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I. INTRODUCTION

| This manual describes the computer programs used to perform the

]1 Abandon Ship Computer Simulation Model (ASCSM) and the Man Over-

board Computer Simulation Model (MOBCSM) simulations. The simu-

lations run entirely on a micro (or mini) computer and were speci-
fically designed for operation on a Wang 2200 System. The programs
interactively acquire the information required to perform a simula-
tion. For the ASCSM the microcomputer then performs the simulation
and prints a report which tells the user the input conditions and
the results of the simulations. For the MOBCSM the same result

is achieved, but the interactive part of the sequence resides in

! a separate program which writes a disk file containing the in-

i put information for one or more simulation runs. The program that
performs the simulation for the MOBCSM reads input information from
the disk file, performs a simulation run, prints a report, and writes
an out-put file. A third MOBCSM program reads the output file and

| produces another report; this may be useful when multiple copies of

the same simulations are desired.




2. ABANDON SHIP SIMULATION

The Abandon Ship Simulation divides into three parts: the

Operator Program, the Simulation Program, and the Output Pro-

gram. The Operator Program provides an interactive input scenario
to the operator asking for each piece of information needed to
complete the data set required to perform a simulation. The spe-
cific questions appear in the User's Manual and in the program
listing in Appendix A. The Simulation Program performs the number
of simulations specified in the data set generated by the Operator
Program. Each simulation data set contains values for variables
that either remain constant for all the simulations or determine
the parameters of random variables. After each simulation for a
given data set the output data set is updated to form the basis

for the output report on the simulations. The Output Program takes
the output data set produced by the simulations and prints a neat
looking report consisting of the input parameters set by the Opera-
tor Program and a statistical summary of the simulation results.

The Abandon Ship Simulation consists of a main program and a
number of subroutines all written in BASIC*. The main program
appears in Appendix A on page 1. Note that it consists mostly of
calls to subroutines (e.g. GOSUB 1504). The main program calls
the subroutine at 9000 to set the cursor on the video display to
the upgper left corner ("home") of the screen and erases the screen;
then displays the program title. The main program then asks for
the serial number and initializes all variables and arrays. The
subroutine called in line 1014, beginning in line 1504, and
appearing on page A-2 uses the data statements on page A-3 from
line 1372 to line 1440. In the main program line 1016 randomizes
the random number generator by calling for, but not using, a num-
ber of random numbers. The number of random numbers thus skipped
equals the integer part of the serial number supplied. The sub-

* BASIC is a registered trademark of Dartmouth University.
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routines called in lines 1018, 1020, and 1022 constitute the
Operator Program. The subroutine called in line 1024 is the part
of the Output Program that prints the input data. Lines 1025
through 1040 constitute the Simulation Program while the sub-
routine called in line 1042 completes the Output Program; line
1044 goes back to start another run.

2.1 Operator Program

The Operator Program consists of three subroutines. The subrou-
tine beginning with line 1046 handles the ship characteristics.
The subroutine beginning with line 1102 gathers the rescue boat
characteristics. Line 1134 begins the subroutine that takes care
of the casualty type and the number of simulations desired for
the run. These three subroutines appear on pages A-4 and A-5.

The subroutine that handles the ship type, beginning in line 1046,
first "home"s the cursor and erases the screen (line 1048). The
subroutine then puts “SHIP CHARACTERISTICS" followed by the menu
of ship types on the video display. The response to the question
"NUMBER?" (1ine 1058) is limited to the available ship type num- .
bers by lines 1062 and 1063. If the user enters a number out-
side the range of numbers on the menu, the program asks the ques-
tion "NUMBER"? again. After the user has entered a valid ship
type number, the program moves the number of people on board (POB)
the ship, the number and capacity of the lifeboats and liferafts
from the ship characteristics array to array N5. The subroutine
then computes the length of the lifeboat(s) and stores the length
in array V1. Finally, the subroutine moves the probability that

a rescue vessel is nearby to array Pl.

