AD-AOSTRIE

AFFDL-TR-78-18
Volume |

MONTE CARLO BAYESIAN SYSTEM RELIABILITY —
AND MTBF-CONFIDENCE ASSESSMENT, Ii

Volume ll: SPARCS-2 Users Manual

MITCHELL O. LOCKS
OKLAHOMA STATE UNIVERSITY
STILLWATER, OKLAHOMA 74074

MARCH 1978

TECHNICAL REPORT AFFDL-TR-78-18, Volume II
Final Report March 1976 — December 1977

Approved for public release; distribution unlimited.

AIR FORCE FLIGHT DYNAMICS LABORATORY

AIR FORCE WRIGHT AERONAUTICAL LABORATORIES
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433

2006 9.2/108




NOTICE

When Govermment drawings, specifications, on othern data are used fon
any puwipose othern than Ain connection with a definitely related Governmment
procwrement operation, the United States Government thereby incurs no
nesponsibility non any obLigation whatsoever; and the fact that the govern-
ment may have formulated, furnished, on in any way supplied the said draw-
ings, Aspecifications, on other data, 4is not to be regarnded by implication
on otherwise as An any manner Licensing the hofder on any othen person on
corporation, on conveying any rights or permission £o manugfacture, use, on
sell any patented invention that may in any way be related thereto.

This neport has been neviewed by the Information 0ffice (01) and 44
neleasable to the National Technical Information Service (NTIS). Az NTIS,
At will be available to the general public, including foreign nations.

This technical neport has been reviewed and s approved for publication.

1. Lrere. Hantin LIS

H. LEON HARTER ICHARD D. KROBUSEK, Majon, USAF
Profect Engineer Chief, Analysis & Optimization Branch

FOR THE COMMANDER

sz%// M%W"SJ‘JL\

HOLLAND B. LOWNDES, JR:+
Acting Chief, Structural Mechanics Division

"1§ your addrness has changed, 4f you wish to be removed from our
mailing List, orn Lf the addressee 45 no Longer employed by your organiza-
tion please notify AFFDL/FBRD, W-PAFB, OH 45433 to help us maintain
a cwvent mailing LsE."

Copies of this nepont should not be returned unless retwin L5 hequired
by secunity considenations, contractual obligations, orn notice on a specifdic
document. _

AIR FORCE/56780/6 June 1978 — 450




Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Data 'Enrered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T. REPORT NUMBER Z GOV ACCESSION NG/ 3. RECIPIENT'S CATALOG NUMBER

AFFDL-TR-78-18, Volume II

4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

Final Report

SPARCS-2 Users Manual March 1976-December 1977

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

Mitchell O. Locks and Ross Gregson F33615-76-C~3094
8. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS
Oklahoma State University 61102F
College of Business Administration 2304ﬁ104
Stillwater, OK 74074
11, CONTROLLING OFFICE NAME AND ADDRESS 12, REPORT DATE
Air Force Flight Dynamics Laboratory/FBRD March 1978

Air Force Wright Aeronautical Laboratories

13. NUMBER OF PAGES
Air Force Systems Command

44
tterson. Air Force-Basae Ohio A5
Ta. MO%ITORING AGENCY NAME & ADDRESS(If alffdrent from Contro‘mng Office) | 15. SECURITY CLASS. (of this report)

Unclassified

15a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thia Report)

Approved for public release; distribution unlimited

*7. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

AFFDL-TR-78-18, Volume I, is titled "Monte Carlo Bayesian Reliability- and
MTBF-Confidence Assessment, II

19. KEY WORDS (Continue on reverae side if necessary and identify by block number)

Reliability Poincaré's theorem Conjugate prior Beta distribution
Monte Carlo Complex systems distribution Negative-log gamma
Assessment Inclusion-exclusion Modularization distribution
System assessment  Bernoulli process Poisson process Minimal paths

20. ABSTRACT (Continue on reverase aide if necessary and identily by block number)

This SPARCS-2 (Simulation Program for Assessing the Reliabilities of Com-~
plex Systems, Version 2) Users Manual provides the information and instructions
for using the SPARCS-2 computer program. A glossary is included containing the
general terminology and a description of the input terms. The manual also in-
cludes a general description of the program system capabilities and its opera-
tion as well as a listing of the specific functions performed by the program.
In addition, sections containing usage instructions and control or operating

DD ,55rM, 1473  EDITION OF 1 NOV 65 1S OBSOLETE Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

Block 19 (Continued)

Minimal cuts Subsystems Pass~fail components
Probability Failure modes Time-to~-failure components
Simulation Component assessment

Logic MIBF assessments

Block 20 (Continued)

instructions are also included. These instructions cover areas such as: data
input format, formalized deck structure, and the procedure for putting SPARCS
on a load module and for executing the stored program. Two example cases are
also included which demonstrate setting up a problem, the input data deck,

and the resulting output of the analysis.

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Dats Enterod)




PREFACE

This users manual has been prepared as an aid to users of
the SPARCS-2 computer program in assessing the reliability and/or
the MTBF of complex systems, as discussed in Volume I of this
report. Both volumes were prepared under Contract No. F33615-76-C-3094,
which was technically monitored by Dr. H. Leon Harter. This work was

performed under work unit 2304N104, System Reliability ~ Confidence

Assessment.
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INTRODUCTION

This SPARCS-2 (Simulation Program for Assessing the Reliabilities of
Complex Systems, Version 2) Users Manual provides the information and instruc-
tions for using the SPARCS-2 computer program. A glossary is included con-
taining the general terminology and a description of the input terms. The
manual also includes a general description of the program system capabilities
and its operation as well as a listing of the specific functions performed
by the program. In addition, sections containing usage instructions and
control or operating instructions are also included. These instructions
cover areas such as: data input format, formalized deck structure, and
the procedure for puttiﬁg SPARCS on a load module and for executing the
stored program. Two example cases are also included which demonstrate
setting up a problem, the input data deck, and the resulting output of the
analysis.

SPARCS-2 is the result of a continuation of the research effort at
Oklahoma State University for exact estimation and assessment of the re-
ligbilities of complex systems, performed largely under the sponsorship of
the Air Force Flight Dynamics Laboratory. The original version of SPARCS
was programmed in 1975 by J. W. Cooley, and it is documented in both
References [4] and [5]. Both SPARCS and SPARCS-2, being Monte Carlo pro-
grams, incorporate an estimation program MAPS (Method for the Analysis of
the Probabilities of Systems) developed by J. L. Burris [l1]. MAPS in turn
is based on earlier FORTRAN programs developed at Rockwell International

for NASA, documented in [2] and [3].




COMPUTER PROGRAM SYSTEM CAPABILITIES

Purpose

SPARCS~2 (Simulation Program for Assessing the Reliabilities of Complex
Systems, Version 2) is a PL/1 computer program for assessing (establishing
interval estimates for) the reliability and the MIBF of a large and complex
system of any modular configuration. The system can consist of a complex
logical assembly of independently failing attribute (binomial-Bernoulli)
and time-to-failure (Poisson-exponential) components, without regard to
their placement. Alternatively, it can be a configuration of independently
failing modules, where each module has either or both attribute and time-
to-failure components.

SPARCS-2 also has an improved 'super modularity'" feature. Modules with
minimal-cut unreliability calculations can be mixed with those having
minimal-path reliability calculations. All output has been standardized to
system reliability or "probability of success", regardless of the form in
which the input data is presented, and whatever the configuration of modules

or elements within modules.

General Description

The raw data for the reliability assessments are the component failure

history data and the system configuration. The historical data are "suc-

cesses and failures" for binomial-Bernoulli components and 'failures and
testing time (normalized to '"mission equivalent units')" for time-to-failure

components. The configuration data consist of a list or lists of minimal



paths ("minimal path sets" or "tie sets"), or else a list of minimal cuts
("minimal cut sets"), for the system as a list of modules, and for each
module as a list of components. If the MIBF assessment option is selected,
the system "mission time" is also needed.

The underlying mathematical model is an amalgamation of Boolean logic,
probability, and Bayesian and Monte Carlo techniques. The system reliability,
a numerical-valued function of the component reliabilities, is derivgd by
the method of inclusion-exclusion, also known as Poincaré's theorem, from
the "minimal paths" or the "minimal cuts". The failure-history data are
"sufficient statistics" for the parameters of Bayesian conjugate prior dis-
tributions (c.p.d.'s) on the component reliabilities, "beta" for attributes

and "negative~log gamma" for time-to-failure.

Functions Performed

If the system minimal success states or "minimal paths" are input, a
polynomial is generated which gives the system reliability as a function of
the component reliabilities. By substituting component reliabilities into
this function, the system reliability is obtained. Dually, if the system
minimal failure states or '"minimal cuts" are input, a polynomial is generated
which gives the system unreliability as a function of the component unre-
liabilities.

SPARCS assesses by Monte Carlo. Through this process, the system re-
liability estimate for each Monte Carlo trial is obtained by substituting
component probabilities into the function. At each trial, for each com-

ponent, a value of the reliability is generated from the c.p.d. and




substituted into the system function, to obtain a value of the system
reliability for that trial. The resulting "empirical" distribution of
system reljabilities, obtained over a series of trials, provides the basis
for an assessment. Percentage points on that distribution are interpreted
as system reliability confidence limits. The corresponding MTBF confidence
limits are calculated, based on the simple relationship between the re-

liability and the MTBF.

FUNCTION DESCRIPTION

There are 15 specific functions performed by the computer program
and they are a part of the internal documentation included in the first
four and one-half pages of computer output. The functions and procedure

names included in the program are as follows:

AL GAMA : COMPUTES LOG OF GAMMA FUNCTION.
CABT A : GENERATES BETA DEVIATES.
COMPUTE : CALCULATES MODULE OR SYSTEM

RELTABILITY OR UNRELIABILITY.
CATAGEN : COMPUTES COMPONENT PRIOR
DISTRIBUTION MEAN RELIABILITIES.

EQGEN : GENERATES PROBABILITY EQUATIONS.

EQPUT : PRINTS JUT PROBABILITY EQUATIONS.

GAUSF. ¢ GENERATES (J2,1) NORMAL OEVIATES.

HOL INE : PRINTS QUT SYSTEM IDENTIFICATION.

HI SINF : PRINTS OUT FAILURE-HISTORY DATA FOR
COMPONENTS AND PRIOR MEANS.

INPUTL+24344 ¢ READS INPUT DATA,

ME ANRE L : COMPUTES MEAN COMPONENT RELIABILITIES
FROM FAILURz-HISTORY DATA,

RANF : GENERATES UNIFOrRM PSEUDORANDOM
DEVIATES,

RGAMA ¢ GENERATES GAMMA DEVIATES.

SORT : PERFORMS PSHZLL® SORT,

STAT : CCOMPUTES AND PRIMTS R AND M7 BF

AVERAGEZS, VARIANCES & PERCENTILES.,




USAGE INSTRUCTIONS

Computer Input Terms

ATYPE - FLAG INDICATING RELIABILITY OR
UNRELTABILITY COMPUTATION

MINPTH - BINARY VECTORS FOR MINIMAL PATH
NARG -~ SEED FOR RAND3M NUMBER GENERATION
NCOM - NUMBER QOF COMPONENTS IN SYSTEM
NMOD - NUMBER OF MODULES IN SYSTEM ‘
NP ATH - NUMBER OF MINIMAL STATES IN SYSTEM
SIMNUM - NUMBER OF SIMULATICONS TO BE PERFORMED
SYSID - SYSTEM IDENTIFICATION
TIME - MISSION TIME
UNIT - TIME UNIT

Capacity

SPARCS-2 can process a system consisting of up to 128 modules or
components in any configuration with up to 256 minimal states. Likewise,
a module within the system can have 128 components and 256 minimal states.

A probability equation can have up to 3500 terms.

Making Alterations to SPARCS-2 Program

Minor alterations can be made to SPARCS without great difficulty. For
example, increasing the capacity for terms in the probability equation
under a dynamic storage allocation can be done by augmenting the numerical

argument for TERMS in the statement
DCL (MINPTH (128), TERMS (3500)) BIT (128) VAR,

If possible, alterations, when they are necessary, should be confined to




minor changes like increases in capacity or input-output modifications.
Mathematical procedures such as EQGEN (probability equation generator),
CABTA (beta random deviate generator), and RGAMA (gamma random deviate gen-
erator) can be changed only if there is sufficient background mathematical
analysis. For example, the random deviate generators are checked out on
32-bit IBM-370 machines; extensive reprogramming would have to be done for

other word sizes, or for the computer products of other manufacturers.

Substitution of Beta Components for Gamma Components

As this report went to press, it became apparent that certain field
changes have to be made to the gamma generator incorporated into SPARCS-2.
Until these changes are made, it will be necessary for users to substitute beta
for gamma. This means treat all time~to-failure gamma components as if they
were zero-one attribute beta components. This is easily done as explained below.
A gamma component has two historical data inputs: t, number of missions,
and r, number of failures. A beta component also has two pieces of input data:
s, successes, and r, failures. Both s and r are integers, whereas the gamma t
is not necessarily an integer. All that is needed to make the substitution is

an integer value of s which is a function of t and r. The following formula

makes that conversion. Let

r+ 1
!

denote the mean of the negative-log gamma conjugate prior distribution on the

time~to-failure component reliability. Then

b+ 2)z ~ 1
so otz L 9

that is, s is the integer closest to the right-hand side of (l). This conversion




was derived by equating the mean of the negative-log gamma distribution

with the mean of the beta distribution.

Preparation of Inputs

The internal documentation of the program describes the preparation of the
input data. The input data format is shown both for a system without modules
and for a system with modules.

SYSTEM WITHOUT MODULES

DATA NUMBER COLUMN DESCRIPTIONS
SET OF CARDS POSITION
FIRST 1 1 - 80 ALPHANUMERIC SYSTEM IDENTIFICATION.
SECCND 1 1 - 4 NUMBER OF MONTE CARLO TRIALS.
6 - 14 SEED VALUE FOR RANDOM NUMBER

GENFRATION {MUST BE A NGN-ZERO
POSITIVE INTEGER, <= 1.0 E+09). FOR
EXAMPLE, 4527851 . ‘

16 - 20 SYSTEM MISSION TIME (OPTIONAL}.
THIRD 1 1- 3 {NUMERIC ZERO DENOTES NO MODULES).

5 - 7 NUMBER OF COMPONENTS IN SYSTEM(NK129)

9 - 13 NUMBER OF SYSTEM MINIMAL STATES
{M<257).

14 R FOR SYSTEM RELIABILITY, U FOR

SYSTEM UNKELIABILITY.

15 - 19 MISSION TIME UNITS, ALPHABETIC

{OPTIONAL) .

FOURTH N FREE FORMAT ITEM1: *0'B FOR GAMMA (TIME-TO-
FAILURE)} OR *1'8 FOR BZTA
(SUCCESS-FAILURE).
ITEM2: NUMBER OF MISSIONS (GAMMA) CR
SUCCESSES (BETA).
ITEM3: NUMBER OF FAILURES.

FIFTH FREE FORMAT M MINIMAL STATES AS A STRING JF
N-VECTORS SUCH AS *00110°'8B.
COMPONENTS IN THE MINIMAL STATE ARE
DENOTED BY 1, COMPONENTS NJT 1IN
MINIMAL STATE B8y O.

EXAMPLE

COLUMN 000000000111111111222222222333333333
PCSITION 123456789012345678901234567890123456789
CARD '10'8 '0l°'8
'1'8 95. 3.
o' 99. 1.

0 2 2 RHOUR

100 45273851 100
TWO CCOMPTNENT - TWO MINIMAL PATH SYSTEM

—Nw s o
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SYSTEM WITH MODULES

DATA NUMBER COLUMN DESCRIPTICN
SET OF CARDS POSITION
FIRST 1 1 - 80 ALPHANUMERIC SYSTEM IDENTIFICATION.
SECCND 1 1 - 4 NUMBER OF MONTE CARLO TRIALS.
6 - 14 SEED VALUE FOR RANDOM NUM¥BER

GENERATION {(MUST BE A NON-ZERO
POSITIVE INTEGER,» <= 1.0 E+09}. FOR
EXAMPLE, 2365142 .

