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ABSTRACT

The Simulated Life Analysis of Vehicle Elements (SLAVE) Model
described in this report was designed to perform statistical simulation
studies for any constant loss rate. The outputs of the model consist of
the total number of stages required, stages successfully completing
their lifetime, and average stage flight life.

This report contains a complete description of the SLAVE Model.
Users' instructions and interpretation of input and output data are
presented such that a user with little or no prior programming knowledge
can successfully implement the program.
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DEFINITION OF SYMBOLS

Central Processing Unit

Number of simulations to be performed
Simulated Life Analysis of Vehicle Elements
Pseudo Random Number Generator

Mean (average) value

Parameter obtained from a single simulation of one
program life

One standard deviation



SECTION I, INTRODUCTION

This report contains a complete description of the Simulated
Life Analysis of Vehicle Elements (SLAVE) computer model. The
SLAVE Model is written in Fortran and was developed to provide data
for the Shuttle booster concept selection. A detailed report of previous
SLAVE Model usage is contained in Reference 1.

The primary use of the SLAVE Model is anticipated to be
related to the Shuttle program, therefore the technical terms used in
this report are associated with that program. The SLAVE Model de-
scribed in this report may be used to obtain statistics for any piece of
equipment that has a constant probability of loss. It should be noted
that the equipment need not be restricted to the Shuttle program.

The SLAVE Model performs statistical simulation studies that
require as input the following parameters:

® Random number generator seed

® Constant percentage loss rate

® Maximum stage lifetime,

The SLAVE Model generates the following output information:

® Total number of stages required

® Number of stages successfully completing their lifetime

® Number of stages failing to complete their lifetime

® Average flight life of all stages,

The above parameters are output as average values. The
parameters also appear in histograms as data points which represent

each program simulated. These histograms can be used to determine
the range over which the output parameters may vary.



SECTION II. GUIDELINES AND ASSUMPTIONS

The guidelines and assumptions that were necessary to develop
and utilize the SLAVE Model are as follows:

® The probability of loss for each flight is independent of
previous flights

® One stage is used until it is lost or has completed its
designed lifetime

® A new stage is immediately available when needed.

® The probability of losing a stage on any individual flight is
a constant

® FEach new stage performs at least one flight

® The mean (average) values referred to in this report are
calculated by use of:

X = X; | (1)

Mz

1
N

1

where

N = number of simulations to be performed

X

i = parameter obtained from a single simulation of one
program life

X = mean (average) value

®© The two sigma (0) value is the number of stages necessary to
accomplish approximately 97 percent of the flight program.

Program modifications and additional guidelines and assumptions are
required when the SLAVE Model is used for distributions that do not
have a constant probability of loss. However, the required changes
are not included in the context of this report.

The statistical equations and tests used in this report were
obtained from Reference 2.



SECTION IlI. INPUT DATA REQUIREMENTS

A. General Input Information

The SLAVE Model is written for use on a UNIVAC 1108 Digital
Computer and requires the standard control cards for that machine.
Explanations in this section will be given only for the input parameters
and control cards necessary to run a case study. For a detailed
explanation of the SLAVE Model see Section VI (Program Definition).

The SLAVE Model requires one data card with five parameter
values for each case study. The model is designed to run multiple
case studies with one submittal of the job to the UNIVAC 1108 by
stacking data cards. The last data card on the stack is a stop control
and should contain -999 ending in column 10.

Detailed descriptions of the input parameters required for the
SLAVE Model are given below and a brief summary of the input
requirements is contained in Table I,

® Parameter No. 1--Random Number Generator Seed
This input parameter is used to start the Pseudo Random
Number Generator (URAND). This subroutine generates a
uniformly distributed sequence of random numbers in the
range of 0,0 to 1, 0. The random numbers are used to
determine when a stage is lost by comparing a random number
with the input parameter that designates the loss rate. The
sequence of random numbers generated will always be the
same for a particular seed., Therefore, a comparison of
different input parameters for identical conditions can be
made by using the same seed for each case study in the set.
The parameter is located on the data card in columns 1
through 10, with the number required to end in column 10,
The number used must be an odd integer not evenly divisible
by 5 in the range of 1 to 3435973833, and must not contain a
decimal point.

® Parameter No. 2--Constant Percentage LLoss Rate
This input parameter designates the stage loss rate to be
used throughout the case study. The value used on the data
card is to be the exact percentage value desired (not the
corresponding decimal equivalent). This input parameter is
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used to determine when a stage is lost by comparing it with a
random number. The parameter is located on the data card

in columns 11 through 20, with the number ending in column 20,
The range can be from 0 to 100 percent with a maximum of 9
significant digits. This parameter should contain a decimal
point.

® Parameter No. 3--Maximum Stage Lifetime
This input parameter is used to define the maximum number
of flights a stage can make. When a stage has successfully
completed the number of flights specified by this input param-
eter, it is designated as worn out, and a new stage is entered
into the system. The number used for a finite maximum
flight lifetime must be an integer in the range from one to the
value of the fifth parameter on the data card. An infinite
flight lifetime can be specified by any integer greater than the
fifth parameter on the data card. The maximum stage life-
time parameter is located on the data card in columns 21
through 30, with the number ending in column 30. This
parameter must not contain a decimal point.

® Parameter No. 4--Number of Simulations to be Performed
This input parameter is used to establish the number of
complete programs to simulate. This parameter should be
sufficiently large, usually 100 or greater, to ensure valid
statistical output. Each 100 simulations requires approxi-
mately 3. 6 sec of UNIVAC 1108 Central Processing Unit (CPU)
time. This parameter is located on the data card in col-
umns 31 through 40, with the number ending in column 40.
This number should be an integer in the range of 1 to
3435973833; however, because of the time required, care
should be used in determining the actual size of this param-
eter. This parameter must not contain a decimal point,

® Parameter No. 5--Number of Missions in One Complete Program
This number should be an integer in the range of 1 to 3435973833,
The parameter is located on the data card in columns 41 through
50, with the number ending in column 50. This parameter
must not contain a decimal point,

B. Program Deck Instructions

The complete UNIVAC 1108 program deck required to run case
studies with the SLAVE Model is described in this section. All cards
should be punched exactly as shown, except where otherwise stated.
Figure 1 contains a complete listing of the program required to run a
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single case study that has a 20.0 percent loss rate, a program life of
445 flights, and a maximum vehicle element lifetime of 20 flights. The
required substitutions and a brief explanation of each card shown in
Figure 1 are as follows:

e @RUN, //P JOBNAM, JOBNUM, NAMExxBINxxx, T, PAGE
This card is an executive control card that tells the computer
to schedule your run for initiation, and provide necessary
accounting information. The following substitutions to the
run card must be made:

--JOBNAM: A six character name to be assigned to this job

--JOBNUM: Your UNIVAC 1108 account number

--NAMExxBINxxx: Your name in six characters and the bin
number you want your output returned to in three numerals

--T: The CPU time you expect your job to require in minutes.
This value can be determined by multiplying the number of
case studies by 4 sec per 100 simulations and converting to
minutes. The number used should be the smallest integer
value greater than the above calculation. This number is
usually one, two, or three

--PAGE: The maximum number of output pages your job is
allowed to have. This number is usually 200.

® @ASG,T TAPE,T,REELNO
This card is an executive control card that tells the computer
which tape is required for this job. The following substitution
to the ASG card must be made:
--REELNO: The current SLAVE tape number. This number
may be obtained by contacting Daryl D, Paul, Jr. at
Teledyne Brown Engineering Company, telephone 532-1202.

¢ @REWIND TAPE.
This card is an executive control card that winds the specified
tape to the proper starting point. This is done in preparation
to copying the SLAVE Model from the tape to the computer.

® @COPIN TAPE.
This card is an executive control card that copies the SLAVE
Model from the specified tape to the computer.

® @XQT SLAVEC
This card is an executive control card that tells the computer
to begin execution of the SLAVE Model.

° 11221 20.0 20 100 445
This card is a data card that contains the five parameters
designated for this case study. If multiple case studies are
desired there will be one data card of this type for each case
study, located at this point in the deck.



-999
This card is a stop control used by the SLAVE Model to
terminate this job submittal.

@FIN

@FIN

These two cards are executive control cards that signify the
end of this control deck.



SECTION IV, OUTPUT DATA INTERPRETATION

An explanation of the output data obtained from a typical case
study that utilizes the SLAVE Model is contained in this section. The
results of each case study are presented by two basic output formats.
The first output format contains the study conditions and the average
value of five parameters. The second output format appears four times
per case study. This format contains a histogram and information
associated with the histogram.

The example output presented in this section is the result of the
input deck shown in Figure 1. The first output format is presented in
Figure 2 and is interpreted as follows:

®¢ RANDOM NUMBER SEED 11221
When several case studies are to be compared this number
should be the same for each case study. This ensures that
the parameters being tested are operating under identical
conditions,

¢ NUMBER OF FLIGHTS IN 1 COMPLETE PROGRAM 445
The number of flights defined for the NASA Shuttle Traffic
Model. This model is currently defined as 445 flights.

® NUMBER OF COMPLETE PROGRAMS SIMULATED 100
This example problem makes 100 simulations of a 445 flight
program.

¢ MAXIMUM STAGE LIFETIME 20

Defines the maximum number of flights one stage may make
before being discarded as worn-out. If this number is greater
than the number of flights in one complete program, the
maximum stage lifetime is infinite for that program. This
program allows a stage to fly a maximum of 20 times.

® L.LOSS RATE (PERCENT) 20,000
The probability of losing a stage on each flight--the prob-
ability of losing a stage in this case study is 20 percent per
flight,

®¢ AVERAGE NUMBER OF STAGES REQUIRED 90, 14000
The average number of stages required to complete the
445 flight program. This value is the average obtained from
100 individual simulations of the 445 flight program.



RANDOM NUMBER SEED 11221

NUMBER OF FLIGHTS IN 1} COMPLETE PROGRAM 445
NUMBER OF COMPLETE PROGRAMS. SIMULATED 100
MAXIMUM STAGE LIFETIME 20
LOSS RATE (PERCENT) 20000
AVERAGE NUMBER OFf STAGES REQUIRED 90.,14000
AVERAGE STAGE LIFE 4.,98430
AVERAGE NUMBER OF STAGES WHICH WEAR OuT 1,08000
AVERAGE NUMBER OF STAGES WHICH ARE LOST 88,31000
SVER AGE NUMBER OF ST AGES WHICH ARE STJILL

PERATXONAL Al THg END OF THE FLIGHT PROGRaM 75000

FIGURE 2. CASE STUDY CONDITIONS AND AVERAGE DATA
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¢ AVERAGE STAGE LIFE 4, 98430
The average number of flights each stage performed. This
value is obtained by determining the average flight life for
each program and then averaging over the number of simulations
performed.

®¢ AVERAGE NUMBER OF STAGES WHICH WEAR OUT 1.08000
The number of stages that wear out and are discarded is
determined for each program. The average is then cal-
caluated from these values.

® AVERAGE NUMBER OF STAGES WHICH ARE LOST 88.31000
The number of stages that are lost is determined for each
program. The average is then calculated from these values.

® AVERAGE NUMBER OF STAGES WHICH ARE STILL
OPERATIONAL AT THE END OF THE FLIGHT
PROGRAM ' . 75000
This value is the percent probability of having an operational
vehicle left at the end of the program.

For the conditions of this case study there is a 75 percent chance that
a stage will be operational at the end of the flight program. This will
allow a 446th flight if desired.

The histogram output formats presented in this section are the
result of the input deck shown in Figure 1. These output formats appear
after the format that specifies the study conditions and parameter
averages. Four histograms are generated for each case study defined
by the input deck. The titles of the histograms and their corresponding
average parameter titles are shown in Table II. The histogram outputs
for the example deck are shown in Figures 3 through 5.

