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1.0 Introduction

CARE III (Computer-Aided Reliability Estimation, version
three) 1s a computer program designed to help estimate the re-
liabilaty of complex, redundant systems. Although the program
can model a wide variety of redundant structures, it was developed
specifically for fault-tolerant avionics systems - systems dis-
tinguished by the need for extremely reliable performance since a

system failure could well result in the loss of human life.

It 1s usually relatively easy to design enough redundancy
into a system to reduce to acceptably small levels the probability
that 1t fails due to 1nadequate resources. The dominant cause of
failure 1n ultra-reliable systems thus tends to be due not to the
exhaustion of resources but rather to the failure to detect and
1solate a malfunctioning element before 1t has caused the system
to take an erroneous action. Such failures are called coverage
failures. CARE III differs from its predecessors in, among other

things, the attention given to coverage failure mechanisms.

The first CARE program, developed at the Jet Propulsion
Laboratory in 1971, provided an aid for estimating the reliability
of systems consisting of a combination of any of several standard
configurations (e.g. standby-replacement configurations, triple-
modular redundant configurations, etc.). CARE II was subsequently
developed by Raythcon, under contract to the NASA Langley Research
Center, in 1974. It substantially generalized the class of redun-
dant configurations that could be accommodated, and included a
coverage model to determine the various coverage probabilities as
a function of the applicable fault recovery mechanisms (detection
delay, diagnostic scheduling interval, isolation and recovery

delay, etc.).



CARE III further generalizes the class of system structures that
can be modeled and greatly expands the coverage model to take into account
such effects as intermittent and transient faults, latent faults, error
propagation, etc. In order to accomplish this, 1t was necessary to
depart substantially from the approaches taken 1in previous reliability
modeling efforts. The mathematical reliability and coverage models
implemented in CARE III are described in the CARE III PHASE II Report,
Mathematical Description.* The following section, taken from that
report, is included here in order to put into context the ensuing pro-

gram maintenance discussion.

*J, J. Stiffler and L. A. Bryant, CARE III PHASE II Report,
Mathematical Description, NASA CR-3566, 1982.
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2.0 Mathematical Model Description

The following paragraphs describe in detail the
mathematical model as it 1is implemented in CARE ITI. The
system to be modeled is assumed to consist of some number (up
to 70) stages with each stage composed of one or more identical
interchangeable elements or modules. The modules 1n each stage
are subject to up to five user-defined categories of faults. A
fault 1s characterized in terms of its rate of occurrence and in
terms of 1ts coverage model parameters. Fault occurrence rates
are constrained to be of the form thw—l (i.e., fault distribu-
tions are constrained to be Weibull) with w and A user defined.
The user can also specify up to five sets of coverage model para-

meters (a, B, p(t), e(t), &(t), C, P PB); each such set defines

’
a fault type. (Thus, for example, ii is possible to define a
permanent fault type, a = 0; a transient type, a # 0, 8 = 0; and
an intermittent o # 0, B # 0; cach having its own characteristics
with regard to detectability, error-propagation, etc.) Fault
category X then refers to a fault that can affect any module in
stage X; it‘is characterized by the parameters Ax P and j

with j a fault-type designator. * *

In addition, the user must specify the number of modules n
initially available at each stage, the minimum number m. needed
for that stage to function properly, the various combinations of
stage failures that constitute a system failure, and the proba-
bilities bxy(vx,vy) that a specific module in stage x forms a
critical pair with a specific module in stage y given that Vo
stage-x modules and vy stage-y modules are known to have failed

and are therefore no longer being used.*

*These last two tasks are both accomplished with relative ease
through a CARE III user interface incorporating a program called
FTREE developed by Boeing Aircraft Co. and described in the CARE
III User's Manual.
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On the basis of this user-supplied information, CARE III

then determines the system unreliability using the equation

R(t) = 1 - R(t) = 2 Q, (t) + Z P, *(t)
Lel - &ef N

with L the set of module failure combinations that would leave
the system operational in the absence of a coverage failure, L the
complementary set, PQ*(t) the probability that the system would

be in state ! at time t in the absence of a coverage failure, and

t
Q, (£) =So z Cyj(Tl&—Fy)P&_E
Y3

*(t)(n -2 +1)x.. (1)
y y ¥ yj

+ A'(Tl&)Pz*(T) + a'(T'&)PQ*(T) dr

with

[

w(8) = AT(e]2) + a'(t[Q)

(2)
= g~ - A
A Jl(t) z Cy.('r[__ ey) (ny szy+1) v (1)

J J
EY
y]

and j = &—cy with ey the unit vector denoting a stage-y module.

(2)
uz(t) and Ajz(t) are defined in terms of functions nf the form

t
S P, (1)p, (t-1)dr1
0

with pl(t) a measure of the rate at which a certain class of faults
occurs and p2(T) a function of the interval T between that occur-
rence and the entry of the fault into a particular coverage-model

state. Since, typically, faults occur at rates no greater than



one fault every several thousand hours, and since coverage-state
time constants are usually of the order of fractions of seconds
and rarely exceed a few minutes in duration, pl(t) is a much more
slowly varying function of time than is pz(r). Thus, to a very

good approximation

P (t-1) ~ alt) + th(t) + t2c(t)

over the range of 1t for which pl(T) 1s not negligibly small, with
a(t), b(t), and c(t) suitably defined. This approximation is used
in CARE III with a(t), b(t), and c(t) defined to make the approxi-
mation exact at the two end points and at the midpoint of the range
of interest of 1. The major advantage of introducing this approxi-

mation is that, with it,

t
S p,(0)p, (£21)dt ~ a(t)mzo(t) + b(t)mzl(t) + c(t)mzz(t)
0

with

mzi(t) = S ‘ Tipz(T)dT
0

Thus, the convolution can be separated into two parts, one part
depending only on the reliability-model function pl(t) and the
other involving only the first three moments of the coverage-model
function pz(T). Moreover, these moments need be evaluated only at
those points of time t relevant to the reliability model. This
significantly simplifies the interface between the coverage and

reliability models.

With these preliminaries, the reliability model functions
used in CARE III are itemized in Table 1 and the coverage model

functions in Table 2.



symbol
At]e)
A'(t]|L)
a (t)

a_ (t)
a'(t]g)

By, ,y. tIY

b _(

%,y ervy)

Module (s)

CARE3
CARE3
CARE3

CARE3

CARE3

CARE3

CAREIN
CARE3

CAREIN
COVRGE

CARE3

CARE3

COVRGE

COVRGE

CARE3

CARE3

CARE3

LIST OF SYMBOLS

Definition

See Table 1.
See Table 1.
See Table 1.

See Table 1.

See Table 1.

See Table 1.

Probability that a stage-x fault and a
stage-y fault form a critical pair given
Vv_ known stage-x faults and V. known
stage-y faults, Y

Probability that a propagated error is
detected before it causes the system to
malfunction.

See Table 1.

See Table 1.

Probability that a category-x; error has
not been detected t time units after its
generation.

Probability that a category-x, error has
not yet propagated t time units after

its generation.

See Table 1.

See Table 1.

See Table 1.
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Module (s)

CARE3

CARE3

CARE3

CARE3
CAREIN
CARE3

CAREIN
CARE3

CARE3

CARE3

CARE3

CAREIN
COVRGE

CAREIN
COVRGE

CARE3

Definition

A vector, the components of which indi-
cate the number of faulty elements in

eaCh Stage (& = . [ ] . zx’ 2y, . . o) L]

( e o e o zx’ gly—lp f.z, e & o @ )

Number of stage-x modules that have
experienced some fault (L_ = L 2_ )
X { %

Number of stage-x modules that have
experienced category—xi faults.

Minimum number of units needed for
stage x to be operational.

Number of functional stage-x units
available at time t = 0.

State of operational system after ex-
actly % failures.

Element survival probability.

Rate of change of P(t).

Probability that a system has sustained
exactly £ failures and is still opera-

tional at time t.

Probability that a system has sustained
exactly 2 failures by time t.

See Table 1.

Probability that a fault detected in the
active state is diagnosed as permanent.

Probability that a fault detected in the
benign state is diagnosed as permanent.

State of system that has failed after
exactly £ element failures.



Sxmbol Module(s)
Q, (t) CARE3
r_ (t) COVRGE
X
i
R(t) CARE 3
Fij(t) —_—
Rx(t) CARE3
Rx (t) CARE3
i
S, _—
1
Si(t) _—
] —————————
si (t)
< CAREIN
CARE3
ax CAREIN
i COVRGE
Bx CAREIN
i COVRGE

qxi(t)/dx.(t) COVRGE

ex.(t)/ex.(t) COVRGE
1 1

Definition

Probability that a system has sustained
exactly 2 failures and then malfunctioned
by time ¢t.

Probability that a category-xi fault has
not resulted in an error t time units
after it has become active.

Reliability; probability that the system
1s operational at time t.

Transition rate between states Si and Sj'

See Table 1.

See Table 1.

State i in a Markov chain.
State i occupancy probability at time t.
Rate of change of Si(t).

Stage index.

Rate of transition from active to benign
fault states.

Rate of transition from benign to active
fault states.

Rate of detection of type-xi faults t
time units after they become active.

Rate at which an error caused by a type-
x, fault is propagated following its gen-
eration at time t = 0.



=

px.(t)/rx.(t)

b §

uz(t)

(1)
“z(t)

(2)
uz(t)

Module (s)

CARE3

CAREIN
COVRGE
CARE3

CARE3

COVRGE

CARE3

Definition

St
A, (n)dn
: X

Rate of occurrence of failures that take
the system from state Pi to state Pz.

Rate of occurrence of failures that take
the system from state Pi to Q 0"

(1) (2)
Ai&(t) + )‘i&(t)

Transition rate out of state Pz.

i#L

Rate of occurrence of category—xi faults
w, -1
X
= 1
(Axft) wx.Ax.t ).
i i7i
A vector, the components of which indi-
cate the current number of latent faults
in each stage (p = . . . Moo uy, « o o 4)e
Error generation rate of a type-x; fault
t time units after it becomes active.

Transition rate from system state Pz to

(1) (2)
system state Q, ty (£) = ug (£) + y,(€)).

Transition rate from state Py to state
Qz due to single-fault coverage failures.

Transition rate from state P, to state
Qi due to double-fault coverage failures.
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Reliability Model Functions

FUNCTION MATHEMATICAL EXPRESSION DEFINITION
A, (%)
R (t) e 71 PERMANENT PROBABILITY THAT A GIVEN STAGE
1
L elxa X MODULE HAS NOT EXPERIENCED A
- T|X T
e 'DPT " ™2 TRANSTENT CATEGORY-X, FAULT BY TIME t
R, (t) I R (t) RELIABILITY OF A STAGE X MODULE
1 1
t H_ (t |x.
2y, (®) L (E]x;) PERMANENT PROBABILITY THAT A GIVEN STAGE
I-R %) X MODULE HAS A CATEGORY-X,
B (e ) LATENT PERMANENT (TRANSIENT)
L% TRANSIENT FAULT AT TIME t GIVEN THAT IT
HAS (NOT) EXPERIENCED A PER-
MANENT OR LEAKY TRANSIENT FAULT
BY TIME t
i idd ‘
3y (¥) jgzaxi(t) PROBABILITY THAT A GIVEN STAGE
X MODULE HAS A LATENT (PERMAN-
(PERMANENT)

ENT) FAULT AT TIME t GIVEN THAT
IT HAS EXPERIENCED SOME PER-
MANENT FAULT BY TIME t
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Table 1 (Continued)

Reliability Model Functions

FUNCTION

MATHENATICAL EXPRESSION

DEFINITION

P(ert| QX)

B (t]2)
Xl'yj -

C(xl,yj)

‘: : bx’y(QX-lely-ﬂy)P(uxlt|Q'x)
»Jxl Uy

P(uy.tlQy)C(xl,yj)axi(t)ayJ(t)

xhy X, 1Yy = PERMANENT
a_(t)a_(t)
Y X #Y
izi;z:fl X5s¥, = PERMANENT
ax(t) X =Y
Hy By =ty X; = PERMANENT
a (t) Y5 = TRANSIENT

PROBABILITY THAT A SUBSYSTEM
CONTAINS H, STAGE X LATENT
PERMANENT FAULTS GIVEN THAT
IT HAS :x STAGE X PERMANENT
FAULTS

EXPECTED NUMBER OF Xi.¥qy"
CRITICAL FAULTS AT TIME t
GIVEN % PERMANENT FAULTS
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Table 1 (Continued)

Reliability Model Functions

FUNCTION MATHEMATICAL EXPRESSION DEFINITION
C(xi,yj) (nx—ﬁx)u:t X, = TRANSIENT
(CONT.) ay(t) Yj = PERMANENT

(ny= L) (n=20) %,y = TRANSIENT

X 7Yy
(n=2y) (ny=fy=1) %4,y5 = TRANSIENT
X =Y
Dxl,y<tl:) QZ;L bx,y<ﬂx-ux,2y-uy)P(wxrtlﬂx) EXPECTED NUMBER OF X,v-
X'y CRITICAL FAULTS, GIVEN 1
P(uy,,t]2,) PERMANENT FAULTS, THAT WOULD
o o , BE CREATED AS THE RESULT OF
a .
X3 A STAGE Y FAULT AT TIME t
Wy 5;7;7— X; = PERMANENT
<nx-ﬂx)axi(t) X, = TRANSIENT
c, (t]8) :z: Hg (t]x;) 5 g PROBABILITY THAT A CATEGORY Y,
) *i Hp (E]x) xi,yj( Y FAULT WOULD PRODUCE A SYSTEM

FAILURE AT TIME t GIVEN 2
FAULTS AT TIME t~
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Table 1 (Continued)

Reliability Model Functions

FUNCTION MATHEMATICAL EXPRESSION DEFINITION
A'(t]) >;E;r hpp (t]x,/¥3) B, o (tlD) RATE WHICH SYSTEMS HAVING &
1793 Hp (elx;)Hy (eys) 7179 FAULTS FAIL AT TIME t DUE TO
CRITICAL FAULT CONDITIONS
a (t]g) :E: L hp(tlxg) RATE AT WHICH SYSTEMS HAVING
X: ™77
i TI-R (%) 2 FAULTS FAIL AT TIME t DUE TO
PERMANENT ERROR PROPAGATION
+ :;; (nx-zx)hF(t|xi)
1
TRANSIENT
0 SN D
H (t]x;) ap (E]x )M (£]x)+b, (£x )M (t]x) PROBABILITY OF A LATENT CATEGORY
, X; FAULT AT TIME t
+cp (tlx IMp (E]x,))
0 1
Hg(tix,) ag (t]x; )Mo (e ] ) +bg (e x Mg (tix,) PROBABILITY OF A NON-BENIGH

+ cxlt]x M2 (t]x))

LATENT FAULT AT TIME t
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Table 1 (Continued)

Reliability Model Functions

FUNCTION

MATHEMATICAL EXPRESSION

DEFINITION

HB(tlxi)

Hppep (E1%3)

hF(t]xi)

0 1l
aB(tIxi)MB(tlxi)+bB(t|xi)MB(t|xi)

2
!
+ cB(tlxl)MB(t,xi)

0 1
app (t]xgImy (%) +by (t]x Y mp o (k] x,)
2
+ cDP(tlxi)mDP(tlxl)
a__(tlx_ ,y )mO (tlx.,y.)
DF 1'Y5’MpF 1Yy
+ b (t]|x,,y )ml (t|x.,v.)
DF IR R o3 S Tl
+ c (t]x y.)m2 (t|x:,v.)
DF i'Y5/Ppp i¥,
a, (t|x )mo(tlx )+b_ (t]x )ml(t|x )
F 1" F i F i’7F i

2
+ CF(tIXi)mF(t]xl)

PROBABRILITY OF A BENIGN
LATENT FAULT AT TIME t

PROBABILITY THAT A CATEGORY x,

TRANSIENT FAULT IS DETECTED AS
PERMANENT

RATE AT WHICH AN xiYJ-CRITICAL
FAULT CAUSES SYSTEM FAILURE

RATE OF ERROR PROPAGATION

FAILURE DUE TO A CATEGORY X
FAULT
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Reliability Model Functions

FUNCTION MATHEMATICAL EXPRESSION DEFINITION
ay(t]x) A (B) X = DP,L,B,B,F WEIGHT FUNCTIONS USED IN
£le) = * X, = TRANSIENT CONVOLUTIONAL APPROXIMATION

aX(t | Xil Yj)

bx(tlxi)

all X

A ()R () X = L,B,B,F
% = NON-TRANSIENT

1
HB(tIXi)ij(t) X = DF
yj = TRANSIENT

HB(tlxi)ij(t)ry(t) X = DF
Yj = NON-TRANSIENT

_£(8) - £(0) c - e
t r

(CF., EQUATION 25)

(3k2-1) £(t) - 2k2[%(tTAtr> + f(t'Atr)] + (X%+1) £(0)

2 2

(k%-1) t

3f(t) - 4£f(t/2) + £(0)

t = kAt,, < t,, k odd

- t = k&t_,<t_, k even
r n

t

3f(t) - 4f(t-tn/2) + f(t—tn)

- t >t

t
n

n
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Table 1 (Continued)

Reliability Model Functions

FUNCTION MATHEMATICAL EXPRESSION DEFINITION
0 t = Atr
£(t) - f<t+Atr> + f(t"Atr> + £(0)
3 3
(£? - (ae %172
e (el t = kAt < t_

Cx(tlxlryj)

k odd

E(t) - 2£(t/2) + £(0)
£2/2

t = kat_< t
r n

k even

f(t)y - 2f(t-tn/2) + f(t-tn)

tn /2

min t = n tr, n even, such that px(t) < 8

or Px(t) < 6 with 6 a user-defined threshold



Table 2a

Single-Fault Model Equations

FUNCTION MATHEMATICAL EXPRESSION®* DEFINITION

LT

1
B~ TIMES THE PROBABILITY
INTENSITY OF RE-ENTERING

~pt (e
o (t) ae SO e (") (yacnyax STATE A EXACTLY ¢ TIME
UNITS AFTER THE PREVIOUS
ENTRY
e & PROBABILITY OF BEING IN
Pa(t) e r{t)d(t) + g SO ¢(t-T)Pa(T)d1 STATE A AT TIME + WHEN
PA = PB = 1
. PROBABILITY OF BEING IN
P (t) s(t) + 8 g $(£-1)P, (1) a1 STATE B AT TIME  WHEN
O —
’ , P, =Py =1
t ¢ PROBABILITY OF BEING IN
Pe (£) SO e elnidlr)e(t-1)dr + BS % (t-T)P_ (1) dr STATE A OR B. AT TIME t
0 c

WHEN P, = P, =1

#*

t HERE IS A MEASURE OF THE TIME SINCE THE ENTRY INTO STATE A.



Table 2a (Continued)

Single-Fault Model Equations

FUNCTION MATHEMATICAL EXPRESSION* DEFINITION
( . INTENSITY OF ENTRY INTO
t -
Pe (t) e o (tyace) + e g $(t-1)p_(T)dr STATE Ag AT TIME t WHEN
0 P =P =1
A B
. INTENSITY OF ENTRY INTO
pZ(t) e *Fetyr(t) + 8 S ¢ (t-T)p (1) dr STATE A, FROM STATE A AT
0 b =
TIME t WHEN P, = Py = 1
. INTENSITY OF ENTRY INTO
pg(t) (l—C)S P (T)e(t-T)dr STATE F AT TIME t WHEN
0 b -
PA = PB 1l
t o+ gon (aFB) (£7D) INTENSITY OF ENTRY INTO
(8 "SO pe‘r)e(t‘T)< e ) dv + pgE)  STATE Ay AT TIME t FOR

* t HERE IS A MEASURE OF THE TIME SINCE THE ENTRY INTO STATE A,

THE FIRST TIME
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Table 2a (Continued)

Single-Fault Model Equations

#*

FUNCTION MATHEMATICAL EXPRESSION* DEFINITION
v (o) w (F (B} (£ot) INTENSITY OF ENTRY INTO
t Al -{Q -T
B ot P So P () (1 - e Ye(t-1)dr STATE B, AT TIME t FOR
THE FIRST TIME
PROBABILITY OF HAVING
t ENTERED STATE B. FOR THE
X (t) v (e FlE-T g, D
B o B E FIRST TIME AND THEN RE-
MAINING IN THE BEMNIGN
STATE UNTIL TIME t
. . PROBABILITY THAT A FAULT
Pap'®) Py SO B (0 dt + Py So ¥y (1)d HAS BEEN DIAGNOSED AS

3

t .
Fx(t) Fx(t) + S [(l-PA)WA(t~T) + (l-PB)EXB(t-T)]FX(T)dT

0

t HERE IS A MEASURE OF THE TIME SINCE THE ENTRY INTO STATE A.

PERMANENT BY TIME t

FUNCTION RELATING PROB-
ABILITIES AND INTENSITIES
DERIVED WHEN P, = Py =1 70
THOSE SAME QUANTITIES WHEN
P, & P ARE ARBITRARY
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Table 2a (Continued)

Single-Fault Model Equations

FUNCTION MATHEMATICAL EXPRESSION* DEFINITION
Py (t) F (t) with F_(t) = P_(t) + Xp(t) PROBABILITY OF BEING IN
STATE B AT TIME ¢t
P5(t) Fo(t) with F_(t) = P_(t) + P_(t) PROBABILITY OF BEING IN
A NON-BENIGN STATE AT
TIME t
Pb(t) + xB(t)
a + P (£) + P (t)
i a e PROBABILITY OF A LATENT
P (6) | F_(£) with F (t) ={ PERMANENT FAULTS FAULT OR UNDETECTED ERROR
X
* AT TIME ¢
P_(t) + P(t)
TRANSIENT FAULTS
Pop (£) F (t) with F_(t) = Pgp (t) PROBABILITY THAT A FAULT

t HERE IS A MEASURE OF THE TIME SINCE THE ENTRY INTO STATE A.

HAS BEEN DIAGNOSED AS
PERMANENT BY TIME t
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Table 2b

Double-Fault Model Equations

FUNCTION MATHEMATICAL EXPRESSION DEFIMNITION
Ci(t) Bl(t)dj(t)rj(t)aj(t) + TRANSITION RATE FROM
STATE AjBl TO STATE F
i=1,2 (1—PAJ)bi(t)Gj(t)rj(t)aj(t) +
= 3~ b . .
j i l(t)dj(t)pj(t)aj(t)
fl(t) aj(t)bi(t)dl(t)ri(t) TRANSITION RATE FROM
B4B
5 = 3-i 182
t
C4(t% S [Cl(t—T)Bz(T)bl(T) + INTENSITY OF ENTRY INTO
0
STATE F t TIMEUNITS AFTER
Cz(t-T)Bl(T)bz(T)]dT ENTRY INTO STATE B,1B,
t
c3(t) S [fl(t—T)Bz(T)bl(T) + INTENSITY OF RE-ENTRY

0

f2(t—T)Bl(T)b2(T)]dT

INTO STATE BB, t TIME
UNITS AFTER A PREVIOUS
ENTRY
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Table 2b (Continued)

Double-Fault Model Equations

FUNCTION MATHEMATICAL EXPRESSICN "DEFINITION
t
Py (t) £,(t) + S ¢y (t-1)py(T)dr INTENSITY OF ENTRY INTO
° STATE ByB, t TIME UNITS
AFTER ENTRY INTO STATE
AB,
t
Ppp(t) ey (t) + So ¢, (t-T)p5 (1) dt INTENSITY OF ENTRY INTO

STATE F t TIME UNITS
AFTER ENTRY INTO STATE
ABq



3.0 CARE III Program Modules

CARE III consists of three interdependent software modules written n

FORTRAN EXTENDED Version 4:

1) CAREIN - input processor,

2) COVRGE - coverage model, and

3) CARE3 - reliability model (see Figures 3.0.1 and 3.0.2).

