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ABSTRACT
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A digital computer simulation model is built for
the maritime transportation network that may contian
transloading points of cargo. The model serves as a
utility tool for testing certain designe, system
configurations, or the implications of prespecified
policles. A hiph degree of modularity, segmentatiocn,
and hence flexibility is achieved. The model was
tested and validated on tne ICL 1900C. E computer and,

is presented here in considerable details.
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SIMULATION MODELS

Hodel building is usually associated with the following
. two objectives :(%;‘“5J | _ | _ '
1+ Po be wble to predict performances before thé Byastem is
- built. |
2= To have apsurapce that the system design selacted is
optimal in terms of the design criteria edopted.
Thug,model building is oftenly carried out to provide
ipferences about the real system through experiments conducted
with the model. '
Bepressotation of the system by a pﬁysical model, either
in the form'uf #cale or an analogue.model ia.usually time
Ieonaduiﬂg aod expensive, snd there is no nﬂiurince that other

dedigns. pot scoaidered, would not be suparior.
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Apn slternative to physical models is mathematicsl models,
which often permit the application of apalytical techniques for
determining optimal design, but mathematical models usuﬁily
have the following limitations :-—

1- They usﬁally have impliei% sssumptions, normally tailored
o' £it certain specified applications. For exsmpie,
linéar programming formulatlions for transportation models
are based on the assumption that only a single type of

" commodity is being shipped * '/, This would restrict
the gpplicability of linear programming in a multi-
comnodity flow euvironment such as the maritime trans-

pertation sector

2~ When an attompt i85 made to modify the underlying assum-
ptions %o 1lncorporate more relevant factors, the model
ueually gets too complicated %0 be solvable with. the
- availeble algorithms. For example certain sttempts have
 been éarriéd ont to develop relisble algorithms for the

‘cage of multi-commodity non-linear cemeave cost function

Fi !

‘petworks ‘., - Usually conclnsions arrived at through
eomplicdted mathematical procedurses are hardly conceivable
by'top'mgﬁagemﬁnt.

3-__Furthérmofeg mathematical models cannot be relied upen in

the design of ipformation-feedback scheduling and opera-~

tione rules. For example, the scheduling procedure for



a freighter transport fleet prepared several months
ahead, must take into account cargo demands at various
ports, ship capacities.and speeds, uncertainties due
to delays and port congestion. Nany shipping lines
that own a large fleet of vessels must reschedule
daily as they receive more éccuraté inforﬁation about

uncertain svents - .

Ip addition to these limitations and upon dealing with
complex systems, mathematical models méy become very difficuls
and can alternmatively be.replaced by—numerical-téchniques.to
determine the changes in the systém resultiné’fDOm events:?”;u
This technique is digital computer simulatioﬁ and is parficu—
larly valuable for studying systems in which model relation-

ships are stochastic.

System simulation has prdved to be .a powerful tool in
dealing with and analysiuz complex tramsportatiom networks.
Through gimulation, it is possible to establish a wmodel for
shipping operagtions which permits feedback of dynamic para-
meterswaffecting_tha optimum requirements of desigm for future
replacemant vessels. A performance criterion could be intro-
duced which wight include physical, operational, human as well

as economic factors.

The technique is most suitable for the maritime trans-

nortation sector. The dlversity of problems encountering the
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sector and the relatively wide varistion of routing, scheduling
and allocation decisions to be taken requires an equally flexible
tool to cope with these many tacets problems when attempting wu
determine the consequencies in any Specific case whatever
reasonable agsump;iqns reduired are made to_gét a reasonable
answer from whatever description of the problem is at hand. 1In
other words, the assumptions and techniques for solvipng the
problem can be tailored to each case. When, however, this task
is to be fefarred to an electronic computer, these assumptions
have to be made beforehand, and they have to be reasonable for
a sufficiently wide range of problems to justify the effort of
coding end computations (-9 Moreover, the format end des- |
cription of the problem must be set forth beforehand, and again,
nust be flexlble enough so that =& reasonably large number of
problens can be described and that every problem "can . be

worked dozens of times.

In applying a simulation technique, an immage of thQ
system is produced in the forw of a set of numbers that irepre-
‘sent the state of the system, and a complete program is written
embodying the relationships controlling the changes of state
in the system (#1>° The genersl operetions of a simulation
program are roughiy the géneration of inputs, the determ;nation ’
of the next event and whether it can be executed, the changes

in state which occur from an event, and the genreration of output,
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The general programming tasks corr95ponding-tofthegglope:ational

are the generatlon of data, Scannlng of -eyentis, logical testing,

update and creation of tables, and the computation of statistics

and their organization ip a report. 1In constructing the model

gpd program, efficient use of memory space and simulation

-

processing time are very important.

Simulation models have besen successfully apéliéd
in the maritime as well as in other monS'of_t:ansportationa'
Variablaes such as : proposed vessels, ship characteristics,
fleet replacements, route étructupea, level of service, cargo
offerings, and‘saasonal variations ars included and evalwated
in. the models..: As.sn example a maritime simplation model was

- \"..'/

developed to servs three 1nterrelated taskS<.

1- Study selected trade routes to define operational featn

that might be incorporated into new ship sjstem designs

e s
L, 3

a

tion

2- .Use ganerated inputs to develop a mathematical simulati

model of merchant fleet operations.

3- Analyzing world-wide maritime and comnecting inland trans-

portation links,

A second example is furnished by a medlum range freighter

fleet simulation model ’;. The model is a determlnlstic Qne

and has been used prinecipally as a device for scheduling rather

than leng-range planning. The model was used with little
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. modifications to aseist in the study of the effects on proflt
of foreing ships Yo delay in porﬁ fcr_addiiional~caggol
~offerings, and thus incresse-voyage ubilization. 'IE hes
aiso been employed io the invaspigation pf the fleet position
egeinst proposed large scale competition in the centerned

In 1969, the U.S8. ﬁapartment_of:Gpmﬁgrge_bﬂilt a

}

simulstion model to analyze the traversal of defipned trade
= . i " :
. resd Gt )
routes by diversily designed vessels " "7/, Tt.was also
used to appraise the effects of variations in speed om the

profit mergin.

in the fTollowing chapters, the simulation technique
ie appliad in & novel development of = model for the
Zgyptisn Fleet anits operations. The model, 1s rather a

utiiity deviee intended to suit a wide variation of purposes.
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MODEL DESGRIPTION

[ |

Zel - INTRODUCTION

- In this chapter we shall be concerned with developing
a model simuletling the movewment of csexrgo over a complex trans-
portation network that may confaln transloading points and ib
which several different types of transport ships may be used.
A8 indicated in Chapter 7, the model is intamd&d for rationa-
lizing declsions concerning testing certain.designs. system
configurations, and the lmplications of prespecified policies.
This entalls decisions relating to growbth, routing, fleet
composition, ship capacliiy, ...ete. The attainment of the
desired model flexibility is aschieved by coﬁatructing a simu-
lation model which iz not oriented towards & specific corporate
situation. For this reason the "format" of the description of

the problem must be set iu sdvance, and lisble to accommodate
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a reasonably large number of problems that can be described and
worked severel %times. Thus, the user will be able, ander tie
necessary assumptious and good quality input datz requiremen.,
to undertake s series of experiments yielding quantifiable

results amenable fer statistical analysis and inferences.
2.2 — DESIRABLE FEATURES OF THE WODEL

Uporn the development of a simula.lion model of this
urzally one is confronted with two factors, rather contra-
dicting ; the;.zxé s+ the incorporation of much detalls to achisve
the grestest possivle deal of realism,asnd %0 kKeep 3;? model
fairly away from irrelevant complications. In the present modsl
a compromise betwsen the above two factors have bLesn made i
such a way that only those features of direct bearing on tha
problem are incarpoﬁatadu Of the desired features, the two most
important ones are: coptainerization and tranéshipmcﬂt of Ccargo.
The importance of these tﬁo features stem from the fact that the
first 1s a possible development for the BEgyptiap fleet Wl 1le %he
second has special significapce to the integration of fleets
the Arab Confederation. Each of these two features is discussed

in the following sectlions.
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3.2.1 - Containerization

Coptainerization of commercial cargo is being now
undertaken all-over the world on large szcale and certainly it
is timely for Egypt. A strong trend is now calling for the
necessary measures to catch up with the new technique belng
hailed as the blggest thing in maritime affaire ip the last
20 years {90”104). Preliminary measures have already been
taken gi Alexandria port to deal with container ships.

The Technique is developed to reduce the serlous
impediment to cargo handlings introduced by the heterogsneous
nature of dry wixed cargo and increase thelr efficilency. The
method scquires its greatest advantage from integrating
several Gransportation modes including trucks and railroad
cars, Tne actual discharge of the cargo takes place at the
final destination of cargo. Containerization promises an
increased rate of handling with copseguent lower costs and a
decreased turparound time. Further, it significanvly reduces
the paper work which is, otherwise, required. Containers

guard against pilferage and provide protection amgalnst damage
and weather.(go)., They are sufficiently sturdy to be used
as temporary storage.

On the other hand there are several disadvaptages which

might handicap containerization -advantages. Chief among these

are cosgts of purchasing, maintenance, and returping the epmpties
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(when necessary). Other disadvantages are contalners dead-
weight and the inside lost cubic Space due to imperfect £it.:
Special handling equipment may be required. Finally, present
tarrifs and custom regulations pose special problems.
However, efficient management, good scheduling and tight

sentrols will be the deciding factors in the system.

Due to the fact that complete switching to container
ships pight not be feasible in Bgypt at the early stages,
provision has been made in the model for having some container

holds among the ship holds. Hntire contaiper ships are,

however, possibls to e dealt with in the model.

