ANALELE UNIVERSIT ATII
w “EFTIMIE MURGU” RE  SITA
h ANUL XVIII, NR. 2, 2011, ISSN 1453 - 7397

Branislav Dragovi¢, Nenad Dj. Zrni¢

A Queuing Model Study of Port Performance
Evolution

The main purposes of the paper are to describe port performance
evaluation by queuing models (QMs) based on the nature and
applications of the models, state of the art survey based on the
classification and identify considered problems and the applications of
the existing QMs. There are number of benefits to be gained from QMs
for port performance evaluation, among them are: faster development,
greater flexibility, less data required and it is easier to understand and
Interpret the results.
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1. Introduction

Queuing models are used to analyze complex dynamic and stochastic
situations and to understand issues for port system decision making. This
methodology is applied successfully to several experimental examples and is shown
to deliver competitive results much faster compared to conventional models in a
stochastic environment. The progress of port QMs from their early days is charted
with a particular focus on recent history. Specific developments in the past 50
years include analytic formulations and formulae, analytic formulations and
numerical solutions, simulations models and integration of simulation-optimization
framework for the performance evaluation of port systems. Potential changes in
QMs development, QMs use, the domain of application for QMs and integration
with other modelling approaches are very important.

The organization of this paper is as follows. Sections 2 gives a brief
description of port system performance. The classification scheme of the available
literature on QMs applications in port system are described in Section 3. Section 4
presents state of the art of port QMs development and different modelling
approaches to port performance evaluation. The final Section 5 gives concluding
remarks.
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2. Port system performance

The term Port Systems (PS) is often used to refer to systems with multiple
components that need to cooperate to achieve a common goal, trying to make
efficient use of available resources. In general case, PS consists of many
interacting sub-systems performing various planning and control functions.
Designing of PS presents a special challenge for the designer, because of the more
complex systems with different level of links between elements (from very slack to
very rigid), and with mutual influences which could be deterministic or defined by
stochastic values. During research numerous references have been used, and most
of them are emphasized ([1] — [7], [10] — [34], [36], [38] — [45], [47] — [68] and
[70] — [75]). Some of PS characteristics are [74]: multicriteria goal (vector goal
function is not a simple linear combination of its components); system boundaries
(often not clear in relation to the environment, determined by experience); sub-
systems (in achieving local goals optimization is undergone to additional
constraints, which come from other sub-systems or from higher level); and
components (a great number of components and state coordinates; hierarchy
organization, structural and control).

The complexity of PSs requires particular methodology for model choice.
Analytical models which are frequently used (models of queuing theory) for
analysis of global solutions could estimate the PS performances. However, even
with the simplification and decomposition of system, it is not always possible to
adequately set the corresponding analytical model.

Many operations research models have been used for the purpose of modeling
various operation situations in port. Queueing models (QMs) play an important role
in modeling and analysis of port systems, especially, of the new port’s terminals. In
the literature various QMs, from simple queues to a complex queuing network
models (QNM) have been suggested and studied for different types of port
operations like analyzing movement of ships in port, ship traffic modeling,
mechanism of congestion occurrence, cost composition and congestion cost,
measurement of total cost, optimum use port facilities and equipment by imposing
congestion charge, optimum number and capacity of port berths, evaluation
method for determining the optimum number of berths, optimum allocation and
size of port, optimal berth and crane combination in port, average cost per ships
served, ship turn-around time at the port, analysis of time spent at berth,
measurement of delay to ships in the queue, distribution of berth occupancy, berth
planning by evaluation of congestion and cost, optimum port capacity related to
congestion and berth occupancy, handling equipment assignment and deployment,
and so on. There is a rapidly increasing literature in the applications of QMs to port
systems and it is the intent to attempt a classification, literature review and
identify possible future directions of research.

PSs have been very often considered as QMs and network of queuing links.
These systems consist of berths with ships waiting to be served in queues. Berth
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throughput capacity was estimated based on experience from existing ports
without giving much thought to the effect of the size of the port, measured by the
number of berths. Some ships are berthed and are being unloaded and loaded at
one or more berths. Port QNM can be represented by a single-service channel for a
single-berth port and by multiple-service channel for a multiple-berth port.