The following sections contain a description sheet for each of the main
programs, subroutines, and functions which comprise each of the modules 1listed
above. Each routine description sheet consists of the files, parameters,
arrays, common areas, externals, and inline functions required by the
routine. Where appropriate, the mathematical functions are included with the
routine that solves them. A functional flowchart 1s included for each module,
and a description of the files, enumerated in the program card of each main
program, is also included.

The following are the execution field lengths for each program com-

prising CARE III.

MODULE PROGRAM FIELD LENGTH (Octal)
CAREIN CAREIN 154000
COVRGE COVRGE 163700
CVGPLT 127600
CARE3 CARE3 157200
RELPLT 076000
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3.1 CAREIN Module

The CAREIN software module consists of the main program CAREIN
and several subroutines and functions. A major portior of this
module consists of subroutine FTREE and its related rcutines de-
veloped by Boeing Aircraft Company and described in the CARE III
PHASE II Report, User's Manual.*

The CAREIN module processes user input contained in file
CREIN and then generates files for modules COVRGE and CARE3. (See

the CARE III User's Manual for a description of the user input to

CAREIN.)

*L. A. Bryant and J. J. Stiffler, CARE III PHASE II Report,
User's Manual, NASA CR-165864, September 1982.
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3.1.1 CAREIN Main Program

FROGRAM CAREINCINFUTyOUTFUT» TAPES=INPUTy TAFES&=0UTFUTyCREIN>
TAPE7=CREINyCREOUT» TAFEB=CREOUT» TAFPE10=8B2yFT11FyTAFEL11=FT11F>
EXYFL=0yTAFEL4=BXYFL, FT15F »TAPELS=FT18FsFT16F»TAFE16=FT164F»
FT2SF yTAFE2S=FT28F sFT26F y TAFE26=FT24F yCOVIN=Qy TAFE3=COVIN,
RELIN=0» TAFE4=RELIN)

E- NN Ol

c
C30KOK K 0K KK KR KK KK K08 K K KK K K H0KOK KK K0K K K 0K KK 30K KKK KK R0 K KOk 00K KKK AR Aok Kok oKk ok %

Cx X
Cx TITLEY COMPUTER-AIDED RELIABILITY ESTIMATIONs, VERSION THREE X
Cx ACRONYM! CARE III %
Cx MODEL DESIGN: DR, J.J.STIFFLER X
Cx SOFTWARE DESIGN AND IMPLEMENTATION? LYNN A. BRYANT X
Cx DATE! MARCH 23,1981 X
Cx IATE ERDITED: 4-22-81 X
Cx EDITED EBY? LYNN A. BRYANT X
Cx X
CX FURFOSE! CARE III IS A GENERAL-FURFOSE RELIABILITY X
Cx ESTIMATION TOOL FOR FAULT-TOLERANT AVIONICS %
Cx ’ SYSTEMS., X
Cx X
CRARRHKAIORKK AR KK KK KK KK KK KK RAK R KRR R IR KKK KKK KKK KK KK AR KK KKK K KR KKKK

c

C FT15F IS THE SYSTEM MINTERM FILE.

C FT25F IS THE CRITICAL PAIR MINTERM FILE.
c

COMMON// F(2000)sT(350)ySUH(2000)sFPR(70)+LS»LTTySAVMSENS, Iy
1 QF(70)sFPR(70)yBOGYRIGYNELTAYIC(2000) »IN(2000)yIF(10000)sIR(2000),
2 IDEF(700),IDUM(4300) CINDBG
LOGICAL CINDBGsFATAL,EOFFLG
Cx NOTE: ‘IDUM’ IS A FLACE-HOLDER FOR USE IN SUBROUTINE CTRLFRS WHEN
Cx ‘IC’ IS EQUIVALENCED TO ‘KNTMTS’ DIMENSIONED TO (10,10,210),
C

EXTERNALS TYPE ARGS
BUFEBLK \ b

CRTLFRS

EOF REAL
FNCK REAL
FTREE

SFLIT

SUBRUN

s e N S R o

NAMELISTS
FLTCAT
FLTTYF
RNTIME
STAGES
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3.1.2 CAREIN Files

File Name Unit Name Description

1T COVIN=(, TAPE3 = COVIN, coverage definition input file
generated by this program for
COVRGE program.

ZT RELIN=4, TAPE4 = RELIN, system definition input file
generated by this program for
CARE3 program.

3. INPUT, TAPE5 = INPUT

4, OUTPUT, TAPE6 = OUTPUT

5. CREIN, TAPE7 = CREIN

6. CREOUT, TAPE8 = CREOUT

7. TAPELO, TAPEll converted for READ¥*.

8. FT1llF, TAPE1ll = FT1lF, FTREE input.

9T BXYFL=4, TAPEl14 = BXYFL, binary critical pair results
file passed to CARE3 program.

IOT FT15F, TAPEl5 = FT15F, system minterm file passed to
CARE3 program.

11. FT1e6F, TAPEl6 = FT1l6F, fault tree output from system
fault tree definition.

12, FT2SF, TAPE25 = FT25F, critical pair minterm file.

13. FT26F, TAPE26 = FT26F, fault tree output from critical

pair fault tree definition(s).

+Must be saved and passed to other programs.
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3.1.4 CAREIN Subroutines

C 304K K 3K 3 KK 2K 2K 0K K 3K oK oK ok 3K K K K K KKK 3K K oK K K KK 5K K 3K 0K 0K KK K 0K KKK KKK K K K Kk

c
Cx SUBROUTINE BINOHM
C
Cx THIS SECTION CALCULATES THE FROBARBILITY OF
Cx M AT LEAST N. M HAS A MAXIMUM VALUE OF 20,
Cx FROGRAM WILL HANDLE UP TO 10 N®"S AND THEN
Cx IDES A FLIFFLOF TO CALCULATE AN N > 10.
c
B322SS0 2252223333000 0F2203 0008223300823 2000 2¢ 233282080 :
c
Cx VARTIABLE DEFINITIONS
C
Cx @1 20 FROBARILITY
Cx @2 20 COMFLEMENT OF FROBABRILITY
Cx ST 1 CALCULATED FROEBARILITY FOR EACH MINTERM
Cx c 20 COUNTER AND CONTROLLER
Ck NT 1 NUMEBER OF TERMS (M)
C
Cx Jd o1 MINIMUM NUMEBER OF SUCCESS(N)
c
I

(R332 3¢ 2 2222222000000 322323333 3800303022228 ¢ 202802208
SUBROUTINE BINOM (NT,JJsQs8T)
REAL Q(20)s,Q1(¢(20),yQ2(20)+8T

EXTERNALS TYPE

ARGS
CALC 5
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R 22232420 020222323820 3208233233223 3 2032333252253 2002383228
c

Cx SUBROUTINE CALC

Cx CALLED RBY BINOM

c

Cx IOES ACTUAL CALCULATION FOR "AT LEAST® CONDITION.
c

CRK KRR KRR KRR KRR KK KKK KO K KooKk ok Kook ok R kokk Aok kokk ok ok kkk ok ok
SUBROUTINE CALC (Q1,Q2,STsCsNT) B
REAL Q1(20),R2(20)s85y5,5T7

e
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SURRODUTINE CRTLFRS(NyMsyNOFsLC)

COMMON// F(2000)»T(50)ySUM(2000)»FR(70)sLSsLTTySAVIMSENSID,

1 QFP(70)»FQ{(70)»yBOG»BIGYDELTAYIC(2000)yINC2000),»IF(10000)sIRC2000),
2 IDEF(700)yIDUMCA4300)yCINDRG

LOGICAL CINDEBG,FATAL-EOFFLG

DIMENSION KNTMTS(10,10,210) s MNTRMV(70)sMTSTGS(70)

EQUIVALENCE (IC(1)sKNTMTS(1s1,1))

COMMON/EBXYCOM/ BXYAR(10510,35)»IJSTGIN(210)»LCNDVEC(20)»IBRECY
1 NFSTGyKPLSTG(70)

DIMENSION BCOMAR(3802)

EQUIVALENCE (BXYAR(1,1,1)»RCOMAR(1))

DIMENSION N(70)»M(70)sNOP(5,70)LC(70)

EXTERNALS TYFE ARGS
BUFBLK )
EQF REAL 1
FNCK REAL 2
INLINE FUNCTIONS TYFE ARGS
FLOAT REAL 1 INTRIN
MINO INTEGER 0 INTRIN
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SUBROUTINE DFIELD(ARRAY1IIM,ITAFE,LN)
C¥ SUBROUTINE DFIELDN READS FREE FIELD FORMAT
C

DIMENSION ARRAY(S0)sGATE(?7)

EXTERNALS TYFE ARGS
EOF REAL 1
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Cx
Cx
Cx
Cx
Cx
Cx
e

Cx
Cx
Cx
Cx
c

Cx
CX
Cx
Cx
Cx
Cx
Cx

SUBROUTINE FTREE(IUNIT)
RS 22833 02302235220 230000 2233020228020 F 280200320220 232 022 00008323 ¢34

TITLE? SIMFLIFIED COMFUTER EVALUATION OF FAULT TREES
ACRONYM?! SCEFT

AUTHOR? C., R. STANIDER

DATE: 0OCT., 25y 1976

DATE EDITED! 4-22-81

ERITED EBY! LYNN BRYANT

PURFOSE! SCEFT FROVIDES THE ANALYST REQUIRED 70 WORK WITH
FAULT TREES A CAFARILITY TO QUICKLY ANI SIMFLY
EVALUATE THE FROERABILITIES OF ALL EVENTS ON THE
TREE.,

THE TYFES OF DEFENDENCIES THE PROGRAM W1LL HANDLE ARE?
i+ INFUT EVENTS THAT OCCUR IN MULTIFLE PLACES IN THE TREE
2, COMMON TIME-SEQUENTIAL REDUNDANT FROBABILITIES
(CONDITIONAL-AND)
3. COMMON ACTIVE AND FASSIVE REDUNDANCY WITH OR WITHOUT
SWITCHING DEVICES, AND
4, EXCLUSIONS (EXCLUSIVE-DR).

EXTERNALS TYPE ARGS

INLINE

ALOG REAL 1 LIERARY
DFIELD

EXP REAL
MINTRHMS
PROCIND

SORT

TTREE

LIBRARY

SO D

FUNCTIONS TYPE ARGS
ARS REAL 1 INTRIN



SUBROUTINE GNMNFL(ZSUM»IUNIT,,FRSTCM)

THIS SUEBROUTINE WRITES VALID SYSTEM MINTERMS TO FILE 'FT1SF’(IUNIT=
15) OR VALID CRITICAL PAIR MINTERMS TO FILE ‘FT25F/(IUNIT=25),

oo

DIMENSION IIFF(70)
LOGICAL FRSTCMsCINDRG
COMMON// F(2000)sT(50)sSUM(2000)»FR(70)»LSsLTTsSAVIMEENS»ID,
1 QF(70)yFQ(70)>yBDOGyRIGYyRELTAYIC(2000)sIN(2000),IF(10000)sIR(2000),
2 IDEF(700)yIDUMC4300)»CINDBG
Cx NOTE!: ‘IDUM’ IS A FPLACE-HOLDER FOR USE IN SUBROUTINE CTRLFRS WHEN
Cx “IC’ IS EQUIVALENCED TO ‘RNTHMTS’ DIMENSIONED TO (10,10,210).
c
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Cx
Cx

Cx
Cx
Cx
Cx

SUBROUTINE MINTRMS(NN,TSUM» IUNITyFRSTCHM)

LOGICAL FRSTCHMsCINDBG

COMMON// F(2000)sT(S50)sSUH(2000)+PR(70)sLSsLTT1SAVINSENS,ID,

1 QF(70)»FQ(70)+BOGYEIGYDELTA»IC(2000)yIN(2000)yIF(10000)yIR(2000)
2 IDEP(700)IDUMCA300) yCINDRG
NOTE: ‘IDUM’ IS A FLACE-HOLDER FOR USE IN SUERROUTINE CTRLFRS WHEN
IC’ IS EQUIVALENCED TO ‘KRNTMTS’ DIMENSIONED TO (10,10,210),

THIS SECTION CALCULATES EACH MINTERM AS EACH

MINTERM FAILS. MCOME DETERMINES THE NUMBER OF MINTERMS
THAT WILL BE EVALUATED BY THE SYSTEM. THE MAXIMUM NUMEER
FOR MCOMB IS 13,

EXTERNALS TYPE ARGS
GNMNFL 3
TTREE 0
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Cx
Cx
Cx
Cx

SUBROUTINE FROCIND
THIS ROUTINE FREFROCESSES INPUT DATA SO THAT SUBRROUTINE DFIELD CAN

REAI' THE INFORMATION USING FORTRAN READX.

NOTE?

NON-NUMERIC DATA

IS CONVERTED TO A NEGATIVE INTEGER REFRESENTING THE HOLLERITH

CHARACTERy INSTEAD

EXTERNALS
EOF

OF DELIMITING THE CHARACTER RY

TYPE
REAL

ARGS

40
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(RSP 82 2332333220023 38290 0800222320808 E33222228F20383%
c

CX SUBROUTINE SORT

Ck PUTS GATES IN ASCENDING ORDER

c

122922323338 33333333302302 3523232223002 3080832223232 2232¢ 33
Cx VARIABLE DEFINITION

c

Cx N 1 NUMBER OF TERMS TO BRE SORTED

Cx €C 50 TERMS TO BRE SORTED

c

R332 2233320223333323230 0323005300823 0222302082302 0333888 33
SUBROUTINE SORT (NsC)
INTEGER C(50),D
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OoOOoOO0O000O0

SUBROUTINE SFLIT(NRKSTGFsNKSTGLyMXCPLSsMXSBRN»ISBRNs ISERAR)

THIS SUERROUTINE SFLITS A RANGE OF NON-CO
LESS SETS OF AFPROXIMATELY EQUAL SIZE.
EACH SET FOR EACH SUBRUN ARE THEN STORED
‘ISBRAR‘(1,ISBRN) = FIRST STAGE IN THE S
"ISBRAR’ (2yISERN) = LAST STAGE IN THE SU
INCREMENTED.

DNIMENSION ISERAR(2yMXSBRN)

42

UFPLEDI STAGES INTO ‘MXCFLS’ OR

THE FIRST AND

LAST STAGES OF

IN “ISERAR‘(I»ISERN)y WHERE

UBSET AND
BRSET$ ’ISERN’

IS THEN

-



OO0

SUBROUTINE SURRUN(KSSETS,NSTGESyMXCPLSs»MXSBRNy ISBRNs ISERAR)

THIS SUBROUTINE DIVIDES ‘NSTGES’y SOME OF WHICH ARE COUFLEDs I.E,.
THEY DEFINE CRITICAL-FAIRS OF FAULTS, INTO SUERRUNS.
‘RSSETS’(I,ISRSET) DEFINES ALL CRITICAL-FAIR FAULT SURSETS.

X% EACH SUCH SUBSET MUST START AND END A NEW SUBRUN. XX

SUBROUTINE SFLIT IS USED TO DIVIRE THE RANGE OF NON-COUFLED STAGES
INTO SUBRUNS.

DIMENSION KRSSETS(2sMXSBRRN) s ISBRAR(2>MXSERRN)

EXTERNALS TYFE  ARGS
SFLIT 6
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2322222253220 0232202223300 20383223 3800383302000 0F22F2 3828233

C
Cx
Cx
Cx
C

SURROUTINE TTREE
CALCULATES PROBABRILITIES DEFENDING ON
TYFE OF GATE(IR) OCRR78

CRERKERRKKEKKERKKKRRKKKK KKK KKEKRKK KKK KKK A KRR KRR KKK KK

c

CxX
Cx
Cx
Cx
Cx

Q 20 CONTAINS FROBARILITY FOR EACH INFUT GATE
THAT FEEDS INTO "AT LEAST*® GATE

SUM 2000 HOLDS FROBABILITY OF EACH LOGIC GATE

ST 1 RETURNS FROBABILITY FROM "BINOM®

85 1 TEMP STORAGE FOR FRORBRARBRILITIES

(2322002322332 2232022323332 32320020002 2222222222822322 000300220 ¢dd:

Cx
Cx
c

SUBROUTINE TTREE

DIMENSION Q(20)

COMMON// F(2000),T(50)SUM(2000)sFR(Z70)sLS»LTT»SAVIHSENS,IDy

1 QF(703FPQ(70)yROGYBIGYDELTAYIC(2000)»IN(2000)yIFP(10000)IR(2000)y
2 IDEP(700),IDUM(4300)CINDBG

LOGICAL CINDEG
NOTE: ‘IOUM‘ IS A FPLACE-HOLDER FOR USE IN SUEROUTINE CTRLFRS WHEN

“IC’ IS EQUIVALENCED TO ‘KNTMTS’ DIMENSIONED TO (10,105210).,

EXTERNALS TYFE ARGS
RINOM 4
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3.2 COVRGE Module

The COVRGE module consists of two main programs, COVRGE and CVGPLT, and
several subroutines and functions. Program COVRGE computes the state transition
rates required by program CARE3. (See the CARE III PHASE II Report, Mathematical
Description* for a descriptionof the mathematical model used in the coverage
model implementation.) Program CVGPLT creates the plot file of the single- and
double-fault functions generated in this module.

For further information regarding the mathematical equations used in the
coverage model see the Appendix entitled "Computational Complexity in Solving

the 'Stiff' Volterra Equation."

*J, J. Stiffler and L. A. Bryant, CARE III PHASE II Report, Mathematical
Description, NASA CR-3566, 1982.
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3.2.1 COVRGE and CVGPLT Main Programs

PROGRAM COVRGE(INPUT»OUTFUT, TAPES=INPUT: TAPEA=OUTPUT DBUG,
1 CYGMTS=0,TAPE7=CYGMTS) TAPEB=DEUG SNGFL=0s TAPE9=SNGFL s
2 DBLFL=0sTAPE10=DBLFLsCOVIN=0sTAPE3=COVIN)

c

C KK OKOK KKK oK K KK KK K 5K K KK KKK K KOKOK KK KK KK KK KKK K KKK K K KO KKK KK RK0K0K XKk K Ok ok X ok
Cx X
Cx TITLE: COMPUTER-AIDED RELIABILITY ESTIMATION, VERSION THREE X%
CX ACRONYM! CARE III X
Cx MODEL DESIGN: IR. J.J.STIFFLER X
Cx SOFTWARE DESIGN AND IMPLEMENTATION! LYNN A. BRYANT X
Cx DATE! MARCH 23,1981 X
Cx DATE ERITED! S-02-81 X
Cx ERITED BY: LYNN A. BRYANT X
Cx *
Cx FURFOSE:! CARE III IS A GENERAL-PURFOSE RELIARILITY X
Cx ESTIMATION TOOL FOR FAULT-TOLERANT AVIONICS X
Cx SYSTEMS., X
Cx X
(R TP 2222220 033222200203 32222332523 322230003223 22522308325220¢

c
COMMON/CVGSTEFP/ ITSTFSyMAXSTFsRELSTEFy TEASESNTYFSyDELDF » TRUNC
1 INMAXsNSTPMXsDIFCHNG
DIMENSION REC1(4)yREC2(3)
EQUIVALENCE (ITSTFSyREC1(1))s(NTYPS,REC2(1))

COMMON/FLTYPCM/ ITYF»JTYFsCUPRNT»CVFLOT»IAXSTYF
DIMENSION REC3(3)
EQUIVALENCE (CVFRNT»REC3(1))

LOGICAL DELCDNyRHOCDNyEFSCDN

COMMON/RATECOM/ ALPHA(S) »BETA(S) yDELTACS) yRHOC(S) yEPSLN(S) »
DELCDN(S) yRHOCDENC(S) yEFSCDN(S)
PACNS(S)yFPBCNS(5)»CENS(5)
TALFPMX(3) » TRETHX(S) y TOELMX(S) y TRHOMX(S) » TEFSMX(S)

DIMENSION RECA(SS9)

EQUIVALENCE (ALFHA(1)yREC4(1))

[Z3 I8 (NI o

COMMON/CVRGCOM/ CMSTO(Dr65sS5)CMST1I(5:6595) sCMST2(5+465+5)
1 CMDFO(S+5+63)»CHDF1(S+5265) »CHIOF2(S5+524659)
2 TZEROST(S:+5) s TOOF(S5,5)» TRANS (5)
?? /P20
C FOR OFTIMIZATION FPURFOSES DURING THE ERUFFER OUT OF /CVRGCOM/»
C DEFINE AND EQUIVALENCE ‘CVRGAR‘’ TO ENCOMFASS THE ENTIRE COMMON AREA.
DIMENSION CVRGAR(9805)
EQUIVALENCE (CMSTO(1s1s1)»CVYRGAR(1))
LOGICAL TRANSyCVUPRNT,CVUFLOT,FATALSEOQOFFLG

EXTERNALS TYPE ARGS
ALOG REAL 1 LIBRARY
BUF EBLA 6
DRLFLT 0
PRNTCVG 0
SNGFLT 0
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(1-C)e(r)

(1-C) e(7)

Figure 3.2.1.1
CARE III SINGLE FAULT MODEL
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error generation rate
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time from entry into
active state

time from entry into
error state
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B, + pl(t) + (1—PA1)61(t)

By + py(t) + (1-P,) 8, (t)

Figure 3.2.1.2

CARE III DOUBLE FAULT MODEL
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PROGRAM CVGPLTC(INPUTOUTPUT» TAFES=INPUT,»TAFE4=0UTPUTPLFILE,
1 TAFE4A=FLFILE»SNGFL=0,TAPE?=SNGFLsDELFL=0,TAPE10=DELFLyCOVIN=0,
2 TAPE3=COVIN) _

c

C RO ROR KKK K K KK KK KK K K KK KR oK KK KK K KoKk Kok ok ok ok ok KKKk KKK KRR R KRR RO OR KKK KR KKk kK
Cx —- - - X
Cx TITLE: COMFUTER-AIDED RELTIABILITY ESTIMATION,y VERSION THREE %
Cx ACRONYM: CARE III X
Cx MODEL DESIGN: DR. J.J.STIFFLER X
Cx SOFTUARE DESIGN AND IMPLEMENTATION?! LYNN A. BRYANT X
Cx DATE! MARCH 23,1981 X
Cx DATE EDITED?! 4-30-81 X
Cx EDITED BY! LYNN A, ERYANT X
Cx X
Cx FURPOSE? CARE III IS A GENERAL-FPURFOSE RELIARILITY X
Cx ESTIMATION TOOL FOR FAULT-TOLERANT AVIONICS X
Cx SYSTEMS, X
Cx X
CRRRKKIRORR KKK KKK KKK KKKKKKKR AR KRR KKK KKK KRR KKK KKK KKK KKK KK KKK KK KK KKK KK

THIS FPROGRAM FPLOTS THE COVERAGE SINGLE AND DOUBLE-FAULT FUNCTIONS.
IT BUFFERS IN FROM FILE ‘SNGFL’ THE TWENTY~FIVE POSSIBLE SINGLE-
FAULT FUNCTIONS (FIVE PER FAULT CATEGORY). IT THEN BUFFERS 1IN
FROM FILE ‘DRLFL’ THE TWENTY-FIVE FOSSIRBLE DOUBLE~FAULT FUNCTIONS
(ALL COMBINATIONS OF FAIRED FAULT CATEGORIES).

