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ABSTRACT

The problem of developing a generalized 
transportation scheduling model to be used to schedule 
goods and commodities from various origins to a variety 
of destinations is examined. A heuristic computer 
program is proposed as a model for the problem. A 
description of the model is included and a comprehensive 
investigation is made to determine the feasibility of 
this type of approach to the scheduling problem. 
Applications of the model, to include limitations and 
suggested modifications,are discussed.



CHAPTER ONE '
A TRANSPORTATION SCHEDULING PROBLEM

INTRODUCTION
One of the large problems which the transportation

industry has today is that of developing some means to
effectively schedule the movement of goods and commodities
from various origins to a variety of destinations.

In the classical transportation problem [5], the
general problem of determining the most economical manner
in which to empty the origins and fill the destinations is
solved, This solution, however, does not consider the
dynamic time element that is of primary importance in the
scheduling problem.

The scheduling problem, then can be stated as
follows. Given m origins, n destinations, and p movers,
with origin i having a^ items, destination j requiring b̂
items with Ea.-Zb., and mover k having a capacity of r..1 3 1J
items when servicing destination j from origin i with 

Ea->>Er... The time and cost for mover k to supply
j 3

destination j from origin i is provided. The requirement, 
therefore, is to empty the origin and fill the destinations 
in the most economical manner considering the dynamic 
conditions of the problem.
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SPECIFIC PROBLEM
One of the larger members of the world trans

portation industry is.the merchant marine service. This 
service for many years has been faced with serious growing 
problems. As a result of increased wages and operating 
costs and intensified competition in the world frieght 
and cargo markets many of the world's merchant marine 
fleets have become dependent on subsidies to continue 
operation. The entire shipping industry has rapidly fallen 
behind the advanced technology of the age and therefore 
has been unable to rescue itself from this dangerous 
position of financial stagnation [12]. Through the 
encouragement and direction of the federal government many 

of the nation's leading shippers have begun a program 
to modernize their operations. One of these shippers is 
the Marcona Corporation located in San Francisco.

This corporation was established under the present 
name in 1965 to manage and control the operations of a 
Mining Company located in San Juan, Peru and an Ore Sales 
Company also located in San Juan. The Ore Sales Company 
also owns and controls a shipping company„ Although each 
company does still exist in name, the management of each 
company is consolidated at Marcona and Marcona can be 
considered as the manager of each company, Rather than 
having three companies, each with an individual profit 
motive, the entire organization can now be considered as



shown in Figure 1. The profit motive is now the overall 
profit to the corporation rather than to the individual 
companies.

SHIPPING
COMPANY

ORE SALES 
COMPANY

MINING
COMPANY

THE
CORPORATION

Figure 1 
Corporate Structure

Marcona owns an iron ore mine in Peru. In addition 
they have contracts to ship iron ore and bauxite from two 
mines located in Australia. Marcona owns a fleet of 
eight ocean vessels ranging in size from 31,000 to 71,000 
ton capacity. In addition, they control ten vessels of 
approximately the same range of capacities on a time 
chartered basis. Other vessels required for movement of 
ore are chartered on an individual voyage basis [14].



Various customers throughout the world contract 
with Marcona for the purchase and delivery of the ore 
produced by these mines. One of the larger problems 
which Marcona has is determining the schedule of shipping 
to fulfill these contracts. To assist in developing any 
schedule, Marcona knows the following information:

1. For any given port, its contract amount 
(demand) is unique.

2. The load capacity of any given ship varies 
according to the port it serves because of 
draft limitations, Panama Canal restrictions, 

etc.
3. The cost of a voyage is a function of the 

given ship and the given port.
4. The time required for a voyage depends not 

only on the port to be served but also on the 
given ship. !

5. All owned and time chartered ships will be
scheduled for 100% utilization.

6. Approximately 70% of the yearly contract amount
can be carried by owned or time chartered
ships. The remaining amount must be carried
by F.I.O. vessels.

7. Some contracts call for a "no sooner than" or 
a "no later than" delivery date.

8. Cost and voyage times are available for each 
ship when servicing any port (7].
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Presently all vessel scheduling is done on a "past 

experience" basis. The current practice is for the vessel 
scheduler to develop a long range schedule of shipping 
on a yearly basis, which is used for broad guidance.
From this long range schedule a four month schedule is 
generated on a weekly basis and kept current on a daily 
basis. Daily changes sometimes number twenty to thirty.

Marcona recognizes the problems inherent in 
scheduling vessels in this manner. Until recently, however, 
they have felt this method to be satisfactory. With the 
introduction of the bauxite mine in Australia, purchase 
of several new vessels, increased ore contracts, and 
possible entry into the market as a carrier of other than 
ore, they now believe the present manner of scheduling 
will not allow them the most efficient means of competing 
on the world market.

THESIS OUTLINE
The primary purpose of this thesis is to investigate 

a possible solution to the general type of scheduling 
problem with primary interest focused on the example 
presented by the Marcona Corporation. The specific 
problem presented is studied in closer detail due to the 
availability of data furnished by Marcona. This work 
was first started in 1964 by Edward Preston, a student 
in Systems Engineering at the University of Arizona [12].
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Chapter One introduces the general problem of 

scheduling goods and commodities from various origin to 
a variety of destinations. A general background of the 
Marcona Corporation is presented to give the reader 
familiarity with the specific problem to be presented.
Known information available for the scheduling of vessels 
is presented so that the many variables to be considered 
in developing a schedule of movements may be recognized.

Chapter Two describes the model of the scheduling 
problem. Evaluation of system performance is introduced 
as a basis to compare various schedules. The reason for 
selecting the heuristic computer program as the model 
is discussed. General characteristics of the model are 
described and particular model components are discussed.

Chapter Three investigates the considerations of 
feasibility that apply to the model. The realism of the 
model is investigated to determine if it actually models 
the intended system. An evaluation of data requirements 
is made to determine if the model is excessively cumbersome 
to use. Implementation of the model is discussed.
Additional measures of effectiveness are introduced.

Chapter Four introduces possible limitations and 
suggested modification for the model. An example of another 
type transportation industry is presented to show where 
the model would require changes or modifications depending on 
the system under study. Possible extensions are discussed.
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Chapter Five lists the conclusions at which one

can arrive about the future of this type of investigation 
for scheduling problems.



CHAPTER TWO 
A MODEL OF THE-PROBLEM

INTRODUCTION
A heuristic computer program» that incorporates 

certain features considered common to any transport 
system, is proposed as a model to be used to study the 
transportation scheduling problem. The characteristics of 
the model can be described in general terms by two basic 
sets of information - the physical features of the system 
and the logic or rationale used in manipulating these 
features. The purpose of this chapter is to give a detailed 
explanation of how these sets of information are incorpo
rated into a mode 1 of the system.

EVALUATION OF SYSTEM PERFORMANCE
Evaluating the results of a model is one of the 

more difficult'problems in any systems modeling situation.
In the case of the scheduling problem, the result produced 
by the mode 1 is the completed schedule. Some means must 
therefore be determined to evaluate this schedule.

An objective function to evaluate a schedule of 
movements, can, of course, be any function that management 
might desire, For example, it might be considered quite

8



important to minimize the total number of days that the 
prime movers were not carrying cargo. It might also be 
important to minimize the total number of late deliveries.
The objective function, however, that would probably 
have the most appeal to management is the one that would 
evaluate profit or loss to the corporation based on the 
schedule of movement.

Although the objective function that evaluates 
profit or loss is probably the most widely used it must 
be realized that each individual company or corporation 
could have different parameters for the function. Each 
organization, therefore, must clearly define the particular 
objective function that best describes its operation.

Taking the Marcona Corporation as a case study, a 
function which defines clearly the profit or loss to be 
made from a schedule of movement will be written below:

VALUE = dollar value of the completed schedule
TONS(I,J ,K) = number of tons of cargo carried by

ship I from port J to port K.
PROFIT PER TON 
(I,J,K) = profit per ton of cargo carried by

ship I from port J to port K.
ROADS(I,J,K) = set cost for ship I coming from

port J to port K. (Canal fees,
pilots wages, etc.).
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VOYAGE COST 
BALLAST(I,J ,K) cost of ship I sailing unloaded 

from port J to port K .
PRIME(I) daily cost of ship I (includes 

maintenance, depreciation, but
does not include fuel, crew wage, 
etc.) .

DAYS SAILING
» number of days ship I takes to sail

from port J to port K . 
CONSTANT(I,J ,K) - 0 if TONS(I,J ,K)>0

« 1 if TONS(I,J ,K)
with Ie{1 (ships)}

Jc(l,...,#(ports)}
Ke {1,...,#(ports)}.

Then the value of the completed schedule is:

N NN NN
VALUE” I I I  PROFIT PER TON(I,J ,K)*T0NS(I,J ,K)

1=1 J=1 K=1

-CONSTANT (I , J , K) * [VOYAGE COST BALLAST (I ,.J,K)
♦R0ADS(I,J,K)♦PRIME(I)*[DAYS SAILING(1,J ,K)])

This value is the sum of all the profits made over the 
period of the schedule minus all of the costs. Although 
quite tedious to evaluate by hand, this function can easily 
be incorporated into the model and evaluated quickly by a 
computer. Management now has a means to evaluate different 
schedules with a common scalar unit.



DIRECTION OF STUDY EFFORT
Although considerable analytical work has been 

done in the general area of transportation assignment 
problems, the work done on the scheduling type problem 
has been limited to special cases. Dantzig and 
Fulkerson [2], for example, have dealt with the problem 
of minimizing the number of tankers to meet a fixed 
schedule. Brisken [1] extends this work started by 
Dantzig and Fulkerson. No work, however, could be found 
that deals with an analytical solution to the general 
type scheduling problem.

While little analytical work has been done in 
this area, considerable effort and money has been expended 
by both the government and private industry to make 
scheduling possible by computer. The approach up to now 
has been to simulate the various conditions of the system 

under study and then to develop a schedule of movements 
based on the simulated information. While this may not 
seem to be the ultimate answer for problems of this type, 
useful results have been obtained by both the Matson 
Navigation Company [<] and the Maritime Administration [3]. 
Other companies [16] and organizations [8] have also turned 
their study efforts towards an approach of this type.
Most of this work, however, has been directed towards 
specialized operations and is not adaptable to the general 
scheduling problem.
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The model proposed in this thesis has been developed 
in the form of a computer program. The program, however, 
is not a simulator but rather a heuristic type program :
that develops a schedule of movement based on known

! •
information and predetermined supplied decision alternatives. 
This approach to the problem was selected for several 
reasons. First, after a careful examination of the problem, 
a computer program appeared to be the most promising avenue 
of attack. Second, from the data available for the study, 
it appeared that a model of the system would require 
extensive data manipulation in order to examine the 
numerous features of a transportation system; a computer 
is a versatile tool for the rapid manipulation of such 
large volumes of data. Finally, it was felt a model of 
this type could be more easily adapted to the needs of any 
transportation system and would not be limited to a 
particular application such as the merchant marine service.

The development of the model was guided by several 
basic considerations.

a) Certain fundamental physical features are
common to most transportation systems: trans
port vehicles to move commodities, sources of 
supply for such commodities, destinations that 
generate requirements for movements, and a 
transportation network that connects sources 
and destinations, Although the size and
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configuration of the features vary from
system to system, they exist in any transportation
system that is established to satisfy movement
requirements.

b) Decisions are required which will allow the system 
to perform its intended function. In general 
these decisions are based on some policy or set
of policies. One policy might be to send the prime 
movers on the most profitable routes or to establish 
schedules so they‘meet required delivery dates.

c) The capability of the system to satisfy movement 
requirements is restricted by certain factors such 
as availability of commodities at supply sources, 
availability and capability of transport vehicles, 
and shipping and receiving capacities of supply 
sources and destinations, respectively.

d) During the course of the system's operation, 
events may occur that cannot be predicted in 
advance but can result in a reduction of system 
performance, for instance prime movers may be 
delayed or equipment may fail.