The histograms contain the full range of data points generated
during the 100 simulations specified by the input deck. Each histogram
defines the number of data points it contains, the width of each cell and
the number of points above or below the histogram's range. The histo-
gram is output in three columns. The UPPER CELL LIMIT column defines
the maximum value that can be contained in the cell, The CELL FREQ
column contains the number of data points that are in each cell. The
CUMULATIVE PROBABILITY column is the percentage of data points
that fall equal to or below the cell,

The histogram of the total numb_ei' of stages required per 445
flight program is presented in Figure 3 and is interpreted as follows:

¢ NUMBER OF DATA POINTS IN HISTOGRAM 100
Each data point in the histogram represents the total number
of stages required to complete one 445 flight program. The

11
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HISTOGRAM OF TOTAL NUMBER OF STAGES REQUIRED PER 445 FLIGHT PROGRAM
NUMBER OF OATA POINTS IN HISTOGRAM 10O

CELL #JOTH = . 1.000

NUMBER OF DATA POINTS EQUAL TO OR BELOW  67.00= o

NUMBER OF DATA POINTS EQUAL TO OR ABOVE 1§14,00= oo

UPPER CELL CUMULATIVE
CELL FREQ PROBABILITY
LIMIT

67000 0 «000
68,000 1 «010
69,000 1 ¢020
70.000 0 «020
71,000 0 v020
72,000 0} 2020
73.000 0 «020
74.000 ) «030
754000 ] «040
76000 2 «060
77.000 0 e 060
78,000 3 «090
79.000 2 e110
80.000 3 o 140
814000 2 ¢160
82,000 4 «200
83.000 3 ¢230
84,000 7 «300
854000 4 e 340
864000 3 ¢370
87.000 4 410
88,000 2 « 430
89,000 1 o440
90.000 6 «500
91.000 2 ¢520
92.000 2 «540
93.000 5 «590
94000 8 0670
95,000 S 0720
64000 4 « 760
97.000 5 «810
98.000 4 +850
99.000 3 +860
100,000 3 «910
101,000 2 «930
1024000 1 940
103.000 0 « 940
104000 ) 0950
105,000 ] 0960
106,000 ) «970
107.000 0 «970
108,000 ] «980
109,000 o 2980
110,000 1 +990
111.000 0 «990
112.000 0 990
113,000 1 1000
1149.000 0 1000

FIGURE 3. HISTOGRAM OF TOTAL STAGES REQUIRED

13



HISTOGRAM OF AVERAGE STAGE LIFE
NUMBER OF DATA POINTS IN HISTOGRAM 100D
CELL WIDTH = «500

NUMBER OF DATA POINTS EQUAL TO OR BELOW J«50=
NUMBER OF DATA POINTS EQUAL 10 OR ABOVE 7¢50%
UPPER CELL CUMULATIVE
CELL FREQ PROBABILITY
LIMIT
3.500 0 « 000
4,000 i 010
44500 14 o150
5.000 42 e570
5¢500 29 e 860
6000 il ¢970
64500 2 v 990
7000 i 1000
7.500 0 1000

HISTOGRAM OF WORN OUT STAGES
NUMBER OF DATA POINTS IN HISTOGRAM 100
CELL wIDTH = 1.000

NUMBER OF DATA POINTS EQUAL TO OR BELOW «00= 29
NUMBER OF DATA POINTS EQUAL TO OR ABOVE 7.00= 0
UPPER CELL CUMULATIVE
CELL FREQ PROBABILITY
LIMIT
000 29 «290
1.000 46 +750
2000 19 »940
3.000 3 *970
4,000 } e980
5.000 i +990
6.000 1 1000
7.000 0 1000

FIGURE 4. HISTOGRAMS OF AVERAGE STAGE LIFE AND WORNOUT STAGES
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HISTOGRAM OF LOST STAGES
IN HISTOGRAM 100

NUMBER OF DATA POINTS
CELL WNIDTH = 1,000

NUMBER OF DATA POINTS
NUMBER OF DATA POINTS

UPPER CELL
CELL ' FREQ
LIMIT
4494000
65,000
64,000
67000
68.000
69,000
70000
71000
72,000
73,000
74.000
75.000
76,000
77.000
78.000
79.000
80,000
81,000
82,000
83,000
84,000
85,000
86,000
87.000
88.000
89.000
90.000
91.000
92.000
93,000
94000
95.000
96,000
97,000
98.000
99.000
100.000
101.000
102.000
103.000
104,000
105.000
106,000
107.000
108.000
109.000
110.000
111.000
112.000

113.000

O ~"CO0~00 == UONOUWELINWIRNONLTWWILINNOLEONPNNNWLNCNOW~DDOD-=w0

EQUAL TO OR BELOW

EQUAL TO OR ABOVE

CUMULATIVE
PROBABILITY

+000
«010
"¢020
«020
«020
«020
«020
+030
2060
«060
- +080
2080
v}00
v 130
o150
o170
o190
0250
0270
¢330
«370
0370
420
o440
e480
¢510
o540
¢580
0650
«710
760
«790
«810
« 850
«890
«920
v920
* 940
0940
950
0960
« 970
+ 980
+980
«980
¢ 990
*990
e 990
1000

1000

64.00=
113,00=

FIGURE 5. HISTOGRAM OF LOST STAGES
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results for 100 of these 445 flight programs are contained in
this histogram.

e CELL WIDTH = 1,000
The width of each cell in this histogram is one unit.

® NUMBER OF DATA POINTS EQUAL TO OR BELOW  67.000 = 0
The minimum number of stages required to complete one
445 {light program is 68. The percent probability of 68 stages
completing the entire 445 flight program can be determined by
referring to the cumulative probability column of the histo-
gram corresponding tc an upper cell limit of 68.000. It can
be seen that the probability of completing the entire program
with 68 stages is 1 percent.

¢ NUMBER OF DATA POINTS EQUAL TO OR ABOVE 114.000 = 0
The maximum number of stages required to complete one
445 flight program is 113.000. The results of the simulation
under the present set of specified conditions indicate that there
is a 100 percent probability of completing the entire 445 flight
program with 113 stages. However, care must be used when
making unequivocal statements of this type. It is recommended
when stating maximums that a positive 20 limit (=97 percent)
be used in lieu of a 100 percent quote. The closest probability
that is larger than or equal to the positive 26 limit in the
example histogram is 97 percent, Therefore, 106 stages
are required to have a 20 probability of completing the entire
program.

The interpretation of the remaining three histograms generated

by the SLAVE Model can be made in a manner similar to the detailed
explanation presented above.

16



SECTION V., EXAMPLE PROBLEM

This section presents a hypothetical set of parametric case
studies for which the statistics generated by the SLAVE Model are
desired, The user needs to study information on a 580 flight program,
and desires to know how many stages will be required to successfully
complete the program., The analyst estimates that the probability of
losing a stage could be 5, 10, or 20 percent. He also knows that the
stage designers are considering a maximum flight life of 20 or 30
flights per stage.

In order to obtain statistically valid results the user decides
100 simulations are sufficient. In order to compare the results all the
case studies should operate under the same conditions, therefore, the
random number seed is identical for all the desired case studies, The
listing of the required input deck appears in Figure 6. The results of
this input deck are presented in Appendix A. A detailed report utilizing
results from the SLAVE Model is presented in Reference 1,

17
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SECTION VI, PROGRAM DEFINITION

A. Program Description

The SLAVE Model requires approximately 20, 000 words of
UNIVAC 1108 core space., The program consists of a mainline and four
subroutines. The read and write unit designators are designed to be
easily adaptable to computers other than the UNIVAC 1108. The program
has 8 subscripted variables with a total array size of 10,040 words.

The program places data in 4 histograms of which 3 have 1000 cells

of width 1. The fourth histogram has 2000 cells of width 0.5. The
program operates by placing a stage in the system and using it until

it is lost or has reached its maximum flight life, Variables are used
to accumulate the data of each flight, When one complete flight program
is finished the appropriate values are entered into histograms. This
process is repeated for each simulation until all simulations requested
are completed. The cumulative probability of obtaining each data point
in all histograms is calculated. Mathematical manipulations are then
performed to make the data suitable for printout and the output sub-
routines are initiated. At the completion of the output, a check is made
to determine if another case study is desired; if so, the entire process
is repeated., The narrative flow chart of the mainline is presented in
Appendix B and a complete program listing is contained in Appendix C.

B. Individual Subroutine Descriptions

1. HISTO. This subroutine is used to compile a histogram of
the data produced by the main program. Inputs to the subroutine consist
of the upper and lower limit of the histogram, the cell width, and an
initial entry indicator., The output of the subroutine is a histogram that
contains the frequency of occurrence in each cell., The subroutine also
outputs the total number of data points contained in the histogram. A
narrative flow chart of subroutine HISTO is presented in Appendix B
and a complete program listing in Appendix C.

2., CUMPF. This subroutine is used to calculate the cumulative
probability function for the data generated by the histogram subroutine,
The inputs to this subroutine are the number of data points in the histo-
gram, the number of cells, and the frequency in each cell, The output
is the cumulative probability of obtaining a value between the lower limit
of the histogram and the upper limit of each cell. A narrative flow chart
of subroutine CUMPYF is presented in Appendix B and a complete program
listing in Appendix C.

19



3. WHIST. This subroutine is used to write the information
generated by the histogram and cumulative probability subroutines.
This subroutine writes the number of data points in the histogram, the
cell width, the number of data points below the lower limit of the histo-
gram, and the number of data points above the upper limit of the histo-
gram in sentence form. The upper cell limit, cell frequency, and
cumulative probability are written in tabular form. The printed histo-
gram consists only of the cells between the lowest and highest occupied
cell, A narrative flow chart of subroutine WHIST is presented in
Appendix B and a complete program listing in Appendix C.

4. URAND. This subroutine generates a uniformly distributed
sequence of pseudo random numbers in the range of zero to one. The
narrative flow chart is presented in Appendix B and a complete program
listing in Appendix C.
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APPENDIX A. EXAMPLE PROBLEM RESULTS



RANOOM NUMBER SEED 11221

NUMBENR UF FLIGHTS IN | COMPLETE PROGRAM s80
NUMBER UF COMPLETE PROGRAMS SIMULATED 100
MAXIMUM SIAGE LIFETIME 20
LUSS NKATE (PERCENT) Se.000
AVERKAGE NUMBER OF STAGES RFGQUIRED 45,61000
AVERAGE SIAGE LIFE 12.81811
CAVERAGE NOMBER UF STAGES WHICH WEAR OUT 15.94000
AVERAGE NUMBER UF STAGFS WHICH ARE LOST 28.77000
AVERAGE NUMBER OF STAGES WHICH ARE STILL
OPERATIONAL AT THE END OF THE FLIGHT PROGRAM 91000

HISTOGRAM OF TOTAL NUMRER NF STAGES REQUIRED PFR BHO FLIGHT PRUOGRAM

NUMBER UF DATA POINTS IN HISTOGKAM 1on

CELL WIUTH = 1000

NUMBER OfF DATA POINTS EQUAL TO OR RELOW 36,00 O
NUMBER UF DATA POINTS FQUAL TO OR ABQOVE 86,00 n

UPPLER CELL CUMULATIVE
CeLt FREW PROBABILITY
LImit

164000 0 «000
37,600 i «010
g, Cou 2 «030
39.C00 2 « 050
40,000 4 «090
41,000 5 «d40
42,000 11 0250
43,600 9 e 340
44,00 10 )
45, (o0 & 520
464000 11 630
47.000 s + 680
48,000 7 «750
49,000 9 + 840
SU.J0U 4 s 880
51.000 2 «900
52.600 1 910
53.400 5 «960
S4,4500 1 970
854000 3 1000
56,000 0 1000

HISTQLRAM (F AVERAGE STAGE LIFE

NUMBER UF DATA POINIS IN HISTORRAM tco
CELL WIUTH = 500

MUMBER UF DATA PUINTS EQUAL TOo OR BELOW IN,80% n
NUMBER UF pPATA FPOINTS FRQUAL TO OR ABNVE 1be8N=E o
UPPER CELL CUMULATIVE
Cett FRER PROBABILITY
LimMiT
lueb00 u + 000
ll.gob 9 090



11ed0U 3
12,000 13
124500 12
13,000 19
13.500 1y
149,000 11
14500 9
15000 2
15,500 2
16,000 |
164500 o

HISTOGRAM OF WQRN OQUT
NUMBER UF DATA POINTS
CELL WIUTH =  }.000

NUMBER UF DATA POINTS
NUMBER UF DATA POINTS

UPPLR CFLL
CELL FREW
LiMit

7e.000 4]
80600 1
9.000 0
1u.3G00 1]
11,8300 )
12.000 5
130600 9
14,500 10
15.800 17
16.800U 17
174000 15
18.000 13
19,000 5
20,000 3
21,300 2
22,000 1
23.000 1
24,000 (4]

STAGES

v 120
250
«370
eS5A0
+750
e 860
+ 950
970
2990
1000
1.000

IN HISTOGRAM 100

FQUAYL
EQUA|

HISTOORAM F LoST STAGES
IN HISTOGRAM (g0

NUMBER Ut DATA POINIS
CtLL WIUTH = 1000

NUMBER UF DATA PIHINTS
NUMBER OF DATA POINTS

UPPER CELL
CELL FREQ
LIMIT

144000 o

15,000 1

164800 0

17,000 t

18.C00 2

EQUAYL

FRUAL

TO OR BELOW
in OR aBOvVE

CUMULATIVE
PROBABILITY

« 300
«010
010
«010
+020
«070
0160
2260
430
« 600
e780
«8AR0
«930
o960
980
990
1e00C0
1«000D

TO UR BELnwW
TO OR AROVE

CUMULATIVE
PROBABILITY

« 000
010
«010
3200
04N

7.00=
24,00=

14,0n=
43,00=

n
0

2]
8]



19,00V
20,000
21.000
22.000
23,000
24.300
25,000
26,000
27.800
28,4000
29.000
SUQGOB
31.8300
32.400
33.000
a4,000
35,000
36.800
37 .G(.ICJ
38,000
39,0600
4U.000
414000
42.000
43,500

Q= WN=N~- U~ W PO L WS> LY =0 L2 W

070
Q70
«110
160
170
«220
310
370
420
450
e HHN
o640
0720
«770
«810
e840
+ 850
906
710
«930
+940
2?60
990
1000
1+000



RANDOM NUMBER SEED 11221

NUMBER UF FLIGHTS IN | COMPLETE PROGRAM 580
NUMBER UF COMPLETE PROGRAMS SIMULATED 100
MAXIMUM STAGE LIFETIME ’ 30
LOSS RAIE (PERCENT) : S.000
AVERAGE NUMBER OF STAGES REFQUIRED 37.20000
AVERAGE STAGE LIFE A . 1582921
AVERAGE NOMBER UF STAGES WHICH WEAR OUT 7.51000
AVERAGE NUMBER OF STAGES WHICH ARE LOST 28,7700n0
AVERAGE NUMBER OF STAGES WHMICH ARE STILL

