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ABSTRACT

A statistical method is evaluated to determine its

accuracy for estimating lower confidence bounds on system

reliability of a mixture of missile configurations using

component data. Monte Carlo simulations are used to

establish the accuracy of these bounds.
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I. INTRODUCTION

A statistical method has been proposed which obtains

a lower confidence bound on system reliability . It is a

modified log-gamma procedure developed to measure fleet

missile system reliability . Monte Carlo simulations were

performed to evaluate its accuracy as an estimate for

system reliability . Five hundred simulations were run for

each of twelve cases examined at 80% and 90% confidence

levels. ~~‘9ie results of these simulations are included in

this paper.~”~ ,Additional simulations were performed wi th minor

modifications to the proposed log—gamma method. —~~~ese changes

are documented and the results are includ~~~~~ A comparison k
was made between the two versions on their accuracy for

estimating the lower confidence bound on system reliability .

The reliabili ty equations were applied to a hypothetical

fleet missile system configuration and analyzed for changes

in test sample sizes1 component reliabilities and weighting

factors. The proposed procedure was determined to be

significar~t1y inaccurate for small and large amounts of

accumulated test data on missile components. It also has

the distracting defect that larger lower confidence bounds

are obtained from data sets with one failure than those

obtained from data sets with zero failures.

- 7 -  
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II. MODIFIED LOG-GAMMA METHOD

The log-gamma method , in its more general form, can

apply to nonseries as well as to fleet-mixture populations .

The underlying theory is contained in f Ref. 1]. Examples

of cases where it is suspect have been included in the

following chapter. The procedure below describes the

proposed modified log-gamma method as it is applied to a

series system.

Assume that in a series system there are k components

each with a sample size n1, where i = 1, 2, ... , k. Let

the number of failures be f~ for i = 1, 2 ..., k. Consider

first the case when there is at least one failure in the

system. Thus f~ > 0.

Let

= l — ~~~ (2.1)

be the point estimates of the i-th component reliability .

Then the equation

R = ~ R. ( 2 . 2 )
i=l 1

is the point estimate of the system reliability . Define

= Ri/k (2.3)

U

8
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and
S k
V = ( 1 — ~ (2.4)

i—l ~i

V is used as an estimate of the variance of -in R. It is

assumed that the distribution of -in R can be approximated

by a gamma distribu tion as follows

L-l Lz/ln R
f(z) Z e 

-, 0 ( 2 . 5 )
( — i n R~ ( L )

where z = - ln R and L and ~~~~ 
R) are parameters .

Let

= 
( — i n  ~ ) 2 

( 2 . 6 )
-V.

and

L = LA # 2 . 2 5  ( 2 . 7 )

L* is the method-of-moments estimate of the shape parameter .

A constant term 2.25 is added to LA , the shape parameter

estimate in the proposed modified log-aamina procedure. The

lower (1-  -~) confidence bound , R ( l - ~~ ) is given by solving

the equati on

(2 L / ’\~~ ~) ( 2 . 8)
R (1— ’~) = R

where is the lower ~*-q uan t i ty  of the cM-square

distribution with 2L degrees .~ f freedom . In terpola tion is

required if 2L is noninteqer.

9
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If there are zero fa i lures  in the system (~ f~ = 0),

let

= ( 2 . 9 )
v i. - n .i=l 3~

where NA is defined to be the effective sample size. Then

the lower i - ci confidence bound R(l - ci) is computed according
to a binomial confidence bound based on zero f ailures out of

NA
N* trials (i.e., R( l—ci ) = ,7& ) .  If NA is noninteger

then linear in terpolation is recommended in the proposed

procedure but it is not necessary because the same formula

could be used for N* an integer.

The modified log-gamma method has been described here

for both zero failures and one or more failures in series.

The more general form of this method was applied to an actual

missile system configuration to determine the lower confi-

dence bounds. The program used to evaluate its accuracy

has been included in Appendix B. The complete listing and

definitions of the variables used in the program are listed

in Appendix A. A description of the more generalized method

is described as it was applied to the specific missile

system simulated.

In the fleet missile system examined there were different

groups of missiles with different configurations . The

population was therefore not homogeneous and weights were

10
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assigned to the different groups. There were 14 components

in the system modeled and eight mixture weights for the

subgroups . The input data consisted of f~ (the number of

failures in the i-th component) , n~ (the sample siz e for

the i-th component) , M~ (the exponent of each component)

and C. (the weights applied to each subgroup). Point

estimates for this system were defined as follows

f.
R. = l — - - ~ (2.10)
1 f l .

