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ABSTRACT,‘

A simulation technique has been developed for the reliability

evaluation of arbitrarily defined computer systems. The mainA

simulation program is written in FORTRAN IV, and requires no changes

to simulate many different systems. The user defines a model for

a particular system by supplying a set of short FORTRAN subroutines,

and a specially formatted block of numerical parameters. The subroutines

specify the functional behavior of various subsystems comprising the
e

model, while the numerical parameters describe how the subsystems

are interconnected, their time delays, what faults occur in each one,

etc. The main simulation program uses this model to perform a Monte-

Carlo-type evaluation of the systems' reliability.

This report supplements a basic description of the technique by
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supplying all the details necessary for writing subroutines, specifying

numerical parameters, and using the main simulation program. The

simulation is event-driven, and automatically generates pseudo-random

1-Q faults and time delays according to parameters given by the user,

Some problems typical of event simulators, such as ambiguities arising

from random time-delay generation, can be solved by taking advantage

of special facilities built into the simulation package. A complete

source listing of the main program is included for reference.

INDEX TERMS: Simulation, Reliability, Monte-Carlo.
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1. Introduction

A simulator technique has been developed which can be used to

evaluate the reliability of digital systems. To study a particular

1-=u system, the user must specify it as a collection of subsystems, called

units, which transfer data between one another on a network of links.

For any one type of unit, the user must supply a FORTRAN subroutine

which observes that unit's input-link data, and computes its output-

link data. The subroutine must consider the effects of various

fault conditions which might occur within the physical subsystem which

is represented by that unit, In addition to the unit/link configuration

and subroutines, the user also specifies probability density functions

for faults and time-delays, initial values for state variables within
" .

. -
each unit, and various other simulation parameters. All of these

specifications together constitute a complete model of the system to

I be simulated.

The user-supplied FORTRAN subroutines are appended to the main

simulation program (which is the same for all models), and are called

by the main program during the simulation process, The unit/link

configuration and all other numerical parameters are punched in a

"data deck" using special pre-defined formats, The main program

reads in the data-deck once, then repeatedly simulates the system
e.

from some initial simulated time up to the time at which the system

reaches a "failed" state. The simulator is event-driven, with randomly

occurring 'vfailuresvv being generated within units automatically by

the main program, according to the probability density functions
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specified by the user. After the model is simulated-to-failure many

times, a Monte-Carlo analysis is done to obtain a reliability vs.

time curve for the system.

A separate report [Thompson, 19761 describes this process in

more detail, and gives several examples of its application to different

kinds of systems. Example a,Section 4.1, of that report is occasionally

referred to here.

This report provides the details needed to define a model for

the simulator program, including both the FORTRAN subroutines and the

parameter data-deck. Specifics of the simulation process relating

to the design of a model are also discussed.

f Appendix A of this report is a listing of the main simulation

program. The various sections of code have the following functions:

MAIN - main simulation program.

SETUP - reads data deck.

EDUMP - prints event list.

ADDU - adds a unit number to affected-unit list.

INSERT - inserts an event into next-event-list.

FLTGEN - generates a new fault change event.

FTIME - generates random variable from given distribution.

URAND- generates uniform (0,l) random value.

MSTOP - generates a stop event for the current mission.

RSTOP - halts simulation after the current mission.



2, Unit Type and Data-Store Subroutines

The user must supply one subroutine for each type of unit in

the model. In the current implementation, the type subroutines are

1 written in standard ANSI FORTRAN IV, non-extended. The simulator"Q

main program passes all essential information to these FORTRAN sub-

routines through arrays and variables which have been pre-defined in

a labeled COMMON area. By including the standard COMMON statements

at the beginning of each subroutine, the user can directly access the

values at the input ports, the fault state of that unit, the state

variables, and other parameters.

The name of each subroutine is standardized so that the main

program may call the subroutine corresponding to a specific unit
z .

. -
type* Each type of unit is assigned a number from 1 to 30, and the

user must name the subroutine 'TYPEnn,' where 'nn' is that type num-

ber. The subroutine names for types 2, 8, and 25 are thus TYPE:!,

TYPE8, and TYPE25, respectively. The subroutine declarations have

no arguments.

The COMMON statements are shown below, with detailed explana-

tions for the use of some variables. All upper bounds for array

indices are shown in the COMMON declaration.

COMMON/USER/  IN(8,8),OUTT(8,8),UV(8,4O),UTD(8),FAULT(Z4,40)
1 ,TIME,LIMIT,TITLE(20),SYSIN,SYSOUT,DATOUT
2 ,MSSION,NMSSN,ISEED,IPRINT(5),UNIT
REAL IN,OUTT,UV,UTD,TIME,LIMIT,TITLE
INTEGER FAULT,SYSIN,SYSOUT,DATOUT,MSSION,NMSSN,ISEED,IPRINT,UNIT
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Real number which is the va&e of the I th element
of the link vector at the J input port of this
unit. Before calling the subroutine, the simulation
substrate loads the IN array with all the current
values of the vectors on each input link. Entries
for I or J out of range are undefined. The sub-
routine may use the IN array for a scratch memory
area without affecting the current link values.

Integer which is equal to the unit number (not the
unit type) of the unit currently being processed.
For example, if the model consists of 12 intercon-
nected units, then UNIT will have a value from the
set'{1,2...,121. The user should not change the
value of UNIT.

UNIT

Integer which equals 0 if FEC I of this unit is
not currently active, and is greater than 0 if
the FEC is active. The FAULT array entries are
automatically changed by the simulation program
according to the arrival and duration parameters
supplied in the model data deck, so the FORTRAN
programs should not change the array entries.

Real number which is thetKalue of the Ith element of
the link vector at the J output port of this unit.
All array elements are initially undefined when the
subroutine is called. The user must compute all
output values and store them in the proper OUTT loca-
tions. When the subroutine does a RETURN to the simu-
lation package all necessary entries of each column
are stored as an event in the next-event-list. The
time of the event for each column is computed by
generating a time delay to that output (specified by
the user in the data deck) and adding it to the current
time. When the event "happens" the proper link vector
gets the column values which had been stored in the
next-event list. This process is automatic; the sub-
routine must do nothing but compute the proper values,
store them in the OUTT array, and return to the main
program.
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1-*

UV(I,UNIT) Real number which is the I th state-variable of this
unit. This array is a general storage location for
each unit. All variables declared within the subrou-
tine will be shared by all units of this same unit
type, but each unit has its own column of the UV array
to store state information or other general parameters
which might differ among units of the same type. In
the data deck the user specifies how many column en-
tries are needed for each unit and the initial values
of each entry. The UV array is reinitialized before
each mission. Values within each column should be
changed only by the corresponding UNIT, and except
for reinitializing are never changed by the simulation
main program.

TIME Real number which is the current simulated time
within the current mission. The user should not
change this.

LIMIT Real number which is the maximum value of simulated
time for any one mission. This value, along with
the initial value of TIME, is given by the user
in the data deck. Again, the user must not change this.

U_TD(I) Real number which is the time delay to be used for
output I when the new link values for that output
are stored in the next-event list. For proper use
of this variable, see Section 6.

In addition to these variables, there are certain functions

available for general use. These are listed below:

REAL FUNCTION URAND(1)
,

I = any integer; its value is ignored
\ URAND= ,uniformly distributed random value in the range

(W) l Successive calls to URAND result in independent
identically distributed random values. The pseudo-
random number generator seed is specified in the data

*
REAL FUNCTION FTIME(TIME,ID,FP)

TIME = current simulated TIME
ID = integer from set (0,l ,.*.,9> specifying the type of

probability distribution required (see page 14).
FP = real vector of length 3 containing the parameters used

in the probability distribution (see page 14).
FTIME = real value randomly distributed as specified. suc-

cessive calls to FTIME give independent results. The
current version of FTIME doesn't use the value of
TIME for any purpose.
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SUBROUTINE MSTOP(TM)

TM= simulated time at which the current mission should
stop. \
The user uses this subroutine to store a STOP event
into the next-event list. If several calls are made,
the current mission will stop at the smallest of
LIMIT and the minimum TM used.

SUBROUTINE RSTOP

This forces the simulation to halt after the current mis-
sion. The post-run analysis subroutine is then called.

In the current implementation any standard FORTRAN function

may be called, including READ and WRITE commands. System input and

output must be sent through FORTRAN units SYSIN and SYSOUT, respec- (

tively, which are set by the simulation program to the values speci-

fied by the user in the data deck. The user should bear in mind that
,'
in the current implementation any records read by a READ command

may never be read again in that run unless at some point in the sub-

routines the file unit being used is rewound.

Statistics gathering should be done by a user-written subroutine

defined as

SUBROUTINE STASH(R,I).

This subroutine is called at various times to initialize tables,

store default values, perform statistical analysis,and  dump results.

The user should write STASH to perform the following operations,

depending on the value of I for which it is called:

STASH(O.O,-1) called by main simulation program before the first
mission. The data-gathering routine should initialize
itself, then RETURN.

6



STASH(R,I) I>O, the user calls STASH in this way from one of
his own subroutines, with statistical data R to be
stored or used in some way. The action taken, or the
meaning of R, is signified with integer I.

STASH(O.O,-2) called by main simulation program at the end of each
1"Q mission, before all arrays are reinitialized for the

next mission. The user should gather data, test
default conditions, and prepare for the next mission
at this point.

STASH(O.O,O) called by main simulation program after all missions
are completed. The user may analyze data and WRITE
and PUNCH any desired statistics.

The STASH subroutine is given several parameters through the

labeled COMMON area. These are

SYSIN integer, FORTRAN input unit number,

SYSOUT integer, FORTRAN output unit number.

NMSSN integer, the total number of missions which the user. -
specified the run should include.

MSSION integer, which mission is the current mission,
1 < MSSION < NMSSN.- -

TITLE real vector of length 20 containing the 80-character
title of this run.

ISEED integer, the current pseudorandom number generator
seed.