Considering containerization, three major decisions

nave to be taken about
l. The size cf the container, relative to certain
Standards, '
2. The number of the container inventory, and,

3. The allocation and scléduling scheme along the
trade route.

In the developed model, no attempt has been made to impose a
particular technique of scheduling and allocating containers
%o the‘system ports because such attempt will depend on the
real copnditicns upon aspplication and any assumption in this

conhection may impair the flexibility and generality of the

model.
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An input arrsy INVCO(I) is provided to be read as system
data giving the initial containzr inventory at port (I). Hach
time a container ié filled or emptlied, containmer inventory
of the given port is updated. Contalner inventory is considered
tc be those ewply.containers ready for filling with cargo
originating from this port. Transshipment containers whether
loaded or dischargsd have nothing to do with container inventory.
On the other hand any final destination container discharged
from the current ship will incresse the container inventory at
this port., This is zmot done 2t once since dischargéd contalners
will peed sometime to be empti~d =nd ready for new shipments.
Thus an assuwpption is maue that discharged containers are
agcunulated during processing ol a gilven snipland are pilled up
to the portis inveantory at the =nd to be available for subse-
guent events. Contmincr ihventory at system ports is displayed
on the monitor at speciried simulaticon intervals in subroutine

CARGO. TWo shipment c¢f ernpty contalpers is cowsidered by the

model,

.2.,2 ~ Transshipment orf Cargo

i
‘ Shipment of cargo vetweei tne origin and destinsgtion
ports may oot occur 1n a single voyage. There may be one or
more transshipment ports a2t which cargo 1s to be discharged

for Lurther shipments by other ships calling at such ports.
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Accordingly, two types of transportation service could be

distinguished; a single and a feeder line service (118).

In a single service cargo moves directly from criging
to destinations, no transshipment of cargo through an inter-
mediate port is involved. o

A feeder line service usually exists if the network
includes at least one transshipment port. This concept has
its practicallmerits which enables wide latitude in'planniﬂg
and integrating transportation policies, The concept is
best illustrated by ths pnetwcrk configuration shoﬁn in
Fig. (£.,1). Such a network is charsdcterized by a set of
ports clustering to each other, due to ggographical features
into two main groups separated by a relatively wide distance.
The application of a feeder line service to such a networl
might yield favourable results. Instead of operating the
fleet units alloﬁer the whole npnetwork, it might be more
economical if these units were operating within ports of each
group with one br'more ships running in a shuttle service
between two transloading poilnts in each.group ag suown in the
figure. The main ideé applies also for the integration ot
two fleets operating within the same groups., Moreover, the
concept might be extended, witch wminor modifications, to study
the integration of different wodes of transportation such as

~an inland railway feeder netwsrk with a waritime networi wiere
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2nd. group s Shuttle service 1st. group )
o - %J
////{ Along this line

“___________...—-—' a
Y Y

2nd, transshipaent 1gt. transshipment
port - port

Figure 21 : Concept of a Feeder Network

N



the exporting ports are considered as a transloading point
of cargo. ‘ ;
e madel, developed Ln Ehis sty Ay cEha £lexibility
of optional capabilitf of simulating.ﬁnth single and feeder
line services, |

2 .3 - DESCRIPTICON OF THE CONCEPTUAL SYSTEM OF THE MODEL

e i Wl T3 oy A A S W W e ) ) Ml et il e S i e S e T et Sl

Prom the presentatlon given in previous.chapters, the
systenm simulated in the devaeloped model is depicted as g
maritime environment composed of a.netwgrk of ports and a
commercial fieet engaged 1n tre movement of cargo among
these ports. The fleel urits might belong to one or more
sorporations, They run slong predefined navigation rbuteé
that are specified =mccording to aoﬂference,:geographical or
other consideratlons.

Ports are arbitrar.ly olassiried into NODES and

) {1
SUPERNODES <++87

Wodes eve defined as origin and destinag-
tion of cargo whiie supernodes, in addition to these charac-
téristics have the Turtier capebility of accumﬁlating cargo
for further shipments, Cos or vwo supernodes might be
avallable in the systeuw.

Ships, ip tuarn, are classified into REGULAR and EXFPRESS

(118)0 A regular ship

ships according to thelr itineraries
calls on both nodes and supernodes while express ships

call only on superncdes.
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Cargo considered in fhe system is classified into
three main ecategories : container, break bulk, and bulk
(liquid or dry) cargo. Bulk cargo is of a continuocus type
that does not necessarily nesd packing such as crude oil
and graiﬁs. This type of cargo i1s handled more easily, if
not packed, due to the use of special machinery in both
loading and unloading. Break bulk cargoes are those
continuous cargoes that are pacled in small packages such
as cement sacks.

Cargo is stowed in the ships in internal holds., A
hold is a rectangular parallelepiped that is aivided into
spaces of equal volume and weight capacities referred to
as standard spaces. The holds carry only those cargo
compatible to it. XFor a contziner hold, the number of
standard spaces is egual to the contaiher capacity of the
hold. A bulk hold is considered to be of a single spacse.
It should be noticed that these maln groups might entail
further subgroups. For exampl: container spaces might
include dry containers, Tresh products in refregirated
containers, cr o0il in Spécial tenk-like containers. Bulk
cargo might be subdivided into Liquid or grain ... and so
torth.

A break bullz hold is depicted To have successive
layers or decks. Spaces within éach deck are divided into

hatch and wing area spaces, (Fig. 2.2). Hatch area spaces
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re easily aceessible to the curygo handling crapes. On the
rontrary, cargo in wing eress. wugst be removed to the hateh

of The same decl: befclw being accussible to the crapes.

ﬁoﬁtainers are étowed in slacks or columns,.break bulic
in standard spaces. Bach stundzrd space contains only cargo
ol the swae commodity tType and attribubes. Eulk cargo is
stowed in a single spacé hold or vrak. Bulk shipments are
dever miwed. If a liguid shipwent pertially £1ills a tonk thew
11 ofther bulk 1s exeluvded.

Fach ¢hip has an itinerary which is an ordered list of
ports called arranged accoraiug to their visiting order.
Lelweed any two perts, the ship will sell at a certaln nominal

vl owhieh is specifled a3 & percentage of its maximﬁm Speed

w2 pavigatlonal or inland watorway comsiderations. Before
.iing on a port, the ship will undergo quelng delsy. Ou

rurth, a ssries of oﬁerations refecred to as “"port processing"”

w111 take place. This will include unloadlng, nocking, wand

Whepever a ship seizes a berth in a-giveh port; cargo
zvod Tor Eransportation aceording o Moense Carlo or

uther techniques as will be explained later. A .consecutive

¢cyele of operations will then commence mhich are referred to
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15 port processing. These operations will be carried out on
sach hold and will include unloading, booking, and loading.
Gvery 2spect of these three aspects differs slightly according

the type of the hold under consideration.

hig iz the first aspect of port processing
parformed within a particular hold. Normally all
standard spaces within the holdlare scanned in pre-
dotined order. Attributes of cargo in nonempty
spaces are checked for unloading conditions. Cargo
migit be discharged at a final or an intermediate
destination, Transshipped containers unloaded 1n
a particular port are accumulated oz each other.‘
Tprawsahipped bulk as well as break bulk cargoes are
grouped inr several homogepneous groups with cargoes
io sach group heving the s#me attributes. 1t wight
happen tltal Lthe cargoy to be unlosded from a certain

s berny biocked by other spaces. Then the

kdk-

space
cargo in these laver spaces are labelled overstowed
carpe and have tu be removed first before the ‘space
%o be unloaded is wccessible to the handling crane,
Owverstowage will lacrease both time and cost

atatistics,



2. Booking
 The booking process can be viewed of as to be
composed of three main stages, namely :

a— Scanning of cargo offered for booking at the port and
the determination of ths held's share of such cargo
according to certain rules, These rules ensure homo-
geneous distribution of cargo among all holds to avecid
undue conceptration in some holds, in which case
problems of cargo stowage and balancing wiil arise.
Such problemns could be avoidéd through the above-
menﬁioned schame. Of course, hold's share of cargo
offered is subject, to weight'as well as voluame
constraints.

b- Rearrangement of overstowed spaces, encounfered upon
the unloading process of the hold spaces, in accord-
gnce with the rule, last-port first, in order to
minimize overstowage time and cost that will be

encountersd in subsequent ports.

¢~ Bookiné of cargo offered according to the priorilty
declision rules into the next empty space within the
hold (spaces afe scanned algso in a prescribed order),
The booking process is terminated at eithner oﬁe of

the following three cases ¢
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i- The hold is completély full, volumwiée
‘ii—.All cargo offered for booking in this hold
is over. .
1ii- No container inventory is available for
Cargo ofigina#ing at this port (i.e cargo
other thard transshipment cargo).

3. Loading _ _ _ G

Onece the booking proéess is completed, loading
will then mean thg_tranéfe: of éargo tplthéir assigned
spaces. Time and costs are incurred aécordinglyo It
_should be noted that loadlng overstowage m;bht be
encountered here also, 1nwhlch case extra time and
costs are incurred too. o)

In loadlng as well as unloading,thb handlicg time
is obtained by multlpllcation of  tonnages by loub shOre-
geng productivity rate for that type of cargc, a port
parameter that ié input to the model at the very

beginning.

2 p ~ OVERSTOWAGE & HOLD NUMBERIHG-BEQ@“R&&ENT@

As previously mentioned, cargo within a hold are stowed
jin standard spaces. Containers are. stowed in columns or stacks
in their holds, in which cese each containeyr is considered to

occupy a standard space.
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Standard spaces within container and break bulk holds
are assigned serial pumbers such that each space in the hold
has a unique identifyipg number. The pumbering system used must
be carefully chosen such that when a computer commences scanning
of spaces from the lowest to the highest number, fhe spaces will

retain the proper physical relationship to one -another.

»

The appropriate physical relationship that is of prime
importance 1in caréo arrangement, 1s the overstowage of cargo,
that 1is which cargo 1s blocking access to other cargo. No cover-
stowage is met with bulk cargo. With break bulk cargo, loading
as well aé unloading overstowage are possible, while with

container holds bnly unloading ovérstowage 1s encountered.

In unloading a container hold, the computer, starts its
segrech fgom the bottom~most layer for cargo to be discharged
in the cufrent port and then proceeds with the above layer
and so on. The search within each layer commences from the
centermost space and moves outwards towards the bul’ head as
shown in fig.( .2). Whenéver carzo within a certain space is
to be discharged, ﬁhe cqmputer checks all the ébove containers
in the same column or stack. All nonempty containers not
destined to the current port as final cor intermediate desvina-
tion srg considered as overstowed éargo and are labelled as |
such. The overstowed cargo must be removed before unloading

the bottom container, thus increasing unloading time and cost.



