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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 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.

SPARCS-2 is the result of a continuation of the research effort at

Oklahoma State University for exact estimation and assessment of the re-

liabilities 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 [1]. MAPS in turn

is based on earlier FORTRAN programs developed at Rockwell International

for NASA, documented in [2] and [3].
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COMPUTER PROGRAM SYSTEM CAPABILITIES

Purpose

SPARCS-2 (Simulation Program for Assessing the Reliabilities of Complex

Systems, Version 2) is a PL/I computer program for assessing (establishing

interval estimates for) the reliability and the MTBF 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
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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 MTBF 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 derived by

the method of inclusion-exclusion, also known as Poincar•'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
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substituted into the system function, to obtain a value of the system

reliability for that trial. The resulting "empirical" distribution of

system reliabilities, 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:

ALGAMA : COMPUTES LOG OF GAMMA FUNCTION.
CABTA : GENERATES BETA DEVIATES.
COMPUTE : CALCULATES MODULE OR SYSTE•i

RELIABILITY OR UNRELIABILITY.
CATAGEN . COMPUTES COMPONENT PRIOR

DISTRIBUTION MEAN RELIABILITIE3.
EOGEN : GENERATES PROBABILITY EQUATIONS.
EOPUT : PRINTS JUT PROBABILITY EQUATIONS.
GAUSF. : GENERATES (3,I) NORMAL DEVIATES.
HOLINE PRINTS OUT SYSTEM IDENTIFICATION.
HISINF PRINTS OUT FAILURE-HISTORY DATA FOR

COMPONENTS AND PRIOR MEANS.
INPUTI,2,3,4 : READS INPUT DATA.
MEANREL : COMPUTES MEAN COMPONENT RELIABILITIES

FROM FAILURE-HISTORY DATA.
RANF : GENERATES UNIFORM PSEUDORANDOM

DEV I AT ES.
RGAMA : GENERATES GAMMA DEVIATES.
SORT : PERFORMS 'SHELL' SOPT.
STAT CCMPUTES AND PRINTS R AND 4TBF

AVERAGES, VARIANCES & PERCENTILES.
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USAGE INSTRUCTIONS

Computer Input Terms

ATYPE - FLAG INDICATIING RELIABILITY OR
UNRELIABILITY COMPUTATION

MINPTH - BINARY VECTORS FOR MINIMAL PATH
NARG - SEED FOR RAND3M NJMBER GENERATIO04
NCOM - NUMBER OF COMPONENTS IN SYSTEM
NMOD - NUMBER OF MODULES IN SYSTEM
NPATH - NUMBER OF MINIMAL STATES IN SYSTEM
SIMNUM - NUMBER OF SIMULATIONS 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
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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

ýt + ii+

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

time-to-failure component reliability. Then

s _ (b + 2)z - 1 (1)

that is, s is the integer closest to the right-hand side of (1). This conversion
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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

GENERATION (MUST BE A NON-ZERO
POSITIVE INTEGER, <= 1.0 E+O9). FOR
EXAMPLE, 4527851

16 - 20 SYSTEM MISSION TIME (OPTIONAL).

THIRD I I - 3 (NUMERIC ZERO DENOTES NO MODULES).
5 - 7 NUMBER OF COMPONENTS IN SYSTEM(N<129)
9 - 13 NUMBER OF SYSTEM MINIMAL STATES

{M<257)
14 R FOR SYSTEM RELIABILITY, U FOR

SYSTEM JNRELIABILITY.
15 - 19 MISSION TIME UNITS, ALPHABETIC

(OPTIONAL).

FOURTH N FREE FORMAT ITEMI: 'O'B FOR GAMMA (TIME-TO-
FAILURE) OR '1'B FOR BETA
(SUCCESS-FAILURE).

ITEM2: NUM•BER OF MISSIONS (GAMMA) CR
SUCCESSES (BETA).

ITEM3: NUMBER OF FAILURES.

FIFTH FREE FORMAT M MINIMAL STATES AS A STRINIG 3F
N-VECTORS SUCH AS 100110'B.
COMPONENTS IN THE MINIMAL STATE ARE
DENOTED BY 1, COMPON'ENTS N]T 14
MINIMAL STATE BY 0.

EXAMPLE

COLUMN 000000000111111111222222222333333333
PCSITION 123456789012345678901234567890123456789

CARD 6 1'O'B '10OB
5 '1'B 95. 3.
4 '1'b 99. 1.
3 0 2 2PHOUR
2 100 4527851 100
I TWO COMPrNE1E1T - TWO MINIMAL PATH SYSTEM
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SYSTEM WITH MODULES

DATA NUMBER COLUMN DESCRIPTION
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 NUMBEI

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

16 - 20 SYSTEM MISSION TIME (OPTIONAL).

THIRD I I - 3 NUMBER OF MODULES IN SYSTEM (KW129).
5 - 7 NUMBER OF COMPONENTS IN SYSTEM.
9 - 13 NUMBER OF MINIMAL STATES IN SYSTEM

(J<257).
14 R FOR SYSTEM RELIABILITY, U F3O

SYSTEM UNRELIABILITY.
15 - 19 MISSION TIME UNITS, ALPHABETIC

(OPT IONAL).

FOURTH FREE FORMAT J SYSTEM MINIMAL STATES AS A STRING
OF BINARY K-VECTORS, SUCH AS 1010'B.
MODULES IN MINIMAL STATE ARE DENOTED
BY 1, MODULES NOT IN MINIMAL STATE
BY 0.

FIFTH I R FOR MODULE RELIABILITY, U FOR
MODULE JNRELIABIL ITY.

2 - 7 MODULE IDENTIFICATION, ALPHANUMERIC.
12 - 14 NUMBER OF CJMPONENTS IN MODULE(N<129)
16 - 18 NUMBER OF MINIMAL STATES IN MODULE

(M<257).

SIXTH M FREE FORMAT ITEMI: 'O'B FOR GAMMA(TIME-TO-
FAILURE) OR 111B FOR BETA
(SUCCESS - FAILURE).

ITEM2: NUMBER OF MISSIONS(GAMMA) CF
SUCCESSES(BETA).

ITEM3: NUMBER OF FAILURES.

SEVENTH FREE FORMAT M MODULE MINIMAL STATES AS A STRING
OF BINARY N-VECTORS SUCH AS
'011101B. COMPCNENTS IN MINIMAL STATE

ARE DENJTED BY I, COMPONENTS NOT IN
MINIMAL STATE bY 0.

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



EXAMPLE

C OLUMN O00000000011111 I 1222222222333333333
POSITION 123456789012345678901234567890123456789

CARD 12 '101B '01'B
11 '11B 90. 1.
10 'O'B 92. 7.
9 RB 2 2
8 'O1'B '10'B
7 $O'B 95. 5.
6 '1'B 99. 1.
5 UA 2 2
4 'OrB '10'B
3 2 2 2RCYCLE
2 20 2365142 50
I TWO MODULES AND TWO COMPCNENTS SYSTEM ANALYSIS

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 reliability. 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
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standardized to system reliability, the example also 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 reference 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.

IAPI

WT04 - 0

I K,P~ATOC.

VATCA~ . i'.'

PATCJM

MaTC.. .J

[•1LATC I• - r RPI[

Figure I. Flow Diagram of ITTP
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)

2 3

4 5

)7

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 module-B component numbers 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, etc.

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
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in parallel for unreliability calculations. Thus there is one minimal

path

A, B

and there are two minimal cuts

A
B.

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

1

3
5
7.

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
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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 inputting 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.
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I. 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.
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80/80

000 O000001III 1111122222222223333333
12345678901 2345678901234567890123456

CARD
0001 SOFTWARE RELIABILITY COMPUTATION
0002 20 15783 100
0003 2 2 1 RHOUR
0004 '1i'B
0005 RA 7 1
0006 #0'8 96.5 2.
0007 111B 99. 1.
0008 L1B 99. 1.
0009 1B 99. 1.
0010 01B 96.5 2.
0011 l1B 99. 1.
0012 1'B 99. 1.
0013 '1010101'b
0014 RB 13 9
0015 1'0B 96.5 2.
0016 $'J B 99. 1..
0017 1'0B 96.5 2.
0018 $'OB 99. 1.
0019 '0 b 96.5 2.
0020 1'1B 99. 1.
0021 '01B 96.5 2.
0022 'I'8 99. 1.
0023 1OB 96.5 2.
0024 I'B 99. 1.
0025 1'B 96.5 2.
0026 I'B 99. 1.
0027 '0'B 96.5 2.
0028 OOCO010010101'B
0029 '0000111000000'B
0030 '0000011100000'b
0031 'C00iC010011000' B
0032 1000001011100'3B
0033 '0000110010 110' B
0034 'OOCO010110110'B
0)35 ' 1111000000000'B
0036 ' 1000100000000' B
0037 $ENDLIST
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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 P A R CS *

SIMULATICN PROGRAM FOP THE ANALYSIS OF THE RELIABILITY OF COMPLEX SYSTEMS

SYSTEM IDENTIFICATION SOFTWARE RELIABILITY COMPUTATION - J R BROWN AND LIPOW
NUMBER OF SIMULATICNS 20
NUMBER OF MODULES 2
NUMBER OF COMPONENTS 2
NUMBER OF MINIMAL PATHS I
TYPE OF ANALYSIS RELIABILITY

SPARCS :: EQUATION GENERATION ROUTINE

THE 1L MINIMAL PATH FOR SYSTEM

(A. B>

NUMBER OF TERMS IN EQUATION: I

R = R R
SYS A B

THE I MINIMAL PATH FCR MODULE A

(1.3.5.7>

NUMBER OF TERMS Ih EQUATION: I

R - R R R R
A 1 3 5 7
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HISTORICAL INFORMATION FOR EACH COMPONENT IN MODULE A

COMPONENT TYPE SUCCESS (BETA) FAILURES PRIOR DISTRIBUTION
EQUIVALENT MISSI[ONS(GAMMAI MEAN

I TIME-TO-FAILURE(GAMMA) 96.50 2.00 0.96985

2 ATTRI8UTE(8ETAI 99.00 L.00 0.98039

3 ATTRIBUTE(BETA) 99.00 1.00 0.98039

4 ATTRIOUTE(BETA) 99.00 1.00 0.98039

5 TIME- 1-FAtLUREIGAMMA) 96.50 2.00 0.96985

6 ATTRIBUTEI8ETAI 99.00 1.00 0.98039

7 ATTRIBUTE | ETA) 99.00 1.00 0.98039

THE 9 MINIMAL PATHS FOR MODULE B

(6,9,11.13>
<5. 6,7>
<6,7,8>

<5.6,9.10>
<6.8.9. 10>
<5.6.9.11, 12>
<6.8,9,11.12>
<1.2.3.4>
<1.5)

NUMBER OF TERMS IN EQUATION: 91

R -R R R R R R R - R R R R - R R RR R R RRR R R R RRR R R R +fRRfR R -;*
B 6 9 11 13 5 6 7 5 6 7 9 11 13 6 7 8 6 7 8 9 11 13 5 6 7 8 5 6 1 3 9 11 13 5 6 9 10 5

R R R R R - A R R R R + R RRRR R R R R R RR - R R R R R R +R R R R R - R R R R R R R R
6 9 10 11 13 5 6 7 9 10 5 6 7 9 10 11 13 6 8 9 10 6 8 9 13 11 13 5 6 7 8 9 10 5 6 7 8 9 10 11 13

- R R R R + R R R R R R R - R R R RR + R R R R R R R R R RR R - R R R R R R - R R R R R
6 7 8 9 10 6 7 8 9 10 11 13 5 6 8 9 10 5 6 8 9 10 11 13 5 6 9 11 12 5 6 9 11 12 13 5 6 7 9 11

R f R R R R R R R - R RRR tR R R R RR Rf R R f R R.R R R R R - R R R R R R R R + R R R
12 5 6 7 9 11 12 13 5 6 9 10 11 12 5 6 9 10 11 12 13 5 6 7 9 10 11 12 5 6 7 9 10 11 12 13 6 8 9

R R - R R a R R ft RRRRRR f -RRRRRR R f -fRRfR R RRR R R + R R R R
11 12 6 8 9 11 12 13 5 6 7 8 9 11 12 5 6 7 8 9 11 12 13 6 7 8 9 11 12 6 7 8 9 11 12 13 5 6 8 9

R R R - R R R R R R R R - R R R R RR tR R R R R R RR Rt R R - R R R R R R + R R R R R R
10 11 12 5 6 8 9 10 11 12 13 5 6 7 8 9 10 11 12 5 6 7 8 9 10 11 12 13 6 8 9 10 11 12 6 8 9 10 11 12

R + R R R R R R R - R R R R R R R f - R R R R R R + R R R R R R R + R R R R - R R R R R RR Rf
13 6 7 8 9 10 11 12 6 7 8 9 10 11 12 13 5 6 8 9 11 12 5 6 8 9 11 12 13 1 2 3 4 1 2 3 4 6 9 11 13

-- R R R R R R t R R R R R R R R R R + R R R R R R R R - R R R R R R R R R R R - R R R R R R R A + Rf
1 2 3 4 6 7 8 1 2 3 4 6 7 8 9 11 13 1 2 3 4 5 6 1 a 1 2 3 4 5 6 7 8 9 11 13 1 2 3 4 6 a 9 10 1

R R R R R R R R R - R R R R R R R R R R + R R R R R R R R R R R R + R R R R R R R R R - R R R R R R R
2 3 4 6 8 9 10 11 13 1 2 3 4 5 6 7 A 9 10 1 2 3 4 5 6 7 8 9 10 I 13 1 2 3 4 6 7 8 9 10 1 2 3 4 6 7 8

R R R R + R A R R R R R R R - R R R R R R R R R R R - R R R R R R R R R + R R R R R R R R R R - Ri

9 10 11 13 1 2 3 4 5 6 8 9 10 1 2 3 4 5 6 8 9 10 11 13 1 2 3 4 6 8 9 11 12 1 2 3 4 6 8 9 11 12 13 1

R R R R R R R RR f + R R R R R R R R R tR R R R R R R R R R R Rf - R R R R R R R R R R R - R R Rt
2 3 4 5 6 7 8 9 11 12 1 2 3 4 5 6 7 8 9 11 12 13 1 2 3 4 6 7 8 9 11 12 1 2 3 4 6 7 8 9 11 12 13 1 2 3