IPRINT integer vector of length 5, entries are 0 or 1
depending on what type of output is desired. These
values are specified in the data deck. In general,
only the 5th entry is available for user-defined

e meanings in the STASH subroutine.

TIME current simulated time for current mission.

LIMIT maximum value of TIME specified by user.

The user should take care not to change the values of any of these

variables.
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The Simple Dual Computer System, described in Section 4.1 of

the main report [Thompson, 19761, illustrates the use of these

variables and subroutines. The arbiter (TYPE2, Figure A4) uses the

function URAND to make a random choice. The monitor subroutine (TYPE3,

Figure A5) stores times-to-failure through the STASH subroutine, and

calls MSTOP when it determines the simulation of that mission should

stop. The STASH routine (Figure A6) stores the times-to-failure in

its own declared array, TSAVE. At the end of the simulation run, the

STASH routine uses a special subroutine, OUTPUT, to sort the times-to-

failure in numerical order. This subroutine plots the probability of

failure (proportion failed) versus time to obtain the reliability curve

for the system. This example does not use all the facilities offered

%y the simulator package, but does demonstrate the manner in which

such facilities are used in general.

In the current implementation, all data analysis is left to the

person who programs STASH. As the simulation package is developed,

there will be a variety of subroutines made available to the user for

data reduction, special input/output, statistical analysis, and graph

plotting. In particular, there should be a subroutine which produces

a graph of mission reliability given a vector of mission times, which

will involve special sorting algorithms and some type of optimal-

estimation curve fitting. This subroutine would perform the same

function as the OUTPUT routine called from STASH in the example above.



3. System Parameter Data-Deck

3.1 Segment Descriptions

The network definition of the model to be simulated is en-

coded in a data deck that describes each link and unit of the net-
1“Q work and any preset events that are included in the simulation.

The data deck has three major sections separated by blank cards:

LINK: mission information and link initial values

UNIT: unit parameters

EVENT: preset events

Each segment is a sequence of card types usually divided into

subsequences.

LINK Segment

z . Card #
1.
2.
3.
4.
5.
.
0

N;3
N+4

Card Type
file identification
title
time
link i values
link j values N cards for the N links

. of the model. Order is
0 unimportant, but each

link i values
link must be described.

blank

UNIT Segment

A descriptive sub-sequence for a particular unit consists of:

Card #
1.
2.
3.
.
0

ou;1+2

Card Type
unit i descriptors (includes IUi, OUi, PUi)
input link descriptors
unit i output card

e
.I One card for each outpute of the unit. (OUi isD

unit i output Icard, the number of outputs).
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Card # Card Type

OUi+3
OUi+4

.

.

unit i FEC m card 1 2 cards
unit i FEC m card 2 per fault

.

. 2 X FUi cards
. .

OUi+2FUi+l
OUi+2FUi+2

unit i FEC k card 1
unit i FEC k card 2

OUi+2FUi+3 state variables

For both the faults and outputs, the order in which they are speci-

fied is unimportant. The last unit descriptor subsequence must be followed

by a blank card.

EVENT Segment

When there are pre-specified events, there will be one or two

cards per event depending on the type of event. (See the card type

descriptions.)  The sequence, which may be empty, is terminated by
. -

a blank card.

3.2 Card Type Descriptions

File Identification Card Format(314)
Cal. l-4

Col. 5-8

Cal. 9-12

Title Card
Col. l-80

Time Card
Cal. l-12
Col. 13-24
Col. 25-32
Cal. 34

Col. 36

Fortran I/O unit number on which the
rest of the data deck is found.
Fortran I/O unit number on which to
print the system configuration and
run-time messages.
Fortran I/O unit number on which to
store any output data.

Format (20A4)
title to be printed for this run

Format (2E12.6, 18, 512, 130)
starting simulated time for this run
simulated time upper bound (LIMIT)
how many missions to simulate, maximum (NMSSN)
= 1 for list of all events after each cycle i
= 0 no list
= 1 for ordered event list for each run
= 0 no list
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Time Card
Col. 38

Format (2E12.6, 18, 512, 130) (Cont'd)
= 1 table of mission times
= 0 no table

Cal. 40

Col. 42
Col. 43-72

= 1 listing of system configuration
and parameters

= 0 no listing
user-specified print option control
integer seed for random number generator

Link Values Card
Cal. 1-4
Col. 5-8

Cal. 9-20
Col. 21-32

Format (214, 6F12.6/(8X, 6F12.6))
number of link (Ll-+l, L4-+4, etc.)
length of vector required to store
the values on this link.
initial value of first link element
initial value of second link element

etc. etc.

Unit Descriptors
Cal. l-4
Col. 5-8
Cal. 9-12
Col. 13-16
Ccl. 17-20
Cal. 21-24

The numbers in columns 9-24 determine how many values are read

Format (614)
number of unit (Ul-tl, UI++~, etc.)
unit type
number of link input ports to the unit
number of link output ports from the unit
number of faults specified for that unit
number of state-variables for the unit

in on the immediately succeeding cards. If any of these numbers is 0,

the corresponding data cards should not be there (i.e., do not put a

blank card in sequence).

Unit Input Link
Descriptors Card(s) Format (2014)

If more than 20 links are input to the unit, 2 or more cards

will be used.

Cal. l-4 number specifying which link is con-
nected to input port #l of this unit.
If a change of the link value always
implies that the unit must be pro-
cessed to recompute its state or
outputs, then this field holds the
link number. If a change of the link
value does not force the unit to be
processed, then this field holds the
negative of the link number.
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Col. 5-8 same as above, for input #2 of this unit
Cal. 9-12 same as above, for input #3 of this unit

etc. etc.

Unit Output Card(s) Format (3I4, 3F12.6)

One card for each output of this unit:

Cal. l-4
Col. 5-8
Cal. 9-12

Col. 13-24
Col. 25-36
Col. 37-48

number of output port for this unit type
link which is connected to this output port
type of probability distribution of time delay
If the time delay should be distributed
probabilistically for different missions
but equal to a constant for any one mis-
sion, this integer entry should be the
negative of the index number specifying
the probability distribution.
parameter #l of prob. dist.
parameter #2 of prob. dist.
parameter 113 of prob. dist.

Unit Fault Cards

Two cards required for each FEC:

- Card 1: fault description card, Format (514)

Cal. l-4

Col. 5-8

Cal. 9-12

Col. 13-16

number used to identify the FEC for
t'his unit
type of distribution time to occurrence
of next fault in the FEC:
= 0 never occurs
= 1 exponential (Poisson)
= 2 gamma
= 3 beta
= 4 Erlang
= 5 Weibull
= 6 constant
= 7 normal
= 8 uniform
= 9 Pascal
type of distribution of fault duration
= 0 never disappears

others same as above
initial state of FEC
>I- active fault-

0 = not active

12



Col. 17-20 Multiplicity of FEC. This must be 0 or 1
if the occurrence and distribution types
are not 0 or 1. The multiplicity of an
FEC is the number of independent elements
assumed to have the given distributions,
and the value of FAULT(I,UNIT) is then an
integer between 0 and the multiplicity
specifying how many of these independent
elements have active faults at that time.
See Section 6 for a more complete explana-
tion.

- Card 2: distribution parameters, Format (6E12.6)

Cal. l-12 parameter al for occurrence distribution
Cal. 13-24 parameter a2 for occurrence distribution
Col. 25-36 parameter a3 for occurrence distribution
Col. 37-48 parameter 61 for duration distribution
col. 49-60 parameter 82 for duration distribution
Col. 61-72 parameter 63 for duration distribution

State-Variable Card(s) Format (6E12.6, 8X)

5 . Cal. 1-12 state-variable #l of this unit
. - col. 13-24 state-variable 82 of this unit

etc. etc.

State-Variables are only used by the user-defined subroutine for

the unit type. The Ith state-variable of the currently processed UNIT

is W(I,UNIT).

Event Card

Cal. 1-12
Col. 13-16

Col. 17-20

Col. 21-24

Col. 25-28

Format (E12.6,414)

time of event
type of event:
1 link values change
2 unit FEC state change
3 unit type changes
4 stop mission
a link number for type 1, a unit
number for types 2 and 3, leave
blank for event-type 4
FEC number for event-type 2, new
unit type for event-type 3; otherwise,
leave blank
new value of fault state (non-negative
integer) for event-type 2; otherwise,
leave blank

13



Event Values Card(s) Format (6E12.6, 8X)

This card is not used for event types 2, 3, and 4.

Cal. 1-12 new value #l of link vector
Col. 13-24 new value #2 of link vector

etc. etc.

The probability distributions are generated as the type specified

with the following parameters ~11, CC~, a3 (or B1, 82, 63):

Number Type P.D.F. Parameters

1 exponential .-W rate = al

a2
*2 gamma ht>

tW2)

e-al t
rate = ccl, order = a2

*3 beta 1 - p-1(1-t) a2-1
B&l ,a21

,‘
. -

*4 binomial a~-K where K = [t/as], a3 =
time increment

a2
5 Weibull e-W rate = al, aging factor =

(32

6 constant w-w> t E a1

7 normal 1
(

1(t-a1)2
exp -z

mean = al, variance = a2

JG a2

8 uniform 1
1 a2-q

min (al $2) <t<max (al,cG2)

9 Pascal a1 w-w)
K-l

011 = step probability

K = [t/w] (32 = time increment per step.

(* -+ not yet implemented)

14



4 . Flow of Control During Simulation

The execution of the simulation package is one "run", which

usually will consist of many missions. For any one mission all the

1
arrays are initialized to values specified by the user in the data-

--w
deck, the fault events are generated according to their specified

distribution, and then events are processed according to their simu-

lated times of occurrence. When the mission processes a stop event,

the mission is over, and everything is reinitialized for the next

mission. The basic flow chart of the simulation package is shown in

Figure 1. The seed for the random number generator is set by the

user at the beginning of the run and is purposely not reset at the

start of each mission, Thus, the generation of fault times will be
I

. - different for each mission.