A PS consists of one or more berths, an arrival process, and a service process,
along with some additional assumptions about how the system works. The number
of ships in the PS at any given time will equal the number of ships in the queue
plus the number of ships at berths. These numbers will vary over time as ships
come and go, so they are formally stochastic processes. If there is a limited
amount of anchorage area, or for any other reason ships are prevented from
joining a queue once it reaches a certain level, then the queue or PS has finite
capacity.

From the viewpoint of designing practice, deterministic approach is more
simple, but the possibility of its application is limited. Stochastic approach
describes more realistic process and its dynamic character. Knowledge of these
behavior laws, guide to adequate description of material flow, and the data base is
used as a source of knowledge in systems modeling [74]. The particular problem
presents the selection of the QMs. References ([13], [25] and [69] among other)
give different types of theoretical QMs but there are no indications of adequate use
in problem solving and the difference between the theory and practice. To analyze
this problem we have to start with the classification scheme ([35], [46] and [69]),
given as (x/y/z):(u/v/w), where the symbols are presented in Table 1.

Table 1. The symbols

A convenient notation of queueing system

X __| arrival or interarrival distribution u service discipline

y | service time distribution v max number in the systems

z number of service channels W size of the population

The arrival and service distribution notation
M | Poisson or equivalently exponential D deterministic process
distribution

GI | general independent distribution Ex Erlang distribution with
k phases

G | general distribution HEy hyper exponential distribution
with &k phases

The service discipline notation

FCFS first come first served GD general service discipline
LCFS last come first served HELPF full help between the servers
SIRO service in random order HELPS partial help between the servers
SETA standardized estimated GOSBEA global optimization of speed
arrival time channel (berth), and equipment
allocations
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3. Port queuing models and performance evaluation

In the literature, it has been shown that QMs can be used to adequately
model port operations. We presented here a general review on this literature.
Namely, a brief review of queuing theory is presented in order to give some basic
information about QMs from sea-port literature.

Queuing time at single and multiple berth facility is considered in [32]. They
presented the ratios of average waiting and average service time of ships as
function of number of berths and expected occupancy rate and studied problems
of applying regression analysis to queueing time functions. Also, described a two-
stage, multichannel QM.

In [25] a survey of various applications of QMs was presented in order to
determine the port performance evaluation. He analyzed port QMs a favorite tool
in the planning and modeling of ports. Considered a single and multiple berth
models, introduced a berth assignment routine, and computed the berth utilization,
average ship waiting time, average number of ships waiting, as well as other ship
or berth operating performance measures. Explained procedure for determination
of the optimum number of berths and berth planning by evaluation of congestion
and costs. Criticism of the distribution assumptions in berth planning models has
been presented. Application of M/M/S queue in port berth planning is discussed.
Capacity bottleneck analysis using QMs and estimation of navigational channel
capacity using time-space diagram with QNM have been described.

The analytical solutions for determination of facilities requirements related to
berths and the capacity concept is studied in [1]. They presented queuing analysis
solutions for exponential, Erlang and constant service time of ships. Through
simulation the effectiveness of their procedure is established.

In [13] M=t /M /c(o0), M *=62R" 1M fc(oo) @ND M *="%2" D/ ¢(c0) queues are
discussed. Also, the nonstationary, multichannel QM has been developed,
M*/M /n/m. This QM has the following characteristics: waiting areas are finite
and given, unit bulk arrival into the system is assumed, and arriving ships or barge
tows are not allowed into the system if & >(/+m)-s, where k is the number of
ships or barge tows arriving at the same time. For all cases, some explicit results
are presented. Analytical expressions are obtained in closed form for the state
probabilities of a nonstationary system. The conveniences of these methodologies
are the simple application in the estimates of existing conditions and the planning
of berth requirements, port management, and better decision making according to
the former methods.

Queuing theory is one of the most commonly used modelling techniques for
the operation planning of PSs until 1995. Since the earliest days of port QMs in the
1960s, their continued developments have helped to place it near the top of the
modelling technique. The past 50 years have seen many changes in the ways that
QMs are developed and used. In addition, the classification of the approaches to
port queue modeling is given. The available academic papers have been classified

68



as shown in Table 2 [16], based on different methodologies to describe port
systems as QMs. The purpose of using this particular classification is to identify the
gap between various approaches, and to understand the research on QMs

applications in PSs.