THE SINGLE~-FAULT FUNCTIONS ARE RUFFERED IN AND FLOTTED PER FAULT
CATEGORY. THE DOUBLE-FAULT FUNCTIONS ARE BUFFERED IN AND FLOTTEL
FER FAULT CATEGORY PAIR.,

NOTE - TAPE4A=FLFILE IS5 USED BY THE DISSFLA ROUTINES,

oooOoOoOOoOOn

COMMON/SNGFUNC/ PENG(S513)sPEGSTEFINFEGSTF(20)
PNBNG(G13) yPNESTEFsNPNBSTFP(20)
PFLID(S13) ,PFSTEFYNPFSTP(20),
PLAT(S13) »FLTSTEP»NFLTSTF(20Q)
PDF(513)sFOFSTEF»NPOPSTF(20) »LNORLG
C FOR OPTIMIZATION FURFOSES DURING THE BUFFER IN OF /SNGFUNC/»
€C DEFINE ‘PLTSNG’ TO ENCOMPASS THE ENTIRE COMMON AREA.
DIMENSION PLTSNG(2671)
EQUIVALENCE (PBNG(1)sFLTSNG(1))

S Ol

EXTERNALS TYPE ARGS
BUFBLK
CPLOT
DONEPL
GENTMAR
STPINDX

Ado 0o
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3.2.2 COVRGE and CVGPLT Files

File Name Unit Name

COVRGE Files:

1. COVIN=g, TAPE3 =
2. INPUT, TAPES =
3. OUTPUT, TAPE6 =
at CVGMTS=f, TAPE7 =
5. DBUG, TAPES =
67 sNGFL=g, TAPE9 =
77 DBLFL=g, TAPE10 =

CVGPLT Files:

1. COVIN=§, TAPE3 =
*

2. PLFILE, TAPE4 =
3. INPUT, TAPE5 =
4. OUTPUT, TAPE6 =
5. SNGFL=f, TAPE9 =
6. DBLFL=f, TAPE10 =
.1.

COVIN,

INPUT

OUTPUT

CVGMTS,

DBUG

SNGFL,

DBLFL,

COVIN,

PLFILE,
INPUT
OUTPUT

SNGFL,

DBLFL,

Description

coverage definition input file
generated by CAREIN program.

binary coverage moment functions
passed to CARE3 program.

plot file of single-fault prob-
ability functions, passed to
CVGPLT program.

plot file of double-fault prob-

ability functions, passed to
CVGPLT program.

coverage input file required
in CVGPLT also.

DISSPLA plot file.

single-fault binary file from
COVRGE program.

double-fault binary file from
COVRGE program.

Must be saved and passed to other programs.

*Must be saved and passed to DISSPLA plot program.
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3.2.4 COVRGE Subroutines

SUBROUTINE DBLFLT

THIS SUBROUTINE COMPUTES THE DOUBLE-FAULT COVERAGE FUNCTION FOR
COVERAGE FAULT TYPE FAIR (‘ITYF’s JTYP’).

v Ne ey

COMMON/WRKING/ E1AR(S513)»BI1STEPsNE1STP(20),B2AR(513)»B2STEF
1 NE2STP(20)»TIUM(S13 )y NDUM(20) s STPINIT(?)
COMMON/FUNCCOM/ C1AR(S13),C1STEFsNCISTF(20)

1 C2AR(S13),C28TEPNC25TP(20)
2 F1AR(513)sFiSTEFP»NF1STP(20)
3 F2AR(S13) yF25TEFyNF285TF(20)
4 C3AR(513)»C3ISTEFYNC3ISTF(20)»
9 CA4AR(313)»CASTEFYNCASTP(20)
) F3AR(S13)sP3STEFNF3STF(20)
C  XXXK¥Xkk¥xkXx STORAGE AREA FOR FINAL DOUBRLE-FAULT FUNCTION ¥X¥kk¥kkkxkxk
7 FOFAR(S13)sPOFSTEP»NFDFSTP(20) yLNORLG
C  XKRRRKK KRR KKK K KO K KKK KK Kk kokokok Kok Kok ko dokokokokookk ok okookokkkokok ook R xRk ok
8 XBIINTG(513)yXB1STEF»NXEISTF(20) >
9 XBR2INTG(513) s XR2STEFPyNXB2STP (20)
EXTERNALS TYPE ARGS
RUFBLK 6
COMFFUN 6
FROERL 0
FCIDEL 0
FFREL 0
GENMNTS 4
PREVNRC 13
SUMARS i1
TMAXDEL 7
VOLTERA 10

See the next page for the Double-fault Model Equations.
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ay (t)
2

al(t)
2

By (t)
2

b, (t)
2

c; (t)
2

f,(t)
1

c, (t)

Cj (t)

ps (t)

P
pg (&)

+

By(t)d; (B)rp(t)ap (t) + (1-P,,)b; () 6y (t)r,y(t)a, (t)
2 1 1 1 1 2 1 1 1

DOUBLE-FAULT MODEL EQUATIONS

d, (t)
2

FUNCTION
CNSRTDN

b;(t)d,(t)p,(t)a,(t)
2 1 1 1

oy (t)by(t)d; (t)r, (t)
2 1 2 2

0

0

£, (8) +S
Ci (t) +S

t

0

t

0

cz(t-T)ps(T)dr

cy (t-T)ps(t)dr
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t
S [c;(t=1) B (T)b; (1) + cp(t-T)B;(T)b,(T)]dr

t
S [f),(t"f) B, (t)b, (1) + fz(t'T)Bx(T)bz(T)]dT

FUNCTION
RTDNINT

VARIABLE

CTAR(IT)
C2AR(IT)

F2AR(IT)
FIAR(IT)

CAAR(IT)

C3AR(IT)

P3AR(IT)

PDFAR(IT)
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SUBROUTINE COMPFUN(STERSTEXTFUNYITH:s TFMAXsNSTEFARFUNCAR)

COMMON/CVGSTEF/ ITSTPS,yMAXSTFRELSTEPy TRASEYNTYFS,,DRBELDOF» TRUNC»
1 INMAXyNSTFMXyDIFCHNG

COMMON/FLTYFCH/ ITYF»JTYP»CUFRNTyCVUFLOT» IAXSTYF
COMMON/CHICOM/ MIDOFsMLATyMFLD»MENGs MNENGsMDF»CHIDRG

DIMENSION FUNCAR(1)sNSTEFAR(1)

LOGICAL THRASHyCVUPRNTsCVFLOTyCHIDRG

DATA DIVDIF/0.1/sMAXDIV/4/yREALMIN/L.OQE-293/

THIS SUBROUTINE COMPUTES A FUNCTION USING INCREASING STEF SIZES,
WHERE THE STEF SIZE IS DOURBLED EACH TIME IT INCREASES, THE
NUMBER OF STEPS COMFUTED FOR EACH STEF SIZE IS STORED IN NSTEFAR
ARRAY .

EXTERNALS TYFE ARGS
EXTFUN REAL 2 F.FPo
INLINE FUNCTIONS TYFE ARGS
ARS REAL 1 INTRIN
AMAX1 REAL 0 INTRIN
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SUBROUTINE CVLTAR(SFARySFSTFPSTsNSFSTP)

COMPUTE VOLTERRA EQUATION USING SINGLE-FAULT ARRAY ‘SFAR‘s ITS
INITIAL STEP SIZE ‘SFSTFST’, AND ITS5 ‘NSFSTF’ ARRAY DEFINING HOW
MANY OF EACH "FOWER OF TWO®* TIMES ‘SFSTFST’ STEPS WERE GENERATED.
THESE ARRAYS WILL EBE USED TO STORE THE FINAL RESULT OF THE CALL

TO SUBROUTINE ‘VOLTERA’ UFON RETURN. ‘FAR’»‘/FSTFST’ AND ‘NFSTFAR’
WILL BE USED' AS TEMPORARY STORAGE FOR USE IN THE VOLTERA SUBROUTINE.

‘FAR(TIME)’ = ‘SFAR(TIME)’ + INTEGRATION FROM 0.0 TO TIME OF
‘FEEAR(TIME-TAU)’ x ‘FAR(TAU) .,

COMMON/CVGSTEF/ ITSTFS:MAXSTFsRELSTEP»TRASE,NTYFSs»DRLDF s TRUNC,
1 INMAXyNSTFPMX»DIFCHNG

COMMON/WRKING/ FAR{(S13)sFSTPST,NFSTPAR(20)FEEAR(S13) »FEESTEF»
1 NFEESTF(20),GAR(S13)+NGSTPAR(20) ,GSTFST(9?)

DIMENSION SFAR(S13)sNSFSTF(20)

EXTERNALS
VOLTERA
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SUBROUTINE FILLDEL
c
C THIS SURROUTINE FILLS THE DOUBLE-FAULT FUNCTIONS IN COMMON/CVRGCOM/.
c
COMMON/WRKING/ DFMOAR(S513)yDFMSTEFsNDFMSTF(20) »DFHLIAR(513)y
1 DFMIDUMyNDFMIOM(20) » DFM2AR(S13) s NDFM2DM(20) » DFM2DUM(?)
COMMON/FLTYFCM/ ITYF»JTYFsCVUFRNT»CVFPLOT» IAXSTYF
COMMON/CYBSTEF/ ITSTFSyMAXSTFIRELSTEF > TBASEsNTYPS,»DBLLOF» TRUNC,

1 INMAXyNSTPMX sy DIFCHNG
COMMON/CVRGCOM/ CMSTO(S»65¢S)»CMST1(S,46595)sCMST2(S946595)
1 CHIFO(Sy5963)yCMDF1(S5y5963)yCHLIF2(595+965)

2 TZEROST(S53)»TODF(S553) »y TRANS(3)

LOGICAL TRANS»CVUFRNT,»CVFPLOT
COMMON/TMARCOM/ DFTHAR(S513)y TMAR2(513)yTHAR3(513)» THAR4(513)

EXTERNALS TYPE ARGS
FLINTF REAL 5
GENTMAR 4
STFINDX 5
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SUBROUTINE FILLSNG(MCHI)
C
C THIS SUBROUTINE FILLS THE SINGLE-FAULT FUNCTIONS IN COMMON/CVRGCOM/.

c
COMMON/WRKING/ SFMOAR(S513),SFMSBTEFsNSFMSTF(20)»SFMIAR(S13)

1 SFMIDUMyNSFHIDM(20) ySFM2AR(S13) s NSFM2IIM(20) » SFH2DUM(?)
COMMON/FLTYFCM/ ITYPyJTYFP,CVUFRNT»CVFLOT»IAXSTYP
COMMON/CVGSTEF/ ITSTPSyMAXSTFyRELSTEPsTBASEsNTYFPSyDBLDFTRUNC,

1 INMAXsNSTPMX»DIFCHNG
COMMON/CVRGCOM/ CMSTO(S5+65+5)CMST1(5565+5)»CHST2(5565+5)

1 CHIOFO(S+5y65)yCMDF1(S5+95965) sCMDF2(5+5965) »

2 TZEROST(S5,5) s TONF(35+5) y TRANS(S)

LOGICAL TRANS,CVPRNT.,CVPLOT
COMMON/TMARCOM/ SFTMAR(513),yTHAR2(S513)»TMAR3(513)»TMAR4(513)

EXTERNALS TYPE  ARGS
FLINTP REAL 5
GENTMAR 4
STPINDX 5
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SUBROUTINE GENMNTS(FLTARsFLTSTEP»NFLTSTFsHMCHI) -

COMMON/CVGSTEF/ ITSTPS»MAXSTFsRELSTEPTBASE»NTYFSsDBLIOF» TRUNCy
1 INMAXyNSTPMX s DIFCHNG

COMMON/FLTYPCM/ ITYFsJTYFsyCVUPRNT»CVUFLOT»IAXSTYF
COMMON/UWRKING/ FMOAR(S13) »FHSTEPYNFMSTF(20) yFM1IAR(S513),FM1DUN,
1 NFMIDM(20) »FM2AR(S513) s NFHZ2DM(R20) s FH2DUM(?)

LOGICAL CVFRNT,CVFLOT

DIMENSION FLTARC1)yNFLTSTF(1)

IATA CNSONE/1.0/

IF THE FAULT FUNCTION IS CONSTANTLY ZEROs THERE IS NO NEED TO COM-
FUTE THE MOMENT FUNCTIONS, SINCE THE MOMENT ARRAYS ARE INITIALIZED

T0 ZERO.

EXTERNALS TYFE ARGS
FILLDEL 0
FILLSNG 1
USTRINT 6
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SUBROUTINE GENTMAR(STEFSTsyNSTEPAR» THAR» THX)

NIMENEION NSTEFPAR(1)sTHMAR(1)

COMMON/CVGSTEF/ ITSTFSyMAXSTPYRELSTEF Y TRASEsNTYFSyDBLDF s TRUNC,
1 INMAXyNSTPMX» DIFCHNG

COMMON/CHICOM/ MDFMLATsMFLD,»MENGsMNBNG,MOFyCHIDRG

LOGICAL CHIDBG

THIS SUBROUTINE GENERATES AN ARRAY OF TIMES FOR WHICH A FUNCTION
WAS FREVIOUSLY COMFUTED. ‘STEPST’ IS THE INITIAL STEP SIZE USED
TO COMFUTE THE FUNCTION. ‘NSTEPAR’ IS5 THE ARRAY DEFINING HOW
MANY OF EACH "FOWER OF 2* TIMES ‘STEPST’ WERE USED.

I.E. NSTEFPAR(NSTFIN) = THE NUMBER OF STEPS GENERATED HAVING

A STEF SIZE OF "2%X(NSTPIN-1) X STEPST".
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SUBROUTINE FREVNRC(FsFSTEP/NFSTEP,FEE»FEESTEP,NFEESTF
1 PyPSTEFsNFSTEPYCNSINTGyPARYyPARSTEF » NPARSTP)

COMMON/TMARCOM/ FTHMAR(S13)FEETHAR(S13)sFTHAR(S513) yPARTHAR(S13)

THIS SUBROUTINE’S MAIN FUNCTION IS AS A FPREFROCESSOR FOR CALLING
SURROUTINE ‘VLTNREC’. THE TWO ARRAYS INVOLVED WITHIN THE CONVOLUTED
INTEGRATION? ‘FEE‘ AND ‘P’ MUST BE TESTED FOR THEIR TIME MAXIMUMS
(MAXIMUM X VALUE) AND PASSED TO SUBROUTINE ‘VLTNREC’ SO0 THAT THE
FUNCTION WITH THE LARGEST TIME MAXIMUM IS FPASSEDIl AS THE FUNCTION
THAT IS INTEGRATED FORWARD IN TIME.

EXAMPLE?

‘PAR’ (T = INTEGRATION FROM 0.0 TO ‘T’ OF ‘FEE‘(T-TAU) % ‘P’ (TAU).
IF ‘P’ FUNCTION HAS THE LARGEST TIME MAXIMUM (X VALUE)sy THE FUNCTIONS
SHOULD RE PASSED IN THE SAME ORDER AS AROVE. IF ‘FEE’ FUNCTION HAS
THE LARGEST TIME MAXIMUMy THE EQUATION SHOULD BE AS FOLLOWS:
‘PAR’(T) = INTEGRATION FROM 0.0 TO ‘T’ OF ‘P/(T-TAU) % ‘FEE’(TAW).

EXTERNALS TYFE ARGS
GENTMAR 4
VLTNREC 18
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SUBROUTINE PRNTCVG

COMMON/CVGSTEF/ ITSTFSyMAXSTPYyRELSTEFy TRASE'NTYFS»DELIDF s TRUNC

1 INMAXyNSTFMX,DIFCHNG

COMMON/CVRGCOM/ CMSTO(5:65:5)yCMST1(5565,5),CHBT2(5:65+5)
1 CHIOFO(SyS5y45) s CHIOF1(S5s5+65)»CHIF2(5,5963)
2 TZEROST(Ss3)»TODF (5 5) s TRANS(S)

LOGICAL TRANS

FRINT CVRGCOM COMMON AREA.
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SUBROUTINE SNGFLT

THIS SURRDUTINE COMFUTES THE SINGLE-FAULT COVERAGE FUNCTIONS FOR
COVERAGE FAULT TYFE ‘“ITYF’.

COMMON/WRKING/ FAR(513)sFSTPSTyNFSTFAR(20)yFEEAR(S13) »FEESTEFy

1 NFEESTF(20)s6AR(513) NGSTPAR(20)»GSTFET(?)

COMMON/FUNCCOM/ FA(S13) »FASTEFINFASTF(20)
FE1(513)yPRISTEPNFEBISTF(20)
FERR(513)yPERSTEFyNPERSTF(20)

XXkkkXxX% FINAL AREA FOR STORAGE OF SINGLE-FAULT FUNCTIONS XxXkXXkkXX
FEAR(S13)PESTEF NFESTF (20
FNEAR(S13) sy FNESTEF»NFNESTF(20)

FFLDOC(S513) yFPFSTEFYNFFSTF(20)
FSIA(S13) yPSASTEPyNFSASTF(20),
FOF(513)FDPSTEFyNPDFSTP(20) » LNORLG»

KKK KR K K KKK K K KKK K K K KKK K KOK KK OK K K OR KK KK 0K OK K KK KK KR KR KKk R KKk K K R ROk ok kK
FSIB(S13) »FSBSTEFYyNFSESTF(20)»

FB2(513) PR2ETEF»NPR2STF(20)

XX

XX

*OC(J*\]O*(J'I&N*IJH

EXTERNALS TYFE ARGS
BUFELR b
COMFPFUN 6
CVLTAR 3
FGSNGL 0
GENMNTS 4
FREVNRC 3
SUMARS 11
THAXSNG 2
VOLTERA 10
USTPINT '3

See the next two pages for the Single-fault Model Equations.
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SINGLE-FAULT MODEL EQUATIONS

t
ae BE S e—(a_B)Tr(T)d(T)dr
0

t
e-atr(t)d(t) + B8 S ¢(t—T)Pa(T)dT
0

t
$(t) + B S ¢(t-T)Pb(T)dT
0

t t
S e 0”:p('r)d('t:)e(t-'r)d'r + BS ¢(t-T)Pe(T)dT
0 0

t
e-ato(t)d(t) + B s ¢(t-T)pe(T)dT
0

t
e—atG(t)r(t) + B S ¢(t—1)pg(1)dr
0

t
(l-C)S p_ (t)e(t-T)dr
0o ©

=(a+8) (t-1)

t 8 + oe
(:SO pe(T)e(t—r)( o B ) dt + pg(t)

o P (1) (1 Ye (t-T)dt

oC St - (a+B) (t-1)
—_— - e
0

t
S ¥ (T)e_B(t—T)dT
0 B

t t
PA So ‘%(T)dT'+ PB So WB(T)dT
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VARIABLE

FEEAR(IT)

PA(IT)

PBI(IT)

PERR(IT)

PEAR(IT)

PNEAR(IT)

PFLD(IT)

PSIA(IT)

PSIB(IT)

PB2(IT)

PDP(IT)



LET

WITH

SINGLE FAULT MODEL EQUATIONS (CONT.)

VARITABLE

t
Fx(t) = Fx(t) + Sol(l—PA)WA(t—T) + (l—PB)BXB(t—T)]FX(T)dT
Fx(t) PDP(t) PA(t) PBl(t) PBZ(t) PE(t) pF(t)
Fx(t) Pdp(t) Pa(t) Pb(t) xB(t) Pe(t) pf(t)
PB(t) = PBl(t) + PB2(t) PBNG(IT)
Pz(t) = PA(t) + PE(t) PNBNG(IT)
PB(t) + Pg(t) PERMANENT FAULTS
PL(t) = PLAT(IT)

PB(t) TRANSIENT FAULTS
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SURROUTINE STRPINDX(T,STEFSTsNSTEFARsSTFSZE,INDNX)

COMMON/CVUGSTEF/ ITSTFS»MAXSTF,RELSTEF»TRASEsNTYFS,yDRLDF s TRUNC,
1 INMAX s NSTPMX s DIFCHNG
DIMENSION NSTEFAR(1)

THIS SUERROUTINE COMFUTES THE STEP SIZE AND INDEX GIVEN A TIME
FOR A FUNCTION WITH ORIGINAL STEF SIZE OF ‘STEFST’. ‘NSTEFAR”
DEFINES HOW MANY OF EACH "FOWER OF TWO® TIMES ‘STEPST’ STEFS

WERE COMPUTEDR FOR THE FUNCTION.
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SURROUTINE SUMARS(AR1,STEP1STyNSTFAR1yCN1yAR2ySTEF2STsNSTFAR2sCN2y
1 ARSUMsSTEFST»NSTEFAR)

THIS SUERROUTINE SUMS TWO ARRAYS ‘AR1‘ AND “AR2‘’ YIELDING ‘ARSUM’.
‘STEF18T’ AND ‘STEF2S8T’ ARE ARRAYS’ ‘AR1’ AND ‘AR2’ INITIAL STEF
SIZES RESFPECTIVELY. ‘NSTEFAR’, WHICH WILL CONTAIN THE NUMBER OF
STEPS OF EACH "FOWER OF TWO*® TIMES ‘STEPST’ FOR ‘ARSUM’» IS
CREATED IN THIS SURROUTINE ALSO.

