaIuation of

multi．criterion mnctiOn optimization and genetic

algodthm based on isolation niche techllique， the

author constituted the containership stowage mOdel，

achieved practical use for one pOrt．WANG

Hongpeng。蚶1 designed a 讹me of auto—stowage
planning expert system using kIlowing—reasoning and

had developed some modules of the system．PrOfessor

QlU Wenchang deVeloped training simulator system
for working out containership’s stowage plans，which

could be applied to仃aining and examination for

sailors in也e eValuating item“ca唱o stowage and

securing"according to IM0’s STCW78／95 convention．

YANG Xingl3州designed an optimal stowage plan

model，in which stability and hVdrostatic moment

were objective functions for optimization． DUAN

Chenghua【40】establisbed a stowage model of singJe

Bay calling at multi—ports．FAN Tiecheng，et al【41
J

used Pareto genetic algorithm to solve the model of

minimum number of shiRs and maximum packing

Volume and giVe optimal loading sequence fbm

container yard to ship．

ZHANG Wei-ying et a1一纠brou曲t fon)l，ard a stowage
model of expon containers based On optimal routing

algorithm of yard trucks．ZHANG Wei—ying，et al【43J

gaVe a model a11d algorithrn for containership stowage

pre—planning based on bin packing problem．ZHANG

W萌-ying，et almJ set up an optimization model of

containers loading operation in export containers

te彻inal and put f-orl)lrard a solution based on

minimum-spanning tree．ZHANG W色i-ying，et al【45】

established a model of bay layout for containership

based on the least shifting．

Domestic researchers for container ship stowage

mainly considered s切bili劬 floating status and

structure蛐ren酵h of ship etc．in their disquisitions，

whereas they inadequately considered about

re．stowing problems when containers were loading

and unloading．0lVer-stowage iIlcreases cha昭es of

container shipping and time ship beIthes on the port，

which is of no economic benefit f．or container

缸．ansportation． Re—stowing should be mainly

considercd when designing the stowage plan．

5 Intelligent containership stowage

plan system——a new stowage

research direction

Intelligent stowage system is a technological

innoVation in conn．ast wim tmditional stowage method．

It can improve the ability of decision—makin2

management system of container shipping by means

of artmcial intelligence， infomation tec}lIlology，
communications and computer tecllIlology．

Stowage problem for containership is a complex

process mat inVolVes a large number of decisions

related向zzy and mndom factors，and it is a topical

combinatiOnal optimization but it also belongs to NP

complete probiems．ConVentionaI computing method

seems to be useless to the problem like this．Artificial

intelligence，represented by neural ne觚ork，genetic

algorit№s，mzzy logic，and expert system，has sprung
up since 80 s last century，and has been widely used in

me field of engineering．Anificial intelligence of先rs a

new method for NP complete problem．

Intelligent optimizing techIlique pref．ers using

‘satis分ing soiution’than using optimization as rules．

n has the priorit)r in simple computing st印s，and can
be easily realized without adVanced complex theo哆

knowle姑e．It needs a little operations，and nlles of

solution embodying of intelligence etc．It of诧rs觚

ef．fectiVe way for many engine鲥ng technologies and

management probIems．

Expert system is a system of computer that could

accomplish special task with expert’s knowledge level．

The system can simulate human expert’s method used

in solVing the problems and has been applied in many

engineering flelds． Application of lots of new

technologies including neural ne研ork，如zzy logic，
rou曲sets theo巧， non—exact reasoning， 锄d

impe疏ction l(Ilowledge reasoning makes the expen
system preferably flexible when the expert system is

used t0 solVe large and complex engineering problem．

The reasoning mode is more close t0 human being
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expert thinking manner，so it can be used to solVe such

problem as stowage plan for containership【46J．Today，

the con诅inership has become bigger and bigger in

volume．The emciency of transportation has been

greatly improVed．EDI has been wideIy adopted in

container transponation．Human lOading plan is not

enough for the deVelopment of container tmnspon．

Human loading will be replaced by intelligent stowage

system based on modem info肿ation technology and
anificial intelligence．
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shift and the role of family firms 
    Spectacular growth has marked the industry initiated by Malcolm McLean with the sailing of the Ideal-X in 1956. While the growth

of container shipping has been typically seen in terms of technological advances, increasing vessel capacity, traffic growth,

financial performance and competitiveness, it has been shaped also by organisational transformations. This paper provides an overview

of the major companies that make up the container shipping industry, tracing the rapid adoption of containerisation by American

carriers to its diffusion to Europe and then Asia. While several carriers belong to business conglomerates, the most dynamic in

recent years have been those that are those that possess a family structure. About 12 of the present top 20 carriers are largely

family controlled, including 4 out of the top 5. Unlike other capital intensive industries, where the power has shifted towards

corporate governance, the container shipping industry retains a strong individualistic entrepreneurial character. At a time when

North American ownership in container shipping is no more, the spirit of innovation began 50 years ago by an American visionary is

still evident in the entrepreneurial dynamism of many of the industry leaders.