Table 2. Classification of the approaches to port queue modelling

Approaches to port queue modelling

Grouped references from
1961 to 2010

Single server versus multi-server versus infinite server

(7], [10], [11], [18], [20], [21],

(see Table 2); Analytic formulations and formulae; After | [22], [23], [24], [27], [28],
1980 used Cosmetatos’ approximation - CA ([8] & [9]); | [29], [33], [36], [42], [49],
Used the non-exponential assumption (other distributions | [50], [52], [53], [54], [55],
of service times and interarrival times). The steady state | [56], [58], [65], [66], [66],
solution follows an integral equation. [67], [71], [72] and [70]

QM simulation (developed in ANSI C). [47]

Cyclic QMs. Markovian decision process. Markov theory. [34], [38] and [48]

Analytic formulations and formulae. Compared with de- | [12], [13], [14], [19], [26],

veloped simulation models (SMs) of CT. Used CA & refin-
ing CA [37].

[30], [31], [39], [41] and [73]

Integration simulation and optimization with QNM. De-
scried QM by discrete-time equations.

[64] and [45]

Analytic formulations & numerical solutions of bulk arrival
queues based on [6]; Compared with SM [40].

[40], [59], [60], [61], [62] and
[63]

Steady state versus time-dependent. Studied the steady-
state system probabilistic and port throughput. Mul-
tichannel bulk and single channel arrival QM with finite
waiting areas.

(3], [4], [43], [44], [57] and
[75]

QNM. Discrete-event simulation. The closed QNM.

[5] and [51]

4, Different modelling approaches to port performance evaluation

Development of queuing models for PS performance evaluation based on

various mathematical approaches such as: queuing formulae, analytic formulations
and formulae and comparison with simulation models, integration simulation and
optimization with queuing network models, cyclic QMs and Markovian decision
process, analytic formulations and numerical solutions of bulk arrival queues,
steady state versus time-dependent among other.

In recent papers [16] and [17] described port system modelling by QMs based
on the nature and applications of the models, state of the art survey based on the
classification and identify considered problems and the applications of the existing
QMs. According to the considered problems and research results, some
observations are made about various features of the application in this paper.
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Here we discuss the degree to which modelling complexity affects port
performance of older QMs. We used to propose various mathematical approaches
to queue modelling, ranging from the classic mathematical formulae of queuing
theory to simulation, Table 3 [17].

Table 3. Comparison of the mathematical approaches to PS queue modelling

Mathematical approaches to PS queue modelling
(from the classic mathematical formulae of queueing theory to simulation modelling)

Analytic Integration Analytic Steady
formulations & simulation & Cyclic QMs formulations state
Queuing formulae, & optimization & Markovian | & numerical versus
formulae comparison with queuing decision solutions of time-
with simulation | network models process bulk arrival dependent
models (QNM) queues

Queuing formulae: These formulae can be divided into two types, single server
and multi-server and they are available in the literature. These basic formulae have
been modified to improve their output for specific cases. The most widely-used
modifications are approximation formulae which explained in [17]. The following
papers are available in the academic literature which used an analytic formulations
and formulae for PSs operations modelling ([10], [20] — [23], [27] — [29], [36],
[42], [65] — [68] and [70]).

Analytic formulations and formulae and comparison with simulation
models: There are other ways of showing that queuing theory is becoming a more
popular technique for PS operations modelling. The next papers look at the variety
of modelling structures available for port QMs ([12], [14], [15], [26], [30], [31]
[39], [41] and [73]). Port QMs together with simulation are becoming an
increasingly popular activity and so this area of application is covered here. It is
quite clear that the software support of QMs should expect and will be increased
and improved considerably in the near future.

Integration of simulation and optimization with QNM: The PS performance
evaluation and optimization are research issues that have received, recently,
increasing attention to present a general framework to support the operational
decisions for PS modelling using a combination of simulation techniques and an
optimization model. As a matter of fact, PSs are very complex systems involving a
variety of modelling, designing, planning and control problems. Integration of
simulation and optimization with QMs are used to analyze complex dynamic and
stochastic situations and to understand issues of PS decision making. The short
survey and analysis related to following papers given here ([5], [45] and [64]) are
intended to provide guidance on achieving PS efficiency, raise productivity of PS
and accuracy in the modelling and calibration of SMs and QMs.