OPERATIUONAL AT THF END OF THE FLIGHT PRUOGRAM <2000

HISTOGRAM OF TOTAL NUMAER OF STAGES REQUIRED PFR &KHBO FLIGHT PROGRAM
NUMBER UF DATA POINTS TN HISTOGRAM 100

CELL WIUTH = j.000

NUMBER Uf¢ DATA POINTS FRUAL TO OR BELOW 27,00=

NUMBER UF DATA POINTS EQUAL T0 DR ABROVF 52,00 0

" UPPER CELL CUMULATIVE
ceLtL FREQ PROBARILITY
LIMET
27.00U 0 «000
28,000 i 010
29.000 Y « 050
3u.G00 0 050
31.800 q 090
32.000 4 e130
33.C00 10 +230
344.G0OU 7 +300
}5-000 10 « 400
36.C00 16 SO0
ar.tou 9 »590
38.C000 3 e620
39.Co0 IS .Y 14l
‘OUQGU'J Yy «770
41.C00 5 e 820
42,C00 4 «860
43,000 Y 90N
44,000 3 930
4s.000 3 « 9460
44,600 V] e 960
47.000 2 e 980
48.C00 1 990
49,0040 (4] 990
SU.G00 1] +990
s1.000 i 1e000
$2.C0U (1] 1,000

HISTOGRAM 0OF AVERAGE STAGE LIFE

NUMBER UF DATA POINTS IN H]STOGRAM 0o

CELL WIUTH = 500

NUMBER UF DATA POINTS EWUAL T0 OR BRELOW 11,002 n
_NUMBER UF DATA PUINTS FWGUAL TD OR AROQVE 21,80=



UPPER cCELL
CELL FREQ
LIMIT

11,000

11500

12.C00

12500

13,000

13.500

14,000

14,500 1
19000
15.508
16,000
166500
17.000
17500
18000 1
18,500

19,000

194500

2u.Cc00

2U. 500

214,000

214500

— -
QO 20N WL L NW W -0

HISTOGRAM OF %woRN OUT
NUMBER Uf DATA PUINTS
CELL WIUTH = 10G0

NUMBEX UF DATA POjNTS
NUMBER UOF DATA PUINTS

UPPER CELL
AN FREW
Limit

1et:0U 0
2,600 1
3.000 o
4800 5
5,000 6
64000 20
7.000 24
ﬂoEOG 14
9.800 13
1UeG00 7
11.00U 8
t2.000 2
13.000 0

STAGES

CUMULATIVE
PROBABILITY

«000
«010
«010
2« 040
«070
+ 140
+ 180
«320
+ 380
410
«SQ00
« 600
«700
w770
870
910
¢ 950
+ 950
«990
990
t«f200
1000

IN HISTOGRAM

EQUAY
FRUAY

HISTOGRAM of LnST STAGES
NUMBER UF DATA POINTS IN HISTOGRAM

CeLL WJUTH = fe0QN

1eo

~

TO UR RELOW
TO OR ABOVE

CUMULATIVE
PROBARILITY

«000
010
010
Yal-3:}
o120
320
25460
750
+830
s 900
980
1000
1,000

1co

NUMBER UF DAYTA FPUINTS EWUAL TO OR BELOW
NUMBER UF DATA POINTS £QUAL TO OR AROVE

1.n0=
13.,00=

14,00=
43,0n=

o]
o



UPPER
CELL

LimMiT

14.C0U
15.600
- 16.800
17.C00
184000
19.000
20,800
214000
22.000
23,000
244600
25-606
26,000
27.000
28,000
29.000
3u.B00
31,000
32,800
33.600
34,000
35.000
36.000
37.000
3s.300
39,800
400600
41,000
42.000
493,000

CELL
FREQG

O = W N =N =W PP RO QWP OrCWN P 2O WN =CQ =0

CUMULATIVE
PROBABILITY

«000
010
«010
«020
¢ 040
0070
0704
o110
s 160
«170
220
«310
«370
«420
« 450
540
ehH0
0720
«770
810
eAY4O
850
+ 900
*910
¢ 930
e 940
e960
990
1000
1000



RANVDOM NUMBRER SEED 11221

NUMBER UF FLIGH!S IN | COMPLETE PRNGRAM 580
NUMHENK OF COMPLETE PROGRAMS SIMULATED 100
MAXIMUM STAGE LIFETIME 20
LOSS KATE (PERCENT) 10.000
AVERKAGE NUMBER OF STAGES RFQUIRED 66.,88000
AVENRAGE SIAGE LIFE 8,77390
AVERAGE NUMBER OF STAGES WHICH WEAR QUT 7.80000
AVENAGE NUMBER OF STAGES WHICH ARE LOST S8,060N0
AVERAGE NUMBER OF STAGES WHICH ARE STILL -

OPENATIUNAL AT THE END OF THE FLIGHT PRUGRAM +82000

HISTOGRAM OF TOTAL NUMBER 0OF STAGES REQUIRFD PFR SHO FLIGHT PRUGRAM
NUMBER UF DATA POINTS IN HISTOGRAM 100

CELL wWlLTH = 1200

NUMBER UF DATA POINTS FQUAL TO OR BELOW R2,00= 0O

NUMBER OF DATA POINTS FHWUAL TO UR ABOVF R4 ,0n= 0

UPPLR CELL CUMULATIVE
CELL FREQ PRNOBABILITY
LIMIT

52000 1] Q00
63.000 i 01
S4,60U 0 +010
55,500 t 020
Sa.000 3 «DS0
97,000 2 070
58,000 4 110
59,000 2 13N
6U060C‘ 4 s 170D
81,000 2 190
62,000 6 250
63000 7 «320
64,000 & Y )
65.300 4 440
b6.G00 8 520
67.000 6 -Y:1¢
48.00U 4 620
69,000 4 YY)
70.C00 5 e710
71+COU 5 «7640
72.800 6 «H20
73.00n0 3 «HSD
74.00u 6 910
75.000 2 930
76,000 2 e 950
77.800 1 +960
78,000 0 e 960
79.000 f «970
BULGOU 1 e 980
81,000 0 « 980
82.00U ] «990
83,000 ] 1000
844500 0 1000



HISTOGRAM OF AVERAGE STAGE LIFE
POINTS 1IN H[STUGNAH 100

"NUMBER UF DATA
CELL WIUTH =

NUMBER UF DATA
NUMBER UF DATA

UPPLR
CELL
LIMIT
b+500
7.000
7.500
8.000
8.500
9,000
Y4500
10000
onSOO
11.00U
11.500

+ 500
POINTS
POINTS

CELL
FREQ

0
]
3
14
20
22
21
12
5
2
0

HISTOGRAM NF WORN OUT

NUMBER UF DATA
CELL W]UTH =

NUMBER UF DATA
NUMBER UF DATA

UPPLR
CELL
Limiry
2.C0O0U0
3,800
4,000
S 000
4.G00
7.C00
R.GOO
9.C00
10.G00
11000
12.800
13.600
14.800
15,000
16800

POINTS

1e0CO

POINTS
POINTS

CELL
FREQ

EQUAL
EQUAL

STAGFES

TO UR BELOW
TO OR ABOVE

CUMULATIVE
PROBABILITY

«000
s010
e 04N
«180
» 380
0600
«810
930
980
1000
1.000

IN HISTOGRAM 100

EQUAYL
EQUAL

HISTQORAM oF LQOST STAGES
IN HISTOGRAM 100

NUMBER UF DATA
CELL WIUTH =

POINTS

1000

TD OR BELOW
TO OR ANDVE

CUMULATIVE
PROBABILITY

« 000D
«010
Q90
e 140
«320
510
6560
«750
s8R0
10
980
« 990
«990
1000
t«000

NUMBER UF DATA POINTS EQUAL TO OR BELOW
NUMBER OF DATA PUINTS FWUAL TO OR ABOVE

UPPER
CeELL

CELL
FREW®

CUMULATIVE
PRNBABILITY

6,5n=
11.,50=

2,00
'6.0'."

39.00=
74,00=

n
o

n
n

r



LMY
39.00U
YU GO0
Hi.ﬁdu
424500
430&06
44,300
45.G00
46.G00
§7.500
“8960&
49400
SU. 00
s1e000
52.000
53,C00
5“.600
554000
56,000
57.000
584000
59,000
6U.G0O0
61,800
62.G00
63.800
64¢C0U
654000
68.C0OUL
67+C00
684,000
49,000
70000
71.000
72.C00
73.C00
74,000
75.C0OU
744600

CNQF‘—N'—UNNINU’WC-kNO'iQSN:U'UNJUUNN'—:—:Q—ec—.c

+ 000
«010
+010
«020
e 020
+030
«070
«DRQ
« 100
o120
150
« 180
2220
s 2840
0270
«320
«e3460
« 380
420
520
«580
e 600
X214
«730
760
+810
«830
«870
«890
910
940
e 950
970
« 980
« 980
e980
1000
1000



RANDOM NUMBER SEED 11221

NUMBER UF FLIGHTS IN t COMPLETE PROGRAM 580
NUMBER UF COMPLETE PROGRAMS SIMULATED 100
MAXIMUM STAGE LIFETIME a0
LOSS KATE (PERCENT) 10.000
AVERAGE NUMBER Of STAGES REQUIRED : 61,19000
AVERAGE STAGE LIFE 9.60096
AVERAGE NUMBEK OF STAGES WHICH WEAR OUT 2.31000
AVENAGE MUMBER OF STAGFS WHICH ARE LOST 58.060N0
AVENAGE MUMBER OF STAGES WHICH ARE STILL -

OPERATIUMAL AT THE END OF THE FLIGHT PROGRAM «82000

HISTOGRAM OF ToTAL NUMBER 0F STAGES REQUIRED PFR SHO FLIGHT PROGRAM
NUMBER UF DATA POINTS IN HISTOGRAM 1CQ ’

CELL WIUTH = {,.,000C

NUMBER UF DATA POINTS EQUAL TO OR BELOW 44,008 N

NUMBER OF DATA PUINTS EQUAL TO OR ABOVE 79,.,0ns 0

UPPER CELL CUMULATIVE
CELL FREQ PROBABILITY
Limiy

44,000 o «0N0
49,800 | «010
464000 1 «D20
47.00U i) e020
48,800 4] «020
49,00 2 « 04O
sU.000 4 «080
51+000 1 «D99
82,000 3 120
53.00U 4 o160
S4,000 1 170
95.000 3 «200
564,000 5 250
57.300 6 «310
58.000 3 « 340
©9.000 3 «370
6Ud0U 8 t 450
&1 000 5 YL}
624000 [ o549
43,400 3 0590
64,.C0U 8 670
65.C00 [ ¢ 750
66+CD0 7 «820
67.00U 1 + 830
68 .EN0 2 «R50
6%9.C0OVL 5 » 900
70.000 2 e920
71800 2 94N
72.800 0 e 94N
73.800 2 «940
74.000 2 980
75.C00 1} ¢ 9RD
76000 (i) «980
77.000 1 990



78,000
" 79.c00

1000
1000

HISTOGRAM OF AVERAGE STAGE LIFF

NUMBER OF
CELL WIDTH
NUMBER UF
NUMBER UF

UPPER
CELL
LIMITY
7,000
7+500
8.000
8.500
9.000
9.500
1u.000
tu.500
11.000
ll.SnE
12.000
12.500
13,000
13.300

DATA
=

NATA

DATA

FOINTS
500

POINTS
POINTS

CELL
FREQ

HISTOGRAM OF WOKN OUT
OATA PUINTS

NUMBER OF
CELL wluTH
NUMBER OF
NUMBER OF

UPPER
ceLt
Limly
00
1800
2.600
3,300
4,000
S.00
6.C00

1.000

DATA POINTS
DATA POINTS

CELL
FREQ

9
24
25
19
15

8

0

IN HISTOGRAM 100

EQUAL TO OR RELOW
FQUAL TO OR ABOVE

CUMULATIVE
PROBABILITY

« 00N
010
e 040
o150
«+ 330
eS00
690
« 800
s RRD
«920
«980
980
1000
t.0D0O

STAGES
IN HISTDGRAM 1cn

EQUAL 10 OR RELOW
FUuAL T0 OR AMOVF

CUMULATIVE
PROABABILITY

« 090
« 330
+S5R0
e77C
920
1000
1.000

HISTOGRAM 0F LgST STAGES
DATA POJINTS

NUMBER OUFf
CELL WIUTH

1.000

IN HISTOGRAM 1¢n

NUMBER Uf DATA POINTS EQUAL TO OR HELOW
NUMBER UF DATA POINTS FQUAL TO OR ABOVE

UPPELR
CeELL
LIMLIT

CELL
FREQ

CUMULATIVE
PRNOBABILITY

1%.00=
76,00=

A-12

"
[y



39.000
40,000
414000
42,600
43,000
44,500
49,000
46,000
47.000

480600

49.000
sS0,000
5]0&00
52.000
53,800
54,000
$5,000
S46.000
7,000
58,000
59.C00
60,000
41800
62.000
63,000
44,000
65.0N0
66,800
67+C00
68,000
69.C0U
70,000
71.000
72.00nU
73.000
7“.600
75,600
76.500

« 000
«Q1D
+010
«020
«020
«030
«070
e080
¢ 100
0120
o 180D
180
«220
240
270
«320
« 3460
« 380
s420
«520
«580
e 600
o b4N
730
760
+810
«830
«870
0890
910
940
950
970
¢« 9R0
' 9RN
s9RHN
100N
1000



RANOOM NUMRER SEED 11221

TNUMBER OF FLIGHTS IN | COMPLETE PROGRAM 580
NUMBEN UF COMPLLTE PROGRAMS SIMULATED lop
MAXIMUM STAGE LIFETIME 20
LOSS RATE (PERCENT) 20,000

