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PREFACE

Volume II presents a User's Manual, which is based on the
analytic development in Volume I for the mathematical simulation
of ship movement in defined waterways. This manual provides an
overall description of the model, and includes the five-command
structure and the predefined track input, which form the basis
for all possible ship movement in the model. The overall des-
cription of ship movement in the model, together with sections on
program definitions of harbors, ships, contour data, time measure-
ments, and probabilities of collision or grounding provide the
user with an adequate understanding of the mathematical model

and its operation.

As for Volume I, the authors are happy to acknowledge the
extensive and substantial effort of Mr. Leon Tritter in the

preparation of this document.
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1. MODEL OVERVIEW

The vessel safety model provides simulated movement of ships
through a defined waterway, and also furnishes information on
the probabilities of collision and grounding. The ships are moved
through the waterway in accordance with programmed ship motion
equations, and the probabilities are printed out according to de-
rived equations for the respective probabilities. The model is
capable of a further printed output which indicates the closest
point of approach (CPA) between any pair of ships in the waterway.

Supplementary information is available in Section 3 of Volume
I with respect to input data requirements, the background and
development of the vessel safety model, the programs and subpro-
grams associated with the model, and a flow chart which shows the
interrelationship among the programs, subprograms, and functions

in the model operation.



2. HARBOR MODEL

2.1 GENERAL DESCRIPTION

a. The model will move ships in a defined harbor area
according to ship movement instructions specified by the user.
The motion may be anything from exact to completely random mo-
tion. The position of the ships, their velocity, heading, ma-
neuver, and probabilities of collision and grounding are printed
at specified time intervals during the run. The time intervals
may vary during the run; e.g., the first hour may have print-out
every minute, the second hour every second, the next ten minutes

every half-second, and so on.

b. The motion of the ships is determined by ship command
inputs provided by the user. The commands available and their

assigned command numbers are:
(1) Straight ahead
(2) Accelerate
(3) Decelerate
(4) Left turn
(5) Right turn.

c. The paths of the ships may, alternatively, be determined
by inputs specifying their track to be followed. A track consists
of line segments having velocity, heading, and length. When
track inputs are applied, they are converted to a sequence of the

above five commands by the model.

d. The coordinate system used in the output is indicated
in Figure 2-1. The heading is measured in degrees from North 0°
to 360°. The x- and y- coordinates are in meters. The velocity

of the ship is given in knots.

e. The command inputs are varied by a maximum amount specified
by the user. These values are given in percent, and may vary from

0 to any value, allowing exact to random motion.



NORTH - X (0 DEGREES)

HEADING (DEGREES)

| 7 SHIP POSITION (METERS)

0 L & EAST - Y (90) DEGREES)
HARBOR ORIGIN

Figure 2-1. Output Coordinate System

f. Probabilities of collision and grounding are computed
at the option of the user. The probabilities are cumulative
for each ship throughout the time the ship is in the harbor. A
ship is considered in the harbor between its start and end
time, and if it has not been deleted. If, at any time step, no
ship is in the harbor, the run will end.

g. Multiple runs are allowed for use in Monte Carlo type
simulations. Each run will have the ship positions randomized
automatically by the amount specified by the user. Maximum
percentage deviations are specified.

h. A closest point of approach (CPA) calculation is per-
formed. The CPA is the minimum distance between two ships.
The calculation is performed on all pairs of ships. These dis-
tances are counted, and a frequency plot is generated at the
end of the run.

i. An output tape containing the ships' positions may be
generated for future reference. An example of the use of this
tape is given under the description of the program PLOTS.

j. Two programs are used in generation of data required
by the main program:



(1) Program LINES - to generate the harbor depth contours
required by the model.

(2) Program CHAR - to generate ships' characteristics

required by the motion equations.

k. The main program, as listed in Volume III, allows a

maximum of:
(1) 15 ships
(2) 20 characters in the ship's name
(3) 10 different time steps per run
(4) 100 intervals in the CPA frequency plot
(5) 25 ship commands per ship
(6) 150 lines in each depth contour
(7) 5 islands per contour.

None of the above should be exceeded. These maximums are easily
changed, if desired, but they should allow for varying computer
capacities (i.e., an increase or decrease in the above quantities
requires larger or smaller computer storage). They also provide a
reasonable limitation to the core required. The model with the
above maximums requires, not including system and library routines,
approximately 15,000 locations. The system and library routines
vary from machine to machine, and the total core required would

be upward of 20,000 locations.

Note: TSC has used as many as 100 ships in a number of
runs with a CDC (Computer Data Control) Model 6600.
These runs were made to check out modification require-
ments with use of a different computer and an increased
number of ships. Modification requirements to program
the increase in ships were relatively easy, so that a
programmer could be expected to accomplish them with
little effort.