16 - 20 SYSTEM MISSION TIME (OPTIONAL).
THIRD 1 1 - 3 NUMBER OF MODULES IN SYSTEM (K<129).
5 - 7 NUMBER OF COMPUNENTS IN SYSTEM.
9 - 13 NUMBER OF MINIMAL STATES IN SYSTEM
{J<257).
14 R FOR SYSTEM RELIABILITY, U FIR
SYSTEM UNRELIABILITY.
15 - 19 MISSIGN TIME UNITS, ALPHABETIC
(CPTIONAL) .
FOURTH FREE FORMAT J SYSTtM MINIMAL STATES AS A STRING
OF BINARY K~-VECTORS, SUCH AS 'J10'B.
MCDULES IN MINIMAL STATE ARE DENOTED
BY 1y, MODULES NOT IN MINIMAL STATE
8y 0.
FIFTH 1 R FOR MJIDULE RELIABILITY, U FOR
MODULE JUNRELTABILITY.,
2 - 7 MCDULE IDENTIFICATION, ALPHANUMERIC.
12 - 14 NUMBER OF COMPONEHWNTS IM MODULE(N<129)
16 -~ 18 NUMBER OF MINIMAL STATES IN MOJQULE
{M<257) .
SIXTH M FREE FORMAT ITEML: *0'B FOR GAMMA(TIME~TO-~
FAILURE) OR *'1'8 FOR BETA
(SUCCESS - FAILURE).
ITEM2 : NUMBER OF MISSIONS (GAMMA) CR
SUCCESSES(BETA).
ITEM3: NUMBER COF FAILURES.
SEVENTH FREE FORMAT M MODULE MINIMAL STATES AS A STRING

OF BINARY N-VECTORS SUCH AS

¥01110'8. COMPCNENTS IN MINIMAL STATE
ARE DENJTED BY 1. COMPONENTS N3T IN
MINIMAL STATE BY O.

* THE FIFTH, SIXTH, AND SEVENTH DATA SETS ARE REPEATED FOR EACH
MODULE.




EXAMPLE

C CLUMN 000000000111111111222222222333333333
POSITION 123456789012345678901234567890123456789

CARD 12 '10'B 1'01'8B
11 *1'8  90. 1.
1C '0'8  92. 7.

20 2365142 50
TWO MODULES AND TWO COMPCNENTS SYSTEM ANALYSIS

9 RB 2 2

8 t‘'ol'B *10'8B

7 '0'8B 95. 5.

5 *1'8 99. 1.

5 UA 2 2

4 '0'B *10'8

3 2 2 2RCYCLE
2

1

Results of Operation

Two cases of a sample problem will be used to demonstrate the ra-
tionale behind the problem design. The cards from the data deck are
listed as well as the output format and a discussion of the output is

included.

Sample Problem

The sample problem in this section is taken from a TRW internal
publication [6] on software reliagbility. We show how it was run in
different ways to illustrate some of the applications of the "super
modularity" feature of SPARCS-2. The logical configuration can be either
the system minimal paths (system reliability) or minimal cuts (system
unreliability) with either the module minimal paths (module reliability)

or minimal cuts (module unreliability). Since the output, a schedule of

percentage points on an "empirical" distribution of the reliability, is




standardized to system reliability, the example aiso demonstrates the
reproducibility of results.

The problem is illustrated by the flow diagram in Figure 1 and the
corresponding network logic diagram in Figure 2, both of which are taken
from [6]. It is identified in the referencé as a ""Triangle Type Deter-
mination Program (TTDP)" for structural-exercise test effectiveness

measurement tools belonging to TRW's Product Assurance Confidence Evaluator

(PACE) system.

0 souen )
"oT A
m d TAIANGLE TRIMG.E J

Figure 1. Flow Diagram of TTDP




Figure 2. Network of Node-to-Node Branching
Potential

The system was subdivided into two modules, A with components
1, ..., 7, and B with components 8, ..., 20. Since the SPARCS-2 program assigns
sequence numbers to the components within each module by default, 8, ..., 20
were renumbered 1, ..., 13, respectively, so that there is a constant
difference of 7 between the modple—B component ﬁumbers in the computer
output and in the description in the sequence. For example, 8 in the de-
scription is 1 in the computer output, 9 is 2, etec.

Module A represents the top half of Figure 2 and B the bottom half.
Since both are needed, the system may be viewed either as two "successful"

elements in series for reliability calculations, or else two failed elements

11




in parallel for unreliability calculations. Thus there is one minimal

path

and there are two minimal cuts

Since all four components 1, 3, 5, and 7 are needed for module A to

be operative, it has one minimal path

1, 3, 5, 7

and four minimal cuts

~N W

Components 2, 4, and 6 in module A are not essential, and do not affect
the reliability calculations; module A will work even if all of them are
inoperative, as long as 1, 3, 5, and 7 are all working properly.

Module B has nine minimal paths ("minimal path sets'" or "tie sets")

13, 16, 18, 20
12, 13, 14

13, 14, 15

12, 13, 16, 17
13, 15, 16, 17
12, 13, 16, 18, 19
13, 15, 16, 18, 19
8, 9, 10, 11

8, 12

12




It is shown below that the module-B reliability equation based on these
minimal paths is 91 terms long and requires a full page of computer output.
By inverting and minimalizing the minimal paths, we obtain the 26

minimal cuts ("minimal cut sets").

8, 13

8, 14, 16

9, 12, 13

10, 12, 13

11, 12, 13

8, 14, 17, 18

8, 12, 15, 16

8, 12, 15, 18

8, 12, 15, 20

9, 12, 15, 18

9, 12, 15, 20

9, 12, 14, 16

10, 12, 14, 16
10, 12, 15, 16
10, 12, 15, 18
10, 12, 15, 20
11, 12, 14, 16
11, 12, 15, 16
11, 12, 15, 18
11, 12, 15, 20

8, 14, 17, 19, 20
9, 12, 14, 17, 18
9, 12, 14, 17, 20
10, 12, 14, 17, 18
9, 12, 14, 17, 20
11, 12, 14, 17, 18

The module-B- unreliability equation based on these 26 minimal cuts has
421 terms and requires four and one-half pages of computer output./

There are many different optional ways of iﬂputting these data, based
on either the paths (reliability) or the cuts (unreliability). The TRW-
TTDP problem was run with eight different cases with the same historical

input data for all components, and 20 Monte Carlo trials for each case.

13




1. System reliability - module A reliability - module B
reliability.

2. System reliability - module A unreliability - module
B reliability.

3. System reliability -~ module A unreliability - module
B unreliability.

4, System unreliability - module A unreliability - module
B reliability.

5. System reliability - module A unreliability - module
B reliability.

6. System reliability - module A unreliability - module
B unreliability.

7. System unreliability - module A reliability - module
B reliability.

8. System unreliability - module A reliability - module

B unreliability.

We discuss Cases 1 and 6 to illustrate the input and the output formats.

The results also show surprising consistency, demonstrating that an assess-

ment with SPARCS-2 can be accomplished with relatively few Monte Carlo trials.
Case 1 is "all reliability", reliability for the system, and for

module A and module B. The cards of the input data deck are listed below.

14




80/80

000000000111111111122222222223333333
123456789012345678901234567890123456

CARD

0001 SOFTWARE RELIABILITY COMPUT AT ION
0002 20 15783 100
0003 2 2 1 RHOUR
0004 *11i'B

0005 RA 7 1
0006 '‘0o'8 96.5 2.
0007 '1'8 99. 1.
0008 18 99. l.
0009 '1'B 99. 1.
0010 '0'8 96.5 2.
0011 '1'8 99. l.
0012 '1'8 99. 1.
0013 t*jd0lo101l'B

0014 RB 13 9
0015 '0'B 96.5 2.
00l 6 i 39. l.
0017 '0'B 96.5 2.
0018 1'8 39. l.
0019 o' 96.5 2.
0020 '1'B g9. l.
0021 '0'B 96.5 2.
0022 '1*8 9g. l.
0023 '0o'g 96.5 2.
0024 '1's 99, 1.
0025 '0'B 96.5 2.
0026 '1'8 99, L.
0027 '0'8 96.5 2.

0028 *00C0010010101'B
0029 '0000111000000°'B
0030 '0000011100000'8
0031 *o00C0110011000'8B
0022 '0000010111000'8
0033 *'0000110010110'B
0034 '00CO0l10110110'8
03235 '1111000000000'8
0036 *'1000100000000°*8
0037 S$ENDLIST

15




The output is listed below. Following the system ID data, we have
the minimal state or states, either paths or else cuts, the system proba-
bility function, either a reliability or an unreliability equation, the
module-A minimal states, probability equation and component historical
data, and the component-B minimal states, equation and historical data.
Then follow various sets of statistical data relating to the output and
finally the empirical distribution displaying the percentage points for
assessment. The output format is practically the same as that in [5]

for the original version of SPARCS.

¢S PARCS »
SIMULATICN PROGRAM FOP THE ANALYSIS OF THE RELIABILITY OF COMPLEX SYSTEMS

SYSTEM IDENTIFICAT ION SOFTWARE RELIABILITY COMPUTATION - J R BROWN AND LIPOW
NUMBER OF SIMULATICNS a

NUMBER OF MUDULES 2

NUMBER OF COMPONENTS 2

NUMBER OF VMINIMAL PATHS 1

TYPE OF ANALYSIS RELIABILITY

SPARCS 23 EQUATION GENERATION ROUTINE
THE 1 MINIMAL PATH FOR SYSTEM

<A, 8>

NUMBER OF TERMS IMN EQUATION: 1

THE I MINIMAL PATH FCR MODULE A

€1 e3s5:T>

NUMBER OF TERMS [N EQUATION: 1

R = R R RR
A 1357

16




HISTORICAL INFORMATION FOR EACH COMPONENT IN MODULE A

GMPONENT TYPE SUCCESS (BETA) FAILURES PRIOR DISTRIBUTION
¢ N EQUIVALENT MISSIONS(GAMMA} MEAN
1 TIME-TO-FA [LURE({ GAMMA) 96.50 2.00 0.96985
2 ATTRIBUTE(BETA) 99.00 1.00 0.98039
3 ATTRIBUTE(BETA) 99.00 1.00 0.98039
L3 ATTRIBYTE(BETA) 99.00 1,00 0.98039
5 TIME=- T0-FAILLRELGAMMA) 96.50 2.00 0.96985
6 ATTRIBUTE[BETA) 99.00 1.00 0.98039
7 ATTRIBUTE [BETA) 99.00 1.00 0.98039
THE 9 MINIMAL PATHS FOR MODULE 8
€6+9,11413>
€S0 by 7>
<6,7.,8>
€5+649.,10>
<6+ 8.9, 10>
€5.649411,12>
<6+48+9+11.12>
€le2,3:4>
<1.5>
NUMBER OF TERMS 1IN EQUATION: 91
R = R R + RRR - RRRRR R + RRR -~ RRRRR R -RRRR #RRRRR + RRRR - %
8 69 1113 567 567 911 13 6738 78091113 5678 56173 9 11 13 56910 5
RRR R R - RRRRR + RRRRR R R + RRRR - RR R R R + RRRRRR - RRRRR R R
&6 9 10 11 13 567910 S 679 1011 13 6 8 9 10 68 9 1) k1 13 5678910 5678 910 11 13
-RRRRR + RRRRR R - RRRRR +RRRRR R R + RRRR R - RRR R R - RRRR =
678910 67891011 13 S 68910 5689 10 11 13 569 11 12 56 9 1112 13 S$67911
R + RRRRR R R -RRRR R R + RRRR R R R + RRRRR R R - RRRR R R R +RRR*
12 5679111213 569 10 11 12 $69 10 11 12 13 567 910 11 12 56 791011 12 13 689
R R - RRIR R R + RRRRRR R -~-RRRRRR R R - RRRRR R + RRRRR R R + RRRR =
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HISTORICAL INFORMATION FOR EACH COMPONENTY [N MODULE 8

COMFCNENT TYPE SUCCESS (BETA) FATILURES PRIOR OISTRIBUTION
EQUIVALENT MISSIONS{GAMMA) MEAN
1 TIME~TO-FATLURE(GAMMA) 96 .50 2.00 0.96985
2 ATTRIBUTE(BETA) 99.00 1.00 0.938039
3 TIME~TO-FAILURE( GAMMA) 96.50 2.00 0.96985
4 ATTRIBUTE(BETA) 99.00 1.00 0.98039
5 TIME- TO-FAIL URE( GAMMA) 96.50 2.00 0.96985
6 ATTRIGUTE(BETA) 99.00 1.00 0.98039
7 TIME-TO-FAILURE({GAMMA) 96.50 2.00 0.96985
8 ATTRIBUTE(BETA) 99.00 . 1.00 0.98039
9 TIME-TO-FAILURE( GAMMA} 96.50 2.00 0. 96985
10 ATTRIBUTE(BETA) 99.00 1.00 0.98039
11 TIME-TO-FATLURE( GAMMA) 96.50 2.00 0.96985
12 ATTRIBUTE(BETA) 99.00 1.00 0.98039
13 TIME-TO-FAILURE{ GAMMA) 96.50 2.00 0.96985

SPARCS :: SYSTEM SIMULATICN ROUTINE

SYSTEM RELIABILITY CALCULATED FROM MEAN COMPONENT RELIAHBILITIES IS 0.903486: SYSTEM UNRELIABILITY IS 0.096514%

AVERAGE SYSTEM RELIABILITY FROM 20 MONTE CARLO TRIALS 1S 0.901238 ; AVERAGE SYSTEM UNRELIABILTY IS 0.098762
VARIANCE 0.000671

STANCARD DEVIATION 0.025896

THE MISSION TIME IS 103.000 HOUR
THE ESTIMATED SYSTEM MT3F BASED UPON MEAN COMPONENT RELIABILITIES IS 9.8B5000000E+02

THE ESTIMATED SYSTEM MIBF BASED UPON MEAN SYSTEM RELIABILITY 20 MONTE CARLD TRIALS IS 9.61669678E+02

RELIABILITY MTBF
PERCENTILE PERCENTILE PERCENTILE
POI NTS POINTS

5.0 PERCENT 0.848968 6.10748047E402 HOUR
10.0 PERCENT 0.865494 6.92260010E+02 HOUR
20.0 PERCENT 0.878241 T.70209473E+02 HOUR
25.0 PERCENT 0.884024 8.11221191E+02 HOUR
50.0 PERCENT 0.904296 9.94052002E+02 HOUR
75.0 PERCENT 0.921494 1.22310010E+03 HOUR
80.0 PERCENT 0.924841 1.27986133E403 HOUR
90.0 PERCENT €.926575 1.36934155E403 HOUR
95.0 PERCENT 0.933471 1.452530036+03 HOUR
97.5 PERCENT 0.937314 1.54470239E+03 HOUR
99.0 PERCENT C.%35619 1. 60563623E+03 HOUR
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Case 6 follows. Note that the module-B five-page probability

"unre-

equation with 421 terms based on 26 cuts is given with U's (for
liability") rather than R's (for "reliability"), as in the reliability

equation for Case 1.
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CARD

0091 SOFTWARE RELIABILITY -~ UNRELIABILITY COMPUTATION - J R BROWN AND LIPOW
03002 20 2794360 100
0303 2 2 1 RHOUR
CCCaq '11'B

0035 wuA 7 4
0006 '0'B 96.5 2.
00cC7 '1's 99. l.
0008 18 99. 1.
0009 18 99. l.
oolLc '0'B 96.5 2.
J011 '1's 99. l.
0012 ‘1'B 99. l.

013  '10G60000'B
0014 '0310000°'8
2015 *0000l100'8
0016 *00CO001'B

0017 wuB 13 26

0014 'o'sB 96.5 2.
0019 '1'B 99. )
0020 0'B 96.5 2.
0021 ‘1'8 99, 1.
0022 ‘0'B 96.5 2.
0023 '1'8 99. 1.
0024 '0'8 96.5 2.
0025 18 99. 1.
0026 ‘o's 96.5 2.
0027 18 99. )
0028 '0's 96.5 2.
0029 '1'B 99, 1.
003¢C '0'B 96.5 2.

