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I. Introduction

An operational problem that is encountered by shipping
companies on a regular basis is the provision of extra PthY
containers at the various ports in order to cushion he
impact of the daily demand of exporters for these empty
containers. These extra containers are here referred to S
the empty container buffer at the port. To maintain an
acceptable if not optimal level of the inventory of these
empties, it is necessary to balance their supply in a
multiport itinerary based on a repositicning strategy. Thus
termination of cptimal
h port and the determination of a strategy
ng emptiﬁs in an itiner 3 ep the buffer

near optimal level.

T

a twofold problem exists: the de
et

m of empty anta:ner management
the high ¢ of acquiring, mai

porting containers. AIJO the op ty cost of
to other ina supply of

be
measure of the acquisition Edmond
hright (1976) show that in the c 2 TEU ship
three sets of containers, annual tal hsx;es are
containers and 72% ship. Since the dethrm ation of
mal buffer sizes and the optimal repaositi Dnzng strategy
‘vec*ly affects the decision on the number of containers to
‘his research can prov to be wvaluable in an

blem of empty equipment management exists not only ih
[ shipping but the rail and truck industries.
While extensive lite exists in the case of the r’:?,xl
and truck industries. = little has b written about the
problem in the case of container shipping. Dejax and
Crainic (1987) in a survey paper. find it "surprising" that
the latest methodeoleogies for the rail and truck modes have
not been employed in oo 2]

wusing t!‘.("—
and

the acronym for twenty equ lent units or the standard

ong container. A 40 ft long container is equal to two
Thus a 1200 TEU ship can carry 1200 X 20 Fft long
containers or 600 X 40 ft long containers or any combination of
40 footers and 20 footers that is equivalent teo 1200 TEU’s.
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Petukhov (1974) build a dynamic model and propose a solution
by means of a network optimization algorithm. Florez (1986)
builds a dynamic transshipment network solved by two
alternative linear programming algorithms. All of the above
work do not consider the stochastic nature of the flow of
containers in an itinerary and do not shed light on the
question of optimal buffer sizes.

In a very recent work, Ireland (19%1) uses discrete avent
simulation to compare various strategies of repositioning
empty containers in a simple mutiport container service. He
uses arb1trar11y chosen sizes of empty container buffers and
acknoy "a method must be found to optimi

size rs." The optimization of buffer

a gap garch aims to bridge.

Secti paper describes the simulation model that
was CD":tIUCt d to solve the optimization problem. Section
111 discusses an illustrative example of the application of
the model. Section IV gives the conclusions of the study.
References are given at the end. All Tables and Figures
are placed at the end.

Simulation model

A. Assumptions

oters and 20—
40-footer cannot be




4.

m

substituted for two 20-footers and vice-versa. This
assumption implies that the model can be run either
for 40°s or for 20°s but not simultaneously.

The ships call on sach port on
the current practice of major

The re hmen requirements of
always isfi THF source por
reguired numb

sink ports a
these replenishme
ideal situation f
have to be dealt
of the entire

report.

port from
to come.
demonstration, this assumption will not
basic nature of the results. In a particu
operationg however, the schedule of replenishs
will have to be factored in.

Import containers always return to port empty. i.e.,
no shippers unlead and load a container van in a
single round trip from port to hlnteflch and back to
the p 1f this assumption were not tt a

certain pplication, the accomodation of
cituation into the simulation model can be simply done
if the percentage of the shippers who unleoad and 1

timated fairly accurate

in the same trip can be

then tﬁ‘z
the medel.

If there is a demand of an expcrter for an
container that cannot be satisfied, a situation term
"stockout" exists. In this research "stockout" is
used to mean the number of orders that are not filled.
In hie case it is assumed that the customer is lost




to the competition. Conceivably, it may happen that
the customer waits for next week’s sailing. Such a
possibility is not considered here Neither 1is the
possibility of leasing a container to fill an order.

9. Seasonality of cargo volumes is not considered here

et
although such can be very readily accomodated in a
discrete-event simulation model.