"AVERAGE NUMBER OF STAGES REGUIRED 118,09000
AVERAGE STAGE LIFE 4,95310
AVENAGE NUMHER OF STAGES WHICH WEAR 0OUT 1.37000
AVENAGE MUMBER OF STAGES WHICH ARE LOST 115.,9%000
AVEWAGE NUMBER OF STAGES WHICH ARE STILL
OPERATIOGNAL AT THE END OF THE FLIGHT PRUGRAM .77000

HISTOGRAM OF TOTAL NUMBER nf STAGES REQUIRED PFR &S8O0 FLIGHT PROGRAM
NUMBER OF DATA POINTS IN HISTOGRAM 1on

CELL WIUTH = 1.000

NUMBER OF DATA POINTS EQUAL TO UR BELOW 91.,0n= n

NUMBER OF DATA POINTS EQUAL TO OR ABOVE 141 ,0n= QO

UPPER CELL CUMULATIVE
CELL FREQ PROBABILITY
Limiy

91.000 u + 000
92.800 1 019
93.000 0 010
94,500 ] v020
95,300 1 030
96,300 o 030
97,000 2 « 050
98,000 0 + 050
99,.C00 o «050
100.600 1 060
10} +000 0 eN&N
102.000 2 + 0RO
103.800 (0] <080
104+00U 1 s 090
105.00uU o s 130
1064800 1 140
107.800 4 » 1R0
108.C00 1 «190
109.0800 2 «210
11ueC0D ] «250
111.800 S « 300
112,800 1 310
113,000 Y «350
114,000 5 + 400
115.8300 2 420
11640300 ' 0430
117,000 1 440
118.C00 5 s 490
119.800 k| «520
120.000 1 530
121,000 5 «580
122.000 5 630
123,000 3 «bb0
124,000 7 730



125,00V
126.000
127.000
128,000
129.000
130,000
131.000
132.000
133,000
1349.000.
135,000
1364000
137,000
138,600
139,000
1404000
IQI.DOG

O~ QO =~ONWwWNWWNNNON

+ 750
+ 790
«770
+ 790
» 8B40
870
890
920
¢+930
e960
980
«980
990
«990
990
1.000
1000

HISTOGRAM oF AVERAGE STAGE LIFE

NUMBER UF DATA POINMTS
CLLL WIVUTH = «500

NUMBER UF DATA POINTS
NUMBER OF NATA POINTS

UPPER ; CELL
CELL FREW
LIMLT

4,000 (1]
44500 21
54000 a7
5.500 29
6000 10
64500 3
74000 o

"HISTOGRAM OF WORN oUT
NUMBER UF DATA POUIMTS
"CELL WIDTH = {.000

NUMBER OF DATA POINTS
NUMBER OF DATA POINTS

UPPER =~ CELL
CELL FREW
LIMIT
00U 27
1.000 35
2.000 25
__ 3,800 7
4,800 2
S.G00 2
6,800 1
70606 1
8,000 0

IN HISTOGRAM 100

EQUAL TO OR BELOW
EQUAL ?0 OR ABROVE

CUMULATIVE
PRABABILITY

»00C
2219
«580
«B70
0?70
1000
1 «000

STAGES
IN HISTOGRAM 100

FQUAL Tao OR BELOW
FQUAL TO OR ABOVE

CUMULATIVE
PROBABILITY

v 270
e620
870
940
¢e960
980
e 990
1000
1.000

4,008 n
7.00% 0

On= 27
A.00= 0

A-15



HISTOGRAM OF LOST STAGES

" NUMBER UF DATA POINTS
CELL WIUTH = ] .000

NUMBER OF DATA POINTS
NUMBER OF DATA POINTS

UPPLR CELL
ceLL FREQ
LIM)T

87.C00
89-606
990600
u,CG00
91.500
92.600
934,800
94,600
954 GO0
960@“6
97+CO0
98-606
99,800
100,300
1015600
102.CN0
1e3.C00
104200
105CN0
1064CNG
107.%00
10800
109.505
110.600
111000
112.8n0
113,000
114,000
115000
116,000
117,600
118,000
119.000
120,000
1210600
122,600
123.000
174,000
1254000
126,800
127.000
128,000
129.000
130,000
131.000
132,000
133.000

-0 W W e W T WwOOWENDSWE W= = NWIEINT =GO WE=r = =00 =N=CC =C w2

IN RISTOGRAM 100

EQUAL TO OR BELOW
FQUAL YO QR ABOVE

CUMULATIVE
PROBABILITY

« 000
010
+ 020
«020
«030
«030
«030
« 040
«0460
«070
070
070
«080O
+ 090
100
110
«150
+180
+ 180
210
e 220
0270
eZ290
«330
«3460
«380
20
430D
s 440
«470
510
54N
«570
5610
+ 68N
«720
«750
«750
0750
»7HQ
820
« 850
+ 880
«910
e 40N
YN
+950

R7.00%=
139,00=

n
a



la4.c0U
135,000
136,000
137.800
138,000
139,000

B~ B - B - I

+980
780
990
2990
1000
1000

A-17



RANUDM NUMBER SEED 11221

NUMBER UF FLIGHTS I[N | COMPLETE PROGRAM S80
NUMBER UF COMPLETE PROGRAMS SIMULATED 100
MAXIMUM STAGE LIFETIME 30
LOSS RATE (PERCENT) 20.000
AVENAGE NUMBER OF STAGES REQUIRED 116.,8700D
AVERAGE STAGE LIFE S.01078
AVERAGE NUMBER OF STAGES WHICH WEAR OUT «T5D0M0O
AVERAGE NUMHBER OF STAGFS WHICH ARE LOST 115,95000
AVERAGE NUMBER OF STAGFS WHICH ARE STILL

OPERATIONAL AT THE END OF THE FLIGHT PROGRAM « 77000

HISTOGRAM OF TOTAL MUMHER OF SYAGES REQUIRED PER &BQ FLIGHT PROGRAM
NUMBER UF DATA PUINTS IN HISTOGRAM 100

CELL WIUTH = 1,000

NUMBER OF DATA POINTS EQUAL TO UR BELOWV 89,00= 0

NUMBER UF DATA POINTS FQuUAL TO OR ABROVE (139,003 1

UPPER CELL CUMULATIVE
CeLL FREQ PROBARILITY
Limly

89.L0U ] « 000
0.000 1 010
91.000 ) «020
92.C00 ] «030
93.000 (4] 030
944C00 G «030
95.C0NU 1 040
96,000 2 060
97.000 1 70
98,000 0 «070
99.COU o «070
100200 v «070
10l.COU 2 «09n
102,00 1 «100
t03,.cnd 1 «110
104.000 5 e 160
105800 2 » 180
1064000 0 «180
107300 3 «210
108,000 3 ¢240
109000 4 » 280
110.000 2 300
t11.C00U K} «330
112,000 k} 0360
113.000 1 «370
114,300 5 420
115.000 1 e430
116,800 t s 44D
117,000 3 e 470
118,800 4 51N
119.C00 3 e540
120200 3 «570
121 4G 5 620
1224600 6 « &80



123.00U
124,000
125.000
1264C00
127.C00
128,000
129.000
130.C00
131.G00
132,800
133,800
134,000
1as.goo
136,600
137,000
138.C0a0
139.C00

0 =0~ NNDUWCNNZVPWO—-N L

720
+ 7HOD
«750
o750
7810
«830
«870
«89D
910
94N
94D
w960
980
990
990
1.000
1000

HISTOGRAM oF AVERAGE STAGE LIFF

NUMBER OF DATA

CELL WILTH =
NUMBER UFf
NUMBER OF

UPPLR

CELL

Limey
4,000
"QSDU
S.C00
54500
6.00U
6e500
7.000

HISTDGRAM OF WoORN
DATA POINTS
te000

DATA POINTS
DATA POINTS

NUMHER OF
CELL WIUTH =
NUMMBER UF
NUMBER OF

UPPER
CekLL
LImMlT
20U
te00
2.00U

HISTpGRAM QF

CetlL WIUTH =

DATA
DATA

POINTS 1IN
o500

POIMTS
POINTS

EQUAL
FQUAL

CELL
FRER

y
17
40
25
t2

-}

8]

ourt

FQUAYL
FQUAYL

CELL
FREQ

)
15
M

LOST STAGES
NUMHER OF DATA FOIMTS IN HISTNGRAM
1060@ '
NUMBER UfF DATA POINTS EWUAL

HISTOGNAM

STAGFS
IN HISTOGKAM

ren

TO0 UR RELOW
TO OR AHBOVE

CUMULATIVE
PRNBARILITY

oCON
o170
570
«B20
940
1.C00
t«CON

1ce

T OR BRELOW
1o OR AROVFE

CUmMULATIVE
PRABABILITY

+850

t«CCO
1.0072

tge

10 UR RELOW

NUMHER OF DATA POIMIS FQUAL TO OR ABOVE

4,00 0
T.0n= N
PRAlal NN -
2.00= n
R7.0n= (o)
139,0ne (o]

.



UPPER
CELL
LIMLT
R7.000
88-600
#9.000
90.000
91.0G00
92,000
93,000
94,000
95.600
96800
97.600
980300
99,00
|0U0606
101800
102.C00
103,800
104,300
105.000
106.G00
107.G00
108.G0U
109.800
11u.C00
1t1.E0V
Y12.000
113.800
114,000
119,600
116.E00
117.0800
11B.20U
119.800
120600
121.C0U
122.C00
123.C00
124,L00
125,800
1264200
127+4C0OU
12B45N0
129700
130,000
1314000
132,400
133.60U
1340600
135,000
l360é00
1374000
138.000
139.800

CELL
FREQ

O~ C =~ O W= 0O WiwWWLWwDOWIENLWGWLILIW=—=LENWEINU=WIOSWE==mce=~g0O0=N~QQ—-0=—~0C

CUMULATIVE
PROBABILITY

« 000
«010
«Q20
Q020
« 0230
+ 030
+030
GU0
«060
070
«070
70
« 080
«090
« 100
110
150
«1RD
« 180
210
+ 220
270
0290
¢330
« 360N
«380
420
43N
e 440
470
510
540
570
b0
cHAN
« 7210
« 750
« 750
7K1
781
«R20
s HHO
«BHHEN
10
e U0
e 9240
95N
« 980
RN
s 990
. 990
1000
1.000



APPENDIX B. SLAVE MODEL NARRATIVE PROGRAM FLOW CHARTS
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RETURN

D TOO

CHECK TO SEE IF
DIMENSION FOR THE
INTERNAL VARIABLE
'ADD' IS LARGE ENOUGH.,

SET INTERNAL VARIABLE
EQUAL TO NUMBER OF
DATA POINTS IN
HISTOGRAM,

PUT CONTENTS OF EACH
CELL INTO FLOATING
POINT ARRAY,

ESTABLISH CUMULATIVE

'PROBABILITY OF FIRST
' CELL,

ESTABLISH CUMULATIVE
PROBABILITY OF THE
OTHER CELLS,



ESTABLISH FIXED
POINT RANDOM
NUMBER

IS FIXED POINT
RANDOM NUMBER
NEGATIVE OR’ ZE%)

ADD TWO TO THE

35 TH POWER +1 TO
FIXED POINT RANDOM
NUMBER

FLOAT
FIXED POINT
NUMBER

PUT FLOATING
RANDOM NUMBER
IN ZERO TO

ONE RANGE

RETURN
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APPENDIX C. SLAVE MODEL FORTRAN LISTINGS



I
lo
lo.
(9
C
C

ccCcoCccCcCcCcOoCcCcCcCcCCOC OO

~CcCcCcCCcCCCCCCCCCCCCOCCOCCO cCcccCcCccCccCccCcCccCcCccCcCcCccCccCcocCC

RUN¢/ /7 SLAVEI'uzuozsoDuPAULBINZZbisn150

ASGeT TAPE»1e5AVEUZ
FOR? IS MALNsMATN

SLAVUOUU
SLAVUOLU
-___-------_--;-_----_-----4-as----------------—-—-----------;------—--5LAvuuzu
DARYL D. PAUL» JR, SLAVUOJU

TeLeDYNE BROWN ENGINEERING SLAVULO4U

JANUARY 2891972 SLAVUUSU

SLAVUULbY

SLAVUOT7UL

PRUGRAM 10 UETERMINE THE NUMBER OF STAGES REQUIRED Tv COMPLETE SLAvVUOUSBY
ALL MISSIONS IN THE PROGRAM LIFE. THE NUMBER OF STAGLS REQUIRED SLAVUO9L
VARIES ACCURCING Tu IHE ESIIMATED LOSS RATE PER FLiGnI AND MAXIMUMSLAVO1lUU
FLLIGHTS A STAGE MAY PERFORMe THIS PRUGKAM MAY BE USEw TO CALCULATESLAVU11U
THE REGULREU STATISTICS FOR ANY ELEMERT OF HARUWARE «t1CH 1S USED SLAvVL1Z2U
REPEATEDLY FOR WHICH A LUSS RATE MAY Bt ESTABL ISHED® SLAVU13U
___________ O SR IR R P B B D DD L TR VA L
SLAVU1bU

