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PREFACE

This report summarizes work conducted under Contract No.DOT-CG-

61276-A by CASDE Corporation under the auspices of the U.S . Coast

Guard , with Mr. T.J . Sheehan and LCdr . S.H. Davis serving as the

Office of Research and Develo pment ’ s techn ical representatives for

the work performed herein. The prooram manager was Dr. R. Saucedo.

F.J. Nickels served as Naval Arch itect , R .M. DiJulio as Marine

En g ineer , and L.B . Brown as the System Analyst.
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I. INTRO DUCTION

This manual describes the computer programs used to perform the
Abandon Ship Computer Simulation Model (ASCSM) and the Man Over-
board Computer Simulation Model (MOBCSM) simulations. The s~mu-
lations run entirely on a micro (or mini) computer and were sped-

• fica l ly 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-
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.

.
..
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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 requi red 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 simu lations 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 sim u lation results.

The Abandon Ship Simulation consists of a main program and a
number of subroutines all written in BASIC* . The main program : 1

9 appears in Appendix A on page 1. Note that it consists mostly ~f

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 u 1per left corner (“home ”) of the screen and erases the screen; it
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

H 
the random number generator by calling for , but not using, a nun-

H 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 reg istered trademark of Dartmouth Universit y.

2
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routines called in lines 1018 , 1020 , and 1022 constitute the
Operator Program. The subrout ine called in line 1024 is the part
of the Output Program that prints the input data. Lines 1025
throug .h 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?” (line 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 life rafts
from the ship characteristics array to array N5. The subroutine
then computes the length of the lifeboat(s) and stores the length
in array Vi. Finally, the subroutine moves the probabil ity that

• a rescue vessel is nearby to array P1.

Line 1102 begins the subroutine that requests , from the user , the

rescue boat characteristics. The subroutine first sets the index
15 to zero (variable Z2) and erases the video display. The FOR -NEXT
loop in lines 1110 to 1114 asks the questions and receives the
answers. The actual questions are stored in array M5$ (a string

Ii
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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 puL the user reply into array Dl. 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
1626. If the variable does not lie in this range , the subroutine
asks the question again. Finally the subroutine increments the
index for array Dl and returns to the calling subroutine at line
1114. The rescue boat length is computed and stored in array Vl
in line 1118. In ’ lines 1124 and 1126 , the portions of probability

which remain constant for all the simulations for the run are
computed and stored in array V l. Finally the rescue boat capaci-

• 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 simulati r ns starts off

like the other two discussed above by era si .~g the video display .

The subroutine , lines 1138 through 1144 , then displays “TYPE OF
CASUALTY” followed by the menu of casualty types. As for the
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 ca pability 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 casualt y
is a collision , the subroutine sets probability P 14 to 0.98, lines
1175 through 1177. In any event a value for the index N3 is ob-
tained from the casualt y data , line 1178. The index N3 has a uni-

L 

que value for each primary casualty type (e.g. for a COLLISION &

4
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& 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

The simulation program consists of a FOR-NEXT loop which calls
F 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-l2 .
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
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 (I). The casualties were divided into a
primary casualty and a secondary casualty . The v a riab les for
the primary and secondary casualty are combined to satisfy the
requirements of the model. For the primary casualty the follow-
ing line 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;

5
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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 th~ s 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 “ariables computed at the beginning of the sub-
routine that performs the fir st section of the simulation use a
distribution , the distribution computations appear in a subroutine.
All 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 -l2). The inputs to the
normal distribution subroutine appear in array Ri. The normal
deviate (random variable selected from a normal distribution)
appears in variable R6. Most of the normal distributions have
only the mean specified. These distributions are bounded at zero
on the low end. If the lower bound (of zero) is placed at the 2a
point of the distribution then a symetrical distribution requires
an upper bound at twice the mean and a standard deviation , a ,

of one-half of the mean. Since this condition occurs frequently,
a subroutine that takcs the mean (supplied in array element Rl(l ))
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 sinkin g. 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 inte ger and
stores the value in the array element N5 corres ponding to the
number of people blown , knocked , or who jump overboard. See

6
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Appendix B for the meaning of all variables. In a simila r 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. In lines
1726 through 1730 the number of people isolated and killed are
computed. For each 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 P5 determines
whether the secondary casualty is a fire or a sinking. Probabili-
ty five (P5) is only allowed two values , namely zero and one

(0 or 1). In the subroutine , beginn ~ ng at line 1134 , that handles

the casualty type , P5 was put into P1 (5). Line 1731 , then ,

causes a branch based upon P5. If P5 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
also handles the casualty which consists of a fire onl y. Note

that in this section , the various quantities generated add to
those produced by the prima ry casua lt~’, if any. Whether the
secondar y casualty is a fire or a sinking , line 1788 converts

• the fraction of boats destroyed int c the fraction not destroyed.

Line 1790 computes the total number of people in water while line
• 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 .
Xl(2) contains the number of people in the water for this simula-

tion. Line 1796 calls to the middle the subroutine that be gins

at line 1656 (see page A-9) to update the values in Y l (l ,l ), Vl(l ,2),

and Y 1(l ,3). Y1 (l ,l) contains the sum of the number of people

in the water for all the simulations in this run. Yl( i ,2) maintains

the minimum number of people in the water while Yl( l ,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 visibilit y

functions. ‘he season , lines 1818 throuqh 1824 , is a random num-

I
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ber between zero and one from a uniform distribution. The sub-
routine beginning in line 2285 selects a random deviate from a
uniform distribution hav ing a minimum value supp lied by Rl(2)

and a maximum value give n in Rl(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 H

distribution. The mode supplied in R1 (0) is linearl y interpolated

between the mid-summer value (season=O ) and the mid-w inter value
(season=1). The subroutine that begins with line 2294 puts a
random deviate selected from a Rayleigh distribution into R9.

The water temperature, lines l~ 34 through 1846 , is a random de-
viate selected from a normal distribution. The mean water tem-

perature is linearly interpolated between a mid -summer and mid-

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 places the wave
height in Vl (2) for future use while line 1846 puts the water tem-
perature in Vl(i). Lines 1848 and 1850 compute the sea state func-
tior t while lines 1852 through 1856 compute the visibility func tion
multiplied by the sea state function. Line 1858 returns to the
main proqram.

2.2.2 Get Boats Into Water

The subroutine beginning in line 1860 performs the s.econd section

of the simulation. In this section the boats and liferafts are
launched. For davit launched boats (or rafts) cons ideration is
given to whether the launch occurs from the high side or the low
side. Lines 1862 and 1864 (see page A-B) set the number of

• rescue boats destroyed and the number launched to zero . Lines
1866 throug tr 1888 contain a FOR-NEXT loop that determines whether
a rescue boat was destroyed and if not whether or not the -launch
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

8
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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 success fully

launched. Line 1898 adjusts the inititial accu mulated pick -up

time to handle multiple rescue boats; note that If only one rescue
boat will perform the pick-u ps the initial accumulated time equals

zero. Lines 1900 and 1902 compute how man y lifeboats and life -
rafts have survived the casualty ; while lines 1904 through 1920
determine how many get successfull y 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 1ife~-

• 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 thu sub routine contin-

ues to compute , in lines 1944 through 1954 , the time for the ~asua-

ity to develop, TC’ and the sum of the time to launch the rescue

boat, TL, and the time for the rescue boat crew to report to the

rescue boat , TRPT . The next line , 1956 , returns to the main pro-
gram. Lines 1958 through 1974 handle various situations which re-

suit in the rescue boat failing its primar y 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

limits 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 limit 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 2)16, 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 -b contains the main flow of this section while pages
A - il and A -12 lists the subroutines called from page A- b . In
line 2048 on page A- b 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 be ginning of the primary

casualty. Using the random number gene rator and the probability

that the man was knocked into the water , the program decided ,

in line 2062 , whether the man was knoc ked into the water or was

isolated and jumped into the water. These two different ways
• of arriving in the water affect the len gth 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 ?064 throu gh 2072 apply to the cases when the man was

knocked into the water. Line 2066 selects the probabilit y 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 H

• line 2082 to complete the pic k 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 probabilit y

(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
surviva l time to the time in the water. Line 2084 calls the
subroutine that begins on line 2270. The subroutine that beg ins

with line 2270 appears on page A- i2. This subroutine determi nes
whether or not the man was wearing a PFD using the probabilit y
selected in either line 2066 or 2076 then computes the su rvival

time due to floatation. Lines 2086 and 2090 complete the compu -
tat ion cf the survival time for the man which is the lesso r of

the survival time due to fioatation and the survival time due to
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hyperthermia . Line 2092 compare s 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
2098 which calls the subroutine beginning in line 2210) and

• the number of survivors in the rescue boat (line 2100). Lines
2102 through 2150 complete the FOR -NEXT loop. Line 2102 tests
to see whether or not the rescue boat is full. If not , the con-
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 supp lied 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, con tro l
goes to line 2142 where the people rescued by the rescue boat
are transferred. Otherwise , control proceeds to line 2122 where
the number of people in the rescue boat gets compared with the
remaining capacity available in the lifeboats 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 li feboats

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 loop.

- 
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 the cumulativ e tallies for any
specified variable. In line 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 numbe r 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 tota l number
saved. Lines 2210 through 22Li 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 per forms
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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All the verbage that appears on the printed report appears in the

PRINT statements except the heading for the report and the string
“M EAN TIME TO” . The statement that PRINTs the heading appears
in line 1206; the string variable , A 1$, receives the string
“ABANDON SHIP SIMUL f.TION” at the very beginning of the program
(see page A-i line 1004). Line 1220 sets up the string M7$ 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. This function simply inserts the number of spaces specified

by the argument. Line 1252 tests the casualty type and skips the

line that prints the length of co l islon damage if the casualt y
does not involve a collision. Line 1256 skips the PRINT statement H

that prints the heel angle for casualties that do not involve

a sinking. The statement in line 1262 causes subsequ r~nt PRINT

statements to output to the video dis play.

The subroutine beginning with line 1266 , appearing on page A- 14 ,

prints the summary r~port 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 , X 1 (l), which stops the run has a value
of one less the number of simulations. Line 1269 sets N equal
to the number of simulations. Lines 1271 throu gh 1276 compute
and print the overall fraction of men in the water rescued by
the rescue boat. If the total number of people in the water
for all the simulations in the run equals zero (0), line 1271
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 Yl (l ,l) contains the
total number of peo ple in the water for all the simulations in
the run while array element Yl(2 ,1) contains the total number

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 decima l places. Lines 1274 and 1276 sets
up four variables to provide four “tab stops ” for the subsequent
print statements and print the output line “O VERALL FRACTION OF
* * * * * * * * * * * *** * * * * * * * *“ ~ 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), l ine 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
BOA T * * * * * * * * *“ ~ Lines 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 follow ing 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 -l5 gets read.
Subsequent times around the loop 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 line. 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 LI and skips the
computation if the mean for LI 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 Qi. Line 1300 puts the minimum into variable Q2 w hile line

1302 sets Q3 to the maximum. Line 1304 sets the temporar y varia-

ble LI equal to W. The variable W accumulates the total number of

15
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times the rescue boat got deployed during all the simu lations in

the run (see line 2046 page A-lU). Line 1306 completes the FOR-
NEXT loop that began with line 1288. Lines 1310 throu gh 1330
constitute another FOR-NEXT loop. This loop would be almost
identical to the loop discussed above if all the remainin g 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 Yl (I ,l), the ” NU MBE R OF TIMES ” .
For the first two times around the loop lines 1320 and 1321 print the
last line of text , the “NUMBER OF 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 line 1322 which tests
the “NUMBER OF TIMES ” . If 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-l5.

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.

t 
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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 summa ry 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
use r , 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 -o ut , 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 . t~~ 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. Norma l usage would request either
regular or compressed print but not both.

-
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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 listin g of the
program appears in Appendix C.

3.1.1 Initialization

A listing of the main program appears in Appendix C one pages 1 and
2. Appendix U 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 throu gh 34. Lines

70 through 76 print “INIT IALIZING” on the video dis play 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 removin g the message “INI TIALI-
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 assi gnments were required
before the Operator Program was separated from the Man Ove rboard

t Simulation Program.
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Page C-3 has a listin g 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 assi gn values to
the elements of the string array M 1$ 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 li ne, containing
one DATA statement , consists of a string for array M l$ and a
value for each of the arrays M6 and M7 . Lines 9125 and 9150 assign
values to the string array Tl$ and the numerical array Tb. Note
that the array Tl has two subsc ripts. The first subscript speci-
fies the ship number while the second subscript specifies the char-
acteristic number. The strings for array Tl$ and the numerical
values for array Tb appear ‘~i the DATA statements in lines 9900
through 9980. Note that each line contains the string for one
e lement  in ar ray  Tl$ 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
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

Line ; 80 through 250 perform the second function of the Operator
Program by setting the ship characteristics. Lines 80 through 110

put the messages ”SH IP CHARACTERISTICS” and “TYPE OF SHI P?” followed

by a menu of ship types on the video displa y. 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 v a lid number.

With a valid response , the program proceeds to line 140 to clear
the screen in preparation for the next question. The subroutine at ‘

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . : ~~~~~~~~~ •~~~•
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9300 puts the question ‘ WANT STANDARD SH IP?” on the screen. Sub-
routine 9300 appear s on page C-4. The variable Ji deter m ines whi ch

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 han dle the cases in

which the user elected not to use the standa rd 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

H 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 24~) 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 directl y which depends upon ship type.

Subroutine 9300, which is 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

va ’
~ues precribed for the variable , the subroutine starts over.

L ine  9310 displays the J l th strin g in the string array Ml$. M6
is an array of minimum values while M7 conta ins the maximum values

al lowec  for each va r i ab le  inputted by the user .  During the init ia-
l i z a t i o n , sub rou t i ne  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 f lag w hi ch t he subro ut ine  t e s t s  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
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mark (?) for the question. In lines 9325 and 9326 the user res-
ponse sets compared to the minimum and maximum allowed for the
v a r i a b l e .  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
M i $ ) ,  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 v a r i a b l e s  that require a “YES” or “NO ” response ,

line 9315 transferred control to line 9370 which starts a new line
and prints the remainder of the question thereby definin g the

acLeptab le answer. Line 9375 receives the user response. Lines
9380 and 9385 test the response. For an incorrect response , con tro l
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 response s 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 t~r,e man overboard simulation

in’~ulves comparing th. QPrformance of different rescue boats , all

the variables r : (at ing 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

whi le lines 260 through 280 clear the video display and display the

messa ge “RESCUE BOAT CHARACTERI ST ICS” . Lines 290 throu gh 310 ask

the questions and receive the replies for each of the rescue boat
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variables up through the first questi on that requires a “YES” - ”NO”
answer. Note that subroutine 9300 does most of the work. Lines
320 through 335 process the rep ly to the last question by setting
the value of the “ reply array ” , Dl , to zero for a “NO” response
and unity for a “YES” reply. Lines 340 through 355 handle the
last rescue boat question and response. A “NO” response to this
question , “SEARCH WITH RESC UE BOAT ON LY ”, allow s the program to
use a value for the probability the ship is restricted from turnin g
that depends upon the type of ship. A “YES” response forces the
pr obability to unit y . Finally, lines 360 and 365 set up the pro-
babilities P5 , P6 , and P15 in array P2.

3.1.4 Conclusion of the Operator Program

This section discusses the end of the Operator Program. Lines
370 through 460 obtain the number of simulations desired and compute
those varia 1~.es that remain constant during a simulation run. Lines
370 through 378 ask the question “NUMBER OF SIMULATIONS?” and
receive the reply. Lines 380 through 460 compute the variables
that remain constant during a simulation run (which usual ly con-

sists of many simulations having the same input data). All these
• variables are stored in array 15. The annotated list of variables

in Appendix D describes each element in array T5. Lines 500 through
• 660 write the input data on the disk. Line 680 cal ls subroutine

8600 which prints the data the user has sp~ ci fied either directly
or implicitly. Subroutine 8600 also prints some of the variab les
which remain constant throughout a simulation run. The details

of this subroutine appear in the following para graph. In line 690
the program tests to see if the current serial number is the last
serial number requested by the user at the be ginning of the program

• (line 34). If the current serial number is the last , con trol jumps

to line 799. Otherwise the program proceeds to line 700. Lines

700 throu ç’h 750 ask the user whether or not to gather the informa-
tion for the next simulation run which is identified by serial

number (line 720). If the user elects not to proceed , the program
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j umps to l i ne  800. Otherwis e control continues to line 760 w h i c h

RESTOREs the pointer to the DATA statements. Line 799 concludes

the FOR-NEXT loop that began in line 68. In any eve nt,eventua ll y

control reaches line 800 whi ch prints the messa ge “INPUT PHASE

COMPLETE” on the video disp lay. Line 820 closes the disk file
• into which the program wrote the input data and terminates with

the STOP statement.

Subroutine 8600 bears the REMark “DEBUG PRINTOUTS” . This comment

remains from the time when the entire Man Overboard Simulation con-

sisted of one lar ge program. The program was too large , however ,

to run in the memory available at development time . At that time

the printout discussed in this paragraph served as a debugging aid

to verify that the input part of the program functioned properly.

Now , however , with the Operator Program separate from the Simu la-

• tion Program the printout serves the necessar y function of identi-

fying the output with the input. Line 8602 selects the l ine printer

for output. Line 8610 prints the sh ip type while lines 8615 through

8635 print the ship characterist ics. For the definition of the

elements in the Ti array see App endix 0. Note that in the Operator

Program the Ti array has two indexes. In the other Man Overboard

Pro gr ams , the Tl ar ray has onl y one DIMens i on (i ndex). I n th e

Operator Program the ship type the user selects det ermines
the first index. The Operator Program stores , on disk , the
characteristics for the ship selected by the user . The other
Man Overboard Program s do not need the characteristics of the other
ships available to the user of the Operator Program. Note that
the Operator Program prints two lines containing the characteris-
tics of the ship selected by the user with six characteristics on
each line. Line 8622 tests the index into the characteristics.
Line 8624 starts a new line for characteristic number seven. Line
8640, prints the hea ding “RESCUE BOAT” preceeded by a blank line.
Lines 8645 through 8658 print the rescue boat characteristics entered
by the user in two lines with six characteristics per line. Lines
8562 and 8563 serve to start the second line with the seventh charac-
teristic just as lines 8624 and 8626 did for the ship characteristics.
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In a s i m i l a r  manner l ine  8660 prin ts the heading “PROB. ” preceed-
ed by a b’ank line while lines 8662 tr .rough 8669 print the array
of probabilities in array P2. Note the pr obabilities appear on three
lines since there are fifteen probabilities in the array. Lines
8665 through 8667 cause new lines to beq in for the seventh and
thirteenth probabilities. Finally line s 8670 through 8694 print
the computed values that remain constan t for all runs in a simula-
tion run. In this case each of the variables prin ted has an iden-

H tification on the line above it. Line 8696 selects the video dis-

H play for future “ printed” output. Line 8799 returns to the main
program.

3.2 Man Overboard Simulation Program

• The second of three programs that make up the complete Man Over-
board Simulation performs the simulation. The first program , the

Man Over boar d In p u t Pro gr am , writes a disk file that serves as
• input to the second program. The second program performs the simu-

lation(s) requested and writes a disk file that serves as an input

to the third program. The second program , under user control ,

— 
can produce the sane report as produced by the third program. A
listing of the second program appears in Appendix E. The second

• program , Man Overboard Simulation Program , con sists of a main

p ro g ram , and a number of subroutines. The main program divides

into four parts: Input Section , Simulation Program , Output Section ,

and Subroutines. The Input Section extends from the beginning to
• line 285. The Simulation Section begins with 300 and extends to line 2570.

The Output Section appears in lines 5900 through 6099 and the Subrou-

tines encompass the remainder of the program.

• 3.2.1 Input Section

The Input Section which appears on page E-l calls subroutines on
pages E-l 4 and E-1 5 and jumps to a line that appears on page E-2 .

The first executable line of the program , line 10 , calls subroutine

9200 on page E-1 5 to home and erase the video d isplay. Next , in
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lines 20 through 28, the program prints the message ‘INITIALIZING”

and DIMensions the arrays used by the remainder of the program.
The subroutine at 9000 gets called to initialize the variables
that remain constant throughout all the simulation runs. In lines
40 through 69, the program interacts with the user to determine

which print-outs to produce durin g the simulation runs to follow.

Note there are three print-outs to ai d in debugging the program.

The remaining two print-outs occur for each simulation run if
requested by the user. The regular pr int -out produces a one page

report for each simulation run while the compressed print -out
produces five lines for each simulation run. Line 90 requests ,

from the user , the name of the di s k file containin g the input data
for the set of simulation runs and the name of the file on which
to write the output data. Lines 92 throu gh 98 produce the heading H

H for the compre ssed pr int-out if the use r elected to have a corn-

F. oressed orint -out. Otherwise. lines 92 through 98 have no effect.
Lines 100 through 262 read the input data for one simulation run
from the disk and write a copy of the data to the output disk

file. Lines 118 and 250 and 152 through 156 work together to open

the output file for the first input data set only. Finally, lines

266 through 285 produce debug print-out #3 if requested by the user;

otherwise these lines have no effect.

The above discussion skipped lightly over the statement that re-
suits in a jump off the page. After a simulation run , see line

• 6099, control returns to line 140 to read the next data set from
the input disk file. If the last data set has already been read ,

the program will , then , at this point , read an end -of-file. Line
• - 130 causes contro l to go to line 400, see page E-2 , for an end-of-

file. Lines - 440 through 462, on page E-2 , formerly received jumps
from page E-l , but are no longer used.
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3.2.2 Simulation Section

The Simulation Section includes a large fraction of the total Simu-
lat ion Program. The Simulation be gins at line 300 on page E-2.

L ines  300 through 360 set the elements of the arrays used to
accumulate the statistics for a simulation to the correct initial
values. Line 399 jumps around the lines that handles the end-of-
file condition. The simulation then continues at line 470 to
begin the loop which performs the requested number of simulations.

Line 480 contains the FOR statement. The corresponding NEXT state-
ment appears in line 5999 on page E—8. Lines 490 throu gh 499

• reset the flags that must be reset for each simulation. Lines 500

through 784 compute all the variables that remain constant through-
out a given simulation . Most of these v ariables depend upon random

numbers. Lines 500 through 784 appear on pages E-2 and E-3 . Lines

500 through 625 compute the constant term 0f the navigational head-
ing error. Note that this consta nt term has a normal distribu-
tion. Line 610 calls subroutine 8000 to obtain the normal variant.

Subroutine 8000 appears on page E-1 3 and is discussed below on
pages 4O and 45. Next lines 630 throu gh 650 set the season

or time of year for the simulat ion. Since the season has a uni—

form distribution with a range from zero to unit y which exactly

matches the distribution and range of the random number generator ,

the code does not require the uni form distribution subroutine.

Lines 660 through 668 compute the environmental visibility using
• the Ray leigh distribution subrout ine at line 8200 which appears On

page E- 12. Pages 45 & 46 below contai n a discussion of subroutine

H 8200. Lines 670 throu gh 676 use subroutine 9500 to compute the
distance of visibility from the ship and the rescue boat; the sub-
routine di scussed on pages 48 and 49 below appears on page E-15.
Lines 680 through 698 compute the water temperature using sub-
routine 8000 to obtain a normal variant. Line 690 linearly inter-
po lates , by season (or time of year), between a mid - summer mean ,
T1 (9), and a mid -w inter mean , Tl( b O), to obtain the mean temperature .
Line 700 throu gh 730 use the subroutine at 8400, appearing on page E - l 4
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and discussed below on page (46), to compute the s u r v i v a l  t ime
due to hypothermia. Next the program computes the significant
height of the waves in lines 740 through 754 , page E-3. The
significant height of the waves has a Rayleigh distribution with
the mode determined by the formula in line 750. The formula line-
arly interpolates between a mi d -summer mode of significant wave
height and mid-winter value according to the season. The probabi-
lity of a successful l recovery of the rescue ‘boat depends upon
the number of falls (1 or 2) and the significant height of the
waves. Lines 760 through 766 compute the probability of success-
ful recovery of the rescue boat using the formula in line 766. The

- Constants P3 , P4 , P5 , and P6 receive values in subroutine 9000 as
discussed above on page (25) and below on page (47) and appearing
on page E-l4 and E-l5 . Lines 770 through 784 compute the last of
the variables that remain constant throughout a simulation. Lines
776 through 782 compute the rescue boat speed and restrict the
minimum value to three (3) knots. The boat speed depends upon
the specified boat speed in ca lm water , the boat speed in eight
foot (8’) waves , and the significant height of the waves. Line

• 784 computes the ratio of the ship speed divided by the boat speed.

Next , if the user requested debug print #1 , the program prints
the variables that remain constant through a given simulation run.
This print—out resides in subroutine 8700, discussed on pages 46 and 47
below listed on page E— l4 , gets called in line 790.

Most of the remainder of the simulation consists of five parallel
paths of which , for any given simulation , only one will be followed.
The five paths consist of two paths when the Man Ove rboard (MOB)
was seen going overboard and three paths when the MOB was not seen
going overboard. For the case in which the MOB was seen going
o verboard  one pa th  hand les the s i t u a t i o n  in w h i c h  t he c a p t a i n

elects to turn and perform the search. The other “ seen ” path ,

which applies when the ship is restricted froi~ turning and uses the
rescue boat for the search. The paths relating to cases in which

the MOB was not seen goin g over board handle sea rch with ship, search

27 

- •  - -

• • ~~~~~~ :. •__



- --~~~~~ -•- ~~~~~~~~~

with rescue boat , and search with both rescue boat and ship.
Which path the program will follow depends upon random variables
and user s u p p l i e d  parameters. In general , in a simulation run ,

each of the five paths will be traversed during at least one simu-
lation. With one exception lines 840 through 1520 handle the paths
for which the MOB was not seen going overboard . That exception in-
volves the path in which the ship is restricted from tu rn ing. For

th~~ exception the program uses the code for the parallel case in
which the MOB was seen going overboard. With the exception noted
above , lines 1600 through 2085 handle the paths covering the
cases in which the MOB was seen going overboard. Also there are
subroutines that get called at different points alon g each of the

path s. One of these subroutines , see lines 6500 through 6599,

page E-ll , gathers the statistics when called. The variable J9
and array element F(l) together determine which set of statistics
to up date. Separate sets of statistics accumulate for the “ s een ”

and “no t seen ” cases; five sets for each. For each set of statis-

tics, subroutine 6500 accumulates the number of times the event

occurred , the sum of the times at which the event occurred (to

com pute the mean time), the minimum time , and the maximum time .

Two other subroutines may get called in each path. One of these ,

lines 7000 through 7599, pages E-ll and E-1 2 , sets up array 13 with

values needed to perform a search. The other subroutine , lines

9400 through 9499, page E-l5 , performs the search for the MOB.

Note that many conditions can cause the rescue attempt to fail. Al-

most every failure results in exit from the main program flow to

a unique line. This allows each caus e of failure to set a flag

indicating what caused the attempted rescue to fail. In addition

as the program proceeds down a given path flags are set at a stra-

tegic junctures in the path so the course of each simulation can

be traced precisely if the user selects debug print #2 which prints

the values of the flags after each simulation.