R R R R R R + R R R R R R R R tR R R f R R R R R R R R R R R R - R R R R R R R R R R R R R
4 5 6 8 9 LO 11 12 1 2 3 4 5 6 8 9 10 11 12 13 1 2 3 4 5 6 7 8 910 LO 12 1 2 3 4 5 6 7 8 9 10 11 12 13

+ R R R A R R R R A R -R R R R R R R R R R R - R R R R R R R R R R R + R R R R R R R R R R R R
1 2 3 4 6 8 9 10 11 12 1 2 3 4 6 8 9 10 I 12 13 1 2 3 4 6 7 8 9 10 11 12 1 2 3 4 6 7 8 9 10 11 12 13

+ R R R R R R R R R R -R R R R R R R R R R R + RR - R R R R R R - R R R R + R R R R R R R - R R
1 2 3 4 5 6 8 9 11 12 1 2 3 4 5 6 8 9 11 12 13 1 5 1 5 6 9 11 13 1 5 6 7 1 5 6 7 9 11 13 1 5

R R R + R R R R R A R + R R R R R R - R R R R R R k R - R R• R R R R + R R R R R R R +" A R R R
6 9 10 1 5 6 9 10 11 13 1 5 6 7 9 10 1 5 6 7 9 10 11 13 1 5 6 9 11 12 1 5 6 9 11 12 13 1 5 6 7

R R R - R R R R R ftR f R R R R R R R - R R k R R R R R - R R R R R R R R + R R R R R R R
9 11 12 1 5 6 7 9 11 12 13 1 5 6 9 10 11 12 1 5 6 9 10 I1 12 13 1 5 6 7 9 10 11 12 1 5 6 7 9 10 11

R R - R R R R R + R R R R R R R R R
12 13 1 2 3 4 5 1 2 .3 4 5 6 9 11 13
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HISTORICAL INFORMATION FOR EACH COMPONENT IN MODULE B

COMFCNENT TYPE SUCCESS (BETA) FAILURES PRIOR DISTRIBUTION
EQUIVALENT MISSIONS{GAMMA) MEAN

I TIME-TO-FAILURE(GAMMA) 96.50 2.00 0.96985

2 ATTRIBUTEIBETA) 99.00 1.00 0.98039

3 TIME-TO-FAILLRE(GAMMA) 96.50 2.00 0.96985

4 ATTRIBJTEIBETA) 99.00 1.00 0.98039

5 TIME-IO-FAILUREIGAMMA) 96.50 2.00 0.96985

6 ATT kleUTE(BETA) 99.00 1.00 0.98039

7 TIME-TO-FAILURE(GAMMA) 96.50 2.00 0.96985

a ATTRIBUTE(BETAI 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-FAILURE(GAMMA) 96.50 2.00 0.96985

12 ATTRIOUTE IETA) 99.00 1.00 0.98039

13 TIME- TO-FA I LURE( GAMMA) 96.50 2.00 0.96985

SPARCS SYSTEM SIMULATICN ROUTINE

SYSTEM RELIABILITY CALCULATED FROM MEAN COMPONENT RELIABILITIES IS 0.903486; SYSTEM UNRELIABILITY IS 0.096514

AVERAGE SYSTEM RELIABILITY FROM 20 MONTE CARLO TRIALS IS 0.901238 ; AVERAGE SYSTEM UNRELIABILTY IS 0.098762

VARIANCE D.000671

STANDARD DEVIATION 0.025896

THE MISSION TIME IS 100.000 HOUR

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

THE ESTIMATED SYSTEM MTBF BASED UPON MEAN SYSTEM RELIABILITY 20 MONTE CARLO TRIALS IS 9.61669678E+02

RELIABILITY MTBF
PERCENTILE PERCENTILE PERCENTILE

POINTS POINTS

5.0 PERCENT 0.848968 6.10748047E+02 HOUR

10.0 PERCENT O.B65494 6.9226001OE'÷02 HOUR

20.0 PERCENT 0.878241 7.70209473E+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 1.223100D10E03 HOUR

80.0 PERCENT 0.924841 1.27986133E+03 HOUR

90.0 PERCENI C.92 9575 1.36934155E+03 HOUR

95.0 PERCENT 0.933471 1. 45253003E+0 3 HOUR

97.5 PERCENT 0.937314 1.54470239E÷03 HOUR

99.0 PERCENT C.'93S619 1.60563623E+03 HOUR
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Case 6 follows. Note that the module-B five-page probability

equation with 421 terms based on 26 cuts is given with U's (for "unre-

liability") rather than R's (for "reliability"), as in the reliability

equation for Case 1.
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COO COOOOIIl 11111122222222223 333333333444444444455555555556666666666777777
12345678901 234567890123456 7890123456789012345678901234567890123456789012345

CARD
0001 SOFTWARE RELIABILITY - UNRELIABILITY COMPUTATION - J R BROWN AND LIPOW
0002 20 2794360 100
0003 2 2 1 RHOUR
CCC4 '11'B
0035 UA 7 4
0006 '0'B 96.5 2.
00C7 '1'B 99. 1.
0008 'l'B 99. 1.
0009 '11B 99. 1.
0010 'O'B 96.5 2.
)011 '@'B 99. 1.
0012 '1'B 99. 1.
0013 'I000000'B
0014 '00100001B
0015 'O000IO0'B
0016 'OOCO001'B
0017 UB 13 26
O0[d '0'B 96.5 2.
0019 'I'B 99. 1.
3020 'O'B 96.5 2.
0021 '1'B 99. 1.
0022 *0'B 96.5 2.
0023 9'1B 99. 1.
0024 O'0B 96.5 2.
0025 '1B 99. 1.
0026 '01B 96.5 2.
0027 Il '13 99. 1.
0028 '01B 96.5 2.
0029 1'1B 99. 1.
003C '04B 96.5 2.
0031 11000010000000'B
0032 11000001010000'B
0033 O1CO110000000' B
0034 O001011000000'B
0035 O000111O000000'B
0036 lOCO000O1011O0'B
0037 1000100110 000'B
0038 1000100100 100' B
0039 10 0010010000' B
0040 '01001001001I0'B
0041 '0100100100001'B
0042 'OIC0101010000'B
0043 '0010101010000B
0044 '00 10100110000' B
0045 '0010100 10 100' B
0046 '001000 0 100 01'B
0047 '0001101010000'B
0048 'OOCI100110000'B
0049 0001100100100'B
0050 '0001100100001'B
0051 'O0000O1001011' B
0052 '0100101001100'B
0053 '010010 LOO 1001B
0054 'O001010100 100'B
0055 '0100L01001001'B
0056 '0001101001 1O0'B
0057 SENDLIST
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*SPARCS*
S1MULATION PROGRAM FOR THE ANALYSIS OF THE RELIABILITY OF COMPLEX rYSTE4S

SYSTEM ICENTIFICAT ION SOFTWARE RELIABILITY - UNRELIABILITY COMPUTATION - R R BROWN AND LIPOW
NUMBE'R OF SIMULATICNS 20
NUMBER OF MODULES 2
NUMBER OF COMPONENTS 2
NUMBER OF PINIMAL PATHS I
TYPE OF ANALYSIS RELIABILITY

SPARCS :: EQUATION GENEkATION ROUTINE

THE 1 MINIMAL PATH FOR SYSTEM

<A.B>

NUMBER OF TERMS IN EQUATION: 1

R -RB

SYS A R

THE 4 MINIMAL CUTS FOR MODULE A

<1>
<3>
<5>
('7)

NUMBER OF TERMS IN EQUATION: 15

U - U + U - UU +U - UU - UU +UUU *U -UU -UU *U UU -UU + UUU ÷UUU - U UU U
A 1 3 13 5 15 35 135 7 17 37 137 5 7 1 5 7 3 5 7 1357

HISTORICAL INFORMATION FOR EACH COMPONENT IN MODULE A

COMPONENT TYPE SUCCESS (BETA) FAILURES PRIOR DISTRIBUTION
EQUIVALENT MISSIONS(GAMMAI MEAN

1 TIME-TO-FAILUREIGAMMA) 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 ATTRIBJTE(EETA) 99.00 1.00 0.980392

5 TIME-TO-FAILURE(GAMMA) 96.50 2.00 0.969851

6 ATTRI BTE(BETA) 99.00 1.00 0.980392

7 ATTRIBUTEIBETA) 99.00 1.00 0.980392

THE 26 MINIMAL CUTS FOR MODULE B
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1. 6>
<1.7.9>
<2.5,6>
<3.5.6>
<4. 5. 6>

<1 .5.8,9>
<1.5.8.11>
<1.5.8. 13>
<2.5.8 I.I>
<2.5.8,13>
<2.5. 7,S>
<3. 5. 7. 9>
<3.5.8,9>
<3.5.8.II>
<3. 5. 8. 13>
<4, 5. 7. 9>
<4,5.8 .9>
<4 .5.8 . 11>
<4.5.8,13>
<1.7.1 0.12. 13>
<2 .5.7. 10, I1>
<2.5.7.10.13>
<3,5.7, I0. 11>
<2. 5.7. 10. 13>
<4.5.7. 10.11>

NUPBER OF TERMS IN EQUATION: 421

U -U U I U U U - U 1 U U 7 U U U - U U U U + U U U - U U U U - U U U U 3 + U U U U U u U U - U U U U 6
B 16 1 79 1679 256 1256 356 1 356 2356 12356 4 56 1 456

-U U U U + U U U U U - LUUU U U U U + U U U U - U U U UUU U -U U U U -UU U

2 4 5 6 1 2 4 5 6 3 4 5 6 1 3 4 5 6 2 3 4 5 6 1 2 3 4 5 6 1 7 10 11 1 6 7 10 11 1 7 9

U U + U U U U U U + U U U U - U U U U U - U U U U U + U U U U U U + U U U U - U U U U U - UUU U7U8U

10 11 1 6 7 S 10 11 1 5 8 9 1 5 6 8 9 1 5 7 8 9 1 5 6 7 8 9 1 5 8 11 1 5 6 8 11 1 5 7 8 10

U + U U U U U U U + U UU U U U U - U U U U U U U U - U U U U U + U U U UU U + U U U U -U U UU

11 1 56 7 8 10 11 1 5 7 89 10 11 1 5 6 7 8 9 10 I 58 9 11 L 5 6 819 11 5 8 13 1 56

UU + U U U U U U - U U U U U + UUUUU U + U U U U U U - UUUUUU U U U UU5 *

813 1 58913 1 568913 1 58 11 13 1 568 11 13 15891113 15689 11 13 25811

+ U U U U U U - U U b U U - U U U UU UUUU U U U U U J - U U U UU + U U U U U U - U U U U

1256 811 2568 11 125811 25813 1256813 256813 12581113 1256

UU U - U U U U U - U U U U J + U U U U U U + U U U U + U J U U U U - U U U U U - U U U UU + U U

81113 12 5813 258 11 13 25681113 2579 125679 12579 25679 12

U U U U U - U U U U J U U U + U U U U U U U UUUU U U U U U U U U U U U + U U U U U U UU U

5 7 8 9 11 1 2 5 6 7 8 9 11 1 2 5 7 8 9 13 1 2 5 6 7 8 9 13 1 2 5 7 8 9 11 13 1 2 5 6 7 8 9 11 13

- U U U U UU + U UUU u UU U U U U U U + U U U U U U U UUUUUUU U +U*

2 5 7 8 9 11 2 5 6 7 8 9 11 2 5 7 8 9 13 2 5 6 7 8 9 13 2 5 7 8 9 11 13 2 5 6 7 8 9 11 13 3

UUU U U U U U U U - U U U U U + U U U U UU -U U U U U U U - U U U U U - U U U UU + U U U U U U U U

579 135679 1 357 9 235679 1235679 3 5679 23579 123579 35

22



UU +UUUUUU + UUU UUU -UUUUuUU -UUUuu -uuuuu - uU uuuuuu + uuuuuuUu

89 135689 135789 1356789 35689 13589 123578911 1235678

UU - LUUU LUUU + UUUUUUUUU +UU UUUUUU U - UUUUU UUUU U +UUUUUUU U

9 11 1 2 3 5 7 8 9 13 1 2 3 5 6 7 8 9 13 1 2 3 5 7 8 9 11 13 1 2 3 5 6 7 8 9 11 13 2 3 5 7 8 9 11

-UuUUUUUu u UU UUUU U - UUUUUUUU - UuUUUUU U * UUUUUUUU U - UUUU*

2 3 5 6 7 8 9 11 2 3 5 7 8 9 13 2 3 5 6 7 8 9 13 2 3 5 7 8 9 11 13 2 3 5 6 7 8 9 11 13 3 5 7 8

U *UUUUUU +U UUU +UUUUUU * U uUUUU -uUUU uUU -UUUUU +UUUUUU -U*

9 3 5 6 7 8 9 3 5 8 11 1 3 5 6 8 11 2 3 5 6 8 11 1 2 3 5 6 8 11 .3 5 6 8 11 1 3 5 8 9 11 1

UUUUUU - LUUUU -UUUUU + UUUUU U -UUUUU +UUUUU U +U + UUUUUU

3 5 6 8 9 11 1 3 5 8 11 2 3 5 8 11 1 2 3 5 8 11 3 5 8 9 11 3 5 6 8 9 11 3 5 8 13 1 3 5 6 8 13

+ UUUUU - U uLU UUU -UUUU UU UUUUuu -UUUUUUU +UUUUU U -UUUUUU •

2 3 5 6 8 13 1 2 3 5 6 8 13 3 5 6 8 13 1 3 5 8 9 13 1 3 5 6 8 9 13 1 3 5 8 11 13 1 3 5 6 8 11

U -uUUUUU U U U UUUU UU U - UUUU U * UUUUU U U÷UUU UUU U -UUUUUU U

13 1 3 5 8 9 11 13 1 3 5 6 8 9 11 13 1 3 5 8 13 23 5-8 11 13 1 2 3 5 6 8 11 13 2 3 5 68 11 13

-uuUUUU U - UUUUU + UUUUUU -UUU UU +UUUUUU -UUUU U UUUUU U U +U*

1 2 3 5 8 11 13 2 3 5 8 13 1 2 3 5 8 13 3 5 8 9 13 3 5 6 8 9 13 3 5 8 11 13 3 5 6 8 11 13 3