Line 1102 begins the subroutine that requests, from the user, the
rescue boat characteristics. The subroutine first sets the index
I5 to zero (variable Z2) and erases the video display. The FOR-NEXT
lToop in lines 1110 to 1174 asks the questions and receives the

answers. The actual questions are stored in array M5$ (a string

=
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array denoted by the terminal $) and processed in the subroutine
that begins in line 1620. Both subroutines appear on page 4 of
Appendix A. The subroutine beginning at line 1620 displays the
question in array M5% and put: the user reply into array DI1. The
subroutine then compares the response to a minimum value for the
variable (in array M6) and a maximum value (in array M4) in line

U 51 St 8 B A s e~ Vo>

1626. If the variable does not lie in this range, the subroutine

asks the question again. Finally the subroutine increments the

index for array D1 and returns to the calling subroutine at line
1114. The rescue boat length is computed and stored in array VI
in line 1118. In‘lines 1124 and 1126, the portions of probability
Pg which remain constant for all the simulations for the run are

computed and stored in array V1. Finally the rescue boat capaci-
i ties (crew and passengers) move to array N5 and the mean times to
' pick up one man and to perform a standard maneuver move to array
T5. The text for the questions, the minimum allowed value and
the maximum value appear in the data statements of lines 1426
through 1440, page A-3. The data statement in line 1424 contains
one less than the number of questions.

The subroutine, beginning in line 1134 appearing on page A-5, to
handle the casualty type and the number of simulations starts off

T N

like the other two discussed above by erasing the video display.
The subroutine, lines 1138 through 1144, then'disp]ays CTYPE OF
CASUALTY" followed by the menu of casualty types. As for the ‘j
ﬁ ship type, the program asks the user to choose the number, line ]
1146. The program checks the number, lines 1150 and 1151, and |
repeats the question if the number falls outside the allowed

range. Lines 1154 through 1170 handle the override capability for

the casualty. Next the subroutine picks probabilities P3 and P5

from the data supplied for the casualty type specified and puts the
probabilities into array P1,lines 1172 and 1174. If the casualty

is a collision, the subroutine sets probability Pig to 0.98, lines

1175 through 1177. In any event a value for the index N3 is ob-

tained from the casualty data, line 1178. The index N3 has a uni- !
que value for each primary casualty type (e.g. for a COLLISION &

4




} & FIRE the primary casualty type is COLLISION and the secondary
casualty type is FIRE). Finally the subroutine asks for the num-
ber of stimulations (lines 1180 through 1184 inititalizes the coun-
ters for the statistics, and returns (lines 1186 through 1198).

2.2 Simulation Program

e i

The simulation program consists of a FOR-NEXT loop which calls
three subroutines. The FOR-NEXT loop begins in line 1028 on
page 1 of Appendix A and concludes with line 1040. The subrou-
| tines called in lines 1032, 1036, and 1039 together perform one
] simulation. These subroutines appear on pages A-6 through A-12.

ool R L e S s SRS ST SRS R e e i e et e @ e 2 ettt St e

:é One subroutine handles each of the three sections into which the

Abandon Ship Simulation naturally divides.

2.2.1 Set Up Casualty Conditions

The subroutine beginning at line 1674 performs the first section
of a simulation. In this section of the simulation the number

of people killed, knocked (or blown) into the water, and isolated
by the casualty and the number of lifeboats/liferafts damaged

are computed for the particular casualty being simulated. The

1 type of casualty determines the mean value for these variables
and the program selects a particular value from the appropriate
statistical distribution using a random number generator. The
random deviates are computed using the same equations described
in reference (1). The casualties were divided into a
primary casualty and a secondary casualty. The variables for

T e e e A = ot aa s

the primary and secondary casualty are combined to satisfy the

requirements of the model. For the primary casualty the follow-
ing 1line numbers apply for each casualty type. For a fire, lines
1680 through 1688; for a collision, lines 1690 through 1712; for !
an explosion, 1714 through 1732; for a structural failure, 1734
through 1742; for a grounding or foundering, 1806 through 1816;

!
|
|
1




| for a capsizing, 1750 through 1762. For the secondary casualty,
the flooding is handled in lines 1766 through 1772 while for the
fire lines 1774 through 1786 apply. No attempt will be made to
explain this coding detail, but some of the features of this sec-
ion will b. noted and a typical portion explained in detail.

Since many of the variables computed at the beginning of the sub- i
routine that performs the first section of the simulation use a
distribution, the distribution computations appear in a subroutine. [
A1l the distributions appear on page A-12. Appendix B contains

an annotated listing of all the variables used. The normal dis-
tribution begins with line 2218 (page A-12). The inputs to the i
normal distribution subroutine appear in array R1. The normal
deviate (random variable selected from a normal distribution) ﬁ
appears in variable R6. Most of the normal distributions have L
only the mean specified. These distributions are bounded at zero ‘
on the low end. If the lower bound (of zero) is placed at the 2¢
point of the distribution then a symetrical distribution requires !
an upper bound at twice the mean and a standard deviation, o,

of one-half of the mean. Since this condition occurs frequently,
a subroutine that takes the mean (supplied in array element R1(1)) &
and computes the bounds and standard deviation then calls the nor-
mal distribution, appears starting at line 2258.