The numbering system by which the above procedure .is
achieved in a container sot-up is a modular numbering system.
The pumber assigned to a standard space in a hold if added %o
a modulus will yield the code number of the container
immediagtely ebove it. If the code number of the contaiﬂer-iﬁ
the second above layer ard in the same colump, is desired, the
computef simply multiplies the modulus by two and adds'it to
the code number of the reference container. The modulus is
equal to the pumber of spaces oOr containers in a single léyer.

This method is demonstrated in fig.{ .3).

Likewise, in usloading a bresk bulk hold, the éémputer
scans staniard spacaeg within zach deck (lsyer) successively,
starting from the bottom-mest deck. Within each deck; the scan
of spaces commences with the cenfermost wing area space apnd
proceeds towards the pulkiicads witil alil the ﬁibg‘area spa@éé”
have been scanneé. The scr.. then continues with the centsr-
most hateh spacs, proceeding outward:s towards the bﬁlk"headn
If the first space sensed to be discharged in this port wes a
wing area space, than all nonsampty hatch spaces of:thé séme.and
subéeqaent decks not destined to the currént por’y would‘be"
considebed as overstowed spaces. It the first space sepsed
to be discharged happens to be a hatch area space, then all non-
empty spaces inm the subsequent decks will be considered as

Y

overstowed spaces.
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From the aforementioned presentation, the unloading
procedureAand its numbering system applied for break bulk holds,
is summarized in the following: The layers are called "decks".
Bech deck 1s composed of wing area and hatch area spaces
(Fig. ".2). The serial numbering of standard spaces in a hold
1% chosen such that it starts from the centermost wing aresa
spaco and proceeds outwards towards the bulk heads. It is-
then continued with the centermost hatch area space of the same
deck and proceeds outwards towards the bulk héads. This serial
numbering commences from the first wing area space in the

bottom-most deck, proceeds in accordance with the prespecified

order, and terminates with the last hatch area space of the
nrper-most deck.

With break bulk holds, 1t is possible to encounter
loading overstowage, while in container holds ldading oversto-
wage 18 not possible to take place. Ioading overstowage in break
bulk holds indicates that hatch area 8Spaces are full with cargo
blocking access to the first empty space in & bottom deck9 This
may happen in either one of two cases. The first case when a
shipis hold has no cargo to be unloaded in the current port but
meanwhile it has some empty spaces. In such case, the ship procee-
ds directly to the loading operation. The second case occurs wheneve

the first émpty spéce happens to be .in & dack lower thean the lowest
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deck whose hatch area spaces are considered as overstowed in
the unloading operation. In computing loading overstowage
statistics, the computer searchs in a prescribed "scanning
discipline™ for the first empty space. If this space is in a
wing area, then the f;rst layer whose hatch area spaces are
considered as overstowed are those nonempty spaces of the sanme
deck. If on the ofner hand, thg first empty space is a hatch

area gpace then the non-empty hatches of the next deck will be

the beginning of overstowage spaces.

2.6 - PRIORITY DECISION RULES AFPLIED FOR BOOKING
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By_considering the booking process at a certain port,
three types of cargo may be offered :'namely; originafing,
transshipment and rejected cargo. The originating cargo has
the present port as an origin and is offered transportation
service by the current ship. If a part of this cargo is left
behind due to space limitations, then this part will be trested
in subsequent events, at this poft, as a rejeéted carg .
Transshipment cargo as specified before ( '.3) resides on berth

walting for further shipments ta its final destination,

Having.defined types of cargo waliting for shipﬁent at a
port, the applied priority decision rules for booking may be
the following & -
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1, If the port is a supernode, priority is given to the
transshiped cargo. AT a node where no transshipped
cargo exists, the rejected cargo is prior to the

generated cargo.

2, For each of the above 3 cargo types, the "last-port-
first" rule is applied i.e. cargo destined to further
destinations are preferred to those destined to closer
destinations. This rule evidently ensures a higher
utilization factor, besides it will minimize stevedo-
ring and cargo nandling operations at fhe ports. To
follow this rule, a booking list is prepared from the
ship's itinerary after the elimination oflports' dupli-
cation on the list. Tt should be noted here that
transéhipped cargoes for all port on the booking list

. are booked first before any rejected and/of generatad
cargoes are considered. For every port on the list,
booking for the rejeoted and generated cargoes is tien

¢onsidered.

3, For each transshipped and rejected type, the cargo
having the longest waiting time is preferad.

4.. In addition to the above rules, rejected and generated
cargoes are booked item by item according to the prepared
commodity list of that poft. Obviously, the order in

" the commodity list follows what is called "commodity

priority discipline*.
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2.7 ~ BOOKING DISCIPLINE OF STANDARD SPACES

Upon booking a space with a particular amount of cargo
as well as upon the rearrangement of a cargo in spaces marked
as overstowed during unlcading,there will be a seébch for the
next empty space to perform this operation, This search is
performed in a prespecified discipline that will facilitate
the cargo handling operations and resemble what is pormally
adopted in practice.

For a container hold, the search seeks for the center-
most empty stack within the hold under consideration. If such
a stack exists, then booking or rearrangement will take place
in its spaces commencing from the lowest space and moving
upwards. When the stack spaces are cover, the next empty.stéck
is searched for and so on. 1Ip case there is no empty’stacks,
then the search will be for the first empty space 1n the
centermost stack. It should be pointed-cut here that the
numbering system adopted for spaces within container holds

facilitates such scarning procedures.

For a break bulk hold the devised discipline will be
such that the searca ifor an empty space will start from the
centermost wing arca space of the bottom deck and proceeds
outwards toward the bulk heads. When all wing area spaces

are Scanned, wing spaces of the deck immediately above will



be scanned in the same manner. This will continue until all
wing areas of the different decks are over. Scan then conti-
nues with the centermost hatch area space of the shccessive

decks commencing from the bottom deck and proceeding upwards.

.8 — PREPARATION OF THE BOOKING LIST
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Each ship in the system is got.an itinerary in the form
of an array input to the model. The ship's itinerary is an
ordered list of the numbers of the ports called according to
the visiting order bszinning with the home port and ending with

the last port to be visited before returning to the home port.

There are two types of itineraries, whicp can be illus-
trated by the following two examples, (Fig.8.4):-

gxample 1 ¢ 2 -3 ~4 -5 -5 -7 -1

example 2 : 2 -3~ 4% -5-4 - 3% -1
where port 2 is the hoﬁe port.

In example (1), the itinerary is characterized by the
fact that all ports in the list are different. The ship starts
out from port 2, and visits eaca other port once before
returning to its home port. The second type of itineraries
1s characterized by having at least one port in the list
appearing twice. Thus in exomple 2, two ports (no. 3 & 4) are

visited twice before the voyage is completed.






fargo is bookéd.at any port according to "the last-
portéfirst" basis. Whenever a ship calls on a certain port,
a Booking'liSﬁ*is‘prgpared from the ships itinerary according
to this priority rule i.e sterting from the last port in the
yoyage, the home port, and proceeding backwards till ths néxt
port visited after‘the current port.'-As an illugtration by
- exgmple 1, if the current port is_port'}, the booking.liSt

.will:be :
2 - l -7 -6 -5 - 4

In the case of example 2 (and ‘the current. port is no. 5), the
~booking 1ist is more difficult to prepare because’ of the
duplication of ports. Thus by following the previousfrule, '

the list would be : :
- 2-1-3-8-5-4

indicating that port 4 is to be called Bn twice and the cargo
8t the present port (no. 3) destined for port 4 (the second one)
'"méjfbe hooked'but will not be discharged in the Yirst time Uhe sulyp
"»céllé on-poft-q,' Such-situatiqn.is;cornected;by-eigminating
duplication.through ﬁemoving the first item of every 4duplicated
port. In our case the booking list becomes : | |
2~-1~3-5-4
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- -The .estimation: of. cargoe handling times of an ‘individual
hold is carried~out each time the hold 18 1vaded or uﬁloéded.
Handled topnnage and 1ongshorégahg productivity rate at the °
pert concerned is used for this purpose. The estimate takes
into gccount any averstowsge statistics. -Thus evehtually
statistics for processing times of each hold will be availsble.
The modeljalloﬁs for %he possibility of processing more than-
one hold in psrallel, The number of holda_that-cpqid_be worked
in parallel is g port psrameter depending on the'eéuipﬁents
and oaArge hén@ling lnstallations of the particular port. Cargo
handiing is performed by longshoregang hired by the ship's

sgency bureau at that port upon its arrival,

If the port's equipments are such that oﬁly one hold
could bs hendled at a %ims, then the ship's processing time ‘
will be a straightforward summgtion»cf the respﬁctive‘timeg of
its individual holds. On the other hand, the ship'é proqessing
time is wmuch reduced when more than one hold are piocessed in
parallel. The pumber of holds that couvld be worked'simultané~
ously depends upon the number of cargo handling cﬁannels
aveilable for processing one ship at the respective port.

it is to be stated that the pumber of channels actually employed
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(and consequently the number of gangs), may not necessarily

equal the maximum number avallable at this port.

It is self-evident that both the port authorities and
ship owners are interested in minimizing the ship's processing
time. The decision of applying a new channel is not taken
unless this extra channel will introduce an assured reduction
in the total processing time. This is illﬁstrated through
the following example

Given a 3% hold ship with individual processing times
of 150, 110, 30 time units say hours respectively., - If the
assumption 1s made that no more than one channel could be
applied in the sams time to the same hold, thgn'one channel
will be engaged with the first hold for 150 hours. - If the
same channel is applisd to the second hold, its engagement
time, and consequentl& the ship processing time will be
increased by 110 hours. For this reason, 1% is obvious that
a second channel should be applied to the second hold.
#eanwhile a 3rd. charnel, when available, if applied to the:
third hold will not introduce any reduction in the ship
processing time, on the contrary this-will ibcrease the number
of employed longshoregangs and accordingly their cost. The
second channel, with the same gang could be applied to the
2nd. and 3rd. holds in series. The channel will work in
parallel with the first one and the ship processing'time will

be xept at 150 hours.



Relkated to the number of channels used is the number
of hired stevedoring'gangs. The numbéf of channels actually
used equals the number of gangs employed Bincé no more theai
one gang could use the same channel simultanepusly, Any
increase in the number . of éangs employed will introduce
undue increase in their standby-cost, if applicable, during
the interval between the commencement of their shift and the
actual start of the ship Processing. It is assumed in the
model that the saving introduced by shortening the shipis
processing time by using an extra channe; is in general more
than the standby-coests incurred by employing ap extra gang
for such channel. Accordingly, minimizing the processing
time will assume top priority regardless .ifs impact on

standby—cost i.e even if the standby-cost were less than the

cost of employing the extra gang.