With these considerations as guides, effort was 
directed toward defining the manner in which the physical 
features of the system would be represented, the type 
and representation of the policies that might govern the 
operation of the system, the manner in which unexpected
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events (prime mover delays) would be introduced, and the 
measures that would be used to evaluate the system 
performance. This investigation in turn dictated the 
scope and form of the data required to represent a 
transportation system. Particular effort was concentrated 
on describing the basic features of the system in such a 
manner that the model could examine the system’s operation 
either when unexpected events were excluded from consideration, 
or when such events did occur and were reflected in the 
model by a revision or change in the initial data.

The model does not develop as a finished product 
an optimum transportation schedule of movements. Rather 
the result of the model1s evaluation* a completed schedule 
of movement, provides a means of comparing alternate 
schedules based on different policy inputs and of selecting 
the schedule showing the best performance index as determined 
by the objective function supplied to the model. In this 
manner, different policies may be tested to determine their 
effect on the schedule of movement subject to the constraints 
of the system under study.

GENERAL: CHARACTERISTICS OF MODEL '
The transportation scheduling model developed in 

this thesis can be described in general terms by two basic 
sets of information: the physical features of the system
that are represented in the model and the logic or 
rationale used in manipulating these physical features.
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The primary physical features represented in the

model are:
a) Nodes - the sources of supply or delivery 

destinations.
b) Vehicles - the movers in which commodities are 

transported.
The following are statements of the logic or rationale 
used by the model.

a) The transportation system represented by the 
mode1 is examined in time intervals of uniform 
length.

b) Action is initiated only when critical events 
have occurred.

c) Vehicular performance characteristics are 
described within the model by data input.

d) Node (an origin or destination location) 
characteristics are described within the model 
through data inputs.

e) Commodities to be delivered from the various 
origin nodes to the destination nodes are 
supplied to the model as data inputs. In addition, 
the dates by.which commodities must be delivered 
are supplied. No goods or commodities to be 
delivered are generated through a simulational 
routine in the model.
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f) Policies f01; the assignment of each vehicle are 

supplied to the model. The policies indicate 
the order of priority for the assignment of each 
vehicle at each node,

g) Events which occur that cannot be predicted are 
reflected by adjusting status information 
associated with the vehicle or node. This is done 
through data change information.

Within the model there is an area that contains the
state of each vehicle at each instant of time. This state
contains the following information:

a) vehicle number
b) capacity of the vehicle
c) current activity of the vehicle (traveling, 

loading, unloading, waiting)
d) critical date (the date at which the vehicle will 

change from one activity to another)
e) point of origin
f) destination
g) contract number for goods being carried
h) amount of goods being carried.

The mode1 has an internal clock which is increased 
in discrete time intervals. Each time the clock is increased 
the state of each vehicle is checked. If the critical date 
indicated in the state of the vehicle is the same as the 
clock reading, the model goes to the scheduling portion of 
the program and that particular vehicle is scheduled for
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a new activity. If no critical dates match the internal 
clock, the clock is increased and the states are checked 
again. This process continues until the period of time to 
be scheduled has been satisfied. Figure 2 illustrates 
the basic sequence of operations that would be performed 
in the model. The operations discussed in this paragraph 
are described by the section "Examine system for critical 
time."

DESCRIPTION OF SCHEDULING ROUTINE.
The scheduling portion of the program is the part 

of the model that will remain essentially the same no 
matter what type of transportation industry is being 
studied. As characteristics of both nodes and vehicles are 
supplied to this portion through data inputs, all of the 
variables which the scheduler considers are other than an 
internal part of the routine. The principles, then, which 
the scheduler uses to arrive at a schedule of movements 
apply to the general type scheduling problem, and the 
particular characteristics of the industry being studied 
are simply introduced as variables for the scheduling 
routine.

As described previously the scheduling routine is 
only reached when a mover has a critical date that matches

‘ X

the internal clock. This means that mover has completed 
its present activity and is ready to be scheduled for a 
new activity. The scheduler first determines what the
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next activity for the mover should be. For example, if a 
mover is arriving at a node with loaded cargo, the scheduler 
would determine that the mover should be unloaded. It 
would then update the current state of the mover to 
indicate this activity. The critical date entered in the 
state of the mover would be the date at which the scheduled 
activity would be completed. The time for the unloading 
would be determined from the data supplied to the model.

If a mover has finished unloading at a node, the 
routine determines a new trip should be scheduled for 
that vehicle. The routine first checks the policy list 
for that mover at that particular node. After determining 
the priority trip from the scheduling policies, the 
cargo list is checked to see if cargo exists at the present 
node destined for the node indicated as priority one 
for that mover. If cargo does exist, the mover is scheduled 
to make that trip. If cargo does not exist, the cargo list 
is rechecked to determine if cargo is available at the 
destination node that this mover could be scheduled to 
carry on a priority one trip. If it does, the mover is 
scheduled to proceed empty to the destination node, pick 
up the reserved cargo, and then deliver it to the final 
destination node. If cargo does not exist at either node 
the policies are rechecked to determine the priority two 
trip. This process is repeated until a trip is found 
that the mover can be scheduled to make.
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In addition to checking the cargo list, the 

routine also checks the delivery date for each cargo at 
an origin node. If the date cannot be met by a mover, 
although the policy may call for this as a priority one 
trip, the vehicle is not scheduled to carry this cargo.
This date is of primary importance, as cargo is scheduled 
for movement based on the date it must be delivered by.
For example, if two parcels of cargo are located at node 
A and both are going to node B but the first parcel must 
be delivered by the 90th day and the second parcel can be 
delivered anytime up to the 180th day, the first parcel 
will be scheduled for delivery, and only after this parcel 
has been scheduled will the routine consider the second 
parcel. Cargo that cannot be delivered on time, or cargo - 
that cannot be scheduled due to lack of sufficient movers, 
is printed along with the completed schedule so that 
auxiliary equipment may be hired.

Through the proper use of the scheduling policies 
the user of the model can control the trips each mover 
makes from each node. If, for example, because of some 
limitation at node D , a particular mover should not make 
the trip from node A to node D, then a policy is introduced 
that will not allow the trip. Likewise if a particular 
mover has a "most profitable trip," then a policy is 
introduced that makes this trip priority one for that
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particular vehicle. In short, the user has complete 
control over the trips each mover can make.

UPDATE PROCEDURE
In many transportation industries unexpected events 

commonly occur which have considerable impact on a planned 
schedule of movement. These events may range from 
additional contracted cargo to delays of the movers which 
cause them to be unable to meet scheduled dates. To attempt 
to simulate these events and place them into the model 
would be unrealistic, as accurate estimates cannot be made 
either of the type or time of occurrence of these events.

To consider these events an updating procedure is 
incorporated into the model. This procedure does not 
work on a simulational basis but rather on actual events 
supplied to the model through data inputs.

As explained previously a schedule of movement is 
developed based on supplied information. This information 
includes cargo to be scheduled by certain dates, capabilities 
of each mover, and the initial state of each mover. After 
the determination of critical dates, certain actions are 
initiated which cause the schedule to be generated.
Unexpected events that occur to movers are introduced to 
the model through change cards that modify the critical 
date of the mover that is affected. For example, consider 
a schedule of movement that assigns mover A to arrive at 
node C on the 28.6th day. For some reason, the mover is
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delayed .3 days. To incorporate this change, the organization 
using the model introduces a state change data card to be 
read by the model on the day the delay occurs. This card 
changes the critical date from 28.6 to 28.9. The model 
then makes future assignments based oh the fact that mover 
A will not arrive at node C until day 28.9. In this manner, 
each mover can be updated on a daily basis, if required, 
by simply introducing the state change cards to reflect 
the corrected critical date.

Changes in contracted cargo are also introduced 
through data change cards. The cargo to be scheduled is 
introduced to the model in the form of a cargo committment 
list. Each time a movdr is to be scheduled this list is 
checked to determine the cargo available. To introduce a 
new cargo or change the amount of an already existing 
cargo, a new cargo committment card is introduced to this 
list. This card not only gives the change .but also the day 

the change is effective.
As the schedule of movement is always developed 

from day zero, the changes introduced will not affect the 
schedule until the actual date the unexpected event occurs. 
This precludes the developing of a completely different 
schedule of movement each time a change is introduced.
The model will develop the same schedule up to the critical 
date each time it is run. From this date, however, it is 
quite probable that the schedule will be different.



CHAPTER THREE 
CONSIDERATIONS OF FEASIBILITY

INTRODUCTION
Any model developed to describe a given system 

must be investigated thoroughly to determine if the model 
actually describes the problem under study. The 
investigation of the model developed for the transport
ation scheduling problem can be separated into four parts 
for convenience of discussion: conceptual feasibility,
data requirements, practicability, and usefulness. 
"Conceptual feasibility" refers to the possibility of 
devising a schedule of movement that is an.adequate 
representation of reality, "Data requirements" refers to 
the possibility of providing the information1 required as 
input with a reasonable amount of effort. Given that the 
development of the model is conceptually feasible and that 
data required by the model are available, the question of 
practicability must be considered; i.e., can the model be 
reasonably implemented in the form of a computer program 
without exceeding the capacities and capabilities of the 
computers? "Usefulness" refers to the value of worth of 
the model in performing the desired evaluation processes.
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Each of these different aspects of feasibility is 

discussed in the following sections. Although the 
discussion applies to the general problem, specific 
references are made to the case study, the Marcona 
Corporation.

CONCEPTUAL FEASIBILITY
The development of a model of a real system requires 

that the significant features of such a system be expressable 
in terms of numerical values. The logic by which these 
features of the system are manipulated must also be 
defined and duplicated.in the model structure. It is not 
necessary for the model to duplicate every feature of the 
real system; it is only necessary to represent those 
features that significantly affect the performance of the 
system. The form of the model discussed in this thesis 
has been guided by these considerations.

The features considered basic to the system 
under study are vehicles utilized in the transport of 
commodities, nodes acting as sources or sinks of commodities, 
policies that dictate the priority of assignment for each 
vehicle, and a commodity or cargo list which must be 
scheduled for movement within a specified interval of time.

Within the model, the physical characteristics 
of the first two features, the vehicles and the nodes, are 
represented by actually known values. As these values are
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determined through past operating experience, they should 
be an adequate representation of reality for the two 
features. Thus if a completed schedule of movement indicates 
a time for a mover to travel from one node to another, 
this is an actual time supplied to the model and not a 
simulated time developed within the program.

The cargo list to be scheduled for movement is also
supplied to the model. It is assumed, however, that once
the cargo is supplied to the model it is ready for
scheduling and that if a mover is assigned to a node to
pick up a specific cargo, this cargo will be available.
In reality this is not necessarily true. As an example,
the Marcona Corporation receives contracts for iron ore to
be shipped from Peru in varying ore grades. Because of
port storage facilities it is not possible to store adequate
amounts of all grades at the dock facility. Consequently
it is possible for a ship to be scheduled to arrive at
Peru to pick up a specific ore grade when the actual ore
is not available for loading. To prevent this happening,
it is anticipated that a schedule of movement will be
developed.-for both a long and short range period of time.
As explained in Chapter One the long range schedule is

eused for broad guidance and the short range schedule is the 
actual operating schedule kept current on a daily basis.
Using the initial long range schedule as guidance the mine 
production could be scheduled to meet the anticipated



arrival of ships for loading. Changes that occur in the 
schedule would be forwarded to the mine and readjustment of 
production schedules could be made. In this manner, dates

r'

for cargo requirements could be predetermined through the 
use of the model and cargo could be made available when 
required. If it were to become impossible to provide the 
necessary cargo at the specified time, a change in the cargo 
list could be introduced to the model indicating this 
situation. The model would then develop a new schedule 
based on the nonavailability of the specific cargo.