‘CN1‘ AND ‘CN2‘ ARE CONSTANTS TO MULTIFLY EACH FUNCTION RY BEFORE

THE SUM,

DIMENSION AR1(1)sARZ2(1)sARSUM(1) +NSTPARLI(1)sNSTPAR2(1)sNSTEFAR(1)
COMMON/TMARCOM/ ALITMAR(S13)»A2TMAR(S13)» THAR3(S513)>»TMAR4(513)
COMMON/CVGSTER/ ITSTFSyMAXSTPYRELSTEFyTRASEYNTYFPSyDELDFy TRUNC

1 INMAXsNSTPMXDIFCHNG

COMMON/CRICOM/ MDPsyMLAT»MFLDsMENGMNEBENGsMOF yCHIDRG

LOGICAL A1FNSHsA2FNSH»THRASHsCHIDRG

EXTERNALS TYFE ARGS !
FLINTF REAL S
GENTMAR 4
STFINDX 5

INLINE FUNCTIONS TYFE ARGS = "~~~
ARS REAL ~ 7 71 INTRIN
AMAX1 REAL 0 INTRIN
AMINI REAL 0 INTRIN
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SUBROUTINE TMAXDEL(TCIMX» TCOHMXy TRFIMXs TEF2MXy TEIMX s TEROMX»STPINIT)

COMFUTE TIME MAXIMUMS FOR THE SIX INITIAL DOUBLE-FAULT FUNCTIONS»
TWO C FUNCTIONSsy TWO F FUNCTIONS AND TWO E FUNCTIONSs BASED ON THE
TIME MAXIMUMS FOR THE VARIOUS RATE FUNCTIONS.

COMMON/FLTYPCM/ ITYP»JTYF,CVUFPRNTsCVFLOT»IAXSTYP
COMMON/RATECOM/ ALFHA(S) yBRETA(S) »DELTA(S) yRHOC(S) »EFSLN(S)
DELCDN(S) yRHOCDON(S) yEFSCIN(I) »
PACNS(S)yPRCNS(S5) sCCNS(3)»
TALPMX(S) s TRETMX(S) » TRELMX(S) y TRHOMX(S) » TEFPSMX(S)
LOGICAL CVUPRNT,CVPLOT»DELCDN,RHOCDNEPSCIDN
DIMENSION STFINIT(9)

Ol B =

INLINE FUNCTIONS TYPE ARGS
AMAX1 REAL 0 INTRIN
AMINL REAL 0 INTRIN
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SURROUTINE THAXSNG(TSNGMX»STFINIT)

COMPUTE TIME MAXIMUMS FOR THE NINE INITIAL SINGLE-FAULT G FUNCTIONS
BASED ON THE TIME MAXIMUMS FOR THE VARIOUS RATE FUNCTIONS.

COMMON/FLTYFCM/ ITYP»JTYPsCVUFRNTsCVPLOT s IAXSTYF

COMMON/RATECOM/ ALPHA(S) yBETA(I) »DELTA(S) »RHO(S) sEFSLN(SI)
DELCDN(S) sRHOCION(S) yEFSCON(3)
FACNS(S) sPBCNS(S5) yCCNG(T) y
TALFHMX(S) sy TRETMX(S) s TOELHX(S5) s TRHOMX(S5) » TEFSHX (3)

DIMENSION TSNGMX(?)sSTPINIT(9)
LOGICAL CVFPRNT,CVFLOT,yDELCINYRHOCDONEFSCIN

[ S

INLINE FUNCTIONS TYFE ARGS
AMAX1 REAL 0 INTRIN
AMINI REAL 0 INTRIN
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SUBROUTINE VLTNREC(F+FSTEPsNFSTEF»FTHARYFEEFEESTEPsNFEESTP,
1 FEETMARsFsFPSTEFyNPSTEPyPTMARyFTMXyCNSINTG»FARsFARSTEP»NPARSTP
2 FARTMAR)

COMMON/CVYGSTEF/ ITSTPSyMAXSTPsRELSTEF s TEASEsNTYFSyDRLIF » TRUNC»

1 INMAXyNSTFMX s DIFCHNG

COMMON/CHICOM/ MDFsMLATyMFLIs MENGy MNENG»MDF »CHIDRG
COMMON/TMPNTRS/ T»IFEEFNTyIPPNT,FEEFLGYFFLG

DIMENSION F(1)»FEE(1)sFP(1)sPARC1)yNFSTEF (1) yNFEESTF(1)NFSTEF(1)>
1 NPARSTF(1)FTHMAR(1) »FEETMAR(1)sFTMAR(1) yFARTMAR(1)

LLOGICAL THRASHsRECRSVFyFEEFLGYPFLG,CHIDEG

DATA REALMIN/1.0E-293/

THIS SURROUTINE IS VERY SIMILAR TO THE VOLTERA SUBRROUTINE. THE
ONLY DIFFERENCE IS THAT THIS SOLVES A NON-RECURSIVE CONVOLUTED
INTEGRAL WHERE ALL FUNCTIONS ARE KNOWN.

'PAR’(T) = ‘F’(T) + THE INTEGRATION FROM ZERO TO ‘T’ OF
‘FEE“(T-TAU) % ‘FP7(TAU).

EXTERNALS TYPE ARGS |
CNVLINT REAL 12
FLINTF REAL S
STFINDX 9

INLINE FUNCTIONS TYPE ARGS
ARS REAL 1 INTRIN
AMAX1] REAL 0 INTRIN
AMINI REAL 0 INTRIN
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SUBROUTINE VOLTERA(FsFSTEP,NFSTEFFEE,FEESTEPsNFEESTFsCNSINTG,
1 PyPSTEPNPSTEP)

COMMON/CVGSTEF/ ITSTFPSsMAXSTFIRELSTEFyTEASEYNTYFSyDRLIOFy TRUNCy
1 INMAXsNSTFMX» IIFCHNG

COMMON/CHICOM/ MDFsMLATsMFLDsMENGy MNENGyMDF s CHIDEG
COMMON/THPNTRS/ TH»IFEEFNT»IPFNTYFEEFLGPFLG

DIMENSION F(1)»FEEC1)}sP (1) NFSTEP(1)sNFEESTF(1)sNFSTEF(1)
COMMON/TMARCOM/ FTHAR(S513)FEETHMAR(513)»PTMAR(S13)yTHAR4(S13)
LOGICAL THRASH,STDYFLG»RECRSVF,FEEFLG,PFLG»CHIDRG

DATA REALMIN/1.,0E-293/

VOLTERA SOLVES ANY LINEAR NON-SINGULAR VOLTERRA INTEGRAL EQUATION
OF THE SECOND KIND WITH CONVOLUTION KERNEL, WHERE ‘F’» ‘FEE‘(KERNEL)
ARE GIVEN ARRAYS WITH INITIAL STEFP SIZES ‘FSTEF’ AND ‘FEESTEP’.

‘P’ IS THE COMFUTED ARRAY. THE LOWER LIMIT OF INTEGRATION IS
ASSUMED TO BRE 0.0,

EXTERNALS TYFE ARGS
CNVLINT REAL 12
FLINTF REAL 5
GENTMAR 4
STPINDX 5

INLINE FUNCTIONS TYPE ARGS
ARS REAL— "~ 17 INTRIN
AMAXL REAL 0 INTRIN
AMIN1 REAL 0 INTRIN
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SUBROUTINE VSTFINT(ARsSTEFPSTsNSTEPARYCNSINTGsyMOMNTsARINT)

THIS SUBROUTINE INTEGRATES A FUNCTION STORED IN ‘AR’ WHICH HAS A
GIVEN INITIAL STEP SIZE - 'STEFST’ AND A GIVEN SET OF STEPS WITH
INCREASING STEP SIZE. 'NSTEFAR‘’ CONTAINS THE NUMBER OF STEFS GENER-
ATED FOR EACH *FOWER OF TWO® TIMES ‘STEFST’. ‘ARINT’ WILL HAVE THE
SAME “STEPST’ AND 'NSTEPAR’ AS ‘AR’.

INTEGRATE THE ARRAY (Y VALUE) MULTIFLIED BY THE TIME (X VALUE)
RAISED TO THE ‘MOMNT’ POUWER.

IF ‘HOMNT’ = Oy INTEGRATE THE ARRAY WITH NO MULTIFLIER.
IF 'MOMNT’ = 1, INTEGRATE THE ARRAY MULTIFPLIED RY THE TIME.
IF ‘MOMNT’ = 2y INTEGRATE THE ARRAY MULTIFLIED RY THE TIME SQUARED.

DIMENSION AR(1)»NSTEFARC1) sARINT (1) yREGINTG(20)
COMMON/CVGSTEF/ ITSTFS'MAXSTFIRELSTEF, TRASEsNTYPSsBLDF » TRUNC
1 INMAXsNSTPMX s DIFCHNG

COMMON/CRICOM/ MIDPsyMLAT»MFLD»MBNG) MNBENGs»MDFyCHIDEG

LOGICAL CHIDBG

COMMON/THMARCOM/ TMAR(S13)y XFNATTH(S513)yTMAR3(513),,TMARA(513)

EXTERNALS TYPE ARGS
GENTMAR 4
SIMFPINT REAL 6
STRFINDX 5
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3.2.5 COVRGE Functions

FUNCTION ARMOMNT(INDX,MOMNTs TMARsAR)

c
NIMENSION AR(1)THMARC(L)
C
C THIS FUNCTION MULTIFLIES ‘(TMARCINDX)XX¥XMOMNT)IXARCINIDX)‘ FOR INTEGRA-
C TION ROUTINE SIMFINT.
€ THE TEST FOR A VALID MOMNT IS HANDLED IN SIMFINT.
c
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FUNCTION CNSRTDN(RATE,TIME»DNFLG)
LOGICAL DNFLG

THIS FUNCTION RETURNS A CONSTANT RATE VALUE GIVE ‘RATE’ AND

IF DNFLG IS .FALSE.

THIS FUNCTION RETURNS A CONSTANT DENSITY VALUE GIVEN
IF DNFLG IS .TRUE.

EXTERNALS TYFE ARGS
PREEXP REAL 1
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FUNCTION CNVLINT(FVALFEE'FEETMARYFEESTEP»NFEESTP»INDEXFYyPsPTMARY
1 PSTEPsNPSTEP»RECRSVF»CNSINTG)

THIS FUNCTION INTEGRATES FROM O TO ‘T’ (STORED IN COMMON/TMPNTRS/)
CONVOLVING TWO FUNCTIONS STORED IN ARRAYS FEE AND F,

IF RECRSVFs RECURSIVE FLAGy IS .TRUE.r» THE P FUNCTION USED

IN THE INTEGRATION IS THE FUNCTION EREING COMFUTED.

COMMON/CVGSTEP/ ITSTFSsMAXSTFPYRELSTEF sy TRASEsNTYFSyDBLIOF» TRUNCy
1 INMAX»NSTPMX»DIFCHNG

COMMON/TMPNTRS/ TsIFEEPNT»IFFNTYFEEFLG,PFLG

LOGICAL FPINTFLGYFEEINTF,FEEFLGsFFLGYRECRSVF

DIMENSION FEE(1)sF(1)yFEETMAR(1)sFTHAR(1) sNFEESTP (1) sNFSTEF(1)

EXTERNALS TYFE ARGS
FCNVLTH REAL 2
FLINTF REAL ]
FTCHSTP REAL 3
STFINDX o
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FUNCTION FBDRL(ITH,T)

COMMON/RATECOM/ ALFHA(S) sRETA(S) sDELTA(S) sRHO(S) sEFSLN(S)

1 DELCON(S) s RHOCDON(S) yEFSCION(S) »
2 FACNS(S) s FRCNS(5) yCCNS(S)»
3 TALFMX(S) s TRETHX(S5) » TDELMX(5) s TRHOMX(S) s TEFSMX (5)
COMMON/FLTYFCM/ ITYFP»JTYPsCVUPRNTCVUFLOT»IAXSTYP

LOGICAL DELCDONsRHOCDONYEFSCONsDNSFLG»CVFRNT»CVFPLOT

DATA DNSFLG/.FALSE./

COMFUTE DOUERLE-FAULT B FUNCTION 1 OR 2+ THE TWO FUNCTIONSs IN-
VOLVING ‘BETA’»y USED TO DEFINE THIS FUNCTION ARE CONSTANT RATE

FUNCTIONS.,

EXTERNALS TYFE ARGS
CNSRTIN REAL 3
RTDONINT REAL 3
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FUNCTION FCDEL(ITH»T)

COMMON/RATECOM/ ALFPHA(S) »BETA(S)sDELTA(S) yRHO(S) yEFSLN(S)
DELCDN(S) sRHOCDN(S) yEFSCIN(S)
FACNS(3)» PRCNS(S)>sCCNS(5)
TALFMX(S) y TRETHX(S) s TOELHX (D) s TRHOMX(S) y TEFSHX(5)
COMMON/FLTYFCM/ ITYP»JTYF2CUPRNT»CVUPLOT»IAXSTYP
LOGICAL DELCDNsyRHOCDNsEFSCION»DNSFLGsCVPRNTyCVFLOT

[N N

COMFUTE DOUELE-FAULT C FUNCTION 1 OR 2. ALL FUNCTIONS USED TO COM-
FUTE THIS C FUNCTION ARE CONSTANT RATE FUNCTIONS UNLESS FLAGS
‘RHOCDN’» "IELCDON’ » "EFSCDN’ SFECIFY CONSTANT DENSITY FOR FUNCTIONS
INVOLVING ‘RHO’,’DELTA’ OR ‘EPSLN‘.

EXTERNALS TYFE  AKGS
CNSRTIN  REAL 3
RTONINT  REAL 3
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FUNCTION FCNVLTM(FEETMARsPTMAR)

DIMENEION FEETMAR(1)sFTHAR(1)
COMMON/THMFNTRS/ TyIFEEFNTsIFFNTFEEFLG,FFLG
LOGICAL FEEFLGYFFLG

FCNVLTM - FETCH CONVOLUTED TIME.

THIS FUNCTION RETURNS THE MAXIMUM TIME NOT YET FETCHED FROM EITHER
‘T-FEETMAR’ OR PTMAR. IFEEPNT IS THE FOINTER INTO FEETMAR: IFFNT IS
THE FOINTER INTO FPTMAR. FEEFLG AND FFLG ARE INTERPDLATION FLAGS?

IF ROTH ARE SET .TRUE.» THEY ARE USED AS FLAGS SFPECIFYING THE
COMFLETION OF TIMES RETRIEVED FROM ONE OF THE ARRAYS.
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FUNCTION FFROEL(ITHsT)

COMMON/RATECOM/ ALPHA(S) »BETA(S)»DELTA(S) yRHO(S) yEPSLN(S),
DELCDN(S) »RHOCEN(S) s EFSCIN(S) »
FACNS(S)sPRCNS(5) sCCNS(S) s
TALPMX(S) s TRETMX(3) » TDELMX(3) sy TRHOMX (S5) » TEFSHMX(5)
COMMON/FLTYFPCM/ ITYF»JTYFsCVPRNT»CVUFLOT»IAXSTYF
LOGICAL DELCDN»RHOCIN,EFSCDN: DNSFLGCVFRNTCVFLAOT

[PV I

COMFUTE DOURLE-FAULT F FUNCTION 1 OR 2. ALL FUNCTIONS USELDL TO
COMFUTE THIS F FUNCTION ARE CONSTANT RATE FUNCTIONS UNLESS FLAGS
‘RHOCDN’ » “DELCIN’ s "EFSCDN’ SFECIFY CONSTANT DENSITY FOR FUNCTIONS
INVOLVING ‘RHO’,/DELTA’ OR ‘EFSLN‘.

EXTERNALS TYFE ARGS
CNSRTIN REAL 3
RTONINT REAL 3
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FUNCTION FGSNGL(ITH,T)
COMFUTE SINGLE-FAULT G FUNCTIONS 1 THROUGH 9.

COMMON/FLTYFCHM/ ITYFsyJTYFPsCVUPRNT,CVPLOTyIAXSTYF
COMMON/RATECOM/ ALFHA(S)»BETA(S)»DELTA(S) »RHO(S) »EFSLN(S)
DELCDN(S) s RHOCIIN(S) yEFSCDN(S) »
FACNS (D) s FBCNS(S) s CCNS(3)
TALPMX(S) » TRETMX(S) »y TRELMX(5) » TRHOMX(S) » TEPSMX (5)
LOGICAL DELCIONsyRHOCONsEFPSCIONsDONSFLGsCVFPRNTsCVFLOT

DATA DNSFLG/.FALSE./

[PV S0 S

ALL FUNCTIONS ARE CONSTANT RATE FUNCTIONS UNLESS FLAGS DELCDNs,RHOCIN,
EFSCUN SFECIFY CONSTANT DENSITY FOR FUNCTIONS INVOLVING RHO,DELTA
OR EFSLN,

EXTERNALS TYFE ARGS
CNSRTIN REAL 3
FREEXF REAL 1
RTIONINT REAL 3
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FUNCTION FLINTF(T»STEFsARTOINT,»Jy»TINED)

COMMON/CVGSTEF/ ITSTFS»MAXSTFyRELSTEF» TRASEsNTYFSyDELDFy TRUNC,
1 INMAXyNSTFMXyDIFCHNG
DIMENSION ARTOINT(1)

THIS FUNCTION LINEARLY INTERFOLATES THE ARTOINT ARRAY WITH
NON-UNIFORM STEF SIZES.
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FUNCTION FTCHSTF(STEFPSTyNSTEFAR» INOX)

COMMON/CVGSTEF/ ITSTFPSsMAXSTFsRELSTEF »TEBASESNTYFS»DBLDF > TRUNC
1 INMAXsNSTPMX s DIFCHNG
DIMENSION NSTEFAR(1)

GIVEN AN INDEX INTO AN ARRAY WITH NON-UNIFORM STEF SIZES
(NOTE? THE STEF SIZES ARE "FOWERS OF 2* TIMES THE INITIAL
STEP SIZE - ‘STEFST’),RETURN THE STEF SIZE ASSOCIATED WITH
THAT FDINT.,

NSTEFAR CONTAINS THE NUMRBRER OF STEFPS GENERATED FOR EACH
"FOWER OF 2° TIMES ‘STEFST’.
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FUNCTION RTONINT(RATEs TIMEsDNFLG)
LOGICAL DINFLG

THIS FUNCTION COMPUTES ®*1-THE INTEGRATION FROM O TO ‘TIME’
CONSTANT RATE FUNCTION® EXFLICITLY» IF DINFLG IS .FALSE.

*1-THE INTEGRATION FROM O TO ‘TIME’

THIS FUNCTION COMFUTES
EXFLICITLY» IF DNFLG IS .TRUE.

CONSTANT DENSITY FUNCTION®

EXTERNALS TYPE ARGS
FREEXF REAL 1
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FUNCTION SIMFINT(ITFROMsITTOsSTFSZEyMOMNT» TMARYAR)

DIMENSION AR(1),THMAR(1)
COMMON/CVUGSTEF/ ITSTPSyMAXSTFsRELSTEFsTBASESNTYFSyDBLDF s TRUNC»

1 INMAXsNSTFMX» DIFCHNG
THIS FUNCTION INTEGRATES THE FUNCTION IN ‘AR’ MULTIFLIED RY

(TIMEX¥MOMNT) FROM ‘“ITFROM’ TO ‘ITTO’ WITH UNIFORM STEF SIZE
‘STPSZE’ (QVER THIS REGION.

EXTERNALS TYFE  ARGS
ARMOMNT  REAL 4

INLINE FUNCTIONS  TYFE ARGS
Mon INTEGER 2 INTRIN
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3.3 CARE3 Module

The CARE3 module consists of two main programs, CARE3 and
RELPLT, and several subroutines and functions. Program CARE3
calculates the system reliability by calculating the failed state
probabilities Qz(t). (See the CARE III Final Reportffor a des-
cription of the mathematical model used in the reliability model
implementation.) Program RELPLT creates the plot file of the

summary reliability functions.

*J. J. Stiffler and L. A. Bryant, CARE III Final Report,
Phase II, Preliminary, Raytheon Company, May 1981.
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3.3.1 CARE3 and RELPLT Main Programs

PROGRAM CAREI(RELIN=0,TAPEA=RELINsINPUT»OUTPUT»TAPES=INFUT,

1 TAPEG4=0UTPUTsCVGMTS=0y TAFE7=CVUGMTS »DEUG,» TAPEB=DRUGs TAPE?=0"

2 TAPE10=0»TAFE11=0,TAPE12=0yGHFNCS,» TAPE13=GHFNCSyBXYFL=0y

3 TAPE14=BXYFL »FT15FyTAFPEL1G=FT1S5FyPLTFL=0yTAFE14=FLTFL»TAPE17=0)

c

c

C AR KRR KKK R KKK KKK KKK K K 0K K KK K K OK R AOK KR 30K 00K KKOR KRR OR ROk Rk ook ok Rk ok kok &
Cx X
Cx TITLE: COMPUTER-AIDED RELIARILITY ESTIMATION, VERSION THREE X
Ck ACRONYM?! CARE II1 *
Cx MODEL DESIGNS: DR. J+.J.STIFFLER X
Cx SOFTWARE DESIGN AND IMFLEMENTATION: LYNN A+ BRYANT X
Cx DATE! MARCH 23,1981 X
Cxk DATE ERITED?! 5-03-81 X
Cx EDITED BY?! LYNN A. BRYANT X
Cx X
Cx FURFOSE! CARE III IS A GENERAL-PURFOSE RELIARILITY X
Cx ESTIMATION TOOL FOR FAULT-TOLERANT AVIONICS X
Cx SYSTEMS., X
Cx X
B3PS 2322233303383 33 8230323203323 333323003382320028338332333232230¢¢ 08

c

EXTERNALS TYFE ARGS
BRUFEBLK é6
EOF REAL 1
FNCK REAL 2
RLSERN 0
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CARE3 continued

COMMON// GORHSF(5,20y65)HIFPTS(100,100)»ITBLASZ
NOTE: THIS BLANK COMMON AREA IS ALSO USED TO HOLD THE LOADER»
IN ORDER TO KEEF THE LOAD FIELD LENGTH REQUIREMENT THE
SAME SIZE AS THE EXECUTION FIELD LENGTH.

COMMON/STEFPCOM/ ITSTPSyMAXSTPYRELSTEF s TERASEsNSTGRNsAUWT»FSTRNCY
1 FRCODE RLFLOTyIAXSRLySYSMNT» TRCF

DIMENSION REC1(4)REC2(4)

EQUIVALENCE (ITSTFS,REC1(1)),»(NSTGRN,REC2(1))

COMMON/CONFIG/ NCONVEC(20)»MSRVUVEC(20) sNFLTCAT(20)sMFLTYPE(S520)y
1 NSTGS»IFSTGsNTYPSyTRNSFC(S»20) yHAXSTGs MAXCATyMAXTYH » MXSRRN
DIMENSION REC3(163)

EQUIVALENCE (NCONVEC(1J)sREC3(1))

COMMON/RATES/ OMGA(S5»20)»RLAM(S,20)

DIMENSION REC4(200)
EQUIVALENCE (OMGA(1,1)»RECA(1))

COMMON/CNFGVAR/ LFLTVEC(20),QLTSUM(6S5)sPSTSUM(65)QFPSTSM(65)

1 QSUMWT (14)»QNOEFCT»FNOEFCT»FSTCOM» STOFARM» SUMK(3) » DBGFLG
‘PLTREL’ WILL ENCOMPASS THE THREE ARRAYS FPASSED TO PROGRAM RELPLT
FOR RELIARILITY FLOTS.