As indicated in the data-deck description, it is possible to

specify time delays such that the time delay is constant for any one

mission, but the value of that constant is randomly distributed for

different missions. All such constants are generated immediately

after the initial fault events are created at the start of each mission.

The basic flow chart for simulation of any one mission is shown

in Figure 2. There are two loops in the flowchart. The upper loop
c processes the next-event and all succeeding events which take place

at the same time as the first next-event. Most events will be a

link value change, fault change from active to inactive or vice versa,

or stop event for the mission. All events which affect a unit in

some way will cause that unit number to be put in an affected-unit

list, and any one unit number is only put in the list once for the

15
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READ IN DATA DECKREAD IN DATA DECK

J-J-
STORE ALL INITIAL VALUESSTORE ALL INITIAL VALUES

SET RAN'DOM SEEDSET RAN'DOM SEED
I

CALL STASH(O.O,-1

1 RESTORE ALL INITIAL VALUES/"

1 GENERATE ALL FAULT EVENTS1

GENERATE ALL TIME DELAYS
CONSTANT FOR THIS MISSION I

.
SIMULATE

ONE
MISSION

CALL STASH(O.O,-2)

NO YES

MiSION c MSSION + 1

NO MSSION
? > NMSSN ? YES

Figure 1. Flow Chart for One Simulation t?un.
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BEGIN
SIMULATION OF
OtlE MISSION

iCLEkf?'LIST  OF AFFECTED UNITS 1

MSTOP + 0

1 2 3 4
. "
STORE NEW STORE STORE NEW
LINK VALUE FAULT VALUE UNIT TYPE MSTOP + 1

I 1 L 1

\y J/
REMOVE  THIS EVENT FROM NEXT-EVENT-LIST

YES

4 $I
CALL STASH(O.O.-2)

I

IGENERATE TIME DELAY FOR EACH OUTPUT1

[CALL USER'S SUBROUTINE FOR THAT lI?iIT TYPE-

INSERT OUTT ARRAY COLUrlNS  IkIT NEXT-EVENT-LIST)

REMOVE THIS UNIT FROM AFFECTED-UNIT  LIST

I

Figure 2. Flow Chart for Simulation of One Mission.
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.
same simulated time. If the event sets a parameter equal to the

same value as it had immediately before the event then nothing really

changes, and such an event cannot affect any units. In particular,

a link change event (event type 1) will affect all units which have

that link as an input if and only if at least one of the values of

the new link vector is different from that entry in the old link

vector. Event type 2 also puts the specified unit on the affected-

units list. After all events at the same time have been processed,

all units in the affected-units list are processed in an arbitrary

order. The main processing for each unit is accomplished by calling

the FORTRAN subroutines written by the user for that unit type. When

the subroutine returns to the main simulation program, the current
2
simulated time is added to the time delays left in the UTD array. The '

result is the time at which each output link will change its value,

and is used to order these future events in the next-event list.

Event type 4 causes the mission to stop at the time of the event.

All changes which would occur at the same time are processed, such

as link value changes, but no affected units are processed. Thus, at

the time of the end of mission, the second (bottom) loop is not entered.

When the state of a FEC (active/inactive) changes, the simulator
L

automatically generates a new fault event which at some future time

will change the FEC to its next state. The time delay to this new

event is pseudorandomly generated according to the probability

distribution specified by the user in the data-deck. There are

exceptions to this rule which are discussed in Section 5.
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5. Generation of Randomly Distributed Faults and Time Delays

The time to next fault event and the time delays to unit out-

puts can be specified by one of several probability distributions

(see end of Section 3). Given a probability distribution f(t,a),

where t is the random variate and a is a vector of fixed parameters-

for the function, it is possible to pseudorandomly generate inde-

pendent values of t which are identically distributed by f(*,a).

This is done by the subroutine FTIME described in Section 2, which

in turn makes frequent calls to the subroutine URAND for uniform

(0,l) variates. URAND is written in such a way as to optimize its

own operation to the characteristics of the computer on which the
I
simulator is being executed, so as to insure a very high degree of

randomness in the results [Knuth, 19693. For this reason the simula-

tion could generate different (although identically distributed)

random values from the same initial seed on different computers if

the computers do not have the same word length and arithmetic con-

ventions. The cycle length for the pseudorandom generator will be

close to the highest integer represented in the computer, but since

most applications will use FTIME for several different types of dis-

tribution and meaning, the effective cycle length is much longer.

This is true because each call to FTIME or URAND takes the integer

random seed through one or several steps of the complete cycle.

At the beginning of a mission, the simulator generates a

fault event for each FEC in the system. The event causes a change
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of the active/inactive state of the FEC. Each time an event of this.

type is processed it automatically generates a new event which at some

future time will change the FEC state to its next value. As an example,

consider a system which is only one unit with no inputs and outputs,

**%initial time TIME = 0.0 and maximum mission time LIMIT = 150.0. The

single unit performs no operation, but has four FECs which become active

and inactive according to prespecified distributions. Each FEC has a

multiplicity of 1. All four FECs have an exponential distribution of

occurrence with rate al = 100.0 and a constant "distribution" of dura-

tion with constant 61 = 80.0. FECs 1,2, and 4 are initially inactive,

and FEC 3 is initially active. The data-deck cards describing the

unit would be

110 .z . 0 4 0. - 1 1 6 0 1
I 100.0 0.0 0.0 80 .0 0 . 0 0 . 0I 2 16 0 1

100.0 0.0 0.0 80 .0 0 . 0 0 . 0
3 16 1 1

1 100.0 0.0 0.0 80 .0 0 . 0 0 . 0
4 16 0 1

100.0 0.0 0.0 80 .0 0 . 0 0 . 0

At TIME = 0.0 four events would be inserted into the next-event

list, one for each FEC:

Time
Order

Time of Type of New
Event Event Unit FEC Value

3 97.8 fault 1 1
4

1
126.3 fault 12 280 .0 1

fault 1
1

3 0
32.2 fault 1 4

5
1

150.0 stop - (stop event)
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The times 97.8, 126.3,and 32.2 were generated by the FTIME

subroutine from the exponential distribution with al = 100.0. The

system immediately jumps to TIME = 32.2 and changes FEC number 4 of

unit number 1 to have new value 1 (active fault), then inserts the
--w 1

event which changes that FEC back to value 0. The next-event list

now looks like this:

Time Time of Type of New
Order Event Event Unit FEC Value

2 97.8 fault 1 1
4 126.3 fault 1 2
1 80.0 fault 1 3 0
5 150.0 stop - ( stop event)
3 112.2 fault 1 4 0

The new time 112.2 was obtained by adding the fault duration

time (80.0) to the time when the fault became active, A chart of
-' .

. _ FEC states vs, time for each FEC is shown in Figure 3.

f-----A1 .&1 .& I -w---w-w---w
77
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2 FEC-22 FEC-2 tt I tt
22 00 1 II
EE 1
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:,:, II

I
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Il I -I-IFEC-3 tt
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0,0,

L-/L-/
0.00.0 32,232,2 150.0  162.0150.0 162.0 177.8177.8 188.4188.4

Time Units

Figure 3. Example of Fault-State Changes.
Time Units 108:4

Figure 3. Example of Fault-State Changes.

When FEC 3 became inactive at TIME = 80.0, a call to FTIME gave

a delay of 28.4, so that FEC 3 became active again at TIME = 108.4.

21



. When FEC 4 became inactive at TIME = 112.2, the random variate

generated was 49.8, so next-event for FEC 4 would have occurred at

TIME = 162.0 if the mission had not been forced to stop at LIMIT =

150.0. This entire process is handled automatically by the simulation
1*w
program.

When the occurrence distribution is simple exponential (or never

occurs) and the duration distribution is simple exponential (or never

disappears) for a set of faults which all have the same effect, the

fault generation can be made more efficient by including these into

one FEC with a multiplicity greater than 1. One entry of the FAULT

array would then correspond to a set of M single faults, where M is

the multiplicity specified in the data deck. The integer value of

thm entry is the number of single faults active at that time. For

example, suppose faults in a 16-bit bus driver are to be simulated,

and each single driver has fault occurrence and duration distributions

which are simple exponential with parameters x0 and ~0, respectively.

The value F of that entry in the FAULT array follows a sequence gener-

ated by the Markov chain shown in Figure 4 for M=16. The rates of

change of the F values are shown on the arcs between states. Rather

than generating a separate event for each of the 16 faults, only one

c event is generated which changes the value of F by plus or minus 1.

Thus, F varies from 0 to 16, and F equals 0 only when all 16 bus

drivers are fault free. Note that this facility can only be used with

exponentially distributed faults; all other FECs must be specified

with multiplicity equal to 1 or 0.
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6., Resolving Time Delay Ambiguities

It is possible that certain ambiguities might occur in the

generation of events due to the dynamic use of probabilistic time

I-rl delays. For example, consider a unit with one FEC, one input, one

output,and a constant time delay to the output of 10.0. Suppose

that at TIME = 100.0 the input changes, so an event is stored to

change the output at future TIME = 110.0. However, at TIME = 105.0

the FEC becomes active and affects the output in such a way that the

new link values which would have been set TIME = 110.0 are no longer

valid. Instead, the user wants the output link of the, unit to be

set to some different values at an earlier time, say at TIME = 107.0,

and the previously stored event should be removed from the next-
,' .

. - event list. A similar problem occurs when an FEC becomes inactive

before the effect of the FEC being active has had a chance to cause

an error indication at the unit's output.

In order to allow the user to resolve these ambiguities, two

facilities have been added to the simulation package. The first is

that each type subroutine is given the time delay generated to each

output and is free to override them with its own computed values.

Specifically, the following array is available:
e.