The policies introduced to the model are the 
variables which will determine "a realistic schedule of
movements." As all scheduling of movers is based on
policies supplied to the model it is imperative the policies 
be an adequate representation of the real system. Therefore, 
any user of the model must be able to clearly define the 
policies of his organization. In addition to defining the
policies of an organization it is also necessary to be able
to express these policies mathematically so that they can 
be introduced to the model. Consider again the Marcona 
Corporation as an example. Marcona has among its fleet of 
vessels three ships of the 70,000 ton class. Experience 
has shown that the best operational policy for these ships 
is to keep them operating in the Pacific Ocean. However 
to introduce this broad general policy to the model would 
be impossible. Rather the policy must be defined in terms



the computer can handle. As the model is constructed so 
that each mover has a policy for assignment at each node, 
it is necessary to divide the broad general policy which 
encompasses three ships into individual policies which 
apply to individual ships. Table I lists a policy 
assignment for one ship of the 70,000 ton class. Although 
ten nodes were considered in the trial cases, notice 
the absence of policies at three nodes. This indicates 
that the particular vessel under consideration will never 
service these nodes, therefore, it is not necessary to 
define policies for the unserviced nodes. The important 
point, however, is that a broad general policy known by 
the corporation has been broken down into individual 
policies for each required node in the system. When this 
can be accomplished, the model will provide realistic 
schedules of movement.

DATA REQUIREMENTS
Two factors must be considered when discussing the 

feasibility of the proposed model with respect to inputl
data. The first is the quantity of data required to 
describe the system under examination. The second factor 
is the question of availability, i.e., can valid data be 
obtained in the form required by the. model.

The data required by the model can be separated 
into three major areas; vehicles, cost and logic. In the 
area of vehicles, the following data are supplied:
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Table 1* Policy Assignment For One Vessel of 70,000 Ton Class

Peru U.S.
Gulf

Northern
Japan

Destination Nodes 

==rmany Italy Australia Persian
Gulf

Wash. 
State

San
Francisco

Peru o ' 0 1 2 0 0 3 0 0 0
U.S. Gulf
Northern

0 0 0 0 0 0 0 0 0 0
Japan

Southern
3 0 0 0 0 0 1 2 0 0

Japan 3 0 0 0 0 0 1 2 0 0
Germany 0 0 0 0 0 0 0 0 0 0
Italy 0 0 0 0 0 0 0 0 0 0
Australia
Persian

0 0 0 0 0 0 0 0 1 0
Gulf 0 0 0 0 0 0 0 0 0 1

Wash. State 
San

1 0 3 0 0 0 2 0 0 0
Francisco 1 0 2 3 0 0 0 0 0 0

Example: Policy for origin node Peru
1st priority - Northern Japan 
2nd priority - Southern Japan 
3rd priority - Australia

80
00
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• )
a) The time required for each vehicle to travel 

from any one node to any other node. This information is 
introduced as a three dimensional matrix, i.e.,

Vehicle 1

To Node 
1 2 . . .

0 19.6

20.3 0

r

1

From
Node

b) The time required for each vehicle to load 
cargo at origin nodes, i.e..

Node
1 2 . . .

Vehicle

.8
1.3

1.3
1.7

c) The time required for each vehicle to unload 
cargo at each node. Data would be introduced as in part b) 

above.
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This type of data is available to most organizations in the
transportation industry, as accurate records are kept on
all movements. To supply the data to the model would be
simply an extraction process. Therefore the qualitative
question of the availability of valid data is answered.
Supplying the data in the quantity required is a problem
that must be carefully considered.

When analyzing a large system of the size of the
Marcona Corporation, a rapid calculation indicates that
a considerable amount of data is required. Consider the
system to be composed of eighteen vehicles servicing
seventy- five nodes., Total data requirements would be:

21) From part a, number of vessels x(number of nodes) , 
or 18*75*75*101,250 units of data,

2) From part b, number of vehicles x number of nodes, 
or 18*75-1350,

3) From part c, number of vehicles x number of nodes, 
or 18*75-1350,

or a total requirement for 103,950 units, of data. However, 
when considering the actual operation of the system, a 
large reduction in data requirements is realized. Many 
vehicles are used in specific areas only thus eliminating 
the necessity of supplying data for nodes they will not 
service. Similarly, only certain nodes are origin nodes 
and loading times are required for only these nodes. 
Therefore, consider the following cases:



31

a) Eight vehicles will be used in the Pacific Ocean 
to service twenty nodes. Data requirements, 
therefore, is 8*(20)^■3200,

b) Five vehicles will be used in the Atlantic Ocean 
and will service thirty-five nodes. The

2corresponding data requirement is 5*(35) -6125,
c) The remaining five vehicles can service any node. 

Corresponding data requirement is 5* (75)^-28, 125,
d) Only twenty-five nodes are origin nodes. The data 

requirement is therefore 18*25-450.

In addition, 1350 units would be required for unloading 
times at each node. The total data requirement is therefore 
39,250 units or a reduction of approximately sixty percent 
of the original estimate.

To provide cost information for the objective 
function evaluation, the following data need be supplied:

a) The cost of unloaded trips for each vehicle from
any node to any other node. Data are introduced
as a three dimensional matrix as in part a) of 
the vehicle data requirements.

b) The profit per unit of cargo carried by each
vehicle from any node to any other node. Data
are again introduced as a three dimensional matrix. 

As in the vehicle data supplied, the initial estimates of 
data required is:



1. From part a),
number of vehicles *(number of nodes)^, 
-18*(7S)2-101,2S0

2. From part b),
number of vehicles *(number of nodes) 
-18*(7S)2«101,2S0. 

for a total of 202,500 units of data required. Using the 
same reduction process as before, this amount can be 
reduced to approximately 80,000 units of data.

The data required for the logic portion of the model 
are supplied as follows:

a) The scheduling policy for each vehicle at each
node, as shown in Table 1. The total data
requirements for policies would then be approx
imately the same as the total number of units 
required under paragraphs a, b, and c or a total 
of 37,450 units.

b) The current state of each vehicle at the start of
the scheduling period. As eight units of data
are required to represent each state, total
data requirements would be 18*8-144.

Total data requirements for the logic portion would there
fore be 37,594.

The total data requirements for the scheduling of 
the ships of the Marcona Corporation would be:
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vehicles - 39,250 
cost - 80,000
logic - 37,594

TOTAL 156,844

It would be extremely unrealistic to say that the 
cost and problems associated with collecting and processing 
this amount of data would be small. It should be
emphasized, however, that a large portion of this data
represents a one-time entry requirement. The character
istics of the vehicles and the policy representation, 
once formulated, will change little. The cost information, 
once introduced, could be kept current with a separate 
updating accounting routine which could be added to the 
model at a later time. Therefore, although the initial 
collection and introduction of the data does present a 
large problem, this problem does not create an unreasonable 
burden on a model user and the benefits to be gained 
from the model will compensate for the initial investment 
made by the data gathering process.

PRACTICABILITY
Even if the model is conceptually feasible and 

the data required are available, one must consider whether 
or not the model can be reasonably implemented without 
exceeding the capacities of the computer.
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One of the basic factors is the number of nodes 

and vehicles the model can handle. For speed of operation 
the model is constructed so that all data are introduced 
to the computer in matrix form. Although many elements 
of a matrix may be empty (see Table 1), it is still 
necessary to provide storage locations within the computer 
for the entire data matrix. As an example, the Marcona 
system, consisting of eighteen vehicles servicing seventy- 
five nodes, would require the following storage locations:

vehicle time to service nodes 18*75*75*101,250 
unloaded costs 18*75*75*101,250
profit per unit of cargo 18*75*75*101,250
policies for assignment 18*75*75*101,250
loading times 18*75 ■ 1,350
unloading times 18*75 * 1,350
initial state of vehicles 18*8 * 144

for a total storage requirement of 407,844 locations. In 
addition, locations would be required for the actual 
computer program and the cargo list to be scheduled. The 
following formula can be used to estimate the total number 
of storage locations required for systems of this type;

Total locations*Number of vehicles *4*(Number of Nodes)
♦ 10,000

2
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As currently invisioned, the program would be stored 
in the fast-access core memory unit of the computer, and 
the data would be placed in a disk file storage area.
When data are required, the model would extract the desired 
portion from the disk file unit and place it in a working 
area within the core memory unit. Once the required 
information is obtained from the working area, new data 
can be introduced. In this manner, speed of operation can 
be maintained.

As most modern computers have disk storage units 
available, little problem is anticipated in providing a 
computer large enough to handle most systems. By using the 
provided formula, an organization can determine the size 
required for their particular system. Once the minimum 
size is determined, a computer may be selected which has 
the desired characteristics. Again considering the 
Marcona Corporation, a computer with approximately 415,000 
locations would be needed. Two computers which would 
provide this storage capacity are the IBM 1130 with 8000 
location of core memory and 512,000 locations of disk 
storage area and the. IBM 360, Model 3'0, with 16,000- locations 
of core memory and 7,250,000 characters of disk storage 
area. The selection of a particular computer is, of course 
beyond the scope of this thesis. The above example are 
given only to illustrate that there are computers currently: 
on the market which could handle the problem.
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Estimates of running time for- the model on a computer 

are not available. In the trial cases, only ten vehicles 
servicing ten nodes were scheduled, because the computer 
available, the IBM 7072 has only 10,000 core memory 
locations and no disk storage unit is available. In the 
trial cases, the vehicles were scheduled for a period of 
one year. On the IBM 7072, it took forty-two seconds to 
develop this schedule. Based on this result and the fact 
that newer computers have a faster execution time, it is 
anticipated that running time will be reasonable.

USEFULNESS
Usefulness of a model refers to its value or worth 

in performing the desired evaluation process versus its 
implementation cost. As explained, the model presented is 
used to determine a schedule of movement based on policy 
assignments for each vehicle at each node in the system.
To evaluate each schedule, an objective function is 
included in the model, which evaluates profit to the 
organization based on the developed schedule. The model 
then is valuable in two respects; it is able to rapidly 
develop a schedule of movement, and it is able to answer 
questions put in the form "If . . ., then what happens to
the system?" Here the "if" clause is represented by the 
policy inputs and the "then" clause is represented by the 
measures of effectiveness.
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Table 2. Policy Combinations Versus Profit to the 
Corporation.

Policy Profit to the
Combination Corporation

1 $2,626,019
2 2,758,758
3 2,026,516

4 3,004,674
5 2,878,883
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Table 2 illustrates several examples of the "if" 

and "then" clauses. When using policy combination number 
one, a profit value of $2,626,019 is obtained by the 
Marcona Corporation. As different policies are tested new 
profit values are observed. In this manner, the corporation 
can test new policies to determine their relative effect 
on the overall profit figure before implementing them.

Although an objective function was selected that 
is based on profit, considerable other information may 
be gained from the model. In general terms, any information 
generated by the model is available as output so long as 
it is retained in an output file. Some of this information 
which can be obtained and considered as a measure of 
effectiveness is:

a) The number of days each vehicle is empty.
b) The total number of late days of cargo.
cj The number of additional vehicles required 

to carry the cargo to be.scheduled.
d) The total number of days required to unload 

each vehicle at each node.
Therefore, although the model does not presently provide 
this information in printed form, it is available and, 
if important to the user, may be obtained.



CHAPTER FOUR 
SCOPE OF THE MODEL

INTRODUCTION
Although Chapter Three indicates that the model 

will provide useful results for the transportation 
scheduling problem, three limitations prevent the 
generation of an "optimum" schedule of movement. The 
purpose of this chapter is to describe these limitations 
and discuss possible modifications and extensions to the 
model. An extension to another industrial transportation 
problem is then made to illustrate that only parts of 
the model need to be changed in order to generate 
realistic schedules of movement for other carriers.