DIMENSION FLTREL{(193)
EQUIVALENCE (QLTSUM(1)»FLTREL(1))

COMMON/NONLLDEF/ AXIAR(S»20965)RXAR(20565)

DIMENSION SRFSTF(45,20)
AFTER EACH SUERRUN, ‘SRFSTF‘ IS COMPUTED AND RUFFERED 0QUT TO TAFEL17.
‘AXIAR’ 1S NO LONGER NEEDRED AT THAT POINT» UNTIL THE NEXT SUBRUN -
WHERE IT IS CREATED USING THAT SUBRUN DATA.

EQUIVALENCE (AXIAR(1+151)sSRPSTF(1,1))

COMMON/CHICOM/ MDFsMLATyMFLID»MBNG s MNBNGsMIF s CHIDEG
COMMON/CVRGCOM/ CMSTO(S5»46595)yCHMST1(5563,5) yCHST2(556593)
1 CMOFO(S95265)yCMIOF1(395968) yCMIF2(S5,5565)
2 TZEROST(Ss3) sy TODF(S5¢5) » TRANS(E)

FOR OFTIMIZATION FURFOSES DURING THE RUFFER IN OF /CVURGCOM/»

DEFINE AND EQUIVALENCE ‘CVRGAR’ TO ENCOMFASS THE ENTIRE COMMON AREA.
DIMENSION CVRGAR(9803)
EQUIVALENCE (CMSTO(1s1s1)sCVURGAR(1))

DIMENSION FSTFAR(&Sy70) s MNTRHV(Z70) s FSTFFPR(AES) s FETSHW(14)y TITLE(BO)
DIMENSION NSTGAR(35)
COVERAGE ARRAYS ARE NO LONGER NEEDED WHEN ‘FPSTFAR’ I8 RUFFERED IN
FROM TAPE17.
EQUIVALENCE (CMS5TO(1,1+1)sFSTFAR(1+1))
DIMENSION PSTERUF(4350)
EQUIVALENCE (FSTFAR(1,1),FSTRUF(1))

LOGICAL TRANS»yTRNSFC»DRGFLG,CHIDBG,RLFPLOT
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FROGRAM RELFLT(INFUT»OUTPUT»TAFES=INFUTy TAPE6=OUTFUTYyFLFILE>»
1 TAPEA=FLFILE,RELIN=0y TAFPE2=RELIN»FLTFL=0yTAFE16=PLTFL)

(2222220222302 0022222322 23253208250 03323 0832030023330 0323202 3882003230 022239:

Cx
Cx
Cx
Cx
Cx
Cx
Cx
Cx
Cxk
Cx
Cx
Cx
Cx

(2223333332223 23323203 3033033003003 8333330223232 33 2232033233823 233 ¢3¢ %

oo Oaa

TITLE: COMFUTER-AIDED RELIARILITY ESTIMATION, VERSION THREE

ACRONYM: CARE TIIIX

MODEL DESIGN: DR. J+J.STIFFLER

SOFTWARE DESIGN AND IMPLEHENTATION?! LYNN A. BRYANT
DATE? MARCH 23,1981

DATE ERITED: 4-30-81

EDITED BY?! LYNN A. ERYANT

FURFOSE: CARE III IS A GENERAL-FURPOSE RELIABILITY
ESTIMATION TOOL FOR FAULT-TOLERANT AVIONICS
SYSTEMS.,

THIS FROGRAM FLOTS THE TOTAL SYSTEM UNRELIARILITY - ‘QLTSUM’$ THE
TOTAL PERFECT COVERAGE UNRELIARILITY - ‘PSTSUM‘’§F AND THE SUM OF
THE TWO - ‘QFSTSM’y USING FILE PLTFL GENERATED IN FROGRAM CARE3.
NOTE - TAFE4=FLFILE IS USED BY THE DISSFLA ROUTINES.

COMMON/PLTCOM/ QLTSUM(65) PSTSUM(6S) rQFSTSM(65)
DIMENSION PLTREL(195)
EQUIVALENCE (QLTSUM(1),FLTREL(1))

COMMON/STEPCOM/ ITSTFSsMAXSTPIRELSTEF» TRASENSTGRNsRKUWT»FSTRNCG
1 FRCODEsRLFPLOTyIAXSRLySYSMNT» TRCF

DIMENSION REC1(4)syREC2(4&)
EQUIVALENCE (ITSTFSsREC1(1))s» (NSTGRNsREC2(1))

. EXTERNALS TYFE ARGS

i BUFBLK 6
CFLOT 8
NONEPL 0
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CARE3 and RELPLT Files

File Name

Unit Name

CARE3 Files:

l.

11.

12.

.+

13

14.

.f.

RELIN=§,

INPUT,
OouTPUT,

CVGMTS=#,

DBUG,

GHFNCS,

BXYFL=#,

FT15F,

PLTFL={,

TAPE4

TAPES
TAPE6

TAPE7

TAPES
TAPE9
TAPE1d
TAPEll
TAPE12

TAPE13

TAPE1l4

TAPE1S5

TAPE1l6

TAPE1l7

Must be saved and passed

il

il

RELIN,

INPUT
OUTPUT

CVGMTS,

DBUG

g,
g,
g,
g,

GHFNCS,

BXYFL,

FT15F,

PLTFL,

g,

Description

system definition input file
generated by CAREIN program.

binary coverage moments file
from COVRGE program.

HLAT internal binary file.
GFLD internal binary file.
GNBNG internal binary file.
HDF internal binary file.

debug file, under variable
CHIDBG control, contains G
and H functions computed
using CVGMTS file.

binary critical pair results
file created in program CAREIN.

system minterm file from
CAREIN program.

plot file of Q SUM, p* SUM,
and Q+P* SUM passed to pro-
gram RELPLT.

function used to compute per-
fect coverage function (com-
puted per subrun).

to program RELPLT.
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File Name Unit Name Description

RELPLT Files:

1. RELIN={, TAPE2 = RELIN, system definition input file.
2, PLFILE, TAPE4 = PLFILE, DISSPLA plot file.

3. INPUT, TAPES5 = INPUT

4. OUTPUT, TAPE6 = OUTPUT

5. PLTFL={, TAPE16 = PLTFL, plot file of Q SUM, P* SUM,

and Q+P* SUM,
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CARE3 Functional Flow Chart
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3.3.4 CARE3 Subroutines

SUBROUTINE ABCST(MCHI»IT»ISTG,ICAT»JSTGsJCATYN»FUNC»

1 ACOEF »ERCOEFyCCOEF)
c
COMMON/CONFIG/ NCONVEC(20)sMSRVVEC(20)sNFLTCAT(20) »MFLTYFE(S»20)
1 NSTGSyIFSTGsNTYFSyTRNSFC(S5920) »MAXSTGsMAXCAT»MAXTYF » MXSERN
COMMON/STEFCOM/ ITSTPSyMAXSTFsRELSTEF» TBASE»NSTGRN/RWT»FSTRNC,
1 FPRCODEsRLPLOTIAXSRLSYSMNT»TRCF
COMMON/CHICOM/ MIDFsMLAT»MFLIyMENGy MNENG,»MI'F» CHIDEBG
LOGICAL TRNSFCyCHIDEG,SYSMNTyRLFLOT
C
C THIS SURROUTINE COMPUTES THE As»EB AND C CDEFFICIENTS THAT ARE
€ MULTIFLIED BY THE CMST FUNCTION ARRAYS, GOTTEN FROM THE COVERAGE
C MODELsy TO YIELD THE FHSFST AND FHDFST FUNCTIONS.
c

EXTERNALS TYFE ARGS
FUNC REAL 6 FoFu

INLINE FUNCTIONS TYFE ARGS
MOLD INTEGER 2 INTRIN
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SUBRROUTINE ARZERO(ARsNsALLO)

THIS SURROUTINE TESTS
THE ARRAY EQUAL ZERO»

LOGICAL ALLO
DIMENSION ARC(1)

‘AR’ FOR A NON-ZERO VALUE.
‘ALLO’ IS SET +TRUE.
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SUBROUTINE BUFFIN(MCHI»IT,»ITR,IUNIT)

"-THIS SUBROUTINE FILLS EITHER GORHSF(G OR H SINGLE FAULT FUNCTION

FOR ‘ITBLNRSZ’ NUMEER OF TIME STEF RECORDS) OR HDFPTS(H DOUELE FAULT
FUNCTION PER TIME STEF) ARRAY DEFENDING UFON MCHI., IUNIT SPECIFIES
WHICH LOCAL FILE TO READ FROM. EACH RLOCKN OF RECORDS ON ‘TAFE
(IUNIT)’ WAS CREATED FOR ‘ITELNSZ’ NUMEER OF TIME STEFS

FOR ALL FAULT CATEGORIES (OVER ALL STAGES). THE DOUBLE FAULT F1lLE
CONTAINS ONLY ONE TIME STEF RECORD FER RLOCKN.

COMMON/CHICOM/ HMIPsMLATsMFLD»HBNGy MNEBNGsMDOF»CHIDRG
COMMON/CONFIG/ NCONVEC(20)yMSRVVEC(20)sNFLTCAT(20) sMFLTYFPE(S220)
1 NSTGS,»IFSTGsNTYFSsTRNSFC(Ss20) »MAXSTGsMAXCAT s HAXTYF s MXSERN
LOGICAL TRNSFC,CHIDBG,SYSHNT

COMMON// GORHSF(5,20+65)yHIOFFTS(100,100) ITRLKSZ

COMMON/STEFCOM/ ITSTFSyMAXSTFYRELSTEF» TRASEyNSTGRNsKWTyFSTRNC»

1 FRCODE»RLFPLOTy IAXSRL»SYSHMNT » TRCF
EXTERNALS TYFE ARGS
UNIT REAL 1
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SURROUTINE RUFFOUT(MCHI»ITE,»IUN1T)

THIS SURROUTINE CREATES A BRLOCh OF RECORDS ON LOCAL FILE
‘TAPEC(IUNIT)’ USING RUFFER OUT», FROM EITHER GORHSF OR HDOFFTS ARRAY
DEPENDING UFON MCHI. EACH RBLOCK OF RECORDS CONTAINS ‘ITELKSE’
NUMBER OF TIME STEFS FOR ALL FAULT CATEGORIES (OVER ALL STAGES)
FROM GORHSF ARRAY. WHEN CREATING THE DOURLE FAULT FILE USING
HOFPTS ARRAY» EACH ELOCK CONTAINS JUST ONE TIME STEF RECORD,.

COMMON/CHICOM/ MDP,yMLATyMFLI MENG MNENGyMIIF» CHIDRG
COMMON/STEFCOM/ ITSTFSyMAXSTFsRELSTEP s TRBASE»NSTGRNsKUWTsFETRNC,

1 FRCODEsRLFLOT» IAXSKRLySYSHMNT s TRCF

COMMON/CONFIG/ NCONVEC(20)sMSRVYVEC(20) yNFLTCAT(20) yMFLTYPE(S»20)
1 NSTGSyIFSTGsNTYFSs»TRNSFC(5+s20)»MAXSTGyHAXCAT yMAXTYF » MXSERN
LOGICAL TRNSFCsCHIDBGsSYSMNTsRLFLOT

COMMON// GORHSF(S,20,65)sHDFFTS(100,100)»ITELNSZ

EXTERNALS TYFPE ARGS
UNIT REAL 1
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SURROUTINE BXYC(ISTG»JSTGyINBXYyLXCsLYC)

FOR A 20 STAGE SUBRUN,y 210 UNIQUE ERXY FUNCTION DEFINITIONS ARE
FOSSIELE, BUT ONLY 55 DEFINITIONS CAN BE IN HMEMORY AT ONE TIME.
‘IBREC’ SPECIFIES WHICH RECORD IS CURRENTLY IN MEMORY. (4 MAXIMUM
OF FOUR RECORDS CAN EXIST PER 20 STAGE BLOCK OF DEFINITIONS.)

INDEX INTO ‘BXYAR‘?! BXYAR(LX-MUX+1sLY-MUY+1,INBXY)>» WHERE LX ANDR LY
ARE THE CURRENT NUMRER OF FAULTS IN ‘ISTG’ AND ’JSTG’ RESFECTIVELY
AND MUX=0,.LX AND MUY=0..LY.

THIS SURROUTINE COMPUTES ‘INBXY’ GIVEN THE ‘ISTG»JSTG’ FAIR.
‘IJSTGIN’ CONTAINS THE INDEX ‘INEXY’ BASED ON THE CONVERSION OF
*ISTG»JSTG’ INTO ‘IJSTG’., NOTE! THE EXY FUNCTION IS5 THE SAME FOR
THE PAIRS ‘ISTG»JSTG’ AND “JSTGsISTG’» I.E. STAGE PAIR ORDER IS NOT
IMPORTANT.
IF “INBXY’ EQUALS ZEROs NO EXY FUNCTION EXISTS FOR THAT STAGE FAIK.
IF “INBXY’ IS GREATER THAN ‘IBREC/X‘MXBDEF’, BUFFER IN THE NEXT
RECORD,sy WHICH CONTAINS THE NEXT S5 DEFINITIONS OF THE BXY FUNCTIONS,
IF INBXY‘ IS +LE+ TO ‘IBREC’X’MXRBRIEF’y» BACKSPACE TWO RECORDS AND
BUFFER IN THE DATA. THIS 1S5 FOSSIBLE BECAUSE BXY FUNCTIONS ARE
USED IN ROTH ROUTINES ‘FBCRTL’ AND ‘FDSCRTL’ FER FAULT VECTOR.
NOTE?! IN MOST CASES, ONLY ONE RECORD IS REQUIRED TO DEFINE THE NON-
ZERO EBXY FUNCTIONS FOR ‘NSTGS’ COUFLED STAGES SUBRUN. I.E. THERE
WILL ONLY EXIST ‘MXBDEF’ OR LESS NON-ZERO BXY FUNCTIONS. THEREFORE
ONLY THE INITIAL BUFFER IN WILL BRE REQUIRED FER SUERUNs WHICH IS DONE
IN SUBROUTINE NFLTVDF.

COMMON/CONFIG/ NCONVEC(20) yMSRUVEC(20)sNFLTCAT(20)»MFLTYPE(Sy20),
1 NSTGS»IFSTGYNTYFPSsTRNSFC(S5»20) s MAXSTGy MAXCAT s MAXTYF » MXSERN
LOGICAL TRNSFCsFATAL,EOFFLG
COMMON/BXYCOM/ EBXYAR(10,10955)»IJSTGIN(210),LCNIOVEC(20)rIRRECY
1 KFSTG,hPLSTG(70)
FOR OFPTIMIZATION PURFOSES DNURING THE BUFFER IN OF /BXYCOM/y DEFINE
AND EQUIVALENCE ‘BCOMAR’ TO ENCOMFASS THE ENTIRE DATA TO RE RUFFERED.
DIMENSION BCOMAR(S802)
EQUIVALENCE (EBXYAR(1,1,1)sBCOMAR(1))

EXTERNALS TYFE ARGS
BUFBLK b

INLINE FUNCTIONS TYFE . .. ARGS ——_ . . ___
MoD INTEGER 2 INTRIN
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SUBROUTINE CAXLAT

COMMON/CONFIG/ NCONVEC(20)yMSRVVEC(20)sNFLTCAT(20)sMFLTYFE(S+20),
1 NSTGS»IFSTGsNTYFSsTRNSFC(5+20) sMAXETGy MAXCATy MAXTYF » MXSERN
COMMON/CHICOM/ MIOPsMLATyMFLDyMENGs MNENGyMOF, CHIDRG
COMMON/NONLDEP/ AXIAR(Ss20:63)RXAR(20,65)

COMMON/RATES/ OMGA(S»20)»RLAM(5,20)

COMMON/STEFPCOM/ ITSTFPS»MAXSTFyRELSTEF » TBASEsNSTGRNsRWTyFSTRNCY
1 FRCODEsRLFLOTyIAXSRLsSYSMNT s TRCF

LOGICAL TRNSFC,CHIDBG,SYSHMNT»RLFLOT

COMMON// GORHSF(5+20965)yHIFFTS(100,100) sy ITRLKSZ

DIMENSION HLAT(S5:s20565)

EQUIVALENCE (HLAT(1+1-,1),GORHSF(1+1,1))

THIS SUBROUTINE COMFUTES ARRAY AXIAR(ICAT,»ISTG,»IT) WHICH IS THE
FRORARILITY THAT A GIVEN STAGE X MODULE (ISTG) HAS A CATEGORY
XI (ICAT) LATENT FAULT AT TIME °*T"» REFRESENTED RY *IT*®,

GIVEN THAT IT HAS EXFERIENCED SOME FAULT BY TIME *T°".

Ho(t|x,)
Lt PERMANENT
l-rxlti
a, (t) =
i t [x.,
* Hy (& [y TRANSIENT

»

F)XI/QI@(IC/)‘I’) IST6, I7) tsing /—://SFS’T(/??Lﬁt

IT, IST6 ICAT)
and  RxAR (74, 17)

EXTERNALS TYPE ARGS
BUFFOUT 3
FHSFST REAL 4
PRNTGH 3

INLINE FUNCTIONS TYFE ARGS
Mon INTEGER 2 INTRIN
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SUBROUTINE CRXFF

COMMON/CONFIG/ NCONVEC(20)syMSRVUVEC(20)NFLTCAT(20) s HFLTYFE(Ss20)
NSTGSyIFSTGsNTYFSy TRNSIC(Sy20) » MAXSTGr MAXCAT s MAXTYF s MXSEEN
COMMON/NONLDEF/ AXIAR(3+20963)sRXAR(20,65)
COMMON/STEFCOM/ ITSTFPS»MAXSTFsRELSTEF s TEASEsNSTGRHNRWT+FSTRNCY
FRCODEsRLPLOT» IAXSRL»SYSHNT » TRCF
COMMON/CHICOM/ MDPsMLAT»MFLD,MBNG,MNBNG»MDF» CHIDEG
LOGICAL TRNSFCyCHIDEBG» TRNSFLT,SYSMNTRLFLOT

1

1

THIS SURROUTINE COMFPUTES THE FRORARILITY THAT A SINGLE STAGE X MODULE
IS FAULT-FREE AT TIME T» REPRESENTED RY ITy FOR ALL STAGES,

RELIABILITY OF A STAGE X MODULE

i
=
2}
¢

ry(t) X,

RXAR(x7) = 7T FRXIFF(IT, IS76,ZCHT

zedr TROSFLT)
EXTERNALS TYPE ARGS
FRXIFF REAL 4
PRNTGH 3
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SURROUTINE GNFLTVC(ISTINIT»ISTSTOF»MAXLAST)

THIS SUBRROUTINE GENERATES FAULT VECTORS IN SETS STARTING AT
SET ISTINIT AND STOFFING AT SET ISTSTOF., IF ISTINIT.EQ.1»

THE UNRELIARILITY OF THE SYSTEM IS BEING COMFUTEL', IF ISTINIT
+GT.1» PERFECT COVERAGE FROBRABILITIES WILL RE COMFUTED.

COMMON/CONFIG/ NCONVEC(20)yMSRVVEC(20)yNFLTCAT(20)sMFLTYFE(S»20)
1 NSTGSsyIFSTGsNTYPSsTRNSFC(35,20)yMAXSTGMAXCAT MAXTYF» MXSERN
COMMON/CNFGVAR/ LFLTVEC(20)sQLTSUM(65) »PETSUM(6D) »QFSTEM(6T) y

1 ASUMWT (14) »ONOEFCTsPNOEFCT»FSTCOMySTOFARM» SUMK(3) » BEBGFLG
COMMON/STEPCOM/ ITSTPSsyMAXSTP»RELSTEPy TRASEyNSTGRNsRKUTYPSTRNC

1 FRCODEsRLPLOT»IAXSRLySYSMNT » TRCF

COMMON/GNVCCOM/ QLT(65)sFSTLAR(AS)sFLT(46S) »QINTGRL(3) s

1 ISETVC(20)yISETVCS(20)sLVLAST{(20) yQSUMSFsFSUNMSF
LLOGICAL TRNSFCsDRBGFLG,COMPQR,COMPPSTyRLPLOT

LOGICAL GNOEFCTsFPNOEFCTsFSTCOM»ALLOYSYSHNT

EXTERNALS TYPE ARGS
ARZEROD 3
FFSTAR REAL 2
UNRELQ 2
INLINE FUNCTIONS TYFE ARGS
AMAX1 REAL 0 INTRIN
MINO INTEGER 0 INTRIN
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SURROUTINE NFLTVDF

THIS SUBROUTINE AND SURROUTINES CALLED WITHIN COMPUTE ALL FUNCTIONS
THAT ARE NOT DEPENDENT UPON THE FAULT VECTORS.

FUNCTIONS THAT ARE USED CONTINUALLY THROUGHOUT THE ROUTINES ARE STORED
IN COMMON/NONLDER/ AXIAR(Ss20,645) yRXAR(20,465)., .
IN ORDER TO SAVE MEMORY,» CERTAIN G AND H FUNCTIONS, NAMELY HLAT(LATENT
FAULT)y GFLD(FAILED)s» GNENG(NOT EBENIGN) AND HDF(DOUBLE FAULT)r ARE
COMPUTED IN THIS SUBROUTINE AND BUFFERED OUT 70 A LOCAL FILE WHICH
WILL BE BUFFERED IN WHEN REQUIRED, LOCAL FILES TAFE9»TAFE10,TAFE1ll,
TAFPE12 CONTAIN THESE G AND H FUNCTIONS.

TAPE13 NAMED GHFNCS IS A DEBUG FRINTOUT OF ALL 6 ANl H FUNCTIONS
COMFUTED - CREATED IN SUBRDUTINE FPRNTGH IF CHIDEBG IS ,TRUE.

COMMON/CHICOM/ MDFs>»MLATsMFLDyMENG» MNENG»MDF s CHIDRG
COMMON/STEFCOM/ ITSTFSsMAXSTPYRELSTEF s TRASEsNSTGRNYRUTsFSTRNCY

1 FRCODEyRLFLOT» IAXSRLsSYSMNT» TRCF

COMMON/NONLDEF/ AXIAR(5520965)yRXAR(20+465)

COMMON/CONFIG/ NCONVEC(20)sMSRVVEC(20) »NFLTCAT(20)yMFLTYFE(5,20)
1 NSTGSsIFSTGsNTYFSsTRNSFC(5,20) sMAXSTGyMAXCAT+ MAXTYP s HMXSERN
LOGICAL TRNSFCyCHIDRG,SYSMNTyNONFTLEOFFLGsRLFLOT

COMMON// GORHSF(35,20565)HIOFFTS(100,100)»ITRLKSZ

DIMENSION HBNG(Sr20,65)

EQUIVALENCE (HBNG(1,1»1)yGORHSF(1,1+1))

FOR OPTIMIZATION FURFOSES DURING THE RUFFER IN OF /BXYCOM/» DEFINE
AND EQUIVALENCE ‘BCOMAR‘’ TO ENCOMFASS THE ENTIRE DATA TO RE RUFFERED.
COMMON/BXYCOM/ BXYAR(10r10,53)»IJSTGINC210)yLCNIVEC(20) sIRREC!