- 
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3.2.2.1 MOB Seen or Not Seen Going Overboard

Picking up the detailed discussion again at line 800, page E-3 ,
the next executable statement , line 830, uses the random number
generator and the probability the MOB was seen going overboard ,
P1 in P2 (l), to perform the “ se en ” - ” not seen ” dichotomy . The
control jump s to line 1600 if the MOB was seen going overboard.
Otherw ise  control  cont inues to line 840. Line 850 sets the first
element in the flag array, F , to unity. F(l) equal to one indi-
cates “not seen ” while F(l) equal to two indicates “ seen ” . Line
855 increments the tally of the number of times the MOB was not
seen going overboard , S8(2). Note subroutine 6500 was not used
because this event requires only a count , the time at which the
event occurs has no significance. Line 860 sets the variable P
to the probability the MOB was wearing a PFD. Note that this
probability depends upon whether or not the MOB was seen going over-
board. Line 870, calls subroutine 8500, page E-l 4, to compute the
survival time due to drowning which depends upon whether or not
the MOB had floation of some kind (PED or Life Ring). Lines 880
and 882 set the survival time to the lessor of the time to drown
and the time to die due to hypoth ermia. Note that the time to

• drown used a variant from the Rayleigh distribution. All the dis-
tribution subroutines return the variant in va riable R3. Next ,
lines 888 through 920 compute the time since the MOB was last seen
and the time from when the MOB went overboard until missed. The
time since last seen , in the simulation, has a minimum of 15 minu-
tes, a mode of 45 minutes and a Rayleigh distribution. Since the
Rayleigh distribution subroutine at line 8200 has a minimum of zero ,

lines 890 and 900 select a variant from a Rayleigh distribution
having a 30 minute mode and line 910 adds the 15 minute minimum
to Lhe variant to produce the desired time since last seen. The
time from when the MOB went overboard until missed consists of a uni-

formly distributed fraction of time since last seen. Th is compu-
tation occurs in line 920. Note that this method of computing the

time missed •can result in the time missed less than the minimu m
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time last seen. Lines 922 through 928 complete the computation

of the navigationa l error by adding the term that depends upon the

time period from the time the MOB went overboard until the crew
missed the MOB. The running time for the simu lation appears

in the variable I which line 930 sets to the time to miss the

MOB. The survival time gets put into variable TO in line 934 while
line 940 tests to see if the MOB still lives. If the MOB expires

at or before getting missed , control transfers to line 3100 , page

E-7 , which sets flag F(6) to unity and jumps to the common EXIT

po int at line 5900, page E-8. Lines 945 through 990 compute the
time to notify the bridge , a normal variant , increment the running

time , 1, and test to see if the MOB still lives. If the MOB has

expired control , in line 990, goes to line 3200 on page E-7 where
• flag F(6) gets set to two and control passes to line 5900 on page

E-8. If the MOB lives, control proceeds normally to line 1000 ,

• page E-4, to gather statistics for the MOB ’ s who live until the
bridge receives notice of a MOB situation. Note that subroutine

6500, page E -ll , handles the upd ating of approriate tallies.

3.2.2.2 Ship Restricted or Not Restricted From Turning

• Line 1030 , page E-4 , performs the “ ship restricted from turning ” -
“ not restricted” dichotomy . Control proceeds normally to line 1040
for the “not restricted” case and jumps to line 1500 for the “ship

restricted from turning ” case. In line 1050 flag F(2) receives
a unity value to indicate “ ship not restricted” .

3.2.2.3 Search With Ship When MOB Not Seen

Line 1060 performs the final branch determining which of the five

paths the simulation will follow. In this case the user can , in •

the Operator Program , elect to use or not to use the rescue boat

for the search by the reply given to the question “US E BOAT FOR • 
-

SEARCH?” . If the user has elected to use the rescue boat for

search control jumps to line 1200 to conduct the search with both
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the rescue boat and the ship. Otherwise control proceeds normally
to line 1100. Thus when contro l reaches line 1100 the program
lies on the path for “MOB not seen ” , “ ship not restricted” , and
“ search with ship only ” ; l ine 1110 sets flag F(3) to unity to
Ind icate “ search with ship only ” . The variable Z, which serves
as a switch v a r i a b l e  in s u b r o u t i n e  7000, pages E-l l and E— l 2 , gets
set to three in line 1120 , page E-4. Line 1130 calls subroutine
7000 to set up array 13 with values approriate to the type of

search required. Line 1140 calls subroutine 9400, page E-1 5

to perform the search. Line 1148 increments the running time , T
by the time for the ship or rescue boat to return to the MOB ’ s
position. Line 1160 tests the results of the search. If the search
failed line 1160 causes a jump to line 3300 , on page E-7 . Note

that the search routine , line 9400 on page E- 15 , handles all the
simulated events, except rescue boat launch , from the time the
bridge receives notification until the MOB is found alive or ex-

pires. Therefore , if the search fails, the main program must
determine whether or not the man expired before the shi p or rescue

boat returned to the position at which the MOB went overboard.

This distinction results from the gathering of statistics at the
point when the sh ip or rescue boat returns to the position at which
the MOB went overboard. Lines 3300 throu gh 3399 first set flag
F(6) to three then jump to the common exit at line 5900 if the MOB

expired before the ship or rescue boat reached the MOB ’ s position.

If the MOB remained alive at the time the ship or rescue boat re-

turned , line 3340 gathers the statistics by calling subrout ine 6500

on page E- ll then jumps to the common exit point at line 5900 ,

page E-8. On the other hand , a successful search allows control

to continue normally to line 1170. Lines 1170 through 1185 incre-

ment the running time , T, by the time to search and find the MOB

and gather the statistics for the time at which the MOB’ s posi-

tion was reached by the ship or the rescue boat and the time at

which the MOB was found. Then line 1190 jumps to line 1400 , page

E-5 , to comp lete the rescue.
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3.2.2.4 Search With Both Ship and Rescue ¶ oat

In line 1060 see listin g page E-4 and discussion above , the pr ogram
made the final branch to determine which of the five paths for the

remainder of the simulation to follow. The discussion above con-
cerned one of the five paths, this discussion will take up another--
search with both the rescue boat and the shi p. This path begins at
line 1200 , page E-4 , with a search first with the shi p followed ,

at line 1230 , by the concurrent search with the rescue boat. Line

1212 sets flag F(3) to two and the switch variable , Z , to three
and line 1214 calls subroutine 7000, pages E-l l and E-1 2 , to set

up array 13. Then line 1216 divides the value of the navi gational
error stored in array 13 by two as prescribed by the Man Overboard

5 .imu lati on Model. Next line 1218 calls subroutine 9400, page E-l 5

to perform the search. Lines 1212 throu gh 1222 save the results

of th search. Lines 1230 through 1238 test to see if the sea is
too rough to launch the rescue boat and handle a rescue boat launch H
failure. Note that for a failure array element S8(3) gets incre-
mented to keep a tally of rescue boat launch failures; flag F(4)

receives the value four to identify the precise kind of failure

in the flags; while the times are set to zero. Observe that a res-

cue boat launch failure , in this case , does not automatically mean

a failure to rescue the MOB. For a rescue boat failure , control
jumps to line 1250 while for a successful launch control jumps

to line 1240, page E-4. In line 1240 the switch variable , Z,

receives a value of four and the tally in array S8(4) gets in-
cremented to accumulate the number of times the rescue boat got

successfull y launched. Lines 1242 through 1246 set up the
array 13, adjust the navigational error for a search by both , and
perform the search. In the path under discussion---se a rch by both ,

regardless , of whether or not the rescue boat launch and/o r search

succeeded , control reaches line 1250. Lines 1250 and 1252 deter-

mine whether the shi p found the MOB , jump to line 1256; only the

rescue boat found the MOB , jump to line 1260; or neithe r found the
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MOB, jump to l i ne  3400.  If ne i t he r  found the MOB , l i n e s
3400 through 3499 , page E - 7 , set  f l a g  F ( 6 )  to four , tes t  to
see which vessel , if either , reached the MOB before he expired ,

and gather the s t a t i s t i c s  if eit her vessel reached the MOB be-
fore the end of the survival time . In any case line 5900, page

E-8 , receives the control soon after line 3400. Meanwhile for

a successful search by ship, l ine 1256 determines if the rescue
boat fa i led or the sh ip found the MOB f i r s t .  If so cont ro l  jumps
to l i ne  1270,  o t h e r w i s e  con t ro l  p roceeds norma l l y  to l i ne  1260.
Control also reaches line 1260 from line 1254 when onl y the rescue
boat  f inds the MOB. L ine 1260 hand les  the c a s e s  in w h i c h  only the
rescue boat fin ds the MOB or the rescue boat f inds the MOB f i r s t ,
or at precisely the same time as the ship, b~ setting flag F(5)

to four and increment ing the runnin g time by the time for the res-

cue boat to return to the MOB ’ s position. Line 1262 then calls
subroutine 6500 to gather the statistics. Lines 1264 through 1268
increment the running time by the time to find the MOB , gather

the s t a t is t i c s , and jump to l i ne  2350 to comp le te  the s imu la t i on .
If only the ship found the MOB or the sh ip found the MOB first ,

lines 1270 through 1276 perform the time incrementatio n and statis -

tics gathering. Whenever the MOB has been found by the ship or ,

for searches by both ship and rescue boat , found by the ship first ,

control eventually gets to line 1400 , page E-5. Lines 1400 through

1430 then compute and increment the ru nning time by the time required

for the ship to maneuver close to the MOB. Line 1440 tests to see

if the MOB still lives when the ship gets nearby ; if not , control

jumps to l ine 4900, page E-8. Line 145 0 t r ans fe r s con t ro l to li ne

2100 , page E-6.

3.2.2.5 MOB Seen Going Overboard

In line 1030 , page (30) above and listing page E-4 , control jump-
ed to lIne 1500 if the ship was restricted from turning. The dis-
cussion now considers line 1500 and following. Lines 1500 through
1520, page E— 5 , set the switch variable , Z to four and jump
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• to line 1820 , page E-5, to carry out a search with the rescue
boat .  The code beginning at line 1820 also applies to the other
path which employs only the rescue boat for the search. On page
(29) above, l ine 830 page E-3 of the program listing, the program
tested whether or not the MOB was seen going overboard. If the
MOB was seen going overboard control jumped to line 1600 , which
the d i scuss ion  has just reache d . Lines 1600 through 1695, page
E-5 , precisely parallels the code in lines 840 through 882 dis-
played on page E-3 and discussed on page ~29) above. Lines 1700
through 1750 , shown on page E—5 , parallel s lines 945 through 1050
wh ich  appear on page E -4.  Note that the part  of the
program under discussion , lines 1600 and following, have no section
comparab le w i t h  l ines 888 through 940 because the MOB w a s ,  in lines
1600 and following, seen going overboard. Note that l ine 1710 corres-

ponds to li ne 99 0 ex cept  that  line 171 0 j umps to line 360 0 instead
o f li ne 32 00 if t he MOB e x p i r e s  be fo re  the b r idge  rece ive s no t i f i-
cat ion. When the MOB was not seen , line 990 , l ine 3200 a nd fo ll ow -
sets flag F(6) to two; for the “ seen ” case , l ine 1710 , line 3600 ,
page E-7 , and following sets flag F(6) to six. Line 1750 causes

• control to resume at line  2000 if the ship can turn.

• 3.2.2.6 Ship Restricted From Turning When MOB Seen

L ines  1800 t hrough 1990 per fo rm a sea rc h w i t h  the rescue  boat
when the ship cannot turn to search. The program in lines 1820
through 1990 also applies to a search by rescue boat only when the
MOB was not seen go ing overboard .  Cont ro l  reaches l ine 1820 , then ,
either by normal progression from line 1810 or by jump from line
1520. Note that line 1510, page E-5, sets the switch variabl e , Z,

to four while line 1810 sets Z to two . The switch vari able , Z,

determines the values used for the search , see subroutine 7000 on

pages E —l l and E -l 2. Line 182 0 s e t s  f lag F ( 2 ) to two to in d i c a t e

sea rch  by boat .  L ines 1830 through 1860 tes t  the sea s t a t e  a g a i n s t
the sea w o r t h i n e ss of the rescue  boat  and hand le  the c o n d i t i o n  of
r e s c u e  boat launch  f a i l u r e  by a jump to l ine 3700 , page E -7 .  L ines

L 

3700 through 3799 set flag F(6) to seven , increment the rescue

boat  l a u n c h  f a i l u r e  ta lly, S 8 ( 3 ) ,  and jump to the common e x i t  lin~~,
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5900, on page E-8.  For a s u c c e s s f u l  rescue  boat l aunch , lines

1870 through 1895 set up the array 13 by a call to subroutine 7000,

perform the search , and increment the running time to the point

at which the rescue boat reaches the MOB ’ s position. Lines 1900

through 1910 set flag F(3) to two , increment the “ rescue boat

deployed” flag , S8(4), and test for a successful search. If the
searc h fa il ed contr ol jump s t o line 38 00 , page E-8 , where f l ag  F ( 6 )
gets set to eight. C ontinuing the discussion of a rescue boat

search failure , line 3830 tests to see if the MOB expired before

the rescue boat reached hi c position. If the MOB had expired by

the time the rescue boat returns to the MOB , control goes to the

common ex i t  l ine. O the rw ise  l ine 3840 ge the rs  the s t a t i s t i c s  f i r st .
• For a successful search lines 1930 through 1990 , page E-6 , comp le te

• the statistics gathe ring for both the point in the search at which

the rescue boat reaches the MOB ’ s position and the finding of the

MOB. Line 1990 causes a jump to line 2350, page E—6 , to complete

the rescue .

3 . 2 . 2 . 7  Ship Not R e s t r i c t e d  From Turning When MOB Seen

At line 1750 , page E-5 , the program decided whether or not the
sh ip was r e s t r i c t e d  from turn ing.  If the ship could not turn ,

the program discussion above followed; the discussion below

applies if the ship could turn and search. Lines 2000 through

• 2085 , page E-6 , perform this search and gather the statistics.

Except for setting flags to d i f f e r e n t  va lu es , f ( 2 )  and F ( 3 )
set to un ity in this case , the switch var iable , Z , getting a
unity value instead of two , and a different jump point for a

search  fa i lu re , 3900 instead of 3800, the code for a search with
ship exactly equals the code for search with rescue boat. Note

= that at 3920 , page E-7 , the flag F ( 6 )  gets set to nine. How-

ever , the coue in lines 2100 and following has no parallel in the

• case of a search with rescue boat . Line 2100 may be reached either
by norma l progression from line 2085 or by a jump from l ine  1450 ,

= 
page E-5. This code handles the case of a successful search by
ship.

35

• . . - ~~.-~~~~ ---,
•
~~~~~~ - -~~~~~~~---- -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • _ • •~~~ • •~~:L~~ :__~—



r -

~~~~~~~~~~~~~~~~

-. 
____-

3.2 .2.8 MOB Found By Ship

When the ship successfully finds the MOB the captain decides

whether to use the rescue boat to bring the MOB back aboar d or

recover the MOB directly . Currently the Man Overboard Simulation

Model , re ference 1, performs this decision by providing a proba-

bility which depends upon the shi p type. The probability , PlO ,
a ppears as sh ip ch~ racteristjc num ber eleven , 11(11 ) , an d P2(10).

If the u ser des ires d if f e ren t  va lues , the Man Ove rboa rd  Ope ra to r

Program requ i res  mod i f i c a t i o n .  T he DATA s t a teme n ts in lines  99 10

t hroug h 9980 , page C- 4 , c o n t a i n  probabi l i t y  P lO as the e l e v e n t h
numer ica l v a lue ( t here are twe lve numer i ca l  va lues in eac h D A TA

- 

• 
statement) . In the program under discussion , the Simulation

Program , line 2 1 10 uses  p robab i li ty Pl O w i t h  the random number

generator to simulate the captain ’s decision. For recovery with
the rescue boat , control jumps to line 2200. Otherwise control
adv d nces  norma l ly to l ine 2120.  If the program d e c i d e s  to recover
the MOB d i r e c t l y ,  l ine 2130 de te rm ines  whe the r  or not the sh ip ’ s
efforts succee ded. A failure here results in a jump to line 4100 ,

page E-8, which sets flag F(6) to ten and jumps to the common

EXIT point at line 5900. On the other hand , a success results in

a jump to l ine 5000- - the  f i r s t  of three s u c c e s s  ex i t  po i n t s .

• 3.2.2.9 Recover of MOB W i t h  Res cue  Boat

For a recover y by rescue boat , the program goes to line 2200 where

a more complicated set of code follows. First the program tests

flag F(3). This flag tells whether or not the rescue boat has

already been launched. The tes t causes a jump to line 2300 if

the rescue boat has not been lau nche d. Contro l  cont inues to
l i ne 2230 if the rescue boat got successfully l aunched dur ing a

• search w ith both rescue boat and ship. Lines 2230 through 2280

determ ine and increment the running time by the time for the rescue

boat to return to the MOB. Note that this provid es two different

formulas for the time for the rescue boat to reach the MOB de-

pending upon whether or not the ship found the MOB on the first
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pass. Lines 2285 and 2290 cause a jump to either line 4200,

if the MOB expired before the rescue boat returned or line 2350

if the MOB was reached in time. In the event the rescue boat
had not been launched successfu lly, line 2220 caused a jump to

line 2300. Lines 2300 through 2310 determi ne whether or not a
successful launch can occur and jump to line 4300 for a failure.
Note that if the search had been attempted by both , the rescue

boat launch had failed , and the ship successfully found the MOB ,

line 2310 will now record the launch failure. Lines 2330 and
2335 increment the running time by the amount of time required to

launch the rescue boat and the tally of successful rescue boat

launches , S8(4), by one. Line 2340 detemines whether or not the

MOB remains alive after the rescue boat launch completes. If

not , control jumps to line 4400, page E-8.

3.2.2.10 Maneuver Rescue Boat NEAR MOB

Next lines 23 50 t hro ugh 2 390 c ompute t he t ime requ i red to maneuver

the rescue boat near the MOB , increment the runnin g time , and deter-

mine whether or not the MOB still lives. If the MOB did not sur-

vive until the resc ie boat maneuvered nearb y , control jumps to line

• 4500 on page E- 8. Note that control can reach line 2350 either
• by normal progression from line 2340 or by a jump from lines 1266 ,

1999, or 2290 on pages F-S and E-6 . At this poin t the rescue boat
has pulled along side the MOB.

3.2.2.11 Brin g MOB Aboard Rescue Boat

Lines 2400 through 2450 compute the tim e required to bring the MOB

aboard the rescue boat , increment the runnin g time , and test the

running time against the survival time. If the MOB does not sur-

vive the time required to come aboard the rescue boat, control

j umps to l ine 4600.  L ines  2460 and 2490 gather the s t a t i s t ic s  at
the time rescue boat successfully pulls the living MOB aboard. At

this point the survival time clock stops running. Therefore , the
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time for the rescue bo at to return to the ship does not affect
the simulated time .

3.2.2.12 Bring MOB Aboard Shi p

T he MOB is not c o n s i d e r e d  “ rescued”  unt i l  bac k aboard  the sh i p .
The MOB can get aboard the ship either by a s u c c e s s f u l  rescue
boat recovery or by other means. The Man Overboard Simulation
Model , reference 1 , has provision for recovery by either means
as de termined by p robab i l i t y  P13 . P robab i l i t y  P13 has a va lue  of
zero so the only way the MOB can get back aboard the ship is by a

• successful rescue boat recovery . The Man Overboard Simulation
Program imp lements the recovery  in l i nes  2500 through 2570 .  L ines
2520,  2 5 40 , and 2560 use p r o b a b i l i t i e s  P13 , P14 , and P 15 res-
t i v e l y  a l o n g  w i t h the random number genera to r  to a c c o m p l i s h  these
final switches. Successfully getting the rescue boat , with
crew and MOB , aboard causes a jump to line 5200 , page E— 7 , at line
2560. At line 2570 f a i l u re  resu l t s  in a jump to l ine  4800.
Pages E-7 and E-8 contain the part of the program that handles the
successes and failures. Jumps to line 5100 and 5200 cause flag
F (6 )  to get set  to 21 or 22 r e s p e c t i v e l y .  For e i ther  s u c c e s s  l i nes
5230 and 5260 gather the statistics. All successes ultimatel y
execute line 5270 wh ich  a c c u m u l a t e s  the to ta l  number of MOB’ s s a v e d

regardless of whether or not the rescue boat partipated in the res-
cue. Note that flag F(6) may take on any one of 22 different values
w i t h  v a l u e s  one through e igh teen  d i f f e ren t  types of f a i l u r e s , v a l u e
twenty  i n d i c a t i n g  recovery  by s hip w i t h o u t  us ing  the rescue boat
to r ecove r  the MOB , and v a l u e s  2 1 and 22 i n d i c a t i n g  s u c c e s s f u l
recovery using the rescue boat. All the points to which the pro-
gram jumps to indicate a success or a failure appear on pages E-7
and E— 8 in lines 3100 through 5270.
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3.2.3 Output Section

Eventually all simulations transfer control to line 5900 , page

E-8. Lines 5900 through 5940 produce a print -ou t for each simu-

lation , if the user selected debug print ~2. Line 5999 terminates
the FOR-NEXT loop that began with line 480 on page E-2. Unless
the user requests one or more of the debu g print -outs, no print-

out occurs until after control passes ‘line 5999 to line 6000. The

Man Overboard Simulation Program provides two different print -outs

summarizing the results of the simulations. Lines 6000 throu gh
6020 produce a one page report on the simulations cont aining a

summary of both the input data and the results of the simulations.

The user requests this one page report by requesting a “REGULAR

PRINT” . The PRINT statements appear as subroutine 6100 which appears
as lines 6100 through 6499 on pages E-9 through E— ll . If the user
requested a “ COM PR ES SED PRINT ” , lines 6026 through 6066 produce a

• summary of the results of the s i m u l a t i o n  ( w i t h o u t  a p r in t -ou t  of
the input data) in five lines. Fina lly, lines 6070 through 6090

write the results to the disk file opened in line 156 on page E-l.

Note that lines 160 through 2~2 write the input data to the output

file so the output file contains the input data followed by the re- =
sult s of the simulations. The last line of the main program , line

6099 on page E-8, transfers control back to line 140 on page E-l

to read the next group of input data from the input disk file.

• 3.2.4 Subroutines

- The main program calls a number of subroutines which require dis-

cussion. The subroutines begin with sub routine 6100 on page E-9.
Subroutine 6100 produces the “RE GU LAR PRI NT” . Subroutine 6500

on page E— l l accumulates the statistics for ten di fferent events --
five each for the “ seen ” an d “ no t see n ” cases. Subroutine 7000, pages

E- ll  through E - l3 , sets  up an a r ray ,  T3 , containing all the

parameters needed to perform a search. Subroutine 7800 on page

E - l 3  p r in ts  the head ing  for the “ REGULAR PRINT” w h i l e  subrout ine
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7900 produces the “COMPRESSED PRINT” heading. The subroutine

that begins with line 8000 sel ects a variant from a normal distri-

• bution having a specified mean , minimum , maximum , and standard
d e v i a t i on. A c a l l  to sub rou t i ne  8100 s e l e c t s  a va r i an t  from a nor-
mal distribution having the mean specified with a minimum of zero ,
a maximum of twice the mean , and a standard deviation of one-half

the mean. This results in a normal distribution having the speci —
fled mean with a range of two sigma (2a) on each side of the mean.
The following subroutine , subroutine 8200 provides the program with : 1
a Rayleigh distribution , reference 3 , while subroutine 8300 makes

a uniform distribution available. Subroutines 8400 and 8500 compute

the survival time due to and floatation respectively.
Subroutines 8700 and 8800 produce debu g print -outs #1 and #2 res-
pective ly. Subroutine 9000 gives values to a number of variables
which remain constant throughout the simulation runs. The

little short subroutine beginning with line 9200 homes and erases
the video display. The very core of the entire simu lation con-
sists of the events from the time the bri dge receives notification
of a man overboard condition until the MOB is spotted in the

water. The core of the simulation appears as subroutine 9400

which receives its input parameters in array T3 and puts its re-

sults in flag F(4), and variables 12 , T4, and K. Finally the dis-

tance of visibility from both the ship and the rescue boat gets

computed in subroutine 9500.

3.2.4.1 Subroutine 6100: Re gular Print

Subroutine 6100 uses a number of un- formatted and formatted (PRINT

USING) statements to produce a one-page report containing both

the input data and the results of a specified number of simula-
tions. The user invokes the print -ou t by requestin g a “ REG U LAR
PRINT” . Line 6125 defines the format for the two lines of the

input data part of the report that use formatted PRINT statements ,

The two lines of input data that use formatted PRINT appear in

L 

lines 6154 and 6157 on page . E- 9 . Line 6130 on page E-9
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sets up a number of tab stops for use through the remainder of

the subroutine. Lines 6140 and 6184 print the input data using
un-formatted PRINT statements for all lines except the two noted

above. Line 6186 begins the print-out of the results of the si-
mulations by declarin g how many simulations constituted the simu-
tion run. Line 6188 simply produces two blank lines. Lines 6190
and 6192 compute the overall fraction of MOB ’s rescued by the res-
cue boat and es tab l i sh  the format w i t h  wh i ch  to print the va lue .
Lines 6194 through 6220 print the lines containin g the overall
fraction of MOB ’s rescued by the rescue boat. Since this is
a key result of the simulation , the value receives a distinctive
treatment by providing a surroundin g box of asterices (*). Next,
two lines appear , 6222 and 6224, to print the number of times the
rescue boat was deployed and the launch failed due to sea state
followed by two blank lines. Lines 6252 through 6254 print the

number of times the MOB was seen and not seen going overboard .

Note that line 6254 print a colon (:) two colu mns ahead of the

title “MOB NOT SEEN ” . A colon appears in this same column on

each line in the remainder of the print -out to separate the “not

seen ” results from the “ seen ” results. Line 6260 produces two

lines that are blank except for the colon discussed above. Lines

6262 and 6264 produce the headings for the columns that constitute

the remainder of the report page. Note that the two halves-- ” seen ”

and “no t-seen ”--of the report have identica l headings except for

colon separating the two halves. Lines 6266 and 6268 print the

heading line “MOB ALIVE WHEN: ” preceeded and followed by a line

blank except for the colon. Lines 6270 throu gh 6292 print five

lines of information with each line of information followed by

a line blank except for the colon separ =ating the “ seen ” and “not

seen ” in format ion.  The text  iden t i fy ing  the numer ica l  in format ion
on the line gets printed by the PRINT statements in lines 6270 ,

6274, 6280, 6286, and 6290. Subroutine 6400, lines 6400 through

6499, prints the numerical in formation using the PRINT USING state-
ments -in lines 6470, 6471 , and 6474. Note that the va riable J8
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receives a value before each subroutine call to determine what
information the sub routine will print. The subroutine at 6400
prints the “ seen ” information followed by a colon and then the
“no t seen ” information. The subroutine follows each line of in-
formation by a line blank except for the colon.