70




Cyclic QMs and Markovian decision process: A collection of papers on the
application of Markov decision processes and the cyclic queue model are classified
according to the use of PS operations modelling ([34], [48] and [51]). Some
observations are made about various features of the applications.

Analytic formulations and numerical solutions of bulk arrival queues:
Although the number of papers reviewed here is small, it is clear that some
queuing systems where customers arrive in batches rather than singly have many
applications in practice, such as the analysis of containers flow in PS ([40] and [59]
- [63]).

Steady state versus time-dependent: An insight of the investigations on
waiting lines shows that there is considerable amount of papers on queues in
steady state versus time-dependent condition. Closed form expressions for the
state probabilities in transient state are extremely difficult to obtain. The time-
dependent behaviour of many queuing systems can be expressed in terms of
differential equations. The extensive theories associated with differential equations
can be used to provide understanding and insights into the behaviour of queuing
systems that are modelled in this way ([43], [57] and [75]).

5. Conclusions

QMs are normally developed for the PS performance evaluation of main port
link like as seaside operation planning because a PS is too complex to be repre-
sented only by this way. When systems modelled are complex, the QMs them-
selves must involve some level of complexity, although at the level of abstraction
from the PS. It may, therefore, not be the QMs that are difficult to use, but the PS
that are being modelled are difficult to represent. The QMs also addresses issues
such as the performance criteria and the model parameters to propose an opera-
tional method to develop methods for adapting sensible model design (conceptual
modelling) and training users accordingly.

Acknowledgment

A part of this work is a contribution to the Ministry of Science of Montenegro
funded project No. 05-1/3-3271, and Ministry of Education and Science of Serbia
funded project TR 35006.

References

[1]Agerschou, H., Dand, 1., Ernst, T., Ghoos, H., Jensen O. J., Korsgaard, J.,
Land, J., McKay,S T., Oumeraci, H., Peterson, J.B., Schmidt, L. R., Svend-
sen, H.L., Planning and design of ports and marine terminals, Thomas
Telford Ltd, 2™ Edition, London, 2004.

71



[2] Alvarez, J.F., Longva, T. and Engebrethsen, S., A methodology to assess
vessel berthing and speed optimization policies, Maritime Economics &
Logistics, 2010, 12(4), 327-346

[3]1Berg-Andreassen, J. A, and Prokopowicz, A. K., Conflict of interest in
deep-draft anchorage usage-applications of QT, Journal of Waterway,
Port, Coastal and Ocean Engineering, 1992, 118(1), 75-86.

[4] Binkowski, M., McCarragher, B., A gueueing mode/ for the design and
analysis of a mining stockyard, Discrete Event Dynamic Systems: Theory
and Application, 1999, 9, 75-98.

[5]Canonaco, P., Legato, P., Mazza, R., Musmanno, R., A gueuing network
model for the management of berth crane operations, Computers & Op-
erations Research, 2008, 35, 2432-2446.

[6]Chaudhry, M.L. and Templeton, J.G.C., A first course in bulk gueues,
Wiley, New York, 1983.

[7]1 Chu, C. Y., Huang, W. C., Aggregates cranes handling capacity of con-
tainer terminals: the port of Kaohsiung, Maritime Policy and Management,
2002, 29(4), 341-350.

[8] Cosmetatos, G. P., Approximate explicit formulae for the average queue-
ing time in the processes (M/D/r) and (D/M/r), INFOR, 1975, 13(3), 328-
331.

[9] Cosmetatos, G. P., Some approximate equilibrium results for the multi-
server queue (M/G/r), Operational Research Quarterly, 1976, 27(3), 615-
620.

[10]Daganzo, C. F., The productivity of multipurpose seaport terminals,
Transportation Science, 1990, 24(3), 205-216.

[11]De Weille, J. and Ray, A., The optimum port capacity, Journal of Trans-
port Economics and Policy, 1974, 8(3), 244-259.

[12]Dragovi¢ B., Park N. K., Radmilovi¢ Z., Ship-berth link performance
evaluation — simulation and analytical approaches —, Maritime Policy &
Management, 2006, 33(3), 281-299.

[13]Dragovi¢ B., Zrni¢ N. Dj., Radmilovi¢ Z., Ports & container terminals
modeling, Research Monograph, Faculty of Transport and Traffic Engi-
neering, University of Belgrade, 2006.