0031 *1000010000000'8
0032 *¢1000001010000°'8
0033 *01C€0110000000'8B
0034 '0010110009C00'8
0035 *0001110000000°'8
0036 *10C0001001100'8
0037 *1000100112000°'B
0038 *1000100100100°'8B
0039 1'1000100100001*B
0040 *'0100100102100°'8B
0041 '0100100100001°'8B
0042 1'01C0101010000'8
0043 '0010101010000°*B
0044 *'0010100110000'8
0045 1'0010100100100'8B
0046 *0010100100001°*8
0047 1'0001101010000'8
0048 *00CL100110000'8
0949 *7001100100100'8
0050 '0001100100001'B
0051 *10c0001001L0!ll'B
0052 *0100101001100°'B
0053 '0100101001001'8
2054 '0010101001100°'8B
0055 *0l0cCL01001001l'8
0356 '0001101001100°'B
0057 $ENDLIST
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*SPARCS *
SIMULATICN PROGRAM FOR THE ANALYSIS OF THE RELIABILITY OF COMPLEX SYSTEMS

SYSTEM ICENTIFICAT ION SOFTWARE RELIABILITY -~ UNRELIABILITY COMPUTATION — J R BROWN AND LIPOW
NUMBER OF SIMULATICNS 20

NUMBER OF MODULES 2

NJMBER OF COMPONENTS 2

NUMBER OF PMINIMAL FATHS 1

TYPE OF ANALYSIS RELIABILITY

SPARCS 3:: EQUATION GENERATION ROUTINE

THE 1 MINIMAL PATH FOR SYSTEM

<A.B>

NUKBER OF TERMS INMN EQUAT IDN: 1

THE 4 MINIMAL CUTS FCR MODULE A

<1>
<3>
<5>
<>

NUPMBER OF TERMS INM EQUATION: 15

u =y +U - UU +U -UU - UU +UVUUU +U -UU -UVU +UUVUU ~PJU +UUU +UVUUY -UVULUU
A 1 3 13 5 15 35 135 7 17 37 137 57 157 357 1357

HISTORICAL INFORMATION FOR EACH COMPONENT IN MODULE A

COMPONENT TYPE SUCCESS (BETA) FAILURES PRIDR DISTRIBUTION
EQUIVALENT MISSIONSIGAMMA) MEAN
1 TIME-TO-FAILURE{ GAMMA) 96.50 2.00 0.969851
2 ATTRIBUTE{BETA) 99.00 1.00 0.980392
3 ATTRIBUTE(BETA) 99.00 1.00 0.980392
4 AYTRI BUTE(BETA) 99.00 1.00 0.980392
5 TIME-TO-FATLURE(GAMMA) 96.50 2.00 0.969851
6 ATTRIBUTE(BETA) 99.00 1.00 0.980392
T ATTRIBUTE(BETA) 99.00 1.00 0.980392

THE 26 MINIMAL CUTS FOR MODULE B
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yuvuuvu v +UuUuVuUUU VU ~-yuUuuvyvuvuvuu u +UUVUVULUU U -yuvuvuyuvuuuy v ~-yuyuuvUuv U -us=
56 7 1011 135791011 1356791011 235671011 1235671011 35671011 1

tuuou v -QuUUVUUvuLL VU LN UV TR VAR URUIRY) U + UUuLuUuVVL U -vyuuUuvLvYuvu U +UVuUVUL U *
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67 891011 35791011 356791011 357891011 356789 10 11 35781011 35
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gyuuovuvuuvuy +UUUUVUUVUUUVUUVU U + Uuuuu vuuvuuvuvuuvuyu +VUuUvy yuu U =
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13456781011 23 456178 10 11 1 2 34561738 10 11 3456178 1011 l 3 4 578 1011

-uvuUyuvu U + Uuvuvuuvuy U u -vyuUuuuvu v +UUYVvu vy +UUUVUUVUU U - U
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HISTORICAL INFORMATION FOR EACH COMPONENTY IN MODULE B

COMPONENT 1YPE SUCCESS (BETA) FAILURES PRIOR DISTRIBUTION
EQU IVALENT MISSIONSIGAMMA) ME AN
) § TIME-TO-FAILURE (GAMMA) 96.50 2.00 0.969851
2 ATTRI BUTE (BETA) 99.00 1.00 0.980392
3 TIME-TO-FAILURE { GAMMA) 96.50 2.00 0.969851
4 ATYRIBUTE{BETA) 99.00 1.00 0.980392
5 TIME-TO-FATLURE( GAMMA) 96.50 2.00 0.969851
[ ATTRIBUTE {BETA) 99.00 1.00 0.980392
7 TIME-TO-FAILURE( GAMMA) 96.50 2.00 0.969851
8 ATTRIBUTE{BETA) 99.00 1.00 0.980392
9 TIME-T0-FATL\RE( GAMMA) 96.50 2.00 0.969851
10 ATTRIBJTE(BETA)‘ 99.00 1.00 0.980392
11 TIME-TO-FATLURE{ GAMMAY) 96.50 2.00 0.969851
12 ATTRIBUTE(BETA) 99.00 1.00 0.980392
13 TIME-TO-F AILURE { GAMMA) 96.50 2.00 0.969851
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SPARCS =2 SYSTEM SIMULATICN RCUTINE

SYSTEM RELIABILITY CALCULATED FROM MEAN COMPDONENT RELIABILITIES IS 0.9034863

AVERAGE SYSTEM RELIABILITY FROM 20 MONTE CARLGC TRIALS IS 0.909538 ; AVERAGE SYSTEM UNRELIABILTY IS5 0.0904¢€2

VARIANCE 0.000625

STANDARD DEVIATICH 0.024996

THE MISSION TIME IS 102.000 HIUR

THE ESTIMATED SYSTEM MTBF BASED UPUN MEAN COMPONENT RELIABILITIES IS 9.85000000E+02

SYSTEM UNRELIABILITY IS 0.096514

THE ESTIMATED SYSTEM MTHF BASED UPON MEAN SYSTEM RELIABILITY 20 MONTE CARLO TRIALS IS 1.05464673E+03

RELIABILITY MT BF
PERCENTILE PERCENTILE PERCENTILE
PIINTS POINTS

5.0 PERCENT 0.863285 6.80221680E402 HOUR
10.0 PERCENT C. 874934 7.484648445402 HOUR
20.0 PERCENT 0.889750 8.56057129£+02 HOUR
25.0 PERCENT 0.853619 8.89078657E+402 HOUR
50.0 PERCENT 0.90833¢6 1.040139165+03 HOUR
15.0 PERCENT 0.927487 1.32843164E+03 HOUR
80.0 PERCENT C.929598 1.369797855+403 HOUR
90.0 FERCENT 0.943048 1.706608405+403 HOUR
95.0 PERCENT C.948863 1.90508566E5+03 HOUR
97.5 PERCENT 0.651640 2.017419435+03 HOUR
99.0 PERCENT 0.953307 2.09123511E+03 HOUR

two outputs, as shown particularly in the assessment tables. The medians
or 50-th percentiles are nearly identical, .904296 in Case 6 and .908336
in Case 1.
each other.

assessments.

these differences do not seem to be excessive.

would be and have been obtained with, say, 100 Monte Carlo trials.

It is both interesting and instructive to compare the results of the
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For both problems, percentiles below the 80th are very close to

For specified percentiles above the 80th, Case 1 gave higher

Since each output is based on only 20 Monte Carlo trials,

Even closer results




OPERATING INSTRUCTIONS

The operating instructions for the SPARCS-2 program included in this
manual are specific for the IBM series 370/158 (MVS environment) computer
system in operation at the University Computer Center at Oklahoma State
University. The system includes a PL/1 optimizing compiler. The control

cards needed at any computer installation will depend upon local practices.

Instructions for Using Source Desk

The following desk structure may be used with the SPARCS-2 source
desk. Note that the facsimilies for two of the 80-colummn control cards are

shown split in half.

STATEMENT
NUNBER

FORTRAN S

—~JCOMM. i

~ [CONT,

2V 22 73 024 05 Is IT 8 29 % 6 37 B I &0

Y I N N L T A T A B R S - SR E S e I Y22 T 3 35
[SPRRCS J6B W nonrin, sssl-ss-slsss),|Vuser
i ’ ‘

~inamel |, CLA g S=¢c s Tlﬁf_i_t___(maﬁmaﬁnn__og_laB cardt
/¥PASSYRDl PPPRL - | o o o1t il
A/ _EXEIC PLIXCLG, PaRM|, PLI=' A6, A X, REGT 4N
PLI:II/OO K, KEGI @f‘L.G_@_:_H_QQ,K (Conﬁnuaﬁt)n of EXEC racd)
[PLILISYSTN DD 1% B '

So cce DQ
/GO ISysTnl DD x fi EEEE RN NRRE -

'
i

/

>

e e -
O T A

[ i
; [

R

(Y
e

1

i

I
e
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Where:

Instructions for Using Load Module

"nnnnn"

"sss-ss-35

SS"

is a five-digit account number.

is your social security number.

"AG, A, X" are the options usually run with the source desk
to aid in diagnostics and debugging.
generates additional printout information about the source

desk.

Specifying these options

Option "AG" lists an aggregate length table; option "A"

lists a full attribute and cross-reference table; and option

"X" lists a cross-reference table.

vary from one computer center to another.

The options available may

A compiled copy of the SPARCS-2 program may be stored in a disk library.

The compiled version may then be used again without recompilation.

following desk structure stores the program on the disk.

Jiamer e
NUMBER

The

FORTRAN STATEMENT

LkE

!
T

D,SYS

LmeDd

DD DS,

JAILE =

lihracu+ name .,
J P

2 &
JPK/ J jQB (nnonn sss—SsA sss ) ucec] L
—nrme‘,_,CLﬁ,gg C,dT.LME =t (corrf,nuahonc(mbmrd o ‘:
/FPASSUWPRD _PPPP AR ERERE RN
/ EXEIC PLTXCL |
//PLI],ISYSTIN DD I T
’ . Oamj_ag_sgx La’eckic be. Cam,m/ed_a 24 B I
. r‘/iﬁ@”//nd_/;‘f\/[‘fufﬁ_ul {rye G ('[f cied Mdae ST i
GLD .

A/LKEDL SYSTN DD % 5 ;
/NﬂME xxxXxxxxx|(R ] EEEN RN RN
! | b ‘ :
- ) l ' ! l ' )

Where: 'xxxxxxxx" is the name specified to store the program.
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The following example demonstrates a deck structure necessary to compile
a PL/1 program and subroutines and store them in the library designated

0SU. ACTXXXXX. SPARCS under the name SPARCS-2.

 dstatement

CONT

F ‘ .
§ NUMBER FORTRAN ST,
[

2 3 4 S5tz |7 8 9 '3 91 iz 13 5'»‘.11892’32’12123?4.3.67,28‘9_03132333435 36 27 1§ 39 a0 4
T

/SPARCS J¢B I('HRD (<ame as previpus cxamo/es) i

*PAS WoRD PPPRL [ [T

m A PO

C PLIXCL ?fié KRN RN

/PLI,\YSIN DD RN

EERREEER R

||
I \Sour_é DQ" ‘Cm gPpr >CS' 2 | BN ! l 5

b
| RN
/LkED SYSLMBD ) DSMAME-@quAcfxxxxx;gP
RCS (DTS P=g1 D (dordinucton of LKE tacd) 3LI i R
/LKED, SYSITN Dp| SEEE RSN NS RRRE
/NAME SPHRCSZ(K) RN NNE A
| !;z;sl?ii BN EREE
T ii%:::iméiflwlli ERREESEREERER
The following deck structure executes the stored SPARCS-2 program from
the disk library.

E,:SZ‘J;“BE:” % FORTRAN STATEMENT
/SPA ;CS I@B tARD (same as prev-‘mu's p am,é/:}eds)i‘:d: HE [‘ NN
¥PASSIIRD._PPPP e pe e e

N EXER PaiizsPARCS 2 \REGTPn=bo0ok [T LTI LT

/\/STE|ALIB DD DSNAME=|BSU. ACTXXX|XX . SP RCS,DISP=SHR

A/Sysizn DY x
Ll et Gmds I RN RRERE RNRE ERRRENEE

BREP SRR R B RN NN EERENEENEN

[/ SYS|PRINT] )D SYSBuTi=A IR RN NE NN

: e NN N ERN
: ( : A | c
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GLOSSARY

General Terminology

assessment: a schedule of system reliability or MTBF values as a function
of the confidence coefficients, the component historical success—or-
failure data and the system logical configuration, under an appropriate
general statistical, probabilistic, and logical model.

Bayesian techniques: reliability assessment of components from prior dis-
tributions whose parameters are functions of available data.

Bernoulli process: governs the occurrence of failures for each pass-fail
type component; the results of successive trials are independent
and the probability of success on every trial is the component
reliability.

beta component: success-or-failure attribute component.

beta distribution: for each pass-fail type component, the conjugate prior
distribution on R is "beta', with its parameters being functions of

prior failures and prior tests.

coherent system (coherence): the "zero" state (0, ..., 0), all components
failed, is a system failure state or cut; the "one" state (1, ..., 1),
all components succeeding, is a system success state or path; no paths
are contained in any cuts, in the sense of partially ordered sets.

conjugate prior distribution: a prior distribution, such as beta or
negative-log gamma, which has a similar mathematical form to the dis-
tribution describing events, and for which the parameters are sufficient
statistics for the prior data.

gamma component: time-to-failure component.

MIBF: the average operating time between failures; defined only for systems
with a mission time.

minimal cut: a set of components which, if they are all failed, cause the
system to fail, but if any of them function (and all other components
function), the system operates; the system is assumed to be coherent.

minimal path: a set of components which, if they are all functioning, per-
mits the system to function, but if any of them fails (and no other
components operate), the system fails; the system is assumed to be
coherent.
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modularization: by breaking the system up into a logical configuration
of independently failing subsystems, as used herein, each system can
be represented as a configuration of modules, with each module being
a logical configuration of independently failing components.

Monte Carlo: beta or gamma random deviates are generated to obtain the
component reliability (or unreliability) values which are substltuted
into the system probability function.

negative—log gamma distribution: for each time-to-failure component, the
prior distribution on the component reliability is negative-log gamma,
with its parameters being sufficient statistics for the prior data,
failures, and testing time (normalized to mission-equivalent units).

Poincaré's theorem: builds the system reliability function recurrently
one minimal path at a time from the minimal paths; dually, a system
unreliability function can be built up from the minimal cuts; also
known as the method of inclusion-exclusion.