2.10 — ALLOWANCES FOR DELAY, BREAK HOURS AND STANDBY-COST
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The arrival of a ship at a port is . referred to as zn
event. A new event time of a certain ship at a given port
indicates her arrival outside the harbor before seizing a
free berth. Until then, the ship will undergo queinpg delay.
The total time spent at this port is the sum of both the

quéing delay and the total ship processing time.
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Queing delay time is a stochastic #ériablerthat is %o
be generated by the computér.using HontE'Car;Q'methodéVQBl).
Ehe distribution assumed here is a unifo;ﬁ‘distribution, Lhe
varlable value ranges between zero epnd Lwice thé Average
Queing time which is an input parame¢ter for that port.
However, other distributions could be uéed in the model with
minor modifications.

Un the other hand, the ship ._pro_pesging time, as obtained
in the previous gection, must_be normaiiééd.fa alléﬁ for any
eplargement dus to break hours betweepn shifts of longshoremen
gangs. The shift practice, in this model, is'assumed to be
of two shifts extending between 8 and 18 O'clock and between
20 apnd & Ofcloek with two breaks, 2 hours each. - Differences
dus to‘looal‘times_at each port are ignored. The tima'ellapsed
between the commencement of a shift and the actual arrival of
a ship on berth is a standby-tiwme for longshore gangs. The
standby-cost must be allowed for by the model. At sowe ports
such cost item might not be applicable, However, the mod:l
allows for 1ts optional appliccbility at each port. D=2tails
of computations of break hours and. standby-costs are given
latter in the description of SUBROUTINE SUMMARY io the pext

chapter.
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2.11 - TRANSPORTATION DFAND
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Demand is defined in the model as those tonnages of
cargo at a given port seeking transportation service by the
system ships, c¢lassified both on a commodity and destination
basis, The model structure permits the movement of  cargo
between any two ports. Nevertheless, it allowsAmore-easily
the study of the rovemznt of foreign trade -of a certaino
country via one or Two national ports tc other system ports

and vice versa. This is a typical case of the Egyptian trade.

The subject or demand involves a great deal of details
and relevant factorﬂ that have to be set to a-compréhensive
study before usinz the model. Factors such as, persistence
of demand, seasonal variations, commodity classificafion,'type
and parameters of demand functions to be used ...etc are
examples of the issues involved under this subject. fhe
number of factors, could however be reduced to two major ones,
namely the commodity items offered for transportatiqn_and their
tonnages., The treatment. of each of the two factors in the
presented model is.explained in the following, keseping in mind
that the - approaches used are chosen to give much flexibility
to the model usor. |

In connection with the first factor, the model devices
a certain entity referred to as the commodlity list. Hach port

in the system maintains a csrtain set of commodities which are
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represented in such a list ﬁith their fesﬁective code nﬁmbérss
Cormodity items inmthig iigt ére grouped into 5_main gfoups_
according to thé following order '

- cantainer commodities group.

~ break bulk commodities group.

— bulk commodities group. _ _
The three main groups és well as individuel 1items ;ifhin each
of tﬁese groups are arranged according to their bdoking ’
priority. Since it is a common practice in the'mérifime
industrj to speciry freight rates on both volume. and weight
copsiderations, it is suggested to use stowage factors (i.e
density) es an index for 4his arrangement. The maximum
number of items in a commodity list of a given port is decided

by the computer storage limitations and is specified for a

given pept by an input parameter for this port.’

%p connection with the second factor, the tonnages bf
gach of fhe items on the cowmodity list of a given port are
classified accopding to their destination. Cargo tonnage for
gach commodity-destination combination could be tfeéted as
either stochastic or deterministic. In the latter case it
might E?;éssumed as elther fixed or variable with time while
in the former dBse, a probasbility density function is msed to

generate the redbired tonnages by means of Monte Carlo teehnique.
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Any distribution could be.assumed. The model allows for
inputting two parameters for the distribution of each
commodity-~destination combination. 1In the current repre-
sentation, a:uniform distribution is assumed. This should
- not hide the facf that any other distribution could be

easily used.

~ The importance of carrying-out studies about the
demand.functiOD is once more emphasized here since the
assumptions underlying its shape énd'parameters wili decide
the degree of realism in the model and the éuality of the

decisions draswn from the results.
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DEVELOPMENT OF THE COMPUTER FROGRAM

% el = INTRODUCTION

- Im the course of developing a computer program for the
pysten desoribed, the inherent conaideraﬂion hes been to
achieva a great deal of modularity (64) Thiae opjactive is
realized to a great extent by mesns of program segmentation
into various subroutines and sesking modulerity within indivi-
dual subroutines too. This is believed a prerequisits to the
important reqninenanf of flexibility for generslised simule-.
tion models of this type. Use of subroutines helps in
redncing the somplexity of programs. 4s the programn increases
in size, the increase in its complexity is eéponantial rather
‘thap licser, Another advantage of usipg subroutines is the
reduction -u testing, debugging and msintenance fimé. Testing



and debugging can be done as soon as each subroutine becomes
ready and in the case of malntenance work, changes need to be

made onrly o the subroutines involved (64)

The main concern in this chapter 1s toc pressnt a general
-61395351o3tﬁhout¢ﬁhe prerequfsité elemenzo-of'de?éloping a
comptiigr program,-while the specific"deﬁéils'bf;the;simulation

model are The subject amatter of chapter ..

Ded = PROGRM’ING LANGUAGE

L

o vkt —n —

One of the mnst eontroversial subjecte . in simulation
modeling is to decide upon the programming language.to be used.
4 wide variety of simnlation languages are.noouaﬁailéble which

e developed for the purpose of facilitating programming

tasks, This is usually agsinst some sacrifice with the TDDDlD%
spaed, A detailed aceount of simulation 1anguages is available.
The c¢onfusiocn as to the most appropriate lenguage for a certailn
nger is most likely resolved Dy the intepnsity with which r
gimulation is being pursued kllQ)o For occasional use, & simple
language, which is easy to understand and loérn, may be more
valuable than ono of the =zophisticated languages whieh ﬁave many
facilities, but by the nature of these facilities, become much

more complicated to use and understand.

In this model, the language question has been decided

according to the available machine at the Institute of National
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planning which is an TBE 1620 machine with limited storage and
peripherals possibility for model of this type. HdweVer, the
machine was intensivel? ugsed for testing individual subroeutines.
For this reasons FORTRAN was chosen as a programming,ianguage

for the model.

The program was later integrated, modified -and tested on
the Cairo University ICL 1905 E machine. The final form of the
program 1s now in accordance with thé 1600 series "Extended

FORTRAN" manual {(Edition 1, TP4256%),

;.5 - LEGEND

Variasbles and symbols used in subsequent sections are
given 'in Appéndix {D), lezend. It has a complefe account of
all variables,.symbols used in the developed program. It gives
description of these symbols used in the respective subroutines
where they Tirst zppear. It gives also indication of other
subroutines where these items may later be used or referre& to.
Subroutines are arranged in this appendix according to their
logical calling oxizyr., 1iiz s:ihcwe will help in developing the

common vlocks of the program.
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5.4 — TIME ADVANCE AND GENERATL FUNCTIONNING OF THE MODEL

e o i 2t o s . . . o T ek e e S T

As mentioned before, the arrival of a ship in a port is
referred to as an "event". Each ship ip the gsystem has an
ipnitial event fime, indicating the bteginning of port activities
at the First (home) port on the ship's itinerary. 7The initial
event times of all the ships in the system are listed in an
event array CRTM(I) where CRTM(I) is the next event time of
ship I. Tic earliest event time is compared with the simula-
tion clock time., IT the event time is greater then the clock
time, the clock continues to increment the time in one day
intervals until the eariiest event time is equal to or less
than the clock time. When %his occurs, the ship begins a
series of port activities which include, queulng delay, cazrgo
generation,. derivation of booking list . and port processing.
This latter aspect is subdivided into unloading, booking end
lozgding pétterns. Whenever the port prpcessing is over, any
necesgary modifications in cargo or ship status are made by.'
updating two dirsct access disc files establlsheu at tis
outset of the simulation to kesp track with cargo and ships
throughout the system. An event summary is alsc derived and

the time spent by ship at the port is worked out.

The ship is then assigned & new event time which 1s

placed in the esvent arréy CRTW(I). The new event time is
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derived as the sum of the salling time to the ﬁext bort ovlis
the time spent at port. The Port time in turn is compui.’

as the sum of the queuing delay and the_porﬁ“processing time.
The port processing time 1s affected by shift practice of
longshoregangs and thelr obrezk hours.

The sailing tiwme to the next poft is.éomputed by
multiplying fhe ship's nominal spsed into the iﬁter@ort*
distance which is input to the system. A provision is made
for variations in the navigaﬁiqnal speed between ports from
the nominal speed due to inland water ways or other geogré»
phical constraints. This provision is satisfied by means of
a speed reduction factor input to the system into which ths
nominal speed is multiplied to obtain the actual sailing
speed to thé ﬁext port.

When an event is completed, control will returs to
the event times array CRTH(I) in order to select G-

garliest event time and a new svent takes place, and so on.

The simulation system contains a clock which in this
model, ticks off successive days. Simulation time units
could be altered to.be days, hrs., ...ete. according to the
pbarticular use of the model. The clock Ticks successive
days starting from day one. Fach day will cover a period
of 24 hrs. All port processing operations and delays are

-

computed ip hour units and its fractions.
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At equal time intervals to be specified by the uéer,
the cargo build-up situation at the various ports of the
system and their conﬁainer inventofy are displayed by the
computer to help in studyiog any bottle necks or inventory:

management.

An event summary at the end of every event is
displayed too. It is possible to output this summary oD
any sppropriate peripheral such as paper or magnétic tape
to be used later as an input to a post processor developing
a managerial report to be designed at the‘user's;discretion.