Now consider the case of an explosion and sinking. The primary
casualty is an explosion which appears in lines 1714 through
1732. Line 1716 sets the mean for the special normal distribu-
tion to the mean number of people blown overboard by the explo-
sion and goes to the subroutine to compute the normal deviate.
Line 1718 rounds the normal deviate to the nearest integer and
stores the value in the array element N5 corresponding to the
number of people blown, knocked, or who jump overboard. See
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Appendix B for the meaning of all variables. In a similar manner
| lines 1720 and 1722 compute the number of boats destroyed.
| Note that the total number of boats (lifeboats plus rescue boats)
‘ is multiplied by the fraction of boats destroyed by the explosion.

This fraction is saved for later use in line 1724. 1In lines
| 1726 through 1730 the number of people isolated and killed are
| ; computed. For eacih of these the number of people on board is
multiplied by the fraction affected for each case. The results
get put in array N5. For an explosion, probability Pg determines
whether the secondary casualty is a fire or a sinking. Probabili-
ty five (Pg) is only allowed two values, namely zero and one &
(0 or 1). In the subroutine, beginning at l1ine 1134, that handles
the casualty type, Pg was put into P1(5). Line 1731, then, i
causes a branch based upon Pg. If Pg equals one (1), control '
goes to line 1774; otherwise control continues at line 1768.
The part of the subroutine beginning at line 1774 handles those
casualties having a fire as the secondary casua.-y. This section 13
also handles the casualty which consists of a fire only. Note ﬂ
that in this section, the various quantities generated add to
those produced by the primary casualty, if any. Whether the
secondary éasua]ty is a fire or a sinking, line 1788 converts
the fraction of boats destroyed intc the fraction not destroyed.
Line 1790 computes the total number of people in water while line !

T —————

1792 sets the number of people in the rescue boat (exclusive of

the rescue boat crew) to zero. Lines 1794 through 1800 perform

the bookkeeping functions for the number of people in the water.
X1(2) contains the number of people in the water for this simula-
tion. Line 1796 calls to the middle the subroutine that begins

at line 1656 (see page A-9) to update the values in Y1(1,1), Y1(1,2),
and Y1(1,3). Y1(1,1) contains the sum of the number of people

in the water for all the simulations in this run. Y1(1,2) maintains
the minimum number of people in the water while Y1(1,3) becomes

the maximum number of people in the water for any simulation of

this run. Line 1800 jumps to line 1818 to compute the season, the
wave height. the water temperature, and sea state and visibility
functions. The season, lines 1818 throuch 1824 is a random num-

)




ber between zero and one from a uniform distribution. The sub-
routine beginning in line 2285 selects a random deviate from a
uniform distribution having a minimum value supplied by R1(2)

and a maximum value given in R1(3). The random deviate selected
from a uniform distribution appears in V9. The wave height, lines
1826 through 1832, is a random deviate selected from a Rayleigh
distribution. The mode supplied in R1(0) is linearly interpolated
between the mid-summer value (season=0) and the mid-winter value
(season=1). The subroutine that begins with 1line 2294 puts a i
random deviate selected from a Rayleigh distribution into R9. ﬁ
The water temperature, lines 1234 through 1846, is a random de- t
viate selected from a normal distribution. The mean water tem- i

perature is linearly interpolated between a mid-summer and mid- 5
winter value according to the season. The water temperature has :
a minimum value of 28 degrees, a maximum of 100 degrees and a

standard deviation of 10 degrees. Line 1832 p]ace§ the wave

height in V1(2) for future use while line 1846 puts the water tem-
perature in V1(1). Lines 1848 and 1850 compute the sea state func-
tion while lines 1852 through 1856 compute the visibility function

multiplied by the sea state function. Line 1858 returns to the
main program.