Poisson process: assumed for each time-to-failure component; failures of
individual components occur at a constant rate independent of prior
history.

reliability: the probability that all assigned functions are performed
within a predefined time frame and under the specified environment
or environments: the probability of system success.

sufficient statistics: summary statistics which provide as much infor-
mation about a random sample as if the value of every single obser-
vation were available.

super modularity: modules with minimal-cut unreliability calculations
can be intermixed with those having minimal-path reliability cal-
culations to obtain the system reliability, with no restrictions
other than size and capacity limitations.,

system: a configuration of modules unlike one another where each module
is a configuration of possibly unlike components, with different
failure-history data; beta and gamma components can be intermixed with
no restriction on their placement.
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APPENDIX. ''SPARCS-2" SOURCE DECK LISTING

PLZL OPTINIZING COMFILER SPARCS2: PROC OPYIONS (MAINIZ

EiL1 g

1

PL/L DPTINIZL

STHT

SOURCE LTSTING

SPARCS21 PROC OPTICNS (MAIN); 00000010
rid */00000020
7 b4 30
1 #700000040
’” SPARCSII {SIMULATION PROGRAM FOR ASSESSING THE RELIABILITIES OF */00000050
o COMPLEX SYSTEM - VERSION (1) IS & SYSTEm OF PL/L PROCEDURES TO «/00000060
4% ASSESS {PROVIDE INTERVAL ESTIMATES FOR} THE RELIABILITY K MYSF OF /00000070

"
”r
I
1
7o
s
g
r
rg
Yy

v

A COMPLEX SYSTEM OF ANY LOGICAL CONFIGURATION. THE COMPONENTS CAN */00000080
BE EITHER ATTRIBUTE OR T IME-TO-FAILUREITTF), wITK NO RESTRICTION */000000%0
OV THEIX PULACEMENT. BAYE SIAN AND AJNTE CARLO TECHRIQUES ARE */00000100
EMPLOYED. INPUFS ARE MINIMAL STATES FORA SYSTEM ANO (TS MODOULES * /00000110

AND COMPOMENT FATLURE-M[STORY DATA. MINIMAL STATES ARE MINImAL =/00000120Q
PATHS, FIOR ‘RELIABILITY® ANALYSIS OR  WINIMAL CUTS FOR */00000130
SUNRELTABILITY® ANALYSIS. OUTPUT IS A SCHEDULE OF SYSTEM * /00000140
RELIABILITY AMD MTBF VALUES ANO ASSODCLATED CONMFIDENCE LEVELS, */700000150
MIBF ANALYSIS IS OPTIONAL. FOAQ EACH CQWPCNENT. THE RAW DATA ARE */00000160

EXPERIENCED FAILUAE MISTORIES: ACCJUMJLATED SUCCESSES AND FAILULRES ®/00000170
FIR ATIAIBUTES. EXPERIEMED TESTING TIME (MORMALIZED TO WISSION */0000018%
EOUTYA ENT UNITS) AND FAILURES FOR TYF COMPOMENMTS. THE SYSTEN © /00000190
CAN CONSIST OF A COMPLEX CONFIGURAT ION OF UP 70 128 MODULES, EACH /00000200
MODULE BEING & CCMPLEX CONFIGURATION OF UP TO 128 COMPONENTS. */00000210
WOOUL ES JETH MINIMAL-PATH RELTABILITY ANALYSIS CAN OPTIGNALLY BE */00000220
INTERMIXED ®WITHW PODULES MAVING MININAL~CUT UNRECLTABILITY *700000230
CALCULATIONS. THE SYSTEM CAN CPTICNALLY 8E A CONFIGURATION OF 00300240
EITHER MINIMAL PATHS OR WMINIWAL CUTS In THE MODULES. OuTeur t§ /00000250
ALMAYS STANOAROTZED TO SYSTEM AELIABILITY AMD ALSO WI&F 1f REOQUES-*/00000260
TED. DEFAULT LABELLING IS EMPLOYED FOR COMPONENTS AND MODULES IN #/05000270
THE PACBABILITY EQUATION. COMPONENTS ARE WUMIERED SUCCESSIVELY  #/00000280

1.2, 128 WDWES ARE SEQUEMCED ALPHAMJMERICALLY A.8,C, =/00300290
sls ALeBle aeeelBoA2:82. e o220 A3.B3, e 3Z3e A4.B%, ... Kb, 00000300
*/00000310

REFERBNCES: */00000320
- M.0.LOCKS, WONTE CARLD BAYESIAY SYSTER RELIABILITYY C /00000330
MTRF COMFIDENCE ASSESSMENT, TECHNICAL #/00030340

REPDAT AFFOL-TR-T5-144, AIR FORCE FLIGHT */00000350

OYMAMICS LABORATORY, AIR FORCE SYSYEMS /00000360

COWIAND, WRIGHT PATTERSOM AR FORCE BASE, /00000370

1975, */00000380

MO.LOCKS, AL TABILITY . MAINTAINABILITY, € AVAILABILITY® /00000390
ASSESSMENT ., WAYDEN 800Kk CO 1972, */00000400

KK LEE, REJECTION METHODS FOR GENERATING RANDIOM /00000410

OEVIATES & THEIR APPLICATIONS N SYSTEM /00000420

RELIABILITY, MASTER™S YMESIS, COMPUTING & #/00000430

IMFOAMATION SCIENCES. J.S.U.. L9770 ®/00000440

J-VW.COOLEY, SIMULATION PROCRAW FOR ASSESSING THE */00000450

RELIASILITY OF COWPLEX SYSTEMS (SPARCS). */00000460

NG COMPILER SPARCI2: PROC OPTIOMS (MAINIG

PH.D. THESIS. OKLAMOMA STATE UNIVERSITYY, */000004 70

] - */00000480
J.P.CHANDLER . RANF-UNIFORMLY O] STRISUTED PSEUDO- =/00000490
RANDO® MUMBERS ., UNPUGL [SHED DOCUMENT. */00000500

JEPT CF COMPUTING L INFORMATION SCIENCES 2700000510

» ORLADMA STATE twLVERSITY, L970. *«/00030520

doke MMRIS, «0DEL FOR THE ANALYSIS OF PROBABILITIES */00000%30
OF SYSTEMS (MAPS), MBA RESEARCH REPDAT, */00000540

OKLAMONA STATE UNIVERSTTY, 1972, */00000550

*/Q0000%60

*/00000370

PROCEOURE NAMES USED: * /000005480
. ©/00000%%0
AL CAMA 3 COMPUTES LOG OF SAMMA FUNCTION. */00000600
CABTA t GENERATES BEYA DEVIATES, ®/00000810
COMPUTE 3 CALCULATES mODULE OR SYSTEW */000005620
RELIABILITY OR UNRELIABILITY, */00000430

DATAGEN 2 COMPUTES COMPONEMT PRIOR ©/00000640
DISTRIBUTICN MEAN RELTABILITIES. */00000650

EQGEN t GEMERATES PROBABILITY EQUATIONS. */00030660
EQruY 3 PRINTS OUT PRIBABILETY EQUATIONS. =/00000470
CAUSF 3 GCEMERATES (0.1) NORMAL DEYIATES. */00000680
HOL INE ¢ PRAINTS OUT SYSTE® [DENTIFICATION. = /00000690
HESIIF @ PRINTS OUT FALLURE-MISTORY DATA FOK /00000700
COMPONENTS AND PRIDR MEANS. /00000710

INRUTE . 2.3.4 t READS INPUT DATA. * /00000720
ME MMREL 2 COMPUTES MEAN COMPONENT RELIABILITIES®/00000730
FROR FAILURE-WISTORY DATA. */00000740

RANF 8 GEMERATES UNIFORM PSEUDORANDOOY «/000007%0
DEVIATES. €/00000760

AGARA 3 GCEMERAYES CAMMA DEVIATES. #/00000770
SOAT 3 PERFOURMS *SHELL® SONT. */00000780
STAT 2 COMPUTES AND PRINTS R AND NTBF */00000790
AVERAGES, VARJANZES C PERCENTILES. */00000800

*/00000810

*/00000820

INPUT VARLABLES: ®/00000830
ATYPE = FLAG IRDICATING RELIAGILITY OR */00000840
UMELTABILITY COMPUTATION */0000C850

RINPTH ~ BINARY VECTORS FOR MINIMAL PATH 700000860
ARG — SEED FGA NANDOW NU=BER GENERAT TON $/00900a70
WC O - MUMBER OF COWPONENTS INM SYSTEM */03000830
100 — NMUMBER OF MODULES IN SYSTEM *700000890
NPATH = NUMBER OF MIMIMAL STATES N SYSTEM #700000%00
SEMNUY = MUMBER OF SIMULATIONS TO BE PERFORMED */00000910
SYsIp ~ SYSTEM [DENTIFLCAT (DN ©/000009 20
T1nE - MISSION TInE €/000009 30
iy - TIRE UMsIT */00000940
/00600930
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PLIY OPTINILEING COWILER SPARCS21 PRDC OPTIONS (mAlN)§

STHY

PL/L OPTINIZING COPPLLER

STt

/% INPUT DATA FORMATI #/00000940
i * 700000970
Il *e SYSTER WITHOUT WICULES e 00000980
’e */00000990
’ ©/06001000
e OATA MUMBE ® CoLunn DESCARIPTIONS #700001010
7% sgv OF CARDS POSITION */00001020
Al ©/00001030
/o FIasy 1 L - 80 ALPHANURERIC SYSTEN IDENTIFICATION. /00001040
A */00001050
7% SECOND 1 1 - 8 WUMBER OF WOMTE CARLO TRIALS, ® /00001060
i .- 16 SEED VALUE FOR RANDOM NUMBER /00001070
70 CENERATION {%JST 8E A NON-LERQ #/00001080
r POSITIVE INTEGER, <= 1.0 Ee091. FOA /00001090
1A EXAMPLE, 4527851 . »/00001100
IAd » - 20 SYSTER MISSIOY TIME (OPTIONALD, ©/00001110
#/00001120
/% THIRD 1 1- 3 INUMERIC ZERO OENOTES NO MODULES).  #/00001330
’- s - 7 MUMBER OF COMPOMEMTS IN SYSTEMINCL29) /00001140
r *-13 WMUMBER OF SYSTEM MINIMAL STATES ©/00001150
’e LT3N */00001160
’e [t R FOR SYSTEM RELIABILITY, U FON ©/00001170
’e SYSTER UNRELTABILITY. ©/700001180
"~ 18 - 19 MISSION YIM UNITS. ALPHABETIC */00001190
re tarTIonaLs . ©/00001200
re »00001210
7% POURTH N FREE PORMAT  ITENL: *0°S FOR SAMMA (TINE-TO- #/00001220
s FAILURE) ON 918 FOR BETA *700001230
’”» (SUCCESS-FAILURE). /00001240
’e ITENZ: NUMBER OF WISSIONS [GAMAal OR #/00031250
IAd SUCCESSES (BETA). #700001260
g LTER3IS WUMBER OF FAILURES. /00001270
1Al ®/00001200
1o FLFTH FREE FORMAT W MINIRAL STATES AS A STAING OF #700001290
’. MN-VECTORS SUCH AS *00110°8. #/00001300
’”~ COMPONENTS [N THE MINIMAL STATE ARE /00001310
r” DENOTED BY L. COMPONENTS NOT Ly /00001320
™ KINIRMAL STATE BY O. /00001330
” /00001340
’. */00001350
A EXAMPLE #/00001360
r» */00001370
re */00001380
’e oLunN 000000003 11111111122222222253333333) #700001390
”» POSITION 1234567890123456T89012345 7890123456789 ©/00001400
1 /00001410
I~ CARD & *10°8 +01°n €700001420
r” S LS es. 3. */00001430
/e L I L M /00001440
SPARCSZT PROC OPTIONS (MAINIE
3 o 2 2r0un ® /00001450
2 100 4327831 100 */00001460
1 FwO COMPOMENT — TWO MINIRAL PATH SYSTEM €/00001470
/00001480
*/00001490
/00001500
*» SYSTEM WITH WOOULES e 4/00001510
*/00001520
*/00001%30
OATA  MUNBER  COLU™N DESCAIPT ION /00001540
SET OF CARDS POS1TION ¢/00001550
® /00001550
e pIRST 1 1 - 80 ALPHAMUMERTC SYSTEM IOENTIFICATION. #/000015370
’ ©/03231580
SECOND 1 - 8 MUMBER OF ONTE CARLO TREALS, © /00001590
. .- 1s SEED VALUE FOR RANDOM NUMBER #/00091600

GENERAYION (MUST BE & NON-ZERD
POSITIVE INTEGER, <= 1.0 €+39).
EXAMPLE, 2365142 .

*700001810

FOR #»/00001420

*/000018630

16 - 20 SYSTEM WISSIOY TINE (OPTIONAL). */00001440

/00001650

000016460

/* THIRD 1 L=- 3 MUMBER OF MODULES IN SYSTEAM {KC129), */00001570
r s - 7 MUMBER OF COMPONENTS IN SYSTEM. ©700001680
1o *-13 WUMBER OF MINL®AL STATES IN SYSTEM  +/00001690
’” (J4€257) . * /00001700
’e 16 R FOR SYSTER RELIAGILITY, U FOR */00001T10
ad SYSTEM UNRELTABILTITY. */00031720
1 15 - 19 MISSION TINE UMITS, ALPHABETIC * 700001730
lad (OPTIONAL) - ®/00001760
A */00021750
o FOURTH FREE FORWAT J SYSTEM MININAL STATES AS A STPINC /00001740
lad OF BINARY &~YECTORS, SUCH AS °*010'B. */00001770
MOOULES EM MINIMAL STATE ARE DENOTED */00001780

BY 1, MODULES NOT [N AININAL STATE #700001790

Y 0. »/00001800

*/00001810

FIFTH 1 R FON MODULE NELIABILETY, U #D1 /00001820
ROOULE UNRELIABILITY, #/0000:830

z-7 MODWM E JOENTIFICATION, ALPHAMUMERIC. #/300014543

12 - 1s MUMBER OF COMPONENTS I% MODULE(NC1291%/00001850

6 - 18 MUMBER OF MINIMAL STATES 1M MOOULE /00001860

tnc2sm . */00001810

tad */00001880
SIXTH n FREE FOR=AT 1TEMLIT *0°8 FOR SAMMA{TIME-YD- 700001890

- FALLURE) O ‘1°B FOR BETA * /00001900

tSUCCESS - FATLURED.

TTENZ1 NUMBER OF MISSIONS (Cammal DR

SUCCESSESC(BETAN,
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PLZL OPTIMIZING COMPLLER SPARCS2: PADC DPTIONS (MATNIE

STHY

A TTEM3I: MUMBER OF FAILURES. /00001940
r 4700001950
1% SEVENTH FREE FORMAY M MODULE MINIMAL STATES A5 A STRING ®/00001960
I OF BINARY MN-VECTORS SUCH AS */00001970

*CL110"8. COMPOMNENTS 1IN AINIMAL STAYTE®/00001980
ARE ODENOTED BY 1., COMPONENTS WIT IN ©/00001990

MIMIMAL STATE Y O. */00002000
©700002010
® THE FIFTH, SIXTH, AND SEVENTM DATA SETS ARE REPEATED FOR EACH 700032020
mIOWE. /00002030
*/00002040
*/00002050
EXANPLE */00002060
® 7000032070
700002080
COoLuMn £00000000111111111222222222333333333 */00002090
POSITION 123456789012345678901234567890123456789 */00002100
lad */00C02110
’e caro 12 toLre 00002120
I 11 90. 1. » 700002130
LAd 10 92. 7. /00002140
, v 4 700002150
1= L] *10'8 ®700002140
lad 1 %5, 5. *700002170
LAd [3 99. L. ©/00002160
” s 2 */00002190
o 4 “10'8 #/00002200
1° 3 2 2 RLYCLE */00002210
r. 2 20 2365142 50 */00002220
Al 3} TuO WODULES ANQ TO COMPCMEMTS SYSTEN ANALYSIS *700002230
L */00032240
r” */00002250
#700002260
’ € /00002270
’ */00002280
[ad /00002290
OCL CA[128)3.B(128).CRELII20),STRREL ,AVSM, 48 1 FLOAT DECIS1: 00002300
OCL ETOT,TOT2.,vAR SO, SYSVECI1000), T IME, ADORELLSTMCR} FLOAT DECL&) 100062310
OCL {MCOM, A%IO NPATH NTER, STMNUM, Sy K NSTRN. M, [.L ) FIXED BIN(15)3:00002320
OCL COSFU1030) FIXED BIN{ 43.SOEF( 5001 FIIED BiM(4); 00002330
ZL EIS IT.NCOMSNSTAT .MSTAT N J} FIZED BINI151:00002340
OCL [MINPIHI128), TEPRSII500) ) BIY {128) vAR;D0002350
DCL CSMINPI12B),STER( 530) 3 SIT(128) vAR: 00002362
OCL ATYPE CHMAY (1) ,TYPE (1281 BITIL).UNIT CHAR(5},ECLID CHA® (6): 00002370
DCL SYSID CrARLT9),ATYP CraR{LN: ooonz380
OCL MARG FIXED BIN(31 00002390
DCLOA2( 28.1231.820 20.122) RELMOOI1281,RNDLE128)1FLOAT DECL6) 300002400
OCLEMCONLIL 281, MSTEAZ81,NTART SO0} 3 FIXED BIN(15)3000024%0
OCL VYPE2L 28.128) BIT{LI.EQIDLU128) CHARI&),ATYPI(128) CHAN[1)00002420