3.2.4.2 Subroutine 6500: Accumulate Statistics

The subroutine on page E—l l that begins with line 6500 accumulates
the statistics for the simulations in a run. Variab le J9 , an input

H to the s u b r o u t i n e , determines  wh ich  set of s t a t i s t i c s  to update.
The array S9 accumulates a count of the number of times an event
occurs. Array T9 sums the t ime at wh i ch  the event  occu rs .  Af ter
the run completes , the total time gets converted into the mean
time by dividing by the count in S8. Arrays N9 and M9 keep the
minimum and maximum t ime r e s p e c t i v e l y .  Note that  v a l u e s  of J9
from one through five apply to the cases in which the MOB was seen
going overboard while J9 equal to six through ten ac cumulate values
when the MOB was not seen. Line 6530 tests J9 to see if it is

greater than five and jump s to line 6560 if it is. Line 6540 tests

the f l a g , F ( l ) ,  to detern i i= ie whether  the current  case  is a “ seen ”
• and if so jumps to line 6560. Line 6550 increments J9 by five.

• Thus if subrout ine  6500 gets  c a l l e d  w i t h  “ not seen ” informat ion w i th
• J9 less than five (which app lies to “ seen ” cases), line 6550 makes

J9 f i ve  greater  so the remainder of the subrout ine w i l l  update the
• proper elements in the arrays. This arrangement allowed parts of

the program to share code for “ seen ” and “ not seen ” cases.

3.2.4.3 Subroutine 7000: Initialize Search

Subroutine 7000 begins on page E — l l  and concludes on page E-l3
• The subroutine sets up array T3 to provide the in put parameters

to the search routine be g inning at line 9400. Table I be low shows

the values computed for each el ement of the array for each of the H
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fo ur poss ib le  types of searches which subrout ine 9400 wI l l  per-
form. The subroutine uses va r iab le  Z as a sw i t ch  var iab le to de-
termine which set of equations to use. Note that the four types
of search correspond to four of the five paths the simulation may

follow. The fi fth path , search by both ship and rescue boat when
the MOB was not seen go i ng over boar d , consists of a special combi-

• nat ion of the “not seen ” cases from Table I below. The special
comb ination consists of a search by ship with the navigation error
set to one-half the value normall y computed followed by a search
us ing the rescue boat with the diminished navigational error. The
subrou tIne 7000 calls subroutines 7200, 7300 , or 7400 depend i ng
upon the value of the switch variable , Z, to com pute the va l ues
of T3(l) and 13(2). The subroutine continues at line 7100 fo~

• the “seen ” cases and at line 7500 for the “no t seen ” cases.
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TABLE I: Variables in Array 13

Man seen going overboard Man not seen going overboard
Search with Ship Search with Boat Search wi th Ship Search with Boat

Switch
Variable 1 2 3 4
Subscript
for T3

I IT MaX (TSL~
TRPT+TP) Tiw MaX(T SL~TRPT+TP)

2 ½I
SL

+IN 11+ 
~~~~

_ (½TSL+TN) TM+TN TL+(T M+TN+½TsL )
~
-
~
_._

3 T5 T T~
_T T5 T Ts

_T

4 Navigational Error Navigational Error Navigational Error Navigational Error

5 0 0 dv dvB

6 0.5 0.5 T
LS TLS

7 0 0 11

8 0.5 RND(l) 0.5 RND(l) TM TM

~ 
T3(3)-T3(l)-T3(2) T3~3)-T3(l)-T3(l) T3(3)-T3(l)-T3(l) T3(3)-T3(’l)-T3(2)

V (4) TLS+TT V(4) (T LS+TT )

10 P
12=O.9 P12=O.9 P8=O.5 P8=O.5
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3.2.4.4 Subroutine 7600 : Debug Print #3

Subroutine 7600 performs debug print #3. The subroutine , appear-
ing on page E - l 3 , pr in ts  a head ing , some of the ship character-
istics , and the rescue boat characteristics. All these values
are simply part of the input data; all remain constant for all

• simulations in a run.

3.2.4.5 Subroutine 7800: Regular Print Heading

On page E—l3 subroutine 7800 appears which prints the heading for
the regular print-out. The subroutine consists entirely of simple
PRINT statements. H

3.2.4.6 Subroutines 8000, 8100, 8200, and 8300: Distributions

On page E- 13 and E-l4 the subroutines for the various distribu-
tions appear. Each of these subroutines follow precisely the
similar subroutines in the Abandon Ship Simulation Program. For
each of the distribution subroutines , the input variables appear
In array R while the selected variant appears in variable R3.
For the norma l distribution subroutine which be gins in line 8000,
the mean inputs in R(1), the minimum comes from R(2), the maxi-
mum appears in R(3), and R(4) contains the standard deviation.
The special distribution which begins at line 8100 receives a mean
in R(l) and computes values for R(2), R(3), and R(4) then jumps
to subroutine 8000 to select a variant from the normal distribution
and return to the calling program. Subroutine 8100 sets R(2)
(minimum) to zero, R(3) (the maximum) to twice the mean , in R(l)

= and R(4) (the standard deviation) equal to one-half the mean.
Thus subroutine 8100 produces a norma l distribution having a two
sigma (2a) range on each side of the mean. Subroutine 8200 selects a
variant from a Raleigh distribution given the mode in R(l), see

- - -
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reference 3. The last of the distributi o ns h,’r i inc at lin e 8300 j

on page E-l4 and concludes with lin e 8399. The u n i ’ ~~rm r h s t r i b A -
t ion , subrout ine 8300 , r e q u i r e s  the m i n i m u m  in R(2) and the maxi-

mum in R (3). Mote these are the same element n~ nb e i- s as for the

corresponding values in the normal dis t r i t u t i o n .

3.2.4.7 Subrou t ines  8400 and 8500: S u r v i v a l  Time

Subroutines 8400 and 8500 on page E - 14 compute the components
of the s u r v i v a l  t ime.  Sub rou t i ne  8400 com putes  the s u r v i v a l  t ime
due to hypothermia  by s e t t i n g  up the inputs fo r a normal distr i-
bution then jumping to l ine 8000. The min imum and maximum fo l l ow
from a curve f i t  to a pub l i shed  cu rve  ( a c t u a l l y  a band hav ing  an H

upper and lower bound), see reference 4, while the mean and standard

d e v i a t i o n  appear as the mean , be tween  minimum and maximum , and the

• assumption that the upper and lower bound constitute two sigma (2j)
• d e v i a t i o n s  from the mean .  The sub rou t i ne  s t a r t i ng  on l ine  8500

establishes the s u r v i v a l  t ime due to f l o t a t i o n .  The subrout ine
requires the probability the MOB was  wearing a PFD in variable P ,

L the mode of the survival time without flotation in array element
15(3) ,  and the mode of the s u r v i v a l  t ime w i t h  f l o t a t i o n  in array
element 15(4). Line 8510 uses the random number generator to deter-
mine whether or not the MOB has flota tion. Note that lines 8530

and 8570 set flag F(2) to one for flotation and two for no f lota-
tion. Regardless of whether or not the MOB has flotation , the sub-
routine jumps to the Rayleigh distribution , line 8200, to select
the survival time and return to the main program.

3.2.4.8 Subroutines 8700 and 8800: Debug Prints #1 and #2

Subroutine 8700 produces the debug print-out when the user requests

“ DEBUG PRINT # 1” . The rout ine  c o n s i s t s  most l y of PRINT s ta tements .
The print-out prints the variables that remain constant durin g a
given simulation with appropriate headings to identify the varia—

• bles. Since the call to this subroutine lies within the loop that

46

— — — —-———.—— -—---- 
— 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~

. . - A  - -



- -.----- ~~~~~~~~~~~~~
• . —•-

~~~~~
__

~
• - • •-•z •  - - •  — - — • 

~‘1

determines how many simulations w i l l  be done , this subroutine can

produce a large amount o~ output if enabled. Line 8745 converts
the variable S into a st ring and truncates it to fifteen characters.
Thus lines 8745 and 8750 cou ld have employed a PRINT USING state-
ment. This subroutine gets called near the beginnin g of each simu —

• lation. Subroutine 8800, on the other hand , gets called at the end
of each simulation when enabled by the user requesting “DEBUG PRINT H
#2” . Subroutine 8800 ises the format lines 8820 and 8830 in the
PRINT USING statements in lines 8845 and 8830. Lines 8840 through
8860 print the s ix  f l ags ,  F ( 1 )  through F ( 6 ) .  Line 8878 pr in ts  the H

running time at the end of the simulation , T , the survival time TO ,

the last value returned by a distrIbution , R3 , and the wave height ,

• V (2). The print-out prints one line for each simulation; therefore
for a run of 1000 simulations (typical number in a run) the print -

H out would produce 1000 lines of output if the user selected “~)EBUG

PRINT #2” .

3.2.4.9 Subroutine 9000: Initialize Constants

Subroutine 9000 begins on page E-14 and concludes on page E-15.
This subroutine provides values for a number of variables that re-
main constant throughout all the simulations in a run. The sub-
routine consists almost entirely of assignment statements. Note
that for the most part the variables appear in alphabetical numer-

• ical oruer. Variable B9 gets set to a value near the largest the
machine can represent. Variables CO through C4 receive values

• equal to their terminating digit. The variables in array DO no
longer have any use in the program. Variable L9 has a v ?lue near
thesmallest positive value the machine can represent. Variables P3
through P6 constitute a set of variables used to compute probabi li-

• ty P15. Variables Si through S6 c o n s t i t u t e  a set of constants  for
the survival time due to hypothermia calculation. Lines 9090
through 9098 set up variable 8$ to a string of blanks, but B$ no

- longer fills any requirement. Line 9099 returns control to the

main program.
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3.2.4 .10 Subroutine 9200: Home and Erase Vi deo Display

Subroutine 9200 , appearing on page E-1 5 sim ply clears (~nd erases

the video display. This simple function was put into a subroutine
so that conversion to different machines of the program would be
simplified. Each type of machine requires a different code to
accomplish this function.

• 3.2.4.11 Sub routi n e 9400 : Return and Search

Subroutine 9400 constitutes the core of the simulation. The sub-
routine appears on page E-l 5. The subroutine handles the simulation
from the time the bridge gets notified of the MOB until the ship
finds or fails to find the MOB. The subroutine first computes
the time for the ship or rescue boat to return to the MOB’ s posi-
tion , line 9430. The test in line 9432 causes a jump to line 9465
if the MOB did not survive until the shi p or rescue boat returned.
Line 9434 tests to see if the MOB will be in visible range when
the ship returns; if so control goes to l ine 9480. Line 9436 tests

to see if the MOB will expire before the end of one search pass;

F if so , control jumps to line 9475. Lines 9440 throu gh 9452 perform

the mult i -pass search with a successful find causing a jump to line
9490 and a failure going either to line 9470 or 9460. Lines 9460
through 9490 receive the various branches as a result of success
or failure. Each of these lines sets flag F(4) to a different
value. Values less than eight i ndi ~ ate a failure while values 8,

9, and 10 indicate a success. The specific value tells how the
success or failure occured .

3.2.4.12 Subroutine 9500 : Distance of Visibility

Subroutine 9500, on page E—1 5 , computes the visibilit y from the

ship and from the rescue boat. The equations use the height of
the lookout ’ s eye , 11 (4) for the ship Dl (5) for the rescue
boat , the environ m ental visibility , 15(15), and a maximum visibi—
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APPENDIX A: Abandon Ship Simulation Program Listing

‘I

~ QLfl X1 (11),T9S(11 Ib4 ,U1 (16 ),M~$ (i~8)b4,T9(8,11),N5 (21> ,V1 (12 ’,P1 (1S ),T5 (1O> =
6 DIM c0$(1O)64,C0 (9,10),Y1 (11,3),M E d 8) ,M4 (28) ~R1(12) ,A$64,A1$64,M7$64,PBiE~4
I L)IM V$64 ,L0$64
1(~ou ~ ri A~4ANDUN bNIP blrlULA I It)N PH~J ( . NAM

100~ GLJSU8 9000
• 1004 A1$L~ AL4AN1)UN bHIP SIMULATIUN ”

1006 GUSUB 9000: PNLNT AlS
1.Q0~ INPU1 S~R1AL NUPTh4ER”,S9
1010 M INF(S9 )
1O1~ PHINI ~IN111ALILING
1014 GUsU~ 1504
1016 1~UR i=C 1 10 I1:L1=HND ft:1 :NEx~ I
luth .;UbU~ 104b:NEM SHIP CH.
10~0 uU~U~ 110~~:R~M HES( UE buA l CH.
iu~c~ GUSUb 1134:NEM CASUALTY TYPE .
10~4 GUSU8 1~ 00:REM FNINI INPU 1 IJA1A
10~dS L 2 0
102b W=L2
10db FUN ~<1~ L~ 10 X1 (t~ +1)
1O.~0 ~9=L2:x1 (C~ +1 =L~
10d~ GU~UE~ 1614
1O~4 JJ- h9~ 2~ 1H~N 1044
10.~b GUSU~ 1860
1O.~~ Ii- E9~L~ THEN 1039:GO1LJ 1040
10~~ GtJSUb ~044
1040 N~)(1 Ki

= 1042 GUSU8 1~bb
1044 GUlU 1000 

-
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r
1504 HEM
151.4 RESTORE
1516 KL1:PRIN I
Ibib PHIN1 HEX (0U )
1520 READ P1(14 ),P1 (1S)
1550 HEM
1b& FUN 1=11U l0:READ rS(1) :NEXl j.
lbJ4 HEM CAbUAL~ Y TYPES
1556 READ M3
1540 HJK 1=110 M3+1
1542 REAL) C0S( i )
1544 FUN J=ITU 10

- 1546 HEAD C0 (I ,J )
1545 NEX T J :NEX I I
1550 REM SHIP TYPES
1554 HEAD M9
1556 I-UK I=i.TU M 9+1
1558 NEAL) 19$(L )
1560 FUN J~ 11L) 11
1562 REM “1
1564 HEAD 19 (1 ,.))
1566 NEXT J:NEXT 1

• 1bb~ REM RESCUE bOAT
1511) HEAD MS

• 151~ MDMB +19
15(6 FUR i=iru M 1+1
1bl~ HEM ~‘

ISSO READ MSS (I),M6(i) ,M 4 (L)
1554 NEX I I
1584 bs=999
1556 C1~ 1:C2=2:C3=3:C4=4
1588 Cb= .S

• 1590 Cba6 :C/~~1:C8=8:C9=9
• 1594 L0 60

1b~4 Z0$= CHAHACIEHIS I ICS.”
3.~,9*, L5 .25
1598 L5 9.SE-59 - -

3 1600 PS 100
1602 P0 *P1
£604 P( L4*PO
1606 S1= .0024:52=8 .1E-6
1608 b~ = .1:S4z5.9E-5
1610 85= .101:Sb=2.25
1614 L 2 0
1616 L1=WND (-C1)
1615 REtURN
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1312 HEM P1
15/4 DAT A 0.02 ,0.5

H 
• 

13(8 DA TA 1 b . O, 0 ,S ,0 ,30 , 10 , 0 c : ,cH U . ~~~HEN T5

1550 REM CO
H i58~ DMA 8:NEM MA X. INDEX

1584 DMA “I-INE” ,0,0,Q.05,0,0.05,Q .t,0.0 ,30,I
1386 DATA “LULLISIUN ~ I-INE” ,1 ,0,0.0d,Q.5 ,0.05,O.1,20 ,0,30 ,2
lSbb DMA “CULLISIUN ~~SINKING ” ,0,o, 0.02,O.S,0,0.20 ,20 ,30,2
1390 DMA “EXPLUSION b FIHE ” ,O,1,0.1 ,1 ,0.05,0.1,0,0,S,3
1592 DMA “EXP LUSIUN ~~S1NKING ” . 0 , 0 , 0 .1 , 1, 0 .0 5  . 0 .1 , 0 ,20 .20,3
1494 L)AIA “STRUT. I UNAL FAILURE” .0,0 ,0,0 ,0.05,0,0,2 0,15,4
1596 DA TA “GROUNU1NG ’ ,0,0,0,0,),0,O,~~0,dO ,5
1498 DMA “CA~SIL1NG ” ,O ,0 ,O.1 ,c~,0 ,0,0 ,50 ,5,6
1400 DA IA “T-OtJNDERING ° ,0,0,0, 0 ,0 ,J ,0,’dO, 20 ,S
1402 HEM ~9

• 1404 DATA 1:NEM MAX . INDEX
1406 DAIA “ 1ANKER’ ,~~4S,40,4,3i ,1 ,d5 ,b.b,~i ,38,70,O.2
1405 DMA “T.ONfA1NEN”,i1O,4~~,2,40 ,1 ,c~5,5,3,38, 70 ,0.3
1410 DMA ~LNG ” ,900 ,50,4,~~~,~~ dS,5,4,5b ,70,0.25
1412 DATA “1- ISI-4SUA1 ,(S,S,0,u ,1 , 10, S,3,3~~,70 ,~~.7S
$14 DMA UG’,1S0,10 ,O,0 ,l, 1O ,b .~~,3d ,iO,O .8
1416 DAIA “BARGE CANNIER ~LA~ H ’ , 1 4 04- ,~~,51 ,1 ,2S,5,3 ,38 ,7O,0.3

• 1418 DATA “GREAT LAKES BULKEN” ,(08 , , ~~,~~),2,j0,4 ,2,42,70,0.4
1420 DMA “FENRY” ,1b0,200,0,53,8,4~~,b , 3 ,~~~,70 ,O.8
1422 REM RESCUE BOAT
1444 DATA i:REM MAX . INDEX
1426 DATA “NO. OF HE~ CUE BUA I~ (1 Ur ~~~~~~~
1428 DATA ‘BOAT CAP.(EXC . CHEW )” 1 5 )
1430 DA IA “NO . IN BOA T CREW” ,1, 1Q
1452 DATA “MEAN T IME Hi LAUNT.I-1 (u N . ~“ -

1434 DATA “MEAN l IME It) FILKU~ j r~.~~~, (j , 6 Q
1456 DA IA “STD . MANEUVER l IME M1N. ” ,0 5 ( ~
1438 DA TA “MAX . WAVE HEIGH~ (FT. )” ~~p , 1L- 1

• 1440 DAtA “MAX . HEEL ANGLE J~E.. .> 0.90
1444 REM CHARACTER iS T iCS FUR UVE~’~.IL~

• 1445 DATA “(1=YES ; O=MU ’ ” ,O ,l
1446 DATA “SHIP LENGTH” ,~~0,5000
1448 DA TA “P08 SHIP” ,2,S000
1450 DATA “NO . LW LIFE~MJA 1S” ,0.~~u,,
1454 DATA “CAPAC .LF’I UI- (i-i L;L1. ~~~~~~
1454 DA TA “NO . OF L E ~”~-1S” ,O ,è~00
1456 DATA “CAPACITY Or EACH L.N ” ,0,100
1455 DATA “MODE ~J)- SIGN . WAVE Fi~.Ib. --M1D-W1NTER” ,0,50

• 1460 DATA “MODE OF Si’~N . WAVE H;-;5.--MID-~ uMMER” ,0,5O
1462 DA TA “MEAN WATER 1~~MP.--- M -~~~NTk~e- ,20,100
1464 DATA “MEAN WATER TEMP.- -~~ID-SUMNEN” ,20,100
1466 IJAIA “PROB . ~Eb )]E \-i~~S~~ NEAHBY” ,O ,1
1462 DA tA “Mt ’~N ~-~ A i t i uN  OF P05 ~K1LLED” ,0,1
1410 DATA “MEAN NO. (iF P05 KNUCREL’ cJVERBOARD ” ,0,1000
14(4 DATA MEAN FRAC IIUN )J~ PUB ISULALEL)” ,O , I
1414 DATA “MEAN FRAC1 ION OF LIFL~ uA iS DESTROVED ,0,1
14(6 DA IA “MEAN LEN GT H OF DAMAGE ” . 0, 200
14(8 DA1A “MEAN HEEL ANGLE” ,0,180
1480 DA TA ‘ MEAN l IME FUR CASUALlY 10 DEVE1~~~” ,O ,480
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~~~1046 REM
1048 00503 9000
1050 PRINT “SHIP” :” “ ;LO$
1052 I-UN I~ ZE TO M9
1054 I’RIN I I+C 1;i 9S (I+1)
1056 NEXT I
1058 INPUT “N UMBEN” ,N9
1060 N 9= IN1 (N9-C1)
1062 II- N9 (L2 THEN 1055
1084 II- N9~M9 I HEN 1058
1084 PR.LN I “WAN t StANDARD SHIP” ;
lQbb IS2L2 :J1.M b+c1~ GUSLJS 1620
1065 II- U1 (12+1)2C 1 THEN 1086
1010 U- D1 (Z441)<>14 IHEN 1064
tO (4  IS=12 :K1=Ld
1.’14 FUN J 1’ M5+t~2 to  M8+12
10(8 PHIN I :PHIN T “ (STD . ‘;M b$ J I+ lt; ” = “ ;T9 ( N9+1,K1 + 1) ; ”r’ ;
1018 CUSUB 1620
1080 l~~(N9 +1, Ki +1)”D1 (K1+1)
1082 K1~~~l+C 1
1084 NEXT JI
1086 NS(L2+1) 19(N9+1,C1+1)
1058 NS ( 14)2 19(N9+1 ,C4+ 1)
1090 N5(1b)”~ 9(N9+1 ,L4#1)• 1094 NS( 16) 19(N9+i , C3+1)
1094 NS (17) )9 (N 9+1 ,b )
1098 V 1 (T.2+i)2C7* (T9(N9+1,C5+i)~~(U1/C~())
1098 P1 (04+i)219 (N9 +1 ,11)
1100 RETURN

1102 REM
1104 15212
1106 GObUS 9000
1105 PHIN I “RESCUE BOA T ” ;” “;Z0s
1110 FOR J1:12 10 ME
1112 GOSU3 1620
1114 NEX T Ji
1116 REM RESCUE BOAT LENG TH.
1118 V1(03,jj=Cf * ((D1 (C1+1. +D1 (C4+1))-I (C1/C3))
1120 Nb ( 12) 2D1(L4+1)
13.22 HEM PREPARE FOR PS.
1124 V 1( L :4+1~~=C1/ l  9 ( N9+1 , Z 2+1 )
11.26 V1(b)=CS* (19(N9+1,C2+1)*V1 (C :2+1) + V1(C3+1)*NS (12))
1128 N5 (C4+1)=D1 (C2+1
1130 15 (C8+1) L )ILLS + 1 )
1132 RE IURN

1820 REM
1b~4 PRIN I :PHIN I ‘

1624 INPUT D 1 (i5+1)
1b#t, IT- Ui (iS + 1 )<M b (J1+1) THEN lb4L : IF D1US+1 :>M4 (J1+1 THEN 1~22
162d ~5=IS+Cl

L 

1650 REIUHN
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1144 HEM
1156 GU~UB 90001155 PHINI “ IYP ~ UI C A S U A L T Y ”
1141J t-UI< I L c ~ Hi
1142 PRINt I + T . 1 C i -~~( L s i )
1144 NEX t £
1146 iNPU t “NUMz~rb ” , l0
1145 I0 ~~I N I ( t Q - T . 1
1150 11- 10<12 [HEN 114h
1151 It- I0>MS I HEN 1146
1152 REM
1154 PRIN T “WAN I 5IAN DANU CASUA Ll Y ’ ;

1156 L1= 1S :K1 =C c-
1155 J 1=Ms+ ul :GUSUB 1o20 : IS=L 1
1160 II- 0 1( 15+1) -L i T HEN 11/4
1162 It- D1TI S + 1 ) ’ L2 -~~N 1152
1164 I-UN Jl=M~~+15 (U r~
1166 PRIN t :)-1RIN I • STU.  i~~i~~J 1 + 1 ;” = “ ;CO (TO+l .Kl +I);”)” ;
1168 GUSUk~ lb~~u :LOLI +i ,K1~~1 )—~)i(1b—U 1+1
11/U Hi (1+L 1:N~~- l  j i
11/ 4 P1 (C3+1 )~- ~1 • L c ~~1)
31(4 P1 (b~ =C 0T T u f l ,C 1+1 (
11/S II- tO ,L411* N 1 :f t - :G L I ILI 1118
11 16 IF I0~.C5 I HEN 11 / 1 :~,UiU 11 (d
l1i/ P1~ C4 ~~1 ) — .,ti
11 (8 NS LO ( I Q+~ C~~~l
1150 INPU ; NUM~ E~ (i-  ~~it”il Ii ,. LIj N~~’ ,X1 +1) :REM 
1154 X 1 (Lc+i = t~~~~~L~~~~+ i i — ~~1)
1154 -ft X 1 I L c ~+ 1) ’ L c  ‘~ N USO