2.2 DEFINING THE HARBOR-PROGRAM LINES

2.2.1 Harbor Data Transfer

a. A harbor is defined as any waterway area. (The harbor is
treated as a flat surface by the model. This is considered adequate
for harbors with nominal area.) The harbor data are generated in-
dependently of the model by the program LINES, the output cards of

which are provided as inputs to the model. The harbor data consist

of:

(1) Coordinate points at the intersections of lines which

bound the harbor and determine the harbor contour.

(2) Islands within the contour, with their coordinate
points similarly determined by the intersections of lines

bounding the islands.

b. The input data are obtained from a hydrographic chart,
which contains the depth contours for a specific waterway repre-
sented on the chart. (The chart used for San Francisco Harbor,
for which data are provided in Table 5-1 of Section 5, is divided
into two parts, obtainable as C and GS chart numbers 5532 and 5533
from United States Department of Commerce, National Oceanic and
Atmospheric Administration, National Ocean Survey, Washington,

D.C.)

c. The following information on data transfer for a sample
harbor is based on use of the hydrographic chart referred to in b.
above and Figure 2-2. The coordinates for contour points picked

off from the hydrographic chart are ascertained in two ways:

(1) A point is chosen at the intersection of convenient
vertical and horizontal lines on the hydrographic chart
(identified as longitude and latitude lines respectively)
to serve as the center of coordinates for the x- and y-

points of the harbor contours and associated islands.

(2) Another convenient point within the contour (such as

a harbor master station) is chosen to serve as the harbor
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origin. In Figure 2-2 this point is indicated with

coordinates (3.4, 1.8) with respect to the center of
coordinates (0,0) transferred from the hydrographic

chart.

d. For the purpose of setting up the harbor contours with
associated islands and inserting the data into program LINES,
all coordinates of the contours and islands are assigned scaled
distances in inches from the longitude and latitude lines passing
through the center of coordinates on the hydrographic chart.
(The sample harbor of Figure 2-2 has coordinates of contours and
islands marked off from the center of coordinates of the hydro-
graphic chart with a scale of one inch to represent 5000 feet.)

e. For insertion into the model, the harbor origin is re-
assigned the coordinates (0,0), and is considered as the center of
coordinates for data entered into the computer. Thus, all other
input data coordinates from the hydrographic chart are converted
to x- and y- distances (in feet) from the (0,0) coordinates of
the harbor origin. The outputs from the model resulting from

calculations involving inputs in feet are expressed in meters.

2.2.2 Program LINES

a. Depth contours, when taken directly from a chart, are
most conveniently measured in inches from a convenient origin.
The LINES program converts the depth coordinates to feet with
respect to the harbor origin as required by the model. Sines,
cosines, and slopes also required by the model are computed.
The format of the output cards is directly acceptable to the
model, and may be inserted into the data deck.

b. Once the contours are drawn with the islands (see Figure
2-2), the coordinates of the line segments are applied as inputs
to LINES. Each set of coordinate inputs must be applied clock-
wise around the contour or island. The first and last point
must coincide. The contour, measured in fathoms, is the minimum
depth inside the contour (or outside its islands). The maximums

allowed by the model (based on core capacity) are:



(1) Five different depth contours
(2) Five islands per contour

(3) Total number of points for a contour and its islands
not to exceed 150.

Figure 2-2 shows a sample harbor with two contours, each having
one island. The coordinates are measured in inches, and the
scale is 1 inch = 5000 feet. The harbor origin is given the
coordinates (3.4, 1.8).- The coordinates printed by the main pro-
gram are relative to this point.

c. A sample input to program LINES is indicated in Table
2-1. The information contained in cards 1 through 13 is des-
cribed in the following text, and is also formatted in Table 2-1
according to the description in Paragraph d. Measurements of
contour coordinates made during mapping of the contours and
islands are with respect to a convenient center of coordinates
reference (0,0) on the hydrographic chart. On this basis, the
harbor origin was given coordinates (3.4, 1.8). When the main
program is provided inputs, the harbor origin is considered to
have (0,0) coordinates, and the remaining inputs are converted
to conform to the redesignation of the harbor origin as the
zero reference.

d. The information contained in the program LINES input
cards is outlined below:

Card No. 1

(1) The number of contours - An integer (no decimal
point) ending in column 5

(2) The X-coordinate of the harbor origin - A real number
(decimal must be included) placed anywhere in columns 6-20

(3) The Y-coordinate of the harbor orgin - A real number
placed anywhere in columns 21 - 35

(4) The scale factor for conversion to feet - A real num-
ber in columns 36-50
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For each contour specified in card No.