PLIL OPTIMIZING COPPILER SPARCS2: PROC OPTIONS (MAINYG

STNY

LTCOF ( 28,128 3 FIXED SIN(4), TTRN( 28,128 ) BIT(128) VAR; 00032430
13 AGMION BMOFILE (SYSIN) CO TO FImim: 00002440
1s sYSF = 0.3 TOT = 0.3 YOI2 = 0.3 00002450
19 EQIDrOSYS 41 ATYPa® 13 00002460
21 CALL  IKPUTL LATYPE.NCONNMOO.NPATH, S IMNUN.SYSID, TINE UNIT NAZCIS 00002470
22 ARCRANF (NARGIS 00002480
23 IF ~(NADD=0) ThEN GO TO WOOULES 00002490
24 CALL INPUTZ (NCCH.APATH,TYPC,A.B.MINPTHIZ 00002300
2% CALL MEANREL (MCOM,&.B.TYPE,CREL.ATYPEDS 00002310
26 CALL HOLINE (SYSID,NAOD.NCOM.NPATH ATYPE, SINNUM) S 00002520
27 CALL HISINF ENCOM,A.B.TYPE.CRELLEQID, ATYPENS 00002530
28 CALL EQGEN LCOEF,4INPTH.NCOM.XPATH, KTERN.FEAXS):/e EQUATION DATA /00002540
29  CALL EQPUT (ATYPE,COEF MINPTH.NCCMLNPATH, NTER N, TERMS (EQID, HX0D, ATYP) T 00002550
30 CALL COPPUTE [CREL ,COEF.NCCM MTERN.TERMS ,STAREL)S 00002560
3t PUT FILE(SYSPRINT) EDIT (*SPARCS tt SYSTEM SIMULATICN ROUTINE®) 00002570
IPAGE. SKTP (D), &): 00062580
32 IF ATYPE = *U* THEN STPEL=L.-STMREL: 00002590
33 STACRaSTMRE 00002600
34 PUT FILLE(SYSPRINTS EDIT (7 SYSTEM RELIABILITY CALCULATED £#3% *, 00002610
*MEAN COMPONENT RELIABILITIES IS *,STMREL.*3 SYSTEM *, 00002620
VUMAEL TABILITY §S *, 1.~STMRELIUSKIPISI.A,AFLB.6) A, A.FiB.615 00002630
33 DO IS = 1 VO SlewuM: /e 00 SIMULATION e/ 00002640
38  CALL DA TAGEM (4.8,MCCM.TYPE.CREL.ATYPESS 00002650
37  CALL CO™UTE (CRELCOEFNCON.NTER®, TERMS, STHRELI;/9STH RELIABILITY #/00002640
3s 1P ATYPE = ‘U’ THEN STMREL=1.-STHREL: 00002670
39 SYSVEC(IS)=STHREL: 00002680
40 AVSE @ AVSH ¢ STMREL 7 SIuaum: 00002690
a1 TOT = YOT o STMREL: 00002700
42 YOT2 » TOT2 & STMREL®STMAELZ 00002710
43 END: /¢ END SIRULATION */00002720
s S0 YO SORTSTAT: 00002730
’e «/00002740
r SYSTEM WITH WMODULES */00002730
1 */00002760
45 MOOULE: NCOMSwNCOMT Q0002770
48 NSTAT=NPATH: 00032780
34 CALL INPUTI ISMINP  NSTATIS 00002790
a8 CALL HOUINE (SYSI0.NAOD, NCOM MPATH, ATYPE, SINNUM} 00002800
a9 CALU ECGEN (SIEF,SMINP HCIFS, NSTAT, NSTRM, STERY) Q0002810
80  CALL EGPUTIATYPE,SOFF ,SHINP MCOMS, NSTAT . NSTRM,STEAN,EQLO.NNOD. ATYP); 00032820
51 DO L=1 BY 1 TO RMCDS 00002830
22 SALL INPUTA [NCOM MSTAT.TYPE, A, 3. RINPTH,ATYP, EQIOIL 00002840
33 00 J=1 TO MCOM: 00002850
Se TYPEZiL.J) » TYPELINS 00002480
3 AZiLod} = ALJD: 00002670
se 82tL.a) = Bl 00002800
134 €n01 7o NCON ®2 00002890
38 MCOWL LY = MON: 00002900
sy €101t )= €103 00002910
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PLIE OPTINRIZING COMPILER SPAMCIZT PRDC OPTIONS tMAINIG

TRy
0 ATYPLIL) = ATYPS 00002920
[ 13 AST(L) = MSTAT: 00002930
CALL EQCEN (COEF. MINPTH . NCOM NSTAT, NTERN , TERNS) 00002940
MTRN(LISNTERN; 00002930
00 Mal TO NTEAMS 00002960
TCOF{L MICOEF (NI 3 00002970
TYRR(LL A STERNS (W) 3 00002980
ENDE /% NTERM a/ 60002990
CALL EOPUTLATYPE,COEF, MINP TN NCOM MSTAT MTERN  TEANS,EQTD,NHUD,ATYPIS 00003000
CALL MEANREL (ACOM(A,B.TYPE,CRELLATYP)S 00003010
CALL COMPUTE (CAEL,COEF, NCOMNTERM.TERNS, AROL (L))} 00003020
1F ATYPES'R® € ATYPa*U® THEN RMDLUL )1 ~RADLIL)S 00003030
IF ATYPE=*US € ATYP=eR' THEN RMOL(L}wl .~ARDL IL) ] 00003040
CALL MISINF (MCOM,A,8, TYPECREL,.EQID.ATYP)S 00003050
01 78 WCOR o/ 00003060
BUT FILECSYSPRINT) SKIPES): 00003070
CALL COMPUTE (RMOL.SOEF, MCOMS.NSTRM, STERN,STHRELDS 00003080
PUT FILE(SYSPRINT) EDIT (*SPARCS :: SYSTEM S{MULATION ROUTINE®) 00003090
(PAGE, SKIPIY). A0 00003100
T8 TF MYPE = "U' THEN STAREL=1.-STMREL: 00023110
v STNCRaSTMRELSD 00003120
[T PUT FILELSYSPAINTI EDIT {* SYSTEM RELIABILITY CALCULATED FAOM *, 00003130
SHEAN COMPONENT RELLABILITIES IS *,STMREL,*; (1IN 00003140
SUNRFLEABILTTY 1S * oL —STHAELIISRIP(SI A, A, F(B,6),4,A.F18.6102 00003150
(]} DO ISe1 TO SiMwum; 00003140
.2 0C w1 TC NRODI 00003170
[} NCOM=NCONL IN) 3 00003140
I DO Jel TO MCCR: 00003190
(1] ALJ) = AZINJIIT 00003200
" S(AIB2UN IS 00003210
o TYPELII= TYPE2IN, IS 00003220
a END: /% NCOA o/ 00003230
[ CALL DATAGEN (A0, MCOM, TYPE .CREL.ATYPLINI I 00003240
0 00 Mel TG NTANINDS 00003250
” COEF (M} = TCOF (M. M 00003260
°” TERMSIMIT TRREN ) 2 00003270
” ENDI /% NTRA(N] o 00003280
*“ CALL CCMPUTE (CRELZCCEF,NCCRMLNT RM (N ), TERMS . RODREL b3 00003290
” IF ATYPEw'US £ ATYPL (MIw*R® TMEN MODRELaL B 00003300
* 1F ATYPE=*R® ( ATYPL (N}»'U® THEN RODAEL el 5 00003310
7 REL MDD (M) = WODAEL: 00003320
" ENO: /& NNOD o/ 00003330
” CALL COMPUTE (RELMOD.SCEF, MCCMS MSTRM STERM, STHREL 33 00003340
100 1F ATYPE » ‘U’ THEN STMRELeL. -STRRELS 60003350
101 SYSVECUIS)I=STUREL S 00003360
102 AVSP = AYSH o STNREL /7 S[arasm; 00093370
103 YOT = 10T » STMREL: 00003380
104 TOT2 = TOTZ ¢ STRRELOSTMRELS 00003390
108 (L1} /e BMO SIMJLAT [OM WITH MODULES ©/00003400
PLZI OPYIFILING COPPILER SPARCSZ: PEDC OPTIONS (malN)3
STAT
106 SORTSTAT: 00003410
CALL SOAT (S IMMUN, SYSVECH: 00003420
ICT  CALL STAT(SIMNUM.SYSVEC.AVSH ATYPE, TIRE UNIT.TOT, TOT2,STHCRY 00003430
100 PUT FILEUSYSPAINT) PACE: 00003440
109 GO TO AGN: 00003450
’- ©/00003480
’e ©/0000%470
121 (NPUT L PROC CATYPE.NCOM, N=O00. NPATH, S IMKUM SY STD . TIME,UNIT NARG) S 00003480
eraosrcccsasson esesacsemsinsonccranronsoannsnennea/00003490
THE INPUTL PROCEDURE READS IN THE DATA FOR THE SYSTEM * /00003500
7% 1OENTIFICATION. 00003510
7% ATYPE - ANALYSIS TYPE (RELIABILITY FOR R, UNRELIABILITY FOR U)  */00003520
70 NARG =~ SEEO FIR RANODX NUSSER CENERATION «/00003530
£ WCOM = NUMBER GF COMPOMENTS 1IN SYSTEM, */00003540
/7% WMOD =~ NUMBER CF MOOULES 1N SYSTEw, ©/00003550
7% MPATM = MUMBER CF SYSTEW MIN[MAL STATES. « 700003560
70 SIANUN ~ NUMBER OF SIMULATION OES [RED ©/00003570
/® SYSID ~ SYSTEM IDENTIFICATION. #/00001580
7% TIME =~ MISSION TINE ©700003590
THE UNIY OF TIME MEASUREMENT . #/06003600
. seeee . *® /00003610
m DCL (NCOR,NMOO.NPATH S INNUM ) FIXED B1M(15):00003820
12 OCL INARG 3 FIZED BIN(31);00003430
1n3 OCL 4YINE ) FLOAT OEC(8): 00003640
114 OCL ATYPE CHAR {8} UNIT CHAR(®); 00003650
113 DCL SYSID CHARC o) 00003660
t1e SET FILE (SYSIN) EDIT [SYSIO) (COLCLI.ALTOI)S /o MEAD CARD L #/00003670
nr CET FILE (SYSINI EDTT (STMNUR,KARG,TINE) 00003480
LCOLELILF (AN RELD FRTIaRIL) FloIs3 00003490
118 GEY FILE SYSIN} LIST (NMDI.NCON.nPATr}; feNEXT 2 READ CARD 3/00003700
1ne GEY FILE ISYSIND EOMT (ATYPELUNITY {LIL(141,A0LI,ALS)): 00003710
120 TN 00003720
121 END  INPUTL: 00003730
. /00003740
ry ©/00003750
122 INPUTZS PROC (NCOM.NPATH, TYPE, A . 00003760
’ e . N - .a sacerscassevaee/00003770
7® THIS INPUT2 PROCEDURE READS IN IWE WISTORICAL DATA FOR COMPONENTS /00003780
7% AND MINTMAL STATES IN BLNAAY REPAESENTALION FOR THE COMPUTATION /00003790
7% OF SYSTEM RELTASILITY wi THOUT =ODULES. 2/00003800
7% TYPELS) - TYPE GF CDMPONENT (SEE DATAGEN PROCEOURED. */00003810
e atel = NUMBER CF OBS ERVED SUCCESSES (SEE PORT (W DATAGEN). */00003020
7o 81e) ~ NUMBIR OF DBSERVED FALLURES (SEE FATL IN DATAGEN). */00003830
7% MINPTH{e) - WINIMAL STATES [N BINARY REPRESENTATION, * /00003840
r90sene Sesensieccemrsraarcenerensesessesataassnresnnerransecacenns /00003850
123 OCL (NCOM. NP3 TH,E » FIXEO BIN(L31:00003840
12¢ DCL tAL*), Bie) ) FLOAT DEC {6):00003870
123 OZL WINSTMI(®) OIT (*) VAR . TYPE(e} BIT(e13 00003880
128 GEV FILELSYSIND LIST ((TYSECI),ACI).B(L] DO le1 TO NCOMIN: 00003890

36

PAGE

PAGE




PLIT OPTINIZING COPPILER SPAMCEZ1 PROC OPTECHS (RAINIZ

STHT

127 GET FILE (SYSIND LIST CUMEINPTHILD DD I=1 TO NPATHII 00003900
128 RETLANG 00043910
129 €MD INPUTZ: 00001920
”» */00003930
’ */00003940
130 INPUTS & PRIC (SMINP/NSTAT): 00023950
/9008 siam et antsestsraanean ssen . *e /00003960
76 INPUT S READ [N THE MINIWAL STATES {SKINPI FOR SYSTEM WNICH wILL /00003970
7% MAVE THE WOOULES SR IT /00003980
vesesn . 400003990
131 OCL SMIMPIe) BITI*) VAR, NSTAY FIXED BINIL5); 00004000
132 oCL I ) FIXED BINI1S);000040L0
133 GET FILE 1SYSINI LIST ({SMINP(l} DO f=l TO NSTATIIZ 00004020
134 RET(RN T 00004030
138 END: /& INPUTY o/ 00004040
r~ /00004050
I */00004060
134 INPUTET MROC (NCOM,STATES.TYPE.A, 8, HINPTH, ATY?,EQLDIS 000040 TO
9980000 tenstsacass sartseut nns e eese —se/0 80
Vad THE  [MAUTA PAOCEDURE READS [N THE DATA FOR THE MODULE ®/00004090
% IDEWTIFICATICN, #/00004100
4% ATYP  — ANALYSIS TYPE (RELIABILITY FOR R, UNRELIABILITY FOR U}  #/00004110
7% EQID = MCDULE 10EMTIFICATION #/00004120
79 NCOM = WUMBER LF COFPORENTS IN SYSTEM. /00004130
/% STATES - MUABER OF SYSTER MIN[MAL STATES, #/00004140
soan sensnsosss 700004150
137 DLL (MCOP,STATES) FIXED BIMI15), (A(®).BIe)) FLOAT DEC{& 00004160
138 OCL WINPTN(®) BIT(w) VAR, EQID CHAR({®=), ATYP CHAR(®), TYPE(®) 00004170
1Ty 00054180
139 CET FILE {SYSIM) EOLT (ATYP,EOID) (LOLIL) JALLI.AI6)]S 00004190
140 GET FILE {SYSIND LIST (NCCM,STATES): 00004200
141 GET FILE ISYSIN} LIST (ITYPE(I),AL1),Bt() DO Ia1 TO NCOMDIG 00004210
142 GET FILE {SYSIN) LIST ({MINPTHIT} DO Iml TO STAVESH): 00004220
143 RETLANS 00004230
144 END: /¢ INPUTS o/ 00004240
/00004250
2760004260
143 Lt PROC (NCCM.ALB.TYPE,ACR,ATYIS 00004270
e eNLtEssL st canas atosnacnastacarerEsensstertstasaearentsea 00004280
4% A COMPITATION PROCEDURE FOR THE MEAN RELTABILITY OF COMPONENT */00004290
7 BASED UPON THE MISTORICAL DATA OF EACH COMPCNENT REL [ABILITY */0D004300

7 . vor

“ue

wesas /00304310

144 OCL {NCOMW, 13 FIXED BIN{LS).IACS}.BI®1.ACAI®)) FLOAT DECC&I. 00004 320
TYPEL) BLT(%) ATV CHAR(®L; 00004330
147 DO =1 TO MOM3 00004340
148 TF TYPECLIw¢1v8 THEN ACRUITIe(ACIIoL. 3/ (AL TDoBIT)e2.03 00004350
189 ELSE ACRULIw({ALTIn1) ZCALT) BiIdeladt 00004360
150 1F AYTY = SU' THEM ACRII) = 1. - ACR{L}S 00004370
191 (1 1] 00004380
PL/L DPTINIZING COMPILER SPARCS2: PROC DPTIONS (RAINI;
sy

192 RETLANS 000043%0
153 END MEANREL: 00004400
’” ©/00004410
1 /00004420
154  HOLINET PROCISYSIO. 00004430
1evosss . - . - Q0004440
7% PRINT OUT YHE MAJOR KEADINGS FOR KEY YARLABLES AND SYSTEM 10. 730004430