2.外文会议 Zeng Qingcheng Robust Optimization Model for Container Shipping Line 
    In this paper, optimization of container line under uncertainty was discussed. Firstly, a deterministic model for the problem was

developed according to the characteristics and requirement of container line, the model considered ship deployment, slot allo

3.外文期刊 O. P. Sha Analysis of Port Operations and Planning for the Development of an Integrated
Container Shipping Model for Indian Ports 
    India has a long coastline and large number of ports. Approximately 95% of India's international trade (ie, export and import) by

volume and 70% by value is traded via its maritime routes. This makes shipping a crucial activity for the growth of Indian economy,

and its development is pivotal to the overall growth of the Indian economy. Containerization of cargo has increased in recent times,

and now a large portion of world's sea transportable goods is transported through containers. In this paper, the Indian ports have

been analyzed in the overall context of the development of an integrated container shipping model for Indian ports. The paper

discusses a methodology to examine the Indian ports for their readiness to accommodate future container traffic. Finally based upon

the analysis, desired changes have been recommended in the Indian port operational structures for India to grow at a fast pace.

4.外文期刊 Chaur-Luh Tsai The effects of safety climate on vessel accidents in the container
shipping context 
    This study empirically evaluates the influence of safety climate on vessel accidents from a seafarer's perspective, specifically

in the container shipping context. Factor analysis revealed six safety climate dimensions: management safety practices, superv

5.外文期刊 Chiu-Ju Tu Corporate social responsibility and organisational performance in container
shipping 
    The objective of this study is to examine the relationships between corporate social responsibility (CSR) and organisational

performance in container shipping in Taiwan. Three dimensions of CSR are identified from the results of a factor analysis. These

factors include 'community involvement and environment', 'disclosure', and 'employee and consumer interests'. With respect to

organisational performance, both financial and non-financial performances are used as independent variables in this study. Findings

indicate that CSR aspects of the 'community involvement and environment' and 'disclosure' dimensions have positive effects on

financial performance, whereas the 'employee and consumer interests' dimension positively influences non-financial performance.

6.期刊论文 XU Hua.JIN Feng-jun Ship Size and Service Configuration in Container Shipping -西南交通大

学学报(英文版)2009,17(1)
    This study analyzes the effect of ship size on the liner service configuration by establishing an economic model.The service

configuration is characterized by the distance of service and the number of calling ports.A study case is presented for

illustration.At last such a conclusion is drawn that given a fixed profit,the ship size will change with the extension of service in

the same direction,while the change rate of ship size is a little higher than that of the extension of service.

7.期刊论文 交文.Jiao Wen 亚欧国际集装箱航线将主导国际集装箱航运市场的稳定发展 -港口经济2008,""(7)
    一、2005年至2009年国际集装箱运输主要干线航线的增幅

从上表可看出,从实际与预测来看,亚洲→欧洲集装箱主要干线航线的增幅基本在10%以上,欧洲→亚洲集装箱主要干线航线的增幅为6%～7%.

8.外文会议 Krile. S. Application of the minimum cost flow problem in container shipping 
    In This work the efficient algorithm for optimal cargo transport of N types of containers with limited ship capacity, minimizing

the transport costs, is being developed. It can be applied for transport planning on a voyage route with multiple loading ports and

multiple ports of discharge. The problem is solved with network optimization approach that can be seen as the minimum cost

multicommodity flow problem (MCMCF). The implemented algorithm is able to find appropriate load planning sequence and to ensure

minimal loading, discharging and transshipment costs, but with fulfillment of cargo demands in a number of destination ports on the

voyage route. Application of this efficient tool may significantly reduce transport costs and ensure maximal possible profit. It may

improve the operation process in maritime transport technology.

9.外文会议 Krile. S. Application of the minimum cost flow problem in container shipping 
    In This work the efficient algorithm for optimal cargo transport of N types of containers with limited ship capacity, minimizing

the transport costs, is being developed. It can be applied for transport planning on a voyage route with multiple loading ports and

multiple ports of discharge. The problem is solved with network optimization approach that can be seen as the minimum cost

multicommodity flow problem (MCMCF). The implemented algorithm is able to find appropriate load planning sequence and to ensure

minimal loading, discharging and transshipment costs, but with fulfillment of cargo demands in a number of destination ports on the

voyage route. Application of this efficient tool may significantly reduce transport costs and ensure maximal possible profit. It may

improve the operation process in maritime transport technology.

10.外文期刊 Wayne K. Talley Ocean container shipping: Impacts of a technological improvement 
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