LIMITATIONS OF THE MODEL
As explained in Chapter Two, the scheduling of a 

mover to a particular activity is generally determined, 
first, by the policies supplied to the model for that 
mover, and second, by the availability of cargo at the 
time when the mover is available for scheduling. To 
schedule in this manner, however, three major assumptions 
must be made.

1, The policy set supplied for each mover is the 
best one for that mover.

39
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2. Combining the best policy sets of the individual 

movers will result in the optimum schedule
for the whole fleet.

3, It is not necessary to consider the influence 
of one assignment on the total schedule of 
movement.

These are very restrictive but necessary assumptions.

ASSUMPTIONS ONE AND TWO: The model user must
define policies of assignment and supply them to the model 
in an acceptable form. In most existing systems these 
policies have been based on physical characteristics of 
the movers, past operating experience, and the intangible 
"insight" of the person making the schedules. It would 
be unfair to say the policies in effect for an organization 
are other than "good" policies because, obviously, profit 
is being made using them. The question that is unanswered, 
however, is what effect the change of a set of policies, 
or a particular policy, would have on the total profit 
to be made from a complete schedule of movement. This 
question could be answered by generating a schedule of 
movement using every possible combination of policies and 
then selecting the set of policies that resulted in a 
schedule of movement with the highest performance index.
Such an attempt, however, would be extremely impractical.
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Consider the number of different policies that 

would require testing for the Marcona Corporation. In 
the cases studied, ten ships servicing ten nodes were 
scheduled. Table 1 illustrates the policy assignments 
for one ship. To test the possible combination of policies 
for this ship at each origin node the following numbers 
would be required:

Peru 3!
Northern Japan 3!
Southern Japan 3!
Washington State 3!
San Francisco 3!

Therefore to check the entire policy assignment for this 
ship, (3!)^, or almost 8000 schedules of movement would be 
needed. Assuming the total number of policies for each 
ship considered is approximately the same as those in

C If)Table 1, then [(3!) ] different schedules would be 
required to evaluate every possible combination of policies 
for the entire fleet of ten vessels.

If one minute of computer time is required to 
produce each schedule, the time required to generate the 
total number of schedules would be prohibitive. Therefore, 
although the first two assumptions may not be completely 
valid, they are required in order that results may be 
obtained in a reasonable length of time.
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An organization may not generate "optimum" policy 

sets through the use of the model, but policies can be 
tested in relation to each other. This provides a convenient 
means for determining the overall effect of a new policy 
before it is implemented.

ASSUMPTION THREE: The need for the third assumption
can best be explained through the simplified example shown 
in Figure 3. Mover 6 has just become available for 
scheduling at Node A. According to the policy for 
mover 6 at Node A, it should be scheduled first to Node B 
and second to Node C. However, as the model only considers
a mover at the instant of time it becomes available for

. ' \ 
scheduling and does not consider the effect this assign
ment will have on future assignments of other movers, 
mover 5 has already been scheduled to travel from Node A 
to Node B and mover 4 has been scheduled for the trip from 
Node A to Node C. The only remaining: trip that mover 6 can
be scheduled for is the priority three trip from Node C

V  ■ ■to Node B. This means the mover must travel empty from A
to C and then pick up reserved cargo at C and deliver it
to B. If this is done however,, mover 4, considered at
time t+1, will not be able to make its priority one trip,
as the cargo for this trip has been reserved for mover 6,
Therefore, not only has mover 6 been relegated to a
priority three trip but also mover 4 must be scheduled
for a trip lower than priority one. As the number of
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Priority 3 for 
Mover 5 /

/
/

Priority 1 for /
Mover 6 z

NODE

Priority 
Mover 4

' NODE

Priority 2 
for Mover 6

NODE1

Priority 2 
Mover 6

Figure 3. A Scheduling Limitation
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movers and nodes increases the complexity of the problem 
grows quite rapidly. To develop an algorithm to solve 
this portion of the scheduling problem was beyond the 
scope of this thesis, thus the necessity for the third 
assumption. To avoid the possible wrong assignments that 
could result from this assumption, checks were included 
in the model that indicate to the user each time two or 
more movement assignments are made within an arbitrary 
period of time, say five days. With these checks, the 
user can spot poor assignments quite easily. Assignments 
that are obviously wrong can then be corrected through the

i
use of the state change cards discussed in Chapter Two.

MODIFICATIONS AND EXTENSIONS
Four modifications or extensions could be made to 

the basic model to provide more realistic schedules of 
movement. They are as follows:

1. In the model presented, it is assumed that the 
capacity of a mover remains constant no matter 
what node is being serviced, but this is not 
necessarily true. To make the model more 
realistic, a routine can be added that determines 
the capacity of each mover when servicing each 

• individual node. This information can then be 
supplied to the state of the mover as discussed 
in Chapter Two. With this modification, actual



capacities will be represented for each mover 
and more accurate cargo assignments are possible.
To assist the user in keeping much of the data 
current, a separate updating accounting routine 
can be added to the model. The use of this 
routine is to update profit values per unit of 
cargo carried. As all profit values are stored 
in a separate matrix location, the routine can be 
added to the basic structure of the model without 
changing its operation.

An algorithm that would allow the consideration 
of more than one mover at one node when a mover 
is to be rescheduled could be developed. In the 
development of this algorithm, it would not be 
necessary to consider every mover and every node 
in the system. Rather, nodes could be grouped 
into geographical areas and only those nodes and 
movers in the same area would be considered when 
a mover was available for scheduling. Through 
this grouping procedure the complexity of the 
problem would be greatly reduced.
An area that requires further work is the updating 
procedure now used in the model. Currently the 
procedure requires that all changes which have 
been made to the schedule, starting with time zero, 
be introduced each time the model is used. This
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requires that a considerable number of change 
cards be retained for use. A possible solution 
would be to store all data change information in 
the computer after the changes had been initially 
introduced. Then, each time a new schedule was 
developed, this area could be checked to determine 
if a critical date introduced as a change 
corresponded to the internal clock. Each time a 
matching date was found, the necessary information 
could be extracted. This would reduce not only 
the number of change cards required, but also 
the time required for the model to develop a 
schedule of movement.

APPLICATION TO ANOTHER INDUSTRIAL TRANSPORTATION PROBLEM.
Although the model was developed to handle the 

general scheduling problem, modifications are required with 
each new industry studied. As currently presented, the 
model is designed to handle problems of the merchant 
marine service. Let us consider now the trucking industry. 
Again it is first necessary to define an objective function 
to evaluate each schedule of movement. Let:

VALUE = dollar value of the completed
schedule.

UNITS(I,J,K) = number of units of cargo carried
by truck I from origin J to
destination K.
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SET COST (I)

CHARGE PER UNIT(I, J,K) «* cost to the customer per
unit of cargo carried by 
truck I from origin J to 
destination K.

COST PER MILE(I,J,K) ■ cost of operating truck I
per mile when servicing 
destination K from origin J.

■ daily cost to operate truck 
I (insurance, licenses, 
depreciation). 

e distance in miles between node 
J and K.

* time required for truck I 
to travel beteeen nodes J 
and K .

with led,...,# (trucks))
Je{1,...,#(nodes)}
K c ( n o d e s ) )

Then the value of the completed schedule is:
N NN NN

VALUE- I I I  UNITS(I,J,K)*CHARGE PER UNIT(I,J,K)
1-1 J - l  K - l

DISTANCE(J,K)

TI ME (I, J , K )

-[DISTANCE(J,K)*COST PER MILE (I,J,K)+SET COST(I)* 
TIME(I,J,K)].
Let us now consider how the model could be modified to 
handle this shipping problem.
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Policies would be required for each truck at each 

node. The state of each truck would also be required. 
Therefore the data requirements for the logic portion of 
the model are the same as the vessel fleet scheduling.

To evaluate costs, the merchant marine operates 
on profit per ton and ballast voyage costs. The trucking 
industry operates on charge per unit and cost per mile.
In the merchant marine service the ballast costs are 
specified separately for each vessel, but in the trucking 
industry cost per mile is a standard value that is 
determined by the size of the truck. Therefore, rather 
than supply cost figures for each truck from any node to 
any other node, it is only necessary to supply the cost 
per mile for each size of truck to be scheduled. Similarly 
the trucking industry charges per unit, an amount 
determined by the distance the unit is to be carried. Then, 
rather than introducing a three dimensional matrix to 
determine profit per ton, it is only necessary to introduce 
a rate formula to determine the charge per unit. Unlike 
the merchant marine problem which requires a statement 
of the time each vessel takes to travel from any node to 
any other node, the trucking industry uses a standard 
formula based on distance to be traveled to determine the 
time required for trucks of any given class to make a 
trip. Again it would not be necessary to supply this 
information in a three dimensional matrix but only to
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provide the necessary formulas for evaluation. Therefore, 
the data for the trucking problem could be introduced 
in the following way:

UNITS (I,J ,K)
CHARGE PER UNIT(I,J,K)
DISTANCE (J,K)

COST PER MILE(I)

SET COST (I)
TIME (I,J,K)

To use the model, then,, for the 
require:

1. The addition of two computational formulas,
2. The deletion of the areas reserved for the 

large amounts of data required in the merchant 
marine problem.

3. The change of several instructions within the 
model which are used for look-up of the data 
required to generate a schedule of movement.

Although the basic model will remain essentially 
the same, changes will be required to fit the model to 
the peculiarities of each industry studied. These changes

state of the vehicle 
rate formula
a two dimensional matrix 
that indicates distance 
from node J to node K. 
one dimensional matrix with 
values for each size of 
truck considered, 
one dimensional matrix 
time formula for each size 
of truck considered, 
trucking industry would
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will usually be in the area o£- data input and corresponding 
data instructions within the model. With a thorough 
understanding of the model and an intelligent analysis of 
the problem these changes will be minor and should present 
little problem to the user.

Thus far in the development of this thesis the 
basic model has been explained, considerations of 
feasibility have been investigated, and the scope of the 
model has been discussed. There remains a discussion of 
the philosophy used in the development of the model and 
the conclusions at which one can arrive about the use of 
the model.



CHAPTER... FIVE 
DISCUSSION AND CONCLUSIONS

INTRODUCTION
As introduced in Chapter Two a heuristic computer

program is proposed as a model to study the scheduling 
problem. The purpose of this chapter is to discuss the 
heuristic programming approach to problem solving and to 
list the conclusions at which one can arrive about the , 
use of the proposed model.

THE HEURISTIC APPROACH .
Although the word "heuristic" is widely used, there 

is much confusion as to what it actually means. One 
definition, however, seems to be becoming more standard.
A heuristic is "any device or procedure that is used to 
reduce problem-solving effort--in short, it is a rule of 
thumb used to solve a particular problem" [9].

Heuristics have been used for years. Consider the 
rule, "If the sky is cloudy, take an umbrella when you 
leave the house." This simple rule, or heuristic, avoids 
a complicated problem-solving procedure. We do not have 
to read the weather report or call the weather bureau, 
every time the sky is cloudy. For problems of this type,

51
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w e  lack the time or motivation to employ a more thorough 
analysis. A simple rule serves us best.

Heuristics are also employed quite commonly in many 
business operations. Some of the more familiar examples 
are:

Quality Control - When the process deviates by
more than 3c from mean, stop it!

Inventory Control - "When the stock drops to four,
that’s the time to buy some more."

Job Scheduling - "First come, first served." Or,
"Schedule the critical jobs first."

Management - "Handle only the exceptional
problems: let subordinates decide
routine matters" [15].

Simple rules of thumb, however, will not always describe 
in sufficient detail decisions that must be made. In 
these cases a combination of rules might be better.

In the simplest terms a heuristic ptogtam is a 
collection or combination of heuristics used for solving
a particular problem. If the program is a complex one, it
may require a computer for its solution. These programs then 
take the form of a set of instructions for directing •
a computer to solve a problem the way a man would do it 
if he had sufficient time.
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Heuristic programming has had the best results in 

finding acceptable solutions to two types of problems: 
the "Large Problem" and the "Ill-structured" one.