Y, asseavessen sevrsreasnasavewene 0
138 DCL SYSIO CHAR (3, ATYPE CHAR (@}, STA CHARC(S] VAR: 00004470
156 OCL (NCOM, M10D o NI } FIXED BINUI1S5)300004480
157 IE ATYPE“OR® THEN ST 00004490
153 00004500
139 PUT FILE({SYSPRINT) EDIT (*® S P A R C § o) 00004310
$PACE,A) {*STMULATION PROGRAN FOR THE ANALYSTS OF THE o, 00004520
CREL [ABILITY OF COMPLEX SYSTEMS*) [SKIPLI).A.A} I'SYSTEW *, 00004530
S [DENT IFICATION® SYSID) ISKIPIS), A A XI13).4) 00004540
CONUNBER OF STMULATIONS *,STMMIN} (SKIP(11 AsX114),F(3D) Q0604550
{PNUMBER OF MOOULES *,NAOD) (SKIPCLI, A X(1TI FI3)) 00004560
CYNUMBER OF COMPONENTS *, NCON) (SEIP(L).A, XE141.E(3)) 00004570
LPNUMBER DF MINT RAL ®  STA.NPATH) (SKIPIL3.AsA.XI12).F(3103 00004580
140 IF ATYPE = °*R°* IHEM D] aaJ04390
161 PUT FILELSYSPRINT) EDIT C'TYPE OF ANALYSISY, RELIABILITY?) 00004600
CSEIP(1} ALXIZE), 00004610
182 EMD 3 00004420
163 ELSE DO: 00004630
184 PUT FILECSYSPAINT) EOIT (1TYPE OF AMALYSISS, CUNAELTABILITY®) 00004640
CSKIPELIcALRE2ZLEADS 00004650
143 END: 00004460
166 RETUANT 00004470
187 ENMDI  /® HDLINE w7 00004680
/00004690
/00004700
00004710
aersecterserncavananee/00004720
#¢ PROCECURE MISINF PUINTS THE MISTORTICAL INFOAMATIONS FOR EAC4 * /00004730
7o COMPCAENT ELTHER 1M & SYSTEM OR IN NOOULES. /00004740
Joonencstectascacetentucuv sk qnannatasentaanttesacsteRtosensesenante,00004750
OCL ATYPE CHam(®); 00004760
DCL L4180, 8(<) ,ACR(S) )} FLOAT OECI4): 00004770
OCL TYPE(®) BITC®),EGIO CHARI® ), 10 CHARILY) INIT [P0} vaRS 00004780
DCL (NCON.WC ) FIXED BINEL31300004790
IF EQID & *SYS  * TMEM 1De*SYSTEMS; Q0004800
ELSE 1De*mODULE *|IEDLD: 00004810
SUT FILEISYSPRINT) EDIT (WISTDRICAL INFIQMATION FOR EACM 7, 00004620
SCONPOMERT IN * . IDJISRIPISY A, A,AD  (*COMPONENT®,* TYPE  ¢,00004830
SSUCCESS (BETA)®,* FAILURES  *,*PAIOR OISTRIBUTION®} 00004840
CEREIPIZI A XTI A U3 0TI A KiGD, 0) 00004650
LTEQUIVALENT MISSIONSIGAMNA WEAN' )} {SKIPCL1,COLI3S), 000042860
(203403 00004810
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STNY

IF ATYPE = *R* THFN DO § 00004080
00 NMC=1 TO NCOW3 00004890
1F TYPEINCI=*]1*8 THEN 00; 00004900
PUT FILECSYSPRAINTY EDIT INC, ATTRIBUTEIBETAI*, A(MNC),BINC), ACRINC)J00004910

ESKIPL2),XE3) FI3NoRETI AL XIL2D . F1R02) K150 ,FI5.20.X115), 00004920

FL8.5)0; END: 600044930
€LSE DO 00004940

PUT FILEISYSPAINT) EDIT (NC,*TIME-VO-FAIL URE(GCAMNA) " ,A(MNC) . B(NC}, 00004950
ACRENCH) (SKIPE2P, KUDD 28 U3 X(T) oA X9 FI5,2).,X013).F(3.2), 00004960

XC1S1.F(8, 51} END: 00004970

END ¢ 00004980
€00 00004990
€LSE 001 00005000
DO NCel TG nCCH: 0000as010
IF TYPE(mCi="i*s THEN 0O: 00005020
PUY FILEISYSPRINT) EDILT IMC,"ATTAIBUTE(BETAD® (A{NC) BENCI, 00003030
Lo—ACRINC)) 00005040

ASKIPIZ) XA oFEDD oUCTI oALXIL2)+F P22 XULSDFIS,20.X013), ©00050350
FlO.8))3 END: 00003060
ELSE DOS oooosoto

PUT FILEISYSPRINT) EDIT (MC,*TIME-TO-FAILURE([CAMMA)® ,A(NC) . B(NC), DO00SCS0
Ba~ACRINCHE ISKIPL2). XU LF (D) 0T oA KL 9)FE5.2).X00581,F(5.2), 0000%090

XU13) JF (8,803 00005100

B0 00005110
END 3 00005120
RETLAM 00003130
END: /oMISINEn/ 00005140

7. * /00005150
Vad */00005160
EJGENIPROCICOEF MINPTH, MCON NPATH NTERK ,TERMS ) 00005170
/O UE e ee000eeas st seres YRETEIeNsIeINIe Nt ARLERRGEIRELIRSaseIeeens 00005180
lad THE PRCBABILITY EQUATIONS ARE ENTIRELY GEMERATED IN THIS EQGEN®/700005190
2% PROCEQURE USING POINCARE-S METHOO {(INCLUSION-EXCLUSICNI. FOR A */00005200
£% SYSTEP KAVING W KINIMAL STATES, FNE PROSAGILITY EQUATION HAS A */00005210
/& MAXTMUMA OF 2ewn-1 TERMS. HOWEVER, THE EQUAT ION GENERATED BY EQGEN €/00005220
/% MAS CMLY A FRACTION OF THE WMAXIMUM NUWBER JF TERMS, BELAUSE OF */00005230
#% CANCELLATICN OF DUPLICATE TERMS. AFTER EACH WINIMAL STATE IS ®/00005240
¢ INTRIOUCED &ND CCMBINED wlTH THE PREVIDUSLY GENERATED TER'S $/00005250
7% YO FOAN POSSIBLE NEJ TERAMS THE ACCUMULATION PROCESS IS PERFOAMED. */00005260
TERNS THAT WAVE ZERO COEFFICINNTS ARE REMOVED BEFORE THE MEXT ©/00005270
MIMIMAL STATE IS INTROOUCED. */00005280
©700005290

VMIABRES: COEF — COEFFICIENTS TN PRODASILEIY EQUATION, */00005300
Ans OF PR Tion 1T STRL 00005310

e vove * /00005320

199 OLL COEF (*) FIXKED BIMI 4)3 00005330
200 OCL MINPTH [*) BIT (%) VAR 0Q005340
201 DCLE B 02, 03,14,05, [0, [7.KK1,KOUP, NSUB.MDUP,INC2IFIXED BIVN(LY 0005350
202 OCL §MCOM, MPATH NTEAM ) FIXED BINI134:00003360
PL/T OPTINIZING COPPILER SPANCS2s PROC OPTIONS (MAINIE
STHY
203 CCL TERMS (%) BIT (*) VAR, 00005370
204 TERMSEL 1emIWPTH(LI: COEFLIL)al: /® 1ST 3 TEAMS OF PRIS. EQUA. */00005380
206 IF NPATH=]l THEW 0O; 00003390
207 NTERM=1; AETURN: ENDZ 00005400
21e TERMS(2)em] nPTHIZ); COEFL2)el; 60005410
n2 TEAMS(3I=MINPTHIL) | MINPTHIZ)S 00005420
ny COEFt3)a-1: 00005430
214 ATERMI; 00005440
213 IF MPATI=2 TMEN CO YO EMDEQ: 00005450
218 ASUBe s 00005460
ny DO 11 = 3 TO NPaATH: 7% DG LODPL. REMAINING TERMS ®/00005470
218 TERMSINSUB ) amINPTHITL) 2 00005440
219 COEFINSUBI=LS 00005490
220 NSUB "NStBel T 00005500
221 12 » 1 TO NYERN: /% D0 LDOPZ =/ 00005510
222 TERMSINSUB) «MINPTH(IL) | TERMS(12): 00005520
223 CREFINSUBI=~COEFLL 22 7% DETEANIME COEFFICIENT */00005530
224 ASUB=NSUB*L 00005540
223 END: 7@ END LOOFZ »/ 00005550
228 MOUP=0: /% ACCUAALATE DUPLICATE TERMS »/0D005560
227 INC2=NSUB-1 3 00003570
a2e DO 13=NTERM+2 TO INMC25 00005500
229 o0 14=3 70 13 1-NOUPS 00005590
230 (F TYEAMS(I4 )~=TERNS (13-NOUP) THEN GO TO ENODI4Z 00005600
231 COEFI I41=COEF(I&4) o COEF{II-NOUP); 00003840
2 IF 13-%DUP=KrSUB~) THER GO TO SUB: 00005620
233 00 13+[3-NOUP TO INC2-L—NOUPSD 00005630
34 TERNSI [3)=TERUS(ISel); 00005840
33 COEFLI5)I=COEF( [3e1)3 00003550
236 ENO: 000056560
37 SUBT NSUB=NSUB-L 00005670
138 HMOUPRNDUP+L 3 00005660
239 GO VO END1D; 00003690
240 ENDIA: EXO: 00003700
281 ENO 131 ENOS 00005710
242 KDUP=0: /% RENOVE TERMS WiTh LERO COEFFICLIENTS */ 00009720
243 KX L=NSUB~L: 00005730
244 DO l&~3 TO kK13 000035740
243 IF COEF{18-XOUP)~=0 THEN CO TO EXDIe; 00003750
248 IF 18-KDUP=NSUB-§ THENM GO TO rSUB: 00003740
247 DG {7=te-«DUP TQ XKL~ ours 00003770
240 TEAMSIITI=TERNSLETOL): 00003780
249 COEF{L TI=COEF( 17010 ¢ 00003190
250 END: 00005800
251 ASUS: MSUBeNSLB-LIE 00005810
2%2 KOUP =KOUP o1 1 00005823
253 ENOT&: END: 0000 0
254 NTEAM=NSUS - L3 00005840
139 END T /® END LODPL =/ 00003830
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PL/L OPTINIZING COMPILER SPARCSZ: PROC DPTICHS {MAIMD:
E3L 04

234 ,!’OEQ: END EQGEN:
-
/"

0005840

0
*/00005870
*/700003880

257 EQPUT: PROC (ATYPE,CGEF (MINPTH NCOM APATH NTERN, TERNS, ECTO,NHO0D, ATYP )3 00005890

19%ssscons

B O T R e R S P YL EL L]

£ PAINT QUT THE SYSTEM RELIABILITY EJJATION oY USING THME BinAdY */00005910
’I' VECTOR TERMG(®) AND COEFFICIENT OF COEF () FROW THE FuUNCTICY #/00005%920
96

03005933

ad svees sseseasesarncee /00005940
250 DIL (X4, KS K6o K7, LEN-LENG . MCIM, MATN, NTERM NPATH,NND FIXED BINI15):30005950
239 OCL SIGN CHARII) VAR, STATE CHARLIS) VAR ,NMO0 FIXED 8INMLLS)S 00005940
260 OCL (CHARL,CHARZ JMiNP } CHAR(120) YAR 300005970
261 DCL NINPYH(S) BIT(w) VAR, TEXMS (#) 81T (%) VAR: 03005930
262 DCL COEF (=} FIXED BINC 4), ATYPE CHARI®I.EQID CHAR{®) ,ATYP 00005990

CHAR(®) S 80006000

203 XKOMPSI128) CHAREID VARYING ENITIALE®1¢,927.°3°, 00004010

1 15 00006020

00006030

00006040

00008050

00008060

00006070

00006080

00096090

00004100

00006110

1197, 01200, 0121°, 00006120

N Vt1260, L*128%) STATIC: 00006130

2644 DCL CO CHAR(L): CI CHAR(ZI, €2 CHARU3D, €3 CHAR(4D: 00006140

2% EEL MOOSY{12B) CRAR{I) VARYING INIT(® 00004150

FYetGlotH x N N 06004160

ur.ty 00004170

1G1%y M1 00006180

1e.0r1t 051 00008190

€27, 102 00006200

tH2e. 02 90006210

TY2h.022 ©0006220

el 00006230

e 00006240

G 00004230

-s:s 00006260

IF ATYPE = 'R® gggg:;:g

IF NPATH=] THEW STATEarPaTH ¢ 00008290

ELSE STATE= PaTHS *; 00006300

eno CO=*R*; Cle=*k *; C2a*R #; C3e*k  *3 00004313

: 00006320

ELSE D01 00006330

IF WPATMeL THENM STATE='CUT *:3 00006340

PLZE GPTIRIZING COMP ILER SPARCS22 PROC OPTICHS (MALNMY

STNT

E344 ELSE STATE=*CUTS °% 00004350

278 CO=tu*: Clm*y *3 Q=*y *3 CI='U 3 00004380

202 [ 00006370

283 PUT ETLELSYSPRINT) EOLT 1°SPARCS :: EOQUAT ION GENERATION AJUTINE®) 00008380

(PAGE.SKIPE3I D 00006390

204 €NDt 00006400

208 ELSE DO: 00006410

288 IF ATYP = A" THEN 0OI 00006420

287 IF NPATH=1 THEM STATE=*PATH '3 00006430

288 THE * 5 00008440

280 (N LRRCTRY ¥ TLY SR 00006453

Fa3) END1 00006480

294 ELSE 0034 00006470

293 IF WPATH=L YHEN STATE=eCUT *3 00006480

254 ELSE STATE=*CUTS *3 00006490

297 CO=*U’'s Cl='U *: Q2=*u 3 C3e'V 3 00004500

3o O3 00006510

302 €03 00006520

303 IF ~EOID=°SYS ¢} THEM PUT FTLE{SYSPRINT) EDIT {*THE *,NPATH, 00006530

© RINIPAL *LSTATE.® FOR *,*WODWE *,EQIDILSKIP(3) A,FI3I. 00006340

304 SuAuAA A ELSE 00008550

PUT FILE [SYSPRINTI EDITE*THE ¢ ,NPATH.* AINIMAL *.STATE,* FOR® 00006560

ot SYSTEM *) (SKIPEIILAFU3)o A A0A ALSKIPI2)D: 00006570

30% PUT FILEESYSPRINTY SKIP(2)3 00006580

306  L3:00 Ra=1 TO WPATHP 00006390

307 AINpt e 00006600

3¢ MINPetCt T 00006810

309 L&:DO K5=1 YO NCOMZ /% QUTPUT F0R MINIMAL STATES ¢/ 00006820

no 1F SUBSTROAINATHIKG}.KS.21="1"8 THEN 00006630

IF EQIO="SYS S L WWOD ~= O THEW MINP=MINPID MOOSYIKSI)L® 000048640

ni ELSE MINPanINP || KOMPSIKS))® 00006650

n2 ENO: ”» b v/ 00006660

n3 MLINSLEAMCTHIRINPY S 00006870

na SUBSTA(MING MMIN, L)=*>73 00006680

ns PUT FILE (SYSPRINTI EDIT (MINPD  (SKIPC1}<COLULD.ADE 00008890

318 EMDI /% LS e/ 00006700

nr PUT FILE (SYSPRINT EDIT {*NUMBER OF TEAS [N EQUATION:®*.YYEAM) ° 00006710

USK1PE2) COL(21. A F(&,OIDS 00008720

3is PUT FILE (SYSPRINT) SKRIP(2}; 00006730

e O1ARLef?; 7o DETERWINATLDN OF COMPONENT SYNSOLS FOR JUTPUT o/ 00006740

320 ©1ax2C 03 00006750

321 CHAR L=Cruk 11 1EQIDS 00006760

322 CHaez=Chanz It * 00006770

323 L7100 k&=l TO WTERM: 00005780

3z IF COEF(RA} > O THEM SIGM=® & 00006790

328 ELSE SIGN @ ¢ = '3 00006800

32¢ 1F %6 = | THEN GO TC 4G: 00006810

327 CHARZ=CHARZ]ISIGNS 00006820

328 OI1ARL=CHARL FI®  *3 00004830
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PL/L OPTINIRZING COPPILER SPARCS2Z: PROC OPTLONS (RAIM)Z PAGE 16

