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ABSTRACT

Experimental design in simulation provides an efficient
way of economizing simulation runs since a considerable
number of simulation runs that originally were planned can
be reduced by this approach. This experimental design
method is an active area of research together with the
output analysis and so no single panacea seems to exist so
far. Thus, selection of techniques of experimental design
and output analysis more likely depends upon the objective
of simulation analysis, budget constraint and sometimes
the analyst’s subjective judgment. This paper attempts to
describe an experimental design methodology for port
investment analysis using a case study in a bulk terminal in
Korea. Detailed display will be focused on simulation
period, warm-up period, the number of replications needed
in production runs after brief explanation on the system
configuration..

1 INTRODUCTION

In simulation, experimental design provides an efficient
way of economizing simulation runs since a considerable
number of simulation runs that originally were planned can
be reduced by this approach.  Carefully designed
experiments are much more efficient than ‘hit and miss’
trial runs that are made for a full number of different

configurations unsystematically only to see what happens.
This experimental design method is an active area of
research together with the output analysis and so no single
panacea seems to exist so far. Thus, selection of
techniques of experimental design and output analysis
more likely depends upon the objective of simulation
analysis, budget constraint and sometimes the analyst’s
subjective  judgment. This paper describes the
experimental designs before production runs using a case
study..

2 CASE DESCRIPTION

The Port of Pohang is located in the southeastern part of
Korea at latitude 36° 02' N and longitude 129° 26' E. The
main function of the port is to provide the steel-making
company, Pohang Steel Co. (POSCO), with the facility to
jmport raw materials such as iron ore and coal for
processing and to export the finished product, steel. This
port system can be graphically presented as in figure 1.
This figure shows that the ships assigned to the berth 10
can either leave the port after completing cargo works or
be shifted to one of the berths 11, 13, and 14 and
reberthing, stevedoring for the remaining cargoes and
leaving the port should be continued.

Figure 1. The Queueing System in the Port of Pohang
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The frequent shifting implies that there might be need to
expand the berths (build another berth or enlarge existing
smaller berths) or at least install Jarger unloaders in berths
11, 13, and 14. For instance, the berth 11 seems to
accommodate 250,000 dwt vessel if the 2,000 ton
unloaders of the same capability to that of the berth 10 are
installed since water depth is already enough for that size
vessel. In fact, the POSCO considers these alternatives in
the future and the question is how many unloaders and
berths should be installed and built or enlarged,
respectively and how will these changes of the system
affect system performance and how much cost-saving will
be incurred. Therefore, each alternative should be
evaluated in comparison with present system by the
simulation model and the seemingly best choice should be
recommended.

3 EXPERIMENTAL DESIGN

3.1  Alternative Configurations

To begin with, alternative configurations should be thought
in port planning of the Port of Pohang. The possible
alternatives in improving the port performance can be
provision of additional equipment and/or berths and/or
different port operating policies. The first alternative in
improving the port efficiency seems to be replacement of
the two existing unloaders in berth 11 by bigger unloaders
as big as those in berth 10 (2,000 tons per hour). The
replacement will enable berth 11 to accomodate up to
250,000 dwt vessels since the water depth in both berth 10
and 11 is 18 meters and berth 11 has only smaller
unloaders. This alternative can even be divided into two
options like one additional unloader and two additional
unloaders. Another alternative can be expansion of the two
existing berths 13 and 14 into bigger capabilities, one at a
time. The third alternative can be a policy variable in
operating the port. Of the possible policy variables, the
shifting decision seems the most critical decision in
affecting the port efficiency. Therefore, whether vessels
will be shifted or not will be also analyzed in connection
with the provision of unloaders and berths, respectively.
Putting the alternative configurations another way, the total
space of alternatives are three dimensional: first, unloader
dimension: second, berth dimension; third, shifting
dimension. The unloader dimension has a value of two
choices (one unloader and two unloaders) and the shifting
dimension has also a value of two choices (shift ‘yes’ and
‘no’). The berth dimension can have a value of four
choices in terms of the number of the 250,000 dwt berths
ranging from one berth (existing system) to four berths
(three berths expanded). This configuration is presented in
the following table:

Table 1. Dimensions and ranges of alternative system

configurations
Dimensio | Range Remarks
n
Unloader | (1,2) no. of 2,000 ton/hr
Berth (1,2,3,4) | no. of bigger berths*
Shifting (Yes,No) | from bigger berths to smaller

berths

Note: bigger berths* refers to the same size of existing berth 10,
which can handle up to 250,000 dwt ships..

The table shows that there are 16 different configurations
from multiplicaiton of the each range (2*4*2). Of these, if
we put the configuration with a set of three elements, for
example (el,e2,e3), where el refers to the value of
unloader, e2 refers to the value of berths and e3 refers to
the value of shifting, then (2,1,Yes) is the existing system
configuration. For each of these alternative configurations,
decisions on initial conditions, lenth of warmup period and
simulation period, and number of replications have to be
made prior to production runs. Some of the decisions can
be derived from the outputs of pilot runs

3.2 Major Decision Points of Experimental Design

The experimental designs are planned considering the
following respects:

First, the simulation should terminate in a certain period,
whereby the period should be determined by the economic
life span of major assets such as handling equipment and
quay wall structures. In general, a terminating simulation
is one for which there is a “natural” event E that specifies
the length of each run whereas a nonterminating simulation
is one for which there is no natural event E to specify the
length of a run. [1]  Although the port system can be
continued perhaps for an enormously long time unless its
commercial function becomes obsolete, the simulation
model is run mainly to be used for the cost-benefit analysis
later and so it should have a life span of project in order to
compare the results of proposed systems with that of the
existing system. The life span of the project is usually
determined by economic life span of key assets and the key
assets in the alternative configurations are the unloaders
and the quay wall structures. International standard of the
life span for the berth is more likely forty years and the
simulation run period should be forty years as is usual case
in port investment appraisal.[2]
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Second, the warmup period and initial conditions should be
determined based on the outputs of pilot runs. Although
the simulation model is defined as a terminating model due
to the simulation purpose, the nature of port system is more
likely to be steady-state once new systems are adopted and
operated. The steady-state means that random variables
will have the same distribution regardless of the time lags.
In other words, the steady-state means that turnround times
in the port tend to be approximately stationary regardless
of the time passage. This is because the demand for the
iron ores and coals are almost fixed by the fixed capacity
of the furnace of POSCO, annually about seven million
tons and there is no further plan of expanding the capacity
at present. Thus, if the new systems are operated, the ships
will stay almost same hours on average, for example every
year, regardless of time passage. In simulating the
alternative systems, the warmup period until reaching the
steady-state should be excluded in calculating the system
performance and the condition just after the warmup period
should be the initial condition. This warmup period can be
observed from pilot runs.

Third, the number of replications depends upon the goal of
simulationist to achieve the accuracy of prediction or more
specifically his/her wished confidence interval. One
approach is to run the model arbitrarily chosen number of
replications and then calculate the mean value and variance,
from which the confidence interval is calculated. This is
called the fixed-sample-size procedure. [3]  The other
approach is to set a specified precision and then necessary
replications for obtaining this precision are estimated from
the mean value and variance of pilot runs. Irrespective of
which approaches to choose, certain number of pilot
replications should be made essentially. ~ Complete
procedures of replication numbers can not be fixed at this
stage but can be more clearly determined during the output

analysis.

The pilot runs were conducted paying attention to these
three respects. The existing system was simulated for forty
years twenty times of replications, chosen arbitrarily and
the warmup period was analyzed by moving average
method.

3.3 Results of Experimental Design
The result is as follows:

First, existing system was simulated for a year to analyze
the warmup period. One hundred and seventy five vessels
were simulated for a year from the interarrival distribution
and the ships’ turnround times were extracted. Then
calculated were moving averages of the times, which is an
averaging method of neighboring observations in a series,
moving through the path of the series. [4] The exact
formula is the following equation.
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where, w is the window and is a positive integer such that
w<=[m/2].

The author attempted to have moving averages ranging
from a value of w=1 to the last value of w, plotting the

Figure 2. Moving average of ship times
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moving averages on the XY plane. Each time of the
plotting, the author carefully observed when the moving
average converges by increasing the window value by one.
Figure 2 is the final output made by w=37.

Although figure 2 is not completely smooth one, it shows
that the curve seems to converge from somewhere around
the tenth vessel. This implies that the transient period in
the simulation might be up to ten vessels for warmup
period and these first ten vessels from the beginning of the
simulation should be excluded from the calculation of
necessary statistics. Therefore, all the first ten vessels in
each alternative system are excluded for the analysis.

Meanwhile, the existing simulation model was run for
forty years as the maximum run period and twenty times of
replication in order to check the confidence interval from
the pilot runs and so to check how many replications are
needed in production runs later.

As a consequence, the mean value of ship turnround time
in each replication was calculated for (the 175 vessels per
year)*(forty years)=7,000 vessels and the expected mean
value of ship turnround time from all twenty replications
and the variance were calculated. The expected mean
value was 103.4707 hours and the variance was 29.14387
hours. For this mean value, an approximate 100(1-o)
percent (0<a<1) confidence interval is given by

S*(n)

mean| }(n) ] ¥ tntran

where, n: no. of replication; S2: sample variance

29.14387
20

. 103.4707 % 1190075 =103.47£2.53

The confidence interval is very narrow and so it is more
likely that ships in the existing system will stay in the port
about from 100.94 hours to 106 hours with ninety five
percent probability. What is more important from the
narrow confidence interval is that we do not seem to need
any additional replications due to the narrow variance. If a
certain precision has been specified, let’s say an absolute
error of B or a relative error of y, an approximate
expression for the total number of replications required to
obtain the absolute error and the relative error can be
referred to from the literature. [5] Since the confidence
interval is very narrow in the pilot runs, twenty replications
seem to be enough number and therefore are chosen as the
replication number in production runs.

The findings from the pilot runs are that ten observations
from the beginning of simulation should be considered as

- warmup period and twenty replications are deemed to be

enough to obtain a satisfactory confidence interval of ship
turnround times. More accurate replication numbers can
not be decided at this stage but can be done in the output
analysis later. The production runs are carried out based
on these findings for each alternative configurations.

4 CONCLUSION

This paper attempted to describe an experimental design
methodology for port investment analysis using a case
study in a bulk terminal in Korea. Experimental design
techniques have been focused on simulation period, warm-
up period, the number of replications needed in production
runs after brief explanation on the system configuration..
Simulation techniques become pervasive in maritime
industry thanks to rapid development of computer industry.
In spite of cheapness of computer technology , carefully
designed experiments are much more efficient than ‘hit and
miss’ trial runs that are made for a full number of different
configurations unsystematically only to see what happens.
This experimental design method is an active area of
research together with the output analysis and so no single
panacea seems to exist so far. Thus, selection of
techniques of experimental design and output analysis
more likely depends upon the objective of simulation
analysis, budget constraint and sometimes the analyst’s
subjective judgment. This paper is a part of a whole Ph.D.
research of the author so more details of the whole study
can be referred to from the dissertation. [6]
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