1

-‘ 5
= 1 R. 1 (2.11)

i=l 1

— 10 M .
= 11 R. 1 (2.12)

i=6 1

with the subgroup reliability point estimates being

— 

~R 11 12

~ (2) —— 

~N 11 12

R = PR R13 R14

~ (4) = 

~N 
R13 R14 (2.13)

— 

~
‘R 13 12

— 

~N 13 12

11
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;R ‘~1l 
R14

~~( 8)  
~N R u R l4

Ii
and

= ~~~ (2 .14 )
j=l ~

I
The variance of -in R is then estimated by V given by

equation (2.15)

8 8 .~~~~~~. ~~~.
V = .

~~~ ~ c c .  ~~~ ~~~ S. . (2.15)
R i=l j 1  1 ~ 1J

where S. . estimates the cov(z~ ~~~~~~ and where

z~~~ = -  in R~’~ The estimates S~~ are found by solving

the following equa tions .

z~ 
= — in (2.16)

L 
14 14

= exp(— ~ M.z. / ~ M~) (2.17)
i=1 1 1 i=1

and
5

VR = (l— ~~) ~ (2.18
i=l i
10 M. 2

(l— ~~) ~ (2.19
i=6 i

V = (1—~~)/n1 , i = i1,...,14 (2.20)

~ 

--. -
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Then the S3~~’s are solved by the equations listed in the

program in Appendix B and repeated below .

S (1, l) = VR + V11 + V12 S(2,6) = VN + V12

S ( 2 , 2 ) = VN + V11 + V12 S(2 ,7) = V11
S(3 ,3) = VR + V13 + V14 

S(2,8) = VN + V11

5(4,4) = VN 
+ V13 + V14 S(3,4) = ‘

~l3 + ~ l4

S(5,5) = VR + V13 + V12 S(3,5) = VR + V13

S(6,6) = VN + V13 + V12 S(3,6) = V13

S(7,7) = VR + V11 
+ V14 

S(3,7) = VR + V14

S ( 8 , 8 )  = VN + V11 
+ V14 S(3,8) = V14

5(1,2) = V11 + V12 
S(4,5) = V13

5(1,3) = VR 
S(4,6) = VN + V13 (2.21)

5(1,4) = 0 S(4,7) = V14

5( 1, 5) = VR + V12 
S(4,8) = “'N + ~ l4

S(l,6) — V12 
S(5,6) = V13 + V 12

S (l,’) VR + V11 
S(5,7) VR

S(1.8) = V11 5(5,8) = 0

S(2,3) 0 S(6,7) = 0

S(2,4) V
N 

S(6,-8) = VN

S(2,5) = V12 
S(7,8) = V11 + V 14

Finally ,

~~
- in R) 

+ 2.25 (2.22)

13
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and DF , the degrees of freedom , is equal to

DF — 2L (2.23)

Thus 
-

RU - ~~ ) ~~~
( D F/ \

~~~F~~~~~
) 

( 2 . 2 4 )

~1
- 14
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III. EVALUATION PROCEDURE

The equa tion for sys tem reliabili ty is

L k M .
R = w. ~1 p. 1 (3.1)

j=1 ~ i=1 ~

where

L = number of subsystems

w~ = the weighting factor of the j-th subsystem

k = the number of componen ts

= the reliability of the i-th component

= the exponent of the i-th component

The computer program modeled a system that had 8 sub- f
systems and 14 components. System reliability (RS) was

determined for each case and a lower confidence bound for ci = .1

and a = .2 was computed . Random numbers were drawn from a

shuf ~f1ed random number generator (Ref. 3]. Inverse chi-square

values were determined using the international mathematical

and statistical library (IMSL) routine called MDCHI. All

computations were done in single precision arithmetic , coded

in FORTRAN , using an IBM 360 computer.

A. ZERO FAILURE VS ONE FAILURE CASE

An examination of two cases revealed a shortcoming and

a motivation for evaluating the modified log-gamma procedure .

These two examples are considered below .

15
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F
Example 1.

Let k , the number of components in the sys tem , be 14

and let R 1, the component reliabili ties, all equal .99.

The sample sizes (mission trials) and failures for each

component are listed in Table I. The lower 90% confidence

limit on system reliability is desired .