2.5 — SYSTHEM. IMMAGE

e i e o e Ll e o Tt e e ot —

The mein style adopted in developing this model
follows an appropriate method suggested for digital simula-

(41). The method depends on developing an

tion models
immage of the system. It entaills two steps. The first

is the layout of the various subroutines and their calling
order, and the second is the definition of the entities ‘
and attributes of the system in the form of a set of

variables and arrays (Figures .1 to .11).

5.6 ~ SUBROUTINES LAY-QUT

o i by e e e et e ke Pt

The model is made up of a master executive progran
and a collection of 15 subroutines, the main function of

each is indicated in the following :
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1. MASTER : It is the executive main program. It initia-
lizes the system, chooses the ship and port
for the next event, calls subroutine HARBOR
to start port activities and processing.
After preocessing it assighs a new event time
to the ship and repeats-the.same procedure
tiil the end of simulation.

It perferms the oPerationé preliminary to
port processing, such as cargo geperatilon,

‘preparation of booking list, ...etc.

2]

2. HARBOR

1t offers ships‘holds one after the other for
port processing and calls the appropriate
gubrautines for this purpose.

3. PROGESS

4, CORNULG ¢ It unloads a contaimer hekd

5. BBEULG : It unloads a break bulk hold

6. BLEULG : It unloads a bulk hold

7. CONBEG : It bocks 2 container hold.

. BBEBEG : It books & bregk bulk hoid

9. BLBKL& 3 It bhaoks and loads a bulk hold-

10. CONLDG : It loads a container hold

11. BBELDG : It loads a bresk bhulk hold

12. DFILE : It updates ships and ports data on disc files
13. TIME : It computes ship's processing time
14, SUMMARY » It computes port time and outputs summary
15. CARGO : It outputs cargo build-up situaticn at system.

ports.

16. R.N. GENERATOR ¢ It provides a uniformly distributed random
numbér. This is available in the software of the
nachine used.

Fig. (%2.12) illusirates the general lay-~out and cglling
order of the different subroutines. Subroutines deseription
are given in mecre details in later secticns.



3.7 SYSTEM ENTITIES AND ATTRIBUTES

These are best exhibited by Pigs. 9.1 to ©.11l. Each
entity together with its attributes are represented in a
boidface box. Ipformation regarding description, size and

initiglization subroutine are also given in these figures.

5.8 -~ INPUT, OUTPUT AND PERIFPHERALS

e e it . e ek Py e e e g . o oy e L ey Y 8 e St e e St L e i

The input to the model is classified into the following
main categories of data and parameters. The word "paremeters”
is used here to identify those items which remain usaltered

and fixed through a simulation run.

%2.8.1 - Systen paramefers :

Number and array of system ships.
Number and array of regular ships.
" Number and array of express ships.
Number and array of system ports.
Number and array of supernodes.
Number and array of nodes.
Matrix of interports distances and speed reduction
factor.
Duration of simuiation run.
Duration between two successive Calls of subroutire
CARGO.
Date and number of current simulation run.
Initial container inventory at various system ports.
‘A set of switches to print-out or not print-cut
detailed information of urnloading, lcading, and

booking patterns.
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An input arraey for initiasl layout of port's

disc file.

An array of switches indicating whether standby
costs are applicéble or not at the various ports

of the systen.

2,8.2 — Ships Parameters

For every ship in the system:
Shipts name-
Deadweight vonnage.
Speed .
Initial fime of starting its Journey at
home port.
Number of holds.
Number of container holds -
Number of bregk bulk holds .
Number of bulk holds .

And for every hold with this particuler ship:
Hold type . :
Number of standsrd spaces. !

Number of standard spaces per deck.
Number of hatch area spaces (for break bulk
folds only). o

Number of decks.

Hold deadweizh® capacity -

Hold cubic capacity.

2-805 - POI“IS Pai'meters

For svery port in the system:
" Port name.
Port number. .
Meaxlmum number of items on the commodity list



Number of holds that could be processed

in parallel.

Averasge queuing time outside the port.
Longshoregang rate -

Longshoregang stevedoring rate for container
cargo. '
Longshoregarg stevedoring rate for break

bullk cargo.

Longshoregang stevedoring rate for bulk cargo .
Any wharfage or cost items at this port .

Number and cods of all commodity items destined.
from this port to every other port in the system.

Apd for every commodity-destination combination:
Freight rate per nautical mile .
First transicading port.
Second transloading port .
Parameters of tonnage frequency distribution curve -
Stowage factor array for all items on coammodity list.
Termination points for the three main cargo
classes on the ccumodity list.

3.8.4 - Ships Data
For every standard space within a ship's hold:
Tonnage of cargo contsnts
Gommbdity code .
Stowage factor.
Origin port.
Destination port .
First translcoading point -
Second translouding point .
Origiﬁ time .
Volume of empty portion (for container spaces only).



L.B8.5 - Ports Data

For every cargo group on a given port and for

each main cargo class within a group :

Tonnage of .cargo contents .

Commodity code .

Origin port .
Destination port.
First transloading port .

3econd translcnding port »

Origin time -
Tonnage of rejected cargo within each group
by comnmodity-destingtion.

.8,6 - Periphersls

All previous data and parameters are held own
4 input/output peripherals as Tollows :

Channel 1

Channel 2

Channel 3

Channel &

-
e

>

A card readerryor:
Systém parameters

....3hlips parameters
Forts parameters

A magnetic tape for:
Ports parameters

Ships direct access disc file for:
Ships parameters '
Ships data

Ports direct access disc file for:
Ports data
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5 8.7 — Input/Output Details

Fig, (5;15) i8 a schematic illustration of zll input/
output operati?és from the previous peripherals to/from the
system. Execluded from this figure is the line printei wnose
output will be dealt with separately. The system boundary
is represented by a heavy type box as shown in the figure with
the different subroutines represented by smaller internal
boxes. Only those subrqutines involved in an input/output
operation are shown. The convention is made in the figure
that each subroutire is represented by a smaller box within
that box of the calling subroutine. The four named peripherals
are shown around the system with the type o? data or para-
meters held on each channel indicated. Input/output operations
are represented by means of arrows betwegn the system and ths
peripheral used. PFurthermore, the arrows extend beyond iz
system boundary to point—oufffhe particular subroutine within

which this input/output operation is carried-out.

In the MASTER program, the card deck contalins three
:categories of input paramefers : system, ships and ports para-
meters. System paraﬁeters are read into core where they remain
throughout the simulation. Ship parameters for all ships iﬁ
the system are input to be subsequently output on the éhips dise
file, When KASTER sclects the gship with the earliest event time

for the next simulation event, those parameters of this ship szre
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reinput into core from the ships file. Port parameters cards
are read into subroutine HARBOR. A megnetic tape file for all
ports parameters is established once in this subroutine.
Current port's parameters are then read into core from this
tape file.

Whenever a ship arrivss at a certain port in subroutine
HARBOR, all rejected cargo at this port from previous events at
different times which reside as part of port data on the ports'
file are ipnput to core and accumulated in the REJC (1,7) &
ATCL (I,J) tebles. Subsequent dealing with rejected cargo
during port processing is  to be through these tables. Any
necessary modifications in this cargo while booking is carried-

rat in the booking subroutines.

. At the commencement of port processing, subroutine
PRCCESS offers the ships hold, one by one for such proceséingo
The initial status of cargce htonnages and abttributes in‘thé
d.?ferent standard spaces of the hold under processing are read
into core from the ship's file, Upon termination of a hold
processing and in subroutine PROCESS also, the final status of -
hold spaces are output to the file. N

As mentioned bo?oreg vort data is made un of such
data concerning toanages and uttributes of trancshipped and '
rejected cargo at that porv. Tha data is grouped into

different units with each unit havipg those cargo rejected



or unloaded at the same time. Units are designed and reside
op the ports file in thebway as will be explained in file

organization.

In the booking subroutines, the units are referred %o
and read into core twice, the first time to compute the
tobnage offered for the currenv ship and the second to book
cargo in the hold vaccant spaces. Booking of any rejected
cargo causes an immediate updating of involﬁed units on the
file. At the end of booking transshipped cargc the unit

invelved 1s rewritten with its final status on the portis

- file.

Port's file is referred to later éfter processing the
whole ship to rearrange the different units of the segument
of that file belonging to the current port. The file is
referfed:toAagain in subrouﬁ}pe CARGU wheré;cargo vuild-up av
the various ports is read into core ﬁeforé being displajed

on the line printer.

On the other side, model output is viewed as composcd
of two maln categories. The first is a summary of ever '
evenf which is cutput in subroutine SUMMARY on a taﬁe;
preferably paper, to be used as =n input to a post processur
to be designed at the user's discrefion a8 a managerinl Lonuly
or as events resﬁmé for any Turuiyr svablsclcal amsiysis ox
study. The other is a pgper print out throughout the simulu-

tion that inclpdes the following :
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B i.'A notice at the arrival of a ship to a port including,
name of ship aspd port, time of event, information and
parameters of the port. '

2. Bach time cargo is generated, it is llsted by tonnage
and other relevant attrlbqtes.

3. Upon unloading cargo at its final destination, space
number, origin, destination, transloading ports and

Lransportation time are printed-out. Also printed-out
sre the total hold unloading time, unloading cost and
number of overstowed spaces, ' '

4. Upon booking é ¢ertain space, its number; ofigin, desti-
nation, transloading ports and origin time are pointed-
out, _ ' . '

5. Upon loading a certaln hold, a hold manifest giving
attributes of all hold spaces'is printed-out together.
with loading time and cost and the number of overstowed
Spaces, | '

6. After processing the last hold of a glven type, the

'-ireaected portlon of the generated cargo tonnage of that

type is prlnted—out

7. Upon the termination of processing all holds, uhe total
handling times for each hold are printed, along with
the portion of the cargo generated for the ship that raus
already been'loaded aboard. This is classified into '
commodity, tonnage, and destlnation. '

8. When the ship leaves a port, the event summary 1ncludes :

~ Total revenue by commodity

- Tonnage utilization percentage to next port
-~ Volume utillzation percentage to next port
-~ Total cargo handling time



- €t -

- Queuing time for aveilsble berth

- Total overstowed contalners

- Total overstowed break bulk tonnage

- Total coat of overstowage

- Total port time

— Total cargo handling cost

- Total sarnings

~ Upportunity loss of rejectéd cargo

9. At the user’s option at eqgual time intervals specified

by him, cargo build-up situagtion at the different ports
is displayed showing for a supernode :

— Tonnage of transshipped container cargo

~ Tonnages of transshipped break bulk cargo

~ Tonnage of transshipped bulk cargo '

— No. of contalners

- Tonnage of rejected cargo

~ Contalner inventory

For a nodal pert, transshipment cargo is excluded.