• 
• 1156 - h R  1212 (U 10

115 1 (I+1 , 1
1191) Y IkI + 1 L 1 ~~1~~~~

1194 I’4~ X i  I
1196 ’11 (C1+1,~. c + 1 ) ~~- L1
1198 NEI U RN

‘I

~~~~~~~~~~~~~~~~~~~ 
_:ii~



_________________________________________________________  
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16(4 HEM SEC T ION A *************
16(8 L2~ L’d :L=Z2
16(8 UN N3 60)0 1b5O ,1690 ,1114 ,1134 ,1806,1750
1680 HEM CASUALlY I-iRk
1654 N5 ( C5+1) =12
1684 Nb (0E+i) 12
1686 Nb (C1#1)=L2
1658 0010 17(4
1890 REM CASUAL t Y COLL LSIUN
1894 R1 (12.1)-(o (lo+1,03+1):GOSuB 2258
1894 Nb (C1 +i )zIN F (Rb+C b)
1898 N 5 ( C 2 + i) ~~L2
1898 W IT L441)=L0U0+1,C241) :GUSUB 2258
1700 NS (C3+1)2IN I (N5 (Z2+1)*Nb+C5)
1102 H1tL2 4 1 )~ c 0T f 041,C6+1):G0SU8 2258
1104 P1 ((.8+1 )V 1  (C4+i)*(V1 (b )+Nb)
1106 II- NND (C1)~~~P1 (C8+1)THEN 1?08 00T0 1710
1108 L4=C 1
111 0 II- RND (L1i c~~P1(C3 +1)THEN 1/14
1112 GUJU 1768
1114 REM CASUALTY = EXPLOSION

-
I 1116 N1T L 2 + i~~ C 0T10 + 1, C3+1):GOSUb 2258

1115 N5 (C1+1)=IN I (N6+CS )

• 1(40 Ki (L2+1)=C0 (IO+1 ,6):GOSUB 2252
1(22 L2 INT(Rb*(NS(12 ) +N5 ( 14 ) )+C5)
1144 L=Hb
1146 HI (12+1) C0 ( ro+1 ,C4+1 ) :GuSLJ S 2258
1745 NS (C2+1)=IN I (N5 (L2+i)*R6+CS)
A (29 Ri (12+1)zCO (T0+1,CE+1):GUSUB 2258
1740 N5 (C3+1)=JNI (N5(L2+1)*Rb+T.:S)
1151 iT- RNtJ(C 1)~~~P1(43 )THEN 1(14
1144 GU1U 1768
1734 REM CA SUAL TY = STRUCTURAL I-ALLURE
11s6 N1u2+1)=C0 (10+1 ,C4+1) :GUSUB 2258
1(55 NS(C2y1) INF (N5 (L2+1)*Rb+C5)
1140 NS (C3+i) L2
1142 GU1U 1(64
1144 REM CASUAL lY = GROUNDiNG
1146 NS (C2+1)=L2:N5(C3+1)~~L2
1145 GU1U 1764
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1(50 REM CASUALTY = CA~8IZLN G
1792 N1 (L2+1)~ C0 (T0+1,4):0USU8 2258
1194 NS(Ci+1)21N1(H6+C5)
1756 NS (C2+1)~~Z2
1/58 K1 (12+1)=C0 (10+1 ,C2+1):GUSUB 2258
1760 NS (C3+1)21NT (NS (12+1)*N6+CS)
1(62 COTO 1768
1764 N5 (C1+1)~~Z2 T
1166 HEM FLOODING *-***4***-********
1768 R1(L2.1)=C0 (10+1,C7+1):GOSUB 2258
1(10 l7~Rb
17/2 00W 1788
11(4 REM FIRE **************
11(6 N1(12+1)zCO(22+1,6):GOSUB 2258

• 1/ (8 L~L+Rb
1780 L2~ INT (Ld +R6* (NS (i2 )+N5 (14 )_L2 )+CS)

• 1(82 R1 (Z2+1~~C0(Z2+1 ,C2+1):GUbUB 2252
1754 NS (C3+1) N5 (C3+1)+1NT (N5 (Z2+1)*R6+C5)
aiBS R1(Z2+1)=C0 (S2+1,C4+1):GOSUB 2258:NS(C2÷1)=N5 (C2+1)+INT (N5(Z2+1)*R6+C5)
1756 1? L2
1188 LzCI-L
1190 NS (1l)~N5 (C1+1)+N5 (C2+1)
1192 S=ZE
1794 X1 (C1+1)~NS(11)

• 3.196 J3~ Z2 :Z1=X1 Ci +fl :GOSUB 162
1798 PRINT N9(11);
1100 0010 1818
1102 E9’1b
1104 RETURN
1806 HEM GROUND ING UK FOUNDERING ~~~~~~~~~~~~~~
1808 PRINT COS (Cb +1 ;” OR “;CO$ CS+i)
1810 SELECT PRINT 215(160):PRIN I :PHIN1 :PRTNT TAB (C9);”NO SIMULATIONS POSSIBLE”
1112 PRINT ‘RESULTS IN NOBODY IN ThE WA TER .”
1114 SELECT PRIN I 005(80):E9=-1b
*116 RETURN

1818 REM SEASON.
• 1~~~O R1(C1+1 =Z2

• 18~2 R1(C2+1)=C1
• 1884 008(18 2288
• 1826 NEIl WAVE t4EIGH J

1828 R1 (12+1)=19(N9+1,C6+fl*U9+19(N9+1,c7+1)*(Ci..U9)
11~ 0 GUSU3 2494
1*32 V1 (CI+1)=R9
1834 14kM WATER TEMPERATURE
3.836 N1 (12+1)= [9(N9+1,C8+1)*U9+19(N9+1 ,C9+1)*(C1-U9 )
Ig.* R1 (C1 .1)~ 28
1840 H1 (C2+1)=100
1842 K1 (C3+1)s1O
1844 00808 2218
1846 V 1(i2+1)~ Kb
1448 HEM SEA STATE FUNCTION , F(5S )
1850 V 1(Gb+i)=C1+V1(C 1+1)/D 1(Cb+1)
1s~~ HEM VISIb ILITY FUNCTION

• 1154 RI (Z2+1 ) =5 :G(.’SUB 2294
IIS4 V1 (C7+1)2V 1(L6+j)*~ O 1 +bXP (S_d0*R9))
ISSI RETURN
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1880 REM ØEC IION 8 ****~~***~~*~~**~~****
162 Nb ( 2 0) a Z 2 : REM NHBO
1564 N9(21)2Z2: REM NRBL
1866 FUN JDZ2TO NS (12)-C1

• 1868 P.(L2-NS(20) )/CNS (14)#NS (1d )-J 1).
1810 IF RNDtC1)> PTHEN 1818
18/2 N5(20)~NS(20).CI
18/4 Y1(C3+I ,l2+1)2Y1 (C3+I,Z2+1)+C 1
15/6 0010 1888
1878 GUSUB 2022 :REM H .8. LAUNCH PROBABILITY
1850 IF RNI)(C1~ >PTHEN 1586
1882 N5(21. ) 8P45(21)+C1
1884 00 10 1888
1886 Y1 (6,Z2+1) Y1 (6,Z2 +1)+C1
1288 NEXT Ji
1890 iT- NS(21)( 221HEN 1966
1892 Nb (6) N5 ( 12+1 )-N5 (C1+1 ) -N5 (C2+1 )~ N5 (C3+1)-N5 (C4+1)*NS (21)
1894 N5 (13 )2N5 (21)*D1 (Ci+1}
1596 TS(C7+1) D1 (C4+1)/N5 (21) -

•

1898 TS (C1+1)=C 5*01 (C4+1)*(C1-CI/NSWI))
1900 NS (1B )=Nb (14 -L2+NS (20)
1902 NS US)2INT (L*NS (IS)4C5 )
1904 J2=INT(C5*Nb ( 18) +Cb )
1906 J42N5 (15)-J4
1908 COSUB 1976:HEM HIGH SIDE LAUNCH PROBABILITY
3.910 J2~ iNT (J2*F’+Cb )
1912 00608 2004:REM LOW SIDE LAUNCH PROBABLILTY • 

-

1914 J4SINT (J4*P +c5)
1916 NS (C64t)~NS(16~*(J2+J4 )
3.915 GUSUB 2016:REM LIFERAF T LAUNCH PROBABILITY
1920 N5 (C7+1)2N5 (17)*LNI (N5(19)*P+CS)
.1922 N1~Nb (6)-Nb (C6+1)-N5 (C/+1)1924 iF N1>Z2THEN 1934
1926 NS (C8+1)2-N1
1928 N5 (C9+1)~~ZE
3.93Q $zz~
1932 0010 1940
1954 REM Hi + H2 CREWMEN ABANDON SHiP iN L.B. & L.R . ?
1936 N5 (C8+1) Z2
IV.35
1940 iF NS (C9+i)>N5 (i3)THEN 1955
1942 S2NS(C9+1)
1944 ‘HIU2+1)-C0 (T0+1,C8+fl :GOSUB 2258
1946 Ib (L2+1)2R6
1948 Ri (Z2+1)=D1 (C3-41):GOSUB 2258
1160 15 (C2+1) R6
1942 R1 (12+l)=C1:GOSUB 2258
1964
1968 RETURN
1995 HEll N MEN LOSE. POINT Z ~~~ *~~~~**-‘**

1840 J1.C7:L1=N5(11)+N5(C941)—NS ( 13)
1142 00903 156
1164 0010 19/2
1946 HEM N MEN LOST. POINT )(
1168 JI~C3:1I=N5(1I
1910 00908 1660
1112 k9215
1114 REIURN

- 
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1976 RE~ PRUSAB .[LIEY OF HIGH SIDE LAUNCH
1918 Pi(3O-Tfl/1S
1980 00908 1994
£982 P1 (C9+I)zP
1984 P~C1-V1(C1+ 1)/4 O
1986 00208 1994
1988 P1 (11)aP
1990 P~P1(C9+1)*P 1(11)
1992 RE t URN
*994 IF P<Z2THEN 1996:0010 1998
1996 P~ L2
1998 IF P CITHEN 2000:0010 2002
8000 P.C1.
*002 RETURN
8004 REM PROBABILITY OF LOW SIDE LAUNCH **********8006. P= (40-T7)/25
8005 GUSUB 1994
*010 P1(12 )

~ P -

2012 paP*pj (-1i)
*014 RETURN
1016 HEM PROBABiL ITY OF LIFERAFT LAUNCH *~~~******
*018 P~P3.~1i)2020 RE T URN
*022 REM PROBA BILIIY OF R.2. LAUNCH **********2024 P~~ i_ C5* (V 1(C1+j) / Di (C6+j ) ,
8046 00908 1994
*045 P1(13)=P
8040 IF HND(C1)>CSTHEN 2036
2Q32 P (40—ri)/(40— D1(ci+1))
2054 0010 2038
*056 P=(30 -Ti )/ (30-D1(C7+1L
2U~8 0091.18 1994
2040 P2P1413)*P
1042 RE T URN

1696 REM 
-

1655 Y1 (J1&1 ,Z2+1)aYl(J1+1,12+1)+Ci
16b0
*662 Y 1(J 3+1 , L2+1)~ Y 1(J3 +1,Zd+1 ) +Z1
1464 IF 11 Y 1(J 3+1 ,C1+l)THEN 1666:GOTO 1668
1466 Y 1(J 3+1 ,C1+i)~ Z1
1468 II- 11 Y1 (J3+1,C2+1)THEN lbfO:GOt0 1672
1410 Y1(J3+1,C2+1)=Z1
14 (2 RETURN
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2044 REM SECTION C *******************~~***
2046 W~W+C1
2048 FUR i=NS (11)TO CISTEP -Cl
2050 GOSUB 2164 :REM ADD DEL IA 1 P U
2052 00908 2242 :HEM T (HYP)
4054 IF 1=L2IHEN 2056:0010 2055
5056 Rb [URN

P1( L5+ 1)aNS(C1 + 1)/ 1
5060 R~ RNL)(C1)
4085 iF RWI(L E+1) IHEN 20(4
2064 REM MAN KNOCKED INTO WA 1ER (N (K))
4066 P~Pi(14 )
4065 1S(C6+1 )=TS( 12+1) +TS (C1+I)+rS (cd+i)*vl (c6+1)
20(0 NS(C1+1)~NS(C1+1)-C1
20(2 GUlU 2082
40(4 REM MAN iSOLATED AND JUMPED INTO WATER (N(CRI))
2078 P P1(1b )
20/8 I5~C6+1)=C5* (15(Z241)4T5(C2+1)*V1 (C6+1))4T5(Ci+1)
2080 NS (Cd +1) N5 (C2+1)-Ci
2082 REM COMPLETE PICK-UP
5084 GUSUB ~2/0 :R EM 1(91 DUE TO FLOTATION
2086 19=15 (03+1)

• 2088 iF R9~~i9fHEN 2090:0010 2092
2090 19=H9
2092 iF 19>I5(C6+1)THEN 2096
2094 OCT10 5102
2096 HEM SAVED
2098 GUSUB 2210:HEM SAVEU STA1 IST ICS
4100 S~S+1
2102 iF Nb ( 13) S~HEN 2150
4104 REM MANEUVER R .B.TO L.8.
2106 HEM CE~ T IME H.)R S~ANDAHD t1ANE Y~EH
2108 R1 (L2+1) 15 (C8+1)
2110 GUSUB 2258
4112 TS (C1+1)=1S(C1+1)+Rb*V1(C6+1)
2114 REM GET TiME 10 TRANSFER 1 MAN
2116 R1 (Z2+1)=T5 (C9+1)
2118 GOSUB 2258
2120 IF RND CU<=PI C4+1 rHEN 2142
2122 iF S<~NS (CB +1)THEN 2142
2154 REM TRANSFER EXC CREWMEN TO L .B.
2126 T b (C1+1)=1 5 (01+1) +NS(C8 +1)*R6*V1 (06+1)
2128 9 8-N5(C8 +1)
2140 N9 (C8+1)=0
2154 IF ScNS (13 )IHEN 2150
4134 HEM N MEN LUST PO1NI 12
4136 J1=C9:L1=I-C1
2158 GOSUB 1656
2140 GOTO 2152
214~ HEM 1 RANSFER S CREWMEN TO L. B.
5144 F5(C1+1)=TS (C1+1)+S*R6*Vj.(C6+1)
4146 N5(C8+1) N5(C8+1)-S
2148 S~ 0
SiSO NEX T .1
5152 X1 (C3+1 ) X 1(C2+ 1)/X 1(C1+1)
5154 IF X1 (C1+1 )=L2 t HEN 2156:0010 2160
5156 IF X1(C2+1)=LSIHEN 2158:0010 2160
5158 X1(C5 + 1)= C 1
5160 00808 2114:REM UPDAT E SAVED STATISTICS
5162 RETURN
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4j~4 RtM AOL) TIME Iii P1( 1< UP UNE MAN FROM WATER *******
4lbb k1 (14+1) 15(S)
sits Gusus 2258:REM ~RAN1< NICKELS’ NORMAL DIST .
41(0 I 5 (C1+1)~~ b (C1 +1)+Rb*V 1 (C7+1)
21(2 RETURN
41(4 REM U PDA TE CUMULA1 IVE ‘SAVED ’ S1AriSTlcs ********
Si/ b IF Yi (C1+1 ,L2+i)>= Z2 IHEN 2192
41./S FUR J4=CITU CS
2150 J=J3+C1
4182 Y1 (J3+1 ,22+l) X1 (J +1)
4184 Y1 (J 5+ l ,C1+1) X1 (J+ i )
4186 Y1 (J3+1,02+1) X1 (J+1 )
4188 NEX I J3
2190 RE t URN
4192 FUR J5=C110 Cd
4194 J=J3+C1
2196 Y1 (Jd+1,Ld+1)=Y1(J3+1 ,Z2+1)+X1 (J+1)
4198 IF X1(J+1)<Y1 (J3+1,01+1)THEN 2200:0010 2202
4200 YI (J5+i ,Ci4i)=Xl (J+i)
4202 IF X 1 (J+1)>Y 1 (J3+1 ,C2 +1)THEN 2204:GOTO 2206
4404 Y1 (J3+1 ,C2+1) X1 (J+1)
4206 NEX T J3
4205 RE TURN
4210 REM GATHER SAVED STATiSTiCS. ***~~*~~***
4412 X1tC2+1)=X 1 (C2+1)+C 1
4216 H~~IUHN

A -li
I

I’  
— —  

-— -- - • - *



2215 REM NORMAL DISTRIBUTION
2220 ROZ RNU(C1)
2222 IF ROzISEHEN 2224:0010 2246
2254 R0~Lb
22db K3~ RNl)(C1)
2228 V=SQR (-C5*LUG (R0))*CUS (P (*N3 )
4240 R ZV*R 1 (4)+Rl(12+1)
2252 iF R6<R1 (C1+i)IHEN 2234:GO1U 2236
2234 R6 H1(C1 +1)
2246 IF R6>R1 (C2+i)THEN 2238:0010 2240
2258 R H1 (C2+i)
2240 RETURN
2242 REM SURVIVAL T IME (HYPOTHERMIA ) ** ****~~~~~~
2244 RI (C1+1) 20* (V1 (22 +1 )* (Si+S2*V1 (22+1) +C2)—S3)
2246 R1 (C2+1)=L0*(V1 (Z2+1)* ( (S4*V1 (Zd+i)+C2 )-S5 )+S6)
2248 R1(Z2+ 1)=C 5* (R1(C1+1)+R1(C2+1))
2250 Ri (4)=Z5*(R1 (C2+1)—R1(C1+1))
2252 00903 2218
2254 tb (4 )= H6
11256 RETURN
5255 HEM FRANK NICKELS’ NORMAL 0191. ***********
5260 R1(Cl+1)~ Z2
4262 R1(C2+1)rCS*Ri(Z2+i)
4264 R1 (C3+1)~ C5*R1 (22+1)
5266 00908 2215
5265 RETURN
52/0 REM CUMPU IE F (S) DUE 10 FLUTATION .***********
5212 IF HND (1)<~ P1HEN 2280
4214 HEll MAN NUT WEARING PFD 
82(6 R1 (Z2+1)~ T5 (6)22 78 GOTU 5284 -

2280 HEM MAN WEARING PFU 
2282 R1(L2+1) T5 (C4 +1)
2284 00908 5294 :REM RAYLEIGH DJSF.
2288 RETURN
4288 REM UNIFORM DIST R IBUTION **~~****~~******
4290 U9 H1 (C1+1)+(Hi (C2+1)—R1 (C1+1))*RND (C1)
5292 RETURN
2294 HEM RAYLEIGH DISTRIBU T ION *************2296 R0~RND (C1)
4298 IF R0=L2THEN 2300:0010 2502
1300 RO~L5
1302 R9~R1(Z2+1)*SUR(_C2*L0G (R0))2304 RETURN
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*200 HEll
1204 SELEC T PRINT 215(160)
1204 PRINT
1208 PRINT TAB (31) A1$
*808 PRIN I
1210 PRIN I TAB (41);
1212 PH1N I SIMULAI J.ON SERIAL NUMBER AS’;S9:PRINT :PRINT TAB (C9);19$(N9+1):SB=14
1215 PRIN T ~AH(S8);~LBP = “ ;19(N9+1,Z2+1’;’ FEET’
*214 PRINT TAB (S8 )~~ PUB = ‘ ;19(P49+I,C1+1)
1215 PRIN T IAB (S8);T9(N9+i.,CE+1);’ - “ ;T9(N9~1,C3~i)~ ~MAN LIFEBOATS~
1216 t’H.LNl 1AB (S8);T9(N9+1 1C4+1);~ 

- 
~;T9 (N 9+I,6)y’ MAN LIFERAFTS”

1811 PlUNI :PRINT IAB(C9);”NUMBER (iF RESCUE BOATS =‘;D1(Z2+1)
1280 M($~~’MEAN T iME TO
1421 PRiNT FAB(C9) ; RESCUE BOA T CAPACI tY = ‘ ;
1q52 PRIN T D1 (C1+1);~~+” ;D1 (C2+1) ;~ MAN CREW (EACH BOAT )’:PRINT
1243 PRINI rA8(SS);M(S;~ LAUNCH RESCUE BOAT = ‘ ;
1214 PRINI D1(C3+1);’MINU I ES”
1.~~b PRINT TAB (S8);M7$;” PERFORM STANDARD MANEUVER = ‘;
1226 PR INT D1(6);’MIN .”
125! PRINT rAB (S8);M7$;~ PICK uP UNE MAN FROM WATER = “ ;
1113 PRINT D1(C4+1);’MIN .’
1829 PRINT IAB (S8);”RATED HEEL ANGLE OF RESCUE BOAT DAVITS = 1

;

*250 PRiN T D1 (Ci+1) ;”bEGS .~
£231 PRINT TAB (S8);”HA IED SEA SlATE CAPABILiTY = ° ;

*845 PRiNT D1 (C6+1);’FI.SIGN . WAVE HOT .’
1454 PRIN T
1235 PRIN T 1AB(C9);C0$ (10+1):PRINT :PRINT TAB (S8);’ON AVG.: ‘ ;
145k, P3=100:S(~S8+C9
*2~~ PRINT P3*00(10+1 ,05+1);

~~~0 PRINT ‘1 OF CHEW KILLED BY CASUAL IY ~
1841 PRIN1 TAB (S?);C0(10 +l ,C3+1);
1245 PRINT “CREWMAN KNOCKED OVERBOARTJ~1243 PR INT TAB (S7);P3*C0 (T0+1,C4+1);
1444 PRIN I “Z OF CREW ISOLAT ED FROM LIFEBOATS”
1245 PRIN T TAB (S7);P3*C0 (T0+1,b);
1244 PRINT “X OF LIFEBOATS DAMAGED ”
3247 PRINT TAB (97) ;C0t10 +1 ,C8+1);
1242 PRiNT PUN . FROM BEG INN ING OF CASUALTY”
1249 PRINT TA8(S7 +4 ) ;
I2SO PRINT “EU BEGiNNING (iF ABANDON SHiP .”
1252 IF T0<C1IHEN 1256:11- 10>C2THEN 1256
1253 PRINT FAB (b7);C0 (T0+1 ,C6+I);
1854 PRiNT ‘ FT. LENGTH 01- COLLISION DAMAGE ”
1254 iF T0 c~C2 THEN i2b 0:IF T0=C3 T HEN 1460
185/ PRIN1 TAb S7);C0 (r0+1 ,C7~fl;1452 PRIN T • DEGREES HEEL ANGLE”
1280 PRIN1 PRINT
1441 PRINI IAB (C9) ;RESUL TS OF “;X1 Z2+1)+C1;” SIMULATIONS:
1242 SELEC1 PRINT 005 ( 80 )
1244 REtURN
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iSbb REPi
1248 SELECT PRiNT 215(160)
1889 NaX1 (12+1)+CI
12/0 PRINT
14/ 1 iF YI(L2+I,L2+1)~ L2 THEN isis:GUiO 1273
2212 V~ -C1:GOTO 15(4
12/5 v~y1(c1+1,Z2+1)/Yt (Ls+1 ,za+1):v~ LPn(tooo*v+cs)/1ooo
12/4 T1.3S:T2.T1+C8:t4=le+C8:T4~154C8:PHINT TAB(SS);”OVERALL FRACTION OF” :
1276 PRINT TAB rS ;”********”
12// PRINT TAB (98);”MEN iN WATER RESCUED” ;TAB(T2);
1q40 iF V<Z2 THEN 1281 :GUTO l’dBd
1221 PRINT * -_  ;IAII(i2+Ci);”*’:GUIO 1283
1285 RH INE •*“;V;TAB (f5+c7);”*’
1423 PRINT 1AB (S8);”BY RESCUE BOAT” ;TAB (T2);
1824 P’R INI 1A8 ( F2);” ********” :PRINT

~~ss PRINTUS1NG 1286 :PR1NTUS1NG 1497 :M~N
128b 1 NO. MEAN MIN. MAX .
14W? 2 TIMES
1288 FOR jzZ5 TO Cd
1290 PRINT
1292 HEAL) AS
3294 IF M=Z2 THEN 1500
£296 IF Yl(I+1,L2+1)<L2 THEN 1297:GOTO 1298
1297 Yl (I+1,Z2+1)~22
1298 Q1=O:SaT2 :QDY1 (L+I,Z2+1)/M
i3oo (

~~a 0 S ~T3:Q2~Y 1(j +1,C1+1)
1402 Q3~0:SaT4:Q3=Y1 (i41,C2+11303 PRINTUSING 1305,AS ,M ,Ql ,Q2,(13
1404 P1~W
3305 2 ******#******************#* #4*4* *4*4.4* 4*4 .4* *44 .4*
1306 NEXI I
*308 PRINT
1410 FOR DC4 10 10 STEP Cd
*311 Q4=0 :Q5=0:Qb=0 :07=0
1412 PRINT :READ A$:IF 1<CSTHEN 1319
1313 GOSUB 9010:READ AS:1T- 1=CBTHEN 1519 :GOSUB 9010
3414 READ AS
1419 (~4=Y1 ( 1—C 1+ 1, Z2+1 )
1320 iF .L=C4THEN iSdI :LF i~C6 1HEN 1321 :GOTO 1322

• 1321 00908 9020:0010 1330
1222 IF Yi (1-C1+1 ,L241)<=LS THEN 1324:GUTO 1324
1223 (15~O:GOTO 1326
1324 S=15 :QS=V IU+1 ,Ld41./Y1u—C1 +i ,L2+1 )
1256 S=T3:Q6=Y1(141 ,Ci-+1)
1355 S=14: Q 1=Y 1( i+1 ,C2+1)
1329 00908 9020
1540 NEX T I:PRINT HEX (OC)
1332 SELECT PRINT 005(80):RETURN
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n __
1485 REM PRiN t VARIABLES .

N
1484 DATA “NO . IN WA lER , N”
1486 0A1A “NO . RESCUED BY BUA T Nb” -

1488 bA JA “RATIO NS/N”
1490 DATA “ RESCUE BOA] DAMAGE D ”
1492 DATA “R.B. LAUNCH FAiLED ”
1494 DA1A “*NRBRB , ALL BOATS FiLLED TO”
1496 DATA “CAPAC ITY BEFORE LAUNCH”
1492 DATA “ *NHBHB , RESCUE BOA T ~ ALL”1b00 DATA “BOATS & RAFTS IN WAlER”
ISOS DATA “FILLED TO CAPACITY”

9000 ~ELEC I PRIN1 00S(80):PRINT HEX (03):RETURN
9010 PHINTUSING 9011,A$:RE [UHN
9011 - 2
9020 GUSUB 9ujo :GLJSUB 9040:PR1NIUSING 9021 ,A$ ,Q4 ,Q5$,Q6$ ,Q7$ :RETURN
9051 2 #***********#******#******* *4*4* *44*4 *44* *44*
9030 CONVEHI Q410 ~4S , (**#**) : CONVERr 0510 QS$ , (#***# )

• 9(131 CUNVERT (A6TU 06S,(*****) CONVERT 0710 Q7$,(**##*):RETURN
9040 IF Q5~0THEN 9041 :RETURN9041 U5*~ ’ :Qb$= ” :Q7$= ” “:RETURN
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A p p e n d i x  B : A n n o t a t e d  L is i of V a r i a b l e s  and Arrays In Abandon

S h i p  S i m u l a t i on

1. V a r i a b l e s  t h i t  r e m a i n  u n l i : i n g e d  t h r o u g h o u t  s i m u l a t i o n

A l $  = S t r i n g  “ A B A N D O N  S H I P  S I M U L A T I O N ”

B5 = 999

ZO = 60

Z 0 $  S t r i n g  “ C H A R A C T E R I S T I C S ”
- Z 5 = 0 . 2 5

TO = Casu~i1ty N umber — 1

CI = 1

C2 = 2

C3 = 3  
-

c4 ~
C5 = 0 .5

C6 = 6

C7 = 7
c8 = 8

C9 = 9

LS = 9 . 5 E — 3 9

— M = I n t e g e r  pa r t  o f  S9

= Temporary variable in Output Program
~i 1 = 27
M8 = 8
M9 = 7

H

M9 = 7

M7 S = String “MEAN TIME TO

N = Number of simula t ions
N3 = Primary Casual t y Number

cO(TO+1 , 10)

N9 = Ship Number — 1

P3 = 100
P0 . = = 3 .14159
P7 = 2-it = 2* Pt

S7 = 2 3

S8 = 1 4

S9 = -Serial Number

s i  = 0 .0024
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A p p e n d  l x B ( C o n ’ t

S2 = 8 .IE—6

S3 = 0 . 1

S4 =

S5 = 0 . 101
S6 = 2 . 2 5
Z2 = 0

2 .  Variables that change (simulation variables)

E9 = Flag to c o n t r ol simulation

O for normal c o m p l e t i o n  of simulation

= 15 If rescue boat launch(es) fail(s)

or all boa ts filled before launch

= -15 for no one will get into water for

all simula tions of a run (grounding

or founder ing)

I = General prupose index

15 = Index to array DD for all charac teristics

J = General purpose index
J2 = Number of lifeboats on high side success-

fully launched

Ji. = Index to array MM$ for all charac teristics

J4 = Number of l i f e b o a t s  on low side 8uccess —

lu ll y launched

.13 = Index into array YY

K = General  purpose index
Kl = Index to count number of simulations;

also used as index during over r ide  of

ship and casua l ty  c h a r a c t e r i s t i c s

L = Frac t ion  of l i f e b o a t s  plus rescue  b o a t s ( s )

and l i f e r a f t s  d e s t r o y e d ;  la ter  s u b t r a c t e d

f rom one (1) to  be f r a c t i o n  not d e s t r o y e d
L2 — Number of l i f eboa ts  plus rescue  b o a t ( s )

d e s t r o y e d
Ni = Number of peop le who must abandon ship

in l i feboa t s , rescue  boa t (s ) , or l i f e r a f ts

P Probabili ty (various)

B - 2
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A p p e n d i x  B ( C o n ’ t )

U R , I f l h I F ) l~’ a , lf l l h e

H O 
~ )- I r - ; ra n d  on n iini h &- r for no rm:i I •~ 1st r I —

b u t  ion and r a n d o n  number for Rayleigh

d i s t r i b u t i o n

H R3 = S t - c a o d  r a n d o m  number for normal distri—

h i t  C ’ f l

= R ; u n d o r i i  deviate from normal distribution

R9 = R a n d o m  deviate from Ray lei gh d i s t ribut ion
S = Number of peop le in rescue boat(s)

( € - x e lud l ng  crew); also t e m p o r a r y  variable

in O ut p u t  P r o g r a m

T7 = Heel ang le

T9 = S u r v i v a l  t ime
1J9 = Random d e v i a t e  f rom un i f o rm  d i s t r i bu t i on

V = R a n d o m  d e v i a t e  f r o m  normal d i s t r i bu t i on

w i t h z e r o  mean and unity (1) s t a n d a r d

d e v i a t i o n ;  a lso  t e m p o r a r y  var iab le  in

O u t p u t  Program

W = T all y of number of times rescue boat(s)

get (s) dep l o y e d

ZI = Number of people in water when rescue

boat fails to recover all people in water

TT -~~~~~~~~.-- .-~~~~~~
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A p p e n d i x  B (Con ’ t

3. Arrays

Array CO
Note: CO has two dimensions. Nine (9) rows (first dimension)

and ten (10) columns (second dimension). Each row
conta ins the data for a casualt y type. The identi-

f i c a t io n  of the co lum ns appears  be low .
Column Variable [)escription
Number

I p
3 Probability that a collision results

in a fire
2 p

5 Probability that an explosion results
in a f i r e

Mean fraction of people on boar d killed
Mean number of people knocked (or blown)

overboard
Mean fraction of people on board isolated

6 
~ L Mean fraction of life boats destroyed

~ LD Mean length of collision damage

8 Mean heel ang le

‘TC Mean time for the casualty to develop
10 NC Primary casualt y type number (1 - 6)

Array CO$

Note: cos, an  ~array of strings , has the text for the nine
casualty types.