Table I

0*tçonent

1 2 3 4 5 6 7 8 9 1 0 11 12 13 14

# mission trials 10 10 10 10 500 10 10 10 10 500 10 10 10 10

f . :  ~~fai1ures 0 0 0 0 0 0 0 0 0 0 0 0 0 0

When the Ef. = 0 the modif ied log-gamma procedure def ines

N* , the effective sample size , as

NA = (3.2)

i~~1 ~i

For the data given in the table above N* is equal to 11.628.

For this procedure the lower 1-ci confidence bound R(1-~~) is

computed according to a binomial confidence bound based on

zero failures out of NA trials. The value obtained for

RU— a ) was .820. 

16 
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Example 2.

Let sample sizes and (failures for each component)

be given in Table II. Again the lower 90% confidence limit

on sys tem reliability is desired .

Table II

Q*iponent

1 2 3 4 5 6 7 8 9 1 0 11 12 13 14

# mission trials 10 10 10 10 500 10 10 10 10 500 10 10 10 10

f: * fajlures 0 0 0 0 1 0 0 0 0 0 0 0 0 0

r
When E f .  ~ 0 the modified log-gamma me thod solves for

R (l-ct) (the lower confidence bound) by the following procedure. H

Let

f-
=

1

R
5 

= .998 , (3.3)

- 5

R. = 1 for j
~~ 5

be the point estimate of the i-th component reliability .

Then

* k
R IT R . = .998 ( 3 . 4 )

i—I ~

17
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is the point estimate for system rel iability. Define

= ~1/k 
= .99986 ( 3 . 5 )

- k
V = (1—fl) ~ ~~— = .000172 (3.6)

i=l i

where V estimates the variance of -in R.

Let r
‘2

LA = 
(—in R) 

= .02328 (3.7)
V

and define

L = LA + 2.25 = 2.27328 (3.8)

where 2 .25  is the correction term and LA is the method-of-

moments estimate of the shape parameter . Then the lower

1-a confidence bound, R (1-a) is computed by solving

(2 L/ ~~~~~~~~~~ )
R (1—ct) = R ,a (3 9)

where X~j ,a is the lower a quantity of the chi-square
distribution with 2L degrees of freedom. In example 2 R(1-ct)

is equal to .993

t These two examples have shown the shortcoming of this

method. The lower confidence bound for one failures is higher

than the lower confidence bound for zero failures .
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B. SIMULATION RESULTS

The lower confidence bound values obtained for the twelve

cases studied have been listed in Table III. RS is the system

reliability,  ACV is the actual confidence value computed by

the modified log-gamma method and ~ (l_ct )*500 is the percentile

value of the 500 ordered RU-a) estimates for a = .1 and

a = .2. N (I), RI(I) and W(I) are the respective sample sizes,

reliabilities and weights assigned to each case.

For example, in case number 3 the number of components

k is equal to 14 with the sample sizes equal to 50- for

i # 5 or 10 and 250 for i = 5 or 10. The reliabilities of

each component is .99 and the 8 weights are all equal to

.125. System reliability , Rs~ 
was computed to be .816 and

for a = .1 the 450—th value in the ordered 500 LCL estimates

was .895. The R5 value of .816 was the 35th of the 500

ordered LCL estimates yielding an actual confidence level of

7.8%. Likewise for a = .2 the 400-th value in the ordered

500 LCL estimates was .898. The R5 value of .816 was the

13—th of the 500 ordered LCL estimates yielding an actual

confidence level of 2.8%. In only one case (case 8) did the

actual confidence value approach that of the system reliability

as a lower bound.

An examination of the MLG (modified log-gamma) procedure

questioned the inclusion of the correction term 2.25. Addi-

tional simulations were run on the same twelve cases when this

correction term was removed and the degrees of freedom bounded

19
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below by 1.0. The results obtained from this modification,

while an improvemen t , were still far  from providing accurate

lower bounds on the system. The values determined from these

runsa.re  listed in Table IV. ACV values of 100% indicate that

the system reliability was greater than all 500 estimates.

It would appear that in order to generate more estimates

less than RS the exponent, 2L/X~ j a s needs to take on larger

values . Adding a constant term such as 2 . 2 5  yields more values

for R (l-a) that are greater than RS. Indeed , Tables III and

IV did show this to be the case. As the exponent becomes

larger (the chi-squared value smaller) the confidence level

decreases. The estimate for L used in generating the values

listed in Table IV seem more accurate when used in the

modified log-gamma procedure.

This modification still left much room for improvement.

A closer reivew of the MLG method pointed to the estimate of

the shape parameter as a possible cause of the extreme results .