UTD(I) Real number which is the time delay to be used for
output I when the new link values for that output are
stored in the next-event list. The time of the event
will be TIME+UTD(I). Before the unit subroutine is
called, all UTD entries are generated according to
the time delay distributions specified in the data
deck. The subroutine may replace entries with any
real values to change the time delay in that instance.
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The other facility is the rule used by the simulation package

when storing events into the next-event-list. If the event is a

change of link value then all other previously stored events which

--w1 are value changes of that link are removed from the event list if

and only if those previously stored events would have occurred at

a later simulated time than the event now being stored. In the ex-

ample above the subroutine should replace the value 10.0 in UTD(1)

with the value 2.0. When the event to occur at TIME = 107.0 is

stored, the simulation program will automatically remove from the

list the event which would have occurred at TIME = 110.0. This

procedure should eliminate the restrictions caused by various timing

<&a*olie2,
a&y&q&& -- --. s

72 APPENDIX A: FORTRAN Source Listing of Simulation Package

The following programs are written in ANSI FORTRAN IV (non-extended).

When using the simulator on a particular computer, be sure to adjust

the URAND function according to that computer's arithmetic conventions

(see comments inserted in the function listing). If array sizes need

to be changed to accomodate  a larger model, change the corresponding

declarations in all subroutines. Changing array sizes might also

.e require changing the length of vectors ABLES, ANET, AUSER, and ALUES.

These vectors are used in SETUP and the MAIN program, and are

equivalenced  to the various labeled COMMON areas. See the SETUP

initialization sequence for a list of relevant array-size parameters.
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1.

::
4.

2:
7.
8.
9.

10.
11.
12.
13.

-3-Q 14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

33::

;;:
34.

2. ;;:
. - 37.

38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.

2
61.
62..
63.
64.
65.

2
68.

C A SIMULATOR FOR THE EVALUATION OF RELIABILITY OF
C SYSTEMS COMPOSED OF USER-DEFINED UNITS WHICH ARE
C INTERCONNECTED IN AN ARBITRARY FASHION.
C
C PETER A. THOMPSON 1976
C DIGITAL SYSTEMS LABORATORY, STANFORD UNIVERSITY
c
C FOR USER MANUAL, SEE DSL T.N:#132
C FOR BASIC DESCRIPTION, SEE DSL T.R.#llg.
C FOR EXAMPLE OF USE FOR A LARGE DUAL COMPUTER SYSTEM,
C SEE DSL T.R.#121
C
C REQUIRES DECLARATION OF FORTRAN TAPE UNIT NO. 4
C
C ALL CODE SUITABLE FOR ANSI FORTRAN 4, NON-EXTENDED
C

n
L
C

INTEGER EORDER, ETYPE, ELORU, EHEAD, ELNGTH, ENVAL
COMMON /NET/ET(300),ETYPE(3OO),ELORU(3OO),EVAL(l6,3OO~

1 ,ENVAL(300),EORDER(3OO),EHEAD,ELNGTH,NEVT
C ET,ETYPE,ELORU, EVAL ARE PARALLEL TABLES WHICH HOLD EVENT
C TIME,TYPE,LINKORUNIT, AND VALUES RESPECTIVELY.
C EORDER GIVES TRUE SEQUENCE OF THE EVENT ENTRIES.

COMMON/USER/ IN(8,8),OUTT(8,8),UV(8,4O),UTD(8),FAULT(24,40)
1 ,TIME,LIMIT,TITLE(20),SYSIN,SYSOUT,DATOUT
2 ,MSSION,NMSSN,ISEED,IPRINT(5),UNIT
REAL IN,OUTT,UV,UTD,TIME,LIMIT,TITLE
INTEGER FAULT,SYSIN,SYSOUT,DATOUT,MSSION,NMSSN,ISEED,IPRINT,UNIT
COMMON /TABLES/ UIN(8,40),UOUT(8,40),UT(4O),UTDD(8,40)

1 ,UTDP(3,8,40),VAL(16),LK(20,100),LV(8,100),
2 FLTD(3,24,40),FLTP(6,24,4O),EUAFFC(4O),PFT(3)

3 ,OUTN(8)
REAL UTDP,VAL,LV,FLTP,PFT
INTEGER UIN,UOUT,UT,UTDD,LK,FLTD,EUAFFC,OUTN
COMMON /VALUES/ NLK,NUAFFC,NU,NUOUT,NUTDP,NUV,NFLT,NLV,NL,NUTD

1 ,NUIN,NVA-L,NFLTP,NUTDD
DIMENSION ABLES(13467),ANET(6303),AUSER(l428),ALUES(lJ+~
EQUIVALENCE (ABLES~),UIN(~,~))
EQUIVALENCE (ANET(~),ET(~))
EQUIVALENCE  (AUSER(~),IN(~,~))
EQUIVALENCE (ALuEdl),NLK)
INTEGER ADDU,INSERT
REAL FLTGEN,FTIME

C
C ** END SPECIFICATION SECTION ** BEGIN DATA SECTION **
~**4**4*4*44************4****4*4*4*****************************44***4444

C
NEVT=300

C NEVT IS THE MAXIMUM NUMBER OF PENDING EVENTS
DO 5 I=l,NEVT
ET(I)=O.O

5 EORDER(I)=O
EHEAD=l
ELNGTH=O
SIGNF=l.E-6

C
DELTA=lO.O

~4444*444*44*4444444444444444444*****44**44*4444444444444*44****444444*

Ciif’*‘SETUp THE RUN”‘“4444++4444*~4#a+nm
CALL SETUP
SVTIM=TIME
MSSION=O
MISTOT=O
X=CHOICE(-l,l,O.O)
IUSED=O
CALL STASH(O.O,-1)
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I 69.

.

70.
71.
72.
73.
74.

82:
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.

2
90,
910

;::
94.
*95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
1.07.
108,
109.
110.
111.
112.
r13*
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.

C**4*SIt~ULATE ONE MISS10N*****"****""**
55 IF(IUSED.EQ.0) GO TO 50

REWIND 4
READ (4)ABLES,ANET,AUSER,ALUES
X=CHOICE(-l,l,O.O)
IUSED=C

50 MSSION=MSSION+l
MISTOT=MISTOT+l
IF(MSSION.GT.NMSSN)  GO TO 51
TIME=SVTIM

Cii%k%GENERATE  INITIAL FAULT EVE~~~~S%""4%""%"#"""+4%%%~~~~%
DO 600 I=l,NU
DO 600 J=l,NFLT
IF(FLTD(3,J,I).LE.O)  GO'TO 600
X=FLTGEN(I,J,l)

600 CONTINUE
C****GENERATE ALL CONSTANT TIME DELAYS

DO 105 I=l,NU
DO 105 J=l,NUOUT
IF(UTDD(J,I).GE.O)  GO TO 105
DO 106 K=l,NUTDP
PFT(R)=UTDP(K,J,I)

106 UTDP(K,J,I)=O.O
UTDP(l,J,I)=FTIME(TIME,-UTDD(J,I),PFT)
UTDD(J,I)=6

105 CONTINUE
104 CONTINUE

nL
NUAFFC = 0
IF~~IPRINT(1).EQ.l).OR.(IPRINT(2).EQ.1))WRITE~SYSOUT,lO~)MSSION

103 F0RMAT(13H1++"*M1SS10N  ,18,6H ***4//j
WRITE(SYSOUT,6000)MISTOT

6000 FORMAT(2H /,IlO)
IF(IPRINT(l).EQ.l)  CALL EDUMP

100 CONTINUE
C"I"+GET ALL EVENTS AT NEXT SMALLEST TIME

NUAFFC=O
ISTOP=O

101 CONTINUE
ICUR = EHEAD
TIME = ET(ICUR)
IF ((TIME .GT. LIMIT) -0~. (ELNGTH -LE. 0)) GOTO 50

C GET NEXT EVENT
IF(IPRINT(2).EQ.O)  GO TO 107
I=ENVAL(ICUR)
WRITE(SYSOUT,108)TIMu,c ETYPE(ICUR),ELORU(ICUR),(EVAL(K,ICUR),K=l,I)

108 FORMAT(lH ,~12.6,214,6(3X,E12.6)/(1H  JOX,6(3X,E12.6)))
107 CONTINUE

IEVTYP=ETYPE(ICUR)
GOT0 (110,120,130,140),1EVTYP

~4444**44444***4****4*4***4**4*4*4444*4**4******4*4444444*4*4*4*4*4*44**

110 CONTINUE
C LINK VALUE CHANGE

IUSED= 1
IL = ELORU(ICUR)

C GET LINK NUMBER
ICHNG = 0
ICK = ENVAL(ICUR)
DO 111 K = 1, ICK
TEMP = EVAL(K, ICUR)

C CHECK LV(K, LINK) FOR CHANGE
TEMP2=TEMP-LV(K,IL)
IF (ABS(TEMP2) .GT.SIGNF) ICHNG = ICHNG +l
LV(K, IL) = TEMP

111 CONTINUE
IF (ICHNG .LE. 0) G0~0 200
DO 112 K = 3, NLK

C PICK UP UNITS FED FROM THIS LINK, 0 SIGNALS NO MORE UNITS
ICK = LK( K, IL)
IF (ICK .LE. 0) GOT0 200
IF (ADDU(ICK)  .GT. 0) GOTO 112

c ERROR IN ADDING UNITS TO AFFECTED UNIT,TABLE
WRITE(SYSOUT, 113) ICK

. GOT0 52
112 CONTINUE
113 FORMAT(24H UNITS AFFECTED BY LINK , 14,23H CANNOT BE ADDED TO TBL)

GOT0 200
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146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158 .
159.
160.

-.a3 161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.

z.183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
l-96.
197.
198.
199.
200.
201.
202.
203.
204.e 205.
206.
207.
208.
209.
210.
211.
212.
213.
214.
215.
216.
217.