2.2.2 Get Boats Into Water

The subroutine beginning in line 1860 performs the second section
of the simulation. In this section the boats and liferafts are
launched. For davit launched boats (or rafts) consideration is
given to whether the launch occurs from the high side or the low
side. Lines 1862 and 1864 (see page A-8) set the number of
rescue boats destroyed and the number launched to zero. Lines
1866 through 1888 contain a FOR-NEXT loop that determines whether
a rescue boat was destroyed and if not whether or not the -lTaunch
succeeds. The loop keeps track of the number launched and the
number destroyed. Line 1890 tests to see whether any rescue
boat(s) launch(es) succeeded. Line 1892 computes the number §




of people who must abandon ship in lifeboats and liferafts. Line
1894 computes the capacity of the rescue boat(s). Line 1896
adjusts the MTTP to reflect the number of rescue boats successfully
launched. Line 1898 adjusts the inititial accumulated pick-up

time to handle multiple rescue boats; note that if only one rescue
boat will perform the pick-ups the initial accumulated time equals
zero. Lines 1900 and 1902 compute how many 1lifeboats and 1ife-
rafts have survived the casualty; while lines 1904 through 1920
determine how many get successfully launched. Line 1924 tests

to see whether or not all the people can get into the lifeboats

and liferafts. If so, lines 1926 through 1932 set the values

of the excess capacity of the lifeboats and liferafts, the number
of people in the rescue boat (excluding the crew), and jumps to
line number 1940. If not all the people can get into the life-
boats and liferafts, the subroutine goes to line 1934 where the
lifeboats and the liferafts are filled and the remainder attempt

to abandon ship in the rescue boat(s). These computations appear
in lines 1934 through 1942. If the number of people to abandon
ship exceeds the total capacity of all the boats in the water,

the subroutine goes to line 1958. Otherwise the subroutine contin-
ues to compute, in lines 1944 through 1954, the time for the c¢asua-
Tty to develop, T¢, and the sum of the time to launch the rescue
boat, T, and the time for the rescue boat crew to report to the
rescue boat, Tppy. The next line, 1956, returns to the main pro-
gram. Lines 1958 through 1974 handle various situations which re-
sult in the rescue boat failing its primary mission. Appendix A
page 9 lists various subroutines used in this section which are

called from page A-8. In lines 1976 through 1992 the subroutine to
compute the probability of a launch from the high side of a factor
dependent upon the sea state (wave height). The computations

use the short subroutine in lines 1994 through 2002 which

lTimits the probability to the range between and including

!
)
|
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zero and one. Lines 2004 through 2014 compute the probability
of a successful launch from the low side of the ship. Since the
probability consists of a heel angle factor and the same sea
state factor as for the high side launch probability, the sub-
routine requires less effort than the high side routine. The
low side subroutine uses the subroutine beginning at line 1994
to 1imit the heel angle factor to the allowed range. The sub-
routine to compute the probability of a successful launch of a
liferaft, which begins in line 2016, requires only three lines
since there is no heel angle factor and the sea state factor has

already been determined. The probability of a successful launch

of the rescue boat depends upon the rescue boat characteristics,
the heel angle of the ship, the sea state, and whether the boat

is on the high or low side of the ship. The subroutine performing
the necessary calculations appear in lines 2022 through 2042

on page A-9.

2.2.3 Rescue Men in Water

The program listing for the third major section of the Abandon
Ship Simulation appears on page 10 and 11, of Appendix A.

Page A-10 contains the main flow of this section while pages

A-11 and A-12 lists the subroutines called from page A-10. In

Tine 2048 on page A-10 a backwards FOR-NEXT loop is set up to

pick up the people who have gotten into the water either from

the primary casualty or who had to jump into the water because

they were isolated from the lifeboats, rescue boat(s), and/or
liferafts. The loop counts backwards, starting with the number

of people in the water and counting down to one (1), to facili-
tate other computations within the loop. Lines 2050 and 2052
increment the total time to pick up and compute the survival time
due to hyperthermia respectively. Lines 2054 and 2056 stops the
simulation if the number of people remaining in the water equals
zero; this can only occur if nobody was in the water to begin with.
Line 2058 computes the probability that the man being picked up was

10
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knocked (or blown) into the water at the beginning of the primary
casualty. Using the random number generator and the probability
that the man was knocked into the water, the program decided,

in line 2062, whether the man was knocked into the water or was
isolated and jumped into the water. These two different ways

of arriving in the water affect the length of time the man is in
the water when the rescue boat arrives to rescue him and the
probability that the man had a PFD when he went into the water.
Lines 2064 through 2072 apply to the cases when the man was
knocked into the water. Line 2066 selects the probability the
man was wearing a PFD while line 2068 computes the time the man
was in the water. Line 2070 decrements the number of men who
were knocked into the water by one (1). Line 2072 jumps to

line 2082 to complete the pick up processing. Lines 2074

through 2080 apply to the cases in which the man was isolated

and had to jump into the water. Line 2076 selects the probabili-
ty that the man was wearing a PFD while line 2078 computes the
time the man was in the water. Note that both the probability