UUUU U - UUUU UU U ÷ UUUU ÷ UUUUUU -UUUUU ÷UUUUU U -UUUUUUU + UUUU•

5891113 356891113 4579 145679 14579 245679 1245679 3456

U U - U U U UU U U - U U UUU UU +U U UU U U UU -UU U UU - U U U UU + U U U U U U - U U U U U+ US

79 1345679 2345679 12345679 45679 24579 124579 34579 1

UUUUU +UUUUUU -UUUUUUU *UUUU ÷UUUUUU GUUUUUU -UUUUUUU *UUUUU*

34579 234579 1234579 4589 145689 145789 1456789 34568

U -UUUUUUU -UUUUU -LUUUU - UUU UUUUU +UU UUUUUUU - UUUUUUUU +UUU

9 1 3 4 5 6 8 9 4 5 6 8 9 1 4 5 8 9 1 2 4 5 7 8 9 11 1 2 4 5 6 7 8 9 11 1 2 4 5 7 8 9 13 1 2

UUUU UUU +UUUUUUUU U -UUUUUUUUU U *UUJ UUUU -UUUUUUUU +UUUUU4-

4 5 6 7 8 9 13 1 2 4 5 7 8 9 11 13 1 2 4 5 6 7 8 9 11 13 2 4 5 7 8 9 11 2 4 5 6 7 8 9 11 24 5 7 8

UU - IUUU UUUU -UUUUUU U U +UUUUUUUU U + UUUUUU ÷ UUU UUUUU - UUUUU

9 13 2 4 5 6 7 8 9 13 2 4 5 7 8 9 11 13 2 4 5 6 7 8 9 11 13 3 4 5 7 8 9 1 3 4 5 6 7 8 9 1 3 4 5

UUU -UUUUUU U -U UU UU + UUUUUUU U +UIUUU4UUU UUUUUUUU6UU + uu4u5uuu
7 89 3 45 67 89 345 8 9 1 3 458 9 1 23 4 57 8911 1 2 3 456 78 911 123 4 57 8

UU -LUUU UUUUUU - UUUUUUUUU u + UUUUUUU UUU U -UUUUUUUU +UUUUU u

9 13 1 2 3 4 5 6 7 8 9 13 1 2 3 4 5 7 8 9 11 13 1 2 3 4 5 6 7 8 9 11 13 2 3 4 5 7 8 9 11 2 3 4 5 5

UUUU - UU UUUUUU 4 UUUUUU UUU + UUUUUUUU U -UUUUUUUUU U - UUUUU +U*

7 8 9 11 2 3 4 5 7 8 9 13 2 3 4 5 6 7 8 9 13 2 3 4 5 7 8 9 11 13 2 3 4 5 6 7 8 9 11 13 4 5 7 8 9 4

UUUUU UUUU U UUUUU U UUUUUU -UUUUUUU +UUUUUU - UUUUUUU -UU*

5 6 7 8 9 4 5 8 11 1 4 5 6 8 11 2 4 5 6 8 11 1 2 4 5 6 8 11 3 4 5 6 8 11 1 3 4 5 6 8 11 2 3

ULUUU +U UU UU UU U -UUUUU +U UU UU U - UUUU UUU - UU UUU -UUUUU +UUU

4 5 6 8 11 1 2 3 4 5 6 8 11 4 5 6 8 11 1 4 5 8 9 11 4 5 6 8 9 11 1 4 5 8 11 2 4 5 8 11 1 2

UUUU +UU UUUU +UUUUUUUU -UUUUUUU -UUUUUUU -UUUUU +UUUUUU e+U*

4 5 8 11 3 4 5 8 9 11 1 3 4 5 6 8 9 11 3 4 5 6 8 9 11 1 3 4 5 8 9 11 3 4 5 8 11 1 3 4 5 8 11 2
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u uuuu - u u u uuuu - uU uU u + UU U U ÷ U + u u u UU UUUU + UUUUUU -uuuuU
3 4 5 8 11 1 2 3 4 5 8 11 4 5 8 9 11 4 5 6 8 9 11 4 5 8 13 1 4 5 6 8 13 2 4 5 6 8 13 1 2 4 5

uuu + UUU UUU - u u uuuuu -uUu uU U + uUUu uuu - u u u uu U U UUUU -U'

6 8 13 3 4 5 6 8 13 1 3 4 5 6 8 13 2 3 4 5 6 8 13 1 2 3 4 5 6 8 13 4 5 6 8 13 1 4 5 8 9 13 1

UUU U L U + LUUU UU -u uU u uu U -U UUU UU U +UU UUU U U U - UUUUU + UUUU'
4 5 6 8 9 13 1 4 5 8 11 13 1 4 5 6 8 11 13 1 4 5 8 9 11 13 1 4 5 6 8 9 11 13 1 4 5 8 13 2 4 5 8

U U * UUUUUU U U -U UUUU U U - UUU UUU U - UU UUU +UUUUUU U UUUUUU U U+ *

11 13 1 2 4 5 6 8 11 13 2 4 5 6 8 11 13 1 2 4 5 8 11 13 2 4 5 8 13 1 2 4 5 8 13 3 4 5 8 9 13 1

UUUuUUU -UUUUuuu - UUUUUUU + UUUUU U + UUUUUUU U +UUUUUUU U -U*

3 4 5 6 8 9 13 3 4 5 6 8 9 13 1 3 4 5 8 9 13 3 4 5 8 11 13 1 3 4 5 6 8 11 13 2 3 4 5 6 8 I 13 1

UUUUUUU U - U UU ,U U U + UUUUUUU U - U UUU UUU U -UUUUUU U - UUUUU*

2 3 4 5 6 8 11 13 3 4 5 6 8 11 13 1 3 4 5 8 9 11 13 1 3 4 5 6 8 9 11 13 1 3 4 5 8 11 13 2 3 4 5 8

U U + UUU UU U U U -U UU UU U U *U UU UU U U u - U UUU U + UUUUUU U UUUUUU

11 13 1 2 3 4 5 8 11 13 3 4 5 8 9 11 13 3 4 5 6 b 9 11 13 3 4 5 8 13 1 3 4 5 8 13 2 3 4 5 8 13

- UUUUUU U - U UU UU + UU U U UU - u J UU U + U UU U U U + UUUU U U -UUUUUU *

1 2 3 4 5 8 13 4 5 8 9 13 4 5 6 8 9 13 4 5 8 11 13 4 5 6 8 11 13 4 5 8 9 11 13 4 5 f 8 9 11

U U UU J U -UU U U U U - U U v U U U + U U U U U U U - UU U U U U +U U UU U U U
13 1 7 10 12 13 1 6 7 10 12 13 1 7 9 10 12 13 1 6 7 9 10 12 13 1 7 10 11 12 13 L 6 7 10 11 12 13

UU U U U U U U - U U U U U U U U + U U U U U U U U - U U UU U U U U U + U U U U U U U U
1 7 9 10 11 12 13 1 6 7 9 10 11 12 13 1 5 7 8 9 10 12 13 1 5 6 7 8 9 10 12 13 1 5 7 8 10 11 12 13

-U UU U U U L U U - UUUU U U U U UU UUU U U U - U U + UUUUUU
1 5 6 7 8 10 11 12 13 1 5 7 8 9 10 11 12 13 1 5 6 7 8 9 10 11 12 13 1 5 7 8 10 12 13 1 5 6 7 8 10

U U * UUU U *UUUUUU U +UUUUUU U - UUU UU U U U - UUUUU U -UUUUU U u
12 13 2 5 7 10 11 1 2 5 6 7 10 11 1 2 5 7 9 10 11 1 2 5 6 7 9 10 11 2 5 6 7 10 11 1 2 5 7 10 11

-UUUUUU U U * UU UU UUUU U +UU UU U U U - UUU UUU U U -UU UUU U U UU UU '
1 2 5 7 8 9 10 11 1 2 5 6 7 8 9 10 11 1 2 5 7 8 10 11 1 2 5 6 7 8 10 11 2 5 7 8 LO 11 2 5 6 7 8

U U - U U U U U + u U U U U U U U *UUUU U U - U U U U U U U U - U U UU U U U+ UUTU8U *o

10 11 2 5 7 9 10 11 2 5 6 7 9 10 II 2 5 7 8 9 10 11 2 5 6 7 8 9 10 11 2 5 6 7 10 13 2 5 7 8 10

U U -UUU UUU U U - UU UU U U U UU UU U U -UU UUU U + UUUUUU U - U LUUUU
11 13 2 5 6 7 8 10 11 13 2 5 7 8 10 13 2 5 6 7 8 10 13 2 5 7 9 10 13 2 5 5 7 9 10 13 2 5 7 8 9

U U U + U UUU U U U U U UUUUUU U - UU U UU UU U - UUUU U U U + UU UUU U U U
10 11 13 2 5 6 7 8 9 10 11 13 2 5 7 8 9 10 13 2 5 6 7 8 9 13 13 1 2 5 7 10 12 13 1 2 5 6 7 10 12 13

4UUUUU U U U - UU UU UU U U +UUUUU U U U - U UU UUU U U U -U UU U UU U *

1 2 5 7 9 10 12 13 1 2 5 6 7 9 10 12 13 1 2 5 7 10 11 12 13 1 2 5 6 7 10 11 12 13 1 2 5 7 9 10 11

U U + U UU U U U U U U - U UUU U UU U U + U U UU UJ U U U U - U UU U U U U U U + U*

12 13 1 2 5 6 7 9 13 11 12 13 1 2 5 7 8 9 10 12 13 1 2 5 6 7 6 9 10 12 13 1 2 5 7 8 10 11 12 13 1

U U U U U U U L U + U L U U UU UU U U U - UUU U U U U U u U U + U U U U UU U U - U UU U U*
2 5 6 7 8 10 11 12 13 1 2 5 7 8 9 10 11 12 13 1 2 5 6 7 8 9 10 11 12 13 1 2 5 7 8 10 12 13 1 2 5 6 7

U U U U - U L U U U U + U U UUU U U U + U U U U U O - U U U U U U U UU+ U U U U O + U *UU

8 10 12 13 2 5 7 10 11 13 2 5 6 7 10 11 13 2 5 7 9 10 11 13 2 5 6 7 9 10 11 13 3 5 7 10 11 1 3

24



UuUU U + UUUUUU U -UUU UUUU U 5 UUUUUU U - UUUUU UU U -UUUUU U -U2

5 6 7 10 11 1 3 5 7 9 10 11 1 3 5 6 7 9 10 11 2 3 5 6 7 10 11 1 2 3 5 6 7 10 11 3 5 6 7 10 11 1

UUUU U - UUU UUU U UUUU UUU U U UUUUUU U -UUUUUUU U 
5UU 

U UU U U 
1

3 5 7 10 11 1 3 5 7 B 9 10 11 1 3 56 7 8 9 10 135 8 0 11 12 3 5 6 7 8 0 11 2 3 5 7 8 10 11

,UUUUUUUU U - U UUUUUU U - UUUUUUU U UUUUUU U 1UU U UUUUU U - UU*

S2 3 5 6 1 8 1 0 211 2 3 53 6 7 B 10 11 1 2 3 5 7 B 10 1 5 7 910 11 1 23 5 6 910 11 1 2

UUU U U 6 - UU UUU UU U U UUUUUUU U -UUUUU UUU U 7- 
UUUUUUU U ÷UUU0

3 5 9 10 11 I 2 3 5 6 7 9 10 11 1U 2 3 5 7 89 10 11 12 3I54 5 6 7 9 10 11 213 5 7 8 9 10 1 2 3 55

UUUUU U -UU UUU U 5UUUUUU U +UUUUUU U - UUUUUUU U -UUUUU U 
5UU4

6 7 89 10 11 3 5 7 9 10 11 3 5 6 7 9 10 11 3 5 1 8 9 10 11 3 5 6 7 89 10 11 3 5 7 8 10 9 315

UUUU U -UUU UU U + UUUUUU U * UUUU U +UUU U U ÷ UUUUUU U ÷UUU UU U *

6 78 10 11 2 3 5 1 10 11 1 2 3 5 7 10 11 2 5 7 10 13 4U 5 1 0 11 U 4 5 6 10 11 1 4 5 7 9 10

U -U UUUU7 9 U U UUUUUU U U - UU UUUUU 7 U U UUU UU U -UUUUUUU U UUU *

S3 4 5 6 7 9 10 11I 2 4 5 6 7 10 11 I 2 457 4 10 11 3 4 5 6 7 10 11 3 4 5 6 7 0 11 234

UUUU U UU UUUUUU LU U - UUUUU 2 -UU UUU U - UUU UUUU U 6 UUU UUU U U U 3*

5 6 7 10 11 1 23 41 5 I U 10 U 1 4 5 6 7 10 11 1 4 5 7 10 4 5 7 8 9 10 1 1 4 5 6 7 8 90 11

U UUUUUU U -UUU UUUU U +UU UUUU U + UUU UU UUU U -UUUU UUU U -UUU UU

1 4 5 7 8 10 11 1 4 5 6 7 8 10 11 2 4 5 7 8 10 11 1 2 4 5 6 7 8 10 11 2 4 5 6 7 8 10 11 1 2 4 5

UU U U U UUUU U ,UUUUUUUU U -UUUUUUU U UUU U UU UU
78 10 11 2 457 9 10 11 1 2 45 6 179 1011 1 2 45 79 10 11 245 6 79 10 11 1 2 4 5 78 910

U -U UUUU LUU U U -uUU UUUUU U +U UU UUUUU U +UUUUUU UI ÷UU UUUU UU U *

11 12 45 67 8 910 11 2 45718 910 11 2 45 6 768910 11 3 4 57 910 11 1 3 45 679 10 11

- UIUUUU U U ÷ UU UU UUUU U -UUUUUUUUU U - UUUUUUU U - tjUUUU U U ÷+U*

2 3 4 5 7 10 11 2 3 4 5 67 910 11 3456 91011 3456791011 2345791011

UUUU UUU U - UUU UUU U U -U UUU UU UUU U ,UU UUU UUU U ÷ UUUU UUUU U -U *

23457C 9 0 1 345789 1 1 13456789 1011 1 345789 10F11 34 5678N9 10 11

U jUU UUUU U +UU UU UU UU UU U + UUUU UUUU U - UUUUUUUUU U +UUUUUU U

2 3 4 5 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11 2 3 4 5 7 8 9 10 11 2 3 4 5 6 7 8 9 10 11 3 4 5 1 8 10 11