(5) The logical unit number for the system punch - An

integer ending in column 55.

1, the following data are

required in succeeding cards:

LINES output based on the inputs described in Paragraph d.

Card No. 2

(1) The depth value in fathoms - An integer ending in
column 5

(2) The number of islands for this contour - An integer
ending in column 10.

Card No. 3

The number of points in the main contour and each island -
Integers ending in columns 5, 10, 15, 20, etc., depending
on the number of islands.

Card No. 4

Card No. 4 begins the coordinate data for the first con-
tour. Each card contains four points (X and Y) until

the end of the contour is reached. Columns 1 through 15
contain the first X, columns 16 through 30 the correspond-
ing Y, columns 31 through 45 the second X, and so on. The
islands for each contour follow the contour data and have
the same format. Each island must start on a new card.

In the example, the first island is started by card No. 6.

The above is repeated from card No. 2 until all the contours

and islands are finished.

e. The printout data of Table 2-2 represent the program

outputs are provided on cards to be used as inputs for the main

program.

2.

2.

3

3.

1

DEFINING THE SHIPS-PROGRAM CHAR

Ship Characteristics

A ship possesses a group of features referred to as ship

12
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characteristics. These characteristics are unique to each ship,
and must be known before the ship's maneuverability, operational
efficiency, and capability for safe travel can be analyzed. For
each ship used in the vessel safety model, the following charac-
teristics must be determined:

(1) Ship's length (between perpendiculars) (feet)
(2) Ship's beam (maximum) (feet)

(3) Mean draft (feet) (perpendicular from center of
ship)

(4) Maximum velocity (knots)

(5) Ahead horsepower

(6) Astern horsepower

(7) Displacement (tons)

(8) Windsail characteristics (dimensionless ratio)

(9) Reverse time (seconds) to reverse engine in decelera-
tion process

(10) Maximum rudder angle (degrees)

(11) Turning velocities (10) to be used in computing a
quadratic fit to the equation relating turning velocity
to initial velocity.

2.3.2 Program CHAR

a. Program CHAR is an independent program which is run
to prepare input cards for the main program.

b. The program inputs the ship characteristics, and com-
putes the data required by the main program. For each ship 20
constants are generated. The card outputs are in a form accep-
table to the main program. An example is given in Table 2-3
of two sets of characteristics. The following text indicates the
manner in which the input cards are set up.

Card No. 1

(1) The number of sets of characterisitcs - An integer

13



ending in column 5.

(2) The logical unit number for the system punch - An
integer ending in column 10.

Card No. 2

The first 5 characteristics in real number format (decimal
point must be included) in columns 1-15, 16-30, 31-45,
46-60, 61-75 respectively. Each number may appear anywhere
in its field.

Card No. 3

The characteristics 6 through 10 in the same format as
card No. 2.

Cards No. 4 and 5

The ten turning velocities (knots, unlimited range),five per card,
in the same format as above.

The sequence from card No. 2 is repeated for each set of charac-
teristics. For each set, four cards provide outputs, and must be
placed following the ship's name in the main program input data
deck. Table 2-4 provides the output data referred to above for
the program CHAR inputs of Table 2-3.

14
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3. MAIN PROGRAM - DATA INPUT

3.1 GENERAL

Preparation of a run of the main program involves a number of
considerations, of which the following are typical:

a. It is necessary for tracks to be laid out.
b. Initial conditions, time-step intervals, and probability
options must be defined.

c. Error conditions must be set.

This information is provided in order to make useful and meaningful
runs. By such information conditions are set up which are adequate
and sufficient to provide the necessary outputs for given input
conditions. For example, duplicating a known maritime collision
would require the use of the ships involved only, with time-step
intervals to suit the density of waterway traffic. No probabilities
are needed. Time-steps may vary from large steps in the portion

of the track away from the vicinity of the collision to small steps
near points where the collision occurred. It is also possible

that the probability of collision between a ship and any one of
other adjacent ships may be investigated, given conditions with
respect to weather, ship densities, tide and wind effect, ship
velocities, headings, human factors, and navigational aids. This
problem is more complex than the preceding one; however, the in-
clusion of the above conditions will provide the necessary in-
formation from which probability determinations can be made.

3.2 DATA INPUTS

The main program receives inputs of the type already dis-
cussed in Section 3.1 and treated in greater detail in Sections
3.2.1 through 3.2.5. The different categories of inputs are shown
in Figure 3-1, in which the indicated blocks represent groups of
cards with the data and command information to be processed.