1 KFSTGsRFLSTG(70)
DIMENSION BCOMAR(S5802)
EQUIVALENCE (BXYAR(1,1:1)sRBCOMAR(1))

EXTERNALS TYPE  ARGS
RUFELK 6
BUFFOUT 3
CAXLAT 0
CRXFF 0
FGST REAL 4
FHOFST REAL 6
FHSFST REAL 4
FNCK REAL  ——— 2o —
PRNTGH 3

INLINE FUNCTIONS TYFE ARGS
MOD INTEGER 2 INTRIN
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SUBROUTINE PRNTGH(MCHI»IUNITY»GORR)

THIS SUBROUTINE IS USED TO FRINT G AND H FUNCTIONS CURRENTLY STORED
IN COMMON//. MCHI DETERMINES WHETHER THE ARRAY TO EE FRINTED

IS A SINGLE OR DOUBLE FAULT ARRAY. WHEN MCHI.EQ.MDF, IUNIT SFECIFIES
WHICH FILE CONTAINS THE DOUBLE FAULT FUNCTION. SINCE THE DODURLE
FAULT FUNCTION IS TOO LARGE TO STORE IN CENTRAL MEMORYs, IT MUST BE
BRUFFERED IN FROM DISK IN ORDER TO BE PRINTED.

COMMON// GORHSF(5+20+65) yHIFFTS(10051003yITRLKSZ

COMMON/STEFCOM/ ITSTPSsMAXSTPsRELSTEF» TRASE»NSTGRN'KWTyFSTRNCy

1 PRCODEYRLFLOT> IAXSRLySYSMNT» TRCF

COMMON/CHICOM/ MDFyMLAT»MFLI»MENGs MNENG»MDF » CHIDERG

COMMON/CONFIG/ NCONVEC(20),MSRVVEC(20) sNFLTCAT(20) sMFLTYPE(Sy20)
1 NSTGSsIFSTGyNTYFS»TRNSFC(5s20) s MAXSTGrMAXCATyMAXTYF »yMXSERN
LOGICAL TRNSFCsCHIDBGsSYSMNTsRLFLOT

DIMENSION GHSFPTS(5,20)

EQUIVALENCE (GHSFPTS(1:1)yGORHSF(1,151))

DIMENSION MCHICD(6)
DATA MCHICD/AHDF »A4HLAT »s4HFLD s»4HENG s4HNEBNGs»4HOF /

EXTERNALS TYPE ARGS
BUFFIN 4
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SUBROUTINE RLSERN

THIS SUBROUTINE COMPUTES THE SYSTEM UNRELIARILITY FER FAULT VECTOR
FOR A SUBSET OF THE TOTAL NUMBER OF STAGES. A MAXIMUM OF 20 STAGES
PER SUBRUN ARE USED.

COMMON/STEFCOM/ ITSTPSsMAXSTPYRELSTEP s TEASEyNSTGRNsKUTsFPSTRNC

1 PRCODEsRLPLOT» IAXSRLsSYSMNT » TBCF

COMMON/CONFIG/ NCONVEC(20)syMSRVUVEC(20)yNFLTCAT(20) yMFLTYPE(S5+20)
1 NSTGS»IFSTGsNTYPS» TRNSFC(5,20) yMAXSTGyMAXCAT s MAXTYF »MXSERN
COMMON/RATES/ OMGA(S,20) RLAMN(S,20)

COMMON/CNFGVAR/ LFLTVEC(20) yQLTSUM(6S) sPSTSUM (A3 yQFSTSM(63)

1 QSUMKT (14) s ONOEFCT»PNOEFCT,FSTCOMsSTOFPARM» SUMK(3) s IBGFLG
COMMON/NONLDEP/ AXIAR(S5r20565) sRXAR(20:63)

COMMON/CVRGCOM/ CHSTO(Syb595)sCHST1(S965+5) sCMET2(596595)

1 CHOFO(SyS963) 2 CHIF1(S595965) yCHOF2(5+5960)

2 TZEROST(S5)»yTODF(S95) s TRANS(S)

LOGICAL TRANS»TRNSFC,yIEGFLGYRLFLOT

LOGICAL QNOEFCTsFNOEFCTsPSTCOMs»SYSMNT

r'4

EXTERNALS TYPE ARGS
GNFLTVC 3
NFLTVDF 0

INLINE FUNCTIONS TYFE ARGS
MINO INTEGER 0 INTRIN
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SUBROUTINE SUMMAT(IT»NFLTS)

COMMON/CONFIG/ NCONVEC(20)yMSRVVEC(20)sNFLTCAT(20) MFLTYFPE(S»20)>»
1 NSTGSsIFSTGyNTYFS»TRNSFC(S5+20) yMAXSTGyHMAXCAT y MAXTYF » MXSERN
COMMON/CNFGVAR/ LFLTVEC(20)yQLTSUM(A3) yFESTEUM(65) +QFSTSHM(65)

1 QSUMWT(14) »QNOEFCT»FPNCEFCT,FSTCOMsSTOFARMy SUMK(3) yIRGFLG
COMMON/CHICOM/ MDPsMLAT»MFLD,MBNGsyMNENG»MDFyCHIDRG
COMMON/GNVCCOM/ QLT (65)sPSTLAR(SS)Y yFLT(65) sQINTGRL{3)y

1 ISETVC(20)»ISETVCS(20)yLVLAST(20) yQSUMSF sy PSUMSF
COMMON/STEFPCOM/ ITSTFSyMAXSTPyRELSTEF»TBASE)NSTGRNsKWTyFSTRNC,
1 FPRCODEyRLPLOT» IAXSRLSYSMNT » TBCF

COMMON// GORHSF(5s20565)yHIFFTS(100,100)yITRBLNSZ

COMMON/BXYCOM/ BXYAR(10,10,55) s IJSTGIN(Z210)LCNDVEC(20)y IERECY

1 KFSTGsKFLSTG(70)

LOGICAL TRNSFC»DBGFLGyCHIDEG,QNOEFCTyFPNOEFCTYyPSTCOM,SYSHNTRLFLOT
DIMENSION LMUNTVC(I0)

THIS SUBROUTINE COMPUTES THE SUMMATION» OVER ALL FAULT CATEGORIES
OF ALL THE FUNCTIONS INVOLVED IN COMFUTING THE SURSYSTEM RELIABILITY
MODEL., THIS SUMMATION IS COMFUTED OVER ALL TIME STEFS FOR THE
CURRENT LFLTVEC AND STORED IN SUMK ARRAY. SUMN IS5 INTEGRATED USING
THE SIMPSON‘S 1/3 RULE IN ORDER TO GENERATE THE QLT ARRAY FOR THE
CURRENT LFLTVEC FER TIME STEFP.

- Y, J y J

*
R, (1) = Z:[cy_(rlg-ey)p&_€ (T)(ny-2y+l)7\y.('r):l
3

+ A (T]RIP, (1) + a (T]L)P) (1)
A -2

—

EXTERNALS TYFPE ARGS
FarC REAL 2
FCYJ REAL 4
FLAM REAL 3
FFSTAR REAL 2
FFSTREC REAL 4

INLINE FUNCTIONS TYFE ARGS
Hon INTEGER 2 INTRIN
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SUBROUTINE UNRELQ(NFLTSsNFLSTG)

COMMON/GNVCCOM/ QLT(6S)yPSTLAR(OSIPFLT(H5)yQINTGRL(3) s

1 ISETVC (203 yISETVCS(20) s LVLAST(20) »QSUMSF » FSUMSF
COMMON/STEFCOM/ ITSTPSyMAXSTFsRELSTEF s TRASENSTGRN»RWTsFSTRNC,

1 FRCODEYRLFPLOTyIAXSRL»SYSMNT» TRCF

COMMON/CNFGVAR/ LFLTVEC(20)yQLTSUM(S65) yFSTSUM(65)»QFSTEM(6D)

1 QASUMWT (14) yONOEFCT»PNOEFCT»FSTCOM»STOFARM» SUMN(3) » IRGFLG
LOGICAL QNOEFCT»FNDEFCT,PSTCOMyDEGFLG,SYSMNTsRLFLOT

THIS SUBROUTINE COMFUTES THE SYSTEM UNRELIABILITY OVER ALL TINME

STEFPS PER FAULT VECTOR AS THEY ARE GENERATED IN SUBROUTINE
GNFLTVC.

MODIFIED RELIABILITY EQUATION

t
Q,(t) = S K, (1)dT
L3 0o =
Vaviables Co/nlpoﬂfﬂ'r.zj’ oF Eaaé/oﬁo/]
SUmK(3) Ke @
EXTERNALS TYFE ARGS
FINTGRT  REAL

tar

SUMMAT
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CARE3 Functions

FUNCTION FACC(ITsLVECTOR)

COMMON/CONFIG/ NCONVEC(20) sMSRVUEC(20) sNFLTCAT(20) s MFLTYPE(S5+20)
1 NSTGSsyIFSTG,NTYFSsTRNSFC(S5,20) »MAXSTGyMAXCAT yMAXTYF s MXSERN
COMMON/CHICOM/ MDPsyMLATsMFLDsMBNGsMNBNGsMIFCHIDRG
COMMON/NONLDEP/ AXIAR(S5,20s65)yRXAR(20+65)
LOGICAL TRNSFC,CHIDRG
COMMON// GORHSF(3y20,635)yHDFFTS(100,100)yITRBLKSZ
COMMON/BXYCOM/ BXYAR(10910,53)»IJSTGIN(210) yLCNDVEC(20) »IEBREC,
1 KFSTG/RKPLSTG(70)
DIMENSION LVECTOR(20)
THE THIRD DIMENSION IN THE FOLLOWING THREE ARRAYS MUST EQUAL
“ITBLNSZ’
DIMENSION HLAT(S,20,17)s6FLO(5,20+17) sGNENG(S5+s20517)
EQUIVALENCE (HLAT(1s1,1),G0RHSF(1,1+1))s(GFLD(151+s1)sG0RHSF (1,1,
1 18))s(GNBNG(1s1,1),GORHSF(1,1,35))

USING MDF (DOUBLE FAULT DID CAUSE FAILURE)s» THIS FUNCTION
COMFUTES THE RATE AT WHICH THE SYSTEM FAILS BY TIME T DUE

A CRITICAL FAULT CONDITION. NOTE? THIS FUNCTION IS NOT CALLED
UNLESS LVECTOR CONTAINS AT LEAST 2 FAULTS.

FAC = 0.0 AT TIME 0.

Fat = 0.0
IF YIBREC’ EQUALS O OR THIS SUEBRUN’S FIRST STAGE DOES NOT EQUAL THE
CURRENT COUPLED FAIR SUBRSET’S FIRST STAGE, NO CRITICAL FAIR FAULTS
EXIST AND THIS FUNCTION EQUALS ZERO.

RATE WHICH SYSTEMS HAVING %
FAULTS FAIL AT TIME t DUE TO
CRITICAL FAULT CONDITIONS

' ——
A’ (t]2) = XZY hpp (E]%;,¥5) By ,y. (£]2)
.' . l' ]
i3 HL(t[xi)HL(tlyj) i’%5
EXTERNALS TYPE ARGS
BUFFIN 4
FRCRTL REAL é

INLINE FUNCTIONS TYFE ARGS
Mon INTEGER 2 INTRIN
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FUNCTION FAPC(IT,LVECTOR)

COMMON/CONFIG/ NCONVEC(20)sMSRVVEC(20)sNFLTCAT(20) yHFLTYFE(S»20),
1 NSTGSsIFSTG'NTYPSyTRNSFC(S5s20) »MAXSTG» MAXCAT » MAXTYF » MXSRERN
COMMON/CHICOM/ MDPsyMLAT»MFLLI s MBNGy MNBNGyHOF » CHIDERG
COMMON/NONLDEP/ AXIAR(S:20+635) sRXAR(20,465)
LOGICAL TRNSFC,CHIDEG
COMMON// GORHSF(5920,63)yHIFFTS(1005100)yITEBLASZ
DIMENSION LVECTOR(20)
THE THIRD DIMENSION IN THE FOLLOWING THREE ARRAYS MUST EQUAL
‘ITBLKSZ’.
DIMENSION HLAT(S+20517)»GFLD(S»2017)sGNENG(5520+17)
EQUIVALENCE (HLAT(1,151)sGO0RHSF(1+151)),(GFLD(1,1,1),G0RHSF(1y1,
1 18))s(GNENG(1+1,1),G0RHSF(1s1,35))

THIS FUNCTION COMFUTES THE RATE AT WHICH A SYSTEM HAVING LVECTOR
FAULTS FAILS AT TIME T DUE TO A NONCRITICAL FAULT.

RATE AT WHICH SYSTEMS HAVING
L FAULTS FAIL AT TIME t DUE TO
ERROR PROPAGATION

a' (t]L) = E 2 hp (E]x4)
i 1-rx(t)

PERMANENT

.

v D ; (n~L Yhp(E]x;)
X.
1

TRANSIENT

INLINE FUNCTIONS TYFE ARGS
MOoD INTEGER 2 INTRIN
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FUNCTION FBCRTL(IT!ISTG!IbATrJSTG!JCAT!LUECTDR)

COMMON/CONFIG/ NCONVEC(20)sMSRVVEC(20) yNFLTCAT(20) yMFLTYFE(S5+20) >
1 NSTGS,»IFSTGsNTYFSsyTRNSFC(5y20) »MAXSTGyMAXCAT s HMAXTYF » MXSERN
COMMON/EXYCOM/ BXYAR(10+10,55)»IJSTGIN(210)LCNIVEC(20)»IRREC,

1 KFSTGsKFLSTG(70)

COMMON/NONLDEF/ AXIAR(5:20y635)sRXAR(20+63)

LOGICAL TRNSFCyTRNSXIsTRNSYJ

DIMENSION LVECTOR(20)

DATA HAXFLT/10/

THIS FUNCTION COMFUTES THE PROBARILITY THAT A SYSTEM CONTAINING
LVECTOR FAULTS WOULD ENTER AN XI»YJ CRITICAL STATE, REPRESENTED
BY ‘ISTG,ICATFJSTG»JCAT’y WERE A CATEGORY YJ FAULT TO OCCUR AT

TIME T, REPRESENTED BY “IT’.

oo N

EXPECTED NUMBER OF X;,Y¥y~
CRITICAL FAULTS AT TIME t
GIVEN £ PERMANENT FAULTS

B, . (t]2) = z: bx,y("x‘”x"“y‘“y”"“x'tl"x’

Y
1°73 ux,uy

P(uy,tl Jzy)c(xi,yj)axi (t)aY:j (t)

bxy Stored in  Bx9AR (10,10 55)

EXTERNALS TYFE ARGS
BXYC S
FFPMUX REAL 4

See next Page or C(XuyJ) a/é‘ﬁ;/)i%'oﬂ,
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FUNCTION MATHEMATICAL EXPRESSION

U _
X X;r¥Y: = PERMANENT
_L—(—a (t)a_ (t) 73
C(xirYj) X y x £ y
My (1) X{s¥5 = PERMANENT
2
ax(t) X = Y
My (P20 X; = PERMANENT
a, (t) Y4 = TRANSIENT
R X; = TRANSIENT
3y (£) Y5 = PERMANENT

(n - %) (W=%)  X3,¥5 = TRANSIENT
X2y
(n=2,) (ng-2 ~1) Xj+¥5 = TRANSIENT

X =Yy
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FUNCTION FCLAM(IT»ITAU»ISTGyICAT)

COMMON/RATES/ OMGA(S5s20)RLAM(5,20)

COMMON/STEFCOM/ ITSTPSsMAXSTFYRELSTEF s TBASEyNSTGRNyKUTsFSTRNC»
FRCODEyRLFLOTy IAXSRL » SYSMNT » TRCF

LOGICAL SYSHNTsRLFLOT

[)m-/dé/fs CJ???IPO/IE’/?IZS o7£ g oqam[)’cw

RL 19777({6#7;1:‘7’6) /\x.
06 A #1S78) w,,
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FUNCTION FCYJ(IT»JSTG»JCATLVECTOR)
COMMON/CONFIG/ NCONVEC(20) yMSRVVEC(20) sNFLTCAT(20) yMFLTYFE(S+20)
1 NSTGSyIFSTGsNTYFPSyTRNSFC(5s20) yMAXSTGHAXCAT»MAXTYP » MXSERN
COMMON/CHICOM/ MIFsyMLAT,yMFLD»MENGyMNENG»MIOFyCHIDRG
LOGICAL TRNSFC,CHIDBG
COMMON// GORHSF(S5s20+465)yHIFFPTS(100,100)yITRLKSZ
COMMON/BXYCOM/ EXYAR(10,109355)»IJSTGIN(210)sLCNDVEC(20)yIERECS
1 KFSTGyKFLSTG(70)
DIMENSION LVECTOR(20)
THE THIRD DIMENTION IN THE FOLLOWING THREE ARRAYS MUST EQUAL
*ITBLKSZ’ .
DIMENSION HLAT(5y20,17)sGFLD(5s20517)yGNRNG(Sy20,17)
EQUIVALENCE (HLAT(1,1,1)yGORHSF(1s151))s(BFLD(15151)»GO0RHEF (1,1,
1 18))s(GNBNG(1s1+s1)yGORHSF(1,1,35))

PROBABILITY THAT A CATEGORY Yy
FAULT WOULD PRODUCE A SYSTEM
FAILURE AT TIME t GIVEN %
FAULTS AT TIME t~

Cy.(tlg) = :Z: Hﬁ(tlxi)
J X5 HL(t|xi) Dx.,y.

1°7]

(t]2)

EXTERNALS TYFE ARGS
FDSCRTL REAL 6

INLINE FUNCTIONS TYPE ARGS
MOD INTEGER 2 INTRIN
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FUNCTION FDSCRTL(IT,»ISTG,ICAT»JSTGsJCAT»LVECTOR)

COMMON/CONFIG/ NCONVEC(20)syMSRVVEC(20) yNFLTCAT(20) sMFLTYPE(S,20)
1 NSTGSsIFSTGYNTYFSyTRNSFC(S,20) »MAXSTGyHAXCATyMAXTYF » MXSBRN

LOGICAL TRNSFC
COMMON/NONLDEF/ AXIAR(Sr205635)sRXAR(20563)

COMMON/EBXYCOM/ BXYAR(10510+55)»IJSTGIN(210)sLCNDVEC(20) »IERRECS
1 KFSTGsNPLSTG(70)

DIMENSION LVECTOR(20)

ODATA MAXFLT/10/

THIS FUNCTION COMFUTES THE FROBARILITY THAT A SYSTEM CONTAINING
LVECTOR FAULTS WOULD BE IN A SUPERCRITICAL STATE WERE A CATEGORY
YJ FAULT, REFPRESENTED RY ‘JSTG»JCAT’»y TO OCCUR AT TIME T»
REPRESENTED RY ‘IT’.

EXPECTED NUMBER OF X;y-
CRITICAL FAULTS, GIVEN %
PERMANENT FAULTS, THAT WOULD
BE CREATED AS THE RESULT OF
A STAGE Y FAULT AT TIME t

D (t|2) = -ZE: 2 - -
X;1Y I'“ nou bx,Y( X ux’ly uy)P(ux'tlzx)
X ¥
P
(uy,tlly)
axi(t)
U, ax(t X; = PERMANENT

(n =2 )a, (t) X, = TRANSIENT

i
EXTERNALS TYPE  ARGS
BXYC 5
FPMUX REAL 4
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FUNCTION FFDFST(MCHI;KIND*:ISTGrICATyJSTG;JCﬁT)

COMMON/CONFIG/ NCONVEC(20) yMSRVYVEC(20) yNFLTCAT(20) »MFLTYFE(S+20),
1 NSTGSyIFSTGsNTYFSs TRNSFC(S520) s MAXSTG» MAXCAT »MAXTYFP yMXSERN
COMMON/CHICOM/ MDFsMLATsMFLLsMENGsMNENGyMDFyCHIDERG
COMMON/NONLDEP/ AXIAR(S»20,65) 1RXAR(20+63)

LOGICAL TRNSFC»CHIDEG

COMMON// GORHSF(5+20+65) yHOFFTS(1005100)» ITRLKSZ

DIMENSION HENG(S5s20y63)

EQUIVALENCE (HENG(1,151)»GORHSF(1,1+1))

THIS FUNCTION IN COMERINATION WITH SUBROUTINE ARCST REFRESENTS

SLOW VARYING RELIARILITY FUNCTIONS RY A THIRD-ORDER FOLYNOMIAL OVER
THE RANGE OF INTEREST FOR DOUBLE FAULTS.

EXTERNALS TYFE ARGS
FFSFST REAL 6
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FUNCTION FFSFST(MCHIsKINDXsISTGsICAT»JOUMS,JDUMC)

COMMON/CONFIG/ NCONVEC(20)sHSRVVEC(20)sNFLTCAT(20)yMFLTYFE(S5520),
1 NSTGS»IFSTGYyNTYFSsTRNSFC(S5s20) yMAXSTGYyMAXCATy HAXTYF s MXSERN
COMMON/CHICOM/ MIDF»MLAT»MFLDyMENG s MNENG,»MDOFyCHIDEG
COMMON/NONLDEFP/ AXIAR(3+20+65)sRXAR(20,65)

LOGICAL TRNSFC,»CHIDBG

THIS FUNCTION IN COMERINATION WITH SUBROUTINE AECST REFRESENTS

SLOW VARYING RELIARILITY FUNCTIONS RBY A THIRD-ORDER FOLYNOMIAL OVER
THE RANGE OF INTEREST FOR SINGLE FAULTS.

EXTERNALS TYFE ARGS
FLAM REAL 3
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FUNCTION FGST(MCHI,»IT,ISTG,ICAT)

COMMON/CHICOM/ MDFyMLAT»MFLD»MENG» MNENG»MOF»CHIDEG
COMMON/CONFIG/ NCONVEC(20)sMSRVVEC(20)sNFLTCAT(20)yMFLTYFE(Ss20)y
1 NSTGSsIFSTGsNTYFSsTRNSFC(5+20) »HMAXSTGsMAXCAT » MAXTYF » MXSERN
LOGICAL TRNSFC,CHIDRG

COMMON/NONLIDEF/ AXIAR(S5,20765)sRXAR(20565)

COMMON// GORHSF(3+20+65)HIFFPTS(100,100)yITRLKSZ

THIS FUNCTION COMFUTES THE FROBARILITY THAT A CATEGORY XI FAULT TS

IN STATE MCHI AT TIME T» REFRESENTED EBY IT» GIVEN THAT IT WAS LATENT
FREVIOUSLY.,
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FUNCTION FHDFST(MCHIsIT,ISTGsICAT»JSTGYJCAT)

COMMON/STEFCOM/ ITSTFS»MAXSTPYRELSTEF Yy TRASEYNSTGRNsRNWTsFSTRNC

1 FRCODEyRLFLOT» IAXSRLySYSMNT ¢+ TRCF

COMMON/CONFIG/ NCONVEC(20)syMSRVVEC(20)yNFLTCAT(20) yMFLTYFE(S5,20)
1 NSTGSyIFSTG»NTYFSsTRNSFC(S»20) yMAXSTGyMAXCAT »MAXTYF s MXSRERN
COMMON/CHICOM/ MDPsMLAT»MFLID»MBNGy MNENGyMIOF»CHIDRG
COMMON/CVRGCOM/ CHSTO(S5s65¢5)sCHET1(5»6555)sCHBT2(59651:5)y

1 CHDFO(515965)sCHOF1{(S+5+65) yCHOF2(5s55635) y

2 TZEROST(S5+5)»TODF(S5,5) » TRANS(3)

LLOGICAL TRANSyTRNSFCsCHIDEG,SYSMNT»RLFLOT

EXTERNAL FFDFST

THIS ROUTINE COMBINES A FOLYNOMIAL REPRESENTATION OF RELIARILITY
FUNCTIONS(SLOW VARYING) AND MOMENTS OF COVERAGE FROEBABILITY FUNCTIONS

(FAST VARYING) TO YIELD A CONVOLUTED INTEGRATION OF THE TWO TYFES OF
DOUBLE FAULT FUNCTIONS.