÷UUUUUUUU U U UUU UUU U U - UUUUUUUUU U -UU UU UUU U -UU UU UUU U *

1 3 4 6 7 8 10 11 2 3 4 5 6 7 8 10 11 1 2 3 4 5 6 1 8 10 11 3 4 5 6 7 8 10 11 1 3 4 5 7 8 10 11

- UUUUUU U U * UU UU UUUU U -UUUU U U ÷UUUU UU U ÷UUUU UU U - UU UUUU¢

2 3 4 5 7 8 10 11 1 2 3 4 5 7 8 10 11 4 5 7 9 10 11 4 5 6 7 9 10 11 4 5 7 8 9 10 11 4 5 6 7 8 9

U U - UUUUU U +-UUUUU U U -UUUUU U ÷UUUUU U U - U UUUU U * UUUUUU U

10 11 4 57 8 10 1I 4 56 78 10 11 2457 1I0 11 1 2 457 1I0 11 3 45 7 10 11 1 3 4 7 10 11

* UUUUUU U -UUU UUUU U
2 3 451710 11 1 2 3 45110 11

HISTORICAL INFORMATI0N FOR EACH COMPONENT IN MODULE B

COMPONENT TYPE SUCCESS (BETA) FAILURES PRIOR DISTRIBUTION

EOUIVALENT MISSIONSIGAMMA) MEAN

1 TIME-T0-FAILUREIGAM4AI 96.50 2.00 0.969851

2 ATTRIEUTEIBETA) 99.00 1.00 0.980392

3 TIME-TO-FAILURE(GAMMA) 96.50 2.00 0.969851

4 ATTR I BUTE I BE TA ) 99.00 1.00 0.980392

5 TIME-TO-FAILURE(GAMMA) 96.50 2.00 0.969851

6 ATTRIBUTE(BETA) 99.00 1.00 0.980392

7 TIME-TO-FAILUJEIGAMMA1 96.50 2.00 0.969851

8 ATT R I'FUT E (E ETA ) 99.00 1.00 0.980392

9 TIME- O-FAILURE I GAMMA) 96.50 2.00 0.969851

10 ATTR I BJT E ( BETA ) 99.00 1.00 0.980392

11 TIME-IO-FAILUREIGAMMA) 96.50 2.00 0.969851

12 ATTRIBUTE(BETA) 99.00 1.00 0.980392

13 TIME-TO-FAILURE(GAMMA) 96.50 2.00 0.969851
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SPARCS :: SYSTEM SIMULATIEN RCUTINE

SYSTEM RELIABILITY CALCULATED FROM MEAN COMPONENT RELIABILITIES IS 0.903486; SYSTEM UNRELIABILITY IS 0.096514

AVERAGE SYSTEM RELIABILITY FROM 20 1MONTE CARLO TRIALS IS 0.909538 ; AVERAGE SYSTEM UNRELIABILTY IS 0.0904t2

VARIANCE 0.000625

STANDARD DEVIATICF 0.024996

TVE MISSION TIME IS 100.000 K3UR

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

T1E ESTIMATED SYSTEM MTdF BASED UPON MEAN SYSTEM RELIABILITY 20 MONTE CARLO TRIALS IS 1.05464673E+03

PELIABILITY MTBF
PERCENTILE PERCENTILE PERCENTILE

PINTS P.OINTS

5.0 PERCENT 0.863285 6.80221680E+02 HOUR

10.0 PERCENT C.874934 7.48464844E+02 HOUR

20.0 PERCENT 0.889750 8.56057129E+02 HOUR

25.0 PERCENT 0.893619 8.89078657E+02 HOUR

50.0 PERCENT 0.908336 1.04013916E+03 HOUR

75.0 PERCENT 0.927487 1.32843164E+03 HOUR

80.0 PERCENT 0.929598 1.36979785E+03 HOUR

90.0 PERCENT 0.943086 1.70660B40E+03 HOUR

95.0 PERCENT C.948863 1.9050d5698E03 HOUR

97.5 PERCENT 0.951640 2.01741943E+03 HOUR

99.0 PERCENT 0.953307 2.09123511E+03 HOUR

It is both interesting and instructive to compare the results of the

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. For both problems, percentiles below the 80th are very close to

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

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

these differences do not seem to be excessive. Even closer results

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

The operating instructions for the SPARCS-2 program included in this

manual are specific for the IBM series 370/158 (NVS 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-column control cards are

shown split in half.

SSTATEMENT Z0 NUBE_ ] FORTRAN S

II-

2 3I 2 2 2?.23 2 -23 • 29 2.23 21 :2 ? 22 -: 23 9. 3": 2•, 2• ,

.L/SUjJC 1__- A -ý

I E ._c_ _A-,_:Pk~ ~ P ]7 '. b P P _ P.0 c•,1_

E C .P L 
, 

fLG M PLr AX RLG 6

PtI= EI I ___

* D

L i -. __ _
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Where: "nnnnn" is a five-digit account number.

"sss-ss-ssss" is your social security number.

"AG, A, X" are the options usually run with the source desk
to aid in diagnostics and debugging. Specifying these options
generates additional printout information about the source
desk. 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. The options available may
vary from one computer center to another.

Instructions for Using Load Module

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. The

following desk structure stores the program on the disk.

SNUNS:• FORTRAN STATEMENT
_ 3 4 2" 2 3 24 '5 27 :3 29 3 3 1 2 33 3 -1 .5 26 3 7 2 , 8 42 43 4A

- , V4 S - .-

// .. .. _ _ _ _ _ _ _ _ _____

4--- I __k__r_ _Ac

_ _ x_ K ___ __< __

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/I program and subroutines and store them in the library designated

OSU. ACTXXXXX. SPARCS under the name SPARCS-2.

STATEMENT FORTRAN ST)

I 2 3 4 5 1 7 8 9 3 Dl 1 - 3 !` 15 i. I' 1 9 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34• 35 36 27 3,, 39 do -I

P 2_1L YL-C esZI-

/P LE. S I ilm 'D bd~11 S~11~LB1?2 H -11

;~ ~ r ,.1 rPDecý . >~-

LI, L Syli' :1 bOJAM 05,1. CT XXXY IJ'

, .I , , [i i

PC's.5 L i.T"=111 irr•;nAAQo Of LVED Cazrd); i i

JI SL1'I _ _ __, L+, , I,

//Lk- IN IDI<

1, E I, ;•IEMN -

/;' iFf TFi FITi i~fTl

The following deck structure executes the stored SPARCS-2 program from

the disk library.

SNUMBER 0 FORTRAN STATEMENT

I 2 3 4 q9 0 10 1 2 1 3 1-' ' 5 16 1- 18 19 2) 21 22 73 24 25 26 27 28 29 X2 31 32 33 34 35 36 37 Z8 39 do 41 42 43 44 4- A6 ,

t , I . . . . I : I i i__a ______(S iI
- LL • ~ fl t : SL irX K!I S',hSL

_____ ; L_ •
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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.

MTBF: 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 substituted
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).

Poincard'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

pt/l OPTIIZN1 COMILLER S.3U)S20 PK 1 OPTION IMAINII PACE

SOURCE LISTIMC

STAY

SPARCS2I 0OC OTrICtS sAit); 0000O0D1

............. . ..... ... . ......t.t. . .. . 00000030

it SPANCS1I ISINULATION PROGRAM FOB ASSESSING THE RELIABILITIES OF 0/000000So
I1 COMPLEX SYSTEM - VERSION I11 IS A SYSTEM OF PL/I PROCEWUES TO */000000 &0

ASSESS IPROVIDE INTERVAL ESTIMATES FORT THE RELIARILITY 6 NTNF OF */OO000D7
i A CoYR XIE T SESTEM OF ANT LOGICAL C/IFIG/0ATIAN. TOE COTITONENS CAN */000000 0

ISE I0IE0'0A ATTRIOATE OR IIHE-T1-FAILU.EITTFIf IT I NO REGTRICTION */A0000...
TO THI PLACEAENT. BATEY SAN ATI0TVIE CALO TECINIAQUES ARE * 0000010

iS EALOY00. 1NPUT5 ARE --NIMAL STATES E3H ST STEM ANo ITS OH/LES -U*b00000LO
IA ANO CLPONENT FAILURT-VIST HATA. MINIMAL STATES AEE RIR P '0. 00OOOIAO
iF PARS. E3R 'RELIABILITY- ANALY S 0 l CUTS FOR t/00000130
t lUNRIELIAOILIVM' ANALYSIS. OUTAUT IS A S4*50,, E OF SYSTEM */VO.OO.O0

R ELIABILITy , 00 I TTD F VALUES AND ASSOCIATED CHNFIENCE LEVELS. */O0OO0HSO
iA F Mo A*LySIS IS OPTIONAL. FOR EACH CQA0CNENT. THE RAW DAT0 ARE */00001O60

1 ROPER IENCE" MAILURHE 0KISRIEIS ACCJLATTO SUCCESSES 020 F&ILLRES */000007ITO
A FH TTEBIBOTES. IOPEO[EACHO MESTItG TIME IN0RALIZEO TO MISSICO H.00HO.0
it RAHIYRENT UNITS) NoA FIt LIES FA YTF CHPONENTS. TO SYSTEM *0 OOOO90
P CAN CONSIS5T OF A CLPLEX COVE 1U000010 0$ UP FA ICU HOATHES. EACH flO0000200
Is MODULE BEING A LCAPLEX CONAFIURTION YE /E TA 12A .A=ONEMTS. ./Hoooo210
I- MO/ULEA dITV MINIMAL-PATS AELIABALITY ANALYSIS CAR OPTIONALLY BE /000H0OZZO

0 IMNTERMIXED AITI PDOHLES HAVING MINIYLCHIt UL4 EL IAILIT, /0000230
It CALCULATIDOS. T01 SYSTOEM CAN CPTIONALLY ME A CLNEIGOTATIY OF -/OA2'D

I lITtER 010100 P0100 AR MIMIMAL LI/ES IN YHE MODULES. OUTT 1F IS /0000V0so
ALWAYM STAN"ARA" IEO TA SYSTEM TELIAILITY A No ALGSO TSF IE REEUES-e/0000026V

it TED. AEFTULT L&BELLING IS EIPLnVTO FLAb COGOAT ENTS AND MODULES IS l07 050070
TCE PMAI3/IL IT' EIHATIIN. COAMPONENTS AER MU'""E0REO SUCCESSIVELY */OOOOOB0O

IA E, ... 1.2 .. ROT UtE S ARE SEATiNCEO ALINAINUMEAICALLY A.0.C. ... -/0000290
it. &L.501.....I I.A-Z, A... - AS..9.• Z 3 . A.B•....- .X :0OO00000

t IAFERMCESA *01.000320
it 0.0.L40,%. %NMTE CARLO NATESIA NYSMTER MELIABILITY E -Oto00330M
P M~l. CONFIDENCE asSESSMEVT. TECRIILL */T00-00UA

REFOMT AFH0--R-l-Y 4. AIR EORCE FLIGHT M/A0000'O
I ONMIAMICS LABAORAYOY. AIR FOOLE SYSTERS .A0V00H0G"

C D A R0o. WEIG HT PATTERSIO AIR FORCE BASE. 1/00000070

I BSYS. 110HVo" 3 1t. L(]CK$GS. OELItBILTY.MAINTAI ABILITY. C AVAILASILITY0/AO000A00
IASSr•ESSMENT.. 000A IS yA LA.. 1000. *1000L0400

i A.N.LRE. BEJELTI', METoOOOS FR GENEATING RAN30M -/OOOA.GIM

a E IATES C THEIR .EPL ICAT TONG IN YSTIEM A0.0000.20
R ItELIABIL IT`. MASTEAWS IMESIS. COMPUTING 1 /0O0000430

/INFAMATI3N SC-IENCES. 3.S.A.. 1977. S.OH00G00
J..V.CB.EY. SIMULATION FNOAORt EON ASSESSING TAT */VOOHAGMOO

I. aELIANIIOTY OF CAMPLTE SYSTEMS ISPARCLSI. tO0000OA6

PLiZ OPTIMIZII COOPILE SPAMCSZ. P0OC OPTIONS IBAIMII PAGE

STAY

i• HP.O. THESIS. 0 LAMO1A STATE UNIVERSITY. 1000004oO
IA Ir/A. */oooooSBo

it JP.CNOL:N. ANP-••F ALIT NISTRIBUTED PSEUO, - 00.000..00
IA mN0000 IAUMHEH$.D ANT/`L "SVEO OALUYEIT. VOAVO0SHO0/E IET O CARPUITING L INfOROATION SCIENCT- M/00000Ato

t OKLANA STAT UNIOERSITy.. 170. */VAO0OS/O
S JL. IUAIMS. MODEL FOR TOE ANALSIS OF IROMA.ILIIIET *1OO30005O

OF SYSTEMS IMAPSI. ABA RESETOCL REPORT. 0/O0051S.0Al ONLOJAIONA STATE UNIVERSITY. 1972. H/O000055O
IA SAEOOOOOSA0

/MPROCEDURE NAMES USED. -/0 000560it *iOAOOONOS

/0 141At0 1 COMPUTES LOG OF ZAIKAM FUNCTION. AG0000600
IA CArA GENERATES ETA 00 VIATES. P/00006to

IA CAFVTE a CALCULATES ROHULE OR SYSTEM 6/OOOO0S;
ERLIASILITY OR UAHELIASILITY. 0/000H00 0

JR AAGE. 0 COAPkTTES CFP/ONSENT PRIOR I/O.0-oR0O
/0 DISYRIRTIC MEAN RELIABILITIES. */OOOOOASO

ED 0000)0 0 GENERATES PEONABILITY EAUHTISVS. /1000A0/ 0
ERPUJ I P...IS OM0 PRJMAOILITY EHUATIONS. .O0OOO-7

i G CAUSE A GENERATES A0.1 A NOTAL DEVIATES. MYOOHOOOt0
it •IVLINE 0 POINTS OUT SYSTEM IOeNTIFIC1 TION. -/000HHVO

SN A PRINTs OUR FAILURE-AISOARI H RT 000 H/oooOO
it COYPO.ENTS AND PI00 MEANS. /00001,10o

IR PMUTTI ;..I4 B REAOS INPUT DATA. */0OHOAT/
AOE-L CONPATES HEAN CLMPONENT RELIABILITIES:./OOOT0A30

it FROM FAILUAE-HISTORY DATA. MYVOHOOVSOS0A0F e GENTAAESI S uYIEOE PSEUOAAA004 H/OOOOTSO
1A NEVI AYES. E/0000007O
i N RH/AbA I AEREBATES G.ANA OTVlATES. ./00000770