16



(§!* - Last card-

number of runs, error information

Repeated
for each ship

? &
Track information/Pilot commands })

—— Ship name, characteristics, initial conditions
—- Options

— Contour data

Figure 3-1. Data Deck Setup for Main Program

3.2.1 Contour Data

The contour data are taken directly as output from the program
LINES.

3.2.2 Options

The set of cards comprising the options group includes input
information arbitrarily selected by the user to conform with the
given requirements of a particular problem. The information is
inserted on cards according to the format described below.

Card No. 1

a. Total number of ships - an integer ending in column 5.

b. Number of different time increments to be used during
execution - an integer ending in column 10.

17



C.

Option for generating tape file containing ship's position -

an integer in column 15.

(1)
(2)

d.

If equal to 1, a tape is generated.

If not, no tape is generated.

Option for action to be taken if probability of collision

and/or probability of grounding becomes greater than a specified

amount - an integer in column 20.

(1)
(2)
(3)
€.

(1)
(2)
(3)
(4)

i 2

If equal to 1, -take no action.
If equal to 2, stop ship or ships involved.
If equal to 3, delete ship or ships involved.

Probabilities to be calculated - an integer in column 25.

If equal to 1, no probabilities are calculated.

If equal to 2, only probability of collision is calculated.
If equal to 3, only probability of grounding is calculated.
If equal to 4, both probabilities (collision and grounding)
are calculated.

Maximum value used with option in d. - real number (decimal

point must be included) between 0 and 1 located anywhere in

columns 26 to 40.

g.

Maximum distance (meters) ships will be checked for

closest point of approach. (This is the maximum value on the fre-

quency distribution.) Real number is located anywhere in

columns 41 to 55.

h.
(1)

(2)

i.

Option for printing distances - an integer in column 60.

If equal to 1, print only distances between ships that
are less than the value specified in g.

If not equal to 1, print all distances between ships.
(When a large number of ships is being used, this option
should be set equal to 1 to avoid large printout of all
distances between all pairs of ships.)

Number of intervals to be used in frequency plot of CPA's

(closest points of approach) - an integer ending in column 65.

(A value of 50 will produce one printer page.)
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Card No. 2 to End of Options Group

Each card of this group contains an end time, a time increment
and the print frequency to be used for this time increment. Each
card contains one value of each of the above. There will be, there-
fore, the same number of cards as the number specified in b. The
first value of each card is the time in seconds of the end of that
interval, and is located in columns 1 through 15 in real format.

The time-step to be used in seconds is located in columns 16 through
30 in real format. The print frequency is an integer ending in
column 35. If the print frequency is 5, for example, the ship's
position (and other parameters of the printout) will be printed
every fifth time-step.

3.2.3 Ship Name, Characteristics, and Initial Conditions

The distinguishing data for each ship must include its name,
its characteristics, and the initial conditions under which it
will function during a model run. The input data for a particular
ship are entered into the computer in accordance with the fol-

lowing card format.
Card No. 1

Ship's name - may contain alphabetic or numeric data in
columns 1 through 20.

Cards No. 2 through 5

Ship's characteristics and constants - obtained from outputs
of program CHAR.

Card No. 6

Human factor and on-board navigational capability. The human
factor is a variable quantity which is related to the standard
deviation (o) terms in the probability of collision calculations
of Appendix C, Volume I of this document. The human factor con-
tributes to the determination of the x- and y-components of the
standard deviation (ox and oy). It is given as the ratio of an
average crew's ability to the ability of the present crew, and
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is applied as an input to the main program. The on-board
navigational capability, which is also used with reference to
the standard deviation, is the error (in meters) of position
due to on-board equipment. The total on-board capability is
the product of the human factor and the on-board capability.
The human factor is in real format, and is located in columns
1 through 15. The on-board capability is in real format, and
is located in columns 16 through 30.

Note: Additional ‘information on human factors and on-board
navigational capability is available in Section 6 of
Volume I of this document.

Card No. 7

This card is the last of the group. It contains the start
time, the end time, and the starting position (in meters)

of the ship. The times are in seconds, and relative to a
harbor time of zero. At least one ship must start at time
zero. Columns 1 through 15 contain the start time in seconds;
columns 16 through 30 contain the end time in seconds;

columns 31 through 45 contain the initial x-coordinate in
meters; and columns 46 through 60 contain the initial

y-coordinate in meters.

3.2.4 Path of Ship

The ship's path can be programmed in terms of either of two
modes:

3.2.4.1 Track Information

3.2.4.2 Pilot Commands

Selection of either mode and the number of cards with their

appropriate formats are discussed below.