RATE AT WHICH AN Xin"CRITICAL
FAULT CAUSES SYSTEM FAILURE

0
h F(tlxi,yj) = aDF(tlxi,yj)mDF(tlxi,yj)
b . (t]|x.,y )ml (t]x,,v.)
F i’*5°7DF i’d5

2
(o] F(tlxi'yj)mDF(tlxi'y.)

3
EXTERNALS TYFE  ARGS
ABCST 11
FFOFST Y

INLINE FUNCTIONS TYFE ARGS
MOD INTEGER 2 INTRIN
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FUNCTION FHSFST(MCHI»IT»ISTGy»ICAT)

COMMON/STEFCOM/ ITSTPSsyMAXSTPIRELSTEFs TBASEsNSTGRNsKWTsFSTRNC
1 PRCODE»RLPLOT» IAXSRL s SYSMNT » TRCF
COMMON/CONFIG/ NCONVEC(20)»MSRVVEC(20) s NFLTCAT(20) yMFLTYFE(S,20),
1 NSTGS»IFSTGsNTYFSsTRNSFC(S5+20) yMAXSTGy MAXCATy MAXTYF y MXSERN
COMMON/CHICOM/ MDP»MLATsMFLD)MBNGsMNBNG,MDF s CHIDRG
COMMON/CVRGCOM/ CMETO(S»655)yCMET1(56595)»CHSTI(S+46553)

1 CMOFO(SySs45) s CHDFL1(S95965) sy CHIF2(595y60) »
2 TZEROST(S+5)sTODF(5+35) s TRANS(S)

LOGICAL TRANSyTRNSFCs»CHILDRBGySYSMNTyRLFLOT

EXTERNAL FFSFST

DATA JDUM/O/

THIS ROUTINE COMBINES A FOLYNOMIAL REFRESENTATION OF RELIARILITY
FUNCTIONS(SLOW VARYING) AND MOMENTS OF COVERAGE FROBARILITY FUNCTIONS

(FAST VARYING) TO YIELD A CONVOLUTED INTEGRATION OF THE TWO TYFES OF
SINGLE FAULT FUNCTIONS.

EXTERNALS TYPE ARGS
ABCST 11
FFSFST 0

INLINE FUNCTIONS TYFE -ARGS— — — ~
MOD INTEGER 2 INTRIN

See the next page for the Single-fault H functions computed using
this function. 116



DEFINITION

FUNCTION MATHEMATICAL EXPRESSION

PROBABILITY THAT A CATEGORY x,
TRANSIENT FAULT IS DETECTED AS

PERMANENT

Hppr (E1%3) app (t|xi)mgp (t]x;)+bpy (tlxi)mép (t]x;)

+ cDP(tlxi)mgP(tlxi)

PROBABILITY OF A LATENT CATEGORY
X; FAULT AT TIME t

aL(tlxi)Mg(t|xi)+bL(t|xi)Mi(t|xi)

H (t]x;)
+ oo (t]x M3 (] %)
RATE OF ERROR PROPAGATION L i’L i

FAILURE DUE TO A CATEGORY X;
FAULT

hp(tlx) = ap (t]x;)mD (] ) +by (t]x ) ma (t]x;)

+ cF(tIxi)mg(t[xi)

PROBABILITY OF A BENIGN
LATENT FAULT AT TIME t

0 1
Hy (t]x;) = aB(tlxi)MB(tlxi)+bB(t|xi)MB(t|xi)

+ cB(tlxi)Mg(tlxi)

PROBABILITY OF A NON-BENIGN
LATENT FAULT AT TIME t

B 0
He(t]x,) = ag () )ME (], ) +bz (& | %, )M (E]x, )

2
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FUNCTION FINTGRT(IT»ARTOINT)

COMMON/STEFCOM/ ITSTFSyMAXSTFIRELSTEF»TRASEsNSTGRNIKWTyFSTRNC

1 FRCODE,RLPLOT» IAXSRLsSYSMNT» TRCF

DIMENSION ARTOINT(3)
LOGICAL SYSMNTsRLFLOT

THIS FUNCTION USES THE 1/3 SIMPSON’S INTEGRATION METHOD ON THE
VALUES STORED IN ARTOINT WHEN "IT".6T.2, "IT" REFPRESENTS
WHICH TIME STEF IS BEING COMFUTED.

WHEN *IT" EQUALS 2y THE TRAFEZOIDAL INTEGRATION METHOD IS USED.
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FUNCTION FLAM(IT,»ISTGyICAT)

COMMON/RATES/ OMBA(S5+20) sRLAM(S,20)

COMMON/STEFCOM/ ITSTPS:MAXSTPyRELSTEP;TBASE:NSTGRN!KWT!PSTRNCy

1 PRCODE yRLPLOT s IAXSRL»SYSHNTy TBCF
LOGICAL SYSMNTsRLPLOT

ﬂdr‘/dé/é’ $ C m’hlpo/)c’n?LS ag’ Egz/o 7[7'0;0
RLAM G, 157) Ay,
0176 A Gefir, 1515 L2)

X

»
[4

119



ly R ReoNy

FUNCTION FNFACT(N)

THIS FUNCTION COMFUTES N FACTORIAL
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FUNCTION FPMUX(IT,ISTGsHUXsLX)

COMMON/CONFIG/ NCONVEC(20)»HMSRVVEC(20)sNFLTCAT(20)yMFLTYFE(S+20)
1 NSTGSyIFSTGyNTYFS,TRNSFC(S5,y20) MAXSTGyHAXCAT s MAXTYF » MXSERN
COMMON/NONLDEF/ AXIAR(5,209465)yRXAR(20+46%5)

LOGICAL TRNSFC

THIS FUNCTION COMPUTES THE FROBARILITY THAT A SURSYSTEM CONTAINS
MUX STAGE X LATENT FAULTS GIVEN THAT IT HAS LX FAULTY STAGE X
MODULES.,

PROBABILITY THAT A SUBSYSTEM
CONTAINS M, STAGE X LATENT

PERMANENT FAULTS GIVEN THAT
IT HAS %, STAGE X PERMANENT

FAULTS
- % B AT u
Plugtlt) = (.£>(l-a (€)X X a F(e)
H X
X
EXTERNALS TYFE  ARGS
FNCK . REAL 2

-
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FUNCTION FPSTAR(ITyLVECTOR)

COMMON/CONFIG/ NCONVEC(20)sMSRUVEC(20)sNFLTCAT(20)yMFLTYFE(S»20)
1 NSTGS,IFSTGsNTYFSyTRNSFC(S5:20) yMAXESTGyMAXCAT s HAXTYF s MXSBRN
COMMON/NONLDEF/ AXIAR(S,20,65)sRXAR(20+45)

LOGICAL TRNSFC

THIS FUNCTION COMFUTES THE FROBARILITY THAT A SYSTEM HAS SUSTAINED
EXACTLY LVECTOR FAILURES BY TIME T» REPRESENTED RBY 1T.

DIMENSION LVECTOR(Z20)

EXTERNALS TYFE  ARGS
FNCK REAL 2
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FUNCTION FPSTREC(IT,»JSTGsLVECTORFSTFRVW)

COMMON/CONFIG/ NCONVEC(20)sMSRVUVEC(20)sNFLTCAT(20) +MFLTYFE(S,20)
1 NSTGS,IFSTGYNTYPS»TRNSFC(S,»20) »MAXSTGy MAXCAT y MAXTYF » MXSERN

COMMON/NONLDEP/ AXIAR(S5,20y45)sRXAR(20,65)
LOGICAL TRNSFC

THIS FUNCTION COMFUTES FSTAR FOR LVECTOR RECURSIVELY - GIVEN
PSTAR FOR LVECTOR MINUS THE UNIT VECTOR REFRESENTED RY JSTG

PASSED AS PSTPRV.

DIMENSION LVECTOR(20)
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FUNCTION FRXIFF(IT»ISTG»ICAT»TRNSFLT)

COMMON/CONFIG/ NCONVEC(20)yMSRVUVEC(20) sNFLTCAT(20) yMFLTYFE(S+20),
1 NSTGS:IFSTGYNTYFS»TRNSFC(T,20) yMAXSTGYMAXCAT s MAXTYF» MXSBRRN
COMMON/CHICOM/ MIPsMLATsMFLDyMBNGyHNENG»MIFyCHINERG
COMMON/CVRGCOM/ CHMSTO(S+»65:3)sCMETL(S5,6595)yCHST2(S24651%5)
1 CHDFO(Ss5,65)sCMIF1(S5y5+65) yCHMIF2(S95565)
2 TZEROST(Sy5)»TODF(S935)» TRANS(3)
COMMON/NONLDEF/ AXIAR(S920265)yRXAR(20565)
COMMON// GORHSF(5,20+63)yHDFFTS(100,100)sITRLKSZ
LOGICAL TRANS,TRNSFC,CHIDBGy» TRNSFLT
DIMENSION HDPFC(5s2093)yHINT(S5,2053)HIOP(3)
USE AXIAR AS WORKING STORAGE FOR THIS ROUTINE ERECAUSE AXIAR IS NOT
COMPUTED UNTIL RXAR IS COMFLETELY DEFINED.
EQUIVALENCE (AXIAR(1,1,1)yHOPFC(15151))s(AXIAR(1+1y4)sHINT(1s151))

ao

THIS FUNCTION COMFUTES THE FRORARILITY THAT A GIVEN STAGE X
MODULE HAS EITHER NOT EXPERIENCEDNy OR HAS RECOVERED FROMs ANY
CATEGORY XI FAULTS BY TIME T.

oo n

PROBABILITY THAT A GIVEN STAGE
X MODULE HAS NOT EXPERIENCED A
CATEGORY-X; FAULT BY TIME t

-, (t)
r, (t) e 1 PERMANENT

o Mppp (T1%;)dT  TRANSIENT

EXTERNALS TYFE ARGS
FCLAM REAL 4
FHSFST REAL 4
FINTGRT REAL _ ____ .2 — . . -
FREEXP REAL 1
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3.4 General Purpose Routines

The following routines are used in at least two of the three
program modﬁles described previously. NOTE: Subroutine CAREPLT
interfaces to NASA's Graphic Plotting Package, and subroutine
CPLOT interfaces to the DISSPIA Plotting Package. Currently,
programs CVGPLT and RELPLT call CPLOT. Slight modifications must

be made to these programs in order to use CAREPLT.
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3.4.1 General Purpose Subroutines

aoOaOoonc

SUBROUTINE RUFRLK(INOUT»IUNITyRLOCKsILST»FATALEOFFLG)

THIS SUBROUTINE BUFFERS IN A RBLOCK OF DATA INTO ‘BLOCK’(1)..’BLOCK’
(ILSTYy IF ‘INOUT’.EQ.1» FROM UNIT “IUNIT’. IT BUFFERS OUT A RLOCK
OF DATA FROM ‘BLOCK’(1).. BLOCK’(ILST)y IF ‘INOUT’.EQ.2y TO UNIT
CIUNIT’ .

DIMENSION RLOCK(1)
LOGICAL FATAL,>EOFFLG

EXTERNALS TYFE ARGS
UNIT REAL 1
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SUBROUTINE CAREPLT(ARPASDsXFASD)STEF,GENXFTSsNPTSLNORLG)
(PSS P22 2222038282333 30230 0032222233080 0 ¢ 233 2223223383338 3¢333¢¢%332
C THIS ROUTINE WORKS WITH NASA‘S GRAFHIC FLOTTING FACKACE.,
(IR 3222223233230 22¢2 32200222000 3233833333820 0020033252322 0 8330323258 ¢%
DIMENSION ARTOPLT(515),X(5135)sARPASD(1),XFASD(1)
CXXX%XNOTE THAT TWO ADDITIONAL ELEMENTS ARE ASSIGNED AS
CXXAXIREQUIRED BY ASCALE,LINPLTsSCALOG
LOGICAL GENXFTS
DATA XAXISMX/8.0/»YAXISMX/10,0/+XDV/2,0/sXTIC/ 45/
1 YOV/1.0/sYTIC/1.0/

1325333332208 332303 2203022023202 2032 030230820 02820230320330220332 832953

ARTOPLT
THIS IS8 THE ARRAY TO RBRE PLOTTED WITH *STEP® AS STEF SIZE
NPTS
THIS IS THE NUMBER OF FPOINTS TO EE FLOTTED
CAN BRE PLOTTED.
IAXSTYF
THIS IS THE Y-AXIS TYPE DESIRED(LINEARySEMI-LOG OR EBOTH)
XAXISHX
THIS IS THE LENGTH IN INCHES OVER WHICH THE RANGE
OF X VALUES IS T0 BE FLOTTEN,
XDy
THE NUMBER OF DIVISIONS PER INCH OF FAFER TO BE
USED FOR THE X AXIS.
XTIC
THIS IS THE LENTGTH IN INCHES BRETWEEN ANNOTATED
TIC MARKS ON THE X AXIS.
YAXISHMX
THIS IS THE LENGTH IN INCHES OVER WHICH THE RANGE
OF Y VALUES IS TO BE FLOTTED.
Yy
THE NUMEBER OF DIVISIONS FER INCH OF FAPER TO EE
USED FOR THE Y AXIS.
YTIC
THIS IS THE LENGTH IN INCHES BRETWEEN ANNOTATED
TIC MARKS ON THE Y AXIS

cooooOooOOOOOOOOoO0OOoOOOOnN0O00D0oOo000n0

EXTERNALS TYFE ARGS
ASCALE 5
AXES 11
AXESLOG 10
CALPLTY 3
LGLIN 8
LINPLT 8
NFRAME 0
FSEUDOD 0
SCALOG S
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SUBROUTINE CPLOT(ARTOFLT»XsSTEFsGENXFTSyNFTSsLNORLG»ITITLE,

1 JTITLE)
b3 2333220202228 532823 228232200022 23320232202000202200202230328%09:

THIS ROUTINE WORKS WITH THE DISSFLA FLOTTING FACKAGE.
132333223332 EEOTSO 022222233820 000922222522333200 000023220229
NOTE - ARRAYS ‘ARTOPLT’ AND ‘X’ MUST RE OF THE SAME DIMENSION

IN THE CALLING ROUTINE.
DIMENSION ARTOFLT(1)sX(1)»ITITLEC(L1)»JTITLE(L)

LOGICAL GENXPTS

EXTERNALS TYFE ARG
ALGFLT 5
AXSPLT
BGNFL
BLNK1
COMFRS
CURVE
ENDFL
FRAME
GRAPH
GRID
MESSAG
NOCHEK
RESET
TITLE
YLOG

PO OB DO DOU O
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3.4.2 General Purpose Functions

FUNCTION FNCK(NFACsKFAC)

THIS FUNCTION COMFUTES RINOMIAL COEFFICIENTS.
GIVEN TWO FARAMETERS NsK WILL COMFUTE NCN I.E. NFACT/(N-K)FACT
¥ KFACT. THIS IS EQUIVALENT TO N(N-1)...(K+1)/(N-K)FACT.

aoonn
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FUNCTION PREEXF(X)

DATA REALMAX/1.0E+322/yREALMIN/1,0E-293/EXFMAX/741.67/»
1 EXFMIN/-675.82/

c
TF(X.GT.EXPMIN .ANDI. X.LT.EXFMAX) GO TO 100

€ SET FUNCTION TO A VALUE VERY CLOSE TO 0.0 BRUT NOT EQUAL TO 0.0
IF(X.,LE.EXPMIN) FREEXP = REALMIN

C SET FUNCTION TO THE MAXIMUM NUMBER THE CDC CAN HANDLE.
IF(X.GE.EXPMAX) FREEXF = REALMAX

GO TO 200
100 PREEXF = EXP(X)
200 RETURN
END
EXTERNALS TYPE ARGS
EXF REAL 1 LIRRARY
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4.0 Error Messages

The following sections contain the error and warning messages
generated by modules CAREIN, COVRGE, and CARE3. The utility rou-
tine error messages can occur in any of the three modules. The
error messages are fatal to the computer run; therefore, the run
will halt after one occurs. The warning messages are nonfatal and

are used to alert the user to any out-of-the-ordinary processing.

The variables enclosed in single quote marks are used to show
which variables will have their contents printed. The following
variables, used in the error messages, have values which do not

change during the course of the computer run:

Variable Name Value Description

MAXTYP 5 Maximum Number of
Fault Types

MXSTGS 70 Maximum Number of
Stages
MAXCAT 5 Maximum Number of

Fault Categories

MXUNTS 70 Maximum Number of
Coupled Units Per
Fault Tree

MXCPLS 20 Maximum Number of
Coupled Stages Per
Fault Tree

MXSBRN 35 Maximum Number of
Subruns
INMAX 513 Maximum Index Into

Coverage Functions

MXSTGF 13 Maximum Number of
Stage Failures
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Variable Name Value Description

IJMAX 210 Maximum Number of
Unigque Fault Pair
Functions Per
BXYFL Subfile

MAXSTG 20 Maximum Number of
Stages Per Subrun

Beside each message is a code used to differentiate the user
errors from the possible internal program errors for which tests

are made.
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4,1 CAREIN ERROR MESSAGES (FATAL)

** ERROR - NFTYPS
NSTGES

'NFTYPS' MUST BE LESS THAN OR EQUAL TO 'MAXTYP' AND
'NSTGES' MUST BE LESS THAN OR EQUAL TO 'MXSTGS'.

** ERROR - NFCATS('ISTG') = 'NFCATS(ISTG)' MUST BE LESS THAN OR EQUAL TO 'MAXCAT'.

** ERROR - EOF ENCOUNTERED ON FILE CREIN WHEN MORE DATA WAS REQUIRED.

** ERROR -~ STAGE NUMBERS MUST RANGE FROM 1 TO 'MXSTGS' MAXIMUM
AND THE LAST STAGE MUST BE LESS THAN OR EQUAL TO 'NSTGES' DEFINED AS 'NSTGES'
- NOT 'IFSTG' TO 'ILSTG'.

** ERROR ~ EXCEEDED MAXIMUM NUMBER OF COUPLED UNITS
PER CRITICAL PAIR FAULT-TREE OF 'MXUNTS'.

** ERROR - ILLEGAL STAGE SPECIFIED IN CRITICAL PAIR DATA = 'ISTG'.

** ERROR - NUMBER OF UNITS SPECIFIED FOR STAGE 'ISTG', IN THE CRITICAL PAIR DATA,
DOES NOT EQUAL THE NUMBER OF IDENTICAL UNITS SPECIFIED FOR THIS STAGE.

IF ALL UNITS ARE NOT INVOLVED IN THE CRITICAL PAIR FAULT-TREE, SET THE NUMBER

OF OPERATING STATES TO THE NUMBER OF INVOLVED UNITS FOR THIS STAGE, AND

INCLUDE EACH UNIT IN THE FAULT-TREE.

** ERROR -~ EXCEEDED MAXIMUM NUMBER OF COUPLED STAGES
PER CRITICAL PAIR FAULT-TREE OF 'MXCPLS'.

** ERROR - EXCEEDED MAXIMUM RANGE OF COUPLED STAGES
PER CRITICAL PAIR FAULT-TREE OF 'MXCPLS',
IN THE TREE HAVING FIRST STAGE = 'KSTGF' AND THE LAST STAGE = 'KSTGL'

NOTE: UE = USER ERROR; IE = INTERNAL ERROR.

UE

UE

UE

UE

UE

UE

UE

UE
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CAREIN ERROR MESSAGES (FATAL)

** ERROR - COUPLED STAGES, DEFINED IN CRITICAL PAIR FAULT-TREES,
MUST BE IN ASCENDING ORDER (FROM ONE TREE TO THE NEXT ALSO).

** ERROR - OCCURRED WHILE PROCESSING MINTERM FILE FOR CRITICAL PAIR FAULT DEFINITIONS.
'PRBMT'' ' (MNTRMV (I),I=1,NUNTS)"'

** ERROR - SUBRUN ARRAY INDEX GREATER THAN MAXIMUM NUMBER OF SUBRUNS = 'MXSBRN'.

** ERROR - ILLEGAL FIRST STAGE IN CRITICAL-PAIR SUBSET ARRAY: KSSETS(l,'ISBSET').!

CAREIN WARNING MESSAGES (NON-FATAL)

** WARNING - INPUT FILE 'CREIN' EMPTY - DEFAULTS WILL BE USED.

** WARNING - NUMBER OF INTEGRATION STEPS, PLUS 1 TO INCLUDE TIME ZERO,
REDUCED FROM 'NSTEPS' TO THE MAXIMUM OF 'MAXSTP'.

NOTE: UE = USER ERROR; IE = INTERNAL ERROR.

UE

IE

IE

IE
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4.2 COVRGE ERROR MESSAGES (FATAL)

** ERROR - NUMBER OF FAULT TYPES REQUESTED = 'NTYPS'
BUT MUST BE LESS THAN OR EQUAL TO 'MAXTYP'.

** ERROR - INCORRECT RELIABILITY TIME BASE = 'TBASE'.

** ERROR - THRASHING OCCURRED IN SUBROUTINE COMPFUN.
RERUN PROGRAM WITH A DIFFERENT 'DBLDF' VALUE.

** ERROR - ITH G SINGLE-FAULT FUNCTION = 'ITH' WHILE ONLY G FUNCTIONS 1 THROUGH 9
MAY BE COMPUTED WITH FUNCTION FGSNGL.

** ERROR - 'DELTA'('ITYP') EQUALS ZERO, WHILE THE CONSTANT DENSITY FUNCTION WAS
CHOSEN FOR 'DELTA'.
EITHER ASSIGN 'DELTA' A VALUE OR SPECIFY CONSTANT RATE FUNCTION FOR THIS FAULT TYPE.