SAORT I PERAOR" S 0"fELLA SOME. :/0000010O
STAT s CO HPUTES AAD POINTS A ANO 00RF /OOOOH70O

IA OVEAIES. 0ARIAN•E0 $ PERCENTILES. 1OO00BV0
.
t
iOOOOO:OT

it M/A00000820

/I INPUT VARIABLESA ./ooooo0Y0
LO &TYPE - FLAG INOICATINC RELIABILITY OR ,00000M0

/M AREL IAILITY LO.P/VToR T ON10.0"450
I [INPT - BI.ARTy VECTOS FOR INIMAL PATH -/00OO006O
it NAAG -- SEED RAMSNY TAML GEDEHAT TOM /0000ayO
i RA - LTEM OF CO AOONrS TN SYSTEN A/1ooUooa0/t 0000 - 91u00 OFR MANGLuE S II SYSOOM MYOAOOOAA

1. NPOO. NA R. •00 MI.IAMAL STATES IN SYSTE f toooo0
0
90o

i. $100uN - NAREU BE SI,%JLATIONS TO BE PEEFOHMEO /1H00H-t.O
I SID SYSI - EA IOE1 TI FtLATI/RN .,0oAoHAZO
Ilt, - M ISION FlHE 1/oooooaMo
MNIT - TIME M)IT .000 / 0A.40
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PAil OPYIMIZINC COMILER SPAECS21 PROC OPTIONS I.AINIS PAEME

E *SYSTEM WITHOMUT "SMILES I*ETOOOOlMT

CN AT& MBMEMA CoLUMN DESCRIPTIONS I.Do IOto
/AS SIT OF C4MDS IOSIT: TI!.. *E LazoTZ

I* FIRTS I I soN ALRINANUME RIC SYSTEM IDENTIFICATIONI. *ETOTOIMS
EM .,OUoIOST~

sEM 5O0M I 1 4 SlUMME or MOIT CARLO TRIAMLS. -/00001060
S-IS STEME TAL-U FOE MA . ' o:U S.6EA~ *TOUTTIOT

i's MGENERATION IMJST BE SO- oER *OoMI8U
PO MSIT EVE TMTEGEA. L..0 E.OM1. TI M :1/000L.O9T

iM IIIO SYSTEM MISSION TIME IMETTOMALI. o*TOOIAIM

I: THIRD 3 INLHOEMIC ZETO DETTUTESNSNOý MUEI. *o oooIIMU

EN M N E MMEMOF` SSTM TIMA TTS EOTUIAT
012~I SRETUMOATMO TA

&4 A FOR SYSTEM RELIABILITY. U FOT IoooOUIITM
ENSYSTEM UMRELTAMILITY%1.AEI *E~oooIAMMJM ~ i IS -s EM TSSO MIE UNITS ALUMEI *EOMIfAM IOT INIL. 3 O/OUoIZMT

I- POUTTO N FREE vOE'IUT I rEMI! OD'2 TOE ;-M ITIME-rO-, *iooOUIZ

I'M ISU1` ESS-F -IL.UMFI. MUISOaEMITEtNZI k MME BEAO MI $51001 IGANMORI /00 , NEUOOOI
SUCCESSES MCETLAI.. ./UTTUIZMO

EMITETNI -f.tE P FA LUTES -I..UoU12,

FRE -OGT E"CT1:S 1XMU IIA'001.1'S i'U" o /0oUA29

EN OMFUMLTTS IN TME MINIOM ; TATE A.E *I.O'OUIOol
ItM MESYM ED .A. cONT.OMTsS NUT IN ElOUooUZM

MINIAL STATE MY 0. /00UU3133.
/0 .,01101310

.,a *i0'aO 3A5 UENE.MNELl MEO/UMAMSM

'T CARO M -1- SO 01 5 I'Mo MEMUMAS
EN 1' ISM 3. TEMaMAM

PN.EI OPTIIMIZIN COMET LET SPAMOZ EMOC OTIONS IMMINJA PMMO

SBY

aN 0 MZ ENU L mPMT - TW MtISTNUL PATH SYSTEM I*EOMOEA.TO

A- SM YSTEM MIEH MOOTLES N'.. 1 5M1ETI

OILEMO W.JMM1 co'-M IN SCRTMTION . I Oa 1115M"INSE OP 1A1. PDSI TINM tEO Ta a 5O

IN FIRTI I I - Ao ALMMANEIMTC SYSTEM IOE.TIMICET 101. MEM.OOTI10T

sENEcOMO) I I - 4 71"a"E MF '5fTE CARLO TRIAL S. *EMOTAMNM.

N MEEA IO MUT SEA .UM-IERO -EOOOUA
EN MMIVTE IST-ECO. E- IND E-0N1. FT M TU-O"1M2M

I: EMUMELE. 2005152z . *EUMoU 1630
EM 1. - zT SYSTEM MISSIOI TIME IDETIOMELI). 'ETOUIMS64

EN IR I M - 3 MATTER Or MODPULETS IS SYSTEM.i<21 AZOTUMýISMO

I:M L7 - =MNEER ME MINIMAL tSTATESISYSTESTEM .EOMO1MQo

i'. a5 FMR SYSTEM RELIUMILITT. II FDA *EUOoUT1TI
S, SSTEM LMf.MELIILITI. 'EUMUo * iz

IN is -s MM ISSTOM TIME -NITS. ALPHARETIC M/00001730
/AM OFET OkAL). /Eoooo 17O

EN FokUREM FREE FOETAT jSSTE1 NITNE STATES AS UIT !11"GMM oo IEM1MUIM
EI N AUC T TINIM. STMCE AR ON..E -'OUUUITAD

IT M I. MODUILES HOT IM MINIMMAC STATE *EMUUOIT~O

ENFIFTH a R FOR MODULE MEL ASICITT. U lOT *EOOUTINU

ENDa"LE ".MELII..L... Ty . OME.MSO
EN z I K MC E IOEITI ICUTI UN. AL-MMAMETI C. -/3U0O164o

EN.E -EN MUMER OE COTRUNENTS IN MOD-IN4191- MMI 1850UOSEN MM -BE ON MATS IMI MAC STATES IT MAODLE EOU000-6M

EI L1M ETMMA TEMT1'O S TOT 48MM .. I!'tIMeT6_T0 *EOOUULMM'o

ENISUCCESS -FAILUREI. 'EUaU 0
SMEMAS NOTATE OF MISU RIAM I T EMMaYZOý

ENm $ IUC SS.ESIRTA IToaoOIMM0
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P1./I OPTIMIZING COMPILER SWAMCS2I POC OPTIONS ~MAIM) PAU 4

ST.r

2. ~~~ITEMS) MUKIMER OF FAILURES. MAOIC

PSIEVERTIA FREE PCANMA K MODULE M1INIAL STATES AS A STMASHGO */ODAAAMC

OP SINA') N-VEC'ToS S IUCH MAS ., 'DDMIT A
/. MIIIDI. CDMCCAENTS I S MINIML STAYEM/MDSO0ANIO

REAM DENOTES MY IT. COMPONENTS HOT IN */AOOA0')')
IMALSTATE MY 0,., 0.0OMA/DO

A IE FIFTH. SIXTH. ANSI SEMMNTM DATA SETS ARE REPEATER PDA EACH */MMM3/~O/
/A 30 UL .. OO/ADMM0'

JMEXAMPLE ...TMMM20CD
*AAM ZATO.

/A UnLMI ATOOMMMMMMIIIAADIIA//22/22/2223S3333333 -/TDOM2.9.
/A PO5IE(AM A/ISSATM'OA2MSSMTMNMA/3SSAYM')MAZMSA?SN .,.M02LD/oM

, I go /0- )- 0/AM i/3

t- AM M5. 1/. P. */00002/340
1, a s 2 .2 M/M00M/AS0

a 01- 15..5. ./MDo002170
AS -0S I') L. M/MMM/1I0

.1. 5 MA 2 2S/IDMA
4 M4-0 AMS3 ./00002200

/53 2 2 /M CVE M/AAMM/0AM221
15 2 0 236SL4/ SM -M/MDMM///H
AM TWO MADULESI ATSI TAM CA3TPCENITS SESTEM ANALYSIS A/MAMA//SOZ 3

/A ...M0M02/C0

2 EEL IAII20I).MI C2SiIICEIA12IA.STMIEL.A0ST.A I1 FLOAT DEC15): 0 0 0023MM0
3 ZCL 11TOT .TE .MA .S.YOCI 00. M.HAE.E I ELOAT111 DEC A 1 MMDSM

4 IC ;NM.TNMTTYEF.AH MJM .:NSTMAM..I .L I FAMED MANIM(A :000023I
0CCL CDEP)CMUOI PLATO MIMI MI.SCEFI 500) FAMED hMANIC) 000023M30

A DCL )IS.IY.COSNSAMTA. I FIRES M8111151O0OOZ013
7 1RA2. MPPMAM.EHIM1500 AN STE IA/MI 1AE; OMO-/So
S RCA. ISKINPIA/MI.STYRMI 5UM A A ITIA/AI MAMA 00002362
S EEL A.1R 1IRAS AIA.TYTE A1/MI MITII).OIT CHRATS).EColo CM.M SAS: M0AD00MYM

AM ECI 1 STIR CAA0AM'I.A AYCM*IA)AIDM0 0023 a0

ItD c MCA SANG PARE MIMI. TAI MO/Z390
12 OCLIAZI/.I/l.//./M.MLOAUI.HI/AFOT DEC&16) AMMM/CM

13 OCLIkCUnil I/AI.TSTAI/SI.MTMM SOOT A FlEES0 BIkIIIISlOOO2SCM
I4 OCL TYPE/I /A.12A1 MITIII.EAIAIM IST11ICAEIA).AY'PEIAL/s C 1AHI000M/S/

Pt/I EPHIMITI1A CAFFILEMT SPAMIS/A PSMC OPTIONS (MAIM)) PAUCE

DTMT

IT*1CMF I 2S.I/M I PMA51).EM)25.,1/A I STtIMA) MARS 0000/'A

AN AGMIA MIAL "55M GM TM EIAI SO M/0S2"

IA VMS, . TM') .: - YOU - 0.1 MMDD/4')O

IN EDAI c'SVS A IT_- 0D0024AD

2 1 CALL IftPuTI )AIESC0M0024TRSMOHC)ID IE.HTIIM R 0/T

2/2 AA.EAMFINIAAMCIL AM0M0/SAM
/3 IF ý)NMOO.T TCEM WM 10 MODULE: A0 0MMMO'M

/4 C ALL (SPOT? INCCM.h)PATD.TT PC.A.I1.MINPEMIA RM000/S00
Di1 CALL HE/AHSLICOAITYECE.MTIL MAMO/10 SIM11
.. CA, MOCSTE )SSDIO.TCSSAO MTY*E S5NM I MO

2T CAL D151 I')CCM.A.ATY;.El-ELEO.A.MTPE1: 0000/Z5 00
/8 CALlG.CT.APMTO.AP;,M. NTEAT.TEHMSI L/M ESIATAIME DAT A M/DMM/05Ao
Z9 CALL (ATPUT )ATYPE..ED2EHAST.CHMAMSETTISE0ID,'tOO.ATI MY000OZ55

3M CULL CAPPUTE ILRTL.CDE.CM.TD.E;.ISTTELT HOME/256

31 PAST FILE)S')SYIRTIT EDIT )*SPACS A- SHSTEM SIYULATICM ROUTINEE1 AM00M025YM
IPACE.S 4P3I.1 M DO /5M0

3/ IF AT')WE I"0 MASEI.TRLDM/S
33 STHMCAS TYOAL DOO-/S00

34 PAT FILEI SYSPI ANT EDAT I STIE ELIAUALATY CLCULAATED FR3H -. 00 00, ,AM

35 I . S I I IR I AT T . oE I S T E L . S M E C M O1A;M0- 2 , M

SIIT - D : I A M S 
D M/b

4/ RM - TAT ITRL: T STMLEAM5TLOEL MOOD/TIM

AN SM SMp .2TTT DM00/I NO

39SSTE AIVEIIMsvý MOAME MDOM/DS

SN CAL ROE' ICE.SIYTAST~Y..STS 0TEHA MOD/SA

.2 CALL IMPATS IMC(3SWTSTAT.T)EAA.IPAATPEII MAMA/MOM

53 CA /51 TG M (SOIF HM; ST . ;a DAJ/ISM

INS /I.; 21 00 11)1MM/M
1. :SMA /MC1 / 000M/A')
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P4/I 007101013 CONFPILfR $9070029 P00 ORPTIONS 10000411 PALE s

&OTI

40 AT P1 ILl - STYPS 0000v292
Nl FASTiLI - POTATO Docoonoc

AT CAL It0I0" I100OSO.10.OTTOO9OOI 000o 02930
43 1 0To It.TT_0 a,0002990

AN 00 .0 To 00*Do 00007AT 0100L:.0001000090, 
0002900

44 OTA9L.If .T..59 00029
AT 1 I0 /OTEA.O 00100990A1 CALL EOPONTOATYP0. Cot,910_T.NCoM.9000T.NTEOO.7EE90.0010.7007T.AOYI Do 0003

49 CALL NE.00 OLO...OO.01ATI 00003010
TO CALL CUIf7P0T 'COO.LI.100 IIIO.TE.000 I00 LIII 000030200
T1 IF AT900o'R'L VP 0p.'o 77-E0 Xi90IO.-L9OLILII GOO00303
TO 1 IF 0T9Ef-U' CAOTP-'9 71-EN R'LILIO0 .- PHM ILII 00009040
TI C ILL 010190 101C0.A..TOP0.C00L.0010.ATOPOO 00 30309
94 ENDo /.0100O 0 0003-04
is PUT 0ILEIOSISF0097 000 0191 M000070
04 CALL C 0HP0T TE" 090.00.C9.000000.70L1 00010 3000
11 POT PIL00090POOoI00 IT (-PARC$ 1: 0070 0170100100 0000I 07.0I '1 0 .00009