The first of these is the "Large Problem". This 
is the type of problem which, although it can be reduced 
to numbers and equations, is too large to be solved by 
analytical techniques, even with the aid of a computer.
As an example, linear programming has been widely used to 
solve many types of resource allocation problems, but some 
problems are just too large for it--job shop scheduling, 
for instance. Conceptually, linear programming could 
lead to an optimum assignment of start times for the 
thousands of jobs to be scheduled in a large shop, given 
some criterion like "minimize idle machine time"; but 
the number of steps necessary to reach the optimum 
solution, though finite, is so large as to render the 
method useless [15]. In this kind of problem, linear 
programming is computationally inefficient. The main 
advantage of heuristic programming for such large problems 
is that is attempts to short-cut computations. It is 
not particularly concerned with finding the best answers 
by searching out all possible solutions, but rather it 
is concerned with finding a satisfactory solution, In 
short, it is willing to trade a guaranteed optimum solution 
for a "good" one if it can do so in considerably less 
computing time.
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The second type of problem for which heuristic 
programming has been used is the "Ill-Structured" problem. 
This type of problem cannot be described in terms of 
numerical variables, scalar, and vector quantities. It 
has goals which cannot be specified in terms of well- 
defined objective functions, for example, to maximize 
profit or minimize cost. Furthermore, computational 
routines (algorithms) are not available to solve the 
problem. This is the problem which cannot be formulated 
explicitly and quantitatively, and cannot be solved by 
known and feasible computational techniques [13]. In 
contrast, judgment, intuition, creativity, and learning 
are important elements of the problem and its solution, 
and these variables are qualitative rather than 
numerical [15].

Most heuristic programs which have been written 
to date apply to what may be characterized as combinatorial 
problems because of the extremely large number of ways 
in which a series of decisions can be made. A problem 
of this type may be compared to a maze consisting of a 
sequence of decision points; at each point a number of 
paths are available, but only one may be chosen. The 
objective is to go from the initial to the terminal point 
in the shortest distance possible. One method of finding 
the optimum solution is to enumerate each possible path, 
evaluate the end result, and select the shortest route.
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Obviously, if the problem contains many decision points 
and several paths at each of these points, the number of 
possible combinations becomes enormous. For example, a 
series of ten distinct decisions, each of which could be 
made in five different ways leads to almost ten million 
(5^) different solutions or combinations of decisions.: 
Even with the aid of a computer, enumeration is not a 
feasible solution for problem of this type. The heuristic 
technique is to eliminate, according to a set of supplied 
rules, some of the paths at each decision point thus 
reducing the possible number of decisions that must be 
made. Areas in which heuristic programs are currently 
being used include: job shop scheduling [6], assembly 
line balance [10], and facilities locations [11].

With the heuristic program, however, one is never 
sure to have obtained the optimal solution to any problem. 
Therefore to evaluate the value of a program of this 
type, its output should be examined with the following 

four questions in mind:
1. Does it produce better results than present 

methods?
2. Are there incremental savings in resources?
3. Are computational effort and expense reduced 

without sacrificing the quality of work?
4. Is the information produced more timely, and are 

decisions reached earlier, than by present 

methods [15]?
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If the answers to these questions are yes, then the 

heuristic program will be helpful. If some of the answers 
are no, then an evaluation must be made of the advantages 
versus the disadvantages.

The scheduling problem is one that fits into both 
the "Large11 and "Ill-Structured" problem categories. To 
simplify the problem, an objective function was selected 
with the final goal being to develop a schedule of move
ment that would give the largest value for this function.
The development of a heuristic program to achieve this 
has been the subject of the thesis. An evaluation must 
now be made of the program. !

CONCLUSIONS '
The primary purpose of this thesis is to investi

gate a possible solution to the general scheduling problem 
with particular emphasis focused on a case study of the 
Marcona Corporation. A heuristic computer program is 
proposed as a model to study the problem. The investigation 
of the problem revealed: • .

1. The proposed model is feasible.
2. Three limitations prevent the model from 

developing optimum schedules of movement.
3. The model provides a means of testing new 

policies to determine their effect on the total 
profit to be made from a schedule of movement.
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4, The model provides a means of developing 
schedules of movement in a more efficient 
manner than that presently used.

The general scheduling problem is a complex one 
that has thus far not been solved by analytic techniques. 
Although the solution presented in this thesis is not an 
optimum one, it is a significant improvement over existing 
techniques and can be applied to any industrial transport
ation system.

This thesis is based on Kuehn's idea that it is 
preferable "to Ipok at heuristic programming as an 
approach to problem solving where the emphasis is on 
working towards * optimum solution procedures' rather than 
’optimum solutions!M [11]. Let us hope that this 
investigation represents a contribution towards obtaining 

"optimum solution procedures."



)

APPENDIX A 
BLOCK DIAGRAM OF MODEL

58



59

START

JK-IINPUT: No. of Movers
No. of Nodes 
Loading Times 
Unloading Times 
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Current State 
Cargo List 
Day to Start Output 
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FINISHED

TRAVELING 
300
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TIME--.1 CRITICAL TIME 
PRESENT TIME + 
UNLOAD TIME5000

TIME 
STOP TIME

SET USE TO 
UNLOADING

COMPARE 
TIME TO 
PRINT DATE

TIME 
CORRECTION 

TIME
NO 202

TIME-TIME*. 1
OTHER 

MOVERS TO 
BE SCHD IN 

5 DAYS
NUMBER OF 
MOVERSJK* 1

I - JK OUTPUT 
NOTICE 
INFO

YFS IthYL3 MOVER
FINISHED

OUTPUT
THIS

EVENT
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400 505
SET CRITICAL TIME REMOVE SCHEDULING
FOR THIS MOVER- POLICY FROM
PRESENT TIME* MATRIX
TRAVEL TIME

" Z l .
SET USE OF MOVER TO 

TRAVELING

MOVER
LOADED

INDICATE
EMPTY

MOVEMENT
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< / TIME TO 
4 4  PRINT 

\ DATE

Z I E Z

420

421
OUTPUT
THIS
EVENT

500
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MOVER STATUS 
INFORMATION

4  . - Z
CARGO 

RESERVER 
FOR THIS 

MOVER

SORT 
POLICY 
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TO LOW

SET K-l

■
Kth 

POLICY-0
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NO

SET CRITICAL DATE 
FOR THIS MOVER- 
PRESENT TIME+5.0

INDICATE
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WAITING

501

lYES RETURN 
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CARGO TO 
MATRIX
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520508
RESERVE CARGO 

FOR THIS MOVER 
FROM Kth TO KKth 

NODE

EXTRACT NODE 
FOR Kth POLICY

SET KK-1
540CARGO 

HERE TO 
Kth PORT

YESMOVER AT 
NODE K 
GO TO KK

NO 530
YES 509 INDICATE MOVER 

LOADING ZERO
CARGO AT 
K TO KK YES

205COMPARE 
TIME TO 
PRINT 
DATE

NQ 510

531
OUTPUT
THIS
EVENT

KK-TOTAL 
No. NODESNO

YES 205540CARGO 
HERE TO 
Kth NODE

YES

f K-TOTAL \NO 
No. NODES — *

YES
STOP 1
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540
SLT AMOUNT 

* 0.0

SET TTIME- 
PRESENT TIME* 
LOAD TIME* 
TRAVEL TIME

CRITICAL TIME
FOR MOVER* PRESENT TIME*
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MOVER 
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547
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TO PORT

J YliS-S47S 
Kth 
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DATE
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CONTRACT 
TIME
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Kth

CONTRACT ,YES 
HAVE NLT 
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560

f i O 549
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600 / % \ 5476CARGO >
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LATE

 N.°_5477
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NO / LATE DATE 
OTHER CARGi

1 YES 548
SET LOOK

550
K*K* 1T
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KeNo. 
CONTRACTS

YES

600
REMOVE 

CONTRACT 
FROM LIST
RESTORE
MOVER

STATUS

ANY 
CONTRACTS \ 
FOUND ON 
SEARCH J

i, YES 5500
SET TO PROCESS LAST 
CONTRACT WITH NO 
LATE OR EARLY DATE

/  A 
/ CONTRACT 

LATE OR 
NEARLY DATE

Ino

YES

551
SET TO PROCESS 
CONTRACT WITH 

LATE OR EARLY DATE
5511

THIS 
CONTRACT 

FILL 
MOVER

jNO 554
PUT ENTIRE 
CONTRACT IN 

MOVER

YES

INDICATE
CONTRACT
SCHEDULED

552
LOAD MOVER FROM 

CONTRACT UNTIL IT 
IS FILLED

533
REMOVE AMOUNT 
LOADED FROM 
CONTRACT

ADD AMOUNT 
LOADED TO 
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No. INTO 

MOVER STATE

REMOVE AMOUNT 
LOADED FROM 
CARGO LIST 

T
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555
COMPARE 
TIME TO 
PRINT 
DATE

OUTPUT
THIS
EVENT

MORE 
CARGO TO 
BE SHIPPED

T no'700

 ^ J 000
Current A  'JAcontractMover Statu/^ 0 ^

V
1010 Contract^' X020

INPUT NEW 
MOVER 

STATUS

I
VALID
MOVER

NUMBER

STOP 1010

£

INPUT 
CONTRACT 
CHANGE

T
VALID

CONTRACT
NUMBER

|NQ 1021 
STOP 1020 )

1003 1022
UPDATE UPDATE
MOVER CARGO
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1030
INPUT
NEW

ONTRACT

ENTER IN 
CONTRACT 

LIST

ENTER IN 
CARGO 
LIST

* 4- Ttrgxr
INPUT 

TIME O F ' 
NEXT 

CORRECTION
TUT
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_________________5000
INPUT:
SET COST OF MOVER 
COST OF EMPTY TRIP 
PROFIT PER UNIT

NO

ZuLZ
SET 1=1

_L
OUTPUT 

VSCHEDULE 
OF Ith 
MOVER

1 = 1 + 1Z ^ - J

I “No.
OF MOVERS

YES

OUTPUT:
CURRENT STATES OF MOVERS 
CONTRACTS TO BE SHIPPED 
CARGO TO BE SHIPPED

COMPUTE TOTAL 
VALUE OF 
SCHEDULE

OUTPUT
TOTAL
VALUE

END
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* COMP ILF FORTRAN* EXECUTE FORTRAN, DUMP

SUBROUTINE OUT (CSS*1055*1*10,TIME)
DIMENSION TRAUL(1000),POLCY(1C0C),ID(A♦?)
COMMON TRAUL*P0LCY»N5HIP,NP0RT,ID*ICT 
DIMENSION I C S S (10*10) *CSS(1^,10)

C ROUTINE TO PRINT OUT RUNNING SCHEDULE
GO TO (1 * 10),!C 

1 PRINT 9000
I CT = 0
GO TO (? *20)*IC 

? RETURN
10 ICT=ICT+1

IF (ICT-51) 20,1*1
20 KTYPF = YABSF( ICSS( 1*3))

I X = 0
IF ( I CSS(1,3)) 21*25 ,25

21 IX=870000
25 PRINT 9001 * I CSS( I»1 ) , fI ME,CS5< I,a ) , I CSSf I , 5)

1 , ICSS(1,6) ,CSS( I ,0) ♦ ICSS( I ,7)* ( ID(< TYPE ,KK) ,KK = 1 , 2 ) , I X 
9 000 FORMAT (1H 1,50X »17HSCHEDULE BY TIME ,////6H ShIP , 10X

X ,4HTI ME , 10X #4HP0RT,10X,SHAMOUNT,7X,8HCONTRACT,3X, 
X8HAC T IVITV ,4X,7 NBA i_LAST , / 1 2 X , * HF ROM. * A X ♦ 2HT0, 5X , AH FROM * 
XSX *?HTO,5X,7HSHIPPED,8X ,6HNUMBFR,//)