5.9 ~ DIRECT ACCE3S FILES

The developed simulavuion program establiéhes and uses
‘two direct access files created on a magnetic disk pack. The
first oné ig assigned a channel no, 3 and is uéed-ﬁo_store-
data pertalning to all ships in.the systen including‘aftributes
of cargo borne in the standard spaces of the different holds
of the individual.ships. This File is referred to and updated
whenever a ship undergoee processing at any port. The file

will be referred to as the ships'd.a. file, (direct eccess file

1

of all ships).
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The second file is assigned channel no, 4. This one 1s
nsed fof'filing data pertaining to the attributes of cargo
bullt wp at the different ports in the syétem.' Cergo built up
at a parficular port are rejected cargo or rejected‘and/bf
transhipped ‘cargo, depending on whether the port under conside-
ration is.a'nodedeb'a Supernode,“respéctively. Trangsshipment
cargo, 1o turn are clagsified as oontainer, break bulk and
bulk trahsshipmeﬁt cérgo;"This latter file is referred to as
the Ports' dia. file (direct access file of &1l ports) end is

referenced end updated ab subsequent events at a glven port.

Both files:are-urganiZed in thé-indexed sequential
method with unformatted type of records 62 & o4 Ships!' d.a.
°41s 1s made™fp of 320 récords while the Ports' d.a. file is
composed of ‘1800 Tecords. The associated variables for the two
fileé'ére IDl & ID2 éeapec;$uely;u,3ach file is divided into
several eegmanta'with'each'segﬂeﬁt belongiﬂg.to an individuél
port or ship;‘*in’ﬁhé following section sn illustration is
presented for the make up and lay-out of each fils which are
devized to suilt the simulatlion purposes. |
%.9.1 - Ships' d.a. File

_ _The_éhips' d.a. file is made up of 3;0 records

and 10 segments, ohe segment for each ship. All segments are’

of equal size fixed to 32 records per segment, Figurés G~14,
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No data indicatihg the number .of the first record of each
‘segment is input sBince this can easily be deﬁeloped by the
computer., Because segments are created successively according

to ships numbers, the number of ths- first record of a certain

Segment is given by \ .
(IC - 1) % 32 + 1

where : 10 is the ship's identification number,

_“Thé ltay-out of records within each segment is given in
fig. (3-15). The.first record is-deyoted for the ship's name,
identification-numher;;pérameters as well as the ship's
itinerary, the secszmd rebord for errays describing the diffg—
rent holds of the ship. Subseqqent records are used to store
attributes of cargo in the standard spaces of the different
holds. TWO-reno:ds are devoted for eack hold (max. no. of
holds = 10). It should be noted that the sequence of organizing
ddta on a particulaf record gorresponds to the sequence of
elements in the output list of the éssociated WRITE statement.
This seqguence must be followed in any READ statement from the
same record. Since the input amd output of data on this file
-are made from and to intvermal gstorage resPectively,'n§ formatted

records are used.

The ships' d.a. file is detined and created at MASTiR
where parameters and data of all ships in the simulation are

written on the corresponding file records. When a particular
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ship is choosen in MASTER to be processed in a new event, the
.. Tirst two .records of that ship's segment of the ships' file are

read inits core. These are the records upon.which ship's

parameters and itlnerary are written. 'The tile is referenced

agaln at PROCESS wosyre the attributes of standard épaces within
the hold under precessing are read into core from the remaining
reeords on the ship’s scgment on fhe filg. This is done hold

by hold since port processing cycle (unloading, -booking and
1oading) is perfeormed on each.hold individually and successively.
The necessary amendwents -and moditications ip the attributeé of
standard spaceé of the hoid due to unloading, booking and loading
operations_are ma&e on znch attributes into core. - EVentually

at the-gggging sﬂbféﬁtines, the updéted attributes of the hold

spaces are rewritten in %he appropriate position on the tile.

" 32,9,2 - Ports' d.a. File
faspnerally speaking all ports in the simuiation Bystc

are assigped to ape file, referred to as the Ports' d.,a. file or

channel no. 4. The file iv made up of 1800 records divided into

several segments with one segmentﬁbelangiﬁg to each‘port,'fig.ﬁ~16
The file 1s used in storing information_régarding cargo built @p a
the d&ifferent ports inrthe system. The type of'cargb built up at

certain port depends on whether such port is a node or a superncde

At a.mede, cargo built up is composed of rejected cargo only.
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- Tha mod¢l allows for one or more porta
files. Tha array ILINK (I) glves the
number of the file applioambla to port X.

The total number of records per fila = 1800.

- Bach port is pesigned s segmant ob a

porta' file, The segment 18 made-up of

one or more "uwits". '
- 4 uoit on m supernode's segment = 11 recorde
- A unit op a noda's segment = 2 records
.~ Unite are numbered chronologically according

to thelr oreatlon tima,

~ The array IREF(I), I = 1, IPTMOD i ap lnput
to the program. It glves the no. of the first
record on the ssgmeant belonglbng to port I.

- The array IRP(I) glves the astusl vo. -of units
established on tha segment of port (1),
e.g8 IRP(1l) = 3
IRP(2) = 1
IRP (3)= 2

- The matrix IRPS (I,J) glves the no, of the
first resord ?f‘bhe Jth. onis on the segment

of port I. ' -

e.g. IRPS (3,2) = 18
IRP3 (lnj) = 3

v s

it e

"Flgure 5-16 t Layout of the Forta'D.d. File
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At a supernode, in addition to rejected cargo, there may be
transshipment cargo also waiting for subsequent shipment to
its final destination. The %ransshipment cargo is further
snbdivided into container, b.bulk and bulk transshipment
cargo. Therefore the siﬁe of a segment belonging to a super-
node on this file is greater than the size of a node. On the
other hand, cargo built up at a particular port may have
different walting times. Sipnce the waiting time‘is taken

into consideration in booking priorities, the cargo built up
at each port are grouped into several "groups'" having the

same group originating time. A group is formed at the end

of -each ewent mhen.é.given ship fipishes its processing at a
given port. A group is composed of all transshipped cargo of
homogeneous attributes unloaded from that ship or a homogeneous
rejeéted cargo originating_gt this port and is offered for
booking on board of this ship but are rejected due to inavail-
able space, In the case of a node, groups are composed of
rejected cargo only. The group time is the event time of the

current ship.

In order fto accommodate for these consideraﬁions in
desigﬁing the layout Ef the port's d.a. file, the port's segment
on that file is divided into one or more ™units®™. A Tunit" is”
used to store iﬁformation regarding cargo bullt up of all groups

having the same time. Units within a certgip segment are numbered
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serially in a chropologiceal order with unit no,l having cargo
with wealting time longer than upnit no.2, and so on. A unit
in turn is made up of a certalin number of records. For a
supernode port, tne unit will have 11 records. A node port
unit will have 2 records. The maximum number of units
avallable for a particular segment is left to the researcher
and iz specified by the input array IREF(I). - IREF(I) gives
the humber of the first record of the segment belonging to
pert (I). The numbzer of records within a certaln segment will
be multiples of 11 if tnhe segment belongs to a supernode and
multiples of 2 if <Wue seguwent belongs to a node, The.non oT
records assigned to port (I) is given by |

IREF (I+1l) - IREF(I)
Meiswhile, two arrays specifying the lay-out of units within
a certain segment are initislized in NMASTER, namely IRP (I) &
IBPS {(I,J). The first array, iﬁP(I) giveé the actual pumber of
"units'" created within the segment belonging to port I.
A scgmepnt with, say 22 records, might have only one ﬁnit, and
thus having IRP(1) = 1 with the remainder 11 records_left‘blank
fof possible units to be created at subsequent time. The
second array, IRPS(I,Jd) gives the no. of the first pecord'of

the first record of the Jth. unit within portis I segment.

Figs. (3,17 dnd :.18) illustrate tne internal layout
of data within the records of a supernode's and a node's "unit"”

respectively. For a supernode's unit
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Symbol Description No,
:
|
|
T SFT greation time of this unit
[ - NRJC No. of rejected groups " 17795
i S TNRJIC Tonnage of rejected groups
|-J.|
. P _
I "y REJC Tonnagas of rejected cargo
o (X,J) of the same time, 1796
§ ! commodity K, destination J
5 SPT Creation time of this unit o
“* NRJC . | No, of rejected groups L3797
& E TNRJG Tonnage of rejected groups ‘ : :
ot : :
ol Tonneges of rejected cargo :
b he %EJS) of the same time, 1708
% ’ ~commeditby K, deatination J S
]
o - —
A | SEP Creation time of this unit .
N NRJC No. of rejeoted groups 1799
g TNRJC .Tonnage of rejected groups !
<t
[ REJC Tounagas of rejected cargeo ;
(K,d) of the same time, 1800
A% commodity K, destinatiOﬁ J ' I

!

Figure -18 : Detalls of a Unit Layout on the Ports'D.A.Filie

(Port is a node)
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The second record stores arrays for the attributes
of transshipped b.bulk groups. :

Records 3, 4, ce & 9 are used to store the attributes
of individual transshipped containers with one record
devoted to onc attribute. A maximum of 250 trans-
shipped containers are allowaed thus specifying the -
maximum record capacity of this file with 700 words.

The 10th..record is used to store arrays for the attri-
bute of transshipped bulk groups.

The 11lth. record is used to store . arrays for the tonnages
of rejected groups, REJC(I,J) of commodity I and desti-
nation J.

The first record 1is used to store data of the unit as
a whole such as the number of transshipped or rejected
groups of each type and the group formation time SFT.

A "unit" of a node is made up of two records only

~The second record 1s used to stors an array for the
tonnage of rejected-groups REJC(I,d) of commodity I,
destination J. ’

The first record contains the number of such groups
NRJC in gddition to the rejection time SFT.