Element Contents
Number

I “FIRE”
2 “ COLLIS ION & FIRE”

“ C O L L I S I O N  & SI N KING ”
“ EXPL OSION & F IRE”

5 “EXPLOSION & SINKING”
6 “STRUCTURAL FAILURE”
7 “GR OUNDING ”
8 “ C A P S I Z I N G ”

“ FOUNDERI NG ”

B — 4
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-~ Append i x  B (Con ’ t )

Array Dl
Note : This array receives the replies to the questions;

however responses to the ship type and casualty type
get imediate ly trans fered to arrays TS and CC respec-
tively. The responses to rescue boat overlay the first
nine elements of the ship type responses (if
any); the responses to the casualty type questions

extend the array from element n ine  ( 9 ) , the last

rescue boat res ponse, to element sixteen , the last

casualty type question (if any).
Element Variabl e Description
Number

1 NRB Number of rescue boats
- - 2 CRB Capacity of rescue boat excluding the

rescue boat crew
3 NRBC Number in rescue boat crew

4 ,U.~. Mean time to launch in minutes (does not
L include time to report)

5 MTTPU Mean time to ick up one man from water
6 ‘1~T 

Mean time to raerform a standard maneuver
SM

7 hW LIM Maximum significant wave height at which
the rescue boat can safely launch

8 O
~~< 

Rated (max imum) heel angle of rescue boat
davits

11
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A ppend I ~ U (C,n ‘ 1

Arrays M5$ , M6 , and M4
Note: These three arrays contain the text for the questions

(rescue boat , ship, and casualty), MM$, the minimum
:1 acceptable reply, MN , and the maximum acceptable

reply, MX . The text appears below; the replies are
gathered into array DD.

Element Applicable Text
Number V a r i a b l e

1 N RB “NO . OF RESCUE BOATS ( 1 OR 2 ) ”
2 CRB “BOAT CAP . (Exc. CREW )”
3 N RBC “NO. IN BOAT CREW”

Pi~ “ MEAN TIME TO LAUNCH (MIN ) “
5 MTTPU “MEAN TIME TO PICK UP”
6 ~JT5~ “SID . MANEUVER TIME (MIN.)”

7 h WL IM “ MAX . WAVE HEIGHT (FT .)”
8 9MA X “MAX HEEL ANGLE (DEG )“
9 “ENDURANCE TIME (HRS ) “

10 “ (l YES; 0 N0)”
11 L5 “SHIP LENGTH ”

12 N CR “ POB SHIP ”

13 N LB “NO. OF LIFEBOATS”
14 C LB “ C A P A C I T Y  OF EACH L B
15 N LR “NO OF LIFERAFTS”
16 C LR “CAPACITY OF EACH L .R. ”

17 “ MODE OF SIGN . WAVE HGTS .--M ID-WIN TER”
18 “ MODE OF SIGN . WAVE IIGTS . --MID-SU MMER”
19 1~T “ MEAN WATER TEMP .--MID- WI N TER ”

W
20 )

~T 
“MEAN WATER TEMP. --MID-SUMMER”

S
21 p

14 “ PROB. RESCUE VESSEL NEARBY”
22 “ICR “ MEAN FRACTION OF POB K ILLED ”
23 M K 

“MEAN NO. OF POB KNOCKED OVERBOARD ” 
—

24 ,LJ C 
“MEAN FRACTION OF POB ISOLATED”

25 
~
‘L “ MEAN FRACTION OF L IFEBOATS DESTROYED ”

26 “1LD “MEAN LENGT H OF DAMAGE ”
27 ~~ “ MEAN HEEL ANGLE ”
28 -~

‘TC “ MEAN TIME FOR CASUALTY TO DEVELOP ”
B-6 
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A r r a y  MS

Element Variable Description
Number

1 N CR Number of people on board
2 N K Number of people knocked (or blown)

into water
3 NCRI Number of people isolated from L.B . & L .R.

— 4 N CRT Number of  p e o p l e  k i l l e d
5 N RBC Number in rescue boat crew
6 NA S Number of people to abandon ship
7 R 1 Number of people that can abandon

ship in life boats H

8 R2 Number of people  that can abandon
ship in life rafts.

9 EXC Excess capacity in L .B . & L .R.
10 J Number of people who attempt to abando n

s h i p  in rescue  boa t
11 N Number of people in water
12 NRB Number of rescue boats
13 CRB Capacity of rescue boat
14 N IB Number of life boats on ship
15 N LR Number of life rafts on ship
16 CLB Capacity of each life boat
17 CLR Capacity of each life raft
18 N L Number of life boats available

- ‘ 19 N R Number of  life rafts available

20 N RB Number of rescue boats destroyed
D

21 N RB Number of res c ue boats  launc hed
-~ 
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A p p e n dix  B (Con ’t)

Array P1

Element Variable Desc ription
Number

Probability that a given man in the
water was knocked (or blown) into
the water (as opposed to isolated)

2 . . . Not used

3 . . . Not use d
4 P 3 P robab i l i t y  that a col l i s i o n  resu l t s

i n  a f i r e
5 P14 P r o b a b i li t y  t h a t  a rescue ship is nearby
6 P5 Probability that an explosion results

in a fire

7 ... Not use d
8 . . . Not used

p
8 Probab i l i t y  that  a collision damages

a l i f e  b o a t

10 P9 P r o b a b i l i t y  (due to heel ang le  on l y )  of
-

- 
successfull launch of hi gh s ide  L .B . ¶ 1

11 P 10 Proba bility (due to wave height only) of
successful l launch of L .B. or L .R.

12 p 
1 Probability (due to heel angle only) cf

1 successfull launch of low side L .B.
13 P 12 Probabilit y (due to wave height only) of

successfull launch of rescue boat

14 P13 Probability man knocked (or blown) into
w a t e r  was  w e a r i n g  a PFD

15 p
14 Probability man i s o l a t e d  & jumped into

water was wearing a PFD

RR-’~RlArray  Ri
1 u or a Mean or Mode for Normal and Rayleig h Distributions

2 (No Name ) Minimum (Normal  and Uni form D i s t r i b u t i o n s)
3 (No Name) Maximum (Normal and Uniform Distributions)

4 a Standard Deviation for Normal Distribution

B—8
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A ppend ix  B (Con ’t)

Ar ra y  T9
Note :  19 has two dimensions. Eight (8) rows (1 st dimension)

and e l e v e n  (11) columns (2 r~1 dimension). Each row
c o n t a i n s  the da ta  for a s h i p  t ype .

Column V a r i a b l e  D e s c r i p t i o n
Number

1 Ls Ship length in fee t

2 N CR Number of  peop le  on board
3 N~~ Number of life boats on ship

4 CLB C a p a c i t y  of each l i f e  boat
5 N IR Number of life rafts on ship
6 C IB C a p a c i t y  of  each  l i f e  ra f t

Mode of significant wave heights --mid -winter
8 Mode of significant wave heights --mid-summer
9 

p 
Mean water temperature--mid-winter

10 Mean water temperature --mid-su mmer
11 P 1~ P r o b a b i l i t y  t hat a rescue vesse l  is nearby

Array T9$
Note :  19$ , an array of s t r i ngs , has the text for the eight

sh ip  t y p e s .

E lement  C o n t e n t s
N umber

1 “TANKER”
2 “CONTAINER ”  -

3 “ LNG”
4 “ F I SHBOAT ”
5 “TUG”
6 “ BA R GE CAR R IER (LA S H ) ”
7 “GREAT LAKES BULKER”
8 “ F E R R Y ”

-~~~ 
1
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A p p e n d i x  B (Con ’ t )

Array IS

Element Variable Desc ription
Number

1 1 Time from casualty to abandon ship
2 

~~ Time from rescue boat launched to
crewman retrieved from water

3 T~ Time from abandon ship to rescue boat
launched

4 THYP Time to die due to hyperthermia
TSF Mode of time to drown with PFD

6 TSNF Mode of time to drown without PFD
Length of time man is in water

8 MTTPU Mean time to pick up one man with
rescue boat

9 T
s~ 

Mean t ime to per fo rm s t a n d a r d  maneuver
10 T TR Mean time to transfer a man from

R . B .  to L .B ., L .R ., or rescue vesse l

Ar ray  Vl

Element  V a r i a b l e  D e s c r i p t i o n
Number

1 WT Water temperature
2 h w Wave height
3 L IB Computed length of life boat
4 LRB Computed length of rescue boat

5 l/S L Reci p roca l  of sh ip  length
6 LT Total length of all L.B. & rescue boats
7 F55 Sea state function (1- h W / h WLIM )
8 Fyi5 Visibi l ity function time s sea state function

8—10
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A p p e n d i x  B (Con ’t)

A r r a y  X l

Element V a r i a b l e  D es c r i p t i o n
Number

1 NS IM - l One l e s s  than the number of s i m u l a t i o n s
2 N Number of p e o p le in t h e  w a t e r

3 N~ Number of people rescued with rescue boat
4 NS/N Rat io  of number of peop le  rescued  w i t h

the rescue boat to the number of people
i n  t h e  w a t e r

A rray Yl
Note : Vi has two dimensions. Eleven (11) rows (first dimension)

and three (3 )  co lumns ( second  d i m e n s i o n ) .  The f i r s t
co lumn ( s u b s c r i p t  of one)  c o n t a i n s  the running t o t a l s ,

- - the second column (subscript of two) contains the

minimums , and the third column (three subscript)

contains the maximums .
Row Variable Description
Num ber

1 N Number of people in the water (running sum)

- : 2 N5 Number of people rescued by the rescue
boat (running sum)

N
5/ N Running sum of the ra t io

4 X Number of times a rescue boat was
damaged (with two rescue boats could
be incremented t w i c e  in a s imu la t ion)
No entries in column two or three

5 N < ~ 
Number of people not rescued by rescue boat

‘ due to R.B. damage or launch failure.
Not pr in ted out

6 V Number of times a rescue boat launch
fa il ed ( no en t r i es  in column 2 or 3)

7 . . * Not used

- - 8 Z Number of times all boats filled before
launch (no entries in columns 2 or 3)

9 N~ Number of people not rescued by rescue boat
due to no capacity before launch

10 ZZ Num ber of times all boats in water become
fille d (no entries in columns 2 or 3)

11 N zz Number of people not rescued by rescue boat
due to no c a p a c i t y  a f t e r  launch - -

B—li 
-
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APPENDIX C: Man Over boar d Operator Pro gram L isti n g

I 1:1 ii WWWWWWWW WWWWWWWW WWWWWWWWWWWWW WWWWWt4WUJWWWWWW L4W (~iWWWWWt’JWl4~JW
Id Ii N~ UI hUt RAM I OR M A N  f I V E  I L~U Ai ~Ii ‘ , (HUt A l I ttO - I I I 9/P
I~t1i:d.JEI 92OO I~t M  FIC)hi.. ~ f- ..I~A~-;I~: V .
11111 t’j~~ L~

-’~~,t’2(3~
I~i H I (10)
L’ EM ii I $ ( -t i ) 30~ 

( 1 ;‘ ) i’~ : REM WuJwuuwWw~ w~Jtjt-’ujuwwwwwwwuwwut .JwwtJ
I ~~

—. r’ .1. H I- - 
-

) ( I 5 , -~

01 H A 1. 2 ) • :1 ~ ~ ) 20 13 ( I 0 - 1.5 > : i iii 4I4WWW W L4W W WWWI 4 W WW W W WWW W I4
I,) T h u  -.‘~ ~

- )

R E M  c-;Er B E G I N N I N G  ~ i:~ i r’ iNt -; ~-~t F  C A L  N U M 0 E I ~~;. **********************
S.. INF-l .Jr ~FIRST bi:R. (AI . . t41JMFII:k’ N5
34 INPUT ‘LAS SER:(At. NLIMAER N6
10 :[NF-ur “ [‘AlA FILE NAMF : • ~I - ~t

-
~~~~ SELECT i t .  B2o~ i:’ArA I. ~~~[t [ if . Ou C H  R$:L ,F$

FOR N 4 - ~N5 ro N~RE:ti INI IIAI ... :[ZE •
‘ .2 F R:FNT :f : R :INr ‘IN:[ r IAL. 1/ENS . ’
2 4  GOSUB Y O( ’j RI:ri TN] ii :Ai ..IzE CO NSlAN rS, ‘

I
t3OSUB ‘?[oo: RETI IN1 h A t  -: ARRA Y~;.

-‘13 (3051JB ‘ .~200 : REM i-- IOML. ~ E R ASE rv
~3 O REM I N f - u r  SHI P c I A cos :rEu :~I s r i c S
32 P R I N T  ‘S H[ F- ’ C [$

~-34 [ i-~C:l
F:RTNT TYPE OF suu:l . i: ’r .

9() FOR I ‘C I TO MS
F [00 PRINT iAF’(~~) I • ~r :[$ 

h o  NEXT I:PRINT
.120 i Ni-UT • NtJMOER OF SH I: i 01- S I RED • N 1.

IF  N [(CJ l HE:N oo:ir N i - r 1 5  tHEr-’ 130
t -~o ts- ;OSLJ rh 9200: REM I-U1ME ~ ERA SE : tO
[
~~0 Ji=M3 :Oosii8 9300:REM sl i t . sI--u j:F-?

IL~~~0 IF .i i$— 1’ TI- lEN 2-4()
- - 

- .1 !() K]. ~C :1
IRO FOR Ji=M3+cJ . TO M4 ----C i
[ ‘20  F-R[N r:PRLN r (srii .’ ;Ml s~~J :p. )~~’ •~‘~~l 1( N 1y[ i2 ( N l . ) ) ’ ) ” ~200 ROSUB 9300 : REM AS K cIUES r I ON ~ RECEIVE REPLY
10 Ti (N.E ,112(K1. ) , - ~D1 (K:[

N i~ K1-f C J.
230 NEXT .i1
.240 F:;)(io)~~T :u. (t,-I P I T )

oUStIB 9200 : RE:M HOME ~ ERASE T~
75 REM INPIJr RH,cu IE BOA r C HARA CFERIS T ILS •

270 F-RIN r ‘RESCUE BO A T ”  C1$
PR [Ni : FR :1: NT

290 FOF: JiI~C:L TO M3 -Ci.
GC)S[JJ-I 93(X) : F- :E M ASK (lUEST I ON ~ RilE 1~ VE ANSWER

3.1 0 NE Xi J 1
520 [i1 (Ji )- ~:C0

IF 1il s- :: :> ’J TI--lEN 34()
:335 [‘1(11 )~ (::1
340 Ji —M 4 : iIOSt.JD 9300 : REM ASK LAST R • I-i • OUEST I ON ~ RECEI V L A NSW ER
550 IF riis-(::- • i THEN 360

C-i

- I 
- - - - - — -: - 

— _  -- - - - -  _ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- -



_ _ _

I I ( N .[ , : )  -- t:: u.

l S ) - = 0 .9 5 t 0 . O I  *1~i ( 7)
0 Ri

R I M  I t IE S: [ MUI.Au [ ( I N S .  * * * * * * * * * * * * ** * * * * * * * * * * * * * * * *$ * * * * * * * * * * * *R[ il
IN F I l I  NUMIiER UI 1 , I M UI A I  EONS” ;N-4

5 ~: kI-- M
2 - 0  RE- tI COM F’ I i l  F VAI l AlliEs T H A I  REMA :[ N

II Ii CONS I A,’4T FOR Al I.. SIMifi ATI (JNS IN A R U N  •
R E M

-11 1 [ S t  3) ~
1( )

-1 50 [F T5 13 ) :(‘.~ T I-lE N 440 
1.0

~~~ [~~~ - - t. > * ( 2 ’ 1 c I I ( N : I .yC : I ) / ( , - 5’;.0~:,~ 

-150 15(1 I.
I . 1 12 )  -—3 0

-:~~~‘~~
- I~ : ri LIR 111:.  I IRT.A1iLE~:, ON 1.1 1 5 K  •

Iii I N riulili l A RI ill * ‘~~ A~ • H U~ F H H WW W L4 WWW LJ WW W WW W WWWW W WWW L 4 W
~~:~~

— l ’ At ~h SAVE TiC IL Ni , N2 N:3 N4 : REM I . Iw w wwuw w wwwww w wwwwuIbJ w wwwww w uw ww w wwwwwwwE -
I I - I) I-~ 1 - 2 .  10 H 2

[IA 1 ft SAVE: lIE Ii i :1 NJ. I ) [ii ( I ) 2 ( I ) . 15 ( :1- ) : R E M  WwWWWWwWWwL.JWWWww W uwI.J w t-J~580 N EX T I
.~ )o F i:)It I ~M3 10 15
.~20 BA I A SAVE liE ii. [‘1 (1. ) rP2 ( 15 (I): REm I4WWWWWWWWWWWWWWWWW I4WWWWL. J W 1414&JWW4t--
~, -10 N E X T  I

JIA lA SAVE tIC Ii T:I $ (N:I ) : REM WWWWWWWU JWWWWWWWWWWWWWWW (4WWWWWWWWWWWWWWWWWWWI
I , O EU! ~ 1:koo:RI:: h 0Ef~uc; P R I N t .  r Ti
n s~u~ I HI: N ‘99
REM UJANT MORE? ***************************************~~*7 Ii ~ El - -: I: i’1 I “ WA N T TO E N F l I t  NEXT RUN~~E - R.tNT • :.l_ .RIAL I bN3-l-C i
[N I - I l l  • :t~ YE S ;  0 — N O , ’ T A

1 )  I F A~ CO TIlEr-I S0()
‘So E l  A - -Cl tHEM 700
-60 i i.  I5 II RE

rn xi N3
F F ~1NI • F r-)I’ lii . 

~- I- -IAI 3E c;C)MF I,. I: I:., .’
- - . - DATA s~ ot:: n t:; I.E END: [‘AlA SALE Li t:; CE OSEAI L S 01
-~~~

- - ‘ - i  t I  r~ r iEr hut ; p R I N r f T ( j I 5  •
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I OFt 1 2= C I  T O  12

- I F  I * 
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- / I IslE ~~ s’ - -

* 1 1 4 = :‘ ~ : PR iN  t
l it [NT lA ir I t-4 ) lii. 1 1-I I [2 i
r4 rr 14)9

rlF -~ 12
- I I  I r J l : r - k i N I : I - F - ~INt  ~~~~~~~ l-~C IAT ’
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14 -:s
8650 r oIt i~~-r.i to I
13652 IF I 2 - / 1 HE:N [165~)

1)653 r4 - 2 2  : PR TN I
I 

- 
8654 PRIN1 T A1-~ 

( r 4  .. Is I ( 1.1
2 13656 r4=T4-39

3658 r-I i -X 1 12
866<) PRINT :lR [Nr:Fp :(NI .I: l~ImAr r I I I  1:1 1 :5” ,
3662 r4=22

13664 f O R  12 - L I  TO i S
ir I:-’- -‘ n-li:N u-~,~ -’5 : ( ; ’ .i TO 1166. ’