(compare lines 2066 and 2076) and the time in the water (note
lines 2068 and 2078) receive different values for the two cases.
Line 2080 decrements the number of people who were isolated by
one (1); this number really need not be decremented, but is done
for completeness. From line 2082 through 2092 the subroutine
completes the computation of the survival time and compares the
survival time to the time in the water. Line 2084 calls the
subroutine that begins on line 2270. The subroutine that begins
with line 2270 appears on page A-12. This subroutine determines
whether or not the man was wearing a PFD using the probability
selected in either line 2066 or 2076 then computes the survival
time due to floatation. Lines 2086 and 2090 complete the compu-
tation of the survival time for the man which is the lessor of
the survival time due to floatation and the survival time due to
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hyperthermia. Line 2092 compares the survival time with the
time in the water; if the survival time is greater than the time
the man was in the water the control jumps to line 2096 where
the saved statistics get accumulated. Otherwise the man is lost

and control jumps to line 2102 via line 2094. The lines from

2096 through 2100 both increment the number of saved (line F
2098 which calls the subroutine beginning in line 2210) and . H
the number of survivors in the rescue boat (line 2100). Lines , L
2102 through 2150 complete the FOR-NEXT loop. Line 2102 tests L &

to see whether or not the rescue boat is full. If not, the con- , I
trol jumps to the end of the loop in line 2150. Otherwise, the !
routine attempts to transfer all or part of the men in the rescue
boat to a lifeboat or liferaft. Lines 2104 through 2118 establish
the time required to transfer one man from the rescue boat to

a lifeboat or liferaft; the time has a normal distribution about
the mean value supplied as one of the rescue boat characteristics.

Line 2120 determines whether or not a rescue vessel is nearby
by using the random number generator and the probability that a
rescue vessel is nearby. If a rescue vessel is nearby, control

goes to line 2142 where the people rescued by the rescue boat ‘
are transferred. Otherwise, control proceeds to line 2122 where i
3 the number of people in the rescue boat gets compared with the
' remaining capacity available in the 1ifeboats and liferafts. If
there remains sufficient capacity for all the survivors in the ‘
rescue boat, control shifts to line 2142. Note that this is the '
same place where control went if a rescue vessel was nearby.

The routine in lines 2142 through 2148 simply reduces the num-
ber of people in the rescue boat to zero, increases the pick up
time by the time to transfer one man times the number of men
transferred, and reduces the available capacity in the lifeboats
and liferafts by the number of people transferred. If the avail-
able capacity of the lifeboats and liferafts is less than the
number of people in the rescue boat, control proceeds to line
2124, Lines 2124 through 2130 decrease the number of people

12
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in the rescue boat by the available capacity of the lifeboats

and liferafts, sets the available capacity to zero, and increments

the time to pick up by the time to transfer one man times the
number transferred. Line 2132 tests to see if the number of
people in the rescue boat is less than the rescue boat capacity.
If so, control jumps to line 2150 which ends the FOR-NEXT Tloop.
Otherwise, control proceeds to line 2134 where the tally of

total number of people not rescued by the rescue boat is increased

by the number of people remaining in the water. This is accom-
plished by lines 2136 and 2138. Note that line 2138 calls

the subroutine that begins at line 1656. This subroutine, which
appears on page A-9, updates thecumulative tallies for any
specified variable. In 1line 2140 control jumps to line 2152;
note that this constitutes an abnormal exit from the FOR-NEXT
loop. Since all the boats have been filled to capacity, the
simulation terminates after performing the necessary bookkeeping
to update the various cumulative tallies. Lines 2142 through
2148 were discussed above while line 2150 completes the FOR-

NEXT loop. Lines 2152 through 2162 compute the ratio of num-

ber saved during the simulation to the number in the water, up-
dates the cumulative tallies for the ratio and total number saved
and returns control to the main program. Lines 2174 through
2208 do the actual computations required to update the cumulative
tallies for the saved ratio per simulation and the total number
saved. Lines 2210 through 2216 constitute the trivial subroutine
used to keep track of the number saved during each simulation,

2.3 Output Program

The output program has two parts. The first part prints out the
input parameters established by the user before the simulations
begin. The second part prints a report summarizing the results
of the simulations for the run. The subroutine that performs
the first part begins with line 1200 and appears on page 13 of
Appendix A. The subroutine consists mostly of PRINT statements.