Since Z = -in ~ its distribution was approximated by a two—

parameter gamma distribution. Then

L-i Lz/1n~~f(z) = 
z 

1 L z ~ 0 (3.10)
) ~(L)

where L and (- lflR ) are the parameters. Then

E(z) = L . ~~hui~~ = — in R (3.11)

---V -- V - ~~~--~~~~~~~~~~~~~~~ - 

2 - 
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H

and

Va r ( z )  = L1~~ 
R)2 = 

in 2R 
(3.12)

Note:

2 2
I. — 

in R 
— [ E (z ) ]  

(3 13)— Va r ( z )  — V a r ( z )

The proposed estimator L for L is

- z 2
= (3 . 1 4 )

Var(z)

Since L = it would appear that L = would

be a better estimator for L. Since

[E(z)]2 = E(z2) — Var(z)

we have

A
E ( z  ) — Var (z )L = Va~”(z) (3 .15)

and since z 2 is unbiased for E ( z 2 ) we get

2 A 2
= 

z — V a r ( z )  
= 

z 
— (3.16)

Va”~’(z )  Va~~~z)

21
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Note that this is a departure from L1 in the proposed

method . Thus the shape parameter L can be estimated by

Eq. 3.16 above. This estimate is different from the

original version of the MLG method .

Substituting this new value for L and bounding the degrees

of freedom by 1.0, so as not to obtain a negative value , the

results show a little more improvement. The results H
obtained from this second modification are listed in

Table V .

________________  
____ - - 
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IV. CONCLUSIONS

Additional simulations on many more cases would be

f required to determine the particular conditions under which

this modified log-gamma method is reasonably accurate . For

the cases examined here the proposed procedure remains

suspect in estimating lower confidence bounds on system

reliabili ty.

I - :

F!

35 

. — -- . -- —-- ------



—

AP PENDIX A

AA CORREC T IC~’ TERM ECtJ*L T 3 2.25 IN TI~E 
M (~OIF!FO LOG—GAMMA METHOD

*8 vARZAeL E THAT STCRES THE CIFI ERENCE BETWEEN RS
(SYSTEM RELIABILITY ) AND RR (400)—— THE BOTH
PERCENT LIE PO INT WHEN ALPHA=Q.2

AB S ARSOLUT E VA LUE
AC VAR iA BLE THAT ST O RES THE C IFFE RENC E BETWEEN 05

( SY STEM RELIA BILI TY ) AMP) R ( 4 50 ) —— THE 9OTt ’
°ER C ENT IL E POINT WHEN ALPHA O.I

A LO G NATUR AL LDGA~.I1HM SIBROUTINE
ALPHA ‘~4RIABLE ASSIGNED A VALUE CF 0.1.

bLPPi A~ VAR IABLE ASS IGNED * VALUE OF D.c

A RRAY THA T STORES THE EXPON ENT S——- - M SUB I
BLHAT VA R IABLE THAT SICRES THE I HAT VA LUE

CA ACTUAL CC~ FLDENCE LEVB. FOR ALP I’A=O.1.

CALL FORT R AN CODE FOR ACCESS I’IG SUBRCUTI9ES

ACTUAL CONFIDENCE LEVEL FOR A LPHA~ O.2

CONTINUE FORTRAN CCDE “C CLOSE EAC H CC LCC P

CA CUMMY V A R I A B L E USED 13 DETERMINE THE AC TUAL
CONFIDENC E LEVE L

CEG REES iF FREEDOM

D(ME NSI3N FORTRAN CCDE RECU IRED FOR C IMENSIO NING AR RA Y !
DC FCR~ R4N CCC E USED T O BEGiN LDOPS
Q(JM DUMMY VAR IABL E
EA DUMMY VARIABLE ISED TO L)ETE RMI N€ AC”UAL

CC”IFICEMCE VALUE

EFFN EFFECTIVE SAMPLE SI ZE

END FOR”RAN CCC E RECU IQED ri ~~D OQOGRAM

EXP EXPON ENT IAl. SUBP~ UT INE

FA DUMMY VARIABLE LSE D TO DE TERMINE THE AC TUAL
CONFLCENCE VALUE

FLOA T FORTRAN C CDE USED TO CHANGE INTEGERS ~ O DECI MAL
VALUES

FORMAT FORTRAN STA TEME r~1’