[14]Dragovi¢, B., Zrni¢, Dj. N., Twrdy, E., Rooy, DK., (2010), Ship traffic
modelling and performance evaluation in container port, Analele Universi-
tatii "Eftimie Murgu”, 2010, XVII(2), 127-138.

[15] Dragovi¢ B., Zrni¢ Dj. N., Park N. K., Container terminals performance
evaluattion, Research Monograph, Faculty of Mechanical Engineering,
University of Belgrade, 2011.

[16] Dragovi¢ B., Zrni¢ Dj. N., Skuri¢ M., New and old results of queuing mod-
els for port modeling, Proceedings of "European Conference on Shipping,
Intermodalism & Ports”, ECONSHIP 2011, Chios, Greece, 2011, 1-14.

[17]1Dragovi¢ B., Zrni¢ Dj. N., Skuri¢ M., Comparison of new and old queuing

72



theory results for container terminal performance, accepted for publica-
tion in “Proceedings of the Annual Conference — The International Asso-
ciation of Maritime Economists”, IAME 2011, Santiago de Chile, Chile,
2011, 1-19.

[18]Drew, D., Adulbhan, P., Woo, W.L., Juaseekoon, M., Capacity-feedback
relationship for port of Bangkok, Journal of Waterways, Harbors and
Coastal Engineering Division, 1972, 98(3), 393-415.

[19]Easa, M.S., Approximate queueing models for analyzing harbor terminal
operations, Transportation Research B, 1987, 21(4), 269-286.

[20]1Edmond, E.D., Operating capacity of container berths for scheduled ser-
vice by queueing theory, Dock and Harbor Authority, 1975, 56, 230-234.

[21]Edmond, E. D. and Maggs, R. P., Container ship turnaround times at UK
ports, Maritime Policy & Management, 1976, 4(1), 3-19.

[22]1Edmond, E.D., Maggs, R.P., How useful are queue models in port in-
vestment decisions for container berths?, Journal of the Operational Re-
search Society, 1978, 29(8), 741-75.

[23]1EI-Naggar, M.E., Application of queuing theory to the container terminal
at Alexandria seaport, Journal of Soil Science and Environmental Man-
agement, 2010, 1(4), 77-85.

[24] Fratar, T.J., Goodman, A.S. and Brant, A.E., Prediction of maximum prac-
tical berth occupancy, Transactions, ASCE, 1961, Part IV, 126, 632-641.

[25]Frankel, G.E., Port Planning and Development, New York, John Wiley and
Sons, 1987.

[26] Goodchild, A. and Mohan, K., 7he cdlean trucks program. Evaluation of
policy impacts on marine terminal operations, Maritime Economics and
Logistics, 2008, 10(4), 393-408.

[27] Gransberg, D.D., Basilloto, P.)., Cost engineering optimum seaport ca-
pacity, Cost Engineering, 1998, 40(9), 28-32.

[28] Griffiths, J. D., Optimal handling capacity at a berth, Maritime Policy and
Management, 1976, 4(3), 163-167.

[29]Guan, C., Liu, R.R., Container terminal gate appointment system optimi-
zation, Maritime Economics & Logistics, 2009, 11(4), 378-398.

[30]1Huang, WC., Kuo, TC., Wu, SC., Li, G., Evaluation of operation perform-
ance for container terminal from micro point view, Journal of the Eastern
Asia Society for Transportation Studies, 2007, 7(1), 3103-3118.

[311Huang, WC., Kuo, TC., Wang, J., Wu, SC., A research of improvement
strategy of the operation performance of container terminal, Journal of
the Eastern Asia Society for Transportation Studies, 2010, 8(1), 2256-
2271.

[32]Jansson, 1.0., and Shneerson, D., Port economics, The Massachusetts
Institute of Techology, 1982.

[33]Jones, J. H., and Blunden, W. R., Ship turn-around time at the port of
Bangkok, Journal of the Waterways and Harbors Division, 1968, 94(2),

73



135-148.

[34]Kang, S., Medina, J.C., Ouyang, Y., Optimal operations of transportation
fleet for unloading activities at
containerttp://www.sciencedirect.com/science? ob=ArticleURL&
udi=B6V99-4S7B2J0-

1& user=10& coverDate=12%2F31%2F2008& alid=1648536642
& rdoc=6& fmt=high& orig=search& origin=search& zone=rdt
list item& cdi=5893& sort=r& st=13& docanchor=& view=c&
ct=29& acct=C000050221& version=1& urlVersion=0& userid=
10& md5=3b3a9d35652f 95aa46c40e90a304c909& searchtype=a -
hit2#hit2 ports, Transportation Research B, 2008, 42(10), 970-984.