STHY
e ACt DO K7 = 1 TO NCOM: 00008840
330 IF SUBSTACTERRS (K8 1.K7,1} = °*0°B THEN GO YO L30: 00006830
331 If EQID="SYS * & WACD ~e O THEN 0O: 00004380
332 CHAR LaCraR 1 [[OOSYERIIELS 3 00006870
333 LENG=LENGTHIKORPSIKT IS 00006880
334 END: 00006890
333 6 SE 00: 00006900
334 CuARLoCHARL FIROMPSIXT] 1} *5 £60006910
387 LEMS=LENG TH (KINPSIRTIDG 00006920
338 &o: 00006930
339 IF LENS=1 THEN CHARZaCMARZIICLS 00006940
340 ELSE IF LEMme=2 THEN CHARZ-CHARZ|IC2: 00004950
341 ELSE CHAR2:CnaR2]IL3; 00006960
32 LEN=LENGTHE OARZ) S 00006970
343 1F LEN>112 € LEN C120 THEN DO: 00004980
344 1F X7 ~= WCOM THEN CHARZ=CHARZI|'e’; 00008990
343 PUT FILE (SYSPAIMTI EOIT (CHARZI {SK IP(21,COLIBI.AYS 00007000
344 PUT ETLE (SYSPRINT} EOIT (CHARL) (COLIAD.ADS 60007010
347 LEN=D 00007020
348 CHary 00007030
3 CHAR 2= 00007043
350 ENO: 00007050
351 £1L5€ DO: ©0007040
352 €0 10 L503 00007070
53 END: 00007080
34 LSO:BND: re AG @/ 000070%0
333 L L EAN S 00007100
354 PUT FILE ISYSPRINT) EOIT (CHARZ) (SKIP(2),COU(31,4)3 00007110
357 PUT FILE CSYSPRAINT) EDIY LCHARED {COLIA),AD: 00007120
358 RETURNS 00007130
ass 311 00007140
I ©/00007150
r ©/00007180
340 COMPUTE: PRDC (RELLCLEF,NCOM, NTERM, TERNS, SYSREL 13 00007170
Jesessvacsrecsurnasscssnsesemnn . sarsee 100007180
VA PROCEOURE COMPUTE CALCULATES VALUES OF THE RELTASILITY OF ©/00007190
¢ EACH SYSTEW BY USING THE PROSABILITY EQUATION GENERATED BY THE */00007200
7 PROCECURE EQCEN. */00007210
’” /00007220
o VARTABLESS SYSREL - SYSTEM RELIABILITY. /00007230
Jeosmessrsass - . - aaeees/00007260
DCL (WCCH NTERM . KA, KB 3 FIXED 814(13)300007250
OCL CSYSREL.RELL®) ) FLOAT DEC(4): 00007260
CCL {BROD.OAEL «DSYSREL ) PLOAT DECE181300027270
OCL TERFSI®) BIT (%) vAAS 00007280
L COEF (%) FIXED BEME af3 00007290
CIYSREL=O.3 00007300
00 KA = L TC NTERW: 00007310
M00-1.0; 00007320
PL/L OPTINIZING COPPILER SPARCS2: PROC OPTIONS (MATMIQ nce v
STNT
389 co - 1 TC NCOA: 00007330
370 IFOSUBSTRITERMS(XAL okB, 1) ~a *1°8 THEN GO YO FiIN: 00007348
371 OUEL=RELIXS): 00007350
372 BROD =EKCOSOREL 00007360
37y FIN: END: 00007370
374 CSYSREL=OSY SREL eBADDCOEF (KAD S 00007383
318 BNO1 00007390
3% CYSAEL=DSYSREL: 00007400
377 EXD CCMPUTES 00007410
r» /00007420
/. ®/00007430
370 DATAGEN:PAOCEDURE  (PORT.FAIL,NCOM. TYYPE REL.ATYPED ] 00007440
D P A R R ceceesscansensenemar /00007450
7% THIS FUMCTION PROCEOURE OBTAINS VAL UES OF COMPONENT */00007460
£o RELIABILETY BY CMLIN5 THE BETAICABTA) IR GAMMALRGA®A) */00007470
/e RANOOM VARIATES GENERATCR CORAESPONDING VO EACH */00007480
/7% CHARACTER DF COMPONENT. */00037490
” */00007300
/e VARIABLES: FAIL - MUMBER OF ACCUMULATED FAILURES */50007510
re v - INDICATDR F3R MTBF CQMPUTATION */00007520
~ NCOW - WUMBER OF COMPONENTS [N & SYSTER ©/00007530
r REL(®} - VALUE OF COMWPCHENT RELIABILITY #/00007340
’e TYrE - O:FOR TIME-TO-FAILURE COMPONENT */00007550
i OR SUCCESS-FAILUME COMPONENT */00007560
re PORT - OF SUCLESSES FOA TYPE L ©/00007570
re NG. OF TESTUNITS FOR TYPE O * /00007580
/o REQUIRED FUNCTIOR PROCEDUR ©/00007590

seees assscsesasse . 700707600
OCL (RELE PORT(®) FALLI®) AL, B, TENP ) FLOAT O£CU4}: 00007610

OCL (NCOM.1 » FIXED BIN115}:00007620

OCL TYPE(®) BIT 1*).ATYPE CHAR(®): 00007630

00 0+l 1O WOP; 00007640

1F YYPE(ID} = *1°B THEM GO YO BIVR: 00007450

ELSE [F TYPELID) » *0'B THEN CO TO GMVR; 00007680

PUT FILE CSYSPRINTE LIST (*TYPE,PORT,FAIL DESIGNATED IN ERROR®): 00007670
sTOP; 00007680
BTVR:aA~POAT{IO] + 1 4% SUCCESS-FAILURE COMPONENT RELIABIRITY 4700007690
8 = FAILLID) + 1 00007700

REL (1D) = CABTACSA,.B); 00007710

LF ATYPE = *yu" THEX RELEID) = L. = AELUIDI3 000n7720

TO WMXTY: 00007730
CHYRIAA=FAILLED) o 1.: /@ TIME—TO-FAILURE COMPONENT AELIARILITY ®/00007740
B = L./tPORT{IDISL.0: 00007750
VEMP  « RGAMLIAA) * 8 00007780
RELEID) = EXP (-TEWPI: 00007170

1F BTYPE = *u’ THEW RELLIDY = L. - RELLIODS 00007780
NATYIEND ¢ 00007790
END DATACEN: 00027800
*/00007810
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ML/ OFTINIZING COM ILER SPARCS2: PROC DPTIONS (MAINIS