GA DUMMY V AR A
GA DUMMY VAR IA BLE USED 13 DE TERMINE THE ACTUAL

CCNFLCENCE V ALU E

Gi FORTR AN CODE USED IN THE —GO TO—STATEMENT

H!STG SU8ROLTINE WHICH GENERATES A HISTOGRAM OF 11- E
DATA AND SUMMARY STATISTICS

- 
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I INDEX VA R IA3LE

( E R  ERROR VARIABLE IN SUBROUT INE MCC$- I

IF VARIABL E USED “0 STOR E THE NUMBER ~F F A i L U RES
(ALSO PART OF THE FORTRAN —— IF—— STATEMENT I

II INDEX V A R  IABL E
(SEED VARIABLE THAT STORE S THE iNIT IAL VALU E FCP CALLING

RAN CIM NUMRER S

J I N D E X  VAR I ABLE
JF VARiABL E T HAT S TORES THE NUMBER OF FA ILURES

PE R CO M PO N ENT
JJ INCEX V A R  1A~~LE

JM iNDEX VAR 1A3 LE

K VARIABL E THAT STORES THE NUMBER CF COMD’~N ENT S ‘
I

(AL SO USE D AS AN INDEXING VA RIA BL E I

IIJ INDEX VARIABLE
L VAR IABLE THA T STORES THE NUM B ER OF SU BSY~~TE~~’(ALSO IJSEC AS AN PJCEXING V A R  (A e L E )
MC CO(J’ITER VARIABLE
MOCHI INVERSE CHI S Q U A R E  SU BROUT INE

INDEX V AR IABL E

N A R R A Y  THA T  STORES THE ~ SAMPLE SIZE’

NC COUN T E R VA R IABLE

NCASE VAR IABLE THA T STORE S THE NUM B ER OF CASE S

INDEX VARIAB LE
CVFLOW SU BROU” LM E REQU IRED FOR RANDOM NUMBER GEN ERA 93N

0 AR RAY THA T STORES THE UNIFOR M RAN DO M NUMBE RS
PD VARIABLE THA T SICRE S THE AL O HA V ALU E CF .1
PN VARIABLE “HA T STCRES A RO INT EST IMAT E

P R V AR IABL E THA T STORES A PO INT ESTIMATE

AR RA Y THA T STORES THE LOWER CCNFIDENCE BOLNC
VALU E WHE II AL PHA~O.1

RB VAR IABLE THA T STORE S THE R(450) VALUE
QBAR VARIABLE THA T STCRE S R BAR

~IU MBER CF REENT PY ECCIES °ER M ISS ILE

RCEN CUMMY VARIABL E USED 13 COM PUTE RB4R

READ FOR TRAN S1ATEM EN1’
R EFF N VARIABLE THAT S1CRES THE INV ERSE OF THE EFFECTIVE

SAMPLE SIZE

RHAT VARIABLE THAT STORES THE SUM OF THE I4EIGHTED
SUBGROUP RELIABILI TY ESTI MAT ES

_ _ _ _  

_ _  
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RI ARRAY THAT STORES THE INPU TeD REL IA B ILITY VALUES

RI HAT ARRAY THA’ STORES THE COM PUTED RELIABILIT Y VALUES

PMEAN V A RIABL E THAT ST1R ES “HE MEAN OF THE R ARRA Y

~NUM DUMMY VAR IAB LE USED TO ~3MPUTE QBA R

SR ARRAY THAT STORES THE LOWER CC~~FIDENCE EDUNC !
WHE N AL PH AZO.2

553 VARIABLE THAT SICRE S THE RR (400J VALU E

PR MEAN VARIABLE “HAT ST~~~ES THE M EAN OF THE R R  AF RAY

R RVAR VARIABL E THAT STORES THE VARIANCE ~F THE PR ARRA Y

VARIABLE THAT STORES THE TOTAL SYSTE M RELI AB ILI TY

RUHAT AR RAY THAI STORES THE SU8G RCU~ RELIA B ILI TY
E S T I MA T E S

RVA R VAR IABLE THA T STORES THE VA R I A N C E  OF THE F ARRAY

S ARRAY THA’ STORES “HE VAR /COV MAT R IX

SCP VA R IABLE Ti-A STORES THE STANDARD OEVI4”ION OF
THE R ARRAY

SDR R VA P IAB L E TIIA” STORES THE STANDARD D E V I A T I ’ ~N OF
THE RR ARRAY

SUBP ~UT LNE THAT SOLVES SQUARE ROOTS

S°AN D SUBROUTINE THAT IS THE SHUFFLED RANDOM NL~~~ER
G E N E R A T OR

STOP FOR TR AN R EQUIRED CODE

SC M DUMMY VARIABL E USED THRiU~~HOUT TI- E PROGRAM

IC PART OF 11E FiRT~~AN —— GO TO—— STATEMENT

V ARRAY THA T STORES 4 VARIANC E ESTIMATES FOR
CC MPONENT! IL THROUGH 14

VHA T VARIABLE THAT STORES THE VARIANC E ESTI MATE FCR
— LN( RHAT I

VN VAR IABLE THA T STORES THE VA R IANCE ESTIMA TE FOR
—L N( PM

VR VA R It~SLE THAT STORES “HE VARIANCE ESTIMATE FOR
— L N ( P R )