C******************4*4***44**444******4******4~*4*****4******44*4*4**44*

120 CONTINIJE
C FAULT CHANGE
C

IUSED=l
IU=ELORU(ICUR)
IM=IFIX(EVAL(l,ICUR))
IF=IFIX(EVAL(2,ICUR))

c TEST IF NEW DIFFERENT FROM OLD
K=FAULT(IF,IU)-IM
IF(K.EQ.0)  GO TO 131

C ADD UNIT TO AFFECTED UNIT LIST
IF(ADDU(IU).GT.O)  GO TO 132
STOP

132 FAULT(IF,IU)=IM
C GENERATE NEW FAULT CHANGE EVENT

X=FLTGEN(IU,IF,l)
131 GO TO 200

~44*4***4*4**444**4*44**44**4444*4**4***4*4444*44*44*444**4******%4*4***

130 CONTINUE
C UNIT TYPE CHANGE

IUSED=l
C GET UNIT NUMBER (IU)

IU = ELORU(ICUR)
C UT IS INTEGER, BUT THE NEW VALUE IN EVAL IS FLOATING

TEMP = EVAL(1, ICUR)
TEMP2 = UT(IU)

C CHECK FOR UNIT TYPE CHANGE
TEMP2 = ABS(TEMP)- ABS(TEMP2)
UT(IU) = TEMP
ICHNG = 0
IF (ABS(TEMP2) .GT. SIGNF) ICHNG = 1
IF((ICHNG .LE. 0) -0~. (ADDU(IU) .GT. 0)) GOTO 200
GO TO 200

~4***4**44444****4*4***4*44*****4*4**4**4*4**4**4***4****444*4**44****4*

140 CONTINUE
CSTOP THIS RUN

ISTOP=l
GO TO 200

~444**4**4**4*4*4******44**4**44*4444*4****44*44*4*4**4*****4********444

200 CONTINUE
INXT = EORDER(ICUR)

C ELIMINATE EVENT AT HEAD OF LIST
EHEAD = EORDER(EHEAD)
EORDER(ICUR) = 0
ELNGTH = ELNGTH - 1.

c IF THERE IS ANOTHER EVENT AT THE SAME TIME PROCESS IT
TEMP = ABS(ET(INXT))-ABS(TIME)
IF((ELNGTH .GT. 0) -AND. (ABSCTEMP)  .LE. SIGNF))GOTO  101

700 CONTINUE
c ALL EVENTS AT THE CURRENT TIME HAVE BEEN PROCESSED, HANDLE AFFECTED UN

IF( ISTOP.EQ.1) GO TO 52
IF(NUAFFC.NE.0) GO TO 703
IF(IPRINT(l).EQ.l)  WRITE(SYSOUT,702)

702 FORMAT(17HOO UNITS AFFECTED)
GO TO 800

703 IF(IPRINT(1).EQ.1)WRITE(SYSOUT,704)NUAFFC,(EUAFFC(KX),KX=l,NUAFFC)
704 FORMAT(lHO,I4,16H  UNITS AFFECTED,,2014)

DO 799 NUNIT = 1, NUAFFC
UNIT = EUAFFC(NUNIT)

c**********GENERATE OUTPUT TIME DELAYS
IQ=0

715 IQ=IQ+l
IL=UOUT(IQ,UNIT)
IF (IL) 710, 710, 705

705 OUTN(IQ)=LK(l,IL)
DO 706 IP=1,3

706 PFT(IP)=UTDP(IP,IQ,UNIT)
UTD(IQ)=FTIME(TIME,UTDD(IQ,UNIT),PFT)
GOT0 715

710 IOUT=IQ-  1
~44***44***4**44*444*****4******444*4****4***44*.*4**4**44*44*4444***444
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210.
219.
220.
221.
222.
223.
224.
225.
226.
227.
228.
229.
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244.
245.
246.
247.
248.
249.
250.
251.
252.
253.
254.
255.
'256.
257.
258.
259.
260.
261.
262.
2'63.
264.
265.
266.
267.
268.
2-69.
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.
280.
281.
282.
283:
284.
285.
286.
287.
288.
289.
290.

C4*****TRANSFER  INPUT BUFFER
IQ=0

730 IQ=IQ+l
IL=UIN(IQ,  UNIT)
IF (IL) 725, 725, 720

7 2 0  IP= LK(1, IL)
DO 721 IR= 1, IP

721 IN(IR, IQ>= LV(IR, IL)
GOT0 730

725 CONTINUE
~*******4**4******4***444444***44*****%**4***4*4**4*4**44***44****4*4**

C4%%%%%

740 ITYPE= UTtUNIT)
GO TO (80l,802,8o3,8o4,8o5,8o6,8o7,8o8,809,810,811,812,813,814,

1 815,816,817,818,819,820,821,822,82~,824,825,826,827,82&~,1TYPE
801 CALL TYPE1

GOT0 760
802 CALL TYPE2

GOT0 760
803 CALL TYPE3

GOT0 760
804 CALL TYPE4

GO TO 760
805 CALL TYPE5

GO TO 760
806 CALL TYPE6

GO TO 760
807 CALL TYPE7

GO TO 760
808 CALL TYPE8

GO TO 760
809 CALL TYPE9

GO TO 760
810 CALL TYPE10

GO TO 760
811 CALL TYPE11

GO TO 760
812 CALL TYPE12

GO TO 760
813 CALL TYPE13

GO TO 760
814 CALL TYPE14

GO TO 760
815 CALL TYPE15

GO TO 760
816 CALL TYPE16

GO TO 760
817 CALL TYPE17

GO TO 760
818 CALL TYPE18

GO TO 760
819 CALL TYPE19

GO TO 760
820 CALL TYPE20

GO TO 760
821 CALL TYPE21

GO TO 760
822 CALL TYPE22

GO TO 760
823 CALL TYPE23

GO TO 760
824 CALL TYPE24

GO TO 760
825 CALL TYPE25

GO TO 760
826 CALL TYPE~~

GO TO 760
827 CALL TYPE27

GO TO 760
828 CALL TYPE28

GO TO 760
760 CONTINUE

~*4444**4*4**44**4**44**44444444*44444*44.4*4*4**~*444****4*****444***4**
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c******

.

291.
292.
293.
294.
295.
296.
297.
298.
299.
300.
301.
302.
303.
304.
305.
306.
307.
308.
309.
310.
311.
312.
313.
314.
315.
316.
317.
318.
319.
320.
320.2
320.4
320.6
320.8
321.
322.
323.
324.

='325.. -
326.
327.
328.
329.
330.
331.

1 332.
333.
334.
335.
336.
337.
338.
339.
340.
341.
342.
343.
344.
345.

c 346.
347.
348.
349.
350.
351..
352.
353.
354.
355.
356.
357.
358.
359.

IF(IOUT)776,776,777
777 DO 770 IQ=1 ,IOUT

IP=OUTN(IQ)
DO 775 IR= 1, IP

775 VAL(IR)=  OUTT(IR, IQ>
IF(INSERT('rIME+UTD(IQ),l,UOUT(IQ,UNIT),VAL,IP))

780 780 770
780'WRITEiSYSU;T  781) UNIT TIME
781 FORMAT(23H IkERT ERROR hTH UNIT, 13,

1 9H AT TIME , E13.6)
STOP

770 CONTINUE
776 CONTINUE
799 CONTINUE

~4******4*********44**444*****4*4***4*4*****4***4***444***4**4**4*****4

800 CONTINUE
IF (IPRINT(~).EQ.~)CALL  EDUMP
IF(ELNGTH.GT.0) GO TO 100

C
C%'+""END  OF MISSION%%"""4+4~+i44%%%%%%%%

52 CALL STASH(O.O,-2)
GO TO 55

it++*END OF R~N+%‘“%““+‘%“%%4+4%%44%444

51 CALL STASH(O.O,O)
WRITE(SYSOUT,999)ISEED

999 FORMAT(//12H FINAL SEED ,130)
STOP
END

SUBROUTINE SETUP
C READS FORMATTED DATA DECK AND CONFIGURES MODEL

COMMON /TABLES/ UIN(8,4O),UOUT(8,4O),UT(4O),UTDD(8,4O)
1 ,UTDP(3,8,40),VAL(16),LK(20,100),LV(8,100),
2 FLTD(3,24,4O),FLTP(6,24,4O),EUAFFC(4O),PFT(3)
3 ,OUTN(8)
REAL UTDP,VAL,LV,FLTP,PFT
INTEGER UIN,UOUT,UT,UTDD,LK,FLTD,EUAFFC,OUTN
COMMON/USER/ IN(8,8),OUTT(8,8),Uv(8,4O),UTD(8),FAULT(24,~~0)

1 ,TIME,LIMIT,TITLE(20),SYSIN,SYSOUT,DATOUT
2 ,MSSION,NMSSN,ISEED,IPRINT(5~,UNIT  .
REAL IN,OUTT,UV,UTD,TIME,LIMIT,TITLE
INTEGER FAULT,SYSI~,SYSOUT,DATOUT,MSSION,NMSSN,ISEED,IPRINT,UNIT
COMMON /VALUES/ NLK,NUAFFC,NU,NUOUT,NUTDP,NUV,NFLT,NLV,NL,NUTD

1 ,NUIN,NVAL,NFLTP,NUTDD
INTEGER EORDER, ETYPE, ELORU, EHEAD, ELNGTH, ENVAL
COMMON /NET/ET(300),ETYPE(3OO~,ELORU(3OO),EVAL(l6,3OO)

1 ,ENVAL(300),EORDER(3OO),EHEAD,ELNGTH,NEVT
C ET,ETYPE,ELORU, EVAL ARE PARALLEL TABLES WHICH HOLD EVENT
C TIME,TYPE,LINKORUNIT, AND VALUES RESPECTIVELY.
C EORDER GIVES TRUE SEQUENCE OF THE EVENT ENTRIES.

DIMENSION ABLES(13467),ANET(6303),AUSER(l428),ALUES(l4)
EQUIVALENCE  (ABLES(~),UIN(~,~))
EQUIVALENCE  (ANET(~),ET(~))
EQUIVALENCE (AuSER(~),IN(~,~))
EQUIVALENCE  (ALUES(~),NLK)
NLV=8
NL=lOO
NU=40
NUV=8
NUTD=8
NUOUT=8
NUIN=8
NVAL=16
NLK=20
NFLT=16
NFLTP=6
NUTDD=8
NUTDP=3
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360.
361.
362.
363.
364.