_Units are cregted after port processing at the end of a

particular event in subroutine.*DFILE". For this purpeose, three

tables are initialized in storage in PROCESS. These tables are

used as temporary storage for the different unloaded1groqps of

transshipped cargo tormed while port processing before being

written on a separate unit on the port's d.,ai file. The first

i
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table is for transshippea break bulk cargo. The second one
is Ior the transshipped conﬁainers while the thirdris-for
transshipped bulk cargo. As cargo is unloaded frqm thé
different holds of the ship while port processing, its
tonnage 1is eccumulated fo that tonnage of tha appropriéte
group within the proper table having the same attribute$ as
the unloaded cargo. 1If one such attribute 1s differént, a

new group is formed.

At the conclusion of port processing and if there is
cargo rejected or tramsshipped cargo unloaded, a unit has
to be created. Data to be written on vhis unit will be
-output from core from the corresponding temporary storage
table. Ir subroutine "DFILE" rearrangement of units and
rumbering of new units are carried out to utilize the space
becoming available due to the existence of blank units.
Blank units are created in the booking subroutines. This

is explained in deteils in subroutine "DFILE", sectlon.10.9.



TABLE 5-1 : Sizes of Arrays and Common Blocks

S—

No. of Varisbles Size in Words

Integer Real Integer Beal Total

DIMENSION 38 ca 38 450 488  MASTER

Bl 853 e . MASTER ,HARBOR,
PROCESS, CONULG,

BBKULG, BLEULG,

853 64 917  CONBKG,BBKBKG,

BLBKLG,CONLDG,

RBEKLDG,DFILE,

SUMMARY ,CARGO

B2 473 51% HARBOR , FROCESS,
CONULG, BREULG,
BIKULG . CONREG
w75 1838 2311 SRrppglRlEnTa
SCNLDG, BEILDG,
Ilu*ﬂmhAR

B3 1810 1378 PROCESD,CONULG,
BRKULG , BLKULG,
CONERG , BBERRG ,
1810 2756 4566 1nRTG.CONLDG.
“RELDG, DFILE,
TINE, SUMMARY

B4 2 5 CO.7ULG, BBKULG
2 14 i BLEULG, BBKBEG
' 7”*TP§_§§ELDG
BS 1 - 1 - 1  =3YULG,RBKBEG
BS 1% 236 ~ BLYULG,CONBKG,
BB¥BEG, BLBKLG,
13 %72 485 iyNLDG.DFILE,

CAR G0 o
B7 - 3 - 6 &  BBEBKG,BLBKLG
BE - 2 - 4 4 I'BLG, BLEKLG,

BRLDG

Continued



Continuation of Table 10-1

No. of Variables Size in Words

Array ' Segment
Integer -Real Integer Real Total

EEES b s e

B9 1 1 1 2 % TIME,SUMMARY
n MASTER , HARBOR
B10 1 1 1 2 5 Shmiand ;
Bl1l 16 - ' BASTER ,HARBOR,
16 - 16 EROCHSS , SUMMARY,
HEADING
B12 100 - PROCESS , CONULG,
B3KULG, BLKULG,
CONBKG , BBKBKG
100 - 100 grBKTG cONLDG
BBKLDG, DFILE,
_ SUMMARY
DIMENSION 10 5 10 10 20 TINE
DIMENSION 25 15 25 30 . 55  BLBKLG
DIMENSTON 25 15 o5 30 55 BRKBEG B
DIMENSION 20 is 20 30 50 CONBEG
DIMENSION 3 - 450 3 900 903  HARBOR

9999
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3,10 - SOURCE PROGRAM

‘'ne source program of the model 1s compiled on the
ICL 190CE machine using the compiler “XFAT MK 4C"™. The core
size of the progrem is 42432 words. Individual sizes of
DIMENSION avrays and COMMON blocks together with their
respective initiation segment are given in table QS =1)a
The maximum size of these arrays at any one time is 9383
words ( compressing integer variables). The program can
accommodate for the folliowing items:

= 15 ports including 2 supernodes.

-~ 10 ships,

= 10 holds in each ship.

= 100 standard spaces or containers per hold,

= -15 ports per i1tinerary.

- 15 commodity items.

= 250 unloaded container in a single event,

= 50 unloaded break bulk groups in a single event,
= 10 unloaded bulk group in a single event.

The above items are within the core capacity of the

" machine used. The items can be extended to allow for more
ports and ships if the OVERLAY and EXTENDED facilities are
used (62). VYther combinations can, of course, be established.
In fact the size of the core is the only real limitation on

the size of the program.
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“sll = PRINGIPAY, USES
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A simulation model of this kind has mumerous uses,
'here is no practlcsl method %o enumerate all its different
1ze8. Howsver, some of the mailn possible are indicated below i~

(1)

o
e
Nt

(3)

(4)

(3)

(6)

(7
(8
(9

Investigate cargo movement allover a pre—
determined network '

Test the feasiblility of establishing a new
roate

seleet a better ship construction among
several zlvernatives.

Test several scheduling or managerial policies
beforehand ‘

Select optimum positions for cargo transshipment.

Test the infiegration of inland modes of transporta-
tion with maritime networks. |

Test integration plans of several maritime fleets.
Test the effect of speed on marginal profits.
Inyestigate the impact of the advent of containers
to the natlonal fleet as well as their scheduling
and iventroy decision rules.

It should be noted that upon using the model in any of these

applications, standard statistical techniques of simulation
sample size and experiments design should be carefully applied.
Special attention should a2lso be given to the system starting
conditions, The use of files is of sbvious significance in

this connecticn,
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In the follewing appendix, main bleck diagrams
of the various subroutines are included. Detailed
flow charts are thought to be rather voluminous.
Therefore detailed figures referred to in these
bleck diagrams are deliberately not included.
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INITIALIZATION

READ INTO CORE
SYSTEM PARAMETERS

I

SHIPS DIRECT ACCESS FILE

ESTABLISH EVENT ARRAY AND | _ See Fig.{10- 1 -a)

@ FIND-OUT FROM EVENT ARRAY NEXT SHIP TO
| BE PROCESSED (i.e THE SHIP HAVING THE
EARLIEST EVENT TIME EET).

| __See Fig(10-1-p} ~

Test for end-0 f-sim-
wiation conditions

@)
4 A

INCREMENT SIMULATION. CLOCK

AND CALL CARGO, IF APPROPRIATE

Does EET lie

current simulation day

in

READ INTO CORE DATA
' AND PARAMETERS OF SHIP

TO BE PROCESSED
: |

@
_>

CALL SUB. HARBOR
FOR PORT PROCESSING

GO T0 54 <

UPDATE SHIPS FILE AND EVENTARRAY}--

See Fig.(10- 1 -c)

[=vo of
SIMULATION

See Fig.(10-1-d)

F:gure( A -1 ):Geperal Block Diagram of the

Executive Routine, MASTER



INITIALIZATION

See Fig{10-4 -C)

el e,
o2 gy S VR
b I COMPUTE f
[ N-moDULO(IHLD) | | STATISIICS '
PN | i
,”‘fﬁ?ﬂﬁ ."‘-.“_ : - J“ |
el M I I
:/ PRINT OUTPUT /:

! NSRs{[-1) 2 MODULO{INLD)+)
In space full?

- IF CONIAINER IS 10 BE UNLOADED,ACCUMUL -
ATE APPROPRIATE STATISTICS, CLEAR SPACE

& 80 10 ¢ .
- IK NOT,PROCEED TO WEXT STER

Y

- tF CONTAINER IS TOEE UNLOADEDACCUMUL -

ATE APPROPRIATE SIATISTICS,CLEAR SPACE
£ 600 66 - ,
~1F NOT, RESUME SCANNING TO NEXT SPACE,

i.e. 80 T 14,

~— =4 {3 10 be qnloaded at fts

L= |

See Fig (X0 - 6 -a)
e e D
=

Test if this contalner

final destination here:

Is it po ssible that this
container might be unigaded

at an intermediate N
deslination here ? |
|
I

fest if container is to
be unloaded ot an rnlormrd-i

late destination here. . :

~ACCUMULATE OVERSTOWAOGE STATISIICS &
SET OVERSTOWAGE SWITCHES af AT THE

CORRESPOMDING SPACES,SEE FIG{N -4 -b)

D)

CONTINUE :

- i s petn, —mm m—— e

I3 it passible that
oversfawage inight be

|| encouniered in this casep

Figure & - ¢ : Genernl Block Diagram

of supr. CONULG.



INITIALIZATION
I

HEADING

00

See fig. (105 )

W

Nz MODULO (THLD j

J

00 1§

lr.——“'“-qx’-i.‘.-w

COMPUTE
STATISTICS

W

NSRx(1-1) @ MODULO (THLD )*J |

— o —

ACCUMULATE

- IF SPACE i5 JO BY UMOCADED ,
APPROPRIATE. STATISTICS ; CLEAR SPACE &
GG R 55,

IF NOT PROCEED

Iy NEXT STEP

Test if this spoce is fo
be uniseded ol its finol
destination heis,

Is it poxsidle -thol Hvs space

e

COWTINUE

: wight be wundsaded ol an
B INSWIT r———— e — e — 1 ‘inlermodiate destinotion
here 7
213
— IF SPACE IS TO BE UMOADED , ACCUMULATE Tost -¢f sonce (= o be
Spoce 15 o be
m{gﬁwﬁm STATISTICS, CLEAR SPACE & | __ 1] sioocied ittt
? L mr.a-o o 60 destinglion  here.

TN 1
| - IF YES SET H/B : 14,FIND NUB AND @J-w,rmsmmwm ,
| GO o n. | N in ihis held whose contents |
i ~ IF NOT, Ga 1 1, are unioaded |
- i |
| T
I is it possible that oversiowoge |
] < 3//;”554;" __________ -4 - might be encoun'sred m ;
| NG , this cose P o
I' 172 s }
I T I
) ACCUMURLATE  OVERSTOWAGE  STATISTICS & I
| - SET OVERSIOWAGE “SWITCHS = | AT THE !
b CORRESPONDING  SPACES. i
H !
1{.. - _j A e )

_Sec fig{l- 5-b)

fgure .5 . General Rluck Diyrm ef subr. BRKULG
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FRITIALIZAION

I' F{LE

SCAN PG}?TS TAPE CHANNEL NO 2,
AND READ INTO CORE DAJA &
PARAMETERS OF PORT WHERE
NEXT EVENT IS DUE .TO OCCULR. -

T

SET SWITCH,INSWIT, TG INDICATE THE
PARTICULAR SHIP-PORT PATTERN,

@)

T

READ INTD CORE FROM CHANNEL NO%

TONNAGES OF REJCTED CAH;O AT
THIS PORT.

i |

o)

INCREMENT NEXT PORT NXPCRT, ON
[TINERARYOF CURRENT SHIP

SEE FIG . { 10-2 -a)

SEEFIG(10-2 -a)

/ ’

SEEFIG(10-2 -b)

SEEFIG ( 10-2 - ¢c)

"SEE FIG(10-2 -d)

il

PREFARE BOOKING UST, ILISTACCORDING
TO THE LAST- PﬂﬁT—FIRST PRIORITY
RULE. -

SEEFIG(10-2 -¢)

|

- FIND-OUT TONNAGES OF ORIGIMT--

ING CARGO TO BF TRANSPORTED '
FROM THIS PORT.