,I A A R.000701AI 00003100

74 70 4790 0.*"'U' 000. OTT'"- 0 I 0231

so PUT 00L0 10007000 E000 V $000 100005Ll00 COLCOLA000 007 . 00003130
'0000 100004040 OOLIASOLIO.I0O 00 '.070001.'0; IS 0000 0000 3040
'131090L0Ll IS 00 '.1-"TNRI"'1'KIP0IS.0.lA,.FIIS.I,.0A.070$.&I$: 000031500

III 00 0001 '0 S19709000 00011.0

00 DC 001 0It 99000 00003100
.3 CO040(910 00030
30 DO j1 KC0 770l: 0003
es AtIJ . A 9.201 00030

?7 T1OEIJOTVPEZ.IMIt 00003200

SR CALL 0000404 ICAý.0.0700.0P0 .- AOL .ATYPIMIAOI9 00003a2 A`
90 000-1 7 37 90000 000325

91 CV (I - 100.1 00020
92 707000 P0-T79304.Mj: 0 0003200
93 I0.00 /0 0090100I '2 001003280
94 CAL aCT'O -EL.-E.7094770.TA1.01I, 0 000309
911 IF ... K0U0I 0 070 I0 '0 700 0000t1.1.- 9007010 0003300
94 IF &TV0'7 I 07700 041-''' THEN 00000L0-L : OOI,1I 0000330
93 901000040I -071 NO-L00.003320
to 1E0 /0 O -1000 00003300
99 CAL LCN1-007 ...0.10.710900.T70.0001 00033.
le1I00 " . I P4-. 7 TI00 00-1.-00NIEL 1 '00003350

101 09000( 101:7900AL It.. 00003340
000 00 P.1000'L I 010O0 00; 00330

00* 000T2 7002 * S7077L0070L I 00003 390
109 9.C 10 590 OIOJLA0j WITH 327 01JE0 '0/000034000

ft/I OPTIPIZING COPPILPO 00400000 P0a1 OPTIONS 1401451 PA"O 9

04, s04"""09 00003410
CAL 0090 10T00020.0001-1V 00003420

lOS OUT FILEIOYSPOT 0070 900o0034
109 0E0 003 0003400

101 W0OAN00003*00
I' 0000034710

I10 130710I PROC IA0TPE.0C0O.40.CT.PATIO.$i.70900T,0009T09 000 030
.-.1. . . . . . .- T. . . . . ./100001490

2~IOT4TIOICAOIOO. 
0/00 0'1

/0 0000 -00010 1E YP OOELOSILIT9 FOR a. UNHE701018L0T 00 Put 01 /0003020

"/,a3 - 100 0 oO 0 000.000003100
/040" - E7091 CF 0000090000 00070$- 0/0II 01003000

S0 IT00 - NLSF 40 00010010$00000003500

/0 Zn, 70 -1 0000 000000135 0

al .!...== .................... /1000090AD0

Oi COL IOCOM-NO.M00.P000,0 000N- I 10 0051003620
1I2 OIL .14000 I FIRED 000115I00030
113 401 TINTE I 01000 00N1- 1 0 a0 0000300

10 OL ATYPO CHAR0 '-).UNIT0 1004001LOT1EC61 
00 006005

109 OIL 0I0N0 1-09ARD1 0000000,3604

GE AT PIL I000 000 NUTA0040. N 000 0000303

lOU 10 I~l709090LOOIT -10903..C00.407o0 /'NEA07 2 0000 CARD 3-/000030

109 IT"' PILE ' 1009 000 V00P0.0TIT0 I OLOIO.010AL.015011 
000033700

12 No799 
0.00090001.

121 90 10P071;00003730

1 /2 
0./Z 

a ~O11A"T1.000037400
/0 /0 00300 0

122 ~ ~ ~ ~ ~ ~ .... ...70 ..1170.07.TP...000. /0000004

AND 0070 IA 030002 p0 I00N 0*0 FOR THE 0007100101"T 00000 1000007 =/00710

TIF IF0 000-0 07000 01000010000 0 0 00700 /0000380900

/0 ~ ~ ~ ~ ~ ~ ~ ~~" IN* DATA7G000700001000100103000. -/0003B30

123 OIL ..........0. a 00 00000030

124* OIL 0101 01007 00I1 040 0 -0037

125 I 909710 110TSk LIST DO' 1. TT00 *OTO0 0.0g03100
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ft/I OPTIOIZIIG, COMPILER sPAaCS2 P~OO OflllIIS 1081818 PAGE 10T

Eli GET PILe ISOSINI LIST 14IIIIOPiI Do ioi To NPATOIII 00003900

109 END" 111002; 00o003120
OR -I*00003'93o
I. *10000394Q

130 WWPIT I 0501 IS0IMP.NSTAEII 000)3330

.................... 10003940

13 C MIP* 100 8. 1 153807NTA PINTO 11158151; 00004000
13 DICL tl I PIXED SINIOSI;o W0OLNI

133 GET PILE 1505181 LIST 4ISMNRPIII 00 I-E TO FWSTATIlI 0000D4020
13 4 aETkIURo 0000-30
135 END; iA INPUTS * o DOG os

.,o 010 04060
/o DO0004070t34 I11PUJTS 3001 IMMK0.STATP4.TVP..8OSPT ATPE8D IA005

/ 1* T IK.POT4 PNNCPOO0E REAN'S IN Top .1 OAT R P0 .TOE L 0a01 *100040
0IEMTIPICAT.ES ... 01004.04IO

/0:0 L 415500 IRELIA8ILITY POR ft. IOITILIAEELITT FOX 888 1.OO4E
I* 1010 - MO IDEST IFICAT ION *1.01042NIO (CO. -54900 U C o COPPSINIS IN1 SOST"0./N04
/- STATE5 .- M.104 OP SISTl 00 MNIMA STATES. .... 041-

.-. . . . . . O . . '0004450o

13 OCL 0INPT0I-I &M-)0 0A0. PAIN 1000101. ATOP CHAMIOI. TYPE(-) 0004110
11010 1; 000410

0131 GET PILE 84051118 EDO IT ( PV.EAI1T ICOLIII.AIII.AIGII- 00004190
%40 GET PILE ISOSIN) LIST IWMC1.STATES8; o0It0420D
148 GEt P I LE I SOSIGI LIST IITOYPEIII.A8it1.01 00t WI1.1 TO 910411I.8 00004210
14A GE? PILE ISYSISI LIST I(IMIPTMIII 00 1-1 TO STITESII; 00004220
041 000UX0; ,000042300
144 11108 10 INPUT4 *' 0I0004240

143 MEGANSLl PROC INCTP.A.A.TTPE.110.TOI 00T027
!!........ .. ./00004 Do

/0 A COMIUTAT los PIOCTOUEE POP ONE 1. MOAN MELIA. IIIY Oo toPMI 00043
/0P USED UP00 01* NISTOOICAL DATA OP TACO COOPINEN"T NT A81 33O *10003D

.a` ;Z*;.':::1;1.,. -C.,11.11 c... - *12o00=I

TWPEI*I 81 1101&I ..10 ; 1N001 A00530
141 00 1.1 To Km ICoM 00400

is0 EP AT? - -U- OMEN &Call) - 1. 1 AC.4III 0000400

@LOS 0PT1012100 1301*1111 508032. PDOC OP0100$ 1110191; PAGE IL

%TNT

122 RPTEES 000043110

154 DLOINEI PSOCIYSIO. NOO.NC0M.SO.............E..I 100J1 00004400

/00 . . ...- ...... .............-. . . . .. 00004440

.135 TYCL C01 100 11 400 40 . 504 10015 VA.; 00004400o"15 DCL INCON.1000......S. 51010.01 I PIKED 81M115110000400ISO UP ATYPE.0R OHEN ST.:cýTTS4; 00004110
ISO ELSE STA.0O 'I ,0a0o4S00
1511 PUT0 PILEISTSPO ISO; ED IT I'* S P A a C S D0004510

1PIGE.Al I-NULAION -0 00408 F1 TOE ASILYSS OF T.P 00004520
0REIIGMILIT OF CE 00LEN SYTSEMS'I ISEIP8II.A.AlI 8.5050M OD 4. 0004a0
101110F~ PIATIOI'.ST4IDI I$EIPISI .A.8. 131.01 00004540

£-N00A1* OP SNt-ATIONS a5040 DOD18..01.II 004 550

(-403081 OF 101005T50 %5C00 1-1 SIII..14.P111 00o000500l

14 Il D OTFP .1 NA* 1400 03; ooosoo53

1=1 PUT1. PFIE1 ISTPMI.MTI EDIT I-TOPE OP AIL" TS-ISMELIASILITY
0

I 0000G4000
.141 11.A.021A.AI DODNO46I

1:43 ELSE D01 D 0004030
14 PUT0 PILEISYWA INTl EDlT 1t'PE OP ANALYSIS 4% PIELIA8ELITT

0  
D OOO-40

uIS.EPIII . a. a121.AII 00004,50

O/oo *004:90

IAO DISI"PO 0001 ISCOM.A.11.TVPT.ACM.0I.OPI 00004010 D
/0000000~. .. -. . . . . . . . ..*o00012

. ............- . .20000Sl5N

169 DCL AToll 10,0808; 0000s05l0

130 DCL IAII.I, .800 I LA MIA;00S7

Ei DCL TY10.1 8 PI- --. D-Af3 .T IMP, 015E310004M1Oý

1133 I lAI . *SYS I TOESo O0.$TSTET 1o 00 I4

IONELSE I3MN1OT- 18101[3; 00001"

15101121.A0lIA11.01 31 8MIDISTRIBUTION 00-041=

1121. 18 0 .081
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1780 IF IT T0IS(I-I0 1003 THEM 0000D4900
1I9 POT FIE(WFIT301 35.AT100IF0%30.N30C3.0ClC0I500300000

LEO PUT FILO YSOPOIIITI EDIT 05.09-0TIL( OT 3%31 .0 13 00 095
0(33(3 ~ MoF0 .033F0.31t00.I.3013F5 3 0000.109631

3T3 0I5.I*53 IF 00,7
104 £110 010.90
1:., 100 00090

184 .ELS 001 0005000
I*? DO N.0 T. t 4000. 00005010

':S "IF D01C3 TE 0;00050300

IS111 4F " 1. .17 -3 00050504

003 ELSE 010050
1021 POT PIOISSFI503 EDIT 13C;0T30T-OIIT4.0I0 0.3 0. 00000 500 T

113 A15.3.63 .: 0005100
"19 00301 00005 110
I.5 0001 .0000520
196 Re03.5- 0D000 1303
193 ESI'D DO153N 005 1 0

/o 00 0 5OOSISO

/NNfs f. . . . . ...... ..:/"0 00051$0
JO THE PTOO8-I111 00411005 10 A 5E M IELT 000003 OTS1 044-.1'05f0005 100

2* .ECCO'NE U00 ._ 000- TOTOO H ..... O.001510 ME Ti A .00005000
P. STSTTF-3ISC5 I -I0 SA1ES. TOO .011Ll PTOSIOII00 HAS110 0 A5 S00210

Z, 0310 10 00 .3 OOS." 0000.IT01?11 00 0T 401*00005220

/*WA C HEC~xT3 0A FR F1001 - A0 A FOO 00( "91 ,T . EASTFl 35 10 0005040

Cf TO " FO TI FOS T 0 1 00.0$LCAT TOO ... oeAOO .... . OHC,_ S I IS A DOTN~O N000 00

TOT"110 PSOOSISLC l 300 C0(0 T,00005210
047 10000 52 00

10 TERMSTA AENS TEOWET FF FCINOO3OLITR 0200300BEFORETTHEOHER. 000o5O2,0

. ...N.. . . ... ... . . ...... '00005300
log9 CL 0000 003 03100 1150 0331 000055300
200 CCLN00 3( SIT 1 N 001 00 005040

202 O:.EC OT I.lo000 FIXED *I43153o000D53AD

P3.1 OPTIMIZE R4 COOFILEP OPONOS&ft 900 0901003 1001011 PAGI 13

203 0:3. TENTS IN1 BIT 31. 00*1 00005300

200 I EEMlI:MTTONZEFI)L IS 30( 00RM OF13.EU 000050600
207 STlT. I mMC,; OOTOS 50 00050

010 TON ..I IN ~ 1900101 E0010D 00 005"00

010 &TET3o00 0054 0
015 30E 0131-1 ONT "0 00000005430

z214 AT......00005-00

230 (OIF SOZTHM T I E. 00005000o
0214 W .0 0 0 0 NOIt I 00050

"a0 00 32f 0 TEN f 0 .10 - 00050

220 .IPSL300303 ~ t00050 OOTI0 t00,05.3

225 04;~ 00 L-2f -1 00 005550
222 IECLIFIO IIT TH III I 001 0 TERMCST TE1 N1?00005500
220MI iT(A-E0-f 1OII~~ .0 00055300
000 00b TSN.IO0* 0 02 00 00 5580

200 I TEolS.I43fNT0NOS(I35ODFPL0000TE0TTOMTOTOI 0000600

234 10535 1504A 103 100054

230 If E..SoTOI-. .00O0050

123 540 NSFISN S 1- D F 43 000 O O S&TO
ZON..G TOINSOO610 0005050

2039 GO 10 0130 - I t -1 01 0 0005650
040 £04 001 00II151- , 411:oOS4050
031 £113 3000 -MFIS- 00005700

241"0 
o0f 0 3 0,0005603

044 SUR SIB.3 00 001a 00005604
245 1a COOT 31. -0... .. 0. 10 T 0 00005000

240 00I4 IT.l-OTJ 00 00-000000050
2.4 6 -3 1- OIII 0EII3*3 00 00500

249 (093 TI-S (0T0I 00 00005300
244 END; 1 00005400

251 Ur-01 THEM.51-1 0000513 Oao7:

252: IF90OPt 3 TERT.SB 00005800

253 £00103 3.0 00 ý 00551 :00

2 5 0 TN.01S E D 00005800

25SS £01/ 00 L00F3 N.' 00005850
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236 ENDE0: 1010 6DGT.1 00005630
/A */ 00 05 S TO