VX DUMMY VAR IABLE USED IN THE MOCHI SUBRO UTI ME

DUMMY VARIAB LE USED IN THE MCC HI SUBR CUT IME
ARRAY THAT ST O R E S  “HE WEI GH TEC V A L U ES OF EACH
SUBSYSTEM

~RI ”E ECRIRAN STATEMENT

Z CUMMY VAR IABL E USED “3 DETERMINE RBA R

- - 
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APPEN D IX  B

DIMENSI ON R(5C 0 )  R L ( 5 0 )  W ( 5 O ) , ~~( 5 O J  RIHAT (501 , A M ( 50) ,
L R!JHAT ( 50 ) ,V (4 ), St 8, 8) ,R ~( 500) ,P( 5 C C 1

C A LL CVFLC W
NCASE 0
ISEED = 13486c

C P EA C I N G  iN THE INPUT PARAMETERS K,L,RBN ,A,ALPHA AND
C AL P I-IAA
C
C

READ (5,330) I(,L,RB1~,AA ,AL PHA, A LP HA A
C

REA CI~~G IN N (I1—— THE NUM~~~R OF R~~NC~ M NUMBERS ~ ER
C C3MPONENT
C F

C
~~ PEAC (5,3401 (N( I ) , I = 1 , K)

Cr
C READING IN THE CO MPONENT/FUNCTION R E L I A B i L IT I E S
C
C

R E A C  (5 , 3 5 0 1  ( R I( i ) , I= L , K)
NCA SE = NCASE .1
IF ( ISEEO .GT .134 869)  GO TO 30

C L

C
C READING IN THE EXPONENTS M SUB I
C
C

REAC (5,3 60) (AM ( I),I=1,K)

C
C RE A C ING IN THE WEIGI-TS FOR EACH SUBSYSTE M /G RO IP
C
r

C 
30 R E A C  (5 , 3 7 0)  (W I I) ,I=1,L)

C
C STARTING THE RA IN LCC P FOR 500 SLM ULA TION S
C
C
C

DO 1 9 0 1= 1 ,~~~ CC
C
C L)CPING FOP. E ACH CC1’FONENT
C A-ND DRAWING THE RANDOM NUMBERS
C IF~~~~CC

CC 50 Ja) ,K
JJ NI J)
CA LL SRAN C (ISEEO ,°,JJ ), 1 F 2 0

C
CO 40 JMzI,JJ
IF (P(JM).GT.RI(J i1 JF=JF+I

40 CONTINUE
C

IF = IF+JF

C VARIABLE “IF” COUNTS THE FAILURES

RI HAT( J1 a I.— (FLOAT (JF )/FLDAT (JJ )1
50 CON”IMJ-€

C

39
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if (1F.EQ .0I C-C TO 170
C
C COMPUT ING THE POINT ESTI MATES
C

PM = 1.
PS = 1.

C
C

Ca ~O J=L, 5= (RIHAT (JI**AM (J13*PR
PM = (RZHAT(J+5)**AM(J+5))*PN

SO CONT INU E
C
C
C CDMPLT 1NG THE SUBGRCU P RELIABILITY ESTI MAT ES
C
C 

SUHAT (1) = PR*RI(1I .)*RI(12 1
RU HAT(2) = PN*RI( l1)*q I( 12 1 F
RUH AT 3) = PR*RI(131*R I(141
RUHAT ( 4) = PN *R!(13)*SI(141
RIJHAT(5J = PR*R 1(13 )*5 1(12)
RUHAT (6) = PN*RI(1,3)*RI(12)
RUHAT (7) = PR*RI( 1L)*RI (14)
R U H A T (8 ) = PN *RI (1L)*RI (14)

C
C CO M PUT ING RHAT AND C A L L I N G  IT B Y  THE SAME N A M E — R H A T
C

R HA T = O .
C D C 7C J 1 , L

= (W(J)*RUHAT(J))+RHAT -;
70 CONT INU E

C
I-

C ESTIMATING THE VAR IA N C E CF — L N ( R HA T ) — -— — -V HAT
C
C
C STE P 1: DETERMINiNG RBAR
C

SN UM = 0.
R-DEN = 0.