9 0 0  1 F O R M A T  ( I 5 ,F6. 1 ,f- 9 . 1 , I 9 , I 8 ♦ Fr 1 3 . 0 » SX , AS * 5X , 2 A S  ,4X , A5 ) 
RETURN 
END

SUBROUTINE PUT ( 1 , J*K»A,B)
DIMENSION B d )

C ROUTINE TO ENTER INTO A THREE DIMENSION ARRAY
L = 1C*(10*(K-l)+J-l)4 I 
B(L) = A 
RETURN 
END

FUNCTION PTON (I♦J»K)
DIMENSION TRAUL(1000),POLCY(10C0),10(4,2)
COMMON TRAUL,POLCY,NSHIP,NPORT * ID,ICT 

C ROUTINE TO FETCH PROFIT PER TON
L=10*(10*(K-l)+J-1)+I 
PTON=PCLCY(L )
RETURN
END

FUNCTION VOYCBt I , J,K)
DIMENSION TRAUL(1000) ,POLCY(1000) , ID(4*2 ) •
COMMON TRAUL »POLCY*NSHIP,NPORT,ID* ICT 

C ROUTINE TO FETCH BALLAST VOYAGE COST
L = 10*(10*(K-l)+J-l)4 I 
VOYCB = TRAUL(L )
RETURN
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E N D

F U N C T I O N  F T R A V  < I • J *K )
D I M E N S I O N  T R A U L ( 1 0 0 0 ) • P O L C Y ( 1 0 0 0 ) , 1 0 ( 4 , 2 )
C O M M O N  T R A U L *P O L C Y t N S H I P t N P O R T * I D , I C T  

C R O U T I N E  T O  F E T C H  T R A V E L  T I M E
1 = 10* f10*(K - l )+ J - 1 )4 I 
F T R A V  = T R A U L ( L )
R E T U R N
E N D

F U N C T I O N  F P O L Y ( I ♦ J ,K )
D I M E N S I O N  T R A U L ( l O u u ) ,P O L C Y ( 1 C 0 C ) * I D < 4 » 2 )
C O M M O N  T R A U L , P O L C Y  * N S H I P * N P 0 R T , I D , I C T  

C R O U T I N E  T O  F E T C H  S C H E D U L I N G  P O L I C Y
L = 1 3 * ( 1 0 * ( K - 1 ) + J - 1 ) + I  
F P O L Y  = P O L C Y  (L )
R E T U R N
E N D  j

S U B R O U T I N E  S O R T  (X, I I)
C O M M O N  T R A U L , P O L C Y , N S H I P , N P 0 R T , I D , I C T
D I M E N S I O N  T R A U L ( 1 0 0 0 )  , P O L C Y I  1 0 0 0 > • X (1 ) ♦ I I (1) , I D (4 »2)

C S O R T  S U B R O U T I N E
D O  30 N = 1 t N P O R T  
T E M P  - X (N )
I T E M P  = I I (N )
N T  = N
D O  2 0  I = N , N P O R T  
IF ( T E M P - X ( I )  ) 2 5 , 2 5 , 2 0  

25 T E M P  = X ( I >
IT E ^ P = I  1(1)
N T =  I 

2 0  C O N T I N U E  
X ( N T )= X (N )
I I ( N T ) = I T ( N )
X(N)= TEMP 
I I ( N ) = I T F M P 

30 C O N T I N U E  
R E T U R N  
E N D

D I M E N S I O N  P R I M E ( 1 0 ) , V A L I S ( I P )
D I M E N S I O N  T R A U L ( 1 0 0 0 ) * P O L C Y ( 1 0 0 0 ) , I D ( 4 , ? )
C O M M O N  T R A U L , P O L C Y , N S H I P , N P P P T , I D , I C T  
D I M E N S I O N  I T E M P I  1 0 ) , X L I S T ( 9 ) , L I S T (9)
D I M E N S I O N  ISA V E (8)
D I M E N S I O N  R C R G O d O , 02)
D I M E N S I O N  T E M P I  1 0 ) , $ L D T M (  1 0 , 1 0 )  . S U L D T  I 1 0 , 1 0 , C S S ( 10, 

X B ) , I C S S I  1 0 , 8 ) » C O N T ( 2 0 0 , 6 ) , I C O N T I  2 0 0 , 6 )  , C A R G O ( 1 0 , 1 0
e q u i v a l e n c e  icss,icss),( c o m ,ic o n t >,i x l i s t ,l i s t > 

c *** m a i n p r o g r a m  ***
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ID(2,1)= 867573766!
ID(2 * 2) = 6469756700 
ID f 3♦ 1) = 7370616469 
10(3*2) = 7567000000 
ID(l.l) • 8261697369 
10(1,2) = 7567000000
10(4,1)=8661698369 
10(4,2)=7567000000 
REWIND 3 

CO READ IN NSHIP AND NPORT 
READ 900,NSHIP,NPORT 

Cl READ LOADING TIME CARDS 
DO 110 T = 1 ,NSHIP 

110 READ 901, J,(SLDTM(J,K),K«1,NPORT)
C2 READ UNLOADING TIME CARDS 

DO 115 1=1,NSHIP 
115 READ 901,J»(SULDT (J*K),K=1,NPORT)

C3 READ TRAVEL TIME CARDS 
DO 120 1 = 1 ,NSHIP 
DO 120 JJ=1 , NPORT 
READ 902,J,K,(TEMP(L),L=1,NPORT)
DO 12 3 M=I,NPORT 

120 CALL PUT (J,K,M,TEMP(M),TRAUL)
C4 r e a d  s c h e d u l i n g  p o l i c y

DO 130 1 = 1 , NSHIP
DO 130 JJ=1♦ NPORT
READ 902,J*K,(TEMP(L),L=1,NPORT)
DC 130 M = 1 ,NPORT 

130 CALL PUT (J,K,M,TEMP(M>.POLCY)
C 5 READ CURRENT SHIP STATUS 

DC 135 1=1,NSHIP 
135 READ 903 , ICSSt I ,1 ) ,CSS( 1,2), ICS5( I , 3 ) ,CSf> ( I ,4 ) , I CSS ( I 

X,5) , I C S S (I,6),CSS( 1,7),CSS( I ,8)
06 READ IN CONTRACT INFO.

DO 150 1 =1 ,200
READ 904,IC0NT( 1 ,1 ),ICONT (1,2) ,CONT(1,3) ,cONT( I.4)tCO 

XNT( I ,5) ,CONT( I,6)
temp(i )=0 . 0
DO 140 Jr 1 ,6 

140 T EMP(1)= TEMP(1)+CONT(I,J )
IF(TEMP(1))145,155,145 

145 Kl=ICONT(1,1)
K 2 = I CONT( I,2)

150 CARGO(K 1 ,K2)=CARGC<K1,K2)+CCNT(1,3)
155 NCONT = 1-1

C READ LAST DAY TO SCHEDULE AND FIRST DAY TO PRINT
READ 905,SCAY 
READ 905 ,FDAY 

C READ TIME FOR SCHEDULE CHANGE CARDS
READ 9100,XTIME,I TYPE 

C START OF MAIN PROGRAM
CALL OUT (CSS,IGSS,I,1*TIME)
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200 IF(TIME-FDAY >201,5000 ,201
201 IF (I IVE-XTI M E ) 202, 1000,202 
2C2 TIME = TIME-»0.1

JK = 1
205 DC 210 I=JK,NSHIP

IF(CSS(I,4)-TIKE) 210,215,210 
210 CONTINUE 

GC TO 200 
215 JK=I

K = XABSF( IC5S( 1,3))
GO TO (300,500,400,500) ,K 

700 CS5(I,8)=AMONT 
GO TO 205 

C SHIP FINISHED SAILING
300 IFKSSt 1 ,3 )) 320,310 ,310 
310 Kl=ICOS(1,1)

K 2 - ICSS (1,6)
CSS (1,4) = TIME + SULDT(K1 ,<2 )

320 ICSS( I ,3 ) = 2
IF (TIME-SDAY) 205, 321 ,321

321 CONTINUE
CALL CUT (CSS,ICSS,I,2,TIME)
WRITE TAPE 3, (CSS< I,J),J=l,fl) ,TI ME 
DO 350 LLL=1,NSHIP
IF ( I-LLL ) 351 ,350,351 j

351 IF (XABSFtICSS(LLL,3))-l) 350,352,350
352 IF ((ABSF(CSS(I,4)-CSS(LLL,4))>-5.0) 353,353,350
353 PRINT 36 0, I CSS(LLL, 1) ,ICSS(LLL,6)

I C T = I C T fl
360 FORMAT (6H SHIP ,13,16H IS DUE IN PORT,

XI3, 2OH IN THE NEXT 5 DAYS )
350 CONTINUE 

GO TO 205
c s h i p  f i n i s h e d  l o a d i n g

400 KI = ICSS( 1,1)
K 2 = I C S S (1,5)
K3=ICSS(1,6)
CSS(I,4)=TIME+FTRAV(K1,K2,K3)
I TEMPI 1 )=1
IF (ICSS(I,3)>410,420,420 

410 I TEMP(1) =-1
420 IF (TIME-SDAY)205,421,421 

421 CONTINUE
ICSS( I,3) = I TEMP(1)
CALL OUT (CSS,ICSS,I,2,TIME)
WRITE TAPE 3, (CSSC I,J),0=1,8) ,TI ME
GC TO 205

C SECTION 500 USED FOR ACTUAL SCHEDULING
5 00 DO 50.11 K=1 ,8 

5011 ISAVEIK)=ICSS(I,K)
5002 CONTINUE

K 1 e ICSS (1,1)
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K 2 = ICSS (1*6)
!F(PCRG0(K1*1)> 501,505*501 

501 K3 = PCPG0(K1 *1 )
K A = RCWGO(K1.2)
RCRC.O (.<1*1) = 0.
RCRGO(<1 *2 ) = 0.
CARGO (K3,K4) = CARGO(<3*<4)+CSS(I*2)
<2 = < 3 
<3=K4 
GO TO 540

505 DO 506 K=1»NPORT
TfMP(<) = FPOLY(K 1»<2 *K )

506 ITFMP(K )=K
CALL SORT(TEMP,I TEMP)
DO 515 K=1,NPORT 
IF(TEMP(K ) )508,535*508 

508 <3=ITE^P(K )
DO 510 «  = 1*NPORT 
IF(FPCLY(K1,K3,«))509,510,509 

5 09 IF(CARGO(K3,<<) )510,510*520 
510 CONTINUE

IF(CARGO(K2 ,<3) ) 515, 5 15,540 
515 CONTINUE
520 CARGO(<3 »<K ) = CARGO(K3 ,K K )-CSS ( 1,2) 

RCRGO(<1 ,1) = <3 
RCRGO(K 1 ,2) = KK
IF(CARGO(K2 ,K3) ) 530*5 30,540

530 ICSS(1,3)=-3 
ICSS( 1,5) = <2
ICSS(1,6) = <3 i
ICSS(1,7) * 0 
ICSS(1,8) = 0
IF (T1ME-SDAY) 205,531,531

531 CONTINUE
WRITE TAPE 3, (CSS( I,J) ,J= 1 ,8) ,TIME
CALL OUT (CSS,ICSS,I,2*TIME)
GO TO 205 

535 C S S (1,4)=CSS(1,4)+5.0 
ICSS( I ,7 )=0 
ICSS( I ,R )=0 
ICSS( I,3)=4 
GO TO 205 

540 AMONI=0.0
TTIME = TIME + 5LDTM(K1,K2)4FTRAV(K 1 ,<2,K3) 
ICSS(I,3)=3 
ICSS(1,5)*K2 
ICSS(1,6)=<3
CSS(1*4)=TIME+SLDTM(K1*K2)

545 IF (AM0NT~#80*CSS(1,2))546,700,700
546 DELTA = 99999•

LLOC=0
LOC = 0
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DO 550 K = 1 .NCONT 
IF( ICONT(K » 1 )-K2) 550,547,550