PAGE 18
SIRT
39 8) RETURNS (FLOAT DEC(4$) .'gggg;ﬁg
“4ceareracssssatuststrestasensstetennnanen,
/oCENEWATES RANDOM DEVIATES FRODM THE SETA OISTRISUTION WITK --o:;gggo;uo
JSPARAMETERS EOUAL TO A AND B RESPECTIVELY. .,ONE',.”
£e THE SROBASILLTY DENSITY 1§ PORTIONAL TO -/oooorua
Xes{A-1) ® {I-X)iee(8-1) . .Ioooo,no
:';ce'v:.uu OF & AND B MUST EACH BE .GE. 1.0 . omongr:;g
HE VALUES OF A, DR 8, OR AOTH, 4RE .EG. 1.0 THEN THE METM
USED IS DIAECT MAPP NG OF UMIEDRM PSEUDD-RADOM nu-aslsEusf:cm 153383,’;?3
THE IAYERSE OF THME CUMULATIVE DISTRUBUT{ON FUNCT [ON. «/00007920
VHE RMETHOD USED IFf THE VALUES OF A AND 8 ARE BOTW .GT. 1.0 700007930
REJECTION FRGM A CAUCHY OENSITY TRUNCATED TO BE MONZERQ ONLY 1N  ®700007940
THE IMTERVAL (0.1). PARN AND PARC ARE SAFETY FACTORS On THE «/00007950
HEICNT AND CURVATURE OF THE CAUCHMY DENSITY AT THE OOE. */00007960
* /00007970
- Po CHANDLER AND K. &. LEE. DKLAMOMA STATE UNIVERSITY 1977 /00007980
*/00007990
csessarans
400 PARH FLCAT DECU&} INITEL.1): - "'oooo-o
401 PARC FOAT DEC(6) INITL1.103 ooooaulg
402 Pl FLOAT DECIS) IMITUI3.16189 0000 -
403 ALSAV FLOAT DEC(6) IMIT(-1.)3 80 2033
404 BISAY FLOAT DEC(&) INIT(-1.)3 °°°°'°‘°
e Z FIXED BINGLI INITLOD: e ed
Al. . B
«a7 :;:d:’:;f:i"ﬂ ALPA  XMCOL ,XRODEC . C L. A, ‘.u.r.sc: :L;:?A;Egecunaooowm
perd I Am 1. A R t61: 00008080
o ll-b—].‘ & 8 = 1. THEM AETURN (RANE(Z) )3 00003090
410 Sleg-1.: 00038100
e 00008110
Jod CMECK FOR ILLEGAL VALUES OF & AND B. */00008120
o IF a1 € 0. | B1 < 0. THEW GO TO L2: /90008130
12 TF 8120, THEN RETURNIAANFIZ)®s(l./a}) 3 :ggg:l;g
.13 ~ ELSE [F AleO. THEM RETURNC L.<RANF(Z)ao(1./8)); aooa-:m
/0
,1: TEST :‘u“s;g ;: :E -1‘::1 RECONPUTE THE -/oggg:::g
ONSTANTS. */00008190
ars 1F A1=4154Y £ BlediSAV TH
13 aAlSaverr; h G0 T L1 00004200
.16 B1Saven1: go00s210
a7 XMODE a1/t aledl): 90008220
418 XMDCEC™ .- XN3IDE; 00poaz2io
419 ALCAST=ALGIMALA+BI=AL CMACL I~aL GAMALR}; :ooonuo
:22': zl.. = PANC® SOAT (2.4 XMODECINODECS (AL o8 J) 3 Dg:g:iig
La LOGEPRAMed (SALPAISALCNSToal® LOGE AN :
o2 P ) CINIDEI e B1® LOGIXNODECS S 00008270
423 BU=ATANC XNEOEC /AL PALS gggg:i:g
-
’ NOu USE REJECTION FAOM THE CAUCNY OSST. /00008300
PL/E OPTINIZING COSPILER SPARCSZ1 PROC OPTICNS (MAINY} PACE 19
sTwr
.24 L13DT TANCBLS (BU-BL ) SHANF(Z)IOALPA S 00008310
423 TaxMODE#DT: 00008320
426 CF 7 ¢e 0. | T > 1. 1rEN 6O 10 L15 00008330
az7 GCLeCLe LOGIALPA/ LALPASS24DT®221/P1); 00008340
4z8 FOLeALCNSToAl® LOGITISBLS LOG(1.~T)S 00008350
429 1F FBL > GCL THEN GO TO L23 00004340
430 LELIUSRANF (2D 00008370
a3 IF U <= 0. THIN SO TO LI1G 00008380
32 IF GCL#LOGIU > FBL THEN GO TO LIz 00008390
433 ETURNIT): 00008400
a3 L2:PUT FILEISYSPRINT) LIST (' ERROR [ SUSAOQUTINE CASTA *,A.8, 000084310
XATDE. ALCNST ALPALCLe ToGCLLEBL) S 00008420
438 sTOP: 00008430
3 BDs 00008440
~ #/0000
. /00008460
43T ALGANAT PROC (xX) RETURNS {FLOAT DECI&)); 00008470
P cesesvanscasenarsesens
e COAPUTES THE DOUBLE PRECISION NATURAL LOGARITHM OF THE GAMMA »/00008490
" FUNCT LON OF A& GIVEN DGUBLE PRECISION ARGUMENT ©/00008500
sreanee eeee 700008510
DCL L2, YERM,RZ2) FLOAT DEC L14d, 20008520
(XX, DUNG ) FLOAY DEC (), ERROR CHARCL) INITE®0°): 00008530
00008540
-El0 00008550
THEM 1F XX <= }.E-09 /% XX IS MEAR O OR NEGATIVE * /00008560
THEN 0O 3 s SET ERRQGR IND(CAYOR */00008570
sl EANOR= 2% 3 PUT FILE{SYSPRINT) DATA (ERROR) SKIP(2)3 20008380
A3 OLAG =-1.E73 3 00008550
u; 60 10 520 00008400
44 EMD 3 00008610
e BLSE 00 /% XX > O AND < OR » TO 1.E¢10 700008420
4a7 TERM =1,£0 1 00008630
448 si03 1F 21 <= 18.€d /% 17 < 00 = 18 #/00008640
THEN 0O 3 7% TRANSLATE ARGUWENT #/00008550
449 TERR wTERWSIZ 5 00008660
as0 H 00008470
asi 00008680
432 00038690
433 /% CALC. EQUATION 1} * /00008700
434 L2 el.EQ/II%e2 3 00008710
433 OLNG «{21-0.3ED1%L0GI221-2200.9159385332046T2E0 00008720
“LOCITERMII1,EO/ 221 .833333333333333E-01 00008730
—ANZ25 0L 2TTTTIIIITITINTTE 02 o AR L2 00008740
£.7935507936507936~3- (A2 2 00003750
1.595238095238095E6-030 I 300} ¢ 00008740
A;a 30 Y0 320 ; 00008770
37 EnD 00008780
4se €50 ¢ 00008780
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P71 OPTINTIING COPRILER SPARCS2: PROT OPTIONS (MAIND PAGE 20
STHTY
439 FLSE IF XX < 1.E70 THEN DO3 7% XX > 1.E<10 anD < L.Es70 #/00003800
440 OLNG = 21011 0GEIZI-1.E0) /% CALC. EQUATION 2 * /00008810
sl o 10 20 3 00008820
482 (5L 00008830
3 RSE 00 ¢ XX > OR = §.E * /00008840
(23] ERADR=' Y 3 T '|L!IS'SPIINH DATA l!llul SKIPI2)3 00008830
s DLNG = 1.ETS ¢ 00008860
a7 END 3 Qoooesro
4s8 S20:METULAN § DUNC 00008880
e ©/00008850
r~ */00004900
ATO RGAMAT PROC (41 RETLANS (FLCAY DEC(8}); 00008910
Jevesese sesesontsososananes cosenece esasereseany 920
FPCEMERATES A AANDOR GANMA VARTATE WITH PARAMETEN —a-, 4.8T.1/3, ©700008930
E0RGE MAASAGLIA. SCHOOL CF COMPUTER SCIEMCE, MCEILL UNIVERSITY ©/60004940
00008950
7% CODED KN PL/T OF K. k. LEE. /00004960
A /000048970
/9% e e ess e erhe0eeartteInItNcaaattEtietsteaNceresestIteecteanesres 00008980
471 OCL B FLOAT DECIB) INIT {-1.33 00008990
.72 OCL O FIXED SIN(31) INITLQ): 00009000
.13 DCL (A.CLyS.RQ0TH 405+ Xa2.UE.C0.T,CCLGANALZO. ) FLOAT JECI4IE 00009010
323 CL=d.ea-1.3 00009020
413 IF Q¢= 0. THEK STOP: /® TEST FOR INVALID VALUE OF —A—. */00009030
o HAS THE VALUE OF -A- CHANGED SINCE THE /00009040
1 PREVIOUS CALL TO NGAmA. #/00009050
at6 IF 8= 8 THEN GO TO ousx 00009060
1344 LT Y] RECOMPUTE VARIOUS CONSTANTS, */0000%070
3L Se1./i3.9S0ATLAIN 00009080
aTe ADOTH=SORT (3.1 00009090
480 I0w1, 00009100
a8t CCr2e20%=3-(S~ROOTHI®®2Z/2.1 00009110
.82 Cse1.-50e2; 00009120
483  ONE:X=CAUSFLONR /% CAUSF RETURNS & NCRRALID,1) RANDOM OEvIATE /00009130
s ZegoxeCs: 00009140
s IF I <= 0. THEW CO TO CNES 00009150
a8 CAMA=A®200) 0000%160
OBT  SIXtUsRMFID) 00009170
TF L <= 0. THEA GO 1O $IX: 00009180
£ = - LOGLUN: 7o GENEAATE £, AN EXPONENTIAL RANOOM DEVIATE®/00009i90
CO=Eox o2/ 2.« GARASLLS 00009200
Tel.-20/1: 00009210
LF CDeCL®TOi1, oTet]./2.¢T/3.03 > O. THEN GO TO EGT2 00009220
3 1F COsCL® LOGIZ/Z3} € 0. THEN GO TO OME: 00009230
494 ECTIMETLANI GAMA); 00009240
493 [ T.5 00009230
IAd ©/00009260
ra /00009270
A%6  GAUSPIPEDC INDUMY) RETURNS (FLOAT DECI&)); 00009280
PL/E OPTINIZING COMWELER SPARCS2: PROC OPTICHS WAlIN)G PacE 21
sTT
sesee /00009290
l-c:utuv(s uuuon NOR HAL DEVII'(S uuoo-v MUXBERS FROM & GAUSS 1AN®/00009300
/%01STREEUT [ON wiTw JEAD MEAN AND UNMIT YARIANCE. */00009310
79C. MARSAGLIA ANO T. A. BRAY, S.1.A.M, REVIEW & (£964)} 260. */00009320
/9FOR A RANDOM NUMBER FAOM THE GAUSSIAN DISTRIBUTION wilw MEAN VALUE #/00009330
IOIWAL TO *AMEAN' SND STANDARD DEVIATION EQUAL TQ *SICMA', USE.... ©/00009340
BNC=ARE ANe S| CHA®CAUSE {DURMY } */00009330
I- */00009380
% 3. P. CHANOLER, COMPUTING L INFORMATION SCLENCE, O S U ®/000093T0
/e CODED IN PL/I BY K. X. LEE. */00009300
/00009390
.o * /00009400
as?y OCL NARG F1XED 8IN(3L) INITIO): 00009410
4% OCL NARGA FLXED BIN(31) INITC(OIE 00009420
99 OCL NDURY FIXED BIN(3LIZ 00009430
500 (a.a8x, u.uc.c.cws ASUMSO.VA,VE,X.¥,THP ) FLDAT DECIS 00009440
301 } FLOAY DEC(BI; 00009450
s02 00009460
303 WARCASNARG 000094TO
S04 RJUPP=RANF [NARG) T 00009480
305 IF AJUMP < L1362 TMEM GO TG L20: 00005490
308 As{RIUNP - 13621/.84388 00009500
ra OEFEAT THE 10I0TIZ €MR F4 OPTIMIZATION. /00009510
cy BeRANF INARC]; 00009520
508 TRP sd +BeRANF (NARGAI~L. B2 00009530
soe CAUSaTHPO2,: 00009340
310 GO 10 L1503 00009350
S11  L20r IF RJUMP < ,0255 THEN CO TO 1403 00009300
12 A= (RJUMP-.02551/.11073 00009570
13 CAUS-L. 5Pl AsRAN I NARC) 1.0 00009380
14 €0 10 L1%0: 00009390
SIS r40: [F WJURP € 0026997961 THEM CO TO L1101t 00009600
31s Xe 6 SRANFINARS )=, 00009610
587 Y= I58CRANFINARGAD S 00009423
e EXn17.497311960EXP (- S0xve2) § 00009630
sie ABXeABSEXI: 00009640
320 IF 88X > L. THEN GO TO LT03 00009450
s21 GmER-4. 3570326213 -Xe92)-2. 13787544 (1.5-28K); 00009660
22 €0 10 L90: 00009670
823  L70:GeEX-2.36785163%(3.~aBX)002; 00009660
524 1F ABX > 1.5 THEN CO TC L9G: 00009490
323 GeC-2.15T01540e(1.5-AB 1} 02009700
528 L90: [F ¥ > C THEN CO TO &130; 0oooeNIO
21 GAU = x: 00009720
28 10 L130: 00009730
929 LELO:VA=2. ONANF (NARGI-L. ¢ 40009740
30 VB e 2. SRANE (NARCAI=1.3 00009730
st SUMSCevARO Zovg el 00009760
32 TF SUMSQ > 1. THEN GO TO Lt0: 00009770
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sTHY
s33 1F SUMSQO <» 0. THEN GO TO L110: 00009780
334 FACSSORT (19,22, LOGISUNSGII/SUNSOD S 00009790
333 GAUS=vAeFaL 00009800
a3e IF A851CAUS) < .3 THEN GO 1O L113s 00069810
537 LISO:REVLAN[CAUS); 00009820
332 END T 00009830
1 */00009840
I ©/00009830
' */00009860
339 (NOFIX EDOVERFLOW) ¢ RANF : PROC (NARG) RETURNS (FLOAT DEC (8)) 00009870
e A R A A P P S P P
/® THIS FUNCTION GENERATES PSEUDC-NANOCH NUMSERS, UNIFORALY +/00009890
7* OISTRIBUTED CN (O,1). THIS YERS(ONM 15 FOR THE §18M 360. * /00099900
/% METHOOD... COPPDSITE OF THREE MULT [PLICATIVE CONGRUENT T4L GEVERATOR®/G0009910
7 C. MARSAGLIA ANO T. A. BRAY, COWM. &CM 11 t1958) 757. */00009920
7% 1F RAN 1S CALLED WITH NARG=0, THE NEXT RAVOIM NUMBER LS RETURNED.® /00009930
Fo IF RANF 1S CALLEQ WITH RaRG~e0, THE GENERATOR 1S RE-INITIALIZED  #/00009940
7% USTING 14BSU2°NAQGel) AND THE FIRST RANDOM NUMBER FROM THE Niw */00039950
r* SEQUEMCE 1S RETURNED. */00009960
ad ©/00009970
7% CODED 1¥ PL/T BY WILLIAM SCOTT DAVIS FROM & FONTRAN VERSION B8Y /00029980
4% 3. P. CHANDLER, COMPUTER SCIEMCE DEPT., OXiL AMOMA STATE UNIVERSIYY.®/00009990
*/00010000
avoen orane . P * 700010010
340 OCL K FIXED BINARY(IL)  INITIALIT654321) STATIC: 00010020
sS4l CCL L FIXED SINARY{IL)  INLTIALI7654321) STATIC: 00010030
342 OCL M FIXED BINARYII1}  IMITIALI76S4321) STATICS 00010040
343 OCL WX FUXED BINARY (311  STATIC IAITIAL(2826291% 00010050
344 OCL ML FIXED BINARY(31)  STATIC INITIAL(3482133 00010060
543 CCL WA FINED BINARY (313  STATIC 1WMITIAL{655410; 00610070
544 DCL NARG FIXED 8(N[3L): 0001008C
347 DCL NFIRST BITt1) STATIC INITIAL(®198)3 09010090
548 DCL 1J.KLM. K{L1281 . HOTY, NR ) FLXED 8INI31) STATIC ;00010100
549 OCL §RAN.KD1V } FLOAT DEC{&) STATIC: 00010110
330 IF NARG ~= O THEN D33 /% RE-INITIALIZE USING MARG.  ©/00010120
sst KLM = aBS1Z ® NMAG & 133 00010130
832 KoloW = KLMI 00010140
533 ™3 00010150
554 ELSE DO: 00010150
585 {F <~ WFIRST THEN GO YO SkP3 00010170
54 END: 00010180
357 WIRST = coen; /% INITEALISE THE ROUTINE. */00010190
ssg Wiv = LeT77216: 00040200
ss59 POLY = 32768.0 = #5534.03 00010210
360 00 4 = L 10 128: 7% FILL THE TaBLE. */00010220
361 L 00010230
se2 LIPS 00010240
3¢) END: 00010250
344 SKPy Le L om; 7% COMPUTE THE NEXY RAROOM NO. /00010260
PLIT OPTINIZING COMPILER SPARCS21 PROC OPTICNS (MATNIG
sTHY
543 d= 1 & AUSIL) / NOIVS 00010270
Ses R 00010200
se7 SiNLS ¢ L o Mpg 00010290
Ses RAM « FLOAT(NR) / RCIV: 00010300
%9 Ke K * s /% REEILL THE J-TH PLACE IN THE TABLE 4700010310
570 e 00010320
STt BETUANLRAND ¢ 00010330
12 END RANF; 00010340
g * /00010350
1o »/0001 0360
573 SORT:PROCIN.X 00010370
’” sosmne see sessess /00010380
7 */00010390
7% SOATING PROCEDUIE ON THE VRLUES OF THE SYSTEM RELEABILITY oY *700010402
7o USING SHELL SOMTING METHCO. «/00010410
se #700010420
7% HIBBARD T. M. AN ENPIAICAL STUDY OF MINIMAL STORAGE SOATING. */00010430
e COMA. ACA & {MAY,1983), 206. */00010440
I~ /00010450
Y, ereracen evan /00010463
374 DCL MWL) ) FIXED BINI15);00010470
5718 oCL (XI%).Y ) FLOAT DECI6}: 00010480
3T IF MC2 THEN RETURNS 06010490
577 MR 00010500
578 ONE:w = m/2: 00010510
sT1e 00 a1 TO N-M; 00010520
seg ¥ = Xlgomi: 000103530
S8l 00 vy 8Y -m 1O 1: 00010342
582 IF M[)CY THEN GG TO Twas 00010550
se3 X(LoM) = X(I}: 00010580
saa END 00010570
58%  TwO:KtIen) © Y 00010380
se8e Ev0: 00010590
587 IF #>1 ThEW GO TO OME: 00010400
588 RETLAN: 00010610
sse END: /e SHELL SORT e/ 00010620
) * /00010630
”» */00010440
$90  STAT: PRIC (SN, SV AVSM ATYPE,TI®E UNIT,TQT,TOT2,STHCR: 00010650
’e cescee .
/% PROCEOURE STAT CLMPUTES TME ESTIMATED SYSTEN MIBF,SYSTEM «/00010670
7% RELTABILITY ANO WTBF PEACENTILE POINTS USING A& SET OF SYSTER #/00010680
/% AELIABILITIES CENERATED BY =ONTE CARLO PROCEINE. * /000t 0693
/90ucecs bas it st snr e e Tss SNV OUIRO e aPTACEAA YRS AR IRt eResIsnea e e /0001000
se1 OCL #CTLL1) FLOAT DECESY INMIT {.050eteedeo250a54.75..8,.94.95,.97500013712
0993 STATIC,IVALIILIWNTBFERED.SV{®), avSm,HTBA) FLOAT DECIS); GODIOT20
392 OCL (T1.SN.IY ) FIZED 8INI15);00010730
393 DCL (TIME, FYAL JOVALSIRLELOG, TOT. TOT2, SO VAR, PR + FLOAT DEC{b): 20013743
556 OIL UNLT CHAR{®),ATYPEL CHARILI I ATYPE CHAR(®),STACA FLOAT DEC(4)300010750
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STHT

594 o0 i+l YO 11z VALiT) =0, 3 "TsF(1)=0.4 [ L .1} 00010740

399 ATYPEL » *RELIABILITY' oootorro

600 1F SNel TYHEN O0: 00010780

s01 VAR o 0.3 SD=0.: 00010790

03 END 3 Q0010800

604 ELSE 033 G0010810

403 VAR =(TOT2-TOT*TOY/SMI/ 1Sk-1) 1 00010820

oCh 30 = SORY(VAR)S 00010830

07 €ND § 00010040

08 BUT FILELSYSPRINT) EOLT {* AVERAGE SYSTEM RELIABILITY FROw °, 00010830

SINNUM,® MCNTE CARLD TRIALS JS *,AVSH,* 3 AVERAGE SYSTEW * 00010860

SUNREL TABILTY IS * .. -AvSH) 00010870

ESKIPIS) ALF(3I A F(N.6).4.4,F(8,8)) 00010880

(' VARIANCE *00010a%0

% * L VARY ISRIPUZILALA.FUB.61) (* STANOARD DEVIATION +00010900

. . ISKIPC2I A ALFLR, 430 3 0001910

409 1F TIRE w= 0 THEW 00310920

° TRPMCRa~T INE/LOGI STRCRY S 00010930

s T8 Ae—T IME/LOGEAVSH) S 00010940

.02 PUT FILECSYSPALNTY EOIT (*THE MISSION TIME 1S *,VINE,UNIT) 00010930

(SKIPLS).COLTOI,A,FiB.31,X020,A) (*THE ESTIMATED SYSTEM WTBF *D0010980

+* BASED UPON ME AN COMPONENT REL1ABIL IV [ES (S *,MTBFMCR) 00010970

ASRIPL2ZILCOLESI A ArECLS, 801 (*THE ESTINATED SYSTEM WIBF *, 00010980

SRASED UPON MEAN SYSTEM RELTABILITY *,SIMNUA,® MONTE CTadL0 *, 00910990

PYRIALS IS ' MTBA} ISKIPIZ) COLEbILAL A FI3) A4 E(1S.81) 00011000

CATYPE L *MTBE '} (SKIPIIN. 00011010

COLE260, A, CRU49). 8) (*PERCENTILE, "PERCENTILE® . *PERCENTILE ) 00011020

$COLI4D A, COLI2S) . A.COLI4S) A} ("POINTSY,*POINTS® S (CIL(2T). 00011030

A COLI 48D, A): 00011040

13 [ L 043 00011030

14 ELSE DO: 00011060

.13 PUT FILE (SYSPRINT) EDIT (*PERCENTILE",*PERCENTILE®) ¢SKIP(3},00011070

COLS)+A.COLE29), A (P POINTS®) (COLIBLIAADG 00011080

sle END 3 00011090

” */00011100

DO I-1 TO 11 00011110

VALCL)=SHepPCTI )0 52 00011120

IV=FIXEDIVALIL DS 00011130

FYAL=FLOATUIV) 2 00011140

IF FVAL —= VAL(I) THEN DO: 00011150

VAL LD =vaL (1)-FVaLS 00011180

IF IveD TMEN DC: 00011170

SINeSYILI®2.-SVi 22 20011180

CYA=SVE2 -5V 00011190

VAL(§PeCvaovaLilNg 00011200

VAL LEd=SInevaL LT} Qootl210

EMD 2 o00l1220

ELSE DO 00011230

1P IveSm ThEw 0O Q0011240

PL/E OPYINIZING COMPILER SPARCSZE PROC OPTIOMS (MAIN}S

T

Cva=SVIIvI-SV{IvV-1)2 00011230

€nD 2 00011240

@.SE 003 00011270

CVARSY(Ivel)=SVEIVE: 00011280

€D 3 00011290

vAL (§)eCvasvaLill: ooolt3o0

VAL EIDeSVEIvIeVALILIL 00011310

END 3 00011320

eNOD S 00011330

ELSE 0O: 00011340

vALIT2eSviIvE: 00011350

END: 00011380

1F VIWE ~= 0. THEN DOI 00011370

MYBFALIa~TEME/LOGEVALL L 00011380

PUT FELEISYSPRINI) €017 (PCT(119100., "PERCENT *.VAL(I} . MYSFLLD, 00011390

UNMETHESRTPI2) ,COLERILFET, 1), COLELION(A.COLI26),FL 8.83.X(%), Q0011400

ELLS . B0 KU 2N AN 00051410

[ ENDS Q0011420

47 ELSE 002 00011430

e PUT FILE (SYSPRINTI EOIT (PCTILIS130.,° PERCENT® ,vaLil}) 00011440

(ZOLE2D L FiT,.1) . 4.COLEIODLFLD 00011430

[ €40 ¢ 00011460

430 EXID:END: 00011470

1 €WD1 /e STAY »7 00011480

lid */00011490

”~ EMO OF ALL PROCEDUNES /00011500

. /00011510

682 FINIR: 00011520

(L -1 00011330
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