13
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A11 the verbage that appears on the printed report appears in the
PRINT statements except the heading for the report and the string
"MEAN TIME TO0". The statement that PRINTs the heading appears

in line 1206; the string variable, Al$, receives the string
"ABANDON SHIP SIMULATION" at the very beginning of the program
(see page A-1 line 1004). Line 1220 sets up the string M7§ to
“MEAN TIME TO". The statement in line 1202 causes the PRINT
statements to output to the printer rather than the video display.
Most of the print statements contain a reference to the TAB func-
. tion.

< A~ e =

This function simply inserts the number
[ by the argument. Line 1252 tests the casualty
! line that prints the length of colision damage
Line 1256 skips
that prints the heel angle for casualties that

of spaces specified
type and skips the
if the casualty

the PRINT statement
do not involve

The statement in line 1262 causes subsequent PRINT
statements to output to the video display.

does not involve a collision.

a sinking.

The subroutine beginning with line 1266, appearing on page A-14,
prints the summary report of the results of the simulations. Line
% 1268 selects the printer for statement output. Because

the FOR-NEXT loop that counts the number of simulations starts

at zero, the variable, X1(1), which stops the run has a value

Line 1269 sets N equal 4

to the number of simulations.
and print the overall fraction
the rescue boat. If the total

%g of one less the number of simulations.

Lines 1271 through 1276 compute
of men in the water rescued by
number of people in the water

: for all the simulations in the
sets V equal to minus one (-1) and transfers control to line
1274. Otherwise control proceeds to line 1273 where the overall
fraction of men in the water rescued by the rescue boat gets
computed. Note that the array element Y1(1,1) contains the |
total number of people in the water for all the simulations in

the run while array element Y1(2,1) contains the total number

run equals zero (0), line 1271

14




of people rescued by the rescue boat for all the simulations.

Line 1273 rounds the variable V to three decimal places; this will
force the un-formatted print statement to output the fraction
with no more than three decimal places. Lines 1274 and 1276 sets
up four variables to provide four "tab stops" for the subsequent
print statements and print the output line "OVERALL FRACTION OF
RkkkRAkRRkRhkrkrhrfrird Line 1277 prints the text "MEN IN
WATER RESCUED". Line 1280 tests the variable V. If V is less
than zero, which can only occur if the total number of people in

the water equals zero (see lines 1272), line 1281 prints three
dashes (---) and goes to line 1283. Otherwise, line 1282 prints :
the variable V. Lines 1283 and 1284 print the line "BY RESCUE i
BOAT *****k%x%x*%" | jnes 1285 through 1287 print the headings

on the columns to follow and sets the temporary variable M ;
equal to N, the number of simulations. Lines 1288 through !
1306 print the first three lines following the column headings.
Line 1288 begins a FOR-NEXT loop to print the three lines. Line :
1292 reads a data statement; the first time around the loop the

data statement in line 1484 appearing on page A-15 gets read.
Subsequent times around the Toop will read the data statements

in lines 1486 and 1488. Variable M equals the number of simula-
tions the first time around the loop and the number of times

the rescue boat got deployed the second and third times around the
loop. The value of M gets printed in the column headed "NO.TIMES".
Next the entries in the columns headed "MEAN", "MIN.", and "MAX."
require printing to complete the l1ine. The mean requires divid-

ing by the number printed in the column "NO. TIMES"; this number

can be zero. Therefore, line 1294 tests the value of M and skips the
computation if the mean for M equals zero. Lines 1296 and 1297 set
the total number for the mean to zero if the total turned up nega-
tive. Line 1298 computes the mean, and puts it in temporary varia-
ble Q1. Line 1300 puts the minimum into variable Q2 while line

1302 sets Q3 to the maximum. Line 1304 sets the temporary varia- ‘
ble M equal to W. The variable W accumulates the total number of ’

e
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times the rescue boat got deployed during all the simulations in
the run(see line 2046 page A-10). Line 1306 completes the FOR-

NEXT loop that began with line 1288. Lines 1310 through 1330
constitute another FOR-NEXT loop. This loop would be almost
identical to the loop discussed above if all the remaining lines
required only one line of text and had all the columns printed.