::2:
367.
368.
369.
370.
371.
372.
373.
374.

1--a 375.
376.
377.
378.
379.
380.
381.
382.
383.
384.
385.
28 6.
387.
388.
389.
390.
391.
392.
393.
394.
395.
396.

= ,397.. - 398.
399.
400.
401.
402.
403.
404.A
405.
406.
407.
408.
409.
410.
411.
412.
413.
414.
415.
416.
417.
418.L
419.
420.
421.
422.
423.
424,
425.
426.
427.
428.
429.
430.
431.

DELTA=lO.O
NFLT=24

C
C NUTD = NUMBER OF TIME DELAYS POSSIBLE FOR EACH UNIT
C NLV = NUMBER OF VALUES PER LINK
C NL = NUMBER OF LINKS
C NU = NUMBER OF UNITS
c . NUV = NUMBER OF UNIT STATE VARIABLES
C NUTDP = NUMBER OF PARA3ETERS FOR A PROB DISTRIBUTION
C NUOUT = MAXIMUM NUMBER OF OUTPUTS PER UNIT
C NUIN = MAXIMUM NUMBER OF INPUTS PER UNIT
C NVAL = SIZE OF THE VAL ARRAY
C NLK = NUMBER OF CONNECTIONS PER LINK
C NFLT = MAX NUMBER OF FAULTS FOR EACH UNIT
C NFLTP = 2*(MAX NUMBER OF PARAMS FOR EACH FAULT DISTRIBUTION)
~***4***4*******4***********4444*444*44***4*****44***4*4***4*4*********

C INITIALIZE ALL TABLES
C

DO 5100 I=l,NL
C LINK TABLES
C

DO 5105 J=l,NLK
5105 LK(J,I)=O

DO 5110 J=l,NLV
5110 LV(J,I)=O.O
5100 CONTINUE

DO 5115 I=l,NU
C UNIT TABLES
b

UT(I)=0
DO 5120 J=l,NUIN

5120 UIN(J,I)=O
DO 5122 J=l,NUOUT
UTDD(J,I)=O
DO 5127 K=l,NUTDP

5127 UTDP(K,J,I)=O.O
5122 UOUT(J,I)=O

DO 5125 J=l,NUV
5125 UV(J,I)=O.O

C FAULT TABLES

DO 5121 J = 1, NFLT
FAULT(J,I)=O
FLTD(1, J, I) = 0
FLTD(2, J, I) = 0
FLTD(3,J,I)=O
DO 5121 K = 1, NFLTP

5121 FLTP(K, J, I) = 0
5115 CONTINUE

nb
C ASSIGN I/O PORTS FOR RUN
nb

READ(5,5130)SYSIN,SYSOUT,DATOUT
5130 FORMAT(314)

; READ AND PRINT TITLE
nL

READ(SYSIN,5150)TITLE
5150 FORMAT(20A4)

WRITE(SYSOUT,515l)TITLE
5151 FORMAT(lHl,/lH  ,20A4,//)

C READ TIME BOUNDARIES, NUMBER OF MISSIONS,RANDOM SEED, PRINT CONTROL

READ(SYSIN,5260)TIME,LIMIT,NMSSN,IPRINT,ISEED
5260 FORMAT(2E12.6,18,512,130)

WRITE(SYSOUT,526l)TIME,LIMIT
5261 FORMAT(33H THE LOWER/UPPER TIME LIMITS ARE , E12.6, 3H / , E12.6)

VAL(l)=O.O
I=INSERT(LIMIT,4,O,VAL,O)
WRITE(SYSOUT,5262)NMSSN,ISEED

5262 FORMAT(//lH ,I8,2gH MISSIONS WITH STARTING SEED ,130//j
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432.
433.
434.
435.
436.
437.
438.
439.
440.
441.
442.
443.
444.
445.
446.

3--e 447.
448.
449.
450.
451.
452.
453.
454.
455.
456.
457.
458.
459.
460.
461.
462.
463.
464.
465.
466.
467.
468.

‘g69.. - 470.
471.
472.
473.
474.
475.
476.
477.
478.
479.
480.
481.
482.
483.
484.
485.
486.
487.
488.
489.

c 490.
491.
492.
493.
494.

C
C READ NUMBER OF VALUES FOR EACH LINK
C

NLV=O
5155 READ(SYSIN,5160)I,J,(LV(K,I),K=l,J)
5160 FORMAT(214,6F12.6)

IF(I)5165,5165,5170
5170 IF(IPRINT(4).EQ.O)  GO TO 5162

WRITE(SYSOUT,5161)I,J,(LV(K,I),K=l,J)
5161 FORMAT(6H LINK ,14,23H IS A VECTOR OF LENGTH ,141

1 lOX,16H INITIAL VALUES &El2.6,2X),/(26X,4(El2.6,2X)))
5162 LK(l,I)=J

NLV=MAXO(NLV,J)
GO TO 5155

5165 CONTINUE
C
C READ SPECIFICATIONS FOR EACH UNIT
C

NU=O
NFLT=O
NUV=O
NUIN=O
NUOUT=O

5175 READ(SYSIN,5180)UNIT,J,K,L,M,N
5180 FORMAT(614)

IF(UNIT)5185,5185,5190
5190 IF(IPRINT(4).EQ.l)  WRITE(SYSOUT,518l)UNIT,J
5181 FORMAT(/6H UNIT , 14, 9H IS TYPE , 14)
5182 CONTINUE

NU=MAXO(NU,UNIT)
NFLT=MAXO(NFLT,M)
NUV=MAXO(NUV,N)
NUIN=MAXO(NUIN,K)
NUOUT=MAXO(NOUT,L)

C
C UNIT TYPE
C

UT(UNIT)=J
C
C LINKS TO UNIT INPUTS
C

IF(K)5197,5197,5194
5194 READ(SYSIN,5195)(UIN(J,UNIT),J=l,K)
5195 FORMAT(2014)

IF(IPRINT(4).EQ.O)  GO TO 5197
WRITE(SYSOUT,5196)(J~,UIN(J,UNIT),J=l,K)

5196 FORMAT(lOH INPUT , 14, 9H IS LINK , 14)
5197 CONTINUE

C
C LINKS TO UNIT OUTPUTS
C

IF(L)5207,5207,5199
5199 DO 5208 JJ=l,L

READ(SYSIN,5205)J,UOUT(J,UNIT),UTDD(J,UNIT~,(UTDP(KK~J,UNIT),KK=
1 3)

5205'FORt;nT(314 3F12.6)
IF(IPRINT(b.EQ.0)  GO TO 5208
WRITE(SYSOUT,5206)J,UOUT(J,UNIT),UTDD(J,UNIT),(UTDP(KK,J,UNIT),KK=

1 1,3)
5206 FORMATtlOH OUTPUT ,1'+,9H TO LINK ,14,30H WITH TIME DELAY DISTRIB

1UTION ,14/14X,l6H TM DLY PARAMS ,3El5.6)
5208 CONTINUE
5207 CONTINUE
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495.
496.
497.
498.
499.
500.
501.
502.
503.
504.
505.
506.
507.
508.
509.
510.
511.
512.
513.
514.
515.
516.
517.
518.
519.
520.
521.
522.
523.
524.
525.
526.
527.
528.
529.
530.
531.

,.532-

55332’
535:
536.
537.
538.
539.
546.
541.
542.
543.
544.
545.
54’6.
547.
548.
549.
550.
551.
552.
553.
554.
555.
556.
557.
558.
559.
560.
561.
562.
563.
564.
565.
566.

C
C FAULTS PRESPECIFlED
C

IF (N) 5415,5415,5405
5405 DO 5412 II=l,M

READ(SYSIN,54OO)JJ,KK,LL,MM,MLL
5400 FORMAT(514)

IF(JJ)5415,5415,5402
5402 FLTD( 1 ,JJ,UNIT)=KK

FLTD(2,JJ,UNIT)=LL
IF((KK.LE.l).AND.(LL.LE.l))  GO TO 5406
MLL= 1
MM=MINO(l,MM)

5406 FLTD(3,JJ,UNIT)=MLL
FAULT(JJ,UNIT)=MM
READ(SYSIN,5403)(FLTP(I,JJ,UNIT),I=l,6)

5403 FORMAT(6El2.6)
IF(IPRINT(4).EQ.O)  GO TO 5408
WRITE(SYSOUT,5401)JJ,MM,t4LL,KK,(FLTP~I,JJ,UNIT

1 ,(FLTp(I,JJ,UNIT),I=4,G)
1

5401 FORMAT(lOH FAULT ,14,16H INITIAL STATE p14,
1 18H M U L T I P L I C I T Y  ,181
2 14x,l6H OCCURANC DIST ,14/
3 14X,161-i OCCRNC PARAMS ,3~15.6/
4 14x,16~ DURATION DIST ,14/
5 14X,16~ DURATN PARAMS ,3El5.6)

5408 CONTINUE
5412 CONTINUE
5415 CONTINUE

C
C STATE VARIABLES
C

IF(N)5217,5217,5214
5214 READ(SYSIN,5215)(UV(J,UNIT),J=l,N
5215 FORMAT(6E12,6,8X)

IF(IPRINT(4).EQ.O)  GO TO 5217
WRITE(SYSOUT,5216)(J,UV(J,UNIT),J=l,N)