** ERROR - 'RHO'('ITYP') EQUALS ZERO, WHILE THE CONSTANT DENSITY FUNCTION WAS CHOSEN
FOR 'RHO',
EITHER ASSIGN 'RHO' A VALUE OR SPECIFY CONSTANT RATE FUNCTION FOR THIS FAULT TYPE.

** ERROR - BOTH 'RHO' AND 'DELTA' ('ITYP') EQUAL ZFRO, WHILE THE CONSTANT DENSITY
FUNCTION WAS CHOSEN FOR BOTH FAULT RATES.
EITHER ASSIGN THEM A VALUE OR SPECIFY CONSTANT RATE FUNCTIONS FOR THIS FAULT TYPE.

** ERROR - ITH C DOUBLE-FAULT FUNCTION
COMPUTED WITH FUNCTION FCDBL.

'ITH' WHILE ONLY C FUNCTIONS 1 AND 2 MAY BE

** ERROR - ITH F DOUBLE-FAULT FUNCTION
COMPUTED WITH FUNCTION FFDBL.

'ITH' WHILE ONLY F FUNCTIONS 1 AND 2 MAY BE

NOTE: UE = USER ERROR; IE = INTERNAL ERROR.

IE

IE

IE

UE

UE

UE

IE

IE
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COVRGE ERROR MESSAGES (FATAL)

** ERROR - ITH B DOUBLE-FAULT FUNCTION = 'ITH' WHILE ONLY B FUNCTIONS 1 AND 2 MAY BE IE
COMPUTED WITH FUNCTION FBDBL.

** ERROR - THRASHING OCCURRED IN SUBROUTINE SUMARS. RERUN PROGRAM WITH A DIFFERENT UE
'DBLDF' VALUE.

** ERROR - THRASHING OCCURRED IN SUBROUTINE VOLTERA. RERUN PROGRAM WITH A DIFFERENT UE
'DBLDF' VALUE.

** ERROR - THRASHING OCCURRED IN SUBROUTINE VLTNREC. RERUN PROGRAM WITH A DIFFERENT UE
'DBLDF' VALUE.

** ERROR - INDEX PASSED TO FUNCTION FTCHSTP = 'INDX' IS LARGER THAN THE TOTAL NUMBER 1E
CF POINTS COMPUTED.

** ERROR - ILLEGAL MCHI OF 'MCHI' WHICH SPECIFIES WHICH SINGLE OR DOUBLE-FAULT IE
FUNCTION TO STORE INTO COMMON /CVRGCOM/,
MUST BE IN THE RANGE OF 1 THROUGH 6 ONLY.

** ERROR WITH MOMNT = 'MOMNT' IN FUNCTION SIMPINT. IE
ONLY MONENTS 0,1, AND 2 ARE VALID.

** ERROR WITH INDICES REPRESENTING INTEGRATION LIMITS IN FUNCTION SIMPINT: 'ITFROM' = 1IE
'ITFROM' 'ITTO' = 'ITTO' WHERE 'INMAX' = 'INMAX'.

** ERROR - INDEX INTO 'TMAR' = 'IT' IS GREATER THAN MAXIMUM ALLOWABLE INDEX OF 'INMAX', IE

NOTE: UE = USER ERROR; IE = INTERNAL ERROR.
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COVRGE WARNING MESSAGES (NON-FATAL)

** WARNING - NSTPIN GREATER THAN 'NSTPMX' IN SUBROUTINE COMPFUN. ZERODF DECREASED
TO 'ZERODF'.

** WARNING - NUMBER OF POINTS REQUIRED TO DEFINE A FUNCTION ARRAY IS LARGER THAN
'INMAX'. ZERODF INCREASED TO 'ZERODF'.

** WARNING
TO 'ZERODF'.

NSTPIN GREATER THAN 'NSTPMX' IN SUBROUTINE SUMARS. ZERODF DECREASED

** WARNING

NPSTPIN GREATER THAN 'NSTPMY'. Z2ERODF DECREASED TO 'ZERODF'.

** WARNING NUMBER OF POINTS REQUIRED TO DEFINE P ARRAY IS LARGER THAN ‘INMAX'.
ZERODF INCREASED TO 'ZERODF'.
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4.3 CARE3 ERROR MESSAGES (FATAL)

** ERROR - INCORRECT TIME BASE = 'TBASE'.

** ERROR - 'KWT' = 'KWT'. 'KWT' MUST BE INPUT WHEN THE SYSTEM MINTERM FILE 'FT15F'
IS MISSING.
THE NUMBER OF STAGE FAILURES CANNOT EXCEED 'MXSTGF'.

** ERROR - SUBRUN NUMBER EXCEEDED MAXIMUM OF 'MXSBRN'.

** ERROR - EOF ENCOUNTERED ON UNIT 4 DURING BUFFER IN.

** ERROR - WITH SYSTEM MINTERM FILE 'FT15F' -

' PRBMT"' (MNTRMV (ISTG) ,ISTG=1,NSTGRN)

** ERROR - NUMBER OF UNIQUE FAULT PAIR FUNCTIONS = 'NBXY' FOR 'NSTGS' COUPLED STAGES,

WHICH EXCEEDS THE MAXIMUM OF 'IJMAX' FOR THE MAXIMUM NUMBER OF COUPLED STAGES =
'MAXSTG'.

** ERROR - INVALID BXYAR INDEX OF 'INBXY' EXISTS IN INDEX ARRAY IJSTGIN ('IJSTG').

** ERROR - INVALID CONDITIONAL FAULT VALUE OF 'LC' EXISTS IN CONDITIONAL FAULT
VECTOR LCNDVEC('I').

** ERROR - INVALID SPECIFICATION OF WHICH BXY FUNCTION DEFINITION RECORD IS
CURRENTLY IN MEMORY - IBREC = 'IBREC'.

** ERROR -~ EOF ENCOUNTERED ON PREVIOUS BUFFER IN ON UNIT 'IUNIT' WHILE TRYING TO
READ RECORD 'IT'.

NOTE: UE = USER ERROR; IE = INTERNAL ERROR.

IE

UE

IE

IE

I1E

IE

IE

1E
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CARE3 ERROR MESSAGES (FATAL)

** ERROR - PARITY ERROR ENCOUNTERED DURING BUFFER IN ON UNIT 'IUNIT' WHILE TRYING TO
READ RECORD 'IT'.

** ERROR - EOF ENCOUNTERED ON PREVIOUS BUFFER OUT ON UNIT 'IUNIT' WHILE TRYING TO
WRITE RECORD 'ITB'.

** ERROR - PARITY ERROR ENCOUNTERED DURING BUFFER OUT ON UNIT 'IUNIT' WHILE TRYING
TO WRITE RECORD 'ITB'.

** ERROR - INVALID SPECIFICATION OF WHICH BXY FUNCTION DEFINITION RECORD IS CURRENTLY
IN MEMORY - IBREC = 'IBREC'.

** ERROR -~ CURRENT BLOCK OF CRITICAL PAIR DATA IN MEMORY, STARTING AT STAGE 'KFSTG'
DOES NOT MATCH THE CURRENT SUBRUN STARTING AT STAGE 'IFSTG'.

** ERROR IN FPMUX -'MUX' LATENT FAULTS IN STAGE 'ISTG' IS LARGER THAN THE TOTAL
NUMBER OF FAULTS = 'LX'.

** ERROR - FGST CALLED WITH AN INVALID MCHI OF 'MCHI'.

** ERROR - INCORRECT FAILED STATE REQUESTED FOR USE IN FUNCTION FHSFST:
MCHI = 'MCHI'.

** ERROR - ILLEGAL FAULT TYPE = 'ITYP' WHILE TRYING TO READ COVERAGE FUNCTIONS IN
ROUTINE FHSFST.

** ERROR - INCORRECT FAILED STATE REQUESTED FOR USE IN FUNCTION FHDFST:
MCHI = 'MCHI'.

NOTE: UE = USER ERROR; IE = INTERNAL ERROR.

IE

1IE

1E

IE

1E

IE

1E

IE

1E

1IE
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CARE3 ERROR MESSAGES (FATAL)

** ERROR - ILLEGAL FAULT TYPE(S) = 'ITYP' AND/OR 'JTYP' WHILE TRYING TO READ
COVERAGE FUNCTIONS IN ROUTINE FHDFST.

** ERROR -~ INCORRECT FAILED STATE REQUESTED FOR USE IN FUNCTION FFSFST:
MCHI = 'MCHI'.

** ERROR - INCORRECT FAILED STATE REQUESTED FOR USE IN FUNCTION FFDFST:
MCHI = 'MCHI'.

** ERROR - ILLEGAL NUMBER PASSED TO N FACTORIAL FUNCTION = 'N'.

CARE3 WARNING MESSAGES (NON-FATAL)

** WARNING - SYSTEM MINTERM FILE 'FT15F', GENERATED BY PROGRAM CAREIN, IS EMPTY.

CARE3 WILL GENERATE P*'S WITHOUT USING THE SYSTEM FAULT-TREE DEFINITION,
SINCE A 'KWT' VALUE OF 'KWT' WAS SPECIFIED.

** WARNING - CRITICAL FAULT PAIR FILE 'BXYFL' IS EMPTY.
THIS RUN ASSUMES THAT NO CRITICAL PAIRS OF FAULTS EXIST.

NOTE: UE = USER ERROR; IE = INTERNAL ERROR.

IE

iE

IE

IE
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4.4 UTILITY ROUTINE ERROR MESSAGES (FATAL)

** ERROR - ILLEGAL COMBINATORIAL; NFAC = 'NFAC' KFAC = 'KFAC'.

** ERROR - ILLEGAL VALUE FOR 'INOUT' IN SUBROUTINE BUFBLK.

** ERROR - EOF ENCOUNTERED ON UNIT 'IUNIT' DURING BUFFER 'BTYPE'.

** ERROR - PARITY ERROR ENCOUNTERED ON UNIT 'IUNIT' DURING BUFFER 'BTYPE'.

NOTE: UE = USER ERROR; IE = INTERNAL ERROR.
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INIRQDUCTION

The Volterra 1ntearal equatiyon has received much attention 1n
the numér1ca1 analysis literature. Many algorithms exist for solvina
the Volterra equation due to the fact that "there 15 a st-ong link
between Volterra equations and 1nitial value orainary agi1fferential
equation proplems...(but) the major difference 1n procedure, compared

with differential eauations, lies 1n the error (and step s1ze control)

technigues needed...(while) no algorithms exi1st for "strff" volterra

1
problems.,"

The purpose of tn1s paper 1s not to describe ex1sting algorithms
tfor Volterra 1nteagral equations but rather to explore one type of
Volterra eauation which plays a significant role 1n reliability theory =
the renewal equation. The renewal equation 1s a linear Volterra
eauation with convolution kernal, defined as the expected numper of
renewals by time t. In particular, the "st1ff" renewal equation
will be explored. This 1s an equation where the functions ynvolved
contain vastly gi1fferent time constants. The computational complexi=-
ties 1nvolvea 1n defining an algorithm to solve this equation will

be exploreo; and a solution will be proposed baseo on the generalized

trarezoirdal tormula.
YOLTERRA _INTEGRAL EQUATIONS

An i1ntegral equation of the Volterra type 1s an equation which
involves 1ntegrals of an unknown function x(t), which 1s a real or
complex valuea function of a single real variable t., The following

1s a nonlinear 1ntegral equation of Volterra type:

Delves, L. M., "Numerycal Software for Integral Equations,"
hurerical Scftware Needs apd Availability, Academic Press, pg. 305,101978).
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t

x(t) = f{t) + fg(tlSrX(S))dSr where t 2 a. (1)
a
Functions f ana g are known, and the lower limit of 1ntearation

a aqenctes a fixeo real number while the unknown 1n thi1s equation 1s

the function x(t)., MNotice that the solution at any point t depends

upon the values of x(s) on the interval a < s <t only.

Another form of the Volterra equation 's the nonlinear Volterra

integral equation of convolution type:

t
x(t) = f(t) + fh(t-s,x(s))ds. (2)
0
The linear form of this equation
t
x(t) = f(t) + jﬂk(t,s)x(s)ds (3)

0
contains a function &k <called the kernal of the ecuation,

The equation, which 1s both linear and of convolution type,
£

x(t) = f(t) + jna(t-s)x(s)ds (4)
0

will be the focus of this paper. Function f(t) 15 called the forcing
function,

This l1inear Volterra eguation of convolution type, which arises 1n
a variety of mathematical, engineering and scirentific applications,
1s commonly referrec to as the classic renewal equation., The forcing
function f 1s continuous, and the kernal a(t) is of class L! on each
finite subinterval of [0,09). The renewal equation 15 defined as the
expected number of renewals by time t. It can be useds, for example,
to cetermine the expected number of failures 1n a given time, or the

probabi1lity dystribution of the time at which all faiylures occur,

146



MUMERICAL METHODS AND _VOLILPRA INJEGRAL _LGUATIONS

Due to tne strong link between Volterra equations and initiyal
value orcinary differential equatiron problems, the numerical methods
usec to solve pboth are also stronaly linkea. Therefore equation (1)

can be rewritten as

t
x(t+t ) = f(t+tr ) + qu(t+t 1s,x(s))as
0 0 a 0
t+t
f 0
+ o(t+t ,ss,x(s))aos (5)
t 0

which 1nvolves a step-by=-step solution., This recursive relationshio
contains 1mplicitly the 1nitial condition x(a) = f(a).

Several numerical methods algorithms exi1st for the solution of
(1). The methods are often based on tne Runge=-Kutta or the multi=-
ster (predictor=corrector) methods. For an excellent comparison of

existing algorithms see Delves 1n Jacobs {1978},

STIEE_VOLICRRA INTEGRAL EGQUATION #lTn CONVULUTION KERNAL

The type of Volterra equations for wnich no algorithms exist are
terred "st1ff" Volterra problems, "S5t1ff equations contain time con-
stants with greatly different values., Stability requires that the
ster si12e be not much greater than the smallest time constant present
when conventional methods are usea. The terms due to the small time
censtants agecay rapidly, but the step si1ze cannot be i1ncreased because

1
cf stapitity,"

- e EE P AR G ED W CP S ND GP M S G D PGP D D WD T G WS OT R R er S T M) W WD OB G GR P T = W -y e En e SO GV S PV RGP T GR WS D D GD WP TR ER AR e G G SR SR W O &

Geary, C. ey "The Automatic Integration of Sti1ff Ordinary Dy ffer-
enti1al Equations", Information Processing 69, pg. 187,1[1968]).
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As a very stravghtforward example of the sti1ff Volterra equation
of (4), let function f ©bpe of exponential type of the form

=3t
f(t) = e ¢+ where a > 0

with the followina graphical representation:

1.0

f(t)

time { =====> tf
max

and let alt) be a continuous function graphycally representea by

1.01

|

| a(t)
|

|

tf time t ====- > ta
max maXx

where ta 1S many magnitudes larger than tf . Determine an
max max

effective zZero point for each function by choosing a truncation value
-3

t <10 ., Function f 15 gefined over the i1nterval [(0,tf 1,

r max
ana function a 1s defined over the 1nterval [Q,ta J. In order
max

to 11lustrate the processing 1nvolved 1n solving x(t), given f(t)

anc a(t) as defined above, the following graphs are presented.

1.0 x{t)

a(t

I
|
| <==- computing x(t )
| n
|

time t ====- > t
n

148



computing x(t )

1.0 x(t) ]
h\~‘-__, |
|

The following five points are 1llustrated by the previous araphs:
1) Imityrally x{(0) = f(0) = {.0.
2) a(0) = 0, therefore 1t 1s not necessary to know the value

of x(t ) when solving for x(t ),

n n
3) For each successive computation of x(t ), where 0<t < tx ’
n n max

convoluted kernal a moves farther out on the time ax1S.

4) tx 1S determineg when eitther the function x equals tne
max
specified truncatiron value t or function x reaches a
r

steady state value,

S) tx may be magnitudes larger than either tf or ta .
max max max

In order to solive this "sti1ff" Volterra equation with convolution
kernal, the step si12ze must be carefully chosen to ensure stability.
Therefore the smallest step si12ze required by the functions 1nvolved
in the 1ntegration determines the step size. But 'f this 1s used
throuahout the computation of x(t), the time required to compute the
number of points necessary to define function x, from time zero to
time tx » would not be computationally feasible -due to the extremes

max

of the time maximums of each function involved 1n the computation,

Storage of function x(t) <could also cause a problem due to the re-
cursive nature of the solution.
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To 11llustrate the enormous number of calculations reauiredg to

compute x(t) under these sti1ff conditions, let tft = 1 minute and
max
ta = 1600 hours. Let the step si1ze of function f eqgqual | second,
ma x
yieldina 60 computed values for f(t) over tne 1nterval ([0,tf ).
max

I1f the | secomra step size were also used for tunction &, which would
not be necessary, 3,600,000 points would be computea for function a,
Instead, let the step si1ze for function a equal 10 hours, yielding
100 computed values for a&a(t) over the 1nterval [0,ta J. 1In orcer
max
to preserve stability, function x’s step s12e must 1nitrally equal 1
secend., If this step si1ze were used tec compute x(t) over the inter-
val [0,tx 1, the number of computed x(t) values might exceed 3,600,000
max

values, due to the convoluted kernal, Thi1s methog 1S not computation=
ally feasiole because each new computea x value requires the multi-
plication of all! orevious computed x values times the shifted function
a. This woula result 1n a minimum of 3,600,000 factorial multiplications
plus 3,600,000 additions.

One possible solution to the step si1ze proolem woula allow for
the step si1ze of function x(t) to i1ncrease as tnhe rate of change
of x(t) decreases by some speci1fied amount. Doubling the step

s12e each time an 1ncrease 18 warrantea would minimize the numper of

time values that must be stored with the computed function values.

IRAPEZCOIDAL SOLUTION

To obtain the approximate solution to equation (4), using the
generalized trapezoirdal formula, divide the 1nterval [0,t) 1nto n

parts to yjela the solution . -

x(t ) 2 f(t ) + h/2 [x(0)a(t ) + 2(x(t da(t =t ) +...+
n n n 1 n 1

x(t Yalt )) + x(t Ja(0)l,
ne=1 1 n
where t = 0, t S hy eeer t = nh = t,
0 1 n
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x(t ) must pe eliminated from the right hand side of the equation
n
because thi1s 1s the value currently being computea. Subtract the final

proouct from toth sides of the equation to yiela

x(t ) = h/2 [x(t Ja(0)} = f(t ) + n/e (x(0)a(t ) +

n n n n

2ix(t Jal(t =t ) +...+
1 n 1

x(t Jal(t J))l).
n=1 1

Factor out x{(t ) to vield
N

x(t )(1 = (h/2)a(0)) Xz f(t ) + h/2 (x(0)a(t ) +
n n n

2(x(t Jal(t =t ) +...%
1 n 1

x(t Ja(t J))l.
n=1 1
Finally aivide by (1 = (h/2)a(0)) to yireld
x(t )22 [1/701 = (h/72)a(0))) [f(t ) + h/2 [(x(0)a(t ) +
n n n

2{x(t Ja(t =t ) +...%+
i n 1

x(t Ja(t J))i.
n=1 1

This equation can be written 1n a more general form as

x(t )2 (1701 = (h/2)a(0))) (f#(t ) + (h/2)x(0)a(t ) +

n n n
n=1
h * E:: x(t Ja(t =t )] (6)
121 1 n

The following solution, based on the trapezoidal method described
aboves 1S a proposed solution to the stiff Volterra 1ntegral equation

with convolution kernal:
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x(t )2 (1701 = ((t -t J/2)a(0))) Lf(t ) + (vt /2)x(0)a(t ) +

n n n=-1 n 1 n
n=-1
E:: ((t -t Y/72)x(t ) -
121 141 1-1 )
a(t =t )] (7)
n

Notice that this solution coes not require equal step sizZes for
functions x ang a; this 1s mandatory due to the extremes 1n the
times for which the functions exi1st. The following 18 a graphical
representation of the times i1nvolved 1n the previous sclution for

which functions a and x are known?

T e = e o e -

—
x-
2

Function x has been computed up to time t and 1s currently
K
being solved for time t . In solution (7) a(t =t ) must be multy=-
n n nel
plied by x(t } 1n order to preserve stability and likewise
n=-1
a(t =t ) must be multiplied by x(t ) etc, It should be evident
n n=2 n=2
that a problem ex1sts because x(t ) 1s the last computed value for
k
function x, where t < t € ... <t < t <t . Function x
k k+1 n=2 n=1 n
coulo be extrapolated but, due to the recursive nature of the problem,

this would 1ntroduce an 1nordinate amount ot error, and i1nstability
woulo be 1ntroduced.
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The following solution eliminates the extrapolation problem:

x(t ) 2= [f(t ) + (t /2)x(0)a(t ) +
n n 1 n

K
E:: ((t -t )/72)x{t Ja{t =t ) +
=1 141 1=1 ) n 1

n=1
x(t ) 'E:: ((t -t J/72)0(t =t )/(t =t J)la(t -t )}
k 1=k+1 141 1=1 n o n k n i

n=1

1 - §:: ((t -t )J/2)(t =t )/t =t lla(t -t ) =~
1=k+1 1+1 1-1 1 k n k n |

((t =t J/72)a(0) (8)
n n-=l

Solution (8) 1s an expanded version of (7); the 1ntegration has been
split into two sections:

1) The 1ntegration over the i1nterval [0,t ), where function x
K
has been previously computed and can be 1nterpolated 1f necessary;

2) the 1ntearation over the 1nterval [t ,t 1, where function x
Kk n
1s unknown, except for point x(t )},
k
This solution uses linear i1nterpolation between the last known value

x(t )} and unknown value x(t ) using the weights [(t = t )/(t =t }] and
k n n 1 n k
{(t =t )/(t =t ))]. Then x{(t ) 1s eliminated from the right hand side of
1 k n k n
the eaquation 1n the exact same manner as described above for generating
solution (6).
This solution minimi2es the problems that make the stiff Volterrsa

equation infeasible to compute., It allows for the step si1ze of functtron

x to be initi1ally as small as necessary to ensure stability, and then
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enabtles the step size to 1ncrease as the function changes less dramati=
cally. Each successive computed x(t} value uses all of the points of
functions a and f, anu possibly other 1nterpolated points of these
functions, no matter how Small the step si1zZes happen to be 1n relation
to the current step s12e of functyron x, This method eliminates unnec-
essary x{t) computations but i1ncorporates all necessary points of

functions a and f 1n each x(t) <calculation.

CONCLUSIONL

No general purpose algorithms exist for solving the stiff Volterra
intearal ecuation with convoluted kernal due partly to the problems of
getermining the correct step S1Ze to ensure stability. Also, the con~-
voluted kernal requires that for each successive x(t) <calculation
all previous x values must be multipiled by the kernal function
shiftea, so that, 1n general, a(t =t ) 1s multiplied by x(t Y,

N Nem Nne=m
where t < t .

Ne=m n
The solution based on the trapezoidal method, which allows for

adaptive step s12es, eliminates these oroblems ana works well 1n

sclving tne renewal equation with continuous, "well pehaved" functions

that are piece-wise linear.
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