The first two lines printed by this loop require printed entries
only in the column headed "NO. TIMES". Line 1311 sets variables
Q4, Q5, Q6, and Q7 to zero. Line 1312 prints one (1) space,reads
the first line of text, and, for the first two lines only, jumps

to line 1319. Line 1313 prints the first line of text, reads the
second line of text, and either prints the second line of text

or jumps to line 1319. Line 1313 jumps to line 1319 for the third
time around the loop. For the fourth, and last time around the
loop control can arrive at line 1314 which reads the third line of
text. In any event control reaches line 1319, for each time around
the loop, where variable Q4 gets set to Y1(I,1), the"NUMBER OF TIMES".
For the first two times around the loop lines 1320 and 1321 print the
last line of text, the "NUMBER QF TIMES", and zero for the other
variables, then skip to the end of the loop. For the third and
fourth times around the loop control goes to l1ine 1322 which tests
the "NUMBER OF TIMES". 1If greater than zero, control goes to line
1324 to compute the mean (variable Q5). Otherwise control goes to
line 1323 to set Q5 to zero and jump to line 1326. Lines 1326

and 1328 set variables Q6 and Q7 to the minimum and maximum respec-
tively. Line 1329 prints the last line of text and the variables
Q4, Q5, Q6, and Q7. Note that the print statements are executed

by calls to subroutines. These subroutines appear on page A-15.
Line 1330 completes the FOR-NEXT loop and line 1332 completes the
subroutine. Note that the SELECT statement in line 1332 causes
subsequent print statements to output to the video display. '
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3. MAN OVERBOARD SIMULATION

The Man Overboard Simulation also consists of three programs all
of which are written in BASIC. The first program interacts with
the user to obtain the information required to make one or more
simulation runs. This first program, the Man Overboard Operator
Program, provides an interactive input scenario to the operator
asking for each piece of information required to complete the data
set needed to perform a simulation run. The Operator Program prints
a summary of the information required by the second program. The
second program, the Man Overboard Simulation Program, gets its in-
put from the disk file written by the first program, performs the
simulation(s) specified, produces the reports requested by the
user, and writes a disk file containing the input information and
the results of the simulation(s) performed. The user may request
five different kinds of print-outs from the Simulation Program.
Three of these print-outs served as aids in program development,
debugging, and check-out and consequently would not be required

by the general user. The other two kinds of print-outs contain

the results of one or more simulation runs. One print-out pro-
duces five lines of print for each simulation containing the re-
sults of the simulation. This kind of print-out goes by the name
"COMPRESSED PRINT". The remaining kind of print-out, called "REGU-
LAR PRINT", produces a one page report for each simulation run.

The report shows the variable input data and the results of the
simulation. The third program. *the Output Program, reads the disk
file created by the second program and produces a report identical
to the "REGULAR PRINT" report produced by the second program. The
third program is used to obtain regular (one page per simulation)
print from one or more simulation runs performed with only the
compressed print requested. Normal usage would request either
reqgular or compressed print but not both.

17




3.1 Man Overboard Operator Program

The Man Overboard Operator Program consists of a main program,

five subroutines and a number of DATA statements. The main program
divides into four parts: Initialization, Ship Characteristics,
Rescue Boat Characteristics, and Conclusion. A listing of the
program appears in Appendix C.

3.1.1F Initialization

A listing of the main program appears in Appendix C one pages 1 and
2. Appendix D contains an annotated list of the variables and
arrays used in the program. The main program, in line 10, first
calls the subroutine at line 9200 to home and erase the video dis-

play. In lines 22 through 28 the main program DIMensions the arrays re-

quired by the remainder of the program. Lines 30 through 34 request
the beginning and ending serial numbers from the user. Lines 40
and 42 initializes a disk file to receive the information entered
by the operator while lines 68 begins a FOR-NEXT loop to handle

the number of simulation runs implied by the beginning and ending
serial numbers entered by the user in lines 30 through 34. Lines
70 through 76 print "INITIALIZING" on the video display and call
subroutines at 9000 and 9100 to initialize the constants and arrays.
When the initialization completes, line 78 calls subroutine 9200

to home and erase the video display removing the message "INITIALI-
ZING" placed on the screen at line 72.

Subroutine 9000, which appears on page (C-3, assigns values to a
number of variables that do not change during the Operator Program.
Many of these variables no longer have any use in the Operator Pro-
gram. During program development the Man Overboard Simulation
consisted of one large program. All these assignments were required
before the Operator Program was separated from the Man Overboard
Simulation Program.