547 IF (ICONT(K»2)-K3) 550,5475,550
5475 CONTINUE

IF(CONT(K,6 >> 560,590,560 
560 IF(TTIME-CONT(K,6)> 550,590,590 

590 CONTINUE
IF (CONT(K,5)) 5476,549,5476

5476 CONTINUE
SAVE!=CONT(K,5)-TTIMF+2C.0 
IF (SAVE1) 600,5477,5477

5477 IF (SAVE 1-DELTA >548,548,550
548 DELTA=SAVE1 

LOO = K
GO TO 550

549 LLOC=K
GO TC 550

600 CARGO(K2 »K3 ) = CARGO(<2 *63)- CONT(K«3)
CONT(K,1)=-CCNT(K,l>
DO 601LL = 1 ,0

601 IC5F(I,LL)=ISAVE(LL)
GO TO 5002

550 CONTINUE
IF(LOC+LLOC)700,700,5500 

55OC CONTINUE 
K=LLOC
IF (LOC)551,5511,551

551 K-LOC 
5511 CONTINUE

IF(CONT(K,3)-CSS( I ,2)+AMONT>554 ,552,552
552 CSS(I,8>=CSS(I,2)~AMONT
553 CONT(K,3)=CONT(K,3)-CSS(I,8)

AMONT = AMON T+CSS(1,8)
ICSS( I,7)* I CON T (K »4)
CARGO(K2*K3)*CARGO(K2,K3»-CSS(1,8)
GO TO 555

554 CSS(I•8)=CONT(K,3)
ICONT(K,l)=u
GO TO 553

555 IF (TIME-SDAY) 557,556,556
556 CONTINUE

WRITE TAPE 3, (CSS(I , J>,J=1,8 > ,TIME
CALL CUT (CSS,1CS5,I,2,TIME)

557 CONTINUE
IF (CARGO(K2 ,K3)> 700,700,545 

1000 GO TO (1010,1C20,1030) .ITYPF 
C CORRECTION CARD FOR CURRENT SHIP STATUS
1010 READ 903,LIST(1),XLIST(2),LIST(3),XLIST(4),LIST(5),LI 

XST(6 ) ,XL I S T (7) ,XL1ST < 6 >
DO 1002 1=1,10
IF (L 1ST(1)-ICSS(I,1)> 1002 ,1003 ,1002 

1002 CONTINUE
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STOP 1010
1003 DO 1004 K=l,8 "
1004 I CSS(I»K)=LIST<M 

GO TO 1090
C CORPFCT1 ON CARD FOR CONTRACT VFCTOR
1020 1=200

READ 904 ♦ ICONT (1,1), ICONT (1,2) ,CONT (1,3) ,CC.NT ( I ,4 ) ,CO 
XNT( 1,5) ,CON T ( 1,6)
DO 1021 K =1,199
IF (ICONT(K,4)~1C0NT(I,4)) 1021,1022,1021

1021 CONTINUE
■ STOP 1020

1022 K 1 * I C O N T (1,1)
K2=ICONT(I,2)
CARGO(K1 ,K2)=CARGO(K1,K2)~C O N T (K ,3)4 (ON T ( 1,3)
DO 1023 L = 1 ,6

1023 ICONT(K»L)=ICONT(I»L) 7 
GO TO 1090

C ROUTINE TO ADD CONTRACTS TO CARGO VECTOR
1030 I =NCONT + 1 

NCONT = I
READ 904,ICONT(1,1),ICONT(1,2),CONT(1,3),CONT(I,4 ),CO 

XNT(1,5),CONT(1,6)
K 1=ICONT(1,1)
K2=ICONT(1,2)
CARGO(K 1 ,K2)=CARGO(Kl,K2)+CONT( 1,3)

1090 READ 9100 , X U M E  , I TYPE 
GO TO 201

C ROUTINE TO FINISH UP PRINTING INFORMATION
5000 DC 6001 T = 1 ,6
5001 I TEMP( I )=999999

WRITE TAPE 3,( ITEMPU) ,K=1,8)
END FILE 3
REWIND 3
DO 6001 Na 1 ,10
DO 6001 J=1,10
DO 6001 K=l,10
CALL PUT (N»J,K*O.C,TRAUL)
CALL PUT (N,J*K,0*0,PCLCY)

6001 CONTINUE 
C READ IN THE DATA CARDS

READ 9600,(PRIME( I ) , 1 = 1 ,NSHIP)
DO 602011=1,NSHIP 
DO 6020 JJ = 1•NPORT
READ 9601,J,K,(TEMP(L),L* 1♦NPORT)
DC 6020 M= 1,NPORT 

6020 CALL PUT (J»K»M,TEMP(M)» TRAUL)
DO 603CI 1 = 1 ,NSHIP 
DC 6030 JJ=1,NPORT
READ 9602,J,K,(TEMP(L ) ,L = 1 ,NPORT)
DC 6030 M = 1»NPCRT 

6030 CALL P U T (J,K,M,TEMP(M),POLCY)
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DO 501C T=1fNSHIP 
REWIND 3 
PRINT 9000 tI

5003 READ TAPE 3 *(U S T (K >*K=1 *9)
IF(L1ST(1)-999999) 5004,50:0,5004

5004 IF(LI5T(1 )-l > 5003,5005,5003
5005 KTYPE = XABSF(LI S T (3) )

I X = 0
IF(L IST< 3)) 5006,5007,5007

5006 1X=870C00
5007 CONTINUE

IF (KTYPE-1) 5008,6100,5008
5008 CONTINUE

PRINT 9001 ,XL1ST(9) ,XL1ST(4),L1ST(5),L1ST(6)»XLIST(8), 
1L 1ST(7), (!D(KTYPL,kK) ,KK= I ,2 ) ,IX
GO TO 5003 

C COMPUTE THE PROFIT FOR THIS TRIP
6100 J = L I S T (5 )

K=LIST(6)
CCNSL = 1•
C O N S U  = 0 «
IF (LIST(3)) 6101,610?,610?

6101 CONSL=0.
CONSULT.

6102 VALUE=PTON( I , J ,K ) *XLI S T (8)-(CONSU*
X(VCYCB(I,J,K)+PRIME( I)*(XL IST(41-XL IST(9) )) I 
VALIS ( I ) * VAL I S ( I ) 4-VALUE
PRINT 9001 ,XLIST(9),XLIST(41,LIST(5),LIST(6),XLIST(8)i 

1L 1ST ( 7 ) , ( I D ( K T Y P E , m  ,KK=1 ,2),IX
2,VALUE 
GO TO 5003 

5010 CONTINUE 
C OUTPUT THE VALUE OF THIS SCHEDULE

PRINT 9010 
PRINT 7700 
VALUE =0.0 
DO 7750 1 = 1 ,NSHIP 
PRINT 7701,I,VALIS(I)
VALUE = VALUE + VALlS(I)

7750 CONTINUE
PRINT 7702•VALUE 

C OUTPUT THE COUUENT SHIP STATUS
PRINT 9010 
PRINT 7000 
DC 7500 1 = 1 ,NSHIP 
KTYPE = XABSF(I CSS( I , 3 ) )
IX = C
IF (ICSS(I,3)> 7511,7512,7512

7511 I X = 870000
7512 PRINT 7010,ICSS(1,1),CSS<1,2),(ID(KTYPE,KK),KK=1,2),I 

XX,CSS( 1,4),ICSS( 1 ,5), 1055(1 ,6),I C S S (1,7),CSS(I,F)
7500 CONTINUE
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C OUTPUT THE REMAINING CONTRACTS
PRINT 9010 
PRINT 7001 
DO 760C 1 = 1 •NCONT 
IF I I CON T (I * 1) ) 7601 ,7600,7601 

7601 I C O N K  1,1) = XABSFI ICONTI I,1))
PRINT 7611, ICONT<I,1),ICONT(I,?)»CONT(I,3>♦

XICONT(1,4),CONT(1,5),CONT(1,6)
7600 CONTINUE
C OUTPUT THE REMAINING CARGO

PRINT 9010 
PRINT 7002 
PRINT 7003 
DO 7800 I = 1 ,NPORT
PRINT 7801,1,(CARGO( I ,KK) »KK = 1,NPCRT)

780C CONTINUE
PRINT 9010 

7002 FORMAT(52X,15HREMAINING CARGO,//)
700 3 FORMAT(7X,2HT0,4X,1H1,9X,IN? *9X ,1H 3 ,9 X ,1H 4 ,9 X ,1H5 »9 X , 

XlH6,9X,1H7,9X,1H8,9X,1H9,9X,2H10,//3X,4HFROM,/)
7700 FORMAT (9X , 2 3HSHIP NUMBER PROFIT,//)
7701 FORMAT ( I 15,F]8.2)
7702 FORMAT(///,IX,2CHTHE TOTAL VALUE IS ,F10.2)
7510 FORMAT(I15,F12.0,2X,2A5,2X,A5,F15.1,I8,I6,bX,A5,F9.0)
9100 FORMAT(F10.0,I 1)
9600 FORMAT (1 OF5.1)
9601 FORMAT (?I5,10F5.0)
9602 FORMAT (215 »10F5.4)
9000 FORMAT(1H1,SOX,17HSCHEDULE FOR SHIP, 14////

X/10X,4HTIME ,10X,4HP0RT,10X,6HAMOUNT,7 X ,8HC0NTRACT,5X, 
X8HACT IVI TY ,4X,7HBALLAST ,/6X , 4HFP0M ,4X ,2HT0,4X ,4R»rP0M , 
X5X,2HTO,6 X,7HSHIPPED, 8X,6HNUMBER,//)

7000 FORMAT (SOX,17HFINAL SHIP STATUS,//9X,
15CHSHIP NO. CAPACITY ACTIVITY BALLAST CRITICAL T, 
234MIME FROM TO CONTRACT AMOUNT,//)

7001 FORMAT (49X , 19HREMAINING CONTRACTS,//,11X,
150HFR0M TO AMOUNT NUMBER LATE DATE EARLY,
25H DATE,//)

9001 FORMAT (2X ,2F8.1,2I6,F14.1,9X,A5,4X,2A5,4X,A5 ,F15.2) 
7801 FORMAT ( I 5 , IX , 1OF 10•0)
9010 FORMAT (1HI)
900 FORMAT (12,12)
901 FORMAT fT 5 , 10F5•1 )
902 FORMAT (2I5,10F5.1)
903 FORMAT(I5,F10.0,I10,F10.0,2I10,5X,A5,F10.0)
904 FORMAT (2 I 5 ,F 10.0♦5X ,A5 ,2F10.0)
905 FORMAT (F5.0)

7611 FORMAT ( 114 , I 7,F 11.0,4X,A 5 ,F 11.1,F 13.1)
7010 FORMAT ( 114»F12.0,2X ,2A 5 ,3X ,A5 ,F15.1,I 8, I 6»5X , A 5 ,F9.0)

END
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The following is a sample schedule of movement developed for ten vessels 

servicing ten ports over a ninety day time period. The schedule for each vessel is 
listed separately. In addition, the final status of all vessels, the remaining 
contracts to be scheduled, and the remaining cargo is also listed.