SLAVUlbU

SLAVUL7U

SLAvVulgy

------ -------—----------------*------------—---------—---"--é-------—-SLAVU190
VARLAGULE LDENTIFICATION SLAvVU2UU

SLAVU21U

ABUSTZ AVEKAGE NUMBER OF >TAGES REQUIKED SLAvVU22V
SLAVUZ25U

ALEFT= AVLKAGE NUMBER OF STAGES SHILL OPERATIUNAL SLAvVUL24UL
AT THE END OF EACA PROGRAM SIMULATION SLAVU2bLU
SLAVUZoVL

ALLFEZ AVERAGE STAGE LIFE SLAVU27V
SLAVUZ8U

ALLIVES AVEkAGE STAGL LIFE ACCUMULATUR SLAVUL29Y
SLAVU3(QU

AMEANS WMEAN LUSS KAIE PERULENTAGE SLAVUALY
SLAVU32UL

ASINK= AVERAGE ~NUMBCLR OF STAGES LOST SLAVU3SL
. SLAVULS4U

AWEARSZ AVEKAGE nUMBER Ck STAGES WHICH WEAK OUT AND »Ke DISCARDED SLAVUSHU
SLAVU3bU

BOUSTZ FLUATING PUINT REPRESENTATLON OF NUMBER OF S1AGES REQUIKEBSLAVUL A7V
SLAVU3BU

CeLlw= CELL wibDIH FUR TUTAL NUMBER UF STAGES REQUIRcL HISTOGRAM SLAVOSYUL
SLAVU4YU

CELLI= CELL WiDIH in AVERAGe STAGE LIFE HISTOORAM SLAVULY1U
SLAVU42U

CELL2Z  CELL WIDIH FuR WURN QUT STAGE HISTUGKAM SLAVU43UL
SLAVULU4L

CELL3= CELL WIDTH FUR LUS1 STAGE HISTUGRAM SLAVU4SU
SLAVUYoU

FLLTE= JHE NUMBER Ot FLIGRTS A STAGE MADE BEFURE BEilG LOST SLAVU47U
SLAVU4EL

INLT= INULCATOKR 10 THE TOTAL ReGUIKEL HISTOGKAM SULROUTINE SLAvVUYYU
10 INITIALLZE ITSELF SLAVUSUU

. SLAVUbD1U
INLT2=  INUICY FUR LIWIVIALLZATION OF TuTAL REQUIKED SLAV(OS2U
STaLeS HISITOURAM SLAVUDSU
SLAVUD4HU

LRAND= USEU TU RETALN THE INITIAL RANDOM NUMBER Stk SLAVUSHU
FOR SUBSEGUENT PRINTUUT SLAVUSEUL
SLAVULTU

1X= RANDUM NUMBEKR OLENERAIOK SEED SLAvVLLEU
SLAVULYU

1157= INULICATOR 10 AVEKRALE STAWE LIFE HISTUGRAM SUGKOUTINE SLAvVUeULU
O IRYT Vol o 2 TTSFOF S AVIIRTU



‘(‘(‘.(‘(‘(“(‘(‘.(‘f‘(‘((‘(‘-(‘(‘(‘(‘(‘(‘(‘(‘(‘((‘(‘(‘f‘(‘(‘(‘(‘(‘(‘(‘f‘(‘,(‘(‘.(‘(‘l(‘(‘("-(‘(‘-(‘(‘(ﬁ(‘(‘;(‘(‘,(‘(‘(‘3(‘(‘(‘(‘(‘(5(‘:(‘(‘(‘(

12nND=
13KD=

JHUST=
JSINK=
JWEARS
KKK=

KREAD=
KRLITE=

LCeLlL=
LCel 1=
LCele=
LCel 3=

LEFT=
LIALD=
LIAD1=

LIAD2=

LIAD3Z
LNIRY=
MAXLFZ=

NHUST=
NFLIT=
NMLSS=
NS iM=
NSINK=

NTELT=

NTRY L=

v etia r atimaEm ®

INUICAIOR 10 THE WURN OUT STAGE HISTUGKAM SUuKOQUTINE
10 INITIALLZE 1TSELF

INULICAIOR TO THE LUSIT STAGE HISTOGKRAM SUBROU I INE
10 INITIALIZE ITSELF

NUMBER OF STAGLS REQUIKEU ACCUMULATOK

NUMBER OF STAGES WHICH ARE LUST ACCUMULATOR
NUMBER OF STAGES WHICH WEAR OUT AND ARE U1S5CArUED
LNUICY FUR NUMBER UF PROGRAM SIMULATIONS REGQUIRED

[HE READ UN1Y OF THE COMPUIER BEING
USEU TU KUN I1H1S PROGRAM

IHE wRATE UNLT OF IHe COMPUTER BEING
USEL TU RUN TH1S PROGRAM

NUMBER OF CELLS IN TrE TUTAL REOQUIREL STAGE niISTOGRAM
NUMBER OF CELLS IN AVERAGE STAGE LIFE HISTOGHAM
NUMBER OF CELLS IN WURN OUI STAGE HISTOGRAM

NUMBER OrF CEulS IN LUST STAGE HISTUGKAM

ACCUMULATOR UF STALES STILL ACTIVE AT THE ENu
CF A PROGRAM SIMULATION

AN ARRAY wWHICLH CUNTALNS TRE HISTQGRAM OF STAvks REGUIRED
PER *NSIv' PROLRAM SIMULATIONS

AN ARRAY whHICH CUNIALINS THE HISTQGKRAM OF
AVERAGE STaGe LIFE

AN ARRAY wrltH CONIALINS THe wOKN OUT STAGE HiSTOGRAM
AN ARRAY wHIVH CUNTAINS THE LOST STAGE HISTOVKAM

THE NUVBER OF UATA POINTS IN THE TOTAL

STAGE REWULRED HISIOGRAM

MAXIMUNM NUMBER Cr FLLIGHTS A STAGE CAN MAKE BokORE BEING
CISCARLED AS WURN VUL

NUMBER OF STAGES ReQUIRED PER PKOGKAM SIMULAIION

NUMBER OF FLAIGHTS EAUH STAGES MAKES BEFORE BoING
LOS) OR UISCARUEL AS WURN OUT

NUMBER OF FLIGHTS LN ONE PROGRAM
NUMBER OF PRUGKAM SIMULATIONS 10 BE MAULE
NUMBER OF STAGES WrICH ARE LOUSI

NUMBER OF FLLIGHTS ACLUMULAIOR USED TO CHECK rFUK END
CF EACH PRUGKAM SIMULATIUN

IHE NUMBER OF UATA PUINTS IN THE AVERAGE
STAGE LIFE HLISIOGRAM

SLAvVUGB2V
SLAVUB 3V
SLAvVUbHY
SLAvVUbYU
SLAVubeU
SLAVuUb7U
SLAVUGSU
SLAVULEGY
SLAVULT70QU
SLAVUT71V
SLAVO720L
SLAVUT3U
SLAVULUT74U
SLAVU750L
SLAVUT76U
SLAVUT77V
SLAVUTHU
SLAVO79V
SLAVUSBOLUL
SLAVUB1UV
SLAvu82U
SLAVUBAUL
SLAvVU84U
SLAvVU8BLHU
SLAVUSBBU
SLAVULBTU
SLAVUSHU
SLAvuBYU
SLAVO9UU
SLAVUY1Y
SLAVLY2U
SLAVU93L
SLAVUY4U
SLAVUYSU
SLAVUY96U
SLAVUY7L
SLAVUYBL
SLAVUYYU
SLAV1OQU
SLAV1O1U
SLAV1IU2U
SLAV1OL3L
SLAViIU4U
SLAV1OSHU
SLAV1U6U
SLAV1O7UL
SLAViIUgU
SLAV1IOQU
SLAViI1QUL
SLAVI11U
SLAV112UL
SLAVI1AL
SLAV114U
SLAV1i1HU
SLAV1leU
SLAV11 /U
SLAV11HU
SLAVI11YY
SLAvV1Z20UL
SLAV1Z1U
SLAV122U
SLAV1Z23U
SLAV1Zyu
SLAV1ZHU
SLAV126UL
SLAVIZ7U



NTRY 3=
NWEAR=

PERDS=

PERD1Z=

PERDZ=

PERU3=

PLUSS=

ceceCcccCccrCcCcCcCcccccccccccccCcccCcCcoCccCcCccCcCcCccCcCcCccCcCcCcCccCCCCoCcCi

NTRY2=  THE NUMBER OF UATA PUINTS IN THE WORN OUT STabk HISTOGRAM

iFE NUMBER OF UATA PUINTS IN THE LUST STAGE n1STOGRAM

NUMBER OF STAGES WHICH ARE WORN QUT ARU UISCAKUED

AN ARRAY
FUNCTICN

AN ARRAY
FUNC {IUN
AN ARRAY
FUNCTION

AN ARRAY
FUNCTIUN

wHILH CURNIALNS THE CUMULATIVE PROBAcLLITY
OF STAGLS REQUIREUV

WHICH CUNIALNS THE CUMULATIVE PROBAoLLITY
OF AVERAGE STAGE LIFE

WHICH CUNTAINS THE CUMULATIVE PROBAGILITY
OF wORN OUT STAGES

WHICH CUN(ALNS THE CUMULATIVE PROBAuLILITY
OF LOST STAGES

LOSS RATE(PERCENT)

PRUGRAM= A TERM USED ON COMMENT CARDS ONLY.

TAIS TERM“

A COMPLEIE PrOGRAM LLFE OF NMISS FLIGRTS

REPRESENTS

SIn= FLOATING POINT EWULVALENT OF NSIM
STUbv= STANUARD DEVIATION FROM THE MEAN LOSS RATE
TLOST= NUMBER OF STAGES LOST FER PRUGKAM SIMULATION
uP= UPPER LIMIlL UF CLLLS IN THE TOTAL STAGES
KEWULRED HLISI0GRAM
uP1= UPPER LIMIT UF CELLS IN AVERAGE STAGE LIFE HiSTOGKAM
upPe= uPrer LIMIN UF CellS IN wORN OUT STAGE HISTOGhAM
ukPs= UPFER LIVIIT UF CeLLS IN LOST STAGE HISTOGRAM
URAND= THE NAME OF A FUNCIIUN USEU TO CALCULAITE A UvlFORM RANUOM
nUMEER Liv THE RANGE U TO 1
WEAR= iHE NUMBeR OF WORN OuT STAGES PER PRUGRAM SI#ULATION
ALuw= IHE LOwER LIMIT OF CelL VALUE 1IN THE TOTAL
STAGES ReQUIKREL HISTUGRAM
XLUW1Z LOwkER LINMII UF CELLS IN AVERAGE STAGE LIFE HiSTOGRAM
XLUwW2=  LOWERK LIMIT UF CELLS IN THE wORN OUT STAGE Hi>T10GRAM
XLOW3=z  LOwEr LIMI| OF CebllS IN THE LOST STAGE HISTOuKAM
YFL= fHE VALUE UF THE RANUOM NUMBt.R GENERATED BY VHRAND
KREAD=SH
KRLITE=o
(memrramsrcaeneaee—- - e e oy e e e s e B e S e S i S P B e
¢
¢
UIMENSION LIADUCLOUS) vPERDS(L005T
DIMENSLION LIADL(20US) oPERDL(2009)
DIMENSION LIADZCLOUS) »PERDC(LO0S)
DIMENSION L1ADAIC10US) »PERDSI(L0US)
¢
« INLTIALIZF UPPFR AND 1T OWFR LIMITS AND CHIL WINTH FOR

C-4

———n

SLAv128U
SLAV1Z29U
SLAV13gu
SLAV131U
StAvV132u
SLAV133u
SLAV1S4U
SLAV1SHU
SLAV13e6U
SLAV137UL
SLAvV1s8u
SLAV139V
SLAV14uU
SLAV141lu
SLAV142U
SLAvViL AL
SLAV1dyU
SLAV1Y4SL
SLAV14eU
SLAV147UL
SLAV14BU
SLAV14QU
SLAV1buU
SLAV151UL
SLAV1SZU
SLAV1B3U
SLAV1SYU
SLAV1BLHU
SLAV1SeU
SLAV1b7vL
SLAV1bEUL
SLAV159U
SLAV1eOU
SLAV1elu
SLAV162U
SLAV163U
SLAvV1oudu
SLAV16SU
SLAV1eoY
SLAvVie7u
SLAvV1esu
SLAV1eYU
SLAV1T70UL
SLAV171U
SLAvV172V
SLAV175L
SLAV1T74U
SLAV17SU
SLAV176U
SLAV1IT77V
SLAv178U
SLAV179U
SLAV1S8uU
SLAV1SB1V
SLAv182u
SLAV1BSU
SLAV184U
SLAV18HU
SLAV18eU
SLAvV187U
SLAV188UL
SLAV189U
SLAV1IYuUU
SLAV1YL1U
SLAV19ZU
S AV1G 4L



L TOIAL NUMBEK OF STAGES REQUIKEUL
XLUW=0.0
UP=1000.0
CELLW=1.0
INLT=O

[l o

INLTIALIZE UPPER AND LOWER LIM1ITS ANU CELL WIDTH FOR
C AVERAGE STAGE LIFE

XLUW1=U.0

UP1=10u0.0

CELLI=U.H

1157=0

INITIALIZE UFPPER AND LOWER LIMITS ANU CELL WIDTH FOR
STAGES WHICH WEAKR QU1

XLOW2=0.0U

UP2=10u0.0

CELL2=1.0

12ND=0

el el o o

INLTLALLZE UPPER ANDU LOWER LIMITS AND CELL WIDTIH FOR
STAGES WHICH ARE LS

XLOW3zZUu.U

UP3=1000.0

CELL3=1.0

13rD=z v

L

¢

SLAV1Y4U
SLAV1YSU
SLAV196U
SLAViI97U
SLAV19sUL
SLAV1Y9U
SLAVz20QU
SLAvVEZULU
SLAveO2U
SLAVZ205U
SLAvzU4U
SLAVZ205U
SLAvZO6U
SLAVZ2U7U
SLAvV208U
StAaveogu
SLAvVelou
SLAVZ11UL
SLAVZ12U
SLAVZ14U
SLAVZ14U
SLAVZ1nU
SLAVZ21eU
SLAvVZ17V
SLAVZ218U
SLAVZ1I9U
SLAVZ20U
SLAve21U
SLAvz22V
SLAvVZ223U