Card No. 1 for Path of Ship

Selects code of input.
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(1) If column 5 contains a 1, track information input is

selected.
(2) If column 5 contains a 2, pilot command input is selected.

Once the mode is selected, the card routine for the respective

modes is sequenced as follows:

3.2.4.3 Track Information Mode - The ship's track is broken into

straight line segements, each containing a velocity, a heading,
and a length. The first card of track information contains an
integer which ends in column 5 and signifies the number of line
segments. The following cards contain for each segment (one card
per segment) the heading (degrees from North clockwise) in
columns 1 through 15, the velocity for this segment (in knots) in
columns 16 through 30, and the length of the segment (in meters)
in columns 31 through 45 (each in real format).

3.2.4.4 DPilot Command Mode - Pilot commands are applied as input

according to the command mode and value of the command. The
following card routine indicates the procedure:

Card No. 1

(1) Starting velocity (knots) - real number, columns 16

through 30.

(2) Starting heading (degrees) - real number, columns 1
through 15.

Card No. 2

Number of commands to be read - an integer ending in column 5.

Card No. 3 to End of Pilot Command Group

These cards contain the mode of the command and its value.
Each card contains one command. The mode is in column 1 and
is an integer, and the value is a real number in columns 2
through 16. The commands have the following meaning and units:
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Mode Meaning and Units

1 Straight ahead for value meters

2 Accelerate to a speed of value knots
3 Decelerate to a speed of value knots
4 Turn left value degrees

5 Turn right value degrees.

3.2.5 Continuation of Data Deck Setup

On completion of the input for the path-of-ship data, the
procedures described in Sections 3.2.3 and 3.2.4 are repeated
for each ship until all the ships are defined. The final card
of the data deck is then inserted to provide information on the
number of runs to be made and the maximum variation to be used
in randomizing the input. (The specifications given here are
related to the Monte Carlo operation, an automatic operation which
involves a number of runs and super-position of random plus-or-
minus errors on the given commands up to a permissible limit within
the number of runs executed. The computer repeats each run with
different random errors for as many runs as have been specified.)
The format used for the final card is as follows:

Final Card of Data Deck

a. Number of runs - an integer ending in column 5.

b. Maximum percent change in initial position (the initial
position used during execution is the one given with an
error of plus or minus this percent ) - real number,
columns 6 through 15.

c. Maximum percent change in velocities - real number,
columns 16 through 25.

d. Maximum percent change in headings - real number, columns
26 through 35.

e. Maximum percent change in straight paths (mode 1 commands) -
real number, columns 36 through 45.

f. Maximum percent change in navigational error - real number,
columns 46 through 55.
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g. Random integer needed to start randomizing data in the
model - an integer ending in column 65, columns 56 through
65.
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4, PLOTTING THE SHIP'S TRACKS

4.1 PROGRAM PLOT

a. The program PLOT uses the data tape generated by the main
program to plot ship's tracks or the frequency curve given by the
printer plot (Figure 4-1 and Table 4-1). The tape is on logical

unit 9.

b. The equipment used in performance of the program is assumed
to be a Calcomp plotter. (Because of similarity among other plotters
to the Calcomp plotter, a number of plotters will be suitable for
this application with relatively minor changes. The capabilities
of the Calcomp plotter are demonstrated further in Section 5 of

Volume I of this document.)

c. Figure 4-1 shows a sample plot of the paths taken by two
ships in a waterway on the basis of the program PLOT input data
of Table 4-1. The bounded figure represents an island, whose con-
tour data are taken directly from the main program data deck. One
of the bounding points of the island, marked X, the harbor origin,
serves as reference for the remaining plot data. The plots of the
ships' travel are identified by characters such as A and B for
each time-step in the range determined by the input data. The
characters are plotted so they can be read (i.e., right side up)
in the direction of ship travel. This is borne out in Figure 4-1
by the positions of characters A and B with respect to the direc-
tion of ships A and B, as indicated by the respective arrows.

4.2 CARD DECK INPUT FOR PROGRAM PLOT

The card data which serve as program input for the print out-
put of Figure 4-1 are described as to content and card format in
the following listing:

Card No. 1

Run number (normally 1) - An integer endine in column 5.
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Card No. 2
Number of ships to be plotted - An integer ending in column 5.

(1) If equal to zero, a frequency plot is generated, and no
more data are required.

(2) If not, Card No. 3 is used.
Card No. 3

Ship numbers to be plotted - integers ending in columns 5, 10,
and so on until all the ships to be plotted are named.