Page C-3 has a listing of subroutine 9100 which assigns values to
the elements of array variables. The values for these variables
appear in the DATA statements in line numbers 9800 through 9994

on page C-4. Lines 9100 through 9120 assign values to

the elements of the string array M1$ and the numerical arrays M6
and M7. The values for these variables appear in the DATA state-
ments in lines 9800 through 9885. Note that each 1ine. containing
one DATA statement, consists of a string for array M1$ and a

value for each of the arrays M6 and M7. Lines 9125 and 9150 assign
values to the string array T1$ and the numerical array Tl. Note
that the array T1 has two subscripts. The first subscript speci-
fies the ship number while the second subscript specifies the char-
acteristic number. The strings for array T1$ and the numerical
values for array T1 appear in the DATA statements in lines 9900
through 9980. Note that each line contains the string for one
element in array T1$ and all the characteristics that pertain to
that ship type. Finally the code in lines 9160 through 9180 reads
the numerical variables in the DATA statements of lines 9990 through ;T
9994 into array P2. The statement in line 9199 returns control to :
the main program.

The subroutine beginning in line 9200 simply homes and erases the
video display then returns control to the calling program. |

3.1.2 Ship Characteristics

Lines 80 through 250 perform the second function of the Operator
Program by setting the ship characteristics. Lines 80 through 110
put the messages"SHIP CHARACTERISTICS" and "TYPE OF SHIP?" followed
by a menu of ship types on the video display. Line 120 displays

the message "NUMBER OF SHIP DESIRED" and receives the reply while
line 130 tests the response to insure the user typed a valid number.
With a valid response, the program proceeds to line 140 to clear

the screen in preparation for the next question. The subroutine at
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9300 puts the question "WANT STANDARD SHIP?" on the screen. Sub-
routine 9300 appears on page C-4. The variable J1 determines which
question will display. Variable M3 obtained its value when sub-
routine 9000 was called in line 72. Line 160 tests the response
to the question and transfers to line 240 if the user supplied

an affirmative reply. Lines 170 through 230 handle the cases in
which the user elected not to use the standard ship values. Lines
180 through 230 allow the user to change the ship length, speed,
and mean heading error. The program, for each value, presents the
standard value and requests the desired value. The user can, of
coarse, enter the standard value for any or all the values that
the program allows the user to change. Line 240 concludes the
section on ship characteristics. In line 240, which the program
reaches whether or not the user selected a standard ship, array
element P2(10) receives a value. P2(10) is the probability the
ship will recover the MOB directly which depends upon ship type.

Subroutine 9300, which 4is called three times by the main program,
appears on page C-4. The subroutine displays a question on the
video display, receives the user reply to the question, and tests
the reply. If the reply lies outside the allowable range of

values precribed for the variable, the subroutine starts over.

Line 9310 displays the J1th string in the string array M1$. M6

is an array of minimum values while M7 contains the maximum values
allowe« for each variable inputted by the user. During the initia-
lization, subroutine 9100 sets up these arrays (see lines 9100
through 9120). For values that require a "YES* or “NO" response,
the minimum and maximum have the same value (ZERO); this serves

as a flag which the subroutine tests in line 9315. If the input
variable requires a "YES" or "NO" response,the program transfer to
line 9370. Line 9320 receives the user response to the question.
Note that the INPUT statement in line 9320 supplies the question




mark (?) for the question. 1In lines 9325 and 9326 the user res-
ponse sets compared to the minimum and maximum allowed for the
variable. For user responses outside the allowed range, the con-
trol returns to line 9310 to repeat the question. Otherwise con-
trol proceeds to line 9340 to increment the index to the array
which receives the user replies. The index to the question (array
M1$), minimum (array M6), and maximum (array M7) arrays, Jl,
receives its values from the calling program (see lines 150, 180-
230, and 290-310). In line 9360 control returns to the calling
program. For variables that require a "YES" or "NO" response,

Tine 9315 transferred control to line 9370 which starts a new line
and prints the remainder of the question thereby defining the
acceptable answer. Line 9375 receives the user response. Lines
9380 and 9385 test the response. For an incorrect response, control
returns to line 9310 to display the question again. Note that while
the program requests a "1" for a "YES" response and a "0" for a "NO"
response, by changing lines 9370 through 9385, any other response,
e.g. "Y" or "N", will become the acceptable rasponses for all "YES"-
"NO" questions except the question "WANT TO INPUT NEXT RUN?". For

“YES"-"NO" questions now under discussion, line 9399 returns control
to the calling program.

3.1.3 Rescue Boat Characteristics

The third section of the main program receives the rescue boat
characteristics. The main program coding appears in lines 250
through 365. Since the object of thne man overboard simulation
involves comparing the pnerformance of different rescue boats, all
the variables relating to the rescue boat appear as user supplied
variables. This allows maximum flexibility precisely where the user
needs it. Line 250 resets the index to the "“reply array" to unity
while lines 260 th