L et i e Lt TS PSR sy S I SV > YT

L RELYCLE [0 ThIS POLNI
¢ FOR A COMPLETE SIMULATION wl{H NEw INPUT PARAMETERS

C--——----—-—---—-——----—-——-———-—-----—---—--—----‘—-—---——"-——-}——

"
10 CONTINUE
¢
C INPUT THE KANDUM NUMDBER SEcDsLUSS RATE (PERCENT) #MAX 2MUM
¢ BOUSTER tIFe AND NUMoER UF FLIGHTS IN ONE PRUGRAM
READ (KREAU»L8U) TAIPLUSSIMAXLF ¢NSIMINMISS
C
¢
¢ CONVERT PERCENI L05% RATE INPUT TO DECIMAL VALUE
AMEANZFLUSS/10UeU
¢
L
L——--------—----------------—-
L IF Tht RANUUM NUMBER SEEUL INPUT IS ZERU QR NEGATIVE
C THERE ARE NO MURE CASE Si10uleS
¢ TEKMINATE THE KUN
LF(1X) 3409240020
(S T T e ety
C
[
L—-———---—-—-—-———--‘-———-——---
2u CONTINUE
C INITIALIZATICN OF VARIAHLES REGUIRED TU CALCULATE AVLKAGES
SIMENSIM
LEFT=0
JBOUST=U
ALLIVE=U.UO
JSINK=U
JWEAR=Y
LNIRYZ=U
NTRY1=0
NTRY D=

SLAvVeZ2hHU
SLAvVZ26V

==S5LAVZ27U

SLAvVZ28U
SLAVZ29U
SLAvVZ3uU
SLAve31u
SLAvz32u
SLAVEZ3av
SLAvVZ34uU
SLAvVZ235U
SLAVZ36U
SLAvVe37u
SLAVZ3sUL
SLAvVZS9U
SLAvVZ4uL
SLAvVgH1U
SLAvZY2Uu
SLAVZ4 5L
SLAvVZ44U
SLAvVZHLL
SLAVe4oV
SLAVez4 7L
SLAVzH8U
SLAVZ49U
SLAvVZbuu
SLAvVEDLUL
SLAVgb2U
SLAVeHSU
SLAvVZhy U
SLAVZbHY
SLAVZSeU
SLAvVZS57UL
SLAVZ5yU
SLAVZHqU



RN

NTRY3=U ' SLAVZbUU

IRAND=LX SLAV261U
(momemecmreremermrmeecnincm e SLAVZB2U
C SLAVZ2635V
C SLAVZ6Y4U
Lomoemm—e- moesessssssSssmsem—s SLAVZ6LHU
C INLTIALIZE HISTOGRAM CELLS SLAVZ6bU

UQ 30 INLT2=1r,10U5 SLAVZ6TU

LIADD(INLITZ2)=0 SLAVZ6HU

LIAD1I(INIT2)=0 . SLAVZ6SU

LIAD2(INITZ2)=0 SLAVZT7uU

LIADACINITZ)=0 SLAVZ271U

36 CONTINUE ' SLAVZT72V

UC 49 INITZ2=1006:2005 SLAVZT3U

LIAD1(INLT2)=0 _ SLAvVZT4u

40 CONTINUE SLAVZ75U
L e bt SLAV270U
¢ SLAVZT7U
¢ SLAVZ78U
C SLAVZ279U
¢ SLAVZ8UU
(mermmca———— R TP L e il L DT P L L, emmmeeeeeS AV2B1U
C RECYCLE TO THIS POLINI FOR tACH NEW PKRDGRAM SIMULATIONW SLAVZ82U
(wmmeccne———a— —————— e et DL L SR ST L ——temeceaa—eSLAVZ2858U
C SLAVZ84U

UO 130 KKKS1eNSIM SLAV285U
O T T e ———— SLAVZ86U
L SLAV287U
L SLAVZ88U
(s e cac et cr e e cd e ———— SLAVZHE9U
C REINITIALIZE CUUNT VARIABLES FOR EACH NEw PROGRAM SLAV290U
¢ SLAveYlU

NFLLIT=ZO0 SLAVZY2U

NTFLT=U SLAVZY3U

NSINK=U SLAVZ2Y4U

NBUST=U SLAVZYSU

NWEAK=U SLAVZ2YopU
(mmeecccer e ecan——— ——e—————— - SLAVZY7U
L SLAVZY8U
L SLAVZ2YYU
(e cmm e e e ————— SLAVJ30QU
¢ RECYCLE 10 THIS POLINI WHENEVER A NEW STAGE IS REGUIRSL SLAV30LU
L SLAVAL2Y

56 CONTINGE SLAVSU3U

NBOST=NBUST+1 SLAV304U
(mmem———— e e e ——— - SLAV3ULHU
C SLAV3OBU
¢ : SLAVJSUL U
(mmemcccmemcee= -———— e —————— SLAVAUgU
C RECYCLE TO THIS POINI WhEN A NEW STAGE 15 NOT REQUIRCL SLAVSUYU

6U CONTINUE SLAV31yu

NFLLIT=NFLIT+] SLAVA11UL

NTFLI=NTFLT+1 SLAValzU
C SLAVA13L
(e r e e e e ———— SLAV314U
. GENERATE A RANLOM NUMBER SLAV315U

YFLZURANU (LX) SLAV3leU
(mmmmccm————— ——————— —mtmm———— SLAV317u
L SLAVS1gU
(mm—mcme———— et D et SLAVA19U
. 1S THt RANUOM NUMBER SMALL ENOUGH 10 CAUSE THE LUSS ub THIS STAGE SLAV320U

IF (YFL=AMEAN)7027Ur80 SLAvV3sZ21U
(e et e — e, ——— SLAV322u
L SLAVAI23U
L SLAV324U

[ o o e a4 e e e e SIAVAZHU



(g}

7u
C
(m———-
C
C
(mm———
C
8u
C
C
Qu
C
100
C
11U
C
(mm——-
C
C
(e
C
C
C
C
¢
120
C
C
C
C
¢
9
L
L
C
13u
L -----
C
9
9
C

THIS PATH REPRESENTS A SINKING STAGE

CONT INUE

NSINK=NSINK+1

FLITE=NFLIT

NFLIT=0

HAS THE COMPLETE PHROGRAM DF "NMISS?' FLIGHTS BEEN COMFLETED
IF(NIFLT-NMISS)SUoLZUo12U '

TH1S PATH KtPRtStNlS A SIAGE NOT SINKING

CONTINUE

HAS THIS SI1AGE CUMPLETED MAXLMUM FLIGRT LIFE
IFINFLIT=MAXLF) 90+140+110

NO THIS STAGE HAS NOI COMPLEITED MAXIMUM FLIGHT LIFE
CONTINUE

HAS THE COMPLETE PROURAM DF "NMISSY' FLIGHTS BEEN COMrPLETED
IFINTFLT-NMISS)6Ue10U#100

CONTINUE

LEFT=LEFT+1

60 TQ 120

YES THIS STAGE HAS CUMPLETED MAXIMUM FLIGHY LIFE

j CONTINUE

NWEARSNWEAK+L

NFLIT=0

HAS THE COMPLEIE PROGRAM DF *NMISS' FLIGHTS BEEN COMFLETED
IFINTFLT=NM1SS)Suri2usl2U

THLIS PATH REPRESENIS THE CUMPLETION OF THE COMPLETE *hMISS?
FLIGHT PROGRAM

CALCULATE AVERAGE STAGLE LIFE

ANU ENCREMENT FQIAL WUMBLR OF

STAGES REQUIREU»STAGLS WURN QUT¢STAGLS LQST
CONTINUE

BOUST=NBOST

ALLFEZ FLOAT(NNMISS) ZLb0USI

BUST=UBUS T +nNBOUS

ALLIVE=ALLVE+ALILFE

JWEARSUWEAR+NWEAR

JSINKSUS INK+ENSENK

wEARZNwWEAR

TLUST=NSINA

CALL HISTOUKRAM SUBROUTINE 10 ACCUMULATE CELL DATA FOr

TOTAL NUMBEKR OF STAGES REQUIREU ARISTUGKAM
AVERAGE STAGE LIFE HiISTOGRAM

WORN OUT STAGE HISTOLRAWM

LOST STAGE HISTOGRAM

CALL HISTO(UP»XLUWPCeLLWr INII2»BOOST LIAUD LCELLPLNTRI)

CALL HISTO(UF1/XLOwleCELLL 1iSTrALLIFEPLIADL P LCELLINTRTY)
CALL HISTO(UP2» XLOWR2PCELL2» IZNDrWEARSLLIAD2+LCEL2/NTRIZ)
CALL HISTO(UP3» XLOW3eCELLI» ISRD e TLOST»LLADS P LCELDFINTINYS)

CONTINUE

SLAV5abu
SLAV327u
SLAV3280L
SLAV329u
SLAV33Qu
SLAV331v
SLAV33zu
SLAV333u
SLAVS34u
SLAV33nU
SLAV3AeU
SLAV337UL
SLAV338L
SLAV33gu
SLAV34QU
SLAV3410U
SLAV342V
SLAV3430
SLAV3a4yu
SLAV34SU
SLAV346U
SLAV3470
SLAV34guL
SLAV349Uu
SLAV3SoU
SLAV3S1U
SLAV3S2U
SLAV3S3U
SLAV3S4uU
SLAV3S5HU
SLAV3bev
SLAV3S7UL
SLAV358U
SLAV3S9U
SLAV36ULU
SLAV36LU
SLAV362U
SLAVIHSU
SLAV36Y4U
SLAV36HU
SLAV3boUL
SLAVAs6TU
SLAv3egU
SLAViI69U
SLAV3TOU
SLAVST1V
SLAvV3T720
SLAV373UV
SLAVST4U
SLAVATHU
SLAV3TeU
SLAV377UL
SLAV378U
SLAV379U
SLAV3BQU
SLAV381U
SLAV382U
SLAV3BAU
SLAV3HE4U
SLAV3BHU
SLAV38oU
SLAV3BTU
SLAVA8sU
SLAVI89U
SLAVJAYpU
S AVAQG U



C THIS PATH KEPRESENIS THE COMPLETION OF 'NSIM' PRUGRAF SIMULATIONS SLAV3Y2UL
C FINAL STATISIICS FUR THE INPUT PARAMETERS ARE CALCULAIED AND SLAV393UL
C QUIPUT FROM THLIS SECITION SLAVIY4U
. SLAV3YIHU
C SLAV396U
C CALL CUMULATLIVE PRUBABILL1ITY FUNCTION SUBROUTINE SLAV397U
C SLAV3Y9HU
C FOR TOTAL STAGES REGUIREULU HISTOGRAM . SLAVIY9U
C FOR AVERAGE STAGE LIFE HISIOURAM SLAV4UQU
C WORN OUT STAGE HISTOURAM SLAvV401U
C LOST STAGE HLSTOGRAM SLAVYOZ2U
C SLAV4HO 3L
CALL CUMPF(LNTRY L1AUDILCELL/PERDS) SLAV4 04U

CALL CUMPF(NTRY1,L1AULFLCELY?PERDL) SLAV4OSU

CALL CUMPF (NTRY2+L1ALZ2ILLEL2/PERD2) SLAV4 06U

CALL CUMPF(NTRY3 LIALIWLLEL3PPERDI) SLAV4O07U

C SLAV&4OgU
WRITE(KRLITEr19U) SLAV40OGQU
WRLITE(KRiITE»25uU) IRAND SLAV41QL
WRITE(KRLTE»32U) NMI1ISS SLAV411U
wRITt(KRITtoJ3U) NSLm SLAV412UL
(mommcaa- e a e, e —————— SLAV413U
C SLAV414U
C SLAV41S5UL
(mone= e e L L P m——————— SLAV41eU
IF(MAXLF=NMISS) 1001403160 SLAV4HLIT7U

140 CONTINUE SLAVE18U
WRITE(KRLTE» 15U) SLAV4]19U

150 FORMAT (' MAXIMUM STAGE LIFETLIME'»26Xe *INFINITE?) SLAV420U
60 T0 170 SLAV4Z1LU

16U CONTINUE SLAV422V
WRITE(KRRITE»24U) MAXLF SLAV423UL

17u CONTINUE SLAV4{24uU
(e e e a e e an - - SLAvV4250L
C SLAV426U
¢ SLAV427U
(mem—- e LS T meelem—— - SLAVY28U
WRITE(KRLITE»31U) PLUSS SLAVL{Z9U
ABUST=uBCSI SLAV4 3L
ALEFTZLEFT SLAV431U
AWEARZUWEAK SLAVY{ 32U
ASINK=USLINK SLAVU4 33U
ABUST=ABCST/51M SLAV4 34U
ALLVEZALLVE/SIN SLAV4 35U
AWEARTAWEAR/SIM SLAV4L4 36U
ASINKZASLINK/SIM SLAV437U
ALEFT=ALEF1/S]N SLAvV43gUL
WRITE(KRLITE»20U) ABUSI SLAVHIYU
WRITE(KRLTEr21U0) ALIVE SLAV44QU
WRITE(KRLTL»22U) AWEAR SLAVLH4 LU