Card No. 4

Identifying symbols to be used on the plot - a character or
number in columns 5, 10, 15, and so on until a character is

specified for each ship to be plotted.
Card No. 5

Start and end times (in seconds) for the plot. The start
time is a real number, located in columns 1 through 15. The
end time is a real number, located in columns 16 through 30.

Card No. 6 to End of Card Deck

The remaining cards contain contour data for one contour and
its islands taken directly from the main program data deck.
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5. SAN FRANCISCO CONTOUR DATA AND PLOT OF ZERO FATHOM CONTOUR

An outline of the San Francisco Harbor is shown in Figure 5-1.
This outline was obtained from data of coordinates in Table 5-1.
The data used to form the harbor outline are based on a convenient
center of x-y coordinates (0,0) chosen on a hydrographic chart of
the entrance to San Francisco Bay. (This chart is discussed in
detail in Section 2.2.1.) The orientation of the x- and y-axes
of the chart is indicated on Figure 5-1, and is made to correspond
with that shown in Figure A.1-1 of Appendix A, Volume I of this
document.

Note: The printed matter included in Figure 5-1 is not part
of the plot of the harbor. Locations within the San Francisco Bay
are identified (supplementary to the plot outline) to enable the
reader to correlate the layout of Figure 5-1 with the corresponding
locations on the San Francisco Bay area hydrographic chart (C and
G.S. No. 5532).

The x- and y-distances are measured from a center of co-
ordinates (0,0) intersection of the vertical axis (122°30'
longitude on the hydrographic chart) with the horizontal axis
(37°50' latitude). All points on the contour are given in inches,
with the scale of measurement given as 1 inch = 3344.8 feet. With
respect to the center determined from the above, the harbor origin
shown in Figure 5-1 has these x- and y-coordinates:

-2.55 inches
11.78 inches.

X

y
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Figure 5-1. Outline of San Francisco Harbor

32



MAIN PROGRAM
EXECUTION EXAMPLES

(APPENDICES A,B,C)
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APPENDICES - A THROUGH C

Appendices A, B, and C provide examples of use of the main
program. The examples include generation of a plot tape for two
ships in a waterway under different conditions of travel in
the ship's path, the probability of collision, and the probability
of grounding.
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APPENDIX A

EXECUTION EXAMPLE 1

Example 1 shows the two modes of input for ship's paths.
Ship 1 (Ore Mercury) follows defined tracks and ship 2
(S.S. Persepolis) follows pilot commands. A plot tape was
generated by this run and the results of the plot are shown
in Figure 4-1 of Section 4. (See Section 4.1 for a discussion
of Figure 4-1.)

The frequency distribution plot at the end of the run con-
tains the number of times ships approached each other within
the distance specified by the interval. The interval is given
on the left, and the number of occurrences is given next to the
interval. The maximum number of occurrences is the maximum in
any interval. It is also the value at the right-most dotted line.
The dotted line in the center is the midpoint between 0 and the

maximum number of occurrences.

The data in Table A-1 are divided into numbered groups. The
group numbers localize the data to cards which form the card
groups of Figure 3-1. Thus, for example, the data in Table A-1
contained in group bracket 3 are also on cards contained in
the group of Figure 3-1 marked 3 (and hence related to ship's
name, characteristics, and initial conditions).
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TABLE A-1. INPUT DATA FOR EXAMPLE 1
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T X 208BTIIEAPY U G3I9ZA29E+.S  J.1904B16Ee00 -0,08858871F-01 7,7388185E-02
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p— 1 —
2
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?,7540787E~93 0.1251100E+.3 ©.5110000E+P2 0.180F000E+02 0.17000@0E+D5
n,68A77@2E+P4 B.334610CE+"5 7, 300P00CEEN §,250700RBE+02 0,2398997E+06 3
P.,9423403E+04 B.4219993E-72 2,6496147E-01 0,1073325E+02 0,.2446159E+07
M.15362575+23 ©.67515€62E+C5 ©.213873CE+00 =0,1024249E+00 0,8848574E-02

2. as,
2. 240. 385, 2135,
2
14, i8¢2.
. 4
1 610, -
5 45,
3 12. - - -
1 2%a.
1 19, 3. i. 5. 5, 14395 yooos
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APPENDIX B
EXECUTION EXAMPLE 2

Example 2 shows the probability of collision calculations and
the multiple run option. Two different time intervals are used.

The frequency distribution plot at the end of each run con-
tains the number of times ships approached each other within the
distance specified by the interval. The interval is given on the
left, and the number of occurrences is given next to the interval.
The maximum number of occurrences is the maximum in any interval.
It is also the value at the right-most dotted line. The dotted
line in the center is the midpoint between 0 and the maximum

number of occurrences.