Container flows

s

Figures 1 and

2 show schematically the flow of conta
at a sink and a source port, r

1
espectively.

For a sink port, a ship comes in be ing im
replenishments of empty containe The repl
immediately go to the buffer upen arrival. The Ja]
get unloaded by the importers and are sent back Y
the buffer. This movement of the container =]
n amount of time and is here called the "emptying
Prior to the ship®s arrival, empty containers ar

by exporters from the buffer in a random
et back to port long before the ship’s
tored in the port along with the other




Items 1 to 5 may be said to
tim as defined before while
constitute the "filling time".
times are affected by the
conditions of the country in

be taken

emptying tis

port with

coming back

2. an import
importer

=
t

gat

1. Storage cost

This is the cost incurred to the system by the storage

¢ 4
on empty containers in the terminal. If the shipping




company does not own the yard, this item can be
quantified as a daily rate for each container.

Lift cost

Lift cost is the cos
loading containers o

of unloading containers from and
o a ship. charge

iregardl ight

“art
ot

Transit cost

st refers' to the sum of daily d
costs and fuel costs. This cost is
as the cost of transporting one tonne, ocne
transporting an empty container, 13

costs" must be applied when the p
displaces a loaded container. If it io
nal costs are appliad. In this
c invariably applied

n to be the marginal

e
one additicnmal empty

Lost revenue cost

ad o
ed L=}
when

of




E. Optimization

3

The optimi *é;inr
of minimizin

fer size.
case increases
cost, 1lift :
revenue cost
increase bec
only through high
of a source por
shipped away per

F. Flowcharts

w the flowcharts for the main p
‘hs three event routines. One itera =

simulation run in which a certain length
determines the termination of ther
ratior a total annual cost is
of iterations the average and v
cost is updated. The variance b
stopping

levﬂl

tle for the simulation.
2nce that the

S Or minus

The flow of a single iteration itself follows
practice for the conduct of discrete event
ation

0 Zero




1. A ship calling on the port;

2. Return of import containers to the buffer;

. Customer orders for empty containers.

is the next to occur, the routine
Three activities generally happen

If an eve
for even
in the

buffer

wence of future event

the times of occ i
next event of type i.

ting the time to t

returned to the

sS1m

7

G. Frogram details

1. Statistical counters

\ghout
length

the




replenishment
the total number of
the

18]

. Cost items

e

revenue = annual stockout

ave revenue/container

Replenishment schemes

where the preobability di
bles do not change over the
ulation, an approach using average buffer

appear to have no basis. For this study

4




I11.

replenishment is taken to be the difference between the
target level and the current level. If the latter
exceeds the former then the replenishment is taken to be
zZero.

The replenishment arrives a week after the need is
determined, at which time the level of the buffer could
have significantly changed. Still, there is some merit

to the above approach in that
level of buffer now mora proba
ek from now.

rison purpo

relatively speaking a lower
level a

bly implies a lower

1. Constant value This is
based on the s the average
of the buffer to a smaller
interval of va

2. ment equals the number of expart

s minus the number of import containers.

meant to kee the total number of

s, full and empty, nstant in a port n

1 erland. The preblem of a one-week lag also
s in this case.

Numerical example




For the sink port:

Container emptying and filling time

ibution of time
ied and for an exp
is b

The probabili

ased on date
They give a mean
and leaving port) o

It is here assumsc
emptying and the
age emptying time

Y S

an additional day i
assumed time when the contai
be picked up. Thus th

storage wai

pushed up

While the Erlang distribution is here used, it may be
noted that in some other applications the generation
of emptying and filling timez may be based on

histograms of actual observed times.