SCHEDULE FOR SHIP 1

TINE PORT AMOUNT CONTRACT ACTIVITY BALLAST
FROM TO FROM TO SHIPPED NUMBER

2.1 7.6 1 3 69000.0 100 UNLOADING
7.6 7.6 3 1 0.0 LOADING X
7.6 30.5 3 1 0.0 , - SAILING X ' -143078.10

30.5 30.5 3 ' 1 0.0 UNLOADING
30.5 31.7 1 3 69000.0 5 LOADING
31.7 54.6 1 3 69000 .0 5 SAILING 257915.10
54.6 60.1 1 ' 3 69000.0 5 UNLOADING
60.1 60.1 3. 1 0.0 LOADING X
60.1 83.0 3 1 0.0 SAILING X -143078.10
83.0 83.0 3 1 0.0 UNLOADING
83.0 84.2 1 3 71000.0 6 LOADING
84.2 107.1 1 3 71000.0 6 SAILING 265390.90



SCHEDULE FOR SHIP 2

TIME — PORT AMOUNT CONTRACT ACTIVITY BALLAST
FROM TO FROM TO SHIPPED NUMBER

5.6 5.6 . 3 ' 1 0.0 UNLOADING
-5.6 6.8 1 . 4. .71000.0 8 LOADING
6.8 29.4 1 4 ' 71000.0 8 SAILING ' 270673.30
29.4 34.7 1 4 '. 71000.0 8 UNLOADING
34,7 34.7 4 7 0.0 LOADING X
34.7 44.4 4 7 0.0 SAILING x -54683.30
44,4 44.4 4 7 0.0 - UNLOADING
44.4 45.6 7 9 71000.0 15 LOADING
45.6 67.7 7 9 71000.0 15 SAILING 292037.20
67. 7 73.0 7 9 71000.0 15 UNLOADING
73.0 73.0 9 1 0,0 LOADING X
73.0 86.1 9 1 0.0 SAILING X -78425.90
86.1 86.1 9 1 0.0 UNLOADING - -

86.1 87,3 1 3 71000.0 6 LOADING
87.3 110.2 1 3 71000.0 6 SAILING 265845.30



SCHEDULE FOR SHIP 3

TIME PORT AMOUNT CONTRACT ACTIVITY BALLAST
FROM TO FROM TO SHIPPED NUMBER

15.3 20.9 7 9 65000.0 101 UNLOADING
20.9 20.9 9 1 0.0 LOADING X
20.9 34.0 9 1 0.0 SAILING X -78622.00
34.0 34,0 9 1 0.0 UNLOADING
34.0 35.2 1 3 70000.0 6 LOADING
35.2 58.1 1 3 70000.0 6 SAILING 276521.00
58.1 63.6 1 3 70000 .0 6 UNLOADING
63.6 63.6 3 7 0.0 LOADING X
63.6 73.6 3 7 0.0 SAILING X -55700.00
73.6 73.6 3 7 0.0 UNLOADING
73.6 74.8 7 . 9 14000.0 15 .LOADING
74.8 96.9 7 9 14000.0 15 SAILING - 63981.40



The remaining schedules are for ships of size less than
the 70,000 Ton Class.



SCHEDULE FOR SHIP 4

TIME PORT AMOUNT CONTRACT ACTIVITY BALLAST
FROM TO FROM TO SHIPPED NUMBER

0.8 0.8 4 1 0.0 LOADING X
0.8 23.9 4 1 0.0 SAILING X -118403.90
23.9 23.9 4 1 0.0 UNLOADING
23.9 24.9 1 3 45000.0 1 LOADING
23.9 24.9 1 3 16000 .0 5 LOADING
24.9 48.5 1 3 61000.0 5 SAILING 230549.50
48.5 53.5 1 3 61000 .0 5 UNLOADING
53.5 53.5 3 7 0.0 LOADING X -
53.5 63.7 3 7 0.0 SAILING X -51223.80
63.7 63.7 3 7 - 0.0 UNLOADING
63.7 64.7 7 9 61000.0 15 LOADING
64.7 87.3 7 9 61000.0 15 SAILING 263904.30
87.3 92.3 7 9 61000 .0 15 UNLOADING



SCHEDULE FOR SHIP S

TIME PORT AMOUNT CONTRACT ACTIVITY BALLAST
FROM TO FROM TO SHIPPED NUMBER

20.0 20.0 4 1 0.0 UNLOADING
20.0 20.9 1 3 55000.0 1 LOADING
20,9 45.9 1 3 55000.0 1 SAILING 204176.50
45.9 51.2 1 3 55000.0 1 UNLOADING
51.2 51.2 3 7 0.0 LOADING X
51.2 62.1 3 7 0.0 SAILING X -52468.20
62.1 62.1 3 7 0.0 UNLOADING
62. 1 63.0 7 9 55000,0 15 LOADING
63.0 87,2 7 9 55000.0 15 SAILING 227293.00
87.2 91.7 7 9 55000.0 15 UNLOADING

00



SCHEDULE FOR SHIP 6

TIME PORT AMOUNT CONTRACT ACTIVITY BALLAST
FROM TO FROM TO SHIPPED NUMBER

6,1 10.6 1 3 51500.0 103 UNLOADING
10,6 10.6 3 1 0.0 LOADING X
10,6 34.2 3 1 0.0 SAILING X -113606.40
34.2 34.2 3 1 . 0.0 UNLOADING
34.2 35.1 1 3 53000.0 6 LOADING
35.1 58.7 1 3 53000.0 6 SAILING 196751.90
58.7 63,2 1 3 53000.0 6 UNLOADING
63.2 63.2 3 1 0.0 LOADING X
63.2 86.8 3 1 0.0 SAILING X -113606.40
86.8 86.8 3 1 0,0 UNLOADING
86,8 87.7 1 3 1000.0 6 LOADING
86.8 87.7 1 3 52000.0 4 LOADING
87.7 111.3 1 3 53000.0 4 SAILING 196751.90

cow



SCHEDULE FOR SHIP 7

TIME 
FROM TO

PORT 
FROM TO

AMOUNT
SHIPPED

CONTRACT
NUMBER

ACTIVITY BALLAST

5.6 5.6 3 7 0.0 UNLOADING
5.6 6.4 7 9 49000.0 15 LOADING
6,4 30.6 7 9 49000.0 15 SAILING
30.6 35.1 7 9 49000.0 15 UNLOADING
35,1 35.1 9 1 0.0 LOADING X
35.1 49.4 9 1 0.0 SAILING X
49.4 49,4 9 1 0.0 UNLOADING
49.4 50.2 1 3 49000.0 6 LOADING
50.2 75.2 1 3 49000.0 6 SAILING
75.2 79.7 1 3 49000.0 6 UNLOADING
79.7 . 79.7 3 1 0,0 LOADING X
79.7 104.7 3 • 1 0.0 SAILING X

204349.60

-67395,10

193564,70

121325.00



SCHEDULE FOR SHIP 8

TIME PORT AMOUNT CONTRACT ACTIVITY BALLAST
FROM TO FROM TO SHIPPED NUMBER

20.1 20.1 5 . 1 0.0 UNLOADING
20.1 20.1 1 2 0.0 LOADING X
20.1 27.9 1 2 0.0 SAILING X , -58624.60
27.9 27.9 1 2 0.0 . UNLOADING
27.9 28.7 2 5 49000.0 21 LOADING
28.7 40.3 2 5 49000 .0 21 SAILING 155094.80
40.3 40.3 2 5 49000.0 21 UNLOADING
40 . 3 40.3 5 1 0.0 LOADING X
40.3 68.9 5 1 0.0 SAILING X -143690.20
68.9 68.9 5 1 0.0 UNLOADING
68.9 69.7 1 3 49000.0 6 LOADING
69.7 94.7 . 1 3 49000.0 6 SAILING 193564.70

00cn



SCHEDULE FOR SHIP 9

TIME PORT AMOUNT CONTRACT ACTIVITY ’ BALLAST
FROM TO FROM TO SHIPPED NUMBER

2.2 2.2 6 1 0.0 UNLOADING
2.2 2.2 1 2 0.0 LOADING X
2.2 10.S 1 2' 0.0 SAILING X -37380.40

10.5 10.5 1 2 0.0 UNLOADING
10.5 11.0 2 5 31000.0 22 LOADING
11.0 23.0 2 5 31000.0 22 SAILING 95018.10
23.0 26.5 2 5 31000.0 22 UNLOADING
26.5 26.5 5 2 0.0 LOADING X
26.5 38.5 5 2 0.0 SAILING X -38556.00
38.5 38.5 5 2 0.0 UNLOADING
38.5 39.0 2 5 26000.0 21 LOADING
39.0 51.0 2 5 26000.0 21 SAILING 79692.60
51.0 54.5 2 5 26000.0 21 UNLOADING
54.5 54.5 5 1 0.0 LOADING X
54.5 84.1 5 1 0.0 SAILING X -99804.80
84.1 84.1 5 1 0.0 UNLOADING
84.1 84.6 1 3 31000.0 6 LOADING
84.6 110.5 1 3 31000.0 6 SAILING 142345.80

00



SCHEDULE

TIME PORT AMOUNT
FROM TO FROM TO SHIPPED

12,7 16.2 1 2 30000.0
16.2 16.7 2 5 25000,0
16.7 2 8.7 2 5 25000.0
28.7 . 32.2 2 5 25000.0
32.2 32.2 5 1 0.0
32.2 61.8 5 1 0.0
61.8 61.8 5 1 0.0
61.8 62.3 1 3 31000.0
62.3 88.2 .1 3 31000.0
88.2 90.9 1 3 31000.0

FOR SHIP 10

CONTRACT
NUMBER

104
22
22
22

6
6
6

ACTIVITY BALLAST

UNLOADING
LOADING
SAILING 74667.50
UNLOADING
LOADING X
SAILING X -99804.80
UNLOADING
LOADING
SAILING 142345.80
UNLOADING



The profit values for this schedule as as listed below

SHIP NUMBER

X
2
3
4
5
6
7
8 
9

10

PROFIT

237149.80
695446.60
206180.40
324826.10
379001.30 
166291.00 
209194.20 
146344.70
141315.30 
117208.50

The total value is 2622957.90



FINAL SHIP STATUS

SHIP NO. CAPACITY ACTIVITY BALLAST CRITICAL
TIME

FROM TO CONTRACT AMOUNT

1 71000. SAILING 10 7.1 1 3 6 .71000.
2 71000. SAILING 110.2 1 3 6 71000.
3 ' 70000. SAILING 96.9 7 9 15 14000.
4 61000. - UNLOADING 92.3 7 9 15 61000.
5 55000. UNLOADING 91.7 7 9 15 55000.
6 53000. SAILING 111.3 1 3 4 53000.
7 49000. SAILING X 104.7 . 3 1 0.
8 49000. SAILING 94.7 1 3 6 49000.
9 31000. SAILING 110.5 1 3 6 31000.
10 31000. UNLOADING 90.9 1 3 6 31000.



REMAINING CONTRACTS

FROM TO AMOUNT NUMBER LATE DATE

1 3 340000. 2 0.0
1 3 59000. 3 0.0

3 204000. 4 0.0
1 4 173000. 7 0.0
1 4 179000. 8 180.0

4 41000. 9 0.0
1 4 525000. 10 0.0
1 4 . 300000. 11 253 .0

4 210000. 12 0.0
1 4 117000. 1-3 310.0
1 4 118000. 14- 0.0
7 9 250000. 16 180.0
7 9 250000. 17 270 .0
7 9 250000. 18 360 ,0
8 10 85000. 19 100.0
8 10 29000. 20 0.0

EARLY DATE
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

270.0 
0.0

120.0 
210.0 
300 .0
60.0
0.0

too



REMAINING CARGO

TO 1 2 3 4 5 6 7 8 9 10

FROM

1 0. 0. 554000. 1663000. 0. 0. 0. 0. 0. 0.
2 0, 0. 0. 0. 0. 0. 0. 0. 0. 0.
3 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
4 0. 0, 0. 0. 0. 0. 0. 0 . 0. 0.
5 0. 0. 0. 0 . 0. 0. 0. 0, 0. 0.
6 0. 0. 0. 0. 0. 0. 0. . 0. 0. 0.
7 0. 0. 0. 0. 0 . 0. 0. 0. 750000. 0.
8 0. 0. 0 . 0. 0. 0. 0. 0. 0. 114000.
9 0, 0. 0, 0, 0. 0. 0. 0. 0. 0.
10 0. 0. 0, 0. 0. 0. 0. 0. 0. 0.
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