The data in Table B-1 are divided into numbered groups. The
group numbers. localize the data to cards which form the card groups
of Figure 3-1. Thus, for example, the data in Table B-1 contained
in group bracket 3 are also on cards contained in the group of
Figure 3-1 marked 3 (and hence related to ship's name, character-
istics, and initial conditions).
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TABLE B-1. INPUT DATA FOR EXAMPLE 2

~

3 1

b5 5
«0,170002QPE+D5=¢«9220702YE+)4 B.99999999E~15 2,70A00222E+70 0.1000800CE+RL
§.80020707E*04-0.92007207QE+"4 0.10 1= g2 9. +pp
0.1200P707C+05-7 . 400Q00APE+4-0,3287200PE+21-0,94868331E+FP0-0.31622772E+00
0.82022%139€404 ?.11007228E+35-0.16666667E+087-2,16439906E+00-0,98639391E+00
«0,22082°07E+05 N, 160070CPE+?5-0.4999999PE+P1 #,9805B069E+00 B.19611611E+00
~@.17002707E+05-'.90087BZPE+I4_2.99999999E-15 €,0080A203E+P0 0, 10000000E+0L

T 0.99999994E+03-2.4000VOREE+ J4 2. 150N0300PE«R1-0,33205023E+00 0.55470022E+70

0.0723¢7Q2C+p7 F.RATQ0CMVE+AE C.208P0B0FE+P1 2,R9442717E+C00-D.44721363E+00
«8.20@7C307E+24-7.4R0002PCE+ "4 0.99999999E-15 2.¢R372202E+20 0,10900C00E+01
2.99999994E+02~F . 420072C0E+ 74 ¢.15070A0CE+P1~7,83225228E+10 £.55470022E+00

5 1

5 6
~3.175%2302E+05-7.7008700BE+24 0,99999999E~-45 #,A208A070E+00 2.10000090E+21
. 0.8P@ARNQNE+Q4=0,.7300A2B0E+24-0,3607000CPE+01-0,94351793E+C0~0.267643B1E+00
2.37000707E+04 7,11000820PE+25-0.99999999E-15 2.72N7G220E+00-0,10000280E+04
«@,210%0737E+235 2,1100800FE+15-0,51428572E+01 @,98161539E+00 B.19086962E+00
-3.17509707C+25-1.7200203RE+94 0,99999999E-15 7,0322A200E+A0 2,10000000F+0)
eD.23000)0NE+04-3.6230000CPE+04 0.2587000CE+02-7,24253559E+00 0.97014251E+00
2.2¢030000E+04~P.5A0BAPEOE+4 #,13333334E+01-3,80000003E+N0 @, 60008001E+02
0.49999990E+04-". 100R0QA0E+74~0,60000A01E+87-0,51449579E+00~0,85749289E+00
2.02000207E+02 A.20007Q0PCE+74 2,1500000CE+21 @,83295026E+20-P.55470023E+00
~0,400000QE+04~7.4000723CE+24-0.

99999999E+00 @,70717680E+20 B.72710677E+0¢

A

y 1%

 =P.20030000E*P4~-3.46000700CE+24 0.253200A0E+00-2,24253559E+020 z.gzq142515#00,/
22 2 2 F] .9 2rpe, B sp
190, 15, 1 z
125, 5. 1
ORE MERCURY - S
T 0,802278%E+P3 0.1104000F+03 0.4C3I0000EeB2 0.165G070E+02 0,1576000E+05
2,6827000E+@4 D.4320Q02E+25 C,2000000E«P? 2,2870R03E+02 0,2163903E+D6
. -'3'21423’64!755_7- - . 2 -1 '1 E‘mz 5-31551_2_5!757-
1,29088737E+03 0.6392420E+25 0,1994616E07 =7,8658374E~C1 ©,7388185E-02
1.6 ing.
%, 125, -610. 2132,
2 4
13. 225. i Al orEs
1
1 1220,
§., S. PERGEPO.IS
3.754B707E+03 2.1051120E+»3 ¥.5110000E+02 0.18000720E+02 0.1700000E+@53
2,688@7¢7E+04 D.33461FPE+75 U,3000000E07 0.2500000E+P2 &,2898997E+08 3
3,9423403E+04 0.4219993E-22 0,6496147E=01 0,1073325E+A2 0.2446155E+07
#,3536257E~02 P.6051562E+2% 7,213873PE+0F =-0,1P24249E+70 0,8048574E-02
2.0 100,
2, 125, -2132, 915,
2
12, 45,
R R B R A
1 610.
5 45, _
1 610.
2 19, __._3- 1, 5. 5. 14395 }s

*Refer to text of Appendix B for explanation of numbered group bracketing.
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APPENDIX C
EXECUTION EXAMPLE 3

Example 3 shows the probability of grounding calculation by
moving the ship close to an island.