3. Cost items

Data on costs are also
If X is one unit of cost, then:

: 0.7 X
111.0 X

e only relat
Note that tr
be merged wi
both are involy

iners as re
ainers as rep




Results

The results for the sink port are shownin Tables 1 and 2.
These data are graphed in Figures 11 to 15. The results

the source port are shown in Table %, on which are
ed Figures 16 and 17

For the sink port Table 1 and Figur
results corresponding to the use
and Figures 14 and
constant level of weekly repleni
Table 2 also shows the results i
scheme is to equate replenishment to

di

level. fable 2

f
repleni :h"‘ ant
difference of

ion

expert and import containers as sed in
TTwHs
Attenticn is first focused on the nort
target £ lavel. NDtm that all graphc
s=moocth pacted, average buffer size incre
targe while stockout exhibits the DDDD:
yon get buffer of 100 containers the
ekl replenishments beﬁam-; essentially fla
inci h  the region where the graph of
1F far becomes bigger and essentially
e bigger increases in a
replenishments also drops
Figure 12, the
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Iv.

Conclusions
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Table 1

RESULTS FOR A SINE FORT
USING TARGET BUFFER LEVEL

Table 3

LTS FOR A SOURCE FORT
TANT NUMBER OF EXCESS
FED AWAY EACH WEEK

EMPTIES
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IMFORTS

REFPLENISHMENT

EXFORTS

EXFORTER

Figure 1

CONTAINER FLOW IN A SINK FORT




EXFORTER

Figure 2
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INITIALIZE AVE AND VARIANCE
OF TOTAL ANNUAL COST

INITIALIZE AVERAGES OF COST ITEMS

g

SET SIMULATION CLOCK TO ZERO

INITIALIZE AREA UNDER BUFFER SIZE,
TOTAL STOCKOUT & TOTAL REFPLENISHMENT

INITIALIZE EVENT LIST

CALL TIMING ROUTINE TO
DETERMINE NEXT EVENT i

ADVANCE SIMULATION CLOCK

Iﬁ CALL EVENT ROUTINE i

SIMULATION RUN

UPDATE AVERAGE % VARIANCE
OF TOTAL ANNUAL COST

UFDATE AVERAGES OF COST ITEMS

is NO
STOFPFING RULE

SATISFIEDZ

YES

PRINT OUT COST ITEMS,
AVE BUFFER SIZE,
STOCKDOUTS &
REFLENISHMENTS

L____./

Figure 3

MAIN FLOWCHART




rﬁ UPDATE AREA UNDER BUFFER SIZE

B}

l ADD REFLENISHMENT TO EBUFFER

l

GENERATE NUMBER OF IMFORT CONTAINERS

GENERATE TIME TO RETURN TO BUFFER
FOR EACH CONTAINER

GENERATE NUMBER OF EXPORT CONTAINERS

GENERATE TIME OF CUSTOMER DRDER
FOR EACH CONTAINER

DETERMINE THE AMDUNT OF REFLEN
FOR NEXT WEEK®S CALL ON FORT

UFDATE REFPLENISHMENT

ISHMENT

[ SCHEDULE EACH TYPE OF EVENT

—

RETURN

Figure 4

FLOWCHART FOR THE EVENT:
SHIF CALLING ON FORT




UFDATE AREA UNDER BUFFER SIZE

.

INCREMENT BUFFER SIZE BY THE
NUMBER OF RETURNING EMFTIES

|

SCHEDULE THE NEXT RETURN OF
IMFORT CONTAINERS INTO THE BUFFER

RETURN

Figure S

FLOWCHART FOR THE EVENT:

RETURN OF IMFORT CONTAINERS INTO THE BUFFER

UPDATE AREA UNDER BUFFER SIZE

UPDATE STOCKOUT

I DECREMENT BUFFER SIZE BY THE

L NUMBER OF CUSTOMER ORDERS

! SCHEDULE THE NEXT CUSTOMER ORDERS
L FOR EMFPTIES

S EEEL

FLOWCHART FOR THE EVENT:
CUSTOMER ORDERS FOR EMPTY CONTAINERS




FIGURE 14
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BUFFER SIZE
(NO. OF
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LENGTH OF SIMULATION

Figure 7

AVERAGE BUFFER SIZE
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FIGURE 12
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