13666 i i  12-2 :1 5 I l- l EN s.-~sI~
13667 1 4=22: F I t 1 NT
13668 NT 1 A o ( T 4 ) ; u 2 ( i : .l ,~~ : l .4 r i 1 9
13669 NE:A i 12
0670 P R[ N I : F . R I N T : u F t I N I  5/ N ; IouI r ~. Ls ) ~~~ ’ft (IF 5 I M 5 ’~
13675 PRE N 1 i A r t ( 2 4 ) ; ” 1 ( s L . )~~~ 1At - h 4 ;’ - -, “ F I T W ) ,.1~~1 :- .~ - I.; T ” l ~~L. ’ 0 ) °~
068() PIt:[t1t rArt(62)
c36E35 PR[P41 N3;1Art ( i : 3) ; N -4 ; 1A I- .t ( 2 4 , ; l ;, ~~1i , I A I r 1 - -- I . , ( L ) ,
:1690 pRINT r A B( s ) ; rs ( 1 D~~nA B (6 , ’) ,  5 ( 1 2 )
8694 f R  t N T
d696 SE:1ECT PR:I:NT 0OS (  :~o
1:3699 RE:TUFtN
9000 REM I N I r I A I :[zI-: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
90 [ () C0=() :ci=i :C;:-’=2
9014 c3:-1l :c4 - 1o
1016 c8=60:C9=3.14 159
‘10 2<) Ci$= ’ C H A R A C r E R i - - ; T I t 5 - ,
9025 I:l2( l) :i : I: ,2 (2:- :~2 :LI2( 5 ) 12
9030 F1=254 :01=6
‘1040 Mt~~33:H2:: 12
9045 M;3: 13 : M4 -= :I i : H58
9050 F- .3-=0,9595 F4:0,00’?S
9060 I -

~~~ 0~ (‘.1 ~u3 : 1-6 -0 *

1064 S1~~0.007~~::;2 - - f I . l l - . o : - - . ’, o , I
‘1066 54 - -— 5.9L ,:5s :-:0 . 101 ::~6-2. 25
‘10110 X 0~ 19

I~[ It I Itr 4
9100 ItE 1-1 - , F I lW  Al I A Y 5  • *-4~I 1 * -  ~ ~~~~~ IC~*.. I~*-5 *;~.~ 1<****4 1**-t~ t~i-
9 II ’ ) FOI : I --C I 1)) 1-14
‘11 [ ‘5  REA l ’ t1i$ ( I ,M6t I ) ,i-i ;’’ .[
91 20 NEXT -r
/125 FOR J~~C1 TO 1-15 - -

9130 REAl’ r l$ (  E
91 35 I 0Fo J .1. II ) M2
9140 RE:Aii I~I (I ,J)
9145 h-tr :xT .1
2150 N E x t I
9160 FOR I-- I - -u T(:) L
9170 REAl’ I -~-? D
9180 Ml xi 1
/ 199 It t- IlIRN
92”O REM HOME : ~ 1 1 0 S F 1 V • ~*~** Is~~**** -~~**-~~-I 7 -* i~1*** ***** *t ** ’ *
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9210 PRINT HEX (03)
9220 RETURN

REM III ~F I A r ’ (~(JL 5 1 1  (IN X 1 1 1 1  ‘‘I ANSW I F.. *t’t****~t’**’~’V****
9310 FRTN r: PRINr ;ti -lsci :i
93 [5 IF M6 ( J:[ )~~M7 ( J E  ) ri--IE:N 9370
‘1320 INPUT 1~’iUi)
9325 IF’ J:’~~~Ii~~~M6 iJ IHEN 9 [0
9326 IF Lii ( 11 ) : :-M7( J 1 ) THEN 93:1 0
9340 11=1 1-i-Cl
93C) RETURN
9370 F-RINT:PRIN I • ( 1=yEs~ 0 --NO
9375 INPUT “ENTER 0 OR 1” ,DE$
93(30 IF 1I1S= 1” I I-lEN 9:39’?
‘/3135 II- Di $-:~~~- ‘0” tHEN 9 5 1  0
9399 R E T U R N
9)300 REM LiA r A S T A I E M L i — ~ iI.~ i- (lit lJui ;, I I .’N’; • **-*~*;~*~*4~****9305 D A T A  •c ; )- : .EE r I ‘E N SH OE ) il --I WA i t t - I I-:NOT 5;’ A ,,

9li :L0 [SA rA “ SPEE~LI IN 11 I I  • WAV I I; ‘~K N U T I ) )  “ ,3 ,100
913 [5 DATA F: REEBOARD [ El - 1 ) ” ,0,5~~- ’i)
98 ‘0 ISA I A “I E, Itt E N I UI (.1 J NW AL I 1)1 1 N c. / ) I I 01)

‘u~ 5 [ ‘A lA “HF lt ,HI OF I UOKUUIS I Yl ‘I 1 5 0
I:’AUA ‘ME AN i TME lu F Rt:PARI:: ( M[ N.  ) ‘

IA ~5 DATA • NUMF{( F.. Li)- F Al I S ‘ I ,
1(340 [‘A IA ‘[‘I ‘- (  F- N I SI F I It ( F I /1-I I d , I 0~ ‘—,0
9845 i’i~ TA • MAX • LAUN(:;i-i SI.EE::I:I ( NNt I ~ ) 0., (00
‘1050 DATA • MAX • wAvE :  ~i~:: 1 SHI ( 1- 1:1 -r ) “ s :1 00
9855 [ ‘A lA ‘AU’ . MANEUVE R UHF ( M I N ,  I”
‘1860 DA1 A • USE: rtO~~r r O R  s[::~ It~~- I “ A
‘1865 D A T A  • WANT b AN DAR D SHel l::. “ 0 0
‘/870 DATA • SHIP iE:N& H :10,2000
9875 DATA • SHIP SPE~El~’ 

“ , :10,50
9880 I IATA “ MEAN l--IEAI:s :[NG ERlWI~ 

( lit - ) •

‘113135 [‘AlA sl:-::AR[;H wi i-- i R.D.  ut-t i r’ ~~~~~~~~

REM DArA S T A T I C  MEN I:; FOR s h APtI :,AItT , SI I I ’
99[() r’AT f-~ lANKi - Ft ’ ,84 5 , :I6 , l :3 . -, - ,~) y O , 0 I 5 y 3 , 6 , 5 v l ’ - ) , - ’0, -38,0 , ’ ’5 .i
992<) D A T A  CONrAINER ,/ 1 0 ,2 5 p2 ,6y6 0 ,0 ,0 5 ,3 ,S , , : ’ -: s- - ‘ 0 ,3 8p0 , ’)S’ ’ :I
9930 DATA “LNG’ ,9OO,20,6.4,90,0.O~-I, .5v5yS4y7O,35,O.05 yi .
‘?‘140 i : IATA FIsH u:N(-j ’ ,7,-.-,, -1o,o ,5y :~’ lyo , .[,2 ,2 ,-4 , . - -’~ I ’ ) , -  ,-‘0y3i-1 y ’’ ,,I:, , ’

DA TA TuG , iSo,7 ,1 l,25 ,o .5 ,2+ 1~ 4 ,9 ,:l0,7u ’ ,:’8, c’ . 5 - 2
/960 [SAr A BAF..GF I A l - h i — I t  (LASh ) y ’TO, ty 6 , ’Y’~,0.~

) .5, ’,’ I • 1’~

9970 DATA ‘GREAT L AKES }iUL .K ’H ’t ” , 70::b , :E 4 , 9 , 4 , 3 / y 0 . 2 , 2 , 4 . - j 3 , - $ 0 ’ - ’ ) 2 ~~- - ’ .’ -’:, -~ I
?9130 [‘ATA ‘rE:RFer ’ ,iso, -u6,o ,5 ,3s ,o , i s ,3~ 5,8,70~ :3fl~ 0 ,5 ,2
9990 REM PF:OFiAB IL [F  FF5
‘1992 tiA rA O . 63 ,0 . : 12 .0 . 0 3,0 . 2 6,0 . 0
9993 [‘~~TA 0 .0,1 .0,0 .5 0 . 9,0 .0
‘1994 D A T A  0 . 8,0 ,9 ,0 . 0’0 . 6 5,0 . 0
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Appendix D: Annota ted List of Var i ibles and Arrays In Man

Overboa rd Simu lation

1. Variables tha t remain unchanged throughout simulation
AS = Input disk file name

= Output disk file name in Simulation Program
= String of blanks in Output Program

B9 = l.0E30 (a large value near the largest tJ’~e mach ine

can represent) F

C O = O
L c i = i

C1$ = string “ CHARACTERISTICS. ”

C 2 = 2

C3 = 11.

C4 = 1 O
C8 = 60
C9 = 3. 14159
Fl = 254 in Operator Program

= temporary storage for flag F(6) in Simulation Program

F 9 = O
Cl = 6

= string “ NO. MEAN MIN. MAX .

L 1 = 3

L2 = 8
L3 = 32 “TAB” values for “REGULAR PRINT”
L4 = 22

L5 41
* 

L6 = 50

KS = string “KNOTS”
M1 = 33

M2 = 12
M3 13
M4 = 17
M5 = 8
Ni = Ship Number

D- 1
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Appendix 0 (Con ’t)

N2 = 0
N3 = Serial Number
N4 = Number of Simulations

N5 = First Serial Number (Operator Program)
N6 = Last Seria l Nu mber (Operator Program )
P3 = 0.9595
P4 = 0.0095 Constants to compute probability P15P5 = 0.0168
P6 = 0.0008
S = Season (Time of Year ) H

Sl = 0.0024
S2 = 8. 1E—6
S3 = 0.1 Constants to compute minimum and maximum -

S4 = 5.9E-5 time to die due to hyperthermia
S5 = 0.101
S6 = 2.25

- TO = Surviva l Time
X0 = 19

2. Variabl es that change (simulation variables)
‘ Fl = value of flag F(6) after search by ship during

search wi th both sequence
I = Genera l purpose index

-
~ 11 = Genera l purpo se inde x

12 = Genera l purpose index

J = Genera l purpo se index

Ji = Index into Question Array , M1$
J7 = General purpose index

J8 = I ndex -in to resu lts ar r ays , M9 , N9 , S9, & 19 for output

J9 = Index into results arrays, M9, N9, S9, & T9 for accumulating
statistical results

K = Loop cou nter for sea rch

K 1 = val ue of K a f te r  search by shi p dur ing search wi t h both

sequence in Simulation Program
= Index into array 01 in Operator Program

0-2

-
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Appendix 0 (Con’t)

N = Overall fraction of MOB ’s rescued with rescue boat
P = Probability MOB has flotation (input to subroutine 8500)
Ri = First random number for distributions

-: R2 = Second random number for norma l distribution
R3 Variant selected from a distribution
T = Running Time (simulation time va r i ab l e )
T2 = Time to find MOB including time to return (14)
14 = Time to return (from bridge notified to MOB’s position )

16 = Va lue of T2 af t er search wi th ship dur ing  search wi th bot h
T8 = Value of T4 after search with ship during search wi th both
Vi = Normal variant with mean of zero and unity standard deviation

3. Arrays
Array DO: An array of values originally used to truncate and fo rmat
var iables for output in lieu of PRINT USING statements . Not used in
current version of program.

Array Dl Rescue Boat Characteristics

Element Variable Descri ption Units
Number

1 V Speed in smooth water Knots

2 V8 Speed in 8 ft. sign. height waves Knots
8

3 Freeboard Feet

4 Percent of gun wa le  ope n (%)

5 Height of lookout ’s eye Feet
6 Mean time to prepare Minutes

7 Number of falls
8 Descent speed Ft./M in.
9 Maximum launc h speed Knots

10 MaxImum wave height Knots
11 Mean time to per form standard maneuv er Minu tes
12 Use boat for search (1=Yes; O No)

D-3
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Appendix D (Con ’t )

Array D2 In dex of ship characteristics to change
Element Value
Number
1 1
2 2
3 12

Array D9 Print requested flags (1 YES ; 0 = NO )
Element Description
Number
1 DEBUG PRINT # 1 flag
2 DEBUG PRINT # 2 flag
3 DEBUG PRINT # 3 flag

• 4 REGULAR PRINT flag

5 COMPRESSED PRINT flag

A rray F Flags set at s t rategic  points  i n Simulat ion Program

Element Description
Number
I Seen - Not Seen (Seen = 2; Not Seen = 1)
2 Restricted - Not restricted (Restricted = 2; Not = 1)

3 Use rescue boat for search (NO = 1; Yes = 2)
4 Search results
5 Not used
6 Simulation results

: 1  Arrays Ml$, M6 and M 7 Ques t ions  for operator and limits
Element Question (contents of Ml$) Min imum Max imum
Number (M6 ) (M7 )
1 SPEED IN SMOOTH WATER (KNOT S) 3 100

2 SPEED IN 8 FT. WAVES (KNOTS) 3 100

3 FREEBOARD (FEET) 0.5 20

4 PERCENT OF GUNWALE OPEN (%) 1 100

5 HEIGrLT OF LOOKOUTS EYE (Fl) 3 50

D-4

-~~~__  _ _



fl -

~~~~~~~~~~~~~

_ -_ _--

Appendix D (Con ’t)

6 MEAN TIME TO PREPARE (MIN.) 0 10
7 NUMBER OF FALLS 1 2
8 DESC ENT SPEED (FT./M! N.) 10 500
9 MAX . LAUNCH SPEED ( KNOTS) 0 100

10 MAX . WAVE HEIGHT (FEET) 5 100

11 STD. MANEUVER TIME (MIN.) 0 10

12 USE BOAT FOR SEARCH 0 0

13 WANT STANDARD SHIP 0 0

14 SHIP LENGTH 10 2000
15 SHIP SPEED 10 50
16 MEAN HEADING ERROR (DEG .) 0 5

17 SEARCH WITH R.B. ONLY 0 0

Array M9 Simulation results (maximum time of occurance)

Element Descriptioft
Number
1 MOB alive when bridge notified (seen)

2 MOB alive when ship or rescue boat returns to MOB ’ s
position (seen)

3 MOB al ive when found in water (seen)

4 MOB alive when brought aboard rescue boat (or ship) (seen)
5 MOB alive when back aboard ship (seen)

- 

- 

6 - 10 Same as 1 - 5 but for when MOB not seen going overboard

Array N9 Simulation results (minimum time of occurance)

Elements same as for array Mg.

Array P2 Probabilities (Variable name same as element number)
Element Description
Number
1 Probability MOB seen going overboard

2 Probability MOB had flotation when seen going overboard

3 Probability MOB was wearing a PFD when not seen going overboard
4 Probabil ity MOB got a Life Ring when seen going overboard

D-5
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5 Probability ship restricted from turning (set to unity for
search with rescue boat only)

6 Probability both rescue boat and ship will search (set to
unity for “use rescue boat for search”)

7 Not used
8 Probabilit y MOB is spotted in water during a given pass

when MOB not seen going overboard
9 Not used

10 Probability ship will recover MOB directly when found by ship
11 Probability ship successfully recovers MOB when found by

sh ip and sh ip  elects to recover MOB directly
12 Same as P8 but for cases when MOB is seen going overboard
13 Probability MOB and rescue boat crew will come aboard the

ship and leave the rescue boat adri ft
14 Probability MOB and rescue boat crew will successfully get

back aboard sh i p  when rescue boat is cast adrift
15 Probability rescue boat with MOB and rescue boat crew are

successfully recovered along wi th rescue boat

Array R Parameters for distribution subroutines
Element Description
Number
1 Mean for normal distributions and mode for Rayleigh distribution
2 Minimum for norma l d i s t r i b u t ion and un iform distri bution
3 Maximum for norma l and uniform distributions
4 Standard deviation for norma l distribution

Array S8 Res ult of simulation which require only a count of the number H
of times the event occurs

Element Description
Number
1 MOB seen going over board

2 MOB not seen going overboard

D-6 
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3 Rescue boat launch failed due to sea state
4 Rescue boat successfully deployed

Array S9 Simulation results (number of successful rescues using rescue boat)
Elements same as for array M9.

:1 Array Ti Shi p character i st ic s
Note: In the Operator Program this array has two dimensions (Indexes).

The fi rst index sel ects the ship type ; the second selects the

ship characteristic. In the Simulat ion  and Output Programs the
singl e index selects the ship characteristic. The changing from

• two dimensions to one dimension occurs as a result of the separate

programs with a disk file serving as temporary storage.

Array Ti Shi p Characteristics

Element Variable Descri ption Units
Number

1 Ls Shi p len gth Feet

2 V~ Ship speed Knots

3 Ts~ 
Time to stop Minu te s

0

4 He i ght of lookout ’s eye Feet
5 P5 Probability ship is restricted from turning

6 Mode of sign . wave heights in mid-summer Feet
7 Mode of si gn. wave heights in mid-winter Feet

8 Freeboard of ship Feet
9 Mean water temperature in mid-summer Deg. F.

- 
I 10 Mean water temperature in mi d -winter Deg. F.

11 Probability MOB w i l l  be recovered by
P10 ship rather than rescue boat

12 Mean heading error Deg.

0-7
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Array T1$ Ship type used only by Operator Program (a variable in the
- Simulation and Output Programs holds the ship type)

Element - Content s
Number
I TANKER
2 CONTAINER
3 LNG
4 FISHING
5 TUG
6 BARGE CARRIER (LASH)

7 GREAT LAKES BULKER
8 FERRY

Array T3 Para meters for search (also see TABLE I in  •body of report )
Element Description
Number
1 Time for ship to turn or t ime to prepare to launch rescue boat
2 Time for ship or rescue boat to return to MOB ’ s position
3 Survival t ime remaining at beginning of search

4 Navigational Error

5 Di stance of vi sibi li ty

6 Time si nce MOB las t  seen

7 Time to turn (180 deg . turn )
H 8 T i me from time MOB went overboard unt il MOB missed

9 Number of opportunities t~ spot MOB during search until .

survi val time expended

10 Probab il i t y  MOB wil l be s potted in water dur ing a g iven pass *

A rray 15 Various values that remain constant throughout a simulation
Element Description
Number
1 T ime s i nce MOB las t seen
2 lime from when MOB went overboard until MOB missed

0-8
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3 Mode of survival time due to flotation without flotation
4 Mode of survival time due to flotation with flotation

5 Time to notify bridge

6 Time for rescue boat to report to boat

7 Time to prepare rescue boat for launch

8 Time for ship to slow to the maximu m safe rescue boat launch
speed

9 Time for ship to execute a Willia mson turn

10 Surviva l time

11 Min imum time since last seen -

12 Mode of time since last seen minus minimum time since last seen

13 Time for shi p to execute a 180 degree turn

14 Time to launch rescue boat
15 Environmental distance of vis i b i l i ty

Array 19 Simulations results (sum of times of occurance of events)
Note: This array holds the running total time for the event during C

the simulation run. A fter the simulation run each element of

this array gets divided by the corresponding element of array

S9 (number of events) to yield the mean time for the event.

- ;  Elements same as for array M9.

Array V Various variables

Element Description
Number
1 Water temperature

2 Wave h e i g ht

3 Rescue boat speed (in the height of waves in 2)

4 Speed ratio (Shi p speed divided by boat speed)

5 Distance of visibilit y from ship

6 Distance of visibil ity from rescue boat

0-9

~~--. ~~~~~~~~ - - -—- -  -~~~~~~~~

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_________  
- 

——-
~~~

- - —  -- --- 

I

APPENDIX E : Man 0ver~oard Simulation Program Listing

I i~l- 11 FRt~ij RAM Foi~ MAN ( lvE :F~D () AI :~ICI ~; I Ml II. A l  (ON -, MARCH 1 ‘?7U
.1. o c;t suB 9200 : RE.M HOME ~ EC:RA~3lC: I V
20 1 l~ [N I  IN CIT ( A [CL 7 Ni
22 h i M  ISI0 (10),Di (L~~

)
~~l’’ ’ .~

- )
DIM f (6) C

-
s ‘I FiL M Ml $ 1.7 ) ~

) , M6 ‘ l  / I MS/ ( 1 1 119 ‘ 10 ) REM l~lWW W W l4 4 W W (JW (~W WWuI4 l4Wh.J W~Ju
h i M  N9~ k’) ,I i )  ,l- ’~ 

) 
~~4 ) v ’, 9 (  I I )

— 
•~~

- - u- i ii r•3 lø ) , 1 5 1 ) r9 [0 ) :1~~~ j .~ 4i~JW 4[-J t~JWL4uWL luI4W (~JWW WI4 W
t’[M ~‘~6)
t - tCi~Cst 11 i 9000:Ri 1 INC [ 1 C[A [. I7F: SI1C )N~~1A r ?i -;
[NFI.J I “Di1 }~IiU- F i ~IN T  t i  ( h ~~~~~~~ [~~~~s~~ 

) Nt 1 ) n ,ii~? ( f i
I I  I :’9 ’c i )-  - C O  THE N 4 3 i ~il1 C) ~50

4 - 3 IF t I9(C:I ) -~ .:C1 THE N 40

~
;o iwriii ~IC’F:}4uc- ; P R I N I  s.. ( .i - 

~i 5 ; 0= NO) ;II9 tH2S ~
If - D 9 i C i 2 ) -~~:t1’ () UHF N ~ 3: I;U1u ~-4
[ F lC, 9~~l 2 ) - :C - C i T i-li N ~- 0

- h :FNFl JT 1 1 ,I EiI.U3 F: FUNI- * 3  ( . 1 - -  ~- lS - s~ 
() - N t ) ) ” ~- I -~(~ C )

[ F Ii9~~-U - - CO T HI N  ~ -‘~~i ;ts ,fO 60
tr Ii’~~ 3 ) - : : C . [  THE N ~-~-4

- 
- S[NF’I i I R1 :CiL JL AR FR ]NI ( i - ~Y F 5 ~ O r- i l l)” ~D 9 ’ 4 .

~-2 ~H hi’/ ~ 4 ) - .~-C0 T H EN ~G UIO 6~
cs3 TF J i 9 (- 4 ) H. :- CC [ I F-lEN 60

LNPIJ1 ‘(~OMPR1~3SEII I - R I N U  ( -
~~ES G O~ NO) u ; I ,< l 5)

Fl I 1 9 ( 5 ) - : - - t ’ O  TI-U N 69~ c;(J w :~,)
$9 IF f’-? ( ~ 

) - : -  1 T H E N  ~‘-6
REM RA NDOM li: : RE II wwuw w uw W w L PWL4Wt4wt4WWW ( W W (4 l4 (4W WLlWW W L~WW~J(~J W
INFIJi • T N F U T  D A T A  CII F NAMICC : “

If [‘9(5)  1; -l THEN 100
/ REM L ERIN1ER :REM uwuwuwuww ww LJW l4wwl4W WW l4wwl4 w UJWt ~J l~W wu W l~WW I4t4WL l u

fiII’:s IJFI 79OO F~EM COMF R -51- hi F R i NT - - - -OU1  H E ( . D I N ( : - ; 5
REM CONSOL. 1 REM WWWW l4 WW I~W WWWIJ WWW W W W W W WWW I4W W l4 IAl W l4WWl4WW W h4Wt4WW

[00 RI - h READ V A R I A j ~L[S  FROII ICITSI ’S +  **~~**** * ** ** *** ** ** ** -* * **- ** -~ ****~
I [8
I 20 SEI ECT * 1 F20 : DATA l..OAI I DI’ IIEEN R-t I
[40 REM EIEI3IN [UHF U 0 rIo RUN~ To END OF: 1:- f i.E
150 DA TA LOAD DC $1 ~N1 , N2 ,N3 ,N4 : [F F ND OlI N 40() :1:1 j i W WL IW WWWW WW WW I4 L4W W

I I  A $-: CS - Z$ THEN .158
I -

~ -~ 511 ECT $2 B2O : DATA l OAn [IC OPEN R—t 2
[ .“ . () DATA SAVE TIC $2 , Ni , N2 N3 N-4 : REM wwwwwww wwww uwuwwwwwwwwww uwwwwwww

0 F OR I C 1 -r o ti :’
[80 DA TA LOAD DC * 1 , 1 1 ( 1 )  ,t’ :i ( I. ) ,P2’ I  ‘T S (  SI ) l-~Eh1 wwt4wwwWwwwwww~ Wt~ww
[135 TIA rA SAVE DC $2, T 1(11: ) ,fli. (I) P 2 ( 1~ 

) I ~ .‘ ( [ ) REM W uWWWWWW uu WWW I4 ( 4WW
L ’I’U NI .X1 I
/00 FF)I;- I =11~ TO 15

rA TA I OALI DC *1 ,I’i. ( I)  ,P2 ( 1) ,i5 I ) REM wwwuwwwwwwwwwt4wwwww WWWWW
23() [‘AlA SAVE: DC *2, DI ( 1) ,P2 ( 1) 15 ( I ) RF 11 wwi,jwwwwwwwwww uwwwwwww uw
24() NEXT I
250

DATA [. DAT’ ru ;  t;I~~T is: REM w w w wt ~~wuI4 l4 www w wwwww w ww uwwwwwww uWWW L4W WWWW
DATA SAVE TIC s 7 ,T Es : R E M  w w w w u w w w w w w w w w w w w w w w w w w w w w w w w W W w W u w W w w W

266 IF ru9 ( ~ 
) <CI THEN 300

REM LFRIWTE R: R EM wwwwwwwwwwwwuwwwwwwwwwwwwwww (4wwuwwwwwWWWWWWWW (4W
fiOSlIB 7600: REM III BUUI *3 PR I NT---- 011 1

E-l



/85 REM coNstn.E:REM ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~300 F OR .1 - Is; :1 TO 10
M9 ( I ~= ---B9:N9 Cl

_
~ _ c , _) 59 .[ i~~C O :T 9 k I ) C()
440 N E X T  I
350 55 ( CL) r11 () 68 C2 ) =C() : ~~ ~ 

) :~f ’() : so ( 4 ) ~C0
59( 1  :1) =C0

~
- ‘/9 110 10 4 7()

F R I N I  :F R INT  F [NJSHED. :DAT A SAV E~ DC */ , fN( :I
“ 11~ ’ IIAlA SAVE TIC CL.OSEALL.
I 0 ~ TO P

-1 -5) FR [N F ‘OUrFUT [‘15K ERROR .
I ‘11 s i lW
150 PRINT ‘CAN ’ i  OPEN INPUT F I lE .

1 ) 1
f:-f,- )- ~ -~ CAN ’t OPE~N O U T P U T  F I L E . ’

1 1) 1-
I R E 11
- 122 R E M  i~E f-j :[N L OOP T i )  PERFORM N4 SIMIII.A I iONS •
1 ~ REM
180 FOR N 8=Ci  TO N4
190 RE.M

REM RESET FLAG S ,  * * * * * * * * * * * * * * * * * * * * * * * * * * * * *** * * * * * * *
-
~ 9-4 REM

• 19ô F O R  5[=C:1 TO 6
- - 197 F( i i :C ( )
498 NEXT I
499 t; 0
500 REM
5 J 0 REM COME-li FE VAR CF AIiI...Es rHA r REMA I N CONSTANT
520 ~~~ FOR A C- C[VEN SIMUL ATION. * * * * * * * * * * * * * * * * * * * * * * * * * * * *** *** *t53) REM
550 REM
SoO REM COMPUTE NAVI GATIONAL ERROR = N.E. * * * * * * * * * * * * * * * * *
570 REM
580 R (1; 1) CO
590 P ( 3) =C2*T : 1< C I. ) : R ( C2 ) ----R ( 3)
600 F~(4)=T i (Ci)
-~ 10 GDSUEI f300() : REM CONSTANT TERM IN N • E
o2 (i N.- > =R3

REM CC)NTINUF1’ L. A iE :R ( I.. [NE 922)
63() REM

REM SET SEASON (T IMIC flf YEAR ). ************************
ô4() REM
— 7’-;:.> S=RNF’ (1)
/60 REM
664 REM ENVIRONMENTAL VISIBILITY. *********************** **
o66 R E M
668 R( C1  -=25000:OOS 1IB 8200:T5( 15)~~R3
o7O REM
6/ 7  REM T1JSTANCE OF VISIBIL TrY F R O M  S H I P  ANt’ TiDAl
674 REM
/~76 GOSU B 9500

E-2
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!O7o s93

:: ZP
ToRRA!E CA

PROGRAMS INVOLVED IN A ST /g!t!(U) N

UNCLASSIFIED
B BROWN M D  ID,

USCG—O—9—78 
DOT-CG—612 76—A

END
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V 
-

R~~M w A n i ~ I . Mf: L RAfUl.i  ** * * * * * * **** **** ** * * ‘~********~K
REM

I~( t .~2 ) — 2 f l : I ’~i:.h M IN II ~f l-’ .
100 :R( 4 )  t O

t3f)UUH fl000
‘
~ 

( C L ) - =  ~ :~
~~ ~) i-.i:. i’i

~:I ~
) REM ‘IORU IVA l U  ME H’~’ l l - l-’~ I 1 I~M[ A )  •

-
, ‘0

~f - ~i’~ 1 400 : T 5( : I 0) : i~~
~40 REM

E l M  WAVE I-IE[6H19 * * *** * *** * * * *~~**~~***** ** *** ***********
Rc c . L ) ’ r i ( 6 ) t - ~ f ’ t ( / ) • l i ( ~~

) *S
I.~t. )< :;t.J}~ fl200
1 1  

~ 
‘ >  ) :~f~3

RL: ii
- ‘ F M  PRt)E’Ai-~ILI ry OF suCcI~~H: u. . ~ i:’ ~.i’~~- i~i or • ~

- ‘ ~ 4 f I::.
f ) , 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
REM

H E~( 1AT sF~E Er ’ ~ Sl E E t ’  ki- ~ I I 0
R E M

• ‘,)~~D.L Ci. ) -F~. 1 ’ I ( t : ~2 ) - - - x , J  ~i:. ) * ,~~C.,’ . /u
700 11 v~:3 ) )•3 rHEN ‘fl-i
?fl~ ~~~~ A

V ( - 4 ) — 1 t ( C 2 ) / V ( 3 )
F )  i:: THEN floc

fi ?OO RESI Iit~f ltJ i i- ’l-~:il\! I.RE~ti
Ed:: ~i t.oo :r c i U ri:~ ILEMINI: i C H ~ Fl.. l:)ArA’r T ON. *****~ ***** **********02()
[F RNII( I )<~ F 2 C :L > ti-lEN :[ë00

RF ~M N OT ~~~l: ;j ~ f :oFN6 OV ER~~OARr ’ , ,
~********** ********* ***** ***** ***8~50 F ( C L  ) C i

~h 0 - 1 2 ( ~
( ) ( l

~~lJ } ~ Fl~,0O : I~Eu1 SIJRV -r VcII . TI M E : C Ft  ( ‘ rAT ION)
I I-- R3::-T~ (1 0) 1l~EN 090
~~~ .[0, R3
R EM coMF~ir ~- r  IME LAfli~~~E. EN ~ t i  ME Mi~ SSEfl NOT SEEN) •
R c c .l.) := r~D ( - i2)

900 GOSU~ 020() : REM RAY I . . EI  OH 1)1 ST
T 5 ( C i ) :~1’5( I i)* R3 RlEM rIME: L.A~~1 ~fl:~EN

/20 T~— ( (  2 )  1’~~ C l  )*bNI ’ (  ‘ .Rl ii I ) M L M l ( ,t F  1,

~~ 2 REM f:;OMPL.ETE N • F.
R ( C i ) = : L , 7 7 * T i ( i 2 ) * T ~~( C 2 ) * r i ( C 2 )
i;Osiir~ 0100: RE: M 51. 0F F-.: r ERM IN N • F
N~~~A}~ -~ C

930 r r ~ 
( C 2 )

REM SET 10 Iii SURV IVAL.  r uii:.

E-3
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T O= r~~
( 10)

939 REM I S M~~~ STILL.  A L I V E  (H I S S E r ’) ?
940 iF  1> =10 THEN 31 (>0

REM ~~~~~~~ 1 1ME: TO NOTI FY HR] ’ r ’GE (NOT SEEN ) •
R ( C [ ) = C 1
( o5iiB 8100: REM 1 (ME T C) NOT IFY BRI floE:

El 980 1 —  1 fR  3
REM [~ M A N S T I L L . .  A L I V E  ( F ~R I t i6E N ( J T I F I [ i ’ ) ?
[F f . .• •~~10 THF .N 3200

1000 REM
I 010 R E M  l O G I C  TO HANDLE SEAR CH BY BOAT , BY SHIP, OR BY BOTH. *******[020 R EM

. 1 9= 6 : 6 05 ( 1 1)  6500
L03 ( )  IF RNII LI. ) = P ~~( ’5 ) THEN :1500
.1040 REM SHIP NOT RESTRICTEI : ’ . ***************************************F( C 2 ) - ~L1
I 0~ 0 IF P2 (6 )  )i:() THEN :120<)
t100 pE:: M SEARCH WITH SHIP ONLY WHEN MOB NOT SEEN, *******************11 10
ii 20 1’ 3
.1130 COSLI F’ ?000 : REM SET UP T3 ARRAY.