P, /0 0,3005I0

1.1.1 ~ ~*~ 60 111III ýIO . SMGTE51..1 /00005910

/ 1(0 VE TOR ENSb-IAND COEFFICIETN OF C06(101 FR0OM TOE EijS(T19 A /0000 5920
/0P0600646 */0.0005930

A... ............-* .....-. ...o.oos5-
290 0:L 160.65.66. 6T.LEN.LES6.W0:00.501 N.000.67AT.I EIOO 15151;00006067
259 OIL 1110 C011131 00- STATE (060At5) 1 oAM..c 10 aý s .L 5). 00005900
241 16. C011(02TT I C.0401201 060100005370
24 LC LOPTI0T110. TEATS If IT I' VA'l 00005090s
2.2LZ 0( " Floa10 41. 40076 (oolI'I.EI (0111.1.fP 0005990

IN, 11 "006,000

'26''29''30' 26''2.3''S.0'3% 07 2I' 00006040

4162.'3.'4' 65% '6%7% '0.'''TO.'1. 00006070
'72'.'73.7''0'0'.7' . '7 6 I.T'.I''I' 0' 00061

'L04.'15.!10'0''0'1060,' Ia110.'1Ii,%2 00=0001100

'122%123'. 12''1$ '2'27'. 'L28')1 STATIC:' 00001 30
244 064. CO (0011,6 A.143.2 OOI~ (3(601 00001-
24s 0:1 R06I10 (0 1 .o~o 5 16,l.(.00.00604

A2PZ'.' '1'.l'01'* .'I 'I.0'.0''0 0'.2'000061200

't'L'2 W.42.'2 '2' '02' '12' '5' '7 2'.'02'.V '1' 0000"10
'2'.' ' Z'.'2''0 '3' a'3 0'03' '3. 3 .'F ' 0000220

'300' 13'. 'J '. , '3'... '1 ' K3-. 'M3,'3 ' . .0 . J3 .'3 ' :,1: .00006230
'L'.ST3 .0 3'3 .'0 '3.5 '.Z '3' '0.'A '*'. '' 000062 00'00' .'1O'.'F0 .'66' .'.. ' .I . '.. 'J.'. ' '' 64.16' 9 ' 0000625

006.'4'.L6.'4'.S4.'4'.04.'4'~6 STATIC$001; 00006060
244 f TQI 003 ! 0.' 'T05 DO. .0000627 0041 IF SlOPE It6'707 001 000`06210

240 -IF 1P006-1 009S15.PTO' 006250
2.0 01L $T60-ATTHS' 00 00030
270 (L'1' . 11'R. 1 CIO. S' A3. 0I 1Z- 9C-f00004310

21 nIo: 0000 632 0
235 1101 00,.. 0000330

204 IF NP600f-l TAI 011T1-'(oT '1000063.00

200 1L!U1.5 LAT-'OJO 'A 0.0004350
2TS t0'11 CIO' 'A9 C2'-U ': (3'II 'I 0T00043.0

252 END. 000635
213 PUT FIL0ILTSPRIILO EIT3 I'$761(L -o 00761109 GE01001100 1)0TIIE' 000000.1190

1P61.GS00 P13.4H 0 T000.6 390

254 1003' 0.060040
2:9 11.1,001 000066410
204 I F ATP THE'N600 00006 20a
2S? IF SP~f OI TT6.'R10 '1T 00006430

200~~ 015 LTA1_P6GE 000004

209 to--'; CI '' (2' '1 3. ' 00006450

293 E.01 
0000-40

"294 ELST 00$ 00006470

295 IF "IT". I,6 6TT6'(ITT '1 00600(
2EL11E STA l.'E"CU10 'S 000-069

297 (0'0'I CIO.'U '. (2'0U '; (3.'l '1 00006.500
301 100. 00000.610

307 (1END 
000 0 6670

303 IF .IE10I0'SYS ' THEN P01 11111650101001 E0IT I'OOE '.-T5. 0000653
.1.I'1'.5TL T FOR 03* '6016O1U ,OD '001141P1.6.F1131. 00060

304 .4... .) 1(56, LS 0 0000550
PU ILE 1115/01001 EOITI'TT '1560'4116 I'L.0000T.' 1OR' 0 0006660

,,IT," 1I IS.1I 13 .. 13.0. A.SA4.41f21): 0 000(570

05 PUE P1101595A I TT1 . ....... 0 0006580

304 1300 A_ 1 To O 0700 00006190
301 l7 ' 00 00 (400

365 .IS.'E' 0000610

309 16:00 61-1 10 NC0,; 2. OUTPUT F150 M1NIMAL STATES Of 00 006620

310 IF JSyTOIOIPTIR l.51a' 00TH0006M

310 ~ELSE KI IS0)71 905161 II'09 00 00(50
362 54001 1A L- a 000010

31 3 L~.ENGTH...-'PD 00706.70
361. ITIT9.T0.1'' 000066400

319 PUT FILE 140670IMT1 1010 15165 16P1OLIII.AII 0000A090

314 L00 215 *2' 00006500
391 POT FILE I6TSPSIOT 60I0 '1-150 OF 1(090 'A 0000UT1097'.TE1.10 ' 00006010

IS01P121 .601(2 1-FI-1.001 000067,20

316 PUT0 FILE 1606011T1 6P1 00000730
319 0o,1" '12 Y00*1E 10 - (00000 551 FaR OUTP00 Of o0000, 0
320 (0602-60: .0 ,000710

321 (06. 1-65HA 111f010; 00 006710

320 CA2'E01 '. ..... 00006170
023 17:0 A0-1 TO 6000.4 000066770
324 IT (0601661 > 0 0009 S10'' .00069

325 ELSE (65 - '6 0000100

326 IF 66 - 1 * THE 06 06. 00010
32 7 C. _2-6062 1111646 '00001
326 0T601<061It' 'I .00006130.
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FPL/I OPTIF11196 UAIo.:E. 1F48C620 P00C ýIONTGO PA"00 t&

330 IF 5.0T10016.'I 8T.EN G0 IQ 6300 00006030o

333 930 66: 00006300

33 8 - L 000

34 1 ELSE COS- 606021163; 0000.46

34? LEN9-LENC67010109) 00006900

3.3 IF L0E010 6 I~l 002 701 00:D 00006380o

34 PT FILE iI6I6000T0 FbIT 1603/ 2 
6 fF20CL3.41 0070

364 F !rFLE 0306F00001 EDIT 160*900 ICOLI6I.0I0 0000102
340 6-0 06072

33 TO 10.501 0000~707

334 630:EN00 19 06 B1 Do0 009

334 -DFIST .FIE1306F31071 EOIT :COOOZO tS61P101.C0603I.400 00000110

353 P610 FILE 1603091371 EDIT ICNARII tC0L161.411 00000120

358 0000930 00007130

I. oo000063

.Oo-..ýI AIýT S-.". . . . .. . /oo00018

" C. I ./00 72 2

/0 A0IBS~l I SU INL - -00 (00t00L 0T0 EQATONG00RTE00200 ~o~
... ....... .;. .../00.01230

33 CCL 1860.O00"06060L 
IFLOAT ooEob.I;0003200

340 L0 60 ' 1 06 At(9 0000710

"300 DO I .. 6060 T000 T30 .60 I- S 00 60T Pl:0 0076

371 G 16TL06 0 
00007330

330 119' .lT~ 930: ~ 00- HNW OF" o000300

306 66T6EL- oTEL L.00 0 16410 D 000003 .

334 730L. o396 00000o600

/9ý o/00073630

37. . . . . . . . . . . . ..FL:0000766

/9 */0000-300
/9 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o 060I8L03 FAL-I90 00C9JL70 EI6T '00

/0 LI II I T YPO C 1 1 T- 0 0 9 T 0 00 4 6 6 009006061 9/00000630

....... 00700600.

309 066 ES FAI901009.4L1-91.00.O8.T091 I FLAT-E 006( 0 D000010

301~ 066 OOPI* BI 2*.0F 09
9

00003
382 00 I0- 00TO F3CoP: C I 00000660

3- 0631 10 cTO 101 ~ 1.' 03( 60 106 9 00000660III

38811 8N OF E406110 * o.000

390 IF. AITF T--11 .0. 1006 0010 .o "' 0 0 000007

3901 `N . ... *;'.IO T I0I ll .0: (.I 00007730
393 TINE l 9601I) 0076
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Pt/I 09T38311,.6 Cto.ILlS S*Ascszo FOGt GeTIONS INA3T.3APSO1

/-GENERATES 004000 DEETIATE FOT TOO BETA *' OlS-tl.TIo Alto /OO73aS
~44AEA9ETIS 004*1 TO A A/.D 8 NOSFECT 1011. 0/Go Do To0
/TIt* *OR0AAILIOY OTTIOTTY IS POOFONTIONAL TO 1./Go000I..

THE VALU EtS 01 A "o0 5 _St T ACO BE -4. ino - 0/000078
0. IF THEl 0*1130 OF A. OR 8. ON BOTH. A00 .EO. 1-0 TOES TOE RETT 013 /tOooo?9
/0 USD'IS 000C 0AlIS OF -"URN0 PSTUOO-TA'CO 0498105 USING *OOo tl
/0THE "IEST OF TOECULATlo0 0ISTOI0LTO 49TO..00,

/0 TRE NETICOSE IF TO VALUES 00 A AS a A.0 I00atIT. I.E 33 */OOotojol
l0 OEEEO FAV-T A CAUCI7 H'91 tOOSRUCATE. TO 5E SO;GI 07I3 *OO~~
/0TE I00EVA L 1(0.1). FAO0 lAo -AC A.E 5800ACTEOSR 10OEL I :O/0007AD

/A 3VICITNIAT D9 C-;0Tm)0 OF TOE CIOCOY 0T953TTAFT TNE Gý'E. 0/000075,0
/0 0/00007970

/0J. P. CHA50tLf ANO A. A. LEE. 0010000A STATE JNIOOOS3TT IN?? */0000T080o

..... ... .. .. /00000000

40 1 OCT. PARC 018OECII I0IT(Il.1315 00000000o
400z DCL Il FLOAT OECISI INIT1.U3.1193t 0o000030
403 OCt 81040ý FLOAT DEC,(,3 TN:tI-l.I 0000a4

409 SAI 810 LOIT D CtA INII-. 00005
49 DC). Z FlXED 1111(311 1511) 600806
DA DCk 3A1.Sl oAICOIT.ALPA .00000 .OOOEC.CL.A. 8.A.T.1C1 I FLOAT DEC31) 100008070

407 D At IFO..08 FLOAT DEC,,,. 00008
406 30A 0 I- I.E t ETUR oo..o300137)1 0005

At:- OGG.0 090800
410 .a 6818-l 00008010 G o:N/0C30CR FODE ILLEGAL 0AL01S OFO * oA . *0082

401 IF Al (0.8810<0.1." Do TO 02 00008l140
412 If 60.0. THEN0EAIAE703.A 10010
41 RLSE IF AIOQ. T0HEN 0000T lI.-RAMo0jtj4 ./Si@rj 000001

.00000 170
/0TEST TO SEE IF 00 N250 OECONPTT 080 */OOoOAIAOo

414 IF I AI.ASoo & 81*AISAT T.Voll Go T tLI) 0000800

439 *ISAO.41; 0 0008210

41? .O0.DOI/ýI*10~ll 
00000 A20418 _IoCO`C.1-ooE 00008240

439 ALC T-SAZ00I: IA~olaasOI 000o3
420 a &LF*..P.NC:S-oEAT Z;.'30000 001 =GAIII 0000240

43 CL.. LOG) PlRo *OLPAIO ICGSt-oII .0010030010811 LOI0000eCI; 0000~ZT~O.

4z0 U- VAANI ONCOEC/ALPAIl 
000082I-0N.00- S -6EJCTION 0000 00 CAUGHT DIST. 1/00008300

Pt/I ll% O ct3NIZ33 £0011 PAOCS2 PpOC OPTIONS 91001)0 PA&O IN

SOTR

429 T.IEOOoT 00008 320

426 ~ ~ 1 L)L"C0TOI 101181 OOG- 0083350

42) IF "01 0 GCL THEN G0 TO 101 0000830
430 l11001331 000370

438 IF U 0 -h OVE 00 00.11 00380.32 IF GC<L0LoG 10 0 01 P 000)0. E GoO LIT ta 0000430
N3N L2I'PTT 0IL E'S' SPRINT) LIST 3I-E00000 I-0 5070AI3T8E COSTA "A.A. 0081

AN D .AL, CNST.ALPA.CL.T.GCCI.FSL3 A 00006420
439 STOP. 

o 00V004

.00/00 030 8450

/00000 - .. !. .. . . ..R00000
/ , COPUOES THE O00401 PRECISI A4; AI L L0AIOT OFTE GONNA -/0000:809

/0~ ~~~ ~~~ OJC '. 0AGOt 000 ECI S CHt -GGNEN 0 /0000

438L DCL 102jtTE-RZ213 001 E 13.3082
IRA.00003 FLOAT 01 318. E000R COOS) 13 I)0lT3-

0
O'I 00000530

43)0~~~ 00 *0 00540
-a0 IF 00 - 1.- 30 00000o 550

I.,.) IF 00A. 1.0-09 /0 00 IS 908 00NEGATI'tO 00056

44IABR. *2- I PUT FIL03SOSPR I'O DAT 3O0F0 WEPMZI 000636
43 010. -- t.009 I 00000590
444 GO t0 520 o 00000600G4.493 1" 00008610

ELSE tDo ,10 
0083V

4448 1100 IF 00 0. 16.13 /00 0 1A Is00008660
000) 00 G 1 .' TRANSLATE AOQT0ENT 8/0000865

450 22 I10.00 8 0000047
451 10TO7110 1 00008680

493ft0 O 1/ CA C. EQUJATION I ./00001700
4s4 802 t.fl.T/lZ-2 I oooooto1

.-....TAP03831 .E/11.03T313303131331T01 000000A 130

1354503409523800950-0 83)33 I000076

;57 To I~ 0000808
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Pt/I .TIM0II303 CO8Iti8 $848Cs2z FAOC 081t 03S FACP 20

0080

AS5 ELSE IF 03X < I.10 T089 00: /* 3> 0.E8 IND < t.9.70 8/O00060000
440 M37G 110) 00) ITZ2-2.lO ;1* ChIC. E0uA3830 2N /0009810
43 4GO To &Zo0 : 00003e0
44, ,ND 3 .0000l130
4AA ELSE 00 1 to XX > OR - 1.8170 8100o08840