WRLITE (KRITEr230) ASINK SLAVLY42U
WRITE(KRLITE»30U) ALEFT SLAV44 3L

[ SLAVH44U
(el et el Ll D et DL T L PR SLAV44EKU
WRITE (KRITEr200) nNMLSS SLAV4Y6UL

CALL WHIST(XLOwruP-LLELLFPcRUSoCtLLw'LlADDvLNTRYBKKllt) SLAVYY4 77U
WRITE(KRE{TEP27U) SLAV448L

CALL WhIsT(XLOWL UPLrLCELTPERULYCELLLI/LIADLINIRYL P KKLIE) SLAVHY4GU
WRLITE(KRLTE»280) SLAV&E4SYU

CALL WHISTUIXLOW2 UP2LLCEL2/PERD22CELL2 P LIAD2 ¢ NIRY2KRLTEY SLAV4S1UL
WRITE(KRLTE?29U) SLAVHES2U

CALL Whle(XLOW5!UP3'LLEL3oPtR05'CtLLS'LIADJ'NTRYifK“lTE) SLAV4S 3L
e DL DL L D e e e e e e e et S r e e e T e el b e e eS| AV SGU
¢ SLAV4SHS5U
L _ SLAV4beU
(S it DL EL L e ——— - SLAVLSR7U



‘

L RECYCLE 10 BEGINING UF PROURAM AND StE If ANOTHER SLAVUSHU
¢ PARAMETRIC STUUY IS 10 Bt PERFUORMED SLAV4S5YU
60 To 10 ' SLAVH6UU
(mrmrcmemcan—t e ———————————— —— SLAV461LU
¢ SLAV462U
C SLAV4B3U
C SLAV464U
C SLAV46SHU
(mrcmmcacee- crmteraccr————— e ————- ————— a————————————— L SLAV46EU
« INPUT/0UTRPUT FORMATS : SLAV46TU
C SLAV46HU
18U FORMAT(IL10+,F10,0+3110) SLAV469UL
19u FORMAT (1H1) SLAV4{T7UU
20U FORMAT (' AVERAGE NUMGER OF STAGES REGUIRED' ¢ 13X¢eFIUe2) SLAVY471U
210 FORMAT(® AVERAGE STAGE LIFE'+28XeF1l0.5) SLAVY4720
22U FORMAT(' AVERAGE NUMBER OF STAGES WwH1CH wEAR QUT ' 7Xrt10.5) SLAV4T3U
230 FORMAT(' AVERAGE NUMUER UF STAGES wHICH ARE LOST'»7XrH10%5) SLAV4THU
24U FORMAT (' MAXiIMUM SIAGE LIFETIME*»3UXrI4) SLAV47HU
250 FORMAT (' RANUOM NUMBLR SEEU 'r27Xelil0) SLAV4T7eV
26U FORMAT(/7' HISIOGRAM OF TDIAL NUMBER OF STAGES REQUIRED PER'»ISe? SLAV4T77U
IFL1IGHT PROGRAM?') SLAV478U

27U FORMAT(//' HISTOGRAM OF KRVERAGE STAGE LIFE') SLAV4T7YU
28U FORMAT (/7' HISTOGRAM OF wORN OUT STAGES') SLAVL8UU
290 FORMAT (/7' HISTOGRAM OF LODST STAGES?) SLAV481U
50U FORMAT(' AVERAGE NUMBER OF STAGES wHICh ARE STILL'/' UPERATIONAL ASLAV4B2U
1T FTHE ENU UF THE FLIGHT PRUGRAM'i2XrF1Ue5) SLAVH83U

310 FORMAT(' LUSS RATE (PERCENT) 9 27X0FLUW3) SLAV4BY4U
320 FORMAT(' NUMBER OF FLIGHTS In 1 COMPLETE PKOGRAM® » 7X* 1107 SLAV485U
33U FORMAT(' NUMBER OF CUuMPLLTE PRUGRAMS SIMuLAThD'vQXvILU) SLAVU4BbU
(mmmccmcmcncemrnere o=~ e e DL L PR T L —rer—m e ———- T SLAV487U
¢ SLAV4B8U
SLAV48YU

34U CONTINUE SLAV49QU
STOUP SLAV491U

ENU SLAVY492U



BFORe LS RHISTOPRHISTO e s . — .
SUBROUTINE HISTO (UPLIMIXLOWLPCELLW»11ST»VAR»IADDYNCcL Lo INTRY)

¢
C

HISTUOUU
HISTUULU
HISIU02Y

(O e T N el L D ettt LB Dl L L e L DL L L L P bt L P e 57 X L VRYY)

ccccccocCcoccCcocCcCcCcCOoCo

1=~

LAauD(I)=

LAUD(1) -

115T7=-

INIRY=
NCelL-
UPL1N=
VAR~

ALUWL -

cccCccCcoCccCccCccCcoCcCcCCCCCCCCC F(‘Pé“(‘P [l ol ol ol el o

THIS SUBROUTINE IS USEU TO ESTABLISH A HISTOGRAM OF
DATA POINTS.
wIlH THIS SUBRUUIINE ARE CUMULATIVE PROBABILLTY
WRLITE HISTUGRAM (WHIST).

e et e T R SR e T L S L)

LAUD(NCELL) =

DARYL De PAUL JK.
TELEDYNE SROWN ENGINEERING
JANUARY» 1971

MARCH? 1972 (REV. A)

iNDIVIOUAL
SUBROUITINES wHICH SAOULD BE USED IN COWJUNCTION
(CUMrF ) ANU

DEFLINLTIONS

WiDIH OF EACH Ctllb.
SUBROUT sNE

ESTABLISHED OUTSIDE UF THE

CelL NUMBER

NUMgERk UF POINTS OF VAR WHICH FALL IN Cobil 1.

HISIUO04U
HISTUUHL
H1ISTO06U
HISTOU7U
HISITulgY
H1ST10U9U
H1S1U1Yv
HISI011Uu
HISTO1l2V
H1STul3v
HISIulgu
HISIULHY

HISTU17V
HiIsSTulgu

----- B T T SEE SRR S R £y S FTS P

H1ST020U
HISTU21V
HISTu2eU
HISTUu23Y
HISTO24U
HI5t02bU
HIST020U
HiSTy27UV

IADU MUST Bt. UIMENSEIONEU IN THE MAINLINc WITH A VALUEHISIu28U

Al LEASI EQUAL 1O THE FULLOWING EQUATION
NUMBER UF CLLLS={(UPLIM~LOWLM)/CELLW)+2.u

ALL VALUES FOR VAR wHICH FALL BELOW LOWLM.
ALL VALUES UF VAR WHICH FALL ABOUVE UPLIM.

NEbEUEU FOR INLTLALIZATIUNe THIS TERM MubST gk SET T0
ZERQ IN THE MAINLINE INITIALIZATIOUN.

ThE NUMoER OF PUINTS IN Tht HiISTOGRAM.

TUTAL NUMBER UF CELLS GENEKATED BY TH1S SUBROUTINE
UFPER LaMLIT OF HISTUGRAM

VAR1AgLL FOR QHLCH HISTUGKANM IS TU Bt OcIAINED.

LOWER LuMLIT OF HISTOGRAM

UIMENSION LADD(L)

(e ramem e - - == o - - -

C INLTIALLIZE THE SUBROUTINE 4F I1ST 1S EGQUAL TU ZERO

IF (18T

C
lu CONTINUE

iUrlurd0

C CALCULATE inUMBER OF CELLS
NCELL= ((UPLLIN=XLUWL)}/CELLW)+2.0

C

t INITEal T2F

NEiMFR OF POTWTS IN HISTOGRAM.

C-10

HIS1029V
HIS103uv
HISIT031V

"HISTOS2U

HISI03350V
HIS U340
HIS 10350V
HISTU3bU
hlStu37u
HIS1034vV
hH15TU39u
HISTO40U
HISTU41U
HiSlu42V
HISTUR3U
HlStoua4u
HISTOUSU
HISTu4eUL
H1STo47V
HISTu4gu

e e e et e e e a e - ————————— m—mmmmmm=HS T 049U

HISIuSU
HISiTublu
HISTUS2U
HIS1U53v
HIS10540
HIS1Uu55U
HISIU%6UL
HISTUS7UL
HISTub8UL
HIS1Ub9U
HISIU6UY
HIST061U
HISlU62U
HIS OB



(ol o

[l ol ol i ol o/l ol o

o C

2vu

3u

4u

AITE T LirenmEnb. W ermmey e P wEmic e mis cimws s wm e

INIRY=UY

INITIALIZE CONTENTS UF EACH CELL
LO 20 I=1eNCELL

IADD(TI) =Y

CONTINUE

SET I1ST TO INUICATE INITIALLZATION COMPLETE
1157=10

-y o G - ap S - . iy > - - G S D A W D WD G T D g T e WD S S - G T g D e g - -

HISTO064U
HISIubbU
HIS1066U
HIS1067U
HIS1068U
HISIU69V
HISTu700L
HISTU71U
HISTU72U
HIS1073V
HISTLU740L
HISTU75V
HIS1U70UL
HISTu?77V
HISI1078V

THE SUBRUUTINE wilt START AT THIS POLIR] EVERY .TIME AFIER THE FIRSTHISTU79v
------------------------------ B e S -1

CONT INUE
NUMBER OF PUINIS IN HISTUGHAM
INTRYZINIRY+1.0

INTILTALIZE A VALUE Tu TEST WHICH CtLL VAR 1S IN.
TEST = XLOWL

THE FOLLOWINGL WO LUOP ULETERMINES WHICH CELL TAE VARIAGLE IS IN.

N=NCELL=1

U0 60 1=1eiv

IF (VAR=TEST) 40s,4U050 -
THE vARIABLE IS IN CelLli |
CONTINUE
T1AUD(1)=LALUL(TI)+1

RE TUKN '

THE VvAKIABLE IS NOJ AN CelLi 2
SEI TEST FUR NEXI CELL
CONT [NUE

TEST=TEST+CELLW

CONT INUE

IF THE VARAMApLt 1S liv NONE OF THE ABUVE CELLS 1T IS
ABOVE THE UPPFER LIMII
TAUD(NCELL)ZLAUD INCELL) 41

KETUKN
ENU

HISIu81U
HISTu82V
HISIUB3U
HISTUB4U
HISTu8bU
HISIuBbU
HISIUB7U
HIS1088U
HIS1U89U
HISIUYUU
HISTO91UL
HISTU92U
HISIU93U
HISTuUY4U
HISTU9SU
HISIUY6U
HISIU97UL
HISTUYsUL
HISTU99U
HISI1U00U
HISI1101U
HIS1lo2V
HIS1103u
HIS1104U
HIS1105U
HIST106U
HIST107U
HIS 1108V
HIST1U9U
HIST11lyv
HISI111U
nistilau
HIST113v
HIST114U
HISI115U
HISTileU
HIST1170U
HIST118Y
HIST11lyv
HISI12uv
HIS1121U
HIS1122V
HIST123U



kFOUR? IS CUMPF » CUMPF

SUBROUTINE CUMFF (LNIRY»TAUDINCELL P PERUS) CUMPUUUU

L CUMPUULU
(mommmmm e e o e ————————— e - e e s L m e eSS —me e e e e = CUMP O U2V
C CUMPUOSU
C TELEDYNE BROWN ENGINEERING CuMPO 04U
¢ FREU Je GHIGLIERI CuMPUUSU
C DARYL D. PAUL JRe CUMPUUBY
¢ APRLILy 1971 CuMPLO7U
. MARCH? 1972 (REVeA) cumkuogu
C CuMPQO9u
C CumMPUluu
¢ SUBROUTINE O CALCULAIE PROBABILITY FOR CUMMULATIVE CumMPU1l1lu
¢ PHROBAGILITY FUNCT1ON. THIS SUBRQUTIRE IS USED IN CONJUNCILION wWlITH CuUMPul12UL
¢ THE SUBROUTINE HISTUGKAM (H1S10). CUMPU1 3V
(memmmmma—e— s et A L VR L
¢ LUMPULSU
C CuMPlOleU
(e o o o e o o 2 e O R R R e e e S S e SR S e e rmseeneeeee=(YMFJ17U
C DEFINLTIONS cumrulgu
C CUMPUL9U
¢ ALD(I) = CONVERT INiEobr 1AUD(I) TO REAL NUMBER CUMPL20V
C LuMPru2ly
¢ ENTRY = CONVEKT INTEGER INTRY Tu KEAL NUMBER cuMiPu22u
C CUMPrULU25U
C 1ADD (1) = NUMBER UF POLINTS UF VARIABLE wWHICH FALL IN CE-L 1 CuUMPL24U
C cumMPu2bu
C INTRY = NUMBEKR OF PUINTS IN HiISTOGRAM CUMPU26U
C CUMPU27U
¢ NCELL = TOTAL NUMBER OF CELLS IN HISTOGKAM CUMPU28U
[ CumMPrL29U
¢ PERDS = PeRCENT OF CUMMULATLIVE PRUBABLLLTY FUNCTION T0O otiLbL I cumMkPy3u
C CuMPrGILL
L TEMP = JEMPURARY STOURAGE OF TuTab CUMMULATED POILINTS IN niISTOGRAM CUmMPO 32U
L--—-—-—---——--------—-----——-“--4-----°----—------—- ———————— —mememeeee=CUMPU ISV
C CuUmMPO34U
C CUMPU3HU
(e e e e = e e e CuUMPU3bU
C NUTE = ADUGL) MUST BE DAMENSIUNED IN THLIS SUBROUTINE CuMPO3/u
L NUTE = IALDC(I) NMUST Bt uIMENSLONED IN MAINLINE CUMPL 38U
¢ NUTE = PEKDS (1) MUSI Bk DINVENSIONED IN MALINLINE cumMro3gu
C CUMPUHQU
DIMENSION LAUD(1) o PERDS(1) CuMPUH LU
DIMENSLION ALU(c0UUD) CuvMPub2U
(== e e e et e e - ———-——w- CUMHF U4 3U
C CuUMPU44U
¢ CuMPU4HU
T tate) _————e——— e CUMPU46U
C CHECK 10 Sttt IF uIMENSION FOR THE cumMPU4 7L
C INTERNAL VARLABLE 'AUD' IS LARGE cuMPi4gu
L ENOUGH CuMPuUg9U
IFINCELL=20U5) 3023010 CUMPUbOU