5216 FORMAT(lOH STVAR , 14, 1lH HAS VALUE I E12.6 1
5217 CONTINUE

GO TO 5175
5185 CONTINUE

; READ PRESPECIFIED EVENTS

5255 READ(SYSIN,5220)T,J,K,L,M
5220 FORMAT(El2.6,414)

IF(J)5225,5225,5230
5230 IF(IPRINT(4).EQ.O)  GO TO 5222

WRITE(SYSOUT,5221)J,K,T
5221 FORMAT(/l2H EVENT TYPE , 14, 12H UNIT/LINK , 14, 9H AT TIME ,

lE12.6)
5222 CONTINUE

=J
i;: TO (5235,5244,5240,5243),J

5235 L=LK(l,K)
READ(SYSIN,5236)(VAL(J),J=l,L)

5236 FORMAT(6E12,6,8X)
IF(IPRINT(4).EQ.O)  GO TO 5245
WRITE(SYSOUT,5237>(J,VAL(J),J=l,L)

5237 FORMAT(l4H NEW VALUES:, / (1H , 14, 3X, E12.6))
GO TO 5245

5240 IF(IPRINT(4).EQ.O)  GO TO 5239
WRITE(SYSOUT,524l)L

5241 FORMAT(15H NEW VALUE = ) 14)
5239 CONTINUE

VAL(l)=FLOAT(L)
L= 1
GOT0 5245

5244 VAL(l)=FLOAT(M)
VAL(2)=FLOAT(L)
IF(IPRINT(4).EQ.O)  GO TO 5247
WRITE(SYSOUT,52'+6)L,M
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567.
568.
569.
570.
571.
572.
573.
574.
575.
576.
577.
578.
579.
580.
581.
582.
583.
584.
585.
586.
587.
588.
589.
590.
591.
592.
593.
594.
595.
596.
597.
598.
599.
600.
601.
602.
603.
604.
605.
606.
607.
608.
609.
dog.2
609.4
609.6
609.8
610.
611.
612.
633.
614.
615.
616.
617.
618.
6'9.
620.
621.
622.
623.
624.
625.
626.
627..
628.
629.
630.
631.
632.
633.
634.
635.

5246 FGRMAT(l5H FAULT CLASS ,14,12H GETS VALUE ,14)
524-l L=2

GO TO 5245
5243 L=l

VAL(l)=O.O
GO TO 5245

C INITIALIZE NEXT EVENT TABLE
5245 IF(INSERT(T,JJ,K,VAL, L)) 5250, 5250, 5255

C
5250 WRITE(SYSOUT,5251)
5251 ;;;;AT(17H EVENT TABLE FULL)

5225 CONTINUE
C

: CONSTRUCT LINK CONNECT TABLES
C

DO 5270 UNIT=l,NU
I=0

5275 I=I+l
L=UIN(I,UNIT)
IF(L)5280,5270,5285

5280 UIN(I,UNIT)=-L
GO TO 5275

5285 LK(2,L)=LK(2,L)+l
LK(LK(2,L)+2,L)=UNIT
GO TO 5275

5270 CONTINUE
DO 5290 L=l,NL

5290 LK(2,L)=O
DO 5300 UNIT=l,NU
I=0

5305 I=I+l
L=UOUT(I,UNIT)
IF(L)5300,5300,5310

5310 LK(2,L)=UNIT
GO TO 5305

5300 CONTINUE
REWIND 4
WRITE(4)ABLES,ANET,AUSER,ALUES
RETURN
END

SUBROUTINE EDUMP
INTEGER EORDER, ETYPE, ELORU, EHEAD, ELNGTH, ENVAL
COMMON /NET/ET(300),ETYPE(3OO),ELORU(3OO),EVAL(l6,3OO)

1 ,ENVAL(300),EORDER(3OO),EHEAD,ELNGTH,NEVT
C ET,ETYPE,ELORU, EVAL ARE PARALLEL TABLES WHICH HOLD EVENT
C TIME,TYPE,LINKORUNIT, AND VALUES RESPECTIVELY.
C EORDER GIVES TRUE SEQUENCE OF THE EVENT ENTRIES.

COMMON/USER/ IN(8,8),OUTT(8,8),UV(8,4O),UTD(8),FAULT(24,40)
1 ,TIME,LIMIT,TITLE(20),SYSIN,SYSOUT,DATOUT
2 ,MSSION,NMSSN,ISEED,IPRINT(S),UNIT
REAL IN,OUTT,UV,UTD,TIME,LIMIT,TITLE
INTEGER FAULT,SYSIN,SYSOUT,DATOUT,MSSION,NMSSN,ISEED,IPRINT,UNIT
WRITE(SYSOUT, 1000) TIME

1000 FORMAT(lH0, 15HCURRENT  TIME = E12.6
1 /43H EVENT LIST ENTRIES WAITiNG TO BE PROCESSED
2 /8x, 4HTIME, 3X, 4HTYPE, 5H L/U , 4X, 6HVALUES)
J= EHEAD
DO 500 I= 1, ELNGTH
KK = ENVALtJ)
WRITE (SYSOUT, 2000) J, ET(J), ETYPEtJ),  ELORU(J)
1 ,(EVAL(K, J), K = 1, KK)

2000 FORMAT(I4, E12.6, 13, 13,2X, 8E12.6)
J = EORDERtJ)

500 CONTINUE
RETURN
END
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636.
637.
638.
633.
640.
641.
642.
643.
644.
645.
646.
647.
648.
649.
650.
651.
652.
653.
654.
655.
656.
657.
658.
659.
660.
661.
662.
662.2
662.4
662.6
662.8
663.
664.
665.
666.
667.
668.

“‘669.
670.
671.
672.
673.
674.
675.
676.
677.
678.
679.
680.
681.
682.
683.
684.
685.
686.
687.
688.
689.
690.
691.
692.
693.
694.
695.
696.
697.
698.

INTEGER FUtJCTION ADDU(IU)
COMMON /TARLES/  UIN(8,40),UOUT(8,40),UT(4O),UTDD(8,40)

1 ,UTDP(3,8,40),VAL(16),LK(20,100),LV(8,100),
2 FLTD(3,24,40),FLTP(6,24s40),EUAFFC(40),PFT(3)
3 ,OUTN(8)
REAL UTDP,VAL,LV,FLTP,PFT
INTEGER UIN,UOUT,UT,UTDD,LK,FLTD,EUAFFC,OUTN
COt4MON /VALUES/ NLK,NUAFFC,NU,NUOUT,NUTDP,NUV,NFLT,NLV,NL,NUTD

1 ,NUI?i,NVAL,NFLTP,NUTDD
IF(MUAFFC.EQ.0) GO TO 900
DO 10 I = 1,NUAFFC
IF(IU.EQ.EUAFFC(I))  GO TO 100

10 CONTINUE
900 CONTINUE

NUAFFC = NUAFFC + 1
IF (NUAFFC .LE. NU) GOTO 20
ADDU = -1

C ERROR - MORE UNITS TO BE PROCESSED THAN THERE ARE UNITS IN THE
RETURN

20 CONTINUE
EUAFFC(NUAFFC)  = IU
ADDU = NUAFFC
RETURN

C DUPLICATE ENTRY
100 ADDU=l

RETURN
END

INTEGER FUNCTION INSERT(TM,TYPE,LORU,VAL,NVL)
INTEGER TYPE
REAL VAL(16)
COMMON/USER/ IN(8,8),OUTT(8,8),UV(8,4O),UTD(8),FAtJLT(24,4o 1

1 ,TIME,LIMIT,TITLE(20),SYSIN,SYSOUT,DATOUT
2 ,MSSION,MMSSN,ISEED,IPRINT(5),UNIT
REAL IM,OUTT,UV,UTD,TIME,LIMIT,TITLE
INTEGER FAULT,SYSIN,SYSOUT,DATOUT,MSSION,NMSSN,ISEED,IPRINT,UNIT
INTEGER EORDER, ETYPE, ELORU, EHEAD, ELNGTH, ENVAL
COMMON /NET/ET(300),ETYPE(3OO),ELORU(3OO),EVAL(l6,3OO)

1 ,ENVAL(300),EORDER(3OO),EHEAD,ELNGTH,NEVT
C ET,ETYPE,ELORU, EVAL ARE PARALLEL TABLES WHICH HOLD EVENT
C TIME,TYPE,LINKORUNIT, AND VALUES RESPECTIVELY.
C EORDER GIVES TRUE SEQUENCE OF THE EVENT ENTRIES.

INSERT=1
IF(TM.GT.LIMIT) RETURN

\C FIND AN EMPTY SLOT IN THE EVENT TABLES FOR THIS ENTRY (INDEX WILL BE K i
DO 200 1=1, NEVT ,*'
IF (EORDER(I)  .NE. 0) GoTo 200
K=I
GOT0 900

200 CONTINUE
INSERT =-2
RETURN

C ERROR -2 MEANS THE EVENT TABLE IS FULL
900 CONTINUE

IF(TM.GT.ET(EHEAD))  GO TO 950
C INSERT THIS EVENT BEFORE THE HEADOF THE LIST

EORDER(K) = EHEAD
EHEAD = K
GOT0 2000

950 CONTINUE
C START AT HEAD OF LIST AND FIND THE FIRST EVENT TIME .GT. TIME
C THE NEW EVENT WILL BE INSERTED JUST BEFORE THE FOUND EVENT

IPLC = EHEAD
IC = 0

SYSTEM
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699.
700.
701.
702.
703.
704.. 705.
706.
707.
708.
709.
710.
711.
712.
713. t-
ilk
715.
716.
717.
718.
719.
720.
721.
722.
723.
724.
725.
726.
727.
728.
729.
730.
731.
732.
733.
734.

-735.
-736.
73.7.
738.
739.
740.
741.
742.
743.
744.
745.
745.2
745.4
745.6
745.8
746.
747.
748.
749.
750.
751.
752.
753.
754.
755.
756.
757.
758.
759..
760.
761.
762.
763.
764.