[35]Kendall, D.G., Stochastic processes occurring in the theory of queues and
their analysis by the method of the imbedded Markov chain, Annals of
Mathematical Statistics, 1953, 24(3), 338-354.

[36]Kiani, M., Bonsall, S., Wang, J., Wall, A., A break-even mode/ for evaluat-
ing the cost of container ships waiting times and berth unproductive
times in automated qguayside operations, WMU Journal of Maritime Af-
fairs, 2006, 5(2), 153-179.

[37]1Kimura, T., Refining Cosmetatos’ approximation for the mean waiting
time in the M/ D|s gueue, Journal of Operational Research Society, 1991,
42(7), 595-603.

[38]Koenigsberg, E. And Lam, R., Cydlic gueue models of fleet operations,
Operatins Research, 1976, 24(3), 516-529.

[39]1Kozan, E., Analysis of the economic effects of alternative investment de-
aisions for seaport systems, Transportation Planning and Technology,
1994, 18(3), 239-248.

[40]Kozan, E., Comparison of analytical and simulation planning models of
seaport container terminals, Transportation Planning and Technology,
1997, 20(3), 235-248.

[41]Kozan, E., Increasing the operational efficiency of container terminals in
Australia, The Journal of Operational Research Society, 1997, 48(2): 151-
161.

[42]Kuo, TC., Huang, WC., Wu, S-C. and Cheng, PL., A case study of inter-
arrival time distributions of container ships, Journal of Marine Science and
Technology, 2006, 14(3), 155-164.

[43]Lagoudis. I.N., Platis, A.N., Using birth-and-death theory for container
terminal strategic investment decisions, International Journal of Decision
Sciences, Risk and Management, 2009, 1(1/2), 81-103.

[44]Laih, CH., Sun, PY., Queuing pricings to bulk carriers at the anchorage,
Asian Transport Studies, 2010, 1(1), 62-75.

[45] Legato, P., Canonaco P., Mazza, R., Yard crane management by simula-
tion and optimization, Maritime Economics & Logistics, 2009, 11(1), 36—

74




57.

[46]Lee, A. M., Longton, P. A., Queueing processes associated with air-line
passenger check-in, Operational Research Quarterly, 1959, 10(1), 56-71.

[47]1Mavrakis, D, Kontinakis, N., A gueueing model of maritime traffic in
Bosporus Straits, Simulation Modelling Practice and Theory, 2008, 16,
315-328.

[48]1Mennis, E., Platis, A., Lagoudis, I.N. and Nikitakos, N., Improving port
container terminal efficiency with the use of Markov theory, Maritime
Economics & Logistics, 2008, 10(3): 243-257.

[49]Mettam, J. D., Forecasting delays to ship in port, Dock and Harbor Au-
thority, 1967, 47, 380-382.

[50] Miller, A. J., Queuing at single-berth shipping terminal, Journal of the
Waterways, Harbors and Coastal Engineering Division, 1971, 97(1), 43-
56.

[51]Munisamy, S., Timber terminal capacity planning through queuing the-
ory, Maritime Economics & Logistics, 2010, 12, 147-161.

[52]Nicolaou, S. N., Berth planning by evaluation of congestion and cost,
Journal of the Waterways and Harbors Division, 1967, 93(4), 107-132.
[53]Nicolaou, S. N., Berth planning by evaluation of congestion and cost,
Journal of the Waterways and Harbors Division, 1969, 95(3): 419-425.
[54] Noritake, M., Congestion cost and pricing of seaports, Journal of Water-

way, Port, Coastal, and Ocean Engineering, 1985, 111(2), 354-370.

[55]Noritake, M., Kimura, S., Optimum number and capacity of seaport
berths, Journal of Waterway, Port, Coastal, and Ocean Engineering, 1983,
109(3): 323-339.

[56] Noritake, M., Kimura, S., Optimum allocation and size of seaports, Jour-
nal of Waterway, Port, Coastal, and Ocean Engineering, 1990, 116(2),
287-299.