10 CONTINUE CUMPUbL LU
NUMBZNCELL=2U05 CUMPUbL2U
WRLTE(0r20) NUMB CUMPUS 3L

20 FORMAT(1Xs20(*%x*)»* 1HE UIMENSLION OF AUD IN SUBROUTLINE CUMPF CUMPUS4 U
IMUST 8 INCREASEU BY AT LEASHT'/21XeI4s* TO ACCOUMODATC THE NUMBER CUMPUbDSHU

20F CELLS GENERATED 8BY ThHe RISTUGRAM SUBRQUTINEY) CUMPUbBU

3L CONTINUE CUMPUbTU
(mmeme= i it CUMPUSBY
¢ CUMPUSQU
¢ CUMPUBUU
L-m=e- -——————- R T e CUMPUB1U
¢ FLUAT THE NUMBER OF UATA PUINTS IN THE HISTOGRAM CumMPU62U
FNIRY = INIRY CUMPU6B SV



(mecnccwencncenas -——-

C
¢
c ----- - e En T G 5 ED P Gh oP T AR ED @B CB TR S g ED &
¢ FLUAT EACH POINT IN IHE HISTUGRAM ARKAY
0O 40 I = 1leNCelL
ADUI) = TADO(I)
4U CONTINUE
[ el - -
C
¢
Cmcccccmcoe oo o
¢ ESTABLLISH CUMULATIVE PROBAGILIYY OF TRE FINRST CELL
PERDS (1) = ADD(1) 7/ ENTRY
(ommemecoo e ,
[
c .
(_ - = = - o - -
¢ INATIALIZE ACCUMULATUR
TEMP = AUD(1)
(=mwmeeaa- - - -—
¢
9
(merccccaacgecamacaes P e e T
C CALCULATE THE LUMULAIIVE PHROGABILITY OF THE OTHER CELLS

DO 50 u = Z/NCLL

TEMP = TeEMP + ADU(J)

PERDS (J) = TEMP /7 ENIRY

50 CONTINUE

L-——-----------;—-------------
"
<

RETURN

ENV

C-13

CUMPU64 U
CUMPUBSY
CUMPL6BY
CUMPOETU
CUMPUGBU
CUMPUGYL
CUMPOT70U
CUMPUT1U
CumMPUT2U
CUMPUT3U
CUMPO 74U
CUMPUTSU
CuMPUTEU
CUMPOT7V
CUMPUT78UY
CUMPOTYU
CUMPUBOU
CUMP0B1U
CuMPUB2U
CUMPUB AU
CUMPUBY4U
CUMPUBSU
CUMPUB6U
CumMPOBTU
CUMPUBEU
CUMPUBYU
CUMFU90U
CUMPUYLU
CuMPUY2U
CUMPUI3U
CUMPUY4U
CUMPU9SU
CUMPUYo6L
CUMPYYTU
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SUBROUTINE WHIST(XLOwoUPoLLELLoPhRUSthLLWoLIAUDvLN‘“YoKRITE)

TELEDYNE BRUOWN ENGINEERING
DARYL D. PAUL UK.
FELBRUARY» 1972

HISTOGRAM (HISTU) AND CUMMULATIVE PROBABILITY (CUMPF) MUST
BE USED IN CONJUNCIIUN WiTH [H1IS SUBROUTINE
THLS SUBROUTINE wRiTES THE INFORMATION OBTAINED BY Ha5T0

ANU CUMPF IiN A FORM WHICH COWTAINS ONLY THE VALUES BoIWEEN THE
FIRST NON=<bERO CUMMULATIVE PHOBABILITY AND THE FIRST CLUMMULATIVE

PRUBABILITY OF ONE.

JJ=

KCELL=

KK=

LCeLL=
LIADD=
LNIRY

LOwbLnm=

<
- e - e - =

DeF iNLIT1IONS

wIUTH UF EACH CELL. t£STABLAISHEL QUTISIDE OF Tk SUBROUTINE

USEU TuU UEIEKMINE NUMBER OF LOWEST NORZERO Ccli.

NUMBER OF CEwL IMMEDLIATELY ApOVE THE FIRST CcLli
wIlh A CUMMULATIVE PROBABILIIY UF ONE

USED TU UETEKMINE NUMBER OF TRE FIRST CELL
WITH A CUMMULATIVE PROBABILITY OF ONt

NUMBER OF CELLS IN HISTOGRAM.
FREQUENCY OF VAR I CELL
THE NUMBER OF DATA POINTS LN THE H1STOURAM

NUMbER OF CELl 1IMMEDLIATELY BELOW THE FLIRST
NOINZERU CELL IN THt hISTOGRAM

INUICY FOR WKRITING HISTOGRAM
PERCENT UF CUMMULAIIVE PROGABILITY FUNCTLION U CELL

VALUE UF CeliL IMMEUIATELY ABOVE THt FIRS1 CkeL
wllh A CUMMULATIVE PHROBASILIIY OF ONL

CELL VALUE INDICATUR.
UPPER LIMII OF CeLL VALUES FUR HISTOORAM

LOWER LIMIT UF Celi vALUES FUR HISTOGRAM

leTE NUMBER OF UATA POINTS iN HISTOLRAM AND THE Cibe WIDTH

W I TEIKRITEo1R11) | nTRY

C-14

WHISOOUU
WHISUO01UV
WHISOU2UL
WHISU0SU
WHIS004U
WHIS005U
WH1IS006U
WH1S0O07V
WH15008U
WHIS009U
wWHISU1lUU
WHISU11V
WHISU12V
WH150130L
wWHISU1l4U
WHISU1b5V
WH1lSUleoU
wHISuUl17v
WHIS0148V
WHISU19UV
WH150200
WHISUZ21V
WH15022V
WHIS023Y
WHISL24U
WHISUZ5U
WHISU26V
WHISL27U
WH1IS028Y
WHISU29U
wHISG3uv
WHIS0O31UV
WHIS0S2U
WHISUS3sU
WH15SU034U
WHIS035L
WHIbSU36UL
WHISU37U
wH1bSu38v
WH1SU39u
wH1S040UL
WHIS041U
wWH1lSu42U
WHiIbSU43U
wWHIS044U
WHISU450L
WHISU46U
WHISU47u
wWHIsS048v
WHISU49U
WH1SU50U
WH15uS51UL
wWHISub2u
WHISUS3U
WH1SUb4U
WHISUS55U
WH1S05pU
WHISUS70
WH1Subgu
WH1S059V
WH15SuU60V
WH1lSublU
WHISU62U
WHISHAAU



PIIVA S VINVIt et A s st ey

WRITE(KRITErs16U) CelLiW

(mrcmramc v nccrcnccccancnee

C
¢
(P rcarec s rearaccccccrccac—a--
¢ SET CELL VALUE INDICATUR Tou ONE CELL WIDTH LESS TRAN LOWER LIMIY
FXLOWSXLOW=CELLW
TuP=yuP
L-—-————----—---——-&--;-----i-
C
L
(e - — e o= e
¢ FIND THE FLRST CilLL wITH A FREGUENCY GREATER THAN ZEnrU
D0 20 Ju=1rLCELL )
IF(PERUS(JU))1UP10s3u
1u CONTINUE
TXLOW=TXLOW+CELLwW
2uU CONTINUE
(e e e e - - - - ——
C
C
L-——-—-———----,‘---————-—-'--—;—-
C ESTABLISH AND SET LOWEK LIMIT CELL NUMBER INLICAYOR
3U CONTINUE
IF(Uu=1) 4ury0esy
4U CONTINUE
TXLOWSTXLOW+CELLW
LOwLM=UJ
G0 T¢ o0
S5U CONTINUE
LOwLv=uu=1
6U CONTINUE
(meeccccmcarrtccrerccc e e —a——
¢
¢
(et sermcpcarweecrcccrcccccoe e
C FIND FIRST CELL wlITH A CUMMULATIVE PROBABILITY OF .ONc
DO 70 KK=1sLCELL
1IF(PERUS(KK)=1.00) 7u,BUrBU
70 CONTINUE
L-_-—----——-———-H—----—-——--—---
¢
¢
B i R e i T TP, _ )
¢ ESTABLLISH AND SET UPPER CELL NUMBER INUICATOK
8U CONTINUE
IF (KK=LCELL)SO0r100r1U0
9u CONTINUE
KCELL=KK+1
KK=(LCELL=2) =KK
TUPSTUP=KK*CELLW
60 T0o 11y
10U CONTINUE
KCELL=KK
TUuPSyubP+CelLLw
(o v o o i e 0 ey o > = e - -
C
¢
¢ wRLITE THE iWUMBER OF UATA PUINTS ABUVE AND BELOW THE oHPER
(" ANU LOWER LIMITS OF iHE PRANIED OUTPUT OF THE HISTOGHAM

11U CONTINUE
WRLITE (KRITE»14U) I XLOw e LIADU (LOWLM)
WRLITE (KR{TE2170) IUP e LTIADUIACELL)
WRITE(KRLTLrL8U)

(.. — - —-————————————-—

C-15

DY TR R

wHISU64U
WHISU65U
WHIS066U
WH1S0670
WH1SU68U
WH1SU69U
WH1SU70v
WH1SU71U
WHIS072UV
WHL1SU75U
WH1S074U
WH1SU7%U
WH1S0 76U
wHISU77U
WH1S07480U
WHISLU79U
WH1IS080vL
wWH1lSU81U
WHISUB2U
WHIS08A4UL
WH150840U
WH1S085U
WHIS086U
WHISU87v
WHIS088U
wHISU89U
WHISU90U
WHISUY1Y
WHISUYz2U
WHISU93V
WHISU94uU
WHISUY9SU
WH1SUY6U
wWHISUY97U
wHISo0ygu
WHIS099U
WHI1S10uv
WH1S101UL
WHIS1l02v
wH15103L
WHIS104U
WHIS105V
WH1S106U
wWHI1S107U
wHIS108U
WHIS10GQU
WH1S110U
WHIS111Uu
WH1S112U
WH151130L
wHISl1i4u
WHIS11hU
WHIS1lleU
WHiS117UL
wHIS118u
WHiS11l9U
WHiS120U
WHiS121vV
WHIS122u
WH1S1250
WHlSl24U
wH15125u
WH1S126U
WH1S127V
WHIS1280
wWHi1512qU



C-16

WHIS13uU

|9
C WH15131U
O e el it g wHIS132u
C WRITE THt HISTUGRAM WH15135UL
U0 120 N=LUWLM,KCELL WH151340
WRITE(KRATE»150) TXLOW¢LIADU(N) P PERUS(R) WH15135u
TXLOW=TXLOW+CELLwW WH15136U
12u CONTINUE WHIS137V
(romrrccw—a- e emmeclem e ———-—— WH1IS138U
C WHIS139UL
" WH1514uU
(rmmrrerrma e r e ce e ——— WH1S141u
130 FORMAT (' NUMPER OF DATA POINIS IN HISTOGRAM'rIb) WHIbS142U
140 FORMAT (' NUMBER OF DATA POLNIS EQUAL TO QR BELOW'1FHee'=1,13) WHIS145V
150 FORMAT(1XrF10e3¢5Xr109»OXiF1i0.3) WHiS144b
16U FORMAT(' Cclb wlGTH Z*iF7,9) ) WHIS145U
170 FORMAT (' NUMBER UF DATA FOINIS EQUAL TU OR ABOVE'(FB+2»'Z%913) WHIS1lueuU
18U FORMAT(/8Xr» "UPPER v8Xe 'CELL* ¢+ 7TXr "CUMULATIVE'/5Xs 'CELL "+ 8Xr *FREG' rWHIS147U
17X "PROBABLLATY ' /7S5Xe 'LINMITY) WHIS1l48U
Lo e  hhakebdede bt et WHIS149U
C WHIS150U
¢ WHIS151U
RE TURN WH1S1b2U
ENU WHIS153U



FURY 1S URANL » UGRANG . oo
FUNCTIUN UKAND (NK) URANUOUVU

NR=NR*316201 - UKANUO1U

C THE VALUE 15(2 TU THE 35 PUWCR)+I URANUURV
IF(NR) luelue20 URANUOSU

10 NRENR+343559738367 URANUOY{U

2U KN=NR UKANUOSUL
URAND=RN/ 343597384 .E2 URANUOBUY

RE URN URANUO 7V

ENU URANOUBU

C-17
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