1000 CONTINUE
IPREV = IPLC
IPLC = EORDER(IPLC)
IC = IC+l
IF ((1C .GT. ELNGYH).OR.(IPLC  .EQ. 0)) GOT0 9000
IF(TM.GE.ET(IPLC))  GO TO 1000

C THE INSERT POSITION IN THE LIST IS NOM KNOWN
1500 CONTINUE

~BREAK THE LJST LINK AND PATCH IN INDEX K

I"

EORDER(IPREV) = K
EORDER(K) = IPLC

2000 CONTINUE
= ELNGTH + 1

2 C INSE;;N:;: EVE"IT IN THE PARALLEL TABLES AT INDEX K
ET(K)=TM
ETYPE(K) = TYPE
ELORU(K) = LORU

C SET UP EVAL(1, K)
DO 2500 I = 1, NVL
EVAL(1, K) = VAL(1)

2500 CO!!TINUE
ENVAL(K) = NVL
INSERT = K

C SUCESSFUL RETURN
IF(TYPE.NE.~)RETuRN

C TEST FOR ANY EVENTS CHANGING SAME LINK AT LATER TIME
IPREV=K
IPLC=EORDER(K)

610 IF(IPLC.EQ.IPREV)RETURN
IF((ELORU(IPLC).NE.LORU),OR.(ETYPE(IPLC).NE.l))  GO TO 600
IC=EORDER(IPLC)
EORDER(IPREV)=IC
IF(IC.EQ.IPLC) EORDER(IPREV)=IPREV
EORDER(IPLC)=O
ELNGTH=ELNGTH-1
IPLC=IPREV

600 IPREV=IPLC
IPLC=EORDER(IPLC)
GO TO 610

C INSERT THE EVENT AT THE END OF THE LIST
9000 CONTINUE

IPLC = K
C THE LAST ELEMENT WILL POINT TO ITSELF
C EORDER(1) = 0 MEANS THE ENTRY IS EMPTY

GOT0 1500
END

REAL FUNCTION FLTGEN(IU,IF,I)
C FLTGEN GENERATES NEW FAULT CHANGE EVENT, INSERTS IF I-GE.1

COMMON/USER/ IN(8,8),0UTT(8,8),UV(8,40~vUTD(8),FAULT(24,40~
1 ,TIME,LIMIT,TITLE(20),SYSIN,SYSOUT,DATOUT
2 ,MSSION,NMSSN,ISEED,IPRINT(5),UNIT
REAL IN,OUTT,UV,UTD,TIME,LIMIT,TITLE
INTEGER FAULT,SYSIN,SYSOUT,DATOUT,MSSION,NMSSN,ISEED,IPRINT,UNIT
COMMON /VALUES/ NLK,NUAFFC,NU,NUOUT,NUTDP,NUV,NFLT,NLV,NL,NUTD

1 ,NUIN,NVAL,NFLTP,NUTDD
COMMON /TABLES/ UIN(8,40),UOUT(8,40),UT(4O),UTDD(8,40)

1 ,UTDP(3,8,40),VAL(16),LK(20,100),LV(8,100~,

:
FLTD(3,24,40),FLTP(6,24,4O),EUAFFC(40),PFT(3)
,OUTN(8)

REAL UTDP,VAL,LV,FLTP,PFT
INTEGER UIN,UOUT,UT,UTDD,LK,FLTD,EUAFFC,OUTN
TEMPl=-1.0
IM=FAULT(IF,IU)
M=FLTD(3,IF,IU)

C M IS MULTIPLICITY OF FAULT
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765.
766.
767.
768.
769.
770.
771.
773.
773.
774.
775.
776.
777.
778.
779.

-4~ 780.
781.
782.
783.
784.
785.
786,
787.
788.
789.
790.
791.
792.
793.
794.
795.
795.2
795.4

:;z
796:
797.
-798.. - 799.
800.
801.
802.
803.
804.
805.
806.
807.
808.
809.
810.
811.
812.
813.
814.
815.
816.
817.
818.
819.c
820.
821.
822.
823.
824.
825.
826.
827.
828.
829.
830.
831.
832.
833.
8340

C TEST IF GENERATE FAULT RECOVERY EVENT
IF(IM.EQ.0) GO TO 133
ID=FLTD(2,JF,lU)
IF(ID.EQ.O) GO TO 133
PFT(l)=FLTP(4,IF,IU)*FLOAT(IM)
PFT(2)=FLTP(5,IF,IU)
PFT(3)=FLTP(6,IF,IU)
TEMPl=FTlME(TIME,ID,PFT)
VAL(l)=FLOAT(IM-1)

C TEST IF GENERATE FAULT OCCURENCE EVENT
133 IF(1M.EQ.M) GO TO 135

ID=FLTD(l,IF,IU)
IF(ID.EQ.0) GO TO 135
PFT(l)=FLTP(l,IF,IU)~FLOAT(M-IM)
PFT(2)=FLTP(2,IF,IU)
PFT(3)=FLTP(3,IF,IU)
TEMP2=FTIME(TIME,ID,PFT)

C COMPARE TIMES TO CHOOSE SMALLER POSITIVE
IF(TEMPl.LT.O.0)  GO TO 137
IF(TEMPl.LT.TEMP2)  GO TO 135

137 TEMPl=TEMP2
VAL(l)=FLOAT(IM+l)

135 IF(TEMPl.LT.O.0)  GO TO 131
IF(I.LT.l) GO TO 131

C INSERT EVENT INTO NEXT EVENT LIST
VAL(2)=FLOAT(IF)
IF (INSERT(TIME+TEMP1,2,IU,VAL,2).GT.O)  GO TO 131
STOP

131 FLTGEN=TEMPl+TIME
RETURN
END

REAL FUNCTION FTIME(TM,ID,FP)  /
C RETURNS TIME DELAY DERIVED FROM APPRPRIATE DISTRIBUTION

COMMON/USER/ IN(8,8),OUTT(8,8),UV(8,4O),UTD(8),FAULT(24,40)
1 ,TIME,LIMIT,TITLE(20),SYSIN,SYSOUT,DATOUT
2 ,MSSION,NMSSN,ISEED,IPRINT(5)JJNIT
REAL IN,OUTT,UV,UTD,TIME,LIMIT,TITLE
INTEGER FAULT,SYSIN,SYSOUT,DATOUT,MSSION,NMSSN,ISEED,IPRINT,U~~IT
REAL FP(3)
GO TO (100,200,300,400,500,600,700,800,900~,1D

C EXPONENTIAL
100 FTIME=-ALOG(URAND(l))/FP(l)

RETURN
C GAMMA

200 STOP
C BETA

300 STOP
C BINOMIAL

400 STOP
C WEIBULL

500 FTIME=EXP(ALOG(-ALOG(URAND(l))/FP(l))/FP(2))
RETURN

C CONSTANT
600 FTIME=FP(l)

RETURN
C NORMAL (GAUSSIAN)

700 U=2.*URAND(l)-I.
V=2.*URAND(l)-1.
s=u*u+v*v
IF(S.GT.1.) GO TO 700
FTIME=U*SQRT(-FP(2>*2.*ALOG(S)/S)+FP(lj
IF (FTIME.LT.O.O) GO TO 700
RETURN

C UNIFORM
800 FTIME=FP(l)+(FP(2)-FP(l))*URAND(l)

RETURN
C PASCAL

900 FTIME=FP(2) * FLOAT(l+IFIX(ALOG(l.-URAND(lj)/ALOG(l.-FP(l))))
RETURN
END
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REAL FUNCTION URAND(IZZZ)
COMMON/USER/ IN(8,8),OUTT(8,8),UV(8,4O),UTD(8),FAULT(24,40)

1 ,TIME,LIMIT,TITLE(20),SYSIN,SYSOUT,DATOUT
2 ,MSSION,NMSSN,ISEED,IPhINT!5),UNIT
REAL IN,OUTT,UV,UTD,TIME,LIMIT,TITLE
INTEGER FAULT,SYSIN,SYSOUT,DATOUT,MSSION,NMSSN,ISEED,IPRINT,U~IIT

C URAND RETURNS UNIFORI~: RANDOM REAL VALUE IN RANGE (0,l)
INTEGER IA,IC,ITWO,M2,M
DOUBLE PRECISION HALFM,DATAN,DSQRT
DATA M2/O/,IT't!0/2/
IF(M2.NE.0) GO TO 20
M=l

10 M2=M
N= I TW 0 *M 2
IF(M.GT.M2)  GO TO 10
HALFM=M2
1A=8*1D1NT(HALFM*DATAN(1.D0)/8.D0)+5
IC=2*IDINT(HALFM'(O.5DO-DSQRT(3.D0)/6.DO~~+l
S=O.S/HALFM

20 ISEED=ISEED*IA+IC
C INCLUDE NEXT STATEMENT FOR COMPUTERS WHERE WORD LENGTH FOR
C ADDITION IS GREATER THAN FOR MULTIPLICATION

IF (ISEED/2.GT.M2) ISEED=(ISEED-M2)-M2
IF (ISEED.LE.O)ISEED=(ISEED+M2)eM2
URAND=FLOAT(ISEED)"S
RETURN
END

SUBROUTINE MSTOP(TM)
C INSERT A STOP EVENT AT TIME=TM

COMMON /TABLES/ UIN(~,~O),UOUT(~,~O),UT(~G),UTDD(~,~G)
1 ,uTDP(3,8,4O),VAL(16),LK(2O,lOO),LV(8,lGG~,
2 FLTD(3,24,40),FLTP(6,24,4O),EUAFFC(4G),PFT(3)
3 ,OUTN(8)
REAL UTDP,VAL,LV,FLTP,PFT
INTEGER UIN,UOUT,UT,UTDD,LK,FLTD,EUAFFC,OUTN
VAL(l)=O.O
I=INSERT(TM,4,O,VAL,O)
RETURN
END

SUBROUTINE RSTOP
C FORCE RUN TO STOP AFTER THIS MISSION

COMMON/USER/ IN(8,8),OUTT(8,8),UV(8,4O),UTD(8),FAULT(24,4D)
1 ,TIME,LIMIT,TITLE(20),SYSIN,SYSOUT,DATOUT
2 ,MSSION,NMSSN,ISEED,IPRINT(5),UNIT
REAL IN,OUTT,UV,UTD,TIME,LIMIT,TITLE
INTEGER FAULT,SYSIN,SYSOUT,DATOUT,MSSION,NMSSN,ISEED~IPRINT,U~~IT
NMSSN=MSSION
RETURN
END

**** END OF LISTING ****
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