C
C

CO 80 J=1,K
RN UM = (—ALCG (RIHAT (JH*AM(J ) )+RNUM
ROEN = AM (J)-+ RDEM

80 CONT INU E
C

Z = (—R NUM)/RDEN
IF (Z.LT .O 1 GC TO 90
RBA R = E X P (Z )
GO TO 100

90 R8A~ = 1 ./ EXP (A BS(Z 11
C
C ST EP 2: DETERM IN ING THE VAR LANCE ESTIMATE Sr

IOO VR = C.
Vt, = 0.

C CC 110 J=1, 5
= (AM(J1**2/FLIAT (N (J))1+V R

VM =
110 CONTiNU E

C
VS = (J..—RBAR )*VR

= (1 .— PB A P 1*VN
C

00 120 Ja1,4
V U )  = (1.—RB AR 1~~FLCAT (N(J s]0fl
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1~0 C)PITINUE

C STEP 3: FINAL SOLUTIONS FOR COVA Q IA N CE ESTIMATES
C
C

5 (1,11 a VR+V(1)4V (2)
5 ( 2 , 2 )  a VN+V (1)-’V ( 2)
5(3,31 a VP+V (3)+V (4)• 5 ( 4 , 4 )  V N + V ( 3 ) + V ( 4
5 ( 5 , 5 )  a VR+V(3 )~~V (~5(6,63 * VN.V (3).V (2 )
S L 7 , 7 )  — VR -.V (1)sV( 41
5 ( 8, 8)  a V N + V ( 1 ) + V ( 4 )
5( 1 .2) a v(~~

) .V( 2 I
S( 1.3) — VR

— SU,41 — 0.
5(1,5) VR+V (21
SI 1,6) a VI 2 )
5 (1,7 ) a
5 (1 ,~~~) = V IIIS ( ~. , 3 )  0.
S(2,4) * VN
5(2,5) a V(2)
S ( 2 ,6 )  V N +V (2 )
5 ( 2 , 7 )  = V III
S ( 2 , U  = VN +V ( 1)
5(3 ,4 ) a V ( 3 ) 4 V ( 4 )
51 ~ ,5) — V R .V ( 3 1
S( i ,t )  V ( 3 )
5(3~ 7) VR V(41
S(3,E) a V ( 4 )
5(4,5) * V (31

* V N+V (3 )
5 ( 4 , 7 )  V ( 4 )
5(4,81 = VN+V (4)
S( 5.61 = V (3)+V(2)
5(5,7) a VP
~~( 5, 8 ) = 0.
S 4 o , 7 )  — 0.
S(o,8 .) a VN
5(7,8) V(l1+V (41

C
C F A L L i N G  IN ~ HE REST OF THE V AR ~ C O V AR M A T R I X
C

Dt~ 140 MMa I ,L
L

CO 130 NM—I L
5(NN,MMI a

t3~) CON T INUE
C

c 140 CJNTZNUE

C
C
c SOLVING THE OVERALL EQU AT ION FOR VHA T

VH A T * 0 .
Ci 160 J al , L

03 I~ O KJ 1 ,L
V HA T a W ( J ) * W ( KJ I * Q U H A T ( J 1$ q u H A T ( i~J). 5(J ,KJ ) .~ HA !

150 CI3NT It&J E
C

160 C1NTU$JE
C

V Hts T a V HA TI ( RHA T**~~)
C

41
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C
C COMPUTING LHA T
C
C

r L~~Ta(I~~ALOG (RHAT))**2/VHAT)—I .0- • C
C
C ~OMPUT 1NG T HE DEGPEES OF FREEDOM—DO F ANI) SOLV ING FOR R
C OF ( I—ALPHA ) WIEN ‘HE SUM OF THE FAi LU R ES CO ES N~ T
C EQUAL ZER O
C
C

COF a 2. *BLHA T
IF (CCF.LT .l .0 ) ODF*1.O
PD a •
CALL MDCHI (PC, 00F, VX , IER )

a .2
CALL ‘4DCHI IPO,D~ F ,~~y,1ER )RU) = R F4T**((DOF )/vX )
PRI!) * R H AT * * ( ( D O F) FV Y )
GO TO 190

C C1M OUTING REL IABILITY ESTIMATES WHEtS THE SIM CF THE
C FAILURES IS GREATER THAN ZERO
C -

C
170 SUM = 0.