[57]1Novaes, A. and Frankel, E., A queuing model for unitized cargo genera-
tion, Operations Research, 1966, 14(1), 100-132.

[58]Plumlee, C. H., Optimum size seaport, Journal of the Waterways and
Harbors Division, 196692(3), 1-24.

[59] Radmilovi¢, Z., Ship-berth link as bulk queuing system in ports, Journal
of Waterway, Port, Coastal, and Ocean Engineering, 1992, 118(5): 474-
495.

[60]Radmilovi¢, Z., Coli¢, V., Hrle, Z., Some Aspects of Storage and Bulk
Queneing Systems in Transport Operation, Transportation Planning and
Technology, 1996, 20, 67-81.

[61]Radmilovi¢, Z., Hrle, Z., Muskatirovi¢, 1., V., Power unit - cargo space link
in inland waterway navigation, Journal of Advanced Transportation, 2003,
37(1), 119-138.

[62] Radmilovi¢, Z., Dragovi¢, B., Maras, V., Power unit — cargo space link in
transport, Yugoslav Journal of Operations Research, 2005, 15(1), 49-52.

75



[63]Radmilovi¢, Z., Dragovi¢, B. and Mestrovi¢, R., Optimal number and ca-
pacity of servers in M*=[M [ C(OO) queueing systems, International

Journal of Informatics and Management Sciences, 2005, 16(3), 1-17.

[64]Sacone, S., Siri, S., An integrated simulation-optimization framework for
the operational planning of seaport container terminals, Mathematical and
Computer Modeling of Dynamical System, 2009, 15, 275-293.

[65] Sabria, F. and Daganzo, C. F., Approximate expressions for queuing sys-
tems with scheduled arrivals and established service order, Transporta-
tion Science, 1989, 23(3), 159-165.

[66]Schonfeld, P., Sharafeldien, O., Optimal berth and crane combinations in
containerports, Journal of Waterway, Port, Coastal, and Ocean Engineer-
ing, 1985, 111(6), 1060-1072.

[67]Shabayek, A.A, Yeung, W.W., A queuing model analysis of the perform-
ance of the Hong Kong container terminals, Transportation Planning and
Technology, 2000,
http://www.informaworld.com/smpp/title~db=all ~content=t713653
693~tab=issuedlist~branches=23 - v2323(4), 323-351.

[68]Shabayek, A.A., Yeung, W.W., Effect of seasonal factors on performance
of container terminals, Journal of Waterway, Port, Coastal, and Ocean
Engineering, 2001, 127(3): 135-140.

[69]Taha, H. A., Operations research — an introduction, Sixth edition, Pren-
tice-Hall, Inc., 1997.

[70] Taniguchi, E., Noritake, M., Yamada, T. and Izumitani, T., Optimal size
and location planning of public logistics terminals, Transportation re-
search part E, 1999, 35(3), 207-222.

[711Wanhill, S.R.C., Further analysis of optimum size seaport, Journal of the
Waterways, Harbors and Coastal Engineering Division, 1974, 100(4), 377-
383.

[72]Wanhill, S.R.C., A study in port planning: The example of Mina Zayed,
Maritime Studies and Management, 1974, 2(1), 48-55.

[73]1Yamada, T., Frazila, R.B., Yoshizawa, G., Mori, K., Optimising the han-
dling capacity in a container terminal for investigating efficient handling
systems, Journal of the Eastern Asia Society for Transportation Studies,
2003, 5(1), 597-608.

[74] Zrni¢, N. Dj., Some problems of modeling the complex transportation and
storage systems, Scientific Review (Serbian Scientific Society), 1996, 15,
107-124.

[75]Zrni¢, N. Dj., Dragovi¢, B., Radmilovi¢, Z., Anchorage-ship-berth link as
multiple server queuing system, Journal of Waterway, Port, Coastal, and
Ocean Engineering, 1999, 125(5), 232-240.

76



Addresses:

« Prof. Dr. Branislav Dragovi¢, University of Montenegro, Maritime Fac-
ulty, Dobrota 36, 85330, Kotor, Montenegro, branod@ac.me

e Prof. Dr. Nenad Dj. Zrni¢, University of Belgrade, Faculty of Mechanical
Engineering, Kraljice Milene 16, 11120 Belgrade, Serbia,

nzrnic@mas.bg.ac.rs

77