80 ., ERROR 00 F-P $PUT LE(SYSPR0NT) DATA 31AR313 SK01823 O0000850O
44ot Z., : .3E75 3 30000 60

4,H1 1T 8 30000 .100

08 80000.1,90
8/0000:900

470 I8G404 818 33) 018T891 311.00 DE C33):; 000039L0
l*•W** ~ ~ ~ ~ ~ ~ ~~~..... :o,*****,*,,,,** o--,*---- *,**o,R***Q -,o*-=oooez

/^G873483881 3 83N000 0080 008708 80)T0 838046008 --EI-. A.0 -. |/3. 8,00I08..0
2.4GFC6 8A31SAGLIA. SCHOCL U C00018TER SCIENCE. 7(.4ILL U83-1117 I 00008940
/8 -00001,50
/- COOED IN PUT/ 0 K. A. LEE. 8/00008580

./00008070
... ... ............- .............0.8 .......... 0O0980

471 OC 8 FLOAT DEIC3) 34)0 1-1.): .000990
472 L 0 F060ID 81IN331 3I0I0U 00O09000
403 OCt 3.CLIS.%.HT1 .1 C.,.t.1.(,CD.T.CC*.CA-,O. I 3MOAT 3EC)633 3 00009030
474 CL8 13 .8-. 00009020
415 If 0<6- 0. 7HE. TO; /- 8EST F0R INVALI3 0AL3IE OF -. -/00009030

HAS3 THE V0A332 0F -3_- C-NED0 S$39CE TIC 1o00o090A0o
8IE VI803 $ CALL T0 80M0. ./00009090

474 38 * - 9 T0en GO TO 09E6 00009030

477 &-3 /I t RECOM'PUTE VAI8IOU$ C1ST13TS1. /00009070

4190 S-083.10SORT3. 1I 0000 090

480 20 3O 0008O . 00009100
44 CC- 31o-18 -,- 3 - ROD 00009130
462 CS-I.O- SZ: 00009120
4403 3O8E8-GA0U3 0I03 /o 6A3F 800TU08N$ 0 N80 LD30.8 3PA00N DEVI38E 8/00009130
384 3.SX3C8 I' 00009130
430 F f 2 . 0. 8E0. GO TO CEIE) 00009130
484 436.3-28*3 1 00005140

46 80 .0"80F10, .00001170466 3I L <- 0. 086TH CO 7o 78: 0000580
46 8. - 10G0303 /* ATE E. AN EXPONENTIAL 3A3DOM DEV8ATE08 0000900
490 Co-0- -2/2.- GC-.CC: 00009000
453 1-1*.-o;0/; 00009230
482 38 08110T3.873 3./2.8T/3. 0 0. THEN G0 80 83TZ 00009320
93 IF CO8CL8 L00)I/10) C 0. 0888 GO 8O OE: 00009230

4904 84T7IIE7T3 N 438*3; 00009240
4958 E.33 00005250

/8 0/8100092 70
494 4WS.1IF8•34C I800MY1 8IT80ND 0fLOAT DEC13i)) 0000G240

FLIPI OPTIMIZING CC WILEA SPIARS.2. P.CC• CPTICNS 4IM), PGE a

./......8.-......................................... 5.25o .. 0
I807883 TE7S1 834008 "HA3L 0EVI0TE08 ... 83N00M 8389)81ERS FROM 3 63USIN3/00009300
180 Tft, 0)0 "IT. 3 E3 O 368 A8N ANDLIIT V3i178333-. 8/00005310
/eG. MARSAGL[01 A1 0 * . 3. 8080. 0.2.3.0. 36038' 4 3396.) 240. 8.00009320
I/0fo 3 RA8000 08b08 FROM THE G$013SI4N DISTRI0UT081 0 1 83 03008VLUE -/00009030
/I8IQU80 80 388' 090 318.0-IM. 0 080307300 8001 00 .. 9IC uA. I) .... */00009340
/8 89C-30 0 .!A$I C7..6 6U0FI0D0) 8/00009350

e/000 0 3.0
/I JC. P. C0ANOLE8, C10UT0 3*1 & I0F8080TIO3 SCIECE3 C S u /oo0009300
/I CE8 1. L1 80 . A. 18. 1.0000330:

8 - /00009190
........ /00009.00

381 D0L 0080 83060 All FIRE D 9TI)03 00008t.0
45a Oct. 40G8A FXED IAT 313 I3 79703 0 00009420
455 OCI 8000 FIXE8 0 8319317: 00009430
So OCt IA.A3X. EX.FAC.G4.•44S SU0&O.V&,V$.X.OTMP 3 FLOAT OCfk143 000094.40

O01 OIL I384- . F 8LM0t D1EC)633 00009150
S ol GALS :MO.; 0000-9460902 403 8I Al; 00009470

504 8J088U-8 (938133 00009180
S05 IF 8.098 1 .L332 THE0 MW To L20; 00009490
so50 A3. ILlM-. 1•62) I.f 3• 00009500

to DEFEA3 THE I3IOT)0 E88 14 OPTI0 IZATION. 8/O0009930
:CT pR.8NF3I8N0I: 00009920
508 -8 .B* .7b 83 NAIG3 I*53 00009530
S00 304.708.2..: 00005940

I10 GO 0 13L5.: 00001550
S1t 7ZOz IF 82008 0 .0295 8085 40 TO 1A04 00009,.0
812 3.382J00-.29 /1. 07: 0000908190
513 &A 3 S-0 . 98:,8L5 0OODI Z-.33 00009580
534 GO 70 1350: 000095 0
95 LA40: IF 8JU8P < .0026990933 TH0N GO TO LI30 00009600
516 X883.89090 NR9) 13* 00009310
817 0..38S803081.d810 ):; 00009,23
038 3o.30.097711968008-. 5... Z. I 00009830
539 388808SI003 00009410
520 38 080 1 3; 8H08 GO TO 100; 000099so
5z2 4. $ 0--.1300328013 .- 8ilt)-3.3578094483 ..-083 3 3 00009640

S22 00 GO 1O:0 00009670
023 L70 :G.E G-2. 3089343810--883).: 0009480
0824 I3 Ax X 3.5 0,00 10 TC L9: 00009490
525 4..4 -.3 51154•,*0.,0811 0 0 0502
52a• .150 IF G 0 4 709 GO 10 I10:; 00009030
02 1 10.3- 1: 00009720
26 GO TO L1350; 00009030

525113ll0 :0.2.883710*813e G-3t.: 00009140
530 008.88.n **lI * l Cl~lC-3t.) 0O0009790
556I 10036.038828v982: 00009140

032 38 W.50 1 1. T8E0 GO 70 LLO: 00001710
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P/I OPTIMIZING CLO"ILER SPIDCS2A POC OPTI0NS IMAINIA PA02 22

STMT

555 IF SUO * 0 0.THE GO TO LII.; 00000910
5 _4 AC -SORT II.-. . CGCSUMSO I .I/SuJDSOI 0000so"0
535 GUAilFAC ; 00009800
530 IF 005I1AUS0 0 .3 THEM GO TO L1C ; 0o0009.0
537 LISO:BELT9.IASG; 0 0009*ZO
53a R.O o 00000030

/ *1O00000O0

539 BIOFIXoROVTERMFLo I RAK- : IEDC IMARTC RETMRKS 4FLOAT DEC 'Gil; 00003170
* 8THI A /* - N , U000090.0

/0 OISTRIOUTED C% (0,1 . T1I.S ..... I IS FOo TOE lTD 360. *,O00I,-O0
/8 Ne000D0... 000005E ! OF TIREE -LC.11 FLICOTID COI OUEONTIAL GE3ETATDOR8/000990O
/*s I- MAOGAGLLIA ANO T. A. BOAT. CDA9. ACM 11 11960' 757. ./00000990

T IF DALE 'S CALLED AiT NO0-O4. THE NEXT Ol•oos O0OEO 1 . E:aA TTUPED.O00009930
8IF BAIW IS CALLCD CI " o NA.--.O. THE GEFORAT 0 1 RE-ITITIA`I2ZED 10000990

USING I|KSIO2'AOG.II AND THE FIRST RANDOM SUTBER FROM THE 0m0 I 1000"9150
PR SEOUENCE IS RETURNED. ,00009960

// 
/O0 00-70/0 CD0ED IT P L/I BY C jLIAR SC TT DAVIS FROM A FORTRAN VERSION 6 -/ 00009980

J. P. CHOAOOAR. JX.OTERtTT SCIENICE DEPT.. URILARONA STATE JTNIVERSITY./.0000999O

............. ....................... .20001001
34+0 CCL K FIXRD b[NAAIt31I IITIAI-IS.0211 STATIC: OOoiDD20541 It CL 010 8100091 N IIy[3L INITILIT65432I) STATIC: 00010030
342 0CC 0 FIREO RIIINABTI3II |IRIICT1_CbSC2A) STATIC; 000100"40
343 0CC RO 01000 MISAIII3AI STATIC [IT.ITIACI22629I 00010030
53- CIC DL FIXED 0IOAOTIOII STATIC IT IO'(DZXfl 00010300
305 Itt iR FIoRD SO BOR 13'E STATIC I"ItIISSAI; 00010020
S4 OtL 8020 FIXED RINt 31I ; 00010O0M

54T CCL 0FIRST MDII' STATIC I3ITIALI I1 DO I0010090
S48 OFL IJFIXIE.D 12*I.010.00 F l d 3101311 STATIC;O0 .10100
9. OCt IATI.ROIVI FLOAT QECI6I STATIC; 00010110
95I IF N&*G0 0 THEN 03: /A RE-IITIALIZE USING .0G0. *100000100
s1, KLR - iBSI2 * MARC * 1, 001Lo0130

392 B.L.M I Tsl 00010100553 MoDOOIOL 
,5 3 3. EL W; 0 0 0 1 0 1 60

509 IF -. TH EMRN GO TO SOP; OOLOI7
534 MMD: 00010180
501 olks! * OK; /8 IOIOLCISE THE ROUTINE. fl0O10190
5156 11 - 1 4 17021: 00010200
$5 9 POI. - 327 -.0 * 34.0; ooolozoo
48 O 0 - 1 To 00 18 aI FILL OIRE TABLE. D/.0010.20

361 R - 0 ; OOCD o30302 8101 * 0; 000102000

SOOOT

J0 4 - 1 OILI I2I 0101. 0001102700
5 P 0; 0001 02.3

S.7 - * ARSIIIJI 0 - 1 01; 000102o0
RA48 MA . FLOATIMP) I RCI'; 00010300

549• 8 J 8 ; 'I REFILL TOE 1-110 'LACE IN TOE TABILE M /0010010
570 Bisl - K;1 0001032ý0571 E...IU .1.BO I 00010330
312 MID M-E; 00010340

8R0001 0330
,0 /0001 0300

573 000OIPMOCI8.OI; 00010320
.... ........ ............... R................20 -0 1 03,-00

.200010390
20 SOPTIKG ORDORTON-T 00 THE VALUES OF THE SYSTEM RELIABILITY By :/000104D3
A USIN0G SHELL OMTTIIC RETHCO. '/000D1 10

/. 8000 1 04 2 0
/ IIBIRD T. M. AK E4010ICAL STU0Y0OF 0 INI0AL STORAGE SORTING1 ./000;1 30

0 CCt0. ACM 4 l80Y.19631. n06 _/000D10440

.....................
/OO.. OS

514 D7 t IB.. I.J I FIXED 814I151;D00IOOTO
515 OCL I'I ." I FLOAT 010161; 00010050
570 IF h02 TEEK RETURN: D0O "100

9 571 B ; 00010500
378 OlE: - 822 0001001
57,9 00 I., TO DO0; 00010520

581 DO 1J 0y -0 TO I; OOOtDon
582 IF 1110Y TOEN GO TO ETOI 000950

583 819 ED Dil;00010540
Sell 1.0l 10: 00010300

589 TO;iIDIl - 0I; COODIOOBO

S"0 ENOI 00010590
Say IF -I1 TIEN GO TO ONES 0D010D00
588 BE TI?.": 0010410
5s: 190 ; STELL SORT *2 0001040D

/ 8/D0001 1030
/8, 8/0010"00

590 STAT: PRC !TA .SO.AODT,.TyI.T -uITT10AT.TOT2.STOERI; OA00|00D
I+ ROCFOLNE STAT CCmlUJES THE ESTIMATED SYSTEM". I.SF$SIEN e/01t117O

/KRCI FIITE NICA T ITO L 1- DOSIF CISTER "OCZI '0 0.1 0.9.
.......* .... *-............: .-.. *°•.... -... o-,-**,-** *ooo D

990 0CC 000111) FCOGT DEC14' "NIT 1.05.. 1..0..25...T......9...9.500010073
.. 99l STIXIC.IVALI 1I.D TOlIl.S0iIA, ASD.DTMAl FLOAT OECI4I:; 0001o020

592 0CL I'.0. i FIRTE DIISIIFI:00D000
593 0CC ITICETO A.COI*B.OT0T2.VA0,.T I FLOAT DECICI: 900107I.0
994 0:LCU0IT CO0IDI.ATYPEI CT.AIL3I.ATTEE CHAOIIR.STOCR FL4IT DTCISI;070A0750
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Pt/I OPT3I3IZING COPPILER SPA802 M 8CI 2 .14 100)4) OP 9N400A JI A 24

1007

55 0 317011: 0041'e)-!0- .16F11).0. IND3) *0010.1074599 4IT0 I W010L7 I000
000 IF 9*I 0009 00 coLOo
401 ... - 0.1 0-0.: 0071.07
403 0.)01 00010000
:004 ELSE 031 00010810

405 R 005000-7078707105I/ISh--1II0010I

401 So1 000106410

5)8908. U 07 0.001 087*0.0 S1L T11 000. 1 100541 001008 00010.40
XIOI'LI'.SILTY IS . .1IA, SM 1 00010:00

A 01.0 -00010200

'o tS0I IO8IFIO.A.A.FIO.411 s 00D0 1001
49 IF ME1 0 7.04 00010900

430' 00TF0S- 10/0)00.1 "oI"o411 108-T-0)o/10010SKI; 0001A094
410 U FI1LE04P E40 MollO PO"'--TlA T.F0 00 I 0)1.9 00010"00

)541.101.0a1 A .......1O~ . 'I P1"0 001040 0007 81SF 0000
...5400 0104 A1000949 0. 1.811710 T 704 7 %810505 00010970
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