0-3 180 il I,K
SUM a SUM.(1./FLOAT (N (II)))

180 CONTiNU E
EFFN a F LCAT ( K) /SU M
REFFN * I./ EFFM
Pill z JALPHA* *REFFN

a A LPHAA ** REFFM
GO TO 190

190 CONTINUE
C
Cr

CALL HISTG (~~,5QO,Q)CALL H L S T G  (R R ,500,O )
C
C CJM P(JTING THE TOTAL SYSTEM RELIABILITY
C
C

DUN * 0.
C

DC 210 J*I,L
SUM a

03 200 I*1,I(
SUN — SUM* (RI(II**A M (I))

200 CONT INU E
C

DUN a (W(J)*SI.M) -OU M

c 210 CONTINU E

a DUN
C
C

AC a RS—R(450)
a RS —R P(4001

RB = 5 ( 4 5 0)
~ RR(400 1

COMPUT IN G TP ~E SAM °L.E VA RIANCE F3R ALPHA=.l——SCR
AND ALPHAa .2—— SDRR

C

42
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SUM 0.
DUN 0.

C
00 ~2Q Ia 1, 500
SUM = R (iJ+SU t’OUM — RR (II+DLM

220 CONTINUE
C

R 4EAN — SUM/5C0.
RRMEAN * CUM/!00.
SUM a

DiM a

C
03 230 1*1,500
SUM (R(I )—R MEAN )**2+SUM
C’J M (RR( I J— RR MEAN I**2 ,OUM

230 CONTINUE

RVA R — SUM/499.
RR V AR * DUM/4SS.
SO P a SQRT(RV AR )
SORR a SORT (RJVAR )

C
C DETERM INING THE AC TUAL CONFIDENCE VA LU E

C
M C = 0

C
CC 250 1=1,500
I, (RS.GT.R(I)) GO IC 240

a R (I3—R S
EA a RS—R (MCI
IF (DA.LT.EA) GO 10 260
C A = FLOAT (MC )/500.
G) 10 270

240 MC MC+I.
250 CONT INU E

C
263 CA = F1OAT (I)~ 500.270 CA = CA*IOO.

C
C

N C a O
C

Di ~90 1=1,5CCIF (RS.GT .RS (I)I GO TO 280
FA * RP (II—RS
GA RS—RR (NC )
IF (FA.LT .GA ) GO I’D 300
C3 FLOATINC)/501).
GO To 3~0280 NC = NC+1

250 C ON TI NU E
300 C8 a FLCAT(I)/500.
310 C3 - CR*1C-G.

• C PR INTIN G THE FINA L RESULTS FOR EACH CASE

WRITE (6,380) NCASE
~R1’E (6,3901
~RI1E (6,4001 RS,R9,AC ,SDR,CAWRiT E (6,410 )
bRUTE (6,420) R$,RP8,AB,SDRR,CE
IS E ED a I SEED +27
iF (NCAS E.EC.8) GO 10 320
G3 10 20

.320 STOP

43
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C
C
330 F3R~~AT (12 ,i2 ,F5 .2,F4.2,2F3.L1340 FJR~ AT (1 413)
.i~ 0 FORMAT (IOFo.4/4F6.A)

• 360 F0R~ AT (1 4F4.2)
370 FORMAT (8F6.4)
380 FOR~~T 4’1’ ,T62 ‘CASE ‘,12)
390 FCR~ AT (‘0’ ,///~ O~ t30,’ALP HAa .1’)

• 400 FORMAT (‘C’ ,T35, ’R-~- ‘,F1O.8,T55,’R (450)* ‘ ,F 10.R,T75 ,
1’RS~ R (45O)a ‘,F1O.8/~~’O’,T3S, ‘STANCA RD DEVIATION a I

IFIC .8//’O’ ,T35,’ACTLAL CONFIDENC E V A LLJ €z ‘,F6 .2,’ ~~
‘

410 F)RMAT (I0I ,////IOI ,T30.~ ALDHAa .2’)
423 F~ R~ AT (‘0’,135,’RS = ‘,~ 1O.R 155 ‘RR (400)a ‘ F10.8,T75

1 ~R S—RR (4CC)= ‘,Fl 0.8//’0’,?~ 5,’~~TANDARD OEVIIflCN* .,
LhO.8//’O’,T3~,’ACTUAL CONFIDENC E ~A LUE = ‘,Ft.2,’ ~ ‘I

END

r
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