The frequency distribution plot at the end of the run contains
the number of times ships approached each other within the distance
specified by the interval. The interval is given on the left,
and the number of occurrences is given next to the interval. The
maximum number of occurrences is the maximum in any interval. It
is also the value at the right-most dotted line. The dotted line
in the center is the midpoint between 0 and the maximum number
of occurrences.

The Data in Table C-1 are divided into numbered groups. The
group numbers localize the data to cards which form the card
groups of Figure 3-1. Thus, for example, the data in Table C-1
contained in group bracket 3 are also on cards contained in the
group of Figure 3-1 marked 3 (and hence related to ship's name,
characteristics, and initial conditions).
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TABLE C-1. INPUT DATA FOR EXAMPLE 3

2
3 1
6 5 o mres s
“0.170807PAE+05-7,90220000E+24 0,99999999E~15 0,CPA0D00CE+00 0.1000800PE+01
0.80000%02E+34-2.90002020F+74 7,1000A200FE+01-0,72740675E+00 B,70710680E+38
2.13020707E+05-0.4000P0CIE+24-0,30000P00NE+01~0,94868331E+00-0.31622772E+00
2.800002072F*B4 0.110000C0E+25-0,16866667E+00-7,14439908F+00-2,08439391F+00
~0.22002707E+05 7.1680000CE+25~8.49999996E+01 0.98858069E+00 P.19614611E+00
_=0.17000202E+@5-2,900020CAF+74 2,99999999E=-15 7,0000A0A0F+00 @,1030A0QRF+@Y |
2.99999994E+03-2.400000CCE+"4 2.1500000PE+01~2,R3205028E+00 8.55478M22E+00
9.30070287E+A4-2.10000PPPE+74-0,33333334F 6 07~0,346227A1F+@0-0.04R6R328E 40 |
2.00022500E+02 ¢.200000C2E+20 0,200R000CE+01 #.89442717E+N0-0,44724343E+00
~0.29020202E+04~-2.4002200PE+04 0.99999999E~15 #,pA@2000E+C0 @.102080020F+01
0.99999994E+P3-7.402008C0E+C4 ¢,15000RCCE«P1-8,83205028E+00 0.55470022E+00

5 1 — e
5 6
- 2@AE+05=2, 02QE+7%4 0.99999999E=15 0. AAPP0CARE+0AD B,100000ARE+PL

2.80000709E+04-7.70002002E+04~0,360000PME+01-2.94351793E+00-0.26764381E+00

— P.3cpAQUARE+A4 2.1100720C3E+05~0.99999999E~15 0,0¢ARAQACE+00-0.100A0AARPE+AL |

~0.21270207E+@5 2.1100000RE+75-0.51428572E+01 8.98161539E+00 0.19086962E+00
—=0.1750QJPNE+P5=7.7Q0D2PARE+24 D.99999999E-15 2,20000P00E+AQ P.102PAAAOE+AY |
~0.2¢00079PE+04~C . 600BBQ0PE+24 0.25000002E+002~0,24253559E+00 0.97014284E+030
0.200002@7E+P4-7.50002000E+V4 @,13333334E+21-2,800CC000E+00 0.60000071E+00
0.49999999E+04-7.10200270E+74-0.60000001E+00~0,51449579E+70~0,85749289E+00

@.0009¢03%E+@2 ?-20@@@@?95*"4 P.150000CAE+0: B,83295P26E+00-0.55470023E+00

~0.4907070IE+P4=0,42007270E+04-0.99909999E+0" B,7071C680E+00 B.70718677E+00
=0.2200@307E+Q4~ z-qgggggggg:p4 0.25000000E+PA-2,24253559E+00 0.97014251E+02

1 1 1 2 3 ' 9 2710, 2 50
249, 12. 1
ORE MERZURY

2.68077@7E+04 B.432C000E+s5 0.2000000E«07 2,2820P000E+02 0,21639Q3E+D6

2

0.802073%€+03  0.1104322E+73 2,4030000C«A2 2,1852000E+22 0,15740@0E+35 ;_._ .
3
7

A,1424764E+35 0.3699762E-22 2,6082567E~-01 B.1536272E+02 0,3158126E+0

2.2958737E+23 0.6392429E+75 03.,1994616E«00 -0,8658371E-01 ©,7388185E-02
1,6 lep.

1 132, 3. 1. 5. 8. 14395

2. 200. -1200. 2,
— s e
— P i - )
2 —
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