\

- SEE FIG(10-2 -f)

-\

|

DISPLAY GATA AND FARAMETERS

. RELEVANT TO CURRENT PORT.

—

CALL PROCESS

@ ()

Figure( Ks=2 ): General Block Diagram of subr. HARBOR



¢

IMTIALIZATION [MMAGE OF TRANSSHIPPED GROUPS
FOR EAGH CARGD (LASS UMNLCMDED FROM CURRENT
SHIP 1M THIS EYENT

IMITTALZATION . STATISTIES & COUNIERS TOBE LAOATED
WHULE PROCESSING CUGRENT SHIF N THIS EVENT.

%Ju e

L

222

ITIALIEATION SIATIATIES & COUNTERS 10 BY UPOATED
NHILE  PROCESSING CURRENT )2LOD

ARYNT-0UT PROCESSING
tE FOR SHIPS HOLD3

i{ .
[

READ INFD CORE FROM (HANWEL MDY, IMITIAL
SRS ars:mm SOICES WITHIN mmwrmw

calt OFILE

~ i 1pent

R

CGAEEUIE FOR CURREWT HOLD IDARLOE (F B0RME
CARGD AND KMUME OF EMPIY SAICES SMEMIBLE
BOR OOONING INGREMEN! THESE BLMNRIES FOR
MHE WEME SWIF SEE FIG f 10-% - o)

R T
f ST T
j ) N o FOR UNLDAGING

Lo Mg ihere of feash oad TN SONUTIONS

il | apee -1b e aiplied

L1 ia e port . 7 FION. 3 ek
| ; Ry v
l L
[
P T AT UL ] G R o ey
F o = s e
| 15 theee o foEi one
; rply  dpock ?
) [——~4<.‘
] .
| ? .

HOLD 1S COMPETELY -
V| L. mo canco 1S CALL THE PROFER
OADED HERE, BOKING AND LDADING

{ fo A Uit ['Wi SUBRNUTINES,
| o N i
= _ _::I
[V

F B IS THE LAST HOLO OF A CERTAIN CAROD
CLASS , PRINT-OUT JOWNAGE OF PEJECIED PGITON OF
OEMERATED CARGD OF EACH COMMOGITY OF RIS

CLASY OFFERED FoR CUARENT SHP SEE FIO [ 10~ 3 d)

REWRITE  ATTRIBUTES  OF HOLD  SPACES
o

SHIPS FILE

h COMTINUE

Figureh -3 :Genergl Block Diagrar
of subr. PROCESS.

THROUOH SUBNOUNNE DFILE

-Porti et ooy e
A updeted,
i hodor &
compuied.

~An ment ey,

inohuding revene i
worked . ouf .

“‘:'*..'_,_ Su F!yrb- .07



INITIALIZATION

HEADING

Is hold full ? - = 26

I—-—l——-—l-a—un-u-—-—n-——u

SFow(! )

+

P Ll e e et Bl

-

IF CAS00 IS TO BE ‘UMOADED . ACLMULATE
APEROPRIATE STATISTICS & GO TO
| 4F (0T, PROCEED O NEXT STEP -

ji- - —"?'—'_b— —————————— 1
' Test if cago in this - hold .

i3 1o be unloaded of its

fircd. dostinotion hece,

I it pessibie thot carge.
in this hold might be unipaded
a o mmmm doelintion here?|

I
i
|
)
I
I
l
!
!

F CARQO IS 1O BE UMLOADED, ACQUMAATE
APPROPMIATE SBATISTICS & 00 1O 34 ,
#mrmmamnmucw

" 8¢ wilveded of on intemediote

oSt B echim in W ekt might

|
l
|
l
destinaiten here ? ' . |
|
_‘.

At S —

— . i o v s, i — e — —

See fig (10:6 .a)

e e s

Clear spoce

. SUBROUTINE *
@ VoL (1)« 0.0
DEN (1} « 0.0
. foOMM (1) « g -
o} smw (1)« o
ORGT (1)« 0.0
ORG (1) D
DEsTa (1. g
raii s .
ST (1)« O
' COMPUTE
SHArISTICS
1

efy (10-6.5)

.———7‘-'——-_- -

l -
! . .
i [ PRINT OUTRPUT

[ R vttt . —— i

Figure : - 6 :General. block diagram

of subr.BLKULG.



INITIALIZE IMMAGE OF
TRANSSHIPPED& REJECTED
GROUPS

Is It the first coll
of this subroutine

in this event ?

Is this port o node
Coor
a supernode ?

Check number of unils
of this port on ports
direct access file ’

(See Fig.10-7-0a )

IND~OUT TONNAGE OF TRANSSHIPPED |~
CARGO OFFERED '

e -

oA ‘ {See Fig.l0-7-b)

FIND-OUT TONNAGE OF REJECTED AND/ OR | o= .
BENERATED CARGO OFFERED i

SSSE—

| [See Fig.)0-1 ~hJ

OMPUTE PORTION OF OFFERED TONNAGE aeS
FOR THIS HOLD

T

9

Gure <7 :General block diagram of subr. CONBKG.




Is it possible tho!

oversfowoge was

encountered during

unlooding this hold?

INITIALIZE SPACE

SCANNING INDICES FOR
REARRANGEMENT

-+

-SELECT OVERSTOWED SPACES TO BE REARRANGED ONE
BY ONE ACCORDING TO THEIR UNLOADING PORT APPLYING
"L AST-DESTINATION - FIRST " RULE. '

- FIND-QUT THE NEXT EMPTY SPACE ACCORDING TO THE | |Rearronge untooding

--« oversfowed cargo.

APPLCABLE SCANNING DISCIPLINE. (s Fig 10-7 -¢ )
: e ig.tv=-7-c
~CLEAR OVESTOWED SPACE AND TRANSFER ITS ATTRIBUTES "

IO THE EMPTY SPACE. _
. -CONTINUE, _ ' .

Figure &'-7 . General block diagram of subr. CONBKG (cortd.)



@__ 0

INITIALIZE SPACE
SCANNING INDICES
j FOR BOOKING

Is this port

aof
on p

unils
orts

direci agrccess file

SELELT CARGOFDR BOOKING APPLYING :

A- THE LASI-PORT -FIRST (PRIORITY RULE NO. 2]

B- [HE IONGEST-TIME-AWAITING - CARGO -FIRST
(PRIORITY RULE NO. 1)

DETERMINE [ONNAGE FOR BOOKING ACCORDING TO

VOLUME AND WEIGHT LIMITATIONS,

FIND -OUT THE NEXT SPACE TQ BE BOOKED ACCORDING

YO YHE APPLICASLE SCANNING DISCIPLINE.

BOOK 3PACE.

UPDATE SIATISTICS.

CHECH FOR "END-OF - BOOKING” CONDITIONS.

RESUME BOOKING OR CALL LOADING SUBR. ACCORDINGLY.

o nods or
. ? | o supernoda?
e e LA R
Chech number
@{D { of this pori
- .\'—
a 0

Then opply pr?o?lﬂ/
rule number ¥ oand
book hoid spoccs w
tronsshipped cargo
tirst. .

{See Figi0-7 -d)

SELECT CARGO FOR DDOKING APPLYING THEZnd. & 3rd.
PRICRITY RULES ( 5EE 80 ABOVE)

DETERMINE TONRAGE FOR BOOKING ACCORDING TO
VOLUM & WEMGHKT LIMITATIONS.

FINO-QUT THE NEXT S5PACE TO BE BOOKED ACCORDING
TO THE APPLICABLE S5CANNING DISCIPLINE.

800K SPACE.

UPDATE STATISTICS.

CHECK FUOR“END-OF- BOOKING " CONDITIONS.
RESUME BOOKING OR CALL LOADING SUBROUTINE
ACCORDINGLY.

r-_-.l

- Book hold spaces wilh

rejocted ana/ or
generafed

{Seg FiglO-7 -2

carge

Figure & -7 :General block diagram of subr CONSKG fconid. ).
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¥

INITIALIZE IMMAGE OF
TRANSSHIPPED & REJECTED
GROUPS

I

__r INITIALIZE  HOLD

% OVERSTOWAGE STATISTICS

|

f
!OVERSTOWAGE STATISTICS, IF ANY

L- Is it the Ffirst call

@ L mm = === {4 of this suvbroutme
-
P in this event ?

!
e 15C8BS

0
[__ 15c88 <1 | is this part @ node

! - ' or a SUPP‘ROG’E 7
? Q

node Check number of unils

———————— < of this port on porls’
direct ccecess file

Sae Fig 10 -8-0

FIND -QUT TONNABE OF TRANSSHIPPED : -7
CARGO OFFERED

5

See Fig. 10 -2 -5

FIND-OUT TONNAGE OF REJECTED AND/OR e
GENERATED CARGO QFFERED

_____I q

See Fig. 10 -8 vy

COMPUTE PORTION OF OFFERED TONNAGE FOR - ‘
THIS HOLD :

Figure -8 : General Block Diagram af Subr BBKBKG.



Is it possibie that
oversfowaoge was

encounterad during
unloading this hoid?

INITIALIZE SPACE
SCANNING INDICES FOR
REARRANGEMENT

| _SELECT OVERSTOWED. SPACES 10 BE REARRANGED ONE
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Figure &'~ 8 :General biock diagram of subr. BBKBKG (cortd.)
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Figure 4&'-

~General block diagram of subr BBKBKG (contd.).
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Figure & ' -9 : General Block Diagram of Subr BLBKLG
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