.1 40 OOSl. J Fs 9400: REM 1)1) S EA R C H ,
[:1 ~~ REM INCREMENT TIME.
1 1 48  1= T + 14
I I ~ 0 REM TEST FOR Su CCESS
1~~0 IF E( 4 ) ( S T HEN 3300

.i i:’c, REM 5tj rc; E(: : rFr , •
1 1 74 J9=7 GO5~ 4 F~ 6~ 00 : REM REACHED M OB / S P O SITION .
[.180 r T +  r2 •T4
118 I 1—fl : 1~O5UH &,00 • RF H I U UN I i  M OD
1 .1. 90 0 C) T C) 1 400
1200 REM SEARCH W ITH BOTH WHEN MOB N o r  S E E N .  ************************* .1 2 .1 0 REM FIRST WITH SHIP.
.L21. .~ F ( 3 ) C2 :Z =3
.1214 GOSUB ?000 REM SET UP 13 ARRAY •

T 3 ( 4 )= :0 ,5*T3 (  4 )  :REM AEIJ. N.E.
1218 0051.18 9400: REM DO SEARCH ,
[270 R E M  SAVE RESUL TS.

Fi=F (4 )  : K1=N: T 6=T 2 :T8=T4
I ~5M REM THEN WITH BO AT ,
.1232 REM CAN L AUNCH’?

IF t l L ( 1o ) : : : .=V ( C2 )  THEN 124()
F ( 4 )  =4 T2 =C0  : r .4~co : 58(3)  6 (3 )  +C:[
F : 3 = C : 1  :oo ro :I.25()

.1240
1242 OOSIJ B 7000 :REM SET UP 13 ARRAY .
1744 1.~~4 ) = o . 5 * r 3 ( 4 ) : R E M  At ’j . N.E.
.1246 GOSU R 9400 :RE M DO S E A R C H .
1248 REM DETERMINE SI.)CCESS~ & WHICH?
.1250 ir FL: : ? T HEN 1256
.1252 IF F ( 4 ) ( E )  THEN 3400
.L 254 60 r o 1. 260

E-4
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1 1
1256 :rr F(4).::: 8 THEN t270~ iF T 6 ::T2 THEN 1270
:1258 REM FOUND BY BOAT IJNL..Y OR FOUND BY BOAT FIRST (OR AT SAME T I M E ) .
.1 260 F (5 =4 :T=T+T4
1262 J9=7:(30SU8 6500:REM REACHED MOB’S POSITION.
1264 T=T+T2— T4
1266 J9=8:GOS1J B 6500 :REM FOUND MOB.
:1268 GOTO 2350:REM FOUND BY I:~oA T ,
1269 REM FOUND BY SHIP ONL .Y OR FOUND BY SHIP FIRST.
1270 F (5):=3:T=T+To
:1272 J9=7 :GOSUB 6500:REM REACHE r ’ MC )B’s FosirtoN.
:1274 T=T+T6~ T8
1276 J9=8 :oosUB 6soo:REM FOI.JNII MOB.
1400 REM FOUND BY SHIF . *********************************************
:1410 REM MANEUVER NEAR MOB ,
:1420 R (C1)=C2 :GOSIJB 8100
.1430 T=T+R3
1440 IF T::•=T0 THEN 4900
1450 6010 2100
1500 REM SEARCH WITH BOAT WHEN MOB NOT SEEN. ************************
:1510 Z=4
:1520 GOTO 1820
1600 REM SEEN GOING OVERBOARD. *************************************
.16:10 F (Ci )=C2
1614 S8 (C1)=S8 (C1)+C1 *

.1616 P=P2 (C2)
1630 GOSUB 8500:REM SURVIV A L. TIME (FLOATION ) .
:1640 IF R3 :~T5 (i0) THEN 1660
1650 T5 (10)=R3
1655 REM COMPUTE~ FINE TO NOTI FY BRIDGE (SEEN). *********************
1660 R (C 1)=C1
1670 GOSIJ B 8100:REM TIME Ti) NOTIFY BRIDGE ,
1680 T5 (5) R3 *

1690 T=R3
1695 T0=T5 (i0)
1700 REM IS MAN STIL..L ALIVE (BR IDGE N oTIFIED ) ,
.1710 IF 1..~~T0 THEN 3600
1715 J9=C1 :GOSUB 6500 *

1720 REM
* .1730 REM LOGIC TO HANDLE SEARCH BY BOAT OR SHIP (SEEN). ************

:1740 REM
1750 IF RNI’ ( i ):::.P2(5) THEN 2000
1800 REM SHIP IN RESTRICTE D WATERS.  *********************************

-
, 1810 Z=2

* 

1820 F (C2)=C2
1830 REM CAN LAUNCH BOAT?
1840 IF D1 (10)>=V (C2) THEN 1870
1850 F 4)=4:T2=co
1860 0010 3700:REM FAILED NO LAUNCH.
1870 REM SET UP AND DO SEARCH.
1880 GOSUB 7000:REM SET UP 13 ARRAY.
1890 GOSUB 9400:REM rio SEARCH.
1895 1=1+14
1900 REM DETERMINE SUCCESS.
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1905 I ( 3 ) - ~c 2 : s 8(4 )~::S8 (4 ) s - c . 1
to IF F (4 ) :5 THEN 380<)

.J9- C 2
i( : (. IB 6soo :REM p~E:ACl __ ui . r I M(:)}:~’~.; I:ov ; 1 ION.

I 9170 J9~ :r ,J 9 t . C 1
1980 T=T-t-T2- T4
[990 (3061 .18 6500: R E M  FOUND MOB
1999 (3010 235<)
2 000 REM SHIP CAN TURN (SEEN> •
7010 F ( C 2 ) = C 1  :FC3 =C1
.2020 ~.~p~i

(30508 7000~ REM SET UF f~ ARRAY
204 0 60508 9400 : REM 110 SEARi:; H

.~045 i = r + r4
R E M  LIElERII [NE: SUCCESS.
IF F ( 4 )  :18 rHEN 390<)

20 2 5  .J9-~C 2 : (iOSl.JL ~ 650<) : REM R E A C H E D M OB ’ S P05:1 1:ON
.2080 1 = 1+ 1 2- 1 4

~OS5 J9=3 :1306118 6500 : REM FOUND M(:) rt
2 12”  REM RECOVER WI T H SH:[ F ’? * * ** ** * ***** * *** *** * * * *~~***** ********** *2 I i O  IF RND 1Y::P2~~i0 THEN 22O~.)
2 120  REM USE SHIP FOR RECOVERY.
2 130 IF R N D ( 1~~: : .F 2 ( 1i )  T H E N  4100
2 1-4 0 (3010 500 0
220 0 REM MAN FOUND BY SI-lIP RECOVER WITH R ,B. ***********************
22 10  REM
.2220 IF F ( 3 ) ( C 2  THEN 2300
2230 REM BOAT ALREA r ’ Y L.AUNCHED (SEARCHED WI TH BOTH)
2235 IF Ki =C1 ThEN 2236: GOTO 2240 F
273cj I F  Fl =9 T HEN 276()
2240  REM NOT FOUND (.) N FiRST PASS.

R ( Cl ) =0.  2 5 *V ( 4  ) * 1 S(  i: 1
2250 GOSU B 8100
2255 0010 2280
‘~‘-O RE M FOUND UN F IRST F ASS

.22; ’ c.~ R 3 = T 5 ( C 2 ) *A B S ( V 4 Cl )
2280 1 =T+R 3
22 85 IF  T : = T 0 THE N 4200
..!290 (3€) 10 2350
2300 Ril H L AUNCH RESCUE BOAT •
2.305 REM CAN L.AUNCFl BOAT ’?
23:1 0 IF D 1( 1 0 ) ( V ( C 2 )  THEN 4300
2. ~20 REM L AUNCH RESCI.JE BOAT.
2V~0 1=1+15(14)
2~~35 3 8 ( 4 )  = 5 5 ( 4 )  +C1
2340 IF 1 =10 r HEN 4400
2350 REM MANEUVER THE RESCUE BOAT TO RECOVER MOB. ******************
.2360 R( C1 ) =r I t( l i)  *

2370 609118 8100
2380 T=T+R3
2390 iF 11- =T () THEN 4500
2400 REM RECo VER MOB. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * *

R( C 2 ) ~~ti i (3 ) - - C 2

E-6

-
--5- .’. ., — _~~~~~~~~~~ _5 ~I~~1i~r, —— -~~~~~~ . -~~ .~~~,- ----- —‘~~~~—-- --~~ . ~-- ~~~~~~~~~~~~~~~~~~~~~~~



r V 
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2420 R (C1)=( 0.5+0.125*R (C2 *R (C2 .>* (C1+EXP (4—0 .1*D1 (4)))
2430 GOSUB 8100
2440 T=T+R3
2450 IF T:::.=T0 THEN 4600 *

2460 J9=4
2490 GOSUB 6500:REM MOB IN R.B .
2500 REM UNLOAD OR RECOVER RESCUE BOAT. ********************
2510 REM
2520 IF RND (1)<P2 (13) THEN 2560
2530 REM UNLOAD R.B . CREW & MOB. ***************************
2540 IF RND( 1)<=P2( 14 ) THEN 5100
2550 GOTO 4700
2560 IF RND (1)<=P2 (15) THEN 5200
2570 GOTO 4800
3100 REM ! ‘(t IED, MISSED. T ,T S  —• ‘ ; T ; T o
3120 F(6 )=C 1
3199 GOTO 5900
3200 REM !! ‘DIED , BRIDGE NOTIFIED . T,TS = ‘ ;T ;T 0
3220 F (6)=C2
3299 GOTO 5900
3300 REM! !  ‘DIED, SEARCH FAILED. T , T S , F ( 4 )  = ‘ T ~ T0 F(4 )
3320 F(6)=3
3330 IF F(4 )= C 1  THEN 5900
3340 J9=7:G OSUB 6500: REM REACHED MOB’S POSITION .
3399 GOTO 5900
3400 R E M ! !  ‘DIED, SEARCH BY BOTH FAILED. T ,T S , F (4 )  ‘ T T 0 ~ F(4 )
34 20 F(6 )=4
3430 IF F1=C1 THEN 3440
3434 IF F(4 )=C t  THEN 3450
3438 IF T4: ::-T8 THEN 3450
3440 IF F(4 )=C1 THEN 5900
34 45 T=T+14:G OTO 3460
3450 T T+T8
3460 J9=C2:GOSUB 6soo:REM REACHED MOB ’S POSITION .
3499 GOTO 5900
3500 REM!! ‘DIEt’, RECOVERY BY SHIP FAILED. T,TS = ‘Ur ;To
3520 F (6)=5
3599 0010 5900
600 REM!! ‘DIED , BRIDGE NOTIFIED (SEEN). T,TS = ‘;i;io
3620 F (6)=6
3699 0010 5900
3700 REM!! ‘R.B . LAUNCH FAILED. W.H. , F (4), I ‘ V (C2) F (4) T
3720 F (6)=7
3730 S8 (3)=58 (3)+C1
3799 0010 5900
3800 REM !! ‘SEARCH FAILED (SEEN). F (4),T ‘ F (4);T+T2

* 3820 F (6)=8
3830 IF F (4)=Ci THEN 5900
3840 J9=c2 :oosuB 6500 REM REACHED MOB ’S POSITION ,
3899 GOTO 5900
3900 REM!! ‘SEARCH FAILED (SEEN; SHIP). F (4),T,TS = ‘;F 4 ;T+T2 10

* 
- 3920 F(6 ) 9

3930 IF F(4 )=C1  THEN 5900

- E-7
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THIS FA~.E L~ ~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~ cN#’~ ~~~~~kS1I~~ ~%) 

~~Q ~~~~~~~~~~~~~~~~

3940 :c’-- - L2 : oost.j i~ 6500 : REM REA(:HE: r’ 1108’S P061 lION
S ’’ ’ ’  i 0T0 590()
~~~~ I~I 11’’ ‘R E:c;our Ry W IT H silIp FAII F~I, 1
I I  ‘() F (~~).- 1()
I I ‘~~~ 131)1(1 590<)
) ‘ ‘,~ RI M! ‘ 1’.[Ilri , 1tC)A 7 Rr:riJRN:I NI:; ro MOB ros lr ioN.  T , F~,~~~’ 1  ;r o
1 ’ ’ O  F ( ~~) = 1 I
I ‘‘ ‘ ‘  CU It) 5900

REM ‘ I’ TE D, F (H.JND MOB BU I COULD N Ot L AUNCH R • I~ • WAVE HE I 01-IT • ‘) ( C
I - 

~~ 
) ~i~ i ::

43 ~~ ç)~~~3) -c ; f~ ( ~ 1(1: 1
I ~~‘ 1~i1 11) 5900
- I4 t ’  Ri::M ’ I Tt ~~t li W H I L E  I AUr4CIIIN0 R.B. 1 .1 5  -

~~~~~~ 1.10
1 t ~~ ’ I ( 6)~~13
-I 19’ ’ (31)10 5900

~~~ ~l’.i iI- t’ WHI L E  F F.:RI:ORM:[N6 A 511’. MAN . 1. 1118,19 = ‘ ;r ;R3;T0
~~ ~ F “) 14
~~~~ (30 t o
~. - 0  R E M ’ ’  •D [Ffl WHILE BRIN GIW I ; ABOA RD R .0. r , r i - y ji ,i~.- : ’~ r~ i.:~; roi . - 7 * )  F (6  )=15
~ , - ‘ -~~ - -‘ 0(110 5900

0 Pi ll ’ L. I I ST U N I . OAI’ING P.8. I , r S  = “ .i;ro
t :’ .-o F: , ,,)-=Io

-i - ‘ 6010 5900
18 ;’) RIll ’ “1 )51 R.F~,. CREW , ANT:’ MO B. r,I~:; =m;To
10 2U F ~4 ~= .l

* 18~’9 0010 590()
49()() R EM ’ ’  ‘ ( IT  [1, LItIR [NO MANEUVER SI-I T I NEAR MOB • 1, 15 “ -r TO

1 70 I
:~ ‘)~~~~

1,, I ,DI I) 5900
- 0 ) 0  REM RECOVERF Il MAN W ITH SHIP

‘ - . ‘ ‘  0 I- i t )  70
* ~~~~* )  (,I~ J I !  ,

( I, ’; I - t M  RI (1J~0I h I , I  1’ 11AM FRo M Fct : c.CuI11 B O A T .
I- (6 )  - - > 1

i c ’  1.30 T O S 7 -30
520<) PIT H Ri l.’I)VEREI I RESI:lIE BOA T In IH 11011 <
‘ .; 720 F (~~)“22
‘,J. _’3() 5 1 9 - 5

,.‘ ,0 1,05118 650() : RI- .M MOF ) SAVE - I’ •
52.’0 5 9 ( 1 1 ) 59( i i ) - + (.’1
SC?O0 REII EMil OF SIML.ILAT IOM . *** **.* ****~ *~~** * * * * * * ** ** * * *I t* k*  ~
5910  (F E’9(C:. ) :(. .1 THEN 5999
* -‘ 7 ’  R EM  LP R ENTER: REM w wwW Ww W wWW W W WWW WWWWWWWWWWWWWWW UW I4WWW WWWWW WWW W W W bJ I4 l~II.-fl 

f l - I

5’? ‘0) GOSI.IB FJI300 :RF M DEBUG F’R:FN*. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *** *t t
- ; c4 ’ ,  REM CONS oL E ::  REM WW W W LdW WWWWWW W WWWW W WW W W WWWW W WWWWWWWW IJ WWWW W WW UUWWWWI 4I J4 80
599 ‘ IJFX1 N fl
,‘,O’ , ’, F E .  H
y)(j ’) f~E H I~F CORD RESULTS. * * *** * * * * * * * * * * *** * * * * **** **~~****** ******* *

- ~O0 ~ REM
~‘.oO4 RUM COMPU TE MEAN TIMES.
~ 0’;5 R E M

‘( i6 FOR 1 ~t : I. 1(1 .1 0

E-8

~~~~~~~ ~ jT 
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o00~ IF 99 (1)<=OTHEN 6012
60~ t) T9’.1Y=T9 (1)/S9U
oOld NE>~T 1
6014 IF D 9 ( 4 ) ~~C iTHEN 6024

~016 IIEM LPR INTER :REM WWWWWWWWWWWWWW W WWW W W WWWWWWWWWWWWWWWWWWWWWWWWWWW
GOSUB 6100 :REM REGULARPR INT-OU T •*****************************o0~ 0 REM CONSOLE :REM WWWWWWWWWWWWWWWWW W WWWWWWWWWWW WW WWW WW W W WWW W WW W WWW

6(”24 IF D 9o5)< CITHEN 6070
* 

~02b REM
6028 REfI COMPRESSED PRINT -OUT . *****************************
6030 REM

PRINT TAB (7); ’SEEN = ;S8(C1); ’ R B .  DEPLOYED = ‘ ;S8 (4 ) ;  *

~034 PRINT TAB (43) ;NOT SEEN ‘;S8(c2 )~~ R .8. FAILED = ‘:98(3)
GO 3 St #***
~036 PRINTUSING 6035 ,N3;
60~ 6~ ** .***<~040 FÜR L =CITO 10
604k PRINTUSING 6038 ,S9(I) ;
o044 NE~-T I:PRINT :PRINT TAB (6);
6046 FOR L~C tTO 10
oOb2 PRINTUSING 6 0 3 8 , T 9 ( 1) ;
60S4 NEXT I:PRINT :PRLNT S 9 ( 1 1) ; T A B &6 ) -
6 0s

~ FOP 1=CITO 10
6058 PRINTUSING 6038 ,M9(I)

060 NEXT 1:PRINT :PRINT TAB (6 ) ;
6062 FOR 1~C1TO 10

* •D0~~~ PRINTUSING 6038 ,N9(I) ;
NEXT I:PRINT :PRINT :PRLNT

~-~C’7O REM WR ITE TO D1SM. ~~~ ******~~**************************6074 DATA SAVE DC *2 ,S9 ( ) , T 9 ( )
~‘0i6 i)ATA SAVE DC *2 M90,N90-,98(1) ,S8(2 ) ,SS(3) ,98(4 ) ,S9( 1j )
6099 GOTO 140

~~ 00 REM

~~I0 REM REGULAR PRINT -OUT . ***~~***~~~~*******************************
~.j c 0  ~EM
61251* .**
~~30 Li=3:L2=L!+5:L3=L1+29:L4=L1+19:L5=L1+38:L6=L4+28
6140 PRINT :PRINT :PRLNT
6i42 GOSUB 7800 :REM PRINTHEADINGWITHS/N .
6144 PRINT :PRINT :PRINT TAB (L1);T1$

~i46 PRINT :PRINT TAB (L2) ; ’LENGTH = ‘:Tl (Cl); ”FEET ;
6148 PR INT TAB(LS ) ;’SPEED = ‘ ;Tt (CE);K$

PRINT TAB(L2 ) ;”NAV Ic-AT IONAL HEADING ERROR = “ ;T1 (12); ’DECREE (S)’
PRINT TAB (L 2);PS;’SHIP WILL BE RESTRICTED FROM TURNING

~~~4 PRINTUS ING 6125 ,P2 (S): REM WWWWWWWWWWWWWWWWWWWWWWWWWWWWWW W WWWWWW
PRINT TAB (L2);P$; SHIP W ILL RECOVER MOB DIRECTLY =

~~~~ PRINTUSING 6125,, P2 (10): REM WW WWWWWWWW W WWWWWW W WWWWWWWWWWWWWWWWWW
6158 PRINT :PRINT :PRINT TAB (L1);R$
6i60 PRINT TA B(L2) ;’SPEED : ‘ ;D l (Cl ) :KS :’ IN CALM WATER’

PRINT TAB (L2+8);D1 (C2>;I ($;’ IN 8’ “ :S$:” SEA”

p
.

E-9
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61~~’i l’ R1NT IAE4 ( L7 ) ; . E :RE: I r,(IARI, iIi ~ ~ f l’j  ( 3)~~” F E E t  W~~1 I4

~‘ L , - 5” PRIN1 D U 4 ) ; ” ~ OF GUNWAL E OF.ENU
~~~~~~ PR I N T  TA BU: ’ > ; ’ H F IGHT (IF f OOKOUi ’S EYE “~~f.’1 (5~~ “H I 1”

~L ‘0 F’R INr 1A B ( L 2 )  ; “MEAN 1 T HE: 10 PRE:PARE ~R$ “Et)R I AUMI H -~ dii (~~ ) “ M I N U I i

~ i:’o F’RINf TA F’ (L :’ ) ;  t i t ( 7 ) i ” l A I l ( S )  H A V I N G  “

~ 1 1 F kIN I lit It) F 1 /11 EN (II ‘‘1 FN1 ‘ 1  F E 1’
~ I I F.IN1 IAI’(t  ‘) ,  “MAXIMUM ,1l 11 ‘,I [ L i ’  I Uk A1 I •i~$ • I AIIi1LI-I — “ ,flI ( / ,  , L’$

~- .L ’O PRINT r A B ( t 2 ) ~~ RA1E :r’ SEA STA lE : CAPAB IL ITY n:’i~ JO ~~~” IO() l  “ ;S” b
~-~1 F F0 PRINT I A R ( L2 )  ‘ME AN TIME IC) PERF ORM STAN tiAF< 1:I HANEuVI:- R dii ( I i’  ‘ M r M t i I I
- -> 1 8 . ’ PRINT 1AF~~L2) ; Ps ;R$~ “WILL BE DEPLOYED TO SEARI:H W i l l -I ~II IP

~~8 t  PRINT I76 ) :F R I N r : PR : FNI
-.186 PRINT l A B ( L 1~~;”RE~3 IJLT ~; UI “ ;N4~~”6IMi1IArIoNs:’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-1 - - -1 F-’RI I ’ ! i T A F ~( L : I  ‘; OV ERAL L. FRAEr :f oN 1)F ”~~rAI’ L:% i- ”* ** * ****”
. 1  PRINT IAfW . I ) MCIE’ ’S RESEIIEI’ ” T A B ( L . 3 >  “* “

I 1 I h i  N I l J S T N t ~; /~i ? ~_ , N~ .1k )  NI “* “

-~
_
~

- 1 )  F R E N I  l A F ’ ( l i . ) “Fly • ;Rs~~rA r I ( I 3 )  ; “~~ ***~~* * *“
~~ l * > )  F ’ ) ’  IN) ~F’ R1N)

,~.7. ’.’ k i l n  I c ~I~( L 1 ) ; R $ ; ” r I E F’I QyEr i ;s ( 4 ) ; ’ r o 1 F~, ”
~.‘ .‘

-I [- ‘ R IN I  rAF’(L.f l ;R$~~’LAIJ IJCI-- I FAl t Er’ d ;r l(3) ;’ i IME r; 0111 j~
, 

~~~S 
- .‘.‘‘, F I~ l N T  : I R J N T  H

. ‘~~7 F’ PINI  lA1:’ ( L 4 ) ~~” MI~8 131:EN “~~F3 R * C E ) ~~~ rJr1Es~~
• - - .‘~~~ T F’ RTNI 1 A B L 6 ~- ; :  MOl D N O T  SL:.i: N “ 5 l ~) ( C 2 ) ” I  I i i L~ ”

• - . ‘ > ) FR I N I  1A8( L6) ” ” : PRT NT f A 8 ( I 6 .~~~’~~”
•~‘ .‘ ‘, ‘ F - R E N T  1 0 t ( t 4 )  ;Hs; “ • a-is -j
,,~~~4 PR 1(1 1 1 A) ’ ’. I 4  ) ; 1 IMES ” I lu L6 ’  “ : TItl ES”

- ‘ ~ 5: , ’ P R I N t  E A F ( I 6 )  “ :

~~~~~~~~~ iR1N 1AB( I  i ) ; “MOB ALIVE w i-lEN: ‘ i A F ~~I 6  ; • : • :1 : 1 ; : M L  1 AF 4 ’J ~~ • : *

PRINT 1 0 1 1 ( 1 1 ) 1  “81 [11(31: N O r T F :F E L’ ’ 1 108 - I.. 4
1 I I: 005118 640<) : REM PRINT T~ t NE (1) NUMBERS

~ 1- PINT T A } ’ ( L  -I;’ ;“ MOFt -’i3 PUS. REAcHLt’ ” ;1ol’(L4~~;
-~ ‘ - - 18 - - -  .‘‘- I3OSUB 640<)

- ‘ ‘fl PRINT 1 A T ’ ( L l ) ; ” M U F ’  F O:il ’rfl ’” ; r A F ’ ’ L 4 ) T
* * - :)  ‘ J~3— ” - 6l)SI)Ft 6-400

- : 1- P T N I  TA }~~I. i > ;  “A B O A R D  R E S CU E  BOAT”  ;tA t ’ (L4)
- : 1 F :  (ft~4 80 5118 / 4 0 < )

P R I N T  T A B ( I . L ) ; ” M o J : ’  ;ovE1:I ” ; rAF ’u -~ ) ?
- . 1  f l -  5 1 ’,OSUFt ~4O()

• - .‘‘‘ -) 11)1 I — -C l ii)
- ‘ ‘5 ’ , I- I ; I Ni :NE~~I ~

[
• : ? ‘‘ ~r: ii’iü>i

R I M
.-~4 1< ’ REM FlI ES-MA I EEL ’ 0U tI~~t T  SUDROIIFINE FOR RI::c11!LAR i’RIM i -- 001  •

REM
3 ‘0’ REM PRINTS NO., MEAN , M I W .  • ANTI MAX . FOR S l I M  ANT I MIII 8I- L l - I .

,.~I 1)  REM

-cl ’ ,2Ztt*t I
-‘,4 ~~ FOR ,.i7 1.0 1€) Cl

F ~~~~~‘ ‘ :) F R I N T  1151MG 64~- ,7 ,S’/ ( . Ii3 ’~~~PF(INI USING 64’ ,’ ) ,T Y ’ ,l$)
.y)1 ,, IF AEIS(N9( J Fi) ) I :  -10000 T HIN 6476

E~ 1O

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
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-~ -~ - -• .~ - 5  I
6474 P1:IN T USING 6450,N9( Jfl) ;119(Jfl ) ~

I3OTO 6478
64 i ,A PRINT ‘ * * *  “ I

~ 478 ,i8~~Jf3+5
6480 IF j7::-Co THEN 6490
ô482 PRINT ‘
ô490 N E X T  J7
o492 PRENT:F ’RTN T TAB (L6 ) ; ‘:
, 499 RET (,SRN

- - .500 REM
REM ACCUMUL ATE: STATISTICS,  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

6520 REM
6530 CF J9::~5 THEN 6560 *

6540 IF F C1)::’-Cl THEN 6560
6550 J9=J9+5
&60  S9’,J9)”- S9(.J9)+C:L

T9(J9~~ T9 (J9 )+T
6580 IF T :::N9 ( J9 ) THEN 6590
~585 N9(.i9)=T

~590 (F T-( 119(J9) THEN 6599
.-~595 M9 (J 9 ) ’~T
6599 RE T U R N

-‘OO () REM SET IJF’ T3 ARRAY ELEMENTS , *************************
:-‘o:l o REM
7030 REM Z=1 FOR SEARCH WITH SHIP WHEN MOB ‘SEEN ’ •

7c,40 REM Z=2 FOR SEARCH WITH BOAT WHE :N MOB ‘SEEN’ .
7050 REM Z~ 3 FOR SEARCH WITH SHIP WHEN MOB ‘NOT SEEN’ .
1060 REM Z- ” 4 FOR SEARCH WITH BOAT WHEN MOB ‘NOT SEEN ’
p070 REM

208<) REM SET UP T3( 1) & T3 (2 )  LIEPENIIINO u P o N  7,
70135 REM
7090 ON 7 0010 7091,7092,7093,7094
;‘09 I 60608 720() :6010 7095
:7092 GOSLJB 7300:GOTO :7095 : -
7093 GOSUB 7400:6010 7095
7094 GOSUB 7300
7095 ON 7 GOTI:) 7:L 00v7 100,7500.7500
:‘:L Oo REM
7110 REM SET UP REMAINDER OF T3 ARRAY FOR ’SEEN’
71.1 5 REM
7120
7 13 0  T :3 (4 )=N2
,‘140 T3 (5 )=C0
7J~ -,() r3i 6 , =0.5
/ t o O  T3 ( ’ 7)=C0
/170 T3 (FJ)=0 .5*RND (1)
‘ ISO T3 (9 ) = I N T ( T 3 ( 3 )— 13 ( C i ) — T 3 ( C 2 ) )
,-‘1132 IF Z<C2 THEN 7190

T 3 ( 9) = ~I N T ( T 3 ( 9 ~~/ V ( 4 ) )
7190 T 3 ( 1 0 ) ~~P 2 ( i 2 )
‘199 RE TURN
7200 REM
2710 REM SET UP 13 (1) & T3 2) FOR SH:l:P SEEN .

E— 11
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7220 REM
7230 T 3 ( Ci ) - - 15 ( 13 )
7240 T3(C2)=T5(5)+O.5*T5(8)
7299 RETU RN
7300 REM
7310 REM SET UF ‘( 1 ) * T3 (2 )  FOR SEARCH W I TH B o A T
7322 REM
7324 REM TIME TO REPORT TO R.B.
7326 REM
7330 R (C1 =Ci:OOSIJB 13100:T5 (6)=R3
7332 REM
7334 REM TIME TO PREPARE R.B.
7336 REM
7340 RC 1 ) = D 1(6 ) :O 3 O S U B  e loo :T5(7)=R3
7 350 R3=R3+T5 (6)
7352 IF R3::~T 5 (G )  THEN •7356
:7354 R3~ T5 (8)
7356 T3(C1)=R3
7360 R E M
7362 REM TIME TO LAu NCH R.Et ,
7364 REM
7366 T5 (14)= ((T1 (El)-f J,5)/D1~~8))+0,5
737<) IF z:>c2 THEN 7390
7380 T3(C2)=T5(14)+(T5(5)+0.5*T5(13))*V (4)
‘7389 RETURN
7390 T3 (C2)-~T5(14)+(T5(C2)+T5(5)-f-0.5*T5(8))*V (4)7399 RETURN
7400 REM
7410 REM SET UP r3( 1) & 13(2) FOR S H I P — - N O T  SEEN.
‘42() REM
743<) T3 (C1)=T5(9)
7440 T3(C2)=T5(C2)4-T5(5)
‘7499 RETURN
7500 REM
7510 REM SET UP REMAINDER OF 13 ARRA Y FOR ‘NOT SEEN’.
7512 REM
7514 REM Z~ 3 FOR SHIP Z~ -4 FOR BOAT,
7516 REM
/520 T3 (3) ~~T 5 ( i 0 ) - T
‘7522 T3(4)~~N2.
7530 T3(6)-~T5(C:L )
7535 T3 (7)-T5(13)
7540 T:3(a)~~r5(c2)
7545 T3(9 INT T3 (3)—T3 (C1)’-”T3 (C2))/(T5 (CJ)-f-T5(13)))
7550 T3 (1O)~~P2(8)
7555 REM GET DISTANCE OF VISIBILITY & COMPLETE 13(9).
7360 REM Z=3 FOR SHIP Z=4 FOR BOAT.
7565 ON Z-C2 GOTO 7570,7580
‘7570 T 3 ( 5) ~~V ( 5)
:7574 REM COMPLETE T 3 9 ,
7576 T3 (9)=T3 (9)-C1
7579 RETURN
7580 T3 (5)=V (6)

E—1 2
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2585 REM COMPLETE T3(9).
7590 T.3 (9)=INT (13 (9)/V (4))—-C1
7599 RETURN
‘oOO R E M  DEBUG $3 PRINT- OUT . ****************************761<) PRINT TAB~~3 O ) ; ” MA N  OVERBOARD SIMULATI ON :PRINT

7620 PRINT TAB(49);”SIMULATION SERIAL. NO. MOB ;N3:PRINT:PRINT
F ?64() PRINT “SHIF: ‘iNi ’ •;THU;’ ~~T1(C2)~~ •;T 1(s);

P R I N T  • 
~~T1(12)~~’ ;T1s;” ‘1N4 ” SIMUL ATIONS. ’

‘66 0 PRINT ‘R.B,~~~
:7670% **t . t
7675 w = 6 : r I~~1
7680 FOR J-~C1 TO 12
76F T 4 PRINT USING 7670,1)1 (J) :REM WWWWWWWWWWWWWW W WWWWW (~W W W

NEXT i
‘690 PRINT:PRJNT

* 7699 RETURN
- ‘80<)

71) 1< ,  REM HEAD ING FOR REGULAR PRINT--OUT. ****************************
7t3 20 REM
7830 PRINT TA B(30) ’MAN OVERBOA RD SIMIJLT ION’:PRINT
2 840 F:.RINT TAB (49);’SIHULATION SERiAL No. MOB’;N3 :FRIN’r:PRINT
:71199 RETURN
:‘900 REM
7910 REM HEADINGS FOR COMPRESSED PRINT- OUT. ***************** *********R E M
7925 PRINT:PRINr
7930 PRINT “ S/N NOTIFY REACH P FIND IN R.B. SAVE B F
79 4<) PRINT • NOT IFY REACH P FIND IN R.B. SAVE D’
7950 FRINT:PRINT
:7999 RETURN
11000 REM NORMAL. DISTRIBUTION •
130:1<) R1~~RND( 1)
13020 IF R1::’CO THEN 8030

~025 R1=L9
1303<) R2=RNFi (1)
8040 V:1 - - SOR (— C2 * LO6 ( R 1) ) * COS ( C9 * R2 )
8050 R3~ V 1* R(4 ) + R( C 1)
0060 IF R3:>R(c2) THEN 8070
0065 R3=R(C2)
002<) [F R3~:R(3) THEN 8099:5050 R3=R (3)
1-1099 RETURN

REM FRANK NICKELS’ NORMAl 1)161, *********************** [0 R ( 2 ) C0
R(3) =C2*R(C1)

0130 R (4)=0.5*R (C1)
0199 6010 B000 :REM COMPUTE NORMAL 1)1ST. & RETURN.
13200 REM RAYLEIGH [lIST . ************************************82:10 R1=RNE ’ (l )
3220 IF R1>CO THEN 8230
:3~!25 RI =1.9 -

13230 R3=R (C1)*SUR (—C2*LOG (R1))
0299 RE TURN

E-~3

L~~~~~ ~~~~~~~~~~~~~~~~~ _ _  _ _ _ _ _ _ _ _ _
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0500 RE:ti UNIFORM r’Isr. * * * * * * * * * * * * * * * * * * * * * * * * * * * *w** * * * * * *
0310 R3~~R F::!) - f ( R ( 3 ) - - R ( 2 )  )*RNJ:I( i)
0399 RETURN
8400 REM SURVIVAL TIME HYPI:::kIFIER MIA . ***** ** * ** **-* * * *** * * *
$4 L 0  R ( F 2 )— C 8 * (V ( C . I . ) * ( S i - f - S 2 * V ( C i ) * V ( C 1) ) - - - s 3 )
8420 F 3)=Cf3* V (C 1) * S4*V C.1 *V ( C 1) - - - S 5 ) - f 5 6 )
8430 P ( C I ) 0 • 5* ( R ( C2 ) +R (3))
i3440 ~ 

(.4 ) ~ () 
• 25* (R(  3) —R ( C2

0499 (3010 13000 : REM COMFUJTE NORMAL. ru sT • &
13500 REM SIJR’JIVAL TIME (FL OTAT :10N •

115:10 IF RNr’ (:1 ) -::=P THEN )356()
1)520 REM MAN NOT WEARING FF1’ . - - 

I- t:~2~~— C2
135-1 0

(-Ion) 8200~ R E M  C O M P U T E  RAYI.,E:I:GH 1)1ST . 11 RETURN.
p
~:ui MAN W E:ARING PFtl . - ~-— - -  - -

85?’,) F( C 2 ) = C i
85130 R (c1):rS (4)
05’~~ (3010 8200: REM COMPUTE RAYLEI (3H r’ i:si • ~ RETURN

REM DEBUG PRINTOUTS. * ** * * * * * *** * * * * * * * * * ***** * *** *** * * * * * * * * * * * *-
57 [0 PRINT ‘CONSTANl 1:’uR[Ni-; A (3IV EN SIMUI AT: [ON

PR :INT “SEASON’ TAB ( 17) 1 IWA 1EI~ T I::MF: . • 1
5730 PRINT TAB (33) ; “WAVE HEIGHT” ITAF {I49) ; • I ( S )  H . T.  •
9740 PRINT TAB (65);’A FOR N .E.”

CONVERT S TO S$,($*t * * I $t t t t t t )
075<) PRINT 6$ TAB ( 17) V ( 1) TA B (3 3 ) V ( 2 )

PRINT TA B (4 9 ) ;T s ( io ) ;T A I : t (6 5 ) ; N2
~377() PRINT:PRINT
8799 RE TURN
$000 REM DEBUG PRIN T -- OUT ( EMi l  UI:: EACH s :rMo.J LAT:io N ) •

883 ’)~~t t t t I . t t t
1u~C0 : W~ 3

‘3840 FOR J~~C :l. TO 6
1)850 PRINT l.JSINCI 8820,F(J ) ;  :REM W W W W W W W W W W W W W W W W L 4 W W W W W W W W W W W W W W W
13(360 NEXT J
(3511)0 F’RINT
8890 PRINT USING B83o,T ;To ; R3;v (c2~ :REM W WWW WWWWWWWW W W W WWW WL4 WW WW
8899 RETURN
900() REM INIT:[A LIZE ***** * * * * * * * *** * ** ** * * * *** * * * *** * * * * * * **
9005 B9=1E30
90 1<) co=o :c-I. = i :c2 = 2
~-‘014 C3~ i1:C4=10
90 16 CE3-~60:C9’=3.14159
9020 C1$= ” CHARACTERISTICS. ”
‘?022 DO( C 1 )=1 :r I o ( C 2 )~~1o: D o ( 3 ) i0o 1) 0 (4 ) 1000 t l 0 (5) 10000
9024 rlo (o 1.E5:Do (7)=1.E6:oo (o)= :1.E7:Do (9)=I. .E 8:D0 (1O)~~1.E:9
9030 Fi=254:G1=6
9032 H$=- ’ NO. MEAN MIN. MAX ,
9034 K$= ” KNOT S
9036 L.9=J .E--30
9040 M1=33:M2~-12
9045 M3= i3:M4- - 17:M5~~f3
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9050 F3=0 .9595: P4:::0 • 0095
‘1052 P5~~0 • 0 16 13: P6=0 • 0008
906<) P$= ’PROBA BILITY “

9062 R$;:~ ‘RESCUE BOAT
9064 51=0.0024:62=8. 1E.--o:s3:=0, 1
9066 s4=5.9E•-5:s5~~O.1o i:S6~~2.25’
9070 S$= SIGNIFICANT WAVE HEIGHT ”
901)0 X0~~19
9090 RE M SET (if, BLANK VARIABL E:.
9097
9099 RETURN
9200 REM HOME & ERASE TV. ********************************************
92:L 0 PRINT CHR$(5)
9220 RETURN
9400 REM
9410 REM CORE: o F  SIMUL..A1’ION. * ******************************
9-4 17 REM
94 14  REM 1. SHIP SLOWS OR TURNS,
9-4 16 REM . SHIP OR BOAT RETRACES SHI:P’S PATH.
941(3 REM 3. SHIP OR/AND BOAT SEARCHES FOR MOB .
9-420 REM 4. SHIF’ OR BOA’)’ RECOVERS MOB OR MOB LOST.

REM
943<) T2~- - T3 (c1)+T3(c2):T4=T2
9432 IF T2::.- T 3 ( 3 )  THEN 9465
9434 IF T 3 (4 ) - ( =T3 (5)  THEN 948<)

* 
9436 IF T 3 (9) (C 1  THEN 9475
9440 FOR K=C1 TO T3(9) STEP C2
9442 T 2 = T 2 + ( C 2 * (T 3 ( 6 ) - T 3 ( 1 3) ) + T 3 ( 7 ) ) / V (4 )
94.4 4 IF RNEI( 1 )-:~~T3( 10) THEN 9485
9446 IF K’=T3 (9) THEN 9470
9448 T2~ T 2 + ( C 2 * T 3 ( 8 ) +T 3 ( 7 ) ) / V (4 )

- 945<) IF RNI’(i)-(=T3 (10) THEN 9490
9452 NEXT K
9460 F(4 )=3:RET uRN
946 5 F (4)-=1:RETURN
9470 F(4 ) - =2 RETIJRN
9475 F(4 ) -=s ’ : RE-’TURN
949<) F(4 )=e :GOT0  9499
940)5 F:(4)=9:GOTO 9499
9-490 F(4)~-:t 0
9499 RE TURN
950<) REM DISTANCE: OF VISIBILITY FROM SHIP, *****************
9510 V (5)=i000-flOO*T1 (4)

* 9~ 12 IF V (5)<2500 THEN 952<)
95:14 V (5)~~250()
9520 IF TSLI5)::-V(5) THEN 9550
9530 V( 5)=T5 (15)
9550 REM DISTANCE OF VISIBILITY FROM BOAT. *****************
9560 V (6)~~1o0o+1o0*ru1 (s)9562 IF V (6)’ (2500 THEN 9570
9564 V ( 6 ) 2500
9570 IF T5(15)>V (6) THEN 9599 *

95130 V ( 6 ) =T 5 ( i 5 )
9599 RETURN 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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APPENDIX F: Man Overboard Output Program List ing

* 

1 REM MAN OVERBOARD RE(3l,~[..AR PRINT—OUT PROGRAM 2 MARCH 1978
:10 REM
:12 ‘~‘EM THIS PROGRAM SERVES TWO PURPOSES,
.14 REM
:16 REM 1, TO PROVIDE A STAND- -ALONE F’ROGRAM TO PROT:’UCE THE REGULAR
10 REM PRINT—OUT REPORTS FROM THE’ OUTPUT SAVE D ON DISK.

* 
20 REM
27 R E M  2. TO PROVIDE A SUBSTITUTE FOR THE REGUl AR PRINT--OU T
24 REM IN THE MAN OVERBOARD SIMULATION PROGRAM.
2o REM

* 51) REM 
*

30 REM THE SUBROUTINES 6100-6299 AND 6400-6499 CAN REPLACE THE
:57 REM CORRESPONDING SUBROUTINES IN THE MAN OVERBOARD
54 REM SIMULATION PROGRAM .
36 RF:M THE SUBROUTINE 7700-7799 IN THE MAN OVERBOARD SIMULATION
38 REM PROGRAM CAN THEN BE DEL..EETEI) G
-40 REM
60 DIM B$64,H$64.K$64,P$64,R$64,S$64
70  SEL ECT PRINT 005 030 :F’RINT HEX(03)
:100 DIM 1)0(10) ,t ’ i<15) ,M9(1O) ,199(10) ~P2(15)
:1 .1 <) ruIM S 8 <4 ) ,6 9 ( 1 i) .T 1( 1 2) ,T 5 ( i5 ) pT 9 ( 10 )

- i :120 C0=0:C1=1:C2:=2
122 Do (c1)~=c 1:rlo<c2 1o:rlo(3)=1o0:rio (4)=10oo
:17.4 i,O(5 =1E4:D0(6)-~1E5:1i0(7):iE7
:126 Do(e)= 1E7:riO (9 =1ES:rio (10 =1E9
-130 INPUT “SIMULATION OUTPUT FILE NAME ” A$
:140 SELECT $1 B20
150 DATA LOAD DC OPEN R$1,A$
:152 13$ — ”
154 H $ ’  NO. MEAN MIN, MAX.
:155 K$= ” IsNOTS”
156 - P$~~ FRORA B :LI-rY
15)3 R$= RESCUE BOAT
[59 S$= ISIGN1,’ [CANl WAVE t4ET GHT
:178 DATA LOAD tiC $i,Ni,N2,N3pN4 IF END THEs’l 500:REM WWWUWWWWWWW WWWWW
:L 130 FOR I=Ci. TO 12
:190 DATA LOAD [‘C I1,T 1( I) ,D1( I) ,F2( I) ,T 5< I) REM WWWWWWW W WWWW W WW W WW
200 NEXT I
210 FOR 1=13 TO 15
220 DA TA LOAD DC #1 ,1)1 (I) ,P2 (I) ,T5 (I) :REM W W W W W W W W W W W W W W W W W W W W W W W W
230 NEXT I
240 DATA LOAD [IC t1,T1$
250 FOR I=C 1 TO 10

* 260 DATA L OAD tic t i ,S 9( I) ,T 9< I) ,M 9( I)~~N9( I) :REM WW W W WW WW W ~~W W W WWW W
27Q NEXT I
280 DATA LOAD DC s1 ,se (1),s8c2)~~sI3c3)~~sec4) :REM WWW WWWWWWWWWWWWW W WWW
290 DATA LOAD tic $1 ,S9 (11)~~REM W W W WW WWWW W WWWWWWWWWWWWWWW W WWW W W W WWWWW
:500 SELECT PRINT 215 (160)
3:L () GOSUB 6100 REM PRINT OUTPUT REPORT.
320 SELECT PRINT 005(80)
33<) GOTO 170
400 PRINT CAN’T OPEN FILE. ”
410 STOP

F-i 
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‘I-. I N I  “F IN.t ~~I-~l it .
‘ 1 0  liA l A  E.AV F I’t~ ct.n’ ;i A Ll .

I 1)1-’
F R  I- N I • IILI M II 5~ T I I. RR)IP .

~~ 
10 ~~ I 51 - ’

--- 1 ’.~ P1: 11
RI M RI. t i l l)  A R l ’ R I N I  ill!.

I > .) P1:11
, • tt

- - ~ 1 ‘.‘ I ~~~~~~~~~~ i- f S : I  ~ - L . I I s ’ I : I.4=L . 1.f19:l.~ ,- I .-L )-38:L.o.~I ’ l l,~i.1
140 F’RINI :FRTN 1 :PRTN1

,~. ‘ -s :’ 1 , - IS ID  ?800:PE:M F- P INT  HE:AI :’IN(j w: [ TH siw.
,-
~~I4

- I- F ’ RTNI :PRTNc : F ’ R ’ ( N I  cn i - < t  I ;r- i s
~~~~ I - R I N I : F - F ’ F N i  TAEs ~ l 5 )~~’1EN1iTH =‘
~ - iw PRIM! AD ( L. .~~) ; sI: E E:1:,

.1 ‘~~~~ 
)::-~~fl.~-) T A I ’ L  2 ; “ NAVIGA T IONA L. HEADING ERROR • Ti (1.’); I:’EGREF.(S)

,~. L 5 :’ F’F’lNi TA l E ? )  ;F’$ ; SHIF: W I LI.. FE RESTRICTE D FROM TIJR NING ~ 
•

.-)[54 PRINT II~~lNG 6125,P2 (5) :REM WWWWWWWWWWWWWI4IJ W W WWWW WWW (JWWLJWWS4WW W W W W
F’RINT TAF’(1.2) ;P$; ~~;H[f~ WILL. RE covE: R MOB tl):RE:CTI.Y =

~~I~~? F R  IN T ~ 
j Nc-I 61 :‘s~ PS (10): REM WWWWWWWWWW WWWWWWW WWWWWWWWWWWWWWWW W WW

- ,  I ’- .~ l F’RINi :F’E’T NI:FRINT TAB ( L i  ) IRs
- - I . ~’’” I- - F < I NT rA ~:L. 2 ) ; .~;PEEI : ;I’1(l::- L); I ’~s;’ IN. CAL M WATER ”

I -‘ I - P I NT  IAH I 2l - 1 1:1:1 (C?)  Il~$; IN (3’ “ ;S$; “ SEA
‘- I _ -I f ’ F : INI r A r ( l  ? > ; FREEBOARL I ‘ ;t ’ i ( 3) ; ” FEET WIT H ;

F’RTi ’ l I 11:1 (4 ) ;  “ ‘~ I F  GUNWAL E: OFEN
F- RI - M i  1 A F ( I .2 ) ; HIE.[GHT OF L.OOKOIJ1 ’S ~y i:: =

1 F PINT rAH~ I ‘)  “ ME AN T I ML- TO F RFFAF..E ,R$y I- OR I AUNt I--I — “ ,rs l ‘6” , Ml Nil I
‘ i  i:’ F’P:I:NT rAF U 7) ;  D:[ ( 7 ) 1  ‘FAI... I.. S) HAVING • 1
5 , , :-.p[ft) tij~~ D ” FT. /MJ : N.  DESCENT SPEED”

- - . 1’ .’- I:. R :[Ni T A } : < L  7 1  “ MAXIMUM SF-I :[ F’ SF’EEI:i FOR SAFE IR$ “I AUNCH = “~~1l1(9) K5
-.1 ‘ :1 F-’RIN1 T A B ( L 2 )  RATEF’ SEA STATE CAPABIL :[Ty • 1111(1<)); FUOT •

I ‘ I P [NI IAF I L  ‘ ) • ‘MI- AN T i M E  TO FE 1.1 OE M STAN DARD MANE IJV I I-~ — .11 (l t ) • ii [ MU l E

-~ PR tN! 1 1:’ ) ;f s  IRS 1 “w ILL. BE DEPLOYE D TO SEARCH 14 [ rI-I si-lip
,- , l :-) I- ’I-~JNT F2(~~) :F’R’TNT:PRINT

i’F- - I - . IT I f I~~ I. L ) ; ’ I,- F - S ilI. 1~:I OF “ ;N4; ”s :LMuLAnIuNs~
,- . 1 :10 F - P T N T : FR’ [NT

- - , t i . ’
~~

t . t 4t
~- l ~ F- PH- i TAH ( 1. l ) ; ‘ o v r - : I~ALl.  FRACT :[ON OF ;T A F I c I : 3 ) ; ********

•11 ~ l - ’~, I - P I N )  T ( t h ( l  I) ;  MOB’ b RE:Sct.JE -: r ;TA} i ( L.3)  ; ‘*‘

- -
~I’R I - P I NT  l ff-) TNI;  6192 ,N F’RINT “*“ :R[ M WW W W W WWWWWWWWWWW W WW bJW W W W WW ( ’ J I 4WW

- - Lu F’F~DII IAF~~I. 1” ;  “ F Y  “ R$ IAFl ’ 1.3); “********“
* 

~~ .• r R r N T : F - f ~
- [NT

. - - : ‘  1- F - : IMI [AF ( i  I j ; Ps; ’t uI F - L u lY F r. “ S 8 (4 ) ’T I MES”
.‘ . - s I - R I - N I  ~A BU i “ ;Rs ; LAIIN(:I--l FAI l  F~’ ;~;i:1(3), TIME s DUE 11) SEA 8TA T E

PRINT I - l ” I .’IT
- , . ‘~~~ :‘ F R  I - N I !-Th’1 4), • MOE’ SEE N “ ;s~~(t .; D~ “1 IME~S” 1

I I- I- . I N I  I A } 4 ( L6 )  ; “ : 1108 NOT SE:EN ;81- 1(C2) ; “ T I M E S ”
1- - PIN I I A I - ’ ( I  6 ; ’: • :F RINT T A B ( L6 )  I •

.1’ . ’ I- F 1’ I H I I A F~ I 4 ; F-IS I “ •

- ‘ . 4  I -RTN T ) AE ’ (t 4 , , • T IMES” .T A B . L 6 ) ; ” :  T iMES”
~~~~~~~~~ I - - P INT  T A F ( L  6 ) ; ” : ”

-~?61l I - P I N T  T A F s ( L . 1 , 1 “M(iH AL . LVI W I—l EN : • I J’A[i<L,.6)  “ : • :pR’IN-r rAI :(l.,6 ) ; •
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6270 PRINT rAB (L1);’BRIL’GE NOTIFIETI’;TAB (L4);
1272 J8=C1 :Gosu[t 6400:RE M PRINT LINE (IF NUMBERS.
6274 PRINT TA B L1 ;’MoB’S P06. REACHE[i ”;TABU..4 1
6276 J8-=C2:GOSIJ B 6400
6280 PRINT T A R( Ll ) ; MOf3 FOIJND’ TAB ( L4)
6282 ..I8=3:GOSI.JB 6400
6286 PRINT TAEIU.,n; ABOARD RESCUE BOA’r ” ’FAB (L4)
$2813 ~.J8=4:t3OSUB 6400
6290 PRINT TAB (L1) ”MO13 SAVET’”;TAB L4 ;
o292 .,J8=5: GOSU B 6400
6294 FOR I=C1 TO 5
$296 PRIN1’ NEXT I
o299 RETI.JRN
6400 REM
64 1<) REM FORMATTED OUTPU T SU BROUTIN E FOR REGULAR PRINT-- OUT, ********
642(> REM

- 643<) REM PRINTS NO., MEAN, MIN., AND MAX.  FOR SEEN ANti NOT SEEN.
-: 64-40 REM

6450%tttt.tt
64~~2%tt t t t
646<) FOR J:’=C0 TO Cl
6470 PRINT U’S ING 6452,69(J8 ) I :REH W W WWWW WWW W W W W WW WWW W W WW W WWW W W WWW ( 4W
o47: L F’RINT USING 6450,T9(..J8) I :REM WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
‘~472 IF A BS(N9(J8)) ::-=10000 THEN 6476
6474 PRINT USING 6450,N9 (..I8) M 9 (J8) I :REM W WWW W W W (4W W WWW W WWWWWW W WWWW W
$475 GOb 6478
6476 P R I N T  • 

*** 
‘

ô478 ..J8=,J8+5
645<) IF j7’::-CO THEN 6490
6487 F-’RINT “ : “;
ô490 N E X T  J7
649? PRINT:PR] :Nr T A B ( L . 6) ; ’ : ”

* 
6499 RETURN

-
~ 

7800 REM
7610 RE :M HEAD ING FOR R E G u L A R  P R I N T - - O u T .  * ***************************
7)320 REM
7830 PRINT TAB (30 ) ’MAN OVERBOARD SIMULAT ION”:PRINT
7840 PRINT TAB 49 ;”SIMUL,AT:I:ON SERIAL. NO. MOB N3 PRINT FRINT
7)399 RETURN

F-3
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